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In previous work (1) on the mononitration of p-cymene, it was found 
that approximately eight per cent of p-nitrotoluene was formed with the 
2-nitro-p-cymene, even when the temperature of nitration was as low as 
- 20". The literature shows that dealkylation during nitration has been 
observed with certain aromatic compounds, and in general, the alkyl group 
is only partially eliminated with the formation of the corresponding nitro 
compound. Sometimes, however, the dealkylated nitro compound is ob- 
tained almost exclusively. 

Several mechanisms have been advanced for the removal of alkyl groups 
when nitrating aromatic compounds. The best known one consists of the 
oxidation of the alkyl group to the carboxyl group, which in turn is re- 
placed by the nitro group with the evolution of carbon dioxide (2, 3). 
This mechanism can be applicable only when it has been proved that the 
alkyl group is oxidized to the carboxyl group under the conditions of nitra- 
tion, and that under these same conditions the aromatic acid will form the 
nitro compound with elimination of carbon dioxide (4). 

A different mechanism has been applied to the polymethylbenzenes. 
When these are treated with nitric acid, a methyl group attached to the 
nucleus is attacked, giving a polymethylbenzyl nitrate, or a nitropoly- 
methylbenzyl nitrate. The nitrate is decomposed by sulfuric acid to form 
a true nitro compound. Smith, Taylor, and Webster (5) subjected bromo- 
durene to the action of nitric acid, forming 2,4,5-trimethyl-3-bromo-6- 
nitrobenzyl nitrate, which upon treatment with sulfuric acid formed 
2-bromo-5,6-dinitropseudocumene. Smith and Guss (6) found similar 
results with dibromotetraethylbenzene. The transformation of the sub- 
stituted benzyl nitrates into true nitro compounds by the action of sulfuric 
acid seems to be quite general for the polymethylbenzenes and their de- 
rivatives. Smith and Horner (7)  suggest this as a possible course of other 
aromatic nitrations in which alkyl groups are replaced by nitro groups. 

1 p-Cymene Studies VII. 
2 Present address: Union Oil Company, Wilmington, California. 
3 Present address: The University of Texas, Austin, Texas. 

For VI see J .  Am. Chem. SOC. ,  63, 3251 (1941). 
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A POSSIBLE MECHANISM FOR SIMULTANEOUS NITRATION AND DEALKYLATION 

In this work, we have considered the fate of the isopropyl group of the 
p-cymene in an attempt to explain the formation of p-nitrotoluene and 
2 ,.l-dinitrotoluene when p-cymene is mono- or di-nitrated. Although it 
was found that oxidation of p-cymene could occur at  -20°, as evidenced 
by the evolution of nitrogen oxides and the darkening of the reaction 
mixture, if a good emulsion was maintained throughout the nitration, no 
nitrogen oxides could be observed. This rendered i t  unlikely that an oxida- 
tion product of p-cymene would be found as an intermediate in the forma- 
tion of p-nitrotoluene. 

Isopropanol has now been isolated in considerable amounts from the 
diluted, spent mixed acids after this nitration, always associated with some 
acetone, apparently formed by oxidation of a portion of the isopropanol by 
the nitric acid of the mixed acids. No attempt was made to account 
quantitatively for all of the removed side chains as isopropanol and acetone, 
based on the amount of p-nitrotoluene found, as a portion of the isopropanol 
reacts with the sulfuric acid of the mixed acids to form hydrocarbons. 
The amount of these hydrocarbons actually formed during nitration cannot 
be determined, as they are diluted with the much larger amount of nitro 
compounds from which quantitative separation is impossible. 

The mononitration of p-cymene can now be regarded as involving two 
simultaneous reactions: 

CHI 

NO2 

This mechanism involving the replacement of the alkyl group by the 
nitro group, without oxidation by the nitric acid, is perhaps the most 
general mode of formation of these dealkylated aromatic nitro compounds. 

DISCUSSION 

The replacement of the acetyl group by the nitro group, as observed by 
Barbier (8) who obtained some 2,4-dinitro-5-butyl-m-xylene, may pos- 
sibly occur by direct reaction. Undoubtedly, many nitrations have 
resulted in the partial elimination of the side chain, which has not been 
observed due to the frequent difficulty of separating the dealkylated 
nitrated compound from the nitration products. It is advisable to test 
for the alkyl scission products in the dilute, spent mixed acids and to 
identify the alcohol, or nitric acid oxidation product thereof, formed from 
the alkyl group removed. Furthermore, the nitro group replaces the 
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eliminated group, simplifying the subsequent identification of the de- 
alkylated nitro compound. 

This direct replacement process may explain the structure of an unknown 
compound prepared by Lubs and Young (9) by nitrating the mixture of 
chloro compounds produced by direct chlorination of p-cymene. The 
compound of empirical formula C,H&1N204, melting point 88-89", was 
discussed extensively by Ganguly and LeFevre (lo), who assigned struc- 
ture I. This structure is untenable, for it requires a compound of empirical 
formula C9H&1N206. It is very likely that this unknown compound was 
an impure chlorodinitrotoluene of structure 11. 

CHI CH, 

COCH, 
UC1 NO2 

I I1 

This latter compound, having the correct empirical formula, is known. 
It melts at 91" and can be converted into a diamine melting at 120-121", 
which compares favorably with the (impure) diamine (m.p. 115-116") 
derived from the compound of Ganguly and LeFevre. Compound I1 
could have been formed from 3-chloro-p-cymene, which is a product of the 
direct chlorination of p-cymene, by replacement of the isopropyl by the 
nitro group. 

The replacement of alkyl groups when halogenating is observed fre- 
quently, especially with p-cymene, or cumene derivatives as reported by 
Qvist (3, 11, 12, 13). Gustavson (14) obtained an almost quantitative 
yield of pentabromotoluene and isopropyl bromide by brominating 
p-cymene a t  0" in the presence of aluminum bromide. The similarity to 
the nitration process is noteworthy. 

EXPERIMENTAL 

Mononitration of p-cymene. p-Cymene (500 g.) of b.p. 174.0-178.0" obtained from 
sulfite turpentine was nitrated according to  our recommended conditions (1, 15). 

Isolation of isopropanol and acetone from the spent acids. The nitro compounds 
were first removed and freed from dissolved isopropanol by repeatedly washing with 
water. The wash water was combined with the diluted spent acids and then was 
neutralized with aqueous potassium hydroxide solution (30-50%) below 25". Potas- 
sium sulfate crystallized and was filtered off. The filtrate was fractionated four 
times through a 1.5-ft. rod and disk column for the lowest-boiling fraction, which 
was then distilled twice through a 150-ml. Vigreux flask of 8-inch column length. 
The final distillate (15 ml.) had a strong ammoniacal odor which was readily removed 
by distilling the material from dilute sulfuric acid. This final distillate (11 ml.) of 
boiling range 60-85" was found by analysis (16) to  be isopropanol with but small 
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amounts of acetone and water. The presence of the isopropanol was proved by its 
characteristic odor, and by oxidation with chromic acid mixture to  acetone, which 
was identified as its condensation product with benzaldehyde (17). Since i t  is shown 
that partial oxidation of the isopropanol occurs when p-cymene is nitrated, it  was 
found expedient in subsequent fractionations of the dilution water from nitrations t o  
eliminate the neutralization of the diluted spent acids and simply subject them 
directly t o  fractionation. This gives a mixture of isopropanol and acetone which 
is relatively richer in acetone. 

Isopropanol (2 ml.) was 
added dropwise with vigorous stirring a t  - 10" to  a solution containing 40 g. (21.7 ml.) 
of sulfuric acid (sp. gr. 1.84), 6 ml. of glacial acetic acid, and 7.4 g. (5.2 ml.) of nitric 
acid (sp. gr. 1.42) corresponding to  the same proportions of the acids used in the 
nitration, but with one-fiftieth of their quantities. Some nitrogen oxides were 
evolved during the 15 minutes addition of the isopropanol; the resulting mixture 
was stirred for one hour, after which i t  was diluted with ice and water t o  a final 
volume of 150 ml. A small amount of an oily liquid less dense than the aqueous acids 
separated from the solution. When nitrating p-cymene, this oily liquid is not found, 
for i t  is dissolved in  the greater amount of nitration products. 

Isopropanol (50 ml.) was added dropwise with stirring to  500 g. (272 ml.) of sulfuric 
acid a t  -10" and the resulting mixture stirred for four hours. Upon dilution with 
ice and water, considerable amounts of a light yellow, water-insoluble oil of hydro- 
carbon nature, less dense than the aqueous acid, separated. The reaction of iso- 
propanol with sulfuric acid has been reported by Ormandy and Craven (18), and more 
recently by Gutyra (19). The olefins produced by dehydration are principally 
polymerized a t  0" by contact with sulfuric acid. At room temperature, besides 
polymerization, dehydrogenation and hydrogenation occur with the formation of 
both saturated and unsaturated hydrocarbons. 

Reaction of isopropanol with nitric and sulfuric acids. 

SUMMARY 

The p-nitrotoluene obtained with the 2-nitro-p-cymene when p-cymene 
is mononitrated, is formed by substitution of the nitro group for the iso- 
propyl group. Both isopropanol and acetone are found in the spent mixed 
acids; the acetone arises from oxidation of a portion of the isopropanol. It 
is believed that the mechanism involving substitution of the alkyl group 
without its being attacked by nitric acid is applicable to other compounds. 
Owing to the frequent difficulty of separating the dealkylated nitrated 
compounds from the nitration products, it  is recommended that the diluted, 
spent mixed acids be tested for the alcohol, or nitric acid oxidation products 
thereof, formed from the alkyl group removed. 

SEATTLE, WASH. 
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In  a previous paper (1) it was shown that the s- and t-butyl radicals in 
the 1 ,3-dimethyl-4-butylbenzenes reacted with decahydronaphthalene in 
the presence of aluminum chloride to form butanes in 24% and 41% yields 
respectively, and that the corresponding n-butyl and isobutyl hydrocarbons 
did not yield any paraffin. 

To study further the effect of the branching of the chain on the yield of 
paraffin in this reaction, the eight 1,3-dimethy1-4-amylbenzenes were 
prepared and heated with decahydronaphthalene according to the direc- 
tions of Ipatieff and Pines (2). 

The 4-n- 
amyl and 4-isoamyl hydrocarbons did not yield any paraffin, but the 4- 
neopentyl isomer yielded some isopentane. The formation of a paraffin 
from this latter hydrocarbon was somewhat unexpected since no paraffin 
had been obtained previously from an alkyl group attached to the benzene 
ring through a primary carbon, and neopentyl derivatives are usually very 
stable. The formation of isopentane rather than neopentane is not sur- 
prising in view of the fact that neopentyl chloride and benzene in the 
presence of aluminum chloride yields only 2-methyl-3-phenylbutane (3). 
The paraffin did not react with a dilute solution of potassium permanganate 
or with bromine in carbon tetrachloride, indicating the absence of olefins 
such as isopropylethylene. 

Of the three s-amyl radicals, (I) CH3CHC3H,, (11) C2H&HC2Hs, and 
(111) CH&HCH(CH3)CH3, the one with the branched chain, 111, gave a 
better yield of paraffin than the straight-chain radicals, I and 11, and in 
less than half the time (Table 111). The paraffins are mostly mixtures of 
n-pentane and isopentane, with the latter as the principal product from the 
highly branched radicals. 

The best yield of paraffin was obtained from 1,3-dimethy1-5-t-amyl- 
benzene. Since it is not certain that the 1,3-dimethy1-4-t-amylbenzene 

Abstract of a dissertation submitted by Orville Glenn Shanholtzer in partial 

2 Presented in part before the Organic Division of the American Chemical Society, 

The effect of the branching of the pentane chain is striking. 

fulfilment of the requirements for the degree of Doctor of Philosophy, 1941. 

St. Louis, Missouri, April 10, 1941. 
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was entirely pure, any definite conclusions as to the relative ease of cleavage 
of the amyl radical in the 5 position as compared with the 4 position are 
not justified. The t-amyl radical and the t-butyl radical are both cleaved 
to the same extent from the 5 position. 

These data definitely confirm the observations of Ipatieff and Pines 
(2) that the more highly branched the chain in an alkylbenzene, the more 
readily the radical is cleaved by aluminum chloride. 

No effort was made to study the effect of aluminum chloride on the 
1,3-dimethy1-4-amylbenzenes due in part to the probable formation of 
complicated mixtures through the extensive isomerization possible with 
the various amyl radicals. Even n-amyl chloride and benzene in the 
presence of aluminum chloride did not yield pure 2-phenylpentane. Fur- 
thermore, the necessary l ,3-dimethyl-5-amylhenzenes are not readily 
available for reference compounds. 

It should be possible to synthesize some of the 1,3-dimethy1-5-amyl- 
benzenes through the reaction of 3,5-dimethy1benzy1-potassium or -sodium 
with the butyl halides (4), but this method was practical only with n-butyl 
chloride. With the other butyl halides, reactions other than the expected 
coupling must have occurred for the small trialkyl fraction boiled over a 
range, and relatively large amounts of high-boiling products were formed. 
The effect of the structure of the butyl chloride on the yield of crude tri- 
alkyl fraction was apparent. The primary halides gave better yields than 
either the secondary or tertiary halides. The 3,5-dimethylbenzylsodium 
gave a better yield of alkylbenzene than did 3,5-dimethylbenzylpotassium. 

The reaction between m-xylene and t-amyl alcohol in the presence of 
85% sulfuric acid (5) at temperatures below 20" led to a product which con- 
tains some other hydrocarbon along with the expected 1,3-dimethyl-4- 
t-amylbenzene. The reaction product boils over a wide range and analyses 
for carbon and hydrogen of the fraction which should be the 4-t-amyl hydro- 
carbon did not agree with the theoretical values even after the hydrocarbon 
had been fractionated repeatedly and carefully. A pure diacetamino 
derivative could not be obtained from this fraction, but analyses of the 
dibenzamino derivative corresponded to that of a dimethylamylbenzene. 

The reaction between the 2,4-dimethy1-6-amyIbenzyl chlorides and 
acetamide at  around 200" forms the corresponding acetyl benzylamine : 

CsHn 

CH3 CH3 

This reaction appeared promising for the preparation of derivatives of these 
hydrocarbons, but mixtures of isomers did not show a very large depression 
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of their melting points and some of the acetylated amines could not readily 
be obtained pure. 

All of the hydrocarbons in this series other than the 1,3-dimethyl-4- 
t-amylbenzene and 1 ,3-dimethyl-5-t-amylbenzene were prepared from 
ketones, either through the Clemmensen reduction, or by the addition of 
the appropriate Grignard reagent to a ketone followed by dehydration of 
the resulting carbinol and hydrogenation of the olefin a t  pressures up 
to 3300 pounds (225 atm.) with Raney nickel as the catalyst. The use 
of platinum at low pressures was unsatisfactory, probably due to traces of 
sulfur from the carbon disulfide used as a solvent for the preparation of 
the ketones. It was desirable to distill the olefin from Raney nickel before 
hydrogenation to ensure smooth reduction. 

In the Grignard reactions, the effect of the branching of the chain in 
either the Grignard reagent or the ketone is clearly shown in the yield of 
hydrocarbon from '2 , 4-dimethylacetophenone and isopropylmagnesium 
bromide (32%) as compared with 2 , 4-dimethylisobutyrophenone and 
methylmagnesium iodide (64%) , and 2,4-dimethyl-n-butyrophenone and 
methylmagnesium iodide (72%). These yields correspond to those ob- 
tained by Conant and Blatt (6)  in their study of the effect of the branch- 
ing of the chain in aliphatic ketones and Grignard reagents on the yield 
of tertiary carbinol. 

In  spite of the fact that products other than saturated hydrocarbons 
are formed during the reduction of alkyl aryl ketones by the Clemmensen 
method, this procedure was more satisfactory than high-pressure reduc- 
tion of the ketones with hydrogen and Raney nickel. Prolonged refluxing 
was necessary to secure good yields. The formation of bimolecular reduc- 
tion products lowered the yield of hydrocarbon. 

Trimethylacetyl chloride and m-xylene formed not only some of the 
desired ketone but also a pale yellow solid, m.p. 165") the identity of which 
has not yet been established. On the basis of Boeseken's observation 
that this acid chloride decomposes in the presence of aluminum chloride 
to form carbon monoxide, hydrogen chloride, isobutene, and a polymer of 
isobutene (7), a polybutylxylene might be formed, but analyses do not 
correspond to any of the polybutylxylenes. A methyl group from the 
radical of the acid chloride does not alkylate the nucleus as in the case of 
diamylacetyl chloride (8) for the yellow compound is not a ketone. 
Mesitylene and trimethylacetyl chloride also yielded the expected ketone 
and a solid by-product, while benzene formed a high-boiling liquid but no 
ketone. The structure and properties of these products are under in- 
vestigation. 

The authors wish to thank E. I. duPont de Nemours 
and Company for their generous gift of m-xylene, and the University Re- 

Acknowledgments. 
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ALKYL BENZENE 

search Council, University of Missouri, for a grant for the purchase of 
other chemicals for this investigation. 

 EXPERIMENTAL^ 
All fractionations were carried out with columns packed with single turn glass 

helices. The physical constants and analyses of the hydrocarbons have been sum- 
marized in Table I. 

1 ,S-Dimethyl-6-t-amylbenzene was obtained from 53 g. of m-xylene, 15 g. of alu- 
minum chloride, and 26 g. of t-amyl chloride a t  room temperature by the usual 
Friedel-Crafts procedure. The yield was 30 g. (64%), b.p. 102-103" (14 mm.). 
DeCapeller (9) states that  he prepared this hydrocarbon from these reagents but 

B.P. "C. 

1,3-Dimethyl- 
5-t-amyl. ..................... 
4-t-amyl.. .................... 
4-n-amyl. . . . . . . . . . . . . . . . . . . . .  
4-isoamyl.. . . . . . . . . . . . . . . . . . . .  
4-neopentyl. . . . . . . . . . . . . . . . . .  
4-CHsCHCH&H2CH3. . . . . . . . .  
4-CH3C=CHCH2CH3.. . . . . . . .  
4-CH3CHCH(CH3)CH~.. . . . . . .  
4-CH3C=C(CH3)CH3.. . . . . . . .  
4-C2HsCHC2H6.. . . . . . . . . . . . . .  

102-103 (14 mm.) 
93-95 (14 mm.) 

123-124 (16 mm.) 
116-117 (15 mm.) 
97-98 (10 mm.) 

102-103 (11 mm.) 
104 (13 mm.) 

100-102 (13 mm.) 
106-110 (16 mm.) 
105-106 (13 mm.) 

+OD 

88.66 
88.48 

88.48 

88.40 

88.35 

1.4982 

1 ,4972 
1.4966 
1.5081 
1.4959 

1.5022 

1.4973 

1.4942 

11.03 
11.56 

11.17 

11.49 

11.67 

ANALLLYBES~ 

ound ?& C/Found % H 

a The position of the double bond in the olefin was not determined and the olefins 

b Calc'd for C13H20: C, 88.63; H,  11.37. 
were not analyzed. 

1,S-Dimethyl-4-t-amyZbenzene. The procedure of Kirrmann and Graves (5) was 
adapted for the preparation of this hydrocarbon. The t-amyl alcohol (63 cc.) and 
m-xylene (375 cc.) were placed in  a 2-liter round-bottom flask fitted with a mechanical 
stirrer and cooled with ice. A mixture of concentrated sulfuric acid (525 cc.) and 
water (110 cc.) was added over a period of one hour. Stirring was continued for an 
additional five hours. The acid layer was separated, the hydrocarbon washed 
repeatedly, dried, and fractionated. The following fractions were obtained at 16 mm. 

3 Most of the semimicro analyses are by 0. G. Shanholtzer. The remainder are 
by D.  R. Smith and E. Milberger in  the micro laboratory a t  the University of 
Missouri. 
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after removal of excess m-xylene: (I) 19 g. up  to  93'; (11) 4.5 g. 93-98'; (111) 22 g. 
98-103"; (IV) 9.5 g. 103-104"; (V) 28 g. 85-94' (5 mm.). 

The trialkyl fractions (111) from several runs were combined and carefully refrac- 
tionated. The hydrocarbon boiled at 93-95' (14 mm.). 

Preparation of 1 ,S-dimethyl-4-amylbenzenes from ketones. The ketones other than 
2,4-dimethylisovalerophenone and 2,4-dimethylpivalophenone are already described 
in the literature. 

The 2,4-dimethylisovalerophenone was prepared by the usual Friedel-Crafts pro- 
cedure from m-xylene (54 g.), isovaleryl chloride (50 9.) and aluminum chloride 
(67 g.) with carbon disulfide (200 cc.) as the solvent; yield, 67 g. (85%), b.p. 131-132' 
(12 mm.); n: 1.5113. 

Anal. 

The semicarbazone of this ketone, prepared by the usual procedure, melted at 196'. 
Anal. 

The 2,4-dimethylpivalophenone was prepared in the same manner from m-xylene 
(124 cc.), aluminum chloride (134 g.), and trimethylacetyl chloride (102 g.). The 
yield of ketone was 62 g. (38%), b.p. 107-109" (6 mm.); n: 1.5058. This ketone did 
not form a semicarbazone. 

Calc'd for CiaHi80: C, 82.11; H, 9.47. 
Found: C, 82.21; H, 9.51. 

Calc'd for CirHIiNaO: C, 68.02; H, 8.50. 
Found: C, 67.83; H, 8.50. 

Anal. Calc'd for ClsHlsO: C, 82.11; H, 9.47. 
Found: C, 82.09; H, 9.28. 

The pale yellow crystalline solid, m.p. 165", isolated from the residue analyzed 
C, 91.14%, H, 7.94%. 

The preparation of 9-(9,&-dimethyZphenyl)pentane is typical of the hydrocarbons 
prepared through the Grignard reaction and is described in  detail. Quantities are 
listed in  Table 11. 1,3-Dimethyl-4-n-butyrylbenzene (66 g.) was added t o  the Grig- 
nard reagent prepared from methyl iodide (71 g.) and magnesium (12 g.). The 
product was decomposed, washed, and dried in  the usual manner. The crude car- 
binol was added t o  acetic anhydride (100 cc.) and sulfuric acid (4 drops). The acetic 
anhydride was distilled from the mixture a t  65 mm., and the residue distilled at 
14 mm. Two fractions were obtained: (I) 5 g. up t o  107"; (11) 55 g. 107-109"; resi- 
due 4 g. 

Fraction I1 was redistilled, washed and dried, distilled from sodium, and finally 
from Raney nickel. The olefin was reduced in methyl alcohol solution with Raney 
nickel at a pressure range of 2200 to  3300 pounds per square inch (150-225 atm.) over 
a temperature range of 25" to  210". After removal of the solvent, the hydrocarbon 
was washed, dried, and heated with sodium to remove impurities formed from 
the solvent, and fractionated from sodium; yield 48 g. (78%), b.p. 102-103" (11 
mm.). 

The three valeryl ketones were reduced by the method of Clemmensen (10). The 
best yields were obtained when the solution was refluxed eighty to  ninety hours. 
The hydrocarbon was heated with sodium and finally distilled from sodium t o  remove 
impurities. 

After long standing, 10-15 g. of white crystalline solids separated from the high- 
boiling residues from these reductions. Analyses corresponded to  the expected 
pinacols. 

The solid from the 4-n-valeryl ketone melted at 146'. 
Anal. Calc'd for CzsHasO~: C, 81.61; H, 10.02. 

Found: C, 81.57; H, 10.46. 
The solid from the 4-isovaleryl ketone melted at 139-140". 
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4-n-amyl ..................... 
4-isoamyl.. . . . . . . . . . . . . . . . . . .  
4-CHzCH(CH)sCzHa.. . . . . . . .  
4-neopentyl. . . . . . . . . . . . . . . . . . .  
4-t-amyl . . . . . . . . . . . . . . . . . . . . .  
5-t-amyl. . . . . . . . . . . . . . . . . . . . .  
4-CH&HCH(CHa)z.. . . . . . . . .  
4-CzH5CHCZH5.. . . . . . . . . . . . . .  

4-CH3CHCa7. . . . . . . . . . . . . . .  
4-CHSCHCsHr. . . . . . . . . . . . . . .  

5-t-butyl.. . . . . . . . . . . . . . . . . . . .  

Anal. Calc'd for C2&H,,Oz: C, 81.61; H ,  10.02. 
Found: C, 81.84; H ,  10.02. 

Reactions of the hydrocarbons with decahydronaphthalene. The procedure was tha t  
of Ipatieff and Pines (2). The paraffin was collected in a receiver immersed in liquid 
air. The same amounts of reagents were used in all the reactions: 11.5 g. of hydro- 
carbon, 8 g. of aluminum chloride, and 25 g. of decahydronaphthalene. The da ta  

TABLE I1 
PREPARATION OF 1,3-DIMETHYL-4-AMYLBENZENES FROM KETONES 

1.25 
1.5 
1.5 
3.5 
2 .O 
1.5 
1.5 
4.0 

1.5 
4.0 

1.5 

ACYL QROUP 

CH3CzO.. . . . . . . . . . . . . .  
CzHsC=O. . . . . . . . . . . . . .  
n-CaH?C=O. . . . . . . . . . . .  
i-CsH &=O. . . . . . . . . . . . .  
CHsC-CzHs.. . . . . . . . . . .  

I1 
0 

n-C4HgC=O. . . . . . . . . . . .  
i-CIH&=O, . . . . . . . . . . . .  
t-C4HgC=O. . . . . . . . . . . . .  

KETONE, 
Q. 

106 
48 
66 

101 
31.6 

67 
40 

102 

HALIDE 

iso-CaH~Br 
CzHsBr 
CHII 
CHsI 
2'4-Dimethyl- 

benz ylchloride 

reduce. 
reduce. 
reduce. 

0. 

100 
30 
71 
99.4 
70 

a Reduced by method of Clemmensen. 

TABLE I11 

ALKYL 
BQNZENE, 

0. 

40 
30 
48 
65 
35 

40 
18 
62 

FORMATION OF PARAFFINS FROM DECAHYDRONAPHTHALENEO 

ALKYLBENZENE TIME, 1 HRS. 'EMP., OC. 

60-75 
59-79 
60-80 
62-80 
60-76 
63-80 
65-71 
60-80 

60-80 
75 

65-75 

PARAFFIN 

Trace 
Trace 
Trace 
Isopentane 
Mixture 
Isopentane 
Isopentane 
Isopentane and pen, 

tane 
Trace 
Isopentane and pen. 

tane 
Isobutane 

5 11.5 g. of hydrocarbon, 8 g. of aluminum chloride, 25 g. decalin. 

32 
56.5 
72 
64 
41 

64 
47 
38 

Q. 

- 
- 
- 
1 
2.7 
2.7 
2.2 
1.7 

0.2 
1.9 

3.5 

% 

- 
- 
- 
20 

80 
48 
37 

- 

- 
41 

81 

are summarized in Table 111. If no 
paraffin distilled, the temperature was increased until liquid appeared in the trap, 
and held approximately constant until no more paraffin distilled. Prolonged heating 
did not increase the yield. 

The reactants were heated to  60-65" initially. 
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1,a-Dimethyl- 
benzene. . . . . . . . . . . . . . . . . . . . . . . . . .  
4-n-amyl . . . . . . . . . . . . . . . . . . . . . . . . .  
5-t-amyl . . . . . . . . . . . . . . . . . . . . . . . . .  

Chloromethylations. Preparation of 8,4-dimethylbenzyl chloride. m-Xylene 
(52.6 g.) was chloromethylated with formalin (40 g.), concentrated hydrochloric acid 
(200 g.), and gaseous hydrogen chloride according to  the procedure of v. Braun and 
Nelles (11). The yield of 2,4-dimethylbenzyl chloride was 51 g. (66%), b.p. 92-94' 
(8 mm.). When zinc chloride (20 9.) was added to  the above reagents, the yield was 
reduced to  30%. 

The chloromethylation of 1 ,S-dimethyl-5-t-amylbenzene (30 g.) was carried out in 
the same manner with 29 g. of formalin and 150 g. of concentrated hydrochloric acid 
a t  70" for eight hours; yield, 16.5 g. ,  b.p. 120-128" (3 mm.). 

The 4-t-amyl hydrocarbon was chloromethylated under the same conditions; 
yield, 13.5 g., b.p. 115-123" (4 mm.). 

The 4-n-amyl hydrocarbon (30 g.) yielded 14.5 g. of chloromethyl derivative, b.p. 
125-135" (3 mm.). 

Reaction of chloromethyl compounds with acetamide. A sample (3.5 g.) of each of 
the above chloromethyl compounds was heated with excess acetamide a t  190-220" 
for one and one-half to  two hours. The reaction product was poured into hot water 
to  dissolve excess acetamide. The solid was recrystallized from petroleum ether. 
Yields were about 1.2 g. Their melting points and analyses are listed in  Table IV. 

I 
109a 
105 5.66 ' 5.88 
150 5.66 ~ 5.63 

TABLE I V  
SUBSTITUTED BENZYLAMINE DERIVATIVES 

ANALYSES-% NITROQEN 

Calc'd 1 Found 
N.P.,  oc. ! ALKYL BENZENE 

a Anal. Calc'd for C11H16NO: C, 74.58; H, 8.48. Found: C, 74.52; H, 8.61. 

Preparation of l,S-dirnethyl-5-n-amyl benzene. 3,5-Dimethylbenzylsodium was 
prepared by the method of Morton and Fallwell (4). Sodium sand (18 9.) and ben- 
zene (70 cc.) were placed in a flask fitted with a sealed stirrer, separatory funnel, and 
a reflux condenser. To  this was added a mixture of benzene (37.5 cc.) and n-amyl 
chloride (37.5 cc.) over a period of two and one-half hours a t  15-20'. The mixture 
was stirred for an additional one and one-half hours. Mesitylene (37.5 cc.) was 
added and the temperature raised to  75". Stirring was continued for four and one- 
half hours. 

A mixture of n-butyl chloride (23 9.) and benzene (23 g.)  was added to  the 3,5- 
dimethylbenxylsodium over a period of thirty minutes. The mixture was stirred an 
additional ten minutes, then decomposed with water, washed, dried, and distilled; 
yield, 10 g. (15%) b.p. 105-106" (10 mm.). 

Anal. 

From s-butyl chloride and 3,5-dimethylbenzylsodium, the yield of trialkyl frac- 
tion b.p. 105-111" (15 mm.) was 3 g., and from isobutyl chloride 7 g., b.p. 105-110" 
(15 mm.). 

8,6-Dimethylbenzylpotassium was prepared according to  the directions of Gilman, 

Calc'd for C18H20: C, 88.63; H, 11.37. 
Found: C, 88.25; H, 11.43. 

These trialkyl fractions were not purified or analyzed. 
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1,3-Dimethyl- 
4-n-amyl . . . . . . . . . . . . . . . . . . . . .  
4-isoamyl. .................... 
4-t-amyl . ..................... 
5-t-amyl ...................... 
~-CH~CHCH(CHI)CHI  . . . . . . . .  
4-C2HsCHCzH6 . . . . . . . . . . . . . . .  
4-CHaCHCaH7.. .............. 

Pacevitz, and Baine (12), from 100 cc. of mesitylene and 8.5 g. of potassium. The 
mixture was cooled to  80-90" and 12 cc. of n-butyl chloride added during twenty 
minutes. The mixture was refluxed for five minutes. The product was decomposed 
with alcohol, washed, dried, and distilled. The trialkyl fraction distilled at 85-105" 
(4 mm.); yield 4.5 g. 

&Butyl chloride (15 cc.) was added t o  the same amount of 3,5-dimethylbenzyl- 
potassium. The trialkyl fraction distilled at 85-105" (4 mm.); yield 2.2 g. 

Diacetamino and dibenzamino derivatives. These derivatives were prepared by an 
adaptation of the procedure of Ipatieff and Schmerling (13). 

The nitrating mixture (10 cc. of concentrated sulfuric acid and 5 cc. of concen- 
trated nitric acid) was stirred mechanically in a test tube a t  -10" t o  -15'. The 
low temperature is essential. The hydrocarbon (3 cc.) was added dropwise during 
five t o  fifteen minutes. The stirring was continued for an additional five minutes. 
The solution was allowed to  come to room temperature, poured on ice, and the nitro 
compound extracted with ether. The ether solution was washed repeatedly with 

TABLE V 
DIACETAMINO AND DIBENZAMINO DERIVATIVES 

234 
- 
- 
304 
264 

279-280 
234 

ALKYL BENZENE 

I DIACETAMINO 
I 

9.41 
- 
- 

9.57 
9.55 
9.49 
9.88 

DIBENZAMINO 

M.p. "C. 

220 
208 
308 
302 

234-235 
252-253 

241 

(1 Calc'd. for C17H26N202: N, 9.611. 
Calc'd. for CZ7HaoNzOz: N, 6.76. 

(1 Calc'd. for C17H26N202: N, 9.611. 
Calc'd. for CZ7HaoNzOz: N, 6.76. 

% Nitrogenb 
found 

6.74 
6.52 
6.94 
6.49 
6.85 
6.73 
6.65 

5% sodium bicarbonate solution and with water. The ether was removed and the 
nitro compound dissolved in  alcohol. Tin (15 g.) and concentrated hydrochloric 
acid (15 cc.) were added to the alcohol solution. The reaction was usually vigorous, 
and cooling was sometimes necessary. The mixture was stirred mechanically for 
one hour. 

The acid solution was diluted with water to  100 cc. and extracted twice with 20-cc. 
portions of ether. This ether extract was discarded. The water layer was made 
strongly basic and extracted twice n;ith 35-cc. portions of ether. These ether extracts 
of the basic solution were combined, washed repeatedly with water, and divided into 
two equal portions. 

(a) Acetic anhydride (5 cc.) was added directly to one portion and the flask stop- 
pered tightly. After some time (from a few minutes to several hours) the diacet- 
amino derivative separated in fairly pure form. The solid was washed repeatedly 
with ether and recrystallized from dilute alcohol (an excess of alcohol should be 
avoided) or from pyridine. 

(b) The ether was evaporated from the second portion and the amine benzoylated 
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by the usual Schotten-Baumann method. The dibenzamino derivatives were washed 
with ether and recrystallized from dilute alcohol or pyridine. 

It was not possible to  obtain derivatives of all the hydrocarbons in pure form. 
The melting points and analytical data are summarized in Table V. 

SUMMARY 

Seven of the eight 1 3-dimethyl-4-amylbenzenes have been synthesized 
by methods which leave no doubt as to the structure and position of the 
amyl radical. 

The reaction between 3 5-dimethylbenzyl-sodium or -potassium leads 
mainly to products other than the desired 1 3-dimethyl-5-amylbenzenes. 

In  the reaction between decahydronaphthalene, 1 3-dimethyl-4-neo- 
pentylbenxene and aluminum chloride the neopentyl radical is cleaved to 
form isopentane in 20% yield. This is the first primary alkyl radical to 
react in this manner. The branched s-amyl radical gives a larger yield of 
mixed pentanes in this reaction than do the two straight-chain s-amyl 
radicals. The 1 ,3-dimethyl-5-t-amylbenzene gives the highest yield of 
isopentane. 

COLUMBIA, Mo. 
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Aromatic sulfonic acids are readily identified in most schemes of qualita- 
tive organic analysis (1) by formation of the sulfonamide. A less familiar 
method is the production of salts between the acids and amines, or amine 
derivatives (2-1 1) .  Where applicable, this latter procedure gives results 
in a much shorter time. Neither of these means of identification is appli- 
cable to sulfonic acids when there is an amino group present.' Inner salt 
formation prevents the use of the second procedure, and the sensitivity of 
the amino group to phosphorus pentachloride makes impossible the ap- 
plication of the first method. 

However, it has been found that when many aromatic sulfonic acids 
containing one amino group are diazotized and the NH2 replaced by C1 
by means of the Sandmeyer reaction, the resulting chlorosulfonic acid is 
readily converted into a crystalline sulfonamide with a good melting point. 
Though several steps are involved, the yields are good in each, and one gram 
of the amino sulfonic acid gives sufficient chlorosulfonamide for iden- 
tification. 

In Table I are collected the melting points of the chlorosulfonamides 
derived from the common amino sulfonic acids. 

The method is applicable to amino mono- and di-sulfonic acids in the 
benzene series and to monosulfonic acids in the naphthalene series. In 
the case of disulfonic acids in the latter series, the steps are satisfactory 
only to the formation of the disulfonyl chloride, owing to the very high 
melting points (350') of the disulfonamides. While the disulfonchlorides 
are all solids with convenient melting points, in general they do not crystal- 
lize well, and are unsuited for qualitative organic analysis. Fortunately, 
the disulfonanilides have good melting points and are easily secured; in 
Table I1 are recorded the properties of the derivatives of the common amino 
polysulfonic acids. 

1 Substances of uncertain constitution resulting from the use of S-beneylthiuron- 
ium chloride together with their decomposition points have been described re- 
cently (11). 

15 
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AMINOSULFONIC ACID USED 

Orthanilic (12). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Metanilic (13). . . . . . . . . . . . . . . . . . . .  
Sulfanilic (14). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Aminotoluene-2-sulfonic (15). . . .  . . . . . . . . . . . . . . . . . . . .  
4-Aminotoluene-3-sulfonic (16). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2-Aminotoluene-4-sulfonic (17) . . . . . . . . . . . . . . . . . . . . .  
2-Aminotoluene-5-sulfonic. . . .  
4-Nitroaniline-2-sulfonic (20) . . . . . . . . . . . . . . . . . . . . .  
4-Nitroaniline-3-sulfonic (21). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aniline-2,4-disulfonic (22). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1-Aminonaphthalene-4-sulfonic (23)b. . . . . . . . . . . . . . . . . . . . . . . . .  
A4niline-2,5-di~ulfonic (19). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Naphthylamine-3,6-disulfonic acid yields a chloronaphthalene di- 
sulfonchloride (m.p. 165') that crystallizes readily, so this derivative also 
serves for purposes of identification. 

M.P. (%)a 

188 
148 
144 
145 
156 
135 

128 (18), 131 (19) 
185 
158 
217 
229 
187 

TABLE I 
MELTING POINTS OF AROMATIC CHLOROSULFONAMIDES 

2-Aminonaphthalene-1-sulfonic (29) . 
2-Aminonaphthalene-5-sulfonic (26) . . . . . . . . . . . . . . . . . . . . . . . . .  
2-Aminonaphthalene-6-sulfonic (30) . . . . . . . . . . . . . . . . . . .  
2-Aminonaphthalene-7-sulfonic (30). . . . . . . . . . . . . . . . . . . . . . . . .  

153 
214 
184 
176 

5 Melting points are uncorrected. 
* The 1-aminonaphthalene-2-sulfonic acid forms a 1-chloronaphthalene-2-sulfon- 

amide which is reported as having no melting point up to  250" (24). 

l-Naphthylamine-4,8-disulfonic acid.. . . . . . . . . . .  
2-Naphthylamine-3,6-disulfonic acid. . . . . . . . . . .  
2-Naphthylamine-4,8-disulfonic acid. . . . . . . . . . .  

2-Kaphthylamine-6,8-disulfonic acid. . . . . . . . . . .  
l-Kaphthylamine-3,6,8-trisulfonic acidb.. . . . . . .  

2-~aphthylamine-5,7-disulfonic acid. . . . . . . . . . .  

TABLE I1 
PROPERTIES OF CHLORONAPHTHALENE POLYSULFONANILIDES 

Benzene 233 
Benzene-ligroin 185 
Chlorobenzene 235 
Dil. acetic acid 206 
Chlorobenzene 192 
Chlorobenzene 249 

NAPHTBYLAMINE SULFONIC ACID USED SOLVENT 

5.8 
5.9 
5.9 

6.1, 5.8 
5.8 

6.5, 6 .8  



IDENTIFICATION OF AROMATIC SULFONIC ACIDS 17 

EXPERIMENTAL 

Most of the aromatic amino sulfonic acids are encountered in varying degrees 
of purity as intermediates for the manufacture of commercial dyes, and require more 
or less purification as a preliminary operation t o  their identification. Usually, 
recrystallization from water in  the presence of decolorizing carbon is sufficient; 
the addition of a little mineral acid is often advantageous. For example, 50 g. of 
a technical grade of 2-naphthylamine-4,8-disulfonic acid was dissolved i n  250 cc. of 
boiling water containing 2 g. of Norit and filtered. On cooling, 25.8 g. of the amino 
acid separated in the form of white needles. 

Qualitative procedure; A ,  for sulfonamides. It is advisable to  s tar t  with 1.5-2 g. 
of recrystallized amino sulfonic acid in  order t o  have an ample amount of derivative. 
Usually i t  is advantageous first t o  dissolve the acid in sodium carbonate solution, and 
then to  acidify and diazotize. The indirect procedure does not seem to give as good 
results. Details for the preparation of 4-chlorotoluene-3-sulfonamide will serve as 
an illustration. 

One and four-tenths grams of 4-aminotoluene-3-sulfonic acid (previously recrys- 
tallized from water) is dissolved in  10 cc. of water containing 0.41 g. of sodium 
carbonate. The solution is diazotized by adding 1.9 cc. of concentrated hydrochloric 
acid and then, quickly, 4.4 cc. of sodium nitrite solution (containing 120 g. of sodium 
nitrite per l.), the temperature being maintained at 10-15' by the addition of ice. 

Meanwhile, a cuprous chloride solution is prepared (32) from 2.16 g. of copper 
sulfate, 0.56 g. of sodium chloride, 0.46 g. of sodium bisulfite, and 0.33 g. of sodium 
hydroxide; this requires about ten minutes. The cuprous chloride is dissolved i n  10 
cc. of concentrated hydrochloric acid and cooled in  ice to  5". At this temperature 
the diazonium solution is added fairly rapidly while stirring. The temperature is 
allowed to  rise slowly to  room temperature and stirring is continued for one hour, 
after which the solution is heated t o  60-70" for thirty minutes on the steam-bath. 
The copper is then precipitated by hydrogen sulfide, the resulting copper sulfide is 
filtered, and the crude 4-chlorotoluene-3-sulfonic acid is obtained by evaporating 
the filtrate to  dryness on the steam-bath. 

The crude acid is then mixed with double its weight of phosphorus pentachloride 
in  a small beaker. When the vigorous reaction has ended, the beaker is heated in an 
oil-bath t o  130-140" for a short time t o  expel the phosphorus oxychloride. After 
cooling, the chloride is washed by decantation with cold water, the resulting oil added 
to  45 cc. of concentrated ammonium hydroxide, and the solution evaporated t o  dry- 
ness on the steam-bath. The crude sulfonamide remains as a residue and weighs 
1.8 g. For purification i t  is recrystallized, with the addition of Korit, from 85 cc. 
of boiling water. The 4-chlorotoluene-3-sulfonamide is obtained in the form of 
slender white needles which melt a t  155-156". 

Chlorobenzene-2,5-disulfonamide (I)  and 2-chlorotoluene-5-sulfonamide (11) 
are new. 

Anal. I. (m.p. 229"). Calc'd for CeH7C1Ns04Sz: N, 10.4 Found: N, 10.4. 
Calc'd for C7H8C1Pi02S: N, 6.8. 

B ,  for sulfonanilides. The crude sulfonchloride (about 2 8.) secured as described 
is dissolved in  10 cc. of benzene, 2.5 g. of aniline is added, and the solution is refluxed 
for one hour. The 
resulting solid is filtered, washed with warm water, and recrystallized three times 
from chlorobenzene. 

The chloronaphthalene polysulfonanilides, the properties of which are given in  
Table 11, were secured by this procedure. They retain traces of the solvent used 

Both crystallize as needles from water. 

11. (m.p. 131"). Found: N,  7.0. 

The solution is concentrated to  half its volume and chilled. 
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for crystallization rather tenaciously, but  this does not interfere with the deter- 
mination of the melting point when done in the ordinary manner. 

When used for qualitative analysis of unknowns, the solubility i n  benzene is  first 
determined; if too soluble, ligroin (b.p. 90-120’) is added. The insoluble derivatives 
are then handled with chlorobenzene and ligroin in a similar manner. 

SUMMARY 

A convenient method for the identification of amino sulfonic acids in 
the benzene and naphthalene series has been devised. It consists of re- 
placement of the amino group by chlorine through the Sandmeyer reaction 
followed by a conversion of the sulfonic acid group to a sulfonamide or 
sulfonanilide. 

The procedure can be used in small quantities (1.5-2 g.) in qualitative 
organic analysis. 

ROCHESTER, N.  Y. 
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In  most of the work involving sugar derivatives of sulfanilamide, it has 
been assumed that these derivatives were glycosides without presentation 
of any experimental evidence to establish the structures (1). Some work- 
ers, however, have considered condensation products of sulfanilamide with 
sugars to  be anils (2). 

Kuhn and Birkofer (3) prepared the glucoside of sulfanilamide by directly 
condensing glucose with sulfanilamide in 95% ethyl alcohol using am- 
monium chloride as a catalyst. Their claim that this glucose derivative 
was a true N-glycoside and not an anil was based upon the fact that acetyla- 
tion of their compound yielded a tetraacetyl derivative and not a penta- 
acetylated product as would have been expected if the original compound 
had been the anil. They assumed logically that the glucose residue was 
attached to the sulfanilamide molecule through the N e  or primary amino 
nitrogen atom rather than through the N1- or amide nitrogen, but sub- 
mitted no experimental evidence in support of this assumption. 

The confusion as to whether sugar derivatives of sulfanilamide are 
N-glycosides or anils is suggested in the comprehensive review of sul- 
fanilamide derivates by Northey (4) in which such derivatives are listed 
as acyclic anils with the following notation appended : “Sugar derivatives 
are classified here, although they are probably not anils but glucosides.’’ 
For support of the above statement Northey cites the work of Kuhn and 
Birkofer (3) and Meyer and Schreiber (1). 

It is the purpose of this paper to support the claim of Kuhn and Birkofer 
(3) that their glucose derivative of sulfanilamide is an N-glucoside and also 
to present experimental evidence to  show that the compound is an N4- 
glucoside. 

Our approach, a direct synthesis of the N4-glucoside, was directly the 
opposite of that of Kuhn and Birkofer. Using a modification of the 
Koenigs and Knorr synthesis (5)  we synthesized N4-tetraacetyl-d-glucosido 
sulfanilamide from P-acetobromo-d-glucose and sulfanilamide. Upon 

1 The nomenclature used in this paper is that proposed by Crossley, Northey, and 
Hultquist, J. Am. Chem. Soc., 60,2217 (1938). 

2 Eli Lilly Fellow in Organic Chemistry 193940, 194041. 
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deacetylation of this compound we obtained N4-d-glucosidosulfanilamide 
which was identical with the “sulfanilamide-d-glucoside” prepared by 
Kuhn and Birkofer from glucose and sulfanilamide. Our conclusion that 
the glucose residue in this glucoside probably is on the N4-nitrogen atom 
rests upon the fact that the glucoside, when compared directly with sul- 
fanilamide and N1-acetylsulfanilamide (6), failed to yield a picrate, a 
picramide, a substituted thiourea with a-naphthyl isothiocyanate, and 
failed to give a positive reaction with Ehrlich’s reagent (7). 

The conclusion that N4-d-glucosidosulfanilamide is a beta glucoside ap- 
pears to be justified by its method of synthesis from @-acetobromo-d- 
glucose. 

The physiological assay of I\;4-d-glucosidosulfanilamide showed that on 
an equal weight basis it is only about one-half as active against strepto- 
cocci as sulfanilamide and is not less toxic. Even if the difference in 
molecular weights is considered (N4-d-glucosidosulfanilamide contains 
51.5% of sulfanilamide per mole), the glucoside is still slightly less active 
than sulfanilamide. However, the greater water solubility of the glucoside 
as compared to that of sulfanilamide might be of advantage in certain cases. 

EXPERIMENTAL 

hr4-TetraacetZIl-d-glucosidosuljanilamide. Sulfanilamide (15.0 g. or 0.087 mole), 
silver oxide (20.0 g. or 0.086 mole), and “Drierite” (15.0 9.) were stirred for one 
hour in 150 cc. of freshly distilled anhydrous dioxane in  a reaction flask equipped with 
a mercury seal stirrer, a condenser, and a dropping-funnel. A solution of 30.0 g. 
(0.073 mole) of 8-acetobromo-d-glucose (m.p. 87-88’) (8) in  150 cc. of anhydrous chlo- 
roform was then added slowly through the dropping-funnel. The reaction mixture 
was held a t  40” for four hours and then a t  room temperature with constant stirring 
for twenty hours. The reaction had then gone to  completion, as evidenced by the 
failure t o  detect any bromide ion after boiling a sample of the reaction mixture with 
water. The mixture was then filtered and the solvent removed in BUCUO a t  room 
temperature. The residual gum was dissolved in boiling 95% ethyl alcohol, treated 
with “Xorit” and the filtrate thrown into a large volume of cold water. After the 
solution had stood in  the ice-chest, a white precipitate which had formed was filtered 
off, washed with ice-water and air dried. The crude yield was 20.5 g. or 56%. After 
purification by recrystallization from 95% alcohol, the N4-tetraacetyl-d-glucosido- 
sulfanilamide was obtained as white needle-like crystals; m.p. 191”; [a]: - 62.6” 
(alcohol-free chloroform, c = 1.4056; [cy]: - 78.4” (anhydrous pyridine (c = 1.4484). 
Anal. Calc’d for C z ~ H z & s O ~ S :  iX, 5.57. Found: N,  5.50,5.71. 
Kuhn and Birkofer (3) reported the m.p. 189” and [01]2E6 -86” (pyridine) for this 

compound. 
i~4-d-Glucosidosul~anilamide. Ten grams of the acetylated glucoside was dis- 

solved in 50 cc. of anhydrous methyl alcohol containing 3 cc. of 1 ,V sodium methoxide 
in absolute methyl alcohol. The solution was then warmed slightly and placed in  the 
ice-chest for forty-eight hours. The white material which had precipitated was 
filtered off and purified by recrystallization from 95y0 ethyl alcohol. The purified 
K4-d-glucosidosulfanilamide melted a t  197”. Kuhn and Birkhofer reported that  
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sulfanilamide 

N1-acetylsulfa- 
nilamide 

their glucoside melted at 195" after recrystallization from 90% alcohol, b u t  
with slow heating the melting point rose t o  204". Our glucoside also melted 
at 204" if the temperature was raised very slowly. A mixed melting point with the 
glucoside prepared directly from glucose and sulfanilamide by the procedure of Kuhn 
and Birkofer showed 197.5'. The yield of the purified glucoside was 3.75 g. or 58%. 
[a]: - 119.6" (water, c = 0.418, t = 105 min.); [a]: + 29.7" (0.1 N HC1: c = 0.4212, 
t = 390 min.). 

Anal. Calc'd for C I ~ H I ~ N ~ O ~ S :  N, 8.38. Found: N ,  8.10, 8.35. 
These data  are in  good agreement with those of Kuhn and Birkofer who reported 

[a]: - 123" (water, t = Omin.) and [a]: + 32" (0.1 N HC1, t = m). 
Position of the glucosido residue. The glucose residue in d-glucosidosulfanilamide 

can be on either the N*- or the N k i t r o g e n  atoms with the probability favoring the 
basic amino nitrogen atom or N4-. If this is true, then the glucose residue blocks the 
free primary amino group a t  N4- and no reactions characteristic of free primary 
amino groups should be obtained with N4-d-glucosidosulfanilamide. When compared 
directly with sulfanilamide and N1-acetylsulfanilamide, which have free amino 
groups a t  N4-, our glucosidosulfanilamide failed to  yield a picrate, a picramide, or a 
substituted a-naphthylthiourea with a-naphthyl isothiocyanate. Like h'4-acetyl- 
sulfanilamide (9), which has the amino group at ?i4- blocked, our glucosidosulfanil- 
amide failed to give a positive test (formation of an orange precipitate) with Ehrlich's 
reagent (7). These results, tabulated below, indicate that  the glucosido residue must 
be on the N4-nitrogen atom, since the glucoside failed to  give asingle positive reaction 
for a free primary amino group. This is supported by the observation that  the 
glucoside of sulfanilamide is less active physiologically than sulfanilamide, a fact in 
accord with the general deduction that  the introduction of substituents on the N4- 
nitrogen atom of sulfanilamide will either destroy completely or greatly lower 
its activity against streptococci. 

Since Kuhn and Birkofer showed that  the glucosido residue of d-glucosidosulfanil- 
amide is hydrolyzed off in  dilute acid solutions, diazotization and coupling could 
not be used here as a test for the presence of a free amino group a t  the N4-nitro- 
gen atom. 

176-176.5'' (fron: 
water) 

169" (from dilutr 
ethyl alcohol) 

COMPOUND PICRATE 

I none 
N4-d-glucosido- 

sulfanilamide 

I none 
N4-acetylsulfa- 

nilamide 

PICRAMIDE 

discolored a t  
240" decomp. 
a t  265" (from 
95% ethyl al- 
cohol) 

none 

%-NAPHTHYLTHIOUREA 
DERIVATIVE 

180-181" (from 
80% ethyl al- 
cohol) 

none 

EHRLICH'B 
REAQENT (7) 

~ 

orange ppt. 

orange ppt. 

no ppt. 

no ppt. 
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The authors are indebted to Mr. H. A. Shonle and Dr. H. M. Powell of 
The Lilly Research Laboratories for the supply of sulfanilamide used in 
this work and also for the physiological assays. 

SUMMARY 

1.  The structures of N4-tetraacetyl-d-glucosidosulfanilamide and N4-d- 
glucosidosulfanilamide have been confirmed by direct synthesis, and ex- 
perimental evidence has been presented to show that the glucosido residue 
in the glucoside is on the N4-nitrogen atom. 

2. The chemotherapeutic activity of N4-d-glucosidosulfanilamide against 
streptococci has been briefly compared with that of sulfanilamide. 

BURLINGTON, VT. 
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A large amount of work has been done on aromatic sulfinic acids but little is 
known of the aliphatic acids and their derivatives except for several methods of 
preparation and a few observations on their spontaneous decomposition and 
structure (1). This paper deals with the preparation, properties, analysis, and 
identification of the magnesium and sodium salts of the straight-chain aliphatic 
sulfinic acids from the propane through the hexadecane. 

The magnesium sulfinates were made by the simplest method, addition of 
sulfur dioxide to the Grignard reagent (IC, f ,  g). The sodium salts were prepared 
from the magnesium salts in two ways: 1. Reaction between magnesium sul- 
finate and sodium carbonate or hydroxide. 2. Reaction between magnesium 
salt in water suspension and mineral acid to form the free sulfinic acid, extraction 
of the latter with ether, and neutralization of the ether solution with sodium 
carbonate. 

The magnesium sulfinates are white powders with the general formula (RSOJ? 
Mg.2Hz0. They are insoluble in alcohol; the lower members of the series are 
sparingly soluble in hot water but the octane and higher are quite insoluble. 
Although hydrated, they are water repellent and are wet with difficulty. The 
butane salt was obtained once from water as small, glistening, colorless plates, 
but not the other members, which always separated as powders. As shown in 
Table I, the octane to dodecane salts were 100% pure as originally prepared, even 
without recrystallization, but the tridecane to hexadecane were less pure. They 
all have the peculiar property of being extremely easy to electrify by friction. 
Grinding or even brushing the powder on paper causes the material to scatter; 
this could be avoided by crushing or rubbing on a grounded sheet of copper. 
Frequently, powder weighed out on a watch glass scattered when the glass was 
picked up in the fingers; this difficulty was eliminated by grounding the operator. 

On standing in water a t  room temperature, the magnesium salts are stable for 
several days, but lose in reducing power quickly when heated, due to oxidation. 
During heating in water there may be some alkyl sulfide formed (indicated by a 
slight odor and a faint yellow color), as happens with solutions of sodium salts 
(2). 

All the sodium salts are colorless and dissolve readily in water to give solutions 
which foam on shaking. The lower 

Alkaline solutions are much less susceptible to oxidation. 

Their general formula is RS02Na.H20. 
23 



24 PAUL ALLEN, JR. 

members may be recrystallized from absolute alcohol (lg), the octane and higher 
ones from hot 95% alcohol, as clusters of needles; the butane may be thrown out 
of solution in 95% alcohol by addition of ether. It was not possible to obtain 
any sodium salt that was 100% pure. Apparently oxidation takes place during 
handling in solution, e.g., sodium decane sulfinate, 94.1% pure, when twice dis- 
solved in alcohol and allowed to evaporate spontaneously showed 82.5% purity 
by analysis. 

The dry sodium and magnesium salts are quite stable in air, losing about 3% 
in purity on standing three and a half months on a watch glass in the laboratory. 
A sample of magnesium butane sulfinate kept in a stoppered bottle, opened oc- 
casionally, lost none of its purity in two years (99.6% in 1938 and 99.4% in 
1940, identical within the error of the analysis). 

Many attempts were made to analyze the sodium and magnesium sulfinates by 
titration with oxidizing agents in acid solution. Although various reagents were 
tried and the acidity of the solutions varied from strong to weak in sulfuric or 
acetic acid, all attempts failed, only SO-SO% of the theoretical values being ob- 
tained. This may be due to oxidation of some of the material to disulfone, as 
occurs when benzene sulfinic acid is oxidized in glacial acetic acid by powdered 
potassium permanganate (3). 

In  alkaline solution, however, the salts can be titrated potentiometrically with 
permanganate or calcium hypochlorite, and theoretical values obtained. An- 
other convenient method is to add an excess of permanganate to the alkaline 
solution, then more than enough arsenious oxide to react with the manganese 
dioxide and extra permanganate, acidify, and, after the dioxide has disappeared, 
run to a colorimetric or potentiometric end-point with permanganate. The two 
methods check each other, and it is possible and advisable to get checks on a 
single sample by carrying out the direct alkaline potentiometric titration first 
and then continuing with excess permanganate, arsenious oxide, etc., to the acid 
end-point . 

In neutral solution, potentiometric titration gives results which are almost, 
but not quite, as good as those obtained in alkaline solution. 

Difficulties are encountered in analyzing the higher magnesium salts which do 
not dissolve in water. Erratic and high results are obtained if a suspension of 
salt is first digested with an excess of permanganate in either neutral or alkaline 
medium and the analysis then continued by the second method above. How- 
ever, consistent figures result if the suspension is digested forty to sixty minutes 
with dilute sodium hydroxide (without permanganate) and then titrated hot to 
the potentiometric end-point. An improvement on this method is to digest the 
magnesium salt with dilute alkali plus insufficient permanganate (80-95% of the 
calculated amount) and then complete the titration with more permanganate. 
If desired, titration can be continued as described above to the acid end-point. 

Sodium and magnesium sulfinates can be reduced by shaking the solution or 
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suspension in water with zinc and hydrochloric acid (lb, e, 8). A bad smell, like 
mercaptan, results on reduction of the salts containing a chain of five or fewer 
carbon atoms but as the number of carbon atoms increases from six, the smell 
becomes more like that of an alkyl thiocyanate and progressively fainter. The 
eleven carbon and higher members git-e only a very faint odor. 

Sodium sulfinates react readily with alkyl halides to form sulfones and in this 
way a sulfinic acid may be identified. A series of disulfones, the 1,2-di-n- 
alkylsulfonylethanes, was made by the reaction of ethylene bromide with the 
sodium alkane sulfinates from the propane through the hexadecane. ,4 few 
ethyl sulfones were made. 

EXPERIMENTAL 

Preparation of magnesium salts. The alkyl bromides were redistilled Eastman products 
or were made by treating the alcohol1 with hydrobromic acid (4). The Grignard reagent 
was prepared in  the usual way from 0.25 mole of alkyl bromide in 200 ml. of ether. Dried 
sulfur dioxide was passed into the cooled and rapidly stirred solution. The mixture was 
poured onto ice or ice plus ammonium chloride. Usually a large amount of solid, white or 
yellowish, separated during the addition of sulfur dioxide but occasionally no solid appeared 
until the solution was decomposed by ice. The crude magnesium compound was filtered 
from the aqueous solution and air dried; i t  was light gray or cream colored. It was ex- 
tracted with hot carbon tetrachloride or chloroform to remove wax; any magnesium hy- 
droxide was removed by shaking the solid with ammonium chloride solution. 

As the length of the carbon chain increases thesolu- 
bility of the magnesium sulfinates decreases to  such an extent that  the octane and higher 
salts are practically insoluble in water. For this reason these members of the series were 
used and analyzed as made, without treatment other than removal of wax and magnesium 
hydroxide. The heptane and lower members were dissolved in a large volume of hot water; 
when the solution was boiled down, the magnesium sulfinate separated out as a white pow- 
der, practically dry, on the surface. A large proportion of the solid taken for purification 
was not recovered, due probably to oxidation to the more soluble magnesium sulfonate. 

The more soluble magnesium sulfinates, the propane to 
hexane, were dissolved in  hot water and treated with 5Gl00% excess sodium carbonate. 
After filtration (which may be omitted) the solution was evaporated to  dryness on a steam- 
bath and the sodium sulfinate extracted from the residue with boiling alcohol. As the 
length of the carbon chain increases, conversion is more difficult. The heptane to undecane 
magnesium salts were refluxed one to two hours with 3 N sodium carbonate, the mixture, 
without filtration, evaporated to  dryness, and the residue extracted with alcohol. The 
dodecane salt required long refluxing with sodium carbonate (ten hours for 65% yield of 
sodium salt) or hydroxide (four hours for 787, yield). Since only a trace of magnesium 
tridecane sulfinate was converted by refluxing for seven hours with 25% sodium hydroxide, 
this and the higher sulfinates were changed to  the free sulfinic acids, which were then neu- 
tralized. Finely powdered magnesium salt was shaken with ether and dilute hydrochloric 

Purification of magnesium salts. 

Preparation o j  sodium salts. 

* n-Octyl alcohol was kindly furnished by the Carbide and Carbon Chemicals Corp., 
Charleston, W. Va.; the ten, twelve, fourteen, and sixteen carbon alcohols through the 
kindness of the du Pont Co., Wilmington, Del. The nine, eleven, thirteen, and fifteen car- 
bon alcohols were prepared by addition of formaldehyde to  the lower alkyl magnesium 
bromides. 



26 PAUL ALLEN, JR. 

or sulfuric acid. The aqueous layer was removed, made stronger in mineral acid, and ex- 
tracted several times more with small portions of ether. The ether layers were neutralized 
as soon as possible with sodium carbonate. The carbonate layer was evaporated to  dryness, 
etc. ; the sodium sulfinate crystallized readily as the alcohol cooled. 

Heating dry  salts. Heating to drive off water of hydration gave erratic results, both 
sodium and magnesium salts undergoing some decomposition. After 24 hours a t  70-75" a 
sample of magnesium butane sulfinate had not lost either in  purity or weight, but six hours 
a t  100" caused a loss in  purity of 3-475; another sample came to  constant weight after 48 
hours a t  100-105° but had lost 27y0 of its reducing power. 

Stability of salts in water. The following tests were carried out with magnesium butane 
sulfinate of 100% purity : 

TABLE I 
MAGNESIUM ALKANE SULFINATES, (n-RSOz)zMg.2Hz0 

PREVIOUS PREPIN REF. I N  R I YIELD, 
CRUDE, 70 

69.0 

41.6 
37.6 
34.5 
49.8 
56.5 
38.7 
39.2 
43.0 
57.2 

- 

MAGNESIUM, 7 0  

Calc'd 

8.86 
8.04 

7.36 
6.78 
6.29 
5.86 
5.49 
5.17 
4.88 
4.62 
4.38 
4.17 
3.98 
3.81 

(%S 21.19 

Found 

8.54 
8.09 

21.22) 
7.39 
6.72 
6.21 
5.85 
5.47 
5.16 
4.83 
4.65 
4.29 
4.24 
3.90 
3.77 

PURITY BY 
TITRATION 

ITH K.MnO4, % 

io0.o 

100.7 

100 * 1 
99.0 

101.1 
99.8 
96.4 
95.0 
95.5 
94.5 

Other known aliphatic sulfinic acids are: CHClzSOZH (5) ; CClB02H (6) ; CzH,(SOzH)z 
( lb) ;  i-CsH,SOzH (7) ; (CH8)zCHCHzSOzH (8) ; (CH,)&SOzH (9); ~-CSH~ISOZH Ub) ; 
c ~ c ~ o - C ~ H & ~ O ~ H  (10) ; cyclo-C~H11SOzH (If)  ; 3-CH,CsHloSOzH (10). 

1. A sample stood in  water five days a t  room temperature; the solution then reduced the 
calculated amount of permanganate. 

2. A sample in water in a n  open beaker was heated six hours on a steam-bath, the water 
being replaced as i t  evaporated until the last hour, during which the beaker became dry. 
The residue reduced only 42Y0 of the calculated permanganate; in another run, without 
evaporation to  dryness, the residual solution had 63% of its original reducing power. 

3. A water solution of sulfinate was freed of air by boiling twice under a vacuum. The 
evacuated flask was heated six hours a t  100"; a t  the end of this time the solution reduced 
98% of the calculated permanganate. These experiments show that  oxidation takes place 
when magnesium sulfinate is heated in water exposed to  air. 
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Alkaline solutions are less susceptible t o  oxidation, as shown by the following : 
1. A solution of pure butane magnesium salt, made alkaline with sodium hydroxide, 

after standing 64 hours at room temperature exposed t o  air, had lost only 2% in  purity. 
This loss may have been caused by sulfide formation (2). 

2. A similar solution, containing 10 ml. of 0.5 N sodium hydroxide was heated six hours 
on a steam-bath, the water being replaced as i t  evaporated until the last hour during which 
the beaker became dry. The residue reduced 87.1% of the calculated permanganate; in  
another run, without evaporation to  dryness, the residual solution had 95.3% of its original 
reducing power. 

3. A solution of sodium butane sulfinate was made by adding the correct amount of 
sodium hydroxide to  a solution of butane magnesium salt. Immediately after preparation, 
1 ml. of this solution reacted with 7.92 ml. of permanganate. Samples were tested 
as follows: 

a. One milliliter of solution and 75 ml. of water, but no excess sodium hydroxide, after 
standing 48 hours at room temperature, reduced 7.85 ml. of permanganate. 

TABLE I1 
SODIUM ALKANE SULFINATES, n-RS02Na.H20 

NO. OF CARBON ATOMS IN R 

4 
8 
9 

10 
11 
12 
13 
14 
15 
16 

YIELD, % 

58 
86 
80 
36 
85 
65 
70 
67 
87 
72 

SULFUR, % 

Calc'd 

19.77 
14.69 
13.81 
13.02 
12.32 
11.69 
11.12 
10.60 
10.13 
9.71 

Found 

19.10 
15.03 
14.39 
13.09 
11.90 
11.52 
11.50 
10.93 
10.18 
9.57 

b. The same quantities were heated six hours on a steam-bath. The solution remaining 
reduced 3.65 ml. of permanganate. 

c. One milliliter of solution, 65 ml. of water, and 10 ml. of 0.5 N sodium hydroxide were 
heated six hours on a steam-bath. The residual solution reduced 6.71 ml. of permanganate. 

Fenton and Ingold prepared sulfinic acids by heating sulfones t o  200" with sodium eth- 
oxide or with solid potassium hydroxide plus a little water (le, 7) .  Although gas and other 
products were formed, the 40-70% yields indicate the great stability of sulfinates t o  alkalies. 

Volumetric analysis of salts by oxidation with permanganate 
Oxidation to  colorimetric end-point i n  solution alkaline at start and later acidified. T o  a 

solution of 0.0536 g. of magnesium butane sulfinate in  water were added 10 ml. of 0.5 N 
sodium hydroxide and an excess of permanganate. The mixture was allowed to  stand about 
five minutes, and then an excess of arsenious oxide was run in, followed by two drops of 
0.002 M potassium iodate as catalyst and 5-10 ml. of 6 N hydrochloric acid. Stirring was 
continued until all the manganese dioxide was dissolved and a colorless solution obtained. 
Permanganate was then added to  the end-point; net volume used, 13.28 mi., calculated, 
13.24 ml.; normality of the permanganate 0.0535 in acid solution, 0.0321 in basic. 
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On addition of permanganate, the basic solution first becomes green and then turns 
brown; sodium carbonate may be used in place of hydroxide. Titration may be slow or fast 
and the solution hot or cold. 

Potentiometric analysis. One electrode was a platinum wire or foil and the other a satu- 
rated calomel electrode connected through a salt bridge. The solution was mechanically 
stirred. Approximately 0.05 g. of magnesium sulfinate was dissolved in 50-100ml. of water, 
with or without 10 ml. of 0.5 N alkali, and permanganate run in  from a burette to  a break 
on the volume-potential curve. It is not necessary t o  plot the curve, for the end-point can 
be recognized by the sudden jump in potential; the first drop after the jump was taken as the 
end-point. Apparently, too large an ionic concentration interferes, for there is no sharp 
potentiometric end-point if the solution is as much as 0.2 N in  sodium chloride in addition 

TABLE I11 
1.2-DIALKYLSULFONYL ETHANES, (n-RS02CH2-)2  

NO. OF CABBGN 
ATOMS IN R 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

PREVIOUS PREP" 
BEF. 

l b  
l b  
I b  
11 

Calc'd 

26.47 
23.72 
21.46 
19.65 
18.09 
16.77 
15.62 
14.51 
13.75 
12.97 
12.27 
11.64 
11.08 
10.57 

Found 

26.75 
23.88 
21.41 
19.71 
17.58 
16.72 
15.89 
14.67 
13.98 
12.75 
12.50 
12.14 
10.88 
10.99 

M.P.. "c. 

190 
136-137 

159.3-160.3 
179.2-180.2 
183.7-184.2 
177.5-178.5 
176-177.5 

172.8-173.5 
172.5-173.5 
169.9-170.9 
168.3-169.3 
165.8-166.8 
163.4-164.1 
160.9-161 .9 
158.7-159.9 
154.6-155.8 

to  the usual alkali, or if i t  is 0.15 N in alkali; i n  these cases titration to  a colorimetric end- 
point is  accurate. 

Potentiometric analysis in basic solution. A sample of magnesium butane sulfinate weigh- 
ing 0.0502 g. was dissolved in  water and a little sodium hydroxide added. The perman- 
ganate used in the titration was 0.04001 N in  basic solution, 0.06669 N in  acid; calculated 
volume 16.59 ml., volume actually used 16.51 ml., which corresponds t o  99.6% purity of salt. 
The titration was continued, using an excess of permanganate, arsenious oxide, hydro- 
chloric acid, and more permanganate to  the colorimet~ric end-point; calculated volume of 
permanganate 9.95 ml., net used 9.93 ml. 

Analysis after digestion with alkali and insuflcient permanganate. A sample of mag- 
nesium dodecane sulfinate weighing 0.02085 g. was heated just below the boiling point for 30 
minutes with 95% of the calculated permanganate in  20 ml. of water and 10 ml. of 0.5 N 
sodium hydroxide. More permanganate was then added t o  the potentiometric end-point; 
volume used 5.77 ml., calculated 5.77 ml. The titration was continued to  the colorimetric 
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SULFUR, % 
NO. OF CARBON ATOMS IN R 

Cslc’d Found 

11 12.91 12.96 
12 12.22 12.47 
16 10.07 9.99 

end-point in acid; net permanganate used 3.45 ml., calculated 3.46 ml. The permanganate 
was 0.02743 N in basic solution, 0.04571 N in acid. 

These salts were dissolved in  water with or without 
alkali and titrated to either a potentiometric or colorimetric end-point, without difficulty. 

One gram of sodium sulfinate and 1-1.5 ml. of ethylene bromide 
were refluxed in 15-20 ml. of an alcohol. Sodium bromide may form in an hour or less, 
but the yield of disulfone increases with time of refluxing and boiling point of solvent. 
Sodium decane sulfinate gave 40% of disulfone after five hours refluxing in ethyl alcohol 
but 667u after the same length of time in normal propyl alcohol; normal butyl alcohol was 
frequently used. After refluxing, the mixture was poured into water and the insoluble 
disulfone filtered off and recrystallized from ethyl or propyl alcohol. The pure sodium 
salts of the sulfinic acids with three, five, six, and seven carbon atoms were not used, but 
the disulfones were made by refluxing ethylene bromide either with the impure salt or with 
the residue left after the mixture of sodium carbonate and magnesium sulfinate solution was 
evaporated to  dryness. 

Properties of disulfones. Colorless needles, soluble in hot and insoluble in cold alcohols; 
with increasing molecular weight the solubility in  alcohol decreases; insoluble in water; 
sparingly soluble or insoluble in cold, but readily soluble in  hot benzene, ethyl or amyl 
acetate, and ethylene chloride. 

Analysis of sodium suljinates. 

Formation ofdisulfones. 

M.P., ‘c. 

76.5-77.5 
75.0-76.0 
77.0-79.0 

TABLE IV 
ALKYLSULFONYL ETHANES, RSOzCtHs 

Ethyl sulfones. These were made by refluxing sodium sulfinate and ethyl iodide in 
alcohol. The mixture was poured into water, the insoluble sulfone filtered off, and re- 
crystallized from alcohol. The sulfones are colorless needles, soluble in hot alcohol, in- 
soluble in cold. 

The investigation of the aliphatic sulfinic acids and their derivatives is being continued. 

SUMMARY 

1. Sodium and magnesium salts of the normal aliphatic sulfinic acids have been 

2. A method of analyzing these volumetrically is described. 
3. The disulfones, RS02CH2CH2S02R, have been prepared to complete the 

prepared. 

series from the methyl through the hexadecyl radicals. 

LYNCHBURG, VA. 
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The structural analogies between methylene-bis-amines,2 considered as 
ammono-aldehydes or ammono-acetals, and the hydrate and acetals of formal- 
dehyde, appear upon comparison of the formulas : 

Ammonia System Water System 

RNH .CH2 *NHR 

R2N CH2 * NR2 

Diaminomethane (l), HO * CH2 OH Formaldehyde 
known in form of deriv- 
atives : 
Methylene diamines from 
primary amines 
Methylene diamines from RO . CH2 OR Formaldehyde 
secondary amines includ- acetals 
ing those from cyclic 
secondary amines, e.g., 
piperidine. 

hydrate 

Examples of reactions which validate this structural analogy are probably 
numerous, though this rationalization is generally not pointed out and may be 
unrecognized. Methylene imines may probably be considered as functionally 
equivalent to methylene diamines since Schiff bases of this type, even when 
trimeric, may be used interchangeably with methylene diamines in certain 
reactions (2), the two being related as are formaldehyde and formaldehyde 
hydrate : 

HO *CH2 * OH e CHzO + H20 

RNH-CHz-NHR + CH2:NR + RNH2 (3). 

The use of hexamethylenetetramine in the preparation of phenol-formaldehyde 
I I 

resins (4) involves -N.CHz.N- units and may be considered to be a methylene 
diamine reaction. The condensation of succinimide and formaldehyde (5)  to 
yield methylene-bis-N , N’-succinimide and tris-(methy1enesuccinimido)amine 

1 This paper is constructed from the thesis submitted by J. R. Feldman to the Graduate 
School of the University of Pennsylvania in partial satisfaction of the requirements for the 
degree of Doctor of Philosophy, June 1941. 

2 Throughout this paper the more convenient general term methylene diamine will be 
used. These compounds have been designated previously as “diimines.” 

31 
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has been duplicated by use of hexamethylenetetramine (6). Methylene diamines 
can be used instead of formaldehyde in the Knoevenagel reaction (7). Ullmann 
(8) prepared lO-methyl-7,12-dihydro-l, 2-benzacridine (9) from naphthol-2 by 
interaction with either trioxymethylene and p-toluidine or with methylene-bis-p- 
toluidine, and obtained other acridines similarly. 

In  the experimental demonstration that methylene diamines and formalde- 
hyde (formalin) react in ways essentially identical, the method employed was 
to use methylene diamines and formalin interchangeably in certain reactions 
known to be characteristic of formaldehyde. In each group of comparable 
reactions the main product was the same whether the methylene diamine or 
formaldehyde was used. The manner of reaction of the methylene diamine was 
further revealed by the fact that the by-product (corresponding to the water 
split out in formaldehyde reactions) was the amine represented by the methylene 
diamine used. In  many experiments the liberated amine was recovered and 
identified, and its amount found to correspond with that of the main product, 
making it possible to indicate the reaction by equation without assumptions. 

The susceptibility to acid hydrolysis which is characteristic of methylene 
diamines made necessary some precautionary experiments under anhydrous 
conditions. Though in most cases the products were isolated by direct methods, 
this did not exclude the possibility that small amounts of water (present for 
example in the alcohol used as solvent, or even as traces present in chemicals or 
on apparatus) might operate cyclically to yield formaldehyde as the actual 
reactant, as u-ell as the amine obtained as by-product. Failure to exclude this 
possibility would make uncertain any conclusions drawn from the results of the 
methylene diamine reactions, and the analogy involved would be entirely invalid 
if i t  were shown that the methylene diamine reactions could occur only in pres- 
ence of a t  least traces of water. Several of the reactions were therefore at- 
tempted using materials and apparatus which had been scrupulously dried. 
It was found that under these conditions the reactions occurred smoothly, and 
it is concluded that the observed aldehydic behavior of the methylene diamines 
studied was indicative of an inherent aldehydic character based upon structure. 

The methylene diamines used were derived from both primary and secondary 
amines, viz., methylene-bis-p-toluidine (I), methylene-bis-p-chloroaniline (11) , 
methylene-bis-p-bromoaniline (111) , methylene-bis-p-anisidine (IV) , methylene- 
bis-ethylaniline (V) , methylene-bis-piperidine (VI), and methylene-bis- 
morpholine (VII). The last three compounds, wtth no amino hydrogen, are 
ammonia-system analogs of formaldehyde acetals. Since acetals can be used 
instead of aldehydes in some reactions (lo), it was expected that methylene 
diamines of these types would show a functional analogy with formaldehyde, 
and this was found to be the case. In  some experiments the trimeric Schiff base 
methylene-p-toluidine (VIII) was used, and yielded in each case the same 
products as did the corresponding methylene diamine. 

The 
reactions, whether in the water system or the ammonia system, are of types 
which are known to be, or which may be assumed to be, reversible, though 

The reactions studied, and the results obtained, are outlined below. 



REACTIONS OF METHYLENE-BIS-AMINES 33 

reversal may be inconsiderable in reactions leading to ring closures. No effort 
was made to disclose a reversible character in any of the ammonia-system reac- 
tions, and accordingly the reaction diagrams are given without indications of 
reversibility . 

1. Formation of S-p-tolyl-6-methyl-l,.2 ,S ,4-tetrahydroquinazoline from o-amino- 
maylyl-p-toluidine by action of methylene diamines. 

i/ 
EO', 

f 
H 

H +  
(b) 2 RNHe 

H 
X 

This ring closure, previously effected by means of formaldehyde (11) and also 
methylene-bis-p-toluidine (12), was found to occur when the other methylene 
diamines named above were used. The reaction took place when the methylene 
diamine and the aminobenzylamine were heated together in alcohol solution. 
It was unfavorably affected by presence of sodium ethoxide (c f .  2). 

2. Formation of 3-substituted-1 ,2,3 ,4-tetrahydroquinazolones from anthranil- 
anilides by action of formaldehyde and of methylene diamines: 

0 HO,. 0 
I i  /'CHa i l  

(a) 1, 
(a) 2 HzO 

\ ...; *,.. ,' RN ' (yY: + (b) 2 RXHz 

HO'I 

H 
iH ~ 

P A r  H- N[Hi \I N 
H I\ 

(b) l,,CHz 

R d  j 
H 

Reaction (a), not previously reported, was found to occur upon treating the 
anthranilanilide, dissolved in alcohol containing alkali, with excess formalin a t  
temperatures up to about 60". The resulting tetrahydroquinazolones were 
identified as such by analysis and by oxidation to the corresponding dihydro- 
quinazolones (13), which had been reported (14) or were synthesized from 
anthranilic acid and suitable formylamines (15). The anthranilanilides used 
were N-phenylanthranilamide (XI), N- (p-bromopheny1)anthramilamide (XII) , 
and N-(p-anisy1)anthranilamide (XIII), and the resulting quinazolones were 
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respectively 3-phenyl-l , 2,3,4-tetrahydroquinazolone-4 (XIV) , 3-p-bromo- 
phenyl-l,2,3,4-tetrahydroquinazolone-4 (XV), and 3-p-anisyl-l,2,3 ,.l-tetra- 
hydroquinazolone-4 @VI) . 

By interaction of anthranilanilide (XI) and formalin at  lower temperatures 
and with the latter in larger excess the tetrahydroquinazolone (XIV, m.p. 175” 
obs.) was not obtained, but instead a compound of m.p. 109-110’obs. This 
product, with empirical formula C15H14x202, was identified (see Experimental 
Part) as 1-methylol-3-phenyl-l , 2,3,4-tetrahydroquinazolone-4. 

0 

XVII 

This compound is similar to certain methylol compounds previously reported 
(4a), and closely resembles the more stable bases prepared by Miller (16). The 
cleavage of formaldehyde from methylol compounds is familiar in the depoly- 
merization of linear “polymers” of formaldehyde. Other examples include the 
condensation of l-methylolpyrroles to yield dipyrrylmethanes (17), and the 
elimination of formaldehyde from methylol derivatives of methylene-N , N’-bis- 
benzamide reported by Einhorn (IS). 

Interaction of anthranilamide and formaldehyde failed to yield the expected 
tetrahydroquinazolone, but gave a product (m.p. 141’) found by analysis to have 
the empirical formula C10H12N203. Evidence given in the experimental section 
indicates this compound to be 1 ,3-bis-methylol-l , 2,3,4-tetrahydroquinazo- 
lone-4 : 

0 

CH2 OH 
As this reaction could not be paralleled in experiments with anthranilamide and 
several methylene diamines it was not studied further. 

Reaction (b) was caused to occur by heating anthranilanilides and methylene 
diamines together in absolute alcohol, and was assisted by the presence of sodium 
ethoxide. This fact, and the favorable effect of alkali in the corresponding 
formaldehyde reaction (a) are comprehensible if it is noted that in each cme the 
ring closure involves removal of an amino hydrogen and an amido hydrogen, 



REACTIONS OF METHYLENE-BIS-AMINES 35 

and with respect to the latter change resembles the alkylation of an amide and is 
promoted by presence of alkali. In  the ring closures by methylene diamines this 
effect must be attributed to the influence of the alkaline agent upon the amide 
hydrogen rather than upon the methylene diamines, which are relatively quite 
stable in alkaline environment (4a).3 The absence of added alkali does not by 
any means exclude reaction (b), from which i t  appears that the methylene 
diamine itself, or the by-product amine, may serve as alkaline promotor. 

3. Formation of aminomethylphenols by interaction of methylene diamines and 
phenols. The related water-system reaction is illustrated by the condensation 
of phenol and formaldehyde as applied in the preparation of resins. Amino- 
methylphenols have been obtained by interaction of phenols, formaldehyde, and 
secondary amines by Auwers and Dombrowski (19), Cald-well and Thompson 
(20), and Bruson and Macillullen (21). The reaction is believed to involve 
intermediate formation of the methylolamine, and condensation of this with the 
phenol, e.g., 

OH 

CHzNC6Hio + HzO 
naphthol-1 

G H & H  HCH% C6HloN-CHzOH - 
(piperidine) vv 

XVIII 

The same final result might be expected if the reactive intermediate were the 
methylene diamine, the possibility of whose formation cannot well be excluded. 
Experiments showed that interaction of methylene diamines (or of VIII) with 
phenols, upon heating in absolute alcohol, yielded compounds identical with 
those obtainable from formaldehyde, phenols, and amines, the reaction in each 
case occurring with liberation of half the amine, e.g., 

XIX 

Reactions of this type were realized with naphthol-1, naphthol-2, and carvacrol. 
The methylene diamines used were I, 11, and VI. The aminomethylphenols 
obtained were 2-piperidinomethylnaphthol-1 (XVIII), l-piperidinomethyl- 
naphthol-2 (XIX), 1-p-toluidinomethylnaphthol-2 (XX), l-p-chloroanilino- 
methylnaphthol-2 (XXI), and piperidinomethylcarvacrol (XXII) . The reaction 
occurred also (naphthol-2 and VI) under anhydrous conditions. 

The aminomethylphenols prepared were found to exhibit a partially crypto- 
phenolic character. They were insoluble in cold aqueous alkali, but dissolved 

8 Methylene-bis-piperidine can be distilled over sodium under reduced pressure with- 
out noticeable decomposition. Distillation of some methylene diamines leads to partial 
conversion t o  the trimeric Schiff bases (3). 
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on heating: 1-p-toluidinomethylnaphthol-2 thus dissolved was recovered with 
small loss upon acidification of the alkaline solution. 

In  the presence of alkali (compare the conditions above) the condensation 
of phenols, formaldehyde, and secondary amines was found by Auwers and 
Dombrowski (19) to go farther, yielding the bis-(hydroxyary1)methane com- 
pounds. The same final result was obtained in the present study by interaction 
of naphthol-2 with I and with VIII. 

CHzNHCsH4CH3 

(p-CH3CeHdNH)zCHz naphthol-2 naphthol-2 
(p-CHGH4NCHZ)a 

xx 

XXII I  

In the absence of added alkali, the same reactants yielded a mixture of XX and 
XXIII, indicating that the amine liberated in formation of the former can func- 
tion as the alkaline agent needed to promote the second stage of the reaction. 
In the presence of sodium ethoxide, only the dinaphthylmethane compound 
(XXIII) was obtained. The over-all reaction is actually of the type considered 
in the following section, viz., formation of diarylmethane bases from amines and 
formaldehyde, shown by v. Braun and Kruber (22) to involve an intermediate 
hydroxymethyl compound. The influence of alkali may perhaps be inter- 
pretable in a manner similar to that suggested by Ilauser and Breslaw (23) for 
the coupling of phenols and diazonium compounds. 
4. Formation of 4,4‘-dimethylaminodiphenylmethane ( X X I V )  from dimethyl- 

aniline by the action of methylene-bis-piperidine ( V I ) .  The preparation of XXIV 
from dimethylaniline and either formaldehyde (24) or methylal (loa) is familiar. 
When dimethylaniline was heated with VI in absolute alcohol no reaction oc- 
curred. In  the presence of hydrogen chloride the diphenylmethane base formed, 
with liberation of an equivalent amount of piperidine: 

(CHJzNCeHa(H) C 6 H d  

CHZ __f [ ( C H d n P i a ]  CHZ + 2 C & o ”  
\ 
,,/ HCl + 

( C H ~ ) Z N C ~ H ~ ( H )  CsHioN 
XXIV 

5. Interaction of carbazole with formaldehyde and with methylene-bis-piperidine. 
The formation of methylene-bis-carbazole (XXV) by interaction of carbazole 
and formaldehyde or compounds containing methylene groups attached to oxy- 
gen or nitrogen was shown by VotoEek and Veseljr (25) to occur in acid solution. 



REACTIONS OF METHYLENE-BIS-AMINES 37 

Trials using either formaldehyde or VI in glacial acetic acid yielded the expected 
methylene-bis-carbazole (XXV). When carbazole, piperidine, and formalin 
were heated in aqueous alcohol solution, in the absence of acid, the product 
(99%) was not XXV but 9-piperidinomethylcarbazole (XXVI) . The same 
compound was obtained by heating together carbazole and VI in the absence 
of solvent or acid. The reactions involved in these experiments may be rep- 
resented : 

In acid solution: 

2 P" 
In absence of acid: 

XXVI 

6. Formation of aminomethylimides by interaction of acid imides and methylene 
diamines. The water-system equivalent of this reaction is illustrated by the 
formation of hydroxymethylamides (18) or hydroxymethylimides (26) by action 
of formaldehyde on amides or imides. Cherbuliez and Sulzer (27) obtained 
N-piperidinomethylsuccinimide (XXVIII) by interaction of N-hydroxymethyl- 
succinimide and piperidine, and Sachs (26) found that succinimide, formalde- 
hyde, and piperidine reacted to yield the same compound. The corresponding 
ammonia-system reaction occurred readily when succinimide ?r phthalimide 
was warmed with methylene-bis-piperidine (VI) in absolute alcohol. 

0 
I / /  -c-c I //O 

I 1 /SH (b) (C~HION)ZCHZ 

-c-c 
1 \ (a) CHzO 4 C5HloNH 1 \ (a) HzO 

> 1 ?! NCHzNC6Hio + 
I /  (b) CsHidW 

-c-c -c-c 
0 

I \  
0 

I \  
phthalimide XXVII or XXVIII 

or 
suocinimide 
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In  these reactions succinimide and phthalimide (and also carbazole, section 5 )  
may be regarded as weak acids, the acid character of which is increased in basic 
media (28). 

Dimethyl- 
dihydroresorcinol ("methone", etc.), used as a reagent for aldehydes (29), was 
found to  react with methylene diamines I, 11, 111, and IV to give high yields of 
methylene-bis-4,4-dimethylcyclohexadione-2,6 (methylene-bis-methone: XXIX) 
identical with the compound obtained from methone and formaldehyde. 

7. Interaction of methylene diamines and dimethyldihydroresorcinol. 

EXPERIMENTAL 

Analyses. Carbon and hydrogen were determined by a semimicro procedure, nitrogen 
by semimicro Kjeldahl (37), and halogen by a semimicro adaptation of Robertson's pro- 
cedure (40a), using alkaline arsenite solution in  the receiver (40b). 

Starting Compounds. Methylene-bis-amines from p-substituted aromatic primary 
amines were prepared by the method of Bischoff and Reinfeld (3). The products were 
purified by crystallization from ethanol containing a small amount of potassium hydroxide, 
excepting methylene-bis-p-anisidine, which is extensively converted into the trimeric 
Schiff base by attempted crystallization from alcohol or ether (31, 2) .  The first fraction 
generally contained some trimeric Schiff base, but by diluting and chilling the mother liquor 
several fractions of pure methylene diamine were obtained. The compounds so prepared 
were methylene-bis-p-toluidine (I, m.p. 93.5-95" obs.), methylene-bis-p-chloroaniline 
(11, m.p. 64-66' obs.), methylene-bis-p-anisidine (IV, m.p. 63-65' obs.), and methylene-bis- 
p-bromoaniline (111, m.p. 90-92" obs.). 

Methylene-bis-amines from secondary amines. Methylene-bis-ethylaniline (V, m.p. 
74-75' obs.) was prepared by the method of v. Braun (32, 33). Methylene-bis-piperidine 
(VI, b.p. 69-72" a t  2 mm.) was obtained in 90% yield by the method of Ehrenberg (34, 7).  
Methylene-bis-morpholine (VII, b.p. 99-107" at 2 mm.) was obtained similarly and in a 
yield of 69%. As this compound was not fully characterized by Mason and Zief (35) its 
identity was confirmed by analysis for nitrogen (calc'd for C Q H ~ ~ N ~ O ~ :  N,  15.03; found: 
N,  14.99, 14.97). 

Anthranilanilides were made by interaction of amines and isatoic anhydride (36). After 
evolution of carbon dioxide ceased, the mass was extracted with several portions of hot 
benzene, the solution was decolorized with charcoal, and the pure product obtained by 
chilling the filtered solution. The compounds so prepared were N-phenylanthranilamide 
(XI, m.p. 128.5-129", obs.), N-p-bromophenylanthranilamide (XII, m.p. 154-155" obs.) , 
and N-p-anisylanthranilamide (XIII, m.p. 123-123.7" obs.) . The last-named compound 
has not been reported previously. 

Anal. Calc'd. for Cl,Hl,N202: C, 69.40; H, 5.82; N, 11.56. 
Found: C, 69.67, 69.52; H, 5.86, 5.72; N, 11.51, 11.49. 

REACTIONS 

1. Formation of 9-p-tolyl-6-methyl-1 ,S,9,4-tetrahydroquinazoline (X) from o-amino-m- 
xylyl-p-toluidine ( I X )  by action of methylene-bis-amines. General procedure. About 0.01 
mole (2.26 9.) of I X  made by the procedure of Miller and Wagner (38), and a n  equivalent 
amount of the methylene diamine, were dissolved in  50-90 cc. of absolute ethanol, and the 
solution was boiled under reflux for an hour or longer. The volume was reduced to  10-15 cc. 
by removal of alcohol under reduced pressure. The concentrated solution was chilled, and 
the crude X was separated by filtration. To separate the rest of the X and the amine set 
free in the reaction (39), the mother liquor was diluted, acidified with dilute hydrochloric 
acid (1:20), and extracted with ether. The ether extract was evaporated t o  dryness and 
the residue of X combined with the main portion for crystallization from ligroin (90-120"). 
The purified tetrahydroquinazoline was identified by its m.p. (139" to  141") and by mixed 
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m.p. test using a specimen prepared by action of formaldehyde on IX (11). The acid ex- 
tract was evaporated to  dryness, and the residue of amine hydrochloride weighed. When 
the amine was relatively volatile (piperidine, morpholine) i t  was isolated from the first 
filtrate : amine and alcohol were distilled, the last traces being removed by codistillation 
with two 25-cc. portions of toluene, and the distillate was acidified with hydrochloric acid 
and evaporated to  dryness. The essential results of individual reactions are collected into 
Table I. 

A mixture of 0.01 mole of IX (previously dried for 
several weeks over phosphorus pentoxide) and 0.011 mole of VI (distilled in vacuo over 
sodium) in 15 cc. of toluene (distilled through a 3-ball Snyder column and stored over 
sodium), in an all-glass apparatus which had been dried a t  130-135" for forty-eight hours, 
was refluxed for two hours, with the openend of the condenser protected by calcium chloride 
and Ascarite tubes. The reaction products were isolated as outlined above; X was purified 

Reaction under anhydrous conditions. 

TABLE I 
FORMATION O F  3-P-TOLYL-6-METHYL-1,2,3,4-TETRAHYDROQUINAZOLINE ( x )  FROM 

0-AMINO-m-XYLYL-P-TOLUIDINE ( I x )  BY RING CLOSURE WITH 
METHYLENE DIAMINES 

?&ETHYLENE 
DIAMINE 

I 
I1 

I11 
IV 
VI 

VI1 
VI1 

V 

TETBAHYDPO- 
QUINAZOLINE (X) 

yo YIELD 

79 (86)" 
76 (95)a 
77 
70 
95 
88 
25" 
95 

AMNE 

p-toluidine 
p-chloroaniline 
p-bromoaniline 
p-anisidine 
piperidine 
morpholine 
morpholine 
ethylaniline 

- 
AMINE 

% 

86 
86 
84 
99* 
99 
73 
- 
- 
- 

IDENT. 

Bz-deriv. m.p. 152-153" obs. 
Bz-deriv. m.p. 188' 
Bz-deriv. m.p. 201' 
Bz-deriv. m.p. 154.5155" 
B.HC1, m.p. 242.5-244" 
B.HC1, m.p. 168-172" 

- 
- 

Crude yields in  parentheses. 
b The methylene diamine which escaped reaction with I X  was probably decomposed 

during the isolation procedure, since the instability of this methylene diamine is excep- 
tional (3, 31). 

c Reaction in the presence of sodium ethoxide. 

by crystallization from a mixture of dry toluene and ligroin. The yield of X was 92%; 
piperidine was recovered quantitatively as hydrochloride. 

2. Formation of 3-substituted tetrahydroquinazolones f r o m  anthranilanilides by action of 
formaldehyde and of methylene diamines. General 
procedure. The anthranilanilide (0.00~.01 mole) was dissolved in 10-20 cc. of ethanol 
alkaline R-ith sodium hydroxide, 2-5 cc. of 37% formalin (five times the theoretical formalde- 
hyde) was added, and the solution was warmed to about 60' and then chilled. The sepa- 
rated product was crystallized from alcohol. 

3-p-Bromophenyl-l,2,3,4-tetrahydroquinazolone-4 (XV) was obtained in 82% yield 
(0.85 g. from 1.00 g. of XII ) ;  the m.p. was 194-195" obs., or 199-200" coir. 

A n a l .  

A .  Ring closure with formaldehyde. 

Calc'd. for C14HnBrN20: C, 55.46; H, 3.66; N, 9.24; Br, 26.36; mol. wt., 303. 
Found: C, 55.67, 55.85; H, 3.67, 3.63; N, 9.27, 8.98; Br, 26.12, 26.38; mol. wt. 

3-p-Methoxy-l,2,3,4-tetrahydroquinazolone-4 (XVI) was obtained in 91% yield (1.15 g. 
After crystallization from ethanol the compound melted a t  185- 

(Rast method), 296, 310. 

from 1.20 g. of XII I ) .  
185.5' obs. 

Anal .  Calc'd. for C16HllN1O2: C, 70.84; H, 5.56; N, 11.01. 
Found: C, 71.00, 70.91; H, 5.76, 5.66; N, 10.83, 10.86. 
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3-Phenyl-1,2,3,4-tetrahydroquinazolone-4 (XIV) was obtained in  96% yield (2.15 g. 

Anal .  Calc'd. for CI4Hl2N20: C, 74.90; H, 5.38; S, 12.49. 
Found: C, 75.07, 74.92; H, 5.65, 5.56; S, 12.27, 12.22. 

I-dlethylol-3-phenyl-1, B,3,4-tetrahydroquznazolone-4 ( X V I I ) .  When preparation of XIV 
was attempted at lower temperature and with relatively more formaldehyde, the product 
was a lower-melting compound eventually identified as XVII. A warm solution of 1.2 g. 
of X I  in 30 cc. of ethanol previously made alkaline to litmus with sodium hydroxide was 
treated with 5 cc. of 3770 formalin, and was then chilled. The crystalline product weighed 
0.80 g., and melted a t  109-110" obs., or 110-111" corr., in a capillary tube. Dilution of the 
filtrate with water yielded a second crop (0.35 g.) of m.p. 108" obs., with effervescence. 
Mixed melting point tests showed that the compound was not impure XIV nor X I .  Khen 
i t  Tas heated s l o d y  on a Fisher-Johns melting point block or in a micro melting point 
apparatus the compound melted at  105-110" with gas evolution. The mass was then seen to 
resolidify, and showed no further change until i t  melted a t  172-175" obs., the m p. of XIV. 
The following e-periment established that the new compound is converted by heat into 
3-phenyltetrahydroquinazolone-4 n ith elimination of formaldehyde. 

The compound of m.p. 110" (0.40 g.)  was dissolved in 10 cc. of absolute ethanol in a dis- 
tilling flask, and the alcohol was distilled into a solution of dimethyldihydrorssorcinol. 
Distillstion was repeated after addition of more absolute alcohol to  the residue, and then 
twice with 20-cc. portions of water. The combined distillates yielded 0.25 g. of methylene- 
bis-methone (XXIX) of m.p. 190-191" obs. The residue in the distillation flask (0.25 g.)  
mas XIV, m.p. 176-178" Obs., and was identified by mixed m p. tmts. 

from 2.11 g. of XI). The purified compound melted at 176" obs., or 180" corr. 

Anal. 
These results are consistent B ith the molecular formula C,IH,4nT,02; Calc'd.. 6, 70.85; 

Znferactzon of anthra.nilamide andformaldehyde.4 Treatment of 12 0 g. of anthranilamide 
(41) with formaldehyde by the general procedure (150 cc. of 95% ethanol made alkaline with 
sodium hydroxide; 30 cc. of 37% formalin) yielded 11.0 g. of a colorless crystalline product 
m-hich melted a t  139-141", with gas evolution. Crystallization from alcohol yielded ma- 
terial of m.p 11-1" obs., but wacj ilot uniformly satisfactory, as in solution the cornpound iyas 
decomposed by even gentle ~i arming. 

In  absence of alhali, the interaction of anthranilamide and formaldehyde in ethanol a t  
70-75" yielded il colorless, viscous product which solidified when the mixture was chilled in 
ice. ":ne separated substance softened a t  65-70' and evolved a gas with the odor of formal- 
dehyde, after v-hich the mass resolidified, and on further heating sublimed around 170". 
This product n a s  not exainined further. 

The compound of m.p. 141" n-as found to yield formaldehyde oil heating or by action of 
water or of aqueous ammonia. The cold water eytract gave a strong test wi th  Schiff's 
reagent. After concentrating the formaldehyde by distillation of the extract, it  was pre- 
cipitated as the dimethyldihydroresorcinol derivative (m.p. 190-192") and identified by 
mixed m.p. test. A similar result vas obtained when the compound was dissolved in al- 
cohol and the alcohol distilled. the distillate contained formaldehyde, identified as the 
methone derivative. Aqueous ammonia dissolved the compound, and after acidification 
of the mixture with acetic acid and removal of solid material by filtration, the filtrate was 
treated rvith Thatcher's reagent (44). The red-orange crystalline product darkened a t  
110-115", shrank a t  165-170", and a t  210" melted to  a dark red liquid, indicating it to  be 
urotropin tetraiodide. 

The essential structure of the compound of m.p. 141" was indicated by its conversion to  

4 The preliniinary experiments and analysis are the work of the junior author. For pre- 
parative details. and for tests to determine the structure of the product, credit is due 
S. S. Hall 

Found: C, 71.01, 70 52; H, 5.24, 5 51; S, 11.01, 10 95. 

I-r, 5.55; s, 11 02. 

___ 
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3,4-dihydroquinazolone-4 by mild oxidation with potassium permanganate in acetone 
(see section D below). The product (1.7 g. from 2.5 g. of compound) melted a t  210-214", 
and a t  210-212" obs. after crystallization from water. -4 mixture with a specimen of 3,4- 
dihydroquinazolone-4 made by Niementowski synthesis from anthranilic acid and forman- 
ilide melted a t  209-211". The picrates (m.p. 206-208") of the two specimens were likewise 
identical. 

Anal.  
These analytical values are consistent with the r-iolecular formula CiOHi2S203  (Calc'd: 

nce supports the conclusion that the compound is 1,3-bis- 
methylol-1 ,2,3,4-tetrahydroquinazolone-4. 

A solution of the an- 
thranilanilicie (0.005-0 01 mole) and an equivalent amount of the methylene diamine in 
absolute alcohoi vias heated under reflux for periods of several hours up to  twenty-four 
hours. In  some experiments 0.1 g. of sodium was previously dissolved in the alcohol, in 
ordcr to effect the reaction in presence of sodium cthoxide. The crystslline quinazolone 
separated TT hen the solution n a s  chilled. The mother liquor generally yielded one or more 
additional crops of product. The filtrate was evaporated and the residue was subjected to  
steam distillstion The residue in the flask was crystallized from ethanol in fractions, and 
the crude tetrahydroquinazolone was recrystallized from alcohol. The steam distillate 
\vas filtered to remove unchanged methylene diamine (in part present as trimeric Schiff 
base), and the filtrate was acidified slightly with 1:20 hydrochloric acid. Evaporation 
of the acid liquid left the amine as hydrochloride. This was weighed, and the amine was 
identified. In  experiments n i th  VI  and VI1 the liberated piperidine and morpholine were 
isolated by the procedure outlined under 1. The essential results of individual reactions 
are collected into Table 11. 

iis shon-n in section A, the 
interaction of anthranilainide and formaldehyde yielded a compound other than the ex- 
pectcd tetrnhydroquinazolone-4. Experiments in which I, IV, and V were used instead of 
formaldehyde failed to yield any isolable or recognizable products other than unchanged 
amide, methylene diamine (or Schiff base formed from i t ) ,  and free amine. 

D Proof of structure of tetrahydroquinazolones. General procedzire (13). A solution of 
0.0034 01 mole of the tetrahydroquinazolone in 150-300 cc. of dry acetone was cooled to  
0" and treated with 10% more than the calculatcd amount of potassium permanganate 
dissolved in acetone, added during tn-o or three hours vvhile stirring and chilling the mix- 
ture. E\ccss of sodium bisulfite mas added, and the mixture v a s  kept in a refrigerator for 
two days, aftcr m-hich it nas  filtered. The filtrate was freed of acctone by distillation, 
and the residue was crystallized from ethanol. The essential results of these experiments, 
and the evidence as to identities oE XIV, XV, and XPI, are 9s follows: 

Compound XIV yielded 48% [including tailings recovercd as picrate, m.p. 177-178" 
(42)l of 3-phenyl-3,4-dihydroquinazolone-4, m.p. 133-139" obs. A mixture with a speci- 
men (m p. i39-130") made from anthranilic acid and formanilide (15) melted a t  138.5- 
139 5". 

Componiid XV yielded 36% of 3-p-bromophenyl-3,4-dihydroquinazolone-4, m.p. 
189-:90" obs. X mixture with a specimen (m p.  190-191") made synthetically (15) from 
anthranilic acid and formyl-p-bromoaniline melted a t  190-190.5". As Paal and Koch 
reported the m.p. to  be 174" (14b), the compound was analyzed for bromine. Calc'd for 
CI4H9BrS20: Br, 26.54. 

Compound XVI yielded 877, of 3-p-anisyl-3,4-dihydroquinazolone-4, m.p. 193.5194" 
obs -4 mixture with a specimen made by synthesis (m.p. 193-194'; see below) melted a t  

3-p-1Llethoxyphenyl-3,4-dihydroquinazolone-4, not previously reported, was prepared 
(15) by heating anthranilic acid and formyl-p-anisidine for ninety minutes a t  150". The 

Found: C, 57.35, 57.72; H, 5.61, 5.81; N, 13.28, 13 33. 

B .  Ring closztre with methylene diamines. General procedure. 

C Infivxctioiz of anthranilamide and methylene diamznes. 

Found: Br, 26.43, 26.24, 26.59, 26.32. 

193-194". 
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Yield 
% 

53 

49 
55 
86 
221 
52 

product was crystallized successively from alcohol, benzene, and light ligroin. The yield 
of pure material, m.p. 193-194", was 28%. 

Anal. Calc'd for Cl6Hl2N202: C, 71.42; H, 4.80; N, 11.10. 
Found: C, 71.12, 71.32; H, 4.73, 4.59; N, 11.28, 11.14. 

3-p-Bromophenyl-3,4-dihydroquinazolone-4 picrate, prepared from the base and an 
equivalent amount of picric acid in alcohol, melted a t  171-173". Analysis for bromine 
gave the values 14.71 and 15.07; calc'd for CzoHlaBrN30s: Br, 15.02. 

% 
__- 

63c 

46d 
668 
92 

3gh 
- 

TABLE I1 

RING CLOSURE WITH METHYLENE DIAMINES 
FORMATION OF 3-ARYL-1,2,3,4-TETRAHYDROQUINAZOLONES FROM ANTHRANILANILIDES BY 

METHYL- 
ENE 

DIAMINE 

I 

I1 
I11 
IV 
V 

VI  
VI  

VI1 

VI1 
VI1 

PRODUCT 

3-phenyltetrahydroquinazolone ~ 3-9-bromophenyltetrahydro- I 3-f~-anisyltetrahydroquinazolone 
KIV) quinazolone (XV) , Cxw 

Conditionsa 

n.s. 
115' 
5 hrs. 

NaOEt 
8 hrs. 
S a O E t  

n.s. 
145' 
2 hrs. 

Yield 
% 

26 

47 
65 
87 

26 

%$p ~ Conditions'" 

30 

- 
58 
78 

33 

3.5 hrs. 

NaOEt 
5 hrs. 
NaOEt 
9 hrs. 
n.s. 
145" 
10 hrs. 
NaOEt 
18 hrs. 

Yield 
% 

56 

14 
73 
70 
40 
40 
71 

33i 

36 
12 

i Conditionsa 

- 
ident. 
84 
- 
9 

58 

45 

38i 
10k 

KaOEt 
24 hrs. 
NaOEt 

n.s. 
145" 
10 hrs. 

Reaction in boiling alcohol, 2 hours, unless other time stated; n.s. = no solvent (fusion) ; 

Recovered considerable unchanged XI,  and 72% of I. 
Recovered unchanged 39% of XI11 and 40% of I. 

d " 31% of XI11 and 53% of 11. 

no NaOEt unless stated. 

e 11  " 3370 Of 111. 

53% of XI I .  
11 

I '  
I " 31% Of XII I .  
I 

6 1' " 29% of XII I .  
Nearly half of this yield was obtained by evaporation of the first filtrate and by heating 

the residue in  vacuo a t  235'. 
j Recovered unchanged 43% of XII .  
k 1' '' 2901, of XII .  

9.  Formation of aminomethylphenols and methylene-bis-(hydroxyaryl) compounds by  
interaction of methylene diamines and phenols. A .  Aminomethylphenols. General proce- 
dure. A mixture of about 0.02 mole of the phenol (naphthol-1, naphthol-2, or carvacrol), 
an equivalent amount of the methylene diamine (I, 11, or VI) and 20 cc. of absolute ethanol 
was heated under reflux for fifteen to  sixty minutes. The crystalline product separated 
when the solution was chilled; in some experiments the mother liquor was worked up to  
obtain additional crops of product, or unchanged methylene diamine. To recover the 
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amine liberated in  the reaction, the filtrate was distilled under reduced pressure (to avoid 
formation of colored resins which otherwise appeared at about 130'), and the uncondensed 
vapors passed through a trap charged with hydrochloric acid. The distillate and the 
liquid from the trap were combined and evaporated to  dryness. The residue of amine 
hydrochloride was weighed and the amine identified. The residue from the distillation 
was recrystallized from alcohol to  obtain an additional crop of the aminomethylphenol. 
Essential results of the experiments are given in Table 111. 

TABLE I11 
FORMATION OF AMINOMETHYLPHENOLS FROM PHENOLS BY ACTION OF 

PHENOL 

Naphthol-1 

Naphthol-2 

Naphthol -2 

Naphthol-2 

Naphthol -2 

Carvacrol 

dETHYL- 
ENE 

IIAMINE 

VI  

VI  

VI  

I 

I1 

VI  

METHYLENE-BIS-AMINES 

AMINOMETHYLPHENOL 

Name 

2-Piperidinomethyl- 
naphthol-1 (19) 

1-Piperidinomethyl- 
naphthol-2 (19) 

1-Piperidinomethyl - 
naphthol-2 

1-p-Toluidinomethyl- 
naphthol-2 

1-p-Chloroanilino- 
methylnaphthol-2 

Piperidinomethyl- 
carvacrol (20) 

M.p. "C. 

133.5-134.5 

95- 96.5 

95- 96.5 

136.5-137 

139-141.5 

182-183 

Yield 
% 

77a 

97 

61 

80 

81 

24 

- 

- 

% 

97 

97 

62 

84 

95 

29 

- 

__ 

AMINE 

Ident. 

B.HC1, m.p. 
242.4' 

B.HC1, m .p. 
239-241' 

BaHCl, m.p.  
235-239 O 

Reaction a t  room temperature gave an almost identical result: yield 78%, 
b Reaction under anhydrous conditions; solvent was dry 90-120" ligroin. 
c Recovered 15.5% of I ,  m.p. 88-91'. 

I-(N-p-to1uidinomethyl)naphthold ( X X ) .  The composition of this compound, not 

Anal. 

Compound XX was not dissolved by 10% sodium hydroxide solution cold, but i t  dis- 
solved on heating. Acidification of the solution produced a gummy precipitate from 
which, after washings with ether and 10% alkali, most of X X  (m.p. 136-137') was recov- 
ered. An ether solution of X X  was not affected by shaking with cold aqueous sodium 
hydroxide solution; the starting material was recovered quantitatively from the ether 
layer. These results indicate that  the p-toluidinomethyl group is not attached to oxygen, 
and that  the phenolic character of X X  is relatively weak. 

1-(N-p-chloroanilino)naphthol-2 (XXI), not previously reported, was characterized 
by analysis. 

Anal. 

B.  1 , I  '-Methylene-bis-naphthol-2 ( X X I I I ) .  This compound (43) was obtained as the 
sole product when naphthol-2 and VI11 (trimeric methylene-p-toluidine) were heated in 
the presence of sodium ethoxide in  alcohol solution. A mixture of 2.88 g.  (0.02 mole) of 
naphthol-2, 2.38 g .  (0.0067 mole) of VIII,  25 cc. of absolute ethanol and 0.3 g. of sodium 
ethoxide (0.1 g. of sodium previously dissolved in the alcohol) was heated under reflux for 
several hours. The solution was saturated with carbon dioxide, and the precipitated 

previously reported, was determined by analysis. 
Calc'd for C18H1,XO: C, 81.9; H, 6.51; N, 5.32. 
Found: C, 81.9; 81.6; H, 6.47, 6.27; N, 5.19, 5.25. 

Calc'd for CI,H14ClNO: C, 71.95; H, 4.97; N,  4.94. 
Found: C, 72.03, 71.85; H,  5.03, 4.99; Ii, 4.88, 4.87. 
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sodium carbonate was removed by filtration. Dilution of the filtrate caused the separa- 
tion of 0.25 g. of XXIII  (m.p. 194-195"; identified by mixed m.p. test), after removal of 
which the filtrate was made acid to litmus by addition of acetic acid and was chilled, yield- 
ing 1.3 g. of XXIII  (total yield 52%), and a small amount of tarry material. 

In the absence of added alkali, the interaction of naphthol-2 and 1 or VI11 formed 
toluidinomethylnaphthol (XX) as the main product, but smaller amounts of methylene- 
bis-naphthol (XXIII) were isolated in several experiments, as illustrated by the following. 
A inixture of 2.20 g. (0.01 mole) of I, 1.53 g.  (0.011 mole) of naphthol-2 and 20 cc. of absolute 
et,haiiol was heated under reflux for ninety minutes. The reaction mixture yielded 1.55 g. 
(59%) of XX (toluidinomethylnaphthol, m.p. 136-136.5"; identified by mixed m.p. tes t ) ,  
0.20 g. (22%) of XXIiI (:nethylcne-bis-naphthol, m.p. 197-198"), 0.1 g. of unchanged 
naphthol-2, and 2.3 g. (80%) of p-tduidine hydrochloride. To separate these coxpounds 
the reaction mixture was chilled, and the crystalline precipitate of XX was removed. The 
filtrate was diluted with 10% sodium hydroxide solu:ioa, the mixture was extracted with 
ether, and the ether extract was n-ashed with 10% sodium hydroxide and n:ith several 
portions of Tvat'er (extract h). The ether solution was then extractud with 1:20 hydro- 
chloric acid (extract B). The extract 9 vas acidified with hydrocliloric acid and t,he 
mixture was extracted with ether (extract C ) .  Aqueous extract A\ conrained 0.15 g. of 
XX: and extract C yielded 0.5 g. more, and also the napht,hol. Estract B contained the 
p-toluidine as hydrochloride. 

4.  Formation of 4,4'-rlirnethylaminodipiienylmethane ( X X I V )  f r o n  dimethylaniline by 
action os met!iylene-bis-piperidine. A mixture ol' 3.63 g. (0.03 mole) of climet,hylaniline and 
1.82 g .  (0.01 mole) of VI :vas saturated with hydrogen chloride. The resulting solid mass 
vas disSo1xd i:i 10 cc. of hot absolute alcohol, and the solut,ion was heated under reflus 
for severs1 hours. The liquid was made alkaline by addition of an alcohol solution of 
sodium ethoxide. Piperidine and ethanol n-ere removed by distillation and t,he removal 
was completed by codistillatioii with toluene. The piperidine hydrochloride recovered 
from the distillate weighed 0.7 g. (29y0). The residue in the distillation flask was trans- 
ferred to a Filter and t!iere washed several times with ethanol. The alcohol n-as removed 
by distillation, and the residue was submitted to steam distillation to  re:nove remaining 
dimcthylaniline. The residue of crude XXV in the flask Fas crystallized from dilute 
alcohol. h mixture of th? product 
and a specimen of X S I Y  n a d e  from dimethylanilins and formaldehyde had the same m.p. 

When dimet'hylaniline and I were heated together in the absence of acid there was no 
evidence that reaction occurred. 

5 .  Interaction of carbazole with formaldehyde and with methylene-bis-piperidine ( V I ) .  
A .  Formation of methylene-bis-carbazole ( X X V ) .  h mis- 
ture of 1.5 cc. of 37y0 formalin and 2-3 cc. of glacial acetic acid was added to a hot solu- 
tion of 3.34 g. (0.02 mole) of carbazole in 50 cc. of glacial ace& acid. The solution was 
chilled and diluted mit,h water. 'The colorless needles of XXV were removed (1.15 g., 
m.p. 301-303" obs.), and a second crop was obtained from the filtrate by further dilution 
and chilling (0.65 g.; m.p. 298301"); the total yield was 527,. h third crop melted between 
220" and 240" and was probably mostly unchanged carbazole (m.p. 244.8"). 

When the same reactants were brought together in the presence of a small amount of 
conc'd hydrochloric acid, the product was a dense bluish-white solid with no definite m.p. 
Recrystallization from aniline gave a product which melted a t  about 255". VotoEek and 
Veselj. (25) obtained a bluish-white compound whether the reaction occurred in presence 
of acetic or mineral acid, and reported its m.p. to be 280". I t  seems probable that  their 
colored product was impure, and that the colorless compound of m.p. 301-303" is XXV. 

The yield was 0.55 g. (22%). and the m.p. 88-90' obs. 

I .  Carbazole and formaldehyde. 

Anal .  

I I .  Formation of X X V  from carbazole and methylene-his-piperidine ( V I ) .  

Calc'd for C ~ ~ H I S X ~ :  C, 56.68; H, 5.21; K, 8.09. 
Found: C, 86.26, 86.25; H, 5.09, 5.16; N ,  7.95, 7.98. 

In a mixture 
of 50 cc. of glacial acetic acid and 1.5 cc. of acetic anhydride (to establish anhydrous con- 
ditions), 3.34 g.  (0.02 mole) of carbazole was dissolved. The solution was heated and 
1.82 g. (0.01 mole) of V I  was introduced. Reaction occurred a t  once, and a precipitate of 
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colorless needles appeared. The mixture was saturated with hydrogen chloride, which 
colored the precipitate pale blue. The product neighed 2.7 g. (7793, and melted at about 
258". After recrystallization from aniline and then from ether the compound weighed 
0.7 g. (20%) and melted a t  300-305" obs. A mixture with the compound made with formal- 
dehyde melted a t  304-305" obs. 

This compound, not previ- 
ously reported, was obtained by interaction of carbazole and VI, or of carbazole, piperi- 
dine, and formaldehyde, in the absence of acid; cf. A, above. 

A mixture of 
3.34 g. (0.02 mole) of carbazole, 40 cc. of 85% alcohol, 1.8 cc. of 37% formalin (0.022 mole 
of formaldehyde), and 1.7 g. (0.02 mole) of piperidine mas heated under reflux for thirty 
minutes on a water-bath. The solution was chilled and the crystalline precipitate was 
removed (4.45 g.; melted a t  95-96" to an opalescent liquid). Progressive dilution of the 
mother liquor caused separation of two additional crops (0.65 g., m.p. 97-98'; 0.15 g., m.p. 
92-95'). The total yield (5.25 g.) was 99%. The first fraction, recrystallized from alco- 
hol, melted a t  99-99.5". 

Anal .  Calc'd for ClaH20N2: C, 81.77; H, 7.63; N, 10.59. 
Found: C, 81.68, 81.45; H, 7.43, 7.45; N, 10.61, 10.50. 

ZI.  Formation of X X V Z  f r o m  carbazole and methylene-bis-piperidine ( V I ) .  

B .  Formation of 9-(N-piperidinomethyZ)carbazole ( X X V Z ) .  

Z .  Formation of X X V Z  from carbazole, piperidine, and formaldehyde. 

A mixture 
of 3.34 g. (0.02 mole) of carbazole and 1.82 g. (0.01 mole) of VI was heated for an hour a t  
180-185". These proportions were used because i t  was expected that  this experiment 
would yield XXV. As the product was XXVI, twice the needed carbazole was present. 
The isolation procedure gave tn-o crops of XXT'I (1.05 g., m.p. 91-93'; 1.2 g., m.p. 9696"; 
total yield 43%), 1.55 g. (46%) of unchanged carbazole, and 1.12 g. (47%) of piperidine 
hydrochloride, m .p. 234-235" obs. 

6. Formation of aminomethylamides by interaction o j  acid imides and methylene-bis- 
amines. A .  N-(fit-piperidinomethy1)phthalimide ( X V I Z ) .  I .  Formation from phthal- 
imide,  piperidine, and formaldehyde (26).  A mixture of 1.7 g. (0.02 mole) of piperidine, 
10 cc. of 80% alcohol, 1.7 cc. of 37% formalin (0.022 mole of formaldehyde), and 2.94 g. 
(0.02 mole) of phthalimide was warmed on a n-ater-bath just long enough to  obtain a clear 
solution, which was immediately chilled. The product XXVII \%-as isol.ated in two frac- 
tions: 4.5 g., m.p. 119-119.5", and 0.15 g . ,  m.p. 117-118"; total 4.65 g., or 95%. Sachs (26) 
reported for XXVII the m.p. 117-118". The yield was decreased to 217, in an esperinent 
in which the reactants were refluxed for fifteen minutes in 50% alcohol (26). 

IZ. Formation of X X V Z Z  from phthalimide and V I .  -4 mixture of 2.02 g. (0.02 mole) of 
phthalimide, 3.64 g. (0.02 mole) of VI, and 20 cc. of absolute et,hanol was heated for two 
hours on a steam-bath. The solution was chilled, and 0.85 g. of X S V I I  (m.p. 119-119.5") 
was removed. The filtrate yielded two additional crops of crystals by progressive dilution 
with water (3.2 g., m.p. llb116"; 0.45 g., m.p. 118-119'). The yield of XXVII was 927,. 
The piperidine hydrochloride weighed 1.9 g. (79%), and melted a t  243-244" obs. 

B. N-(N'-piperidinomethy1)succinimide ( X X V Z Z I ) .  I .  Formcstion from succinimide, 
piperidine and formaldehyde. A mixture of 1.7 g. (0.02 mole) of piperidine, 10 cc. of 95% 
alcohol, 1.8 cc. of 37% formalin, and 1.98 g. (0.02 mole) of succinimide was warmed until a 
clear solut,ion resulted, when 3Q cc. of water was added. After several hours the crystalline 
precipitate was removed. The m.p. (107-107.5") 
duplicates tha t  reported for XXVIII  by Cherbuliez and Sulzer, who prepared i t  (m.p. 
106-107") from K-hydroxymethylsuccinimidc (27). 

ZZ.  Formation of XXVZZZ f r o m  succinimide and V I .  A mixture of 1.98 g. (0.02 mole) 
of succinimide, 3.64 g. (0.02 mole) of VI,  and 10 cc. of absolute alcohol was refluxed for 
fifteen minutes. The isolation procedure, similar to that in A, I1 above, yielded in sev- 
eral fractions 3.8 g. (07'33 of impure XXVIII (melted 98" to  107"). After recrystalliza- 
tion the product n-eighcd 3.5 g. (89%) and melted a t  106-107" obs. A mixed m.p. test 
showed i t  ti> l x  ;<critical with XXVIII made by use of formaldehyde and piperidine. The 
pipericlinc lib:-i~:tcri i n  {IIP rc-ctioc was recovered as hydrochloride (2.25 g., or 93%). 

+is-methone ( X X I X )  by interaction of methylene diamines with 

The yield was 1.8 g. (46y0) of XXVIII. 
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dimethyldihydroresorcinol (methone). General procedure. Methone (1.4 g.; 0.01 mole) 
and methylene diamine (0.005 mole) were dissolved in 10-15 cc. of absolute alcohol or di- 
n-butyl ether with minimal warming. [By continued heating the yields of XXIX were 
decreased, with formation of a higher-melting substance, probably the "anhydride" (29a, 
30), formation of which is favored in anhydrous solvents.] The solution was chilled, and 
the product was removed by filtration. The filtrate was diluted with ether (and water, 
when the reaction solvent was alcohol), and the liquid was extracted with dilute hydro- 
chloric acid. This acid extract was evaporated to  recover the amine as hydrochloride. 
The ether layer was heated under reduced pressure to  remove solvents, yielding a second 
crop of XXIV. In  each experiment the product was identified by mixed m.p. test using 
a specimen made from methone and formaldehyde. In  the following summarized results 
are given in  sequence the number of the methylene diamine, the solvent, the yield of XXIX, 
its m.p., and the yield of amine liberated in the reaction. 

I, alcohol, 93%, 187", -. I, butyl ether, 96%, 188-189", 97%. 
11, alcohol, 99%, 189-190", 100%. 11, butyl ether, 96%, 188-189", 100%. 

111, butyl ether, 96%, 187-188", -. 
IV, butyl ether, 58%, 188-189", 78%. 
In  the last experiment the product first isolated was impure (two crops melted 160" 

to 176'). Purification decreased the indicated initial yield of 99% to  58%. 

SUMMARY 

The structural analogy between hydrated formaldehyde and methylene-bis- 
amines, considered as ammonia-system aldehydes, was validated by experi- 
mental demonstrations of a clear functional analogy, established by realizing 
with methylene-bis-amines or formaldehyde, used interchangeably, reactions 
characteristic of the latter. In  each reaction studied both reagents led to the 
formation of the same principal product ; the by-product of the ammonia-system 
reaction was the liberated amine, corresponding to the water split out when 
formaldehyde was used. 

Methylene diamines of several types (from aromatic primary amines, ethyl- 
aniline, piperidine, morpholine) were used, in order to show that the reactions 
may be attributed to the essentially aldehydic character of the grouping 

I I  
-NCH,N-. 

Several reactions were effected under anhydrous conditions, to exclude the 
possibility that small amounts of water, operating cyclically, caused hydrolysis 
of the methylene diamine and liberation of formaldehyde as the actual reactant. 

Reactions of formaldehyde and methylene diamines were compared using the 
following compounds: (a) o-amino-m-xylyl-p-toluidine, (b) N-arylanthranil- 
amides (phenyl, p-bromophenyl-, p-anisyl), (e) phenols (naphthol-1, naphthol-2, 
carvacrol), (d) dimethylaniline, (e) carbazole, (f) phthalimide and succinimide, 
(g) dimethyldihydroresorcinol. 

PHILADELPHIA, PA. 
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In view of the fact that cellulose has been made the subject of a very large 
amount of research, i t  may be surprising to some to learn that such investigation 
has devoted very little attention to study of reduction of cotton, and even less 
to the effect of molecular hydrogen in the presence of catalysts. Most of the 
earlier experiments involving the reduction of cellulose have been associated 
either with attempted production of liquid fuels by hydrogenation or with the 
destructive distillation of wood or cotton cellulose in the presence of hydrogen 
in attempts to obtain improved yields of methanol. 

Although in most cases molecular hydrogen has been the reducing agent, a 
certain amount of research has been accomplished using other substances. 
Thus, in connection with the hydrogenation of coal to oils, Fischer and Schrader 
(l), in 1921, heated cellulose with sodium formate and water a t  400" in an auto- 
clave for three hours and obtained, in 12.9% yield, XA etber extract which was a 
mobile, brown oil with an ethereal odor. In  1922, Willstatter and Kalb (2) 
reduced cellulose with hydriodic acid and red phosphorus a t  250'; the yields of 
the products formed were : ether-insoluble residue, 9% ; liquid hydrocarbons, 
8%; solid hydrocarbons, 1 2 7 .  Waterman and Kortlandt (3) attempted to 
reduce cellulose, in a liquid dispersing medium of melted paraffin wax, with a 
mixture of steam and carbon monoxide a t  a tempeyature of 423" and a maximum 
prcssure of 115.9 atmospheres. There was substantial carbonization oi the 
cotton fiber, but no evidence of any hydrogellation. Berl and Biebesheimer 
(4) treated cotton with 1 N sodium hydroxide soliltion at  310-330" and 180-200 
atmospheres and hydrogenated the material thus obtained with ferrum reductuin 
and iodine a t  420-460O. The reduction product was a liquid resembling petro- 
leum physicallp, and contained aliphatic, olefinic, naphthenic, and aromatic 
hydrocarbons, the distribution of which in the various fractions was similar to 
that in natural petroleum. 

In 1913, Bergius (5) hydrogenated a coal-like residue obtained by the thermal 
decomposition of cellulose and produced a small amount of liquid resembling 
crude petroleum. The work of Eergius led Bomen and associates (6) to a study 
of the action of molecular hydrogen on cellulose. These workers found that 
cotton yarn did not undergo any appreciable reduction when heated with 
hydrogen a t  440" and under pressures of the order of 120-130 atmospheres. 

1 Cotton Research Fouqdation Post-doctorate Fellow 1938-1939. 
Cotton Research Foundation Fellow 1938-1940. 

48 



HYDROGENATION OF COTTON HULL FIBER 49 

Under similar conditions of pressure and temperature, after the cellulose had 
been impregnated with nickel salts, practically the whole of the material was 
converted to liquid and gas when hydrogenated, “the percentage weight of 
hydrogen adsorbed by the ash-free cellulose being 4.00 and 2.99” in two experi- 
ments. The liquid product consisted of an opaque, viscous tar containing 
carboxylic acids, phenols, and neutral oil, the material as a whole resembling 
the crude tar products obtained by the hydrogenation of coal. Vanadium oxide 
and ferric vanadate were found to have only a slight catalytic effect. 

After noting that the dry distillation of cellulose was not influenced appre- 
ciably by hydrogen in the absence of catalysts even under pressures up to 300 
atmospheres, Fierz-Darid ( 7 ) ,  and Fierz-David and Hannig (8) attempted to 
prepare a liquid fuel by treating cotton cellulose with nickel hydroxide and 
distilling at 450-470” under hydrogen pressure of 150-220 atmospheres. The 
distillate was a yellow liquid, dzo 1.017, containing aldehydes, ketones, phenols, 
alkplfurans, a cyclic glycol, and fatty acids. Copper was found to have much 
less effect than nickel, and iron almost no effect. Fierz-David suggested that 
the practically complete volatilization of the cellulose was not due to hydro- 
genation but that the hydrogen merely acted as an inert gas improving the 
mechanism of the precess. Frolich, Spalding, and Bacon (9), in an effort to 
determine the applicability of Fierz-David’s suggestion, found that 86% of 
sulfite-pulp cellulose was converted to volatile products and 14% to coke in the 
presence of nitrogen and nickel at 400-500” and under a pressure of 200 atmos- 
pheres. The use of hydrogen in the presence of nickel brought about almost 
complete conversion of the sulfite-pulp cellulose to liquids and gases. Waterman 
and Perquin (10) have confirmed previous observations that cellulose is not 
hydrogenated to oils in the absence of a catalyst. 

Boomer, Argue, and Edwards (11) subjected absorbent cotton to the action 
of hydrogen at 350” and 185-275 atmospheres pressure in a tetralin suspension 
medium without any catalyst, the tetralin apparently acting as a hydrogen 
carrier in fulfilling the function of a catalyst. A high conversion of the cotton 
to liquids and gases was reported, acidic material and a light oil having an 
aldehyde-like odor being present in the liquid portion. 
il patent (12), issued in 1927, claims the conversion of cellulose in aqueous 

suspension to dihydroxypropane and glycerol by the action of hydrogen at 
250-260” and 70-110 atmospheres in the presence of a nickel catalyst. Di- 
hydroxypropane was the chief product using a copper catalyst and also with a 
copper-cobalt catalyst, but in the latter instance “isosorbid” appeared in the 
products. Similar experiments are claimed in which dimethylcellulose and 
diethylcellulose on hydrogenation gave dimethoxytrihydroxyhexane and diethox- 
ytrihgdroxyhexane, respectively. 

The expenses of this investigation of the high-temperature-high-pressure 
catalytic hydrogenation-hydrogenolysis of cotton hull fiber were shared by the 
Cotton Research Foundation of Memphis, Tennessee, as administered through 
the Mellon Institute of Industrial Research and by the University of Texas. 
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We are particularly indebted to Dr. L. W. Bass and Dean A. P. Brogan for this 
support. 

EXPERIMENTAL 

Two hydrogenation units were used in this investigation. Both were purchased from 
the American Instrument Company (Washington, D. C.) and consist of hydrogenation 
bombs, constructed of chrome vanadium steel, electrically heated, the jacket being con- 
trolled by micromax indicating controllers (Leeds and Northrup). One bomb has a capac- 
i ty  of 310 cc., the other 4535 cc. In  use, either bomb was filled half full, and hydrogen was 
introduced at 23-25' to  a pressure of 2500 lbs./sq. in. and heated to  250". Usually, 150 cc. 
of 4 1 5 %  aqueous sodium hydroxide solution was used in the smaller bomb and the pressure 
developed a t  250" was about 4850 lbs./sq. in., whereas in the larger bomb, 2300 cc. of 7% 
aqueous sodium hydroxide solution was used and, at 250" the pressure rose to  about 5425 
lbs./sq. in. 

In  preparing the Raney (13) nickel catalyst according to  the procedure described by 
Covert and Adkins (14), the nickel was washed by decantation until the wash water was 
neutral to litmus and then stored under water in glass-stoppered bottles. 

Orientation experiments were carried out on cotton batting suspended in 4% sodium 
hydroxide solution to  show that  very little or no drop in pressure occurred when the fiber 
was heated for four hours at 225' in the presence of Raney nickel catalyst and hydrogen a t  
4175 lbs./sq. in. Upon cooling and opening the bomb, the cotton fiber appeared little 
changed except for slight embrittlement. However, when cotton batting or cotton hull 
fiber received preliminary digestion with alkali solutions under 75-85 lbs./sq. in. steam 
pressure and was transferred to  the hydrogenation unit and exposed at 250" to  hydrogen at 
4800-5400 lbs./sq. in., a definite and extensive pressure drop was observed. In  such experi- 
ments, upon cooling and opening the bomb, the cotton fiber had disappeared completely 
and a colorless, homogeneous solution was obtained. 

Further exploratory experiments substantiated (15) that the solubility of cellulose in  
hot alkaline solutions increases with increasing concentration of alkali, and served to  indi- 
cate the maximum concentration of alkali a t  which substantial hydrogenation took place 
in the presence of Raney nickel. Hydrogenation proceeded to  a much greater extent in the 
presence of 7% alkali than with 10% or 15% alkali. Since the various preliminary experi- 
ments indicated also that  variations in the treatment of the cellulose previous to hydrogena- 
tion occasioned considerable differences in  the products formed, such as the amount of acids 
volatile with water and amount of alcohol-soluble material, definite conditions under which 
this study was to  be made were established. 
9 typical experiment involved removal from cotton hull fiber of proteins, fats, waxes, and 

portions of hull by extraction with 0.5% caustic solution followed by a dilute acid wash and 
drying a t  110". B fairly constant loss of 16% of weight was noted during the preliminary 
treatment of the fiber. Twenty grams of such material was suspended in  a solution of 10 g. 
of sodium hydroxide in 150 cc. of water. This mixture was digested two hours in an iron 
autoclave under 80-90 lbs./sq. in. steam pressure. After cooling to  room temperature, the 
material was transferred to  the small hydrogenation unit and hydrogenated in the presence 
of 8-10 g. of Raney nickel at 250". I n  eleven hydrogenations, the pressure-drops varied 
from 860 lbs./sq. in. to  980 lbs./sq. in., with an average of 920 lbs./sq. in. 

The resulting colorless solutiou was filtered from the catalyst into an amount of 1:3 
sulfuric acid solution equivalent to  the sodium hydroxide employed in hydrogenation. 
Some effervescence was noted; therefore, in another experiment, the amount of carbon 
dioxide present was determined, and found to  represent 0.05 mole per 100 g. of purified 
hull fiber. 

The neutral solution was extracted with three 50-cc. portions of ether. The ether ex- 
tracts from eleven such hydrogenations were combined and dried over anhydrous sodium 
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1.4118 
1.4358 
1.4442 
1.4499 

sulfate. Removal of the ether under 2Q mm. pressure left a residue of 37.6 g. of liquid 
material which waa quite acidic. This liquid was fractionally distilled: 

18.3 
2 . 0  
2 .0  
2 . 7  
2 . 6  

B.P. RANGE I FBACTION 

up to  150" (754 mm.) 
76-96' (33 mm.) 
75-105" (5 mm.) 

110-114' (5 mm.) 
114-146' (3 .5  mm.) 

0.9734 
0.9825 
1.0746 
1.0819 

Neutralization and saponification data were obtained on fraction 4: free acid, 84.2%; 

Anal. Calc'd for a mixture of 84.2% of CsHlzOs and 15.8% of CeHloOz: C, 55.88; H, 9.10; 

Found: C, 55.1; H, 8.99; MI(, 31.97. 

ester, 15.8%; neutral equivalent, 137.1. 

MR (mixture of hydroxycaproic acid and lactone in molar ratio of 84.2:15.8), 32.40. 

Fraction 1 was subjected to further fractionation in an unsuccessful attempt to  separate 
the acidic components for characterization by formation of solid derivatives. Qualitative 
tests, using the method of Dyer (16), suggested the presence of acetic acid and either prop- 
ionic acid or one of the butyric acids in these sub-fractions. No evidence of the presence of 
formic acid was obtained. 

After being extracted with ether, the reaction solution was concentrated under dimin- 
ished pressure. The combined aqueous distillates from the eleven hydrogenations con- 
tained 0.270 equivalent of acids volatile with water and not extracted with ether. 
Evaporation to obtain the dry salts yielded an amount of material indicating the average 
equivalent weight of the acids to be 88.3. 

Each of the eleven residues was boiled with absolute methanol to extract the organic 
material present. After removal of alcohol from the combined extracts, 83.5 g. of a viscous, 
brown syrup remained. This material could not be crystallized. It was leached with 
absolute ether and placed in a vacuum desiccator for seventy-two hours, then warmed a t  
100" under a pressure of 0.001 mm. for thirty hours. The residual material was of a lanolin- 
like consistency. With ferric chloride-amyl alcohol, there was produced a yellow-brown 
solution identical in color with that  produced by known lactic acid. Neutralization and 
saponification data indicated the presence of 38.43% free acid and 61.577, ester or lactone. 

Anal. Calc'd for mixture (38.43% of CsHloO4 and 61.57% of CLHBOB) : C, 49.05; H, 7.17. 
Found: 48.51; H, 6.78. 

The semi-solid mixture was acetylated, the excess acid chloride was decomposed by re- 
action with ethanol, the mixture was ether-extracted and distilled under 0.01 mm. pressure. 
A fraction boiling a t  95-120" was collected; d i O  1.1376; n?,' 1.4458; apparent mol. wt. 85.1. 
Distillation of the saponification solution yielded material in which ethyl alcohol was 
definitely present. The analytical and other data are indicative of the presence of the ethyl 
ester of the diacetylated derivative of a dihydroxyvaleric acid; C4H~0z(CH&0)2COOC2H5. 

Anal. 

B typical experiment of hydrogenation and hydrogenolysis using the larger unit: One 
hundred grams of purified hull fiber was suspended in a solution of 50 g. of sodium hydroxide 
in 700 cc. of water. The mixture was digested two hours in an autoclave under 8C-90 lbs./sq. 
in. steam pressure. The materials resulting from three such experiments were combined 
and placed in the large hydrogenation bomb and hydrogenated in the presence of 100 g. 
of Raney nickel. Seventy-two minutes after heating was begun, the maximum pressure of 
5600 lbs./sq. in. a t  250" was recorded. Reaction began within five to  ten minutes after this 
temperature and pressure were reached and, the temperature remaining constant, the 

Calc'd for C11HlsOe: C, 53.65; H, 7.37; mol. wt., 246.27; MR, 57.96. 
Found: C, 54.23; H, 7.30; mol. wt., 255.3 (3 X 85.1); ME, 57.72. 
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pressure decreased rapidly during the first three hours to  4350 lbs./sq. in.; no further de- 
crease in  pressure was noted after continued heating for an additional two hours. The p Z 3 O  

was 955 lbs./sq. in., and d p  was calculated to be 195 lbs./sq. in.; thus the apparent moles of 
hydrogen used equalled 4.80. Gas samples were collected and the residual gases after 
hydrogenation were found to contain 42.87, gaseous hydrocarbon (most likely, methane). 
Since there were 7.73 moles of gas remaining in the bomb after hydrogenation, 3.31 moles 
of hydrocarbon were formed. The actual number of moles of hydrogen used, therefore, 
was 8.11. 

Titration of the filtered, alkaline reaction solution, which was clear and colorless imme- 
diately after filtering but bccame yellow upon standing exposed to the air, indicated that  
2.39 moles of the alkali present was bound by acidic products of the hydrogenation. An 
amount of sulfuric acid equivalent to  that of the alkali used initially was added, the solu- 
tion was extracted with four 150-cc. portions of ether, thus extracting all suspended water- 
insoluble material and color. Aftzr drying over sodium sulfate, the ether extract was 
disti1lt.d a t  50-70" (20 mm.). The distillate, veighing 43.9 g. ,  was acidic. Whzn frac- 
tiocatcd, it yielded: Fraction 1, (15.9 g.)  b.p. range 40-73" (33-35 mm.);  Fraction 2, (20 g . )  
b.p. range 59-103" (5-7 rnm.); an appreciable residue could not be distilled under 4-5 mm. 
pressure. 

Fraction 2 was redistilled: Portion 1, b.p. 93-94" (5 mm.); n z  1.4440; d i 0  1.0938; neu- 
tralization and saponification data indicated 78.8y0 acid and 21.2'3, ester or lactone. Anal. 
Found: C, 52.57; H, 8.30. 

Portion 2, b.p. 94-95" (5 mm.); n: 1.4436; d i 0  1.1117; 81% acid; 19% ester or lactone. 
The aqueous distillate, obtained n hen the ether-extracted hydrogenation solution was 

evaporated, was found to be acidic and required 262 cc. of 1 N sodium hydroxide solution 
for neutralization to  phenolphthalein. The s i l t  which prscipitated (41.3 g.) when the 
neutrnlized solution was concentrated, gave a positive test for acetate. The mixed in- 
organic and organic material, which remained upon complete evaporation, was extracted 
n-ith four 500-cc. portions of hot nbsolute ethanol. When the alcohol v a s  removed under 
rcduccd pressure, there remained a viscous, light brown syrilp; from the hydrogenation of 
300 g. of hull fiber 126.6 g. of this syrup was obtained. 

A portion, 42 g., of this syrupy materinl wzs acetylated, filtered from a small amount of 
insoluble, gummy solid, diluted with absolute ethanol, saturated with hydrogen chloride, 
and heated for two hours, dilutcd m-ith absolute ether, and filtered from a small amount of 
ether-insoluble gum. ilfter removal of ether, 34.6 g. of liquid remained and was frac- 
tionated. A fraction, weighing about 11 g., was t a k m  boiling between 74-80" (38-39 mm.); 
ngo 1.4140; dzo 1.0264. In  the 
distillate, ethyl alcohol was positively identified. The residue in the flask, upon heating 
with concentrated sulfuric acid, yielded acetaldehyde. 

The fraction was saponified (mol. wt. 118.3), and distilled. 

Anal. 

The identification of ethyl lactate establishes the production of lactic acid in  the products 

Calc'd for C5H1003: Mol. wt.  118.13; C, 50.88; H,  8.54. 
Found: Mol. wt. 118.3; C, 51.49; H,  8.65. 

of the hydrogenation-hydrogenolysis of cotton hull fiber. 

DISCCSSIO?? OF RESULTS 

The solubility of cellulose in hot alkaline solutions increases with increasing 
concentration of alkali (15) and the preliminary experiments of this investiga- 
tion served to indicate the maximum concentration of alkali at which substantial 
hydrogenation took place in the presence of Raney nickel. Hydrogenation 
proceeded to a much greater degree in the presence of 7y0 alkali than in either 
10% or 1501, alkali. Since these experiments indicated also that variation in the 
treatment of cellulose previous to hydrogenation occasioned considerable differ- 
ences in the products formed, such as acids volatile with water and amount of 
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alcohol-soluble material, definite conditions under which this study was to be 
made were established. 

High-pressure-high-temperature hydrogenation, termed destructive hydro- 
genation or hydrogenolysjs, involves two principal reactions : thermal decomposi- 
tion and hydrogenation (11). From the fact that essentially no hydrogenation 
was found to take place until a temperature of 250" was reached, it appears 
probable that thermal decomposition of the cellulose a t  this temperature is fol- 
lowed by stabilization of the unsaturated fragments by hydrogenation. 

Indications that hydroxy acids were among the products from cotton cellulose 
necessitated attempts to hydrogenate some of the more common hydroxy acids 
in alkaline solution. From this study (17) i t  was found that "at temperatures 
below 250" and hydrogen pressures not exceeding 330 atmospheres, alpha- and 
gamma-hydroxy acids are not affected, whereas beta-hydroxy acids are converted 
into the corresponding unsubstituted acids. . . . Of particular importance was 
the conversion, in alkaline solution a t  250" and under a hydrogen pressure of 
330 atmospheres, of formic acid into methane and carbon dioxide". From a 
consideration of these results, the dihydroxyvaleric acid and corresponding 
lactone found in the products from hull fiber may be given the following probable 
formulations : 

1 -0 
I 

HO CHzCH2CH2CHOHC 0 OH CH2CHzCH2CHOHCO 
a ,  6-Dihydroxyvaleric acid a-Hydroxy-6-valerolactone 

The following reasoning was employed in arriving at  the formulations pictured: 
the pyranose ring was accepted as being present in the structural unit of cellulose, 
namely, cellobiose. Hydrogenolysis of the CH2OH- grouping, which must 
necessarily be attached to the pyranose ring, might well result in the production 
of methace. (The very small amount of carbon dioxide in the residual gases 
of the hydrogenation obviates the possibility that the methane arose as the 
result of the hydrogenation of an intermediately-formed formic acid molecule.) 
The five carbon residue remaining after such cleavage would then possess the 
carbon chain represented in the formulas presented. Cleavage at  the ether 
linkage between the units would give rise to the -COO- grouping, producing a 
tetrahydroxyvaleric acid or the corresponding delta-lactone. The replacement 
of the beta- and gamma-hydroxyl groups by hydrogen is made probable by the 
faci that the former is in itself unstable under hydrogenation conditions, while 
the latter would bear a 1 ,3  structural relationship to the alpha-hydroxyl group 
(the presence of which in the product was demonstrated). Connor and Adkins 
(18) have shown that hydroxyl groups in 1 . 3  relationship to each other are 
unstable towards hydrogenation, and one is almost invariably replaced by 
hydrogen. or else there is hydrogenolysis of carbon-to-carbon bonds. 

Since the hydrosycaproic acid found in the products of hydrogenation was in 
equilibrium with a lactone form, the hydroy-i group in this acid must be in either 
the gamma or delta position. I k j  ti.?? Pamn::: position, a -  pointed out, is 
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improbable after hydrogenation, hence the acid is formulated as being the 
6-hydroxycaproic. 

Lactic acid was found to be stable in alkaline solution towards hydrogenation 
(17); it  thus was to be expected as a product from hydrogenation of cotton in 
alkaline solution, and especially so in view of the fact that Heuser (19) has found 
that cellulose is converted largely into lactic acid when heated with strong alkali 
under high pressure and at  high temperature. 

The claim made in a patent (12), that cellulose in aqueous suspension and in 
the presence of a nickel catalyst is converted into dihydroxypropane and glycerol 
by action of hydrogen at  250-260" and 70-110 atmospheres, caused us to search 
for such materials in the products of our experiments. No evidence of these 
materials was to be found. In fact, in other experiments (20), it has been pos- 
sible to show that when glycerol is heated with Raney nickel in the presence of 
alkali, hydrogen is evolved in the region 150-BO", and above this temperature 
continues to be evolved along with carbon dioxide. Hence, our failure to find 
glycerol among the products of hydrogenation-hydrogenolysis of cotton hull 
fiber is wholly explainable, in fact, is to be anticipated. 

SUMMARY 

1. Cotton cellulose in an aqueous medium containing 7% of sodium hydroxide 
has been converted to semi-solid, liquid, and gaseous products by the action of 
hydrogen at 250" and under pressures of 325-380 atmospheres in the presence of 
Raney nickel. 

2. From three hundred grams of cotton hull fiber, there was formed by the 
action of 8.11 moles of hydrogen: 3.31 moles of gaseous hydrocarbon (chiefly 
methane) ; 0.15 mole of carbon dioxide; and 2.39 moles of acidic material. 

3. The acidic material has been found to contain: lower fatty acids, including 
acetic and possibly propionic and one of the butyrics or both; lactic acid; gamma- 
or delta-hydroxycaproic acid and the corresponding lactone; and a dihydroxy- 
valeric acid and the corresponding lactone, with one hydroxyl of the acid in the 
alpha-position and the other probably in the delta-position. 

4. Under the conditions employed in this investigation, cotton cellulose does 
not undergo hydrogenation at 225". 

5. A larger hydrogen pressure drop was observed when 7% aqueous solution 
of sodium hydroxide was used as the suspension medium than when 10% or 15% 
solutions of this alkali were used. 

AUSTIN, TEX. 
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The available information relative to the behavior of oxazoles, thiazoles, and 
related compounds towards reducing agents is quite limited. The only con- 
clusive studies recorded are those of the reduction of 2-phenyloxazoline (1) , 
2,5-diphenyloxazole (2), and 2 , 4dimethylthiazole (3) , all of which were reduced 
with rupture of the heterocyclic rings by the use of sodium and alcohol. In the 
present paper there is described the reduction of benzoxazole, 2-phenylben- 
zoxazole, benzothiazole, and 2-chlorobenzothiazole. Reduction was effected 
through the use of sodium in liquid ammonia (method 1) , and nascent hydrogen 
generated by the interaction of ammonium bromide and sodium in liquid am- 
monia (method 2). The effectiveness of these unusually strong reducing agents 
in the reduction of a variety of organic substances has been demonstrated pre- 
viously (4-7). 

EXPERIMENTAL 

Methods and materials. All reduction reactions were carried out under strictly an- 
hydrous conditions in liquid ammonia a t  -33.5” in an apparatus similar to that described 
by Johnson and Fernelius (8). Benzoxazole was prepared by the method of Xiementowski 
(9) and 2-chlorobenzothiazole was prepared as described by Scott and Watt (10). 

Preparation of 9-phenylbenzoxazole. This compound was prepared by a method which 
was suggested by Wheeler (11) but which has not been described. Benzamide (187 g.) and 
o-aminophenol (168 g.) were refluxed for six hours, during which ammonia and water were 
eliminated. Distillation of the reaction mixture followed by treatment with “Xorit”, 
recrystallization from alcohol, and final recrystallization from concentrated hydrochloric 
acid yielded 280 g. (80% yield) of colorless crystalline 2-phenylbenzoxazole, m.p. 103°.2 
This melting point is in agreement with that reported by Ladenberg (12) for 2-phenyl- 
benzoxazole prepared by the condensation of o-aminophenol and phthalic anhydride. 

Preparation of benzothiazole. The method of Hofmann (13) as modified by Kiprianov and 
co-workers (1.1) was found to be impractical for the prcparation of appreciable quantities 
of benzothiazole. Consequently, this material was prepared by an adaptation of the 
method of Mohlau and Krohn (15) as modified by Mills (16). Dimethylaniline and sulfur 
were refluxed for eighteen hours, the resulting inixture was distilled and the fraction dis- 
tilling over the range 200-260” was collected and dissolved in an equal volume of concen- 
trated hydrochloric acid. The by-product “benzothiazolemethenesulfide” (17), CgH&S2, 
was precipitated by dilution with water and removed by filtration. Addition of an excess 
of aqueous ammonium nitrate solution to  the filtrate resulted in the precipitation of benzo- 
thiazole nitrate, which was separated by filtration, washed with a small quantity of ammo- 

This work was supported in part by a grant f r o 9  the University Research Institute 

All melting points reported in this paper are corrected. 
(Project KO. 25). 
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CeHiNSz ( G . )  

60 

nium nitrate solution, and thereafter dissolved in water. Benzothiazole was liberated by 
addition of aqueous ammonia, dried, and distilled; b.p. 131"/34 mm.; n: 1.6379; d;" 1.246. 
The following physical constants have been recorded for benzothiazole: b.p. 227-228"/765 
mm. (18); n261.6370 (19);d:* 1.2%4(18). Yield data togetherwith information concerning 
the influence of variation in the dimethylaniline/sulfur ratio are shown in Table I. 

The ratio of moles of the oxazole or thiazole to  gram- 
atoms of sodium was determined by dissolving a neighed quantity of oxazole or thiazole in 
liquid ammonia and adding sodium in small pieces until a permanent blue coloration was 

Determination of reaction ratios. 

BENZOTHIAZOLE YIELD 

(P.1 

50 9 

TABLE I 
PREPARATION OF BENZOTHIAZOLE 

Benzoxazole.. ..................... 2.59 1.69 224 
2-Phenylbenzoxazole . . . . . . . . . . . . . .  . I  1.76 ~ 1.06 ~ 156 
Benzothiazole . . . . . . . . . . . . . . . . . . . .  1.52 , 0.97 1 147 
2-Chlorobenzothiazole.. . . . . . . . . . .  . I  1.08 ~ 0.89 1 106 

DIYETHYLANILIKE (C.) SULFUB (C.) 

2.46 
3.55 
2.56 
4.57 

TABLE I1 
REACTION RATIOS (METHOD 1) 

! i WT. OF SUBSTANCE 
(G.1 

SUBSTANCE 

I 
I 

Benzoxazole. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  5.69 
2-Phenylbenzoxazole.. . . . . . . . . . . . . . . . . . .  . I  10.00 
Benzothiazole.. . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7.02 
2-Chlorobenzothiazole.. . . . . . . . . . . . . . . . . . .  I 1.08 

WT. SODIUM 
REQUIRED (C.) 

2.15 
2.20 
2.39 
0.54 

~ 

GRIM-ATOXS 

OF SUBSTANCE 
N~/CR.AY-MOLE 

1.95 
1.86 
2.00 
3.70 

TABLE I11 
REACTION RATIOS (METHOD 2) 

SUBSTANCE 
G.-ATOMS Na 

WT. OF SUB- WT. Ns ( G . )  VOL. Hz (cc.) (AND/OR H)/MOLE 1 STANCE ( G ' )  ~ 1 ~ OF SUBSTANCE 

prodwed (method 1). Although the detection of the "end-point" was in some cases 
rendered difficult by the formation of colored reduction products, reproducible values could 
be obtained. These data are given in  Table 11. 

A second procedure involved the addition of an excess of sodium, followed by addition of 
ammonium bromide and collection of the hydrogen thereby liberated (method 2).  From 
the weights of materials involved and the weight of hydrogen liberated, the quantity of 
sodium utilized in the reduction of the oxazole or thiazole was calculated. The values listed 
in Table I11 were obtained by method 2 and represent the average of two closely agreeing 
results in each case. 
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ID~NTIFICATION OF REDUCTION PRODUCTS 

The only difference between the reactions carried out for the purpose of determining 
reaction ratios and those described in this section lies in the fact that  for purposes of pu- 
rification and identification of products, i t  was frequently necessary t o  effect reactions on a 
relatively larger scale. Without exception, the primary reduction products were unstable 
under ordinary atmospheric conditions. Hydrolysis or neutralization of the primary 
products resulted in the formation of substances which, in  general, showed a pronounced 
tendency towards oxidation and decomposition leading to  the production of dark-colored, 
tarry, resinous materials. 

Reduction of benzoxazole b y  sodium. After evaporation of the solvent ammonia following 
the reduction of 8.01 g. of benzoxazole by 3.29 g. of sodium, the crude product was extracted 
with 10% sodium hydroxide solution. The resulting solution was treated with a n  excess 
of benzoyl chloride and cooled. The white crystals of dibenzoyl-o-aminophenol which 
separated were recrystallized once from alcohol and once from a mixture of benzene and 
petroleum ether, m.p. 180-182". 

Anal. Calc'd for C ~ O H I ~ N O ~ :  N, 4.42. Found: N, 4.29. 
A mixture with an authentic sample of dibenzoyl-o-aminophenol (20) showed no depres- 

sion in melting point. The material which was insoluble in sodium hydroxide consisted of a 
black tar  which oxidized readily and which could not be identified. 

I n  another experiment, the primary reduction product (a brick-red precipitate) obtained 
by addition of 5.18 g. of sodium to 21.10 g. of benzoxazole dissolved in 300 cc. of liquid 
ammonia was treated with a large excess (65 9.) of ethyl bromide. The solvent was evap- 
orated and the residue extracted with anhydrous ether. Distillation of this extract yielded 
25.1 g. of a colorless viscous oil which darkened upon exposure to air, and which had the 
following physical constants: B.p. 79-85"/1 mm., 200-205"/754 mm.; ng 1.5380; d i n  1.015. 
M, [assuming the product to  be N-(0-ethoxyphenyl)propylideneimine], Calc'd, 53.86; 
Found, 54.52. 

Anal. Calc'd for CllHlrNO: C,  74.50; H, 8.47; N, 7.92. Found: C,3 72.33; H, 8.68; N ,  
7.84. 

Molecular weight determinations (ebullioscopic in  acetone) were iaconclusive. The 
weight of product obtained corresponds to  an So% yield of N-(0-ethoxypheny1)propylidene- 
imine. The synthesis of this compound (which has not been described previously) from 
propanal and o-phenetidine by a method similar to that  of Knoevenagle (21) was attempted 
but without success. 

Reduction of benzoxazole by hydrogen. Benzoxazole (2.14 g.) was dissolved in  liquid 
ammonia containing an excess of dissolved ammonium bromide. To this solution was 
added in  small pieces 1.90 g. of sodium. Of the 0.0833 g. of hydrogen produced by the 
interaction of sodium and ammonium bromide, 0.0203 g. was collected as molecular hydro- 
gen. From these data i t  was calculated that  0.0630 g. of hydrogen was utilized in the reduc- 
tion of the osazole and that the ratio of gram-atoms of hydrogen/gram-moles of oxazole 
was 3.47. 

In a similar reaction involving 6.34 g. of benzoxazole, 20.91 g. of ammonium bromide, 
and 4.30 g. of sodium, the crude product was extracted with boiling benzene. From this 
solution, by concentrating and cooling, 5.2 g. (79y0 yield) of o-methylaminophenol, m.p. 
86-87' (22) was obtained. The monobenzoyl derivative was prepared in benzene and 
recrystallized from a mixture of alcohol and water, m.p. 157-159" (23). 

Anal. Calc'd for ClaHlaNOz: N, 6.19. Found: N, 6.02. 
Reduction of 8-phenylbenzoxazole by sodium. The reduction of this compound by means 

of either sodium or hydrogen yields tarry resinous products which are very susceptible to  
atmospheric oxidation. Despite repeated and varied methods of attack, no success at- 

3 Duplicate analyses for carbon were made on independently prepared samples. These 
analyses led to  results which were in  close agreement but which weR uniformly low. 
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BENZO'MIAZOLE (G.) 

5.10 
5.87 
5.26 

tended efforts at isolation and identification of the reduction products. 2-Phenylbenzoxa- 
zole is only slightly soluble in liquid ammonia a t  -33.5". 

Reduction of benzothiazole by sodium. Benxothiazole (13.5 g.) was reduced by addition 
of 2.37 g. of sodium. The solvent was evaporated from the resulting red solution and the 
reduction product was hydrolyzed by water. The red alkaline aqueous solution was sub- 
jected to  distillation with steam. No benzothiazole (which is readily volatile with steam) 
was found to  be present. The solution was acidified with acetic acid, buffered with sodium 
acetate solution, and treated with an excess of aqueous lead acetate solution. A tan colored 
solid separated, which was insoluble in  all common organic solvents and which was purified 
by extraction with acetone, alcohol, and ether, m.p. > 275". 

Calc'd for CBH,NS.Pb(C2H302)$ (a 1 : l  double salt of o-aminothiophenol and 
lead acetate) : N, 3.11; S, 7.11. 

Found: K, 3.14; S, 7.18. 

Anal .  

This compound has not been reported previously. 
In  a similar experiment, 5.87 g. of benzothiazole was reduced by 2.00 g. of sodium, and 

the primary reduction product was neutralized by ammonium bromide. After evapora- 
tion of the ammonia, the residue was extracted with alcohol. To this solution was added 

Hg SALT ( 0 . )  
SODIUY BENZOTHIAZOLE 

BECOVEBED (70) 

1 46.4 3.97 
2 0 8.58 
3 0 7.87 

TABLE IV 
REDUCTION OF BENZOTHIAZOLE BY SODIUM 

BENZOTHIAZOLE 
ACCOUNTED FOB (%) 

91.0 
83.5 
85.5 

a n  alcoholic solution of mercuric cyanide, resulting in the precipitation of the golden-yellow 
mercuric salt of N-(0-mercaptopheny1)methylideneimine. The salt was purified by re- 
crystallization from a mixture of carbon disulfide and ether, m.p. > 120' (decomp.). 

Anal .  Calc'd for CI4Hl2HgN2S2: N, 5.92. Found: N, 5.90. 
A series of reactions was effected in order to determine the influence of variation in the 

sodium/benzothiazole ratio. Two reactions corresponding to  each ratio were carried out. 
The product of one reaction was subjected to  steam distillation t o  separate unchanged 
benzothiazole, which was identified as the picrate (24), m.p. 167". The product of the other 
reaction was used in the formation of the mercuric salt of Pi-(0-mercaptopheny1)methyl- 
ideneimine, the weight of which serves as a measure of the quantity of benzothiazole re- 
duced. The results of these experiments are given in Table IV. 

The reduction of this compound was 
carried out primarily to  secure essential information concerning reaction ratios. Although 
not investigated extensively, the ultimate products of these reactions appeared to  be essen- 
tially the same as those obtained by the reduction of benzothiazole. 

Reduction of I-chlorobenzothiazole by sodium. 

DISCUSSION OF RESULTS 

The data of Tables I1 and IV indicate that benzoxaxoles and benxothiazoles 
are reduced by sodium in liquid ammonia as shown by the equation, 
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where R may be H or CsH5, and Z may be 0 or S. When R is C1, the 
sodium / thiazole ratio is increased from two to four. Since the sodium salts are 
unstable, the character of the products ultimately isolated and identified depends 
upon the treatment of the primary products. When the sodium salts are neu- 
tralized by ammonium bromide or are treated with ethyl 
sponding Schiff bases are formed, 

bromide, the corre- 

2XaBr + 2"s 

H 

This view is supported by the isolation of the mercuric salt of N-(0-mercapto- 
pheny1)methylideneimine and N-(o-ethoxyphenyl)propylideneimine, although 
the identity of this latter compound cannot presently be said to be finally 
established. 

If, on the other hand, either the sodium salts or the Schiff bases are subjected 
to conditions favoring hydrolysis, the corresponding aminophenols or thiophenols 
are produced. 

H 
P;HZ I fiEcH2 + HOH --$ n + O=CH, 

UoH UO" 

This has been shown by the isolation of dibenzoyl-o-aminophenol and the lead 
acetate double salt of o-aminothiophenol. In  this connection it is significant 
that neither the sodium salts nor the Schiff bases showed any tendency towards 
ammonolysis (25). 

That reduction by hydrogen is more extensive than reduction by sodium is 
shown by the isolation of a high yield of o-methylaminophenol from the pro- 
ducts of the reduction of benzoxaxole by hydrogen. 0 --N \CH + 4[H] + OFH3 

-0' 
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This conclusion is also indicated by the reaction ratio data obtained by method 
2. An inspection of the data of Table I11 shows that the reaction ratios are 
uniformly low, but approach integral values greater than those obtained by 
method 1 ; the quantity of hydrogen collected was always less than that antici- 
pated. This discrepancy is undoubtedly due in part to the solubility of hydro- 
gen in the water over which the gases were collected, but probably due in larger 
measure to participation of the liberated hydrogen in a more extensive reduction. 
This situation is analogous to that encountered by Cappel and Fernelius (5 )  in 
their study of the reduction of 1,2,3-benzotriazole. In contrast with their 
results, however, the present study provided no indication of hydrogenation of 
the atornatic ring. 

As has already been suggested, a major source of difficulty encountered 
throughout this investigation involved the marked instability and ease of oxida- 
tion and polymerization of the reduction products. That this behavior is 
generally characteristic of aminophenols and aminothiophenols has been demon- 
strated by earlier workers (26-29). 

SUMMARY 

1. A method for the preparation of 2-phenylbenzoxazole and an improved 
procedure for the preparation of appreciable quantities of benzothiazole in a 
high state of purity have been described. 

2. Certain experiments on the reduction of benxoxazole, 2-phenylbenzoxazole, 
benzothiazole, and 2-chlorobenzothiazole by means of sodium and hydrogen 
(Na+ SH4Br) in liquid ammonia have been described and a possible inter- 
pretation of the results of these experiments has been suggested. 

3. Evidence that reduction by hydrogen is more extensive than reduction by 
sodium has been presented. 

AUSTIN, T E X .  
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In previous papers (1, 2) certain homologs, isologs, and isomers of Toluidine 
Blue have been described. This communication deals with derivatives of Tolui- 
dine Green-in particular, with those containing substituents in the anthra- 
quinone ring system, thus belonging to the second type of substitution products. 
An isomeric sulfonic acid belonging to the third type is also described. 

Toluidine Green (I) and Alizarin Viridine (11) are isomers, differing only in 
the location of the hydroxyl groups ; since the absorption curves are considerably 
different, the position of these groups must be important. In Toluidine Green, 
both hydroxyl groups are in a position such that hydrogen bonding is possible, 
whereas but one is available in Alizarin Viridine. 

(S = S O s N a )  
I I1 

If the location of the hydroxyls is important, the 6,7-dihydroxy isomer (111, 
X = OH), should resemble I1 rather than I. A comparison of the curves, Fig. 1,  
shows that this is indeed the case. Further, the spectral absorption character- 
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istics are very similar to those of the parent, unsubstituted dye, Alizarin Cyanine 
Green, (111, X = H) (3); that is, the introduction of two hydroxyl groups into 
the latter structure has relatively little effect, except when they are in the 5- and 
%positions. 

That this is not an isolated instance is evident by an inspection of the corre- 
sponding dichloro (111, X = Cl) and dibromo (111, X = Br) derivatives. The 

I2 

IO- 

400 500 COO 700 COO 
WAVE LENGTH IN MILLIMICRONS 

FIG. 1 
WAVE LENGTH IN MILLIMICRONS 

FIG. 2 
FIG. 1. ALIZARIN CYANINE GREEN AND THREE DIHYDROXY DERIVATIVES 
, Toluidine Green; -----, Alizarin Viridine; - - - , Alizarin Cyanine Green; -.-.- - 

6,7-Dihydroxy Isomer of Toluidine Green. 

FIG. 2. ALIZARIN CYANINE GREEN AND ITS 6,T-DIHALO DERIVATIVES 
- , Alizarin Cyanine Green; - - - ,6,7-Dichloro Derivatives; -.-.- ,6,7-Dibromo 

Derivatives. 

I 2  

10 

, 
400 5 0 0  coo TOO 

WAVE LENGTH IN MILLIMICRONS 

FIG. 3. ALIZARIN CYANINE GREEN AND ITS DICHLORO DERIVATIVES 
- , Alizarin Cyanine Green; -----, 6,7-Dichloro derivatives; -e-.- , 5,8-Dichloro 

derivatives in basic solution; - - -, 5,8-Dichloro derivatives in acid solution. 

shape of the curves, Fig. 2, is similar, although they are moved slightly towards 
the right. 

For purposes of comparison the 5 ,%dichloro- and 5,6,7 ,&tetrachloro-l,4- 
ditoluidinoanthraquinones were prepared. Their absorption curves are practi- 
cally identical (only the dichloro is shown in Fig. 3); that is, the effect of the 
chlorine atoms in the @-position is almost negligible.' The effect of chlorine 

An unexpected result was observed in the two 5,8-dichloro dyes; they are sensitive to 
hydrogen ion, giving green solutions. The curves are shown in Fig. 3. 
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atoms in the 5,8-positions of the anthraquinone nucleus is considerable on the 
large absorption band in the red end, the two peaks being displaced and farther 
separated. The left-hand peak of the large band is moved in the opposite direc- 
tion to what it was by the OH of Toluidine Green (Fig. 4). The conclusions to 
be drawn from these examples are that (a) the effect of halogen atoms is much 
greater if they are in the alpha-positions, (b) the principal result is displacement 
of the left-hand peak of the main absorption band towards the shorter wave- 
length (bathochromic effect), and (c) the latter is of the same magnitude as that 
of the a-OH group but in the opposite direction. 

As discussed in the previous paper, isomeric sulfonic acids are readily obtain- 
able, the 2'-isomer being secured when the last step is sulfonation (3), and the 
3'4somer resulting by the use of 4-aminotoluene-2-sulfonic acid (4). The curves 
show variations in the red (Fig. 4) similar to those in the blue series. 

2 0 0 2  4 6 8 3 0 0 2  4 6 8 4 0 0 2  4 b 0 5 0 0 2  4 b 8 6 0 0 2  4 6 8 7 0 0 2  4 6 8800 
WAVE LENGTH IN MILLIMICRONS 

FIG. 4. TOLUIDINE GREEN AND ITS ISOMER SULFONIC ACID 
- , Toluidine Green; 2'-SO3Na; -----, Isomer; 3'-S03Na. 

EXPERIMENTAL 

1. INTERMEDIATES 

(a) 1,4,6,7-Tetrachloroanthraquinone. 3,6-Dichloro-2-(3', 4'-dichlorobenzoyl)benzoic 
acid is easily prepared from 3,6-dichlorophthalic anhydride and o-dichlorobenzene follow- 
ing Phillips's procedure ( 5 ) .  

A mixture of 10.8 g. of 3,6-dichlorophthalic anhydride, 37 g. of o-dichlorobenzene and 
20 g. of anhydrous aluminum chloride was heated on the steam-bath (9598") for sixty hours. 
It was then poured upon iced hydrochloric acid, and the mixture steam distilled to  remove 
the excess o-dichlorobenzene. The gummy product was separated from the cooled liquid, 
taken up in  warm benzene, filtered, and the filtrate evaporated to dryness. This residue 
was redissolved in benzene; the acid crystallized on cooling. The yield was 8.0 g. It melts 
a t  170-171" with preliminary softening a t  about 164". 

Anal. Calc'd for C14H&1403: C1, 39.0. Found: C1, 39.0. 
For ring closure, a mixture of 68 g. of 207, oleum and 81 g. of sulfuric acid (sp. gr. 1.84) 

was heated to 160" and 6.8 g. of the above tetrachlorobenzoylbenzoic acid was then added 
in portions over a five-minute period. The mixture was maintained a t  160" for a further 
five-minute period and then cooled to  70-80". Chipped ice was added slowly; the tempera- 
ture rose to  120" and a precipitate formed. After pouring into water, the 1,4,6,7-tetra- 
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chloroanthraquinone was filtered and washed thoroughly, first with water and then with 
methyl alcohol. The product was recrystallized from chloroform; the yield was 3 g. (47%). 
It melted at 259-260". 

Anal. Calc'd for ClrH&lr02: C1, 41.0. Found: C1, 41.1. 
Ring closure of the tetrachlorobenzoylbenzoic acid can give either 1,4,5,6- or 1,4,6,7- 

tetrachloroanthraquinone. KO proof of structure is offered for the compound actually 
isolated other than its subsequent treatment with p-toluidine. The reactivity of a-chlorine 
atoms is such that  all would be replaced by p-toluidine. Hence in one case a tri-p- 
toluidino monochloroanthraquinone should result, while in the other a di-p-toluidino 
dichloroanthraquinone (the compound actually obtained) would be formed. This con- 
clusion was confirmed by the nature of the absorption curves, those having halogen in  the 
alpha-position being entirely different. 

(b) 1,4,6,7-Tetrahydroxyanthraquinone was prepared from m-hemipinic acid and hydro- 
quinone by the procedure previously described (1) for the 1,4,5,8 isomer. The m-hemipinic 
acid (hemipic acid) was secured by Perkin's procedure (6). 

Anal. Calc'd for Cl4H806: C, 61.8; H, 2.9. 
Found: C, 62.2; H,  3.0. 

The tetraacetate was prepared in the usual manner using acetic anhydride and sodium 
acetate. It was purified by crystallizing from a small volume of methyl alcohol; i t  melted 
at 192-193'. On admixture with quinalizarin tetraacetate (m.p. 197-198') the melting 
point was depressed to 170-175". 

Anal. Calc'd for C22H16010: C, 60.0; H, 3.6. 
Found: C, 59.8; H, 3.6. 

(c) 6,7-Dibromoquinizarin. An intimate mixture of 5 g. each of 4,5-dibromophthalic 
anhydride (1) and hydroquinone was added, portionwise, to  a melt made up from 32 g. of 
aluminum chloride and 5.5 g .  of salt a t  200-220", over a ten-minute period. The tempera- 
ture was maintained a t  210" for one-half hour, after which the mass was removed from the 
container and allowed to  cool. The solid was then powdered and decomposed with hot 
dilute hydrochloric acid. The red product that separated was filtered, washed thoroughly 
with warm water, then alcohol, and ether in order. It separated from xylene in red needles, 
m.p. 296-298". The yield of pure dibromoquinisarin was 57%. 

Anal. Calc'd for C14HeBrz04: Br, 40.2. Found: Br, 40.0. 

11. THE TOLUIDINOQUINONES 

(a) 1,4-Di-p-toluidino-6,7-dihydroxyanthraqu~none. 114,6,7-Tetrahydroxyanthraqui- 
none (1 g.) was dissolved in 150 cc. of acetic acid, 1 g. of tin added, and dry hydrogen 
chloride bubbled into the mixture at the boiling point for four hours. The 2,3-dihydro- 
1,4,6,7-tetrahydroxyanthraquinone was collected after filtering and cooling. A mixture 
of this substance, 1 g. of finely powdered boric acid, and 10 g. of p-toluidine was heated a t  
100" for fifteen hours. After aerial oxidation the dye base was isolated in the usual way. 
The crude product was recrystallized from xylene. It is greenish-blue in dioxane and dull 
blue in  concentrated sulfuric acid. 

Anal. Calc'd for C28Hz2N20d: C, 74.7; H, 4.9. 
Found: C, 73.6; H, 5.2. 

(b) 1,4-Di-p-toluidino-6,7-dibromoanthraquinone was secured in  a similar manner from 
6,7-dibromoquinizarin; the dihydro derivative melted at 287-289'. The toluidinoanthra- 
quinone dissolved in  xylene with a bluish-green color; i t  gave a violet solution in  concen- 
trated sulfuric acid. 

Anal. 

(c) The polychloroditoluidino anthraquinones. 1,4-Di-p-toluidino-6,7-dichloroanthraqui- 
none: A mixture of 3 g. of 1,4,6,7-tetrachloroanthraquinone and 35 g. of p-toluidine was 
heated for twenty-two hours at 165-175". The mixture was cooled t o  60-70' and poured 
into an excess of dilute hydrochloric acid. The crude product that  separated was a te red ,  

Calc'd for C28H20Br2N202: Br, 27.8; N, 4.9. 
Found: Br, 27.5; N, 4.9. 
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washed with a little dilute hydrochloric acid, water, 70% methyl alcohol, methyl alcohol, 
and ether in that order. The methyl alcohol wash removed a violet-colored contaminant. 
The residue of 2.6 g. was recrystallized from xylene, from which i t  separated in fine blue 
needles, soluble in dioxane and in acetic acid with a bluish-green color. It dissolved in 
sulfuric acid with a violet color. 

AnaE. Calc’d for CzaHz&lzNzOz: C1, 14.6. Found: C1, 14.6. 
5,8-Dichloro-l, 4-di-p-toluidinoanthraquinone and 5,6,7,8-tetrachloro-l, 4-di-p-tolui- 

dinoanthraquinone were prepared by methods already described in the literature (7 ,8 ,9) .  
The dyes were obtained by sulfonation of the various ditoluidinoanthraquinones with 

concentrated sulfuric acid on the steam-bath exactly as has been previously described (1 ,2) .  
The Toluidine Green isomer (3’-SO&a) was prepared from dibromoquinizarin, sodium 

4-aminotoluene-2-sulfonate, boric acid, and aqueous sodium acetate, essentially as directed 
in the patent literature (10, l l ) .  

SUMMARY 

Several homologs of Toluidine Green have been prepared in order to compare 
their absorption characteristics with those of the parent substance. The absorp- 
tion curves of the dyes having substituents in the 6,7-positions resemble the 
unsubstituted Alizarin Cyanine Green rather than Toluidine Green. 

Halogen atoms and hydroxyl groups in the alpha-position have a much greater 
effect on the absorption curves of this type of dye than the same element or 
group in a beta-position. 

The 3’-sulfonic acid is like the corresponding isomer in the 1 ,$(blue) series, 
the curve falling off in the far red. 

ROCHESTER, N. Y. 
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It was pointed out in a previous paper (1) that the dye Toluidine Blue has 
uncommon spectral absorption characteristics, and i t  seemed worth while to 
examine a few similar dyes. 

The relation between the color and constitution of anthraquinone dyes is well 
summarized in Houben (2) ; there are a large number of examples illustrating the 
effect of different groups by themselves or in combination. However, there are 
comparatively few instances in which simple homologs or isomers are concerned. 
The most noticeable effect among the acid anthraquinone dyes is found in the 
difference between the 1,4- and the 1,5-series; when arylamino groups are pres- 
ent the former are green and the latter are bluish. 

Toluidine Blue (I) is a sulfonated 1,5-ditoluidino-4,8-dihydroxyanthra- 
quinone, and its isomer (11) , 1 ,4-ditoluidino-5,8-dihydroxyanthraquinone, is 
Toluidine Green (1) ; these colors thus fit into the series mentioned above. In 
these structures the rings A are aromatic nuclei of the benzene series; ring B is 
that portion of the anthraquinone residue to which the aromatic groups are 
attached; and C the portion without such groups. 

I II I 
\d \ ....**.... / 
N 7 L - N  0 0 CHa 

S H H  (S = SOsNa) 
I I1 

Isomers, homologs, and isologs can be secured by (a) varying the nature of the 
aromatic nuclei A ,  (b) introducing different substituents into B or C ,  and (c) 
changing the position or number of the sulfonic acid groups. Since rings A are 
always introduced into the molecule by the use of an aromatic amine, it is possible 
to determine the effect of substituents by using substituted anilines. 

In this paper are described several dyes in the blue series obtained by the first 
and third variations; the second type is more easily secured in the green series, 
and will be described in the following paper. 

68 
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The new dyes have been obtained, using ortho- and meta-toluidine, p-anisidine, 
p-t-amylaniline, ortho- and para-chloroaniline, p-xenylamine, and @-naphthyl- 
amine. The second, third, and last two of these aremuch more soluble inmater 
than Toluidine Blue; from the sulfur-nitrogen ratio, determined on the second 
and third, it  was concluded that there were two sulfonic acid groups to each 
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FIG. 1 FIG. 2 
FIG. 1. DYES RELATED TO TOLUIDINE BLUE, HAVING DIFFEREXT TYPE OF ABSORPTION 

CURVE 
-, Toluidine Blue (4‘-CH3) ; -, 3’-CH3; - - * ,  2’-CH3; ------ , OC&; - - 

-, Effect of oleum on Toluidine Blue. 
FIG. 2. 4 ‘ 4 - h ~ ~  HOMOLOG OF TOLUIDINE BLUE 

-, Toluidine Blue, 1:2O,MH3; - - e ,  4’-t-amyl homolog, 1:13,OOO; --, 4’4-amyl 
homolog, 1 : 20,000. 
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FIG. 4 
FIG. 3. DYES RELATED TO TOLUIDINE BLUE, HAVINQ SAME TYPE OF ABSORPTION CURVE 

- e ,  p-naphthyl isolog; -, 4’-chloro isolog; 
----_- , 4’-phenyl isolog. 

-, Toluidine Blue (4’-CH3); - 

FIG. 4. EFFECT OF POSITION OF SULFONIC ACID GROUPS 
-, Toluidine Blue (2 ’403Xa) ; - a - e ,  isomer (3‘-s03Na), 

nitrogen in the more soluble dyes. The absorption curves of these dyes (Fig. 1) 
resemble that of the blue dye that results when Toluidine Blue is treated with 
fuming sulfuric acid; the latter has a sulfur-nitrogen ratio greater than 1, but a 
pure sample has never been secured. p-t-Amylaniline gives a dye which resem- 
bles Toluidine Blue but does not seem to be as strong (Fig. 2). The dyes from 
p-xenylamine and /3-naphthylamine absorb in the violet and are greenish (Fig. 3), 
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while the one from p-chloroaniline does not have as high absorption in the far 
red. From these results it may be concluded that only pura-alkylated amines 
can be expected to produce dyes closely resembling Toluidine Blue. 

The third type of variation concerns the location of the sulfonic acid group. 
Direct sulfonation always introduces this group into the 2'-position, ortho to the 
NH, when the 4'-position is blocked; the position of the sulfonic acid group has 
been determined by reductive hydrolysis (1). Since 1 ,5-substitution is un- 
symmetrical, the usual procedures (3, 4) for securing 3'-sulfonic acids cannot be 
employed. Adapting a method of preparation useful for certain monoarylated 
anthraquinones (5, 6),  the desired dye was obtained. This reaction consisted 
in heating a mixture of 4,s-dichloroanthrarufin and sodium 4-aminotoluene-2- 
sulfonate under pressure. The absorption curve of the isomer of Toluidine 
Blue, furnished by this procedure, falls off in the far red (Fig. 4). 

EXPERIMEKTAL 

The anthraquinone derivatives were mostly prepared by a general procedure ag described 
under the m-toluidino derivative. Under these conditions, however, the ortho amines 
did not react, and the addition of boric acid (second procedure) was employed. Two 
other isologs needed further modifications and are treated separately. The analyses of the 
anthraquinones are given in Table I. I n  general the melting points are accompanied by 
decomposition and/or sublimation, so that  an accurate determination is not possible. 

I.  THE ANTHRAQUINONES 

(a) 4,8-Di-m-toluidino-i ,5-dihydroxyanthraquinone. A mixture of 8 g. of 4,8-dichloro- 
anthrarufin (m.p. ca. 337") and 100 g. of m-toluidine was heated for sixteen hours at 160-175". 
After cooling slowly to  50", the mixture was poured into a large excess of dilute hydrochloric 
acid. The precipitated dye was filtered and washed thoroughly with warm water, followed 
by 70% alcohol. The yield of crude product was 11 g. For analysis and for subsequent 
sulfonation, the product was recrystallized first from chlorobenzene and then from xylene. 

The 4,8-di-p-toluidino, 4,8-di-p-tertiary-amylanilino, 4,8-di-p-anisidino, and 4,8-di-p- 
chloroanilino derivatives were prepared in exactly the same manner. In all cases recrystal- 
lization was from chlorobenzene or xylene. If very insoluble, a digestion with chloroben- 
zene was found sufficient for purification. 

(b) 4,8-Di-o-ehloroanilino-1,6-dihydroxyanthraquinone. o-Chloroaniline and o-toluidine 
failed to  react with dichloroanthrarufin under the conditions used in the above experiment. 
It was found necessary to add boric acid, equivalent to  about 2/3 the weight of the dichioro- 
anthrarufin. The dyes were isolated as above and were recrystallized from a large volume 
of xylene for analysis. 

(c) ~,8-Di-p-xenylamino-I, 5-dihydroxyanthraquinone. A mixture of 50 g. of p-xenyl- 
amine and 5 g. of dichloroanthrarufin was heated for eighteen hours a t  170". On pouring 
the partially cooled product into dilute hydrochloric acid everything precipitated, as the 
hydrochloride of the amine is not water-soluble. The product was collected, dried, ground 
to  a powder, suspended in  10% sodium hydroxide solution, and stirred for three hours. It 
was filtered and the precipitate extracted thoroughly with ether to  remove the amine. The 
residue was digested with chlorobenzene for purification, as its low solubility made crystal- 
lization impractical. 

A mixture of 50 g. of 8-naph- 
thylamine and 5 g. of dichloroanthrarufin was heated for twenty-four hours at 170-180". 
After cooling partially, the reaction mass was treated with about 15 times its volume of 70% 
ethyl alcohol and the insoluble portion filtered. This material was then transferred t o  a 

(d) 4,8-Di-P-naphthylarnino-i, 5-dihydroxyanthraquinone. 
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CALC'D, % 
AMINE USED 

beaker and stirred for a short time with ether in order to remove the unused p-naphthyl- 
amine. Finally, it  was collected on a Buchner funnel and washed with ether. The light 
violet product is only slightly soluble in chlorobenzene, xylene, etc., but can be crystallized 
from a rather large volume of the former. 

All the substances dissolve in concentrated sulfuric acid with production of a green color 
and give brilliant blue solutions when poured into water, except the naphthyl isolog, which 
gives a dull green. The solutions in  xylene are all a brilliant blue. 

FOUND, % 

TABLE I 
ANALYSES OF SUBSTITUTED ANTHRAQUINONES 

o-Toluidine.. 
m-Toluidine . . . . . . . . . . . . . . . .  
0-C hloroaniline . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

C C i H  

74.7 4 . 9  6 . 2  ~ 74.9 1 4 .8  6 . 2  
74.7 4 .9  6 . 2  74.7 ~ 5 . 0  6 . 4  

5 .7  14.5 5 . 8  ' 14.5 

p-xenylamine.. , , , , , . . , , , . , I  
p-Xaphthylamine, . . . . . . . . .  . I  ~ 5 . 2  , 5 . 4  

11. SULFONATION 

The substituted anthraquinones were sulfonated by the use of concentrated sulfuric acid 
on the steam-bath; this required two and one-half hours with all except the derivative 
formed from o-toluidine, in which the time had to  be greatly increased. The dye-salt mix- 
tures were extracted by boiling methanol-the only method of purification a t  all satis- 
factory. The procedure is illustrated by sulfonation of the isomer derived from 
m-toluidine. 

(a) m-Toluidine isomer. A solution of 10 g. of 4,s-di-m-toluidinoanthrarufin in 75 cc. 
of concentrated sulfuric acid was stirred on the steam-bath for two hours. After cooling 
and pouring on ice, there was no separation of dye acid, so the entire solution was neutral- 
ized by sodium hydroxide. After several hours, much of the sodium sulfate had crystallized 
and was removed; the filtrate was evaporated to  dryness. The pulverized residue was 
extracted in a Soxhlet apparatus with 500 cc. of methanol for fifty hours; 3 g. of dye was 
thus secured. From the analysis, i t  was estimated to  be about 65% dye; Found: N,  2.3; S, 
9.3, 9.5. This gives a 1: l .S  ratio of nitrogen to  sulfur, indicating that  i t  is essentially a 
tetrasulfonic acid, (two SOaNa groups to each toluidine residue). 

I n  a similar manner, the other isologs, except the one from o-toluidine, were secured. 
The one from p-anisidine, on analysis, showed 1.5% nitrogen and 6.5, 6.6, 6.5% sulfur, 
which gives a 1:l .g  nitrogen:sulfur ratio. The dye from o-chloroaniline has a 1: l  ratio. 

Anal. 

(b) For the ortho toluidino isomer, a mixture of 3 g. of the anthraquinone and 23 cc. of 
concentrated sulfuric acid was heated on the steam-bath for seven hours; the dye acid 
precipitated after icing. The methanol extraction required sixteen days, and 2.1 g. of dye 
resulted; in this, the su1fur:nitrogen ratio is 1 : l .  

Calc'd for C21HllCllN2Na201&: N,  4.0; S, 9.2. 
Found: X, 4.0; S, 9.0, 8.9. 

Anal. Calc'd for C2sH20NzNazOl&: S, 9.8. Found: S, 9.7, 9.8. 
(c) Fuming sulfuric acid on Toluidine Blue. A solution of 5 g. of the dye and 25 cc. of 20% 

oleum was stirred a t  35-40' for one hour, the solution poured upon ice, the dye acid filtered 



72 ALLEN, WILSON, AND FRAME 

and dissolved in hot sodium hydroxide. After again filtering, the dye was salted out; 4.75 
g. of dye-salt mixture resulted. Upon analysis, 1.7% of nitrogen and 4.8,4.8,4.9% of sulfur 
were found; this indicated that the dye was of about 35% purity. The nitrogen:sulfur 
ratio is 1: 1.3. 

111. 4,8-DI-(3‘-SULFO-~-TOLUIDINO)-~,5-DIHYDROXYANTHRAQUINONE (DISODIUM SALT) 

A mixture of 3 g. each of dichloroanthrarufin, sodium acetate, and boric acid, and 8 g. of 
4-aminotoluene-2-sulfonic acid in 20 cc. of water and 20 cc. of acetic acid in a sealed tube 
was heated a t  225’ for thirty hours. The tube contents were extracted by water and the 
blue solution filtered from the considerable insoluble material. The filtrate was evaporated 
to  dryness and the residue was extracted with absolute methyl alcohol until all the blue 
color was removed. On standing, the methyl alcohol deposited a blue solid; this dissolved 
in water to give a brilliant blue solution comparable in strength and general appearance 
to  the Toluidine Blue. 

SUMMARY 

Several homologs of Toluidine Blue have been prepared in order to compare 
The closest their absorption characteristics with those of the parent substance. 

resemblance is found with the p-t-amyl homolog. 

ROCHESTER, N. Y. 
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The first observations relative to the interaction of benzil and ammonia were 
recorded by Zinin (1) more than one hundred years ago. In the intervening 
years, a considerable body of information on the reactions between benzil and 
ammoniacal media consisting of aqueous ammonia, alcoholic ammonia, am- 
monium formate, and ammonium acetate has become available and has led to 
rather marked divergence of opinion, particularly with regard to the mechanism 
of these reactions.2 

Staudinger and Binkert (3) attempted to prepare a metal salt of benzil by the 
reaction between the diketone and potassium in liquid ammonia a t  and below 
- 33.5", and observed that reaction between b e n d  and ammonia precluded the 
possibility of formation of a metal ketyl. Strain (4) heated benzil with ammonia 
for two hours a t  200" (ie., considerably above the critical temperature of am- 
monia) and obtained a forty per cent yield of lophine (2,4,5-triphenylglyox- 
aline). Strain also reported that benzamide and "imabenzil" result from the 
reaction between bemil and liquid ammonia a t  room temperature, but gave no 
experimental data in support of this statement. 

The present paper describes the action of liquid ammonia and liquid ammonia 
solutions of ammonium chloride (an acid) and potassium amide (a base) upon 
benzil a t  103" and 35". These studies represent an effort to determine the 
identity of the products and the quantity of each with a degree of accuracy not 
approached in earlier investigations, as a step preliminary to the study of a series 
of reactions designed to shed further light upon the mechanism of the reactions 
concerned. 

EXPERIMENTAL 

Materials .  Benzil was prepared by the method of Adams and Marvel (5). Scholl's 
( 6 )  color test for the detection of benzoin in  the presence of benzil was used as a criterion 
of purity and only that  material (m.p. 95°)3 which failed to  give a positive test for benzoin 
was employed. All other chemicals used were reagent grade materials. 

Reaction wi th  liquid ammonia  at  i03". Benzil (10.5 g.) was placedin a Pyrex tube (55 x 2.5 
cm.) together with approximately 100 cc. of anhydrous liquid ammonia and the tube was 
sealed. The tube and about 300 cc. of commercial liquid ammonia were placed in  an auto- 
-~ 

'This work was supported in part by a grant from the University Research Institute 

2 For primary references, review, and discussion of possible reaction mechanisms see 

3 All melting points reported in  this paper are corrected. 

(Project No. 25). 

reference (2). 
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clave of the type described by Bergstrom (7) and the autoclave was heated by steam at 103" 
for forty-six hours. The tube was cooled, opened, and 10.05 g. of crude product was re- 
moved from the tube, dried, and ground to 60-mesh in an agate mortar. This material was 
extracted successively with 50-, 30-, and 20-cc. portions of hot water. The aqueous extracts 
were combined and boiled for one hour with an excess of aqueous potassium hydroxide.* 
The resulting solution was acidified with hydrochloric acid and cooled. The benzoic acid 
which separated was removed by filtration, and tha t  remaining in the aqueous solution 
was removed by extraction with ether. The two crops of acid were combined, dried, and 
weighed; m.p. 122". Neutralization equivalent, 123 (calculated, 122). 

The water-insoluble material was dried, powdered (60-mesh), and extracted for ten 
minutes with carbon disulfide in a Soxhlet apparatus. The material insoluble in carbon 
disulfide was identified as lophine, m.p. 276.5'. 

And.  Calc'd for C11HI6Nt: C, 85.11; H, 5.44; N, 9.45. 
Found: C, 84.97; H, 5.52; N, 9.51. 

The melting point of this product was not depressed by mixing with lophine (m.p. 276.5") 
prepared as described by Davidson and co-workers (2). Upon cooling the carbon disulfide 
solution, a small quantity of lophine separated.& This was removed by filtration and com- 
bined with the main body of this product. 

The solvent was evaporated from the carbon disulfide solution and the resulting gummy 
material was boiled with 95% alcohol. A small quantity of pale yellow crystalline material 
failed to  dissolve.6 This product melted a t  249-250" and the melting point,was not raised 
by recrystallization from glacial acetic acid. A very small quantity of this product im- 
parted an intense red coloration' to concentrated sulfuric acid. A mixture of this product 
and tetraphenylpyrazine (m.p. 251.5') prepared as described by Davidson, Weiss, and 
Jelling (8) melted a t  250.5'. 

The alcoholic solution was concentrated and cooled. Thus were obtained orange-colored 
needle-like crystals which, after recrystallization from petroleum ether, melted a t  112-113°. 
This product was shown to consist of 2,4,5-triphenyloxaaole by a mixed melting point de- 
termination using 2,4,5-triphenyloxazole (m.p. 112-113') prepared by the method of Schon- 
berg (9). 

The yield data relating to  products separated by the foregoing procedure as well as those 
to  be described in the following paragraphs are summarized in Table I. 

I n  the foregoing procedure, the ketone was initially in contact with liquid ammonia a t  
-50" (the temperature at which the ammonia was condensed in  the tube) and could there- 
fore react with ammonia before the temperature of 103' was reached. To eliminate the pos- 
sibility of reaction below 103", the following experiment was conducted. Benzil (32.5 g.) 
was placed in a Pyrex test tube. The tube was then placed in  an inclined position (with the 
mouth of the tube above the level of the liquid) in a bomb (made of Monel metal and similar 

I n  a preliminary experiment, the aqueous extracts were cooled, whereupon benaamide, 
m.p. 127.5", separated from the solution. The melting point was not depressed when the 
substance was mixed with an authentic specimen of pure benzamide, m.p. 128". There- 
after, benzamide was converted to  and neighed as benzoic acid by the procedure described 
above. 

&An estimation of the solubility of lophine in carbon disulfide resulted in  a value of 0.03 
g. of lophine/100 cc. of carbon disulfide a t  25". 

6The solubility of tetraphenylpyraeine in 95% alcohol was found to  be 0.014 g./IOO cc. of 
solvent, at 25'. 

7 Laurent [Ann., 62,357 (1844)l observed that  tetraphenylpyrazine imparts a red colora- 
tion to concentrated sulfuric acid and Leuckart [ J .  prakt.  Chem. [2] 41,332 (1890)l reported a 
similar behavior for 2,4,5-triphenyloxazole. In the present investigation, Laurent's ob- 
servations were confirmed and i t  was found tha t  pure 2,4,5-triphenyloxazole gives no 
such color test. Undoubtedly, the oxaaole used by Leuckart was contaminated by traces 
of tetraphenylpyrazine. 
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Benzil- 
imide 

- 
- 
- 
- 
13.4 
4.1 
16.4 
16.0 

in construction to  an ordinary calorimeter bomb) containing about 200 cc. of liquid am- 
monia. After being heated (by steam) to 103", the bomb was tilted and shaken so that  the 
benzil and liquid ammonia might be mixed.8 The reaction mixture was heated for twenty- 
four hours a t  103", after which the solvent was evaporated and the products separated by 
the procedure previously described. The results of experiments conducted in this manner 
are listed in  Table I. 

Reaction with liquid ammonia at 103" in the presence of ammonium chloride. Benzil (34.3 
9.) was brought into contact with a solution of ammonium chloride (26.2 g.) in liquid am- 
monia (approximately 200 cc.) a t  103" and the resulting mixture heated a t  this temperature 
for twenty-four hours. The method used in separating the products (see Table I) was the 
same as that  previously described excepting that  the weight of water-soluble material was 
corrected for the presence of ammonium chloride in  terms of halide ion found (as AgCl). 

Total 

-- 
87.9 
93.6 
90.8 
84.0 
81.16 
75.g 
84.1g 
87.0h 

TABLE I 
THE AMMONOLYSIS OF BENZIL 

Lophine 

45.7 
34.0 

TEMP. 1 ACW OR 

i BASE 

Tetra- 
phenyl- 
pyrazine 

0.5 
0.6 

- _ _ _ _  ~~ 

103b 
103 0 

103d 
103 
35 
30 

WT. OF 
CRUDE 

PRODUCT 
(G . )  

10.3 
30.0 
34.1 
20.6 
39.4 
41.9 
40.0 
24.5 

none 
none 
NHaCl 
KNHI 
none 
none 

Benzamidt 

21.7 
31 .O 
30.5 
65.0 
24.6 
22.7 
25.7 
60,O 

- 
- 
- 

YIELD (%)a 

trace 
trace 
trace 

Tri- 
phenyl- 
oxazole 

20.0 
28.0 
20.5 
0.0 
10.0 
7.0 
8.3 
0.0 

Imabenzil 

- 
- 
- 
- 
29.8 
40.0 
27.0 
11.0 

a All yield data are expressed as fractions of the total weight of dry crude product re- 

b Average values from two experiments. Reactions in sealed tubes. 
c Average values from two experiments. 

e Total includes 3.3% of carbon disulfide-insoluble product. 
f Total includes 2.0% of carbon disulfide-insoluble product. 
Q Total includes 6.7% of carbon disulfide-insoluble product. 
h No carbon disulfide-insoluble product found in these experiments. 

moved from the reaction vessel. 

Average values from three experiments. 

In the course of a series of these experiments, i t  was found that  the yields of lophine and 
triphenyloxazole vary markedly with variation in the ratio of ketone to  ammonia. 

Reaction with liquid ammonia at 103' in the presence of potassium amide. A solution of the 
potassium amide from 17.2 g. of potassium in approximately 200 cc. of liquid ammonia, and 
21.0 g. of benzil were brought together at 103" and thereafter heated for twenty-four hours. 
The yields of the products isolated (benzamide, lophine, and traces of tetraphenylpyraaine) 
are given in Table I. 

Reaction with liquid ammonia at 96". A series of experiments conducted at or near room 
temperature showed that  the yields of the various products varied considerably with tem- 
perature differences of only a few degrees. Consequently, the remaining experiments were 
conducted in  the calorimeter-type bomb just as described previously excepting that  the 

8 Benzil is unreactive toward gaseous ammonia. The ketone was recovered unchanged 
after having been heated in  a stream of anhydrous ammonia for six hours at 78". 
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bomb and its contents were placed in a thermostat and brought to  a temperature of 35" 
(or 30") f 0.2" before mixing the reactants and the temperature maintained throughout the 
reaction. 

Benzil (42.0 9.) and liquid ammonia (approximately 200 cc.) were mixed a t  35" and held 
a t  this temperature for twenty-four hours. The solvent was evaporated and the dried and 
finely powdered crude product was stirred for one hour with 150 cc. of alcohol and filtered. 
The crude alcohol-insoluble imabenzil was recrystallized by dissolving i t  in the smallest 
possible volume of warm pyridine, followed by seven-fold dilution with toluene and cooling 
overnight in an ice-bath. This method of purification was found to be much more satis- 
factory than that  of Japp and Wynne (10). The pure imabenzil appeared as a white, micro- 
crystalline powder, m.p. 196". 

In  this manner, reproducible yield data were obtained readily. 

Anal. Calc'd for CaaHSsNzOa: il', 5.34. Found: N,  5.53. 
The solvent was evaporated i n  uacuo from the alcoholic solution and the resulting hard, 

wax-like material was powdered and extracted with boiling water to  remove benzamide, 
which was determined as benzoic acid. The water-insoluble material was extracted with 
carbon disulfide, and the small quantity of insoluble material (1.3 g.) was recrystallized 
from a large volume of alcohol; m.p. 184". As yet, this product has not been identified. 
After evaporation of the carbon disulfide, the residues were stirred with 40 cc. of isopropyl 
ether9for one hour. The insoluble material melted a t  139". The identity of this product as 
benzilimide [S-desylbenzamide (2)] was established by a mixed melting point determination 
using benzilimide prepared by the method of Henius (11). The isopropyl ether nyas re- 
covered and the residual material was recrystallized from alcohol and found to consist of 
triphenyloxazole. The results of experiments conducted a t  35" and30" are shown in Table I. 

Reactions wath liquid ammonia at 36" i n  the presence of ammonium chloride and potassium 
amide. Experiments similar to those involving ammonium chloride and potassium amide 
a t  103" were conducted a t  35"f0.2", and the products were separated as described for the 
reactions with ammonia a t  30" and 35". 

The Radziszewski glyoxaline synthesis. A modification of Radziszewski's (12) synthesis 
of glyoxalines was carried out as follows. Benzil (14.0 g.) and benzaldehyde (7.20 g.) were 
treated with an excess of liquid ammonia for five hours a t  35". The solvent was removed 
and the crude product (23.2 g.) was extracted with water. The water-insoluble material was 
extracted with carbon disulfide. The carbon disulfide-insoluble material consisted of sub- 
stantially pure 2,4,5-triphenyloxazole (lophine) . Only traces of lophine could be isolated 
from the carbon disulfide solution. The yield was 9.75 g. or 42.0Yo. In  a similar experi- 
ment conducted a t  103" rather than 45", 10.30 g. of lophine, corresponding to a 45.7 % yield, 
was isolated. 

The yield data are given in Table I. 

DISCUSSION 

Two different mechanisms designed to account for the various products ob- 
tained from the interaction of beneil and ammoniacal media other than liquid 
ammonia have been proposed. Japp (10, 13) assumed an initial ammonolytic 
cleavage of beneil whereas the mechanism suggested by Davidson and co-workers 
(2) avoids this assumption. The latter mechanism was proposed primarily on 
the strength of the argument that Japp's explanation was inadequate in view of 
the unidirectional character of the reaction between beneil, benzaldehyde and 
ammonia in alcohol (Radeiszewski's synthesis of glyoxalines) . Since the present 
studies have shown that, in liquid ammonia, lophine is formed not quantitatively 
but only to the extent of 46 %, i t  seems reasonable to assume that neither of the 
previously proposed mechanisms will prove adequate finally to explain these ap- 
parently complex reactions in liquid ammonia. It is possible, of course, that 

The solubility of benzilimide was found to be 0.10 g./lOO cc. of isopropyl ether. 
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reaction may occur simultaneously in accordance with both mechanisms. The 
relatively high yields of benzamide obtained in reactions employing potassium 
amide support Japp’s assumption concerning the cleavage of benzil, since a 
simple ammonolytic cleavage should be expected to be promoted by an increase 
in the concentration of amide ion. That the reaction between b e n d  and liquid 
ammonia should not be strictly analogous to the interaction of the diketone and 
other ammonolytic media is not unanticipated. The absence of such an analogy 
has been amply demonstrated in other cases (14).1° 

A general criticism of earlier work in this connection lies in the fact that, to the 
best of the present writers’ knowledge, all of the various reaction products formed 
a t  any given temperature have not previously been isolated from a single con- 
trolled reaction. Neither has there been much attention given to the relative 
quantities of the various products formed under different conditions of tempera- 
ture. Accordingly, the studies described in this paper have been concerned 
largely with the problem of developing methods for the separation and estima- 
tion of the various products. The quantities of product unaccounted for in this 
work are of such magnitude that the losses may reasonably be attributed to 
mechanical losses resulting from the numerous separations required. 

Tetraphenylpyrazine has not been observed previously as a product of the 
reaction between benzil and ammonia, but Japp and Wilson (16) have idehtified 
tetraphenylpyrazine among the products obtained from the reaction between 
benzoin and ammonia. Since the quantities of tetraphenylpyrazine found in the 
present investigation were always very small, it is entirely possible that the 
benzil employed contained quantities of benzoin too small to be detected by 
Scholl’s color test. 

From an inspection of the data of Table I, it is seen that (A) lophine is not 
formed in reactions effected near room temperature; (B) imabendl and benzili- 
mide do not appear as products of reactions conducted at 103”’ and (C) triphenyl- 
oxaxole is not produced in reactions involving potassium amide. In addition, 
experiments not reported in this paper have shown that the yield of lophine is a 
function of the concentration of ammonium chloride present. Until additional 
studies can be made, efforts to explain these facts could be little more than mere 
speculation. However, it is believed that the results reported here suggest and 
serve as a basis for lines of investigation which will eventually lead to a clari- 
fication of the entire question of the mechanism of the interaction of benzil and 
ammonia. 

SUMMARY 

1. The identification of the products produced by the interaction of b e n d  and 
liquid ammonia under several different experimental conditions has been re- 
ported. 

2. Methods for the separation and estimation of these products have been 
described. 

10 For review and primary references see reference 15. 
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3. The Radziszewski glyoxaline synthesis has been shown to result in relatively 
low yields of lophine when liquid ammonia is used as the reaction medium. 

AUSTIN, TEX. 
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Some time ago a crystalline monobromo compound was obtained in good yield 
by the action of 30y0 hydrogen bromide in concentrated acetic acid on trans 
1 ,2-dibenzoyldimethylethylene (I) (1). It was recognized that this was not a 
simple addition compound, because the halogen could not be removed by 
hydrolysis or reduction, and presumably therefore was in aromatic combination. 
Investigation of this compound revealed that the bromine had entered the para 
position of one of the phenyl groups and a t  the same time reduction had oc- 
curred. This report deals with experiments which were carried out in an attempt 
to gain an understanding of this interesting and unexpected reaction. 

I11 

30% 

HBr-AcOH 
8-naphthol CH&--CCHa 

Br2-AcOH-HBr 
HBr- 
AcOH 

- - ~ _ _  
L- 

Reduction 
IV / or HBr-AcOH 

/ CHaC- CCHa 
BrCeH4COCCH3 "Os II I1 

t- 
BrC6H&OCCHs / 

CHsCCOCsHIBr \ /CC6H4Br 
11 -+ BrCeHaC 

BrC6H&OCCH3 HBr- 
/I 

4cOH 0 
V VI VI1 

The first clue to the structure of the new product came through oxidation 
which gave a small amount of p-bromobenzoic acid. This demonstrated con- 
clusively the location of the bromine. The saturated diketone structure (11) 
was then deduced from analysis and the stability towards hydrolyzing and 
reducing agents. The compound was not easily furanized, however, contrary 
to expectation based on the ease of formation of the furans (IV) and (VII). 
The structure was proved by synthesis from a-(p-bromobenzoy1)-a , P-dimethyl- 

1 Formerly Instructor, University of Virginia; present location, Jackson Laboratory, 
duPont de Nemours and Co., Wilmington, Del. 
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acrylic acid (IX) through conversion into the acid chloride (X), condensation 
with benzene by the Friedel-Crafts reaction, and reduction of the resulting un- 
saturated diketone (111). 

ClCOCCH3 AlC13 -$ BrC6H4COCCH3 PCla BrCeHaCOCCH3 ~ 1 ~ 1 ~  

CH3CCOCl C6H6 
+ II 111 - Ii 

CHaCCOOH 
/ I  

CH&COCl 

VI11 v IX X 

In connection with this synthesis, i t  is interesting to note that the starting 
material, bromobenzoyldimethylacrylic acid (XX) , has been made in a new 
way directly from dimethylfumaryl chloride (VIII) by the Friedel-Crafts re- 
action. This reaction slowly goes on to completion with the formation of the 
expected di(bromopheny1) unsaturated diketone (V) . 

The monobronio unsaturated diketone (111), prepared in the above described 
synthesis, was also treated with the 30% hydrogen bromide-acetic acid reagent. 
It was converted into a mixture of the corresponding saturated diketone (11) 
and di(bromopheny1)dimethylfuran (VII). The ratio of yields of the two 
products was 4: 1, with reduction and dehydration the dominant reaction. 
At the same time the solvent must have undergone bromination to an extent 
equivalent to the amount of reduction. 

The structure of the di(bromopheny1)dimethylfuran (VII) was demonstrated 
by synthesis in two ways; through bromination of dimethyldiphenylfuran (IV) , 
and by reduction of the corresponding trans di(bromopheny1) unsaturated dike- 
tone (V). Consistent with this structure is the fact that the furan underwent 
the characteristic oxidative fission with nitric acid to give the cis unsaturated 
diketone (VI), which in turn could be reduced back to the furan with great 
facility. 

Both the cis and the trans di(p-bromophenyl) unsaturated diketones (V 
and VI) have been treated with the hydrogen bromide-acetic acid reagent and 
gave the furan (VII) in good yield. These results involved both reduction and 
dehydration. 

In connection with these experiments it should be noted that bromination 
of the saturated diketone (11) with an excess of free bromine in the hydrogen 
bromide-acetic acid reagent gave the di(bromopheny1)dimethylfuran (TiII) . 
No particular significance can be attached to this fact, however, because this 
reaction undoubtedly involved first bromination a t  an a-position to give the a- 
bromo diketone, followed by loss of hydrogen bromide. This reaction, therefore, 
is in the same category as that of the unsaturated diketone (111). 

In none of the above described reactions between hydrogen bromide and the 
four unsaturated diketones (I, 111, V, and VI) was there ever obtained any 
evidence of a compound containing more than two bromine atoms. Bromina- 
tion occurred in two cases and involved only the para positions, and reduction 
occurred in all cases; no simple hydrogen bromide addition compound was 
isolated. 

In these reactions it seemed probable that hydrogen bromide was adding re- 
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versibly to the molecule, the bromine then being transferred te the para position 
of the same or another molecule or to the solvent. The hypothetical hydrogen 
bromide addition compound would be an a-bromo ketone or an enol of it, and in 
the presence of hydrogen bromide would function as a brominating agent. It 
therefore seemed worth while to re-examine the action of the hydrogen bromide- 
acetic acid reagent on the unsaturated diketones (I and 111) nnd also on di- 
benzoyl- and dimesitoyl-ethylenes (XI and XT’), where hydrogen bromide 
addition compounds have actually been isolated, introducing into the various 
reaction mixtures a bromine acceptor such as @-naphthol to divert the brominat- 
ing action and to confine the changes in the compounds in question to reduction. 

The reactions between hydrogen bromide-acetic acid and the unsaturated dike- 
tones (I and 111) where both bromination and reduction had occurred, were re- 
peated in the presence of p-naphthol. As was anticipated only the reduction 
products (IV and 11, respectively) were obtained under these conditions, and 
a-bromo-&naphthol could be isolated as a by-product. 

Dibenzoylethylene (XI) is known to add hydrogen bromide in acetic acid; the 
addition compound, dibenzoylbromoethane (XII) crystallizes promptly from 
the reaction mixture in good yield. This reaction was repeated in the presence 
of p-naphthol, the mixture being allowed to stand until further reaction beyond 
the initial addition had occurred. 2,5-Diphenylfuran (XIV) and a-bromo-@- 
naphthol were isolated as the products. In an independent experiment it was 
shown that the saturated diketone (XIII) is readily dehydrated to the furan 
under the conditions of this experiment and undoubtedly was formed as an inter- 
mediate. The course of the reactions, disregarding equilibrations and inter- 
mediate steps, must be as follows: 

HBr C6H5COCH=CHCOC6H5 --+ C ~ H ~ C O C H ~ C H B ~ C O C ~ H E ,  
X I  1 XI1 

p-naphthol-HBr-AcOH I 

CH 

CC6Hti 

I 
HC- 

II L II 
C ~ H ~ C O C H ~ C H ~ C O C B H ~  -4 C6H5C 

\ /  
0 

XI11 XIV 

The case of dimesitoylethylene (XV) is of interest in this connection. The 
hydrogen bromide addition compound (XVII) is unstable and not easily isolated, 
and it breaks up readily into the components. Here the reaction is slowly 
reversible, and in this respect occupies a position intermediate between those of 
dibenzoylethylene (XI) and dibenzoyldimethylethylene (I). It had previously 
been observed that in the reaction with dimesitoylethylene (XV) there was 
produced a small amount of dimesitoyldibromoethane (XVIII) (2). This 
product undoubtedly was formed by the action of free bromine which was gener- 
ated through the interaction of hydrogen bromide and the addition compound 
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(XVI) or (XVII):2 the bromine liberated would act upon the starting material 
(XV) or upon the intermediate enolic addition compound (XVI) which must be 
present also in equilibrium. 

C9H11COCH=CHCOCgH,1 CgHl1C=CHC€I(Br)COC9H11 

This is pictured in the following diagram. 

HBr 

CpHl1COCH(Br)CH(Br)COC~H1l 14 + CgHd2OCH2CH2COCgH11 

XVIII XIX 

In the total reaction outlined above, the saturated diketone (XIX) should 
be formed in’an amount proportional to that of the dibromide (XVIII) but its 
presence was not suspected a t  the time this experiment was performed (2). 
This experiment was therefore repeated with p-naphthol present to absorb the 
bromine and to prevent the formation of the dibromide. Under these conditions 
the saturated diketone (XIX) was obtained in good yield as the chief product. 

It seems reasonable from the foregoing to assume that the diaryldimethyl 
unsaturated diketones (I, 111, V, and VI) add hydrogen bromide reversibly, 
and that the hypothetical addition compounds or the enols resulting from 1,4- 
addition possess a very reactive bromine which to some extent may be trans- 
ferred irreversibly to a para position. Probably free bromine is generated by 
the action of hydrogen bromide on the bromo diketone and is present in the 
equilibrium mixture. The entrance of the bromine into the para position rather 
than the meta, however, is a striking point. Obviously the saturated 1,4- 
diketones would not directly undergo para bromination; however, intermediate 
enols produced by 1,4-addition or enolization, or compounds resulting from 
addition a t  the carbonyl group, might well be able to do so. 

An alternative and plausible mechanism for para bromination is reversible 
addition of hydrogen bromide to the conjugated unsaturated ketone system 
of the benzoyl group (path “a” in the diagram below), or a 1 ,’i-shift of bromine 
of the enolic hydrogen bromide 1,4-addition compound (XX) from the chain 

I + HBr c- 

j OH [Br ,-- 1 XXI 
(c) I i 

CH, CH3 xx 

by Br2 

I1 

I11 

2 The basis for assuming the reversible liberation of bromine is the recent work of 
Altschul and Bartlett (3). 
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to the para position to give XXI (path “b-e”). This would be followed by ir- 
reversible migration of the para hydrogen (step “d”) or oxidation by the bromine 
in the equilibrium mixture (step “e”). 

Naturally in reactions such as those described above, where equilibria are 
involved throughout down to the fixation of the bromine in the para position 
of a phenyl group, i t  would be difficult to determine the specific mechanism 
involved. Conjugate additions and migrations are subject to elaboration and 
expression in electronic and ionic terms. Possibly various of the paths sug- 
gested are in reality equivalent; for example, (e) may occur indirectly through 
reversal of (b) followed by (a). 

The results of this investigation serve as added illustration of the complica- 
tions which may arise in reactions which involve a-halogeno ketones. Knowing 
of these complications it has been possible in several bromine additions (4) to 
improve the reactions markedly by taking care to remove the hydrogen bromide 
that was formed as the result of secondary or side reactions. 

EXPERIMENTAL PART 

trans i-Benzoyl-2-(p-bromobenzoy1)-i ,.&dimethylethylene (111). trans 2-(p-Bromoben- 
zoyl)-l,2-dimethylacrylyl chloride, prepared from 0.4 g. of phosphorus pentachloride and 
0.5 g. of the parent acid, without removal of the phosphorus oxychloride produced, was 
taken up in  5 ml. of benzene. This solution was added dropwise a t  room temperature 
during 15 min. to  a mechanically stirred mixture of 0.75 g. of aluminum chloride and 15 ml. 
of benzene. Stirring was continued with refluxing for 30 min. and the mixture was hydro- 
lyzed by prolonged stirring in  dilute hydrochloric acid. Separation and evaporation of the 
solvent gave a nearly quantitative yield of crude product (0.6 g.). Recrystallization from 
ethanol gave colorless needles of melting point 125”. 

Anal .  Calc’d for ClsH16BrOZ: C, 63.0; H, 4.4; Br, 23.3. 
Found: C, 63.1; H, 4.3; Br, 23.3. 

Q-(p-Bromophenyl)-2,b-dimethyl-l -phenylbutanedione-i ,4 (11). A mixture of 0.05 g. 
of the trans unsaturated diketone (111) and 0.1 g. of stannous chloride in one ml. of a 7:3 
mixture of conc’d acetic and hydrochloric acids was refluxed for 30 min. On cooling, 0.04 g. 
of product separated; melting point 105-115”. Crystallization from ethanol-ethyl acetate 
mixtures raised the melting point to  125”. The compound showed no mixture melting 
point depression with the products obtained by the action of hydrogen bromide-acetic 
acid on dibenzoyldimethylethylene and by reduction of the trans unsaturated dike- 
tone (111). 

(a) Ten grams of dimethyl- 
fumaryl chloride was added dropwise during one hour t o  a mechanically stirred and reflux- 
ing mixture of 17 g. of anhydrous aluminum chloride in 80 ml. of carbon disulfide and 26 g. 
(3 equiv.) of bromobenzene. After refluxing for another hour the mixture was hydrolyzed 
in  ice and 35 ml. of conc’d hydrochloric acid. Fifteen grams of product was filtered off 
and an additional crop was obtained by evaporation of the solvent. Leaching with dilute 
alkali was necessary to free the material from acidic by-products. The yield of fairly pure 
compound was 80%; colorless prisms; melting point 172.5-173’. 

trans i ,2-Di-(p-bromobenzoyZ)-i ,&dimethylethylene (V).  

Anal .  

(b) In a second experiment, dimethylfumaryl chloride was added over 30 min. a t  room 
temperature to  the carbon disulfide-bromobenzene-aluminum chloride mixture, using two 
equivalents of bromobenzene but with the other amounts of materials and conditions simi- 
lar to  those described in  (a). There was isolated a 30% yield of 2-(p-bromobenzoyl)di- 

Calc’d for ClsHlaBrzOz: C, 51.2; H, 3.3. 
Found: C, 51.2; H, 3.3. 
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methylacrylic acid (IX), a 14% yield of the unsaturated diketone (V) and a 4% yieldof 
dimethylfumaric acid. 

2,6-Di-(p-bromophenyl)-3,4-dimethyZjuran (VII). A mixture of one gram of the trans 
unsaturated diketone (V) and 2 g. of stannous chloride in 10 ml. of 7:3 conc'd acetic and 
hydrochloric acids was refluxed for one hour. The resulting suspension was diluted with 
water, and gave a nearly quantitative yield of the furan, which crystallized from benzene 
as colorless hair-like needles of melting point 181". Crystallization from ethanol-ethyl 
acetate mixtures in one experiment resulted in a monohydrate, which gave the expected 
analysis only after vacuum sublimation. 

Anal. 

The furan was obtained also in 30% yield upon refluxing a mixture of the trans unsatu- 
rated diketone (V), an equal weight of zinc dust and five times its weight of conc'd acetic 
acid. The remainder of the product in this experiment was accounted for as oils and a 
low-melting mixture presumably containing the expected saturated diketone. A more 
tractable mixture results from sodium hydrosulfite reduction, in which the saturated dike- 
tone could be seen under the microscope as characteristic compact hexagonal prisms. 

The furan was also prepared in low yield by the action of phosphorus pentabromide 
both on 3,4-dimethyl-2,5-diphenylfuran (IV) and on 4-bromophenyl-2,3-dimethyl-l- 
phenylbutanedione-1,4 (11). Equal weights of starting material and phosphorus penta- 
bromide were heated for 10 minutes on a steam-bath. The result was a mixture from which 
the furan was leached out by solvents and identified by mixture melting point. 

cis 1 ,I-Di-(p-bromobenzoy1)-1 ,I-dimethylethylene (VI). To 0.5 g. of di-(p-bromopheny1)- 
dimethylfuran (VII) and 10 ml. of propionic acid, in an ice-salt-bath, was added 2 ml. of 
a 3:l mixture of propionic and conc'd nitric acids. After 15 minutes the reaction mixture 
was removed from the bath and diluted by the addition of ice. The crystals separating 
weighed 0.47 g. The compound was soluble in  methanol and benzene. It was purified 
by recrystallizations from ligroin containing small quantities of ethyl acetate; melting 
point 138-139". 

Calc'd for ClsH14BraO: C, 53.2; H,  3.5. 
Found: C, 53.3, 53.4; H,  4.0, 3.8. 

Anal. Calc'd for C18Hl4Br2O2: C, 51.2; H, 3.34. 
Found: C, 51.4; H, 3.76. 

The action of HBr-CH $OOH on trans dibenzoyldimethylethylene ( I ) .  Hydrogen bromide 
in acetic acid (30-32%) was used in these reactions and will be referred to  as the hydrogen 
bromide-acetic acid reagent, or HBr-CH&OOH. The inactivity of this reagent towards 
8-naphthol was s h o m  by recovery of starting material in good yield after treatment for 
two hours at room temperature. A nearly quantitative yield of crude a-bromo-@-naphthol 
was obtained under similar conditions when one equivalent of bromine was added. 

The conditions described by Lutz and Taylor (1) were found to  be critical, since both 
heating and varying the ratio of materials resulted in  a green resin. Purification of the 
product, l-bromophenyE-~-phenyl-l,3-dimethylbutanedione-l,4 (11), was best effected by 
recrystallization from a 4: 1 ethanol-ethyl acetate mixture, although this did not furnish 
material melting as high as that  obtained by reduction of the corresponding unsaturated 
diketone. The purest sample obtained from the hydrogen bromide reactions melted a t  
118-119", and was probably contaminated with the ortho-brominated isomer; the analytical 
results were satisfactory. The product is also crystallizable from acetic acid, ligroin, and 
isopropyl ether. An attempt, to  purify i t  by vacuum sublimation was fruitless, although the 
sublimed diketone was shown by analysis to have undergone no significant change. The 
various samples showed no mixture melting point depressions with each other. 

Anal. Calc'd for C18HI7BrO2: C, 62.7; H ,  5.0; mol. wt., 345. 
Found: C, 62.6, 62.6; H, 4.75, 4.7; mol. wt. (Rast), 365. 

I n  the most drastic attempt a t  hydrolysis, the saturated monobromophenyl diketone 
(11) was recovered in 75y0 yield after refluxing for 17 hours with 25 equivalents of alcoholic 
potassium hydroxide. A colorless oil accounted for the remainder of the starting material. 
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No reduction resulted from the action of refluxing zinc-acetic acid mixtures, or from 
prolonged catalytic hydrogenation with either platinum or palladium-barium sulfate 
catalysts. 

Ozidation by hot conc'd nitric acid gave 0.9 mole of p-bromobenzoic acid (identified by 
mixture melting point). The same product was isolated from a more drastic potassium 
permanganate oxidation, and identified. 

KO furan was obtained upon 
treatment with boiling acetic anhydride containing sulfuric acid, or with boiling acetic acid 
saturated continuously with dry hydrogen chloride. 

Bromination of 20 mg. of I1 by the action of one equivalent of bromine in 0.4 ml. of the 
hydrogen bromide-aceitic acid reagent, upon standing for one hour a t  room temperature, 
gave di(bromopheny1)dimethylfuran (VII) in good yield. Identification was by mixture 
melting point. 

The  reaction between HBr-CH aCOOH and dibenzoyldimethylethylene in the presence of 
p-naphthol. The action of 6 ml. of the hydrogen bromide-acetic acid reagent through 
contact at room temperature for one hour with 0.3 g. of trans dibenxoyldimethylethylene 
(I) and 0.33 g. of 8-naphthol, gave upon filtration0.2 g. of 3,4-dimethyl-2,5-diphenylfuran of 
melting point 116-117" (identified by mixture melting point with an authentic sample). 
Dilution of the filtrate with water brought the yield to 87%. The product gave a sharp 
mixture melting point depression with I1 which had been obtained by reaction in absence of 
p-naphthol. 

T h e  action of HBr-CH3COOH on trans I-benzoyl-8-bromobenzo2/Edimethylethylene (111). 
Five-tenths gram of the unsaturated diketone was allowed to  stand at room temperature, 
with 10 ml. of the hydrogen bromide reagent for one hour and the resulting precipitate was 
filtered off. Upon fractional crystallization of this product from ethanol containing a little 
ethyl acetate, there was obtained a small quantity of 2,5-di(bromophenyl)-3,4-dimethyl- 
furan (VII) of m.p. 176-179", and a larger amount of the more soluble saturated diketone 
(11) melting a t  117-119". Identifications were by mixture melting point; the ratio of 
VI1:II was approximately 1:4. 

Trans 1-benzoyl-2-bromobenzoyldimethyl- 
ethylene (0.05 9.) was added to  1.0 ml. of the hydrogen bromide-acetic acid reagent contain- 
ing 0.04 g. of p-naphthol. After standing for one hour at room temperature 0.04 g. of solid 
was filtered off and identified as 1-benzoyl-2-bromobenzoyldimethylethane (11) by the 
melting point 121.5-123.5' and by mixture melting point. N o  di(bromopheny1)dimethyl- 
furan was found. 

The  actaon of HBr-CHaCOOH on trans 1 ,8-di(bromobenzoyl)dimethylethylene (V) . 
Nine milliliters of the hydrogen bromide-acetic acid reagent was added to  0.45 g. of the 
unsaturated diketone (V) and the mixture was stirred frequently for one hour a t  room 
temperature. Filtration gave 0.44 g. of product, which was crystallized from benzene and 
identified as 2,5-di(bromophenyl)-3,4-dimethylfuran (VII) by mixture melting point, 

To 0.3 g. of trans di(bromobenzoy1)dimethyl- 
ethylene was added 0.1 g. (approx. 1 equiv) of p-naphthol and 6 ml. of the hydrogen bromide- 
acetic acid reagent. After frequent stirring for one hour a t  room temperature the mixture 
was poured into water. The resulting mixture was made alkaline with sodium carbonate 
solution and n-as extracted with ether. Evaporation of the ether and leaching with 5% 
sodium hydroxide gave a residue weighing 0.34 g. From this product, melting a t  145-162", 
2,5-di(bromophenyl)-3,4-dimethylfuran (VII) was isolated by crystallization from an 
ethanol-ethyl acetate mixture and was identified by mixture melting point. The aqueous 
layer from the ether extraction upon acidification gave 0.12 g. (78%) of a-bromo-&naphthol 
which was identified by mixture melting point with a linown sample. 

The  action of HBr-CH3COOH o n  cis 1,2-di(brornobenzoyl)dimethylethyEene (VI).  A 
mixture of 1 ml. of the hydrogen bromide-acetic acid reagent and 0.05 g. of the unsaturated 
diketone was allowed to  stand for one hour a t  room temperature. The solid phase did not 

Furanizalion attempts met with surprising resistance. 

The  reaction an the presence of p-naphthol. 

The  reaction zn the presence of p-naphthol. 
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disappear. Filtration gave 0.05 g. of product of melting point, 155-165", which on crystal- 
lization from ligroin gave 0.02 g. of pure 2,5-di(bromophenyl)-3,4-dimethylfuran (VII) 
(identified by mixture melting point). 

The  reaction between HBr-CHaCOOH and trans 1 ,R-dibenzoylethylene ( X I )  i n  the presence 
of @-naphthol. I n  each of three experiments the unsaturated diketone and @-naphthol 
were added in a weight ratio of 5:3 to 100 parts by volume of the hydrogen bromide-acetic 
acid reagent, and the mixtures were shaken at room tempeature. Solid dibenzoylbromo- 
ethane separated first and then gradually disappeared. Interruption of one experiment 
after 1.75 hours and filtering gave a mixture of starting material and the bromo saturated 
diketone (XII)  in a combined yield of approximately 60%. Crystallization from ethyl 
acetate containing ethanol gave dibenzoylbromoethane in 18% yield; this was identified 
by a mixture melting point. From the filtrate, made alkaline and extracted with ether, 
was obtained a small quantity of diphenylfuran which was identified similarly. ,4 second 
reaction mixture after six hours standing became a clear solution, from which a n  SOOl, yield 
of impure diphenylfuran was obtained by diluting the mixture with water, filtering, leaching 
the solid with 5% alkali, and crystallizing from methanol. The third mixture was allowed 
to  stand for 17 hours, and upon diluting the clear reaction mixture, making alkaline, extract- 
ing thoroughly with ether, and acidifying the aqueous layer, a 71% yield of a-bromo-@- 
naphthol was obtained and identified by mixture melting point. 

The  action of HBr-CHaCOOH on 1,R-dibenzoylethane (XIII). A solution of 0.5 g. of 
dibenzoylethane in 10 ml. of the hydrogen bromide-acetic acid reagent was allowed to  stand 
for 17 hours a t  room temperature. The solution was diluted with water and filtered to  give 
0.45 g. of impure diphenylfuran of melting point 83-90". After one crystallization from 
methanol the melting point reached 90-92", and the product was identified by a mixture 
melting point. 

The  action of HBr-CHaCOOH on trans 1,R-dimesitoylethylene ( X V )  in the presence of 
@-naphthol. A mixture of 6 ml. of the hydrogen bromide-acetic acid reagent, 0.3 g. of 
dimesitoylethylene and 0.135 g. of @-naphthol was allowed to stand for 15 min. at room 
temperature. An immiscible oil formed. The mixture was diluted with water, made 
alkaline with sodium carbonate and extracted with ether. The ether extracts furnished a 
residue which was leached with cold 5% alkali and was again extracted with ether; 0.29 g. 
of alkali-insoluble pale yellow crystals was obtained. Recrystallization from ethanol 
yielded 1.65 g. of dimesitylbutanedione (XIX) of melting point 130-132"; i t  was identified 
by mixture melting point. Acidification of the aqueous solutions from the above procedure 
gave a 67% yield of a-bromo-@-naphthol, which was similarly identified. 

Reactions with other unsaturated diketones. Conditions could not be found under which 
the hydrogen bromide-acetic acid reagent would give a crystalline product with cis 1,2- 
dibenzoyldimethylethylene. The reagent was without effect on trans 1,2-dibenzoyl- 
dibromoethylene after one hour under the usual condltions. The reagent, both withand 
without @-naphthol, quickly converted trans 1,2-dimesitoyl-l, 2-dimethylethylene into an 
oil which has not been investigated further. 

SUMMARY 

Hydrogen bromide in acetic acid reacts with four 1 ,4-diaryl-2,3-dimethyl 
unsaturated 1,4-diketones. In two cases the result was essentially reduction, 
and in the other two the result was both reduction and bromination in the para 
position of a phenyl group. 

The structures of the new compounds involved mere demonstrated by inter- 
relationship and by synthesis. 

8-Naphthol when present in the reactions between hydrogen bromide and 
these four unsaturated 1,4-diketones and also in the reactions with dibenzoyl 
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and dimesitoylethylenes, served as a bromine acceptor; the reactions were con- 
fined to reduction (and furanization also in two cases). 

A possible mechanism for the para bromination is suggested. 

CBARLOTTESVILLE, Va. 
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The occurrence of oxygen-substituted hydrophenanthrene rings in many 
natural products led us to study the cyclization of methoxy-substituted di-Al- 
cyclohexenylacetylenes (such as I) in the hope that methoxyhydrophenanthrones 
(11) would result in sufficiently good yields to make this reaction a practical 
method of preparation for compounds in this series. 
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It has been found that the introduction of a group into one of the cyclohexene 
rings increases the number of isomers in this series to such an extent that separa- 
tion of pure individuals becomes a tedious task. This does not promise to be a 
useful route to methoxyphenanthrones. We have obtained a number of ace- 
tylenic alcohols and glycols and their derivatives and have isolated some of 
the isomers in pure form. The cyclization reaction has been studied in some 
detail for the monomethoxydicyclohexenylacetylene, and evidence has been 
obtained that both spiranones and phenanthrones were produced. 

4-Methoxy-1-cyclohexanone (111) was prepared by the method of Helfer 
(2) and converted to the corresponding acetylenic alcohol (IV) by the procedures 
used in previous work on related compounds (3). This alcohol was reduced 
by hydrogen over platinum oxide (4) to give 4-methoxy-1-ethylcyclohexanol 
(V) which, while having similar physical properties and giving a 3.4-dinitro- 
benzoate of almost the same melting point as that of alcohol obtained by the 
action of ethylmagnesium bromide on 4-methoxycyclohexanone (III), proved 

88 
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to be a stereoisomer of it. The acetylenic alcohol (IV) was condensed through 
its magnesium halide derivative by methods previously described (3) with 
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cyclopentanone, 2-methylcyclopentanone, and 4-methoxycyclohexanone to give 
acetylenic glycols which in turn were converted to the corresponding dienynes. 
Due to the many isomers present, these glycols were not obtained crystalline. 

The mixed acetylenic glycol (VI), was made from the Grignard derivative of 
l-ethynyl-l-cyclohexanol (3) and 4-methoxycyclohexanone. Two isomeric 
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CHZ CHz 
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CHz CHz 
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crystalline 3,5-dinitrobenzoates of this glycol were separated. Undoubedly 
these are the cis-trans isomers due to the 4-methoxy group and the hydroxyl 
group on one cyclohexane ring. By hydrolysis of these esters, the two isomeric 
glycols were obtained pure; one form proved to be crystalline. 

It was thought that separation of the two glycols might simplify the problem 
of separating the products obtained in the cyclization reaction, but this did not 
prove to be the case. This is evidence that the first step in the cyclization re- 
action is dehydration, which thus converts either glycol into the same dienyne 
(VII) . Attempts to  dehydrate the unsymmetrical acetylenic glycol (VI) gave 
directly a mixture of cyclic ketones and other products. This mixture was 
redueed with hydrogen and platinum oxide (4) and then treated with 2,4- 
dinitrophenylhydrazine, to give a mixture of crystalline 2,4-dinitrophenyl- 
hydrazones, which was separated by chromatographic adsorption on alumina, 
to give three pure compounds. Two of these compounds gave correct analyses 
for derivatives of the expected cyclic ketone (11), but it is not possible to say 
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definitely whether they are stereoisomers of the phenanthrone or whether one 
is a phenanthrone and the other a spiranone' (VIII). The third 2,Pdinitro- 
phenylhydrazone derivative proved to be identical with the corresponding 
derivative of the dodecahydrophenanthrone previously reported (6). Evidently 
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the sulfuric acid treatment caused the loss of methyl alcohol from the methoxy 
derivative and the reduction saturated the resulting exposed double bond with- 
out reducing the buried double bond or the carbonyl group. 

When more drastic cyclization treatment was tried, the amount of this unsub- 
stituted ketone derivative increased a t  the expense of one of the methoxy-sub- 
stituted derivatives. The loss of the methoxyl group must have occurred after 
cyclization, for if it were lost a t  the dienyne stage a dihydrobenzene derivative 
would have been formed. This would have gone over to a benzenoid molecule, 
and these do not cyclize (7). 

The mixed ketones were dehydrogenated over palladium on charcoal (8) 
a t  330". The resulting mixture of dehydrogenation products was separated by 
chromatographic adsorption on alumina into four fluorescent bands. 

These bands were cut apart and the dehydrogenation products washed out of 
the adsorbent. The two major portions proved to be phenanthrene and 3- 
methoxyphenanthrene. The other two products isolated in about one-tenth 
the amount of the first two appeared to be anthracene and possibly a methoxy- 
anthracene. The amounts obtainable were too small for definite identification. 
However, mixtures of phenanthrene and anthracene were prepared and separated 
by chromatographic adsorption. The rates of movement and color of the fluores- 
cent bands of the known mixture were exactly those of the unknown. 

This isolation of both phenanthrene and anthracene derivatives from the 
dehydrogenation of the cyclization products is an indication that a t  least one 
of the cyclization products may be a spiran derivative. Levitz, Perlman, and 
Bogert (9) have found that 15 parts of spirocyclohexane-1 , 1'-indane on dehydro- 
genation over a palladium-charcoal-asbestos catalyst gives about five parts of 
phenanthrene and one part of anthracene. The low ratio of anthracene deriva- 

1 Perlman, Davidson, and Bogert (5 ) ,  have suggested that spiranones are probable 
products of this type of cyclization reaction. 
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tives to phenanthrene derivatives in our dehydrogenation mixture is thus evi- 
dence that only a small amount of spiran derivative is present in our mixture. 

Attempts to make compounds substituted with a methoxyl group in the 3- 
position were blocked by the instability of 3-methoxy-1-cyclohexanone (X). 
When 3-methoxy-1-cyclohexanol (IX) was oxidized, the only product which could 
be isolated was A2-cyclohexenone (XI). 
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In the cyclization of a dienyne, hydration of the acetylenic group occurs, 
and in an unsymmetrical dienyne such as I, two isomeric products are possible, 
depending on the final position of the carbonyl group. It has been demonstrated 
(5) that the dienyne (XII) having one of the double bonds in a benzene ring, 
and the ketone XI11 which would be formed by adding water to the triple bond 
in XI1 so that the carbonyl group remains conjugated with aliphatic unsatura- 
tion, do not cyclize. The isomeric ketone (XIV) has been described by Farrow 

CH.7 CH, 

XI1 XI11 

XIV 

and Kon (10) who report it as being in equilibrium with ala-cyclohexylidene- 
acetophenone. When this ketone was prepared and submitted to mild cycliza- 
tion conditions, it was recovered unchanged. Drastic treatment yielded 
acetophenone by degradation. These results indicate that the mechanism 
of our cyclization reaction must be somewhat different from the cyclodehydra- 
tion reaction of Perlman, Davidson, and Bogert ( 5 ) .  
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EXPERIMENTAL 

4-Methoxycyclohexanone. Oxidation of 4-methoxy-I-cyclohexanol by essentially the 
method of Helfer (2) gave this ketone in 65% yields. The product boiled at 84-85'/14 mm.; 
n ; 1.4560. Its semicarbazone melted a t  175-176.5" and the 2,4-dinitrophenylhydrazone 
a t  150". Helfer (2) reports the semicarbazone m.p. 178" and Ferrante and Bloom (11) give 
the melting point of the 2,4-dinitrophenylhydrazone at 150". 

4-Methoxy-1-ethynyl-1-cyclohexanol. The condensation of 4-methoxy-1-cyclohexanone 
and acetylene in  the presence of potassium t-amoxide was carried out as previously de- 
scribed for the unsubstituted cyclohexanone (3). The yield of acetylenic alcohol b.p. 
120-124"/22 mm.; n g 1.4871 was 27%. 

There was a small high-boiling fraction, which after repeated distillation boiled a t  
155"/4 mm.; n 1.5030. The analysis of this high-boiling material suggested that  i t  was 
4,4'-dimethoxy-2-cyclohexylidenecyclohexanone. 

AnaL2 Calc'd for C14Hzz03: C, 70.54: H, 9.31. 
Found: C, 70.16: H,  9.02. 

This product was evidently not quite pure and gave a mixture of 2,4-dinitrophenyl- 
hydrazones. .4n attempt was made to  reduce i t  over platinum oxide catalyst but ap- 
parently only a purification was effected. The ketone treated in  this fashion gave orange 
needles of a 2,4-dinitrophenylhydrazone from ethyl alcohol, m.p. 154-155". 

Anal .  Calc'd for Cz~Hz&aOe: N, 13.39. Found: N, 13.37, 13.43. 
The acetylenic alcohol was purified by conversion to  the 3,5-dinitrobenzoate. From 

7.7 g. of the crude alcohol, 20 cc. of pyridine, and 11.38 g. of 3,5-dinitrobenzoyl chloride, 
by refluxing ten minutes and then diluting with water, a heavy oily ester was obtained. 
After washing with sodium carbonate solution and dissolving in  hot ethyl alcohol, the ester 
was obtained, on cooling, as white crystals, m.p. 102-105'. This 
product was further purified by crystallization from petroleum ether, ethyl alcohol, and 
methyl alcohol until there was no change in melting point. The pure ester melted a t  

Anal .  Calc'd for ClaHl6?lTzO7: C, 55.15; H, 4.65. 
Found: C, 54.96; H, 4.62. 

The p-nitrobenzoate was similarly prepared. 

Anal .  Calc'd for Cl&7NOa: C, 63.34; H, 5.65. 
Found: C, 63.48; H, 5.75. 

Hydrolysis of the 3,5-dinitrobenzoate gave the pure acetylenic alcohol, b.p. 121-122"/ 

Anal .  

Reduction of 4-methoxy-1 -ethynyl-1 -cyclohexanol to 4-methoxy-i-ethyl-i-cyclohexanol. A 
solution of 7.76 g. of the acetylenic alcohol in 150 cc. of ethyl alcohol was treated with 
0.1 g. of platinum oxide catalyst (4) and hydrogen at 40 lbs. pressure for forty-five minutes. 
The catalyst was filtered off and the product distilled. The main fraction weighing 7.2 g. 
(90%) boiled a t  114-116"/22 mm.; n ;  1.4689. 

The yield was 9.3 g. 

112-114". 

It was obtained as yellow needles from 
aqueous alcohol, m.p. 74.5-75.5". 

20 mm.; n ;  1.4880. 
Calc'd for CgH1402: C, 70.09; H, 9.16. 
Found: C, 69.50; H, 9.27. 

Anal .  

This alcohol gave a 3,5-dinitrobenzoate which after crystallization from methanol 

Anal .  

Direct synthesis of 4-methoxy-1-ethylcyclohexanol. Ethylmagnesium bromide from 8.2 CC. 

2 The analyses reported in  this paper are microanalyses carried out by Mr. L. G. Fauble 

Calc'd for CgH1802: C, 68.29; H,  11.74. 
Found: C, 68.29; H,  11.47. 

melted at 117.5-118'. 
Calc'd for CleH~oNzOr: C, 54.52; H, 5.72. 
Found: C, 54.58; H,  5.65. 

and Miss Mary S. Kreger. 
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of ethyl bromide and 2.6 g. of magnesium in 50 cc. of dry ether was treated with 12.8 g. 
of 4-methoxycyclohexanone. On working up the reaction mixture in the usual way, 9.48 g. 
(60%) of product boiling at 114-122'/22 mm., n E 1.4687 was obtained. From this fraction a 
3,5-dinitrobenzoate was prepared. After crystallization from methanol, i t  melted a t  
117-118'. 

Anal. 

Strangely enough mixtures of equal amounts of this ester and the one of the same melt- 
ing point prepared from the reduction product of the acetylenic alcohol melted a t  99-100'. 
The two products must therefore be stereoisomers. 

Rearrangement of 4-methoxy-1-ethynyl-1-cyclohexanol. Five drops of the acetylenic 
alcohol was added to 3 cc. of concentrated sulfuric acid a t  room temperature. The mixture 
became brown and heat was evolved. After fifteen minutes the solution was poured into 
water and the organic material was extracted with benzene. The benzene was removed by 
distillation and the residue treated with 2,4-dinitrophenylhydrazine. The ketone deriva- 
tive x a s  obtained as dark red needles which melted a t  163-164' after two crystallizations 
from ethyl alcohol. 

Calc'd for CleHz~Nz07:  C, 54.52; H, 5.72. 
Found: C, 54.75; H,  5.68. 

Anal. Calc'd for C15H18N406: N, 16.76. Found: N, 16.39. 

ACETYLENIC GLYCOLS 

From 1 -ethynyl-1 -cyclohexanol and 4-methoxycyclohexanone. The glycol (VI) was pre- 
pared from 196 g. of 1-ethynyl-1-cyclohexanol, with the ethylmagnesium bromide from 
84.75 g. of magnesium and 385 g. of ethyl bromide in 1.5 1. of dry ether, and 205 g. of 4- 
methoxycyclohexanone, by the general procedure previously described for related gly- 
cols (3). 

The crude glycol obtained by working up the reaction mixture, and distilling the solvent 
and all volatile material up to 150" a t  3 mm., weighed 288 g. (78%); n g 1.5163. It did not 
crystallize on cooling but was purified by conversion to  the two isomeric solid 3,5-dinitro- 
benzoic acid esters which were purified readily by crystallization. 

A solution of 10.28 g. of the crude glycol in 42 cc. of pyridine was added to a supersatu- 
rated solution of 35 g. of freshly prepared 3,5-dinitrobenzoyl chloride in 56 cc. of pyridine 
at 20". The mixture was warmed for twenty minutes on a water-bath so that  the tem- 
perature reached 90" in that  time, and was then held a t  90-95" for another twenty minutes. 
After the reaction mixture had been cooled slightly, the pyridine was washed out with 
dilute hydrochloric acid, and the crude ester was taken up in benzene and aTashed with 
sodium bicarbonate solution. Evaporation of the benzene left a thick syrup which crystal- 
lized when its solution in ethyl acetate was poured into ethyl alcohol. The original crop 
of solid ester was 22.5 g. By repeated recrystallizations from ethyl alcohol and ethyl 
acetate this ester was separated into 14 g. of a product slightly soluble in ethyl alcohol, 
m.p. 164-166", and 3.1 g. of a product very soluble in ethyl alcohol, m.p. 128-130'. Further 
purification gave these materials in higher purity, m.p. 166-167" and 131-132" respectively. 

Anal. Calc'd for ClsHz8S4013: C, 54.36; H, 4.41. 
Compound m.p. 131-132'. Found: C, 54.65; H, 4.51. 
Compound m.p. 166-167'. Found: C, 54.47; H, 4.48. 

Hydrolysis of 30 g. of the higher-melting ester in dilute alcoholic sodium hydroxide 
solution gave 9.85 g. of a brownish syrupy glycol which was distilled at 110'/10-6 mm. 
to  give a light yellow syrup, n 1.5178. 

Anal. 

Hydrolysis of 10 g. of the lower-melting ester in the same way gave 4.28 g. of glycol 

Calc'd for C1&403: C, 71.55; H, 9.59. 
Found: C, 70.43; H, 9.59. 

which was also distilled a t  10-5  mm. pressure to  give a light yellow syrupy product, n 
1.5177. 

Anal. Calc'd for Cl5HzaO3: C, 71.55; H, 9.59. 
Found: C, 71.55; H, 9.74. 
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A sample of this glycol crystallized after standing for five months at ordinary tem- 
peratures, and then melted a t  60-62". 

From 4-methoxy-1 -ethynyl-i-cyclohexanol and cyclopentanone. The Grignard complex 
from 5.17 g. of 4-methoxy-1-ethynyl-I-cyclohexanol was treated with 5.95 g. of cyclo- 
pentanone to  yield 3.84 g. of brownish syrupy glycol, n: 1.5269. Distillation a t  l l O o /  

mm. pressure gave a pale yellow syrup, n : 1.5277. 
Anal. Calc'd for C14H2202: C, 70.53; H,  9.31. 

Found: C, 74.21; H, 9.46. 
The high carbon content indicates that  some aldol condensation products were present 

in the glycol. 
From 4-methoxy-1-ethynyl-1 -cyclohexanol and 2-methylcyclopentanone. In  a similar man- 

ner 19.25 g. of 4-methoxy-1-ethynyl-1-cyclohexanol and 12.25 g. of 2-methylcyclopentanone 
gave 24 g. of viscous syrupy glycol; n : 1.5007. This glycol was not analyzed but converted 
to the dienyne. 

From 4-methoxy-I-ethynyl-1-cyclohexanol and 4-methoxycyelohexanone. The Grignard 
complex from 19.25 g. of 4-methoxy-1-ethynyl-1-cyclohexanol was treated with 16 g .  of 
4-methoxycyclohexanone to give 30 g. of syrupy glycol. Treatment of this glycol with 
3,5-dinitrobenzoyl chloride gave a mixture of solid mono- and di-esters and thus removed 
all by-products except the glycol. By hydrolysis of the mixture of solid esters, a red 
syrupy glycol was obtained. This was distilled at 110"/10-6 mm. pressure to  give a light 
yellow syrup, n 1.5160. 

Anal. Calc'd for C16H2804: C, 68.03; H,  9.29. 
Found: C, 67.80; H, 9.32. 

DIENYNES 

A~'-Cyclohe~enyl-A~-~-methoxycyclohexenylacetylene. The crude glycol (37.5 9.) (VI) was 
first converted to  the dibenzoate by treatment with 31 cc. of benzoyl chloride in 110 cc. of 
pyridine. This ester proved to be oily but by washing i t  with sodium carbonate and water 
and then dissolving in hot alcohol and precipitating the oily ester with water several times, 
a product was obtained which on hydrolysis gave 20 g. of glycol which was free of ketonic 
impurities as shown by a test with 2,4-dinitrophenylhydrazine. 

Dehydration of 17.7 g. of this glycol by heating with a solution of 60 cc. of concentrated 
sulfuric acid in 60 cc. of water in an atmosphere of nitrogen for four and a half hours gave 
11 g. (65%) of impure dienyne, b.p. 130-145"/2 mm. Redistillation gave a middle fraction 
b.p. 135-135.5'/2 mm., n : 1.5404. The analysis and reactions of this fraction showed tha t  
some hydration of the triple bond and cyclization had occurred during the dehydration 
of the glycol. 

Anal. Calc'd for C16Hz20: C, 83.24; H, 9.33. 
Found: C, 80.08; H, 9.43. 

The product after reduction over platinum oxide gave ketonic derivatives with 2,4- 
dinitrophenylhydrazine which proved to  be identical with those of the cyclization products 
described later. 

A*-~-Methoxycyelohexenyl-A~'-cyclopentenylacetylene. The crude glycol prepared from 
65 g. of cyclopentanone and 120 g. of 4-methoxy-1-ethynyl-1-cyclohexanol was dehydrated 
by heating with a solution of 90 CC. of concentrated sulfuric acid in 240 cc. of water. The 
yield of dienyne was 93.5 g. (60%), b.p. 174-175"/19 mm., n ," 1.5492; d:8.61.0187. 

Anal. 

A~-~-Methoxycyclohexenyl-A~'-8-meth~lcyclopentenylacetylene. 

Calc'd for Cl4H180: C, 83.12; H,  8.97. 
Found: C, 79.90; H, 8.91. 

Fifteen grams of the cor- 
responding acetylene glycol was treated with a solution of 20 CC. of concentrated sulfuric 
acid in  60 cc. of water for four hours a t  the boiling point under nitrogen. The yield was 
7.1 g .  (55%) of dienyne, b.p. 137-139"/3 mm., n E 1.5449. 

Anal, Calc'd for C16H200: C, 83.27; H, 9.33. 
Found: C, 83.21; H, 9.44. 
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DEHYDRATION AND CYCLIZATION EXPERIMENTS ON THE ACETYLENE GLYCOL (VII) 

Many experiments were carried out on the crude glycol which will not be described, 
except to  say that  very complex mixtures of products resulted. 

A mixture of 1.1 g. of the glycol prepared by hydrolysis of the 131-132"-melting bis-3,5- 
dinitrobenzoate, 20 cc. of water, 20 cc. of glacial acetic acid, and 1 cc. of concentrated sul- 
furic acid was heated under a reflux condenser for three hours. The mixture was cooled, 
neutralized with aqueous alkali, and extracted with ether. The ether was distilled, the 
residue dissolved in  20 cc. of ethyl alcohol and treated with0.02 g. of platinum oxide catalyst 
and hydrogen at 40 lbs. pressure for a half hour. The catalyst and alcohol were removed. 
The residue was divided into two parts and one-half was treated with 2,4-dinitrophenyl- 
hydrazine. A mixture of products resulted. Recrystallization from alcohol gave a product 
melting a t  160-163". This was separated by chromatographic adsorption on alumina into 
three distinct derivatives. 

A column was prepared by making a slurry of technical alumina in  a mixture of equal 
volumes of benzene and petroleum ether (b.p. 65-110") and pouring i t  into a tube approxi- 
mately 4 by 50 cm. The solid was allowed t o  settle for fifteen t o  twenty minutes while 
solvent was slowly run through the tube to  keep the adsorbent covered. 

A solution of 0.2 g. of the mixed 2,4-dinitrophenylhydrazones in  benzene and petroleum 
ether was run slowly onto the alumina column and developed with benzene. Three definite 
bands appeared. From the band with the slowest speed of movement the compound was 
obtained by eluting with ethyl acetate. The amount isolated was 0.058 g. (29%) of red 
needles, m.p. 190-191". 

Anal. 

The nest compound, with a n  intermediate speed of movement in  the alumina column, 
was obtained by developing i t  out of the column. After removal of the solvent and crystal- 
lization from ethyl alcohol, the yield was0.065 g. (32.5%) of orange-red prismsm.p. 173-174". 

Calc'd for C21HmN406: C, 60.84; H, 6.33. 
Found: C, 61.02; H, 6.41. 

Anal. 

The third compound, which moved most rapidly in  the column, was also obtained by 
developing i t  out of the tube. After removal of solvent and crystallization from alcohol, 
0.050 g. (25%) of red needles, m.p. 227-228' was obtained. 

Calc'd for C ~ I H ~ B N ~ O ~ :  C, 60.84; H, 6.33. 
Found: C, 60.75, 61.54; H, 5.87, 6.76. 

Anal. Calc'd for C z O H ~ ~ N ~ O ~ :  C, 62.47; H, 6.30. 
Found: C, 62.62; H, 6.18. 

This product proved t o  be identical with the 2,4-dinitrophenylhydrazone of the cycli- 
zation product of dicyclohexenylacetylene (6). 

The glycol from the higher-melting bis-3,5-dinitrobenzoate gave essentially the same 
resul ts. 

The second half of the reaction mixture containing the above three ketones was treated 
with a hot solution of 5.5 cc. of concentrated sulfuric acid in 15 cc. of water for twelve hours 
and then worked up as before; no trace of the 2,4-dinitrophenylhydrazone melting a t  173- 
174" was found, The ratio of the 2,4-dinitrophenylhydrazone melting a t  190-191' to  that  
of 2,4-dinitrophenylhydrazone melting at 227-228" (the product which had lost methanol) 
was about 1 to 2 in  this material. This indicates that  the ketone which gives the high- 
melting 2,4-dinitrophenylhydrazone is related i n  struoture to  the methoxy derivative which 
gives the 2,4-dinitrophenylhydrazone which melts a t  173-174'. 

Dehydrogenation of the mixed cycZic ketones. A 31.9-gram sample of crude glycol (VI) 
was dehydrated with 6.3 g. of potassium acid sulfate by heating in  an oil-bath at 170°, and 
a fraction of 16 g. of dienyne boiling a t  135-140°/2 mm. was collected. This was refluxed 
for fourteen hours with 70 cc. of 85% formic acid. After this treatment, the acid was 
neutralized with aqueous alkali and the mixed cyclization products distilled. Nine grams 
of product boiling at 140-155"/2 mm., n '," 1.5300 was obtained. A sample was reduced as 
above, and a chromatographic separation of its 2,4-dinitrophenylhydrazones showed that  
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this mixture contained the same ketones in approximately the amounts of 29 parts of the 
compound m.p. 190-191" to  32.5 parts of the compound m.p. 173-174" to  25 parts of the 
compound m.p. 227-228'. 

Three grams of this ketone mixture was dehydrogenated over palladium on charcoal (8) 
a t  330" for ten hours. Approximately 1.5 g. of dehydrogenated product was obtained. 
This was dissolved in  5 cc. of high-boiling petroleum ether and separated in an adsorbing 
column prepared from a slurry of alumina in high-boiling petroleum ether. The column 
was further developed with the same solvent. By viewing the column under filtered ultra- 
violet light four fluorescent bands were observed. In  order of decreasing speed of move- 
ment, these were called A, B, C, and D.  The bands were cut apart. 

Band A was removed from the adsorbent with ether. The yield was 0.473 g. It gave a 
picrate, m.p. 140-141", which on mixing with authentic phenanthrene picrate melted a t  
142-144'. Decomposition of the picrate with sodium carbonate solution gave a product 
melting at 94-95' which did not depress the melting point of an authentic sample of phen- 
anthrene. 

Band B was removed from the adsorbent with ether, and evaporation of the solvent 
gave 0.553 g. of oil. This gave a picrate, m.p. 124-125" and is assumed t o  be identical with 
3-methoxyphenanthrene picrate, m.p. 124.5' (12). 

Band C, as above, gave 0.038 g. of yellow oil which crystallized on standing. There 
were yellow and white crystals present and these could not be separated readily by solvents. 
A white crystal was separated mechanically and found to  melt a t  179-182" and gave a green 
color with chloroform and aluminum chloride (13). Too little of this material was found 
for further identification. But, i t  is apparently impure anthracene, which behaved simi- 
larly in  a chromatographic adsorption experiment. 

Band D gave only 0.022 g. of a yellow-brown syrup which did not crystallize nor give 
crystalline derivatives. It does give the color reaction noted above. It seems reasonable 
to believe that  this is a methoxyanthracene derivative. 

Oxidation o j  3-methoxy-i-cyclohexanol. To 200 cc. of 15% aqueous sulfuric acid was 
added 50 g. (0.365 mole) of 3-methoxy-1-cyclohexanol. The mixture was stirred vigorously 
while a solution of 42.5 g. (0.143 mole) of crystallized sodium dichromate in 55 cc. of water 
was dropped in  a t  such a rate that  the temperature did not rise above 70". rlddition of the 
oxidant required thirty minutes, after which the stirring was continued for one hour with 
external heating t o  maintain a temperature of 65-70'. The mixture was then cooled and 
thoroughly extracted with benzene. A continuous extraction apparatus was employed 
after the first (and major) portion of the extract was removed. The combined extracts 
were treated Kith solid sodium bicarbonate, filtered, and distilled. The crude ketone, 
13 g., distilling below 74"/16 mm. was a colorless, mobile liquid. Redistillation of the 
ketone yielded a product of b.p. 63"/14 mm., n E 1.4818; semicarbazone m.p. 160-161'. 

Courtot and Pierron (14) gave for A2-cyclohexenone, prepared by oxidation of A2-cyclo- 
hexenyl-1-chloride, b.p. 63"/14 mm. semicarbazone m.p. 161". 

The 2,4-dinitrophenylhydrazone was obtained as red needles, from ethyl alcohol, m.p. 
165-166"; from ethyl acetate, m.p. 167.5-168". 

Anal. Calc'd for Cl2HIZ?\T4O4: S,  20.29. Found: N, 20.20. 
The yield of A2-cyclohexenone was evidently 75% or more, based on alcohol used up, 

as the higher-boiling material yielded,26.6 g. of unchanged alcohol and 3 g. of unidentifiable 
material. 

A*-Cyclohexenylacetophenone was 
prepared by the procedure of Farrow and Kon (10). It gave a 2,4-dinitrophenylhydrazone 
which separated from ethyl alcohol in  golden-orange plates melting at 163-164". 

Attempted cyclization of AI-cyclohexenylaeetophenone. 

Anal. 

Treating the ketone with cold acetic acid containing sulfuric acid, refluxing i t  with hot 
acetic acid containing small amounts of sulfuric acid, or refluxing i t  with fairly concentrated 
aqueous sulfuric acid failed to  give cyclization products. The ketone was recovered un- 

Calc'd for C ~ O H ~ O N ~ O ~ :  C, 63.13; H, 5.28; N ,  15.08. 
Found: C, 63.45; H, 5.56; X, 15.14, 15.36. 
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changed from the first two treatments. It was hydrolyzed to  acetophenone by the third 
treatment. 

SUMMARY 

1. 4-Methoxy-1-cyclohexanone has been converted to 4-methoxyl-l-ethynyl-l- 
cyclohexanol, and acetylenic glycols have been prepared from this and 
4-methoxy -l -cyclohexanone, cyclopentanone and 2-methylcyclopentanone. The 
last two glycols have been converted to the corresponding dienynes. 

2. 1-Ethynyl-1-cyclohexanol has been condensed with 4-methoxy-1-cyclo- 
hexanone to give two isomeric glycols, which have been separated as 3 , 5-dinitro- 
benzoates. They have been dehydrated and cyclized to give a complex mixture 
of ketones which has been converted to mixed 2 , 4-dinitrophenylhydrazones. 
Three definite products have been isolated from this mixture by chromatographic 
methods. Dehydrogenation of the mixed ketone fraction over palladium on 
charcoal has given phenanthrene, 3-methoxyphenanthrene, and two less defi- 
nitely characterized products which seem to be anthracene and a methoxy- 
anthracene. 

3. The isolation of the last two products in the dehydrogenation reaction 
indicates some spiran derivatives in the cyclization mixtures. 

4. Oxidation of 3-methoxy-1-cyclohexanol with chromic acid has given A2- 
cyclohexenone. 

5. Attempts to cyclize A‘-cyclohexenylacetophenone with sulfuric acid were 
not successful. 

URBANA, ILL. 
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Although the nitro group is meta directive towards the entry into the ben- 
zene ring of atoms or groups such as NOz, SOzOH, Br, and C1, and slows down 
the rate of their substitution, it is ortho-para directive if the entering group 
is one derived from a basic anion, and the rate of substitution is accelerated. 
Wohl (1) thus found many years ago that o-nitrophenol and a trace of p-nitro- 
phenol were formed by gently warming nitrobenzene with dry powdered po- 
tassium hydroxide. de Montmollin and de Montmollin (2) obtained N-p- 
nitrophenylcarbazole by warming potassium carbazole with nitrobenzene, while 
Bradley and Robinson (3) prepared N-p-nitrophenylpiperidine by the simul- 
taneous action of sodium amide and piperidine on nitrobenzene. It is logical 
to assume that the sodium salt of piperidine is an intermediate. Discussion 
of other reactions in which the nitro group is ortho-para directive will neces- 
sarily have to be omitted for lack of space (4). 

It was thought that reactions of this type could very advantageously be 
carried out in liquid ammonia, since one may use this solvent for the preparation 
of salts of substances (such as carbazole) which show no acidic properties in 
water. In the present paper is described a study of the action of alkali metal 
diphenylamides on nitrobenzene and on the nitrotoluenes. 

Nitrobenzene reacts fairly readily with a solution of sodium diphenylamide 
or potassium diphenylamide in liquid ammonia a t  -33" to give p-nitrotri- 
phenylamine in yields up to 45%. At room temperatures the reaction is 
sufficiently rapid to cause apparent solidification of the contents of the Faraday 
tube in a few minutes. The optimum yields of nitrotriphenylamine are ob- 
tained a t  -33" with the use of an excess of nitrobenzene, whose function pos- 
sibly is to remove sodium and hydrogen formed in accordance with the equa- 
tion, 

(CeH&NNa + CF,H~NO~ -+ ( C ~ H E , ) Z N C ~ H ~ ~ T O ~ - ~  + (NaH) 
(NaH) + CeHsN02 + reduction products of an indefinite nature. 

It will be recalled that Wohl (lb) was unable to obtain any reduction products 
of nitrobenzene in the reaction between potassium hydroxide and nitroben- 
zine, though he states that azoxybenzene was obtained by Lepsius (5). Since 
the mechanism of the reaction is a t  present unknown (however, see ref. 3), 
i t  is unwise to assume the elimination of sodium hydride as such; supposedly 

98 
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reactions of this type could only occur if some substance ( 0 2 ,  C6HsN02, etc.) 
was available to react with the (NaSH) .  

p-Nitrotriphenylamine can be prepared in ether and also in benzene, though 
in the latter solvent the reaction is far less complete and the yields of product 
are correspondingly poor. A small quantity of a higher-melting and as yet 
unidentified compound is formed in the room-temperature reaction in liquid 
ammonia; this is the only isolable product when excess potassium diphenyl- 
amide reacts with nitrobenzene under the same conditions, 

It has been previously noted (6) that barium ion markedly catalyzes the 
reaction between barium amide and quinoline to give 2-aminoquinoline. Such 
a catalytic effect has not been observed in the present work, since barium 
diphenylamide reacts with nitrobenzene in liquid ammonia a t  room tempera- 
tures in the same manner as does sodium diphenylamide, though possibly a 
little more slowly. 

o-h'itrotoluene and sodium diphenylamide react to give, among other sub- 
stances, 2,2'-dinitrobibenzyl, which is apparently formed by oxidation of a 
sodium salt in accordance with the equations, 

N02C6H4CH3 + (C6Hs)L"a -+ N02C6H4CH2Na + (C6Hs)2NH 
2 N0&6H&H2Na + (0) + N02C6H4CH2CH2CeH4NO2 + (NazO) 
(Na2O) + NH3 --+ NaOH + NaNH2 (7) 

Similarly, p-nitrotoluene may be converted in very poor yield to 4,4'-dinitro- 
bibenzyl, a compound that Bradley and Robinson (3) have previously prepared 
by treating p-nitrotoluene with sodium amide and piperidine. The well known 
reactivity of the hydrogen atoms of the methyl groups of o- and p-nitrotoluene 
is of course responsible for the observations recorded above. 

Sodium diphenylamide slowly attacks m-nitrotoluene in liquid ammonia at  
-33" to form a substance that has been tentatively identified as 2-methyl-4- 
nitrotriphenylamine. No definite compounds have been obtained by the action 
of sodium diphenylamide on o-nitroanisole or on 1-nitronaphthalene. 

EXPERIMENTAL 

The preparation of p-nitrotriphenylamine under various conditions is described in  
Table I ;  the maximum yield recorded was obtained in  the following manner (expt. 2, 
Table I): 

In  a 500-cc. round-bottomed flask about half full of liquid ammonia was dissolved 0.1 g. 
of ferric nitrate hydrate; 2.3 g. (0.1 atom) of sodium was then added. In the course of a 
few minutes the blue color of the sodium solution was replaced by the grayish color of a 
sodium amide-iron mixture. One-tenth mole (16.9 9.) of diphenylamine was slowly intro- 
duced, and this was followed i n  about ten minutes by 0.2 mole (24.6 g.) of nitrobenzene 
added dropwise from a separatory funnel. After the ammonia had evaporated (4-5 hours) 
alcohol was slowly added to  destroy reactive sodium compounds, and then alcohol and 
nitrobenzene removed by steam distillation. The steam non-volatile oil, which slowly 
solidified, was crystallized from alcohol; yield, 13.1 g. (45%); m.p., crude, 139-145"; m.p. 
when recrystallized from alcohol, 141.5-142.0" (uncorr) . Slightly purer material seems to  
be obtained by carrying out the reaction in  the presence of benzene (expt. 7, Table I). 
Too long a time of reacton in liquid ammonia should be avoided. 
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Anal. Calc'd for C18HlaNz02: C, 74.47; H, 4.85; N, 9.64. 
Found: C, 74.66; H, 4.82; N, 9.58. 

Mixed with p-nitrotriphenylamine (m.p. 141.0-142.0") prepared by the method of Piccard 
and Larsen (8) i t  melted a t  141-142" (two mixtures). 

The action of potassium diphenylamide in liquid ammonia on nitrobenzene at room tem- 
peratures (expt. 5 ,  Table I). In  the legs of a three-legged ammonia reaction tube' were 
placed respectively 4.22 g. (25 millimoles) of diphenylamine, 0.98 g. (25 milliatoms) of 
potassium, a pinch of iron oxide as catalyst, and 7.4 g .  (60 millimoles) of nitrobenzene. 
Potassium diphenylamide was prepared by adding the potassium amide to the diphenyl- 
amine; the nitrobenzene was added to this solution. Within a few minutes the formation 
of an orange-brown solid had practically immobilized the liquid. After standing for one 

TABLE I 
EFFECT OF CONDITIONS ON THE YIELD OF p-NITROTRIPHENYLAMINE 

YIELD" % NO. (Na OB K) DIPHENYL- NITROBEXZEXE, 1 oc, TIYE OF REAC- 
AMIDE MILLIMOLES MILLIMOLES 1 TION, HOURS ~ 

I ! 

l i  2 

3 l  
5 i  6 

7 i  8 

4 ,  

9 
10 
11 I 

S a ,  200 
Na, 100 
K, 15 
K, 10 
K, 25 
Ka, 100 
Sa, 100 
S a ,  100 
Ka, 112 
Na, 30 
Ba, 10 

I 100 - 33 1 200 

1 10 1 20 ~ 

20 

60 2o ~ 

150 - 78 
150 ~ -33 1 

270 ~ 30 ~ 

25 1 20 1 

150 -33 1 

1 72 20 

8 
18 I 

72 24 I 
3 

12 I 
45 i 
19 I 
28 i 

27.9 x 
45.1 x 
29.1 z 
32.3 y 
39.7 x 

none 
29.0 x b  
21.6 y c  

29.3 xye 
31.3 yf 

4.4 yd 

a Approx. beginning of melting: x, 139"; y, 133"; z ,  128". 
Benzene (40 cc.) added with the nitrobenzene. The first crop of product was purer 

Ether (65 cc.) dissolved in the ammonia. 
Sodium diphenylamide was prepared by warming a benzene solution (200 cc.) of 

diphenylamine with sodium amide (Bergstrom, Org .  Syntheses, John Wiley and Sons, Sew 
York, 1940, Vol. 20, p. 86). 

e Sodium diphenylamide was prepared in liquid ammonia, and this solvent, after evapo- 
ration was then replaced by 250 cc. of anhydrous ether. 

f Potassium amide (10 millimoles) was added in a three-legged reaction tube t o  a solu- 
tion of diphenylamine (10 millimoles) and barium thiocyanate (6.42 millimoles). The 
nitrobenzene contained in the third leg was then added to  the resulting solution. 

day, the ammonia was evaporated, the precipitate hydrolyzed with alcohol, and then 
crystallized from the same solvent. The yield was 3.57 g. (39.7%) m.p. 140-141O. When 
the compound was crystallized several times from alcohol, the m.p. was raised to 141.4- 
142.6'. A reaction time of over a day, or steam distillation of the product to remove 
nitrobenzene seemed to decrease the purity of the nitrotriphenylamine. In one experiment 
there was found a small amount of orange-red material, insoluble in alcohol, and melting 
a t  199-201". 

When this reaction was repeated with the use of an excess of sodium diphenylamide 
(20 millimoles, together with 15 millimoles of potassium nitrate and 10 millimoles of nitro- 
benzene) only this high-melting material was obtained; yield, 0.79 g., m.p. when recrystal- 
lized from benzene, 201-212.5'. 

than in other runs. 

It has not yet been identified. 

1 For method of carrying out reactions in liquid ammonia at room temperatures, see (9). 
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Under the same conditions, barium diphenylamide reacted with an excess of nitroben- 
zene t o  form 31.3% of p-nitrotriphenylamine, together with some higher-melting material. 
The barium diphenylamide was prepared by adding potassium amide to  a mixture of ba- 
rium thiocyanate and an equivalent of diphenylamide in liquid ammonia. 

Potassium anilide and nitrobenzene. Potassium anilide (50 millimoles, prepared by 
treating potassium amide with an equivalent of aniline in liquid ammonia a t  -33") was 
allowed to react for two hours (at -33") with 50 millimoles of nitrobenzene. An excess 
(3 g.) of ammonium chloride was added to  stop the reaction. The yield of material, m.p. 
132.5-133.5' (after crystallization from ligroin) was 0.11 g. It was identified by a mixed 
melting point with authentic p-nitrodiphenylamine. Large amounts of tar  were formed 
in the reaction. 

The reaction of potassium anilide (from 1.19 g. of potassium and 2.90 cc. of aniline) 
with 1.0 cc. of nitrobenzene and 1.49 g. of potassium nitrate for one day at room temper- 
atures yielded 0.26 g. of unidentified material, m.p. 157-158" after crystallizing from 
benzene. 

Sodium diphenylamide and o-nitrotoluene. o-Kitrotoluene (10.3 g.) was allowed to  
react with the sodium diphenylamide prepared from 8.45 g. of diphenylamine and an 
equivalent (1.15 g.) of sodium (ferric nitrate catalyst) in about 250 cc. of liquid ammonia 
at -33". The reaction product, colored brownish in solution, was hydrolyzed with benzene 
and alcohol after evaporation of the ammonia. The undissolved solid was further ex- 
tracted with hot benzene. Concentration of the combined extracts gave several crops of 
pale orange-brown prisms, m.p. 118-120"; yield, after recrystallization from alcohol, 2.46 g., 
or 36.27,, m.p. 120-121". 

Anal. 

2,2'-Dinitrobibenzyl is variously reported in the literature as white or yellow prisms 
with a melting point of 121' or 122" (9, 10). After standing for two months the melting 
point of the compound prepared in  liquid ammonia had changed to  113-119", but nine 
crystallizations from a variety of solvents only raised this to 118-121'. It was shown by 
mixed melting points to  be identical with Lapworth's 2,2'-dinitrobibenzyl (11). 

p-Nitrotoluene and sodium diphenylamide. The reaction of potassium diphenylamide or 
sodium diphenylamide with a liquid ammonia solution of p-nitrotoluene a t  -33" or a t  20" 
gave a quantity of reddish-brown solid (after hydrolysis of the reaction mixture) of indefi- 
nite melting point (180' to  above 315"), and low solubility in organic solvents (pyridine is 
the best). From this a small amount of 4,4'-dinitrobibenzyl m.p. 177.5-179", was isolated 
and identified by amixed melting point determination with material prepared by the method 
of Green, Davies, and Horsfall (12). Other crystalline fractions of doubtful homogeneity 
were also separated. 

m-Nitrotoluene and sodium diphenylamide. Sodium diphenylamide and an excess of 
nitrobenzene react in liquid ammonia a t  -33" to form a compound melting, after repeated 
crystallizations, a t  129.5-130.5'. The melting point with admixture of the 2-methyl-4- 
nitrotriphenylamine of Joszt and Lesnianski (13) was the same, but specimens so far 
analyzed are low in nitrogen. 

Calc'd for C14H12N204: C, 61.76; H, 4.44; X, 10.29. 
Found: C, 62.20; H, 4.48; N, 10.35. 

Further details are reserved for a future publication. 

SUMMARY 

1, Sodium diphenylamide and potassium diphenylamide, dissolved in liquid 
ammonia or in ether, react with nitrobenzene to form p-nitrotriphenylamine in 
yields as high as 45%. h solution of barium diphenylamide in liquid ammonia 
reacts similarly with nitrobenzene. 

2. o-Kitrotoluene and sodium diphenylamide react to form 2,2'-dinitro- 
bibenzyl in fair yield. Under similar conditions, p-nitrotoluene is converted to 



102 BERGSTROM, GRANARA, AND ERICKSON 

a complex mixture from which a small amount of 4,4’,dinitrobibenzyl has been 
isolated. It is suggested that salts of the nitrotoluenes are intermediates in 
the reactions. 

STANFORD UNIVERSITY, CALIF. 
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In  the first paper of this series (1) the application of the modern theories of 
optical rotatory power to steroids was discussed, and a method of calculation 
of the rotatory power of these compounds was developed. It is now our purpose 
to report the results of further studies on this problem especially as applied to 
certain derivatives) acetates) benzoates, etc. The method which has been em- 
ployed is in principle the same as previously reported, but differs from it  in the 
one respect that the rotatory power of the derivative is calculated directly from 
the value of the rotatory power of the corresponding free sterol itself. The dis- 
cussion which follows has been limited to a consideration of sterol acetates, 
benzoates, and m-dinitrobenzoates, although of course by the same principle 
all other types of derivatives can be calculated. 

Let us consider the change in rotation which occurs when cholestanol is con- 
verted to cholestanol acetate. The molecular rotation2 of cholestanol is +8920 
(l), and of cholestanol acetate is +4820. The difference in molecular rotation 
between these two compounds is 4100. Therefore, it follows from what has 
been said in Part I of this series that every acetate of this type ( L e .  Cs-OH/ 
CIO-CHS, cis ; C6-H/C1~-CH3, trans) will have a molecular rotation which 
is approximately 4100" less than that for the corresponding saturated sterol. 
This may be tested using stigmastanol, y-sitostanol and their respective acetates. 

Stigmastanol = +10190(1) y-sitostanol = $7650(1) 
Stigmastanol acetate = $7050 y-sitostanol acetate = $4120 

$3140 $3530 
- 

Since an error in the measurement of [ a ] D  of only 2.5" results in an error of about 
1000" in [MID, we see that in these two cases our expectations are fully realized. 
This difference, however, of 4100" should not be the same when the environment 
around CB has been changed, i.e., C6-H/C1o-CHs, cis, or a double bond a t  
C5:6. It is also to be noted that this difference would not be expected between 
the rotatory power of epi-cholestanol and its acetate. 

It is now but a simple matter to calculate the molecular rotation of the acetate 
of any saturated sterol of the cholestanol type by substracting 4100 from the 
molecular rotation of the free sterol. We have represented the value, -4100, 

DuPont Fellow, 1940-1941. 

been rounded off in the last figure. All rotations recorded are for chloroform solution. 
* [MID = [ a ] D  X molecular weight (C = 12, H = 1,0 = 16). All molecular rotations have 
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by the symbol Ac3Nt which signifies an acetate group at  the C3 position of a 
sterol of the cholestanol type (C3-OH/Clo-CH3, cis or normal, and Cs-H/ 
CIO-CH~, trans). A general equation for the calculation of any acetate of this 
type then will be 

[MID = [ M ] D , ~ ~ ~ ~ ~  f Ac3~t 

Application of this equation to the calculation of the molecular rotation of 
stigmastanol acetate gives 

[M]D,,~~,~ f10190 - 4100 = +6090. 

This calculated value for the molecular rotation gives a specific rotation, [aID 
of f13.3" which compares favorably with the observed value of f15.4'. 

The same procedure may be applied to all other types of derivatives of sterols 
which may be saturated or unsaturated. In  Table I are recorded the values, 

TABLE I 
DERIVATION OF CONSTANTS 

~~~ ~~ 

SUBSTANCES USED I N  CALCULATING CONSTANTS, 
STEROL AND STEROL DERIV. 

Cholestanol (1) and acetate (8). . . . . . . . . . . . .  
Cholestanol (1) and benzoate (8b). . . . . . . . . .  
Stigmastanol (1) and m-dinitrobenzoate (9). 
Cholesterol (1) and acetate (IO). . . . . . . . . . . . .  
p-Sistosterol (1) and benzoate (11). . . . . . . . . .  
6-Sistosterol (1) and m-dinitrobenzoate (11) 
Ergosterol (I) and acetate (12). . , , , , . , . , . , . . 
7-Dehydrocholesterol (1) and benzoate (8a) 

W'DDeriv.  - [%terol SYMBOL FOR CONSTANT' 
VALUE O F  CONSTANT 

-4100 
0 

- 2260 
- 3500 
+7800 
+8630 

+ 11820 
+17660 

~ 

* Legend: Ac = acetate; Bz = benzoate; DNBz = m-dinitrobenzoate. 
Subscripts: 3 = Cs of sterol molecule; N = cis or normal configuration a t  Cs to CIO-CHa; 

t = trans configuration of Cs-H to Clo--CHa; D = double bond (numerical subscripts 
with this letter indicate positions). 

and symbols for the various constants used in our calculations of the rotations 
of sterol derivatives. -4 general equation for the calculation of any sterol deriva- 
tive will be 

[M]Dderivative = [MIDsterol + Constant (symbol and value, Table I). 

Since there is now available an observed and a calculated value for the rotation 
of a sterol (l), two calculated values for the rotation of a sterol derivative are 
possible. These values for several acetates, benzoates, and m-dinitrobenzoates 
are recorded in Table 11. In general the agreement between the observed and 
calculated values is excellent. In  Table I11 are listed a number of compounds 
which have a double bond either at the C*:M (a-position) or the C14:16 ((3-position), 
and whose optical rotations have been calculated by use of the following deriva- 
tive constants, AcSNt,  Bz3Nt, and D N B z ~ N ~ .  These constants have been pre- 
viously used for the calculation of the rotatory powers of derivatives of saturated 
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Stigmastanol acetate. . . . . . . . . . . . . . .  
r-sitostanol acetate. . . . . . . . . . . . . . . .  
Ergostanol acetate. . . . . . . . . . . . . . . . .  
al-Sitostanol acetate. . . . . . . . . . . . . . .  
Ergostanol m-dinitrobenzoate.. . . . .  
Stigmasterol acetate. . . . . . . . . . . . . . .  
@-Sitosterol acetate. . . . . . . . . . . . . . . .  
Brassicasterol acetate. . . . . . . . . . . . . .  
22,23-Dihydrobrassicasterol acetate 
7-Sitosterol acetate. . . . . . . . . . . . . . . .  
22,23-Dihydrobrassicasterol 

sterols (see Table 11). The results in Table I11 indicate that a- and p-stenol 
derivatives may be calculated successfully with these constants by assuming a 
negligible interaction between these double bonds and the C3 region of asym- 
m e t r ~ . . ~  It should be pointed out in 'this connection, however, that nothing 
definite can be said a t  this time in regard to &(double bond a t  CS:~)  and y- 
(double bond a t  Cy:*) stenol derivatives, since the number of such compounds 
known is too few to warrant a trustworthy conclusicn. But a survey of the 
values of their rotatory power does indicate that 6- and y-double bonds do 
influence appreciably the C3 region of asymmetry. 

, 

TABLE I1 
OBSERVED AND CALCULATED ROTATIONS 

COMPOUND I OBS. [ulD (CHCls) 

$15.4 (13) 
+9.0 (14) 
+6.8 (15) (av.) 

$39.4 (2b) 
+13.5 (9) (av.) 
-55.6 (16) 
-41.0 (11) 
-65.0 (9) 
-45.5 (17) 
-46.1 (14) 

-19.0 (17) 
-19.6 (18) 
-28.0 (9) 

-17.1 (17) 
-21.5 (17) 
-74.8 (19) 
-71.0 (20) 
-54.0 (20) 
-68.0 (21) 
-71.5 (22) 
-88.3 (23) 

CALC. [elD (CI-ICla) 
OF STEROL) 

:USING OBS. [MID (1) 

+13.3 
$7.8 
$4.8 

$15.6 
+6.6 

-51.3 
-40.5 
-64.7 
-40.8 
-46.2 

-21.3 
-18.8 
-27.5 

-16.6 
-18.4 
-71.7 
-79.3 
-58.3 
-67.9 

CALC. [.ID (CHCla) 
(USING CALC'D [MI, 

(1) OF STEROL) 

$13.4 
$8.2 
$7.5 

+8.6 
- 

- 
-38.2 
-60.3 
-45.8 
-47.8 

-19.7 
-16.4 
-26.0 

-15.3 
-20.1 
-75.7 
-67.2 
-47.8 - 

By the use of these data which have been recorded, it is of interest to examine 
the results of the application of this methodof calculation of the optical rotation 
of sterols and their derivatives to recent experimental results which have ap- 
peared in the literature. In  their studies on the sitosterol complex Wallis and 
his collaborators (2) reported the isolation in a pure state of two new compounds 
which they a t  that time named a1- and cY2-sitosterol respectively. Hydrogena- 
tion of al-sitosterol gave a saturated compound which they named cdtostanol.  

In  Part  I (1) of this series calculations of these derivatives were made on the assump- 
tion that the influence of the double bonds a t  C~:14 and C14:la on the Ca center of asymmetry 
was not negligible. This assumption appears to  be unnecessary. 
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Its acetate was also prepared and a specific rotation in chloroform, +39.4", 
was recorded. In  Table I1 is listed the calculated value of this acetate, using 
the observed molecular rotation of the free alcohol itself. In  this instance a 
complete disagreement between the observed and calculated values is to be 
noted. Therefore, we are forced to one of three conclusions: (a) the method 
of calculation does not hold; (b) the reported rotatory power either of the free 
saturated alcohol or of its acetate is wrong; (c) the proposed structure of the 
compound itself and consequently of its acetate is incorrect. We are inclined 
to believe that the last conclusion is the most probable. Indeed, in our opinion 
if the use of the constants in Table I leads to calculated values which are in 
appreciable disagreement with those reported for molecules of the supposedly 

TABLE I11 
CALCULATED ROTATIONS OF UNSATURATED STEROLS 

COMPOUND OBS. [a], (CHCla) 

a-Cholestenol acetate. . . . , . . . 
a-Ergostenol acetate. . . . . . . . . 
p-Ergostenol acetate, . , , , , , , , I  

+9.5 (8a, 24) (av.) 

+3.0 (15a) ' +15.9 (15b) I $10.0 (15e) 
a-Stigmastenol acetate.. . , . . , ~ 

Zymosterol acetate. , . . . , . . . . . 
Ergostadiene, 8:14,22:23-01-3 1 
p-Cholestenol benzoate. , . . . . . ~ 

a-Cholestenol benzoate.. . . . . . 
p-Ergostenol benzoate.. . . . . . . 
a-Stigmastenol benzoate. . . , . 1 
a-Spinasterol benzoate. , , . . , . I 
Zymosterol benzoate. . . . , . . . . I 
or-Spinasterol m-dinitro- 

benzoate. . . . . . . . , , . . . . . . . . . ~ 

+15.5 (26) 
+34.0 (8b, 22, 24, 27) (av.) 

acetate?. . , . . . . . , . . . . . . . . , , -20.0 (15~ ,  28) 
+32.2 (8a) (av.) 
+7.5 (8) (av.) 

f18.3 (29) 
+11.0 (26) 
+2.3 (30) 

+36.4 (22, 31) 
' f44.1 (24) 

-3.5 (30) (CHCla?) 

CALC'D [ a ] D  
C H C l s )  (USING 
OBS. [MID (1) 
OF STEBOL) 

+8.9 
+3.8 

+9.0 

+13.7 
+34.0 

-27.3 
+26.8 
+16.1 
+16.0 
+20.0 

0 
$38.1 

-3.7 

CALC'D [aID 
CHCls) (USING 
IALC'D [MIr, (1) 
OF STEBOL) 

- 
+5.2 

+17.0 

+11.2 
- 

-9.1 
- 
- 

$23.1 
f17.8 
- 
- 

$1.8 

steroid type, then it is questionable whether such compounds are truly steroid 
in nature. If this conclusion be accepted, then it follows that another tool 
besides selenium dehydrogenation is available for indicating the presence of a 
c yclopentanoperhydrophenanthrene nucleus. 

Attention is now called to certain experimental results reported by Fernholz 
and his collaborators (3). In  the course of their studies on the sterol, campes- 
terol, they reported the preparation and rotations of several derivatives. A 
proposed structure for this sterol was also given. In  Table IV are recorded 
both the calculated values for the specific rotations of these derivatives, assuming 
the structure proposed by them, and the observed rotatory powers. These 
values are in excellent agreement. 

Similar calculations have been made for the two sponge sterols, clionasterol 
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-33.1 
-37.8 
-10.7 
-7.7 

+ l8 .9  
- 

CzsH600 (one double bond) and poriferasterol, C29H480 (two double bonds), 
and their derivatives, recently described by Valentine and Bergmann (4). These 
values are recorded in Table V. Our calculations indicate that in both of these 
compounds one double bond is a t  the c6:B position and in poriferasterol it appears 
to us that the second double bond may not be placed a t  c7:8, C8:9, c8:14, or CIM, 
positions. 

Certain results of Mazur (5 )  are of special interest from this point of view. 
This investigator has recently reported the isolation of a sterol from a fresh 

TABLE IV 
ROTATIONS OF CAMPESTEROL DERIVATIVES 

c o m o u N D  

Campesterol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Campesterol acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Campesterol benzoate. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Campesterol m-dinitrobenzoate . . . . . . . . . . . . . . . . . . . .  
Campestanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Campestanol acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Campestanol m-dinitrobenzoate. . . . . . . . . . . . . . . . . . . .  
i-Campesteryl methyl ether. . . . . . . . . . . . . . . . . . . . . . . .  

OBS. [alD (CHCld 
CALC’D [aID (CHCls) 

(ASSUMING STRUC- 

~ AND CO-WORKERS) 
TURE OF FEBNHOLZ 

-33.0 
-35.5 
-10.2 (av.) 
-7 .2  (av.) 

+31.0 
+18.3 
+22. 
$62. 

TABLE V 
ROTATIONS OF SPONQE STEROLS 

COMPOUND 1 OBS. [.ID (CHCh) 1 CALC’D [.ID (CHCh) 

Poriferastanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poriferastanone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poriferastanol acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poriferastanol m-dinitrobenzoate. . . . . . . . . . . . . . . . . . .  
Poriferasterol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poriferasterol acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poriferast&-ol benzoate. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Poriferasterol m-dinitrobenzoate. . . . . . . . . . . . . . . . . . .  
Clionasterol (assumed to be dihydroporiferasterol) . . 
Clionasterol acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clionasterol benzoate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clionasterol m-dinitrobenzoate. . . . . . . . . . . . . . . . . . . . .  

+24.7 
$46.7 
+16.3 
+17.1 
-49.7 
-53.0 
-22.0 
-22.1 
-37. 
-41.9 
-16.8 
-14.0 

- 
+41.5 
+13.5 
+13.1 
- 

-52.8 
-24.6 
-19.6 
-33.8 
-41.3 
-14.5 
-11.0 

water sponge to which he assigned the structure 5,6-dihydrostigmasterol. From 
the physical constants reported he has stated that he is of the opinion that 
clionasterol is identical with 5,6-dihydrostigmasterol. It appears to us that 
this latter statement can be questioned. In Table VI1 we have recorded the 
melting points of Mazur’s compound together with those of a compound prepared 
by Marker and Wittle (6) and described by them as 5,6-dihydrostigmasterol. 
The bad agreement in these values clearly indicates non-identity. In  Table VI11 
are recorded the calculated values for the optical rotations of 5,6-dihydro- 
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a-ANHYDRO-UZARIGENIN DERIVATIVE 

Acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m-Dinitrobenzoate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

stigmasterol and its various derivatives together with those values recorded 
for these compounds reported by Mazur. Unfortunately similar values for 
the compound described by Marker and Wittle were not recorded and hence are 
not available. In our opinion the disagreement between the observed and cal- 
culated values is so striking that it may be safely concluded that the compound 
described by RIazur is not 5,6-dihydrostigmasterol. On the contrary the 

PREDICTED [aID ( C H C l a )  

-52.7 
-21.0 
-16.1 

TABLE VI 
PREDICTED ROTATIONS OF CY-ANHYDRO-UZARIGENIN DERIVATIVES 

COMPOUND 

5,6-Dihydrostigmasterol. . . . . . . . . . . . . . . . . . . . . . . . . . .  
5,6-Dihydrostigmasterol acetate. . . . . . . . . . . . . . . . . . .  

OBS. [.ID CHCls CALC'D [ah (CHCla) 

-41.8 f10.6 
-47.6 +0.6 

TABLE VI1 
DIHYDROSTIGMASTEROL 

5,6-DihydrostigmasteroI benzoate. . . . . . . . . . . . . . . . . .  -17.1 
5,6-Dihydrostigmasterol m-dinitrobeneoate. . . . . . . . .  1 -18.3 

I I 

+8.5 
+3.5 

COMPOUND I M A R K E ~ , ~ I f b ~  I U Z U R ,  Y.P., OC.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Acetate. 

5,6-Dihydrostigrnasterol. , , , . . , . , . , . , , , , , . , , , , 
5,6-Dihydrostigmasterol acetate. . . . . . . . . . . . . .  

-45.6 

I . . . .  187 
. . . .  : j  122 

136.5-137 j 137 
~ ~~~ 

TABLE VI11 
ROTATIONS OF DIHYDROSTIGMASTEROL DERIVATIVES 

TABLE IX 
ROTATIONS OF MAZUR'S STEROL 

MAZUB'S STEROL DERIVATIVE 
I c.4Lc'D [alD ( C H C l a )  

~ OBS. [a]= (CHCla) 1 (ASSUMING DOUBLE 
BONE AT C6:e POSITION) 



OPTICAL ROTATORY POWER OF STEROLS 109 

Another illustration of the use of this method may be of interest. 
In  a recent paper by Ruzicka and eo-workers (7) evidence is presented to 

establish that a-anhydro-uzarigenin and A5:e,20:22-3, 21-dioxynorcholadienic acid 
lactone are identical. 

C= CH 
I I 

v \ /  
CH2 CO d ' 0 

Ho\/\ 
A5:692022-3 ,21-dioxynorcholadienic acid lactone 

If a-anhydro-uzarigenin has one of its double bonds a t  the C6:6 position, then 
one is able to calculate the optical rotation of several derivatives with the aid 
of the appropriate constants in Table I. Since these constants are characteristic 
for such a structure @-OH at  C3, and double bond at cS:6), agreement between 
the calculated and observed values would substantiate fairly conclusively the 
presence of such a structure. We have calculated the rotations of a-anhydro- 
uzarigenin acetate, benzoate, and m-dinitrobenzoate, assuming the above men- 
tioned identity of a-anhydro-uzarigenin and A5:6'20:22-3 ,21-dioxynorcholadienic 
acid lactone, and the specific rotation, -49.1" (CHCl,), reported by Ruzicka and 
co-workers (7) to be correct. The rotations of these derivatives of a-anhydro- 
uzarigenin are not known. Therefore our calculated values (Table VI) are to 
be considered as predictions. 

SUMMARY 

1. A simple method for the calculation of the optical rotatory power of steroid 

2. Application of this method as a structural tool has been made. 

PRINCETON, N. J. 

derivatives has been developed. 
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[CONTRIBUTION NO. 66 FROM THE CHEMISTRY LABORATORY O F  THE UNIVERSITY OF U T A H ]  

__ 
DERIVATIVE 

I-Iodo-3-methylbutane 
2-Iodo-3-methylbutane 
3-Iodo-3-methylbutane 
4-Iodo-3-methylbutane 

A SYSTEM CORRELATING MOLECULAR STRUCTURE OF ORGANIC 

HALOGEN DERIVATIVES OF THE VARIOUS HYDROCARBONS 
COMPOUNDS WITH THEIR BOILING POINTS. VI. THE MONO- 

B.P. 
(OBS'D) 

3.2 + 8 + 3.05 + 13.0 = 27.25 ' 148.2' 
3.2 + 8 + 3.05 + 11.5 = 25.75 138.0' 
3.2 + 8 + 3.05 + 10.2 = 24.45 i , 125.1' ~ 127.2" 
3.2 + 8 + 3.05 + 13.0 = 27.25 1 149.6' ~ 148.0' 

B.P.N. 

149.6" 
136.6' 

CORLISS R. KINNEY 

Received March 1'7, 1941 

The boiling points of the monohalogen derivatives of the various hydrocarbons 
may be calculated using the boiling point equation developed previously (1) 
and the boiling point numbers (b.p.n.'s) for the halogen atoms given in Table I 
and the b.p.n.'s given for the hydrocarbons (2). The equation, while empirical, 
permits the correlation of the structure of organic molecules with their boiling 
points, and consequently it may be used to predict the boiling points of com- 
pounds from their structures. 

The boiling points are calculated by substituting the molecular boiling point 
number (B.P.N.) into the boiling point equation 

B.P. = 230.14d/B.p.N. - 543 

or they may be obtained directly from the table of values published earlier (3). 
The B.P.N. for a molecule is obtained by summing up the atomic and structural 
b.p.n.'s for the various atoms and structural groupings in the molecule as de- 
scribed before (2). 

The boiling point of a halogen derivative of a hydrocarbon depends not only 
upon the kind of halogen and the number of carbon and hydrogen atoms, but 
also upon the arrangement of the atoms. For example, primary, secondary, 
and tertiary halides have progressively lower boiling points. This property is 
accounted for by assigning appropriate b.p.n.'s to the halogens when occupying 
these characteristic positions. In  like fashion, the boiling point is affected by 
the arrangement of the carbon atoms, and these structural differences should be 
considered in obtaining a B.P.N. for a substance, using the b.p.n.'s already 
assigned (2). The calculation of the boiling points of 1-, 2-, 3-, and 4-iodo- 
3-methylbutane demonstrates these points. 

The attachment of a halogen to an unsaturated carbon atom always lowers 
This behavior is characteristic and has been taken care of the boiling point. 

111 
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1. RCH2-X . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. R2CH-X., . . . . . . . . . . . . . . . . . . . . . . . .  
3. RsC-X., . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. C=CHX . . . . . . . . . . . . . . . . . . . . . . . . . . .  

by assigning characteristic b.p.n.’s to the halogens when attached to doubly 
and triply bonded carbon atoms (Table I). This effect is shown by comparing 

3.3 7.5 9.7 I 13.0 
8 .7  ’ 11.5 

1 6.0 8.0 10.2 
? 7.0 9.0 11.8 

2.7 6.5 

TABLE I 
HALOGEN B.P.N.’s 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  5. C=CXR 
6. C-CX., . . . . . . . . . . . . . . . . . . . . . . . . . .  I J  

TYPE 1 F I C1 1 Br 1 I 

6.0 8.0 10.5 
5.0 7.0 9 .8  

TABLE I1 
BOILING POINTS OF THE CIS-TRANS ISOMERS 

1-Chloro-1-butene. ...................... 

...................... { 
1 

2-C hloro-2-butene. 

..................... 1-Bromo-1-propene. 

1 -Bromo-1 -butene. ...................... 

2-Bromo-2-butene, . . . . . . . . . . . . . . . . . . . . . .  

1 -1odo-1 -butene, ........................ 

cis 
trans 

cis 
trans 

cis 
trans 

cis 
trans 

cis 
trans 

cis 
trans 

B.P., ‘C. 

63.5 
68.1 

66.8 
62.6 

57.8 
63.3 

86.2 
94.7 

84.0 
92.5 

168.0 
127.5 

trans 

cis 

trans 

trans 

trans 

cis 

2-chloro- and 3-chloro-1-butene, so chosen to avoid the complications of cis- 
trans isomerism. 
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2-Chloro-1 -butene 
3-Chloro-1-butene 

DERIVATIVE 

3 . 2  + 7 + 1 . 5  + 6.0 = 17.7 56.8' 58.5" 
3 .2  + 7 + 1 . 5  + 6 . 5  = 18.2 I 62.3" ~ 64.0" 

B.P.N. 

Six pairs of cis and trans haloolefins and their boiling points a t  atmospheric 
pressure were found in the literature (Table 11). In four cases, the trans isomer 
was reported as having a higher boiling point than the cis. This does not agree 
with the data obtained for those isomers whose structures have been determined 
with greater certainty, such as the esters of maleic and fumaric acids, the s-di- 
haloethylenes, etc., in which the cis isomer has the higher boiling point. For 
the majority of the haloolefins reported in the literature, which theoretically 
should exist in the two geometrical forms, no attempt was made to isolate the 
isomers. Consequently, new and accurate data are needed badly in this field. 
It appears likely that in certain cases the cis isomer is higher-boiling and in 
others, the trans. Until more reliable data have been obtained, a b.p.n. for 
this type of isomerism will not be assigned. 

The B.P.N.'s for the alicyclic halides are obtained by using the same b.p.n.'s 
for the halogens as for the analogous open chain derivatives. As an example, 
1 -chloro- 1 -methyley clohexane may be used. 

1 -Chloro-1 -methylcyclohexane 

Cyclohexane, less 2 hydrogen atoms, 6 X 0.8 + 10.0 + 2 . 7 . .  . . . . . . . . . . . . .  
Methyl group attached to ring, 0.8 + 3 .0 .  . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 8  

B.P.N., calculated . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27.3 

B.P., observed.. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  149.5" 

17.5 

Chlorine, tertiary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 . 0  - 
B.P., calculated, . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  150.0' 

For those unsubstituted alicyclic halides which fit the formula, R(CH2) ,X, 
where R is a further unsubstituted alicyclic ring and n may be any integer 
including zero, unusually high boiling points are always observed. A similar 
observation was made for the similarly constituted dicyclo derivatives, 
R(CH2).R (4). This structure seems to affect the boiling point in quite a 
uniform manner. Also, the effect upon the boiling point is quite marked, as 
the following derivative, which is isomeric with the l-chloro-l-methyl-cyclo- 
hexane given above, shows. 

Chloromethylcyclohexane 

Cyclohexane, less one hydrogen atom, 6 X 0.8 + 11 + 2 .7 .  . . . . . . . . . . . . . .  
Methylene group, 0.8 + 2 .0 .  . .  
Chlorine, primary. . . . . . . . . . . . .  

18.5 

B.p.n. for R(CH2), X structure, ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 5  - 
B.P.N., calculated . . . . . . . .  30.3 
B.P., calculated . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  174.5' 
B.P., observed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  174.0' 
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DERIVATIVE 

1-Bromo-2-ethylbenzene 
(2-Bromoethy1)benzene 

Characteristic b.p.n.'s are used for the halogens attached to the benzene and 
naphthalene rings (Table I). These b.p.n.'s give satisfactory results regardless 
of whether alkyl groups are attached to the aromatic ring or not and should be 
used for both types of compounds. This behavior is different from that observed 
for the corresponding alicyclic derivatives and possibly is accounted for in the 
unique effect of the aromatic rings on the boiling point. However, the exalta- 
tion of the boiling point is observed for all other halogen derivatives which fit 
the formula, R(CHZ),X, where R is an unsubstituted aryl radical and n is any 
integer other than zero. The following examples demonstrate these points. 

B.P. B.P.N. 

- 1  
18 + 6.6 + 9.2 = 33.8 201.1" ' 203.0' 
19 + 5.6 + 9.8 + 1.5 = 35.9 216.2" 1 217.5" 

26 
182 
157 

7 2  

The boiling points of five halogen derivatives of biphenyl have been recorded 
in the literature. Two of these which are halogenated in the 4 position have 
high boiling points in a manner similar to that observed for the R(CH2),X 
compounds. Consequently for the 4-halobiphenyl derivatives the usual b.p.n. 
of 1.5 should be used as follows for 4-chlorobiphenyl: 

4.08 
4.09 
5.63 
5.50 

B.P.N. 

f1.71 
+O .80 
+1.63 
-0.43 

19 + 18 + 2.5 + 6 .5  + 1.5 = 47.5 1 290.4' 1 291.2" 

88.4 
90.6 
84.1 
86.1 

The atmospheric boiling points of a total of 437 monohalides were obtained 
None of the 

For the total, the aver- 
from the literature and compared with the calculated values. 
observed boiling points were discarded for any reason. 

TABLE I11 
BOILING POINT DEVIATIONS 

TYPE O F  HALIDE 

Fluorides. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chlorides. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bromides, . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iodides. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v ~ ~ ~ ~ ~ ~ ~  DEVIATION OF % oF~,p . t s  
NO. O F H A L m E S  ~ CALC'D, IR- ~ CONSmEaLNG THE Av'' 1 WITHIN rt10oc. 

RESPECTIVE OF SIGN, QC. OF CALC'D 
SIGN,  "c. 

age deviation was 4.18" disregarding the sign and +0.91 taking the sign into 
consideration (Table 111). As might be expected, the best agreement was ob- 
tained with the fluorides and chlorides. However, there are many halides of 
all kinds for which the recorded boiling points are obviously out of line. These 



TABLE I V  

CALCULATED 
HALIDES WHOSE OBSERVED BOILING POINTS DEVIATE MORE THAN &lO°C . FROM THE 

TYPE OF HALIDE 

~~~ 

Fluoride 
1 . Fluoromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 3.Fluoro-1-propene . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

Chloride 
1 . 2.Chloro-2-methylheptane . . . . . . . . . . . . . . . . . . . . . . . .  
2 . l-Chloro-2-methyl-2-butene . . . . . . . . . . . . . . . . . . . . . . .  
3 . 3-Chloro.2-methylenepentane . . . . . . . . . . . . . . . . . . . . .  
4 . 1 -Chloro-2.hexene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 l.Chloro.2-butyne 
6. (1 -Chloro-1 -methylethyl)cyclopropane . . . . . . . . . . . .  
7 . (1-Chloro-1.methylpropyl)cyclopropane . . . . . . . . . . .  
8 . 3-Chloromethyl.l,1,2.trimethylcyclopentane . . . . . .  
9 . 2.Chloro.l-methyl.4-(l.methylethyl)cyclohexane . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . 1 -Chloro-1 -phenylethane . . . . . .  

13 . l.Chloro.1-phenylethene . . . . . . . . . . . . . .  
14 . l-Chloro.2.phenyl.2-methylethene . . . . . . . . . . . . . . . . .  
15 . l.Chloro.2.(4-mcthylphenyl)ethene . . . . . . . . . . . . . . . .  
16 . 3-Chloroacenaphthene . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  
11 . 1.Chloromethyl-4-methylbenzene . . . . . .  
12 . Chlorohexamethylbenzene., . . . . . . . . . . . . . . . . . . . . . .  

17 . 5.Chloro.l,2,3,4-tetrahydronaphthalene . . . . . . . . . .  

Bromide 
1 . 2-Bromo.3,3-dimethyl-l-butene . . . . . . . . . . . . . . . . . . .  
2 . l-Bromo-3-rnethyl-2.butene . . . . . . . . . . . . . . . . . . . . . . .  
3 . 2-Bromo-3-methyl-2-bu 
4 . 1-Bromo-2-pentene . . . . . . . . . . .  
5. 1 -Bromo-3-ethyl-2-pent 
6 . 1.Bromo.l-hexene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . 1 -Bromo-1 -heptene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 1 -Bromo-1 -octene 
9 Z.Bromo.1,5-hexenyne 
10 . 1-Bromo-2-propyne . . . . . . . . . . . . . . . . . . . .  
11 . 1 -Bromo-1 -methylcyclopropane . . . . . . . .  
12 . (1-Bromo-1.methylethyl)cyclopropane . . . . . . . . . . . . .  
13 . 1 -Bromo-1 . (1 -methylethyl) cyclopropane . . . . . . . . . .  
14 . (1.Bromo-1-methylpropy1)cyclopropane . . . . . . . . . . .  
15 . (1 -Bromo-1 -ethylpropyl) cyclopropane . . . . . . . . . . . . .  

18 . l.hIethyl-2.(bromomethyl)benzene . . . . . .  

20 . 4-Bromo-3-isopropyl-1-methylbenzene., 

22 . l-Bromo-l-(3-methylphenyl)ethene.~~. . . . . . . . . . . . .  

24 . 6-Bromo-l,2,3,4-tetrahydronaphthalene., 
25 . 3-Bromoacenaphthene . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  16 1.Bromo-1-cyclohexene 
17 2.Bromo-l.methylcycIohexane 

19 1-;\lethyl-4-(bromomethyl) benzene 

21 6.Bromo-3-isopropyl-1-methylbenzene 

23 1-(4-Bromophenyl).l.propene 

. . . . . . . . . . . . . . . . . . . . .  
. . . .  

. . . . . . . . . . . . . . . .  
. . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  
. . .  

B.P. 
"C . (CALC'D). 

-100.6 
-48.8 
-13.2 

161.2 
102.4 
110.6 
131.8 
93.0 
113.0 
138.4 
187.3 
207.6 
180.7 
188.4 
300.9 
180.9 
203.7 
201.9 
296.3 
236.8 

115.3 
123.3 
107.2 
135.3 
176.1 
150.0 
172.9 
194.4 
136.2 
76.4 
84.8 
131.3 
131.3 
155.4 
175.3 
154.9 
172.1 
205.5 
205.5 
235.2 
235.2 
216.2 
227.3 
254.5 
306.6 

B.P. 
(OZS'D). 
C . 

-78.0 
-32.0 
+1 . 0 

145 . Odec 
117.5 
122.0 
121.0 
82.5 
132.5 
151.5 
175.0 
182.5 
194.0 
201.0 
285.0 
199.0 
214.0 
223.0 
309.0 
250.0 

139.5 
99.0 
119.0 
123.5 
153.0 
139.0 
162.0 
179.0 
148.0 
89.0 
99.5 
152.5 
174.0 
167.5 
186.5 
165.0 
158.0 
216.5 
219.0 
224.0 
225.0 
242.0 
240.5 
238.5 
335.0 

DEVIATION. 
"C . 

$22.6 
$16.8 
f14.2 

-16.2 
+15.1 
$11.4 
-10.8 
-10.5 
+19.5 
+13.1 
-12.3 
-25.1 
+13.3 
$12.6 

+18.1 
$10.3 
+22.1 
+12.7 
$13.2 

-15.9 

$24.2 
$24.3 
4-11.8 
-11.8 
-23.1 
-11.0 
-10.9 
-15.4 
+11.8 
f12.6 
+14.7 
$21.2 
+42.7 
+12.1 
f11.2 
+10.1 
-14.1 
+ll.O 
+13.5 
-11.2 
-10.2 
+25.8 
+13.2 

+28.4 
-16.0 

... 
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Iodide 

TABLE IV-Concluded 

TYPE OF HALIDE 
B.P. 

(OBS'D), 
"C. 

128.0 
144.5 
170.0 
139.5 
168.0 
98.0 
225.0 
223.5 
287.5 
264.5 

DEViATION, 
C. 

-11.7 
-15.9 
-33.7 
-10.1 
+49.9 
$20.5 
-10.5 
-23.9 
+10.1 
-12.3 

will be found among the compounds compiled in Table IV in which all of the 
compounds whose observed boiling points deviate from the calculated by more 
than & l O o  have been listed. For example, the first of the chlorides in Table IV, 
2-chloro-2-methylheptane, has been found to boil "with decomposition" at 
145", 16.2" lower than the calculated. This seems quite unlikely in view of the 
boiling point of 132" given for the homolog, 2-chloro-2-methylhexane, which is 
only 13" less than the boiling point given for the heptane. It is possible, of 
course, that the low boiling point of the heptane derivative is due to extensive 
decomposition. If this is the case, the value of 145" should not be considered 
as the true boiling point. The second chloride in Table IV has a recorded boiling 
point about 15" higher than the calculated. This, also, seems unlikely since 
the similarly constituted 1-chloro-2-methylenebutane has been found to boil 
at 102", only 0.8" less than the calculated. 

Many of the boiling points of the compounds appearing in Table IV may be 
compared with the boiling points of similar compounds and it appears that 
many of these boiling points have been determined &correctly. Consequently, 
we intend redetermining the boiling points of the compounds appearing in 
Table IV. It is quite probable that certain ones of these have been determined 
correctly and for them new b.p.n.'s will be required, but for the others new 
data should be obtained. 

SUMMARY 

The observed boiling points of 437 organohalides obtained from the literature 
have been comp'ared with the calculated boiling points. The average deviation 
of the total, regardless of the accuracy of the experimental value, was 4.18'. 
Those halides deviating from the calculated by more than *lo' have been 
listed and will be reinvestigated. 
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The importance of chemical synthesis of protein models, polypeptides of 
sufficiently high molecular weights, both for enzymatic studies and for investi- 
gation of chemical and physico-chemical properties can not be overemphasized. 
Since the time of the initial preparation of glycylglycine by Fischer and Fourneau 
(1) only two methods have been developed for the general synthesis of poly- 
peptides, namely, the halogen acyl method of Fischer (2) and the carbobenzoxy 
method of Bergmann (3). Essentially, Fischer's method consists of utilizing 
the a-halogen acids; treatment with phosphorus pentachloride yields the a- 
halogen acyl chloride, which then can be coupled with the free amino group of 
any amino acid or peptide. Subsequent treatment with excess ammonia under 
controlled (4) conditions yields the corresponding free peptide. Higher pep- 
tides can be prepared by coupling the halide of another molecule of a-halogen 
acid to  this product, or, according to Fischer, by treating the a-halogen acyl 
peptide with phosphorus pentachloride and coupling the resulting chloride with 
either another amino acid or a peptide. The classic example of this method is 
his synthesis of an octadecapeptide (5). In  the carbobenzoxy method of 
Bergmann, the amino acid is used for coupling after protection of its amino group 
by  combination with carbobenzoxy chloride. This is followed by treatment 
with phosphorus pentachloride to form the carbobenzoxy amino acid chloride, 
which is then coupled with amino acid esters or peptide esters in neutral solvent. 
Hydrogenation removes the carbobenzoxy group quantitatively with the forma- 
tion of carbon dioxide and toluene to yield the free peptide. 

Use of this procedure implied the addition to a peptide of only a single residue 
at a time, with yields normally lower than 50% because of the formation of 
the ester hydrochlorides as a result of liberation of hydrogen chloride from the 
coupling reaction. We attempted to  avoid such laborious procedure by trying 
to prepare the acid chloride of carbobenzoxyglycylglycine as a preliminary to  
preparing the chlorides of other carbobenzoxy peptides. Our conditions were : 
slight excess of phosphorus pentachloride in ether at - 15"; same at room tem- 
perature; excess thionyl chloride at 45-50'; mixing with slight excess of phos- 
phorus pentachloride in the solid state; mixing with large excess in the solid 
state. In  all cases much carbobenzoxyglycylglycine was recovered. Our 
products, consisting of a series of yellow oils when phosphorus pentachloride 
was used, and a reddish brown amorphous solid in the case of thionyl chloride, 
gave off fumes strongly, and attempts to couple them with leucine to obtain 
well-defined products failed. Inasmuch as the acid chlorides of several carbo- 
benzoxy amino acids are pure crystalline compounds (3, 6), we attributed our 

1 This work was supported by a grant from the Rockefeller Foundation. 
2 Present address, Kational Institute of Health, Bethesda, Maryland. 
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failure to the presence of the reactive peptide link, which in all probability is 
attacked by the halogenating agents. 

In view of this result, attention was turned to Fischer’s halogenated peptide 
chlorides, all of which contain one or more peptide links. An examination of 
his procedures and analytical data strongly suggested that his chlorides were 
quite impure. In a series of experiments carried out in this Laboratory3 on the 
simple compound chloroacetylglycylglycine, it has thus far proved impossible 
to obtain its acyl halide in a state even approximating purity; the reactivity 
of the peptide link was apparently indicated by the fact that phosphorus was 
present in the product. Since a survey of the literature revealed little mention 
of the use of this method of polypeptide synthesis since the time of Fischer, in 
all probability other observers have encountered the same difficulty. The 
18-peptide (and others prepared in a similar manner) thrice involved the use of 
amorphous peptides and amorphous halides of questionable purity in the same 
series of reactions to yield an amorphous product, and likewise thrice involved 
the use of ammonia in a reaction known to yield large amounts of by-products. 
We are of the opinion that such “polypeptides” are so impure that they are 
worthless as scientific preparations or protein models, and only by the tedious 
method of adding one residue a t  a time to the amino end of a peptide can rea- 
sonably pure products be obtained. Hence, none of the well-established methods 
of synthesis, which have worked so well in the preparation of a wide variety of 
simple peptides, is adaptable to the production of protein-like substances. 

After our failure to obtain pure polypeptides by these methods we turned 
our attention to the condensation reactions of the amino acids and peptides. 
These, under certain experimental conditions, lead to interesting products, some 
of which have been the subject of investigation early in the history of organic 
chemistry. An important method for the preparation of such products consists 
in heating the esters of the simple peptides and the amino acids under various 
 condition^.^ We have classified these reactions in four distinct types: 

1. Intramolecular removal of one molecule of alcohol from one molecule of 
an amino acid ester gives a diradical, -NH. CH(R) . CO-, two of which com- 
bine in inverted position to yield the corresponding diketopiperazine. (We do 
not rule out the possibility of a dipeptide ester acting as an intermediate; our 
classification is for the purpose of system, not an expression of true reaction 
mechanism.) The heating of the amino acid ester is carried out most conven- 
iently in a sealed tube (9, 10, 11). 

2. The ester of a dipeptide loses one molecule of alcohol intramolecularly 
and the corresponding diketopiperaxine (1, 12, 13) is formed by ring closure of 
the resulting -NH.CH(R) -CO.NH.CH(R) .CO- diradical. This cycliza- 
tion proceeds extremely rapidly in the case of glycylglycine ester, the dry crys- 
tals of which change into diketopiperaaine even at room temperature in ten days. 

The condensa- 
tion is best illustrated by intermolecular elimination of one molecule of alcohol 
from two molecules of the tripeptide ester and union of the resulting 

3 Unpublished data of E. Pacsu and Albert F. Chadwick. 
4 Preliminary communications on this subject have been published by E. Pacsu (7, 8). 

3. Conversion of a tripeptide ester into a hexapeptide ester. 
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H2N. CH (R) COS NH * CH (R) - CO - NH C H (R) . CO- and -NH CH (R) - CO 
I\”.CH(R) .CO.NH.CH(R) .COOR’ radicals. Until we undertook the pres- 
ent work, this reaction had been observed only with diglycylglycine methyl 
ester and Z-alanylglycylglycine methyl ester (14), which give the corresponding 
hexapeptide esters and a small quantity of higher condensation products. 

4. Tetrapeptide esters do not undergo any condensation at all (14). 
In  the course of the present work it was discovered that G3M5 in water solution 

suffers partial hydrolysis into methyl alcohol and diglycylglycine, and that 
simultaneously a considerable portion of G3M changes into GCM and a small 
quantity of other condensation products. It was also found that GaM is 
unstable in non-aqueous solvents, since it condenses quite rapidly at room tem- 
perature, particularly in methanol solution, into the pure GsM, which then 
precipitates out. This spontaneous change undoubtedly represents the most 
convenient method for the preparation of the latter compound in good yield 
and in excellent purity. Application to the esters of other tripeptides, however, 
does not give as good results, as will be pointed out in a second paper. 

The initial purpose of the present work was to ascertain if a hexapeptide 
ester, when heated, would suffer any condensation and, if i t  did, to which type 
the reaction belonged. It is obvious that if, e.g., the GsM molecules were folded 
hexagonally on account of preformed hydrogen or “cyclol” bonds (I), then the 
ester could lose one molecule of methyl alcohol intramolecularly as readily as 
the G2M (11) to give rise to the simplest model of “cyclol-6” postulated by the 
Wrinch theory (15, 16). On the other hand, the G&q might not suffer any 
condensation at all, or it might undergo the reaction characteristic for the tri- 
peptide esters. Xo prediction could be made as regards these possibilities, 
since the actual course of the reaction in all probability depends on the shape 
of the ester molecules, a property about which we have no information at present. 

CO-CH2 
/ \ 

\ ,/ 
CH2-HS 

/” 
‘“‘C02 CH3 Hz X”” 

/ 
\ 

oc 
CH2-CO 

/ \ 
KH-CH2 

I 
co 

CH2 
/”” \ 

H2 C 
/ 

COpCH3 H2N 
I1 

\ 

5 To save space the ti-i-, hexa-, etc. peptide methyl esters of glycine will be designated by 
the symbols GaM, GeM, etc. 
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Methoxyl, % 

8.28 
7.40 
6.90 
6.28 
5.24 
4.39 
3.45 
2.28 
1.80 
1.64 
1.25 
0.94 

For the identification of the condensation products of a polypeptide ester 
with high molecular weight the analytical data for the elements are practically 
useless in that the calculated values do not differ sufficiently to allow a sharp 
distinction between the possible reaction products. For example, G6M has C, 
41.7, H, 5.9, and N, 22.5; the hypothetical “cyclohexapeptide” of glycine, 
(NH.CHt.CO)c, contains C, 42.1, H, 5.3, and N, 24.6. For any possible 
condensation products the corresponding values would fall between these two 
sets of figures and, hence, well within the limits of error in the analysis. The 
present work was rendered possible by recognition that quantitative methoxyl 
determination was the only practical method of analysis.6 From accurate 
methoxyl values one could draw inferences as to the course of the reaction, 
since e.g. G6M contains 8.28% methoxyl, whereas a “cyclol-6” should not 
contain any. 

Time, hrs. 

0 
1 
2 
4 
7 

20 
44 
68 

140 

TABLE I 
CONDENSATION OF PENTAGLYCYLGLYCINE METHYL ESTER AT DIFFERENT TEMPERATURES 

T = 102’ *lo I T = 11Zo&l0  

Time, hrs. 

0 
1 
2 
4 
8 

13 
24 
48 
72 
96 

168 
336 

8.28 
6.12 
5.40 
4.16 
3.35 
2.02 
1.61 
1.26 
0.97 

T = 130” &lo 

Time, hrs. 

0.5 
1 .5  
4.5 
8 

24 
144 
364 

4.91 
3.25 
2.15 
1.50 
1.01 
0.58 
0.54 

Experiments were carried out by heating the pure G6M below its melting 
point in a porcelain or platinum boat contained in a constant temperature oven; 
samples of the solid were withdrawn for methoxyl determination (17, 18) at 
known intervals of time. The results of the analyses are shown in Table I for 
samples heated at  102”, 112”, and 130°, respectively. In similar experiments 
GsM (MeO, 15.26%) was heated at 80°, 102”, and 105”, respectively; the 
analytical data are given in Table 11. 

In order to obtain direct evidence as to the nature of the condensation 
products, samples of G3M were heated at  10Oo=!=l0 for different lengths of 
time and then analyzed for the products. The results are shown in Table IV. 
The analysis was carried out as follows. By repeated treatment of the samples, 

6 Amino nitrogen determinations were rendered extremely difficult because the insolu- 
bility of the products in most cases prevented introduction of samples into the reaction 
chamber of the Van Slyke apparatus. 
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0 
72 

117 
360" 
492 
564 

contained in crucibles with sintered glass bottoms, with hot methyl alcohol the 
unchanged G3M was removed from the reaction mixtures and its weight deter- 
mined by the loss in weight of the samples. The washed-out G3M was recovered 
in crystalline state and identified by methoxyl analysis. By subsequent and 
repeated treatment of the methanol-insoluble residues with warm (80') water, 
the weight of the water-soluble condensation product was obtained by the 
loss in weight of the samples. The material recovered from the cooled filtrate 
was identified as pure GsM, the result being confirmed by methoxyl analysis. 
From the methoxyl content of the water-insoluble residues we concluded that, 

14.40 
1.93 
1.20 
0 .83  
0.64 
0.56 

TABLE I1 
COXDENSATION OF DIGLYCYLGLYCINE METHYL ESTER AT DIFFERENT TEMPERATURES 

T = 80" *lo 

Time, hrs. 

0 
1 
2 
3 
4 
5 
8 

24 
29.5 
50 
74 
98 

120 
240 
480 
720 
960 

1440 
2474 
2908 

Methoxyl, % 

15.26 
15.01 
14.86 
14.66 
14.48 
14.37 
14.24 
13.46 
13.06 
12.63 
12.09 
11.67 
11.20 
8.89 
5.80 
4.40 
3.55 
2.73 
2.30 
2.16 

T = 102' +lo 

Time, hrs. 

0.17 
0.33 
0.50 
1 
2 
4 
6 

11 
23 
47 
96 

192 
264 
432 

Methoxyl, % 

15.50 
14.10 
13.59 
13.26 
11.33 
8.97 
7.20 
5.67 
4.80 
3.62 
2.42 
1.56 
1.40 
1.14 

T 105' &lo 

Time, hrs. 1 Methoxyl, % 

5 After 360 hours the temperature was raised to 112" 11" .  

after one hour of heating, the GaM gave rise to almost pure GlzM (found: 
MeO, 4.39; calc'd: MeO, 4.33) as the highest condensation product. This 
substance was first obtained in a similar manner by Fischer (14), who concluded 
from its carbon, hydrogen, and nitrogen content that it could be the GIZM. 
The gradual decrease in the methoxyl content of the insoluble residues indicated 
that the GlzM underwent further condensation during the eight and twenty-four 
hours the respective samples of G3M had been heated. Confirmation that the 
GUM undergoes further condensation was received from an experiment in which 
GlzM prepared by the above method was heated a t  11O0=t lo ,  samples being 
withdrawn and analyzed for methoxyl as usual. These data are included in 
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Table 111. Had "cyclol-6" been formed in the condensation reaction of GaM 
as well as GeM, it could have been represented only by the insoluble residues, 
and the fact that the latter substances contained methoxyl ruled out this pos- 
sibility. In  addition, the insoluble residues could not have consisted of a mix- 

TABLE I11 
CONDENSATION OF HENDECAGLYCYLGLYCINE METHYL ESTER AT 110" f l o  

LIETHOXYL, % i T-, HPS. 

0 
3 
6.4 

12 
24 
48 
96 

192 
226" 
394 

1052 

4.39 
3.47 
3.07 
2.69 
2.39 
2.07 
1.89 
1.61 

0.77 
0.54 

Temp. raised to  130" *lo; subsequent values a t  this temp. 

TABLE IV 
ANALYSES~ OF SAMPLES OF DIGLYCYLGLYCINE METHYL ESTER HEATED AT 100" il" 

FOR DIFFERENT LENGTHS OF TIME 

TIME, MIN. 

0 
10 
30 
45 

hrs. 
1 
2 
3 
8 

24 

LOSS METHYL ALCOHOL, 70 

obs'd 

0.87 
1.73 
2.26 

2.64 
6.01 
7.77 
9.03 
9.24 

calc'd 

1.52 
2.67 

2.33 
5.60 
7.45 

98.94 
91.96 
81.05 
76.96 

71.10 
32.95 
11.68 
0.74 
0.38 

GsM, % 

1.06 
7.26 

15.72 
19.33 

23.40 
54.66 
69.80 
73.03 
67.08 

GzM AND 
HIGHER., '% 

0.78 
3.22 
3.71 

5.50 
12.39 
18.72 
26.23 
32.54 

METHOXYL OF 

HIGHER, % 
GMM AND 

- 

4.30 

4.39 
2.72 
2.64 

The figures represent average values for several runs starting with initial samples of 
about 0.4 g. of G3M. In  each run the figures for G3M and GsM percentage represented the 
constant values obtained after three to  five washings with hot methanol and 80" water, 
respectively. 

ture of GgM and G12M, because the GgM with 5.68% methoxyl could not lower 
the methoxyl content (4.3377,) of the G12M. We therefore interpret our data 
as indicating that the GaM underwent a series of successive condensation reac- 
tions yielding G6M, G12M, G=M, GdsM, and G9sM with theoretical methoxyl 
contents of 8.28, 4.33, 2.21, 1.12, and 0.56%, respectively. Since there was no 
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appreciable difference in the experiments starting with G3M, GsM, or GlzM 
between the methoxyl values of the last two samples taken at long interval of 
time, it appears very likely that the condensation reaction ends a t  the 96-peptide 
stage, yielding a nearly uniform product with a methoxyl content of 0.5%, 
and with the empirical formula C193H292N9609z and molecular weight of 5504. 
From the nature of this type of condensation reaction, it follows that a t  the 
intermediate stages the figures of the methoxyl estimations represent the over- 
all methoxyl content of the reaction products, which necessarily consist of mix- 
tures of polypeptide esters. When the G3M was heated at 80” the condensation 
reaction was so slow that after a total of four months heating the methoxyl 
reached only the value for G24M (found: MeO, 2.16; calc’d: MeO, 2.21). An 
amino nitrogen determination on the product, carried out under the obvious 
difficulty of introducing a large solid sample into the reaction chamber of the 
Van Slyke apparatus, gave a value of 0.680 mg. of nitrogen gas. The calculated 
value for the sample on the basis of the methoxyl content was 0.707 mg., showing 
excellent agreement. Accordingly, any possibility of a partial decomposition 
of G6Rf or GlzM into methanol and the corresponding free peptide, a reaction 
that might be thought to have caused the gradual decrease of the methoxyl 
content, is definitely ruled out, since the amino nitrogen value has suffered the 
same relative drop as the methoxyl content and the reaction must be tied up 
with the disappearance of free amino groups. 

The absence of G9M among the analyzed condensation products of G3M is 
surprising. It would indicate that the reaction is not a random condensation 
between all of the peptides present, e.g., G3M and GsRI to yield GJV, etc., but 
it proceeds according to a pattern which can be expressed by the simple formula 
3 x 2”, where n = 1, 2,3,4,  and 5. Whether or not such selective condensation 
has anything to do with the presumably different shapes of the polypeptide 
ester molecules present, or with the oriented structure of the crystalline starting 
material, or with some unknown factors that may in general control the niecha- 
nism of reactions occurring in the solid state, a t  present we are unable to say. 
However, it does not seem to us unlikely that the rapid condensation of the 
amino acids in the living cell by the catalytic action of the enzymes takes place 
according to such economic pattern instead of random Condensation. 

All the polypeptide esters of glycine obtained in the course of this investiga- 
tion were almost colorless substances, amorphous in appearance, and insoluble 
in alcohol but slightly (0.1-0.57c) soluble in water. They all give very strong 
biuret reaction and dissolve completely in cold conc’d hydrochloric acid, though 
only partly in dilute alkali solution. They are strongly reminiscent of denatured 
proteins, and like many of the latter substances are soluble in concentrated urea 
solution. 

Although the inability of G&f to form the simplest “cyclol-6” molecule by 
this method would seem to favor strongly the conception of a more or less open- 
chain structure, it should be pointed out that the tetrapeptide esters do not 
appear to undergo any type of condensation a t  all. There is thus an indication 
of some fundamental difference between the shape of the molecules of the di-, 
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tri-, and 3 X 2"-peptide esters on the one hand, and that of the tetra- and 
probably penta-, hepta-, etc. peptides on the other. In  addition, a 96-peptide 
is one-third of the Svedberg unit of 288; whether this has any significance we 
are not in a position to state a t  the present time. 

EXPERIMENTAL 

Preparation of diglycylglycine methyl ester. Fischer's procedure (11) was followed closely 
for the conversion of glycine ethyl ester hydrochloride into 2,ti-diketopiperazine and for 
the preparation of chloroacetylglyclglycine from chloroacetyl chloride and the piperazine 
derivative. The exchange of the chlorine atom for an amino group in chloroacetylglycyl- 
glycine was carried out according to  Abderhalden and Fodor (19), and the methyl ester 
hydrochloride of the resulting diglycylglycine was obtained by Fischer's method (11). 
For the preparation of the free tripeptide ester i t  became necessary to  modify slightly 
Fischer's original procedure (ll), which gave an unsatisfactory yield, due to rapid con- 
densation of the liberated ester during the evaporation of the dilute methyl alcohol solution. 
The following procedure gave a pure crystalline product in nearly quantitative yield. To 
4.8 g. (1/50 mole) of diglycylglycine methyl ester hydrochloride, suspended in 10 cc. of ice- 
cold methanol in a distilling flask, was added, drop by drop and under stirring a t  0"' an 
approximately 2% methyl alcoholic sodium methoxide solution containing 3% less than the 
theoretical quantity of sodium. The reaction mixture was immediately concentrated 
in vacuo a t  30" to  a solid mass which was repeatedly extracted a t  40" with 10 cc. portions of 
dry chloroform. The filtered extracts were united, and absolute ether or petroleum ether 
was added to the cold solution until turbidity developed. On standing a t  low temperature, 
the solution rapidly deposited the tripeptide methyl ester in groups of long needles; yield, 
nearly quantitative; m.p. and other physical properties agree with the data given by 
Fischer. 

Anal .  Calc'd for C~HlaN30,: OCH3, 15.26. 
Found: OCHa, 15.40. 

The methyl ester of diglycylglycine is soluble in cold water, giving a clear solution 
strongly alkaline to  litmus. However, the solution rapidly develops turbidity, indicating 
the formation of water-insoluble condensation products. I n  a special experiment, 1 g. 
of pure ester was dissolved in 7 cc. of distilled water, and the clear solution was kept at room 
temperature for two days; heavy precipitation occurred during this time. The filtered 
substance was dried in vacuo over solid sodium hydroxide a t  room temperature; yield, 0.4 
g. Although its methoxyl content (4.1%) corresponded to  that  of pure dodecapeptide 
methyl ester of glycine, the substance was a mixture of pentaglycylglycine and i ts  methyl 
ester, both of which are soluble in warm water but only slightly soluble in cold. Addition 
of three volumes of absolute alcohol to the original filtrate of this substance gave crystalline 
diglycylglycine ; yield, 0.3 g. This experiment showed that  diglycylglycine methyl ester in  
water solution suffered partial hydrolysis into the tripeptide and partial condensation into 
the hexapeptide ester, the latter substance in turn being partly hydrolyzed to the free 
hexapeptide. In  similar experiments carried out in boiling water, further condensation 
occurred, yielding substances insoluble in hot water and containing little methoxyl, besides 
large quantities of diglycylglycine. 

The condensation of diglycylglycine 
methyl ester in non-aqueous solvents proceeded fairly rapidly, and the only product of the 
reaction was pure hexapeptide ester of glycine, which precipitated out immediately after i t  
had been formed. Three grams of crystalline tripeptide ester was dissolved in 30 cc. of 
cold absolute methanol and the solution was filtered rapidly with activated carbon. Heavy 
precipitation was obtained by keeping the clear filtrate a t  room temperature for three days. 
The substance was filtered in a crucible with sintered glass bottom and washed with ab- 
solute methanol; yield, 1 g. of pure hexapeptide ester. From the filtrate, on standing for 
several days, a further quantity (0.7 9.) of the same substance was obtained. 

Preparation of pentaglycylglycine methyl ester. 
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Anal. Calc’d for CI3HZ2KC07: OCH3, 8.28. 
Found: OCHB, 8.33. 

We are indebted to Dr. S. M. Trister and Mr. R. E. Kobilak of this Depart- 
ment for their assistance in the analyses reported in this paper. 

SUMMARY 

A study of the condensation reactions which take place on heating the amino 
acid esters and simple polypeptide esters has been made, and the reactions have 
been classified into four distinct types. 

It has been concluded that instead of cyclization to give the simplest model 
of a “cyclol-6” postulated by the Wrinch theory, the hexapeptide methyl ester 
of glycine, on being heated, undergoes the type of condensation characteristic 
for the tripeptide esters, in a series of successive reactions yielding 12-, 24-, 48-, 
and 96-peptide esters of glycine. The course of the reaction has been followed 
by methoxyl estimation on the samples withdrawn at certain intervals of time. 
Similarly, the condensation reactions of the tripeptide and dodecapeptide esters 
of glycine proceed according to the simple formula 3 X 2”, where n represents 
whole numbers, to give 96 as the final stage of condensation. 

From the results of the analyses of the condensation products it has been 
concluded that neither “cyclol-6” nor, in all probability, nonapeptide is formed 
when the tripeptide ester of glycine is heated, The polypeptides obtained are 
reminiscent of denatured proteins and give strong biuret reactions. 

An improved procedure for the preparation of diglycylglycine methyl ester, 
and a new method for the preparation of pentaglycylglycine methyl ester 
have been given. 

PRINCETON, N. J 
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In  the preceding article3 it was shown that the tripeptide methyl ester of gly- 
cine, on being heated, undergoes condensation in a series of successive reactions 
yielding the 96-peptide methyl ester of glycine as the final product. Application 
of the procedure to other tripeptide methyl esters has now been undertaken in 
order to open the way for the preparation of synthetic protein-like substances in 
accordance with the views postulated by Bergmann’s periodicity hypothesis 
(1, 2,3) .  It was hoped that substitution of different amino acids for glycine in 
the starting materials would lead to model substances not possessing the extreme 
insolubility of the glycine polypeptide esters. It should be pointed out that once 
the proper technique for the preparation of these various model suMtances has 
been established, synthetic products containing optically active amino acids 
linked together in known order can be made available for physiological and 
enzymatic studies. 

A search of the literature for suitable starting materials revealed that, whereas 
several tripeptides had been prepared in pure state, both the methyl ester hy- 
drochlorides and the methyl esters themselves mere unknown. The only simple 
tripeptide methyl ester which had been prepared, other than G3M,4 was l-al- 
anylglycylglycine methyl ester (4). In undertaking the preparation of such 
tripeptide esters considerable and unexpected difficulty was encountered for the 
reasons discussed in the following section. From the products finally obtained, 
only dl-alanylglycylglycine methyl ester (AG2M) and dl-leucylglycylglycine 
methyl ester (LG2M) were available in pure form. 

I. THE PREPARATION OF METHYL ESTERS OF TRIPEPTIDES 

For our experiments we decided to use the methyl esters of dl-alanylglycyl- 
glycine, dE-leucylglycylglycine, dE-alanyl-dl-leucylglycine (ALGM) and glycyl- 
dl-leucyl-dl-alanine (GLAM) . We synthesized the free tripeptides in the same 
general manner in which they were originally obtained by Fischer (5 ,  6). In 
these syntheses, as one of the steps, ammonia is employed for the replacement of 
halogen by an amino group in the respective halogeno peptides, a reaction often 
resulting in the formation of large amounts of by-products (6) .  For instance, in 

1 From the thesis submitted by E. Justin Wilson, Jr.,  duPont Fellow in chemistry, t o  the 
Faculty of Princeton University in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

This work was supported by a grant from the Rockefeller Foundation. 

3 Paper I, Pacsu and Wilson, J. Org. Chem., 7, 117 (1942). 
4 See footnote 3, Paper I .  

Present address, National Institute of Health, Bethesda, Md. 
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the ammonolysis of a-bromoisocaproylalanine the corresponding diketopiper- 
azine is formed in considerable amount, as well as the hexenic acid derivative of 
alanine, (CH&CH.CH=CH.C0.NH.CH(CH3)COOH, where hydrogen bro- 
mide was split off. The formation of a corresponding hydroxy acid, (CH3)2 
CH.CH2*CHOH.CO-NH.CH(CH3)COOH, is likewise possible under the con- 
ditions of the experiment. Finally, the prolonged action of aqueous ammonia 
may be effective in splitting the peptide bond. It occurred to us that much of 
the by-product formation may actually take place after the amination has been 
completed, as a result of long contact of the product with strong ammonia. For 
this reason pilot experiments were run on most of the compounds we desired to 
aminate before subjecting the main part of the material to the treatment. 

TABLE I 
TIME NECESSARY FOR COMPLETION OF AMMONOLYSIS AS INDICATED BY HALOGEN 

ION ESTIMATIONS 

SUBSTANCE 

a-Bromopropionylglycylglycine . . . . . . . . . . . . . . . . . . .  ~ 0.5 (100") 

or-Bromopropionylleucylglycine . . . . . . . . . . . . . . . . . . .  2 I 24 (room temp.) 
a-Bromoisocaproylglycylglycine . . . . . . . . . . . . . . . . . . .  0.5 (100') 

Chloroacetylleucylalanine, . . . . . . . . . . . . . . . . . . . . . . . .  ~ 1 1 0 . 5  (100") 

TABLE I1 

UNDER STANDARD CONDITIONS 
AMINO WITROGEN CONTENT OF SYRUPS FROM ESTERIFICATION O F  TRIPEPTIDES 

?-ON 
HYDBOCHLOEIDE) 

(CALC D METHYL ESTEB ?h A-o 
(FOUND) 

SUBSTANCE 

Alanylglycylglycine. . . . . . . . . . . . . . . . . . . . .  
Leuc ylglycylgly cine, . . . . . . . . . . . . . . . . . . . .  
Alanylleucylglycine . . . . . . . . . . . . . . . . . . . . .  
Glycylleucylalanine . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

5.52 1 8.62, 8.44 

4.52 ~ 5.42, 5.34 
4.52 7.28, 7.38 

4.74 5.94,5.79 

Samples were withdrawn from these pilot runs at known times and analyzed for 
halogen ion content; the end-point of the replacement reaction was thus as- 
certained. This technique in every case led to increased yields over those re- 
ported by Fischer, under milder conditions. As shown in Table I, the reaction is 
in general much more rapid than hitherto supposed. 

Experiments for the preparation of the methyl esters of these tripeptides were 
based on the assumption that methyl alcoholic hydrogen chloride, so successfully 
employed in the case of G3M and l-AG2M, was the only methylating agent which 
could be used due to the insolubility of the peptides in organic solvents and the 
presence of a reactive amino group. Abderhalden (7) has given general rules for 
esterification, based largely on Fischer's original procedure for the above two 
tripeptide esters and for the amino acid esters themselves. Using this procedure, 
modified only by varying the percentage of hydrogen chloride in the esterifying 
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mixture from 2.5% to saturated, the following discouraging products were ob- 
tained after many different experiments. The GLA and ALG gave non-crys- 
tallizable syrups. The AG2 and LG2 gave syrups from which small amounts of 
fine needles slowly separated. This crystalline material, after purification, gave 
melting point and analytical data for methoxyl and chlorine content in perfect 
agreement with those of glycine methyl ester hydrochloride. Since it appeared 
from this that the tripeptides had undergone some fission, all syrups were con- 
verted into amorphous solids by trituration with dry ether and analyzed for 
amino nitrogen. The results given in Table I1 are typical of the products ob- 
tained from the various runs and indicate considerable splitting. Neutraliza- 
tion of the syrups with sodium methoxide yielded basic substances from which a 
volatile fraction, glycine methyl ester, was removed by distillation. From the 
residues a series of crystalline compounds were isolated. Their properties and 
analyses indicated that they represented the corresponding diketopiperazine 
derivatives, necessarily formed from the splitting off of the end-standing glycine 
residue in each case. We conclude, therefore, that esterification of the tripep- 
tides under standard conditions leads to alcoholysis, resulting in the splitting of 
the molecules a t  the point between the end glycine residue and the remainder of 
the molecule. The resulting dipeptide ester hydrochlorides, when neutralized, 
rapidly cyclize to the corresponding diketopiperazines, while the free glycine ester 
is completely removed when the mixture is concentrated in vacuo. The results 
are summarized as follows. 

Alanyl-gly c yl-gly cine 

Leuc y 1-gly cy 1-gly cine 

Alanyl-leuc yl-gly cine 

GI y c yl-leuc yl-alanine 

AGM.HC1 + GM.HC1 

LGM .HC1 + GM. HC1 

ALM.HC1 + GM.HC1 

HCl 

HC1 

HC1 

LAM.HC1 + GM.HC1 HC1 

It is interesting to note that previous to Abderhalden’s general rules the same 
process of alcoholysis under nearly the same conditions was pointed out by 
Pribram (8); little has appeared on the subject since that time (9). 

The importance of the time factor was now evident, and the easy preparation 
of G3X and l-AG2M under Abderhalden’s conditions could be attributed to the 
rapid and easy crystallization of these particular ester hydrochlorides. There- 
fore our next series of experiments was run using freshly prepared saturated 
methyl alcoholic hydrogen chloride in order to ensure rapid esterification. The 
tripeptide was dissolved in this solution and the product immediately precipitated 
with dry ether, or the solution at  once taken down in vacuo. The resulting sub- 
stance was repeatedly taken up in methanol and thrown out of solution with dry 
ether, the liquid layer being decanted in order to remove as much hydrogen 
chloride as possible. The final product was dried over fresh sodium hydroxide. 
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In  this manner the new pure crystalline hydrochlorides of AGzM and LGzM were 
obtained; the hydrochlorides of ALGM and GLAM would not crystallize al- 
though their analyses agreed reasonably well with the calculated values. Pos- 
sibly this is due to the fact that they are composed of a mixture of diastereomers. 

The hydrochlorides were neutralized with sodium methoxide in the usual 
manner to liberate the previously unknown free esters. Of these, the AGzM was 
obtained in pure crystalline form, the pure LGzM was a white amorphous powder, 
while the GLAM was a t  first an oil but turned into a slightly impure solid 
crystalline mass on standing; the ALGM could not be crystallized or solidified, 
and was unavailable for condensation experiments. 

Experiments involving esterification of other polypeptides, as well as scission of 
protein molecules by methanolysis are now in progress in this Laboratory. 

EXPERIMENTAL 

dl-8ZanylgZycylgZycine methyl ester. Fischer's procedure (5) for the production of 
a-bromopropionylglycylglycine was followed, using diketopiperazine and a-bromopro- 
pionyl bromide prepared according to Volhard (10). For the amination of this substance 
Fischer's method was modified as follows. To 1260 cc. of 9 N ammonia was added 168.5 g. 
of the bromo compound, giving a 0.5 molar solution of the substance. Since a pilot run 
indicated that a t  50" under these conditions the bromide ion content reached the maximum 
in four hours, the amination was conducted in this fashion. The tripeptide was then worked 
up according to Fischer's procedure; yield, 100 g. or 78%. A second run gave a yield of 
80.5%, whereas Fischer reported 57%; m.p. and physical properties were identical with those 
reported by him. Titration with alkali in aqueous solution, using thymol blue with the 
addition of three volumes of alcohol: 0.1368 g. required 6.63 cc. of 0.1 N alkali; calculated: 
6.74 cc. 

From the tripeptide the methyl ester hydrochloride was prepared as follows. To 17 g. 
of the tripeptide was added 170 cc. of a saturated methyl alcoholic hydrogen chloride solu- 
tion freshly prepared from absolute methanol. The vessel was rotated while cooling until 
all the substance had dissolved, and the solution was immediately concentrated to dryness 
i n  vacuo a t  room temperature. The resulting syrup was repeatedly talcen up in a small 
quantity of methanol and precipitated by the addition of dry ether, the liquid layers being 
decanted. iifter drying over solid sodium hydroxide in  vacuo the syrup completely solidi- 
fied. Two crystallizations from a methyl alcohol-ether mixture gave clusters of needles; 
yield, 20.4 g. or 96.2%. The crystals had the m.p. 12-157" (corr. 157-160'). 

Anal. Cale'd for C8H16C1N304 (253.5): OC&, 12.22; C1, 14.00. 
Found: OCH,, 12.24; C1, 14.05. 

For the liberation of the free methyl ester, a solution containing 2y0 less than the calcu- 
lated quantity of sodium methoside was added slowly to 7 g. of the hydrochloride dissolved 
in the minimum amount of ice-cold methanol. The mixture was immediately concentrated 
to dryness in  zucuo a t  room temperature and the resulting cloudy syrup was extracted a t  
once with several portions of hot ethyl acetate. On cooling the filtered ethyl acetate solu- 
tion in ice, the ester separated in crystalline form; yield, 4.6 g. Addition of ether to the 
filtrate gave 0.4 g., a total yield of 83%. The needles melted a t  86-88', and in water solution 
were strongly alkaline to litmus, showing a positive biuret reaction. Titration of a 0.0959 
g. sample using methyl red required 4.30 cc. of 0.1 N acid; calculated: 4.42 cc. 

Anal. Calc'd for CsHI5SsO4 (217): OCH,, 14.28. Found: OCH,, 14.22. 

dl-leucylglycylglycine methyl ester. The free peptide was obtained in the manner re- 
ported by Fischer (5). Diketopiperazine was converted to a-bromoisocaproylglycylglycine 
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by coupling with a-bromoisocaproyl chloride prepared from isoamyl alcohol according to  
Hass and Marshall (11). For amination to the tripeptide, a pilot run indicated maximum 
bromide ion concentration after six and one-half hours heating a t  50" in 9 N ammonia. 
These conditions were used with excellent result; from 24.5 g. of starting material was ob- 
tained 15.6 g. or an 80.4% yield of the pure tripeptide, as compared with Fischer's 63% yield 
of unrecrystallized product; m.p. and properties indicated the tripeptide to be identical 
with Fischer's preparation. Conversion of one gram of the tripeptide to the new methyl 
ester hydrochloride was accomplished in a manner similar to that used for alanylglycyl- 
glycine methyl ester hydrochloride. The substance crystallized spontaneously on con- 
centration of the original solution. It was washed with ice-cold methanol and dried over 
sodium hydroxide. Recrystallization from absolute methanol with the addition of ether 
gave fine ncedles; yield, 0.9 g.; m.p. 220-221" (corr. 227-228") with decomposition. 

Aiial. Calc'd for CllH22C1S304 (295.5): OcI%, 10.49; C1, 12.01. 
Found: OCH3, 10.47; C1, 11.94. 

The free ester was liberated from the hydrochloride by the same procedure as used for 
the alanylglycylglycine methyl ester. The extraction was made with chloroform and from 
the solution, on concentration, a clear syrup was obtained. This was taken up in ether, the 
solution filtered from a trace of insoluble material, and the filtrate was again concentrated. 
The ester separated as a white solid which was removed by rubbing with dry petroleum 
ether and dried over sodium hydroxide; m.p. 70". The substance was fairly soluble in ether. 

The free peptide was obtained according to 
Fischer's procedure (6). For the conversion of the chloroacetylleucylalanine to the tripep- 
tide the optimum condition was again determined by a pilot run. To 95 cc. of 9 N ammonia 
was added 13.3 g. of the chloroacetyl compound to give a 0.5 molar solution; this was kept 
at 50" for one hour, after which the solution was worked up according to Fischer. Yield, 
10.8 g. or 88% as compared with Fischer's 70%. Molecular weight determination by elec- 
trometric titration gave 262.6; calculated, 259. The methyl ester hydrochloride was 
prepared by the same procedure as described for the two previous ester hydrochlorides. 
The product was obtained in solid form but could not be recrystallized; yield, 70%. 

Anal. 
Glycyl-dl-leucyl-dl-alanine methyl ester. 

Calc'd for C11H21S30a (259) : OCH,, 11.96. Found: OCH,, 11.78. 

Anal. Calc'd for C12H24C1N304 (309.5): OCH8, 10.01. Found: OCH3, 10.32. 
The free ester was obtained in the usual manner described above for the other tripeptide 

esters. The product was a clear oil soluble in ether; on standing or scratching, i t  readily 
crystallized. The crystalline product was only slightly soluble in ether, but could not be 
recrystallized from this or other solvents, since i t  always separated out as a slightly impure 
oil, the process of crystallization being evidently quite slow. I ts  aqueous solution is 
strongly alkaline to litmus, but gives only a faint biuret reaction; yield, 77%; m.p. 102-105". 

Anal. Calc'd for C19H23S304 (273): OCHq, 11.35. Found: OCH,, 10.90. 

The dl-alanyl-dl-leucylglycine used in the experiments was prepared according to Fischer 
(6), except that the intermediate a-bromopropionylleucylglycine was aminated according 
to our new conditions. The usual pilot run indicated the reaction to be complete in two 
hours a t  50" in 9 N ammonia; yield, 83.6% as compared with Fischer's 74%; m.p. and physi- 
cal properties identical with those given by Fischer. Titration of a sample using the glass 
electrode gave a molecular weight value of 264.4; calculated, 259. Preparation of the ester 
hydrochloride and free ester from this substance according to the above conditions led only 
to impure syrupy products. 

11. CONDENSATION EXPERIMENTS WITH NEW TRIPEPTIDE METHYL ESTERS 

Attempts to prepare the hexapeptide ester from the crystalline AGzM for use 
in condensation experiments by the same procedure as used for GSM gave a 
different but interesting result. A 10% methyl alcoholic solution of A G M  
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(MeO, 14.28%) remained clear during a period of 24 days standing a t  room tem- 
perature. After this time the substance was precipitated in apparently amor- 
phous form by addition of ether. The methoxyl content of the product was 
6.98Yc, whereas the calculated value for AGzAG2&l is 7.71%, indicating that, al- 
though the condensation does take place, the hexa-, and to some extent the higher 
peptide esters, unlike the G&f, are soluble in methanol. 

The AGzM and LG&I were then submitted to heating experiments, samples 
being withdrawn at  known times for methoxyl determinations. For AGz&l, runs 
were made a t  80", loo", and 110"; the results of the methoxyl analyses are given 
in Table 111. With LG2M, experiments were carried out at 100" and 110"; the 

TABLE I11 

TEMPERATURES 
C O N D E K S A T I O N  OF dl-A4LANYLGLYCYLGLYCINE M E T H Y L  ESTER A T  DIFFERENT 

T = 80' f 1' 

Time (hrs.) 

0 
1 
2 
4 
7 

12 
24 
48 
72 

192 
480 

% OCH; 

14.28 
13.79 
13.47 
12.67 
11.74 
9 . 7 3  
7 . 4 2  
6 . 3 4  
5 .99  
5 . 0 9  
4 . 3 9  

T = 100' f 1' 
_____ 
Time (hrs.) 

0 
0 . 4  
1 
2 
4 
6 

12 
24 
48 
72 
96 

192 
312 

% OCHB 
____ 

14.28 
13.10 
11.96 
10.88 
7 . 3 4  
5 . 7 3  
4 .04  
3.47 
2.57 
2 . 2 3  
2 . 0 0  
1 .60  
1 .33  

Time (hrs.) 

0 
0 . 2 5  
0 . 5  
1 
1 . 5  
2 
4 
6 

12 
24 
48 
72 
96 

264 
408 
845 

T = l l O o i  1' 

% OCHs, 

14.28 
12.42 
12.16 
10.58 
8.80 
7.07  
4 . 7 5  
3 .69  
2 .77  
2 .07  
1 .54  
1 .25  
1 .11  
0 . 7 0  

1st run 
% O c a ,  
2nd run 

14.28 

10.71 

7 . 5 3  

4 . 1 5  

2 . 1 9  

1.19 
0.86" 

0 . 5 5  
0 . 4 3  

= This value is for 168 hours heating. 

results of the methoxyl estimations are shown in Table IV. With the exception 
of the experiment at  80" on the AGgM, all the runs were complicated by the fact 
that LG2M melts a t  70" and AGzM melts a t  86-88". Consequently it was found 
necessary to weigh out the samples in advance in small individual tin cups; after 
heating, the cups with their contents were re-weighed and placed in the methoxyl 
apparatus. As with G3M, GsM, and GI2M, there occurred a general fall in the 
methoxyl contents to values fairly close to the calculated methoxyls for the 
respective 48- and 96-peptide esters. Some indication was obtained in the case of 
AGzM at  110" that the condensation may have proceeded beyond the 96-stage; 
after 408 hours heating, the methoxyl content was 0.55%, while an additional 
437 hours heating lowered the value to 0.43% as compared with the calculated 
value of 0.527'. Though this latter analysis is still within the experimental 
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error for the 96-peptide ester, it should be remarked that in all probability the 
condensation from the 96- to the 192-stage would be an extremely slow 
process. 

We were able to obtain excellent confirmation of the validity of the methoxyl 
analyses in the following manner. A sample of AG2M was heated a t  80” until 
the methoxyl content was 4.39% (calc’d for the 12-peptide ester, 4.01%). This 
substance was completely soluble in water. Titration of a 0.1392 g. sample with 
0.01 N hydrochloric acid, using the glass electrode, gave an end-point value of 
18.6 cc.; the calculated value, assuming condensation for removal of the free 
amino group, is 19.1 cc. Amino nitrogen determinations on the same substance 
gave values of 2.13% and 1.97%, as compared with the calculated value of 1.98%. 

Unfortunately, the washing-out experiments, used so successfully for the 
quantitative removal of GBM and GsM from the condensation products of the 

TABLE IV 

TEMPERATURES 
CONDENSATION OF d-LEUCYLQLYCYLGLYCINE METBYL ESTER AT DIFFERENT 

T = 1Wo& 1” T = 110’ f 1” 

Time (hrs.) 

0 
1 
2 
4 

11 
27 
50 
96 

217 

% OCH: 1 Time (hrs.) 

11.96 
10.90 
9 . 9 5  
8 . 7 1  
5 .96  
4 . 7 0  
3.80 
2 .80  
2 .34  

0 i 3  5 1 . 5  

9 
I 24 

72 
168 

I 264 

% OCHi 

11.96 
9 . 1 2  
7 .73  
5.73 
4.54 
3.06 
2 . 4 0  
1 . 8 5  
1 . 8 4  

earlier experiments, could not be applied as such to these latter products, as the 
high peptide esters possessed the unexpected property of being soluble in cold 
water a t  all stages. A series of experiments on products obtained by heating 
AG2M showed the tripeptide ester to be soluble in warm ethyl acetate, and the 
hexapeptide ester to be insoluble in ethyl acetate but partly soluble in ethanol 
and completely soluble in methanol. While the unchanged tripeptide ester 
could be separated quantitatively from the other products by ethyl acetate, the 
hexapeptide ester could not be completely washed out with ethyl or methyl al- 
cohol without appreciable removal of some products containing lower methoxyl 
values. Consequently, since recovered portions of hexapeptide ester usually 
showed lower methoxyl contents than the calculated for the pure hexapeptide 
ester, it is not possible to exclude the formation of 9-peptide ester on the basis of 
such experiments. The non-formation of “cyclol-6”, however, is indicated by 
the following data. A sample of AGzM heated a t  80” for twenty-three hours 
contained 7.13% methoxyl (calc’d for the hexapeptide ester, 7.71%). Washing 
with warm ethyl acetate gave little loss in weight, indicating a negligible amount 
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of unchanged AG2M a t  this stage. The residue was then boiled five minutes with 
methyl alcohol, and a small insoluble portion filtered off. This portion had a 
methoxyl content corresponding to that of a dodecapeptide ester (found: MeO, 
4.53; calc'd: MeO, 4.01). From the alcoholic filtrate, on standing a t  0", a small 
fraction with 6.45y0 methoxyl value was recovered by filtration. Although this 
could be interpreted as being a mixture of 32% hexa- and 68% nona-peptide ester 
(calc'd for nonapeptide ester: NeO, 5.86), i t  is as likely that it consists of a mix- 
ture of hexa- and dodeca-peptide ester, and consequently no conclusion can be 
drawn on this point. The 
filtrate, on addition of ether, gave a large amount of almost pure hexapeptide 
ester containing 7.44oJ, methoxyl. It is apparent, as in the case of the glycine 
peptide ester series, that had "cyclol-6" been the product, a substance containing 
no methoxyl rather than 4.53y0 should have been obtained. 

It was also found that after heating AG2M until its methoxyl content reached 
the calculated value for the hexapeptide ester, practically no unchanged AGzM 
could be washed out from the condensation product with warm ethyl acetate. 
On the other hand, heating to a point midway between the calculated values for 
the tri- and hexa-peptide esters gave a mixture from which very nearly 50% un- 
changed AG2M could be recovered by this treatment. This would seem to indi- 
cate that, a t  least in the earlier reactions, the condensation proceeds much more 
by stages than does the G,M condensation. That is, when the methoxyl value 
reaches the theoretical for the hexapeptide ester of AG2M, there is practically no 
tri- and very little dodeca-peptide ester present. If this is true of the later phases 
of the reactions, nearly uniform products could be obtained a t  the individual 
stages of the condensation reaction expressed by the formula 3 X 2". 

,4n experiment was also made to determine if the rate of condensation of AG2M 
in methanol solution could be influenced appreciably by heat. A sample was re- 
fluxed at  65" for four hours and then precipitated in crystalline state by the addi- 
tion of ether; its methoxyl content was found to have fallen from 14.28% for the 
tripeptide ester only to 13.42%. The rate is apparently no faster than would 
have been the case in the solid state a t  65". 

The fact that at 100" and 110" the AGzM and LGzM were in an intial molten 
state does not necessarily presuppose a different mechanism of condensation than 
that characteristic for G3M, G6M, and G12M, and for AGzM at 80". The clear 
liquids, after two to four hours heating (that is, a t  the hexapeptide stage) turned 
into pink-white solids of apparently crystalline nature. In a trial run on another 
tripeptide ester, glycyl-dl-leucyl-dl-alanine methyl ester, a sample was heated at 
80" for 114 hours, The methoxyl content dropped from the calculated value of 
11.35% for the tripeptide ester to 9.06%. Inasmuch as the calculated value for 
the hexapeptide ester is 6.03%, a comparison with the results shown in Tables 
I11 and IV indicates that the condensation of this substance is very slow. No 
further experiments with this ester have been performed as yet. 

The various polypeptide esters prepared during these condensations are white 
or slightly colored, apparently amorphous powders, all of which possess the sur- 
prising and valuable property of being easily soluble in cold water, in contrast to 

The quantity of this fraction, however, is very small. 



134 E. JUSTIN WILSON, JR. AND EUGENE PACSU 

the insoluble peptide esters of glycine. The higher peptide esters are insoluble in 
organic solvents. The importance of 
utilizing this procedure for the production of model substances is obvious. For 
instance, we believe that Bergmann's hypothesis of repeating amino acid units in 
the proteins finds the best synthetic approach in the almost numberless possi- 
bilities of order and arrangement which this method makes available. In this 
introductory paper alone compounds up to molecular weights of about 7000 
containing long chains of repeating units such as -A. G * G A. G . G . A .  G G . A 
G . G - A - G - G . A . G - G . -  and -L.G.G.L.G.G.L.G.G.L.G.CLC.C.L.G+G-L- 
G .G .- have been reported. The preparation of such substances by the use of 
Fischer's original method, included in almost every textbook on protein chemistry 
as the classical method for this approach, would have been a near impossibility. 

Molecular weight determinations and other physico-chemical investigations on 
the water-soluble condensation products are to be carried out in this Laboratory 
and application of the condensat,ion reaction to other tripeptide esters is being 
continued. 

All give very strong biuret reaction. 

SUMMARIES 

I 
Tripeptides with glycine constituents used in this investigation suffer metha- 

nolysis under conventional conditions for esterification. The products are di- 
peptide methyl ester hydrochlorides and glycine methyl ester hydrochloride. 
Neutralization yields the corresponding diketopiperazines and glycine methyl 
ester. 

A simple procedure is given for the preparation of the tripeptide methyl esters. 

I1 
It has been shown that dl-alanylglycylglycine methyl ester and dl-leucyl- 

glycylglycine methyl ester, on being heated, undergo condensation in a series of 
successive reactions apparently according to the formula 3 X 2". The course of 
the reaction has been followed by methoxyl estimations. In  the case of AGzM 
the final product very likely represents the 96-peptide ester. 

From the results of the quantitative analyses of the condensation products of 
AGzM it has been concluded that "cyclol-6" is not formed in the reaction. N o  
definite conclusion could be reached as to the formation or non-formation of a 
nonapeptide ester. 

The substances are soluble in water and all give strong biuret reactions. 
It has been pointed out that by this condensation reaction the way is open for 

the preparation of long-chain, high molecular weight protein models in agreement 
with the recurring structures postulated by Bergmann as existing in all proteins. 

PRINCETON, N. J. 
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The existence of alkaloids in the seeds of plants of the genus Erythrina was 
established long ago. Folkers and Unna (1) have revised the old literature on 
the subject. 

The first product giving alkaloidal reactions and obtained as a pure substance, 
was hypaphorine, tryptophan betaine, isolated by Greshoff (2) from E. hypa- 
phorus, and later from other species by several workers. Hypaphorine, which is 
relatively inactive, could not be the physiologically important substance present 
in the seeds, because the crude extracts had a curare-like action, and it was only 
in 1937 that the active alkaloids were isolated in pure condition from the seeds 
by Folkers and collaborators (3). 

TABLE I 
HYPAPHORINE AND FREE ALKALOIDS FROM ERYTHRINA SPECIES ___ 

SAMPLE 

___ 
I 
I1 
I11 
I V  
V 

SPECIES 

E.  crista galli 
E .  crista galli 
E .  falcata 
E. falcata 
E .  domzngueeeii 

SEEDS, 0. 

200 
420 
220 
58 1 
165 

PETROLEUM 
ETHER 

RESIDUE, % 

16.5 

12.4 
11.7 
15 

- 

METHANOL 
RESIDUE, % 

22 

25 
18.8 
23.6 

- 

BYPAP=. I CRUDE FREE 1 CRYST. HI 
HC1, 1 ALKA&OIDS, 1 FREE ALK., 

YG. 

They found that two types of alkaloids are present in the seeds of the Ery- 
thrina species. The so-called free alkaloids can be isolated by extraction of the 
crude extracts with organic solvents and are named erythraline, erythramine, 
and erythratine. The combined alkaloids, extractable only after liberation by 
hydrolysis are erysopine, erysovine, erysocine, erysodine, and erysonine. For 
each species the number of the different alkaloids isolated and the yield of each 
has been variable. 

In Argentina, three Erythrina species are known: E. crista galli, E. falcatu, 
and E. dominguezzii. The fact that Cicardo and Hug (4) had already demon- 
strated the curare-like activity of the extracts of seeds from E.  crista galli 
induced us to study the alkaloids present in the Argentine species. Deulofeu, 
Hug, and Mazzocco ( 5 )  had already isolated hypaphorine from E. crista galli 
and Labriola (6) from E. falcata and E. dominguezzii. We have confirmed the 
existence of hypaphorine in those plants and the extracts, fractionated as de- 
scribed in the experimental part, have given free and liberated alkaloids. 

The purification of the crude free alakaloid hydriodides gave crystalline com- 
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T. ' R.,  g. 

5 ~ 0.86 
5 ' 0.17 

30 ' 2.61 
5 ~ 0.34 

- _ _ _  

pounds but not one of the expected alkaloids was obtained in pure condition. 
Some of the liberated alkaloids were isolated as shown in Table 11, where other 
data concerning the extraction are also given. 

In  the case of E. falcata, four of the five described liberated alkaloids could be 
isolated, but from two different samples of seeds. From E. crista galli and E. 
dominguezzii only erysovine, erysodine, and erysopine could be obtained. 

When this work was already finished, a paper appeared by Folkers, Shavel, 
and': Koniuszy (7)  describing the isolation of the free and liberated alkaloidal 
fraction from the two last species, but only erysodine and erysopine were ob- 
tained. 

TABLE I1 
LIBERATED ALKALOIDS FROM ERYTHRINA S E E D S ~  

~. 

HYDROLYSIS I I 

T. 

30 
30 
30 
30 

SAMPLE i 1st I 2nd 1 3rd 1 
R., g. 

1 .6  
1 .1  
2.75 
0.74 

.~ 

I 
I11 
IV 
v 

T. 

60 
30 
30 
30 

- R., g. 

0 . 3  
__-  

0.18 

1 . 3  
1.28 

T. 

- 
30 

30 
- 

- 
0 . 8  
- 
0.38 

ISOLATED ALKALOIDS 

R., 4th g. I Total i 
2.76 Erysopine, erysodine, erysovine 
2.25 Erysopine, erysodine, erysovine 
6.64 Erysopine, erysodine, erysocine 
2.76 Erysopine, erysodine, erysovine 

T.: Time of hydrolysis, min. 
R.: Residue from chloroform extraction. 
a Sample I1 was not worked for combined alkaloids. 

EXPERIMENTAL 

The procedure employed for the isolation of the alkaloids was, with the exception of the 
second sample of E. crista galli,  that  described in the papers of Folkers and collabora- 
tors (3). 

The seeds, dried in air and ground, were extracted in a Soxhlet apparatus] first with 
petroleum ether, and then with methanol. The methanol extract was filtered, concentrated 
in a vacuum, and the residue treated with dilute hydrochloric acid. The acid solution was 
then extracted with petroleum ether and chloroform, and the extracts discarded. It was 
then exactly neutralized with sodium bicarbonate and extracted many times with chloro- 
form until a negative alkaloidal reaction was obtained in the extract. 

The chloroform extracts were united and evaporated to dryness. The residue, "crude 
free alkaloids", was dissolved in a little absolute ethanol and treated with sodium iodide 
and acetic acid. By addition of absolute ether, an amorphous precipitate was produced, 
filtered, and ether added again to permanent turbidity. On standing, yellow needles were 
obtained, which after filtering and washing with a little absolute ethanol, melted from 236" 
to  247", according to  purity. A new but more impure fraction was obtained by concentra- 
tion of the remaining solution and repeating the treatment. This crystalline hydriodide is 
a mixture of the free bases (yield, see Table I ) .  

With sample I1 of E. crista galli, the hydriodide was further purified by recrystallization, 
and finally yellow needles melting a t  245-247" were obtained with [aID + 186.4" (water, 
c = 0.072, 2, 2 dm.). 

Hypaphorine. After the extraction of the free alkaloids, the remaining solution was 
acidified with hydrochloric acid to  p H  3.5, and after 24 hours, crystals of hypaphorine hydro- 
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chloride deposited in each case. The identity was established by melting point and prepa- 
ration of the characteristic flavianate (5). 

Liberated alkaloids. After separation of the hypaphorine hydrochloride, the solutions 
were boiled for 5 minutes, made alkaline with sodium bicarbonate, and extracted with 
chloroform. They were acidified again, boiled for 30 minutes, made alkaline with sodium 
bicarbonate, and extracted again with chloroform, the operation being repeated as described 
in Table 11. The chloroform extracts were evaporated separately, the dried residue frac- 
tionated by crystallization, and purified as described. In Table I1 the conditions of hy- 
drolysis and the yields obtained for the liberated alkaloids are stated. 

Identijication of the liberated dkaloids  

E.  crista galli 

All the operations described refer to  sample I. 
Erysodine. By crystallization from ethanol of the residue of the chloroform extracts 

from the first, second, and third hydrolysis, a total of 415 mg. of crystals melting at 202-203' 
was obtained. By recrystallization, long prismatic crystals melting at 204-205'; [ a ] D  

$250" (ethanol, c = 0.3212; 1, 2 dm.). Erysodine melts at 204-205' and has [ a ] D  $248'. 

Anal .  Calc'd for ClsHzlNOa: C, 72.21; H, 7.07; N ,  4.68. 
Found: C, 72.40; H,  7.58; N, 5.05. 

Erysopine. The second and third hydrolysis deposited from the chloroform extracts an 
insoluble precipitate that  was recrystallized from ethanol. Total yield, 641 mg. of white 
prisms, melting a t  241"; [&ID $265" [ethanol-glycerol (3:2), c = 0.0846; 1, 2 dm.]. With 
ferric chloride the solution gives a green color. Erysopine melts at 241-242" and has in 
ethanol-glycerol [ a ] D  +265". 

Anal .  Calc'd for C17HlsNOS: C, 71.55;H, 6.71; N, 4.91. 
Found: C, 71.80; H,  7.05; N, 4.92. 

Erysovine. During crystallization of the chloroform residue from the first hydrolysis, 
a small quantity of fine needles could be separated from the erysopine crystals. After 
recrystallization from ethanol, they melted at 175-176". Erysovine melts at 178-179'. 

E. falcata 

The operations described, with the exception of the isolation of erysovine, refer to  sample 
IV of the tables. 

Erysodine. By crystallization from ethanol of the residue of the chloroform extracts 
from the second and third hydrolysis, crystals were obtained that  were identical with 
erysodine; m.p. u)4-205', [ a ] D  +246' in ethanol. 

Erysopine. This was separated as an insoluble precipitate from the chloroform extracts 
from the second and third hydrolysis. Recrystallized from ethanol, i t  gave crystals melting 
at 242", and with [ a ] D  $250" in  ethanol-glycerol. They gave in alcoholic solution a green 
color with ferric chloride. 

Erysocine. The residue of the chloroform extract from the first hydrolysis was recrys- 
tallized from ethanol, giving fine needles of m.p. 160-161"; [aID +236.4" (ethanol, c = 
0.059; 1 ,  2 cm.). Erysocine melts at 162' and has in ethanol [a]; +239.1". 

Erysovine. This base was obtained from the first hydrolysis of sample 111. Recrys- 
tallization from ethanol of the residue from the chloroform extract gave 7 mg. of crystals 
melting at 178". 

Anal .  Calc'd for C18HdO):  N, 4.68. 
Found: N, 4.87. 
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E. dominguezzii 
Erysodine. This base was obtained from the third and fourth hydrolysis. It repre- 

sented the fraction of the chloroform residues easily soluble in  ethanol; m.p. 204-205”. 
Erysopine. This base was isolated from all four hydrolyses and represented the most 

nsoluble fraction in ethanol or in chloroform. It melted a t  241-242”, and gave in solution 
a green color with ferric chloride. 

Erysovine. This base was obtained from the first hydrolysis, and represented the frac- 
tion easily soluble in ethanol; it  melted a t  177-178’. 

The same bases when isolated from different species did not give any depression of 
melting point when mixed. KO depression was obtained when samples of erysopine and 
erysodine Rere mixed with pure samples kindly supplied by Dr. K. Folkers from the hlerck 
Laboratories. We thank Drs. Mazzocco, Hug, and Descole, who kindly supplied the seeds 
for the work. 

SUMMARY 

The bases present in the seeds of the Argentine species of Erythrina, E.  crista 

All of these species contain hypaphorine, and the two fractions designated 
Some of the alkaloids from the liberated fraction 

galli, E. falcata, and E. dominguezzii have been investigated. 

free and liberated alkaloids. 
have been identified. 
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I n  1897 Tiemann reported (3) that the permanganate oxidation of P a m -  
pholenic acid (I) yielded dihydroxydihydro-P-campholenic acid (11) , small 
amounts of a ketonic acid (“campholonic acid”) and a syrupy aliphatic acid 
which was not isolated in pure form. Under the conditions employed, this 
latter constituted the principal reaction product. Heating this material, either 
alone or in the presence of water, led to the elimination of carbon dioxide and 
water from the molecule with consequent formation of a ketone (“isocamphor- 
phorone”). To this ketone, Tiemann assigned the structure (IV) based on a 
careful study of its oxidation products. 

CHI CH3 CH3 CH3 

3- 
---+ @2 - 

-CHz-COOH 
OH 

\ CHzCOOH 

I I1 

CH3 CH3 

$::OH 0 

IIIa  

CH3 CH3 

CCH3 0 II 

VI 

VI1 

CH3 CHa 
\ /  

C 

I 

CH2 COCHZ COOH 
111 

I 
CH3 CH3 

O C H 3  

0 
I V  
+ 

CH3 CH3 

( 5 = O  // 
C H3 
V 

1 The “B-camphorphorone” of Kerp and Muller (1) has also been referred to  (2) as 
“isocamphorphorone .” 
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At the time of these experiments, the structure of (I) was not known; it was 
impossible therefore correctly to  interpret2 the mechanism of formation of a 
compound having the structure (IV). Shortly after the publication of this work, 
however, the constitution of p-campholenic acid (I) became known (5) and 
Bouveault (5 b) postulated3 formula (111) for Tiemann’s syrupy acid, the pre- 
cursor of (IV) . Subsequently “isocamphorphorone” has been reported (7) only 
by von Braun and collaborators who prepared it according to the original 
directions. 

The ketone (IV) was needed in this Laboratory as starting material for another 
investigation (8). Accordingly, the literature preparation (3) was repeated 
and it was found that the material resulting was not homogeneous but a mixture 
of isomers. This finding is not surprising, since two trimethylcyclohexenones, 
(IV) and (V) might be expected to  result from the intermediate (III).4 We were 
able to show that  our isomers correspond in structure to  (IV) and (V), and thus 
the essential validity of the Bouveault formulation may be regarded as 
established. 

The mixture obtained by following carefully Tiemann’s directions was frac- 
tionated in vacuo through a precision column to give the pure unsaturated 
ketones. The higher-boiling material was found to  correspond to  formula (IV) ; 
upon oxidation, it gave the dimethylketocaproic acid to  be expected from this 
structure. The lower-boiling isomer was shown to be identical with 3,6,6-tri- 
methylcyclohexen-2-one (V) previously synthesized by von Auwers (9). The 
reduction of (IV) led to  the saturated ketone (VI) while (V) gave the known (10) 
inactive pulenone (VII) . 

The evidence, which is summarized in Table I, indicates that Tiemann 
obtained an “isocamphorphorone” preparation which consisted for the most 
part of (IV). However, some (V) was also present in the material which he 
investigated, since the oxime which he reported must have been derived from 
the latter. The von Braun preparation was also without doubt a mixture. 

Since one of the objects of this work was to  obtain the ketone (IV) for further 
synthetic operations, the utilization of (11) in this connection was studied. It 
was found that (11) was oxidized smoothlys by lead tetraacetate, and under 
conditions described in the Experimental Part, a ketonic product was obtained 
in which only the isomer (IV) could be detected. The action of hydrogen 

Tiemann’s assumed intermediate (3) should be stricken from the literature (4) and 
replaced by (111). 

Bouveault’s mechanism is not mentioned in “Beilstein” in connection with “iso- 
camphorphorone” (6). Perhaps traceable to this oversight is von Braun’s failure (7 )  to  
recognize (see below) that  his “isocamphorphorone” was a mixture. 

Actually Bouveault (5b) assumed a second intermediate (IIIa), formed from (111) 
by loss of water. If dehydration of (111) were to  precede decarboxylation, two isomeric 
unsaturated keto acids would result, only one of which would decarboxylate readily. 
Such a stepwise transformation would provide a plausible explanation for exclusive isola- 
tion of (IV) from (111). However there is no evidence that  this mechanism obtains under 
the Tiemann conditions. 

6 The ready reaction indicates (12) that  the OH groups in  (11) are cis to  each other, 
a structure in accord with the mode of formation of (11) and its inability to lactonize. 
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peroxide on (I) was also investigated. The major product resulting was shown 
to  be a lactone derived from the stereoisomer (trans position of the OHgroups) 
of (11) which has been obtained (13) by direct oxidation of dihydro-p-campho- 
lenolactone. 

EXPERIMENTAL PART 

6-Campholenic acid ( I )  (3). Three hundred grams of hydriodic acid (d = 1.7) was heated 
to  boiling in a flask fitted with a reflux condenser, and 300 g. of d-camphor oxime (crude, 
containing some camphor) was added in 50-g. portions with manual shaking. After each 
addition, the mixture was refluxed for a few minutes to  ensure complete reaction, and after 
the final addition, refluxing was continued for five minutes. Several such reaction mixtures 
were combined, diluted with water, extracted with ether, and the ether extract washed with 
sodium carbonate solution. The crude p-campholenonitrile obtained after removal of the 
ether was converted without further purification to (I). Crude nitrile (1476 g. from 1770 
g. of camphor) was saponified by refluxing for 12 hours with a solution of 640 g. of sodium 
hydroxide in 1500 cc. of water and 2500 cc. of ethanol. Alcohol was removed by distillation, 
water was added, the solution acidified, and the liberated acid removed by repeated extrac- 
tion with low-boiling ligroin (b.p. 30-60"). The ligroin solution was dried with sodium 
sulfate, saturated with dry ammonia, and the precipitated ammonium salt filtered off. 
Additional amounts were recovered from the mother liquors by washing with water, acidify- 
ing, taking up in ligroin, drying, and again saturating with ammonia. Ligroin was used 
here rather than ether (3) because of the hygroscopic nature of the crude ammonium salt. 
A total of 908 g. of ammonium salt of (I) was obtained (42% based on camphor, other runs 
gave on the same basis as high as 53%; distilled p-campholenonitrile yielded 82% of am- 
monium salt). The first crop of ammonium salt proved to be sufficiently pure for most 
purposes; recrystallization, attended by considerable loss, could be effected from isopropyl 
alcohol. The free acid was obtained from its salt by Tiemann's procedure, m.p. 50.2-50.7' 
from petroleum ether or methanol. 

Eighty grams of pure (I) 
was dissolved in a solution of 20 g. of sodium hydroxide in  300 cc. of water, and a saturated 
solution of 81 g. of potassium permanganate in water was added over a period of about 15 
minutes keeping the temperature a t  about 0" by addition of ice to the reaction mixture. 
Manganese dioxide was removed and the solution concentrated on the steam-bath to  a small 
volume (evaporation in 2racuo was not feasible due to excessive frothing). The organic 
acids were liberated and taken up in ether in the usual manner (3); after removal of solvent, 
the residue was recrystallized from benzene. The yield of dihydroxydihydro-P-campholenic 
acid (11) was 20 g. (20%); after repeated recrystallization from ethyl acetate and from iso- 
propyl ether-alcohol, i t  melted a t  141.0-142.0" [143.6-144.6' cox.  ; Tiemann (3) reported 
146"j; the composition was checked by analysis. 

The mother liquors from the dihydroxy acid were concentrated to  a syrup and divided 
into two portions, each of about 25 g. One portion was distilled in a vacuum and the distil- 
late, collected to 135" a t  13 mm., carefully refractionated through a precision column. At 
13 mm. there was obtained 4.1 g. of (V), b.p. 87-88', 1.3 g. of an intermediate fraction, and 
0.7 g. of (IV), b.p. 98-99"; no dihydro-8-campholenolactone (see below) could be detected in 
the residue. The other portion was placed in a flask with 300 cc. of 30% sulfuric acid and 
steam distilled. The organic matter in the distillate was separated by ether extraction and 
redistilled as above; 2.5 g. of (V), 0.9 g. of an intermediate fraction, and 1.7 g. of (IV) were 
obtained. 

The higher-boiling material from this last experiment consisted for the most part of a 
fraction b.p. 127" a t  13 mm. which was identified as dihydro-p-campholenolactone, owing its 
formation undoubtedly to the action of acid on (I) .  The lactone (analysis) gave a hydra- 
zide (14), m.p. and mixed m.p. with an authentic sample 155.5156.0" (from alcohol). Dihy- 
dro-p-campholenolactone was made [compare (13)] for comparison, by the action of 67% 
sulfuric acid on (I), b.p. (13 mm.) 126-127", m.p. 37-38" (thermometer in melt) (15). 

Permanganate oxidation of ( I ) :  ( a )  Tiemann's conditions (3). 
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Tiemann’s directions for obtaining “campholonic acid” were followed in  detail but no 
material resulted which gave a semiparbazone under the usual conditions. To determine 
whether (11) could have been the precursor (16) of Tiemann’s “campholonic acid”, this 
substance was heated in sulfuric acid solution. Such treatment destroyed the dihydroxy 
acid, as shown by the fact that  the product no longer reacted with lead tetraacetate; how- 
ever no ketone derivative was obtained with semicarbazide. 

(b) Modified conditions. It was found that oxidation of the ammonium salt of (I) gave 
results which could not be distinguished from those obtained with the free acid; all large- 
scale permanganate oxidations, therefore, were conducted with the more readily available 
salt. Amounts of permanganate larger than those used by Tiemann were employed, since 
the foregoing results indicate an incomplete oxidation, and since i t  seemed that  an excess of 
oxidant would probably not react further upon (11) and (111) [confirmed experimentally 
for (1111. Whereas the simplest procedure (3) leading directly to  (IV) and (V) is to steam 
distill the strongly acidified filtrate from the permanganate oxidation, these conditions 
result in the destruction of any (11) present. The evaporation of the slightly alkaline solu- 
tion resulting from the oxidation apparently involves a small loss of material; however 
this operation permits the convenient isolation of (11) and utilization of i t  for conversion 
into unsaturated ketone. 

For preparation of the ketone mixture in quantity, the following procedure was adopted. 
One hundred eighty-five grams (1 mole) of ammonium salt was dissolved in  500 cc. of water 
and 60 g. of sodium hydroxide pellets dissolved in 100 cc. of water was added. The solution 
was poured on 2 liters of crushed ice, and 210 g. of potassium permanganate dissolved in 
about 4 liters of water was allowed to run in gradually over a period of about 10 minutes 
while the icedmixture was being constantly shaken by hand in a 12-liter flask. After coagu- 
lation of the manganese dioxide by heating and addition of “filter aid”, the material was 
filtered with suction, the filter cake thoroughly stirred with hot water, filtered, and the two 
filtrates combined. The filtrates from several 1-mole portions were combined a t  this point 
and evaporated in a current of air a t  about 4C50”. From the acidified residue, crystalline 
(11) was obtained by continuous extraction with ether [it is not necessary to isolate (11); 
the total extract, after removal of solvent, may be treated as given for the mother liquors 
from (1111 in slightly better than 20% yield. The mixture of (11) and (111) present in the 
mother liquors was first treated with lead tetraacetate to convert (11) to (111) and the re- 
sulting reaction mixture then acidified with sulfuric acid and steam distilled. In  this way 
a 9-14% yield of mixed ketones [approximately equal amounts of (IV) and (V)] was ob- 
tained directly, plus an additional 10% of (IV) from oxidation of the crystalline (11) (see 
below). 

J,4,4-Trimethylcyclohexen-2-one ( I V )  was isolated by careful refractionation of the un- 
saturated ketone mixture, b.p. (13 mm.) 98”, ~i:~0.944, 1.4908, n26D 1.4889 (these constants 
are altered somewhat on standing, due perhaps to  auto-oxidation). 

Anal. Calc’d for CsHlrO: C, 78.21; H, 10.21. 
Found : C, 77.79; H,  10.20. 

(IV) did not react when treated with aqueous bisulfite solution in the usual manner. 

Anal. Calc’d for CIOHI~N~O:  C, 61.51; H,  8.78; N, 21.52. 
Found : C, 61.73; H, 8.65; N, 21.66. 

The semicarbazone melted a t  206.5-207.0’ (from alcohol). 

The oxime came out as an oil which crystallized after standing for two months. Re- 

Anal. Calc’d for C9H16NO: C, 70.55; H,  9.87; N, 9.14. 
C, 70.87; H,  10.01; N, 9.43. 

That no hydroxylaminooxime is formed must be ascribed to the steric effect of the gem- 

crystallized from petroleum ether a t  low temperature, it melted at 53.8-54.5”. 

Found : 

dimethyl grouping. 
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Three grams of (IV) was suspended in 40 cc. of water and a saturated solution of 9 g. of 
potassium permanganate in water was added slowly with shaking, in an ice-bath. The 
oxidation mixture was then heated to  coagulate the manganese dioxide, filtered, and the 
filtrate evaporated a t  near room temperature to  a small volume. The residue, after acidi- 
fication with sulfuric acid, was extracted with ether, the ether extract dried and evaporated. 
From the oily acids was obtained a semicarbazone which gave analysis for CsHlrNsOs, 
m.p. 182.5-183.0' decomp. (from alcohol-water). The keto acid was regenerated from the 
semicarbazone with oxalic acid and treated with hydroxylamine; the oxime was isolated by 
continuous extraction with ether and recrystallized from isopropyl ether, m.p. 95.3-95.8'. 
There has been reported (17) for 4,4-dimethylhexanon-5 acid: semicarbazone, m.p. 185"; 
oxime, m.p. 97-98'. 

A smaller amount of oxidant gave a different result [compare (3)]. One and one-half 
grams of (IV) was oxidized with 1.0 g. of potassium permanganate in a manner similar to 
the above. After evaporation of the resulting solution, acidification of the residue precipi- 
tated an oil which solidified on cooling, m.p. 39.0-39.5", from petroleum ether. Although 
the small amounts available prevented a thorough examination, this material must be 
regarded as 3,4,4-trimethylcyclohexandione-1,2 (18). The semicarbazone, m.p. 189-190' 
(from alcohol) turned yellow on standing [compare the monosemicarbazone of 
p-menthandione (1911. 

Anal. Calc'd for C10Hl,X-302: C, 56.85; H ,  8.11; N, 19.89. 
Found : C, 57.27; H, 8.46; K, 20.64 

6 
d,6,6-Trimeihylcyclohezen-B-one ( V )  was obtained as above, b.p. (13 mm.) 86", 

0.927, n40D 1.4798, nz5~ 1.4780 (analysis). (V) did not react with bisulfite. The semicar- 
bazone (analysis) m.p. 201.0-201.1" (from alcohol), formed very slowly (rate approximately 
1/50 of that  of formation of the isomer). With hydroxylamine, the 3-hydroxylamino-3,6,6- 
trimethylcyclohexanonoxime was readily obtained, m.p. 156.5-157.0' from alcohol. 

Anal. Calc'd for C&sx&2: C, 58.03; H, 9.74; S ,  15.04. 
Found : C, 58.24; H, 9 59; N, 15.39. 

S,Q,4-TrimethyZcycEohexanone ( V I )  was obtained in good yield by catalytic reduction of 
(IV) in  methanol using a palladium-charcoal catalyst and a pressure above atmospheric 
of 30 lbs. per sq. in. The saturated ketone boiled a t  80-81" a t  13 mm., d:6 0.911, nZoD 1.4552, 
nZ6D 1.4535. 

Anal. Calc'd for C&h,O:  C, 77.09; H, 11.50. 
Found : C, 76.80; H,  11.13. 

(VI) reacted readily with aqueous alcoholic sodium bisulfite solution giving a crystalline 
bisulfite addition compound from which (VI) was regenerated on treatment with alkali. 
The semicarbazone melted at 208.0-209.0" (from alcohol-water). 

Anal. Calc'd for ClaHtpN80: C, 60.88; H,  9.71; N, 21.30. 
Found : C, 60.64; H, 9.58; N, 21.21. 

The oxime, after recrystallization from alcohol, melted a t  72.5-73.5'. 

Anal. Calc'd for CQHUNO: C, 69.63; H, 11.04. 
Found: C, 69.96; H, 11.07. 

A yellow di-p-nitrobenzal derivative was formed when (VI) was heated with p-nitro- 
benzaldehyde in the presence of aqueous alcoholic potassium carbonate; only one isomer 
could be detected, m.p. 223.0-223.2" (from benzene). 

Anal. Calc'd for C2&2N206: C, 67.97; H, 5.46; N, 6.89. 
Found : C, 68.42; H, 5.37; N, 7.15. 
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B,B,b-Trimethylcyclohexanone (VI I )  was obtained by reduction of (V) in the same manner 
as its isomer was obtained from (IV), b.p. 66-67” at 13 mm., d: 0.8905, nZoD 1.4442, naSD 1.4425, 
no reaction with bisulfite. The composition of (VII) and of its derivatives was checked 
by analysis; semicarbazone m.p. 176.0-176.3” (from alcohol), oxime, plates, m.p. 94.5-94.8’ 
(from alcohol). The mono-p-nitrobenzal derivative was obtained by heating (VII) and 
p-nitrobenzaldehyde in alcohol with a few drops of aqueous sodium hydroxide, almost 
colorless crystals, m.p. 117.5-118.0° (from alcohol). 

Anal. Calc’d for C M H ~ ~ N O ~ :  C, 70.30; H,  7.01; Tu’, 5.12. 
Found : C, 70.67; H, 7.36; K, 5.22. 

Lead tetraacetate oxidation of (ZZ). To 63.5 g. of (11) dissolved in 150 cc. of glacial acetic 
acid, 160 g. of lead tetraacetate was added in portions, with stirring. A spontaneous rise 
in temperature took place; cooling of the reaction flask was effected by running tap water. 
After standing for 10 minutes, the reaction mixture was poured into 3.5 liters of water 
containing 105 g. of sulfuric acid and steam distilled. The distillate was neutralized, ex- 
tracted thoroughly with ether, and the ether extract fractioned. Thirty and five-tenths 
grams of crude ketone was obtained, approximately 75% of which boiled a t  97.5-98.0’ a t  
13 mm. on redistillation through a precision column. The ketone (V) could not be detected; 
thus the yield of (IV) was 52%. In another experiment, 73 g. of lead tetraacetate was 
used to oxidize 63.5 g. of (11); a smaller yield of mixed ketones was obtained. 

(11) was esterified by heating with ethanol and dry hydrogen chloride. The product, 
b.p. (2 mm.) 107-112’ (analysis for C I ~ H ~ ~ O ~ ) .  in  benzene solution reacted vigorously with 
lead tetraacetate. 

Hydrogen peroxide oxidation of ( I ) .  Both the free acid (I) and i ts  ammonium salt reacted 
readily with hydrogen peroxide to give, in each case the same major product. Eight and 
four-tenths grams of (I) was placed in a flask with 14 cc. of glacial acetic acid and 20 cc. 
of 30% hydrogen peroxide and heated to  boiling for 2 hours. The reaction mixture was 
evaporated and water added to the residue ; the oily, water-insoluble material resulting 
soon crystallized, yield 5.0 g. After recrystallization from isopropyl ether-alcohol, i t  
melted at 143.0-143.5’ and was identified as hydroxydihydro-p-campholenolactone (13) 
(analysis, lactone nature). KO oxidation was observed on treatment of the lactone with 
lead tetraacetate or with chromic acid. 

On heating the lactone with ethanol and dry hydrogen chloride, an oil was obtained, 
b.p. (2 mm.) 104-106”, (found: C, 67.0; H, 9.1) which did not react with lead tetraacetate. 
Saponification of the oil with alkali followed by acidification did not regenerate the parent 
lactone, indicating that deep-seated changes in  the molecule had taken place. 

SUMMSRY 

The synthesis of 3 ) 4, 4-trimethylcyclohexen-2-one7 3 ) 6 ) 6-trimethylcyclo- 
hexen-2-one, 3,4,4-trimethylcyclohexanone, and 2,2,5-trimethylcyclohexanone 
starting from 4-campholenic acid has been described. 

Tiemann’s “isocamphorphorone” is a mixture of the two above-named 
isomeric unsaturated cyclic ketones. 
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As a degradation product of certain naphthenic acids, von Braun (1) obtained 
a ketone C8H140 to which he assigned the structure (V). In  spite of the impor- 
tance of a verification by synthesis, all attempts (2) to prepare the trimethyl- 
cyclopentanone (V) have been unsuccessful.2 

These will 
be outlined here briefly as information on the synthesis of ketones of this type 
is rather widely scattered in the literature. 

A. Conversion of p,p,P’-rnea-adipic acid (me, = trimethyl) to (V). While the trans- 
formation of mer-succinic acid to the adipic acid fails (2), the conventional route via reduc- 
tion by appropriate methods (4) of the anhydride of c ~ , p , P  mea-glutaric acid (5) is still open. 
The desired acid may also be expected [compare formation ( 6 )  of p,P-mes-adipic acid] 
to result from the oxidation of 3,4,4-me3-cyclohexanone (I) [preparation from camphor 
(7) ; possible preparation from xylenol (8) ] or of 3,3,4-mea-cyclohexanone [possible prepa- 
ration from mer-dihydroresorcin (9)]. The preparation of adipic acids by oxidation of 
Diels-Alder adducts is undoubtedly general (10) ; conditions for obtaining the required 
adduct from mea-ethylene and butadiene are however not yet established (11). 

Two cyclopentanones 
are possible from each ketone; analogies (13) predict that  in both cases (V) would be the 
chief product. 

C. Shift (14) of the carbonyl group in 2,2,3-me3-cyclopentanone (15) or in 2,3,3-mes- 
cyclopentanone (15) to  the neighboring position. The possibility of a Wagner rearrange- 
ment (compare 6 b) during the dehydration step impairs the value of this method. 

D.  Oxidative transformations starting from 1 ~ 1 ,2-me3-cyclopentene-2 (16) [compare 
the formation (17) of cyclopentenone from cyclopentene]. Although the use of selenium 
dioxide is not indicated (18) here, auto-oxidation might be successful (19). 

E .  Modification of 3,3,4,4-mer-cyclopentanone syntheses (20) t o  fit the present case. 
F. See following communication. 

It was decided to attempt the utilization of the trimethylcyclohexanone (I) 
as starting material for both methods (A) and (B). The steps which finally 
led to (V) are indicated on the chart. Although the direct oxidation of (I) to 
(IV) could not be accomplished, the adipic acid (IV) was easily obtained3 (21) 
from the diketone (111) [or enol form of (HI)], which was made via the &bromo 
ketone (II)4 as intermediate [model experiments decided against direct oxidation 

1 The results contained in this paper were presented before the Pacific Division of the 
American Association for the Advancement of Science a t  the Pasadena meeting, June 18, 
1941. 

2 The naphthene ketone has been referred to by von Braun (3) as “der Synthese leider 
nicht zuganglich”. 

3 An alternative path leading to (IV) involves the oxidation (23) of the oxymethylene 
ketone from (I). 

4 We prefer to  give this dibromide the structure (11) rather than that  of a 3,4,4-trimethyl- 
2,6-dibromocyclohexanone, since we feel that  Wallach’s arguments (12 a) in favor of the 
latter formulation are inconclusive. 
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A number of possible methods for obtaining (V) were considered. 

B. Ring contraction (12) of (I) or of 3,3,4-mea-cyclohexanone. 
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Ketone from naphthenic 
acids.. . . . . . . . . . . . . . . . 

3,3,4-Trimethylcyclo- 
pentanone. . , . . , . . . . . . 

(22) of (I) to (III)]. (IV) was smoothly converted to the desired ketone (V). 
Whereas theoretically the steps leading from (I) to (111) could give rise to  two 
isomeric diketones, the results (see Experimental Part) indicated that little, if 
any, of a second isomer was formed. That it is (111) which is obtained and 
not its isomer follows conclusively, aside from the fact that the isomer of (111), 
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3,4,4-trimethylcyclohexandione-l , 2 is reported (7) t o  have other properties, 
from the demonstration of two unsubstituted a positions in our ketone (V). 
The synthesis of (V) by method (B) [(111) + (VI) +. (V)] wm also achieved; 
the properties of (V), made by both paths, agree. 

TABLE I 

I O- 
SEXICABBAZONE 

I 1 
i 

DI-#-MTPOBENZAL 
DERIVATIVE 

m.p. 188-190" 

a-form, m.p. 

@-form, m.p. 
204.7-205.1 O 

202.0-202.5" 

In  Table I, these properties of the synthetic ketone (V) are compared with 
those given by von Braun (1, 3) for his naphthene ketone. The non-identity 
of the two substances is beyond question, m there is no doubt that the von 
Braun semicarbazone was accurately characterized. An unusual feature en- 
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countered in characterizing (V) was the isolation from it of two di-p-nitrobend 
derivatives (24); although four cis-trans isomers are possible, it is customary to 
encounter but one derivative in reactions of this type.6 

It is obvious that since the structure assigned by von Braun to his naphthenic 
acid degradation product is in error, his structures for the parent naphthenic 
acids also are in need of revision. The correct formulation of the von Braun 
petroleum acids will be discussed in a future communication from this Lab- 
oratory. 

EXPERIMENTAL PART 

Preliminary experiments. 3,4,4-Trimethylcyclohexanone (I) was prepared from a mix- 
ture of 3,4,4-trimethylcyclohexen-2-one and 3,6,6-trimethylcyclohexen-2-one (7) by 
catalytic reduction and isolation over the bisulfite addition compound; its constants were 
the same as those found (7) for material prepared by reduction of pure unsaturated ketone. 
The oxidation of (I) was carried out with potassium permanganate and with nitric acid 
under conditions which lead to the formation of adipic acid from cyclohexanone. With 
permanganate, an oily mixture of organic acids was obtained from which no (IV) could be 
isolated even by the use of seed crystals. With nitric acid there was evidence that nitra- 
tion took place. 

2,2,5-Trimethylcyclohexanone (7) was oxidized (22) by heating with selenium dioxide 
in ethanol; no appreciable amount of diketone was obtained. 

Cyclohexanone (20 g.) was brominated (12) with four atoms of bromine, and the product 
treated with alkali at room temperature. After acidification, the diketone was taken up 
in ether (12 b), the ether removed, and the residue mixed with 20 cc. of 30% hydrogen 
peroxide. The oxidation takes place only in the presence of alkali, which must be added 
cautiously, as the reaction is exothermic and accompanied by gas evolution. Sodium 
hydroxide solution was therefore added slowly to  the diketone-hydrogen peroxide mixture 
until i t  remained strongly basic. After acidification of the reaction product, 2.5 g. of adipic 
acid was isolated by recrystallization (8% yield from cyclohexanone). 

Twenty grams of cyclohexanone was brominated as before, and the product treated with 
alkali in two steps (12 a) .  The crude hydroxy acid formed was oxidized with potassium 
permanganate in  dilute sulfuric acid solution (25), a procedure found to give better results 
than the lead dioxide method (12 a). Two and one-tenth grams of cyclopentanone was 
isolated, a 12% yield from cyclohexanone. 

3,4,4-Trimethyl-6,6-dibromocyclohexanone (IT). Two grams of (I) was dissolved in 8 cc. 
of glacial acetic acid, the solution cooled to O", and 4.6 g. of bromine was added slowly with 
continued cooling. The resulting pale orange solution was poured into ice-water and the 
organic phase separated by centrifuging; additional small amounts of crude dibromide 
were obtained by extraction of the aqueous layer with ether. Occasionally the dibromide 
started to  crystallize during the washing with ice-water, otherwise i t  could be obtained 
crystalline by strong cooling of a dry petroleum ether-alcohol solution. Recrystallized 
from petroleum ether, i t  melted at 81.2-81.7". 

Anal. Calc'd for CoHI4BrzO: C, 36.27; H, 4.73; Br, 53.63. 
Found : C, 36.27; H, 4.80; Br, 53.56. 

Q,~,6-Trimethylcyclohexandione-l,% ( I I I ) .  The crude dibromide obtained from 2 g. of 
(I) was shaken vigorously for 1.5 hours with a solution of 2 g. of potassium hydroxide in 
20 cc. of water. (Because of the insolubility of the dibromide, aqueous alcoholic sodium 

6 The di-p-nitrobenzal derivative from (I) for which the same number of forms are theo- 
retically possible, was isolated (7) only in a single modification. 
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hydroxide was used in larger runs; this was added in portions and the reaction brought to  
completion by warming to about a".) The resulting yellow solution was filtered from small 
amounts of tarry matter using "filter aid", and acidified with 6 N hydrochloric acid. The 
oil which precipitated crystallized (in other experiments the oil was first steam distilled 
and the diketone isolated from the steam distillate) on strong cooling, was filtered, washed 
with water, and recrystallized from petroleum ether, m.p. 93.5-94.1". 

Anal. Calc'd for CgH1402: C, 70.10; H ,  9.15. 
Found : C, 69.79; H ,  9.02. 

P,B,fl'-Trirncthyladipic acid ( I V ) .  Pure (111) was almost quantitatively converted by 
alkaline peroxide oxidation to (IV); i t  was found convenient however to  prepare (IV) from 
crude steam distilled (111). Crude (111) (3.3 g.) obtained from 10 g. of (I)  was mixed 
with 30 cc. of 30% hydrogen peroxide in a 125-cc. flask, and 30% sodium hydroxide solution 
added cautiously until there was no further evidence of reaction. The reaction mixture 
was acidified and the precipitate, which crystallized very slowly, removed by filtration 
and washed with petroleum ether. The crude (IV) was recrystallized from a mixture of 
isopropyl ether and a little alcohol, seeding and allowing time for complete crystallization. 
Two crystal forms, triangular plates and rhombs, were noted, both melting a t  127.3-127.6' 
(mixed m.p. same). The yield of pure (IV) [1.75 g. = 13% from ( I ) ]  corresponded closely 
to the %-eight of crude acid isolated from the acidified reaction mixture, indicating that  
crude (111) contained no appreciable amount of isomer. 

Calc'd for CgHle04: C, 57.43; H,  8.57 
Found : C, 57.27: H, 8.72. 

Anal. 

Preparation of 3, J,4-trimethylcyclopentanone ( V )  from ( I V ) .  One and one-half grams 
of pure (IV) and 0.13 g. of manganese carbonate were placed in a small distilling flask 
and heated in a metal-bath a t  280-320" for one-half hour. One gram of (V) was obtained, 
which boiled almost entirely a t  168-169" (172-173" corr.) a t  742 mm., d264 0.892, nZsD 1.4386. 

Anal. Calc'd for CBH140: C, 76.14; H, 11.18. 
Found : C, 75.95; H, 11.00. 

The semicarbazone melted a t  213.5-214.0' (from alcohol). 

Anal. Calc'd for CgH17S30: C, 58.98; H,  9.35; N, 22.93. 
Found : C, 59.38; H, 9.44; X, 22.76. 

The oxime melted a t  99.8-100.0" (from alcohol). 

Anal. Calc'd for CsH15NO: X, 9.92. Found: X, 10.14. 

The condensation between (V) and p-nitrobenzaldehyde was effected by heating the com- 
ponents in alcohol, either with a drop of aqueous sodium hydroxide or with a few drops 
of sodium carbonate solution; in both cases a mixture of isomers resulted. The separation 
of the a-form in the pure state was accomplished by several recrystallizations from benzene; 
orange-yellow needles, m.p. 204.7-205.1'. The isolated clusters of massive rhombs which 
constitute the P-form were mechanically separated from the tufts of needle crystals. They 
were slightly paler in color than the a-form, melted a t  202.0-202.5" (from benzene), and when 
mixed B-ith the latter depressed the m.p. considerably. 

Anal. Calc'd for C22Hz&z06: C, 67.33; H, 5.14; E, 7.14. 
Found: (a-form) C, 67.83; H ,  5.13; Tu', 7.19. 
Found: (@-form) C, 68.03; H ,  5.44; N, 7.27. 

A suitable adsorbent for a chromatographic separation of the two forms was not found. 
1 -Hydroxy-3,8,~-t~imethylcyclopentanecarboxylic acid ( V I ) .  Twenty grams of (I) in 

60 cc. of glacial acetic acid was cooled until crystals of solvent started to  separate and, with 
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continued external cooling, brominated over a 25-minute period with 45.8 g. of bromine in 
40 cc. of acetic acid. The product was washed with ice-water and the crude dibromide 
mixed with 50 cc. of water and 30 cc. of alcohol, cooled, and shaken with a solution of 40 g. 
of sodium hydroxide in 150 cc. of water (the latter being added slowly and with cooling). 
As soon as the dibromide had gone into solution, the reaction mixture was filtered, the tar  
dissolved in alcohol and treated anew with 10 g. of sodium hydroxide in 50 cc. of water, 
and this reaction product, after adding water to throw out insoluble material and filtering 
using "filter aid", was combined with the main filtrate. The combined filtrates were 
evaporated together with an additional 10 g. of sodium hydroxide on the steam-bath for 
18 hours, excess 4070 sulfuric acid was added to the residue, and the pale yellow oil which 
separated taken up in ether and the aqueous phase repeatedly extracted with the same 
solvent. The combined ether solutions on evaporation gave an oil which crystallized in 
part. The oil was filtered from the crystals (1.5 9.) and the mother liquors distilled in ~acuo. 
The distillate (mostly boiling a t  ca. 125" a t  2 mm.) also crystallized in part to give 1.9 g. 
of crystals [total yield of crystalline (VI) 13.5% from (I)] .  The distilled crystals (1.9 9.) 
were recrystallized from petroleum ether-alcohol, yielding 1.0 g. of pure a-isomer m.p. 
114.0-114.5" (in another experiment this higher-melting form was obtained by recrystal- 
lization of undistilled crystalline acid). 

The undistilled crystalline acid abovc (1.5 g.) proved to  be a mixture consisting of the 
acid just described together with a more slender needle-shaped variety. A small amount 
of the latter (P-isomer) was obtained in a pure form by repeated recrystallization from 
petroleum ether-alcohol, m.p. 109-110" (mixed m.p. with its isomer 88-96'). 

Anal. Calc'd for C9HlaO8: C, 62.76; H, 9.37. 
Found: (a-form) C, 62.90; H, 9.50. 
Found: (&form) C, 62.89; H, 9.57. 

Preparation of ( V )  from (VZ). A solution of 0.43 g. of potassium permanganate in 40 cc. 
of water and 2 cc. of concentrated sulfuric acid was added in portions t o  0.70 g. of (VI) 
(pure a-form) heated to 40". The reaction proceeded smoothly and the product was iso- 
lated by steam distillation in the usual manner, yield 0.45 g. (V) obtained in this way 
had the same properties as the ketone from (IV); the derivatives were identical (mixed 
m.p.'s). In another experiment, crude (VI), a mixture of oil and crystals, was oxidized 
with permanganate; not only was the ketone obtained very similar in properties to pure (V), 
but also in its behavior towards the usual ketone reagents i t  proved to be indistinguishable 
from the latter (indication for substantial purity of crude (III)]. 

SUMMARY 

The synthesis of 3,3,4-trimethylcyclopentanone has been accomplished. 
This ketone is not identical with the C8Hl4d ketone obtained by von Braun 
from naphthenic acids and consequently the formulation of certain naphthenic 
acids as related to this ketone is in error. 

PASADENA, CALIF. 
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The preceding paper (1) reports the synthesis of the above-named ketone by 
two closely related paths; several possible alternative methods of synthesis 
are also listed. To these may be added the following: 3,3-dimethylhexandione- 
2,5 (I) on cyclization (2) should yield a mixture of (IV) and (V) from which 
the desired ketone (VI) could be obtained. (I) might conceivably be made by 
methylation of acetonylacetone or by the action of chloroacetone on sodium 
methyl isopropyl ketone. 

I1 

CH3 

CCOCH3 
\ 
/ I  

CH3 CH2COCHa 

I 

I 
L 

COOCH3 \ 
I11 

CH3 CH3 CH3 CH3 

0 ,?ICH3 + 

IV V 

CH3 CH3 

0- -CH3 
VI VI1 

The literature (3, 4) discloses that the equivalent of these reactions has al- 
ready been carried out by Wallach. His synthesis started from “bis-trimethyl- 
ethylene nitrosate” (11) which was condensed with sodium methyl acetoacetate 
to give the compound (111). Treatment of this latter with 50% potassium 
hydroxide yielded an unsaturated ketone fraction which, on the basis of analogy 
(5) ,  would be expected to be a mixture of (IV) and (V). Actually Wallach (3) 
characterized but one trimethylcyclopentenone, which he regarded as (V) ; 
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Boiling point 
Semicarba- 

zone 

reduction (4) of his crude ketone product gave a mixture of saturated isomers. 
While pointing out that these isomers1 might correspond to (VI) and (VII), 
Wallach left open the question of assigning definite structures. 

The repetition of these experiments led to the isolation from (111) of two 
isomeric unsaturated ketones, which were separated by careful fractionation; 
reduction afforded the corresponding saturated ketones. The structure of the 
higher-boiling saturated isomer is established by virtue of its identity with ketone 
(VI) obtained (1) from 3,4,4-trimethylcyclohexanone. The structures of the 
parent unsaturated ketone (IV) and of the related pair (V) and (VII) follow 
indirectly and find further substantiation in the properties of these substances 
(see Table I). A comparison of the Table with that in the paper next preceding 

TABLE I 
IV= V 

b.p.20 87.5-88.0" b.p.2076.5-77.0" 1 b.p.,,, 173-175" 
m.p. 199.5-200.0" m.p. 205.0-205.5"~ m.p. 213.5-214.0' 

forms rapidly forms slowly 
Derivative oil presumably 

with i an oxime 
hydroxyl ~ 

amine 
Derivatives 

with p-ni- 
trobenzal- 
dehyde 

Reaction with ' none 

V I P  

oxime ~ m.p. 99.8-100.0" 
m.p. 108.0-108.2"' 

I I 
I di-p-nitrobenzal 

derivatives 
m.p. 204.7-205.1' 
m.p. 202.0-202.5' 

none ' reacts slowly 

b.p.74, 157-158" 
m.p. 171.0-171.3" 

m.p. 79.7-80.0' 

mono-p-nitro- 
benzal deriva- 
tive 

m.p. 99.3-99.5" 
none 

a Wallach (3) reported as a derivative of this compound the semicarbazone, m.p. 

Wallach (4) reported for this compound: b.p. 167-171", semicarbazone, m.p. 214", 
oxime, m.p. 110". 

Wallach (4) reported for this compound: b.p. 162-168", semicarbazone, m.p. 178", 
oxime, m.p. 78". 

(5) brings out not uninteresting resemblances between the 5-ring ketones (IV), 
(V), (VI), and (VII) and their correspondingly numbered 6-ring analogs. 

The author wishes to thank Dr. E. R. Buchman for suggesting this problem 
and for helpful advice in connection with the work. 

199-200". 

E X P E R I M E N T A L  P A R T  

Preparation of unsaturated ketone mixture.2 "Bis-trimethylethylene nitrosate" (11) was 
prepared as indicated in the literature (7) by passing oxides of nitrogen into a solution of 
60 cc. of trimethylethylene in 150 cc. of glacial acetic acid which was kept cooled to the 

Chemisches Zentralblatt (6) refers to these as 2,2,4-trimethylcyclopentanone ' W r .  1" 
I t  is thus understandable how any but the most thorough literature survey 

2 No appreciable amount of 3-methylcyclopenten-2-one was obtained from the action of 

and "Sr .  2". 
would have failed to disclose their bearing upon the naphthene ketone problem (1) .  

aqueous alkali on acetonylacetone; much tar was formed. 
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point where solid acetic acid separated. The nitrogen dioxide was generated by the action 
of nitric acid on copper turnings (superior to the action of concentrated nitric acid on 
arsenic trioxide); the passage of gas was stopped as soon as the solution turned green, and 
the crystals which had separated were filtered off and washed with acetic acid and with 
water. The resulting white crystalline material3 was air dried (44% yield) ; further small 
amounts of crude (11) were precipitated from the mother liquors by addition of water. 

The nitrosate prepared in this manner proved suitable for conversion into (111); Wal- 
lach (3) had claimed that a specially purified (11) was necessary. S ine  and six-tenths 
grams of sodium was dissolved in 160 cc. of methanol, 52 g. of methyl acetoacetate added, 
and the solution cooled. Sixty-four grams of (11) was then added and the mixture heated 
cautiously to initiate the reaction which proceeded exothermally; cooling of the reaction 
flask with running tap water was necessary to prevent loss of solvent through the condenser. 
The reaction was complete in five minutes, a t  the end of which the solvent was removed 
in vacuo and the residue refluxed for four hours from a copper retort with 450 g. of potas- 
sium hydroxide and 450 cc. of water, and then steam distilled. In a parallel experiment, 
after the reaction was complete, the solution was filtered from the sodium nitrate which 
had separated, the filtrate evaporated and (111) isolated from the residue by recrystalliza- 
tion from alcohol-acetone; m.p. 148.5-149.0' (analysis), turns reddish on exposure to light. 

The steam distillates from three of the above sized runs were combined, saturated with 
ammonium sulfate, extracted several times with isopropyl ether, the ether extracts dried 
over sodium sulfate and fractionated.' The main fraction, b.p. 75-90' a t  20 mm., consisted 
for the most part of (IV) and (V) and amounted to 73 g., 49% yield from (11). 

d,4,4-TrimethyZcycZopenten-2-one ( I V )  was obtained in an 11% yield from (11) on refrac- 
tionation of the unsaturated ketone mixture through a precision column, b.p. 87.5-88.0' 
a t  20 mm., d? 0.925, 1.4720. Analysis and behavior on reduction disclosed the presence 
of a small amount of nitrogen-containing impurity; the constants given are therefore only 
approximately correct for pure (IV).  

Anal. Calc'd for C8HI20: C, 77.37; H, 9.74. 
Found : C, 76.64; H, 9.97. 

(IV) did not react with aqueous sodium bisulfite solution. The oxime was obtained 

Anal. 

as an oil; the semicarbazone formed readily, m.p. 199.5200.0" from ethanol. 

Calc'd for CsH16NsO: C, 59.64; H, 8.34; X, 23.19. 
Found : C, 59.84; H, 8.31; N, 23.60. 

~,6,b-Trimethylcyclopenten-d-one ( V )  was obtained as above in 12% yield from (11), 

Anal. Calc'd for C8Hl2O: C, 77.37; H, 9.74. 
Found : C, 76.35; H, 9.87. 

b.p. 76.5-77.0" a t  20 mm., d:'0.906, n 3 0 ~  1.4608. 

(V) also did not form a bisulfite addition compound. The product obtained with hy- 
droxylamine was found difficult to purify by recrystallization; i t  was sublimed a t  2 mm. and 
the crystalline sublimate recrystallized from isopropyl ether, needles, m.p. 108.0-108.2°. 

Anal. Calc'd for CsHI3NO: C, 69.03; H, 9.41; N, 10.06. 
Found : C, 69.23; H, 9.41; N, 10.28. 

3 Attention may be directed to the fact that  (11) cannot be stored. An explosion 
occurred when a sample, which had stood in a stoppered bottle for 23 weeks without notice- 
able alteration, suddenly decomposed completely. 

4 From the forerun was isolated about one-half gram of acetone oxime (analysis, mixed 
m.p.) b.p. ca. 61" a t  20 mm., m.p. 61.0-61.2" from petroleum ether. With an equivalent 
amount of picric acid this substance gave a picrate, quite soluble in the usual solvents, 
m.p. 82.0-82.2' from isopropyl ether-alcohol (analysis). The addition compound lost i ts  
acetone oxime on drying i n  PUCUO a t  room temperature. 
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The analysis discloses that  the derivative is an oxime; higher molecular weight amor- 
phous material also sublimed, so that  the formation of hydroxylaminooxime cannot be 
excluded. By comparison with its isomer, the semicarbazone formed at an extremely 
slow rate; for its preparation the components were allowed to  stand in aqueous solution 
a t  room temperature for two weeks, m.p. 205.0-205.5" from ethanol-water. 

Anal. Calc'd for C9H~bS30: C, 59.64; H, 8.34; N ,  23.19. 
Found : C, 59.96; H, 8.31; K, 23.53. 

S,8,.&TrimethyZcycZopentanone (VI )  was prepared by catalytic reduction (5) of (IV), 
b.p. 169-171" (173-175" corr.) a t  742 mm., dy 0.892, n26~ 1.4380 (analysis). The crude reduc- 
tion product contained a small amount of volatile base, possibly ammonia, arising from 
the nitrogen-containing impurity in (IV). (VI) reacted slowly with saturated aqueous 
bisulfite solution [means of separation from (VII) 1. The derivatives, including the 
di-p-nitrobenzal derivatives, were identical with those described (1) previously (mixed 
m.p.'s). The m.p. of the oxime (100.8-101.Oo corr.) was unchanged after repeated recrys- 
tallization (Wallach reported 1lOO). 

d,d,4-TrimethylcycZopentanone (VII)  was formed by catalytic reduction of (V), b.p. 
153-154" at 712 mm., d:6 0.871, n Z 6 D  1.4279. 

Anal. Calc'd for C8H1,0: C, 76.14; H, 11.18. 
Found : C, 75.15; H, 11.26. 

(VII) did not form a bisulfite addition compound. It reacted with semicarbazide some- 

Anal. Calc'd for C9Hl?iX8O: N, 22.93. Found: N,  22.90. 
The oxime was crystallized from alcohol and sublimed a t  3 mm. for analysis, m.p. 79.7- 

80.0"; in Vacuo i t  is noticeably volatile even a t  room temperature. 

Anal. Calc'd for C8HlSNO: C, 68.04; H, 10.71; N, 9.92. 
C, 68.02; H, 10.59; N, 10.11. 

A pale yellow mono-p-nitrobenzal derivative was obtained in the usual manner, m.p. 

what less readily than its isomer; semicarbazone m.p. 171.0-171.3" from alcohol. 

Found : 

99.3-99.5' from methanol. 

Anal. Calc'd for CI6H1,NOa: C, 69.48; H, 6.61; N, 5.40. 
Found: C, 69.95; H, 6.93; ?rT, 5.94. 

SUMMARY 

A convenient method for the synthesis of 3 3,4-trimethylcyclopentanone has 

3 4 4-Trimethylcyclopenten-2-one, 3 5 5-trimethylcyclopenten-2-one and 
been described. 

2 2 4-trimethylcyclopentanone have been characterized. 
PASADEKA, CALIF. 
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Morphine, its methyl ether, codeine, and other morphine derivatives of the 
same degree of unsaturation, undergo degradation to phenanthrene derivatives 
by two general methods, acetolysis, and exhaustive methylation. The nitrogen- 
free products are, respectively, methylmorphol (I) and methylmorphenol (11), 
or simple derivatives of these. The distinctive feature of the degradation is 
the loss of the entire ethanamine chain from the molecule, a phenomenon that 
led Gulland and Robinson (1) to propose a logical modification2 of the Knorr- 
Wieland (2) formula, that subsequently found experimental support in the work 
of Schopf (3). The extrusion of carbons 15 and 16 is so general that there is no 
instance of degradation of true morphine derivatives without loss of the ethan- 
amine moiety, excepting where aromatization is blocked by hydrogenation, 
e.g., dihydrothebainone and dihydrocodeinone derivatives (2, 4), or by nuclear 
substituents (5 ) .  

Studies in progress on methylmorphenol have necessitated the degradation of 
several kilograms of morphine through codeine methomethylsulfate, for which 
Mosettig and Meitzner (6 )  developed a modified Hofmann method, using sodium 
cyclohexoxide in cyclohexanol instead of alkali. As a by-product of the reaction, 
these investigators isolated a small amount of a new, nitrogen-free product, 
which has now been subjected to further study. 

The new compound represents about 1% of the weight of morphine degraded, 
or about 2% of the total isolable degradation product. Analysis shows it to 
have the composition C17H1402, and to contain one methbxyl group. Since the 
compound is not phenolic, and gives no reactions for the alcoholic or ketonic 
groups, the second oxygen atom is probably in a cyclic ether linkage. These 
facts suggested formula I11 for the compound. This structure is hardly tenable, 
however, for the substance is indifferent t o  catalytic hydr~genation,~ and, more 
important, is optically inactive. It reacts with but one mole of bromine, giving 
a monobromo substitution product. 

1 The work reported in this paper is part of a unification of effort by a number of agencies 
having responsibility for the solution of the problem of drug addiction. The organizations 
taking part are: The Rockefeller Foundation, the Sational Research Council, the U. S. 
Public Health Service, the U. S. Bureau of Narcotics, the University of Virginia, and the 
University of Michigan. Publication authorized by the Surgeon General, U. S. Public 
Health Service. 

2 Cf. also Pschorr, Ann., 373, 64 (1910). The tendency towards aromatization as the 
driving force resulting in loss of the vinyl group was also recognized by Freund ( 5  b) ,  al- 
though his reasoning was incomplete. 

3 That  the vinyl group a t  C-13 in degradation products of this type is not sufficiently 
hindered to resist hydrogenation has been demonstrated in the reduction of the vinyl 
derivative obtained as end-product in the degradation of dihydrothebaine [Wieland and 
Kotake (2)].  
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Structure IV, which might have resulted from a cyclization of the thebenone 
type, is open to  the same objections, and, moreover, involves two additional 
hydrogen atoms which our analytical procedure is capable of detecting. 

This brings formulas V or VI into consideration, either of which explains all 
of the observed facts. Of the two formulas, the six-membered ring structure 
of VI is the more probable. This idea finds confirmation in the results of a 
C-methyl determination, for which I am indebted to the kindness of Dr. R. T. 
Major and Mr. Douglass Hayman, of Merck and Co., Rahway, N. J. One 
C-methyl group is present, which probably excludes formula V. Although VI 
contains an asymmetric carbon atom, it would not be expected to be optically 
active, for the ring-closure undoubtedly took place after the morphine asym- 
metric centers had been destroyed by aromatization. Compound VI, S-meth- 
oxy-5-methyl-5-phenanthro [4,5-bcd ]pyran, (Ring Index 2795), is accordingly 
an analog of thebenol (VII), the end-product of exhaustive methylation of 
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thebenine (7). The six-membered heterocyclic ring structure in thebenol was 
first suggested without evidence by Gulland and Virden (8). 

Whereas VI contains no group a t  which an optically active appendage might 
be attached to permit resolution, VI1 offers this possibility. Attempts to obtain 
an optically active derivative of thebenol have so far failed. 

The structural concept of VI is supported by the results of zinc-dust distilla- 
tion, which, like that of thebenol (7b, 9), yielded pyrene. While this is not 
conclusive proof of the position of the saturated chain, there is no instance of 
the formation of pyrene in the morphine group except from those compounds 
known to have the chain a t  the 5 position. Attempts to establish a direct rela- 
tionship between VI and thebenol by elimination of the 8-hydroxyl group from 
the latter through the amino compound [method of Werner (10) or Bucherer (ll)] 
failed. Thebenol was recovered unchanged from the attempted amination, 
or under more drastic conditions was decomposed. The ether ring of VI is 
exceedingly resistant to scission. Prolonged boiling with concentrated hydriodic 
acid in acetic anhydride resulted only in demethylation, with formation of 3-hy- 
droxy-5-methyl-5-phenanthro [4,5-bcd]pyran. Opening the ring by alkali fusion 
was not attempted because of the exceedingly low yield recorded in the analogous 
reaction with methylmorphenol (12). 

In  addition to VI, the cyclohexoxide degradation of morphine yielded two 
other new products. One of these, a sparkling, colorless, mobile liquid, does 
not form a picrate, and its high hydrogen content indicates that it is probably 
derived from the cyclohexanol used. The second product (only 0.75 g. from 
1.5 kg. of morphine), nitrogen-free, is high-melting and very sparingly soluble, 
and molecular weight values show that if it is derived from morphine, it must be 
diniolecular in nature. It is methoxyl-free, which fact, however, does not 
exclude its formation from the codeine methomethylsulfate used, since de- 
methylation a t  C-3 has been observed under strenuous alkaline conditions. 

It is very doubtful that the isolation of VI from an alkaline degradation of 
morphine methyl ether is of any significance for the morphine structural formula. 
The ethanamine chain has heretofore been observed to wander only under 
strongly acid conditions, and then only to C-8. In  thebaine and codeinone, 
also under acid conditions, the chain may shift to 5 ,  14, or 8 (assuming the origi- 
nal position to  be 13). A shift of the chain in a morphimethine, as implied by 
the appearance of VI, has never been observed. In  view, however, of the well 
known lability of the ethanamine group in the morphine series, it is most reason- 
able to regard VI as the product of a rearrangement, and not as affording any 
evidence in favor of the Knorr-Wieland morphine formula. 

EXPERIMENTAL 

S - M e t h o z y - 6 - m e t h y Z - 6 - p ~ e ~ u ~ ~ ~ ~ o  [+$ ,&bed ]pyran  (VI). The methanol mother liquors 
from purification of the methylmorphenol prepared by degradation of 1500 g. of morphine 
by the Mosettig-Meitzner method (6), gave on concentration 150 g. of black oil. This was 
treated with hot alcoholic picric acid. The mother liquors from crystallization of the 
picrate yielded a black oil (13 g., A). The picrate was decomposed with ammonia and 
extracted with ether, from which 31 g. of tan crystals (m.p. 60-91", B) and 40 g. (C) of dark 
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oil were obtained. The crystalline fraction B was recrystallized several times from al- 
cohol, and the melting point reached the constant level 82-93'. The material was sublimed 
slowly in a long tube a t  loo", under an oil-pump vacuum. Two easily distinguishable zones 
were obtained; the one farthest from the heater, a dense layer of granular crystals, repre- 
sented about half the sample, had the m.p. 58-60' (after purification, m.p. 63-65'), and was 
identified as methylmorphenol. The zone nearest the heater was a dense plug of acicular 
crystals, m.p. 115-116"; this was crystallized twice from ethyl acetate and resublimed. It 
had the m.p. 118.5", [CY]"; 0.0" (absol. alcohol, c = 1.00). 

A n a l .  Calc'd for C17H1402: C, 81.57; H, 5.65; 1 OCH3, 12.4; 1 C-CHa, 6.0; m. w. 250. 
Found: (average of 6 anal.) C, 81.44; H ,  5.55; OCH,, 11.8; C-CH,, 5.00, 4.64; 

The compound was insoluble in  aqueous alkali, and insoluble in  alcoholic alkali beyond 
i ts  solubility in alcohol alone; no ferric chloride reaction in alcohol. It gave no reaction 
with hydroxylamine. Catalytic hydrogenation (platinum oxide in alcohol) was completely 
negative. It was recovered unchanged from attempted dehydrogenation with palladium, 
refluxing in naphthalene. It was not oxidized by prolonged boiling with permanganate in  
acetone. From chromic acid oxidation a brilliant yellow powder was obtained that  did not 
crystallize and could not be further characterized. 

The picrate was prepared by mixing equal weights of the compound and picric acid and 
recrystallizing twice from boiling alcohol; long, deep purple rods, red-brown by transmitted 
light; m.p. 107-108"; unstable, turning black and resinous after a few weeks. 

m. w. (micro-Rast), 248. 

AnaE. Calc'd for C Z ~ H I ~ N ~ O ~ :  X, 8.76. 
Found: iT, 8.76. 

1 (?)-Bromo-S-methoxy-5-methyl-6-phenanthro [,$,5-bcd]pyran. A solution of 0.2 g. of 
VI in 3 cc. of glacial acetic acid was treated with bromine in acetic acid until the solution 
was faintly yellow. Calculated for 1 mole of bromine 0.127 g., used, 0.13 g. The slight 
excess of bromine was destroyed with sulfur dioxide, water was added (white emulsion) 
and the solution made alkaline with 40% sodium hydroxide. By ether extraction and 
crystallization from alcohol 0.23 g. of bromo derivative was obtained. After sublimation 
in a high vacuum a t  110" (cold finger) i t  formed white needles, m.p. 104-105". 

A n a l .  Calc'd for C17H1~BrO2: C, 62.00; H, 3.98. 
Found: C, 62.09; H, 3.97. 

S-Hydroxy-6-methyl-6-phenanthro [4 ,5-bcd]pyran .  When VI was boiled in 48% hydro- 
bromic acid, intense purple color developed, and the compound went largely into solution. 
On dilution, the color disappeared, and VI was regained in a pure state. In  an unsuccessful 
attempt to cleave the pyran ring, 0.2 g. of VI was refluxed for 15 minutes in a mixture of 
equal parts of acetic anhydride and hydriodic acid (sp. gr. 1 .7 ) .  The red solution and resin 
was poured onto ice, extracted with ether, and the residue from the ether was dissolved in 
normal sodium hydroxide, from which lozenge-shaped crystals of the sodium salt sep- 
arated. The viscous precipi- 
tate was taken into ether, from which an oil was obtained. This crystallized from petroleum 
ether (by evaporation), and the crystals were sublimed twice in a high vacuum a t  125" 
(cold finger) ; icicle-shaped crystal masses, m.p. 84-84.5". 

A n a l .  Calc'd for ClaHlnOn: C, 81.35; H, 5.12. 
Found: C, 80.93; H, 5.08. 

It was warmed into solution and carbon dioxide was run in. 

Degradation of VI .  A mixture of 1 g. of VI with 10 g. of zinc dust was heated until all 
of the organic matter had been distilled (in a hydrogen stream) over a layer 15 cm. long of 
zinc dust (30 g.) heated to dull redness. The distillate was dissolved in ether, from which a 
brown oil was obtained; this was distilled onto a cold finger in  a high vacuum a t  110", form- 
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ing yellow, waxy globules that  crystallized in shining flakes when rubbed with alcohol; 
yield 100 mg., m.p. 118-122". After seven crystallizations and two vacuum sublimations, i t  
melted a t  145-147", mixed melting point with pyrene (m.p. 149') 146-148". 

Anal. Calc'd for CMHIO: C, 95.01; €1,4.99. 
Found: C, 95.03; H,  5.16. 

It yielded a picrate (unstable on long standing), red needles, m.p. 220-222', no depression 
when mixed with pyrene picrate. The styphnate, orange needles (unstable to recrystal- 
lization) melted a t  182-193", and in mixture with pyrene styphnate (m.p. 189") melted 
a t  184-187". 

The sirupy fraction A from the crude morphine degradation 
products did not form a crystalline picrate, even though i t  was found to contain about 16% 
of compound VI. The 13 g. of oil was rubbed well with 100 cc. of 60-70" ligroin, and the 
yellow solution was decanted from a pasty residue. The residue crystallized from ether 
(evaporation), giving 2.1 g. of VI. The ligroin was distilled under reduced pressure, leaving 
9 g. of a mobile, red oil; insoluble in acid or alkali, alcoholic ferric chloride test brown with 
green tinge; nitrogen-free. In a high vacuum i t  distilled rapidly a t  100" onto a cold finger, 

Its odor was strong, and reminiscent of 
the cyclohexane series. 

Composition of fraction A .  

a sparkling, colorless, mobile liquid, n2jD 1.5613. 

Anal. Found: C, 80.23; H,  10.42. 

Composition of fraction C .  The 40 g. of dark picrate-forming oil from the separation of 
the crude morphine degradation products, with alcoholic picric acid, gave 56 g. of a brown 
picrate, long needles. The mother liquor slowly deposited 4.5 g. of magnificent black crys- 
tals from which 2.5 g.  of VI was obtained. The main crop of picrate gave 20.8 g. of methyl- 
morphenol, m.p. 65". During the recrystallization of this, 0.75 g. of very sparingly soluble 
white crystals was isolated. The compound was nitrogen-free, insoluble in  acid or alkali, 
began to yellow a t  265" and melted with darkening a t  270-272". It could be recrystallized 
from 50 cc. of ethyl acetate; [a& 0.0" (dioxane, c = 0.50). Colorless solutions in ethyl 
acetate or dioxane turned deep purple after a few hours exposure to  air. It may be a di- 
molecular product derived from morphine, with a pseudomorphine-type linkage. 

Anal. Found: C, 80.16,80.36; H,  4.88,4.83; m.w. (micro-Rast), 420,448. 
Thebenol. Attempts to  convert thebenol (VII) to VI through the amino compound 

failed. It was regained unchanged after 30 hours a t  140" with ammonia and ammonium 
sulfite (11). With sodium acetate, ammonium chloride, and acetic acid a t  270" for 12 hours, 
i t  was decomposed to a black tar. 

The pyran ring in thebenol could not be opened. Refluxing with acetic anhydride and 
hydriodic acid caused decomposition, with 3201, hydrogen bromide in glacial acetic acid 
demethylation was the only change. Fusion with aniline hydrochloride (13) a t  220" for 1 
hour likewise gave only northebenol. In an attempt to obtain derivatives of thebenol that  
might be susceptible of resolution, reaction of the sodium salt with acetobromoglucose was 
unsuccessfully tried. The application of Helferich's method (14) with pentaacetyl-p- 
glucose in the presence of p-toluenesulfonic acid in xylene resulted in decomposition 
products. 

SUMMARY 

A new nitrogen-free degradation product from morphine is described, and 
evidence is advanced that it has the structure 3-methoxy-5-methyl-5-phenan- 
thro [4,5-bcd]pyran. 

WASHINGTON, D.  C. 
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TECHNICS I N  THE SYNTHESIS OF PORPHYRINDIN' 

H. A. LILLEVIK, R. L. HOSSFELD, H. V. LINDSTROM,Z R.  T. ARNOLD, AND 

R.  A.  GORTNER 

Receioed November 22, 1941 

Since the important oxidation-reduction dye, porphyrindin, is not commer- 
cially available, many laboratories interested in sulfhydryl studies need a means 
of synthesizing the indicator in the shortest time possible. Directions now 
available in the literature are abbreviated and omit precautionary measures 
with the result that attempted syntheses have been found unsatisfactory or 
unsuccessful. 

The purpose of the present investigation was to  study the steps of the syn- 
thesis in detail with a view to discovering and overcoming pitfalls responsible 
for failures and to  coordinate the whole into a workable method. 

Acetoxime (I), either as the Eastman product redistilled, or as prepared 
according to Semon (l), was found suitable for the preparation of the nitrile (11). 

The Porter and Hellerman (2) method of preparing (11) was modified by 
drying the ether extracts of the reaction mixture with anhydrous sodium sulfate 
and by performing crystallizations and filtrations in a cold room a t  - 18". The 
product was exhaustively extracted with petroleum ether and used directly in 
the preparation of the imino ether (111) without further purification. 

The preparation of (111) by the method of Piloty and Schwerin (3) was found 
to  be successful only if extreme care is taken to exclude moisture from the opera- 
tion. Commercial absolute alcohol was dried by refluxing over powdered mag- 
nesium methoxide and then distilled onto (11) to  give a solution through which 
dried hydrogen chloride gas was passed to form (111). This entire step, including 
the drying and distillation of alcohol, as well as hydrogen chloride absorption, 
was carried out in a single closed system, exposure to  the air being through 
desiccant traps. Rubber stoppers were found suitable for connections. 

The preparation of the amidine (IV) by the method of Piloty and Schwerin (3) 
was found to  lead largely to syrups which could not be used successfully as such 
in the next step of the synthesis. It was found that by proper treatment of the 
syrup with ether, crystalline amidine was obtained in satisfactory yields. 

For the preparation of the nitroso compound (V), Kuhn and Franke (4) 
indicated that an acid solution of (IV) was treated continuously with chlorine 
until no more product precipitated. We have found that intermittent additions 
of chlorine followed by periods of standing are necessary because the product 
separates out very slowly. The intervening periods of rest allow time for separa- 
tion without side reactions which take place when excess chlorine is present. 
Filtration of the product is carried out after each rest period before chlorine 
treatment is resumed. 

1 Herman Frasch Foundation for Research in  Agricultural Chemistry, Paper XO. 215. 
Paper No. 1940 Scientific Journal Series, Minnesota Agricultural Experiment Station. 

2 Frasch Fellow. 
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CH3 
I 

CH,-C-NOH HOK-C-CH~ 

' I  C=N-N=C 
I \ 

HK-C=KH 
I /  \ 

H?r'=C-NH 
~ 1' Leucoporphyrindin (VII) 

Porphyrindin 



166 LILLEVIK, HOSSFELD, LINDSTROM, ARNOLD, AND GORTNER 

The reaction of potassium cyanide upon (V) to  form the ring compound por- 
phyrexin (VI) in the manner of Kuhn and Franke (4) was successful only when a 
rapid generation of gas took place. This was interpreted as a sign of the desired 
reaction occurring. Manner of addition and stirring were found to  influence 
yield. 

The preparation of leucoporphyrindin (VII) was successful only when a half 
mole of hydrazine hydrate per mole of (VI) was used, as suggested by Kuhn (4). 
Molar ratios in the manner of Piloty (5 )  gave syrups instead of the desired crys- 
tals. Leucoporphyrindin is relatively unstable, must be kept cool and in the 
dark, and should be prepared in small quantities as needed. Porphyrexin 
probably should be the stopping point in a commercial synthesis. It is stable 
and can be stored indefinitely. 

EXPERIMENTAL 

Preparation of a-hydrorylaminoisobutyronitrile ( I I ) .  (I) (180 g.) was dissolved in  495 
ml. of water and placed in a 5-liter flask equipped with a stirrer and dropping-funnel in an 
ice-bath in a hood. After adding 1190 g. of potassium dihydrogen phosphate (Mallinck- 
rodt), stirring was begun and an ice-cold solution of 215 g. of sodium cyanide in  530 ml. of 
water was added dropwise. After complete addition of cyanide, the mixture was allowed 
to  come to room temperature, was sealed with a rubber stopper, and kept in the hood for 
18 hours with occasional shaking. The yellow oily layer was removed and the solution 
remaining was extracted with three 250-ml. portions of ether. The oily layer with added 
ether extracts was dried over,anhydrous sodium sulfate, concentrated by the use of a 
stream of clean, dry air, and was crystallized by allowing the resulting syrup to stand 
4-5 hours in a cold room a t  -18". Using an oil-pump in the cold room, the crystals were 
filtered off. The mother liquor in vacuo in the cold room gave a second crop of crystals 
which was added to the first, and the combined crops were placed in a vacuum desiccator 
over activated alumina with suction being applied for an hour in the cold chamber. Suc- 
tion was continued overnight in the laboratory a t  room temperature. The dried mass was 
extracted with petroleum ether until the extracts no longer gave acetoxime upon evapora- 
tion. The petroleum ether-insoluble residue was dried in vacuo over activated alumina 
overnight and was used directly in the synthesis of (111). Yield, 65 g. of nitrile; 110 g. 
of recovered acetoxime from petroleum ether extracts. Considering the recovered ace- 
toxime apart from the reaction, the yield of (11) was 67%. 

The 
closed system used is shown in Figure 1. The 65 g. of (11) was placed in the 2-liter round- 
bottom flask F. Commercial absolute ethyl alcohol was dried by refluxing in flask A with 
powdered magnesium methoxide for three hours using condenser B. Using condenser C, 
enough alcohol was distilled to dissolve (11). An ice-salt-bath was then applied to F, and 
hydrogen chloride, generated a t  K, was passed through the drying-bottles (sulfuric acid) 
J and I, the safety trap H, and the sintered glass gas distributor D, into the solution of 
(11) in alcohol. The alcohol became saturated in about 4 hours, as indicated by the fact 
that  hydrogen chloride was no longer absorbed. Flask F was then removed, stoppered 
with a rubber stopper, and placed in a refrigerator. Crystals appeared within an hour, 
and after 48 hours were filtered off and placed in a vacuum desiccator over potassium hy- 
droxide to  remove excess hydrogen chloride. Yield, 125 g.; 90% of the theoretical, assum- 
ing (11) to be pure; sintered a t  110", melted a t  180' with decomposition. 

Preparation of a-hydroxylaminoisobutyroamidine hydrochloride ( I V )  . In a hood, tank 
ammonia was passed slowly over 900 g. of cold absolute ethyl alcohol (magnesium methox- 
ide dried) with stirring to effect solution. When approximately 65 g. of ammonia had 
been added, the total weight of solution was carefully noted and the whole was placed in 

Preparation of a-hydroxylaminoisobutyro ethyl imino  ether dihydrochloride (111) . 
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a cold room just above 0" and was sealed with a rubber stopper. By taking aliquot weight 
portions in the cold room, known amounts of ammonia could be measured. 

Dry and powdered (111) (50 g.) was suspended in 250 ml. of absolute ethyl alcohol and 
then enough ammonia solution was added to  give 2.5 molar ratio of ammonia to (111) 
(144 g. of solution if exactly 65 g. of ammonia had been added to 900 g. of alcohol). The 
mixture was stoppered and shaken for 5 hours a t  room temperature and, after removal of 
insoluble ammonium chloride, was concentrated in vacuo a t  room temperature to  give a 
syrup. Ether was added to  the syrup in sufficient quantity to precipitate a white sticky 
mass, which was converted into pure crystalline (IV) by scratching with a glass rod. Yield, 
18 g. (51%) [Piloty (3) 50%; Kuhn (4) nearly quantitative]; m.p. 150" with decomposition. 

(IV) (10 9.) was 
dissolved in 50 ml. of water containing 1 ml. of concentrated hydrochloric acid. Tank 
chlorine was passed through the solution very slowly through a sintered glass gas distrib- 
utor until the blue solution became turbid (about 15 minutes). The white precipitate 

Preparation of a-nitrosoisobutyroamidine hydrochloride hydrate ( V ) .  

- K  

FIQ. 1. SYSTEM USED IN THE PREPARATION OF IMINO ETHER (111) 

formed on standing was filtered off and chlorine treatment was repeated. This process was 
repeated until no more precipitate formed on standing. The yield was the Hame whether 
the solution was treated with chlorine a t  Oo, or a t  room temperature. Yield, 8 g. (72%); 
m.p. 148". 

Preparation of porphyrezin( V I ) .  A rapidly stirred solution of 1.1 g. of potassium cyanide 
in 3.5 ml. of water in a test tube was heated to  60" in a water-bath and 2 g. of (V) was added 
fairly rapidly. -4 brown solution resulted, and this was further stirred a t  60" until a rapid 
generation of gas took place. [We have not been able to isolate (VI) when the frothing 
does not take place.] The solution was cooled and the precipitate formed was filtered off 
and dried in a desiccator over activated alumina. When the product was boiled with 
absolute ethyl alcohol, a trace of potassium chloride remained insoluble and, after filtration 
and evaporation of the filtrate to dryness, a mass of crystals of (VI) remained. Yield, 
1.5 g. (89%); m.p. 249-50". 

(VI) (1 g.) was dissolved in 10 ml. of hot water 
and then 0.17 g. of hydrazine hydrate was added. The solution was boiled down to a thick 
syrup, which was cooled to give a solid mass of yellow crystals, which were suspended in 
absolute alcohol and filtered. Yield, 0.3 g. (30%); m.p. 277". 

Preparation of Zeucoporphyrindin (VII) .  



168 LILLEVIK, HOSSFELD, LINDSTROM, ARNOLD, AND GORTNER 

SUMMARY 

A study was made of the synthesis of porphyrindin. Necessary precautions, 
not directly specified in previous literature, have been developed and added to 
earlier methods. An improvement in the yield of nitrile from acetoxime was 
made possible by cold room techniques and by extractions with petroleum ether 
instead of recrystallization. It was found that the most difficult step (imino 
ether hydrochloride) gave excellent yields when extreme care was taken to  
ensure anhydrous conditions. Minor modifications in the last four steps have 
been applied to give some measure of success in place of the failures resulting 
from insufficient practice and knowledge of procedure. All knowledge, gained 
from the literature and from experiment, has been incorporated into a readily 
workable method. 

ST. PAUL, MINN. 
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ABSORPTION SPECTRA AND CONSTITUTION OF 

A sufficient amount of information is now available from the studies on isomers 
and homologs of the acid anthraquinone dye, Toluidine Blue (1, 2, 3), so that 
one may attempt to  relate spectral absorption characteristics and molecular 
structura This relation to be discussed in this paper is limited to  the effects 
of groups in the blue and green dyes in the 1 ,4- and 1 ,5-series; it is only a part 
of the general topic of color and constitution of anthraquinone dyes, which is 
summarized in Houben (10). The blue and green series are of the general types 
I and 11, respectively. The isomers and homologs are derived by varying the 

I S = NaSOs I1 S = NaS03 

nature of the groups in the rings A, B, and C. The older dyes considered (the 
formulas of which are not given in this paper) are the sodium salts of 
1 ,5-di(2’-sulfo-4’-methylanilino)anthraquinone (Anthraquinone Violet) (4), 
1 ,4-di-(2’-sulfo-4’-methylanilino)anthraquinone (Alizarin Cyanine Green) (5), 
1 ,4-di-(3’-sulfo-4’-methylanilino)anthraquinone (Alizarin Direct Green) (6 ) ,  
7,s-dihydroxy-l , 4-di-(2’-sulfo-4’-methylanilino)anthraquinone (Alizarin Viri- 
din) (7), and 1-amino-2-bromo-4-(2’-sulfo-4’-methylanilino)anthraquinone 
(Alizarin Pure Blue B) (8). Toluidine Blue is the sodium salt of 1 ,5-di-(2’-sulfo- 
4’-methylani1ino)-4,8-dihydroxyanthraquinonel and Toluidine Green is the 
1 ,4-isomer (1). 

In  Fig. 1 are shown the characteristic curves for four dyes, two in the 1,4- and 
two in the 1,5-series. The peaks of each are listed in Table I; it will be noted 
that there are two maxima in the longer wave lengths of all except the violet 
dye.l 

An inspection of these curves reveals the great differences beheen  the 1 ,4- and 
1 ,5-series; thus, the differences between the second and third peaks in the green 

1 This dye may not be strictly comparable, for it appears to have four bands in the ultra- 
violet with a suggestion of a fifth a t  about 384 mp. The band head a t  330 has been assumed 
to be comparable to  the third band in the other dyes, and the values in Table I1 are calcu- 
lated from it .  
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I Anthraquinone Violet (4) 1 246 272 1 308 330 
I1 Alizarin Cyanine Green (5)* 253 285 410 608 
I11 Toluidine Blue 244 300 335 654 
IV Toluidine Green 243 290 1 415 644 

series in the ultraviolet is more than double that in the blue series (125 vs. 35-55), 
the third peak in the former appearing in the visible. 

The effect of the two hydroxyl groups in the 4,8- and 5,8-positions is also 
evident in Fig. 1. The difference between the first and second peaks (Table 11) 
is approximately twice as great in the dyes containing these groups so arranged. 
Further, there is a much greater spread (50% more) between the third and fourth 
peaks in the blue series. That is, in this series, these hydroxyl groups have 
pushed the red absorption towards the longer wave lengths without greatly 

560 
646 
696 
692 

TABLE I 

400 500 700 

WAVE LENGTH IN MILLIMICRONS 

-, Anthraquinone Violet (1,5); ---------, Alizarin Cyanine Green (1,4); ---e-, 

FIG. 1. ISOMERIC D Y E S  IN 1,4- AND 1 , 5 - S E R I E S  

Toluidine Blue (1,5,4,8);---  ,Toluidine Green (1 ,4,5,8) .  

affecting the portion of the band in the ultraviolet. Further, the two hydroxyl 
groups in these positions have moved the red absorption towards the longer 
wave lengths; in the green series this amounts to 36 and 46 mp (Table I), while 
in the blue it is of the order of 100 mp. This effect seems to be confined to the 
4,8- and 5,8-positions, for the 6,7- and 7,8-isomers resemble in the visible the 
unsubstituted Alizarin Cyanine Green (Fig. 2); even so, the effect is beginning 
to appear (12 and 8 mp) in the 7,8-isomer (Alizarin Viridin), which has only 
one OH in an alpha position (Table 111). Finally, the introduction of two OH 
groups into the 6,7-position of Alizarin Cyanine Green has moved the red 
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608 
644 
620 
602 

absorption in the opposite direction, slightly to the left (6 and 8 mk) (Fig. 2) 
(Table 111). If this latter can be considered to  be the normal effect of introduc- 
ing hydroxyl groups, then the large shift in the opposite direction observed in the 
Toluidine Green must be connected with a peculiarity of the alpha position. 
This feature is the possibility of chelation of the hydroxyl hydrogen with the 

646 
692 
654 
638 

TABLE I1 
DIFFEREKCES BETWEEN ABSORPTION MAXIMA OF TABLE I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 Anthraquinone Violet. 
Alizarin Cyanine Green.. . . . . . . . . . . . . . . . . . . . . . . . . .  1 32 I 125 
Toluidine Blue.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 j 35 
Toluidine Green.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  47 i 125 

I 26 
1 

230 I 
198 38 
319 I , 42 
229 I 48 

TABLE I11 
COMPARISON OF HYDROXYLATED DYES (mp) 

NO. 

IV 
I 
I1 
I11 

I OH DYE 

Alizarin Cyanine Green 
Toluidine Green 

6,7-Dihydroxy-l,4-ditoluidinoanthraquinone j 6, 7 
1 Alizarin Viridin 7, 8 

I I I 

460 5oQ 600 Pi 
WAVE LENGTH IN MILLIMICRON5 

FIG. 2. ALIZARIN CYANINE GREEN AND THREE DIHYDROXY DERIVATIVES 
--- , Alizarin Cyanine Green; - , Toluidine Green (5,s) ; ---------, Alizarin Viridin 

(7,8); -*-.- , 6,7-Dihydroxy isomer of Toluidine Green. 

carbonyl oxygen. Further confirmation is thus afforded of the generally ac- 
cepted idea of hydrogen bonding of dpha-hydroxylated anthraquinones (13). 

In  general, the introduction of halogen atoms into Alizarin Cyanine Green 
has a bathochromic effect, but their position in the molecule has a very great 
influence. In  the case of the 5 ,&dichloro derivative (a-series), in the ultra- 
violet, the distance between the peaks is 48 mp, as compared to 32 mp in the 
unsubstituted dye (Table IV). The 5,8-dichloro derivative thus resembles 
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Toluidine Green, where the difference is 47; that is, two chlorine atoms have an 
effect similar to two hydroxyl groups, when both are in the 5,8-positions (Fig. 3). 
From Table IV it will be noticed that it is a different head of each that is about the 
same as one of the parent dye, the hydroxyl group having moved the first peak 
towards the shorter wave lengths, whereas the chlorine atom has shifted the 
second in the opposite direction. The main band in the red, however, is greatly 
broadened by the chlorine atoms; the right head is moved 14 mp to the longer 

TABLE I V  
ABSORPTION MAXIMA OF HALOGENATED DYES (mp) 

Alizarin Cyanine Green., . . . . . . . . . . . . . . . . . . . . . . . .  . '  253 1 285 1 410 
5,8-Dichloro derivative.. . . . . . . . . . . . . . . . . . . . . . . . . .  1 252 1 300 i 425 
5,6,7,8-tetrachloro derivative., . . . . . . . . . . . . . . . . . . .  ~ 270 ' 425 
6,7-Dichloro derivative.. . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 266 (326?)1 428 
Toluidine Green., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . '  243 I 290 415 
2,a-Dichloro derivative of Toluidine Green . . . . . . . . .  I 420 

608 ' 646 
568 ~ 660 
570 1 640 
628 1 662 
644 I 692 
600 I 643 

1.2 

1.0 

' QB c_ cn z E 0.6 

2 04 

E 
0 0.2 

400 500  600 700 

WAVE LENGTH IN MILLIMICRONS 
FIG. 3. ALIZARIN CYANINE GREEN AND Two DICHLORO DERIVATIVES 
, Alizarin Cyanine Green; - - - -, 6,7-Dichloro derivative; -.-.-, 

5,8-Dichloro derivative. 

wave lengths (as compared to 46 for the 5 , 8-hydroxyl groups) but the left one is 
shifted 40 in the opposite direction, resulting in a wide band with a difference of 
92 between the two maxima. 

In  the case of the 6,7-dichloro derivative @-series), the introduction of the 
halogen has shifted the entire red band towards the longer wave length about 
20 mp, but otherwise has had no appreciable effect, So far, owing to side 
reactions leading to dyes of uncertain structure, a dye having chlorine atoms in 
the 2,3-positions has not been obtained, However, a 2,3-dichloro derivative of 
Toluidine Green has been prepared; the location of the maxima (Table IV) is 
about the same as in the unsubstituted Alizarin Cyanine Green, the halogen 
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1 
Anthraquinone Violet.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  246 272 330 
4’-Chloro-4,8-dihydroxy derivative.. . . . . . . . . . . . . . .  242 ’ 296 ~ 332 
4’-Methyl-4,8-dihydroxy derivative (Toluidine 

Blue). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  244 300 ~ 335 

having a very slight bathochromic effect. While this appears to be opposite to 
the 6,7-dichloro dye, a strict comparison cannot be made, since one has two 
hydroxyl groups in the alpha position. From these few examples, i t  may be 
said that when halogen atoms are present in the beta positions, they have much 
less influence upon the absorption than when they are in the alpha position. 

Chlorine atoms in the benzene residue also have a bathochromic effect; com- 
parisons with this type are made in the blue series (Table V). The ultraviolet 
is essentially the same in the 4’-chloro and 4’-methyl (Toluidine Blue) dyes, but 
the band in the visible, though of the same size, is not as far to the right in the 
case of the halogenated dye. 

560 
622 j 662 

654 696 

TABLE V 
ABSORPTION MAXIMA OF DYES RELATED TO ANTHRAQUINONE VIOLET (IN mp) 

400 
412 
414 
416 

600 642 
608 646 
642 676 
644 692 
630 676 
654 696 

TABLE VI 
COMPARISON OF BASES AND DYES* 

FIG. 1 NO. 1 SUBSTANCE 

I 
I1 
I 

I1 
I 

I1 

Alizarin Cyanine Green base 
Alizarin Cyanine Green dye 
Toluidine Green base 
Toluidine Green dye 
Toluidine Blue base 
Toluidine Blue dye 

I 
7 , I Alizarin Pure Blue base 
7 ’ I1 1 Alizarin Pure Blue dye 

DIPF. 
LAST Two 

42 
38 
34 
48 
46 
42 
34 
30 

DIFF. 
BASE AND 

DYE 

8, 4 

2, 16 

24,20 

14, 10 

* The absorption of the bases was observed in dioxane solution, and of the dyes in water. 

All the foregoing comparisons have been made on the dyes, which are salts of 
sulfonic acids. Since the unsulfonated quinones and dyes are not always dis- 
solved by the same solvents, their curves may not be strictly comparable. Bear- 
ing this in mind, it can be said that the introduction of sulfonic acid groups into 
the toluidine residues has a relatively small effect (Figs. 4-7). This is towards 
the right (2-20 mp) (Table VI) and is somewhat more pronounced in the blue 
series, being about double when the hydroxyl groups are present. 

Sulfonation of the dye base always results in the introduction of the sulfonic 
acid group in the 2’-position of the toluidine residue (1, 5). The isomeric 
3’-sulfonic acids can be secured by the use of sodium 4-aminotoluene-2-sulfonate 
under pressure (2, 3, 9). It is interesting to note that the isomeric 4-amino- 
toluene-3-sulfonate fails to react under the same conditions; this is undoubtedly 
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on account of its chelated structure. Comparison of the absorption curves of 
this variety of isomers (Figs. 8-10) shows small differences (Table VII). Of the 
two common dyes, Alizarin Cyanine Green and Alizarin Direct Green, there is a 
very small shift in the violet end, but the width of the main absorption band in 
the red end is quite different, the first having more blue absorption. More 
significant is the nature of the main absorption band in the red-it has but one 

WAVE LENGTH IN MILLIMICRONS 
FIG. 4. EFFECT OF SULFONATION OF ALIZARIN CYANINE GREEN. COMPARISON OF 1,4- AND 

, Alizarin Cyanine Green, base in dioxane; --------- , Same, sulfonated; -.-.-, 
~,5-DITOLUIDINOANTHRAQUINONES 

Anthraquinone Violet, base in dioxane. 

1 .o > 5 0.0 

0.6 

04 

0.2 

a 
Y 
0 

500 600 700 800 

WAVE LENGTH IN MILLIMICRONS 

FIG. 5. EFFECT OF SULFONATION OF TOLUIDINE BLUE 
-, Base in dioxane; - - - -, Same, sulfonated 

peak, whereas with the 2’-isomer there are two maxima. Since the second peak 
is present in the unsulfonated 1,4-ditoluidinoanthraquinone, its presence in one 
sulfonated dye and its absence in the isomer must be related to the location of 
the sulfonic acid group. This same behavior is exhibited by the isomeric 
sulfonic acids of other dyes, and is discussed below. 

Finally, 1 , 4-di-~-hydroxyethylamino-5,8-dihydroxyanthraquinone and its 
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c 

FIG. DYE 

8 Alizarin Cyanine Green 
8 Alizarin Direct Green 

10 Toluidine Green 
10 Toluidine Green Isomer 
9 Toluidine Blue 
9 1 Toluidine Blue Isomer 

WAVE LENGTH IN MILLIMICRONS 
FIG. 6. EFFECT OF SULFONATION OF TOLUIDINE GREEN 

, Base in dioxane; - - - -, Same, sulfonated 

1.0 c 

soa x.4Xm.4 

2' ~ 23; 1 I 646 3' 
2' 243 290 415 644 692 
3' 242 290 422 650 
2' 244 ~ 300 325 654 I 696 
3' ~ 240 I 294 338 660 
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sulfato ester may be considered (Fig. 11 and Table VIII). Here it will be noted 
that there is no peak in the 325-425 range, from which it follows that the presence 
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2.4 
> 2.2 5 2 0 -  

4 1.2 
E 1.0- 

Z 1.8- 

-I 1.4' 
1.6 

o 0.8 
0.G 

of this probably depends upon the aromatic toluidine residues. There is just 
the suggestion of a head at  about 566 (576), perhaps related to the aliphatic 
residues, as it does not appear in any of the other dyes. 

It will also be noticed that the introduction of the sulfate group has had two 
effects: it has considerably depressed the peak farthest to the right, and it has 

r 

- \, , - d \ 
\ 
\ 
\ 
\ 

- 

\ - - 
- \ 

WAVE LENGTH IN MILLIMICRONS 
FIG. 8. EFFECT OF POSITION OF SULFONIC ACID GROUP 

-, Alizarin Cyanine Green (2'-SOaNa); - - - -, Alizarin Direct Green 
(3'-SOsNa). 

2.6 \ 

/c- -. 

c4 ll I ,  I ,  
0.2 '\ 0' 

7 300 400 500 600 200 

WAVE LENGTH IN MILLIMICRONS 
FIG. 9. EFFECT OF POSITION OF SULFONIC ACID GROUP 

-, Toluidine Blue (2'-SOaNa), - - - -, Isomer (3'-SOaNa) 

3 

moved the entire red absorption about ten mp to the left. The latter effect is 
ust opposite to what was observed in the aromatic-substituted anthraquinone. 
The depressing of the right-hand peak is insufficient to obliterate it, as seems to 
have happened with the 3'-sulfonic acids of the other series. 

Even more instructive is the comparison between the 1,4-di-P-sulfatoethyI- 
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FIG. 10. TOLUIDINE GREEN AND ITS ISOMERIC SULFONIC ACID 
, Toluidine Green (2’-SO8Na) ; - - - -, Isomer (3’-S03Na) 

TABLE VI11 
COMPARISON OF 8-HYDROXYETHYLATED DYES 

I 

~ 578? ~ 624 

PIG. 

11 

11 

11 

1 
1 

DYE 

Sulfated 1,4-Di-D-hydroxyethyl- 

5,8-Dihydroxy-l, 4-di-8-hydroxy- 
aminoanthraquinone 

ethylaminoanthraquinone, 
unsulfated 

ethylaminoanthraquinone, 
sulfated 

5,8-Dihydroxy-l, 4-di-&hydroxy- 

Toluidine Green 
Toluidine Blue 

I 

1 DIFFEXENCE IN 
1 AND 2,4AND 5 

~ 40 

664 I 36 1 50 

696 1 56 42 

200 300 400 500 6 00 700 800 

WAVE LENGTH IN MILLIMICRONS 

FIG. 11. DERIVATIVES OF 1,4-DI-@-HYDROXYETHYLAMINOANTHRAQUINONE 

-, 1,4-Di-8-hydroxyethylamino-5,8-dihydroxyanthraquinone; ---------, 1,4- Di-8-sul- 
fatoethylamino-5,s-dihydroxyanthraquinone; -.-.- , 1,4-Di-@-sulfatoethylaminoanthra- 
quinone. 

177 
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anthraquinones with (Fig. 11, Curve 11) and without (Fig. 11, Curve 111) 
hydroxyl groups in the 5,8-positions. In the latter there is but one peak in the 
ultraviolet, and the absorption in the red is considerably to the left; furthermore, 
the two peaks in the red are closer together, and of about equal magnitude. 
This might make i t  appear that the second peak in the ultraviolet was dependent 
upon the presence of the hydroxyl groups, but this cannot be true since both 
Anthraquinone Violet and Alizarin Cyanine Green, in which there are no 
hydroxyl groups, have double absorption in this region. 

The effect of the 5,8-hydroxyl groups is just the same here as in the Toluidino 
series-the red peaks are moved to the right 26 and 36 mp. There is no legiti- 
mate comparison in the ultraviolet, since it is unknown with which of the two 
bands of I1 the single peak of I11 corresponds. 

The basal structure of acid anthraquinone dyes has long been accepted as that 
represented in general formula I; when aromatic groups occur in the amino side 
chain, it is known that they are preferentially attacked on sulfonation. In  the 
first paper of this series (l), the structure of Toluidine Blue was written as having 
hydrogen bonds, with the sulfonic acid group represented by the letter S. From 
the examination of a number of dyes i t  has become evident that a sulfonic acid 
group in the 2’-position has a different effect from one in the 3‘- or 4’-positions, 
as evidenced by the change in shape of the absorption curves; that is, the group- 
ing - SOsM is not linked alike in the two instances. Sow from an inspection of 
the formula, it is seen that while a -SOa- group in the 3’- or 4’-positions could 
have no effect on the bonding, when the group is in the 2‘-position, it can partake 
in ring formation with the imino hydrogen, making a different hydrogen bond 
system, as shown in 111. 

02 

I11 

All dyes sulfonated in the 2‘-position are now assumed to have the possibility of 
such a bond arrangement, and the formulas IVZand V must be considered as 
contributing to the complete structures of Toluidine Blue and Toluidine Green, 

IV v 
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whereas in the isomeric sulfonic acids the imino hydrogen can only be bonded to 
the carbonyl oxygen as shown in the partial formula VI, VIa. 

H \ 
0’’ KR 

I II 
C C 

\ /  
C 
VI  VIa 

The absorption curves of these dyes, as well as others not shown in the figures, 
are of two general types, differing sharply in the nature of the main band in the 
visible. One type has a smooth curve while the other is characterized by a 
double head. The variations were first noticed among the isomeric sulfonic 
acids, and attributed to the location of the sulfo group, but later i t  was found 
that the unsulfonated “dye bases” themselves exhibited similar phenomena. 
Thus, 1 ,5-di-p-toluidinoanthraquinone has the smooth curve, whereas the 
1,4-isomer shows two maxima on the main band (Fig. 4). 

Based upon an inspection of a number of dyes, it has now been concluded that 
when there are in the 1- and 4-positions two groups which are able to furnish 
electrons by a mesomeric shift (VII), the main band of the absorption curve will 
have a double head. If but one group of this type is present (VIII), only a 
single head will be observed. The twofold shift of electrons, originating, for 
instance, with unshared pairs of electrons of nitrogen or oxygen atoms, appears 
to be responsible for the differentiation of the one head into two. 

1-11 VI11 

This interpretation accounts in part for the nature of the curves of the 1 5- and 
1 4-ditoluidinoanthraquinones. 

Kow if the unshared pair of electrons in question on the nitrogen atom is re- 
strained from a shift towards the anthraquinone nucleus, it is to be expected that 
the type of curve with a single head will result. Such a restraint can be effected 
by a sulfonic acid group in the benzene ring attached to the nitrogen atom. It 
has been found that sulfonation in the 3’- (meta) or 4’- (para) position has just 
this effect; the restraint is attributed to the strong inductive effect of the positive 
sulfur atom, which is transmitted through the aromatic ring system to the nitro- 
gen atom and its unshared pair of electrons. However, when the sulfonic acid 
group is in the 2’-position (ortho to the imino nitrogen), a hydrogen bond will be 
formed by the sharing of an electron pair of an oxygen atom with the hydrogen 
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of the imino group (111). The hydrogen, in turn, will to some extent release its 
electrons shared with the nitrogen atom, so that the effect of the sulfonic acid 
group on the rest of the molecule will be diminished,-a sort of internal “short 
circuit”. 

This interpretation is supported by the absorption curves of the dyes having 
an aliphatic side chain, a t  the end of which is the sulfate group (Fig. 11). Since 
the effect cannot be transmitted (as readily) along an aliphatic chain, these dyes 
should have two maxima, and they do. 

The conclusions discussed above were reached after a study of a large number 
of dyes, all of which were essentially of two general types; a t  the same time these 
were largely isomers (1 ,4- and 1 ,5-series). As a sort of test, it is now of interest 
to venture predictions as to dyes of other, less closely-related structures. 

The main band should have two 
heads, for the following reasons: (a) It was shown above that the differentiation 
of the absorption curve into a band with two maxima may be attributed to the 
twofold mesomeric shift of electrons into the anthraquinone system, these elec- 
trons originating with the substituents in positions 1 and 4. In  IX, as in 

First, consider Alizarin Saphirol (IX), (1 1). 

IX 

Toluidine Blue (IV), the NH2 and OH are a suitable source of electrons. (b) 
A sulfonic acid group in position 2 or 3 of the anthraquinone nucleus, by its 
inductive effect, would not be expected to restrain, but rather, to enhance the 
shift of electrons towards the ring from positions 1 and 4, and the short circuit 
described above should work in the same direction. Hence, the introduction of n 
sulfonic acid group into position 2 or 3 of the anthraquinone system should 
result in dyes which do not exhibit the single but the more complicated double- 
headed absorption curve. This is, indeed, the case (Fig. 12). Second, consider 

X 

Alizarin Rubinol G (X), (12). In this dye, the necessary groups are present in 
the 1- and 4-positions, but the effect of the carbonyl oxygen is to counteract the 
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mesomeric shift of the electrons into the ring at  position 1. Consequently, the 
absorption band would be expected to have a single head, as is actually the case 
(Fig. 12). In  each figure, the abscissa is in millimicrons, while the ordinate is 
optical density; the latter is defined as loglo 9, where T = transmission. The 
solution was examined in a cell 1 cm. in thickness. We are indebted to Mr. E. 
E. Richardson and his staff for the absorption curves. 

The dyes used were mostly those the preparation of which has been given in 
the earlier papers (1, 2, 3). Anthraquinone Violet (4) and Alizarin Pure Blue 
(7) were secured following directions from the patent literature, but using inter- 
mediates free from isomers. We are indebted to Dr. J. G. Baxter for a very 
pure specimen of 1,4-di-p-toluidinoanthraquinone, and to Dr. J. B. Dickey for 
the sodium 1 ,4-di-~-sulfatoethylaminoanthraquinone. 

400 500 600 700 

WAVE LENGTH IN MILLlMiCROMS 

FIG. 12. PARTIAL ABSORPTION CURVES O F  Two DYES 
, Alizarin Rubinol G (1:4OOO); ---------, Alizarin Saphirol B (1:3OOO) 

SUMMARY 

The absorption spectra of a number of acid anthraquinone dyes have been 
recorded, and attention called to the effect of certain atoms or groups of atoms 
in various positions in the molecule. 

An explanation has been suggested to account for the marked difference in the 
nature of the main bands in the visible. The influence of the position of the 
sulfonic acid group has been related to the possibilities of hydrogen bonding. 

The correctness of the assumptions has been verified in two instances. 

ROCHESTER, N. Y. 
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Pyrethrins + fraction I. . . . . . . .  
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Pyrethrins + fraction 111.. . . . .  
Pyrethrins + fraction IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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THE SYNERGISTIC ACTION OF SESAMIK WITH PYRETHRUM 
INSECTICIDES 

0 2 
99 21 

100 57 
100 100 
100 91 
100 21 
100 29 

H. L. HALLER, E. R.  McGOVRAN, L. D .  GOODHUE, AND W. X. SULLIVAS 

Receinred December  2Y, 1941 

In  a recent patent, Eagleson (1) described the use of sesame oil as a “syner- 
gist” or “activator” when combined with insecticides containing pyrethrins, 
rotenone, and the like. The addition of sesame oil reduces the concentration of 
the insecticide required to give 100% mortality of houseflies, and prolongs the 
paralysis or torpor of such insects as are not killed by the spray. For example, 
Eagleson found that a pyrethrum insecticide containing a 0.001 molar concentra- 
tion of pyrethrins in refined kerosene, when sprayed on houseflies in the appara- 

TABLE I 
EFFECTIVENESS AGAINST HOUSEFLIES OF VARIOUS FRACTIONS OF SESAME OIL, 

ALONE OR As AN ADJUNCT OF PYRETHRUM IN REFINED KEROSENE 
(Two tests of about 150 flies each; concentration of pyrethrins 1 mg. and of sesame oil 

and its fractions 10 mg. per cc.) 

U T E -  1 KNOCKDOWN IN 10 I MOBTALITY IN 48 
MIN., % HBS., % 
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method of Campbell and Sullivan (4). The results obtained are shown in 
Table I. 

From the combined first and second fractions, a crystalline solid was isolated, 
which was identified as sesamin (5 ) .  Table I1 records the results obtained 
when it was added to  pyrethrins in a refined kerosene-acetone mixture and tested 

TABLE I1 
EFFECTIVEKESS AGAINST HOUSEFLIES OF FRACTIONATED SESAME OIL IN REFINED 

(Two tests of 150 flies each; concentration of pyrethrins 1 mg. and of sesame oil frac- 
KEROSENE PLUS 10% ACETONE 

tions 2.5 mg. per cc.) 

MATERIAL 

Pyrethrins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sesamin (crystalline fraction). . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pyrethrins + noncrystalline residue. ..................... 
Pyrethrins + sesamin (crystalline fraction). . . . . . . . . . . . . .  

100 
0 

100 
100 

MORTALITY IN 24 
BRS., % 

20 
5 

85 
89 

against flies (loyo acetone in the kerosene is necessary to  dissolve the sesamin). 
The effect produced by the non-crystalline fraction after removal of most of the 
sesamin is also given. It has not been possible to obtain from this active fraction 
any crystalline product other than sesamin. This fraction is being studied 
further, however. The results show clearly that sesamin increases the toxicity 
of pyrethrum insecticides when tested against flies. 

WASHINGTON, D. C. 
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A number of plant materials have been shown to contain members of a class of 
compounds having a common nucleus composed of two fused dihydrofuran rings 
with a substituted pyrocatechin group attached symmetrically to each of one of 
the carbon atoms adjacent to the ether oxygen atoms. The class includes ses- 
amin (1,2), found in sesame seeds and a minor constituent of sesame oil; asarinin 
(3, 4)1 found in various oriental plants and in the bark of the American prickly 
ash (5 )  ; pinoresinol(6), a constituent of the exudate of spruce and related species; 
and eudesamin (7), a constituent of the kino gum from eucalyptus. 

Within the last few years the chemical investigations of various workers have 
culminated in the determination of the structure of all these compounds and the 
establishment of their relation to one another.2 They all contain the same 
structure with respect to the nucleus, but differ according to the configurational 
relations on their asymmetric carbon atoms and in the nature of the aromatic 
substituents. The compounds are represented by formula I. 

Hz c \ HC--( / d  ) R - 
'\ / -  

0 
I 

R, R' = OzCHz (methylenedioxyl) for sesamin and asarinin; R = OH, R' = OCH3 
for pinoresinol; R, R' = OCH, for eudesamin. 

The symmetrical structure of compounds represented by this general formula 
permits the theoretical existence of two optically inactive and two configura- 
tionally different active forms together with their optical antipodes (6 ) .  

Natural sesamin, which is dextrorotatory, is partly converted by boiling with 
alcoholic hydrochloric acid into an isomeric compound, isosesamin. This reac- 
tion involves the epimerization of the groups on carbons 1 or 4, is reversible, and 
results in an equilibrium mixture of isosesamin and sesamin, to whichever of the 

The name xanthoxylin-S was first given to this compound, but asarinin has been more 
generally accepted. 

2 The literature on this subject is so extensive that only the later references are given. 
For the most par t  the articles cited contain references to  previous work. 
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two compounds it is applied. Asarinin is levorotatory and is the optical anti- 
pode of isosesamin. Treatment with hydrochloric acid results in an equilibrium 
mixture of it and Lsesamin (3). 

The correlation of these compounds with eudesamin and pinoresinol has been 
established by the conversion of asarinin (levo) to eudesamin (levo) by hydrolysis 
of the methylenedioxyl groups and methylation of the resulting phenolic deriva- 
tive (8). By the same process, sesamin (dextro) was converted into pinoresinol 
dimethyl ether (dextro), the antipode of eudesamin. Epimeric forms of eudesa- 
min and pinoresinol dimethyl ether have been obtained (7). 

HCl 
Pinoresinol dimethyl ether t-- sesamin -4 isosesamin 

[a], = $68" [a]D = +68' [a],  = +122' 
HC1 

Eudesamin +- asarinin a Z-sesamin 
[a]; = -68' [a], = -122' [a], = -68" 

The nature of the nucleus in formula I was established in the case of sesamin 
and asarinin by hydrogenation to the l14-glycol of formula I1 (9), 

H H 
CCHz (C7H70z) 

I 
(C7H70z)CHzC 

I I 
CHzOH CHZOH 

I1 
which was shown to be the antipode of the reduction product of the naturally 
occurring hydroxy aldehyde, cubebin, of known structure 111. 

H H 

H2 C( :OH' HC=O 7 HzCOH 7 HZ 0 ) C H z  0 

I11 
The hydrogenation is interpreted as resulting in cleavage between the oxygen of 
the ether linkage and the carbon atoms to which the aromatic groups are at- 
tached, as shown in IV. 

H O  

I 
CH 

I 
HC 

I I 

IV 
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The natural compounds described above and their derivatives and products of 
rearrangement have lately assumed a practical significance as a result of an im- 
portant observation made by Eagleson (10). In  experiments on the control of 
houseflies, Eagleson tested pyrethrum solutions in mixture with a number of 
vegetable oils, and found that sesame oil, to the exclusion of all others tried, 
markedly increased the effectiveness of the pyrethrins. 

On the basis of the known fact that sesame oil contains sesamin, Haller and 
Goodhue isolated sesamin and prepared pyrethrum sprays to which it had been 
added. Sullivan then tested these solutions against houseflies by the turntable 
method and compared them with the solutions of the same pyrethrin content but 

TABLE 1 
SYNERQISTIC EFFECT OF SESAMIN AND RELATED COMPOCNDS ON THE INSECTICIDAL ACTION 

OF PYRETHRINS AGAINST HOUSEFLIES 
(Turntable method; 3 tests using about 150 flies per test; solvent, refined kerosene 

with 10% acetone where needed to increase solubility) 
~ 

MATERIAL ~ CONCENTBATION, % 

I 

Sesamin and its isomers: ~ 

Sesamin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 2  
Sesamin plus pyrethrins. . . . . . . . . . . . . .  
Isosesamin.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Isosesamin plus pyrethrins. . . . . . . . . . . . . .  
Asarinin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Asarinin plus pyrethrins., . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 0.2 + 0.05 

Pinoresinol and derivatives : 
Pinoresinol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pinoresinol plus pyrethrins, 
Dimethylpinoresinol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dimethylpinoresinol plus pyrethrins. . . . . . . . . . . . . . . . . . .  
Diacetylpinoresinol 
Diacetylpinoresinol plus pyrethrins, . . . . . . . . . . . . . . . . . . .  

Sample compared with sesamin and its isomers.. . . . . . . .  
Sample compared with pinoresinol and derivatives. . . . .  ~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 

Pyrethrins (checks) : 

0.18 
0.18 + 0.05 

0 .2  
0.2 + 0.05 

0.03 
0.03 + 0.05 

0.05 
0.05 

AVEBAGE % 
MORTALITY AFTER. 

24 HBS. 

4 
84 

5 
87 
14 
88 

1 
12 
1 

17 
2 

11 

25 
19 

without sesamin and with solutions of sesamin alone (11). These tests showed 
that, while sesamin alone was without effect, the addition of small quantities of it 
greatly increased the toxicity of the pyrethrins. 

It then became of interest to test the other accessible related compounds with 
respect to their synergistic effect on the pyrethrins. Of the compounds avail- 
able, and which we have so far prepared, isosesamin and asarinin are most closely 
related to sesamin. All have the same chemical structure, but differ with respect 
to the configuration on carbon atoms 1, 2, 3, 4 in formula I, asarinin being the 
optical antipode of isosesamin. 

Of the other compounds named, pinoresinol dimethyl ether is, like sesamin, 
dextrorotatory and differs only with respect to the aromatic substituents, which 
are veratryl in pinoresinol dimethyl ether and piperonyl in sesamin. 
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When tested in combination with pyrethrum solutions, isosesamin and 
asarinin were as effective as sesamin, but pinoresinol dimethyl ether was without 
appreciable synergistic action, as were pinoresinol itself and its diacetyl deriv- 
ative. 

It may be concluded from these 
experiments that the nature of the substituents on the benzene ring is the only 
determining factor in the synergistic action of this class of compounds. This 
conclusion could be further tested by a systematic examination of a larger number 
of related compounds. The glycols obtained by hydrogenation of sesamin, iso- 
sesamin, and asarinin, and the various substitution products of pinoresinol fall 
into the scope of the investigation, as well as compounds of other structure but 
containing the piperonyl group. Of such common piperonylic compounds as 
have been tested, piperonal, safrol, and ethyl piperonylate were ineffective. 
From the results so far obtained, an important practical field has been opened 
that may lead to the discovery of other synergists, perhaps more active or more 
readily available than sesamin or asarinin. 

The results obtained are given in Table I. 

WASHINGTON, D .  C. 
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The first investigation on the action of mixed catalysts upon primary alcohols 
carried out by one of us (1) showed that in the presence of a dehydrogenation 
catalyst (iron) and a dehydration catalyst (alumina) ethyl alcohol is converted 
into methyl ethyl ketone, methyl ethyl carbinol, isopropyl alcohol, and acetone, 
It was believed that the products were formed from acetaldehyde as inter- 
mediate; the first two by way of the aldol condensation and the last two by way 
of a Cannizzaro reaction. 

In  later investigations Dolgov and his co-workers (2) showed that upon pass- 
ing ethyl alcohol over mixed catalysts (copper, nickel, zinc oxide, zirconium 
oxide, etc.) a t  atmospheric pressure and 250-275", ethyl acetate is obtained in 
4 0 4 5 %  yields. 

In  a patent issued to the E. I. duPont de Nemours and Company (3) it is 
stated that in the presence of mixed catalysts such as chromites of zinc, copper, 
and cadmium, certain secondary alcohols can be converted under pressure and 
a temperature of 325-350' into higher-boiling products consisting essentially of 
ketones having two and three times the number of carbon atoms of the original 
alcohol. 

The present investigation was undertaken in order to clarify the mechanism 
of these eondensation reactions. The experiments were carried out using both a 
high-pressure autoclave of the Ipatieff type (4) and a continuous flow high- 
pressure apparatus. The reactions between the following reactants were 
studied : 

No mechanism of reaction was proposed. 

1. A secondary alcohol and a ketone 
2. A secondary alcohol and a cyclic ketone 
3. A primary alcohol and a ketone 
4. A primary alcohol alone 
The catalysts used in these condensations were copper-alumina and copper- 

zinc oxide-alumina. These were prepared by precipitating basic copper car- 
bonate alone or together with zinc carbonate on powdered alumina and then 
reducing; the washed and dried product a t  225" with hydrogen. The reduced 
catalyst, consisting essentially of copper, zinc oxide, and aluminum oxide, was 
used as lit powder in experiments employing the autoclave, while for continuous 
flow experiments the catalyst powder was pelleted in the form of Q-inch cylindri- 
cal pills and used in that form in the reaction tube. 

1 Presented a t  the Atlantic City Meeting of the American Chemical Society, September, 
1941. 
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The reaction between a secondary alcohol and a ketone was studied most 
extensively using isopropyl alcohol and acetone. It was found that the con- 
densation in the case of these two compounds proceeded readily to give high 
yields of methyl isobutyl ketone and diisobutyl ketone. Table I gives the 
results obtained using a high-pressure autoclave. It will be observed that only 
those catalysts which possess both dehydrogenation and dehydration character- 
istics can effect the conversion. Furthermore, it will be noted that a mere 
mechanical mixture of the dehydrogenation and dehydration catalysts is not 

TABLE I 
REACTION BETWEEN ACETONE AND ISOPROPYL ALCOHOL. EFFECT OF CATALYST 

COMPOSITION UPON EXTENT OF REACTION 
77.5 G .  CHsCOCHs AND 80.5 0. CH&HOHCHI AND 12 G .  OF CATALYST 

Catalyst composition, wt.  ratios.. . . . . . . . . . . . . . . . .  

Temperature, "C.. ............................. 
Time of heating, hours.. . . . . . . . . . . . . . . .  
Maximum pressure, atms. ...................... 

Gas, cc. (S.T.P.). . . . . . . . . . . . . . .  
Product : 

Liquid, g.. ..................................... 

Composition of anhydrous product, % by volume 
Unchanged CHsCHOHCHs and CHsCOCHs. . . . .  
Methyl isobutyl ketone. . . . . . . . . . . . . . . . . . . . . . . .  
Diisobutyl ketone.. ............................ 
Intermediate fractions ......................... 
Residue + loss.. ............................... 

Total. ...................................... 

:no: CuO: 
AllOa 

1:1:3 

400 
3 

101 

400 
155 

38 
36 
13 
9 
4 

100 

CATALYST CONSTITUENTS 

:uO: A l a :  

2: 3 

415 

111 
3.25 

700 
155 

33 
37 
18 
5 
7 

100 

!nO:AlrOa 

2:3 

400 
3 

120 

4500 
153 

89 
2b 

{:' 
100 

2: 3 

400 
3 

108 

800 
153 

90 

100 

4 Cu powder by reduction of CuO with H2, mixed mechanically with A1,Oa. 
b Mesityl oxide and phorone. 
0 B.p. from 115-20O0, product not identified. 

sufficient, indicating that the two catalyst components must be in closer 
proximity. 

Two possible mechanisms have been considered in an attempt to explain this 
condensation reaction. The first one is the direct interaction between the alco- 
hol and the ketone with the elimination of one molecule of water: 

CHa 
\H H 

/ H 
C - m f - C C O C H s  -+ (CHa)zCHCHzCOCH3 + HzO 1. 

CH3 
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The second mechanism involves a regular ketonic condensation of acetone to 
diacetone alcohol and a simultaneous hydrogen disproportionation between 
isopropyl alcohol and diacetone alcohol: 

Our experiments indicate that the latter mechanism is the more probable. 
This is based on the following experimental evidence: 

All ketones containing a methyl group next to the carbonyl group are easily 
condensed with isopropyl alcohol, and furthermore, only those alcohols which 
on dehydrogenation can yield ketones containing a methyl group next to the 
carbonyl group can condense with similar ketones. This is confirmed by the 
fact that diethyl carbinol does not condense with diethyl ketone and, similarly, 
isopropyl alcohol does not condense with either diethyl ketone or diisopropyl 
ketone. 

It becomes apparent that the alcohol performs a two-fold action; first, it  do- 
nates hydrogen so that the intermediate condensation product can be converted 
into a higher ketone and removed from the reaction; and second, it also donates 
a definite quantity of ketone which can undergo the condensation reaction. In  
the absence of the alcohol, acetone reacts to give only small amounts of mesityl 
oxide and phorone, while in the presence of the alcohol more than fifty per cent 
of the product consists of higher ketones. 

From the above discussion, it appears logical that by varying the ratio of 
alcohol to ketone we are able to control the amount of hydrogen donated. Since 
the formation of the primary product of condensation (methyl isobutyl ketone) 
requires one mole of hydrogen while two moles of hydrogen are necessary for 
the formation of the secondary product of condensation (diisobutyl ketone), it  
should be possible to change the ratio of primary to secondary condensation 
products by changing the alcohol-ketone ratio in the charge. 

The following table (Table 11) shows the results obtained using different 
ratios of alcohol to  ketone in the charge. The experiments were carried out 
using the continuous flow method in the presence of the copper-zinc oxide- 
alumina catalyst. It can be seen that by decreasing the amount of alcohol in 
the charge and, therefore, decreasing the amount of hydrogen that can be do- 
nated, the primary condensation product (methyl isobutyl ketone) is formed in 
considerably larger amounts than the secondary product of condensation (di- 
isobutyl ketone). 

Experiments carried out in the high-pressure autoclave showed that by using 
an excess of the alcohol increasingly larger quantities of methyl isobutyl carbinol 
are formed. 

The problem of cross-condensing alcohols and ketones having different num- 
bers of carbon atoms was of considerable interest. Methyl ethyl ketone and 
isopropyl alcohol were brought into reaction a t  250' and under twenty atmos- 
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pheres pressure using a continuous flow method. The higher ketones produced 
by the condensation reactions constituted 41% by weight of the total product. 
The following equations show the reactions taking place, with the distribution 
in per cent by weight of the yields of the higher ketones. 

TABLE I1 

UPON THE FORMATION OF THE PRODUCTS 
REACTION BETWEEN ISOPROPYL ALCOHOL AND ACETONE. EFFECT OF VARYING FEED RATIOS 

Charge, grams 
Isopropyl alcohol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Acetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Temperature, "C.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Liquid space velocity". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pressure, atms., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Product, grams 
Gas, hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Water, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Organic liquid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Product, excluding H20, grams 
Acetone . . . . . . .  
Isopropyl alcohol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methyl isobutyl ketone 
Intermediate fraction ( 
COHISO ketone.. . . .  
Intermediate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ClzHzaO fraction.. . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total acetone reacted.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total isopropyl alcohol reacted . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total alcohol + acetone reacted.. . . . . . . . . . . . . . . . . . . . . . . . . .  

Minus water obtained.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Theoretical conversion to Ct.H1~0, %. .. . . . . . . . . . . . . . . . . . . . .  

Theoretical conversion to C~HISO,  %. .. . . . . . . . . . . . . . . . . . . . .  
Actual conversion, %. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Actual conversion, %. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

66.5 
33.5 

250 

20 
2.3 

0.1 
84.2 
15.7 

12.3 
6.2 

27.3 
3.0 

25.8 
1.0 
6.4 
2.2 

84.2 

25.6 
55.9 

81.5 

65.8 

41.5 
33.5 
39.2 
31.6 

49.8 
50.2 

249 

20 
2.3 

0.0 
87.8 
12.2 

22.9 
7.1 

32.2 
2.1 

17.5 
1.1 
3.3 
1.6 

87.8 

27.3 
42.7 

70.0 

57.8 

55.7 
46.0 
30.3 
25.0 

33.1 
66.9 

251 

20 
1.9 

0.0 
92.2 
7.8 

46.8 
4.8 

28.8 
0.7 
8.6 

12.5 

92.2 

20.1 
28.3 

48.4 

40.6 

71.0 
59.5 
21.2 
17.8 

= TTnit, vnliime of limiid charee Der unit volume of catalvst Der hour. _..__ .. ..=_ ... .~~..~_. _ . ~  .... ......... u - -  r 

CH3CHOHCH8 + CH3CHzCOCH3 e CH3COCH3 + CH3CHZCHOHCH3 4. 

5 .  
I' CH~CHZCH(CH~)CH~COCH~ (6%) 6. 

CHaCHOHCH3 + CH3COCH3 3 (CH3)2CHCH&OCH3 (17%) 

CH3CH0HCH3 + CH3C0CH2CH3 h CH3CH(CH3)CHzCOCH2CH3 (33%) 
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CH3CHOHCRzCH3 + CH3COCH2CH3 
-+ CH3CHzCH(CH3)CHzCOCI&CH3 (18%) 7. 

It will be observed that the yield of the cross-condensation product, that is 
of the two isomeric heptanones, is more than the combined yield of the C6 and 
Cs ketones. The remainder of the higher ketones consists of C9, C1o, and higher 
ketones, these being the secondary condensation products. It will be noted 
that 3-methylhexanoned is formed to a much smaller extent than its isomer, 
2-methylhexanone-4. This is easily explained by the fact that the first isomer 
is a methyl ketone, which can react further to give higher condensation products, 
while the second isomer is unable to do so. Therefore, the first isomer is no 
longer present in the heptanone range, although both isomers may have formed 
to an equal extent originally. 

Since cyclic ketones behave like methyl ketones in their ability to undergo 
the regular ketonic condensation, it would be expected that cyclohexanone and 
isopropyl alcohol would condense under the same conditions. It was found that 
a somewhat higher temperature (350") was required to effect this condensation 
using the continuous flow method. A sixteen per cent yield of cyclohexylacetone 
was obtained, along with an eighteen per cent yield of higher products. A side 
reaction taking place under the experimental conditions is the formation of 
cyclohexene, which proceeds through the hydrogenation of cyclohexanone to 
cyclohexanol followed by dehydration to cyclohexene. 

The condensation of primary alcohols with methyl ketones was investigated 
using a number of alcohols. It was found that temperatures from 300-350" 
were necessary. Two concurrent reactions take place under the experimental 
conditions, the first one is the condensation reaction between the alcohol and the 
ketone and the second one is the Cannizzaro reaction. The reactions taking 
place are shown beloK using ethyl alcohol and acetone as an example: 

CzHsOH -+ CH3CHO + H2 

CH3CRO + CH3COCHs --+ CH3CH(OH)CH2COCH3 

8. 

9. 

CH~CH(OH)CHZCOCH~ + Hz + CH3CHzCH2COCHS + HzO 10. 

CH3CHO + CH3CHzCHzCOCH3 !.?, CH~CH~CHZCOCH~CH~CH~ + H2O 11. 

2 CHsCHO + HzO 4 CHHCHzOH + CHICOOH 12. 

CH3CHzOH + CH3COOH + CH3COOCzHE + HzO 13. 

It will be observed that the proposed mechanism in the case of a primary 
alcohol and a ketone is essentially the same as the one used in the case of a 
secondary alcohol and a ketone. The yield of pentanone-2, obtained upon 
reaction between ethyl alcohol and acetone a t  310" and a pressure of 40 atmos- 
pheres, was 28%. The yield of di-n-propyl ketone was lo%, while the yield 
of ethyl acetate was only 7%. This indicates that in the presence of acetone 
the major reaction of the alcohol is that of condensation to give higher ketones 
rather than an esterification reaction. %-Butyl and n-propyl alcohols both 



194 IPATIEFF AND HAENSEL 

' COND. GAS COMPOSITION 

CATALYST 
ClHe CsH8 C4HS C~HIOCS+ 

_ _ _ _ _ _ - -  ~ 

Cu0-Zn0-AI2O3 32,75 25 14 22 0 54.0 0 4 5 . 2 0 . 8  
CuO-AlzOs 25,62 40 14 34 1 .032 .211 .353 .81 .714 .221 .956 .1  
Zn0-A1203 4256.330 28 20 32.218.4 
CuO-ZnO 28162.521.719.6 0 18.486.5 0 . 6  5 . 1 5 . 4  
A1203 10,94 14.3 1 . 8  2 . 0  86.5 15.5168.8 10.1 3 .0  

reacted in the presence of acetone give heptanone-2 and hexanone-2 as the con- 
densation products. Varying amounts of ester were produced a t  the same time. 

A series of experiments was carried out in investigating the reactions of primary 
alcohols alone in the presence of the dehydrogenation-dehydration catalysts. 
Isobutyl and n-propyl alcohols were brought into reaction, a number of experi- 
ments being made using the autoclave and a number using the continuous flow 
method. In the case of n-propyl alcohol, which was passed over the copper- 
zinc oxide-alumina catalyst a t  350" and under a pressure of 48 atmospheres, 
the product contained unreacted alcohol along with a 21% yield of propyl pro- 
pionate, a 16% yield of diethyl ketone and diethyl carbinol, and a 10% yield of 
amylene. The exit gas consisted of approximately 80% hydrogen, the remainder 

REACTION OF ISOBUTYL ALCOHOL AT 400°C IN ROTATING BOMB 
TABLE I11 

120 G. ALCOHOL + 12 0.  CATALYST 

NONCONLJ. GAS COMPOSITION 

E 
1 

4 s  

$ 2  
COZ CO HZ i 

-_- -__ 
13.2 13.3 66.3 7 .2  2.55 

7 .82 .38  
0 .848 .10 .510 .520 .259 .210 .12 .05  

3 .237 .249 .510 .12  33 
22.9 12.7 45.9 17.8 1.86 

0 

i 

E 

1 
2 
3 

- 

being primarily carbon dioxide with small amounts of carbon monoxide and 
paraffins. 

14. 

The following reactions are believed to take place: 

6 CHaCH2CH20H < 6 CH3CH2CHO + 6 H2 

6 CHICH~CHO + 3 H2O + 3 CH3CH2CH20H + 3 CH&H2COOH 15. 

2 CHICH~COOH + CH&H&OCH&H3 + C02 + H2O 

CH3CH2COCHzCH3 + Hz + CHSCH~CHOHCH~CH~ 

CH3CH2CHOHCH2CH3 + CH3CH2CH=CHCH3 + H2O 

CHsCHzCOOH + CH3CHzCH20H -+ C3H700CCzHs + HzO 

16. 

17. 

18. 

19. 

It will be observed that there is no over-all gain or loss of water during the 
reactions and, therefore, only an infinitesimal amount of water is required to 
start the reaction. Such an amount is undoubtedly either contained in the 
catalyst or is produced by very slight dehydration of the original alcohol. 

Experiments using isobutyl alcohol in an autoclave indicated that under the 
experimental conditions considexable amounts of ester are formed. Table I11 
gives the results obtained. It should be noted that in the presence of the zinc 
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oxide-alumina catalyst the ester is obtained in a 20% yield. However, it  will be 
remembered from Table I that this catalyst did not effect the isopropyl alcohol- 
acetone condensation. As is known, zinc oxide is a good catalyst for the hydro- 
genation of the carbonyl linkage but it is not an active catalyst for either the 
hydrogenation of the ethylenic linkage or for the hydrogenation of keto alcohols 
to give saturated ketones. 

It will be observed from Table 111 that a part of the alcohol reacts under the 
experimental conditions to give propane and butane (Expt. 1). The first prod- 
uct is formed through the decomposition of isobutyraldehyde, while the second 
one is obtained by the dehydration of the alcohol followed by the hydrogenation 
of the olefin. 

EXPERIMENTSL PART 

The experiments described below were carried out in either a rotating bomb of the Ipa- 
tieff type or in a continuous pressure apparatus. The bomb used in most cases had a capac- 
i ty of 850 cc. In  some experiments, a glass liner was inserted into the bomb. The continu- 
ous flow apparatus consists of high-pressure adjustable feed pump, a stainless steel reaction 
tube with a pressure gage, a release valve, a series of receivers, and a gasmeter. A per- 
forated plate is used to hold the catalyst inside of the reaction tube. The volume of cata- 
lyst in the continuous flow experiments was 60 cc. 

( a )  Isopropyl alcohol and acetone. Acetone (78 g.) 
and isopropyl alcohol (81 9.) were heated in an autoclave for 3 hours a t  388-405" in the pres- 
ence of 12 g. of catalyst (20% CuO, 20% ZnO, and 60% A1208 by weight, see below). No 
gas was evolved and 155 g. of liquid product was recovered. This product consisted of 9 
g. of HzO, 54 g. of unchanged acetone and isopropyl alcohol, 52 g. of methyl isobutyl ketone, 
17 g. of diisobutyl ketone, and 14 g. of intermediate fractions and residue. The methyl 
isobutyl ketone fraction, b.p. 115-119", gave a semicarbazone m.p. 133-134", lit .  m.p. 135". 

Experiments in rotating autoclave. 

Ana l .  Calc'd for CeHlzO: C, 72.02; H,  12.09. 
Found : C, 71.80; H, 12.30. 

The diisobutyl ketone fraction, b.p. 166-172", nt  1.4168; d? 0.8063, gave a semicarbazone 

AnaZ. Calc'd for CsHtsO: C, 76.00; H, 12.77. 
Found : C, 76.20; H, 12.99. 

This fraction was subjected to hydrogenation in the presence of the nickel on Kieselguhr 
catalyst (5) for 4 hours a t  60-70". The alcohol thus obtained distilled a t  179", ng 1.4238. 

AnaZ. Calc'd for CsHZoO: C, 74.93; H, 13.91. 
Found : C, 75.06; H,  13.56. 

The a-naphthylurethan derivative had the m.p. 71-74". 
Anal .  Calc'd for CloHsJTOz: h-, 4.48. 

Found : h-, 4.72. 
The alcohol was then passed over aluminum oxide a t  370400" to yield a fraction boiling 

a t  131-132!"; n t  1.4126. This olefin was then hydrogenated using the nickel on Kieselguhr 
catalyst a t  60-100" for two hours. The product distilled a t  134-135' and had the refractive 
index n: 1.4011; the constants for 2,6-dimethylheptane are b.p. 134-135", nt  1.3955,1.4028. 
The yield of the paraffin based on the original alcohol was 80%. 

(b) Using the same reactants and same conditions except tha t  the heating was continued 
for 4 houirs the yield of methyl isobutyl ketone was 50 g. The acetone-isopropyl alcohol 
mixture recovered from the product contained approximately 4 g. of a water-insoluble 
product, indicating that upon longer heating the side reactions begin to appear. 

(c) One hundred fifty-eight grams of acetone was heated in an autoclave for 2 hours a t  
375-395" in the presence of 15 g. of catalyst containing equal parts of the three components, 
(CuO, ZuO, AI203). No gas was evolved and the liquid product contained 120 g. of acetone 

m.p. 116-118", lit. m.p. 117", 119". 
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and 17 g. of mesityl oxide. The remainder of the product consisted of intermediate frac- 
tions and a residue. The mesityl oxide was obtained in a pure state; b.p. 130°, n: 1.4405. 

Table I1 describes the experiments using the continuous 
flow method. Although large quantities of product were obtained, all of the data were re- 
duced to a basis of 100 parts by weight of charging material in order to simplify the tabula- 
tion of results. The products were dried with potassium carbonate and distilled using a 
30-plate column. The catalyst used in these experiments consisted of 20% CuO, 20% 
ZnO, and 60% A1203 by wt. It was prepared as follom: 151.5 g. of C U ( K O ~ ) ~ . ~ H ~ O  and 183 
g. of Zn(S03)2.6Hz0 were dissolved in 1,000 cc. of water and added to a rapidly agitated 
suspension of 150 g. of powdered aluminum oxide in 2,000 cc. of water. The entire suspen- 
sion was heated to 80-90" following which 142 g. of (NH4)2C03~H20 dissolved in 500 cc. of 
water was added. Upon reaching complete precipitation the suspension was cooled, 
washed by decantation, filtered, washed again, and finally dried at 250" for ten hours. This 
was followed by reduction at 225" for one hour using a mixture of hydrogen and nitrogen 
(app. 1:3). 

The presence of methyl isobutyl carbinol (Table 11, column 1) was proved by the 3,5- 
dinitrobenzoate derivative; m.p. 61"; mixed m.p. with derivative prepared from methyl 
isobutyl carbinol from complete hydrogenation of mesityl oxide, no change. 

A number of experiments 
were made using methyl ethyl ketone and isopropyl alcohol as well as secondary butyl 
alcohol and acetone. The following experiment is described in detail; an equimolar mix- 
ture of methyl ethyl ketone and isopropyl alcohol was passed over a catalyst (10% CuO, 
10% ZnO, 80% A1208 by wt.) a t  27'4-280" and 20 atms. pressure. The space velocity was 4.1 
cc. of liquid per cc. of catalyst per hour. The recovered 
liquid, after drying and distilling, was found to contain 59% by volume of unreacted ace- 
tone, isopropyl alcohol, methyl ethyl ketone, and sec.-butyl alcohol. The higher ketones 
fraction contained the following amounts of the various ketones: Cg, 17%; Cr ,  39%; CS, 
18%; and Csf,  26%. The octanone formed is 3-methyloctanone-5, b.p. 161", semicarbazone 
m.p. 94"; lit. b.p. 161", semicarbazone m.p. 96". The C7-ketone fraction can consist of two 
possible compounds: 4-methyl hexanone-2 and 5-methyl hexanone-3. The two compounds 
could not be separated by distillation and gave a semicarbazone melting over a range of 5 
degrees. The crude C,-ketone fraction was redistilled and a large cut boiling a t  138.5- 
1-22' was obtained. This was hydrogenated using the nickel on Kieselguhr catalyst, to give 
a fraction boiling at 149-151O. The alcohol was then dehydrated over alumina a t  380", the 
products distilling in two fractions: 86-87", n: 1.4004; 87-88.5'; n: 1.4020. These two frac- 
tions were combined and hydrogenated using the same catalyst, to give the following frac- 
tions: 90-90", n: 1.3858; 90-90.5", n: 1.3861. The two fractions were combined and a den- 
sity measurement made : d z t E  0.6804; 2-methylhexane has the following constants: b.p. 
89.7", n: 1.3851, d:' 0.6787, while for 3-methylhexane they are b.p. 91.8", n: 1.3887, dzo  
0.6900. 

Eighty-seven grams of acetone and 
171 g. of diisopropyl carbinol were heated to 425" for 4 hours in a rotating bomb in the pres- 
ence of the mixed catalyst; 10 g. of a condensable gas was collected. Anal . :  C,He, 7.2%; 
C3Hs, 78.6%; n-C4Hs, 3.5%; n-C,Hlo, 4.3%; C3, 6.4%. KO non-condensable gases were ob- 
tained. The lower-boiling fraction, b.p. 53-90', consisted primarily of acetone and iso- 
propyl alcohol along with small amounts of olefins. The main fraction, b.p. 123-129", 
n: 1.4010, semicarbazone m.p. 151.5-153.5", consisted of diisopropyl ketone. A small 
amount of methyl isobutyl ketone was formed. 

Equimolar amounts of cyclo- 
hexanone and isopropyl alcohol were passed over the same catalyst a t  350°, 21 atms. pres- 
sure and a liquid space velocity of 4.2. The liquid 
product was dried and distilled. It contained 13% cyclohexene, 3% methyl isobutyl 
ketone, 16% of fraction b.p. 192-201", and 18% residue. The remainder of the product was 
unchanged cyclohexanone, acetone, and isopropyl alcohol. The fraction boiling a t  192- 

Experiments using $ow method. 

Experzments using methyl ethyl ketone and isopropyl alcohol. 

KO gas evolution was observed. 

Experiment using acetone and diisopropyl carbinol. 

Experiment using cyclohexanone and isopropyl alcohol. 

The exit gas contained 93% hydrogen. 
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201" was redistilled to give a major cut, b.p. 200.5", and a semicarbazone of m.p. 173-174". 
This product could be either 2-isopropylcyclohexanone-I or cyclohexylacetone. The 
product was hydrogenated to the corresponding alcohol b.p. 206-207", n: 1.4634, and com- 
pletely hydrogenated with a nickel-alumina catalyst to give the corresponding alkyl cyclo- 
hexane. This corresponds to n-pro- 
pylcyclohexane, n:, 1.4371. The original compound is, therefore, most likely cyclohexyl- 
acetone; 

(a) Equimolar amounts of n-butyl 
alcohol and acetone were passed over a catalyst containing 10% CuO, 10% ZnO, and SO% 
Al2O3 by wt. a t  309", 40 atmospheres pressure and a liquid space velocity of 2.3. The exit 
gas contained 91% hydrogen. The liquid product consisted of unchanged acetone and 
butyl alcohol, together with 7% of heptanone-2 and 11% of n-butyl n-butyrate. Small 
amounts of n-butyraldehyde were also found. Heptanone-2 was found in the fraction of 
b.p. 148--153", and gave a sodium bisulfite addition product (plates from 90% alcohol); 
semicarbazone m.p. 119-120", lit. m.p. 122". 

(b) Equimolar amounts of n-propyl alcohol and acetone were passed over the same cata- 
lyst a t  3,50", 54 atms. pressure, and a liquid space velocity of 2.6. The liquid product con- 
tained 63% unchanged acetone and n-propyl alcohol along with small amounts of propional- 
dehyde. Fraction b.p. 125-131" contained hexanone-2, which gave a sodium bisulfite 
addition product, semicarbazone m.p. 124.5-125.5" and dinitrophenylhydraxone m.p. 106"; 
lit. semicarbaxone m.p. 118-119", dinitrophenylhydraxone m.p. 106". Propyl propionate 
was obtained in a 10% yield. Saponification followed by analysis of the silver salt con- 
firmed the presence of the ester. 

(c) Equimolar amounts of ethyl alcohol and acetone were passed over the same catalyst 
a t  357", 13 atmospheres pressure and a liquid space velocity of 3.3. Twenty-one liters of 
gas was obtained from 400 g. of charge. The gas analysis is as follows: C o n ,  8.0; C2Hc, 
1.1; CaHB, 14.2; CO, 0.4; H,, 63.6; paraffins, 12.7. The liquid product contained 28% pen- 
tanonr-2 and 10% di-n-propyl ketone. Pentanone-2, b.p. 100-103" gave a semicarbazone 
m.p. 107-logo and a sodium bisulfite addition product; lit. semicarbaxone m.p. 110". Di-n- 
propyl ketone distilled a t  145-147" and gave a semicarbazone m.p. 133-134"; lit. m.p. 133". 
Ethyl acetate was obtained in a 7% yield. The remainder of the product consisted of un- 
changed acetone and ethyl alcohol, with smaller amounts of acetaldehyde, methyl iso- 
butyl ketone, and acetic acid. 

(a) In order to determine the action of mixed 
catalysts upon primary alcohols under pressure in the absence of hydrogen, a series of ex- 
periments was carried out using isobutyl and n-propyl alcohols. At the same time the 
effect of icatalyst composition upon the yield of the ester was determined. Isobutyl alcohol 
was used in the following experiments under these conditions: 120 g .  of alcohol, 12 g. of 
catalyst; heating in rotating bomb a t  400' for 4 hours. The data obtained are shown in 
Table 111. The liquid product contained among the lower-boiling fractions isobutyralde- 
hyde and unreacted alcohol. Fraction b.p. 140-150" consisted primarily of the ester, iso- 
butyl isobutyrate. Following fractionation, cut 144-146" was saponified and the acid was 
converte(;l into a silver salt. 

This product distilled a t  152-156" and had n t  1.4368. 

Experiments using primary alcohols and acetone. 

Erperiments using primary alcohols. 

Anal. Calc'd for CdHr.4gO~: Ag. 55.3. Found: Ag, 55.8. 
In another experiment isobutyl alcohol was passed continuously over a catalyst consist- 

ing of 10% CuO, 10% ZnO, and SO% A1203 by wt. a t  350", 41 atmospheres pressure, and a 
liquid space velocity of 1 cc. of liquid per cc. of catalyst per hour. The liquid product con- 
tained 20y0 of a fraction b.p. 145-148" which was found to be isobutyl isobutyrate. Small 
amounts of isobutyraldehyde were found in the lower-boiling fraction. S o  condensable 
gas was produced, while the non-condensable gas contained 88% hydrogen. 

In the next experiment, n-propyl alcohol was passed over the same catalyst a t  349" and 
48 atmospheres ivith a liquid space velocity of 1. Seventeen and six-tenths liters of gas was 
evolved per mole of alcohol charged. The gas contained the following: COZ, 12.4; CO, 1.5; 
H2, 78.6; total olefins 0.3; paraffins, 7.2. The liquid product was treated with water to 
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remove the n-propyl alcohol and part of the propionaldehyde. The remainder of the liquid 
product (60%) contained the following compounds : amylene lo%, propionaldehyde 9%, 
diethyl ketone and carbinol 16%, n-propyl propionate 21%. 

The diethyl ketone gave a semicarbazone m.p. 136'; lit. m.p. 138". 

SUMMARY 

The formation of higher ketones using a mixture of a secondary or a primary 
alcohol and a ketone has been investigated in the presence of a mixed dehydro- 
genation dehydration catalyst. The work was undertaken to approach the 
mechanism of the reaction, factors governing it, and the required catalysts for 
the reaction. It was found that ketones containing a reactive -COCH3 group 
and alcohols containing as terminal groups either -CHzOH or -CHOHCH3 
react smoothly a t  temperatures above 200" and pressures ranging from 1 to 50 
atmospheres to give large yields of higher ketones. These ketones contain the 
number of carbon atoms equivalent to the sum of the carbon atoms of the original 
ketone and alcohol. Only catalysts having both dehydrogenating and dehy- 
drating properties can effect the condensation. The extent of reaction and 
purity of the product depend largely upon the initial alcohol ketone ratio. 

It may, 
however, be stated that an intermolecular hydrogen disproportionation reaction 
is involved and that upon interaction of the alcohol and the ketone a molecule 
of water is eliminated. Primary alcohols and ketones give higher ketones by 
means of a similar mechanism. Primary alcohols alone in the presence of the 
same catalyst produce esters, the latter being formed through a Cannizzaro 
reaction. 

There is no final conclusive proof of the mechanism of the reaction. 

RIVERSIDE, ILL. 
EVANSTON, ILL. 
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REACTIOK OF 5-ACETOXY-1,4-TOLUQUIXONE WITH CON- 

In order to prepare methylvinyloctalones similar to I for use in a projected 
synthesis of steroids (1) we have studied the reaction of 5-acetoxy-l,4- 
toluquinone (11) with 1,3,5-hexatriene. If the enol acetate (111) were a prod- 
uct of this reaction and were convertible to the isomer IV, we should have an 
intermediate useful for the synthesis of steroids with a hydroxyl or a keto group 
a t  position 3 and a methyl group a t  position 10, the type most frequently en- 

// I 
0 

AcO 
0 

// 
0 1  

I I1 I11 

0 
IV  v 

countered among naturally occurring steroids. We have already reported 
(2) the isolation of a substance C15H1604 from the products of this reaction and 
assumed that i t  had either structure I11 or V. It is still uncertain whether I11 
can be readily converted to IV, and I V  then condensed with a derivative of 
cyclopentene to produce a steroid. Dane and eo-workers (3) in recent years 
have prepared several steroids by the addition of cyclopentene derivatives to 

This work was supported by an appropriation from Bankhead-Jones funds (Bankhead- 
Jones Act of June 29,1935), and is part of an investigation of the animal metabolism of sub- 
stances related to the steroid hormones being carried out under the Physiology of Repro- 
duction Project, a cooperative project of the Bureau of Animal Industry and the Bureau of 
Dairy Industry. Not subject to copyright. 

Some oE this material was presented before the Organic Chemistry Division of the Amer- 
ican Chemical Society, Atlantic City, September 10, 1941. 
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analogous vinyldihydronaphthalenes. The chances that the scheme of syn- 
thesis outlined in (1) may be practical are increased by the observations that 
1,5-diene-3-ynes add maleic anhydride (4, 5 )  and quinones (6), because adducts 
from acetoxytoluquinone and dienynes, such as VI and VII, already would con- 
tain a reactive diene system, whereas I11 must be converted to IV. We wish 
at this time to present descriptions of the products formed in the reaction of 
acetoxytoluquinone with hexatriene, still incomplete descriptions, but demon- 
strating much of their structure and indicating what types of compound may 
be accessible through the reaction of the same quinone with dienynes. 

VI VI1 

Although a Diels-Alder reaction of acetoxytoluquinone with hexatrien cane 
yield 16 primary products, four structural isomers each in four stereoisomeric 
(racemic) forms, we did not hesitate to utilize the reaction for synthetic pur- 
poses, since it is well known that i t  proceeds with a high degree of selectivity. 
This prognosis was found to be correct; two products were obtained in sub- 
stantial yield (45% and 21%). This reaction of acetoxytoluquinone with 
hexatriene provides an interesting test of the relative reactivities of the acetoxy- 
ethene and methylethene systems. If the size of the substituent group a t  the 
dienophile double bond is the controlling factor, the chief products should be the 
enol acetates I11 and V. One or both of these is undoubtedly formed but it, 
or they, is extremely unstable, and only occasionally has an enol acetate been 
isolated although many batches were run. This instability of the enol acetates 
and some of the other products has complicated the study of the reaction. 
I ts  completion has been further hindered by the difficulty of preparing 
adequate quantities of hexatriene of assured purity. The preliminary work 
(2) was done with hexatriene prepared by the pyrolysis of sym-divinylglycol 
with formic acid according to van Romburgh (7). It was then found that 
the dehydration of 1,5-hexadiene-3-01 gave better yields of hexatriene (8) and 
most of the work here reported was done with hexatriene from this source. 
After much of the experimental work had been done, i t  was discovered (9) that 
this hexatriene probably contained some 1 ,3-cyclohexadiene, which would also 
in all likelihood react with acetoxytoluquinone to give products isomeric with 
those from hexatriene. The difficulties arising from this circumstance were 
controlled by including a study of the reaction of acetoxytoluquinone with 
pure 1,3-~yclohexadiene and with hexatriene prepared by the low temperature 
method of Kharasch and Sternfeld (10) which had appeared in the meantime. 
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It will be shown that three compounds, and possibly a fourth, can be isolated 
from the products of reaction of acetoxytoluquinone with hexatriene; that each 
of the three are formed both from hexatriene prepared by the method we pre- 
viously described (8) and that of Kharasch and Sternfeld (10); and finally that 
each of these compounds differs from each of three which can be obtained by 
the reaction of acetoxytoluquinone with cyclohexadiene. The description of 
an adduct obtained from acetoxytoluquinone and 2,3-dimethyl-l,3-butadiene 
will also be given. 

When acetoxytoluquinone and hexatriene are heated together in ethanol a t  
70" or 95" the colorless substance, C15Hla04, previously (2) reported, cannot 
always be isolated from the product mixture, and when it  is found, the quantity 
is much smaller than that of either of two other products which have since been 
obtained. The product obtained in highest yield (45%) is a faintly yellow 
crystalline compound, C15Hla04, melting a t  109-110", which gives no color with 
ferric chloride and which could not be hydrolyzed to any product giving such 
a color. When heated a t  200" a t  reduced pressure it gave acetic acid and tarry 
products which were not characterized. Enol acetates are usually not resistant 
to hydrolysis, and structures I11 and V probably do not represent this sub- 
stance. Addition of hexatriene to the acetoxyethene link of the quinone would 
lead to compounds VI11 and I X  and these structures are compatible with the 
properties of the acetate melting a t  109-110'. After the descriptions of the 
other compounds prepared in this work have been presented, it will be apparent 
that this substance, the major product of the reaction between acetoxytolu- 
quinone ,and hexatriene, is an angular acetate, VI11 or IX. The product formed 

VI11 I X  

in next largest amount is a colorless crystalline compound, CI3H14O3, which be- 
gins to decompose a t  195" and melts a t  206-210". It dissolves in cold dilute 
aqueous sodium hydroxide and can be recovered unchanged from this solution 
by precipitation with hydrochloric acid. This behavior suggests an enolic 
structure, which is confirmed by the purple-black to brown-black solutions 
which the substance gives with ferric chloride. A part of the hexatriene has 
therefore added to the methylethene link in the quinone, and under the condi- 
tions of the addition reaction or the subsequent isolation of products the acetate 
thus formed has become hydrolyzed to an enol. Whether this enol has structure 
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X or XI, XI1 or XIII, or one of a number of other tautomeric structures we do 
not know. The fact that the substance does not decompose until a rather high 
temperature (195") is reached in the melting point determination perhaps indi- 
cates a dienol structure such as XI1 or XIII.  The third compound, C1SH1604, 

was isolated in very small quantity from only one batch. After recrystalliza- 
tion from ether it melted unsharply a t  about 135-140" and gave a deep green 
solution with ferric chloride. When heated with water for a short time, part 
of i t  dissolved and the filtered hot solution deposited a colorless material on 
cooling. This suspension gave a brown-black solution with ferric chloride 
similar to that obtained from the free enol. This enol was isolated from the 
part which did not pass into the hot water solution, and the close relationship 
of the acetate melting a t  135-140" to the enol decomposing a t  195" and melting 
a t  206-210" was thus demonstrated. Whether the acetate has structure I11 
or V or some tautomeric structure such as XIV cannot be decided on the basis 
of available evidence. It can be concluded, however, that the addition of 
hexatriene to acetoxytoluquinone does yield an enol acetate with an angular 
methyl group which is hydrolyzed with ease to an enol. On the basis of crystal- 
line material actually isolated, this acetate appears to be a minor product and 
the angular acetate (VI11 or IX) seems to be the chief product, but this ap- 
parently lower yield of enol acetate and enol may be due in part to the diffi- 

// 
0 1  

// 
0 1  

X XI 

XI1 XI11 

culty of isolating the enol acetate. The identity of the compound C16Hle04 
reported previously (2) is in doubt. When heated it decomposed at 161-162" to  
a yellow solid which melted at 192-195". On the addition of tenth-normal 
aqueous sodium hydroxide it dissolved within a few minutes in the cold. 
Its behavior with ferric chloride was not observed. Since the solubility in 
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alkali indicated that the substance was an enol acetate, and since the melting 
point of the product of pyrolysis (at 161-162" in the capillary tube) was close 
to that of the enol CI3H14O3, which has been obtained pure and from many 
batches, i t  is suggested that it may have been largely converted to this enol 
during the melting point determination. The difficulty of purifying such enol 
acetates and of obtaining the two preparations in quantity has made it im- 
possible to determine whether this compound previously reported and the 
acetate which melts at 135-140" are the same or isomeric. 

// 
0 1  0 

XIV xv 
When heated together at 65") acetoxytoluquinone and cyclohexadiene gave 

three crystalline compounds which were different from those just described. 
Therefore, it  would seem that the pyrolytic hexatriene used in this work con- 
tained little if any cyclohexadiene (9). The adduct obtained in largest yield 
(up to 55%) is faintly yellow, melts a t  123-124" and has the composition 
C16Hle04. This is not an enol acetate for it gives no colored solutions with 
ferric chloride, either before or after exposure to hydrolytic conditions, and does 
not dissolve readily in aqueous sodium hydroxide. The only probable structure 
is that represented by XV. This was conclusively shown to be correct by ex- 
amination of the products of pyrolysis. It seemed likely that a compound XV 

0 0 

XVI XVII 

would split out acetic acid readily when heated to give XVI and it will be re- 
called (1 1) that compounds containing this 1 , 4-ethano-2 , 5-cyclohexadiene sys- 
tem are often decomposed at about 150" with the formation of ethylene and an 
aromatic ring. When we heated the substance melting a t  123-124" at about 
200" and under reduced pressure, acetic acid and 2-methyl-l , 4-naphthoquinone 
(XVII) were obtained. Accordingly, under the conditions employed, cyclo- 
hexadiene adds to the acetoxyethene link of the quinone to a greater extent than 
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to the methylethene link. These conditions are mild and it would have been 
predicted that a group as large as the acetoxyl group would retard considerably 
the addition of the diene to the dienophile. Some other factor must therefore 
be present which facilitates this particular addition, and later on we will propose 
what this factor may be. 

Under the same experimental conditions cyclohexadiene adds to the methyl- 
ethene link, for it has been possible to isolate a very small quantity of an enol 
which must have structure XVIII or a tautomeric one. This substance, 
CI3Hl4O3, melted a t  152-153', was soluble in dilute aqueous sodium hydroxide 
and gave a brown solution with ferric chloride, and evidently had been formed 
by hydrolysis of an enol acetate. The third product from this reaction is a 
faintly yellow compound which melts a t  84-87'. The highest yield obtained 
was 6%. The composition is that of the expected enol acetate, C15H1604, but 
this cannot be its structure for it not only fails to hydrolyze to the enol of melting 
point 152-153' or another enol, but i t  also decomposes on heating to give 2- 
methyl-1 , 4-naphthoquinone and acetic acid, just as does the isomer which melts 
a t  123-124". The structure of this substance must also be XT.' and we shall 
therefore call it XV-E. 

XVIII XIX xx 
Since neither XV-B nor the higher-melting isomer (XV-A) has enolic prop- 

erties, their isomerism cannot be explained by assigning the tautomeric structure 
XIX to one of them. S o r  can it be alleged that the one isomer is a trans-decalin 
type (XX), formed by conversion of the cis isomer which would be the primary 
product of the Diels-Alder addition. According to Alder and Stein, such a trans 
structure is probably incapable of existence because of the presence of the ethano 
bridge a t  the adjacent carbon atoms (12). The stereoisomerism here is probably 
of the endo-exo type discussed by illder and Stein (13) in connection with the 
products of addition of dienophiles to cyclopentadiene and certain fulvenes. 

Under a given set of conditions these workers found that cyclopentadiene 
and diphenylfulvene (the phenyl groups replacing the hydrogens of the methylene 
of fulvene) each reacted with maleic anhydride to give one compound in 100% 
yield. On the other hand, the analogous dimethylfulvene and pentamethylene- 
fulvene each gave two compounds, one in about 60y0 yield and the other in 
about 40% yield. They were able to show conclusively that the compound from 
cyclopentadiene is the bicycloheptenedicarboxylic acid (XXI) which is quite 
different from the stereoisomer XXII  which they obtained by another method. 
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xx I X X l l  

When, instead of cyclopentadiene, dimethylfulvene or pentamethylenefulvene 
reacts with maleic anhydride, the reaction no longer follows a single course, but 
proceeds to the formation of two stereoisomeric compounds in unequal amounts. 
This Alder and Stein attributed to the presence of the additional double bond. 
They proposed the hypothesis that in cases in which a diene and a dienophile 
can lead to more than one stereoisomer, the molecules of diene and dienophile 
prior to reaction tend to assume that relative orientation which corresponds to 
the maximum density of doubly bonded atoms. Upon reaction that isomer is 
formed which follows from this orientation. For this reason cyclopentadiene 
and maleic anhydride give only the endo isomer XXI in which the two carboxyls 
are relatively close to the annular double bond. In  the attraction of the carboxyl 
groups, the methylene group offers no competition to the double bonds of the 
diene system. For a similar reason diphenylfulvene and maleic anhydride give 
only one product, XXIV (R is phenyl), in which the carboxyls are now oriented 
toward the C:RR group which contains seven double bonds. But in dimethyl- 
fulvene or pentamethylenefulvene the group R contains no double bonds; the 
carboxyls are attracted to both the diene system and the semicyclic double bond, 
two competing reactions ensue, and two products, XXIII  and XXIV, are formed. 

R 
I 

t OZH 
x Xlll 

R 
I 

X X I V  

The existence of the two forms, exo and endo, in this type of stereoisomerism 
depends on the rigidity of the molecules with the 1,4-bridge. Cyclohexadiene 
gives analogous products. ?;Tow in the reaction of acetoxytoluquinone and 
cyclohexadiene, structures are involved which could give rise to two isomeric 
angular acetates of the endo-exo type. In this case the competing unsaturated 
centers, the carbonyls and the acetoxyl, are in the dienophile reactant. Since 
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one of the competing systems has two double bonds and the other but one, the 
isomers can be expected in unequal yield. Actually 55% of the higher-melting 
compound (XV-A) and 6% of t,he lower-melting compound (XV-B) were isolated. 
Unlike Alder and associates, we have not proved the structures of the two isomers 
in this regard, but it will be subsequently shown that according to the rule of 
Alder and Stein the major product (XV-A) should have structure XXV. The 
acetate XV-B then must be XXVI. 

I 

X X V I  
c5\o 

Only one product was isolated from the reaction mixture from acetoxytolu- 
quinone and 2,3-dimethyl-l,3-butadiene. This reaction was studied less 
thoroughly than the other two. It is being included because it has been found 
that here again the diene has added to the acetoxyethene link. The addition 
was carried out in ethanol a t  95" and gave 42'% of a faintly yellow crystalline 
compound which melts a t  116-117". This compound is an acetate, C16HleO4, 
which is not converted to an enol by heating with dilute aqueous acetic acid. 
In view of the similarity in properties to some of the acetates from hexatriene 
and cyclohexadiene, we were curious to know how it would behave toward heat. 
At about 200" and under reduced pressure the products were acetic acid and a 
crystalline residue from which a small quantity of a nearly white compound was 
isolated. This melted at 170-175" and was soluble in hot water. Apparently 
i t  was a hydroquinone, but was not characterized further. The crude crystalline 
residue was oxidized with ferric chloride to give 2,6,7-trimethy1-1,4-naphtho- 
quinone in good yield. The structure of the adduct is therefore to be repre- 
sented by XXVII, and the probable course of the pyrolysis by XXVII 3 
XXVIII. 

0 0 OH 

XXVII XXVIII 
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The outstanding result of this work is the observation that these dienes react 
with the acetoxyethene link of the quinone to an equal or greater extent than 
with the methylethene link. The methyl group a t  the dienophile link as a rule 
retards but does not prevent a Diels-Alder addition. The observation that 
dienes will add to an acyloxyethene link is not new. Xy16n and Olsen (14) 
found that cyclopentadiene adds to acetoxymaleic anhydride, but not to ethyl 
beta-acetoxycrotonate. Alder and Rickert (15) were able to add vinyl acetate 
to many dienes. However, it was not to be expected that the acetoxyethene 
link would be the preferred site of reaction when a methylethene link is available. 
That thiis is the case was demonstrated by the preparation of 2-methyl-1,4- 
naphthoquinone from cyclohexadiene and 2,6,7-trimethyl-l, 4-naphthoquinone 
from dirnethylbutadiene just described. With the quantity of materid on 

r,p 'i( 
0 

XXIX XXX XXXI 

0 0 
XXXII XXXIII 

hand we could not find conditions suitable for the corresponding preparation 
of 2-methyl-5-vinylnaphthoquinone (XXXII) or 2-methyl-8-vinylnaphthoquinone 
(XXXII I) from hexatriene. Either the tetrahydronapthalenedione (VIII) or 
(IX) was recovered unchanged or dark, extensively decomposed products re- 
sulted from which no crystalline compounds could be isolated. This failure 
is perhaps to be charged to the probable instability of the vinyl derivatives 
(XXIX) (XXX) (-1) in the presence of the acetic acid formed in equivalent 
amount a t  the high temperature of the pyrolysis. In the pyrolysis of the dione 
(VIII or IX) two-thirds of the theoretical quantity of acetic acid was collected 
and determined by titration of the distillate. A comparison of the properties 
of the acetoxymethylvinyltetrahydronaphthalenedione of melting point 109-110" 
with the other compounds prepared (Table I) leaves no doubt that the substance 
has structure VI11 or IX. 
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pale 

EXPERIMENTAL 

The melting points for new compounds are corrected. 
The ferric chloride enol test was performed by the addition of 2 drops of 0.15% FeC13 

in ethanol to  1 cc. of dilute solution of the unknown substance. 
6-Acetoxy-1 ,Q-toluquinone (11). The procedure of Thiele and Winter (21) was followed. 

The quinone was used after three crystallizations from hexane; m.p. 75-76". 
Anal .  Calc'd for CsHa04: C, 60.0; H,  4.5. 

Found : C, 60.1; H,  4.6. 
1 ,S,b-Hexatriene. (By Adam M. Gaddis.) Most of the hexatriene was made by the 

dehydration of 1,5-hexadiene-3-01 with phthalic anhydride at 160-200" (8). That employed 

TABLE I 
THE PROPERTIES O F  COMPOUNDS FORMED IN THE REACTION O F  5-ACETOXY-I14-TOLUQUINONE 

WITH 2,3-DIMETHYL-1 , %BUTADIENE (A), 1,3-CYCLOHEXADIENE (B), 
AND 1,3,5-HEXATRIENE (c) 

white ~ pale 

COMPOUND 

Melting point, 'C. 
Color 

Soluble in  cold aque- 
ous 0.1 N sodium 
hydroxide 

Color with ferric 
chloride 

Composition 
Pyrolyzed to  a naph- 

thoquinone 
Position of maximum 

absorption in ultra, 
violet" 

A-I 

116-117 
pale 

no 
yelloa 

none 

CisHi 8 0 '  

Yes 

2360 1 

B-I 1 B-11 j B-111 1 c-I 

pale 

no 
yellow 

none 

CisHlsOc 
Yes 

2300 i% 2350 1 2350 i% 

c-I1 

135-140 
pale 

Yes 
yellon 

green 

C 1 & I  50 

c-I11 

206-210 
white 

Yes 

brown- 
black 

Cl3Hl403 

2560 1 

5 Complete absorption curves for the ultraviolet region have been determined for these 
compqunds by Russell E. Davis and Harry Bastron of the Bureau of Animal Industry. 
These will be published by Dr. Davis and Mr. Bastron in collaboration with us in a future 
paper dealing with the application of absorption spectra to  some problems incidental to  
the synthesis of condensed ring compzunds. It will be enough to  recall here that  Wasser- 
mann (27) found a maximum at 2220 A for 5,8-methano-4a75,8,8a-tetrahydronaphtha1ene- 
1,4-dione. 

b Color becomes reddish-brown. 
c Only acetic acid isolated. 

for the preliminary (2) work was prepared according to  Romburgh (7). A small quantity 
was prepared by the low-temperature method of Kharasch and Sternfeld (10); i t  was possi- 
ble to  convert this preparation2 to 1-vinyl-9,lO-anthraquinone (22). 

173-CycZohexadiene. This was prepared from cyclohexene by the procedure of Hofmann 
and Damm (23). The purified product boiled at 80-81"; ng 1.474. Kistiakowsky (24) re- 
ported n: 1.4740. 

This was prepared according to  
the method of Fieser and Seligman (25). 

2,s-Dimethyl-1 ,S-butadiene. (By Adam M. Gaddis.) 
The product boiled at 66-71'. 

2 We are indebted to  Mr. Melvin Goldberg for this preparation of hexatriene and for the 
conversion to  vinylanthraquinone. 



CONDENSED RING COMPOUNDS 209 

~a-Acetoxy-2-methyl-6-v~nyl-~a,b,8,8a-~etrahydronaphthalene-i , 4-dione (VZIZ) or its 8- 
vinyl isomer (ZX) . Three moles of hexatriene (from hexadienol) and acetoxytoluquinone 
in four volumes of ethanol were kept in sealed tubes filled with COz a t  66-74' for 39 hours. 
The products from six tubes (7.9 g. of hexatriene and 5.8 g. of acetoxytoluquinone) were 
worked up together. Removal of the more volatile components a t  60" and reduced pressure 
gave 8.7 g. (10%) of crude products. Addition of benzene to  this gave no crystalline ma- 
terial (except after long standing in the refrigerator, in which case crystalline enol CI8Hl4Oa 
separated), but addition of 2-3 cc. of ether gave 2.4 g. of crystals (A) which were filtered off. 
Removal of the ether and 0.5 g. of other volatile material by holding at 90" and 9 mm. for 2 
hours failed to yield more crystals. Repeated extraction of this uncrystallized portion 
with hot heptane gave solutions which deposited 2 g. of crystalline product (B) upon 
cooling. A. and B were identical and were combined; m.p. 103-104", 45%. Two recrystalli- 
zations from petroleum ether gave 1.4 g., faintly yellow, m.p. 109-110'. 

Anal. Calc'd for C I ~ H I ~ O ~ :  C, 69.2; H,  6.2. 
Found : C, 69.4; H, 6.5. 

This compound becomes more deeply yellow in color and partially liquefied after storing 
in the dark for many months. This deteriorated product can be repurified by crystalliza- 
tion from hexane. Cold tenth-normal aqueous sodium hydroxide does not dissolve it.  
Hot  aqueous alkalies slowly give deeply colored solutions. In  ethanol i t  gives no colored 
solution with ferric chloride. 

Pyrolyszs of VZZZ (or ZX). Upon heating 179 mg. at 200-215' and 80 mm. for 7 minutes, 
some matei-ial was driven off and the contents of the flask became very black. On reducing 
the pressure to  15 mm., solid acetic acid was condensed in a trap at -40'. Titration of 
this condensate with 0.05 N sodium hydroxide showed 30.84 mg. of acetic acid or 67%. 
Oxidation of the black residue with ferric chloride gave material from which no crystalline 
quinone could be isolated. When the period of heating was reduced to 2 minutes, un- 
changed starting compound was recovered, and again no solid products of pyrolysis were 
obtained. 

2-Acetoxy-4a-methyl-5-vinyl-4a, 5,8,8a-tetrahydronaphthalene-l ,Q-dione (IZZ), its 8-vinyl 
isomer (V), or tautomer. Acetoxytoluquinone (4.2 g.) was heated with 5.5 g. or 3 moles of 
hexatriene (from hexadienol) in  33 cc. of absolute ethanol at 92-97" for 16 hours. The vola- 
tile components were removed at 50' under reduced pressure. Addition of 10 cc. of benzene 
to  the residual gum (7.2 g . ) ,  boiling, and cooling gave no crystalline material (thus differing 
from some other experiments in which Crystalline enol separated at  this point). As further 
additions of benzene and refrigeration for several days yielded no crystals, the benzene 
solution (30 cc.) was poured into 800 cc. of petroleum ether and the resulting gum and dilute 
solution were separated. The gum weighed only 0.4 g. and was discarded. The petroleum 
ether was evaporated from the solution to  give a partially crystalline residue. Trituration 
with 150 oc. of petroleum ether gave an insoluble fraction A and a solution B. Slow 
evaporation of B gave 0.6 g. of the angular acetate described in the preceding section (m.p. 
105-106", no color with ferric chloride) and 2 g. of oil which did not crystallize. A was 
purified by slow evaporation of its solution in 100 cc. of petroleum ether-diethyl ether mix- 
ture (2:l) which gave 0.4 g. of a crystalline compound, m.p. 135-140' (from ether), green 
color with ferric chloride. 

Anal. Calc'd for CI6H1604: C, 69.2; H, 6.2. 
Found : C, 69.2; H, 6.2. 

This acetate (111, V, or tautomer) was hydrolyzed slowly by heating with water a t  80- 
100". A minor portion passed into solution and precipitated as  colorless enol on cooling. 
The products of hydrolysis were dissolved in  aqueous sodium hydroxide, the solution ex- 
tracted with ether, hydrochloric acid added to the aqueous layer until red to  litmus and 
Congo papers, the precipitate washed with water, dissolved in ether, and dried with sodium 
sulfate. Evaporation of the ether gave colorless crystals, m.p. 200-205'; m.p. of mixture 
with authcmtic enol (m.p. 206-210'), prepared as described below, was 203-207"; brown color 
with ferric chloride. This acetate, which was isolated from only one batch, is therefore 
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hydrolyzed with ease t o  the enol which was obtained from many batches, and i t  probably 
is the acetate of this enol, although the possibility of tautomeriaation during hydrolysis 
must be recognized. 

%'-Hydroxy-~a-methyl-li-vinyl-4a, 6,8,8a-tetrahydronaphthalene-l ,d-dione ( X ) ,  i t s  8-vinyl 
isomer ( X I ) ,  or a tautomer. One and three-tenths grams of acetoxytoluquinone, 1.7 g. of 
hexatriene from the hexadienol, and 10 cc. of absolute ethanol were heated in a sealed tube 
a t  66-73' for 39 hours. Evaporation of the ethanol at reduced pressure in a stream of car- 
bon dioxide gave a partly crystalline residue which was stirred with 5 cc. of warm benzene, 
cooled, and filtered. Concentration of the filtrate to 4 cc. gave another crop of crystalline 
enol. Yield, 0.4 g., 21%. Often separation of crystals did not occur until after addition of 
benzene and refrigeration of the benzene solution for several days. Two recrystallizations 
from benzene gave glistening white crystals, decomposing a t  195O, m.p. 206-210'. 

Anal .  Calc'd for CI3Hl4O1: C, 71.6; H, 6.4. 
Found : C, 71.6; H, 6.6. 

This compound gives a brown-to-black color with ferric chloride in water or ethanol. 
It is soluble in hot water, from which solution i t  precipitates on cooling, and is soluble in  
cold 0.1 N aqueous sodium hydroxide. It can be recovered unchanged from the aqueous 
solution of the sodium salt. To 127 mg. of the enol was added 8.35 cc. of 0.1 N sodium hy- 
droxide, whereupon a nearly colorless solution resulted in a few minutes. Addition of 0.09 
N hydrochloric acid precipitated a solid which, after washing, drying, and recrystallizing 
from benzene weighed 70 mg., melted a t  208-210" and did not depress the m.p. of the original 
enol. 

Reaction of acetoxytoluquinone with hexatriene prepared f rom allyl chloride and sodamide 
i n  liquid ammonia (10). One gram of hexatriene, with the boiling range 75-90", and 0.75 g. 
of acetoxytoluquinone were heated together in 10 cc. of absolute ethanol at 70" for 40 hours. 
The ethanol was removed and the residue was separated into a part soluble in benzene- 
petroleum ether mixture (1:4) (A), and a part insoluble therein (B). B on recrystallization 
from benzene gave 30 mg. of colorless product, which gave a brown-black color with ferric 
chloride and did not depress the melting range of a specimen of the enol of m.p. 206-210" 
described in the preceding section. Cooling the solution of A, filtering off a little impure 
enol, evaporating the filtrate to dryness, extracting the residue with 3 CC. of cold petroleum 
ether, and allowing this solution to stand for several days gave 30 mg. of faintly yellow 
crystals, m.p. 104-108", which after being dried on tile gave no depression in melting point 
with the angular acetate, m.p. 109-110", prepared from pyrolytic hexatriene. 
The two diastereoisomeric 4a-acetoxy-5,8-ethano-l-methyl-~a, 6 ,8  , 8a-tetrahydronaphthalene- 

i ,d-diones ( X V - A )  and (XV-B) ,  and 6,8-ethanoJ-hydroxy-4a-methy1-.4a, 6,8, 8a-tetrahy- 
dronaphthalene-1,d-dione (XVI I I ) .  Acetoxytoluquinone (1.4 g.), with 1.4 g. (2.3 moles) 
of cyclohexadiene in 4 cc. of absolute ethanol for 65 hours at 65" gave, after removal of the 
volatile components, a residue which crystallized well after seed had been obtained by 
grinding. The products were taken up in 10 cc. of ether and the solution was cooled well 
in a solid carbon dioxide-Cellosolve bath. The faintly yellow product (SV-A), m.p. 123- 
124" after recrystallization from methanol and ethanol, gave no color with ferric chloride 
in ethanol. Yield 1.0 g.; 55%. 

Anal .  

The ether was removed from the mother liquor from XV-A, the residue was leached out 
with successive portions of warm ligroin (b. 60-70")) the ligroin evaporated from the com- 
bined extracts, and the residue therefrom taken up in  a mixture of petroleum ether (b. 
30-60O) and ether. When cooled very gradually, 100 mg. of crystals was deposited, m.p. 
82-87". Recrystallization from the same solvent mixture gave XV-B, faintly yellow, m.p. 
84-87'; yield, 6%. 

Calc'd for C16H1604: C, 69.2; H, 6.2. 
Found : C, 69.1; H, 6.4. 

Anal .  Calc'd for C16H1604: C, 69.2; H, 6.2. 
Found : C, 69.2; H, 6.2. 



CONDENSED RING COMPOUNDS 21 1 

XV-B like XV-A gave no colored solution with ferric chloride. It was shown not to be 
a mixture of XV-A with an enol acetate, by an unsuccessful attempt to  hydrolyze i t  to  an 
enol. Ten milligrams was heated one hour in 6 cc. of ethanol and 3 cc. of 12 N aqueous hy- 
drochloric acid. After careful neutralization with sodium hydroxide solution, the addition 
of ferric chloride failed to  give a color. The enol acetate I11 or V was hydrolyzed to a 
chromogenic: enol by merely heating with water. That  the treatment with hydrochloric 
acid, or the presence of the sodium chloride resulting from the neutralization did not in- 
hibit the curitomary enolic response to  ferric chloride was demonstrated by a parallel experi- 
ment with the enol X or XI .  In the latter case no color could be produced with ferric chlo- 
ride in the presence of free hydrochloric acid, but after neutralization the usual colored 
solution was obtained. 

Although no enol acetate was ever isolated from the reaction products of acetoxytolu- 
quinone with cyclohexadiene, the enol XVIII  was found in one batch. The material in the 
angular acetate mother liquor was distilled a t  1-2 mm. At bath temperature 210-220', a 
fraction of approximate b.p. 130' passed over and condensed to  a red crystalline mass. 
Successive recrystallization from ether and petroleum ether-ether mixture gave white 
crystals, m.p. 152-153'. This substance was soluble in cold dilute sodium hydroxide and 
gave a pink-brown colored solution with ferric chloride in ethanol. It smelled of hickory 
wood smoke. 

Anal. 

Pyrolysis of XV-A to 2-methyl-1 ,4-naphthoquinone and acetic acid. Two hundred and 
twenty-two milligrams of XV-A, m.p. 123-la', was heated in a small tubular flask attached 
to  a receiver cooled to -40' for 20 minutes a t  100-110 mm. and at bath temperature 210- 
215'. Trapping of the ethylene formed was not attempted, nor was a quantitative recovery 
of the acetic acid. After the period of heating, the flask was brought slowly to room tem- 
perature arid the pressure reduced to 14 mm. for 10 minutes. In  this way an amount of 
acetic acid was transferred to the receiver which required 11.30 cc. of 0.0505 X sodium hy- 
droxide for neutralization. This is 34.2 mg. of acetic acid; 67% yield. The yellow oil on 
the sides of the flask and the charred residue a t  the bottom were worked up separately. 
The yield of 2-methyl-l,4-naphthoquinone, m.p. 103' from ether-ligroin was 51%; i t  did not 
depress the m.p. (105") of an authentic specimen. 

Pyrolysis of X V - B  to B-methyl-l,4-naphthoquinone and acetic acid. The isomer of m.p. 
84-87' (XV-B) (114.6 mg.) was pyrolyzed in the same way as XV-A. The decomposition 
proceeded less smoothly than tha t  of XV-A. The recovery of acetic acid as  indicated by 
titration was 7.9 mg. or 29%. The yield of pure 2-methyl-I ,4-naphthoquinone was smaller 
than that  fTom XV-A. It melted at 102" (from ligroin); m.p. of mixture with the authentic 
specimen (m.p. 105") was 103". 

4a-Acetoxy-B,6, 7-trimethyl-4a, b,  8, Sa-tetrahydronaphthalene-1 ,&%one ( X X V I I )  . (By 
Adam M. Gaddis.) Acetoxytoluquinone (3.6 g.), 2.4 g. (1.5 moles) of 2,3-dimethyl-1,3- 
butadiene, and 18 cc. of ethanol were heated at 95' for 14 hours. Concentration of the reac- 
tion mixture to  one-half volume at  reduced pressure gave 1.9 g. of crystalline material 
which after recrystallization from ether-hexane and then frbm hexane gave 1.29 g., faintly 
yellow, m.13. 116-117'. Evaporation of the original alcohol mother liquors, extraction of 
the residue with ether and hexane, and crystallization of the residue, obtained by the re- 
moval of solvents from this extract from methanol gave a further crop of the same product. 
Yield, 2.2 g.; 42%. 

Calc'd for C1&0a: C, 71.6; H, 6.4. 
Found : C, 71.3; H,  6.7. 

Anal. Calc'd for C16H1804: C, 68.7; H, 6.9. 
Found : C, 68.9; H, 7.2. 

This compound does not dissolve completely in cold 0.1 N aqueous sodium hydroxide, 
gives no colored products with ferric chloride, and was not hydrolyzed to  products giving 
such color with ferric chloride when heated with 30% acetic acid in water at  95' for one hour. 

Pyrolyszs of X X V I Z .  Two hundred and sixty milligrams of XXVII, m.p. 116-117*, 
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was heated at 210-215" and 80-85 mm. for 15 minutes. While the reaction flask was cooling, 
the pressure was reduced to 15 mm. The condensed acetic acid required 16.1 cc. of 0.0505 
N sodium hydroxide, which is equivalent to 48.8 mg. of acetic acid; yield, 80%. The resi- 
due from the pyrolysis crystallized on cooling. 

A small portion was recrystallized from ether-ligroin, yielding a white substance with a 
tinge of violet, m.p. 170-175" with decomposition, which was soluble in hot water. This 
was not analyzed, but presumably was 2,6,7-trimethylnaphthalene-l,4-diol (XXVIII). 
For characterization the crude product of pyrolysis was oxidized by warming for a few 
minutes with 3 g. of ferric chloride hexahydrate in 15 cc. of ethanol. The ethanol solution 
was poured into 250 cc. of water, allowed to stand 15 minutes, the yellow crystals filtered 
off, and recrystallized successively from aqueous methanol and ligroin. Yield, 100 mg.; 
m.p. 107.5-108.5". Bergmann and Bergmann (26) give m.p. 110" for 2,6,7-trimethyl-l,4- 
naphthoquinone. 

Anal. Calc'd for CI~HIZOZ: C, 78.0; H, 6.0. 
Found : C, 78.0; H, 6.5. 

APPLICATION OF THE RULE O F  ALDER AND STEIN TO THE PREDICTION OF ISOMERIC 

PRODUCTS OF THE DIELS-ALDER REACTION 

On the basis of about ten thoroughly investigated reactions, which were all 
of the type leading to products with endo bridges, Alder and Stein (13) proposed 
the following rule: Upon mixing a 1,3-diene and a dienophile the molecules tend 
to assume that mutual orientation which corresponds to the greatest accumulation of 
double bonds, and that product i s  formed in larger amount which i s  to be expected 
f r o m  the preferred pre-reaction orientation. The reactants of Alder and Stein 
presented only one dienophile link and could yield only two diastereoisomeric 
products. They were rather simple cases, and it was possible for Alder and 
Stein to apply the rule by merely inspecting the conventional structural formulas 
suitably juxtaposed. It is the purpose of this section to show how the rule may 
be applied to more complicated cases such as the reactions of acetoxytoluquinone. 
Three general cases will arise: (A) The maximal density of double bonds will 
be determinable by inspection of conventional formulas drawn to scale3 and 
suitably juxtaposed. (B) The maximal density of double bonds cannot be 
determined as in (A), but can be determined by making measurements of such 
drawings and supporting these by simple calculations. (C) In  the presence of 
double bonds in mobile groups, the position of nearest approach of the mobile 
double bond to the other double bonds must be determined, and the measure- 
ments and calculations then made as in (B). 

Acetoxytoluquinone is a bifunctional dienophile, the two olefin links carrying 
different groups. Therefore, the reaction acetoxytoluquinone + 2,3-dimethyl- 
butadiene could yield two products which are position isomers, and the relative 
amounts to be expected in the product-mixture might be predictable by the 
Alder-Stein rule. The reaction acetoxytoluquinone f hexatriene could give 
four position isomers as well as diastereoisomeric forms of each. Acetoxytolu- 
quinone and cyclohexadiene could yield two position isomers, each in the endo 
and exo configuration. The pre-reaction orientations leading to these four 

a By employing the currently available values for interatomic distances and interbond 
angles. 
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products are illustrated in Figure 1 by means of the type of representations used 
by Alder and Stein. An additional complication offered in the cases of reactions 
with acetoxytoluquinone or with hexatrene is that one of the orienting double 
bonds is *a component of a freely rotating group. Therefore, in applying the 

A 
0 

C O  / I  0 

FIG. 1. THE FOUR ALDER-STEIN ORIENTATIONS OF CYCLOHEXADIENE AND 

ACETOXYTOLUQUINONE 
Two coplanar positions of the acetoxyl group are shown. The line RoRm is the diameter 

of the circle described by the moving point R. 

rule in these cases the probable position of the acetoxyl and the vinyl group must 
be determined and considered. 

It might be profitable before analyzing the acetoxytoluquinone reactions to 
apply the rule to a case taken from the literature in which both position-isomeric 
and diastereoisomeric products are possible, but in which no mobile double bonds 
are involved. The reaction of cyclopentene-3-one with l,Z-dihydro-7-methoxy- 
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4-vinylnaphthalene studied by Dane and Eder (16) is of this type. The struc- 
ture of the product isolated was not demonstrated or discussed by Dane and 
Eder, but Robinson and Rydon (17) had the following to say about it: “If, as 
seems probable, the Diels reaction is initiated by the coupling of the more 
anionoid end of the diene system with a cationoid @-carbon atom of a catio-enoid 
system, then the choice between these alternatives can be made if we can locate 
the more reactive anionoid C-atom in I”-the vinyIdihydronaphthalene-ff The 
circumstances are somewhat complex in this cross-conjugated system and the 
most that can be said is that the more aliphatic site of the vinyl group favors 
IV,”-here designated as XXXVI-“whereas the combined effect of two unsatu- 
rated conjugated centres on the naphthalene double bond, as well as the influenec 
of the methoxyl group, and any steric factor favors III”-(XXXVII). 

XXXVI XXXVII 

It is noteworthy that Robinson and Rydon were not only unable to decide on 
a choice between the two position isomers, but also ignored the question of 
stereoisomerism, ie., the relative configuration at carbons 8 and 14 in both 
XXXVI and XXXVII. 

Now the rule of Alder and Stein permits a prediction of the relative amounts 
of some of these four products by mere inspection of juxtaposed formulas4 as 
in Figure 2. It can be readily seen that in orientation A, the accumulation of 
double bonds is greater than in orientations B, C, or D. Therefore the isomer 
XXXVI-A would be expected in greatest yield. It can also be seen that 
XXXVII-A (from Orientation B) should be formed in larger amount than 
XXXVII-B (from orientation D). Likewise XXXVI-B should be formed in 
larger amount than XXXVII-B. It seems impossible to determine whether 
orientation B or orientation C corresponds to the greater density of double bonds 
by merely inspecting these formulas. It will therefore be necessary to use 

4 Neither Alder and Stein nor others have discussed application of the rule in any detail, 
and no complete critique will be given in this paper. However, the following assumptions 
seem to be implied in the rule as stated by Alder and Stein (13) : 1. In directing orientation 
all types of double bonds, C=C, H-C=O, RO-C=O, etc., are quantitatively equivalent. 
2. The effective directing force is localized a t  some point, e.g., the midpoint of the double 
bond. 3. It is unnecessary to consider the many possible random orientations of the reac- 
tant molecules; only the standard orientations illustrated by the formulas in parallel planes 
as juxtaposed by Alder and Stein need be compared, in order to determine which correspond 
to the greater density of double bonds. 
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A 0 I 
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em3 

F I G .  2. THE FOUR ORIENTATIONS O F  T H E  COMPOUNDS O F  DANE AND EDER 

formulas drawn to scale and actually measure the double bond density in order 
to decide this point. A method of doing this is outlined below in connection 
with an analysis of the acetoxytoluquinone reactions. The Alder and Stein 
rule, therefore, predicts that the order of yields will be XXXVI-A > XXXVI-B 
> XXXVII-B, and XXXVT-A > XXXVII-A > XXXVII-B. Only a com- 
plete experimental study of the Dane-Eder reaction can demonstrate what 
validity the rule has in this case. 

X X X V I - A  xxxvr-0 

X X XV I I-B 
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Dane and Schmitt (18) investigated the reaction of the same vinyldihydro- 
naphthalene derivative with l-methylcyclopentene-4,5-dione. This case can 
be analyzed in exactly the same way as the reaction of Dane and Eder. The 
rule predicts that the 8 , 1 4 4 s  stereoisomer of the steroid XXXVIII, with 
angular methyl a t  carbon 14, would be the chief product. Dane and Schmitt 
(28) by appropriate reactions converted the adduct which they obtained from 
this reaction to the corresponding non-olefinic 17-monoketone. The latter 
was not identicel with the methyl ether of estrone (XL) and indeed could not be, 
aside from stereochemical considerations, if their adduct had structure XXXVIII 
rather than XXXIX. 

XXXVIII 

XL 

Another reaction in this same category was studied by But2 (2) with a view 
to the synthesis of 13-formyl steroids, namely the addition of cyclopentene-l- 
aldehyde to hexatriene. Here again, if the rule of Alder and Stein holds, the 
major product would be the intermediate (9-formyl-4-vinylhexahydroindene) 
of possible use in the synthesis, not of 13-formyl, but of 14-formyl steroids. 

The reaction of acetoxytoluquinone and cyclohexadiene may yield four 
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acetoxyethanomethyltetrahydronaphthalenediones, two diastereoisomeric 2- 
acetoxy compounds, and two diastereoisomeric 4a-acetoxy compounds. At 
least three of these were formed: one product of addition to the acetoxyethene 
link (XV-A), yield 55% or more; another product of addition to the acetoxy- 
ethene link (XV-B), yield 6% or more; and a product of addition to the methyl- 
ethene link, the acetate of the enol XVIII (XXXIV or XXXV), yield 39% or 
less. The evidence does not exclude the possibility that a second enol acetate 
was formed. Thus one compound was formed in larger amount than all others 
combined and 61% or more of the total reaction occurred a t  the acetoxyethene 
link. Could these results have been predicted on the basis of the Alder- 
Stein rule? 

xxx v 
By reference to Figure 1,6 a choice can be made in the same way as in the 

case of the products of the reaction studied by Dane and Eder, provided, that 

6 I n  this figure the formulas are drawn to scale (one inch = one Angstrom) using the 
following values for the bond lengths and interbond angles: 

a = c = 1.36 A 
b = 1.46 A 
d = f = 10.50 A 
e = 1.54 A 
g = j = 1.32 d 
h = i = k = lo= 1.5Ob 
m = n = 1.14 A 

o = p = 1.41 b 
r = 1.33 A 

g = 8 = 1.54d 

a b  = bc = 121' 
af = cd = 123' 
de = ef = 116' 
gh = i j  = jk = Ig = 121' 
hi = kl = 118' 
hn = in = km = lm = 121" 
io = 117" 
jo = 122' 
op = 108" 
pr = 122" 
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the carbon and oxygen atoms of the carbonyl part of the acetoxyl group are in the 
plane of the quinone ring. This will be true for only the two positions of the 
acetoxyl group which are shown in Figure 1. Since free rotation of the acetyl 
group about bond p and free rotation of the acetoxyl group about bond o are 
possible, the double bond r can take an infinitely large number of positions. 
For the position of r shown nearer to n, to be designated as R a t  180” from an 
arbitrary origin, inspection of the figure shows that the order of orientation 
preference according to the Alder and Stein rule is B > A or D > C. It is 
found by actual measurement of the distances between double bonds in the figure 
that the order is B > A > D > C; while for the other position of r shown (in 
which r is more remote from n, R a t  O”, Le.,  a t  the arbitrary origin), the preferred 
orientation order is B > A = D > C. 

This result was arrived a t  as follows: Just prior to  reaction, the essentially flat molecules 
of diene and quinone are found in two parallel planes with an interplanar distance x. The 
molecules become mutually oriented, partly according to  A, partly according to  B, etc., 
so that  a line in the plane of the diene joining the terminal carbon atoms of the diene sys- 
tem when projected on the plane of the quinone coincides exactly with bond g or j. Desig- 
nating the midpoints of the various bonds by capital letters corresponding to  the bond 
letters in Figure 1, the fourteen distances between mutually movable double bonds which 
are needed for calculating the double bond densities can be designated as AG, MR, etc. 
These distances in the case of GR, JR,  MR, NR, or their projections on the plane of the 
quinone ring (A‘G, A’J, A’M, A’N, A’R, C’G, C’J, C’M, C’N, C’R) in the case of the re- 
mainder are measured directly from the drawings by dividers. The values found are re- 
corded in columns A-I, B-I, C-I, and D-I  (Table 11). The interplanar distance x is then 
assigned a value, and the actual distances AG, AJ, etc., are calculated from A’G, A‘J, 
etc., and are recorded in columns A-11, B-11, (2-11, and D-11. The preferred orientation 
order will be the same for all values of x; x = 1.39 A6 was taken as  a reasonable value. It 
is now possible by Ending the sum of the distances in the I1 columns, to  compare the double 
bond densities in  the four orientations, A, B, C, and D. From Table I1 i t  is seen that, for 
this one position of R, the sum of distances between all the double bonds which are free to  
approach one another is smallest (40.17 d) for orientation B. B is therefore the preferred 
orientation since it corresponds toothe greatest density of double bonds. The values for 
the other orientations are A, 41.38 A; D, 44.48 A; C, 47.34 d. C is therefore the least prob- 
able orientation. 

Thus it is evident that by an operation consisting of drawing structural for- 
mulas to scale, measuring certain distances on the drawing and making some 
simple calculations, it  has been possible to make a choice between orientations 
A and D for a particular position of the bond r. This choice appeared impossible 
by mere inspection of the drawings. 

These are taken from “The Theory of Organic Chemistry” by Branch and Calvin (19) or 
are based upon the values for bond lengths and interbond angles in closely related com- 
pounds. A suitable value for b was obtained by calculation after the others were chosen. 
This was necessary in order to  ensure a closed ring of required dimensions. Carbon-hydro- 
gen bonds are omitted from the formulas but  might have to  be considered if any steric ques- 
tion should arise. 

6 Taking the carbon-carbon distance of the !ew bonds formed in the addition reaction as  
1.54 d, the interplanar distance will be 1.39 A at the moment of formation of these new 
bonds. 
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I1 

2.42 
4.35 
4.00 
2.92 
5.15 
1.75 
2.64 
1.85 
3.44 
1.80 
2.69 
1.87 
1.80 
3.49 

For the second position of R in which r is coplanar wis the quinone ring (R 
more remote from Y; called RO in a later discussion), it  was found that B was 
again the most preferred orientation and C the least preferred. For this posi- 
tion of R, 'Orientations A and D were found to be equally probable. Th,e actual 
sums computed were: B, 41.45 8; A, 43.79 8; D, 43.62 8; C, 50.17 A. The 
difference of 0.17 8 between the sums in A and D is of about the same magnitude 
as the sum of errors involved in obtaining these sums (about 0.20 A), and is there- 
fore too small to be taken as indicative of a preference between the two 
orientations. 

Thus it is seen that the numbers which have been taken as a measure of the 
density of double bonds are different in a given orientation for different positions 

TABLE I1 
THE DISTANCES, I N  ANGSTROM UNITS, BETWEEN FOURTEEN PAIRS OF DOUBLE BONDS IN 

R = 180" 
FOUR MIJTUAL ORIENTATIONS OF ACETOXYTOLUQUINONE AND CYCLOHEXADIENE AT 

(INTERPLANAR DISTANCE = 1.39 A) 

-~ 
I 

3.87 
5.32 
4.07 
3.07 
5.23 
1.76 
1.23 
3.34 
3.60 
2.08 
1.25 
3.33 
2.10 
3.63 

_______ 

~- 

ARiso 
CRiso 
GRiso 
JRiso 
MRiao 
NRiso 
AG 
AJ 
AM 
AN 
CG 

ORIENTATION A 

I 

2.83 
4.60 
4.05 
2.94 
5.15 
1.72 
1.20 
2.28 
3.15 
1.15 
1.25 

C J  2.27 
CM I 1.15 
CN 3.20 

I1 

3.12 
4.87 
4.05 
2.94 
5.15 
1.72 
1.84 
2.65 
3.44 
1.80 
1.87 
2.64 
1.80 
3.49 

ORIENTATION B 1 ORIENTATION C 

I 

1.98 
4.12 
4.00 
2.92 
5.15 
1.75 
2.25 
1.22 
3.17 
1.14 
2.30 
1.25 
1.14 
3.20 

I1 

4.11 
5.50 
4.07 
3.07 
5.23 
1.76 
1.85 
3.62 
3.86 
2.45 
1.87 
3.62 
2.45 
3.88 

ORIENTATION D 

I 

1.96 
4.13 
4.08 
3.04 
5.21 
1.77 
3.36 
1.24 
3.60 
2.10 
3.33 
1.22 
2.07 
3.60 

I1 

2.40 
4.36 
4.08 
3.04 
5.21 
1.77 
3.62 
1.87 
3.88 
2.45 
3.62 
1.85 
2.45 
3.88 

Sum.. . .  . . . . . . .  . . . . I  41.38 [ I 40.17 I 1 47.34 1 1 44.48 

of the double bond r. For one position, orientation A is definitely more probable 
than orientation D; for another position, the probability of A is about equal to 
that of D. Conceivably, therefore, there may be positions which r can take, in 
which the order of preference B> A> D >  C >  may not hold. In  
order to apply the rule of Alder and Stein in such cases, all the positions of r 
must be investigated. 

What position does r have in acetoxytoluquinone alone and in the presence of 
cyclohexadiene (in orientations A, B, C ,  and D) in the absence of any additional 
solvent or in an indifferent solvent?' The reasonable assumption can be made 

7 A consideration of possible effects of the solvent on the orientation will be most interest- 
ing, but is outside the scope of this paper. All of the reactions with acetoxytoluquinone 
were carried out in nearly anhydrous ethanol, with the exception of one experiment with 
cyclohexadiene in which there was no additional solvent. 
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that in acetoxytoluquinone alone, the rule of Alder and Stein is already valid, 
and that in most of the molecules, the bond r is not necessarily in the plane of the 
quinone ring, but occupies whatever position corresponds to the maximum 
density of double bonds in the molecule. This position can be found from the 
following considerations, assuming that there is no rotation of the acetyl group 
about bond p from the position shown in Fig. 1:* 

Let R, be the midpoint of bond r when this bond is in the position coplanar with the 
quinone ring and more remote from N (Fig. 1). Kow bond r (as a par t  of the acetoxyl 
group) can rotate freely about bond 0, the midpoint R taking all possible positions on a 
circle (Fig. 3). -4s r rotates about o from the position stated, R passes through an arc of 
180" until r again is coplanar with the quinone ring. This is the other coplanar position of 
r and r is now nearer to  N. The midpoint of r in this position will be designated RIBO. 
If a line R,RlBo be drawn connecting these two points, the midpoint T (Fig. 1) will be the 
center of the circle which R describes. These relationships are clearly seen from Figure 3. 

The positions of R may now be described in terms of the angle 9 which T R +  makes with 
TR,. In  order to  determine the approximate position of R in the acetoxytoluquinone alone, 
i t  is only necessary to determine the distances GR, J R ,  MR, and N R  and find their sum for 
a sufficiently large number of values of +. The distance TR+ was measured from the 

FIG. 3. CONSTRUCTION DRAWING FOR TEE DETERMIXATION OF RR' FOR ANY VALUE 
OF ANGLE 4 

drawing (Fig. 1) and found to be 1.87 A. Since the projections of R on the plane of the 
quinone ring for different values of 9 all fall on the line RoRI8~,  the distances TR; will be 
1.87 cos +. Having calculated these and marked them off on RaR180, i t  was possible to  
measure GR', JR', MR', and NR' for various values of 4.  GR, J R ,  MR, and N R  could 
then be calculated since RR' = 1.87 sin 4.  The results are given in the first column of Table 
111. It is seen that  the sum of distances between double bonds is  the minimum when + is 
about 170", i.e., when the acetoxyl group is about IO" out of the plane of the quinone ring 
and near bond n. 

8 There is evidence from dipole moment data that  such rotation will not occur (29). 
Vector addition of the ketone and ether moments in the acetoxyl group leads to  the con- 
clusion that  rotation of the acetyl group about bond p is restricted with a single minimum 
in the position in which the moments are oppositely directed and the carbon and oxygen 
atoms of the acetoxyl group and the 5-carbon atom of the quinone ring are all in one plane. 
It would be interesting t o  calculate whether the same restriction in positions of the acetyl 
group would follow from the rule of Alder and Stein. Such a calculation would seem to re- 
quire a knowledge of the position of some point U a t  which all the Alder-Stein effects of the 
several fixed double bonds could be considered localized. Once U were located, the distance 
R U  could then be related to  the angle 4 (measuring rotation about the bond 0 )  and an angle 
e which would measure the rotation about bond p,  and i t  should then be possible to  deter- 
mine the values for RU, +, and e a t  which RU is a minimum. 
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Ci 

3CI 
45 
60 
75 
90 

105 
120 
135 
150 
165 
180 

151 

As the cyclohexadiene molecule approaches, the position of the acetoxyl double 
bond will change by virtue of the influence of two new double bonds, a and c. 
For any given distance of the plane of a and c from the plane of the quinone ring, 
e.g., 1.3!3 A, the minimum sum of distances between double bonds can be de- 
termined for different values of 4 providing rotation about p does not occur or 
is adequately described.8 The necessary distances are shown in Figure 4. 
For distances involving G, J, 31, and N,  it is only necessary to measure GR’, 

TABLE I11 
THE SUMS OF THE DISTANCES BETWEEN THE DOUBLE BONDS IN ACETOXYTOLUQUINONE AND 

FOR VARIOUS VALUES OF -$ 
I N  VARIOUS MUTUAL ORIENTATIONS O F  CYCLOHEXADIENE AKD ACETOXYTOLUQUINONE 

15.09 

15.06 
15.10 
15.11 
15.02 
14.92 
14.82 
14.65 
14.43 
14.19 
13.62 
13.86 

I 

(DEGREES) NONE ALONE 
ACETOXYTOLUQUI- 

ORIENTATION OF ACETOXYTOLUQUINONE AND CYCLOHEXADIENE 

A 

43.79 

43.09 
42.78 

42.18 
41.95 
41.62 
41.43 
41.25 
41.16 
41.07 
41.38 

B 

41.45 

40.49 
40.16 

39.71 
39.52 
39.48 
39.55 
39.63 
39.75 
39.65 
40.17 

C 

50.17 

49.44 
49.18 

48.43 
47.99 
47.69 
47.43 
47.11 
46.85 
46.49 
47.34 

D 

43.62 

42.45 
42.24 
42.06 
41.98 
42.11 
42.43 
42.84 
43.21 
43.45 
43.48 
44.48 

R d o  1.67 S m )  

FIG. 4.  CONSTRUCTION DRAWINGS FOR THE DETERMINATION OF AR, CR, AND GR, JR 

JR’, MIR’, NR’, A’G, etc. For the distances AR and CR, 
i t  is necessary to measure AIR’ and C’R’, and to calculate y which is RR’ - 
AA’ or 1.87 cos 4 - 1.39. The fourteen distances have been calculated for a 
number of values of 4 and the results are given in Table 111. 

It is seen that a t  any value of 4 which was investigated, B is the most preferred 
orientat,ion; and therefore the rule says that the compound obtained in the 
largest ;yield is the angular acetate XXV.Q Likewise a t  all values of 4,  C was 

9 The values in Table I11 are plotted in Fig. 5. It is seen to  be unlikely that the B curve 
would ever rise above the A, D, or C curves. Investigation of further values of 4 is there- 

RR1 = 1.87 sin 4. 
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the least preferred orientation. The relation of the sums in A and D change 
with 4, but a t  all angles from 105" to 180", the sum of the distances is less in A; 
and therefore A can be considered the preferred orientation with respect to D, 
since $I is 170" just before reaction. 

From the values in Table I11 or the curves in Figure 5 it is not possible to 
determine 4 a t  the minimum sums of distances with precision because of the 
small variation in these sums with change in C$ at some portions of the curves. 
Although precise values for these angles could possibly be determined by methods 

I I I I I I I 
34 LE ')O I ao IS0 I80 

DEGREES p' 
FIQ. 5. GRAPHIC REPRESENTATION OF PART OF TABLE 111 

Abscissae: Values of angle $J in degrees. Ordinates: Sums of the distances in A. units 
between the double bonds in various mutual orientations of cyclohexadiene and acetoxy- 
toluquinone. 

of calculus, such procedure may not be necessary in many cases to determine the 
order of preferred orientation. 

DlSCUSSION 

According to the rule of Alder and Stein, on mixing acetoxytoluquinone and 
cyclohexadiene most of the molecules will become oriented according to B 
(Figure 1) with bond r lying in a plane nearly perpendicular to the planes of the 
rings. The angular acetate (XV-A) of m.p. 123-124" which was the chief prod- 
fore unnecessary. Orientation C i s  seen to  have a very low probability, while D is definitely 
more probable than A only in the range $J = 100" t o  180'. 
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uct should therefore have structure XXV, and the angular acetate (XV-B) of 
m.p. 84-87' must be the isomer XXVI. The enol of m.p. 152-153' may be 
related to the acetate XXXIV, since this structure results from orientation A, 
and only one enol was isolated. The least probable product is the compound 
XXXV, The experimental findings in the case of this reaction are in good 
agreement with predictions which one could make from the rule. 

It would next be valuable to  analyze the reaction of acetoxytoluquinone and 
hexatriene from the standpoint of the rule since we wish to know which of the 
theoretically possible structures should be assigned to the angular acetate (some 
diastereoisomer of VI11 or IX), obtained in 45% yield, and to the enol acetate 
(some diastereoisomer of IV or V), the enol of which was obtained in 21% yield, 

V Vlll 

.L 
I X  

J. 
IV 

FIG. 6. FOUR ALDER-STEIN ORIENTATIONS OF TRANS-HEXATRIENE AND 
ACETOXYTOLUQUINONE 

Two coplanar positions of the acetoxyl group are shown. The products to  be expected 
from each are shown. 

Such an analysis will be much more difficult than in the case of the acetoxytolu- 
quinone-cyclohexadiene reaction, and it is still far from completed. In  the 
first place it is unknown whether the hexatriene used consisted of the cis or 
trans isomer or a mixture of the two (10). The analysis will be somewhat 
simpler if it is assumed that trans-hexatriene is reacting. By inspection of 
formulas drawn to scale (Fig. 6 ) ,  it can be seen that orientation A is preferred to 
C, and :B is preferred to D. Here, in addition to the free rotation of the acetoxyl 
group adready considered, free rotation is possible about bonds b and d of the 
triene molecule. It would appear that, in order to achieve maximal density of 
double bonds, the acetoxyl group would take some position corresponding to a 
considerably greater value of the angle 9 than go', due to the presence of the 
double bond e which was not present in cyclohexadiene. Likewise the vinyl 
group would rotate about d so that the bond e would approach the acetoxytolu- 
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quinone molecule. This mutual approach of e and r would presumably cease 
some time before the distance E R  became zero, because of the mutual inter- 
ference in space between the acetoxyl and the vinyl groups. Rotation of the 
dienyl system abc about d and the vinyl group including a about b would also 
occur in the direction of the quinone molecule. Accordingly the hexatriene mole- 
cule, as well as the quinone molecule, would almost certainly not remain in the 
planar configuration which Figure 6 suggests. However, whatever the mag- 
nitude of these probable rotations, the orientations A and B appear the two most 
probable, and A is preferred to B. 

Orientation A leads to the angular acetate VI11 in which the acetoxyl group 
is ortho to the vinyl. Trans-hexatriene, therefore, is predicted to give more of 
VI11 than of the position isomer IX;  and since only one angular acetate was ob- 
tained, the compound of m.p. 109-110", this substance may have structure VIII. 
VI11 can exist in two diastereoisomeric forms; we have been unable to  make a 

A 

pm D. 
FIG. 7. Two ALDERSTEIN ORIENTATIONS OF CIS-HEXATRIENE AND 

ACETOXYTOLUQUIWONE 
Two coplanar positions of the acetoxyl groups are shown. The products to be expected 

from each are indicated. 

choice between these two by inspection of formulas and we leave this question 
open for future analysis. 

Orientation B leads to the enol acetate V, which may represent the structure 
of the enol acetate, m.p. 135-140" which yields on hydrolysis the enol, m.p. 
206-210". These compounds can also exist in two diastereoisomeric forms; 
here again we feel unable to make a selection without comparing the sums of 
distances involved in various configurations of the reactant molecules. 

The rule predicts then that trans-hexatriene will yield VI11 rather than IX 
and V rather than IV. If structural analysis of the angular acetate and enol, 
which seems feasible, should confirm this prediction, we should have evidence 
that the hexatriene used was the trans isomer, for cis-hexatriene can be expected 
to give nearly equal amounts of VI11 and I X  (Fig. 7). Nearly equal amounts 
of IV and V should also be obtained from cis-hexatriene. 

In  this connection the dimerization of hexatriene observed by Kharasch and 
Sternfeld (10) is of interest because only one isomer was isolated and this in over 
50% yield. The adduct was 4-butadienyl-3-vinylcyclohexene (Fig. 8). If the 
3,5-isomer was not formed, this would be evidence, granting the validity of the 
Alder-Stein rule under the conditions of the dimerization, that only trans- 
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hexatriene reacted, for trans-hexatriene can give only the 3,4-dimer, while cis- 
hexatriene should give nearly equal amounts of the 3,4- and 3,5-dimers. 

Alder and Windemuth (20) have found that diene additions occur selectively 
even when no double bonds are present other than the three which take part in 
the formation of the new ring. They suggest that in such cases there is a tend- 
ency for the reactant molecules to orient themselves so that there is a maximum 
accumulation of groups containing unshared electron pairs. This rule of Alder 
and Wiridemuth should be applied in conjunction with that of Alder and Stein. 
In  many reactions both orienting double bonds and unshared electron pairs are 
present. In  the case of the acetoxytoluquinone-cyclohexadiene reaction we 
venture to say that the unshared electron pairs (at the oxygen atoms) are so 

34 3,5 

FIG. 8. ALDER-STEIN O R I E N T a T I O N  DIAGRAMS SHOWING THE DIMERIZATION OF HEXATRIENE 
A and B: trans-hexatriene plus trans-hexatriene. C and D: trans-hexatriene plus cis- 

hexatriene. E and F: cis-hexatriene plus cis-hexatriene. The expected butadienylvinyl- 
cyclohexenes are indicated. 

placed that taking them into account will not appreciably alter the conclusions 
already drawn regarding the order of preferred orientations. However, this 
will not be true for all reactions. 

SUMMARY 

When 1,3-~yclohexadiene and 1 ,3,5-hexatriene react with 5-acetoxy-l , 4- 
toluquinone, addition occurs at both the acetoxyethene and the methylethene 
links. The principal product is an angular acetate in each case. An angular 
acetate was the sole product isolated after reaction of 2,3-dimethyl-l,3-buta- 
diene with acetoxytoluquinone. This preferred addition to the acetoxyethene 
link is predictable by application of the rule of Alder and Stein. 
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Three of the four theoretically possible isomers were isolated from the reaction 
products of cyclohexadiene and acetoxytoluquinone. Two of these were angular 
acetates and one was an enol. The structures of the endo and exo angular ace- 
tates were proved by conversion to 2-methyl-1 ) 4-naphthoquinone. The struc- 
ture of the angular acetate from dimethylbutadiene was proved by conversion to 
2,6,7-trimethyl-lJ 4-naphthoquinone. 

Hexatriene and acetoxytoluquinone gave an angular acetate and an enol in 
substantial yields. The structures were not proved. According to the rule of 
Alder and Stein the acetoxyl and vinyl groups should be ortho in the angular 
acetate and the methyl and vinyl groups meta in the enol. 

It would seem profitable to employ the rules of Alder and Stein and Alder and 
Windemuth in the prediction of products and as a guide in structural analysis, 
when necessary by actual calculation of the distances between the various pairs 
of double bonds and unshared electron pairs. 

BELTSVILLE, MD. 
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The higher molecular weight glycols are of considerable physiological interest, 
first because of their possible presence in lipid hydrolysates (l), second because 
of their relationship to sphingosine, a known component of many lipids, and 
third beioause of their possible role in intermediate fat metabolism.1 As part 
of an investigation on the higher molecular weight glycols this communication 
will be confined to  a description of the synthesis of several typical 1 ,Z-glycols, 
and a brief account of some of their derivatives which may be suitable either 
for their characterization or their isolation and purification. 

Applying the excellent procedure developed by Boord and his co-workers (4), 
the alkyl bromide, RCHzBr, was converted into the alkene-1, RCHzCH= CHz, 
and the latter compound transformed into the l,Zglycol, via the di- 
benzoate, with the aid of silver iodine dibenzoate (5 ) .  Of the three glycols 
synthesized by this procedure, one, 1 ,2-hexadecanediol, has been prepared 
before (8-S), but in this case the previous methods of preparation differed from 
that  described above. The isopropylidine derivatives of the glycols were found 
to  be quite satisfactory for the isolation and purification of the 1 , 2-glycols, 
whereas for purposes of characterization the diacetates and the di(N-pheny1: 
carbama,tes) appeared to  be more suitable. Xixed melting point determina- 
tions uplon known mixtures of the glycols leave little doubt that these mixtures 
form solid solutions, but i t  is clear that the admixture of more than five per cent 
of a honiolog containing two more or less carbon atoms can be detected by a 
melting point determination. 

 EXPERIMENTAL^ 

n-Tetradecyl bromide. Technical myristic acid was esterified with 2% methanolic hydro- 
gen chloride and the resulting product fractionally distilled3 to  give 42% of methyl myri- 
state, b.p./5 mm. 141.5-142.5", f.p. 19.2', n: 1.4353. This ester was reduced with sodium 
and butanol (10) to  give 60% of tetradecanol, b.p./3 mm. 128-132", m.p. 38.5" (11). This 
alcohol was then converted into the bromide, following the procedure of Kamm and Marvel 
(12). The bromide, b.p./5 mm. 145.7-147.0", was found to contain a small amount of 
unreactecl tetradecanol. Fortunately the alcohol is quite insoluble in the bromide a t  the 
melting point of the latter compound, and after removal of the alcohol by filtration the 

1 Waelwh and Sperry ( 2 )  and Stetten and Schoenheimer (3) have shown that  a close 
physiological relationship exists between acid and alcohol and the question therefore arises 
as to  the possibility of a similar relationship between a-hydroxy acid and 1,2-g1ycol. 

2 Microanalyses by Dr. G. Oppenheimer and Mr. G. A. Swinehart. 
3 The apparatus used in  this and all subsequent fractionak distillations consisted of an 

electrically heated Vigreux column, 100 cm. in length, equipped with a total reflux variable 
take-off head. Pressures were kept constant with a sulfuric acid manostat (9). 

227 



2 28 CARL NIEMANN AND CHARLES D.  WAGNER 

n-tetradecyl bromide, f.p. 5.5", n: 1.4608, n: 1.4565, was obtained in a 71% yield. Meyer 
and Reid (11) report the f.p. 5.67" for n-tetradecyl bromide. 

Three hundred grams of a,@-dibromoethyl ethyl ether (4) in 500 ml. of 
ether was added, with vigorous stirring, to  a Grignard reagent prepared from 423 g. of 
tetradecyl bromide, 37 g. of magnesium, and 1500 ml. of ether, a t  such a rate that the tem- 
perature remained a t  or below 25". The mixture was poured onto 4 kg. of ice, acidified with 
dilute hydrochloric acid, the aqueous phase discarded, and the ethereal phase washed with 
dilute hydrochloric acid and water. The residue remaining after removing the solvent 
from the dried ethereal phase was filtered, and the filtrate distilled to give 318 g. (60%) of 
a-tetradecyl-8-bromoethyl ethyl ether, b.pJ0.2 mm. 145-165", f.p. 23.5'. The solid re- 
covered in the previous step proved to be n-octacosane, m.p. 61.5", after repeated recrystal- 
lization from isopropyl ether. Two 
hundred eighty-five grams of a-tetradecyl-p-bromoethyl ethyl ether, 600 g. of zinc dust, 
and 600 ml. of n-butanol were refluxed, with stirring, for twenty-four hours, the mixture 
cooled, centrifuged, the precipitate washed with ether, and the washings and supernatant 
liquid combined. The solution was shaken with 75 ml. of water, filtered, the filtrate dried, 
and the butanol and ether removed i n  vacuo to give, after cooling, a residue of two phases, 
The upper phase was separated and distilled a t  0.5 mm.; the distillate was then fractionally 
distilled a t  3 mm. to give 120 g. of hexadecene-1, b.p. 122.0-122.5". This product contained 
a small amount of tetradecanol as  an impurity, but as the alcohol is insoluble in the hydro- 
carbon a t  a temperature just above the melting point of the latter compound, filtration gave 
114 g. (62.5%) of hexadecene-1, f.p. 4.0", b.p./3 mm. 122.0-122.5", nz 1.4410, n: 1.4372. 
Egloff (13) gives the following constants for hexadecene-1, m.p. 4", b.p./3 mm. 123", n: 
1.4417. The tetradecanol was identified by a mixed m.p. with an authentic specimen of the 
alcohol. 

1 ,I-Hexadecanediol. Applying the method of Prevost (5), 10.6 g. of iodine in 100 ml. of 
benzene was added, with shaking, to a suspension of 26.5 g. of silver benzoate in 150 ml. of 
benzene. To this solution was added, slowly and with shaking, 10.5 g. of hexadecene-1 in 
50 ml. of benzene.' The mixture was refluxed for one hour, cooled, filtered, and the filtrate 
freed of solvent. The residual glycol dibenzoate was saponified by refluxing for three 
hours with 12 g. of potassium hydroxide in 75 ml. of ethanol and 25 ml. of water. The 
glycol was recovered by pouring the above hydrolysate into 500 ml. of hot water. After 
cooling, the crude glycol was collected, recrystallized from methanol twice, then from lig- 
roin (b.p. 60-70"), and finally from methanol to give 4 g. (33%) of 1,2-hexadecanediol, 
m .p . 73.1-73.6' .6 

Hexadecene-f. 

Egloff (13) gives the m.p. of n-octacosane as 61.6". 

Anal. Calc'd for ClaHs402 (258.4) : C, 74.4; H, 13.3. 
Found: C, 74.4; H, 13.3. 

n-Hexadecyl bromide. Methyl palmitate, b.p./5 mm. 163-163.5", f.p. 29.0°, prepared 
from bayberry wax (14) was reduced with sodium and butanol (10) to give 67% of n-hexa- 
decanol, b.p./3 mm. 144-146", f.p. 49.0" (15). The alcohol was converted into the bromide 
(12), and after removing the unreacted alcohol by filtration a t  20" the product was frac- 
tionally distilled to give 75% of n-hexadecyl bromide, b.pJ1.5 mm. 153-154", f.p. 17.8", 
n: 1.4627, n: 1.4592 (11). 

Octadecene-1. From 1.667 kg. of n-hexadecyl bromide, 134 g. of magnesium, and 1.125 kg. 
of a,@-dibromoethyl ethyl ether (4) we obtained 1.430 kg. (70%) of a-hexadecyl-p-bromo- 
ethyl ethyl ether, b.p./0.3 mm. 160-180", f.p. 28.5-29.5', and 32 g. of dotriacontane, m.p. 

' A11 reagents and solvents were thoroughly dried. 
This m.p. was determined in a capillary tube immersed in a bath whose temperature 

was raised 0.25"/minute. The discrepancy between the above m.p. and the one reported 
by Krafft and Grosjean (6) (75-76") is probably due to  a variation in the technique of the 
m.p. determination as we were able to observe the m.p. 76-77"when the rate of heating was 
raised to  l"/minute. 
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69.0', after repeated recrystallization from isopropyl ether. Egloff (13) gives 70.3" as the 
m.p. of dotriacontane. After 940 g. of a-hexadecyl-p-bromoethyl ethyl ether and 2 kg. of 
zinc dust in 2 1. of amyl alcohol had been refluxed for twenty-four hours, 300 g. of zinc 
dust mas added and the suspension heated for an additional twenty-four hours. The 
reaction mixture was cooled, centrifuged, and 800 ml. of water added to the supernatant 
liquid. After precipitation was complete the precipitate was removed, and the alcohol 
phase dried over sodium sulfate. After removal of the solvent the crude octadecene-1 was 
distilled a t  2.5 mm. and the distillate fractionally distilled a t  3 mm. to  give 289 g. (46%) of 
octadecene-1, b.p./3 mm. 144-146", f.p. 17.5", n: 1.4448, ng 1.4412. Egloff (13) gives the 
following constants for octadecene-1, m.p. 18", n: 1.4443, n; 1.4411. 

1,Z-Octadecanediol. From 288 g. of octadecene-1, 620 g. of silver benzoate, and 290 g. 
of iodine (5) we obtained a crude dibenzoate which was saponified, with 300 g. of potassium 
hydroxide in  2 1. of ethanol and 700 ml. of water, to  give 1,2-0ctadecanediol, 239 g. (73%), 
m.p. 79.(!-79.5", after alternate recrystallization from methanol and ligroin (b.p. 60-70"). 

Anal. Calc'd for C,8H3802 (286.5): C, 75.5; H, 13.4. 
Found: C, 75.3; H, 13.2. 

n-Octtrdecyl bromide. Technical methyl stearate (1.5 kg.) was hydrogenated, at 120" 
and 140 atm., over 50 g. of Raney nickel, and the resulting esters fractionally distilled to  
give 450 g. of methyl palmitate, b.p./1.5 mm. 14@-145" and 350 g. of methyl stearate, b.p./1.5 
mm. 164-167", f.p. 37.0'. Three hundred forty-nine grams of methyl stearate, f.p. 37.0°, 
dissolved in ethanol, was hydrogenated a t  250" and 225 atm., over 20 g. of copper chromite 
(16) to give, after removal of the solvent and subsequent distillation, 298 g. of octadecanol, 
b.p./5 mm. 165-170'. The alcohol was further purified by recrystallization from isopropyl 
ether to give 270 g. (85%) of octadecanol, m.p. 58.0" (15). The alcohol (270 g.) was con- 
verted into the bromide (12) and the latter fractionally distilled to  give 247 g. (74%) of 
n-octadecyl bromide, b.pJ1.5 mm. 168.0-169.5", f.p. 27.4" (11). 

Eicoscne-1. a,B-Dibromoethyl ethyl ether (170 g.) in 500 ml. of ether m s  added to  a 
Grignard reagent prepared from 247 g. of octadecyl bromide, 18.1 g. of magnesium, and 1 1. 
of ether. After hydrolysis of the reaction mixture with ice and dilute hydrochloric acid 
the ethereal phase was washed with saturated aqueous sodium sulfate, with water, filtered, 
and the filtrate dried over calcium chloride. Upon removal of the ether a dark, viscous 
residue was obtained, which was dissolved in twice its volume of isopropyl ether and de- 
colorized with alumina to  give a light red solution. Evaporation of the solvent gave 190 
g. of crude a-octadecyl-p-bromoethyl ethyl ether! Fourteen grams of hexatriacontane, 
m.p. 76" Jfter repeated recrystallization from isopropyl ether, was obtained as a by-product 
of the Grignard reaction. Egloff (13) gives 76" as the m.p. of hexatriacontane. One hun- 
dred ninety grams of crude a-octadecyl-6-bromoethyl ethyl ether in 800 ml. of amyl alcohol 
was refluxed with 400 g. of zinc dust for twenty hours, then between the twentieth and forty- 
eighth hour of refluxing, 500 additional g .  of zinc dust was added in three portions. The 
reaction mixture xas  cooled, centrifuged, the precipitate washed with isopropyl ether, and 
the washings and supernatant liquid added to 100 ml. of water. The suspension was shaken, 
the reddish solution recovered, distilled, and the distillate fractionally distilled to give 22 
g. of eicosene-1, b.p./1.5 mm. 151". This product contained a small amount of n-octa- 
decanol,' which was removed by filtration a t  30" leaving 18.2 g. of eicosene-1, b.p./1.5 mm. 
151", f.p. 28.5", n! 1.4440. The over-all yield from n-octadecyl bromide to eicosene-1 was 
8.7%. 

The glycol dibenzoate prepared from 18.2 g. of eicosene-1, 29.8 g. of 
silver benzoate, and 16.4 g. of iodine (5) was saponified in the usual manner. The crude 
glycol so obtained was alternately recrystallized from methanol and ligroin (b.p. 60-70") to  
give 14.2 g. (70%) of 1,2-eicosanediol, m.p. 84.3-84.8". 

1,Z-Eicosanediol. 

6 The bromo ether could not be distilled without decomposition. 
7 Identified by a mixed m.p. with an authentic specimen of n-octadecanol. 
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COMPOUND 

A n a l .  Calc'd for C~OHI,O, (314.5) : C, 76.4; H, 13.5. 
Found: C,76.5;H, 13.4. 

Glycol-acetone condensation products. One gram of the glycol in  10 ml. of acetone was 
shaken for six hours with 1.2 g. of anhydrous cupric sulfate. After filtering the suspension, 
the excess acetone was removed and the residue distilled at a pressure not greater than 0.2 
mm. The distillate was allowed to  stand a t  a temperature 1' above its melting point for 

TABLE I 
GLYCOL-ACETONE CONDENSATION PRODUCTS 

M.p. "c Calc'd 

C H 

76.5 12.8 
77.2 13.0 
77.9 13.1 

Found 

C H 

76.7 13.0 
77.1 13.0 
77.7 13.1 

_ _ _ ~ _ _ _ ~  

ANALYSIS 

Isopropylidene-l,2-hexadecanediol . . . . . . . . . . .  
Isopropylidene-l,2-octadecanediol. . . . . . . . . . . .  
Isopropylidene-l,2-eicosanediol. . . . . . . . . . . . . .  

22.9 
31.3 
36.7 

TABLE I1 
GLYCOL DIACETATES 

1,2-Diacetoxyhexadecane8, . . . . . . . . . . . . . . . . . .  
1,2-Diacetoxyoctadecane. . . . . . . . . . . . . . . . . . . . .  
1,2-Diacetoxyeicosane. . . . . . . . . . . . . . . . . . . . . . .  

coMpouhn 

30 
40 
47 

I M.p. O c  

i 
70.1 11.2 
71.3 I 11.4 
72.4 11.6 

ANALYSIS 

70.1 11.0 
71.4 11.7 
72.4 11.8 

Calc'd Found 

C I H  

COYPOUlrP M.p.  o c  

---- H N  

8.9 5.6 

9.2 5.3 

9.5 5.1 

TABLE 111 
GLYCOL DI(N-PHENYLCARBAMATES) 

C i H  
72.8 ~ 9.2 

73.4 9.3 

74.0 1 9.4 

1,2 - Hexadecanediol di (N-phenylcar- 
bamate).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,2 - Octadecanediol di(N-phenylcar- 
bamate). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,2 - Eicosanediol di(N-phenylcarbam- 
ate). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

95 

99.5 

103.5 

ANALYSIS 

- 
C 

72.6 

73.2 

73.9 

- 
N 

5.9 

5.5 

5.2 

five hours and then filtered to  remove any unreacted glycol. For analysis the isopropyl- 
idene compound was recrystallized from isopropyl ether. The yield of pure isopropylidene 
glycols was generally about 90%. 

8 Krafft and Grosjean (6) give the m.p. of 1,2-diacetoxyhexadecaneJ prepared from 1,2- 
dibromohexadecane and silver acetate, as 56-57". Having in mind the possibility of an 
ortho ester type of structure, we repeated the synthesis of Krafft and Grosjean but were 
unable to  confirm their results, as the diacetate so prepared had the m.p. 30" and was identi- 
cal with the one described above. 
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The glycols were regenerated from the isopropylidene compounds by dissolving these in 
four times their weight of methanol, adding a 300% molar excess of water and a drop of 
conc'd hydrochloric acid, and heating the mixtures until they were homogeneous. Upon 
cooling, the glycols were recovered and recrystallized from methanol. The yield was gen- 
erally about 90%. When specimens of recrystallized 1,2-hexadecanediol, 1 , 2-octadecan- 
ediol, and 1,2-eicosanediol were converted into their isopropylidene compounds and then 
regenerated, the melting points of the recovered glycols were identical with those of the 
corresponding original glycols .9 

GZycoZ diacetates. One gram of the glycol in 4 ml. of pyridine was acetylated with 4 ml. 
of acetic anhydride. The reaction mixture was taken up in ether and the ethereal solution 
washed w-lth aqueous sodium carbonate. After removal of the solvent the ester was re- 
crystallized from methanol. 

Glycol di(,V-phenylcarbamates). Two grams of the glycol in 10 ml. of benzene was 
refluxed f l x  six hours with 3.5 ml. of phenyl isocyanate, the excess benzene and phenyl 
isocyanate removed by distillation, and the residue recrystallized from isopropyl ether to 
constant melting point. 

TABLE IV 
MELTING POINTS OF GLYCOL MIXTURES'O 

GLYCOL A 

25% Czo 

:loo% Czo 

GLYCOL B 

1- 

25% Cis 
50% Cis 
75% cis 

100% C I S  

75% CIS 
50% Cis 
25% Cis 

h1.p. oc5 

73.1-73.6 
69.2-70.2 
69 3-71.2 
73.7-74.7 
79 .o-79.5 
77.2-77.8 
77 .&78.7 
79.8-80.8 
54.3-84.8 

Melt ing points  of glycol mixtures .  In order to determine the melting point depression 
caused by homolog admixture, known quantities of the pure glycols mere dissolved in 
methanol and the solutions slowly evaporated to dryness .I1 

Amixture of 3.75 g. of 1,2-octadecanediol, 6 g. of lead 
tetraacetate, and 20 ml. of glacial acetic acid was shaken for five hours a t  25". The clear 
solution was then distilled and the distillate collected in 25 ml. of cold water. The addition 
of dimedon (17) to this solution resulted in the isolation of the formaldehyde-dimedon con- 
densation product, m.p. 190", in an 80% yield. 

Degradation of i ,9-octadecanediol. 

SUMMARY 

1. The Boord alkene-1 synthesis has been extended to  members of a homo- 
The logous series containing sixteen, eighteen, and twenty carbon atoms. 

preparation of eicosene-1 is described for the first time. 
9 Impure specimens of 1,2-glycols were readily purified by this process. 
10 Per cent by weight. 
11 As might be expected the glycols exhibit polymorphism and consequently the m.p. of 

any given preparation is dependent upon its previous history. We therefore have confined 
our investigations to  the form which is obtained by crystallization from methanol though 
i t  is possiible that  in the course of the m.p. determinations a slow transformation from one 
form into the other was taking place. 
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2. 1,2-HexadecanedioI, 1,2-0ctadecanediol, and 1 ,2-eicosanediol have been 
synthesized, the latter two for the first time, and an account is given of some 
of their derivatives which are suitable either for their isolation or characteri- 
zation. 

PASADENA, CALIF. 
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Previous work from this laboratory has shown that the preparation and hy- 
drolysis of the Grignard reagent from either crotyl or methylvinylcarbinyl 
bromides (la) and chlorides (lb) produces the same mixture of butenes. The 
rearrangement of butenyl radicals during the reaction may be attributed to 
two or perhaps three possibilities, (A) the formation of the same mixture of 
butenylmagnesium halides from all of the halides a t  the instant the halide 
reacts with the metal, due to resonance between the primary and secondary forms 
of an intermediate unfree carbonium ion or free radical in the activated complex; 
(B) the establishment of equilibrium between the primary and secondary buten- 
ylmagnesium halides after the Grignard reagent has been formed; or (C) re- 
arrangement during the reaction of the reagent with water. 

Process (B) would presumably result from establishment of the following 
equilibrium which has been postulated by many workers in recent years. 

2RMgX e R2Mg + MgXz 

However, if rearrangement of the butenyl radical is to result from establish- 
ment of equilibrium between RMgX and R2Mg, it may be necessary to modify 
the equations to involve the formation of an ionic intermediate, a resonating 
butenyl carbanion, since recent work in this laboratory indicates that replace- 
ment reactions of allylic systems are normal if the reaction is a second order 
process but abnormal (involving rearrangement) if the reaction is first order 
(carbonium ion type)? The ionic equivalent of the equilibrium in process B 
is indicated as follows: 

1 This work was accomplished with the aid of a grant from the Board of Research of the 
University of California. 

2 We recognize the uncertainty involved in drawing this analogy between displacement 
reactions in which the allylic system is an electron acceptor and reactions of these Grignard 
reagents in which the allylic system is apparently an electron donor. However, until 
sufficient evidence is available to settle the question it seems reasonable to assume tha t  
abnormal reactions arise only when the carbon-magnesium bond becomes sufficiently ionic 
to  allow resonance to occur. We also recognize that rearrangements during the formation 
and subsequent reactions of these Grignard reagents are not strictly allylic rearrangements 
since they may not involve an anionotropic shift. However, the starting materials and 
frequently the final products are true allylic isomers. Consequently i t  is appropriate to 
extend the term allylic rearrangement to include abnormal reactions of these Grignard 
reagents. 
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Cr-MgBr $ bu- + MgBrf + Mvc-MgBr 

bu- + Cr-MgBr e [ c::;:::c ] + Br- 

bu- + Mvc-MgBr e [ :::;.:c ] + B1- 

where Cr = crotyl; Mvc = methylvinylcarbinyl and 

l- H H H H  
HC-C=C-C: 

11 
H H H H 1 

HC-C-C=CH 

Hence possibility (B) represents a dynamic equilibrium between the secondary 
and the cis and trans primary forms of the butenyl Grignard reagent, while 
possibility (A) assumes the existence of cis and trans crotyl and methylvinyl- 
carbinyl radicals bonded to magnesium in a more or less stable manner, these 
radicals being formed during the reaction of the butenyl bromide with the mag- 
nesium and retaining their identity thereafter. The latter possibility is favored 
by the fact that reaction of the Grignard reagent with oxygen to form alcohols 
(2) or with allyl bromide (3) to form heptadienes, leads to the same mixture of 
primary and secondary radicals as that produced by the action of water (1) 
on the reagent. The rate of reaction of the three forms of the Grignard reagent 
would not be the same with all reactants and consequently different mixtures 
would result if a rapidly established ionic equilibrium such as that required by 
postulate (B) actually existed. Possibility (C) requires that both the primary 
and secondary forms of the Grignard reagent!, 

H H  H H H H H  
HC-C=C-C-MgX and HC-C-C=CH, 

H H H  H I  
MgX 

react by chelation at both the CY and y carbons to give the same proportion of 
primary and secondary radicals regardless of whether the reactant is water, 
oxygen, or butenyl halide. Since this mechanism (4) is the most satisfactory 
one yet proposed to account for the abnormal reactions of benzyl- and naphthyl- 
magnesium halides it should not be overlooked. However, it seems unlikely 
that it would lead to the same ratios of primary an dsecondary radicals during 
reactions with the substances mentioned above. Furthermore it would not 
adequately account for the great difference in composition of butene mixtures 
obtained (5) from the reaction of butenyl halides with various metals. Even 
if the Grignard reagent is a mixture of the primary and secondary forms pro- 
duced by possibility (A) it would be unlikely that a second rearrangement by 
possibility (C) would produce the same ratio of butenyl radicals when reacting 
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with the three different reagents. It is entirely possible, however, that carbonyl 
compounds such as formaldehyde, acetaldehyde, and ethylene oxide which react 
abnormally with benzylmagnesium chloride will also react abnormally with 
butenylmagnesium halides. Reactions of this type are being investigated. 

Other evidence against the establishment of equilibrium between the butenyl 
radicals after formation of the Grignard reagent (possibility B) is found in the 
work of Noller and Raney (6), which indicates that the equilibrium between 
butylmagnesium chloride and dibutylmagnesium requires from 50-200 hours to 
be established. On the other hand we find that freshly prepared butenyl 
Grignard reagents give the same butene mixture on hydrolysis as those which 
have stood 50-100 hours. Cope (7), and Noller and White (8) have shown that 
the addition of dioxane causes the conversion of RMgX into RSMg, which re- 
mains in solution while the unreacted RMgX and MgXz are precipitated as 
dioxane complexes. The rapid formation of R2Mg in this manner compared to 
the rate of establishment of the equilibrium studied by Noller and Raney (6), 
might be taken as indication that dioxane causes the production of a carbanion 
which reacts rapidly with RMgX to form RZMg. If this interpretation is cor- 
rect we have an excellent way to test the relative merits of possibilities (A) 
and (B). The addition of dioxane to the butenyl Grignard reagent would pro- 
duce the resonating butenyl carbanion 

H H H H -  1 ( H  H H ' *  H 

H H H H  
HC-C=C-C: , HC-C-C=C 

which could react with RMgX to form dibutenylmagnesium. If this butenyl 
carbanion were involved in the original rearrangement of the allylic system 
(possibility B) we would not expect the ratio of primary and secondary isomers 
to change during the formation of R2Mg. However, if the original rearrange- 
ment resulted from resonance of the butenyl carbonium ion or free radical (possi- 
bility A) while the conversion of RMgX to RzMg involves resonance of the 
carbanion we would expect a change in the ratio of primary and secondary 
butenyl radicals. 

In the present investigation it has been shown that the addition of 
dioxane to butenylmagnesium bromide produces a precipitate containing the 
butenylmagnesium bromide-dioxane complex and a solution of dibutenyl- 
magnesium. Hydrolysis of the precipitate liberates the same butene mixture 
as the original Grignard reagent, while hydrolysis of the dibutenylmagnesium 
solution yields a butene mixture of different composition. 

Discussion of Results 
In  the preliminary work (run 1) the butenylmagnesium bromide-dioxane 

precipitate was discarded and the solution containing the dibutenylmagnesium 
was converted to a butene mixture by hydrolysis, since it was from the dibutenyl- 
magnesium portion of the reaction mixture that we expected to find evidence 
that dioxane had actually initiated the allylic rearrangement which was 
anticipated. 
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1-BUTENE 

When analysis of the butene mixture from experiment 1 showed that the 
allylic composition of the butenyl radicals in the ether solution had changed, the 
following explanations were considered : 

(I) That the addition of dioxane had initiated an allylic rearrangement during 
the formation of the dibutenylmagnesium. If this were true then the average 
composition of all radicals present in the RzMg and RMgX portions of the re- 
action mixture should differ from that found in the original Grignard reagent 
by butene analysis. 

(11) That no allylic rearrangement was initiated by the treatment with 
dioxane, but the dioxane merely brought about a redistribution of the butenyl 
radicals between the RMgX and RzMg components by a bimolecular process 
in which the butenyl radicals are not free to resonate. In this case the composi- 
tion of the butenes obtained from the dibutenylmagnesium would be different 

%BUTENE 

TABLE I 
ANALYSIS OF BUTENES FROM DIBUTENYLMAGNESIUM PRODUCED BY TEE ADDITION OF 

DIOXANE TO BUTENYLMAGNESIUM BROMIDE 

Dibutenylmagnesium 

Dibutenylmagnesium 
from run lo . .  . . . . . . . .  

from run 2a. . . . . . . . . .  

SOURCE OF BUTENEMIXTUBE 

.0566 1.7830 44.7 

.0560 1.7831 44.0 
Dibutenylmagnesium 

from run 3". . . . . . . . . .  ~ ,0564 1 .7747b 44.8 
-1 

31.5 ~ 23.8 

32.0 33'2 ~ 1::: 
32.2 f.31 23.2 1.41 

I 

METHOD OF ANAL. 

Reaction rate 

Reaction rate 

Frey-Hepp 

a Each run consisted of two experiments on 0.4 mole quantities of the butenyl bromide, 

b A low density due probably to traces of impurity. 
the dibromobutanes from each experiment being combined for analysis. 

from that obtained from the RMgX-dioxane precipitate but the average com- 
position of the radicals present in both phases would be identical with that in 
the original Grignard reagent. 

In order to distinguish between explanations (I) and (11) a series of experi- 
ments were made in which both the dibutenylmagnesium and the butenyl- 
magnesium bromide portions of the reaction mixture were converted into butenes 
for analysis. The results from the dibutenylmagnesium portion are listed in 
Table I. Butene samples from runs 1 and 2 were analyzed by the reaction rate 
method. The butene sample from run 3 was analyzed by the Frey-Hepp dis- 
tillation method to furnish data by an independent analytical method. The 
results are in good agreement with those from runs 1 and 2. 

The results of the analysis of the butene mixtures from the dioxane precipitate 
are listed in Table 11. They are based on a combination of the reaction rate 
and Frey-Hepp method of analysis. It is difficult to get accurate densities on 
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15.5 

small sam.ples of dibromobutanes and equally difficult to make a good separation 
of the ci:; and trans %butenes by the Frey-Hepp distillation. Consequently 
the 1-butene content was measured by distillation, since the sharp break in the 
distillation curve made it easy to measure accurately. From a knowledge of 
the I-butene content, the percentages of cis and trans 2-butenes in a given mix- 
ture can be estimated readily from the rate constant of the corresponding di- 
bromide mixture, which can be accurately and readily measured. Table I1 
shows the butene analysis based on the average rate constants and the 1-butene 
contents of samples from runs 2 and 3. The complete Frey-Hepp analysis of 
the sample from run 2 compares favorably with the analysis by the combined 
method. 

Analyzed by Frey-Hepp 
distillation 

1-Butene content ob- 
tained by Frey-Hepp 
distillation 

TABLE I1 
ANALYSIS OF BUTENES FROM THE BUTENYLMAGNESIUM BROMIDE-DIOXANE PRECIPITATE 

26.7 

28.0 

26.5 f1.4 

SOCTRCE OF BUTENE MIXTURE 

17.1 18'7 ~ 

17.2 f 3 . 3  Results of Young, Win- 
stein, and Prater ( la) 
included for compari- 
son 

Ppt. from run 2 . .  . . .  

Ppt. from run 3 .  . . . .  

Calc'd from average 
Kz and 1-butene 
content. . . . . . . . . . .  

Kz OF 
DIBRO- 
MIDES 
COR- 

RECTED 

%  BUTENE 

.0603 

,0593 

.0598 
- 

Average . . . . . . . . . . . . . . . . . .  

Dibromides from bw 
tenylmagnesium 
bromide. . . . . . . . . . .  

55.2 

54. 

54.6 

54.9 

56.4 1 2 . t  

%cis- I %trans- I 
%BUTENE %BUTENE REMARKS 

29.3 

By comparison of the value obtained with those obtained for the original 
Grignard reagent it may be noted that the composition of the butenyl radicals 
in the precipitate has not been changed by the dioxane precipitation. This ob- 
servation favors explanation I and rules out explanation I1 since a redistribu- 
tion of radicals without rearrangement would require that the decrease in second- 
ary radical (1-butene) found in the dibutenylmagnesium (Table I) would have 
to be offset by a corresponding increase in the secondary radical (1-butene) 
content of the butenylmagnesium bromide-dioxane precipitate. Consequently, 
it appears (a) that a mixture of cis and trans primary and secondary butenyl- 
magnesium bromides is produced due to resonance at  the instant the butenyl 
bromide reacts with the magnesium; (b) that the three forms of the butenyl 
radicals in the Grignard reagent are not the result of Bn equilibrium involving 
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resonance of a carbanion; (c) that dioxane causes a transfer of butenyl radicals 
forming the dibutenylmagnesium under conditions which produce resonance of 
the so-called butenyl carbanion and hence producing a different distribution of 
primary and secondary butenyl radicals than that produced during the formation 
of the Grignard reagent. 

It should be noted that only one of the radicals undergoes rearrangement 
during conversion of the RMgX into R2Mg. Since the butene mixture is formed 
from both radicals in the R&lg compound, the change in 1-butene content of 
12% actually represents a change 25% in the composition of the butenyl radicals 
which were involved in the rearrangement due to addition of dioxane. 

FIG. 1. APPARATUS USED FOR DIOXANE PRECIPITATION OF THE GRIGNARD REAGENT 

EXPERIMENTAL PART 

Preparation and hydrolysis of dibutenylmagnesium and butenylmagnesium bromide-dioxane 
complexes. Butenylmagnesium bromide was prepared in approximately 7040% yields by 
the method of Young, Prater, and Win6tei.n (9) starting with 0.4 mole of the equilibrium 
mixture of butenyl bromide (10). The relative mole quantities of the diethyl ether, mag- 
nesium, and butenyl bromide mere 11, 3, and 1 respectively. The time of addition of the 
butenyl bromide was approximately 6 hours. The ether solution containing the butenyl- 
magnesium bromide was transferred from the three-neck flask A (Fig. l), in which i t  was 
prepared, into separatory funnel D and thence into flask E by means of glass siphon B. 
Plugs of glass wool inserted in the ends of siphon B freed the ether solution of bits of mag- 
nesium metal. Before the above transferring operation was carried out, flask F was de- 
tached and end G was closed by a rubber nipple while H was protected by a calcium chloride 
tube. 

When all the Grignard reagent had been transferred to E, the siphon was removed and 
anhydrous dioxane was added to funnel D which was then protected by a calcium chloride 
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tube. The dioxane was then added in a slow stream to the gently stirred solution. A white 
precipitate formed immediately with the evolution of considerable heat. The dioxane 
was added in the ratio of 4 moles of dioxane to one mole of halide, according to the directions 
of Cope (7) for the preparation of dialkylmagnesium. All operations described were carried 
out in carefully dried apparatus under an atmosphere of dry nitrogen. When the dioxane 
had been added, stopcock K was closed and the calcium chloride tube removed from H and 
replaced by a dropper nipple. 

The mixture was then stirred vigorously for about fifteen hours, after which the precipi- 
tate was alllowed to settle for about an hour. The flask F was then attached as in Fig. 1, 
and nitrogen pressure was applied a t  H forcing the ether solution containing the dibutenyl- 
magnesium into flask F. The system was so constructed that although joint L is gas-tight, 
the level of siphon &/I may be readily changed. In  this manner most of the ether was re- 
moved and the solid material was not disturbed. Flask F was then removed and the nipples 
replaced at  G and H. The precipitate, consisting of butenylmagnesium bromide-mag- 
nesium bromide-dioxane complexes was then stirred with 75 ml. of anhydrous dioxane which 
was siphoned off after the precipitate had settled for one hour. This washing process was 
repeated three times. 

Two norinal sulfuric acid was added dropwise to the washed precipitate which was being 
stirred. The evolved butene gas was led through the purification train described by Young, 
Winstein, and Prater (la) and collected as dibromobutane. 

The Flafik F containing the ether-dioxane solution of dibutenylmagnesium was equipped 
for distillation and the ether and dioxane were removed a t  reduced pressure. It was neces- 
sary to raise the temperature of the heating-bath to 50-60" during the last portion of the 
distillation. A separatory funnel, a mercury sealed stirrer, and a Hopkins condenser were 
then attached to the flask F and the dibutenylmagnesium, now in the form of a gummy 
mass, was hydrolyzed and the resulting butene mixture converted into dibromobutanes 
as described above. 

The compositions of the butene mixtures obtained from 
the hydrolysis of the dibutenylmagnesium and from the butenylmagnesium bromide- 
dioxane precipitate were determined either by the dibromobutane reaction rate method of 
Dillon, Young, and Lucas (11) in which the necessary corrections were applied (5), or by 
distillation in a Frey-Hepp column modeled after the one used by Hurd and Goldsby (12). 
In some cases both procedures were used as a check on each other and in one case a combina- 
tion of the two methods was used. The results of the analysis of the butene mixtures 
obtained from dibutenylmagnesium are recorded in Table I, while the analytical results 
for the butene mixtures obtained from butenylmagnesium bromide-dioxane complex are 
recorded in Table 11. 

Materials. The alcohol used in the preparation of the butenyl bromide was a mixture of 
crude crotyl alcohol and methylvinylcarbinol purchased from the Shell Chemical Co., 
Emeryville, California. The butenyl bromide was prepared by Method 2 described by 
Young and Lane (13). Commercial dioxane was refluxed for 15 hours over potassium hy- 
droxide pellets. It was then redistilled from the potassium hydroxide and stored over 
sodium wire for several weeks. After this time i t  was redistilled and a middle fraction 
collected and stored over sodium wire. Commercial bromine was shaken with a solution 
of potassium bromide and distilled from concentrated sulfuric acid. 

Analysis o f the  butene mixtures. 

The authors are indebted to Dr. Saul Winstein for helpful suggestions during 
the preparation of the manuscript and to Mr. Richard Meier for assistance with 
Frey-Hepp analysis. 

SUMMARY 

Dioxane has been added to butenylmagnesium bromide in diethyl ether pro- 
ducing a solution of dibutenylmagnesium and a precipitate containing butenyl- 
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magnesium bromide-dioxane complex. Hydrolysis of the solution gives 44.5% 
l-butene, 32.2% cis %butene, and 23.2% trans 2-butene and hydrolysis of the 
precipitate gives 55y0 l-butene, 28% cis 2-butene, and 17% trans 2-butene. 

A discussion of the reaction is presented showing that the formation of di- 
butenylmagnesium involves an allylic rearrangement. 

Los ANGELES, CALIF. 
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The question of the structure and configuration of digitalose has received 
attention from several investigators since its isolation from the products of 
hydrolysis of DigitaZinum verum by Kiliani (1). Kiliani in several papers 
secured evidence which indicated that the sugar was a 2-methylhexomethylose 
but was unable to  arrive a t  a configuration for it. Schmidt and Zeiser (2) 
degraded digitalose to I-arabotrimethoxyglutaric acid, thereby limiting the 
configuration of digitalose to one of the four possibilities, I-IV 

H OH 
\ /  

C- 
I I 

HO 
\ /" 
I:: 

HGOCHI I /  
0 HCOH 

Hc°CH3 I I 
HCOH 0 

I 
CH3 

I 

H OH 
\ /  7 1  
HbOCH3 I 

0 
I 
I 

HOCH 

HOCH 

HC '1 
I 

CHa 
I11 

I 
CH3 

I1 

HO 

V C  
\ /" 

I 
HCOCHI 

0 I 1  HOCH 

IV 
A review of the early literature on digitalose is given in the paper of Schmidt 
and Zeiser (2) and in a paper by MacPhillamy and Elderfield (3). The latter 
workers synthesized two of the four possibilities, namely, 2-methyl-2-rhamnose 
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(11) and 2-methyl-d-fucose (111) and showed that neither of these two sugars 
was identical with digitalose. In  the present work we wish to report the syn- 
thesis of 2-methyl-d-altromethylose, the enantiomorph of one of the two re- 
maining possibilities on the basis of previous work. The synthetic approach 
has been adopted in attacking the problem of the configuration of digitalose, 
in view of the extreme difficulty encountered in securing adequate amounts of 
the sugar for degradative studies. 

Rather than attempt the preparation of 2-methyl-Laltromethylose (IV), 
we have prepared its optical enantiomorph, inasmuch as glucose can be con- 
veniently used for the starting material in this preparation. The method used 
is based on the work of Robertson and eo-workers (4) and proceeds from 
a-methylglucoside. This was converted into 2,3-ditosyl-4 , 6-benzylidene-a- 
methylglucoside (V). Upon detosylation of the latter, inversion takes place 
a t  carbon atom three with the formation of a 2,3-ethylene oxide bridge (VI), 
which, upon treatment with sodium methoxide, undergoes cleavage of the 
oxide and a second inversion a t  carbon atom two, accompanied by methylation 
of the hydroxyl group a t  carbon atom two, leading to 2-methyl-4 ,Bbenzylidene- 
a-methyl-d-altroside (VII) . Upon mild hydrolysis the benzylidene residue is 
removed from VI1 to give 2-methyl-a-methyl-d-altroside (VIII). 

The problem then remained of converting the hexose derivative VI11 to the 
desired hexomethylose. This was accomplished by simultaneous tritylation 
and acetylation of VI11 to yield 2-methyl-3,4-diacetyl-6-trityl-a-methyl-d- 
altroside (IX). The trityl group of (IX) was removed by the action of hy- 
drogen bromide in acetic acid, yielding 2-methyl-3, 4-diacetyl-CY-methyl-d- 
altroside, which was in turn tosylated in the open six position to yield (X). 
Replacement of the tosyl group in (X) by iodine followed by catalytic reduction 
of the resultant 2-methyl-3,4-diacetyl-6-iodo-a-methyl-d-altroside (XI) gave 
2-methyl-3 4-diacetyl-a-methyl-d-altromethyloside, which by deacetylation 
furnished 2-methyl-a-methyl-d-altromethyloside (XII). The latter on hy- 
drolysis of the glucosidic methyl group gave the desired 2-methyl-d-altro- 
methylose. 

The sugar thus obtained did not crystallize and could be obtained only as a 
syrup, which, however, furnished satisfactory analytical figures for the desired 
substance. We have been unable to obtain a crystalline derivative of the sugar 
by means of the usual reagents. Therefore, in order to establish its identity 
more definitely, it was prepared from 2-methyl-a-methyl-d-altroside (VIII) 
by the following alternative series of reactions. Upon unimolecular tosylation 
of the latter according to the method of Levene and Raymond ( 5 ) ,  the 6- 
tosyl derivative (XIV) was formed. This, after conversion to  the 6-iodo 
derivative (XV), led either to 2-methyl-3 , 4-diacetyl-6-iodo-a-methyl-d-altro- 
side (XI) on acetylation of (XV) , or to 2-methyl-a-methyl-d-altromethyloside 
(XII) on catalytic reduction. The two products thus obtained were identical 
in all respects with those obtained by the method described previously, and 
little doubt remains that any further inversions have taken place in the prep- 
aration of 2-methyl-d-altromethylose. 
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2-Methyl-d-altromethylose here described presents an interesting case of an 
altrose derivative in which anhydride formation between the one and six 
positions, as described by Richtmyer and Hudson (6) for altrose itself, as well 
as the 1 ,Banhydride formation considered by these authors, is blocked. 
Hydrolysis of 2-methyl-a-methyl-d-altromethyloside proceeds in the normal 
fashion to give a sugar having reducing power. 

The specific rotation of the syrupy 2-methyl-d-altromethylose thus prepared 
is 11.8", which contrasts with the rotation reported by Lamb and Smith ( 7 )  
of 106" for digitalose, and which can be taken as conclusive evidence of the 
non-identity of the two sugars. Three of the four possibilities for digitalose 
advanced by Schmidt and Zeiser (2) having thus been eliminated by direct 
synthesis, 2-methyl-d-gulomethylose (I) remains. However, there seems to 
be a good reason to doubt whether this actually represents the structure of 
digitalose. In  Table I are given the values for the specific rotation of seven 
sugars, together with similar values for their 2-methyl derivatives. 

It is a t  once apparent that methylation in the two position does not result in 
a pronounced change in the optical activity. The specific rotation of d- 
gulomethylose, as reported by Levene and Compton (19) is -35.7'. It is 
obvious, then, that a change of some 140" in this value will be necessa,ry, in 
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order that methylation in the 2-position shall result in digitalose, a shift which 
is unlikely if considered in the light of similar changes, as noted in Table I. 
This point in turn raises a doubt as to the position occupied by the methyl ether 
in digitaloae. Kiliani (20) suggested that this group is in the two position on 
the basis of the failure of digitalose to yield an osazone on treatment with 
phenylhydrazine. However, the experiment on which this conclusion was 
based was performed on the mixture of glucose and digitalose obtained by 
hydrolysis of Digitalinum verum, and glucosazone was the only product isolated 
in an analytically pure state. An impure substance considered to be the 
phenylhydrazone of digitalose was isolated from the mother liquors. Under 
the conditions of Kiliani's experiment i t  is surprising that an osazone of the 
parent sugar of digitalose was not formed by elimination of the methyl group if 
this is actually in the 2-position. One other point of evidence is a t  hand which 
can be taken as indicating that the methyl group under discussion may be 

TABLE I 
f jPECIFIC ROTATIONS O F  SUGARS AND T H E I R  2-METHYL DERIVATIVES" 

~ SPECIFIC ROTATION ~ SPECIFIC OF , 2-METHYL DERIVATIVE SUGAR 

&Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d-Galactose . . . . . . . . . . . . . . . . . . . . . . . . . .  
d -Xylose. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d-Arabinose . . . . . . . . . . . . . . . . . . . . . . . . . .  
&Rhamnose. . . . . . . . . . . . . . . . . . . . . . . . . .  
d-Fucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d-Altrometliylose. . . . . . . . . . . . . . . . . . . . .  

52.5" (8) 
81.7" (10) 
19" (12) 

-105" (12) 
8.9" (15) 

76.3" (16) 
Bob 

65.3" (9) 
82.6" (11) 
35.9" (13) 

31" (3) 
87.0" (3) 
11.8" (18) 

-102" (14) 

(I All values are for aqueous solutions, sodium D-line. 
b Based cin [a]= -18" given for Z-altromethylose by Freudenberg and Raschig (17). 

more satisfactorily placed in the 4-position. Kiliani (1) prepared digitalonic 
lactone by oxidation of digitalose with bromine water. The latter on further 
oxidation with nitric acid led to a substance believed to be a,p-dihydroxy-a'- 
methoxyglutaric acid (21). There seems to be little doubt that a glutaric acid 
derivative is thus formed in view of the work of Schmidt and Zeiser (2). The 
formation of a glutaric acid derivative, therefore, can be taken to indicate 
that the stable lactone of digitalonic acid is the &lactone. Inasmuch as the 
y-lactones are the stable forms of most sugar acid lactones, the possibility of 
the presence of a 4-methyl group, which would effectively block the formation 
of a y-lactone of digitalonic acid, is not excluded. We are continuing this work 
with the view of clearing up these discrepancies. 

The 2-rnethyl-1-rhamnose reported by MacPhillamy and Elderfield (3) has 
crystallized on long standing. It has been found to melt a t  113-114" after 
crystallization from absolute alcohol and ether. I ts  non-identity with digita- 
lose prev~~ously postulated, is thus confirmed by the melting point of the 
crystalline sugar. 
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We wish to acknowledge our indebtedness to Doctors C. S. Hudson and N. 
K. Richtmyer of the National Institute of Health, United States Public Health 
Service, for valuable advice during the course of this work. 

EXPERIMENTAL 

All boiling points and melting points are corrected for stem exposure. 
4, 6-Benzylidene-a-methylglucoside was prepared according to  the method of Freudenberg, 

Toeppfer, and Andersen (22). The melting point of a sample recrystallized from water and 
then several times from a mixture of chloroform and ether was 163-164'. The rotation, 
110.8' ( c  = 2.34 in chloroform), agrees with the value reported by Richtmyer and 
Hudson (23). 
fZ,S-Ditosyl-Q, 6-benzylidene-a-methylglucoside ( V ) .  Crude 4,6-benzylidene-a-methyl- 

glucoside was tosylated according t o  the method of Ohle and Spencker (24), as modified by 
Richtmyer and Hudson (23). After recrystallization from chloroform-ether, i t  melted a t  
147-148". 

2, S-Anhydro-4,6-benzylidene-cu-methyl-d-ulloside (VI )  was prepared by Richtmyer and 
Hudson's modification of the method of Robertson and Griffith (4). One hundred grams of 
2,3-ditosyl-4,6-benzylidene-a-methylglucoside was dissolved in one liter of chloroform and 
the solution was cooled to  10". Three hundred twenty cubic centimeters of 2.15 N sodium 
methoxide (4 mol. equivs.) in anhydrous methanol was added to  the solution, which was 
then allowed to  stand in the ice-chest for 3 days. The solution was allowed to stand an 
additional day a t  room temperature to  destroy the excess of sodium methoxide by forma- 
tion of methyl orthoformate. At the end of this time considerable amounts of sodium 
p-toluenesulfonate had separated. The chloroform solution was removed, washed once 
with water, dried over calcium chloride, and the solvent removed in a vacuum. During 
concentration 2,3-anhydro-4,6-benzylidene-a-methylalloside crystallized as white plates. 
The material melted a t  200°, as reported by Robertson and Griffith (4). The rotation was 
140" in chloroform. The yield was 
95%. 

fZ-Methyl-4,6-benzylidene-a-methyl-d-ultroside (VII)  was prepared by the method of 
Robertson and Griffith (4). Twenty grams of 2,3-anhydro-4,6-benzylidene-a-methyl-d- 
alloside was dissolved in 400 cc. of anhydrous methanol containing 171 cc. of 2.28 N sodium 
methoxide solution. The solution was heated under reflux for 24 hrs., during which time 
the material went completely into solution. The solution was diluted with cold water and 
extracted exhaustively with chloroform. After drying, the solvent was removed under a 
vacuum, during which crystallization occurred. The material, after recrystallization from 
chloroform-ether, melted a t  99". The rotation was 104' in chloroform. The yield was 86%. 

$-Methyl-a-methyl-d-altroside (VI I I ) ,  Twenty-two and four-tenths grams of 2-methyl- 
4,6-benzylidene-a-methylaltroside was placed in a distilling flask with 200 cc. of water 
containing 10 cc. of 0.1 N hydrochloric acid. The mixture was distilled in uucuo below 40°, 
replacing the water lost by distillation, until the distillate no longer smelled of benzalde- 
hyde. It was then neutralized to phenolphthalein with 0.1 N sodium hydroxide solution, 
and concentrated in vacuo to  a heavy syrup. Since the material did not crystallize 
readily [Robertson and Griffith report the melting point 83' (4) 1, i t  was used directly in the 
next step. 

To  a solution of 11.3 5. of syr- 
upy 2-methyl-a-methylaltroside in 175 cc. of dry pyridine was added 16.3 g. (1.1 mol. equiv.) 
of trityl chloride and the mixture was heated a t  100' for three hours. The solution was 
then cooled and 60 cc. of freshly distilled acetic anhydride was added. It was allowed to  
stand at room temperature for three days and then was poured into ice-water, whereupon a 
heavy syrup separated which set to  a solid mass of crystals overnight. The crystals were 
collected and washed with a small amount of ether. They were recrystallized from a 
mixture of chloroform and ether by careful addition of isopentane until the solution became 

The rotation was 12' in  chloroform. 

It is pure enough to  use directly in the next reaction. 

For this purpose the syrup was dried by repeated distillation with benzene. 
2-Mefhyl-S,~-diucetyl-6-trityl-a-methyl-d-ult~oside ( I X ) .  
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slightly turbid. It was then seeded and set t o  crystallize in the ice-chest. Crystallization 
was comp1ei;e in three days. The aqueous-pyridine portion was extracted three times with 
chloroform, and the pyridine removed from the combined extracts by exhaustive washing 
with 20% copper sulfate solution. The extracts were dried and the solvent removed in  
vacuo. On addition of ether and isopentane to the thin syrup so obtained, a further crop 
of crystals was obtained. The total yield was 79%. The compound melts a t  121-121.5"; 
[a]: 63.4" ( c  = 2.012 in chloroform). 

Anal .  C'alc'd for C31H3408: C, 69.6; H, 6.4; OC&, 11.6. 
Found: C, 69.6; H,  6.2; OC&, 11.3. 

2-MethyE-d,4-diaeetyl-a-methyl-d-altroside. Fifteen grams of 2-methyl-3,4-diacety1-6- 
trityl-a-methylaltroside was dissolved in 75 cc. of glacial acetic acid and cooled to 18". 
Ten cubic centimeters of glacial acetic acid saturated a t  0" with anhydrous hydrogen 
bromide wads likewise cooled and added to  the above solution with stirring. The mixture 
immediately became bright yellow, due to  the formation of triphenylmethyl ion, and then, 
in a few seconds, a copious precipitate of trityl bromide separated. This was filtered on a 
sintered glass funnel and washed with cooled acetic acid. The filtrate was poured into 300 
cc. of ice and water and this mixture was extracted with five portions of chloroform. The 
combined extracts were washed free of acid with sodium bicarbonate solution, dried, and 
the solvent removed in vacuo. The syrup remaining was taken up  in a little anhydrous 
ether and isopentane was added until the solution became just turbid. The turbidity was 
discharged with a drop of ether and the solution was cooled. On standing overnight, 
2-methyl-3 4-diacetyl-a-methyl-d-altroside crystallized as white needles. After recrystal- 
lization from ether-pentane the substance melted a t  76-77'. The yield was 8.0 g. or 97%; 
[a]: 127.8" (c  = 1.850 in chloroform). 

Anal .  Calc'd for C12H2008: C, 49.3; H, 6.9; OCHa, 21.2. 
Found: C, 49.6; H, 7.0; OCHs, 20.9. 

R-Methyl-d,4-diacetyl-6-tosyl-~~-methyl-d-aZtroside ( X ) .  Ten grams of 2-methy1-3,4- 
diacetyl-a-methylaltroside was dissolved in 25 cc. of anhydrous pyridine and 14 g. (2.1 mol. 
equivs.) of tosyl chloride was added. The mixture was allowed to  stand a t  room tempera- 
ture for three days, during which i t  was protected from atmospheric moisture by a calcium 
chloride tube. The mixture was poured into ice and water, and extracted with chloroform. 
The combined extracts were washed free from pyridine with cold dilute hydrochloric acid, 
then washed with sodium bicarbonate solution, dried, and the solvent removed in vacuo, 
leaving a clear, colorless syrup. All attempts t o  crystallize this syrup failed. A sample 
distilled a t  10 mm. was still slightly contaminated, as shown by analysis. The product was 
used satisf:ictorily for the following reaction as directly obtained. 

2-Methyr'-d,4-diacetyl-6-iodo-a-methyl-d-altroside ( X I ) .  Fourteen and eight-tenths 
grams of syrupy 2-methyl-3,4-diacetyl-6-tosyl-ar-methyl-d-altroside was heated with 50 cc. 
of acetone containing 11 g. of sodium iodide in a sealed tube, in a boiling water-bath for six 
hours. The acetone filtrate from sodium toluenesulfonate was concentrated to  dryness 
i n  vacuo and portions of chloroform were repeatedly distilled from the dry residue to  remove 
the last tra.ces of acetone. The solid residue was extracted many times with boiling chloro- 
form to separate the organic material from the excess sodium iodide. The chloroform 
solution was dried and the solvent removed in vacuo, leaving a rapidly crystallizing residue. 
This was recrystallized from a mixture of chloroform and isopentane. The substance 
formed large transparent prisms which melted a t  54.5-55.5". The yield was 77%; [a]: 
76.2" (c = 1.240 in chloroform). 

Anal. Calc'd for Cl2HtpI0,: C, 35.9; H, 4.8; OCHs, 15.4; I, 31.6. 
Found: C, 36.2; H, 4.9; OC&, 15.0; I, 31.6. 

R-Methyl-a-methyl-d-altromethyloside ( X I I ) .  A solution of 6.6 g. of 2-methyl-3,4-diac- 
etyl-6-iodo-a-methyl-d-altroside in  65 cc. of methanol and 20 cc. of 10% aqueous potassium 
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hydroxide solution was shaken with 1 g. of activated Raney nickel catalyst in an atmosphere 
of hydrogen. After 8 hrs. the calculated amount of hydrogen was absorbed. The potas- 
sium hydroxide was neutralized by passing carbon dioxide into the ice-cold solution and the 
solution was evaporated to  dryness in  vacuo. Since i t  was found difficult to  remove acetate 
ion from this mixture, the altromethyloside was reacetylated by dissolving the crude, dry 
mixture in 50 cc. of anhydrous pyridine and adding 50 cc. of acetic anhydride. The solu- 
tion was allowed to  remain a t  room temperature for three days and then poured into ice- 
water. The product was extracted with chloroform and the solvent removed in the usual 
manner. The colorless syrup remaining consisted of 2-methyl-3,4-diacetyl-a-methyl-d- 
altromethyloside, which was not isolated as such but deacetylated directly by the method 
of Isbell (25). The syrup was dissolved in 100 cc. of anhydrous methanol and cooled t o  
-10" in an ice-salt-bath, 3 cc. of 0.4 N barium methoxide solution was added and the mix- 
ture allowed to stand a t  0" for four days. After addition of 20 cc. of water the barium was 
removed by saturating the solution with carbon dioxide. The solution was boiled for a 
few minutes to  reprecipitate any barium bicarbonate formed and the inorganic salt was 
filtered off. Concentration of the aqueous methanol solution gave 2-methyl-a-methyl-d- 
altromethyloside as a colorless, very hygroscopic syrup. It was distilled a t  0.55 mm. pres- 
sure, and boiled a t  112-113"; n',J 1.4632. The yield was quantitative. [a]:  91.1" (c = 
2.262 in water). 

Anal. Calc'd for CsHlaOs; C, 50.0; H, 8.4. 
Found: C, 49.8; H,  8.4. 

8-Methyl-d-altromethylose ( X I I I )  , 2-Methyl-a-methyl-d-altromethyloside was hydro- 
At the end of this time 

Chloride ion was 
Silver ion was removed 

The syrup 
All attempts to  crystal- 

For analysis the material was further dried a t  80" and analyzed as 

lyzed by heating i t  a t  50" with 7% hydrochloric acid for three days. 
the rotation of the solution had fallen to a constant value of +10.5". 
removed by stirring the solution with a paste of silver carbonate. 
with hydrogen sulfide and the solution was concentrated to a syrup below 30". 
was dried by repeated distillation of absolute alcohol and benzene. 
lize the sugar failed. 
such, although still impure. 

Anal. Calc'd for C7Hla06: C,  47.2; H, 7.9; OCH1, 17.4. 
Found: C, 47.5; H,  8.1; OCHI, 16.2. 

The syrup showed a value for [CY]:  of 11.8" (c = 3.472 in water) and was strongly reducing 
t o  Fehling's solution. The sugar gave no crystalline phenyl-, p-bromo-, p-nitro-, or 2,4-di- 
nitrophenylhydrazone, or p-tosylhydrazone. 

8-Methyl-6-tosyl-a-methyl-d-altroside ( X I V )  . 2-Methyl-a-methyl-d-altroside was 
treated according to the method of Levene and Raymond (5) for the unimolecular tosylation 
of monoacetone xylose. To a solution of 10 g. of dry 2-methyl-a-methylaltroside in 100 
cc. of dry pyridine a t  0" was added 10 g. (1.1 mol. equivs.) of tosyl chloride dissolved in 75 
CC. of cold chloroform dropwise with stirring. The reaction mixture was kept a t  0" for 5 
hrs. and then for an additional 48 hrs. a t  room temperature. It was then poured into ice- 
water and the aqueous solution extracted with chloroform. The extracts were freed from 
pyridine in the usual manner and the solvent removed in vacuo. The colorless syrup re- 
maining failed to  crystallize. 

~-Methyl-6-iodo-a-methyl-d-altroside ( X V ) .  A solution of 11 g. of syrupy 2-methyl-6- 
tosyl-a-methyl-d-altroside and 9 g. of sodium iodide in 50 cc. of acetone was heated a t  100' 
for six hours in a sealed tube. The precipitated sodium toluenesulfonate was filtered off 
and the acetone removed from the filtrate by concentration under reduced pressure. The 
solid residue was extracted several times with boiling chloroform. Removal of the solvent 
left 8.5 g. of a clear, colorless syrup which could not be crystallized. 

One and eighty-five hundredths 
grams of syrupy 2-methyl-6-iodo-a-methylaltroside was acetylated in the usual manner 

Acetylation of 2-methyl-6-iodo-a-methyl-d-altroside. 
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with acetic anhydride and pyridine. After extraction of the mixture with chloroform, the 
pyridine was removed in the usual manner. On concentration of the chloroform under 
reduced pressure crystallization occurred. After crystallization from ether-isopentane 
the substance melted at 55" and the melting point was not depressed on mixing with 2-meth- 
yl-3,4-diacetyl-6-iodo-~~-methyl-d-altroside (XI) prepared as above. The yield was 1.1 g. 
or 47%. 

Attempted oxidation of I-methyl-d-altromethylose with bromine water. Six-tenths of a 
gram of the e:ugar was dissolved in 20 cc. of water saturated with bromine. After standing 
a t  room temperature for 3 days the inorganic constituents were removed in  the usual man- 
ner. Concentration of the aqueous solution in  vacuo left a syrup which was still strongly 
reducing to  Fehling's solution. 

Four hundred 
eighty milligrams of the sugar was oxidized with 100 cc. of 0.1 N barium hypoiodite solution 
according to  the method of Goebel (26). After removal of the inorganic constituents, the 
solution no longer reduced Fehling's solution. On removal of the solvent under vacuum, 
a syrup remained which failed to  crystallize. Its phenylhydrazide was prepared but was 
not obtained in a crystalline condition. 

Crystalline I-methyl-1-rhamnose. A sample of the sugar prepared by MacPhillamy and 
Elderfield (3) has now crystallized. It was recrystallized from absolute ethanol-ether as 
long, colorless needles. 

The micrcanalyses here reported were performed by Mr. Saul Gottlieb of this laboratory. 

[CY] :  91.0" ( c  = 2.304 in water). 

Oxidation of I-methyl-d-altromethylose with barium hypoiodite solution. 

I t s  melting point was 113-114'. 

SUMMARY 

1. 2-ILlel,hyl-d-altromethylose has been prepared and shown not to be identi- 
cal with the enantiomorph of digitalose. 

2. It is suggested that 2-methyl-d-gulomethylose, the only possible structure 
for digitalose remaining on the basis of hitherto accepted work, is open to 
question. 

N E W  Y O R K ,  N. Y. 
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The atomic coniiguration CH2=CHCH20C=C is the group involved in the 
Claisen rearrangement of aryl allyl ethers, the two carbon atoms on the right 
being part of an aromatic nucleus (1). The analogous systems which 
have been shown to give rearrangement are CH2==CHCH20CH=NR (2), 
CH2=CHCH2SC=C (3), CH2=CHCH2SC=N (4), and CHFCHCH~CC=C 
(5) .  In these examples, the CH2=CHCH2 group has not been altered, but it 
has been found that the systems N=CCH20C=C (6) and HC=CCH20C=C 
(7) do not give rearrangement of the Claisen type on pyrolysis. 

The work described in this paper had its inception in an examination of the 
behavior of 4-methylphenoxyacetone (I) and related compounds upon pyrolysis, 
since they contain the group O=C(CHs)CH20C=C. 

I 
The resulli indicate that this group does not allow a rearrangement to take 
place, and that it should be classified with the last two systems mentioned in 
the first paragraph.' 

The preparation of 4-methylphenoxyacetone, first made by Stoermer (8), 
was tried under a variety of conditions, using both chloroacetone and bromo- 
acetone. In every case, even with an excess of haloacetone, much of the phenol 
was recovered unchanged and the yields were poor. The best method tried 
was that o:f Calaway and Henze (9, lo), according to  which the sodium salt of 
the phenol in benzene is treated with bromoacetone, but even here the yields 
were below 50%. 

In reaction with p-cresol, the contrast between the reactions of the halo- 
acetones and allyl bromide is striking; the former give a poor yield of a mixture 
of products, with acetone and potassium carbonate as the reaction medium, 
while allyl bromide gives excellent yields of the allyl phenyl ethers under the 

'Since this article was submitted for publication, Hurd and Perletz have described the 
synthesis of phenoxyacetone and its behavior on heating to  650" (Abstracts of papers 
presented before the Organic Division, Memphis Meeting of the American Chemical 
Society). 
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same conditions (11). Furthermore, treatment of the sodium salt of a phenol 
with allyl bromide in benzene yields a large proportion of the C-a,lkylated prod- 
uct such as 11, in addition to the ether (12). Bromoacetone under the same 

OH OH 

I1 I11 

conditions gave a poor yield of the 0-alkylated compound I but nothing cor- 
responding to the C-alkylation product I11 could be isolated by careful distilla- 
tion of the alkali-soluble fraction. The difference in behavior of the allyl and 
acetonyl compounds is probably due to the fact that the carbonyl group is elec- 
tron-attracting and tends to make the halogen more "positive" than is the 
allyl halogen. 

It was observed that the compound believed to be 4-methylphenoxyacetone 
showed some solubility in Claisen's alkali, and it seemed possible that this was 
because the product was actually the C-alkylated compound, 2-acetonyl-4- 
methylphenol (111). The insolubility of I11 in aqueous alkali might be due to 
formation of a stable hemiacetal. To prove the structure of the product, it was 
synthesized by another method which ruled out the possibility of C-alkylation. 
@-Methylally1 4-methylphenyl ether (IV) was ozonized, and the semicarbazone 

OH OCH2CCHS 
'\CH2CCH3 A /\ II -II CH1 // CH2 % I  

0 
'I1 () AH, 

CH3 
V IV 

of the product shown to be identical with that of the product from p-cresol and 
bromoacetone. The ether IV was also rearranged to V, from which the acetonyl 
compound I11 was prepared in impure form by ozonization. Compound I11 
was characterized by preparation of the semicarbazone. 

When 4-methylphenoxyacetone which had been purified through the bisulfite 
compound was heated at 250" for two and one-half hours, most of it was re- 
covered unchanged, but a small amount of p-cresol was recovered and identified. 
The purified 4-methylphenoxyacetone decomposes on long standing a t  room 
temperature and an alkali-soluble material is formed, presumably p-cresol. 
2,6-Dimethylphenoxyacetone behaved similarly when it was heated a t  200" 

for one hour; there was some formation of an alkali-soluble substance, pre- 
sumably 2,6-dimethylphenoll and much of the starting material was recovered 
unchanged. Pure 2,6-dimethylphenoxyacetone also decomposed slowly a t  
room temperature, and 2,6-&methylphenol was isolated from a sample which 
had stood for five weeks. 
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The retiults of the experiments a t  high temperatures indicate that the system 
O=C(CHa)CH20C=C does not undergo a rearrangement analogous to the 
Claisen rearrangement. 

The observation that 4-methylphenoxyacetone (I) can be partially extracted 
from petroleum ether and benzene solutions by Claisen's alkali [prepared from 
potassiuni hydroxide and dilute methanol (13)] was rather unexpected, and a 
number of substituted phenoxyacetones were prepared to determine the effect 
of substituents on the acidic character of the compound. The extraction is 
not due to a physical solubility effect. Blanks carried out on several com- 
pounds showed that extraction of the benzene solution with a mixture of water 
and meth.ano1, richer in methanol than Claisen's alkali, did not remove as much 
of the ketone as Claisen's alkali. The ketones were changed to some extent 
by being dissolved in Claisen's alkali, since they were recovered as viscous oils. 
The semicarbazones could be obtained from the oil, however, showing that 
the condensation or resinification of the ketones was only partial. 

OCHzCOCHS OCH2 COCH, 
b H 3  b H 3  ""0 0 CH3 

VI VI1 

The substituted phenoxyacetones prepared were of two types. Several 
phenoxyacetones were prepared with groups which increase the acidity of phenols 
(nitro and bromo) to find whether they would also increase the acidity of the 
acid hydrogen in the phenoxyacetones. This is presumably the hydrogen on 
the carban adjacent to the ether oxygen. The phenoxy1 group has an electron- 
attracting inductive effect; phenoxyacetic acid has a dissociation constant 42 
times greater than acetic acid (14). 

The second class of compounds prepared included 2,&dimethylphenoxy- 
acetone 171, the 2,4-dimethyl compound VI1 and the nitro derivative of each, 
in order to see whether the phenomenon of damped resonance (15) would affect 
the behavior of the compounds greatly. 

The resonance forms contributing to the structure of aromatic ethers include 
three in which the oxygen is attached to the ring by a double bond, with a posi- 
tive charge on the oxygen and a negative charge in the ortho or para positions, 
as in VIII,  in which the group attached to the oxygen lies in the plane of the 

(+) 0-CH2 C OCH, (+) O-CH2COCH3 

0 (-> cH30cH3 (-) 

VI11 IX 
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ring. Two methyl groups in the ortho position should prevent the occurrence 
of a similar planar structure such as IX, Le.,  the resonance is damped or inhibited 
by steric factors. Such steric effects have been observed recently (16) in several 
instances involving amino and nitro groups as the resonating groups, and have 
also been used to explain the unusual reactions of di-ortho substituted benzoic 
acids (17). 

The acidity of the phenoxyacetones was studied by extracting them from 
benzene with Claisen’s alkali under uniform conditions and determining the 
amount extracted. This, of course, is a qualitative method only, because the 
relative solubilities as well as the intrinsic acid strength enter in. I t  was found 
that, while the methyl- and bromo-phenoxyacetones could be recovered un- 
changed from Claisen’s alkali, a t  least in part, 4-nitrophenoxyacetone was 
cleaved very rapidly at  room temperature by Claisen’s alkali, yielding p-nitro- 
phenol. The side chain was apparently polymerized after cleavage. There 
was no evidence that 4-nitrophenoxyacetone could dissolve in Claisen’s alkali 
without cleavage. The statement by Stoermer and Brockerhof (18) that 4- 
nitrophenoxyacetone dissolves in aqueous alkali to give a yellow solution from 
which it can be recovered unchanged could not be confirmed, as the compound 
is insoluble in aqueous alkali. 2-Ntrophenoxyacetone was decomposed very 
rapidly by Claisen’s alkali, but nothing could be isolated, not even o-nitrophenol. 

The same results were obtained with 2,6-dimethyl-4-nitrophenoxyacetone 
and 2,4-dimethyl-6-nitrophenoxyacetone. The former was cleaved by Claisen’s 
alkali giving 2,6-dimethyl-4-nitrophenol, while the latter was decomposed 
completely and nothing could be identified. 3-Ntrophenoxyacetone did not 
cleave, but was extracted to a greater degree than any of the methyl or the 
bromine substituted compounds; this must be due to the increased acidity of 
the compound caused by the inductive effect of the nitro group. 

The results on the extraction experiments are given in Table I. The first 
column gives the percentage of the ketone remaining in benzene solution after 
three extractions with Claisen’s alkali, the second the percentage extracted by 
Claisen’s alkali but not cleaved by it, and the third the percentage of the ketone 
cleaved by Claisen’s alkali. The procedure followed is described in the ex- 
perimental part. 

The results in the table show that the 4-bromo and the %nitro ketones are 
extracted by Claisen’s alkali to a greater extent than the dimethyl ketones, and 
the solubility factor referred to above would probably operate in the opposite 
direction. These results must be due to the greater acidity of the compounds 
caused by the electron-attracting inductive effect of the bromine and the nitro 
groups substituted in the phenoxy group. The cleavage reaction shown by the 
4-nitro ketones and the decomposition of the %nitro compounds in the presence 
of Claisen’s alkali must be due to a resonance effect involving forms such as VI11 
and IX. If nothing but an inductive effect was operating, the 4-nitro com- 
pound should behave like the 3-nitro compound, except that the effect would be 
smaller in the former. 

In order to study the cleavage reaction under more exactly defined conditions, 
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......................... Phenoxyacetonea 
4-Methylphenoxyacetone . . . . . . . . . . . . . . . . . .  
2,4-Dimethylphenoxyacetone. . . . . . . . . . . . .  
2 6-Dimethylphenoxyacetone . . . . . . . . . . . . .  
4-Bromophenoxyacetone . . . . . . . . . . . . . . . . . .  

some rough quantitative tests were made of the cleavage reaction using 5% 
sodium methoxide in methanol. The procedure followed is described in the 
experimenltal part. 

The po'or recovery of material from 2-nitrophenoxyacetone was due to the 
fact that it formed a black material insoluble in ether. The results show that 
the 2,6-dimethyl-4-nitrophenoxyacetone is cleaved by sodium methoxide at  a 
rate not much different from the unmethylated compound, while 2-nitrophenoxy- 

77 I 
86 
86 
90 
86 

TABLE I 
EXTI~ACTION OF PHENOXYACETONES FROM BENZENE BY CLAISEN'S ALKALI 

2-Nitrophenoxyacetone . . . . . . . . . . . . . . . . . . .  
3-Nitrophenoxyacetone . . . . . . . . . . . . . . . . . . .  
4-Nitrophenoxyacetone . . . . . . . . . . . . . . . . . . .  
2-Nitro-4,6-dimethylphenoxyacetone. . . . . .  
4-Nitro-2,6-dimethylphenoxyacetone. . . . . .  

COMPOUND 

5 Only decomposition products 
60 34 4 
29 1 5fib 
16 16 42= 

8d 84 - 

% REMAINING % EXTRACTED 1 I N  BENZENE 1 WITHOUT CLEAVAGE 1 ?% CLEAVAGE 

4-Nitrophenoxyacetone. ...................... 
2,6-Dimethyl-4-nitrophenoxyacetone., . . . . . . . .  
2-Nitrophenoxyacetone, ...................... 
4-Bromoplienoxyacetone. ..................... 

0.5 4.5 hrs. 
0.5 4.66 hrs. 
0.5 5 min. 
0.6 19 hrs. 

19 
9 
2 
3 

14 

0.28 
0.34 
0.01 
0.54 

0.14 
0.09 
0.03 
0.05 

TABLE I1 
CLEAVAGE OF PHENOXYACETONES BY SODIUM METHOXIDE 

C 0 M P 0 U ND 1 WEIGHT, G. ~ TIME 
G. 

acetone is decomposed extremely rapidly under the same conditions. It is 
apparent that the steric inhibition of resonance which might be present in 2,6- 
dimethyl-4-nitrophenoxyacetone does not affect its properties very markedly 
compared to the unmethylated compound. In this connection it would be of 
consideretble interest to compare the dissociation constants of 4-nitrophenoxy- 
acetic acid and 2,6-dimethyl-4-nitrophenoxyacetic acid, because here the 
existence of damped resonance involving oxygen might be detected. Ingham 
and Hamp'son (19) found that the dipole moment of nitroethoxydurene was 
somewhak lower than that of p-nitroanisole, indicating damped resonance in- 
volving oxygen, but the effect was much smaller than with the nitroamino 
derivatives. 
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 EXPERIMENTAL^ 
Q-Methylphenoxyacetone ( I ) .  With chloroacetone and p-cresol in alcoholic sodium eth- 

oxide and in aqueous sodium hydroxide, poor results were obtained (9), as was also the case 
with chloroacetone, sodium cresolate, and sodium iodide in acetone. Bromoacetone gave 
poor results in aqueous sodium hydroxide solution, and the most satisfactory method was 
found to be that  of Calaway and Henze (10). 

Thirty grams of bromoacetone in 25 cc. of benzene was added dropwise with stirring a t  
room temperature to the sodium salt from 24 g. of p-cresol in 150 cc. of benzene. After 
refluxing for an hour on the steam-bath, the mixture was cooled, washed with water, with 
10% sodium hydroxide solution, and the benzene solution concentrated on the steam-bath. 
The acidic material recovered from the sodium hydroxide washings amounted to  13.8 g. 
and was probably starting material. (In other runs, even with an excess of chloro- or 
bromo-acetone, considerable amounts of p-cresol were recovered. Fractionation failed t o  
reveal any carbon alkylation product in the acidic portions and no haloacetone was re- 
covered from the reaction mixture.) The benzene solution was shaken with saturated 
sodium bisulfite solution and allowed to  stand several hours to  complete the formation of 
the bisulfite addition product; this was isolated by filtration, washed with methanol, and 
the ketone recovered by heating the addition product with 15% sulfuric acid on the steam- 
bath for an hour. The yield of recovered ketone, b.p. 107-109" (5 mm.), nz 1.5168, was 
10 g.  (27%). 

In  another preparation carried out in essentially the same manner but omitting the 
formation of the bisulfite addition compound, 122 g. of p-cresol and 155 g. of bromoacetone 
yielded 69 g. (37%) of product, n: 1.5162. The p-cresol recovered by distillation amounted 

Preparation by ozonization. &Methylally1 4-methylphenyl ether (20) (10 g.) in 70 cc. 
of chloroform was ozonized for one hour, using a 40% excess of ozone. Saturated sodium 
bisulfite solution was added, the chloroform was evaporated off, and the bisulfite addition 
compound which formed on standing several hours was collected by filtration and washed 
several times with ether. The bisulfite addition compound was decomposed as above, 
yielding 2.7 g. of 4-methylphenoxyacetoneP Mixed melting point determinations showed 
that  the semicarbazone of 4-methylphenoxyacetone prepared by ozonization was identical 
with that  prepared by the method described above. 

The semicarbazone of 4-methylphenoxyacetone crystallizes from methanol in shining 
white plates, m.p. 179-180". 

A forerun of 1 g .  additional showed nf 1.5160. 

to  55 g. (45%). 

Calc'd for CllH16N302: C, 59.7; H, 6.8. 
Found: C, 59.6; H, 6.7. 

Action of heat on 4-methylphenozyacetone. 4-Methylpheno~yacetone~ prepared from 
chloro- or bromo-acetone and not purified through the bisulfite compound, gave a vigorous 
decomposition reaction when heated at 200" for a few minutes. The liquid turned black, 
water was evolved, and p-cresol, identified as the phenylurethan, could be isolated from the 
reaction mixture by washing with sodium hydroxide solution. 4-Methylphenoxyacetone 
(1.21 g.), which had been purified through the bisulfite compound and freshly washed with 
sodium hydroxide solution, was heated for two and one-half hours a t  250-260". The dark 
product was cooled, taken up in ether, and extracted several times with 10% sodium hy- 
droxide solution; the ether solution yielded 0.89 g. of neutral material which was shown to 
be starting material by preparation of the semicarbazone, identified by a mixed melting 

e All melting points corrected. 
Experiments of M. Insalacco indicate that  better than 50% yields can be obtained in 

the ozonization by using ethyl acetate as solvent, and decomposing the ozon'de with zinc 
and hydrochloric acid. 

4 Stoermer (21) reported that  the b.p. of 4-methylphenoxyacetone was 255" and the m.p. 
of the semicarbazone was 187") but gave no analyses. 



PHENOXYACETONES 257 

point, in practically quantitative yield. Acidification and extraction of the alkaline solu- 
tion gave 0.11 g. of viscous oil, which, on treatment with phenyl isocyanate and a drop of 
pyridine, gave 0.06 g. of crude phenylurethan of p-cresol. This product was recrystallized 
from petroleum ether, melting a t  107-log", mixed m.p. with a known sample, 107-111". The 
ketone decomposes slowly on standing a t  room temperature, yielding alkali-soluble mate- 
rials and giving a marked change in odor. 

Preparation of 2-acetonyl-4-methylphenol. Five grams (0.031 mole) of 2-(p-methylallyl)- 
4-methylphenol (m.p. of p-nitrobenzoate 65-66') (20) in 50 cc. of chloroform was ozonized 
for 25 minutes, using approximately 0.04 mole of ozone, and the ozonide decomposed with 
nTater. The semicarbazone of the product melted a t  187-188" with decomposition after 
three recrystdlizations from alcohol, and gave a depression when mixed with the semi- 
carbazone of Gmethylphenoxyacetone. 

Anal. Calc'd for CllHI5N3O2: C, 59.7; H, 6.8. 
Foiind: C, 59.7; H, 6.9. 

2,6-Dimethylphenozyacetone. Using the method described above, 30 g. of 2,6-dimethyl- 
phenol (0.25 mole), 5.64 g. of sodium (0.24 mole), and 48 g. (0.35 mole) of bromoacetone 
yielded 13.1 e:. of crystalline starting material, and 5.5 g.  of 2,6-dimethylphenoxyacetone. 
The product has the b.p. 110-113" (4 mm.), nf 1.5097, and forms a semicarbazone, m.p. 
163-165". A sample which had stood for five weeks yielded crystalline 2,6-dimethylphenol 
when washed with sodium hydroxide solution. A sample (0.81 g.) of the purified ketone 
which had belen heated a t  200-205" for an hour yielded 0.15 g. of alkali-soluble material and 
0.61 g. of starting material when worked up in the usual way. 

Anal. (semicarbazone) Calc'd for C12H11N802: C, 61.3; H, 7.3. 

2,4-DimetliyZphenozyacetone. 2,4-Dimethylphenol (30.5 g., 0.25 mole), 8 g. of sodium 
(0.35 mole), and 48 g. of bromoacetone (0.35 mole) yielded, following the usual procedure, 
9.6 g .  of the starting phenol, and 15.3 g. of 2.4-dimethylphenoxyacetone, b.p. 113-120' 
(5 mm.). When purified through the bisulfite compound, i t  had the following properties: 
b.p. 120" (6 xnm.), n$ 1.5110, and formed a semicarbazone melting a t  143-144.5' after re- 
crystallization from dilute methanol.5 

Found: C,  60.8; H ,  7.5. 

Anal. (semicarbazone) Calc'd for C12H11~802: C, 61.3; H, 7.3. 
Found: C, 61.4; H, 7.3. 

4-Bromoplienoxyacetone. p-Bromophenol (34.6 g., 0.2 mole), 6.9 g. of sodium (0.3 mole), 
and 41 g. of bromoacetone (0.3 mole) yielded 17.3 g. of the starting phenol and 16.4 g. of 
4-bromophenoxyacetone, b.p. 130-140" (6 mm.). The product crystallized on cooling, and 
when recrysl allized from low-boiling petroleum ether, formed transparent rectangular 
plates, m.p. 42.544'. 

Anal. Calc'd for C9HgBrOz: C, 47.2; HI  4.0. 
Found: C, 47.1; H, 4.0. 

The semicurbazone was prepared and recrystallized from alcohol, melting a t  temperatures 

Anal. Calc'd for CloH~?BrNaOz: C, 42.0; H ,  4.2. 
Found: C, 42.0; H ,  3.9. 

2-.~itrophr,nozyacetone. Potassium 2-nitrophenolate (17.7 g.), 9.3 g. of chloracetone, 
and 1.5 g. of sodium iodide were refluxed in 200 cc. of acetone for five hours. The solvent 
was evaporated, water was added, and the product taken up in ether. The ether solution 
was washed three times with 10% sodium hydroxide solution, which turned dark but yielded 
no solid on avidification. Ether extraction of this acid solution yielded a few grams of black 
tar .  Evaporation of the ether yielded 11.7 g. of crystalline product, m.p. 65-66"; recrystal- 
lization from methanol-water gave 9.8 g., m.p. 67-69'. Stoermer (18) gave the m.p. as 69". 

S-~~itrophPnoryacetone. The sodium salt from 10 g. of 3-nitrophenol was prepared with 

6 Stoermer (ref. 21, p. 301) gave the b.p. of 2,4-dimethylphenoxyacetone as 263", and the 

varying from 196" to 205" depending on the rate of heating. 

m.p. of the semicarbazone as 145', but no analyses were reported. 
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sodium in methanol, and the dry salt was refluxed in 75 cc. of acetone with 6.7 g. of chloro- 
acetone and a trace of sodium iodide for 7.5 hours. The reaction was worked up  as described 
above, and 7 g. of crystalline product obtained, which, after washing with a little cold ben- 
zene and two recrystallizations from dilute methanol, melted at 79-81'. 

Anal. Calc'd for CgHgNOa: C, 55.4; H, 4.6. 
Found: C, 55.2; H, 4.8. 

Arnall (22) reported the melting point 83-84' but gave no analysis. 
4-Nitrophenoxyacetone. Following the procedure described for 2-nitrophenoxyacetone, 

16 g. of sodium 4-nitrophenolate, 9.3 g. of chloroacetone, and 1.5 g. of sodium iodide yielded 
19.5 g. of 4-nitrophenoxyacetone, m.p. 74-80'. It was found that  chloroform was a better 
solvent than ether for taking up the reaction product. The product was recrystallized 
from methanol, and 13.5 g. obtained, m.p. 79-81'. Stoermer (18) gives the m.p. as 81". 
Aqueous sodium hydroxide does not dissolve the nitrophenoxyacetone (contrary to  Stoer- 
mer's statement); 0.5 g. of the ketone was heated on the steam-bath for fifteen minutes 
with 10 cc. of 10% sodium hydroxide, and the solid removed by filtration after cooling; 
acidification of the filtrate gave no precipitate. In  another experiment, 0.5 g. of the ketone 
dissolved in 10 cc. of ether was washed with three 10-cc. portions of 20% sodium hydroxide; 
acidification and extraction of the alkaline solution yielded only 0.02 g. of material. 

2,4-Dimethyl-6-nitrophenol. To 3 g. of 2,4-dimethylphenol in 30 cc. of acetic acid kept 
in  an ice-bath, a solution of 1.5 cc. of fuming nitric acid (sp. gr. 1.59) in 10 cc. of acetic acid 
was added dropwise. After the addition was complete, excess water was added t o  precipi- 
tate the product, and the mixture extracted several times with chloroform. The chloroform 
solution was steam-distilled and 2.2 g. of crystalline 2,4-dimethyl-6-nitrophenol isolated 
from the distillate by chloroform extraction. 

The sodium salt from 2.12 g. of 2,4-dimethyl-6- 
nitrophenol was prepared with sodium in methanol and the dry salt treated with 1 cc. of 
chloroacetone and a trace of sodium iodide in acetone. The preparation was worked up as 
described above, and yielded 1.51 g. of crystalline 2,4-dimethyl-6-nitrophenoxyacetone; 
recrystallization from low-boiling petroleum ether yielded fine fiber-like crystals, m.p. 

The pure product melts at 72" (23). 
2,4-Dimethyl-6-nitrophenoxyacetone. 

68-69'. 
Anal. 

2,6-Dimethyl-.&nitrophernl. Numerous variations of the procedure of Auwers and 
Markovits (24) were tried, of which the following was the most satisfactory. One gram of 
2,6-dimethylphenol dissolved in 5 cc. of acetic acid was added to 5 cc. of a solution made 
up as follows: 1 cc. of water, 20 cc. of acetic acid, and 3 cc. of fuming nitric acid (sp. gr. 
1.59). When half of the phenol had been added, a red precipitate of the diphenoquinone 
(24) appeared; if instead, the nitric acid was added to  the phenol, the quinone was formed 
with the addition of the first portion of acid. The reaction mixture was poured into excess 
water, and solid sodium carbonate added until the solution was distinctly alkaline. It was 
then filtered to  remove the quinone, the filtrate acidified and the 2,6-dimethyI-4-nitrophenol 
(0.60 g.) collected by filtration. When recrystallized from dilute methanol, the phenol 
forms leaf-shaped crystals, m.p. 170-171.5'. 

2,6-Dimethyl-~-nitrophenoxyacetone. The sodium salt from 2.47 g. of 2,6-dimethyl-4- 
nitrophenol was refluxed for two hours in 70 cc. of acetone with 1.37 g. of chloroacetone and 
0.1 g. of sodium iodide. The reaction mixture was poured into excess water, and 1.63 g. 
of 2,6-dimethyl-4-nitrophenoxyacetone collected by filtration. From the filtrate 0.48 g. 
of the starting phenol was obtained on acidification. The yield of the phenoxyacetone 
obtained after recrystallization from methanol was 1.31 g., and the product melted at 
111.5-113". 

Anal. Calc'd for CllHI3NO4: C, 59.2; H, 5.9. 
Found: C, 59.4; H, 5.8. 

The semicarbazone was prepared and crystallized twice from chloroform (in which i t  is 

Calc'd for C ~ I H I ~ N O ~ :  C, 59.2; H, 5.9. 
Found: C, 59.4; H, 6.0. 

only slightly soluble), m.p. 197-199" with decomposition. 
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The solubility of phenoxyacetones in Claisen’s alkali. The phenoxyacetones were treated 
by the following general procedure: about 1 g. of the ketone in 50 cc. of benzene was ex- 
tracted with three 10-cc. portions of Claisen’s alkali, each portion of extract being run a t  
once into excess dilute sulfuric acid. In  some cases one-half of the above quantities of 
everything was used. [Claisen’s alkali is prepared by dissolving 350 g. of potassium hy- 
droxide in 250 cc. of water and diluting to 1000 cc. with methanol (13).1 The acidified 
Claisen’s alkali solution was extracted with ether and the ether solution washed with sodium 
hydroxidt: solution; any product contained in this alkaline solution (which would be the 
cleavage product) was obtained by acidification and extraction. As example of a blank 
test: 1.00 g. of 4-bromophenoxyacetone in 50 cc. of benzene was extracted with three 10-cc. 
portions of a mixture of 2 volumes of methanol and one of water. From the extract 0.02 g. 
was obtained, while with Claisen’s alkali 0.14 g. was extracted (Table I). 

The nitrophenols formed by cleavage were identified by mixed melting points. The ke- 
tones extracted by Claisen’s alkali were transformed into the semicarbazones and mixed 
melting points were taken with the semicarbaaones of the original ketones. 

Action of sodium methoxide on phenoxyacetones. A given weight of the phenoxyacetone 
was dissolved in 30 cc. of 5% sodium methoxide in methanol and allowed to  stand at room 
temperature for a definite time. The reaction mixture was then diluted with water, acidi- 
fied with dilute sulfuric acid, extracted with ether and the ether extract washed with 10% 
sodium h,ydroxide to remove the phenol formed by cleavage. The phenol was recovered by 
the usual method. The ether solution was dried and evaporated to obtain the starting 
material; the identity of the nitrophenols formed by cleavage and of the neutral product 
tYas checked by melting point determinations. A small amount of o-nitrophenol seemed t o  
be present in  the mixture from 2-nitrophenoxyacetone, but i t  could not be characterized. 

SUMMARY 

Pure 4-methylphenoxyacetone and 2,6-dimethylphenoxyacetone do not re- 
arrange on heating, although they do form a small amount of the corresponding 
phenol. Bromoacetone gives no C-alkylation when treated with the sodium 
salt of ;p-cresol in benzene. 4-Methylphenoxyacetone has been prepared by 
ozonization of P-methylallyl 4methylphenyl ether, and Zacetonyl-4-methyl- 
phenol by ozonization of 2-(~-methylallyl)-4-methylphenol. 

The phenoxyacetones can be partially extracted from benzene or petroleum 
ether solution by Claisen’s alkali. A series of substituted phenoxyacetones has 
been prepared including the following new ones: 2 ,&dimethyl, 4-bromo, 2,6- 
dimethyl-4-nitr0, and 2,4-dimethy1-6-nitro. The 4-nitro and 2,6-dimethyl-4- 
nitro compounds are cleaved by Claisen’s alkali, giving the corresponding 
nitrophenols, while the 2-nitro and 2,4-dimethy1-6-nitro compounds are com- 
pletely decomposed by Claisen’s alkali. 3-Nitrophenoxyacetone is extracted 
from benzene without cleavage by Claisen’s alkali, and its acidity is attributed 
to the increase of the electron-attracting effect of the phenoxy group by the 
nitro group, making the hydrogen on the carbon next to the ether oxygen more 
acidic. 

The 4-nitro and the Zf6-dimethy1-4-nitro compounds are cleaved by sodium 
methoxide in methanol at room temperature at about the same rate, while the 
%nitro (compound is decomposed very much more rapidly, and the 4-bromo 
compouiid is scarcely affected. 

ROCHESTER, IT. Y. 
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The modern electronic formulation for non-allylic molecular rearrangements 
as developed by Whitmore (1) may be illustrated by the following equation, 

R . . . . . .  I -> 
.. .. 

:A:B:X: --+ :X: + :A:B: . . . . . .  
R 

*. (1) 

+ :Y: 

(a) 

. . . . . .  
" " :Y:A:B: . . . . . .  

where A and B are atoms neither strongly electropositive nor electronegative, 
X and 'Y are strongly electronegative groups, and R is either an alkyl or aryl 
residue. The shifting of the group, R, follows simultaneously with the removal 

of :X: , R being apparently never completely free of either A or B (2). In rear- 

rangements of the Wagner-Meerwein (retro-pinacolic) type, : Y: may join the 

rearranged positive fragment (a), while in the pinacol rearrangement or in olefin 
formation, this fragment may lose a proton (b). It has also been pointed out 
(2 d, 3) that combination and rearrangement may be a single bimolecular proc- 
ess which can be formulated as follows, 

.. 

.. .. 
.. 

.. R ../-LftL.* ..r . . . . . .  
:Y: + :A:B:X: -+ :Y:A:B: + :X: .. . . . . . .  . . . . . .  .. 

analogous to substitution reactions of the S N ~  type (4), although a t  present there 
is no direct experimental evidence for this view. 

Extensive studies in molecu1a.r rearrangements involving optically active 
groups have played an important role in the development and confirmation of 
the mechanism formulated in equation I. When R is an optically active group 
in which the asymmetric carbon atom is directly attached to  A, i t  would be ex- 

1 Sational Research Fellow, Princeton University, 1940-41. Present address, Illinois 
Institute of Technology, Chicago, Ill. 
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pected on the basis of this mechanism to retain its complete activity. This has 
been shown to be true in earlier papers of this series (2a,  5 ) .  Experimental 
studies have also shown that such a group not only retains its activity but also 
its configuration in conformity with an earlier suggestion in Part I (2 a) of this 
series. Thus, Noyes (6)2 has shown in the asymmetric degradation of the cam- 
phoric acids that the rearrangement proceeds without inversion. A similar 
result has been obtained by Bartlett and Knox (8) in their studies of the Hof- 
mann rearrangement involving hindered (bridge) systems, Le., the conversion of 
apocamphoric acid amide to the corresponding amine. A conclusive proof of 
this point for unhindered systems involving one asymmetric carbon atom is 
afforded in certain results (9) recently obtained in this laboratory on the Wolff 
rearrangement of optically active diazoketones. 

For rearrangements of optically active molecules in which A is the asymmetric 
center, inversion or retention with more or less racemization would be expected 
from equation I, while inversion only should result from equation 11. Experi- 
mental evidence is still somewhat confused. In  certain studies (10) carried out 
in this laboratory of a retro-pinacolic type of rearrangement, partial racemiza- 
tion was observed. It should be noted, however, that this may have resulted 
from the unstable character of the tertiary chloride so produced. In considering 
the rearrangement of camphene hydrochloride to isobornyl chloride the results 
of kinetic studies are best explained by the bimolecular reaction of an intermedi- 
ate positive camphene group and P C1- where P is a chloride carrier such as Hf 
oraphenol(3,l l) .  Thus,R:A:B:X: * R  :A:B+ :X: isfollowedbythereac- 

tion 

...... .... .. 

...... .... .. 

//- /Z?. .... 
PC1- + R:A:B ---f P + :A:B: .. 1. .... 

R 
where the latter step, which is rate determining, is of the second order. It has 
been pointed out (3) that since bimolecular nucleophilic substitution reactions 
(4) occur with Walden inversion, inversion very probably occurs on the carbon 
atom holding the chlorine atom in isobornyl chloride. 

The mechanism outlined above would also predict inversion of configuration 
involving carbon atom B. Kinetic studies (12) of the rearrangement of cis- and 
trans-7,8-diphenylacenaphthenediol-7,8 confirm this conclusion. Results of a 
similar nature were observed in kinetic studies (13) on the preparation of 
2-indanone from both cis- and trans- indene glycol. Inversion of configuration 
has also been observed (14)3 in the semipinacolic deamination of (-) 1,l- 
diphenyl-2-aminopropanol-l . 

2 Certain results of H. Fischer (7) obtained in the Curtius degradation of the amides of 
dihydroshikimic and quinic acids are of interest in this connection. 

3 In a recent paper by Kenyon and Young ( J .  Chem. Soc., 1941, 263), it is reported that  
(+) hydratropic azide is converted by the Curtius degradation into (-) a-phenylethyl- 
amine without appreciable racemization. We should like to  point out a t  this time that  this 
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In this paper we wish to present additional evidence for inversion at  B. In 
part, this evidence has been obtained from a study of certain experimental 
researches of Stoermer and his co-workers (15) on the diazotization of the amino 
group in the truxillamic acids.4 In  an attempt to prepare certain hydroxyl de- 
rivatives of cyclobutane these investigators discovered that when the amino 
group in these acids was diazotized, a rearrangement occurred to give in each 
case various isomers of l-carboxy-2-benzoxy-3-phenylcyclopropane, the configu- 
rations of which were determined. Thus, 

-C (A) 
I 

CdH5 
I 
H 

a-Truxillamic acid 

CO:!H H 

C- C 
I 

I1 

I 
C6H5 

I 
H 

6-Truxinamic acid 

I COZH I (A) CHOH I (Y) CO2H I 
H 

I 

I11 

result is only a confirmation of the earlier work published from this laboratory in the first 
papers of this series. Moreover, for the particular molecule in question, the reaction was 
studied by Bernstein and Whitmore (14), reference to  which was not made by Kenyon and 
Young. These investigators claim further to  have submitted evidence to  show that  the 
course of the Beckmann transformation of optically active ketoximes is analogous t o  tha t  
of the Hofmann, Curtius, and Lossen rearrangements of related derivatives of optically 
active acidfi, a research project suggested by one of us in the title of Par t  I of this series. 
We find i t  regrettable that  the investigation of Kenyon and Young has been conducted in 
so cursory ;L fashion as to permit no deductions concerning possible racemization during 
rearrangement. Indeed, i t  is not clear from these authors’ experimental work whether 
optically pure starting materials were used, and granted that  they were, no attempt was 
made to  establish the degree of optical purity of the rearrangement product. We feel tha t  
the results of these authors must, therefore, be regarded as  inconclusive and that  a more 
precise investigation of the problem is necessary. 

4 These acids were prepared from the parent amido acid by the Hofmann degradation. 
In  the light of our discussion on the asymmetric group, R, i t  is certain that  the amino acids 
so produced are configurationally the same as the parent dibasic acids. The latter are well 
known. (See Rochussen and Niederlander in  Richter’s “Organic Chemistry”, Nordemann 
Publishing Company, New York, 1939, pp. 40-43.) 
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Inversion 
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From a consideration of the spatial relationships involved, it can readily be seen 
that inversion or retention of configuration would lead to entirely different prod- 
ucts. This is easily illustrated in the case of e-truxillamic acid (see page 264.) 
Therefore, i t  is clear that with the 8-, 7-, and €-amino acids, all products of the 
rearrangement are the result of a rearward attack on the carbon atom holding 
the amino group. yTruxillamic acid yields both alcohols I and I1 because 
either a shift of the electron pair connecting the carbon atom, holding the car- 
boxyl group, to the carbon atom holding the trans phenyl group, or a shift of 
the electron pair connecting the carboxyl-carbon atom to the one holding the cis 
phenyl group can take place. The 8- and €-amino acids having their phenyl 
groups cis to each other give only the one expected p r ~ d u c t . ~  In  the rearrange- 
ment of a- and &amino acids, i t  is noted that two products, the same in each 
case, are also formed. Compound I11 which predominates results from an in- 
version of configuration. Compound 11, found only in small quantities, is the 
product expected from a retention of configuration during rearrangement. Thus, 
a small amount of racemization occurs in these two cases a t  carbon atom B. 
This fact would suggest a small amount of preliminary ionization of R :A: B :X: . 
Indeed this has been suggested in some of the original formulations of this elec- 
tronic theory (1, 2 a, 16) of rearrangements. 

We now wish to describe the results of certain experiments that we have 
carried out, and that serve both as an extention and as a confirmation of the 
results of Stoermer and his co-workers (15). They also give information that is 
fundamental to the modern theory of optical rotatory power as applied to ring 
compounds (17). The rearrangement of ytruxillamic acid was repeated using, 
however, both the dextro and levo forms of the optically active acid instead of 
the racemic modification. In  our hands the (-) amino acid hydrochloride6 
yielded the pure (+) lactone (IV) of the (+) acid (I), while the (-) lactone was 
obtained when the (+) amino acid hydrochloride was diazotized with nitrosyl 
bromide. It is also to be noted that 
with the optically active modifications no contamination of the products of 
rearrangement with diastereomers produced by racemization a t  either carbon 
atom A or B was observed. This also is as we might expect, since here we are 
carrying out the rearrangement under asymmetric conditions. 

.. .. .. 

.. .. .. 

These facts are in accord with theory. 

5 It may be noted that  Stoermer and his co-workers observed that  the products I, 11, and 
I11 as described above were always contaminated with small amounts of the corresponding 
diastereomer. These products, of course, result from a certain amount of racemization on 
carbon tttom A. 

e The (-) 7-truxillamic acid used in these experiments was prepared from the (+) 
7-truxillamidic acid by a Hofmann degradation. The (+) amidic acid was obtained from 
the racemic compound by a simple resolution involving one crystallization of the morphine 
salt. The action of aqueous ammonia upon racemic 7-truxillic acid anhydride yielded the 
corresponding amide. The anhydride was made by refluxing a-truxillic acid with acetic 
anhydride. Certain difficulties were noted in the preparation of a-truxillic acid which will 
be discussed in a subsequent paper. The method finally used was essentially the same as 
that  described by Kohler, Am.  Chem. J . ,  28, 238 (1902). 
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1 

A number of reactions also were carried out starting with both the (+) and 
the (-) modifications of the lactone (IV). The results are listed in the accom- 
panying chart, together with the molecular rotations of the various compounds 
which were prepared. 

c=o 
C6H5 / I  

o c  
HC 

I /  
C C 
I I 

I 
H H ' I  

[MI, - 334" 

COOCH3 
CB" 1 

I C 
C=O/ l \  

1 
I / /  \ \ I  CEH5 

C C 

H H 
I 

I 
I c HCoH//lh CeHs 
// OCHs\I 

C C 
I 

H 
I 

H 

H H 
VI11 

CrOs - [MID -444' 
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:ther 
tcetone 
dcohol 
tlcohol 

alcohol 

alcohol 

tlcohol 

When these data are considered in terms of modern theory of optical rotatory 
power (17),, the increase in the amount of rotation caused by the opening of the 
lactone ring is surprising, for Kauzmann and Eyring (17) have stated that 
“these influences which tend to restrict freedom of rotation and of orientation 
about bondk will tend to increase the order of magnitude of the optical activity.” 
Thus, in general, hydroxy acids would be expected to  have lower numerical 

(-) 27.5(+) 5.6’ +21.9 
(+) 31.5 (-) 118.1 -86.6 
(+) 196.0 (+) 10.0 +I86 
(+) 192 (-) 14.0 +178 

Lactone 

(+) 87.5 (+) 13.1 f74.4 

(+) 27.5 (-) 33.4 -5.9 

(-) 6.5 (+) 29.5 -22.9 

TABLE I 
MOLECULAR ROTATIONS OF ACIDS AND THEIR CYCLIC DERIVATIVES 

acetone ( ,  ) 45 
acetone (+) 50.8 
ttcetone (+) 89.0 
acetone (+) 24.2 
acetone’(+) 210.9 

ACID 

Imide 
(-1 10.0 
(+) 19.3 +31.5 
(+) 47.0 +42.0 
(+) 80.7 -56.5 
(+) 55.2 +155.7 

Lactam 

a-Isoprop ylglutaric ........................ 
trans-Hexahydrophthalic . . . . . . . . . . . . . . . . . .  
trans-A4-Te trahydrophthalic . . . . . . . . . . . . . . .  
Camphoric. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

water I ( - )  49.9,(-) 92.7, 

2,2, 3-Trimethyl-3c-cyclopentanol-l~-carbox- 
ylic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,2, 3-Trimethyl-3c-cyclopentanol-1c-carbox- 

acetic, . . . . . . . . . .  
CHa 

CH+2COTTHR 1 CHaiCH, 

CH,-CCOIH 
H 

R = H  . . . . . . . . . . . . . . . . . . .  
n-CsHii.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m-tolyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6-naphthyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-42.8 Aminocamphonanic . . . . . . . . . . . . . .  

O L V E N T ~  
ACID 
[MID 

I I 
I I 

- 

ZEP 

- 
18 
19 
20 
21 

22 

23 

24 

21 

25 
- 

a Only compounds with which the rotations of both acid and anhydride have been taken 

* Difference is numerical, not algebraic. The + indicates a higher value for the acid, 
in the same solvent are listed. 

the - for i,he anhydride. 

molecular rotations than the corresponding lactones, since in the latter com- 
pounds rotation is more restricted. It is to be noted, however, that the ex- 
amples given in Table I of their paper involve only the formation of monocyclic 
compounds from open chains, and that most of the substances listed are related 
to the sugars. Since in our case the noted exceptions involve the formation of a 
dicyclic system from a monocyclic derivative, it was thought pertinent to collect 
more data of this type. Some of these data are presented in Table I. 
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It is seen that in cases of this type the cyclization generalization of Kauzmann 
and Eyring (17) does not hold. It may be argued, however, that this failure 
does not affect the validity of the one electron theory of optical rotatory power, 
for if the rotatory power of the open chain compound be large, thus showing a 
considerable lack of asymmetry, cyclization would be much less likely to increase 
this asymmetry (26). It may be added that since monocyclic compounds, in 
general, have high rotations, which is in accord with theory, it is not surprising 
that shifts in rotation would be random on formation of the second ring. 

It is seen 
from our experimental data that the (-) acid (I) is closely related configura- 
tionally to the (+) acid (111), the action of strong alkali converting the former 
compound into the latter. Since these two acids are so similar, one might think 
it possible to apply a principle analogous to the Freudenberg displacement rule 
(27) in order to demonstrate the configurational relationships involved. How- 
ever, this can not be done. Although conversion of the acids to their respective 
keto esters causes a decrease in [MI,, esterification of (I) results in a decrease in 
rotation, whereas the same reaction applied to (111) causes an increase. It is 
thus seen that no quantitative relationship in the shifts of the molecular rota- 
tions with similar chemical changes can be established. This is probably due to 
the close proximity (28) of the groups to each other. Indeed, this closeness of 
the groups attached to different carbon atoms in the cyclopropane ring is shown 
by the ease with which acid (I) is converted into its lactone (IV). If one acidi- 
fies the sodium salt of the acid with sulfuric acid, the lactone is produced on 
crystallization, no matter what the conditions are for carrying out the process. 
Only when hydrochloric acid is used does one get the hydroxy acid itself. Fur- 
thermore, under certain conditions the action of diazomethane brings about a 
dehydration to the lactone, a phenomenon that has also been observed in the 
sugars (29) and in folded rings of the bicyclo-(l,2,2)-heptane series (30). 
Finally, it  may be noted that the keto ester (VI) is unusual in its behavior. 
Although actually a yketo ester, its reaction with hydroxylamine hydrochloride 
is similar to that undergone by 3-keto esters in the preparation of isoxazolones. 
Instead of an oxime, a cyclic dihydroorthoxazine derivative (IX) is produced, 
again indicating the closeness of groups on adjacent carbon atoms in the cyclo- 
propane nucleus. 

In this connection it is of interest to consider another principle. 

N 

I co 
I 
C 

I 
C 

I 
H 
IX 
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EXPERIMENTAL 

Preparation of (+) and (-) y-truxillamidic acids. The optically active acids were pre- 
pared from the racemic modification by the method of Stoermer and Fretwurst (31). Race- 
mic-y-truxillamidic acid, m.p. 233-236", was prepared in 75% yield according to  the direc- 
tions of these authors from a-truxillic acid, m.p. 274-276" (decomp.), which in turn, was 
prepared in 35% yield by the method of Kohlere from cinnamylidene malonic acid (32), 
m.p. 196-200". From 18.7 g. of racemic acid was obtained 7.7 g. of (-) y-truxillamidic acid, 
[CY]: -7" ( c  = 0.76, acetic acid), m.p. 254-256'when placed in the bath a t  243', and also 5.6 g. 
of (+) y-truxillamidic acid, [a]: +8" (c = 0.75, acetic acid). Stoermer and Fretwurst 
(31) report for the (-) acid [a]: -11" (c = 0.70, acetic acid). In view of the inaccuracies 
attending the determination of this constant for a substance of such low rotatory power and 
slight solubility, we do not regard the discrepancy as serious. Moreover, the character of 
the products; obtained from reactions of the acid which are subsequently to be described, 
indicated that  i t  was essentially optically pure. 

Preparation of (-) y-truxillamic acid. This acid was prepared by a method analogous 
t o  that  of Stoermer (15) for the preparation of the racemic acid. To 10.3 g. of (+) y- 
truxillamidic acid was added 145 cc. of 0 5 N sodium hypochlorite solution. The reaction 
mixture was kept at 38-40' for two hours. At the end of this time i t  was cooled to  room 
temperature, neutralized with dilute hydrochloric acid, and finally made just basic to  
litmus with dilute sodium hydroxide solution. The solution was filtered to  remove a very 
small amount of insoluble material (m.p. 200-225"), and carbon dioxide was then passed 
through the filtrate until a precipitate began to  form (at this point, if too much sodium 
hydroxide solution had been added, i t  was sometimes necessary to add a few drops of hydro- 
chloric acid to induce precipitation). Carbon dioxide was passed through the solution for 
an additional hour, after which time 7.7 g. of pure (-) y-truxillamic acid had separated. 
The product melted at 211-214" (decomp.) when placed in the bath at 200" and was insoluble 
in most solvents. Acidification of the aqueous mother liquor produced a white precipitate, 
which after recrystallization melted at 250' (decomp.) and was shown by a mixed melting 
point determination to be unchanged (+) y-truxillamidic acid. Similar treatment of (-) 
y-truxillamidic acid gave (+) y-truxillamidic acid in 65% yield. 

A small portion of the (-) amino acid on recrystallization from dilute hydrochloric acid 
was converted to the corresponding hydrochloride, m.p. 268" (decomp.) ; [a]& -16.6', 
[&ta -22.7",   CY]%^ -28.8' (c = 1.145, methyl alcohol). From the analysis i t  is apparent 
that  the crystalline salt contains one molecule of water of crystallization. 

Anal .  Calc'd for C17HlsClN02: C, 67.24; H, 5.94; S, 4.61. 
Calc'd for Cl~Hl&lNOz.H~O: C, 63.46; H, 6.28; N, 4.35. 
Found: C, 63.90; H, 6.33; X, 4.28. 

The (-) amino acid hydrochloride was readily converted to  the corresponding methyl 
ester on being refluxed for three hours in a methyl alcoholic solution of hydrogen chloride. 
The ester, after recrystallization from methyl alcohol, melted a t  269" (decomp.) when placed 
in  the bath at  250'; [a]:$3 -24.7", [&&a -29.6", [&3 -36.8" (c = 1.12, methyl alcohol). 

Anal .  Calc'd for ClsH2oCIN02: C, 68.05; H, 6.30; N, 4.41. 
Found: C, 68.03; H, 6.27; S, 4.48. 

Rearrangement of (+) y-truxillamic acid to the lactone ( IV) .  To 7 g. of (+) y-truxillamic 
acid just ccvered with ether in a n  ice-salt-bath, was slowly added a solution of nitrosyl 
bromide [prepared by passing nitric oxide (33) into 200 cc. of dry ether containing 5.6 g. of 
bromine a t  - 5 7 .  During the addition the temperature was kept below -5". Vigorous 
evolution of nitrogen attended the addition of the first 100 cc. of solution, but the remainder 
could be added rather rapidly without an appreciable increase in temperature. When the 
evolution of nitrogen had ceased (about one hour after addition was complete), the white 
needles which had formed were removed by filtration, washed with ether, and dried: m.p. 
133-135". The dark brown ether solution was shaken with sodium bisulfite until colorless. 
The bisulfite layer was then extracted with ether and the combined ether extracts washed 
with dilute sodium carbonate. The carbonate layer was extracted with ether, and the 
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united ether extracts were dried over anhydrous potassium carbonate. On evaporation of 
the ethereal solution to  a volume of 20 cc., a n  additional crop of crystals, m.p. 133-135', 
was obtained. Finally the ether was removed from the mother liquor. The oil so obtained 
partially solidified on standing. The crystals were separated from the oil by filtration and 
washed with a small amount of ether. The three crops of crystals were united and re- 
crystallized from benzene-petroleum ether (b.p. 60-75') to  give 3.08 g. of a pure product, 
m.p. 139'; [a]& --10.2', [cy]& --14.4", [a]% -19.5", [MI: -36.0' (c = 1.07, methyl al- 
cohol); [CY]%S +30.6', [ c & ~ Q ~  +35.2", [a1263 $41.8' (c = 1.05, benzene). 

Anal .  Calc'd for Ci7H1402: C, 81.59; H, 5.65. 
Found: C, 81.8; H, 5.68. 

Similar treatment of (-) 7-truxillamic acid gave the (+) lactone in 43% yield, m.p. 
138"; [CY]& +11.2" [a1~~03 +15.5"; [a]% +19.6", [MI: $38.7" (c = 1.25, methyl alcohol). 
Mixed m.p. of the (+) and (-) lactones 129-131'. 

Preparation of ~C-carboxy-dc-benzoxy~-3c-pheny~cyc~opropane ( I ) .  A mixture of 1 .I5 g. of 
the (-) lactone (IV) and 8 cc. of 10% alcoholic potassium hydroxide was heated for one 
minute longer than necessary to effect complete solution. It was then diluted with 35 cc. 
of water and filtered. The filtrate was carefully neutralized with dilute hydrochloric acid 
and the resulting precipitate separated by filtration, washed thoroughly with water, and 
dried. After two recrystallizations from benzene the product melted at 150" (decomp.) 
when placed in the bath a t  141'; [CY]& -78.4", [a]:& -101.4', [cyl'&s -121.4', [MI: -272' 
(c = 1.02, methyl alcohol). 

Anal .  Calc'd for ClrHl603: C, 76.14; H, 5.97. 
Found: C, 75.80; H, 6.14. 

Similar treatment of the (+) lactone (IV) gave the hydroxy acid (I) m.p. 146';  CY]&^ 
+75.4',   cy]^^^^ +96.6', [CY]',& +116.6", [MI: -259' ( c  = 1.18, methyl alcohol). 

Action of diazomethane o n  the hydroxy acid ( I ) .  To a methyl alcoholic solution of the 
(-) acid (I) a t  the temperature of an ice-salt mixture was added slowly and with shaking 
an ethereal solution of diazomethane (34) until no more nitrogen was evolved, and the 
yellow color due t o  a slight excess of diazomethane was permanent. The solution was 
removed from the ice-salt-bath, allowed t o  stand for thirty minutes, and evaporated t o  
dryness. 

-10.6', 
[a]::~3 -14.9", [ol]&3 -20.1" ( e  = 1.04, methyl alcohol); mixed m.p. with the (-) lactone 
(IV) 137-139". The same result was obtained when the foregoing operations were repeated, 
and also when a n  ethereal solution of diazomethane, distilled from anhydrous potassium 
hydroxide just before use, was employed. 

In  another experiment a solution of the acid was prepared in 20 cc. of methyl alcohol 
containing 5 drops of water, and to  i t  was added according t o  the procedure described above, 
a distilled ethereal solution of diazomethane. The product so obtained was recrystallized 
from benzene-petroleum ether: m.p. 145" (decomp.); b 1 % 3  -89.4", [a]& -118.5", [&f3 
-141.7', [MI: -334" (c = 1.27, methyl alcohol). By analysis and subsequent oxidation 
this product was proved to  be the desired (-) methyl ester (V). 

The residue was recrystallized from aqueous methyl alcohol : m.p. 137-139'; 

Anal .  

The same product was obtained by the addition of ethereal diasomethane to an anhy- 
drous ethereal solution of the acid, but the reaction was much slower. 

In  another experiment careful trituration with boiling petroleum ether (b.p. 60-75") 
of the crude product resulting from the treatment of the (+) acid (I) in methyl alcoholic 
solution as described above, permitted separation of this product into two fractions. The 
more insoluble of these melted a t  146' and was the desired (+) ester (V): [&$,a +95', 
[a]& +127", [ 0 ( 1 ~ ~ 6 3  +140", [MI: +358" (c = 0.295, methyl alcohol). 

Calc'd for C18H1803: C, 76.60; H, 6.39. 
Found: C, 76.80; H, 6.54. 

Anal .  Calc'd for C18H1803: C, 76.60; H, 6.39. 
Found: C, 76.77; H, 6.39. 

The more insoluble fraction melted a t  115'. Analysis and specific rotation indicated 
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that  i t  was an equimolar mixture of the lactone (IV) with the ester (V): [a]&3 +53.6", 
[(Y]% +73.1", [&63 187.9" (c = 0.673, methyl alcohol). 

Anal .  Calc'd for C I ~ H ~ ~ O ~ . C I ~ H I ~ O ~ :  C, 78.90; H, 6.06. 
Found: C, 78.78; H, 6.22. 

Preparation of the (+) methyl ester ( V I )  of 1C-carboxy-2~-benzoyl-9"-cyclopropane. To 
480 mg. of the (-) methyl ester (V) was added 250 mg. of chromic oxide in 5 cc. of glacial 
acetic acid. The mixture was cooled slightly at first and then allowed to  stand a t  room 
temperature with frequent shaking for forty-eight hours. At the end of this time 60 cc. 
of water was added, causing the formation of a precipitate. The mixture was extracted 
with ether and the ether extract washed with sodium carbonate solution and dried over 
anhydrous sodium sulfate. Evaporation of the solution to  a volume of 8 cc. followed by 
the addition of petroleum ether (b.p. 60-75") caused the precipitation of a crystalline prod- 
uct, m.p. 95-110". One recrystallization from ether gave the pure keto ester (VI): m.p. 
109"; [CY]& +5.4", [a1%3 $6.0"; [*]E63 +7.21, [MI: f16.8" (c = 0.833, methyl alcohol). 

Anal .  

Preparatzon of the (+) dihydroorthozazine ( I X )  of the (+) keto ester (V I ) .  The (+) keto 
ester (VI) was refluxed for one day in  15 cc. of ethyl alcohol containing a n  excess of hy- 
droxylamine hydrochloride. On cooling, the solution deposited long white needles, m.p. 
177-179". One recrystallization from methyl alcohol gave a product melting a t  180"; 
[a1&3 +177", [CY]& +226", [(Y1& +271", [MI: 4-595" (c = 0.223, methyl alcohol). The 
analysis indicated that  the product was a dihydroorthoxazine rather than an oxime : 

Calc'd for C18H1603: C, 77.16; H, 5.72. 
Found: C, 77.11; H ,  5.61. 

Anal. Calc'd for Cl8H&03: C, 73.21; H, 5.81; N, 4.74. 
Calc'd for C17H13N02: C, 77.56; H, 4.99; h', 5.32. 
Found: C, 77.87; H ,  4.95; N, 5.25. 

Preparation of lt-carboxy-2c-benzoxyl-9c-phenylcyclopropane ( I I I ) .  A solution of 900 mg. 
of the (-) lactone (IV) in 8 g. of 50% alcoholic potassium hydroxide was refluxed for ninety 
minutes and then evaporated almost to  dryness. The residue was taken up in  water, and 
the clear aqueous solution was acidified with dilute hydrochloric acid. The precipitate 
which resulted was recrystallized three times from dilute alcohol : m.p. 160" (decomp.); 
[a]& +43.2", [&gg +56.4", [(Y]i.63 +68.3", [MI: +151" (c = 1.13, methyl alcohol). 

Anal. Calc'd for C17H1603: C, 76.14; H ,  5.97. 
Found:  C, 76.13; H ,  5.92. 

Similar t reatment  of the (+) lactone (IV) gave the corresponding (-) acid (111): m.p. 
161-162" (decomp.); [cY]:i63 -43.3'; [a]:& -56.0"' -67.8" [MI: -150" (c = 1.10, methyl, 
alcohol). 

EsteriiCication of these acids with diazomethane gave the corresponding methyl esters 
(VII) as  oils. 

Methyl ester of the (+) acid, [a]& +47.3", [01]&3 +60.6", [Cy1:!63 +73.2", [kl]: = +171" 
(c = 2.15, methyl alcohol). 

Methyl ester of the (-) acid, [a]&3 -47.4", [al::v3 -61.4", [(Y1&3 -74.9", [MI: -173" 
(e = 1.19, methyl alcohol). 

Methyl alcoholic solutions of the (+) and (-) esters were mixed to  give a solution of 
zero rotation. Evaporation of this solution gave the racemic ester, which after one re- 
crystallization from ether-petroleum ether melted at 75" (Stoermer (15) reports m.p. 76"). 

Preparation of the (-) methyl ester (V I I I )  of 1 -carboxy-2-benzoyl-9-phenylcyclopropane. 
To the methyl ester (VII) prepared from 500 mg. of the (+) lactone (IV) was added a solu- 
tion of 250 mg. of chromic oxide in  12 cc. of acetic acid. The mixture was heated on the 
steam-bath until the solution became green and was then diluted with 60 cc. of water. The 
resulting oil was extracted from the mixture with ether. The ether extract was washed 
with sodium carbonate solution and dried over anhydrous sodium sulfate. On evaporation 
of the ethereal solution an oil was obtained which was dissolved in 5 cc. of methyl alcohol 
and decolorized with animal charcoal. Evaporation t o  dryness of the clear solution so 
obtained gave an oil which gradually became crystalline. After one recrystallization from 
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ether-petroleum ether the product melted a t  85'; [a]& -121.2", [a1:!93 -158.6', [al&,~ 
-192.5', [MI: -444" ( c  = 0.974, methyl alcohol). 

Anal. Calc'd for CleHr603: C, 77.16; H, 5.72. 
Found: C, 77.07; H, 5.63. 

In conclusion we wish to thank the Kational Research Council for the grant 
of a fellowship to one of us for the year 1940-1941, and Merck and Co., Inc., 
Rahway, N. J., for the analyses published in this paper. 

SUMMARY 

(+) 7-Truxillamic acid has been shown to yield, on treatment with nitrosyl 
bromide, the ( - ) lactone of (- ) 1c-carboxy-~c-benzoxyl-3c-phenylcyclopropane. 
This result and other examples of Walden inversion attending the conversion of 
truxillamic and truxinamic acids to l-carboxy-2-benzoxyI-3-phenylcyclopro- 
panes are considered in terms of the electronic theory of molecular rearrange- 
ments. 

The direction of the shift in optical rotatory power in the formation of dicyclic 
lactones, imides, and lactams from the corr'esponding monocyclic acids has been 
shown to be random. This behavior is discussed in the light of newer theories 
of optical rotatory power. 

The preparation and certain reactions of the optically active cis- and trans-1- 
carboxy-2c-benzoxyl-3c-phenylcyclopropanes are described. 

PRINCETON, N. J. 
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This series of compounds, where cyclization to  the hydroxyfuranone is 
blocked effectively by the steric hindrance of the mesityl groups, has been made 
in order to  determine the effect of substitution of halogen on the 1,2,4-trike- 
tone-enol equilibrium. 

The bromination of the triketone enol (I) in ethanol a t  -15' proceeded 
23 per cent beyond one equivalent within a one-second interval between addi- 
tion of an excess of bromine and the p-naphthol to stop further reaction; the 
absorption of the second molecule of bromine proceeded 57% in twenty seconds, 
69% in thirty seconds, and was practically complete within five minutes. It 
was evident from these experiments that an easily enolizable bromo triketone 
(11) was the chief initial product of the reaction. 

When exactly one equivalent of bromine was added to the enol under the 
above described conditions, the product consisted chiefly of the monobromo 
compound (11-IV) ; but along with this, small amounts of the dibromo deriva- 
tive (111) and unchanged material (I) always could be isolated. This proce- 
dure therefore was unsuitable for the preparation of pure monobromo deriva- 
tive. However, the dibromo derivative (111) could be obtained in good yield 
under these conditions by using a slight excess of two equivalents of bromine. 

Br2 
C9Hl1 C OC=CH-C C9Hl1 + C9H1 C OCOCHBrC OCBHl 

I1 I II K I  
OH--- 0 

I 

I V  
The monobromo derivative was best prepared by bromination in chloroform 

or carbon tetrachloride, where the reaction proceeded slowly and with a sharp 
demarkation between mono- and di-bromination. The product was found to  

1 duPont Fellow, 1939-1940. Present location, Jackson Laboratory, duPont de 
Nemours Co. 
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consist chiefly of the labile bromo triketone (11). We were unable to free this 
compound completely from the enol form (IV) to which i t  rearranges with 
great facility, and we were unable to characterize i t  adequately. However, its 
existence in an impure state was demonstrated by the K. Meyer titrations, 
which indicated 30% enolization. Upon standing, slowly in the solid state or 
in solution and rapidly in electrolytic solvents, it underwent rearrangement to 
an equilibrium mixture which was shown by subsequent K. Meyer titrations 
to be approximately 80% enolized. 

The piire monobromo enol (IV) was best obtained by acidification of the 
sodium salt. It gave a deep red color with alcoholic ferric chloride, reacted 
readily with diazomethane, and showed a high degree of acidity by reacting 
with sodium carbonate. Fresh samples were shown by the K. Meyer titration 
to  be nearly completely enolized, and they reacted with an excess of bromine 
under these conditions to give the dibromo triketone (111). Samples of the 
enol after standing for several weeks showed a small but definite lowering in 
the percentage enolization to approximately 80%. 

It is noteworthy that in this series, as expected, there is no evidence of cycli- 
zation to the hydroxyfuranone. 

All three bromo compounds (11, 111, and IV) were easily reduced by potas- 
sium iodide in acetic acid, in contrast with the diphenyl anologs where the last 
halogen ‘was more difficult to remove because of cyclization to the hydroxy- 
furanone. 

The reduction of the dibromo triketone (111) to the monobromo enol (IV) 
could be effected by means of sulfur dioxide. The monobromo triketone under 
similar conditions was converted into a mixture of the unsubstituted enol (I) 
and the monobromo triketone enol (IV) which evidently is unreactive under 
these conditions, as would be expected. 

The bromo triketone enol (IV) reacted with diazomethane to give two 
methyl ethers, both of which could be hydrolyzed back to the enol by means 
of hydrochloric and acetic acids. One of these ethers was obtained in only 
very small amounts and was not studied further. The other, obtained in 71% 
yield, was shown to have the structure V as follows. Ozonization gave 
mesitylglyoxylic methyl ester and mesitoic acid; and catalytic reduction gave . -  

the non-crystalline 
terized b:y pyrolysis 

IV 

dimesitylmethoxybutanedione (VI) which was charac- 
to dimesitoylethylene (1). 

C9 HI C 0 C=CBrC 0 C9 Hi 1 CH2 Nz ~ 

t I 
HC1-AcOH 0 CH:, 

V 

Pt I Hz 
I 

Cg Hi 1 C 0 CHCHz C 0 Cs Hi I 

OCH, 
VI 
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1,4-DIMESITYLBUTANETPIONE ENOL (I) 

Time in seconds' Moles of Iz lib. by K I  

1 1.23 
2 1.30 

10 1.54  
30 1.69 

120 1.84 
300 1.96 

From the above experiments it is evident that the bromination of the dime- 
sitylbutanetrione enol (1) resembles the bromination of the enols of oxalyl- 
acetic ester, oxalylacetone, and oxalylacetophenone (2), and lies intermediate 
between the bromination of ordinary aliphatic enols and phenols. Further- 
more, the substitution of a bromine atom affects the triketone-enol tautomerism 
in such a way as to diminish the preponderant stability of the enol form and to 
make possible the isolation of an unstable keto form. 

BBOMOD~ESITYLBUTANETBIONE (11) 

Time in seconds' Moles of Iz lib. by K I  

1 1.36 
3 1.42 

60 1.73 
600 1.89 

E X P E R I M E N T A L  

1 , 4-Dimesitylbutanetrione enol. The K. Meyer brominations described in the introduc- 
tion were made in 95% ethanol at-15", with addition of p-naphthol to  stop the reactions 
after the time intervals noted. The titrations were carried out by adding potassium 
iodide and dilute hydrochloric acid, warming to 40" for 15 min., and titrating with sodium 
thiosulfate, using starch solution on a spot plate to determine the end point. Check runs 
were first made on acetoacetic ester and dibenzoylmethane. The following are some 
typical experiments: 

~~ 

* Between addition of bromine and p-naphthol to  stop the reaction. 

Samples of the bromo triketone (11) were (a) allowed to  stand in the crystalline condition 
for three weeks, refluxed in 95% ethanol (b) for three hours and (c) for four hours, and (d) 
fused a t  110-115° for fifteen minutes. Titration by the K. Meyer method as described 
above gave the following values for iodine liberated (in moles): (a) 1.67; (b) 1.76; (c) 1.82; 
and (d) 1.72. 

A sample of the bromo enol (IV), freshly prepared and titrated immediately by the K. 
Meyer method, showed liberation of 1.98 moles of iodine. Samples allowed to  stand in  the 
crystalline condition for one, two, and three weeks and similarly titrated, showed libera- 
tion, respectively, of 1.91, 1.87, and 1.81 moles of iodine. 

9-Bromo-i, 4-dimesityl-i, I, 4-butanetrione ( I I ) .  A study of the bromination of dimesityl- 
butanetrione enol (I) under a variety of conditions led to  the following procedures through 
which the production of the dibromo triketone was minimized. 

One equivalent (2.38 g.) of bromine in carbon tetrachloride was added dropwise to  a 
mechanically stirred carbon tetrachloride solution of 5 g. of the triketone enol (I) a t  0". 
When the color of the added bromine became distinct and persisted, the solvent was evap- 
orated under reduced pressure. The residue was digested in conc'd acetic acid a t  60" for 
15 min. in order to  dissolve out all of the monobromo compound. The dibromo triketone 
remained as an insoluble residue which was removed by filtration. On cooling the filtrate, 
5.6 g. of nearly pure bromo triketone was obtained; m.p. 104-105". 

Products of nearly equal purity but in poorer yields were isolated in two similar pro- 
cedures in which ethanol and conc'd acetic acid respectively were used as solvents instead of 
carbon tetrachloride. In  the former case the product was precipitated by addition of small 
pieces of ice, and was then recrystallized. In  the latter case, after filtering out the small 
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amount of dibromo triketone which crystallized, the monobromo triketone was precipitated 
by dropwise addition of water. 

The monobromo triketone was purified by repeated crystallization from ethanol and from 
conc'd acetic acid. The yellow crystals melted a t  105.5-106'. 

Anal. Calc'd for CztH*8Br02; Br, 19.0. Found: Br, 18.7. 

The purest samples gave a pale red color with alcoholic ferric chloride; on standing, this 
color deepened to a purple. A sample which had been standing in the solid state for several 
weeks gave an immediate deep red or maroon color in the ferric chloride test. 

Reductzon of the monobromo triketone was accomplished in two ways. 
(a) Sulfur dioxide was passed for one hour through an ethanol solution of 0.5 g. of the 

bromo trittetone a t  room temperature. The solution was evaporated and the residual mix- 
ture extracted with ether. Upon shaking the ether solution with 5% sodium carbonate 
solution, 0.22 g. of the yellow sodium salt of dimesitylbutanetrione enol precipitated. From 
this upon acidification, 0.2 g. of the enol (I)  was liberated and identified by mixture melting 
point. From the ether solution 0.21 g. of the monobromo triketone enol was recovered, 

(b) A sample of the monobromo triketone in conc'd acetic acid was treated with potas- 
sium iodide. Iodine was liberated rapidly and upon dilution with water and addition of 
aqueous Elodium bisulfite solution, the enol (I) was obtained in quantitative yield and 
identified 

3-Bromo-I, 4-dimesityl-l,2,&-butanetrione enol ( I V ) .  A solution of 1.19 g. of bromine 
(one equivalent) in 20 cc. of chloroform was added dropwise to  a mechanically stirred chloro- 
form solution of 2.5 g. of the enol (I) a t  15'. Aqueous sodium bisulfite solution was added 
t o  ensure removal of any excess bromine, and the chloroform solution was then washed 
several times with water. Evaporation under reduced pressure gave a yellow crystalline 
residue which was dissolved in ether. The ether solution was subjected to  eight extractions 
with aqueous 5% sodium carbonate which removed all of the unchanged enol (I)  and the 
monobrorno enol (IV). The unchanged material, the enol (I), separated as the yellow so- 
dium salt and was filtered and washed with water; acidification gave 0.22 g. of the enol (I) 
melting a t  103-105'. The ether solution upon evaporation gave 0.07 g. of bright yellow 
crystalline dibromo triketone (111) which melted a t  146-149'. The sodium carbonate solu- 
tion was rtcidified and 2.43 g. of the monobromo enol (IV) separated as a yellow crystalline 
precipitate (m.p. 101-103"). Repeated crystallization from ethanol raised the melting 
point to  1.06.5-107.5". 

tlnal. Calc'd for CzzH2aBrOz: Br, 19.0. Found: Br, 19.3. 

The monobromo enol (IV) gave a deep red color when treated with 1% ferric chloride in 
ethanol. The compound was stable and could be recovered unchanged after treatment for 
three hours with boiling ethanol, and for one hour in the presence of a small amount of added 
conc'd hydrobromic-acetic acid. 

The compound was soluble in 5% aqueous sodium hydroxide or carbonate. The sodium 
salt proved to be very soluble in  aqueous media, but  could be extracted from 5% sodium 
carbonate by means of ethyl acetate, from which i t  was obtained as a solid residue upon 
evaporation of this solvent. It melted at 206-209' and was converted back into the mono- 
bromo enol (IV) when acidified. A bright yellow silver salt was precipitated by the addi- 
tion of aqueous silver nitrate and then water to  a methanol solution of the sodium salt; i t  
was filtewd and washed, but i t  darkened rapidly and became black within five minutes. 

The ,%'-enol methyl ether of S-bromo-1,4-dimesitylbutane-l,2,~-trione. (3-Bromo-l,4- 
dimesityl-2-methoxy-9-butene-1 ,4-dione) (V) .  A solution of 0.5 g. of diazomethane in 75 
cc. of ether was added to  3.5 g. of the bromo enol (IV). After the immediate and vigorous 
evolution of nitrogen the solution was allowed t o  stand a t  room temperature for six hours 
and was 1 hen treated with 5% hydrochloric acid and washed with water. Evaporation of 
the ether under reduced pressure left a yellow solid which was crystallized from ethanol; 
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yield 2.55 g. (71%) ; m.p. 122-124". Repeated and alternating crystallizations from conc'd 
acetic acid and from ethanol gave a pure product of m.p. 125.5-126'. 

Anal .  

Hydrolysis of 0.1 g. by conc'd acetic acid containing a few drops of conc!d sulfuric acid, 
(refluxing for a half hour) gave 0.08 g. of the enol (IV) which was purified and identified. 

Potassium iodide in acidified ethanol solution a t  room temperature, and in conc'd acetic 
acid at 70°, was without action. 

Catalytic reduction of 0.1 g. in 25 cc. of ethanol with 0.05 g. of platinum oxide proceeded 
with absorption of two molecules of hydrogen in three hours. Concentration of the solution 
after removing the catalyst by filtration gave an oil which could not be induced to  crystal- 
lize. Fractional distillation of this oil in a vacuum oven a t  110" onto a cold-finger condenser 
gave 0.65 g. of a clear, mobile and almost colorless oil of ng 1.5480. This observed value 
corresponds closely to  that  of 1,4-dimesity1-2-methoxybutanedione-l,4 (VI) (1). The 
identity of this product was confirmed by redistillation at 190" a t  8 mm. pressure, whereupon 
0.42 g. of yellow crystals of dimesitoylethylene of m.p. 170-172" condensed on the cold finger 
and was identified. 

Sunlight was without action on solutions of the ether (V) in methanol or in chloroform 
with a trace of iodine as a catalyst. 

Ozonolysis. A stream of 5% ozone was passed through a solution of 2.7 g. of the ether 
(V) in 40 cc. of dry chloroform a t  0" for 5 hrs. The solvent was then evaporated in a 
current of air, and 10 cc. of water was added. The mixture was brought t o  boiling to  ensure 
complete hydrolysis of the ozonides. Sodium bicarbonate was added and the mixture 
extracted with ether to  remove non-acid products. From the ether solution an oil was 
obtained which was shown to be the methyl ester of mesitylglyoxilic acid by hydrolysis with 
boiling 5% methanolic sodium hydroxide (refluxing for a half hour); acidification of the 
resulting solution gave a crystalline acid which was recrystallized from water and identified 
as mesitylglyoxilic acid (m.p. 113-115'; yield 0.17 g.). From the sodium carbonate extract 
of the products of ozonolysis, 0.67 g. of mesitoic acid was isolated by  acidification and 
extraction by ether; this acid melted a t  147-148" and was identified by mixture melting 
point with an authentic sample. 

An isomeric methyl ether of S-bromo-1 ,4-dimesitylbutane-l ,d,.&trione enol. The residues 
from the above preparation of the 2-methyl ether (V) gave on fractional crystallization 
0.27 g. of a second substance which was crystallized repeatedly from ethanol. It was ob- 
tained as colorless rhomboids of melting point 156-156.5'. 

Calc'd for C23H25Br03: Br 18.6; OCH3, 7.2. Found: Br, 18.8; OCH3, 6.9, 

Anal .  

Hydrolysis of 0.1 g. by treatment for 15 min. with refluxing conc'd acetic and hydrochloric 
acids gave 0.07 g. of the monobromo enol (IV) which was identified. Sunlight was without 
action on solutions of the ether in methanol, or in chloroform with a trace of iodine as a 
catalyst. 

3,s-Dibromo-1 ,.&dimesityl-l ,d,/t-butanetrione ( I I I ) .  Two equivalents (4.76 g.) of bro- 
mine in 25 cc. of ethanol was added dropwise with mechanical stirring to  an ethanol solution 
of 5 g. of the triketone enol ( I ) ;  the temperature was maintained at -10". Upon concen- 
tration of the solution, 6.3 g. (86%) of yellow crystalline dibromo derivative separated; 
m.p. 146-148". Repeated crystallizations alternately from ethanol and from ethyl acetate 
gave fine, bright yellow needles of m.p. 152-152.5'. 

Calc'd for CZ8H25BrO3: Br, 18.6; OCH3, 7.2. Found: Br, 18.4; OCH3, 7.96. 

Anal .  Calc'd for CZ2H22Br203: Br, 32.36. Found: Br, 33.19. 

A sample of the dibromo triketone was recovered unchanged after being subjected to  

Reduction in conc'd acetic acid by potassium iodide proceeded readily with liberation of 
refluxing ethanol for four hours. 

iodine, and a nearly quantitative yield of the triketone enol (I) was obtained. 
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Sulfur dioxide was passed through a solution of 0.5 g. of the dibromo triketone (111) at 
70" for fifteen minutes; upon cooling, 0.3 g. (70%) of monobromo triketone enol (IV) of 
m.p. 103-1.05°, separated and was identified by mixture melting point. 

Chlorination of the triketone enol (I) by phenyliodochloride in  chloroform at room tem- 
perature (72 hrs.) gave a yellow product which was repeatedly crystallized from ethanol 
and from ethanol-ethyl acetate mixtures; long yellow needles; m.p. 142-142.5'. 

Anal. Calc'd for C22H2&l3O3: C, 60.00; H, 4.77. 
Found: C, 61.2, 61.1; H, 4.8, 4.7. 

SUMMARY 

The bromination of 1 ,4-dimesitylbutanetrione enol gave a labile monobromo 
triketone which changed into the more stable enol form. An excess of bromine 
produced the dibromo triketone. This bromination resembles that of a-oxalyl 
ketones and esters. 

Diazoimethane converted the bromo enol chiefly into the 2-methyl ether, the 
structure of which was demonstrated. 

CHARLOTTESVILLE, VA. 
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The reduction of 1,4-dimesityl-l, 2,4-butanetrione enol (VII) follows a 
course which is different from that of the reduction of the diphenyl analog (1). 
It therefore seemed desirable to study the reduction of the enol ethers where 
fixed structures are involved. This paper deals with the cis and trans 2-enol 
methyl ethers (I and 11) both of which are known (2). 

C g Hi 1 C 0 C 0 CH3 

CsHii COCH 

Cs Hi 1 C OC 0 CH3 
It 

HC C 0 Cg Hi 1 
II 

I I1 
The reduction of these two ethers by means of sodium hydrosulfite proceeded 

in similar fashion and in both cases there were produced similar yields of the 
corresponding saturated methoxy diketone (111) and the fission products, 
mesitoic acid and acetomesitylene. In both cases the fission reaction was 
dominant. 

CgH11 C OCHCHz COCS Hi 1 Cg Hi 1 C OOH CHICOCgHii 
I 

OCH3 
I11 

(CsH11 C OCHO) 

Two minor points of difference were noted in these reductions. In the case 
of the cis compound (I) a small amount of mesitylglyoxal hydrate was isolated 
whereas none was found in the reduction of the trans isomer; and in the case of 
the trans compound (11) there was produced a small amount of a new compound 
which has not been investigated. 

The methoxy saturated diketone (111) was not obtained in crystalline form 
and the samples from the different sources were identified by boiling points, 
refractive indices and pyrolysis to dimesitoylethylene (IV) .z 

CgHnCOCH=CHCOC9Hll CgHuCOCHzCHzCOCsHn 
IV V 

It is a striking fact that in neither reduction was there isolated any dimesityl- 
butanedione (V) which might have been expected from reductive elimination of 

1 duPont Fellow 1939-1940. Present location, Jackson Laboratory, duPont de Ne- 
mours Go. 

2 It should be noted in this connection that  the diphenyl analog is exceedingly difficult to 
crystallize and gives dibenxoylethylene and methanol on pyrolysis (3). 

280 
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CsHi i C OC=CH-CCsH, i N~ sa 0% 
I II < OH 0 

' Cg Hi 1 C OCHCHa C OCs Hi 1 

I 
OH 

VI11 
CgHiiCH-C-CH=CCsH11 
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conditions; therefore the elimination of the methoxyl during reduction must 
occur directly or in an intermediate step. In one experiment a typical reduction 
of the cis ether was interrupted after addition of one molecule of hydrogen, and 
the resulting mixture was poured into alcoholic iodine to oxidize any di-enol 
produced; nevertheless the saturated diketone (V) was obtained in 36% yield. 
In a second and similar experiment in which the hydrogen absorption had 
been allowed to proceed to completion, there was produced a 96% yield of the 
saturated diketone (V). These experiments indicate that no di-enol of the type 
X was formed in the reduction unless it was an extraordinarily easily ketonized 
di-enol, stereoisomeric with that obtained in the reduction of dimesitoylethylene 
(IV) (4). 

Cg Hi 1 C=CHCH=C Cg Hi 1 

I 
OH 

I 
O E  

X 

A possible mechanism which would account for the failure to form an oxidizable 
di-enol is 1 , 4-reduction of the a-methoxy ketone system followed by reduction 
of the 2-double bond of the resulting allenic enol (XI) and ketonization to the 
saturated diketone (V). 

CgHiiC=C=CHCOCgHii H~ 1 ----$ 

1 1 q  1 

[ AH 1 - 4  
OH + HOCH3 

XI 
CgH11 C=CHCH2 C OCgH11 

XI1 

The catalytic reduction of the trans ether (11) is best interpreted in terms of 
competing 1,4-reduction of the a-methoxy ketone system and l16-reduction 
of the unsaturated 1,4-diketone system. That the main course of the reduc- 
tion did involve the l16-reaction mechanism to give the di-enol (VI) as the inter- 
mediate was shown by pouring the fresh reaction mixture into alcoholic iodine; 
in this experiment the starting material was regenerated and recovered in 75% 
yield, and quantitative determination showed that an approximately equivalent 
amount of iodine had been used up. 

It is interesting to speculate as to why the cis ether (I) underwent reductive 
elimination of the methoxyl group so much more easily than did the trans 
isomer (11). One possible explanation is that, in the cis isomer as compared 
with the trans, steric hindrance is greater a t  the two carbonyls and less a t  the 
methoxyl ; this would facilitate relatively that mode of reduction which involves 
the methoxyl oxygen. Another explanation would be in terms of interaction of 
the cis carbonyl groups in such a way as relatively to diminish the reactivity of 
the 4-carbonyl group in that compound. 
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EXPERIMENTAL 

cis-i ,4-Dimesityl-Z-methoxy-2-butenedione-i,4 (I) (cf. Ref. 5) .  Three preparations of 
this ether are given. The first of these (a) involves the transformation of the cis ethyl 
ether (3311) into the cis methyl ether ( I ) .  Evidently here, as also in the reaction with the 
cis and trans bromo unsaturated diketones (XIV), sodium methoxide adds 1 , 4  with subse- 
quent, elimination of sodium bromide or sodium ethoxide in such a way stereochemically 
as to  produce consistently the cis configuration in spite of the greater energy content of 
this form. 

CgH11CO-C-OC2Hs CgHllCO-C-Br 
II 

H-C-COCsHii 
II 

Cg Hi1 C 0-C-H 
XI11 XIV 

(a) A. methanol solation of 0.68 g. of the cis ethyl ether (XIII) and 0.1 g. of sodium 
hydroxide was refluxed for four hours. Upon cooling and acidification, 0.29 g. of the yellow 
enol (VU) separated and was identified. Dilution of the filtrate with water gave 0.3 g. 
(45%) of nearly pure cis methyl ether (I). 

(b) A methanol solution of 0.75 g. of trans bromo unsaturated diketone (XIV) and a 
slight excess of sodium methoxide was allowed to stand with stirring for thirty minutes at 
room temperature. Dilution with water gave 0.45g. (69y0) of nearly pure cis methyl 
ether ( I ) .  

(c) In an experiment similar to  (b) using the cis bromo unsaturated diketone (6) the cis 
ether (I)  was obtained similarly in 84% yield. 

Acid hydrolysis of 2 g. of (I)  in 40 cc. of conc'd acetic acid, 10 cc. of conc'd hydrochloric 
acid, and 5 cc. of water a t  room temperature for three hours, produced 1.82 g. (94%) of 
almost pure enol (VII). 

(a) Catalytic hydrogenation of 1 g. of (I) in 
ethanol with 0.05 g. of platinum oxide was stopped after absorption of one molecule, and 
the solution was immediately poured into alcoholic iodine solution. After diluting with 
water, the resulting oil was washed with sodium bisulfite and then with water, and was then 
taken up in ligroin from which 0.25 g. (35%) of dimesitylbutanedione (V) crystallized in 
nearly pure condition. The rest of the material was non-crystalline. 

(b) In a similar experiment in which the reduction was allowed to  go to completion with 
absorption of two equivalents of hydrogen, the solution was poured into an excess of alco- 
holic iodine. The product was isolated as  before and proved to  be the saturated diketone 
(V); yield 98%. 

(c) I11 an experiment similar to  (b), but  bubbling oxygen through the resulting solution 
instead of using alcoholic iodine, the saturated diketone (V) was isolated in 76% yield. 

(d) In another similar experiment in which the reduction mixture was treated with 
piperidine to  hasten ketonization, the saturated diketone (V) was obtained in 94% yield. 

(e) Hydrogenation with palladium on barium sulfate as catalyst was without result. 
( f )  The use of zinc dust and conc'd acetic acid or a mixture of conc'd acetic acid and 

acetic anhydride, a t  room temperature or at  60-70", gave a mixture of products which in- 
cluded ccome mesitoic acid and the non-crystalline saturated diketone (111) [treated as 
described under (h)]. 

Reductions of the cis Z-methyZ ether ( I ) .  

(9) Sodium bisulfite in 80% ethanol at refluxing temperature was without action. 
(h) A number of reductions with sodium hydrosulfite were carried out. The following 

experiment is typical. 
A mixture of 100 cc. of SO% ethanol, 45 g. of sodium hydrosulfite, and 15 g. of (I)  was 

refluxed for half an hour with mechanical stirring. Upon cooling and diluting with water, 
an oil separated which was extracted by means of petroleum ether, from which 0.1 g. of 
colorless crystals was obtained on concentrating (m.p. 100-101"). This was identified by 
mixture melting point as mesitylglyoxal hydrate. Slow evaporation of the filtrate gave 
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mesitoic acid. Extraction of the filtrate three times with saturated sodium carbonate 
removed more mesitoic acid which was recovered upon acidification; total yield 2.6 g. (37%). 

1 ,4-Dimesityl3-methoxybutanedione-1,4. Final evaporation of the petroleum ether 
solution obtained in the preceding experiment left an oil (14 g.) which was distilled in a 
vacuum oven a t  60" under 2 mm. pressure, and the distillate was collected dropwise on a 
cold-finger condenser. The fraction coming over a t  this temperature (3 g., 44%) was re- 
distilled; i t  boiled at 126" under 7 mm. pressure and.showed n: 1.5170-1.5180 which corre- 
sponds closely to the value reported in the literature for acetomesitylene. The second 
fraction which came over a t  an oven temperature of 140-155" under 2 mm. pressure was 
3.9 g. (26%). It was redistilled and showed n'," 1.5480 which is close to the value found for 
samples obtained in other reductions, including that  of dimesitoylbromomethoxyethylene 
(7). This compound was not analyzed but its nature was demonstrated as follows. A 
portion was decomposed in two ways, one by distillation a t  190-200" under partially reduced 
pressure, and the other by heating under an atmosphere of nitrogen a t  240-260". In both 
cases dimesitoylethylene (IV) was obtained in high yield and was identified. 

Trans-1 , ~-Dimesityl-d-methoz~-Z-butenedione-l,4 (11). Hydrolysis of 0.6 g. of this ether 
in 20 cc. of conc'd acetic acid, 5 cc. of conc'd hydrochloric acid, and 2.5 cc. of water for 
three hours a t  room temperature gave 0.56 g. (97%) of nearly pure enol (VII). 

Catalytic reduction of 1 g. of the trans ether (11) in 60 cc. of ethanol with 0.05 g. of plati- 
num oxide involved rapid absorption of one molecule of hydrogen. The solution was 
poured into an alcoholic solution of an excess of iodine, and on working up the product in 
the usual way 0.75 g. of the methoxy unsaturated diketone (11) was recovered. When a 
similar reaction mixture from 2 g. of I1 was treated under hydrogen with two drops of 
piperidine and allowed to stand for five hours, 0.43 g. of the saturated diketone (V) was 
obtained. From the filtrates, 1.3g .  of an oil was obtained which was shown to be the 
methoxy saturated diketone (111) by redistillation a t  130-140" under 2 mm. pressure, by 
refractive index (n: 1.5460), and by pyrolysis as described above at 210" under partially 
reduced pressure, with the formation of dimesitoylethylene in 60% yield. Incidentally, 
a sample of the oil (111) was subjected to a catalytic reduction and was apparently un- 
affected; only a small amount of hydrogen was absorbed and a 6% yield of the saturated 
diketone (V) was isolated (obviously the result of partial reduction). 

Sodium hydrosulj2e reduction of 5 g. of (11) in 90 cc. of 80% ethanol and 15 g. of the re- 
agent was carried out as described under (I). The oil obtained was dissolved in ligroin 
and extracted with three portions of sodium carbonate solution from which 0.26 g. of mesitoic 
acid was recovered upon acidification. The ligroin solution on evaporation left an oil which 
was distilled at 65" under 2 mm. pressure (yield 1.25 g., 55%); this was identified as aceto- 
mesitylene by refractive index; n: 1.5205. The residue from the distillation of the aceto- 
mesitylene a t  a higher temperature in the vacuum oven gave a second and crystalline frac- 
tion (0.25 9.) which melted a t  85" (upon repeated crystallization the melting point was 102"; 
this compound has not been investigated further). At a still higher temperature (130- 
140") a viscous yellow oil distilled, the middle fraction of which showed n: 1.5475 and evi- 
dently was the methoxy saturated diketone (111). It underwent pyrolysis a t  2W220° 
under partially reduced pressure to  give dimesitoylethylene (IV) . 

Reduction of 1,4-dirnesityl-l,k?,.&butanetrione enol (VII). -4 mixture of 5 g. of the enol 
(VII), 100 cc. of SO% ethanol, and 25 g. of sodium hydrosulfite was heated with stirring a t  
80-90' for four hours. On dilution with water, an oil was obtained which was dissolved in  
petroleum ether. Evaporation and digestion with ligroin, and standing, produced 1.15 g. 
of colorless crystals of m.p. 103-104" which was identified as 4-hydroxydimesitylbutane-l , 3- 
dione enol (IX). Concentration of the filtrate gave 1 g. of the hydroxy saturated diketone 
(VIII) which was identified. The residue from evaporation of the filtrate was distilled in 
the vacuum oven a t  120" and gave 0.97 g. of dimesitoylethylene (IV), which was identified. 
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SUMMARY 

Sodium hydrosulfite reduction of the cis and trans 2-enol ethers of 1,4- 
dimesityl-1 ,2,4-butanetrione gave the methoxy saturated 1,4-diketone and 
large amounts of the cleavage products, mesitoic acid and acetomesitylene. 
Sodium hydrosulfite reduction of the triketone enol itself involved very little 
cleavage and gave a mixture of the hydroxy saturated diketone and the 
4-hydroxy-l,3-diketone enol. 

In catalytic hydrogenation the fission was minimized but the cis and tram 
ethers gave widely different results: the trans ether gave a mixture of the 
methoxy saturated diketone and the demethoxy compound, 1,4-dimesityl- 
butanedione ; whereas the cis ether underwent complete reductive elimination 
of the mjethoxyl to give chiefly 1,4-dimesitylbutanedione. 

The mechanism of these reactions is discussed and a possible explanation for 
the difference in behavior of the cis and trans isomers is offered. 
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With the increasing importance which is being assumed by various derivatives 
of pyridine as a result of the recognition that these substances constitute integral 
parts of such physiologically important classes as the nucleic acids and the 
vitamin B complex, a fuller knowledge of the behavior of pyridine derivatives 
becomes desirable. 

Most of the studies hitherto reported on pyridine derivatives are the result of 
work done some time ago, and frequently the observations on record leave con- 
siderable to be desired. Thus, in many cases insufficient data exist to enable one 
to predict the behavior of a given pyridine derivative under definite experimental 
conditions, except by analogy to corresponding benzene derivatives, a procedure 
often dangerous because of the difference in behavior of substituents in the 
a- and y-positions of the pyridine nucleus compared with one in the p-position. 
Furthermore, the published data frequently omit yields, formation of by- 
products, etc., and are to a greater or less extent unsatisfactory. In order to 
clarify some of these points, it  was felt that a study of certain transformations of 
pyridine derivatives containing substituents in the p- and y-positions might be 
of help. 

For this purpose, the 2-methyl-4-carbethoxy-5-cyano-6-pyridone described by 
Bardhan (1) forms a readily accessible substance. It carries two reactive groups 
in the desired p- and y-positions, and possesses in addition a substituent in one of 
the a-positions which can be used to  study the ortho effect on the adjacent group 
in the ,&position. For the immediate purpose at  hand this pyridone (I) was con- 
verted into the corresponding chloro derivative (11). Parallel experiments were 
then carried out on 2-methyl-4-carbethosy-5-cyano-6-chloropyridinel in which 
the nitrile group in position 5 is sterically hindered by the chlorine atom in 
position 6 (hereafter designated as the hindered compound), and on the chlorine- 
free compound (X) in which the ortho effect is absent. 

The first series of experiments dealt with the conventional Hofmann degrada- 
tion of both the hindered and free cyano amides (111 and XIII). These were 
readily prepared by treatment of the appropriate esters with ammonia. Hof- 
mann degradations of isonicotinic acid amide and cinchomeronic acid 4-amide 
have been described in the literature (2, 3), with no yields reported. Dioxy- 
copazoline has been obtained from the diamide of cinchomeronic acid by the 
same means (4, 5 ) .  In the benzene series, Hofmann degradation of the diamide 
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of phthalic acid and of o-cyanobenzamide (6, 7) is reported as yielding benzoy- 
leneurea by a reaction analogous to the formation of dioxycopazoline. It was of 
interest, therefore, to determine whether any differences between the benzene 
series, in which the positions are equivalent, and the pyridine series, in which the 
P- and y-positions show differences in behavior, are apparent. 

When the amide of 2-methyl-5-cyanoisonicotinic acid (XIII) was subjected to 
the Hofniann degradation using aqueous sodium hypochlorite solution (8) , the 
products isolated were 2-methyldioxycopazoline (XVIII) and 2-methyl-4, 
5-diaminopyridine (XVII) in the ratio of about 9 to 1. This contrasts with the 
degradation of o-cyanobenzamide which is reported as yielding no diamino 
derivative. We believe that the formation of 2-methyldioxycopazoline may be 
explained by the series of reactions: 

CONH2 CONH2 
\C0PVTHB - ---+ 

/\CN 

CH,I! N --3 C H 3 c )  N 

0 

The alternative scheme in which the nitrile is hydrated to the amide while the 
amide in the 4-position is converted to the isocyanate, seems unlikely on the basis 
of observations to be presented later on the stability of a haloamide in the y- 
position of the pyridine ring. In  any event, the formation of the dioxycopazoline 
arises by interaction of an amide group with an isocyanate group and parallels the 
observations of Jeffrys (9) on the formation of acyl-alkyl ureas as by-products of 
the Hofrnann degradation in the aliphatic series. 

When the degradation of the hindered amide of 2-methyl-5-cyano-6-chloro- 
isonicotinic acid was investigated, a strikingly different behavior both of the 
amide and of the nitrile group was noted. As expected, the reactivity of the 
nitrile group was somewhat repressed in so far as hydration to an amide is con- 
cerned. However, the amide group in position 4 assumed an enhanced suscepti- 
bility to hydrolysis compared to the non-hindered compound discussed above. 
When the chloro derivative (111) was treated with cold aqueous alkaline hypo- 
bromite solution, the only product isolated was the sodium salt of 2-methyl-5- 
cyano-6-chloroisonicotinic acid, which obviously must arise by hydrolysis of the 
amide. As a result of the behavior of the free and hindered amides on acid 
hydrolysis, we believe that this apparent lability of the amide is due to the ortho 
effect of the chlorine atom on the nitrile group. When either amide is dissolved 
in cold dilute hydrochloric acid, the corresponding acid precipitates almost im- 
mediately. However, in the case of the free nitrile, under alkaline conditions, 
hydration of the nitrile to the amide apparently proceeds even faster than 
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hydrolysis of the amide in position 4. In the case of the hindered nitrile such 
hydration is repressed with the result that the nitrile continues to exert its activa- 
ting influence on the amide in position 4. With the hydration of the nitrile in 
the unhindered compound, an amide results, which would not be expected to 
induce such rapid hydrolysis of a vicinal amide. A similar ease of hydrolysis of 
ester groups under alkaline conditions was noted in both series. 

While the chlorine atom exerts an ortho effect on the nitrile sufficient to repress 
its hydration in the sense noted above, this is by no means as pronounced as 
might have been predicted. It is well known that di-ortho substituted nitriles in 
the benzene series are difficultly hydrolyzed, (10,11,12,13),and to a lesser extent 
mono-ortho substituted nitriles, with the exception of those in which the ortho 
group is a carboxyl group (14). In the above chloronitrile acid, one would pre- 
dict on the basis of recorded behavior of such compounds in the benzene series 
that the nitrile group would be moderately difficult to hydrolyze, in view of the 
hindering chlorine atom on one side and the activating carboxyl group on the 
other. Such is not the case, for merely recrystallizing the chloronitrile acid from 
acidulated water results in hydrolysis to the corresponding cinchomeronic acid 
derivative (VIII). Thus one is able to prepare a t  will 5-cyanoisonicotinic acids 
or cinchomeronic acids, by carrying out hydrolysis of the appropriate derivative 
under suitable conditions. 

Decarboxylation of either of the above cyano acids by the copper method led to 
the corresponding nitriles (XVI and IX) . However, when such decarboxylation 
was attempted in quantities larger than about one-half gram, the yield suffered 
markedly. 

In  view of the easy hydrolysis of the hindered amide when the Hofmann de- 
gradation was attempted in aqueous solution, the method of Jeffrys (9), based on 
the observation of Lengfeld and Stieglitz (16, 17) that sodium methoxide in 
anhydrous methanol converts bromo amides to urethans which can be sub- 
sequently hydrolyzed to amines, was applied to the hindered compound. When 
the general method of Jeffrys was applied, the amide was recovered unchanged. 
However, when the amide was treated with exactly one equivalent of bromine 
and sodium methoxide, a substantially quantitative yield of bromo amide (VII) 
was obtained. The bromine atom in the latter substance again displayed a re- 
markable lability. When the bromo amide was merely boiled with methyl or 
ethyl alcohol, bromine was rapidly liberated and the original amide was re- 
covered. The bromo amide also resisted attempts to rearrange i t  to the urethan 
and decomposed to the original amide during all such experiments. 

Attention was next directed to a study of the Curtius degradation as applied to 
both the free and hindered nitrile amides. Isonicotinic acid hydrazide is readily 
prepared, but available information is to the effect that conversion of the latter to 
the azide is accomplished only with poor yields (18). In  the present case, the 
reactions of the two esters with hydrazine led to different products depending on 
whether the ortho effect of the chlorine atom in the 6-position was present or not. 
Ethyl 2-methyl-5-cyano-6-chloroisonicotinate reacted readily with hydrazine to 
yield the normal hydrazide (V). As such, a benzal derivative (VI) Tas readily 
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prepared. However, in the subsequent treatment of the hydrazide with nitrous 
acid, the same lability manifested itself as with the corresponding amide, and 2- 
methyl-5~-cyano-6-chloroisonicotinic acid was formed by hydrolysis of the hy- 
drazide. Amyl or butyl nitrite in non-aqueous solution were without effect on 
the hydrazide. Likewise, treatment of the acid chloride of IV with freshly 
crystallized sodium azide (19, 20, 21, 22) failed to yield the desired azide. 

On the other hand, when ethyl 2-methyl-5-cyanoisonicotinate, in which the 
ortho chlorine substituent is absent was treated with hydrazine, a substance 
which furnished analytical figures corresponding to the expected hydrazide was 
obtained. However, this substance did not yield a benzal derivative when 
treated with benzaldehyde, and is accordingly assigned the structure XIV. 
Failure of the hydrazide of the hindered acid to react with the nitrile group may, 
therefore, be ascribed to the ortho effect of the chlorine substituent in the latter. 

Finally, we wish to present some observations on the catalytic reduction of 
ethyl 2-1nethyl-5-cyano-6-chloroisonicotinate. The reduction of this compound 
proceeds smoothly in a stepwise manner in the presence of a palladium on barium 
carbonat e catalyst, and one may stop a t  ethyl 2-methyl-5-cyanoisonicotinate if 
desired. However, if the reduction is carried farther in a sodium acetate-acetic 
acid medium, ethyl 2-methyl-5-aminomethylisonicotinate (XI) may be isolated 
as the picrate. If the reduction is carried out under strongly acid conditions as 
used by Kindler (23,24), the reaction product consists of a mixture of the above 
amine (XI) and the lactam (XV) derived from it. The free amine when treated 
with cold dilute hydrochloric acid readily yields the hydrochloride of the lactam. 
Ring clowre to the latter takes place so readily that it has not been possible to 
isolate the free amine. Treatment of the amine picrate with nitrous acid in the 
cold, in a m  attempt to obtain either the lactone or free alcohol, resulted in forma- 
tion of the lactam. 

EXPERIMENTAL 

All melting points are corrected for stem exposure. 
Ethyl ~-methyld-cyano-6-chloroisonicotinate (II). To 100 g. of ethyl 2-methyl-5-cyano- 

6-hydroxyisonicotinate, prepared according to Bardhan (1), was added 200 g. of phosphorus 
oxychloride. To the mixture was added, in small portions, 200 g. of finely pulverized 
phosphorus pentachloride. When the evolution of hydrogen chloride slowed down, the 
mixture was warmed on the steam-bath until the solution cleared (45 minutes) after which 
heating was continued 15 minutes longer. The flask was then removed from the steam- 
bath and itllowed to stand two hours, after which the phosphorus oxychloride was removed 
a t  reduced pressure and the syrup was poured onto 400 g. of cracked ice. After refrigerating 
overnight, the granular precipitate was filtered off and dried. The chlorinated product was 
extracted from unreacted pyridone with petroleum ether. The compound was recrystal- 
lized frorr petroleum ether or dilute alcohol. A very pure material was obtained by sub- 
liming the product a t  0.1 mm. pressure, and 70". The compound can also be purified by 
distillation through an apparatus equipped with a steam-jacketed condenser. The chloro 
derivative boils a t  135-136.5' a t  0.5 mm. pressure and melts a t  62". The yield was 
50-70%. The compound is insoluble in water and in 10% hydrochloric acid, and soluble 
in alcohol, ether, benzene, chloroform, hot petroleum ether, and concentrated hydrochloric 
acid. 

Anal. Calc'd for CloH9C1S2O2: C, 53.4; H, 4.1; N, 12.5. 
Found: C, 53.8; H, 4.3; S, 12.4. 
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Ethyl 2-methyl-5-cyanoisonicotinate ( X )  . One gram of ethyl 2-methyl-5-cyano-6-chloro- 
isonicotinate and two grams of catalyst (5% palladium on barium carbonate) were sus- 
pended in 100 cc. of commercial absolute alcohol and shaken with hydrogen gas at 
atmospheric pressure until the calculated amount of hydrogen was taken up. The catalyst 
was filtered off, washed with alcohol, and the filtrate was concentrated in vacuo t o  2 cc. 
Fifteen cubic centimeters of water was added and an oil separated which soon set to a mass 
of crystals. The compound was purified by sublimation a t  0.1 mm. pressure and 70". 
The substance, obtained in 95% yield, may also be recrystallized from dilute alcohol, and 
melts at 58". 

Anal. Calc'd for CIOHION1Ot: C, 63.2; H, 5.3; N, 14.7. 
Found: C, 63.3; H, 5.5; N, 14.9. 

Amide of 2-methyl-5-cyanoisonicotinic acid ( X I I I ) .  Ten grams of ethyl 2-methyl-5- 
cyanoisonicotinate was shaken with 400 cc. of ice-cold concentrated ammonia, keeping the 
flask in an ice-bath. After an  hour a flocculent precipitate appeared. After three hours 
the amide was filtered off. The yield was 6 g., or 70% of the theory. The compound melts 
with decomposition at 275". 

Anal. Calc'd for CsHlNaO: C, 59.6; H, 4.4; N, 26.1. 
Found: C, 59.9; H, 4.7; N, 26.0. 

Amide of I-methyl-5-cyano-6-chloroisonicotinic acid (111) . Fifty grams of ethyl 2- 
methyl-5-cyano-6-chloroisonicotinate was shaken at room temperature with 500 cc. of 
concentrated ammonium hydroxide until no more ester dissolved. The mixture was fil- 
tered and the solid was shaken with another 500 cc. of concentrated ammonium hydroxide. 
The mixture was filtered and the combined filtrates were concentrated at reduced pressure 
to 300 cc. The amide precipitated and was filtered off. The yield was 28.5 g. of amide 
which, when recrystallized from benzene or alcohol, melted a t  233'. By working up the 
mother liquors, the yield may be raised to  80%. 

Anal. Calc'd for CsHeClNaO: C, 49.3; H, 3.1; N, 21.5. 
Found: C, 49.5; H, 3.3; N, 20.3. 

Hofmann degradation of the amide of I-methyl-5-cyanoisonicotinic acid. Methyldioxyco- 
pazoline ( X V I I I )  and I-methyl-4,b-diaminopyridine ( X V I I ) .  Two grams of the amide 
was treated with 30 cc. of 10% potassium hydroxide solution and 11 cc. of freshly prepared 
normal sodium hypochlorite solution. The clear yellow solution was heated on the steam- 
bath to 80' for 30 minutes. A small amount of gas was evolved. The solution was chilled 
and extracted with ether. The ether solution, when dried and saturated with dry hydrogen 
chloride, yielded 5-10% of 2-methyl-4,5-diaminopyridine dihydrochloride, which melted 
with decomposition above 250". 

Anal. Calc'd for CeHI1C12N3: C, 36.7; H, 5.6. 
Found: C, 36.2; H, 5.6. 

The cold aqueous solution was neutralized with acetic acid and yielded a copious pre- 
cipitate of fine yellow needles which were recrystallized from alcohol or pyridine. The 
yield was 70% of methyldioxycopazoline which did not melt up to 310". 

Anal. Calc'd for CsH7N8O2: C, 54.2; H, 4.0; N, 23.7. 
Found: C, 53.9; H, 4.0; N, 24.0. 

I-MethyZ-6-cyano4-chloroisonicotinic acid ( I V ) .  Two grams of the amide of 2-methyl-5- 
cyano-6-chloroisonicotinic acid was treated with 50 CC. of water and 10 cc. of 6 N hydro- 
chloric acid at room temperature. Solution was prompt and the acid separated almost 
immediately. The acid was recrystallized from water and melted a t  198.5". The yield 
was quantitative. 
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Anal. Calc'd for C8H&lNZOz: C ,  48.9; H, 2.5; N, 14.3. 
Found: C, 49.2; H, 2.9; N, 14.3. 

Alkaline hydrolysis of the ethyl ester of 2-methyl-5-cyano-6-chloroisonicotinic acid was 
equally striking. The ester was dissolved in the minimum amount of alcohol at room tem- 
perature. The theoretical amount of sodium hydroxide in 50% aqueous alcoholic solution 
was added, and the sodium salt of the acid precipitated at once. It was filtered off and then 
dissolved in water. Hydrochloric acid was added, which precipitated the nearly pure acid. 
The compound was recrystallized from water, during which the solution was boiled as little 
as possible. The acid melted a t  198.5". The yield was nearly quantitative. 

The methyl ester of the above acid, prepared by means of diaeomethane, melts a t  168.5", 
after sublimation a t  0.2 mm. a t  100'. 

Anal. Calc'd for CoH,CINSOS: C ,  51.3; H, 3.4. 
Found: C, 51.6; H, 3.5. 

2-Methyl-6-chlorocinchomeronic acid (VIII) .  2-Methyl-5-cyano-6-chloroisonicotinic acid 
was refluxed in 5% hydrochloric acid for one hour. The mixture was chilled and filtered 
and the acid was recrystallized from water; i t  melted at 205". The same compound was 
isolated from the mother liquors from the recrystallization of 2-methyl-5-cyano-6-chloro- 
isonicotinic acid. 

Anal. Calc'd for CsHsClNOd: C, 44.7; H, 2.8; N, 6.5. 
Found: C, 45.0; H, 2.7; N, 6.3. 

The dimethyl ester was prepared with diazomethane, and melted at 85" after recrystalliza- 

Anal. 

tion from dilute alcohol. 

Calc'd for CloHloClN04: C, 49.3; H, 4.1. 
Found: C, 49.3; H, 4.2. 

2-Methyl-6-cyanoisonicotinic acid ( X I I )  . The ester (X) was treated with the theoretical 
amount of sodium hydroxide in alcohol, whereupon the sodium salt precipitated in quan- 
titative yield. The sodium salt was dissolved in water and the solution was acidified with 
dilute hydrochloric acid. The acid was recrystallized from acidulated dilute alcohol. In  
a like manner the amide (XIII)  was treated with enough cold 0.1 N hydrochloric acid to 
dissolve i t .  In  one minute the acid came out as long flexible needles looking like tufts of 
cotton. It was recrystallized as above. The acid from either source melted a t  230". 

Anal. Calc'd for CsH8Nz02: C, 59.3; H, 3.7. 
Found: C,  59.6; H, 3.9. 

Decarbozylation of 2-methyl-6-cyanoisonicotinic acid to 2-methyl-6-cyanopyridine (XVI )  . 
Two hundred and fifty milligrams of the acid was mixed with 2.5 g. of freshly reduced copper 
powder and placed in the short side of a 10 mm. diameter Pyrex tube which was bent at an 
angle of 120" about 5 cm. from the closed end. The charge was heated with a yellow Bun- 
sen flame until no more liquid distilled around the bend in the tube. The distillate crys- 
tallized on cooling, and a small amount of this material was sublimed in vacuo. The com- 
pound melts a t  84-85', as reported by Rath and Schiffman (15) for 2-methyl-5-cyanopyri- 
dine. It was impossible to secure satisfactory analytical data for the compound. 

Anal. Calc'd for C,H8NI: C, 71.1; H, 5.1. 
Found: C, 70.5; H, 5.3. 

2-Methyr:-6-cyano-6-chloropyridine ( I X ) .  This was prepared by the same method used 

Anal. 

for 2-methyl-5-cyanopyridine. The nitrile melts at 114.5-115.5'. 

Calc'd for C,H&1N2: C, 55.1; H, 3.3; N, 18.4. 
Found: C, 55.4; H, 3.4; N, 18.3. 



294 M. J .  REIDER AND R. C. ELDERFIELD 

Bromo amide of S-methyl-6-cyano-6-chloroisonicotinic acid (VII) .  One gram of the amide 
(111) was suspended in 30 cc. of methyl alcohol and to this was added 0.2 cc. of bromine. 
T o  the mixture was added a solution of 0.2 g. of sodium in 10 cc. of absolute methyl alcohol. 
Following this 0.3 cc. of bromine was added. Solution occurred followed by the precipita- 
tion of a solid. The mixture was warmed five minutes on the steam-bath, chilled, and 
filtered. The precipitate was recrystallized from methyl alcohol and melted a t  199.8'. 
The yield was nearly quantitative. Boiling in alcohol or chloroform caused the formation 
of free bromine. The bromo amide released iodine from an acidified potassium iodide 
solution. 

Anal .  Calc'd for CtH6BrClN80: C, 35.0; H, 1.8; N, 15.3. 
Found: C, 35.5; H, 1.9; N, 14.6. 

Attempts to rearrange the above bromo amide. Four hundred seventy milligrams of the 
bromo amide (VII) was refluxed 1.5 hours with a solution of 0.04 g. of sodium in 27 cc. of 
absolute methyl alcohol. The solvent waa removed and the residue was recrystallized 
from benzene. One-tenth of a gram of bromine-free material was isolated. It melted at 
235", and when it was mixed with the amide (111) the melting point showed no depression. 
No other product could be isolated from the reaction. 

Attempts were also made to form the bromo amide and rearrange it at the same time, but 
the results were the same as above. 

l-Hydroxy-/t-amino-7-methyl-S,S,6-pyridopyridazine (XIV) .  To 0.7 g. of ethyl 2- 
methyl-5-cyanoisonicotinate, dissolved in a sufficient quantity of a mixture of alcohol and 
ether (l:l), was added with cooling 0.15 g. of anhydrous hydrazine. Yellow crystals soon 
precipitated and were filtered off and dried. The yield was 77% of a material which may be 
crystallized from alcohol, and melts a t  324'. 

Calc'd for CSHSN~O: C, 54.6; H, 4.6. 
Found: C,  54.7; H, 5.2. 

Anal .  

The above compound is basic and forms a brilliant red hydrochloride. This could not be 
recrystallized and on heating with alcohol or water decomposition occurred, resulting in 
the precipitation of the free base. 

Anal .  Calc'd for CsHaClN40: C, 45.2; H, 4.3; N, 26.4. 
Found: C, 45.3; H, 4.5; N, 26.6. 

This compound did not form a derivative with benzaldehyde and, therefore, has been 
assigned the keto structure XIV. 

Hydrazide of ~-methyl-6-cyano-6-chloroisonicotinic acid ( V ) .  To 20 g. of ethyl 2-methyl- 
5-cyano-6-chloroisonicotinate dissolved in the minimum amount of cold ether-alcohol 
mixture (1 : 1) was added 4.3 g. of anhydrous hydrazine. The solution was chilled and the 
Cream colored plates were filtered off, washed with alcohol, and dried in vacuo. No suitable 
solvent could be found for recrystallization of this compound. It sublimed above 360". 

Anal .  Calc'd for the dihydrate C8H,C1N40.2Hz0: C, 39.1; H, 4.5. 
Found: C, 39.6; H, 4.8. 

The benzal derivative (VI) of the above hydrazide melted at 282.5', after recrystallization 
from alcohol. 

Anal .  Calc'd for ClsH11ClN40: C, 60.3; H, 3.7. 
Found: C, 60.6; H, 4.2. 

8-Methyl-6-cyano-6-chloroisonicotinic acid chloride ( X I X ) .  One and four-tenths grams 
of 2-methyl-5-cyano-6-chloroisonicotinic acid was refluxed 6 hours with 20 cc. of thionyl 
chloride in an apparatus protected from atmospheric moisture with a calcium chloride 
tube. The excess thionyl chloride was removed at reduced pressure and the acid chloride 
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crystallized in small rosettes. A small sample was pressed on a clay tile and washed with 
a small amount of benzene. The compound so treated melts a t  98-103". 

That the nitrile group was not attacked by this treatment was shown by preparation of 
the amide and ethyl ester from the acid chloride. The former melted a t  233', the latter 
a t  62", and neither showed a depression in melting point when mixed with varying pro- 
portions of known amide and ester respectively. 

Ethyl 3-methyl-6-aminomethylisonicotinate ( X I )  and the lactam, d-methyl-4,6-pyrrolido- 
nopyridine ( X V )  . To 1 g. of ethyl 2-methyl-5-cyano-6-chloroisonicotinate was added 1 
g. of 5% palladium metal supported on charcoal, 50 mg. of Adams' platinum oxide catalyst, 
0.4 g. of fused sodium acetate, and 100 cc. of redistilled glacial acetic acid. The mixture 
was shaken with hydrogen a t  atmospheric pressure and room temperature until 3 molar 
equivalents of hydrogen had been taken up. The catalyst was filtered off, washed with 
acetic acid, and the filtrate was concentrated a t  reduced pressure and room temperature to 
a syrup. This was taken up in hot alcohol, the inorganic salts were filtered off, and the 
filtrate was reconcentrated to  a syrup. This was taken up in water, treated with saturated 
aqueous piciric acid, and the precipitated picrate was filtered off. The yield was 60% of a 
compound melting with decomposition a t  170". Analytical figures corresponded with 
those for the picrate of ethyl 2-methyl-5-aminomethylisonicotinate. 

Anal. Calc'd for ClaHITNsOo: C, 45.3; H, 4.0. 
Found: C, 45.3; H, 3.9. 

Reduction of 22 g. of the same nitrile in a solvent composed of 125 cc. of glacial acetic 
acid and 7 cc. of concentrated sulfuric acid, yielded a mixture of 12.5 g. of the lactam picrate 
and 22.5 g. of the amine picrate when worked up as above. This represents an over-all 
yield of 77'35. The two compounds could be separated by recrystallization from water. 
The lactam picrate is the less soluble of the two and melts a t  205.5'. 

Anal. Calc'd for C1,H1,NsOs: C, 44.6; H, 2.9; N, 18.6. 
Found: C, 44.8; H, 3.1; N, 18.9. 

If either of the above reduction mixtures was allowed to  become warm while working 
them up, ring closure always occurred and the lactam picrate was the only product isolated. 

Conversion of the picrate to the hydrochloride in the usual manner always yielded the 
hydrochloride of the lactam which sublimes above 285'. 

Anal. Chlc'd for CsH0C1N20: C, 52.2; H, 4.9. 
Found: C, 52.0; 52.2; H, 4.9; 5.0. 

The free lactam was prepared from the hydrochloride by neutralization with sodium 
hydroxide. This compound may be recrystallized from benzene or toluene and melts a t  
250" in a sealed tube. 

Anal. Calc'd for C&IaNzO: C, 64.8; H, 5.4. 
Found: C, 65.1; H, 5.7. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these labora- 
tories. 

SUMMARY 

1. Catalytic reduction of ethyl 2-methyl-5-cyano-6-chloroisonicotinate leads 
either to ethyl 2-methyl-5-cyanoisonicotinate or to ethyl 2-methyl-5-amino- 
methylisonicotinate. The latter substance readily lactamiees and can be 
isolated only as its salts. 

2. The ortho effect of a chlorine atom in the 6-position of the pyridine ring on 
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the behavior of a nitrile group in the 5-position has been studied from the stand- 
point of partial and complete hydrolysis of the latter group. 

3. The usefulness of the Hofmann and Curtius degradations applied to various 
isonicotinic and cinchomeronic acid derivatives has been indicated. 
4. New methods for the preparation of nicotinic and isonicotinic acid deriva- 

tives have been described. 

NEW YORK, N, Y. 
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The Grignard reagent recently has been found to add in the 1,4 manner to  the 
a, p-unsaturated ketone systems in a- and p-mesitoylfurans (1). These con- 
densations are remarkable in that they involve a double bond of the furan 
nucleus. Reactions are known which involve a benzene ring. Phenylmag- 
nesium bromide condenses in this manner with benzophenone ani1 (I) (2), 
a ,p-diphenylbenzalacetophenone (11) (3), benzanthrone (111) (4), and naph- 
thacenequinone. 

I I1 I11 

It has now been found possible to accomplish this type of reaction with mesityl 
aryl ketones. Benzoylmesitylene (IV) has been treated with phenylmagnesium 
bromide and it has been established that condensation occurs in the 1 ,4  manner 
and involv'es a double bond of a benzenoid ring. The product obtained in largest 
amount was 2-phenylbenzoylmesitylene (V) . 

VI 
The structure of this compound was established by degradation and synthesis. 
Cleavage with syrupy phosphoric acid produced o-phenylbenzoic acid. The 
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phenylated ketone (V) was synthesized from 2-xenylmagnesium iodide and 
mesitoyl chloride. 

It (V) is presumably an oxidation product of the enol (VI) that would be ex- 
pected. Although the enol could not be isolated, evidence of its formation was 
gained from work with other ketones. a-Mesitoylnaphthalene (VII),l for ex- 
ample, condensed with phenylmagnesium bromide to yield an oil from which 
mesitoic acid and 2-phenyl-l-naphthol could be obtained by exposure to air. 
These are the cleavage products to be expected for the enol (VIII). 

VI1 VI11 MesC O2 H 

that by analogy was identified as 2-mesitoyl-4' ~ 5-dimethylbiphenyl (IX). 
p-Tolyl mesityl ketone and p-tolylmagnesium bromide give rise to a compound 

MesC OnCH3 
I 

\\-/ 
I 

CeH4 CH3 
Ix 

Phenyl- and a-naphthyl-magnesium bromides condensed with p-bromo- 
benzoylmesitylene to yield highly unsaturated products ; the structure of these 
compounds was not established. 

EXPERIMENTAL 

Benzoylmesitylene and phenylmagnesium bromide. A solution of 50 g. of benzoylmesity- 
lene in 150 cc. of dry ether was added slowly to  a refluxing solution of phenylmagnesium 
bromide, prepared from 132 g. of bromobenzene and 21 g. of magnesium in 500 cc. of dry 
ether. After addition was completed the solution was stirred and refluxed for an additional 
five hours. The reaction mixture was then cooled and decomposed with dilute hydrochloric 
acid. The ether layer was washed with water and dried over calcium chloride. The ether 
was removed by evaporation. The resulting oil was distilled in  zlucuo. Biphenyl and 
benzoylmesitylene were found in the fore fraction. 

The fraction boiling a t  200-205" (4 mm.) was dissolved in methyl alcohol and a white 
compound was induced to crystallize. After two recrystallizations from ethanol, the 2- 
phenylbenzoylmesitylene melted at 89-90'; yield 8 g. or 18% of the theoretical. 

Anal.2 Calc'd for C2PH200: C, 88.00; H, 6.67. 
Found: C,  87.59; H, 6.73. 

1 Mes is used to represent the mesityl radical. 
2 Microanalyses by Miss Mary S. Kreger and Mr. L. G. Fauble. 
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One gram of 2-phenylbenzoylmesitylene was heated with 15 cc. of syrupy phosphoric 
acid for four hours. The mixture was poured into water, extracted with ether, and the 
ether layer extracted with 10% sodium carbonate solution. Acidification of this extract 
gave a small amount of a white material which when crystallized from ethanol melted a t  
112-113". A. mixed melting point with o-phenylbenzoic acid, m.p. 113", showed no depres- 
sion. 

In addition to  biphenyl, benzoylmesitylene, and 2-phenylbenzoylmesitylene, the original 
mixture contained a small amount of a very viscous liquid, b.p. 210-250" (4 mm.) from which 
was obtained a white crystalline compound, melting at 245-246'. 

A n a l .  Calc'd for C22H2102: C, 83.02; H, 6.91. 
Found: C, 83.43; H, 6.55. 

An acetate of this compound was prepared by heating a small amount with acetic an- 
hydride for one hour. The product was purified by recrystallization from methanol. It 
melted a t  101" (cor.). 

A n a l .  
Found: C:, 79.98; H, 6.20. 

The compound, CZ2Hz2O2, and its acetate were not further investigated. 
The distillation of the original reaction mixture left a large amount of tarry residue. 
Synthes is  of 2-phenylbenzoylmesitylene. 2-Iodobiphenyl was prepared according t o  the 

directions of Gilman, Kirby, and Kinney (2). One hundred and seventy grams of 2-amino- 
biphenyl yielded 195 g. (70%) of 2-iodobiphenyl; b.p. 169-170" (17 mm.). 

2-Biphenylmagnesium iodide was prepared from 40 g. of 2-iodobiphenyl and 5 g. of mag- 
nesium in 120 cc. of dry ether; this solution was filtered into another flask. A solution of 
24 g. of mesitoyl chloride (5) in 100 cc. of dry ether was added slowly to the clear solution 
of the reagent a t  such a rate that  the ether refluxed gently. The reaction mixture was 
then refluxed and stirred for three hours, cooled, decomposed with ice and dilute hydro- 
chloric acid, and worked up in the usual manner. After one recrystallization from ethanol, 
32 g. (80% yield) of product was obtained; melting point and mixed melting point 89-90". 

Oxidat ion  of enol intermediate obtained b y  the addi t ion of phenylmagnesium bromide to 
benzoylmesitylene. To a solution of phenylmagnesium bromide prepared from 8.8 g. of 
bromobenzene and 1.35 g. of magnesium in 50 cc. of dry ether, was added slowly a solution 
of 10 g. of benzoylmesitylene in 30 cc. of ether. The remainder of the reaction was carried 
out in the usual manner. The reaction mixture was cooled in an ice-salt-bath and carefully 
decomposed with ice and hydrochloric acid. The ether layer was washed with ice-wltter 
and quickly transferred to a round-bottomed flask immersed in  an ice-bath. A stream of 
dry air was passed through the solution for several hours, a little low-boiling petroleum 
ether being added from time t o  time t o  replace the solvent lost by evaporation. The ether 
was removed and its resulting dark brown oil was dissolved in absolute ethanol, which 
was allowed to  evaporate slowly. A small amount of crystalline material separated and 
was isolated by dissolving the oil in a mixture of low-boiling petroleum ether and benzene 
and filtering the suspension. After two crystallizations from benzene the compound melted 
at 245" and gave no depression of melting point when mixed with the compound C22H1202 
obtained previously; yield, 2.0 g. 

The remaining oil was distilled, and from the distillate was obtained 3 g. (22% yield) of 
0-phenylbenzoylmesitylene, m.p. 84-88'. 

a-Naphthoylmesi ty lene and phenylmagnesium bromide. A solution of 5 g. of oc-naphthoyl- 
mesitylene In 50 cc. of benzene was added to  the Grignard reagent prepared from 10.5 g. 
of bromobenzene and 1.6 g. of magnesium in 50 cc. of dry ether. Benzene was added t o  the 
reaction mixture and ether was allowed to  evaporate until the temperature of the vapors 
reached 55" At the 
end of this time i t  was R light orange color. The solution was decomposed and worked up 
in the usual manner. The tar  was dissolved in a 

Calc'd for CZ4HZC03: C, 80.00; H, 6.66. 

The reaction mixture was refluxed and stirred for seventy-five hours. 

The product was a black, sticky tar. 
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small amount of benzene, and the solution allowed to  stand in an ice-box for several months. 
A white compound separated and was recrystallized from benzene; yield, 1 g., m.p. 210-211". 

Anal. Calc'd for ClaHI20: C, 87.27; H, 5.45. 
Found: C, 88.14; H, 5.11. 

This compound was evidently 2-phenyl-1-naphthol; i t  underwent oxidation by atmos- 
pheric oxygen and other mild oxidizing agents to yield a brilliant red compound. Examina- 
tion of the literature showed that  2-phenyl-1-naphthol had been prepared, though never 
purified, and was found to  be easily oxidized to  give a binaphthone, which melted 
at about 220'. 

The oil from which the abbve compound was obtained was dissolved in ether and ex- 
tracted with 10% sodium bicarbonate solution. Acidification of this solution gave 0.4 
g. of mesitoic acid. 

The ether solution was now extracted with 10% sodium hydroxide solution. This solu- 
tion was nearly neutralized with acid and a dilute solution of potassium ferricyanide added. 
A voluminous deep purple precipitate formed, was extracted with benzene, and recrystal- 
lized from a benzene-ligroin mixture. A small amount of an almost black compound was 
obtained. It melted above 200" and was probably a binaphthone. 

Preparation of p-bromobenzoylmesitylene. A solution of 160 g. of p-bromobenzoyl chlo- 
ride in 500 cc. of carbon disulfide was added slowly to  a well-stirred mixture of 106 g. of 
anhydrous aluminum chloride, 90 g. (105 cc.) of mesitylene, and 350 cc. of carbon disulfide. 
The addition was made over a period of two hours, and the reaction mixture was stirred a t  
room temperature for five hours after the addition was completed. Most of the solvent 
was then distilled, and the pasty mass that  remained was decomposed by pouring i t  into a 
mixture of ice and concentrated hydrochloric acid. The mixture was transferred to  a 
separatory funnel, and the crude product was extracted with ether. The ether layer was 
washed with water, 10% sodium hydroxide solution, and again with water. The solvent 
was then evaporated and the crude product was recrystallized twice from 95% ethanol. 
Yield, 170 g. (75%); m.p. 72-73" (cor.). 

Anal. Calc'd for C18H16BrO: C, 63.37; H, 4.95. 
Found: C, 63.36; H, 4.39. 

p-Bromobenzoylmesitylene and phenylmagnesium bromide. The reagent was prepared 
from 20 g. of bromobenzene and 4 g. of magnesium in 100 cc. of dry ether. This solution 
was filtered through glass wool and was added slowly to  a solution of 30 g. of p-bromoben- 
zoylmesitylene in 200 cc. of dry ether. The reaction mixture was refluxed gently and was 
well stirred during the addition, which was carried out over a period of two hours. The 
intense red solution which was obtained was refluxed and stirred for an additional five 
hours and decomposed with dilute acid. Removal of the solvent left an oily semi-solid 
product, which was washed with methanol. The yellow solid was crystallized once from 
methanol and melted a t  119-120"; yield, 17 g. (43%). The pure compound melted at 
121" (cor.). 

Anal. Calc'd for C22H2;BrO: C, 69.29; H, 5.51. 
Found: C,  69.40; H, 5.69. 

From the mother liquor was isolated a yellow solid which, when crystallized from meth- 
anol, melted at 131" (cor.). 

Anal. Calc'd for Cz,HzlBrOz: C, 66.75; H, 5.28. 
Found: C, 67.49; H, 5.27. 

Properties of the compound C21H21Br0, m.p. 191". This compound gives no precipitate 
with alcoholic silver nitrate. Treatment of the bromo compound with a 10% solution of 
sodium methoxide in methanol, produced a deep green solution. 
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Bromination. One gram of the compound was dissolved in 20 cc. of glacial acetic acid 
and 2.5 cc. of bromine added slowly to  the solution. The reaction mixture became slightly 
warm and a small amount of hydrobromic acid fumes was noticed. The flask was allowed 
to stand a t  room temperature for thirty minutes. At the end of this time a white crystal- 
line solid had separated; i t  was collected on a filter, washed with glacial acetic acid, and 
dried; yield, 1.25 g. After several recrystallizations from absolute ethanol i t  melted a t  
175' (cor.). 

Anal. Calc'd for C2zHlsBrSO: C, 37.71; H, 2.71. 
Found: C, 37.47; H, 2.79. 

The compound CzaHzlBrO could not be acetylated or reduced and all attempts at dehy- 
drogenation failed. It did not undergo a Diels-Alder condensation with maleic anhydride. 
A Zerewitinoff determination indicated that  there was no active hydrogen. 

p-Bromo benzoylmesitylene and a-naphthylmagnesium bromide. a-Naphthylmagnesium 
bromide was prepared from 18 g. of a-naphthyl bromide and 4 g. of magnesium in a mixture 
of 100 cc. of dry ether and 20 cc. of dry benzene. The reagent was filtered through glass 
wool and slowly added t o  a solution of 10 g. of p-bromobenzoylmesitylene in 50 cc. of dry 
ether. The reaction mixture was stirred and refluxed overnight and decomposed in the 
usual manner. 

After removal of the solvent, the oily residue was subjected to steam distillation until a 
clear distillate was obtained. The residual dark colored oil hardened t o  an amorphous 
solid, which was difficult to  crystallize. A small amount of the product was obtained crys- 
talline by dissolving the oil in chloroform, adding low-boiling petroleum ether t o  the solu- 
tion until it almost became turbid, and allowing the solvent to  evaporate slowly. The 
solid was collected on a filter and washed with absolute ethanol. After several recrystalli- 
zations from ethanol i t  was obtained as colorless crystals melting at 195" (cor.). 

Anal. Calc'd for Cz6Hz3BrO: C, 72.39; H, 5.34. 
Found: C, 72.74; H, 5.40. 

The filtrate was set aside and allowed to  evaporate. After several weeks, part of the 
oil began to  crystallize. The crystals were separated and the oil was taken up in alcohol 
and allowed to  evaporate again. Eventually most of the oil crystallized. The compound 
was purified by recrystallization from absolute ethanol. It melted at 143' (cor.) and was 
the main product of the reaction. 

Anal. 

These two compounds are isomeric and have the composition of an addition product 
between p- bromobenzoylmesitylene and naphthalene. 

p-Toluylmesitylene and p-tolylmagnesium bromide. A solution of 20 g. of p-toluylmesity- 
lene in 50 cc. of dry ether was added slowly to  a solution of p-tolylmagnesium bromide 
made from 2.8 g. of magnesium and 17.1 g. of p-bromotoluene in 60 cc. of dry ether. The 
mixture was refluxed for four hours and decomposed in the usual manner. 

The thick yellow oil obtained was distilled i n  vacuo. The first fraction of 8.5 g. consisted 
of unchanged p-toluylmesitylene. A second fraction of 5.1 g. was an oil that  failed t o  
crystallize. From the final fraction was obtained yellow crystals melting a t  101" (cor.). 
These had the composition of 2-mesitoyl-4',5-dimethylbiphenyl. 

Anal. Calc'd for C24H2*0: C, 87.75; H, 7.37. 
Found: C, 87.78; H, 7.48. 

Calc'd for CleHzaBrO: C, 72.39; H, 5.34. 
Found: C, 72.66; H, 5.42. 

SUMMARY 

It has been shown that benzoylmesitylene condenses with phenylmagnesium 
bromide in the 1 ,4  manner to the conjugated system formed by the carbonyl 
group and a double bond of the benzene ring. 
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Similar results have been obtained with p-bromobenzoylmesitylene, a- 
mesitoylnaphthalene, and p-toluylmesitylene. 
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Occasionally the observation has been made that the diene reaction, when 
carried out in nitrobenzene solution, is accompanied by dehydrogenation of the 
primary h,ydroaromatic addition product. This behavior will be especially 
valuable if the addition product tends to dissociate again into its components; 
in this case, the dehydrogenation process removes the addition compound from 
the equilibrium mixture, and stabilizes the new product. 

In a pa,tent (l),  the I. G. Farbenindustrie A. G. has shown that 2,3-di- 
methylbutadiene combines with naphthoquinone in nitrobenzene to give 
directly 2,3-dimethyIanthraquinone. Clar (2) has reported that perylene and 
2,3 , 10 , 11-dibenzperylene, which in xylene solution gave no trace of addition 
product with maleic anhydride, yielded the purely aromatic polycyclic system 
in nitrobenzene. The condensation between methyleneanthrone and maleic 
anhydride in the same solvent leads to the completely aromatic bz-benzan- 
throne-1 ,2-dicarboxylic acid with loss of four hydrogen atoms (3). More 
recently, Weizmann, E. Bergmann, and Berlin (4) have shown that a true 
benzoquinone derivative (I) is formed when phenylquinone acts upon bi- 
cyclohexenyl in nitrobenzene solution. 

In the course of our synthetic experiments in the polycyclic series, we found 
it advisable to study the influence of nitrobenzene on the diene reaction more 
systematically. We have shown that nitrobenzene during these successive 
addition-dehydrogenation reactions is reduced to give water and aniline, which 
has been identified by the usual methods: 

CsHbN02 + 3 H2 = CeH6NH2 + 2 H2O. 

Phenylated dienes, which have been investigated before with regard to their 
reactivity towards quinones (5), give, when the reaction is carried out in nitro- 
benzene solution, directly the anthraquinones : from 1-phenylbutadiene and 
benzoquinone, 1 ,5-diphenylanthraquinone is formed ; from 1-phenylbutadiene 
and &-naphthoquinone, 1-phenylanthraquinone ; from 1 ,4-diphenylbutadiene 
and benzoquinone, 1 ,4,5,8-tetraphenylanthraquinone; from 1,4-diphenyI- 
butadiene and a-naphthoquinone, 1 ,4-diphenylanthraquinone. 

In the same way the condensation between dienes and maleic anhydride 
in nitrobenzene solution gives substituted phthalic anhydrides instead of the 
tetrahydro derivatives. From 1 , 2-diphenylpentadiene-( 1,3),  3,4-diphenyl- 
6-methylphthalic anhydride (11) (6)  was obtained; from 1,2,4-triphenyl- 
butadiene, 3,4,6-triphenylphthalic acid (111) ; and from 9-(1'-cyclopentenyl) 
phenanthrene, 1 ,2-cyclopentenotriphenylene-3,4-dicarboxylic acid anhydride 
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(IV), which so far (7) has been accessible only in a more complicated manner 
from the primary hydroaromatic addition product. 

But this addition-dehydrogenation reaction is not generally applicable. If 
crotonic or cinnamic acid is condensed with bicyclohexenyl, the dodecahydro 
products V and VI are isolated from the nitrobenzene solution, whereas maleic 
anhydride leads to the octahydrophenanthrene derivative VII. It appears, 

I I1 I11 

IV v 

VI VI1 

therefore, that dehydrogenation is achieved only when two carbonyl groups 
substitute the “dienophile” olefin, and one may assume that enolization always 
precedes the splitting off of the hydrogen atoms.‘ By this process, the two 
enolized hydrogen atoms are removed, as in quinone I. The removal of the 
two remaining “hydroaromatic” hydrogens depends then on the stability of 
the intermediary dihydrobenzene nucleus, which is in most cases dehydro- 
genated spontaneously by a hydrogen acceptor in the reaction mixture, or by air. 

1 Weidlich (8), however, failed to  obtain the aromatized condensation product from 
1,l-bidialin and maleic anhydride in boiling nitrobenzene. 
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EXPERIMENTAL 

1,6-Diphenylanthraquinone.2 1-Phenylbutadiene (13 g.), benzoquinone (5.5 g.), and 
nitrobenzene (20 cc.) were heated at 200" for 3 hours. The black, viscous mass was diluted 
with glacial acetic acid (20 cc.) and, after cooling, the quinone filtered. From nitrobenzene, 
greenish-yellow needles, m.p. 355"; yield, 7 g. 

1-Phenylanthraquinone. 1-Phenylbutadiene (5 g.) and a-naphthoquinone (5 g.) in 
nitrobenzene (5 cc.), when heated a t  180" in an oil-bath, reacted violently. The heating 
was continued for 5 minutes, then methyl alcohol (8 cc.) was added, the reaction product 
cooled and filtered. After distillation in vacuo (b.p. 180" a t  0.2 mm.), the quinone had the 
m.p. 177"; yield, 5 g. 

1,4-Diphenylbutadiene (20 8.) and benzoquinone 
(5 g.) in nitrobenzene (25 cc.) were heated under slightly reduced pressure a t  the boiling 
point of the solvent. After 6 hours standing, the reaction product was cooled, filtered, 
washed with glacial acetic acid, and recrystallized from nitrobenzene; m.p. 355"; yield, 
14 g. 

1,4-Diphenylbutadiene (5 g.) and a-naphthoquinone (2.2 
g.) were boiled in nitrobenzene (10 cc.) for 2 hours. The reaction product crystallized on 
cooling and was purified as described previously (5) ; yield, 70%. 

3,4-DiphenyZ-6-methyZphthaZic anhydride (11). 1 , 2-Diphenylpentadiene-(l , 3) (6) (5 g.) 
and maleic anhydride (3 g.) were heated for 3 hours in boiling nitrobenzene (15 cc.). The 
reaction product began to  separate during the heating; after 48 hours standing it was 
collected and recrystallized from light petroleum (b.p. 130') ; m.p. 161". 

1 ,4,6,8-Tetraphenylanthraquinone. 

1,4-Diphenylanthraquinone. 

Anal. 

3,4,6-TriphenylphthaZic acid (ZIT). 1,2,4-Triphenylbutadiene-(l,3) (6) and maleic 
anhydride (1.5 9.) were heated at 100" in nitrobenzene (15 cc.) for 2 hours. On cooling, the 
reaction product separated, and was recrystallized from xylene; long rods, m.p. 172". 
Analysis showed that  the water formed during the reaction had hydrolyzed the anhydride 
system. 

Anal. Calc'd for CzoHlsOd + H20: C, 75.7; H, 4.9. 
Found: C, 75.7; H I  4.9. 

1 ,R-Cyclopentenotriphenylene-3,~-dicarboxylic acid anhydride (IV) (7). 9-(1'-Cyclo- 
penteny1)phenanthrene (0.5 6.) and maleic anhydride (0.5 g.) were heated for 2 hours in 
boiling nitrobenzene (10 cc.). The nitrobenzene was removed with steam, the residue 
isolated with chloroform and distilled in vacuo. The oil boiling under 0.1 mm. pressure a t  
300-310" solidified on trituration with acetone, and was recrystallized from ethyl benzoate; 
needles, m.p. 284", which were identified by mixed melting point. 

1,~,3,4,5,6,7,8,9,10,11,l~-Dodecahydro-9-methylphenanthrene-l0-carboxy1ic acid (V). 
Crotonic acid (4 g.) and bicyclohexenyl (8 g.) in  nitrobenzene (25 cc.) were heated for 2 
hours at 130-140", then boiled for 6 hours. The solvent was removed with steam and the 
residue treated with ether, from which the acid was separated by extraction with sodium 
hydroxide. The crude acid was air-dried and distilled in vacuo; b.p. 180-200" a t  3.5 ram. 
On trituration with acetone and ligroin, the syrup crystallized. From butyl acetate long 
rods were obtained, from petroleum ether (130") and xylene, beautiful rhombohedra, 
m.p. 164". 

Anal. Calc'd for CleH~pOn: C, 77.4; HI 9.7. 
Found: C,  76.8; H, 10.0. 

1,2,3,4,b,6,7,8,9,1OI 11,l~-Dodecahydro-9-phenylphenanthrene-lO-ca~boxylic acid (VI ) .  
Bicyclohexenyl (8 9.) and cinnamic acid (7 g.), after boiling for 5 hours in nitrobenzene 

Cdc 'd  for C21H140a: C, 80.3; H, 4.5. 
Found: C,  80.1; HI 4.3. 

2 For the discussion of the sbructural formula, see Weizmann, Bergmann, and Haskel- 
berg (5). 
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(35 cc.), yielded a mixture of unreacted cinnamic acid and the condensation product. The 
latter was recrystallized from a mixture of xylene and petroleum ether (130"), m.p. 221'. 

Anal. Calc'd for CzlHla02: C, 81.3; H, 8.4. 
Found: C, 81.2; H, 8.8. 

1,8,3,4,6,6,7,8-0ctahydrophenanthrene-Q. 10-dicarboxylic acid anhydride (VI I ) .  Bicy- 
clohexenyl (3.2 g.) and maleic anhydride (2 9 . )  were boiled in nitrobenzene (10 cc.) for 5 
hours. The solvent was removed i n  vacuo and the residue distilled, b.p. 220-240" a t  1.5 mm. 
The syrup crystallized by trituration with acetone. From acetic anhydride the substance 
crystallized in needles of m.p. 305", and was identified by mixed melting point with an 
authentic sample. 

SUMMARY 

The diene addition-dehydrogenation reaction, carried out in nitrobenzene 
solution, is described and discussed. 

Phenylated dienes, with a-naphthoquinones and benzoquinones, give directly 
phenylated anthraquinones. With maleic anhydride, the phthalic anhydrides 
are obtained directly. Bicyclohexenyl with crotonic and cinnamic acid in 
nitrobenzene, however, yields the hydroaromatic compounds. 
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One of the reactions by which we attempted to prepare the arylsulfonyl 
ureas (1) was through the hydrolysis of the corresponding arylsulfonyl methyl- 
isothioureas. This reaction had already been successfully carried out in the 
pyrimidine series, when the ethylthiol group was transformed into the carbonyl 
group by means of warm dilute hydrochloric acid solution. In  particular, 
Wheeler (2) and his co-workers converted 2-ethylthiol-6-oxypyrimidine-5- 
carboxylic acid to  uracil-5-carboxylic acid. Ethyl mercaptan was the by- 
product. Several of the analogous derivatives of the arylsulfonyl methyliso- 
thiourea series have now been prepared and the hydrolysis of these has been 
studied. We were not able to prepare any pure specimens of the arylsulfonyl 
ureas by the hydrolysis of the corresponding isothiourea derivatives. While 
the amount of methyl mercaptan was in all cases practically quantitative, the 
main product proved to  be a mixture of the arylsulfonyl amide and the 
arylsulfonyl urea. 

The sulfonylisothioureas have not been recorded in the literature, and further- 
more i t  has now been shown that the p-aminobenaenesulfonyl methylisothiourea 
has value in the treatment of streptococcal infection in mice. It is, therefore, 
considered of value to  record some of the compounds of this series.' 

EXPERIMENTAL  PART^ 
Since the procedure for the condensation of the various sulfonyl chlorides with the 

methylisothiourea is practically the same for all the compounds prepared, only the detailed 
account of preparation of the p-acetaminobenzenesulfonyl methylisothiourea will be given. 
The hydrolysis of this is also described. The melting points and analyses are given in 
tabular review. 

Preparation of p-acetaminobenzenesulfonyl methylisothiourea. I n  a three-liter flask 
provided with a motor stirrer were placed 400 g. of anhydrous potassium carbonateand 
one liter of acetone to  which had been added 300 cc. water. The suspension was stirred and 
cooled in  a n  ice-bath. To this was added a mixture of 153 g. (1.1 moles) of methyliso- 
thiourea sulfate and 234 g. (1.0 mole) of p-acetaminobenzenesulfonyl chlorides over a period 
of half an hour. After the addition, the ice-bath was removed and the reaction mixture 
stirred for four hours. The reaction contents were then poured while stirring into four 
liters of water, filtered, and washed with water. When dried, the crude product weighed 
228 g. (80%). After crystallization from dilute acetic acid, small colorless needles were 
deposited which melted a t  230-232". 

Preparation of p-aminobenzenesulfonyl wiethylisothiourea. Two hundred grams of p -  

1 Private communication from Professor Perrin H. Long, The Johns Hopkins Medical 

* The author wishes to  express this thanks to  Mr. S. M. Raymond who prepared and 

3 Grateful acknowledgement is made to  the Monsanto Chemical Company for its gen- 

- 

School. 

analyzed some of the compounds. 

erous supply of p-acetaminobenzenesulfonyl chloride. 
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AI. 

acetaminobenzenesulfonyl methylisothiourea (crystallized once from dilute acetic acid) 
was suspended in  1200 cc. of 7% hydrochloric acid solution. The flask was lowered into a 
boiling water-bath and mechanically stirred until solution took place (30-45 mins.). The 
solution was then treated with charcoal, filtered while hot, and the filtrate diluted with one- 
half volume of water (to prevent the crystallization of the hydrochloride salt). It was then 
cooled in  an ice-bath and made alkaline with ammonia (stirring). The crude product 
was filtered, washed, and dried (128 g., 75% yield). After a specimen was twice crystallized 
from dilute acetic acid i t  melted a t  183-185' (colorless white needles). 

Y.P.,  "C. 

TABLE 
ARYLSULFONYL METHYLISOTHIOUREAS 

ArS02NHC(SCH3) =NH.  

10.84 
10.84 
10.84 
14.62 
17.13 

11.04 
10.64 
10.60 
14.81 
17.06 

Benzene. . . . . . . . . . . . . . . . . . . . . . . . . .  
To 1 u e n e. . . . . . . . . . . . . . . . . . . . . . . . . .  
o-Xylene. . . . . . . . . . . . . . . . . . . . . . . . .  
m-Xylene. . . . . . . . . . . . . . . . . . . . . . . . .  
p-Xylene, . . . . . . . . . . . . . . . . . . . . . . . .  
p-Acetaminobenzene. . . . . . . . . . . . . .  
p-Aminobenzene . . . . . . . . . . . . . . . . . .  

159-160 
118-119 
136-137 
137-138 
144-145 
230-232 
183-185 

FOXYULA 

SUMMARY 

The preparation of arylsulfonyl methylisothioureas has been described, with 
particular reference to the preparation of p-acetaminobenzene sulfonyl and 
p-aminobenzenesulfonyl methylisothioureas. 

The latter substance shows value in cases of streptococcal infection in mice, 
and it is to be further investigated in this connection. 

SWARTHMORE, PA. 
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In 1937 Erlenmeyer and von Meyenburg (1) reported the preparation of 
analogs of the dialkyl barbiturates (I) in which a ring sulfur atom is substituted 
for the -COXH- group, giving heterocycles of the type shown by formula 11. 
These sulfur compounds were found by the authors to possess hypnotic activity 
similar to that of the parent barbiturates. 

0 

I I1 
It seemed of interest, therefore, to determine whether this kind of substitution 

could be generalized and reversed, that is, whether the replacement of a ring 
sulfur atom in a physiologically active compound by a -CONH- group would 
yield a product exhibiting the same type of activity as the original compound. 

A suitable test substance for this purpose is thiamin, the thiazole portion of 
which is represented by 111. If the sulfur atom in I11 is replaced by a -CONH- 
group, two structures are possible, 4-methyl-5-(P-hydroxyethyl)-6-hydroxy- 
pyrimidine (IV) and 2-methyl-3-(P-hydroxyethyl)-5-hydroxypyrazine (V), 
depending on the mode of substitution. In the present paper the synthesis of 
the pyrimidine analog of thiamin bromide is described. 
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A suitable approach to the synthesis of the pyrimidine in question was sug- 
gested by the method utilized by Andersag and Westphal (2) for the synthesis of 
[6-methyl-4-hydroxypyrimidyl-(5)]-acetic acid. By condensation of thiourea 
with ethyl P-ethoxyethylacetoacetate (VI), 2-mercapto-4-methyl-5-(P-ethoxy- 
ethyl) -6-hydroxypyrimidine (VII) was readily formed. Oxidative removal of 
the mercapto group in VI1 led to 4-methyl-5-(P-ethoxyethyl)-6-hydroxypyrimi- 
dine (VIII), which on cleavage of the ether group led successively to the cor- 
responding chloroethyl derivative and finally to IV. 

CzH60 

c=o NH-C=O 

CCHzCHzOCzH5 + HSC CCHzCHzOCzH6 

\ 
"2 

I 
HSC + 

I I  
" 

I I I  
II II II 
N-CCH, 

VI VI1 
HOCCH3 

NH-C=O "-CEO 
I 1  I t  

II II II II 
+ CH CCHzCH2OCzHs CH CCHzCH2OH 

W-CCH3 N-CCH, 
VI11 IV 

The pyrimidine IV condensed smoothly with 2-methyl-4-amino-5-bromo- 
methylpyrimidine (IX) to yield a compound analogous to thiamin bromide. 
While i t  has not been definitely demonstrated which of the two nitrogen atoms 
of IV takes part in this condensation, it is logical to assume that the nitrogen 
atom in position 3 is the more basic, and hence is involved in the condensation. 
The thiamin bromide analog would then possess the structure X. 

K=CNHZ. HBr "--CEO 
I 1  t l  

I I  II I1 I I  
CHsC CCHzBr + CH CCHzCH20H - 

K-CCH, IS-CH 
IX IV 

N=C-NHz. HBr 

CH3 CHzCH20H 
X 

The pyrimidine analog of thiamin bromide, as well as the pyrimidine IV, is 
being examined for activity and a report of this will appear elsewhere. 

The synthesis of the pyridine analog of thiamin bromide, wherein the sulfur 
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atom of the thiazole ring is replaced by a -CH=CH- grouping, has been pre- 
viously given (3) and a report of certain phases of its activity has recently 
appeared (4). 

We wish to express our appreciation to Merck & Company, Inc. of Rahway, 
N. J. for the generous contribution of the 2-methyl-4-amino-5-bromomethyl- 
pyrimidine used in this work. 

EXPERIMENTA4L 

All melting points are corrected for stem exposure. 
~-Mercapto-4-methyl-6(~-ethoxyethyl)-6-hydroxypyrimidine (V I I ) .  A solution d.f 0.5 mole 

of sodium in 200 cc. of absolute alcohol was added to  a solution of 100 g. of ethyl CY-@- 

ethoxyethy1)acetoacetate (3) and 40 g. of thiourea in  80 cc. of absolute alcohol. The reac- 
tion mixture was refluxed for 7 hrs. At the end of 30 min. the solution darkened and the 
pale yellow salt of the pyrimidine began t o  precipitate out. About 50 cc. of the alcohol was 
distilled off and the salt was centrifuged from the sticky red-brown solution and washed 
with absolute alcohol. The product was dissolved in water and the solution was acidified 
t o  Congo red with dilute hydrochloric acid. The colorless precipitate was filtered off and 
washed with water. It melted at 202.5-203'. 
Further concentration of the alcoholic mother liquor and treatment as above gave an 
additional 15 g. of the pyrimidine, which was pale yellow in color. A small sample crys- 
tallized from a large volume of water in needles which melted at 203-203.5'. 

The yield of the pyrimidine was 40.5 g. 

Anal.  Calc'd for CSHI,N~O~S: C, 50.4; H, 6.6. 
Found: C, 50.5; H, 6.6. 

4-J4ethyl-5-(~-ethoxyethyl)-6-hydroxypyrimidine (V I I I ) .  A solution of 55 g. of the above 
pyrimidine in 850 cc. of hot glacial acetic acid was treated with 110 g. of lead acetate dis- 
solved in  300 cc. of water. When the solution had cooled to  30°, 100 cc. of 29% hydrogen 
peroxide (Superoxol) diluted t o  300 cc. was added a t  such a rate that the temperature did 
not rise above 40". The precipi- 
tated lead sulfate was filtered off through a layer of Norit and the excess lead was removed 
from the filtrate with hydrogen sulfide. The filtrate from the lead sulfide was then con- 
centrated to dryness under reduced pressure and the residue was dissolved in a small 
volume of chloroform and the product was precipitated with ether. The first portion of 
the precipitate was less pure than the rest. Therefore i t  was collected separately, re- 
crystallized from benzene, and combined with the purer ether precipitate, giving a total 
of 16 g. of product melting at 133.5-137.5'. As purification could be effected more readily 
in the subsequent step, the compound was used without further treatment. A small 
sample purified by recrystallization from benzene melted at 147.5-148". 

The reaction mixture was then heated a t  50" for 3 hrs. 

Anal. Calc'd for CsHI4NzOz: C, 59.3; H, 7.7. 
Found: C, 59.3; H, 7.9. 

The hydrobromide melted a t  126.5-127.5', after recrystallization from chloroform and 
ethyl acetate. 

Anal. Calc'd for CsH15BrXz02: C, 41.1; H, 5.8. 
Found: C, 41.3; H, 6.0. 

.&Methyl-5-(p-ehloroethyl)B-hydroxypy~irnidine hydrochloride. Five grams of the above 
pyrimidine was heated in a sealed tube for 3 hrs. at 150" with 35 cc. of concentrated hydro- 
chloric acid (5).  The solution was then diluted with water, filtered, and concentrated to  
dryness under reduced pressure with the addition of several portions of water, yielding 4.9 
g. of crude product. Recrystallization from absolute alcohol and ether gave 4.2 g. of the 
hydrochloride, which melted a t  167.5-168.5'. A small sample recrystallized once more 
from alcohol and ether melted a t  168.5-169'. 
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Anal. Calc'd for C7H1oC1~N~0: C, 40.2; H, 4.5. 
Found: C, 40.3; H, 5.0. 

4-Methyl-b-(P-hydroxyethyl)-6-hydroxypyrimidine ( IV) .  Three and seven-tenths grams 
of the above chloroethylpyrimidine salt was heated for 4 hrs. with 30 cc. of water in a sealed 
tube a t  150". Evaporation of the solution to  dryness under reduced pressure gave 3.7 g. 
of crude material. On recrystallization from methanol and ether, 3.2 g. of the pure hy- 
drochloride melting a t  198.5-199' (with effervescence), was obtained. 

Anal. Calc'd for C7H11C1N2O2: C, 44.1; H, 5.8. 
Found: C, 44.3; H, 6.1. 

The water-soluble base was liberated from its salt by stirring for 6 hrs. in aqueous solu- 
tion with a 10% excess of freshly precipitated silver carbonate. The reaction mixture was 
then filtered and the filtrate was concentrated to  dryness under reduced pressure. The 
residue was recrystallized from absolute alcohol. The pure product melted at 154-154.5'. 

Calc'd for C7H1o~z02: C, 54.5; H, 6.4. 
Found: C, 54.5; H, 6.5. 

Anal. 

The p-nitrobenzoate was prepared by warming the above pyrimidine for 2 min. with a 
After several recrystallizations from alcohol, slight excess of p-nitrobenzoyl chloride. 

it melted a t  207.5-208'. 

Anal. Calc'd for C14H13N305: C, 55.5; H, 4.3. 
Found: C, 55.7; H, 4.6. 

S-[(d-Amino - 2 - methyl)-6-pyrimidylmethyl] -~-methyl-6-(~-hydroxyethyl)-6-hydroxypyri- 
midinium bromide hydrobromide ( X ) .  A suspension of equivalent amounts of 2-methyl-4- 
amino-5-bromomethylpyrimidine hydrobromide and 2-methyl-3-(P-hydroxyethyl)-4-hy- 
droxypyrimidine in  light petrolatum was heated for 1 hr. a t  100" with constant stirring. 
The amorphous precipitate was centrifuged off and washed with petroleum ether (Skelly- 
solve B). After two recrystallizations from absolute alcohol, the product melted a t  195- 
195.5'. It was slightly hygroscopic. 

Anal. Calc'd for C13HleBrzN60z: C, 35.7; H, 4.4. 
Found: C, 36.0; H, 5.0. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these labora- 
tories. 

SUMMARY 

1. 4-Methyl-5-(~-hydroxyethyl)-6-hydroxypyrimidine has been prepared. 
2. Condensation of the above pyrimidine with 2-methyl-4-amino-5-bromo- 

methylpyrimidine leads to an analog of thiamin bromide wherein the thiazole 
ring has been replaced by a pyrimidine ring. 

NEW YORK, N. Y. 
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In the preceding paper the synthesis of the pyrimidine analog of thiamin 
bromide was described, and it was pointed out that a pyrazine analog is also 
possible on the basis of substitution of a -CONH-group for the ring sulfur atom 
of the thiazole of thiamin in accordance with the observations of Erlenmeyer and 
von Meyenburg (1) on similar substitutions with barbiturates. The pyrazine 
desired, therefore, is 2-methyl-3-(~-hydroxyethyl)d-hydroxypyrazine (I), 

N N 
/ \  

COH CH CR 

CH 

/ \  
I 

HO CH2 CH2 C 

CH, C COH 
II 

RC 
It 

I I1 

-4 survey of the literature revealed that existing methods for the preparation 
of substituted hydroxypyrazines lead exclusively to the formation of pyrazines of 
the type represented by I1 in which the two substituents are identical (2). 
Therefore attention was turned to the development of a general method for the 
preparation of other types of substituted hydroxypyrazines. In the present 
paper representative procedures are given by which one can obtain 2,3-disub- 
stituted 5-hydroxypyrazines as well as 2,3,6-trisubstituted 5-hydroxypyrazines. 

The method developed involves acylation of an a-amino ketone with chloro- 
acetyl chloride or bromoacetyl bromide to yield the corresponding chloro- or 
bromo-acetyl amino ketone. The latter, in turn, on treatment with alcoholic 
ammonia in the presence of a small amount of sodium iodide, leads directly 
to the dihydropyrazine, presumably by way of the intermediate glycine deriva- 
tive. The dihydropyrazine is then easily oxidized to the pyrazine by air. 

Ri C 0 CHRz + BrCHzCOBr - RICOCHRz 

V. R1 and Rz = CH, 

+ "3 + 

I 
NH2 .HCl 

NH 
I c=o 111. R1 and RZ = CH3 

IV. Ri = CeH5 VI. Ri = CeH5 
Rt = CHa Rz = CHa CHZ Br 
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VI1 IX. R1 and R2 = CH3 VI11 
X. R1 = CsH5 

& = CH3 

A further variation of the method furnished a convenient means for the syn- 
thesis of 2,3,6-trisubstituted 5-hydroxypyrazines. This involves merely use of 
an appropriate a-bromo acid halide instead of the a-bromoacetyl bromide used in 
the preceding cases, and details have been worked out for the preparation of 2- 
phenyl-3-methyl-5-hydroxy-6-ethylpyrazine. 

The tendency of free a-amino ketones to condense with themselves with the 
formation of symmetrically tetrasubstituted pyrazines presented considerable 
difficulty in the first step of the above synthesis because of the necessity of liber- 
ating the base from its salt in order to accomplish the bromoacetylation. The 
first experiments were made with chloroacetyl chloride, but it later developed 
that the more reactive bromoacetyl bromide gave much better results. The 
procedure finally adopted was that in which the reactants were brought to- 
gether in well-cooled chloroform solution in the presence of a small amount of 
water and an excess of solid calcium carbonate. The aqueous layer was thus 
maintained a t  a slightly acid pH. Yields as high as 99% of the desired product 
were obtained, particularly in cases where the amino ketones were the least 
soluble in water. 

In the ring closure of the acylated amino ketones it was found that the bromo 
derivatives gave much better yields than the chloro derivatives, particularly in 
the presence of a small amount of sodium iodide. Isolation of the dihydropyr- 
azines was not practical because of the ready oxidation of these substances by 
air. This oxidation to the pyrazine was accompanied by the formation of more 
or less dark oil, except in the case of 2-phenyl-3-methyl-6-ethyl-5-hydroxypyr- 
azine, in which the presence of the substituent in the 6-position seems to stabi- 
lize the molecule. Attempts to carry out the oxidation of the dihydropyrazine 
with mild inorganic oxidizing agents gave only black oils. While warming the 
substances in the presence of air appears to be the best method of accomplishing 
the oxidation, attempts to accelerate it by bubbling air through the solution 
either produced no apparent change or else led to the formation of excessive 
amounts of oily products. 

The above reactions appear to be general in their application to various pyr- 
azine derivatives. The limiting factor is the availability of the requisite 
a-amino ketone. 
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On the basis of the experience thus gained, attention was directed to the 
synthesis of 2-methyl-3-(~-hydroxyethyl)-5-hydroxypyrazine. 2-Methyl-3-@- 
ethoxyethyl)-5-hydroxypyrazine (XI) was readily prepared by the above 
method. However, it has not been possible to accomplish cleavage of the ether 
group in XI in the desired sense to yield the hydroxyethyl derivative. When 
XI was heated with hydrochloric acid in a sealed tube under conditions which 
normally split the ether in the analogous thiazole, pyridine, and pyrimidine 
derivatives, the substance was completely decomposed. Treatment of the ether 
with hydriodic acid led to obscure iodine-containing complexes from which no 

N N N 

X I  XI1 XI11 

pure substance could be isolated. When the ether was heated with aqueous hy- 
drobromic acid on the steam-bath, a portion of the material was recovered and 
the rest underwent extensive decomposition. 

When XI was heated with a saturated acetic acid solution of hydrogen bro- 
mide on the steam-bath, a crystalline substance was obtained. However, the 
analytical figures obtained did not agree with those required by the expected 
p-bromoethyl derivative (XII). It is possible that this material is XI1 con- 
taminated with a persistent impurity. Attempts to replace the bromine atom in 
the above substance by hydroxyl were unsuccessful. In  only one experiment was 
a crystalline product obtained. When the bromine-containing substance was 
warmed with dilute sodium carbonate solution, a halogen-free substance was ob- 
tained which furnished analytical figures corresponding to 2-methyl-3-vinyl- 
5-hydroxypyrazine (XIII) . 

The exact nature of XI1 and XI11 remains a subject of further investigation. 

EXPERIMENTAL 
All melting points are corrected for stem exposure. 
3-Chloroacetaminobutanone-~. Biacetyl monoxime was reduced essentially according t o  

the method of Kunne (3). Thirty grams of the oxime was added in  portions to a solution 
of 190 g. of stannous chloride (dihydrate) in  250 cc. of concentrated hydrochloric acid, 
cooling %-hen necessary. The reaction mixture was finally warmed a short time on the 
steam-bath after the addition of metallic tin to  reduce the stannic chloride. The solution 
was then diluted to  3 liters and saturatedwith hydrogen sulfide. The filtrate from stannous 
sulfide was evaporated to  dryness a t  20 mm. giving 34 g. of a colorless crystalline solid. 
The hydrochloride of 3-aminobutanone-2 is very hygroscopic and quite unstable, becoming 
red on standing. 

PI solution of 4.3 g. of the above amine salt in  20 cc. of cold water was added all a t  once to  
a vigorously stirred suspension of 12 g. of calcium carbonate in  20 cc. of chloroform sur- 
rounded by a n  ice-bath. Immediately a solution of 5.3 cc. (2 equivalents) of chloroacetyl 
chloride in  10 cc. of chloroform was added quite rapidly from a dropping-funnel. The reac- 
tiop mixture was filtered and the excess calcium carbonate was thoroughly washed with 
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chloroform. The combined chloroform solution was washed with dilute hydrochloric acid, 
with sodium bicarbonate solution, and then with water. After drying over sodium sulfate 
and removal of the solvent a t  20 mm., 3.3 g. of colorless crystalline product was obtained. 
On recrystalization from ether and ligroin (b.p. 77-116", Skellysolve D) 3-chloroacetamino- 
butanone-2 melted a t  54-55". 

Anal. Calc'd for CBH10C1S02: C, 44.1; H, 6.2. 
Found: C, 44.1; H, 6.2. 

3-Bromoacetaminobutanone-2 ( V ) .  A solution of 5 g. of 3-aminobutanone-2 hydro- 
chloride in  25 cc. of cold water was added in  6-cc. portions to  a cooled, well-stirred suspen- 
sion of 20 g. of calcium carbonate in 70 cc. of chloroform, while 7 cc. of bromoacetyl bromide 
dissolved in  50 cc. of chloroform was rapidly added from a dropping-funnel. The reaction 
mixture was worked up as above, removal of the solvent giving a slightly yellow crystalline 
product contaminated with a n  oil. The oil and color were removed by washing with a small 
volume of cold ether. The yield of product melting at 64.5-66" was 4.6 g. A sample twice 
recrystallized from boiling ether and ligroin (Skellysolve D) formed fine needles melting a t  
71-71.5". 

Anal. Calc'd for C ~ H I O B ~ N O ~ :  C, 34.6; H, 4.8: Br, 38.4. 
Found: C, 34.9; H, 5.0; Br, 38.2. 

The p-nitrophenylhydrazone melted a t  169.5" after recrystallization from alcohol. 

Anal. Calc'd for C12H16BrN40s: C, 42.0; H, 4.4. 
Found: C, 42.3; H, 4.4. 

2,3-Dimethyl-6-hydroxypyrazine ( I X )  . Four and one-half grams of the above bromo- 
acetylated amino ketone was treated with 30 cc. of saturated alcoholic ammonia and 0.5 g. 
of sodium iodide for 48 hours a t  room temperature. The alcohol and ammonia were re- 
moved slowly on the steam-bath and the residue was-extracted thoroughly with chloroform. 
After drying the extract over sodium sulfate, evaporation of the solvent, and recrystalliza- 
tion of the residue from ethyl acetate with the use of Norit, 0.9 g. of a tan  crystalline product 
was obtained. It melted a t  197.5-199.2'. Several recrystallizations from ethyl acetate 
gave a colorless product melting a t  200-201". 

Anal. Calc'd for CsHsN20: C, 58.1; H ,  6.5; N, 22.6. 
Found: C, 58.2; H, 6.7; N,  22.6. 

a-Chloroacetaminopropiophenone. a-Aminopropiophenone hydrochloride was prepared 
according to the method of Behr-Bregowski (4). A solution of 1.9 g. of this compound in 
10 cc. of water was added to  a suspension of 5 g. of calcium carbonate in  20 cc. of chloroform. 
The mixture was treated with 1.5 cc. of chloroacetyl chloride in 10 cc. of chloroform. Re- 
moval of the solvent gave 2.2 g. of a colorless syrup which crystallized on cooling in  ice. It 
melted a t  83-85'. On dissolving in  a small volume of chloroform and precipitating with 
ligroin (Skellysolve D), 2.1 g. of a compound melting a t  85-85.2" was obtained. 

-4nal. Calc'd for CItH12ClN202: C, 58.5; H, 5.4; C1, 15.7. 
Found: C, 58.5; H, 5.2; C1, 15.8. 

a-Bromoacetaminopropiophenone ( V I ) .  Seven and one-half grams of a-aminopropio- 
phenone hydrochloride was treated as above with 7 cc. of bromoacetyl bromide. Kine and 
eight-tenths grams of crystalline product melting at 78-81' was obtained on removal of the 
chloroform. A small sample recrystallized from ether and ligroin (Skellysolve D) sintered 
a t  80" and was completely melted a t  82". 

Anal. 
Found: C, 48.6; H, 4.4; Br, 29.8. 

Calc'd for C11H12BrNOZ: C, 48.9; H, 4.5; Br, 29.6. 
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1 -PhenyE-W-methyl-6-hydroxypyrazine ( X )  . S i n e  grams of the above bromoacetyl amino 
ketone was treated with 40 cc. of saturated alcoholic ammonia for 48 hours a t  room tem- 
perature. The solution was warmed on the steam-bath until the excess ammonia and about 
15 CC.  of the alcohol had evaporated off. On cooling, 2 g. of an orange product crystallized 
out. After washing with water and drying, the compound was recrystallized from chloro- 
form and petroleum ether (b.p. 60-71", Skellysolve B) with the use of Korit, and formed 
glistening yellow plates which decomposed a t  250". A small sample was recrystallized 
several times from ethyl acetate until i t  was colorless. It decomposed a t  254". 

Anal. Calc'd for CIIHIONIO: C, 71.0; H, 5.4; S, 15.1. 
Found: C, 71.3; H, 5.6; N, 15.2. 

a-(a-Bromobutyry1)aminopropiophenone. A solution of 10 g. of a-aminopropiophenone 
hydrochloride in  30 cc. of water was added in portions to  a cooled, vigorously stirred sus- 
pension of 25 g. of calcium carbonate in  70 cc. of chloroform while a chloroform solution of 
12.7 g. of a-bromobutyryl chloride was added quite rapidly from a dropping-funnel. When 
the odor of the bromobutyryl chloride had disappeared, the reaction mixture was worked up 
as before, giving 16.5 g. of crude product as colorless crystals melting a t  63-70". After wash- 
ing with cold petroleum ether (Skellysolve B) the compound weighed 14 g. and sintered at 
72", then melted a t  82.5". Recrystallization from boiling ether and petroleum ether (Skelly- 
solve B) gave a product melting a t  88.5-90". 

Anal. Calc'd for Cl3H1,BrFO2: C, 52.4; H, 5.4; Br, 26.8. 
Found: C, 52.6; H, 5.6; Br, 26.7. 

The p-nitrophenylhydrazone melted a t  185-185.5", after recrystallization from alcohol. 

Anal. Calc'd for CI9H21BrN4O3: C, 52.7; H, 4.9. 
Found: C, 53.0; H, 5.1. 

2-Phenyl-J-methyl-6-ethyl-6-hydroxypyrazine. Thirteen and one-half grams of the above 
compound was treated with 100 cc. of saturated alcoholic ammonia and 2 g. of sodium iodide 
for 3 days a t  room temperature. The alcohol was slowly evaporated on the steam-bath 
after the addition of 20 cc. of water, until an oil began to  separate out. A few drops of 
methanol added to the hot solution dissolved the oil, and after cooling and standing in  the 
ice-box several days, 4.9 g. of a crystalline product, covered with a n  oily film, appeared. At 
no time did the reaction mixture darken as in  the preparation of those pyrazines having no 
substituent in  the 6-position. Recrystallization of the crude product from benzene gave a n  
almost colorless, nicely crystalline compound melting a t  189-191". Addition of water to  the 
original reaction mixture, and two crystallizations of the precipitate gave a n  additional 0.3 
g. of the product. For analysis the compound was further recrystallized from benzene; i t  
melted a t  192-193". 

Anal. Calc'd for c13Hl4yILTzO: C, 72.9; H, 6.6; K, 13.1. 
Found: C, 73.1; H, 6.6; N, 13.1. 

2-&~ETHYL-3-P-ETHOXYETHYL-5-HYDROXYPYRAZlNE 

a-Isonatroso-y-ethorypropyl methyl ketone. The method used was that  outlined by Meyer 
and Zublin (5). To 20 g. of 5% sodium hydroxide solution was added 78 g. of ethyl a-(& 
ethoxyethy1)acetoacetate and the mixture was stirred 9 hours. Twenty-six and six-tenths 
grams of solid sodium nitrite was then added and the orange solution was cooled in  an ice- 
bath while a solution of 30 cc. of concentrated sulfuric acid in  80 cc. of water was slowly 
added from a dropping-funnel. The solution was allowed t o  stand overnight and was then 
made alkaline with 10% sodium hydroxide solution and extracted with ether. On acidifica- 
tion with sulfuric acid (saturation with carbon dioxide may be used) the product separated 
as a red-brown oil. The aqueous layer was extracted with ether and the combined oil and 
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extracts washed free of acid, dried over sodium sulfate, and distilled. The yield of product 
boiling a t  108-113" a t  2.3 mm. was 30 g. Amounts greater than 30 g. could not be distilled 
without decomposition. A small sample was redistilled and boiled at 116-116.5" a t  1.4 mm. 
The freezing point was 29.5". 

Anal. Calc'd for C7Hl3KO3: C, 52.9; H, 8.2; N, 8.9. 
Found: C, 52.9; H, 8.4; X, 8.9. 

The p-nitrophenylhydrazone melted at 182-183" after recrystallization from alcohol. 

Anal. Calc'd for ClrH18NaOa: C, 53.1; H, 6.2. 
Found: C, 52.9; H ,  6.4. 

a-Amino-7-ethoxypropyl methyl ketone hydrochloride. Sixty-five grams of the above 
oxime was reduced with stannous chloride and hydrochloric acid by the same procedure used 
for biacetyl monoxime. I n  this case the reaction was slower, however. The yield of color- 
less feathery crystalline product obtained on concentration to  dryness was 63 g. The com- 
pound is very hygroscopic, changing to  a dark syrup on exposure to air. It could be 
recrystallized only in  small quantities because of its extreme sensitivity to  heat. The 
uncrystallized product was used without further purification. A small sample recrystal- 
lized from ethyl acetate melted a t  97-98'. 

Anal. Calc'd for C,HlsC1N02: C, 46.3; H, 8.9. 
Found: C, 46.0; H, 8.9. 

a-Bromoacetamino-y-ethoxypropyl methyl ketone. Twenty-five grams of the above amino 
ketone was treated as above with 25 cc. of bromoacetyl bromide. Removal of the chloro- 
form gave 40 g. of a crude oil. This could not be distilled, since i t  showed signs of decom- 
position even a t  60" under reduced pressure. The crude product was crystallized by cooling 
i n  an ice-bath and then washed with Skellysolve B by inverted filtration, giving 34 g. of an 
almost colorless oil a t  room temperature. An analytical sample was prepared by recrystal- 
lization from ether and Skellysolve D (ligroin) by quickly centrifuging the cold mixture. 
It melted a t  30-31.2". 

Anal. Calc'd for CsHleBrNOs: C, 40.6; H, 6.1; Br, 30.0. 
Found: C, 40.5; H, 6.2; Br, 29.9. 

The p-nitrophenylhydrazone melted at 121-122' after recrystallization from alcohol. 

Anal. Calc'd for C16H~zBrPIj304: C, 44.9; H, 5.3. 
Found: C, 45.3; H, 5.4. 

d-Methyl-S-(@-ethoxyethyl)-6-hydroxypyrazine ( X I ) .  Seven grams of the above compound 
was treated with 40 cc. of a saturated solution of alcoholic ammonia and 1 g. of sodium 
iodide for 48 hours a t  room temperature. After adding 25 cc. of water, the alcohol and am- 
monia were removed on the steam-bath. On cooling, 1.3 g. of a yellow crystalline pre- 
cipitate melting a t  158-160" was obtained. The filtrate, on saturation with sodium chloride, 
precipitated a dark oil which crystallized in the ice-box giving an additional 0.2 g. of pro- 
duct. Recrystallization from ethyl acetate gave 1.2 g. of product melting a t  160.2-161'. 
The aqueous reaction mixture on standing in air for several days gave a further precipitate 
of a dark oil which was extracted with chloroform, dried over sodium sulfate, and evapor- 
ated to dryness. On recrystallization from ethyl acetate an additional 0.3 g. of material 
melting at 157-159" was obtained. 

Anal. Calc'd for CgH1JVZOn: C, 59.3; H, 7.7; N, 15.4. 
Found: C, 59.4; H, 7.6; N, 15.6. 

Action of hydrogen bromide on I-methyl-S-(p-ethoxyethyl)-6-hydroxypyrazine. When the 
above pyrazine was heated for 2 hours on the steam-bath with a solution of hydrogen bro- 
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mide in glacial acetic acid saturated a t  OD, cleavage of the ether apparently took place. The 
resulting solution was concentrated under reduced pressure with the addition of water t o  
remove the hydrogen bromide. The resulting dark aqueous solution was extracted with 
chloroform. After removal of the chloroform, the residue was recrystallized from ethyl 
acetate and gave a crystalline substance which melted a t  159" after some decomposition a t  
156". When mixed with the pyrazine XI ,  a depression of the melting point of 10-20" was 
noted. The material is sparingly soluble in water, easily soluble in chloroform, and soluble 
in sodium hydroxide solution (enolic hydroxyl group). I t  gives a precipitate with silver 
nitrate only after gentle warming. Samples from tlvo different preparations gave identical 
carbon and hydrogen figures. However, the analytical figures obtained do not agree with 
those of the expected bromoethylpyrazine XII .  

Anal. Calc'd for C7H9BrN20: C, 38.8; H, 4.2; N, 12.9; Br, 36.7. 
Found: C, 40.2, 40.0; H, 4.4, 4.6; N, 12.4; Br, 39.3. 

When the above bromine-containing substance mas refluxed with 5 % sodium carbonate 
solution for one hour, a bromine-free compound was obtained. The solution was neutral- 
ized with hydrochloric acid, saturated withsodium chloride, and thoroughly extracted with 
chloroform. After removal of the chloroform, a bromine-free substance was obtained which 
melted a t  139-140" after recrystallization from ethyl acetate. The compound decomposed 
after standing for a few days and decolorized bromine solution much more rapidly than the 
ethoxyethylpyrazine XI .  The analytical figures agreed with those for 2-methyl-3-vinyl-5- 
hydroxypyrazine (XIII)  . 

Anal. Calc'd for C7HsN20: C, 61.7; H ,  5.9. 
Found: C, 62.0; H, 5.8. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these lab- 

NEW YORK, N. Y. 

oratories. 

SUMMARY 

1. A general synthesis for 2,3-disubstituted 5-hydroxypyrazines and for 
2 ) 3,6-trisubstituted 5-hydroxypyrazines has been developed. 
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In  the light of the varied results in the reductions of the stereoisomeric 1,4- 
dimesityl-l,2,4-butanetrione 2-enol ethers (cf. 111) (l), i t  became of particular 
interest to complete the study of the reduction of the cis and trans 4-enol ethers 
(IV and V) which are a-diketones and have already been shown to be reducible 
to  individual and persistent enediols (2). This report deals with some further 
experiments upon these and related compounds. 

The cis and trans 4-enol ethers were first obtained in small amounts by the 
laborious separation of the mixture produced in the reaction between diazo- 
methane and the triketone enol (I) (2). It is now possible by another method to  
obtain the labile form of these isomers (IV) in nearly pure condition and in yields 
of 70%, namely, by the action of methyl iodide on the silver enolate. This 
labile and presumably cis ether is easily converted into the stable and pre- 
sumably trans isomer (V) by the action of acid, alkali, sunlight, or heat alone. 
Both of the 4-enol ethers are thus obtainable easily and in quantity. 

It is noteworthy that the alkylation of the silver salt of the enol (I) resulted 
chiefly in oxygen-alkylation and involved the oxygen adjacent to the mesityl 
group rather than the 2-oxygen. Furthermore, there was isolated from the 
reaction mixture only a very small amount of the expected carbon-alkyl deriva- 
tive (11) [to be described later (4)]. These results, therefore, are to be con- 
trasted with the results of alkylation under similar conditions of the analogous 
diphenylbutanetrione silver enolate (3) where carbon alkylation is dominant. 

The stereoisomeric 4-ethers (IV and V) were both easily hydrolyzed by acid 
to the enol. The reagents used, however, were such as would first convert the 
labile into the stable ether. Attempts to obtain individual oximes failed because 
hydrolysis occurred under the conditions involved and in each case the sole 
product was the oxime derived from the enol itself (2). 

Both enol ethers absorbed one molecule of catalytic hydrogen to give indi- 
vidual and persistent enediols. These were readily oxidized back to  the cor- 
responding triketone enol ethers (11- and V) (2), and they underwent rearrange- 
ment into the a-hydroxy ketone forms (VI and VII), which have now been 
isolated. One of these reduction products (T71), that obtained from the labile 
triketone enol ether (IV), was found also to be labile and easily rearranged into 
the other (VII). Both underwent air oxidation at 200" to the same stable trike- 
tone enol ether (V). 

The reactions of these two reduction products (VI and VII) and their mode 
of formation from known compounds (as outlined in the diagram) demonstrated 

du Pont Fellow, 1939-1940. Present location, Jackson Laboratory, du Pont de 
Nemours Co. 
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satisfactorily that the isomerism involved is cis-trans with respect to  the enol 
ether double bond, and is not structural isomerism of the acyloin type. 

The labile reduction product (VI) has already been made by the action of 
diazomethane on 4-hydroxy-l , 4-dimesitylbutane-l , 3-dione enol (VIII) (2) and 
its structure is therefore certain. 

Phosphorus pentachloride converted both enol ethers (VI and VII) into the 
same chloro derivative (IX), which therefore must have the stable configuration 
corresponding to that of (VII). Hydrolysis of the chloro compound with 
methanolic potassium hydroxide involved oxidation as well, and gave the stable 
triketone enol ether (V), but with silver oxide as the reagent, the reaction was 
confined to  hydrolysis and there was produced the corresponding and stable 
hydroxy diketone enol ether (VII). 

Reduction of the chloro compound (IX) by means of catalytic hydrogen gave 
the p-diketone enol ether (XI), which had previously been obtained by the action 
of diazomethane on the enol (X) (2). The chloro compound and the enol ether 
(XI) must have similar and stable configurations, because inversion would be 
unlikely under the conditions of the catalytic reduction. This reduction demon- 
strates that the chlorine atom in (IX) actually is located on the terminal carbon, 
and it demonstrates also, indirectly, the terminal location of the hydroxyl in the 
hydroxy diketone enol ether (VII) which is obtained from the chloro compound 
through hydrolysis with silver oxide. 

It is obvious from the reactions outlined in the diagram that the enol ethers 
bear a consistent and definite configurational relationship to each other. It is 
unfortunate that there is no rigorous proof of the absolute configuration of any 
one of these compounds from which the configurations of the others would fol- 
low. However, it seems reasonable to assign configurations tentatively on the 
basis of the assumption that the more stable type will be that in which the bulkier 
groups, mesityl and mesitylglyoxyl, are trans with respect to each other. The 
formulations in the diagram have been written accordingly. 

It is of interest to  speculate on the mechanism of formation of the ethers from 
the enols through the action of diazomethane, and the bearing, if any, of a chelate 
ring structure for the enol on the configuration of the ethers produced. It is 
conceivable that the configuration of the ethers might be predetermined by the 
space arrangement of groups in the resonating chelated enol, and that there 
might be produced exclusively those ethers with the mesityl and mesitylglyoxyl 
groups (c f .  V and VII) or the two mesitoyl groups (cf. 111) trans with respect to 
each other. Actually a mixture of three ethers, including the cis-trans pair (IV 
and V) and the trans 2-enol ether (111), was formed in the methylation of the 
triketone enol (I). Of the two 2-enol methyl ethers the trans isomer (111) only 
was obtained, and this together with the trans 4-enol methyl ether-B (V) con- 
stituted the bulk of the products isolated; therefore in respect to the total yields 
of the ethers in this particular reaction, the dominant products appear to be 
trans as would be predicted on the basis of reaction directly with the chelated 
enol form. On the other hand, the action of diazomethane on the 4-hydroxy-l,3- 
diketone enol (VIII) and on the 1,3-diketone enol (X) proceeded in different 
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stereochemical senses. If the configurations assigned are correct, the reaction 
with the diketone enol (X) has gone in accordance with the configuration of a 
chelated form, and that with the hydroxy-P-diketone enol (VIII) contrary. 

EXPERIMENTAL 

cis-i ,4-Dimesityl-4-methoxy-3-butene-l, 2-daone-A (IV). Four grams of freshly pre- 
pared dimesitylbutanetrione silver enolate was dried in a vacuum dessicator over calcium 
chloride. It was suspended in 60 cc. of absolute isopropyl et!icr, and 10 cc. of methyl iodide 
was added dropwise with stirring. The mixture vias then refluxed for two hours. After 
filtering to  remove silver iodide, the solution was extracted three times with 25-cc. portions 
of 10% sodium hydroxide. Upon acidification of the aqueous extract, 0.22 g. (6.5%) of the 
yellow carbon-methyl derivative (11) seperated and was identified by mixture melting point 
with an authentic sample (4). The ether solution upon evaporation left a bright yellow 
solid which was recrystallized from methanol; yield 1.84 g. (58%). This was purified and 
identified as (IV) by mixture melting point with an authentic sample. 

In one reaction a small amount of the trans ether (V) was isolated from the enol fractions 
and its formation was accounted for by the action of the base used, on the labile czs form 

In a second experiment, 2 g. of the enol (I) was dissolved in  30 cc. of methanol containing 
0.3 g. of dissolved sodium (one equivalent). To  this was added 3.5 cc. of methyl iodide. 
The solution was cooled to  0" and 80 cc. of 2% aqueous silver nitrate was added slowly with 
mechanical stirring. The mixture was stirred and allowed to come slowly to  room tem- 
peiature and then warmed on a steam-bath for fifteen minutes. The silver iodide was 
removed by filtration and the solution n-as diluted with water. An ether extract was then 
made; this was subsequently shaken six times with 25-cc. portions of saturated sodium 
carbonate. Evaporation of the ether layer gave s bright yellow residue which was crys- 
tallized from ethanol (1.47 g. or 67%) and identified by mixture melting point as the cis 
4-enol ether (IV). 

Treatment of 0.5 g. of (IV) in 20 cc. of conc'd acetic acid, 5 cc. of conc'd hydrochloric 
acid, and 2.5 cc. of water at, room temperature for four hours gave 0.3 g. of almost pure 
enol (I). 

The action of 0 5 g. of hydroxylamine hydrochloride on 0.5 g. of the enol ether (Is') in 
15 :c of pyridine (refluxing for seven hours) gave 0.42 g. (Sa%) of the oxime of the enol (I) 
which has already been described (2). It melted a t  166.5-187" (Anal., calc'd for C22HuS03: 
C, 75.2; H, 7.1; S, 4.0. Found: C, i 5  3; H, i . 3 ;  N ,  4 0 ) .  

trans-i ,4-Dzmesztyl-4-methoxy-d-butene-i ,d-dzone-B (V). Hydrolysis of 0.4 g. in 25 
cc. of conc'd acetic acid, 5 cc. of conc'd hydrochloric acid, and 2.5 cc. of water (refluxed 
for 30 min.) gave 0.35 g. (91%) of almost pure enol (I). Treatment wzth hydrosylamzne 
hydrochloride in pyridine under different conditions, including those described under the 
czs ether (IV), gave the oxime of the enol (I). Reduct ton with zinc and conc'd acetic acid 
a t  room temperature gave the 4-hydroxy compound-B (VII).  Reduction with 20-mesh tin 
anti a mixture of conc'd acetic and hydrochloric acids (reflusing for four hours) gave a small 
yield of l,4-dimesitylbutanone-2, C8H,1CH2COCH2CH2CsH11. Reduction with zinc dust 
and hydrochloric acid in 85% ethanol (refluxing) gave a small amount of 1,4-dimesityl- 
but anedione-1 , 3  enol (X). 

1:is-i-Hydroxy-~-methoxy-l,~-dimesit~l-J-butene-2-one-A (VI). This enol ether has been 
made by the action of diazomethane on the corresponding enol (2). A better method is as 
follo~vs I 

Bydrogenation of 0 5 g. of the cis  4-enol ether (IV) in  50 cc. of ethanol with a platinum 
oxide catalyst involved absorption of one molecule. Two drops of piperidine were added 
under hydrogen, and after standing for one hour the catalyst was removed by filtering. 
Eviporation gave 0.2 g. of colorless rhombic prisms; m.p. 145-146'; identified by mixture 
me ting point as (VI). From the residual crystalline fractions a small amount of a second 

(117). 
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product was isolated; this melted a t  135-136" and was shown by mixture melting point t o  
be identical with the by-product of the methylation of the enol (VIII) with diazo- 
methane (2). This compound has not yet been investigated. It seems likely from the 
preparation by reduction of VI tha t  i t  is a 4-methyl ether, possibly CgH11COCH(OH)CH = 
C(OCH&H11, although this formulation does not explain its formation in  the methyla- 
tion of the enol (VIII) by diazomethane. 

Hydrolysis by passing dry hydrogen chloride through a solution of 0.2 g. in 10 cc. of 
conc'd acetic acid and 8 cc. of conc'd hydrochloric acid for three hours gave 0.15 g. of a 
new compound of m.p. 179.5-180". Similarly another new compound of m.p. 91", was 
obtained when 80% methanol was used in  a similar experiment. These two compounds are 
being investigated. When treated with hydroxylamine and sodium acetate in  dilute 
ethanol (boiling for 11 hrs.) largely unchanged material was recovered together with a small 
amount of the compound of m.p. 136-137" which was obtained as a by-product in  the above 
described reduction (identification was by mixture m.p.). This product probably was the 
result of reduction of VI by hydroxylamine. The action of boiling pyridine and hy- 
droxylamine hydrochloride converted the ether into the enol (VIII). 

trans-i-Hydroxy-1 ,~&dimesityl-Q-methoxy-3-butene-I-one-B (VII). Hydrogenation of 1 g. 
of the trans triketone enol ether (V) in  70 cc. of ethanol with 0.05 g. of platinum oxide as 
catalyst involved absorption of one molecule. Two drops of piperidine were added and 
the solution, still under hydrogen, was allowed t o  stand for five hours. Upon filtering and 
diluting with water, 0.9 g. (90%) of crystalline product separated. It crystallized in 
colorless rhombic prisms from ethanol; n1.p. 120". 

Anal. Calc'd for C2&12803: C, 78.4; H, 7.95; OCH3, 8.8. 
Found: C, 78.35; H, 7.9; OCH3, 8.64. 

This compound was obtained also in  other ways as follows: Reduction of 0.5 g. of (V) 
in 20 cc. of conc'd acetic acid with 0.5 g. of zinc dust for ninety minutes at room temperature 
gave 0.3 g. (60%) of the trans product (VII). This trans compound was obtained in almost 
quantitative yield from the cis isomer (VI) upon exposure in  methanol to  the sunlight for 
seven hours. Exposure of (VI) t o  sunlight in a chloroform solution containing a small 
crystal of iodine brought about a similar transformation. 

Treatment in boiling ethanol (five hours) with hydroxylamine hydrochloride and so- 
dium acetate was without effect. 

A stream of air was passed for 2.5 hours over 0.1 g. of VI1 a t  200" and the product was 
then distilled i n  the vacuum oven a t  110". The yellow crystalline product which col- 
lected on the cold-finger condenser was crystallized from ethanol and identified as (V). 

Reduction of 0.1 g. of (VII) was brought about by means of a mixture of 10 cc. of conc'd 
acetic acid, 1 cc. of water, 0.5 g. of iodine, and 0.5 g. of red phosphorus a t  refluxing tempera- 
ture for one hour. Upon taking up the product in  ethanol, 0.01 g. of colorless crystals was 
deposited; m.p. 164-168" (not identified or studied further). From the filtrate 0.06 g. of 
1,4-dimesityl-1,3-butanedione enol (X) separated and was identified by mixture melting 
point. 

Reduction of 0.5 g. of (VII) was carried out by means of a mixture of 20 cc. of ethanol, 2 
cc. of water, and 1.2 g. of 30 mesh zinc, under refluxing and continuous saturation with dry 
hydrogen chloride for two hours. The solution was decanted into water and the resulting 
product was extracted with ether. Upon evaporation and dissolving the residue in ethanol, 
0.06 g. of colorless crystals of m.p. 227-229" separated (not identified or studied further). 
Concentration of the filtrate gave 0.25 g. (55%) of 1,4-dimesityl-l, 3-butanedione enol 
(X), which was identified by mixture melting point. 

Reduction of 0.15 g. of the trans enol ether (VII) by the combination, 5 cc. of conc'd 
acetic acid, 4 cc. of conc'd hydrochloric acid, and 2 g. of 20 mesh tin under refluxing for four 
hours, gave a n  oil which solidified on standing (0.08 g.). Upon purification by crystalliza- 
tion from ethanol, i t  was obtained as needles of m.p. 118.5-119.5'; i t  was identified by mix- 
ture melting point as 1,4-dimesitylbutanone-2 (C~Hl1CH&OCH&H2C9Hll). 
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It is to be noted that  these reductions of the enol ether (VII) involve demethylation and 
produce the same products as are obtained from the enols under similar conditions (2). 

1-Chloro-1 ,~-dimesityl-4-methoxy-J-butenone-2 ( I q ) .  A solution of 0.5 g. of the cis 
enol ether (VI) in chloroform, cooled to 15", was treated with 0.35 g. of phosphorus penta- 
chloride, added portionwise with shaking. Reaction vas evident from the evolution of 
hydrogen chloride. The solution was then warmed to 40" for five minutes and evaporated. 
The residue was treated with water and the organic material extrzcted with ether. The 
oil obtained from this upon evaporation was dissolved in ethanol and cooled; 0.3 g. (65%) 
of crystalline chloro compound separated. Repeated crystallization from ethanol brought 
the melting point of the product to  138.5-139'. 

Anal. Calc'd for C23Hd2102: Cl, 9.6. Found: C1, 9.9. 

In two similar experiments using instead the trans enol ether (VII) yields of 57% and 
76% respectively were obtained. 

Catalytic reduction of 0.3 g.  in  25 cc. of ethanol with 0.05 g. of platinum oxide involved 
absorption of one molecule of hydrogen and gave 0.13 g. (48%) of nearly pure product, 
which was recrystallized from ethanol and identified as the p-diketone enol ether (XI) by 
mivture melting point with an authentic sample. 

Hydrolysis of 0.5 g. with 20 cc. of methanol and 0.25 g. of freshly prepared silver oxide 
(shaking for 24 hrs.) gave an oil which was dissolved in  methanol; 0.01 g. of colorless crys- 
tals separated (m.p. 115-117"), and was identified by mixture melting point as trans-hy- 
drcixydimesitylbutanedione enol ether (VII). 

Hydrolysis of 0.1 g. of (IX) in  15 cc. of 80% methanol and 4 cc. of 10% aqueous potas- 
sium hydroxide, refluxing for 30 min., gave 0.05 g. of yellow crystals of m.p. 125-126", 
which was identified by mixture melting point as the trans triketone enol ether (V). 

Refluxing pyridine containing 13% of water (two hours) was without action on the chloro 
cornpound (IX) . 

SUMMARY 

The labile (cis) 1,4-dimesityl-l12 ,4-butanetrione 4-enol ether has been pre- 
pared in quantity by alkylation of the silver enolate, and from this the stable 
(trans) isomer was obtained by inversion. 

Reduction of these enol ethers proceeded through enediols to corresponding 
labile and stable 4-hydroxy-l , 3-diketone 1-enol ethers, respectively. Both of 
these ethers have been oxidized back to the stable triketone 4-enol ether, and 
have been converted by phosporus pentachloride into the 4-chloro-1 , 3-diketone 
1-enol ether. 

'There appears to be no consistent relation between the chelate enol formand 
the configuration of the products of methylation by diazomethane. 

CHIRLOTTESVILLE, V A .  
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Prior to 1928 the use of allyl bromide in the Grignard reaction required a pro- 
cedure other than the usual one of independently preparing the alkylmagnesium 
reagent and then introducing the substance to which addition is desired. The 
method which actually had been used when the allyl group was to be utilized, 
involved the simultaneous mixing of allyl halide, anhydrous ether, the ‘compound 
with which reaction was desired, and magnesium. This “batch” method 
(Barbier-Grignard procedure) had seemed necessary in view of the fact that 
previous attempts to form allylmagnesium bromide as such had resulted for 
the most part in the production of diallyl (1,2),2 caused by interaction of the 
allylmagnesium compound and excess allyl bromide. 

CH2=CHCH2Br + Mg -+ CHFCHCH2MgBr 
CHFCHCH2MgBr + CH?CHCH2Br + CH2=CHCH2CH2CH=CH2 + nfgBr2 

However, in 1928, Gilman and McGlumphy (4) not only brought about the 
initial synthesis of allylmagnesium bromide, but also outlined a method for its 
preparation whereby a yield of eighty to ninety per cent of the theoretical 
might be expected in ordinary synthetic procedure. The method, as described, 
requires the use of a large excess of magnesium (three equivalents), a high dilu- 
tion with anhydrous ether, vigorous stirring, and slow addition of the bromide; 
such factors allowing minimum contact of allyl bromide with the allylmagnesium 
bromide during formation of the latter. As an indication of the increased 
yields to be had through use of the preformed reagent, rather than of the afore- 
mentioned “batch” method, the amounts of products obtained by Gilman and 
McGlumphy in three typical reactions are tabulated. For purposes of com- 
parison, yields of these products as previously prepared from the same reactants 
but by the “batch” method are included in Table I. 

Subsequent to the pioneering work of Gilman, several investigators have 
made rather detailed studies of various factors which determine the optimum 
yield of allylmagnesium bromide and the results of these studies confirm Gilman’s 
initial findings. Thus, Johnson and Adkins (8), testing the effect of copper 
upon the yields of Grignard reagents, found that allyl bromide reacts with 
copper-magnesium alloy to form only a six per cent yield of the reagent; using 
magnesium in essentially Gilman’s proportion, however, they were able to 
obtain seventy-two per cent of the theoretical yield of allylmagnesium bromide. 

1 Present address: Tubize-Chatillon Co., Rome, Ga. 
2 Houben, Boedler, and Fischer (3) have shown tha t  a t  best only twenty-five per cent 

of the theoretical yield of the allylmagnesium reagent may be obtained from the usual 
proportions of reactants. 

326 
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Young, Prater, and Winstein (9), in an effort to determine the effect of solvent 
upon yields of crotyl- and allyl-magnesium bromides, found that for the latter 
the usual diethyl ether served more adequately than did ethers of higher molec- 
ular weight. In a study of the relative usefulness of RMgCl versus RMgBr, 
Zoellner (10) concluded that for most purposes the chloride is to be preferred to 
the bromide, but in the case of the allylmagnesium halide reagent the chloride is 
unsatisfactory, becoming colloidal and useless in the majority of instances, and 
recommended the bromide for routine synthesis. 

In view of Gilman’s work and of the wide application of the Grignard reaction 
in synthetic organic chemistry, it  is surprising indeed to note the infrequency 
of use of allylmagnesium bromide. Apparently, the reagent has found its 
chief use in reactions of the type 

R-halide + CH2=CHCH2MgBr -+ RCH2CH=CH2 + MgBrz + Mg (halide)z 

Shoemaker and Boord (11) have satisfactorily employed the reagent in an exten- 
sive study of the 1,4-diolefins, as have Summerbell and Bauer (12) in the 

TABLE I 
COMPARISON OF YIELDS OBTAINED FROM ALLYL BROMIDE IN THE GRIGNARD SYNTHESIS 

Product 
1 Percentage yields obtained using 

I RMgBr I “Batch” 

Allyldiphenylcarbinol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All ylmethylphenylcarbinol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Butenoic acid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

74.9@ (4,5) 60 (6) 1 80.2 (4) 1 60 (6) 
21.7 (4) 11 (7) 

~ In a repetition of the synthesis of this carbinol, Kharasch and Weinhouse (5)  essentially 
duplicated this yield in obtaining 72%. 

preparation of 2,3-diallyl-l,4-dioxane from 2,3-dichloro-l,4-dioxane. In this 
connection, however, Kogerman (13) was unable to bring about reaction between 
allylmagnesium bromide and vinyl bromide in an effort to synthesize 
1,4-pentadiene. 

Recently (14), in this Laboratory, we attempted to prepare an alkoxyalkyl 
allyl ketone by interaction of ethoxyacetonitrile and allylmagnesium bromide. 
Instead of the anticipated ketone, however, the product of the reaction was 
shown to be diallylethoxymethylcarbinamine. The same type of reaction 
occurred between allylmagnesium bromide and the methoxy- and isopropoxy- 
analogs. In view of this unexpected behavior of allylmagnesium bromide, and 

“2 

I 
I 

ROCH2CN + 2CHz=CHCH2MgBr - (HoHL ROCHz CCH2 CH=CHz 

CHz CH=CH2 
because of the paucity of records of its use, it was desirable to study the reaction 
of the reagent, as prepared by Gilman (4), with a few common aldehydes, 
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Boiling Range 

130-132’” 
128-133’’’ 760-765 mm. 

ketones, esters, unsaturated aldehydes, and ketones, and then with a few com- 
pounds containing both carbonyl and ether groupings. 

In  this investigation, allylmagnesium bromide reacted with the following: 
propionaldehyde, n-butyraldehyde, n-valeraldehyde, acetone, ethyl methyl 
ketone, isobutyl methyl ketone, acrolein, crotonaldehyde, mesityl oxide, ethyl 
propionate, propyl ethoxyacetate, 1-methoxyethyl methyl ketone. Of these, 
all save the valeraldehyde and the two alkoxy derivatives, had previously been 
converted into the corresponding allyl carbinols, chiefly by the “batch” method 
with utilization of either zinc or magnesium. In general, the yields here reported 
equal or exceed those recorded elsewhere. 

Yield, % 

48 

EXPERIMENTAL 

The allyl reagent was prepared using a ratio of three equivalents of magnesium to one of 
allyl bromide and nine volumes of anhydrous ethyl ether. After six to  seven hours of vigor- 
ous stirring a t  room temperature, the mixture was warmed for thirty minutes and then 
transferred rapidly into another flask by decantation through a coarse filter to  remove the 
unreacted metal.3 Slightly less than one equivalent (0.25 mole) of the appropriate car- 
bonyl compound was diluted with an equal volume of dry ether and added to  the chilled 
reagent. In  some cases the addition product separated as a light gray solid, in others as 
an amber oil, but in a few instances remained in  solution. The addition product was de- 
composed by action of crushed ice and chilled, dilute hydrochloric acid. After the usual 
procedure of ether extraction, washing and drying, the carbinols were fractionated for 
purification. 

5-Hexen-3-oZ. From 14.5 g. (0.25 mole) of propionaldehyde was obtai,ned 15.6 g. (62% 
yield) of material boiling a t  129-136’, but when purified by fractionation under 753 mm. 
boiling at 131.5-132.0’ (corr.); 56-55’ (33 mm.). The purified alcohol, a colorless liquid of 
penetrating, disagreeable odor, amounted to  13.2 g. (52% yield); n: 1.4320; d? 0.8409; 
7 2 0  24.70 dynes/cm; M E  calc’d 30.97; found 30.89; P calc’d 277.2; P found 265.4. A 
comparison of certain of these data with those previously reported in the literature follows: 

TABLE I1 
PHYSICAL CONSTANTS, 5-HEXEN-3-OL 

0.843 I 
d 2 i  0.8464 1 1.4330 
d 2 i  0.8409 1 1.4320 

I 

Mol. Refract. 

Calc’d I Found 

(1 Fournier (15) used a [‘batch” method with zinc and allyl bromide. 
b Levene and Haller (16) used essentially and same method as in ( d ) .  
e Ou, K.-H. (17) used allylmagnesium bromide. 
d This study. 

3 It was found to  be more efficient to prepare the Grignard reagent in a flask with a glass 
tube attached off-center to  the bottom. This tube was fitted with a stopcock and could be 
filled with a fine-mesh copper screen or glass wool as a filtering medium. The ether solution 
could this be transferred to  another flask without exposure to  the atmosphere. 
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I j - 
145-146" a 
59-60" 
149.5-150.2"~ 
660d 

~ 35 dz2,l 0.8384 n18 1.4345 
$0 0.8412 n 2 0  1.4355 

20 mm. 66 d*O 0.8374 nZo 1.4342 

I-Hepten-4-ol. Utilization of 36.0 g. (0.5 mole) of n-butyraldehyde yielded 37.7 g. (66%) 
of material boiling a t  152.5-154.8" (743 mm.). Upon redistillation the carbinol boiled a t  
66" (20 mm.); 151.7-152.2" (corr.) (743 mm.); 57% yield; n: 1.4342; d"," 0.8374; yZo 25.43 
dynes/cm.; ME calc'd 35.58; M R  found 35.51; P calc'd 316.2; P found 306.2. 

Anal. Calc'd for C,H1PO: C, 73.63; H, 12.36. 
Found: C, 73.36; H, 12.62. 

I-Octen-4-ol. This compound, which had not been reported previously, was prepared 
from 43 g. (0.50 mole) of n-valeraldehyde. Upon first distillation of the product there was 
collected 53.8 g. (84% yield) of liquid boiling a t  6669" (10 mm.); upon redistillation the 

_______ 

35.58 k35.501 
35.58 35.44 
35.58 35.51 

TABLE I11 
PHYSICAL CONSTANTS, l-HEPTEN-4-OL 

Mol. Refract. 
Yield, % 1 *' I Calc'd I Found 

Boiling Range 

a Knorr (18) used a modified batch method in which some allyl chloride reacted with a 
large excess of magnesium; then were added allyl bromide, benzene, ether, and the aldehyde. 

b Consden, Duveen, and Kenyon (19) reported "Considerable difficulty was experienced 
in the preparation of this alcohol." Addition of aldehyde to  allylmagnesium chloride gave 
poor yields and much high-boiling material. Hence, an ether solution of allyl chloride and 
n-butyraldehyde was added very slowly to  a well-stirred suspension of magnesium in ether. 
"On one occasion the yield was as high as 65%, but was generally only about half this 
amount. The crude alcohol, b.p. 58-59' (18 mm.), contained a variable amount of n- 
butanol. " 

c Karasev (20) used allylmagnesium bromide. 
d This study. 

alcohol (65% yield) boiled a t  68-69" (10 mm.); 171.5-172.0" (corr.) (748 mm.); n: 1.4383; 
d: 0.8373; y*o 26.00 dynes/cm.; M R  calc'd 40.22; M E  found 40.20; P calc'd 355.2; P found 
345.7. 

Anal. Calc'd for C8HleO: C, 74.94; H, 12.58. 
Found: C, 74.67; H, 12.66. 

a-Methyl-4-penten-2-02. Twenty-six and eighth-tenths gram (70% yield) of this carbinol 
was obtained, from 22 g. (0.38 mole) of acetone, when collected a t  115-117'. Upon redis- 
tillation, 20.3 g. (53% yield) boiled a t  118.0-118.2" (corr.) (744.5 mm.); 46.0-46.5' (30 mm.); 
n: 1.4263; dy  0.8298; y20 24.12 dynes/ dm.; M R  calc'd 30.97; M E  found 30.94; P calc'd 277 .2; 
P found 267.5. 

Anal. Calc'd for CeHI20: C, 71.95; H, 12.08. 
Found: C, 71.68; H, 12.30. 

b-MethyZ-6-hesen-8-02. By use of 18 g. (0.25 mole) of ethyl methyl ketone, 24.2 g. (84% 
The purified alcohol boiled a t  138.0- 

1.4370; n? 1.4342; d? 0.8442; d2: 0.8403; 
yield) of product, boiling a t  137-139", was obtained. 
138.5' (corr.) (742 mm.); 60.5-61.0" (35 mm.); 
y 24.42 dynes/cm.; M E  calc'd 35.58; M R  found 35.44; P calc'd 316.2; P found 300.7. 

Anal. Calc'd for C ~ H U O :  C, 73.63; H. 12.36. 
Found: C, 73.74; H, 12.51. 



330 HENZE, ALLEN, AND LESLIE 

Boiling Range Yield, % 

138.5-139.5' (753 mrn.). 
138-139" (atm. press.) 52 
138.0-138.5' (742 mm.)c 85 

4,6-DimethyZ-i-hepten-4-01. Fifty-nine grams (83% yield) was obtained from 50.1 g. 
(0.50 mole) of isobutyl methyl ketone, the latter having been prepared by catalytic hydro- 
genation of mesityl oxide using the Adams catalyst. The alcohol was collected a t  75' 

Mol. Refract. 

Calc'd 1 Found 

d': 0.8421 
d*! 0.8365 1.4309 35.58 35.33 
da: 0.8442 1.4370 35.58 35.44 

! 

d t  n! 

TABLE I V  
PHYSICAL CONSTANTS, 2-METHYL-4-PENTEN-2-OL 

Mol. Refract. 
Boiling Range 

119.5" (corr.)a 
120" (atm. press.) b 

118.3-118.8"C8 
d 

118.5-119.5°g 
3236" (12 mm.) 

117-119" (775 mm.)f 
120"g 

118.0-118.2" (744.5 mm.) * 
46.0-46.5' (30 mm.) 

Yield, % 

75 
39 
60-65 

70 
53 

d' 

d'," 0.8307 

d': 0.8326 

d': 0.8270 

d2: 0.8298 

nlr 1.4277 

nzo 1.4120 

nZo 1.4263 

Calc'd 

30.97 

30.97 

30.97 

Found 

30.90 

30.77 

30.94 

0 Saytzeff and Saytzeff (21) used a "batch" mixture of zinc, allyl iodide and acetone. 
b Court,ot (22) used same procedure as in h. 
c Jaworsky (23) dropped an ether solution of allyl chloride (or bromide) and acetone onto 

magnesium and obtained a 52% yield of material boiling a t  115-125'. 
Jaworsky (24). 

e Jaworsky (6) used allyl bromide in "batch" method. 
f Bacon and Farmer (25) used allylmagnesium bromide. 
g Ou, K.-H. (17) used allylmagnesium bromide. 
h This study. 

a Saytzeff (26) used zinc and allyl iodide. 
b Milas and McAlevy (27) used allylmagnesium chloride. 
c This study. 

(26 mm.), b.p. 188.3-168.8" (corr.) (757.5 mm.); n; 1.4402; dy 0.8380; 7 2 0  25.16 dynes/cm.; 
h l ~  calc'd 44.82; M E  found 44.76; P calc'd 394.2; P found 380.1. 

Anal. Calc'd for C9Hl80: C, 75.99; H, 12.75. 
Found: C, 75.75; H, 12.80. 

1,6-Hexadien-5-oZ. Fourteen grams (0.25 mole) of acrolein yielded 16.3 g. (66%) of 
crude product boiling a t  126-136" (746 mm.); fractionation gave 14.4 g. (58.7% yield) of 
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Boiling Range 

- 
173.7" (corr.) (765 mm.). 
180-182" (753 mm.)b 

168.3-168.8' (747.5 mm.)d 
68-49' (20 mrn.). 

- 

alcohol distilling at 133.6-134.0" (corr.) (754 mm.); 60.5-61.6" (40 mm.); n t  1.4471; d; 
0.8608; yZ0 25.08 dynes/cm.; MR calc'd 30.50; IllR found 30.46; P calc'd 266.2; P found 
255.1. 

Anal. Calc'd for CsHl00: C, 73.43; H, 10.27. 
Found: C ,  73.27; H ,  10.42. 

1,6-Heptadien-Q-o1. This carbinol was obtained in  82y0 yield (23.2g.) from 17.5 g. (0.25 
mole) of crotonaldehyde, the crude material being collected a t  72-75' (32.5 mm.). When 

Mol. Refract. 

Calc'd Found 
Yield, % d t  n4, 

______ 
15.5 d2 i  0.8355 

d21 0.823 n18 1.4443 44.82 [45.931 
60 
83 d2: 0.8380 nz0 1.4402 44.82 44.76 

TABLE VI 
PHYSICAL CONSTANTS, 4,6-DIMETHYL-l-HEPTEN&OL 

d26 0.8596 

d20 0.8578 

d 2 0  0.8608 

n25 1.4464 

n20 1.445 

n20 1.4471 

TABLE VI1 
PHYSICAL CONSTANTS, 1,5-HEXADIEN-3-OL 

30.50 

30.50 

Boiling Range 1 Yield, % 

30.34 

30.46 

133-134" (atm. press.)" 
130-137" 
130-131 O C  

133.5-134.0' (754 mm.)d 

About 
50 
58.7 

Mol. Refract. 

Calc'd I Found 

30.50 1 30.47 

1' Levene and Haller (30) used zinc and allyl bromide, but reported "It can also be pre- 
pared by the action of acrolein on allyl magnesium bromide," and calc'd: C, 73.43; H ,  10.20; 
found: C, 73.95; N,  10.39. 

* Butz, Butz, and Gaddis (31) used allylmagnesium bromide. They reported the crude 
alcohol to  boil a t  45-65" (25 mm.) and calculated the yield as 74-7974 (based on the acrolein 
used, and 4144% based on the bromide). If the theoretical amount of acrolein was used, 
the yield was 3540% (based on acrolein) while twice the quantity gave about 20%. About 
90% of the product boiled 130-137" or 42-48' (17 mm.). 

Ou, K.-H. (17) used allylmagnesium bromide. 
,i This study. 

fractionated a t  15 mm., the alcohol boiled a t  62.0-62.5' (corr.); 155-156" (742 mm.); n: 
1.4533; d? 0.8590; yzo 25.48 dynes/cm.; M R  calc'd 35.12; M R  found 35.32; P calc'd 305.2; 
P found 293.3. 

.4,6-Dimethyl-l,6-heptadien-4-01. Sixty-three and eight-tenths grams (91% yield) of 
this compound, boiling a t  169.7-170.2' (corr.) (750 mm.), was produced from utilization of 
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Calc'd 

35.12 

35.12 

35.12 
35.12 

49 g. (0.50 mole) of mesityl oxide; b.p. 4748" (4 mm.); 72" (18 mm.); n: 1.4598; d? 0.8622; 
yZo 26.31 dynes/cm.; Mg calc'd 44.35; Mg found 44.53; P calc'd 384.2; P found 368.7. 

Anal. Calc'd for CeHleO: C, 77.09; H, 11.50. 
Found: C, 76.85; H, 11.33. 

2,4-Dirnethylheptan-4-01. This alcohol was obtained through reduction : 
A .  Thirty and one-half grams (0.215 mole) of 4,6-dimethyl-l-hepten-4-01 was dissolved 

in an equal volume of absolute ethanol, mixed with 0.34 g. of the Adams catalyst' and 

TABLE VI11 
PHYSICAL CONSTANTS, 1 5-HEPTADIEN-4-OL 

Found 

35.07 

36.26 

35.41 
35.13 

Boiling Range 

d'"' 0.8668 68-90" (24 mm.) 

61-62' (15 mm.) 
54-55' (6 rnm.)O 
59" (15 mm.)d 

68.C-68.2" (24 mm.)' 
82.0-62.5" (15 mm.)g 

156.0-156.7' dec. (765 mm.)O 

150-151 

n':' 1.4553 

Yield, R 

d19J 0.8599 
d 2 :  0.8598 
dzo 0.8633 
d2: 0.8590 

16.5 

49 

50 
50 
82.8 

n'L6 1.4556 
n': 1.4523 

n*: 1.4533 

d' 1 .' 

Yield, % d' n:, 

d': 0.8612 ~ ng 1.4541 

4 I d";' 0.8652 ~ 2 ~ 8 . 7  1.4583 

] Mol. Refract. 

44.35 

~ _ _ _ _  

44.24 

5 Enklaar (32) used allyl bromide and zinc in a batch mixture. 
b Auwers and Westermann (33) used allyl bromide and zinc in batch mixture. 
e Icnorr (18). 
d Duveen and Kenyon (34) used allyl chloride and magnesium in a batch mixture. 
e Ou, K.-H. (17) used allylmagnesium bromide. 

Pel'kis and Pazenko (35) used allyl bromide and magnesium in a batch mixture. 
p This study. 

TABLE IX 
PHYSICAL CONSTANTS, 4'6-DIMETHYL-1, 5-HEPTADIEN-4-OL 

58' (2 mm.). 75 dz1 0.8701 
72" (18 mm.)d de:  0.8622 

~ 91 I 

Boiling Range 

44.15 
nzo 1.4598 44.35 1 44.53 

168-170" (760 mm.)" 
71" (20 mm.)b 
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n:, 

n 1 8  1.4318 
n20 1.4292 
n20 1.4298 

B .  From 38.5 g. (0.275 mole) of 4,6-dimethyl-1,5-heptadien-4-01 in the presence of 0.5 
g. of the Adams catalyst with hydrogen under 2@ lbs./sq. in., reduction was slow and in- 
complete; the catalyst was shown not to  be poisoned and was extremely reactive in  reduction 
of other substances, under these conditions of temperature and pressure. However, this 
mixture hydrogenated readily when shaken a t  60" for ninety minutes with hydrogen under 
900 lbs./sq. in. 

I-Methozyethyl methyl ketone. This ketone, needed in the synthesis of the following 
carbinol, was prepared by interaction of the appropriate Grignard reagent, produced from 
8 g. (0.33 gram atom) of magnesium and 39 g. (0.28 mole) of methyl iodide, and 22.1 g. 
(0.26 mole) of a-methoxypropionitrile (39). The yield was 12 g. (45%) of 1-methoxyethyl 
methyl ketone (40) boiling a t  114.0-114.5" (corr.) (745 mm.); n t  1.3968; d? 0.9063; .ME 
calc'd 26.94; M E  found 27.13. 

TABLE X 
PHYSICAL CONSTANTS, 2,4-DIMETHYLHEPTAN-4-OL 

Mol. Refract. 

Calc'd Found 

45.29 [45.29] 
45.29 [45.08] 
45.29 45.13 

~ d2: Boiling Range 

- 
175-176' (743.5 mm.) 
175-176" (755.6 mm.) 
176.5-177.0" (750 mrn.). 

170-171" (750 mm.)5 

A 171.3-171.8"c (756 mm.) 
75" (19 mm.)b 

" 
Calc'd Found 

' d l i  0.8637 
39 d2: 0.8688 
73 dZ:  0.8685 1.4587 44.35 44.11 

d20 0.826 
d i :  0.8230 
d 2 i  0.8254 1 dz: 0.8261 n20 1.4304 I 45.29 45.14 I B 171.2-172.2OC (751 mm.) 

- 
a Bodroux (29). The carbinol was prepared by the Grignard reaction, utilizing n- 

ti Meyer and Tuot (38) likewise used the Grignard reaction. 
c This study. 

propylmagnesium iodide and isobutyl methyl ketone. 

TABLE XI 
PHYSICAL CONSTANTS, 4-ETHYL-I, 6-HEPTADIEN-4-OL 

- 
Mol. Refract. 

Boiling Range I Yield, % 1 d t  I fi2: I 
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lection of the fraction at 172-174'. Upon redistillation, the ester boiled at 173.5" (corr.) 
(748 rqm.); n; 1.4083; d? 0.9594; 7 2 0  28:34 dynes/cm.; M E  calc'd 37.82; M E  found 37.62; 
P calc'd 356.2; P found 351.4. 

Q-Ethoxymethyl-l,6-heptadien-.4-oZ. The above ester (30 g. or 0.21 mole) was added to  
the Grignard reagent prepared from interaction of 50 g. (2.06 gram atoms) of magnesium 
and 80 g. (0.66 mole) of allyl bromide; the yield was 32.3 g. (90%) of tertiary alcohol boiling 
a t  105.0-106.5" (36 mm.). Upon redistillation a t  15 mm., the material boiled a t  86-87', 
198.0-198.5' (corr.) (744.3 mm.); n; 1.4500; d'," 0.9025; 72026.07 dynes/cm.; M R  calc'd 50.61; 
M R  found 50.69; P calc'd 442.2; P found 426.2. 

Anal. Calc'd for C10H~802: C, 70.55; H, 10.66. 
Found: C, 70.49; H, 10.75. 

4-Ethyl-l , 6-heptadien-4-ol. One-fourth mole (25.5 9.)  of ethyl propionate yielded 23.4 
g. (66%) of material boiling a t  81.5-86.0' (30 mm.); redistillation yielded the purified al- 
cohol, b.p. 82-84" (32 mm.); 176.5-177.0' (corr.) (750 mm.); n: 1.4587; d: 0.8685; yZo 26.21 
dynes/cm.; M E  calc'd 44.35; M E  found 44.11; P calc'd 383.2; P found 364.8. 

SUMMARY 

Allylmagnesium bromide has been utilized in the Grignard reaction with 
representative saturated and unsaturated aldehydes and ketones, and alkoxy 
ketones and esters. A comparison of yields obtained in this study with those 
obtained in "batch" procedures, involving allyl halides, a carbonyl compound 
and zinc or magnesium, is unfavorable to  the latter (and older) method. 

AUSTIN, TEXAS. 
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In  the course of the partial synthesis of 16-hydroxytestosterone, Butenand t 
and co-workers (1) prepared a diacetate with melting point 123" which has one 
of the following structures: 

CHB C 0 2  CH3 COz 

I 

In the second paper (2) of this series a new method for the preparation of this 
compound in greatly increased yield by reduction of an isonitroso ketone was 
described, but the structure of the a-keto1 wsts not established. Since it became 
a matter of importance to know the structure definitely, a compound with one of 
the two possible structures was prepared. The partial synthesis of 3,17- 
diacetoxy-5-androstene-16-one (structure 11) was accomplished and it was shown 
by the method of mixed melting point that this compound is identical with the 
diacetate of Butenandt and eo-workers with melting point 123". The series 
of reactions for its preparation is as follows: 

Pyridine 

I11 
336 
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OCOCHa 

I1 

Although the synthesis gave the desired final product it was not entirely satis- 
factory because it was not possible to separate the glycol in pure form from the 
mixture obtained by reduction of the osmium addition !compound. Accordingly 
a partial synthesis was carried through with similar but more easily available 
starting material, 16-benzaldehydroisoandrosterone. From this compound a 
fairly pure glycol was obtained which gave after treatment with lead tetra- 
acetate the same final product as the earlier synthesis. 

This independent determination of structure was of immediate value because 
it showed that mild reduction of isonitroso ketones provides a simple way for 
the preparation of steroids with the structure 

OCOCH, 

/ 
The preparation of such a compound was described in the first paper of this 

series (3). The synthesis, however, was rather long, and we have now shown 
that it can be replaced by the following series of reactions in which the reduction 
of the isonitroso ketone is employed: 

0 0 
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OCOCH, 

The final product of this synthesis was shown by the mixed melting point method 
to be identical with the 16-ketotestosterone acetate previously prepared (3). 

EXPERIMENTAL 

The diacetate (111). The condensation product with methyl ethyl ketone (2.41 g.), 
prepared by the method of Butenandt and co-workers (l), was dissolved in 8 cc. of dry 
isopropyl alcohol and added to  5 cc. of benzene which contained aluminum isopropoxide 
(0.31 g. per cc.). The solution was refluxed for two hours, concentrated t o  half its volume 
t o  remove acetone, and made up to  its original volume with isopropyl alcohol. This process 
without alteration was repeated three more times. The solution of isopropyl alcohol was 
then concentrated to  half its volume and the residue was concentrated several times with 
dry benzene to  remove isopropyl alcohol. To the benzene solution, ether and 10 cc. of 
5 N sulfuric acid were added. The ether-benzene solution was washed and then concen- 
trated in  a vacuum t o  an oil from which the last traces of water were removed with dry 
benzene by concentration in  a vacuum. The residue was heated at 40" for thirty minutes 
with 10 cc. of pyridine and 10 cc. of acetic anhydride. After standing a t  room temperature 
overnight the acetyl derivative was isolated. Crystallization from acetone-methyl alco- 
hol gave 1.18 g. of rosette crystals with melting point 120-130". Repeated crystallization 
yielded 495 mg. of pure diacetate, m.p. 138-139". 

Anal. Calc'd for C d & :  C,  75.67; H I  9.41. 
Found : C, 75.67; H, 9.38. 

The preparation and cleavage of the glycol. The diacetate (111) (255 mg.) was converted 
into the glycol through the os04 addition compound as described in the first paper (3) of 
this series. Repeated crystallization of the crude glycol (260 mg.) from benzene-petro- 
leum ether gave partial separation into a less soluble crystalline form of the glycol which 
melted a t  195-205", 

Anal. Calc'd for C~~H4206: C, 70.10; H, 9.15. 
Found: C, 69.97; H, 9.19. 

and a more soluble crystalline portion which melted a t  150-152". 

Anal. Calc'd for Cn7H4206: C, 70.10; H, 9.15. 
Found : C, 70.34; H, 9.22. 

The lower-melting material (101 mg.) was treated in dry benzene with 115 rng. of lead 
tetraacetate. Eighty-five milligrams of oil was isolated and crystallized from acetone- 
petroleum ether to  give 47 mg. of needles; melting point 124-125". The melting point of a 
mixture of this compound with the one of the same melting point reported in the second 
paper of this series (2) showed no depression. 

16-Benzaldehydroisoandrosterone. Dehydroisoandrosterone acetate (3.0 9.) and 1.5 
molecular equivalents of benzaldehyde were refluxed for half an hour in  30 cc. of methanol 
with 1 molecular equivalent of sodium methoxide. A second mole of sodium methoxide 
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was added and refluxing continued for another half hour. The crystals which separated on 
cooling in ice weighed 2.90 g. A second crop weighed 0.2 g. After recrystallization from 
methanol the substance melted a t  202-205". 

Anal. Calc'd for Cz(iHaz0z: C, 82.93; H, 8.57. 
Found: C, 83.00; H, 8.85. 

This compound was first made by Dr. H.  L. Mason. Grateful acknowledgment is given 
to  him for permission to describe the details for its preparation in this paper. 

S,17-Diacetoxy-16-benzal-6-androstene. Five grams of the benzal compound was re- 
duced in benzene with aluminum isopropoxide and isopropyl alcohol by the method de- 
scribed. The reaction mixture was added slowly to  a solution of 10 g. of potassium hy- 
droxide in water and extracted twice with ether. The ether was washed and concentrated 
in a vacuum to a solid which was repeatedly crystallized from methanol. The crude prod- 
uct (2.63 9.) melted from 197' to 207". This was heated on a steam-bath for three hoursin 
a sealed tube with 12 cc. of pyridine and 9 cc. of acetic anhydride. The acetylated benzal 
derivative was isolated and crystallized from methanol in the form of blocks (weight 1 g., 
melting point 127-129'). 

Anal. Calc'd for CaOHssO,: C, 77.89; H, 8.28. 
Found : C, 77.86; H, 8.42. 

Preparation of the glycol. The diacetate of the benzal derivative (232 mg.) was con- 
verted into the glycol through the addition of osmium tetraoxide as described in  the first 
paper (3) of this series. Repeated crystallization of the crude glycol from acetone-water 
yielded 77 mg. of needles which melted a t  204-206". 

Anal. Calc'd for CsaHlo06: C, 72.55; H, 8.12. 
Found : C, 72.08; H,  8.17. 

Cleavage of the glycol. The glycol (69 mg.) was treated in  benzene with a 10% excess 
of lead tetraacetate and yielded 58 mg. of a pale yellow oil. This was dissolved in benzene, 
petroleum ether was added until turbidity was produced, and the solution was passed 
through a column of AlzOa (1.8 g.). An oil was eluted from the column with petroleum 
ether. Crystallization from acetone-petroleum ether yielded 16 mg. of long needles melt- 
ing a t  124.5-125.5'. The melting point of a mixture of this compound with the one (m.p. 
124-125') reported in the second paper of this series (2) showed no depression. 

16-Zsonitroso-4-androstene-d,I7-dione. Androstene-3,17-dione 3-enol ethyl ether (1.m 
g.) was dissolved in 8 cc. of benzene and added t o  a solution of sodium ethoxide prepared 
from 0.44 g. of sodium and 11 cc. of alcohol. The solution was warmed at 35-40' for one 
minute and cooled to  room temperature, and t o  i t  was added 0.58 cc. of freshly prepared 
n-butyl nitrite. After i t  had stood in  the dark for two days there was a heavy orange 
precipitate. Ether, water, and 10 cc. of 5 N sulfuric acid were added. 

After thorough shaking, the ether solution was brown and the water layer almost color- 
less The ether was extracted twice with dilute sodium carbonate solution and concen- 
trated in a vacuum t o  an oil. This was dissolved in ethyl alcohol which contained 1 g. 
of sodium hydroxide. Ether and water were added, and after thorough shaking the aque- 
ous layer was removed. It was acidified with dilute sulfuric acid and extracted with ether. 
The ether was washed and concentrated in a vacuum to a n  oil which weighed 920 mg. This 
was warmed for ten minutes in  3 cc. of acetic acid and 3 cc. of water t o  complete the con- 
version of the enol ether to  the ketone. Crystals started t o  come out of the warm solution, 
Addition of more water gave a precipitate of yellow crystals (633 mg.) sufficiently pure for 
the next step. For analysis 44 mg. was crystallized from ethanol-methanol to  give 28 
mg. of pale yellow blocks which sintered a t  230" and melted a t  237-238" with evolution 
of gas. 

Anal. Calc'd for C I ~ H ~ ~ N O ~ :  C, 72.35; H, 7.99; N, 4.44. 
Found : C, 72.39; H, 8.14; N, 4.76. 
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Reduction of the isonitroso ketone. The isonitroso ketone (589 mg.) was dissolved in 11 
cc. of acetic acid and 3 cc. of water was added. The solution was kept a t  50" while 1.5 g. 
of zinc dust was added gradually. After one hour of refluxing, the unused zinc was removed 
by filtration and chloroform was added t o  the filtrate. Sufficient strong sodium carbonate 
solution was added to  neutralize about 90% of the remaining acetic acid. After vigorous 
shaking t,he chloroform was drawn off and washed with 10 cc. of 1 N sulfuric acid and finally 
with 10 cc. of 1 N sodium hydroxide. The chloroform solution was washed until i t  was neu- 
tral, and concentrated in a vacuum to 500mg. of oil. This was acetylated at room tempera- 
ture with 3 cc. of acetic anhydride and 3 cc. of pyridine. From the acetylation mixture 
was isolated 570 mg. of pale yellow crystalline solid. This was recrystallized from petro- 
leum ether-acetone to  the constant melting point 194-195". The yield was 360 mg. or an 
overall yield of 21.9% based on the weight of the enol ether.' The melting point of a mix- 
ture of this compound with the one prepared by the osmium tetroxide method described in  
the first paper (3) of this series showed no depression. 

We wish to thank Dr. B. L. Josephy of Roche-Organon Company, Inc. for a 
generous amount of dehydroisoandrosterone. 

SUMMARY 

The diacetate of melting point 123" prepared by Butenandt and eo-workers 
as an intermediate in the partial synthesis of 16-hydroxytestosterone has been 
shown to be 3,17-diacetoxy-5-androstene-16-one. An improved preparation 
of 16-ketotestosterone acetate is also described. 

NEW YORK, N.  Y. 
ROCHESTER, MI". 
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In  a previous communication (1) i t  was pointed out that the sterol isolated 
by Dor6e (2) from the marine sponge Cliona celata is a mixture of “phytosterol- 
like” sterols which may be separated into the mono-unsaturated clionasterol, 
C 2 D H ~ ~ 0 ,  and the di-unsaturated poriferasterol, CzeHtaO. Almost concurrently, 
Mazur (3) described the isolation of a sterol from the fresh-water sponge, 
Spongilla lacustris, the properties of which closely resemble those of clionasterol. 
Both Mazur and one of the present authors have therefore suggested the identity 
of the two sterols. In  a more recent publication, Mazur (4) has now presented 
evidence intended to prove the identity of the spongilla sterol with 5,6-di- 
hydrostigmasterol, and has implied that clionasterol is also identical with the 
latter. It is the purpose of the present publication to show that Mazur has 
incorrectly interpreted his results, and to prove the presence of a 5,6-double 
bond in clionasterol. 

The properties of clionasterol and spongilla sterol are so different from the 
5,6-dihydrostigmasterol prepared by Marker and Wittle (5) as to make their 
identity extremely unlikely. Since Marker’s dihydrostigmasterol has been 
obtained by the reduction of stigmastenone it might be argued that it differs 
from the sponge sterol in the configuration at C5. This, however, can not be 
the case since both sterols supposedly yield the same stigmastanol upon catalytic 
hydrogenation, which indicates identical configuration in the ring system. 

Wallis and collaborators (6) have recently shown that Maaur’s conclusions 
contradict the modern theories of optical rotatory power as applied to steroids, 
and have suggested on the basis of their calculations that the two sponge sterols 
possess a double bond in the 5,6-position. In  a preliminary communication 
(7), the present authors have shown that they have arrived independently at 
the same conclusion on the basis of experimental evidence. 

The presence of a 5,6-double bond in clionasterol (I) has been convincingly 
demonstrated by a series of oxidation reactions. Thus the Oppenauer oxidation 
of clionasterol yields clionastenone, Ct9H480, (11), [a]: + 80°, which shows 
the typical absorption spectrum of an a,p-unsaturated ketone. This obser- 
vation coupled with the fact that conversion of the alcohol to the ketone is 
accompanied by a strong shift of the optical rotation in the positive direction 
suggests that the usual oxidation of a 5,6-en-3-01 to a 4,5-en-3-one has taken 
place. The 2,4-dinitrophenylhydrazone of clionastenone shows a specific 
rotation of + 232O, and the corresponding derivative of cholestenone one of 
+ 241’. Such unexpectedly high rotations seem to indicate that these deriva- 
tives are heterocyclic compounds rather than hydrazones. 

341 
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Oxidation of clionasterol with hydrogen peroxide gives a triol, C29Hs208, in 
which the presence of an inert, tertiary hydroxyl group is indicated by the 
formation of a diacetate and dibenzoate. Formation of this triol is best ex- 
plained by assuming the addition of two hydroxyl groups to a 5 , 6-double bond 
to give 3 , 5,6-trihydroxyclionastane (111). Oppenauer oxidation of the triol 
yields clionastanol-5-dione-3 , 6 (IV). 

Rosenheim (8) and Butenandt (9) have shown that the oxidation of cholesterol 
with selenium dioxide gives rise to the formation of the two allylic isomers: 
4-hydroxycholesterol, [ a ] ~  - 60°, and cholestene-4,5-diol-3,6 , [a], f6". Ox- 
idation of clionasteryl acetate with selenium dioxide by Butenandt's method 
gives an acetate which upon hydrolysis yields a diol, C29H6~021 [a] E + 8". The 
relative insolubility of the diol and its positive rotation indicate that it is clionas- 
ten-4,5-diol-3 , 6 (V). Under the influence of acids the diol is dehydrated to 
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clionastenone (11), a reaction which is analogous to the dehydration of the 
selenium dioxide oxidation products of cholesterol to cholestenene. 

In their theoretical considerations concerning the location of the double bonds 
in sponge sterols, Wallis and collaborators (6) have made the assumption that 
clionasterol and poriferasterol differ only in the presence of the double bond in 
the side chain of the latter. This assumpt,ion is justified, for catalytic hy- 
drogenation of clionasterol gives a saturated sterol, CZ9H620, which is identical 
with poriferastanol. In this connection i t  is of interest to note that Rlazur 
(4) found that the slowness of this reaction indicates reduction of a 5 ,&double 
bond rather than a 21,22-double bond which is known to absorb hydrogen 
readily. 

EXPERIMEKTAL' 

Eight grams of clionasterol and 9 g. of aluminum isopropoxide were 
dissolved in a mixture of 350 cc. of toluene and 85 cc. of cyclohexanone, and the solution was 
refluxed for two hours. After cooling, the mixture was shaken with 100 cc. of 3 N sulfuric 
acid, and the toluene layer washed successively with water, 5% sodium carbonate solution , 
and water. After drying, the toluene was removed in  DUCUO, and the remaining yellow oil 
digested with small amounts of methanol a t  0". A crystalline material was thus obtained 
which melted a t  77-78' after several recrystallizations from methanol. The ketone was 
then distilled in  a high vacuum and again recrystallized from methanol. The purified 
material melted a t  79'; [a]: + 80.2" (24.7 mg. in  3 cc. of chloroform). 

Clionastenone. 

Anal. 

The 2,4-dinitrophenylhydrazone was prepared by refluxing 100 mg. of clionastenone 
with 10 cc. of Brady's reagent (10) for 30 minutes, and recrystallizing the crude product 
from alcohol and chloroform. It crystallizes in  red needles of m.p. 227-228', [a]: + 232' 
(50.9 mg. in  3 cc. of chloroform). 

Calc'd for C2sHa8O: C, 84.4; H, 11.7. 
Found: C, 84.4; H, 11.7. 

Anal. 

Cholestenone 2,4-dinitrophenylhydrazone showed [CY]: + 240.8 (31.0 mg. in 3 CC.  of 
chloroform.) 

Clionastane-5,6,6-trio~. T o  a solution of 5 g. of clionasterylacetate in 25 cc. of glacial 
acetic acid was added 5 cc. of 30% hydrogen peroxide in 0.5-cc. portions over a period of ten 
minutes. On each addition a flocculent precipitate was formed which subsequently went 
into solution. The mixture was then heated on the steam-bath for three hours, iiltered from 
a small amount of precipitate, and poured into ice-water. Sodium chloride was added to  
facilitate the precipitation of the acetate mixture. The precipitate was collected and 
hydrolyzed by a 10% solution of potassium hydroxide in  alcohol. Water was then added, 
and the triol filtered, dried, and recrystallized from a benzene-methanol mixture until the 
melting point remained constant a t  237-238'. 

Calc'd for CzpHnOs: C, 77.16; H, 11.7. 
Found: C, 77.2; H, 11.7. 

Calc'd for CsaH52N404: C, 70.0; H, 8.8; X, 9.45. 
Found: C, 70.6; H, 8.85; N, 9.6. 

Anal. 

Triol monoacetate. Three hundred sixty milligrams of triol was refluxed with 5 cc. of 
acetic anhydride for one hour. The acetate which separated on cooling was recrystallized 
repeatedly from an ether-methanol mixture. On heating i t  softens a t  235" and melts 
at 238". 

Anal. Calc'dfor CslH6404: CJ75.9;H, 11.1. 
Found: C, 76.0; H, 10.8. 

1 The authors are greatly indebted to  Merck and Co., Rahway, N. J., for the preparation 
of the sponge sterols used in this investigation. 



344 C. ALBERT KIND AND WERNER BERGMANN 

Triol diacetate. One hundred milligrams of triol was refluxed for 90 minutes with 4 cc. 
of acetic anhydride and 1 g. of fused sodium acetate. The diacetate which separated on 
cooling was filtered, washed with water and methanol, and crystallized from methanol until 
the melting point remained constant at 128-129". 

Anal .  

Triol dibenzoate. Two cubic centimeters of benzoyl chloride was added t o  a solution of 
225 mg. of triol in 5 cc. of dry pyridine. After standing at room temperature for eight hours 
the solution was poured into 2 N sulfuric acid, and the precipitate extracted with ether. 
After washing with water and carbonate solution, the extract was evaporated t o  dryness 
and the residue recrystallized from absolute alcohol. The dibenzoate melted a t  225-228'. 

Calc'd for C8~H6806: C, 74.4; H, 10.6. 
Found: C, 74.05; H, 10.4. 

Anal .  Calc'd for C ~ ~ H ~ O O S :  C, 78.6; H, 9.2. 
Found: C, 78.4; H, 9.35. 

Clionastenol-5-dione-S,6. To a suspension of 400 mg. of triol in  30 cc. of dry acetone was 
added a solution of 1 g. of aluminum isopropoxide in  60 cc. of dry benzene, and the mixture 
was heated under reflux for ten hours. It was then cooled, 1 N sulfuric acid was added, and 
the benzene layer was washed with water and dried. Upon evaporation of the extract 
in vacuo there remained a colorless solid which was recrystallized several times from acetone. 
The diketone crystallized in small needles, and melted a t  189-191'. 

Anal .  Calc'd for CzoHaaOt: C, 78.3; H, 10.9. 
Found: C, 78.0; H, 11.0. 

Clionasten-/t,5-diol-S,6. A solution of 4 g. of clionasterol in  100 cc. of acetic anhydride 
was heated for 30 minutes to  105-110'. With rapid stirring, a solution of 2.5 g. of selenium 
dioxide in  5 cc. of water was then added dropwise. After two hours the reaction product 
was precipitated with water, filtered, and washed repeatedly with hot water. The solid 
was then extracted with acetone, the extract filtered and poured into a 10% solution of 
potassium cyanide in  water. After standing for several hours the mixture was extracted 
with ether, and the ether extract evaporated t o  dryness. The dark oily residue was re- 
fluxed for one hour with a 5% solution of potassium hydroxide in methanol. During the 
hydrolysis a copious crystalline precipitate appeared. It was filtered after cooling and 
crystallized first from a large volume of absolute ethanol, and then from ether by extraction 
from a thimble. The diol melted a t  231-232'; [a]: + 8.3" (47.0 mg. in 3 cc. of pyridine). 
It is difficultly soluble in most organic solvents with the exception of pyridine. 

Anal .  

Diol dibenzoate. The dibenzoate was prepared by treating the diol in  pyridine solution 
with benzoyl chloride as described above. After several recrystallizations from absolute 
methanol i t  melted a t  206-207". 

Calc'd for C2gH~002: C, 80.9; H, 11.7. 
Found: C, 81.1; H, 11.8. 

Anal .  Calc'd for Cl8H68O4: C, 80.8; H, 9.15. 
Found: C, 80.6; H ,  9.4. 

Conversion of the diol to clionastenone. A small sample of the diol was refluxed with 
Brady's solution for five minutes. A 2,4-dinitrophenylhydrazone was formed which was 
recrystallized from a mixture of alcohol and chloroform. It melted at 229" and gave no 
depression with clionastenone-2,4-dinitrophenylhydrazone. 

Hydrogenation of clionasteryl acetate. Eight hundred milligrams of acetate in  100 cc. 
of glacial acetic acid was hydrogenated a t  60-70' in the presence of 0.3 g. of platinum oxide. 
The absorption of hydrogen was complete after 45 minutes. The reduction product gave 
a negative Liebermann test. The acetate was recrystallized from alcohol, m.p. 139", 
[a]: + 17.8" (30.4 mg. in 3 cc. of chloroform). Mixed with poriferastyl acetate of m.p. 
140" i t  melted a t  139.5-140'. 

The alcohol prepared by hydrolysis of the acetate melted at  140-140.5", [a]: + 25" 
(30.4 mg. in 3 cc. of chloroform). Mixed with poriferastanol of m.p. 142-143' i t  melted 
a t  141.5-142.5'. 
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The ketone prepared by oxidat.ion of the alcohol with chromic anhydride melted at 159.5- 
160'; [a]: + 43.1" (28.1 mg. in 3 cc. of chloroform). Mixed with poriferastanone of m.p. 
161" i t  melted at 160.5-161'. 

SUMMARY 

Clionasterol has been shown to possess a double bond in the 5,6-position. 
It has been converted into clionastenone, clionastane-3,5,6-triol, clionastane- 
5-ol-dione-3,6, clionastene-4,5-diol-3,6, and poriferastanol. The structure of 
spongilla sterol has been discussed. 

NEW HAVEN, CONN. 
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The formation of heterocyclic five-membered rings from certain ortho 
derivatives of benzene has frequently been observed. Ladenburg (1) found 
that heating o-phenylenediamine with glacial acetic acid and finally distilling 
the product gave 2-methylbenzimidazole. The intermediate in this case was 
probably the S ,  N'-diacetyl derivative of the diamine, because distillation of 
the latter by Rupe and Porai-Koschitz (2) was found to give the imidazolein 
quantitative yield. The conditions under which the imidazole is formed directly 

@:::::: - @>CCH, + CHsCOOH 

from the monoacylated compound are indicated by later studies of Phillips 
(3), of Roeder and Day (4), and of Green and Day (5) .  

Ring closure may occur with other closely related derivatives of o-phenylene- 
diamine. Rudolph (6) reduced 2-carboethoxyaminonitrobenzene to the related 
aniline and found that when the latter was heated above its melting point it 
lost the elements of alcohol and was converted into o-phenyleneurea. He also 

0 2  Cz Hg - O r C  0 2  C2 Hs - o T z C O  + HOC2Hs 

noted that the urea may be formed during reduction of the nitro compound if 
the mixture is not kept cool. The structure of the final product has been 
established by Hartmann (7) who obtained it by the action of phosgene on the 
hydrochloride of o-phenylenediamine. 

These observations and similar ones made by Ladenburg (8), by Groenvik 
(9) and by Raiford and Inman (10) on derivatives of 2-aminophenol, which also 
gave heterocyclic compounds, made it of interest to test the behavior of the 
related carboaryloxyaminoanilines and some of their substitution products. 
Attempts to obtain these compounds directly from the diamines gave diacyl 
derivatives, hence it was necessary to prepare first the carbophenoxyamino- 
nitrobenzenes, and then reduce the latter to the desired products. The relations 
for the para compound are shown in Figure 1. 

Although these reactions were carried through with the three nitroanilines, 
the behavior of derivatives of the ortho compound are of special interest. It 
was found that reduction of 2-carbophenoxyaminonitrobenzene with stannous 

346 
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chloride and hydrochloric acid gave the related amino compound, which was 
isolated and for which a satisfactory analysis was obtained. This product 
was readily soluble in a 10% solution of caustic potash, and acidification of the 
resulting liquid precipitated a product that melted at 300-303' with apparent 
decomposition. The identity of this compound was established by comparing 
i t  with that obtained from the interaction of o-phenylenediamine and phosgene 
as described by Michler and Zimmermann (11). Analysis of the product here 
in question indicated that it was o-phenyleneurea, now designated as benzi- 
midazolon (12)) and first obtained by Hartmann (7), who reported the melt,ing 
point 307-308'. The m- and p -  carbophenoxyaminoanilines do not give cyclic 
ureas when treated with alkali under these conditions. 

6 "2 

NO2 n- CeHsOCOCl__, 

v 
NHC 0 C 6 Hg 

It 
0 

I 

"2 

CsHsOCOCl 

0 
I 

FIGURE 1. FORMATION OB MONO- AND DI-CARBOARYLOXYAMINO DERIVATIVES 
FROM PHENYLENEDIAMINES 

The effect of substituents in the carbophenoxy radical was also tested. Repe- 
tition of the above experiment with Z-carbo-(2-chlorophenoxy)arnino- 
nitrobenzene was carried through. Reduction with stannous chloride and 
hydrochloric acid gave an amine hydrochloride that had a melting range of 
175-180'. Analysis of the product showed the required amount of halogen 
and the compound seemed to be stable. Attempts to convert the hydrochloride 
into the free base by treatment with caustic alkali caused the loss of Z-chloro- 
phenol and the formation of benzimidazolon. Treatment of a water solution 
of the hydrochloride with ammonium carbonate liberated the amino compound, 
which was removed by extraction with ether, but attempts to purify it caused 
the decomposition indicated above. In the ether extract the amino group was 
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acylated by benzoyl chloride and by 2-chlorophenyl chlorocarbonate, as shown 
in Figure 2. 

FIGURE 2. FORMATION OF A CYCLIC U R E A  FROM 2-CARBO-(2-CHLOROPEENOXY) - 
AMINOANILINE 

The isomeric compounds having the substituted carboaryloxy residue in 
positions 3 and 4 were stable under these conditions. 

EXPERIMENTAL 

Carbophenoxy derivatives of the isomeric aminonitrobenzenes. Acylation was accom- 
plished by adding gradually and with constant stirring, one molecular proportion of phenyl 
chlorocarbonate or its substitution product to  an ether solution of two molecular propor- 
tions of the required nitroaniline, after which the mixture was allowed to  stand for two 
hours. The hydrochloride of the aniline which had formed during this period was removed 
by filtration, the ether was distilled from the filtrate and the residue was crystallized from 
a suitable solvent. Analytical date and other properties are given in Table I. 

Reduction ofthe nitro compounds. The general method may be illustrated by the prepara- 
tion of the hydrochloride of 2-carbo-(2-chlorophenoxy)aminoaniline. Ten and seven- 
tenths grams of the related nitro compound, dissolved in  hot alcohol, was reduced with a 
mixture of stannous chloride and hydrochloric acid. When the action was complete, the 
mixture was allowed to  cool, and one volume of concentrated hydrochloric acid was added. 
The hydrochloride that  separated was dissolved in  the smallest possible amount of warm 
water, after which one volume of concentrated acid was poured in  (13). The solid that  was 
precipitated showed a melting range of 175-180", and analysis indicated that  the product 
was nearly pure. 

Anal. Calc'd for C1SHlzCl2N20g: C1, 23.74, N, 9.36. 
Found: C1, 24.10; N, 9.09 

Benzimidazolon. Three grams of 2-carbophenoxyaminoaniline was dissolved in 10% 
solution of caustic potash, and the resulting liquid was acidified with hydrochloric acid. 
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The precipitate that  separated.was crystallized from alcohol and was obtained as colorless 
plates that  melted with apparent decomposition a t  300-303”. The same product was ob- 
tained by the action of alkali solution on the hydrochloride of 2-carbo-(2-chlorophenoxy)- 
aminoaniline, in an attempt to  secure the free amine, and also by the action of phosgene on 
a chloroform solution of o-phenylenediamine. 

Anal. Calc’d for C7H6N20: N, 20.89. Found: N ,  20.58. 

Other carbophenoxyaminoanilines were prepared, and in most instances their salts were 
purified as indicated above. When i t  was not possible to  free them from tin salts in the 
way specified, a solution of the salt was treated with hydrogen sulfide. I n  either case the 
solution of the amine hydrochloride was decomposed with ammonium carbonate solution 
in  order to obtain the free bases, and these were purified by crystallization from suitable 
solvents. Analytical date and other properties are shown in Table 11. 

The carboaryloxyaminoanilines listed in Table I1 were further characterized by con- 
version into simple and mixed diacyl derivatives. The dicarbophenoxy compounds were 
obtained by treatment of one molecular proportion of the above-described monoacyl de- 
rivatives, in ether solution and in the presence of an equivalent amount of dimethylaniline, 
with one molecular proportion of the required acid chloride. When the free aniline was not 
available and i t  was necessary to  use the hydrochloride, the latter was dissolved in water, 
the solution was mixed with ammonium carbonate, and the free base formed was extracted 
with ether. The resulting extract was then treated with the required acid chloride. The 
products were isolated and purified in  the same general way as that  described for the mono- 
acyl derivatives tested above. The compounds thus were identical with those formed 
when the required phenylenediamines were treated directly with two molecular proportions 
of the necessary acylating agent. Analytical data and other properties of these substances 
are recorded in Table 111. 

To obtain the mixed diacyl derivatives the necessary acid chloride was added to an ether 
solution of the required amino compound in the presence of dimethylaniline to  combine 
with the hydrogen chloride eliminated, the mixture was stirred for fifteen minutes, ex- 
tracted with dilute hydrochloric acid, washed, dried over anhydrous sodium sulfate, and 
the ether distilled. The products were crystallized from suitable solvents. Data are 
given in Table IV. 

SUMMARY 

The carbophenoxyaminonitrobensenes have been prepared and reduced to 
the related anilines, and the latter have been characterized. Heating the ortho 
aniline above its melting point causes the elimination of phenol and the forma- 
tion of a cyclic urea. The presence of a “negative” substituent in the carbo- 
phenoxy radical makes the aniline less stable. It was possible to isolate the 
hydrochloride of 2-carbo-(2-chlorophenoxy)aminoaniline, but attempts to 
obtain the free aniline by treatment of the salt with an alkali caused elimination 
of 2-chlorophenol and the formation of the related cyclic urea. The isomers 
having the carbophenoxy radical in positions 3 and 4 are more stable. 

IOWA CITY, IOWA 
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In a study of the behavior of vanillin and some of its derivatives toward 
potassium permanganate and other oxidizing agents, which is still in progress, 
a number of halogenated veratric acids have been obtained. The monobromo 
compounds were readily prepared by oxidation of the related aldehydes which, 
in turn, were produced by methylation of the required vanillin substitution 
products (1). The 5,6-&bromo compound was not methylated directly under 
the conditions of these experiments, consequently the related acid was obtained 
indirectly as shown later. 

Its 
structure was established by bringing it into relationship with the compounds 
indicated below. That bromovanillin XIX, which melts a t  164', proved by 
Dakin (2) to have bromine in position 5 (CHO = l), was converted by methyla- 
tion into 3,4-dimethoxy-5-bromobenzaldehyde, XX, previously obtained by 
Pschorr (3), and also by Jones and Robinson (4). Treatment of this aldehyde 
with fuming nitric acid gave a mononitro compound XXI, m.p., 139-140°, in 
which the nitro group must have entered position 2 or 6 and which was charac- 
terized by, conversion into a number of derivatives. It was oxidized by potas- 
qium permanganate to the related nitrocarboxylic acid. This was reduced to 
the amino compound which was then diazotized, and the resulting diazonium 
salt was decomposed by cuprous bromide to  give the dibromoveratric acid here 
in question, XXIV. 

Compound XXI was quite different from an isomeric compound X, m.p. 69- 
70', the structure of which was fixed by two routes, as shown below. In one of 
these the start was made with 5-bromovanillin. This was acetylated a t  position 
4, the product was nitrated as indicated above, and again the nitro radical must 
have entered position 2 or 6. The acetyl group was removed by hydrolysis, the 
resulting hydroxyl was methylated to give compound X mentioned above. The 
position of the nitro radical in this product has been fixed by relating it to that 
nitrovanillin, IX, m.p. 137', obtained by Pschorr and Sumuleanu ( 5 ) .  They 
methylated this substance and oxidized the product into a nitroveratric acid 
which was then reduced to the corresponding amino compound. The latter 
was diazotized, and when the resulting solution was treated with cuprous cya- 
nide a nitrile was obtained. Hydrolysis of this gave hemipinic acid, which 
showed that the nitro compound IX was %nitrovanillin. In the present work 
bromination of the last-named compound gave a product which was found to be 
identical with XVI that had been obtained by nitration of acetyld-bromovanil- 
lin and subsequent removal of the acetyl group. Methylation of the resulting 
compound gave product X, which must therefore be 2-nitro-5-bromoveratralde- 
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The first dibromo acid isolated in the present work melted a t  186-187'. 
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hyde. This was converted into the corresponding dibromo acid XVIII, m.p., 
186-187', by methods outlined above for its isomer. A mixture of these acids 
showed a melting range of 154-162'. From this it follows that product XXI 
must, be the 5-bromo-6-nitro compound and that the related dibromoveratric 
acid XXIV must be the 5,6-derivative. 

Concerning the acid designated as XVIII, which is directly related to the 
nitrobromoveratraldehyde X, melting at 69-70', it is to be noted that Beilstein 
(6) assigns positions 2 and 5 to the halogen atoms in a dibromoveratric acid, 
map. 182', obtained by Boyen (7) by oxidation of a dibromo-3,4-dimethoxyallyl- 
benzene with potassium permanganate. Boyen merely determined the com- 
posit!ion of his product and did not even suggest a structure for it. This choice 
for the positions of halogen is questionable because it is based on the relation of 
the acid to a dibromoveratraldehyde, m.p. 122', obtained by Hell (8) by oxida- 
tion of a dibromomethyleugenol dibromide acetyl derivative with chromic anhy- 
dride, and in which the halogen atoms are said to occupy position 2 and 5 (9), 
but for which no experimental proof was given. The positions of the bromine 
a t o m  in Hell's starting materials were indicated by Richter (10) as unknown. 
The positions recorded in the fourth edition of Beilstein rest solely on the sug- 
gestions of Zincke and Hahn (11) who assumed the structures indicated, though 
they provided no definite proof for the related products they studied. They 
refer for support to work in the same field by Auwers and Muller(l2) but these 
men expressly state that the position of the second nuclear bromine atom in 
dibromoeugenol dibromide, to which Boyen's acid is directly related, is unknown. 
It has now been shown that Boyen's acid is 5,6-dibromoveratric acid. Dibromo- 
eugenol dibromide was prepared as directed by Chasanowitz and Hell (13), and 
was found to melt at 120-121'. Treatment of the al- 
coholic solution of this substance with zinc dust removed the bromine from the 
side chain, as they found. Methylation of the resulting dibromo compound 
resulted in an oil boiling at  210-220'/44 mm., that gave an acceptable analysis 
for halogen and which must have been identical with the dibromoeugenol methyl 
ether, m.p. 29.5", described by Hell (14). The identity of our substances with 
Hell's compounds was further confirmed by comparison of the products obtained 
by the preparation of the methyl ether of dibromoeugenol dibromide by a route 
different from that which he used. Hell brominated the methyl ether of di- 
bromoeugenol and obtained a product that melted at  65" and gave analysis for 
four bromine atoms. In the present work, methylation of dibromoeugenol 
dibromide gave a crystalline product that melted at  68-70', and also gave values 
for a tetrabromo compound. The acid obtained by oxidation of Boyen's 
methyl ether of dibromoeugenol melted at  185", and a mixture of this and the 
one of m.p. 186-187', obtained by starting with 5-bromovanillin, and passing 
through product XXI, melted without depression. 

The structure of the remaining acid, the 2,6-dibromo compound, was es- 
tablished as follows. Bromination of acetylvanillin gives the 6-derivative (15). 
Nitration of this product and subsequent removal of acetyl by hydrolysis gave 
a mononitrobromo compound. Methylation converted this into a product that 

They reported 118'. 
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Y.P. 
"C. CRYSTAL FORM 

Colorless needles 69-70 
Long colorless needles 48-49 
Small nearly color- 14&141 

Colorless needles 84-85 

Colorless leaflets 59-60 
Colorless needles- 145-146 
Nearly colorless 72-73 

less needles 

needles 

is isomeric with compounds X and XXI, but which melts at 117.5'. When it 
was carried through the required reactions to convert it into a dibromoveratric 
acid, it gave a product that melted a t  123". The relations involved in these 
changes are shown in Figure 1. 
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EXPERIMENTAL 

Veratraldehyde, methylvanillin, has been prepared by many workers (16) with varying 
results as respects yields and purity of product. The most satisfactory method seems to  be 
that  of Buck (17), and a modification of his procedure was found suitable for substitution 
products of vanillin that  could be methylated in this work. This modification involved 
disRolving the vanillin in warm methyl alcohol, after which alkali and dimethyl sulfate were 
added in  about the way described by Buck. Analytical data and other properties for the 
monohalogenated compounds obtained are recorded in Table I. 

TABLE I 
VERATRIC ALDEHYDES OBTAINED BY METHYLATION O F  VANILLIN SUBSTITUTIOX PRODUCTSa 

ANALYSES 
HALOGEN 

FOBMULA 

Calc'd Found 

CsHsC103 17.70 17.41 
C9H9ClO3 17.70 17.47 
C9HgC103 17.70 17.51 

CQH~BrOs 32.6532.34 

CsHpBrOI 32.6532.35 
C B H Q B ~ O ~  32.65 32.08 
C ~ H Q I O ~  

~- 

SUBSTITUENT 

2-Bromo- 

5-Bromo- 
6-Bromo- 
5-IOdO- 

2-Chloro- 
5-Chloro- 
6-Chloro- 

80 

88 
96 
76 

1 SOLVENT .. * 
- I  
79 
80 
84 

Acetic acid 
Alcohol 70% 
Alcohol 90% 

Dilute ace- 
tic acid 

Alcohol 70% 
Alcohol 70% 
Alcohol 70% 

a Though the bromine compounds only were here converted into acids, the methylation 
process was tested with other derivatives. 

Veratric acid, first prepared by oxidation of eugenol methyl ether with dichromate mix- 
ture by Graebe and Borgmann (18), who recorded no yield, has now been obtained in 80% 
yield by oxidation of methylvanillin with potassium permanganate solution. A mixture of 
5 g. of the vanillin and 100 cc. of approximately normal solution of the oxidizing agent was 
boiled for ten minutes, the mixture was filtered and the cold filtrate was acidified. Recrys- 
tallization of the precipitate from acetic acid gave fine, nearly colorless needles that  melted 
a t  179-BO", which agrees with previous work. Analytical data and other properties for the 
monobromo derivatives, obtained from related vanillin substitution products are given in 
Table 11. 

6-Bromo-6-nitroveratraldehyde was prepared in 85% yield by nitration of 5-bromomethyl- 
vanillin as directed by Jones and Robinson (4) who recorded no yield. Crystallization from 
acetic acid gave long, pale yellow needles that  melted a t  139-140'. Jones and Robinson 
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CRYSTAL P O U  

Colorless needles 

Nearly colorless 
needles 

found 138'. Our product was further characterized by conversion into the nitroguanylhy- 
drazone. Two grams of the aldehyde in 40 cc. of hot methyl alcohol was mixed with 20 cc. 
of a warm aqueous solution of 2 g. of nitroaminoguanidine, 10 cc. of acetic acid was added, 
and the mixture was cooled in an ice-bath. The solid that  separated was crystallized from 
n-butyl alcohol and was obtained in  small yellow granules that  melted a t  243-244". The 
yield was 94%. 

Anal. Calc'd for c~&~Bi-N,jos: Br, 20.46. Found: Br, 20.93. 
5-Bromo-6-nitroveratraldoxime. A mixture of 12.5 g. of the required aldehyde, 3.6 g. of 

hydroxylamine hydrochloride, 2 g. of sodium carbonate, and 150 cc. of alcohol was boiled 
for an hour under reflux, filtered to  remove salts, and the filtrate was allowed to  cool. A 
small amount of unchanged starting material separated; this was removed by filtration and 
the filtrate was diluted. The yield was 97%. Crystallization from 50% alcohol gave long 
yellow needles that  melted a t  130-131". 

,4naZ. Calc'd for CgHgBrN206: Br, 26.22. Found: Br, 25.51. 
3, ~-Dimethoxy-5-bromo-6-nitrocinnamic acid. A mixture of 10 g. of the required vera- 

traldehyde, 2.5 g. of anhydrous sodium acetate, and 50 cc. of acetic anhydride was heated 
in an oil-bath at about 170" for two hours, the hot mixture was poured slowly into several 

ANALYSES 
HALOGEN 

' 'if"* 1 PORYULA 1 C .  1 Calc'd 1 Found 

205-206 CsHsBrOc 30.651 31 .OS 

192-193 CgHgBrO, 

TABLE I1 
MONOBROMOVERdTRIC ACIDS 

I !  

SUBSTITUENT 
AND POSITION 

2 -Bromo - 

5-Bromo- 

6-Bromo- 

- 
89 

89 

98 

SOLVENT 

Dilute acetic 

Dilute acetic 

Dilute acetic 

acid 

acid 

acid 

volumes of water, and the whole was allowed t o  stand in an ice-bath until the oil tvhich 
separated a t  first had solidified to  a dark mass. This was collected and repeatedly crystal- 
lized from acetic acid, and was finally obtained in nearly colorless needles that  melted at 
239-240". The yield of purified material was 36y0. Dilution of the collected mother 
liquors gave 5 g. of solid that  was identified as unchanged aldehyde. 

Anal. Calc'd for C11HIOBrNOG: Br, 24.09. Found: Br, 24.10. 
5-Bromo-6-nitroveratric acid. Five grams of the required aldehyde was boiled for 10-15 

minutes with a slight excess of potassium permanganate in  about normal solution, man- 
ganese dioxide was removed by filtration, and the cold filtrate was acidified. Treatment of 
a water suspension of the manganese dioxide with sulfur dioxide gave an additional portion 
of acid. Crystallization from 30% acetic acid gave small color- 
less needles that  melted a t  203-204". 

Anal. Calc'd for C&BrN06: Br, 26.14. Found: Br, 25.85. 
5-Bromo-6-nitroveratroyl chloride. 

The total yield was 90%. 
It became colored on exposure to light and air. 

A mixture of 5 g. of the above acid and slightly more 
than one molecular proportion of phosphorus pentachloride was warmed until action began 
and mas then set aside for some hours at room temperature. The mixture was extracted 
with dry ether and the solvent was distilled off. Crystallization of the residue from ligroin, 
88-70', gave long, slightly colored needles that  melted a t  110-111". A yield of 90% was 
obtained. 

Anal. Calc'd for C9H7BrC1NO6: Hal., 35.59. Found: Hal., 35.53. 
5-Bromo-6-aminoveratraldehyde. Twenty-five grams of the above nitroaldehyde was 

added slowly to  a boiling mixture containing 250 g. of ferrous sulfate, 650 cc. of water, and 
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800 cc. of concentrated ammonia water, the boiling was continued for fifteen minutes, and 
the mixture was cooled and filtered. The residue was extracted several times with hot 
alcohol, the combined extracts were concentrated, and the liquid cooled. The solid that  
separated was crystallized from dilute alcohol, and was obtained in orange needles that  
softened about 150" and seemed to  melt at 162-165". A yield of 67% was obtained. 

Anal .  Calc'd for C9H10BrN03: Br, 30.76. Found: Br, 32.84. 
6-Bromo-6-aminoveratric acid. Eight grams of the nitro acid was reduced by ferrous 

Crystallization of the product from alcohol gave slightly hydroxide as indicated above. 
colored needles that  melted a t  173-175". The yield was 80%. 

Anal .  Calc'd for CQHloBrN04: Br, 28.98. Found: Br, 29.07. 
6,6-Dibromoveratric acid. Six grams of the above amino acid was dissolved in a mixture 

of 15 cc. of concentrated hydrochloric acid and 10 cc. of water, the dark red solution was 
cooled to about O", and 3 g. of solid sodium nitrite was gradually added with stirring. Then 
a solution of 3 g. of freshly prepared cuprous bromide in 15 cc. of hydrobromic acid was 
added, the liquid was heated on the steam-bath for about two and one-half hours, 20 cc. of 
concentrated hydrochloric acid was poured in, and the mixture was cooled and filtered. 
Crystallization of the residue from 50% alcohol, with Norit to  remove color, gave small 
colorless needles that  melted a t  186-187'. The yield was 71%. 

Anal .  Calc'd for CsHaBrtOa: Br, 47.06. Found: Br, 47.17. 
Second method of preparation of 6,6-dibromoveratric acid. Dibromomethyleugenol, which 

had been prepared by a modification of Hell's method, was oxidized by a hot 4y0 solution of 
potassium permanganate, and gave an acid that  in its crude form melted a t  183-184'. 
Repeated crystallization from dilute alcohol gave colorless needles that  melted a t  185-186', 
and which did not depress the melting point of the 5,g-dibromo acid prepared as described 
above. 

Anal .  Calc'd for CgHsBrzOl: Br, 47.06. Found: Br, 47.18. 
2 Nitro-6-bromoveratraldehyde. Thirty grams of 2 -nitro-5-bromovanillin, the structure 

of which was proved by Raiford and Stoesser (19), was dissolved by warming t o  about 85" 
in 280 cc. of water containing 50 g. of sodium bicarbonate, and 55 g. of dimethyl sulfate was 
added dropwise during a period of about two hours, while the temperature was held a t  about 
85" and the liquid was stirred. T o  the mixture there was next added dropwise and simul- 
taneously a solution of 40 g. of sodium bicarbonate in 250 cc. of water, and 40 g. of dimethyl 
sulfitte, while the whole was stirred and heated for about two hours longer. The cooled 
mixture was extracted with ether, the solvent was distilled off and the remaining dark oil 
was cooled until i t  solidified. Crystallization from methanol gave slightly colored leaflets 
that melted at 69-70'. A yield of 38% was obtained. 

Anal .  Calc'd for CoHsBrNOa: Br, 27.57. Found: Br, 27.77. 
This product was further characterized by conversion into the nitroguanylhydrazone, 

Crystallization from n-butyl alcohol gave yellow granules that  melted as indicated above. 
at 219-220". The yield was 92%. 

Anal .  Calc'd for CloH11BrN60~: Br, 20.46. Found: Br, 20.56. 
2-Nitro-6-bromoveratric acid. Five grams of the related aldehyde was oxidized with hot 

Crystallization of the product 
The yield was 

potassium permanganate solution as previously described. 
from dilute acetic acid gave pale yellow needles that melted a t  145-146'. 
88%. 

Anal .  Calc'd for CQHsBrN06: Br, 26.14. Found: Br, 26.11. 
2,6-Dibromoveratraldehyde. Twenty-three grams of 2,5-dibromovanillin (19) was dis- 

solved in 75 cc. of methanol and placed in a three-necked flask, and methylation was carried 
out as indicated above, after which the mixture was cooled and acidified by dilute sulfuric 
acid t o  precipitate the product. Crystallization from alcohol gave 
colorless plates that  melted a t  145-147". Hell's (8) product, obtained by the oxidation of a 
dibromomethyleugenol dibromide in which the positions of the nuclear bromine atoms were 
formerly listed as unknown (10) but have now been recorded (6) as  2 and 5, and which on that  
basis should be identical with the one here in question, was reported to  melt a t  122". 

The yield was 32%. 

Anal. Calc'd for CgHeBrpOs: Br, 49.38. Found: Br, 49.16. 
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2,6-Dibromoveratric acid. Five grams of the above-described aldehyde was suspended 
in 100 cc. of hot water, a hot 4% solution of potassium permanganate was run in until the 
purple color persisted, after which the color was discharged by sodium sulfite solution and 
the mixture was filtered. Acidification of the filtrate precipitated the product in 60% 
yield. Crystallization from 50% alcohol gave colorless needles that melted a t  186-187’. 

Twenty-five grams of the related 2-nitro compound, 
m.p. 109-110°, prepared in 71% yield by directions of Jones and Robinson (4) who found 109” 
and reported no yield, was suspended in concentrated ammonia water and reduced as de- 
scribed by Sumuleanu (20). Crystallization of the product from alcohol gave orange 
needles that melted a t  101”. The yield was 60%. 

Anal. Calc’d for CeHaBr,Od: Br, 47.06. Found: Br, 47.17. 
2-Amino-6-bromoveratraldehyde. 

Anal. Calc’d for CpHl&rNOs: Br, 30.76. Found: Br, 30.54. 
2,6‘-Dibrornoveratraldehyde. Twelve grams of the above amino compound was dissolved 

in a mixture of 50 cc. of concentrated hydrobromic acid and 50 cc. of water, the liquid was 
cooled to  about O”,  diazotized by addition of 6 g. of sodium nitrate, and the diazonium salt 
was decomposed by cuprous bromide. A yield of 72% was obtained. Crystallization of 
the product from alcohol gave nearly colorless needles that  melted a t  136-137”, which agrees 
with that reported by Lock (21), whose product was made in a different way and gave good 
analytical data. 

2,6-Dibromoveratric acid. Five grams of the required aldehyde was oxidized as explained 
above for the 2,5-compound. Crystallization from alcohol gave nearly colorless granules 
that  melted a t  122-123’. 

Anal. Calc’d for C+HsBrzO,: Br, 47.06. Found: Br, 47.60. 

SUMMARY 

1. It has been shown that the monobromoveratric acids can readily be obtained 
by oxidation of the related aldehydes which, in turn, can be prepared by methyla- 
tion of the corresponding vanillin substitution products. 

2. The structures of the dibromo compounds have been established, and it 
has been found that the halogen atoms in Boyen’s acid occupy positions5 and 
6, instead of 2 and 5 as previously recorded in the literature. 

IOWA CITY, IOWA. 
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In  preceding communications (1, 2), general syntheses for @-substituted 
Aag@ -butenolides have been described and applied to the preparation of simple 
unsaturated lactones analogous to the cardiac aglycones. At the same time a 
study of the properties of the simple butenolides led to the suggestion that the 
side chain of the natural cardiac aglycones of the digitalis-strophanthus group 
is better represented as a Aa,B -butenolide (3) than as a AB~T -butenolide. We 
have now extended this general study to the preparation of such butenolides 
containing the sterol ring system as a substituent on the @-carbon atom. The 
purpose in mind was two-fold: to substantiate the suggestion previously made 
concerning the position of the side chain double bond by a study of an un- 
saturated lactone containing a reduced cyclopentanophenanthrene substituent, 
and to gain information relative to the effect of structure of this group of drugs 
on physiological activity. 

The simplest cardiac aglycones are digitoxigenin, thevetigenin, and uxarigenin. 
These are structurally identical but stereochemically different, and are repre- 
sented by formula I. 

A K C = C H  
Stereochemical arrangement relative 

to ClO c,J 1 1 &HZ A=O / A / o T  \o/ Digitoxigenin trans 3, cis 5 
Thevetigenin cis 3, cis 5 

HO Uzarigenin cis 3, trans 5 

I 
Of the three aglycones, digitoxigenin and thevetigenin show pronounced cardio- 
tonic activity, whereas uzarigenin is comparatively much weaker in its action 
(4). It is therefore apparent that one should choose a steroid of the coprostane, 
or bile acid, series as the starting material for a synthetic lactone, if optimum 
activity is to be obtained, and that the configuration of the C-3 hydroxyl group 
is of comparatively minor importance. 

The question of whether the presence of one or both of the hydroxyl groups is 
necessary for cardiotonic activity remains to be answered. There is no in- 
formation at hand which can be used as a guide in the solution of this problem. 
Therefore we have prepared a lactone containing neither of the hydroxyl groups 
in question, and one containing the C-3 hydroxyl group. It is hoped to provide 

1 Eli Lilly post-doctorate fellow. 
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an answer to this question from the results of pharmacological tests of these 
lactones, A preliminary note dealing with the synthesis of the first of these 
substances has already appeared ( 5 ) .  During the course of the work here 
described the preparation of the lactone of 3,21-dihydro~y-A~1~; 2 o  z22-norcho- 
ladienic acid was described by Ruzicka and co-workers (6). In order that the 
relationship of the synthetic lactones, here described, to the natural aglycones 
may be apparent, and in order to avoid unduly cumbersome names, we suggest 
that the lactone of 21-hydr0xy-A~~' 22-norcholenic acid be referred to as 3 , 14- 
bisdesoxythevetigenin (or digitoxigenin), and that the lactone of 3,al-dihy- 
droxy-A20 r22-norcholenic acid be referred to as 3-desoxythevetigenin. 

The preparation of both of these lactones mas accomplished using the method 
previously described (2). Etiocholanic acid, which was prepared by degradation 
of cholanic acid according to Wieland, Schlichting, and Jacobi (7) served as the 
starting material for the synthesis of 3,14-bisdesoxythevetigenin. It has been 
found that, if the reduction of dehydrocholic acid to cholanic acid be carried out 
in acetic acid solution, rather than in alcohol (S), an improved yield of a more 
easily purified product results. The reactions involved in passing from etio- 
cholanic acid to the lactone are shown in formulas II-VIII. In the preparation 
of etiocholanyl chloride, it is vital that the reaction mixture be kept cold if a 
satisfactory yield is to be obtained. The reaction of etiocholanyl chloride with 
diazomethane to yield the diazomethyl ketone (IV) proceeded without difficulty. 
However, in attempts to prepare 21-acetoxypregnanone-20 in crystalline form, 
unexpected difficulties were encountered. When the diazomethyl ketone (IV) 
was warmed with acetic acid in the usual manner, no crystalline product could 
be isolated from the reaction mixture either before or after chromatographic 
purification. The reaction of IV with hydrogen chloride proceeded normally, 
leading to the well defined chloromethyl ketone (V), which after reaction with 
sodium or potassium acetate, likewise failed to yield a crystalline acetoxymethyl 
ketone. However, reaction of IV with sodium benzoate resulted in the forma- 
tion of crystalline 21-benzoxypregnanone-20 (VI), which was used successfully 
for the subsequent Reformatzky reaction. The crude product of the reaction 
of VI with ethyl bromoacetate and zinc consisted of a mixture of the hydroxy 
lactone (VII) and the desired unsaturated lactone (VIII) from which VI11 
crystallized. The hydroxy lactone (VII) could be converted to VI11 by treat- 
ment with a solution of hydrogen bromide in acetic acid, as was the case with 
the simpler lactones described earlier (2). 
3,14-Bisdesoxythevetigenin (VIII) as thus prepared gives a strong, positive 

nitroprusside (Legal) color test, indistinguishable from that displayed by the 
natural cardiac aglycones. I ts  ultraviolet absorption curve is shown in Figure 
1, together with the curves for strophanthidin, periplogenin, and P-cyclohexyl- 
Aapb-butenolide. The close similarity of the curye for the synthetic lactone 
with those for strophanthidin, provided allowance is made for the aldehyde 
group of the latter, and periplogenin, furnishes strong confirmation for assign- 
ing the side chain double bond of the natural aglycones to the A"r@-position. 
In the earlier paper (3) a slight discrepancy existed between the curves for the 
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natural aglycones and that for p-cyclohexyl-AaJ-butenolide. This discrepancy 
has now been cleared up by the nature of the curve for the butenolide contain- 
ing a substituent which is identical with that of the natural lactones, with the 
exception of the nuclear hydroxyl groups. 

Catalytic reduction of the double bond of 3,14-bisdesoxythevetigenin re- 
sulted in the formation of the dihydrolactone, which was identical with that 
previously prepared by a number of workers from digitoxigenin (9), sarmento- 

FIGURE 1 

genin (lo), or digoxigenin (11). A direct correlation between the bile acids 
and the cardiac aglycones with the carbon skeleton of the side chain of the latter 
intact, has therefore been accomplished. 

The synthesis of 14-desoxythevetigenin was carried out in a similar fashion, 
proceeding from 3(/3)-acetoxyetiocholanic acid. The latter has been described 
by Reichstein and Fuchs (12), who prepared it by catalytic reduction of methyl 
3-ket0-A~~~-etiocholenate. We have repeated this reduction, and according to 
our experience, methyl 3(/3)-hydroxyalloetiocholanate is the predominating 
constituent of the fraction of the reduction product precipitated by digitonin. 
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However, too much significance cannot be attached to our failure to duplicate 
Reichstein and Fuchs’ experience, in view of the pronounced effect on such re- 
ductions often caused by subjective variations in experimental conditions. In 
view of this difficulty we have prepared 3(p)-acetoxyetiocholanic acid by degra- 
dation of pregnanediol, using substantially the method of Marker and Wittle 
(13) for the degradation of pregnanediol to etiolithocholic acid. 

Pregnanedione, prepared by oxidation of pregnanediol (14), was selectively 
reduced a t  carbon atom 3 to yield a mixture of isomeric pregnanolones (15). 
The pregnanol-3 (P)-one-20 (XI) was isolated from this mixture by precipita- 
tion with digitonin and then condensed with benzaldehyde to yield XI1 (13). 
Oxidation of XI1 after protection of the hydroxyl group by acetylation, yielded 
3(~)-acetoxyetiocholanic acid (XIV). 

In the subsequent reactions (XIV-XXI) no unexpected difficulties were en- 
countered. The diacetoxy ketone (XVIII) was prepared directly from the 
diazomethyl ketone (XVI) rather than by way of the intermediate halomethyl 
ketone (XVII) which was necessary in the above case. However, a discrepancy 
between the properties of 3 (p)  ,21-diacetoxypregnanone-20 prepared by us, and 
those of the same substance reported by Marker, Crooks, and Wagner (16) 
should be noted. These workers prepared their compound by a less direct and 
unarnbiguous method. Unfortunately we have been unable to secure a sample 
of the material described by these workers for direct comparison. However, 
apparently 3(p)-acetoxy-21-bromopregnanone-20 (XVII), as prepared hy us 
from the diazomethyl ketone (XVI), agrees in properties with the same sub- 
stance described by Marker et al. (16). It should be emphasized that the subse- 
quent reactions carried out with our 3(p), 21-diacetoxypregnanone-20 (XVIII) 
furnish convincing proof of the correctness of the structure assigned to it. The 
possibility of a rearrangement about carbon atom 17 is excluded by the results 
of the hydrogenation of 3,14-bisdesoxythevetigenin (VIII). If inversion had 
taken place, the reduction product should have been isomeric with the reduction 
product of the natural aglycones a t  carbon atom 17. Since the natural agly- 
cones are known to possess the configuration of etiocholanic acid a t  this point, 
(17). i t  follows that no inversion has occurred. The exact cause for this dis- 
crepancy remains to be worked out. 

The Reformatzky reaction of XVIII with ethyl bromoacetate led to the usual 
mixture of the unsaturated lactone (XX) and the 20-hydroxy lactone (XIX). 
I n  this case separation of the two was easily accomplished by chromatographic 
adsorption of XIX on aluminum oxide. Under the conditions used, X X  was 
not adsorbed. Finally, deacetylation of XX with dilute hydrochloric acid gave 
14desoxythevetigenin (XXI). 

The pharmacological examination of these substances will be reported else- 
where. 

We wish to express our appreciation to the Schering Corporation for the gift 
of the methyl 3(P)-A5rG-etiocholenate used in this work. Our thanks are like- 
wise due to Parke, Davis and Company for the gift of the pregnanediol used. 
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EXPERIMEKTAL 

All melting points are corrected for stem exposure, except as noted. 
Cholanic acid.  Dehydrocholic acid was reduced in 40-g. runs by dissolving i t  in 450 cc. 

of glacial acetic acid and adding 300 g. of amalgamated zinc (20 mesh) and 450 cc. of con- 
centrated hydrochloric acid. Dry hydrogen chloride gas was passed through the solution 
while refluxing for 30 hrs. The solution P;as then cooled and the cholanic acid solidified to  
awhite crystalline mass on topof the liquid. The acid solution was decanted from the solid 
acid and the latter was thoroughly washed with water. The residual zinc was carefully 
washed with chloroform and the cholanic acid thus obtained was combined with the main 
crop and recrystallized three times from acetic acid. It melted a t  163-164" (uncorr.). 
Wieland and Boersch (8) report the melting point 164" (uncorr.). From 300 g. of cholic 
acid, 113 g. of cholanic acid was obtained. 

Etiocholanyl chloride (Ill). A mixture of 4 cc. of absolutely pure thionyl chloride and 
500 mg. of etiocholanic acid was kept in the refrigerator a t  0" with occasional shaking until 
all the acid had gone into solution. This required about 60 hrs., after which the solution 
was allowed to  stand a t  room temperature for several hours. The thionyl chloride was 
then removed under reduced pressure with the aid of several concentrations with dry ben- 
zene. The acid chloride crystallized readily, was slightly yellow, and melted at 80-86". 
It was used without further purification. 

~ l - ~ ~ a z o p r e g n a n o n e - Z O  ( I V ) .  Etiocholanyl chloride prepared from 500 mg. of etiocho- 
lanic acid was dissolved in 7 cc. of dry benzene and the solution was slowly added to  a twice 
distilled solution of diazomethane, prepared from 5 g. of nitrosomethylurea, in 60 cc. of 
ether. The temperature during the addition was kept a t  -14" and the solution was kept in 
a freezing mixture for 2 hrs. longer, after which i t  was allowed to stand a t  room temperature 
for 12 hrs. The solution was filtered, and after removal of the solvent, the diazo ketone 
remained as a yellow crystalline solid which melted at 80-106". It was used without fur- 
ther purification. 

Attempted preparat ion of 8l-acetoxypregnanone-d0. One cubic centimeter of pure glacial 
acetic acid was added to  the crystalline diazo ketone from 100 mg. of etiocholanic acid, 
The solution was then warmed on the steam-bath, during which i t  turned brown and 
evolved nitrogen. Acetic acid was re- 
moved under reduced pressure and the non-crystalline residue was chromatographed over 
aluminum oxide. The acetoxy ketone could not be obtained crystalline. 

In  another experiment, 50 mg. of 21-chloropregnanone-20 (see below) was refluxed with 
150 mg. of fused sodium acetate and 1 cc. of glacial acetic acid. Nothing crystalline could 
be obtained after chromatographing. In another experiment, 100 mg. of 21-chloropregna- 
none-20 was refluxed with 170 mg. of potassium acetate in  2 cc. of 90% alcohol for 4.5 hrs. 
The chloride ion in the reaction mixture was determined gravimetrically and 45 mg. of 
silver chloride was obtained. Hence 
the reaction apparently took the desired course. However, the acetoxy ketone again could 
not be obtained crystalline. 

A stream of dry hydrogen chloride was passed into an ice- 
cold solution of 21-diazopregnanone-20, from 100 mg. of etiocholanic acid, in 30 cc. of 
dry ether for 10 min. After evaporation of the ether, first on the steam-bath and then 
in vacuo, a yellow oil remained which crystallized on addition of a few drops of pentane. 
The chloro ketone was recrystallized from alcohol and formed colorless prisms which melted 
a t  103-105". 

A n a l .  

After heating for 30 min. a brown oil separated. 

The calculated amount of silver chloride is 44 mg. 

21-Chloropregnanone-20 ( V ) .  

The yield was 75 mg. [a]: 125" f 2" [c = 0.850 in chloroform]. 

Calc'd for CZIH~~CIO:  C, 74.8; H, 9.9; C1, 10.5. 
Found: C, 75.0; H ,  10.2; C1, 10.7. 

21 -Benzoxypregnanone-ZO ( V I )  A mixture of 68 mg. of pure 21-chloropregnanone-20, 
62 mg. of sodium benzoate, 0.12 cc. of water and 1.2 cc. of absolute alcohol was refluxed for 
5.5 hrs. Upon cooling, the benzoxy ketone crystallized as fine white needles. The mixture 
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was diluted and extracted with ether; the ether extract was washed with water and dried 
over sodium sulfate. On evaporation of the solvent the ketone remained as a colorless oil 
which quickly solidified. After two recrystallizations from absolute alcohol, i t  melted a t  
158-159". The yield was 45 mg. 

Anal. Calc'd for CasHse03: C, 79.6; H, 9.1. 
Found: C, 79.6; H, 9.1. 

[a]: 113" f 2" [e = 0.406 in chloroform]. 

A small amount of unreacted chloro ketone was recovered from the mother liquors. 
S,14-Bisdesoxythevetigenin (3,14-bisdesoxydigitoxigenin) (VIII) .  To a solution of 600 

mg. of pure 21-benzoxypregnanone-20 and 1.8 g. of ethyl bromoacetate in 13 cc. of dry ben- 
zene, was added 900 mg. of 60mesh granulated zinc. After distilling off some of the benzene 
in  order to  secure absolutely anhydrous conditions, the solution was refluxed for 30 min., 
after which an additional 0.2 cc. of ethyl bromoacetate and 200 mg. of zinc was added and 
refluxing was continued for 15 min. After the addition of 0.4 cc. of absolute alcohol the 
solution was boiled for another hour. The addition compound was broken up in  the usual 
manner with dilute hydrochloric acid, and the lactone was extracted with ether. The resi- 
due, after evaporation of the ether, deposited crystals on standing several days in  the re- 
frigerator. The crystalline material was separated from adhering oil by careful washing 
~ i t h  a mixture of pentane and ether. As thus obtained, the crystalline material represents 
a mixture of the two possible isomeric hydroxy lactones (VII) and the desired unsaturated 
lactone (VIII). After repeated recrystallization from alcohol, a small amount of the un- 
saturated lactone was obtained. Complete conversion of the original mixture into the 
butenolide was effected by dissolving 220 mg. of the crystalline material in a mixture of 2 
cc. of glacial acetic acid and4 cc. of glacial acetic acid saturated with dry hydrogen bromide, 
and refluxing for 1.5 hrs. with a bath temperature of 135-145". The mixture was then poured 
into cold sodium bicarbonate solution and the lactone was extracted with ether. After 
evaporation of the ether, the unsaturated lactone was recrystallized from alcohol, using a 
small amount of decolorizing carbon. I t  crystallized as stout needles which melted a t  167- 
168' and gave a strong positive nitroprusside (Legal) test. [a]: 11" 1.5" [c = 0.316 in 
methanol]. 

A n d .  Calc'd for CZSHUOZ: C, 80.6; H, 10.0. 
Found: C, 80.4; H, 10.1. 

An additional amount of the lactone was obtained by treating the oil removed from the 
crystals by the ether-pentane washing with hydrogen bromide in acetic acid as before. 
After removing some colored amorphous material from the butenolide by solution in al- 
cohol and chilling, the latter crystallized from the alcoholic solution on seeding. 

An absolute alcoholic solution of 40 mg. 
of the above unsaturated lactone was hydrogenated in the presence of 20 mg. of platinum 
oxide. The product crystallized readily and was recrystallized repeatedly from absolute 
alcohol until the crystalline form no longer changed. There was thus obtained 12 mg. of 
long rectangular plates which melted a t  187-189". When mixed with hexahydrodianhydro- 
thevetigenin [prepared from digitoxigenin (9)1, which melted a t  187-189', the melting point 
was not depressed. 

Hydrogenatzon of SJ1.$-bisdesoxythevetigenin. 

Anal. Calc'd for C Z ~ H ~ ~ O Z :  C, 80.3; H, 10.5. 
Found: C, 80.4; H, 10.6. 

The physical constants for this substance, which has been obtained from several natural 
aglycones, are shown in Table I, from which the identity of the lactone prepared from etio- 
cholanic acid with those of plant origin, is obvious. 

Pregnanol-S(p)-one-dO (XI). A solution of 2.6 g. of pregnanedione (X) in  40 cc. of 90% 
acetic acid was added to a suspension of 130 mg. of Adams platinum oxide catalyst, which 
had been previously reduced, in 40 cc. of 90% acetic acid. This mixture was then shaken in 
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an atmosphere of hydrogen until 185 cc. of wet hydrogen a t  760 mm. and 24" had been ab- 
sorbed. The solution of the hydrogenated product in 118 cc. of absolute alcohol was added 
to  a solution of 5.2 g. of digitonin in 470 cc. of alcohol. After adding 200 cc. of water, the 
mixture was left a t  room temperature for 12 hrs. The crystalline digitonide was filtered, 
washed with ether, and decomposed by dissolving the dried material in 10 cc. of dry pyridine 
and precipitating the digitonin by addition of 120 cc. of dry ether. After removal of the 
pyridine by repeated washing with dilute hydrochloric acid, the ether solution was dried 
and the solvent was removed, leaving the crystalline pregnanolone, which was used for the 
next reaction without further purification. The yield was 30 to  35%. 

An additional quantity of pregnanolone was obtained by isolating the other products of 
the reduction, reoxidizing them to pregnanedione and repeating the above procedure. For 
this purpose, the mother liquors from the digitonide precipitate were completely freed from 
alcohol in  vacuo. The residue was then thoroughly extracted with ether, leaving digitonin 
undissolved. The material extracted by the ether was then reoxidized according to  Buten- 
andt (14). 

21 -BenzaZpregnanoZ-J(P)-one-RO ( X I I )  was prepared essentially according to Marker and 
Wittle (13), except that  the method of working up the reaction mixture has been materially 
improved. After the reaction mixture had stood for 24 hrs., the crystalline benzal com- 
pound was filtered off and washed successively with small amounts of 95% alcohol, pro- 
gressively more dilute alcohol, and finally with water to  remove the alkali. In this manner 

TABLE I 
PHYSICAL CONSTANTS O F  HEXAHYDRODIANHYDROTHEVETIGEXIS 

M . P . ,  "C. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 (10) ~ 35.4" (10) 
Digitoxigenin. 185 (9) ; 188-189 (10) 1 33.7" (9) 
Sarmentogenin 
Digoxigenin 
Etiocholanic acid. . . . . . . . . . . . . . . . . . . . . . . . . .  , I  187-189 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  185 (11) 1 34.5" i l l )  

SOURCE 

I 

1.1 g. of pregnanolone yielded 900 mg. of the benzal compound, which melted a t  169-174'. 
Another 350 mg. of less pure material was obtained by dilution of the mother liquors. 

The acetate of the above compound was prepared by refluxing 1.92 g. of the substance with 
18 cc. of acetic anhydride for 30 min. On cooling, the acetate crystallized readily as pris- 
matic needles, which were collected and washed with a small amount of acetic anhydride. 
The yield of material melting a t  172-174' was 1.72 g. An additional 150 mg. was obtained 
from the mother liquors. 

To a solution of 1.2 g. of the above acetate in 150 
cc. of glacial acetic acid, was added dropwise and with stirring, a solution of 2.25 g. of chro- 
mic acid in  the minimum amount of water and 75 cc. of glacial acetic acid. The temperature 
was held a t  50" until all the chromic acid had been added, after which it was raised to 60- 
70" and held a t  that point for 5 hrs. After destroying the excess chromic acid by addition 
of 5-10 cc. of alcohol, the solution was concentrated to  a small volume in z'acuo. The 
residual solution was diluted, acidified with dilute sulfuric acid, and extracted with ether. 
The ether extract was washed carefully with dilute potassium bicarbonate solution until 
no more acidic material could be detected in the aqueous washes. This treatment removes 
acetic, benzoic, and probably some phenylacetic acid. The remaining ether solution was 
washed with water, dried, and the solvent was removed. Crystallization of the residue 
from dilute methanol yielded 400 mg. of 3(p)-acetoxyetiocholanic acid as shining platelets 
which melted a t  177-179". Reichstein and Fuchs (12), who prepared the substance by 
catalytic reduction of methyl 3-keto-A4~6-etiocholenate, report the melting point 162-174". 
An additional 50 mg. of slightly impure acid was obtained from the mother liquors. 

S(p)-Acetozyetiocholanic acid ( X I V ) .  



DESOXYTHEVETIGENIN DERIVATIVES 37 1 

S(P)-Acetoxy-21-diazopregnanone-~O ( X V I )  was prepared as described above. It was 
obtained as a yellow syrup (12). 

J(~)-Acetoxy-Zi-chloropregnanone-ZO. To a solution of diazoketone, prepared from 80 
mg. of 3(P)-acetoxyetiocholanic acid, in 10 cc. of dry ether, was added a t  0" 10 cc. of a satu- 
rated solution of hydrogen chloride in dry ether. After standing 10 min. the ether was 
evaporated and the residual light brown oil was taken up in 10 cc. of a 1:l mixture of ben- 
zene and isopentane. This solution was passed through a column of 2 g. of aluminum oxide 
(Brockmann), and the column was washed with 20 cc. of the same solvent. The colorless 
solution which passed through the column was concentrated, leaving the chloro ketone as a 
crystalline residue. After recrystallization from methanol i t  formed stout prisms which 
melted a t  118-116". The yield was 45 mg. 

A n a l .  Calc'd for C23Hd2103: C, 69.9; H, 8.9; C1,g.O. 
Found: C, 69.9; H ,  8.8; C1, 9.2. 

S(P)-Acetoxy-dl  -bromopregnanone-$0 { X V I I )  was prepared in a similar manner, except 
that  a benzene solution of the diazoketone was used. The bromo ketone crystallized readily 
from methanol as stout prisms without chromatographing, and melted a t  139-141". Marker, 
Crooks, and Wagner (16), who prepared the substance by catalytic reduction of 3(p)-ace- 
toxy-21-br0mo-A~~-pregneneone-20, report i t  as  crystallizing as  fine needles from methanol 
and melting a t  145-147". No rotation was observed by these workers. For our substance: 
[a]:; 100" f 5 [c = 0.100 in chloroform]. 

A n a l .  Calc'd for C23HsEBrOs: C,  62.9; H, 8.0. 
Found: C, 62.9; H, 8.1. 

I'regnanediol-3@) ,Zl-one-ZO diacetate (XVIZI) .  The oily diazo ketone prepared from 
500 mg. of 3(p)-acetoxyetiocholanic acid was heated on the steam-bath with 8 cc. of glacial 
acetic acid until evolution of nitrogen ceased. The solution was then concentrated to  dry- 
ness under reduced pressure and the residue was dissolved in  5 cc. of methanol. After 
refrigerating overnight, the yellow solution was decanted from a small amount of amorphous 
material. The methanol was then completely removed in vacuo and the material was taken 
up in 40 cc. of benzene-isopentane (1: 1). This solution was passed through a column of 10 
g. of aluminum oxide (Brockmann), after which the column was washed with 40 cc. of the 
same solvent. &4fter removal of the solvent from the combined effluent from the column, 
300 mg. of an almost colorless oil, which was sufficiently pure for use in the next reaction, 
was obtained. A small part of the product was crystallized from methanol and formed 
prisms which obviously contained methanol of crystallization. The air-dried crystals 
softened a t  50-60" and melted with evolution of vapors. After drying a t  15 mm., first a t  
room temperature and finally for 3 hrs. at SO", the diacetate melted a t  111-112'. The air- 
dried substance lost 3.64% of i ts  original weight on vacuum drying. The calculated value 
for loss of 0.5 mole of methanol of crystallization is 3.68%. [CY]: 91" f 4' [c = 0.138 in 
chloroform]. 

A n a l .  Calc'd for C26Has06: C, 71.7; H, 9.2. 
Found: C, 71.7; H, 9.1. 

The same substance is reported by Marker, Crooks, and Wagner (16) as melting a t  145- 
146". 

14-Desoxythevetigenin acetate (XX) and the lactone of S(@)-acetoxy-ZOO,Z1-dihydroxynor- 
cholanic acid ( X I X ) .  The Reformatzky reaction was carried out essentially as described in  
the preceding case, using 350 mg. of pure pregnanediol-3(8) ,21-one-20 diacetate, 0.6 cc. of 
ethyl bromoacetate, and 500 mg. of 60 mesh zinc in  10 cc. of dry benzene. After 30 min., 
0.1 cc. of ethyl bromoacetate and 200 mg. of zinc were added and like amounts of the re- 
agents were added after 40 and 50 min. After 60 min., 0.3 cc. of absolute alcohol was added 
t o  decompose the very insoluble zinc complex, and the mixture was refluxed for another 

No value for optical rotation is given by these authors. 
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hour. The reaction mixture was worked up in the usual way and the product was extracted 
with ether. The combined ether and benzene extracts, after washing and drying, were 
warmed to 50°, and2.5 cc. of dry pyridine and 1.1 cc. of acetic anhydride were added. After 
standing overnight a t  room temperature, the dark brown mixture was concentrated t o  dry- 
ness under reduced pressure, and the residue was dissolved in ether. The ether solution 
was washed successively with dilute hydrochloric acid and water and dried with sodium 
sulfate. The residue, after evaporation of the ether, was dissolved in 25 cc. of dry benzene 
and chromatographed over a column of 7 g. of aluminum oxide (Brockmann), using 50 cc. 
of dry benzene to  wash the column. The effluent solution contained 14-desoxythevetigenin 
acetate (XX) and was concentrated to  dryness under reduced pressure. The residual pale 
yellow oil crystallized rapidly on the addition of a few drops of alcohol. After several 
recrystallizations from alcohol, the acetate formed rectangular platelets which melted a t  
197-198' and gave a strong positive nitroprusside (Legal) color test. [a]! 11.3" f 1 [c = 
0.708 in chloroform]. 

Anal. Calc'd for Cdf3804: C, 75.0; H, 9.1. 
Found: C, 75.0; H, 9.3. 

The aluminum oxide column was eluted with 100 cc. of dry ether and the eluate was con- 
centrated, leaving a residue which was the lactone of 3(~)-acetoxy-20,21-dihydroxynor- 
cholanic acid (XIX). The substance was recrystallized from benzene, and formed fine 
needles which melted a t  19&-200". The melting point was depressed to 170-185' when this 
substance was mixed with the unsaturated lactone described above. 

Anal. Calc'd for C26H3806: c, 71.7; H, 9.2. 
Found: C, 72.1; H, 9.3. 

This hydroxy lactone was converted to  14-desoxythevetigenin acetate as follows (18) : 
Thirty milligrams of the hydroxy lactone was refluxed with 3 cc. of acetic anhydride for 9 
hrs. After removal of the acetic anhydride under reduced pressure, the residue was sub- 
limed a t  0.2 mm. pressure and a bath temperature of 200-220". After several recrystalliza- 
tions from alcohol, 15 mg. of pure 14-desoxythevetigenin acetate was obtained. 

A mixture of 35 mg. of 14-desoxythevetigenin acetate, 
2 cc. of alcohol, 1.6 cc. of water, and0.4 cc. of conc'd hydrochloric acid was refluxed for 2.5 
hrs. Addition of water caused the formation of a crystalline precipitate which was ex- 
tracted with chloroform. After washing and drying the chloroform extract, the solvent was 
removed under reduced pressure, leaving an oil which crystallized immediately upon the 
addition of a few drops of ethyl acetate. The lactone was recrystallized from a mixture of 
ethyl acetate and isopentane, or from dilute alcohol, and formed fine needles which melted 
at 220-222". The substance gave a strong positive Legal test and an emerald green, as well 
as a blue ring, in  the Keller-Kiliani test. 

Anal. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these labora- 

14-Desoxythevetigenin ( X X I ) .  

[a ]D  11.5' i 1.5 [c = 0.434 in  chloroform]. 
Calc'd for C23H3403: C, 77.1; H, 9.6. 
Found: C, 77.1; H,  9.5. 

tories. 
SUMMARY 

1. 14-Desoxythevetigenin and 3 , 14-bisdesoxythevetigenin have been prepared 
from 3(p)-hydroxyetiocholanic acid and etiocholanic acid, respectively. 
2. A more convenient preparation of 3 (6)-hydroxyetiocholanic acid from 

pregnanediol has been described. 
3. Hydrogenation of 3,14-bisdesoxythevetigenin yields a saturated lactone 

identical with that obtained from digitoxigenin, sarmentogenin, and digoxigenin. 

;YEW YORK, Tu'. Y 
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Two general syntheses for p-substituted-A" l@-butenolides analogous to the 
cardiac aglycones have been described in previous communications (1, 2). 
These methods have been applied to the preparation of simple model lactones, 
as well as to the preparation of lactones containing a steroid ring system as 
substituent (3, 4). In the course of the pharmacological examination of the 
simpler lactones it was noted that P-(P-naphthyl)-Aa I@-butenolide exhibited a 
definite, although weak digitalis action toward frogs (5 ) ,  while the correspond- 
ing &-naphthyl derivative was devoid of such activity. It becomes of interest, 
therefore, to explore the effect of structural changes on cardiac activity further. 
The present paper records the results of an investigation of the synthesis of 
such lactones the substituent of which is derived from naphthalene or indene 
derivatives. The results of the pharmacological testing of the substances 
prepared are also indicated, although a detailed account of the latter phase of 
the work will be left to a separate communication. 

In the naphthalene series it was deemed of interest to investigate first the 
effect of the introduction of a hydroxyl group in the 6-position (the unsaturated 
lactone occupying the 2-position of the naphthalene ring system). Such a 
molecule would thus possess a hydroxyl group in the same relative position to 
the side-chain in the simple naphthalene system as does the hydroxyl group in 
the 3-position of the natural drugs. The effect of such a hydroxyl group in the 
0-naphthyl lactone could conceivably be important in view of the previously 
noted activity of the unsubstituted p-naphthyl lactone. Secondly, similar 
considerations indicated the desirability of investigating the completely reduced 
p-(Sdecahydronaphthy1)-Aa r@-butenolide, particularly since in the natural 
drugs both of the rings in closest proximity to the unsaturated lactone side 
chain are completely saturated. Both of the desired lactones have been 
prepared. 

In the natural drugs the unsaturated lactone can be regarded as being in the 
1-position of a reduced indene ring system. Therefore, in view of the activity 
noted in the case of the P-naphthylbutenolide, an investigation of the simple 
bicyclic 1-indenyl butenolides appeared warranted. We, therefore, present our 
experiences in the syntheses, or attempted syntheses, of P-( l-indenyl)-Aa 30- 
butenolide, 6-( 1-indanyl)d" p@-butenolide, and p-( l-hydrindanyl)-A' ,@-butenolide 
together with a brief report on the pharmacological action of the latter. For 
the numbering system used see formula VII. 

The synthesis of /3-(6-hydroxy-2-naphthy1)-Aa~@-butenolide was explored 
both by the method of Rubin, Paist, and Elderfield (1) and by the method of 
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Linville and Elderfield (2). The latter is much to  be preferred. The reactions 
involved are shown in formulas I-VI. The yield from the reaction between 
methoxyacetonitrile and I left considerable to be desired and it was not possible 
to cleave the ether group in I11 to the hydroxy lactone without extensive de- 
composition of the substance. 

The 6-hydroxy-2-naphthoic acid used for making compound V was prepared 
from the easily accessible 6-methoxy-2-bromonaphthalene, a procedure which, 
although involving a rather large number of steps, nevertheless appears prefer- 
able to those heretofore described (6, 7). Carbonation of the Grignard reagent 
(I) gave a 50% yield of 6-methoxy-@-naphthoic acid (8) which was easily con- 
verted to 6-hydroxy-p-naphthoic acid by cleavage of the ether with hydrobromic 
acid. After acetylation of the latter, the 6-acetoxy-2-naphthyl acetoxymethyl 
ketone (V) was prepared via the acid chloride and diazo ketone according to 
Langenbeck and Baehren (9). 

In  accordance with previous experience (2) , decomposition of the reaction 
mixture resulting from the Reformatzky reaction between V and ethyl bromo- 
acetate resulted in cleavage of all acetyl groups present and gave the desired 
p-(6-hydroxy-2-naphthy1)-A" ,a-butenolide (VI). This was converted to the 
6-methoxynaphthyl lactone by the use of diazomethane, which corroborated 
the structures of the substances obtained by both methods. 
p-(2-Decahydronaphthyl)-AasB-butenolide was prepared from decahydro-p- 

naphthoic acid by conversion to the acid chloride, diazomethyl ketone, acetoxy- 
methyl ketone, and reaction of the latter with ethyl bromoacetate and zinc. 
p-Naphthoic acid was reduced catalytically according to Ranedo and Le6n 
(10) to the decahydro acid with difficulty using platinum oxide, but was more 
easily obtained by hydrogenating the ethyl ester in the presence of Raney nickel 
a t  higher temperature and pressure. The ester was subsequently saponified. 
No attempt was made to separate the isomers formed on reduction, pending the 
outcome of pharmacological tests. It was felt that, should such tests be positive, 
a determination of the effect of stereoisomerism could await further work. 

In the indene series, the only unsaturated lactone which we have succeeded 
in preparing is the p-( 1-hydrindany1)-Aa !@-butenolide which was readily prepared 
from hydrindan-l-carboxylic acid exactly as in the case of the decahydronaph- 
thy1 lactone. In this instance the complete hydrogenation of indene-l-car- 
boxylic acid was more easily accomplished with platinum oxide than in the case 
of p-naphthoic acid. The crude Reformatzky product after treatment with 
hydrogen bromide yielded a constant-melting lactone, which was apparently 
one of the stereoisomeric forms. 

We have proceeded both from l-indenylmagnesium bromide and from indene- 
l-carboxylic acid in the attempted preparation of @-(l-indeny1)-Aa 3s-butenolide. 
In the former case, the reaction between the Grignard reagent and methoxy- 
acetonitrile apparently did not take the desired course and the only product 
isolated was an unstable substance of obscure nature which was not further 
investigated. In the latter case the product from the reaction of indene-l- 
carboxylic acid chloride and diazomethane gave analytical figures corresponding 
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to a diazomethyl ketone of an indanodihydropyrazole to which either the struc- 
ture VI11 or IX may be assigned on the basis of the observations of earlier 
workers (1 1). 

COCl 

0 

CCHNz 
II 

0 

CCHh;, 
II 

VI1 VI11 IX 

Catalytic reduction of indene-1-carboxylic acid in the presence of palladium 
black gave indan-1-carboxylic acid which served as a starting point for the 
attempted synthesis of the indanyl lactone. The acid chloride was easily 
prepared and its identity was demonstrated by conversion to indan-1-acid 
amide. Likewise the preparation of 1-indanyl-diazomethyl ketone appeared 
to proceed smoothly from the interaction of the acid chloride and diazomethane, 
as did the subsequent preparation of the acetoxymethyl ketone. However, 
difficulties were encountered when the Reformatzy reaction between the acetoxy- 
methyl ketone and ethyl bromoacetate was carried out. The strong positive 
nitroprusside (Legal) test exhibited by the product of the reaction showed that 
the desired lactone had been formed, a t  least to a certain extent, but all attempts 
a t  purification resulted in the formation of obscure alteration products. It is 
not unlikely that the double bond of the lactone is easily pulled from its original 
position by the neighboring benzene ring, which would account for the complex 
mixture formed. 

None of the butenolides synthesized were active when tested in frogs through 
the kind cooperation of Dr. K. K. Chen of the Lilly Research Laboratories, 

We wish to acknowledge the kindness of the Barrett Company for the gen- 
erous gift of the indene used in this work. 

EXPERIMENTAL 

All melting and boiling points are corrected for stem exposure. 
Indene-1 -carboxylic acid was prepared in 20% yield from the sodium derivative of indene 

and carbon dioxide according to  Weissgerger (12) or in  56% yield from indenylmagnesium 
bromide and carbon dioxide according t o  Courtot (13). We have found that  the acid may 
be more conveniently prepared from indenylsodium, which in  turn can easily be obtained 
by treating a solution of 150 cc. of crude 70% indene (Barrett) in 300 cc. of dry dioxane with 
4 cc. of dry pyridine and 18 g. of sodium. After refluxing the mixture in  a n  atmosphere of 
nitrogen for 7-8 hrs., solution is substantially complete and carbonation is easily carried 
out. The relatively poor yield of acid, 20% based on the sodium used, is more than offset 
by the use of crude indene and by avoiding the necessity of handling the solid 
indenylsodium. 

It may be crystal- 
lized from benzene or aqueous alcohol, and an almost white product may be obtained by 

The acid prepared by either of these methods melted at 159.5-161'. 
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sublimation a t  140-150" and 0.2 mm. pressure. Courtot (13) reports the compound as 
melting at E l 0 ,  Weissgerger (12) a t  156-157", and Jacobi (14) at 160'. 

Indene-i-carboxylic acid chloride. A mixture of 10 g. of acid, 20 cc. of pure thionyl 
chloride, and 20 cc. of benzene was allowed t o  stand at room temperature for two days or 
until all the crystals of acid were dissolved. It was found that  warming caused the forma- 
tion of tarry by-products. The excess thionyl chloride was removed i n  a vacuum with the 
aid of dry benzene. Dark crystals separated which melted a t  74-76'. Inasmuch as puri- 
fication was difficult, the identity of the acid chloride was established by conversion to  
indene-1 -carboxylic acid amide in the usual manner. After recrystallization from alcohol 
the latter melted a t  182-184'. Wislicenus and Hentrich (15) report the amide as melting 
at 180". 

Reaction of diazomethane wi th  indene-1 -carboxylic acid chloride. An ethereal solution of 
5.24 g. (0.031 mole) of acid chloride was added dropwise at -5" to  an ethereal solution of 
diazomethane made from 20.6 g. of nitrosomethylurea. Keedles separated in  about 30 
minutes. After two crystallizations from alcohol the substance melted a t  111-113' with 
decomposition. The analysis corresponded to  the addition of two moles of diazomethane 
to  the acid chloride with the formation of a pyrazoline derivative (VIII) or ( IX).  

Anal .  Calc'd for C12HloN40: C, 63.7; H, 4.5; X, 24.8. 
Found: C, 63.7; H, 4.6; K, 25.0. 

Addi t ion  of methoxyacetonitrile to indenylmagnesium bromide. To a suspension of 10 g. 
of indenylmagnesium bromide, crystallized from toluene and ether, in  ether was added 3.24 
g. of methoxyacetonitrile with no apparent reaction, even after standing overnight. One 
hundred cubic centimeters of toluene was added, and the mixture was refluxed for four 
hours. After working up with dilute sulfuric acid there remained 1.5 cc. of dark oil. This 
distilled a t  93" a t  0.6 mm. pressure, giving a few drops of viscous yellow liquidwhich crystal- 
lized in white clusters from petroleum ether (b.p 60-71", Skellysolve B) and melted a t  
49-50'. 

Anal .  Found: C, 81.4; H, 6.4. 
The compound darkened and decomposed on standing and was not further investigated. 

The bulk of the reaction product remained as a tar  in  the distillation flask. 
When indenyl sodium was brought into reaction with methoxyacetonitrile only indene 

itself was obtained. 
Indan- i  -carboxylic acid. A glacial acetic acid suspension of 4.1 g. of indene-1-carboxylic 

acid and 0.2 g.  of palladium black was shaken with hydrogen. The theoretical amount of 
hydrogen was readily taken up, and all the crystals went into solution. The reduced acid 
was crystallized from petroleum ether (Skellysolve B) and melted a t  57-58". Tiffeneau and 
Orekhoff (16) report 59-60'. 

Indan-I-carboxylic acid chloride was made from 2 g. of acid, 4 cc. of thionyl chloride, and 
4 cc. of benzene. The mixture was allowed to  stand two days, the excess reagent then being 
removed and the resulting oil used without purification. 

Indan-i-carboxylic acid amide was prepared by adding a few drops of acid chloride to  
concentrated ammonia in the usual way. I t  was crystallized from alcohol and melted a t  
162-163". 

Anal .  Calc'd for CloHllNO: C, 74.6; H, 6.9. 
Found: C, 74.5; H, 6.9. 

1-Indanyl diazomethyl ketone was prepared by adding an ethereal solution of acid chloride 
(0.009 mole) to  a solution of 0.03 mole of diazomethane in  40 cc. of ether a t  0". After stand- 
ing overnight, the solvent was removed and the residual oil was used without further 
purification. 

A solution of 0.06 mole of the diazomethyl ketone in  
50 cc. of glacial acetic acid was warmed on the steam-bath for one hour, when the evolution 
of nitrogen ceased. The acetoxymethyl ketone was a dark oil which was distilled, b.p. 135" 
a t  0.5 mm. pressure. 

I-Indanyl acetoxymethyl ketone. 

The yield was 53% based on acid used; n! 1.5287. 
Anal .  Calc'd for C13Hla03: C, 71.5; H, 6.5. 

Found: C, 71.3; H, 6.5. 
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Reaction of I - indanyl  acetoxymethyl ketone with ethyl bromoacetate. Twelve and eight- 
tenths grams of ethyl bromoacetate was added to  a mixture of 13.9 g. of 1-indanyl acetoxy- 
methyl ketone and 6.25 g. of zinc in 150 cc. of dry benzene. After refluxing for two hours 
and working up in the usual way, there was obtained 12 cc. of red oil which could not be in- 
duced to  crystallize. The oil was distilled at 0.3 mm. from 110-180" in  very poor yield. 
It gave a strong Legal test, thus indicating the presence of the desired lactone, but no pure 
product could be obtained from i t .  Treatment with hydrogen bromide in  acetic acid re- 
sulted only in the formation of tarry products. 

Hydrindan-I  -carboxylic acid was prepared from indan-1-carboxylic acid by catalytic 
reduction with platinum oxide in  acetic acid. The theoretical amount of hydrogen was 
taken up in  about 40 hours, and the product solidified on removal of the solvent. After 
repeated crystallization from petroleum ether (Skellysolve B) one of the stereoisomers 
was apparently obtained; i t  melted constantly a t  94-96'. The melting point range for the 
crude mixture was 80-91". 

This reduction was also carried out in one step from indene-1-carboxylic acid. From 
20 g. of indene acid, 5.8 g. of twice recrystallized octahydro acid melting a t  91-95' was 
obtained. 

Anal. 

Hydrindan-I  -carboxylic acid chloride was prepared as in  the preceding cases from the 
acid, which melted a t  91-95" and was used without further purification. I ts  identity was 
shown by conversion to the amide which melted a t  204.5-207' after crystallization from 
alcohol . 

Anal.  Calc'd for CloHt?NO: C, 71.8; H,  10.0. 
Found: C, 71.8; H, 10.2. 

I -Hydrindanyl  diazomethyl ketone was prepared in the usual manner. The substance 
formed a semi-solid crystalline mass and was used without further purification. 

I - I lydrindanyl  acetoxymethyl ketone was prepared exactly as in  the case of 1-indanyl 
acetoxymethyl ketone. On removal of the excess acetic acid there remained a brown solid, 
which was most easily purified by sublimation a t  0.3 to  0.4 mm. pressure and 100-130" 
bath temperature. The sublimate then crystallized from petroleum ether (Skellysolve 
B) in fine white needles melting a t  59-61'. The yield from acid to  acetoxy ketone was 

Calc'dfor ClaHleO~: C, 71.5; H, 9.6. 
Found: C, 71.8; H, 9.5. 

73%. 
Anal. 

p-(l-Hydrindanyl)-Aa,b-butenolide. Three and seventh-tenths grams of ethyl bromo- 
acetate was added to  a mixture of 4.3 g. of the above acetoxymethyl ketone, 20 CC. of dry 
benzene, and 1.75 g. of zinc, The mixture was refluxed for two hours, and then worked u p  
with dilute hydrochloric acid in the usual way. The crude product was next refluxed with 
10 cc. of acetic acid and 10 cc. of acetic acid saturated with hydrogen bromide a t  0" for 30 
minutes. The oil from this reaction crystallized, and the lactone could be best purified 
first by sublimation a t  0.3 to  0.4 mm. pressure and 100-130", and then by crystallization from 
petroleum ether (Skellysolve B). The 
yield was 0.38 g. 

Calc'd for C13H2003: C, 69.7; H, 9.0. 
Found: C, 69.6; H, 9.1. 

It melted a t  94-95" and gave a strong Legal test. 

A n a l .  

6-IIethoxy-2-bromonaphthalene. 2-Bromo-6-hydroxynaphthalene was prepared from 
6-naphthol (17) and then methylated with dimethyl sulfate in  the usual way. The yield 
from p-naphthol was 68%. Franzen and Stauble (18) 
report 108". 

The Grignard reagent of 6-methoxy- 
2-bromonaphthalene was prepared according to  Fries and Schimmelschmidt (8) , using ethyl 
bromide to  promote the reaction. The ether-benzene solution of the Grignard reagent 
was cooled in  an ice-bath, and one equivalent of freshly distilled methoxyacetonitrile in 
benzene was added. A solid separated, and the mixture was left for 12 hours and then re- 

Calc'd for C13H1802: C, 75.7; H, 8.8. 
Found: C, 75.8; H, 8.7. 

The product melted a t  106-107'. 

6-~Pethoxy-2-naphthyl methoxymethyl ketone (ZZ). 
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fluxed for one hour. The addition product was decomposed in the usual way with ice and 
conc'd hydrochloric acid. On removal of the solvent the resulting oil solidified; i t  was 
sublimed a t  2.4 mm. at iO-lOO", yielding a fluffy white solid which melted a t  63-69". After 
five crystallizations from alcohol the substance melted a t  97-98.5". 

Anal .  Calc'd for C14H1403: C, 73.0; H ,  6.1. 
Found: C, 73.3; H, 6.1. 

The yield from 50 g. of 2-bromo-6-methoxynaphthalene was 11 g. of crude solid, which 
gave 3.4 g. of pure 5-methosy-2-naphthyl methoxymethyl ketone and 1.2 g. of 2-methoxy- 
naphthalene. Also an impure compound melting a t  145-146" was obtained in small amount. 
I t s  high carbon content indicates it may have been a coupling product of the Grignard 
reagent. 

Anal .  
The substance was not further investigated. 
Ethyl  ~-methoxymethyl-P-(6-methoxy-2-naphthyl) hydracrylate ( I I I ) .  This substance 

was prepared by the general Reformatzky procedure used in preceding cases. The crude 
product was distilled a t  0.3 mm., and the fraction boiling a t  180-185" was collected and 
crystallized on standing. ilfter crystallization from petroleum ether or alcohol the sub- 
stance melted a t  53.5-54.5". 

Found: C, 86.2; H, 6.0. 

The yield was 38%. 
A n a l .  Calc'd for ClaHzaOs: C, 67.9; H, 7.0. 

Found: C, 68.2; H, i .1 .  
Reaction of ethyl ~-methoxymethyl-~-(6-methoxy-2-naphthyl) hydracrylate wi th  hydrogen 

bromide. Two and three-tenths grams of the above substance which was distilled at 180" 
at 0.3 mm. was heated with a mixture of 10 cc. of glacial acetic acid and 10 cc. of glacial 
acetic acid saturated with hydrogen bromide, a t  13O-140" for 20 minutes. The mixture 
turned very black, and gave a brown solid on pouring into water. If the dark solid was 
repeatedly extracted with ether, a portion giving a violet Legal test was extracted leaving 
most of the color behind. On removal of the ether a n  oil remained, which, when taken up 
in acetone and allowed to evaporate slowly, yielded large crystals. These were washed free 
of adhering oil with cold acetone and then readily recrystallized from alcohol. The sub- 
stance formed light yellow needles melting a t  152-153" and gave a violet Legal test. The 
yield was about 40 mg. of p-(6-rnetho~y-2-naphthyl)-A~~~-butenolide (IV). 

Anal .  

In another experiment 0.6 g. of the hydracrylic ester, distilled at 180" a t  0.3 mm. was 
heated with 20 cc. of 48% aqueous hydrobromic acid and 20 cc. of glacial acetic acid on a 
steam-bath for one hour. When the mixture was poured into water, a pinkish solid came 
out, which, on treatment with acetone as in the previous case, gave about 20 mg. of crystals 
the melting point of which showed no depression with ,9-(6-methoxy-2-naphthyl)-Aasp- 
butenolide, prepared as above. No other pure compound was obtained. 

6-Methoxy-2-naphthoic acid. Since it was possible to  get only the methoxy lactone by 
the above method, it was decided to  t ry  the longer synthesis from 6-acetoxy-2-naphthoic 
acid. This compound was made from the already available 2-bromo-6-methoxynaphtha- 
lene by carbonating the Grignard reagent according t o  Fries and Schimmelschmidt (8). 

6-Hydroxy-2-naphthoic acid. A suspension of 8.4 g. of 6-methoxy-2-naphthoic acid 
in  33 cc. of acetic acid, 33 cc. of 48% aqueous hydrobromic acid, and 20 cc. of acetic acid 
saturated with hydrogen bromide, was refluxed for 2.5 hrs. On cooling, the phenol crystal- 
lized in 77% yield, and melted a t  245-248" after one crystallization from boiling water. 
Butler and Royle ( 6 )  report 240-241' and Cason (7) reports 243-244'. 

6-Acetoxy-2-naphthoic acid was prepared by acetylating the above phenol with acetic 
anhydride according to  Butler and Royle ( 6 ) .  It melted a t  222-224". The above authors 
report 221-223" and Langenbeck and Baehren (9) report 217" (uncorr.). Cason (7) reports 

Calc'd for C1SHI203: C, 75.0; H, 5.0. 
Found: C, 75.0; H, 5.3. 

223-224". 
The over-all yield from 40 g. of 2-bromo-6-methoxynaphthalene was 38%. 
6-Acetozg-2-naphthoic acid chloride was prepared by refluxing 6 g. of acid with 16 cc. of 

benzene and 16 cc. of thionyl chloride for 2 hrs. on a steam-bath, all of the solid going into 
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solution a t  the end. On removal of the excess reagent crystals formed which melted a t  
120-121". Langenbeck and Baehren (9) report the melting point 124' for their acid chloride, 
made with phosphorus pentachloride. 

ti-Acetoxy-2-naphthyl diazomethyl ketone was made according to  Langenbeck and Baeh- 
ren's (9) procedure except that the acid chloride was added in benzene solution instead of 
ether, which required excessively large volumes. The yellow crystals melted a t  118.5- 
120". The above authors report 123". 

ti-Acetoxy-2-naphthyl acetoxymethyl ketone ( V )  was prepared by treating acetic acid 
with the diazo ketone exactly according to  Langenbeck and Baehren (9). The product 
melted a t  115-117", the above authors reporting 112". The yield from acetoxy acid to  6- 
acetoxy-2-naphthyl acetoxymethyl ketone was 54%. 

Reaction of 6-acetoxy-%naphthyl acetoxymethyl ketone wi th  ethyl bromoacetate. The 
Reformatzky reaction was carried out as in the preceding cases using 6.0 g. of acetoxymethyl 
ketone, 4.5 g. of ethyl bromoacetate, 3 g. of zinc, and 75 cc. of benzene. After refluxing the 
reaction mixture in benzene for 1.5 hrs., 4 cc. of absolute alcohol was added and the mixture 
was refluxed for 1 hr. longer. The benzene was removed and the residue was dissolved and 
suspended in 100 cc. of absolute alcohol and the solution was decanted from the zinc. The 
portions soluble and insoluble in absolute alcohol were worked up separately. The former 
gave a solid insoluble in ether, which after two crystallizations from alcohol gave 0.59 g. 
of p-(6-hydr0xy-2-naphthyl)-A~~~-butenolide (VI), which melted a t  236-238" with 
decomposition. 

.4nal. 

When 20 mg. of the 6-hydroxy lactone was treated in ether suspension with diazomethane, 
a compound was formed which melted a t  152-153" and showed no depression when mixed 
with the 6-methoxy lactone (IV) previously described. 

The insoluble portions gave only products of obscure nature, which were not further 
investigated. 

Decahydro-p-naphthoic acid was prepared by catalytic reduction of p-naphthoic acid 
with Adams' catalyst in  acetic acid, 0.04 g. of catalyst being used for 1.8 g. of 0-naphthoic 
acid. The theoretical amount of hydrogen was very slowly taken up and the mixture of 
isomeric decahydro acids melted a t  70-79". Ipatieff (19) prepared the mixture of isomers 
by vapor-phase reduction of P-naphthoic acid over a nickel oxide catalyst. He gives the 
melting point 79-81" for the mixture of isomers. Borsche and Lange (20) report the melting 
point 80-82" for this mixture. Ranedo and Le6n report 76-79' (10). 

For the preparation of larger amounts i t  was found more convenient to  reduce ethyl 
8-naphthoate in  a bomb with Raney nickel catalyst. A solution of 91 g. of ester in 350 cc. 
of glass-distilled absolute alcohol and catalyst made from 10 g. of Raney nickel alloy were 
shaken in a bomb a t  1780 lbs. pressure and 190'. After a day and a half of shaking no more 
hydrogen was taken up. The resulting decahydro ester was saponified and worked up, 
giving 53 g. of acid boiling a t  120-136" a t  10-8 mm. The yield from ester to  the decahydro 
acid was 64.5%; n f  1.5001. After long standing this acid partially crystallized, and the 
solid when rubbed on a clay plate melted a t  65-78'. 

Calc'd for CiiHi008: C, 74.3; H, 4.5. 
Found: C, 74.2; H, 4.7. 

Anal.  Calc'd for CiiHisOz: C, 72.5; H, 10.0. 
Found: C, 72.5; H, 9.9. 

Decahydro-p-naphthoic acid chloride was prepared by warming the acid with a 4 molar 
The excess reagent was removed as 

Decahydro-p-naphthyl diazomethyl ketone was prepared as in the previous cases by adding 

Decahydro-p-naphthyl acetoxymethyl ketone was made as usual by warming the diazo 
The yield was 81,570 from the 

excess of thionyl chloride for 2 hrs. on the steam-bath. 
usual and the chloride was used without further purification. 

a benzene solution of the acid chloride to  ethereal diazomethane. 

ketone with acetic acid. 
decahydro acid to  the acetoxymethyl ketone; n: 1.4886. 

Calc'd for C I ~ H ~ ~ O S :  C, 70.6; H,  9.3. 
Found: C, 70.4; H, 9.1. 

It distilled a t  108-130" a t  0.2 mm. 

Anal.  
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fi-(Decahydro-B-naphthyl)-Aaio-butenolide was prepared by the usual Reformatzky pro- 
cedure from the acetoxy ketone. The zinc complex was soluble in benzene, and the use of 
alcohol was not necessary for working up. The crude product was refluxed for 2 hrs. with 
3 parts of a solution of acetic acid saturated with hydrogen bromide and 2 parts of acetic 
acid. After working up, the oil was distilled, giving 32.6 g. of lactone, contaminated with 
halide, from 59.5 g. of ketone. It was possible to remove the halide by heating the crude 
product with 4 times its volume of quinoline for 4 hrs. a t  220". The base was removed by 
extraction with sulfuric acid and the lactone distilled as a light yellow oil a t  100-118" a t  
10-4 mm. In  order to  get an analytically pure product i t  was necessary to redistill several 
times more with considerable loss; ng 1.5210. The product was a mixture of stereoisomers. 
The yield from acetoxymethyl ketone to pure lactone was 31.5%. 

Anal. Calc'd for C I ~ H ~ O O Z :  C, 76.3; H, 9.2. 
Found: C, 76.3; H, 9.2. 

The microanalyses here given were carried out by Mr. Saul Gottlieb of these laboratories. 

NEW YORK, N. Y. 
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The synthesis of P-substituted-Aasfl-butenolides containing etiocholane or 
derivatives thereof as substituents has been described (1 , 2). Pharmacological 
examination of a t  least one of these unsaturated lactones (the lactone of 21- 
hydroxy-A20-22-norcholenic acid) has shown that a pronounced cardiac activity 
in frogs can be obtained without the presence of the hydroxyl groups present in 
the natural cardiac aglycones (3). The question of the necessity for the pres- 
ence of the etiocholane residue, therefore, arises. The preparation of such 
butenolides with a norcholanyl group or a derivative thereof as substituent is 
attractive principally because of the ready accessibility of the requisite starting 
materials, in contrast to the more difficultly obtainable etiocholane derivatives. 
We have, therefore, prepared P-norcholanyl-Aa*@-butenolide which has been 
subjected to pharmacological tests. At the same time the preparation of 
p- (3 ,7 ,  12-trihydroxynorcholanyl)-Aa~fl-butenolide has been explored with the 
object of ascertaining the effect of the three hydroxyl groups on activity. Al- 
though the latter lactone was not obtained in crystalline form, we should like 
to take this opportunity for presenting our experiences leading up to it. 

The preparation of P-norcholanyl-A'l+a-butenolide proceeded smoothly ac- 
cording to the general method described in previous communications (1). The 
reactions involved are represented by formulas I-VI. 

HCl CH3COzs R-COC1 + CH2N2 R-COCHSz -+ R-COCH2C1- 
I I1 I11 

OH 
I 
I 1  
\ /  

+ R-C-CH2 BrCHd302C2HI R-c=cH 

CH2 CEO 
I I  
\ /  

Zn R--C OCHz 0 C 0 CH, 

IV CH2 C=O 

0 0 
R = norcholanyl V VI 

It was found preferable t o  prepare the acetoxymethyl ketone, IV, by way of 
the nicely crystalline chloromethyl ketone, 111, rather than by the direct action 
of acetic acid on the diazomethyl ketone, 11. In the dehydration of the hy- 
droxy lactone, VI, to  the unsaturated lactone, V, acetic anhydride has been 
found to offer advantages over the methods previousiy employed which in- 
volved the use of such vigorous reagents as hydrochloric or hydrobromic acid. 
The mode of action of acetic anhydride on such hydroxy lactones has been de- 
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termined from a study of the model cyclohexylhydroxy lactone (VII). When 
this is refluxed with acetic anhydride the acetoxy lactone, VIII, is formed. 
The latter on heating was smoothly converted into P-cyclohexyl-Au-fl-buteno- 
lide, IX. 

OH OAc 
I heat 

CsHi1C---CHz - Acz% CGHI~L---CH~ - + CGHIIC-CH 
I 1  
\ /  

CH2 CEO 
I 1  
\ /  

CHz C=O 
I 1  

0 
\ /  

VI1 VI11 IX 
The preparation of P-(3,7, 12-trihydroxynorcholanyl)-Au~~-butenolide in- 

volves primarily the use of satisfactory protecting groups for the hydroxyl 
groups of cholic acid. For this purpose acetyl groups are eminently satisfactory 
from the standpoint of ease of removal a t  the end of the synthesis. However, 
the two reported syntheses of triacetylcholic acid in the literature (4, 5 )  by 
direct acetylation were later shown by Wieland and Kapitel (6) to be in error. 
These attempts had yielded only 3,7-diacetylcholic acid. We have found that, 
by careful saponification of methyl triacetylcholate (X) as suggested by the 
above authors, the nicely crystalline 7,12-diacetylcholic acid (XI) was easily 
obtained. This in turn was then reacetylated to the desired triacetyl com- 
pound (XII).  Although XI1 was not obtained in crystalline form it  yielded the 
crystalline methyl ester (X) on treatment with diazomethane, and when con- 
verted via the acid chloride, diazo ketone, and chloro ketone to triacetylnor- 
cholyl benzoxymethyl ketone (XIII), a crystalline product was obtained. 

CHz C=O 

0 0 

CH3 CH3 
AcO 1 AcO I 

CHCHz CHz COzH “1 ACZ% 

, , , ( lqCHz CHz COz CH3 

KOH 

--’ PIq’- 
- 

HO\/ J O A ~  

XI 

AcO CD*: 
X 

CH3 CH3 
AcO (,TCHZCHICO,H 1 AcO 1 

XI11 

AcO (J3L AoO 

XI1 
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Attempted direct acetylation of cholic acid with ketene in the presence of a 
trace of sulfuric acid yielded obscure alteration products. 

Formyl groups are also satisfactory for the protection of the hydroxyl groups 
of cholic acid during the formation of the acid chloride. When the acid chlo- 
ride of triformylcholic acid is treated with diazomethane, the expected reaction 
with the acid chloride group occurs, and a non-crystalline diazomethyl ketone 
is formed. Whether the formyl groups are methylated simultaneously was not 
determined. However, after alkaline saponification of the diazomethyl ketone 
and subsequent treatment with hydrogen chloride, norcholyl chloromethyl 
ketone is formed. 

Khen the benzoxy ketone, XIII, was subjected to the usual Reformatzky re- 
action with ethyl bromoacetate, the desired lactone was obviously formed as 
shown by the strong nitroprusside (Legal) color test given by the reaction 
product. However, despite the use of a variety of schemes, it was not possible 
to isolate the hydroxy lactone in crystalline form. 
P-Sorcholanyl-Aa~@-butenolide showed no activity in frogs when tested a t  

the Lilly Research Laboratories through the kind cooperation of Dr. K. K. Chen. 

EXPERIMENTAL 

All melting points are corrected for stem exposure. 
C'holanic acid chloride was prepared from 3.5 g. of cholanic acid and 10 cc. of thionyl 

chloride. The mixture was allowed to  stand 2 hrs. at Oo, and 2 hrs. at room temperature 
The excess reagent was removed as usual with benzene, leaving dark crystals which were 
not purified. 

Norcholanyl diazomethyl ketone (11) was prepared by adding dropwise a benzene solution 
of the acid chloride to  a 3 molar excess of ethereal diazomethane a t  -5'. After standing 
for 12 hrs. the solvent was removed, leaving an amorphous residue. 

Norcholanyl chloromethyl ketone (111) was prepared by passing dry hydrogen chloride 
into a n  ethereal solution of the diazomethyl ketone, cooled at 0", until nitrogen was no 
longer evolved. On removal of the solvent a yellow solid separated, which was recrystal- 
lized first from petroleum ether (b.p. 60-71", Skellysolve B) and then from alcohol. The 
chloromethyl ketone remained quite yellow even on liberal treatment with Norit. The 
yield from cholanic acid was 61% and the melting point was 109-110'. [a]: 24" [c = 1.019 
in chloroform]. 

This acid chloride has also been prepared by Borsche (8). 

A n a l .  Calc'd for C&*1ClO: C, 76.4; H, 10.5. 
Found: C, 76.6; H, 10.5. 

Norcholanyl acetosymethyl ketone ( IV) .  A solution of 2.2 g. of the chloromethyl ketone 
and 3 g. of dry potassium acetate in 30 cc. of acetic acid was re9uxed for 8 hrs. On removal 
of the solvent in a vacuum and subsequent addition of water, crystals separated, which were 
recrystallized from a small amount of alcohol. The yield of acetoxy ketone was SlCY, from 
the chloro ketone, and the melting point after very thorough drying was 81.5-82.5'. [a]: 
22" [ c  = 2.074 in chloroform]. 

Anal .  Calc'd for Cs,HarOs: C, 77.7; H, 10.6. 
Found: C, 77.8; H, 10.7. 

[3-(Norcholanyl)-Aa#@-butenolide ( V ) .  The usual Reformatzky procedure was followed, 
using 1.6 g. of acetoxymethyl ketone, 16 cc. of dry benzene, 2.4 g. of zinc, and 3.2 g. of ethyl 
bromoacetate. The mixture was refluxed 40 minutes and then 1 cc. of absolute alcohol was 
added and refluxing was continued for 1 hour longer. At this point 20 cc. more of absolute 
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alcohol was introduced, and the zinc was filtered off. The product was worked up as usual, 
except in this case i t  was not possible to  remove the acidic by-products, always present in 
the Reformatzky reaction, since the ether solution formed bad emulsions with bicarbonate. 
The color was completely removed by passing the benzene solution of the reaction product 
through a column of 10 g. of aluminum oxide and eluting thoroughly with acetone. The 
residue from the combined eluates yielded 460 mg. of crude lactone and hydroxy lactone 
crystals. This was treated with a mixture of 5 cc. of acetic acid and 5 cc. of acetic acid 
saturated with hydrogen bromide, for 1.5 hrs. a t  135-140'. The yield of lactone after re- 
crystallization from alcohol was '155 mg. [CY]; 21" [c = 0.760 in 
chloroform 1. 

It melted a t  162-163'. 

Anal Calc'd for C2,H4202: C, 81.3; H ,  10.6. 
Found: C, 81.0; H, 10.6. 

/3-CycZohexyZ-/3-acetoxybutyrolactona (VI I I )  was prepared by refluxing a mixture of 200 
mg. of 8-cyclohexyl-8-hydroxybutyrolactone and 5 cc. of acetic anhydride for 8 hrs. The 
product was worked up to  give a solid, which crystallized from petroleum ether (Skellysolve 
B) and melted a t  93-95'. When mixed with 0-cyclohexyl-p-hydroxybutyrolactone i t  melted 
at 74-90". 

Anal .  Calc'd for C12H1804: C, 63.7; H, 8.0. 
Found: C, 63.9; H,  8.2. 

The acetoxy lactone gave as strong a Legal test as the unsaturated lactone. 

This compound sublimed easily a t  170" and 50 mm. However, when heated a t  atmos- 
pheric pressure a t  200°, acetic acid was lost and a n  oil was obtained which was identical 
with the previously described p-cyclohexyl-AnJ-butenolide (9). 

Reaction of acetic anhydride with the crude Rejormatzky reaction mixture f r o m  norcholanyl 
acetozymethyl ketone. The Reformatzky product made from 0.405 g. of ketone was mostly 
decolorized by passing through 2 g. of aluminum oxide in a column and eluting with large 
amounts of acetone. The resulting light yellow oil was refluxed with 10 cc. of acetic anhy- 
dride for 6 hrs. and worked up to  give an oil which sublimed a t  190-210" a t  0.5 mm. The 
solid sublimate, after repented crystallization from alcohol yielded 0.063 g. of a compound 
which melted a t  161-162" and showed no depression when mixed with p-(norcholany1)- 
aas@-butenolide previously described. 

Methyl triacetylcholate ( X )  was prepared according to  Wieland and Kapitel (6) by treat- 
ing methyl cholate with pyridine and acetic anhydride. A yield of 67% of a product R-hich 
melted a t  89-91' and showed [CY]: 77" [c = 0.996 in methanol] was obtained. Wieland re- 
ports the melting point to  be 94' and [CY]; 78". 

7,12-DiacetyZcholzc acid ( X I )  was prepared from the above methyl triacetylcholate by 
partial saponification as suggested by Weland and Kapitel (6). One gram of the methyl 
ester (0.00182 mole) was dissolved in 20.0 cc. of 0.451 N alcoholic potassium hydroxide and 
allowed to  stand a t  26" for 1.25 hrs. Back titration required 52.2 cc. of 0.1028 L?; sulfuric 
acid. The calculated amount for saponification of two groups is 52.4 cc. The bulk of the 
alcohol was evaporated in a vacuum and the acidified solution was extracted with ether. 
The acidic components were removed by extraction with bicarbonate, and on reacidification 
crystals of 7,12-diacetylcholic acid separated. The acid formed white prisms from ethyl 
acetate, and melted sharply a t  204-204 5'. [CY]: 71" [c = 1.79 in methanol]. 

Anal. Calc'd for CgsHaaO,: C, 68.3; H,  9.0. 
Found: C, 68.6; H,  9.2. 

Triacetylcholic acid ( X I I )  was made from 1.5 g .  of 7,12-diacetylcholic acid, 18 cc. of 
acetic anhydride, and 22 cc. of pyridine according to  the method of Reichstein (10). The 
mixture was allowed to  stand a t  room temperature for 48 hrs., then was warmed 30 minutes 
on the steam-bath. After the addition of 6 cc. of water the mixture was heated for two 
hours and then evaporated in a vacuum. The ether solution of the residue was extracted 
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with ice-cold sodium carbonate solution. Acidification of the extract gave a light yellow 
oil which could not be crystallized. For characterization, a portion of this was treated with 
ethereal diazomethane. The resulting oil crystallized on seeding with methyl triacetyl- 
cholate and gave no depression of melting point when mixed with this compound. 

In another experiment 0.5 g. of 7,12-diacetylcholic acid was acetylated with 0.3 g. of 
acetyl chloride and 5 cc. of acetic acid, but this method gave no crystalline product. 

When cholic acid was brought into reaction with ketene in acetone to which a small drop 
of conc'd. sulfuric acid had been added, and the mixed anhydride thus formed was decom- 
posed with warm water, only non-crystalline products were obtained. 

A mixture of 0.026 mole of amorphous triacetylcholic acid 
and 19 cc. of pure thionyl chloride was allowed to  stand for 12 hrs. a t  0". On working up, 
a light colored oil was obtained, which was used without further purification. 

Triacetylnorcholyl diazomethyl ketone was prepared as in previous cases by adding the 
benzene solution of the acid chloride to ethereal diazomethane. This product did not 
crystsllize. 

Trbacetylnorcholyl chloromethyl ketone was prepared from the above non-crystalline mate- 
rial with dry hydrogen chloride as in the case of norcholanyl chloromethyl ketone. It did 
not crystallize even with repeated chromatographing. Triacetylnorcholyl acetozymethyl 
ketone was likewise prepared by warming the diazomethyl ketone with acetic acid. It also 
did not crystallize with chromatographing. 

Trzacetylnorcholyl benzoxymethyl ketone ( X I I I )  was prepared by refluxing the oily chloro- 
methyl ketone in aqueous alcohol with excess sodium benzoate for 7.5 hrs. After dilution, 
the mixture was extracted with ether. Evaporation of the ether extrzcts left a dark oil. 
When this oil was repeatedly extracted with hot ligroin, b.p. 77-116" (Skellysolve D), most 
of the color remained undissolved. On cooling the extracts, both crystals and oil came out. 
The crystals were purified from alcohol, and melted a t  178-180.5'. By re-treating the oily 
residdes with sodium benzoate and reacetylating 1.8 g. more ketone could be obtained 
giving an over-all yield of 26.5% based on the 7,12-diacetylcholic acid. It was later found 
that  if the chloro ketone was first purified by chromatographing, i t  was much easier t o  get 
the pure bmzoxy ketone, and the yield was just as good. This method gave a pure white 
product, melting a t  178-180.5". 

Triacetylcholzc acid chloride. 

[a]: 63" [c = 0.646 in chloroform]. 

Anal. Calc'd for C ~ S H S ~ O ~ :  C, 69.9; H, 8.0. 
Found: C, 69.8; H, 8.1. 

Reaction of triacetylnorcholyl benzoxymethyl ketone wi th  ethyl bromoacetate and zinc. 
This reaction was carried out in just the same manner as with norcholanyl acetoxymethyl 
ketone. The zinc complex was very insoluble in benzene and i t  was necessary to  use a very 
large excess of zinc, and also to  work up as previously described with the aid of absolute 
alcohol. In  this instance it was very easy to  extract most of the color with bicarbonate. 
Although the product of the reaction gave a strong Legal test, we have been unable to  
bring i t  to crystallization. Chromatographing, both before and after reacetylation of any 
hydroxyl groups which might have been uncovered during the reaction was unsuccessful in 
this respect. 

Finally the crude lactone was saponified under conditions which would lead to  the un- 
saturated hydroxy acid from the side chain (11). I t  was hoped thereby to  dencetylate com- 
pletely the substance and thus obtain the trihydroxy lactone. However, after relactoniza- 
tion. the substance could not be crystallized, although it still gave a strong Legal test. 

Finally, 3.7-diacetylcholic acid, prepared according to  Borsche (4),  was used for the lac- 
tone eynthesis in the hope that the C-12 hydroxyl group would be sufficiently unreactive to  
withstand the reactions involved. However, when this substance was brought into reaction 
n-ith thionyl chloride, only black tars were formed. 

Exactly one equivalent of an ethereal 
solution of diazomethane was added gradually to  a benzene-ether solution of triformyl- 
cholyl chloride prepared according to  Cortese and Bauman (7) a t  0". It was hoped thereby 

Actaon of dzazomethane o n  triformylcholyl chloride. 
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to  avoid methylation of the formyl groups. When the diazomethane had all reacted, dry 
hydrogen chloride was passed into the solution to form the chloro ketone. A white amor- 
phous product was obtained which could not be crystallized. 

In  another experiment triformylcholyl chloride was treated with 6 moles of diazomethane 
in the expectation of methylating all of the formyl groups. Since the diazo ketone was 
amorphous, it  was hydrolyzed with methyl alcoholic potassium hydroxide cold for 6 hrs. 
(12). Chloroform extracted from this 
dark reaction mixture a small amount of crude crystals which behaved like a hydrate. This 
product mas treated in the usual way with dry hydrogen chloride and gave a brown powder, 
which was chromatographed in acetone solution over ten times its weight of aluminum 
oxide. The effluent solution yielded crystals, which melted a t  191.5-192.5" after recrystal- 
lization from acetone and petroleum ether. The analysis corresponded to  norcholyl chloro- 
methyl  ketone 

Water was added and the methanol evaporated. 

[CY]; 39" [c = 0.712 in methanol]. 

Anal. Cal'd for C?EHalC104: C 68.1; H, 9.4. 
Found: C, 68.0; H, 9.5. 

The microanalyses here reported were carried out by Mr. Saul Gottlieb of these labora- 
tories. 

XEW YORK, N. Y. 
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In  preceding communications (1,  2) the results of a preliminary investigation 
of the constituents of Big Bend loco weed (Astragalus earlei) have been reported. 
We have commenced a similar study of another variety of loco weed, Astra- 
galus wootoni, which is reported to  be especially toxic to sheep. From the latter 
weed, pinite, betaine, choline, and trigonelline have been isolated. The active 
constituent or constituents have not been obtained as yet and work on the 
Wooton loco weed is being held temporarily in abeyance pending further ex- 
perience with the more easily obtainable Big Bend loco weed. 

The dried powder of the whole Wooton loco plant was extracted with seventy 
per cent alcohol and the extract was freed from large amounts of inert substances 
by precipitation with basic lead acetate exactly as was done with Big Bend 
loco (2). The concentrate from this treatment was then extracted with ab- 
solute alcohol, in which the active material was soluble. From the alcohol 
extract d-pinite crystallized, although the amount of this sugar present was 
much less than had been obtained from Big Bend loco weed. 

After removal of the pinite, the fraction extracted by absolute alcohol was 
precipitated with phosphotungstic acid. At this point a further difference from 
the Big Bend weed was noted. Whereas in the latter, practically all of the 
activity is found in the phosphotungstic acid filtrate, in the present case about 
half of the activity is precipitated. After decomposition of the phosphotungstic 
acid precipitate, crystallization of any bases present as salts was still difficult. 
The solution of the bases was, therefore, freed of additional amounts of ex- 
traneous material by use of silver oxide according to the method of Kiesel (3). 
The bases obtained after such purification were readily brought to crystalline 
form. Trigonelline crystallized directly as the half-picrate from alcoholic pic- 
ric acid, and choline and betaine were obtained from the mother liquors of the 
trigonelline picrate by chromatographic adsorption of the picrates on alumina. 

We have also made a few general observations on the nature of the poison of 
Wooton loco weed. The activity is not destroyed by boiling with four per cent 
sulfuric acid, and such treatment does not indicate the occurrence of the poison 
as an acid-hydrolyzable substance. The poison does not have a large molecular 
weight since it readily diffuses through a Visking membrane. The poison ap- 
parently is not absorbed on alumina. Furthermore, the weed contains less 
than one part per million of selenium by the method of Williams and Lakin (4). 

I T e  have used cats in following the course of the activity of the various frac- 
tions. In  general there is no appreciable difference in the symptoms caused by 
Wooton loco weed and those caused by Big Bend loco weed. A fuller report of 
this aspect of the work will appear separately. 

389 
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We wish to acknowledge the kindness and cooperation of Dr. ,4. L. Hershey, 
of the New Mexico State College of Agriculture, in securing the weed with which 
this investigation was carried out. We also wish to  express our appreciation to  
S. B. Penick and Company, of New York City, who kindly carried out the first 
extraction of the weed. 

EXPERIMENTAL 

All melting points are corrected for stem exposure. 
The finely ground whole weed was exhaustively percolated with 70% alcohol and the 

alcoholic extract thus obtained was evaporated under reduced pressure to  a syrup. Sf ter  
dissolving the syrup in water, the solution was precipitated with basic lead acetate, and the 
filtrate from the lead precipitate was freed from lead by means of hydrogen sulfide. The 
filtrate from the lead sulfide precipitate was then concentrated under reduced pressure and 
the resulting syrup was dried by azeotropic distillation with benzene. The carefully dried 
syrup was then exhaustively extracted with boiling absolute alcohol, a procedure which was 
shown by cat assays to  extract all the active principles. 

The absolute alcoholic extract after long refrigeration deposited a small amount of crys- 
talline material which was shown to be d-pinite contaminated with potassium chloride, i n  
which the weed appears to be quite rich. After repeated extraction of the material with 
absolute alcohol and recrystallization of the soluble portion from 95% alcohol, a very small 
amount of d-pinite was obtained which melted a t  182-184' and showed no depression in 
melting point when mixed with a known sample of d-pinite which melted a t  182-183"; 
[a]: 62.5" f 2" [c = 0.630 in water]. The reported value for d-pinite is 65" (2,5) .  

After replacement of the alcohol in the extract obtained above by mater, the aqueous 
solution was precipitated with phosphotungstic acid. About half of the original activity 
of the weed was found in the solution obtained by decomposition of the phosphotungstic 
acid precipitate as usual with barium hydroxide. The remainder of the activity was not 
precipitated and the filtrate from the phosphotungstic precipitate has not been investigated 
as yet. 

Isolation of trigonelline, choline, and betaine. An aqueous solution of the bases pre- 
cipitated by phosphotungstic acid from 15.4 kg. of dried weed was evaporated to dryness 
under reduced pressure and the residue was taken up in 125 cc. of absolute alcohol, in which 
i t  was completely soluble. On the addition of 25 cc. of ether, a dark oil separated, from 
which the clear red supernatant liquor was removed by decantation after refrigeration. 
At this point no crystalline precipitate could be obtained from the material in the super- 
natant liquor by precipitation of test portions with either picric acid or mercuric chloride 
in either alcoholic or aqueous solution. 

The solvent in the above alcoholic-ether solution was replaced by water and the aqueous 
solution was made acid to  Congo red with sulfuric acid. Then, following the procedure of 
Kiesel (3), 10 g. of silver oxide was stirred into the solution, which was always kept acid to  
Congo red during the addition. For this purpose about 25 cc. of N sulfuric acid was re- 
quired. After stirring the solution for 30 min.. a saturated solution of barium hydroxide 
was added with vigorous agitation until the mixture was strongly basic. The barium 
and sulfate ions were then balanced out 2nd the precipitate WRS filtered and thoroughly 
washed. 

The clear filtrate thus obtained was concentrated to  dryness under reduced pressure and 
the residue was taken up in 95% alcohol. A saturated alcoholic solution of picric acid was 
added until the solution was just neutral t o  bromphenol blue. The solution was warmed t o  
50-60" and refrigerated overnight, during which circular clusters of needles separated which, 
when added to  a second crop obtained by concentrating the mother liquor, amounted to 0.58 
g. The picrate thus obtained melted a t  238.5-240' and a mixture of i t  with choline picrate 
melted a t  202-208". Analyses corresponded to  the half -picrate of trigonelline. 

Anal. Calc'd for (C,H,N02)2.CaH,N,0,: C, 47.7; H, 3.4; N, 13.9 
Found: C, 47.8; H, 3.9; N ,  13.9. 
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The identity of the base as trigonelline was confirmed by the preparation of the hydro- 

-4nal. 

The chloraurate, after recrystallization from water containing excess gold chloride and 

A n a l .  

On iecrystallization three times from water the above normal chloraurate changed to  the 
basic chloraurate which melted a t  186-187'. 

The normal pzcrate was obtained by recrystallizing the half-picrate obtained as above 
from alcoholic picric acid solution. The picrate thus obtained was mole soluble than the 
half-picrate and melted a t  198-200'. 

chloride which melted a t  243-2445' with darkening and decomposition. 

Calc'd for C7H7NOz.HCl: C, 48.4; H, 4.6; C1, 20.5. 
Found: C, 48.2; H, 4.7; C1, 21.0. 

hydrochloric acid, melted a t  197-197.5'. 

Calc'd for C7HiN02.AuCla.HCl: C, 17.6; H, 1.7; Au, 41.3. 
Found: C, 18.0; H, 1.9; Au, 41.0. 

A n a l .  

Trigonelline hydrochloride, normal chloraurate, basic chloraurate, and normal picrate 
are reported as melting respectively a t  245-250" with decomposition, 197-198", 185-186", and 
197-199', uncorr., or 201-203" corr. (6). 

After no more trigonelline picrate could be obtained from the mother liquors of the above, 
benzene was added to  the solution until a saturated solution of the picrates still present was 
formed. This benzene-alcohol solution was then chromatographed over a column of 11 g. 
of Merck's aluminum oxide (Brockmann). The effluent solution yielded fine needles which, 
after recrystallization from alcohol, melted a t  245-346 5" 3:id showed no depression of 
mel tng p0ir.t when mixed with choline picrate. 

The aluminum oxide was eluted Rith difficulty with hot alcohol and the eluate yielded a 
mixture of picrates. Therefore it was passed again through a new column. From the 
effiumt solution, an additional amount of choline picrate was obtained. Elution of the 
aluminum oxide yielded a picrate which melted a t  243 5-244" but which showed w marked 
depression in melting point when mixed with both trigonelline picrate and choline picrate. 
The melting point of the picrate was quite variable. After many recrystallizations from 
alcohol, i t  melted at 181-183" and gave no depression in melting point when mixed with 
betaznc picrate. 

Calc'd for C7H7N02.C6H3N307: C, 42.6; H, 2.7. 
Found: C, 42.7; H ,  2.7. 

A n a l .  

The hydrochlorzde was prepared from the above picrate and melted a t  240-242" with de- 
composition after recrystallization from aqueous alcohol. Betaine hydrochloride is re- 
ported as melting a t  248" with decomposition (7) 

Calc'd for CsH11NOn.C~H3N307: C, 38.2; H, 4.1. 
Found: C, 38.5; H, 4.1. 

A n a l .  Calc'd for C~H1lIL'Oz+HCl: C, 39.1; H, 7.9. 
Found: C, 39 3; H ,  7.7. 

The microanalyses here reported were carried out by Mr. Saul Gottlieb of these labora- 

NEW YORK. N. Y. 
toriw . 
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The influence of alkyl groups introduced into the aryl residues on the dissocia- 
tion of substituted hexaphenylethanes has been shown to be dependent on the 
size, position, and number of these groups (1). The effect is most marked when 
the group is in the ortho position and this has been interpreted as steric. The 
weight of the group and the symmetry of the radical are important when the 
group is in either the meta or para position. The present study of halogen 
derivatives of hexaphenylethanes was undertaken to see whether the halogen 
atoms would show effects different from those of alkyl groups. 

The compounds most suitable structurally for comparison with the correspond- 
ing alkyl substituted hexaphenylethanes which have been studied would be the 
hexa-p-halophenylethanes. However, Gomberg and Cone (2) have shown that 
treatment of a tri-p-halophenylmethyl chloride (I) with silver results in removal 

I 

of the halogen from the ring a t  almost the same speed as the removal of the 
chlorine. On the other hand, it has been found possible (2, 3) to obtain with 
ease dihalohexaphenylethanes of known structure, and these compounds are 
stable enough for determination of their dissociation by the magnetic suscepti- 
bility method used in this Laboratory (4). Radicals with para halogen sub- 
stituents were rather unstable, whereas the radicals with ortho and meta halogen 
substituents were relatively long-lived. Thus, di-m-bromophenyltetraphenyl- 
ethane showed no change in magnetic susceptibility over a seven-day period. 

The dihalogenated hexaphenylethanes whose magnetic susceptibilities were 
determined together with the degree of dissociation of 0.1 M solutions in benzene 
are given in Table I. 

All of the ethanes in Table I have been described in the literature, but with 
one exception, no mention has been made of the degree to which these ethanes 
are dissociated. Bowden and Watkins ( 5 )  have estimated by molecular weight 
methods that di-p-fluorophenyltetraphenylethane is dissociated to the ext.ent of 
20 +2’% in 0.041 M solution in benzene a t  the freezing point of the solution. 
This high observed value in their experiments may be due in part to some dis- 
proportionation of the radical. 

Our results indicate that the influence of a halogen atom in the ring is very 
much like that of an alkyl group. In the ortho position the weight of the halogen 
atom is important. The influence of an ortho halogen atom is greater than that 

1 For the twelfth communication in this series see J. Am. Chem. SOC.,  in press. 
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Para 

3 . 5  f l  
5 . 0  f 1  
5 .0  f l  
6.0 f l  

of the same halogen atom in either the meta or para position. A meta halogen 
atom has a greater influence than a para halogen atom. All ethanes containing 
para halogen substituents dissociate to a greater extent than does hexaphenyl- 
ethane but there is little difference between the individual halogen derivatives. 
The monoalkyl derivatives show this same behavior (1). 

The effect of radical symmetry is shown by the 7.0 &l% dissociation of tetra- 
p-bromophenyldiphenylethane in 0.1 M solution in benzene as compared to 
5.0 &ly0 for the di-p-bromo compound. An attempt was made to study 
a hexahalotriaryl derivative in tetra-p-bromophenyldi-p-chlorophenylethane. 
This showed a 2.5% dissociation of a 0.1 M solution in benzene. It is not cer- 
tain, however, that this ethane is the simple one obtained by the first coupling 
reaction. Hexa-m-substituted products are needed to make it possible to clear 
up some of these points. 

Meta Ortho 

7 . 5  fl 
6 .5  f l  12.0 4x1 
7 . 0  f l  17.0 f l  

TABLE r 
DISSOCIATION OF DIHALOGENATED HEXAPHENPLETHANES 

EALOGEN 

Fluorine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chlorine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bromine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Iodine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EXPERIMENTAL 

Monohalogenated triphenylcarbinols. The carbinols were made from the proper halo- 
benzoic ester and phenylmagnesium bromide. I n  each case the Grignard reagent was 
prepared in ether and then the ether distilled off and replaced by thiophene-free benzene. 
The ester was then added to  the benzene solution of the Grignard reagent and the mixture 
stirred and refluxed for four hours. The carbinols were purified by steam distillation of 
the reaction mixtures, followed by crystallization of the solid carbinols from petroleum 
ether. In  some cases this solution had t o  be treated with "Darco" in order to  get a crys- 
talline product. Only two new carbinols were prepared. 

nL-Chlorophenyldiphenylcarbinol melted a t  53-55'. 

AnaE. Calc'd for Cl9HI5C10: C, 77.4; H, 5.09. 

p-Iodophenyldiphenylcarbinol melted at 73-74'. 

Anal. 

Found: C, 77.7; H ,  5.37. 

Calc'd for C19H1510: C, 59.1; H, 3.90. 
Found: C, 59.6; H, 4.22. 

Di- and tri-halogenated triphenylcarbinols. Di-p-bromophenyl-p-chlorophenylcarbinol 
was obtained from 85 g. of p, p'-dibromobeneophenone and p-chlorophenylmagnesium 
bromide made from 72 g. of p-bromochlorobenzene. The carbinol was difficult to  purify 
and the yields were low. After six recrystallizations from petroleum ether this carbinol 
melted at 115-116". 

Anal. 
Found: C, 50.9; H, 3.10. 

Calc'd for C18H18Br&10: C, 50.4; H, 2.87. 
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Phenyl-di-p-bromophenylcarbinol was obtained from phenylmagnesium bromide and 
p,p'-dibromobenzophenone. Our product melted a t  123-1B' whereas the literature has 
reported the melting point a t  113.5' (6). 

Halogen substituted triphenyEohZoromethanes. These were all made from the carbinols 
and acetyl chloride (7). All have been previously reported except m-chlorophenyldiphenyl- 
chloromethane, m.p. 55-57'. 

Anal. Calc'd for CleHlaC12: Active chlorine, 11.33. 
Found: Active chlorine, 11.12. 

As a matter of record i t  may be stated that  the halogen substituted triphenylchloro- 
methanes used in  this work had melting points very close t o  those previously recorded in  
the literature. Melting points are recorded in Table I1 only as a record of the purity of 
our compounds. 

TABLE I1 
MELTING POINTS OF CERTAIN TRIPHENYLCHLOROMETHANES 

TBIPHENYLCHLOBO?KETHANE 

p-fluoro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

m-chloro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  

p-bromo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

di-p-bromo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  

di-p-bromo-p-chloro. . . . . . . . . . .  

F O T D  
Y.P., c. 

109-110 
91-92 

133-134 
5b57 
87-88 

118-119 
67-68 

113-114 
126-1 27 
101-102 
134-135 

LITb 
M.P. ,  c. 

110-111 (8) 

136 (9) 
91-92 (5) 

90 (10) 
116-118 (11) 
67 (12) 

114 (13) 
125 (13) 

135 (14) 
100 (2) 

~~ ~ 

TABLE I11 
DISSOCIATION OF HALOGEN SUBSTITUTED HEXAPHENYLETHANES FOR 0.1 :M BENZENE 

SOLUTIONS AT 25 

HEXAPHENYLETHANE 

di-o-fluoro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
di-p-fluoro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
di-o-chloro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
di-m-chloro. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
di-p-chloro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
di -0-bromo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

di-p-bromo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

tetra-p-bromo . . . . . . . . . . . . . . . . . . . . . . . . . . .  
tetra-p-bromo-di-p-chloro 

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

Magnetic susceptibility measurements. 

XBOl  x 1rP 

0.6844 
.6950 
,6715 
,6848 
,6896 
.6521 
.6793 
,6850 
,6775 
,6741 
.6851 

%ETHANE ~ a, 7% 
I 

5.9 
5.9 
6.26 
6.26 
6.26 
7.25 
7.25 
7.25 
8.20 
8.92 
9.60 

7 .5  &1 
3 .5  f l  

12.0 f l  
6.5 f l  
5.0 f l  

17.0 f l  
7.0 f l  
5.0 f l  
6.0 i l  
7 .5  &1 
2.5 &1 

The analytically pure triarylchloromethanes . .  

were dissolved in  dry benzene and shaken with silver in the apparatus previously 
described (4). I n  separate experiments the time of shaking was varied from fifteen minutes 
t o  two hours. The resulting solutions were filtered from the silver, and the residual silver 
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was then washed by distilling small amounts of benzene back into this part of the 
apparatus. The solutions thus prepared n-ere measured immediately and remeasured a t  
various time intervals. From these results i t  was concluded that, in  agreement with 
previous reports, the preparation of the radical is essentially quantitative in  less than 
thirty minutes. Subsequent disproportionation of the free radical solutions was slow but 
was appreciable in twenty-four hours, as shown by change in  the magnetic susceptibility 
of the solutions. The p-iodo substituted free radical was the least stable. The 0-  and m- 
halogen substituted free radicals were most stable. 411 measurements were made in 0.1 

solution. These measurements and the calculated dissociations of the ethanes are 
collected in Table 111. 

Characterzzation of new ethanes. All of the ethanes were characterized by conversion 
to  the corresponding peroxide by air oxidation. The ethanes which did not dispropor- 
tionate gave SO-SO% yields of pure crystalline peroxide after the magnetic susceptibility 
measurements were completed. 

Four new peroxides were characterized: o-Fluorophenyldiphenylmethyl peroxide after 
crystallization from benzene and alcohol melted a t  155-156". 

Calc'd for C38H28F202: C, 82.31; H, 5.05 
Found: C, 82.18; H, 5.28. 

Anal. 

m-Chlorophenyldiphenylmethyl peroxide after crystallization from benzene and alco- 
hol melted a t  159-160". 

Anal. Calc'd for CS8H28C1202: C, 77.69; H, 4.77. 
Found: C, 77.67; H ,  3.78. 

o-Bromophenyldiphenylmethyl peroxide was crystallized by dissolving in  benzene, at 
It seemed to  room temperature, adding alcohol, and slowly evaporating the cold solution. 

decompose in hot solution. I t  melted a t  145-146". 

Anal. Calc'd for C38H2sBrzO2: C, 66.47; H, 4.08. 
Found: C, 67.65; H, 4.77. 

p-Chlorophenyldi-p-bromophenylmethyl peroxide after recrystallization from acetone 
melted a t  194-195". 

i lnal .  Calc'd for C38HzrC12Brr02: C, 50.50; H, 2.65. 
Found: C, 50.36; H, 2.66. 

SUMMARY 

Yine dihalohexaphenylethanes have been prepared and their degrees of dis- 
sociation measured by the magnetic susceptibility method. Ortho halogen 
atoms are more effective in producing dissociation than are meta, and meta are 
more effective than para. In  the ortho position the bromine atom is more 
effective in producing dissociation than is a chlorine atom and this is more effec- 
tive than a fluorine atom. In general, halogen substituents in hexaphenylethane 
seem to have about the same influence on dissociation as do alkyl substituents. 

URBAI~A, ILL. 
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A number of essential oils of the genus Cupressus have already been examined, 
including C. sempervirens, C. sempervirens pyramidalis, C. aromatica, C. Go- 
weniam, C. funebris (l) ,  C. torulosa (2), C. lusitanica (3). Cupresms macro- 
carpa, Hartweg (syn. C. Lambertiana, Carr.) or Monterey cypress has probably 
the most restricted range of any conifer, growing naturally only a t  Monterey 
and on the island of Guadaloupe, while a t  Monterey the main grove occupies 
an area only 2 miles long and 200 yards wide. It has been introduced into 
many parts of the world, including New Zealand, where it is grown extensively. 
The essential oil has not been previously examined in detail, Schimmel and 
Co. (4) reporting the physical constants, dla 0.8656, [4, +31.35", chemical 
constants, acid value 1.5, ester value 13.9, ester value after acetylation 50.82, 
and it was suggested without chemical confirmation that the oil contained 
citronellal and p-cymene. 

A complete examination of the essential oil has now been made, ten different 
constituents being isolated with certainty, including two new compounds, a 
sesquiterpene alcohol and a diterpene, while a t  least five other unidentified 
constituents are also present. The winter oil, obtained in 0.20% yield from the 
leaves and terminal branchlets, is yellow in color and has the following constants: 

+11.31", acid number 1.0, saponification number 
1.4, saponification number after acetylation 33.7. Phenols are absent, and the 
combined aldehyde and ketone content is less than 0.301$. 

When an attempt was made to fractionate the oil a t  atmospheric pressure, 
decomposition occurred with apparent liberation of water, so that nearly all the 
fractionations were carried out at 10 mm. A typical preliminary distillation 
gave the fractions listed in Table I. 

The fractions boiling below 65'/10 mm. were then systematically fractionated, 
twice a t  10 mm. and finally a t  atmospheric pressure, the fractionation being 
controlled by the boiling point, as well as by the refractive index, density, and 
rotation, graphs being drawn of these four constants as the fractionation pro- 
ceeded. 

After the fourth fractionation it was apparent that some obvious mixtures 
were not being separated further, and separation and identification was then 
carried out by chemical means. The fractions boiling above 65"/10 mm. were 
also repeatedly fractionated at  10 mm., the solid separating in the higher-boiling 
fractions being filtered off before refractionation. In all cases where the molec- 
ular refraction indicated a hydrocarbon unmixed with any appreciable quantity 
of oxygenated compounds, the final distillations were carried out in the presence 
of sodium. 

No attempt has been made to identify the constituents in each fraction but 
only those have been examined which a consideration of their physical properties 

397 

0.8607, nE5 1.4718, 
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1.4640 
1.4672 
1.4712 
1.4757 
1.4770 

showed to be reasonably homogeneous, or in some cases mixtures of constituents 
practically impossible to separate by fractionation. The numbers of the fol- 
lowing fractions refer to those in Table 11. 

0.8473 +1.34 
,8431 +15.9 
.8373 +17.0 
.8459 f4.35 
.9228 f17.7 

FRACTION 

[Ql; 
____- 
-19.64 
-14.57 
-7.29 
-5.15 
$4.54 

4-19.41 
4-30.02 
f36.46 
4-35.96 
f30.03 
f19.68 
4-16.33 
f10.02 
f8.34 
f4.68 
f1.41 
$0.62 
+0.26 

FPACTIOP 

___ 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

I 
d 4  

0.8461 
0.8484 

0.8457 
0.8420 
0.8366 
0.8373 
0.8360 
0.8332 
0.8352 
0.8381 

0.8439 

0.8513 

< 45 
45-50 
50-55 
55-65 
65-90 

Residue 
Loss 

B.P., "c KM. 

152-154 757 
154-155.5 757 
155.5 757 

155.5-156 743 
156-157 743 

157.5-163 743 
163-164 743 

164 743 
164-167 749 

167 749 
167-170 749 
170-174 754 

157-157.5 743 

174-176 754 
176-177 754 
55-57 10 

58 10 
58 10 

Residue 

TABLE I 
ractionation of Cupressus Oil 

pb 
n:: 1 

I I 
I I 

TABLE I1 

1s 
n D  

1.4612-1.4622 
1.4622-1.4623 
1.4623-1.4630 
1.4630-1.4639 
1.4639-1.4640 
1.4640-1.4651 
1.4651-1.4675 
1.4675-1.4680 
1.4680-1.4688 
1.4688-1.4720 
1.4720-1.4722 
1.4722-1.4735 
1.4735-1.4748 

1.4755-1.4761 
1.4748-1.4755 

1.4761-1.4768 
1.4768-1.4778 
1 ,4778-1 ,4808 
Red gummy 

mass 

VEIGHT, 0 

25.5 

49.1 
41.4 
45.2 
24.4 
29.7 
37.4 
13.3 
35.9 
11.3 
22.2 
29.9 
13.2 
55.5 
37.6 
15.2 
13.9 

113 

% 

31.6 
19.5 
8.0 

17.4 
10.7 
9 . 1  
3.7 

100.0 
- 

PPACIION, 
% 

4.15 
18.4 
7.9 
6.75 
7.36 
3.98 
4.85 
6.10 
2.16 
5.85 
1.84 
3.54 
4.87 
2.16 
9.06 
6.10 
2.48 
2.26 

CUMULA- 
TIVE, % 

4.15 
22.6 
30.5 
37.3 
44.7 
48.6 
53.5 
59.4 
61.8 
67.5 
69.4 
73.0 
77.9 
80.0 
89.0 
95.1 
97.5 

100 

The larger fraction 2 consisted mainly of a mixture of dl- and I-a-pinene, since 
it yielded the inactive nitrosochloride and dl-pinonic acid on oxidation with 
permanganate. 

The constants of fraction 8 suggested the presence of sabinene, confirmed by 
oxidation with alkaline permanganate to the insoluble sodium sabinenate and 
hence to the free acid. Ozonization yielded sabina ketone, which was converted 
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to an apparent mixture of isomeric dinitrophenylhydrazones, which could not, 
however, be conveniently separated into the pure optical isomerides. No trace 
of @-pinene could be detected in this or other fractions. 

A minimum in the density curve indicated the presence of some acyclic ter- 
pene in fraction 10. Treatment with maleic anhydride furnished a mixture of 
adducts of myrcene and a-terpinene, separated by crystallization of their related 
potassium salts and the corresponding acids. The presence of a-terpinene in 
this case, is due probably to isomerization of sabinene under the conditions of 
the experiment, since there was no other evidence for its occurrence. 

Treatment of fraction 15 with hydrogen chloride in glacial acetic acid furnished 
terpinene dihydrochloride, which might be derived from a number of terpenes, 
including the terpinenes, sabinene, thujene, and possibly the phellandrenes. 
The presence of a-phellandrene was confirmed by the preparation of the nitrosite 
(yield < 1%) while the same fraction furnished the nitrosochloride (yield < 5%) 
and the related nitrolpiperidide of y-terpinene. p-Cymene was shown to be 
definitely absent, since the fraction was completely oxidized with very dilute 
permanganate. From the small yield of derivatives from this fraction it would 
appear that other terpenes besides a-phellandrene and y-terpinene are also 
present, but neither a solid bromide nor a nitrosate could be isolated. 

Oxidation of the highest-boiling terpene fraction 18 with dilute permanganate 
confirmed the presence of both y-terpinene and terpinolene through the isolation 
of the corresponding erythritols, m.p. 236-237" and m.p. 149-150" respectively. 
Bromination with two moles of bromine yielded terpinolene tetrabromide, m.p. 
117", confirmed by mixed melting point with an authentic specimen, while 
with one mole, terpinolene dibromide, map. 69", was formed. The presence of 
terpinolene is thhrefore definitely established and this is possibly the first authen- 
tic record of terpinolene existing in a naturally occurring oil. Clover (5) re- 
ported the presence of terpinolene in the oils distilled from two samples of resin 
from Canarium luzoniczim but nineteen other samples of resin from different 
trees gave oils which contained no terpinolene. Bacon (6) ,  however, examined 
over one hundred specimens but found no trace of terpinolene. The abstract 
of Clover's paper does not give the evidence for the identification of terpinolene. 
The occurrence of terpinolene in the oil of coriander (7) is listed in the abstract 
with a question mark. Escourrou (8) claimed to have proved as a result of 
experiments on the oxidation by ozone of limonene from oil of sweet oranges, 
that even the purest limonene is always a mixture of limonene, terpinolene, and 
a-terpinene. If Escourrou's claim is correct then the occurrence of terpinolene 
in essential oils would be as widespread as that of limonene (dipentene), which 
is second only to a-pinene in number of source species. The presence of ter- 
pinolene in Escourrou's limonene was not shown by the formation of derivatives, 
and the possibility of isomerization under the experimental conditions employed 
must, be considered. However, in this oil terpinolene has been isolated and 
identified in the usual way and although attempts have been made to detect 
limonene, these have been fruitless. 

The combined fractions, b.p. 65-90"/10 mm., after repeated fractionation 
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gave a forerun of higher-boiling terpenes and a last fraction of sesquiterpenes 
but the bulk of the material passed over a t  83-87"/10 mm. with practically no 
change of physical constants. The identity of this constituent was confirmed 
as d-terpinen-4-01 by oxidation with permanganate to the corresponding glycerol, 
hydration by means of dilute sulfuric acid to terpinene-terpin, and the formation 
of the corresponding naphthylurethan. 

Since sabinene can be hydrated to terpinen-4-01, this process also probably 
occurs in the plant, as sabinene is found in all the oils in which the alcohol oc- 
curs.' Simonsen (9) draws attention to the fact that 1,4-cineole also occurs 
where both sabinene and terpinen-4-01 are present in the same oil. 1 ,PCineole 
could not be detected, however, in this oil; if present, it would have revealed 
itself by its high density and low refractive index in the appropriate boiling 
fraction and by its characteristic odor. 

The fractions boiling above 90"/10 mm., including all those from the refrac- 
tionations, were united and separated into two main fractions, (a) b.p. < 
115"/5 mm. and (b) b.p. > 115"/5 mm. The first fraction was refractionated 
at  10 mm. and from the curves derived from the physical constants the presence 
of at least five constituents was indicated but so far none of these have been 
identified. 

The specific refraction, and the evolution of hydrogen with sodium, indicated 
the presence of an unsaturated monocyclic alcohol in the first fraction, b.p. m. 
100°/10 mm., which is apparently tertiary, since it does not form a naphthyl- 
urethan but is readily dehydrated. No solid phthalic ester could be formed, 
and the action of 5% sulfuric acid yielded no solid hydrated product. 

The second fraction, b.p. ca. 110"/10 mm., had an ester value of 40.2, indi- 
cating the presence of about 15% of ester (as C1OH15OCOCHB). This corre- 
sponded to about one gram of ester in the fraction, and no attempt has been 
made to identify it. 

The next three small fractions, b.p. 115-117"/10 mm., b.p. 120-121"/10 mm., 
b.p. 124-127"/10 mm., respectively, had physical constants agreeing with 
dicyclic sesquiterpenes and each gave a different color reaction with bromine 
in chloroform solution. Although dicyclic, however, the first and last fractions 
failed to yield a naphthalene or azulene hydrocarbon on treatment with palla- 
dized charcoal. The first fraction yielded no solid hydrochloride, and the third 
fraction also did not give a solid hydrochloride, nitrosochloride, nitrosite, or 
nitrosate. There was insufficient of the second fraction for examination. 
Although no solid derivatives have been obtained from these sesquiterpene frac- 
tions the physical constants approximate most closely those of the cary- 
ophyllenes. 

A crystalline solid separated from the next higher-boiling fraction, b.p. 130- 
150"/5 mm., which when purified had the m.p. 108", [a]E5 +25.4". This we 
believe to be a new saturated tricyclic sesquiterpene alcohol, C15H250H, for 

1 Sfiras (3), however, did not isolate salinen from the oil of C. Zusitanica but reported the 
presence of terpinen-4-01. 



which we suggest the name macrocarpol. It was characterized as its naphthyl- 
urethan, m.p. 88-91', purified with difficulty, and as a readily purified 3,5- 
dinitrobenzoyl ester, m.p. 157-158'. The alcohol did not react with chromic 
acid, nor did it form a chromate under conditions described by Wienhaus (10); 
it gave no coloration with tetranitromethane and was recovered unchanged 
after attempted hydrogenation with a platinum oxide catalyst. The melting 
point and rotation are both higher than those of the isomeric alcohols, ledol, 
map. 105', [a], $7.98" (chromate, m.p. 92') (11) and maalyl alcohol, m.p. 105', 
[a], +18.33' (chromate, m.p. 111') (12), and the crystalline form is also sig- 
nificantly different. 

All the higher-boiling fractions from all the distillations deposited a crystalline 
solid on cooling, which proved to be almost entirely the diterpene, isophyl- 
locladene, m.p. 112', [a]:5 +23.7' (in chloroform), identified by mixed melting 
point with an authentic specimen, and by the preparation of the hydrochloride, 
m.p. 106-107', and dibromide, m.p. 133-133.5'. Isophyllocladene is not pro- 
duced from phyllocladene in the course of distillation and isolation, since i t  
could readily be isolated from the oil obtained in a pilot experiment after the 
more volatile constituents had been allowed to evaporate off, and it was also 
deposited in the condenser towards the end of the steam distillation. This is 
the first record of the occurrence of isophyllocladene in essential oils but the 
unidentified diterpene (13) from Sciudopitys uerticillata, m.p. 111-112", [a], 
-24.5', (hydrochloride, m.p. 105-107', dihydro derivative, m.p. 71-72') is 
almost undoubtedly the levo form of isophyllocladene. It is possible too, that 
the diterpene, mirene, from Podocarpus ferrugineus (14), m.p. 105', [a], -27.15' 
(hydrochloride, m.p. 97-98', dihydro derivative, m.p. 73-74') is also the levo 
modification of isophyllocladene. The d form also occurs with phyllocladene 
in the leaf -oil from Phyllocladus trichomanoides (unpublished results). 

Systematic fractionation of the liquid diterpene fraction and crystallization 
of the solids separating furnished more isophyllocladene and a new diterpene, 
C2J&., m.p. 74-75', [a]i5 +59.2' (in chloroform), for which the name cupressene 
is suggested. Cupressene is more soluble in methyl and ethyl alcohol than 
isophyllocladene; i t  is tricyclic with two double bonds, forming a tetrahydro 
derivative, m.p. 56-57.5', a hydrochloride, m.p. 80-85', and is unchanged after 
boiling with either alcoholic sulfuric or alcoholic hydrochloric acid. The only 
product isolated from an attempted dehydrogenation with palladium charcoal 
was isophyllocladene in 30% yield. The isophyllocladene may have been 
formed by the action of the catalyst on cupressene but on the other hand it is 
quite conceivable that the isophyllocladene was present as an original impurity, 
for although the sample of cupressene used in this experiment had the m.p. 
73-74', the presence of isophyllocladene (or phyllocladene) causes practically 
no depression on the melting point of cupressene. There was insufficient mate- 
rial for the experiment to be repeated on an analytically pure specimen. 

The small amount of liquid diterpene fraction remaining had [a]:5 +25.7". 
Experiments on the constitution of isophyllocladene are in active progress. 
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EXPERIMENTAL 

The leaves and terminal branchlets of Cupressus macrocarpa growing in Auckland and 
collected during July were steam distilled in  the usual way in three batches, the yield being 
0.20% one day after cutting and 0.18% after two days. 

The physical and chemical constants already recorded were determined by the standard 
methods. Four systematic refractionations were carried out, the fractionating column 
consisting of a 30-cm. jacketed Widmer column with a 1O:l reflux ratio, the pressure being 
maintained constant with an electrically controlled manostat. The results of the final 
fractionation of the constituents boiling below 65'/10 mm. are recorded in Table 11. 

a-Pinene. The nitrosochloride, m.p. 107", was prepared from fraction 2 by Wallach's 
method (15) in 9% yield, undepressed by an authentic specimen, m.p. 110". A liquid acid, 
b.p. 155-161'/5 mm., was obtained in  38% yield on oxidation with dilute permanganate 
according to  Delepine (16), which deposited crystals of dl-pinonic acid on cooling, and after 
recrystallization from benzene had the m.p. 104-105" (dl-pinonic acid has the m.p. 103-104"). 
The low yields of these products and the low density of this fraction indicate the presence 
of another constituent. 

Sabinene. The yield of sodium sabinenate (4.4 g. from 5 g. of sabinene) obtained by 
oxidation of fraction 8 with alkaline permanganate according to  Short and Read (17) sug- 
gests a sabinene content in  this fraction of 55%. Only the active acid, m.p. 56.5-57", was 
isolated after acidification and crystallization from water, but none of the dl-acid, m.p. 
84-85'. Wallach (18) records the m.p. 57' for the active acid. Ozonization of this fraction 
gave in 18% yield sabina ketone, b.p. 85-87'/10 mm., d i  0.9472, n: 1.4611, [a]: -2.4", which 
furnished a mixture of dinitrophenylhydrazones, separated from chloroform-methyl alcohol 
into two fractions, (a) m.p. 9&101", and (b) m.p. 116-117'. Short and Read give 124.5' as 
the melting point of the pure derivative, but when the compound is derived from less pure 
ketone the melting point is markedly lower. The low rotation of the above ketone indicates 
that  i t  is far from being optically pure. 

Myrcene and a-terpinene. Ten grams of fraction 10 and freshly sublimed maleic an- 
hydride (2 g.) were heated 8t 100' for 0.5 hour. Distillation at 10 mm. removed the terpenes 
and excess of maleic anhydride, followed by a mixture of adducts, b.p. 170-177"/5 mm., 
yield 4.24 g., forming a greasy solid on cooling, m.p. 25-28'. Saponification gave a mixture 
of potassium salts, one comparatively insoluble and the other freely soluble in water. The 
latter, after acidification followed by repeated crystallization from acetone-water and 
acetonitrile, furnished the pure acid, m.p. 123-124", derived from the myrcene adduct, 
melting point undepressed by an authentic specimen. Diels and Alder (19) record the m.p. 
122-123' for this acid. 

The above insoluble potassium salt was twice recrystallized, and on acidification gave 
the free acid, m.p. 134.5-135'. Goodway and West (20) and Sfiras (21) record melting points 
of 134" and 131' respectively from the acid derived from the maleic anhydride adduct of 
a-terpinene, but Diels, Koch, and Frost (22) record the m.p. 158" for apparently the same 
compound. Repeated crystallization of the acid from acetonitrile raised the melting point 
to 141.5-143.5" but when heated a t  130"/2 mm. for 1.5 hours i t  partly sublimed to  a solid of 
m.p. ea. 60" and then had the m.p. 147-148'. Treatment of this product with acetyl chloride 
gave the anhydride, b.p. 155-165"/5 mm., which after repeated crystallization from light 
petroleum (b.p. 80-100") had the m.p. 61-62', unchanged by further recrystallization. 
Goodway and West (20), Sfiras (21), and Diels, Koch, and Frost (22) record melting points 
of 62', 65-66';and 66-67' respectively for this anhydride. Goodway and West were unable 
to  raise the melting point of the anhydride above 62' and that  of the acid above 134". Al- 
though we cannot duplicate the high melting points of Diels, Koch, and Frost we have 
reconverted the above anhydride, m.p. 61-62', into the acid of m.p. 135-140", again raised 
after drying over phosphorus pentoxide a t  100"/vac. to  147-148" with gas evolution. 

Fraction 15 (2 9.) when treated with dry hydrogen 
chloride in  cooled glacial acetic acid gave a crystalline solid (yield 180 mg.) which after 

a-Phehndrene and y-terpinene. 
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repeated crystallization from chloroform-methyl alcohol had the m.p. 51.5-52'. Wallach 
(23) records the m.p. 51-52' for terpinene dihydrochloride. The nitrosite prepared from 
this fraction (5 g.) in the usual way (yield 50 mg.) after repeated Crystallization from 
chloroform-methyl alcohol and acetone had the m.p. 110-111", undepressed by an authentic 
mixture of the a- and 8-nitrosites of a-phelandrene, m.p. 110.5-111.5". There was in- 
sufficient material to  separate into the pure a- and 8- forms, which exhibit marked 
mutarotation (24). 

The same fraction gave a nitrosochloride in <5% yield, which after repeated crystalliza- 
tion from chloroform-methyl alcohol had the m.p. 108-log', and the related nitrolpiperidide 
after crystallization from alcohol had the m.p. 148-149'. Richter and Wolff (25) record the 
m.p. 111" and m.p. 149" for these derivatives respectively for 7-terpinene. 

Fraction 18 (4.3 g.) was mixed with an ice-cold solution 
(400 cc.) of potassium permanganate (3.25 g.) and potassium hydroxide (1 g.) and shaken 
mechanically for one hour, and allowed to  stand for two days. One and one-tenth grams of 
unchanged oil was separated and reoxidized separately as above. The combined filtrates 
were evaporated to  dryness and extracted with alcohol. On concentration of this extract, 
7-terpinene erythritol separated, which after repeated crystallization from aqueous alcohol 
melted a t  236-237'. Wallach (23) records the m.p. 235-236" for this derivative. 

The alcoholic mother liquors from the original extract were evaporated to  dryness, 
the residue dissolved in water, and then repeatedly extracted with ethyl acetate. On 
concentration, terpinolene erythritol separated, and after repeated crystallization from 
ethyl acetate-ether had the m.p. 149-150'. Wallach (26) records 148-150" for this 
derivative. 

Fraction 18 (0.85 g.) was dissolved in a mixture of amyl alcohol (1 cc.) and ether (2 cc.) 
and cooled in a freezing mixture. A cooled solution of bromine (2 g.) in  ether (2 cc.) was 
slowly added. On removal of the ether a light yellow solid separated (0.95 g.), which after 
repeated crystallization from chloroform-methyl alcohol had the m.p. 116.5-117.5', unde- 
pressed by an authentic specimen of terpinolene tetrabromide similarly prepared from 
terpinolene derived from terpineol by dehydration (27). Wallach (28) and Henry and Paget 
(29) record the m.p. 116" and m.p. 119' respectively for this derivative. 

In  a similar experiment using one gram of bromine, long needles of terpinolene dibromide 
separated (380 mg.), which after many crystallizations from chloroform-methyl alcohol 
and from acetone melted at 69". Baeyer (27) records the m.p. 69-70" for the dibromide. 

d-Terpinen-4-01. By refractionation of the combined fractions, b.p. 65-90"/10 mm., an 
almost pure fraction was obtained, b.p. 86-87°/10 mm., dy 0.9285, n: 1.4765, [a]: 4-21.36" 
corresponding to  d-terpinen-4-01 which has the b.p. 92.5-94"/10 mm., d19 0.9265, n t  1.4785, 
[a], + 25.2" (30). Oxidation of this fraction with permanganate according to Wallach (30) 
gave p-menthane-1,2,4-triol hydrate, which after crystallization from ethyl acetate and 
then from chloroform melted a t  112-113'. After heating a t  100' for 24 hours the anhydrous 
compound was obtained of m.p. 128-129". Wallach records 114-116' and 128-129" 
respectively for these derivatives. Hydration of this fraction with 5.5% sulfuric acid 
according to Wallach (31) gave terpinene-terpin, crystallizing from hot water in colorless 
crystals, m.p. 137.5-138.5' (lit. m.p. 137-138'). 

The naphthylurethan prepared in the usual way was crystallized repeatedly from methyl 
alcohol and then had the m.p. 107-108'. Penfold (30) records m.p. 104-105' for this 
compound. 

Terpene alcohol, terpene ester, and sesquiterpene fraction. The material boiling above 
90"/'10 mm. was separated into two major fractions, (a) b.p. below 115'/5 mm., and (b) b.p. 
above 115"/5 mm. The first portion was again fractionated, the physical constants indicat- 
ing the presence of five constituents as in Table 111. 

Fraction A1 did not give a precipitate with Brady's reagent but liberated hydrogen on 
the addition of sodium, indicating the presence of an alcohol. When an attempt was made 
to  prepare the naphthylurethan, dinaphthylurea was the only solid product which could be 
isohted. Similar attempts to form the phthalic ester and a hydrate with 5% sulfuric acid 

7-Terpinene and terpinolene. 
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I ~ I ;  iRL1D 

$6.62 
+4.86 
+7.34 66.4 

+16.83 66.6 

yielded no solid product. Calculation of the molecular refraction on a basis of formulas 
CI0Hl60 and C10HI80 indicated that  i t  was a monocyclic alcohol with two or one double 
bonds respectively. 

The second fraction A2 contained a small quantity of ester as  already described. 
The three sesquiterpene fractions gave pale green, reddish-brown, and deep blue colora- 

tions respectively with bromine in  chloroform solution. 
No aromatic nor azulene hydrocarbon could be obtained from the sesquiterpene frrqctions 

A3 or A5 using a palladized charcoal catalyst capable of yielding 520 mg. of cadalene from 
one gram of authentic cadinene (32). 

In order to  investigate the use of chloranil as a dehydrogenating agent in the sesqui- 
terpene field, cadinene was treated as described by Arnold and Collins (33), but a yield of 
only 750 mg. of cadalene could be obtained from 2.7 g. of cadinene. 

YIELD, G .  

10.6 
7 .0  
6 . 9  
1 .7  
2 .4  

TABLE I11 

d:6 

0.9149 
0.9028 
0.8965 

0.9031 

FRACTION 
w 

f i D  

1.4770 
1.4820 
1.4935 
1.5020 
1.5015 

A1 
A2 
A3 
A4 
A5 

B.P./10 MY., "c 

91-106 
106-115 
115-117 
120-121 
124-127 

Macrocarpol. Refractionation of the second major fraction, b.p. above 115"/5 mm., 
gave a fraction of b.p. 130-150'/5 mm., which deposited a crystalline solid on cooling. 
Repeated crystallization from aqueous alcohol or light petroleum (b.p. 60-70') furnished 
tabular crystals, m.p. 1 0 8 O ,  [a]; +25.4" ( I  = 1, c = 5.24 in alcohol). Yield ca. 0.5 gram. 

Anal. Calc'd for C1&60: C, 80.97; H, 11.79. 
Found: C, 80.82, 80.95, 80.72; H, 11.55, 11.65, 11.49. 
Molecular weight (Rast) 223, C,6H260 requires 222. 

The optic axial angle of the crystals (2v) = 30" f l o ,  with the optic sign negative. The 
crystals are tabular in  habit, bounded by edges having the following supplementary angles 
of intersection as seen under the microscope 

X 

x to  y = x' to  y' = 50.5" f 1 
y to  y' = 79" f 1 

The compound is freely soluble in the common solvents with the exception of water and 

The naphthylurethan prepared from 250 mg. separated as a gummy solid and could only 
light petroleum. 

be purified with difficulty from light petroleum as crystals of m.p. 88-91'. 
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The 3,5-dinitrobenzoyl ester prepared in  the usual way from 140 mg. readily crystallized 

Anal .  Calc'd for C22H28N106: C, 63.42; H,  6.78. 
Found: C, 63.60; H,  6.63. 

Isophyllocladene. The fraction boiling above 150"/5 mm. deposited a considerable 
quantity of crystalline material, which after repeated crystallization from methyl and 
ethyl alcohol formed needles several centimeters long, m.p. 112", [a]! +23.7" ( I  = 1, c = 
7.596 in chloroform). The melting point was not depressed by an authentic specimen 
formed by the isomerization of phyllocladene with alcoholic sulfuric acid (34). 

The crystals are probably orthorhombic and prismatic or acicular in habit, elongated 
parallel to c .  Interfacial angles, measured in the prism pinacoid cone only gave the follow- 
ing values (* 5') 

from alcohol and after repeated crystallization formed colorless needles, m.p. 157-158". 

110 to 1 i o  = 87" 42' 
110 to 0 1 0  = 46" 9' 

Optical properties: Optic axial angle (2v) = 18" f 4" 
Optic sign positive with j3 parallel to c.  

The hydrochloride was prepared according to  Uota (35), and after two crystallizations 
from ether-methyl alcohol had the m.p. 106-107", undepressed by an authentic specimen. 

The dibromide crystallized from alcohol in needles, m.p. 133-133.5". Uota records 

Cupressene. Systematic fractionation of the final diterpene liquid fractions, and crystal- 
lization of the solids separating on standing yielded more isophyllocladene and a further 
diterpene, m.p. 74-75', separated from isophyllocladene by its greater solubility in methyl 
and ethyl alcohol (yield < 1 gram). 

133-134'. 

[a]: +59.2" ( I  = 1, c = 1.908 in chloroform). 
Anal .  Calc'dfor CzoHsZ: C,88.24;H, 11.76. 

Found: C, 88.14; H, 11.66. 
Molecular weight (Rast) 309, C~OHSZ requires 272. 

I t  gives a yellow coloration with tetranitromethane in chloroform solution. 
Tetrahydrocupressene. Cupressene (180 mg.) was hydrogenated in glacial acetic acid 

a t  45 lb. pressure for 20 hours in the presence of Adams' catalyst (30 mg.). Most of the 
acetic acid was removed by distillation in vacuo, the tetrahydro derivative being then 
precipitated by addition of water, crystallizing from alcohol in plates and needles. When 
crystallized from chloroform-methyl alcohol i t  formed plates, m.p. 56-57.5", while from the 
mother liquors on standing, needles separated of approximately the same melting point; 
[a]! (micro-tube) f62" (1 = 1, c = 6.58 in chloroform). 

Anal .  Calc'd for C20H36: C, 86.96; H, 13.04. 
Found: C, 86.93; H,  13.00. 

The melting point was depressed on admixture with authentic 8-dihydrophyllocladene 
(34) of m.p. 57-58', [a]! +12.5". 

Cupressene hydrochloride. Dry hydrogen chloride was passed through a solution of 
cupressene in ether in a freezing mixture. The solid product formed after the removal of 
ether was repeatedly crystallized from alcohol-ether and then had the m.p. 80-82". The 
only analytical sample was unfortunately lost in the censoring of the mail. 

A mixture of cupressene, m.p. 73-74', (500 mg.) and active palladized charcoal (50 mg.) 
was heated in a stream of nitrogen a t  270-280" for 3.5 hours. The catalyst was filtered off 
after dilution with ether, and the product after removal of the ether crystallized from ethyl 
acetate in needles, m.p. 98-100" (yield 150 mg.). Repeated crystallization from ethyl 
acetate raised the melting point to  107-108", undepressed by an authentic specimen of 
isopliyllocladene; [@]E f25" ( I  = 1, c = 0.781 in chloroform). 

Anal .  

The isophyllocladene was also confirmed by the preparation of a-dihydrophyllocladene 

Ail melting points are uncorrected. 

Calc'd for C2OH32: C, 88.24; H, 11.76. 
Found: C, 88.10; H, 11.82. 

(34), m.p. 73", undepressed by an authentic specimen. 
The analyses are by Dr.  Burger. 
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We are greatly indebted to Dr. F. J. Turner, Otago University, for the crystal 
measurements, to the Chemical Society and the Australian and New Zealand 
Association for the Advancement of Science for grants, and one of us (M. D. S.) 
for a National Research Scholarship. 

SUMMARY 

The essential oil from the leaves of Cupressus macrocarpa has been shown to 
consist of the following constituents expressed in approximate percentages : 

1. Terpenes: a-pinene, 40%; sabinene, 15%; myrcene, 3%; a-phellandrene, 
4%; a-terpinene (?)--; yterpinene and terpinolene, 6%; unidentified terpenes, 

2. Sesquiterpenes: (a) unidentified sesquiterpene, b.p. 115-117°/10 mm., 

3. Diterpenes: isophyllocladene, 3.5%; cupressene, 0.1%. 
4. Alcohols: d-terpinen4-01,8.8%; unidentified alcohol, b.p. ca. 100”/10 mm., 

5. Ester: unidentified ester, b.p. ca. llOo/10 mm., 0.5%. 
6. Acids, aldehydes, ketones: traces. 
7. Other compounds, including residue: 5.5%. Total, 100%. 
Macrocarpol is probably a new sesquiterpene alcohol, C16H280, m.p. 10S0, 

while cupressene is a new &terpene, m.p. 74-75’. This is the first record of 
isophyllocladene and possibly terpinolene in essential oils. 

12%. 

(b) b.p. 120-121”/10 mm., (e) 124-127”/10 mm., 0.7%. 

0.8%, macrocarpol, 0.1%. 

AUCKLAND, NEW Z,EALAND 
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AMINO ALCOHOLS. XI.' ARYLGLYOXYLOHYDROXAMYL 
CHLORIDES2 

NATHAN LEVINJ AND WALTER H. HARTUNG 

Received M a y  28, 1942 

INTRODUCTION 

In previous studies of the relationship between chemical structure and physio- 
logical activity of the primary amines belonging to the epinephrine-ephedrine 
series, it was shown that optimum circulatory activity is found in the aryl- 
ethanolamines (I) and arylpropanolamines (11). 

ArCHOHCHz ArCHOHCHCH3 
I 

"2 
I 

"2 

Amino alcohols of both the ethane and propane derivatives may be readily 
obtained by the catalytic hydrogenation of the corresponding isonitroso ketones 
(1-4). The intermediary isonitrosopropiophenones are readily prepared by 
allowing the propiophenone in ether solut.ion to react with an alkyl nitrite in the 
presence of hydrogen chloride, 

ArCOCR 
II RON0 ArCOCHzR HC1 > 
NOH 

The nitrosation reaction, which gives better than 70% yields in the case of 
propiophenone itself, may be employed in cases where the phenyl nucleus is 
substituted, even to the hydroxypropiophenones (3). Higher homologs of 
isonitrosopropiophenone may be prepared in a similar manner from higher alkyl 
aryl ketones, but unfortunately this is not true of the lower homolog, aceto- 
phenone. Consequently, it has been difficult to obtain as complete a series of 
arylethanolamines as has been possible in the case of the arylpropanolamines. 
This is regrettable, since a more complete pharmacological comparison of the 
amino alcohols of the corresponding ethane series is desirable. Available 
information on the favorable pressor activity of phenylethanolamine (5-7) and 
also that of norepinephrine (arterenol) (8-l0)-the primary amine correspond- 
ing to that of epinephrine-indicates the desirability of a suitable general method 
which might be employed for the synthesis of amines of the entire arylethanol- 
amine series. 

1 For Amino Alcohols, X, see J .  A m .  Chem. SOC., 67, 1091 (1935). 
* This paper is constructed in  part from a dissertation presented by Nathan Levin to  

the Graduate School of the University of Maryland in  partial fulfillment of the requirements 
for the degree of Doctor of Philosophy, in June, 1941. A portion of this paper was presented 
before the Division of Organic Chemistry a t  the Baltimore meeting of the American Chemi- 
cal Society, April, 1939. 

Present address : The Upjohn Company, Kalamazoo, Michigan. 
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The chief objection to the use of isonitrosoacetophenones as intermediates 
in the synthesis of the phenylethanolamines is that these derivatives cannot be 
readily prepared. Thus, isonitrosoacetophenone, CaH&OC( : NOH)H, may 
be obtained in approximately 25% yields by allowing an absolute alcoholic 
solution of acetophenone, an alkyl nitrite and sodium alkoxide to stand in the 
cold for several days;* with acetophenone bearing unprotected phenolic hydrox- 
yls, the reaction does not proceed a t  all. When nitrosation is carried out in the 
presence of hydrogen chloride, the yields of the isonitroso ketone are low or 
negligible (2, 11). 

In quest for a procedure more broadly applicable or available for the prepara- 
tion of intermediates that may readily be transformed into the corresponding 
arylethanolamines, the reaction between phenacyl chloride and alkyl nitrites 
was investigated. Nitrosation might proceed in one of two directions, either 
product being a potential intermediate for reduction to the arylethanolamine : 

ArCOC( : N0H)H 
\3Hz 

)-> ArCHOHCHZNHz RON0 

/4Hz 
ArCOCHzCl < 

IIL 
ArCOC( :NOH)Cl 

Results show that in each instance, compounds of type 11, chloroisonitroso- 
acetophenones, are formed in excellent yields. 

Structurally, these chloroisonitroso ketones form an interesting class of com- 
pounds; they are, strictly speaking, chlorides of keto-hydroximic acids of the 
type (111). Further, they may be considered either as aroyl derivatives of 

Arc-COH HCCl Arc-COH 
I1 I I  
0 0  

II 
NOH 

I1 II 
0 NOH 

formhydroximic acid chloride (IV) or as the hydroximic acid chloride of aryl- 
glyoxylic acid (V). Accordingly, the compound, CeH&OC( :NOH)Cl, may be 
designated as benzoylformhydroxamyl chloride or phenylglyoxylohydroxamyl 
chloride,-either name is correct (12). 

The first compound of this type was reported by Glutz (13), who, in 1870, 
treated chloroacetone with concentrated nitric acid and obtained methylglyoxy- 
lohydroxamyl chloride, CH,COC(: N0H)Cl. Claisen (14) prepared the first 
ary lglyoxylohydroxamyl chloride by saturating a cooled mixture of aceto- 
phenone and amyl nitrite with hydrogen chloride. By this method, there was 
obtained a small quantity of a colorless crystalline product, m.p. 133-134", 
which, when heated above its melting point, decomposed with the liberation of 
hydrogen chloride; Claisen assumed that the reaction product was an addition 
compound of isonitrosoacetophenone and hydrogen chloride. Subsequently 
Claisen and Manasse (15) repeated the reaction and reported the isolation, in 

4 Results obtained in this laboratory. The higher yields reported by Edkins and Lin- 
nell, [Quart. J. Pharm. Pharmacol., 9, 75 (1936)], could not be duplicated. 
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small amounts, of both chloroisonitrosoacetophenone and isonitrosoaceto- 
phenone. They explained the formation of these products on the basis of the 
following reactions, 

RON0 + HC1-* ROH + NOCl 

CGH~COCH~ + NOCl - CeHbCOC(:NOH)H + HCI 

It was further indicated that any nitrous acid which might be liberated, could 
oxidize hydrogen chloride to “free” chlorine and this might also possibly ac- 
count for the formation of the chloroisonitroso ketone (16). 

Such chlorination has been successfully applied in the preparation of both 
phenyl- and p-methylphenyl-glyoxylohydroxamyl chlorides (16-18) ; extension 
of this method of synthesis is limited, however, in view of the difficulty encoun- 
tered in preparing the necessary isonitrosoacetophenones themselves. Re- 
cently, Rheinboldt and Schmitz-Dumont (19) developed a process called “nitro- 
sochlorination,” which involves essentially the reaction of nitrosyl chloride with 
a methyl ketone, 

RCOCHI - RCOC( : N0H)Cl 

Except in the case of tert.-butyl methyl ketone, which formed yields of 70%, the 
reaction did not prove encouraging; e.g., the phenyl- and p-tolyl- ketones gave 
yields of 24 and 32%bespectively ; the p-chlorophenyl ketone formed the isonitroso 
ketone but not the chloroisonitroso ketone. 

In the present study, the nitrosation reaction w a  applied to phenacyl chloride 
and its derivatives in which the phenyl is substituted by various groups such as 
halogen, alkyl, dkoxyl, and hydroxyl. The yields are highly satisfactory and 
there is no reason to believe that the reaction is not generally applicable. 

The arylglyoxylohydroxamyl chlorides dissolve in concentrated sulfuric acid 
with the formation of a yellow color. Heating with dilute sulfuric acid causes 
degradation to  the corresponding benzoic acid. In cold, dilute aqueous sodium 
hydroxide, they dissolve slowly, forming a yellow solution; heating causes de- 
composition with the formation of the benzoic acid. With hydroxylamine, 
the arylglyoxylohydrbxamyl chlorides may be converted to  chloroglyoximes, 
ArC(:NOH)C(: NOH)Cl, and with aniline they form characteristic anilides of 
the general formula, ArCOC(: N0H)NHCaHs. With pyridine, all of the aryl- 
glyoxylohydroxamyl chlorides form a wine-red color with simultaneous libera- 
tion of heat; the color gradually deepens and after several minutes decomposi- 
tion sets in; this characteristic color test is not obtained with oximes or other 
oximino ketones. 

The reduction of arylglyoxylohydroxamyl chlorides to arylethanolamines is 
of particular interest. Suffice it to say for the present, phenylglyoxylohydrox- 
amyl chloride has been reduced to phenylethanolamine (yields quantitative 
except for manipulative loss), according to the equation, 

CeHbCOCCl f 4Hz pd CeH&HOHCHz + HOH 
I 

HC1’ NHz * HC1 
II 

NOH 
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The first two molecules of hydrogen are taken up rapidly with the formation of a 
product characterized as an a-amino ketone, which on treating with aqueous 
ammonia gives 2,B-diphenylpyrazine; the third molecule generally is taken up 
more slowly, and the fourth enters with considerable difficulty. A more detailed 
description of this reduction procedure will be given later. 

EXPERIMENTAL 

Preparation of chloromethyl ketones. Phenacyl chloride and its various derivatives 
were prepared by either the Friedel-Crafts reaction or the Fries rearrangement from ap- 
propriate starting materials. The data are summarized in Table I. 

3,4-Dihydroxyphenacyl chloride. This important intermediate has been prepared in 
varying yields (40-65%) by various modifications of the reaction between catechol, chloro- 
acetic acid, and phosphorus oxychloride (20). The extensive study by Ott  (20), which 
indicates that  ketone formation is catalyzed by the presence of phosphorus oxychloride, 
suggested a further modification of the previously described procedures. In the course of 

TABLE I 
CHLOROMETHYL KETONES" 

KETONE 
- - 

Phenacyl chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p -Met hylphenacyl chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Phenylphenacyl chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Chlorophenacyl chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Methoxyphenacyl chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Hydroxyphenacyl chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3,4-Dihydroxyphenacyl chloride. . . . . . . . . . . . . . . . . . . . . . . . .  

Y.P., "C 

56-57 
55-56 

124-126 
100-101 
97-98 

147-14ga 
173b 

PBB CENT YIELD 

88.2 
82 
84 
88.5 
65 
28.2 
60 

These ketones are described in Beilstein. 
Decomposes on heating. 

this investigation i t  was found that  yields of 60% of pure, colorless product may be con- 
sistently obtained by the following procedure: A mixture of 83.3 g. (0.4 mole) of phosphorus 
pentachloride and 42.5 g. (0.45 mole) of chloroacetic acid is allowed to  react by refluxing in a 
boiling water-bath for three hours. The clear solution thus obtained is distilled and the 
portion coming.over up to  115' is added to  a suspension of 44.0 g. (0.4 mole) of catechol in 
200 cc. of benzene (anhydrous). After refluxing on a water-bath for fifteen hours, the 
solvent is recovered by distillation, using slightly reduced pressure toward the end. The 
dark purple residue thus obtained is then dissolved in 400 cc. of boiling water; on cooling 
and with rapid stirring, the crude product crystallizes out. After standing overnight in 
the refrigerator, the precipitated material is filtered off and dried with suction; recrystal- 
lization from boiling water with the addition of 5.0 g. of Norit, gives 41.5 g. (60%) 
of colorless needles, decomposing a t  173O.6 

Nitrosation of chloromethyl ketones. The general procedure adopted for the preparation 
of arylglyoxylohydroxamyl chlorides is as follows : In a three-neck, round-bottom flask 
(of suitable size), provided with a sealed mechanical stirrer, a reflux condenser (connected 
to a gas-absorption trap), a delivery tube for hydrogen chloride, and a small dropping-fun- 
ne], is placed the chloromethyl ketone and ether (U.S.P.). The stirrer is set in motion, and 
after (complete or partial) solution of the ketone, anhydrous hydrogen chloride is intro- 

All melting points reported were taken with an Anschtitz thermometer (entire stem 
- 

immersed in bath). 
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duced into the reaction mixture a t  the rate of 2-3 bubbles per second, stirring and addition 
of hydrogen chloride being continued throughout the reaction. Then freshly-distilled 
alkyl nitrite (in slight molecular excess) is added from the dropping-funnel, in 0.5-1.0-cc. 
portions. After addition of the first portion, the reaction mixture becomes an orange- 
brown and after several minutes, light yellow in color; after this, a second portion of nitrite 
is added and a similar color change takes place, whereupon a third portion is added. The 
reaction mixture gradually warms up and the ether begins to  reflux gently. After all of 
the nitrite is added (about thirty to  forty minutes are usually required), stirring and addi- 
tion of hydrogen chloride are continued for another fifteen minutes, after which the reaction 
mixture is allowed to stand for one to  two hours, or overnight if more convenient. The 
reflux condenser is then inverted, stirring is resumed, and the solvent recovered by distilla- 
tion from a bath maintained at 60-80". When practically all of the solvent is removed, 
distillation is continued using slightly reduced pressure, until no further appearance of 
crystals is noted. The residue is then allowed to stand until dry in a vacuum desiccator 
over concentrated sulfuric acid, soda-lime, and anhydrous calcium chloride. The crude 
product is recrystallized from a suitable solvent. 

This procedure may be employed for the nitrosation of the various ketones. Where the 
chloromethyl ketone is not readily soluble in ether, suspensions of the material nitrosate 
equally well; solution gradually takes place during the course of reaction since the products 
are, in general, more soluble than the ketones from which they are prepared. Any alkyl 
nitrite may be employed as nitrosating agent; in this reaction, isopropyl nitrite is preferred 
because i t  is a liquid, may be conveniently handled and moreover, the alcohol which i t  
forms boils relatively low and hence may be removed with comparative ease. 

Oximation. The chloroglyoximes are prepared by treating 0.02 mole of the arylglyox- 
ylohydroxamyl chloride in  25 cc. of alcohol with a solution of 0.04 mole of hydroxylamine 
hydrochloride dissolved in 25 cc. of water. Sufficient alcohol is then added, drop by drop, 
until a clear solution results. After allowing the reaction mixture to stand for three to 
four days, crystals begin to  precipitate out; after two weeks, the product is filtered off and 
dried with suction. The glyoximes prepared in this investigation are colorless, crystalline 
compounds, melting with decomposition. 

Phenylglyosylohydroxamyl chloride. Nitrosation of phenacyl chloride, 15.5 g, (0.1 mole), 
using 12.6 cc. (0.11 mole) of butyl nitrite in 100 cc. of ether, gives 15.7 g. (85.6%) of phenyl- 
glyoxylohydroxamyl chloride, after recrystallization from boiling carbon tetrachloride, 
m.p. 130-133'. A second recrystallization gives long, glistening colorless needles, m.p. 

The chloroglyoxime, after recrystallization from hot isoamyl alcohol, decomposes a t  

p-MethylphenylglyoxylohydroxamyZ chloride. From 50.6 g. (0.3 mole) of p-methyl- 
phenacyl chloride, 36.7 cc. (0.32 mole) of butyl nitrite in  200 cc. of ether, there is obtained, 
after recrystallization from hot carbon tetrachloride, 44.0 g. (74.2%) of chloroisonitroso 
ketone, m.p. 119-126"; a second recrystallization forms long, colorless needles, m.p. 126-128". 

Anal .  Calc'd for CgHsClNOz: N ,  7.10. Found: N,  6.88. 
p-Tolyl chloroglyoxime, recrystallized from hot isoamyl alcohol, decomposes a t  185-186". 
Anal .  Calc'd for CgHgC1N202: K', 13.17. Found: N,  12.7. 
p-Xenylglyoxylohydroxamyl chloride. p-Phenylphenacyl chloride is nitrosated by treat- 

ing a rapidly-stirred suspension of 23.1 g. (0.1 mole) of ketone in  300 cc. of ether with 11.6 
cc. (0.11 mole) of isopropyl nitrite. As reaction proceeds, the ketone gradually goes into 
solution, and after approximately three-fourths of the required nitrite is added, a 
homogeneous solution results. Recrystallization of the crude product from boiling benzene 
gives 21.2 g. (81.6%) of pale yellow crystals of p-xenylglyoxylohydroxamyl chloride, which 
forms a red melt a t  157-158". 

132-133". 

186-187" (19). 

Anal .  Calc'd for CIJIloClN02: pu', 5.4. Found: N,  5.32. 
p-Xenyl chloroglyoxime, prepared in the usual manner, is recrystallized from hot butyl 

alcohol: dec. 177". 
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Anal.  Calc'd for ClaHllClN202: K,  10.2. Found: N ,  10.08. 
p-Chlorophenylglyoxylohydroxamyl chloride. From 19.0 g. (0.1 mole) of p-chlorophenacyl 

chloride, 11.6 cc. (0.11 mole) of isopropyl nitrite, and 200 cc. of ether, pale yellow crystals 
of crude product are obtained, which after recrystallization from boiling carbon tetrachlor- 
ide gives 16.7 g. (76.6%) of colorless, glistening needles, m.p. 120-121'. p-Chlorophenyl- 
glyoxylohydroxamyl chloride is soluble in  cold alcohol and ether; in benzene and toluene, 
on heating, but insoluble in petroleum benzine and ligroin. 

Anal.  Calc'd for C&C12N02: N, 6.42. Found: N, 6.3. 
The chloroglyoxime forms colorless platelets from hot glacial acetic acid; dec. 181-182'. 
A n d .  Calc'd for C8H6ClzNz02: N ,  12.01. Found: N, 12.14. 
p-iMethoxyphenylglyoxylohydroxamyl chloride. When nitrosation is applied to  p -  

methoxyphenacyl chloride, the characteristic color changes are not observed, and reaction 
dow not appear to  occur. It was found that  the addition of a few drops of water is neces- 
sary to initiate nitrosation; thereafter reaction proceeds as usual. The yield of p-meth- 
oxyphenylglyoxylohydroxamyl chloride obtained from 9.2 g. (0.05 mole) of ketone, 5.8 cc. 
(0.055 mole) of isopropyl nitrite, and 100 cc. of ether (to which is added 0.2 cc. of water), 
is 8.8 g. (82.0%), after recrystallization from hot carbon tetrachloride. The colorless 
needles thus obtained melt a t  137-139", and are soluble in ether, alcohol, and ethyl acetate, 
but dissolve in ligroin, benzene, and carbon tetrachloride only on heating. 

Anal. Calc'd for CeHsCIKOs: K, 6.56. Found: K ,  6.65. 
p-Hydroxyphenylglyoxylohydroxamyl chloride. To a suspension of 17.1 g. (0.1 mole) of 

p-hydroxyphenacyl chloride in 250 cc. of ether is added 12.6 cc. (0.11 mole) of butyl nitrite. 
Recrystallization of the crude product from ether-benzin (1:3) gives 18.5 g. (95.5%) of fine, 
colorless crystals, decomposing a t  158-159". p-Hydroxyphenylglyoxylohydroxamyl 
chloride is characterized by a violent sternutatory action. The chloroisonitroso ketone is 
readily soluble in alcohol, ether, acetone, and ethyl acetate; in n-amyl acetate on heating, 
but is insoluble in benzene, toluene, and carbon tetrachloride. 

.4nal. Calc'd for CsHeCINOs: N ,  7.02. Found: N ,  7.01. 
Oximation by the general procedure gives colorless crystals of p-hydroxyphenyl chloro- 

glyoxime, which, after recrystallization from a mixture of dioxane and heptane, decomposes 
at 183-184". 

.4nal. Calc'd for C~H,Clh-zO~: N,  13.52. Found: S, 13.33. 
:1,.4-Dihydroxyphenylglyoxylohydroxamyl chloride. Eighteen and seven-tenths grams 

(0.1 mole) of the dihydroxyphenacyl chloride suspended in 400 cc. of ether (to which is 
added 3 cc. of water) is treated with 12.6 cc. (0.11 mole) of butyl nitrite according to  the 
general nitrosation procedure. The reaction mixture darkens gradually as the nitrite is 
added; complete solution of the ketone occurs after approximately one-half of the required 
nitrite is added. The reaction mixture is then concentrated t o  one-half its volume by 
distillation from a water-bath and 200 cc. of benzene is added to  precipitate the chloroiso- 
nitroso ketone. The yield of yellow crystals obtained is 17.8 g. (82.4%); dec. 184-185". 

Anal.  Calc'd for CsHBCIKOa: N,  6.47. Found: N, 6.38. 
Isolation of the chloroglyoxime, when the general procedure is employed, proved difficult. 
.4lkaline decomposition of the arylglyoxylohydroxamyl chlorides. Decomposition of the 

arylglyoxylohydroxamyl chlorides, by refluxing with aqueous alkali, gives excellent yields 
of the corresponding benzoic acids, varying from 80-99%; attempts to  prepare proto- 
catechuic acid by the decomposition of the glyoxylohydroxamyl chloride, however, proved 
difficult, due to  the ease of oxidation of the acid and also its extremely high solubility in  
water. 

The general procedure employed for the prepara- 
tion of these anilides, is essentially that  of Rheinboldt and Schmitz-Dumont (19). To 
0.02 mole of arylglyoxylohydroxamyl chloride dissolved in  100 cc. of anhydrous ether is 
added 0.06 mole of freshly-distilled aniline. The flask is securely stoppered and allowed 
to  stand a t  room temperature, with occasional shaking, for four days. The precipitated 
aniiine hydrochloride is filtered off with suction and the filtrate evaporated to  dryness in 

.4rylglyoxylohydroximic acid anilides. 
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POBYULA 

CirHiaN~Oz 
Ci~HiiNiOe 
CraHisNzOz 
CiiHiiClN~Oz 
CIIHIIN~OI 
CiiHitNiOi 
CiiHinNtOi 

a vacuum desiccator. Recrystallization from an appropriate solvent gives a pure product. 
The anilides obtained from p-hydroxy- and 3,4-dihydroxyphenyl-glyoxylohydroxamyl 
chlorides are insoluble in ether; these are freed of the precipitated aniline hydrochloride by 
washing with cold water. 

Arylglyoxylohydroximic acid anilides melt with decomposition; with concentrated 
sulfuric acid, cold, they decompose, with the formation of a dark purple color. On heating 
with dilute aqueous alkali, the anilides yield isocyanides, recognized by the characteristic 
odor; a similar observation is made in attempts to recrystallize these from the higher- 
boiling solvents, viz. xylene, amyl acetate, etc. A summary of the various arylglyoxylo- 
hydroximic acid anilides is presented in Table 11. 

ANAL., N 

Calc'd Found -- 
11.02 11.00 

10.2 10.01 
10.4 10.22 
10.9 11.10 
10.26 10.0 

TABLE I1 
ARYLQLYOXYLOHYDROXIMIC ACID ANILIDES 

COHI-~ 
p-CHiCsHe- 
~-csHrCaHa-~ 
p-ClCsH4- 
p-CH:OCsH4- 
pHOCsH4- 
3, I-(HO)zCsHr 

145-146 
163-164 
135-136 
145-146 
148-150 
164-166 

155' 

BECBYSTALLIZED PROM 

Toluene 
Isopropyl alcohol 
Isopropyl alcohol 
Isopropyl alcohol 
Dilute alcohol (60%) 
Dilute alcohol (60%) 
Acetone-toluene (1:3) 

Proviously described by Rheinboldt and Sohmit 
Not pure for analysis 
Darkens at this temperature. 

CRYSTALLINE POBY 

Yellow flakes 
Fine, colorlm needles 
Yellowiah-brown flakes 
Large, yellow flakes 
Fine, pale yellow needles 
Fine, pale yellow needles 
Small, yellow needlea 

Dumont (19). 

SUMMARY 

1. A general method is described for the preparation, in good yields, of aryl- 

2. These products may be converted into glyoximes of the general structure, 
glyoxylohydroxamyl chlorides by the nitrosation of chloromethyl ketones. 

ArC-CC1 
It II 

NOH NOH 
3. Arylglyoxylohydroxamyl chlorides show properties of acid chlorides, e.g. , 

they react with amines; with aniline, they form characteristic anilides of the 

H 
ArC-CNCaHs 

0 NOH 
II II 

4. Preliminary studies indicate that arylglyoxylohydroxamyl chlorides are of 
value aa intermediates, by catalytic hydrogenation, for the synthesis of phenyl- 
ethanolamine and its phenyl substituted derivatives. 

BALTIMORE, MD. 
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CONSTITUENTS OF PYRETHRUM FLOWERS. XV. PRESENCE OF 
THE CUMULATED SYSTEM IN THE PYRETHROLONE SIDE CHAIN 

F .  B. LAFORGE AND FRED A G R E E ,  JR. 

Received June 18, 1942 

The original structures of the two pyrethrins proposed by Staudinger and 
Ruzicka (1) have since been confirmed by subsequent researches, with the ex- 
ception of one minor feature. Pyrethrolone, the alcoholic-ketonic component 
common to both pyrethrins, was found to contain a third double bond located 
in the alpha,beta-position in the nucleus in addition to the two double bonds 
in the five-membered side chain (2). 

CH, 
C 

/ @ \  1 2 3 4 
H2C Q CCH&H=C=CHCH3 

I c=o I 
HOC- 

I 
H 

According to  the original formula this side chain consisted of a 2,3-pentadienyl 
group. The evidence was furnished by the isolation of malonic acid from the 
oxidation products of pyrethrolone, and the production of acetaldehyde on ozoni- 
zation (3). The last-mentioned result locates with certainty one of the double 
bonds in position 3, and proves the presence of a terminal methyl group. Many 
unsuccessful attempts to obtain further direct proof of the arrangement of the 
double bonds in the pyrethrolone side chain were subsequently made in this 
Bureau. 

Since the cumulated system had never been encountered in nature, additional 
confirmation of its existence in pyrethrolone seemed necessary. A natural 
alternative supposition was that the conjugated system so common in nature 
might be present (4). However, very convincing indirect evidence against this 
theory and in support of the cumulated system has been obtained. 

With one double bond definitely located in position 3, the absence of the other 
one in position 1 (Le. ,  the exclusion of a conjugated system) would be positive 
evidence for the existence of the cumulated arrangement, since only position 2 
would then remain. 

Pyrethrolone and its desoxy derivative, pyrethrone, do not react with maleic 
anhydride or alpha-naphthoquinone, and they do not add hydrogen on treatment 
with aluminum amalgam, by which method pyrethrone was prepared from 
pyrethrolone (5 ) .  In indifferent solvent, pyrethrolone and pyrethrone readily 
add 1 mole of bromine, and the dibromo derivatives are reconverted into the 
original compounds by zinc reduction (5,  6 ) .  A 1,4-addition of halogen had 
therefore not occurred, as would have been likely were the conjugated system 

416 
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present, for the zinc reduction of dibromopyrethrone would then have furnished 
jasmone (4) having only one double bond, located in position 2. When pyret'h- 
rone was treated with bromine in an alcoholic solvent, the main product was 
an alkoxybromo addition compound formed together with some of the dibromo 
derivative. Both products furnished the original pyrethrone on zinc reduction 
(5, 6). 

In order to compare these halogen addition reactions with an authentic 2,3- 
peritadienyl derivative, l-cy~lohexyl-2~3-pentadiene (formula 11) was prepared 
(6) and examined with respect to its behavior toward bromine in the two types 
of solvents (7). 

C 
/ \H 

H2C CCH&H=C=CHCH, 

I1 

The results of the halogen addition and of the subsequent reduction were found 
to be parallel to those obtained with pyrethrone. 

Finally, the absorption spectrum of pyrethrone was compared with that of 
l-cyclohexyl-2,3-pentadiene, with the following results:' Pyrethrone showed 
the typical absorption of an alpha, beta-unsaturated ketone (A,,, ,235 mp log E = 
4.2). The position of the maximum excludes a formula in which a conjugated 
system of double bonds in the side chain is in conjugation with the keto group 
and a double bond of the ring system. If such were the case, pyrethrone should 
possess a maximum of absorption considerably above 240 mp. The presence 
of a cumulated system in the side chain, on the other hand, has little, if any, 
effect on the absorption of the alpha, beta-unsaturated ketone. The l-cyclo- 
hexyl-2,3-pentadiene, for example, was found to possess practically no absorp- 
tion above 250 mp arkd only slight general absorption below. The absorption 
results thus exclude the possibility of a double bond in position 1, while the 
formation of acetaldehyde on ozonization fixes one double bond in position 3, 
a t  t,he same time excluding position 4 and leaving only position 2 as the location 
of the remaining double bond. 

The presence of a three-membered ring is excluded as an unlikely possibility 
because this group does not easily hydrogenate, nor does it readily add bromine. 

Formula I may therefore be accepted as representing the correct structure of 
pyrethrolone. 

BELTSVILLE, MD. 

1 Our appreciation is expressed to  F. Hirschmann, for making the spectrographic ob- 
servations while a t  Yale University, August, 1939. 
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FURTHER ACYLATION EXPERIMENTS WITH SULFANILAMIDE 
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PART I1 

In a previous communication (1) some rules were suggested for the condensa- 
tion of aromatic amines with dicarboxylic acid anhydrides. It was found that 
heterocyclic amines in general behave like their isocyclic analogs, with the excep- 
tion that maleic anhydride failed to give imide derivatives, which are formed 
with such extreme ease with succinic or phthalic anhydrides. This exception 
was especially surprising in the sulfanilamide series, where it was observed that 
citraconic anhydride yielded as the only reaction product the cyclic imide (2). 
It seemed worth while to investigate further the peculiar position of maleic 
anhydride. 

It was first suspected that the compounds of the series RNHCOCH=CH- 
COOH derived from maleic anhydride might possess trans structure. It is 
admitted that cis-trans isomerization has never been observed under the influ- 
ence of a sulfonamido group. On the other hand, it is known (3) that pyridine 
is an excellent catalyst for this transformation, so that a similar effect of the 
tertiary nitrogen in sulfapyridine or 6-methoxy-8-aminoquinoline (1) was not 
a priom' to be excluded. However, condensation of fumaroyl chloride ethyl 
ester with sulfanilamide yielded a substance (I) entirely different from the 
esterification product of maleamidosulfanilamide. Moreover, in the latter re- 
action a small amount of the imide I1 was formed. Again, the same series of 
reactions with 6-methoxy-8-aminoquinoline revealed the essential difference 
between the cis and trans forms of 111. On the other hand, we now find that 
citraconic anhydride behaves as predicted, in that the amide acids IV and VI 
are formed at room temperature and at 50°, and are cyclized to the corresponding 
imides V and VI1 a t  about 100' and 80" respectively. In previous experiments 
(2) recrystallization from boiling water was sufficient to effect the cyclization 
of IV. 

( p )  NHZSOzCifLNHCOCH (PI N H 2 s 0 2 c 6 H 4 ~ / c o ~ H  

C O - C H  
\ 

I/ 
CHCOzCzHs 

*I I1 

NHCOCH=CHCO~H 
I11 
419 
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( p )  NH2SO2C6H4NHCOCH=&CO2H C O - C H  
L 

NHd302C6HaN 
IVa 

7 
( p )  NH~S02Ce.H;NHCOC=CHCO~H 

I 
CH3 

1% 

\ Ii 
CO-CCHa 

V 

The different behavior of maleic and citraconic anhydrides probably must be 
ascribed to the influence of the methyl substituent. It has been found by 
Ashton (4) that the ratio of the two dissociation constants is, respectively, for 

for 0.01 maleic acid - = 

molar solutions. It can be concluded that the larger difference in acidity be- 
tween the two carboxyl groups of maleic acid causes their different ability to 
condense with amino groups. We feel, however, that this explanation is un- 
satisfactory, and shall attack the problem by physical methods. 

K1 and for citraconic acid - X K1 

Kz 6.2 X lo-' K~ 1.3 x 10-4 

Cc"""̂  7% 
NHCOCH=CCOzH 'I P f i C H 3  

VIa 

7 { X W C O - C H  

N 
' /  i / 

CO--CCHo 
\ 
VI1 NHCOC=CHCO,H 

I 
CH, 

VIb 

In view of the low toxicity of the sodium salt of N4-sulfanilamidomaleic acid, 
it was of interest to determine the corresponding figure for the trans isomer. 
Both derivatives show about the same toxicity in white mice: Lethal dose of the 
cis form, 4.5 g./kg.; lethal dose of the trans form, 4.0 g./kg. 

EXPERIMENTAL 

Ethyl N4-sulfanilamidomaleate. Condensation between sulfanilamide (17.2 g.) and 
maleic anhydride (11 9 . )  (5) was easily effected in acetone (150 cc.). The solution turned 
immediately yellow and became warm. The maleamidosulfanilamide crystallized soon in 
quantitative yield; m.p. 209-210". Esterification of this compound (13.5 g.) was carried 
out in boiling absolute ethanol (100 cc.) with 2 cc. of sulfuric acid. I n  the course of one 
hour the amide acid went completely into solution. small 
amount of white crystals settled down (11). These, when recrystallized from butanol- 

After twelve hours standing, 
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pyridine, formed colorless prismatic rods, without a definite melting point. After sintering 
a t  220"' the substance remained semi-solid to  about 285", when i t  decomposed. 

Anal. Calc'd for ClaHsSz04S: C, 47.6; H ,  3.2; N ,  11.1. 
Found: C, 47.5; H ,  2.8; N, 11.2. 

The filtrate of I1 was concentrated on a steam-bath and the ester precipitated by addition 
of water. From butanol, yellowishleaflets, m.p. 204205' (cis form of I). 

Anal. Calc'd for C1zHlaNzO~S: C, 48.3; H, 4.7; N, 9.4. 
Found: C, 48.6; H ,  4.9; N, 9.5. 

Condensation of sulfanilamide with maleic anhydride in boiling dioxane or xylene like- 
wise yielded the amide acid of m.p. 209". Melting of the two components at 150-160' gave a 
yellow powder, which was soluble only in pyridine and could not be recrystallized. 

Ethyl Nkwlfanilamidofumarate. To a solution of fumaroyl chloride ethyl ester (4 g.) 
in acetone (15 cc.) was added dropwise a solution of sulfanilamide (4.5 9.) in  acetone (25 cc.) 
and pyridine (2 cc.). After evaporation of the solvent, the residue crystallized. Re- 
crystallization from ethyl benzoate with a little pyridine yielded the ester (I) as a white, 
microcrystalline powder, m.p. 219'. 

Anal. 

The ester was saponified easily with sodium hydroxide a t  room temperature, and the 
trans acid precipitated with hydrochloric acid. It was purified by several reprecipitations, 
and finally by recrystallization from glacial acetic acid; m.p. 295'. 

Calc'd for ClZHl4N~O~S:  N ,  9.4; OCZH~,  15.1. 
Found: N, 9.2; OCZH~,  15.1. 

Anal. C a l c ' d f 0 r C ~ ~ I - I ~ ~ N ~ 0 ~ S :  C,44.4;H, 3.7;N, 10.4. 

Condensation of sulfanilamide with citraconic anhydride (ZV and V )  . Sulfanilamide 
(8.6 g.) was dissolved in dioxane (40 cc.) and a solution of citraconic anhydride (5.6 g.) 
in  dioxane (10 cc.) was added dropwise a t  $5". The reaction product was filtered off after 
twelve hours standing. It is easily soluble in cold sodium carbonate solution, and therefore 
represents the acid (IV a or b) ; yield quantitative. After reprecipitation of the sodium 
salt of IV with hydrochloric acid, the acid IV shows the m.p. 175". At the melting tempera- 
ture gas is evolved (water), the product solidifies, and melts again at about 210'. Re- 
crystallization of the acid IV from 50% acetic acid gave only the imide V as fine needles, 
m.p. 217-218' (2). 

Found: C,44.5;H,3 .7;N,10 .5 .  

Anal. of acid (ZV). Calc'd for CllH1~NZO5S: C, 46.5; H, 4.2. 
Found: C, 46.8; H, 4.4. 

6-~Methoxyquinoline-8(N-maleamido acid) ethyl ester (ZZZ, --COOCzHs in place of-COOH). 
Condensation is best accomplished by dissolving 6-methoxy-8-aminoquinoline and maleic 
anhydride in acetone and boiling for two minutes. The mixture solidifies immediately, and 
the acid I11 (cis form) is obtained in quantitative yield; m.p. 225". 

Four grams of this amide acid in ethanol (35 cc.) was boiled with 2 cc. of concentrated 
hydrochloric acid for six hours. The reaction product crystallized slowly; from butanol, 
long yellow rods, m.p. 212" (with decomp.). This hydrochloride of the ester of I11 retains 
half a molecule of water, which cannot be removed by drying without loss of hydrogen 
chloride. 

Anal. 

The free ester-base was obtained by trituration of the above product with cold ammonia. 
Recrystallization was extremely difficult and could be effected only by short boiling with 
nitrobenzene, prolonged boiling causing decomposition; long fine needles of m.p. 177'. 

For analysis, the substance was dried a t  56". 
Calc'd for C l ~ H l s N z 0 4 ~ H C l  + 0.5 HzO; C, 55.7; H ,  5.2; N, 8.1. 
Found: C, 55.8, 55.9; H ,  5.5, 5.4; N ,  8.4. 

Anal. 

6-Methoxyquinoline-8(N-furnaramido acid) ethyl ester (trans form of ZZZ, --COOCZH~ i n  
place of --COOH). Fumaroyl chloride ethyl ester (4 g.) was dissolved in acetone (20 cc.) 
and added dropwise to  a solution of 6-methoxy-8-aminoquinoline (4 g.) in acetone (15 cc.). 
Every drop produced a yellow precipitate of the hydrochloride. The product was filtered 

Calc'd for CI6H16N204: C, 64.0 H ,  5.3; N, 9.3. 
Found: C, 63.85; H, 5.0; N ,  9.1. 
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off and recrystallized from butanol; sharp rods, m.p. 195" (decomp.), yield quantitative. 
During recrystallization, partial hydrolysis of the hydrochloride occurred; therefore i t  
was necessary to  add a few drops of hydrochloric acid to  the recrystallization mixture. 

Anal. Calc'd for ClsHleNz04.HC1: N ,  8.3; OCH3 + OCPHS, 22.3. 
Found: N ,  8.4; OCHI + OCZH~, 21.6. 

The free ester-base was obtained by treating the above hydrochloride with ice-cold 

Anal. Calc'd for CleHlsN~O4: C, 64.0; H ,  5.3; N ,  9.3; OCH3 + OCZH, 25.3. 
Found: C, 64.3; H ,  5.7; N ,  9.4; OCH3 + OCzH5, 25.6. 

The ester-base was not saponified by sodium hydroxide at room temperature. At 100" 
only the free aminoquinoline was obtained. 
6-Methoxyquinoline-8-citraconimide (VZZ) . The quinoline base (1.7 g.) and citraconic 

anhydride (1.2 g.) were dissolved in acetone (15 cc.) .  A red color appeared immediately, 
and the mixture solidified after two minutes. After washing with ethanol, the crystals 
showed the m.p. 131"; yield 90%. No method other than reprecipitation was found to 
purify the acid VI. Even from methyl ethyl ketone, the imide VI1 was obtained in  beauti- 
ful prisms, m.p. 179". From 30y0 ethanol, there was first precipitated a mixture of VI and 
VII, which was converted completely into VI1 by longer boiling. 

Anal. of VZZ. Calc'd for C16HlzN203: C, 67.2; H ,  4.5; N ,  10.4. 
Found: C, 67.1; H,  4.3; N,  9.9. 

ammonia and was recrystallized from isopropanol; rods, m.p. 105". 

PART I11 

In the search for derivatives of 6-rnethoxy-8-aminoquinoline with antimalarial 
activity, it was soon found (6) that the aliphatic chain introduced into the amino 
group must possess a strong basic center, in order to give the substance sufficient 
solubility in the body fluids, and in this way plasmoquine (VIII) and its homologs 
were developed (7). The question arises, how far the specific structure of the 
side chain in (VIII) is necessary for the desired chemotherapeutic effect. We 
therefore attempted to replace the -NHCHz-group by the -NHCO-grouping. 
Condensation of 6-methoxy-8-aminoquinoline with P-chloropropionyl chloride 
yielded the acyl amide of IX, but our attempts to exchange the &chlorine with 
diethylamine invariably led to the acroyl derivative X by splitting off hydrogen 
chloride. When the derivative IX was heated alone in ethanol for 10 hours, it 
was recovered unchanged. Therefore, it is concluded that the elimination of 
hydrogen chloride is due to the action of diethylamine and not to the influence 
of the tertiary quinoline nitrogen. 

LOCH3 C O O C H 3  NHCOCH=CHz 
NHCOCHiCHiCl 

COOCH3 
NHCH(CHJ iN"CzHd2 

I 
CHs 

VI11 Ix X 

The behavior of the @-chloropropionyl compound IX is surprising, in view of 
the fact that ethyl 8-chloropropionate easily exchanges its halogen with dialkyl- 
amines (8), and that even ethyl acrylate is transformed a t  100' into ethyl 
b-diethylaminopropionate (9). 
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EXPERIMENTAL 

6'-Methoxy-8(~-chloropropionylamido)quinoline (ZX) , To a solution of 6-methoxy-8- 
aminoquinoline (4.4 9.) in benzene (25 cc.) was added dropwise P-chloropropionoyl chloride 
(3.5 g.) in benzene (10 cc.) a t  0". After twelve hours, the crystals (6.5 g.) were removed by 
filtration. The crude hydrochloride of IX melted a t  185-190" and was converted into the 
free base by trituration with sodium carbonate; from 90% ethanol, needles m.p. 104". 

.4nal. Calc'd for CI3Hl3C1N202: N,  10.6. Found: N, 10.8. 
6-Methoxy-8-acroylaminoquinoline ( X ) .  Five grams of IX in methanol (20 cc.) and 

diethylamine (4 cc.) was boiled for 3 hours. After evaporation of the solvent, the residue 
was shaken with ether and soda solution, and the ethereal layer dried over sodium car- 
bonate. The base X was purified by distillation, b.p. 210' (0.4 mm.). The yellow oil was 
triturated with methanol and recrystallized with ethanol; prismatic rods, m.p. 119-120". 

.4nal. Calc'd for Cl3HI2N2O2: N, 12.3; OCH3, 13.6. 
Found: N ,  12.5; OCH3, 13.3. 

The hydrochloride of X was precipitated from ethanol solution by addition of ethanolic 
hydrogen chloride. Recrystallization from ethanol gave prismatic plates, m.p. 208'. 

When the acroyl derivative X was dissolved in chloroform and bromine added, a vigorous 
reaction occurred. The residue which was left after evaporation of the solvent was tri- 
turated with cold sodium hydroxide and recrystallized from butyl acetate; long, yellowish 
needles, m.p. 171-172". 

.4naZ. Calc'd for C13H12Br2N202: C, 40.2; H, 3.1. 
Found: C, 40.7; H, 2.9. 

SUMMARY 

I. Condensation of sulfanilamide and 6-methoxy-8-aminoquinoline with 
maleic or fumaric acids, respectively, gives different reaction products. The 
geometrical structure of the unsaturated acid remains, therefore, unaffected. 

2. Citraconic anhydride, in contrast to maleic anhydride, shows a very pro- 
nounced inclination to form cyclic imides. The theoretical basis for the different 
behavior of the two unsaturated homologs is discussed. 

3. Attempts to introduce the side chain -COCH2CHzN(C2H& into the 
amino group of 6-methoxy-8-aminoqu$oline failed. 

REHOVOTH, PALESTINE 
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It has been shown in previous communications (1, 2) that coral-reef building 
animals contain significant quantities of unsaponifiable matter. The sugges- 
tion has been made (1) that this material is eventually removed from circulation 
by becoming embedded in the ever-growing reef, acting like a vast storehouse of 
compounds, which may be looked upon as potential precursors of petroleum. 
Gorgonias have long been recognized as contributors to the formation of reefs. 
The organic chemistry of these animal colonies has been the subject of a number 
of investigations; these have been concerned, however, almost exclusively with 
the iodine-containing horny stem. This part of the colony contains only small 
amounts of ether-acetone-soluble material. The bulk of the fatty substances is 
concentrated in the living, calcareous, external layers, from which they may 
readily be extracted by lipid solvents. As far as the authors are aware, no in- 
formation concerning the composition of these lipids appears to be available 
a t  present. 

In connection with systematic studies on the distribution of sterols among 
marine invertebrates, which are in progress in this laboratory, a quantity of non- 
steroid alcohols was obtained from the unsaponifiable fraction of the gorgonia, 
Plexaura jlexuosa. This material had been obtained by first removing the 
sterols by means of digitonin, and by subsequent subdivision of the remainder 
into an alcoholic and non-alcoholic fraction by way of the sulfuric acid esters of 
the alcohols. This method of separation, which has already been shown by 
one of the authors (3) to give satisfactory results, is analogous to the one, first 
used by Natelson and Sobel (4) for the isolation of sterols from mixtures. Re- 
cently Sobel and Spoerri (5 )  have recommended a modified procedure as a cheap 
and convenient substitute for the digitonin method in the isolation and quanti- 
tative determination of sterols. The fact, however, that this sulfate method may 
also be used with advantage for the isolation of alcohols other than sterols, 
makes it obvious, that in its present form i t  may replace the digitonin method 
only in such cases where the presence of non-sterol alcohols is definitely contra- 
indicated. The alcohols were recovered from the sulfates by acid hydrolysis as 
recommended by Butenandt and Westphal(6). 

The crude, sterol-free, alcoholic fraction from Plexaura JEexuosa was a color- 
less, wax-like material. It was at first believed to consist principally of cetyl 
alcohol, as did the corresponding fraction from corals (2). Fractional distilla- 
tion of the material in vacuo, however, showed that it contained two principal 
components. The first fraction, representing more than fifty per cent of the 

‘The material in this paper constitutes part of a dissertation submitted by C. A. Kind 
in partial fulfillment of the requirements for the Ph.D. degree, Yale University, June 1942. 
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material, melted a t  55-56" after repeated recrystallizations. Analysis of the 
alcohol agreed well for C18H3,0H, or octadecyl alcohol for which the map. 58' 
has been reported. The phenylurethan of the gorgonia alcohol melted a t  76" or 
about three degrees below the melting point reported for octadecylphenyl- 
urethan. Mixtures of the corresponding alcohols and phenylurethans melted 
between the melting points of the respective substances. It was assumedthere- 
fore that this gorgonia alcohol was octadecyl alcohol containing small amounts of 
impurities. The correctness of this assumption was borne out by the fact that 
the m-dinitrobenzoate, m.p. 76.5", of the gorgonia alcohol analyzed accurately 
for octadecyl m-dinitrobenzoate, and that treatment of the alcohol with hydriodic 
acid gave octadecyl iodide, m.p. 34', which gave no depression of the melting 
point when mixed with an authentic sample. As far as the authors are aware, 
this is the first time that octadecyl alcohol has been isolated from lower marine 
invertebrates. 

The second fraction from the fractional distillation of the gorgonia alcohols 
was a mixture, which will be discussed below. The residue from the distillation 
represented about fifteen per cent of the mixture. Treatment of the material 
with phenylisocyanate yielded a compound of map. 101-102', which analyzed 
satisfactorily for the bis-phenylurethan of an alcohol of the formula C21H4403. 
The data agree well with those reported for the bis-phenylurethan of batyl 
alcohol, m.p. 101-102' (7), and a mixture of the two compounds showed no de- 
pression of the melting point. Hydrolysis of the bis-phenylurethan of the 
dihydric gorgonia alcohol gave batyl alcohol, HOCHzCHOHCH20(CH2) 17CH3, 
m.p. 68-69', which like the batyl alcohol from fish oils (8) and bone marrow (7) 
showed a small positive rotation of (cy):5 + 1.4". The identity of the dihydric 
gorgonia alcohol with batyl alcohol was finally established by the conversion of 
the former into octadecyl iodide, m.p. 34', which gave no depression of the 
melting point when mixed with an authentic sample. As far as the authors are 
aware this is the first time that the presence of batyl alcohol in lower marine 
invertebrates has been definitely established. 

The second, or middle fraction, from the distillation melted at  64", and gave a 
phenylurethan of m.p. 95-96'. The physical properties and analytical data of 
this fraction and its derivatives indicated that it was a mixture of batyl alcohol 
and some octadecyl alcohol. In this connection it is of interest to note that 
Drummond and Baker (9) have reported the melting point 64" for a sample of 
batyl alcohol isolated from a mixture containing octadecyl alcohol. These au- 
thors have emphasized the difficulties encountered in separating such a mixture. 

The 
calcareous layers of this colony are rather thin, and their separation from the 
stem is difficult. The entire material was therefore extracted with acetone.2 
Treatment of the acetone extract with alcohol led to the separation of a greenish 
wax, which after purification melted a t  50-50.5'. It was identified as cetyl 
palmitate by direct comparison and by its hydrolysis to cetyl alcohol and palmitic 

Quite different results were obtained with the gorgonia, Xiphogorgia sp. 

*The authors express their gratitude to  Merck and Co. for the extraction of thematerial. 
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acid. The sterol-free, alcoholic fraction of the unsaponifiable matter of this 
gorgonia, prepared as described above, consisted almost entirely of cetyl alcohol. 
The results obtained with Xiphogorgiac are therefore quite analogous to those 
obtained with corals (2). 

EXPERIMENTAL 

All melting points are corrected. 
Preparation and fractionation of the non-sterol alcohols from Plexaura flexuosa. Twenty- 

five grams of sterol-free unsaponifiable matter was dissolved in 150 cc. of chloroform and 
75 cc. of pyridine. The solution was cooled in  an ice-bath, and a solution of 7.5 cc. of chloro- 
sulfonic acid in 50 cc. of chloroform was added dropwise under vigorous stirring. The 
mixture was left standing a t  room temperature overnight and then refluxed for two hours 
on the steam-bath. Most of the chloroform was then distilled off, and ether was added to 
the remainder. The suspension was then shaken vigorously with 150 cc. of 2 N sodium 
carbonate solution until the sodium salts of the sulfuric acid esters had largely separated. 
Concentrated sodium chloride solution was then added, and the ether layer separated, a 
process which was greatly facilitated by centrifugation. The salts were filtered, dried 
in vacuo, and exhaustively extracted with ether. They were then refluxed for six hours 
with 200 cc. of ethanol and 100 cc. of 5 N sulfuric acid. The alcohols, which separated as 
an oily layer on the surface of the liquid, solidified a t  room temperature. They were ex- 
tracted with ether, and the ether extract was washed, dried, and evaporated to  dryness. 
The crude alcohols (12 g.) were then transferred into a small distilling flask with a built-in 
Widmer column and subjected to  fractional distillation a t  about 0.5 mm. The first frac- 
tion, A, came over a t  a distilling temperature of 100-105" and a bath temperature of 152- 
155", and the second fraction, B, a t  135-140" and 180-185" respectively. The distillation 
was then interrupted and the residue, fraction C, removed from the flask. 

Isolation of octadecyl alcohol. Fraction A, (7 g.) came over as an almost colorless oil 
which solidified at room temperature. After repeated recrystallizations from acetone i t  
melted a t  56-57'; the mixed melting point with octadecyl alcohol of m.p. 58" was 56-58'. 

Anal .  

Octadecylphenylurethan. The alcohol was refluxed for three hours with a solution of 
phenylisocyanate in benzene. The solution was then evaporated to complete dryness 
in vacuo a t  loo", and the residue recrystallized from benzene and methanol; m.p. 76". The 
mixed melting point with octadecylphenylurethan of m.p. 78-79" was 77-78". 

Calc'd for ClaHssO: C, 79.92; H, 14.16. 
Found: C, 79.94; H ,  13.88. 

Anal .  Calc'd for CzsH43NOz: N,  3.60. Found: N, 3.70. 
Octadecyl m-dinitrobenzoate. The alcohol was treated with m-dinitrobenzoyl chloride 

in dry pyridine. The crude, reddish product was dissolved in  low-boiling petroleum ether 
and decolorized with Norit. After several recrystallizations from petroleum ether the 
compound was obtained in  the form of small, colorless needles, m.p. 76.5'. The m-dinitro- 
benzoate of authentic octadecyl alcohol was prepared in  an analogous manner. It melted 
at 77.5", and a mixture of the two compounds melted a t  76-77". 

Anal .  Calc'd for CZsH4oNzOa: C, 64.63; H,  8.68. 
Found: C, 64.53; H,  8.68. 

Octadecyl iodide. Five hundred milligrams of the alcohol, 20 mg. of red phosphorus, and 
25 mg. of freshly sublimed iodine were heated for four hours at 145-150". After cooling, the 
mixture was treated with ether, and the ether extract washed successively with water, 5% 
sodium hydroxide solution, and water, dried, and evaporated to  dryness. The residue was 
recrystallized several times from an acetone-ethanol mixture, m.p. 33-33.5'. The mixed 
melting point with an authentic sample of octadecyl iodide of m.p. 34" was 33-34'. 

Batyl-bis-phenylurethan. Fraction C was treated with phenylisocyanate in the manner 
described above, and the reaction product was recrystallized several times from methanol; 
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m.p. 100.5-101". The mixed melting point with an authentic sample of batyl-bis-phenyl- 
urethan3 of m.p. 100-101" was 100-101". 

Anal. Calc'd for CssHsaNzOs: C, 72.16; H ,  9.28. 
Found: C, 72.10; H, 9.53. 

Batyl alcohol. The alcohol was prepared by refluxing the bis-phenylurethan for six 
hours with 5y0 sodium hydroxide in methanol. After several recrystallizations from dilute 
acetone i t  melted a t  68-69'. The mixed melting point with an authentic sample of batyl 
alcohol3 of m.p. 70" was 68-70'. (CY): $1.4" (45.1 mg. in 3.0 cc. of chloroform). 

Anal. 

Octadecyl iodide.  The alcohol was refluxed for 150 minutes wit6 hydriodic acid, spec. 
gr. 1.7, and the iodide was isolated according to  Heilbron and Owens (10); m.p. 33-34". 
The mixed melting point with octadecyl iodide of m.p. 34" was 3334". 

Calc'd for CZIHUOS: C, 73.25; H,  12.79. 
Found: C, 73.01; H,  12.69. 

Anal. Calc'd for ClsH8,I: C, 56.83; H, 9.80. 
Found: C, 56.86; H ,  9.72. 

Fraction B .  After four recrystallizations from acetone, fraction B gave 0.8 g. of a color- 
less, crystalline substance of m.p. 62-64'. (Calc'd for CnHuO~: C, 73.25; H, 12.79; Found: 
C, 74.39; H ,  13.19.) The phenylurethan of the substance melted a t  95-96'. (Calc'd for 
CSSHMN206: C, 72.16; H, 9.28; Found: C, 71.70; H ,  9.49.) It appears therefore that  this 
fraction is a mixture of batyl and octadecyl alcohols and probably some other constituents. 

Isolation of cetyl palmitate from Xiphogorgia s p .  The acetone extract of Xiphogorgia 
sp. was diluted with twice its volume of warm ethanol, and the undissolved material was 
filtered. I t  represented a greenish wax, which was subjected to  repeated treatments with 
Norit in acetone. -4 colorless material of m.p. 50-51" was eventually obtained, which gave 
no depression of the melting point Then mixed with an authentic sample of cetyl palmitate. 
The compound was identified as cetyl palmitate by its hydrolysis to cetyl alcohol, m.p. 
49", and palmitic acid, m.p. 62.5" (2). 

SUMMARY 

Octadecyl alcohol and batyl alcohol have been isolated from the unsaponifiable 
material of the gorgonia, Plexaura jlesuosa. Cetyl palmitate has been isolated 
from the acetone extract of the gorgonia, Xiphogorgia sp. 

NEW HAVEN, CONN. 

REFERENCES 

(1) BERGMANN AND LESTER, Science, 92, 452 (1940). 
(2) LESTER AND BEROMANN, J. Org. Chem., 6,120 (1941). 
(3) BERGMANN, Ann. Entomol. SOC. Am., 31, 315 (1938). 
(4) NATELSON AND SOBEL, J .  Biol. Chem., 109,687 (1935). 
(5) SOBEL AND SPOERRI, J .  Am. Chem. SOC., 64, 361 (1942). 
(6) BUTENANDT AND WESTPHAL, Ber.,  69, 447 (1936). 
(7) HOLMES, CORBET, GEIGER, KORNBLUM, AND ALEXANDER, J .  Am. Chem. SOC., 63, 2607 

(8) DAVIES, HEILBRON, AND JONES, J. Chem. SOC., 1933, 166. 
(9) DRUMMOND AND BAKER, Biochem. J., 23, 274 (1929). 

(1941). 

(IO) HEILBRON AND OWENS, J .  Chem. SOC., 1928, 942. 

3The authors are indebted to  Drs. H. N. Holmes and N. Kornblum for a sample of this 
compound. 



[CONTRIBUTION FROM THE STERLING CHEMISTRY LABORATORY, YALE UNIVERSITY] 

CONTRIBUTIONS TO THE STUDY OF MARINE PRODUCTS. XII. 
THE OXIDATION OF PORIFERASTEROLl 

A. MURRAY LYON AND WERXER BERGMANN 

Received June 39, 1942 

As has been shown in a previous communication (l), the sterol mixture ob- 
tained from the marine sponges Cliona celata and Spheciospongia vesparia con- 
tains two principal components, the mono-unsaturated clionasterol, CZSHSOO, 
and the di-unsaturated poriferasterol, CzeH4s0. It has also been shown (2) 
that the two sterols are closely related to each other, since they both give the 
same poriferastanol upon catalytic hydrogenation. The poriferasterol may be 
separated from the sterol mixture by way of its difficultly soluble acetate tetra- 
bromide. Partial debromination of this tetrabromide by the method of Fern- 
holz and Stavely (3) gives poriferasteryl acetate dibromide. Since this behavior 
is quite analogous to that of stigmasteryl acetate tetrabromide, it wsls assumed 
that poriferasterol possesses one double bond in the ring system, and another in 
the side chain. The correctness of this assumption has now been established by 
the oxidation and ozonization of poriferasterol. 

Like clionasterol (2), poriferasterol has a nuclear bond in the 5,6-position. 
This was first established by the oxidation of poriferasterol with aluminum 
isopropoxide and cyclohexanone. During the oxidation the usual shift of the 
double bond to the 3,4-position takes place to give poriferastenone, (a) :5 + 57', 
which shows the typical absorption spectrum an a ,P-unsaturated ketone. The 
ketone was characterized by its 2,4-dinitrophenylhydrazone, m.p. 232-234', 
and its semicarbazone, m.p. 229-230'. 

Because of the similarity of the behavior of the stigmasteryl and poriferasteryl 
acetate tetrabromide it was first assumed that the side chain double bond of 
poriferasterol occupied the 22,23-position.2 Doubts as to the correctness of 
this assumption, however, were raised, when it was found that preliminary ozoni- 
zation experiments with poriferasterol failed to give an aldehyde identifiable as a 
semicarbazone. Further investigations along this line have now demonstrated 
the correctness of the original assumption. Ozonization of poriferasteryl acetate 
5,6-dibromide according to the directions of Fernholz and Stavely (4) gave an 
acid, which after debromination and hydrolysis yielded S(P)-hydroxyd, 6- 
bisnorcholenic acid, m.p. 291-292'. The acid was identified by its physical 
properties and analysis, its methyl ester, m.p. 140", and methyl ester acetate 
137.5', and by comparison with authentic material. 

This observation proves what so far has been only an assumption, namely, 
that the sponge sterols are true sterols. It also proves definitely the presence 

'The material in this paper constitutes part of a dissertation submitted by A. AX. Lyon 
in partial fulfillment of the requirements for the Ph.D. degree, Yale University, June 1942. 

2In a previous communication (1) this position has been erroneously called the 21,22- 
position. 

428 



OXlDATION OF PORIFERASTEROL 42 9 

of the hydroxyl group in the S(P)-position, and the presence of a double bond in 
the 5 ,G-position. Since poriferasterol differs from clionasterol only by the 
presence of a double bond in the 22,23-position, the latter must be regarded as 
22,23-dihydroporiferasterol. The results also demonstrate that poriferasterol 
differs from the isomeric stigmasterol only in the arrangement of the terminal 
seven carbon atoms of the side chain. All attempts to elucidate the structure 
of this final group have so far met with little success. Ozonization of 
poriferasterol yielded a volatile substance which gave fuchsin-aldehyde reaction. 
The fragment, however, was more water-soluble than the aldehydes obtained 
by the ozonolysis of stigmasterol and ergosterol, and i t  failed to give an insoluble 
semicarbazone. The volatile compound reacts readily with 2,4-dinitrophenyl- 
hydrazine to give a hydrazone, m.p. 113', (CY) i5 O', which analyzed satisfactorily 
for a derivative of C7H140. This derivative therefore represents the final seven 
carbon atoms of the side chain. Decomposition of the 2,4-dinitrophenylhy- 
drazone with oxalic acid regenerated the volatile product, which again failed to 
give an insoluble semicarbazone, but reacted readily with 2,4-dinitrophenyl- 
hydrazine. Lack of material has made necessary a temporary abandonment of 
the study of this fragment. 

In this connection it is of interest to note that Mazur (5 )  obtained upon ozoni- 
zation of the spongilla steroI an aldehyde, C,H140, which was identified as its 
2,4-dinitrophenylhydrazone of m.p. 109'. It appears likely that this compound 
is identical with the corresponding substance obtained from poriferasterol, 
but i t  seems a t  present unlikely that i t  is identical with the 2,4-dinitrophenyl- 
hydrazone of ethylisopropylacetaldehyde. Since the data for the spongilla 
sterol lie between those of clionasterol and poriferasterol, and since a separation of 
a possible mixture by way of the acetate bromides had not been carried out, i t  
appears likely that the spongilla sterol is a mixture of clionasterol and porifera- 
sterol. Ozonization of such a mixture would lead to the formation of the 
fragment C7H140, characterized by its 2,4-dinitrophenylhydrazone of m.p. 113'. 

EXPERIMENTAL3 

All melting points are corrected. 
Poriferastenone. One gram of poriferasterol and 1 g. of aluminum isopropoxide were 

dissolved in a mixture of 35 cc. of dry toluene and 10 cc. of cyclohexanone, and the solution 
was refluxed for four hours. The ketone was then isolated as previously described (2). 
The crude ketone was dissolved in alcohol and treated with 10 cc. of a 1% digitonin solution 
to  remove a small amount of unreacted sterol. The filtrate from the digitonide was evap- 
orated to  dryness in z'ucuo and the residue extracted with petroleum ether. The extract 
was taken to dryness, and the residue recrystallized several times from acetone; m.p. 111- 
112.5'; (a): + 56.7"; maximum of absorption in the ultraviolet 240 mp. 

Anal. 

Poriferastenone 2,4-dinitrophenylhydrazone. 

Calc'd for C29H,aO: C, 84.81; H, 11.30. 
Found: C, 84.89; H, 11.62. 

It was prepared by refluxing equal parts 
of the ketone and 2,4-dinitrophenylhydraxine for several minutes in alcohol and adding a 

3The authors are greatly indebted to Merck and Co., Rahway, N. J. for the preparation 
of the sponge sterols, and for a grant in aid of the investigation. 



43 0 A. M. LYON AND WERNER BERGMANN 

drop of conc'd hydrochloric acid. The hydrazone, which separated immediately, was 
recrystallized first from chloroform-ethanol and then twice from ethanol; m.p. 231.8-234.5'. 

Anal .  Calc'd for C3sHs~Nd0, : C, 71.17; H, 8.53; N, 9.48. 
Found: C, 71.17;H, 8.54;N,9.53. 

Poriferastenone semicarbazone. 
recrystallized from alcohol; m.p. 229-230O. 

A n a l .  Calc'd for C8aH40NsO: C, 77.03; H, 10.56. 
Found: C, 76.89; H, 10.66. 

3@)-Hydroxybisnorcholenic acid. 

This derivative was prepared in the usual manner and 

Poriferasteryl acetate was dissolved in  chloroform, 
and sufficient bromine in  chloroform was added to  satisfy one double bond. After more 
than twice the theoretical amount of ozone had passed through the solution, which was 
cooled by an ice-bath, i t  was evaporated in uacuo below 35", and the residue debrominated 
with zinc and glacial acetic acid. Water was then added, the mixture extracted with 
ether, and the extract washed with water and an excess of 2 N sodium hydroxide. The 
precipitate which formed on the interphase was washed with 2 N sodium hydroxide and 
ether. The salt was then decomposed with 6 N sulfuric acid, and the acid extracted with 
ether. The ether was evaporated and the residue refluxed with a 5% solution of potassium 
hydroxide in methanol. Water and 2 N sulfuric acid were then added and the mixture 
extracted with a large amount of ether. The ether residue was first recrystallized from 
ether in a thimble and then from glacial acetic acid, m.p. (decomp.) 291-292". The mixed 
melting point with an authentic sample of 3@)-hydroxybisnorcholenic acid showed no 
depression. 

A n a l .  

3@)-Hydroxybisnorcholenic acid methyl ester. The methyl ester was prepared from the 

Anal .  Calc'd for Cz3Hs6Oa: C, 76.58; H, 10.10. 
Found: C, 76.21; H,  10.06. 

3(8)-Acetoxybisnorcholenic acid methyl ester. The methyl ester described above was 
allowed to  stand overnight with pyridine containing 10% of acetic anhydride. The solvent 
was then removed under diminished pressure and the residue recrystallized from methanol ; 
m.p. 137.5'. The mixed melting point with an authentic sample of 3@)-acetoxybisnor- 
cholenic acid methyl ester showed no depression. 

Ozonization of poriferasteryl acetate. One gram of the acetate was suspended in 20 cc. 
of glacial acetic acid, which had been distilled three times from chromic anhydride. Ozone 
was passed through the suspension, which became clear after 15 minutes. After one hour 
the solution was poured into 100 cc. of water, and the mixture distilled into a solution of 
2,4-dinitrophenylhydrazine sulfate until one-quarter of the original volume remained. 
The reagent solution was prepared by dissolving 0.5 g. of 2,4-dinitrophenylhydraeine in 
2 cc. of concentrated sulfuric acid and diluting with 100 cc. of ethanol. An amorphous 
yellow precipitate formed, which was allowed to  coagulate overnight. The crude product 
was purified by percolation of its benzene solution through activated alumina according 
to  the directions of Mazur (5 ) .  It was recrystallized three times from alcohol; m.p. 113- 
114"; (a): i 0". 

Calc'd for Cz2H3rOa : C, 76.23; H,  9.91. 
Found: C, 75.76; H, 9.81. 

acid with diazomethane and recrystallized from aqueous methanol, m.p. 140-141". 

Anal .  Calc'd for C13HlsN,0,: C, 53.05; H, 6.16; N, 19.04. 
Found: C, 52.85; H, 6.26; N, 19.24. 

SUMMARY 

Poriferasterol has been oxidized to poriferastenone. Poriferasterol has been 
degraded by ozonization to a Cn acid, identified as 3 (P)-hydroxybisnorcholenic 
acid. A volatile C7 fragment from the side chain has been isolated in form of 
its 2,4-dinitrophenylhydrazone. Clionasterol hss been shown to be 22,23- 
dih ydroporiferasterol, 

NEW HAVEN, CONN. 
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In  preceding communications (1, 2) the results of a preliminary investigation 
of the constituents of Big Bend loco weed (Astrugahs earEei) have been reported. 
While the isolation of the toxic principle, or principles, was not accomplished, 
two nitrogenous substances called at that time “a- and P-earleine” were sepa- 
rated from the weed along with considerable amounts of d-pinite. With the 
limited quantity of weed available at the time the early work was carried out, 
and because of the very small yield of the two bases, it was not possible to char- 
acterize them further. 

In the meantime an additional supply of weed has been obtained and a fur- 
ther study of the two bases, as well as an extension of the general study of the 
constituents of the weed, has been carried out. The general preliminary ex- 
traction of the weed was the same as that used in the earlier work. After 
extraction of the ground whole weed with 70% alcohol, extraneous inactive 
material was removed by precipitation with basic lead acetate. The filtrate 
from this precipitate, after removal of lead as lead sulfide, was concentrated to a 
syrup which was thoroughly extracted with absolute alcohol, a procedure which 
has been shown to remove the active substance. The concentrate from the 
absolute alcohol extract (fraction A) has been used for the work here described. 

At the outset, further investigation with larger quantities of the so-called “a- 
and @-earleines” showed that they were identical with betaine and choline 
respectively, and a preliminary note to this effect has already appeared (3). A 
study of the thermal decomposition of the latter provided the clue to its identity. 
When “@-earleine” was heated, trimethylamine and acetaldehyde were isolated 
from the decomposition products as the picrate and 2,4-dinitrophenylhydrazone 
respectively. From this the identity of “a-earleine” with betaine was surmised 
and the identity of both bases with choline and betaine was further confirmed 
by preparation of other derivatives. “P-Earleine” produced a typical choline 
effect on mice (4). 

As additional experience with the weed has accumulated, it has been found 
that the precipitation of the toxic constituent with phosphotungstic acid may 
possibly be explained by adsorption of the poison on the rather bulky precipi- 
tate. In  common with the earlier work (l), a considerable amount of activity 
has been found in the filtrate from the phosphotungstic precipitate. In order 
to show that the toxicity of this solution was not due to unprecipitatedcholine, 
the total nitrogen content of the fraction was determined by the Kjeldahl 
method. On the assumption that all the nitrogen thus found was due to choline, 
an amount of choline chloride corresponding to the nitrogen value found, was 
fed to cats in the same dosage as obtained with the weed extracts. In  no case 
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did this produce any symptoms of locoism in the animals, although one cat died. 
On autopsy the cause of death appeared to be starvation. 

Attention was then turned to the filtrate from the phosphotungstic acid 
precipitation. In the more recent work particular attention has been paid to 
thorough washing of this precipitate, with the result that a larger portion of the 
activity of the weed is found in the filtrate, although it has not been conclusively 
demonstrated that such activity as is found in the precipitate is adsorbed. 
However, this now appears to be likely. 

The extreme solubility of the active material in water and alcohol suggests 
that the molecule is strongly polar and that it probably is highly hydroxylated. 
If one assumes that the appearance of the active material in the phosphotungstic 
acid precipitate is due to adsorption, then the further statement can be made that 
it is not truly precipitable by this reagent. It was felt that acetylation of the 
substances found in the phosphotungstic acid filtrate would render them soluble 
in other organic solvents and hence more amenable to separation. Accordingly 
the filtrate (fraction C) was freed of phosphotungstic acid with barium hydroxide 
and the resulting solution was concentrated to dryness. The residue was then 
acetylated in pyridine with acetic anhydride and the product after such treat- 
ment was then separated by extraction with chloroform into a chloroform- 
soluble fraction (D) and a fraction not extracted by chloroform from water 
(fraction E). 

The entire fraction D was deacetylated with barium methoxide and yielded a 
mixture which was not active in cats. However, fractional distillation of the 
acetylated material yielded three substances, acetyl d-pinite, glycerol triacetate, 
and a diacetoxyvalerolactone, or an isomer thereof. 

The presence of three saponifiable groups in the so-called diacetoxyvalero- 
lactone was established by a quantitative determination. Furthermore, two 
of these groups were Characterized as acetyl groups by the method of Elek and 
Harte (5 ) .  This diagnosis was confirmed by a study of the product obtained 
by deacetylation of the acetyl lactone by means of either barium methoxide or 
hydrochloric acid. The product thus obtained was neutral, and on saponifica- 
tion, one equivalent of alkali was consumed. The hydroxy lactone was further 
characterized by the preparation of a phenylhydrazide of the corresponding acid. 

With the limited amount of material available it has not been possible to 
establish the exact structure of the lactone. The following evidence is offered 
in a preliminary sense, pending the accumulation of larger quantities of the 
substance. The possibilities to be considered are a, P-dihydroxy-y-valerolac- 
tone, @-6-dihydroxy-y-valerolactonel /3 , y-dihydroxy-6-valerolactone, a, 6-di- 
hydroxy-y-valerolactone and 01 , y-dihydroxy-6-valerolactone, or branched chain 
isomers thereof. On the assumption that a straight chain is present, /3,6-di- 
hydroxy-7-valerolactone and /3 , y-dihydroxy-6-valerolactone can be eliminated 
because of the failure of the lactone to undergo dehydration under the condi- 
tions attending deacetylation of the acetoxy lactone with hydrochloric acid. 
Under such conditions, these /3-hydroxy lactones would be expected to suffer 
dehydration and to lead to the corresponding unsaturated lactone. Evidence 
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secured by a study of the action oflead tetraacetate on the lactone points to the 
presence of vicinal hydroxyl groups in a trans relationship to each other. In 
Figure 2 is shown the curve representing the course of the oxidation of the lac- 
tone by lead tetraacetate according to the method of Hockett and McClenahan 
(6), together with curves obtained by these authors for other sugar derivatives. 
If this interpretation is correct, the structure of the lactone in question narrows 
down to one of the isomeric a, 8-dihydroxy-y-valerolactones. Such an assump- 
tion appears to be warranted by the observed failure of the lactone to display 
mutarotation in aqueous solution, a behavior which would be expected in the 
cases of a, 6-dihydroxy-y-valerolactone and a, y-dihydroxy-6-valerolactone. 
Eight possible stereoisomers of a ,P-dihydroxy-y-valerolactone may occur, 
namely, d- or Z-arabomethylonic lactone, d- or 1-xylomethylonic lactone, d- 
or Z-lyxomethylonic lactone, and d- or 1-ribomethylonic lactone. 

E-Arabomethylonic lactone is reported as melting a t  123" and showing a value 
for [aJD of -44.7" in water (7). The lactone in question melts a t  52-53' and 
shows a value for [a], of - 64.7" in water. We have prepared the phenylhydra- 
zide of d-xylomethylonic acid, which melts at 132-133" and shows a value for 
[a], of 33", which compares with constants of 114-115" and 42" for the phenyl- 
hydrazide of the acid corresponding to the lactone under consideration. The 
new dihydroxy lactone, therefore, is not an arabo- or xylo-methylonic lactone. 
Neither of the ribomethyloses or their lactones have been described in the 
literature. d-Lyxomethylonic lactone is reported by VotoEek (8) as showing 
a value of [a], of 44.2". However, Clark (9) reports Z-lyxomethylonic lactone 
as melting a t  111" and showing a value of [a], of -63.65'. In view of this con- 
flict of data, it  does not appear warranted to exclude a lyxose configuration for 
the unknown lactone. On the assumption that the unknown lactone is one of 
the straight-chain methyltetronic acids, the configuration of 1-lyxonic lactone 
would seem to be probable on the basis of Hudson's lactone and phenylhydrazide 
rules. Definite corroboration for this suggestion awaits accumulation of larger 
amounts of the lactone and reconciliation of the conflicting data on lyxomethyl- 
onic lactone. These points are under investigation. 

Whether this hydroxy lactone is a primary constituent of the weed or whether 
it is formed by transformation of some precursor during the isolation process 
must be left open for the present, although the comparatively mild treatment 
undergone by the extract up to the acetylation would hardly be expected to 
cause degradation of other carbohydrate constituents. However, the possibil- 
ity that the lactone is an artifact cannot be overlooked. 

The other constituents of the acetylated fraction were identified as glycerol 
triacetate and acetyl-d-pinite. The latter obviously arises from traces of pinite 
carried along mechanically in the solutions. The presence of glycerine, taken 
together with the occurrence of choline, suggests the unlikely possibilitydhat 
phosphotides might have been originally present in the active extracts. How- 
ever, phosphorus determinations on both the original absolute alcohol-soluble 
part, and the material unextracted by absolute alcohol, showed the absence of 
phosphorus. 
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Fraction E, which was not extracted by bhloroform, was concentrated and 
yielded a mixture of substances which was highly toxic to cats. While this 
fraction still gave a positive Molisch test, it no longer reduced Fehling’s solution. 
It gave a reddish-blue ninhydrin test. It was obvious, therefore, that a consid- 
erable concentration of the activity had been achieved. On destructive distilla- 
tion of the residue from concentration of fraction E, the vapors gave an intense, 
red, pine-splinter test for pyrrole and a deep purple color with Ehrlich’s reagent. 
In contrast to this, an aqueous solution of fraction E gives no pine-splinter test 
and a faint green color with Ehrlich’s reagent. The color tests are, therefore, 
due to decomposition products of the bases present. The apparent inability 
of phosphotungstic acid to precipitat,e all of the nitrogenous material, taken 
together with the above color tests, indicates the presence of nitrogen in a non- 
basic compound of the pyrrole series. 

Since not all of the nitrogen present in the weed is basic, it  was of interest to 
determine the distribution of the nitrogen in each fraction. This was done as 
given in the experimental part, and a t  least 11% of the total nitrogen in the 
weed was shown to be non-basic nitrogen. Whether the total activity is to be 
found in this non-basic nitrogen fraction remains to be seen. 

Since apparently the nitrogen in the active material is non-basic, and since 
some indication had been obtained that a derivative of pyrrole wm involved, 
the use of precipitants such as Reinecke salt or ammonium rhodanilate was 
suggested. When the filtrate from the phosphotungstic acid precipitate, after 
being freed from phosphotungstic acid (fraction C), was treated with Reinecke 
salt, a precipitate was obtained which after decomposition with pyridine in the 
usual manner, gave an almost colorless, highly active solution (fraction G). 
The solution gave a positive ninhydrin test and on concentration yielded a 
residue from which crystalline material was obtained. On thermal decomposi- 
tion the crystalline material gave off an odor of a lower aliphatic amine and the 
vapor showed a strong pine-splinter t,est for pyrrole. Elementary analysis 
.showed the presence of nitrogen and sulfur in this substance, along with carbon, 
hydrogen, and oxygen. The sulfur is neither disulfide nor sulfhydryl sulfur, 
and the absence of sulfate and thiocyanate groups was shown. No primary 
amine groups are present and the compound gave a negative ninhydrin test. 
The substance is also precipitated by ammonium rhodanilate, and may likewise 
be obtained from fraction E. With the limited amount available, it  has not 
been possible to characterize this material further. Furthermore, it has not 
been possible to demonstrate conclusively whether this sulfur-containing sub- 
stance is responsible for the activity of the weed or whether the active material 
is to be found in the part of fraction G which gives the ninhydrin test. 

In our attempts to isolate the active constituent of the weed, the presence of 
large amounts of carbohydrate material, and possibly glycosides, has occasioned 
much difficulty. It was, therefore, felt that, if some method could be found 
whereby this inert material could be removed, the separation of nitrogenous 
components would be facilitated. For this purpose we have applied the pro- 
cedure of Rabat6 (lo), which consists in gently heating the dry mixture of carbo- 
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hydrate material with magnesium oxide. It was found that, when this treat- 
ment was applied to the mixture extracted by 95% alcohol, 73% of the reducing 
sugars had been removed along with 9% of the sugar occurring as glycosides 
and polysaccharides, while the activity of the extract was comparatively un- 
affected. However, the ease of isolation of nitrogenous constituents was not 
improved by such treatment. 

Crawford (11) reports that Astragalus lambertii has been used by the Mexicans 
for making beer, and that in some cases symptoms of locoism developed. If 
this indication that fermentation does not affect the activity of the weed is true, 
then a simple way for eliminating some of the carbohydrate material 
is offered. The phosphotungstic acid filtrate (fraction C) was, therefore, 
fermented with yeast and the resulting solution, after removal of proteins, was 
fed to  cats. The activity was not decreased and 66% of the sugars present, 
determined as glucose, had been removed. Likewise Kj eldahl determinations 
revealed no change in nitrogen content. Despite this removal of the bulk of 
the sugars, the isolation of nitrogenqus constituents was not facilitated. It 
is interesting to note that the absolute alcoholic extract before precipitation 
with phosphotungstic acid did not ferment with yeast, possibly because of the 
presence of an inhibitor precipitated by phosphotungstic acid. 

The filtrate from the phosphotungstic acid precipitate (fraction C) contains 
glycosides, possibly of the active material. Therefore, attempts were made to 
determine the effect of enzymatic hydrolysis on the activity of this fraction. By 
following the increase in reducing power of solutions under the action of taka- 
diastase and emulsin respectively, a t  least one glycosidic linkage has been found. 
The activity of the fraction was not decreased by such treatment, but the evi- 
dence as to whether the toxic material occurs as a glycoside, was inconclusive. 

In the above work we have used cats as experimental animals, although there 
is a great need for a more satisfactory assay method. The present method 
requires from four to six weeks for definite symptoms to appear. In  order to 
try to provide a more satisfactory laboratory animal, we have fed an active 
extract of the weed to guinea pigs, with no effect. Subcutaneous injections of 
the extract in chicks, starting when they were a day old, did not affect either 
growth or stability. Finally, although adult cats react well to the weed, kittens 
did not react when fed active extracts. 

We wish to acknowledge our appreciation for the kind cooperation of S. B. 
Penick & Company of New York City, and of Parke, Davis and Company of 
Detroit, Michigan, in carrying out preliminary extraction of the weed, which 
was secured with the aid of Dr. Frank P. Mathews of the Loco Weed Labora- 
tory, Alpine, Texas. Our thanks are also due to the American Academy of 
Arts and Sciences for a grant for technical help in this investigation. 

EXPERIMENTAL 

All melting and boiling points are corrected for stem exposure. 
The concentrate used in this work was obtained exactly as described by Pease and 

Elderfield (I). The concentrate of the absolute alcohol extract of the resin was used. 
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Identification of choline and betaine. The picrates of the bases formerly called "a- and 
8-earleine" were isolated as previously described (1). When free "B-earleine" was therm- 
ally decomposed in a stream of nitrogen, trimethylamine and acetaldehyde were isolated 
from the decomposition products. The picrate of the former melted a t  228-229" and gave 
no depression of melting point when mixed with a known sample. 

Anal. Calc'd for CsH9N.CeHsNs0,: C, 37.5; H, 4.2; N, 19.5. 
Found: C, 37.8; H, 4.2; N ,  19.7. 

Acetaldehyde was identified as the 2,4-dinitrophenylhydrazone, which melted a t  164". 
Anal. Calc'd for C8H8N404: C, 42.9; H, 3.6; N, 25.0. 

Found: C, 43.1; H, 3.4; N ,  24.8. 

TABLE I 
Choline Picrate 

Anal. Calc'd for C6H14N0.CJ-&Ns07: C, 39.8; H, 4.8; N, 16.9 
Found: C, 39.8; H, 4.7; N, 16.9 

M. P. Reported: 240" (uncorr.) (12); found: 247" 

Anal. Calc'd for C7Hl6NO2-C&Ng07: C, 41.7; H, 4.8; N, 15.0 
Found: C, 42.0; H, 4.9; N, 15.1 

M. P. 111.5-112.5° 

Anal. Calc'd for (C6Hl~NO)z.H*PtCls: C, 19.4; H, 4.9; Pt, 31.5 
Found: C, 20.0; H ,  5.1; Pt, 31.8 

M. P. Reported: 234-235" (dec.) (13); found: 234-236" (dec.) 

Anal. Calc'd for C 6 H I I N 0 2 ~ C ~ H ~ N ~ O ~ :  C, 38.2; H, 4.1; N, 16.2 
Found: C, 38.3; H ,  4.1; N, 15.6 

M. P. Reported: 183" (14); found: 184" 

Anal. Calc'd for C6HllN02*CJIsNaO~: C, 36.5; H, 3.9; N, 15.5 
Found: C, 36.8; H, 4.1; N, 15.0 

M. P. 186-188" (dec.) 

Anal. Calc'd for C6H11NOz.HBr: C, 30.3; H, 6.1; N, 7.0; Br, 40.4 
Found: C, 30.8; H, 6.2; N, 7.0; Br, 40.1 

M. P. Reported: 233" (15); found: 225' 

Acetylcholine Picrate 

Choline Chloroplatinate 

Betaine Picrate 

Betaine Styphnate 

Betaine Hydrobromide 

From this i t  appeared likely that "8-earleine" in reality is choline, and i t  could be sur- 
mised that  "a-earleine" in  reality is betaine. This interpretation was confirmed by re- 
examination of the data a t  hand, both old and new, on the two bases as shown in Table I. 
I n  cases where there was no decomposition, mixed melting points of known samples with 
the derivatives were taken, and no depressions were noted. 

AcetyZation of the phosphotungstic acid filtrate (fraction C). An aqueous solution of the 
phosphotungstic acid filtrate equivalent to 25 lbs. of dry weed was concentrated to dryness 
in  vacuo and dried by two distillations with absolute alcohol and benzene. The residue 
was extracted by stirring with 400 cc. of dry c.p. pyridine on the steam-bath. A small 
amount did not go into solution. This residue was reextracted with 100 cc. of pyridine and 
the combined pyridine extracts were cooled in ice to  0". Four hundred cubic centimeters 
of acetic anhydride was added slowly. The solution warmed up slightly during the addi- 
tion. After all of the acetic anhydride had been added, the solution was allowed to  remain 
a t  room temperature for seven days. It was then poured into 1.5 liters of ice and allowed 
to stand for 2.5 hours with occasional stirring. The aqueous solution was then extracted 
several times with chloroform. The combined chloroform extracts were washed several 
times with 2.5 N hydrochloric acid to remove pyridine, the solution being cooled with ice 
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during the washing. Excess acid was then removed by shaking with a saturated sodium 
bicarbonate solution. The chloroform solution was dried over calcium chloride, filtered, 
and the chloroform removed by distillation in vacuo. The residue'was then distilled a t  a 
pressure of about 5 X 10-8 mm. and the following fractions were collected: 1, up to  loo", 
2, 100-130', 3, 130-150'. These fractions were then redistilled. 

Fraction 1. This was a slightly brownish mobile liquid which was redistilled; i t  boiled 
a t  85-89' a t  0.15 mm. It furnished analytical figures corresponding to  glycerol triacetate. 

Anal .  Calc'd for CoH1406: C, 49.5; H, 6.4. 
Found: C, 49.8; H, 6.5. 

The acetate obtained as above was deacetylated by use of barium methoxide. To  a n  
ice-cold solution of 4.5 g. of the acetate in  125 cc. of absolute methanol was added 5 cc. of 
0.5 N barium methoxide solution in absolute methanol. After standing for 2 days in the 
refrigerator, barium was removed as the sulfate, and the filtrate from barium sulfate was 
concentrated to  yield a viscous syrup. This was benzoylated with benzoyl chloride in 
pyridine and yielded glycerol tribenzoate, which melted at 72-73' after crystallization from 
alcohol, and showed no depression in melting point when mixed with a known sample. 

Anal .  

Fraction $. This fraction amounted to  about 11 cc. 

Calc'd for Cs4HzoOs: C, 71.4; H, 5.0. 
Found: C, 71.4; H, 5.3. 

It was redistilled at 0.2 mm., and 
the material boiling from 124-130" was collected. On standing, the heavy oil crystallized. 
After recrystallization from aqueous alcohol, 2.0 g. of an acetate which melted at 86-87' was 
obtained. Analyses indicated the presence of two acetyl groups and one lactone. [a]: 
-7.09" (c = 2.822 in chloroform); 25.2" (c  = 2.124 in alcohol). 

Anal .  Calc'd for CoHt20s; C, 50.0; H, 5.6; 2 CHsCO, 39.8. 
Found: C, 50.0,50.3; H, 5.5,5.8; CHaCO, 38.8,38.9. 
Molecular weight (Rast method in camphor) Calc'd: 216. Found: 195. 

The saponification equivalent from 0.1102 g. of substance was obtained using 0.1 N so- 
dium hydroxide in dilute acetone at 0' and back titrating with 0.1 N sulfuric acid. Calcu- 
lated for 3 equivalents: 15.30 cc. of 0.1 N NaOH; found: 15.38 cc. 

The acetyl lactone was deacetylated either with hydrochloric acid or barium methoxide. 
In  the former case, 0.3 g. of the substance was heated a t  60" with 60 cc. of 0.5 N hydrochloric 
acid. The substance slowly dissolved and was completely in solution after an hour, After 
four hours, the solution was concentrated to  dryness under reduced pressure, and the resi- 
due was thoroughly dried by azeotropic distillation with absolute alcohol and benzene. On 
crystallization from ether-petroleum ether (Skellysolve B) long white needles were obtained 
which melted a t  52-53'. [a]: -64.7" (c  = 0.580 in water). No change after two days. 

Anal .  Calc'd for CsH804: C, 45.5; H, 6.1. 
Found: C, 45.4; H, 6.2.  
Saponification equivalent, calc'd: 132; found: 131. 

The deacetylated lactone obtained by the more cumbersome barium methoxide method 
was identical in all respects with that  obtained with hydrochloric acid. 

The phenylhydrazide of the hydroxy acid corresponding to  the lactone was prepared by 
heating the lactone with a slight excess of phenylhydrazine on the steam-bath for one hour. 
After cooling, the oilymaterial was rubbed up with ether until i t  solidified, and then washed 
several times more with ether. On recrystallization from benzene-alcohol, i t  formed clus- 
ters of needles which melted at 114-115'. [a] 42" f 2" (c  = 0.558 in methanol); 45" (c = 
0.462 in water). 

Anal .  Calc'd for C11H16N204: C, 55.0; H, 6.7. 
Found: C, 54.9; H, 6.6. 

d-Xylomethylonic acid phenylhydrazide was prepared in a similar manner from d-xylo- 
methylonic acid prepared by oxidation of d-xylomethylose with bromine water. The 
phenylhydrazide crystallized as plates from benzene containing a trace of alcohol and 
melted at 132-133". [a] E 33" (e  = 0.640 in methanol); 21" (c  = 0.398 in  water). 

Anal .  Calc'd for CllHlsNz04: C, 55.0; H, 6.7. 
Found: C, 54.9; H, 6.7. 
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Oxidation of the hydroxy lactone with lead tetraacetate. The procedure was that of Hockett 
and McClenahan (6). To a solution of 35 mg. of the lactone in about 70 cc. of glacial acetic 
acid was added 25 cc. of 0.1288 N lead tetraacetate in glacial acetic acid and the resulting 
solution was made up to exactly 100 cc. At intervals, 5-cc. samples were removed, added 
to  10 cc. of a solution of sodium acetate and potassium iodide, and the liberated iodine was 
titrated with 0.02 N thiosulfate. The course of the oxidation is shown in Figure 2, together 
with a curve obtained similarly by Hockett and McClenahan for 8-methyl-d-xylopyranoside 
and a- and 8-methyl-d-glucopyranoside. From the similarity of the curves i t  is suggested 
that  the hydroxyl groups in the lactone are trans to each other. 

Fraction 5. This was an extremely viscous oil distilling a t  137-145" a t  10- mm. It was 
obtained crystalline from ether-ligroin and melted constantly a t  97-98'. It was identified 
as acetyl pinite by mixed melting point and rotation. [a]: 7.0" (c = 1.920 in alcohol). 

Isolation of the nitrogen and sulfur compound. To a solution of 75 g. of Reinecke salt in 
800 cc. of absolute methanol cooled in an ice-bath, was added with vigorous stirring, 1 liter 

/.25 

Loo 

0.75 

050 

0.S 

0 
0 25 7s /00 /25 150 I75 ZDO 

h e  in Hours 

FIGURE 2 

of an aqueous solution of the filtrate from the phosphotungstic acid precipitate (fraction 
C) which had been freed from phosphotungstic acid by treatment with barium hydroxide. 
This was equivalent to  25 lb. of dry weed. A precipitate formed almost immediately. 
After refrigerating overnight, the precipitate was filtered off and suspended in 200 cc. of 
water. After the addition of 6 cc. of pyridine, the mixture was shaken for an hour and 
filtered. Several drops of acetic acid were added to the filtrate to  remove the last of the 
Reineckate, the solution was filtered again and the filtrate was concentrated to  dryness 
under reduced pressure. The residue was taken up in absolute methanol and the solution 
deposited crystals on standing. After several crystallizations, both from methyl and ethyl 
alcohol, the substance appeared homogeneous and formed glistening white plates. The 
substance does not show a sharp melting point but decomposes about 320". The yield was 
50mg. The analytical data, obtained from two different preparations, are difficult to recon- 
cile with a satisfactory formula a t  present. 

Anal .  Found: C,  33.0,33.0; H, 7.1,7.1; N, 6.5; S, 17.7, 17.1. 
The compound is optically inactive, extremely soluble in water, but sparingly soluble in 

cold alcohol. I t s  aqueous solution shows no turbidity with barium chloride, and a negative 
nitroprusside test for sulfhydryl and disulfide sulfur. The ninhydrin reaction is negative 
and no amino nitrogen can be detected by the Van Slyke procedure. That the sulfur did 
not come from the Reinecke salt was shown by a negative ferric chloride test for thiocya- 
nate. On thermal decomposition, a strong odor of a lower aliphatic amine appears, and 
the vapors give a strong pine-splinter test for pyrrole. 
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While the solution obtained on decomposition of the Reineckate produces typical locoism 
in cats, due to the extremely small amount of material available, i t  has not been possible to  
demonstrate whether the above compound is responsible for such symptoms or whether a 
still unisolated substance carried down in the precipitate is the active material. This point 
is under active investigation. 

The methanol filtrate, after removal of the Reinecke precipitate, was concentrated under 
reduced pressure, the residue was taken up in water and freed from Reinecke salt by use of 
pyridine in  the usual manner. Concentration of the final filtrate left a syrup, which, on 
acetylation, yielded the same three acetates described above. 

Ammonium rhodanilate can be used for the above precipitation, but it is not as satisfac- 
tory and does not give as clean a product as Reinecke salt. 

TABLE I1 

FRACTION YG. N P E P  LB. 
OF DPY WEED 

Absolute alcohol extract..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Filtrate from phosphotungstic acid precipitate (fraction C). . . . . . . . . .  
Above filtrate after a second phosphotungstic precipitation. . . . . . . . . .  
Unacetylated part (fraction E) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

306 
98 
68 
34 

Enzymatic hydrolysis of the phosphotungstic acid filtrate (fraction C ) .  The substrate used 
was a solution of the filtrate, freed from phosphotungstic acid, of which 25 cc. corresponded 
to  0.022 Ib. of dry weed. The following solutions were used: 

(a) 25 cc. of substrate, 2 cc. of M/5 acetate buffer, 2 cc. of 1% takadiastase (Wallerstein), 
and 2 cc. of water. pH of the solution: 4.70. 

(b) Same as (a) except that  2 cc. of 1% emulsin (prepared from almonds) was used in- 
stead of the takadiastase. pH of the solution: 4.59. 

(c) Same as (a) except that  2 cc. of 1% emulsin and 2 cc. of 1% takadiastase were used. 
pH of thesolution: 4.65. 

The solutions were kept in a thermostat at 35" i 0.05" and 2 cc. samples were removed 
a t  intervals. Reducing sugar was determined by the Hanes modification of the Hagedorn- 
Jensen method (16). The results are shown in Figure 3. 

Action of magnesium oxide on the phosphotungstic acid filtrate (fraction C ) .  The method 
of Rabat6 (10) was used in an effort to  remove some of the troublesome carbohydrates. A 
portion of fraction C equivalent to 0.08 lb. of dry weed was found to contain 48 mg. of re- 
ducing sugar determined as glucose by the Hanes, Hagedorn, Jensen method. This solu- 
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tion was stirred up into a paste with magnesium oxide and dried in an oven a t  38”. The dry 
powder was pulverized and extracted with alcohol ; the solution thus obtained contained 
13 mg. of reducing sugar, indicating that  73% of free reducing sugar had been removed. A 
larger run was then made, and the product produced typical symptoms of locoism in cats. 

In  order to  ascertain whether appreciable amounts of glycosides and polysaccharides 
had been removed, the following control experiment was done. A solution of fraction C 
equivalent to  0.08 Ib. of dry weed was made 0.2 N in sulfuric acid and refluxed for 5 hrs. An 
exactly similar experiment was run on the material after magnesium oxide treatment. 
After the acid hydrolysis the untreated phosphotungstic acid filtrate contained 82 mg. of 
reducing sugar calculated as glucose, an increase of 34 mg., and the filtrate from the mag- 
nesium oxide treatment contained 44 mg. of reducing sugar, an increase of 31 mg. From 
this i t  is apparent that  about 9% of the glycosides and polysaccharides have been split 
during the magnesium oxide treatment. 

While this method for concentrating the activity has shown signs of great usefulness, 
i t  has not been pursued further at present because of the more convenient Reinecke precip- 
itation which apparently requires no preliminary concentration other than precipitation 
of choline and betaine with phosphotungstic acid. 

Distribution of nitrogen i n  extracts of the weed. Since not all of the nitrogen isolated thus 
far from the weed is basic, i t  became of interest to  follow the distribution of the nitrogen in 
the various fractions. This was done by the Kjeldahl method and the results are shown in 
Table 11. From this i t  is apparent that  a t  least 11% of the nitrogen originally present in 
the weed may be accounted for as non-basic nitrogen. Evidence at present available points 
to the occurrence of the active substance in this fraction. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of 
these laboratories. 

SUMMARY 

1. The substances previously called “a- and P- earleine” have been shown 
to be identical with betaine and choline respectively. 

2. It appears likely that the reported precipitation of the active constituent of 
Astragalus earlei by phosphotungstic acid is due to adsorption on the precipitate. 

3. Reinecke salt precipitates a highly active fraction from which a crystalline 
substance has been isolated. 
4. Bases which give a strong ninhydrin test are also precipitated by Reinecke 

salt. 
5. A dihydroxyvalerolactone, or an isomer thereof, has- been isolated from 

extracts of the weed along with glycerine. Possible structures for the lactone 
are discussed. 

6. Enzymatic action of yeast, takadiastase, or emulsin affects the carbohy- 
drate constituents of t,he weed, but does not apparently affect the activity. 

7. A practical method for removing most of the reducing sugars from an 
extract of the weed without affecting the activity is suggested. 

NEW YORK, N. Y. 
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Syntheses of simple unsaturated lactones analogous to the naturally occurring 
cardiac 8rugs have been described in previous publications (1,2), and by applica- 
tion of these methods, such lactones containing steroid ring systems have also 
been prepared (3). As a result of a study of the properties of the synthetic 
@-substituted AaJ-butenolides and comparison of them with tGe naturally oc- 
curring drugs, the conclusion has been reached that the side-chain double bond 
in the latter is in the a ,@-position (4). With this revision in structure, a number 
of reactions of the natural drugs require amplification before th'e factors involved 
become fully understood. Among these, the formation of thle so-called iso- 
aglycones from the aglycones under the influence of alkali (5)  is perhaps most 
interesting. The reaction involved may be represented in an over-all sense by 

In order to secure the change, it is apparently necessary that a hydroxyl group 
be located in reactive proximity to carbon atom 21 of the side chain, and, further, 
that such a hydroxyl group be in the proper stereo-relationship to the side chain. 

During the course of pharmacological examination of the simpler lactones, a 
slight but distinct activity in frogs has been noted in some cases (6). It is of 
interest, therefore, to prepare several lactones containing different substituent 
groups on the @-carbon atom of the lactone, in order to ascertain if possible the 
factors determining cardiotonic activity. 

In the present communication we wish to present the results of a study of the 
synthesis of simple hydroxylated @-substituted Aas@-butenolides. The study 
was conhed to relatively simple and accessible substances in order that general 
methods could be worked out, and that the limitations inherent in the present 
available synthetic methods could be noted. At the same time information 
bearing on the question of structure and activity was secured. Reactions which 
can be expected to lead to the three isomeric @-(hydroxyphenyl)-Aa.@-butenolides 
have been investigated in detail, and a preliminary study of the corresponding 
hydroxycyclohexyl butenolides has been started. The latter substances are 
particularly useful as models for the study of iso-compound formation. 

Two general syntheses have been used, that of Rubin, Paist, and Elderfield 
(l), which proceeds from methoxymethyl ketones, and that of Linville and Elder- 

444 
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field (2), which proceeds from acetoxymethyl ketones. Inasmuch as i t  is neces- 
sary to block any hydroxyl groups present in either synthesis, a choice of ether 
or acyl blocking groups is thus afforded, and the relative merits of the two 
procedures will be apparent. 

The reactions involved in the preparation of P-(4-hydroxyphenyl)-A'*@- 
butenolide by the first of the above methods, are shown in the formula scheme. 

CHzOCHs 
I fT + CH,OCH&N fT + BrCH&O&BH6 5 
\/ 

OCHs 
\/ 

I 

OCH3 

CHZCOOCzHs 

HOCCHZOCHS 

I I  HBr 
I mild c \> 

0 OCHs 

I I1 

T)-F=CH Ac,O 

I11 IV 

The reactions noted proceeded without difficulty. The ester, I, was converted 
directly to the unsaturated methoxy lactone, 11, by relatively gentle treatment 
with hydrobromic acid, although the over-all yield appeared to be slightly better 
if the ester was saponified prior to ring closure of the lactone. More vigorous 
treatment with hydrobromic acid was necessary to remove the blocking methyl 
group on the phenolic hydroxyl group. Under the best conditions it was not 
possible to secure the hydroxy lactone free from contaminating methoxy lactone, 
and because of the similarity in solubilities of the methoxy lactone, 11, and the 
hydroxy lactone, 111, purification of the latter by fractional crystallization was 
difficult. However, it was possible to prepare the acetoxy lactone, IV, from the 
mixture of I1 and 111. This was then easily purified, and, on deacetylation by 
treatment with hydrochloric acid, gave pure p-(4-hydroxyphenyl)-A'.@-butenol- 
ide. The hydroxy lactone as thus obtained gave a strong nitroprusside color 
test? but no color with ferric chloride. The presence of the phenolic hydroxyl 
group was shown by acetylation to yield IV, and by methylation with diazo- 
methane to yield 11. The lactone also rapidly decolorized an alcoholic solution 
of bromine. 
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In view of the difficulty encountered in splitting the blocking ether group in 
the methoxy lactone (11) the method of Linville and Elderfield (2) appeared to 
be better adapted for the purpose in hand, inasmuch as the nuclear hydroxyl 
group could be blocked by an acetyl group. This method was, therefore, used 
for the preparation of /3-(3-hydroxyphenyl) -Aav @-butenolide. The 4-hydroxy- 
phenyl lactone, 111, was also prepared in this way in order to check the products 
of the two syntheses. The steps in the synthesis of the 3-hydroxyphenyl lactone 
are shown in formulas V-VIII. 

COCHNz COCHZOAc fy + CH,Nz __f I"> CHsCOzH, () - BrCHzC02CzHa 
Zn 

\/OAC \ OAc \/OAC 
v VI 

r OH 1 

J 1 OAc 

VI1  

CHa C---c\ 

VI11 

P-(3-Hydroxyphenyl)-Aa*@-butenolide (VIII) gives a strong nitroprusside color 
test, a red color with ferric chloride, readily decolorizes bromine water, and on 
methylation with diazomethane, yields the corresponding methoxy lactone. 
/3-(4-Hydroxyphenyl)-Aa*@-butenolide prepared by this method is identical with 
the lactone prepared from p-bromoanisole, and on treatment with diazomethane, 
yields a methoxy lactone identical with 11. 

When the preparation of /3-(2-hydroxyphenyl)-Aa~@-butenolide by either of 
the above methods was undertaken, it was found that ring closure to couma- 
ranone or derivatives of coumaranone occurred at some stage in the series of 
reactions under all conditions tried. Acetylsalicylic acid chloride, IX, on treat- 
ment with diazomethane apparently yielded the expected diazomethyl ketone, 
X. However, when X was treated with glacial acetic acid coumaranone, XI, 
was the only product isolated. The behavior of the reaction mixtures indicated 

Ix X XI 

that the desired w , o-diacetoxyacetophenone probably was formed, but under- 
went ring closure, possibly by loss of acetic anhydride, on working up and at- 
tempted purification. This easy ring closure finds a parallel in the observation 
of Wiedenhagen and Herrmann (7) that o-hydroxy+-chloroacetophenone yields 
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coumaranone on treatment with sodium acetate. Likewise Clibbens and 
Nierenstein (8) found that o-acetoxy-w-chloroacetophenone yields coumaranone 
on distillation. 

In view of the easy removal of the blocking o-acetyl group in the reactions 
discussed above, it was felt that a less easily cleaved ether group might serve 
better for blocking purposes. Accordingly, o-methoxy-w-diazoacetophenone was 
prepared. Surprisingly enough, when this was treated with acetic acid, forma- 
tion of coumaranone proceeded more readily and cleanly than was the case with 
the acetyl derivative. 

Finally the preparation of the desired p-(2-hydroxyphenyl)-Aa* 8-butenolide 
was attempted, starting from w , o-dimethoxyacetophenone. On reaction with 
ethyl bromoacetate in the presence of zinc, the glycol ether ester, XII, was readily 
obtained. This gave p- (2-methoxyphenyl) -A 8-butenolide, XIII, when treated 
in the usual manner. However, all attempts to remove the blocking ether 
group resulted in the formation of coumaronyl-3-acetic acid, XIV. 

OH 
I 

XI1 
0 

XI11 XIV 

In the cyclohexyl series attention has been concentrated on the preparation of 
/3-(2-hydroxycyclohexyl)-Aa~~-butenolide. This substance possesses the desired 
arrangement of functional groups to serve as a model for studies of the iso- 
compound transformation. For the purpose in mind, salicylic acid or one of its 
derivatives forms a readily available source of material. No attempt has been 
made to separate the various stereo and optical isomers encountered, since it was 
felt that the usefulness of existing synthetic methods could be evaluated with 
the mixture of isomers, provided analytically pure substances were secured. 
The resolution of such substances could then be carried out at  such a time as 
the desired synthetic materials had become available. Because of this approach 
it should be pointed out that in most cases the physical constants of many of the 
substances encountered are not well defined and represent those of mixtures. 
Furthermore, failure to secure crystalline derivatives in some cases, as well as 
the formation of complex mixtures in some reactions may be ascribed to the 
same cause. 
2-Acetoxyhexahydrobenzoic acid chloride apparently reacted normally with 

diazomethane to yield w-diazo-2-acetoxyhexahydroacetophenone. However, 
when the diazo ketone was treated with acetic acid, extensive resinification 
occurred and no well defined substance could be isolated from the reaction 
product. It therefore appeared that the acetoxy group was unsuitable for the 
protection of the nuclear hydroxyl group during the reactions involved. A 
similar series of reactions proceeding from 2-methoxyhexahydrobenzoic acid 
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was then investigated. Again, while the intermediate diazomethyl ketone ap- 
peared to be formed in the normal manner, reaction of the latter with acetic 
acid again led to unidentifiable compounds. 

However a more promising approach to the 2-hydroxycyclohexyl butenolide 
was opened up by the observation that ethyl P-(o-methoxyphenyl)-/?-methoxy- 
methylhydracrylate (XII), in contrast to its precursors, could be reduced 
catalytically with platinum oxide to yield the corresponding cyclohexyl com- 
pound, although some cleavage of the ether groups present, and possibly of the 
ester apparently took place during the reduction. The yield of desired cyclo- 
hexyl compound was consequently poor. However in this substance the trouble- 
some steps encountered in the attempts to arrive a t  it from cyclohexane carbox- 
ylic acid and it,s derivatives have been overcome, and all that remains to be done 
in order to secure the desired lactone is to split the ether groups and close the 
lactone in the usual manner. When the cyclohexylhydracrylic ester was 
treated with hydrobromic acid in acetic acid, conversion of the side chain to the 
unsaturated lactone apparently occurred, as evidenced by the strong positive 
Legal test shown by the crude product. However the formation of much tar 
accompanied the ring closure and it was impossible to isolate more than a 
fraction of a per cent of product by distillation. Apparently the nuclear hy- 
droxyl group was removed leaving a double bond under this rather severe 
treatment, with resultant formation of large amounts of resinous substances. 
Better success attended the use of aqueous hydrochloric acid for cleavage of the 
ethers and ring closure. When the hydracrylic ester was refluxed with concen- 
trated hydrochloric acid, a substance which gave a strong Legal test and con- 
tained chlorine was obtained ; this is probably ~-(2-chlorocyclohexyl)-A'~~- 
butenolide. This was then heated with water in a sealed tube in order to 
replace the chlorine atom by hydroxyl. The product thus obtained still gave 
the Legal test, but also still contained chlorine. However the analytical figures 
obtained indicated that, while the desired replacement of chlorine by hydroxyl 
had occurred, simultaneously dehydration involving the nuclear hydroxyl group 
had also taken place to some extent. A suitable synthesis for this type of lactone 
must remain for future investigation. 

None of the lactones described showed cardiac activity when tested in frogs 
through the kind cooperation of Dr. K. K. Chen of the Lilly Research Labora- 
tories. 

EXPERIMENTAL 

All melting points are corrected for stem exposure. 
w ,  4-Dimethoxyacetophenone was prepared from p-bromoanisole and methoxyacetonitrile 

according to  the method of Prat t  and Robinson (9) who report a yield of 30% (based on the 
methoxyacetonitrile) of material boiling at 185-190' at 35 mm. and melting a t  40". We 
obtained a yield of 42% of material boiling a t  145' at 7 mm. and melting at 4142". 

A mixture of 40.7 g. (0.23 
mole) of w,4-dimethoxyacetophenone, 20.9 g. (0.32 mole) of 20-mesh zinc, and 175 cc. of 
anhydrous benzene was heated to  refluxing. This mixture was stirred vigorously and kept 
re5uxing for 1.25 hours, during which time a solution of 35.0 g. (0.21 mole) of ethyl bromo- 
acetate in 25 cc. of anhydrous benzene was added dropwise. Refluxing and stirring were 

Ethyl ~-methoxymethy1-~-(~-methoxyphenyl)hydracrylate ( I ) .  
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continued for 3 hours longer. The cooled benzene solution was decanted from the excess 
zinc, and the zinc was washed with ether. The combined benzene and ether solutions were 
washed with dilute hydrochloric acid, and dried over anhydrous magnesium sulfate. Dis- 
tillation yielded 43 g., or 70%, of a slightly yellow viscous oil which boiled a t  152-160' 
a t  0.6 mm. 

Anal. Calc'd for CI4H2005: C, 62.7; H, 7.5. 
Found: C, 63.0; H, 7.8. 

When the glycol ether ester was dissolved in glass-distilled alcohol, and shaken with 
Adams' catalyst in an atmosphere of hydrogen, no hydrogen was absorbed. 

P-Methoxymethyl-fi-($-rnethoxyphenyl) hydracrylic acid. Twenty-eight grams of the above 
ester was saponified by refluxing for 1.5 hrs. with a solution of 38 cc. of 10% aqueous sodium 
hydroxide in 40 cc. of absolute alcohol. After distillation of the alcohol, the aqueous solu- 
tion was washed with ether, acidified with 10% hydrochloric acid, and extracted with ether. 
This extract was dried over anhydrous magnesium sulfate, and the ether was removed to  
yield a reddish-yellow oil which soon crystallized. Recrystallization from benzene gave the 
acid as  small white plates which melted a t  102.5-103.5". The yield was 11.5 g. By dissolv- 
ing the magnesium sulfate with water and recrystallizing the undissolved solid from ben- 
zene, an additional 9.5 g. of the acid was obtained. The total yield was 21.0 g. or 84%. 

Anal. 

When a n  alcoholic solution of this acid was shaken with Adams' catalyst in a n  atmos- 
phere of hydrogen, no hydrogen was absorbed. 

P-(4-Methoxyphenyl)-Aas 8-butenolide (II). Amixture of 4.8 g. of the above acid and16 cc. 
of glacial acetic acid, which had been saturated with dry hydrogen bromide a t  O', was heated 
at 110-120" for thirty minutes. When the cooled solution was poured with stirring into 
100 co. of ice-water, a pinkish solid separated. After repeated recrystallization from dilute 
alcohol the lactone formed very long, thin, white needles which melted at 1%'. The yield 
was 2.0 g. or 53%. This compound gave a positive Legal test and a negative ferric chloride 
test. An alcoholic solution of i t  did not decolorize bromine water. It was soluble in  chlo- 
roform and in hot alcohol, and slightly soluble in ether, benzene, and hot water. 

Calc'd for Cl2Hl6O6: C, 60.0; H, 6.7; OCH3, 25.8. 
Found: C, 60.0; H,  6.9; OCH3, 21.1. 

Anal. 

@-(4-Hydroxyphenyl)-Aa* 8-butenolide (IZI). A mixture of 2.7 g. of the above methoxy 
lactone, 23 cc. of a saturated solution of dry hydrogen bromide in  glacial acetic acid, 
12 cc. of constant boiling hydrobromic acid, and 45 cc. of glacial acetic acid was heated at 
120-140° for 3.5 hrs. The solution was concentrated under a partial vacuum, and poured 
into ice-water t o  yield 2.0 g. of a chalky solid. After repeated recrystallization from dilute 
alcohol, with liberal use of decolorizing carbon, feathery clusters of short white needles 
which melted at 250-256.3' in a sealed tube (the substance decomposed upon heating in  an 
open tube) were obtained. These needles gave a positive Legal test, and a negative ferric 
chloride test. An alcoholic solution of them decolorized bromine water. The substance 
has a limited solubility in the ordinary solvents, but is insoluble in  choloroform. 
-4 sample which had been purified by vacuum sublimation gave the following analysis, 

from which the presence of a small amount of methoxy lactone is indicated. 
Anal. 

This same lactone, mixed with the methoxy lactone, was prepared directly from the 
hydracrylate, (I) in  a similar manner. Twenty-six grams of the ester was heated a t  130- 
140' for 3.5 hrs. with a mixture of 100 cc. of acetic acid solution of hydrogen bromide, 100 
cc. of constant-boiling hydrobromic acid, and 100 cc. of glacial acetic acid. The reaction 
mixture was worked up in the same manner as before to  yield a purple solid which was 
dissolved in acetic acid and repeatedly boiled with decolorizing carbon. Removal of the 
solvent yielded a buff-colored solid which melted from 110-170". Digestion of this material 
with hot chloroform gave two fractions. The insoluble fraction was recrystallized from 

Calc'd for C11H1003: C, 69.5; H,  5.3; OC&, 16.3. 
Found: C, 69.8; H, 5.6; OCH,, 15.8. 

Calc'd for ClaHsOn: C, 68.2; H, 4.6; OCH,, 0.0. 
Found: C, 68.7; H ,  5.1; OCH,, 2.3. 
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alcohol and formed white needles which melted a t  247-257.4'. The melting point was not 
depressed when the substance was mixed with the lactone (111), prepared as above. The 
yield was 5.0 g. or 28%. The chloroform-soluble fraction was recrystallized from dilute 
alcohol t o  yield 6.5 g., or 34% of white needles, which melted a t  118-119.5°, and which gave 
no melting point depression when mixed with the methoxy lactone, (11) prepared from 
the acid. 

P-(Q-Acetoxyphenyl)-Aa~ e-butenolide ( IV) .  The impure hydroxy lactone obtained as 
above was treated in  the usual manner with acetic anhydride and fused sodium acetate. 
Upon pouring the deep red solution into ice-water a reddish liquid, which solidified upon 
stirring, separated. After repeated recrystallization from dilute methanol, long white 
needles which melted a t  138.6-140.7" were obtained. This compound gave a positive 
Legal test. 

Anal. Calc'd for C12H1004: C, 66.1; H ,  4.6. 
Found: C, 66.0; H ,  4.9. 

This acetate was hydrolyzed by warming for one minute with an equal volume of con- 
centrated hydrochloric acid, and the product was recrystallized once from dilute alcohol. 
The pure hydroxy lactone formed white needles which melted a t  260.5-263.6' and gave no 
melting point depression with the hydroxyphenyl lactone obtained as described below. 

p-Acetoxybenzoic acid was prepared from p-hydroxybenzoic acid according to  the method 
of Chattaway (10) who reports a 93% yield of material melting a t  189-190". We obtained a 
yield of 91% of material melting a t  186.1'. 

p-Acetoxybenzoyl chloride was prepared by heating the above acid with 3 cc. of thionyl 
chloride per gram of the acid for six hours a t  50". After removal of the excess thionyl 
chloride, using anhydrous benzene, the material was stored in sealed glass ampoules without 
further purification. 

w,4-Diacetoxyacetophenone. This substance was prepared from the acid chloride, by 
slowly adding a dry ether solution of the latter to an ethereal solution of excess diazomethane 
to  form the diazomethyl ketone, which was then treated with glacial acetic acid. A 65% 
yield (based on the acid used) of crude yellow plates which melted a t  93.2-94.6' was ob- 
tained. After repeated recrystallization from benzene, white diamond-shaped plates 
melting a t  94.6-95.6"were obtained. Robertson and Robinson (11) report the melting point 
98" for this compound prepared from ~-chloro-4-hydroxyacetophenone. The crude ma- 
terial is very unpleasant to  work with as i t  causes the skin to  sting and burn. 

,9-(.4-Hydroxyphenyl)-Aap 6-butenolide (III). A solution of 7.5 g. of the above ketone in 
30 cc. of anhydrous benzene was added to  3.3 g. of 20-mesh zinc, and the mixture was heated 
to  refluxing. A solution of 5.3 g. of freshly distilled ethyl bromoacetate in 10 cc. of anhy- 
drous benzene was dropped in over a period of 15 min. After refluxing for another 30 min., 
the zinc and the walls of the flask had become coated with a yellow solid which was not 
dissolved by addition of fresh benzene and which stopped the reaction. After removing the 
benzene in vacuo the product was separated from the zinc by use of 20% hydrochloric acid. 
The decantate from the zinc contained suspended solid material which was warmed on the 
steam-bath for one minute with an equal volume of concentrated hydrochloric acid and 
then poured into ice-water. The precipitate thus obtained was recrystallized from 95% 
alcohol to yield 2.3 g. or 41% of white needles which melted at 262.5-263.5" in a sealed tube. 

This material gave a strong Legal test and was proved, by mixed melting point, to be the 
same as that  prepared as above. 

Anal. Calc'd for CloH801: C, 68.2; H, 4.6. 
Found: C, 68.1; H, 4.8. 

The methoxy lactone which was prepared by treating an acetone solution of the hydroxy 
lactone with diazomethane melted a t  119-120" and proved to  be identical with that  prepared 
as above. 

Anal. Calc'd for CllH1OOS: C, 69.5; H,  5.3; OCHa, 16.3. 
Found: C, 69.7; H, 5.4; OCHs, 13.8. 



SUBSTITUTED BUTENOLIDES 451 

m-Acetozybenzoic acid was prepared from m-hydroxybenzoic acid according to  the 
method of Chattaway (10). A 90% yield of material melting at 128.7-131.3' was obtained. 
Hereig and Titchatschek (12) report the acid as melting at 127-129'. 

m-Acetoxybenzoyl chloride was prepared from the acid according t o  Hayashi (13) except 
for the fact that  a heating period of 2.5 hrs. was found to  be necessary instead of the 30 min. 
heating period given by him. The excess thionyl chloride was removed and the product 
was fiealed in  glass ampoules. 

w,d-Diacetoxyacetophenone was prepared by reaction between the acid chloride and 
diaeomethane to  yield the diasomethyl ketone, which was then heated for 2.5 hrs. on a 
boiling water-bath with glacial acetic acid. A 68% yield of a viscous yellow oil which 
boiled at 155-158" at 0.5 mm. was obtained. Hayashi (13) using a 20 min. heating period in a 
similar procedure, reports a 57% yield of a yellow oil which boiled at 189-197' a t  14 mm. 

@-(J-Hydroxyphenyl)-Aa, Mutenolide. The above ketone was condensed with ethyl 
bromoacetate in  the same manner as before, except that  alcohol was used to  dissolve the 
gum which formed on the zinc. The resulting mixture was decanted from the excess zinc 
and concentrated i n  vacuo to  yield a thick paste, which was then mixed witE 100 cc. of 10% 
hydrochloric acid and heated on a boiling water-bath for 10 min. The clear red solution 
was poured, with stirring, into 250 cc. of ice-water, and the solid which separated was 
filtered off and washed with cold water. This crude product (34y0 yield) had a strong cou- 
marin-like odor. After repeated recrystallization from methanol and washing with ether, 
a yield of %yo of odorless, slightly yellow, rectangular plates which melted a t  187.5-188.5' 
(in a sealed tube) was obtained. The lactone was more soluble in  the usual solvents than 
the para isomer. It gave a positive Legal test. An aqueous solution gave a positive ferric 
chloride test and also decolorized bromine water. 

Anal. Calc'd for C10H808: C, 68.2; H, 4.6. 
Found: C,  68.5; H, 4.7. 

p-(d-MethozyphenyE)-Aa, Mutenolide was prepared in  the same manner as was the para 
isomer. After three recrystallizations from dilute alcohol and two from water, i t  formed 
white needles which melted at 86.3-87.3'. The methoxy lactone gave a positive Legal test 
and a negative ferric chloride test. 

Anal. Calc'd for CllHloOs: C, 69.5; H, 5.3. 
Found: C, 69.3; H, 5.4. 

o-Acetoxybenzoyl chloride ( I X )  was prepared from o-acetoxybenzoic acid by the same 
procedure as was used in the preceding series. 

w-Diazo-2-acetoxyacetophenone ( X )  was prepared from the acid chloride in  the usual 
manner and was not further purified. An attempt a t  hydrolysis, in  which a dioxane solu- 
tion of the diazomethyl ketone was heated at 50' with 10% sulfuric acid, yielded cou- 
maranone (XI) (see later). 

Attempted preparation of w,l-diacetoxyacetophenone. When the above diasomethyl 
ketone was treated with glacial acetic acid according to  the usual procedure, a dark red oil 
was obtained. Since this material could not be crystallized, i t  was distilled at 2 mm. A 
small portion distilled, crystallizing in the side arm of the flask, but  the residue remained as 
a red ta r  which could not be identified. The distillate was recrystallized from isopropyl 
alcohol to  form white needle-like plates which melted at 101-102' and was identified as 
coumaranone (XI), by mixed melting point. Clibbens and Nierenstein (8) obtained the 
same product by distillation of w-chloro-2-acetoxyacetophenone and report the melting 
point 101-102". 

Anal.  

In  another attempt to  form the diacetoxyacetophenone, the diazomethyl ketone was 
mixed with glacial acetic acid and was allowed to  stand at room temperature for one week. 
As bubbles of gas were evolved when concentrated hydrochloric acid was added t o  a test 
portion, thus showing the presence of unreacted diaeomethyl ketone, the reaction mixture 

Calc'd for C B H ~ O ~ :  C, 71.6; H, 4.5. 
Found: C, 71.5; H, 4.7. 
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was then heated on a boiling water-bath for 1.5 hrs. The reaction mixture was worked up in  
the same manner as before to  yield a red oil which did not crystallize when seeded with a 
sample of the coumaranone obtained previously. However, when this oil was washed with 
ether, a dark red solid was obtained which upon recrystallization from benzene formed 
orange needles which melted a t  204205'. This material was not further investigated. 

Anal. Found: C, 67.6; H, 4.0. 
Steam distillation of the ether washings yielded a small amount of coumaranone. The 

residue from the steam distillation was distilled t o  yield a yellow oil which boiled at 149- 
152" a t  0.5 mm., and which quickly turned red upon standing. The bulk of the material 
remained in the flask in the form of a red tar. The distillate gave a positive ferric chloride 
test and dissolved in 10% aqueous sodium hydroxide with the formation of a dark red solu- 
tion from which a red oil was obtained upon acidification with hydrochloric acid, but which 
could not be identified. 

Other attempts, in which the diazomethyl ketone was treated with a saturated solution 
of fused sodium acetate in glacial acetic acid, produced similar results. 

Methyl-o-methoxybenzoate was prepared by methylation of methyl salicylate with di- 
methyl sulfate and sodium hydroxide by a modification of the method of Sachs and Herold 
(14) which consisted of dropwise simultaneous addition to  the methyl salicylate, with heat- 
ing and stirring, of the sodium hydroxide solution and the dimethyl sulfate. A 71% yield 
of the ester, which boiled a t  132-133' a t  15 mm., was obtained. Sachs and Herold report a 
yield of 80-90% of material boiling a t  252' at atmospheric pressure. When the Sachs and 
Herold procedure was attempted, the reaction invariably became violent and got out 
of hand. 

o-Methoxybenzoic acid was prepared by alkaline hydrolysis of the above pure ester, or by 
hydrolysis of the crude reaction mixture. In  the latter case, the procedure of Graebe (15) 
was used to  separate i t  from salicylic acid by means of the calcium salt. The material 
melted a t  100.6-102.5°. Cohen and Dudley (16) report the melting point 99-101". 

o-Methoxybenzoyl chloride was prepared from the acid according t o  the procedure of 
Fischer and Slimmer (17), and was sealed in glass ampoules after removal of the excess 
thionyl chloride. 

w-Diazo-8-methoxyacetophenone was prepared in the usual manner from the acid chloride. 
The yellow oil was used immediately without purification. 

Reaction of w-diazo-2-methoxyacetophenone with acetic acid. When acetic acid was mixed 
with the diazomethyl ketone a t  room temperature, a violent exothermic reaction im- 
mediately took place, and coumaranone crystallized from the reaction mixture. When 
this reaction mixture was worked up, only coumaranone was obtained. 

When glacial acetic acid was added to an ether solution of the diazomethyl ketone, which 
was cooled in a cold water-bath, the reaction proceeded smoothly. After standing a t  room 
temperature for forty hours, a 75% yield of coumaranone was obtained. 

w,2-Dimethozyacetophenone. o-Methoxyphenylmagnesium bromide was prepared from 
100 g .  of o-bromoanisole and magnesium according to  the usual Grignard procedure. After 
refluxing the reaction mixture for one hour, i t  was cooled to  room temperature, and a 
solution of 38.4 g. of methoxyacetonitrile in 200 cc. of sodium-dried ether was added with 
mechanical stirring over a period of one hour. At first a white solid separated, but soon 
a black gum formed which made stirring very difficult. However, upon stirring and re- 
fluxing for an additional 2 hrs. this gum disappeared leaving a creamy yellow mixture. The 
ether was then replaced with anhydrous benzene, and refluxing was continued for 2.5 hrs. 
The brown mixture was cooled, hydrolyzed with 10% sulfuric acid, and worked up in  the 
usual manner, to  give a yield of 52 g., or 54% of material which boiled a t  149-152' a t  10 mm. 
Prat t  and Robinson (18) prepared this compound from o-methoxybenzoyl chloride and 
report a yield of 4474, of material which boiled a t  165" a t  15 mm. The semicarbazone melted 
at 138.1-139.1'. 

Ethyl B-methoxymethyl-p-(8-methoxyphenyl)hydracrylate was prepared from the ketone 
by the same procedure used in the para series. The ester was obtained in 74% yield and 

Prat t  and Robinson report the melting point 137" for this derivative. 
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boiled at 127-128' a t  0.2 mm. The colorless oil gradually became yellow upon standing. 
It gave a negative Legal test. Saponification by the usual procedure gave a n  oil which 
could not be crystallized. 

@-(l-Methoxyphenyl) -A"$ a-butenolide. A solution of 21 g. of the above ester in  40 cc. of 
glacial acetic acid and 80 cc. of the acetic acid-hydrogen bromide mixture was heated at 
110-120'for 30 min., and then worked up in the usual manner. After repeated recrystalliea- 
tion from benzene, a 51% yield of colorless, needle-like rectangular prisms which melted a t  
95.1-95.6" was obtained. This lactone gave a positive Legal test and a negative ferric 
chloride test. Neither an alcoholic solution nor an aqueous suspension of the lactone 
decolorized bromine water. 

Anal. Calc'd for CllH1003: C, 69.5; H, 5.3. 
Found: C, 69.2; H, 5.2. 

Action of hydrogen bromide on 8-(8-methoxyphenyl)-A'* @-butenolide. Many attempts 
were made to split the ether in  the above methoxy lactone by use of hydrobromic acid, of 
hydrogen bromide in glacial acetic acid, and of mixtures of these with one another or with 
glacial acetic acid, under various heating conditions, but in all cases a mixture of the start- 
ing material and an acidic substance which proved to be coumaronyl-3-acetic acid was 
obtained. After recrystallization from petroleum ether (Skellysolve B) the latter formed 
flattened white needles which melted a t  89.2-91.2'. Titoff, Muller, and Reichstein (19) 
report the melting point 89-90'. The amide was prepared in the usual manner and was 
recrystallized from ether to yield long, flattened needles which melted a t  190.6-191.1'. 
Reichstein and co-workers report the melting point 191' for this derivative. 

Ethyl ~-methoxymethyl-~-(I-methoxycyclohexyl)hydracrylate. A solution of 27 g. of ethyl 
j3-(o-methoxyphenyl)-fi-methoxymethylhydracrylate in 150 cc. of glass-distilled glacial 
acetic acid was shaken under 3 atm. pressure of hydrogen with 0.5 g. of platinum oxide. 
Absorption of hydrogen proceeded slowly and after 48 hrs. 0.5 g. of fresh catalyst was added. 
After about 60 hrs. absorption of hydrogen stopped after the calculated amount had been 
taken up. The reduction product was dissolvedin ether and washed with sodium carbonate 
solution which removed a small amount of acidic materials. The neutral material was very 
carefully fractionally distilled under reduced pressure and a fraction of 15.4 g. of material 
boiling at 104-114' a t  0.3 mm. followed by a second fraction of 7.9 g.  boiling a t  114-116" 
was collected. Redistillation of the second fraction yielded a colorless oil boiling a t  122- 
123" a t  1 mm. The analytical figures obtained with this material indicated that  i t  was the 
desired ethyl ~-methoxymethyl-~-(2-methoxycyclohexyl)hydracrylate. 

Anal. 

The lower-boiling fractions had higher carbon and lower hydrogen contents, indicating 
that  some formation of hexahydrocoumaronyl derivatives by ester cleavage had taken 
place, an assumption which was supported by the lower alkoxy1 oxygen content of these 
fractions. For example, a fraction boiling at 116-120" at 1 mm. gave the following figures: 

Anal. Found: C, 63.4; H, 9.9; Alkoxyl 0, 12.4. 
Action of hydrochloric acid on ethyl ~-methoxymethyE-~-(d-methoxycyclohexyl)hydracrylate. 

A solution of 3.8 g. of the above ester in12cc. of hydrochloric acid (sp. gr. 1.19) was refluxed 
for 3 hrs. After about 10 min. an oil separated. The cooled reaction mixture was extracted 
with chloroform, and the chloroform solution was washed successively with dilute sodium 
carbonate solution and water. After removal of the solvent a dark oil remained which 
contained chlorine and gave a strong Legal test. I n  order to  replace the chlorine by hy- 
droxyl, the oil was heated in a sealed tube a t  120" with 30 cc. of water for 2 hrs. The re- 
action mixture was extracted with ether and the product still showed a faint Beilstein test 
for halogen and a strongly positive Legal test. It was distilled under reduced pressure and 
the fraction boiling at 185-195" a t  0.1 mm. was collected as a nearly colorless oil. Analysis 
indicated that  some dehydration of the nuclear hydroxyl group had occurred. 

Calc'd for ClaHza06: C, 61.3; H, 9.5; Alkoxyl 0, 17.5. 
Found: C, 61.6; H, 9.4; Alkoxyl 0, 15.1. 

Anal. Calc'd for CloHlaOs: C, 65.9; H, 7.7. 
Calc'd for CloHI2O2: C, 73.2; H, 7.3. 
Found: C, 68.4; H, 7.9. 
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When hydrobromic acid was used instead of hydrochloric acid for the above reaction, 
decomposition was more pronounced and an extremely small yield of product was obtained, 
which, however, gave a strong positive Legal test. 

Methyl 2-methoxycyclohexane carboxylate. Methyl o-methoxybenzoate was dissolved in 
absolute methanol and hydrogenated in the presence of Raney Nickel, at 200" and 2000-2700 
pounds per square inch pressure of hydrogen. Variation of the temperature or of the con- 
centration of the solution did not appreciably alter the results, but the pressure must 
initially be high in order to  get reaction. The catalyst was removed by centrifuging, and 
the reaction mixture was distilled, yielding 30% of material which boiled a t  96.697' a t  
15 mm. 

Anal. Calc'd for CoH1a03: C, 62.8; H, 9.4. 
Found: C, 62.8; H, 9.3. 

The main product of the reaction was methyl cyclohexane carboxylate. 
2-Methoxycyclohexane carboxylic acid. This acid was obtained by alkaline hydrolysis 

of the ester, in  a yield of 83%, as a colorless viscous oil which boiled a t  122-123' at 5 mm. 
It had an odor which resembled that  of valeric acid. 

Anal. Calc'd for CsHlrOa: C, 60.7; H, 8.9; OCHs, 19.6. 
Found: C, 60.9; H, 9.1; OCH3, 19.8. 

The p-toluidide was prepared in  the usual manner, as a red oil which crystallized on 
addition of petroleum ether. After six recrystallizations from this solvent, it formed fine 
white needles which melted at 130.2-132.4'. 

Anal. Calc'd for ClsHztNOz: C, 72.8; H, 8.6. 
Found: C,  73.1; H, 8.7. 

The mother liquors yielded a small amount of white needles which melted at 86108', 
and were probably a mixture of the cis and trans isomers. Further purification was not 
possible with the small amount of material available. 

2-Methoxycyclohexane carboxylic acid chloride was prepared from the acid in the usual 
manner andwas sealed in glass ampoules without further purification. 

w-Diazo-2-methoxyhexahydroacetophenone was prepared from the above acid chloride 
according to  the usual procedure and was obtained as a red oil which was used immediately 
without purification. 

Attempted preparation of w-acetoxy-2-methoxyhexahydroacetophenone. The diazomethyl 
ketone was treated with acetic acid, according to  the usual procedure, and the red oil ob- 
tained was distilled three times to  yield two colorless fractions. A yield of 4.8 g. of ma- 
terial which boiled a t  88-90" a t  10 mm., and of 1.5 g. of material which boiled at 93-105' at 
10 mm. was obtained from 17.6 g. of the diazomethyl ketone. Analysis of both of these 
fractions indicated a mixture of hexahydrocoumaranone and w-acetoxy-2-methoxyhexa- 
hydroacetophenone. 

Anal. Calc'd for CIIHl8Oa: C, 61.7; H, 8.5. 
Calc'd for C8H1202: C, 68.5; H, 8.6. 
Found: C, 67.0, 67.4; H, 8.8, 8.9. 

Ethyl hexahydrosalicylate was prepared by high-pressure hydrogenation of an ethanol 
solution of methyl salicylate in the presence of Raney Nickel catalyst according to  Connor 
and Adkins (20) who obtained material which boiled a t  117-18' a t  13 mm. We obtained 
material which boiled a t  110-115" a t  13 mm. 

Hexahydrosalicylic acid. The above ester was shaken a t  room temperature with a slight 
excess of 10% aqueous sodium hydroxide solution for about 5 minutes. The resulting hemo- 
geneous solution was allowed to stand for 1.5 hrs. after which i t  was concentrated in vacuo, 
washed with ether, acidified with a slight excess of 10% hydrochloric acid, saturated with 
ammonium sulfate, and finally thoroughly extracted with ether. Removal of the ether 
gave a quantitative yield of a syrup which was crystallized with great difficulty. This 
material was apparently a mixture of cis and trans isomers, which caused difficulty in re- 
crystallization, as i t  tended to  separate as an oil from the solvents. After repeated re- 
crystallization from dry ether and from ethyl acetate, two fractions of transparent prisms 
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were obtained. The larger fraction melted at 76-78', and the other melted at 109-110". 
Einhorn and Meyenburg (21), who prepared this acid from hexahydroanthranilic acid, 
report the melting point ill', as do all other investigators who have made it with the ex- 
ception of Boeseken and his co-workers (22), who state that  they obtained a small amount 
of a n  acid which melted from 57-63' from the mother liquors of the 111' acid. 

Anal. of the material which melted at 76-78". Calc'd for CIH120S: C, 58.3; H, 8.4. 
Found: C, 58.1; H,  8.2. 

The amide was prepared in  the usual manner from the ester and concentrated ammonium 
hydroxide. After several recrystallizations from acetone, i t  formed rectangular plates 
which melted at 113.7-114.7'. 

Anal. Calc'd for C,H11N02: C, 58.7; H,  9.2. 
Found: C, 58.8; H, 9.1. 

8-Acetozycyclohexane carboxylic acid. A crude sample of the above acid, melting at 
51-91', was dissolved in anhydrous ether and was gently refluxed for 1.5 hrs. with an excess 
of freshly distilled acetyl chloride. Distillation caused some decomposition, but  a yield 
of 21% of a syrup which boiled at 132-135' a t  4 mm. was obtained. This syrup crystallized 
after standing overnight, and after several recrystallizations from petroleum ether formed 
prisms which melted a t  66.1-66.6'. When a sample of this material was mixed with a sample 
of the original acid, i t  liquified before i t  could be placed in  a melting point tube. Easson 
and Pyman (23) describe the acetate as melting at 96101". 

Anal. 

Attempts a t  purification, without distillation, by seeding and recrystallization of the 
crude syrup were partially successful, but the process was very time consuming. 

The p-toluidide was prepared in the usual manner, from the crude acid, by way of the acid 
chloride. Repeated recrystallization from petroleum ether gave two fractions; the larger 
fraction formed white needles which melted at 154-155.9', and the smaller fraction formed 
white needles which melted at 124-143'. 

Calc'd for CgH1404: C, 58.1; H, 7.6. 
Found: C, 58.1; H, 7.7. 

A n d .  of the first fraction. Calc'd for ClsHzlNOa: C, 69.8; H,  7.7. 
Found: C, 70.2; H, 8.0. 

8-Acetozycyclohexane carboxylic acid chloride was prepared in the usual manner by the 
action of thionyl chloride at room temperature upon crude acid. Distillation caused partial 
decomposition, but a yield of 30% of material which boiled at 100-107" a t  4 mm. was ob- 
tained. Preparation of the p-toluidide gave a mixture which was identical with tha t  
obtained above. 

w-Diazo-8-acetozyhezahydroacetophenone was prepared from the above acid chloride in  
the usual manner. 

Attempted preparation of w ,d-diacetoxyhexahydroacetophenone. The diazomethyl ketone 
was treated with acetic acid in  the usual manner, yielding a red oil. Distillation caused 
some decomposition, and the bulk of the material remained in  the flask as a red tar, but a 
very small amount of a yellow liquid distilled at 80-120" at 0.4 mm. This material soon 
turned dark red upon standing. Further investigation of this substance was abandoned 
because of the extremely small yield. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these 

NEW YORK, N. Y. 

laboratories. 
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When phenol is acylated with caprylyl chloride in the presence of aluminum 
chloride, it has been recently shown (1) that the ratio of para- to ortho-hydroxy 
ketones produced is materially influenced by the solvent employed. In this 
previous work the solvents studied were carbon disulfide, nitrobenzene, tetra- 
chloroethane, and a hydrocarbon (petroleum ether, b.p. 60-71", Skellysolve B). 
The observation was made that carbon disulfide gave the lowest ratio of para- to 
ortho-hydroxycaprylophenone, while nitrobenzene decidedly favored the forma- 
tion of the para isomer. 

It seemed desirable to extend this work to include the influence of solvents 
during the acylation of phenol with acyl chlorides of higher molecular weight 
than caprylyl chloride. Previously, it has been shown (1, 2, 3, 4, 5 )  that the 
molecular proportion of aluminum chloride, the order of addition of the reactants, 
and the temperature are factors which in3uence the relative yield of isomers in 
both the rearrangement of phenyl esters and in the acylation of phenol. In order 
to obtain a direct comparison of the orienting effects of the several solvents 
studied in this work and to exclude other variables, a small excess of aluminum 
chloride over the amount required to form both the phenol-aluminum chloride 
and acyl chloride-aluminum chloride complexes was used. Three solvents have 
been investigated, namely: tetrachloroethane, carbon disulfide, and nitrobenzene. 
The even-numbered acyl chlorides from caprylyl chloride to stearoyl chloride 
inclusive were studied. 

The results of this study, as summarized in Table I, show that when nitroben- 
zene is used as a solvent for these acylations in the presence of an excess of 
aluminum chloride the relative yield of para-hydroxy ketones to ortho-hydroxy 
ketones is much higher than when carbon disulfide is employed. 

The length of the alkyl chain does not appear to  exert a pronounced influence 
upon the relative yields of para- and ortho-hydroxy ketones. This is evidenced 
by the fact that the p/o ratios of the products are comparable over the entire 
range of acid chlorides. 

Acylations in tetrachloroethane conducted with acyl halides of higher molecu- 
lar weight than caprylyl chloride gave resinous products from which no ketones 
could be isolated. It has been previously shown (6) that good yields of both 
para- and ortho-hydroxy ketones can be obtained in the acylation of phenol with 
high molecular weight acyl chlorides when only one molecular equivalent of 
aluminum chloride is used and tetrachloroethane is employed as the solvent. 
Furthermore, it  is known that when an excess of aluminum chloride is employed 
in ticylations of phenol using caprylyl chloride the ratio of para- to ortho-hydroxy 
ketones produced is quite high. The observation, Table I, that acylations with 
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ACID 
CHLORIDE 

acyl chlorides of higher molecular weight than caprylyl chloride yield only resins 
when conducted in tetrachloroethane with an excess of aluminum chloride, indi- 

Tetrachlorethaneb 

TABLE I 
EFFECT OF SOLVENTS UPON THE ACYLATION OF PHENOL IN THE PRESENCE OF EXCESS 

ALUMINUM  CHLORIDE^ 

21.5 
20.6 
21.3 
21.1 
21.6 
21.3 

3.16 54.7 
3.61 52.0 
3.39 54.6 
3.44 52.3 
3.08 50.7 
3.14 54.0 

SOLVENT 

- 
% Para 

Nitrobenzenec I Carbon Disulfided 

68.0 
74.2 
72.5 
72.7 
66.7 
67.1 
- 

'0 Ortho ~ ':$ I- '7% Para 

- 
6 Orthc 

40.8 
43.6 
41.4 
35.6 
46.6 
41.6 

__ 

- 

- 
Ratio 
PI0 

1.34 
1.19 
1.32 
1.47 
1.09 
1.30 
- 

a 0.22 mole AlCla, 0.11 mole phenol and 0.1 mole RCOCl. 
b 3  hrs. a t  70". 
0 3 hrs. a t  70". 
d 5.5 hrs. at 47". 

TABLE I1 
EFFECT OF ALUMINUM CHLORIDE UPON REAGENTS AND PRODUCTS IN THE ACYLATION OF 

PHENOL WITH LAUROYL CHLORIDE: TETRACHLOROETHANE 5 HRS. AT 50" 

REACTANTS 

0.22 Mole AlC13 
0.11 iMole phenol 
0.1 Mole lauroyl chloride 
80 cc. Solvent 

0.22 Mole AlC13 
0.11 Mole phenol 
60 cc. Solvent 

0.22 Mole AICls 
0 .1  Mole lauroyl chloride 
60 cc. Solvent 

0.08 &$ole AlC13 
0.04 Mole p-hydroxylaurophenone 
32 cc. Solvent 

0.0668 Mole AlC13 
0.0324 Mole o-hydroxylaurophenone 

0.22 Mole 
60 cc. Solvent 

W O P E T I C A L  YIELD 

0, p-Hydroxylaurophenones 27.6 g. 

Phenol 10.4 g .  

Lauric acid 20.1 g. 

p-Hydroxy ketone 11.1 g. 

o-Hydroxy ketone 8.9 g. 

Solvent 58 cc. 

Resins 70.7 

Phenol 61.5 
Resins 14.4 

Resins 64.2 

Resins 84.7 

Resins 78.6 

Solvent 96.7 

cates that this is not a satisfactory solvent for the preparation of high molecular 
weight para-hydroxy ketones. 
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The fact that only resinous products were obtained when acylations with 
higher molecular weight acid chlorides were conducted in tetrachloroethane under 
these conditions indicates either that one of the reactants is unstable or that the 
hydroxy ketones themselves undergo decomposition. It appeared that such 
reactions may also involve the solvent, since hydroxy ketones were obtained in 
high yields when carbon disulfide or nitrobenzene was used as the solvent. In 
order to  investigate further the effect of tetrachloroethane upon these acylations, 
phenol, lauroyl chloride, and ortho- and para-hydroxylaurophenone were treated 
with excess aluminum chloride under conditions similar to those employed during 
the acylation reactions. The effect of aluminum chloride upon tetrachloro- 
ethane was also investigated. The results obtained are summarized in Table I1 
and show that lauroyl chloride, p-hydroxylaurophenone and o-hydroxylaurophe- 
none form resinous products when heated for five hours a t  50" in the presence of 
two molecular equivalents of aluminum chloride in tetrachloroethane. Phenol 
is p:trtially converted to resinous products by this treatment and tetrachloroe- 
thane is essentially unaffected. 

The fact that neither of the hydroxylaurophenones is stable under these con- 
ditions is especially noteworthy. There appears to be no plausible explanation 
a t  this time why acylations with acyl chlorides higher than caprylyl chloride in 
this solvent with excess aluminum chloride yield only resinous products while 
smooth reactions are obtained with the lower acid chlorides. Hydroxycaprylo- 
phenones are stable in tetrachloroethane in the presence of an excess of aluminum 
chloride but hydroxylaurophenones undergo excessive decomposition. 

EXPERIMENTAL 

Acylation of phenol wi th  lauroyl chloride i n  tetrachloroethane. Anhydrous aluminum 
chloride (29.3 g., 0.22 mole) was weighed into a dry, 200-cc., three-necked flask equipped 
with a mechanical stirrer, dropping-funnel, and thermometer. Tetrachloroethane (20 cc.) 
was then added, followed by phenol (10.4 g., 0.11 mole) dissolved in 50 cc. of tetrachloro- 
ethane. After the evolution of hydrogen chloride had subsided, lauroyl chloride (21.9 g., 
0.1 mole) dissolved in  20 cc. of tetrachloroethane was added dropwise over a period of 
twenty-five minutes. The mixture was then heated for three hours a t  70" with constant 
stirring, after which i t  was hydrolyzed by pouring into 200 cc. of cold water, and steam 
distilled to  remove the solvent. 

The product was cooled, transferred to a liter separatory funnel, ether added, and the 
aqueous layer removed. The ether layer was then extracted with two 100-cc. and two 
40-cc. portions of 3% sodium hydroxide in a 10% solution of alcohol in water. The alkaline 
extract was acidified with hydrochloric acid, boiled to remove the alcohol and ether, and 
cooled. The oily product was dissolved in ether, placed in a Claisen flask and the ether 
removed by a water-bath. Vacuum distillation under 4 mm. pressure gave 7.8 g. of a 
viscous oil boiling up to 240'. The residue was a tar-like product which weighed 5.8 g. 

The ether solution from the alkali extraction was dried with anhydrous sodium sulfate 
and the ether removed by evaporation. Distillation of the product under 4 mm. pressure 
gave an oily product (7.29 g.) and 1.69 g. of a tar-like residue. 

p-Hydroxylaurophenone could not be identified in the alkali-soluble portion nor o-hy- 
droxylaurophenone in  the alkali-insoluble fraction. 

Similar reactions were run using caprylyl, capryl, myristoyl, palmitoyl, and stearoyl 
chlorides. Resinous products were obtained in every case with the exception of the 
caprylyl chloride which gave 49.5% p-hydroxycaprylophenone (m.p. 62-63", 2,4-dinitro- 
phenylhydraxone m.p. 176-176.5') and 21.4% of o-hydroxycaprylophenone (b.p. 115-120" 
a t  1 mm., 2,4-dinitrophenylhydrazone m.p. 144.5-145'). 
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Acylation of phenol with lauroyl chloride i n  nitrobenzene. Anhydrous aluminum chloride 
(29.3 g., 0.22 mole) was mixed with 30 cc. of nitrobenzene, and phenol (10.4 g., 0.11 mole) 
dissolved in  30 cc. of nitrobenzene was added. Lauroyl chloride (21.9 g., 0.1 mole) dissolved 
in 30 cc.  of nitrobenzene was then added dropwise. The reaction mixture was heated for 
three hours a t  70". The product was hydrolyzed, steam distilled, and the 0- and p-hy- 
droxylaurophenone separated as above described. This yielded 5.9 g. of o-hydroxylauro- 
phenone (m.p. 42.5-43", 2,4-dinitrophenylhydrazone m.p. 92-93') and 20.0 g. of p-hydroxy- 
laurophenone (m.p. 70-71", 2,4-dinitrophenylhydrazone m.p. 147-148'. 

Phenol was also acylated with caprylyl, capryl, myristoyl, palmitoyl, and stearoyl 
chlorides according to  the above procedure. The yields are shown in Table I. The melt- 
ing points of the hydroxy ketones and of their 2,4-dinitrophenylhydrazones agreed with 
those previously reported (6). 

o-Hydroxycaprophenone and p-hydroxycaprophenone have not been previously de- 
scribed. The melting point of the former is 35.0-35.5' and of the latter 63.5-64.0'. The 
2,4-dinitrophenylhydrazones melted a t  111-112" and 148-148.5' respectively. 

Anal. Calc'd for C16H2402: C, 77.37; H, 9.74. 
Found: (ortho) C, 77.14; H, 10.03. 

(para) C, 77.40; H, 9.75. 
Acylation of phenol with lauroyl chloride i n  carbon disulfide. The acylation was conducted 

in a manner similar to  that previously described with the exception that  carbon disulfide 
was used as  the solvent instead of nitrobenzene. The reaction was run for five and one- 
half hours a t  the reflux temperature of the carbon disulfide. Hydrolysis was accomplished 
by pouring into water followed by the addition of an equal volume of a mixture of alcohol 
and concentrated hydrochloric acid. The isomers were separated as described above. 

Acylations were conducted in a similar manner with caprylyl, capryl, myristoyl, pal- 
mitoyl, and stearoyl chlorides. The melting points of the products agreed with those 
previously reported. 

Effect of aluminum chloride upon phenol i n  tetrachloroethane. Phenol (10.4 g., 0.11 mole) 
in 60 cc. of freshly distilled tetrachloroethane was heated for five hours at 50" with an- 
hydrous a!uminum chloride (29.3 g., 0.22 mole). The product was hydrolyzed by pouring 
into water and the aqueous layer separated from the solvent layer. The former was acidi- 
fied with hydrochloric acid and extracted four times with 50-cc. portions of ether. This 
ether solution was then dried with anhydrous sodium sulfate. The solvent layer was 
shaken with two 60-cc. portions of 5% aqueous sodium hydroxide solution and the alkaline 
extract acidified with hydrochloric acid and extracted with three 50-cc. portions of ether. 
This ether solution was then dried with anhydrous sodium sulfate and combined with the 
former ether extract. The ether was then removed and the product distilled a t  atmospheric 
pressure. 

Lauroyl chloride 
(21.9 g., 0.1 mole) was heated with anhydrous aluminum chloride (29.3 g., 0.22 mole) in  60 cc. 
of tetrachloroethane for five hours a t  50". The product was hydrolyzed and the solvent 
removed by steam distillation. This product was then dissolved in ether and the solution 
dried. Distillation a t  6 mm. pressure gave only a resinous product, 12.9 g., 64.2%. S o  
lauric acid was identified either in the distillate or residue. 

Effect of aluminum chloride upon p-hydroxylaurophenone. p-Hydroxylaurophenone 
(11.1 g., 0.04 mole) was heated with anhydrous aluminum chloride (10.7 g., 0.08 mole) in 
32 cc. of tetrachloroethane for five hours a t  50". After hydrolysis and steam distillation 
there was recovered 9.4 g., 84.7% of a resinous product from which no p-hydroxylauro- 
phenone could be separated. A similar treatment of o-hydroxylaurophenone gave 78.0% 
of an oil from which no o-hydroxylaurophenone could be obtained. 

Tetrachloroethane, 60 cc., was 
heated with 29.3 g. of anhydrous aluminum chloride for five hours at 50'. After hydrolysis 
and steam distillation, 58 cc. (96.7%) of the tetrachloroethane was recovered. Distillation 
gave only a trace of a brownish residue. 

Effect of aluminum chloride upon lauroyl chloride in tetrachloroethane. 

Effect of aluminum chloride upon tetrachloroethane. 
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SUMMARY 

1. Friedel-Crafts acylations of phenol have been conducted with even-num- 
bered acyl halides from caprylyl to stearoyl chlorides inclusive in tetrachloro- 
ethane, nitrobenzene, and carbon disulfide in the presence of excess aluminum 
chloride, and the results compared. 

2. Nitrobenzene exerts a much greater para-directing influence than carbon 
disulfide. 

3. Acylations of phenol with acyl chlorides of higher molecular weight than 
caprylyl chloride in tetrachloroethane gave only resinous products. 
4. The length of the alkyl chain does not exert an influence upon the ratio of 

para to ortho isomers obtained when phenol is acylated under the conditions 
described. 

(:HICAGO, ILL.  

REFERENCES 
(1) RALSTON, MCCORKLE, AND BAUER, J .  Org. Chem., 6, 645 (1940). 
(2) EIJKMAN, Chem. Weekblad, 1, 453 (1904); 2, 59 (1905). 
(3) ROSENMTJND AND ~ ~ H N U R R ,  Ann., 460,56 (1928). 
(4) STOUGHTON, J .  Am. Chem. SOC., 67, 202 (1935). 
(5) RALSTON, MCCORKLE, AND SEGEBRECIIT, J. Org. Chem., 0, 750 (1941). 
(6) RALSTON AND BAUER, 6. Org.  Chem., 6, 165 (1940). 



[CONTRIBUTION FROM THE NOYES CHEMICAL LABORATORY, UNIVERSITY OF ILLINOIS] 

THE ACTION OF ALKALINE REAGENTS ON 
1,4-DIHAL0-1,4-DIBENZOYLBUTANES 

REYNOLD C .  FUSON, H.  H.  HULLY, JAMES F .  McPHERSON, AND 
F. W. SPANGLER 

Received July I ,  i9@ 

The bromo compound obtained by the action of sodium cyanide on 1,4- 
dibromo-l,4-dibenzoylbutane (1) has been identified by Kao (2) as 5-bromo- 
5-benzoyl-1-phenyl-1-cyclopentene oxide (I, X = Br). This structure is in 
accord with Kao’s discovery that the bromo compound can be debrominated to 
give the known 5-benzoyl-1-phenyl-1-cyclopentene oxide (11) (3). 

CH2-CH-0 

I \ /  c- 

I / 
CH2-C-X 

I 

I / 
CH2-C 

VI V 

Our study of the bromo compound had yielded results similar to those of Kao. 
The bromo compound was prepared by the action of diethylamine on the dibromo 
diketone. Other alkaline reagents such as sodium cyanide and sodium acetate 
gave lower yields. We have also made the corresponding chloro compound by 
this method. The behavior of the chloro compound is similar to that of the 
bromo compound. The latter yields the cyclopentene oxide (11) when treated 
with zinc dust and sodium iodide in acetone. Treatment with hydroxylamine 
yields in each case an oxime. The bromo oxime was converted to the corre- 
sponding anilide. 
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Condensation with phenylmagnesium bromide gave in each instance the 
expected carbinol (111). The carbinols were dehalogenated by treatment with 
zinc in acetic acid. However, the halogen-free carbinol (IV) was obtained only 
from the chloro compound. The bromo compound gave a derivative whose 
composition corresponds to that of the dehydration product (V) of the carbinol. 
It is possible that in both IV and V the oxide ring may have rearranged to give 
tho corresponding cyclopentanone. 

An interesting transformation was observed when the chloro compound (I, 
X = C1) was treated with zinc in acetic acid; 1,4-dibenzoylbutane was formed. 
The genetic relationship between this diketone and the oxide (11) is further 
obscured by the discovery that the former is converted partially to the oxide 
merely by the action of sodium methoxide. The oxide appears as a by-product 
in the synthesis of the isomeric phenylbenzoylcyclopentenes by the method of 
Bauer (4). 

The most interesting property of the halogen compounds is their failure to 
give a precipitate when heated with alcoholic silver nitrate solution. For this 
reason an alternative formula, 2-phenyl-3-halo-6-benzoyl-5,6-dihydro-l,4- 
pyran (VI), was considered. It would account for the inertness of the halogen 
atoms. Objections to the structure are that the compounds are unaffected by 
reagents generally used to detect ethylenic linkages. Bromine in carbon te- 
trachloride, potassium permanganate in acetone, and hydrogen in the presence 
of platinum left the compound unchanged. 
, The inertness of the halogen atom in the cyclopentene oxide derivative (I) 
is in agreement with the known fact that in both phenacyl halides and P-halogen 
ethers ( 5 )  the halogen atoms are anomalously inert. 

EXPERIMENTAL 

6-Benzoyl-6-bromo-1-phenyl-1-cuclopentene oxide ( I ,  X = Br). This compound was pre- 
pared in yields of 60% from 1,4-dibronio-l,4-dibenzoylbutane by the method described by 
Kao (2); m.p. 138-139" (from ethanol). 

A n a l .  

The oxime1 (from ethanol) melted a t  178-179', with decomposition. 
A n a l .  

An unstable compound melting a t  90-93", with decomposition, was isolated from the 
mother liquor. 

Treatment of the oxime with thionyl chloride in chloroform solution converted i t  to  the 
anilide' which, after recrystallization from alcohol, melted a t  172-173", with decomposition. 

A n a l .  

Condensataon of the bromocyclopentene oxade ( I ,  X = Br) with  phenylmagnesium bromzde. 
A solution of phenylmagnesium bromide was prepared from 5.4 g. of bromobenzene and 1 g. 
of magnesium in 50 cc. of dry ether. A solution of 5.8 g. of the oxide in  225 cc. of absolute 
ether was added, with stirring, during one-half hour. Stirring and heating were continued 
for an hour and the mixture was decomposed with ice and hydrochloric acid. The carbinol 
( I V ,  X = Br) was recrystallized from ethanol; m.p. 127-129", with decomposition. 

Calc'd for C18HI5BrO2: C, 63.0; H, 4.4; Br, 23.3 
Found: C, 62.9; H, 4.5; Br, 23.3. 

Calc'd for ClsHleBrN02: C, 60.3; H, 4.5. 
Found: C, 60.6; H, 4.5. 

Calc'd for C18H1~BrN02: K, 3.9. 
Found: N,  4.1. 

A n a l .  Calc'd for C2aH21Br02: C, 68.39; H, 5.03. 
Found: C, 68.12; H, 5.10. 

1 This compound was made by Dr. G. E. Goheen. 
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Reduct ion of the carbinol ( IV,  X = Br). Amixture of 1 g. of the carbinol, 3 g. of zinc dust, 
and 90 cc. of glacial acetic acid was boiled for six hours, concentrated, and poured into 
water. The solution was neutralized and extracted with ether. From the ether solution 
was obtained a halogen-free product melting (from methanol) at 159-160". 

A n a l .  

1,4-Dichloro-i ,C-dibenzoybutane. 

Calc'd for Cz4H20O: C, 88.88; H, 6.21. 
Found: C, 88.57; H,  6.24. 

Two hundred sixty-six grams of 1,4-dibenzoylbutane 
was dissolved in 2660 cc. of hot carbon tetrachloride. A stream of chlorine was passed into 
the solution at a moderate rate for twenty minutes; the solution became yellow. The 
carbon tetrachloride, hydrogen chloride, and excess chlorine were then removed by dis- 
tillation under diminished pressure. The residue was collected on a filter and recrystal- 
lized from ethyl acetate. The yield was 200 g. of pure product, melting a t  177-178'. 

A n a l .  Calc'd for C18H18C1202: C1, 21.15. 
Found: C1, 21.01. 

5-Benzoyl-5-chloro-1 -phenyl- f  -cyclopentene oxide ( I ,  X = Cl) .  Four grams of 1,4-dichloro- 
1,4-dibenzoylbutane was refluxed with 17 g. of diethylamine and 100 cc. of dry benzene. 
During the course of the reaction, the mixture became dark red in  color, but remained 
clear. It was then cooled, and 200 cc. of ether added. The ether soluton was washed with 
water to remove excess diethylamine. Evaporation of the solution left a n  oily, semi- 
crystalline residue, which yielded colorless crystals after two recrystallizations from 
methanol. 

A n a l .  Calc'd for ClgH1sC102: C, 72.37; H, 5.03; Cl,ll.88. 
Found: C, 72.19; H, 5.01; C1, 11.95. 

No precipitate was formed when the compound was boiled with alcoholic silver nitrate 
solution. The chlorocyclopentene oxide did not decolorize an acetone solution of potas- 
sium permanganate. It reacted with nitric acid and Kith ozone, but in neither case was i t  
possible to isolate a crystalline product. 

Two and one-half grams of pure oxide was obtained; m.p. 131-132". 

Oxime.  The oxime (from alcohol) melted a t  168-169". 
A n a l .  Calc'd for C1gH1&1KO2: N, 4.47. 

Found: N, 4.59. 
Reduct ion of the chlorocyclopentene oxide ( I ,  X = C l )  wi th  z inc and aceticacid. Asolution 

of 1 g. of the oxide in  50 cc. of glacial acetic acid was brought to boiling and 2 g. of zinc 
dust was added. The mixture was refluxed, with stirring, for one hour and poured into 300 
cc. of water. The resulting solution was neutralized and extracted with ether. The ether 
solution was dried over anhydrous sodium sulfate and the solvent removed. Crystdliza- 
tion of the residue first from methanol, then from ethyl acetate, gave crystals of I ,4-diben- 
zoylbutane melting a t  105-106". The identification was confirmed by the mixed melting 
point method. 

Condensation of the chlorocyclopentene oxide ( I ,  X = Cl)  wi th  phenylmagneszuin bromide. 
A solution o f  5 g. of the oxide in 225 cc. of absolute ether was added during one and one- 
fourth hours to a refluxing solution of phenylniagnesium bromide made from 5.4 g. of bromo- 
benzene and 1 g. of magnesium in 50 cc. of absolute ether. The mixture was stirred for one 
hour a t  room temperature and poured into a mixture of ice and hydrochloric acid. The 
ether layer yielded 4.45 g. of the carbinol (IV, X = C1) melting at 167-170". Recrystalliza- 
tion from ethanol gave crystals melting a t  169.5-170.5". 

Calc'd for C24HZlC102: C, 76.47; H,  5.62; C1, 9.41. 
Found: C, 76.60; H,  5.53; C1, 9.58. 

A n a l .  

The carbinol gave no precipitate when treated with hot alcoholic silver nitrate solution, 
and failed to react with hydroxylamine or phenylhydrazine. 

The carbinol appeared to undergo rearrangement &-hen treated with hydrogen chloride 
in ether. A solution of 1 g. in  175 cc. of dry ether was saturated with dry hydrogen chloride 
and allowed to stand for two and one-half hours. Removal of the solvent left a residue, 
which when crystallized from methanol melted at 79-80". 

A n a l .  Calc'd for C24H21C102: C, 76.47; H, 5.62. 
Found: C, 76.90; H,  5.59. 
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Reduction ofthe carbinol ( IV,  X = Cl) .  A mixture of 1 g. of the carbinol, 90 cc. of glacial 
acetic acid, and an excess of zinc dust was boiled for five hours, concentrated, and poured 
into water. The halogen-free carbinol, crystallized from methanol, melted a t  112-113'. 

Anal. Calc'd for Cz4Hz202: C, 84.12; H,  6.48. 
Found: C, 83.98; H ,  6.47. 

SUMMARY 

Evidence is presented to  support the cyclopentene oxide structure assigned 
by Kao to the bromo compound formed from 1,4-dibromo-1 ,bdibenzoylbutane 
under the influence of alkaline reagents. A similar structure is proposed for 
a chloro compound obtained from 1,4-dichloro-l,4-dibenzoylbutane. 

URBANA, ILL, 
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Many unsuccessful attempts have been made to  bring about 1 ,2-addition of 
Grignard reagents to mesityl ketones (1). It seemed possible that this goal 
might be attained by operating on a diketone of the type MesC0COR.I To 
test this idea we have prepared t-butyl mesityl diketone (I) and subjected it to 
the action of methylmagnesium iodide. It was to be expected that the en- 
hanced reactivity characteristic of twinned carbonyl groups would favor the 
desired reaction. 

SYNTHESIS OF T H E  DIXETONE 

The diketone was made from mesitylpivalylcarbinol (11) by a modification 
of the procedure used to  prepare t-butyl 3-nitromesityl diketone (2). It was 
found that the acyloin (11) could be oxidized to the diketone by the use of 
copper sulfate in pyridine. 

An interesting observation was made in connection with the synthesis of the 
acyloin. When the condensation of t-butylglyoxal with mesitylene was carried 
out a t  a low temperature and over a long period of time, the chief product was 
not the known acyloin (m.p. 117-1 18') but the isomer, t-butylmesitoylcarbinol 
(111) (m.p. 44'). 

OH OH 
I 

(CH&CCHCOMes 

OH OH OH OH 

I 
(CH&CCOCOMes (CH3)3CCOCHMes 

I I1 I11 

I I  
( CH3 )3 C C 0 CH2 Mes 

IV V VI 
It 

formed an acetate when treated with acetic anhydride; oxidation converted it 
to the diketone (I) ; reduction transformed it to 1,2-t-butylmesitylethylene 
glycol (IV). The glycol yielded a diacetate when treated with acetic anhy- 
dride. Dehydration of the glycol with sulfuric acid produced mesityl pivalyl- 
methane (V). This structure was assigned when it was found that the new 
ketone failed to respond to tests for hydroxyl or aldehyde groups, but formed 
a monoxime. Moreover, it did not liberate methane in contact with the methyl 
Grignard reagent. Finally, the low-melting acyloin (111) was found to re- 
arrange under the influence of sodium ethoxide, to the high-melting isomer (11). 

In this connection, it is interesting that hydrogenation of the diketone at  
low pressure yielded the corresponding enediol (VI) ; repeated tests with 2,6- 
dichlorobenzeneoneindophenol showed that the enediol persisted in solution for 
several hours. Isomerization to the high-melting acyloin (11) took place spon- 
taneously. None of the low- 
melting acyloin was detected. 

(CH3)CC=CMes 
I 1  

(CH&CCH-CHMes 

The new carbinol (111) was more soluble in alcohol than was its isomer. 

The latter was isolated in yields above 80%. 

1 Mes is used to represent the mesityl radical. 
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THE ADDITION OF METaYLMAGNESITJM IODIDE TO THE DIKETONE 

The diketone reacted with methylmagnesium iodide in ether solution to  
yield two products, which proved to  be the isomeric ketols formed by l12-addi- 
tion of the reagent. The isomer which melted at  82" was identified as t-butyl- 
mesitoylmethylcarbinol (VII). This alcohol proved to be resistant to dehy- 
drating agents. Heating with a mixture of concentrated sulfuric and glacial 
acetic acids, however,' brought about cleavage of the molecule to mesitylene, 
pinacolone, and a gas, presumably carbon monoxide. These changes, which 
may be represented as follows, suffice to establish the structure of the ketol (VII). 

(CH3)3CL?COMes - ( C H B ) ~ C C C O ~ H  + MesH 

C H3 C H3 

I 
I 

OH OH 

1 VI1 

(CH3)3CCOCH3 + CO 

The$someric ketol (VIII), which melted a t  105O, readily underwent dehy- 
dration yielding the vinyl ketone, IX. 

( C H B ) ~  C C 0 COMes 

CH3 
I 

(CH3)3 CCCOMes 
1 
OH 

1HzS04 

VI1 

Mesitylene 
and 

Pinacolone 

CH3 
I 
I 

(CHs)3 CCO CMes 

OH 
VI11 

C H2 

II 
(CH3)3 CCOCMes 

I X  

i 

i 

OH CHI OH CH3 
I I  I I  
I I  X 

(CH3)3CC--CMes 22 (CHs)aCC=CMes 

0-0 
XI 

CH3 
I 

( C&)3 C CO CHMes 
XI1 
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This unsaturated ketone absorbed a mole of hydrogen in the presence of plati- 
num to form the vinyl alcohol, X, which was converted by oxygen to the per- 
oxide, XI. In attempts to isolate the vinyl alcohol, however, only the corre- 
sponding ketone (XII) was obtained. 

These observations serve to demonstrate that methylmagnesium iodide reacts 
in the 1 , 2  manner with each of the carbonyl groups of t-butyl mesityl diketone, 
forming the corresponding ketols. Experiment showed also that pivalylmesity- 
lene, the corresponding monoketone, was unaffected by methylmagnesium 
iodide. The formation of the ketol, mesitylmethylpivalylcarbinol (VIII) con- 
stitutes the first example of 1,a-addition of a Grignard reagent to a mesityl 
ketone. 

EXPERIMENTSL2 

t-Butylglyoxal. Pinacolone was oxidized with selenium dioxide to  t-butylglyoxal, as 
was described previously (2). The yield of golden yellow liquid, b.p. 112-115', was 48%. 

Mesitylpivalylcarbinol and t-butylmesitoylcarbind. An ice-cooled flask was charged with 
160 cc. of mesitylene and 108 g. of anhydrous aluminum chloride. Stirring was begun, and 
46 g. of freshly distilled t-butylglyoxal, dissolved in 40 cc. of mesitylene, was added over a 
period of forty-five minutes. Stirring was continued for one hour a t  5O, and for an addi- 
tional four hours a t  room temperature. After being allowed to  stand overnight, the inass 
was poured on a mixture of 600 g. of ice and 200 cc. of concentrated hydrochloric acid. The 
mixture was diluted with 1 liter of water and 250 cc. of ether, stirred for thirty minutes, and 
filtered through a one-fourth inch layer of carbon. The organic layer was washed with 
water and dilute sodium bicarbonate and distilled under diminished pressure. The prod- 
uct, boiling a t  125-130"/2 mm., weighed 30 g. It was recrystallized from ethanol; m.p. 
117-118". 4 mixed melting point with an authentic sample of mesitylpivalylcarbinol (11) 
showed no depression. 

,4n identical run was made except that the reactants were stirred a t  5" for nine hours. 
Subsequent decomposition in acid solution and distillation of the product yielded 40 g. of 
material boiling at 122-128'/2 mm. The substance 
did not crystallize from ethanol at room temperature. When i t  was dissolved in  a small 
amount of the ethanol and cooled to cu.-SO",asolid precipitated. After three such recrys- 
tallizations, the t-butylmesitoylcarbinol (111) melted a t  44". 

This corresponded to a yield of 43%. 

A n d .  Calc'd for C16H2202: C, 76.92; H, 9.40. 
Found: C, 76.83; H, 9.53. 

Four grams of t-butylmesitoylcarbinol was treated with 15 cc. of acetic anhydride and 
10 cc. of pyridine a t  room temperature for twelve hours. The mixture was pouredinto 
water and the acetate, which separated as a white solid, was recrystallized from low-boiling 
petroleum ether. I t s  melting point was 68". 

Anal. 

Isomerization of the acyloin. One-half gram of sodium was added to 10 cc. of absolute 
ethanol in a nitrogen-filled 3-necked flask. After the reaction was complete, a solution of 
0.5 g. of t-butylmesitoylcarbinol in 10 cc. of absolute ethanol was added, and the solution 
was stirred for two hours a t  room temperature and for two hours a t  75". An atmosphere of 
nitrogen was maintained during the reaction period. The mixture was poured into 150 
cc. of water, and the solid which separated was recrystallized from ethanol. The white, 
crystalline material melted a t  117-118", and the melting point in mixture with an authentic 
sample of mesitylpivalylcarbinol was not depressed. 

When subjected to the treatment just described mesitylpivalylcarbinol was recovered 
unchanged. 

Calc'd for C1,H2403: C, 73.91; H, 8.69. 
Found: C, 74.00; H, 8.58. 

2 Microanalyses by Miss Margaret McCarthy and Miss Theta Spoor. 
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t-Butyl mesityl diketone.3 Twenty-three grams of mesitylpivalylcarbinol (or t-butyl- 
mesitoylcarbinol) was mixed with 50 g. of hydrated copper sulfate, 50 cc. of pyridine, and 
20 cc. of water in a flask equipped with a stirrer and a condenser. The mixture was stirred 
and heated a t  100' for three days. The yellow layer was separated and the aqueous layer 
was extracted with three 50-cc. portions of ether. The organic material was dried over 
anhydrous sodium sulfate and distilled. After the evaporation of the ether the diketone 
was distilled under reduced pressure. The yield of golden yellow oil was 19 g. or 83%; 
b.p. 115-llX0/2 mm.; n t  1.5068. 

An oxLme was prepared by mixing 1 g. of the diketone with 1 g. of hydroxylamine hydro- 
chloride, 5 cc. of pyridine, and 5 cc. of absolute ethanol, and refluxing the solution over- 
night. The mixture was poured into 100 cc. of water and the solid which precipitated was 
recrystallized from a 4: 1 methanol-water mixture. The oxime formed white crystals 
melting at 139". 

Anal. Calc'd for C16H2&02: C, 72.87; H ,  8.50. 
Found: C, 72.92; H ,  8.52. 

Reduction of t-butyl mesityl diketone. One gram of the diketone was dissolved in 30 cc. 
of ethanol. Fifty milligrams of platinum oxide was added and the mixture was treated with 
hydrogen for six hours a t  a pressure of two atmospheres. The colorless solution was filtered 
to  remove the catalyst, and the solvent was evaporated rapidly under reduced pressure in  
an atmosphere of nitrogen. The solid residue, when recrystallized from ethanol, melted 
a t  11 7-118". A mixed melting point with mesitylpivalylcarbinol showed no depression. 

-4nother sample of the diketone was reduced in a similar manner, and the resulting color- 
less solution was allowed to  stand under an atmosphere of nitrogen. Samples were with- 
drawn from the flask a t  intervals and tested for the presence of a n  enediol with a solution of 
sodixm 2,6-dichlorobenzeneoneindophenol. The solution continued to give a positive test 
for four or five hours, a t  the end of which time no enediol was present. 

1 8-t-Butylmesitylethylene glycol ( I V ) .  A solution of 25 g. of t-butylmesitoylcarbinol 
in 150 cc. of ethanol was treated with hydrogen for eight hours in  the presence of a copper 
chromite catalyst a t  1500 pounds pressure and 175". The ethanol was distilled under re- 
duced pressure and the solid glycol was recrystallized from low-boiling petroleum ether. 
It weighed 23 g., constituting a 92% yield, and melted a t  84-85'. 

Anal. 

The glycol formed a diacetate when treated with acetic anhydride and pyridine. 

Anal. 

Dehydration of 1,2-t-butylmesitylethylene glycol. A solution of 10 cc. of concentrated 
sulfuric acid in 15 cc. of water was added to 2 g. of the glycol, and the mixture was heated 
on the steam-cone for six hours. After the solution had cooled, it was diluted with 100 cc. 
of A ater and the solid which precipitated was recrystallzed from methanol containing a 
small amount of water. The ketone (V) was obtained as white needles melting a t  80-81'; 
yield 1.0 g. 

Anal. 

h Zereivitinoff determination showed no active hydrogen. 

Calc'd for CljH2402: C, 76.27; H,  10.16. 
Found: C, 76.12; H,  9.84. 

After 
recrystallization from low-boiling petroleum ether i t  melted a t  73-74'. 

Calc'd for ClgH28Qd: C, 71.25; H ,  8.75. 
Found: C, 71.08; H ,  8.65. 

Calc'd for CljH220: C, 82.57; H ,  10.09; mol. mt . ,  218. 
Found: C, 82.57; H ,  10.23; mol. wt. (ebullioscopic in chloroform) 214. 

When a 1-g. sample of the 
ketone was heated for twelve hours with 1 g. of hydroxylamine hydrochloride in  ethanol and 
pyridine, a crystalline oxime was obtained. After crystallization from ethanol, i t  melted 
at 117". 

Anal. Calc'd for C15HzzNO: C, 77.26; H ,  9.87. 

The reaction of t-butyl mesityl diketone with methylmagnesium iodide. A solution of 8.5 
g. of methyl iodide in 15 cc. of anhydrous ether was added to 1.5 g. of magnesium turnings 

Found: C, 77.48; H ,  9.76. 

___ 
3 This compound was prepared by Dr. J. W. Corse. 
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in 15 cc. of dry ether at a rate sufficient to maintain a steady reflux of the solvent. After 
the mixture had been refluxed for an additional half hour, 8 g. of the diketone, dissolved in  
15 cc. of dry ether, was added slowly. Refluxing was continued for four hours, the solution 
remaining nearly colorless. The reaction mixture was poured into 200 cc. of water con- 
taining 25 cc. of concentrated hydrochloric acid, and the ether layer was diluted, washed 
with a soution of sodium bicarbonate, and dried over anhydrous sodium sulfate. The semi- 
solid residue which remained after the ether mas evaporated was dissolved in  low-boiling 
petroleum ether. When the solution was chilled in a solid carbon dioxide bath the t-butyl- 
mesitoylmethylcarbinol (VII) precipitated as a white solid. It was recrystallized from the 
same solvent by intensive cooling and melted a t  81-82'; yield 4 g. 

Anal. 

A Zerewitinoff determination showed one active hydrogen. 

Calc'd for C16H2402; C, 77.42; €1, 9.68; mol. wt. 248. 
Found: C, 77.31; H, 9.38; mol. wt. (ebullioscopic in chloroform) 249. 

Treatment with acetyl 
chloride and pyridine resulted in the formation of an acetate which, when recrystallized 
from low-boiling petroleum ether, melted a t  77". 

Calc'd for C18H2603; C, 74.48; H, 8.96. 
Found: C, 74.28; H, 8.65. 

Anal. 

The mother liquors, after the isolation of the low-melting carbinol (VII), were allowed 
to evaporate a t  room temperature in contact with the air. The mesitylmethylpivalylcar- 
binol (VIII) formed large, cubic crystals. Whenwashed free of the yellow diketone with the 
low-boiling petroleum ether, they weighed 1.5 g. and melted a t  104-105". 

Calc'd for C16H2402: C, 77.42; H, 9.68; mol. wt., 248. 
Found: C, 77.37; H, 9.57; mol. wt. (ebullioscopic in  chloroform) 245. 

Anal. 

A Zeremitinoff determination shorn-ed the presence of one active hydrogen. The material 
was recovered unchanged after treatment with acetic anhydride and pyridine. 

Cleavage of t-butylmesitoylmethylcarbinol (VII) .  Three grams of the carbinol was 
dissolved in a mixture of 60 cc. of glacial acetic acid and 35 cc. of 60% (by volume) sulfuric 
acid, and the solution was heated on the steam-cone for five hours. The solution was 
poured into 200 cc. of water, the organic material was extracted with ether, and the solvent 
was evaporated. Distillation of the residue yielded two products. The lower-boiling 
compound was pinacolone (b.p. l W l l O o ) .  It was identified by the formation of a semicar- 
bazone that  melted a t  154-156". The other product was mesitylene which distilled a t  55"/ 
18 mm. It was identified by the formation of the dinitro derivative, which melted a t  84-86'. 

t-Butyl a-mesatylvinyl ketone ( I X )  . Three grams of mesitylmethylpivalylcarbinol (VIII) 
was mixedwith 30 cc. of 50% by volume sulfuric acid and heated for five hours on the steam- 
cone. The mixture was diluted with 100 cc. of water and extracted with ether. After the 
solvent was evaporated, the residue was distilled under diminished pressure. The pale 
yellow ketone (IX) boiled at 112"/3 mm.; n: 1.5180; yield 2.5 g. 

Anal. Calc'd for C16HzzO: C, 83.47; H, 9.56. 
Found: C, 83.71; H, 9.71. 

Reduction of t-butyl a-mesitylainyl ketone. A 0.5-g. sample of the vinyl ketone was dis- 
solved in 20 cc. of ethanol, and 20 mg. of platinum oxide was added to  the solution. The 
mixture was treated with hydrogen a t  atmospheric pressure for several hours after the 
calculated amount of gas had been absorbed. The resulting solution was filtered, and the 
solvent was evaporated. The mesitylmethylpivalylmethane (XII) was crystallized from a 
5:2 methanol-water mixture; m.p. 86'. 

Anal. 

The ketone was recovered unchanged after treatment with acetic anhydride and pyri- 
dine. 

The enol peroxide ( X I ) .  Another sample of the vinyl ketone was reduced in  a similar 
manner, and immedately following the absorption of the calculated amount of hydrogen, 
a stream of air was passed through the solution for one hour. The solvent was distilled 
under reduced pressure and the residue was crystallized from methanol which contained a 
small amount of water. The crystalline peroxide melted a t  106". 

Calc'd for C16H24O: C, 82.76; H, 10.34. 
Found: C, 82.67; H, 10.21. 
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Anal. Calc'd for CteHz40a: C, 72.72; H, 9.09. 
Found: C, 72.93; H, 9.20. 

Treatment of pivalylmesitylene with methylmagnesium iodide.  Pivalylmesitylene was 
prepared from pivalyl chloride and mesitylene (3). Twenty-one grams of the ketone was 
added to an excess of methylmagnesium iodide in a n-butyl ether solution. The mixture 
was refluxed, with stirring, for twelve hours and allowed to cool. It was poured on a mix- 
ture of 200 g. of ice and 25 cc. of concentrated hydrochloric acid, and the organic layer was 
washed free of acid, dried, and distilled. Distillation of the solvent left 17 g. of the original 
ketone; i t  boiled at 92-98"/2 mm.; n: 1.5097. No other compound could be detected. 

SUMMARY 

The acyloin, t-butylmesitoylcarbinol (111), has been prepared by the con- 
densation of t-butylglyoxal with mesitylene. When heated with sodium ethoxide 
it rearranged to the isomeric acyloin, mesitylpivalylcarbinol (11). 

Oxidation of either acyloin with copper sulfate in pyridine has been shown 
to produce t-butyl mesityl diketone (I). 

Hydrogenation of the diketone at  low pressure yielded the corresponding 
enediol (VI), which rearranged spontaneously to the high-melting acyloin (11). 

1 ,2-Addition of methylmagnesium iodide to each carbonyl group has been 
observed. This is the first recorded instance of 1,2-addition of a Grignard 
reagent to a mesityl ketone. 

TrBBANA, ILL. 
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The photo-addition of hydrogen sulfide to olefinic bonds is so easily and 
quickly effected that it should find numerous applications in organic syntheses. 
Radiation of wave length sufficiently short to dissociate hydrogen sulfide (ca. 
2800 W.U.) seems to  be the primary requisite for initiation of reaction. A 
quartz mercury arc as a radiation source and a quartz reaction vessel readily 
fulfill this requirement. However, Pyrex may be substituted for quartz if a 
small amount of a photo-sensitizer, such as acetone, which can be dissociated 
by longer wave length radiation, is added to the reaction mixture. In  accord- 
ance with the rule proposed by Posner (10) concerning the addition of mercap- 
tans to double bonds, the sulfhydryl group acts as does the mercapto group and 
adds to  the carbon atom bonded to the greater number of hydrogen atoms. In 
the case of terminal olefinic bonds the only products are the primary mercaptan 
and the di-normal sulfide which is formed by combination of the mercaptan and 
the olefin. Although the rate of addition varies greatly from compound to 
compound, the reaction usually approaches completion at room temperatures 
in a relatively short time. 

Although we have been unable to find references to a similar clean cut addition 
of hydrogen sulfide, certain work with mercaptans may be pertinent. Posner 
(10) observed the addition of certain mercaptans to the double bond of unsatu- 
rated ketones and proved that the reaction could be extended to olefins. In  
1934, Burkhardt (2) suggested that the addition of thiophenol to styrene might 
proceed as a chain reaction. Jones and Reid (4) showed that peroxides are 
catalysts for such additions. Ifiarasch, Read, and Mayo (6) have shown that 
the additions of thioglycolic acid to styrene and isobutene take place in accord- 
ance with Posner’s rule and suggest that this reaction and previously observed 
mercaptan additions are catalyzed by the presence of oxygen or peroxide, which 
generate chain-initiating RS radicals. They term such addition ‘Labnormal,” 
that is, contrary to an admittedly arbitrary extension of Markownikoff’s Rule. 
Kaneko (5 )  , in synthesizing CH3SCH&H2CH20H by addition of methylmercap- 
tan to  allyl alcohol, indicates that daylight, in conjunction with mercury methyl- 
mercaptide and oxygen, greatly accelerates reaction, but that it is ineffective 
in the absence of the latter two materials. 

The literature indicates that addition of hydrogen sulfide to double bonds 
takes place only under rather severe conditions. A number of workers have 
studied the reaction and have employed temperatures from 200” to 750”, various 
catalysts, and usually superatmospheric pressure. In  general, the yields are 
relatively low and a complex mixture of isomers and by-products results. The 

1 Presented before the Division of Organic Chemistry of the American Chemical Society 
a t  its 103rd meeting, Memphis, Tennessee, April 20-23, 1942. 
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review by Mayo and Walling (8) is a concise summary of the field of hydrogen 
sulfide-olefin reactions. 

MATERIALS AND TECHNIQUE 

Hydrogen sulfide (Ohio Chemical) was collected in a liquid air-cooled trap, thoroughly 
degassed and distilled under vacuum from a trap cooled by solid carbon dioxide to one i n  
liquid air. The 1-butene, propylene, diallyl, and vinyl chloride were the materials pre- 
viously purified (12). Laboratory samples of diallyl ether and methyl acrylate were 
refractionated. 

The techniques of both liquid- and gas-phase experiments were those described i n  the 
paper on the photo-addition of hydrogen bromide (12). Briefly, the reactants were dis- 
tilled under a high vacuum into a bomb tube reactor (usually of quartz) which was sealed 
off and then exposed to radiation from a quartz mercury arc lamp. Selected temperatures 
were maintained by immersing the reactor in a transparent liquid bath contained in  a 
larger quartz vessel. 

DISCUSSION 

Hydrogen sulfide shows continuous absorption beginning a t  ca. 2800 A.U. 
and is photochemically decomposed with a quantum eaciency of the order of 
unity into hydrogen and sulfur. In the decomposition H atoms and HS radicals 
are formed (11). These particles can initiate a chain reaction in the following 
manners : 

(a> H ~ S  2% H + HS 
I 

(b) H + HzC=CHR HaCCHR 

(c) H3C&HR + H2S - H3CCHzR + HS 
or (dl HfHzS-Hz  + H S  

Bot,h (c) and (d) would also lead to the chain begun by the photo-generated 
HS radical: 

I 
(e> 

(f) 

HS + Hz C=CHR + HSCHz CHR 
I 

HSCHzCHR + HzS---+HSCHzCHZR + HS 

The length of the chains precludes the ready detection of the saturated hydro- 
carbon or hydrogen formed in (c) and (d). Steps (e) and (f) are the chain- 
carrying steps and their length would be dependent upon processes of radical 
destruction which might occur in the system, as a t  walls or by recombination. 
The energetics of the various reactions, as roughly based upon bonding energies 
(9), are almost exactly the same as those involved in the analogous case of the 
photo-addition of hydrogen bromide to  olefins. 

With longer wave length radiation, the “abnormal” reaction can be sensitized 
by materials which are decomposed into radicals by such quanta. Thus, for 

example, acetone is dissociated a t  ca. 3200 B.U. into CHs and CH&=O; either 
I 
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of these particles can remove an H atom from HZS, giving an HS radical which 
can enter into the reaction (e). 

EXPERIMENTAL 

LIQUID-PHASE REACTION-SIMPLE OLEFINS 

1;Butene (0.044 mole) and hydrogen sulfide (0.088 mole) sealed in a 10 mm. I.D. quartz 
tube were illuminated for four minutes a t  0°C with the full radiation of a quartz mercury 
arc. After chilling in solid carbon dioxide the tube was opened, and the unreacted material 
evaporated off. The product (3.8 cc.) was shaken with a large excess of 10% sodium hy- 
droxide solution and the supernatant liquid removed. This amounted to  0.5 cc. and had a 
refractive index n: 1.4530. A sample of Eastman di-n-butyl sulfide (redistilled) gave 
n: 1.4533; literature value (l), 1.4529. The alkaline solution was acidified with hydro- 
chloric acid and the regenerated product analyzed by refractive index and boiling point: 
Found: n: 1.4431; b.p. 98.0". Redistilled Eastman n-butylmercaptan had a boiling range 
98.0-98.2' and gave refractive indices n. 1.4426 and n: 1.4400. Ellis and Reid (3) give 
n: 1.4401 for n-butylmercaptan and 1.4338 for the secondary isomer. Approximately 80% 
of the 1-butene reacted during these four minutes and the product is apparently practically 
pure n-butylmercaptan (ca. 85%) and di-n-butyl sulfide (15%). 

In  this case, 4G45% of the butene reacted 
in four minutes. The product which contained ca. 5% sulfide was treated with sodium 
plumbite solution and the precipitate washed first with water, then with acetone, and dried. 
The mercaptan was regenerated with dilute hydrochloric acid and dried; i ts  refractive 
index was n: 1.4431. 

Propylene and hydrogen sulfide in  a sealed quartz tube combine quickly and smoothly 
when illuminated with the Uviarc lamp. More than 95% of the propylene was consumed 
when an equal volume mixture of the liquid reactants (6.5 cc. each) was irradiated for six 
minutes a t  0". The product was 65 wt.-% n-propylmercaptan and 35% di-n-propyl sulfide. 
The mercaptan boiled at 67.5" and had indices of n: 1.4380 and n: 1.4351. Ellis and Reid (3) 
give for the same constants 67.4-67.6" and n: 1.4351, respectively. The sulfide had an 
index nz 1.4480 and the boiling point 141.5'. The boiling point given in  the literature is 
141.5-142.5 (7) and the refractive index a t  Bo, 1.4481 (1). 

The effectiveness of acetone in sensitizing the chain reaction is demonstrated by the 
following experiment: Two sealed Pyrex tubes, one containing 3.7 cc. each of propylene 
and hydrogen sulfide, and the other the same mixture plus an added 0.5 cc. of acetone, 
were illuminated at 0' for six minutes. In  the firs: case, only 0.2 cc. of product was ob- 
tained, while in  the second case, 75% of the propylene had reacted, giving 3.5 cc. of product, 
which was 80 wt.-% n-propylmercaptan and 20% di-n-propyl sulfide. 

The same experiment was repeated a t  -78". 

LIQUID PHASE-OTHER UNSATURATES 

The photo-addition of hydrogen sulfide to the double bond offers a new method for 
preparing other interesting sulfur derivatives, e.g., ethylene thiochlorohydrin is readily 
prepared from vinyl chloride. 

hv 
HzS + H*C=CHCl + HSCHzCHzCl 

A secondary product is also readily formed which is extremely vesicant and is presumably 
p ,  p'-dichlorodiethyl sulfide. 

ClCHzCHzSH + ClCH= CH, 5 (C1CHgCH2)B 

Hydrogen sulfide (9 cc.) and vinyl chloride (10 cc.) in a quartz reactor were frozen in 
liquid air and the evacuated tube sealed off. The contents were illuminated by the quartz 
mercury arc for ten minutes at room temperature. Immediately on illumination, the tube 
contents boiled quietly; this ceased if the light was cut off, but began again upon irradia- 
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tion. After evaporating off the unreacted hydrogen sulfide and vinyl chloride, 10 cc. of 
vile smelling product remained. A micro-distillation of this material gave 4.5 cc. of product 
boiling a t  93-108" which was analyzed for sulfur and chlorine: 

Anal. 

These results suggest that  a small amount of vinyl chloride dimer may be present in  
the product. No sharply defined fractions boiling above this region were isolated. The 
yield based upon the amount of vinyl chloride reacting is 7040%; somewhat more than 
half of this product is probably p,p'-dichlorodiethyl sulfide. Its characteristic delayed 
vesicant action was confirmed by exposing a small patch of skin on the forearm to fhe vapors 
for 15 minutes. 

As in the case with I-butene, photo-addition of hydrogen sulfide to  vinyl chloride is 
slower a t  -78". When an equal volume mixture of these compounds (9 cc. of each) was 
illuminated at the lower temperature for ten minutes, 4 cc. of product was left after dis- 
tilling off the hydrogen sulfide and vinyl chloride. Chlorine and sulfur analyses of the 
product are as ollows: 

Calc'd for C*H&lS: C1, 36.7; S, 33.2. 
Found: C1, 38.0; S, 31.3. 

4naZ. Calc'd for C4HeC12S: C1, 45.2; S, 20.4. 
Found: C1, 39.6; S, 26.7. 

Evidently, the product is a mixture of the sulfide and mercaptan (cf. theoretical chlorine- 
sulfur composition to  the thiochlorohydrin). 

Hydrogen sulfide addition to the more highly substituted ethylenes, e.g., 2-chloro- 
butene-2, is considerably slower. Four and five-tenths cubic centimeters of 2-chloro- 
butene-2 and 2.7 cc. of hydrogen sulfide were sealed off in  the quartz reactor and illuminated 
with the quartz mercuy arc for ten minutes at -78". After evaporating and distilling off 
the unreacted materials, about 0.5 cc. of crude product remained. The admittedly impure 
material mas analyzed for sulfur and hydrolyzable chlorine; the latter value was deter- 
mined by potentiometric titration both in sodium acetate and in acid solution. 

Hydrolyzable chlorine, in sodium acetate solution; 0.56 eq./100 g. 
Hydrolyzable chlorine, in acid solution; 0.57 eq./100 g. 

Found: Sulfur-19.0, 19.8%; 0.59, 0.62 eq./100 g. 

I t  seems immobable that  chlorine would have been retained in  the molecule if the -SH 
c1 

I 
group had added to the -C= side of the double bond, and the near equality of the hydrolyz- 
able chlorine and sulfur content speaks for the formation of the thiochlorohydrin. 

Following the same technique, hydrogen sulfide is easily added to diallyl or dialiyl ether 
to  give high molecular weight compounds. Thus for diallyl ether: 

H H H  H H H  H H H  

By treating diallyl with hydrogen sulfide a t  O", a liquid was obtained which contained 
30.9% total sulfur and 16.3% mercaptan sulfur; its average molecular weight was 210. 
Product from the reaction of diallyl ether with hydrogen sulfide had a molecular weight 
of 285 and contained 25.9% total sulfur. 

Xethyl acrylate and allyl alcohol reacted with hydrogen sulfide with difficulty a t  0"; 
a small amount of product, which was precipitated with Pb++ and Ag+ ions, was obtained 
in each case. Because of the small quantities involved, no analyses were attempted. 

QAS-PHASE REACTION 

The gas-phase photo-addition of hydrogen sulfide to  I-butene is slow. When 99.2 mm. 
of 1-butene and 201.5 mm. of hydrogen sulfide in  a one-liter Pyrex bulb were illuminated 
for two hours by the quartz mercury arc, there was no pressure change. Acetone (19.5mm.) 
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was then added to sensitize reaction. After four hours, the pressure decreased 20 mm. 
The product was washed free of acetone and a refractive index taken. 

1.4487 
1.4426 
1.4633 

Pressure decrease was somewhat more rapid when the reaction of the same proportions 
of gases was carried out in a quartz vessel. I t  amounted to 18 mm. in 25 minutes (initial 
pressure 304 mm.), and 111 mm. in three hours. Product formed in the small quartz vessel 
was insufficient for analysis, but a portion of i t  seemed to be sulfur dust from the photolysis 
of hydrogen sulfide. Hydrogen was also present. 

SUMMARY 

1. Short wave length ultra-violet radiation readily promotes the addition of 
hydrogen sulfide to olefins to form mercaptans and sulfides. 

2. Light of wave length transmittible by Pyrex is effective in initiating reac- 
tion if a small amount of photo-dissociable material such as acetone is present. 

3. The sulfur of the sulfhydryl or mercapto group adds exclusively to the 
carbon atom of the double bond having the larger number of hydrogen atoms. 

4. Hydrogen sulfide and olefin combine slowly in the gas phase under the 
influence of ultra-violet radiation. 

5.  The mechanism is one of a free radical chain and is dependent upon the 
preliminary dissociation of hydrogen sulfide. 

Emeryville, Calif. 
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Probably the most important generalization regarding the reaction of hydro- 
gen halides with olefinic bonds is that of Markownikoff (1870) (14, 15). Chem- 
ical literature abounds with papers dealing with this subject of directed addition 
and in many of the cases involving hydrogen bromide2 the early results have 
been contradictory and confusing. Most of this uncertainty has been removed 
by the extensive studies on liquid-phase systems by Kharasch, Mayo, and their 
co-workers, who have shown that the presence of oxygen is a determining factor. 
Thus, when air, oxygen, or peroxides are absent (and ofttimes in the presence of 
anti-oxidants), hydrogen bromide and olefinic compounds react substantially 
in accord with the Rule; that is, the halogen combines with the carbon atom with 
the fewer hydrogen atoms. This is termed the “normal” reaction. ’ However, 
if oxygen or peroxides are present, considerable amounts of the “abnormal” 
addition product result; that is, the bromine becomes attached to the carbon 
atom bonded to the greater number of hydrogen atoms, contrary to the Rule.3 
These results have been confirmed and amplified by other investigators. 

Excellent reviews of the literature on this phenomenon, the “peroxide effect,” 
have appeared recently (16,21,22,23). Suffice it to say for the purposes of the 
present paper that it seems to be rather generally accepted that the L ‘ n ~ ~ a 1 3 7  
reaction occurs as a molecular addition process, possibly involving ions, usually 
a t  walls, in solution or on catalysts. On the other hand, the “abnormal” reac- 
tion is thought to be a chain process involving bromine atoms; Kharasch, Mayo, 
and their co-workers postulate their origin from interaction of oxygen and/or 
peroxide with hydrogen bromide. The halogen atom so generated adds ex- 
clusively to the carbon with the larger number of hydrogen atoms and the radical 
thus formed reacts with hydrogen bromide to form a stable molecule and a bro- 
mine atom; the latter continues the chain. Several exceptions to this view have 
appeared (5, 17, 18, 25, 26). 

In the following we wish to report observations which confirm the bromine 
atom chain mechanism for “abnormal” addition of hydrogen bromide. Further, 
the reaction has now been clearly extended to the vapor phase (see 16, page 365). 
Also, the important effect of light upon the process is discussed and it is shown 
that oxygen, peroxides, and certain metals are not as peculiar in their activity 

1 Presented before the Division of Organic Chemistry of the American Chemical Society 
at, its 103rd meeting, Memphis Tennessee, April 2Ck23, 1942. 

Zllydrogen chloride and hydrogen iodide add to  olefinic bonds according to the 
generalization. 

3 This finding was indicated by Bauer (2) in 1922 in a patent which states that  in the 
presence of oxygen, acetylene and hydrogen bromide give 90% of l,2-dibromoethane; the 
second molecule of the halide reacts contrary to  the Rule, which as originally framed covers 
halo-olefins. 
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as has been hitherto supposed (see 16, page 377). Other substances and con- 
ditions can lead to quantitative yields of "abnormal" bromide in fractions of 
the times previously reported. 

MATERIALS AND TECHNIQUE 

Propylene and isobutene, obtained by dehydration of isopropyl and tertiary butyl 
alcohols with sulfuric acid, were purified by careful fractionation. I-Butene was prepared 
by dehydration of normal butyl alcohol over activated alumina at 375-400" and was frac- 
tionated in a 44-plate column (purity better than 95%). The ethylene (Ohio Chemical 
Company) and vinyl chloride (Dow) were used without further purification. Allyl bro- 
mide (Eastman) was redistilled (71.0-71.5'). Diallyl was synthesized by the reaction of 
allyl chloride and magnesium in ether; the product boiled a t  58.8-58.9' (uncorrected). 
Hydrogen bromide was prepared by direct combination of the elements in  accordance with 
the method of Ruhoff, Burnett, and Reid (20) and special care was taken to  remove traces of 
bromine by passing the gas over active copper in the presence of excess hydrogen. The 
product was water-white. In every case the unsaturates and the hydrogen bromide were 
condensed with solid carbon dioxide or liquid air and degassed by repeated distillation under 
high vacuum obtained with a mercury vapor-pump in conjunction with an oil-pump. 
Mercury vapor was excluded from the reaction system by two liquid air-cooled traps. In 
all experiments the entire system was subjected to  prolonged evacuation a t  pressures of ca. 
lo* mm. The propylene, 1-butene, isobutene, and hydrogen bromide were distilled from 
a Cop-cooled trap into one cooled with liquid air. In certain cases where still greater 
certainty of the absence of oxygen was desired, hexaphenylethane4 was dissolved in the 
reagents before they were distilled into the reactor. Ethylene was stored as a gas in a large 
Pyrex bulb and the remaining materials were condensed and stored in solid carbon dioxide- 
cooled traps which were connected with the vacuum system. 

In  the liquid-phase experiments the reactants were distilled through the previously 
evacuated apparatus and condensed in the quartz reaction tube, (1.4 X 29 cm.). With the 
reactants frozen out with liquid air and the system under high vacuum the quartz tube was 
sealed off. The reactor was then transferred to  a large clear quartz test tube (3.5 X 30 cm.) 
filled with a Con-isopropyl alcohol mixture or ice water, depending upon the experimental 
conditions desired, and irradiated by a General Electric Laboratory Uviarc about 20 cm. 
distant. After completion of reaction, the mixture was cooled in solid COz-alcohol mixture, 
opened, and any volatile material carefully evaporated. After suitable treatment, analyses 
were made by refractive index and boiling point, and the values determined were compared 
with those found in usual sources or with those of the Kharasch group. 

In  these experiments, the 
reactants were admitted to  a water-thermostated (25"), evacuated Pyrex bulb with a small 
appendage on the bottom in which the product could be condensed by liquid air and re- 
moved by breaking the connection with the large flask. The bulb was connected to a 
quartz spiral manometer (3) which is used as a null point instrument, L e . ,  when the fixed 
and movable pointers are brought into coincidence, the pressure as measured on a mercury 
manometer connected to  the external jacket of the gauge equals the pressure in the reactor. 

The apparatus for gas-phase work is illustrated in Figure 1. 

4 Hexaphenylethane was prepared by reducing recrystallized triphenyl-chloromethane, 
according to  the method of Conant, Small, and Taylor (4). The solid triphenylmethyl 
was separated from the reaction mixture by filtration, washed with boiled distilled water, 
and dried under vacuum. This material was then dissolvedin freshly distilled allyl chloride 
(any other low-boiling solvent would be satisfactory) and run into an evacuated receiver. 
The solvent was then evaporated by pumping on the system and the evacuated receiver 
was closed off and transferred to the high vacuum system. Here any remaining solvent 
could be pumped off and the purified olefins distilled into this receiver. 
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In  actual practice a small correction is necessary because of the difficulty of constructing a 
gauge with pointers in exact coincidenee at the point of precise equality of pressure. A 
small viewing-telescope for following the deflections of the pointer completed the set-up. 
A Bourdon-type gauge in the vacuum line connecting the storage vessels to  the reaction 

G J 
E F  

FIG. 1. APPARATUS FOR GAS-PHASE PHOTO-HYDROBROMINATIONS 
A. Reaction flask (thermostated a t  25’). 
B. Trap for product collection. 
C. Quartz spiral manometer. 
D. Mercury manometer with vernier reading scale. 
E. To vacuum. 
F. To atmospheric pressure. 
G. Liquid air-cooled trap. 
H. To McLeod gauge, mercury vapor-pump and oil-pump. 
I. Vacuum gauge on by-pass line. 
J, Quartz mercury arc lamp. 
K. Shield with diaphragm. 
L Reactant storage trap (one of several oh a manifold). 

system vastly simplified work when i t  was necessary t o  distill and degas materials whose 
vapor pressures a t  ordinary temperatures are far above one atmosphere. 

DISCUSSION 

The bromide atom theory of the “abnormal” addition has heretofore depended 
almost entirely5 upon the evidence of oxygen, peroxides, or certain finely divided 
metals as the generating source of the atoms. Additional support would be 
adduced if other sources could be used. 

Photolytic dissociation of hydrogen bromide occurs at  wave lengths as long 

6 Of course, the action of “antioxidants”as inhibitors is further evidence for chains. 
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as ca. 2900 b.U. (19) (which is about the lower limit of transmission of Pyrex) 
with a quantum efficiency of two; the primary step is the formation of a normal 
hydrogen and a normal bromine atom. As will be brought out, we have em- 
ployed this process in so efficient a manner to produce “abnormal” bromides 
that the method suggests itself as one for practical syntheses. Likewise, other 
photo-dissociable materials can give rise to radicals which can act efficiently as 
chain initiators. 

In previous work the treatment of the effect of radiation has been rather in- 
conclusive [see (16), pages 378-861. Investigators seemed to have confined their 
attention to  sources of visible and near ultra-violet radiatips and have not used 
equipment which transmits appreciably below ca. 2900 A.U. The effects ob- 
served are probably in most instances consequences of photo-reactions involving 
peroxides or other co-present sensitizers6 rather than of a primary effect upon 
the hydrogen bromide or the olefin, which do not absorb light of the frequencies 
used. We have found that wave length is a determining factor for the reaction, 
especially in the absence of sensitizers. 

Before passing to the Results, the peculiar specificity of the attack of a normal 
(in the spectroscopic sense) bromine atom on the carbon atom of a double bond 
to give rise to the “abnormal” product (in the Markownikoff sense) justifies a 
brief comment. The schematic representation of reacting electronic structures 
(7) formally portrays the result, but is not wholly satisfying. A knowledge of 
the energy levels of olefinic bonds and of the relative stability of isomeric free 
radicals, unfortunately a t  present almost virgin fields, probably would shed much 
light on this intriguing process. 

RESULTS 

Liquid-phase experiments. Table I summarizes the liquid-phase experiments. 
In  order to demonstrate the effectiveness of the photochemical process, con- 

ditions have been selected which seem most unfavorable for the intervention of 
a “peroxide effect.” Kharasch and Hinckley (9) report that the “normal” 
addition of hydrogen bromide to l-butene is unaltered by the presence of air or 
solvents, conditions which ordinarily favor the “abnormal” reaction. There- 
fore, low temperature (- 78”), a recalcitrant, carefully purified olefin (l-butene), 
and a high concentration of reagents, (no solvents) were chosen as conditions 
most unfavorable for the manifestation of a “peroxide effect.” As a further 
assurance that oxygen would not be present, the l-butene was distilled under 
high vacuum from one storage bulb containing triphenylmethyl (hexaphenyl- 
ethane) to a second evacuated bulb before the final distillation into the reaction 
tube. Illumination a t  -78” of an equimolar mixture (0.043 moles of each) in 
the quartz tube by the quartz mercury arc effected a 99+ % reaction within 

6This is concurred in by Kharasch (12), who in an early publication stated, “These 
factors (solvcnts, temperature, and light) have no effect by themselves, but only an in- 
direct effect through their action on peroxides.” Further (11), “All the factors (including 
now the light effect) which influence the addition of hydrogen bromide to allyl bromide 
exert their influence only through their effects on the minute but significant quantities of 
peroxides or oxygen present in the materials.” 
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SO seconds. The product boiled a t  101.1' andhad the refractive index, n:' 1.4397. 
The literature gives for n-butyl bromide, b.p. 101.6' and n;' 1.4398. This experi- 
ment could be successfully duplicated. Even in the presence of thiocresol (1.0 
mole-a/o), one of the more effective inhibitors of "abnormal" addition (16, pp. 
369-372), reaction was 60-70% complete within 30 seconds a t  -78', and the 
product was n-butyl bromide. 

The same care was 
taken to exclude oxygen. Reaction was virtually complete after five minutes 
although only about 60% of the material reacted in one minute. However al- 
most no combination had occurred after 5 minutes in the presence of 0.6 mole-% 
thiocresol. The product was analyzed according to the method of Kharasch 
and Mayo (11) which involves removal of excess allyl bromide with dimethyl- 
aniline (reaction time 24 hours) and subsequent removal of the quaternary com- 
pound with 6 N HzS04. The dibromide formed boiled a t  166.0' and had n:* 
1.5230. For 1,3-dibromo propane in the literature, one finds n;' 1.5232 and 
b.p. 167'. 

Oxygen-free propylene and hydrogen bromide combined so rapidly upon illu- 
mination even a t  -78' that in one experiment there was slight carbonization in 
the gas-phase tip of the quartz tube. Such violence is indicative of very long 
chains with consequent virtually instantaneous evolution of the heat of reaction. 
The product was pure n-propyl bromide, n;' 1.4339 and b.p. 69.8-71.0'. Earlier 
work, using peroxides as catalysts (12), employed times of the order of hours to 
obtain yields of 87% n-propyl bromide. 

Diallyl (4 cc.) and hydrogen bromide (3.2 cc.) react practically completely in 
one minute a t  -78" to give hexamethylene dibromide; n;' product 1.5037; 
Eastman hexamethylene dibromide (redistilled), 1.5038. 

Pvrex glass is able to transmit a sufficient amount of short wave length radia- 
tion to bring about rapid liquid-phase combination of propylene and hydrogen 
bromide. The product obtained by illumination with an unshielded quartz- 
mercury arc of 0.3 moles hydrogen bromide and 0.62 moles propylene for ca. 
one minute had nEG 1.4340, which indicates pure n-propyl bromide. This rapid 
rate in Pyrex is further evidence of very long chains. 

The only previous references to gas-phase ('abnor- 
mal" additions are to be found in the patents of W. Bauer (1, 2), who observed 
the formation of 1,2-dibromoethane from acetylene and hydrogen bromide under 
the influence both of light and oxygen. However, these experiments are not 
clearly defined, as Bauer fails to specify the transmission limits of his glass ves- 
sels, and further, the results are complicated by the presence of a liquid phase. 
During the present investigation, gas-phase photo-addition has been effected 
mitl- ethylene, propylene, l-butene, isobutene, and vinyl chloride. In every case 
where 3 distinction could be made, the product has been almost entirely the so- 
callcd "abnormal" compound. The results of these experiments are presented 
in Table 11. In quartz vessels photo-hydrobromination proceeds so rapidly that 
i t  is almost impossible to follow the rate of pressure decrease (see Fig. 3). In  
Pywx the gas-phase rate can be observed. 

Allyl bromide is somewhat less reactive than l-butene. 

Gas-phase experiments. 
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Propylene (ca. 100 mm.), pretreated in the vacuum system by distillation and 
degassing, was admitted to the Pyrex reaction bulb and was followed by an 
equivalent amount of hydrogen bromide. These proportions were selected so 
that no liquid phase would be formed during the experiment. Yo reaction took 
place until the reactor was illuminated with the quartz mercury arc. A mixture 
of propylene and hydrogen bromide (100 mm. each) stood in the dark at  25" 
for 64 hours without pressure ~ h a n g e . ~  An induction period was found in some 
runs. In others the reaction began immediately; in these a slight, short pressure 
rise, probably Draper effect, was observable. Figure 2 illustrates the course of 
a typical run in a thin-walled Pyrex bulb, which transmits a minor amount of 

TABLE I 
PHOTO-HYDROBROMINATIONS IN LIQUID PHASE AT - 78°C. IN QUARTZ 

COYPOIMD 

Propylene 

Propylene in Pyrex 
1-Butene 

1-Butene + 1 mole-% 
thiocresol 

Allyl bromide 

Allyl bromide 
Allyl bromide + 0.6 

Dial1 yl 
mole-% thiocresol 

TIME 

<30 see. 

<1 min. 
<30 sec. 

< 30 sec . 

5 min. 

1 min. 
5 min. 

1 min. 

% REACTED 

99 + 
e 

99 + 
60-70 

95-100 

60 
O ( ? )  

95-100 

?$ PRODUCT 

1.4339 

1.4340 
1.4397 

1.4398 

1.5230 

1.5228 
- 

1.5037 

PRODUCT A N D  EEMABKS 

n-Propyl bromide" ; b.  
range 69.8-71.0" 

n-Propyl bromide 
%-Butyl bromideb; b.p. 

n-Butyl bromide 
101.01" 

1,3-Dibrornopropane~ 

1,3-Dibromopropane 
dpparently no reaction 

b.p. 166.0" 

a n-Propyl bromide, 1.43414 (6), 70.9" (6); isopropyl bromide, 1.42508 (6), 59.6" (6). 
* n-Butyl bromide, 1.4395 (9), 1.4398 (6), 101.6' ( 6 ) ;  sec-butyl bromide, 1.4369'(9), 91.3' 

c 1,3-Dibromopropane, 1.5232 (20), 167" ( 6 ) ;  1,2-dibromopropane, 1.5194 ( l l ) ,  141.6" (6) .  
d Eastman hexamethylene dibromide, redistilled, 1.5038. 
8 This was the initial experiment and the reaction tube was closed with a stopcock; 

reaction was so violent that pressure increase blew out the plug of the cock; due to loss of 
material no ''% reacted" can be given. 

effective radiation. The results were not exactly reproducible because the rate 
of the reaction is dependent upon a number of variables, such as light intensity 
and the condition of the Pyrex surface. Reasonable consistence was obtained, 
however, by placing the quartz mercury arc in precisely the same position each 
time. The arc was operated for one-half hour before any experiment so that i t  
might come to  an equilibrium state. Before most runs the reactor was cleaned 
with hot sulfuric-nitric acid mixture and washed very thoroughly with distilled 
water. No attempt was made to measure quantum yields, although this would 
be an interesting study. 

(6). 

7 Professor Kistiakowsky has informed us that  he has observed similar non-reactivity 
of this gaseous mixture a t  even higher temperatures. 
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Ethylene and 1-butene hydrobrominate a t  about the same rate as propylene, 
while vinyl chloride is somewhat less reactive. Isobutene is easily the most 
reactive of the olefins studied. When this compound and hydrogen bromide 
were left in the dark for 18 hours, the product was almost pure tertiary butyl 
bromide (probably largely as a result of combination a t  the walls), but princi- 
pally isobutyl bromide if the mixture was illuminated. The proportion of the 
“abnormal” product was increased from 86% to 91% when a small enough 
quantity of reactants was used to prevent formation of a liquid phase. The 
“normal” reaction apparently proceeds more readily when a liquid phase is 
present. 

TIME, MINUTES 

FIG. 2. GASPHASE PHOTO-ADDITION OF HYDROGEN BROMIDE TO PROPYLENE; 25°C. 98.5 MM. 
CaHs; 95.6 MM. HBR. 

E$cct of light wave length. If light of a wave length short enough to dissociate 
hydrogen bromide is transmitted to the gaseous reaction mixture, combination 
is greatly accelerated. Pyrex glass does transmit such radiation (a spectro- 

raphic test with an iron arc shows that Pyrex transmits faintly down to 2800 1 .I?.) but so poorly that without the intervention of some other free radical 
source the chain process is slow. However, a quartz reactor fulfills the necessary 
requirements with regard to transparency to ultra-violet. Figure 3 shows graph- 
ically the course of reaction in a quartz vessel before and after a shielding Pyrex 
container was removed. As above, illumination was supplied with the quartz 
mercury arc and ca. 100 mm. each of propylene and hydrogen bromide were the 
reactants. 

The ineffectiveness of long wave lengths was also demonstrated by passing 
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radiation from the quartz mercury arc through various Wratten light-filters 
fitted into one of the walls of an otherwise light-tight shield surrounding a quartz 
reactor. Figure 4 is a time-pressure curve depicting the changes brought about 
by the various wave lengths. The transmission ranges of the filters were deter- 
mined spectrographically using an ir2n arc as a convenient soyrce. Wratten 
No. 75 transmitted only above 4700 A.U., No. 2A above 4100 A.U. and KO. 1 
above 3500 B.L. Filter No. 1 apparently suffered some breakdown; a test after 
the experimental work showed this filter to be transmitting very slightly in the 
critical 2800-2900 A.U. region. This may account for the 0.7 mm. pressure drop 
observed in this particular case. This evidence, we believe, strongly supports 

TIME, HOURS ’ TIME,MINUTES 

FIG. 3. EFFECT OF WAVE LENGTH ON THE VAPOR-PHASE HYDROBROMINATION OF PROPYLENE 
102.9 MM. CIHB; 99.8 MM. HBR QUARTZ REACTOR 

the contention that in the absence of sensitizers, such as peroxides or acetone, the 
photo-hydrobromination can only be initiated by dissociation of hydrogen bro- 
mide with light of sufficiently short wave length. 

The effect of peroxides in catalyzing “abnormal” 
addition and the stimulating action of light when used in conjunction with such 
catalysts has been amply demonstrated by Kharasch, Mayo, and their co- 
workers. There is no need to believe, however, that such action is peculiar to 
peroxides. Very small amounts of acetone, acetaldehyde, tetraethyllead, bro- 
mine, and probably many other photo-dissociable materials are highly effective 
in sensitizing the “abnormal” addition of hydrogen bmmide. 

Acetone is photochemically decomposed a t  ca. 3100 A.U. and methyl radicals 

Catalysts and inhibitors. 
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result (19, p. 234 ff.). Such radicals can react with hydrogen bromide to yield 
bromine atoms by which the chain is started. The action of acetone (5 mm., 
2.5 mole-%) upon an illuminated mixture of propylene (102.7 mm.) and hydro- 
gen bromide (102.3 mm.) is shown in Figure 5. Inclusion of 0.85% and 9.0% 
acetoneS with the reactants caused reaction of 60% and 85% respectively in 
five minutes, and the product was n-propyl bromide. 

Acetaldehyde is similaraly effective under essentially the same conditions. 
The pressure decrease in an illuminated propylene-hydrogen bromide mixture 
(101.6 + 100.7 mm., respectively) was 9 mm. in 25 minutes, but following the 
admission of 6.9 rnm. of acetaldehyde the pressure dropped 60 mm. in the next 

TIME, MINUTES 

FIG. 4. EFFECT OF WAVE LENGTH ON TEE VAPOR-PHASE HYDROBROMINATION OF PROPYLENE 
104.8 MM. CaHa; 102.0 MM. HBR QUARTZ REACTOR 

2.6 minutes and continued on toward completion (Figure 5). Dissolved tri- 
phenylmethyl was kept in the storage vessels for both the acetone and acetalde- 
hyde to ensure the complete absence of oxygen. With acetone, results were 
checked with material having none of the dissolved free radical. 

Photo-hydrobromination is effectively promoted by minute amount: of tetra- 
ethyllead, which has a long wave length absorption limit of 3500 A.U. (13), 

8 When large amounts of acetone are present, a somewhat unstable condensation product 
is formed-the hydrobromide of mesityl oxide-which is not, however, dependent upon 
illumination for i ts  formation. The compound evolves hydrogen bromide easily on heating 
and gives a copious precipitate of silver bromide with aqueous 5% silver nitrate. A bro- 
mine analysis gave 42.8y0 and 42.5% Br; calc’d for CHaCOCHz(CH-JzBr, 44.6% Br. 
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and which is readily photochemically decomposed into lead and ethyl radicals. 
The relative effectiveness of 0.02 mole-% and 0.18 mole-% tetraethyllead in the 
illuminated mixture is shown in Figure 6. The dependency of this transforma- 
tion on the lead alkyl is further shown by the noteworthy falling off of the 
reaction rate long before the principal reactants have been consumed. 

Chains initiated by bromine do involve copresent hydrogen bromide, although 
with the particular concentrations of reagents used, more dibromide than mono- 
bromide was formed. In the most conclusive experiment 16.8 mm. bromine, 
97.9 mm. hydrogen bromide, and 101.9 mm. propylene were added in that order. 

6.9 ML 
190 

FIG. 5 .  PHOTO-ADDITION OB HYDROGEN BROMIDE TO PROPYLENE. CATALYSIS BY ACETONE 
AND ACETALDEHYDE 

102.7 mm. CaHa; 102.3 mm. HBr; 5.0 mm. acetone 
101.6 mm. G H B ;  100.7 mm. HBr; 6.9 rnm. acetaldehyde 

There was an almost instantaneous pressure drop of 47.5 mm. despite the fact 
that the reactor was illuminated solely by diffuse light. Even if all the bromine 
had added to propylene and all the resulting dibromide had condensed, only 
33.6 mm. of the pressure decrease would be accounted for. Therefore a t  least 
14 mm. of propyl bromide was formed. h related observation has been made 
by Smith (24), who reported that intermittent additions of bromine caused the 
abnormal addition of hydrogen bromide to undecenoic acid in carbon tetra- 
chloride solution. 

Kharasch, Mayo, and their co-workers have given numerous conclusive in- 
stances of the inhibiting power of so-called anti-oxidants, but whether inhibi- 
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tion is a result of the destruction of the chain-initiating peroxides or actual chain 
termination has been a subject of considerable speculation. For this reason the 
finding that methyl iodide and iodine are powerful retardants of the gas-phase 
photochemical process, although they certainly are no anti-oxidants, seems to 
be evidence in favor of the latter postulate. A mixture of propylene (102.2 mm.) 
and hydrogen bromide (101.2 mm.) in the Pyrex vessel was illuminated by the 
quartz-mercury arc for 25 minutes. At the end of this time the pressure had 
decreased 5.3 mm. In the 107 minutes following the addition of 12.1 mm. 
methyl iodide the pressure dropped only 8.1 mm.; in fact, during the last 92 

‘b.L_ 0.047 MM 

IO 20 

FIG. 6.  PHOTO-ADDITION OF HYDROGEN BROMIDE TO PROPYLENE. CATALYSIS BY 
TETRAETHYLLEAD 

102.8 mm. C8H8; 102.2 mm. HBr; 0.047 mm. Pb(C2H& 
102.4 mm. CsH8; 101.7 mm. HBr; 0.3 mm. Pb(CzH6)4 

minutes the decrease was only 4.8 mm. Further illumination of this same mix- 
ture for one-half hour after standing in the dark overnight did not bring about 
any observable reaction. When acetone (6.3 mm.) was added to the mixture 
the pressure decreased only 17 mm. in 126 minutes; in the absence of methyl 
iodide this quantity of acetone would have caused virtually complete reaction 
in far less time. 

Under the same conditions as 
above, reaction was completely suppressed by 0.15% iodine for more than 90 
minutes. Acetone, in the presence of this small amount of iodine, catalyzed the 
react,ion very slowly at  first, but more rapidly later. This increasing rate prob- 

Iodine is an even more powerful retardant. 



488 VAUGHAN, RUST, AND EVANS 

TABLE I1 
PHOTO-HYDROBROMINATION IN VAPOR PHASE AT 25°C. IN PYREX 

COMPOUND 

Ethylene 

Propylene 

1-Butene 
Isobutene 

Vinyl chlo- 
ride 

7IIIAL PRESSURES 
md. 

3 olefin 

100.7 
100.0 
286.9 

101.8 
100.4 
216.0 
246,s 
102.7 
102.8 
99.7 

101.6 
102.4 
102.9 
101.9 
103.4 

101.1 

101.1 

101.3 
51.4 

199.7 
198.2 
99.6 

102.9 

- 
p HBr 

102.6 
366.9 
100.7 

99.7 
288.3 
109.6 
255.1 
102.3 
102.5 
99.3 

100.7 
101.7 
99.6 
97.9 

101.5 

106.6 

106.6 

101.0 
50.5 

201.1 
199.7 
97.8 

102.1 

__ 

ADDED MATERIALS 

- 
- 
- 
- 

Acetone 1.7 mm. 
' I  5.0 mm. 
" 19.6 mm. 

Acetaldehyde 6.9 mm. 
Pb(C2H& 0.047 mm. 

I '  0.3 mm. 
Bromine 16.8 mm. 
Oxygen <1 mm. 

" 15.4 mm. 

"Dark" reaction 

"Dark" reaction 
Acetone 16.7 mm. 

20 

PRODUCT 
"D 

- 
- 
- 

1.4341 
1.4339 
1.4339 
1.4341 
1.4340 

1.4337 
- 

- 
- 

1.4340 

1.4337 
- 

- 

none 

1.4393 
1.4348 
1.4344 
1.4282 
1.4352 
1.4900 

PRODUCT AND REMARKS 

Ethyl bromide5 
( (  " 

L L  <' 

n-Propyi bromideb 
'< ( 

" I <  

( ' i(  c 

" ( (  see text 
" 6 '  ' L  " 

( I  ( (  'L " 

I (  <' '( " 

( (  '< " " 

L <  <' i' " 

See text 
n-Propyl bromide; b.p. 

71.60d 
%-Propyl bromide; see 

text 
None in 64 hrs.; see text 

n-Butyl bromideu 
Isobutyl bromide' 

t-Butyl bromide; see text 
Isobutyl bromide 
1-Chloro-2-bromoethanei 

( (  ( '  9 

a These runs with ethylene and several with propylene were made in an attempt to derive 
a rate expression. Although they proceeded smoothly, rates were not reproducible from 
run to run. The data of certain individual gas-phase runs indicated a rough proportionality 
of the rate to the product of the hydrogen bromide and olefin concentrations. However, 
in view of the uncontrolled variables in the experiments (light intensity, influence of 
surface, rate of diffusion into the illuminated zone, etc.), this aspect was not pursued a t  
length. 

b n-Propyl bromide, 1.43414 (6) ; isopropyl bromide, 1.42508 (6). 
0 Due to the higher initial pressures, condensation of product occurred during this 

d %-Propyl bromide, 70.9" (6); isopropyl bromide, 59.6" (6). 
e %-Butyl bromide, 1.4295 (9), 1.4398 (6); sec-butyl bromide, 1.4369 (9). 

experiment. 

Condensation 
Due to the uncertainty in the index of pure n-butyl bromide, 

1.4348 Corresponds to 

occurred during this run. 
the purity of the product cannot be stated accurately. 

91% isobutyl bromide. 
f Isobutyl bromide, 1.4355 (10); t-butyl bromide, 1.4276 (10). 

1.4344 Corresponds to 86% isobutyl bromide. 
h 1.4352 Corresponds to 96% isobutyl bromide. 

l-Chloro-2-bromoethane, 1.4908 (8) ; 1-chloro-1-bromoethane, 1.4660 (8). 
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ably parallel+ t hc gradual c h i - u p  of the free iodine by radicals liberated by thc 
photo1y.i. of acetone. The mechanism of chain termination is poqtulatcd as 
f 0110:f-1: 

R + 1 2  -+ RI + I 
The iodine atoms probably recombine much more readily than they react with 
olefin to continue the chain. In  fact, the inability to find a free radical chain 
nddir ion of hydrogen iodide to olefins and certain thermodynamic conrideratione 
qiiF;gt+ that thc association 

I 
RCT-T=CH2 + I -+ RCI-T - CHzl 

is a i.elatively infrequent process. 
Oxygen has been shown by previous work to be an cffectivc 

catalyst for the “abnormal” addition of hydrogen bromide to olefins in the liquid 
phaw. In  the gas phase the inclusion of ii small amount of oxygen in an illu- 
minated mixture also catalyzed the combination. In the presence of a large 
nmoiint of oxygen, however, the rate of reaction is niuch slower, and other pro- 
ductr, appear. The reactions in mixtures of olefin, oxygen, and hydrogen hro- 
mide will he diqcussed in a forthcoming paper. 

Ejrect of oxygen. 

STMiV1RY 

1. “,Umormal” addition of hydrogen bromide to olefinic bonds has been 
effected photochemically in both liquid and vapor phase without the intervention 
of oxygen or peroxides. 

In  the liquid phase, quantitiativc conversions can bc obtained SO rapidly that 
the method suggests iteelf for practical syntheses. Sufficiently chort W ~ ~ T - E  

length radiation is the principal requirement. 
Heretofore no clear-cut case of “abnormal” addition in the vapor phase has 

been observed. 
2. I t  has been shown that certain photo-dissociable materials are able to 

sensitize the ‘*abnormal” addition even when radiation is used which is not ab- 
sorbed by the hydrogen bromide or the olefinic substance. Some examples of 
such material:, are aldehydes, ketones, and metal alkyls. 

3. Certain materials, such as methvl iodide and iodine, are powerfnl inhibitors 
of thc gas-phase process. 

3.  ,111 of the evidence sub5tantiates previous conclusions that the mechanism 
of thcb ‘.abnormal” addition is a chain reaction involving bromine atoms and free 
radic:tl.. 
EvCRr7rIr.I,F,. C ~ L I F .  
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Oxygen has been shown by Kharasch, Mayo, and their co-workers (5 )  to be an 
effective catalyst for the ‘Labnormal” or chain addition of hydrogen bromide to  
olefins. However, oxygen is also known to retard chlorination and bromination 
chains (10) which, in common with “abnormal” hydrobromination, involve 
halogen atoms and alkyl radicals. The recent demonstration (11) that this 
latter reaction can occur in the vapor phase permits the investigation of the effect 
of larger concentrations of oxygen than has heretofore been possible. In  agree- 
ment with expectations, we have found that high concentrations of oxygen do 
inhibit photo-hydrobromination. 

Urushibara and 
Simamura (9) and Simamura (8), who have investigated the liquid-phase inter- 
action of oxygen, hydrogen bromide, and allyl bromide, state that water, 1,3- 
dibromopropane, 1 , 2,3-tribromopropane, and an unidentified peroxide are pro- 
ducts of the reaction. This last compound they assume to be the peroxide 
obtained by Bockemuller and Pfeuffer (2) from the bromination of allyl bromide 
in an atmosphere of oxygen, namely bis-1 ,3-dibromoisopropyl peroxide. Off- 
hand, it seems rather unexpected that such peroxidic constituents would persist 
for long in an atmosphere of hydrogen bromide. 

In  actuality, bromoacetone, which we have identified in the C3Hs-HBr-02 reac- 
tion product, simulates peroxides in its ability to oxidize acidified potassium 
iodide, ferrous ion, and numerous other reagents ordinarily used for peroxide 
identification. No positive evidence of peroxidic compounds was obtained. In  
agreement with earlier work, bromine addition products were found, and another 
product, bromohydrin, is a major constituent when oxygen is in excess. The 
complex reaction mixture is probably best explained by assuming an initial 
photo-oxidation of hydrogen bromide analogous to that suggested by Cook and 
Bates (3) for hydrogen iodide. Bromine atoms produced by photolysis lead to 
some “abnormal” hydrobromination. This is accompanied by the formation of 
bromohydrin and dibromide from olefin and the products of the hydrogen bro- 
mide oxidation-bromine and water. In  the case of propylene, subsequent 
oxidation of the bromohydrin by bromine is most likely responsible for the bro- 
mo ketone. It has been found that this latter compound is an unusually effec- 
tive catalyst for the ‘Labnormal” addition of hydrogen bromide to olefins. 

Of particular interest is the ultimate fate of the oxygen. 

K4TERIALS AND TECHNIQUE 

The materials, apparatus, and technique were the same as described previously (11). 
In  brief, hydrogen bromide was prepared by combination of the elements and purified by 

1 Presented before the Division of Organic Chemistry of the American Chemical Society 
a t  its 103rd meeting, Memphis, Tennessee, April 20-23, 1942. 
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repeated distillation a t  low temperatures and high vacuum. Ethylene and propylene were 
similarly purified. Oxygen was passed through a liquid air-cooled trap and used without 
further treatment. 

A three-liter Pyrex flask, fitted with a quartz window (5 cm. dia.) served as the reactor, 
and the pressure changes during illumination with the General Electric Company Labora- 
tory Uviarc were followed by means of a quartz spiral manometer used as a null point 
instrument. The bulk of the product condensed out and collected in a small appendix on 
the bottom of the reactor. The vapor-phase product and unconsumed oxygen were passed 
through a liquid air-cooled trap and the condensate added to  the material in  the appendix. 
Analysis was difficult because of the small amounts with which one had to  work. 

RESULTS AND DISCUSSION 

EthyEene. In  Figure 1 is shown the course of the pressure change in an illu- 
minated mixture of ca. 200 mm. each of hydrogen bromide, oxygen, and ethylene. 
It is seen that reaction is much slower than that occurring in the vapor phase in 
the absence of oxygen (compare with Figure 3 of Reference ll), reaching a point 
of essentially constant pressure only after 3.5 hours compared to  10 minutes. 

Approximately 8.5 cc. of a two-phase product containing water was collected 
from five such runs. The water-extractable fraction amounted to ca. 4.0 cc. 
and an insoluble portion to ca. 4.5 cc. 

The water extract was distilled and the resulting constant-boiling mixture 
(99.0-99.5') saturated with sodium sulfate, yielding a heavy oil. A second 
distillation removed dissolved water from the oil. The 3 ,li-dinitrobenzoate 
derivative was then prepared and recrystallized from an alcohol-water solution. 
Its melting point was 81-82'. The same derivative of ethylene bromohydrin 
(Eastman Kodak, redistilled) and a mixture of the known and unknown esters 
also melted in the same range. Ethylene bromohydrin is therefore one product 
of the reaction. 

The water-insoluble material was distilled in microcolumn. A few drops of 
low-boiling liquid were obtained which had the index ni'1.4240. Ethyl bromide 
has the index ni'1.4239 (4). The major fraction (ca. 4 cc.) boiled a t  130.4' and 
had the index ni'1.5375. The literature (4) gives for the boiling point of ethyl- 
ene dibromide 131.6' and nk'1.5379. A test for aldehyde was easily obtained 
with Schiff's reagent, although indications were that the amount was very small. 
It might possibly have formed by decomposition of the bromohydrin. ,4cidified 
potassium iodide solution and ferrous sulfate-ammonium isothiocyanate solution 
were both very slowly oxidized by the product. Peroxide, if actually present, 
must have been in very small amount. Test with still another peroxide reagent, 
vanadic acid, was also negative. In this connection it should be mentioned that 
we found vanadic acid reagent (6) to be the only peroxide indicator which is not 
affected by bromo ketone.2 

* The Japanese workers (8, 9) based their conclusion of the presence of peroxide in the 
hydrogen bromide-oxygen-allyl bromide reaction product solely on the liberation of 
iodine from acidic potassium iodide solution. With Dr. B. Barnett we have attempted to  
duplicate the liquid-phase experiments of these workers. Ketonic material (presumably 
sym-dihromoacetone and its hydrolysis product) has been positively identified. While 
this material is capable of reaction with potassium iodide, vanadic acid reagent is unaffected 
by it.  
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Propylene. When propylene was substituted for ethylene in the olefin- 
oxygen-hydrogen bromide mixture, the photo-reaction was complete in fifty 
minutes as compared with three and one-half hours in the case of ethylene (see 
Figure 1). However, oxygen does inhibit the “abnormal” addition reaction 
which in the absence of oxygen occurs in approximately ten minutes. 

The water-containing, two-phase product was extremely lachrymal. This 
material, which presumably consisted in part of CH3COCH2Br, gave a bromine- 
containing precipitate with 2,4-dinitrophenylhydrazine, and its hydrolysis pro- 
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FIG. 1. PHOTO-REACTION OF OLEFIN-OXYGEN-HYDROGEN BROMIDE 
(Full quartz mercury arc radiation) 

duct (presumably CH&OCH20H) reduced both ammoniacal silver nitrate and 
Fehling’s solution in the cold. Both 
acidified potassium iodide and ferrous sulfate-ammonium isothiocyanate mix- 
ture were oxidized by the product. However, vanadic acid solution, which 
readily gives a red color with ether peroxides, gave no test. The behavior of 
a sample of prepared bromoacetone toward these peroxide reagents was in agree- 
ment with the responses of the product. 

A portion of the reaction mixture was extracted with water, and the aqueous 
solution, to which was added hydroxylamine to  remove bromoacetone, was 

There was no positive test for aldehyde. 
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distilled. A sweet smelling oil which separated when the distillate was saturated 
with sodium sulfate, after drying contained 57.0% bromine (theory for propy- 
lenebromohydrin: 57.5%). 

The water-insoluble portion of the product was distilled in a microcolumn, 
and a first fraction obtained which had the boiling point 69.7" [n-propyl bromide 
b.p. 70.9" (4)]. The higher-boiling material contained not only propylene 
dibromide but also high molecular weight compounds which seemed to  be con- 
densation products of bromoacetone. This fraction was washed three times 
with 10% sodium hydroxide solution, then with water, dried and distilled. The 
material so obtained contained 77.9% bromine and had the boiling point 142.0" 
[theory for propylene dibromide: 79.2% Br and b.p. 141.6" (4)]. 

There is a possibility that the bromohydrin and the bromoacetone might have 
a common origin in an unstable perokide formed by interaction of the l-bromo- 
isopropyl radical and oxygen in accordance with a chain mechanism such as the 
following : 

hv 
HBr - H + Br 1." Photolytic initiation 

I 

Abnormal?' addition 
Br + RCH=CHz --+ RCHCH2Br 

I 
RCHCHzBr + HBr - RCHzCH2Br + Br 

0 2  

I I 
RCHCHzBr + O2 --+ RCHCHzBr 

Possible chain for 
bromo ketone formation 

0 2  OzH 
I I 

I II 

I 

RCHCHZBr + HBr --+ RCHCH2Br + Br 

OzH 0 

RCHCHZBr -RCCH2Br + H 2 0  

OzH OH 

RCHCHZBr + 2HBr - RCHCH2Br + Br2 + H2O 7. Over-all reaction for 
1-bromo-2-propanol I 

RCHCHzBr + Br ---+ RCHBrCHZBr 

or 

M 
Br + Br --+ Bra 

9. i Olefin dibromide 
RCH=CHs + Brz __f RCHBrCH2Br 10. formation 

or 

11. 
I 

RCHCH2Br + Brz RCHBrCHZBr + Br 

Of course, the H atom could also act as a chain initiator, ' Reaction 4 possibly leads to chain termination; see text. 
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If the bromohydrination of propylene were entirely analogous to  liquid-phase 
chlorohydrination, one should find two isomeric products, 1-bromo-2-propanol 
and 2-bromo-1-propanol, while if the foregoing free radical chain were operative, 
only 1-bromo-2-propanol would be found (Reactions 6 and 7). Unfortunately, 
no distinction between these alternative mechanisms is possible, because only 
1-bromo-2-propanol is formed during liquid-phase bromohydrination. Purified 
product from the addition of hydrogen bromide to propylene oxide and from the 
interaction of propylene and bromine water had almost identical refractive in- 
dices, nE’1.4768 and 1.4767 respectively. 

Certain facts, however, favor the belief that, with the exception of the small 
amount of “abnormal” addition (Reactions 2 and 3), the olefin reacts primarily 
with the products of the hydrogen bromide photo-oxidation, namely, bromine 
and water, yielding bromohydrin. The presence of bromoacetone is readily ex- 
plained by the oxidation of the bromohydrin by bromine. This idea receives 
support from the fact that when propylene is bubbled into bromide water, some 
bromoacetone is formed. 

The foregoing evidence would indicate that the rate of formation of mono- 
bromides (ethyl bromide and n-propyl bromide), presumably formed via a chain 
mechanism, is greatly reduced by the presence of a large amount of oxygen. 
The inhibiting reaction is probably of the type 

R + 0 2  + ROr 

wherein R represents a radical. The fact that under identical conditions the 
propylene-oxygen-hydrogen bromide reaction is faster than the corresponding 
change with ethylene, demonstrates the effectiveness of bromoacetone as a 
catalyst (see the following section). When ethylene is involved there is no 
opportunity for the generation of such a catalytic compound. 

Catalysis of “abnormal” h ydrobromination by bromoacetone. Since the genera- 
tion of bromine atoms (for example, by interaction of hydrogen bromide and 
oxygen, or by photolytic dissociation of the halide) is the source of reaction cen- 
ters, the use of bromo ketone suggest itself as another interesting mode for 
catalyzing (‘abnormal” addition. Minute amounts of bromine released in accord 
with the equilibrium (1) : 

CH3COCH2Br + HBr S CH3COCH3 + Brz 

should supply new centers for chain initiation. To test this theory, bromo- 
acetone was prepared according to the directions given in Organic Syntheses 
(7). The product was vacuum distilled, transferred to storage vessels, and care- 
fully degassed on the high vacuum line. Propylene (3.4 cc.), hydrogen bromide 
(1.9 cc.), and bromoacetone (0.2 cc.) were distilled into a Pyrex bomb tube a t  
-78” and sealed off in the absence of air. The tube was shrouded from even 
diff’use light and after ten minutes, during which time the contents warmed from 
liquid air temperature, the tube was cooled in solid carbon dioxide and the pro- 
duct removed. iifter washing with dilute caustic and water, the material was 
dried and distilled. A quantitative yield of pure n-propyl bromide was ob- 
tained (n:’, found, 1.4340; theory, 1.4341). 
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The same procedure was followed with butene-1 (4.4 cc.), hydrogen bromide 
(3.2 cc.), and bromoacetone (0.1 cc.), except that the total reaction time was 
reduced to  five minutes. Again the yield was quantitative and apparently the 
product was pure n-butyl bromide (n;’, found, 1.4400; theory, 1.4398). 

As a check on the foregoing experiments, the same procedure was again fol- 
lowed with respect to a mixture of acetone (0.3 cc.), propylene (3.8 cc.), and 
hydrogen bromide (2.1 cc.), except that the reaction time was lengthened to  two 
hours. In  this case only isopropyl bromide was formed (n;’, found, 1.4252; 
theory, 1.4251). These results demonstrate conclusively that bromoacetone 
can provide initial centers for the “abnormal addition” of hydrogen bromide. 

SUMMARY 

1. The presence of large concentrations of oxygen inhibits the photo-reaction 
of hydrogen bromide and olefins (ethylene and propylene). 

2. The products of these retarded reactions include the n-monobromide, di- 
bromide, bromohydrin, and water. In  the case of propylene, bromoacetone is 
also formed. 

3. Bromoacetone (and by analogy any a-bromo ketone) acts as a powerful 
catalyst for the “abnormal” addition of hydrogen bromide to olefins, even in 
the dark. 
EMERWILLE, CALIF. 

No peroxidic compounds were found. 
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Potassium amide and potassium nitrate dissolved in liquid ammonia at room 
temperatures react with 2-phenylquinoline-4-carboxylic acid (cinchophen) to 
give 2-phenylindole in good yield (1). During this rather peculiar reaction, 
the ring is opened, two carbon atoms are lost, and the indole derivative then 
formed by ring closure. In an attempt by us to extend this reaction to deriva- 
tives of cinchophen, it was found that the corresponding amide (2-phenyl- 
quinoline-4-carbonamide) rather unexpectedly reacted with potassium amide and 
potassium nitrate in liquid ammonia to give 4-amino-2-phenylquinoline in 
yields of 90-98%, together with a corresponding amount of potassium nitrite 
and potassium cyanate. It is with this reaction that the present paper is 
concerned. 

Excellent yields of 4-amino-2-phenylquinoline and potassium cyanate may 
also be obtained by shaking 2-phenylquinoline-4-carbonamide with an excess 
of potassium amide in the presence of mercury. A dilute potassium amalgam 
is formed at the same time. Potassium nitrate or mercury are both highly 
desirable in the above reactions, since in their absence the yield of product drops 
to about 40%. 

Homologs of 4-amino-2-phenylquinoline were formed in fair amount by the 
action of potassium amide and potassium nitrate on 6-methyl-2-phenylquinoline- 
4-carbonamide and 2-phenylbenzoquinoline-4-carbonamide (2-phenyl-p-naphtho- 
cinchoninamide). Benzamide, phenylacetamide, stearamide, and 2-n-propyl- 
2-phenyl-4-methylpentane amide are not converted in this manner to the 
corresponding amine. The only other amide found to undergo this type of re- 
action was o-benzoylbenzamide, from which o-aminobenzophenone was obtained 
in 20% yield. 
2-p-Naphthylquinoline-4-carbonamide, 2-p-tolylquinoline-4-carbonamide, and 

2-p-methoxyphenylquinoline-4-carbonamide all react readily with potassium 
amide and potassium nitrate in liquid ammonia, but without the formation of 
definite products. 

Potassium amide and potassium nitrate react with 9-phenyl-9-fluorylamine in 
liquid ammonia to give 9-aminophenanthridine, while triphenylmethylamine is 
changed under similar conditions to benzamide. The latter appears to result 
from the hydrolysis of primarily formed benzamidine (ammonobenzoic acid). 
Both of these reactions may be interpreted as Stieglitz rearrangements (2, 3). 

Quinoline-4-carbonamide (cinchoninamide) reacts with potassium amide and 
potassium nitrate, in accordance with an earlier type of reaction (4), to form 
2-aminoquinoline-4-carbonamide instead of the anticipated 4-aminoquinoline. 

1 From the Doctorate Thesis of H. C. White, Stanford University, 1940. 
497 
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MECHANISM OF THE REACTIONS 

The most obvious mechanism is one involving the direct replacement of the 
carbonamide group, CONHz, by an amine group in accordance with the 
equations, 

1. RCONHz + 2KNHz + RNHK + HCONHK + NH3 
Hydrolysis of the potassium salts on the right hand side of the equation above 

will give an amine, RNH2, and formamide. The failure to isolate the latter is 
understandable in view of the known reaction ( 5 ) ,  

which occurs only in the presence of potassium amide. Perhaps with potassium 
nitrate the decomposition might follow the equation, 

2. HCONHK + (KNH2) -+ KNCO + Hz + (KNH2) 

3. HCONHK + KN03 + KNHz + KK02 + KOH + NH3 + KCNO 
Reaction 3 was however ruled out, because excess potassium amide reacts with 

potassium nitrate and formamide in liquid ammonia to yield hydrogen in almost 
theoretical quantity. Hydrogen is not a product of the reaction between po- 
tassium amide, potassium nitrate, and 2-phenylquinoline-4-carbonamide, in 
which 2-phenyl-4-aminoquinoline and potassium nitrite are formed to the 
exclusion of reduced quinoline derivatives. Accordingly, the entire mechanism 
above can be ruled out. 

It is more probable that the reaction proceeds by a mechanism having some 
formal similarity to the Hofmann rearrangement of acid amides to amines, and 
also to the formation of 2-aminoquinoline from quinoline with potassium amide 
and potassium nitrate in liquid ammonia (6). The following equations are 
proposed. 

4. 
5.  

RCONHz + KNHz + RCONHK + 3 ” 3  

RCONH2 + KNH2 $ RCONKz + KH3 
The anion of RCONK2 is RCON= 

6. RCOK= + No3- + NH3 + RNCO + NOz- + “2- + OH- 
or RCOX- + xHg + RSCO + Hg; 
7. 2KNH2 + RNCO -+ RNHK + KNCO + XH3 

The over-all reactions are therefore, 
8. RCONHz + 3K”z + KKO3 + RNHK + KNCO + KNOZ + KOH + 2NH3 
9 .  RCOPU”2 + 4KNH2 + xHg -+ RNHK + KNCO + KzHgx + 3NH3 

Equation 5 represents the formation of the dipotassium salt of the acid amide 
as reversible, since most acid amides of the type RCONHz are known only to 
form stable monopotassium salts (7). It is known that three or more equiva- 
lents of potassium amide are necessary for a good yield in the reaction expressed 
by equation 8, and it is logical to assume that one of its functions is to produce 
the doubly charged anion, RCON-, of equation 5.  The removal of the two 
negative charges and the formation of the isocyanic ester, RNCO, is doubtless 
a continuous process, as Wallis and Moyer (8) have suggested to be the case in 
the true Hofmann rearrangement. It is highly improbable that the monovalent 
nitrogen intermediate of Stieglitz, RCON, is formed at  any stage of the reaction. 

Attempts to isolate the intermediate 2-phenylquinoline-4-isocyanic ester (an 
aquo-ammono ester) in the reaction between potassium amide, potassium nitrate, 
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and 2-phenylquinoline-4-carbonamide have proved fruitless. The ester, formed 
by other means, reacts much more slowly with potassium amide and potassium 
nitrate than does 2-phenylquinoline-4-carbonamide, suggesting either that the 
latter reaction is a continuous process in which the aquo-ammono ester does not 
appear as such, or else the ester is much more easily saponified immediately 
after it is formed. 

Phenylisocyanate reacts with liquid ammonia to form monophenylurea, as ex- 
pected, since the same well known reaction occurs with gaseous ammonia. Both 
phenylisocyanate and a-naphthylisocyanate react with a liquid ammonia solu- 
tion of potassium amide to give both the mono- and the di-substituted urea. 
The latter is presumably formed by the following series of reactions, 

11. RNHK + RNCO --$ (RNK)CO(NHR) (RNH)zCO. 
10. RNCO + 2KNHz -+ RNHK + KNCO + NHa 

In support of equation 11, it was found that potassium a-naphthylamide 
reacts with a liquid ammonia solution of a-naphthylisocyanate to form both 
mono- and di-a-naphthylurea, the former probably the result of a reaction with 
liquid ammonia alone. There is accordingly some basis for saying that the 
amine of equations 8 and 9 can be formed by the reaction of equation 7, but it is 
necessary to make the plausible assumption that the potassium salt of the amine 
does not readily add to these comparatively unreactive isocyanates to form 
substituted ureas. 

4-Amino-2-phenylquinoline is formed in about 20% yield by the action of 
potassium amide and potassium nitrate on 2-phenylquinoline-4-carbondimethyl- 
amide and in 70% yield from the monomethylamide, probably because these 
conipounds, mixed aquo-ammono esters, are saponified by the potassium amide 
to dimethylamine, or monomethylamine, and 2-phenylquinoline-4-carbonamide. 

The reason for the failure of some 2-substituted quinoline-4-carbonamides to 
undergo this type of reaction is unknown. Apparently side reactions that lead 
to the formation of tars and resins predominate over the ones expressed by 
equations 4-9. Since the two open-chain acid amides failed to react a t  all with 
potassium amide and potassium nitrate, it seems that some type of activation of 
the COXH2 group is necessary, as by C=O or C-N in the ortho or para position 
with respect to CONHZ. 

9-Aminophenanthridine (as a potassium salt) is possibly formed from 9-phenyl- 
9-fluorylamine in accordance with the equations, 

The mechanism therefore resembles that suggested by Pinck and Hilbert (2) 
for the conversion of 9-phenyl-9-fluorylamine to 9-phenylphenanthride out- 
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side of liquid ammonia, in the same way that the reactions of equations 4-9 
resemble the Hofmann rearrangement. Since potassium amide reacts with 9- 
phenylphenanthridine to form 9-aminophenanthridine (9), the latter product 
is the only one isolated in the liquid ammonia reaction. 

The conversion of triphenylmethylamine to benzamide by the action of po- 
tassium amide and potassium nitrate may possibly follow the equations, 

12. (CeHs)&NHz + KNHz + KNO, + 
(C~H~)~C=NCF,H~ + KOH + NHs + KNO, 

14. CsH6C(NH)NHK KOH + CeHsC(NH)NHz 5 CaHsCONHz 
In support of this mechanism, it was found that benzophenone anil when 

heated with potassium amide and potassium nitrate in liquid ammonia gave, after 
hydrolysis and steam distillation, aniline and benzoic acid in fair yield. The 
benzoic acid represents the last step in the hydrolysis of benzamidine. Equation 
13 recalls the similar scission of benzophenone by heated sodium amide, to 
benzene and potassium benzamide, or by heated potassium hydroxide to benzene 
and potassium benzoate (10). Benzophenone anil is an ammono ketone- 
ether (11). 

EXPERIMENTAL PART 

PREPARATION OF ACID AMIDES 

With the exception of 2-phenylquinoline-4-carbonamide, none of the compounds below 
have been described in  the literature. 

8-Phenylquinoline-4-carbonamide.2 Isatin (22.1 g., 0.15 mole), ammonium chloride (16 
g., 0.30 mole), concentrated aqueous ammonia (180 cc.), and acetophenone (20 g., 0.17 mole) 
were gently refluxed for fifty minutes with good mechanical stirring. After cooling, the 
precipitate was collected and recrystallized from alcohol; yield, 18.5 g., or 49.7%; m.p. 
195-197'. 

Anal. 

The product was found by mixed melting point determinations to  be identical with the 
2-phenylquinoline-4-carbonamide previously prepared (12). 

2-,9-Naphthylquinoline-4-carbonamide. 2-~-~aphthylquinoline-4-carboxylic acid (7 g., 
Ref. 14) was refluxed for thirty minutes (water-bath) with thionyl chloride (50 cc.). The 
excess thionyl chloride was distilled off, first a t  atmospheric pressure, and then under a 
partial vacuum. One hundred cubic centimeters of concentrated ammonia water was 
added and the mixture allowed to  stand for one hour. The tan reaction product was twice 
crystallized from dil. alcohol; yield, 5.5 g. of colorless crystals, m.p. 250.5-251.0", uncorr. 

Calc'd for C1eHI2NeO: C, 77.40; H, 4.87; N, 11.29. 
Found: C, 77.70; H, 4.72; N, 11.50. 

Anal. Calc'd for CzaHlrNzO: C, 80.50; H,  4.69; N, 9.40. 
Found: C, 80.43; H, 4.53; S, 9.42. 

Other acid chlorides were prepared in the same manner from 7-8 g.of the carboxylic acid 
and 50 cc. of thionyl chloride, and converted t,o the amide by the action of ammonia water 
(100 cc.). 

,t?-p-MethoxyphenyEquinoline-4-carbonamide. The product after crystallizaion from 
cellosolve (ethylene glycol monoethyl ether) melted a t  245-246", uncorr.; yield, 9 g. from 
12 g. of 2-p-methoxyphenylquinoline-4-carboxylic acid (15) and 85 g. of thionyl chloride. 

2This preparation was first worked out by Dreisbach in these laboratories (13). 
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Anal. Calc'd for C17Hl&z02: C, 73.37; H, 5.07. 
Found: C,  73.18; H, 5.02. 

2-PhenyZbenzo[h]quinoZine-4-carbonamide (16). The crude amide, crystallized from 

Anal. 

2-p-Xenylquinoline-4-carboxylic acid and its amide. p-Phenylacetophenone (10 grams) 
and isatin (9 grams) were refluxed in 100 cc. of 33% potassium hydroxide solution with 
mechanical stirring for five hours. To the cooled mixture of solid and solution, an excess 
of dilute acetic acid was added, forming a bulky yellow precipitate. This was collected, 
washed, and crystallized twice from cellosolve; i t  then melted at 292-293", uncorr. The 
yield was 11 g. analytical figures for hydrogen and nitrogen were close to  the theoretical, 
but carbon was for some reason low, in all analyses. 

dilute cellosolve, melted at 268-269" uncorr.; yield, 67%. 
Calc'd for C2~H14N20: C, 80.54, H, 4.69; N,  9.43. 
Found: C, 80.74; H, 4.73; h', 9.42. 

Anal. Calc'd for C22H~bK02: C, 81.23; H, 4.65; N, 4.31. 
Found: C, 80.23,79.90,79.77,80.03; H, 4.60,4.60,4.54,4.61; N, 4.34. 

The acid chloride, prepared in the usual way with thionyl chloride, was converted by 
treatment with conc'd ammonium hydroxide t o  the amide, which was twice crystallized 
from cellosolve. The yield was 4 g. from 8 g .  of the acid; m.p. 245.5-246", uncorr; 

Anal. Calc'dfor CzzHlsNzO: C,81.46; H,4.93. 
Found: C, 81.33; H, 4.73. 

3-Phenylbenzo[f]quinoZine-l-carbonamide. The amide, crystallized from alcohol using 
Norit, melted at 239-240", uncorr.; yield, 81%. 

Anal. Calc'd for C20H14N20: C, 80.54; H, 4.69; K, 9.43. 
Found: C, 80.37; H, 4.82; N, 9.30. 

Reactions in liquid ammonia. General procedure. Reactions in two-legged glass ammo- 
nia tubes were carried out in a previously described manner (17). A liquid ammonia solu- 
tion of potassium amide, prepared in  one leg from metallic potassium with an iron oxide 
catalyst, was added to  an ammonia solution or suspension of potassium nitrate and the 
acid amide in the other leg. Strongly colored solutions resulted. -4fter evaporation of 
ammonia, the reaction products were treated in the tube with benzene and alcohol to  de- 
stroy reactive potassium salts, water was added and the first two solvents evaporated. 
The solid was filtered and crystallized from an appropriate solvent. 

In a straight tube (18) was 
prepared the potassium amide from 1.17 g. (30 milliatoms) of potassium with an iron wire 
catalyst. After cooling and removing the catalyst, 2.48 g. (10.0 millimoles) of 2-phenyl- 
quinoline-4-carbonamide was introduced, the tube sealed, and allowed to  stand at room 
temperatures for 23 days. The solution a t  various stages was colored green, reddish- 
brown, and greenish-brown. Gases obtained during the reaction were insignificant (Hz, 
0.4 cc.; K2, 1.1 cc., standard conditions). The ammonia solution of the reaction product 
(at -78") vas  poured into a beaker, and excess ammonium chloride added to  destroy potas- 
sium amide. After evaporation of solvent, the solid was washed with water and the dried 
residue then extracted with hot benzene, the extracts concentrated and cooled to  obtain 
2-phenyl-4-aminoquinoline. The yield was 0.932 g . ,  m.p. 163.0-170.0", uncorr., or 43.4%. 
It vas identified after recrystallization as 2-phenyl-4-aminoquinoline (m.p. 163-164') by 
mixed melting point determinations. A small amount (0.15 g., m.p. 264-275') of benzene- 
insoluble material was also isolated. 

2-PhenylquinoZine-Q-carbonamide, potassium amide, and potassium nitrate. (a) 2- 
Phenylquinoline-4-carbonamide (1.695 g., 6.82 millimoles), potassium nitrate (1.20 g., 
11 9 millimoles), and the potassium amide from 1.20 g. (28.1 milliatoms) of potassium re- 
acted for one day a t  room temperatures in a two-legged reaction tube, as in the general 
procedure; yield, 1.342 g., or 89.6%, m.p. 162.5-163.5", uncorr. In  other experiments, yields 
up t o  98% (m.p. 162.5-164') were obtained. The melting point when the compound was 
mixed with known 2-phenyl-4-aminoquinoline (19) was 163.5-164.5", showing their identity. 

(b) The above experiment was repeated with an iron wire catalyst for making the potas- 
sium amide, since iron oxide catalyzes the formation of potassium nitrite from potassium 

2-Phenylquinoline-~-carbonamide and potassium amide. 



502 H. C. WHITE AND F. W. BERGSTROM 

nitrate (20). The reaction product was hydrolyzed in the tube with water vapor (21), then 
treated with water (after breaking open the tube) and the solid collected on a filter. The 
yield was 1.420 g. or 94.9%. The aqueous filtrate was diluted to  50 cc. and nitrite (22) and 
cyanate determined on aliquot portions. 

One-tenth aliquot gave 14.24 cc. Nz, standard conditions, or 93.2% on the basis of equa- 
tion 8. 

One-half aliquot was treated with excess silver nitrate in very dilute nitric acid, and then 
with 10 cc. of conc'd sodium nitrite to  dissolve possible silver nitrite in the precipitate. 
The washed silver cyanate collected on a Gooch filter weighed 0.446 g. (88.3%). 

(c) In a two-legged tube, 1.63 g. of 2-phenylquinoline-4-carbonamide (6.56 millimoles) 
reacted with 1.05 g. (10.4 millimoles) of potassium nitrate and the potassium amide from 
1.02 g. of potassium (26.1 milliatoms) for 9 days. The solvent was evaporated and the re- 
action mixture hydrolyzed with benzene and alcohol, and then worked over in the usual 
way. The yield of 2-phenyl-4-aminoquinoline was 1.394 g., (6.43 millimoles or 97.9%), 
m.p. 163-164.5'. 

(d) In a repetition of reaction (a) a t  -33" (five hours, round-bottomed flask), 83% of 
the 2-phenylquinoline-4-carbonamide was recovered unchanged. 

(e) In  a steel autoclave (22)) 128 millimoles of potassium amide reacted for five hours 
(at 55') with 60.4 millimoles of 2-phenylquinoline-4-carbonamide and 99 millimoles of po- 
tassium nitrate. Considerable resinous material was formed, together with 6.7 g. of solid, 
m.p. 137-142", after several crystallizations from alcohol. No pure reaction product was 
isolated. 

(f) 2-Phenylquinoline-~-carbonamide and barium amide. The chief isolable product is 
2-phenylquinoline. Details of this peculiar reaction are reserved for a future article. 

2-Phenylquinoline-&carbonamide, potassium amide, and mercury. In  a two-legged glass 
tube (23) the potassium amide from 1.1 g. (28.2 milliatoms) of potassium was rocked for 
two days at room temperatures with 1.695 g. (6.82 millimoles) of 2-phenylquinoline-4- 
carbonamide and 3 cc. of purified mercury. At the end of the reaction, the mercury was 
well washed with ammonia. Kegligible amounts of water-insoluble gases were formed 
(0.3 cc. Hz, 0.3 cc. Nz). Thirteen and two-tenths milliatoms of potassium was found in the 
mercury, or 96.8% (equation 9). The yield of 2-phenyl-4-aminoquinoline was 1.401 g. 
(92.7%). 

To the aqueous filtrate of the above, made barely acid with dil. nitric acid, was added 
excess silver nitrate solution; AgCXO, 0.9180 g. or 90%) AgCl from the AgCNO, 0.8740 g. 
as against a theoretical 0.8770 g. 

d-Phenyl-6-methylquinoline-~-carbonamide, potassium amide, and potassium nitrate. 
The acid amide (1.20 g., 4.57 millimoles), potassium amide (19.2 millimoles from 0.75 g. of 
potassium), and potassium nitrate (0.90 g., 7.9 millimoles) reacted for four days a t  room 
temperatures. 

The tarry precipitate left after evaporation of the benzene-alcohol was freed from water 
and extracted with petroleum ether. The reddish-brown solid, m.p. 150-160", that  re- 
mained was twice crystallized from dilute alcohol with the addition of Norit. It then 
melted a t  184-185'. 2-Phenyl-4-amino-6-methylquinoline melts at 188-189" (24). 

I-Phenylbenzo[h]quinolineJ-carbonamide, potassium amide, and potassium nitrate. The 
acid amide (1.31 g., 4.35 millimoles), potassium amide (17.9 millimoles from 0.70 g. potas- 
sium), and potassium nitrate (7.9 millimoles) reacted for three days at room temperatures. 
The yield of 2-phenyl-4-aminobenzo[h]quinoline (m.p. 162.5-163") was 0.60 g., or 54%. It 
was crystallized from alcohol with the use of Norit. 

A n a l .  Calc'd for C19HI4N2: C, 84.42; H, 5.20; N, 10.37. 
Found: C, 84.20; H, 5.54; N, 10.50. 

2-Phenylquinoline-Q-carbonmethylamide, potassium amide, and potassium nitrate. The 
methylamide was prepared by the action of methylamine on the acid chloride of 2-phenyl- 
quinoline-4-carboxylic acid. Five millimoles, reacting for four days (20") with 20.5 milli- 
moles of potassium amide and 8.9 millimoles of potassium nitrate, yielded 0.264 g. (78.5%) 
of 2-phenyl-4-aminoquinoline (m.p. 162-163" uncorr.). 
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b-Phenylquinoline-4-carbondimethylamide, potassium amide, and potassium nitrate. The di- 
methylamide was prepared from the acid chloride of cinchophen and dimethylamine. Five 
millimoles reacted for two days (20") with 20 millimoles of potassium amide and 9 milli- 
moles of potassium nitrate. The yield of 2-phenyl-4-aminoquinoline (m.p. 160-162") was 
0.243 g., or 23.3%. 

o-Benzoylbenzamide, potassium amide, and potassium nitrate. o-Benzoylbenzamide, 
(1.059 g., 4.71 millimoles) (25) potassium amide (19.2 millimoles), and potassium nitrate 
(0.80 g., 7.9 millimoles) reacted for six days a t  20" in a two-legged tube. 

The hydrolysate, freed from benzene and alcohol, was concentrated t o  about 25 cc. and 
an excess of dilute hydrochloric acid added. The crystals that  separated after standing 
overnight were added to  aqueous sodium hydroxide. The yield of slowly forming yellow 
cryst:tls was 0.23 g. (20%), m.p. 105-107". Fifty-one per cent of the theoretical quantity of 
nitrite was formed (equation 8). In a repeti- 
tion of this experiment a t  -33" (six hours), only a trace of o-aminobenzophenone was 
isolated. 

o-hinobenzophenone melts a t  105" (26). 

OTHER ACID AMIDES WITH POTASSIUM AMIDE AND POTASSIUM NITRATE 

Under the conditions of the preceding experiments (general method), 2-p-tolylquino- 
line-4-carbonamide, 2-j3-naphthylquinoline-4-carbonamide, 2-p-xenylquinoline-4-carbon- 
amide, and 2-p-methoxyphenylquinoline-4-carbonamide were converted to  tar. Benza- 
mide did not react with four equivalents of potassium amide and two equivalents of 
potassium nitrate in liquid ammonia a t  room temperatures during three weeks. 
Phenylacetamide dissolves in  excess potassium amide with a deep red color, indicating 
possibily that  a dipotassiumsalt, C~H&HKC0NHK,isformed. Underthe usualconditions, 
with the addition of potassium nitrate, no appreciable reaction had occurred within one 
week (74% of the phenylacetamide was recovered and no nitrite was formed). Stearamide 
(6.82 millimoles), potassium amide (23 millimoles) and potassium nitrate (9.9 millimoles) 
did not react a t  all in liquid ammonia at 90" (18 hours). 2-n-Propyl-2-phenyl-4-methyl- 
pentanamide (27) failed to  react in  three days a t  20" with excess potassium amide and 
potassium nitrate. It was hoped that  an optically active amine would be formed. 

In  all of the above cases, failure to  observe a reaction signifies that  nothing occurred 
beyond the formation of a potassium salt, such as RCOXHK, from which the acid amide 
was regenerated on hydrolysis. 

Quinoline-4-carbonamide, potassium amide, and potassium nitrate. Quinoline-4-carbon- 
amide3 (0.30 g., 1.74 millimoles), potassium nitrate (0.30 g., 3.0 millimoles) reacted for two 
days in a two-legged reaction tube with the potassium amide from 0.30 g. (7.7 millimoles) 
of potassium (iron wire catalyst). The product, crystallized from water, had the composi- 
tion of 2-aminoquinoline-4-carbonamide; yield, 0.175 g. (5473, m.p. 218-218.5", uncorr.; 
picrate, m.p. 278-280°, uncorr., decomp. Six hundred fourteen thousandths of a mole of 
nitrite were formed per mole of quinolinecarbonamide. 

Anal. 

One gram was refluxed with dilute hydrochloric acid (about 10%) for one hour, then dil. 
sodium hydroxide was added to  neutrality. The resulting precipitate was filtered cold and 
washed. The yield was 0.80 g.; m.p. 349-353", uncorr., depending upon the rate of heating. 
These properties are those of 2-aminoquinoline-4-carboxylic acid (29). 

Calc'd for C l ~ H ~ N I O :  C, 64.09; H, 4.85. 
Found: C, 63.89; H,  4.99. 

THE ACTION O F  POTASSIUM AMIDE AND LIQGID A4MMONIA ON ISOCYANATES 

2-Phenylquinoline-4-isocyanic ester, potassium amide, and potassium nitrate. 2-Phenyl- 
quinoline-4-isocyanic ester (30) (m.p. 230-231", uncorr.; 0.71 g. or 2.85 millimoles), potas- 

3 Prepared from cinchoninic acid chloride and aqueous ammonia. The physical proper- 
ties are the same as those described by Wensel (28), who prepared the substance by another 
method. 
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sium nitrate (0.4 g., 4.0 millimoles), and the potassium amide from 0.35 g. of potassium 
(9.0 milliatoms) reacted for two days a t  room temperatures in a two-legged tube. Most of 
the isocyanate (77%) was recovered from the hydrolysate of the reaction mixture. 

In  another experiment, five equivalents of potassium amide reacted with 1.23 g. of the 
isocyanic ester and one equivalent of potassium nitrate for 36 hours at room temperatures. 
The hydrolyzed product, when crystallized from alcohol, gave 0.75 g. (62%) of the original 
isocyanic ester, and 0.22 g. (20%) of 2-phenyl-4-aminoquinoline, m.p. 161-162" uncorr. 

This was prepared through the acid azide 
by the method of John (31) but melted a t  246-247', instead of the reported 214", even though 
the melting points of the intermediate hydrazide and acid azide agreed with the values of 
John. 

d-Phenyl-6-methylquinolyl-4-isocyanic ester. 

A n a l .  Calc'd for C,,HI2N20: C, 78.44; H, 4.65. 
Found: C, 78.15; H, 4.85. 
Mol. wt. (Rast) : Calc'd, 260; found, 267. 

When refluxed for ten hours with 33% alcoholic potassium hydroxide, 2-phenyl-4-amino- 
6-methylquinoline was formed (0.6 g. from 1.0 g. isocyanate); m.p. 188.5-189.3", uncorr.; 
picrate, m.p. 206-207" (John reports 208'). The substance in hand therefore had the prop- 
erties of the isocyanic ester, in spite of the different melting point of John (a misprint?). 

2-Phenyl-6-methylquinolyl-4-isocyanic ester (1.23 g.), potassium nitrate (1 .O g.), and 
the potassium amide from 0.9 g. of potassium (0.02 g. Fez03 catalyst) reacted for two days 
in a two-legged tube a t  room temperatures. One and five hundredths grams of the iso- 
cyanic ester was recovered unchanged from the hydrolysate. 

Phenylisocyanate and potassium amide. (a) Fifty cubic centimeters of liquid ammonia 
was added to  4.5 g. of phenylisocyanate in a 200-cc. round-bottomed flask, forming a color- 
less solution. After the ammonia had evaporated (about four hours) there was left an 
almost solid colorless residue, which was crystallized from alcohol. The yield was 4.5 g., 
m.p. 144-145", uncorr. (87.50J0). It was identified as phenylurea by a mixed melting point. 

(b) Five grams of phenylisocyanate was added to a liquid ammonia solution (75 cc.) 
of the potassium amide prepared from 2 g. of potassium with an iron oxide catalyst. A 
vigorous reaction took place with the formation of a voluminous light purple precipitate. 
After the ammonia had evaporated (about four hours), the solid was treated with benzene- 
alcohol mixture, boiled with Norit, and filtered. Colorless crystals (3.7 g.) of sym. di- 
phenylurea, m.p. 233-234", were obtained and identified by the melting point of a mixture 
with authentic material. Varying amounts of monophenylurea were also obtained. 
Under the same conditions, monophenylurea reacted with potassium amide only to  form 
a salt, and not to  form diphenylurea. 

a-Naphthylisocyanate and potassium amide. Four grams of a-naphthylisocyauate was 
added to  a liquid ammonia solution of the potassium amide from 1.0 g. of potassium in 75 
cc. of liquid ammonia a t  -33'. A copious yellow precipitate formed. An excess of am- 
monium chloride (1.5 g.) was added after five minutes. The reaction product remaining 
after evaporation of the ammonia was fractionally crystallized from alcohol, thereby yield- 
ing 2.1 g. (48y0) of a-naphthylurea (m.p. 211-212" uncorr.) and 1.4 g. (38%) of di-a-naphthyl- 
urea (m.p. 283-285", uncorr.). 

Potassium a-naphthylamide and a-naphthylisocyanate. Potassium amide was prepared 
from a liquid ammonia solution of 2 g. of potassium in the presence of an iron wire catalyst, 
in an Erlenmeyer flask. To  this was added 4 g. of a-naphthylamine, to  form potassium 
a-naphthylamide, whose liquid ammonia solution was orange-red in  color. Four grams of 
a-naphthylisocyanate was slowly introduced, resulting in the formation of a yellow solu- 
tion and a yellow precipitate. The reaction was stopped after ten minutes by the addition 
of 3 g. of ammonium chloride. The precipitate remaining after the evaporation of the 
solvent ammonia was treated with water, filtered, and dissolved in  hot alcohol. Addition 
of conc'd hydrochloric acid gave a precipitate of a-naphthylamine hydrochloride (1.5 g., 
or 30%). From the filtrate, two fractions were obtained by concentration : a-naphthylurea, 
2.4 g., 55%, melting a t  210-212", and di-a-naphthylurea, 2.8 g., or 38%, melting a t  282-254". 

Identification Fas by mixed melting point. 
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Formamide, potassium amide, and potassium nitrate. In  a two-legged reaction tube, 
the potassium amide from 0.75 g. (19 milliatoms) of potassium (iron wire catalyst) was 
added to  a liquid ammonia solution of 0.384 g. (8.53 millimoles) of formamide and 1.10 g. 
(11 millimoles) of potassium nitrate. Gases were collected at irregular intervals for 18 
hours, but little or none was obtained after the first three hours (32). There was obtained 
176.6 cc. of gas, standard conditions, consisting of H2, 97.5%; yield 90%. Small losses of 
gas always occur when two-legged reaction tubes with stopcock are used, as in the present 
case. 

Pinck  and Hilbert type rearrangement. 9-Amino-9-phenylfluorene (1.47 g., 5.00 milli- 
molos), potassium nitrate (0.80 g., 7.9 millimoles), and the potassium amide from 1.0 g. 
(25.6 milliatoms) of potassium (iron wire catalyst) reacted for two days in a liquid ammonia 
reaction tube a t  room temperatures. The product, crystallized from alcohol, proved to  be 
9-aniinophenanthridine, m.p. 190-190.5", uncorr. The mixed melting point with 9-amino- 
phenanthridine prepared by the action of potassium amide on 9-phenylphenanthridine 
(9) was the same. The yield was 0.689 g., or 61%. Potassium nitrite was also a reaction 
product. 

Stieglitz type rearrangement. Triphenylmethylamine was not appreciably attacked by 
potassium amide and potassium nitrate in liquid ammonia a t  room temperatures; accord- 
ingly, i t  was necessary to  apply heat. 

Triphenylmethylamine (1.003 g., 3.84 millimoles), potassium nitrate (0.75 g., 7.4 milli- 
moles), and the potassium amide from 0.70 g. (18 milliatoms) of potassium (with 0.02 g. of 
iron oxide as a catalyst) were rocked in  a steel bomb (33)* for fourteen hours a t  80". The 
product was treated with alcohol-benzene mixture, then with water, and the first two sol- 
vents evaporated. Benzamide (0.202 g., crude or 43%) was obtained by concentrating and 
cooling the aqueous solution. The recrystallized material was identified as benzamide by 
its melting point alone and in mixture with authentic benzamide. 

SUMMARY 

1. 2-Phenylquinoline-4-carbonamide is converted in about 40-50aJo yields to 
2-phenyl-4-aminoquinoline by reaction with potassium amide in liquid am- 
monia. Almost quantitative yields are obtained in the presence of potassium 
nitrate or of mercury. 

2. Only a few of the homologs of 2-phenylquinoline-4-carbonamide behave 
similarly. Open-chain acid amides studied failed to react. The amide of 
o-benzoylbenzoic acid is converted in poor yield to o-aminobenzophenone by 
potassium amide and potassium nitrate. It is thus apparent that a reaction of 
the above type occurs only if the -CONH2 group is activated by C=O or 
C-N a t  a favorable position in the molecule. 

3. The direct replacement of the -CONHz group by -NH2 is very im- 
probable. 

4. A more probable mechanism is the following: RCONH2 (2-phenylquinoline- 
4-carbonamide, etc.) reacts with potassium amide reversibly to form some of the 
ion, RCON=. This loses two electrons to potassium nitrate or to mercury to 
give the rearranged product, RNCO, which excess potassium amide converts 
to RNHK and KNCO. The over-all reactions are 
RCONHz + 3K"z + KN03 -+ RNHK + KNCO + 2NH3 + KOH + KNOa 
RCONH2 + 4KNHz + xHg -+ RNHK + KNCO + KzHg, + 3NHa 

4 A sealed glass tube was enclosed in B steel bomb tube containing liquid ammonia to  
counterbalance the internal pressure. 
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2-Phenylquinoline-4-isocyanic ester and 2-phenyl-6-methylquinolyl-4-iso- 
cyanic ester react more slowly with potassium amide to form the corresponding 
amine than this latter is produced in accordance with the equations above from 
quinoline-4-carbonamide derivatives. Isocyanate is, therefore, either not a true 
intermediate in the reactions, or it is much more readily saponified by potassium 
amide immediately after its formation. 

5.  Phenyl- and naphthyl-isocyanates react with liquid ammonia at  -33” 
to form monosubstituted ureas, but disubstituted ureas are also formed in the 
presence of potassium amide. This can be interpreted as involving the inter- 
mediate formation of a salt of a primary amine, e.g., CaH6NHK, which adds to 
the isocyanate to form the disubstituted urea. Accordingly, the assumption 
of the formation of the isocyanic ester (paragraph 4 of summary) receives some 
support . 

6. 9-Phenyl-9-fluorylamine reacts with potassium amide and potassium 
nitrate to form 9-aminophenanthridine by a method related to the Pinck-Hilbert 
modification of the Stieglitz rearrangement. The expected primary product, 
9-phenylphenanthridine, has been converted by potassium amide to 9-amino- 
phenan thrid ine . 

7. Potassium amide and potassium nitrate react with triphenylmethylamine 
to form benzamide. It is assumed that a Stieglitz-type rearrangement takes 
place with the formation of benzophenone anil, which is cleaved by potassium 
amide to potassium benzamidine. The latter is hydrolyzed to benzamide. 

STANFORD UNIVERSITY, CALIF. 
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INTRODUCTION 

The term hydroxamic acid is given to the mono-acyl derivatives of hydroxyl- 
amine and indicates most readily a compound with the hydroxylamide structure. 
Even though the term hydroxamic acid is used commonly to denote all the mono- 
acyl derivatives of hydroxylamine, there is a tautomeric hydroximic acid with 
a hydroxylimide structure. 

0 OH 
i 

RC=NOH RCNHOH 
Hydroxamic H ydroximic 

W. Lossen (1) tried to establish the true structural formula of the hydroxamic 
acids and finally came to the conclusion that each of the hydrogen atoms in 
hydroxylamine has a different substitution value, or else the constitution of the 
base changes when its hydrogen atoms are replaced by radicals, so that each of 
the three nitrogen valencies acts in a different manner. He supposed that the 
mono-acyl hydroxylamines had the structure known as the hydroximic and not 
the hydroxamic acid. There is no definite proof of the true structure, since no 
desmotropes have been found and each acid reacts as if it had both structures. 
Since the time of Lossen many hydroxamic acids have been prepared for the 
primary purpose of studying their rearrangement. This rearrangement is 
brought about by heating the sodium or potassium salt of the benzoyl or acetyl 
ester of the hydroxamic acid in water. Practically all of the hydroxamic esters 
prepared so far have been found to rearrange in the presence of water to form 
symmetrically disubstituted ureas, organic acids, and carbon dioxide. 

The effect of substituted groups upon the rearrangement of benzhydroxamic 
acid has been studied by several investigators in the past. Marquis (2) found 
that salicylhydroxamic acid formed an oxycarbonil when treated with thionyl 
chloride. He believed that this was the product of a true Beckmann rearrange- 
ment and postulated the reaction as follows : 

I/ 

+ SOClZ - + SO2 + HC1 

1 This paper is based upon a thesis presented by Burrell L. Wood, Jr . ,  to the Graduate 
508 



AMINOBENZFIYDROXAMIC ACIDS 509 

Scott and Mote (3) found that the potassium salt of the benzoyl ester of 
salicylhydroxamic acid rearranged to form the oxycarbonil as obtained by Mar- 
quis from salicylhydroxamic acid itself. This reaction can be shown as follows: 

OK 0 0- 
II 0:;'. C CeH6 + CcHsCOOK 

Scott and Kearse (4) found that the potassium salt of the acetyl ester of 2,4- 
dlhydroxybenzhydroxamic acid rearranged to form an oxycarbonil rather than 
the disubstituted urea. This was entirely in accord with the results obtained by 
Scott and Mote with salicylhydroxamic acid. This reaction can be shown by 
the following equations : 

OK 0 OK 
II 
* + CHSCOOK 

HO (xr;""'cH3 8=7-7 - HO @,COH 
HO OH 

The present investigation was undertaken in order to study the effect of an 
ortho substituted amine group on the rearrangement of benzhydroxamic acid. 
For this study 2-aminobenzhydroxamic acid was selected. 

DISCUSSION OF RESULTS 

I 

2-Aminobenzhydroxamic acid as described by Meyer and Bellman (5)  was 
prepared from isatoic acid anhydride. The product obtained corresponded in 
every respect to their product. The benzoyl derivative of this compound was 
prepared by treatment with benzoic acid anhydride. The potassium salt of the 
benzoyl derivative was found to rearrange when heated in water to form N- 
phenyl-"- (2-carboxypheny1)urea and 3-phenyl-2,4-dioxotetrahydroquinazoline. 

The formation of these rearrangement products cannot be explained if the 
above acid is assumed to be the true hydroxamic acid. If the acid above were 
the true hydroxamic acid and the salt were the potassium salt of the 0-benzoyl 

School of the University of Georgia, in partial fulfillment of the requirements for the degree 
Master of Science in Chemistry. 

'! Mr. Wood is now working on his doctorate a t  Purdue University, Lafayette, Ind. 
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ester of 2-aminobenzhydroxamic acid, the rearrangement products expected 
would be as follows: 

OK 0 0- 
o h = N o C C & H ~  II - @=N- 

+ Cs&COOK 
"2 Hz 

@;?-? - o T 2 C  OH 2-Oxybenzimidazole 

or 

N, N'-bis-( 2-aminopheny1)urea 

Since the expected rearrangement products were not obtained, the following 
reactions are postulated to explain the course of the rearrangement. The salt 
in this case is assumed to be the potassium salt of the 0-(2-aminobenzoyl) ester 
of benzhydroxamic acid. 
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N-phenyl-”-( 2-carboxypheny1)urea 

This postulation assumes that the 2-aminobenzhydroxamic acid prepared from 
isatoic acid anhydride is an 0-acyl hydroxylamine rather than an N-acyl hy- 
droxylamine. The equation for its preparation can be shown as follows: 

0 0 

CONHz + COz 

+ NH20H -+ a Hz 

This structure explains why this compound does not give a test for hydroxamic 
acids with ferric chloride, since there are no acidic hydrogen atoms present. 
This also explains why Pope (6) was unable to prepare the benzoyl derivative 
by the modifted Schotten-Baumann method. 

This structure can be used to explain why Meisenheimer and Diedrich (7) 
were unable to form a cyclic compound by splitting off acetic acid from the di- 
acetyl derivative of this compound. If this were the true hydroxamic acid, this 
cyclization might take place as follows: 

0 0 0  

0 

C-NH 
II 

If this compound has the 0-acyl structure, it can be easily seen why cyclisa- 
Such cyclization would involve the splitting off of a tion cannot take place. 
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molecule of acetaldehyde which would be extremely unusual. The equation 
could be shown as follows: 

0 

I I1 

0 

Structure I1 seems to be the correct structure for the diacetyl derivative, since 
upon treatment with dilute sodium hydroxide the compound gave a test for 
hydroxanhc acids with ferric chloride. This would seem to indicate that acethy- 
droxamic acid had been formed by hydrolysis. Meisenheimer and Diedrich (7) 
found that upon treatment with dilute sodium hydroxide acetanthranilic acid 
was split off. This can be explained as a normal hydrolysis if structure I1 is 
assumed. 

0 0 
0 

CONH( CO CH3) II + NaOH- ()!!t:O CH3 + CH3CNHOH 
NH( C 0 CH3 ) 

Acethydroxamic 
acid 

The preparation of the benzoyl derivative of this compound can be shown by 
the following equation: 

0 

It was found that treatment of the benzoyl derivative with dilute sodium hy- 
droxide gave a solution that gave a test for hydroxamic acids with ferric chloride. 
This would seem to indicate that benzhydroxamic acid had been hydrolyzed 
off. The equation for the hydrolysis can be shown as follows: 
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0 0  0 
0 

+ CaHsCNHOH 
II 

Benzhydroxamic acid 

This hydrolyzed solution also gave a grass-green precipitate with cupric acetate. 
Upon checking the literature, no 0-mono-acyl derivatives of hydroxylamine 

were found. This structure was suggested by Lossen (8) as a probable structure 
for the hydroxamic acids and called by him the oxylamide structure. All the 
so-called dihydroxamic acids or hydroxamic esters may be considered as de- 
rivatives of 0-acyl hydroxylamines. This would indicate the possibility of the 
existence of the 0-acyl hydroxylamines. 

The compound prepared from isatoic acid anhydride decomposed readily in 
moist air and slowly when kept in a desiccator. This is a further indication that 
the compound has an 0-acyl structure (see below). 

I1 

2-Aminobenzhydroxamic acid was prepared by the action of hydroxylamine 
on methyl anthranilate. This compound differs markedly from the 2-amino- 
benzhydroxamic acid described by Meyer and Bellman (5) ,  in that it has a 
melting point 67” higher, and it gives the usual color reaction of hydroxamic 
acids with ferric chloride; it gives a green salt with copper acetate; it has been 
kept for several months without appreciable decomposition, and it shows the 
general chemical properties of hydroxamic acids. 

The dibenzoyl derivative was prepared and its potassium salt rearranged when 
heated in water to form 2-oxybenzimidazole. The course of this reaction can be 
shown as follows: 

/\N=C-0 
‘ I  I 
J/”2 NH 

I I - @COH %Oxybenzimidazole 
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This is the product of a normal rearrangement of such a hydroxamic acid 
according to the hypothesis of Scott and Kearse (4) and indicates that the com- 
pound prepared from methyl anthranilate is the N-acyl hydroxylamine. 

EXPERIMENTAL 

A. Isatoic acid anhydride was prepared by the method of Erdmann (9). 
B. 0-(8-Aminobenzoyl)hydroxylamine was prepared according to the method of Meyer 

and Bellman (5). This compound was found to decompose readily in  moist air and slowly 
when kept in a desiccator. It was found to be very soluble in ethyl acetate, soluble in  
acetone and ether, and slightly soluble in water. It did not give a test for hydroxamic 
acids with ferric chloride. When i t  was dissolved in dilute alkali and heated or allowed 
to  stand overnight, a solution was formed that gave a test for hydroxamic acids with ferric 
chloride. The yield was 60%. 

Anal. Calc'd for C ~ H ~ N Z O Z :  N,  18.46. Found: N, 18.42. 
This analysis was run by Pope (6). 
C. Benzoyl derivative of 0-(g-aminobenzoy1)hydroxylamine was prepared by the method 

given by Pope (6). Eleven and three-tenths grams of benzoic anhydride was mixed with 
7.6 grams of O-(2-aminobenzoyl)hydroxylamine. The solid mixture softened as heat was 
produced spontaneously. When the mixture began to harden, i t  was warmed on a hot plate 
for fifteen minutes a t  about 70". After the reacted mass had cooled, i t  was ground in a 
mortar and extracted with boiling ligroin to remove benzoic acid and benzoic anhydride. 
The residue was recrystallized from a mixture of alcohol and ligroin. The benzoyl deriva- 
tive was obtained as white needles which melted a t  157". 

This compound did not give a ferric chloride test, but when it was dissolved in excess 
sodium hydroxide and warmed for fifteen minutes, the resulting solution gave a hydroxamic 
test with ferric chloride and a grass-green precipitate with cupric acetate. (The copper 
salt was dried and suspended in dry ether, and hydrogen sulfide was passed through the 
solution. This freed the hydroxamic acid but not enough of the pure acid was obtained to  
determine its melting point.) 

Anal. Calc'd for C14H12N20a: N ,  10.93. Found: N, 11.04. 
This analysis was run by Pope (6). 
D. Potassium Salt of C. Two and fifty-six hundredths grams of the benzoyl derivative 

of O-(2-aminobenzoyl)hydroxylamine was dissolved in  75 ml. of butyl alcohol. To this 
solution was added 20 ml. of butyl alcohol containing 0.391 g. of potassium. Upon stirring, 
a white solid began to settle out. This was filtered and washed with butyl alcohol. The 
potassium salt thus formed was dried overnight in a desiccator. 

Rearrangement of D .  This potassium salt was dissolved in the minimum of water and 
warmed on a hot plate. After the solution had been heated for a few minutes a white com- 
pound began to precipitate. The pre- 
cipitate was recrystallized from ethyl alcohol and melted a t  280". The analysis of this 
compound as made by Pope (6) indicates that i t  is 3-phenyl-2,4-dioxotetrahydroquinazoline. 

Anal. Calc'd for C14H10N202: N, 11.76. Found: N, 11.35. 
3-Phenyl-2,4-dioxotetrahydroquinazoline was prepared by Paal (lo), from N-phenyl- 

N'-(2-carboxyphenyl)urea by boiling in dilute ammonia. Kunckell (11) reported the melt- 
ing point as 280". 

When the filtrate from the above rearrangement product was acidified with hydrochloric 
acid, a white precipitate settled out. This was filtered and recrystallized from a mixture 
of acetone and ligroin. The melting point was 180" [Pope (6) 182'1. The analysis of this 
compound as made by Pope (6) indicates that  it is N-phenyl-Nr-(2-carboxyphenyl)urea. 

Anal. Calc'd for C14HI~N2O8: h', 10.93. Found: N ,  10.32. 
N-phenyl-N'-(2-~arboxyphenyl)urea was prepared from sodium anthranilate and phenyl 

He reported its melting point as 

The solution was cooled and filtered by suction. 

isocyanate in accordance with the work of Paal (10). 
181". -4 mixed melting point of these two products was 181-182". 
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E. 2-Aminobenzhydroxamic acid was prepared by the method given by Pope (6). To a 
cooled solution of 48 g. of sodium hydroxide in 300 ml. of water was added slowly with stir- 
ring 41.6 g. of hydroxylamine hydrochloride. To this solution was added 45.2 g. of methyl 
anthranilate and enough methyl alcohol to bring i t  into solution. This solution was allowed 
to  stand for three days a t  room temperature. It then gave a good test for hydroxamic acids 
with ferric chloride. The solution was distilled under reduced pressure until the sodium 
salt of the hydroxamic acid was precipitated, leaving about 100 ml. of the mother liquor in  
the flask. The salt was filtered by suction and washed with ether. The filtrate was made 
acid with hydrochloric acid and the free hydroxakic acid was precipitated. The crude 
product was recrystallized from ether by use of a Soxhlet extractor. I t  was light brownin 
color and had the melting point 149". The yield of the sodium salt and the free hydroxamic 
acid recovered from the mother liquor was 70%. 

It is fairly 
stable up to 140' and was kept for three months a t  room temperature without noticeable 
decomposition. I t  is soluble in ethyl acetate, slightly soluble in ether and almost insoluble 
in ligroin. 

This compound gives a good test for hydroxamic acids with ferric chloride. 

Anal. Calc'd for CIHSNZOZ: K, 18.46. Found: N,  18.24. 
Rearrangement of the sodium salt of 2-aminobenzhydroxamic acid. The dry sodium salt 

was heated until evidences of sublimation were noted. The residue was extracted with 
dilute potassium hydroxide and filtered into dilute hydrochloric acid. The precipitate 
formed was filtered and recrystallized from alcohol. It melted a t  302-303". 2-Oxybenzi- 
midazole was made according to the method described by Kyn (12). A mixed melting point 
of the two compounds was 302-303'. 

F. Dibenzoyl derivative of 2-aminobenzhydroxamic acid was prepared by adding 10 g. 
of the sodium salt of 2-aminobenzhydroxamic acid to 8 g. of benzoyl chloride dissolved i n  
50 ml. of dioxane. This was shaken thoroughly for thirty minutes and filtered to remove 
the precipitated sodium chloride. The crude benzoyl derivative was obtained by evapo- 
rating the dioxane solution to dryness. The residue was recrystallized from ethyl acetate 
and had the melting point 169'. This compound did not give a ferric chloride test for 
hydroxamic acids. 

Anal. Calc'd for C.,1HlsTu'zOd: N,  7.78. Found: N ,  7.66. 
G Potassium salt of F .  Two and fifty-six hundredths grams of the dibenzoyl derivative 

of 2-:~minobenzhydroxamic acid was suspended in 50 ml. of butyl alcohol containing 0.391 g. 
of potassium. This was stirred for fifteen minutes and the solid dissolved. The potassium 
salt was obtained by allowing the butyl alcohol to evaporate. The crude salt was dried 
and washed with ether. 

After 
boiling for fifteen minutes, a white precipitate began to settle out. The solution was cooled 
and filtered. The precipitate was dissolved in dilute potassium hydroxide and filtered 
into dilute hydrochloric acid. The precipitate was filtered and recrystallized from alcohol. 
I ts  melting point was 298". mixed melting point with 2-oxybenzimidazole was 300'. 
2-Oxybenzimidaxole, prepared by the method of Kyn (12)' melted a t  302". This indicates 
that the rearrangement product was 2-oxybenzimidazole. 

It was then dried overnight in a desiccator. 
Rmrrangement of G .  This potassium salt was added to 100 ml. of boiling water. 

SUMMARY 

1. The 2-aminobenzhydroxaniic acid reported by Meyer and Bellman ( 5 )  was 
prepared and shown to be O-(2-aminobenzoyl)hydroxylamine. 

2. The compound prepared from methyl anthranilate and hydroxylamine was 
found to be the true 2-aminobenzhydroxamic acid. 

3. The potassium salt of the dibenzoyl derivative of 2-aminobenzhydroxamic 
acid was found to rearrange to form 2-oxybenzimidazole rather than a sym.- 
disubstituted urea. 
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4. The sodium salt of 2-aminobenzhydroxamic acid formed 2-oxybenzimida- 
aole upon heating. 

ATHENS, GA. 
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Although many dialkylated derivatives of naphthalene have been reported 
from Friedel-Crafts type alkylations, many of the products have not been sepa- 
rated into pure chemical components, and even for those few dialkylnaphthalenes 
which have been isolated as pure crystalline compounds, the structure has in no 
case been established. 

The dialkylnaphthalenes most readily obtained in crystalline form are t,he 
di-t-butyl derivatives (1, 2). Fractional distillation of the product from the 
reaction of naphthalene with 2-butyl or isobutyl chloride and aluminum chlo- 
ride (1, 2) or with 2-butyl alcohol and boron fluoride (3) or hydrogen fluoride 
(4, 5)' gave solid mixtures of di-t-butylnaphthalenes. This mixture contained 
varying proportions of an isomer (I) which crystallized as stout, flat needles 
melting a t  145-146', and which could be converted to the corresponding quinone 
by chromic oxide in acetic acid (2), but could not be converted into a picrate. 
The residue remaining after separation of this high-melting isomer gave a beauti- 
fully crystalline picrate, m.p. 156-156.5'. This picrate, which was not pre- 
viously analyzed successfully (2), has now been shown to be composed of three 
moles of hydrocarbon and two of picric acid. Furthermore, the hydrocarbon 
recovered from the purified picrate, which crystallized from alcohol as fine, 
cottony needles melting unsharply a t  80-82", has been shown to be a mixture of 
two isomers. Careful fractional recrystallization from alcohol or acetic acid 
yielded fine needles (11) melting sharply a t  103-104". A mixture of this sub- 
stance (2 parts) with the higher-melting isomer (I) (1 part) melted a t  80-82' 
and was identical with the material recovered from the picrate. Evidently the 
picrate contains one molecule of I, two molecules of I1 and two of picric acid. 

CioHe(C4H& + 2CioH6(C4&)2 
m.p. 146" m.p. 104' 

I I1 
A 2C~H3Ns07 L- 

m.p. 80-82' 4 ' Picrate (3C1dh 4- 2C6H3H3o7) 
NH40H m.p. 156-156.5' 

All attempts to establish the structure of these two hydrocarbons by degra- 
dation have failed. Oxidation with dilute nitric acid gave no naphthalic acids. 
Oxidation of either isomer I or I1 with mercuric sulfate and sulfuric acid yielded 

Tsukervanik and Terent'eva (5), using t-butyl alcohol and aluminum chloride, report 
a di-t-butylnaphthalene, m.p. 132", picrate, m.p. 99", which differs from any product iso- 
lated by any other procedure. 

517 
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small amounts of phthalic anhydride. This evidence may not signify the pres- 
ence of both alkyl groups in one ring, however, since the sulfuric acid may have 
catalyzed the elimination of a t-butyl group during the oxidation (6). 

A synthetic approach also failed, since the reaction of p-di-t-butylbenzene with 
succinic or maleic anhydrides was found to result in almost complete elimination 
of one t-butyl group, the principal product from the two reactions consisting 
principally of p-t-butylbenzoylpropionic and acrylic acids, respectively. 

co 
CHz \ 
CH, / 

co 

/ \  0 

\ /  

(CHJ)~C\J /-\C(CH~)J - + [ 0- A'CIL (CHd #A,=--- $XX32CH,COOH 

A similar elimination of a t-butyl group of p-di-t-butylbenzene has been previ- 
ously observed for acetylation by Koch and Steinbrink (7) .  

From the alkylation of naphthalene with cyclohexanol and aluminum chloride, 
Bodroux (8) obtained a crystalline dicyclohexylnaphthalene, m.p. 151", as well 
as a liquid isomer. Using cyclohexene as the alkylating agent, Pokrovskaya and 
Stepantseva (9) obtained similar products. The crystalline isomer was dehy- 
drogenated to a diphenylnaphthalene (9), m.p. 230', melting much higher than 
any previously reported diphenylnaphthalene. 

By alkylation of naphthalene with cyclohexanol and boron fluoride, we have 
obtained a new crystalline dicyclohexylnaphthalene, m.p. 83", accompanied by 
an isomeric liquid. Dehydrogenation of the new crystalline isomer by heating 
with selenium gave 1,4-diphenyInaphthalene, m.p. 132-133", identical with an 
authentic specimen. 

Similar dehydrogenation of the liquid material yielded only traces of a crys- 
talline product, which melted at  231' and is evidently identical with the di- 
phenylnaphthalene of unknown structure obtained by Pokrovskaya and Ste- 
pantseva (9). It was undoubtedly formed from traces of the high-melting (151') 
isomer present in the liquid in amounts too small to isolate. 

It thus appears that the alkylation of naphthalene with cyclohexanol yields 
a t  least three isomeric dicyclohexylnaphthalenes. The crystalline isomer melt- 
ing at  83', isolated from the boron fluoride-catalyzed reaction, has been definitely 
identified as 1 ,4-dicyclohexylnaphthalene. 

The most likely structure for the crystalline isomer melting at  151' is that of 
2,6-dicyclohexylnaphthalene. The liquid material is an isomer (or isomers) as 
yet unidentified. 

 EXPERIMENTAL^ 
E-t-butylnaphthulenes. The reaction of naphthalene (118 g.)  with two moles of t-butyl 

chloride in 100 cc. of carbon disulfide proceeded vigorously on the addition of 8 g. of alu- 

2 Analyses by Charles W. Beazley, L. G. Fauble, Mary Kreger, and Margaret McCarthy. 
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minum chloride with stirring. Hydrolysis and distillation yielded a solid mixture of di-t- 
butylnaphthalenes (88-95%), boiling a t  about 200" (20 mm.). Approximately 10% of this 
mixture could be obtained as stout, flat needles by careful fractional recrystallization from 
methyl or ethyl alcohol, m.p. 145-146". The residue formed fine, cottony needles melting 
unsharply a t  about 80-82". This latter material formed a picrate crystallizing from alcohol 
as lustrous, orange needles, m.p. 156-156.5", for which the analytical data  indicate the 
formula (C,sHz4),(CeHsOlNa)z. 

Anal. 

Decomposition of the picrate regenerated the hydrocarbon as fine needles, m.p. 80-82". 
Careful recrystallization of this substance from acetic acid or alcohol yielded needles 
melting sharply a t  103-104". A mixture of this compound (2 parts) and the higher-melting 
isomer (1 part) melted a t  80-82" and was identical with the material recovered from the 
picrate. 

The higher-melting isomer was readily converted to  the corresponding quinone, m.p. 
8343.5" (2), but all attempts to prepare a quinone from the lower-melting isomer or the 
low-melting mixture by oxidation with chromic acid in acetic acid have yielded red oils 
from which no crystalline material could be isolated. 

Reductive acetylation of the oily oxidation product by heating with zinc dust in  acetic 
anhydride gave an oil from which a small amount of white needles, m.p. 139-140°, was 
obtained by recrystallization from alcohol. These needles are evidently the diacetate of 
the hydroquinone derived from the high-melting hydrocarbon. 

Calc'd for CsaH~sNsOtr: C, 67.18; H, 6.67; N, 7.13. 
Found: C, 67.09; H, 6.71; N, 7.20. 

Anal. Calc'd for CzzHZ8Oa: C, 74.13; H, 7.92. 
Found: C, 73.76, 74.44; H, 7.78, 8.00. 

Oxidation of either di-t-butylnaphthalene with mercuric sulfate in concentrated sulfuric 
acid yielded only phthalic acid. Either the t-butyl groups are on the same ring or, very 
probably, the sulfuric acid caused dealkylation ( 6 ) .  

p-Di-t-butylbenzene and succinic anhydride in carbon disulfide solution were treated 
with an equivalent amount of aluminum chloride at -15" for twelve hours. Hydrolysis, 
followed by extraction with sodium bicarbonate yielded a large amount of acid. This 
material was almost entirely p-t-butylbenzoylpropionic acid, m.p. 126" (2), identified 
further by permanganate oxidation to p-t-butylbenzoic acid, m.p. 162" (2). By careful 
fractional crystallization from methanol, a small portion (3.5%) of the crude product was 
isolated as  colorless tetragonal crystals, m.p. 176-177". This acid was isolated more 
readily by converting the crude acid mixture to  its benzylthiuronium salt with a limited 
quantity of benzylthiuronium chloride (10). The salt, m.p. 142-143", was decomposed 
by dissolving in hot acetic acid; the free acid crystallized on cooling. This acid had the 
proper neutral equivalent for a di-t-butylbenzoylpropionic acid but the analysis indicated 
two too few hydrogen atoms. The product gave a negative test for unsaturation with 
bromine and with permanganate. 

Anal. Calc'd for ClsH~aOa: C,  74.43; H, 9.03; N.E., 290. 
Calc'd for C18H2408: C, 74.95; H, 8.39; N. E., 288. 
Found: C, 74.96; 74.98, 75.03; H, 8.29, 8.30, 8.58; N. E., 286, 284, 288. 

Oxidation with permanganate (11) has yielded two crystalline oxidation products. One, 
lustrous pearly plates, m.p. 194-196", is apparently the normal oxidation product, since 
the analysis and neutral equivalent indicated a product with two less hydrogen atoms 
than di-2-butylbenzoic acid. 

Anal. Calc'd for CISH2202: C, 76.88; H, 9.47; N. E., 234. 
Calc'd for C1SH2002: C, 77.55; H, 8.68; N. E., 232. 
Found: C, 77.53; H, 8.69; N. E., 231. 

A second oxidation product, m.p. 217-218', had the same neutral equivalent (233) but 

p-Di-t-butylbenzene and maleic anhydride were condensed by the same procedure as that 
The only product which could be isolated was p-t-butyl- 

contained 71.41% carbon and 7.33% hydrogen. 

used for succinic anhydride. 
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benzoylacrylic acid, which crystallized from benzene-ligroin as yellow-green plates, m.p. 
123", or yellow-green needles, m.p. 128". 

Anal. Calc'd for CI4HlsOa: C, 72.38; H, 6.93; X. E., 232. 
Found (123"): C, 72.44; H, 7.09; N. E., 231. 
Found (128'): C, 72.21; H, 7.06; Tu'. E., 233. 

Both forms gave positive tests for unsaturation with bromine and with permanganate, 
and yielded p-t-butylbenzoic acid on oxidation. 

Dicyclohexylnaphthalene. Boron fluoride was found to be a much more convenient 
catalyst for alkylation of naphthalene with alcohols (3) than aluminum chloride. The 
reaction is carried out very simply by  passing boron fluoride through a suspension of 
naphthalene in  alcohol at room temperature. In  several reactions cooled to  0" there was 
no apparent reaction for half a n  hour or so and then the reaction proceeded so vigorously 
that  all stoppers were blown out of the apparatus and a considerable portion of the reaction 
mixture was lost. Apparently, when the alkylation mixture is cooled, the boron fluoride 
dissolves without reacting and then suddenly, all the dissolved catalyst reacts at once, 
whereas, at room temperature, the reaction proceeds smoothly as the boron fluoride is  
passed into the mixture. 

To prepare dicyclohexylnaphthalenes, 128 g. (1 mole) of naphthalene was suspended 
in  220 g. (2.1 moles) of cyclohexanol in  a 1-liter flask. Boron fluoride was passed in  rapidly 
for thirty minutes; the mixture was allowed to warm up from the heat of reaction. The 
dark red reaction mixture separated into two layers and, after standing for one day a t  room 
temperature, i t  was washed with dilute alkali and water; 300 cc. of benzene was added to  
facilitate the washing process. The pale tan benzene solution was dried and distilled. 
The dicyclohexylnaphthalene fraction, 55 g. (19%), b.p. 240-260" (6 mm.), was a pale 
yellow oil. The oil was dissolved in  the minimum amount of ligroin and cooled in  a solid 
carbon dioxide-alcohol bath to  induce crystallization. After three weeks a t  O", 7 g.  of 
crystalline material had separated. Recrystallization from ligroin and from alcohol 
yielded 1,Q-dicyclohexylnaphthalene, m.p. 8343.5". 

Anal. Calc'd for C22H28: C, 90.35; H, 9.65. 
Found: C, 90.15; H, 9.61. 

Dehydrogenation. The position of the dicyclohexyl groups was demonstrated by dehy- 
drogenation of 7 g. of the hydrocarbon with 14 g. of selenium a t  350" for sixty hours. Dis- 
tillation of the product, followed by recrystallization from alcohol, gave a substantial 
yield of 1 ,$-diphenylnaphthalene, clusters of needles, m.p. 132-133". The identity was 
checked by a mixed melting point determination with an authentic specimen. 

The liquid dicyclohexylnaphthalene mixture recovered from the first crystallization of 
the 1,4-isomer was subjected to the same treatment with selenium. Only a minute amount 
of diphenylnaphthalene was recovered; i t  crystallized from alcohol as shiny plates, m.p. 
231". It is evidently identical with the diphenylnaphthalene Pokrovskaya and Stepant- 
seva (9) obtained by dehydrogenation of the dicyclohexylnaphthalene melting at 151'. 
In  view of the high melting point of these two compounds, in comparison with isomers of 
known structure, i t  seems highly probable that  the phenyl and cyclohexyl groups are in 
the 2,6-position. 

SUMMARY 

A new di-t-butylnaphthalene, m.p. 104', has been isolated from the mixture 
formed by the alkylation of naphthalene. The dialkylated material melting a t  
about 80-82' has been shown to be a mixture of two parts of this new isomer and 
one part of the isomer melting a t  146'. These two isomers form a mixed picrate 
composed of one mole of the high-melting (146') di-t-butylnaphthalene, two of 
the low-melting (104') isomer and two of picric acid. 

The principal product of the reaction of p-di-t-butylbenzene with succinic 
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anhydride was p-t-butylbenzoylpropionic acid, accompanied by small amounts 
of a saturated acid of unknown structure containing two less hydrogen atoms 
than di-t-butylbenzoylpropionic acid. 

From the boron fluoride-catalyzed alkylation of naphthalene with cyclohex- 
an01 a new crystalline dicyclohexylnaphthalene, m.p. 83-83.5’, has been isolated. 
Since dehydrogenation yielded 1 ,4-diphenylnaphthalene, this compound must 
be 1 ,4-dicyclohexylnaphthalene. 

URBANA, ILL. 
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When phenyl caprylate is rearranged in the presence of aluminum chloride it 
has been shown (1) that the ratio of para- to ortho-hydroxy ketones obtained is 
influenced by the amount of catalyst employed. Although metallic halides, 
other than aluminum chloride, have been somewhat extensively investigated as 
acylation catalysts very little work has been reported with regard to the effect of 
such catalysts upon the rearrangement of phenyl esters. Eijkman (2) studied 
the rearrangement of substituted phenyl esters in the presence of ferric and zinc 
chlorides. The rearrangement of phloroglucinol triacetate in the presence of 
ferric chloride and also of zinc chloride has been reported by Heller (3,4). These 
catalysts were considered only slightly less active than aluminum chloride. 
Huber and Brunner (5 )  obtained a 25% yield of p-hydroxyacetophenone by the 
action of ferric chloride upon phenyl acetate, and a 16% yield of p-hydroxyiso- 
butyrophenone from phenyl isobutyrate. They also reported a 28% yield of 
p-hydroxybenzophenone together with a small amount of o-hydroxybenzophe- 
none by the action of ferric chloride upon phenyl benzoate. Sekera (6) has 
studied the transformation of aryl esters of carboxylic acids to hydroxyaryl ke- 
tones by the use of ferric chloride and also of zinc chloride, and considered 
neither as effective as aluminum chloride. 

This previous work has indicated that both ferric and zinc chlorides produce 
less ester rearrangement than aluminum chloride. The quite recent work of 
Dermer and co-workers (7,s) upon the acylation of toluene with acetyl chloride 
in the presence of various metallic halides has essentially confirmed the order of 
catalytic activity in acylation reactions as given by Calloway (9). The conclu- 
sions were that ferric chloride, titanium tetrachloride, stannic chloride, and zinc 
chloride are materiaIIy less active than aluminum chloride. Although these con- 
clusions were drawn from acylation experiments, it  seems likely that they would 
also apply to ester rearrangements. Since we have previously studied ( 1 , l O )  the 
rearrangement of phenyl caprylate with aluminum chloride under a variety of 
conditions, it appeared of interest to investigate this rearrangement further using 
several other metallic halides. Ferric chloride, titanium tetrachloride, stannic 
chloride, and zinc chloride were selected as the halides to be used in this investi- 
gation. The rearrangement of phenyl caprylate with various molebular ratios 
of these halides has, therefore, been studied and the results compared with those 
previously obtained with aluminum chloride under similar conditions. 

Ferric chloride is a very active catalyst for the rearrangement of phenyl 
caprylate as can be seen from the data in Table I. For this particular rearrange- 
ment the activity of ferric chloride appears to be comparable to  that of aluminum 
chloride. 

522 
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45.9 

52.3 

Compared to aluminum chloride, ferric chloride gives a decidedly greater ratio 
of para- to ortho-hydroxy ketones for the same percentage of ester conversion. 
One very significant difference between ferric chloride and aluminum chloride is 
that when ferric chloride is used as the catalyst the p/o ratio of the product is less 
the greater the molecular amount of catalyst employed, while with aluminum 
chloride t,he reverse was found to be true (10). The reason for this is not appar- 
ent a t  the present time. In drawing conclusions from any comparisons of this 
nat,ure it is necessary to establish the absence of any rearrangement of the prod- 
ucts under the experimental conditions employed in the ester rearrangement. 
When ortho-hydroxycaprylophenone was heated for six hours a t  70" in the 
presence of a molecular ratio of ferric chloride, an 84.5% recovery of the hy- 
droxy ketone was obtained and no para isomer was found. A recovery of 94.5% 

12.5 

18.6 

TABLE I 
REARRANGEMENT OF PHENYL CAPRYLATE BY FERRIC CHLORIDE : 

SOLVENT, TETRACHLOROETHANE 

55.9 

44.5 

57.7 

MOLECULAR RATIOS 

23.5 

28.7 

27.4 

Ester 1 
FeC13 0.5 

1.55 

Ester 1 
FeC13 1 

3.2% ortho residue 

Ester 1 
FeC13 1.3 

:Ester 1 
FeC13 2 

Ester 1 
FeCla 2 

TIME, AND 
T E W . ,  "c 

6 hrs. 
70 

6 hrs. 
70 

6 hrs. 
70 

6 hrs. 
70 

3 days 
40 

%PABA 1 %ORTHO % ESTER 

24.3 

9 .1  

6 .5  

6.7 

4.4 

REHARKS 
I 
I AT10 P/O 

Ti 8.7% ortho residue 

2.81 1 15.0% ortho residue 

2.38 1 5.5% ortho residue 

of the para-hydroxy ketone was encountered under similar conditions. It is, 
therefore, apparent that these hydroxy ketones did not undergo rearrangement 
in our experiments. 

That titanium tetrachloride is not as effective in promoting the rearrangement 
of phenyl caprylate as ferric chloride is apparent from a comparison of the results 
in Tables 11 and I11 with those in Table I. Several other significant differences 
between the action of these two catalysts are worthy of comment. The p/o 
ratio is much less when titanium tetrachloride is employed than when ferric 
chloride is used. Substantial amounts of caprylic acid and p-caprylylphenyl 
caprylate are present in the reaction products when titanium chloride is employed 
whereas these substances were not observed in rearrangements with ferric chlo- 
ridch. In similar rearrangements using aluminum chloride (1) caprylic acid was 
found to be one of the reaction products when less than molecular amounts of 
aluminum chloride were used or when aluminum chloride complexes mere em- 
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% P A B A  

0.9  

13.5 

22.7 

19.1 

0.9 

ployed to effect the rearrangement. Its presence was ascribed to  the slow rate 
of acylation of aluminum chloride complexes. p-Caprylylphenyl caprylate has 
been previously shown (1) to be one of the intermediate products in the rearrange- 
ment of phenyl caprylate with aluminum chloride and its presence is indicative of 
incomplete acylation. 

% OXTHO 

___- 
18.7 

11.5 

36.6 

22.1 

4.1 
I 

TABLE I1 

SOLVENT, TETRACHLOROETHANE 
REARRANGEMENT O F  PHENYL CAPRYLATE BY TITANIUM TETRhCHLORIDE : 

0.05 

MOLECULAX 
BATIO 

2.7% p-Caprylylphenyl cap- 
rylate 3.2% caprylic acid. 

Ester 1 
Tic14 1 

Ester 1 
Tic14 1 

Ester 1 
Tic14 1 

Ester 1 
Ticla 1 

Ester 1 
Tic14 2 

TIME, AND 
T E D .  'c. 

1.5 hrs. 
30 

3 hrs. 
70 

3 hrs. 
100 

6 hrs. 
70 

2 hrs. 
30 

% ESTEB 

57.6 

44.6 

7 . 0  

19.7 

79.1 

ORTHO I EMAPES 

1.17 

0.62 

8.2% p-Caprylylphenyl cap- 
rylate 10 .O% caprylic acid. 

7.7% p-Caprylylphenyl cap- 
rylate 6.2% caprylic acid. 

0.86 1 10.0% p-Caprylylphenyl 
caprylate 5.2% caprylic 
acid. 

0.22 1.8% p-Caprylylphenyl cap- 
~ rylate 5.5% caprylic acid. 

TABLE I11 
RE.4RRANGEMENT O F  PHENYL CAPRYLATE BY TITANIUM. TETRACHLORIDE : 

SOLVENT, NITROBENZENE 

MOLECULAR 
BATIO 

Ester 1 
Tic14 0 . 5  

Ester 1 
TIC14 1 

Ester 1 
Tic14 1.3  

6 hrs. 
70 

6 hrs. 
70 

6 hrs. 
70 

% PARA 

29.5 

35.0 

29.5 

I 
, & ORTHO % E S T E R  

11.6 ~ 19.3 
i 

18.4 ~ 2.0 

26.3 1 .9  
I 

2.54 

1.90 

1.12 

XEYARKS 

5.4% Caprylic acid. 

17.4% Caprylic acid. 

10.5% Caprylic acid 

When nitrobenzene is employed as the solvent (Table 111) the p/o ratio is 
decidedly greater than when tetrachloroethane is used. This is in agreement 
with previous observations (1) with aluminum chloride. The decrease in the 
value of p/o with increased amounts of titanium tetrachloride was also observed 
with ferric chloride. 

When carbon disulfide was employed as the solvent, 2.3y0 of p-hydroxycapry- 
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1 .8  

1 .8  

4 . 5  

lophenone and 0.9% of the ortho isomer were obtained after six hours a t  30" in 
the presence of titanium tetrachloride. Since 85.4% of the ester was recovered 
unchanged, it is evident that this reaction does not proceed as rapidly as in either 
tetrachloroethane or nitrobenzene. 

In  order to exclude the possibility of a rearrangement of the hydroxy ketones 
themselves in the presence of titanium tetrachloride o-hydroxycaprylophenone 
and p-hydroxycaprylophenone were treated with one molecular equivalent of 
titanium tetrachloride in nitrobenzene for six hours at 70". The recovery of the 
former was 91.4% and of the latter 94.5%, thus showing the absence of rear- 
rangement. 

Stannic chloride is a much weaker catalyst than either ferric chloride or tita- 
nium tetrachloride for the rearrangement of phenyl caprylate as shown by the 
results in Table IV. In spite of the higher temperatures employed, the yield of 
ortho- and para-hydroxy ketones is quite small and a large proportion of the 

6 .9  ~ 70.8 
~ 

6 .7  71.5 

6 . 3  70.1 

TABLE IV 
REARRANGEMENT OF PHENYL CAPRYLATE BY STANNIC CHLORIDE : SOLVENT, 

TETRACHLOROETHANE 

MOLECULAR PATIO 

Ester 1 
8nC14 0 . 5  

Ester 1 
SnClr 1 

Ester 1 
SnC14 2 

TIME, AND 
TEMP. 4c. 

7 hrs. 
150 

7 hrs. 
150 

7 hrs. 
150 

5.0% p-Caprylylphenyl cap- 
rylate. 

2.7% p-Caprylylphenyl cap- 
rylate. 

5.0% p-Caprylylphenyl cap- 
rylate. 

original ester is recovered unchanged. The presence of significant amounts of 
p-ca,prylylphenyl caprylate in the reaction products is noteworthy. 

Runs made with phenyl caprylate and zinc chloride in both tetrachloroethane 
and nitrobenzene under conditions varying from six hours a t  100' to twenty-four 
hours a t  160', showed this catalyst to be much less effective than stannic chloride. 
In all cases the phenyl caprylate was recovered essentially unchanged, showing 
that zinc chloride is only very slightly catalytic under these conditions. The 
order of activity of the catalysts investigated is, therefore: FeCL > TiCI4 > 
SnC14 > ZnClz. 

EXPERIMEKTAL 

The following procedures are typical examples of runs reported in  this article. 
Fyies rearrangement of pheszyl caprylate with ferric chloride. Anhydrous ferric chloride 

(16.2 g., 0.1 mole) was placed in a 200-cc. three-necked flask equipped with a mechanical 
stirrer, thermometer, and dropping-funnel. Tetrachloroethane (25 cc.) was then added, 
and phenyl caprylate (22 g., 0.1 mole) dissolved in 25 cc. of tetrachloroethane was admitted 
through the dropping-funnel (10 min.). The dropping-funnel was then replaced by a 
condenser and the reaction mixture heated for six hours a t  70". It was allowed to cool 
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and hydrolyzed by pouring into 200 cc. of 5% hydrochloric acid. The tetrachloroethane 
was removed by steam distillation, the product cooled and extracted with ether. The 
ether solution was dried over anhydrous sodium sulfate. Unless this solution is dried, 
emulsions are obtained upon extraction of the para isomer. The ether solution was then 
extracted with four 25-cc. portions of 3% sodium hydroxide. The ether solution was then 
washed with water and these washings added to the alkaline extract. 

The alkaline extract was acidified with hydrochloric acid, the excess ether removed by 
boiling, and the mixture cooled in order to solidify the p-hydroxy ketone. The mixture was 
then filtered and the product air dried. This product was weighed, recrystallized from 
petroleum ether, and identified as p-hydroxycaprylophenone by mixed melting point (yield 
11.5 g., 52.3%). 

The ether extract was dried with anhydrous sodium sulfate, filtered, and the ether 
removed in a Claisen flask in a water-bath. The product was distilled under reduced pres- 
sure and that boiling below 165" was retained. The percentage of phenyl caprylate in the 
mixture was then determined as previously described (10) (yields: 2.0 g. phenyl caprylate, 
9.1%; 4.1 g. o-hydroxycaprylophenone, 18.6%). 

Fries rearrangement of phenyl caprylate with titanium tetrachloride. Phenyl caprylate 
(22 g., 0.1 mole) was weighed into a 200-cc. three-necked flask and 25 cc. of tetrachloroethane 
added. Freshly distilled titanium tetrachloride (19.0 g., 0.1 mole) dissolved in 25 cc. of 
tetrachloroethane was added dropwise over a period of fifteen minutes. The reaction mix- 
ture was heated for six hours a t  70", after which i t  was cooled and hydrolyzed as previously 
described. The tetrachloroethane solution was washed several times with 5% hydrochloric 
acid in order to remove titanium salts. The omission of this step leads to the formation of 
emulsions during the separation of the isomers. The tetrachloroethane was removed by 
steam distillation and the separation and identification of the isomers carried out as pre- 
viously described. 

In the distillation of the o-hydroxy ketone-ester fraction a product boiling above 165' 
'cvas obtained which, after purification, was identified as p-caprylylphenyl caprylate. 
Identification was made by mixed melting point. Caprylic acid in  the para fraction was 
determined by titration. The yields were as follows: p-hydroxycaprylophenone, 4.2 g., 
19.1%; o-hydroxycaprylophenone, 4.9 g., 22.3%; p-caprylylphenyl caprylate, 2.2 g., 10%; 
caprylic acid, 1.5 g., 6.8%. 

Fraes rearrangements of phenyl caprylate in  the presence of stannic chloride and of zinc 
chloride. These arrangements and the separation of the products were conducted in a 
manner similar to that described above. When stannic chloride is employed i t  is advisable 
to remove the tin salts by washing with hydrochloric acid prior to  steam distillation of 
the solvent. Failure to do this results in the formation of emulsions from which the product 
separates with great difficulty. 

Attempted rearrangement of p-hydroxycaprylophenone. p-Hydroxycaprylophenone 
(22.0 g., 0.1 mole) was dissolved in 25 cc. of tetrachloroethane, and ferric chloride (16.2 g., 
0.1 mole) added. The mixture was heated for six hours a t  70" and steam distilled to  remove 
the tetrachloroethane; alkaline extraction of the product gave 20.6 g., 94.5%, of p-hydroxy- 
caprylophenone. KO o-hydroxycaprylophenone was present. 

Under similar conditions o-hydroxycaprylophenone was recovered unchanged (18.6 g., 
84.5%). 

Similar reactions using titanium tetrachloride as the catalyst and nitrobenzene as the 
solvent resulted in a recovery of 20.8 g., 94.5%, of p-hydroxycaprylophenone and 20.1 g., 
91.4%, of o-hydroxycaprylophenone. 

SUMMARY 

1. A study of the rearrangement of phenyl caprylate in the presence of ferric 
chloride, titanium tetrachloride, stannic chloride, and zinc chloride has been 
made. 
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2. The activity of ferric chloride is comparable to that of aluminum chloride 
for this rearrangement; titanium tetrachloride is appreciably less active and both 
stannic and zinc chlorides are only weakly catalytic. 

3. Ferric chloride produces a much higher ratio of para-hydroxy ketones to 
ortho-hydroxy ketones than aluminum chloride or titanium tetrachloride. 

4 .  Caprylic acid and p-caprylylphenyl caprylate are among the products 
formed during the rearrangement of phenyl caprylate with either titanium tetra- 
chloride or stannic chloride. 

VHICAGO, ILL. 
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It was the primary purpose of this investigation to study the action of organic 
acid halides on silico-orthoesters. Interest in this problem was first aroused 
when i t  was discovered that most of the fundamental work herein was carried 
out long ago and in some cases had not been reported as completely as might 
have been expected. As the work developed it soon became apparent that 
data should be a t  hand concerning the action of dry hydrohalogen acids on 
silico-orthoesters. 

Friedel and Crafts (1) in 1866, reported the discovery of a reaction between 
acetyl chloride and ethyl orthosilicate. 

I. Si(OC2H& + CH3COCl = C ~ S ~ ( O C - Z H ~ ) ~  + CH&OOCzHs 

These investigators prepared the same product, triethoxysilicon chloride, by 
another method, namely the action of phosphorus pentachloride on ethyl ortho- 
silicate. The work was continued by Friedel and Ladenburg (2, 3), not only 
making use of ethyl orthosilicate but ethyl ethane orthosiliconate as well. The 
silicon compound present after the reaction was completed was not isolated 
in the second case, but its hydrolysis product gave a satisfactory analysis for 
ethane siliconic acid. The reaction product could have been CzHsSi(OC2H5)3, 
C2HsSiC13, or compounds with varying numbers of ethoxyl groups and chlorines. 
Ethyl acetate was also isolated. 

Ladenburg (4) reported two years later on the reaction between benzoyl 
chloride and ethyl ethane orthosiliconate in which ethyl benzoate and 
CzH5Si(OC2H&C1 were formed. 

Analogous reactions exist in the chemistry of the carbon series of ortho- 
formates (5 ) .  

To date, work carried out on the action of hydrohalogen acids on silico- 
orthoesters has been confined to reactions in the field of hydrolysis (4, 6). The 
closest analogies which could be found lie in the field of the carbon ortho- 
formates (7, 8). 

11. HC(OCzH6)3 + HC1 = C2HijC1 + HCOOCzHs + CzHsOH 

111. HC(OC3H7)3 + 2HBr = 2C3H7Br + HCOOH + C3H70H 

IV. HC(OC2Hs)S + 3HI = 3CzHJ + HCOOH + HOH 

1 -Abstract of a thesis presented by the second author in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy. 

528 
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DISCUSSION 

-4cetyl chloride has been found to react with ethyl orthosilicate in the molar 
rat,io of one to one at 135" with the production of a ninety per cent yield of tri- 
ethoxysilicon chloride (Equation I). Two moles of acetyl chloride react with 
one of ethyl orthosilicate in a sealed tube at 185" giving a fair yield of impure 
diethoxysilicon dichloride. When treated in the same manner, with five moles 
of chloride to  one of orthoester, a slight amount of ethoxysilicon trichloride 
was formed. Two other runs were made, in a steel bomb, a t  200" the molar 
proportions being two of chloride to one of orthoester in one case and one to  
one in the other. Dry, 
spongy, siliceous polymers were found after distillation of ethyl acetate. Butyl 
orthosilicate reacted a t  185" in a sealed tube with an equimolar amount of acetyl 
chloride to form tributoxysilicon chloride. 

Equimolar amounts of ethyl orthosilicate and benzoyl chloride were heated 
together for five hours just a t  the boiling point of the mixture. Considerable 
darkening took place and distillation revealed the formation of a seventy per 
cent yield of triethoxysilicon chloride along with an eighty-eight per cent yield 
of ethyl benzoate. As a means of identification the product from this run (KO. 7, 
Table I) was treated with butyl alcohol, producing butyl triethyl orthosilicate. 

V. CdH90H + CISi(OCsH& = HC1 + C4H90Si(OC2H& 

Repeating the run, using four molar times the amount of benzoyl chloride did 
not give a product capable of identification. 

It seemed of 
interest to study the reaction of one or two of these compounds with an acyl 
halide to determine the course of the reaction. It was not known whether the 
halogen atom of the halide would attach to  silicon with the formation of an 
organic acid anhydride or to the acyl radical forming a different acyl halide. 
Accordingly, triethoxysilicyl acetate and acetyl chloride were allowed to  react, 
in the molar ratio of one to two, a t  about 40" for three hours. No reaction took 
place. Equimolar amounts were then heated in a sealed tube at  185" for five 
hours. Distillation of this product gave no compounds capable of identifica- 
tion although some reaction had taken place. The same may be said of the 
attempted reaction between triethoxysilicyl propionate and acetyl chloride, in 
equimolar amounts a t  185" in a sealed tube for ninety minutes. 

In  all the above described reactions, varying quantities of polymerized siliceous 
material were formed. 

A study of the action of acid bromides on silico-orthoesters developed rather 
unusual features. Acetyl bromide was found to  react with ethyl orthosilicate 
in equimolar proportions when heated for two hours a t  185", with the production 
of no homogeneous silicon-containing material. Ethyl bromide was formed in 
twenty per cent yield and ethyl acetate, eighty per cent. A slowly rising boil- 
ing point of the remainder of the material indicated that polymerization had 
taken place. All of these fractions showed positive tests for bromine but this 

Only ethyl acetate could be identified from either run. 

l'olyalkoxysilicon acylates have already been prepared (9). 
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120 min, 135" 
60 min, 185" (sealed tube) 
60 min, 185" (sealed tube) 
60 min, 200" (bomb) 
60 min, 200' (bomb) 
60 min, 185" (sealed tube) 

300 min, b.p. 
120 min, b.p. 
180 min, 40" 
300 min, 180" (sealed tube), 

was not surprising, since hydrogen bromide was given off during distillation. 
In  exactly the same manner, benzoyl bromide reacted with ethyl orthosilicate, 
giving rise to a twenty-six per cent yield of ethyl bromide and sixty-eight per 
cent yield of ethyl benzoate. Acetyl bromide was found to react with butyl 
orthosilicate to produce butyl bromide but butyl acetate could not be separated 
from the remainder of the material in condition pure enough for accurate deter- 
mination, although there was evidence for its existence. The run was made 
under exactly the same conditions as those described above, save that the heat- 
ing was limited to one hour. A small amount of a compound was isolated, 
however, which gave the correct bromine analysis for tributoxysilicon bromide. 
As will be explained under Conclusions, it was thought that an ether might be 

~ ) S i ( O C & ) t  + CH3COBr 
13 Si(OC2Hs)4 + Cp&COBr 
14 i Si(OC4H9)4 + CH3COBr 

TABLE I 

120 min, 185" (sealed tube) C&Br + CH&OOC& 
120 min, 185" (sealed tube) CzHsBr + C6HsCOOC& 
60 min, 185' (sealed tube) C4H9Br + CH3COOC4H8 

BrSi(OCaHg)$(?) 

RUN 1 REACTANTS CONDITIONS 1 PRODUCTS 1 __ 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Si(OC2H6)4 + CHaCOCl 
Si(OC2H6)4 + 2CHaCOCl 
si(oCzH6)4 + 5CHsCOC1 
Si(OC2H6)4 + 2CHaCOCl 
Si(OCzH~)4 + CHaCOC1 
Si(OCIHs)4 + CHaCOCI 
Si(OCzH6)a + CeH&OCl 
si(OC&)4 + 4CeHsCOCI 
CHaCOOSi(OC2Hs)3 + 2CH3COCl 
CHaCOOSi(OC~H6)3 + CHsCOCl 
C2H6COOSi(OC2H6)S + CHaCOCl 

CISi(OCzHs)a 
ClzSi(OC2H5)2 
C13Si(OC2H5) 
polymers 
polymers 
ClSi (OCaH& 
ClSi (OC2H~)3 
unidentifiable 
no reaction 
unidentifiable 
unidentifiable 

TABLE I1 

REACTANTS CONDITIONS RESULTS I I 
I I I 

the intermediate in some of these reactions. Consequently, one run was carried 
out as was KO. 2, save that dibutyl ether was added to the reactants. The 
results were the same as would have been expected had no ether been present. 
Analogous results were obtained when a mixture of dibutyl ether, ethyl ortho- 
silicate and benzoyl bromide was heated in a sealed tube. Acetyl chloride did 
not react with dibutyl ether in the absence of the orthosilicate. 

Because of the evolution of hydrogen bromide from some of the reaction mix- 
tures on distillation, i t  was thought desirable to  investigate the action of dry 
hydrohalides on ethyl and butyl orthosilicates. 

Thoroughly dried hydrogen chloride was passed through ethyl orthosilicate 
a t  room temperature. An ice and salt-bath in series, after the reaction chamber, 
did not condense anything. At one time the reaction flask warmed up slightly. 
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An estimated three per cent yield of ethyl alcohol resulted on distillation of the 
products, two-thirds of the orthoester was recovered and the remainder con- 
sisted of polymerized silicon compounds. Repeating the procedure, using a 
solid carbon dioxide trap instead of ice and salt, gave no different results. In  a 
third run, 25 cc. of a saturated solution of dry hydrogen chloride in ethyl ortho- 
silicate was sealed in a tube and heated to  185" for one hour. On distillation, 
excws hydrogen chloride was caught in sodium hydroxide, and in addition, 
about 7 cc. was condensed in the COz trap, probably ethyl chloride. 

When dry hydrogen chloride was bubbled through butyl orthosilicate no 
evidence of a reaction could be detected, nor could any products be isolated 
even aft,er heating in a sealed tube as before. 

There was a much more pronounced heat effect when dry hydrogen bromide 
was bubbled through ethyl orthosilicate, the temperature rising as high as 
50-60" a t  times, this increase varying as the flow of gas. A small amount of 
ethyl bromide and of ethyl alcohol was isolated in a trap of ice and salt. When 

TABLE I11 

REACTANTS 

Si(OCzHs)4 + xHCP 
Si(OCzH6)d + xHCl 
Si(OCzHs)4 + xHCl 
Si(OCrHg)4 + xHCl 
Si(OC4H9)4 + xHCl 
Si(OCzH5)4 + xHBr 
Si(OCrHs)4 + xHBr 
Si(OC2H6)4 + xHI 
Si(OC4H9)4 + xHI 

CONDITION 

room temperature 
room temperature 
60 min, 185" (sealed tube) 
room temperature 
60 min, 185" (sealed tube) 
room temperature 
room temperature 
room temperature 
room temperature 

RESULTS 

CzH,Cl (?) 
CsH5Cl (?) 
CzHsC1 ( 2 )  

? 
? 

C2H6Br 
C4HgBr + C4HgOH 
CZHJ + C2H6OH 
C4HgI + C4HoOH 

a 'i denotes undetermined amounts. 

treated in the same manner, butyl orthosilicate yielded less than two per cent 
of butyl alcohol and about twenty per cent of butyl bromide. 

Ethyl orthosilicate reacted in the same manner with dry hydrogen iodide to  
form much ethyl alcohol and ethyl iodide. Accurate determinations of per- 
centage yields were not feasible owing to the difficulty of quantitative separation 
of alcohol and iodide. Butyl orthosilicate reacted thus, to form butyl alcohol 
and butyl iodide. 

EXPERIMENTAL PART 

Ethyl orthosilicate used in  this work was obtained from the Carbide and Carbon Chemi- 
cals Corporation, freshly distilled. Scetyl chloride, acetyl bromide, benzoyl chloride and 
benzoyl bromide were purchased from the Eastman Kodak Company, or were of a com- 
parable grade. Butyl orthosilicate was prepared by the action of butyl alcohol on silicon 
tetrachloride and fractionation of the products. Hydrogen chloride was prepared from 
concentrated hydrochloric acid and concentrated sulfuric acid, then passed over phosphorus 
pentoxide before being allowed to  enter the reaction chamber. Hydrogen bromide was 
prepared by the interaction of water, bromine and red phosphorus. It was dried by passage 
through tubes of calcium chloride and phosphorus pentoxide. Hydrogen iodide was pre- 
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pared by the action of water on red phosphorus and a large excess of iodine, then dried by 
passage over phosphorus pentoxide. 

Triethoxysilicyl acetate was prepared by the action of acetic anhydride on ethyl ortho- 
silicate (9). Triethoxysilicyl propionate was prepared in like manner, by the action of 
propionic anhydride on ethyl orthosilicate (9). 

Butyl triethyl orthosilicate was prepared in Run 7 ,  Table I, by the action of butyl alcohol 
oil triethoxysilicon chloride, b.p. 88-90' (16 mm.), n: 1.3945, literature b.p. 82.5" (15 mm.), 
n: 1.395 (9). These data were checked by another preparation from butyl alcohol and 
ethyl orthosilicate, b.p. 87" (14 mm.), n: 1.3925. In the course of the latter run diethyl 
dibutyl orthosilicate was formed, b.p. 105-107" (14 mm.), n: 1.4010. 

Triethozysilicon chloride was identified, b.p. 156-157" (744 mm.), Run 1, Table I, 154-159", 
Run 7 ,  Table I, C1 found 16.6, theory 17.9, Run 1, Table I. 

Diethoxysilicon dichloride was identified b.p 135-137" (748 mm.), C1 found 36.2, theory 
37.5; Si found 15.6, theory 14.8, Run 2, Table I. 

Tributoxysilicon chloride was identified b.p. 84-85' (1 mm.), C1 found 12.50, theory 12.55; 
Si found 20.0, theory 21.3, Run 6, Table I. 

Tributoxysilicon bromide was identified, Br found 23.4, theory 24.9, Run 14, Table 11. 
Other compounds isolated in the course of the work were identified in the same general 

manner, by the determination of their simple physical constants. 

CONCLUSIONS 

It has been shown that the reaction of an organic acid chloride on ethyl or 
butyl orthosilicate results in the formation of the expected trialkoxysilicon 
chloride. When the relative amount of acid chloride is increased, the corre- 
sponding dialkoxysilicon dichloride is formed. Optimum conditions seem to 
include heating, preferably in a sealed tube. The formation of alkyl bromide 
when acetyl or benzoyl bromide is used complicates any concept of reaction 
mechanism. 

With the alkyl bromides it was at first thought possible that the orthosilicate 
decomposed under the influence of the acid halide to a metasilicate and an ether 

VI. SiO(OGH5)4 = OSi(OC2H5)2 + C2H50C2Hs 

and that the ether then reacted with the acid halide. But separate runs carried 
out in the presence of dibutyl ether failed to produce any evidence in favor of 
a reaction of this type. At the present time it seems improbable to  suspect a 
direct splitting off of ethyl from ethyl orthosilicate-no evidence exists which 
could be accepted as proof of this type of orthoester decomposition. A break 
between ethyl and oxygen might be slightly more probable if the halogen were 
already attached to  silicon, as for example: 

VII. BrSi(OC2H5)a = C2H6Br + OSi(OC2€€&, 

but there is no proof for this mechanism either. The facts are, however, that 
both alkyl bromide and alkyl acetate, or benzoate, were formed when acid 
bromide reacted with'silico-orthoester. 

The action of dry hydrohalogen acids on silico-orthoesters bears out the gen- 
eral concept of the relative reactivities of these acids in organic media, namely 
that hydriodic acid is the most reactive of the three, hydrobromic second, and 
hydrochloric acid least. Qualitatively, the relative amounts of halide isolated 
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check with this fact. Although no proof exists, a mechanism might be assumed 
providing for the formation, first, of alcohol, which then would be expected to 
react with dry hydrohalogen acid 

VIII. Si(OCzH& + H I  = ISi(OCzH& + CzH50H 

IX. CzH6OH + H I  = HOH + CzH61 

X. HOH + ISi(OCzH& = HI  + C2H50H + OSi(0CzH& 

Polymerized silicon compounds could easily form by silicon-ether formation 
as soon as hydroxyl groups appear attached to silicon. These polymers were 
always obtained. 

SUMMARY 

I .  The action of acetyl chloride on ethyl orthosilicate, butyl orthosilicate, 
triethoxysilicyl acetate, and triethoxysilicyl propionate has been investigated 
within restricted sets of conditions. Benzoyl chloride has been found to react 
with ethyl orthosilicate a t  the boiling point of the mixture. 

2. Acetyl bromide has been found to react with ethyl and butyl orthosilicates, 
and benzoyl bromide with the former orthoester. The results are somewhat 
different as contrasted with those found in the case noted under ‘1.’ 
3. Dry hydrohalogen acids react with ethyl orthosilicates with results which 

could be explained on the assumption of the alcohol as intermediate. Dry 
hydrobromic and hydriodic acids were found to react with ethyl orthobutyrate. 
No definite proof is submitted as to  the mechanism, however. 

BUFFALO, N. Y. 

REFERENCES 
(1) FRIEDEL AND CRAFTS, Ann. chim. phys., (4) 9, 5 (1866). 
(2) FRIEDEL AND LADENBURG, Ann., 146, 174 (1868). 
(3) FRIEDEL AND LADENBURG, Ber., 3, 15 (1870). 
(4) LADENBURG, Ann., 164, 300 (1872). 
(5) POST, J .  Org. Chem., 1, 231 (1936). 
(6) LADENBURG, Ann., 173, 143 (1874). 
(7) ARNHOLD, Ann., 240, 195 (1887). 
(8) LIPPERT, Ann., 276, 177 (1893). 
(9) POST .4ND HOFRICHTER, JR.,  J .  Org. Chem., 6, 572 (1940). 



[COKTRIBUTION FROM THE CHEMICAL IJABORATORY OF WAYNE UNIVERSITY] 

A SEMIQUANTITATIVE EXTENSION OF THE ELECTRONIC THEORY 
OF THE ENGLISH SCHOOL 

A. EDWARD REMICK 

Received August 8, 19@ 

Of the many attempts to apply the electron theory to problems of organic 
reactivity, the most successful and hence the most widely used is the one de- 
veloped chiefly by the English school of organic chemists (1). According to this 
theory all chemical reactions are considered to be generalized oxidation-reduction 
reactions in the sense that a necessary condition for reaction is the bringing 
together of an electron-rich center of sufficiently low electronegativity and an 
electron-poor center of sufficiently high electronegativity; or one may say that 
no reaction can possibly occur unless the nucleophilic centers and the electro- 
philic centers have, respectively, sufficiently high nucleophilic and electrophilic 
reaction tendencies (2). It is also considered that in all slow reactions the rate- 
controlling step consists of the union of the most strongly electrophilic with the 
most strongly nucleophilic center unless such a union can be classified as a 
“neutralization” in the generalized sense of G. N. Lewis (3), in which event it 
involves no activation energy. Finally, substituents may alter the speed of a 
reaction by altering the electron density at the reaction site by five different 
modes of electron displacement: the I,, Id, E, M, and D effects (1). 

The weakness of the English theory lies in the fact that it is a qualitative 
theory and thus is not only unable to predict which of the various opposing 
electron-displacement effects is the largest but is also unable to predict the effect 
of substituents on a reaction whose mechanism is not known or, alternatively, 
whose membership in class A or class B (4) has not been established by actual 
experiment. The desirability of an extension of the theory in a more quantita- 
tive direction is obvious. 

The purpose of this paper is to consider the possibility of making a priori 
estimates of reaction mechanism by a semiquantitative extension of Lapworth’s 
ideas on nucleophilic and electrophilic reaction tendencies. Such a method 
could also be used to predict the relative speeds of sufficiently similar reactions 
involving unsubstituted compounds. No attempt will be made here to discuss 
the sister-problem of establishing more quantitative methods for dealing with 
the five electron displacement effects. 

The problem whose solution we seek has already been developed extensively 
under the title of the transition state theory or, as it is sometimes called, the 
theory of absolute reaction rates ( 5 ) .  However, the mathematical complexities 
of this theory are discouraging to the average organic chemist, who needs some 
simpler method of attack. Such a simplified method will now be outlined, but 
the organic chemists for whom it is developed must remember that simplification 
is usually achieved only through a compensating loss of accuracy. 

According to the Lapworth theory, adopted by the English school, nucleo- 
534 
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ATOM 

H 

philic and electrophilic reaction tendencies of atoms in molecules are to be 
judged by their tendencies to form covalencies. Just how these tendencies are 
to be measured was apparently never definitely decided, nor were they ever 
quantitatively defined. Sometimes they are measured in terms of ionization 
constants or reduction potentials, sometimes by electronegativity differences 
deduced from the periodic table, sometimes by observing the speed of a reac- 
tion, etc. It seems to the author, however, that they could logically be defined 
as the A F  or AH of covalency formation between two neutral radicals or atoms, 
when a “non-ionic mechanism’’ is concerned, or between two ions when the 

TABLE I 
IONIZATION ENERGIES (7) 

KCAL./XOLE ATOM 

311.8 / /  P 

ATOM 

H 
C 
N 
0 
F 

KCAL/MOLE 

KCAL./MOLE ATOM KCAL./hM)LE 

17.5 P 3.4 
31.6 S 47.5 
0.9 c1 85.3 

87.6 Br 81.5* 
91.2 ~ I 72.6“ 

251.2 
237.4 
298.5 
272.0 

I I 244.3 F 399.7 I ’  I 
1 1  

Unless otherwise designated, these values were taken from reference (8). The factor 

b This is the value of Mayer and Helmholz (9). Glockler and Calvin (10) report 88 f 

c See Mayer (12). 

mechanism is “ionic.” Only examples of the latter mechanism will be considered 
in this paper. 

Since tables of bond energies ( -  AH) are in existence, while no corresponding 
values exist for the free energies of bond formation, i t  will beconvenient to 
measure “tendencies for covalency formation” by means of the values of AH 
for the formation of normal covalent bonds from their gaseous ions. Such a 
table (see Table 111) can easily be constructed by combining data on bond 
energies (6), electron affinities (Table II), and ionization potentials (Table I). 
This is illustrated by the following calculation. 

23.05 was used to convert electron-volts into kcal./mole. 

3.4 kcal. while Piccardi (11) reports 86.7 kcal. 

C+ + e -+ C 
C1- -+ C1 + e (electron aff.) AH = 85.3 

(ioniz. pot.) AH = -258.5 kcal. 

C + C1 -+ C-Cl (bond energy) AH = -66.5 
c+ + c1- --$ c-GI AHc+ c1- = -239.7 kcal. 
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BOND IONS AHA+ B- 1 BOND IONS 

H-C H+, C- -367.5 1 C-I c+, I- 
H--N H+, N- -394.6 c-I c-, I' 
H-0 H+, 0- -334.4 N-c1 N-, Cl+ 
H-Cl H+, C1- -329.2 1. N-C1 N+, C1- 
H-Br H+, Br- -317.6 1 1  0-C1 0-, C P  
H-I H+, I- -310.6 ' Cl-C1 CP ,  c1- 
c-c c+, c- -285.5 1 1  Br-Br Br+, Br- 
c-s C+, S- -306.2 1-1 ' I', I- 
c-0 c+, 0- 
c-0 c-, o+ C=N 
c-Cl 
c-c1 c-, c1+ 
C-Br C+, Br- -231.0 1 P-C1 I P-, C1- 

AHA+ =- 

-231.4 
-258.2 
-336.0 
-286.8 
-260.2 
-271.0 
-236.6 
-207.9 

(- 268.3) 
+2 .3  

(-249.9) 
-228.7 
-357.9 

C-Br P-, H+ 1 -371.4 - i~ P-H C-, Br+ I -294.4 
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we could define the quantity AH1 by the respective equations: 
AH! = AHAB - AHBC 

AH: = AHEF - AHDE - AHFG and 
where AHAB represents the change in heat content attending the formation of 
the bond A-B in the gaseous molecule AB from the gaseous ions A+ and B- 
or A- and B’, etc. Which pair of ions is involved in a given case may be indi- 
cated by the alternative symbols AHA+B- or AHA-B+. Such a calculation 
assumes that all of the energy of the bond being formed finds its way into the 
bonds being broken and that all of the bonds concerned are completely formed or 
Completely broken. Neither assumption is correct. However, Ri and Eyring 
(13) state that in general, bonds being made or broken in a critical complex are 
about ten per cent longer than normal bonds. This indicates that there is a t  
least a uniformity in this regard, and that the proposed summation of heat 
effects should, roughly speaking, do equal violence to the calculated values of 
AH* for different reactions, if they are not too different, thus giving the same 
sequence of AH! values as would obtain for the true values of AH*. Of course 
the relative probabilities of the two reactions are not determined by the relative 
heats of activation, but by the relative free energies of activation (AF’). Thus 
the sequence of values of AHi may not parallel the sequence of probabilities 
unless the entropy terms (AS*) are either small or equal. The latter is apt to 
be the case when the reactions are similar, Le., when they involve the same 
number of reactant and product molecules of about the same complexity, and 
when their transition states, as pictured above, involve the same number of 
dotted line bonds. 

Since the proposed method aims a t  nothing more profound than establishing 
a sequence‘of the relative probabilities of different conceivable rate-controlling 
steps, the calculations will be still further simplified by omitting from con- 
sideration all of the AH terms for bonds which would occur in both or all of the 
reactions being considered, and which would accordingly cancel out when the 
find comparison is made. The resultant values of AH will be referred to  as 
“comparative heats of activation” (AH:,,). The remainder of this paper will 
be devoted to examples showing how these simply calculated values of AH1 
and AH!,,, involving no kinetic data, can be used to determine: (a) the mecha- 
nism of a reaction, and (b) the relative speeds of reactions of the same type. 

In order to make an a priori deter- 
mination of the mechanism of any reaction, it is convenient to start by formu- 
lating the different rate-controlling steps which conceivably could occur. In 
this case there are four: 

1. An electrophilic attack by the halogen molecule [polarized by the glass 
walls of the reaction vessel (14)] on the carbon atom of the ethylene molecule: 

A. The  addition of halogens to ethylene. 

- +  + 
I 

HzC=CH2 + Cl2 HzC-CH2 -+ HzCCI.CH2 + C1- 

c1+-. c1- 
transition state 
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Here the transition state is represented as involving the simultaneous formation 
of a C--Clf bond and the rupture of the Cl--Cl+ bond and one-half of the 
double bond, Le., it is represented as a typical displacement reaction (15). 

11. A nucleophilic attack by halogen on carbon: 
+ -  

H ~ C = C H ~  + c iz  s H~C---CH~ -+ c ~ ~ c 1 . C ~ ~  + c i+  

c1- ...... CIf 

111. A nucleophilic attack by halogen on hydrogen, leading to substitution: 

HzC=CH + HC1 + Clf 

IV. A nucleophilic attack by halogen on carbon, leading to substitution: 

H 
HzC=CHz + Clz HzC=C- -H+ + HzC=CHCI + Hf + C1- 

c1+ c1- 

On the basis of these equations we may now easily calculate the values of AH!. 

(AH;), = AHC-C1+ - AHc+=c- - AHCpC1+ = -333 + 268 + 271 = 206 kcal. 

(AH!),, = AHc+C1- - AHc-=c+ - AHcl-cI+ = -240 + 268 + 271 = 299 

(AH!)III = A"+cI- - AHC-" - AHCl-Cp = -329 + 367 + 271 = 309 

(AHi),v = AHc-c,+ - AHc-H+ - AHcl-Cl+ = -333 + 367 + 271 = 305 

Since (AHi), has the smallest value, it is apparent that: (a) I represents the 
most probable mechanism; (b) the reaction will lead to addition in preference 
to substitution (at least if substitution involves an ionic mechanism, which it 
probably does not) ; and ( e )  ethylene is the nucleophilic reagent in this reaction, 
which may accordingly be placed in class A of the Ingold-Rothstein classifica- 
tion, i.e., electron-releasing substituents in the ethylene molecule should fa- 
cilitate the reaction. Similar calculations for the addition of bromine or iodine 
lead to the same conclusion, which is in complete accord with the known facts. 

The next check on our rough method of calculation will be to see if it is 
capable of predicting the well established order of velocities of halogen addition 
to olefins, uiz., Clz > Brz > 12. For these reactions we have, from considera- 
tion of Eq. I :  

For Clz: AH!,, = AHc-cl+ - A H c ~ - ~ ~ +  = -333 + 271 = -62 kcal. 
For Brz: AH:,, = AHC-Br+ - AHBr-Br+ = -294 + 236 = -58 kcal. 
For Iz: AH:,, = AHc-I+ - AHI-I+ = -258 + 207 = -51 kcal. 

These figures give the correct order of velocities. 
that the value of the electron affinity of bromine is in grave doubt (9). 

B. The addition of hydrogen halides to olefins. 

It is unfortunate, however, 

First it must be determined 
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whether the rate-controlling step is an electrophilic attack by hydrogen ion, or a 
nucleophilic attack by halide ion, on the carbon atom of the olefin. 

I. RzC=CRz + HX -+ RzC-CR2 
1 

H -.X 
11. RzC=CRz + HX -+ RzC-CRZ 

X-.H 

(AH!), = AHC-Ht - AHHCX- - AHC-=ct 

(AH$),, =  AH^+^- - AHH+x- -  AH^-=^+ 
Therefore, for any given halogen hydride: 

(AH,,), = AHc-H+ = -367.5 kcal. 

(AHoorn)1~ = AHc+x- = -239.7 for HC1 
-231.0 for HBr 
-231.4 for H I  

It is concluded, therefore, that reaction I represents the rate-controlling step. 
The next problem is to make a comparison of the relative speeds of addition of 
the different hydrogen halides. It is evident from the above that AH:,, = 
-AHH+x- for this purpose. 

For HC1: AH:,, = -AHHtCI- = 329.2 kcal. 
For HBr: AH:,, = 
For HI: AH:,, = -AHH+I- = 310.6 

= 317.6 

The predicted order of velocity (neglecting entropy factors) thus turns out to be: 
H I  > HBr > HCI, which is in complete accord with the well known facts. 

C. The hydrolysis of the chlorides of nitrogen and phosphorus.. The hydrolysis 
of NC13 yields HOC1 while that of PC4 yields HCl. This perplexing difference 
in behavior between two sister elements has been a standing challenge to  theo- 
rists, and it is interesting to discover to what extent our method of calculation 
is able to meet the challenge. 

We may simplify the problem by making the calculations on the basis of pure 
water as the reactant. Then, since the concentrations of H80+ and OH- ions 
are very low, we may assume water as the most probable attacking reagent. 
Now regardless of whether the attack is made by hydrogen or oxygen atoms of 
water, the H-OH bond must become ruptured, and hence this energy factor 
will cancel out. We may then consider H+  and OH- as the attacking reagents 
for purposes of comparison. 

There are four possible modes of attack, since there are two possible attacking 
ions and two possible points of attack. These four possibilities may be formu- 
lated as follows, using X to represent either P or N. 

I. XC18 + H +  e H * * * XCl2 * * * C1-+ HXClz + C1' 

11. XCI, + H+ e Cl2X C1 * * H -+ C12X' + HC1 
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111. XCls + OH- e ClzX * * * C1+ ClzXOH + C1- 

OH 
IV. Xc13 + OH- e ClzX * * * C1 * * OH + ClzX- + HOCl 

The calculations of the corresponding values of AH:,, may now easily be 
made. If X is taken to be phosphorus, then: 

= - AHPCI+ = -13.5 kcal. 

(AH:,,)II = AHH+c~- - AHp+cl- = -100.5 kcal. 

( AHiorn)1~1 Data unavailable 

(AH!,,)IV = AH0-cl+ - AHP-Cl+ = 97.7 kcal. 

The relative probabilities of the three mechanisms for which data are avail- 
able turns out to be I1 > I > IV. If we may assume that all three chlorine 
atoms are removed by the same mechanism, we are thus led to the result that 
PC13 should yield HC1 and H3PO3 on hydrolysis. 

If the corresponding calculations are made for NCb, the values of AH:,, 
for cases I, 11, and IV  are found respectively to be -58.6, -43.4, and f76.8 
kcal. Thus mechanism I is most probable in this case, and we would predict 
that NC13 would yield HOCl and "3 on hydrolysis. 

Our assumption that all three chlorine atoms are removed by the same mecha- 
nism is justified by qualitative considerations. Thus, if the first chlorine atom 
is replaced by hydrogen, the lone pair of the resulting HXClz is all the more 
available for coordination with another proton (mechanism I), and XH, mill 
ultimately result. But if mechanism I1 results in the replacement of C1- by 
OH-, the resultant HOXClz will be only slightly more basic than XC13, since 
the -I, effect of hydroxyl is only slightly less than that of chlorine. In view of 
the large difference in AH:,, ( -  13.5 compared to - 100.5 kcal.) which is found 
between mechanisms I and I1 in this case, it is hardly likely that this slight 
alteration would cause an inversion of mechanism in the second or third step. 

D. The hydrolysis of alkyl halides. A very large amount of experimental work 
has been done in an effort to establish the mechanism of the hydrolysis of alkyl 
halides. Due chiefly to the work of Hughes, Ingold, and their collaborators 
(16), it  now appears that methyl and ethyl halides show a strong tendency to 
hydrolyze by a bimolecular mechanism involving a nucleophilic attack by hy- 
droxyl ion on carbon, while tertiary butyl halides tend to hydrolyze by a uni- 
molecular mechanism involving the solvolytic production of carbonium ions. 
Isopropyl halides occupy an intermediate position, usually involving a mecha- 
nism compounded of sizeable proportions of both the unimolecular and bimolecu- 
lar reactions. The mechanism obtaining in any case is, however, decidedly 
dependent on conditions, and it has been observed that increasing alkalinity of 
solution favors the bimolecular reaction (17), while increasing acidity seems to 
favor the unimolecular mechanism. Thus, although the normal mode of reac- 
tion of primary alkyl halides is bimolecular, it was found (18) that the hydrolysis 
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of n-butyl bromide in formic acid containing a small proportion of water is 
mainly unimolecular, 

It is hardly to be expected that our crude method could be a completely 
reliable guide in a border line case like the hydrolysis of alkyl halides, but its 
general implications are reliable as shown by the following calculations. 

The three following mechanisms are conceivable if the hydrolysis takes place 
in basic solutions, in which, of course, the hydronium ion concentration is 
very low. 

I. A nucleophilic attack by hydroxyl ion on carbon. 

CH3X + OH--Aq HO * * * CHs * X + Aq 3 CH,OH + X- + Aq 

Ay stands for water of hydration, which is presumably lost on entering the 
transition state. 

11. An electrophilic attack by hydrogen on halogen. 

CHZX + HOH + H3C - * X * * * H * * OH + CH; + HX + OH- 

111. An electrophilic attack by hydrogen on carbon. 

CH3X + HOH e HO * .  * H * * CHI * * X -+ OH- + CH4 + Xt 

The corresponding values of AH; may now be calculated for the case where 
x = c1. 

(AHi), = AHc+o- - AHCfCI- - AHAq.OH- = -AHAq.oH- - 1 kcal. 

(AH;),, = AHHtC1- - AHCtCI- - = 145 kcal. 

(AHi)111 = AHC-H+ - AHH+o- - AHc-C1+ = 300 kcal. 

Obviously, there is no chance of a hydrocarbon being formed (111). The value 
for the heat of hydration of the hydroxyl ion is not known, but it could hardly 
be much more than 100 kcal., since the corresponding value for chloride ion is 
92.1 kcal. (19). Thus, mechanism I is clearly favored, which is in accord with 
experiment. 

Having thus established the mechanism, we may now calculate AH E,, for 
RC1 and RBr. Taking AH:,, = AHc+x-, we get the values 239 and 231 kcal. 
for chlorides and bromides, respectively. The experimental activation energies 
for the hydrolysis of ethyl chloride and bromide fall in the same order, viz., 23 
and 21 kcal., respectively (20). 

:If the hydrolysis is carried out in an acid solution, the above three mechanisms 
become respectively: 

I. CH3X + HOH G &C--OH -+ CHaOH + H+ + X- 
i i  

X H  

11. CHBX + Aq-Hf G H3C--X.-H+ + Aq 4 CHB+ + HX + Aq 
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111. CH3X + Aq*H+ H3C---.X + Aq+ CHd + Xf + Aq 

H+ 

(AH!), = AHcto- - AHCtC1- - AHHtO- = 333 kcal. 

= A"tc1- - AHCfC1- - AHA~.H+ = 164 kcal. (19) 

(AHi)III = AHHtC- - AHC-Cl+ - AHAq.Ht = 219 kcal. (19) 

These figures show mechanism I1 to be the favored mechanism. This is a t  
least in accord with the trend experimentally observed in acid solutions. 

Calculations will now be made to 
determine whether this reaction is favored by basic or acidic solutions, and 
whether the aldehyde exhibits electrophilic or nucleophilic properties. 

Of 
these two, H30+ is favored, because i t  would call the electromeric effect of the 
carbonyl group into play more strongly than would the uncharged HCN; more- 
over, H30+ is the stronger acid, and hence would lose its proton more easily. 
In  a basic solution the attack would be more apt to be made by CN- or OH- 
ions, because of their high concentrations, and to other factors which the calcu- 
lations below will make clear. Accordingly, there are three possible rate con- 
trolling steps to be considered. 

E. Cyanhydrin formation with aldehydes. 

In  an acid solution, either HCK or H30' could be the attacking reagent. 

I. CH3 CHO + H3 O+ S CH3 C=O..----H+--OH2 
1 

H 
H 

11. CH3 CHO + CN-(Aq) S CH3 C-0 + Aq 

CS- 

111. 
H 

CH3CHO + OH-(Aq) CH,C-0 + Aq 

OH- 

Thus we may write: 

= AHo-~+ - AHA~.H+ = -334 + 253 = -81 kcal. 

= AHC+CN- - AHAq.CN- = -285 - 75 = -360 kcal.' 

In calculating the corresponding values of AH!,,, AHc+*- may be omitted 
since it is common to all three. 

(AHEom)III = AHcto- - AHAq.OH- = -241 - AHA~.oH- 

Since the value of AHA~.oH- is not known, the calculations do not make clear 
whether the hydroxyl or cyanide ion will lead the attack, but the use of any 
reasonable value for AHA~.oH- a t  least clearly establishes the electrophilic char- 

2 Bichowsky and Rossini (21) give the value of Qf for CN-(Aq) as -34.9 kcal.mole-'. 
The conversion of this value to the basis used by Rice (19) for the heats of hydration of ions 
gives: AHAq.CN- = 74.7 kcal.mole.-'. 
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acter of the aldehyde in basic solutions, ( i e . ,  either I1 or I11 is more probable 
than I), and indicates that more facile addition is to be expected in basic than 
in acidic solutions, all of which is in accord with experiment (22). If our 
previous guess that -AHA~.oH- is of the order of magnitude of -100 kcal., 
then AH:,, = ca. - 141 kcal. for 111, and the CN- ion is indicated as the 
attacking ion. 

Three possible mechanisms 
may be considered. 

E'. Reactions of ethers with halogen hydrides, etc. 

I. An electrophilic attack by H on oxygen. 

CH3OCH3 + HX e CH3O---CH3 + CH3OH + X- + CH3+ 

H......X 

11. An electrophilic attack by H on C. 

CH30CH3 + H X  e X - - H 

111. A nucleophilic attack by X on C. 

CH3 . ' .  OCH3 + CH4 + X- + OCH: 

CH3OCH3+HXSH3C-.OC& + CHIX + H+ + OCHI- 
I X......H 

The most probable mechanism may now be predicted by calculating the 
corresponding values of AHf for the case in which H X  is HI. 

(AHi)I = - AHcq- - AHH+I- = 218 kcal. 

= AHH+C- - AHc3+ - AHH+I- = 295 

(AH~)III = AHc+p - AHc.0- - AHH+I- = 321 

Similar calculations made for HBr and HCl show that in all cases mechanism 
I is the most probable. Incidentally, the calculations make it amply clear why 
the reaction cannot lead to the formation of a hydrocarbon and an alkyl hypo- 
chlorite (11). 

The next step is to decide which of the halogen hydrides should be most 
reactive. For this purpose we may calculate AH:,, = -AHH+x-. We thus 
get the following values for AH:,,: 311 for HI,  318 for HBr, 329 for HCI, 334 
for HzO, and 334 for HOR. It is thus predicted that H I  is the most reactive, 
which is in accord with experience, although concentrated aqueous solutions are 
used experimentally, while our calculations were made for the gas-phase reac- 
tion. It is well known that ethers are practically unreactive with water and 
alcohols a t  room temperature. Furthermore, the hydrolysis is said to be ac- 
celerated by hydrogen ions and not by hydroxyl ions, which is in accord with 
the nucleophilic properties established for the ethers by our rough calculations. 

The formulation of this reac- 
tion is exactly like the preceding, and the calculated values are the same. This 
mews that the predicted order of reactivity is H I  > HBr > HC1, which is in 
accord with common knowledge of the reactions involving the anhydrous gases. 

C:. Reactions of alcohols with halogen hydrides. 
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In  accord with the nucleophilic properties of the alcohols in these reactions, it 
would be predicted that an increase in the basicity of the oxygen atom would aid 
the reaction, and hence that the order of reactivity should be tertiary > sec- 
ondary > primary, which is in accord with common knowledge. 

CONCLUDING REMARKS 

Many chemists believe that the natural complexity of organic compounds 
must of necessity introduce such insuperable mathematical difficulties that or- 
ganic chemists need expect no practical aid from physical chemistry in pre- 
dicting the paths which are pursued by organic reactions. Perhaps they are 
right, but the above discussion gives one the right to hope, a t  least, that simple 
considerations of the energy involved in making and breaking valence bonds will 
prove to be a step forward. Unfortunately, the simplifications employed above 
were not rigorously justified, but they do seem to follow logically from Lap- 
worth’s theory of electrophilic and nucleophilic reaction tendencies, and hence 
at  least may be said to constitute a semiquantitative extension of that theory. 
It is also unfortunate that it was necessary to use the AH rather than the AF 
of bond formation as a measure of the tendency to form covalencies, since the 
former can only lead to estimations of activation energy, while the latter would 
lead to estimations of reaction velocity. Moreover, the vagaries of solvation 
make it difficult to apply the theory with confidence to reactions in solution. 
Nevertheless, the success enjoyed in all of the examples thus far investigated 
justifies the tentative conclusion that this simple method is a safe guide if 
applied to the comparison of sufficiently similar reactions of the “ionic” type 
which are not complicated by mesomeric effects or polar substituents. These 
limitations make the method chiefly of use in predicting the mechanism and 
hence the reaction path followed by unsubstituted reactants. With these facts 
established one may usually proceed safely by applying the customary methods 
of the English school to predict the effects of substituents. 

DETROIT, MICH. 

REFERENCES 
(1) INGOLD, Ghem. Rev., 16, 266 (1934). 
(2) LAPWORTH, Natwe, 116, 625 (1925); Mem. Manchester PhiE. SOC., 64, No. 3 (1920). 
(3) LEWIS, J .  Franklin Inst., 226, 293 (1938); LEWIS AND SEABORG, J .  Am. Chem. SOC., 

(4) INGOLD AND ROTHSTEIN, J .  Chem. SOC., 1217 (1928). 
(5) PELZER AND WIGNER, 2. physik. Chem., B16, 445 (1932). 

61, 1886 (1939); 61, 1894 (1939). 

EYRING, J .  Chem. Phys., 
3, 107 (1935); Trans. Faraday SOC., 34, 3, 41 (1938). EVANS AND POLYANYI, 
Trans. Faraday SOC., 31, 875 (1935); 34, 11 (1938). WYNNE-JONES AND EYRING, 
J .  Chem. Phys., 3, 492 (1935). 

(6) PAULING, “The Nature of the Chemical Bond,” Cornel1 University Press, Ithaca, 
N. Y . ,  1939, pp. 53, 132. 

(7) LATIMER, “Oxidation Potentials,” Prentice-Hall, New York (1938). 
(8) GLOCKLER AND LIND, “The Electrochemistry of Gases and Other Dielectrics,” John 

Wiley and Sons, New York (1939). 
(9) MAYER AND HELMHOLZ, 2. Physik, 76, 19 (1932). 

(10) GLOCKLER AND CALVIN, J .  Chem. Phys., 4, 492 (1936). 



EXTENSION OF THE ELECTRONIC THEORY 545 

(11) PICCARDI, Atti. acad. Lincei, [6] 3, 566 (1926). 
(12) MAYER, Z. Physik, 61, 798 (1930). 
(13) RI AND EYRING, J .  Chem. Phys., 8, 433 (1940). 
(14) NORRISH, J .  Chem. SOC., 123, 3006 (1923); 55 (1926). 
(15) HAMMETT, “Physical Organic Chemistry,” McGraw Hill Book Co., New York, 1940, 

(16) CHURCH, HUGHES, INGOLD, AND TAHER, J .  Chem. SOC., 979 (1940). 
(17) BATEMAX, COOPER, HUGHES, AND INGOLD, J .  Chem. SOC., 925 (1940). 

(19) RICE, “Electronic Structure and Chemical Binding,” McGraw Hill Book Co., New 

(20) GRA~YT AND HINSHELWOOD, J .  Chem. Soc., 258 (1933). 
(21) BICHOWSKY AND ROSSINI, “The Thermochemistry of Chemical Substances,” Rein- 

hold Publishing Corp., New York, 1936, p. 49. 
(22) LAPWORTH, J .  Chem. SOC., 83, 995 (1903); 86, 1206 (1904). 

Chap. 5. 

(18) BATEMAN AND HUGHES, J. Chem. SOC., 935, 940, 945 (1940). 

York1940, p. 402. 



[CONTRIBUTION FROM THE RESEARCH LABORATORY OF ARMOUR AND COMPANY] 

THE SOLUBILITIES OF THE NORMAL SATURATED FATTY ACIDS 

A. W. RALSTON AND C. W. HOERR 

Received August 8, i9@ 

The solubilities of the lower members of the normal saturated fatty acid series 
in a wide variety of solvents have long been known with considerable accuracy, 
and complete phase diagrams with most of the ordinary solvents have been con- 
structed. While extensive data have been reported for various derivatives of 
the higher acids, such as the soaps and esters, the solubilities of the acids them- 
selves, from caproic acid upward in the series, have been determined in relatively 
few solvents and considerable disagreement exists among the recorded values. 
Seidell (l), Brown (2), and Lewkowitsch (3) have compiled some of the solubility 
data for the saturated acids, and, in addition, the literature contains many refer- 
ences to the solubility of certain acids in specific solvents. No solubility data 
have as yet been available for several of the acids. 

Since a wide variety of experimental procedures, such as surface studies, ex- 
traction, and fractional crystallization, require accurate solubility data, determi- 
nation of the solubilities of the higher acids in common solvents is of appreciable 
value. This paper presents a comprehensive study of the solubilities of the nor- 
mal saturated fatty acids, from caproic to stearic acid, inclusive, in water, 
ethanol, acetone, 2-butanone, benzene, and glacial acetic acid from 0” (slightly 
below in several cases) to the boiling points of the solvents, except in the case of 
water and of glacial acetic acid. 

In connection with the investigation of the solubility, a study of the state of the 
acids in solution can readily be made by calculation of the apparent molecular 
weight from the depression of the freezing point of the solvent by addition of 
known amounts of acid. Numerous recent papers have reported association of 
the fatty acids in benzene (4), cyclohexane ( 5 ) ,  quinoline (6), and in pyridine (7). 
This paper presents a further consideration of this problem with a discussion of 
the apparent association of the fatty acids in benzene and in glacial acetic acid. 

EXPERIMENTSL 

The acids employed in this investigation were of the same lots as were used in  recent 
studies in this laboratory, and their preparations have been reported (8, 9) .  The freezing 
points of these acids are listed in Table I. 

The water used was freshly distilled conductivity water. The ethanol was commercial 
“absolute” (99.4% by weight). The various dilutions which were used were determined by 
measurement of the density at each dilution and interpolation of these values with known 
densities at given concentrations (10). The acetone was redistilled from potassium per- 
manganate as was the 2-butanone. The benzene mas Baker C.P. thiophene-free grade and 
was dried over sodium wire. 

The solubility of the fatty acids in water was determined by shaking flasks containing 
acid-water samples in a constant temperature bath for 2-4 days. The desired temperatures 
were arrved a t  from higher and from lower temperatures in  order to assure that equilibrium 
had been attained. Solution was removed from the flasks by means of a small, fine sintered 
Pyrex glass filter sealed in a glass tube. The solutions were titrated with standardized 
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The glacial acetic acid was U. S. P., 99.5%. 
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13 
14 
15 
16 
17 
18 

Ba(@H)z using phenolphthalein as the indicator, The less soluble samples, from lauric 
acid upwards in the series, were titrated conductimetrically with the conductivity apparatus 
described elsewhere (11). -4 microburette was used to measure the amounts of Ba(OH)z. 

The solubilities of the fatty acids in the organic solvents were determined in sealed tubes 
by the method and with the apparatus previously described (8, 12, 13). 

TABLE I 
FREEZING POINTS OF PURIFIED FATTY ACIDS 

~~ ~ 

41.76 
53.78 
52.49 
62.41 
60.94 
69.20 

~ ~ _ _ _ _ ~  ~~ 

Caproic. . . . . . . , . . . . . . . . . . . . 
Heptylic . . . . . . , . . . . . . . . . . . . , 
Caprylic. . . . . . . . . . . . . , . . . . . . 
Konylic . . . . . . . . . . . . . . . . . . . . 
Capric. . . , , . , . . . . . . . , . . , . . . , 
Undecylic . . . . . . . , . . . . . . . . . . 
Lauric. . , . . . . . . . . . . . . , . . . . . . 

16.30 
12.24 1 
30.92 ' 
28.13 j 
43.86 

6 
7 
8 
9 

10 
11 
12 

Pentadecylic., , . . . . . . . . , . . 
Palmitic, , , , . . , . . . , . . , . . . . 
Heptadecylic.. . . , . . . , . . . . . 
Stearic.. . . . , . . . . . . , . . . . . , , 

NO. OF c ATOMS 

6a 
7b 
SC 
9 

1 0 d  
11 
12 
13 
14 
15 
16 
17 
18" 

TABLE I1 
SOLUBILITIES OF THE FATTY ACIDS IN WATER 

0.00 

0.864 
,190 
.044 
.014 
,0095 
.0063 
.0037 
.0021 
,0013 
.00076 
.00046 
.00028 
.00018 

20.0' 

0.968 
,244 
.068 
.026 
.015 
.0093 
.0055 
,0033 
.0020 
.0012 
.00072 
.00042 
.00029 

30.0' 

1.019 
0.271 

,079 
.032 
.018 
.011 
.0063 
.0038 
.0024 
,0014 
.00083 
.00055 
.00034 

45.0' 

1.095 
0.311 

,095 
,041 
.023 
,013 
.0075 
* 0044 
.0029 
.0017 
.0010 
.00069 
.00042 

60.0' 

1.171 
0.353 

,113 
.051 
,027 
.015 
.0087 
.0054 
.0034 
,0020 
.0012 
.00081 
.0w50 

a 0.882 g. per 100 g. H20 a t  15' (3), 1.08 a t  20" (14); 
b0.22 a t  15" (14), 0.241 a t  15" (15); 

0.079 a t  15" (3), 0.25 a t  100" (3); 
dO.l a t  100" (3); 
e 0.031 a t  25" (16), 0.0033 a t  25" (17), 0.1 a t  37" (18), 0.0165 a t  50" (17). 

The depression of the freezing points of benzene and of glacial acetic acid by the addition 
of known amounts of fatty acids was determined using 25-g. portions of solvent. A Beck- 
mann thermometer which had been calibrated by the National Bureau of Standards was 
employed. 

RESULTS 

Solubilities in water. The solubilities of the normal saturated fatty acids in 
water are listed in Table 11. 
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The reproducibility of the results presented are shown by the following ex- 
amples: for caprylic acid a t  20.0" the experimental results gave a value of 0.068 
=t 0.002 g. acid per 100 g. water, an average of 7 separate determinations; for 
lauric acid a t  45.0", 0.0075 j= 0.0005 g. for 6 determinations; and for heptadecylic 
acid a t  30.0°, 0.00055 f 0.00003 g. for 8 determinations. The values for the 
other acids a t  a given temperature are of similar reproducibility for averages of 
3 to 8 separate determinations of each acid a t  each temperature. 

With these values for the solubilities of the fatty acids in water and those pre- 
viously reported (8) for the solubility of water in the fatty acids, the phase 
diagrams of the acids can now be fairly completely constructed. 

WEIGHT PER CENT. ACID 

FIG. 1.  SOLUBILITIES OF THE FATTY ACIDS IN 95.0% ETHANOL (BY WEIGHT) 
The numbers on the curves refer to the number of carbon atoms in the acid molecule 

Solubilities in ethanol. The solubilities of the fatty acids in ethanol were deter- 
mined rapidly, and with the minimum of heating to high temperatures in order to 
reduce the possibility of esterification. The results are listed in Table 111, and 
are shown graphically' for 95.0% ethanol in Fig. 1. 

Comparison of the values in Table 111 with those previously recorded in the 
literature shows relatively good agreement among a number of the values. In  
general, the agreement is much better at lower temperatures than a t  higher tem- 
peratures. Some of these reportedly higher solubilities were.,investigated by 

1 In the figures in this report, the solubilities are shown in terms of weight percentage 
rather than in terms of g. per 100 g. of solvent because of the more convenient scale for 
diagrammatic presentation. 
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preparing a number of samples a t  the recorded values. 
the samples crystallized before the reported temperature was reached. 

Upon cooling, most of 
Crystal- 

TABLE I11 
SOLUBILITIES OF THE FATTY ACIDS IN ETHANOL 

__- 

% ETHANOL 
(BY WEIGHT: 

99.4 

95.0 

91.1 

80.8 

NO. 01 c 
ATOPS 

125 
14 * 

17d 
188 

8 
9 

10 
11 
12' 
13 
14 
15 
1 60 
17 
18b 

16' 
18; 

18 

0' 

20.4 
7.07 
1.89 
2.04 
0.42 

262 
393 
60.6 
85.2 
15.2 
15.5 
3.86 
3.82 
0.85 
1.03 
0.24 

0.76 
0.13 

ca. 0.06 

100 

41.6 
9.77 
3.20 
2.98 
1.09 

1035 
3230 

190 
93.5 

34.0 
34.5 
7.64 
7.18 
2.10 
1.68 
0.65 

1.94 
0.35 

0.10 

G .  ACID PEE 100 G. SOLVENT 

20 

105 
23.9 
7.21 
6.62 
2.25 

m 

m 

440 
706 

104 
91.2 

18.9 
19.5 
4.93 
4.17 
1.13 

4.60 
0.66 

30' 

292 
84.7 
23.9 
22.2 
5.42 

m 

m 

8980 

260 
336 

m 

68.7 
78.5 
16.7 
15.3 
3.42 

15.3 
2.30 

0.20 , 0.81 

400 

1540 
263 

110 
94.2 

22.7 

m 

m 

m 

m 

1410 
6560 
238 
295 
73.4 
84.2 
17.1 

. . .  
13.5 

3.20 

soo 

m 

1560 
320 
388 
105 

m 

m 

m 

m 

m 
m 

1485 
2460 
287 
344 
83.9 

. . .  
68.7 

50.8 

6 0 0  

~. 

m 
m 

2600 
8230 
400 

m 

m 

m 

OD 

m 
00 

00 

m 

2280 
6560 
365 

. . .  

. . .  

238 

0 20.5 at 0" (19), 25.8 at 0" (20), 45.6 a t  8" (20), 61.2 a t  12" (20), 92.1 a t  16.5" (20), 57.3 a t  

b7.14 a t  0" (19), 31 at 21" (19). 
c 2 a t  0" (19), 1.93 a t  0' (20), 1.45 a t  0" (21), 2.0 a t  5" (21), 4.0 a t  10" (21), 3.5 a t  10" (22), 

6.5 at, 15" (21), 6.86 a t  17" (20), 9.9 a t  20" (21), 11.6 a t  20" (22), 10.1 a t  21" (19), 16.8 a t  25" 
(21), 11.0 a t  25" (23), 29.0 a t  28" (21), 81.0 a t  36" (21), 41.3 at 40" (22). 

d 1.53 a t  0" (21), 2.42 a t  5.4" (21), 4.12 a t  10" (21), 6.72 a t  15" (21), 13.4 a t  21" (21), 32.14 
a t  28" (21). 

e 0.37 a t  0" (21), 0.51 a t  5" (21), 1.10 a t  10" (21), 0.90 a t  10" (22), 1.6 a t  15" (21), 2.5 a t  20" 
(21), 4.9 a t  25" (21), 8.30 a t  25" (16), 6.0 a t  28" (21), 20.0 at 36" (21), 17.9 at 40" (22). 

f 35.0 a t  8" (20), 45.2 at 12" (20), 69.7 at 16.5" (20). 

h 5.55 a t  25" (16), (94.6% ethanol) 0.1515 a t  0" (25), (94.4%) 0.188 a t  0" (26), (94.0%) 0.15 

21" (19). 

2.21 a t  8" (ZO), 2.72 a t  12" (20), 5.90 at 20" (20), (94.0% ethanol) 0.70 a t  0" (24). 

a t  0" (24). 
(87.6% ethanol) 0.451 a t  0" (27). 

i (91.6% ethanol) 0.112 a t  0" (3), (91.53%) 0.136 a t  0" (28), 0.481 a t  10" (as), 2.23 at 25' 
(29), (90%) 3.30 at 25" (16), (87.6%) 0.89 a t  0" (27), (86.16%) 0.073 a t  0" (28), 0.278 at 
10" (38). 

lization of the other samples was induced by seeding. This behavior of under- 
cooling and supersaturation, indicating the necessity of maintaining equilibrium 
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200 

m 

m 

407 
706 
60.5 
78.6 
15.9 
13.8 
5.38 
4.28 
1.54 

conditions, has been discussed by Emerson (25) with regard to the solubility of 
stearic acid in ethanol a t  0". 

Some of the divergent solubilities which are recorded may indicate contamina- 
tion of a given acid by its homologs. Investigation of the solubilities of binary 
mixtures of the acids shows that their values fall between those of the pure com- 

m m 

4660 X 

m m 

218 1590 
316 8230 
42.5 149 
49.3 1 183 
15.6 58.0 
14.6 ~ 67.5 
4.93 17.0 

m m 

TABLE I V  
SOLUBILITIES OF THE FATTY ACIDS IN ACETONE 

200 

318 
521 
64.7 
95.0 
18.5 
20.2 
8.57 
7.41 
2.99 

NO, OF c 
ATOMS 

30' 

7040 

202 
315 

m 

54.3 
70.4 
20.6 
20.3 
8.34 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18a 

0. ACID P E E  100 0. ACETONE 

00 

221 
356 
45.3 
50.2 
8.95 
7.52 
2.75 
2.20 
0.60 
0.40 
0.21 

100 

975 
3740 

112 
149 
21.9 
20.2 
6.50 
5.27 
1.94 
1.50 
0.80 

30' 1 40' 

4.96 at 25" (16). 

TABLE V 
SOLUBILITIES  OF THE FATTY ACIDS I N  2-BUTANONE 

NO. OF c 
ATOMS 

10 
11 
12 
13 
14 
15 
16 
17 
18 

56.5' 

m 

X 

oc 
m 

m 

m 

m 
m 

880 
1330 
220 

0. ACID PEB 100 0. %BUTANONE 

00 

42.4 
47.9 
11.5 
11.9 
4.28 
4.28 
0.90 
0.71 
0.25 

100 

100 
139 
24.7 
29.5 
8.46 
8.70 
3.09 
2.88 
1.01 

40' 

m 
m 

1825 
8230 

189 
257 
66.1 
77.7 
24.8 

50' 

m 
m 

m 

1230 
2530 
228 
288 

m 

84.7 

60' 

m 
m 

m 

m 
m 

m 

2390 
6560 
344 

ponents. A mixture containing 5% palmitic and 95% stearic acids dissolves in 
twice its weight of 95% ethanol at  about 1.5" lower than does an equal concen- 
tration of pure stearic acid in 95% ethanol. 

Solubilities in acetone and 2-butanone. The solubilities of the fatty acids in 
acetone and in 2-butanone are listed in Tables IV and V, respectively, and are 
shown graphically in Figs. 2 and 3. 

As in the case of the acids in ethanol, the curves for acetone and 2-butanone 
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are also paired. The acids of higher molecular weight are the more soluble of 
each pair, with certain obvious exceptions. All of the acids investigated are more 

WEIGHT PER CENT. ACID 

FIG. 2. SOLUBILITIES OF TEE FATTY ACIDS IN ACETONE 

WEIGHT PER GENT ACID 

FIG. 3. SOLUBILITIES OF THE FATTY ACIDS IN 2-BUTANONE 

soluble in 2-butanone at a given temperature than in acetone at  the same tem- 
perature, except capric and undecylic acids, which are more soluble in acetone. 
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m 

m 

m 
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NO. OF c 
ATOMS 

m 

m 

m 

8 
9 

10 
11 
12b 
13 
14 
15 
16 
17 
1 8 C  

663 
93.6 

TABLE VI 
SOLUBILITIES OF THE FATTY ACIDS IN  BENZENE^ 

m l  
260 I 

100 

770 
2680 
145 
208 
32.3 
42.4 
6.95 
8.84 
1.04 
1.52 
0.24 

G. ACID PEP 100 0. BENZENE 

20' 1 30" 1 40' I 50" 1 60" 

m l  
m 
m 

m 

1390 
7600 
239 
295 
105 
121 
51.0 1 

0 Powney and Addison (31) investigated the solubilities of several acids (caprylic, 
lauric, myristic, palmitic, and stearic) in benzene, but, unfortunately, no values were 
tabulated, and the solubilities cannot be read accurately from their small diagrams. 

b 186 at 25" (30), m at 40" (30); 
e22 at 23" (3). 

P 

E 
is 

I I 1 I I I I I 1 

WEIGHT PER CENT. AGIO 
20 40 60 BO 100 

-201 

FIQ 4. LIQUIDUS CURVES FOR TEE FATTY ACID SYSTEMS WITH ANHYDROUB BENZENE 
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30" 40' 

8230 
W m 

Solubilities in benzene. The solubilities of the fatty acids in benzene are listed 
in Table VI and the liquidus curves of the systems are shown in Fig. 4. 

TABLE VI1 
SOLUBILITIES OF THE FATTY ACIDS IN GLACIAL ACETIC ACID 

G. ACID P E E  100 G. GLACIAL ACETIC ACID 
NO. OF c ATOMS 

500 

m 
m 

10 
11 
12 
13 
14 
15 
16 
17 
18 

297 
395 
51.1 
62.0 
8.11 
6.52 
1.68 

200 

1480 m 
8230 m 
289 ~ 1410 
350 2600 
51.7 313 
61.0 ~ 384 
7.58 74.8 

567 
800 
81.8 
96.8 
10.2 
8.76 
2.14 
1.27 
0.12 

60' 

00 

m 
m 
m 
m 
m 

2280 
6560 
485 

;.I 

-2 
w I- 

@ 20 40 60 80 100 
WEIGHT PER CENT. ACID 

FIG. 5. LIQUIDUS C U R V E S  FOR T H E  FATTY ACID SYSTEMS WITH GL.kCIAL ACETIC k ! I D  

Again pairing of adjacent homologs occurs. It is of interest that in this case 
no pairs of curves intersect, as with the preceding solvents discussed. Each of 
the acids forms a eutectic with benzene, these eutectics occurring a t  the following 
concentrations and melting at the following temperatures : Cs a t  50.4% and 
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-10.5"; CS, 54.0% and -13.1'; CL0, 34.5% and -2.0'; Cll, 38.9% and -4.0'; 
CIE, 11.2% and 4.5'; C13, 14.6% and 3.7'; c14,2.88% and 5.20'; C15, 3.65% and 
5.15'; C16, 0.19% and 5.40'; CI7, 0.42% and 5.35'; and C18, 0.015% and 5.50'; 
These values agree reasonably with those of Powney and Addison (31). 

Calculations from the freezing point data show that a t  the freezing point of 
benzene, the ratio of apparent to true molecular weight (M/Mo) for caprylic 
acid approaches a value of 2 at about 0.5 molal, indicating association in solu- 
tion. In  solutions of lauric acid in benzene, the values of M/Mo approach 2 
at  0.3 molal. Investigations a t  higher temperatures by other methods (4) 
indicate that the values of M / M o  for the fatty acids in benzene approach limits 
somewhat less than 2, and their limiting value is approached in relatively higher 
concentrations. 

The solubilities of the fatty acids in glacial 
acetic acid are listed in Table VII, and the liquidus curves of the systems are 
shown in Fig. 5. 

Again pairing occurs, with the acid of higher molecular weight being, in 
general, the more soluble of a given pair. Each of the acids forms a eutectic 
with glacial acetic acid, these eutectics having a composition and melting point 
as follows: Cg, 97.7% and -5.4'; C7, 98.8% and -6.5'; Cs, 80.0% and 3.1'; 
C9, 83.6% and 1.6'; Clo, 55.1% and 8.6'; Cll, 57.5% and 8.0'; (212, 17.3% and 
12.8'; C13, 15.9% and 13.1'; c14, 5.3% and 15.18'; CIS, 4.3% and 15.40'; (216, 

1.23% and 16.17'; C17, 0.58% and 16.34'; and CIS, 0.03% and 16.48'. 
Calculations from the freezing point data indicate that the values of M / M o  

of lauric acid in acetic acid approach 1.65 at about 0.2 molal. Thus, as in the 
case of benzene solutions of the acids, there appears to be some formation of 
double molecules of the fatty acids in glacial acetic acid. 

Solubilities in glacial acetic acid. 

SUMMARY 

The solubilities of the normal saturated fatty acids from caproic to stearic, 
inclusive, have been determined in water, ethanol, acetone, 2-butanone, benzene, 
and glacial acetic acid. 

CHICAGO, ILL. 
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0-CARBOLINE BASES AND THE REDUCTION OF TETRAHY- 

The bark of various species of Alstonia has enjoyed a local reputation as a feb- 
rifuge in the treatment of malaria for a number of years in China and the Pacific 
Islands. Studies on the total alkaloids isolated from the bark of two varieties, 
Alstonia constricta and Alstonia scholaris (1) led to the conclusion that perhaps a 
slight action on birds infected with Plasmodium inconstans was present in both 
cases, with the alkaloids of the latter being somewhat more potent than those of 
the former. Furthermore, similar studies on individual alkaloids isolated from 
certain species (1, 2) have failed to substantiate the purported action attributed 
to the barks. However, since it has been a somewhat common experience that 
native remedies in the past occasionally have a sound basis for use, and since 
knowledge of the chemistry of these alkaloids is scanty, it appeared worth while 
to undertake a new investigation of the latter subject. At the same time the 
question of isolation and characterization of alkaloids hitherto not well described, 
has been studied (3). From results obtained so far on the latter phase of the 
work, it appears that the alkaloidal constituents of Alstonia constricta are unusu- 
ally susceptible to atmospheric oxidation, and that the observed pharmacological 
action of total alkaloid fractions or of individual constituents thereof, may not be 
representative of the action of freshly prepared infusions of the bark. Further- 
more, it was felt that elucidation of the structure of the constituent alkaloids 
might suggest new approaches to the preparation of antimalarial agents by modi- 
fication of the molecules. 

In the present communication we wish to present the results of certain phases 
of the study of alstonine obtained from Alstonia constricta. The bark used was 
purchased on the open market and was identified as that of Alstonia constricta, 
F. Muell. by Dr. Heber W. Youngken, of Boston, Mass. Alstonine was isolated 
in the earlier work according to Sharp (2a) and later by a procedure developed 
in these laboratories (3). 

The early investigations on this alkaloid have been adequately reviewed by 
Sharp, who, a t  the same time, investigated several of its reactions (2a, 4). The 
formula, CzlHzoNz03, was accepted for the base, on the basis of analyses of various 
salts, although for the nitrate, hydrochloride, and acid sulfate, the figures ob- 
tained agreed better with the formula, CzzHzzNz03. The free base could not be 
obtained crystalline, although hydrates of the base were described as crystalline. 
The presence of one methoxyl group in the form of a methyl ester, one basic ter- 
tiary nitrogen atom, and one apparently inert nitrogen atom, was noted, Al- 
stonine does not contain an N-alkyl group, and neither phenolic nor alcoholic 
hydroxyl groups. On catalytic reduction with platinum oxide, tetrahydroal- 

556 
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stonine was formed, although it was reported that salts of the base were not re- 
duced under similar conditions. The methyl ester group of tetrahydroalstonine 
was described as being very resistant to alkaline hydrolysis, suggesting a quater- 
nary carbomethoxy group. Tetrahydroalstonine is unaffected by acetic anhy- 
dride, benzoyl chloride, and semicarbazide, as is alstonine, and is little affected 
by hydrobromic acid. Sharp also noted the formation of a dibromide by sub- 
stitution when alstonine sulfate was treated with bromine water. At the same 

FIGURE 1 

time an oxygen atom was introduced. No clue to  the structure of this substance 
was obtained by a study of its catalytic reduction. However, when alstonine 
was oxidized with permanganate, oxalic acid and K-oxalylanthranilic acid were 
obtained, from which Sharp concluded that either an indole or quinoline nucleus 
was present in the alkaloid. On selenium dehydrogenation, a base, alstyrine, to 
which the formula, C19H22N2 or ClsHzoNz, was assigned, was obtained. Finally, 
attempted exhaustive methylation, by a variety of procedures, of alstonine, tetra- 
hydroalstonine, and alstyrine did not result in elimination of nitrogen, although 
poorly defined products of an indole-like nature were obtained from the latter. 
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At the start of the present work, a clue to  the presence of a tetrahydro-p- 
carboline ring system in tetrahydroalstonine was furnished by the observation 
that this base gave a color similar to  that obtained with yohimbine in the 
Adamkiewicz test, as modified by Harvey, Miller, and Robson (5 ) ,  who noted 
development of a similar color with other tetrahydro-0-carbolines. The color 
developed at the interface of a solution of the compound in glacial acetic acid plus 
half a drop of 10% ferric chloride solution, layered on concentrated sulfuric acid, 
was taken as the test. Tetrahydroalstonine and yohimbine both showed an 
original blue to violet color which changed through green to  a final yellow green. 
It is interesting that salts of alstonine give only a yellow color. Likewise the 
ultra-violet absorption curve for yohimbine and tetrahydroalstonine showed 
similarity except for the inflection point a t  about 2500 displayed by the latter 
(Fig. 1). The presence of a p-carboline ring system in tetrahydroalstonine and 
alstonine %-as definitely confirmed by the nature of the products formed on vari- 
ous degradations of both substances. 

When alstonine was fused with potassium hydroxide, no volatile amine was 
noted, and from the fusion mixture, harman (I) m-as isolated. KO significant 
amount of neutral product was formed, and while a considerable acid fraction 
was found, it has not been possible to  isolate any pure substance from this a t  
present. 

On the other hand, when tetrahydroalstonine was similarly fused with potas- 
sium hydroxide, several products were isolated. Harman (I), as well as norhar- 
man (11), was found in the basic fraction. In  addition to  these bases, three other 
bases have been isolated, but with the amounts available it has not been possible 
to identify them at present, although tentative empirical formulas are suggested. 
The separation of the above five bases was achieved by chromatographic adsorp- 
tion on aluminum oxide, as described in detail in the experimental part. The 
first of the three unidentified bases, Base A, is assigned the formula, c17H16y2, on 
the basis of analyses of the free base and its picrate. In alcoholic hydrochloric 
acid solution it shows a strong blue fluorescence and i t  is probably a substituted 
p-carboline. Base B is assigned the tentative formula, C16H16N2, or C10HlsN2, on 
the basis of analysis of its picrate. It likewise showed a blue fluorescence in 
hydrochloric acid solution, as did Base C, to  which is assigned the tentative for- 
mula, C17H18N2, on the basis of analysis of its picrate. From the acidic products 
of the fusion, indole-a-carboxylic acid (111) was isolated. No pure substance 
could be isolated from the neutral fraction, although the general behaviorof this 
part suggested the presence of indole derivatives. 

Thermal decomposition of alstonine likewise resulted in the formation of a 
variety of bases, all apparently derived from p-carboline, although none of them 
has been definitely identified. The bases were separated by fractional crystalli- 
zation of their picrates. The picrate of one of these substances (Base D) is char- 
acterized by its extreme insolubility in alcohol, and was easily isolated, although 
in small amounts. The picrate furnished analytical figures corresponding to 
those required for the picrate of a base of formula, C17H18N2. However, this 
picrate melts some 50" higher than the picrate of the above Base C, and the 
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crystalline form of the two is different. The two bases, therefore, can be con- 
sidered isomeric. The most soluble of the three picrates furnished analytical 
figures agreeing with those required for the picrate of a base of composition, 
C18H20N2, or C19H~N2 (Base E). The two suggested formulas are the same as 
those put forward by Sharp (4) for alstyrine. However, identity of Base E with 
alstyrine is unlikely since the picrates differ both in melting point and crystalline 
form. The third base (Base F) was formed in relatively larger quantities. It is 

I 

H 

I11 

H 

I1 

1 
C2HS 

IV 

VI VI1 

assigned the formula, ClaH12N2, on the basis of analysis of the free base, its pi- 
crate, and methiodide. The hydrochloride exhibits a strong blue fluorescence in 
water or alcohol solution. The ultra-violet absorption curve for Base F shows 
close similarity to that for 2-ethyl-p-carboline (Fig, 2), from which it may be 
concluded that a @-carboline structure is present. Of the p-carboline derivatives 
of empirical formula corresponding to Base F, 2-ethyl-p-carboline (6 ) ,  1 , 2-di- 
methyl-p-carboline (6) ,  and 2 , 3-dimethyl-@-carboline (7) are known and are not 
identical with Base F. Since an N-alkyl determination indicated the possible 
presence of an N-ethyl group, 1-ethyl-p-carboline (IV) was synthesized by a 
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combination of the procedures of Manske (8) and Spath and Lederer (6) for the 
preparation of the corresponding methyl derivative, and was not identical with 
Base F. Likewise 3-ethyl-p-isocarboline (VI) was prepared and was not identi- 
cal with Base F. 

When alstonine was distilled with zinc dust, the only product isolated was a 
base presumably identical with Base F, although this identification is not un- 
equivocal. 

FIGURE 2 

We have also investigated the reduction of tetrahydroalstonine with sodium 
and butyl alcohol. In  the preparation of tetrahydroalstonine, our results agree 
with those of Sharp, in that while alstonine itself in methanol solution readily 
absorbs two moles of hydrogen in the presence of platinum oxide catalyst, alsto- 
nine hydrochloride in methanol and alstonine in acetic acid solution are not 
reduced with the same catalyst. Further, a methanol solution of alstonine is not 
reduced in the presence of palladium black. When tetrahydroalstonine was 
further reduced with sodium and butyl alcohol, the methyl ester group was re- 
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duced to  a primary alcohol and an additional mole of hydrogen was introduced 
into the molecule. The reduction product, for which we suggest the name hexa- 
hydroalstonol, has the empirical formula, CZOHMNZO~. The newly formed pri- 
mary alcoholic hydroxyl group can be easily acetylated, which contrasts with the 
reported difficult hydrolysis of the ester group in tetrahydroalstonine. While 
the ultra-violet absorption curve for the new base clearly indicates that it is an 
cy ,@-disubstituted indole (Fig. l), the relationship of tetrahydroalstonine to  its 
reduction product is not so clear. Likewise, t,he point of addition of the two 
additional hydrogens is not clear. The two hydrogens in question can conceiv- 
ably have been taken up by the reduction of a double bond conjugated with 
either the carbomethoxy group or indole system of tetrahydroalstonine, by the 

reduction of a ‘C=O or \C=N- group, or by the cleavage of an allyl ether / / 
type of linkage. It seems unlikely that a double bond occurs in conjugation 
with the carbomethoxy group; if this were so, such a double bond should have 
been reduced in the formation of tetrahydroalstonine. Whether a similar argu- 
ment applies to a double bond conjugated with the indole system must be left 
open for the present, although the disappearance of the inflection point a t  2500 
8 in the absorption curve of tetrahydroalstonine on passing to hexahydroalstonol 

suggests that some sort of conjugation has been attacked. If a ‘C=O, \C=N 

or allyl ether had been reduced, an acylatable group should have resulted and 
acetylation of hexahydroalstonol, under the strong conditions employed, should 
have resulted in the formation of a diacetate. 

At this point i t  may be profitable to  summarize the information at present a t  
hand concerning the structure of alstonine. From the results here obtained the 
partial formula V appears to  be justified. Results of Zerewitinoff active hydro- 
gen determinations indicate the presence of one active hydrogen which is ac- 
counted for by the indole hydrogen and failure to  detect any hydroxyl groups 
either by ourselves or Sharp (4). The tertiary nature of the pyridine nitrogen of 
the &carboline system is indicated by the failure of both alstonine and tetrahy- 
droalstonine to  show reactions characteristic of both primary and secondary 
amines. Furthermore, the number of active hydrogens is the same in both 
alstonine and tetrahydroalstonine, indicating that the basic nitrogen function 
does not undergo any change on catalytic reduction. The presence of two double 
bonds closely adjacent to the indole nucleus is indicated by the easy formation 
of tetrahydroalstonine, although some tautomeric shift of these double bonds 
must occur when the salts of the base are formed because of the failure of the 
latter to  undergo catalytic reduction. Alstonine hydrochloride absorbs ultra- 
violet light of longer wave length than any of the related compounds with which 
it is compared in Fig. 3. It may be concluded that alstonine hydrochloride 
possesses greater conjugation than lysergic acid, where one double bond is con- 
jugated with the benzene ring, and also greater conjugation than 2-ethyl-&carbo- 
line hydrochloride and harmol, where the additional unsaturation lies in the 
pyridine ring fused to  the cy- and @-carbons of indole. Since there is a difference 

/ / 



562 N. J. LEONARD AND R. C. ELDERFIELD 

in the absorption curves of 2-ethyl-@-carboline and its hydrochloride (cf. Figs, 2 
and 3), there is most likely a difference between the absorption curve of alstonine 
and that of its hydrochloride. The absorption spectrum of alstonine itself couId 
not be measured because of the instability of the free base, but the probability of 
the difference in spectra is borne out by the visible difference in the color of 
alstonine and of its salts; the former is a deeper orange, both as a solid and in 
solution. The nature of the third oxygen atom remains unknown. Further- 
more, the exact location of the double bond external to the indole nucleus in 

FIGURE 3 

tetrahydroalstonine must be left open for the present. It is also now possible to  
formulate the entire ring structure of alstonine as either a tetracyclic or penta- 
cyclic system, depending on the nature of the oxygen atom not accounted for. 

Through the kind cooperation of Dr. John Maier of the Rockefeller Founda- 
tion, pharmacological tests were performed and it was found that alstonine is 
inactive in doses of 35 mg. per day in birds infected with avian malaria. 

EXPERIMENT.4L 

All melting points are corrected for stem exposure. 
AEstonine was originally obtained from the dry, powdered Alstonia constricta bark, ac- 

cording to the method of Sharp (2a), but lat'er according to a modification developed in  
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this laboratory (3). Salts were prepared for identification purposes and in  order to estab- 
lish definitely the empirical formula which was left in some doubt from the analyses ob- 
tained by Sharp for the hydrochloride, nitrate, and acid sulfate. 

Alstonine sulfate (dihydrate) crystallized as yellow prisms from absolute alcohol, melted 
a t  19Fh96", and foamed a t  208"; [a]: 127" f 2" (c  = 0.492 in water); [ast]: 527". 

A n a l .  Calc'd for (C21H2~~2Q3)2H1SOI.2Hz0: C, 60.7; H, 5.6; S ,  6.7; S, 3.9. 
Found: C, 60.4; H ,  5.9; N, 6.4; S ,  4.0. 

Alstonine sulfate (tetrahydrate) formed nearly colorless needles from absolute alcohol- 

A n a l .  Calc'd for (C21H~~S~03)?H~S04.4Hz0: C, 58.2; H ,  5.8; K, 6.4. 
Found: C, 58.6; H, 5.6; K, 6.3. 

Alstonine acid sulfate crystallized as yellow rosettes of prisms from absolute alcohol 
and melted at 243-244" with decomposition; [a]: 120' f 2' (c  = 0.588 in  water); [aM]: 535". 
Sharp reports the melting point 246-248"with decomposition and [a]. 113.1"in water. 

ethyl acetate and melted a t  203-204'; [a]: 120' & 2" (c  = 0.548 in  water); [aM]! 520". 

A n a l .  

Alstonine chloroplatinate formed small orange-yellow prisms from absolute alcohol 

A n a l .  

A lstonzne hydrochloride crystallized as nearly colorless plates from absolute alcohol- 
ethyl acetate and melted a t  278-279' with decomposition; [a]: 141' & 2' (e  = 0.422 in water) ; 
[aat 1: 545'. Sharp reports the decomposition melting point 286" and [elD 131.9' in  water. 
Keutralization equivalent of alstonine hydrochloride : calc'd: 385; found: 391. 

A n a l .  

A lstonzne nitrate formed stout yellow monoclinic prisms from absolute alcohol and melted 

A n a l .  

Alstonine hydrzodide formed pale yellow plates from absolute alcohol and melted a t  270' 

A n a l .  

Alstonine perchlorate crystallized as stout yellow prisms from absolute alcohol and 

A n d .  

Tetrahydroahtonine was obtained on reduction of alstonine in absolute methyl alcohol 
with platinum oxide but not with palladium. E o  tetrahydroalstonine was obtained on 
attempted reduction of alstonine salts or  of alstonine in  acetic acid solution with platinum 
oxide. The substance formed colorless plates from 90% alcohol and melted a t  230-231"; 
[a]: -110" =t 2" ( c  = 0.672 in chloroform), [a]:: -88" =k 2" (c  = 0.412 in pyridine). Sharp 
(4) reports the substance as melting a t  230-231" and showing [aID -107.0" in chloroform. 
Molixular weight by the Rast method in camphor: calc'd: 352; found: 354. 

,4n intimate mixture of 10 g. of alstonine 
hydrochloride and 75 g. of finely-ground potassium hydroxide was placed in a nickel cruci- 
ble and fused for 1 hr. a t  300-350" under a slow stream of nitrogen, with continual stirring. 
When cold, the melt rras dissolved in water and exhaustively extracted with ether. The 
ether extract contained basic and neutral fractions and was subsequently extracted ten 
times with 2 N hydrochloric acid, after which the ether layer was washed with water. The 
ethereal solution mas dried over anhydrous magnesium sulfate, filtered, and evaporated 
to dryness, leaving a negligible amount of impure neutral material. The combined hydro- 
chloric acid extracts, containing basic compounds as their hydrochloride salts, were made 
strongly alkaline with sodium hydroxide solution and extracted with ether. The total 

Calc'd for C21HzoS203.HzSOa: C, 56.5; H,  5.0. 
Found: C, 56.8; H ,  5.0. 

which melted a t  220-221" with decomposition. 
Calc'd for (C~~H~~K?O~)~.HZP~C~~.HZO: C, 44.8; H ,  4.0; Pt, 17.3. 
Found: C, 44.5; H ,  4.3; Pt, 17.2. 

Calc'd for C21€1&?03.HCl: C, 65.5; H, 5.5. 
Found: C, 65.5; 13, 5.6. 

a t  252-254" with decomposition. Sharp reports the melting point 262-263". 
Calc'd for C21H20S203.HnT03: C, 61.3; H, 5.2. 
Found: C, 61.2; H ,  5.3. 

with decomposition. Sharp reports 291". 
Calc'd for C21H20Sn03~HI: C, 52.9; H,  4.5. 
Found. C, 53.1; H ,  4.6. 

melted a t  239-210'. 
Calc'd for C21H2oS203.HClOI: C, 56.2; H ,  4.7. 
Found: C, 56.3; H, 4.9. 

Fusion of alstonzne with potaseium hydroxide. 
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ether extract was dried and the solvent removed, leaving 2.2 g. of impure brownish 
crystals. These were dissolved in 250 cc. of dry benzene and chromatographed on 35 g. 
of aluminum oxide (Brockmann). The column was eluted exhaustively with dry benzene, 
and the total benzene eluate was evaporated to  dryness, yielding 1.5 g. of white crystals. 
These were recrystallized five times from benzene; they appeared to have different crystal 
habits, separating out both as needles and as small regular prisms. The prisms are evi- 
dently the more stable form, since the needles, on standing a sufficient length of time either 
a t  room temperature or a t  O",  reverted to the prismatic form. Both forms melted a t  239- 
241". The analytical figures, as well as physical properties, correspond to those of har- 
man (11). 

Anal .  

Accordingly, harman (2-methyl-8-carboline) was prepared by the method of Kermack, 
Perkin, and Robinson (ll),  who did not note the occurrence of the two crystalline forms. 
Our synthetic material crystallized both as needles and prisms and was exactly similar in 
properties to  the base (I) obtained from alstonine. It melted a t  239-241" and the melting 
point of mixtures of varying percentage composition of the two specimens showed no 
depression. 

For further identification the picrate, melting at  257-258" with decomposition after 
recrystallization from alcohol, the chloraurate, melting at  229.5-230' with decomposition 
after recrystallization from dilute alcohol acidulated with hydrochloric acid, and the 
benzal derivative (11) melting a t  204-205", after recrystallization from dilute alcohol, were 
prepared from material from both sources. All pairs of these derivatives were identical 
and showed no depression of melting point when mixed. 

While other bases were formed in this reaction, we have been unable t o  isolate any chemi- 
cal individual as yet. Likewise, no pure substance has been obtained from the acidic 
fraction. 

Fusion  of tetrahydroalstonine with potassium hydroxide. rl mixture of 5 g. of pure tetra- 
hydroalstonine and 75 g. of potassium hydroxide was fused in a nickel crucible, under a 
stream of nitrogen, for one hour above 310". When cold, the melt was dissolved in water 
and exhaustively extracted with ether. The ether solution was extracted ten times with 
1 -V hydrochloric acid, and then washed with water, leaving the neutral compounds in the 
ether. The total acid extract was then made strongly alkaline with sodium hydroxide and 
extracted with ether. The ethereal solution was dried and the solvent removed, leaving 
about 500 mg. of basic material, which was distilled zn U ~ C U O  a t  140-200" bath temperature 
and 0.1 to 0.15 mm. The distillate was dissolved in benzene (ea. 350 mg. in 175 cc. of dry 
benzene) and chromatographed on aluminum oxide (Brockmann). 

The column was eluted exhaustively with benzene, the benzene removed a t  atmospheric 
pressure, and the oily residue kept a t  0" for several days. Upon standing, the residue 
partially crystallized. The crystals were separated mechanically from the oily upper 
layer and recrystallized twice from ligroin, b.p. 77-116" (Skellysolve D). After tFvo more 
recrystallizations from petroleum ether, b.p. 60-71" (Skellysolve B),  rosettes of needles 
were obtained (15 mg.), melting a t  171.5-172.5'. 

Calc'd for C12H10N2: C, 79.1; H ,  5.5; N ,  15.4. 
Found: C, 79.2; H,  5.7; K, 15.4. 

Anal .  

The pzcrate was prepared in alcohol and recrystallized five times from 90% alcohol, in 
It formed yellow rhombic prisms melting, with decomposi- 

Calc'd for C17H1,SP: C, 82.2; H ,  6.5.; N,  11.3. 
Found: C, 82.4; H,  6.4; N ,  11.4. 

which i t  is sparingly soluble. 
tion, above 267". 

Anal. 

The free base (Base 9) gives no color with vanillin-hydrochloric acid solution, nor with 
In  alcoholic hydrochloric acid solution, i t  exhibits a strong blue fluo- 

The oily portion of the residue obtained above from the benzene eluate did not crystallize 

Calc'd for C17H1&2.CeH3N307: C, 57.9; H, 4.0. 
Found: C, 58.3; H,  3.8. 

Ehrlich's reagent. 
rescence. It is probably a substituted 8-carboline. 
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on long standing a t  0"; therefore, the oil was dissolved in absolute alcohol and the basic 
picrates were precipitated by addition of a saturated picric acid solution in absolute alcohol. 
The insoluble yellow picrates obtained were once recrystallized from aqueous alcohol and 
then fractionally crystallized from the same solvent. This was done by taking up the 
picrates in about 100 cc. of hot 90% alcohol. The material which remained insoluble was 
in turn recrystallized from a large volume of aqueous alcohol, from which monoclinic rods 
separated on cooling. These were recrystallized three times from aqueous alcohol and 
yielded 10 mg. of yellow monoclinic rods which melted a t  261", ni th  decomposition and 
foaming. 

Anal. Calc'd for Cl~Hl&z.C&T\;307: C, 56.8; H, 4.1; S ,  15.1. 
Calc'd for CleHl&2.CeHsSs07: C,  58.5; H ,  4.5; N ,  15.0. 
Found: C, 56.6; H, 4.4; N ,  15.1. 

It is not possible to decide the empirical formula of this substance (Base B) merely on the 
basis of the analysis of the picrate alone, although CleHlsN;12 is favored. 

The more soluble of the picrates was obtained crystalline upon concentration and cool- 
ing of the original 90% alcoholic solution, after previous filtration from the insoluble picrate. 
The more soluble picrate was then recrystallized five times from absolute alcohol, yield- 
ing 15 mg. of long yellow needles which melted with decomposition a t  203.5-205.5'. 

Anal. 

The empirical formula for this base (Base C) is probably C17H18N2; i t  is certainly not 
identical n i t h  Base A, of empirical formula, Cl~HleNz, since their picrates have different 
crystalline forms and different melting points. 

The 
ethereal solution a a s  evaporated to dryness, leaving 100 mg. of impure crystals. These 
were recrystallized three times from benzene, giving needles and prisms, with the latter as 
the stable form, melting a t  238-240'. A mixed melting point with an authentic sample of 
harnian was 238-%I", thus proving its identity with harman (I). I t  should be noted that 
harman is obtained in much smaller yield (100 mg. from 5 g.) from potassium hydroxide 
fusion of tetrahydroalstonine than from similar fusion of alstonine itself (1.5 g. from 10 g.). 

Following ether elution, the aluminum oxide column was eluted with acetone, and 10 mg. 
of sclid crystalline material was obtained upon evaporation of the acetone solution to dry- 
ness After five recrystallizations from benzene, the substance formed white needles (ap- 
proximately 2 me.) which melted a t  195 5'. 

The picrate  of the above base was made in alcohol solution from the mother liquor ob- 
tained above. It was recrystallized, IT i th  decolorizing carbon, from alcohol. After eight 
mort' iecrystnllizations from alcohol, golden yellow needles Rere obtained which melted a t  
262-263", with decomposition. How- 
ever, the melting pcint of the base was suggestive of that of norharman (11). Therefore, 
the latter mas prepared according to  Kermack, Perkin, and Robinson ( l l ) ,  and melted a t  
196" The melting point of mixtures of the base in question and norharman was not de- 
presed.  Similarly synthetic norharman picrate melted a t  261-263" with decomposition 
and shoned no depresqion of melting point when mixed a i t h  the picrate of the above base 
which is, therefore, norharman (&carboline). 

The original potassium hydroxide solution, following fusion, solution, and ether extrac- 
tion u a s  made acid to pH 3 with hydrochloric acid and thoroughly extracted with ether. 
The ethweal solution was then extracted in turn with water, 5% sodium bicarbonate, 5% 
sodium carbonate, and finally with 10% sodium hydroxide solution. Each of the aqueous 
extrxcts obtained was subsequently acidified with hydrochloric acid and extracted with 
ether The ethereal solution ob- 
taintd from the water-soluble fraction had the odor of a low molecular weight fa t ty  acid, 
but the residue remaining after removal of the ether underwent decomposition, leaving a 
dark, oily, intractable tar. The carbonate and hydroxide fractions did not yieid any appre- 
ciable residues upon evaporation of their respective ether extracts. Upon evaporation of 

Calc'd for C1,€IlsS2.C~H~S1O7: C, 57.6; H ,  4.4; N, 14.6. 
Found: C, 57.6; H ,  4.6; S ,  14.6. 

The aluminum oxide column, after benzene elution, was eluted with dry ether. 

The amount of material was insufficient for analysis. 

Each ether solution was dried and the solvent removed. 
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the ether solution obtained from the bicarbonate fraction, a brown oil remained which was 
distilled in  a vacuum-sublimation apparatus. Two fractions were obtained: (a) 110-170° 
bath temperature and 0.2 mm.; (b) above 170'bath temperature and 0.2 mm. Decarboxyla- 
tion took place during the distillation. Fraction (a) was redistilled a t  the same bath tem- 
perature and pressure, and the distillate was recrystallized, with decolorization, from 
benzene. After five recrystallizations from benzene, 55 mg. of colorless plates was obtained, 
melting a t  205.5-206'. 

Anal .  Calc'd for CsH7N02: C, 67.0; H, 4.3; N, 8.7. 
Found: C, 67.0; H, 4.4; N, 8.7. 

The compound gave no color with vanillin-hydrochloric acid reagent and no color with 
Ehrlich's reagent, indicating that ,  if i t  is an indole derivative, i t  has not a free a-position. 
The compound was insoluble in cold water, but readily soluble in cold, dilute alkali. It 
gave a red-brown color with ferric chloride solution. The empirical formula of the acid, i ts  
melting point, and crystalline form, together with its chemical properties, suggested its 
identity with indole-a-carboxylic acid (111). Ciamician and Zatti (12) described this acid as 
separating from benzene as  platelets, melting a t  203-204' and giving a red-brown color with 
ferric chloride solution. They also describe the methyl ester as needles melting a t  151-152'. 

The methyl ester of the acid obtained above was prepared according to Ciamician and 
Zatti, using methyl alcohol saturated with hydrogen chloride. It was recrystallized twice 
from benzene, from which i t  was obtained as needles which melted at 150-151.5'. Since the 
melting point of this methyl ester corresponds to  that  for methyl indole-a-carboxylate, and 
since the melting point of the compound in  question corresponds to  that  for indole-a-car- 
boxylic acid, the identity of the acid obtained above may be considered established. 

Thermal decomposition of alstonine. Alstonine was freshly prepared from 4 g. of alstonine 
hydrochloride and the calculated amount of potassium hydroxide. The free alstonine 
formed (ca.  3.6 g.) was dried and heated rapidly in a sublimation apparatus to 300" sand- 
bath temperature, then kept a t  31C330" bath temperature for 1 hr. The sublimate was 
dissolved in  ether and the solution was extracted five times with 10% hydrochloric acid. 
The ethereal solution was then washed with water, dried, and evaporated to  dryness. The 
neutral residue, in alcoholic solution, gave a blue-violet color with Ehrlich's reagent remi- 
niscent of p-substituted indoles such as skatole. KO attempt was made to purify this small 
amount of neutral material pending accumulation of larger amounts. 

The combined hydrochloric acid extracts were made alkaline with sodium hydroxide, 
extracted with ether, and the ethereal solution was dried and evaporated to  dryness. The 
residue was distilled over a wide temperature range in vucuo and then redistilled a t  120-170" 
bath temperature and 0.15 mm. pressure. The sticky orange distillate was dissolved in alco- 
hol and treated with a saturated alcoholic solution of picric acid, yielding a copious yellow 
precipitate. The precipitated picrates were separated by fractional crystallization, follow- 
ing the course of the separation by means of melting points and microscopic examination of 
the crystals obtained a t  each crystallization. The picrates were digested in  about 250 cc. of 
hot absolute alcohol; that  which remained undissolved was filtered off and recrystallized 
twice from a large volume of absolute alcohol and then twice from 95% alcohol, in Thich i t  
was more soluble. Yellow monoclinic prisms were obtained, melting, with decomposition, 
a t  254-256" (picrate of Base D). 

Anal .  

This picrate is not identical with the picrate of Base C, which has the same empirical 
formula on the basis of analysis: the melting-decomposition points of the picrates are 50" 
apart. 

The picrates which dissolved originally in  the hot absolute alcohol (above) were further 
separated into two fractions: a more insoluble picrate, separating as very small, fine needles, 
and amore soluble picrate, obtained on concentration of the mother liquors, which separated 
as long, slender needles. The latter, or more soluble picrate, was recrystallized several 

Calc'd for C17H18S2.C6H3N307: C, 57.6; 13, -1.4; S, 14.6. 
Found: C, 57.4; H, 4.5; IT, 14.8. 
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times from absolute alcohol and formed long yellow needles which melted at 193.5-195" 
(picrate of Base E). 

Anal .  Calc'd for C I ~ H * O N ~ . C B H S N ~ O ~ :  C, 58.5; H, 4.7; N ,  14.2. 
Calc'd for C10H22N2.CsH3N307: C, 59.1; H, 5.0; N, 13.8. 
Found: C, 58.7; H ,  4.9; N, 13.9. 

The less soluble picrate, which separated as very small, fine needles, was recrystallized 
several times from absolute alcohol and twice from 80% alcohol. The clusters of yellow 
needles melted, with decomposition, a t  261-262.5' (picrate of Base F). 

A n a l .  Calc'd for C I ~ H I Z ? $ Z . C B H ~ N ~ O ~ :  C, 53.7; H, 3.6; N, 16.5. 
Found: C, 53.9; H, 3.8; N, 16.7. 

The free base (Base F) was prepared by dissolving the picrate in  a large amount of water, 
in  which i t  is sparingly soluble. The resulting solution was made strongly acid with conc'd 
hydrochloric acid and the picric acid was removed by exhaustive extraction with ether. 
The aqueous solution, which exhibited a strong blue fluorescence, was rendered strongly 
alkaline with sodium hydroxide and extracted with ether. The total ether extract was 
dried and the solvent removed, leaving a brownish-yellow oil. This was taken up in  ligroin 
(Skellysolve D) plus just sufficient benzene t o  dissolve i t  at the boiling temperature. On 
cooling, some oily material settled out; this was centrifuged down, the supernatant liquor 
was poured off and concentrated. After standing 1 week in the ice-box, crystalsformed, 
which were recrystallized from ligroin plus the minimum quantity of benzene. Fifteen 
milligrams of long white, rectangular rods were obtained, melting a t  79-81'. The compound 
gave no color with Ehrlich's reagent or with vanillin-hydrochloric acid reagent. 

A nul. Calc'd for C13H12N2: C, 79.6; H, 6.2. 
Found: C, 79.5; H ,  6.4. 

The hydrochloride of the C13H12N2 base separated in clusters of fine white needles from 
alcohol, turning brown a t  227" and undergoing final decomposition and liquefaction a t  about 
275". The hydrochloride is hygroscopic; i t  exhibits a strong blue fluorescence i n  water or 
alcohol solution. 

The methiodide of Base F was prepared by refluxing the base in  benzene solution with 
excess methyl iodide. Recrystallized from absolute alcohol, i t  separated as fine, pale yellow 
needles, melting, with decomposition, a t  283-284'. The methiodide also exhibits a blue 
fluorescence in solution. Considerable difficulty was encountered in burning the methio- 
dide on analysis, so that  the figures left something to be desired. 

A n d .  

Since the empirical formula of Base F corresponded to an ethyl-, or dimethyl-&carboline, 
and since the fluorescence, absorption spectrum, and other general properties of the base 
showed close similarity to  a carboline, 1-ethyl-&carboline (IV) was prepared on the basis of 
an experimentally determined value of 3.5% of N-alkyl groups (calculated as ethyl) found 
with the picrate of Base F.1 

K-nitrosoethylaniline. The method for N-nitrosomethylaniline described in  "Organic 
Syntheses" (13) was employed, starting with 242 g. (2 moles) of ethylaniline and using pro- 
portionate amounts of the other reagents. A 270 g. or 90% yield of N-nitrosoethylaniline 
was obtained as a light yellow liquid, boiling a t  125-126' a t  17 mm. Schmidt (14) describes 
boiling points of 119.5-120" at 15 mm. and 133" a t  19 mm. 

a-EthyZ-ol-phenyZhydrazine. The method for a-methyl-a-phenylhydrazine described in  
"Organic Syntheses" (15) was employed, starting with 270 g. (1.8 moles) of K-nitroso- 
ethylaniline and using proportionate amounts of the other reagents. The product was twice 
fractionally distilled, and two main fractions were obtained: (a) 59.0 g. boiling at 102110" 
a t  1.3.5 mm., ng 1.5567; (b) 121.0 g. (49% yield) boiling a t  114-116" a t  13.5 mm., n t  1.5642. 
The boiling point under vacuum has not been recorded previously; the boiling point of a- 
methyl-a-phenylhydrazine, obtained by this method in  52-56% yield, is 106-109" at 13 mm. 

Calc'd for C14H16IN2: C, 49.7; H, 4.5. 
Found: C, 49.1; H, 4.5. 

1 ?;-illkyl determination by hlr .  D. Rigakos, Rockefeller Institute. 
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Benzaldehyde a-ethyl-a-phenylhydrazone was prepared from fraction (b) and pure benzal- 
dehyde, and after two recrystallizations from water-alcohol, the compound melted a t  49". 
Michaelis and Phillips (16) report the melting point 49" for the a-ethyl-a-phenylhydrazone 
of benzaldehyde. Fraction (b) was used in subsequent reactions. 

This compound was prepared in good yield ac- 
cording to the method of Manske (8), starting with acrolein, hydrobrominating this to give 
the diethylacetal of P-bromopropionaldehyde, then replacing the bromine with the cyano 
group, and finally reducing the diethylacetal of p-cyanopropionaldehyde (n: 1.4162) with 
sodium and alcohol to yield the diethylacetal of yaminobutyraldehyde, boiling a t  85" a t  
11 mm., n r  1.4266. Manske reports the boiling point 84' a t  11 mm. 

I-Ethyltryptamine. This was made according to the method employed by hlanske for the 
preparation of tryptamine. Amixture of 40 g. (0.25 mole) of the above acetal and 35 g. (0.26 
mole) of a-ethyl-a-phenylhydrazine contained in a 500-cc. round-bottom flask, was treated 
with 34 g. (0.25 mole) of finely powdered, freshly fused zinc chloride. The mixture was 
heated together, finally under reflux, until the end of the vigorous exothermic reaction. 
The product, upon cooling, was dissolved in  acetic acid (30 g. of glacial acetic acid and 50 g. 
of water). Three hundred cubic centimeters of water was added and the zinc was precipi- 
tated by a stream of hydrogen sulfide. After filtration, the filtrate was made alkaline with 
sodium hydroxide and extracted with ether. The ethereal solution was dried, the solvent 
removed, and the residue distilled in uacuo, with fractionation, giving the following frac- 
tions: fraction (a) 9.1 g. boiling below 165' a t  2 mm.; fraction (b) 18.0 g. (38% yield) boiling 
a t  165-175" and 2 mm. Fraction (b), on redistillation, boiled a t  170-171" and 2 mm., giving 
a pale yellow liquid; n t  1.5821. 

Diethylacetal of y-aminobutyraldehyde. 

Anal. 

The phthalimide was prepared according to the method of Manske for the same derivative 
It formed long, monoclinic needles from absolute alcohol and 

Calc'd for CI2Hla?LT2: C, 76.5; H,  8.6; N ,  14.9. 
Found: C, 76.5; H ,  8.6; K, 14.9. 

of 1-methyltryptamine. 
melted a t  149-150". 

Anal. 

The picrate of 1-ethyltryptamine was made in alcohol solution and recrystallized from 

Anal. Calc'd for C18H1~Nb07: C, 51.8; H ,  4.6. 
Found: C, 52.0; H ,  4.7. 

1-Ethyl-d,S, 4 >  5-tetrahydro-p-carboline. The method of preparation was analogous to 
that  used by Spath and Lederer (6) for the preparation of the 1-methyl compound. A solu- 
tion of 4 g. of 1-ethyltryptamine in 250 cc. of dilute sulfuric acid (2 cc. of conc'd sulfuric acid 
in  250 cc.), after addition of 5 cc. of 40% formalin, was warmed a t  70" for 1 min. The solu- 
tion was cooled, made alkaline, and extracted with ether, the ether evaporated, and the 
residue refluxed 45 min. with 2 liters of sulfuric acid (2:250). The resulting solution was 
cooled, made alkaline, and extracted with ether. The residual yellow oil, after removal of 
the ether, was dissolved in alcohol. To the alcoholic solution was added picric acid in alco- 
hol solution and the orange picrate thus obtained was recrystallized from alcohol, with 
decolorizing carbon. The total yield of I -e thyl-d.S,~,6- te trahydro-p-carbol ine pzcrate was 
7.5 g. or %yo. 

Calc'd for C20H18N202: C, 75.5; H ,  5.7. 
Found: C, 75.3; H,  5.8. 

absolute alcohol as stout, orange, monoclinic prisms, melting a t  178.5-180.5". 

The orange monoclinic prisms melted a t  224-225". 
Anal. 

Two grams of the picrate was decomposed by the addition of strong hydrochloric acid to 
a water suspension which was stirred with benzene on a steam-bath. The benzene layer was 
removed and a fresh portion of benzene added, this process being repeated until the extrac- 
tion of picric acid n-as complete. The acidic solution was then made alkaline with sodium 
hydroxide and extracted with ether. The ethereal solution was dried and the ether re- 
moved, leaving a clear yellow oil which was distilled in uacuo a t  140-170" bath temperature 
and 0.2 mm. pressure. The free base could not be obtained crystalline and an analysis was 
not attempted on the light yellow oil. 

Calc'd for C19H19N507: C, 53.2; H, 4.5. 
Found: C, 53.6; H ,  4.7. 
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The p-nitrobenzamide of the secondary amine was made by refluxing 100 mg. of the oil and 
100 mg. of pure p-nitrobenzoyl chloride for 1 hr. in benzene solution. Benzene and unre- 
acted acid chloride and acid were removed, and the residual crystalline material was re- 
crystallized three times from alcohol, from which the p-nitrobenzamide separated as  pale 
yellow, diamond-shaped crystals, melting a t  146-148'. 

A n a l .  

I-Ethyl-@-carboline ( IV) .  This was prepared by dehydrogenation of the tetrahydrocar- 
boline according to the method employed by Spath and Lederer (6) for making l-methyl-p- 
carboline. Six hundred seventy milligrams of l-ethy1-2,3,4,5-tetrahydro-p-carboline was 
heated a t  16CL170"for 45 min. with 1.5 g. of palladium black (one-third of this quantity also 
gives a good yield). On distillation at 130-16O0 bath temperature and redistillation at 
13@-140" bath temperature and 0.2 mm. pressure, a straw-yellow oil was obtained. When 
this oil was taken up in petroleum ether (Skellysolve B) and the minimum quantity of ben- 
zene necessary for solution, crystals formed very slowly on long standing. The colorless 
regular prisms melted a t  41-42' after two slow recrystallizations from benzene-petroleum 
et  her. 

Calc'd for CIOH19N303: C, 68.8; H, 5.5. 
Found: C, 68.9; H, 5.6. 

A n a l .  Calc'd for C13H12N2: C, 79.6; H, 6.2; N, 14.3. 
Found: C, 79.2; H, 6.2; S,  14.4. 

The picrate of 1-ethyl-@-carboline was made in  alcohol solution and recrystallized three 
times from alcohol, in which i t  is but slightly soluble, giving long, golden-yellow needles, 
melting a t  227-228'. 

A n a l .  Calc'd for C19H16N507: C, 53.7; H, 3.6. 
Found: C, 54.0; H, 3.8. 

The methiodide was made by refluxing the free base with excess methyl iodide in  benzene. 

A n a l .  Calc'd for ClaH15INz: C, 49.7; H, 4.5. 
Found: C, 49.9; H, 4.8. 

1-Ethyl-@-carboline (IV) is not, therefore, identical with Base F, since the melting points 
of the free bases, picrates, and methiodides are not the same. 

I n  addition, the other possible N-ethyl-@-carboline, namely 8-ethyl-p-isocarboline (VI ) ,  
was synthesized for comparison with Base F. 

Norharman ethiodide was prepared by refluxing 400 mg. of norharman in  dry benzene with 
excess ethyl iodide. The insoluble ethiodide was recrystallized from absolute alcohol, from 
which i t  separated as pale yellow needles melting at 198-199'. 

J-Ethyl-@-isocarboline (VI) .  This was prepared according to  the method of Fischer (19) 
and Perkin and Robinson (20) for making methylharmine and methylnorharmine. A water 
solution of 600 mg. of norharman ethiodide was treated with excess sodium hydroxide solu- 
tion. The yellow crystalline precipitate was recrystallized twice from water, from which 
i t  separated slowly as yellow plates; these softened and bubbled on slow heating, with final 
melting taking place at 176.5-178.5". The material was dried in vacuo over phosphorus 
pensoxide for 12 hrs. a t  room temperature, then for 5 hrs. a t  100". The partially dehydrated 
sample was taken up in boiling toluene and boiled down to small volume. A further portion 
of dry toluene was added and the solution boiled down again. This process was repeated 
several times. Upon cooling of the conc'd toluene solution, flocculent yellow needles sepa- 
rated which Rere recrystallized once from dry toluene and twice from dry benzene. The 
yellow, hygroscopic needles melted a t  176.5-178.5" (VI). 

Anal .  Calc'd for CI3H12K2: C, 79.6; H, 6.2. 
Found: C, 79.6; H, 6.3. 

S-Ethyl-@-isocarbolzne ethiodide (T7ZZ). The ethiodide was prepared by refluxing 3-ethyl- 
p-isocarboline in dry benzene with excess ethyl iodide. The precipitated ethiodide crystal- 
lized from absolute alcohol as very pale yellow needles which melted at 213.5-215". 

It separated from absolute alcohol as pale yellow needles, melting a t  293-295". 

A n a l .  

The ethzodide of I-ethyl-@-carboline (ZV), which was prepared in a similar manner, like- 

Calc'd for C13H12NZ.CZH51: C, 51.1; H, 4.9. 
Found: C, 50.9; H, 5.0. 
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wise separated from absolute alcohol as very pale yellow needles melting a t  213.5-215'. As 
would be expected (21), this ethiodide proved identical in every way with VII ,  and mixed 
melting points of the ethiodides prepared by the two methods showed no depression. 

I-Ethyl-p-carboline was prepared by heating 500 mg. of tryptophan in dilute sulfuric acid 
with 15 cc. of 12% propionaldehyde solution, followed by oxidation with potassium dichro- 
mate; the method was exactly like that  employed by Kermack, Perkin, and Robinson (11) 
for the preparation of the next lower homolog, 2-methyl-p-carboline, or harman. The com- 
pound separated from benzene as prisms and melted a t  193-195", as reported by Spath and 
Lederer (6) for the same compound prepared by a different method. 

This reaction was carriedout both in an atmosphere of 
hydrogen and under normal atmospheric conditions, with no appreciable difference in the 
final result. For the distillation in a stream of hydrogen, the apparatus used was similar to 
that  described by Jacobs and Craig (17); for distillation in air, a wide knee-tube was used. 
A mixture of 2 g. of alstonine and 50 g. of zinc dust was heated in a sand-bath for 1 hr. a t  300- 
350°, after raising the temperature rapidly to this region. The distillate was dissolved in 
ether, extracted with 10% hydrochloric acid, and then the ethereal solution was washed with 
water. The neutral material obtained on evaporation of the ether gave a blue color with 
Ehrlich's reagent. The color was similar to that  shown by @-alkyl indoles. However, no 
chemical individual could be isolated from this fraction. The hydrochloric acid solution 
was made alkaline and extracted with ether. The ether was removed and the residue was 
twice distilled in vacuo a t  140-180° bath temperature and 0.2 mm. The distillate was dis- 
solved in benzene (300 mg. in 50 cc.) and chromatographed on 6 g. of aluminum oxide 
(Brockmann). Three main rings were obtained, which were developed and eluted with 
benzene. No pure chemical individual could be obtained from the first and third zones, 
nor could any crystalline picrate be obtained from their solutions. The benzene eluate of 
the second zone was treated with dry picric acid in benzene, and a crystalline picrate was 
obtained. This was filtered off and recrystallized many times from alcohol, from which i t  
finally separated as clusters of fine yellow needles, melting with decomposition at 261-263". 
A mixed melting-decomposition point with the picrate of Base F showed no depression. 

Reduction of tetrahydroalstonine with sodium and butyl alcohol. Hexahydroalstonol. To 
100 cc. of boiling n-butyl alcohol was added 2 g. of tetrahydroalstonine; when solution was 
complete 8 g. of sodium was added quickly in small portions. The solution became slightly 
yellow, and when all the sodium had dissolved, the solution was cooled rapidly and poured 
quickly into 5% hydrochloric acid. If allowed to cool slowly, the solution turned red, but 
this color change, with the subsequent difficulty in obtaining a pure, colorless product, 
could be circumvented by rapid cooling. The resulting acidic mixture was steam-distilled 
to free i t  from butyl alcohol. The yellow solution remaining in the distilling flask was made 
strongly basic with sodium hydroxide solution and extracted with chloroform. The total 
chloroform extract was dried over anhydrous magnesium sulfate and the solvent was re- 
moved in vacuo. The yellow crystalline residue was recrystallized three times from 90% 
alcohol, and yielded 800 mg. of material; this was recrystallized from absoute alcohol, from 
which i t  separated as tiny, well-formed prisms which melted a t  282-284' with decomposition. 
It showed [a] E -78' f 3" (c = 0.338 in pyridine) as compared with [CY]: -88" f 2" for tetra- 
hydroalstonine in pyridine. 

Ziizc dust distillation of alstonine. 

A n a l .  Calc'd for C20H26N202: C, 73.6; H ,  8.0; S, S.6. 
Found: C, 73.3, 73.5; H,  8.0, 8.1; N ,  8.8. 

The picrate was prepared in alcohol and after three recrystallizations from alcohol, 

Anal. Calc'd for C20H26N202.C6H3~301:  C, 66.2; H,  5.3; N, 12.6. 
Found: C, 55.9; H, 5.2; S ,  12.5. 

The above C20H26X202 compound could not be obtained from the reduction of alstonine 
itself with sodium and butyl alcohol; as a matter of fact, no crystalline product could be 
obtained from this reaction. 

The acetate was prepared by refluxing the free base with acetic anhydride for 1 hr. and 

formed small, stout yellow prisms which melted a t  237-238" with decomposition. 
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also by warming i t  with pyridine and acetic anhydride; however, the optimum conditions 
were the following: 50 mg. of base was dissolved in 5 cc. of anhydrous pyridine and 0.4 cc. 
of redistilled acetic anhydride was added. The solution was allowed to stand 5 days a t  25’, 
well-stoppered and in the absence of light. To the straw-yellow solution was added 3 cc. 
of methyl alcohol and the solution was evaporated to dryness in vacuo. This process was 
repeated several times with methyl alcohol and finally with water. The crystalline residue 
a n s  decolorized with charcoal in alcoholic solution and recrystallized five times from abso- 
lute alcohol, yielding colorless crystals, mainly in the form of tetragonal bipyramids, which 
melted a t  95-96’. 

Anal. Calc’d for C24H30x204: C, 70.2; H ,  7.4; S ,  6.8. 
Calc’d for C22H2&;203: C, 71.7; H, 7.7; S ,  7.6. 
Found: C, 71.4; H, 7.6; S ,  7.6. 

separated after boiling and long standing. 
tallizations from alcohol, and melted, with decomposition, a t  223-224.5’. 

The picrate of acetylhexahydroaEstonol was prepared in alcohol solution, from which i t  
It formed small yellow plates after five recrys- 

Anal. Calc’d for C24H30nT204.CBH3N30,: S ,  10.9. 
Calc’d for C22H2&203’CBH3N307: N ,  11.7. 
Found: K, 11.9. 

The Zerewitinoff determinations were carried out in dry pyridine in an atmosphere of 
dry nitrogen (18). 

TABLE I 
ZEREWITINOFF ACTIVE HYDROGEN DETERMINATION 

SUBSTANCE 1 HOLES cH( PER MOLECULE 

Yohimbine hydrochloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 2  
Tetrahydroalstonine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.28 
Alstonine hydrochloride.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 3  
Alstonine acid sulfate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 . 2  

The ultra violet absorption spectra measurements were done with a Hilger rotating sector 
quartz spectrophotometer using Eastman Process plates. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these 
laboratories. 

SUMMARY 

1. The formula of alstonine has been definitely checked as C21Hz~N20s. 
2. From the products of alkali fusion of alstonine and tetrahydroalstonine, 

harman, norharman, indole-a-carboxylic acid, and three bases of undetermined 
structure, probably @-carboline derivatives, have been obtained. 

3. Thermal decomposition of alstonine leads to the formation of three bases of 
undetermined structure, but which are apparently p-carboline derivatives. 
4. Reduction of tetrahydroalstonine with sodium and butyl alcohol leads to  a 

new base, hexahydroalstonol, C2oHzsN202, the absorption curve for which is 
identical with that of yohimbine and a ,  p-dimethylindole. 

5. 1-Ethyl-P-carboline and 3-ethyl-@-isocarboline have been prepared. 
6. A partial structure for alstonine is discussed. 

NEW YORK, N. Y. 
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In a previous communication (1) attention has been called to the fact that 
infusions of various species of Alstonia are reported to function as febrifuges in 
the treatment of malaria. Studies on the antimalarial activity of various iso- 
lated alkaloids have shown, however, that these bases are inactive, or only 
slightly active, on birds infected with Plasmodium inconstans (2, 3, 4). It has 
also been pointed out (1) that possible oxidative changes may occur during iso- 
lation of the alkaloids with resultant loss in physiological activity. In the pres- 
ent investigation, a new alkaloid, alstoniline, has been isolated from A. conslricta 
and has been found to be unusually susceptible to atmospheric oxidation. Prob- 
ably because of its susceptibility to oxygen, alstoniline has not been isolated in 
previous investigations of A. constricta (3, 5 ) .  In the form in which it exists in 
crude alcoholic extracts, alstoniline is readily oxidized yielding a crystalline 
oxidation product. This oxidation probably takes place during concentration 
of the extracts as described by Sharp (3), the product then being dispersed 
through the various larger alkaloid fractions. 

In the present investigation, crude extracts of the bark were first acidified with 
hydrochloric or sulfuric acids and the resultant salts of alstoniline were found 
to be somewhat more stable to oxidation. By concentrating the acidified ex- 
tracts in an atmosphere of nitrogen, the salts were obtained, together with large 
amounts of resinous material, as insoluble precipitates. From these crude pre- 
cipitates, alstoniline hydrochloride or sulfate was recovered by aqueous extrac- 
tion. Both of the salts are characterized by their intense red color and by their 
slight solubility in water and organic solvents. 

Alstoniline is a minor alkaloid of A. constricta, amounting to 0.02-0.05% of 
the bark. From a study of the crystalline base and several of its derivatives, 
the formula, CzzHlsK203, has been established for alstoniline. The base also 
exists, however, as a crystalline monohydrate, C22HlsX203. HzO. Derivatives 
of alstoniline fall into two groups, depending on whether or not this molecule of 
water is present. Alstoniline monohydrate is obtained on neutralization of the 
hydrochloride, which contains a molecule of water of crystallization, whereas 
the anhydrous form of the base results from neutralization of the sulfate which 
is not hydrated. All derivatives of alstoniline monohydrate contain a molecule 
of water, but derivatives of the anhydrous base may or may not be associated 
with water. Ap- 
parently the monohydrate exists in the original extracts since the anhydrous 
base is converted into it on recrystallization from 95% alcohol. The conversion 
to the monohydrate may also be accomplished by preparing the hydrochloride 
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These various relationships are summarized in Figure 1. 

1 Xational Research Council Fellow in Chemistry, 1941-42. 
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from anhydrous alstoniline, under conditions used in extraction of the bark. 
The base liberated on neutralization of this salt is alstoniline monohydrate. 
Similarity between the ultra-violet absorption curves (Fig. 2) of alstoniline and 
alstoniline monohydrate indicates that hydration does not involve a basic change 
in the arrangement of double bonds of the two substances. 

The behavior of alstoniline monohydrate under conditions of atmospheric 
oxidation is noteworthy. When alcoholic solutions of the base were aerated for 
several hours, one atom of oxygen was absorbed and a crystalline oxidation 

product, C ' L ~ H I ~ N ~ O ~  .H20, was formed. Pending definite elucidation of the 
mode of formation of this substance, we suggest that it be designated alstoniline 
oxide. More striking is the behavior of alstoniline monohydrate on catalytic 
reduction with platinum oxide. Two moles of hydrogen were absorbed during 
the reduction, and the color of the solution changed from a deep orange-red to 
a strongly fluorescent yellow. However, during exposure to air in working up 
the product, the hydrogen taken up during the reduction was lost, an atom of 
oxygen was absorbed and the above alstoniline oxide monohydrate resulted. 
Such a change during recrystallization of the product was indicated by varia- 
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tion in the melting point, which remained constant during several crystalliza- 
tions and then rose as much as twenty degrees on a subsequent recrystallization. 
Likewise, analyses of the product a t  various stages of purification showed a 
carbon content ranging progressively from that of the expected reduction pro- 
duct to that of alstoniline oxide monohydrate. Attempts to isolate the reduced 
base by recrystallization under nitrogen were unsuccessful. However, in con- 
trast to the behavior of the free base, alstoniline hydrochloride absorbed two 
moles of hydrogen on catalytic reduction and alstoniline sulfate absorbed four 
moles. Moreover, the products of the reduction of the salts were stable to  
atmospheric oxidation. At present no explanation of the nature of the unsatu- 
rated system which is responsible for the reversible reduction of alstoniline hy- 
drate, and for the apparently irreversible reduction of its salts, suggest itself. 

The ease with which reduced alstoniline underwent oxidation suggested that 
possibly the base might have undergone isomerism under the conditions of the 
reduction, although no isomeric base could be isolated. However, in one experi- 
ment, a second form of alstoniline monohydrate mas obtained in small amounts, 
when the preparation of a methiodide was attempted in benzene solution. This 
melted a t  189-190" as contrasted with the usually observed melting point of 
356" for alstoniline monohydrate. The second form underwent atmospheric 
oxidation in the solid state, and more rapidly in solution, yielding alstoniline 
oxide. Unfortunately we have been unable to work out an exact procedure for 
obtaining this substance with the amount of material a t  present available. In 
subsequent experiments, despite the use of precautions to exclude oxygen, only 
alstoniline oxide was obtained. 

All derivatives of alstoniline which were examined were found to be optically 
inactive. Alstoniline monohydrate gave a negative result with Ehrlich's rea- 
gent. In the iidamkiewicz reaction as modified by Harvey, Miller, and Robson 
(G) ,  tetrahydroalstoniline sulfate gave a color changc from blue to olive green, 
similar to that observed with tetrahydroalstonine. Inasmuch as this reaction 
is considered indicative of a tetrahydro-0-carboline ring system, alstoniline 
probably contains this nucleus. Alstoniline monohydrate gave an entirely dif- 
ferent color series with this reagent. The presence of two methoxyl groups in 
alstoniline oxide was indicated by analysis. 

Physiological examination of A .  constricta and its alkaloid fractions was made 
possible through the kindness of Dr. John Rlaier of the Rockefeller Foundation. 
Finely ground A .  constricta bark was found to be inactive in dosages of 150 
mg. per day in birds infected with avian malaria. The total alkaloid fraction, 
obtained by Sharp's procedure (3),  and which presumably contained alstoniline 
as the oxide, was inactive in dosages of 60 to 120 mgm. per day both as the free 
bases and as the hydrochlorides. This sample also showed no activity toward 
sporozoite transmitted infections in dosages of 90 mg. per day. The free bases 
from fractions I1 and I11 (see Experimental) were found t o  be inactive in dosages 
of 30 mg. per day in avian malaria. The possiblity that alstoniline, in its un- 
oxidized form, may be active, is now under consideration. 
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EXPERIMENTAL 

All melting points have been corrected for stem exposure. Those designated as “B” 
were taken in a copper melting point block. 

Ertraction of Alstonia constricta bark. Alstonia constricta bark2 (30 lbs.), ground to 60 
mesh in a ball mill, was moistened with sufficient 95% alcohol to cover the bark. After 
standing a t  room temperature for two days with occasional stirring, the moist bark was 
pressed in an hydraulic press. The alcoholic extracts from six such treatments were com- 
bined and acidified with hydrochloric acid [27 cc. of hydrochloric acid (1.19) and 73 cc. of 
water]. This acidified solution was then concentrated to  approximately three liters at 
reduced pressure, in an atmosphere of nitrogen. During the concentration, a semi-crystal- 
line solid separated and this precipitate (Fraction I) was filtered off and dried. The yield 
wa? 16 g.  

The filtrate, after removal of Fraction I, was taken to dryness a t  reduced pressure and 
in an atmosphere of nitrogen. The dark, gummy residue was extracted with 0.5% hydro- 
chloric acid (3.5 liters) and this extract was filtered and then diluted with an equal volume 
of water. The acid extract, in five portions, was adjusted to p H  10 with dilute sodium 
hydroxide solution and the free alkaloids were exhaustively extracted with chloroform. 
The combined chloroform extracts were then shaken out several times with 0.5% hydro- 
chloric acid. This purification through the free bases was repeated, and the final acid 
extract was partially neutralized (pH 5) with sodium carbonate, and then taken to dryness 
a t  reduced pressure under nitrogen. The residue was extracted with absolute alcohol 
(60 cc.) and this solution was kept a t  0” for several days. Crystalline alstonine hydro- 
chloride separated out slowly. The total yield was 70.0 g. or 0.51% of the bark. 

The filtrate from the alstonine hydrochloride crystallization was taken to dryness under 
vacuum in an atmosphere of nitrogen. The glassy, brown residue was dissolved in  water 
and the pH of the solution was adjusted to 7.0-7.5 by addition of aqueous sodium bicarbon- 
ate. The liberated alkaloid fraction was exhaustively extracted with chloroform and the 
combined chloroform extracts were shaken out several times with 0.5 .V hydrochloric acid. 
Tho acid extract was partially neutralized (pH 5) and taken to dryness a t  reduced pressure 
in an atmosphere of nitrogen. The residue was extracted with alcohol and this solvent was 
then allowed to evaporate off a t  atmospheric pressure leaving an amorphous residue 
(Fraction 11). The total yield was 19.0 g. or 0.14% of the bark. 

The aqueous solution, after extraction of Fraction 11, was adjusted to pH 8.0-8.5 with 
aqueous sodium carbonate. The alkaloid fraction was extracted with chloroform and back 
extracted n i th  0.5 A- hydrochloric acid as above. The partially neutralized acid extract 
( p H  5) was evaporated to dryness a t  reduced pressure in an atmosphere of nitrogen, and 
the residue was taken up in absolute alcohol (25 cc.). Alstonine hydrochloride crystallized 
from this solution on addition of an equal volume of ethyl acetate. The total yield was 
13.5 g. or 0.10% of the bark, and the over-all yield of alstonine hydrochloride was 0.61% 
of the bark. 

The aqueous solution, from which alstonine hydrochloride had been extracted, was 
adjusted to pH 10 with dilute aqueous sodium hydroxide, and the alkaloid fraction was 
extracted with chloroform and back extracted with 0.5 IV hydrochloric acid. Evaporation 
of the partially neutralized acid extract (pH 5 )  a t  reduced pressure under nitrogen left a 
glassy residue which was extracted with alcohol to remove inorganic impurities. An 
amcrphous residue was left on evaporation of the alcohol, and pulverized to a brown powder 
(Fraction 111). The total yield was 7.0 g. or 0.05% of the bark. 

Although some tar  was formed during this fractionation, the amount was considerably 
less than that  resulting from the use of Sharp’s isolation procedure (3). 

Zsolatzon of alstonzline hydrochloride and sulfate. Fraction I (3.0 g.) from the preceding 

2 Identified as A .  constricta F. Muell. by Dr. Heber Youngken of Boston, Mass. 
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fractionation was treated with boiling water (1200 cc.). A large amount of insoluble residue 
was removed by filtration and sodium sulfate was added to  the filtrate. Alstoniline hydro- 
chloride separated out as a reddish-brown, amorphous solid. The hydrochloride crystal- 
lized from methanol as fine, red needles decomposing over a wide range without melting. 
The yield was 0.5 g. or 0.02% of the bark. 

Anal. Calc'd for C22H18N203.HC1.H20: C ,  64.0; H ,  5.1; K, 6.8. 
Found: C, 64.4; H, 5.0; W ,  7.0. 

Extractions carried out on a one-kilogram scale, in  which the bark was vigorously shaken 
with alcohol for 24-hr. periods, resulted in yields of alstoniline hydrochloride as high as  
0.05% of the bark. 

Crude alstoniline sulfate was obtained from a similar extraction of A. constricta bark 
(30 lbs.) in  which the alcoholic extract was neutralized with an equivalent amount of sulfuric 
acid. Extraction of this crude product (3.0 g.) with boiling water 
(1200 cc.) yielded alstoniline sulfate (0.5 g.). The sulfate crystallized from both methanol 
and ethanol as  fine, red needles which melted at 260-264" with decomposition (B). 

The yield was 14 g. 

Anal. Calc'd for (C22H~8N203)2.H2S04: C, 64.8; H,  4.7; N,  6.9. 
Found: C, 65.0; H,  4.8; K,  7.0. 

Preparation of alstoniline monohydrate. Alstoniline hydrochloride (0.5 g.) was dissolved 
in boiling water (100 cc.) and the solution was filtered and cooled. On neutralization with 
sodium carbonate, the free base separated as a brown, amorphous powder. The yield was 
0.4 g. Alstoniline monohydrate, which is only slightly soluble in dilute methanol and 
ethanol, can be crystallized from either of these solvents by concentrating highly dilute 
solutions of the base to approximately one-fifth of the original volume and then cooling. 
On repeated recrystallization from dilute ethanol, alstoniline monohydrate was obtained 
as fine, yellowish-brown needles decomposing sharply a t  356' (B). 

Anal. Calc'd for C 2 2 H ~ ~ N 2 0 3 . H 2 0 :  C, 70.2; €1, 5.3. 
Found: C, 69.8; H, 5.1. 

A picrate, prepared from the base monohydrate, crystallized from methanol as red 

Anal. 

In  an attempt to  form a methiodide of alstoniline monohydrate by heating the base 
(0.1 g.) in benzene (700 cc.) with a large excess of methyl iodide (10 9.) a t  60" for seven hours, 
a base monohydrate giving analytical figures corresponding to  alstoniline monohydrate 
was obtained in 33% yield. The alstoniline monohydrate, which did not dissolve, was 
removed by filtration, and the filtrate was taken to dryness a t  reduced pressure. The new 
base crystallized from dilute alcohol as shiny yellow needles which melted at 159-190". 

needles decomposing sharply a t  294' (B). 
Calc'd for C22H~8S203.CBHsN30,.H20: C, 55.5; H, 3.8. 
Found: 55.5; H ,  3.9. 

Anal. Calc'd for CZ2H~8N20S.H20: C, 70.2; H ,  5.3. 
Found: C, 70.0; H,  5.2. 

A small amount of material, containing halogen, separated out during this reaction. 
Several attempts to repeat this were made, but without success. 

The new base proved to  be unstable, oxidizing rapidly in the presence of air, both in 
solution and in the solid form. The product of this oxidation, alstoniline oxide, crystal- 
lized from absolute ethanol in two crystalline forms, large yellow rosettes and stout orange 
needles which were shown by mixed melting point to  be the same substance. Both forms 
melted a t  212.5-213.5' and the oxide was identical with that obtained as described below. 

Calc'd for C22H,8K204.H20: C, 67.4; H, 5.2; N,  7.1; 2 OCH3, 15.8; Mol. Wt. 392. 
Found: C, 67.5; H ,  5.2; PI;, 7.4; OCH3 14.4; Mol. Wt., 383. 

Alstoniline monohydrate was aerated in 95% alcoholic solution to  
yield the oxide monohydrate, which melted a t  212-213" and v a s  identical with the substance 
obtained above. 

-4nal. 

Alstoniline ozide.  

Anal. Found: C, 67.8; H, 5.2. 
The molecule of water of crystallization was removed by prolonged drying over phos- 
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phoric anhydride at l l O o ,  the anhydrous base melting a t  219-221.5'. The water lost was 
4.3%,. Calc'd for a monohydrate: 4.6%. 

Anal .  Calc'd for C22HlsN204: C, 70.6; H, 4.9. 
Found: C, 70.2; H, 5.3. 

Preparation of anhydrous alstoniline. Alstoniline sulfate (0.5 g.) was dissolved in hot 
water (100 cc.) and the resultant solution was filtered. This solution was allowed to  cool 
to incipient crystallization and then neutralized with sodium carbonate and cooled rapidly 
to  room temperature. The anhydrous base, which separated out as a bromn, amorphous 
powder, crystallized from methanol, on concentrating dilute solutions of the base, as fine, 
yellow-brown needles decomposing sharply a t  372' (B). The yield was 0.4 g. Traces of 
inorganic material, present in this sample, were extremely difficult to remove. 

A n a l .  

On heating the anhydrous base (0.1 g.) in benzene (500 cc.) with a large excess of methyl 
iodide (10 g.) a t  60" for seven hours, an insoluble methiodide was formed in 33% yield. 
The principal product of the reaction was alstoniline oxide as determined by a mixed melting 
point. The methiodide, which crystallized from dilute methanol as  orange-red needles, 
decomposed over a wide range without melting. 

Calc'd for C & I S N ~ O ~ :  C, 73.7; H ,  5.1. 
Found: C, 73.1; H, 5.0. 

Anal .  

The anhydrous base formed a picrate which was different from that  obtained from 
alstoniline monohydrate. The picrate of the anhydrous base decomposed explosively 
above 350' and could not be purified for analysis, apparently due to a gradual decomposition 
during recrystallization (absolute methanol). 

Conversion of anhydrous alstoniline to the monohydrate. Alstoniline (0.08 9.) was dis- 
solvrld in 95% alcohol (400 c ~ . )  containing 10% water, this concentration being ap- 
proximately equivalent to  that  existing in  an actual extraction of Alstonia constricta bark, 
and the added water compensating for the moisture content of the bark. The solution 
was filtered aEd hydrochloric acid [I cc. of hydrochloric acid (1.19) and 4 cc. of water] was 
added to the filtrate. The reaction mixture, which turned red on acidification, was allowed 
to stand a t  room temperature for 96 hrs. The free base was then liberated by neutralizing 
with sodium carbonate, and the brown, amorphous precipitate (0.04 g.)  crystallized from 
dilute alcohol as yellow-brown needles, decomposing sharply at 356' (B). 

Calc'd for C ~ & S N ~ O ~ . C H I I :  C, 55.2; H ,  4.2. 
Found: C, 55.2; H, 4.2. 

Anal .  

This conversion also took place when the anhydrous base was simply recrystallized from 
95% alcohol, but did not occur in methanol or aqueous solutions. 

Reduction of alstoniline hydrochloride. Alstoniline hydrochloride (0.1342 9.) was dis- 
solved in absolute methanol (200 c ~ . )  and reduced over platinum oxide (0.07 g.). At 
first the orange-red solution turned yellow and exhibited a strong fluorescence. Hydrogen 
uptake was complete a t  this point, the sample absorbing 2.0 moles in 10 min. The catalyst 
was removed by filtration and the filtrate was taken t o  dryness a t  reduced pressure in  an 
atmosphere of nitrogen, leaving a red, amorphous residue. This product crystallized from 
absolute alcohol yielding pale yellow, micro-crystals which melted at 231-232' with 
decomposition. 

Calc'd for C22H~sN203.HZO: C, 70.2; H, 5.2. 
Found: C, 69.9; H, 5.1. 

Anal .  Calc'd for Ca~H18NzOa.HCl.Hz0: C, 63.4; H, 6.0; N, 6.7. 
Found: C, 63.3; H, 5.7; N, 6.4. 

Reduction of alstoniline sulfate. Alstoniline sulfate (0.0918 g.) was dissolved in absolute 
methanol (175 cc.) and reduced over platinum oxide (0.06 g.). The orange-red solution 
gradually turned yellow during the first ten minutes, exhibiting strong fluorescence at this 
point. During the next sixty minutes, the fluorescence disappeared, leaving a pale yellow 
solution. Reduction was complete in three hours with a hydrogen uptake of 4.04 moles. 
The catalyst was removed by filtration and the filtrate was taken t o  dryness a t  reduced 
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pressure under nitrogen. The red, amorphous residue crystallized from dilute alcohol and 
was recrystallized from absolute methanol, yielding pale yellow, micro-crystals which 
melted at 233-234" with decomposition. 

Anal. Calc'd for (C22H18N208)eH2SO~.H@: C, 62.8; H, 5.8; N, 6.7. 
Found: C, 62.6; H, 5.7; N, 6.5. 

The microanalyses here reported were performed by Mr. Saul Gottlieb of these 
laboratories. 

SUMMARY 

1. A new crystalline base, alstoniline, has been isolated from Alstonia con- 

2. Reactions of alstoniline have established the susceptibility of this alkaloid 

3. Alstonia constricta and several of its alkaloid fractions have been found 

NEW YORK, N. Y. 

stm'cta bark. 

to atmospheric oxidation. 

to be inactive in avian malaria. 
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It has been suggested repeatedly that arylamine sulfonates be used in identi- 
fying the sulfonic acids and their salts; for literature see Chambers and Watt 
(1) and others (2, 3, 4, 5,  6). Systematic investigation of their value for a wide 
variety of sulfonic acids, however, does not appear to have been made; much 
work has dealt with arylamine salts of the dye intermediates only, and then 
with a view as much toward separation as to characterization. The converse 
idea of using sulfonates as identifying derivatives of aromatic amines has been 
considered (2, 7, 8, 9). 

Several authors have commented on the lack of agreement in the literature 
upon the melting points of these derivatives; this diversity, itself a bad sign, 
has hitherto been ascribed to insufficient drying (6, 9, 10). Only Fieser (6) 
has explicitly mentioned the undesirable sintering which precedes the melting 
of so many of these salts, although a few papers imply it by giving some melting 
points as wide ranges. This behavior has now been found to persist after ex- 
haustive recrystallization and drying, with either slow or rapid heating, and 
with or without a sealed capillary tube. Reproducibility, as well as reasonable 
agreement with the best literature values, can be attained by disregarding 
sintering and calling the melting point the interval between the temperature a t  
which liquid is just visible and that at which the droplets flow down the cap- 
illary. 

Tables I, 11, and I11 represent compilations of melting point data on the 
aniline, o-toluidine, and p-toluidine salts of aromatic sulfonic acids, including 
both literature values and those obtained in this work. The rather lengthy 
results of the literature search are recorded here because only a few of the values 
are in Beilstein or any other survey. When various melting points for the same 
compound have been reported, only the “best” value (almost always the most 
recent) is used, but all references are cited. No notice is given to papers re- 
porting preparation but not melting points of amine salts. 

It may be admitted a t  once that some of the melting points tabulated are 
inconveniently high and blurred by decomposition. Moreover, the values for 
isomers and for homologs and other structurally related compounds often do not 
vary sufficiently to ensure differentiation. Aromatic aminosulfonic acids can 
not be converted to useful arylamine salts without previously subjecting them 
to acetylation (3, 11) or the Sandmeyer introduction of chlorine (5 ) .  The 
latter has recently been similarly employed to make possible the identification 
of such amino sulfonic acids in the form of the sulfonamides or sulfonanilides (13). 

On the other hand, most of these salts are exceptionally easy to prepare and 
recrystallize; none of those made in the present work showed any tendency to 
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M.P. ,  OC 
159-161 d 
165 
170 
170-171 
183 
183-185 

186-187 
187 

190 d 
191.5 
192 

201.9 
206.5 
206-207 
207 
208-209 

209-210 d 
210 
180-210 d 
209-21 1 
d 212 

214 
215 

215-220 

218 
221 

221 

221-222 

222 
222-223" 
224 d 
224-226 

229 

212-213 

d 226-229 

229-230.5. 
231-232 
235 

0. C. DERMER AND V. H. DERMER 

TABLE I 
ANILINE SALTS OF AROMATIC SULFONIC ACIDS 

SULFONIC ACID 
o-carbamidobenzene- (17) 
o-sulfobenzoic (18) 
p-phenol- (18) 
6-carbarnido-m-toluene- (17) 
naphthalene-1 - (2) 
p-bromophenylcarbamide - o - 

1-naphthol4 (3) 
p - chlorophenylcarbamide - o - 

4 - isopropylnaphthalene - 1 - 
2-amino-5-iodobenzene- (17) 
p - sulfocinnamic acid dibro- 

1 -ni tronaphthalene-2- (21) 
diphenylamine-4- (22) 
m-chlorobenzene- (5) 
2-nitro-4-chlorobenzene- (23) 
o-sulfocinnamic (mono salt) 

2-isopropylnaphthalene -1 - (20) 
2-amino-5-chlorobenzene- (17) 
o-aminobenzene- (17) 
5-methylnaphthalene-2- (25) 
p-bromophenylbiuret-o- (17) 
p-iodophenylbiuret-o- (17) 
2-amino -5-bromobenzene- (17) 
acetophenone phenylhydra- 

zone-p- (26) 
cinnamaldehyde phenylhydra- 

zone-p- (26) 
o-toluene- (15) 
benzaldehyde phenylhydra- 

zone-p- (26) 
anisaldehyde phenylhydra- 

zone-p- (26) 
1-benzyl - 4 - benzoylnaph- 

thalene-5- (27) 
m-nitrobenzene- (8) 
p-chlorobenzene- (5) 
p-phenetole- (18) 
m-sulfobenzoic (mono salt) (28) 
8-nitronaphthalene-1- (18, 29) 
2-nitrotoluene-4- (18, 30) 
2-chlorotoluene-5- 
acetylnaphthionic (3) 
1-benzoylnaphthalene - 5 - (27, 

(17, 19) 

(19) 

mide (18) 

(24) 

31) 

234-2360 
d 236-237 
237-238' 
238 
238 d 

237-239" 
239 
240 
240 
237-241 d 
241-242 
246-248 do 
247-249 
249 

248-250 
249-250" 
250 
250-251" 
251-252 
252-253 

254 
-255" 
256 

256-257 
256-258" 
256-259" 
d 255-260" 
d 260 
260-261 
259-262 da 
262-263" 
264 
d 265 
269" 

273 

284 

300 d 

309 
312 d 

269-271 da 

d 273-274 

298-299 d 

2-bromo toluene-5- 
2-amino-5-nitrobenzene- (17) 
p-bromobenzene- 
p-toluene- (18, 15, 7, 32, 33, 9) 
m-sulfocinnamic (mono salt) 

2-iodotoluene-5- 
diphenylamine-4,4'-di- (22) 
2-naphthol-8- (35) 
benzene- (18, 7, 36) 
6-amino-m-toluene- (17) 
2-naphthol-3- (36) 
2-chloro-3-ni trotoluene-5- 
6-carbamido-m-toluene- (17) 
salicylaldehyde phenylhydra- 

zone-p- (26) 
8-methylnaphthalene-2- (37) 
p-t-butylbenzene- 
m-sulfobenzamide (28) 
p-ethylbenzene- 
naphthalene-2,7-di- (38) 
1,s - dibenzylnaphthalene - 4 - 

2-naphthol-3,6-di- (35) 
3,4-dichlorobenzene - 
acetyl - 2 - naphthylamine-6- 

3-bromoacenaphthene-@- (40) 
p-phenoxybenzene- 
3-nitro-4-bromobenzene- 
4-(p-nitrophenoxy) benzene- 
5-nitronaphthalene-2- (18) 
3-bromoacenaphthene-a- (40) 
2,4-dinitrobenzene- 
2,5-dichlorobenzene- 
2-naphthol-6- (35) 
5-nitronaphthalene-1- (18) 
naphthalene-2- (15, 2) 
4-nitrotoluene-2- (30) 
acetyl-1-naphthylamine-8- (11) 
3-iodo-5-sulfosalicylic (41) 
anthraquinone-1- (42, 16) 
naphthalene-1,6-di- (4) 
1 ~ 8 - dihydroxynaphthalene- 

anthraquinone-2- (42, 16) 
1-naphthylamine - 3,6,8 - tri- 

(23) 

(39) 

(11) 

3,6-di- (12) 

(12) 

a Value established or confirmed in this work. 
b Monohydrate when air-dried. 
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M.P.  OC 
d 340 

344 d 
>300 
>330 da 

M.P. cc 
127.5 
162.5164" 
170-172" 

176 
173.5-175' 

178-180" 
182-183.5" 
190" 
190.5-191.5" 
192 

193 
196b 

198 

199-200" 
202 
205.5-207" 
208 
213 d 

213a 
214 

219 

192-193" 

226-228" 

TABLE I-Continued 
SULFONIC ACID 

1-amino - 8 - naphth01-3~6-di- >345 na~hthalene-2~6-di-  (38) 
(12) d > 200 2-chloro-5-nitrobenzene- (18) 

acetyl-1-naphthylamine-5- (11) d > 200 3-sulfo - 4 - bromobenzoic 
2-naphthol -6,S-di - (35) 
biphenyl-4,4'-di- d naphthalene-l,5-di- (16, 4) 

(mono salt) (18) 

TABLE I1 
0-TOLUIDINE SALTS OF AROMATIC SULFONIC ACIDS 

SULFONIC ACID 
o-sulfobenzoic (43) 
p-chlorobenzene- 
3 , 4-dichlorobenzene 
2-chlorotoluene-5- 
benzene- (43, 7) 
2-bromotoluene-5- 
p-bromobenzene- 
p-toluene (43, 9) 
2-iodotoluene-5- 
p-phenol (43) 
p-ethylbenzene- 
m-nitrobenzene- (8) 
cinnamaldehyde phenylhy- 

drazone-p- (26) 
acetyl - 1 - naphthylamine-8- 

3-nitro-4-bromobenzene- 
2-nitrotoluene-4- (30) 
p-phenoxybenzene- 
2-naphthol-6- (35) 
benzaldehyde phenylhydra- 

naphthalene-% (2) 
diisopropylnaphthalene - 1 - 

salicylaldehyde phenylhy- 

p- (4-nitrophenoxy)benzene- 

(11) 

zone-p- (26) 

(20) 

drazone-p- (26) 

230 d 

234-235 

235-237 da 
237 
238 
242 
245-246.5 @ 
250-251a 

257 

259 

260-261 
262 

270-271 
290 d 

253-254" 

256-258 da 

303-304 
304 d 

d 320 

323-324 d 
338 d 
338-339 d 
>330 dab 

cinnamaldehyde phenylhy- 

o-sulfocinnamic (mono salt) 

2-chloro-3-nitrotoluene-5- 
naphthalene-1- (2) 
naphthalene-2,7-di- (38) 
2-naphthol-8- (35) 
2,4-dinitrobenzene- 
2,5-dichlorobenzene- 
p-t-butylbenzene- 
2-naphthol-3,6-di- (35) 
4-nitrotoluene-2- (30) 
acetyl -1- naphthylamine -5- 

acetylnaphthionic (3) 
acetyl -2- naphthylamine -6- 

2-naphth01-6,S-di- (35) 
1,s-dihydroxynaphthalene -3, 

1-naphthol-4- (3) 
1- naphthylamine -3,6,8 -tri- 

1-amino -8- naphthol -3,6- 

naphthalene-l,6-di- (4) 
naphthalene-2,g-di- (38) 
naphthalene-1 ,5-di- (4) 
biphenyl-4,4'-di- 

drazone-p- (26) 

(24) 

(11) 

(11) 

6-di- (12) 

(12) 

di- (12) 

a 1-alue established or confirmed in this work. 
b 1Ionohydrate when air-dried. 

form an oil. Since almost none are hydrated, there is no difficulty in drying 
them to constant composition and melting point. Moreover, those not con- 
taining hydroxyl or amino groups have sharp neutralization equivalents ; this 
alone would make them useful for finding the equivalent weight of an unknown 
sulfonic acid, given the metallic salt of such acid. A table of equivalent weights 
found for the new compounds here reported has seemed unnecessary; it may 
merely be stated that upon titration each gave a molecular weight value within 
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one per cent of the theoretical value. Only three proved to contain water of 
crystallization, each of these being a monohydrate. Drying them overnight 

M . P .  'C  
139- 140 
141-143 
147-149 
149-150 
181 
d 182 

191-192 
196 
197 
198 
199-200 
202 
203-204 
204-205 

204-206ab 
205 
207 
2O8-20ga 
208-2100 
214-215 
215-216.5" 
218-220" 
2210 
220-222" 
222 
222 
222-223" 
222-223 .5a 
223 

226 

226 

225-227b 

229-230 

TABLE I11 
~ - T O L U I D I K E  SALTS OF AROMATIC SULFONIC ACIDS 

SULFONIC ACID 232 2-naphthol-8- (35) 
4-n-hexylphenol-2- (44) 232-233 acetylnaphthionic (3) 
4-n-propylphenol-2- (44) 233-234 retene-6- (51) 
4-n-amylphenol-2- (44) 235 phenanthrene-4- (6) 
4-n-butylphenol-2- (44) 235-236 da 3-nitro-4-bromobenzene- 
naphthalene-1- (2) 238-240 da 2-chloro-3-nitrotoluene-5- 
3,4 - dihydroxyphenanthrene- 243 acetyl-2-naphthylamine-6- (11) 

2,4-dimethoxybenzene- (46) 245-247 p- (4- bromophen0xy)benzene- 
1-naphthol-4- (3) (50) 
o-sulfobenzoic (47) 247-248" 2,5-dichlorobenzene- 
p-toluene- (15, 9, 13) 248 2-naphthol-6- (35) 
m-chlorobenzene- (5) 247-249 da azobenzene-4- (52) 
p-phenol- (47) 248-249 d 4,7- dimethylhydrindene -5- 

2-methyl -4- methoxybenzene 250 2-naphthol-3,6-di- (35) 

3,4-dichlorobenzene- 254-255" p-t-butylbenzene- (14) 
benzene- (7) 255 acetyl-1-naphthylamine-5- (11) 
acetyl-1-naphthylamine-8- (11) 256-257 da 4-nitrotoluene-2- (30) 
p-ethylbenzene- 266-267 p-(4- su1fophenoxy)benxoic (54) 
p-chlorobenzene- (5) 267 phenanthrene-1- (6) 
2-nitrotoluene-4- (30) 277 d toluene-2,4-di- (15) 
p-bromobenzene- 288-289 p- (4- sulfopheny1)benzoic (54) 
2-chlorotoluene-5- 29 1 phenanthrene-2- (6, 49) 
naphthalene-2- (2, 14) 292 d 1- naphthylamine- 3,6,8-tri- 

m-nitrobenzene- (8) 294 2-naphthol-6,8-di- (35) 
phenanthrene-3- (6, 49) 299 naphthalene -2,7-di - (38) 
2-bromotoluene-5- 305 d 1,8 - dihydroxynaphthalene- 
p-phenoxybenzene- (50) 3,6-di- (12) 
cinnamaldehyde phenylhydra- 308 anthraquinone-2- (16) 

benzaldehyde phenylhydra- 318-320 d 6-nitroacridone-2- (55)  

salicylaldehyde phcnylhydra- d 335 1-amino -8- naphthol-3,6-di- 

o-sulfocinnamic (mono salt) >300 p-aminobenzene- (15, but cf. 3) 

m-sulfocinnamic (mono salt) >360 naphthalene-2,6-di- (38) 

1- (45) 245-247 da 2.4-dinitrobenzene- 

o-toluene- (15) (53) 

(48) 251 3 ~ 5-dinitro-p-toluene- (15) 

2-iodotoluene-5- (11) 

zone-p- (26) 314-315 d naphthalene-1,6-di- (4) 

zone-p- (26) 332 d naphthalene-l,5-di- (4) 

zone-p- (26) (11) 

(24) >330 d biphenyl-4,4'-di- 

(34, 24) d 1 ~ 2- phenanthraquinone -4-(56) 

= Value established or confirmed in this work. 
Monohydrate when air-dried. 

a t  110' removed the water, which, however, when present, did not interfere with 
melting point determinations if heating was gradual (cf. 10). The ease of 
regeneration of an alkali sulfonate by neutralizing the amine salt and evaporat- 
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ing to dryness makes it possible to prepare several derivatives consecutively 
from the same sample of unknown material. 

For the sulfonates of individual acids giving lower-melting salts the usual 
order of melting points is o-toluidine < p-toluidine < aniline, but no such order 
is apparent for the higher-melting salts. There seems to be no good reason to 
recommend any one of the three types as better than the others for identifi- 
cations. 

EXPERIMENTAL 

The procedure used in preparing the salts was almost exactly that  of Fieser (6, 10, 14), 
and i t  will therefore be only summarized. The alkali sulfonate, a slight excess of freshly 
distilled amine, hydrochloric acid, and water were heated together to cause solution. Then 
charcoal was added, the solution was filtered and chilled, and the salt was recrystallized to 
constant melting point (2-4 recrystallizations) from 1% acetic acid to minimize hydrolysis. 

After thorough air-drying, weighed portions of the salts were titrated with 0.1 N alkali 
by the usual procedure (cf. 15, 16). Melting points were determined in a mechanically 
stirred bath with a calibrated thermometer, corrected for stem exposure. 
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PART I. THE CARBONYL GROUP 

Since the report by Whitman, Wintersteiner, and Schwenk (1) on the reduc- 
tion of estrone to a mixture of alpha- and beta-estradiol by a nickel-aluminum 
(Raney) alloy in alkaline solution there has appeared in the literature, as far 
as we could determine, but one instance (2) of the use of this reduction method. 
During the course of other investigations, we have had the opportunity to study 
further the reducing action of this alloy. This first paper represents the results 
we have obtained with compounds containing the carbonyl group. 

Compounds of this type usually take up hydrogen quite easily when treated 
with nascent hydrogen, or with hydrogen in the presence of a catalyst, to  give 
the corresponding alcohols. Occasionally, even reduction to the hydrocarbon 
has been observed. A more general method of obtaining the hydrocarbon is 
by the Clemmensen reduction, which, however, has not always given satis- 
factory results (3, 4). Alternative methods for accomplishing the transforma- 
tion of carbonyl compounds to the hydrocarbons are the Wolff -Kishner reduc- 
tion and catalytic hydrogenation. 

We have found that with many carbonyl compounds our reduction method 
gives results comparable to those obtainable by the Clemmensen reduction. 
However, unlike the Clemmensen reduction, our reduction method is not spe- 
cific, in that it converts carbonyl compounds to either the corresponding carbinol 
or the hydrocarbon, the extent of the reduction depending solely on the structure 
of the carbonyl compound. Carbonyl compounds of the general formula I 

CaHS C=OR C,HS(CH~),C=OR’ 
I I1 

R = H, alkyl or aryl; R’ = H or alkyl 

yield the hydrocarbon, whereas carbonyl compounds of the general formula I1 
yield the carbinol. 

It is apparently necessary that the carbonyl group be directly attached to 
an aromatic carbon atom, formula I, forming a conjugated system, in order to 
obtain reduction of the carbonyl group to the hydrocarbon. However, when 
the carbonyl group, even as part of a conjugated system, is not directly attached 
to an aromatic carbon atom, formula 11, the reduction of the carbonyl group 
proceeds only as far as the alcohol. Thus, while benzaldehyde gives toluene, 
and acetophenone gives ethylbenzene, cinnamic aldehyde and salicylacetone 
are only reduced to hydrocinnamyl alcohol and 4-(o-hydroxyphenyl)butanol-2, 
respectively. 

As in the Clemmensen reduction, benzyl alcohol and p-hydroxybenzyl alcohol 
587 
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are reduced to toluene and p-cresol, respectively. Other functional groups in 
addition to the carbonyl group, such as the nitro group, which is reduced to the 
amine, may be reduced as usual without interfering with the reduction of the 
carbonyl group. 

With compounds soluble in alkali, the reduction proceeds smoothly to the 
desired product in good yield (70-90%). Difficulties are encountered with 
most of the carbonyl compounds which are insoluble in alkali. They are either 
not reduced or yield intermediate reduction products. However, we have found 
that the reduction of a great majority of these insoluble compounds proceeds 
satisfactorily to the hydrocarbon or the alcohol in the presence of a suitable 
solvent such as alcohol and/or toluene. For example, benxil without solvent 
gives a mixture of intermediate reduction products, whereas with alcohol as 
solvent dibenxyl was obtained exclusively. 

We have also encountered several interesting examples of alkali-insoluble 
compounds which yield different reduction products with different solvents. 
Anisil, which was not reduced without solvent, gave in the presence of toluene 
anisoin as the only reduction product, and with toluene and alcohol as solvent 
hydroanisoin was obtained. However, in none of these experiments did we 
obtain any 4,4'-dimethoxydibenxyl. Dibenzalacetone also proved an interest- 
ing example of 'the effect of solubility on the course of the reduction. With no 
solvent or with alcohol as solvent, dibenxalacetone was recovered unchanged. 
With toluene as solvent, the only product obtained, besides some unchanged 
dibenxalacetone, mas 1 , 5 , 6,10-tetraphenyl-3,8-diketodecadien-2,9 (5). Not- 
withstanding the fact that this compound contains four potentially reducible 
groups, attempts to reduce i t  further were unsuccessful. 

The procedure employed for these reductions is essentially that described for 
the preparation of Raney's nickel hydrogenation catalyst (6 ) .  The nickel- 
aluminum alloy is added gradually to an alkaline solution of the carbonyl com- 
pound, and the reduction proceeds with the liberation of the hydrogen from 
the alloy. It appears possible that the reduction is due to the liberation of 
hydrogen which is then activated by the presence of the nickel catalyst, because 
we have been able to obtain reduction of the carbonyl group by using aluminum 
in conjunction with the previously prepared nickel catalyst. In these cases, 
if the nickel catalyst is omitted and only aluminurn used, either no reduction 
occurs or amorphous products are obtained from which we could not isolate any 
pure substances. Although we have obtained, with most of the carbonyl 
compounds which we have studied, identical results in the reductions with 
either the nickel-aluminum alloy or the aluminum-nickel catalyst combination, 
we have found that some of the carbonyl compounds, especially those insoluble 
in alkali, require with the latter reducing agent excessive amounts of aluminum 
for complete reduction. In Table I are listed the carbonyl compounds and 
several alcohols which we have reduced by this method. 

EXPERIMENTAL 

General procedure. The procedure employed is essentially that  previously described 
(1) with the following modifications. Ten grams of the compound is dissolved in 300 ml. 
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of 10% sodium hydroxide, heated to 90°J and 30 g. of Raney's nickel-aluminum alloy is 
added in small portions with stirring.The reaction mixture is stirred for an additional 
hour, the temperature being maintained a t  90'. The original volume is maintained by the 
addition of water. A few drops of octyl alcohol are added occasionally to prevent any 
excessive foaming. Although this treatment is usually sufficient to complete the reduction 

TABLE I 
REDUCTIONS WITH XICKEL-ALUMINUM ALLOY 

COMPOUND 

Benzyl alcoholb 
o-Hydroxybenzyl alcohol 
Benzaldehyde 
Salicylaldehydeb 
p-Hydroxybenzaldehyde 
Cinnamic aldehydec 
Acetophenonec 
m-Nit roacetophenone 
p-H yclroxyacetophenone 
p-Hyclroxypropiophenone 
p-Hydroxybenzophenoneb 
2-Methylcyclohe~anone~ 
Dibenzyl ketonec 
Salicylacetoneb 
p-H ydroxybenzalacetophenone 
Dibenzalacetonej 

Desoxybehzoinc 
Benzoinc 
B e n d c  
Anisill 
Anisil j 
0-(m-Methoxybenzoy1)-a-anisylpro- 

pionic acidk 

BEDUCTION PRODUCT 

Toluene 
o-Cresol 
Toluene 
o-Cresol 
p-Cresol 
Hydrocinnamyl alcohol 
Ethylbenzene 
m-Aminoethylbenzene 
p-Ethylphenol 
p-Hydroxypropylbenzene 
p-Hydroxydiphenylmethane 
2-Methylcyclohexanol 
Dibenzyl carbinold 
4-(o-Hydroxyphenyl) butanol-2 
p-Hydroxydiphenylpropanee 
1,5 , 6 , 10-Tetraphenyl-3 , 8-diketo- 

Dibenzylh 
Dibenzyl h 

Dibenzyl + desoxybenzoini 
Anisoin 
H ydroanisoin 
y- (m-Methoxyphenyl) -a-anisylbuty- 

ric acidk 

decadien-2,90 

- 
IIELDG, 

% 

70 
85 
60 
75 
80 
50 
70 
76 
72 
78 
90 
80 
70 
85 
50 

50 
70 
50 

80 
80 

15 

- 

a The yields are based on the reduction of 10 g. of the carbonyl compound. * Also re- 
duced with the aluminum-nickel catalyst combination. 25 cc. of alcohol used as solvent. 
d Prepared p-nitrobenzoate, m.p. 80-81'; Calc'd. for CzzHlsOlN:C, 73.10; H, 5.30. Found: 
C, 73.19; H, 5.70. e Also prepared by J. v. Braun and H. Deutsch, Ber., 46, 2187 (1912), 
b.p., 205-210"/13 mm. The 1-(p-phenoxyacetic acid)-3-phenyl propane, m.p. 92-93'; 
Calc'tl for C17Hi803: C, 75.51; H, 6.72. Found: C, 75.25; H, 6.62. j 2 5  cc. of toluene used 
as solvent. 0 Also prepared by Borsche and J. Wollemann, Ber., 46, 3719 (1912) Calc'd for 
C31H3,i02: C, 86.82; H, 6.06. Found: C, 86.57; H, 6.40%. 4,4'-Dinitro derivative m.p. 
179-180°, J. Am. Chem. Soc., 62, 5041 (1930). iAdditional 10 g. alloy yielded dibenzyl 
exclusively. i25 cc. of alcohol and 25 cc. of toluene used as solvent. kPrepared by 
RobiEson, et al ,  Proc. Roy. Soc., Bl27, 164 (1939). 

fwtht3r heating of the reaction mixture with the addition of 5 g. of alloy and 50 ml. of 10% 
sodium hydroxide gave indications of an increased yield, especially with the alkali-insoluble 
compounds. The hot solution was filtered and the residue was washed thoroughly with 
water in such a manner that  it was always covered with fluid. If the nickel residue is 
allowed to  become dry i t  will ignite. The filtrate was cooled and acidified to Congo red 
paper with concentrated hydrochloric acid. It is desirable to effect the acidification by 
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adding the alkaline solution to the hydrochloric acid with stirring. If the acidification is 
carried out in the reverse order, aluminum salts usually precipitate out and i t  is then neces- 
sary to heat the solution in order to  redissolve the salts. The reduction product was 
isolated either by filtration or by extraction of the acidified solution. For the alkali- 
insoluble compounds the reductions were carried out in a one-liter flask equipped with an 
adapter and reflux condenser. During the addition of the alloy the reaction mixture was 
shaken frequently. With several compounds, toluene was added in  sufficient quantity to  
retain the compound in a uniform surface layer (3). Other compounds were reduced in the 
presence of an amount of alcohol sufficient to keep them in solution. The reduction pro- 
duct was isolated either by steam distillation or extraction of the alkaline solution. 
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SUMMARY 

1. The use of a nickel-aluminum alloy (Raney’s) in aqueous alkali for the 
reduction of carbonyl compounds is described. 

2. Carbonyl compounds of the general formula CaH6C=OR where R is hydro- 
gen, alkyl, or aryl yield the corresponding hydrocarbon. 

3. Carbonyl compounds of the general formula COH~(CH&C=OR or 
CeH&H=CH(CH2),C=OR where R is hydrogen or alkyl yield the correspond- 
ing alcohol. 
4. The reduction of alkali-soluble carbonyl compounds proceeds smoothly 

in good yield whereas the reduction of the alkali-insoluble carbonyl compounds 
proceeds satisfactorily in the presence of a solvent such as alcohol or toluene. 
BLOOMFIELD, N. J. 
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