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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.

! p-Cymene Studies VII, For VIsee J. Am. Chem. Soc., 63, 3251 (1941).
2 Present address: Union Oil Company, Wilmington, California.
3 Present address: The University of Texas, Austin, Texas.

1



2 T. F. DOUMANI AND K. A. KOBE

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
2,4-dinitrotoluene when p-cymene is mono- or di-nitrated. Although it
was found that oxidation of p-cymene could oceur 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 it 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:

H.O + + (CHy).CHOH
HNOs HNOz

CH(CH,), CH(CHa).:

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;HzCIN:O4, melting point 88-89°, was
discussed extensively by Ganguly and LeFevre (10), who assigned struc-
ture I. This structure is untenable, for it requires a compound of empirical
formula CoH;CIN;Os. It is very likely that this unknown compound was
an impure chlorodinitrotoluene of structure II.

CHs CH;
0N \NO. 0O:N
Cl Cl
COCIH; NO,
I II

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 II
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 halogensting 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 at 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
gulfite 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 agueous 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 produet with benzaldehyde (17). Since it 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 to
eliminate the neutralization of the diluted spent acids and simply subject them
directly to fractionation. This gives a mixture of isopropanol and acetone which
is relatively richer in acetone.

Reaction of isopropanol with nitric and sulfuric acids. Isopropanol (2 ml.) was
added dropwise with vigorous stirring at —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 it was diluted with ice and water to 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 it 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 at —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 at 0° by contact with sulfuric acid. At room temperature, besides
polymerization, dehydrogenation and hydrogenation oecur with the formation of
both saturated and unsaturated hydrocarbons.

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 produects
thereof, formed from the alkyl group removed.

SearTLE, WASH.
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In a previous paper (1) it was shown that the s- and ¢-butyl radicals in
the 1,3-dimethyl-4-butylbenzenes reacted with decahydronaphthalene in
the presence of aluminum chloride to form butanes in 249, and 419 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-dimethyl-4-amylbenzenes were
prepared and heated with decahydronaphthalene according to the direc-
tions of Ipatieff and Pines (2).

The effect of the branching of the pentane chain is striking. The 4-n-
amy! 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) CH;CHC;H,, (II) C,H:CHC;H;, and
(I11) CH;CHCH(CH,;)CHj;, the one with the branched chain, ITI, gave a
better yield of paraffin than the straight-chain radicals, I and II, and in
less than half the time (Table IIT). 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-dimethyl-5-t-amyl-
benzene. Since it is not certain that the 1,3-dimethyl-4-t-amylbenzene

1 Abstract of a dissertation submitted by Orville Glenn Shanholtzer in partial
fulfilment of the requirements for the degree of Doctor of Philosophy, 1941.

2 Presented in part before the Organic Division of the American Chemical Society,
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-amy!l radical and the ¢-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-dimethyl-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 1,3-dimethyl-5-amylbenzenes are not readily
available for reference compounds.

It should be possible to synthesize some of the 1,3-dimethyl-5-amyl-
benzenes through the reaction of 3,5-dimethylbenzyl-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
859, sulfurie 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-dimethyl-6-amylbenzyl chlorides and
acetamide at around 200° forms the corresponding acetyl benzylamine:

CH, CH;Cl1 CH:NHCOCH;,

CsHu CHj; CsHyy CHj
HCHO__) CH:;CONH;
HCl

CsHu CH,
CH; CH;

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 at pressures up
t0 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 reduetion.

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 (329%) as compared with 2,4-dimethylisobutyrophenone and
methylmagnesium iodide (649,), and 2,4-dimethyl-n-butyrophenone and
methylmagnesium iodide (729,). 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 ehloride 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.

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

1,8-Dimethyl-6-t-amylbenzene was obtained from 53 g. of m-xylene, 15 g. of alu-
minum chloride, and 26 g. of {-amyl chloride at 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
mentions no physical constants.

TABLE 1
ALxYL BENZENES®
ANALYSES?
ALKYL BENZENE B.P. °C. np,
Found % C|Found 9, H
1,3-Dimethyl-

S-f-amyl...................... 102-103 (14 mm.) 1.4982 88.43 11.37
4oteamyl. ... 93-95 (14 mm.) 87.93 11.37
d-p-amyl. ... 123-124 (16 mm.) 1.4972 88.50 11.57
4-isoamyl..................... 116-117 (15 mm.) 1.4066 | 88.42 11.40
4-neopentyl.................. 97-98 (10 mm.) 1.5081 88.66 11.03
4-CH;CHCH,CH,CHsj......... 102-103 (11 mm.) 1.4959 88.48 11.56
4-CH;C=CHCH,CH;......... 104 (13 mm.)
4-CH,CHCH(CH,)CHs........ 100-102 (13 mm.) 1.5022 88.48 11.17
4-CH,C=C(CH3;)CH;......... 106-110 (16 mam.)
4-C,H:CHC,H;s............... 105-106 (13 mm.) 1.4973 88.40 11.49
4-C,HsC=CHCH;............ 103-105 (16 mm.)
4-CH.,CH(CH)C,Hs.......... 108-111 (13 mm.) 1.4942 88.35 11.67
4-CH=C(CH3)C.H;.......... N 107 (10 mm.)

2 The position of the double bond in the olefin was not determined and the olefins
were not analyzed.
b Cale’d for Ci3Hao: C, 8863; H, 11.37.

1,3-Dimethyl-4-t-amylbenzene. 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 O. G. Shanholtzer. The remainder are
by D. R. Smith and E. Milberger in the miero laboratory at the University of
Missouri.
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after removal of excess m-xylene: (I) 19 g. up to 93°; (II) 4.5 g. 93-98°; (III) 22 ¢.
98-103°; (IV) 9.5 g. 103-104°; (V) 28 g. 85-94° (5 mam.).

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

Preparation of 1,3-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 g.) and aluminum chloride
(67 g.) with carbon disulfide (200 cc.) as the solvent; yield, 67 g. (85%), b.p. 131-132°
(12 mm.); nh 1.5113.

Anal. Cale’d for CisHy50: C, 82.11; H, 9.47.

Found: C, 82.21; H, 9.51.
The semicarbazone of this ketone, prepared by the usual procedure, melted at 196°.
Anal. Cale’d for CiHyN;O: C, 68.02; H, 8.50.

Found: C, 67.83; H, 8.50.

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.); np 1.5058. This ketone did
not form a semicarbazone.

Anal. Cale’d for CiH;50: C, 82.11; H, 9.47.

Found: C, 82.09; H, 9.28.

The pale yellow erystalline solid, m.p. 165°, isolated from the residue analyzed
C, 91.14%, H, 7.949%.

The preparation of 2-(2,4-dimethylphenyl)pentane is typical of the hydrocarbons
prepared through the Grignard reaction and is described in detail. Quantities are
listed in Table II. 1,3-Dimethyl-4-n-butyrylbenzene (66 g.) was added to 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 to acetic anhydride (100 ce.) and sulfuric acid (4 drops). The acetic
anhydride was distilled from the mixture at 65 mm., and the residue distilled at
14 mm. Two fractions were obtained: (I) 5 g. up to 107°; (II) 55 g. 107-109°; resi-
due 4 g.

Fraction II was redistilled, washed and dried, distilled from sodium, and finally
from Raney nickel. The olefin was reduced in methyl aleohol 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 to 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. Cale’d for CeHy30,: 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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Anal. Calc’d for CyeHss05: C, 81.61; H, 10.02.
Found: C, 81.84; H, 10.02.

Reactions of the hydrocarbons with decahydronaphthalene. The procedure was that
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 data

TABLE II
PrEPARATION OF 1,3-DIMETHYL-4-AMYLBENZENES FROM KETONES
ACYL GROUP KEE?NE' HALIDE G. BE?;ZKEYI:‘E, YIELD %
Q.
CH30= ................ 106 iSO-CsH7BI‘ 100 40 32
CH:,C=0............... 48 C.H;Br 30 30 56.5
n-CH,C=0............. 66 CH,I 71 48 72
-CsH,C=0.............. 101 CH,I 99.4 65 64
CH;C—-CHs............. 31.6 | 2,4-Dimethyl- 70 35 41
I benzylehloride
o
n-CiHoC=0............. 67 reduce® 40 64
-CHyC=0.............. 40 reduce® 18 47
t-CHC=0.............. 102 reduce® 62 38

s Reduced by method of Clemmensen.

TABLE III
FORMATION OF PARAFFINS FROM DECAHYDRONAPHTHALENE®

ALKYLBENZENE Té’::’ TEMP., °C. PARAFFIN @ [
1,8-Dimethyl-
dem-gmyl. .o 1.25| 60-75 | Trace —_ —_
4-igoamyl.................. 1.5 59-79 | Trace — —
4-CH,CH(CH);C.Hs......... 1.5 | 60-80 | Trace — _
4-neopentyl.................. 3.5 62-80 | Isopentane 1 20
defeamyl. ... 2.0 | 60-76 | Mixture 2.7 | —
St-amyl. ... ... 1.5 | 63-80 | Isopentane 2.7 | 80
4-CH,CHCH(CH;);.......... 1.5 | 65-T1 | Isopentane 2.2 | 48
4-C,H:CHC,H;............... 4.0 60-80 | Isopentane and pen-| 1.7 37
tane
4-CH,CHC:Hs............... 1.5 | 60-80 | Trace 0.2 | —
4-CH,CHCH;............... 4.0 75 Isopentane and pen-| 1.9 | 41
tane
5-t-butyl................... 1.5 65-75 | Isobutane 3.5 81

3 11,5 g. of hydrocarbon, 8 g. of aluminum chloride, 25 g. decalin.

are summarized in Table III. The reactants were heated to 60-65° initially, 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.
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Chloromethylations. Preparation of 2,4-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 g.) was added to the above reagents, the yield was
reduced to 30%.

The chloromethylation of 1,3-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
at 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-amy! 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 at 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.

TABLE IV
SuBSTITUTED BENZYLAMINE DERIVATIVES

ANALYSES—Y%, NITROGEN
ALKYL BENZENE M.P., °C.
Cale'd \ Found
1,3-Dimethyl- !
benzene................. ...l 109 ‘
4m-amyl...oooo 105 5.66 5.88
S-t-amyl...... ... e 150 5.66 ‘ 5.63

s Anal. Cale’d for C,;HsNO: C, 74.58; H, 8.48. Found: C, 74.52; H, 8.61.

Preparation of 1,3-dimethyl-5-n-amyl benzene. 3,5-Dimethylbenzylsodium was
prepared by the method of Morton and Fallwell (4). Sodium sand (18 g.) and ben-
zene (70 cc.) were placed in g 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 at 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 g.) and benzene (23 g.) was added to the 3,5-
dimethylbenzylsodium 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. Cale’d for CisHy: C, 88.63; H, 11.37.

Found: C, 88.25; H, 11.43.

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.). These trialkyl fractions were not purified or analyzed.

8,6-Dimethylbenzylpotassium was prepared according to the directions of Gilman,
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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 aleohol, washed, dried, and distilled. The trialkyl fraction distilled at 85-105°
(4 mm.); yield 4.5 g.

i-Butyl chloride (15 cc.) was added to 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 ce. of concen-
trated nitric acid) was stirred mechanically in a test tube at —10° to —15°. The
low temperature is essential. The hydrocarbon (3 cc.) was added dropwise during
five to 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
D1ACETAMINO AND DIBENZAMINO DERIVATIVES

PIACETAMINO DIBENZAMINO
ALKYL BENZENE Ni . Ni b
Moo, | %Nt | ypoc, | % Yiogn
1,3-Dimethyl-
d-m-amyl.. ... 234 9.41 220 6.74
4-isoamyl..................... — — 208 6.52
4feamyl. ..o — — 308 6.94
S-t-amyl............ ... ... 304 9.57 302 6.49
4-CH;CHCH(CH,;)CH,........ 264 9.55 234-235 6.85
4-C,H;CHC.H;............... 279-280 9.49 252-253 6.73
4-CH,CHC:H7................ 234 9.88 241 6.65

s Cale’d. for C17H26N202: N, 9.65.
b Cale’d. for CyrHoN2O2: N, 6.76.

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 alecohol golution. 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-ce.
portions of ether. This ether extract was discarded. The water layer was made
strongly basic and extracted twice with 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 aleohol (an excess of alcohol should be
avoided) or from pyridine.

(b) The ether was evaporated from the second portion and the amine benzoylated



14 NIGHTINGALE AND SHANHOLTZER

by the usual Schotten-Baumann method. The dibenzamino derivatives were washed
with ether and recrystallized from dilute aleohol 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-
pentylbenzene and aluminum chloride the neopentyl radical is cleaved to
form isopentane in 209, 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.

CoruMmBIia, 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 (2-11). 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 NH, replaced by Cl
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 IT are recorded the properties of the derivatives of the common amino
polysulfonic acids.

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

15
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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.

TABLE I
MerTiNG PoINTS OF AROMATIC CHLOROSULFONAMIDES
AMINOSULFONIC ACID USED M.P. (%)%
Orthanilic (12). ... ... e 188
Metanilic (13). ... 148
Sulfanilic (14)........ .. 144
4-Aminotoluene-2-sulfonic (15).............................. 145
4-Aminotoluene-3-sulfonic (16)...................covvne.n.. 156
2-Aminotoluene-4-sulfonic (17)................ ... ... .. ..... 135
2-Aminotoluene-5-sulfonie................. ... ... ... 128 (18), 131 (19)
4-Nitroaniline-2-sulfonic (20)............. ... ... 185
4-Nitroaniline-3-sulfonic (21)..............................L. 158
Aniline-2,4-disulfonic (22).................... ... ...l 217
Aniline-2,5-disulfonic (19).............. ... ... ... .. 229
1-Aminonaphthalene-4-sulfonic (23)>......................... 187
1-Aminonaphthalene-5-sulfonic (25)......................... 226
1-Aminonaphthalene-6-sulfonic (25)......................... 216
1-Aminonaphthalene-7-sulfonic (26, 27)...................... 181
1-Aminonaphthalene-8-sulfonic (28)......................... 197
2-Aminonaphthalene-1-sulfonic (29)......................... 153
2-Aminonaphthalene-5-sulfonic (26)......................... 214
2-Aminonaphthalene-6-sulfonic (30)......................... 184
2-Aminopaphthalene-7-sulfonic (30)......................... 176
2-Aminonaphthalene-8-sulfonic (31)......................... 235

o 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).

TABLE II
PrOPERTIES OF CHLORONAPHTHALENE POLYSULFONANILIDES

NAPHTHYLAMINE S8ULFONIC ACID USED SOLVENT IZIQ.CP). AI:‘(A)I;]’YNS::S;

N, %

1-Naphthylamine-4,8-disulfonic acids........... Benzene 233 5.8

2-Naphthylamine-3, 6-disulfonic acid........... Benzene-ligroin | 185 5.9

2-Naphthylamine-4,8-disulfonic acid........... Chlorobenzene 235 5.9
2-Naphthylamine-5,7-disulfonic acid........... Dil. acetic acid | 206 | 6.1, 5.8

2-Naphthylamine-6,8-disulfonic acid........... Chlorobenzene 192 5.8
1-Naphthylamine-3,6,8-trisulfonic acid®........ Chlorobenzene 249 | 6.5,6.8

a Calc’d for CyH;,CIN,O.8,: C, 68.2; H, 4.5; N, 5.9.
Found: C, 68.1; H, 4.6.
b Calc’d for ngHggClNaOsSs: N, 6.7.



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 to their identification. Usually,
reerystallization 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 in 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 start with 1.5-2 g.
of recrystallized amino sulfonic acid in order to have an ample amount of derivative.
Usually it is advantageous first to 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 solutionis diazotized by adding 1.9 cc. of concentrated hydrochlorie
acid and then, quickly, 4.4 cc. of sodium nitrite solution (containing 120 g. of sodium
nitrite per 1.), 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 in 10
ce. 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 to 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 to 130-140° for a short time to 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 to dry-
ness on the steam-bath. The crude sulfonamide remains as a residue and weighs
1.8 g. For purification it is recrystallized, with the addition of Norit, from 85 cc.
of boiling water. The 4-chlorotoluene-3-sulfonamide is obtained in the form of
slender white needles which melt at 155-156°.

Chlorobenzene-2, 5-disulfonamide (I) and 2-chlorotoluene-5-sulfonamide (II)
are new. Both crystallize as needles from water.

Anal. 1. (m.p.229°). Cale’d for CeH;CIN,;0:8:: N,10.4 Found: N, 10.4.

II. (m.p. 131°). Cale’d for C;HsCINO:S: N, 6.8. Found: N, 7.0.

B, for sulfonanilides. The erude sulfonchloride (about 2 g.) secured as described
is dissolved in 10 ee. of benzene, 2.5 g. of aniline is added, and the solution is refluxed
for one hour. The solution is concentrated to half its volume and chilled. 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 1I, were secured by this procedure. They retain traces of the solvent used
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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 in 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 959% 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*- or primary amino
nitrogen atom rather than through the N:- 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 Né-glucoside, was directly the
opposite of that of Kuhn and Birkofer. Using a modification of the
Koenigs and Knorr synthesis (5) we synthesized N+-tetraacetyl-d-glucosido
sulfanilamide from pg-acetobromo-d-glucose and sulfanilamide. Upon

! The nomenclature used in this paper is that proposed by Crossley, Northey, and
Hultquist, J. Am. Chem. Soc., 80, 2217 (1938).
2 Eli Lilly Fellow in Organic Chemistry 193940, 1940-41.
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deacetylation of this compound we obtained Nd-glucosidosulfanilamide
which was identical with the ‘“sulfanilamide-d-glucoside’” prepared by
Kuhn and Birkofer from glucose and sulfanilamide. Our conelusion that
the glucose residue in this glucoside probably is on the N+nitrogen atom
rests upon the fact that the glucoside, when compared directly with sul-
fanilamide and Ni-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 N+d-glucosidosulfanilamide is a bete glucoside ap-
pears to be justified by its method of synthesis from §-acetobromo-d-
glucose.

The physiological assay of N+d-glucosidosulfanilamide showed that on
an equal weight basis it is only about one-half as active against strepto-
cocei as sulfanilamide and is not less toxic. Even if the difference in
molecular weights is considered (N*d-glucosidosulfanilamide contains
51.59, 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

Nt-Tetraacetyl-d-glucosidosulfanilamide. Sulfanilamide (15.0 g. or 0.087 mole),
silver oxide (20.0 g. or 0.086 mole), and “Drierite’”’ (15.0 g.) 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 g-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 at 40° for four hours and then at room temperature with constant stirring
for twenty hours. The reaction had then gone to completion, as evidenced by the
failure to detect any bromide ion after boiling a sample of the reaction mixture with
water. The mixture was then filtered and the solvent removed in vacuo at room
temperature. The residual gum was dissolved in boiling 95% ethyl alcohol, treated
with “Norit”” 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 569,. After
purification by recrystallization from 95% alcohol, the N*-tetraacetyl-d-glucosido-
sulfanilamide was obtained as white needle-like crystals; m.p. 191°; [a]y — 62.6°
(aleohol-free chloroform, ¢ = 1.4056; [a]s — 78.4° (anhydrous pyridine (¢ = 1.4484).

Anal. Cale’d for CpoHesN:01:8: N, 5.57. Found: N, 5.50, 5.71.

Kuhn and Birkofer (3) reported the m.p. 189° and [o]3® —86° (pyridine) for this
compound.

Né-d-Glucosidosulfanilamide. Ten grams of the acetylated glucoside was dis-
solved in 50 cc. of anhydrous methyl alecohol containing 3 ce. of 1 NV sodium methoxide
in absolute methyl alecohol. 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 reerystallization from 95% ethyl alcohol. The purified
N4.d-glucosidosulfanilamide melted at 197°. Kuhn and Birkhofer reported that
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their glucoside melted at 195° after recrystallization from 909 alcohol, but
with slow heating the melting point rose to 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%,.
[alp — 119.6° (water, ¢ = 0.418, t = 105 min.); [a]p + 29.7° (0.1 N HCL, ¢ = 0.4212,
t = 390 min.).

Anal. Cale’d for Ci:HysN:0:S: N, 8.38. Found: N, 8.10, 8.35.

These data are in good agreement with those of Kuhn and Birkofer who reported
[e]s — 123° (water, t = Omin.) and [e]% + 32° (0.1 N HCl, t = ).

Position of the glucosido residue. The glucose residue in d-glucosidosulfanilamide
can be on either the N- or the N-nitrogen 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 at N and no reactions characteristic of free primary
amino groups should be obtained with N*-d-glucosidosulfanilamide. When compared
directly with sulfanilamide and N!'-acetylsulfanilamide, which have free amino
groups at N*-, our glucosidosulfanilamide failed to yield a picrate, a picramide, or a
substituted a-naphthylthiourea with a-naphthyl isothiocyanate. Like N*-acetyl-
sulfanilamide (9), which has the amino group at N*- 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 a single 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 N*-
nitrogen atom of sulfanilamide will either destroy completely or greatly lower
its activity against streptococei.

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 at the N-nitro-
gen atom.

@-NAPHTHYLTHIOUREA EHRLICH'S

COMPOUND PICRATE PICRAMIDE DERIVATIVE REAGENT (7)

sulfanilamide 176-176.5° (from| discolored at | 180-181° (from | orange ppt.
water) 240° decomp. 809% ethyl al-
at 265° (from cohol)

95%, ethyl al-

cohol)
Ni-acetylsulfa- | 169° (from dilute — — orange ppt.
nilamide ethyl aleohol)
N¢-d-glucosido- none none none no ppt.
sulfanilamide
Né-acetylsulfa- none — — no ppt.

nilamide
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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 physiclogical assays.

SUMMARY

1. The structures of Ntetraacetyl-d-glucosidosulfanilamide and N+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 N¢nitrogen atom.

2. The chemotherapeutic activity of N«d-glucosidosulfanilamide against
streptococei has been briefly compared with that of sulfanilamide.

BurLiNngTON, VT.
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ALIPHATIC SULFINIC ACIDS. I. ANALYSIS AND IDENTIFICATION
PAUL ALLEN, J=.

Recetved June 30, 1941

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 aliphatie
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 (1e, 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 (R30,).
Mg-2H;0. 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 1009, 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 at 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). Alkaline solutions are much less susceptible to oxidation.

All the sodium salts are colorless and dissolve readily in water to give solutions
which foam on shaking. Their general formula is RSO;Na-H;O. The lower
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members may be recrystallized from absolute aleohol (1g), the octane and higher
ones from hot 959, alcohol, as clusters of needles; the butane may be thrown out
of solution in 959, alcohol by addition of ether. It was not possible to obtain
any sodium salt that was 1009, pure. Apparently oxidation takes place during
handling in solution, e.g., sodium decane sulfinate, 94.19, pure, when twice dis-
solved in alcohol and allowed to evaporate spontaneously showed 82.59, purity
by analysis.

The dry sodium and magnesium salts are quite stable in air, losing about 39,
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 (99.69%, in 1938 and 99.49 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 80-909 of the theoretical values being ob-
tained. This may be due to oxidation of some of the material to disulfone, as
oceurs 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 caleium 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 (1b, ¢, 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 alky! thiocyanate and progressively fainter. The
eleven carbon and higher members give 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. A few
ethyl sulfones were made.

EXPERIMENTAL

Preparation of magnesium salts. The alkyl bromides were redistilled Eastman products
or were made by treating the aleohol! with hydrobromiec 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; it 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.

Purification of magnesium salts. 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 disgolved 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.

Preparation of sodium salts. The more soluble magnesium sulfinates, the propane to
hexane, were dissolved in hot water and treated with 50-100%, 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 alecohol. The
dodecane salt required long refluxing with sodium carbonate (ten hours for 659, yield of
sodium salt) or hydroxide (four hours for 789, yield). Since only a trace of magnesium
tridecane sulfinate was converted by refluxing for seven hours with 259 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

1 n-Octyl alcohol was kindly furnished by the Carbide and Carbon Chemicals Corp.,
Charleston, W. Va.; the ten, twelve, fourteen, and sixteen carbon aleohols 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.
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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
a8 soon as possible with sodium carbonate. The carbonate layer was evaporated to dryness,
ete.; 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 at 70-75° a
sample of magnesium butane sulfinate had not lost either in purity or weight, but six hours
at 100° caused a loss in purity of 3-4%; another sample came to constant weight after 48
hours at 100-105° but had lost 279, of its reducing power.

Stability of salts in water. The following tests were carried out with magnesium butane
sulfinate of 1009, purity:

TABLE 1
MAaGNESIUM ALKANE SULFINATES, (n-RSO0,.),Mg-2H,0
CARBON ATOMS | prrvious PREP'N REE. C;{I}ﬁr;:n,q MAcNESTON, % ;g‘g;[:g;
re Calc'd Found wire KMnO, %

1 la
2 la,e, g
3 1d, e, g 8.86 8.54 ,
4 le,f, g, h 69.0 : 8.04 8.09 100.0

(%S 21.19 21.22)
5 1g 7.36 7.39 100.7
6 6.78 6.72
7 6.29 6.21
8 le 41.6 5.86 5.85
9 37.6 5.49 5.47 100.1
10 34.5 5.17 5.16 ' 99.0
11 49.8 4.88 4.83 101.1
12 56.5 4.62 4.65 99.8
13 38.7 4.38 4.29 96.4
14 39.2 4.17 4.24 I 95.0
15 43.0 3.98 3.90 95.5
16 57.2 3.81 3.77 94.5

Other known aliphatic sulfinic acids are: CHCLSO;H (5); CClsSO.H (6); C.H(SO.H),
(ib); 4-CsH;SO.H (7); (CH;),CHCH,SO;H (8); (CH;);CSO.H (9); -C;HuSO.H (1b);
cyclo-CaH;;SOzH (10), CyclO-CsHuSOgH (1f), 3-CHaCeH10802H (10)

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

2. A sample in water in an open beaker was heated six hours on a steam-bath, the water
being replaced as it evaporated until the last hour, during which the beaker became dry.
The residue reduced only 429, of the calculated permanganate; in another run, without
evaporation to dryness, the residual solution had 639, 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 at 100°; at the end of this time the solution reduced
989, 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 to 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 to air, had lost only 2% in purity.
This loss may have been caused by sulfide formation (2).

2. A gimilar solution, containing 10 ml. of 0.5 N sodium hydroxide was heated six hours
on a steam-bath, the water being replaced as it evaporated until the lagt hour during which
the beaker became dry. The residue reduced 87.19% 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 II
Sopium ALRaNE SurriNaTEs, n-RSO;Na-H,0

SULFUR, %
NO. OF CARBON ATOMS IN R YIELD, %

Calc’d Found

4 58 1 19.77 19.10
8 86 ! 14.69 15.03
9 80 13.81 14.39
10 36 13.02 13.09
11 85 : 12.32 | 11.90
12 65 11.69 ! 11.52
13 70 11.12 11.50
14 67 10.60 10.93
15 87 : 10.13 10.18
16 72 i 9.71 9.57

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

¢. 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 to 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 to alkalies.

Volumetric analysis of salts by ozidation with permanganate

Ogxidation to colorimetric end-point in solution alkaline at start and later acidified. To a
solution of 0.0536 g. of magnesium butane sulfinate in water were added 10 ml. of 0.5 ¥
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 ml., 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 50-100 ml. 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 to 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 III
1,2-D1ALKYLsULFONYL ETHANES, (n~-RS0O.CH,-),
NO. OF CARBON PREVIOUS PREP'N SULFUR, % o
aToMs IN R REF. M.P., C
Cale’d Found

1 1b 190

2 1b 136-137

3 1b 26.47 26.75 159.3-160.3

4 11 23.72 23.88 179.2-180.2

5 21.46 21.41 183.7-184.2

6 19.65 19.71 177.5-178.5

7 18.09 17.58 176-177.5

8 16.77 16.72 172.8-173.5

9 15.62 15.89 172.5-173.5
10 14 .51 14.67 169.9-170.9
11 13.75 13.98 168.3-169.3
12 12.97 12.75 165.8-166.8
13 12.27 12.50 163.4-164.1
14 11.64 12.14 160.9-161.9
15 11.08 10.88 158.7-159.9
16 10.57 10.99 154.6-155.8

to the usual alkali, or if it is 0.15 & in alkali; in these cases titration to a colorimetric end-
point is accurate.

Potentiometric analysts 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 to 99.6% purity of salt.
The titration was continued, using an excess of permanganate, arsenious oxide, hydro-
chloric aeid, and more permanganate to the colorimetric end-point; calculated volume of
permanganate 9.95 ml., net used 9.93 ml.

Analysis after digestion with alkali and insufficient 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 to the potentiometric end-point;
volume used 5.77 ml., ealculated 5.77 ml. The titration was continued to the colorimetric
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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.

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

Formation of disulfones. One gram of sodium sulfinate and 1-1.5 ml. of ethylene bromide
were refluxed in 15-20 ml. of an alecohol. 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 409, of disulfone after five hours refluxing in ethyl aleohol
but 669, after the same length of time in normal propy! 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 aleohols;
with increasing molecular weight the solubility in aleohol decreases; insoluble in water;
sparingly soluble or insoluble in cold, but readily soluble in hot benzene, ethyl or amyl
acetate, and ethylene chloride.

TABLE IV
AvLrYLsULFONYL ErHanes, RSO,C.H;
SULFUR, %
NO. OF CARBON ATOMS IN R M.P., °c.
Calc’d Found
11 12.91 12.96 76.5-77.5
12 12.22 12.47 75.0-76.0
16 10.07 9.99 77.0-79.0

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

2. A method of analyzing these volumetrically is described.

3. The disulfones, RSO,CH,CH,SO;R, have been prepared to complete the
series from the methyl through the hexadecyl radicals.

LyNcHBURG, VaA.
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The structural analogies between methylene-bis-amines,? 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
NH,-CH,-NH; Diaminomethane (1), HO-CH;-OH Formaldehyde
known in form of deriv- hydrate
atives:

RNH-CH;-NHR Methylene diamines from
primary amines
R.N-CH:-NR;, Methylene diamines from RO-CH;-OR Formaldehyde
secondary amines includ- ' acetals
ing those from cyclic
secondary amines, e.g.,
piperidine.

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-CH,-OH = CH,0 + H:0
RNH-CH,-NHR = CH;:NR + RNH,; (3).
The use of hexamethylenetetramine in the preparation of phenol-formaldehyde

| |
resins (4) involves —-N - CH;-N- units and may be considered to be a methylene
diamine reaction. The condensation of succinimide and formaldehyde (5) to
vield methylene-bis-N,N’-succinimide and tris-(methylenesuccinimido)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.

? 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 10-methyl-7,12-dihydro-1,2-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 aleohol used as solvent, or even as traces present in chemicals or
on apparatus) might operate cyclically to vield formaldehyde as the actual
reactant, as well 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 it were shown that the methylene diamine reactions could occur only in pres-
ence of at 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 (II),
methylene-bis-p-bromoaniline (I11), methylene-bis-p-anisidine (IV), methylene-
bis-ethylaniline (V), methylene-bis-piperidine (VI), and methylene-bis-
morpholine (VII). The last three compounds, with no amino hydrogen, are
ammonia-system analogs of formaldehyde acetals. Since acetals can be used
instead of aldehydes in some reactions (10), 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 studied, and the results obtained, are outlined below. 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
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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 3-p-tolyl-6-methyl-1,2,3,j-tetrahydroguinazoline from o-amino-
m-zylyl-p-toluidine by action of methylene diamines.

HO
N
I’Ig AN H‘.ﬁ
C—N< SCH;  (a) CH, C
= v
e N H] s HiC, 7 \x CH,
[ —_—
[ i H CH
N RN, NS
N H/ N N  (a) 2 HO0
H (b) CH, H+
// (b) 2 RNH;
RN
H
IX 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 (¢f. 2).

2. Formation of 3-substituted-1,2,8,4-tetrahydroquinazolones from anthranil-
anilides by action of formaldehyde and of methylene diamines:

0 HO., 0
1 N |
C (a) /CHz C
/ \NAr HO/ / \NAr (a) 2 H,0
H! — g | +
ERp, CH b) 2 RNH.
K/ o RN, N\ O ® ’
N N
(b} /CHz H
RN/
H

Reaction (a), not previously reported, was found to occur upon treating the
anthranilanilide, dissolved in alcohol containing alkali, with excess formalin at
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-bromophenyl)anthramilamide (XII),
and N-(p-anisyl)anthranilamide (XIII), and the resulting quinazolones were
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respectively 3-phenyl-1,2,3,4-tetrahydroquinazolone-4 (XIV), 3-p-bromo-
phenyl-1,2,3,4-tetrahydroquinazolone-4 (XV), and 3-p-anisyl-1,2,3,4-tetra-
hydroquinazolone-4 (XVI).

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°%bs. This
product, with empirical formula Ci;:HiN:0s, was identified (see Experimental
Part) as 1-methylol-3-phenyl-1,2,3,4-tetrahydroquinazolone-4.

0
|
C

O/ \:IICBHE

\_CH
N

CH,0H
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 (18).

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 C;oH2N:Os. Evidence given in the experimental section
indicates this compound to be 1,3-bis-methylol-1,2,3,4-tetrahydroquinazo-
lone-4:

O

I
C

/" \NCH,0H

/CHz

N
CH,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 case the
ring closure involves removal of an amino hydrogen and an amido hydrogen,
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and with respect to the latter change resembles the alkylation of an amide and is
promoted by presence of alkali. 1In 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).2 The absence of added alkali does not by
any means exclude reaction (b), from which it 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), Caldwell and Thompson
(20), and Bruson and MacMullen (21). The reaction is believed to involve
intermediate formation of the methylolamine, and condensation of this with the
phenol, e.g.,

OH

CH2NC§H10
HCH hthol-1
oHNE 2889, com,N.cmon 22Rhthol-L

(piperidine)

+ H,0

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.,

CH2 NCE H10

OH OH
+ (CsHioN):CHy, — + C;H,,NH

XIX

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

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

3 Methylene-bis-piperidine can be distilled over sodium under reduced pressure with-
out noticeable decomposition. Distillation of some methylene diamines leads to partial
conversion to 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-(hydroxyaryl)methane com-
pounds. The same final result was obtained in the present study by interaction
of naphthol-2 with I and with VIII.

CH,NHC,H,CH;

(p-CHsceH4NH)2CH2 OH naphthol-2
(p-CHscﬁH4NCH2)3

DR

naphthol-2

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 fune-
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 Hauser and Breslaw (23) for
the coupling of phenols and diazonium compounds.

4. Formation of 4,4'-dimethylaminodiphenylmethane (XXIV) from dimethyl-
aniline by the action of methylene-bis-piperidine (VI). The preparation of XXIV
from dimethylaniline and either formaldehyde (24) or methylal (10a) is familiar.
When dimethylaniline was heated with VI in absolute aleohol no reaction oc-
curred. In the presence of hydrogen chloride the diphenylmethane base formed,
with liberation of an equivalent amount of piperidine:

(CHs)sNCH,(H) CsHioN

AN
-+ CH, Ea’l’ [(CHa)zNQ] CH, + 2 C:H; (NH
/ 2

(CHs;)sNCeH,(H) CsHiN
XXIV

5. Inieraction 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 Votodek and Vesely (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
(999;,) 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:

) ! AN -I (a) 2H,0
, g (®) CHi(OB) l x| om, + ’
(b) (CsH,0N).CH, / (b) 2C;H)NII
o <
XXV
In absence of acid:
y N ) | AN (a) H:0
NH (a) CH(OH); 4 C:Hi,NH NCH,NC;Hy + 2
/ (b) (CsH1N),CH, (b) C:H, NH

-
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-piperidinomethylsuceinimide (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 or phthalimide
was warmed with methylene-bis-piperidine (VI) in absolute alcohol.

(8] (6]
| 7 4
—C—C ~—C—C
; \\,H (a) CH,O + CsH;(NH { ?J\NCH NCiHy -+ (a) HO
B »! 2 5L110
! / (b) (CsHiN).CH, | / (b) C;H NH
—C—C —C—C
| \O | \0
phthalimide XXVII or XXVIII

or
succinimide
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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).

7. Interaction of methylene diamines and dimethyldihydroresorcinol. Dimethyl-
dihydroresorcinol (“‘methone’, etc.), used as a reagent for aldehydes (29), was
found to react with methylene diamines I, IT, I1I, and IV to give high yields of
methylene-bis-4 ,4-dimethyleyclohexadione-2, 6 (methylene-bis-methone: XXIX)
identical with the compound obtained from methone and formaldehyde.

EXPERIMENTAL

Analyses. Carbon and hydrogen were determined by a semimiero 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 aleohol or ether (31, 2). The first fraction
generally contained some trimerie 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
(I, m.p. 64-66° obs.), methylene-bis-p-anisidine (IV, m.p. 63-65° obs.), and methylene-bis-
p-bromoaniline (III, 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° at 2 mm.) was obtained in 909 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 (cale’d for CgH;sN:0.: 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
(X1, 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. Cale’d. for Ci HiuN;O;: 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 3-p-tolyl-6-methyl-1,2,8,4-tetrahydroguinazoline (X) from o-amino-m-
zylyl-p-toluidine (IX) by action of methylene-bis-amines. General procedure. About 0.01
mole (2.26 g.) of IX made by the procedure of Miller and Wagner (38), and an 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 alecohol 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 hydrochlorie
acid (1:20), and extracted with ether. The ether extract was evaporated to dryness and
the residue of X combined with the main portion for erystallization 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) it 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.

Reaction under anhydrous conditions. A mixture of 0.01 mole of IX (previously dried for
several weeks over phosphorus pentoxide) and 0.011 mole of VI (distilled <n 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 at 130-135° for forty-eight hours,
was refluxed for two hours, with the open end of the condenser protected by calcium chloride
and Ascarite tubes. The reaction produets were isolated as outlined above; X was purified

TABLE I
ForMaTiON OF 3-p-ToLYL-6-METHYL-1,2,3,4-TETRAHYDROQUINAZOLINE (X) FROM
0-AMINO-m-XYLYL-p-TOLUIDINE (IX) BY Ring CLOSURE WITH
MEeTHYLENE DIAMINES

| TETRAHYDRO-

Mgf;f;glr‘ QmN%’zzrég (x) AMINE AM%NE . IDENT.
I ; 79 (86)° p-toluidine 86 Bz-deriv. m.p. 152-153° obs.

IT 76 (95)e p-chloroaniline 86 Bz-deriv. m.p. 188°

11T ‘ 77 p-bromoaniline 84 Bz-deriv. m.p. 201°

v J 70 p-anisidine 99° Bz-deriv. m.p. 154.5-155°
VI | 95 piperidine 99 B-HCI, m.p. 242.5-244°

vii 88 morpholine 73 B-HCl, m.p. 168-172°

VII  25¢ morpholine - —
A g‘ 95 ethylaniline — —

¢ Crude yields in parentheses.

» The methylene diamine which escaped reaction with IX was probably decomposed
during the isolation procedure, since the instability of this methylene diamine is excep-
tional (3, 31).

¢ 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 from anthranilanilides by action of
formaldehyde and of methylene diamines. A. Ring closure with formaldehyde. General
procedure. The anthranilanilide (0.005-0.01 mole) was dissolved in 10-20 cc. of ethanol
alkaline with sodium hydroxide, 2-5 cc. of 379, 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-1,2,3,4-tetrahydroquinazolone-4 (XV) was obtained in 829, yield
(0.85 g. from 1.00 g. of XII); the m.p. was 194-195° obs., or 199-200° corr.

Anal. Cale’d. for CiHBrN,O: 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.
(Rast method), 296, 310.

3-p-Methoxy-1,2,3,4-tetrahydroquinazolone-4 (XVI) was obtained in 919, yield (1.15 g.
from 1.20 g. of XIII). After crystallization from ethanol the compound melted at 185-
185.5° obs.

Anal, Cale’d. for C;sH1N,O,: 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.
from 2.11 g. of XI). The purified compound melted at 176° obs., or 180° corr.

Anal. Cale’d. for C H;,N,0: C, 74.90; H, 5.38; N, 12.49.

Found: C, 75.07, 74.92; H, 5.65, 5.55; N, 12.27, 12.22.

1-Methylol-8-phenyl-1,2,3, 4-tetrahydroquinazolone-4 (XVII). When preparation of XIV
was attempted at lower temperature and with relatively more formaldehyde, the product
wag a lower-melting compound eventually identified as XVII. A warm solution of 1.2 g.
of XTI in 30 cc. of ethanol previously made alkaline to litmus with sodium hydroxide was
treated with 5 cc. of 37% formalin, and was then chilled. The erystalline product weighed
0.80 g., and melted at 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 XI. When
it was heated slowly 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 it melted at 172-175° obs., the m.p. of XIV.
The following experiment established that the new compound is converted by heat into
3-phenyltetrahydroquinazolone-4 with 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 aleohol was distilled into a solution of dimethyldihydroresoreinol.
Distillation 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.)
was XIV, m.p. 176-178° obs., and was identified by mixed m.p. tests.

Anal. Found: C, 71.01, 70.82; H, 5.24, 5.51; N, 11.01, 10.95.

These results are consistent with the molecular formula C;sH,N,0.; Cale’d.: C, 70.85;
H, 5.55; N, 11.02.

Interaction of anthranilemide and formaldehyde.* Treatment of 12.0 g. of anthranilamide
(41) with formaldehyde by the general procedure (150 ce. of 959, ethanol made alkaline with
sodium hydroxide; 30 ce. of 379 fermalin) yielded 11.0 g. of a colorless crystalline product
which melted at 139-141°, with gas evelution. Crystallization from alechol yielded ma-
terial of m.p. 141° obs., but was not uniformly satisfactory, as in solution the compound was
decomposed by even gentle warming,

In absence of alkali, the interaction of anthranilamide and formaldehyde in ethanol at
70-75° yielded a colorless, viscous product which solidified when the mixture was chilled in
ice. The separated substance softened at 65-70° and evolved a gas with the odor of formal-
dehyde, after which the mass resolidified, and on further heating sublimed around 170°.
This product was not examined further.

The compound of m.p. 141° was found to yield formaldehyde on heating or by action of
water or of aqueous ammonia. The cold water extract gave a strong test with 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 was 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 with Thatcher’s reagent (44). The red-orange ecrystalline product darkened at
116-115°, shrank at 165-170°, and at 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

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

Anal. Found: C, 57.35, 57.72; H, 5.61, 5.81; N, 13.28, 13.33.

These analytical values are consistent with the molecular formula C;oH;,N0; (Cale’d:
C, 57.68; H, 5.81; N, 13.46).

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

B. Ring closure with methylene diamines. General procedure. A solution of the an-
thranilanilide (0.005-0.01 mole) and an equivalent amount of the methylene diamine in
absolute alcohol was heated under reflux for perieds of several hours up to twenty-four
hours. In some experiments 0.1 g. of sodium was previously dissolved in the aleohol, in
order to effect the reaction in presence of sodium ethoxide. The erystalline quinazolone
separated when the solution was chilled. The mother liquor generally yielded one or more
additional crops of product. The filtrate was evaporated and the residue was subjected to
steam distillation. The residue in the flask was crystallized from ethanol in fractions, and
the crude tetrahydroquinazolone was recrystallized from alcohol. The steam distillate
was 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 arnine was
identified. In experiments with VI and VII the liberated piperidine and morpholine were
isolated by the procedure outlined under 1. The essential results of individual reactions
are collected into Table II.

C. Interaction of anthranilamide and methylene diamines. As shown in section A, the
interaction of anthranilamide and formaldehyde yielded a compound other than the ex-
pected tetrahydroquinazolone-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 it), and free amine.

D. Proof of structure of tetrahydroquinazolones. General procedure (13). A solution of
0.003-0.01 mole of the tetrahydroquinazolone in 150-300 cec. of dry acetone was cooled to
0° and treated with 109, more than the calculated amount of potassium permanganate
dissolved in acetone, added during two or three hours while stirring and chilling the mix-
ture. Excess of sodium bisulfite was added, and the mixture was kept in a refrigerator for
two days, after which it was filtered. The filtrate was freed of acetone by distillation,
and the residue was crystallized from ethanol. The essential results of these experiments,
and the evidence as to identities of XIV, XV, and XVI, are as follows:

Compound XIV yielded 489, [including tailings recovered as picrate, m.p. 177-178°
(42)] of 3-phenyl-3,4-dihydroquinazolone-4, m.p. 138-139° obs. A mixture with a speci-
men {m.p. 139-140°) made from anthranilic acid and formanilide (15) melted at 138.5-
139.5°.

Compound XV yielded 36% of 3-p-bromophenyl-3,4-dihydroquinazolone-4, m.p.
189-190° obs. A mixture with a specimen (m.p. 190-191°) made synthetically (15) from
anthranilic acid and formyl-p-bromoaniline melted at 190-190.5°. As Paal and Koch
reported the m.p. to be 174° (14b), the compound was analyzed for bromine. Cale’d for
C1.H¢BrN,O: Br, 26.54. Found: Br, 26.43, 26.24, 26.59, 26.32.

Compound XVI yielded 87%, of 3-p-anisyl-3,4-dihydroquinazolone-4, m.p. 193.5-194°
obs. A mixture with a specimen made by synthesis (m.p. 193-194°; see below) melted at
193-194°.

3-p-Methoxyphenyl-3,4-dihydroquinazolone-4, not previously reported, was prepared
(15) by heating anthranilic acid and formyl-p-anisidine for ninety minutes at 150°. The
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product was crystallized successively from alcohol, benzene, and light ligroin. The yield
of pure material, m.p. 193-194°, was 287,.
Anal. Cale’d for C:H,N,Q,: C, 71.42; H, 4.80; N, 11.10.
Found: C, 71.12, 71.32; H, 4.78, 4.59; N, 11.28, 11.14.
3-p-Bromophenyl-3,4-dihydroquinazolone-4 picrate, prepared from the base and an
equivalent amount of pieric acid in aleohol, melted at 171-173°. Analysis for bromine
gave the values 14.71 and 15.07; cale’d for CyoH,4BrN;Os: Br, 15.02.

TABLE 1II

ForMaTION OF 3-ARYL-1,2,3,4-TETRAHYDROQUINAZOLONES FROM ANTHRANILANILIDES BY
Ring CLosURE WITH METHYLENE DIAMINES

xmggg:.- PRODUCT
DIAMINE | 3.phenyltetrahydroquinazolone 3-p-bromophenyltetrahydro- | 3-p-anisyltetrahydroquinazolone
(X1V) quinazolone (XV) i XVI)
Conditions® | Yigld | Amine | congitions? \ Yield | Amine % | Conditions® | Y1 | Amine %
I n.s. 26 300 . 56 : 53 63¢
115° ;
5 hrs. i J |
II P14 [ 49 464
III 35hrs. | 73 | ident. 55 66°
Iv 70 84 86 92
v NaOEt 47 — NaOEt 40 — NaOEt 22/ —
VI 8 hrs. 65 58 5 hrs. 0 @ — 24 hrs. 52 394
VI NaOEt 87 78  NaOEt | 71 58 | NaOEt | 87  ident.
9 hrs. ‘
VII n.s. 26 33 n.s. 33 | 45 | ns. 39¢ 40
145° 145° 2 145°
2 hrs. 10 hrs. 10 hrs.
Vil NaOEt 36 387
VII 18 hrs. 12 10%

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

b Recovered considerable unchanged X1, and 729, of I.

e Recovered unchanged 397, of XIII and 409, of 1.

4 “ 31% of XIII and 539 of II.
e ¢ i 339, of III.

! « “ 319%, of XIII.

¢ ¢ ¢ 539%, of XII.

s

¢ “ 29%, of XIII.
 Nearly half of this yield was obtained by evaporation of the first filtrate and by heating
the residue ¢n vacuo at 235°,
i Recovered unchanged 439, of XII.
“ o 299, of XII.

3. Formation of aminomethylphenols and methylene-bis-(hydrozyaryl) 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, II, or VI) and 20 cc. of absolute ethanol
was heated under reflux for fifteen to sixty minutes. The erystalline 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 disti