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INTRODUCTION 

In 1913 Lebeau and Picon' reported that 1-alkynes were produced in good 
yield by the action of certain alkyl iodides on sodium acetylide in liquid 
ammonia. The synthesis assumed importance when Picon2 claimed that 
alkynes prepared by this method were extremely pure and free from prod- 
ucts of rearrangement, and that the reaction was general for alkyl iodides 
as high as CISHJ.~ The ease of manipulation and the ready availability 
of the necessary materials make this synthesis attractive, and it has 
accordingly been used by various investigators''for the preparation of the 
lower members of the acetylene series. Hurd and Meinertb have shown 
that the alkyl sulfates may be substituted for the alkyl iodides in the 
preparation of propyne and 1-butyne. 

Lespieau and Journaud' have studied the action of allyl halides on 
sodium acetylide. The principal product is not pentenyne but a complex 
compound obtained by the action of two or more moles of allyl halide on 
each mole of sodium acetylide. 

Recently Vaughn and Danehy' have shown that calcium acetylide may 
be used in this synthesis in place of sodium acetylide with comparable 
results. 

The principal reaction occurring in this synthesis of alkynes and the only 
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one to which much attention has previously been directed is the simple 
action of the straight-chain alkyl compounds on sodium acetylide to yield 
the monoalkyl derivative, 

RX + NaC=CH+RC=CH + NaX 

As we needed rather large quantities of alkynes for use in research 
projects, we have made over five hundred separate runs of this general 
type, and have prepared about 200 liters of alkynes, including 1-propyne, 
1-butyne, 1-pentyne, 1-hexyne, 1-heptyne, 1-octyne, 1-nonyne, 1-decyne, 
and 1-hendecyne. In the course of this work we have applied the reaction 
to sodium, potassium, barium, and calcium acetylides and to alkyl chlo- 
rides, bromides, iodides, and sulfates. Certain improvements in technique 
have been devised, and a number of by-products, including acetylene, 
alkenes, alcohols, mono-, di-, and trialkylamjnes, dialkyl ethers, and dialkyl- 
ethynes have been identified and their formation explained. Due to lack 
of space only a few selections from this mass of experimental data can be 
presented in this article. 

PREPARATION AND PROPERTIES OF THE METAL ACETYLIDES 

The synthesis of alkali and alkaline earth acetylides in liquid ammonia 
has usually been conducted by passing acetylene into a previously prepared 
solution of the metal or metal amide, reaction occurring according to the 
equations, 

M + HC=CH+MC=CH + 3 Hz 
MNHz + HC=CH+MC=CH + "8. 

At ordinary pressure the first of these methods is much too slow for the 
preparation of large quantities of acetylides, while with the second diffi- 
culty is encountered in determining the end of the reaction. The prepara- 
tion of sodium acetylide in an autoclave from sodium in liquid ammonia 
at room temperature and under acetylene pressures of 100 to 250 p.s.i. has 
been found to be more rapid. This method, however, has a number of 
disadvantages, the most important being the great danger of violent 
explosions, particularly unless air is completely displaced from all parts of 
the apparatus. 

It was found that a far more rapid and satisfactory method for making 
the metal acetylides consisted in adding the blue solution of the metal in 
liquid ammonia to a solution of acetylene in liquid ammonia, with stirring 
and without allowing the entire body of the reacting solution to become 
blue at any time. Acetylene is apparently not very soluble in boiling 
liquid ammonia, but is markedly soluble at  temperatures below the boiling 
point at  atmospheric pressure, so that concentrated solutions may be 
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47.55 
60.72 
44.80 
82.38 

obtained either by precooling or by sweeping an excess of acetylene through 
the ammonia, thus cooling it by evaporation. We have observed that 
the presence of dissolved metal greatly decreases the rate and extent of 
solution of acetylene in liquid ammonia and thus retards the reaction. 
This effect of dissolved metal seems to be general for solutions of many 
gases in ammonia. 

This manner of preparing metal acetylides results in the saving of con- 
siderable time. The conversion of 5 moles of sodium (dissolved in 2.5 
liters of ammonia) by treatment with acetylene requires 5 to 7 hours for 
completion. The same amount of sodium may be converted to acetylide 
in 40 minutes by the new procedure. 

The method works equally well with the metals sodium, potassium, 
calcium, and barium, and acetylides of all these metals* have been so 
prepared for use in this work. Samples of these acetylides were freed 
from ammonia by evacuation at room temperature and analyzed for metal 

TABLE I 
ANALYSES OF METAL I-ACETYLIDES 

47.65 
60.52 
44.20 
84.12 

ACETYLIDl 

Sodium. ................................... 
Potassium. ................................ 
Calcium. ................................... 
Barium. ................................... 

% OB METAL 
CAWULAmD 

47.92 
60.74 
44.44 
73.40 

content. An examination of Table I shows that with the exception of 
barium acetylide the compounds were very pure. 

The 
degree of their stability, however, varied considerably. Sodium and 
potassium acetylides, being the most stable, remain in white crystalline 
form for approximately 10 hours when exposed to dry air. Under similar 
conditions calcium acetylide is noticeably decomposed (brown color) after 
5 hours. Our samples of barium acetylide were so unstable that they 
decomposed on standing for a few minutes, even in an atmosphere of 
ammonia. 

Since, as will be shown later, no very significant differences in the re- 
activities of these acetylides were noted, the cheaper and more soluble 
sodium acetylide was used in most cases. 

Since the total exclusion of air in the preparation of large quantities of 
sodium acetylide was not attempted, the material always contained some 
sodium hydroxide due to moisture occurring both in the air and in some 

As expected, these metal acetylides were very unstable in air. 

8 MOISSAN, Compt. rend., 127,911 (1898). 
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samples of commercial liquid ammonia, and it also undoubtedly contained 
small amounts of sodium oxide due to atmospheric oxygen. Traces of 
sodamide may also have been present in some cases since in the absence of 
excess acetylene, the reaction 

NaNHz + HC=CH+NaC=CH + NH3 

may be somewhat reversible. Some few preparations were carried out in 
iron vessels and in these there was no doubt but that a larger amount of 
sodamide, which was obtained by the action of ammonia on the metallic 
sodium in the presence of sodium oxide and iron  salt^,^ was present. The 
acetylene used was from commercial cylinders and was usually passed 
through a porous alundum cup into concentrated sulfuric acid and then 
through a sodalirne tower, thus removing practically all of the acetone, and 
obviating the presence of sodium acetone in the acetylide. 

EXPERIMENTAL 

Preparation of sodium acety1ide.-Three (3) liters of liquid ammonia was placed in 
a 10-liter steel container and saturated with acetylene by bubbling the gas through 
the ammonia at a very rapid rate for 2 minutes. In a separate container a solution 
of 300 g. of sodium in 3 liters of liquid ammonia was prepared. This solution was 
added to the acetylene solution with stirring at such a rate that  the entire mixture 
never became entirely blue a t  any time. If a slight excess of sodium was inadvert- 
ently added the solution was allowed to clear up completely, and was then treated 
with acetylene for 1 minute before continuation of the additions of metal solution. 
Ammonia was added as necessary to maintain the volume of the mixture. 

Analysis of metal acety1ides.-The metal acetylides were analyzed by determining 
the amount of base liberated upon hydrolysis with water. A small portion of the 
acetylide solution was taken, and the ammonia was removed from the sample by 
evaporation through a mercury trap a t  room temperature. After the sample had 
evaporated to dryness it was evacuated at room temperature until no more ammonia 
was evolved. In the case of some of the acetylides, such as barium and calcium, 
small amounts of impurities such as oxide, chloride, etc. were permitted to settle out 
of the reaction mixture before a sample was taken. 

The dried samples of acetylide were ground by adding glass balls to the flask and 
rotating by hand for some time. In an atmosphere of nitrogen a sample of 0.1-0.2 g. 
of the acetylide was placed in a small sample bottle and weighed. The sample bottle 
was allowed to drop in an upright position into a 500-ml. Erlenmeyer flask containing 
about 150 ml. of previously boiled, distilled water. A rubber stopper was placed in 
the mouth of the Erlenmeyer flask, and the sample bottle was opened by shaking. 
After hydrolysis of the sample the shaking was continued for a few moments until the 
gas, smoky in appearance, had completely cleared. The basic solution was then 
titrated with decinormal acid, with phenolphthalein as an indicator. To insure 
against the presence of ammonia the titrated solutions were treated with an excess of 
standard base, boiled for f hour, and then back-titrated. No ammonia was found in 
any case. 

9 VAUGHN, VOQT, AND NIEUWLAND, J .  Am. Chem. SOC., 66,2120 (1934). 
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In the analysis of calcium and barium acetylides, 25 ml. of decinormal acid wa8 
added to the water used in hydrolysis and the analysis then completed by back- 
titrating with decinormal sodium hydroxide. 

REACTION OF SODIUM ACETYLIDE WITH ALKYL HALIDES AND ALKYL SULFATE8 
IN LIQUID AMMONIA 

The reaction of sodium acetylide with a number of alkyl halides has been 
carried out under a great variety of conditions, and the effect of some of 
these variables may be stated as follows. 

The reactivity of the alkyl halides increases with the atomic weight of 
the halogen and decreases with the increasing size of the alkyl group, 
possibly due to the decreasing solubility in liquid ammonia. The reaction 
with alkyl sulfates is much more rapid than with any of the alkyl halides. 
Alkyl bromides are in general the most satisfactory for this reaction be- 
cause they react more rapidly than alkyl chlorides and give smaller quanti- 
ties of amine by-products than either the iodides or sulfates, and for other 
reasons which will be given below. 

Some of the runs were made in an autoclave at room temperature and 
above and a t  pressures of 100 to 250 p.s.i.; some were made a t  atmospheric 
pressure and temperatures slightly above -34"C., while still others were 
made a t  25 p.s.i. pressure in an aluminum pressure cooker. Higher tem- 
peratures increased the rate of the principal reaction and also that of some 
of the side reactions such as the formation of alkylamines from ammonia 
and the alkyl halides. Use of the autoclave obviated a part of the loss of 
liquid ammonia and of volatile products and by-products by evaporation, 
although some loss did occur when the pressure in the autoclave was 
released. A somewhat better recovery of products could be obtained by 
venting the autoclave through a condenser cooled by liquid ammonia.1° 
The final yield of 1-alkynes in a number of cases appeared to be some- 
what higher$ at -34°C. than at higher temperatures. 

EXPERIMENTAL 

The two experiments that follow may be considered typical of those run a t  atmos- 
pheric and super-atmospheric pressures, respectively. 

Preparation of 1-hexyne at atmospheric pressure.$-Ninety (90) grams of sodium 
was converted to acetylide in a 5-liter 3-necked flask equipped with a high-speed, 
mercury-sealed stirrer and a gas-inlet tube, by the procedure previously described. 

$ Mr. Stefan J. Slanina, who devised this modified procedure, has recently demon- 
strated that this procedure is capable of producing 80 per cent. yields of hexyne and 
heptyne in an over-all time of four hours. The essential modifications comprise very 
effective stirring and recovery of volatile and entrained material. Entrainment may 
be markedly minimized by mounting a second liquid ammonia-cooled condenser of 
the coil type above the bulbed condenser. 
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The gas-inlet tube was then replaced with a dropping funnel, and a liquid-ammo- 
nia-cooled reflux condenserlo was put into place. Then 413 g. of butyl bromide was 
slowly added during a period of 2.25 hours. During the addition of the bromide it 
was necessary to add an additional liter of ammonia to maintain the volume of the 
solution. After stirring for 2.5 hours after the final addition of butyl bromide, during 
which time it was necessary to add 2 liters of liquid ammonia, the reaction mixture 
was hydrolyzed by the dropwise addition of 750 ml. of water, the hydrolysis requiring 
1.5 hours. The reaction mixture separated into 2 layers, the upper of which was 
removed, washed with 10% hydrochloric acid until acid to litmus, then with 2% 
sodium carbonate, and, finally, twice with water. The product, weighing 200 g., was 
dried over calcium chloride and carefully fractionated through an efficient total 
condensation column (packed with glass spirals), 1 m. long and 1 cm. in diameter, 
using a reflux ratio of 10:l. After three fractionations the following fractions were 
collected: 

(1) 70-72' 137 g. 

(3) 98-102" 15 g. 
(4) residue 25 g. 

(2) 72-98' 12 g. 

A bromide analysis of fraction 1 by the sodium-liquid-ammonia method11 showed 
that 0.88% of butyl bromide was present. The hexyne is equivalent to a 55.7% 
yield while the recovery of butyl bromide is 3.7%. By careful fractionation of the 
residue, 10 g. of dibutyl ether and 10 g. of 5-decyne boiling a t  172-5", were obtained. 

Preparation of I-heptyne i n  autoclave.-Twelve moles of sodium acetylide sus- 
pendedin 3 liters of ammonia in a 10-liter steel autoclave, was treated with 12 moles 
of normal amyl chloride previously cooled by mixing with a small quantity of liquid 
ammonia. The head of the autoclave was made up as rapidly as possible and stir- 
ring started. During 4 hours the pressure gradually rose to 160 p.s.i., this being 
equivalent to a temperature of about 30'. The pressure was then slowly released, 
and the reaction mixture was hydrolyzed by addition of water until vigorous bub- 
bling no longer occurred. The top layer which separated was removed, washed with 
water, dilute hydrochloric acid, and again with water. After drying over calcium 
chloride the crude product was combined with the product from another run of 11.5 
moles and fractionally distilled through a column (packed with glass spirals) 1 m. 
long and 4 cm. in diameter, using a reflux ratio of 10: 1. The following fractions were 
obtained: 

(1) 41-50' 4.5 g. 
(2) 50-97 " 86 g. 
(3) 97-98 74 g. 
(4) 98-99" 1150 g. 
(5) 99-100" 187 g. 
(6) 100-103° 142 g. 
(7) 103-106' 72 g. 
(8) 106-115" 84 g. 
(9) residue 104 g. 

An analysis of fraction 4 indicated that 5.92% amyl chloride was present. This 
fraction therefore contained 1082 g. of heptyne, equivalent to a yield of 52.5%. By 
taking into account the heptyne contained in the other fractions boiling between 50 
and 98", and 99 and 103" the total yield is raised to the order of 60%. 

10 VAUGHN AND POZZI, J .  Chem. Educ., 8,2433 (1931). 
11 VAUGHN AND NIEUWLAND, Anal. Ed.,  Ind. Eng. Chem., 9,274 (1931). 
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In the preparation of propyne and butyne all runs were made a t  atmospheric pres- 
sure. Various procedures were used for the collection of the alkyne, depending on 
whether or not i t  was desired as a gas, in solution, or as a liquid. A typical large- 
scale procedure will be described. 

Preparation of propyne-Apparatus.-A cylindrical steel reaction chamber meas- 
uring 15 x 30 in. with a capacity of 23 gal. was used for this preparation. The bottom 
of this vessel was fitted with a 1.5411. gate valve to facilitate cleaning, and a 0.5-in. 
line for the admission of acetylene. A spare 0.5-in. line was also run into the lower 
side of the vessel so that acetylene might be introduced should the bottom line become 
clogged. The upper side of the vessel was fitted with a 0.5-in. line for the exit of 
gases and a 1-in. gate valve for safety release. The removable head of the vessel was 
fitted with a stirrer driven by a 0.25-H.P. motor. The head also bore a pressure gage 
and was fitted with a sight glass and a 2-liter dropping funnel that protruded 6 in. into 
the reaction chamber. This funnel, which was used for the introduction of liquids 
iiito the closed reactor, was kept under constant pressure by means of compressed air 
acting against a column of mercury, in order that  materials might be forced into the 
vessel against slight pressure. The head assembly was fastened to a block and tackle 
in order that it might be readily lifted and handled. 

It was 
found that the frost formed from the moisture in the air made a rather efficient insu- 
lator and that after the vessel had once been cooled, ammonia losses were rather 
small. The reaction vessel was mounted in a shallow pan which served to collect 
the melted frost a t  the end of a run. 

The exit gas line of the reactor was connected with a washer which was made from 
a 22-liter Pyrex flask. The inlet tube of this washer terminated in a perforated bulb 
which served to break up the gas stream and facilitate washing. In addition to the 
exit tube for gases, this washer was fitted with an inlet and outlet tube for the wash 
water which was constantly changed during the run. The gas from this aqueous wash 
was passed through a vapor trap held at 2%" and then into a 2.5-liter wash bottle con- 
taining 25% sulfuric acid and an indicator. The exit from the sulfuric acid bottle 
was connected to an  ice-cooled trap and then to three 36 x 2 in. towers connected in 
series and containing, in order, sodalime, calcium chloride and potassium hydroxide. 
A mercury manometer, arranged so as to ring an alarm bell in case of a sudden pres- 
sure rise, was inserted in the gas line just ahead of the three towers. The outlet from 
the potassium hydroxide tower was connected to a condenser made up of fifteen 6-in. 
turns of 0.5-in. black iron pipe. The bottom of this spiral was connected to a 3-liter 
flask carrying a vent tube, and the entire assembly suspended in a 12 x 22-in. insulated 
tin container, which was filled with dry ice and acetone. 

Process.-After the head of the reactor had been raised out of the way, liquid 
ammonia was run directly into the reaction vessel from a cylinder mounted on a 
dolly. Acetylene from a low-pressure generator was passed through a calcium chlo- 
ride dryer and then admitted through the acetylene inlet, and the ammonia was 
saturated. During the saturation of the ammonia a solution of sodium metal in 
ammonia was made up in a separate container. While the passage of acetylene was 
continued this solution of sodium metal was added to the reaction vessel a t  such a 
rate that the entire solution never became blue due to the presence of excess sodium. 
During the metal addition the mixture was stirred by hand, and when foaming oc- 
curred a portable motor-driven stirrer was employed. Attempts were made to add 
the sodium metal in chunks but it was found that the conversion to acetylide was 
much slower than was the case with solutions, and considerable trouble due to foam- 

Although the reaction was run a t  -34°C. the vessel was not insulated. 
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ing was encountered. The solution process was highly satisfactory when properly 
conducted. In converting the sodium to sodium acetylide the end-point was readily 
determined by noting the disappearance of the blue color of sodium. In every case 
this end-point was rather carefully observed in order to avoid an excess of acetylene 
in the solution. 

The head was then lowered into place and bolted down. The stirrer was started, 
and the pixture  was allowed to stand from 1 to 2 hours in order to eliminate ethylene 
and any slight excess of acetylene that might be present. This ethylene, formed from 
the hydrogen liberated during the preparation of the acetylide, was not present to 
any large extent but it was necessary to allow time for its removal. 

After the elimination of ethylene, the gas exit of the reactor was connected with 
the washing, drying, and condensing system, and methyl sulfate was added through 
the separatory funnel a t  a rate as rapid as the washing system would permit. Pro- 
pyne was produced and came off with ammonia. Most of this ammonia was removed 
by the aqueous wash and the remainder by the sulfuric acid washes. A certain loss of 
propyne occurred during the washing with water, but this was unavoidable. After 
leaving the sulfuric acid washers, the propyne, which now contained as impurities 
water vapor and sulfuric acid spray, was passed through the cooled trap to remove 
the bulk of the entrained acid solution. The gas was then passed through sodalime 
to complete this removal. Water was then removed by the calcium ehloride and 
potassium hydroxide towers and the propyne was condensed in the carbon dioxide- 
acetone cooled condenser. 

In a typical run of this sort 1200 g. of sodium was converted to acetylide with the 
use of 18 kg. of liquid ammonia. The solution was then diluted with 30 kg. of am- 
monia, and 8.5 kg. of dimethyl sulfate was added during 6.5 hours. A yield of 1596 
g. of crude propyne, equivalent to 83% of the theoretical yield, was obtained. The 
purification of this propyne by low-temperature rectification indicated that the prin- 
cipal impurity was acetylene which was present to the extent of about 17%. This 
gives a corrected yield of 69% of the theoretical. 

DISCUSSION 

In Table I1 the yields of alkynes, from what may be regarded as typical 
experiments, are tabulated. Data on various combinations of acetylides 
and halides are given. Yields are not strictly reproducible, even within 
the limits given, but major deviations are not often met with in any given 
series of runs. The variations indicated in the table are largely due to 
the various methodB of isolation and in part to the formation of by- 
products. 

The yields of alkynes as indicated in Table I1 are so low that even by 
taking into account the formation of by-products (to be discussed later) 
it is evident that losses are encountered at  some stage in the procedure. 
Since loss is most likely to occur during the hydrolysis and separation of 
the reaction mixture, experiments were conducted in which known amounts 
of alkynes were dissolved in liquid ammonia and immediately treated with 
sufficient water to stop boiling at  room temperature. The alkyne was 
then recovered and the loss determined. 

The solubility of 1-hexyne in concentrated aqueous ammonia was deter- 
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METAL ACBITYLIDE 

Sodium 
Sodium 
Sodium 
Sodium 
Calcium 
Potassium 
Sodium 
Calcium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Calcium 
Sodium 
Calcium 
Sodium 
Potassium 
Calcium 
Barium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 

TABLE I1 
YIELDS OB ~-ALXYNES 

ALKYL COMPOUND YIELD d= 5% I 

Collected as gas. 
Absorbed in ether at  -34". 
Passed through ammonia condenser and liquefied. 
Reaction conducted at 25 Ib. pressure. 

e Reaction conducted at atmospheric pressure. 
J Reaction conducted in autoclave and allowed to come to room temperature. 
0 Liquefied by condenser cooled with solid COz-acetone. 
h See footnote $. 
i Yield based on volume of gaseous product soluble in alkaline mercuric cyanide 

{Product was a greenish waxy solid,-evidently a mixture of polymers of 
solution. 

3-phenyl-1-propyne. 
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20 ml., 1-Hexyne 
50 ml., 1-Hexyne 

50 ml., 1-Heptyne 
50 ml., 1-Heptyne 

50 ml., 1-Hexyne 

50 ml., 1-Heptyne 

mined by adding 20 ml. of the compound to a solution made by adding 
100 ml. of water to 100 ml. of ammonia and vigorously agitating the mix- 
ture. On standing, 19.5 ml. of the alkyne separated, indicating that the 
solubility of the compound was less than 2.5 per cent. of the amount taken. 
This experiment was repeated several times with similar results. 

That the solubility of alkynes in concentrated aqueous ammonia is low 
is further demonstrated by the fact that ether extraction of the aqueous 
layer resulting from the hydrolysis of reaction mixtures does not result in 
the recovery of substantial amounts of alkynes. 

From these data it is evident that the large losses shown in Table I11 
are due to vaporization and entrainment during the addition of the water. 
Losses are also sustained during release of the pressure on the autoclave 
after a run at superatmospheric pressures. By passage of the gases (am- 
monia, acetylene, and alkyne) from the autoclave through water and then 

150 12.75 37 
250 32.5 35 
250 39.0 32 
250 44 12 
250 44" 12 
250 43.5b 13 

TABLE I11 
RECOVERY OF ALKYNES FROM LIQUID AMMONIA SOLUTIONS 

ALKYNE ALKYNE RECOV- 
ERED (ML.) 

through an ammonia-cooled condenserlo a sufficient amount of alkyne 
could be recovered to increase the yields by 2 to 7 per cent., depending on 
the particular alkyne. 

In attempts to improve yields many variations in conditions attending 
the preparation of hexyne and heptyne from sodium acetylide and the 
appropriate bromide were made, and their effect on the reaction deter- 
mined. A discussion of some of this work will be given. 

Volume of solution.-Best results were obtained when 0.5 to 1.0 liter of 
ammonia was present for every mole of sodium acetylide. The use of 
smaller amounts of ammonia lowered the yield by reducing the extent of 
reaction. This is shown by the recovery of large amounts of alkyl bromide 
from these runs. Larger amounts of ammonia lowered the yield by in- 
creasing the amount of loss due to vaporization and entrainment. 

The presence of adequate amounts of ammonia during hydrolysis was 
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TIME (IN IYIINVTEB) 

10 
20 
30 
60 
im 
180 
1440 

% YIlLD 

6.7 
14.3 
24.1 
32.8 
37.8 
37.0 
15.7 

perature. In preparative work, however, we have customarily allowed 
such mixtures to stand for at least 30 minutes before reducing the pressure. 
Allowing such runs to stand for longer times (overnight) did not affect 
the yield. 

Stirring.-At atmospheric pressure vigorous stirring was essential to 
good results. The more nearly homogeneous the reaction mixture the 
higher the yield of alkyne obtained. 

In runs in the autoclave stirring greatly reduced the time of reaction. 
A well-stirred mixture proceeded to maximum reaction in about one- 
tenth the time required for an unstirred mixture. Stirring did not seem 
to produce any effect on the yields obtained from autoclave runs. 

Use of solvents.-Several attempts were made to replace a part of the 
liquid ammonia with an organic solvent. In experiments at atmospheric 

I2 FAVORSKII, J .  Prakt. Chem., [2], 37,531 (1888); ibid. ,  [2], 44,208 (1891). 
la HURD, Private communication, Dec. 13,1934. 
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pressure the use of small amounts of ether produced no effect on the yield 
but gave some apparent increaae in the rate of reaction by causing the two 
phases of the reaction mixture to disperse more readily. Increasing 
amounts of ether decreased the yield. In  a solution containing 50 per 
cent. of ether and 50 per cent. of ammonia reaction proceeded too slowly 
to be practical. 

The addition of 15 per cent. of dichlorodiethyl ether to the ammonia 
lowered the yield of alkyne by one-third. This substance also caused the 
formation during hydrolysis of emulsions which were difficult to break. 

Addition of anhydrous ethylenediamine destroyed the sodium acetylide, 
presumably by the formation of sodium ethylenediamine with evolution of 
acetylene. 
Addition of various materi&.-In the synthesis of 1-heptyne the addition 

of water to the extent of 10 g. per mole of acetylide decreased the yield of 
alkyne by 50 per cent., while the same amount of n-pentanol reduced the 
yield by one-third. 

Excess alkyl bromide did not increase the yield of alkyne, and there is 
some evidence that large excesses decrease the yield slightly. Large 
excesses of sodium acetylide lowered the yield slightly. The addition of 
sodium bromide in amounts above 1 mole per mole of sodium acetylide 
decreased the yield of alkyne somewhat, probably due to its effect in 
decreasing the solubility of sodium acetylide in ammonia and its salting-out 
action on the alkyl halide. Initial concentrations of sodium bromide 
similar to those resulting from the reaction of the alkyl bromide and the 
acetylide had no effect on the yield of alkyne. 

The addition of calcium chloride to the extent of 0.5 mole per mole of 
acetylide did not affect the yield of alkyne. It was, however, necessary 
to increase the amount of ammonia when the salt was used, because of its 
ammonation. 

With a given acetylide and halide various metals appear to have no 
influence on the reaction, for it has been carried out in vessels of glass, 
cadmium, aluminum, and iron, both rusty and bright, without any appar- 
ent difference. Likewise, stirrers of Monel metal, nickel, brass, and glass 
produced no discernible effects. 

Alkyl halides aa impurities in l&yms.-The higher alkynes prepared by 
this reaction from alkyl bromides and chlorides were always contaminated 
with unreacted halide which we have been unable to remove completely 
by distillation, even through highly efficient fractionating columns. This 
contamination is most serious with chlorides because of the closeness of 
their boiling points to those of the corresponding 1-alkynes and because 
of their lower reactivity with ammonia and sodium acetylide. The 
amount of alkyl halide in the l-alkyne is usually between 0.5 and 1 per 
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cent. with bromides, and 5 and 20 per cent. for chlorides. The use of a 
large excess of sodium acetylide did not have much effect in reducing the 
unreacted halide but some improvement resulted from thorough stirring 
of the reaction mixture. 

A number of attempts were made to remove this alkyl halide by chemical 
means. Refluxing with pyridine or with magnesium for from 2 to 5 hours 
failed to eliminate the halides. Refluxing for 6 hours with aniline in the 
presence of p-toluenesulfonic acid and anthranilic acid had no effect on the 
chlorides but caused a material decrease in bromides. Refluxing for 5 
hours with an excess of 50 per cent. alcoholic potassium hydroxide was 
effective, giving an 85 to 90 per cent. reduction in bromide content. Alco- 
holic sodium hydroxide is not as good as the potassium compound but does 
give some reduction of both bromides and chlorides. This method, how- 
ever, is open to some objection, as rearrangement may take place during 
the treatment.I2 Treatment with sufficient sodamide in liquid ammonia 
to convert the alkyne to alkynylsodium and the alkyl halide to alkene and 
alkylamines gave a product containing only a trace of halide. Sodium 
metal in ammonia destroyed all of the alkyl halide but the alkynes re- 
covered from this treatment were contaminated with  alkene^.^' 

This presence of unreacted alkyl halide was found to be the most objec- 
tionable feature of the method as a source of pure alkynes because halide 
impurities were found to be the most difficult of any to remove from the 
finished product. For most purposes, fortunately, the presence of small 
amounts of alkyl halide in the alkyne is of no consequence. Because of this 
no persistent effort was made to overcome this difficulty. 

SIDE REACTIONS 

As has been previously stated, in the course of this work, several ,com- 
monly occurring by-products, which appear to have been overlooked by 
other workers, were separated and identified. A number of attempts were 
also made to prevent or control the formation of these by-products which 
consist principally of alkenes, alkylamines, acetylene, dialkyl ethers, and 
dialkyle thynes. 

Alkenes.-It has been known since 1919 that secondary and tertiary alkyl 
halides," as well as primary alkyl halides having a side chain on either of 
the two adjacent carbon atoms,1s give only traces of 1-alkynes with sodium 
acetylide, but are dehydrohalogenated, giving alkenes : 

HsC-CHXR + NaC=CH-+CH2=CHR + NaX + C2H2 
RR'HC - CH2X + NaCaCH +RR'C = CH2 + NaX + C2H2. 
PICON, Compt. rend., 168,825 (1919). 

l6 PICON, ibid. ,  168,894 (1919). 
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It has not been previously pointed out, and has in fact been denied,'* that 
straight-chain primary alkyl halides may react in this way. It has been 
our experience that the halides higher than ethyl gave a considerable 
proportion of l-alkene by this method: 

RCH2- CH2X + NaC =CH-+RCH = CH2 + NaX + C2H2. 

Amyl bromide, for example, often gave yields of as much as 8 per cent., and 
occasionally 20 per cent., of an amylene which was shown by reactions as 
well as physical properties to be l-pentene. Similar yields of other alkenes 
were also sometimes obtained. Cyclohexyl bromide reacted as a secondary 
halide, giving no alkyne and moderate yields of cyclohexene. Dimethyl 
and diethyl sulfates gave only very small amounts of ethylene, less than 
0.5 per cent. being found. 

It should be noted that saturated solutions containing undissolved 
sodium acetylide were used in most of this work. In  a few cases where 
calcium acetylide was employed the production of alkene appeared to be 
diminished. From this point of view the reactions of more dilute solu- 
tions of sodium acetylide and of other less soluble acetylides should be 
investigated in the future. 

The proportion of alkene appeared to be somewhat characteristic for 
each alkyl halide, but no exact correlation has been found as yet between 
the physical conditions of experiment and the varying yields of alkenes. 
The alkenes may also have resulted in part from the reaction of alkyl 
halides with sodamide, sodium hydroxide, or sodium alcoholates which were 
sometimes present. 

Amines.-It has been reported" that the lower alkyl halides react with 
liquid ammonia, yielding mixtures of primary, secondary and tertiary 
alkylamines, and tetraalkylammonium halides. We have found that the 
higher alkyl halides react in similar fashion, and that in the presence of 
sodium acetylide this reaction is competitive with the reaction yielding the 
alkynes. The alkyl iodides reacted most rapidly with ammonia, with the 
bromides and chlorides following in decreasing order. Temperature 
appeared to be an important factor in controlling the rapidity of amine 
formation. At -34' and atmospheric pressure, the reaction between 
ammonia and butyl bromide, for example, was rather slow, but at -18' 
and two atmospheres pressure it was 91 per cent. complete in 3 hours, while 
at ten atmospheres, due to conservation of the heat of reaction in the auto- 
clave, it was practically complete in 1 hour. Accordingly in the prepara- 
tion of alkynes from alkyl chlorides or bromides at temperatures slightly 
above -34' this side reaction causes little loss, but at 25" it may account 

16 PICON, ibid., 169,32 (1919). 
1' PICON, Bull. soe. chim., [4], 36,979 (1924). 
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for 10 to 15 per cent. of the alkyl bromide used. If it was desired to con- 
serve the alkyl halide the use of the autoclave was, therefore, less advan- 
tageous than reaction at  lower temperatures and pressures. On the other 
hand, if it was desired to eliminate as amine practically all of the alkyl 
halide not consumed in the principal reaction, the use of the autoclave 
with stirring gave the most satisfactory results. 

Some amines may possibly have resulted from the reaction of alkyl 
halides with sodamide*’ which, as previously mentioned, may have existed 
in a small proportion in equilibrium with sodium acetylide in liquid am- 
monia solution, 

NaCZCH + NH3eNaNH2 + C2H2 

or which may have been formed from sodium and ammonia as previously 
mentioned. 

In order to remove the amines from the alkynes and other products, the 
crude upper layer obtained from the reaction mixture was washed with 
dilute hydrochloric acid until acid, and then with water to remove the amine 
hydrochlorides which are somewhat soluble in the crude product. The 
omission of the washing with water led to the contamination of the dis- 
tilled product with amine hydrochlorides, which dissociate during distilla- 
tion and are re-formed on condensation. 

Isolation of alky1amines.-The acid and water washes obtained in the 
treatment of crude alkynes were combined and treated with an excess of 
solid sodium hydroxide. The upper layer which separated was removed, 
dried over solid potassium hydroxide and distilled, cuts being made at  
points appropriate for the amines being collected. In this manner yields 
of butyl- and amylamines varying from 2 to 15 per cent. were obtained 
from various alkyne runs. 

The amines obtained as by-products usually consisted of about equal 
proportions of the mono- and dialkylamines with variable quantities of the 
trialkyl compounds. 

Acetylene.-The ammonium halide or sulfate formed in the ammonolysis 
of the alkyl esters to amines would be expected to react as an acid in liquid 
ammonia, and attack the sodium acetylide, with the liberation of acetylene. 

NaCECH + NH4X-tC2H2 + NH3 + NaX 

Maas and Russell4 have claimed that propyne prepared from sodium acetyl- 
ide and methyl iodide in liquid ammonia does not give a positive test for 
acetylene by the procedure developed by Berthelot,l* while T c h a ~ , ~ ~  states 
that 1-butyne prepared by this method contains small amounts of 
acetylene. 

18 BERTHELOT, Ann. chim. phys., [4], 9,423 (1866). 
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It has been our experience that acetylene is practically always one of the 
products obtained in this reactidn. While we have made no effort to 
measure the extent of acetylene formation with any accuracy] considerable 
quantities are formed. It will be recalled that in the experiment detailing 
the preparation of propyne 17 per cent. of the crude reaction product was 
acetylene. 

In one preparation of 1-hexyne in the autoclave at  room temperature, 
employing 5 moles of butyl bromide and other reactants, 2.5 liters of 
acetylene was contained in the gas evolved on releasing the pressure. This 
corresponds to  a yield of 2 per cent. of the theoretical] assuming that all 
the alkyl halide reacts to form ammonium halide which in turn reacts com- 
pletely with sodium acetylide. Since acetylene is very soluble in liquid 
ammonia, it is obvious that a still larger amount of this substance remained 
in solution and that the yield was actually much higher. 

The removal of acetylene from alkynes causes no difficulty, as mere 
fractionation suffices in every instance to give good separation. 

Ethers.-Unless extraordinary precautions are taken to exclude water, 
alcohols, and sodium hydroxide from the starting materials in this synthe- 
sis, ethers are always among the products of the reaction of alkyl halides 
and sodium acetylide in liquid ammonia. We have recently shown1$ that 
alcoholates and alkyl halides interact in liquid ammonia to give ethers by 
the well-known Williamson reaction. These ethers result from a series of 
reactions that may be represented by the scheme, 

HzO Xa+ NaOH & ROH E*+ RONa RX ROR. 

The quantities of ether obtained are obviously dependent upon the 
amounts of water and other hydroxylic impurities present in the starting 
materials. With the usual precautions to exclude these compounds, yields 
of dialkyl ether of the order of 1 to 5 per cent. are ordinarily obtained. 
The ethers may be readily isolated in a pure condition by the fractionation 
of the residues from the distillation of the crude alkynes. 

Alcohols.-As would be expected, ether formation is not always entirely 
complete, and an excess of alcoholate generally remains at the end of the 
reaction. This alcoholate upon hydrolysis, of course, gives the correspond- 
ing alcohol. We have in several instances actually isolated small amounts 
of amyl alcohol from residues from the distillation of 1-heptyne. The 
amount of this material usually represents less than 1 per cent. of the alkyl 
halide taken, although at  times it reached 10 per cent. Because of the 
depressing action of alcohols on the yields of alkynes even these small 
amounts of alcohols may be of importance. 

le VAUQHN, VOOT, AND NIEUWLAND, J .  Am. Chem. Soc., 67,610 (1935). 
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Dialkylethynes.-Some dialkylethyne nearly always resulted from the 
action of sodium acetylide with an alkyl halide in liquid ammonia. Butyl 
and amyl bromides for example, usually yielded 2.4 to 2.7 per cent of 
dialkylethyne, although on one occasion 30 per cent. was obtained. 

Dialkylethynes have been reportedz0 previously among the products of 
the action of alkyl halides on the Grignard reagent derived from acetylene. 
This reagent has been considered to be a mixture of the compounds 
HC=CMgX and XMgCECMgX, in a proportion dependent on the con- 
ditions of experiment, and the percentage of dialkylethyne produced from 
from it has been looked upon as being a measure of the quantityof 
XMgCECMgX presentaZ1 

Previous work8 as well as our own results indicate that the sodium 
acetylide prepared in liquid ammonia was substantially free from sodium 
carbide, Na-C=C-Na. Enough could scarcely have been present to 
account for the yields of dialkylethynes obtained. It was concluded that 
the following series of reactions was largely responsible for the production 
of dialkylethynes: 

(1) RX + MC=CH+RC=CH + MX; 

(3) RCECM + RX-tRCsCR + MX. 
(2) RCECH + MC=CH=RCeCM + CzHz; 

Reactions of type (3) have been reported by others,4c* Id ,  z7. 28 and con- 
firmed by us in the course of the present work. The existence of reactions 
of type (2) was proved by treating a solution of potassium acetylide in 
liquid ammonia with a number of monosubstituted ethynes and noting the 
instantaneous precipitation of the corresponding potassium salt. Thus, 
with 1-heptyne a precipitate of heptynylpotassium was obtained, which, 
after filtration and washing with liquid ammonia, was hydrolyzed. The 
recovered 1-heptyne was identified from the melting point of its mercury 
derivative.22 Only scanty precipitates of the apparently more soluble 
sodium compounds were observed, but in this case equilibrium between 
the ions (C=CH)- and (C=CR)- and the corresponding 1-alkynes prob- 
ably existed in solution. 

The dialkylethynes obtained from the acetylenic Grignard reagent 
possibly may be accounted for by a similar set of reactions (particularly in 
view of the fact that pure XMgC=CMgX has been shown not to react 
with alkyl halidesz3). It follows also that the proportion of mono- and 
dimetallic acetylides in any mixture such as the acetylenic Grignard 

GRIGNARD, LAPAYRE, AND FAKI, Compt. rend., 187,517 (1928). 
FAKI, Contrib. Inst. Chem. Natl. Peiping, 1, 127 (1934). 

22 JOHNSON AND MCEWEN, J .  Am. Chem. SOC., 48,469 (1926). 
V A ~ G H N  AND NIEUWLAND, t o  be published. 
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4-Octyne 
5-Decyne 

6-Dodecyne 

reagent cannot be safely estimated from the proportion of the derived 
mono- and disubstituted ethynes. 

Among the factors that should influence $he yield of dialkylethynes 
from the proposed mechanism, there was considered the proportions of 
acetylene and alkyne in solution, the comparative solubility and ionization 
of their metal salts, and the quantity of solvent ammonia. The most 
obvious method of decreasing the by-production of dialkylethynes is the 
use of excess acetylene in solution, and conversely, continuous removal of 
acetylene during reaction should give increased yields of dialkylethynes. 
Further experiments along these lines will be attempted. 

The properties of the disubstituted ethynes that we have isolated from 
the residues from the distillation of crude 1-alkynes are listed in Table V. 

Other impurities.-Besides the by-products discussed above, small 
quantities of other substances were sometimes present. Among these 

130.4-130.6/745 mm. 0.7484 1.4226 
105.2-105.8/ 79 mm. 0.7692 1.4311 
172/745 mm. 
97.0-98.0/16 mm. 0.7753" 1. 4351a 
209/745 mm. 

TABLE V 
PROPERTIES OF DIALKYLETHYNES 

37.4 
46.5 

55.9 

37.2 
46.4 

55.6 

I I 
At 30". 

were probably dimethylethynylcarbinol and other condensation products 
arising from the acetone present in Prest-0-Lite acetylene. In view of 
the isomerization of alkynes with both sodamide and sodium hydroxide, 
it seems quite possible that the shift of hydrogen atoms along the carbon 
chain under the influence of sodium acetylide or other alkalies may have 
been responsible for small quantities of by-products. Traces of sodium 
peroxide resulting from the action of the air on sodium solutions may have 
produced by-products by the oxidation or polymerization of the alkynes. 
The distillation of the higher-boiling alkynes usually caused polymerization 
of a small fraction of the material. 

RELATIVE REACTIVITY OF VARIOUS ACETYLIDES 

The relative order of activity of potassium, sodium, calcium and barium 
acetylides with respect to alkyl halides in liquid ammonia was deter- 
mined.2g Separate runs with each acetylide were made in the same 



PREPARATION OF METAL ACETYLIDES I N  LIQUID AMMONIA 19 

Potassium.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sodium 
Barium. 
Calcium.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

autoclave, all variables being held constant so far as possible. The rate of 
pressure increase in each of these experiments was measured and plotted. 
It was found that the slopes of the various curves were, within the limits 
of error, equal. There was, however, some difference in the time required 
for initiation of reaction. This indicates that different temperatures are 
necessary to initiate the reaction with various acetylides. The order of 
reactivity as indicated by this lag in reaction is, in decreasing order, potas- 
sium, sodium, calcium, and barium acetylide. The data on barium 
acetylide are not as accurate as might be desired in view of the difficulty of 
obtaining pure barium acetylide. The yields of alkynes obtained in these 
experiments are shown in Table VI. 

With all these acetylides, the side reactions previously mentioned 
take place. No accurate data as to the extent of these side reactions and 
their dependence on the character of the acetylide used, were collected. 

- 54 
50 
41 
31 7 

- 
- 

TABLE V I  
YIELDS WITH METAL ACETYLIDES 

ACETYLIDE 1 %OF I %OF 
1-EEPTPNE 0-DODECYNI 

PREPARATION O F  SODIUM ALKYNYLIDES I N  LIQUID AMMONIA 

Several workers24 have reported that 1-alkynes are hydrogenated by 
sodium in ammonia, simultaneously with the formation of the sodium 
derivative. P i c ~ n ~ ~  has advocated the use of sodamide in the preparation 
of alkynylides to avoid these hydrogenation losses. Work in these lab- 
oratories has shown that sodium in ammonia does hydrogenate 1-alkynes, 
but not to  the extent previously reported. The losses, however, are 
serious enough to justify the use of sodamide, which in ammonia solution 
has lately been made a~a i l ab le .~  The conversion of amide to alkynylide is 
rapid and complete a t  atmospheric pressure. 

PREPARATION OF DIALKYLETHYNES 

Although it has been known for a number of years that sodium alkyny- 
lides can be alkylated by methyl sulfate in ether with the production of 

24 MOISSAN, Compl. rend., 127, 911 (1898); LEBEAU AND PICON, ibid. ,  167, 137, 
223 (1913). 

16 PICON, ibid. ,  178, 155 (1921); Bull. 8oc. chim., 29,709 (1921). 
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IK 
B.P. AT 760 m y .  nD 

107-11 1 O 1.42% 
127-130 1.4273 
150-154 1.4296 
131-135 1.4285 
150-154 1.4300 

very good yields of dialkylethynes,26 it is only 2 7 *  4 d 9  that 
attempts have been made to carry out this reaction in liquid ammonia. 
Heisig,'" and Heisig and Davis2* have reported that propynylsodium can 
be alkylated by either methyl iodide or dimethyl sulfate, a yield of 36 per 
cent of 2-butyne being obtained from the iodide. We have prepared a 

TABLE VI1 
YIELDS OF DIALKYLETHYNES 

dn 

0.745 
0.763 
0.757 
0.761 
0.762 

METALLIC COYPOUND 

P r C r C N a  
BuCZCNa 
BuCECNa 
BuC=CNa 
BuC = CNa 
BuC=CNa 
AmC=CNa 
AmC = CNa 
AmC=CNa 
AmC = CNa 
AmC= CNa 
AmC = CNa 
AmC E CNa 
AmC=CNa 
PhC = CNa 

ALKYL COMPOUND 

PrBr 
Me1 
EtCl 

PrBr 
BuBr 
Me1 
MetSO, 

EtCl 
EtBr 
PrBr 
AmCl 
AmBr 
Me1 

EtzSOc 

EtiSOi 

YI&LD It 5% 

45s 
38b 
17 
29b 
45b 
54' 
36 
17b 
23b 
24b 
54b 
42" 
56" 
58" 
43b 

0 Reaction conducted in autoclave and allowed to come to room temperature. 
b Reaction conducted a t  atmospheric pressure. 

TABLE VI11 
PHYSICAL PROPERTIES OF DIALKYLETHYNES 

ALKYNE 

BuC = CMe 
BuCECEt 
BuC= CPr 
AmCZCMe 
AmCZCEt 

unmber of dialkylethynes by this reaction, the sodium alkynylides being 
prepared from the alkynes and sodamide in liquid ammonia. Various 
halides and sulfates have been used. Data on yields are included in 
Table VII. 

26 BOURGUEL, Ann. chim., [IO], 3,191 (1925); Compt. rend., 179,686 (1934). 
27 JACOBSON AND CAROTHERS, J .  Am. Chem. Soc., 66,1622 (1933). 
2 *  HEISIG AND DAVIS, ibid., 67, 339 (1935). 
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It will be seen that with the lower alkyl esters good yields were not 
generally obtained a t  atmospheric pressure. With the higher alkyl esters, 
however, and the use of an autoclave, moderate yields were produced. 
These yields, however, are not so good as those claimed by Bourguel for 
the reaction when conducted in ether. 

The nature of the alkyl group in the alkyne did not seem to influence 
the yield of the product to any great extent. The negative group of the 
alkylating agent did seem to influence the yield of the product. Alkyl 
bromides were the most effective reagents for this reaction, the iodides, 
sulfates and chlorides following in the order named. 

The physical properties of the dialkylethynes not listed in Table V have 
been collected in Table VIII. 

EXPERIMENTAL 

Since the preparation of dialkylethynes at atmospheric pressure has been de- 
scribed e l ~ e w h e r e , ~ ~ ~  only the procedure used in preparing these compounds 
in the autoclave will be described. 

Preparation of &dodecyne.-A solution of 125 g. of sodium in 2 liters of liquid 
ammonia contained in a 10-liter steel autoclave was treated with 2 g. of ferric nitrate 
and 1 g. of sodium peroxide. A rapid reaction set in, and in 50 minutes the sodium 
metal was completely converted to sodamide. 1-Heptyne (480 9.) containing as 
an impurity 6% of amyl chloride was dropped into this well-stirred solution during 
45 minutes, a liter of ammonia being added during the same time in order to increase 
slightly the volume of the solution and maintain it in a fluid condition. Amyl 
chloride (432 g.) was added to the suspension of heptynylsodium, and the autoclave 
was closed. After stirring for 1 hour, a t  which time the pressure had reached 160 
p.s.i., the reaction mixture was allowed to stand overnight. The autoclave was 
opened, and the reaction mixture was hydrolyzed with 2 liters of water. The large 
oily layer that separated was removed, washed with 1:3 hydrochloric acid and then 
twice with water. It was then dried over calcium chloride and distilled through an 
efficient column. The fractions collected were as follows: 

(1) 33-95" 6 g. 
(2) 95-105' 97 g. 

(5) 100" a t  15 mm. 460 g. 

(3) 105-115" 67 g. 
(4) 115-100" at 15 mm. 18 g. 

(6) residue 16 g. 
The over-all yield of 6-dodecyne corresponds to 59% of the theoretical. Analysis of 
fraction 2 indicated that 60 g. of 1-heptyne was recovered, thus giving a net yield of 
6-dodecyne of 68%. The side reactions previously mentioned all take place, but 
contamination of the dodecyne with alkyl halide is not a serious problem because of 
the wide difference in boiling points. 
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CONCLUSION 

The well-known reaction of metal alkynylides with alkyl halides and 
sulfates in liquid ammonia has been studied over a wide variety of condi- 
tions and has been applied to the synthesis of a large number of mono- and 
dialkylethynes. The principal disadvantage of this method for prepar- 
ing 1-alkynes lies in the presence of small amounts of alkyl halides in 
the product. A new and rapid method for the preparation of metal 
alkynylides has been developed. The relative reactivities of potassium, 
sodium, barium, and calcium acetylides to alkyl chlorides, bromides, 
iodides and sulfates have been studied. A number of by-products, over- 
looked by other workers in the field, have been isolated and identified. 

29  SARTORETTO, M. S. Thesis, University of Notre Dame, 1934. 
so TOBIN AND GEERTS, B. S. Theses, University of Notre Dame, 1936. 
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It has been shown by von Auwers’ that the addition of diazomethane 
to a ,&unsaturated esters proceeds in such a way that the nitrogen atoms 
become attached to  the a-carbon atom, Le . ,  the reaction follows scheme A 
rather than B. 

R-CH-CH-COOR’ 

RCH=CHCOOR’ + CH2N2‘ 
\ R-CH-CH-COOR’ 

I /  
I N CH2 

B\ 

I1 
\ /  

N 

von Auwers (Zoc. cit.) also showed that under the influence of certain 
reagents (such as halogen acids), the AI-pyrazolines first formed could be 
changed to the isomeric A2-pyrazolines and that, wherever possible, this 
change resulted in the formation of a conjugated system (reaction C): 

R-CH-C-COOR’ R-CH-CH-COOR’ 
C D 

_3 
I 

AH2 N t I I I  
CH2 N 
\-/ 

NH 
\ /  

NH 
I11 I 

R-CH-CH-COOR’ 

IV 

1 VON AUWERS, ( a )  Ann., 470,284 (1929); ( b )  ibid., 496,, 27,252 (1932); (c) Ber., 66, 
1198 (1933); see also VON PECHMANN, ( d ) ,  Ber., 33, 3590, 3594, 3597 (1900). 
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However, in the case of substituted pyrazolines, the alternative reaction 
according to D was found to take place: 

Ia IVa 

Thermal decomposition of these products led to olefinic esters and cyclo- 
propane derivatives, 

A I or I11 --+ R-GCH-COOR’ and R-CH-CH-COOR’ 

V VI 

and the course of this reaction was determined by the complexity of the 
pyrazoline; the simpler members in general yielding mostly unsaturated 
compounds. 

There is no recorded instance of diazomethane having been added to 
a,D-unsaturated ketones, but Kohler and Steele2 in an attempt to prepare 
substituted cyclopropanes, studied the addition of diazoacetic ester to 
benzalacetophenone and represented the reaction as taking place in the 
following manner: 

+CH-CH-CO-$ 
I 

NH 4CH=CHCO4 + NnCHCOOEt -+ E t O e C &  
\ /  

N 

Thermal decomposition of the pyrazoline gave a small yield of the desired 
cyclopropane, but the reaction led chiefly to the pyrone: 

+CH-CH-C04 +C-CH=C-c$ +CH-CH-C04 

CH-CO-0 
I + \ /  

CH2 
A II I I  - EtOsC-C NH 

\ /  
”‘ 

KOHLER AND STBELE, J. Am. Chem. SOC., 41,1093 (1919). 
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Two modes of addition of diazomethane to benzalacetophenone are 
structurally possible: 

+-CH-CH-CO+ +-CH-CH-CO+ 
I I I I 

I I I 
+CH=CHCO+ + CH2N2 -4 hH2 N or N CH2 

\/ \ /  
N 
(VI) ( V W  

and the change of the A'-pyrazoline primarily formed to the isomeric 
A2-pyrazoline could then take place according to the following schemes: 

+-CH-CH-CO+ +-CH--C-CO+ +-CH-CH-CO+ 
I I  
\ /  

or CH NH 
I II 
\ /  

--+ CH2 N 
I I  
\ /  

CH2 N 

N N NH 
(VI) (VW (VIIa) 

+CH-CH-CO+ +---C-CH-CO+ +CH-CH-CO+ 

N CH2 
I 1  
\ /  

or NH CH 
II I 
\/ 

I I  
\ /  

N CH2 

N NH N 
(VW (VIIb) (VIIC) 

Thermal decomposition of these products should proceed as follows: 

(VI), (VII), or (VIIa) -+ +-C=CH-CO+ and 4-CH-CH-CO+ A 

\ /  
CHz 

I 
CHI 

(VIII) (VIIIa) 

A (VIa), (VIIb), or (VIIc) - +-CH=G-CO+ and (VIIIa) 
I 

CH3 
(IW 

In view of the results of von Auwers and Kohler, the primary product 
to be expected from this reaction is (VI), 3-benzoyl-4-phenyl-A1-pyrazoline, 
and this was found to be the case. Diazomethane was found to add 
readily to benzalacetophenone in cold ether solution, giving two isomeric 
pyrazolines of melting points 92-3" and 127-9", respectively. The lower- 
melting product (VI) could be transformed into its isomer (VII) by gentle 
heating slightly above its melting point. The higher-melting isomer is 
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arbitrarily assigned the structure VII, 3-benzoyl-4-phenyl-L-pyrazoline, 
since this structure has a conjugated system (cf. von Auwers, Zoc. cit.), 
although no proof of this formulation has been obtained. 

Thermal decomposition of the products was not clean-cut, but in one 
instance a yellow oil was obtained, which was identified as dypnone (VIII) 
by the melting point of a mixture of the oxime with dypnone oxime. 
This shows that the reaction took place in the expected manner, and 
that the nitrogens are adjacent to the carbonyl group. In another 
case, the thermal decomposition did not lead to loss of nitrogen, but 
apparently hydrogen was split off, giving a product represented as (X), 
3-benzoyl-4-phenyl-pyrazole. The structure of this product was estab- 
lished by oxidation of 3-benzoyl-4-phenyl-A2-pyrazoline by bromine, which 
gave the same pyrazole. von Auwers** observed a similar type of reaction 
in one case. The courses of these reactions are indicated as follows: 

+-CH-CH-CO+ + 4-CH-C-CO+ 
A I 11 

-+ CH2 N 
I I  
\ /  

&H=CHCO+ + CHzNz -+ CH2 N 
\ /  

NH N 

5 5 
+C=CH-CO+ +--c-c-co+ 

II I1 
CH N 

I 
CH3 

(VIII) \/ 
NH 
(X> 

The addition of diazomethane appears to be a general reaction of alp-  
unsaturated ketones, and further work in this field will be reported in a 
later paper. 

EXPERIMENTAL 

Addition of diazomethane to benzalacetophenone. Preparation of S-benzoyt-4- 
phenyld1-pyrazoline (VI).-To the cold ethereal diaeomethane solution prepared 
from ten grams of nitrosomethylurea (ca. 2.8 g. CHZNZ; 0.067 mole; volume 100 cc.) 
was added a solution of benzalacetophenone (14.5 g.; 0.07 mole) in  150 cc. of ether. 
Within five minutes a precipitate formed. After an hour at -14" filtration yielded 
13.5 g. of colorless material; m.p. 91-93". Partial evaporation of the ether gave a n  
additional 3 g. of material; m.p. 78-88". Final evaporation left 1.0 g. of unchanged 
benzalacetophenone. The total yield, based on 13.5 g. of benzalacetophenone 
(0.065 mole), was 100%. 
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The material may be crystallized from methyl or ethyl alcohol, a mixture of 
ethyl acetate and petroleum ether, a mixture of chloroform and petroleum ether, or 
from carbon tetrachloride. The best results were obtained with the use of methyl 
alcohol. The melting point after two crystallizations was 92-93". 

Anal .  Calc'd for C~~HI'NIO: C, 76.77; H, 5.64; N, 11.20; mol. wt. 2.50 
Found: C, 76.56,76.50;H, 5.85, 5.80; N, 11.35, 11.13;mol. wt. (in benzene), 

Upon standing for about four months this material decomposed to  an oil, from 
which no crystalline material could be isolated. 

Addition of diazomethane to benzalacetophenone. Preparation of 3-benzoyl-4- 
phenyl-A'-pyrazoline (VI) and J-benzoyl-Q-phenyl-A2-pyrazoline (VIZ).-To the cold 
ethereal diazomethane solution prepared from ten grams of nitrosomethylurea (ca. 
2.8 g. diazomethane; 0.067 mole; volume 100 cc.) was added a solution of benzalaceto- 
phenone (14.5 g.; 0.07mole) in 150 cc. of dry ether. A colorless precipitate formed in  
the cold solution within a few minutes. A portion removed and purified melted a t  
92-3". The reaction mixture wag kept in a n  ice bath (ea. -10') for one hour, then 
allowed to  come to room temperature slowly. The precipitate appeared to redis- 
solve in  part, but after standing and upon shaking, a voluminous precipitate sepa- 
rated. This was separated by filtration, giving 8.5 g. of faintly yellow material. 
The product may be crystallized from the usual organic solvents; m.p. 127-9". 

265,241,244. 

Anal .  Calc'd for ClsH1,NZO: C, 76.77; H, 5.64; N, 11.20; mol. wt. 250 
Found: C, 76.76; H, 5.89; N, 11.05; mol. wt. (in benzene), 276,268,274. 

Action of heat on  S-benzoyl-4-phenyl-A'-pyrazoline (VI ) .  Preparation of $-benzoyl- 
4-phenyl-Aa-pyrazoline (VZI).-The pyrazoline (VI) (0.5 9.) was placed in a small 
test-tube, a thermometer was immersed in the solid, and the tube was heated gently 
with a small free flame. At 120" there was a n  apparent reaction, and the temperature 
rose to  150" without further heating. The temperature was held between 150-170" 
for 15 minutes; upon cooling and stirring the mass solidified. After crystallization 
from ethyl alcohol the melting point was 125-129". 

The pyrazoline (VI) (2.0 9.) was placed in  a small test-tube and heated in  a n  oil 
bath held a t  90-97". The clear yellow solution solidified upon cooling (ten minutes) 
to  a yellow solid, which was crystallized from methyl alcohol to give clear yellow 
crystals; m.p. 128-9" (1.5 g.). 

Thermal decomposition of S-benzoyl-4-phenyl-A2-pyrazoline (VII) .  Preparation of 
dypnone (VZZZ).-The pyrazoline (VII) (1.5 g.) was placed in  a small test-tube, a 
thermometer was immersed in the solid, which was heated in an oil bath. Gas evolu- 
tion began at a temperature of 178" and became brisk a t  200". The temperature was 
held a t  about 200" as  long as  any evolution of gas was apparent (1.5 hours). The 
liquid was a clear orange-red in color. Vacuum distillation yielded 1.0 g. of clear 
yellow liquid; 197-200"/13 mm. 

0zime.-A few drops of the yellow oil was dissolved in 15 cc. of ethyl alcohol and 
boiled under reflux for five hours with an excess of hydroxylamine hydrochloride; 
the solution was then diluted with water and cooled. The solid product which 
separated was crystallized twice from dilute alcohol, when it melted at 126-8" (soft- 
ened a t  120"). This sample did not depress the melting point of a known sample of 
dypnone oxime; 126-30" (softened at 121"). 

A similar result was obtained with some of the lower melting pyrazoline (VI). 
Two grams of impure material (m.p. 87-90') was placed in a test-tube, a thermometer 
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was immersed in the solid, and the tube was heated gently. There was some sign of 
reaction a t  about loo", and a t  13040" a vigorous reaction took place, the temperature 
rising to  190-200" without further heating. The material was boiled gently for a few 
minutes (temperature 24-50'), then allowed to  cool. The orange-red oil could not 
be solidified, and was vacuum-distilled; a yellow viscous oil passing over at 185-90' 
under 13 mm. pressure. The oil did not contain nitrogen. 

Preparation oj 
S-benzoyl-4-phenyl-pyrazole (X) .-A portion of the pyrazoline (VI) which had started 
to decompose upon standing for four months was placed in  a small sausage-type 
flask and distilled at atmospheric pressure. The distillate was a yellow oil which 
solidified upon cooling. The material was taken up in boiling chloroform, and 
filtered from a small amount of undissolved material (m.p. 215-220"), petroleum 
ether was added, the solution was cooled, and the colorless, fluffy precipitate was 
separated by filtration; m.p. 170-73'. Concentration of the filtrate gave a further 
quantity of colorless material; m.p. 191-193'. After crystallization from ethyl 
acetate-petroleum ether and ethyl alcohol, the melting point was 1934'. The two 
other products were not investigated further. 

Anal. (substance of m.p. 1934') Calc'd for CMHIZNZO: C, 77.42; H, 4.84 

A small amount of colorless material of the same melting point had been noticed 
previously in the thermal decomposition of the isomeric 3-beneoyl-4-phenyl-A'- 
pyrazoline (VII). 

Action of bromine on $-benzoyl-4-phenyl-A'-pyrazoline (VII ) .  Preparation of 
S-benzoyl-4-phenyl-pyrazole (X).-A small amount of the pyrazoline (VII) was dis- 
solved in carbon disulfide and a solution of bromine in carbon disulfide was added 
slowly. Two products were obtained: bright yellow crystals, which after crystal- 
lization from methyl alcohol, melted (d.) at 120-22" (not investigated further), 
and a smaller amount of colorless material, m.p. 1934" after crystallization from 
ethyl acetate-petroleum ether and dilute ethyl alcohol. The melting point of a 
mixture with the thermal decomposition product having the same melting point, 
showed no depression. 

Thermal decomposition of 3-benzoy1-4-phenyl-A~-pyrazoEine ( V I ) .  

Found: C,76.50,76.99;H, 5.16,5.14. 

SUMMARY 

1. Diazomethane has been added to benzalacetophenone, giving two 
isomeric pyrazolines which are represented as 3-benzoyl-4-phenyl-A'- and 
-A2-pyrazolines. 

2. The lower-melting compound may be changed into its isomer by 
heating to slightly above its melting point. 

3. Thermal decomposition of these pyrazolines gives a number of sub- 
stances, among which are dypnone and a nitrogen-containing compound 
represented as 3-benzoyl-4-phenyl-pyrazole. 

4. The action of bromine on the higher-melting pyrazoline gives the 
same pyrazole as is obtained in the thermal decomposition. 
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The first production of a substituted ether containing the isothio- 
cyanate grouping appears to have been accomplished in 1909 by Johnson 
and Guest' who prepared isothiocyanomethyl methyl ether and the 
ethyl and isoamyl homologs of this ether. Probably because these mono- 
isothiocyano ethers occasioned a mild irritation of the skin, even at 
ordinary temperatures, the series was not investigated further. However, 
this very property awakened new interest during 1918 in the synthesis 
of additional mustard oil ethers. Since the vesicatory effect was attrib- 
uted to the mustard oil grouping, it was to be anticipated that increasing 
the number of such groupings in an ether should also enhance the power 
of the latter to cause blistering of the skin. 

It is in a report2 on a study of comparative skin irritation of mustard 
gas and other agents that there is to be found the only published reference 
to the existence of a di-mustard-oil ether, namely, bis-isothiocyanomethyl 
ether (I). Because of the severe vesication which it produces on human 
skin, work on the proof of structure of this compound was interrupted in 
1918, and only recently has i t  been resumed. In  addition to the methyl 
ether (I), its ethyl homolog has also been prepared and its properties stud- 
ied with the result that the stability and chemical behavior of the two 
isothiocyanates have been found to differ widely and are here reported. 

SCN-CH2-O-CH2-NCS SCN-CH(CH8)-0-CH(CH8)-NCS 
I I1 

* This investigation was initiated in 1918 a t  Field Laboratory 2124Y of the Chemi- 
cal Warfare Service a t  Yale University under the direction of Professors Treat B. 
Johnson and Arthur J. Hill. Permission to publish data concerning bis-isothio- 
cyanomethyl ether has been granted by The Chief, Chemical Warfare Service, 
U. 5. Army. 

From a thesis presented by Loy B. Cross to The Graduate School of The Uni- 
versity of Texas in partial fulfillment of the requirements for the degree of Master of 
Arts, August, 1936. 

1 JOHNSON AND GUEST, Am. Chem. J . ,  41,33744 (1909). 
* HANZLIK AND TARR, J .  Pharrnacol., 14,221-8 (1919). 
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For the preparation of the bis-isothiocyanomethyl ether (I) in good 
yield potassium thiocyanate must be reacted with symmetrical dichloro- 
methyl ether, 

(R-CHCl)20 + 2MSCN -+ 2MC1 + (R-CHNCS)20 

but for the production of bis-1-isothiocyanoethyl ether (11) it is necessary 
to use sodium thiocyanate with the corresponding dichloroethyl ether. 
Both of the di-mustard-oil ethers respond to all the usual qualitative tests 
for the presence of isothiocyanate groupings, but the ethyl ether deriva- 
tive is definitely less stable and, especially, more susceptible to hydrolysis 
than is its lower homolog. It is to be noted that on the basis of the 
products of hydrolysis of alkyl isothiocyanates, the results of the hy- 
drolysis of bis-1-isothiocyanoalkyl ethers are not predictable. Whereas 
the alkyl isothiocyanate yields an amine and thiof ormaldehyde, the mus- 
tard-oil ether forms thiocyanic acid and formaldehyde. 

CH3NCS + H20 -+ CHINHB + COS (or GO2 + H2S) 

(SCNCH2)20 + HzO + 2HNCS + 2HCHO 

However, this latter behavior is truly characteristic of the a-dichloro- 
ethers from which these isothiocyanates were synthesized: 

(CH2Cl)20 + HzO e 2HC1 + 2HCHO. 

Although both of the mustard-oil ethers reacted readily with ammonia, 
aniline, and o-toluidine, respectively, only the substituted methyl ether 
formed the anticipated thioureas. 

CHtNCS + 2NH3 -+ O(CH2NHCSNH2)2 / 0 
\CH2NCS + 2RNHz -+ O(CH2NHCSNHR)2 

In contrast, the lesser stability of bis-1-isothiocyanoethyl ether is evi- 
denced by the formation of products of unexpected structure; thus, when 
it reacted with anhydrous ammonia, simple addition to form a thiourea 
(111) does not occur, and, instead, Dixon’s3 “diethylidenethiourea” (IV) 
results. 

CH3CHNHCSNH2 CHsCHNH 
I 1  
1 1  

HN CS 
I 
I 
0 

CHaCHNH CH3CHNHCSNH2 
I11 IV 

a DIXON, J .  Chem. SOC., 61,609-510 (1892). 
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Since Dixon prepared the latter by the interaction of thiourea and acetal- 
dehyde-ammonia, it is to be presumed that the ethyl ether derivative 
ammonolyses and that ammonia then units with the acetaldehyde and 
isothiocyanic acid formed to yield acetaldehyde-ammonia and thiourea; 
the water produced in the condensation would facilitate the formation of 
additional acetaldehyde by hydrolysis of the mustard41 ether. 

CHaCHNCS CHsCH-NH 

+ 3NH3 --+ AH AS + HzO + NHzCSNHz 
I 
0 

I /  
CHaAHNCS CHaCH-NH 

I1 IV 

Since ammonia reacts differently with formaldehyde and acetaldehyde, 
respectively, it, is not altogether inconsistent that ammonia should pro- 
duce different products with the isothiocyanoethers derived from these 
aldehydes. 

Likewise, the reactions of this ethyl ether derivative with aniline and 
o-toluidine yielded unexpected results, in that the chief products isolated 
from the reaction mixtures were found by analysis to contain no oxygen 
and were shown to be phenylthiourea and o-tolylthiourea. It is probable 
that here, too, the ether compound was cleaved by the amines and that 
the arylthioureas formed from the products of fission. 

(CHaCHNCS)20 + RNHz -+ RNHCSNHZ + HzO + polymerization 
products of HNCS. 

EXPERIMENTAL 

Preparation of bis-isothiocyanomethyl ether.-One hundred eighty-seven grams 
(4.1 moles) of dry, finely powdered potassium thiocyanate, 350 cc. of anhydrous 
benzene, and 75 grams (1 mole) of bis-chloromethyl ether were placed in  a h s k  
provided with a mechanical stirrer and reflux condenser. The mixture was stirred 
and heated for six hours in an oil bath a t  110". After cooling, filtration yielded an 
amount of mixed salts indicating 95% conversion of the reactants. The benzene 
solution was distilled under diminished pressure, yielding 66 g. of an almost water- 
white oil; yield, 88%; b.p. 115-116'/5 mm.; redistillation produced 60 g. of bis- 
isothiocyanomethyl ether, b.p. 101.5-102"/2.5-3 mm.; n: 1.6117; d r  1.3153; M.R. 
calc'd 42.43; M.R. obs. 42.27. The mustard oil-ether solidifies in an ice bath, its 
melting point being 18.5". 

Anal. 

The isothiocyano ether gave a positive Feigl test, readily blackened mercuric 
oxide or aqueous lead acetate solution. On warming with water, hydrolysis of the 
ether occurred, formaldehyde and thiocyanic acid being identified as products of 
the reaction. 

Calc'd for C4H4N10S*: N, 17.49; S, 40.04. 
Found: N, 17.44; S, 39.97. 

TEB JOURNAL OF ORQANIC CEEYISTRY, VOL. 2, NO. 1 
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Bis-thioureidomethyl ether.-In preparing this ammonia derivative, 100 cc. of 
anhydrous ethyl ether was saturated with anhydrous ammonia in an  ice bath. To 
this mixture was added 5 g. of bis-isothiocyanomethyl ether diluted with 10 cc. of 
anhydrous ethyl ether. Although very little heat was evolved, a white solid soon 
separated. Filtration of this product, followed by washing with ethyl ether and 
drying in air, resulted in a theoretical yield of 6 g. of faintly yellow solid material; 
m.p. 115-6". Recrystallization from ethyl alcohol yielded a white, crystalline 
powder, melting sharply a t  147-149' (corr.). 

Anal. Calc'd for C4HloN40S2: N, 28.85; S, 33.01. 
Found: N, 28.71: S, 32.74. 

Bis-phenylthioureidomethyl ether.-Ten grams (0.102 mole) of freshly distilled 
aniline was added to 50 cc. of anhydrous benzene, and the solution was cooled to 0", 
and diluted with a cooled solution prepared by dissolving 8 g. (0.05 mole) of bis- 
isothiocyanomethyl ether in 50 cc. of anhydrous benzene. Much heat was evolved 
and cooling was necessary to moderate the reaction, which caused the separation of a 
white, crystalline solid. After standing a t  20" for an hour, the solid was filtered, 
washed with anhydrous benzene, and dried at 110"; yield 15.5 g., or 89.5%. The 
product is very sparingly soluble in cold water, acetone or alcohol, but is moderately 
soluble in these boiling solvents. Recrystallization from acetone yielded a white 
crystalline powder, m.p. 159.5" (corr.). 

AnaZ. Calc'd for C1cH18N40S2: N, 16.19; S, 18.53. 
Found: N, 16.23; S, 18.42. 

Attempts to recrystallize bis-phenylthioureidomethyl ether from boiling alcohol 
always produce a colorless material melting at 135-136' (corr.). Apparently, alco- 
holysis of the ether grouping occurs and N-ethoxymethyl-"-phenylthiourea is 
formed. The melting point is 135-136' (corr.) although Johnson and Guest reported 
m.p. 126126'1 for a compound of this structure. 

Anal. Calc'd for C10H14N20S: N, 13.33; S, 15.24. 
Found: N, 13.43; S, 15.19. 

Bis-o-tolylthioureidomethyl ether.-In preparing this ether, 12 g. (0.112 mole) of 
freshly distilled o-toluidine and 8 g. (0.05 mole) of bis-isothiocyanomethyl ether were 
mixed as in the preparation of the phenyl analog. The reaction product weighed 
16 g., 85.5% yield. This thioureido ether closely resembles its lower homolog in 
solubilities, hence was recrystallized from hot acetone as a finely crystalline powder, 
m.p. 169-169.5' (corr.). 

Anal. Calc'd for C I ~ H Z ~ N ~ O S ~ :  N, 14.97; S, 17.13. 
Found: N, 14.73; S, 16.93. 

This thioureido ether, too, is altered by refluxing it in ethyl alcohol solution and is 
converted into N-ethoxymethyl-N'-o-tolylthiourea, m.p. 127.5-128.5' (corr.) 

Anal. Calc'd for C1IHlaN20S: N, 12.50; S, 14.30. 
Found: N, 12.72; S, 14.23. 

Preparation of bis-i-isothiocyanoethyl ether.-Although potassium thiocyanate 
reacted smoothly with the dicblormethyl ether to produce the corresponding isothio- 
cyano ether in excellent yield, the use of this salt with bis-1-chloroethyl ether resulted 
in the formation of much reddish-brown, amorphous, solid material and little or no 
mustard-oil ether. However, sodium thiocyanate reacted readily with the dichloro- 
ethyl ether yielding the desired isothiocyano ether in good yield. 
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Three hundred seventy-five grams (4.63 moles) of dry, finely powdered sodium 
thiocyanate, 750 cc. of anhydrous benzene, and 215 g. (1.5 mole) of bis-1-chloroethyl 
ether were stirred and heated in an oil bath a t  110" for 7 hours. The solution assumed 
a clear golden color, and the thermometer immersed in it registered 84". After 
filtration from the solid salts, distillation of the benzene solution yielded 220 g. of a 
dark-red oil boiling above 45' at 40-45 mm. pressure. By redistillation of 100 g. 
of this oil, 60 g. of a colorless oil, boiling at 94.5' under a pressure of 2-3 mm. and 
possessing a refractive index (n:) of 1.5540, was obtained. The product quickly 
assumed an  orange color and orange-red solid material soon began to separate. 

For further purification, a portion of the freshly distilled mustard oil was cooled at 
-30" in an ether-alcohol-solid-carbon-dioxide mixture; the solid thus obtained was 
allowed to warm slowly until approximately two-thirds had melted, and the liquid 
portion was poured off. The residual solid was melted, and the process of resolidifi- 
cation and fusion was repeated. The ether thus obtained melted at -7", had a 
refractive index ( 5 )  of 1.5520 and a density (d:) of 1.1535. From these data, the 
observed molecular refraction is 52.236 as compared to the calculated value of 51.669. 

Anal. Calc'd for CsHsNzOSs: N, 14.89; S, 34.08. 
Found: N, 14.37; S, 33.55. 

Action of ammonia on bis-i-isothiocyanoethql ether.-Three grams of freshly distilled 
bis-1-isothiocyanoethyl ether was diluted with 10 cc. of anhydrous ethyl ether and 
added slowly to 100 cc. of ethyl ether which had been saturated at 0' with anhydrous 
ammonia. A viscous, orange-colored oil separated, which, after an  hour, almost 
completely solidified. This material, weighing two grams, was recrystallized from 
hot water and then melted at 182-3" (corr.). The compound is practically insoluble 
in cold water, but is very soluble in hot water, acetone, alcohol and very dilute 
hydrochloric acid. 

Anal. Calc'd for CsHllNsS: C, 41.33; H, 7.64, N, 28.94; S, 22.08. 
Found: C, 41.75; H, 7.98; N, 27.83; S, 22.25. 

A sample of diethylidenethiourea ammonia was prepared according to the direc- 
tions of Dixon.8 The melting point of a mixture of equal parts of pure diethylidene- 
thiourea ammonia with the product of the ineraction of ammonia and bis-l-iso- 
thiocyanoethyl ether was found to be 182.5'. To characterize our product still 
further, i t  was converted into its picrate which crystallized from alcohol in fine, 
hair-like needles, melting with decomposition at 241-245'. The diethylidenethiourea 
ammonia of known structure was likewise converted into a picrate identical in 
physical and chemical properties. The melting point of a mixture of the two samples 
was 241-245'. The conversion of bis-1-isothiocyanoethyl ether unto diethylidene- 
thiourea ammonia represented a yield of 88%. 

Action of aniline on bis-1-isothiocyanoethyl ether.-Twelve grams (0.129 mole) of 
redistilled, water-white aniline was mixed with 50 cc. of anhydrous benzene and 
cooled in an ice-bath. Ten grams (0.053 mole) of bis-1-isothiocyanoethyl ether was 
then added slowly; the addition resulted in the evolution of much heat and the 
separation of a dark-brown oil. After standing a t  room temperature for a day, the 
oil deposited a small amount of crystalline solid. It was possible by steam-distilla- 
tion to remove the oily material from the solid without altering the composition of the 
latter. Considerably more aniline was recovered from the steam distillate than was 
added in excess of the amount required for a normal conversion of the mustard oil 
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into the corresponding thiourea. The residual water in the distillation h s k  was 
decanted, while hot, from some vicous, gummy, reddish-brown solid material, 
decolorized with Norite and, on cooling, deposited colorless, monoclinic crystals; 
m.p. 153-154". Subsequent recrystallizations from hot water did not alter this 
melting point. 

Anal. Calc'd for C7HsNnS: C, 55.23; H, 5.30; N, 1840; S, 21.08. 
Found: C, 55.95; H, 5.89; N, 17.85; S, 19.85. 

Since the analytical data suggested that phenylthiourea had been obtained , the 
melting point of a mixture with authentic phenylthiourea' was taken and found to 
be 153-154'. Further to establish the identity of the reaction product, it was acetyl- 
ated by means of acetic anhydride, and the acetyl derivative recrystallized from 
diluted alcohol; m.p. 137-138'; resolidification at 146"; refusion a t  160-165". An 
authentic sample of N-acetyl-N'-phenylthiourea was prepared,' and melted a t  
137-138", resolidified a t  145", and remelted a t  163-166'. A mixture of the two samples 
was found to  melt at 136-138", resolidifying a t  146", and remelting a t  160-165". 

Anal. Calc'd for CoHloN*OS: N, 14.43. Found: N, 14.13. 
Action of o-toluidh on bis-l-isothiocyanoethyl ether.-Twenty grams (0.206 mole) 

of freshly redistilled o-toluidine and 19 g. (0.101 mole) of bis-1-isothiocyanoethyl 
ether were mixed as described for the action of aniline. Again, more amine was 
recovered by steam distillation than the amount added in excess of that required for 
normal thiourea formation. From the hot aqueous solution remaining in the dis- 
tillation h s k ,  4 g. of rather large, colorless, monoclinic crystals were obtained; the 
melting point, 163", was not altered by subsequent recrystallization, 

A n d .  Calc'd for COHIONIS: C, 57.78; H, 6.07; N, 16.86; S, 19.29. 
Found: C, 68.45; H, 6.53; N, 16.49; S, 18.40. 

Since these data suggested that the reaction product was o-tolylthiourea, an authentic 
sample of the latter was preparede; m.p. 160-162' (corr.). The melting point of a 
mixture was 162.5' (corr.). Further confirmation of the identity of the o-tolylthiourea 
was obtained by acetylization. When recrystallized from 50% alcohol, the acetyl 
derivative formed fine, glistening plates melting at 137-138', resolidifying a t  145" 
and again melting at 186-188" (corr.). A sample of N-acetyl-N'-o-tolylthiourea 
was prepared according to the directions of Hugershoff 11 and found tomelt a t  138-139"' 
to  resolidify a t  148", and to  fuse again a t  184-187' (corr.). A mixture of equal parts 
of the two samples melted a t  138', resolidified at 146", and remelted a t  185-188" (corr.) 

Anal. Calc'd for Cl&N~OS: N, 13.46. Found: N, 13.61. 

SUMMARY 

1. Bis-isothiocyanomethyl ether and bis-1-isothiocyanoethyl ether have 
been synthesized and their structures established. They are very active 
skin irritants, rather unstable towards air and water. 

Dn CLERYONT, Ber., 9, 448 (1876). 
HUQERSHOBP, ibid. ,  SI, 3658 (1899). 

6 DIXON, J .  C h .  SOC., 81,574 (189s). 
7 HUQERSHOFF, Bev., 32, 3659 (1899). 
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2. Bis-isothiocyanomethyl ether condenses with ammonia, aniline and 
o-toluidine to form the anticipated thioureas. However, the phenyl- 
and o-tolylthioureido ethers are cleaved by ethyl alcohol, forming the 
corresponding N-ethoxymethyl-N’-arylthioureas. 

3. Bis-1-isothiocyanoethyl ether reacts with amines in an anomalous 
fashion; thus with ammonia the mustard oil is converted into diethylidene- 
thiourea ammonia, while with aniline and o-toluidine, respectively, the 
chief products of reaction are phenylthioura and o-tolylthiourea. 
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INTRODUCTION 

It has been evident since the discovery and isolation of the hydrogen 
isotope that a direct method for the demonstration of the lability of hydro- 
gen in certain types of organic compounds is now available. It consists 
in determining whether an exchange of light and heavy hydrogen atoms 
occurs when two compounds of different isotopic composition are brought 
together in solution at moderate temperatures. The experimental condi- 
tions may be adjusted a t  will from the very mildest to the most severe by a 
suitable choice of solvent,, temperature, and catalytic agents, and the 
method is, therefore, not only direct but highly flexible. 

It so happens that most of the work on exchange reactions which bears 
on the problem of hydrogen lability in organic compounds has been done 
with heavy water as the solvent and donor of deuterium. This is a con- 
sequence of the fact that the analytical operations are somewhat less 
complex for water than for other solvents which might be used. But since 
many of the compounds which are of interest in this connection are in- 
soluble in water, the use of an organic solvent containing labile hydrogen 
can hardly be avoided in a comprehensive investigation of the exchange 
method. 

The present work is the beginning of such an investigation and in this 
work we have employed heavy ethyl alcohol as the solvent and contributor 
of deuterium. The experiments reported a t  the present time are of an 
exploratory nature and are designed simply to provide some further orien- 
tation with regard to the types of substances which exhibit the exchange 
reaction. 

A number of recorded observations relating to the exchange of hydrogen 
between water and various organic substances are summarized in Table I. 
The list comprises a considerable variety of compounds and it will be seen 
that the exchange reaction is in all cases confined to those hydrogen atoms 
which we know to be labile on the basis of experience with various other 
types of reactions, electrolytic dissociation, salt formation, condensation, 
prototropy, etc. Also in accord with expectations is the rapid exchange 
of two hydrogen atoms in cyclohexylidene acetonitrile in ethyl alcohol 

36 
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solution containing 0.1 N sodium ethylate, recently reported by Ingold, 
de Salas, and Wilson.’ It is also of interest to note that the less labile 
hydrogens of benzene can be made to participate in exchange reactions 
under appropriate conditions, and that these conditions approach those 
under which aromatic substitution occurs. Thus it is reported by Klit 
and Langseth2 that benzene exchanges hydrogen with hydrogen chloride 
in the presence of anhydrous aluminum chloride, and by Ingold, Raisin, 
and Wilson3 that benzene exchanges hydrogen slowly with 50 per cent. 
sulfuric acid and more rapidly with 90 per cent. sulfuric acid. 

EXPERIMENTAL PROCEDURE AND RESULTS 

The occurrence of an exchange reaction between “heavy” alcohol and a substance 
of natural isotopic composition dissolved in it may be detected either by a decrease 
in the concentration of deuterium in the solvent or by an increase in the deuterium 
content of the solute. In these preliminary experiments we have relied entirely on 
observations of the change in composition of the solvent, and while i t  would be desir- 
able to check these results by analysis of the solute, this would have necessitated the 
development of special analytical methods. 

Analysis of ethyl alcohol for deuterium.-The analysis of ethyl alcohol for its deu- 
terium content is accomplished by density measurements, using the temperature- 
float method,S2 on water obtained from the combustion of the alcohol. A l-cc. sample 
of alcohol is burned in a small glass lamp containing an  asbestos wick, the lamp being 
inserted in a chamber which is connected to a heated tube containing copper oxide, 
and this in turn leads to a series of traps where the water is collected. Dry air for 
the combustion is drawn through the system by suction. The water sample is heated 
under reflux for thirty minutes after adding a small quantity of potassium perman- 
ganate and sodium carbonate, and then distilled three times in high vacuum. It is 
collected finally in a small tube attached to the line by means of a ground joint. 
This tube is removed, and after introduction of the quartz float, transferred to a 
water-bath where the suspension temperature is determined. The movements of the 
float, which measures about 4 mm. in diameter and about 5 mm. in length, are ob- 
served with the aid of a low-power microscope. The temperatures were observed on 
two Beckmann thermometers which, together, provided a range of nearly ten degrees. 

The amount of water required for the analysis is approximately 0.5 cc. This is 
very much less than is customary, or desirable, in density measurements by this 
method, but the restriction of operations to  such a scale is dictated by practical 
considerations, such as the time required for the combustion process and the vacuum 
distillations. The chief difficulty lies in the purification of the water sample, as is 
evident from the fact that we have not been able to utilize the full sensitivity of the 
float method except with samples of water which, were available in quantities large 
enough for a preliminary purification by the usual methods. With water obtained 
from the combustion of alcohol, as described above, the suspension temperatures were 
ordinarily reproducible to within 0.08” but there were occasionally larger discrepan- 
cies apparently due to accidental contamination of the quartz surface. 

1 INGOLD, DE SALAS, AND WILSON, J .  Chem. SOC., 1936, 1328. 
a KLIT AND LANGSETH, 2. phys. Chem., A176, 65 (1936). 
a INGOLD, RAISIN, AND WILSON, J. Chem. Soc., 1936, 915; Nature, 134,734 (1934). 
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In the range of deuterium concentration over which our measurements extend, 
namely from zero to 1.7% deuterium, the relationship between suspension tempera- 
ture and density or deuterium concentration, departs only slightly from linearity, 
and the error introduced on assuming such a relationship is less than our experimental 

TABLE I 
EXCHANGE REACTIONS BETWEEN WATER AND ORGANIC COMPOUNDS 

COMPOUND 

Formaldehyde 
Acetaldehyde 
Acetone 

Acetylacetone (2,4-Pen- 
tanedione) 

Acetic acid 
Sodium acetate 
Sodium formate 
Formic acid 
Monochloroacetic acid 
Succinic acid 
Malonic acid 
E,thylene glycol 

Sucrose 

d-Glucose 

Cellulose 

Hydroquinone 
Orcinol 
Resorcinol 
Pyrogallol 
Phloroglucinol 

OBEERVATIONB 

No exchange. 
Slow exchange of 1 H atom, doubtful. 
Slow exchange in neutral solution; rapid 

in alkaline solution. 
All hydrogens exchange. 

Exchange of carboxyl hydrogen only. 
No exchange. 
Slight exchange a t  100'. 
Exchange of carboxyl hydrogen only. 
Exchange of carboxyl hydrogen only. 
Exchange of carboxyl hydrogen only. 
All hydrogens exchange rapidly. 
Hydroxyl hydrogen atoms exchange 

rapidly. 
Hydroxyl hydrogen atoms exchange 

rapidly. 
Hydroxyl hydrogen atoms exchange 

rapidly. 
Hydroxyl hydrogen atoms exchange 

rapidly. 

Instantaneous exchange of hydroxyl 
hydrogens; slow exchange of nuclear 
hydrogens. 

Rapid exchange of all hydrogens. 

BlFERENCM 

4, 5, 6 
4, 5,  6 
4, 5,  7, 8 

4, 5 

9 
4, 5 
10 
10 
10 
10, 11 
10, 11 
12 

13 

14 

15 

16 

16 

KLAR, 2. phys. Chem., B26,335 (1934). 
6 BONHOEFFER AND KLAR, Naturwissenschaften, 22, 45 (1934). 
6 WIRTZ AND BONHOEFFER, 2. phys. Chem., B32,108 (1936). 
'I SCHWARTZ AND STEINER, ibid., B26, 153 (1934). 
*ANDERSON, HALFORD, AND BATES, J .  Am.  Chem. SOC. 66, 491 (1934); 67, 663 

9 LEWIS AND SCHUTZ, J .  Am. Chem. Soc., 66,493 (1934). 
la MUNZBERG, 2. phys. Chem., B31, 18 (1935). 
11 HALFORD AND ANDERSON, J .  Am.  Chem. SOC., 68,736 (1936). 
12 HALL, BOWDEN, AND JONES, ibid., 66, 750 (1934). 
1s BONHOEFFER AND BROWN, Z .  phys. Chem., B23, 171 (1933). 
1' HAMILL AND FREUDENBERG, J .  Am. Chem. SOC., 67,1427 (1935). 
16 BONHOEFFER AND RUMMEL, Naturwissenschaften, 22,45 (1934). 
16 MUNIBERG, 2. phys. Chemie, B33,23,39 (1936). 

(1935). 
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COMPOUND 

Urea 
Hydroxyproline 
Barbituric acid 
Strychnine 
Vomicine 
Phenacetin 
Egg albumin 
Methylamine hydro- 

chloride 
Sodium vinylacetate 

TABLE I-Concluded 

Exchange of one hydrogen. 

1 REFERENCW 

~~~ ~ ~ 

OBBERVATIONB 
I 

Exchange of all hydrogens. 
Exchange of three hydrogens. 
Exchange of four hydrogens. 
No exchange. 
Exchange of two hydrogens. 
Exchange of one hydrogen. 
Exchange of amino hydrogens. 
Exchange of amino hydrogens. 

18 
18 
19 
17 
17 
19 
15 
20 

21 

error. Moreover, since the absolute magnitude of the deuterium concentration is of 
no significance in the interpretation of our results, it is not essential that the observed 
suspension temperatures be transformed to read as actual concentrations. Never- 
theless, a calibration of the float was carried out, using as reference points a number 
of water samples of known density, and it was thereby ascertained that the relation- 
ship between suspension temperature and concentration of deuterium was repre- 
sented fairly well by the equation t = 1.62 + 3.80 N ,  where t is the temperature 
reading (arbitrary scale) and N is the concentration of deuterium in mole per cent. 

Preparation of “heauy” ethyl alcohol.-Ethyl alcohol, in which a part  of the hy- 
droxyl hydrogen was replaced by deuterium, was prepared by mixing deuterium 
oxide with absolute alcohol, and later removing the water by means of calcium oxide. 
The absolute alcohol used in this preparation was first refluxed with calcium oxide 
and finally distilled over metallic sodium through a fractionating column, the fraction 
boiling at  78.3” being collected. To 194 g. of this product were added 4.2 g. of heavy 
water (99.5% deuterium). This mixture was allowed to stand for some time a t  room 
temperature after which it was refluxed with an excess of freshly ignited lime and 
finally distilled. From the combustion of samples of this product, water containing 
1.52 mole per cent. deuterium was obtained. Assuming that all of this deuterium 
was present in the alcohol as CaH60D, the concentration of this species can be given 
as 9.1 mole per cent. This product was used as the solvent in all of the experiments 
described hereafter. 

Ezchange esperiment8.-In all experiments a carefully dried and weighed sample 
(usually 5 g.) of the compound to be investigated was introduced into a reaction tube 
which had previously been connected to a vacuum line. After the opening through 
which the material had been introduced had been sealed, the tube was cooled in a 
carbon dioxide-acetone bath, and evacuated. A measured quantity (usually 5 cc.) 
of the solvent alcohol, contained in a vessel attached to the line through a stopcock, 
was then allowed to distill into the reaction tube and after a further evacuation the 

17 ERLENMEYER, EPPRECHT, AND LOBECK, Helu. Chim. Acta, 19, 543 (1936). 
18 WILLIAMS, J .  Am. Chem. Soc., 68, 1819 (1936). 
19  ERLENMEYER, EPPRECHT, LOBECK, AND GARTNER, Helu. Chim. Acta, 19, 354 

10 GOLDFINGER AND LASAREFF, Compt. rend., 200, 1671 (1935). 
‘1 I n s  AND RYDON, J .  Chem. SOC., 1931, 1735. 
z.2 A discussion of this and other methods is given by UREY AND TEAL, Rev. Mod. 

(1936). 

Phys., 7, 34 (1935). 
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TABLE I1 
EXCHANGE REACTIONS IN DEUTEROALCOHOL 

COMPOUNDS 

Triphenylmethane 
Triphenylmethane 
Triphenylmethane 

Diphenylmethane 
Fluorene 
Fluorene 
Fluorene 

Fluorene 

Fluorene 

Acenaphthene 
Dianisylphenyl- 

methane 
Dianisylphenyl- 

methane 
Ethyl acetoacetate 
Succinimide 
2-Methoxynaphthalen~ 
2-Methoxynaphthalent 

o-Nitrotoluene 
o-Nitrotoluene 

p-Nitrotoluene 

p-Nitrotoluene 

Quinaldine 
1,3,5-Trinitrobeneene 
1 ,3  ,5-Trinitrobenzene 

7,8-Benzoquinaldine 
7,s-Benzoquinaldine 

m-Nitrotoluene 
m-Nitrotoluene 

m-Nitrotoluene 

CONDITION8 

Room temp. for 135 days. 
100' for 150 days 
100' for 6 days 
0.02 M in NaOH. 
Room temp. for 147 days. 
Room temp. for 138 days. 
110' for 28 days. 
110'' for 8 days 
0.02 M in NaOH. 
110' for 2 days 
0.02 M in NaOH. 
110' for 2 days 
0.01 M in HaSol. 
110' for 36 hours. 
110' for 36 hours. 

110' for 96 hours 
0.02 M in NaOH. 
Room temp. for 3 days. 
110" for 25 hours. 
110' for 22 hours. 
110" for 22 hours 
0.02 M in NaOH. 
110' for 34 hours. 
110' for 34 hours 
0.02 M in NaOH. 
110' for 48 hours. 

110' for 48 hours 
0.02 M in NaOH. 
110' for 60 hours. 
110' for 64 hours. 
110' for 68 hours 
0.02 M in NaOH. 
110" for 104 hours. 
110' for 108 hours 
0.02 M in NaOH. 
110" for 66 hours. 
110" for 66 hours 
0.02 M in NaOH. 
Blank run. Alcohol re- 

moved immediately after 
mixing with m-nitro- 
toluene. 

'ERCENTAQI 
IECREABE I1 
DEUTERIUM 

OF ALC. 
(OBS.) 

0 
0 
0 

0 
0 
0 

35.5 

34 

0 

0 
0 

5 .5  

41 
32 
0 
0 

16.5 
31 

Little, 
if any. 
20 

44.5 
0 

40.5 

22 
40 

6 
6 

6 

?ERCENTAQE DECREASE 
IN DEUTERIUM OF 

ALCOHOL CALCULATED 
FOR THE EXCHANGE OF 

1H 

19 

26 
26 

28 
15 

31 
36 
26 

33 

30 

31 
22 

23 

33 

2H - 

41 

48 

46 

47 
35 

38 

46 

3H - 

58 

60 

58 
45 

48 

60 
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1H 

32 

COMPOUNDS 

2H 3H 

49 58 
__-- 

Dimethylaniline 
Dimethylaniline 

Dimethylaniline 

Dimethylaniline 

TABLE 11-Concludsd 

CONDITIONS 

110" for 96 hours. 
110' for 96 hours 
0.02 M in NaOH. 
110" for 96 hours. 
(PZOS treatment for alc.) 
110" for 96 hours 
0.01 M in H&3Oc 
(PnOs treatment of alc.) 

PERCENTAGI 
DECREASE I> 
DEUTERIUM 
OF ALC. 
(OB8. )  

17 .3  
14.6 

20 

(a)52.1 
:b)54.6 

tube was sealed off. These reaction tubes were fitted with break-seals so that they 
could be re-attached to the line and opened in vacuum after they had been maintained 
for various lengths of time a t  the various temperatures noted hereafter. At the con- 
clusion of the experiment, the reaction mixture is separated into its components by 
vacuum distillation, the alcohol being collected in a small tube connected to the line 
with a ground joint. The alcohol is then transferred to the glass lamp for the com- 
bustion. 

Experimental results.-The experimental results are summarized in Table 11, in 
which the extent to which the exchange reaction has taken place is indicated by the 
decrease in the deuterium content of the alcohol. The calculated values, correspond- 
ing in each instance to the exchange of one, two, and three hydrogen atoms, were 
derived on assuming a statistical distribution of the deuterium atoms determined 
solely by the relative molal quantities of solute and alcohol and by the number of 
replaceable hydrogen atoms in the solute molecule. It is well known that the equi 
librium constants in isotopic exchange reactions may deviate considerably from the 
values to be expected on the basis of a simple statistical distribution and thus that 
the number of replaceable hydrogen atoms in a compound cannot be determined with 
certainty by experiments of the type under consideration. Lack of agreement 
between the observed values and the calculated values may also arise from the fact 
that the observations now reported do not necessarily relate to equilibrium con- 
ditions. 

DISCUSSION O F  RESULTS 

It should be made clear at  the outset that  in the present study no 
attempt has been made to establish experimentally true exchange equi- 
libria. Nor in the cases of compounds which did not undergo the exchange 
reaction can it be said that the range of experimental conditions which 
might conceivably give rise to exchange has been exhaustively explored. 
The data presented should be interpreted as implying only that under the 
conditions recorded exchange reactions either did not proceed at all or did 
take place to  the extent observed. Nevertheless, certain theoretical con- 
clusions are suggested by the facts already revealed. 

The exchange reactions in which ethyl acetoacetate and succinimide 
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participated require no special comment. They are of the conventional 
type. It is of interest that ethyl acetoacetate exchanges two hydrogen 
atoms even in the absence of alkali. 

The reaction of dimethylaniline, however, is of somewhat fresher interest, 
for in this compound the basic nitrogen atom carries no replaceable 
hydrogen atoms; exchange cannot be assumed to take place through the 
simple mechanism of deuteron addition and proton elimination a t  the basic 
group as with primary and secondary amines. Neither are “acidic” 
properties, such as are sometimes attributed to the triarylmethanes, 
logically ascribable to dimethylaniline. It would seem that this exchange 
must be related to a different kind of hydrogen lability-that which is 
manifested in the relatively high reactivity of this compound in nuclear 
substitution and in condensation reactions. It is, perhaps, significant 
that in the presence of a small amount of strong acid the exchange observed 
corresponded roughly to three hydrogen atoms. General chemical evi- 
dence supports the assumption that the labilizing effect of the dimethyl- 
amino substituent in the benzene nucleus is effective chiefly in the para and 
the two ortho positions. 

In view of the catalytic effect of acids three possible mechanisms suggest 
themselves for consideration: (I) deuteron addition a t  the nitrogen atom, 
followed by simple molecular rearrangement, 

D H H 
H3C :N: CH3 H3C :N: CHI H3C :N: CHI .. .. e .  

(2) intermediate complex formation through a hydrogen bridge, followed 
by rearrangement and dissociation, or 

H3C :N: CHI H3C :N: CHI .. .. H3C :N: CH3 .. 

I1 

.. 
D 

.. 
H 

(3) a combination of mechanisms of I and 11. 
We appreciate the fact that the data on hand are insufficient to evaluate 
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the relative probabilities of these mechanisms, and we contemplate a study 
of the exchange reactions of deuteroalcohol with diphenylmethylamine 
and triphenylamine. 

Irrespective of the mechanism, however, a strikingly important fact 
has been demonstrated, namely, the ability of dimethylaniline to exchange 
a proton even in a solvent such as alcohol. In our opinion this remarkable 
lability of the ortho and para hydrogen atoms in dimethylaniline arises 
from the relatively high electronegativity2a of the ortho- and para-N, N- 
dimethylphenyl radicals.* In  other words, the electron density in the 
immediate vicinity of the ortho and para carbon nuclei is greater than 
around the meta carbon nuclei, or the carbon nuclei of a phenyl radical. 
We do not suggest that this high electron density can lead to appreciable 
ionization even in highly polar or protophilic solvents. It might lead, 
however, to formation of hydrogen bridges, with the consequent labiliaa- 
tion of the proton. We would be inclined to regard this type of hydrogen- 
deuterium exchange as a special case of benzene-ring substitution, and to 
postulate as special prerequisites: (1) the presence in the ring of a substitu- 
ent or substituents of the type that greatly increase the electronegativity 
of the phenyl radical; and (2) the presence in the medium of an acid, which 
can also serve as a deuteron source. 

Whether or not it is an absolute prerequisite, or merely a favorable 
circumstance, that the benzene ring substituent may serve as a proton or 
deuteron acceptor, thus enabling the molecule to acquire a positive charge, 

2s KHARASCH AND MARKER, J .  Am. Chem. Soc., 48, 3130 (1925); KHARASCH AND 
REINMUTH, J .  Chem. Educ., 6,404 (1928); 8, 1703 (1931); KHARASCH, REINMUTE, AND 
MAYO, 11,82 (1934); KHARASCH AND FLENNER, J .  Am. Chem. Soc., 64,674 (1932). 

* A rather attractive interpretation of the labilization by acids of the hydrogen 
atoms of strongly electronegative radicals and their replacement by deuterons, is 
given in the following highly schematic representation: 

N(CH& 
I 

N(CHs)i 
I 

A A 

The essence of this representation is that there exists an attraction for deuterons 
by the o and p carbon atoms due to the high electron-density around these atoms, 
and that the labiliaation of the protons is facilitated by the approach of the 
deuterons. The formulae should not be looked upon as intermediates, but rather 
as phases of the labiliaation process. 
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is perhaps an open question. It is worthy of remark, however, that the 
substituent groups that we believe to be capable of increasing tremen- 
dously the electronegativity of the phenyl radical (the amino, the alkyl- 
and dialkylamino, the hydroxy and alkoxy groups) are all capable of so 
serving. The facts that traces of acids accelerate the exchange of the 
hydrogens for deuterium in dimethylaniline, while small amounts of alkali 
are essentially without effect, tend to support the first or third mechanisms 
suggested for this exchange. However, as already indicated, further 
experiments are necessary to test this hypothesis. 

It is of interest to compare the high lability of the protons of dimethyl- 
aniline with the lack of lability of the protons of the di- and triarylmeth- 
anes in deuteroalcohol under the same conditions. Although the di- and 
triarylmethanes have been described as “weak acids,” on the basis of their 
reactivity toward alkali metals,24 it is fairly evident from our data that 
their proton ionization must be negligible. 

From our standpoint, the electron density around the methyl carbon 
atoms in di- and triphenyl methanes would be very small, (as compared 
with the carbon atoms of ortho- or para-N ,N-dimethylphenyl radicals), 
and in our notation we would define them as weakly electronegative radi- 
cals. It is possible of course for the electron density around the methyl 
carbon atom to decrease to a point where the proton may be readily re- 
moved by hydroxyl ions. Whether such a state is actually realized in 
fluorene, or whether the hydrogen atom lability should be ascribed to 
some peculiarity associated with the five-membered ring, the labilization 
of the hydrogen atoms by alkali is of considerable theoretical importance. 
We propose to investigate many other similar five-membered ring systems, 
particularly in view of the fact that acenaphthene does not undergo any 
exchange in deuteroalcohol. 

Consistent with the interpretation that a low electron density around a 
carbon atom would facilitate the removal of a proton by hydroxyl ions, 
is the behavior of the nitrotoluenes and 1,3,5-trinitrobenzene in deutero- 
alcohol. Unlike the amino group, the nitro group markedly decreases the 
electronegativity of the phenyl radical.26 These data are well in accord 
with observations that direct nuclear substitution proceeds more readily 
in aromatic hydrocarbons than in the corresponding nitro derivatives. 
This would imply that trinitrobenzene is a poor proton donor in acid 
solution. The fact that no exchange takes place when 1,3,5-trinitro- 
benzene is dissolved in deuteroalcohol is consistent with the view, and the 

24 WOOSTER AND MITCHELL, J .  Am. Chem. SOC., 62,688 (1930); CONANT AND WHE- 
LAND, {bid., 64, 1212 (1932); Cj. KRARASCH AND REINMUTH, J. Chem. Educ., 8 ,  1740 
(1931). 

16 KEARABCK AND GRAFFLIN, J .  Am. Chem. Soc,, 47, 1848 (1826); KHARABCK AND 
QLADBTONID, unpublished work. 
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contrast with the behavior of dimethylaniline is marked. We would 
predict also that no exchange would occur in the case of trinitrobenzene 
in deuteroalcohol even in the presence of small quantities of acids. In 
alkaline solution, however, the entire relationship is changed. The ex- 
change of dimethylaniline hydrogen atoms is unaffected, but with trinitro- 
benzene and the ortho and para nitrotoluenes, substances which can exist 
in tautomeric forms, rapid exchange takes place. It is significant that 
1,3,5-trinitrobenzene exchanges all three hydrogen atoms, while in 
o-nitrotoluene the exchange is less complete. In the case of the p-nitro- 
toluene an enormous labilization of a hydrogen atom by alkali is definitely 
demonstrated. In the case of m-nitrotoluene no labilization of the hydro- 
gen atoms can be demonstrated in the presence of alkali. It is our belief 
that the small exchange observed with that substance is due to some 
impurity. 

In quinaldine and 7,ti-benzoquinaldine the methyl hydrogen atoms are 
readily eliminated as protons. The proton labilization in an alcoholic 
solution of quinaldine must be considerable, and accounts for the ready 
condensation of the molecule with many proton acceptors (aldehydes, 
etc.). The increased exchange noted in alkaline solution, and the effects 
of traces of acids, is under investigation. 

In conclusion, we should like to call attention to the fact that in the case 
of strongly electronegative radicals a certain liminal value in electronega- 
tivity must be reached before labilization of a hydrogen atom becomes 
marked in the absence of high concentration of acid. Thus, 2-methoxy- 
naphthalene does not exchange the hydrogen atom in the l-position, 
although the radical is strongly electronegative. Of course, the lack of 
exchange cannot be attributed entirely to the character of the radical, but 
is in part due to the fact that deuteroalcohol is a poor deuteron donor. 
With molecules which supply a large concentration of deuterons, such as 
sulfuric acid, the exchange would probably take place. With this in 
mind, the tremendous lability of the dimethylaniline hydrogen atom is 
most striking. 

EXPERIMENTAL DATA 

Calibration of the $oat.-The float was calibrated with reference to normal water 
(laboratory distilled water) and two known samples of dilute heavy water which 
had been prepared by the quantitative dilution of a sample containing 12.47 mole per 
cent. deuterium oxide, this figure having been ascertained through pycnometric 
measurements of the density. The suspension temperature readings for normal 
water were: 1.610", 1.625', 1.610", 1.650"; mean 1.625'. The readings for samples of 
water containing 0.87 mole per cent. deuterium oxide were 4.940", 4.945", 4.950"; 
mean 4.945'. The readings for samples containing 1.65 mole per cent. deuterium 
oxide were 7.925", 7.910", 7.895", mean 7.910'. 
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Analysis of stock heavy alcohol.-The suspension temperature readings for water 
samples obtained on the combustion of the heavy alcohol which was used as the 
solvent in this work were as follows: 7.380", 7.380', 7.485", 7.365", 7.375", 7.325", 
7.425", 7.325'; mean 7.385". 

Combustion of normal ethyl alcohol.-As a check on the method of combustion and 
purification a number of analyses were carried through on absolute ethyl alcohol, and 
the foIIowing readings were obtained: 1.605", 1.625", 1.655", 1.610', 1.620", 1.645'; 
mean 1.625" (cf. value for normal water). 

Exchange experiments.-Experimental data concerning the preparation of the 
reaction mixtures and the analyses of the alcohol samples removed from these mix- 
tures are recorded hereafter. The figures which follow the description of the experi- 
ment are the observed suspension temperatures. The units are degrees Centigrade 
and the scale, though arbitrary, is consistent throughout. 

Triphenylmethane.-The triphenylmethane used in the present work was carefully 
purified by several crystallizations from alcohol. The compound was dried thor- 
oughly i n  vacuo to remove any traces of water and solvent of crystallization; m.p. 92'. 

Experiment 1 .-A reaction tube containing 5 g. of triphenylmethane and 5 cc. of 
deuteroalcohol was allowed to stand a t  room temperature for 133 days: 7.285", 7.260', 
7.460"; mean 7.325'. 

Experiment $.-A reaction mixture identical with that of experiment 1 was main- 
tained at a temperature of 100" for 150 days: 7.350", 7.400", 7.410'; mean 7.385". 

Experiment 3.-To a reaction mixture of 5 g. of triphenylmethane and 5 cc. 
deuteroalcohol 0.002 g. NaOH was added. The reaction tube was immersed in an  
oil bath a t  100' for 6 days. The error introduced by exchange of the hydrogen in 
such a small quantity of alkali is of negligible magnitude: 7.470", 7.400'; mean 7.435". 

Dipheny1methane.-This compound was purified prior t o  use by a series of vacuum 
distillations. 

Experiment .+.-The exchange reaction solution of 5 cc. diphenylmethane in 5 cc. 
deuteroalcohol was allowed to stand a t  room temperature for 147 days: 7.355", 
7.375"; mean 7.365'. 

Fluorene.-A pure sample of this compound was obtained by several crystalliza- 
tions from alcohol with subsequent drying in vacuo; m.p. 112-114'. 

Experiment 6.-A reaction tube containing 5 g. fluorene and 5 cc. deuteroalcohol 
stood at  room temperature for 138 days: 7.410', 7.430', 7.425'; mean 7.420". 

Experiment 6.-A reaction tube containing 5 g. fluorene in solution in 5 cc. deutero- 
alcohol a t  110" was allowed to stand for 28 days: (a) 7.385"; (b) 7.285', 7.325'; mean 
7.310'. 

Experiment 7.-A reaction mixture of 5 g. fluorene and 5 cc. deuteroalcohol con- 
taining 0.002 g. of NaOH was heated to 110" for 8 days: 5.425", 5.255'; mean 5.340'. 

Experiment 8.-A reaction mixture identical with that of experiment 7 was heated 
to a temperature of 110'for 2 days: 5.510', 5.375'; mean 5.440'. 

Experiment 9.-A reaction mixture of 5 g. fluorene and 5 cc. deuteroalcohol 0.01 
molar in HtSO, was maintained a t  a temperature of 110' for 2 days: 7.395', 7.465"; 
mean 7.430". 

Acenaphthene.-A pure vacuum-dried product was prepared for use in this work ; 
m.p. 94-95'. 

Experiment 1O.-A 5-g. portion of acenaphthene was placed in a reaction tube with 
5 cc. deuteroalcohol, and the tube was immersed in an oil bath at 110" for 36 hours: 
7.430," 7.400'; mean 7.415'. 

Dianisylpheny1methane.-A quantity of this compound was purified by several 
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crystallizations from a mixture of chloroform and methyl alcohol; drying was effected 
in  vacuo; m.p. 100-101'. 

Experiment 11.-A reaction mixture of 5 g. dianisylphenylmethane and 5 cc. 
deuteroalcohol was maintained a t  a temperature of 110' for 36 hours: 7.340', 7.370'; 
mean 7.355'. 

Experiment 12.-A reaction mixture of dianisylphenylmethane and deuteroalcohol 
0.02 molar in NaOH was heated to  a temperature of 110' for 96 hours: 7.060'. 

EthyZ acetoacetate.-The product used in this work was purified by several distilla- 
tions in  vacuo. 

Experiment 13.-A reaction tube containing 5 cc. ethyl acetoacetate and 5 cc. 
deuteroalcohol was allowed to stand at room temperature for 3 days: 5.125', 4.940'; 
mean 5.030'. 

8uccinimide.-A pure sample of this compound was dried for several hours in an 
Abderhalden desiccator a t  78' prior to use in the exchange experiments; m.p. 124". 

Experiment l4.-A reaction mixture of 5 g. succinimide and 5 cc. deuteroalcohol 
was maintained a t  a temperature of 110' for a period of 25 hours: 5.450', 5.640'; 
mean 5.545'. 

2-Methozynaphtha2ene.-A carefully purified sample of this compound was thor- 
oughly dried in vacuo for use in the present work; m.p. 70'. 

Experiment 16.-A tube containing 5 g. 2-methoxynaphthalene and 5 cc. deutero- 
alcohol was immersed in an oil bath a t  110' for 22 hours: 7.435', 7.395'; mean 7.420'. 

Experiment 1tL-A reaction mixture of 2-methoxynaphthalene and deuteroalcohol 
containing 0.002 g. NaOH was heated to a temperature of 110' for 22 hours: 7.425', 
7.365'; mean 7.395'. 

o-Nitrotoluene.-This compound was purified by a series of vacuum distillations. 
Experiment 17.-A solution of 5 cc. o-nitrotoluene in 5 cc. deuteroalcohol was 

heated to 110'for 34 hours: 6.400', 6.470'; mean 6,435'. 
Experiment 18.-A reactionmixture of o-nitrotoluene and deuteroalcoholO.02 molar 

in NaOH was maintained at a temperature of 110' for 34 hours: 5.565', 5.615'; mean 
5.590'. 

p-N<trotoluene.-A pure sample of this compound was dried thoroughly in  vacuo 
prior to use in  exchange experiments; m.p. 52'. 

Experiment 19.-A reaction tube containing 5 g. p-nitrotoluene and 5 cc. deutero- 
alcohol was immersed in an oil bath a t  110' for 48 hours: 7.290', 7.260'; mean 7.275'. 

Experiment 20.-A reaction mixture of p-nitrotoluene and deuteroalcohol 0.02 
molar in NaOH was heated to 110' for 48 hours: 6,250', 6.210'; mean 6.230". 

Quinaldine.-A quantity of this compound was purified prior to use by distillation 
in  vacuo. 

Experiment 91.-A reaction tube containing 5 cc. of quinaldine in solution in 5 CC. 
deuteroalcohol was heated to a temperature of 110' for a period of 80 hours: 4.795', 
4.845'; mean 4.820". 

1 ,$,b-Trinitrobenzene.-A pure sample of this compound was throughly dried in 
vacuo for use in the present investigation; m.p. 121-122'. 

Experiment 82.-A reaction mixture of 5 g. 1,3,5-trinitrobenzene and 5 cc. deutero- 
alcohol was maintained a t  a temperature of 110' for 64 hours: 7.345', 7.395'; mean 
7.370'. 

Experiment $&-A reaction mixture of lf3,5-trinitrobenzene and deuteroalcohol 
0.02 molar in  NaOH was heated to a temperature of 110' for a period of 68 hours: 
6.075', 5.016'; mean 5.046'. 

~,8-BenzopuinaZdine.--Several attempts to crystallize this compound from dilute 
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alcohol were unsuccessful. The compound was finally purified by distillation under 
very low pressure; m.p. 82'. 

Experiment $4.-A reaction mixture of 5 g. 7,8-benzoquinaldine and 5 cc. deutero- 
alcohol was heated to a temperature of 110" for 104 hours: 6.150", 6.090";mean6.1U)". 

Experiment $5.-A reaction mixture of 7,8-benzoquinaldine and deuteroalcohol 
0.02 molar in NaOH was maintained a t  a temperature of 110" for 108 hours: 5.050", 
5.120'; mean 5.085'. 

m-Nitrotoluene.-A quantity of this compound (Kahlbaum product) was purified 
by a series of vacuum distillations with subsequent drying over anhydrous NatS04. 

Experiment M.-A reaction tube containing 5 cc. m-nitrotoluene and 5 cc. deutero- 
alcohol was immersed in an oil bath a t  110' for 66 hours: (a) 7.385", ( b )  7.045', 7.025'; 
mean 7.035'. 

Experiment ,%'.-A reaction mixture of m-nitrotoluene and deuteroalcohol 0.02 
molar in NaOH was maintained a t  a temperature of 110" for 66 hours: 7.015', 7.055"; 
mean 7.035". 

Experiment %&-A control or blank run was made by mixing 5 cc. of m-nitro- 
toluene and 5 cc. deuteroalcohol and then removing the deuteroalcohol immediately 
by distillation i n  vacuo: 7.045". 

Dimethyhiline.-A quantity of this compound was purified by distillation from 
sodium, the distillate being allowed to stand over sodium overnight, then redistilled 
from sodium and a central fraction collected. 

Experiment 89.-A reaction tube containing 5 cc. dimethylaniline in solution in 5 
cc. deuteroalcohol was heated to 110" for a period of 96 hours: 6.450°, 6.325'; mean 
6.390 '. 

Experiment 30.-A reaction mixture of 5 cc. dimethylaniline and 5 cc. deutero- 
alcohol 0.02 molar in NaOH was maintained a t  a temperature of 110' for 96 hours: 
6.595", 6.490"; mean 6.545'. 

Experiment 31.-A reaction mixture identical with that of experiment 29 (neutral 
solution) was heated a t  110" for 96 hours. A portion of the deuteroalcohol was dis- 
tilled from the solution in  vacuo into a receiver containing anhydrous phosphorus 
pentoxide. After a short period of standing a portion of this alcohol was removed by 
a further distillation in  vacuo: 6.285'. 

Experiment S$.-A reaction mixture of dimethylaniline and deuteroalcohol 0.01 
molar in Has04 was maintained a t  a temperature of 110' for 96 hours. The deutero- 
alcohol was recovered by the same technique employed in experiment 31: 4.385". 

Experiment 33.-Experiment 32 was duplicated with the exception that the reaction 
mixture stood 48 hours at room temperature after the treatment a t  110" for 96 hours: 
4.240'; mean of experiments 32 and 33, 4.315'. 

SUMMARY 

1. The lability of hydrogen atoms in a number of organic substances 
has been studied with the aid of deuteroalcohol as the deuteron donor. 

2. The theoretical implications of the lability of the hydrogen atoms in 
acid and alkaline solutions are discussed. 

3. The experimental part should be consulted for the details of the anal- 
yses and the accuracy of the experimental results. 
4. The work is being continued. 
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It has been shown' that pyrethrolone (formula I), the cyclic ketonic 
alcohol common to both of the known pyrethrins, when completely hydro- 
genated, with elimination of the hydroxyl group and saturation of the 
side chain and nucleus, is converted into hexahydropyrethrone (formula 
11). 

CH3 
I 

C-CJ3, 
/ \  

I 
H2-C 

H\L-c=o 
HO' 

I I 
H2-C-C=O 

I I1 

This end-product however, is obtained more advantageously by hydro- 
genation of the ethers or the acetate of pyrethrolone.1 The hydrogena- 
tion of an ester with formation of an acid and a hydrocarbon, although 
uncommon, has since been observed with other esters.2 

As the pyrethrins themselves are esters of pyrethrolone with chrysan- 
themum monocarboxylic acid and chrysanthemum dicarboxylic acid 
methyl ester, on hydrogenation they should be expected to behave in 
the same manner as pyrethrolone acetate, and should yield, as the final 
reaction products, hexahydropyrethrone of formula I1 and the respective 
acid components. Thus, pure pyrethrin I should yield hexahydropyr- 
ethrone and dihydrochrysanthemum acid (formula 111), and pyrethrin I1 
should yield the same hexahydropyrethrone and chrysanthemum dicar- 
boxylic acid monomethyl ester (formula IV), in which the double bond, 
unlike the one in the monocarboxylic acid, is completely resistant to hy- 
drogenation. 

* For article V I  of this series see J .  A n .  Chem. SOC., 68,1777 (1936). 
t Presented before the Division of Organic Chemistry a t  the ninety-third meeting 

of the American Chemical Society, Chapel Hill, N. C., April 13, 1937. 
1 STAUDINGER AND RUZICKA, Helv. China. Acta, 7,236 (1924). 
* BURDICS AND ADKINS, J .  Am.  Chem. SOC., 60,438 (1934). 
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That the pyrethrins actually do behave in this manner has now been 
demonstrated by a large number of experiments. 

Since neither pyrethrin I nor pyrethrin I1 bas yet been available in a 
pure state, the concentrates containing both pyrethrins, but in widely 
different proportions, described in a previous article,' were employed as 
starting material for these investigations. 

Although a pyrethrin I1 concentrate can be prepared that by analysis 
contains over 80 per cent. of pyrethrin I1 and only about 4 per cent. of 
pyrethrin I, the best pyrethin I concentrate thus far obtained has a con- 
tent of not more than 55 per cent. of pyrethrin I and about 11-12 per 
cent. of pyrethrin 11. In both these concentrates the rest of the material 
consists for the most part of unknown substances. The pyrethrin I1 
concentrate, containing the least of these impurities, should evidently be 
more suitable for the study of the course of hydrogenation than the 
pyrethrin I concentrate. 

In a previous article' i t  was shown that, with the employment of plat- 
inum oxide catalyst, the pyrethrin I1 concentrate was rapidly hydro- 
genated, and that if the process was interrupted a t  the proper time, the 
reaction product, tetrahydropyrethrin 11, with a saturated side chain 
could be readily isolated in good yield as its crystalline semicarbazone. 
The conditions of this experiment were similar to those employed for the 
preparation of tetrahydropyrethrolone by hydrogenation of pyrethro- 
lone or its semicarbazone. 

It has now been observed that, when the hydrogenation of a pyrethrin 
I1 concentrate is prolonged, hydrogen is absorbed at  a slower rate for a 
long time after the first more rapid reaction has taken place. 

This first reaction evidently involves the saturation of the side chain 
of the pyrethrolone component. Cleavage of the molecule, with the 
formation of tetrahydropyrethrone (dihydrojasmone) (formula V) and 

8 LAFORQE AND HALLER, ibid. ,  67,1893 (1936). 
4 HALLXIR AND LAFORGE, J. ORG. CE~M. ,  1,38 (1936). 
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chrysanthemum dicarboxylic acid monomethyl ester, then follows and, 
finally, the saturation of the remaining double bond in the CY ,/3 position in 
the nucleus of tetrahydropyrethrone with the formation of hexahydropyr- 
ethrone (formula 11). 

CH.3 
I 

/ \  
C 

H2-C c-call 
I I 

HTC-  -0 
V 

In actual practice, although the first stage of the hydrogenation was 
finished in a very short time, the absorption of hydrogen ceased owing to 
inactivation of the catalyst before the last two stages had reached comple- 
tion. If the acids were removed and the catalyst renewed, the neutral 
material could then be further hydrogenated with the production of more 
acid. 

The acid products of the reaction were found to consist almost entirely 
of chrysanthemum dicarboxylic acid monomethyl ester, which could be 
freed by steam distillation of small quantities of volatile acids originating 
from the pyrethrin I, or possibly from the unknown by products present 
in the concentrate. (Incidentally, the hydrogenation procedure offers 
the most convenient method for obtaining pure chrysanthemum dicar- 
boxylic acid monomethyl ester.) The neutral reaction products consisted 
largely of te t rah ydrop y re t hrone (dih ydroj asmone) and hexah ydrop yre t h- 
rone, which were separated from nonvolatile impurities by steam dis- 
tillation and isolated as their semicarbazones. 

Hexahydropyrethrone semicarbazone forms more rapidly and is less 
soluble than the semicarbazone of the tetrahydro compound. The crystal- 
line deposit that first formed, consisting chiefly of this compound, was 
removed by filtration after 3 or 4 hours. 

The semicarbazone of tetrahydropyrethrone separated from the solu- 
tion on longer standing, and the part remaining in solution was obtained 
in an impure state by precipitation with water. 

A detail worthy of special mention is the fact that tetrahydropyrethrone 
semicarbazone is easily soluble in cold dilute hydrochloric acid and is 
precipitated unchanged from the solution by addition of alkali? This 
property was taken advantage of for its complete separation from non- 
crystalline byproducts. The semicarbazone of hexahydropyrethrone is 

6 LAFORGE AND HALLER, J .  Am. Chem. Soc., (in press). 
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insoluble in acid and was separated from small quantities of the soluble 
semicarbazone of the tetrahydro derivative in the same manner. 

Under the conditions described, the yield of hexahydropyrethrone 
semicarbazone was much less than that of the tetrahydroderivative. 
The former was obtained sometimes in the form that melted a t  160" and 
at  other times, under the same conditions and treatment, in the stereois- 
omeric form melting a t  194°.6 

When palladium charcoal or the Raney nickel catalyst was employed, 
the results were similar to those obtained with platinum oxide, although 
in general more of the hexahydropyrethrone was obtained. 

As already stated, concentrates of pyrethrin I always contain, besides 
some pyrethrin 11, more than twice as much material other than pyrethrins 
as does the pyrethrin I1 concentrate. Consequently, the results obtained 
on hydrogenation were not so definite as those obtained with the pyreth- 
rin I1 concentrate. The course of the reaction was similar in both cases. 
With the pyrethrin I concentrate and the platinum oxide catalyst, the 
rate of absorption was at  first rapid and then continued at a slower rate. 
To complete the reaction, the acids formed were removed and the neutral 
material was further hydrogenated with fresh catalyst. 

The total acid fraction was distilled with steam and the volatile con- 
stituent was separated. This was found, by analysis, titration, and from 
its physical properties, to consist of dihydrochrysanthemum monocar- 
boxylic acid. The nonvolatile residue was not further examined because 
of the small quantity. 

The neutral fraction was subjected to steam distillation, and the volatile 
constituents were treated with semicarbazide in the usual manner. A 
mixture of the semicarbazones of tetrahydro- and hexahydropyrethrone, 
which was separated with hydrochloric acid, was obtained. The latter 
was obtained in two forms, one melting at 196" and the other at 160°C. 

Theoretically, the quantities of dihydrochrysanthemum acid and of the 
hydrogenated pyrethrones to be expected from pyrethrin I should be very 
nearly equal, since the molecular weight of the acid is 170 and that of 
hydrogenated pyrethrones 166 and 168. Actually, the quantity of acid 
obtained was about 50 percent. greater than the quantity of pyrethrones 
as calculated from the yield of their semicarbazones. This discrepancy 
may be due to incomplete isolation of the semicarbazones, or the excess 
acid may have been formed by the hydrogenation of some byproduct. 

In the experiment described, in which the pyrethrin I1 concentrate 
was hydrogenated, the yield of acids exceeded the quantity of reduced 
pyrethrones, as calculated from the weight of semicarbazones obtained, 
by only 20 percent., which may be within the experimental error. In 

6 TREII AND WBIRNER, Ber., 66: 1621 (1933). 
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both experiments the quantities of acids obtained correspond very closely 
to the quantities of the pyrethrins in the respective concentrates as de- 
termined by analysis, where the method of Sei17 was used for pyrethrin I 
and the methoxyl methods for pyrethrin 11. 

Since the reductive cleavage of the pyrethrins with the formation of 
the corresponding acids is specific for these compounds, the hydrogenation 
method offers at  least the theoretical possibility of the development of a 
quantitative method based on this behavior. 

EXPERIMENTAL 

Hydrogenation of pyrethrin 11 concentrate.-Five grams of a concentrate that con- 
tained 80.8 per cent. of pyrethrin I1 and about 4 per cent. of pyrethrin Ila was dis- 
solved in about 35 c ~ .  of ethanol and reduced in an atmosphere of hydrogen with 0.3 
gram of reduced platinum oxide catalyst. The absorption of hydrogen was very 
rapid a t  first, and about 300 cc. was absorbed in about 20 minutes. The absorption 
then continued at a slower rate until about 1,200 cc. was taken up in the course of 7 
hours, after which the absorption practically ceased. At this stage the solution was 
filtered and made neutral to phenolphthalein with 5 per cent. potassium hydroxide 
solution. Water was then added and the solution was twice extracted with petroleum 
ether. The neutralized aqueous alcoholic solution was then evaporated to  a small 
volume on the steam bath. 

The neutral petroleum-ether residue was again subjected to  hydrogenation with 
fresh catalyst and absorbed about 75 CC. in 3 hours. 

On completion of the second reduction the reaction products were again separated 
into acid and neutral fractions. 

The alkali-soluble fractions from both hydrogenations were combined, acidified 
with dilute sulfuric acid, and extracted repeatedly with petroleum ether. On re- 
moval of the solvent, 2.15 g+ams of acid material was obtained. This was subjected 
to steam distillation to  remove the small quantity of chrysanthemum monocarboxylic 
acid originating from the pyrethrin I in the concentrate. The acids that were not 
volatile with steam were isolated by extraction with petroleum ether and removal of 
the organic solvent. The yield was 1.9 grams. The crude product was then distilled 
and boiled at 145-7" and 1.5 mm., giving 1.5 grams of pure chrysanthemum dicar- 
boxylic acid monomethyl ester. 

And.  Calc'd for CllHlaOl: Mol. wt., 212; OCHa, 14.6. 
Found: Equiv. wt. (titration) 211.5; OCHs, 14.27. 

The calculated quantity of chrysanthemum dicarboxylic acid monomethyl ester 
in the concentrate employedis 2.3 grams. 

The neutral reaction product of the experiment consisted of 2.1 grams of oil. This 
material was subjected to steam distillation, and the volatile constituents that  con- 
tained the hydrogenated pyrethrones were separated from the nonvolatile impurities. 
The volatile constituents (1.8 grams) were dissolved in 17 cc. of ethanol and 3 cc. of 
pyridine, and 2.5 grams of semicarbazide hydrochloride in 3.5 cc. of hot water was 
added. After standing for 4 hours a t  room temperature, the separated crystals (0.35 
gram) were removed by filtration. A second crop of crystals (0.65 gram) was ob- 

7 SEIL, Soap, 10, no. 5,89 (1934). 
8 HALLER AND ACREE, Ind. Eng. Chem., Anal. Ed., 7,343 (1935). 
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tained from the filtrate on standing overnight. Water was then added to the filtrate 
and a precipitate waa obtained that consisted of less pure material. After drying it 
weighed 0.85 gram. The second crop consisted essentially of tetrahydropyrethrone 
(dihydrojaamone) semicarbazone. It melted, after one recrystallization from ben- 
zene, a t  176", simultaneously with a mixture obtained by mixing it with an equal part 
of authentic tetrahydropyrethrone semicarbazone. 

AnaE. Calc'd for C I ~ H ~ ~ N ~ O :  C, 64.57; H, 9.42. 
Found: C, 64.49, 64.85; H, 9.55,9.50. 

The first crop consisted principally of hexahydropyrethrone semicarbazone, the 
third of an impure mixture of the tetrahydro and hexahydro derivatives. Since the 
tetrahydro derivative has been shown to be soluble in dilute hydrochloric acid,6 
this property was utilized for their purification. The first crop was suspended in 
petroleum ether and shaken in the cold with dilute hydrochloric acid (about 4N). 
This treatment removed the tetrahydropyrethrone semicarbazone, leaving an insolu- 
ble fraction consisting of the semicarbazone of hexahydropyrethrone that melted 
after recrystallization from benzene a t  160". A mixture of it with authentic material 
likewise melted a t  160". 

Anal. Calc'd for C I S H ~ ~ N ~ O :  C, 64.0; H, 10.22. 
Found: C, 64.64, 64.35; H, 10.41, 10.36. 

The third crop was separated by treatment with dilute hydrochloric acid, and the 
soluble semicarbazone was isolated from the acid solution by addition of alkali. 
This material was combined with the acid-soluble portion obtained from the first 
crop and recrystallized from benzene. It was identified by its melting point (176") 
and mixture melting point as tetrahydropyrethrone semicarbazone. The acid- 
insoluble fraction after recrystallization from benzene was shown to be tetrahydro- 
pyrethrone semicarbazone melting a t  160". The total yield of hexahydropyrethrone 
semicarbazone was 0.8 gram, and of tetrahydropyrethrone semicarbazone 1.0 gram. 
The yield of hydrogenated pyrethrone semicarbazones as calculated from the pyreth- 
rin content of the concentrate was 2.54 grams. 

Hydrogenation of a pyrethrin I concentrate.-The same general procedure described 
above was employed for the hydrogenation of the pyrethrin I concentrate. 

Five grams of a concentrateS containing 54.4 per cent. of pyrethrin I and 11.5 per 
cent. of pyrethrin I1 as determined by analysis was dissolved in about 35 cc. of 
ethanol and hydrogenated with 0.3 gram of reduced platinum oxide catalyst. In 
this case about 300 CC. of hydrogen was absorbed in 10 minutes, after which the reduc- 
tion proceded until 900 cc. had been absorbed in 7 hours. The solution was then 
filtered and neutralized, and after addition of water the neutral portion was sepa- 
rated by extraction with petroleum ether. After removal of the solvent the residue 
was returned to  the apparatus and further hydrogenated with a fresh quantity of 
catalyst. In the second operation 400 cc. of hydrogen was absorbed, and after the 
reaction had ceased the products were separated as before into neutral and acid 
fractions and the latter was combined with the first alkaline extract. The solution 
was concentrated and the organic acids were isolated by addition of dilute sulfuric 
acid and extraction with petroleum ether; yield, 2 grams. The crude acid was sub- 
jected to steam distillation, and the volatile acids were recovered from the distillate; 
yield, 1.7 grams. The acid distilled at 98" and 0.35 mm.; yield, 1.3 grams. It was 
identified as dihydrochrysanthemum monocarboxylic acid. 
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Anal. Calc'd for ClaHlsO~: Mol. wt., 170; C, 70.60; H, 10.60. 
Found: Equiv. wt. (titration) 169.4; C, 70.16; H, 10.63. 

Only a very small quantity of acids nonvolatile with steam waa obtained, but this 
was not further examined. The yield of total acids calculated from the total pyreth- 
rin content in the concentrate was 1.74 grams. 

The neutral fraction (2.6 grams) was steam-distilled, and the volatile constituents 
were recovered from the distillate with petroleum ether; yield, 1.65 grams. The oil 
was converted into the semicarbazones. The proportions of solvent and reagents 
employed were: ethanol 17 cc., pyridine 3 cc., semicarbaaide hydrochloride 2.5 grams 
in 3.5 cc. of water. After 4 hours the deposit of crystals was removed by filtration. 
The yield was 0.35 gram and the melting point 185". After one recrystallization from 
methanol it melted a t  196". It was compared with authentic hexahydropyrethrone 
semicarbezone melting a t  196" and found to be identical with it. 

Anal. Calc'd for CISH~SN~O:  C, 64.0; H, 10.22. 
Found: C, 64.60,64.70; H, 10.28, 10.40. 

A second crop of crystals was deposited from the solution on longer standing; 
yield, 0.55 gram. This was a mixture of the semicarbazones of tetrahydro- and hexa- 
hydropyrethrones. Water was added to the fi trate and precipitated 0.8 gram more 
of the same mixture. These two mixtures were combined and separated into acid- 
soluble (0.4 gram) and acid-insoluble fractions (0.8 gram), 

The acid-insoluble fraction, after recrystallization from benzene, melted at 160°, 
and was identified as the other form of the semicarbezone of hexahydropyrethrone by 
determination of melting point of a mixture with an authentic sample. The acid- 
soluble fraction was recrystallized from benzene, and then melted a t  176", and was 
identified as tetrahydropyrethrone semicarbazone. The quantity of hydrogenated 
semicarbazones, calculated on the basis of the total pyrethrin content of the con- 
centrate, is 2.2 grams. 

A large number of experiments were made with other concentrates of various 
pyrethrin contents and platinum oxide catalyst. Also in several cases the Raney 
nickel catalyst and palladium charcoal were employed. In general the results ob- 
tained were similar t o  those described in detail above. 

SUMMARY 

As in the hydrogenation of the acetate of pyrethrolone with the forma- 
tion of hexahydropyrethrone, the pyrethrins I and I1 are cleaved on 
hydrogenation, yielding a mixture of tetrahydro- and hexahydropyrethrone 
and the respective acid components. 

A concentrate in which pyrethrin I1 predominated yielded tetrahydro- 
and hexahydropyrethrone, together with chrysanthemum dicarboxylic 
acid monomethyl ester; one that contained principally pyrethrin I yielded 
the same pyrethrone derivatives and dihydrochrysanthemum monocar- 
boxylic acid. 

These reaction products have been isolated and identified in a series 
of experiments. 
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PRESENCE OF A NEW ESTER OF PYRETHROLONE 

Pyrethrum flowers are known to contain two insecticidally active com- 
pounds, pyrethrin I and pyrethrin 11. These have been regarded as the 
only constituents having insecticidal properties. 

CH3 
I 

C 

H-C-C=O 

CH3 
I 
C 

C-C~HT 
/ \  

H2-C 
I I 

H-C-C=O 
I 
I 
0 

c=o 

C H H  

I 
I 
0 

c=o 

C H H  CH3 
H I  \ I  \ 

H 

/ \ I  I / 
\ 

c-c=c (CH3)2-C-C-C=C-( CH& (CH3) 2 - 4 -  
/ \ I  I 

COOCH3 
Pyrethrin I Pyrethrin I1 

Many methods have been devised and are in general use for the quanti- 
tative estimation of the pyrethrins. Some of these methods are based on 
the separation and titration of the acid components, others on the indirect 
determination of the pyrethrolone component. Comparisons of the values 
obtained by the various methods usually revealed a lack of concordance. 
Moreover, attempts to correlate the chemical analyses with toxicity have 
generally been unsuccessful. The reasons for this failure are many, and 
among them may be mentioned the lack of definite knowledge of the rela- 
tive toxicity of pyrethrin I and pyrethrin 11, the presence of the chrys- 
anthemum acids, free or combined, and the possible presence in the flowers 
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of esters of pyrethrolone with acids other than those contained in the 
known pyrethrins. 

Neither pyrethrin I nor pyrethrin I1 has yet been obtained as a chemi- 
cally pure individual of unaltered configuration. The isolation of the 
pyrethrins as their crystalline semicarbazones by Staudinger and Ruzicka' 
made possible the determination of their structures by indirect means, 
but these authors did not claim to have prepared even these derivatives 
in a chemically pure state. 

In a previous article of this series2 the semicarbazone of pyrethrin I1 
is described for the first time. Its ease of purification, sharp melting 
point, and definite elementary composition characterize it indubitably as 
a chemical individual. However, no method has yet been dicovered by 
which this derivative can be hydrolyzed to yield pyrethrin I1 in a pure 
condition. 

The semicarbazone of pyrethrin I, on the other hand, has not been ob- 
tained in a state of more than approximate purity. Preparations of it 
obtained from concentrates of pyrethrin I always exhibit an indefinite 
melting point even after repeated recrystallization, and they always con- 
tain methoxyl. This methoxyl content persists even after repeated puri- 
fication fails to raise the melting point further. 

Another significant difference between the semicarbazones of pyrethrin 
I and pyrethrin I1 is the relative instability of the former. Pyrethrin I1 
semicarbazone may be kept over a period of years without any noticeable 
change, but the semicarbazone of pyrethrin I begins to darken after a 
few weeks when kept in ordinary containers, and after several months it 
is badly decomposed. 

Since the semicarbazone of pyrethrin I1 is the more soluble in most 
reagents, it is strange that it should not be eliminated by recrystallization. 
Nevertheless, preparations of pyrethrin I semicarbazone melting at  
114-120" show a methoxyl content indicating the presence of 8 to 10 
per cent. of pyrethrin I1 semicarbazone. The possibility of the presence 
of some other methoxyl-containing complex is, of course, not excluded by 
any evidence a t  hand. 

Saponification of pyrethrin I semicarbazone preparations yielded as 
the alcoholic component only pyrethrolone semicarbazone. Since the 
presence of pyrethrin I1 semicarbazone in the pyrethrin I semicarbazone 
preparations could be decided by the isolation and identification of chrys- 
anthemum dicarboxylic acid, an examination of the combined acids was 
made in the manner described below. 

A concentrate containing about 50 per cent. pyrethrin I and about 12 
1 STAUDINGER AND RUZICHA, Helv.  Chim. Acta, I, 177 (1924). 
* HALLER AND LAFORGE, J. ORG. CHEM., 1,38 (1936). 
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per cent. pyrethrin I1 was treated with semicarbazide in the manner al- 
ready described: and the semicarbazone was purified by two crystalliza- 
tions from acetone and one from toluene. The material melting a t  114- 
118' was then saponified in methanol solution with one equivalent of 
sodium methylate to pyrethrolone semicarbazone and the mixture of 
acids and esters according to the usual procedure.2 The acid-ester mix- 
ture was then completely saponified, and the acids were isolated. Since 
chrysanthemum monocarboxylic acid is volatile with steam while chrys- 
anthemum dicarboxylic acid is not, a separation of the two could be easily 
accomplished. The acids obtained were therefore subjected to this process 
and, as was to be expected, the major fraction was found to be volatile 
and was identified as chrysanthemum monocarboxylic acid. A consider- 
able proportion of the total acids, however, was found to be nonvolatile 
with steam, and this acid residue, corresponding to roughly 20 per cent. 
of semicarbazones other than pyrethrin I in the starting material, was 
then examined. Chrysanthemum dicarboxylic acid is known to be al- 
most insoluble in petroleum ether. When, however, the nonvolatile 
acid mixture was extracted with this solvent, a very large proportion of 
it dissolved. The remaining syrupy acid was then extracted with ether, 
and the ether-soluble residue, after removal of the solvent, crystallized 
partly on seeding with chrysanthemum dicarboxylic acid. 

Since not all of this acid fraction could be induced to crystallize, and 
because the direct quantitative isolation of chrysanthemum dicarboxylic 
acid is practically impossible, its characteristic p-phenylphenacyl estel.2 
was prepared from a portion of the mixture and thus identified. The 
yield of the derivative indicated, however, that the mixture contained 
only about 25 per cent. of the dicarboxylic acid, while the remainder could 
not be identified. 

Chrysanthemum dicarboxylic acid itself was isolated directly from 
another portion of the mixture and identified by its melting point. 

The part of the original acid mixture that was soluble in petroleum ether 
was obtained, on removal of the solvent, as a slightly yellow oil that 
solidified on cooling. The crude acid contained small amounts of chrys- 
anthemum dicarboxylic acid, which could be removed by taking advan- 
tage of the solubility of the latter in hot water. The purified material 
was then distilled in a high vacuum. The acid melted at 41'. It de- 
colorized bromine and is therefore unsaturated. With the DenigQs re- 
agent it gave a color similar to that of chrysanthemum monocarboxylic 
acid. A solution of its alkali salt is precipitated by barium chloride. 

Although the analyses and titration indicate the formula ClsHsoOz it is 
doubtful that the compound is homogeneous. A p-bromoanilide is ob- 
tained by treating the acid chloride with p-bromoaniline. Analysis of this 
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derivative agrees fairly closely with the derivative of the acid of the above 
formula but the yield is small. On hydrogenation with platinum oxide 
catalyst the equivalent of one mol of hydrogen is absorbed and an acid is 
obtained that melts a t  53'. Analysis indicates that the hydrogenated 
compound corresponds to the formula C16Ia202. However, titration 
indicates a molecular weight of about 290. It seems probable that the 
original material is a mixture of two or more fatty acids which may still 
contain a small quantity of chrysanthemum dicarboxylic acid. 

From the data so far obtained, it may be concluded that esters of 
pyrethrolone with acids other than the chrysanthemum acids are present 
in pyrethrum flowers and that the semicarbazones of these esters are 
contained in the highly purified pyrethrin I semicarbazone preparations 
to the extent of 7 to 8 per cent. 

As to  the effect of the presence of other pyrethrolone esters in pyreth- 
rum flowers on the analytical results, those methods which are based on 
pyrethrolone would include them with the total pyrethrins, while those 
based on the determination of the chrysanthemum acids would be un- 
affected since the new acid would be eliminated by the precipitation with 
barium chloride. 

EXPERIMENTAL 

Saponi$cation of pyrethrin I semicarbazone.-Forty grams of a preparation of 
pyrethrin I semicarbasone that had been recrystallized twice from acetone and once 
from toluene, and that melted a t  llP-118" (clear a t  120°), were saponified in 450 cc. 
of methanol with one mol of sodium methylate. After standing in the ice box for 6 
days, the separated pyrethrolone semicarbasone was filtered off and the alcoholic 
solution was evaporated to  a syrup. This was dissolved in about 150 cc. of ethanol to 
which 15 cc. of 15 per cent. aqueous potassium hydroxide was added, and the solution 
was refluxed for 10 minutes. The condenser was then removed and the solution was 
boiled with gradual addition of water until the greater part of the ethanol had been 
expelled. On cooling, a voluminous deposit of pyrethrolone semicarbazone was 
obtained. This was removed by filtration and recrystallized by dissolving in a boil- 
ing mixture of equal parts of methanol and ethyl acetate and concentrating to about 
one-third of ita volume. The dried material weighed 5.4 grams and melted a t  202- 
203". It was therefore unaltered pyrethrolone semicarbazone. The main portion of 
the same material weighed 17.0 grama and melted at 205". The total yield of semi- 
carbacone was 22.4 grams, or 91.8 per cent. of the theoretical quantity that would 
result from 40 grams of pure pyrethrin I semicarbasone. 

Separation of the acid components.-The aqueous alcoholic solutionresultingfrom 
the complete saponification of the acid-ester mixture that contained the alkali salts 
of the total acids was acidified, and the acids were isolated by extraction with ether. 
The quantity obtained was 16.5 grams. By calculation 40 grams of pure pyrethrin I 
semicarbasone should yield 17.4 grams of Chrysanthemum monocarboxylic acid. 
The acids obtained were subjectedin three equal portions to  steam distillation in  such 
a manner that about 700 cc. of distillate was collected from each one in 20 to 25 
minutes, after which time the distillate was practically neutral. The three distil- 
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lates were extracted with petroleum ether. The aqueous solution was neutralized 
and concentrated to  about 30 cc. on the steam bath. It was then acidified and 
extracted with petroleum ether. The solvent was then evaporated from the com- 
bined petroleum ether solutions, leaving 13.0 grams of chrysanthemum monocarbox- 
ylic acid, or about 75 per cent. of the theoretical yield calculated from 40 grams of 
pure pyrethrin I semicarbazone. 

After each distillation the nonvolatile acids were extracted several times, first with 
petroleum ether and then with ether, the extracts being kept separate. The total 
quantity of acids obtained from the petroleum ether extracts was 1.4 grams, that from 
the ether extracts 1.7 grams. 

The ether extracts consisted of a thick reddish oil, which crystallized partly on 
seeding with chrysanthemum dicarboxylic acid. Since the crystallization was not 
complete, 0.45 gram of this material was neutralized with alcoholic alkali and, after 
addition of the quantity of p-phenylphenacyl bromide corresponding to  the amount 
of alkali required, was boiled for 30 minutes. The chrysanthemum dicarboxylic acid 
di-p-phenylphenacyl ester2 separated from the boiling solution and, after cooling, was 
filtered off and recrystallized from ethyl acetate. It melted a t  153-154" simultane- 
ously with a mixture with an authentic sample of this compound. The yield (0.34 
gram) corresponded to about 25 per cent. of the dicarboxylic acid in the crude acid 
mixture. The rest of the ether residue was boiled with 8 cc. of water, and the in- 
soluble oil was separated by decantation and filtration. The oil was again extracted 
with a little water in the same manner. The aqueous solution, on standing, deposited 
crystals which were separated and twice recrystallized from chloroform and petro- 
leum ether. Thus a small quantity of chrysanthemum dicarboxylic acid was ob- 
tained as such, melting a t  160". The oily material was not further investigated. 
The petroleum-ether-soluble acid material obtained by the first petroleum-ether 
extraction solidified a t  room temperature and contained a little chrysanthemum 
dicarboxylic acid. By far the greater part, however, consisted of an acid not here- 
tofore observed in pyrethrum flowers. 

The 1.4 grams obtained in the experiment was dissolved in 8 cc. of 10 per cent. 
potassium hydroxide solution, heated to boiling, transferred to a small separatory 
funnel with the aid of 2 to 3 cc. of hot water, and was acidified with 6 cc. of hot 10 
per cent. hydrochloric acid. The small quantity of chrysanthemum dicarboxylic 
acid present remained dissolved in the aqueous solution which was drawn off from 
the main quantit,y of the insoluble melted acid that floated on the surface. This was 
washed with hot water and dissolved in petroleum ether. After drying and removal 
of the solvent, the 1.1 grams of residue was distilled; i t  passed over between 175" and 
185" at 0.7 mm., and solidified on cooling. The yield of distilled product was 0.8 
gram. It melted a t  41". 

A 3 per cent. 
solution in methanol showed no rotation in a 2-dm. tube. 

The acid decolorized bromine solution and is therefore unsaturated. 

Anal. Calc'd for CllH3002: Mol. wt. 254; C, 75.59; H, 11.81. 
Found: Equiv. wt. (titration) 260.6, 259.3, 250; C, 75.32; H, 11.56. 

The acid chloride was prepared from the acid by treatment with thionyl chloride 
in petroleum ether solution. 

Derivatives o j  the new acid.-The acid chloride in benzene solution was added to 
about two mol equivalents of p-bromoaniline dissolved in benzene. The solution 
was heated to boiling, filtered from the p-bromoaniline hydrochloride, and extracted 
first with dilute hydrochloric acid and then with dilute potassium hydroxide. The 
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benzene solution was concentrated to a small volume and on addition of petroleum 
ether yielded the crystalline reaction product. It was recrystallized from methanol, 
and melted at 107". The yield was small. 

Anal. Calc'd for C22H34BrNO: C, 64.70; H, 8.33; Br, 19.60; N, 3.43. 
Found: C, 65.01,64.82; H, 8.91,8.88; Br. 20.05; N, 3.43,3.32. 

The methyl ester was prepared by boiling 1 part of the acid in 20 parts of methanol 
containing 1 part of sulfuric acid. After 2 hours the solution was diluted with water 
and the ester was extracted with petroleum ether. The solution was washed with 
water and with sodium carbonate solution and dried. After removal of the solvent 
the residue was distilled and boiled at 155" and 1.0 mm. 

Anal. Calc'd for C17H3102: C, 76.12; H, 11.95; CH30, 11.57. 
Found: C, 75.55,75.33; H, 11.75,11.95; CH&, 11.80, 11.85. 

On hydrogenation of 0.45 gram of material with platinum oxide catalyst in ethanol 
solution, whereby 40 cc. of hydrogen was absorbed in a few minutes. The alcoholic 
solution was concentrated to about 8 cc., and on addition of water the reaction 
product was precipitated in crystalline form. After drying in vacuum a t  60"C., the 
solidified acid melted a t  53". 

Anal, Found: Equiv. wt. (titration), 290; C, 75.22, 75.40; H, 12.48, 12.63. 

A much larger quantity of the new acid was obtained by treating acid mixtures 
obtained in previous experiments from similar pyrethrin I semicarbazone prepara- 
tions. When larger quantities were handled, the product obtained by the process 
just described distilled over a much narrower range (170-172' a t  0.35 mm.). If small 
quantities of chrysanthemum dicarboxylic acid are present, it can be removed by 
dissolving the acid in petroleum ether and filtering. 

SUMMARY 

The semicarbaxone of pyrethrin I, even after purification by several 
recrystallizations, is still a mixture. To determine the nature of the 
semicarbazones that accompany the semicarbaxone of pyrethrin I, the 
products of saponification of a purified preparation have been examined. 

The alcoholic component was found to consist only of pyrethrolone 
semicarbazone, while three acid components were isolated. The larger 
proportion of these acids consisted of chrysanthemum monocarboxylic acid. 
Chrysanthemum dicarboxylic acid was also found in much smaller amounts. 

The third acid which may be a mixture seems to correspond to the formula 
C16H3002 and is unsaturated. Its methyl ester and p-bromoanilide have 
been prepared. It absorbs hydrogen and is converted into a saturated acid 
that melts at  53". The results reported show the presence of a new ester 
of pyrethrolone in pyrethrum flowers. 
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The saponification products of the complex mixture of esters known as 
croton resin may be separated into three groups: a mixture of fatty acids, 
the composition of which has been previously reported,* 30 per cent.; an 
amorphorus brown acidic mixture insoluble in petroleum ether, 40 per 
cent.; and water-soluble phenolic constituents, 30 per cent. The per- 
centage composition of the fractions is approximate. This paper is pri- 
marily a report of a study of the petroleum-ether-insoluble constituents, 
which have been shown to consist mainly of amorphous unsaturated 
polyhydroxy acids. 

The saponification products of a croton resin were first separated by 
Boehm,2 who recognized the acidic character of the petroleum-ether- 
insoluble fraction. Wagne9 found a large percentage of these acids in 
the saponification products of the resin and suggested that they may be 
auto-oxidation or polymerization products of linoleic acid known to be 
present. Flaschentrager and Wolffersdorffl reported 6.93 per cent. of 
petroleum-ether-insoluble acids in the saponification products of croton 

In the present study a large quantity of the petroleum-ether-insoluble 
acids was prepared by careful saponification of croton resin. Precautions 

* Since it appears improbable that the author will have further opportunity for the 
study of croton resin, i t  seems worth while to publish the information accumulated 
up to the present time. The experimental work recorded in this paper was carried 
out in the Chemistry Department of the University of Maryland. For articles I, 
11, and I11 of this series see J. Am.  Chem. SOC., 67,180-187 (1935). 

t Present address, Allergen Investigations, Bureau of Chemistry and Soils, U. S. 
Department of Agriculture, Washington, D. C. 

1 DRAKE AND SPIES, J. Am. Chem. SOC., 67,184-187 (1935). 
2 BOEHM, Arch. E x p t .  Path. Pharmakol., 79,138-153 (1915). 
8 WAGNER, Inaugural Dissertation, Leipzig, 1929. 
4 FLASCHENTRXGER, AND WOLFFERSDORFF, Helv. Chim. Acta, 17, 1444-1452 (1934). 
8 For a review of the recent chemistry of the toxic constituent of croton oil refer 

to  the following articles: FLASCHENTRXGER, in Festschrift Heinrich Zsngger 11. 
Teil, pp. 857-873, Zurich, Leipzig, and Stuttgart, 1934; BOEHM, FLASCHENTR~LGER, 
AND LENDLE, Arch. E x p t .  Path. Pharmakol., 177,212-220 (1935). 
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were taken to make the separation from the fatty acids as nearly com- 
plete as possible. The substance resisted efforts to obtain crystalline 
derivatives, and consequently oxidation studies were considered the most 
likely means of obtaining crystalline degradation products. With this 
purpose in view the substance was methylated to protect hydroxyl and 
acid groups. The methylation was carried out in dry dioxane solution 
with the use of methyl iodide and silver oxide. The first product con- 
tained 8.4 per cent. methoxyl. This partially methylated material was 
further methylated twice with methyl iodide (in which it was now soluble) 
and silver oxide. The methoxyl content rose to 11.2 and 12.5 per cent., 
respectively. 

Fractional precipitation of the methylated substance was made by dis- 
solving it in dry acetone and effecting partial precipitation by adding pe- 
troleum ether to the solution, redissolving the precipitated fraction, and 
repeating the process twice. In three precipitations 74, 17.6, and 7.8 
grams remained in the acetone-petroleum-ether solution. These three 
fractions were combined, yielding a dark-colored viscous oil (I). The 
fraction insoluble in acetone-petroleum-ether was freed from solvent, and 
a light-brown amorphous powder (11), insoluble in cold aqueous alkali 
and containing 10 per cent. methoxyl, was obtained. 

Eighty-nine grams of the liquid (I) was subjected to fractional distilla- 
tion at  1 mm. pressure in a Podbielniak column, and 34.6 ml. of distillate, 
representing several fractions, was collected. The undistilled residue 
was obtained as a dark-colored glass-like substance. From the distilled 
fractions were identified the methyl esters of caprylic, capric, and lauric 
acid which have been previously reported.' These acids were identified 
by determination of the saponification equivalents of the esters, as well 
as by preparation of the corresponding toluidides according to the method 
of Koelsch and Tenenbaum! In the distillate were also obtained some 
high-boiling, dark-colored, viscous fractions possessing a green fluorescence 
which did not yield crystalline toluidides. 

In the preparation of toluidides from the fractions consisting of the 
methyl esters of capric and lauric acids, small quantities of an ether- 
insoluble crystalline substance were obtained which analysis and molecular- 
weight determinations showed to have the formula C ~ S H ~ O N ~ O ~ .  This 
corresponds to the toluidide of azelaic acid. Determination of the melting 
point of a mixture with the toluidide of authentic azelaic acid showed 
this to be the case. Azelaic acid has not been previously reported in the 
saponification products of the resin. It may not be present as such, 
however, but may be formed by the oxidizing action of silver oxide, during 

* KOELSCH AND TENENBAUY, J .  Am.  Chem. Soc., 66,3049-3050 (1933). 
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methylation, on the oleic acid known to be present. Its derivation from 
oleic acid would denote the presence of the A9Jo isomer. 

Saponification of the amorphous petroleum-ether-insoluble ester (11) 
with 10 per cent. alcoholic alkali yielded a dark-colored noncrystalline 
acid (111) containing 7.3 per cent. methoxyl, together with some ether- 
soluble resin. This shows the presence of hydroxyl groups in the molecule. 
The acid (111) is completely soluble in dilute, but not in concentrated, 
alkali. Ebulliscopic molecular-weight determinations in methanol gave 
values of 533 and 524 for I1 and 420 and 437 for 111. A molecular-weight 
determination by electrometric titration of I11 gave a value of 512 f 5. 
The equivalence point was a t  pH 8.14, indicating a dissociation equal to 
that of the usual organic acid.1 

The unsaturated character of the acid (111) was demonstrated by its 
reaction with alkaline permanganate and the precipitation of a bromide 
when its acetic acid solution was treated with bromine. This material 
has not been studied further. 

Boehm, Flaschentrager, and co-workers6 have reported the isolation of 
phorbol, a crystalline nontoxic polyhydroxy compound obtained by care- 
fully controlled hydrolysis of a toxic constituent of croton oil. This in- 
teresting substance reacquires almost the original toxicity of the parent 
material when acetylated. While the author has not repeated this work, 
he has observed7 that methylation of croton resin yields a resinous prod- 
uct containing 11.7 per cent. OCHa, which is no longer toxic to goldfish 
or vesicant to man. Since this observation was first reported, an experi- 
ment has been carried out to show that this loss of activity was due to 
masking of the free hydroxyls of the resin and not to any oxidizing action 
of the silver oxide used in methylation. These facts suggest the possibility 
of the presence of more than one toxic substance in the resin mixture. 
An analogy to this loss of toxicity due to masking of hydroxyl groups is 
furnished by urushiol, the active constituent of both Japan lac. from 
Rhus vernicifera D c . ~  and poison ivy (Rhus toxicodendron) $, whose vesicant 
action closely resembles that of croton resin. Urushiol consists of a mix- 
ture of unsaturated isomers, which upon hydrogenation yields the single 
compound, hydrourushiol, or l-n-pentadecyl-2,3-dihydroxybenzene. 

Toyama'O first showed that urushiol dimethyl ether is not vesicant, 
and while hydrourushiol is less toxic than the unsaturated parent cam- 

$ The author is indebted to s. A. Shrader for the ebulliscopic molecular-weight 

7 SPIES, J .  Am.  Chem. SOC., 67,182-184 (1935). 
* MAJIMA, Ber., 66B, 172-191 (1922). 

10 TOYAYA, J .  Cutaneous Diseases, SO, 157-165 (1918). 

determinations and to D. H. Wheeler for the electrometric titration. 

HILL, MATTACOTTI, AND GRAHAM, J .  Am. Chem. SOC., 66,2736-2738 (1934). 
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pounds, it also becomes inactive upon methylation. Hill and co-workersv 
verified the observations of Toyama regarding the important relation of 
the hydroxyl groups to toxicity. 

This relationship of hydroxyl groups to toxicity indicates the possibility 
in the case of croton resin, of isolating from the complex mixture the 
compound or compounds responsible for its physiological activity. Hy- 
drolysis of the methylated resin (11.7 per cent. OCH3) by alcoholic alkali 
should leave the methoxyl groups intact, and the component containing 
them should be more stable and could then possibly be isolated from the 
saponification products. A preliminary experiment was conducted with 
this in view. The saponification products of some methylated resin were 
separated, and the methoxyl content of the fractions was determined as 
follows: Fatty acids, 5.5 per cent.; petroleum-ether-insoluble acids, 5.5 
per cent. ; water-soluble constitutents, 13.1 per cent. ; an ethereal extract 
of the aqueous solution of the water-soluble constituents, 8.1 per cent. 
The acidified aqueous solution of the saponification products of the 
methylated resin, after removal of the acids, still gives a deep red-violet 
color with ferric chloride. No crystalline products were obtained. 

EXPERIMENTAL 

Isolation of croton resin.-The resin used in this study was isolated by the method 

Anal. Found: C,68.3;H,8.90;OCH~,131.3,1.4. 
Saponification of the resin.-Four hundred eighty grams of resin was refluxed for 

two hours in 2 1. of 8 per cent. alcoholic potassium hydroxide under an atmosphere 
of hydrogen gas. The alcohol was evaporated, and the dark-colored residue waa 
dissolved in 1,200 ml. of water over which was stratified 700 ml. of petroleum ether 
(b.p. 50-70”). The mixture was vigorously stirred mechanically while it was slowly 
made acid t o  Congo red with dilute sulfuric acid. The water layer was separated 
from the petroleum-ether layer, which contained the insoluble acids in  suspension. 
These acids were separated and thoroughly washed with water. 

“Purification” of the petroleum-ether-insoluble acids.-For further separation of 
the fatty acids, the petroleum-ether-insoluble acids were dissolved in about 3 1. of 
95 per cent. methanol, and the solution was thoroughly extracted with petroleum 
ether (b.p. 50-70”) the final portion of which removed 0.2 g. of substance. The 
methanol-water was evaporated, and the residue was dried by distilling absolute 
ethanol-benzene from it. The benzene was finally removed by vacuum distillation 
on the steam bath in a current of hydrogen; yield, 225 g. When thoroughly freed 
from solvent this substance is obtained as a brown amorphous powder. 

Methylation of the petroleum-ether-insoluble acids.-Two hundred twenty-five grams 
of the dried acids was dissolvedin 850 ml. of anhydrous dioxane to  which was added 220 

of Cherbuliez, Ehninger, and Bernhard” as modified by the author.” 

11 CHERBULIEZ, EHNINGER, AND BERNHARD, Helv. Chim. Acta, 16,658-670 (1932). 
12 SPIEB, Ph.D. Dissertation, University of Maryland, 1934. 
l a  Found by method described by CLARE, J .  Assoc. 08. Agr. Chem., 16, 136-140 

(1932). 
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ml. of methyl iodide and 200 g. of silver oxide in small portions. The mixture was 
stirred mechanically and refluxed for ten hours. The solvents were distilled off on 
the steam bath under reduced pressure, and the residue waa taken up in ethanol and 
filtered from the silver oxide. The product was again dried by distilling with ben- 
zene. The average methoxyl content was 8.43 per cent. 

This partially methylated product was methylated twice more, methyl iodide being 
used as solvent. The methoxyl content was 11.2 and 12.5 per cent., respectively. 

Fractional precipitation of the methylated product.-The methylated material 
(12.5 per cent. OCHa) was dissolved in 150 ml. of dry acetone, to which solution was 
added with stirring 600 ml. of petroleum ether (b.p. 50-70"). The addition of the 
petroleum ether caused precipitation of a dark, tarry mass which was separated from 
the solution. The acetone-petroleum ether solution contained 74 g. of dissolved 
ester. This treatment was repeated twice on the insoluble mass, and 17.2 g. and 7.8 
g. of it remained in solution on successive treatments. 

The combined soluble fractions were obtained as a viscous dark-colored liquid (I). 
The solvent was removed from the fraction insoluble in petroleum-ether-acetone 

in a vacuum desiccator, and 108.5 g. of an amorphous brown powder (11) containing 
10.0 per cent. methoxyl was obtained. 

Anal. (11). Found: C, 68.00,67.86; H, 7.57,7.52. 
Alcoholic alkaline saponification of I1 yielded a dark, amorphous acidic material. 

This substance was extracted with ether, in which about 20 per cent. was soluble. 
The insoluble amorphous powder (111) contained 7.3 per cent. methoxyl. Fraction 
I11 is completely soluble in dilute, but not in concentrated, aqueous alkali. 

Anal. (111). Found: C, 66.85, 66.91; H, 7.04, 7.04. 
Bromination.-To a solution of 0.5 g. of I11 in 25 ml. of glacial acetic acid bromine 

was added to  excess. The amorphous precipitate was filtered off, washed with water, 
and dried; yield, 0.1 g. 

Anal. Found: C, 49.18, 49.67; H, 5.20, 5.33. 
The mother liquor was poured into water and another bromine-containing amor- 

phous precipitate was obtained. It was filtered, washed, and dried; yield, 0.47 g. 
The ester (11) also yields an amorphous bromide. 

Effect of silver oxide on the toxicity of croton resin.-Two and three-tenths grams of 
croton resin dissolved in 50 ml. of absolute ether to which 0.3 ml. of water waa added 
was refluxed with 2 g. of silver oxide for 46 hours. The resin was recovered and its 
toxicity to goldfish a t  a concentration of 0.5 mg. per liter at 26.6" was determined. 
Four fishes were killed by this resin in an average of 20 minutes, while, as previously 
reported, the methylated resin did not kill fish in stronger concentration in 1740 
minutes. * * 

Identification of azelaic acid.-Eighty-nine grams of the liquid esters (I) was frac- 
tionally distilled a t  1 mm. pressure with the use of the Podbielniak column. Several 
fractions were obtained, and, in the preparation of the toluidides of the fractions 
corresponding to the methyl esters of capric and lauric acids, about 0.7 g. of an 
ether-insoluble crystalline substance was obtained. When recrystallized to constant 
melting point from methanol, i t  melted sharply at 201-202' (a standardized Anschutz 
thermometer was used). The melting point of the toluidide of azelaic acid is not 
recorded in the literature, but analysis and molecular-weight determinations corre- 
sponded to this substance. The toluidide of authentic azelaic acid melted a t  201- 
202", and the melting point of a mixture showed no depression. 

** The author wishes to thank W. A. Gersdorff for these tests. 
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Anal. Calc’d for CZJH~ONPO~: C, 75.33; H, 8.25; N.  7.65. 
Mol. wt., 366. 
Found: C, 74.89, 75.09; H, 8.19, 8.28; N, 7.68, 7.85. Mol. wt. (Rast); 

338, 335. 

SUMMARY 

1. The petroleum-ether-insoluble substance obtained by saponifica- 
tion of croton resin has been shown to be a complex mixture of unsatu- 
rated polyhydroxy acids of high molecular weight. 

2. Azelaic acid has been shown to be present in the saponification prod- 
ucts, either as such or derived, by oxidation, from one of the unsaturated 
fatty acids known to be present. Its derivation from oleic acid would 
denote the presence of the A9J0 isomer. 

3. Croton resin does not lose its toxicity to goldfish on prolonged boiling 
of its moist ethereal solution with silver oxide. 
4. An analogous relationship between croton resin and urushiol from 

poison ivy and Japan lac is pointed out. In  both substances the hydroxyl 
groups are intimately associated with toxicity. 

5. Attention is directed to evidence of the presence of more than one 
toxic substance in the resin mixture. 



[CONTRIBUTION FROM THE COBB CHEMICAL LABORATORY OF THE UNIVERSITY 
OF VIRQINIA] 

OXIDATION-REDUCTION POTENTIALS OF A SERIES OF 
NITROSOBENZENEPHENYLHYDROXYLAMINE SYSTEMS 

ROBERT E. LUTZ AND MARION R. LYTTON 

Received December IS, 1036 

Nitrosobenzene and phenylhydroxylamine under some conditions form 
a typical reversible oxidation-reduction system that is stable and gives 
rise to reproducible potentials which can easily be measured.' 

We have determined the oxidation-reduction potentials of a series of 
derivatives and have obtained results which, in spite of the sensitivity of 
many of the compounds involved, are in the main sufficiently accurate 
and extensive to show the general reversibility of the various reductions, 
and to show the effect on the potentials of conditions and substitution 
in the benzene nucleus. These preliminary results are being reported a t  
this time because active work on the problem has been discontinued. 

In  Table I is listed the series of nitrosobenzene derivatives which have 
been prepared and used as oxidants, together with the oxidation-reduction 
potentials of the systems concerned, determined under standardized con- 
ditions, namely, 0.1 N hydrochloric acid in 50 per cent. acetone-water 
mixtures at  25'. This solvent was chosen rather than alcohol-water mix- 
tures because the systems studied were relatively unstable in the latter. 
The measurements of the potentials were made by the method of titration 
of the oxidant with the reducing agent, titanous chloride, the end- and 
midpoints being determined graphically and checked by the amounts of 
standardized reagent consumed. In  one instance, namely, p-bromonitroso- 
benzene, the titration results were checked by determination of the poten- 
tials directly by the method of mixtures of oxidant and reductant. The 
curves representing change in potential plotted against increments of reduc- 
ing agent followed with reasonable accuracy in most cases the theoretical 
curves calculated from the midpoint in the titration. Few of the systems 
measured were stable indefinitely and in many cases the titration had to 

1 CONANT AND LUTZ, J .  Am.  Chem. SOC., 46,1059 (1923). 
68 
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< 

TABLE I 
OXIDATION-REDUCTION POTENTIALS OF TEE VARIOUS NITROSOBENZENE-PHENYL- 

EYDROXYLAMINE SYSTEMS IN 50 PER CENT . ACETONE-WATER-O.~ N 

3.methyl .......................................... 
2,bdimethyl ...................................... 
4.methyl .......................................... 
2.4.dimethyl ...................................... 
3.5.dimethyl ...................................... 
2-ethyl ............................................ 

.4.ethyl ............................................ 

HYDROCHLORIC ACID AT 25' 

. 

BUB8mUENT# OF THE NITROBENZENE DERIVATIVII USED A0 OXIDANT 

'2-chloro , .......................................... 
3-chloro . .......................................... 
4.chloro ........................................... 
2.bromo ........................................... 
3.bromo .......................................... 
4-bromo .......................................... 
3-iOdO ............................................ 
4-iOdO ............................................ 

.4.fluoro ........................................... 

Alkyl 

Halogens 

Alkoxy1 

3-carbomethoxyl , ................................. 
Carboalkoxyl 4.carbomethoxyl .................................. 

and Nitro 2-carboethoxyl . ................................... 
3-carboethoxyl . ................................... 
4-carboethoxyl . ................................... 
4-carboisopropoxyl . ............................... I 

0.5820 
0.598' 
0.579* 
0.567' 

(0.595)' 
0.587 
0.579 
0.589 
0.560 

0.598 
0.583 
0.576 
0.592 
0.577 
0.575 
0.582 
0.577 

(0.574) 

(0.W) 

(0.596) 
(0.575) 

0.573 
0.554 

0 . 550d 

0.672 
0.822' 

0.610 
0.622' 

(0.586) 
0.613 
0.607 

(0.593) 

0 Values are expressed in terms of the hypothetical normal hydrogen electrode in 
the same solvent. assuming quinhydrone to be 0.699 v . .. .. d Deviation of the potentials from theoretical a t  + and f reduction is *2 mv . 
unless otherwise indicated as follows: (b) deviation is -3 to -4 mv . . (e) -5 mv . . (d) 
+3 to  +5 mv . 

Values in brackets are of questionable accuracy and may be in error by f3-6 mv . 
Other values unless indicated are probably accurate to f l - 2  mv . 
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OCHJ ....................... { OClH I ...................... Alkoxy1 

be carried out rapidly. The determinations which are of questionable 
accuracy because of instability of the systems are indicated in brackets; 
the others are accurate to fl-2 mv. The values are expressed in terms 
of a hypothetical normal hydrogen electrode, the measurements actually 
being made against a calomel or quinhydrone electrode, the latter being 
the real standard of reference. The values listed are expressed as the dif- 
ference between the potentials of the cell consisting of the oxidation- 
reduction half-cell and the quinhydrone electrode in the same solvent, 
subtracted from the value 0.699 v. assumed for the quinhydrone electrode 
in this solvent (we have arbitrarily chosen to use the actual potential of 

$18 
$14 

TABLE I1 
THE DIFFERENCES BETWEEN THE OXIDATION-REDUCTION POTENTIALS OF THE 

NITROSOBENZENE-PHENYLHYDROXYLAMINE SYSTEM AND ITS DERIVATIVES 

COOCHJ .................... 
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  

NOS. .  ...................... 

1 POTENTIAL DIFFERENCE IN YV. REBULTINQ 
WHEN GROUP IS 

+40 
+40 

+90 
-- 

SUBSTITUENT QROUP 1 ortho 

(F .......................... . I  - 
C1. ......................... +16 
Br ....................... ...I +10 

.......................... l -  

meta 

-3 
- 

+1 
-5 

0 

-9 
-7 

para 

- 15 
- 22 

-8 
-6 
-7 
-5 

- 28 
- 32 

+28 
+31 
+25 

quinhydrone in water, rather than the value in alcohol [cf. ref. (l)]). The 
potentials are significant therefore only in relation to each other and to 
quinhydrone under the standard conditions we have chosen, and of course 
are only approximately comparable with potentials of these and other 
compounds determined in water or other solvents. 

The effect of substitution of groups on the potential of the arylnitroso- 
arylhydroxylamine system is outlined in Table 11. Alkyl groups when 
ortho to the nitroso group raise the potential, when para lower it, and 
when meta have little effect. The halogens, which are nearly equivalent 
to each other in effectiveness, in the ortho position also raise the potential, 
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when para lower it, although only slightly, and in the meta positionare 
apparently without appreciable effect. The strongly ortho-para orienting 
groups, methoxyl and ethoxyl, show close agreement with each other, 
raising the potential when ortho, lowering it very slightly when meta, 
and lowering it very considerably when para. It is apparent from these 
facts that  the ortho-para orienting groups when located meta to the 
nitroso group have very little or no effect on the potential, but when 
ortho consistently raise it, and when para consistently lower it. 

The substitution of the carboxylic ester group in either the ortho or 
the para position raises the potentials considerably, by 40 mv. when ortho, 
and 25-31 mv. when para. Ortho nitro-nitrosobenzene, the only nitro 
compound studied, gave the highest potential, 90 mv. above that of 
nitrosobenzene itself. The meta carboxylic esters gave somewhat uncertain 
values which were, however, qualitatively similar to the potential of 
nitrosobenzene itself, showing the meta substitution to be without signifi- 
cant effect. 

From the foregoing results it is evident that  both ortho-para and meta 
orienting groups, located ortho to the nitroso group, raise the potential, 
the carboxylic ester and nitro groups having the greater effects. I n  the 
para position, however, the effects of the two types of groups are opposite, 
the ortho-para orienting groups lowering and the meta orienting groups 
raising the potential. Meta substitution has consistently little or no 
effect on the potential regardless of the nature of the group. 

A comparison between nitroso compounds and quinones with respect 
to  the effects of substitution on oxidation-reduction potential is of interest. 
However, meta and para substitution in nitroso compounds finds no 
counterpart in substitution in the para quinones. There is some struc- 
tural analogy between the ortho monosubstituted nitroso compounds and 
the quinones with substituents fl to one of the quinone carbonyl groups; 
but the adjacency of the substituent to the other carbonyl is a factor 
which renders comparison of uncertain significance. Chlorine and bro- 
mine raise the potential of the quinone-hydroquinone system about 13 mv. 
This is in degree and direction close to the effect of ortho halogen on the 
nitrosobenzene potential. Alkyl and alkoxy1 in the quinone series, how- 
ever, lower the potential sharply in contrast to the opposite effect in the 
ortho nitrosobenzenes. On the other hand such groups as the carboxylic 
ester in quinone raise the potential in much the same way as in the ortho 
and paxa nitrosobenzenes. 

Of the many nitrosobenzene drivatives studied, only two, nitrosome- 
sitylene, and o-iodonitrosobenzene, failed to give reproducible oxidation- 
reduction potentials, and were not reduced by titanous chloride under 
the usual conditions. Common to both of these compounds is heavy 
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substitution ortho to the nitroso group and steric influence is undoubtedly 
in some way responsible for the phenomenon. These results are consist- 
ent with the fact that 2,6dimethyl and 2,4,6-trimethylnitrosobenzenes 
do not undergo normal reduction easily as do the other homologs with 
one or no ortho substituent.2 

A series of determinations of oxidation-reduction potentials of a number 
of typical nitroso compounds was made a t  35” and at  45” in order to obtain 
temperature coefficients, but in view of the magnitude of the experimental 
error, and the uncertainty of many of the measurements a t  the higher 
temperatures only a qualitative statement of the results is warranted. 
It may be said that the temperature coefficients lie between -0.5 and 
-2.0 mv. per degree, nitrosobenzene and the methyl derivatives having 
high values (-1.1 to -2.0 mv. per degree) and the carboxylic ester, the 
o-nitro, halogens and the methoxy compounds consistently lower values 
(-0.8 mv. per degree or less). These values may be compared with 
the temperature coefficient of -1.1 mv. per degree for quinoneaa 

The effect of hydrogen-ion concentration on the potential of a typical 
nitroso compound, p-bromonitrosobenzene, was studied, but because of 
the many uncertainties the determinations are only qualitative. Over 
a range of pH up to approximately 5 the change in potential of the p-  
bromonitrosobenzene-p-bromophenylhydroxylamine system very closely 
parallels the change in the quinhydrone electrode potential with approxi- 
mately the anticipated “0.6” slope except in the extreme acid range where 
there appears to be some deviation corresponding perhaps more closely 
to the “0.9” slope characteristic of systems where the reductant may form 
salts. The oxidation-reduction potentials could not be followed beyond 
a pH of about 5 due to increasing instability of the systems under these 
conditions. 

EXPERIMENTAL 

Of the nitroso compounds listed in Table I, all but eight are known. Many of 
them are unstable, particularly when impure. The usual method of preparation, 
namely, oxidation of the corresponding phenylhydroxylamine with chromic acid, 
with subsequent steam distillation, was found to be inferior in many cases t o  the 
method utilizing ferric chloride where the product can usually be isolated directly in 
the crude condition and washed free from acids before steam distilling. 

The nitrosobenzene homologs were best purified by successive steam distillations, 
since crystallization from solvents gave relatively unstable products in many cases. 
Compounds in this series were the least stable, and were stored in an ice box and used 
as soon as possible after preparation. The carboalkoxy and halogeno derivatives 
were relatively stable and were handled adequately by ordinary crystallization 
methods. The alkoxy1 derivatives were the most difficult to prepare and were made 

* BAMBERGER AND BRADY, Ber., 33,274 (1900). 
a CONANT AND FIESER, J .  Am. Chem. SOC., 44,2480 (1922). 
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by oxidation of the corresponding alkoxyaminobenzenes by means of Caro's acid. 
The ortho compounds were reasonably stable, but the para less so, while the meta 
compounds decomposed on drying and had to be used immediately after preparation. 

o-NitrosotoZuene4 was prepared as follows: 15.6 g. of o-nitrotoluene, 24 cc. of water, 
42 cc. of ethanol, and 1.5 g. of calcium chloride, heated to boiling, with mechanical 
stirring, were treated with 20 g. of zinc dust (added slowly). After 10 min. the resi- 
due was filtered off and the solution poured into 600 cc. of ice water containing 37 g. 
of ferric chloride. The o-nitrosotoluene separated as a solid and was filtered off, 
washed on the filter with water, and then steam-distilled twice (yield 20%, m.p. 
72.5'). 

m- and p-Nitrosotoluenes4 and $,a- and IJ-dimethylnitrosobenzenes were prepared 
by the above procedure. Three new homologs, namely, 3,b-dimethylnitrosobenzene 
(m.p. 59'), o-ethylnitrosobenzene (m.p. 61°), and m-ethylnitrosobenzene (m.p. 22O), 
were also obtained by the above procedure from the corresponding nitro compounds 
in yields of 13-16% of purified material. They were difficult to get into a condition 
of analytical purity and were not analyzed. They each reacted nearly quantitatively 
with two equivalents of titanous chloride. In view of the mode of preparation 
from the corresponding known nitro compounds, their reduction by two hydrogen 
equivalents of titanous chloride, and their sharp oxidation-reduction potentials 
which were of the correct order, their structures are certain. 

Nitrosomesitylene was prepared by the above method and also by the oxidation of 
mesidine with Caro's acid.', 4b 

The 0-, m-, and p-nitrosomethylbenzoates and 0-, m-, and p-nitrosoethylbenzoates 
were prepared according to the directions of Alway and Walker.6 

p-Nitrosoisopropylbenzoate (new) was obtained also by this method in a yield of 
40%. It melted a t  61-62" and reacted practically quantitatively with two equiva- 
lents of titanous chloride. 

p-Fluoronitrosobenzene' was prepared by the Alway and Walkereo. method using 
however ferric chloride as the oxidizing agent. 

o-Chloronitrosobenzene."ine grams of o-nitrochlorobenzene was reduced by 
adding 10 g. of zinc dust to a boiling solution in 50 cc. of ethanol, 12 cc. of water, 
and 0.5 g. of calcium chloride, heating being continued for 10 minutes with stirring. 
The filtered solution was added to a solution of 18.5 g. of ferric chloride in 600 cc. of 
water and ice, the crude nitrosochlorobenzene being filtered off, washed, and steam- 
distilled (yield 40%, m.p. 56'). 

The in- and p-chZoronitrosobenzenesh were prepared similarly in yields of 29 and 
41%, respectively, with melting points of 72" and 89.5', respectively. 

o-Bromonitrosobenzene~ was prepared by reducing 11.5 g. of o-nitrobromobenzene 
in 100 cc. of alcohol, 15 cc. of water, and 0.5 g. of calcium chloride with 10 g. of zinc 
dust a t  boiling temperature, and adding the filtered solution to a solution of 18.5 g. 

4 (a) BAMBERGER, Ber., 28, 245 (1895); ( b )  VON PECHMANN AND NOLD, ibid., 31, 

6 BAMBERGER AND RISING, Ber., 33,3632 (1900). 
* (a) ALWAY AND WALKER, Ber., 36, 2312 (1903); (b)  ALWAY AND PINCKNEY, 

7 RINKES, Chem. Zentr., 1914, I, 2036. 
8 cf. EAWORTH AND LAPWORTH, J .  Chem. SOC., 119,768 (1921). 

BAMBERGER, Ber., 28,1222 (1895). 

561 (1898); (c) BAMBERGER AND RISING, Ann., 316,277 (1901). 

Am. Che,m. J . ,  32,399 (1904). 
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of ferric chloride in 600 cc. of water and ice. The crude nitrosobenzene was filtered 
off, washed, and steam distilled (yield 35%, m.p. 97'). 

m- and p-Bromonitrosobenzenea, were prepared similarly. p-Hydroxylamino- 
bromobenzene was prepared in the usual way in a yield of 47% (m.p. 92°).0 

o-lodonitrosobenzene (new) was prepared by reducing 14.5 g. of iodonitrobenzene 
in 200 cc. of alcohol, 15 cc. of water and 0.5 g. of calcium chloride a t  boiling tempera- 
ture with 10 g. of zinc dust, the filtered mixture being diluted with 100 cc. of alcohol, 
boiled for a half hour and filtered. The solution was added slowly to  a solution of 
18.5 g. of ferric chloride in 600 cc. of water and ice, the crude product being filtered, 
washed, and steam distilled (yield 30%; m.p. 117"). 

Anal. Calc'dfor CaHJNO: C, 30.9; H, 1.7; I, 54.4. 
Found: C, 31.4; H, 1.8; I, 54.6. 

m-lodonitrosobenzene (new) was prepared as above (yield 19%; m.p. 77"). 
Anal. Calc'd for CaHJNO: I, 54.4. Found: I, 54.4. 
p-lodonitro~obenzene~~ was also prepared as above. 
o-Methoxynitrosobenzene (o-nitrosoanisole)lo was prepared in the following man- 

ner: 13.5 g. of potassium persulfate was added to 15 g. of concentrated sulfuric acid 
in a small mortar and the mixture was ground to homogeneity and allowed to stand 
for one hour. The solidified product was dissolved in 300 cc. of water and 400 cc. of 
ice, made alkaline with sodium carbonate and acidified with acetic acid; 6.15 g. of 
o-anisidine was added and the mixture was stirred for 25 min. and filtered, the solid 
then being washed and steam-distilled (yield 7%; m.p. 101.5"). 

m-11 and p-'OMethoxynitrosobenzenes and 0-, m- and p-ethoxynitrosobenzenes (nitro- 
sophenetoles)l* were prepared in exactly the same way in yields of 13-23010. In  the 
preparation of p-ethoxynitrosobenzene the mixture after oxidation was directly 
steam distilled since the product was low melting (30"). The m- and p-ethoxynitro- 
sobenzenes are new but were not obtained sufficiently pure for analysis. They 
reacted with two hydrogen equivalents of titanous chloride and gave oxidation- 
reduction potentials of the expected order of magnitude. 

The apparatus and measurement of potentials.-The usual procedures' were fol- 
lowed and need be only briefly summarized here. For the titration half-cell a 400- 
cc. wide-mouthed bottle was used, fitted with a rubber stopper carrying a mercury- 
sealed stirrer, an inlet tube for introducing titrating agent and pure nitrogen for 
sweeping, and an agar-agar-potassium-chloride salt bridge. A thermostat con- 
trolled the temperature a t  25 & 0.1". The electrode was of the platinized platinum 
type. The standard reference half-cell was either quinhydrone in the standard 
solvent or calomel which had been checked against quinhydrone during and after 
use. In many instances both quinhydrone and calomel were used in different runs on 
the same compound with identical results. The actual runs were made as follows: 
0.0005 moles of the nitroso compound was dissolved in 100 cc. of acetone, and 100 cc. 
of standard hydrochloric acid was added. The apparatus was swept with nitrogen 
and titration was carried out with standardized titanous chloride, the equilibrium 
potentials being noted. The variation in concentration of acetohe on addition of 
the aqueous titanous chloride was shown experimentally to have a negligible effect. 
The necessary small corrections for the change in acid concentration during titration 
due to  the excess of acid in the standardized titanous chloride solution were made, and 

1 0  BAEYER AND KNORR, ibid., 36,3034 (1902). 
11 BAUDISCH AND FURST, ibid., 48,1665 (1915). 
11 RISING, ibid., 37, 43 (1904). 
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the results all referred to 0.1 N hydrochloric acid solution, the actual average con- 
centration involved in these measurements. The validity of these corrections was 
checked by controlled experiments on p-bromonitrosobenzene by the method of 
mixtures and titrations under the various conditions actually used in the experi- 
ments. The observed potentials were plotted against increments of standardized 
reducing agent and the midpoints were determined by the graphical method with 
the amount of reducing agent consumed serving as a check. 

SUMMARY 

The oxidation-reduction potentials of a series of substituted nitroso- 
benzene-phenylhydroxylamine systems have been determined, and the 
effects of substitution of different types of groups in the various positions 
are discussed and compared with the effects of similar groups on the quin- 
one-hydroquinone potential. 

Eight new nitrosobenzene derivatives are described. 
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INTRODUCTION 

Several investigators! have reported that carbon tetraiodide yields 
iodoform and a hypoiodite when treated with alkaline reagents. In spite 
of the fact that contradictory results are recorded by other investigators, 
the belief that in carbon tetraiodide one atom of iodine is “positive” is 
quite widespread among chemists. Waters and Lowryz have even sug- 
gested the term “inverse substitution” to account for this phenomenon. 

From the standpoint of the hypothesis developed by one of us and 
collaborators, it appeared highly improbable that carbon tetraiodide 
should yield iodoform and a hypoiodite when treated with an alkali. 
Our recent investigation has confirmed our a priori conviction that “posi- 
tive” iodine is not eliminated in the hydrolysis of carbon tetraiodide. 
Furthermore, in view of our findings, and because of theclaim that “iodine 
is even more easily [than bromine] expelled as a positive radical by 
inverse substitution,”* we are inclined to believe that no methane halogen 
compound eliminates a “positive” halogen upon hydrolysis with alkali. 
The quotation from Waters and Lowry: in support of the hypothesis of 
“inverse substitution” that “the ease with which iodine can be expelled 
is indeed so great that it can be eliminated in an elementary form from 
the tetrahalogen derivatives without the intervention of alkali,” is without 
foundation, and is based upon erroneous interpretations by the original 
investigators. We have shown quite conclusively that the elimination of 
iodine from carbon tetraiodide (in benzene or chloroform) at ordinary 
temperatures is caused by oxygen of the air. 

PREVIOUS WORK 

Most of the work on the interaction of carbon tetraiodide with various 
reagents is quite old. As early as 1874, Gustavsons reported the forma- 

‘NEB, Ann., 308, 330 (1889); JONES, see STIEGLITZ, J .  Am. Chem. Soc., 44, 1307 
(19B). 

* W A T ~ R S  AND LOWRY, “Physical Aspects of Organic Chemistry,” D. Van Nos- 

* GUSTAVSON, Ann., 172, 173 (1874). 
trand Company, Inc., New York, 1938, p. 223. 
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tion of iodoform when carbon tetraiodide was heated in water solution. 
On the other hand, Moissan4 was unable to obtain any iodoform by heat- 
ing carbon tetraiodide with water in a sealed, evacuated tube. The state- 
ment is made that the solution possessed no oxidizing properties. Nef,’ 
however, claims that iodoform was obtained as a result of the hydrolysis 
of carbon tetraiodide with alcoholic potassium hydroxide, sodium ethylate, 
alcoholic potassium cyanide, and with alcohol alone at 100’. The details 
of the experimental procedure are entirely lacking. Jones’ claims that 
treatment of carbon tetraiodide with water produces hypoiodous acid. 
If the formation of iodoform and hypoiodous acid by the hydrolysis of 
carboa tetraiodide is to be accepted without question, the presence of a 
“positive” iodine in carbon tetraiodide may be accounted for by the fol- 
lowing schematic representation : 

I I 

I I 
I-C-I + HOH 3 I-C-H + HOI. 

DISCUSSION OF RESULTS 

Before proceeding with the discussion of our study of the hydrolysis of 
carbon tetraiodide with various reagents, it is necessary to discuss the 
results of some of our preliminary experiments. First, we have been un- 
able to effect hydrolysis of carbon tetraiodide with aqueous alkali at room 
temperature. Hydrolysis was negligible when the reaction mixture was 
boiled for several hours, and allowed to stand for several months. It is 
quite likely that the insolubility of the carbon tetraiodide in water is re- 
sponsible for this apparent lack of reactivity. Second, the decomposition 
of carbon tetraiodide in various solvents is contingent upon the available 
oxygen. Thus, solutions in methyl and ethyl alcohol decompose quickly 
(a matter of minutes) if the solutions are shaken while exposed to air. 
In  a sealed tube, and particularly in evacuated tubes, alcoholic solutions 
of carbon tetraiodide keep fairly well. Little decomposition is noted in 
the evacuated tubes at the end of three or four days. The stability of 
carbon tetraiodide is greatest in tertiary butyl alcohol; a sample sealed 
with air present in the tubes decomposed only after the solution had stood 
for twenty days at room temperature and for ten hours a t  50’. However, 
a similar experiment with the air removed from the tube did not show 
any decomposition of the carbon tetraiodide a t  the end of the heating 
period. Again, a benzene solution of carbon tetraiodide, when shaken in 
air, decomposes to give a quantitative yield of iodine within a few min- 
utes, but shows only slight decomposition at the end of six weeks when 

4 MOISSAN, Compt. rend., 113, 20 (1890). 
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34.8 V 
58.7 V 
72.9 V 

84.7 V 
74.9 V 
67.9 V 
75.9 V 
76.0 V 

0.0 V 
0.0 V 
0.0 F 

94.0 V 
76.0 V 
81.2 F 

0.0 V 
0.0 V 
0 .0  F 

84.9 V 
84.2 V 
98.7 F 

kept in an evacuated tube. Similarly, solutions of carbon tetraiodide in 
chloroform yield iodine readily when in contact with air, but the tetra- 
iodide can be successfully crystallized from this solvent when air is rigidly 

TABLE I 
HYDROLYSIS OF CARBON TETRAIODIDE AND  IODOFORM^ 

REAC- 

REMARKE IODOMETHANE, ::&, HYDROLYTIC AGENT,  IODIDE,^ CONDI- TION 
No' I MOLES x 10' I cc, 1 MOLHISa 1 %b 1 TIONB 1 TI221 

Experiments in Water 

Air 
Air 
Air 

Vac. 
Vac. 
Air 
Air 
Air 

Air. 
Vac. 
Vac. 

Air. 
Vae. 
Vac. 

Vac. 
Air 
Vac. 

Vac. 
Air 
Vac. 

Experiments in Methanol 
_. 

3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 - 

CHIS 5.09 
CHI3 5.09 
CHI3 5.09 

CII 9.61 
CI4 9.61 
CI4 3.85 
cI4 9.61 
cI4 9.61 

CHI8 12.7 
CHI8 12.7 
CHI, 12.7 

CIr 5.09 
cI4 5.09 
CII 9.61 

CHI8 12.7 
CHI3 12.7 
CHIS 12.7 

CI4 9.61 
CI4 9.61 
CId 9.61 

4 
4 

50 

50 
4 
4 
4 
5 

5 
5 
5 

5 
5 
5 

5 
5 
5 

5 
5 
5 

KOH 13.0 
KOH 6.9 
KOH 6.9 

KOH 6 .9  
KOH 6 . 9  
KOH 18.5 
KOH 6 .9  
KOH 5 .0  

CaO 5.0 
CaO 3 .5  
CaO 4.0 

CaO 5.0 
CaO 5.0 
CaO 4.0 

NaOC6H6 4.0 
NaOCsH6 4 .0  
NeOCeH6 4 .4  

NaOCeHs 5 . 0  
NaOCeHs 5.0 
NaOCaHs 4 .6  

__ 
1 
2 
2 

1 
2 
1 
2 
3 

6 
10 
30 

6 

30 

2 
3 

30 

2 
3 

30 
__ 

Incomplete; GI, 
recovered. 

a Per mole iodomethane. 
b Expressed as percentage of the theoretically possible yield. 
c Initials indicate whether the Volhard or Fajans titration method was used. 
d No free iodine was obtained in any of these experiments. 

excluded. This process can be carried out most conveniently in a highly 
evacuated system. 

The results of the hydrolysis experiments upon carbon tetraiodide and 
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NO. 

1 
2 
3 
4 
5 

6 

iodo€onn with a variety of reagents are given in Tables I and 11. The 
hydrolytic experiments with iodoform are of importance from the stand- 
point, of the mechanism suggested by the earlier workers for the hydrolysis 
of carbon tetraiodide. Iodoform, it may be recalled, is the intermediate 
product postulated by these investigators in the hydrolysis of carbon 
tetraiodide. In Table I, experiments 3 to 10 inclusive indicate that potas- 
sium hydroxide is not a suitable reagent for our purpose, for it causes the 
hydrolysis of both iodoform and carbon tetraiodide, and is not the differ- 
ential reagent needed for the purpose. Calcium oxide and sodium phe- 
nolatie, however, are ideal hydrolytic reagents. They do not affect iodo- 
form in alcoholic solution (cf. experiments 11-13 and 17-19, inclusive), 
but cause complete hydrolysis of the carbon tetraiodide (cf. experiments 

-- 
CI4, 

MOLE0 x 104 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 

-- 

-- 

TABLE I1 
EFFECT OF ALKALI AND AIR ON HYDROLYSIS OF CARBON TETRAIODIDE 

METHANOL 

Conc.d eo. 

60% 5 
50% 5 
60% 5 
60% 5 
60% 5 

60% 5 

--- 
KOH, 

MOLES" 

1 
2 
3 
4 
6 

1 

CONDI- 
ZION0 

Air 
Air 
Air 
Air 
Air 

Vac. 

 IODIDE,^ 
%b 

RIDAC- 
TION 

TIME, 
HOUR0 -- 
4 
4 
4 
3 
3 

49 

20.8 F 
58.9 F 
72.5 F 
80.7 F 
98.8 F 

24.4 F 

IODINE, 
%b 

79.2 
41.1 
27.5 
19.3 
0.0 

0.0 

REMARK0 

Most of CI, 
recovered. 

(19 b. 

d Expressed as percentage of methanol by volume in methanol-water mixture used 
Have the same significance as in Table I. 

a8 solvent. 

14-16 and 20-22 inclusive). Another experiment, not listed in the table? 
in which a mixture of iodoform and carbon tetraiodide was hydrolyzed 
under similar conditions, showed that the stability of iodoform was not 
affected by any product from the carbon tetraiodide. These experiments 
prove beyond reasonable doubt that iodoform is not an intermediate 
product in the hydrolysis of carbon tetraiodide, and that hypoiodites 
are not formed in the hydrolysis of this substance. 

That our analyses for total iodides are in some cases lower than the 
calculsted values is due in part to incomplete hydrolysis and in part 
to the use of the Volhard method for the determination of iodides in the 
reaction mixture. Much better results were obtained by the method 
of Fajans and Hassel,6 and therefore the analytical method is indicated 
for each experiment in the tables. 

8 FAJANS AND HASSEL, 2. Elektrochem., 29,495 (1923). 
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Table I1 shows clearly the effect of air and quantity of potassium hy- 
droxide used on the amount of iodine formed by hydrolysis of carbon 
tetraiodide. When sufficient alkali is used to neutralize all hydriodic 
(and carbonic) acid formed, no free iodine is formed. When insufficient 
alkali is used, iodine is liberated in the presence of air, but not in the 
absence of air (experiment 6), and in the latter case, hydrolysis is neg- 
ligible after the alkali is used up. The natural explanation, therefore, is 
that carbon tetraiodide is attacked directly by the oxygen present in 
the reaction vessels. Calculations have shown that sufficient oxygen was 
present to effect this reaction. The decrease in the amount of iodine 
formed from 79 per cent. to 0 per cent. when the proportion of potassium 
hydroxide was varied from 1 to 6 moles is very striking, but definitely in 
accord with the above suggestion. 

There remains still one unexplained fact, namely, the formation of 
iodoform reported by the earlier investigators when the carbon tetra- 
iodide is treated with alkali. Our data, as well as our interpretation of 
the reaction, led us to believe that if the observations of the earlier inves- 
tigators were correct, the differences in our results are due to the presence 
of some reducing agents in the solvents used by the earlier investigators. 
Accordingly, we added small amounts of the corresponding aldehydes to 
the alcohols used as solvents. Here numerous difficulties were encoun- 
tered. When insufficient alkali was used, iodine, as expected, was formed, 
due to oxidation of carbon tetraiodide or intermediate hydrolysis products. 
With a large amount of alkali and a small amount of aldehyde the normal 
hydrolysis was faster than the reduction of the carbon tetraiodide to iodo- 
form. The percentage of water in the alcohol is of importance, for water 
decreases the solubility of the carbon tetraiodide in alcohol. Yet it is 
possible to choose conditions, even when only minute amounts of the alde- 
hyde are employed, such that substantial conversion of the carbon tetra- 
iodide to iodoform is obtained. Because of the large differences in molec- 
ular weight and the small quantities of carbon tetraiodide employed, even 
a very low concentration of aldehyde in the alcohol would furnish a mole 
of aldehyde to a mole of carbon tetraiodide. In  one experiment with 
alkali and formaldehyde between 85 per cent. and 100 per cent. of the cal- 
culated amount of iodoform was actually isolated. The very large excess 
of potassium hydroxide was probably unnecessary. 

Another phenomenon which may have deceived some earlier investiga- 
tors, since it temporarily deceived us, is the color change when the dark 
red carbon tetraiodide is dissolved in an alcohol, with or without alkali, 
and precipitated immediately with water. The product is a yellow- 
orange solid, resembling iodoform contaminated with a little carbon tetra- 
iodide much more than it resembles the initial carbon tetraiodide. 
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97.4 F 
96 F 

82.5 F 
58.9 F 
56.8 F 
98 F 

33-46 F 

Wle should state further that we are of the opinion that, while the 
general conclusions drawn concerning Table I11 are absolutely valid, it 
will :probably be difficult for others to duplicate any given experiment 
so as to obtain exactly the same result as we have recorded. We suspect 
that such factors as the age and purity of carbon tetraiodide, perox- 
ide content of solvent and aldehyde, alcohol and potassium hydroxide 

TABLE I11 
EFFECT OF A X A L I  AND ALDEHYDES ON CARBON TETRA IODIDE^ 

0.0 
0 . 0  

12.7 
41.1 
43.2 
0 .0  

0.0 

- 
NO. 

12 
6 

1 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 
12 

13 
14 
15 
16 
17 
18 

26.3 F 51.5 
99.4 F 0.0 

69.2 F) Remair 

- 
oLEe  

< 10' 

1 9  
2 0  
2 0  
2 0  
1 9  
1 9  
1 9  
1 9  

1 9  
1 9  

1 9  
1 9  

C14 

- 

1 9  
1.9 
1 9  
1 9  
1 9  
1.9 
._ 

72.3 F 

29.2 F 
27 F 
50.8 F 
44.4 F 
29.4 F 
57.4 F 

AICOEOL~ BOLVENT 

ture of CHI8 
and unchanged 

6 
cI4 
62 
39.1 33 
0.0 47 
4.4 59 

25.4 20 
0 .0  32 

Cono. 

40% Methyl 
43% Methyl 
43% Methyl 
43% Methyl 
50% Methyl 
50% Methyl 
50% Methyl 
57% Methyl 

40% Ethyl 
40% Ethyl 

40% Ethyl 
40% Ethyl 

50% Ethyl 
95% Ethyl 
95% Ethyl 
95% Ethyl 
95% Ethyl 
95% Ethyl 

- 
:0 
- 
5 
7 
7 
7 
6 
6 
6 
7 

5 
5 

5 
5 

4 
4 
5 
4 
5 
5 
- 

ALDEHYDB, 
YOLBS' 

Form-, 1 
0 

Form-, 1 
Form-, 5 
Form-, 1 
Form-, 2 
Form-, 3 
Form-, 0 .1  

Form-, 1 
Form-, 1 

Acet-, 1 
Acet-, 1 

Acet-, 1 
Acet-, 1 
Acet-, 1 
Acet-, 2 
Acet-, 3 
Acet-, 3 

- 
0 

I 
!$ 
- 
70 
50 
50 
50 
2 
2 
2 

70 

1 
70 

35 
70 

1 
1 
3 
2 
1 
3 - 

REAC- 
TION 
TIME, 
90URB - 
12 
7 
7 
7 
3 
1 . 5  
5 
6 

I- 

1 

1 
0 . 5  
0.17 
0.25 
1 .5  
0.17 

CHI#, %b 

94 
0 
0 

72 89 
0 
0 
0 
0 

4 
0 

!r a mix- 

as bs c Have the same significance as in  Table I. 
d All experiments made on shaking machine in glass-stoppered bottles containing 

e Expressed as percentage of alcohol by volume in alcohol-water mixture used as 
air. 

solvent. 

concentration, temperature, illumination, and agitation may be very 
important in determining both reaction rate and products. 

Our investigation suggests that the observations of the earlier investi- 
gators, that carbon tetraiodide upon treatment with alkali yields iodoform, 
may be essentially correct. The interpretation of such results, however, 
is to be sought in the reducing impurities (aldehydes, etc.) which were 
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most likely present either in the solvents or in the alkali used in the 
experiments. 

EXPERIMENT A L 

Preparation and properties of carbon tetraiodide.-Carbon tetraiodide was prepared 
by the method first suggested by Spindler.6 The modifications recommended by 
Lantenois' were found essential. The carbon tetraiodide prepared by this method 
could not be successfully crystallized from any organic solvent in air. However, 
excellent results were obtained by the use of chloroform in a highly evacuated extrac- 
tion apparatus. We believe that under similar conditions benzene and other low- 
boiling solvents could be used equally well. 

As far as we have been able to  find, carbon tetraiodide has not been analyzed 
successfully, nor have any reproducible physical constants been recorded for that 
substance. The best analysis for iodine recorded in the literatures is 97.0%, while 
the calculated value is 97.69%. It can be seen very readily that since the proportion 
of iodine in  iodoform is 96.69%, an iodine analysis does not indicate the purity of 
carbon tetraiodide. We experienced great difficulty with the analysis of carbon 
tetraiodide for iodine when the usual methods were employed, such as the decompo- 
sition of the sample with sodium in liquid ammonia, heating with concentrated nitric 
acid and silver nitrate,lo etc. However, a rather unusual method of analysis was dis- 
covered which gave very satisfactory results. The method depends on an observa- 
tion, made by us, that when carbon tetraiodide is treated with benzene and the mix- 
ture is shaken, iodine is evolved. Presumably the following reaction takes place: 

CL + 0 2  + co2 + 212. 
The iodine thus liberated can be titrated with thiosulfate. Actual experiments gave 
a value for iodine of 97.4% as compared with a theoretical value of 97.69%. 

Carbon tetraiodide when crystallized from chloroform (in a highly evacuated 
system) separates in minute, ruby-red crystals. In  view of the fact that oxygen 
decomposes the substance, i t  is not a t  all unusual that the exact temperature of the 
decomposition of carbon tetraiodide depends on many factors. Thus we have ob- 
served that in the light, carbon tetraiodide shows appreciable decomposition in the 
range 90-100°. On the other hand, when somewhat protected from light practically 
no decomposition takes place until the temperature reaches 140". It is thus obvious 
that one cannot speak of the melting point of the substance. The decomposition 
point we have observed as 162-165" in a highly evacuated tube protected from light. 
However, i t  is possible that this temperature is not perfectly reproducible because of 
very minute yet significant quantities of oxygen or impurities contained in  the sys- 
tem. When pure, carbon tetraiodide keeps fairly well in  air in  the dark, but decom- 
poses in a few hours in the light. When dissolved in organic solvents in  the presence 
of air, formation of iodine is evident in a few seconds. 

Experimental technique.-The solvent or a solution of the hydrolytic agent was 
placed in a tube, and frozen in a liquid nitrogen bath. Known quantities of carbon 

6 SPINDLER, Ann., 281,264 (1885). 

EMARK, Ber., 67B, 1822 (1924). 
9 VAUQHN AND NIEUWLAND, Ind. Eng. Chem., Anal. Ed.,  8,274 (1931). 

10  GANN AND WEBSTER, 2. anrew. Chem., 22,1059 (1909). 

LANTENOIS, Compt. rend., 186, 1385 (1913). 
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tetraiodide (0.1-0.5 9.) were then introduced. In  the experiments where calcium 
oxide was used, the latter was added at this point. The tube was then evacuated 
thoroughly with the mercury pump and sealed off. Most of the experiments in 
Tablen I and 11, made in the presence of air, were conducted by placing the reactants 
in tubes which were then sealed in  air. The experiments of Table I11 and a few 
hydrolysis reactions were carried out in glass-stoppered bottles by shaking on a 
mechanical shaker. All other experiments were carried out in the dark with only 
occasional agitation. All experiments (except as otherwise noted) were performed 
a t  room temperature. 

Ancr1ysis.-When hydrolysis was complete (as evidenced by the disappearance of 
solid carbon tetraiodide and i ts  color from solution) the reaction tube was opened, 
the contents of the tube were either made up t o  a standard volume for aliquot divi- 
sion, or they were analysed directly. Free iodine was determined by titration with 
sodium thiosulfate, iodides either by Fajans’ method, using sodium eosin as indicator, 
and N/10 silver nitrate, or by the Volhard method. Both determinations were made 
on the same sample when the Fajans method for iodides was used, the iodine being 
converted to  iodide by thiosulfate and the total iodides then determined. The first 
titre subtracted from the second gave the iodide content of the original solution. 
Iodoform was collected on a sintered glass funnel and weighed. 

The solubility of iodoform in water (0.01 g. per 100 cc.) and the ease with which 
iodoform sublimes introduce possible errors of 10% in i ts  determination. It was 
identified by melting point in several instances. 

SUMMARY 

1. It has been shown that the instability of carbon tetraiodide in sol- 
vents is due to oxygen. 

2. It has been shown that hydrolysis of carbon tetraiodide results in 
the formation of iodide ions, and that no hypoiodites are formed. 

3. Reagents have been found which cause the hydrolysis of carbon 
tetraiodide but are without effect upon iodoform. 

4. It has been shown that the formation of iodoform, when carbon 
tetraiodide is treated in alcohol with alkali, may be accounted for on the 
basis of the aldehydes present in the alcohol as impurities. 

5 .  There is no factual basis for the assumption that carbon tetraiodide 
contains positive iodine. 
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INTRODUCTION 

Moderately reactive organometallic compounds like the Grignard 
reagents add to unsaturated linkages of three general classes. First, in 
the most frequently observed type of addition to unsymmetrical unsatu- 
rated linkages, the R attaches itself to the relatively less acidic element 
and the MgX to the relatively more acidic element. 

c = o  
R I;;;/ S = 0 MgX 

Second, with compounds like isocyanides there appears to be some addi- 
tion to the terminal unsaturated carbon. 

R' 
/ 
\ 

RNC + R'MgX -+ RN=C 

MgX 
Third, symmetrical unsaturated linkages may or may not add moderately 
reactive RM compounds. The olefinic and acetylenic linkages do not 
add Grignard reagents, but will add more reactive organometallic com- 
pounds, particularly the organoalkali and some of the more reactive 
RM compounds of the alkaline earth metals. Another symmetrical 
unsaturated linkage, the azo linkage, does react with Grignard reagents, 
and here two MgX groups add, the R groups then undergoing coupling 
to R .R  compounds and disproportionation to R(+H) and R(-H) 
compounds.' 

CeH6N = NCeHs + 2 RMgX 4 CeH6N - NCeHs + 2 R- 
I I  

BrMg MgBr 
1 (a) FRANZEN AND DEIBEL, Ber., 58, E16 (1905); ( b )  GILMAN AND PICKENS, J .  Am. 

Chsm. Soc., 47,2406 (1926); (0) RHBINBOLDT AND KIRBEBQ, J .  prukt. Chen., 118, 1 

a4 
(1928). 
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The structure of the intermediate di-bromomagnesium compound was 
established by reaction with benzoyl chloride which gave dibenzoyl- 
hydraxobenzene. Furthermore, the di-bromomagnesium compound is 
formed by the reducing action of the Gomberg-Bachmann binary system2 
(MgBrz + Mg). 

CaH6N = NCeH6 + (MgBrz + Mg) 3 C6H6N - NC6H6 
I 1  

BrMg MgBr 

Hydrazobenzene, formed by hydrolysis of the di-bromomagnesium com- 
pound,, is the chief product, but aniline is also obtained in small quantities 
both from the Grignard reactionIb and the binary system.2 Long years 
ago, Frankland3 obtained an 85 per cent. yield of aniline from the re- 

TABLE I 
REACTION OF AZOBENZENE AND SOME ORGANOMETALLIC COMPOUNDS 

EM COMPOUND 

Hydrazobenzene 
Aniline 
Aniline 
Aniline 
Aniline 
Hydrazobenzene 
Hydrazobenzene 
Hydrazobenzene 
Hydrazobenzene 
Hydraeobenzene 
Triphenylhydrazine 
Triphenylhydrazine 

31 
16 
12.2 
6.8 
53.8 
55.4 
58.0 
62.5 
51.8 
25.1 
18.5 
38.4 

AZOBENZENE 
RECOVEBED (%) 

50.4 
66.2 
77.5 
40.5 
40.0 
35.0 
27.4 
34.1 
73.6 
64.4 
54.9 

action between azobenzene and diethylzinc. In  view of the general 
similarities between organozinc and organomagnesium  compound^,^ one 
might have expected some hydrazobenzene. We have shown that hy- 
drasobenzene as well as aniline result from this reaction, and the high 
yield o:f aniline is due, in part, to heating the intermediate zinc complex. 
This result was confirmed by treating hydrazobenxene with diethylzinc 
to give the intermediate zinc complex which when heated gave significant 
quantities of aniline on hydrolysis. 

One of the interesting results of the present report is the formation of a 

9 BACHMANN, J .  Am. Chem. SOC., 63, 1524 (1931); GILMAN AND HECK, Rec. trau. 

a FRANKLAND AND LOUIS, J .  Chem. SOC., 57,560 (1880). 
4 GILMAN ANDMARPLE, Rec. trau. chim., 66,133 (1936). 

chim., 60,522 (1931). 
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third product from the reaction between azobenzene and organometallic 
compounds. It has been found that some of the highly reactive organo- 
metallic compounds, like phenylcalcium iodide and phenylpotassium, 
add in the following unsymmetrical manner to give triphenylhydrazine. 

K H 
The general results are given in Table I, and a discussion of them and 
related studies follows the experimental part. 

EXPERIMENTAL 

All reactions were carried out under an atmosphere of dry nitrogen and all organo- 
metallic compounds were transferred under the same gas. Care was taken to exclude 
air as much as possible to prevent oxidation in working up the reaction products. 
The solvents were removed a t  as low a temperature as possible under reduced pres- 
sure and in a stream of inert gas. All experiments were checked. 

DiethyZzinc.-To a solution of 8 g. (0.065 mole) of diethylzinc in 75 cc. of ether was 
added dropwise 5.46 g. (0.03 mole) of azobenzene dissolved in 25 cc. of ether. The 
solution turned dark, and some heat was evolved. The mixture was then refluxed 
gently for 6 hours and allowed to stand overnight. A yellow precipitate separated 
during the heating. After hydrolysis by ammonium chloride solution, the ether layer 
wa8 separated and dried over anhydrous sodium sulfate. Removal of the ether left a 
residue which upon washing with petroleum ether (b.p., 60-68') gave 1.1 g. of in- 
soluble hydrazobenzene, confirmed by the melting point of a mixture with an authen- 
tic specimen. The residue obtained by evaporation of the washings was shaken with 
cold 30% acetic acid which removed 0.88 g. of aniline, identified by conversion to 
benzanilide. The resulting residue was then heated gently with dilute hydrochloric 
acid to convert remaining hydrazobenzene to benzidine, of which 0.6 g. was obtained 
as the sulfate. The final, insoluble residue (2.75 g.) was azobenzene. 

Ethylzinc iodide.-To a clear ether solution of ethylzinc iodide prepared in 50 cc. of 
ether from 15.6 g. (0.1 mole) of ethyl iodide and 13 g. of zinc-copper couple, was added 
4 g. (0.022 mole) of azobenzene. The mixture was refluxed for 12 hours during which 
time a small amount of precipitate formed. After hydrolysis by ammonium chloride 
solution, the ether layer was separated and dried. Removal of the ether left a gummy 
solid which, after washing with petroleum ether, left a small quantity of tarry sub- 
stance from which no pure compound was isolated. From the washings there was 
obtained 0.5 g. of aniline and 2.65 g. of azobenzene. Longer periods of heating did 
not improve the yield. 

Dipheny1zinc.-Diphenylzinc was prepared in accordance with recent directions.6 
In most preparations longer periods of heating were necessary in order to complete 
the reaction. Also, addition of very small quantities of n-butylmagnesium bromide 
facilitated initiation of the reaction. In general, 21.3 g. (0.06 mole) of diphenyl- 
mercury and 26.2 g. (0.4 g.-atom) of mossy zinc were refluxed for 24 hours in 150 cc. 
of xylene previously dried over sodium. The warm xylene solution was forced by 

6 KOCHESKOV, NESMEYANOV, AND POTROSOV, Ber., 67B, 1138 (1934). See, also, 
GILMAN AND MARPLE, Rec. trav. chim., 66, 133 (1936). 
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nitrogen pressure through a glass tube, containing a plug of glass wool, into a 500-cc. 
three-necked flask to which was then added 4 g. (0.022 mole) of azobenzene. The 
solution was heated at 55-60’ for 24 hours, and then hydrolyzed by ammonium chlo- 
ride solution. The dark red residue obtained after drying and removing the xylene 
yielded 0.28 g. of aniline by cold dilute acetic acid extraction. There was recovered 
3.1 g. of azobenzene. 

Practically all the azobenzene was recovered after refluxing an ether or a benzene 
solution for 40 hours with phenylzinc chloride. 

Phenylmanganese iodide.-Phenylmanganese iodide was prepared in accordance 
with the directions of M. M. Barnett from 15 g. (0.0488 mole) of anhydrous man- 
ganous iodide and 0.15 mole of phenylmagnesium iodide. After stirring for 12 hours, 
the insoluble chocolate-colored manganese compound was washed several times with 
200-cc. portions of ether to remove excess Grignard reagent and magnesium salts. 
The “phenylmanganese iodide” is free of magnesium and analyzes for a mixture of 
phenylmanganous iodide and diphenylmanganese, but may not contain divalent 
manganese. Organomanganese compounds and their reactions will be reported later. 

To a suspension of the organomanganese compound or compounds in 150 cc. of 
ether wm added 4 g. (0.022 mole) of azobenzene and the mixture was then refluxed 
with stirring for 12 hours. The products isolated by customary procedures were 2.8 
g. of aniline hydrochloride, 1.62 g. of azobenzene and 4.9 g. of diphenyl. Hydrolysis 
of phenylmanganese iodide gives both diphenyl and benzene. Also, the inflammable 
organomanganese compound gives diphenyl on moderate pyrolysis. 

A mixture of 6.8 g. of manganous iodide and 4 g. of azobenzene in 50 cc. of ether 
was refluxed for 24 hours. No color change was observed, and the azobenzene was 
recovered quantitatively. 

DiphenyZberyZ1ium.-Diphenylberyllium was prepared in accordance with the 
directions of R. H. Kirby. The etherate of beryllium chloride was first prepared by 
the slow addition of 50 cc. of ether t o  4 g. (0.05 mole) of anhydrous beryllium chloride. 
The first drops of ether should be added quite slowly because of the vigorous reaction. 
After stirring for one hour the solution was pale yellow, and a small oily layer had 
formed at  the bottom. 

To the etherate was added dropwise 100 cc. of an ether solution containing0.1 mole 
of phenyllithium. The mixture was stirred and then allowed to  stand overnight. 
The clear brown solution, from which a gray precipitate had settled, was forced by 
nitrogen into another flask and 4.55 g. (0.025 mole) of azobenzene added. The mix- 
ture waa stirred and refluxed for 8 hours prior to hydrolysis by ammonium chloride 
solution. The products isolated were 2.55 g. of hydrazobenzene, 2.31 g. of diphenyl 
and 1.82 g. of azobenzene. 

Ethylmagnesium bromide.-A yellow precipitate formed promptly when 4 g. 
(0.022 mole) of azobenzene was added to 0.055 mole of ethylmagnesium bromide. 
The mixture was refluxed for 6 hours, and after distilling off ether by heating in a 
water bath, the pink gelatinous mass was heated for an hour. The products ob- 
tained, after hydrolysis, were 2.35 g. of hydrazobenzene and 1.4 g. of azobenzene. 
No aniline was isolated. 

Phenylmagnesium bromide.-To a filtered 125-cc. ether solution of phenylmag- 
nesium bromide (0.22 mole) was added 18.2 g. (0.1 mole) of azobenzene in 100 cc. of 
ether, After refluxing for 8 hours, during which time a heavy yellow precipitate 
separated, the mixture was cooled in an ice bath and then hydrolyzed by ammonium 
chloride solution. The products were 11.5 g. of hydrazobenzene, 6.1 g. of diphenyl, 
4.5 g. of azobenzene, and a small quantity of tarry residue. 



88 HENRY GILMAN AND J. CLYDE BAILIE 

Phenyl1ithium.-A mixture of 0.1 mole phenyllithium and 0.05 mole of azobenzene 
in ether was stirred for 40 hours a t  room temperature. The products, after hydrol- 
ysis by ammonium chloride, were 4.77 g. of hydrazobenzene, 4.4 g. diphenyl, 3.1 g. 
azobenzene and 2 g. of tarry residue. 

Pheny1sodium.-A suspension of phenylsodium was prepared by stirring 25 g. 
(0.08 mole) of di-n-butylmercury and 6.7 g. (0.3 g. atom) of sodium in 200 cc. of dry 
benzene for 8 hours, and then allowing to stand overnight. A few drops of mercury 
were added to  insure amalgamation of the excess sodium. The heavy brown sus- 
pension was transferred in an inert atmosphere to a flask containing 7.23 g. (0.04 
mole) of azobenzene. The mixture was stirred 4 hours a t  0'. Higher temperatures 
or longer periods of reaction resulted in the formation of tarry substances. Subse- 
quent to hydrolysis, there was isolated 1.85 g. of hydrazobenzene, 1.66 g. of diphenyl 
and 5.3 g. of azobenzene. 

Phenylcalcium iodide.-Phenylcalcium iodide was prepared in 150 cc. of ether from 
40.8 g. (0.2 mole) of iodobenzene and 12 g. (0.3 g. atom) of calcium turnings. The 
filtered, dark-red solution together with 12.74 g. (0.07 mole) of azobenzene was re- 
fluxed for 12 hours. The products isolated were 3.5 g. of triphenylhydrazine (identi- 
fied by determination of the melting point of a mixture with an authentic specimen') 
and 8.2 g. of azobenzene. About 3 g. of a tarry residue remained. 

Pheny1potaasium.-Phenylpotassium was prepared by the procedure described 
recently,' di-n-butylmercury being used instead of diethylmercury. This replace- 
ment resulted in a substantial increase in yield. Carbonation of a sample prepared 
in this manner gave 83.3% of benzoic acid and 2.5% of terephthalic acid (identified as 
the dimethyl ester). The odor of valeric acid was apparent, and a fluorescein test 
established the presence of some phthalic acid. 

A suspension of phenylpotassium, prepared from 10.83 g. (0.0745 mole) of di-n- 
butylmercury, 3.9 g. (0.1 g. atom) of potassium and 60 cc. of benzene, together with 
3.64 g. (0.02 mole) of azobenzene was stirred for 8 hours a t  0'. The mixture was 
hydrolyzed by cautious addition of 10 cc. of butyl alcohol and then 50 cc. of a satu- 
rated ammonium chloride solution. The products isolated were 2 g. of triphenyl- 
hydrazine and 2 g. of azobenzene. 

Hydrazobenzene and diethy1zinc.-A solution of 7.5 g. (0.06 mole) of diethylzinc and 
4.6 g. (0.025 mole) of hydrazobenzene in 100 cc. of ether was refluxed gently for 12 
hours during which time a yellow precipitate settled. The products isolated were 
1.33 g. (33%) of aniline and 2.96 g. (53.4%) of hydrazobenzene. 

DISCUSSION OF RESULTS 

Correlation of types of reaction with relative reactivities of RM compounds,- 
The unsymmetrical addition to azobenzene of highly reactive phenyl- 
metal compounds to give triphenylhydrazine as contrasted with the 
symmetrical addition of moderately active RM compounds to give 
hydrazobenzene is one the very few illustrations of different types of reac- 
tion with RM compounds and a selected reactant. Broadly speaking, 
organometallic compounds show the same reactions but at different rates. 
On the basis of the results reported, it appears that phenylcalcium iodide 

BUSCH AND HOBEIN, Ber., 40,2099 (1907). 
' GILMAN AND KIRBY, J .  Am.  Chem. SOC., 68,2074 (1936). 
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is more reactive than phenyllithium and phenylsodium. Previous work 
has shown that phenylcalcium iodide undergoes reactions peculiar to 
organoalkali compounds.* Unpublished studies by R. H. Kirby on con- 
jugated systems indicate that phenylcalcium iodide and phenylpotassium 
are more reactive than phenyllithium and phenylsodium. For example, 
moderately reactive RM compounds like diphenylzinc, triphenylalu- 
minum, phenylmanganese iodide, diphenylberyllium and phenylmagne- 
sium bromide add exclusively 1,4  to a conjugated system like that in 
benzalacetophenone. Phenylcalcium iodide and phenylpotassium ap- 
pear to add exclusively 1,2.  Phenyllithium and phenylsodium add both 
1 ,2  and 1,4. 

There is, accordingly, a very close relationship between the groupings 
of RM compounds on the basis of their relative reactivities and the types 
of reaction they undergo with compounds such as azobenzene and ben- 
zalacetophenone. A particular exception is phenylmanganese iodide which, 
with azobenzene, gave aniline and not hydrazobenzene. Although it is 
quite dear that phenylmanganese iodide is of moderate reactivity, it 
is known to show occasional special reducing reactions with simple func- 
tional groups other than azo. The reactions of organosiluminum com- 
poundei will be reported separately, but it might be stated here that the 
conventional type of addition to most unsaturated linkages is accompanied 
by condensation and polymerization reactions. 

Succlassive reactions.-It has been suggested that the three chief reaction 
products may possibly be related in a series of successive reactions. 

C~H&=NC~HS -4 (C6H&NNCaH6 - IRMI --$ 

I 
H 

C6HsNNC6Hs IRM1 * Cd&"2 
I I  

H H  

As we have shown, it is true that the very high yield of aniline which 
Frankland obtained with diethyleinc is due in part to the intermediate 
formation of hydrazobenzene which under the experimental conditions 
is converted to a significant extent to aniline. However, despite the 
known instability of trisubstituted hydrazines it is quite unlikely that 
a moderately reactive RM compound first gives a compound like 
triphenylhydrazine (or its metallic salt) which then is transformed to 
hydrazobenzene. As a possible explanation for the formation of triphe- 
nylhydrazine from 8-phenylhydroxylamine and phenylmagnesium bromide, 

8 GILMAN, KIRBY, LICHT~NWALTER, AND YOUNG, Rec. trau. chim., 66, 79 (1936). 
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Busch and Hobeine suggested that the Grignard reagent added to azo- 
benzene as follows. 

CaH6N=NC6H6 + CBHJMgBr 4 CsH6N - NCsH.6 
I I  

CeHs MgBr 

If triphenylhydrazine or its magnesium salt is formed transitorily it is 
not converted to hydrazobenxene by heating with a liberal excess of either 
ethylmagnesium bromide or phenylmagnesium bromide.1° 

Initial formation of complexes.-Whether one has symmetrical or unsym- 
metrical addition to the azo linkage appears to depend primarily on the 
relative reactivity of the organometallic compound. However, in all 
cases the opening of the azo linkage is apparently preceded by the forma- 
tion of an addition complex or a coordinate compound. Significant quan- 
tities of azobenzene were recovered from all reactions even though an 
excess of RM compound was used. In several cases, particularly with 
the Grignard reagent, light colored precipitates were formed leaving the 
supernatant solvent practically colorless. On hydrolysis, the solvent 
exhibited the typical bright-red color of dissolved azobenzene. 

Schlenk and co-workers" found that one atom of potassium reacted with 
one molecule of azobenzene to give a colored complex (CsHbN=NCeH6. 
CsH6N-NCeH6), which on hydrolysis gave equimolecular quantities 

I I  
K K  

of azobenzene and hydrazobenzene. However, the binary system 
(Mg + MgBrz) gives a practically quantitative yield of hydrazobenzene,2 
and the cyclic azo grouping in benzocinnolines, 

adds two atoms of lithium, sodium and potassium for each molecule of 
azo compound.12 

A most interesting case of complex formation is that reported by 
TaurinP on the reaction between Grignard reagents and hydroxyazo 
compounds. The observations were made that RMgX compounds are 
precipitated quantitatively and promptly by hydroxyazo compounds 

9 BUSCH AND HOBEIN, loc .  cit. 
lo GILMAN AND ADAM& J .  Am. Chem. soc.,  48,2004 (1926). 
11 SCHLENK, APPENRODT, MICHAEL, AND THAL, Ber., 47,485 (1914). 

18 TAURIN~, Acta Univ. Latviensis, Kim.  Fakult. Serija, 2 ,  321 (1934) [Chem. Abstr., 
WITTIQ AND STICHNOTH, ibid. ,  68,928 (1935). 

29, 1400 (1935)l. 
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like benzeneazophenol to give colored products of the general formula 
RMgX. CaH6N=NCBHrOH - 2(CzH6)aO. Related complexes are formed 
from RzMg compounds and from magnesium halides; and an equimolec- 
ular mixture of RzMg and MgX2 gives the same complex as does the cor- 
responding RMgX compound. It is somewhat surprising that the RMgX 
or R2Mg compounds are not decomposed by the active hydrogen in the 
hydroxyazo compounds, for in other studies we have shown that even 
triethylaluminum reacts promptly with benzeneaxophenol to liberate 
ethane 

Reducing action.-The tendency to reduction as evidenced by the 
formation of hydraxobenxene and aniline appears to be greatest with the 
less reactive RM compounds and least with the more reactive RM com- 
pounds. If there be a relationship between the reduction of the azo 
linkage and other unsaturated linkages, particularly the carbonyl group, 
by organometallic compounds, then one may predict that RM compounds 
of calcium and potassium will show very little reduction of carbonyl 
compounds to primary or secondary alcohols. 

A refined mechanism for the reduction is not clear. There may be 
several mechanisms depending both on the nature of the metal and the 
R group. Rheinboldt and co-workers'* first suggested that the active 
reducing agent was HMgX. 

CsH6N=NCsHrj + 

H MgBr 

When they later found that not only 
in about equivalent quantities they 

ethylene but ethane were liberated 
apparently abandoned the HMgX - - -  

interpretation for this  particular reduction.lC Apart from the restricted 
application of this concept for reduction of the azo linkage,Ib it would 
appear that an equivalent quantity of ethane is actually to be expected. 
The active hydrogen on the nitrogen of the mono-bromomagnesium com- 
pound should react with a second molecule of ethylmagnesium bromide to 
give ethane and the di-bromomagnesium compound known to be formed. 

The mechanism proposed for the reduction of aldaxines'" by Grignard 
reagents may warrant confirmation. 

14 RHEINBOLDT AND ROLEFF, Ber., 67, 1921 (1924); J .  prakt .  Chem., 109, 175 (1925). 
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BrMg MgBr 

It seems unlikely that the ani1 linkage would behave like an azo linkage, 
for anils are known to add RMgX compounds unsymmetrically. 

R MgBr 
I I  

C~HSC?$=NC& + RMgX CsH6CH-NCsH6 

Possible unsymmetrical addition of less reactive RM compounds.--Stoll6 
and Reichertl6 have examined the reaction of Grignard reagents with 
azodibenzoyl and benzoylazobenzene. From these compounds having 
the azo linkage conjugated with the carbonyl group, two products were 
obtained. One, in lesser amount, was the reduction product which cor- 
responds with hydrazobenzene from azobenzene. 

The mechanism of formation of the other product was interpreted by them 
as an unsymmetrical 1,4 addition. 

R 
[HOE1 I 

CeHsN=N--C=O + RMgX + C6H6N-N=C-O-MgBr 
I 

CsHs 
I 
C6H6 

R H  
I I1 

CsH,N-N--C=O 

The reaction mechanism was not established. However, the 1 , 4  addition 
postulated is much more reasonable than a possible unsymmetrical addi- 
tion of RMgX which might give the same product. It may be predicted 
that highly active RM compounds will add predominantly 1,2 to the 
carbonyl group of a conjugated azo-carbonyl system. 

STOLL~ AND REICHERT, J .  prakt. Chem., la2,344 (1929). 
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It seems unlikely that diethylzinc would add unsymmetrically. How- 
ever, such addition has been proposed for the reaction with phenylazo- 
ethane,.16 The products reported were N ,N-diethyl-N’-phenylhydrazine 
[A], N-ethyl-N’-phenylhydrazine [B] and ethyltetrahydrocinnoline IC]. 

The formation of these products was explained m follows. First, unsym- 
metrical addition gave [A]. Second, N ,  N’-diethyl-N-phenylhydrazine, 
formed as an intermediate, underwent ring closure with the loss of two 
hydrogen atoms to give Third, the two hydrogen atoms liberated 
in the formation of [C] reduced some of the original phenylazoethane to 
give [B]. 

It is ,possible that the phenylhydrazone of acetaldehyde, which is readily 
formed by a 1 , 3  shift of hydrogen in phenylaz~ethane,’~ may have been 
present in the reaction mixture and somewhat altered the course of 
reaction. The reduction product [B] was very likely formed by sym- 
metrica,l addition, as in the conversion of azobenzene to hydrazobenzene 
by diethylzinc. 

The possibility of unsymmetrical addition to an azo linkage of moder- 
ately reactive RM compounds, and of symmetrical addition of highly 
reactive RM compounds is not excluded. On the basis of studies now in 
progress it is reasonable to expect that the direction and extent of reac- 
tion with various functional groups can be varied by the introduction of 
proper substituents in the R groups of both RM compounds and the 
reactants. 

15 TICHWINSKI, (a) J .  Russ. Phys. Chem. SOC., 36, 1056 (1904) [Chem. Zentr., I ,  80 

17 FISICHER, Ber., 29, 794 (1896); BAMBERQER AND PEMSEL, ibid., 36, 56 (1903). 
(1905)l; ( b )  ibid., 36,1052 (1904) [Chem. Zentr., I ,  79 (1905)l. 
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SUMMARY 

1. Three main products are formed from the reaction between azoben- 
xene and phenylmetallic compounds : aniline, hydrazobenzene and tri- 
phenylhydrazine. 

2. The formation of aniline and hydraxobenzene is due to the sym- 
metrical addition of moderately reactive RM compounds to the azo link- 
age. 

IHOHl_, C~HSN=NC~H~ + 2 CcH6M --f CeH5.CaHrj + CaH6N-NCe" - 
I I  

M M  

CaHsN-NCaH6 4 2CsHsNH2 
I I  

H H  

3. Triphenylhydrazine results by unsymmetrical addition of the highly 
reactive phenylcalcium iodide and phenylpotassium. 

CsHaN = NCa& + CaHsK+ (c&&) &Y"CJ& 

4. Some reaction mechanisms are discussed. 
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Until the recent work of Fieser and his students,l there had been very 
little study of the reaction between quinones and aliphatic diazo com- 
pounds. v. Pechmannz found that two molecules of diazomethane added 
readily to benzoquinone, and he formulated the product as a dipyrazolino- 
quinone. Rotter and Schaudy3 found that diazomethane and xyloquinone 
gave an unstable, explosive substance which also was formed by addition 
of two molecules of the diazo compound to one of quinone. Fieser and 
PeterP found that benzoquinone and diphenyldiazomethane reacted to 
give a yellow addition product in nearly quantitative yield, but thermal 
decomposition of this material did not lead to products suitable for further 
study. 

The reaction between 1 4-naphthoquinones and aliphatic diazo com- 
pounds produces in general pyrazoloquinones, and Fieser, studying the 
reaction between 1 4-naphthoquinone and diazoacetic ester, outlined the 
reaction as involving four steps leading to the pyrazole. Using diphenyldi- 
azomethane (a diazo compound with no hydrogen atoms on the methane 
carbon atom), Fieser and Peter@ were able to obtain the pyrazoline and 
from this, by thermal decomposition, a cyclopropane derivative as well 
as 2-benzohydryl-l ) 4-naphthoquinone. When the quinone nucleus car- 
ried substituents however, the reaction with aliphatic diazo compounds 
was not so regular. Macbeth and Winzor4 found that 2-methyl-l,4- 
naphthoquinone was unreactive toward diazomethane, and Fieser and 
HartvvelP found that this quinone was also unreactive toward hydrazoic 
acid. However, these authors showed that the analogous 2-benzohydryl- 
1 4-naphthoquinone readily added diazomethane to give a pyrazoline 

* Abstracted from a thesis by Wilbur Bennett Pings, submitted to the Graduate 
Faculty of the University of Minnesota, in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy, July,"1936. 

1 FIBSER et al., (a) J .  Am. Chem. Soc., 63,4080 (1931); ( a )  &id., 66,2690 (1934); ( c )  
ibid. ,  67, 1479, 1482 (1935). 

2 v. PECHMANN, ( a )  Ber., 28, 8.55 (1895); ( b )  v. PECHMANN AND SEEL; ib id . ,  32, 
2292 (1R99). 

a ROTTER AND SCHAUDY, Monats., 47, 493 (1926). 
4 MACBETH AND WINZOR, J .  Chem. Soc., 1936, 334. 
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which on thermal decomposition, gave 2-benzohydryl-3-methyl-1) 4- 
naphthoquinone. Finally Fieser and Seligmanlb discovered that two 
molecules of 2,6-dimethyl-l,4-naphthoquinone reacted with one of 
diazomethane to produce a dinaphthylmethane derivative. 

In  a series of papers from this laboratorys duroquinone (B) has been 
shown to behave as a pentad-enol system toward various enolates, and to 
react as though it had the structure A. As yet it has not been possible 
to prepare any simple derivatives of this structure, and from what is 

0 0 0 
CH2-CH2 

I 
:w(’;m; H 3 C ( y  H3C\//CH3 N=N H 8 C t - - c H 2  H& I /LHZ 

OH I /  OCH3 
0 

A B F 

known concerning methylene quinones, it seems likely that any simple 
reaction involving them, in order to give a definite product, would have to 
proceed very rapidly or else the methylene quinone would simply poly- 
merize. Formula A, however, represents a hydroxy derivative of a meth- 
ylene quinone. If, in solutions of duroquinone, there is present a small 
amount of A together with a very reactive methylating agent, it might be 
possible to obtain from A a methyl derivative sufficiently stable to in- 
vestigate, provided the reagent used would react with B extremely slowly 
or not at all. Although diazomethane reacts with double bonds to form 
pyraxolines it appeared from the work of others that substituents attached 
to the quinone nucleus exerted a pronounced hindrance to the addition of 
the reagent to the double bond and that duroquinone (B) would not, 
therefore, react to give pyrazolines or pyraxoles. Hence, if a reaction 
occurred, the quinone would have to react in the form A, or else the reac- 
tion would have to involve the carbonyl groups of B. The latter reaction 
had not been shown to occur in the case of paraquinones, although it is the 
common reaction in the case of orthoquinones and leads to ethers of the 
hydroquinone or to spiro ethylene oxide derivativesS6 ,la ,b v Z b  DiaEomethane 
therefore appeared to be a promising reagent to use for the detection of 
any A in duroquinone, for either the Kydroxyl group, or the unsubstituted 
heterogeneous conjugated system of A would be expected to react with 
this reagent much mole rapidly than the double bonds or the carbonyl 
groups of B. 

5 SMITH AND JOHNSON, J .  Am. Chem. SOC., 69,673 (1937) and previous papers. 
6 (a)  BILTZ AND PAETZOLD, Ann., 433,64 (1923); ( b )  ARNDT, AMENDE, AND ENDER, 

Monats., 69,202 (1932); (c) ALLESANDRI, Atti .  R .  accad. Lincei [5] 22, I, 517 (1913). 
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EOLVBINT 

Ether, 250 cc. . . . . . . . . . . . . . .  
Ether, 75 c c . .  . . . . . . . . . . . . . .  
Ether, 125 c c . .  . . . . . . . . . . . . .  
Ether, 100 cc. (absolute). . . .  
Benzene, 100 cc . . . . . . . . . . . . .  
*Ether, 100 cc. + chloroform, 

50 cc ..................... 

Ether 75 cc. + chloroform 
20 cc ..................... 

Ether 100 cc. + acetone 50 cc. 
Ether 100 cc. + ligroin 50 

c c . .  ....................... 

Ether 100 cc. + methanol 10 
c c . .  . . . . . . . . . . . . . . . . . . . . . .  

Cluroquinone reacted slowly but completely with diazomethane in cold 
ethereal solution, and from the reaction mixture four products were iso- 
lated. These consisted of two isomeric compounds CllH14NzOz (I, an 
unst)able oil and 11, a stable yellow crystalline compound melting a t  
103--104") formed by addition of one molecule of the reagent to one of 
quinone, and two isomeric products C12H16N402 both colorless solids 
(I11 melting a t  124-125", decomp., and IV, melting a t  143-144", decomp.) 
formed by addition of two molecules of the reagent to one of quinone. 

TIME (DAYE) I + 11 (4 111 (0 . )  I V  (0.) ~- 
18 4 . 0  1.35 
12 2 . 3  5.68 (I11 + IV) 
12 2 . 3  5.39 (111 + IV) 

14 3 . 2  3.24 (111 + IV) 
3.47 5 - 

25 2 . 4  + 1.23 g. from steam distillate + 
7.08 g. of quinone. 

12 4 . 0  2.65 
11 2 . 5  1.34 1.55 

26 3 . 0  - 3.45 + 0.5 g. 
duroquinone 

11 3 . 0  - 3.43 

TABLE I 
PRODUCTS OBTAINED BY ADDITION OF DIAZOMETHANE TO DUROQUINONE 

(Diaeomethane from 10 g. nitrosomethylurea added to 5.5 g. of duroquinone, 
at -15') 

* Eleven grams of quinone used in this experiment with diaaomethane from 10 g. 
nitrosomethylurea. 

The mono addition products.-The unstable oily product I was never 
obtained in a completely pure condition, although analysis agreed well 
with that required by the composition CllH14N202. Further reaction of 
I with diazomethane led to IV. The substance I was completely de- 
stroyed when oxidized by cold dilute permanganate or 'by bromine, but 
when oxidized by ferric chloride, the product was duroquinone (B). Hence 
the original duroquinone nucleus was intact in I. Attempted acetylation 
of I gave duroquinone as the only isolable product, and reductive acetyla- 
tion gave the diacetate of hydroduroquinone. Thermal decomposition 
of I led to a faintly yellow, stable product (V) melting a t  60-61", having 
the composition CllH1402, and which formed a dioxime. The substance 
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H3C /\ 

V was unaffected by hydrochloric or sulfuric acid, and was not oxidized 
by chromic acid or dilute nitric acid. The action of permanganate, or of 
ozone, upon V caused complete destruction. 

In  contrast to the behavior of I, the isomeric compound 11 was com- 
pletely stable to heat and was recovered unchanged even after i t  was 
liquefied and then boiled. The substance (11) was yellow, but it did not 
have the physical properties characteristic of quinones. It was not 
volatile with steam, could not be sublimed, and was odorless. Further 
action of diazomethane upon 11, as in the case of I, led to IV. No definite 
products could be obtained by reduction of 11, but the duroquinone skele- 
ton was intact in this compound also, for i t  gave duroquinone when treated 
with acetic anhydride followed by sodium bicarbonate, and also when the 
reduction product was subjected to the action of ferric chloride. 

The existence of isomeric mono addition products derived from duro- 
quinone and diazomethane is capable of but two explanations. The 
compounds might be pyrazolines, in which case the position of the double 
bond could vary (C and D). 

0 0 0 

/N 

C D E 

But in this case, conversion of the A1 isomer (C) to the A2 isomer (D) 
should be possible' and such conversion has not been observed for these 
compounds. Moreover, C and D, by thermal decomposition, should lead 
to the same product, which is contrary to the observed behavior of I and 
11. That the decomposition product V obtained from I is not a cyclo- 
propane derivative (E) follows from its stability toward hydrochloric acid, 
its complete destruction by permanganate and ozones and from the  fact 
that  V forms a d i~x ime .~  Further evidence against the formulation of I, 
I1 and V as C, D, and E respectively is found in the fact that  duroquinone 
can be obtained from either I or 11, which would not be the case if these 
substances were the pyrazolines C and D. 

7 (a)  v. ATJWERS AND CAUER, Ann., 470, 284 (1929); (b)  v. AUWERS AND KONIG, 

8 KOHLER et al., J .  Am. Chem. Soc., 39,1404,1699,2405 (1917); 41,1093 (1919). 
9 KEHRMANN, Ber., 21, 3315 (1888). 

ibid., 496, 27, 252 (1932); (c) v. AUWERS AND UNGEMACH, Ber., 66, 1198 (1933). 
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If I and I1 are not pyrazolines, they must be formed by a mode of addi- 
tion of diazomethane which has not yet been observed in the case of para- 
quinones. Had duroquinone reacted according to formula A, the product 
would most likely have been a monomethoxy spiro compound, such as F, 
which not only does not have the composition of I or 11, but which, on 
thermal decomposition, would almost certainly have given a derivative of 
trimethylethylquinone. No such substances were ever encountered. It 
follows, then, that  the attack of the reagent was confined to the carbonyl 
groups in the quinone. 

Meyer'" and Schlotterbeck" found that certain aldehydes behaved 
toward diazomethane as though they contained active hydrogen. Nitro- 
gen was evolved, and methyl ketones were formed. Arndt and his col- 
laborators12 showed that this reaction was not of general application, since 
in some cases ethylene oxides were formed, the ketone and a homolog of 
the aldehyde appearing only as by-products. The mechanism put forth 
by Arndt for these reactions involved a primary 1 ,3  addition of the reagent 
to the carbonyl group to give furo-a-0-diazolines which, by loss of nitrogen 
then gave rise to transient radicals rearranging into the stable products 
obtained. 

L 
RCHzCHO 

Meerwein and Burneleit13 discovered that although ketones do not react 
with diazomethane under ordinary conditions, they do so in the presence 
of certain catalysts (water, alcohols, metallic salts) yielding ethylene oxides 
and higher ketones. This reaction was formulated as also involving 
furo-a ,p-diazolines as primary products. When applied to cyclic ketones, 
Mosettig and Burger14 found that cyclohexanone reacted vigorously with 
diazomethane in the presence of methanol to give cycloheptanone and even 
larger ring ketones. Ring expansion in reactions of cyclic dicarbonyl 

10 MEYER, Monats., 26, 1295 (1905); Ber., 40, 847 (1907). 
11 SCHLOTTERBECK, Ber., 40, 479 (1907). 
12 ARNDT et al., (a )  2. angew. Chem., 40,1099 (1927); ( b )  Ber., 60, 446 (1927); (c) 

iln'd., 61, 1107 (1928); (d )  ibid., 61, 1118 (1928); (e) ibid., 61, 1952 (1928); (j) iln'd., 62, 
44 (1929). 

1s MEERWEIN AND BURNELEIT, (a)  Ber., 61, 1840 (1928); (b)  ibid., 62, 999 (1929). 
14 MOSETTIC AND BURGER, J .  Am. Chem. SOC., 62,3456 (1930). 
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compounds with aliphatic diazo compounds had been noted by others 
previou~ly.'~ 

Although all these reactions between carbonyl compounds and aliphatic 
diazo compounds were supposed to involve furo-ru ,p-diazolines, in which a 
new carbon-to-carbon linkage was established, in no case was the diazoline 
isolated. Theoretically two modes of addition of aliphatic diazo com- 
pounds to carbonyl groups are possible, leading to furo-a ,@- and furo-j3 ,p'- 
diazolines, and it is interesting that in the one case in which the diazoline 
was actually isolated, StaudingerI6 assigned to it the structure of a furo- 
B ,  8'-diazoline (G) 

0 

G C H 2  

HsCC' &CHI 

I/ 
(CsH6) &=C-O 

N I1 II ' A (CsHd2 

\ /  
\ /  HsCC CCHs 

C 
N 

It 
0 

G v 
If the reaction between diazomethane and duroquinone is confined to 

the carbonyl groups of the quinone, since two modes of addition are 
possible, two mono addition products should result-the spiro-furo-ru ,@- 
diazoline I, and the spiro-furo-@ ,@'-diazoline 11. 

N=N CH2-N 
I I I  0 AH2 HO CHN2 O N  

H 3 C k  \ ~ H3C@ and H & 0 ( 3 3 S  v 
B + CHzNz 

Had,, ICH3 HsCi lCH3 H3C 1 CHs 

0 0 0 
I I1 

While these structures for the mono addition compounds I and I1 are of 
necessity based upon rather indirect evidence, a t  the present time they 
best represent the behavior of the substances. Although formulas I1 and 
IIa, as well as I and Ia, were considered as structures for compounds I and 

(a )  HELLER, Ber., 62, 741 (1919); ( b )  ibid. ,  69, 704 (1926); (c) HANTZSCR AND 
CZAPP, ibid., 63, 566 (1930); ( d )  ARNDT, ibid. ,  63, 1180 (1930). 

16 STAUDINGER, Helv. Chim. Acta, 4, 3 (1921). 
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HN-N CH=N 
I II 
0 CH H3cP HaC )CHs 

0 

I I  
0 NH 

0 
Ia IIa 

11, respectively, formulas I and I1 were preferred because of the fact that 
I could not be converted into 11, or vice versa, and because of the difference 
in thermal stability of compounds I and 11. The formulas I and I1 readily 
account for the persistence of the original nucleus of duroquinone in these 
compounds. Moreover, I, being a diazo anhydride, would be tautomeric 
with the &-hydroxy diazomethane derivative as shown. Such a substance 
should be unstable and should lose the nitrogen, passing into a larger ring 
ketone via a spiroethylene oxide (or radicals) as is the case with simple 
ring ketones such as cyclohexanone. The decomposition product (V) of I 
is therefore assigned the structure 2 ,3 ,5  , 6-tetramethylcycloheptadiene- 
2,5-dione-1 , 4. 

The thermal stability of compound I1 indicates that it must have a 
structure essentially different from that of I. Although no exact analogy 
can be drawn, i t  is known that the aromatic disubstituted &-P'-diazoles are 
very stable substances.17 While the conversion of I1 into duroquinone by 
action of acetic anhydride followed by sodium bicarbonate is rather obscure 
for such a stable substance, nevertheless a compound of the structure I1 
would be expected to yield duroquinone as a degradation product. 

The d i  addition products (111 and IT/')-Compound I11 separated from 
the reaction mixture in clear rectangular prisms melting a t  124-125" with 
evolution of gas. Analysis indicated the composition C12H1eN402. Thermal 
decomposition caused quantitative loss of nitrogen and led to a colorless 
substance (VI) C12Hls02 which melted at 142-143' and which formed a 
dioxime. Substance I11 reacted with hydrochloric acid or hydrobromic 
acid to give salts which could be titrated; duroquinone was formed when 
attempts were made to regenerate I11 from these salts, or when aqueous 
solutions of the salts were warmed. No oxime was formed from 111, but 

1' (a)  PINNER, Ber., 26,2130 (1893); ( b )  &id., 27,988,1006 (1894); (c) Ann., 297,237 
(1897); (d)  ibid., 298, 16 (1897); (e) G~~NTHER,  i 6 id . ,  262, 61, 64 (1889); (f) STOLLE, J .  
prakt. C'hem., 121, 88, 137 (1903); (8)  ibid., 70,395, 414 (1904); ( h )  ibid. ,  73,279 (1906); 
(i) ibid., 74, 11, 15, 20, 22 (1906); 0') ibid., 88,317 (1913). 
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it reacted with phenylhydrazine to give a compound having the composi- 
tion Cl~H22N60. A silver salt was obtained by adding silver nitrate to a 
solution of I11 in ammonium hydroxide. 

The isomeric compound IV was obtained in clusters of fine needles melt- 
ing at 143-144" with decomposition. Thermal decomposition of IV was 
smooth; only about half of the nitrogen was lost, and two unstable isomeric 
nitrogenous compounds c12H16N202 (VI1 and VIII) were isolated, along 
with some duroquinone. Treatment of IV with hydrochloric acid or 
hydrobromic acid gave salts apparently identical with those obtained from 
111. Attempts to form an oxime or a semicarbazone from IV gave only 
duroquinone, and the quinone also resulted when IV was gently warmed 
with dilute acids. Derivatives were obtained from IV by action of phenyl- 
hydrazine or phenylisocyanate, but 1-naphthylisocyanate was without 
action. A silver salt was obtained from IV in the same manner as from 
111. 

On the basis of these reactions, I11 is assigned the structure a bisfuro- 
alp-diazoline, while IV is given the structure in which one of the hetero 
rings is a furo-a,@- and the other a furo-p,p'-diazoline. As in the case of 
compounds I and 11, various tautomeric modifications of formulas I11 and 
IV (analogous to Ia  and IIa) were considered for the di addition products. 
While the evidence against such formulas for I11 and IV is much weaker 
than is the case with compounds I and 11-in fact, there is some evidence 
for such a relationship between I11 and IV-the bulk of the evidence 
pointed to two different types of ring structures in substances I11 and IV 
and such tautomeric formulas were rejected, a t  least for the present. 
Structures I11 and IV account for the behavior of these compounds upon 
thermal decomposition, for 111, with two unstable furo-a! ,p-diazoline rings 

N=N N=N CH2-N CH2-N 

0 CH2 
I II 
O N  

I II 
\/ 

O N  
I I  
0 CH2 

I I  

0 CH2 CH2 0 0 CH2 CH2 0 

N=N N=N 
I /  I I  

N=N 
I I  
N=N 

I I  
I11 IV 

should lose nitrogen quantitatively while IV, with one stable and one 
unstable ring, should lose only half of the nitrogen. The fact that  IV can 
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be obtained by addition of diazomethane to either I or I1 is also an indica- 
tion that IV must contain one hetero ring of each kind. The difference in 
behavior of the two compounds on thermal decomposition is an indication 
that they cannot be represented simply as a pair of cis-trans isomers, 
although such isomerism is possible in the case of compounds having either 
structure I11 or IV. Finally, structures I11 and IV, as well as I and 11, 
account for the easy conversion of the two substances to duroquinone. 

The formation of identical salts from I11 and IV with hydrochloric acid 
or hydrobromic acid cannot be explained satisfactorily at present. Anal- 
yses of the salts indicated a carbon to hydrogen ratio of 1 to 2, and since 
I11 and IV have the composition C12HleN402, i t  appeared that a reduction 
had occurred. The formation of silver salts from I11 and IV is just as 
obscure, for while i t  is known that furo-8-8' diazoles in many cases form 
double salts with silver nitrate" it is not possible to  write such a formula 
consistent with the analyses of the silver salts of I11 and IV. 

I n  analogy with structure V, the substance VI obtained by thermal 
decomposition of I11 is assigned the structure 2,3,6,7-tetramethylcyclo- 
octadiene-2,6-dione-l, 4 (VIa) or 2 , 3,6,7-tetramethylcyclooctadiene-2-6- 
dione-l,5 (VIb), while the decomposition product of IV 

COCHz COCHz 
/ \- 

II I I  
\ /  

H3CC CCHa HaCC CCH3 

CCH3 

/ \- 
I I  
\ /  

HsCC HaCC hCH3 

CHzCO COCHz 

/ \- 
H3CC CCHa 

/ \- 
HaCC CCH3 

II I I  
\ /  

CCH3 HsCC 
I I  
\ /  

HaCC hCH3 

CHzCO COCHz 
VIa VIb 

is assigned the structure of a spiro-cycloheptadiene-furo-p , jY-diazoline 
(VII). Two isomeric compounds were obtained by thermal decomposition 
of IV, but a t  present the relationship between these is not known. Both 
VI1 and VI11 were unstable and decomposed on standing to give uncrystal- 

CHa-N 
I I1 
\ /  

O N  

C 
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lizable yellow oils; both reacted with acetic anhydride, giving the same 
unstable acetyl derivative. 

EXPERIMENTAL* 

The addition reaction.-The reaction between duroquinone and diazomethane was 
carried out in  a number of solvents. In general either I11 or IV was obtained, along 
with varying amounts of the mono addition products I and 11. However, i t  was not 
possible to  predict which of the products would be formed except when methanol was 
present. Under these circumstances, if any di addition product was obtained, it was 
invariably IV. In other solvents no such regularity was noticed, and two experi- 
ments, apparently identically performed, rarely gave the same results. In  general 
the yields of di addition products ranged from about 3040%; while the yields of mono 
addition products ranged from about 7535%. A typical experiment will be de- 
scribed, and the results of others will be given in tabular form. A solution of diazo- 
methane (2.8 g., 0.067 moles; obtained from 10 g. nitrosomethylurea) in ether (100 cc.) 
was added to a solution of duroquinone (5.5 g., 0.034 moles) in ether (125 cc.) and 
methanol (20 cc.). The solution, after standing a t  -5 to  -10" for 11 days, deposited 
clusters of fine needles (4 g., IV) which were removed, washed with ether, and re- 
crystallized from methanol or chloroform-petroleum ether. The substance (IV) 
melted a t  143-144' with evolution of gas. It was insoluble in cold water, but soluble 
in hot water, dilute hydrochloric acid, 10% sodium hydroxide, concentrated ammon- 
ium hydroxide, and acetic acid. I t  was decomposed violently by concentrated 
sulfuric acid. 

Anal. Calc'd for C1zH~sN,O2: C, 58.04; HI 6.50; N, 22.58. 
Found: C, 58.33; H, 6.47; N, 22.77. 

Evaporation of the ethereal filtrate from IV and steam distillation of the residue 
gave only a trace of duroquinone in  the distillate. The non-volatile oil (3.2 g., 47%) 
remaining in the distilling flask was a mixture of I and 11. 

A n d .  Calc'd for C I I H I ~ N ~ O ~ :  C, 64.04; H I  6.85. 
Found: C, 64.63; H, 7.10. 

The oils, from four reactions (16 g.) were combined and decomposed by heating 
gently in  a distilling flask. After the vigorous evolution of gas had subsided, water 
was added and steam was passed through until no more yellow oily material collected 
in the distillate. The distillate was saturated with salt and extracted with ether. 
Evaporation of the solvent left a clear yellow oil (2 g.) which solidified on standing. 
Crystallized several times from dilute acetone, dilute methanol, or low boiling 
petroleum ether, the substance (V) was nearly colorless and melted a t  60-61". It was 
insoluble in water, dilute hydrochloric acid, or dilute sodium hydroxide, but was 
soluble in concentrated sulfuric acid (orange-red solution), and reprecipitated on 
dilution. Permanganate in dilute acetone was readily reduced by the substance, but 
bromine in chloroform, as well as acetyl chloride, were without action. 

Anal. Calc'd for CIlH1402: C, 74.11; H, 7.92. 
Found: C, 74.48; H, 8.11. 

The residue remaining after V had been steam-distilled was a dark oil (6.1 g.) 
which could not be crystallized. When distilled under reduced pressure there was 
obtained 4.4 g. of a clear yellow oil (b.p. 160-170" 13 mm.) which solidified on cooling. 
Crystallized from water, dilute methanol, ethanol, acetone, or petroleum ether, the 

Microanalyses by Mr. J.  W. Opie. 
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substance formed bright-yellow prisms melting at 102-103" (11), and soluble in dilute 
hydrochloric acid or in  concentrated sulfuric acid, insoluble in  10% sodium hy- 
droxide. Cold dilute alkaline permanganate, as well as bromine in chloroform, were 
instantly decolorized by the substance. 

Anal. Calc'd for C11H14NtOa: C, 64.04; H, 6.85; N, 13.59; mol. wt., 206. 
Found: C, 63.74; H, 6.93; N, 13.24, 13.62; mol. wt. (Rast) 221, 212. 

The mixture of mono addition products I and I1 could also be separated by long- 
continued steam distillation, the yellow product I1 remaining as a non-volatile 
residue while the decomposition product (V) of I slowly distilled over. 

The di addition product ZZZ was obtained by conducting the addition reaction as 
described above, omitting the methyl alcohol. The product (4.26 g., 57%) separated 
in  clear rectangular prisms which were removed and crystallized from methanol. 
The substance melted a t  123" with evolution of gas. It was insoluble in cold water, 
but soluble in  hot water although i t  decomposed partially, giving a yellow viscous 
oil. It dissolved in dilute sodium hydroxide, concentrated ammonium hydroxide, 
and in dilute hydrochloric acid, and was violently decomposed by cold concentrated 
sulfuric acid. 

A n d .  Calc'd for C1ZHleNIOz: C, 58.04; H, 6.50; N, 22.58. 
Found: C, 58.23; H, 6.51; N, 22.64. 

The filtrate from 111, handled in the say as that from IV, gave a trace of duroqui- 
none and 2.2 g. (35%) of a mixture of the mono addition products I and 11. 

Addition of diazomethane to ZZ.-The yellow mono addition product I1 (0.45 g.) 
in dry ether (25 cc.) was added to  diazomethane (0.9 9.) in ether (35 cc.). After 
standing at 0-5" for 10 days, the products were 0.2 g. of IV, m.p. and mixture m.p. 
141-1412' (decomp.) and 0.1 g. of unchanged 11. 

Addition of diazomethane to Z.-The oily addition product I (1.8 g.) (from which 
duroquinone was removed by steam distillation) in  ether (25 cc.) and methanol (1 cc.) 
was added to  diazomethane (from 3.5 g. nitrosomethylurea) in  ether (30 cc.). After 
standing a t  5-10' for 3 days, the solution deposited colorless needles (0.55 g.) of IV 
melting at 138-140" (decomp.). 

(a) Ferric chloride.-The oily product I (0.8 g.) (freed of all 
volatile material by steam distillation) was dissolved in a little ethanol, and a warm 
concentrated solution of ferric chloride was added. Gas was evolved, and after 
standing two hours the yellow precipitate was removed. It weighed 0.33 g., and was 
duroquinone (m.p. and mixture m.p. 110-111"). 

( b )  ,4cetic anhydride.-The oily product I (0.9 g.) and sodium acetate (1 g.) were 
dissolved in acetic anhydride (3 cc.) and warmed on the steam bath for 30 minutes. 
The black solution, when poured into water and made alkaline with sodium hydrox- 
ide, precipitated 0.175 g. of duroquinone. 

(c) Reductive acetylation.-The product I (0.92 g.) and sodium acetate (1 9.)  were 
dissolved in  acetic acid (10 cc.) and acetic anhydride (5 cc.). The solution was 
heated to boiling and zinc dust (3 9.) was added in small portions over the course of 
an hour. The product (0.18 g.) crystallized from ethanol, melted a t  197-200" and 
was the diacetate of hydroduroquinone. 

Anal. Calc'd for ClrHlsO,: C, 67.16; H, 7.25. 
Found: C, 67.45; H, 7.09. 

The original filtrate from the diacetate was extracted with ether and chloroform. 
The extracts were washed with bicarbonate solution and dried. Evaporation of the 
solvents left 0.49 g. of a black intractable oil. 

Reactions of V .  (a) The oxime, prepared in the usual way and cryatsllized from 
dilute acetone, darkened a t  220" and melted at 241-242'. 

Reactions of Z. 
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Anal. Calc'd for C11HlsNz02 (dioxime): C, 63.42; H, 7.75; N, 13.45. 
Found: C, 64.37; H, 7.96; N, 13.21. 

No phenylhydrazone or p-nitrophenylhydrazone of V could be made. The only 
product isolated was impure starting material. 

( b )  Acetylation of V was unsuccessful, and only unchanged material was recovered 
after treatment of V in the usual way with acetyl chloride, or with acetic anhydride 
in  the presence or absence of sulfuric acid. 

(c) Hydrochloric acid in  ether a t  -10" failed to  react with V in the course of an 
hour. 

( d )  0zidation.-To 5 solution of V (178 mg.) in  acetone (5 cc.) and water (5 cc.) 
there was added potassium hydroxide (75 mg.) and then, with cooling, a solution of 
permanganate (421 mg.) in  water (10 cc.) was added dropwise. The color was 
immediately discharged. A little bisulfite was added, and the solution was extracted 
with ether. Evaporation of the ether left only a trace of oily residue. The alkaline 
aqueous layer was evaporated to  15 cc., cooled, acidified with dilute sulfuric acid 
and saturated with salt. Extraction with ether removed only a trace of oily material. 

Repetition of the oxidation with the use of 534 mg. of V, 1.263 g. of permanganate 
and 223 mg. of potassium hydroxide gave essentially the same results, although a 
very small amount (about 15 mg.) of material melting at 128-131' was obtained when 
the alkaline solution was extracted with ether. 

Chromic acid (0.5 g.) in  acetic acid (1 cc.) and water (0.5 cc.) was without action 
upon V (0.3 9.) in acetic acid (2 cc.), and evenafter two days a t  room temperature the 
substance was recovered unchanged. Likewise heating of V to  100" for an hour with 
dilute nitric acid (l:lO, 5 cc.) produced no change. 

(e )  Ozonolysis.-When subjected to  the action of ozonized oxygen (5% 03) for 
eleven minutes a cold (-10 to  -15") solution of V (0.5 g.) in  carbon tetrachloride (80 
cc.) absorbed 85% of the amount of ozone calculated for two double bonds. The 
ozonide was decomposed by adding the solution dropwise to  a boiling mixture of 
water (100 cc.), zinc dust (2 9.) and a small crystal each of silver nitrate and hydro- 
quin0ne.B The product was a small amount of yellow oil which could not be crystal- 
lized and which gave no reaction with o-phenylenediamine. 

Repetition of the ozonolysis (1 g. of V) with chloroform as the solvent and 3% 
ozonized oxygen gave only a small amount of yellow oil although 95'% of the theo- 
retical amount of ozone was absorbed in  22 minutes. The yellow oil was not oxidized 
by alkaline hydrogen peroxide, and although the iodoform reaction was immediately 
positive, no organic acid could be isolated. 

In a third experiment, the ozonide from 1.5 g. of V was decomposed by boiling the 
solution with alkaline hydrogen peroxide with no better results. 

Reactions of IZ.-(a) A small amount of I1 was heated in  a test-tube. There was 
no evolution of gas, even after fusion, followed by boiling of the liquid. The melt 
solidified on cooling; it was remelted and then boiled for 3 minutes. The substance 
was recovered completely unchanged. 

( b )  Hydroxylamine hydrochloride (0.5 g.), sodium acetate (0.5 g.), and I1 (0.34 g.) 
were dissolved in  water (3 cc.) and ethanol (7 cc.), and the mixture was refluxed for 
48 hours. The product (45 mg.) was a slightly yellow solid which after several crys- 
tallizations first from dilute ethanol and then from chloroform-petroleum ether, 
melted a t  201-203'. (Decomp.) The substance was still impure, but  the analysis 
iadicated a monoxime. 

18 (a) WHITMORE AND CHURCH, J. Am. Chem. Soc., 64, 3711 (1932); ( b )  CHURCH, 
WHITMORE, AND MCGREW, ibid., 66, 176 (1934). 
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Anal. Calc'd for C1lH16N3O2: C, 59.70; H, 6.84; N, 19.00, 
Found: C, 58.68, 59.10, 60.21; H, 6.72, 8.30, 7.81; N ,  18.92. 

(c )  Bromination.-A solution of bromine in  chloroform (10%) was added dropwise 
to a cold solution of I1 (0.2 9.) in  chloroform (10 cc.) until the color of bromine was 
permanent. The solution after washing with bisulfite and then with water was dried. 
Evaporation of the solvent left a small amount of yellow oil which solidified when 
rubbed with a little cold methanol. The solid was crystallized several times; first 
from dilute methanol, then from dilute acetone, and finally from petroleum ether. 
It  as light yellow and melted at 83-84". 

Anal. Found: C, 47.23; H,  4.83; N,  9.53. 
(d )  Reduction.-A solution of I1 (0.61 g.) in  acetic acid (10 cc.) and water (5 cc.) 

was boiled for three hours with granulated zinc (1.5 g.). The product (0.2 g.) was 
nearly colorless and melted a t  250-256' with some sublimation. Acetylation with 
acetic anhydride and a drop of sulfuric acid gave 60 mg. of a brown solid melting a t  

Repetition of the experiment gave a colorless product melting a t  198-200" 
(decamp.). When this product was suspended in  a solution of ferric chloride, it was 
not oxidized to  duroquinone nor to  11. Acetylation of the compound melting at 198- 
200" gave a light tan solid (0.17 g.) which melted at 130-138" after it was crystallized 
twice from dilute methanol. 

Reduction of I1 by stannous chloride and hot hydrochloric acid gave colorless 
needles which melted at 213-215'. The compound contained no nitrogen, and when 
oxidized by ferric chloride, the product was duroquinone. 

115-125". 

Anal. Found: C, 70.56; H, 7.95. 
(e) Acetylation.-A small amount of I1 was boiled with acetic anhydride for 5 

minutes, and the mixture was poured into ice water. No solid appeared after the 
anhydride had all decomposed. Excess bicarbonate was added, and the solution, 
after standing overnight, deposited duroquinone. Boiling saturated bicarbonate 
solution was without effect upon 11, nor was any duroquinone formed when I1 (0.1 g.) 
was boiled with acetic anhydride (2 cc.) for 20 minutes, or when water (4 cc.) was 
added and boiling was continued for 30 minutes longer. But when an excess of 
bicarbonate was added to  this (warm) solution, duroquinone was precipitated 
immediately. 

(a) Thermal decomposition.-The reaction was followed quanti- 
tatively by measuring the nitrogen evolved, sweeping it out by a current of carbon 
dioxide and collecting it over 50% potassium hydroxide solution. With chloro- 
benzene (b.p., 132') as the solvent, the figures (percentage of the theoretical value 
for CI2Hl6N4O2) for the nitrogen evolved were: 100.54; 101.04; 97.88; 96.60. Evapo- 
ration of the solvent i n  vacuo left a yellow residue (VI) which partially solidified. 
The substance was pressed on a clay plate, and the solid was then crystallized several 
times from dilute ethanol or dilute acetone. It was white, melted a t  143-144' and 
contained no nitrogen. The substance was insoluble in water, dilute sodium hy- 
droxide, and dilute hydrochloric acid. It was soluble in  cold concentrated sulfuric 
acid, and reprecipitated on dilution. The acetone solution of VI did not decolorize 
permanganate, even when i t  was boiled. 

Reuctions of III. 

Phenylhydrazine was without action. 
Anal. Calc'd for C12H1602: C, 74.95; H,  8.40; mol. wt., 192. 

Found: C, 74.82; H, 8.34; mol. we., (Rast) 191. 
The oxime of VI was obtained i n  73% yield by the usual procedure. 

Anal. Calc'd for ClzH1sNzO2: C, 64.82; H, 8.17; N, 12.60. 
Found: C, 64.34; H,  8.23; N ,  12.26. 

It was white 
and melted above 260' (very dark a t  250"). 
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( b )  Phenyl isocyanate.-The substance I11 (0.2 9.) was heated with several cc. of 
phenyl isocyanate. No reaction was apparent, but the solid dissolved. The solu- 
tion was cooled, extracted with ligroin, and the solvent was evaporated. The 
residue, crystallized from methanol, melted at 138-139" (decomp.) and was identified 
as IV by determining the mixture melting point. Repetition of the experiment did 
not give the same results; instead, a compound melting a t  160-161' was obtained 
which was identical with the product of the action of phenyl isocyanate upon IV. 
In addition to  this product, there resulted a somewhat larger quantity of a colorless 
solid melting at 127-128" (decomp.) but which was not unchanged 111. 

Anal. 
1-Naphthyl islcyanate was without action upon 111. 
(c) Hydroxylamine gave no oxime with 111; the only product that could be ob- 

tained from the reaction was a small amount of red oil. 
(d) Phenylhydrazine.-A solution of I11 in  dilute ethanol gave an immediate 

precipitate when phenylhydrazine and a little acetic acid were added. The solid, 
crystallized twice from dilute ethanol, was white and melted at  144-145' (decomp.). 

Calc'd for C I ~ H Z ~ N C O  (mono phenylhydrazone): C, 63.87; H, 6.55; N, 

Found: C, 64.03; H I  6.68; N, 24.60. 

(Substance melting at 127-128'.) Found: C, 67.51; HI 5.39; N, 14.72. 

Anal. 
24.84. 

( e )  Acetylation of ZZZ with acetic anhydride and a drop of sulfuric acid gave a 
diacetate which melted above 260" after crystallization from ethanol-ethyl acetate. 

Anal. 

(f) Silver salt.-The substance I11 (0.5 9.)  was allowed to  stand with concentrated 
ammonium hydroxide (15 cc.) until solution was complete. The excess ammonia 
was removed under reduced pressure, and a solution of silver nitrate (0.7 g.) in  water 
(5 cc.) was added. The light-tan precipitate was filtered and washed with water, 
ethanol and ether. The product weighed 0.67 g., and melted with decomposition a t  
128-129". 

Anal. Found: Ag, 34.94, 34.57, 34.59, 34.16. 
(8 )  Hydrochloric acid.-Concentrated hydrochloric acid (3 cc.) and I11 (0.1004 g.) 

were placed on a watch glass and allowed to stand in a vacuum desiccator until the 
liquid evaporated. The white hygroscopic product weighed 0.1496 g. and melted 
with decomposition a t  112-113'. The material did not depress the melting point of 
a similar product obtained from IV. The weight of the product indicated a molecular 
weight of 370. Titration with standard alkali gave values of 328 and 332 for the neu- 
tral equivalents, assuming two acid groups were titrated. The titrated solutions 
gave duroquinone when steam distilled. When hydrochloric acid was allowed to 
act upon I11 in the presence of dimedon, the solution did not deposit any precipitate 
-hence formaldehyde was apparently not eliminated. 

(h) Hydrobromic acid.-By the use of the procedure described above, there was 
obtained from I11 (0.1012 9.) and 40% hydrobromic acid (2 cc.), a light-brown solid 
(0.1734 9. )  which darkened at 145" and melted with decomposition at 155-156". From 
the quantities of material involved, a molecular weight of 425 was indicated. When 
the material was suspended in ethanol-ether, i t  became colorless, and the solid then 
melted with decomposition a t  139-140'. This material did not depress the melting 
point of a product obtained by the action of hydrobromic acid upon IV. 

(Sample melting a t  139-140".) Found: C, 39.65; H, 6.11; N, 14.52. 

Calc'd for CleHzoN,O,: C, 57.80; HI 6.07; N, 16.87. 
Found: C, 58.09; H, 6.28; N, 16.57. 

Anal. 
Reactions of ZV. (a) Thermal decomposition.-This was carried out as described 

under 111, with bromobenzene (b.p. 156') as the solvent. The percent of nitrogen 
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evolved in  two experiments was 60.65 and 63.28 respectively. The substance IV 
(2 g.) was decomposed by heating small portions of i t  in a nickel crucible. Decompo- 
sition occurred a t  155-160". When there was no further evolution of gas, the bath 
was held a t  175-180" for 15 minutes. Upon cooling the melt partially solidified. The 
hot acetone solution filtered, diluted and cooled, deposited; 0.27 g. of a light-brown 
solid melting with decomposition a t  128-129". Four similar thermal decompositions 
gave the following products: (a) 3 g. of IV gave 0.625 g. of nearly colorless material 
melting a t  115"; ( b )  4 g. of IV gave 0.4 g. of colorless material, melting a t  124-127", 
and 0.61 g. of buff-colored material melting a t  103-105"; (c) 5 g. of IV gave 1.15 g. 
of solid melting a t  103-113°; the acetone filtrate, when steam distilled, gave 0.6 g. 
of duroquinone and 0.8 g. of a black non-volatile residue; (d) 5 g. of IV gave 0.51 g.  
of material melting a t  125-129", 0.38 g. melting a t  102-104", 0.34 g. of duroquinone, and 
1.485 g.  of non-volatile residue. 

Analysis indicated that the two decomposition products (VI1 and VIII) were 
isomers, formed by loss of one mole of nitrogen from IV. 

Anal. Calc'd for Cl2H16N2O2: C, 65.41; H, 7.32; N ,  12.72; mol. wt., 220. 
Found: (substance melting a t  124-127") C, 65.65; H, 6.87; N, 12.41; mol. 

Found: (substance melting a t  103-113") C, 65.62; H, 7.33; N, 12.63. 
Upon standing, both solids decomposed to  yellow oils which could not be solidified. 

The Substance melting a t  103-113" (0.2 9.) was heated for 4 hours on the steam bath 
with acetic anhydride and a drop of sulfuric acid. The solution was diluted, cooled, 
made alkaline with carbonate and extracted with ether. Evaporation of the ether 
left 0.16 g. of material melting a t  90-117". Crystallized once from ether-petroleum 
ether, the substance melted a t  138-143"; and when an attempt was made to  crystallize 
this from dilute methanol, the substance decomposed. The decomposition product 
melting a t  124-127" apparently gave the same acetyl derivative, but this also decom- 
posed during attempted recrystallization. 

The low-melting isomer (103-113") gave no oxime when treated with hydroxyla- 
mine in the usual manner, nor could any of the starting material be recovered. When 
the low-melting isomer (0.5 9.) in acetic acid (10 cc.) and water (7 cc.) was boiled for 
7 hours with zinc (2 9.) it gave 0.22 g. of material melting a t  124-128" and showing no 
depreesion in melting point when mixed with the high-melting (124-127') decomposi- 
tion product. 

( b )  I ,.&Dinitrophenylhydrazine.-No phenylhydrazone was obtained by the 
custornary procedure, and from 0.5 g. of IV, 0.38 g. of unchanged material was 
recovered. 

( c )  Hydroxylamine.-The usual procedure for preparation of oximes converted 
IV (0.4 9.) into duroquinone, and a similar result was obtained when an attempt was 
made to prepare a semicarbazone of IV. 

(d) Methyl sulfate and alkali completely destroyed IV; only a trace of brown oil 
could be isolated. 

(e) Potassium cyanate.-To a cold solution of IV (1 9.) in acetic acid (60 cc.) 
there was added with shaking solid potassium cyanate (5 g.) in small portions. The 
solution, after standing at 5" for 3 days, was made alkaline with potassium carbonate, 
and the colorless precipitate was removed. It was dissolved in hot acetic acid, the 
solution was filtered and the substance was reprecipitated by neutralizing the filtrate 
with dilute sodium hydroxide. The substance (a urea?)'P was white, darkened a t  
245" and melted with decomposition at 251". 

wt. (Rast), 250, 258. 

1 9  LOCQUIN AND HEILMAN, Compt. rend., 180, 1757 (1925). 
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Anal. Found: C, 49.50; H, 5.62; N, 24.19. 
(j) Oxidation.-A cold (10") solution of IV (0.5 g.) in sodium hydroxide (10 cc., 

10%) and water (40 cc.) was oxidized by addition of permanganate (50 cc., 2%) in  2 
cc. portions. The color was immediately discharged. After standing over night 
a t  O", the precipitated oxides were removed and the alkaline filtrate was extracted 
with ether and with chloroform. Nothing was removed by the organic solvents. 
The aqueous solution was acidified with dilute sulfuric acid and again extracted; 
again nothing was removed. The aqueous layer was then made alkaline and evapo- 
rated to  dryness. The solid residue (0.5 9.) was dissolved in water (3 cc.), hydro- 
chloric acid (2 drops) was added and the solution was refluxed with p-nitrobenzyl 
bromide (0.5 g.) and alcohol (7 cc.) for 2 hours. The cooled and diluted solution 
deposited a solid which, when crystallized from alcohol was colorless and melted at 
77-78'. 

Oxidation of IV (1 9.) in warm (60") sodium hydroxide (15 cc., 10%) by slow 
addition of iodine (6.25 g.) in potassium iodide (12.5 g.) and water (50 cc.) gave, when 
the reaction mixture was diluted with water (15 cc.), a small amount (ca. 15 mg.) of 
a colorless solid melting at 144-145", but which was not IV. 

The reported melting point of p-nitrobenzyl acetate is 78'.*0 

Anal. Found: C, 63.58; H, 7.90; N, 24.79. 
Extraction of the alkaline filtrate with ether removed 25 mg. of colorless material 

melting a t  106-109". After crystallizing the substance several times from water, the 
melting point was 107-108. The water solution, when hot, had a strong phenolic 
odor. 

Anal. Found: C, 49.92; H, 5.95; N, 21.47. 
No other products could be isolated. 
(8) Phenyl isocyanate. When heated with several cc. of phenyl isocyanate, the 

substance IV (0.2 9.) dissolved. Methanol was added to decompose the excess 
reagent, the hot solution was filtered and the filtrate, on cooling, deposited a colorless 
solid melting with decomposition a t  160-161'. This substance was identical with 
the substance obtained from I11 by the same procedure. 

Anal. Calc'd for CloHIINbOs: C, 62.10; H, 5.77; N, 19.06. 
Found: C, 62.40; H, 5.82; N,  19.42. 

As in  the case of 111, 1-naphthyl isocyanate was without action upon IV. 
(h) Aniline.-The substance IV (1 g.) was warmed on the steam bath for 5 hours 

with aniline (0.465 g.) and acetic acid (1.5 cc.). The black liquid was poured into 
excess sodium bicarbonate, and the solution was extracted with ether. The ether 
was washed with dilute hydrochloric acid (to remove aniline), then dried and evapo- 
rated. The residue was 60 mg. of duroquinone, and steam distillation of the acid 
washings gave an additional 70 mg. of the quinone. No other material could be 
isolated, and no triazole was apparently formed.21 

(i) Silver salt.-By the same procedure as that used in the case of 111, a silver salt 
(0.45 g.) was prepared from IV (0.5 g.). The substance was a heavy, white solid, 
which melted a t  136-137" with decomposition. 

Anal. Found: C, 26.57, 25.99, 25.40, 26.43; H,  3.48, 3.68, 4.42, 3.99; N, 16.78; Ag, 
35.20, 34.69, 34.10, 34.53. 

The silver salt was unaffected by boiling i t  for 10 hours with methyl iodide in 
ether. When methanol was used as the solvent, the product was an orange oil which 
could not be solidified. 

* O  KAMM, "Qualitative Organic Analysis," John Wiley & Sons, Inc., New York, 

21 WOLFF, Ann., 326, 163 (1902); ibid. ,  394, 26 (1912). 
1933, p. 180. 
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G) Hydrochloric acid.-Substance IV (0.1006 g.) was converted to  the hydroscopic 
salt (0.1511 g.) by the same procedure as that used in  the case of 111. The salt melted 
with decomposition at 112-114", and from the weight of the product, the molecular 
weight was 373. 

Anal. Found: C, 37.53; H, 6.28, N.E. (two acid groups) 300,312. 
When the titrated solutions were steam distilled, duroquinone was obtained. 

Hydrolysis of the salt to  duroquinone by alkali was carried out in the presence of 
benzaldehyde in  an attempt to detect any hydrazine that might have formed. The 
result was negative, and blanks showed that one drop of dilute hydrazine hydrate 
gave 8 positive reaction. Similarly, a test for formaldehyde was made by subjecting 
IV to the action of hydrochloric acid in  the presence of dimedon. This test was also 
negative, while the blanks were positive. 

When IV (0.2 g.) was refluxed for 1.5 hours in alcohol (10 cc.) containing 3 4  drops 
of hydrochloric acid, the product was duroquinone. 

(IC) Hydrobromic acid.-Substance IV (0.1017 g.) was converted to  the bromide 
(0.1765 g.) by the same procedure as that used in  the case of 111. The crude product, 
almost, white, darkened at 145" and melted with decomposition at 153-154'. When 
shaken with a mixture of alcohol and ether, cooled, filtered, washed with ether and 
dried tn vacuo, the salt was colorless, melted a t  139-140" (decomp.) and was identical 
with the salt obtained by action of hydrobromic acid upon 111. From the relative 
weights of IV and salt, the molecular weight was indicated as 430. 

Anal. Found: C, 41.05; H, 5.99; N, 14.46; N.E. (two acid groups) 418, 428; Br. 
(addition of HNOJ to the solutions after determining N.E., and titrating for Ag in 
the usual way), 36.92, 34.58. 

When a small amount of the salt was dissolved in  water and shaken with freshly 
precipitated silver oxide, there was an immediate precipitation of silver halide. The 
silver compounds were removed and the filtrate, after standing for an hour, was ex- 
tracted with ether. Nothing was removed by the ether. After standing for 4 hours 
longer, the filtrate deposited a yellow solid which was identified as duroquinone. 

SUMMARY 

1. Iliazomethane has been added to duroquinone, a completely substi- 
tuted quinone. 

2. Four products resulted; two isomeric compounds formed by addition 
of one molecule of diazomethane to one molecule of the quinone, and two 
isomeric products formed by addition of two molecules of diazomethane to 
one of the quinone. 

3. The properties and reactions of these substances have been described, 
and structures have been proposed for them, as well as for the products of 
their thermal decomposition. 

4. The reaction between duroquinone and diazomethane, unlike that of 
any other p-quinone, is confined entirely to the carbonyl groups and no 
pyrazolines are formed. 



[CONTRIBUTION FROM THE SCHOOL OF CHEMIBTRY OF THE UNIVERSITY OF 
MINNESOTA] 

THE JACOBSEN REACTION. V* 
CLARENCE L. MOYLE AND LEE IRVIN SMITH 

Received March 3, 1937 

Many rearrangements of benzene derivatives are known in which a sub- 
stituent migrates from some hetero element in a side-chain to a carbon 
atom of the ring; even carbon-to-carbon bonds can be established in this 
way. Thus: 

NHOH NH2 OCOCHs OH 0 -c';o -(j. .c~3~~fJ 

OH \OCHa 
\ 

N(CHB)2 NHCHs "2 3 3 0". - - ~ ~ ~ ~ - +  etc. 

Rearrangements in which the whole substituent migrates from one posi- 
tion to another in the ring are not so numerous, however. Chief among 
these are the migration of sulfonic acid groups, as in the well-known trans- 
formations of 1-naphthalenesulfonic acid into the 2-isomer; the migration 
of halogen atoms, and of alkyl groups. In the last case, a carbon-to-carbon 
bond is broken and another is reestablished. The discussion which follows 
will deal with the last two types of rearrangement, and will be restricted 
to those benzene derivatives containing only halogen atoms, only alkyl 
groups, or a combination of the two, for these are the substances which 
undergo what has come to be known as the Jacobsen reaction, or the Jacob- 
sen rearrangement. This name has been given to the rearrangement of 
the polyalkylbenzenes, the halogenated polyalkylbenzenes and the poly- 
halogenated benzenes which occurs when these substances are sulfonated 
and their sulfonic acids are allowed to stand in contact with sulfuric acid. 
The reaction consists in the migration of an alkyl group and/or halogen 

CH3 
CH3 

* Polymethylbenzenes XIX. Paper XVIII, J .  Am. Chem. Soc. 69 (June, 1937). 
112 
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atom, and was discovered by Oscar Jacobsen in 1886l although Herzig* 
was the first to study the rearrangement of halogen compounds in the pres- 
ence of sulfuric acid. All of these rearrangements may be divided into two 
general types: (a) intramolecular, in which the migrating group moves from 
one position to another in the same molecule, and (b) intermolecular, in 
which there is a transfer of one or more groups from one molecule to 
another. 

A. HYDROCARBONS 

Migrations of alkyl groups in aromatic hydrocarbons are caused chiefly 
by two reagents : anhydrous aluminum chloride and concentrated sulfuric 
acid. Rearrangements caused by aluminum chloride do not constitute a 
phase of the Jacobsen reaction, but they are of interest in this connection 
because of the opposite orienting effects of the two reagents and because of 
the possibility of relationships between mechanism for rearrangements 
caused by the two reagents. Aluminum chloride gives products in which 
the vicinal orientation of the substitutents is avoided, while sulfuric acid 
tends to produce the vicinal arrangement. 

1. Migrations Produced by Aluminum Chloride 
The common method of alkylating benzene by action of alkyl halides 

upon benzene derivatives in the presence of anhydrous aluminum chloride 
was discovered by Friedel and Crafts in 1884.3 Shortly thereafter the 
methylation of benzene and its homologs was investigated in some detail 
by a number of workers, particularly by Oscar Jacobsen4 and by Anschut~.~ 
Jacobsen, as a result of his studies, set up the following diagram as repre- 
senting the methylation of toluene. 

0-X ylene 
7 I 

I 7 
Toluene+p-Xylene -tPseudooumene + Durene 

m-Xylene4Mesitylene -t Isodurene 
Pentame t hylbenzene 7 

But Ador and Rilliets could find no o-xylene in the product obtained by 
methylation of toluene, and he reported that this product consisted mainly 
(95 per cent.) of m-xylene together with a little (5 per cent.) p-xylene. 

1 JACOBSEN, Ber., 19, la09 (1886). 
a HERZIQ, Ber., 14, 1205 (1881). 
* FRIEDEL AND CRAFTS, Ann. chim. phys., 1,449 (1884). 
4 JACOBSEN, Ber., 14,2624 (1881). 

6 ADOR AND RILLIET, (a)  Ber., 11, 10.27 (1878); ( b )  ibid. ,  12,329 (1879). 
ANfiCHUTZ, Ann., 236, 177 (1886). 
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There was no hemimellitene (1, 2, 3) among the trimethylbenzenes, and 
no prehnitene (1, 2, 3, 4) among the tetramethyl benzenes. The latter 
statement has been verified' since a very careful search for prehnitene 
among the methylation products of (mixed) xylenes showed none pre- 
sent, while blank tests showed that as little as 1 per cent. of prehnitene 
could have been detected by the method used. There is much evidence- 
although some of it is conflicting-in other connections that in the Friedel- 
Crafts synthesis, meta derivatives are largely produced. Shoesmith and 
McGechen* obtained from toluene and tert-butyl chloride 65-71 per cent. 
m-tert.-butyltoluene and 35-30 per cent. of the para compound; and the 
well-known synthesis of 1 ,3-dimethyl-5-tert.-butylbenzene from m-xylenes 
is another example of meta alkylation in the Friedel-Crafts reaction. 
One would expect, in this case, the 1, 3, 4 isomer since this would con- 
form to the usual orienting effects of the methyl groups in m-xylene. The 
production of the 1, 3, 5 isomer must therefore mean either that the 
methyl groups do not exert their usual directing effects, or that if the 1, 
3, 4 compound is the primary product, it is subsequently rearranged to 
the 1, 3, 5 isomer by aluminum chloride. To decide this point10 1,3- 
dimethyl-4-tert.-butylbenzene was synthesized and subjected to the ac- 
tion of aluminum chloride. The only product which could be isolated 
(45 per cent. yield) was the 1,3,5 isomer. 

The mechanism of this rearrangement can be viewed as an elimination of 
alkyl halide (since the Friedel-Crafts alkylation is known to be reversible) 
followed by a re-synthesis, according to the views of Anschutz5 on methyla- 
tion. 

7 0. W. CASE, Ph.D. Thesis, University of Minnesota, 1991. 
SHOESMITH AND MCGECHEN, J .  Chem. SOC., 1950,2231. 
BAUER, Ber., 24, 2840 (1891). 

10  Unpublished work by H. 0. PERRY of this laboratory. 
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(CH3)& 

But as Baddelcy and Kenner'l have stated in a recent paper, such a mecha- 
nism would also involve the isomerization of the alkyl group in certain 
cases since, for example, aluminum chloride converts n-propyl chloride 
into kopropyl chloride. Accordingly they synthesized m- and p-di-n- 
propylbenzenes, as well as 1 ,2  ) 4-tri-n-propylbenzene and subjected these 
hydrocarbons to the action of aluminum chloride.12 The results were that 
the para compound was converted to the extent of about 65 per cent. into 
the meta compound in two hours at  100"; at the same time some n-propyl- 
benzene and some lj3,5-tri-n-propyIbenzene were produced. Very little 
para compound was formed when the meta compound was so treated, but 
the 1,2,4-tripropyl derivative was largely converted into the 1, 3, 5 com- 
pound. In no case was any isopropyl derivative produced; hence the 
mechanism cannot involve the elimination of propyl chloride, either for the 
intramolecular rearrangement or for the intermolecular transfer of the 
propyl group. 

CH2CH2CH3 CHZCHzCH3 CHZCHzCH3 9 --+[I CHzCHZCH3 +o + 
CH2CH2CH3 (65%) 

11 BADDELCY AND KENNER, J. Chem. SOL, 1936, 303. 
1* See also HEISE AND TOEIL, Ber., 24,768 (1891). 
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2. Migrations Produced by Sulfuric Acid. 
Pentamethy1benzene.l3* I4--When pentamethylbenzene is allowed to 

stand in contact with concentrated sulfuric acid, the hydrocarbon first 
undergoes sulfonation, and then the sulfonic acid rearranges. This reac- 
tion is intermolecular and there is a transfer of a methyl group from one 
molecule to another. 

(Jacobsen Rearrangements) 

30% amorphous, 
S03H + tarry material. 2 

CH3 CH3 CH3 
74% yield 68% yield 

Tetramethylbenzenes.' 7 15-The first recorded rearrangement of a poly- 
methylbenzene by sulfuric acid was reported by Jacobsen in 1886 in the 
case of durene. Jacobsen reported that durene was sulfonated by sulfuric 
acid slowly a t  15-20' (6-10 hours) and rapidly at  80-loo', but that  durene- 
sulfonic acid in the presence of cold concentrated sulfuric acid was com- 
pletely hydrolyzed to durene. When, however, durene or durenesulfonic 
acid was left at  room temperature in contact with concentrated or fuming 
sulfuric acid for 4-8 days, or at 100" for 3-5 hours, sulfur dioxide was 
evolved, the liquid darkened and there was produced prehnitenesulfonic 
acid, pseudocumenesulfonic acid-5, pseudocumenesulfonic acid-6, and 
hexamethylbenzene, together with a brown, water-insoluble material. 
The main product was prehnitenesulfonic acid. On the basis of these 
facts Jacobsen believed that durene itself rearranged, and he represented 
the reaction as follows: 

la JACOBSEN, Ber., 20, 896 (1887). 
1' SMITE AND Lux, J .  Am. Chem. SOC., 61,2994 (1929). 

SMITH AND CASS, ibid., 64, 1614 (1932). 
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The maximum yield of prehnitene from durene according to Jacobsen's 
scheme is 25 per cent. Smith and Cass re-investigated this reaction; they 
established that prehnitenesulfonic acid was produced in 70 per cent. yield 
based on a direct mole-for-mole rearrangement of durene to prehnitene. 
The other products of the reaction were sulfur dioxide (0.356 moles per 
mole of durene used) ; COz (0.0201 moles) ; very small amounts of pseudo- 
cumenesulfonic acid-5 and of hexamethylbenzene; and a brown amorphous 
material which constituted about 30 per cent. of the reaction product. 
Moreover, durene was found to be stable when refluxed with phosphorus 
pentoxide, but it rearranged in contact with sulfuric acid. Durenesulfonic 
acid, either hydrated or anhydrous, rearranged in contact with sulfuric 
acid or phosphorus pentoxide. Thus it is the sulfonic acid which rear- 
ranges,, not the hydrocarbon. This is also shown by the fact that penta- 
methylbenzenesulfonic acid, left in a desiccator over sulfuric acid, rear- 
ranged, whereas the hydrocarbon, under the same conditions, did not 
rearrange. Moreover, it was found that the hydrolysis of durenesulfonic 
acid to durene by cold concentrated sulfuric acid was not complete until 
after 30 hours a t  12". Smith and Cass therefore wrote the Jacobsen re- 
action as follows, with the main reaction involving an intramolecular shift 
of a methyl group. 

SOXH 

Renrrangament; 

H S ( 7  

H 3 C P  main resotion (70%) 

H3C CH3 HBC CH3 

I CHI 

L & C ( ) C H 3  SOaH + H ~ C O C H I  

H3C\ CH3 H3C so3H 
CH3 

LHy'".. H3C CH3 + €II3H CH3 

CH3 CH3 
+ amorphous by-product, 15-30%. 

These reactions, as well as Jacobsen's; do not account for the large amounts 
of sulfur dioxide evolved, nor for the amorphous by-products. Smith and 
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MoylelB have shown that the source of the sulfur dioxide is twofold: some 
comes from the sulfonic acid during rearrangement, and some results from 
the action of sulfuric acid upon the amorphous by-product. 

The rearrangement of isodurene was really discovered by Tohl” who 
however, did not recognize in his isolation of prehnitene that a rearrange- 
ment of isodurene had actually occurred. The rearrangement was investi- 
gated by Smith and Cass,15 who found that the rearrangement was quite 
analogous to that of durene. 

CH3 

H3C 0 1 H 3  CH3 CHI 

Main reaction (50 %), H3c() 
H3C, SOaH 

SOsH 
Side reaction ---t H 3 C o H 3  + H & @ &  

H3C CH3 H3C SOaH 
CH3 

I 1 H 3 C p  CH3 + H3C(] CH3 

CH3 CH3 

-+ 
H3C CH3 H3C\ S03H 

+ amorphous by-product (28%) 

Prehnitene16 is merely sulfonated by sulfuric acid, and the sulfonic acid 
does not rearrange. 

No polymethylbenzenes up to  the tetramethylbenzenes are rearranged 
by sulfuric acid or other sulfonating agents: toluene, the three xylenes and 
the three trimethylbenzenes merely yield sulfonic acids which are quite 
stable toward sulfuric acid. Hexamethylbenzene was shown by Jacobsenl 
and by Smith and Cass15 to be stable toward sulfuric acid. 

Few ethyl derivatives of benzene have been studied, but Tohl and Kar- 
chowski18 prepared 5-ethylpseudocumene and subjected the hydrocarbon 
to the action of sulfuric acid. They concluded that no rearrangements 

16 SMITH AND MOYLE, ibid. ,  66, 1676 (1933). 
17 Ber., 21,904 (1888). 
I *  T ~ H L  AND KARCHOWSKI, Ber., 26, 1530 (1892). 
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occurred, but their conclusion was based upon the fact that the sulfonic 
acids, .when converted to the dibromo compounds, gave compounds which 
did not show marked depressions in melting points when mixed with each 
other or with dibromo-5-ethylpseudocumene prepared from the original 
hydrocarbon. This evidence is of little value as a proof of structure since 
it has been demonstrated16 that the perbromopolymethylbenzenes when 
mixed with each other do not give significant depressions in melting points. 
Moreover, work in progress in this laboratory1* indicates that both ethyl- 
pseudocumene and ethylmesitylene rearrange, and that the ethyl group is 
lost during the process. 

Pent,aethylbenzene was found by TOhP' to rearrange, and the rearrange- 
ment produced hexaethylbenzene and 1 , 2,3,4-tetraethyl benzene, anal- 
ogous to the products obtained from pentamethylbenzene. 

Octahydroanthracene.4chroeter and Gotzsky20 found that this hydro- 
carbon, in the presence of sulfuric acid, rearranged to give octahydro- 
phenanthrene . 

The rearrangement occurred only in sulfuric acid solution; heating the 
sodium sulfonate merely produced the original .hydrocarbon, octahydro- 
anthracene . 

B. Halogen Derivatives 
1. Iodo compounds.-NeumannZ1 observed that aromatic iodo compounds 

rearranged in the presence of sulfuric acid, and from iodobenzene he 
obtained p-diiodobenzene and benzenesulfonic acid. He claimed that no 
evolution of iodine or of carbon dioxide occurred, and noticed only small 
amounts of sulfur dioxide. Similar rearrangements were observed in the 
case of o- and p-iodotoluene. 

1 9  MATTHEW KIESS, unpublished work. 
2o SCHROETER AND GOTZSKY, Ber., 60, 2035 (1937). 
21 NEUMANN, Ann., 241, 33 (1887). 



120 CLARENCE L. MOYLE AND LEE IRVIN SMITH 

Cass’ verified Neumann’s results in the case of iodobenzene, but he was 
able to show that both iodine and hydriodic acid were evolved. BoyleZ2 
stated that p-d;iodobenzene was converted to a tri- and a tetraiodobenzene 
by hot fuming sulfuric acid, although no experimental details were given. 

H a m m e r i ~ h ~ ~  as well as Tohl and Bauchz4 found that 4-iodo-m-xylene, 
after contact with sulfuric acid for one week, gave polyiodo-m-xylenes. 

I(JiH3 I + I 
I 

It is interesting to note, in this connection, that no rearrangements have 
been reported in the case of o- and p-xylenes or any of their halogen deriva- 
tives. 

KurzelZ5 investigated the rearrangement of 5-iodopseudocumene in the 
presence of concentrated or fuming sulfuric acid; he isolated two diiodo- 
pseudocumenes, an iodopseudocumenesulfonic acid, and pseudocumene- 
sulfonic acid-5. 

BOYLE, J .  Chem. SOC., 96, 1683 (1909). 
28 HAMMERICH, Ber., 23, 1634 (1890). 
24 TOHL AND BAUCH, (a) ibid., 2S, 3117 (1890); ( b )  ibid., 26, 1105 (1893). 
26 KURZEL, ibid. ,  22, 1586 (1889). 
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Iodomesitylene was investigated by Tohl and Ecke128 who studied the 
effects produced by varying the reagent. 

28 T B m  AND ECKEL, ibid. ,  26, 1099 (1893). 
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The last reaction is good evidence that sulfonation precedes the rearrange- 
ment, for fuming sulfuric acid, required to sulfonate the diiodo compound, 
is also required to bring about the rearrangement. 

Iodopentamethylbenzene was decomposed when subjected to the action 
of sulfuric acid. Iodine was evolved, and a black tarry decomposition 
product was formed.*' 

2. Bromo compounds.-Bromobenzene, when refluxed for eight hours 
with concentrated sulfuric acid, was reported by Herzig2 to give large 
amounts of sulfur dioxide and carbon dioxide, together with small amounts 
of a dibromobenzenesulfonic acid, which Herzig thought was the 1, 3, 5 
compound. pDibromobenzene gave the same gaseous products, together 
with some 1 ,2 ,4 )  5-tetrabromobenzene and a small amount of hexabromo- 
benzene. From 1,3,5-tribromobenzene, Herzig obtained hexabromo- 
benzene. Herzig explained these transformations by assuming that the 
halogen was eliminated as nascent bromine, which then acted as a bro- 
minating agent. 

Brf\Br 

Br 

0 Br 

/ B r u B r  

Br 

c 

Br 

An attempt by Jackson and Gallivan28 to nitrate 1,2,4 ,Btetrabromoben- 
zene in the presence of sulfuric acid, resulted in the production of hexa- 
bromobenzene. 

By the action of concentrated sulfuric acid a t  230' upon 4,6-dibromo-m- 
xylene, J a c ~ b s e n ~ ~  obtained 2 ) 4-dibromo-m-xylene. Whether a bromine 
atom or a methyl group migrated cannot be determined, for the same 
product would result in either case. The rearrangement of 5-bromo 
pseudocumene was also investigated by Jacobsen30 who sulfonated a large 

2' C. L. MOYLE, M. S. Thesis, University of Minnesota, 1932. 
**JACKSON AND GALLIVAN, Am. Chem. J . ,  18, 251 (1896). 
29 JACOBSEN, Ber., 21, 2827 (1888). 
10 JACOBSEN, ibid., 22, 1680 (1889). 
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amount (450 g.) of the substance with fuming sulfuric acid (2300 g.) and 
kept the solution a t  room temperature for several weeks. The main 
reaction led to 3-bromopseudocumenssulfonic acid-5, which could have 
been produced by migration of either a methyl group or a bromine atom. 

Br 

Br Br 

fuming /" HBSO~ 
sevmd weeks 

Y Br 

(main reaction) 

(side reaction) 

Smith and I L l ~ y l e ~ ~  found that 5-bromopseudocumene rearranged largely 
to 3-bromopseudocumenesulfonic acid-5 together with a small amount of 
tribromopseudocumene, but contrary to the work of Jacobsen, no pseudo- 
cumenesulfonic acid-5 could be found in the product. 

When 5,6-dibromopseudocumene was subjected to the action of chloro- 
sulfonic acid3* the substance was not only sulfonated, but 6-bromopseudo- 
cumenesulfonic acid-3 and tribromopseudocumene were obtained. 

H3Co:: H3"()(3: SO3H + H&()z; Br + H 3 C p  S03H 

H3C H3C Hac H3C 
Br Br Br Br 

Tohi and EckeP found that the action of sulfuric acid upon bromo- 
mesitylene consisted not only of sulfonation, but that there was a migration 
of bromine, leading to dibromomesitylenesulfonic acid and mesitylene- 
sulfonic acid as by-products, a point which had been overlooked by Rose.33 

s1 Saarw AND MOYLE, J .  Am.  Chem. Soe., 68, 1 (1936). 
a* JACOBSEN, Ber., 19, 1221 (1889). 
88 ROSE, (a)  Ann., 164, 63 (1872); ( b )  Ber., 26, 1102 (1893). 
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Br Br 
H 3 C O C H 3  --.$ H ~ C ( ) C H S  + 

H3C CH3 H3C, CH3 
Br 

CLARENCE L. MOYLE AND LEE IRVIN SMITH 

- 
SO3H ' 

H 3 C o C H 3  main 

H3C CH3 
CH3 - 

H3cbH3 CH3 + 

99% yield 

+ 

25% yield 

SOaH I aide H3c(>ca, + H3Cof30JI  

reaction+ H3C CH3 H3C CH3 
CH3 
1 
CH3 

H 3 C A C H 3  H3C/\S03H 

JACOBSEN, Ber., 20, 2837 (1887). 
TOHL, ibid. ,  26, 1527 (1892). 
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L i 
80% yield 40% yield 

The three isomeric dibromotetramethylbenzenes, as well as bromopenta- 
methylbenzene, did not rearrange when in contact with sulfuric acid, 
ai though all underwent a very slow oxidation (decomposition) accompanied 
by evolution of sulfur dioxide. 

Schroeter and Goteky20 have reported that 9-bromooctahydroanthra- 
cene, when treated with fuming sulfuric acid at  50-60' for a short time, 
gives the dibromo compound together with a sulfonic acid. The structure 
of the sulfonic acid was not determined; if, as assumed, it were actually a 
derivative of octahydroanthracene, it is likely that longer contact with 
sulfuric acid would have produced octahydrophenanthrenesulfonic acid. 

3. Chloro compounds.-Chlorobenzene in contact with sulfuric acid 
merely sulfonates, and no rearrangement occurs.' However, 4,6-dichloro- 
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m - ~ y l e n e ~ ~  behaves in a manner analogous to that of the corresponding 
dibromo compound and rearranges into 2,4-dichloro-m-xylene. 

c1 
H3Cf\CH3 ---f H J C O C H 3  

ClQl Ycl 
Tohl and Muller3' observed that 5-chloropseudocumene, when treated 

with fuming sulfuric acid gave a liquid chloropseudocumene, but they did 
not determine the structure of the product. Smith and Moyle3I investi- 
gated the action of sulfuric acid upon the three monochloropseudocumenes. 
They found that 5- and 6-chloropseudocumene rearranged into 3-chloro- 
pseudocumene and that the last compound was stable toward sulfuric acid. 
In these cases, the migrating group was the chlorine atom, and the methyl 
groups were unaffected. 

H 3 C 0 ( 3 3 3  --+ c1 H 3 C P  

H3C H3C SO3H HSC 
c1 

In the rearrangement of chlorodurene, reported by Toh13* a methyl group 
migrated, and the products were 3-chloropseudocumenesulfonic acid-5 
and chloropentamethylbenzene. Smith and Moyle31 investigated the 
rearrangements of the three chlorotetramethylbenzenes and found that all 
of them gave chloropentamethylbenzene and 3-chloropseudocumene- 
sulfonic acid-5. 

H 3 C A C H 3  

H ~ C I J C H ~ ,  
c1 \ 

CH3 
Thus the rearrangements of the chlorotetramethylbenzenes involve 
migration of a methyl group, whereas those of the bromotetramethyl- 

as KOCH, ibid., 23, 2318 (1890). 
37 TOHL AND MULLER, ibid., 26,1108 (1893). 
a *  TOHL, ibid., 26, 1527 (1892). 
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benzenes involve migration of the halogen atom. It is likely that these 
migrations constitute, in some cases at least, but the first step and that 
more than one migration occurs before the final products are reached. 

There are some interesting observations in the literature on the migra- 
tion of chlorine atoms in certain naphthalene derivatives. Thus Arm- 
strong and WynneSg found that when 1,s-dichloronaphthalene was heated 
to 290" with hydrochloric acid, it was converted into 1 , 5-dichloronaphtha- 
lene. This isomerization did not occur below 200", but it was noticeable at  
250" and complete at 290". No isomerization occurred when the chloro- 
naphthadene was heated alone, with water, or with phosphoric acid at  300°, 
but it did occur when sulfuric acid was used, and under these conditions 
there was considerable carbonization, None of the isomeric dichloro- 
naphthalenes showed any tendency to change under any of the conditions 
used by Armstrong and Wynne. The 4-sulfonic acid of 1 ,&dichloro- 
naphthallene when hydrolyzed by acid at  230", gave only 1 ,S-dichloro- 
naphthalene, but the 3-sulfonic acid, which could not be hydrolyzed below 
285") gave no less than three isomeric dichloronaphthalenes. 

c1 c1 c1 

c1 c1 c1 c1 
\A 

SOaH 

540% yield 
only product obtained. 

c1 

290" 

/ 9 50%HaPO4 
i % ~ z ~ 0 4 o r  ' 

a 9  ARMSTRONG AND WYNNE, Chem. News, 76, 69 (1897). 



128 CLARENCE L. MOYLE AND LEE IRVIN SMITH 

Of the trichloronaphthalenes, the 1, 2, 8 isomer was the only one which 
rearranged when heated with hydrochloric acid. The course of the re- 
arrangement was not determined. 

Recently, Huntress and his students40 have investigated the migrations 
of chlorine atoms which occur when certain dichlorodiphenic acids are 
heated with sulfuric acid. Thus 3 ,3f-dichlorodiphenic acid (I) when 
heated with sulfuric acid a t  125' for one hour, gives the expected product, 
1,6-dichlorofluorenone-5-carboxylic acid (11) in quantitative yield. But 
if the time of heating is prolonged (4-5 hours), or if higher temperatures 
are used, the product is the isomeric 1,6-dichlorofluorenone-4-carboxylic 
acid (111), a substance which is also obtained from 5 ,  5f-dichlorodiphenic 
acid (IV). It was also found that both the 1,6- (V) and the 1,8- (VI) 
dichlorofluorenones, when heated with sulfuric acid gave the rearrangement 
product, 3,6-dichlorofluorenone (VII). Phosphoric acid does not cause 
the rearrangement, but does cause the ring closure, giving in every case 
the expected product. It follows that the rearrangement occurs after the 
ring closure. The work is still incomplete, but it will be interesting to 
learn whether or not a sulfonation is involved. If so, the reaction becomes 
a typical Jacobsen rearrangement of chlorine produced by sulfuric acid; 
if not, the reaction must be assigned to some other class. 

HOOC @ co +-=A Cl()COOH 

Y I11 

Hoocu c1 

I1 

IV 

40 HUNTRESS et al., J .  Am. Chem. SOC., 68, 1514 (1936). 
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V VI1 VI 

4. F1tm-o compounds.-The only fluorine compounds to be investigated 
so far are studied by Tohl and Miiller?’ and in this group are also the only 
mixed halogen compound which have been studied. 5-Fluoropseudocu- 
mene was sulfonated by sulfuric acid, but the sulfonic acid remained 
unaffected by sulfuric acid when in contact with it for three months. The 
action of sulfuric acid upon 3- (or 6-) iodo-5-fluoropseudocumene caused 
decomposition with evolution of iodine; no rearranged product was found. 
However, 3- (or 6-) bromo-5-fluoropseudocumene rearranged with migra- 
tion of the bromine atom: 

Br Br SOaH 
H 3 C P  ~ H3C0;  + H3C()F 

Br 
HsC\/F H3C H3C 

while the corresponding chloro-fluoro compound rearranged with migration 
of chlorine, and the methyl groups were unaffected. 

DISCUSSION 

The three chlorotetramethylbenzenes, chlorodurene (I), chlorisodurene 
(11), and chloroprehnitene (111), rearrange to give the same products, 
viz: chloropentamethylbenzene and 3-chloropseudocumenesulfonic acid-5. 
In  each case a methyl group migrates in such a manner that the same 
chlorotriniethylbenzene results. These rearrangements can be compared 
with that of pentamethylbenzene (A) in which a methyl group also 
migrates. But the situation becomes more involved when the rearrange- 
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ment of chlorodurene is compared with those of bromodurene (B) and of 
3-chloro-5-fluoropseudocumene (C). 

c1 

I 

C1 

,...... .... 

......... ;C.H3; 
iCH3i+ .......... , t i  .......... 

or 

I1 I11 

....... ........ , I  

i B+ ;c1 i+ 

H3Cf\CH3 

A B C 

It is not known, of course, which methyl group migrates in pentamethyl- 
benzene. In the analogs I and A, a methyl group migrates, while in B and 
C, the halogen atom is the labile group. The rearrangements of I, B, and 
C show the different courses which the rearrangement may take when one 
substituent is replaced by another. In I the methyl group migrates; in B 
the bromine atom moves, and in C the chlorine atom migrates and leaves 
a non-vicinal tetrasubstituted benzene, 5-fluoropseudocumene. 

A methyl group can be removed from either I or I1 (as shown) in such a 
way that 3-chloropseudocumene results directly. But the rearrangement 
of I11 is more complex and must involve a t  least two migrations. If either 
of the marked methyl groups were to be removed, the product would be a 
chloropseudocumene which would itself then rearrange into 3-chloro- 
pseudocumene. Methyl group 1 cannot be the one removed, because the 
f i s t  product would then be 4-chlorohemimellitene, a substance which does 
not undergo the Jacobsen rearrangement. No 4-chlorohemimellitene 
could be found among the rearrangement products of 111. Removal of 
the methyl group a t  4 would give 5-chlorohemimellitene as the first 
product. Unfortunately this compound has not been available for study 
and hence nothing can be said concerning this possibility. 

Two chlorotrimethylbenzenes are unstable toward sulfuric acid, the 6- 
and the 5-chloropseudocumene both rearranging to  3-chloropseudocu- 
mene. On the other hand, 4-chlorohemimellitene and chloromesitylene do 
not rearrange. If the latter is compared with isodurene, the migration of a 
methyl group would be expected. However, if the assumption is made 
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that the chlorine atom is the only group in a chlorotrimethylbenzene that 
can move then chloromesitylene should be a stable substance. This 

::(jCEJ yi I .......... .......... r(F] HZ;$ H 8 C b T A ; i  ........... 

........ 
HsC, ;.C!; HIC 

IC1 T CH, CH, 

assumption has some basis in the fact that halogen is the labile group when 
3-chloro-5-fluoropseudocumene, bromomesitylene, or 5-bromopseudocu- 
mene rearrange. 

The rearrangements of two bromotrimethylbenzenes have been investi- 
gated-5-bromopseudocumene and bromomesitylene. The former re- 
arranged chiefly to 3-bromopseudocumene, with a small by-product of 
tribromopseudocumene; the latter rearranged entirely intermolecularly 
giving mesitylene and polybromomesitylenes. 

The ,Jacobsen reaction does not appear to be an extensive reaction. 
With few exceptions it is limited to the halogen derivatives of benzene, the 
halogen derivatives of methylated benzenes, the tetramethylbenzenes 
(durene and isodurene), pentamethylbenzene, pentaethylbenzene, and 
possibly to mixed alkyl benzenes. In general, four substituents must be 
attached to the ring except when halogen alone is present. The substitu- 
ents which have so far been shown capable of migration are I, Br, C1, CHs, 
CzHb and S03H. No Jacobsen rearrangements are known in which an 
amino, nitro, acetyl, methoxyl or carboxyl group is present in the molecule 
(except perhaps for the recent work of Huntress). Moreover, the condi- 
tions which bring about the rearrangement appear to be quite limited. 
Many reagents have been tried,31 but the only reagent of general appli- 
cability is some form of sulfuric acid, and it is not possible to replace more 
than a small proportion of the sulfuric acid by something else. The 
following table shows some data regarding the effect of changing the 
reagent upon the products obtained. The material used was a tetra- 
methylbenzene mixture, about 90 per cent. isodurene and 10 per cent. 
durene both of which give prehnitene on rearrangement. In only three 
cases was any considerable yield of prehnitene obtained; all the others 
gave essentially unchanged material. 

The ease of rearrangement of various substituents changes with the 
nature of the compounds. In the case of the monochloro- and mono- 
bromotetramethylbenzenes, the data show the relative ease of migration 
to  be Br > CH3 > C1, but in the case of halogenated trimethylbenzenes, 
the halogen always migrates if any rearrangement occurs, and the relative 
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A' 

31.5 

32.9 

TABLE 
SUMMARY OF THE EFFECT OF DIFFERENT REAGENTS UPON REARRANGEMENT OF 

TETRAMETHYLBENZENES" 

Be Cd 

7.0 24.0(48%) 
-- 

12.2 25.8 

EXPT. TABb 
Q. -- 
5.0 

0.5 

REAQINT AND CONDITIONE OIL 
0. 

50 ml. 20% fuming 
H2S04 

75 ml. 20% fuming 
H2S04; pass in  SO2 
with stirring 

50 ml. 20% fuming 
HzSO4 to sulfonate; 
then add 18 ml. water 

75 ml. 20% fuming 
H2S04 to sulfonate; 
then add 50 ml. 

50 ml. 20% fuming 
Has04 t o  sulfonate; 
then add 50 ml. 100 % 
Hap04 

50 ml. 20% fuming 
H2S04 t o  sulfonate; 
then add 300 ml. conc 

50 ml. 20% fuming 
HzS04 to  sulfonate; 
35 g. Na2S04 in 50 ml. 
conc. H2SO4 

40 ml. 20% fuming 
His04 t o  sulfonate; 
then add 1 g. HgS04 

CHaCOOH 

23.0 

40.2 

15.2 

12.3 

- 
D M P .  
"C . 
86 

85 

- 

65 

85 

65 

80 

65 

65 

- 

5.5 

4.8 

4.8 

3.0 6.6 

- 
PIME 
EM. - 
8 

6 

20 

10 

20 

15 

30 

15 

- 

2.0 

5.2 

23.5 

4.2 

5.8 

18 

16 

34.6 

28.0 

6.2 25.2 

8.2 

Dd - 

34.0 

31.5 

24.6 

21 .o 

0 Fifty grams of the mixed tetramethylbenzene filtrate used in each experiment 
except No. 8, in  which 40 g. was used. 

bThe reaction product was poured onto ice and the tar  and oil (if any) were 
separated. 

6 Sulfuric acidwas added to  the aqueous filtrate from b, and the precipitated prehni- 
tene sulfonic acid was filtered off. It was dissolved in  water (100 cc.) and sulfuric 
acid (30 cc.) and hydrolyzed with steam at 145'. Column A gives the weight of 
crude product in the distillate; column B gives the weight of residue. 

d Column C gives the weight of pure prehnitene obtained by fractionation of the 
oil in  the distillate from c. Column D gives the weight of mixed tetramethylbenzenes 
obtained in  the experiments in which the Jacobsen rearrangement either did not 
occur, or was incomplete. 

ease of migration appears to be Br > C1 > CHs. But slight changes in 
conditions and in the nature of the compound may cause great differences 
in the ease of rearrangement-for example, pentamethylbenzenesulfonic 
acid rearranges readily, but its methyl ester does not rearrange at  all. 
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Attempts to formulate a mechanism for the reaction, or even to formu- 
late with certainty the course of the reaction, are complicated by the fact 
that d f u r i c  acid can act as a reagent in so many different reactions- 
oxidation, sulfonation, hydrolysis, polymerization, and the like. In all 
the Jacobsen reactions so far observed, there resulted large amounts of a 
tarry amorphous solid which accounted for approximately one-third of the 
starting material. The source of this material is not definitely known, but 
this by-product resulted only when sulfur dioxide was evolved, and the 
amount appeared to be roughly proportional to the amount of sulfur 
dioxide. Rapid rearrangements (chloro- and bromotetramethylbenzenes), 
accompanied by only small amounts of sulfur dioxide, gave good yields of 
products and much less of the amorphous by-product than did the slower 
rearrangements. Moreover, if a substance that rearranged rapidly was 
allowed to stand in contact with sulfuric acid for a long time, the evolution 
of sulfur dioxide continued and the longer the time, the smaller the yield 
of rearranged product and the greater the amount of amorphous material. 
Hence it appears that the amorphous by-product is a result of the action 
of sulfuric acid upon all the organic materials present. The source of the 
sulfur dioxide appears to be not only sulfuric acid, but also the sulfonic 
acids themselves. The reaction is always accompanied by a series of char- 
acteristic color changes : first red, then deepening to reddish-brown, and 
finally black. 

Three mechanisms have so far been suggested for the Jacobsen reaction. 
Herzig2 explained the production of dibromobenzene from bromobenzene 
by assuming the elimination of (nascent) bromine which then acted as a 
brominating agent. While a plausible explanation for some rearrange- 
ments of halogenated compounds, this mechanism fails when attempts are 
made to apply it to the halogen-free compounds unless by “nascent” 
groups, one means transient radicals. 

Jacobsen41 suggested that prehnitene resulted from durene through an 
exchange of a methyl group of one molecule for the sulfonic acid group of 
another molecule, thus: ( yxp  

H3C SOaH F? HsC CH3 
CHa 

This “mechanism” involves exchanges among four groups, and it does not, 
of course, explain the stability of the final product, prehnitene. 

Recently Schroeter and GotzkyZ0 proposed that the rearrangement takes 
place because of longitudinal and transversal oscillations within the 

JACOBSEN, Ber., 19, 1215 (1886). 
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molecules. This idea cannot explain migrations of groups within a mole- 
cule, and although it can be applied to pentamethylbenzene, it cannot be 
used to explain the rearrangement of chloroprehnitene unless the assump- 
tion is made that the bond of a substituent in the para position to the 
sulfonic acid group is also broken by the longitudinal vibrations within 
the molecule. Schroeter’s mechanism cannot be applied to the rearrange- 

SO,H 
Cl()CH3 

CH3 

ments of the bromotetramethylbenzenes without considerable modifica- 
tion. 

The authors have considered three other formulations of the mechanism 
of the Jacobsen reaction. The first of these involved formation and sub- 
sequent cleavage of diphenylmethane derivatives, thus transferring a 
methyl group. Applied to durene, the scheme may be outlined somewhat 
as follows : 

H&\/ 

CH3 CH3 CH3 

A 

H3C -CH2 CH3 
B oxidation 

CH3 CH3 CH3 

By assuming a series of similar intermediates, the other products could be 
accounted for by means of concurrent reactions. The mechanism of the 
cleavage was a matter for some speculation, since it involved the addition 
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r-- CHs 
H&!/%Hs H3C/%H3 

of two hydrogen atoms. According to this mechanism, a mixture of one 
mole of pentamethylbenzene and one mole of pseudocumene should lead 
to two moles of prehnitene. An experiment conducted upon a mixture of 
pentamethylbenzene (0.338 moles) and pseudocumene (0.417 moles) led 
to prehnitene (0.125 moles) in an amount no greater than that which would 
have been obtained from the pentamethylbenzene alone. Enough penta- 
methylbenzene and pseudocumene were recovered which, together with 
the other products, accounted for practically all the material used. Hence 
i t  does not appear that the mechanism of the transfer of the methyl group 
can involve chain-ring compounds related to diphenylmethane. 

The second scheme involved the addition of sulfuric acid as hydroxyl and 
S03H to ortho or para positions in the benzene nucleus; the quinoid inter- 
mediate so produced then rearranged to give the final product. 

I ............ I 

iS03Hi 
............ \ H CH3 \/ j : 

C I I H&[(CH3 \ H 3 C s "  CH3 

H OH 

v '-+ 

/\ 
......... , H3C )OIH H3C SOsH 

/\ 
H OH 
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No mechanism has been found which will explain satisfactorily all the 
The main points to be considered in formulating a mccha- 

1. Whether or not, in any given case, a rearrangement will occur, and 

2. Both the intermolecular and intramolecular types of rearrangement 

3. Which groups will migrate in a given compound, and why. 
4. The non-rearrangement of chloromesitylene, 5-fluoropseudocumene, 

5-aminopseudocumene, 5-nitropseudocumene, p-bromodiphenyl, 2,3- 
dimethylnaphthalene, the xylenes, the trimethylbenzenes, and all the 
hexasubstituted benzenes. 

5. The stability of 3-chloropseudocumene and the other products 
obtained from the Jacobsen reactions. 

6. The rearrangement of certain of the sulfonic acids when the dry sub- 
stances are mixed with phosphorus pentoxide, and the evolution of sulfur 
dioxide under these conditions. 

7. The inhibiting action of phosphoric and acetic acids when mixed with 
the sulfuric acid used. 

8. The evolution of sulfur dioxide, the colors during the reaction, and 
the formation of the amorphous by-product as well as its nature. 

From the information available at present, the ease with which the sul- 
fonic acids rearrange seems possibly to be related to the ease with which 
the sulfonic acids can be hydrolyzed. The sulfonic acids of durene, iso- 
durene and pentamethylbenzene (which rearrange) are all easily hydrolyzed 
at lower temperatures than prehnitene, chloromesitylene and 3-chloro- 
pseudocumene (which do not rearrange). How far this generalization will 
hold is a matter to be determined by experiments. If one invokes transient 
radicals as intermediates, then the extent of radical formation might 
logically be connected with the ease with which the sulfonic acids are 
hydrolyzed. Thus: 

available data. 
nism are the following: 

why. 

must be explained, and predictions made as to when they will occur. 

-SO:H 
c-’ 

-Soia 
-4 

stable 
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H3C')CHa 

c1 
I I +-' 

H3cC\/ 
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HsC i \CHS 

SOsH_, 
t- 
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stable 

The free radicals rearrange to  give the most stable structure, and the same 
stable structure will be obtained from all those radicals which have the 
same number and kind of substituents attached to the ring. According to 
this mechanism, 3-chloropseudocumene is a more stable structure than 
chloromesitylene, even though the latter (because the sulfonic acid does 
not dissociate into radicals) is not capable of rearrangement. In agree- 
ment with the predictions of this theory, all the chlorotrimethylbenzenes 
which can rearrange give the same product, 3-chloropseudocumene. It 
would be expected in some cases that the free radicals would combine to 
give a diphenyl derivative and in two cases such products have been 
observed: a c&mpound having the composition C20H24C12 (dichloroocta- 
methyldiphenyl?) was obtained as a by-product from the rearrangement of 
chloroisodurene, and from the rearrangement of 6-chloropseudocumene 
there was obtained a high-melting substance (m.p. 168-169') which pos- 
sibly is a diphenyl derivative. Moreover, the free radicals would be 
susceptible to oxidation and polymerization, which would account for the 
amorphous by-product. 

Finally, in studying the Jacobsen reactions it is necessary that the struc- 
tures of the reaction products should be established beyond any doubt. 
In preparing many of these substances for purposes of comparison, sulfona- 
tion is often used as one of the steps in the synthesis; since this is also the 
condition under which the Jacobsen reaction occurs, great care must be 
taken to show that no rearrangements have occurred during the syntheses. 
The papers of Smith and Moyle16* 31 contain detailed experimentswhich show 
that mixture melting points of the halogenated polymethylbenzenes cannot 
be relied upon as a method of identification and the detailed proof of the 
structure of many of the reaction products is also given in these papers. 

SUMMARY 

This paper contains a discussion of the Jacobsen rearrangement. The 
material is reviewed historically and the limits of the reaction, the nature of 
the products, and the possible mechanisms are discussed. A table is given 
showing the effect of changes in the nature of the reagent upon the re- 
arrangement of a mixture of durene and isodurene. 
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Since Barger and Dale showed that possession of the skeleton of phen- 
ethylamine is the primary requirement for the manifestation of sympa- 
thomimetic properties,' much work has been done to determine the effect 
of substituents attached either to the nucleus or to the side-chain of the 
parent molecule. In  such study, alkyl groups have received their share 
of attention when attached to either carbon or nitrogen in the side-chain, 
but there are few references indeed to the effect of alkyl groups attached 
directly to the nucleus. The p-methyl, p-ethyl, and pbutyl  derivatives 
of ephedrine have been prepared and were described as more toxic and 
having less circulatory effect than ephedrine.* Likewise, the methyl 
group in either the meta3 or para4 position of phenylpropanolamine is 
said to lower the activity and increase the toxicity of the base. Simul- 
taneous introduction of methyl and hydroxyl into the nucleus of phenyl- 
propanolamine produced an interesting pair of compounds.6 The 3- 
methyl-4-hydroxy derivative was found to be twice as active and about 
four times as toxic as the parent; the 4-methyl-3-hydroxy isomer was also 
twice as active but was somewhat less toxic than phenylpropanolamine. 

A few other nucleus-alkylated phenethylamines have been reported, but 
pharmacological data concerning them are lacking. Though the effect 
of methyl in the nucleus appears to be distinctly unfavorable to pressor 
activity, it seemed to the authors worth while to conduct a more compre- 
hensive investigation along these lines, and to extend observations to 

* Presented before the Division of Medicinal Chemistry a t  the ninety-third 
meeting of the American Chemical Society, Chapel Hill, N. C., April 15,1937. 

The material in this paper is abstracted from the dissertation presented by John 
H. Speer to the Faculty of the Graduate School, Yale University, in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 

1 Present address: G. D. Searle & Co.,  Chicago, Ill. 
1 BARGER AND DALE, J .  Physiol., 41, 19, (1910). 
2 EHRHART, Metallboerse, 20,1800, (1930). 
3 THOMPSON, Personal communication to Hartung, quoted in Chem. Rea., 9, 437, 

4 HARTUNQ AND MUNCH, J .  Am. Chem. Soc., 61, 2262, (1929). 
(1931). 

HARTUNG e t  al., ibid., 63,4149, (1931). 
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several other types of alkyl groups. Phenethylamine itself, rather than 
one of its more active substitution products, was chosen as the parent 
compound of the series in order to avoid any specific influence of other 
groups, and so to furnish a truer evaluation of the alkyl groups under 
consideration. 

CHART I 

p-Bromobenzophenone 

/-\ HI 
\-=JBr --+ 11 \A /I 

C6Ha -&--d6hBr -!!A C6H6--C- 

0 I OH 
1 

OH 

In  developing a general and practical method of synthesis for such a 
series of compounds, alkylation of bromobenzene by means of the Friedel- 
Crafts condensation, with subsequent replacement of the nuclear bromine 
by an aminoethyl group was selected as the most promising route of ap- 
proach on account of both smoothness of operation and lack of formation 
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of undesired isomers. Such a synthesis leads entirely to the formation 
of para-alkylated compounds; the ortho and meta isomers were obtained 
only in special cases. 

Alkylation was accomplished in two steps: (1) formation of a ketone by 
the action of an acid chloride, and (2) reduction of the ketone. The re- 
duction of ortho and para bromobenzophenones by means of hydriodic 
acid and red phosphorus proceeded with excellent yields, the bromine 
being not a t  all affected by the reducing agent. When the same method 
of reduction was applied to benzyl 4-bromophenyl ketone, about twenty 
mole-per cent. of qm.-diphenylethane was recovered from the reaction. 
The increased lability of the bromine atom which was observed in this 
latter compound may be taken to indicate a partial enolization of the ke- 
tone, followed by addition of hydrogen iodide in the 1,6 position to the 
conjugate system of C = C double bonds (see Chart I). Such addition 
would form a quinoid ring, labilizing the bromine atom. That such ad- 
dition does not take place, under the reaction conditions employed, in the 
1,6 position in the conjugate system involving the C = 0 double bond 
(keto form) is demonstrated by the stability of the bromine atom in bromo- 
benzophenone, which compound can exist only in the keto form. That 
an aromatic nucleus can form part of a conjugate system with a double 
bond in the side-chain has been previously observed by Gilman and co- 
workers6, and by Kohler and Nygaard.' 

Replacement of bromine in the nucleus by a 8-aminoethyl group was 
effected in three steps. (1) Ethylene oxide was added to the magnesium 
derivative of the alkylbromobenzene, forming a phenethyl alcohol. (2) 
This was converted to  the corresponding phenethyl bromide by the ac- 
tion of phosphorus tribromide, and (3) the bromide was condensed with 
an appropriate amine. 

In  the Department of Pharmacology and Toxicology, a study of the 
pressor activity of some of the methyl and ethyl derivatives was made on 
cats and dogs8. None of these was found to be more active than the par- 
ent substance (phenethylamine). In primary amines (see Table 11) a 
methyl group in the para position did not appreciably alter activity, but a 
para ethyl group caused a moderate decrease in the pressor effect. In  the 
N-methyl amines, a methyl group in either the para or meta position re- 
duced the activity slightly, an ortho methyl group reduced it greatly, 
while para ethyl substitution was associated with either a weak pressor 
action or a definite depressor tendency. The two N-ethyl derivatives 
(meta methyl and para methyl) were depressor. Both of these N-ethyl, 

GILMAN et al., ibid., 61,2252, (1929). 
' KOELER AND NYQAARD, ibid. ,  62,4128, (1930). 
* HAA~BOURQER AND JAMIEBON, J .  PharmacoE., 68,53, (1936). 
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Calc'd 

and also the para ethyl N-methyl, compounds caused a reversal of the 
pressor response normally produced by the other compounds studied. 
Preliminary trials of the other amines prepared showed all the tertiary 
amine derivatives to  be uniformly depressor, and those derivatives con- 
taining a second phenyl ring to  be comparatively inactive, with a probable 
depressor tendency. They were not of sufficient pharamacological inter- 
est to warrant further investigation a t  present,. 

EXPERIMENTAL 

The bromoketones.-p-Bromoacetophenone and 0- and p-bromobenzophenone 
were prepared as described elsewhere in the literature.9 Benzyl 4-bromophenyl 
ketone" was prepared by the action of 1 mole of phenylacetyl chloride on 24 moles 
of bromobenzene in carbon disulfide solution in the presence of 1 mole of aluminum 

Found 
______ 

TABLE I 
PROPERTIES OF THE PHENETHYL ALCOHOLS 

16 
15 
15 
4 
3 
4 . 5  
3 

119 
11 1-1 15 

115 

162 
172 
172 

98-101 

44 
52 
74 
70 
68 
50 
54 

5 20 
4 23 
4 23 
4 0 6  

M.P., "C. 

5.23 
4.18 
4 19 
4 0 7  

67 

112 
104.5 
124 
93 

107 

GRIGNARD, Compt. rend., 141, 45, (1905). 
* KLING, Chem. Zentr., 1908, 11, 1863. 
c Plates from benzene; m.p. 67-68. Anal:  Calc'd for CiaHzsO: C, 84.91; H,8.00. 

Found: C, 85.01; H, 7.85. 

chloride. After decomposition of the aluminum complex with water, the ketone was 
obtained by fractional distillation. It boiled at 165" at 3 mm. pressure and solidified 
completely on cooling. It crystallized from alcohol in plates which melted a t  114- 
115". On oxidation with chromic acid it yielded benzoic and p-bromobenzoic acids. 

Anal: Calc'd. for CldHllBrO: Br, 29.06. 
The oxime crystallized from alcohol in needles which melted at 137". 
Anal: Calc'd. for ClaHtzBrNO: Br, 27.55. Found: Br, 27.81. 
The alkyl bromobenzenes.-p-Bromoethylbenzenell was prepared in 38% yield by 

Found: Br, 28.92. 

a Clemmensen reduction of p-bromoacetophenone. 

9 SCHWEITZER, Ber., 24, 550 (1891); 
CATHCART AND MEYER, ibid., 26,1498, (1892); 
CONE AND LONG, J .  Am.  Chem. SOC., 28,521, (1906). 

10  IVANOFF AND POPOFF, Bull. SOC. Chem., 141, 49, 1547, (1931). 
11 ASCHENBRANDT, Ann.,  216, 222, (1883). 
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p-Bromodiphenylmethane was prepared by heating 13 g. of p-bromobenzophenone, 
13 g. of hydriodic acid (sp. gr., 1.58), and 2.5 g. of red phosphorus in a sealed tube a t  
160' for 6 hours. After cooling, water was added, and the oil was extracted with 
ether. The ether extract was washed successively with water, sodium carbonate 
solution, sodium thiosulfate solution, and water, and dried over sodium sulfate. 
On distillation, the product was obtained in 92% yield as a colorless oil which boiled 
at 162" at 13 mm. pressure, or a t  128" a t  3 mm. pressure. 

Anal: Calc'd for ClaHllBr: Br, 32.35. 
In a similar way, o-bromodiphenylmethane12 was obtained in 90% yield from o- 

bromobenzophenone. It was a colorless oil which boiled a t  165" a t  12 mm. pressure. 
The same method of reduction, when applied to benzyl 4-bromophenyl ketone, gave 
p-bromo-gym.-diphenylethane in 60% yield. The compound boiled a t  143" a t  3 mm. 
pressure, and solidified on standing to  a crystalline mass which melted sharply a t  
32". The yield was 60%. Analysis showed i t  to be about 95% pure (Calc'd. for 
CrrHlrBr: Br, 30.61. Found: Br, 28.90). From the lower-boiling fraction obtained 
in the distillation, 22% of sym.-diphenylethane was obtained. 

The phenethyl alcohols.-The Grignard reagent was formed from the alkyl bromo- 
benzene in the customary manner. The solution was cooled in a freezing bath, and 
two equivalents of ethylene oxide dissolved in dry benzene were added slowly during 
stirring. The mixture frequently set to  a solid gel before addition was complete. 
This was allowed to  stand a short time in the freezing bath, after which i t  was warmed 
t o  60" for about three hours. The magnesium complex was decomposed with dilute 
sulfuric acid, and the ether layer was separated. It was washed with water, sodium 
carbonate solution, and water, dried over sodium sulfate, and fractionally dis- 
tilled. The properties of the alcohols and analyses of the corresponding phenylure- 
thanes are recorded in Table I. 

As a by-product in the above reaction, a hydrocarbon of the diphenyl series was 
isolated in each case save that  of o-bromodiphenylmethane. All of these hydrocar- 
bons were previously known, save the two described below. 

4,4'-Dibenzylbiphenyl boiled between 190" and 215" at 5 mm. pressure, and crys- 
tallized from alcohol in plates which melted a t  113". This description corresponds 
exactly to  that  given by Wolf'* for x, x'-dibenzylbiphenyl, the empirical formula of 
which was confirmed by him by analysis. 

4,4'-Diphenethylbiphenyl crystallized in the distilling flask after removal of the 
solvent, but before distillation of the accompanying 4-(phenethy1)phenethyl alcohol. 
It crystallized from ethanol in platelets which melted at 146". It is sparingly soluble 
in hot alcohol, and nearly insoluble in cold alcohol. 

Found: Br, 32.44. 

Anal: Calc'd for CasHls: C, 92.80; H, 7.20. 
C, 92.91; H, 6.99. 

The phenethyl bromides.-Two and a third equivalents of phosphorus tribromide 
was dropped rapidly into a solution of three equivalents of the alcohol dissolved in 
dry benzene and cooled in an ice bath. The mixture was kept in the ice bath about 
half an hour, then slowly heated to  boiling on a steam bath, and boiled until the evo- 
lution of hydrogen bromide had ceased. After cooling, the solution was washed 
several times with water, then once with dilute sodium carbonate solution, and dried 
over calcium chloride. The three tolylethyl bromides were obtained by fractional 
distillation; they have been previously described in the literature.14 

Found : 

l e  CLARKSON AND GOMBERG, J .  Am. Chem. Soc., 62,2887, (1930). 
18 WOLF, Ber., 14, 2031, (1881). 
14 SHOESMITH AND CONNOR, J. Chem. Soc., 129,1770, (1927). 
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Fuyi 
yY. - 
12 
14 
12 
9 

15 
10 
16 
12 
4 
2 . 5  
3 

14 
2 . 5  
4 
8 
4.5 
4 
3 
3 
8 
3 
3 
2 
2 . 5  

l-Ethyl-4-@-bromoethyl) benzene was a colorless oil which boiled at 84-86' at 

Anal: Calc'd for CtJ3IaBr: Br, 37.51. Found: Br, 37.38. 
The derivatives of diphenylmethane and of diphenylethane decomposed slightly 

when distillation was attempted, so they were used in the crude condition without 
analysis. Their identity is confirmed by the analyses of the amines prepared there- 
from. The yields in each case ranged between 60 and 70%. 

3 mm. pressure. 

YEWOD OF PREPIBA- 
T I O I  AND YIELD 

IV, 62% 
IV, 55% 
IV, 53% 
IV,60% 
IV, 60% 

IV, 67% 
IV, 73% 
IV, 90% 
IV, 90% 
IV, 77% 
IV, 68% 
IV, 90% 
IVY M% 

I, 67% 
IV, 70% 
I, 10%; 11, 35% 

IV, 77% 
IV, 57% 

1780% 
IV, 81% 
IV, 52% 
11, 43% 
IV, 80% 

I, 74%; 111, 25% 

TABLE I1 
PROPERTIES OF THE PHENETHYLAMINES - 

- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
- 

Y -  
B.P., "c. 

99 
120.5 

98-99 
100 
120 

91-92 
103-107 

107 
165-167 
193-195 
131-134 

119 
120-122 

118 
97 

90-91 
155 

146-148 
157 

178-181 
145-146 
169-170 

160 
152-155 

5 TITLEY, J .  Chem. SOC., 128,608, (1926). 
b CIESIELBKI, Chem. Zentr., 1907, I, 1793. 
c Platelets from alcohol; m.p. 73.5'. Anal: Calc'd for CllHarN: N, 4.86. Found: 

d Solidified on standing; m.p. 49'. 
N, 4.69. 

In  working up the product from the reaction of phosphorus tribromide on 4-@- 
hydroxyethy1)-sym-diphenylethane, the washing of the reaction mixture with 
sodium carbonate solution caused the formation of a copious crystalline precipitate. 
This was identified as the disodium salt of an acid phosphite ester of the alcohol. It 
was obtained in about 25% yield. It crystallized from So% alcohol in leaflets which 
did not melt below 300". 
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Ac . 
Ace-Et. 
Ac . 
Ac.-AI. 
Ac . 
AI. 
Ac . 

95% Al. 
90% Al. 
Ac . 
Ac.-Et. 
Ac.-Et. 
Ac . 
95% Al. 
Ac.-Al. 
AI.-Et. 
AI. 
Ac.-Et. 
A1 . 
Al. 
Ac. 
95% AI. 
A1 . 

Ac.-Al. 

Anal: Calc'd for C1Bl,Ns20sP: P, 9.30. Found: P, 9.40. 
Upon acidification, it yielded the free ester as an oil which was insoluble in water 

The phenethy1amines.-Amines were prepared from the corresponding bromides by 

I. Fifteen grams of a phenethyl bromide were dissolved in 500 cc. of alcoholic 

and soluble in  the usual organic solvents. 

four general methods. 

V.S. 

V.S. 

V.S. 
V.S. 

V.S. 

m.s. 
m.s. 

sp.8. 
insol. 

V.S. 

V.S. 
V.S. 

V.S. 
V.S. 

m.s. 
V.S. 

V.S. 

V.S. 

V.S. 

6P.S. 
m.s. 

sp.s. 
m.8. 

V.S.  

TABLE I11 
PROPERTIES OF THE PHENETHYLAMINE HYDROCHLORIDES - 

NUM- 
BER, 

TABLE 
I1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

M.P., "c. 

167 
147.5 
143 

148 

192 

161-162 

217-218 

203-204 
232-234 
256 
124-125' 
115-116 
93 
212 
2 0 8 d  
192-193 
169-170 
180 
122 
222-224 
192 
136 5 

197 
213-215 

CBYBT. FORM 

Needles 
Plates 
Plates 
Platelets 
Leaflets 
Hex. plates 
Leaflets 
Leaflets 
Prisms 
Prisms 
Plates 
Plates 
Keedles 
Needles 
Plates 
Plates 
Platelets 
Leaflets 
Platelets 
Leaflets 
Plates 
Leaflets 
Needles 
Leaflets 

I- 

% NITROQEN 
- 
X c ' d  

7 54 
6 15 
7 54 
7 01 
6 15 

7 54 
7 01 
5 35 
4 31 
9 12 
6 15 
4 93 
5 84 
7 54 
7 01 
5 65 
5 35 
4 61 
5 65 
5 35 
4 61 
5 35 
5 08 

- 

~ 

- 
Found 

7 42 
6 09 
7 45 
7 07 
6 13 

7 47 
7 09 
5 26 
4 27 
9 21 
6 18 
4 71 
6 05 
7 56 
6 93 
5 52 
5 26 
4 51 
5 63 
5 37 
4 68 
5 29 
506 

- 

% CHLORINl 

Cda'd 

19.14 
15,58 
19.14 
17.78 
15.58 
20.67 
19.14 
17.78 
13.55 

23.09 
15.58 
12.50 
14,81 
19.14 
17.78 
14.32 
13.55 
11.69 
14.32 
13.55 
11.69 
13.55 
12.87 

- 
Found 

19 25 
15 66 
19 12 
17 75 
15 61 
20 53 
19 12 
17 86 
13 72 

23 20 
15 62 
12 50 
14 77 
19 15 
17 59 
14 32 
13 46 
11 74 
14 29 
13 66 
11 66 
13 49 
13 03 

__ 

Solvents: Ac. = acetone; AI. = absolute alcohol; Et .  = anhydrous ether. 
* Solubilities in water (approx.): v.8. = over 8%; m.s. = 1% to  8%; s p a .  = less 

than 1%; all at 25°C. 
Dihydrochloride. 

dSinters a t  200". 

ammonia saturated a t  5", and allowed t o  stand at room temperature for five t o  eight 
days in a tightly stoppered flask. The solution was then evaporated to  dryness, and 
the crystalline residue was decomposed with aqueous alkali. The base was extracted 
with ether, dried over solid potassium hydroxide, and fractionally distilled. Bases 
prepared in this way reacted readily with the carbon dioxide of the atmosphere. 

11. One equivalent of a phenethyl bromide WM heated at 180" for 4 hours with 
1.1 equivalents of potassium phthalimide. The melt was boiled for a few minutes 
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with water, filtered hot, and the alkylphthalimide was dried and weighed. It was 
hydrolysed without further purification by the method of Ing and Manske,I6 using 
hydrazine hydrate. 

111. Equal weights of potassium phthalimide and of 8-p-tolylethyl bromide were 
refluxed together in absolute alcohol for 48 hours. The solution was cooled, the alco- 
hol diluted with one quarter its volume of water, and the alkylphthalimide filtered. 
It crystallized from alcohol in leaflets which melted a t  117". The yield was 45%. 

Anal: Calc'd for C1;HlsNO2: N, 5.28. Found: N, 5.11. 

TABLE IV 
PROPERTIES OF THE PHENETHYLAMINE PICRATES 

NUMBER, 
TABLE I1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

M.P.. "c. 

114-115 
110 
127 
133 
95 

165b 
135 
126 
1% 
155 

Not made 
132 

62-63 
144 
168 
Oil 

178-179 
169-171 
143-144 
154-155 
93-94 
Oil 
135 

115-116 

CBYST. FORM' 

Needles 
Needles 
Plates 
Needles 
Plates 

Leaflets 
Rhomboids 
Needles 

Needles 
Ne e d 1 e s 
Needles 
Needles 

Plates 
Rhomboids 
Ne e d 1 e s 
Needles 
Plates 

Needles 
Leaflets 

BOLVENT 

Water 
Water 
Water 
Water 
Ac .-Et. 

Water 
Alcohol 
70% AI. 

Water 
Alcohol 
Water 
Water 

40% AI. 
Water 
50% Al. 
50% AI. 
Alcohol 

80% Al. 
50% AI. 

70 NITROQEN 

Calo'd 

14 81 
13 33 
14 81 
14 28 
13 33 

14 28 
12 33 
10 83 

13 33 
11 76 
12 95 
14 81 

12 72 
12 33 
11 29 
12 72 
12 33 

12 33 
11 96 

Found 

14 67 
13 26 
14 74 
14 18 
13 48 

14.14 
12 23 
10 90 

13 32 
11 73 
12 92 
14 78 

12 50 
12 20 
11 26 
12 63 
12 36 

12 25 
12 02 

0 Color in each case was some shade of orange-yellow. 
b TITLEY, J .  Chem. SOC., 128,508, (1926). 

The p-tolylethylphthalimide thus obtained was dissolved in the calculated volume 
of half-normal alcoholic potassium hydroxide and boiled for five minutes. On cool- 
ing, the solution was diluted with an equal volume of water t o  complete the precipita- 
tion of 8-p-tolylethylmonoamide of phthalic acid. The amide crystallized from 25% 
alcohol in leaflets which melted a t  1M)"C. The yield was quantitative. 

1' INQ AND MANBKE, ib id . ,  128,2348, (1926) 
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Anal: Calc'd for C I ~ H H ~ ~ N O ~ :  N, 4.98. Found: N, 4.87. 
P-Tolylethylphthalamide was boiled for 15 hours with excess zO% hydrochloric 

acid. On cooling, the solution was filtered, the precipitate was washed with warm 
water, and the combined filtrates were concentrated to  a small volume. The base 
was liberated and distilled in  the usual manner. The yield was 5475, calculated 
from the phthalamide, or 25% calculated from the original bromide. 

IV. One equivalent of a phenethyl bromide was heated at 100" (in a sealed tube if 
necessary) with five equivalents of a primary amine, or three equivalents of a sec- 
ondary amine, for six to  eight hours. (Methylamine and ethylamine were used as a 
53% solution in absolute alcohol; the time of heating was extended to  24 hours.) 
On cooling, the solution was made strongly alkaline, and the base was extracted and 
distilled in the usual manner. 

The properties of all the bases are recorded in Table 11. 
The Amine Hydrochlorides were prepared by passing a stream of dry hydrogen 

chloride into a solution of the base in 25 times its weight of dry ether, and crystalliz- 
ing the amorphous precipitate from an appropriate solvent. I n  the case of some of 
the larger molecules, the pure crystalline hydrochloride could be obtained directly 
by passing dry hydrogen chloride into a solution of the base in six times its volume 
of absolute alcohol without cooling until the solution had become acid in reaction, 
and then cooling in an ice box. 

The properties of the hydrochlorides are recorded in Table 111. 
The Amine Picrates were prepared by mixing cold aqueous solutions of equivalent 

weights of the amine hydrochloride and of picric acid. The picrate frequently sepa- 
rated as an oil which usuallysolidified upon standing over night. It was crystallized 
from an appropriate solvent. 

The properties of the picrates are recorded in Table IV. 

SUMMARY 

1. A series of derivatives of phenethylamine, bearing methyl, ethyl, 
benzyl or phenethyl groups substituted in the nucleus, has been prepared, 
and the hydrochlorides and picrates of the bases, as well as a number of 
intermediate compounds, are described. 

2. Those bases bearing either a methyl or ethyl group in the nucleus, and 
not more than one methyl group on the nitrogen atom, show pressor ac- 
tivity in general similar in kind to, but less in degree than, phenethylamine. 
Compounds bearing two phenyl rings, or a tertiary nitrogen atom are 
either inactive or depressor in circulatory effect. 



[CONTRIBUTION FROM THE RESEARCH LABORATORIES OF THE GOODYEAR TIRE AND 

RUBBER Co.] 

REACTIONS I N  THE THIAZOLE SERIES. I. REACTIONS OF 
2-CHLOROBENZOTHIAZOLES WITH THIOUREAS 

WINFIELD SCOTT AND GEORGE W. WATT 
Received February 93, 1937 

Rather extensive studies involving the addition compounds of alkyl 
halides with thiourea have been pursued for the purpose of elucidating 
the structures of thiourea, of its addition compounds, and of basic sub- 
stances derived The formation of aliphatic mercaptans by 
the decomposition of addition compounds of this type indicates that the 
hydrocarbon group is attached to sulfur. While such reactions in the 
aliphatic series were observed by Claus’ at an early date, a survey of the 
literature reveals that these studies have been extended to halogen com- 
pounds of the aromatic and heterocyclic series in but a few instances. 
Furthermore, with but one exceptions?* no attempts have been made to 
determine the relative reactivities of substituted thioureas toward the 
various types of organic halides. 

Of a number of chloropolynitrobenzenes investigated, only l-chloro- 
2,4-dinitrobenzene and picryl chloride have been found reactive toward 
thioureaX0* l1, the former yielding bis (2 ,Pdinitrophenyl) disulfide, and the 
latter dipicryl sulfide. Rosenhauer, Hoffman, and HeuserI2 have shown 
that thiourea and certain chloroquinolines react to  form either mercaptans, 
sulfides, or disulfides. Their observations support the view that the 
primary reactions consist in the formation of definite additive compounds. 

Experiments described in the following pages show that analogous reac- 
tions occur when 2-chlorobenzothiazoles and thiourea are refluxed, or are 

BERNTHSEN AND KLINOER, Ber. 11,492-5 (1878); 12,574-6 (1879). 
RATHKE, ibid. ,  14,177480 (1881). 

a WILL, ibid. ,  14, 1489-92 (1881); 16,33848 (1882). 
4 WILL AND BIELSCHOWSKI, ibid. ,  16,1309-18 (1882). 
6 WERNER, J .  Chem. Soc., 67,283-304 (1890). 
6 LECHER AND HEUCK, Ann., 438,169-84 (1924). 

* GOLDSCHMIDT AND GRINI, Z .  Elektrochem., 19,226-34 (1913). 
9 GOLDSCHMIDT AND HOUOEN, ibid. ,  22, 339-49 (1916). 
lo  WILLGERODT, Ber., 10, 1686-9 (1877); Private Communication to “Beilstein”, 

l 1  TAYLOR AND DIXON, J .  Chem. SOC., 126,243-60 (1924). 
12 ROSENHAUER, HOFFMAN, AND HEUSER, Ber., 62B, 2730-6 (1929). 

CLAUS, Ber., 7,235-7 (1874); 8,414 (1875); Ann., 179,146-7 (1875). 

11, Third Edition, p. 816. 
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allowed to stand for some time at  room temperature, in alcoholic solution. 
The interaction of 2-chlorobenzothiazole and thiourea may be represented 
by the equations, 

S NHP S 

S 

The instability of the intermediate addition compound is apparently such 
that it decomposes spontaneously, even a t  room temperature, resulting 
in the formation of 2-mercaptobenzothiazole, cyanamide, and hydrogen 
chloride. Both 2-mercaptobenzothiasole and cyanamide have been 
identified, the latter in the form of its silver salt, and the formation of 
hydrogen chloride is indicated by the fact that an aqueous solution of the 
reaction product is acid to litmus and exhibits reactions characteristic of 
hydrochloric acid. Similar reactions occur with monosubstituted thio- 
ureas, while the disubstituted compounds may result in the formation of 
mercaptans or stable addition compounds, depending upon the nature of 
the substituent groups and upon the lability of the halogen atom in the 
2-position in the thiazole ring. In certain cases the disubstituted com- 
pounds are unreactive. 

EXPERIMENTAL 

With the exceptions noted below, materials used in this investigation were pre- 
pared and purified by methods ordinarily employed, or consisted of carefully purified 
commercial products. All analytical data presented herein were obtained by stand- 
ard procedures and are averaged values. 

Preparation of d-chlorobenzothiazo2e.-The method employed for the preparation 
of 2-chlorobenzothiaaole is essentially that due to  Clifford1* and is generally applic- 
able to  the preparation of 2-chlorobenaothiaaoles. 

One hundred fifty grams of sulfur monochloride (10% excess) was added in small 
portions and with stirring to  167 g. (1 mole) of commercial grade P-mercaptobenao- 
thiazole contained in a three liter flask provided with an air reflux condenser. When 
the initial exothermic reaction had subsided, the reaction mixture was heated cau- 
tiously until frothing ceased, then refluxed on the sand bath for one and one-half 
hours and allowed to stand overnight. The black liquid was transferred to a Claisen 

18 CLIFFORD, U. S. Pat.  2,043,948, June 9, 1936. 
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flask and distilled; the fraction boiling a t  150-70" (55-65 mm.) being collected. This 
material was washed thoroughly with 10% sodium carbonate solution, washed with 
water, separated, and dried over anhydrous sodium sulfate. Redistillation of the 
dried product gave a 72% yield (117 9.) of clear colorless 2-chlorobenzothiazole; 
b.p., 158-62"/50 mm. 

Preparation of s-dicycZohesyZthiourea.4ne-half mole of N-methylenecyclohexyl- 
amine (55 g.) in a 500 cc. flask was melted on the steam bath. Small portions of 
sulfur were then added to  the melt until 31.8 g. had been added. The reaction mix- 
ture darkened, heat was liberated, and there was a copious evolution of hydrogen 
sulfide. After heating under reflux (air condenser) for five minutes, the mixture 
was distilled under reduced pressure. The pale yellow oily distillate which solidified 
upon cooling was recrystallized from alcohol; white crystals of s-dicyclohexylthio- 
urea; m. p. 179-80". The melting point of a mixture with a specimen prepared as 
described by Skita and Rolfes14 was not depressed. Yield, 22 g. or 37%. 

Anal. Calc'd for ClaHZ~NZS: N,  11.7; S, 13.3. 
Found: ' I  11.5; '' 13.4. 

Various modifications of the foregoing procedure resulted in no marked increase 
in yield, the maximum obtained being44%, The crude reaction product may be dis- 
tilled a t  atmospheric pressure without materially altering either the yield or the 
quality of the product. Insofar as we have been able t o  determine, s-dicyclohexyl- 
thiourea has previously been prepared only by the method of Skita and Rolfes. 

Attempt to prepare s-dipentamethy1enethiourea.-In view of the results obtained in 
the reaction between N-methylenecyclohexylamine and sulfur, it seemed probable 
that the preparation of s-dipentamethylenethiourea might be accomplished through 
the interaction of 1, 1'-methylenebispiperidine and sulfur. It was found, however, 
that such interaction results in the formation of relatively low yields of piperidine 
pentamethylenedithiocarbamate, hydrogen sulfide, piperidine hydrosulfide, and 
variable amounts of tarry products. 

Since the reaction was found to  be a very violent one, the procedure finally adopted 
involved the use of xylene as the reaction medium, the following being a description 
of a typical case. Ninety-two grams of 1,l'-methylenebispiperidine, 36.4 g. of 
sulfur, and 100 cc. of xylene were placed in a three-liter flask equipped with an air 
condenser tube, the top section of which was bent a t  a forty-five degree angle and 
which led into a one-liter Erlenmeyer flask immersed in an ice bath. (The condenser 
tube should have an inside diameter of a t  least 1.6 cm.) The purpose of this appa- 
ratus is to  obviate loss of the product during the violently exothermic reaction when 
much of the reaction mixture will be forced out through the condenser tube and lost 
if these precautions are not observed. 

The reaction vessel was warmed gently until the reaction began. Cold water was 
then allowed to flow over the surface of the flask in order to  keep the reaction under 
control. When vigorous boiling ceased, that portion of the reaction mixture which 
was trapped in the Erlenmeyer flask a t  the exit t o  the condenser tube was returned 
to the reaction vessel, and the whole was refluxed for 20 minutes. The system was 
then arranged for distillation a t  atmospheric pressure in the usual manner, using an 
air condenser. The greater portion of the reaction mixture was distilled over, includ- 
ing the solvent xylene, and collected in a cooled receiver. The white crystalline 
product was separated by filtration and recrystallized from methyl alcohol. White 

*( SKITA AND ROLFES, Ber. ,  63B, 1247 (1920). 
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TEIOUBmA 

Thiourea. . . . .  . . . . . . . . . . .  

Phenyl-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allyl-. . . . . . . .  . . . . . . . . . . . . . . . . .  

0-Tolyl- . . . . . .  . . . . . . . . . . . . . . .  
s-Diphenyl- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s-Dicyclohexyl-. . . . .  . . . . . . . . . . . . . . .  
N , N-Dimethyl-"-phenyl- . . . . . . . . . . . . . . . . . . . . . . . .  
N , N-Pentamethylene-N'-phenyl-. 

crystals of piperidine pentamethylenedithiocarbamate; m. p., 172-3"; yield, 42 g. or 
34%. 

Anal. Calc'd for C11HZzN2S1: N, 11.4; 5, 26.0. 
Found : 'I  11.1; " 26.3. 

The melting point of a mixture with an authentic specimen of the piperidine salt 
prepared from piperidine and carbon bisulfide in the usual manner showed no depres- 
sion. 

During refluxing, piperidine hydrosulfide condensed on the walls of the condenser 
assembly, and a smaller quantity volatilized in the early stages of the distillation. 
While our experience with this reaction is not sufficiently extensive to  warrant specu- 
lation as to  the mechanism of the formation of the products obtained, it is possible 
that the anticipated product, s-dipentamethylenethiourea, was formed as an inter- 
mediate in the production of the dithiocarbamate. 

Reactions of 8-chEorobenzothiazoZe.-Seventeen grams of 2-chlorobenzothiazole and 
7.6 g. of thiourea were refluxed for one hour in 100 cc. of ethyl alcohol. The clear 
alcoholic solution was poured into 500 cc. of ice water, whereupon a white crystalline 
solid separated. This material was filtered off and washed with water. The crude 

YIELD, % m. P., 'C. 

100 176-6 

78 170-3 
100 170-3 

79 169-74 
0 
0 
0 
0 

TABLE I 
REACTIONS WITH 2-cHLOROBENZOT€IIAZOLE 

product, 2-mercaptobenzothiazole, weighed 16.8 g. (100% yield) and melted at 
175-6". After recrystallization from alcohol it melted a t  176-7" and this melting 
point was not depressed when a sample was mixed with an equal weight of 2-mer- 
captobenzothiazole prepared by an entirely independent method." 

Anal.  Calc'd for C,H6NS2: N, 8.4; 5, 38.3. 
Found : " 8.3; I' 38.4. 

The filtrate was made distinctly alkaline with ammonium hydroxide and treated 
with aqueous silver nitrate. A small quantity of yellow silver cyanamide, m. p., 
200" (dec.) was precipitated. 

Equimolar quantities of 2-chlorobenzothiazole and thiourea in alcohol solution 
were allowed t o  stand overnight a t  room temperature in a tightly stoppered con- 
tainer. When the solvent alcohol was allowed to  evaporate without application of 
heat, a theoretical yield of 2-mercaptobenzothiazole was obtained. 

I n  Table I are presented yield data  relative to  reactions of 2-chlorobenzothiazole 
with a number of thioureas. The melting points of the crude products are included 
in the table since they serve as an index to  the purity of 2-mercaptobeneothiazole 

I* KELLY. U. S. Pat.  1,631,871, June 7, 1927. 
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produced in these reactions. In  each case one-tenth molar quantities of 2-chloro- 
benzothiazole and the designated thiourea were refluxed for one hour in 100 cc. of 
alcohol. 

Monosubstituted thioureas.-After reactions involving monosubstituted thioureas, 
a different method was required for the isolation of the mercaptan, due t o  the presence 
of insoluble monosubstituted cyanamides. When the alcoholic solutions were poured 
into ice water, there separated not definitely crystalline products such as are obtained 
when thiourea itself L used, bu t  rather soft semi-solid materials which only par- 
tially solidified upon standing in the aqueous medium in the cold. When these 
products were purified by crystallization from organic solvents, unavoidable purifi- 
cation losses led to  yield values appreciably lower than actually formed in the reac- 
tions. Accordingly, the crude products were filtered off, dried, and the melting 
points were estimated; the products were then extracted three times with 50 cc. 
portions of cold 10% sodium hydroxide solution. 2-Mercaptobenzothiazole was 
then precipitated from the combined extracts by acidification with dilute hydro- 
chloric acid. After recrystallization from 50% alcohol, 2-mercaptobenzothiazole 
isolated in this manner melted at 175-7" and its identity was confirmed by mixture 
melting points in each case. 

The residues remaining after the alkali extractions were examined in some detail 
and in every case were found to  consist of a mixture of products. For example, in 
the case of the reactions with phenylthiourea, fractional crystallizations of the 
alkali-insoluble material from alcohol, ether, and ethyl acetate resulted in the isola- 
tion of very small quantities of white solids having melting points of 40-45" and 183- 
6" (after softening at  160"). These substances have properties similar t o  those 
exhibited by phenylcyanamide (m. p. 47"),16 and triphenylisomelamine (m. p., 185").17 

Disubstituted thioureas.-As shown in Table I, 2-mercaptobenzothiazole is not 
formed when 2-chlorobenzothiazole is refluxed with disubstituted thioureas in alco- 
hol for one hour. Neither is i t  formed when such solutions are refluxed for periods 
up t o  40 hours, nor when disubstituted thioureas are refluxed for several hours in an 
excess of 2-chlorobenzothiazole (b. p., 247"). With exception of the latter case, when 
the disubstituted thioureas undergo partial decomposition during the refluxing at 
high temperatures, the greater part of the starting materials may be recovered 
unchanged. 

In  one instance, a stable addition compound was formed between 2-chlorobenzo- 
thiazole and a disubstituted thiourea. Seventeen grams of 2-chlorobenzothiaeole 
and 15 g. of N, N'-o-phenylenethiourea (thiobenzimidazolone) were refluxed for one 
hour in 100 cc. of alcohol. The insoluble gray solid was filtered off and washed with 
alcohol and benzene. It weighed 27.5 g. (86% yield) softened at 220-2" and melted 
with decomposition at 2334". This substance is insoluble in ordinary organic 
solvents and has been shown by analysis to  consist of a simple additioncompound. 

Anal. Calc'd for C14HIoClNaSz: N, 13.1; S, 20.0; C1, 11.1. 
Found: ' I  13.0; ' I  19.9; I' 11.9. 

Trioubstituted thioureas.-No reactions occurred when the trisubstituted thioureas 
listed in Table I were refluxed with 2-chlorobenzothiazole in alcohol, and the starting 
materials were recovered. 

Reactions of 8-chZoro-6-nitrobenzothiazoZe.-Ten and six-tenths grams of 2-chloro- 
6-nitrobenzothiazole and 3.8 g. of thiourea were refluxed for one hour in 75 cc. of 

16 HOFFMAN, Ber., 18, 3221 (1886). 
1' HOFFMAN, ibid. ,  18,3223 (1886). 
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alcohol. After refluxing for a few minutes, the solution assumed an orange-yellow 
color and crystals of 2-mercapto-6-nitrobenzothiazole having a like color separated. 
The reaction mixture was cooled; the crystals were separated by filtration, washed 
with cold alcohol, and dried. The filtrate and washings were poured into 500 cc. of 
ice water, and the yellow crystals which separated were isolated as described above. 
Thus, 9.9 g. was obtained by direct crystallization from the reaction mixture, and 
0.6 g. by dilution with water, or a total of 10.5 g. which represents a quantitative 
yield; m. p., 225-7". 

Anal. Calc'd for CIHIN~OZSI: N,  13.2; S, 30.3. 
Found : '' 13.2; " 30.1. 

Data contained in Table I1 represent results obtained when 1/20 mole each of 2- 
chloro-6-nitrobenzothiazole and the indicated thiourea were refluxed in 75 cc. of 
alcohol for the given periods of time. As in Table I, the melting points given are 
those of the crude products. 

Monosubstituted thioureas.-The procedure used in isolating 2-mercapto-6-nitro- 
benzothiazole from reactions involving monosubstituted thioureas differed from 
that described above only in that  the product obtained by dilution with water was 
extracted with an excess of 10% sodium hydroxide and filtered, and the mercaptan 

TABLE I1 
REACTIONS WITH 2-CHLORO-6-NITROBENZOTHIAZOLE 

~ ~~ 

TRIOUBmA 

Thiourea, .................................. 

Phenyl-. ................................... 
Allyl-. ..................................... 

0-Tolyl-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s-Diphen yl- ................................ 

N, N-Dimethyl-N'-phenyI- .................. 
s-Dicyclohexyl- ............................ 

TIME, (Em.) 

1 
1 
1 
1 

12.5 
1 

50 

YIELD, % 

100 
94 
92 
93 
49 
94 
0 

Y.P., 'C. 

255-7 
248-50 
249-52 
254-6 
225-30 
251-3 

was precipitated by addition of dilute hydrochloric acid. The rate of formation of 
2-mercapto-6-nitrobenzothiazole from 2-chlorod-nitrobenzothiazole and monosub- 
stituted thioureas is noticeably slower than when thiourea is used, as judged by the 
elapsed time between the beginning of refluxing and the appearance of the mercaptan 
in the form of insoluble orange-yellow crystals. This difference in rate of reaction 
becomes quite apparent when a reaction with a monosubstituted thiourea and one 
employing thiourea are carried out simultaneously. 

Disubstituted thioureas.-Upon completion of refluxing, the solid products isolated 
as previously described were combined, and the mercaptan extracted in 10% sodium 
hydroxide solution. As shown in Table 11, the reaction with s-diphenylthiourea was 
very slow, while that with 8-dicyclohexylthiourea appeared to  proceed at a rate only 
slightly lower than similar reactions with monosubstituted thioureas. The alkali- 
insoluble material from the reaction involving s-dicyclohexylthiourea was boiled 
with toluene to  remove soluble impurities. There remained 4.0 g. of a grayish-white 
solid which after recrystallization from alcohol consisted of white crystals of s-dicy- 
clohexylurea; m.p., 229-30". 

A n d .  Calo'd for ClSH*dN20: N, 12.5. Found: N, 12.1. 
The formation of this substance may be readily explained. When a disubstituted 
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thiourea reacts with an organic halide in the manner described in the foregoing pages, 
there is formed not cyanamide, but rather the disubstituted diimide, RN:C:NR. 
This, in turn, may react with any water present in the hot alcoholic reaction medium 
to form the corresponding urea. 

It is significant that the crude products from reactions involving disubstituted 
thioureas had a marked odor of mustard oils. The appearance of such products is 
indicative of decomposition of the thioureas during refluxing. 

Trisubstituted thioureas.-In the only case studied, namely that of N ,  N-dimethyl- 
N '-phenylthiourea, we have been unable to identify 2-mercapto-6-nitrobenzothiazole 
as a product of thereaction. However, by extraction with aqueous sodium hydroxide 
and acidification of the clear alkaline extract, there was isolated 8.4 g. of a pale tan 
solid, m.p., 80-110". Repeated recrystallization of this material from glacial acetic 
acid (in an effort t o  isolate the mercaptan) resulted in a progressive lowering of the 
melting point to a value of 67-9" after the fourth crystallization. This behavior is 
indicative of a progressive acetylation. The final product was small in amount and 
was found by analysis t o  contain 8.5% nitrogen and 17.6% sulfur. This product has 
not been identified. 

It con- 
sisted mainly of bright yellow crystals of 2-dimethylamino-6-nitrobenzothiazole; 
m. p., 197.5-199". 

The alkali-insoluble fraction (10.0 g.) was recrystallized from toluene. 

Anal. 

During the prolonged refluxing t o  which the reactants concerned were subjected 
(50 hours) the trisubstituted thiourea was apparently decomposed, and dimeth- 
ylamine was thereby liberated. The free amine must then have reacted with the 
2-chloro-6-nitrobenzothiazole with elimination of hydrogen chloride t o  form the 
2-dimethylamino derivative. 

Calc'd for CpHoNaO2S: N, 18.8; S, 14.3. 
Found: " 18.4; " 14.5. 

DISCUSSION 

The foregoing data indicate that there is a definite gradation in the 
reactivity of thiourea and its substituted derivatives toward 2-chloro- 
benzothiazoles, the corresponding mercaptans being produced most readily 
by thiourea, more slowly and less completely by monosubstituted thio- 
ureas, and slowly if a t  all by disubstituted compounds. In  no case was 
a reaction of this type observed with a trisubstituted thiourea. 

Since it is logical to assume that the primary reaction consists in the 
formation of an addition compound, the efficiency of a given thiourea 
may be thought of in terms of the ease with which it forms such addition 
compounds. Goldschmidt and co-workers8~9 have studied the rates of 
formation of addition compounds between methyl and ethyl iodides and 
thiourea, its mono- and disubstituted derivatives. Largely from con- 
ductivity data they have established the following order of decreasing 
reactivity, 

thiourea > mono- > di- > trisubstituted, 

this order being identical with that found in the present study. 
The difference in yields of mercaptans obtained with the various types 

of thioureas cannot be attributed to  differences in the techniques employed 
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in the isolation of the products. I n  each instance the method used in- 
sured the complete removal of any mercaptan formed in the reaction. 
The method employing alkali extraction might conceivably result in high 
yields in terms of mercaptan in the case of reactions with 2-chloro-6- 
nitrobenzothiazole, since any unchanged chloro compound would prob- 
ably be at least partially converted to 2-hydroxy-6-nitrobenzothiazole by 
the action of sodium hydroxide. The hydroxy compound would, in this 
event, appear along with the mercaptan upon acidification of the aqueous 
solution of the combined sodium salts. However, no such complication 
was encountered in the present studies, since, when there appeared to be 
any reaction whatever, sufficient time was allowed for the complete 
utilization of the chloro compound. 

The markedly greater reactivity of 2-chloro-6-nitrobenzothiazole as 
compared with 2-chlorobenzothiazole, as evidenced by results obtained in 
reactions with disubstituted thioureas, and by relative yields of mercap- 
tans with monosubstituted thioureas, provides further evidence as to the 
effect of a nitro group in the 6-position upon the lability of the halogen atom 
in the 2-position in the thiazole ring.18 Another factor concerned in the 
apparent reactivities of the two halides lies in the relative solubilities of 
the corresponding mercaptans in alcohol. The nitro-substituted mer- 
captan is almost insoluble in hot alcohol whereas 2-mercaptobenzothiazole is 
very soluble under the same conditions and appreciably soluble a t  room tem- 
perature. Hence, should the reactions in question involve an equilibrium 
situation, those producing mercaptans of low solubility would be expected 
to occur the more readily. 

Mercaptobenzothiazoles produced by the interaction of 2-chloroben- 
zothiazoles and thiourea are of a degree of purity limited only by the 
purity of the starting materials. 2-Mercaptobenzothiazole prepared by 
the usual methodI5 possesses a yellow color which is extremely difficult if 
not impossible to remove by the ordinary methods of purification. How- 
ever, when this material is prepared as described in this paper, i t  is per- 
fectly white and of a high degree of purity. 

A study of reactions of halides of the type used in this investigation 
with thiourea in aqueous media has led to results which seem worthy of 
further study. Accordingly, these reactions will be described in a later 
communication. 

SUMMARY 

1. It has been shown that the interaction of 2-chlorobenzothiazoles 
and thiourea leads to  the formation of high yields of the corresponding 
mercaptans, and a mechanism for the reaction has been suggested. 

1s  Cf. TEPPEMA AND SEBRELL, J. Am. Chem. Soc., 49, 1780-1 (1927). 
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2. A brief study of the relative reactivities of a number of substituted 
thioureas has indicated the following order of decreasing reactivity, 

thiourea > mono- > di- > trisubstituted. 

3. Methods for the preparation of 2-chlorobenzothiazoles and of s- 
dicyclohexylthiourea have been described. 

4. The reaction between 1 , 1’-methylenebispiperidine and sulfur has 
been shown to result in the formation of piperidine pentamethylenedi- 
thiocarbamate. 
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Quinaeolines of the type shown (I) have been obtained from para- 
substituted arylamines by condensation with formaldehyde in aqueous 

H2 
C 

I 
acid solution', and by treatment of N-(2-aminobeneyl)-arylamines with 
formic acid or ethyl orthoformate2. The first procedure gives small 
yields of dihydroquinaeoline as one of several products whose separation 
may be troublesome and wasteful. The second method, involving a 
familiar ring-closure, appears to be dependable but presents the disad- 
vantage that the required aminobenzylarylamines are obtainable only by 
a slow and cumbersome methoda. These considerations, and others dis- 
cussed below, made it appear that a satisfactory method for the prepara- 
tion of dihydroquinaeolines (I) might be based upon a combination of the 
two methods, Le. ,  by starting with the amine and formaldehyde, or with 
other precursors of the aminobeneylarylamine and by operating under 
conditions favorable to formation of the aminobeneylarylamine, and in 
presence of formic acid to ensure the final ring-closure. This paper 

1 See the preceding paper of this series [WAGNER AND EISNER, J .  Am. Chem. Soc., 

9 v. WALTHER AND BAMBERG, J .  prakt. Chem., [21,73,209 (1906). 
* Gcr. Pat., 106,797; Friedl. 6,84. 

69,879 (1937)l for recent work and literature. 
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describes experiments in which this possibility was tested, and which 
showed that dihydroquinazolines may be obtained conveniently from 
para-substituted arylamines, their methylenebisarylamines or their 
trimeric Schiff bases, as shown in the reaction scheme. 

I11 

( X<T>")2CH~ 

I1 

x(I)NH, 
Acid > 

IV  

The compounds used as starting materials were p-toluidine, p-anisidine, 
p-phenetidine, p-chloroaniline, and p-bromoaniline, and corresponding 
methylenediarylamines (11) and Schiff bases (111). The final step has 
been realized independently for the bases (IV) obtained from p-toluidine2, 
p-chloroaniline , and p-bromoaniline'. 

1, Dihydroquinazolines from para-substituted amines.-With the amine 
and formaldehyde as initial reactants, yielding first the methylenebisaryl- 
amine (11) , conversion of the last-named to the aminobenzylarylamine 
(IV) requires acid and amine, usually provided as amine hydrochloride. 
It was found that the formic acid added to effect ring-closure with IV 
would serve also as the acid needed for formation of the latter from 11; 
the needed amine was supplied presumably by hydrolysis of some I1 by 
the aqueous acid. After the reaction considerable amine was present as 
the formyl derivative, and it is likely that this or other formyl derivative 
was instrumental in the ring-closure4. 

Interaction of amine, formaldehyde and formic acid at  water-bath 
temperature yielded in each case the expected dihydroquinazoline, present 
in the residue left after the reaction mixture was made strongly alkaline 

4 See e.g., PAAL AND BUSCH, Ber., 22, 2686 (1889); Ger. Pat. 81, 712, Friedl .  2, 125; 
NIEMENTOWSHI, J .  prakt .  Chem., [2] 81, i364 (1896); KULISCH, Chem. Zentr. 1899, I, 
847. 
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E":!. 
-~ 

2.1 0.5 
2.1 1 .o 
3.4 0.5 

1.3+ 1.7 0.6 
1 + 2  0.6 
2.1 0.6 
2.1 1.1 

1 + 2  0.5 
1 + 2  1.0 

(to decompose formylamine) and steam-distilled. Yields averaged 20 
to 30 per cent., except in the case of p-bromoaniline, which gave a 10 per 
cent. yield. Results appear in Table I. 

The steam-volatile material was found, in the cases examined, to consist 
of the original amine and its methyl and dimethyl derivatives. Methyla- 
tion is to be expected in such reactions6, but in these experiments was due 
in part to the reducing action of formic acida, as shown by the character- 
istic effervescence and by the extent of the methylation. 

2. Dihydroquinazolines from methylenediary1amines.-Cairncross and 
Bogert' reported a single trial of this method, using the ethyl ester of 

TABLE I 
PREPARATION OF DIHYDROQUINAZOLINES FROM PARA-SUBSTITUTED AMINES, 

FORMALDEHYDE, AND FORMIC ACID 

BTEAY- 
VOLATlLI, 

Q. 

12.7 
6.0 
11.8 
9.6 
0.7 
4.0 
3.9 
5.1 
6.8 

~ 

5 7  
7 2  
6 3  
6 8  
3 0  
2 4  
3 3  
2 4  
1 9' 

-m, 0. 

25 
250 
25 
25 
12.3* 
10 
10 
10.6 
17.2 

206 
263 
228 
247 
220 
222 
305 
209 
10 4 

p-Toluidine ( 

4 When two quantities are given the formic acid was added in two stages. 
b Yields are calculated on ratio 2 amine: 1 quinazoline. 
0 Aversge of 4 experiments. 
d Average of 2 experiments. 
8 Product was isolated through the recrystallized hydrochloride, probably with 

considerable loss. This experiment, gave also 1.5 g. of the base of m.p. 134-5" pre- 
viously reported (Ref. 1) as one product of the condensation of p-bromoaniline and 
formaldehyde in dilute hydrochloric acid solution. 

methylene-N , N'-bis(p-aminobenzoic acid), but under strongly hydrolye- 
ing conditions, and obtained a 9 per cent. yield of the corresponding dihy- 
droquinazoline. In  the present study the procedure used by Cairncross 
and Bogert was not tested with other methylenebisarylamines, for a con- 
sideration of the reactions involved indicated the advisability of different 
conditions. 

6 MAFFEI et al., Ref. I; EISNER AND WAGNER, J .  Am. Chem. SOC., 66,1938 (1934). 
6 CLARKE, GILLESPIE, AND WEISSHAUS, J. Am. Chem. Soc., 66, 4571 (1933); cf. 

1 CAIRNCROSS AND BOGERT, Coll. Czecho8louak. Chem. Comm., 7,57 (1936). 
EISNER AND WAGNER, ib id . ,  66, 1941 (1934); footnote. 
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(CH30CaH4KH)zCHz 
(CZH sOC eH4KH) zCH, 
(ClC&aNH)zCHz 
(BrC BH4NH)zCHz 

The intermediate formation of the aminobenzylarylamine (IV) from 
the methylenebisarylamine (11) requires amine, amine-salt and conditions 
not strongly hydrolytic. In preliminary experiments methylenebis(p- 
toluidine) and p-toluidine, with formic acid somewhat more than equiva- 
lent to the latter, were warmed together to promote formation of o-amino- 
m-xylyl-p-toluidine (IV) ; a moderate excess of formic acid was added and 
the heating was continued. Yields of dihydroquinazoline averaged 21.7 
per cent. 

At this stage of the work there became available the results of Simons' 
study8 of the reactions in the system including methylenebisarylamine 
and amine salt, found to yield the dihydroquinazoline and also its pre- 
cursors (IV and the tetrahydroquinazoline), as well as free amine, either 
split out during the reactions or left residually. All the other compounds 

5 2 0 b  0 3  1 2  8 1 2  2 2 9  3 6 7  
5 7 0  0 3  1 2  8 1 5  2 3 1  3 3 7  
100 0 6 5  1 7  10 0 1 7  0 5 2  3 7 6  
4 0 0  0 6 5  2 2  14 0 6 7  1 7 2  31.6 

TABLE I1 
PREPARATION OF DIHYDROQUINAZOLINES FROM METHYLENEBISARYLAMINES 

present are convertible to dihydroquinazoline: aminobenzylarylamine 
by formic acid, free amine by joint action of formaldehyde and formic 
acid, and (as shown in the experimental part) tetrahydroquinazoline by 
action of formic acid. The procedure developed to take advantage of 
these apparent possibilities for obtaining the dihydroquinazoline involved 
heating methylenebisarylamine and amine hydrochloride in the molec- 
ular ratio of five to one for an hour on the water-bath, addition of some 
formaldehyde and a moderate excess of formic acid, and continuation of 
the heating. Yields of the dihydroquinazolines ranged from 27 to 38 per 
cent. 

5. Dihydroquinazolines from trimeric &hi$ bases.-The method used 
was based on the preceding, and on consideration of the fact that the 

Results are presented in Table 11. 

* SIMONS, J .  Am. Chem. Soc., 69,518 (1937). 
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initial step is the formation of the methylenediamine, a change which 
requires presence of free amine: 

Q (Ar.N-CH2)s + ArNHa = ArNH.CH2.NHAr. 

For the first stage of the reaction there was heated a mixture of the Schiff 
base and free amine in a molar ratio of about one to three, and in presence 
of amine hydrochloride in amounts well above the minimum found effec- 
tive by Simonss. There were then added formaldehyde and formic acid, 
and the heating was continued. By this procedure the yields of dihydro- 
quinazolines varied froqn 22 to  39 per cent. Results appear in Table 111. 

Methods 2 and 3 gave better yields and less resinous material than the 
first method, and a smaller proportion of methylated products. The 
methylenediamines and Schiff bases are readily obtained as starting ma- 
terials and may be used without careful purification. 

TABLE 111 
PREPARATION OF DIHYDROQUINAZOLINES FROM TRIMERIC SCRIFF BASES 

1 .4  3 
0.56 3 
0.58 3.4 
0.51 3.3 
1.3 3 .9  , 

5 
1.1 
2 . 2  
2 . 1  
6 . 5  

__ 

30 0.48 1.44 32.6 
18 0.20 2.50 25.4 
17.6 3.42 29.2 
16.3 2.43 21.6 
40 2.20 39.1 , 

0 The equivalencies given are calculated with reference to  the trimeric Schiff base, 
and do not properly suggest the reaction relationships. 

Calculations of percentage yields are based on the assumption that  ollstarting 
materials (Schiff base, amine and amine-HC1) are convertible to  dihydroquinazoline. 

EXPERIMENTAL 

Methylenebisary1amines.-These starting compounds were made from amine and 
formaldehyde (0.5 equivalent) in presence of ethyl alcohol and potassium hydroxide." 
The reaction mixture was heated on the water bath for several hours, and was then 
cooled and saturated with carbon dioxide. Alcohol was added to  dissolve the 
product, which was obtained in several crops by chilling and progressive dilution 
with water. Methylenebis(p-anisidine) could not be recrystallized from either dilute 
alcohol or ether, as i t  was recoverable only as trimeric methylene-p-anisidine. The 
exceptional instability of this diamine was mentioned by Bischoff and Reinfeldv. 
The other compounds were crystallizable, though with considerable loss, Meth- 
ylenebis(p-toluidine) and methylenebis(p-anisidine) have been characterized satia- 
factorilyl. Methylenebis(p-chloroaniline) was obtained from ligroin as a nearly 

g B ~ s ~ ~ o ~ ~ ,  Ber., 31, 3244 (1898); BIBCHOFF AND REINFILD, ibid., 96, 41 (1903); 
LEPETIT, Atti. accad. Lincei, [5], 26, I, 172 (1917). 
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white crystal meal of m.p. 69-60'. Bischoff and Reinfeld" reported acceptable 
analytical results for this compound, but  no molecular weight, so this was deter- 
mined. Calculated for ClsHI2N2Cl1: mol. wt., 267. Found: mol. wt. (benzene), 252, 
257. 

Methylene-N, N'-bis(p-phenetidine).-White crystal meal from dilute alcohol or 
from ligroln; m.p. 75" obs. 

Anal. Calc'd for CITHZ~NYOZ: C, 71.33; H, 7.76; N, 9.78; mol.wt., 286. 
Found: C, 71.55; H, 7.94; N, 9.73, 9.72; mol.wt. (benzene), 293, 297. In 

molten camphor there were obtained the molecular weight values 218 and 228, indi- 
cating fission a t  175". 

It appears that the compound of m.p. 89" previously reported by Bischoffg t o  be 
this diamine was the trimeric Schiff base described below. Bischoff's analytical 
values for carbon, hydrogen and nitrogen represent a total deficiency of 1.26% and 
do not well support the diamine formula; the values for hydrogen and nitrogen would 
be acceptable for the Schiff base. Bischoff reported no molecular-weight deter- 
mination. 

Methylene-N, N '-bis(p-bromoaniline) .-This compound was obtained in white 
crystalline clumps from dilute alcohol. The yield was SO%, and the m.p. 92" obs. 

Anal. Calc'd for C13H12BrZN~: C, 43.84; H, 3.37; N, 7.86; Br, 44.91; mol. wt., 356. 
Found: C, 43.88, 43.93; H, 3.39, 3.50; N, 7.42, 7.51, 7.51; Br, 44.61, 44.76; 

mol. wt. (benzene), 366, 343. In  molten camphor the indicated molecular weight 
values were 306 and 318, indicating instability a t  175". 

Houben and Arnold10 designated as methylenebis(p-bromoaniline) a base of m.p. 
181" (decomp.) obtained from p-bromoaniline and methyl chloromethyl sulfate. 
Their complete analysis appears to  be unexceptionable, but they report no molecular 
weight, and the melting point seems t o  be entirely too high for the compound named. 
As shown in a previous paper' the trimeric Schiff base melts at 169" (turbid), but the 
possibility that this is the base described by Houben and Arnold appears t o  be ex- 
cluded by their analytical values for carbon and bromine. 

That  the base of m.p. 92" described above is methylenebis(p-bromoaniline) may 
be inferred from the fact that i t  was obtained in 80% yield from p-bromoaniline and 
0.5 equivalent of formaldehyde. The identification is supported by the analytical 
values given, and by the results of the two chemical tests of structure which follow. 

(1) Cleavage by reduction.-Cleavage of diamines by strong reduction13 yields 
primary and secondary amines as principal products, with not more than a small 
amount of tertiary amine, the last obtained no doubt as a result of incidental meth- 
ylation by some formaldehyde formed from the diamine by hydrolysis. The base of 
m.p. 92", when split by reduction, gave the results just stated. Three grams of the 
compound was ground with 6 g. of zinc dust, and the mixture was added in small 
portions to  40 cc. of concentrated hydrochloric acid kept at 0". After about an hour 
the excess zinc was dissolved by gentle warming, and the clear solution was made 
alkaline and steam-distilled. The steam-volatile oil was examined by the Hinsberg- 
Kessler procedure. There were obtained 2.05 g. of N-(p-bromopheny1)benzene- 

10 HOUBEN AND ARNOLD, Be?., 41,1565 (1908). 
l1 EBERHARDT AND WELTER, i b i d . ,  27,1804 (1894); BISCHOFF, Ref. 9; BISCHOFF AND 

12 BISCHOFF AND REINFELD, Ber., 36,46 (1903). 
18 MILLER AND WAQNER, J .  Am. Chem. Soc., 64, 3698 (1932), and unpublished 

REINFELD, Ref. 9. 

results. 
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sulfonamide (m.p. 136" obs.), equivalent to  1.13 g. of p-bromoaniline; 0.80 g. of the 
secondary amine derivative (m.p. 74-75" obs.), equivalent t o  0.46 g. of methyl-p- 
bromoaniline; 0.15 g. of dimethyl-p-bromoaniline picrate (m.p. 138" obs.), equivalent 
to  0.07 g. of the tertiary amine. 

(8) Conversion to trimeric Schiff base by formaldehyde.-Treatment of diamines 
with excess formaldehyde converts them into Schiff bases". The base of m.p. 92" 
(1.78 g.) was dissolved in alcohol and treated with formaldehyde (5 cc. of 37% for- 
malin). The mixture was allowed t o  stand for some hours, and water was added to  
incipient turbidity. The mixture on further standing deposited an amorphous 
material, viscous at first but later solid which was separated and crystallizedfrom 
dilute alcohol. The product (0.68 g.) was crystallized from ligroin. It melted at 
166" (turbid) ; a mixture with trimeric methylene-p-bromoaniline melted a t  165.5' 
obs. (turbid). 

The foregoing evidence establishes the base of m.p. 92" as methylenebis(p-bromo- 
aniline). 

Methylene-p-phenetidine.-This Schiff base was made by the general method's. 
The yield was 88% crude, and 69% after crystallization from ligroin. Like the oorre- 
sponding compound from p-bromoanilinel, this base crystallized in long flexible 
needles, much matted; m.p. 90" obs. 

Anal. Calc'd for (CpH11NO)a: C, 72.48; H, 7.38; N, 9.39; mol. wt., 450. 
Found: C, 72.64, 72.48; H, 7.51, 7.29; N, 9.23, 9.31; mol. wt. (benzene), 

435, 450. In  molten camphor there were obtained molecular weight values of 291 
and 288, indicating partial depolymerization at 175". 

The designation of this compound as cyclic trimeric methylene-p-phenetidine was 
supported by the results of cleavagel6. Reduction of 2.00 g. of the base by zinc dust 
and cold concentrated hydrochloric acid gave 1.40 g. of steam-volatile oil, which by 
the Hinsberg procedure yielded derivatives of primary and secondary amines, and 
0.19 g. of a tertiary amine of m.p. 35". This was found by mixture melting point 
test to  be identical with dimethyl-p-bromoaniline (m.p. 35") made by methylation of 
p-bromoaniline with methyl sulfate. The picrates (m.p. 141" obs.) likewise were 
shown to be identical. 

Preparation of Dihydroquinazolines 
Isolation procedure.-The manner in which the reaction mixtures were worked up 

was fairly uniform for all the experiments. When the heating period was a t  an end 
the mixture was made strongly alkaline with sodium hydroxide and was submitted to  
steam-distillation. The basic products in the distillate were in some experiments 
taken up in ether, and the extract was dried with sodium sulfate, was filtered into a 
tared beaker, and the mixture of bases was weighed after evaporation of the ether. 
In  some cases the mixture was examined by the Hinsberg-Kessler procedure to  obtain 
evidence of methylation. 

The residue not volatile with steam was generally yellow and liquid or soft while 
hot, but  became solid on cooling. It was removed, air-dried, and then extracted 
with ether t o  remove the sticky, resinous material which made unsatisfactory the 
direct crystallization of the dihydroquinazoline after dissolving the mass in alcohol 
or ligroi'n. The dihydroquinazolines considered in this paper are very slightly 
soluble in cold ether. The simpler extraction procedure was to  cover the solid with 
ether in a small beaker and t o  press and disintegrate the mass by manipulation with 

~ 

14 INGOLD AND PIGGOTT, J .  Chem. SOC., 123,2745 (1923). 
16 WAGNER, J .  Am. Chem. SOC., 64,660 (1932); MILLBR AND WAQNER, Ref. 13. 
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a glass rod with flattened end. As the resins dissolved the dihydroquinazoline re- 
mained as a finely granular residue. After chilling of the beaker in ice, the solid 
was collected in a small Buchner funnel, and beaker and product were washed with 
small portions of chilled ether. Alternatively the crude residue from the steam 
distillation was extracted with ether in a Soxhlet apparatus. Extraction of the 
dihydroquinazoline was slow, but the product crystallized out in large par t  in the 
flask. The operation was checked a t  a time when nearly all the ether was in the 
extraction chamber, with only enough in the flask to  hold the resins in solution. 
The crystals were filtered off and washed sparingly with chilled ether. The first 
procedure was much the more rapid. The crude dihydroquinazolines isolated in 
these ways were in many experiments white or nearly so, and practically pure. They 
were recrystallized from hot alcohol suitably diluted. 

The quantity of resinous material was greatest in experiments in which amine was 
taken as starting material, and in some cases represented a large part of the original 
amine. The resins were examined for isolable compounds in several experiments, 
but with little success. They appeared to  be mixtures of bases, some of moderate 
molecular weights and others gluey and intractable. The resins dissolved in hot 
dilute hydrochloric acid, and on chilling the solution or on adding excess of concen- 
trated hydrochloric acid precipitates of hydrochlorides were obtained. I n  alcohol 
solutions of the resins picric acid produced heavy precipitates of picrate mixtures of 
indefinite melting points. In  several experiments with p-toluidine various treat- 
ments of the resinous material yielded three distinct picrates, of m.p. 210°, 203" and 
187" obs., not identified. The last was not identical with the picrates of p-toluidine 
or Troger's base, both of which melt near 187". 

1. Dihydroquinazolines from amines, formaldehyde, and formic acid.-The amine 
was treated with0.5 t o  1 equivalent of 37% formalin, and about 2 equivalents of 90% 
formic acid was added while the mixture was cooled under the tap. The deep red 
solution was heated for several hours on the water-bath. A more or less brisk effer- 
vescence, indicative of methylation' was sustained for a time. In  some experiments 
the amine was first treated with 1 equivalent of formic acid and0.5 t o  1 equivalent of 
formaldehyde, and the mixture was heated, this procedure being designed to  favor 
formation of the diamine and then the aminobenzylarylamine. There were then 
added more formaldehyde and an excess of formic acid, and the heating was con- 
tinued. This procedure showed no superiority over the first. Results of trials by 
these methods appear in Table I. 

9. Dihydroquinazolines from methylenebisary1amines.-The methylenebisarylamine 
was mixed with one-fifth equivalent or more of amine hydrochloride and the mixture 
was heated on the water bath for an hour. A quantity of formaldehydenearly 
equivalent to  the amine and amine salt taken initially was added, followed by formic 
acid in excess, and the mixture was heated further for about two hours. Results of 
the trials are given in Table 11. 
3. Dihydroquinazolines from trimeric Schiff bases.-A mixture of the methylene- 

arylamine with 3 equivalents of the corresponding amine and one-half equivalent or 
more of the amine hydrochloride was heated for an hour on the water bath. The 
preparation was completed as in the preceding method, by addition of formaldehyde 
and formic acid, followed by further heating. Results by this method appear in 
Table 111. 

3-(p-Anisyl)-6-nzethoxy-3,~-dihydroquinazoEine.-This compound, not previously 
described, was obtained in colorless plates of m.p. 136" obs., or 138' corr. 
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Anal. Calc'd for C1&N~O2: C, 71.64; H, 5.97; N, 10.44; CHIO, 23.1; mol. wt. 268. 
Found: C, 71.68, 71.69; H, 5.83, 6.04: N, 10.42, 10.49; CHaO, 22.9; mol. wt. 

(camphor), 265, nl. 
Picrate.-An alcohol solution of 0.50 g. of the base was mixed with a saturated 

solution of 0.90 g. of picric acid in cold alcohol (0.86 g. is two equivalents). The 
picrate weighed 0.94 g., a theoretical yield of the 1: 1 picrate. Crystallization from 
alcohol gave 0.77 g. of pure picrate, of map. 209" obs., or 214" corr. 

3-(p-Anisy1)S-methosy-i, I, 3,4-tetrahydroquinazoline.-This compound was pre- 
pared from the dihydroquinazoline by hydrogenation using sodium and alcohol : 
2.04 g. of dihydroquinazoline gave 1.18 g. (58%) of tetrahydroquinazoline. After 
recrystallization from dilute alcohol the compound melted a t  133" obs., or 135" corr. 
This is close to  the melting-point of the dihydroquinazoline, but a mixture of the two 
melted around 122'. 

Anal. 
Picrate of S-(p-phenetyl)S-ethoxy-d,Q-dihydroquinazoline.-This derivative was 

made as outlined for the anisyl compound: 0.25 g. of the dihydroquinazoline and 
0.43 g. of picric acid (more than 2 equivalents) were separately dissolved in the least 
possible alcohol, and the solutions were mixed. The picrate weighed 0.44 g., a 99.2% 
yield of the 1:l picrate. After crystallization from alcohol the compound melted 
at 182" obs., or 185.7" corr. 

Conversion of 3-(p-tolyl)-6-methyl-1,2, 3,4-tetrahydroquinazoline to the dihydro- 
quinazoline by action o j  formic acid.-The tetrahydroquinazoline (3.5 g.) and formic 
acid (5.5 cc. of 90%) were sealed in a tube, and the mixture was heated for two hours 
a t  150". After suitable treatment there was isolated 2.7 g. (79%) of 3-(p-tolyl)- 
6-methyl-3,4-dihydroquinazoline; m.p. 156-7", identified by mixture melting point 
test. By action of formic acid a t  water-bath temperature the tetrahydroquinazoline 
was less extensively attacked, only a small amount of the dihydroquinazoline being 
obtained as picrate. 

Calc'd for ClaHtsN*On: N, 10.37. Found: N, 10.34, 10.30, 10.26. 

ACKNOWLEDGMENT 

Grateful acknowledgment is made to the Faculty Research Committee 
of the University of Pennsylvania for a grant to aid this study, to C. S. 
Miller for the experiments on the conversion of tetrahydroquinazoline to 
dihydroquinazoline by formic acid, and to the following for most of the 
analytical results reported : Elsie Simon (bromine), Wm. McClellan 
(carbon and hydrogen), F. W. Landau (nitrogen),and W. S. Young (molec- 
ular weights). 

SUMMARY 

Methods are described for preparation of 3,6-disubstituted dihydro- 
quinazolines from para-substituted amines, and from their methylenebis- 
arylamines and trimeric Schiff bases, with the aid of formic acid. Prepara- 
tion from the amines gave in general smaller yields,more resinous material, 
and a higher proportion of methylated products, than by the other two 
methods. With the methylenebisarylamines or trimeric Schiff bases as 
starting materials the yields ranged from 25 to 39 per cent., calculated 
on the assumption that all bases taken were available for formation of 
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dihydroquinazoline. By proper selection of the starting compound and 
of experimental conditions yields of over 30 per cent. of the dihydroquin- 
azolines can be assured. 

Compounds not previously reported which are described in the experi- 
mental section are methylenebis(p-phenetidine) (m.p. 75'; the compound 
hitherto designated as methylenebis(pphenetidine)$ was found to be the 
trimeric Schiff base, m.p. go"), methylene4 , N'-bis(p-bromoaniline) 
(m.p. 92'; this name was incorrectly assigned by Houben and Arnold'O to 
a compound of m.p. lSl'), trimeric methylene-p-phenetidine (m.p. go'), 
3-(p-anisyl)-6-methoxy-3,4-dihydroquinaeoline (m.p. 138"), and its pic- 
rate (m.p. 214'), 3-(p-anisyl)-6-methoxyl-l, 2,3,4-tetrahydroquinazoline 
(m.p. 135"), and the picrate of 2-(p-phenetyl)-6-ethoxy-3,4-dihydroquin- 
aeoline (map. 185.7'). 
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DISCUSSION 

The many well-known reactions of acetylene with water, alcohols, 
glycols, carboxylic acids, oxy-acids, phenols, etc., which yield acetaldehyde, 
acetals, vinyl and ethylidene esters, and the like, are too numerous to 
permit of review here. Some corresponding reactions with alkylacetylenes 
have recently been described in publications from our 1aboratory.l 

These reactions are similar in that they all proceed quite readily when 
carried out in an appropriate acid medium in the presence of mercuric 
oxide or a suitable mercuric salt. Considerable interest attaches to the 
r61es played by the mercury and acid in these reactions. The amounts of 
mercuric salt and acid required are so small that these substances must 
undoubtedly undergo a definite cycle of reactions which may be repeated 
until the mercuric salt is reduced by secondary reactions. Such recurring 
reactions may well explain the nature of the so-called “mercury catalysis” 
in acetylene chemistry. The mercuric salt must presumably be ionized 
since slightly ionizable salts and conditions which depress ionization are, 
in general, not suitable. 

A small quantity of boron fluoride, when used with an alcohol, forms a 
strongly acidic medium. Boron fluoride has been found to be an extremely 
effective acid-forming catalyst. Nieuwland, Vogt and Foohey2 showed 

* Paper XI11 on the chemistry of the alkylacetylenes and their addition com- 
pounds; previous paper, J .  Am. Chem. Soc., 68, 892 (1936). 

t Editorial note: Dr. Nieuwland, a member of the Board of Editors of THIS JOURNAL, 
died suddenly of a heart attack on June 11th [Znd. Eng. Chem., News Ed., 14, 248 
(June 20, 1936)l. His many friends will welcome this outline of his views on a re- 
action t o  the knowledge of which he was an outstanding contributor. 

1 HENNION, NIEUWLAND AND COWORKERS, J .  Am. Chem. Soc., ( a )  66, 1130 (1934); 
(b) 56, 1384 (1934); ( c )  66, 1786 (1934); ( d )  66, 1802 (1934); ( e )  67, 2006 (1935); (f) 68, 
80 (1936). 

2 NIEUWLAND, VOGT AND FOOHEY, ibid., 62, 1021 (1930). 
159 
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that 0.142 grams of boron fluoride was sufficient to catalyze the conversion 
of 250 grams of glycerol to the ethylidene acetal. Later Vaughn3 pointed 
out that (50 f 2) X lo4 grams of boron fluoride per milliliter of glycol 
is sufficient to catalyze the formation of glycol acetal. In other casesleJ 
a small amount of a strong acid, such as trichloroacetic acid, promotes the 
catalytic effect of boron fluoride. The lower limit of the quantity of re- 
quired mercuric oxide (or salt) has not been determined but is known to 
be largely dependent upon experimental conditions. 

A great deal of work concerning mercury-acetylene addition compounds 
-much of which is questionable or indefinite-has been reported in the 
literature. Kutscheroff4 was probably the first to recognize the existence 
and catalytic effect of complex mercury-acetylene addition compounds; 
nevertheless in many subsequent discussions the r81e of either the mercuric 
salt or acid has been unjustifiably ignored. 

A consideration of these catalytic effects should, in the light of present 
experimental experience, include the following points. 

1. Both a mercuric salt (or mercuric oxide which, no doubt, forms the 
salt) and a strong acid are required. A notable exception to this rule is 
the hydration of the acetylenic triple bond. Some acetaldehyde is formed, 
for example, by passing acetylene through boiling 20% sulfuric acid. 
Certain alkylacetylenes may be converted to ketones5 by dissolving in 
strong sulfuric acid followed by dilution with water. Even in these in- 
stances, however, the reactions are certainly more advantageously carried 
out with the aid of a mercuric salt and a more dilute acid. 

2. Acetylenic hydrogen cannot be concerned, or is at  least unnecessary 
for catalysis. It has been shown that the dialkylacetylenes form typical 
derivatives by addition. For example, methylamylacetylene yields, with 
methanol, 3 , 3-dimethoxyo~tane~~. 

3. It is logical to believe that the catalytic mercury salt reacts with the 
acetylene by addition, being subsequently replaced by the adding molecule. 
It is quite probable that the mercury content of the catalytic intermediate 
may depend upon whether acetylene, a monosubstituted acetylene or a 
disubstituted acetylene is used. The authors are of the opinion that re- 
placement of acetylenic hydrogen by mercury may be of secondary impor- 
tance and not immediately concerned with the catalytic mechanism. 

4. Vinyl ethers add alcohols to  form ketals (acetals) with extreme ease 
when catalyzed by a trace of strong acid only.6 It is significant that 
mercuric compounds are not required in this step. 

a VAUQHN, PTOC. Ind. Acad. Sci., 4, 129 (1933). 
4 KUTSCEEROFF, Ber., 17, 13 (1884). 
6 BEHAL, Ann. chim., [6], 16, 270 (1888). 
* KILLIAN, HENNION AND NIEUWLAND, J .  Am. Chem. SOC., 67, 544 (1935). 
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5.  The alkylacetylenes react with acetic acid to form monoaddition 
compounds, e.g., 2-acetoxy-1-heptene from amylacetyleneld. With acety- 
lene either mono- or diaddition compounds may be obtained. 

6. The small amount of catalyst needed seems to indicate that its addi- 
tion product is extremely reactive and easily decomposed. 

7. I t  is logical to believe that the mechanism of this catalysis is, in its 
essential features, independent of the nature of the acetylene and the type 
of hydroxylated compound being added. 

The authors have formulated and here present a mechanism consistent 
with these points, plausible, and useful as working tool. 

NomencEature.-R and R’ are independently hydrogen atoms or alkyl 
groups originating in the acetylene used. A represents the acid radical 
contained in the mercuric salt and (or) the acid used. For example when 
boron trifluoride and methyl alcohol are employed A becomes -OCHs. 
BF,. The existence of the salt Hg(OCH3.BF3)2 was established by 
O’Leary and Wenzke.’ B represents the group attached to the hydroxyl 
group of the adding molecule such as hydrogen (in the case of water), 
alkyl groups (in the case of alcohols), or acyl groups (in the case of acids). 

We are fully aware of the fact that such a mechanism is incapable of 
rigid proof; hence none is offered. In fact the extreme reactivity of the 
intermediate mercury compounds and their susceptibility to reduction 
(not infrequently to metallic mercury) argues against the possibility of 
their isolation and characterization. 

It is readily seen that the proposed scheme of reactions is generally 
applicable to the addition of any hydroxy compound to any type of acet- 
ylene. In the event that the acetylene in question is a conjugate enyne 
or diyne, where there is a possibility that reagents may add in the 1 , 4  
positions, it is only necessary to assume that the catalytic mercuric salt 
previously added in that fashion. 

SUMMARY 

A mechanism for mercury catalysis in acetylene addition reactions is 
The proposed scheme of reactions is plausible, consistent with offered. 

experimental results, and useful as a working tool. 

7 O’LEARY AND WENZKE, ibid. ,  66, 2118 (1933). 



[CONTRIBUTION FROM THE DABNEY CHEMICAL LABORATORY OF THE UNIVERSITY 
OF TENNESSEE] 

PARACHOR STUDIES AT VARIOUS TEMPERATURES 

C. A. BUEHLER, THOMAS S. GARDNER, AND MILTON L. CLEMENS, JR. 

Received March $8, 1037 

The parachor, P, as derived by Sugden, has been stated in the form 

p = -  M r t  
D - d ’  

where M is the molecular weight, y the surface tension, and D and d are 
the densities of the liquid and vapor respectively at the same tempera- 
ture. 

The CH, group.*-By applying the above formula to hundreds of organic 
compounds and fixing, as a standard for comparison, the covalent bond 
at zero, Sugden’ arrived at  an average value of 39.0 for the CH2 group. 
This value has been the subject of much discussion ever since. Mumford 
and Phillips2, from a study of high-molecular-weight compounds, con- 
cluded that the CH2 group should be given a value of 40.0, VogeP, from 
parachor determinations on the methyl and ethyl esters of n-dibasic 
acids, obtained 40.3, and Desreux4, from the higher members of the paraffin 
and normal alkyl fluoride and chloride series, found values which varied 
but slightly from 39.9. More recently Sugdens has been inclined to  
accept the value of 39.6 for the CH, group. 

These variations at  once detract from the usefulness of the parachor in 
any quantitative approach to the determination of structure. Although 
the differences were at  first thought to be due to impurities or inaccurate 
measurements, it now appears that they are of a more fundamental 
nature. As Desreux point,ed out, they doubtless indicate that the atomic 
parachors are not strictly additive. In fact the CH2 values of Desreux 
for the paraffins and alkyl fluorides and chlorides are unique in their 
constancy. 

*Shortly after the submission of this manuscript Baylise, J .  Am.  Chem. Soc., 
69, 444 (1937), by the method of least squares, found the C& value to be 39.92. 

* SUQDEN, “The Parachor and Valency,” George Routledge t Sons, Ltd., London, 

9 MUMFORD AND PHILLIPS, J .  Chem. soc., 1%8, 2112. 
a VOGEL, J .  SOC. Chem. Ind., 63,8b (1934). 
4 DESREUX, Bull. 8oc. chim. Belg., 44,249-287 (1935). 
6 SUQDEN, J .  Chem. SOC., 1936, 15M). 

1950, p. 35. 
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D 

0 8744 
0 8615 

0 8638 
0 8529 
0 8414 

0 8579 
0 8480 
0 8379 

0 8541 
0 8342 
0 8250 
0 7943 

Of the numerous determinations made in this laboratory on purified 
compounds, those for the acetates in Table I and benzene and its homo- 
logues in Table I1 will illustrate the variation shown in the CH2 group 
values even in the same homologous series. To make certain that 
there was no temperature effect, the determinations were carried out a t  
several temperatures, and from these the mean parachors, to be used in 
finding the CH2 values, were obtained. In the acetate series, if the first 
member be excluded, it is to be noted that the values agree very well 

TABLE I 
PARACEOR6 OF TEE ACETATE6 

d Y 
Obs. Litr. __--__- 

0 0009 21 16 216 2 216 7 
0 0013 20 10 216 8 

Mean 216 5 

0 0005 22 39 257 2 267 1 
0 0007 21 20 257 0 
0 OOO9 19 97 256 7 

Mean 257 0 

23 18 296 9 
21 96 296 3 

0 ooo6 20 92 296 5 
Mean 296 6 

23 65 335 9 
21 68 336 6 
20 69 336 0 

0 0010 17 70 336 4 
Mean 336 2 

Ethyl acetate 

Propyl acetate 

Mc'd' 

216.0 

266.0 

294.0 

333 0 

n-Butyl acetate 

CHI -- 

40.5 

39.6 

39.6 

n-Amyl acetate 

TEMP.. "C. 

Obs. 

40.0 
50.0 

40.0 
60 .O 
60.0 

400 
50.0 
60.0 

40.0 
60.0 
70.0 
00.0 

- 
Corr. 

40.0 
50.1 

40.0 
50.1 
60.2 

40.0 
50.1 
60.2 

40.0 
60.2 
70.3 
.XI. 9 

I I 1  PABACEOm 

In  all calculated parachors, unless otherwise noted, the original atomic and 

Brit. Assoc. Advancement Sci. Rep., 265-83 (1932). 
structural parachors of SUGDEN, ref. 1, p. 38, have been used. 

c SUQDEN, J. Chem. SOC., 125,1183 (1924). 

with the more recent parachors for the CH2 group. However, the ben- 
zene series not only shows a fluctuation from member to member, but 
the CH2 parachors are lower than is to  be expected on the basis of the 
newer determinations. It is apparent from these results, which are typi- 
cal, that, in using the parachor, it is necessary either to employ a mean 
value, as Sugden did, or to regard the constant value of Desreux as be- 
ing normal. 

The temperature efect and the coordinate link.-In the original studies of 
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Obs. Corr. 

40.0 40.0 
50.0 50.1 

--- 

Sugden6 on the influence of temperature on the parachor, a small but 
steady rise, to which no significance was attached, was recorded for the 
coordinate compounds, dimethyl sulfate, diethyl sulfate and triethyl 
phosphate. Later similar differences were observed in this laboratory 
with phenol-amines under conditions which appeared to exclude dissocia- 

D 

0.8530 
0.8421 

COMPOUNDS d 

0.0007 
0,0010 

0.0005 
0.0006 
0.0008 

Benzene 

Toluene 

Y 
Obs. ---- 

26.41 207.6 205.7 
24.97 207.4 

Mean 207.5 

2494 246.2 245.C 
24.01 246.6 
22.76 246.7 

Ethylbenzene 

50.0 
60.0 
70 0 

Butylbeneene 

50.1 0.8361 
60.2 0.8271 
70.3 0.8158 

Amylbenzene 

40.0 
60.0 

100.0 

TABLE I1 
PARACRORS OF BENZENE HYDROCARBONS 

T'E?dP., OC.  I I I I  PARACHOBB 

40.0 0.8489 27.20 285.4 284.C 
60.2 0.8302 24.80 285.1 

100.9 0.7935 0.0010 20.71 285.6 

40.0 
60.0 
70.0 

100 0 

40.0 0.8551 28.10 361.0 361.: 
60.2 0.8390 25.81 360.3 
70.3 0.8306 24.83 360.4 

100.9 0.8036 0.0005 21.84 361.0 

60 0 
70 0 

100 0 

60 2 0.8405 
70 3 0 8328 

100 9 0 8084 

iMean I 2 8 5 . 4 1  

Mean 360 7 

1 28 471 399 5 402 ( 40 0 i l l  40 0 0 8564 40.01 40 01 0.85641 I 28 471 399 51 402 ( 

a Brit. Assoc. Advancement Sci. Rep., 265-83 (1932). 

Calc'd 

207.1 

246.1 

285.1 

363.1 

402.1 

CHrb 

39.0 

38.9 

(2 X)37.7 

39.2 

b With no details, DESREUX, ref. 4, states that the CHz group varies from 38.58 to 
40.32 in this homologous series. 

tion.' More recently Rays has reported a like effect with azoxy com- 
pounds, which are now represented with the oxygen attached by a co- 
ordinate bond. 

6 SUGDEN, ibid. ,  127, 1539 (1925). 
7 BUEHLER AND SPREEN, J .  Am. Chem. SOC., 66,2061 (1934). 
8 RAY, J .  Indian Chem. SOC., 18,194 (1936). 
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Y 

-- 
26.52 
25.30 
24.57 
23.15 

27.15 
24.56 
21.55 
18.51 

31.28 
28.66 
26.13 
23.29 

40.66 
37.48 
34.67 
31.38 

41.10 
38.63 
35.56 
33.11 

33.26 
30.64 
28.88 
26.61 

32.53 
31.08 
29.75 

TABLE I11 
PARACHORS OF CO~RDINATE COMPOUNDS 

ka 

1.72 

2.07 

1.K 

2.1$ 

2.0t 

2.0t 

1.9! 

COMPOUNDS 

30.0 
40.0 
50.0 
60.0 

40.0 
70.0 
100 .O 
130.0 

40.0 
70.0 
100.0 
130.0 

40.0 
70.0 

130.0 

40.0 
70.0 

100.0 

150.0 

30.0 
40.0 
50.0 

Ethyl nitrate 
---- 

30.0 1.09280.000E 
40.01.07840,OOOi 
50.1 1.06420.000( 
60.21.04790.001: 

40.01.0605 
70.3 1.0262 

100.9 0.9890 0 .000t 
130.40.9521 0.001t 

40.01.1563 
70.3 1.1239 

100.9 1.0883 
130.4 1.0661 0.000f 

40.01.3556 
70.3 1.3242 

L00.0100.9 1.2905 
130.41.2583 

40.0 1.2087 
70.3 1.1823 

100.0100.91.1552 
130.0130.41.1282 

100.9 1.2336 
130.0130.41.2051 

150.4 1.1837 
175.0174.81.1526 

30.0 1.64430.001: 
40.01.62180.0011 
50.1 1.58990.002! 

Ethyl sulfite 

189.2 
189.5 
190.6 
190.8 

297.3 
299.7 
301.2 
301.5 

315.3 
317.3 
320.2 
320.8 

328.9 
329.9 
332.0 
332.1 

389.9 
392.5 
393.5 
395.8 

371.0 
372.0 
373.2 
375,5 

196.2 
196.7 
198.6 

Ethyl sulfate 

--- 
189.6c 190.8 

299, 7d 298,4 

313.8d 318.4 

332.6 

393.3 

367.P 371.C 

193.3d 196.E 

Bensenesulfonyl 
chloride 

Methyl p-toluene- 
sulfonate 

p-Toluenesulfonyl 
chloride 

Sulfuryl chloride 

D d  4Bl I 
PARACEOBZI 

- 
P 

P 
:m. ) 

-1.6 
-1.3 
-0.2 
0 0  

-1.1 
1.3 
2.8 
3 . 1  

IS&)- 

- 

-3.1 
-1.1 

1.8 
2 .4  

-3.6 
-2.6 
-0.5 
-0.4 

-3 .4 
-0 .8 

0 .2  
2.5 

-0 .5 
0.5 
1.7 
4.0 

-0.6 
-0.1 

1.8 

a Ramsay-Shields-Eijtvos constant. 
6 Sugden's original value of -1.6 for the ccijrdinate bond has not been included. 
c SUGDEN, J .  Chem. SOC., 126,1186 (1924). 
d SUGIDEN, REED, AND WILKINS, ibid., 127,1526 (1925). 
0 FREIMAN AND SUGDEN, ibid., 1928,264. 

Because of these irregularities it seemed of interest to  study the effect 
of temperature more fully. Coordinate compounds were chosen as one 
type since some uncertainty has existed over the parachor value for the 
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coordinate bond in these compounds. Sugdene originally obtained a 
mean of -1.6 from a series of widely varying values for this bond. In 
more recent years the same investigator5 has advanced a value of 0 in agree- 
ment with that of the normal covalent bond. 

The parachors as found for the purified coordinate compounds are given 
in Table 111. I t  is apparent that the values are not constant over any 
considerable range of temperature. At the lower temperatures, as com- 
pared to Sugden’s calculated parachors, there is a negative anomaly which 
usually becomes positive a t  higher temperatures. Under the circum- 
stances it appears that we can only arrive at an approximate value for the 
coordinate bond in these compounds. Since zero values have been ob- 
tained in all the compounds investigated, save one, this value may be 
accepted as an approximation. It is of interest to point out that this 
variation with temperature, a t  least for the compounds studied, will 
permit a distinction to be made between the coordinate and the normal 
covalent bond. 

Although the parachor is constant for many liquids regardless of the 
temperature, it does exhibit, as a rule, a steady increase with tempera- 
ture for associated liquids. Because of this there has been a tendency to  
attribute such temperature variations to association. In the present in- 
stance such an explanation will not suffice. The compounds studied do 
not possess the characteristics of associated liquids; in addition, although 
the validity of the Ramsay-Shields-Eotvos constant, IC, in Table I11 is 
open to  question, it is interesting to note that most of these compounds 
give values near 2.12 in agreement with the great majority of non-associ- 
ated liquids. 

The temperature e$ect and the hydrogen bridge.-Sidgwick and Bayliss’O 
have determined the parachors of certain chelate compounds and their 
isomers. Assuming the parachor to  be uninfluenced by temperature, 
these investigators found the value for the link of the hydrogen bridge 
used in closing the chelate ring to  be - 14.4 units. 

In Table IV we have recorded the parachor results obtained at various 
temperatures on a series of compounds very similar to those investigated 
by Sidgwick and Bayliss. The ortho compounds are singular in giving 
values much lower than their meta and para isomers. If we assume that 
the former contain a chelate bond, its value varies from - 10.8 to  - 14.2. 
Thus, whatever the nature of this bond may be, it differs from the co- 
ordinate bond in the compounds previously described in having no tem- 
perature coefficient and, if we accept Sugden’s original parachor values, 
in being decidedly negative. Of interest, too, is the fact that the chelate, 
ortho compounds may, as a rule, be distinguished from their meta and 

SUGDEN, ref. 1, p. 116. 
l o  SIDGWICK AND BAYLISS, J. Chem. Soc., 2027-34 (1930). 

T H E  JOURNAL OF ORQANIC CHBMIBTRY, VOL. 2. NO. 2 
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Y 

40 46 
35.34 
31.66 
30.06 
Mean 

40.96 
39.25 
38.16 
36.66 

45.36 
43.15 
41.31 
40.33 

38.82 
34.95 
29.94 
27.13 
Mean 

37.77 
34 93 
33.52 
30 96 
29.50 

34.61 
32.47 
30.42 

41.71 
37.83 
32.81 
29 23 
Uean 

40.43 
38.11 
36.23 
35.10 

TABLE I V  
PARACHORS OF CHELATE COMPOUNDS AND THEIR ISOMERS 

i 
g __- 

274.5 
274.9 
275.0 
275.0 
274.9 

280.5 
282.2 
283.1 
286.3 

285.6 
286.0 
288.9 
289.9 

323.3 
323.3 
323.4 
323.3 
323.3 

327.0 
328.0 
330.3 
330.6 
330.9 

332.4 
333.2 
334.0 

270.1 
270.5 
270 5 
270 6 
270.4 

275.3 
275.4 
278.0 
278.3 

COMPOUNDS 

60.0 
100.0 
130.0 

130.0 
150.0 
175.0 

130.0 
150.0 
175.0 
190.0 

30.0 
60.0 
100 .o 

130.0 
150.0 
175.0 
190.0 

150.0 
175.0 
190.0 

30.0 
60.0 
100.0 

130.0 
150.0 

o-Nitrophenol 
--___- 

60.2 1.2776 
100.9 1.2333 
130.4 1.2OOOO.000! 

150.0150.41.18460.000; 

130.4 1.2539 
150.4 1.2334 
174.8 1.2209 

190.0191.61.1950 

130.4 1.2640 
150.4 1.2462 
174.8 1.2201 
191.6 1.2088 

30.0 1.1739 
60.21.1436 

100.9 1,1000 
130.0130.4 1.0735 

100.0100.41.1528 
130.4 1.1271 
150.4 1.1077 
174.8 1.0850 
191.61.0711 

150.4 1.1097 
174.8 1.0893 
191.61.0691 

30.01.1483 
60.21.1190 

100.9 1.0799 
1 3 0 . 0 1 3 0 . 4 1 . 0 4 9 5 0 . ~  

130.4 1.1179 
150.4 1,1011 

175.0174.81.07800.000: 
L90.0191.61.0683/0.000! 

m-Nitrophenol 

p-Kitrophenol 

Methyl salicylate 

m-Methyl hydroxy- 
benzoate 

p-Methyl hydroxy- 
benzoate 

o-Hydroxybenzal- 
dehyde 

m-Hydroxybenzal- 
dehyde 

I PARACEOR8 

e 
i 
;ri 

274.7 
- 

283.2 

283.2 

322.1 

331.8 

268. C 

274. E 

- 
a 
3 __ 

289.1* 

283 0 

283 0 

337.0b 

330.9 

330,9 

281.2b 

275.1 

~ 

P 
OBB.) - 

P 
CALC'D) 

-14 2 

-1 5 
-0 8 

0 1  
3 3  

2 5  
3 0  
5 9  
6 9  

-13 7 

-3 9 
-2 9 
-0 6 
-0 3 

0 0  

1 5  
2 3  
3 1  

-10 8 

0 2  
0 3  
2 9  
3 2  
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TABLE IV-Concluded 

p-Hydroxybeneal- 
dehyde 

o-Hydroxyaceto- 
phenone 

173 

--- 
130.0 130.4 1.1171 
150 .O  150.4 1.1119 
175.0 174.8 1.0914 
190.0191.61.0860 

30.0 30.0 1.1191 
60.0 60.2 1.0914 
100.0 100.9 1.0644 
130.0130.41.0269 

I I I 

-- 
42.71 
41.59 
39.11 
38,38 

40.87 
37.15 
32.45 
29.15 
Mean 

p-Hydroxyaceto- 
phenone 

130.0 130.4 1.0920 40.06 313.5 
150.0 150.4 1.0765 38.28 314.4 
175.0 174.8 1.0567 36.71 315.1 
190.0191.61.0428 34.78 316.9 

8 
279, 3c 
278,8 
279.7 
279.7 

307.4 
307.8 
308.0 
308.2 
307.9 

278.2 275.1 

320.26 

314.1 

P 

P 
CALC'D) 

4.2 
3.7 
4.6 
4.6 

OB0.)-  

- 

-12.3 

-0.6 
0.3 
1 .o 
2.8 

0 SIDQWICK AND BAYLISS, ref. 10, p. 2031. 
b In  this value, 6.1 has been included for the six-membered ring. 
c A noticeable coloration during the heating process may account for the abnor- 

mality shown by p-hydroxybenzaldehyde. 

para isomers not only by their lower parachor values, but by the fact 
that they show no variations with the temperature. Such results might 
be anticipated on the basis of association alone, for it is well known that 
the chelate compounds present a striking contrastll to their meta and para 
isomers in possessing little or no association. 

EXPERIMENTAL 

The liquids, which were mostly Eastman Kodak Company's best products, were 
fractionated two or three times through a "cold point" column packed with Lessing 
contact rings. The solids also largely Eastman products, were purified either by 
fractionation or recrystallization from various solvents. The boiling and melting 
points, both corrected, follow: 

Ethyl acetate, b. p. 76.1-76.4" (740 mm.) 
Propyl acetate, b. p. 100.7-101.2" (740 mm.) 
n-Butyl acetate, b.p. 124.3-125.2" (740 mm.) 
n-Amyl acetate, b.p. 146.5-148.5" (743 mm.) 
Benzene, b. p. 79.6' (742 mm.) 
Toluene, b. p. 109.3-109.6" (742 mm.) 
Ethylbenzene, b. p. 135.1-135.3" (740 mm.) 
Butylbenzene, b. p. 182.6-185.6' (743 mm.) 

11 SIDQWICK, "The Electronic Theory of Valency," Oxford University Press, 
London, 1999, p. 146. 
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Amylbenzene, b. p. 201.7-203.7" (743mm.) 
Ethyl nitrate, b. p. 86.9-87.1" (744 mm.) 
Ethyl sulfite, b. p. 157.0-157.2' (746 mm.) 
Ethyl sulfate, b. p. 77.8-78.0" (6 mm.) 
Benzenesulfonyl chloride, b. p. 143.0-143.4" (25 mm.) 
Methyl p-toluenesulfonate, b. p. 144.6-145.2' (5 mm.) 
p-Toluenesulfonyl chloride, m.p. 68.0-68.2" 
Sulfuryl chloride, b. p. 68.4-68.5" (742 mm.) 
o-Nitrophenol, m. p. 45.345.7" 
m-Nitrophenol, m. p. 97.2-98.0' 
p-Nitrophenol, m. p. 114.9-115.6" 
Methyl salicylate, b. p. 221.2-221.5" (744 mm.) 
m-Methyl hydroxybenzoate, m. p. 72.2-72.4" 
p-Methyl hydroxybenzoate, m. p. 127.7-128.3' 
o-Hydroxybenzaldehyde, b. p. 194.0-194.6 (744 mm.) 
m-Hydroxybenzaldehyde, m. p. 104.9-106.3' 
p-Hydroxybenzaldehyde, m. p. 115.8-116.1" 
o-Hydroxyacetophenone, b. p. 219.0-219.5' (744 mm.) 
p-Hydroxyacetophenone, m. p. 110.2-110.4" 

Physical measurements.-Surface tension determinations were made by the 
maximum bubble pressure method of Sugden12 in which a glass bubbler was em- 
ployed. A cathetometer was used to find the manometer levels, and highly purified 
benzene was the standardizing liquid for determining the apparatus constant from 
the diameter of the smaller bubbler tube as measured by a filar micrometer. Densi- 
ties of the compounds were found with a 10-cc. pycnometer; the densities of the vapor, 
d, were calculated from the relation13: 

loglo d/db 5 5 (T/Tb - 1) 

where T is the absolute temperature, Tb, the boiling point at 760 mm. in degrees 
absolute, and db, 0.0122 M/Tb, in which M is the molecular weight. Vapor density 
values less than 0.0005 were disregarded. 

SUMMARY 

The parachor of the CHs group is usually not constant even in the same 
homologous series. 

An increase in the parachor with a temperature rise does not always 
indicate association. 

The coordinate bond in the compounds studied has a value of approxi- 
mately zero; however, this value increases with the temperature. 

The bond of the hydrogen bridge employed in forming the chelate ring 
differs from the above coordinate bond in having a pronounced negative 
value which is unaffected by the temperature. These chelate compounds 
differ from their meta and para isomers in that the latter possess higher 
parachors and, like other associated compounds, show a parachor varia- 
tion with the temperature. 

l2 SUGDEN, ref. 1, p. 208. 
13 SUGDEN, {b id . ,  p. 205. 
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Secondary nitro compounds (I) are interesting chiefly because of their 
remarkable property of forming salts (11), which, upon acidification, may 

R2CN02Na I1 9-+ 
R2CHN02 

yield either the original nitro compound or an aci-form (111). The latter 
may then tautomerize to the normal nitro-form (I). 

Elucidation of the structures of the salts depends principally on the 
nature of the derivatives obtained from them by alkylation and acylation. 
In the special case that the carbon atom holding the hydrogen atom in- 
volved in the tautomerization is asymmetric, the optical properties of the 
salt may aid in indicating its structure. In the present study, a compound 
of this type-phenylnitroacetonitrile (1V)-has been used. This particu- 
lar compound w&s of interest, since both the cyano and the phenyl group 

CN CHI 
I 1 

CeH6-C-N02 CsHI3-h-N02 
I 

H 
IV v 

are known to promote the mobility of the hydrogen atom, and would 
enable comparisons to be made with secondary nitro compounds in which 
only alkyl groups are present, such as 2-nitrooctane (V). 

€1 
I 

OPTICAL PROPERTIES 

The observation that salts of d- and I-2-nitrobutane' and d- and E-2- 
nitrooctane2 were optically active has led to the search3 for further exam- 

1 KUHN AND ALBRECHT, Ber., 60,1297 (1927). 
8 YOVNG AND SHBINER, J .  Am. Chem. SOC., 62,3332 (1930). 
a PARXER AND SHRINER, ibid., 66, 1242 (1933); HORNE AND SHRINER, ibid., 66,4652 

(1933); THURSTON AND SRRINER, ibid. ,  67,2163 (1935). 
183 
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ples of such optically active salts. In the case of phenylnitroacetonitrile, 
it is not certain whether optically active salts exist. Although the resolu- 
tion of phenylnitroacetonitrile by brucine, and conversion of the brucine 
salt into an optically active sodium salt was reported,* recent attempts by 
the same authors to obtain optically active salts have been unsuccessful. 
It was, therefore, interesting to determine whether optically active sodium 
salts could be obtained by means of an asymmetric ~ynthesis.~ Accord- 
ingly, phenylacetonitrile (VI) was treated with d- and I-2-octyl nitrate in 
the presence of potassium ethoxide. However, the potassium salt (VII) 

CH3 

CeH,CH&N + CaHls t: HONO2 + KOCzH6 + 

VI 

CN 

VI1 
proved to be optically inactive. The reaction was repeated several times, 
with changes in the temperature, the ratio, and order of addition of the 
reactants, but in each case the salts showed no optical activity. One 
reason for the optical inactivity of the salts may be deduced by a considera- 
tion of the factors, which determine whether or not salts of secondary 
nitro compounds may be optically active. 

In order to explain both the optical properties and conductivity data on 
salts of nitro compounds, it was suggested2 that two forms of the salt 

VI11 

x’ //” 
R- -N 

0 
I \  

H 
X 

IX 
R’ 0 

R A N / ’  

OH 
\ 

X I  

exist,, VI11 and IX, the latter being the form responsible for the optical 
activity. Treatment of the salt with acid converts the optically active 

4 MILLS, J .  SOC. Chem. Ind., 61,750 (1932). 
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anion (IX), into the optically active nitro form (X), whereas the aci-ion 
(VIII), yields the inactive aci-modification (XI). Optical activity of the 
salts is, therefore, dependent on which form of the salt is produced, and 
this would be determined in part by the character of the R groups. If they 
are saturated alkyl groups, as in the case of 2- nitrobutane and 2-nitrooc- 
tane, both forms would be about equally stable. However, if the R groups 
contain unsaturated linkages, then forces tending to produce conjugated 
systems come into play. In the cme of phenylnitroacetonitrile (XII), 

C=N 0 r C=N 01- 

‘OJ 
XI11 

0 
I \  

H 
XI1 [ n C - N  ? = N / k  

\-/ I \\ 

XIV 

the salt with the aci-structure (XIII) contains a conjugated system, 
whereas the carbanion (XIV) does not. From studies on many organic 
reactions, it is known that tautomeric changes and rearrangements tend 
to produce the conjugated system. Stated in different terms, the resonance 
of the electrons in these salts would be such as to favor XI11 and make 
the existence of XIV in an optically stable condition rather improbable. 
No such resonance is possible in the purely aliphatic nitro compounds. 

Since the salts were optically inactive, it seems reasonable that, under 
the conditions of the experiment, the salt possessed the conjugated aci- 
structure, (XIII). Further evidence bearing out this point was obtained 
by the alkylation and acylation of this salt. 

ALKYLATION 

The term alkylation, as used in the present discussion, refers to the 
treatment of the sodium, potassium, or silver salt of the nitro compound 
with an alkyl halide. The aci-ion, (VIII), would be expected to produce 
0-alkylation, leading to a nitronic ester; and the carbanion (IX) should 
produce C-alkylation, forming a tertiary nitro compound. 

Previous studies on the alkylation of silver salts of secondary nitro 
compounds have shown that both types of alkylation occur, but the data 
are somewhat confusing. Nefs alkylated 1 , 1-dinitroethane, and obtained 

NEF, Ann., 280,263 (1894). 
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both 0- and C-alkylation, whereas Duden6 reported only C-alkylation in 
the case of dinitromethane. 

NO2 NO2 0 NO2 
I l i ”  I 

CH3CN02Ag + R I  4 CH3-C=N-0-R and CH3--C-N02 + AgI 
I 
R 

Ratz7@ on the other hand, obtained O-alkylation upon treatment of silver 
nitromalonamide with methyl iodide, but U l~ ian i ’~  reports C-alkylation 
in the case of ammonium nitromalonic ester. rN;; CONHz 

I 
CNO& + CHsI 3 =N-OCHs + AgI 

CONH2 I h H n  

Kohler and Stones obtained no evidence for C-alkylation upon treating 
sodium triphenylnitroethane (XV) with methyl iodide. The product was 
the oxime (XVII), indicating O-alkylation to the nitronic ester (XVI) 
as the intermediate, since this decomposition of the nitronic ester to the 

r70 

CaH5 
(C6Hs)2CH-kN02Na -3 CHII (GH6)&H- -N-OCHa 3 

XV XVI 

C6H6 

(CaHs),CH-&=NOH + CHsO 
XVII 

oxime and aldehyde or ketone had been shown to be characteristic of this 
s t r u ~ t u r e . ~  Nenitzescu and IsacescuIo obtained fluorenone oxime by 
alkylation of potassium 9-nitrofluorene, and later isolated the methyl 
nitronic ester. The silver salt of 2-bromo-9-nitrofluorene also undergoes 
O-alkylation to produce a nitronic ester.3 

6 DUDEN, Ber., 26,3008 (1893). 
7 (a) RATZ, Monatsh., 25, 55 (1904); (b)  ULPIANI, Atti .  acad. Lincei, Rom., [51,13, 

8 KOHLER AND STONE, J .  Am. Chem. Soc., 62,761 (1930). 
9 ARNDT AND ROSE, J .  Chem. SOC., 1935,l. 
10 NENITZESCU AND ISACESCU, Ber., 63, 2484 (1930); Bull. SOC. chim. Rom., 14, 53 

11,346 (1904). 

(1932). 



SALTS OF NITRO COMPOUNDS 187 

Wislicenus and Elvert" obtained the nitronic ester from the silver salt 
of p-bromophenylnitroacetonitrile, whereas Wielaiid and Hochtlen12 report 
C-alkylation of phenylnitroacetonitrile by treatment of the silver salt with 
diphenylbromomethane and triphenylchloromethane. 

A survey of these previous studies shows that there are no consistent 
differences obtained when the sodium, potassium or silver salts are used, 
and no correlation with the presence or absence of conjugated systems. 

In the present investigation it was found that the action of methyl 
iodide on silver phenylnitroacetonitrile (XVIII) at 0" produced the nitronic 
ester (XIX). The structure of this nitronic exter was established by cata- 

CN 0 CN 0 
I 7  

\ 
+ CHJ + CsHsC=N + AgI 

1 7  

\ 
CaH,C=N 

0-CH, OAg 
XVIII XIX 

lytic reduction of it in acetic anhydride. The reduction product was the 
diacetyl derivative of phenylethylenediamine (XX). If C-alkylation had 
taken place, the reduction product should have been 2-phenyl-l , 2-propyl- 

CsHbCHNH2 I CeHk-NHz 

CHzNHz CHzNHz 

I 
CH, 

xx XXI 

enediamine (XXI). The diacetyl derivative (XXII) of phenylethylene 
diamine (XX) was characterized by comparison with a synthetic sample 
prepared by the following reactions: 

CN CHzNHz 
NH&l I I 

CsHSCHO "-$ C8H6--CH-NH2 %+ C~H6-CHNHn % 
XX 

CH2NHCOCH3 
I 

CGH~CHNHCOCH~ 
XXII 

Treatment of silver phenylnitroacetonitrile with benzyl chloride pro- 
duced a very unstable nitronic ester (XXIII) which could not be isolated, 

11 WISLICENUS AND ELVERT, Ber., 41,4121 (1908). 
19 WIELAND AND H~CHTLEN, Ann., 606,237 (1933). 

THZI JOURNAL OF ORGANIC CHIMIBTRY, VOL. 2, NO. 2 
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since it immediately decomposed into benzoyl cyanide oxime (XXIV) and 
benzaldehyde. The latter was characterized by its phenylhydrazone, and 

CN 0 CN 0 
1 7  1 7  

\ 
CaH&=N-OAg + CaHsCHzCI -+ CaH,C=N 

O-CH2CeH5 
XXIII 

CN 1( / 
CeH,&=NOH + CtjH6CHO 

XXIV 

the former by comparison with an authentic sample synthesized as follows: 
CaH6CH2CN + C4HsON0 + NaOC2HS -+ 

CeH6C-CN + CdHgOH + CZHGOH 
II 
N-ONa 

C@H&-C-CN 

N-OH 
II 

XXIV 

Catalytic reduction of benzoyl cyanide oxime (XXIV) in acetic anhy- 
dride yielded the diacetyl derivative (XXII) of phenylethylenediamine 
(XX). This reduction not only confirms the structure of the benzoyl 

CHzNHCOCH3 
Act0 

CN CHzNHz 
-+ I 

CsHbCHNHCOCHs 
I I 

CsHs-C=NOH %+ CeH5CHNH2 
XXIV xx XXII 

cyanide oxime, but furnishes another independent synthesis of diacetyl- 
phenylethylenediamine (XXII) described above. 

In both of these alkylations the alkyl group appeared on the oxygen 
atom, and not on the carbon atom, indicating that the silver salt of phenyl- 
nitroacetonitrile had the structure XVIII derived from XIII ;  i .e.,  the 
conjugated aci-structure was the preferred form. The only indication 
that the other structure, XIV, may also be present is the C-alkylation 
obtained by Wieland and Hochtlen12 by the action of diphenylbromo- 
methane and triphenylchloromethane on the silver salt. This reaction is 
now being studied. 
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ACYLATION 

Several investigators have acylated the salts of secondary nitro com- 
pounds. Nef6 obtained the acyl derivatives of silver 1, l-dinitroethane, 
and Nenitzescu and Isacesculo prepared the acetyl and benzoyl derivatives 

R O  
- 1 7  RCOCL 

R 

R-C=N-0-COR + AgCl 
I 

R-CN02Ag 

of 9-nitrofluorene from the potassium 9-nitrofluorene. These acyl deriva- 
tives were indicated as having the acyl group attached to oxygen, but no 
proof of structure was given other than hydrolysis. Wieland and Hocht- 
lenI2 treated silver phenylnitroacetonitrile with benzoyl bromide, and 
ascribed the structure XXV t.0 the acyl derivative, which is an example 

CN CN 
I I 

I 
I 

C6H6CN02Ag + C6H6COBr + C&.-c-N02 

co 
CeHs 
xxv 

of C-acylation; in fact, it is the only example of C-acylation of a salt of a 
secondary nitro compound. The only evidence for its structure was the 
fact that it was readily cleaved by alkalies to sodium benzoate and sodium 
phenylnitroacetonitrile. The structure XXV would certainly be expected 
to be unstable to alkalies, but the alternative structure XXVI, the O-acyla- 
tion product, would also cleave upon treatment with alkali. Hence, 
alkaline hydrolysis cannot be used as a method for distinguishing between 
the two possibilities. 

In  the present work, the benzoyl derivative of phenylnitroacetonitrile 
was prepared by the action of benzoyl chloride on both the sodium and 
silver salts of the nitro compound. Its structure was definitely established 

CN 0 CN 0 
I / "  1 7  

CeHSC=N-ONa + C6H&OCl-+ C&C=N-o-cOC&& + NaCl 
XXVI 

as that of the O-acylated compound (XXVI) by catalytic reduction with 
platinum and hydrogen at  room temperature in acetic anhydride. The 
reduction products were shown to be benzoic acid and the diacetyl deriva- 

C~H&=N-O-COC~H~ pt C6H6&"& + CsH&OOH + HzO 

CN 0 CHzNH2 
l i "  5H2 

XX 
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tive (XXII) of phenylethylenediamine (XX), previously obtained by 
catalytic reduction of the methyl nitronic ester. These reduction products 
could not be obtained from a structure such as XXV under the mild condi- 
tions employed for the reduction. The water produced in the reduction 
was taken up by the acetic anhydride used as the solvent, hence hydrolysis 
of XXV and then reduction to X X  is precluded. 

Moreover, treatment of the benzoyl derivative in chloroform solution 
with phenylhydrazine at 20" did not produce a hydrazone of the ketone 
(XXV), but instead cleaved the product to @-phenyl benzhydrazide 
(XXVII). This behavior is further evidence in favor of the 0-benzoyl 

CN 0 
7 

X X V I  
CsHst?=N--O-cOCsHs + CaH6"NH2 -+ 

CN 0 
1 7  

CsHjCONHNHCaHs + CaHSC=N-OH 
XXVII 

linkage, XXVI, since this structure is essentially that of a mixed anhydride 
of the nitronic acid and benzoic acid. 

The benzoyl derivative of phenylnitroacetonitrile, therefore, possesses 
the structure XXVI, and, like the two alkyl derivatives, is derived from the 
aci-structure XIII. 

EXPERIMENTAL 

Potassium salt of phenylnitroacetonitri1e.-One gram of potassium was dissolved in 
10 cc. of absolute alcohol and 30 cc. of absolute ether. The solution was cooled t o  
0", and a solution, consisting of 3 g. of benzyl cyanide, 6.7 g. dl-2-octyl nitrate, 25 cc. 
absolute ether and 25 cc. petroleum ether was added slowlywithstirring. Thepotas- 
sium salt started t o  precipitate after about one-third of the solution had been added. 
The precipitated salt was filtered, washed twice with 30-cc. portions of equal parts of 
ordinary ether and low-boiling petroleum ether, and finally recrystallized by dis- 
solving in 30 cc. of methyl alcohol, then pouring into a solution composed of 50 cc. of 
ordinary ether and 100 cc. of low-boiling petroleum ether. The slightly yellow potas- 
sium salt, obtained in yields of 80 per cent. of the theoretical amount, decomposed at 
265". 

Anal. Calc'd for CsHJXN202: K, 19.54. Found: K, 19.27. 
The above procedure was repeated, using both d-2-octyl nitrate ([a]: +15.37") and 

I-Poctyl nitrate ([a]: -15.00"), prepared as previously described, and in each case 
absolute alcohol solutions of the salts showed no sign of optical activity. The order 
of mixing the reactants was changed, and also the molar ratio, but no optically active 
salts were produced. 

Salt from d-2-octyl nitrate: 
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Anal. Calc'd for CsHsKNzOl: K, 19.54. Found: K, 19.45. 
Salt from 1-2-octyl nitrate: 
Anal. Calc'd for CsHSKN2O2: K, 19.54; N, 14.00. 

Found: K, 19.52; N, 14.27. 
On acidification of a cold, dilute, aqueous solution of the potassium salt with 

acetic acid, the aci-form separated as a yellow, pasty solid. A solution of this solid 
in alcohol gave a brownish color with ferric chloride. The aci-form, on standing, 
changed to  an oil, the free nitro form, which did not give a color with ferric chloride. 
This oil was extracted with ether, the solution dried and the ether distilled. An alco- 
hol solution of the residual phenylnitroacetonitrile showed no optical activity. 

Treatment of an absolute alcohol solution of the potassium salt from the prepa- 
rations in which d- and 1-2-octyl nitrate were used with one mole of bromine pro- 
duced an oil which Wislicenus and Schafer13 have shown to be phenylbromonitro- 
acetonitrile. An alcohol solution of this derivative was also optically inactive. 

Attempted alkylation of potassium and sodium salts.-Treatment of the potassium 
or sodium salts of phenylnitroacetonitrile with alkyl halides gave no alkyl deriva- 
tives. Decomposition products were produced, among which were benzoyl cyanide 
oxime and the aldehyde corresponding t o  the alkyl group. However, treatment of 
5 g. of the sodium salt with 4 g. of methyl sulfate and 1.3 g. of sodium hydroxide in 
75 cc. of methanol a t  room temperature for three weeks gave a crystalline precipitate. 
Recrystallization produced yellow needles melting at 161-162". This compound was 
finally identified as dicyanostilbene,14 and the melting point of a mixture with a 
synthetic sample showed no depression. 

Anal. Calc'dfor ClaHloNn: N, 12.17. Found: hi, 12.00. 
This compound resulted from the decomposition of the sodium salt. 

CN CN CN 
I I 1  

2CBH5CNOzNa -4 CsH& = C - CeH5 -I- 2NaNO2 

Silver salt of phenylnitroacetonitri1e.-To 7 g. of the potassium salt dissolved in 
250 cc. of distilled water was slowly added, with stirring, an aqueous solution of silver 
nitrate prepared by dissolving 6 g. of silver nitrate in 100 cc. of water. The pre- 
cipitated salt was washed three times with alcohol, and finally with ether. A yield 
of 9 g., which was nearly quantitative, was obtained. 

Methyl aci-phenylnitroacetonitriEe.-To 12 g. of the silver salt was added ten times 
the theoretical amount (68 g.) of methyl iodide, diluted with an equal volume of 
ether. During the addition of the methyl iodide, the pasty mass was stirred and 
cooled in an ice-salt bath. After standing one and one-half hours a t  this tempera- 
ture, the reaction mixture was shaken for fifteen hours at room temperature. The 
excess methyl iodide and the ether solution of the methylated compound were filtered 
from the silver iodide. The solvent and methyl iodide were removed under vacuum 
at room temperature, leaving a heavy oil. Ten cubic centimeters of ether was added 
and warmed slightly. On cooling in an ice-salt mixture and diluting with low-boiling 
petroleum ether, the product crystallized in the form of colorless needles. These 
darkened on standing, and finally turned to  a heavy oil. The crystals melted at 41 
to  42", and weighed 3.5 g.,  which corresponds to  a yield of 50 per cent. 

13 WISLICENUS AND SHAFER, Ber., 41,4169 (1908). 
WISLICENUS AND ENDERS, ib id . ,  35,1755 (1902). 
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Anal. Calc'dfor CpHaNzO2: N, 15.91. Found: 16.10. 
The nitronic ester was unstable, and decomposed on standing to  form an oil which 

possessed an odor of formaldehyde. This type of decomposition has been noted by 
Nenitzescu and Demitrie,lo and by Arndt and 

Catalytic reduction of methyl aci-phenylnitroaeetonitri1e.-A solution of 1.5 g. of the 
nitronic ester in 35 cc. of acetic anhydride and 0.15 g. of platinum oxide were shaken 
with hydrogen under three atmospheres pressure. After fifteen hours, five molecular 
equivalents of hydrogen had been absorbed. The mixture was filtered, the filtrate 
poured into 50 cc. of 30 per cent. sodium hydroxide solution, and the product ex- 
tracted with chloroform. Evaporation of the chloroform left an oil which crystal- 
lized on standing. Recrystallization from ethyl acetate gave colorless crystals which 
melted sharply at 155 to  155.5'. 

Anal. Calc'd for C12H&202: N, 12.72. Found: 12.30. 
Since the melting point of the diacetyl derivative of phenylethylenediamine is 

given as 152" in the literature,Is a sample was synthesized for comparison. 
Synthesis of diacetyl derivative of phenyZethy1enediamine.-The intermediate 

phenylaminoacetonitrile was prepared by vigorously stirring a mixture of 20 g. of 
benzaldehyde, 50 g. of sodium cyanide and 54 g.  of ammonium chloride dissolved in 
350 cc. of water. After three hours, an equal volume of water was added, and the 
oil was extracted with two 75-cc. portions of benzene. The combined benzene ex- 
tracts were shaken with two 76-cc. portions of hydrochloric acid ( l : l ) ,  which were 
then poured into 500 cc. of 20 per cent. sodium hydroxide solution. The phenyl- 
aminoacetonitrile was extracted with ether, and the ether evaporated. Nine grams 
of the product was dissolved in 75 cc. of acetic anhydride and reduced with hydrogen 
in the presence of 0.26 g. of platinum oxide. The reduction mixture was filtered, and 
the filtrate poured into 100 cc. of 30 per cent. sodium hydroxide solution to  decompose 
the excess acetic anhydride. Extraction with chloroform by distillation gave a 
gummy solid. After several recrystallizations from ethyl acetate, colorless crystals 
which melted a t  155-155.6' were obtained. The melting point of a mixture with the 
diacetyl phenylethylenediamne, obtained by reduction of the methyl nitronic ester 
described above, showed no depression. 

Anal. Calc'd for C I ~ H I B N Z O ~ :  N, 12.72. Found: N, 12.30. 
BenzyZation of the silver nitro salt.-By warming at 40-50°, a suspension of 8 g. of 

the silver salt in 7.5 cc. of benzyl chloride and 15 cc. of ether for one and one-half 
hours, then filtering and evaporating the solvent a t  diminished pressure, an oily 
residue was obtained. This residue was taken up in 10 cc. of low-boiling petroleum 
ether and cooled in an ice-salt bath. The crystals which separated were purified by 
recrystallization from hot water. Colorless plates which melted at 129' were ob- 
tained. The melting point of a mixture with benzoyl cyanide oxime, prepared as 
described below, showed no depre,ssion. 

Anal. Calc'd for CsHeN20: N, 19.19. Found: K, 19.19. 
Treatment of the petroleum ether solution from the above crystallization with 

phenylhydrazine gave the phenylhydrazone of benzaldehyde, which melted at 156.5", 
and the melting point of a mixture with an authentic specimen showed no de- 
pression. 

Benzoyl cyanide ozime.-To 2.3 g. of freshly cut sodium in25 cc. of absolute alcohol 
was added 11.7 g. of benzyl cyanide, followed by 10.3 g. of butyl nitrite. The yellow 
sodium salt immediately precipitated and, after thirty minutes, it was filtered, 

I5 FEIST AND ARNSTEIN, ibid., 28,426,3172 (1895). 
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washed with ether and dried in a desiccator. The yield was 8.5 g. or 69 per cent of the 
theoretical. The free oxime was obtained by acidification of an aqueous solution of 
the salt. After recrystallization from water, the crystals melted at 129.5", which 
checked the value given by Zimmerman.16 

Reduction of benzoyl cyanide oxime.-A solution of 3.7 g. of the oxime in 35 cc. of 
acetic anhydride was shaken with 0.3 g. of platinum oxide and hydrogen under pres- 
sure. The reduction proceeded very slowly, and forty-eight hours was required 
for absorption of four molecular equivalents of hydrogen. A very low yield of the 
diacetyl derivative of phenylethylene diamine was isolated by the same procedure 
given above and found t o  melt at 155-155.5'. 

Benzoylation of the salts of pheny1nitroacetonitrile.-Three methods were used in 
order to  obtain the benzoyl derivative. 

(A) To 1.25 g. of the sodium nitro salt in 10 cc. of water was added2 cc. of benzoyl 
chloride. After shaking for a few minutes and keeping the solution alkaline by addi- 
tion of 10 per cent. sodium hydroxide solution, the product was filtered, washed with 
alcohol and recrystallized from benzene and low-boiling petroleum ether. The color- 
less solid melted at 116", while the recorded melting point15 is 118". 

Anal. Calc'd for C I ~ H ~ O N ~ O ~ :  N, 10.51. Found: N, 1055. 
( B )  To 5 g. of the sodium nitro salt, suspendedin25cc. of dry benzene, was added 

4 cc. of benzoyl chloride. After shaking for thirty-six hours, the filtrate was evapo- 
rated under diminished pressure, and the remaining 15 cc. of solution was poured into 
low-boiling petroleum ether. The precipitate, after recrystallization from ethyl 
acetate, melted a t  116" and gave no depression in melting point when mixed with the 
product prepared above. 

( C )  The best yield of the benzoylated derivative was obtained as follows. To 8 g. 
of the silver salt, suspended in 50 cc. of dry benzene, was added 4.5 g. of benzoyl 
chloride. After vigorous stirring for three hours, the benzene was filtered, concen- 
trated under diminished pressure, and the yellow product recrystallized from ethyl 
acetate. The yield of colorless prisms melting with decomposition at 116' was 6.8 g., 
or 85 per cent. of the theoretical amount. The melting points of mixtures with the 
benzoylated derivatives described above gave no depression. 

Properties of the ben7oyl derivative.-This compound failed t o  yield an oxime or 
semicarbazone, even after standing three months with the reagents. 

Treatment of a chloroform solution of the benzoyl derivative with phenylhydra- 
zine gave pale yellow crystals of a compound which melted at 170" after recrystalli- 
zation from alcohol. This product was identified as 6-phenylbenzhydrazide by 
means of a mixture melting-point comparison with an authentic sample prepared 
according t o  the method of Fischer." 

Treatment of the benzoyl derivative with warm, 5 per cent. sodium hydroxide 
hydrolyzed i t  to  benzoic acid and phenylnitroacetonitrile. 

Catalytic reduction of the benzoyl derivative.-A solution of 4 g. of the benzoyl-aci- 
phenylnitroacetonitrile in 35 cc. of acetic anhydride absorbed five molecular equiva- 
lents of hydrogen in nine hours when shaken with hydrogen and 0.25 g. of platinum 
oxide. The catalyst was removed by filtration, and the solution was poured into 3 
cc. of 30 per cent. sodium hydroxide solution. The product was extracted with ether, 
and the ether was removed by distillation. Recrystallization of the residue from 
benzene gave colorless crystals of diacetylphenylethylenediamine, which melted a t  

16 ZIMMERMAN, J .  prakt. Chem., 66,353 (1902). 
17 FISCHER, Ann., 190, 125 (1877). 
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155-155.5", and did not depress the melting point of the samples of this compound 
described above. 

Crystals of 
benzoic acid, melting a t  120", were obtained. 

The above sodium hydroxide solution was acidified and cooled. 

SUMMARY 

Treatment of benzyl cyanide with d- and I-2-octyl nitrates in the pres- 
ence of potassium or sodium ethoxide yielded the potassium or sodium 
salts of phenylnitroacetonitrile, which were optically inactive. 

The silver salt of phenylnitroacetonitrile reacted with methyl iodide 
to yield the methyl nitronic ester whose structure was established by 
catalytic reduction to phenylethylenediamine. 

Benzyl chloride and the silver salt yielded benzoyl cyanide oxime and 
benzaldehyde. 

Both the sodium and silver salts reacted with benzoyl chloride to pro- 
duce a benzoyl derivative whose structure as an oxygen acylated derivative 
was established by catalytic reduction to benzoic acid and phenylethylene- 
diamine. 
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INTRODUCTION 

The addition of hydrogen bromide to ethylene and acetylene compounds, 
in the presence and absence of peroxides, has been investigated inthis 
laboratory.' It has been shown that in the absence of peroxides (and/or 
oxygen), hydrogen bromide adds to unsaturated compounds to yield 
secondary bromides. On the other hand, in the presence of peroxides 
the normal bromides are formed. Our previous studies were confined to 
the lower alkenes. It was of interest and of considerable theoretical 
moment to determine whether or not the same generalizations would 
apply to higher alkenes containing terminal double bonds. Through 
friendly cooperation Mr. A. P. Kozacik and Prof. E. Emmet Reid, of Johns 
Hopkins University, supplied us with a number of long-chain hydrocar- 
bons, containing terminal double bonds, and identified the primary bro- 
mides by the preparation of crystalline derivatives. The quantities of 
these unsaturated substances were not very large, and an exhaustive study 
with each individual compound was impossible. However, the results 
obtained with none&-1 , tridecene-1 , undecene-1 and pentadecene-1 prove 
that the generalizations evolved as a result of the study of the short-chain 
unsaturated compounds, apply to the higher alkenes also. 

DISCUSSION OF RESULTS 

The results obtained, in the addition of hydrogen bromide to the higher 
alkenes, are given in Table I. We have recorded the results obtained with 
all the samples sent us. The available quantities of some of them, however, 
were so small, and the purification of the resulting bromides so difficult, 
that  we have serious doubts whether any significance should be attached 
to the experiments with heptadecene-1, nonadecene-1, 4-phenylbutene-1, 
and 6-phenylhexene-1. The data obtained are included along with our 

1 KHARASCH AND OTHERS, J. Am.  Chem. Soc., 66, 2468, 2621, 2531, (1933); 66,244, 
712,1212,1243,1425,1643,1782 (1934); 67,2463 (1935). 
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33. P. 

71- 75"/6 mm. 

121-123"/5 mm. 
130-131"/6 mm. 
91- 93"/6 mm. 

98- 99"/5 mm. 

other results, because Mr. Koaacik and Prof. Reid have prepared solid 
condensation products of these bromides with phenolic compounds. 

The addition of hydrogen bromide to the first five unsaturated COM- 

pounds recorded in Table I is very fast, under ('peroxide" as well as under 
"antioxidant" conditions. These high rates of addition, coupled with 
the presence of quantities of peroxides in the unsaturated compounds, 
make it extremely difficult to  direct the addition so as to obtain quantita- 
tive yields of either the primary or the secondary bromides. 

Unfortunately, since we had no ready analytical method to determine 
the percentage of primary and secondary bromide in our '(peroxide" experi- 
ments! we were unable to  adjust the conditions properly to take into ac- 

n EO 

1.4529 

1.4568 
1.4592 
1.5449 

1.4557 

TABLE I 
ADDITION OF HYDROGEN BROMIDE TO HIGHER ALKENES 

63- 67"/4 mm. 
100-101'/5 mm. 
129-131"/6 mm. 
14!2-147'/6 mm. 
9&102"/6 mm. 

163-165'16 mm. 
191-195"/6 mm. 

10&109'/6 mm. 

129-133"/6 mm. 

HY DBOCARBON 

1.4542 
1.4567 
1 . a 7 4  
1.4604 
1.5457 

1.4616 

1.5392 

1.5273 

1. Nonene-1.. . . . . . 
2. Undecene-1.. . . . 
3. Tridecene-1.. . . . 
4. Pentadecene-I., 
5. Allylbenzene . . . 

158-160"/6 mm. 
185-186O/6 mm. 

102-103"/6 mm. 

115-118"/6 mm. 

6. Heptsdecene-1. 
7. Nonedecene-1.. . 
8. 4-Phenylbu- 

9. 6-Phenylhex- 
tene-1. . . . . . . 

ene-1. . . . . . . . 

1.4608 

1.5358 

1.5280 

"ANTIOXIDANT" CONDITIONS 

B.P. 1 @Eo 
"PEROXIDE" CONDITIONS 

PER CENT 
PRIMARY 
BROMIDE 

EBTIMA'FED 
(KOZACIK 
AND REID) 

count the enormously high rate of the "normal" addition. Had we been 
aware of that, we would have employed larger quantities of peroxides, and 
introduced the hydrogen bromide into the reaction mixture at a very slow 
rate. The results given in Table I, therefore, are to be looked upon not 
as a record of what may be accomplished, but rather as a report of what 
the first trial experiments have yielded. One may complain of the yields, 
but the results obtained show conclusively that primary bromides are 
formed from the unsaturated compounds in the presence of peroxides, and 
that, therefore, the Markownikow rule applies not only to the short-chain 
unsaturated substances, 'but to the higher alkenes. The yields of the 
primary bromides given in the table are supplied by personal communica- 
tion from Kozacik and Reid. It should be emphasized that the 82 per 
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cent. of the primary bromide from nonene-1, 65 per cent., 60 per cent. 
and 41 per cent. from undecene-1, pentadecene-1 and tridecene-1, respec- 
tively, are the amounts of the primary bromides which they isolated and 
are less than the amounts which are formed when hydrogen bromide is 
added to the unsaturated compounds under peroxide condition. 

Better results, than those given in the table, were obtained by us re- 
cently in the addition of hydrogen bromide to tridecene-1.” The precau- 
tion was taken to insure the presence of about 10 per cent. of peroxides in 
the reaction mixture. The hydrogen bromide was introduced slowly in 
accordance with the procedure used by Kharasch and Hinckley.z Under 
these conditions a product was obtained, which contained over 85 per cent. 
of the primary bromide. The identification was first attempted through 
the conversion of the bromides obtained from ‘(peroxide” and “anti- 
oxidant” experiments to the corresponding mercury compounds. No 
decisive results were obtained. The melting points of the mercury com- 
pounds of the primary and secondary bromides were very close, (88” and 
90” respectively), although each depressed the melting point of the other 
(79’-80’). The identification was finally made through the condensation 
of the Grignard reagent of the bromide with phenyl isocyanate. An anilide 
was obtained which melted at  8Oo-82O, and the melting point of it was 
not depressed by the addition of a synthetic sample of myristic anilide. 

BUMMARY 

1. It has been shown that the addition of hydrogen bromide to the higher 
alkenes, containing terminal double bonds, results in the formation of pri- 
mary bromides, whenever “peroxides” are present in the reaction mixture, 
while secondary bromides are formed in the presence of ‘(antioxidants.” 

2. The Markownikow rule as applied to unsaturated hydrocarbons has 
been put on a firm experimental basis. 

sample analyzed by Kozacik and Reid, and to be recorded in their publication. 
* This result is reported separately in order not to cause confusion with the first 

2 KEABASCE AND HINCKLEY, Zbid., 66,1212 (1934). 
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1. PRESENT CONTROVERSIAL POSITION 

A recent paper by Earl1 revives the question of the mechanism under- 
lying the conversion of diazoaminobenzene, and its derivatives, to amino- 
azo compounds. The nature of this mechanism has been debated since 
the introduction of diazoaminobenzene by Griess2 in 1862; and the con- 
troversial state of the question is evidenced by the more recent literature 
on the subject3. While Earl’s last paper1 refers to dynamic isomerism 
involving mobilitiy of the hydrogen in certain reactions cited‘, it is not 
clear whether this is intended to  support his previous interpretation of 
the reaction, which postulated the formation of benzenediazoaminoazo- 
benzene as an intermediarya. 

2. NEW RESULTS NOT EXPLAINED BY A PREVALENT THEORY~ 

Early in 1933 the author obtained experimental results while working 
at  University College, London, which throw further light on the probable 
mechanism of this reaction; and the recurring interest in the subject 
makes their publication seem desirable. The following results were 
obtained, using an aqueous or alcoholic solution of diazoaminoben- 
rene. 

(a) Over 90 mole-per cent. of the diazobenzene constituent in a sample 
of diazoaminobenzene was recovered from an acidic solution of the latter, 
in the form of its p-naphthol compound, 2-naphthol-1-azobenzene. This 

1 EARL, J .  SOC. Chem. Znd., 66,192 (1936). 
2 GRIESS, Ann., 121,258 (1862). 
* GOLDSCAMIDT, JOHNSEN, AND OVERWIEN, Z .  physikal. Chem., 110, 251 (1924); 

INGIOLD, SMITH, AND VASS, J .  Chem. SOC., 1927,1245; ROSENHAUER AND UNQER, Ber., 
61B, 392 (1928); EARL, J .  Proc. Roy. SOC. N.S.W.,  63, 83 (1929); 64, 96 (1930); Ber., 
6SB, 1666 (1930); ROSENHAUER, ibid., 64B, 1438 (1931). 

MELDOLA AND STREATFIELD, J. Chem. Soc., 61,27, 109 (1887); Cj. NOELTINQ AND 
BINDER, Bull. SOC.  chim., 42,336,341; Ber., 20,3004. 

* COHEN, “Organic Chemistry”, 1031 Ed., p. 420; Cf. also C. W. PORTER, “Molec- 
ular Rearrangements,” Am. Chem. SOC. Mon. No. 45, p. 69. 
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reaction has been carried out qualitatively by Friswell and Green6, and 
recently by Earl’. 

( b )  Aniline was isolated from the aqueous solution from (a), equivalent 
to over 90 mole-per cent. of its content (in combined form) in the sample 
of diazoaminobenzene used. No mention has been found of a previous 
attempt to isolate aniline from an acidified solution of diazoaminobenzene. 

( c )  Phenyldiazonium chloride has been directly combined with aniline 
under homogeneous conditions, the resulting aminoazobenzene separating 
out of the solution in the form of its hydrochloride, free from diaxoamino- 
benzene or other intermediate product. This result has not previously 
been accomplished, although Friswell and Greens attempted the combina- 
tion by “varying the conditions in every possible way.” 

( d )  After a strong hydrochloric acid solution of diazoaminobenzene had 
been kept a t  0-2” for 288 hours, approximately 75 per cent. of the original 
compound had undergone irreversible chemical change (100 per cent. 
after 92 days). Only 14 per cent. had been converted to  aminoazoben- 
zene. The difference between this figure and the amount of diazoamino- 
benzene which had undergone change could be accounted for reasonably 
well by the appearance of phenol and aniline. In  a complementary ex- 
periment, the rate a t  which the phenyldiazonium chloride arising from 
fission of the diazoaminobenzene disappeared was shown to be sensibly 
linear. 

It is considered that a prevalent view of the mechanism of the diazo- 
aminobenzene conversion5, originated by Goldschmidt and his collabo- 
rators’, is inadequate to explain these results. On the other hand, it is 
felt that the explanation of the mechanism considered in section 5, far 
from excepting the experimental results upon which Goldschmidt’s theory 
is based, serves to harmonize these with the present results, and those of 
other workers. 

3. GOLDSCHMIDT’S THEORY OF RESIDUE INTERCHANGE 

The intermolecular nature (Cf. “The Benzidine Rearrangement”8) of 
the conversion of diazoaminobenzene to aminoazobenzene seems never 
to have been in doubt since Kekul6 first effected the changeg, and treated 
it as a double decomposition. Further evidence of the intermolecular 
character of the reaction was soon provided by Baeyer and Jaeger’O, 

E FRISWELL AND GREEN, J .  Chem. Soc., 47,917 (1885); 49,746 (1886). ’ GOLDSCHMIDT, Ber., 24,2317 (1891); GOLDSCHMIDT AND BARDACH, ibid., 26, 1347 

8 INOOLD AND KIDD, J .  Chem. SOC., 1953,984; Ann. Repts., 1953,178. 
e K E K U L ~ ,  Z. Chem., 2,688 (1866). 
10 BAEYER AND JEAQER, Ber., 8,161 (1876). 

(1892); GOLDSCHMIDT AND REINDERS, ib id . ,  29, 1369, 1899 (1896). 
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NietzkP, and JaenkeI2. Meanwhile, however, the actual details of the 
mechanism were attracting the attention of investigators; and in 1891 
Goldschmidt began the series of experiments which has been extended by 
himself and his collaborators7, over a number of years, in support of the 
theory to  which reference has been made. 

This theory postulates the formation of an additive compound, 
(ArNH)2NC1, (I), and the para-combination of this with a molecule of 
the basic solvent, forming the compound (ArNH)*N .Ar’NH2, (11), which 
then breaks down to ArNHz and ArN: N.Ar’NH2, the aminoazo-com- 
pound. The ArNH residue of I may be replaced by other basic residues 
from the solvent (aniline, toluidine, etc.) before I1 is formed. In  this 
way the different products from a number of reactions were explained; 
but it was not certain when residue exchange might be expected, nor why 
it occurred. This is illustrated by two typical reactions considered in 
section 5, which were advanced by Goldschmidt and collaborators in 1892 
as inconsistencies on the basis of the theory considered in section 4. It 
will be shown in section 5, when it will be necessary to refer to I and 11, 
that these very examples reveal a weakness in Goldschmidt’s theory. 

It is important to note here, that while Goldschmidt postulates the 
addition of one molecule of hydrochloric acid to diazoaminobenzene in 
the initial formation of I, the author has observed that the white crystal- 
line precipitate thrown out of an ethereal solution of diazoaminobenzene 
by anhydrous hydrochloric acid contains two moles of hydrochloric acid 
per mole of diazoaminobenzene. This observation finds a consistent ex- 
planation in the theory discussed directly. 

4. FRISWELL AND GREEN’S THEORY OF PRIMARY FISBION 

In 1885 Friswell and Green6 had put forward an extremely simple theory 
of the mechanism of this conversion; but this was soon engulfed by the 
flood of careful experimental work from Goldschmidt’s laboratories in 
support of the above theory. Friswell and Green’s explanation was not 
recognized again until Meyer13 re-advanced the idea of fission in 1921 : and 
afterwards, Rosenhauer and Unger3 drew long-overdue attention to the 
work of Friswell and Green. Earl’s 1929 and 1930 papers3 again revert 
to the idea of a nuclear condensation, which fails to meet the demands 
of the majority of the mechanistic aspects of the reaction which have 
been observed. 

Friswell and Green contended that the first stage in this conversion in 
the presence of hydrochloric acid was a primary fission of diazoamino- 

11 NIETZKI, ibid., 10,662, (1877). 
12 JAENKE, ibid. ,  21,548 (1888). 
18 MEYER, ibid., 64B, 2265 (1921). 
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benzene to benzene (Le., phenyl) diazonium chloride and aniline. This 
was held to be a rapid and reversible reaction, while aminoazobenzene 
was said to be formed from the products of the fission by a slow and ir- 
reversible reaction. It is this theory, with some additions, which the 
author regards as giving the most likely, and certainly the most compre- 
hensive, explanation of this conversion and the chemical phenomena which 
have been observed to accompany it. 

5. ELECTRONIC INTERPRETATION OF MECHANISM 

( A )  General view of system.-Accepting Friswell and Green’s postula- 
tion of a primary fission (which is in agreement with Goldschmidt’s cryo- 
scopic results’), the simplest case of this reaction-namely, when taking 
place in alcohol or water containing appreciable quantities of hydrochloric 
acid-may be formulated thus: 

(i) PhN : N - NHPh + HCI 

I veryfsst 

(benzenediazoarninoazo- 
p H < ?  ‘ I pH’? 

(probably benzene; o. Earl’) 

PH > 7) 
-TI PhN: N. NHPh’mN : NPh 

This system will be seen to provide an excellent example of the con- 
flicting advantages that sometimes arise in an interdependent series of 
reactions. The reaction (ii) to (iii) is aided by the same conditions of 
basicity as favour the much more rapid reaction (ii) to (i). The pH > 7 
necessary for the production of the parents of aminoazobenzene, actually 
militates against the formation of this compound from them, for the reason 
discussed in B. 

The experiments reported in section 6 were carried out in aqueous 
medium in order to establish the points given in section 2; but aniline (or 
toluidine) is normally used as reaction medium, under which conditions 
the effect of the solvent cannot be ignored. While reaction (ii) to (i) 
will be greatly favoured by the presence of the base, the formation of 
aminoazobenzene by the irreversible reaction (ii) to (iii) will eventually 
reflect the mass law action of the solvent molecules. The effect becomes 
appreciable when diazoaminobenzene is heated for some hours in aniline 
containing aniline hydrochloride. The reaction is also favorably affected, 

* The aniline will probably be largely in the form of its hydrochloride; and this, 
and also the phenyldiazonium chloride, partially dissociated. 

(ii) *PhNHz + PhN : N * C1 
p H < 7  1 p H > 7  

very elow less slow 

--I 

1 
(iii) NHZPh’ N : NPh 
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in general, by the greater stability of phenyldiazonium chloride in aniline, 
than in an aqueous medium. 

It may be noted that benzenediaxoaminoazobenxene, which Earl3 
postulated as an intermediary, is formed as a natural consequence of the 
presence of phenyldiazonium chloride arising from fission, the latter re- 
acting with aminoaxobenxene. This view is supported by experimental 
work on the reaction of phenyldiazonium chloride and aminoa~obenzene’~. 
The author has observed the presence of benxenediaxoaminoaxobenxene 
in crude diaxoaminobenxene prepared from aniline sulfate and nitrous 
acid. 

(B)  The prototropic system; an analogy with the mobility and Jission of 
keto-enol systems.-The prototropic system15 -N=N-NH- may become 
operative by the direct attraction of an alkaline catalyst for the ionising 
proton16; or indirectly by addition or electrostriction of an acidic catalystt, 
in such a way as to increase the positive field of the atom from which the 
proton separates, by increasing the attraction of its shared electrons to  
another center in the system1’. In the case of the diaxoaminobenxene 
conversion, which is effected under acidic conditions, the mobility of the 
system must be due to the latter electromeric effect. Another familiar 
example of the same effect is found in Meyer’s work on the equilibrium 
system of ethyl malonate’*, in which it is shown that the enol content 
of the freshly-acidified system changes from about 3 per cent. enol to nil 
in one minute. 

It appears likely that fission of the diaxoaminobenzene follows as a con- 
sequence of the electron mobility of the system; and here, again, one finds 
an analogy in the aceto-acetic ester type of system. Hydrolysis of these 
esters by dilute alkalies-when the ester molecule is known to contain a 
mobile ionic systeml6-1eads to the familiar “ketonic hydrolysis”. Dilute 
acids give the same result, and it may be assumed that it is fission of the 
enolic form (i.e., Me.C(OH)=CH.COOEt) which occurs, giving rise in 
the first place to the enolic form of the ketone (i.e., Me.C(OH)=CH2)19. 
The slower reaction with acids, during which only the electromeric effect 
would influence the keto-enol equilibrium, lends support to this view; and 

1 4  VIGNON, Compt.  rend., 140, 92; Bull. SOC. chim.,  [3], 33, 232; NIETZKI AND DIES- 

16 LOWRY, J .  Chem. SOC., 123,822 (1923). 
16 INGOLD AND SIIOPPEE, ibid., 1929,447; 1930,968. 
t Since this paper was written, an interesting paper bearing on this point has 

1 7  BAKER, ibid. ,  1928,1583, 1979; LOWRY, ibid. ,  1926,1371; Cf. INGOLD AND INGOLD, 

18 MEYER, Ber., 46,2843 (1912). 
19  LAPWORTH, J .  Chem. SOC., 86,41 (1904). 

TERWEG, Ber., 21,2144. 

appeared: vide HUNTER, J .  Chem. SOC., 1937,320. 

ibid. ,  1926,1310; ROBINSON AND OTHERS, ibid., 1926,401. 
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the fact that  a much higher temperature (boiling) is required to effect 
fission of the mobile carbon system, as compared with the ease of fission 
of the mobile nitrogen system, is quite understandable. 

The PhNH: ion has been advanced as the active catalyst in the diazo- 
aminobenzene conversion; but even if it were allowed that this ion could 
play a part in the early stages of the reaction, its presence to any appreci- 
able extent would certainly retard para-recombination in the later stage. 
The deactivating effect of a positive pole attached to the benzene nucleus 
on the latter, and especially on the ortho, and para, positions is m7ell 
known. The present importance of the activity of the para position is 
well illustrated by the rapid combination of PhN:N.CI with (Me)zNPh, 
or PhO-. It is, therefore, reasonable to suppose that even in a distinctly 
acidic solution of diazoaminobenzene, the second stage involving p-com- 
bination of PhN:N.Cl with ArNH2, takes place with the free base in the 
equilibrium mixture, ArNHz.HCl=ArNHz + HCl. 

(C) Secondary e$ect of solvent medium.-The conversion of diazoamino- 
benzene in aqueous, alcoholic, or aniline solution, can give rise to only the 
one simple aminoazocompound, aminoazobenzene, even if proton trans- 
ference should occur. Such is not the case, however, with benzenediazo- 
aminotoluene, a consideration of which will serve to illustrate the various 
examgles around which the controversy of this mechanism has centered. 
In  this case one has, in addition to the influence of the acidic catalyst on 
the prototropic system, a permanent inductive effect within the molecule". 
Equation (iv) represents the two forms of diazo compound. 

(iv) Me -+ y-\-NH-N=N-Ph (111) = 
\=-J H+ 

Me 4 /-\ N=N-NH-Ph (IV) 
\=-==J-H+ 

Ignoring secondary factors, a preponderence of 1V might be expected in 
the equilibrium mixture. Fission of IV and para-recombination would 

--NH2.(Me), as Goldschmidt observed'; and IV would arise from 
a solution of diazoaminobenzene in toluidine containing acid, by the reac- 
tions indicated in ( A )  and (iv) above. In  seeking a congruous explana- 
tion of the many results that  have been reported, however, the influence 
of the solvent cannot be ignored; and this is illustrated by examining 
two typical results which Goldschmidt thought to  be inconsistent with 
a theory of fission'. 

give rise, when carried out in toluidine solution, to Me. /==\.N=N. 
\\-/ 

\-/ 

* O  Ann. Repts., 23, 140 (1926). 
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- 
'/--\ . N=N NH (a) Me - Me, in aniline, gave Me * v __ 

N=N. D. NH2, 
\=z/ 'c>'. N=N - NH - Ph, and Me - 

but not Ph N=N NH . Ph. The first two compounds follow directly 
from the reactions of section ( A ) ,  and for the reason discussed in the pre- 
vious paragraph, the latter would not be expected. (b)  Ph N=N NH 
/-\ Me, in aniline, gave Ph . N=N * '0 - "2, but not \%--\\. Memu N=N "2. The firstoompound is again 
explained by the reactions of section ( A ) ,  but the absence of the latter 
compound casually appears to be at variance with the reaction which 

/-\ NH2 might have been expected by the formation of IV  from 
the starting compound, followed by fission, and para-recombination. In 
reaction (b)  the solvent is aniline; and should the equilibrium mixture 
have tended to  establish itself in the direction of IV, the fission of IV 
in aniline-itself an equilibrium-would have been suppressed by the 
effect of the preponderating aniline (solvent) molecules. Fission of the 
starting material will therefore take place preferentially, giving a reaction 
mixture very much richer in phenyldiazonium, than in tolyldiazonium, 
chloride; and one must consequently expect to find essentially phenyl- 
diazo, and not tolyldiazo compounds in the product of conversion. 

Examination of a number of similar apparent contradictions of the fis- 
sion theory, in the literature, has shown that these lend themselves to a 
satisfactory explanation on the basis discussed in sections ( A )  and (B) ,  
provided that account is taken of all factors affecting the system during 
conversion. 

It is interesting to apply Goldschmidt's results (a)  and (b)  to his own 
/-\ * NH- residue was prefer- theory (section 3). In  (b)  the Me - 

entially ejected from his postulatory compound 11, when only one such 
residue could have been present in the compound. On the other hand, his 
postulatory compound I, which would arise in the initial stages of (a), 

/-\ NH- residues; and yet must be assumed to contain two Me 
neither of these was displaced by the aniline molecules present in large 
excess, in that stage where residue exchange is most to be expected. The 
author feels that such elucidating experimental results as those just con- 
sidered require no more complex interpretation than that of a simple 
fission and para-recombination ; and the side-reactions which make this 

- 

- 

might have been expected from equation ( i v ) ;  i.e. Me + c>\. N=N. 

\d* 

- 
\=z/- 
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type of conversion system chemically complex also provide the evidence 
of its simple (and familiar) mechanism for producing aminoazo compounds. 

6. EXPERIMENTAL PROCEDURE AND RESULTS 

(a) Preparation of diazoaminobenzene, and preliminary tests.-The diazoamino- 
benzene used in these experiments was prepared by standard methods21, and after 
several recrystallizations from ethanol containing a trace of ammonium sulfide, it 
melted sharply a t  98". When this compound was shaken with an 18% aqueous solu- 
tion of hydrochloric acid a t  0", and the solution was kept for 3 days below 2", a purple 
solid was obtained; if the solution were allowed to warm the solid which resulted was 
sticky. On treating the purple solid with dilute ammonia, and crystallizing the 
product from petroleum ether, the latter was shown to be aminoazobenzene; map., 
125"; m.p. of mixture with authentic aminoazobenzene (127"), 126". 

Analysis, found: C ,  73.2; H, 5.6; N, 21.6. Aminoazobenzene requires: C, 73.1; 
H, 5.6; N, 21.3. 

This result was repeatable with different concentrations of aqueous acid, the yield 
of product-always small-being greater with weaker acidity, within limits. 

When anhydrous hydrogen chloride was passed into an ethereal solution of pure 
diazoaminobenzene, avoiding excess hydrogen chloride, a white crystalline precipi- 
ta te  was obtained. The same result was obtained with an alcoholic solution, by 
shaking out with ether, after passing hydrogen chloride. 

Analysis of the "crude" solid gave the following results. Found: C, 52.6; H, 4.6; 
C1, 26.3. Required by equimolecular proportions of phenyldiazonium chloride and 
aniline-hydrochloride: C, 53.2; H, 4.8; C1,26.3. 

When crude diazoaminobenzene was used for this experiment, the solid precipi- 
tated was partially colored (reddish). On filtering this by suction, and washing the 
solid with a large quantity of cold water, a clean yellow solid remained; m.p., without 
recrystallization, 119-120", sharp. The melting point of benzenediazoaminoazo- 
benzene is 119.5"; and it has been shown in section 5 ( A )  how this compound would 
arise in the preparation of diazoaminobenzene. 

(a) Quantitatioe isolation of the diazobenzene constituent of diazoaminobenzene.- 
To 1.3 g. of diazoaminobenzene, 60 cc. of concentrated hydrochloric acid added with 
periodical vigorous shaking, and maintaining the temperature below 0". An hour 
later 100 cc. of water a t  0" was added, and the solution was filtered. The filtrate 
was stirred slowly into a solution of 1 g. of 8-naphthol in excess caustic soda. The 
mixture was made slightly acidic, and filtered a t  0", the filtrate being preserved for 
subsequent examination. The solid was washed with cold water, cold dilute caustic, 
then cold dilute hydrochloric acid and water; yield of 8-naphthol derivative, 1.5 g., 
or 91% of that theoretically possible. It melted without recrystallization a t  128", 
and mixed with pure 2-naphthol-1-azobenzene (130.5") a t  129". This reaction is 
examined more fully under ( e ) .  

( c )  Quantitative isolation of aniline from acid solution of diazoaminobenzene.-The 
acid filtrate and first aqueous waahings from the precipitate of 8-naphthol derivative 
in (b)  were made alkaline, cooled, and well extracted with ether. This extract was 
filtered of scum, dehydrated for four days, and refiltered. Anhydrous hydrogen 
chloride precipitated from the ether a white crystalline solid, which melted a t  196". 

*I GBIEBS, Ann., 197,458 (1866); STAEDEL AND BAUBR, Ber., 19,1952 (1888). 
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Mixed with pure aniline hydrochloride (198"), i t  melted at 197". Yield of aniline 
hydrochloride, 0.82 g., or 96% of that theoretically possible. The oil obtained by 
neutralization gave positive reactions for aniline by standard qualitative tests. 

( d )  Direct formation of aminoazobenzene f r o m  phenyldiazonium chloride and ani- 
line.-One mole (15 9.) of freshly-distilled aniline was stirred into 2 moles (11.8 9.) 
of hydrogen chloride in 450 cc. of water. To this solution a t  -2", 0.5 mole (5.57 9.) 
of dissolved sodium nitrate was added slowly with stirring, keeping the temperature 
below 0". The resulting solution, which was definitely acid to litmus, showed no 
sign of cloudiness; after 10 minutes a t  0" i t  had turned red, but remained perfectly 
clear. This solution was stored in the dark in a glass-stoppered flask at 0-2". After 
17 hours the solution was a deep clear red; and the first sign of a solid-in the form of 
fine, dark-purple, metallic-looking needles-was observed 21 hours after the com- 
mencement of the experiment. When the flask was held in reflected light the small 
glinting crystals could be seen suspended in the red solution. After 48 hours, the 
bottom of the flask was covered with fine, sharply-defined, crystals, and the super- 
natant liquid was clear save for innumerable tiny particles suspended in i t ;  i . e .  i t  
was not opaque. Thus this solution behaved in all respects like a slowly crystalliz- 
ing solution of a pure compound. The experiment was allowed to stand for 7 days 
a t  0-2", during which time the crop of crystals grew slowly, but fairly steadily, and 
the color of the body of the solution deepened to a bluish-red. The solution was 
then suction-filtered through a cold funnel into a flask surrounded by ice. The clear 
filtrate was immediately replaced in cold storage. The crystals were washed with 
75 cc. of water a t  2"; yield, 0.2 g. On treatment with dilute ammonia, these yielded 
a light-brown solid which melted a t  126" sharply, after crystallization from petroleum 
ether; m.p. of mixture with pure aminoazobenzene (126"), 126". 

A further 0.22 g. of clean, lustrous, purple crystals was obtained after 8 more days. 
This filtrate again yielded a third small lot of crystals after standing for another 23 
days in the cold; but these showed a definite stickiness on filtering, and possessed an 
odor of phenol. The body of the liquid was intensely colored by this time, and was 
slightly opaque. 

( e )  Behavior of acid solution of diazoaminobenzene o n  prolonged standing at low 
temperature.-Five separate 0.5-g. samples of finely-powdered diazoaminobenzene 
were stirred slowly into separate 25-cc. lots of concentrated hydrochloric acid cooled 
to Oo, in small glass-atoppered flasks. The flasks were then shaken vigorously, which 
resulted in almost complete solution of the solid; a t  this stage the flasks were stored 
in the dark at 0-2". Subsequently 25 cc. of water a t  0" was added to each flask. 
Addition to number 1 flask was made after an hour, and just before examining its 
contents; and to flasks2 5 ,  addition was made after 20 hours. At different times the 
contents of individual flasks were examined for phenyldiazonium chloride content 
by filtering the solution and adding the filtrate gradually to a cold solution of 0- 
naphthol in excess caustic soda. The resulting 2-naphthol-1-azobenzene was shown 
to be reasonably pure, in each case, by a melting-point determination upon a mixture 
with a pure specimen of this compound. 

The results are summarized in Table I, in which column 2 gives the time elapsed 
before examining the contents of the flask in question, and column 5 gives the per 
cent of phenyldiazonium chloride calculated from the ,%naphthol derivative, and 
based on that which could arise theoretically from the diazoaminobenxene originally 
taken. 

These results indicate essentially: (a) the presence of phenyldiazonium chloride 
in practically theoretical amount in a freshly acidified solution of diazoamino- 
benzene; and (b) the slow disappearance of the former, due to irreversible p-combina- 
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tion with the aniline arising from fission, and to its slow decomposition and side 
reactions. The course of the latter is shown roughly by the following semi-quantita- 
tive experiment. 

Powdered diazoaminobenzene (14.4 g.) was shaken vigorously with 150 cc. of con- 
centrated hydrochloric acid, and after standing for 12 days in the dark a t  0-2", 400 cc. 
of water a t  0" was added without temperature rise. The content of the flask was 
filtered cold and the solid collected was washed with ether. The solid was crude 
aminoazobenzene hydrochloride, as shown by neutralization with ammonia, and 
recrystallization of the resulting yellow compound from petroleum ether, giving a 
product m.p., 126"; m.p. of mixture with pure specimen, 126". The yield of crude 
product accounted for approximately 14% of the diazoaminobeneene used. 

The ether washings were added to an ether extract of the acidic filtrate, which was 
filtered of scum and dried. Thus, phenol corresponding to about 15% of the diazo- 
aminobeneene was recovered; b.p., 175"; white ppt. with bromine water (m.p., 
91"); violet color with ferric chloride; characteristic odor. 

The aqueous portion from the ether extract was stirred periodically, and allowed 
to stand until the traces of ether had evaporated. It was then made alkaline, and a 
dark mass separated on the surface; when filtered, washed with cold water, and dried, 

TABLE I 

0.47 127" 74 
0 .24  128' 38 
0.15 129" 24 
0.00 00 

1 M. p. % PEENYLDIAEO- 
EXPT. NO. ~ TIME IN HOURS I TIVE, 0. I NIUM CHLOBIDE 

~ I I I-- 
1 I 1 1 0.61 I 129" 1 97 

this solid accounted for 40% by weight of the original diaeoaminobenzene. It was 
an impure mixture of brown crystals, with some green ones, and attempts to effect a 
separation were unsuccessful. The mixture melted sluggishly in the region of go", 
and decomposed with a puff when heated further, suggesting the presence of an 
appreciable proportion of reformed diazoaminobenzene. 

The alkaline filtrate and washings yielded, on ether extraction, aniline corre- 
sponding to nearly 20% of the original diazoaminobenzene; b.p., 178-80"; basic odor; 
sparingly soluble sulfate; violet hypochlorite reaction. 

A small amount of p-hydroxyazobenzene was also detected in this system; m.p., 
crude, 145"; crystallized from petroleum ether, 152"; m.p. of mixture with a pure 
specimen of p-hydroxyazobenzene, 151.5". Per cent. N, found, 13.8; required by 
p-hydroxyazobenzene, 14.1. 
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SUMMARY 

(1) The controversial position of the question of the diaeoaminobenzene 
conversion mechanism has been reviewed. 
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(2) A prevalent theory of the mechanism of conversion of diazoamino 
compounds, which postulates unstable intermediary complexes, has been 
examined briefly. This has been shown to be less satisfactory in explain- 
ing certain results than a theory of primary h i o n  and subsequent para- 
combination. 

(3) Other experimental results are reported for which the former theory 
is inadequate. These include the isolation of phenyldiazonium chloride, 
and also aniline, in sensibly theoretical amounts from an acidic solution 
of diazoaminobenzene, and success in effecting the direct combination of 
phenyldiazonium chloride with aniline (in acidic medium) to give amino- 
azobenzene. 

(4) The important rBle of the solvent medium has been discussed. 
(5 )  Attention has been drawn to the analogy between the prototropic 

mobility and consequent fission of diazoamino, and keto-enol, systems. 
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This book is one of a series by Methuen & Co. Ltd. of London on chemical subjects 

and therefore apparently conforms t o  other books in this series in scope and purpose, 
namely to  present the salient facts of a particular narrow subject in a concise yet 
authoritative manner, so as to  serve as a convenient handbook either for specialists 
in the field covered or for persons of technical training to  explain the principles of 
the subject plus selected practical examples. 

The author has been successful in condensing and correlating a considerable 
amount of difficult fractional distillation theory i n  the space available to  him. The 
examples of fractionating columns and equipment given are up to  date and the addi- 
tional references given to  the literature are well selected and helpful. The section 
on “Aeeotropic Mixtures” is authoritatively. written with a special emphasis on 
refining alcohol by azeotropic agents with which the author is especially familiar. 
The subject of vacuum distillation in the laboratory is well covered. Destructive 
distillation and sublimation are passed over fairly briefly. 

The author’s job of selection from the wide field of fractional distillation topics 
has been a very difficult one and doubtless no two men’s opinions could be expected to  
check even closely on such selection. The reviewer would have preferred somewhat 
less material on vacuum fractionation in favor of more discussion of the theoretical 
and practical effects of varying the number of plates in a column on the results and in 
consideration of various types of applications. Also a brief survey of the extremely 
important applications of fractional distillation in the petroleum industry would 
perhaps have been desirable. In  the section on Azeotropes there should have been 
included brief descriptions of the azeotropic distillation of acetic acid and instances 
if not a table of still other azeotropic agents. Aside from these suggestions rather 
than criticisms the book seems to  be well worth reading and keeping on the desk for 
handy reference on the fundamentals of fractional distillation and on azeotropic 
alcohol distillation. 
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National Research Council. 4th ed. D. Van Nostrand Company, Inc., New York 
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Jerome Alexander’s brief introduction t o  COLLOID CHEMISTRY, whose first edition 

was published in 1918, has grown beyond recognition in this imposing fourthedition, 
of 1937. It now affords an unequalled assembly of the most various fields of knowl- 
edge illustrating colloid behavior. The author has had the advantage of being editor 
of the comprehensive survey of colloid chemistry, compiled by many of the active 
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workers in the subject, in four large volumes. He now gives his own personal con- 
spectus of all the  interesting items which appear t o  have any relevance t o  colloid 
systems. His avowed object is ‘ I  . . t o  form a broad mosaic which gives a coherent 
picture of nature. . . .” and “ . . . breaking down the artificial mental barriers arising 
from scientific specialization. . . .” “Observable facts are stressed, theoretical con- 
siderations being incidentally invoked so that  the facts may be betfer coordinated 
and their import understood.” 

The book makes fascinating reading as it is filled with the most interesting in- 
formation, some of it very topically up-to-date. It is addressed to  the general reader 
as well as to  the student. It is not a text in the ordinary sense. For the most par t  
i t  dispenses with mathematical theory and with tabulations of data. The industrial- 
ist in whatsoever field, the medical man, or the biologist, chemist, or physicist will 
find references to  facts of his own knowledge placed in intriguing juxtaposition 
to  others from diverse or highly specialized fields. Naturally, each will wish to  
pause and study in greater detail the considerations which are only touched upon 
with regard to  his particular interest, but this stimulus is one of the main purposes 
of the book. 

The book covers so much ground that  it is of little avail to  quote the chapter head- 
ings of its four hundred fifty-four pages which are followed by a bibliography, a 
glossary, and full author and subject indexes. The historical portions and the gen- 
eral introductions and general properties are dealt with in the first one hundred 
fifty-eight pages, then follow practical applications, finally extending into biology, 
medicine, genetics, hormones, vitamins, physiology, pathology, bioelectricity, and 
lastly a twenty-fourth chapter describing simple experiments which the general 
reader can attempt for himself t o  illustrate some of the chief principles which have 
been discussed. 

The printing and make-up of the book are excellent. 
JAMES W. MCBAIN 

STANFORD UNIVERSITY 
STANFORD UNIVERSITY. CALIFORNIA 

O n G A N I c  CHEMISTRY. Frank C. Whitmore, Dean of the School of Chemistry and 
Physics, Pennsylvania State College. First Edition, D. Van Nostrand Co., Inc., 
New York City, 1937. x + 1080 pp. 14 x 21.5 cm. $7.50. 
This book describes the facts and generalizations of organic chemistry. It does 

this without the dreariness characteristic of reference books. The author steers a 
happy mean between a college textbook and a reference book. The text is very re- 
liable and up-to-date. Much discussion of the theoretical aspects of the science 
would be beyond the scope of the book, and the author shows, in general, commend- 
able restraint in avoiding such topics. Occasionally even greater restraint might 
have been exercised. For instance, all reference t o  the theory of resonance in or- 
ganic compounds might have been omitted. Actuallyit is often used to explain facts, 
though no adequate account of the theory and its implications are given. The re- 
viewer doubts whether the changes of position of hydrogen atoms implied in the 
resonances suggested for pyrazole and imidazole are consistent with the theory of 
resonance. 

The book fills a real need, and should achieve the high measure of success that i t  
deserves on i ts  own merits. 

GERALD BRANCH 
UNNERSITT OF CALIFORNIA 

BEPX~LIIT, CALIFORNIA 
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Compounds of unknown constitution, analyzing m anhydrides, have 
often been reported in dealing with anthranilic acids, salicylic acids, and 
related compounds1. While working with N-phenylanthranilic acid and 
N ,  N-diphenylanthranilic acid the authors observed that the action of 
benzenesulfonyl chloride on pyridine solutions of these acids did not lead 
to N-benzenesulfonyl derivatives of the acids, but to yellow anhydrides. 
These anhydrides were observed to give rise to acridones on heating, and 
to rearrange to compounds of a peptide type if a hydrogen atom was still 
available on the nitrogen for rearrangement. To the yellow anhydride, 
by virtue of its reaction with ammonia and alkalies, was acribed the acyl 
anhydride formula2, hitherto unrecognized among such amino-acids. 
The present communication describes further results with substituted 
N-arylanthranilic acids. The reaction appears to be a general one for 
N-arylanthranilic acids. Attempts have been made to obtain the pep- 
tide type of compound from N-arylanthranilic acids by other methods 
not involving the possibility of anhydride formation in the synthesis. 
These have been so far unsuccessful and the preparation of N-arylanthra- 
noyl-N-arylanthranilic acids is a t  present limited to the method described 
above. 

EXPERIMENTAL 

A .  Acyl anhydride8 
1. N-o-Ethoxyphenylanthranilic anhydride.-By the addition of benzenesulfonyl 

chloride to a pyridine solution of N-o-ethoxyphenylanthranilic acid. Crystallized 
from alcohol or by the addition of alcohol to  a chloroform Rolution of the crude 
anhydride; m. p. 135"-137"; yellow needles. 

Anal. Calc'd: C, 72.55; H, 5.68; N, 5.64. 
Found: C, 72.70; H, 5.68; N, 5.5. 

8. N-o-chlorphenylanthranilic anhydride.-Yellow needles melting near 170°, only 

1 (a )  HELLER AND LAUTH, Ber. 62B, 2295 (1919). 
( b )  SRALLINO, Guzz. chim. ital., 37, (11) 151 (1907). 
(c) MEYER, Ann., 361,267 (1907). 
2 GOODMAN, ARBITER, AND POWELL, J .  Am. Chem. Soc., 66,4294 (1933). 
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slowly changed by treatment with acetic acid, but converted into a compound of the 
B type by heating for a short time with dilute alcoholic solutions of alkalies. 

Anal. Cdc'd: N, 5.87. Found: N, 6.08. 
3. N-o-tolylanthranilic anhydride.-Yellow needles, m. p. 164'-166' (from alcohol). 

Gives an acridone and o-tolylanthranilic acid on heating to 190" for five minutes, and 
is converted into a compound of the B type by refluxing with acetic acid containing 
sodium acetate for a short time. 

Anal. Calc'd: N, 6.42. Found: N, 6.75. 
4. N, N-di-o-tolylanthranilic anhydride.-Yellow needles, m. p. 188'-191". Givee 

no compound of the B type on treatment with acetic acid, and is hydrolysed by 
alcoholic alkalies. 

6. N-mesitylanthranilic anhydride.-N-mesitylanthranilic acid was prepared, and 
the yellow anhydride was obtained in the usual way; m. p. 200'C-203". 

B .  Compounds of the Peptide Type 
1. From N-o-ethoxyphenylanthranilic anhydride by treatment with glacial 

Anal. Calc'd: C, 72.55; H, 5.68; N, 5.64. 
Found: C, 72.57; H, 5.74; N, 5.5. 

2. From N-o-tolylanthranilic anhydride in the same manner; colorless; n . p. 

3. From N-o-chlorphenylanthranilic anhydride by heat with alcoholic alkalies 

acetic acid; colorless; m. p. 188-190'. Soluble in dilute ammonia. 

variable; probably not pure. 

for a short time; colorless; m. p. near 225" with decomposition. 

SUMMARY 

The preparation of substituted N-arylanthranilic anhydrides is d e  
scribed. The reaction appears to be a general one for N-arylanthranilic 
acids. 
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By oxidation of tetrachloro-p-cresol with nitric acid Schneiderl ob- 
tained a tetrachloro cyclic ketone without loss of halogen. Following the 
same method, Auwers2 prepared from 2,6-dibromo-p-cresol a product of 
composition C ,H aBrzNOa, while Zincke3 obtained a similar product from 
the corresponding chlorine compound. The last two substances were 
represented as shown below: 

0 

Meanwhile, in attempts to prepare the analogous nitroso compounds 
Zincke and students4 tested a number of the bromine substitution products 
of the cresols toward nitrous acid. In all cases they obtained nitro com- 
pounds which were formed by the replacement of hydrogen or bromine by 
the nitro radical. Zincke6 summarized the results as follows: “In the 
meta series this reaction gives products in which the halogen atom para to 
hydroxyl is replaced by the nitro group, while in the ortho and para series 
the ortho halogen is replaced”. Raiford and others6 found that in most 
cases with this method of nitration the ortho and meta series give iso- 
meric inononitro compounds, and that the method is selective to the ex- 
tent that chlorine is not replaced.’ 

1 SCHNEIDER, Dissertation, Marburg (1896), p. 29. 
AuwERs, Ber., 36,457 (1902). 

3 ZINCKE, Ann., 328,289 (1903). 
4 FOSTER, Dissertation, Marburg (1898); WAGNER, ibid., (1899). 
5 ZINCKE, J .  prakt. Chem., [2], 61,565 (1900). 
6 RAIFORD, J .  Am. Chem. SOC., 44,158 (1922). 
7 RAIFORD AND MILLER, ibid., 66,2131 (1933). 
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In  the present work this study has been extended. It has been found 
that when an acetic acid solution of 2,4,6-tribromo-sym-xyleno18 was treated 
with sodium nitrite, as previously explained,g there was obtained a product 
that decomposed at about 147". By fractional crystallization this material 
was separated into two substances, (1) and (2), that melted a t  172-173" 
and 172" respectively. When a mixture of these products was heated it 
liquefied between 130" and 145" and underwent a t  least partial decomposi- 
tion. 

At first it was thought that these compounds might be the expected 
isomeric mononitrodibromoxylenols neither of which was found on record. 
Analysis of product (1) gave figures that agree with such a composition, 
and further study of it showed that the nitro radical was in position 4 
(OH = 1). The 
substance was reduced to the corresponding amino compound, and this 
was converted into the mixed acetyl-benzoyl derivatives by introduction 
of the radicals in both possible orders. Isomeric mixed diacyl derivatives 
were obtained, and no rearrangement was observed, which shows that the 
nitro radical in compound (1) is not in the ortho position as respects 
hydroxyl.* This view is supported also by the behavior of the compound 
when oxidized. When it was treated with fuming nitric acid as directed 
by Kohn and Fhbinowitschlo it gave the corresponding dibromo-m 
xyloquinone previously obtained by Jacobsenll by oxidation of dibromo- 
mesitol. These relations are indicated on the following page. 

Qualitative tests of compound (2) indicated the absence of nitrogen, and 
a mixture of it and the xyloquinone specified above melted without de- 
pression. It was further identified by a study of its derivatives. Reduc- 
tion of it gave a compound which, though not entirely colorless, was proved 
to be the required hydroquinone. The latter was easily converted into 
diacyl derivatives that were colorless and readily crystallized. 

It is of particular interest here to note the behavior of this quinone to- 
ward amino compounds. Attempts to prepare the oxime, the phenyl- 
hydrazone and the semicarbazone gave, in each case, the hydroquinone 

The position was determined in the following way. 

8 N~LTING AND FOREL, Ber., 18,2679 (1885). 
e RAIFORD, Am. Chem. J., 46,426 (1911). 
* It has been shown by RAIFORD AND OTHERS [ J .  Am. Chem. Soc., 68,1586 (1934) I 

that when two different acyl radicals derived from carboxylic acids are introduced 
into an ortho aminophenol, only one mixed diacyl derivative can usually be obtained, 
and in this product the heavier and more acidic radical is attached to nitrogen. To 
meet this requirement the migration of acyl from nitrogen to oxygen must occur in 
one of these reactions. 

lo  KOHN AND RABINOWITSCH, Monatsh., 48,380 (1927). 
l1 JACOBSEN, Ann., 196,273 (1879). 
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Proof of structure of 2,6-dibromo-4-nitro-sym-xylenol 

OCOCHz OcocaHs 

Bro:H3 __$ c B o  

___) Aoylation BrQ 

CH CHs Hydrolysis CH CH, 
N(C0CHs)s NHCOCHs NHCOCH, 

I /  / I 
OCOCHa BGr 4 B r b H 3  c Acylation BQH* 

Hydrolysis CHll CH CH3 
NHcoc6Hs NHCOC6Hs NHCOCeHr 

in yields of 81, 83, and 94%, respectively, and nothing else was isolated 
from the reaction mixtures.t These relations are shown on page 216. 

The second compound studied was the tribromo derivative of resorcinol 
monomethyl ether. When this product was nitratedI2 it gave a high yield 
of a mononitrodibromo compound that melted at 126-127'.$ Reduction 
of this product (111) (see accompanying diagram) gave an aminophenol 
(IV) which was readily converted into the corresponding diacyl derivatives 
(V) and (IX). Partial hydrolyses of these products gave the phenolic 
substances (VI) and (VIII), respectively, which must have had the re- 
maining acyl groups attached to  nitrogen. When these products, in turn, 
were scylated with the required reagents they gave the acetyl-benzoyl 
derivatives (VII) and (X), which melted a t  186" and 170-171', respec- 

t This behavior agrees with the observations of NEB [Ann., 257,12 (1887)l who was 
unable to obtain an oxime from duroquinonecarboxylic acid, and of KEHRXA" 
[Ber., 21, 3320 (1888)l who found that tetrasubstituted quinones, such as chloranil, 
give no oximes. These authors did not test their products toward phenylhydrazine 
and sernicarbazide, and the formation of a hydroquinone was noted in only one case. 

I* RAIFORD AND GROSZ, J .  Am. Chem. SOC., U, 3422 (1931). 
$ Ko'hn and Loff [Monatsh., 46,594 (1924)l recorded 122" for a product that should 

have the structure of this one. 
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Behavior of 2,4,&tribromo-sym-xyleno1 toward 
nitrous and nitric acids 

OH 

CH 
OH 

tively, and which depressed each other's melting points profoundly. 
This showed that the positions of the acyl radicals could not have been 
the same in the two products (see page 217). But, inasmuch as the 
partial hydrolysis of these compounds gave the same benzoylaminophenol, 
product (VIII), it follows that in the latter reaction the benzoyl radical 
in product VI1 migrated from oxygen to nitrogen.$ 

Acknowledgment. We are indebted to Mr. Donald W. Kaiser of this 
Laboratory for assistance with certain portions of the experimental work. 

EXPERIMENTAL PART 

~,4,6-Tn'bromo-sym-zyZenoZ (OH = I).-ThW gave 162.5" as the melting point 
of a product which he regarded as having this structure, but he described no method 
of preparation and recorded no analytical data. In the present work, Anselmino's" 
method, modified in certain details, was used. To a solution of one molecular 
proportion (122 9.) of sym-m-xylenol in 800 cc. of acetic acid there was slowly added 
three molecular proportions of bromine dissolved in 150 cc. of acetic acid, with con- 
tinual stirring. The solution was a t  room temperature when reaction was started; 
by the time all bromine was in it was near the boiling point of acetic acid. The 
pasty mass that formed as the mixture cooled was allowed to stand overnight and 
was then poured with stirring into ten volumes of dilute solution of sodium acid 
sulfite. The yield was nearly quantitative. Crystallization from carbon tetra- 

$ This behavior has previously been noted by RAIFORD AND COUTURE [ J .  Am. 

18 THOL, Ber., 18,362 (1885). 
1' ANEELMINO, ibid., 56,147 (1902). 

Chem. Soc., 46,2307 (1924) ] in the study of other ortho aminophenols. 
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Derivatives of 2,4-dibromo3-methoxy-6-nitrophenol 
OH OH OH 

OCHa 

Br Br 

I \ I 

m.p., 186' 

Br 
m.p., 170-lo 
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chloride gave colorless, silky needles that melted a t  166", which agrees with Ansel- 
mino's value.* 

Nitration of Iribromo-sym-xyleno1.-A suspension of 100 g. of the tribromo com- 
pound in 700 cc. of acetic acid a t  room temperature was stirred for one and one-half 
hours while 2.5 molecular proportions of sodium nitrite was added. No attempt was 
made to control the temperature. The mixture was allowed to stand overnight and 
was then poured with stirring into 10 volumes of water. A yield of 89% was obtained. 
One crystallization from carbon tetrachloride gave a mass of fine yellow crystals 
that seemed to decompose a t  about 147", suggesting a mixture. Several repeated 
crystallizations finally gave pale lemon-colored clusters of tablets that decomposed 
a t  172-173". The yield of purified material was 58%. This compound, designated 
above as product (l), was identified as 2 ,6-dibromo-3,5-dimethyl-4-nitrophenol. 

Anal. Calc'd for CsH,BrlNOa: Br, 49.23. 
Found: Br, 48.92. 

9,6-Dibromo-3 ,b-dimethyl-4-aminophenol.-Twenty grams of the above nitro 
compound, dissolved in 125 cc. of boiling acetic acid, was reduced by means of stan- 
nous chloride and hydrochloric acid. The yield of purified amine hydrochloride16 
was 69%. 

Anal. Calc'd for CsHld3r&1NO: N, 4.22. 
Found: N, 4.26. 

A portion of the hydrochloride was made into a paste with water and treated with 
ammonium carbonate solution to obtain the aminophenol, which was almost colorless 
when freshly prepared. Crystallization from benzene gave pale brown needles that 
melted with decomposition a t  207". 

Anal. Calc'd for C8HoBr2NO: Br, 54.23. 
Found: Br, 53.94. 
8,6-Dibromo-3,b-dimethyl-~-diacetylaminophenyl acetate.-When a portion of the 

required aminophenol, mixed with anhydrous sodium acetate, was warmed with the 
theoretical amount of acetic anhydride the product obtained had a melting range of 
120-135" and could not be purified by crystallization. By the use of excess of acetic 
anhydride a single compound was obtained. Crystallization from alcohol gave 
colorless plates that melted a t  153-154". The yield of purified material was 81%. 
Analysis indicated the presence of three acetyl radica1s.t 

Anal. Calc'd for C I ~ H I ~ B ~ ~ N O ~ :  Br, 38.00. 
Found: Br, 37.99. 

Hydrolysis of this product with caustic alkali caused the loss of acyl from oxygen 
and one of these groups from nitrogen to give the corresponding acetylaminophenol. 
Analytical data and other properties for this and related acyl derivatives are given 
in Table I. 

b,6-Dibromo-m-xyloquinone.-This .compound, designated above as product (2), 
melted a t  172", which is two degrees lower than that reported by Jacobsen. Analysis 
of the product here under consideration indicated that it was nearly pure. 

* It is of interest here to note that attempts to alkylate this phenol were unsuccess- 

16 RAIFORD, Am. Chem. J . ,  48,419 (1911). 
t The formation of such triacetyl derivatives has previously been noted by PFOB 

[Monatsh., 18, 475 (1897)] and by RAIFORD AND COUTURE: [ J .  Am. Chem. Soe., 46, 
2313 (1924)l. 

ful. The failures may be due to steric hindrance. 



BROMINE SUBSTITUTION PRODUCTS OF PHENOLS 219 

POSITXON OF ACYL RADICAL 

Aoetalyminophenol.. . . . . 

N-Acetyl-0-benzoylc, . . . 

N-Benzoyl-0-benzoyl.. . . 

Anal. Calc'd for CsHeBr102: Br, 64.42. 
Found: Br, 54.33. 
~,6-Dibromo-m-sylohydroquinone.-In the first attempt to  obtain this product a 

dilute alcoholic solution of the quinone was saturated with sulfur dioxide. A dark- 
colored product, probably a quinhydrone, was formed, but this was not changed by 
fifteen hours' further treatment with the gas. In a second experiment a solution of 
10 g. of stannous chloride (30% excess) in 10 cc. of concentrated hydrochloric acid 
was added gradually through a return condenser to a boiling solution containing 
10 g. of the quinone in 50 cc. of acetic acid. The mixture became dark colored at 
first but was nearly colorless after all stannous salt had been added. Heating was 
continued for fifteen minutes, and the liquid was allowed to cool, which caused a 

TABLE I 
ACYL DERIVATIVES OF 2,6-DIBROMO-3,5-DIMBTHYL-4-AMINOPHENOL 

YIELD' 
% 

88" 

69 

82 

Mc'd 

47.47 

36.28 

31.80 

40.10 

36.28 

Found -- 
47.34 

35.98 

31.57 

39.89 

36.09 

I I 

Colorless 
rhombo- 
hedra 

Colorless 
needles 

Colorless 
amor- 
phous 
powder 

COYPOBITION CRYETAL Ids;, 1 
F O W b  

243-244 

252-253 

d 

Benzoglaminophenol. . . . 

N-Benzoyl-0-acetyl.. . . . 

ANALYLIES, 
HALOGEN 

90 

These figures refer to purified material. 
* These products were crystallized from a mixture of equal volumes of acetone and 

The Schotten-Baumann method gave poor results here, but that described by 
toluene. 

Einhorn and Hollandt [Ann., 301,101 (1898)l was quite satisfactory. 

portion of the product to separate in pale brown needles. The mixture was filtered, 
and concentrated hydrochloric acid was added to the filtrate, which caused an addi- 
tional portion of hydroquinone to crystallize out. The total yield was 96%. In this 
condition the compound decomposed when heated to about 211'. Attempts to  
recrystallize i t  were not successful. Its identity was established by a study of its 
derivat,ives. $ 

* Dbd not melt below 276'. 

1 CLAWS AND RUNSCHKE [ J .  prakt. Chem., [2], 42, 124 (lS90)] used stannous 
chloride to  reduce the corresponding dichloroquinone and stated that they obtained a 
product that melted at 224'. The compound was not analyzed and is not listed in 
Richter's Lexikon, nor in Stelzner's Register. The authors assumed that the sub- 
stance was a hydroquinone, because they were able to oxidize i t  into the quinone 
with which they started, and for which they obtained analytical data. 
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Acetylaminophenol. . . . . . . . . . 
Benzoylaminophenol ........ 
N-Benzoyl-0-benzoyl . .  . . . . .  
N-Benzo yl-0-acetyl. . . . . . . . . . 
N-Acetyl-0-benzoylc.. . . . . . . . 

The diacetyl derivative.-A mixture of 10 g. of the hydroquinone, 3 g. of fused 
anhydrous sodium acetate and 15 cc. of acetic anhydride was gently warmed for 
three-fourths hour, and the cooled mixture was extracted with water. The residue 
was crystallized from alcohol, from which it separated in colorless needles that melted 
a t  215-216'. The yield of purified material was 86%. 

Anal. 

The dibenzoyl derivative was obtained by treatment of the hydroquinone with ben- 
zoyl chloride by the Schotten-Baumann method. Crystallization of the product from 
n-amyl alcohol gave h e  colorless needles that melted a t  249-250'. A 76% yield of 
purified material was obtained. 

Calc'd for C12HllBrz04: Br, 42.10. 
Found: Br, 41.76. 

Anal. Calc'd for C24H16Br204: Br, 31.74. 
Found: Br, 31.70. 

8,4,6-Tribromoresorcinol monomethyl ether (OH = l).-Benedikt'6 found 99" as 
the melting point for a product he obtained by the action of excess of bromine on an 
acetic acid solution of resorcinol monomethyl ether, and which he designated a~ a 

TABLE I1 
ACYL DERIVATIVES OF 2,4-DIBR0M0-3-METH0XY-6-~M1NOPHENOL 

67 167-158" CSHsBr2NOa 47.19 47.40 
71 146-147 CI~HIIB~ZNOS 39.90 39.90 
69 169-170 C~lHlsBr~N04 31.68 31 .W 

170-171 * ClsHlaBrtN04 36.11 35.80 
22 186-186.5b ClsHlrBrzNOc 36.11 36.10 

I I  I 1 Calc'd 1 Found 

l6 BENEDIKT, Monatsh., 1,368 (1880). 
I7  TIEMANN AND PARRISIUS, Ber., 13,2364 (1880). 
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8 ,~-lh'bromo-S-methox~-6-nitrophenol.-To a solution of the above tribromo 
compound in acetic acid there was gradually added with stirring 2.5 molecular 
proportions of sodium nitrite, while the temperature was held between 12" and 16". 
After standing overnight the solution was poured into about 5 volumes of water, 
stirred well and allowed to remain until the precipitate had settled. The yield was 
95%. Repeated crystallization from alcohol gave yellow needles that melted a t  
126-127". Kohn and LOiP reported 122" for a product which probably has this 
composition, though their analytical data did not indicate a pure substance. Also, 
while the present work was in progress Hodgson and Nixon19 reported 128" for a 
compound obtained in an attempt to alkylate 2,4-dibromo-3-fluoro-6-nitrophenol, 
which they regarded as having thesame structure as the one here under consideration. 

Anal. 

9 ,~-L~ibromo-S-methox~-6-aminophenol.-When the nitro compound just described 
was reduced with a mixture of stannous chloride and hydrochloric acid20 the corre- 
sponding amine hydrochloride was obtained in nearly quantitative yield. 

Calc'd for C,H6Br2NO4: Br, 48.92. 
Found: Br, 48.70. 

Anal. Calc'd for C,HsBrzCINOa: Hal, 58.62. 
Found: Hal., 58.59. 

A portion of this salt was mixed into a paste with water, the solution was treated 
with the calculated amount of ammonium carbonate, and filtered, and the residue was 
washed with several small portions of cold water. A yield of more than 90% was 
obtained. Crystallization from ligroin gave pale brown needles that melted a t  
105-106.5". 

Anal. Calc'd for CIH,Br2NO2: Br, 53.87. 
Found: Br, 53.99. 

The diacyl derivatives.-The simple and mixed diacyl derivatives were obtained by 
standard methods. Analytical data and other properties of the products are given in 
Table 11. 

SUMMARY 

When sym-tribromo-m-xylenol was subjected to  the action of nitrous 
acid as directed by Zincke there was obtained a mixture of 2,6-dibromo- 
4-nitro,-m-xylenol and 2,6dibromo-m-xyloquinone. When 2,4,6tribromo- 
resorcinol monomethyl ether was treated in the same way, 2,sdibromo- 
3-methoxy-6nitrophenol was formed. The relative positions of the 
hydroxyl and nitro radicals in these compounds were determined by reduc- 
tion to the corresponding aminophenols and study of the mixed acetyl- 
benzoyl derivatives of these products. From the aminoxylenol isomeric 
mixed diacyl derivatives were obtained and no rearrangement was ob- 
served, which showed that the amino and hydroxyl groups were not ortho 
to each other. The migration of acyl previously found to be characteris- 
tic of o-aminophenol derivatives was found to occur in the product ob- 
tained from resorcinol monomethyl ether. 

18 KOHN AND LOFF, Monatsh., 46,594 (1924). 
1 9  HODQSON AND NIXON, J .  Chem. Soc., l9S2,274. 
20 RAXFORD, Am. Chem. J . ,  46,419 (1911). 
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Since the appearance of our earlier paper' the use of 2,4-dinitrophenyl- 
hydrazine as a reagent for identification of aldehydes, ketones and ketone 
derivatives has been generally adopted. In addition to the many isolated 
instances in which the derivatives have been prepared as reference com- 
pounds for new substances, there have been numerous papers dealing with 
carbonyl group reagentsa2 The many discrepancies in the melting points 
as recorded in various laboratories for the same substances are note- 
worthy; the variation is frequently too great to be explained on the ground 
of insufficient purification. The purpose of this paper is to describe certain 
observations made inthis laboratory over a period of years, which may be 
of assistance to others, as well as accounting for some of the discrepancies. 

There are two modifications of the general procedure for the preparation 
of the derivative-one employing hydrochloric and the other sulfuric acid. 
The latter is applicable in a few instances where the former has not been 
useful, but, in our opinion, the ease of purification of the derivative is 
greater when hydrochloric acid is the catalyst. Traces of sulfuric acid 
persist through several recrystallizations, and, if secondary reactions are 
possible, as is frequently the case, lead to increasing difficulty in purifica- 
tion. Brady'ss objection that the hydrochloride of the reagent is less 
soluble, is unimportant if one adds the acid before the carbonyl com- 
pound, though this is only necessary in a very few extreme instances. 

Acetaldehyde, as is well-known, gives dinitrophenylhydrazones that 
seem to exist in two modifications, one melting at 147" and the other at 
164". In half a dozen comparable runs, the use of hydrochloric acid in 
every instance gave a crude product melting a t  157" or higher, whereas 
sulfuric acid gave the low-melting form each time. Whether these are 
true isomers or one an impure form of the other is under controversy. 

* Present address, Eastman Kodak Co., Rochester, N .  Y. 

a (a) STRAIN, ibid., 67,758 (1935); (b )  COWLEY AND SCRUETTE, ibid., 3463 (1935); 
(e)  CAMPBILL, Analyst, 61,391 (1936); ( d )  RODUTA AND QUIBILAN, Rev. Filipina med. 
farm., 27, 123 (1936) [Chem. Abstr., 31,98 (1937) 1. 

ALLEN, J .  Am. Chem. SOC.,  62,2955 (1930). 

a BRADY, J .  Chem. SOC., 133,756 (1931). 
222 
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Bryant' assumes that the two are polymorphs, whereas in Campbell'szc 
experience it is a case of insufficient purification. 

An alternative explanation, rejected by both authors, is that of geo- 
metrical isomerism. Bredereck6 demonstrated the occurrence of this in 
the furan series, and it might be encountered with other aldehydes. The 
change of one form into the other is catalyzed by acidic reagents, and would 
be more probably encountered in the sulfuric acid procedure, in which the 
acid is less readily removed during purification. However, this explana- 
tion cannot. account for the discrepancies recorded for the melting points 
of dinitrophenylhydrazones of symmetrical ketones. 

The separation of the dinitrophenylhydrazones from the unused reagent 
is difficult. It is advisable always to use a slight excess of the carbon#yl com- 
pound and thus avoid this complication. In our opinion, many of the 
discrepancies in melting points in the literature may be accounted for by 
contamination of the derivat.ive with the reagent. 

The nature of the solvent selected for purification may be of importance. 
When it can be used, alcohol is preferable to all others, but when the deriva- 
tive is too sparingly soluble some substitute is necessary. Acetic acid and 
acetone must be avoided for obvious reasons; dioxane, aromatic hydro- 
carbons, or esters are usually suitable. In our experience, chloroform is 
usually to be avoided, since it does not give a good separation of mixtures; 
the melting point is often unchanged after successive crystallizations, yet 
subsequent use of another solvent a t  once raises it. As a rule, the sub- 
stances are too soluble in nitrobenzene, and it is not easily removed from 
the crystals owing to its high boiling point. In  every case the derivative 
should be recrystallized to the same constant melting point f rom two diferent 
solventrr. 

Frequently the derivative obtained does not correspond to the substance 
started with. This is unimportant, provided the same procedurc always 
gives the same product. The most noticeable instances are the ketonic 
acids,20* which give esters so rapidly that alcohols, as mediR for the reac- 
tion, are to be avoided. In  the case of keto esters, the possibility of 
radical interchange on recrystallization from an alcohol should be kept in 
mind. 

The dinitrophenylhydrazine of benzoylformic acid, prepared in water 
solution, melts at 196O6 and that of the methyl ester at  171",l but the ethyl 
ester gives a product, m.p. 158", that  has lost alcohol; it is probably a 
pyridazine. 

BRYANT, J .  Am. Chem. SQC., 68,2335 (1936). 
BREDERECK, Ber., 66, 1833 (1932); BREDERECK AND FRITZSCHE, ibid., 70, 802 

(1937). 
6 GORGON, SANBORN, AND VAN Ess, J .  Am. Chem. SQC., 66,3463 (1935). 
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Benzalacetophenone might give isomeric dinitrophenylhydrazones or a 
pyrazoline derivative. Actually it gives mixtures of two substances the 
relative amounts depending on the time of contact with the acid. A 
high-:melting form, which decolorizes permanganate rapidly, is probably 
the open-chain derivative. The low-melting isomer reacts only slowly 
with the hot oxidizing agent and is presumably the pyrazoline; the latter 
results by simple recrystallization of the hydrazone in the presence of a 
trace of mineral acid. These results indicate that mixtures may be ex- 
pected with unsaturated ketones. We have, so far, been unable to re- 
crystttllize satisfactorily the derivative from methyl vinyl ketone. 

Diricetone alcohol loses water during the short time of preparation of 
the dinitrophenylhydrazone, so that the derivative is that of mesityl 
oxide ; hydroxycitronellal shows a similar behavior. 

Although chloral has been reported as giving a derivative,2d in our 
hands the reactivity of the chlorine atoms has led to mixtures, so that the 
reaction cannot be considered convenient or easily reproducible. 

Finally, regeneration of the carbonyl compound from the dinitrophenyl- 
hydrazones cannot be said to be satisfactory. The procedure involving 
simple reversal of the reaction by which they are formed has been mccess- 
ful in a very few  instance^.^ Replacement by a different carbonyl com- 
pound has not been as valuable a method as might be anticipated. 
Strain2" recommends the use of the relatively inaccessible glyoxals or 
diacetyl, while Rupe suggests a five-hour treatment with alcoholic m- 
nitrobenzaldehyde. Picryl chloride has been used in a few instances.Q 
Collatz and Neuberg7 observed that heating in a pressure bottle with a 
large excess of acetaldehyde, acetone, or furfural enabled them to regen- 
erate substances like glyceric aldehyde and dihydroxyacetone. Since 
2,4-di:nitrophenylhydrazine is unstable to alkaline  reagent^,^"^ lo the use 
of the latter has led to success in some instances." 

EXPERIMENTAL 

The dinitrophenylhydrazones in the table were obtained by the general procedure 
using hydrochloric acid, unless otherwise noted, when sulfuric acid gave a better 
result. Neither modification gave useful products with chloral, bromal, methyl 
n-hept,yl ketone, methyl n-octyl ketone, methyl vinyl ketone, di-n-butyl ketone, 
vinyl phenyl ketone, phenacyl bromide, p-chloropropiophenone, or dimethyl pyrone. 

As examples of the failure of chloroform as a solvent for purification may be cited 
these instances: (a)  p-tolualdehyde gave a product, m.p. 214215°C. unchanged by 
r 

7 COLLATZ AND NEUBERG, Biochem. Z . ,  266,27 (1932). 
* R u m  AND GASSMA", Helv. Chim. Acta, 19,574 (1936). 

lo MACBEATH AND PRICE, J. Chem. SOC., 1934, 1637. 
'1 Private Communication, G. F. WRIGHT, McGill University. 

CUISA, Gazz. ital. chim., 97, [ii], 301 (1907). 
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recrystallization from this solvent, but one treatment with dioxane raised it 12". 
In the preparation, the reagent is completely dissolved, so contamination of the 
product by the former seems unlikely. ( b )  The mixtures of dinitrophenylhydrazone 
and pyrazoline from benzalacetophenone are usually unchanged by recrystallization 
from chloroform, but a t  once separated by the use of dioxane. These mixtures, 
secured under apparently identical conditions, melt anywhere from 204 to 240°C. 
One of them, m.p. 208°C. seems to  behave like a single substance, and has been 
mistaken for the pure dinitrophenylhydrazone.1 The pure high-melting isomer, 
which is thought to be the hydrazone, when boiled 15-20 minutes in alcohol with a 
trace of sulfuric acid, gave this mixture. It is well known that pyrazolines are 
formed by the action of mineral acids on phenylhydrazones of a,@-unsaturated 
ketones. 

SUMMARY 

Attention is called to limitations in the application of 2,4dinitrophenyl- 
hydrazine z ~ 9  a reagent for identifying carbonyl compounds, and suitable 
precautions are suggested to  circumvent these. The avoidance of an ex- 
cess of reagent is emphasized; a procedure and solvents are recommended; 
and the nature of certain secondary products is illustrated. 
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By analogy with the structures assigned to the dimeric forms of di- 
phenylcyclopentadienonel and dicyclopentadiene2 a few years ago, it was 
suggested at  that time’ that the dipyrroles had a similar ring system, 
formed by a diene synthesis, and should be represented as I, instead of 
being written as one of the possible cyclobutane derivatives, 11, in current 
use. The position of the linkage of the carbon rings is, of course, un- 
affected by the usual tautomerism of unsaturated nitrogen compounds, as 
in Ib. 

R’ 
I 
C 

R d ’  I \CH-CR” R”C- CH-CH- CR” 

R’C II CH-CH ‘ I LR‘ II 
\ /  \ /  

CH NH NH NH 
Ia IIa 

R’ 

C NH 
I 

/ \  
II I I  II 

R”C CH- CHR” R”C - CH-CH CHR‘ /I‘ 
AHYHAH b 2 ’  R’C CH-CH-CHR” 

\ I / \  // 
CH N 

\ /  
NH 

Ib IIb 

* :Present address, Eastman Kodak Co., Rochester, N. Y. 
t A4cknowledgrnent is hereby made of a bursary and studentship granted by the 

1 ALLEN AND SPANAQBL, J .  Am. Chem. Soc., 66,3773 (1933). 
ALDER AND STEIN, Ann., 486,223 (1931); 496,204 (1932). 

National Research Council of Canada. 
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From Diels’ work3 it is known that pyrroles do not enter into the diene 
synthesis in the usual way, but like any substance of the type HA, they 
add to the conjugated system of the other reactant. If there is nothing 
else present for the pyrrole to combine with, it should add to itself. Since 
pyrroles can be kept unchanged for long periods of time, this tendency 
cannot be very great; the addition, however, is brought about by the ac- 
tion of strong acids, which form salts with the dipyrrole, thus removing it 
from the equilibrium.* 

tautomeric forms of substance IIIt 
In the case at  hand, this situation would give rise to one of the five 

R’C R’C 

IIIa IIIb 

The difference between formulas I and I11 is not great; in fact, the latter 
would be a very probable intermediate in the formation of Ia in a stepwise 
diene synthesis. 

Dipyrrole salts are formed by the action of acids on dry, ethereal solu- 
tions of pyrroles.‘ The free bases are liberated by alkali. The dimers of 
pyrroles which are substituted unilaterally may be distilled unchanged, 
and converted into indoles with loss of ammonia$ but otherwise they are 
depolymerized by heat.$ 

Pyrroles seldom form salts with acids, and methiodides are practically 
unknown. The dipyrroles form salts with one equivalent of acid, indicat- 

3 DIELS, ALDER, AND WINTER, ibid., 466,211 (1931). 
* Indole formation from pyrroles and dipyrroles may take place in the same way, 

the loss of ammonia removing the latter as fast as formed; this subject will be con- 
sidered in a subsequent paper. 

t Only two possibilities are illustrated, since the others present no new com- 
plication. 

4 FISCHER, Ber., 48, 401 (1915); FWCHER AND ORTH, “Die Chemie des Pyrrole.” 
Akad. Ver. Ges. M.B.H., Leipeig, 1934, Bd. I. E. 38. 

$ An apparent exception is H. Fischer’s 2-methyl-5-csrboxy- (or carbethoxy-) 
pyrrole-3-propionic acid [FISCHER AND HUSSONO, Ann., 491, 128 (1931)j which loses 
the carboxy group in the process, and hence is equivalent to  a pyrrole with groups in  
one side of the ring only. 

$ Pyrrole gives tripyrrole except under special conditions [SCHMITZ-DUMONT, 
Ber., 62B, 226 (1929)]; on being heated, indole, pyrrole, and ammonia result [DENN- 
STEDT AND VOIGTLANDER, {bid., 27,476 (1894)l. 
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ing that at least one nitrogen atom is different and that the characteristic 
pyrrole linkage has disappeared. On inspection of the formulas I, 11, 
and 111, it is seen that both nitrogen atoms are alike in I1 but different in 
the others; I1 can thus be excluded from consideration. A pyrrole system 
is still present in 111, and monoacidic salts would be expected, but in the 
absence of our knowledge of substances like I, it is not possible to predict 
the behavior of the nitrogen atoms. 

With a view to securing solid substances and thus facilitating manipula- 
tion and simplifying the identification of degradation products, 2-phenyl- 
pyrrole was used in the work described in this paper. It does not give a 
methiodide but readily forms a dipyrrole; the latter gave salts with three 
acids, as well as a mono-methiodide. This methylation involved refluxing 
in :methyl iodide as a solvent (over twenty equivalents.) With sodium 
hydroxide an oil resulted, which again added methyl iodide to give a salt, 
insoluble in water, and unaffected by potash. Refluxing with a suspension 
of silver oxide in aqueous alcohol brought about a decomposition and de- 
position of silver iodide, but it was impossible to recognize any of the or- 
ganic material. Pyrroles do not form methiodides, whereas the reduced 
derivatives are completely methylated by excess methyl iodide; this be- 
havior makes it possible to  exclude all the possible tautomeric forms of 
diphenyldipyrrole (I and 111) except those of the type IIIb. In  this, 
the nitrogen atoms are unlike; one is still a pyrrole, incapable of forming 
salts, whereas the other is like a Schiff base, and could add once (IV).6 On 
treatment with a strong base, the iodine could be replaced by OH to yield 
a pseudo base such as V.* The new substance could again add methyl 
iodide to yield a methyl methiodide. 

CsHri 
I i r6 l+  CH 

IV  

I 
OH 

v 
DECKEB, Ann., 396,390 (1913). 

* This structure was suggested by Dr. A. H. Corwin. We did not isolate a cor- 
responding substance but methylated the oil obtained from the action of sodium 
hydroxide. 
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Thus, these reactions serve to establish the skeletal structure of dipyr- 
roles, and indicate that the nitrogen atom is connected to an adjacent 
carbon by a double bond. The phenyl group is placed at the top by anal- 
ogy with the reaction of 2-methylpyrrole to form 2,4-dimethylindole with 
mineral acid. Further, the only recognizable oxidation product was 
benzoic acid, pointing to the attachment of the phenyl group to a doubly- 
bound carbon. None of the cyclobutane structures, 11, have possibilities 
in agreement with the above evidence, and these should be discarded. 
It was always difficult to explain indole formation from them, whereas all 
that is necessary with the new structure is to have the diene synthesis 
continue, to give a substance of type I. Since nothing like the former is 
yet known, its properties cannot be predicted, but by analogy with the 
furan-maleic anhydride addition products, which lose water easily to give 
an aromatic ring" this (I) could equally well lose ammonia to yield an in- 
dole. 

Finally, no tri- or tetrasubstituted pyrrole has ever been converted into 
an indole. The diphenyldipyrrole, described in this paper, could not be 
converted into a diphenylindole; this behavior is in favor of structure 111. 
Two diphenylindoles have been prepared, so it is known that they are 
capable of existence. 

EXPERIMENTAL 

A .  Preparation and Properties of 8-Phenylpyrole, and Related Substances. 
1 .  Preparation.-2-Phenylpyrrole was obtained by rearrangement of N-phenyl- 

pyrrole,' which in turn was secured by heating aniline mucate.8 By introducing 
slight variations into the specified procedures a better yield or quality of product 
resulted. In the case of the N-phenylpyrrole, the crude distillate from 170 g. of 
aniline mucate was treated with ether and the insoluble diphenylurea was removed 
by filtration. The ether solution was then shaken twice with 10 per cent. hydro- 
chloric acid to remove the aniline present, followed by two washings with water. 
On evaporation, the crude N-phenylpyrrole was crystallized from about 150 cc. of a 
3: 1 alcohol-water mixture. The yield was 23 g., with an additional 4 g. obtained by 
addition of water to the filtrate; the total yield was 43 per cent. of the theoretical 
amount. The melting point was 60-1". 

For the isomerization, a Pyrex combustion tube, heated to dull redness, was 
employed; the pyrrole was passed through at the rate of 50 g. per hour. The distillate 
was fractionally crystallized using 500 cc. of Skelly-Solve C, the 2-phenylpyrrole 
being less soluble and separating first. It required three or four treatments to raise 
the melting point to 129", the value given in the literature for the pure substance. 
The conversion was in the neighborhood of 35 per cent. Approximately 90 per cent. 
of the unchanged N-phenylpyrrole could be recovered and used in a later run; Le.;  

~ 

VANCAMPEN AND JOHNSON, J .  Am. Chem. SOC.,  66,430 (1933). 
7 PICTET AND CREPIEUX, Ber., 29, 1904 (1895). 
8 K~TTNITZ, J .  prakt. chem., 6 ,  136 (1872); FEIST, Ber. 36, 1654 (1902); PICTET AND 

STEINMANN, ibid., 36, 2529 (1902). 
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the loss on each isomerization treatment was 10 per cent., deposited in the hot tube 
as a tar. 

PlancherO obtained 2-phenylpyrrole by heating potassium pyrrole and bromo- 
benzene in a sealed tube for 7 hours at 150". When we heated N-phenylpyrrole in a 
similar manner, there was no formation of 2-phenylpyrrole, which would indicate 
that in the instance cited there was no intermediate formation of N-phenylpyrrole. 

1). Other attempts to synthesize 8-phenylpyrroZe.-(a) In view of the high yield of 
2,5-dimethylpyrrole obtained by treating acetonylacetone with ammonium car- 
bonate10 the same procedure was considered for securing 2-phenylpyrrole. This 
procedure would require 8-benzoylpropionaldehyde. Burcker" claimed to have 
obtained this substance by the action of chromyl chloride on butyrophenone, but 
gave no means of identification, nor could he obtain a bisulfite addition product. 
All our attempts a t  repetition gave an addition product of the ketone with the 
reagent, which on hydrolysis gave back unchanged ketone. As a reference com- 
pound the 2,4-dinitrophenylhydraeone was prepared; i t  separated from benzene 
in red plates, m.p. 187°.12 

( b )  Stephen's aldehyde synthesisla is reported to give good results with many 
aliphatic nitriles. To obtain B-benzoylpropionaldehyde, 8-cyanopropionphenone is 
necessary, and was readily obtained by the addition of hydrogen cyanide to vinyl 
phenyl ketone in the presence of sodium cyanide. To a solution of 85 g. of 8-chloro- 
propiophenone in 200 cc. of hot alcohol was added 50 g. of potassium acetate, and, 
after cooling, the potassium chloride was removed by filtration. A solution of 50 g. 
of sodium cyanide in 150 cc. of water was added to the filtrate with stirring; there was 
a marked temperature rise. The nitrile that separated from the cold solution was 
filtered and crystallized from alcohol; it  formed leaflets, m.p. 76". The yield was 
W g. or 65 per cent. 

Anal. Calc'd for C1oHoNO: N, 8.8. Found: N, 9.1. 
The 2,4-dinitrophenylhydrazone, prepared in the usual manner, separated from 

Anal. Calc'd for C I ~ H ~ ~ N ~ O I :  N, 20.6. Found: N, 20.3. 
The nitrile was easily hydrolyzed by mineral acids to 8-benzoylpropionic acid; 

m.p. 116", showing no depression on admixture with a sample a t  hand. The acid 
forms a 2,4-dinitrophenylhydrazone, deep orange leaflets from n-butyl alcohol, 
m.p. 190". 

Anal. Calc'd for C1sH14N40s: N, 15.6. Found: N, 15.7. 
Although the structure of the nitrile is certain, i t  could not be reduced by Stephen's 

method, nor were any variations useful. The method was checked by reduction of 
benzonitrile to benzaldehyde. 

( c )  Pyrolysis of mixed calcium salts of formic and 8-benzoylpropionic acids. 
The only product that could be isolated from the tarry distillate was acetophenone, 
identified by the boiling point, refractive index, and 2,4-dinitrophenylhydrazone. 
Its formation is unexplained. 
3. Properties and reactions.-2-Phenylpyrrole was recovered unchanged after 

8 hours' refluxing in alcohol with mineral acid; i t  did not form a 2,4-dinitrophenyl- 

benzene in yellowish-orange leaflets, m.p. 141'. 

-- 
I'LANCRER AND GHIGI, Gazz. chim. ital., 66,757 (1925). 

BURCKER, Ann. chim. phys., (51, 26,463 (1882). 
lo ALLEN AND YOUNG, Organic Syntheses, 16, 25. 

lP .ALLEN AND YOUNG, Can. J .  Research, B14, 216 (1936). 
18 ;STEPHEN, J .  Chem. SOC.,  127, 1874 (1925). 
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hydrazone, indicating no ring opening. It gave neither a picrate nor a methiodide, 
but yielded 2-phenyl-4,7-dimethylindole when treated with acetonylacetone. 

Unless completely substituted, pyrroles rapidly turn red or purple on keeping; 
this has usually been attributed to  oxidation. 2-Phenylpyrrole is no exception, 
and has a decided purplish tinge when crystallized in the ordinary manner, the color 
becoming very deep, even though the work be done in an atmosphere of nitrogen. 
However, when the solution was treated with decolorizing carbon, white crystals 
were obtained. These remained white for two months; in sunlight they acquired a 
faint pink tinge which soon changed to  brown. Solutions exposed to sunlight showed 
the same color changes, but a dark tan  solid separated in 3 weeks; this was found to 
contain a little diphenyldipyrrole. 

Four sample tubes of the pyrrole, that had been freshly decolorized and recrystal- 
lized in air in an amber-glass beaker, were prepared as follows:* one in dry air, one 
in dry nitrogen, one in moist nitrogen, and one in nitrogen plus one drop of hydro- 
chloric acid. These were placed in direct sunlight for 3 weeks (April). The last 
three turned a pale pink in a few minutes but the color changed to tan in a day; the 
first one became tan without a pink color. There was no further visible change 
except with the last one, the container wall of which appeared much browner. The 
melting point of each except the last had dropped about 5 degrees; all were found 
to be essentially unchanged 2-phenylpyrrole by mixture melting points, whereas 
admixtures with the diphenyldipyrrole were depressed over 20". A specimen in an  
open beaker (amber glass) exposed to all the laboratory fumes for three weeks, 
acquired a faint pink tinge. From these observations i t  is concluded that the produc- 
tion of color is associated with traces of an  impurity that is affected by light. 

B. Diphenyldipyrrole (IIIb,  R' = C6H6, R" = H) 
The 2-phenylpyrrole was recrystallized in an atmosphere of nitrogent and the 

saturation with hydrogen chloride was performed in the same apparatus. 
A solution of 10 g. of 2-phenylpyrrole in 50 cc. of dry peroxide-free ether was 

saturated with hydrogen chloride, the gas being passed through at the rate of one 
bubble per second, while the reaction flask was cooled in ice-water. After closing the 
flask and allowing i t  to stand overnight the ether was decanted from 9.8 g. of a brown- 
ish resinous deposit. After several washings with acetone, 5.4 g. of a yellow hydro- 
chloride remained. It was purified by crystallization from a mixture of alcohol 
and acetone, from which i t  separated in shiny, yellow-bronze leaflets, m.p. 202-203" 
with decomposition. 

Anal. Calc'd for C20Hl&lN2: N, 8.7; C1,ll.O; HCl, 11.3. 
Found: N, 8.6; C1, 11.1; HC111.3. 

The actual yield was variable, the above being an average value, whether done in 

* The effect of light, air, moisture, and acid was studied in part by Mr. W. J. 
Poyner. His assistance is gratefully acknowledged. 

t The apparatus for working in an  atmosphere of nitrogen was built by Mr. W. J. 
Poyner. Commercial nitrogen from a cylinder was passed successively over heated 
copper gauze, and through absorption towers containing Fieser's solution, lead 
acetate, sulfuric acid, and Dessichlora, and finally bubbled through sodium benzo- 
phenone in p-cymene. The hydrogen chloride was generated by dropping con- 
centrated sulfuric acid into concentrated hydrochloric acid, dried by passage through 
concentrated sulfuric acid, and passed over heated copper gauze. 
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air or nitrogen. The presence of moisture may be beneficial, for the best yields were 
obtained from air-dried pyrrole; a specimen from the same lot carefully dried in a 
Fiseher pistol for 3 hrs. and run a t  the same time under the same conditions gave no 
salt. The resinous by-product is greater if the ether contains peroxide, or if the 
pyrrole contains N-phenylpyrrole. 

The free base was liberated nearly quantitatively by treatment with slightly over 
the calculated amount of 10% alcoholic potash, followed by ether extraction and 
crystallization of the dipyrrole from alcohol. It formed fine, buff needles, m.p. 140". 

Anal. Calc'd for CZOHISN~: C, 83.9; H, 6.3; N, 9.8. 
Found: C,84.1;H,6.4;N,9.8. 

The hydrochloride was reobtainable by the use of alcoholic hydrochloric acid, 
while dilute sulfuric acid formed a sulfate (m.p. 210-211' with decomposition; no 
solvent for crystallization found) and picric acid yielded a picrate. The latter 
separated from alcohol in yellow leaflets, m.p. 184" with decomposition. 

Anal. Calc'd for (A) C~HlsNz.H2SOI: N, 7.3; (B) C2aHz1Nb07: N, 13.6. 
Found (A) 7.4; (B) 13.5. 

The methiodide IV resulted from an hour's refluxing of 1 g. of the dipyrrole in 
5 cc. of methyl iodide; 1.1 g. (75%) of buff needles were isolated after washing with 
ether. I t  was purified by dissolving in a minimum of acetone and adding Skelly- 
Solve B to cloudiness. I t  formed needles, very soluble in alcohol, slightly in acetone 
and dioxane, but insoluble in ether, benzene, and petroleum ether; m.p. 210-11" with 
decomposition. 

Anal. Calc'd for CtlH21IN2: C, 58.9; H, 4.9; N, 6.5; I, 29.7. 
Found: C, 59.0; H, 4.9; N, 6.4; I, 29.9. 

The methiodide was mixed with an equivalent amount of alcoholic potassium 
hydroxide, diluted with water, and extracted with ether. On evaporation, an oil, 
presumably the free amine, was left; this turned green on standing in the air and gave 
a tar  when picrate formation was attempted. However, i t  readily added methyl 
iodide (0.4 g. from 1 g. of the h s t  methiodide) that separated as microscopic needles, 
softening at 206" and melting over the range 206-2245'. 

Anal. Calc'd for C22Hz3INZ: N, 6.2. Found: N, 6.2. 
The second methiodide was insoluble in water, and was unaffected by an aqueous 

suspension of silver oxide. After substituting alcohol as a solvent and refluxing for 
2 hours, silver iodide w w  observed; the solid was filtered from the cooled mixture 
and the alcohol allowed to evaporate. On heating, the residue, a fishy odor was 
notieed, but could not be identified. All the gas in the apparatus was swept into 
alcoholic phenyl isothiocyanate but no derivative resulted. The residue did not 
give a picrate. 

Other reactions of diphenyldipyrro1e.-The dipyrrole formed a black oil when 
treated with phthalic anhydride. It was unaffected by dilute aqueous or alcoholic 
sulfuric acid, being recovered unchanged after many variations in procedure. There 
was no evidence for depolymerization; this point was investigated carefully. If 
any 2-phenylpyrrole, which is volatile with steam, had been formed i t  would have 
been found. When the acid concentration was increased, tars resulted, from which 
no picrate could be prepared. 

The dipyrrole (1 g.) in 60 cc. of acetone decolorized 3.4 g. of powdered perman- 
ganate, but the only product identified was benzoic acid. Ozone gave a tar  and 
sodium peroxide was without action. There was no reaction with pure phenyl azide, 
aniline, phenol or benzene. Impure phenyl azide, which might have contained 
any of the last three substances, gave a solid (8.1% N), but did not react a t  all with 
2-phenylpyrrole. 
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A eulfur dehydrogenation by Morton's method" gave nothing useful. A mixture 
of 1.6 g. of dipyrrole, 4 g. of sulfur and 26 cc. of toluene was heated at  140" for 60 
hours. Assuming the loss of 2 atoms of hydrogen per molecule of dipyrrole, one- 
third of the calculated amount of hydrogen sulfide was evolved. After a tedious 
separation from sulfur, 1 g. of a grey lustrous solid was obtained, which became a 
dull yellow after several recrystallizations from acetone. It melted with decom- 
position at 268" and contained sulfur and nitrogen; the molecular weight (Rast) was 
found to be 636, probably indicating polymerization. 

When the dipyrrole (1 g.) was heated for an hour at 230-250" one-eighth of the 
calculated amount of ammonia was given off; the residual solid was an unstable 
yellow substance that after an alcohol extraction and recrystallization from acetone 
melted at  260" with decomposition. It turned greenish after a few days in the air. 
A molecular weight determination (Rast) gave the value 272, and nitrogen determina- 
tion, 9.9% (calc'd for CpoHlsN: M.W., 269; N, 5.2%). Presumably this is some kind 
of a polymer that dissociates at the melting point of camphor; it did not form a 
picrate. The alcoholic extract gave a trace of a picrate, m.p. 198-ma, dec. 

We are indebted to Dr. A. H. Corwin for valuable criticism in the prep- 

The work has been assisted by a grant from the CyrusM. WarrenFund 

It was not further studied. 

aration of this paper. 

of the American Academy of Arts and Sciences. 

SUMMARY 

2-Phenylpyrrole and the corresponding diphenyldipyrrole have been 
prepared and certain of their chemical properties determined. Based on 
these, a new type of structure for dipyrroles has been suggested. 

8-Benzoylpropionitrile has been synthesized. 

14 MORTON AND HOBYITZ, J .  Am. Chem. Soc., 57,1860 (1935). 
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About a t y  years ago Dennstedt' found that certain pyrroles dimerized 
when treated with mineral acids in the absence of water, and that a sub- 
sequent treatment with dilute sulfuric acid brought about the loss of 
ammonia with the formation of an indole. Since these reactions were 
observed only with pyrroles that were substituted unilaterally (1)s the 
cyclobutane structure (11) was assigned to the dipyrrole. The position 
of the substituent groups in the indole (111) was not proved by an inde- 
pendent synthesis, but assigned on the basis of ring splitting as indicated 
in formula 11. 

I I1 

I11 

* Present address, Eastman Kodak Co., Rochester, N. Y. 
t Acknowledgment is hereby made of a bursary and studentship granted by the 

National Research Council of Canada. 

ZIYMEBMA", ibid., 20,850 (1887); 21,1478 (1888). 
$ Dialkylpyrroles with one substituent on each side of the ring have not been 

observed to give dipyrroles, but under conditions of indole formation yield condensa- 
tion products of unknown structure that have lost one molecule of ammonia for every 
two molecules of pyrrole. Some tri- and tetrasubstituted pyrroles give dipyrrole 
picrates; the free bases dissociate on heating. In no case has indole formation from 
these dipyrroles been observed. 

DENNSTEDT, B e y . ,  21,3429 (1888); 22,1930 (1889); 24,2559 (1891); DENNSTEDT AND 
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Since it was shown in an earlier paper2 that a dipyrrole has the structure 
IV, an indole obtained from it would be expected to have the arrange- 
ment of groups shown in V. 

R’ 
I 

C 

IV v 
Conversely, from the location of the groups in the indole, it would be 
possible to place them in the dipyrrole. In  the previous work in which 
%phenylpyrrole was used, it was not possible to convert the correspond- 
ing dimer into an indole, hence the position occupied by the phenyl 
group on the pyrroline ring was uncertain. It was tentatively placed on 
the top carbon atom (R’ in IV) because at  that point it would be expected 
to offer a hindrance to the necessary ring closure, and because of its 
analogy with the corresponding product from 2-methylpyrrole. Before 
discussing the latter, it is necessary to consider the conditions for indole 
formation in this series. 

These are (1) from the pyrroles by long heating with zinc salts and 
acetic acid, (2) from the dipyrrole and sulfuric acid, and (3) a method 
closely related to the first, which employs acetonylacetone and pyrroles. 
The yields are low by all procedures. 

Starting with the dimethyldipyrrole from %methylpyrrole, Dennstedt’ 
prepared a dimethylindole, and represented the latter as the 2,6 isomer, 
on the assumption that the reactions followed the course 1-111 above. 
Planchefi suggested that the formation of an indole involved a preliminary 
hydrolysis of one molecule of pyrrole to ammonia and a 1 ,bdicarbonyl 
compound; the latter then condensed with a second molecule of pyrrole. 
In favor of this is the known ease of ring opening of 2,5-dimethylpyrrole 
by acids, and the reaction between acetonylacetone and pyrrole to  give 
4,7-dimethylind~le~. This latter reaction is apparently more general 

2 ALLEN, GILBERT AND YOUNG, THIS JOURNAL, 2, 227 (1937). 
a DENNSTEDT, Ber., 21,3429 (1888). 
4 PLANCHER AND CIUSA, Atti. accad. Lincei, [5], 16, (ii), 447 (1906); through Zentr., 

6 PLANCHER, Atti. accad. Lincei, [5], 11, (ii), 210 (1902); Zentv., 6, 11, 1472 (1902); 
10, 11,1847 (leoS), and J .  Chem. SOC., (1807), i, 80. 

PLANCHER AND CARAVAGGI, ibid., 14, (i), 157 (1905); J .  Ckem. SOC., (1905), i, 298. 
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HCl IN DRY 
ETEIIR 

Tripyrrole 

Dipyrrole 
Dipyrrole 
Dipyrrole 
None 
Dipyrrole 
Dipyrrole 
Not tried 

than originally suspected, for it forms 4,7-dimethylindoles with many pyr- 
roles, the only exception noted being the %acetyl derivative, Table I. 

If this mechanism were applied to %methylpyrrole, 2,4- or 2,7- 
dimethylindole would be expected. Plancher synthesized a dimethylin- 
dole from acetone mtolylhydrazone identical with the one obtained from 
2-methylpyrrole itself. This synthesis could give either a 2,4- or 2,6- 
dimethylindole, the 2,4- being favored since it is common to both 
Planoher’s mechanism and synthesis. He concluded that his indole was 
“probably” identical with Dennstedt’s4, from which it follows that the 
dipyirrole must have first dissociated into the monomeric form, if this 
mechanism is correct. 

TABLE I 
REACTIONS OF PYRROLES 

D I P Y R R O ~  
ANDR~EO~ 

Indole 
Indole 
None 

Indole 
Indole 
Not tried 

PYRROLE UBED 

Pyrrole 

2-C!Hs- 
2-(CH,)&H-’ 
2-C:sHs- 
2-C:OCHs- 
34Hs 

2-C!Hs3-COOR 
2 ,3’-di-CHr 

2,&DINITRO- 
PFIDNTLBYDRA- 
ZINE AND DIL. 
ALC. H280P 

No DNPHb 

X o  DNPH 
Not tried 
No DNPH 
DNPH 
Kat tried 
Not tried 
No DNPH 

ZINC ACBTATFJ 
AND ACETIC 

ACID 

Trace of 2- 
acetylpyr- 
role 

Indole 
Not tried 
None 
None 
Not tried 
Not tried 
Not tried 

DITN), PLUI) 
ACBTONYk 
ACETONE 

Indole 

Indole 
Not tried 
Indole 
None 
Not tried 
Not tried 
Indole 

0 2! ,4-Dimethyl- and 2,4-dimethyl-3,5-dicarbethoxypyrroles also used, but did 

b DNPH = 2,4-Dinitrophenylhydrazone. 
not give derivatives. 

This was erroneously thought to be the 3 isomer. 

We have prepared the dimethylindoles in question by both procedures 
and have found that they are identical. Finally, we have synthesized 
all the other dimethylindoles from the corresponding aceto-o-xylididess 
and have found that the Dennstedt-Plancher substance is different from 
each, and by exclusion must be the 2,4-dimethylindole. Hence there is 
no longer any support for Dennstedt’s dipyrrole structure. 

Plancher’s mechanism, which involved (1) dissociation of the dipyrrole 
to the monomer, and (2) hydrolysis of the latter, is capable of being tested, 
for it should be possible to find out whether dipyrroles do dissociate and 
whether the pyrroles themselves are hydrolyzed under the conditions 

6 SALWAY, J .  Chem. SOC., 109, 1990 (1913); VERLEY, Bull. aoc. chim., [4], 31, 1039 
(1924); 37, 189 (1925). 
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for indole formation. Plancher's argument was supported only by the 
analogy with the acetonylacetone reaction. 

There is no evidence in favor of the dissociation of the dipyrrole. We 
have examined both dimethyl- and diphenyldipyrrole under the condi- 
tions of indole formation, heating them in the presence of acid in an ap- 
paratus arranged for simultaneous steam distillation. With the diphenyl 
derivative only water was found in the distillate, the dipyrrole being 
recovered unchanged; hence there is no dissociation. The dimethyl 
homolog, however, gave the indole at once-a matter of minutes. This 
forms excellent evidence that the dipyrrole is an intermediate product, 
because it requires fifteen hours to get the same indole from the pyrrole 
itself under the same conditions. 

To establish the ring-opening reaction as the mechanism it should be 
shown that pyrroles are hydrolyzed under the conditions necessary for 
ring formation. With a view to securing evidence on this point, a con- 
siderable variety of pyrroles has been treated in acid solution under such 
conditions in the presence of 2 , 4-dinitrophenylhydrazine. This reagent 
was selected because it is known to combine with carbonyl compounds with 
great rapidity and because of the reIative insolubility of the expected 
products'. As the formation of an indole from pyrrole and acetonyl- 
acetone is a slow reaction, one would expect to be able to detect any 
hydrolysis product (carbonyl compound) produced by ring opening. The 
necessary conditions involved 24-48 hours of refluxing, during which 
time most of the reactants were lost by tar formation; by interrupting 
after varying intervals it was impossible to isolate unchanged pyrrole and 
hydrazine. Only in one instance, that of 2,Bdimethylpyrrole, was there 
detectable ring opening. When a mineral acid was used, the bis-dinitro- 
phenylhydrazone of acetonylacetone w&s formed instantly*; the rate was 
slower in acetic acid, but the product was the same. The ketones 2- 
acetyl- and 2,4-dimethyl-3-acetyl-5-carbethoxypyrroles gave dinitro- 
phenylhydrazones without ring opening, but the others were unaffected 
(Table I). Finally, 2-methylpyrrole was converted into 2 ,Cdimethylin- 
dole with the same yield in the presence and absence of dinitrophenyl- 
hydrazine. Thus there is not the slightest indication that ring opening 
is a step in the reaction. 

The validity of the reasoning depends on the assumption that the pH 
most favorable for reaction is the same for dinitrophenylhydrazone and 
indole formation. Pyrroles are so easily resinified by moderate concentra- 
tions of acid that it is impractical to operate in other than dilute solutions. 

ALLEN, J .  Am. Chem. SOC., 62,2955 (1930). 
ALLEN AND YOUNQ, Can. J .  Research, 10, '771 (1934). 
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However, under these conditions carbonyl compounds actually form 
dinitrophenylhydrazones, and in the absence of proof to the contrary, 
the above assumption seems reasonable. 2,5-Dimethylpyrrole is hy- 
drolyzed, to be sure, but as it does not form an indole, this behavior 
cannot be interpreted in favor of the hydrolysis mechanism.* 

It would appear, therefore, that an indole is formed directly from a 
dipyrrole, and that the latter is an intermediate step in the reaction, 
starting from a simple pyrrole. There is no evidence requiring an assump- 
tion of depolymerization, or ring opening. 

The question then arises, as to how indoles are formed from dipyrroles. 
An inspection of the formulae 

R’ R‘ 

C C 
I I 

I N II 
R”CilII CH- CR” R”C ’I‘CH- CR” 

ARt (!!H”&H CR’ 
a 

CH, C 
\ I / \”/ 

CH 
\ I  /\m/ 

CH 
IV VI 

R’ t()--);c; 
NH 
V 

reveals that if the diene synthesis, begun in IV, were completed, a sub- 
stance VI would result. This structure is analogous to the furan-maleic 
anhydride addition products, which lose water to give an aromatic struc- 
turn9, to members of the tropane series, which give dienes on exhaustive 
methylatioxP, and to carbonyl bridge campounds which lose carbon 
monoxide relatively easilyll. No substances like VI are known, hence 

* Since the sparingly soluble bis-dinitrophenylhydrazones form almost instantly 
and quantitatively with most dicarbonyl compounds, and since the reaction is essen- 
tially non-reversible it seems fairly certain that any ketone, if ever formed, would 
be detected. The regeneration of carbonyl compounds from these derivatives has 
been accomplished in a very few instances. For references, see ALL~DN AND RICE- 
MOND, THIS JOURNAL, 2, 227 (1937). 

VANCAYPEN AND JOHNSON, J .  Am. Chem. SOC., 66,430 (1933). 
WILLSTATTER, Ber., SO, 721 (1897); S1,1534 (1898). 

l1 ALLEN AND SPANAGEL, J .  Am. Chem. h’oc., 66, 3773 (1933); ALLEN AND SEEP& 
Can. J .  Research, 11, 171 (1934). 
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their properties can be predicted only by analogy with the instances 
cited. Now, if IV and VI were in an equilibrium, which normally favors 
IV, indole formation by loss of ammonia from VI would displace the equi- 
librium, and the reaction would proceed to the right. The procedures 
for securing indoles involve treatment with mineral acids or zinc salts, 
both of which enter into chemical combination with the ammonia, thus 
favoring the direction of reaction leading to an aromatic structure. Ow- 
ing to  the many possibilities for side reactions, a low yield would be 
anticipated. 

As mentioned above, it was not found possible to convert %phenyl- 
pyrrole into an indole. In  order to make sure that this was not due to 
the instability of the expected indole, a synthesis was performed by 
Bischler'si2 method, and two diphenylindoles prepared. In the one from 
pxenylamine the phenyl groups are in the 2 and 5 positions, but the syn- 
thesis from m-xenylamine is ambiguous; while not definitely established, 
by analogy with the dimethyl series the phenyl radicals are presumably 
in the 2 and 4 positions. These diphenylindoles are high-melting, unre- 
active solids. They do not form picrates or methiodides. 

EXPERIMENTAL 

I .  Preparation of Starting Materials and Related Substances 
Most of the pyrroles were secured without great difficulty by directions already 

published, but no satisfactory procedure was found for 2-methylpyrrole. Hydrolysis 
and decarboxylation of Benary's esterla gave the best results. In  recent papers, 
Jurjew" described the conversion of furans into pyrroles by passage with a current 
of ammonia over an aluminum oxide catalyst. We obtained but a 5% yield of the 
desired pyrrole using 2-methylfuran;* most of the latter was recovered, but some was 
converted into tarry oils. 

2,5-Diphenylpyrrole was obtained by the usual ring closure method from 
dibenzoylethane. The latter was secured by a modification of Lute' reduction 
methodl**t as follows: a solution of 15 g. of dibenzoylethylene, 250 g. of 95% acetic 
acid and 200 cc. of alcohol was refluxed for an hour with 100 g. of zinc dust. It was 
filtered while hot into 300 cc. of water; the solid was separated by filtration after 
standing overnight, and was crystallized from a benzene-alcohol (4:7) mixture. A 
yield of 7 g. of pure dibenzoylethane, m.p. 144O, was obtained. The bis-2,4-dinitro- 
phenylhydrazone VI1 formed orange-yellow needles, m.p. 250°, with decomposition, 
from a nitrobenzene-alcohol mixture; it  is insoluble in the common solvents except 
aniline and tetralin. $ 

I* BISCHLER, Ber., 26, 2860 (1892). 
18 BENABY, ibid., 44, 495 (1911). 
l4 JURJEW, ibid., 69, 440, 1003 (1936). 
* We are indebted to Dr. G .  F. Wright for this substance. 
16 LUTZ, J .  Am. Chem. SOC., 61,3008 (1929). 
t Preliminary work by Mr. A. Rose. 

All melting points are corrected. All analyses are collected in Table 111. 
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A 90% yield of the pyrrole resulted on 8 hours' heating a t  150-160" with saturated 
alcoholic ammonia in an autoclave; m.p. 143". The diketone was unaffected by 
heating with ammonium carbonate, but a difficultly separable mixture of pyrrole 
and starting material could be obtained by the use of ammonium acetate. The 
product from the pressure method is much better to manipulate. 

II. Procedures Used with the Pyrroles 
A. Acid hydrolysis.-A mixture of 1 g. of the pyrrole, 0.5 g. of 2,4-dinitrophenyl- 

hydraxine, and 25 cc. of alcohol was heated t o  boiling and 2 cc. of 10% sulfuric acid 
was added. If no solid precipitated within a few minutes, the whole was refluxed for 
40 hours, being interrupted from time to time to enable any derivqtive or unchanged 
reagent to be detected. In nearly all cases this long acid treatment led to the de- 
struction of the reactants, with production of tars or amorphous solids, usually 
black. The results are summarized in Table I. There was no reaction with 2- 
phenyl-, 2,5-diphenyl-, and 2,4-dimethyl-3,5-dicarbethoxypyrroles; after 8 hours 
the starting materials were recovered unchanged. 2-Acetyl- and 2,4-dimethyl-3- 
acetyl-5-carbethoxypyrroles gave 2,4-dinitrophenylhydrazones instantly, without 
ring-openings. The derivative, VIII, of the former was insoluble in the common 
solvents, but crystallized in reddish-brown needles from dioxane, m.p. 297" with 
decomposition. When refluxed without the reagent for 48 hours, an amorphous 
resin was formed from 2-acetylpyrrole; this did not form a phenylhydrazone and 
deconiposed when heated on metal foil. 2-Acetylpyrrole did not form a dipyrrole. 
As previously described8 2,5-dimethylpyrrole gave the bis-2,4-dinitrophenyl- 
hydrazone of acetonylacetone. It is of interest to note that 2,5-diphenylpyrrole is 
not opened by hydroxylamine. 

The bis-2,4-dinitrophenylhydrazones of levulinic aldehyde and of acetonylacetone 
are very sparingly soluble in a large excess of glacial acetic acid, and are precipitated 
by addition of a small amount of water. They are insoluble in dilute alcoholic or 
aqueous sulfuric acid. Hence if ever formed, it is believed they would be detected. 
They separate practically quantitatively in one minute when prepared in 90% 
acetic acid. 

B.  Indole formation; use of zinc acetate in  acetic acid.-A mixture of 3 g. of the pyr- 
role, B g. of zinc oxide or acetate and 20 cc. of 90% acetic acid was refluxed for 24-48 
hours, and then submitted to stearn distillation. The acid in the distillate was 
neutritlized by sodium hydroxide and any organic product filtered or extracted with 
ether. In the case of pyrrole, a small amount of 2-acetylpyrrole was obtained, but 
there was no trace of indole. 

With 2-methylpyrrole, 2 ,4-dimethylindole was isolated from the steam distillate 
and converted into a picrate, which recrystallized from dilute alcohol in red-brown 
needles as described by Plancher'. The procedure was repeated in the presence of 
2,4-dinitrophenylhydrazine; the same indole picrate resulted. There was no reac- 
tion with 2-phenyl- or 2-acetylpyrrole. 

C .  Acetonylacetone treatment.-A mixture of 3 g. of the pyrrole, 5 g. of zinc acetate, 
5 g. of' acetonylacetone* and 20 cc. of acetic acid was refluxed for 48 hours and then 
steam distilled. A small amount of solid was removed by filtration, and after 
neutralization of the acid in the distillate, ether extraction yielded a little more of 
the same solid, which, in the case of pyrrole, agreed with Plancher's description of 
4,7-dimethylindole'; it had a faint, disagreeable indole-like odor, and melting point 
of 101-2"; the yield was 0.25 g. or 4 per cent. 

* The acetonylacetone was very kindly supplied by Shawinigan Chemicals Limited. 
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2-Acetylpyrrole was unaffected, but indoles were obtained with 2-methyl-, 2- 
phenyl-, and 2-methyl3-carbethoxypyrroles. 2,4 ,?-Trimethylindole (IX) resulted 
from 2-methylpyrrole; the picrate was obtained as reddish-brown needles from dilute 
alcohol; m.p. 175-6". 

2,4,7-Trimethyl-3-carboxyindole (X) was formed when 2-methyl-3-carbethoxy- 
pyrrole was used, the ester being hydrolyzed during the process. After steam distil- 
lation, the solid in the flask was easily dislodged from a tar  clinging to the walls by 
a swirling motion and recrystallized from dilute alcohol, separating as tan-colored 
needles, m.p. 153-5". It dissolved in sodium carbonate, but did not form a picrate. 

2-Phenyl4 ,7-dimethylindole was obtained in a similar manner from 2-phenyl- 
pyrrole; a small quantity of unchanged pyrrole was also isolated from the steam 
distillate. The ether extract of the non-volatile fraction gave an oil, which formed 
a picrate (XI); the latter separated from dilute alcohol in reddish-brown needles; 
m.p. 171-2". 

Since this indole was previously unknown, it was synthesized by Bischler's 
method", from p-xylidine and phenacyl bromide. The first step, the formation of 
phenacyl p-xylidide (XII), was accomplished by warming gently a mixture of 1 g. 
of phenacyl bromide, 1.2 g. of p-xylidine and 5 cc. of alcohol. The solid was separated 
by filtration, washed, and crystallized from dilute alcohol; the yield was quantitative. 
It separated in buff colored rods, map. 105". To obtain the indole, a solution of 4 
g. of p-xylidine and 1 g. of this xylidide was refluxed for an hour and poured into 100 
cc. of dilute hydrochloric acid. The oil was extracted with ether, and after evapora- 
tion of the solvent, and solution in alcohol was a t  once converted into a red picrate, 
identical with the one mentioned above; there was no depression of melting points on 
admixture. 

I I I .  Acid Treatment of Dipyrroles 

As described in the previous paper, there was no reaction with diphenyldipyrrole, 
the latter being recovered unchanged. When submitted to the same procedure, 
dimethyldipyrrole gave the indole a t  once-it was unnecessary to prolong the time 
as indicated by Dennstedt and the yield was much greater. The indole distilled 
with the steam, was extracted with chloroform, and identified as the picrate. No 
2-methylpyrrole could be detected in the distillate by Diels' procedure14. 

A mixture melting point of the above picrate and the one prepared from 2-methyl- 
pyrrole, a8 described a t  the end of section B was not depressed, indicating their 
identity. Their color and crystal form were indistinguishable. 

I V .  Synthesis of Dimethylindoles 
These were prepared by Solway's procedure', or, better, by Verley's technique' 

from the corresponding aceto-o-xylidides. The non-availability of 1,2-dimethy1-3- 
aminobenzene prevented the synthesis of the 2,4-isomer in this way; all the picrates 
were made for comparison. 

V .  Work m'th Xenylamines 

With the view of securing some diphenylindoles for purposes of comparison, the 
three xenylamines (aminobiphenyls) were treated with phenacyl bromide, to obtain 

1 4  DIELS, ALDER, AND WINTER, Ann., 486,221 (1931). 
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Y.P., OC. 

1144-17 
86 
35 

derivatives suitable for a synthesis by Bischler's method.' The ortho isomer did not 
react, but pale yellow phenacyl derivatives were obtained from the others. On 
purification, the meta (XIII) separated as leaflets, m.p. 134', while the para (XIV) 
formed rods, m.p. 148'. The picrate (XV) of the latter separated from the alcohol in 
prisms, m.p. 130-1". Phenacyl chloride reacted much less rapidly than the bromide. 

TABLE I1 
PROPERTIES OF DIMETHYLINDOLES 

PICRATE0 
B.P. 

Color m.p., 'C. 

180/203.4 Brick-red 158"* 
Dark red 155 
Dull rede 132 

129-131/2 mm." Carmine' 149 

POgITION 
XTLIDINEB UEED 

OF cH:- 
CHI I CHa 1 NHn 

15.0 

I-1-1- 

, 15.2, 15.2 

'Micro boiling point by Dr. G. F. Wright 
*Substance XXI. 

Substance XXII. 
d substance XXIII. 

TABLE I11 
ANALY6ES 

N M B E B  OF EUBBTANCE 

VI1 
VI11 

IX 
X 

XI 
XI1 

XI11 
XIV 
xv 

XVI 
XVII 

XVIII 
XIX 
xx 

XXI 
:xx11 

x:x111 

C U ' D  % N 

18.7 
24.2 
14.4 
6.9 

12.4 
5.9 
4.9 
4.9 

10.8 
5.2 
5.2 

13.5 
14.1 
14.1 
9.7 

15.0 

FOUNDO 

18.5 
24.1 
14.3 
6.9 

12.2 
5.9 
4.7 
4.9 

10.7 
5.3 
5.1 

13.5 
13.9 
13.9 
9.6 

15.0 

Semi-micro Dumas: ALLEN AND YOUNG, Can. J .  Research, B14, 216 (1936). 
b Calc'd C, 89.2; H, 5.6. Found: C, 88.8; H, 5.6. 

* Generous samples of 0- and p-xenylamines were kindly furnished by the Mon- 
santo Chemical Co. The meta isomer was secured by the directions in the literature 
[JACOBSON AND LOEB, Ber., 36, 4082 (1903); FICHTER AND SULZBEROER, ibid., 37, 878 
(190411. 

17 RAISCHEN, Ann. 239, 227 (1887). 

THE JCIDBNAL Or ORQANIC CHBIIYIBTBY, VOb. 2, NO. 3 
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The indoles were obtained as follows: a mixture of 12 g. of the xenylamine and 17 
g. of the phenacyloxenylamine were heated in a sealed tube at 300" for an hour. The 
solid was extracted with ether, and the residue, after removal of the solvent, taken up 
in chloroform, decolorized by Nuchar, and diluted with methanol. Both substances 
separated in white prisms faintly tinged with yellow. The 2,4-diphenylindole (XVI) 
melted at 209-9", while the 2,B-isomer (XVII) melted a t  1923". Neither isomer 
formed a picrate nor a methiodide, and were recrystallized unchanged from acetyl 
chloride and acetic anhydride, but both slowly gave purple colors by the pine shaving 
test, and a pale pink color with Ehrlich's reagent, becoming yellow with nitrous acid. 

For purposes of recognition, on the assumption that the indoles would add picric 
acid, the picrates of the xenylamines were prepared. The derivatives from the ortho 
S V I I I  and meta XIX isomers separated from alcohol in yellow pr i sm,  m.p. 1634' 
and 196" respectively, while the para XX formed needles, m.p. 198-9". 
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SUMMARY 

It is shown that the dimethylindoles described by Dennstedt and by 
Plancher are identical. 

The 2,3- and 2,7-dimethylindoles have been synthesized and their 
picrates prepared. A comparison of these, Salway's 2,5 isomer and the 
Dennstedt-Plancher substance, shows that the latter is different, and, by 
exclusion, it must be 2 ,Cdimethylindole. 

This arrangement of groups confirms the structure of the dipyrroles 
assigned in the previous paper. Dennstedt's formula is no longer tenable. 

The mechanism of formation of indoles from pyrroles is discussed. 
The evidence seems to favor intermediate dipyrrole formation. There is 
no indication of ring opening of pyrroles, as suggested by Plancher, nor 
detectable dissociation of the dipyrrole. 
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In 1887, that  is, exactly fifty years ago, J. Wislicenus published a paper 
“On the Spatial Arrangement of Atoms in Organic Molecules,”l wherein 
he propounded the theory of geometric isomerism. This states that only 
two stable configurations exist about double bonds, the cis and the trans 
form of the molecule. Errera2 has shown that the electric moments of the 
two forms are different. The trans forms of simple molecules, e.g., trans- 
dichloroethylene we centrosymmetrical and have no moment, whereas 
the c i s  forms exhibit finite dipole moments, e.g., cis-dichloroethylene, 
1.70. The reason for the rigidity of the double bonds given by Wisli- 
cenus is that “it is impossible for tetrahedra to rotate with respect to one 
another if they are attached edge to edge.” In the same paper, the differ- 
ent behavior of single bonds is stated: “Two carbon atoms linked together 
by one valency only are able to rotate about the axis formed by this link. 
Free rotation due to thermal agitation will occur unless special influences 
either fix definite configurations rigidly, or a t  least make them preferred 
ones.” 

With this statement of Wislicenus, the problem was set of investigating 
whether and where free rotation exists and what forces intcrfere where it 
does not exist. 

We shall use the terms cis and trans for configurations about single bonds 
in analogy to usage with double bonds and shall reckon the angle of rota- 
tion 0 so that 0” indicates the cis, and 180”, the trans positions. The term 
free rotation will mean equal probability for all configurations from 0 
to 2x. 

The classical chemical method for investigation is limited in a field of 
this type. This method consists in the isolation of isomers, and it can 

* Contribution to the Symposium on Dipole Moments conducted by the Division 
of Physical Chemistry a t  the ninety-third meeting of the American Chemical Society, 
Chapel Hill, N. C., April 15, 1937. 

1 WISLICENUS, “Ober die rdumliche Anordnung der Atome i n  organischen Mole- 
kiilen,” Abhandlungen der Kgl .  Sdchs Gesellschaft der Wissenschaften, Vol. XIV, 
Leipzig, 1887. 

ERRERA, Phys. Z . ,  27, 764 (1926). 
245 
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help only where isomers exist long enough without interchange to be ob- 
served as individuals. If only one individual corresponding to a struc- 
tural formula is found, the chemical method cannot answer the question 
whether this is due to the existence of only one rigid form or to the coex- 
istence of a number of configurations which interchange. In  the special 
case of biphenyl and some other compounds, stereochemical investigations 
lead a step farther. Here, two optically active forms can be prepared if 
the substituents in the position ortho to the biphenyl link are too big to 
pass each other. Thus, proof is given for restricted rotation about single 
bonds due to the size of the ortho substituents. 

The following discussion reviews the information about configurations 
around single bonds which has been obtained through the determination 
of dipole moments. First, some instances will be given whereby we can 
find out whether free rotation exists or not. Then, we shall analyze some 
examples of restrained rotation and investigate the restricting forces. 

Let us assume that a single bond is an ideal axis for rotation, with a 
certain direction which determines the distance of the connected groups 
but not their configuration about this axis. Preference for special con- 
figurations can then be caused: (1) by mutual injtuences of the two groups, 
and (2) by the shape of the whole molecule. We shall neglect the second 
point at present and discuss it a t  the end of the paper. 

Mutual influences may be the volume effect, Coulomb forces, and dis- 
persion forces. They will diminish as the separation of the connected 
groups increases, the Coulomb forces decreasing most slowly. L. Meye$ 
has pointed out that such influences are negligible, if the energy between 
the groups is smaller than 1/10 kT. The energy between dipoles of about 
1D each is, a t  room temperature, below this limit, if the groups are more 
than 3 A. apart. The distance apart of substituents in the para positions 
in benzene is almost double this value. Thus, we can expect that groups 
which occupy the para positions in a benzene nucleus will not interfere 
with each other's free rotation. 

Let us assume that the moments of two identical groups formangles 
B with the axis of rotation. J. W. Williams' showed that if free rotation 
exists, the resultant moment of the molecule equals 4 9  cos 9. 

The moment of p-xylylene chloride CIHZC.C~H~.CHZCI is 2.28 D.& 
It is composed of the moments of two chloromethyl groups. The magni- 
tude of each of these moments and the angle it makes with the rotation 

3 L. MEYER, 2. physik. Chem., 8B, 27 (1930). 

6 WEISSBERQER AND SBNQEWALD, Physik.  Z., SO, 792 (1929). 
WILLIAMS, ibid. ,  138A, 75 (1928). 
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axis can be obtained from the moments of benzyl chloride and p-chloro- 
benzyl chloride;E the calculated value for p-xylylene chloride under con- 
ditions of free rotation is found to be 2.2oD.’ Thus, there is good agree- 
ment between the experimental result and the moment calculated on the 
assumption that there is free rotation of the groups in the positions para 
to each other. 

If we (hypothetically) remove the benzene nucleus from the p-xylylene 
chloride, we obtain ethylene chloride. Here, the two chloromethyl 
groups1 are close to each other; the distance between the two carbon atoms 
is now 1.54 A., instead of 4.76 A. As Williams4 has shown, the moment 
for this compound is smaller than would be expected with free rotation of 
the chloromethyl groups. 

Further evidence of the mutual influence of the two parts of the mole- 
cule comes from the observation of dipole moments a t  diferent tempera- 
tures. As already stated, the probabilities for all configurations around a 
single bond become practically identical, if the interfering energy is smaller 
than 1/10 kT. If, on the other hand, such interferences exist, and the tem- 
perature of measurement is increased we can expect the observed value to 
alter and to approach that for free rotation. Slingers and Zrahns ob- 
served this effect with ethylene chloride and various other molecules in 
the gaseous state. Smyth, Dornte, and Wilson1o observed it for solutions 
of ethylene chloride, and calculated the potentials which are due to Cou- 
lomb forces between the two chloromethyl groups over a whole revolution 
about the ethane link. They found a potential trough of about l2XlO-I4 
erg in favor of the trans position, whereas, the value of kT a t  room tem- 
perature is about 4XlO-I4 erg. One may, therefore, expect to find more 
of the molecules in the trans position than in any other configuration, 
which is in qualitative agreement with the observed moment. 

The question, “free rotation or not,” was approached from another 
angle by dipole determinations of stereoisomers. A substance with two 
identically substituted asymmetric atoms exists in two enantiomorphic 
optical antipodes, their mixture, and the intramolecularly compensated 
inactive meso form. If there is free rotation, the moments of the meso 
form and of the enantiomorphic forms ought to be identical. Nonidentity 
of their dipole moments, on the other hand, shows the absence of freedom 
about the single C-C link. The three groups of substances of this type 

8 BERGMANN AND ENGEL, 2. physik. Chem., lSB, 85 (1932). 

* SANGER, Physik. Z., 32,21 (1931). 

10 SMYTH, DORNTE, AND WILSON, J .  Am. Chem. soc., 6& 4242 (1931). 

’ WEISSBERQER AND SANQEWALD, ibid. ,  2OB, 147 (1933). 

’ ZAHN, Phya. Rev., 38,521 (1931). 
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Stilbene chlorides.. . C&..CHCl.CHCI.CsHr 
Hydrobenzoins.. . . . . C6Hr.CHOH.CHOH.C6H, 
Diethyl tartrates.. . . CzHrO&.CHOH.CHOH. 

COiCiHr 

which have been investigated are the stilbene 
and the diethyl 

the hydrobenzoins,'% 

a 1.210 f l  2.7rD 
meso 2 . 3 0  dl 2 . 7 0  
meso 3 . & D  dE 3 . loD 

Their moments show by their differences the absence of free rotation 
for a t  least one form of each pair. 

Let us consider in more detail the moments of the stilbene chlorides. 
If, with the more symmetrical meso form, two identical substituents are 
in the trans position-which would give no dipole moment-the other 
substituents must also be in the trans position. With the optically active 
form, however, no entirely symmetrical configuration of the molecule can 
be obtained. The moments of the stilbene chlorides, therefore, were in- 
terpreted as indicating that the lower value corresponded to the meso 
and the higher value to the dl form. We see, however, that the difference 
between the moments of the stereoisomers is smaller with the hydroben- 
zoins, and that the order is reversed with the diethyl tartrates. To be 
on safe ground with the coordination of the formulas to a- and @-stilbene 
chlorides, it, therefore, appeared worthwhile to synthesize the optically 
active stilbene chlorides, and to check which form, the a or the 0, is the 
dl or the meso. The synthesis went from the a-amino-p-hydroxybi- 
benzyls, over the a-amino-p-chlorobibenzyls, to% the stilbene chlorides, 
clearing up the interrelation of the stereoisomers of these substances and 
of the a, @-diphenyiethyleneimine~.'~ It proved that the correlation given 
above is correct; the compound with the smaller moment is the meso form. 

To explain why the difference between the moments of the stereoiso- 
mers becomes smaller with the hydrobenzoins and why the order is re- 
versed with the diethyl tartrates, let us consider the moments of the three 
dimethoxybenzenes. With identical atoms or linear groups, the order of 
the moments is para<meta<ortho. This order is reversed with the 
dimethoxybenzenes which contain two angular groups.s 

o-Dimethoxybenzene 1.31D 
m-Dimethoxybenzene 1 .5gD 
p-Dimethoxybenzene l.8JI 

11 WEISSDERGER AND SANGEWALD, 2. physik. Chem., 9B, 133 (1930). 
18 HASSEL AND NAESHAGEN, Tidskr.  Kjemi Berg., 10,93 (1930); 2. physik.  Chem., 

WEISSBERQER AND SLNGEWALD, ibid. ,  l2B,  399 (1931). 
1* WOLF, Trans.  Faraday SOC., 26,315 (1930). 
14 WEISSBERGER AND BACH, Ber., 64, 1095 (1931); 66,631 (1932). 

la, 232 (1931). 
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The obvious reason is the mutual orientation of the angular groups. In 
the para compound, free rotation is established. The closer the groups 
come to one another, however, the more their mutual orientation tends to 
diminish the moment of the molecule. A corresponding effect decreases 
the difference in the moments of the hydrobenzoins which have an angular 
hydroxyl group on each ethane carbon atom; and with the diethyl tar- 
trates, where each ethane carbon atom is substituted with two angular 
groups, we have an inversion of the order of the moments similar to that 
with the dihydroxybenzene ethers. 

By analogy with the observations on ethylene chloride and p-xylylene 
chloride, we should expect that any effects due to Coulomb forces, and 
still more those due to the volume of the substituents, would vanish with 
increasing distance of the groups in question. If, therefore, we put a 
benzene nucleus into the middle of the stilbene chlorides, we should ex- 
pect the moments of the meso form and the racemic form to become iden- 
tical with each other, and with the value calculated for free rotation, viz., 
2.43 12. 

The two stereoisomeric 1,4-bis(a-chlorobenzyl)benzenes, CaH6 .CHCl- 
C&l.,.CHCI. CsH6, were synthesized, starting with terephthalaldehyde, 
and going over the 1,4-bis(cu-hydroxybenzyl) benzenes, the stereoisomers of 
which were fieparated by means of the acetates, and then converted to the 
chlorides. The moments of the two chlorides (meso and dl forms) were 
found to be 2.28 and 2.48.16 We see that the difference between the mo- 
ments of the two stereoisomers has decreased greatly, and that they have 
come t,o close agreement with the calculated value for free rotation. 

This result has two further points of interest: (1) there appears to be 
still some difference between the moments; and (2) the observed values 
and thLe value calculated for free rotation of the bis(chlorobenzy1)ben- 
aenes are lower than the observed value for dl-stilbene chloride, which is 

This fact: viz., that the moment of dl-stilbene chloride is higher than 
that which would be expected for free rotation deserves some attention, 
since i t  cannot be explained by the volume effect or Coulomb forces. 
Both these influences could only depress the moment below the value for 
free rotation. To provide for an increase, forces must be acting to keep 
the main component dipoles a t  an angle, 6, lower than 90". 

To find out more about this influence under unambiguous circumstances, 
the dichlorobiphenyls were investigated.l8 The moment of p,p'-di- 

1' WEISSBERGER AND BACR, Ber., 66, 24 (1932); WEISSBERQER AND S ~ Q E W A L D ,  
2. physik. Chem., 20B, 145 (1933). 

WEISSBERQER AND ~HNQEWALD, 2. physik. Chem., 20B, 145 (1933); HAYPSON AND 
W~ISSBERQER, J .  Am. Chem. SOC., 68, 2111 (1936). 

2.75 D. 

1' WEISSBERGER, S U Q E W A L D ,  AND HAYPSON, Trans. Faraday SOC., 30,884 (19%); 
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chlorobiphenyl is 0, and requires no further attention. The moment of 
m,m'-dichlorobiphenyl is 1.80 D, which is in quite fair agreement with the 
moment calculated for free rotation. With o,o'dichlorobiphenyl where 
the two chlorine atoms collide with each other, the cis position and a large 
amplitude around it are excluded from the probable configurations. Since 
these are the positions with high moments, o,o'dichlorobiphenyl would be 
expected to have a moment considerably lower than that calculated for 
free rotation. The moment-l.91 D-is, however, higher, and even higher 
than that of the m,m' compound. This shows that forces are active be- 
tween the chlorine atoms favoring configurations of an angle, 8, less than 
goo. 

These forces may be the dispersion forces studied by London. The 
potential energy of the molecule in the different positions about the C-C 
link was, therefore, evaluated, including the Coulomb forces and the Lon- 
don forces. The dotted line in the diagram gives the electrostatic poten- 
tial alone and shows a marked increase of potential with small angles 8. 
However, the volume of the chlorine cuts out practically all positions with 
e smaller than 62", where the Cl-C1 distance is 3 d., and the remaining 
configurations have almost identical probabilities a t  room temperature. 
Thus the volume effect of the chlorines, and Coulomb forces would pro- 
vide for a small moment. If, however, we take into consideration the 
London forces, the configurations close to the cis position are largely 
favored. The solid line in the diagram-UIfL-shows the sum of the 
electrostatic and London potentials. The dispersion forces reverse the 
shape of the curve entirely and the configurations with small angles 8 are, 
in fact, preferred. 

From these data, the probability distribution under the action of 
Coulomb and London forces wm calculated, which, in combination with 
the C-C1 moment, allows the evaluation of the moment of the substance 
itself. To that end, however, definite assumptions about the steric 
repulsion forces must be made, and it provides a good test of the theory 
to see whether these assumptions are reasonable. In a first approxima- 
tion, we can take the quantum-mechanical repulsion as a rigid barrier, 
and see where the distribution curve must be cut by a straight line to give 
the right moment. Thisvalue proves to be 8=62O, corresponding to a 
CLC1 distance of 3.0 B.,  and is in good agreement with the value to be ex- 
pected from X-ray and electron diffraction data. Fair agreement is also 
obtained if the repulsion is assumed to obey an exponential law, as postu- 
lated by Born and Mayer," with constants not very different from those 
they calculated for C1-. 

We have now distinguished, as forces regulating configurations about 
17 BORN AND MAYER, 2. Phys., 70, 1 (1932). 
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single bonds, the quantum-mechanical repulsion forces, the Coulomb 
forces, and the London dispersion forces. The model of the stilbene chlo- 
rides from which we started shows that all three factors influence the 
moments of these compounds, and we understand now the high dipole 
moment found for the dl form. 

One word remains to be said about an effect which has been discussed 
by Lennard-Jones and Pike,'* and by Altar.lP These authors suggest that  
for calculations of intramolecular configurations, one should not simply 
apply a Boltzman formula in order to obtain the probability distribution 
from the potentials, but one should weigh each individual configuration 
according to its moment of inertia by multiplying with an appropriate 
weight factor. Altar calculated the weight factor for ethylene chloride 
for the whole revolution. If we remember, however, that the variation 
of the moment of inertia with o,o'-dichlorobiphenyl will be smaller than 
with ethylene chloride, and that the configurations with $ smaller than 
60" will be eliminated, we are justified in having neglected this effect with 
the dichlorobiphenyls. It can have a bearing, however, on the moments 
of the two 1,4-bis(a-chlorobenxyl)benxenes whose difference, small though 
it is, can hardly be accounted for by volume effects, Coulomb forces, or 
London forces. It would seem worth while to remeasure these moments 
to make the experimental data certain, and then to go through the cal- 
culation suggested by Altar. The effect discussed by him might show 
itself with these substances, the shape of which provides for great differ- 
ences in the moments of inertia over one revolution about the axial link. 
If not clear, the effect could be increased by appropriate substitution of 
the angular groups. 

One further point should be mentioned. We have assumed hitherto 
t,hnt a single bond is an ideal axis for rotation but does not bend in itself. 
However, Wislicenus has indicated that this is a possibility, too, and has 
represented it by distorted tetrahedra. One can get a rough idea of the 
energy necessary for a deflection of linkage by the comparison of the com- 
bustion heats of compounds with strained and unstrained rings. The 
data thus obtained are not very reliable, but show that a deflection of 
the order of one degree could be produced by kT at room temperature. 
This is the order of magnitude we have just been dealing with, and thus, 
it appears that this idea of Wislicenus also has a sound basis. 

I* LENNARD-JONES AND PIKE, Trans. Faraday SOC., 30,830 (1934). 
ALTAR, J .  Chem. Phys., 3,460 (1935). 
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Years ago Sawitsch reported that ethyl orthoformate had reacted with 
acetic anhydride' to give, not methylidene acetate (CH(OOCCHs)s) as 
had been expected, but instead formic acid and ethyl acetate. Undoubt- 
edly ethyl formate was formed at  the same time. 

Later Claisen made use of acetic anhydride in the reaction between 
ethyl orthoformate and ethyl acetoacetate.*. In this reaction the prod- 
uct wm ethyl a-ethoxymethyleneacetoacetate and it has been tacitly 
assumed that the function of the acetic anhydride was to remove ethyl 
alcohol, thus permitsting the reaction to proceed. This type of reaction 
works equally well with acetylacetone2 or with diethyl malonate12 although 
in the latter case Claisen used zinc bromide as a catalyst. 

More recently Sah extended this type of condensation to prepare the 
corresponding products using, instead of the orthoformate the orthoace- 
tate and the orth~benzoate.~ These reactions were also carried out in the 
presence of acetic anhydride. 

Similar products were formed as a result of the action of ethyl ortho- 
formate on diethyl acetonedicarboxylate,6 on ethyl cyanoacetate6- ', and 
on ethyl benzoylacetate. 

However, the action of acetic anhydride might not be as simple in these 
reactions as had been supposed. It might, for example, react first with 
the orthoester since previous work has shown that orthoesters undergo 
spontaneous, reversible decomposition to a slight extent even at room 
temperatures.l0 Many reactions of acid anhydrides can be readily ex- 

* Abstracted from the thesis presented by the second author to the faculty of the 
University of Buffalo in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

1 SAWITSCR, Jahresberichte, 1860, 391. 
* CLAISEN, Ber., 26,2729 (1893). 
a CLAISEN, Ann., 279, 19 (1897). 

6 ERRERA, Ber., 31, 1682 (1898). 
e DE BOLLEMONT, Compt. rend., 128, 1338 (1899). 

SAH, J .  A m .  Chem. Soc., 63, 1836 (1931). 

DE BOLLEWONT, Bull. SOC. chim., [3], 26, 18 (1901). 
DE BOLLEMONT, i b id . ,  [3], 26, 1828 (1901). 

9 WEIS AND WOIDICH, Monatsh., 47,427 (1926). 
lo POST AND ERICKSON, J .  Ana. Chem. Soc., 66,3851 (1933). 
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plained on the basis of a similar reversible, spontaneous decomposition, 
and, combining the two concepts, it was easy to predict a possible inter- 
action between orthoester and acid anhydride, thus : 

11. 

111. 

IV. (CH3CO)+ + (0CzHs)- + CH&OOCzHb 

(CH&0)20 $ (CH3COO)- + (CH3CO)f 

(CH3COO)- + (HC(OCZH&)+ + CH&OOCH(OCzHa)z 

This reaction would have to be carried out at  room temperatures or at 
least with very moderate heating, as Sawitsch reported nothing but esters 
and acids as the final products when ethyl orthoformate and acetic anhy- 
dride were heated.' If the above assumptions could be proven correct it 
might even be possible to show that these dialkoxyalkyl esters were inter- 
mediates in Snwitsch's reaction. 

It was a t  first thought advisable to determine whether or not ethyl 
orthoformate would react with ketene, inasmuch as this compound, in a 
sense is an anhydride of acetic acid. But all attempts in this direction 
failed. True, diphenylketene reacts with ethyl orthoformate" but ap- 
parently ketene itself is unreactive. 

However, ethyl orthoformate was found to react with acetic anhydride 
at  room temperature, according to the equation: 

V. (cH&0)20 + HC(OC2Hs)s $ CH3COOCzH5 + CH3COOCH(OCsHs), 

The main product of this reaction, diethoxymethyl acetate, is a clear, 
colorless liquid, formed in 41 per cent. yield on mixing the two reactants. 
The reaction is slow in the attainment of equilibrium. 

As the second step in the development of the concept, diethoxymethyl 
acetate was allowed to react with ethyl acetoacetate, also at  room tem- 
perature, as a result of which ethyl a-ethoxymethyleneacetoacetate wm 
formed, probably according to the following series of equations: 

VI CH&OOCH(OC2Hs)z + CHaCOCH&OOCzH5 e 
CHsCOOH + CH~COCH(CH(OCIH~)~)COOCB~ 

VI1 CHsCOCH(CH(OCzHb)z)COOCzHs + 
CZHbOH + CHzCOC( = CHOC~H~)COOCIH~ 

VI11 CHSCOOH + CzH60H HOH + CH~COOC~HG, 

and was isolated in 40 per cent. yield, together with ethyl acetate. The 

11 BERT, Bull. soc. chim., [4], 37,1408 (1925). 
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water formed may have reacted to decompose some of the complex acetate 
according to the equation: 

IX CH&OOCH(OC2H& + HOH * c H & o o c a 6  + HCOOGHs + 
C2H60H 

Ethyl orthoformate also reacts with propionic anhydride in like manner, 
giving a 32 per cent. yield of diethoxymethyl propionate. Indecisive re- 
sults were obtained with butyric anhydride. If the expected butyrate 
was obtained at  all it had a boiling point so close to that of butyric anhy- 
dride that separation of the two was practically impossible. Further- 
more, an approximately 34 per cent. yield of ethyl butyrate was obtained 
together with 20 per cent. of ethyl formate. Hence it seemed that in all 
probability diethoxymethyl butyrate was formed, and decomposed thus: 

X CaH~COOCH(OQHs)2 --+ Ca.rCOOCgH5 + HCOOCzHs 

Finally the reaction between ethyl orthoacetate and acetic anhydride 
was studied under the same conditions. Here, however, evidence was 
obtained leading to the conclusion that the reaction does not stop at a 
stage analogous to that reached in each of the preceding reactions but 
rather that alcohol is almost immediately lost from the complex acetate 
to produce a-ethoxyvinyl acetate and that this compound reacts to a cer- 
tain extent with the original aa-diethoxyethyl acetate to produce 1,3,3- 
triethoxy-1-butenyl acetate according to the equations: 

XI (CHaC0)20 + CHaC(OC2Hs)a C 
CHsCOOCzHs + CH~COOC(CH,) (0GHs)r 

XI1 CHsCOOC(CHs)(OC2Hs)2 S 
GHsOH + CHaCOOC(OC2Hr)=CHs 

XIII CHaCOOC(CHJ (OGHs)2 + CHaCOOC(OCas)=CH* + 
CHsCOOH + CH~COOC(OC~HS)=CHC(CH~)(OC~H& 

EXPERIMENTAL 

Ketene, CHFCO, was prepared by the well-known method consisting of the 
pyrolysis of acetone. 

Acetone, CHsCOCHa, was purchased and purified. Crystalline potassium per- 
manganate was added with intermittent shaking over a period of twenty-four hours, 
after which the acetone was directly distilled, then dried over calcium chloride. 
The second distillation then yielded a water-white acetone with a boiling point of 
56.6" at 741 mm. 

Ethyl orthoformate, HC(OC1H&, was purchased from the Eastman Kodak Co. 
Constants found: b.p. 60°/30 mm.; n: 1.3900. Literature constants: b.p. 60°/30 
mm.; n! 1.3915.lO 

It was not liquefied. 
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Ethyl orthoacetate, CH$(OCzH6)a, was purchased from the Eastman Kodak Co. 

Acetic anhydride, (CHaCO)zO, was a commercial product, redistilled; b.p. 139". 
Propionic anhydride, (CZH~CO)ZO, was purchased from the Eastman Kodak Co., 

redistilled; b.p. 63"/13 mm.; n: 1.4048. , 
Butyric anhydride, (CaH,CO),O, was purchased from the Eastman Kodak Co., 

redistilled; n: 1.4070. 
Dzethozymethyl acetate, CHaCOOCH ( O C Z H ~ ) ~ ,  was first prepared in one of the 

attempts to induce a reaction between ketene and an orthoformate when the use of 
catalysts was tried, among others, acetic anhydride. But  instead of the expected 
product from the ketene the substituted methyl acetate was obtained. Then on 
subsequent runs the new ester was prepared on a much larger scale. The two com- 
pounds, ethyl orthoformate and acetic anhydride were simply mixed in 0.5 molar 
amount each and allowed to  stand a t  22" for four days in the dark. The reaction 
mixture was then distilled through a Widmer column. The properties of the com- 
pound were then determined; b.p. 79-80"/24 mm., 85-87"/30 mm., 170-172"/743 mm.; 
n: 1.:3959; d i 0  0.9919. 

and redistilled. Constants found: b.p. 66.5"/41 mm.; n: 1.3980. 

Anal .  Calc'd for C?HlcO4: C, 51.8; H, 8.7. 
Found: C, 52.2; H, 8.9. 

N (assuming molecular weight) = 39.28 (found), 39.46 (calc'd). The saponifica- 
tion equivalent was determined as the equivalent weight of the ester in its reaction 
with sodium hydroxide according to the equation, 

x IV CHaCOOCH(0CzHS)z + 2NaOH = CHaCOONa + HCOONa + ~ C Z H K O H  

and was found to  be 82.60 as against the theoretical 81.05. The maximum yield was 
41%, obtained, however, on a subsequent run by doubling the amount of acetic 
anhydride with respect to  orthoformate, and making use of gentle heating, which 
distilled off the ethyl acetate as fast as it was formed. The chemical properties of 
the cclmpound were determined and can best be represented by the use of equations. 
The rieaction with water has already been mentioned (Equation X) and others follow. 

XV CHsCOOCH(OC2Hs)~ + NaOH(5%, cold) 
= CHsCOONa + HCOOCzH6 + C Z H ~ O H  (exothermic) 

XVI CH~COOCH(OCZHK)Z + NaHCOa(5% cold) 
= CHsCOONa + HCOOCzHs + CZHSOH + COS 

The ester is readily soluble in dilute acids, reacts with cold neutral potassium per- 
manganate, but does not react with bromine in carbon tetrachloride. It is easily and 
quickly hydrolyzed by cold dilute acids, which is to  be expected as  i t  is really an 
orthoester. With aniline i t  reacts as does the orthoformate: 

$ 

XVII CHaCOOCH(0CzHs)z + 3CsHsNH2 
= HC(NHCsH6)s + CHaCOOH + 2CzHsOH 

This derivative melted at 137"-138" (corr.), and its identity was shown by determina- 
tion of the melting point of a mixture with the product from the reaction of ethyl 
orthoformate with aniline.I2 

XVIII[ HC(OC2Hs)a + 3CsHsNHz = 3CzHsOH + HC(NHCsHs)s 

The mixture also melted a t  137"-138" (corr.). 

GRACOLONE, Gazz. chirn. itaZ., 62,577 (1932). 
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Ethyl a-ethozymethyleneacetoacetate, CHaCOC (=CHOC&.)COOC2H~, waa pre- 
pared by the action of diethoxymethyl acetate on ethyl acetoacetate. The latter was 
purchased from the Eastman Kodak Co., and after drying over sodium sulfate and 
distillation through a Widmer column had a boiling point of 75" a t  15 mm. The 
esters were mixed in the proportion of 0.33 moles of ethyl acetoacetate to  0.25 molea 
of diethoxymethyl acetate, and slowly heated under reflux to  gentle boiling. The 
solution rapidly turned yellow, then brown, to dark coffee-brown at which point the 
reaction mixture was distilled. The product, ethyl a-ethoxymethyleneacetoacetate 
corresponded to  Claisen's product.13." It was a colorless oil, rather thick and heavy. 
Constants found: b.p. 146"/11 mm.; n: 1.4730; dy 1.0669. Literature constants: 
b.p. 149-151"/15 mm.; dl6 1.0737.13s14 

Anal .  

The product reacted with 2,4-dinitrophenylhydrazine in alcoholic solution with a 
trace of hydrochloric acid to  give a crystalline derivative, probably a pyrazolone. 
Ethyl a-ethoxymethyleneacetoacetate turns brown on standing, perhaps with 
polymerization. 

Diethozymethyl propionate, C2H6COOCH(OCzHt.)2, was prepared in the same man- 
ner as  was the preceding acetate, Le., by the mixing of ethyl orthoformate (0.6 mole) 
with propionic anhydride (0.5 mole). The product was a colorless, oily liquid with a 
rather sharp odor in addition to  the typical odor of an ester. Properties were deter- 
mined: b.p. 70-72'/10 mm., 177-179"/751 mm.; e 0.9857; ng 1.4052. Saponification 
equivalent 87.15 (found), 88.56 (calc'd). N (assuming molecular weight) = 43.80 
(found), 44.08 (calc'd). 

Calc'd for CpHlaO,: C, 58.0; H, 7.6. 
Found: C, 57.8; H, 7.6. 

Anal .  

The compound hydrolyzes readily in water but not as rapidly as does the cor- 
responding acetate. Trianilidomethane resulted from the action of aniline, it8 
identity demonstrated by the method of mixture melting points. 

Diethozymelhyl butyrate, C3HtCOOCH(OC2H&, was assumed to  be present in the 
reaction mixture when 0.5 mole of butyric anhydride and 0.5 mole of ethyl ortho- 
formate were mixed and allowed to react exactly as  above. The ester was not 
isolated but certain other compounds were isolated which could be assumed t o  be 
decomposition products of the expected compound. In this reaction there were 
isolated 0.1 mole of ethyl formate and 0.17 mole of ethyl butyrate. 
a ,a-Diethozyethyl acetate, CH3COOC(CH3) (OCZHK)~, was prepared but not iso- 

lated, by the same method, namely, the interaction of 0.5 mole each of acetic an- 
hydride and ethyl orthoacetate. On distillation large quantities of ethyl acetate 
were obtained. Another fraction, probably the desired product, boiled from 65" to 
80" at 16 mm. It condensed as a colorless liquid but on standing turned a distinct 
violet in 15 minutes, the color deepening later to  reddish-brown. 

a-Ethoxyvinyl acetate, CH3COOC(OCzHK)=CHp, was isolated from the fraction 
mentioned above which boiled from 65" to  80" at 16 mm. On redistillation, this 
fraction gave ethyl acetate, a trace of acetic acid and a fraction (7 CC. of a total 
31 cc.) which boiled a t  130-133" and which reacted very rapidly with bromine in 
carbon tetrachloride. The saponification number of this material was found to  be 
64.46 as compared with the value calculated for a-ethoxyvinyl acetate of 65.04. 

Calc'd for CsHleO,: C, 54.5; H, 9.2. 
Found: C, 54.2; H, 9.2. 

_ _  
1 3  CLAISEN, Ann., 296,303 (1897). 
l4 CLAISEN, Ber., 28, 39 (1893). 
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I ,J,J-Triethoxy-f -bulenyZ acetate, CHICOOC(OCtHs)=CHC(OC2H&CHs, was 
isolated from the distillation process described in the preceding paragraph, boiling 
at 87-88' a t  13 mm. Other properties determined were n: 1.4462; 0.9817. 

Anal. Calc'd for Cl~HlzOr: C, 58.5; H, 9.0. 
Found: C, 58.2, 58.4; H, 9.2, 9.0. 

I t  crystallized a t  20-21" t o  large rectangular plates. I t  was insoluble in water but 
soluble in the usual organic solvents, decolorized bromine in carbon tetrachloride 
very rapidly. The values for C and H check only for the formula C11H220~ hence i t  
is assumed the compound is 1,3,3-triethoxy-l-butenyl acetate. 

CONCLUSIONS 

The experimental work herein presented indicates that in the reaction 
between an alkyl orthoformate and an aliphatic acid anhydride there is 
first formed a dialkoxyalkyl ester (Equation V), and that the formation 
of this compound is the first of a series of two consecutive reactions leading 
to the final group of simple esters. This statement has been verified for 
the reaction of ethyl orthoformate with acetic anhydride and with pro- 
pionic anhydride and is probably true with butyric anhydride. 

In the reaction between ethyl orthoformate and ethyl acetoacetate in 
the presence of acetic anhydride, the function of the anhydride is not, as 
may be supposed, to remove ethyl alcohol. The present results show that 
the anhydride reacts with the orthoester to produce the dialkoxyalkyl 
ester and that this compound then reacts with ethyl acetoacetate to pro- 
duce the alkoxymethylene derivative. Diethoxymethyl acetate was 
found to react with ethyl acetoacetate, yielding ethyl a-ethoxymethyl- 
eneacetoacetate (Equations VI, VII, VIII). 

The reaction between ethyl orthoacetate and acetic anhydride could not 
be made to yield the expected ester, corresponding in structure to those 
previously isolated. Instead, another compound, a-ethoxyvinyl acetate 
was found and it is assumed that a,a-diethoxyethyl acetate lost ethyl 
alcohol to form this compound (Equations XI, XII). A higher-boiling 
fraction was obtained which was probably formed by the interaction of 
apdiethoxyethyl acetate and a-ethoxyvinyl acetate with loss of acetic 
acid, namely, 1,3,3-triethoxy-l-butenyl acetate (Equation XIII). 

SUMMARY 

1. A new type of compound is presented as the product of the action of 
ethyl orthoformate on both acetic and propionic anhydrides. Evidence 
is also presented for the existence of a similar compound resulting from the 
action of ethyl orthoformate on butyric anhydride. 

2. Diethoxymethyl acetate reacts with ethyl acetoacetate to give ethyl 
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u-ethoxymethleneacetoacetate, the same product as is formed by the in- 
teraction of ethyl orthoformate and ethyl acetoacetate in the presence of 
acetic anhydride. It is proposed that d ie thowethyl  acetate is the in- 
termediate in this reaction. 
3. The reaction of ethyl orthoacetate with acetic anhydride gives an 

unstable product which later loses alcohol to form a-ethoxyvinyl acetate, 
this product later reacting with the original compound, &,a-diethoxy- 
ethyl acetate to give 1,3,3-triethoxy-l-butenyl acetate. 
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Although Oefele discovered the sulfonium compounds in 1864' when he 
obtained triethylsulfonium iodide by treating diethyl sulfide with ethyl 
iodide, the course of the reaction that occurs when more complex com- 
pounds react is still imperfectly understood. 

When we attempted to prepare phenyl-2-fluorylmethyldimethyl- 
sulfonium bromide, 111, by heating phenyl-2-fluorylbromomethane, 11, 
with excesa dimethyl sulfide, the desired compound was not obtained. 
Instead we isolated trimethylsulfonium bromide and phenyl-2-fluoryl- 
methyl methyl sulfide, IV.2J 

I I1 

H CH2 

BrSCHa 
CH3 

H 

I11 IV 

OBFELE, Ann., 132,82 (1864). 
2 Phenyl 2-fluoryl ketone was first prepared by FORTNER, Monatsh., 23,921 (1902); 

8 Phenyl-2-fluorylcarbinol, I, waa first prepared by G. HARROLD, Ph. D. Thesis, 
26, 443 (1904). 

University of Cincinnati, 1954. 
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V 

Even when equimolar quantities of the bromide and methyl sulfide were 
used, one-half mole of trimethylsulfonium bromide was formed, and one- 
half mole of the original bromide was recovered. This suggested the 
possibility of treating the sulfide, IV, with methyl iodide to obtain the 
desired sulfonium compound. From this reaction we obtained trimethyl- 
sulfonium iodide, a hydrocarbon, and much free iodine. The hydro- 
carbon was identified as the dimer, V, by comparing it with the product 
of the same melting point obtained by a Wiirtz reaction on the bro- 
mide, 11. 

In order to determine more exactly the course of the reaction phenyl-2- 
fluorylmethyl methyl sulfide, IV, was treated with excess ethyl iodide. 
This time methyldiethylsulfonium iodide was isolated, and much free 
iodine was obtained. 

If we attempt to write the equations we are struck with the apparent 
anomaly of these reactions : 

using excess methyl sulfide, 
(A) ClsHB-HCBr-C~Hs + 2(CH&S 4 (CHJaSBr + CIJH~-HC-C$H~; 

S 

I1 
CH, 

I11 

using equimolar quantities, 
(B) 2C1&19-HCBr-CsHs + 2(CH&S + (CHs)sSBr + 

CnHs--HC-C6Hs + ClsHp-HCBr-GHs 
S (unchanged) 
CHs 

(C) 2Cl8H9-HCSCHrCaHs + 4CHJ + 2(CHs)sSI + 
IV 
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(D) '2 CiaHe-HCSCHrCaHs + 4 CtHJ + 2 CHa(CsHJZS1 + 
(CisHoHC-CaHtJa + Iz 

In reactions (A) and (B) the phenylfluorylmethyl radical has appar- 
ently displaced a methyl group from one molecule of methyl sulfide; 
the methyl bromide which is also formed, then combines with unchanged 
methyl sulfide to give the trimethylsulfonium bromide. Reaction (B) 
shows that when this haa occurred the phenyl-2fluorylbromomethane 
does not react further with the sulfide, IV. 

Reaction (C) is the reverse of that cited above. Here the methyl group 
of methyl iodide has replaced the phenyl-2-fluorylmethyl radical of 
phenyl-2-fluorylmethyl methyl sulfide, IV, to produce first, dimethyl 
sulfide and phenyl-2-fluoryliodomethane. The dimethyl sulfide at once 
combines with unchanged methyl iodide to give trimethylsulfonium 

I 

TABLE I 

UBED - 
Dimethyl sulfide. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Phenyl-2-fluorylbromomethane . . . . . . . . . . . . .  

PRODUCTS 
~~ ~~ ~~~ 

Phenyl-2-fluorylmethyl methyl sulfide, mer- 
curic chloride. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trimethylsulfonium bromide. . . . . . . . . . . . . . .  
Phenyl-2-fluorylmethoxymethane . . . . . . . . . . .  

CRAMS 

0.846 
4.560 

4.01 
1.10 
2.13 

MILLIMOLCB 

13.6 
13.6 

6.8 
7.0 
7.4 

M O U E  -TI0 

2.00 
2.00 

1.00 
1.03 
1.09 

iodide, and t.he fluorylphenyliodomethane liberates iodine to give the 
dimer, V. 

That this picture is correct is shown by the reaction (D) where the 
resulting sulfonium compound contains two ethyl groups and one methyl 
group. 

It is obvious that these reactions are reversible and it is now necessary 
to express the mechanism in such a manner that all reactions and products 
(ours, as well as those of other investigators) are accounted for. 

This can be done if we assume that the sulfonium compound theo- 
retically expected is produced as an intermediate, and that this inter- 
mediate is capable of dissociation (when it is unsymmetrical) in more 
than one way. This gives a series of equilibria which are displaced in 
the direction of the most stable sulfonium compound, i.e., that contain- 
ing alkyl groups of low molecular weight. 
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(A') C13H9-HCBr-CsH6 + (CHa)& 

IRVING LEVINE 

CH3Br + CI~H~-HCSCH~-C~H~ 

The CHsBr then reacts with the (CH&S to form the stable trimethyl- 
sulfonium bromide. A similar equation could be written for (B), the 
reacting substances being in molecular proportion. 

C13Hg-HC-CaH6 [ C H r b C H s ] *  
(C') 2ClsHs-HCSCHr-CeHs + 2CHJ 2 

IV 

Here again (C') the dimethyl suEde and the methyl iodide combine 
to form the trimethylsulfonium ion, while the formation of the hydro- 
carbon, V, and iodine renders this irreversible, so that no sulfide, IV, is 
obtained. We have prepared the iodide, VI, and find it to decompose 
as shown in the equation. A similar equation could be written for (D) 
with the decomposition of VI accounting for the absence of the other ex- 
pected product, phenyl-2-fluorylmethyl ethyl sulfide. 

On the basis of this generalimtion we are able to account for the varied 
and sometimes conflicting results of previous investigators who studied 
the reactions leading to the formation of various sulfonium compounds. 
While limitations of space prevent a comprehensive survey of the literature 
of sulfonium compounds4, we can, however, point out a few of the appli- 
cations of this mechanism. 

In their pioneer work Oefele', Cahourss, and Schollers all obtained 
results similar to oura which can only be logically explained by our mecha- 
nism. 

Scholler treated benzyl sulfide with methyl iodide. Contrary to his 

4 For such a survey see, IRVINQ LEVINE, Ph.D. Thesis, University of Cincinnati, 

5 CAHOURS, Ann., 1S6, 354 (1865); 1S6, 151 (1865); Compt. Tend., 80, 620, 1174 
1957. 

(1865); 80, 1317 (1875); 81, 1163 (1875). 
&HBLLER, Ber., 7,1274 (1874). 
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expectations he obtained no dibenzylmethylsulfoniurn iodide. Instead 
he isolated benzyldimethylsulfonium iodide and trimethylsulfonium 
iodide. 

If we assume the formation of dibenzylmethylsulfonium iodide aa an 
intermediate we have a clear explanation of this reaction 

(C,H7)2S + CHJ S [(C.rH7)2CHsSI] CIH~SCH~ + c7H7I 

The benzylmethyl sulfide can react with methyl iodide to give benzyl- 
dimethylsulfonium iodide. This in turn partly dissociates to benzyl 
iodide and dimethyl sulfide, which is the source of the trimethylsulfonium 
iodide. 

C7H7SCHa + CHaI C7H7(C&)aSI e (CHs)2S + C&I 
This then gives a satisfactory picture of the complete reaction as written 
by Scholler. 

2 (GH7)nS + 5 C H J  + (cHs)ssI + (CHa)~C&SI + 3 C & f  

Cahours found that when dimethyl sulfide and dibromoethane were 
heated together he obtained trimethylsulfonium bromide and ethylene 
sulfide. 

3 (CHa)*S + BrCHtCHnBr -+ 2 (C&),SBr + CH-CHZ 
\ /  

S 

This puzzling reaction is readily explained by assuming that the sddi- 
tion product, VII, is first formed. This may dissociate either into ita 

CHs Bi 

S 
\+ 

/ \  
CH3 CH&H,Br 

VI1 
original constituents or into methyl bromide and CH&CH&HsBr. As 
before, the methyl bromide reacts with unchanged dimethyl sulfide to 
give the trimethylsulfonium bromide. The remainder of €he reaction 
is as follows: 

+ 
CH8SCHrCHSBr CH-S-CHgCH* e CH, + CH&& [ BY ] 8, ‘S’ 

An interesting extension of our mechanism aptly elucidates another 
reaction reported by Cahours6. He found that ethyl mercaptan reacted 
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with hydriodic acid to give triethylsulfonium iodide and hydrogen sulfide. 
Cahours’ equation is as follows: 

3 QHdH + HI -+ (CZHs)&I + 2 HzS 

Here again a logical explanation appears if we assume the formation of 
hypothetical addition products of the nature of sulfonium compounds. 

2CpHsSH + 2HI  $ 2CzH5SI $ 2CzH51 + 2H2S [ :I 
CtHsSH + CzHJ 

(Cd&)rS + CJLI (C&)sSI 

[(CzHs)zSHI] * (CzHJzS + HI 

The diethyl sulfide thus reacts with ethyl iodide to give the final stable 
product, triethylsulfonium iodide. The summation of our equations is 
the same as the results Cahours obtained by quantitative measurements. 

We have observed that when phenyl-2fluoryl-bromomethane, I1 , is 
allowed to react with the higher mercaptans, an intense red color is pro- 
duced. On warming, hydrogen bromide is driven off and the red color 
simultaneously fades. This color is due, we believe, to the formation of 
an unstable compound of the type &SHBr*. 

The subsequent development work by a host of chemists adds further 
evidence to support our theory’. 

The difficulties that arose in the stereochemical investigation of the 
sulfonium compounds* led to the belief that quadrivalent sulfur had ~b 

planar configuration and that the three covalences were not equivalent. 
It was not until late in 1900 that Pope and Peachye succeeded in iso- 

lating the first optically active sulfonium compound and dehitely ea- 
tablished the tetrahedral character of sulfur. The difficulties attending 
this work are well explained by our mechanism, which would allow racemi- 
zation to take place. 

* BRAND AND LEYERZAPF, Ber., ?OB, 284,296 (1037), and WOOD AND BOST, J .  Ana. 
Chem. SOC., 69, 1012 (1937), mention the appearance of similar phenomena. 

7 DEHN, J .  prak.!. Chem., [2], 14, 108 (1876); Ann., Iv, suppl., 83 (1865-66); CRUM 
BROWN AND BLAIKIE, J .  prakt. Chem., 121, 23,395 (1881); FERRER, Ann. soc. espan. 
fi. quim., 16, 724 (1918); KLINGER, Ber., 10, 1880 (1877); RENSHAW, BACON, AND 
ROBYLER, J .  Am.  Chem. SOC.,  48, 517 (1926); BENNETT AND HOCK, J .  Chem. sot., 
127,2671 (1925); 130, 2496 (1927); WEGSCHEIDER AND SCHREINER, li4onukh., 40,325 
(1919); SMILES, J .  Chem. SOC.,  77, 163 (1900); COURTOT AND FREUKIEL, Compt. rend., 
199,557 (1934). 

8 KRUGER, J .  prakt. Chem., [2], 14,207 (1876); NASINI AND SCALA, Gnzz. chim. ital., 
18,67 (1888); KLINGER AND MAASSEN, Ann.,  243, 193 (1888); 262,241 (1889); STROM- 
H ~ L M ,  Ber., 33,823 (1900). 

9 POPE AND PEACHY, J .  Chem. SOC., 77, 1072 (1900). 
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While the hypothesis we have proposed is, of course, implicit in the 
work of the previous investigators, this is the first time a comprehensive 
reaction mechanism has been proposed that explains the many results 
reported in the literature. 

In general, sulfonium compounds of the type RR'R"SX may be pre- 
pared in three ways. 

% 
RX + R'R''S 
R'X + RR"S s RR'R''SX 
R"X + RR'S @ 

It follows that the sulfonium compound may decompose in three ways 
and each of the new alkyl halides may theoretically react with the sulfides 
produced, to give six new sulfonium compounds, which are in turn cap- 
able of dissociation, etc. But as the stability of these varies with the 
molecular complexity, the equilibrium is displaced in the direction of the 
simplest alkylsulfonium compound. 

EXPERIMENTAL 

Phenvl-8-jluoryl kelone.-This compound was first prepared by Fortner's method:, 
but the application of Perrier'sfo modification produces a purer product. From 
alcohol one obtains white microscopic crystals melting a t  122"; yield 61%. 

Phe?~~l-%-jluorylcarbinol, Z.-This was prepared from the ketone by reduction 
with zinc dust in the presence of either alcoholic ammonia or alcoholic potassium 
hydroxide. It crystallizes from alcohol, in  which i t  is somewhat more soluble than 
the ketone, as a fine white powder melting at 116"; yield 82%'. 

Phe~~yl-l-fluorylchloromethane.-Three grams of phenyl-2-fluorylcarbinol was 
dissolved in 30 cc. of glacial acetic acid. Ten cc. of concentrated hydrochloric acid 
waa added and the mixture was shaken and warmed. On cooling fine crystals aepa- 
rated, which were dried over sodium hydroxide. The melting point was 122"' which 
is the same as that of the ketone, but a mixture melting point gave 98-112'. 

Anal'. Calc'd for C*oH&l: C1, 12.22. Found: C1, 12.19. 
Phe7~yl-2-jluorylbromomethane, ZZ.-This was prepared by passing hydrogen 

bromide into a glacial acetic acid suspension of the carbinol. The proportions were 
155 g. of carbinol to a liter of acetic acid. The carbinol first dissolves, and then the 
bromide precipitates. It is freed from hydrogen bromide and carbinol by boiling 
with dry ether in which the bromide is only very slightly soluble. It may be 
recrystrillized from isopropyl ether or high-boiling petroleum (110-120"). It melts 
at 118.61", and the yield is 50%. It reacts with water, alcohols and mercaptans to  
form the corresponding carbinol, ethers and sulfides. 

Anal. Calc'd for CloH1,Br: Br, 23.85. Found: Br, 23.67. 
Phenyl-2-jluory1iodomethane.-When an attempt was made to  prepare this com- 

pound by treating the bromide with potassium iodide, much free iodine was obtained, 
together with a hydrocarbon melting at 284-5". This was identical with the higher- 
melting compound obtained in the Wiirtz synthesis of eym-diphenyl-di-2-fluoryl- 

PERRIER, Bull. 8oc. chim., 131, 31, 859 (1904). 
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ethane and is probably the racemic form. The significance of this decomposition 
has been discussed earlier. 

The iodide waa eventually obtained by dissolving the bromide in methyl iodide 
and allowing the solution to stand several days, protected by a drying tube. The 
precipitate melted a t  126-7". It is much more reactive than the bromide, readily 
losing iodine to give the dimer, V. 

Anal. Calc'd for C ~ O H U I :  I, 33.2. Found: I, 32.5. 
PhenyE-8-fluorylmethozymethane.-Methyl alcohol was saturated a t  its boiling 

point with the bromide, 11, and the heating was continued for half an hour. On 
cooling shining white plates were deposited, melting a t  92". It is slightly soluble in 
cold methyl and ethyl alcohols, soluble in acetone, chloroform, ether, and glacial 
acetic acid. 

Anal. Calc'd for CZIHHO: C, 88.06; H, 6.34. 
Found: C, 88.33; H, 6.33. 

On oxidation with potassium dichromate in glacial acetic acid we obtained 
benzoyl-2-duorenone-9, melting a t  177O.Z 

Phenyl-~-flwrylethozymethane.-This compound waa prepared as described above 
for the methoxy derivative, t o  which it was quite similar, but somewhat less soluble 
in organic solvents. It melted a t  80". 

Anal. Calc'd for CZZHZOO: C, 87.94; H, 6.72. 
Found: C, 88.06; H, 6.52. 

Phenyl-8-fluotyl-n-propoxymethane.-This compound Crystallized from alcohol in 

Anal. Calc'd for C~SHZZO: C, 87.84; H, 7.06. 
Found: C, 88.26; H, 7.16. 

PhenyE-$-flwryl-n-butozymet hane.-This compound was somewhat more difficult 
to  purify than the lower homologues. It was recrystallized from a mixture of ether 
and alcohol; melting point, 68". 

white needles melting a t  53". 

Anal. Calc'd for C2J!fZ4O: C, 87.74; H, 7.37. 
Found: C, 88.20; H, 7.47. 

Phenyl-8-fluorylmethyl ethyl sulfide.-Ethyl mercaptan was saturated with phenyl- 
2-fluorylbromomethane, and the solution was refluxed for 2-3 hours. The excess 
mercaptan was evaporated, and the residue was crystallized from ethyl alcohol. 
Fine white crystals melting a t  68-70" were obtained. The material was slightly solu- 
ble in methyl and ethyl alcohols, and soluble in ether, chloroform and benzene. 

Anal. Calc'd for CZrH,$: S, 10.20. Found: 5, 10.13. 
Phenyl-8-jluotylmethyl-n-propyl sulfide was prepared from the bromide, 11, and 

n-propyl mercaptan in a similar manner. A bright red color appeared, but faded 
out as the reaction proceeded. The product was crystallized from a mixture of 
alcohol and ether. White needles melting a t  51" were obtained. The solubility 
was similar to  that of the ethyl homologue. 

Anal. Calc'd for CzdH~nS: S, 9.69. Found: S, 9.73. 
Phenyl-8-jluorylmethyE-n-butyl sulfide was prepared in a similar manner from the 

bromide, 11, and n-butyl mercaptan. It also shows the characteristic red color 
while reacting. The solubility of these compounds is similar but decreases slightly 
with increasing molecular weight. The butyl derivative melts a t  81". 

Anal. Calc'd for ClrHz4S: S, 9.29. Found: S, 9.26. 
The sym-diphenyldi-9-fEuory1ethanes.-Five grams of the bromide, 11, and 10 g. 

of sodium wire were refluxed with 200 cc. of dry ether for 24 hours. Excess sodium 
was removed and the solid compound that had separated as found to melt, after 
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purification, a t  168". A mixture melting point proved to be identical with the com- 
pound obtained from the decomposition of phenyl-2-fluoryliodomethane. The 
mother liquor was worked up and yielded the diastereoisomer melting a t  274-280". 
A mixture melting point with the substance obtained from the reaction of the bro- 
mide, 11, with potassium iodide showed them also to be identical. 

Anal. Calc'd for C ~ O H ~ O :  M. W., 510. Found: M. W., 508. 
Phenyl-8-jluorylmethyl phenyl sulfide.-Thiophenol was warmed with the bromide, 

11, until a vigorous reaction occurred. The sulfide crystallized in shining plates 
melting a t  149". 

Anal. Calc'd for ClsH&: S, 8.79. Found: S, 8.83. 
Phenyl-8-jluorylmethyl methyl sulfide.-Three grams of the bromide, 11, was 

heated with 10 cc. of dimethyl sulfide in a sealed tube for 6.5 hours. The precipitate 
was filt,ered off and the water-soluble portion proved to be trimethylsulfonium bro- 
mide m.elting a t  200". 

Anal. Calc'd for (CH&SBr: Br, 50.89. Found: Br, 51.00. 
The portion insoluble in water was crystallized from alcohol a t  room temperature. 

It melted at 109.5" and proved to It is also soluble in ether, benzene, and acetone. 
be phenyl-2-fluorylmethyl methyl sulfide. 

Anal. Calc'd for C ~ I H ~ & ~ :  S, 10.59. Found: S, 10.48. 
The sulfide described above was allowed to  stand in a sealed tube with excess 

methyl iodide for two days. The water-soluble precipitate was crystallized from 
water. It melted a t  203", the value given in the literature6 for trimethylsulfonium 
iodide. The water-insoluble material melted a t  160" and proved to be identical 
with the lower-melting form of sym-diphenyldi-2-fluorylethane. Free iodine was 
present in considerable quantities. 

Quantitatiue ezperiment.-In this run 0.846 g. of dimethyl sulfide and 4.56 g. of 
phenyl-~2-fluorylbromomethane were heated in a sealed tube a t  100" for 14 hours. The 
content,s were boiled with methyl alcohol to convert any unchanged bromide into 
the methyl ether. The mixture was evaporated to dryness and then extracted with 
water t o  obtain the trimethylsulfonium bromide. The water-insoluble residue 
was then treated with alcoholic mercuric chloride to  form the addition product of 
phenyl-2-fluorylmethyl methyl sulfide. This was evaporated to  dryness and ex- 
tracted with ether. The mercuric chloride addition product melts a t  128". The 
results, given in Table I, show that the requirements of equation (B) are fulfilled. 

SUMMARY 

A mechanism for the reaction between organic halides and sulfides and 
the decomposition of sulfonium salts, which unifies and explains the 
hitherto imperfectly understood course of the reactions between organic 
halides and sulfides, has been proposed. 

This mechanism postulates that in all such reactions, a sulfonium salt 
is first formed; this may decompose in one, two or three ways, depending 
on the complexity of the salt, to give halides and sulfides, which, in turn, 
can combine to form the same or other sulfonium salts. The tendency is 
for that salt having the smallest organic radicals to be the final product of 
the rea,ction. 

THE JODBNAL OF ORQARIC CHE%ISTRY, VOL. 2, RO. 3 
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Inasmuch as the methyl ionones are now products of considerable im- 
portance to the perfume industry, and are marketed under a great variety 
of trade names, their chemical nature becomes a matter of interest. 

In the usual method of preparation, citral (I) is first reacted with methyl 
ethyl ketone. Assuming the terpinolene form for citral, and ignoring the 
question of stereoisomers (geranial and neral), the structure of the resul- 
tant methyl pseudoionone will be governed by whether the aldehydic CO 
condenses with the methylene or the methyl group of the ketone. That 
this condensation must occur with a methyl or methylene group adjoining 
the ketonic CO, follows from the fact that the ionones so formed yield 
ionenes when dehydrated, a reaction which could scarcely occur if our 
interpretation* of its mechanism be correct. 

There exists, therefore, the possibility of the formation of two struc- 
turally different methyl pseudoionones (I1 and 111), from each of which an 
alpha- (IV, V) and a beta- (VI, VII) methyl ionone may arise by cycliza- 
tion. 

The presence of these four isomers in commercial methyl ionone was 
claimed in Haarmann and Reimer's original patent.2 

As Tiemanna has shown, the cyclization of pseudoionone by phosphoric 
acid yields mainly alphaionone, whereas with concentrated sulfuric acid 
the product is chiefly the beta isomer. Similarly, the methyl pseudoionone 
mixture, when cycliaed by phosphoric acid gave as the major products two 
methyl ionones4 (IV and V), which were identical with the compounds ob- 
tained by the condensation of alpha-cyclocitral and methyl ethyl ketone ;6 
and with sulfuric acid, the main products were two other isomers (VI and 

* Presented in abstract before the Division of Organic Chemistry, at the Chapel 
Hill, N. C., Meeting of the American Chemical Society, April 13, 1937. 

t Fritasche Fellow, Columbia University, 1935-1936. 
(a )  BOGERT AND FOURMAN, J .  Am. Chem. Soc., 66,4670 (1933). 
( b )  FOURMAN, Dissertation, Columbia University, 1933. 

(a )  TIEMA", Ber., 31,870 (1898); (b)  ibid. ,  33,3708 (1900). 
HAARMANN AND REIMER, German Patent, 127,424; Chem. Zentr., urn, I, 235. 
HAARMANN AND REIMER, German Patent, 133,768; Chem. Zentr., lW, 11,613. 
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e HAARMA" AND REIMER, German Patent, 75120; Friedfinder, 111,890 (1894). 
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VII), identical with those resulting from the interaction of beta-cyclocitral 
and methyl ethyl ketone. In neither case, however, was it determined 
which. isomer possessed formula IV and which V, or which of the two 
beta forms was VI and which VII. 

In a later patentj6 Haarmann and Reimer described a separation of 
these various isomers based upon their behavior with sodium bisulfite 

FLOW SHEET No. 1 

MeX==CHCH2CHpCMe=CHCH0 (I) 

+ MeCOEt I i- 
-L 

CH&H=CMe (11) 

CH&MvCHCH=CHCOEt  
I 

I \ (a) 

I \ (B )  

I 
CH&H&Met (IV) 

CH=CMeCHCH=CHCOE t 

C!H&H&Mel (VI) 

C!HpCM-CCH=CHCOEt 

1 -HzO 

Me Me 

J 
CHpCH=CMe2 (111) 

CH&Me=CHCH=CMeCOMe 

CHSCHZCM~~ (V) 

C€I=CMeCHCH=CMeCOMe 

I 
I 

I \ 

CH&H&Mep (VII) 

CH&Me=CCH=CMeCOMe 
I \ 

J. - H B  

MeT Me 

Me 
J+k 

Me 

solution. According to this patent, the methyl pseudoionone mixture 
obtained by the condensation of citral with methyl ethyl ketone, when 
refluxed for two days with sodium bisulfite solution, dissolved theethyl 
ketone (11)) but not the isomer (111). The,latter was removed from the 
bisulfite solution by extraction with ether. 

6 HMRMANN AND REIYER, German Patent, 160,827; Chem. Zentr., la, I, 1379. 
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This process was then applied by them to the separation of the methyl 
ionone mixture which resulted from the cyclization of the methyl pseudoio- 
nune mixture with phosphoric acid. Digestion of the product with the 
bisulfite solution, dissolved the alpha methyl ionone (IV), but not the iso- 
mer (V). The latter was collected with ether and purified by distillation 
under reduced pressure or with steam. The bisulfite solution containing 
the isomer (IV) was then distilled with steam, which decomposed the 
hydrosulfite derivative of any beta isomer (VI) present and removed it. 
The undecomposed hydrosulfite of (IV) was then treated with alkali and 
the liberated (IV) driven over with steam. 

Cherbuliez and Hegar,’ however, have reported concerning the utiliza- 
tion of this method for the separation of the isomeric methyl ionones, that 
“le proc4d6 propose (transformation partielle du mElange des cdtones 
‘A’ et ‘B’ en combinaisons bisulfitiques) ne donne aucun renseignment sur 
la constitution des deux isomhres obtenus.” They also attempted to pre- 
pare the two methyl pseudoionones independently by synthesis; but, of 
the three methods attempted, only one gave the desired products, and 
this in such poor yields that, taken together with the uncertainty of the 
physical constants and the failure to obtain characteristic derivatives, 
they discontinued the investigation. 

Quite recently, Koster,* of the Haarmann and Reimer laboratories, has 
reported on the isolation and identification of the four methyl ionones, by 
the fractional crystallization of their semicarbazones, discriminating 
between the derivatives of the two antecedent methyl pseudoionones (I1 
and 111) by the iodoform reaction, those giving a positive test being as- 
signed the R-COCH, structure (V and VII), and those giving a negative 
one the R-COCzH6 structure (IV asd VI). The physical constants re- 
corded were in good agreement with those previously reported6 from these 
same laboratories. 

Our experience in the ionene field’s suggested a different line of ap- 
proach to the goal and one which seemed likely to prove interesting. 
Since we have found that alpha- and beta- ionones give one and the same 
ionene when catalytically dehydrated by distillation in the presence of 
minute amounts of iodine, it was reasonable to assume that the methyl 
ionones would behave similarly. If so, the isomers IV and VI should both 
yield the l,l-dimethyl-6-ethyltetralin (VIII), and V and VI1 the 1,1,6,7- 
tetramethyltetralin (IX). These results would be practically independent 
of the proportions of alpha and beta isomers present, and thus of the cycli- 

7 CHERBULIEZ AND HEGAR, Helv. Chim. Acta, 16,191 (1932). 
8 KOSTER, J .  prakt. Chem., 121,143,249 (1935). 
* (a) BOGERT, DAVIDSON AND APFELBAUY, J .  Am. Chem. SOC., 56, 959 (1934). 

(a) BOGERT AND APFELBAUM, Science, n.s., 79,280 (1934). 
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zing agent used, but would be determined entirely by the structures of the 
antecedent methyl pseudoionones (I1 or 111). 

The results of these experiments have shown that when citral and methyl 
ethyl ketone are condensed, in an alkaline medium, the methyl pseudoio- 
none formed has the structure shown by formula (11). If any of the isomer 
(111) is also produced, it must be present in relatively small quantity, for 
it escaped detection, and this is the chief point in which our work differs 
from that of the Haarmann and Reimer laboratories. Our findings are, 
however, in entire accord with those of Hibbert and Cannon,l0 who made 
an extensive study of such citral condensations, and found that they 
occurred only when the ketone contained a -COCH3 group. 

The first task was the synthesis and characterization of the tetralins 
(VIII and IX). l,l-Dimethyl-6-ethyltetralin (VIII) was built up by the 
steps indicated in Flow Sheet No. 2. 

FLOW SHIOET No. 2 

m-EtCOHdBr + EtCsH&H&H*OH 

EtC6&CH2CH2Br + EtCeH4CH&H&H(OH)CHMp, .-, 

fi HOOCCMez- 

HOOC+)-COOH 

(XI11 

EtCsHs \ /cH=r CMFCH 

(XIII) 

Flow Sheet No. 3 outlines the similar method of preparation and the 
oxidation product of 1,1,6,7-tetramethyltetralin (IX) (see flow sheet no. 3). 

These syntheses accomplished, and the products characterized by dehy- 
drogenation, oxidation, and the determination of their physical constants, 
a number of samples of commercial methyl ionone, as well as one we pre- 
pared from citral ourselves, were examined by conversion into the tetralin. 
In  every case, as already stated, the only product isolated was the 1,l- 
dimethyl-6-ethyltetralin (VIII) . 

Acknowledgments.-Our grateful thanks are due to the generous assist- 

*@ HIBBERT AND CANNON, J .  Am. Chem. SOC., 48,119 (1924). 
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ance of the following friends in the perfume industry, who supplied us 
with various chemicals required for this investigation: Fritzsche Bros., 
Inc., of New York; Givaudan-Delawanna, Inc., of New York; Naugatuck 
Chemical, of Naugatuck, Conn. ; and the Florasynth Laboratories of New 
York. 

FLOW SHEET No. 3 

(1,2)MezCtHaBr(4) + MerrCsHaCHzCH20H 3 

MaCsH&H&H2Br 3 Me&aHsCH&HzCH(OH)CHMe2 4 

CHg-CHe CH=CH 

/ I  1 (XI) 
I 

CMe=CH 
\ 

Me2CsH2 

CMe2CH2 
\ 

(E) 
1 +ox. 

HOOCCMe2- I rCOOH 
HOOC- c - C O O H  (XIV) 

EXPERIMENTAL 

A .  Synthesis of 1 ,l-Dirnethyl-6-ethyltetralin 

m-Bromoethylbenzene.-m-Aminoacetophenone was converted into the bromo- 
acetophenone by the diazo reaction, and the latter reduced by Martin's modificationll 
of the Clemmensen method; yield, 7580%; b.p. 100-102°/30 mm. Physical constants 
of a redistilled sample: b.p. 92'/24 mm.; n: 1.5407, 1.3287; MD calc'd 43.31, MD 
obs. 43.85. 

Anal. Calc'd for CsHoBr: C, 51.87; H, 4.90. 
Found: C, 52.25; H, 5.06. 

Oxidized with sodium dichromate and sulfuric acid, i t  gave m-bromobenzoic acid 
in long thin white needles, m.p. 154-155" (corr.), which melting point was unaltered 
when the product was mixed with an authentic sample of m-bromobenzoic acid of a 
different origin. 
A less satisfactory process for the preparation of the m-bromoethylbenzene was the 

following (with Olga, N. Jitkow). 
Ethylbeneene was nitrated and the resultant mixture of 0- and p-nitro isomers was 

reduced to the amines; the amine mixture was acetylated, the mixture of acetyl 
derivatives brominated, the acetyl group removed, and finally the amino group. 
When carried through this series of reactions, both 0- and p-nitro ethylbenzene give 
the m-bromoethylbeneene; yield, based on the amount of initial ethylbenzene, 

11 MARTIN, J .  Am. Chem. SOC., 68,1438 (1936). 
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10-15%. The product obtained by this process boiled at 95-97"/26 mm., and 203-205" 
at atmospheric, pressure. 

beta-(m-Ethy2phenyZ)ethanoZ.-By the usual Grignard reaction, employing an 
iodine-activated magnesium, this alcohol was obtained from m-bromoethylbenzene 
and ethylene oxide; b.p. 115-118"/7 mm.; yield, 60%. Physical constants of a re- 
distilled1 sample: b.p. 110-111"/4 mm.; n: 1.5220, 0.9938; M D  calc'd 46.30, MD 
obs. 46.104. 

Anal 

Pheny1urethane.-Long thin white needles, m.p. 57.5-58" (corr.). 
Anal 

9,5-Dinitrobenzoate.-Small pale yellow plates, m.p. 79-79.5" (corr.). 
Anal. Calc'd for ClrHlsOsNz: N, 8.14. 

Found: N, 7.75. 
beta-(m-EthyZpheny2)ethyZ 6romide was prepared from the above alcohol, either 

by the action of hydrobromic and sulfuric acids, or of phosphorus tribromide; yields, 
80% by the former, and 81% by the latter method; b.p. 99-104"/4mm. Physical 
constants of a redistilled sample: b.p. 105-106"/6 mm.; n t  1.5413; 1.2766; M D  
calc'd 52.54, MD obs. 52.45. 

Calc'd for ClaHlrO: C, 79.94; H, 9.40. 
Found: C, 79.88; H, 9.42. 

Calc'd for C1,H19NO2: N, 5.20. 
Found: N, 5.31. 

Anal. Calc'd for C10HlIBr: C, 56.33; H, 6.16. 
Found: C, 55.87; H, 5.98. 

d-Methyl-6-(m-ethyZphenyZ)pentanoZ-d was obtained from the foregoing bromide 
and isobutyraldehyde, by the Grignard reaction; b.p. 125-129"/2 mm.; yield, 61%. 
Physical constants of a redistilled sample: b.p. 132-133"/4 mm.; n: 1.5047; 0.9393 ; 
M D  calc'd 64.77, MD obs. 64.70. 

Anal. Calc'd for C14HzzO: C, 81.55; H, 10.76. 
Found: C, 81.46; H, 10.77. 

Neither a crystalline phenylurethane nor a 3,5-dinitrobenzoate could be secured 
from this alcohol. 

I ,  1 ,-iDimethyl-6-ethyZtetraZin (VIII).-This methyl ionene resulted when the above 
alcohol was heated with phosphorus pentoxide; yield, 84%. Distilled over sodium, 
its consliants were as follows: b.p. 104-105"/4 mm., nf 1.5220; < 0.9304; M D  calc'd 
61.05, M D  obs. 61.62; E y  0.57. 

Anal. Calc'd for C14Hao: C, 89.29; H, 10.71. 
Found: C, 89.48; H, 10.79. 

Dinitro derivative.' -Pale yellow thin needles, m.p. 111-112" (corr.). 
Anal. Calc'd for C14HlsN~O~: C, 60.40; H, 6.52. 

Found: C, 60.32; H, 6.73. 
Sulfonamide.-This was prepared by the process of Bogert, Davidson and Apfel- 

baumg; or the hydrocarbon was converted into its sulfonyl chloride by the action of 
chlorosulfonic acid, and this chloride then changed to the amide by digestion for 
24 hours with concentrated ammonium hydroxide solution. Recrystallized twice 
from alcohol-water mixtures, it  formed small white lustrous plates, m.p. 129-130" 
(corr.); yield, 55%, by either method. 
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Anal. Calc'd for Cl~H21NOZS: C, 62.88; H, 7.92. 
Found: C, 63.09; H, 8.12. 

alpha-@, 4 - D i c a r b o z y p h e n y l ) i s ~ b ~ ~ y r ~ c  acid (XI I) .-When the dimethylethyl- 
tetralin (VIII) was oxidized with alkaline potassium permanganate, the tricarboxylic 
acid (XII) was obtained in fine white needles (from water). These softened at about 
160°, with loss of mater and formation of the anhydride (XIII), which then melted at 
214-215" (corr.). Dried in a vacuum desiccator over phosphorus pentoxide, to free 
i t  from two molecules of water of crystallization, the acid was analyzed. 

Anal. Calc'd for C12H1208: C, 57.12; H, 4.80. 
Found: C, 57.06; H, 4.96. 

Acid equivalent: calc'd, 84; found, 84.3 and 84.4. 
The anhydride (XIII) ,  prepared from the acid by 10 hours' heating a t  110", gave 

Anal. Calc'd for ClzHloOs: C, 61.54; H, 4.31. 
Found: C, 61.58; H, 4.17. 

The tetralin, when oxidized by dilute nitric acid under pressure,lz gave the same 
acid (XII), in better yield (0.5 g. of purified acid from 1 g. of the hydrocarbon), and 
free from oily contaminants. Sodium dichromate and sulfuric acid proved still 
more convenient as an oxidizing agent, although the yield was slightly less (0.8 g. 
from2 g. of the tetralin), for the reaction was complete after 3 hours' refluxing. 

This acid (XII) has been obtained by the permanganate oxidation of ionene, by 
Tiemann and Kriiger,Ia and by Tiemann," mho called i t  "ioniregentricarboxylic 
acid," and stated that i t  lost water at 150", and recorded the melting point of its 
anhydride as 214'; and by Bogert and Fourmanll who reported 217" as the melting 
point of the anhydride. 

1-Methyl-6-ethylnaphthalene (X).-When the tetralin (VIII) was heated with 
powdered selenium for 40-45 hours a t  300-320", this naphthalene derivative was the 
product; b.p. 146'/14 mm.; yield, 90%. Picrate, m.p. 80-81" (corr.); styphnate 
m.p. 88.5-89.5' (corr.). Harvey, Heilbron and Wilkinsonls have reported the boiling 
point of this compound as 140" a t  12 mm., and the melting point of its picrate as 82". 

the following results: 

B .  Synthesis of 1 , l  , 6,7'-Tetramethyltetralin 
beta-@, ,$-XyZyl)ethanoZ, from 4-bromo-o-xylene, iodine-activated magnesium and 

Physical 
0.9935; M ,  

ethylene oxide; b.p. of crude product, 115-118"/7 mm.; yield, 58-63%. 
constants of a redistilled sample: b.p. 109-110"/3 mm., n t  1.5300; 
calc'd 46.30, M D  obs. 46.62. 

Anal. Calc'd for CloH140: C, 79.94; H, 9.40. 
Found: C, 79.54; H, 9.39. 

Phenylurethane.-White rosettes of thin white needles, m.p. 108-108.5" (corr.). 
Anal. Calc'd for Cl,HlBN02: N, 5.20. 

Found: N, 5.44. 

12 BOES, Ber. deut. pharm. Ges., 12,222 (1902); Chem. Zentr., 1802, 11, 1119. 
18 TIEMA" AND KRUGER, Ber., 26,2675 (1893). 
14 TIEMA", ibid., 31, 873 (1898). 
16 HARVEY, HEILBRON, M ~ D  WILKINSON, J .  Chem. Soc., 1930,430. 
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3, b-lhnitrobenzoate.-Small pale yellow flat plates, map. 145-146" (corr.). 
Anal. Calc'd for CI~HIBOBNS: N, 8.14. 

Found: 7.97. 
5,4,!1',4'-TetramethyZdiphenyZ, separated as a by-product in the preparation of 

the ethanol, formed small white needles (from alcohol), m.p. 76-77' (corr.), in agree- 
ment with the literature.16 

b e t s @ ,  d-XyZyZ)ethylbromide, prepared from the corresponding ethaEo1, con- 
centrated sulfuric, and 48% hydrobromic acids, by the method of Kamm and Marve1,Y 
was obtained as a fraction, b.p. 110-113"/6 mm.; yield, 80-86%. Physical constants 
of a redistilled sample: b.p. 106-107'14 mm.; n t  1.5503; 1.2868; MD calc'd 52.54, 

Anal. Calc'd for CIPH1gBr: C, 56.33; H, 6.15. 
Found: C, 56.51; H, 6.21. 

d-MethyZ-5-(Sf ,4'-xyZyZ) penlanol-%-From the above bromide, activated mag- 
nesium, and isobutyraldehyde, this alcohol was obtaihed in yields of 58-64%, apd a 
b.p. of 130-135"/4 mm. Redistilled, i t  showed the following physical constants: 

MD obs. 52.72. 

b.p. 127-128"/3mm.; n t  1.5113; c0.9501; M~CalC'd64.77, MDObS. 64.98. 
Anal. Calc'd for ClrHe,O: C, 81.55; H, 10.76. 

Found: C, 81.65; H, 10.79. 
No crystalline phenylurethane or 3,5-dinitrobenzoate could be obtained from it. 
1 , l  , O ,  7-Tetramethyltetralin (IX).-In the cyclodehydration of the above alcohol, 

phosphorus pentoxide gave 90% or better yields of the tetralin, whereas with sulfuric 
acid the yields were only 20-25%. Distilled over sodium, the hydrocarbon possessed 
these physical constants: b.p. 103-104"/4 mm., n t  1.5280; 0.9392; MD calc'd 61.05, 
MD obs. 61.64; EM 0.59. This exaltation compares with those of the isomer (VIII), 
0.57, and of ionene itself, 0.65,00.70,1 and0.75.l6 

Anal. Calc'd for ClrHzo: C, 89.29; H, 10.71. 
Found: C, 89.23; H, 10.77. 

Dinitro derivative.-No erystalllne derivative could be obtained. 
Sulfonamide.-This was prepared as described for the isomeric l,l-dimethyl-6- 

ethyltetralin, or by the process used by Bogert, Davidson and Apfelbaumg in the 
case of ionene; yield, 65% by the first method, 55% by the second. Recrystallized 
twice from alcohol by the careful addition of water, it  formed small white flat plates, 
m.p. 137-138' (corr.). 

Anal. Calc'd fok C14H11NO~S: C, 62.88; H, 7.92. 
Found: C, 63.23; H, 7.93. 

alphs-(l,4,6-TricarboxyphenyZ)isobutyric acid (XIV).--Oxidation of 1,1,6,7- 
tetramethyltetralin (IX) by either alkaline potassium permanganate, or dilute 
nitric acid under pressure, resulted in the formation of this acid. Sodium dichromate 
and sulfuric acid proved unsatisfactory. The crude product was purified by solution 
in absolute ethanol and precipitation by the addition of benzene. Crystallized 
from a mixture of ethanol and benzene, it formed microscopic white needles which, 
after being dried in  vacuo over phosphorus pentoxide, melted in a sealed tube a t  

CROSSLEY, ibid. ,  99,726 (1911). 
KA.MMM AND MARVEL, Organic Synlheses, Collective Vol. I, p. 28 (1932). 
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267-269" (corr.). The resolidified acid showed the same melting point. The yield 
by the permanganate method was 0.2 g. of the acid from 2 g. of the hydrocarbon; 
by the nitric acid method, 0.4 g. from 1. g. of the tetralin. 

Anal. Calc'd for ClsHl~O8: C, 52.69; H, 4.09. 
Found: C, 52.51; H, 3.87. 

Acid equivalent: calc'd, 74; found, 74.1, 74.3. 
When heated in an open tube, this acid lost water, with formation of a mixture of 

the two possible anhydrides, 

which were not isolated in sufficient quantity to be purified satisfactorily. 
d,S,6-Tn'methylnaphthaZene (XI).-A mixture of 3 g. of tetramethyltetralin with 

4.6 g. of powdered selenium was refluxed for 40-46 hours at 300-320" and the trimethyl- 
naphthalene was then distilled as a pale yellow liquid, b.p. 140°/12 mm. (literature1@ 
138'/12 mm.); yield, 92%. 

Picrate.Smal1 orange-red needles; m.p., 125-126" (corr,). The melting point is 
given in the literature as 122",1* 122.5°,1D and 125".*0 

Styphnate.-Golden-yellow needles; m.p., 147.5-148.5" (corr,); literature gives 
146O,'O 148-149',18 and 149".*0 

C. Synthesis of L'Methyl Zonone" from Citral 
The procedure of Hibbert and Cannon,lo with minor modifications, was found 

entirely suitable for our purpose. The important features of this synthesis are the 
careful purification of the citral and the methyl pseudoionone, and the protection of 
all products, especially during distillations, against oxidation. 

The citral was purified as recommended by Tiemann,*l and by Hibbert and Can- 
non;'O average yield, 53%; b.p. 108-111°/12 mm. The rectifications were conducted 
in an  atmosphere of nitrogen. Hibbert and Cannon'o gave the boiling point at this 
pressure as 107-112", and Bogert and Fourman22 as 110-112°. 

"Methyl pseudoionone" (II).-The method followed in this condensation was 
essentially that employed by Stiehl,23 and by Hibbert and Cannonlo for the prepara- 
tion of other pseudoionones. The product was twice distilled in an  atmosphere of 
nitrogen; average yield, 65%; b.p. 135-140"/3 mm. The methyl pseudoionone so 
obtained was then purified by the method used by Tiemann24 for pseudoionone itself. 
A mixture of 40 g. of the methyl pseudoionone, 80 cc. of 35% sodium bisulfite solution, 
and 40 cc. of water, was refluxed for 5 hours, a clear yellow solution resulting in less 
than 3 hours. This solution was extracted with ether (which extract left no residue 

WILKINSON, J .  Chem. SOC., 1931,1331. 
lo RUZICKAAND EHYA", Helv. Chim. Acta, 16,159 (1932). 
8o BARNETT AND SANDERS, J .  Chem. SOC. ,  1933,434. 

TIEMANN, BeT., 31,3319,3339 (1898). 
22 BOCJERT AND FOURMAN, Am. Perfumer, 28,345 (1933). 
25 STIEHL, J .  prakt. Chem. [2], 68,79 (1898). 

TIEYANN, Ber., 31,808 (1898). 



CONSTITUTION OF METHYL LONONES 285 

on evaporation), and the separated aqueous layer was decomposed by the addition 
of a 10% sodium hydroxide solution. The methyl pseudoionone thus liberated was 
immediately collected with ether, the ether solution washed repeatedly with tartaric 
acid solution and with water, dried over anhydrous sodium sulfate and distilled in 
nitrogen, collecting the fraction boiling a t  133-137" a t  4 mm.; yield, 32%, calculated 
to the citral. 

Anal. Calc'd for C14H~*O: C, 81.55; H, 10.76. 
Found: C, 81.79; H, 10.98. 

Haarmann and Reimer6 have claimed that digestion with sodium bisulfite solution 
effects a separation of the two isomeric methyl pseudoionones (I1 and 111), by dis- 
solving: isomer (11), while (111) remains undissolved. As noted above, our product, 
when subjected to  the bisulfite treatment gave a perfectly clear solution in less 
than 3 hours. 

"alpha-Methyl ionone" (IV).-The methyl pseudoionone (11) was cyclized by the 
action of 85% phosphoric acid a t  30", which is the reagent used in the Haarmann and 
Reimer patent,S and which is reported' t o  give mainly the alpha methyl ionone. 
The crude product was purified by steam distillation, followed by distillation in 
nitrogen, collecting the fraction which boiled a t  108-111" a t  4 mm.; yield, 75%. The 
physical constants of a re-distilled sample were as follows: b.p. 112-113'/6 mm.; 
n: 1.4984; dy 0.9104. Previously reported? b.p. 135-140°/15 mm.; n* 1.5009; $0 

0.927. As noted by Tiemann and Kriiger'a in the case of pseudoionone and ionone, 
the moliecular refraction of this methyl ionone is likewise abnormally high. 

Anal. Calc'd for CI'H,*O: C, 81.55; HI 10.76. 
Found: C, 81.23; HI 10.61 

Semicarbazone.Smal1 white plates, from 60% alcohol, m.p. 146-147' (corr.). 

Anal. Calc'd for Cl&60Ns: C, 68.39; H, 9.57. 
Found: C, 68.12; H, 9.53. 

"Methyl ionene" ( 1 ,  I-Dimethyl-6-ethyltetralin) (VIII).-Dehydrated by two 
distillations with 1% of its weight of iodine, the "alpha methyl ionone" gave a 75% 
yield of 1 , l-dimethyl-6-ethyltetralin, whose analysis and physical constants are 
recorded in the Table of Methyl Ionenes given later. 

I t  was further identified by the preparation of its sulfonamide (m.p. and mixture 
m.p., 1129-130", corr.), and dinitro deriuatiue (m.p. and mixture m.p., 111-112", corr.), 
and by oxidation with dilute nitric acid under pressure. The alpha-(2,4-dicarboxy- 
pheny1)isobutyric acid (XII) so produced (yield, 0.4 g. from 1 g. of the hydrocarbon), 
gave the following figures upon analysis: 

Previously reported: m.p. 144",6 and 146O.8 

Anal. Calc'd for CI2H1z0(: C, 57.12;HJ 4.80. 
Found: C, 57.40; H, 4.75. 

I ts  anhydride, prepared by 10 hours' heating of the acid a t  llo", melted a t  214-215" 
(corr.), and gave these results: 

Calc'd for CIZEI~OOS: c, 61.54; H, 4.31. 
Found: C, 61.70; H, 4.36. 

~~ 

26 H . 4 A R M A "  m~ REIYER, German Patent, 127,424; Chem. Zentr., lm, I, 235. 
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No aZpha-(2,3,4-tricarboxyphenyl)isobutyric acid (XIV) was detected as an 
oxidation product of this methyl ionene. 

Dehydrogenation by selenium yielded the l-methyl-6-ethylnaphthalene, which was 
identified by its picrate (m.p. and mixture m.p., 80-81”, corr.), and styphnate (m.p. 
and mixture m.p., 89-90’, con.). 

D. Examination of Commercial “Methyl Ionones” 

Having completed the foregoing syntheses and the characterization of the prod- 
ucts, five different commercial samples of “methyl ionones,” provided by the cour- 
tesy of the firms mentioned in the introductory part of this paper, were investigated. 

Attempts to separate the components of these ionones by fractional distillation 
in an atmosphere of nitrogen, using a Widmer column, were unsatisfactory. Frac- 
tions were collected which boiled within the range of 143-153’ at 17 mm. in yields 
which averaged 75%. A solid semicarbaeone could not be secured from any one of 
the five samples, but only oils resulted which refused to crystallize even when seeded 
with crystals of the semicarbazone prepared from our synthetic methyl ionone. 

The purified commercial samples, b.p. 143-153’ at 17 mm., were dehydrated by 
distillation with iodine, and the products purified by two distillations over sodium, 
followed by a fractional distillation in nitrogen with a Widmer column. The yields 
averaged 70-75%, and the product in every case was the l,l-dimethy1-6-ethyltetralin. 
The results of the examination of these products are shown in the accompanying table. 

In the Table, samples (l), (2), (3), (4), and (5), were prepared from the commercial 
“Methyl Ionones.” No. (6) was the methyl ionene whose synthesis from citral is 
described in the foregoing pages. No. (7) was the synthetic l,l-dimethyl-6-ethyl- 
tetralin (VIII) obtained from m-bromoethylbenzene; and No. (8) the 1,1,6,7-tetra- 
methyltetralin (E) synthesized from 4-bromo-0-xylene. 

Some preliminary work on the dehydration of commercial methyl ionone by 
distillation with iodine, and the nitration of the methyl ionene so formed, was con- 
ducted in these laboratories by Dr. Fourmanl a few years ago, but pure products were 
not isolated. 

SUMMARY 

1. l,l-Dimethyl-6-ethyl (VIII) and 1,1,6,7-tetramethyltetralin (IX) 
have been prepared synthetically, and characterized by their physical 
constants and the properties of certain of their derivatives. 

2. The methyl ionone obtained from citral and methyl ethyl ketone has 
been shown, by dehydration to VIII, to have resulted from the condensa- 
tion of the aldehyde with the -COCHs and not with the -CHzCHs group. 

3. Five commercial brands of “Methyl Ionone” have been examined 
and, in every case, after dehydration by distillation with iodine, the only 
methyl ionene isolated was this same tetralin (VIII). From which it 
follows that in the manufacture of these products also the citral must have 
condensed wholly, or chiefly, with the -COCHa group of the methyl ethyl 
ketone. 

4. These results are somewhat at variance with those of the Haarmann 
and lteimer laboratories, whose experts have reported the presence of all 
four possible isomeric methyl ionones in the commercial product. 
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d- AND Z-2-OCTYL pBROMOBENZENESULFONATE 

Numerous reactions of optically active compounds which involve the 
replacement of a group attached to the asymmetric carbon atom are known. 
If, in a reaction of the following type, an exchange of anions is in- 
volved (ie., the group A takes with it the shared pair of electrons), 

R:C:A + X:Y += R:C:Y + X:A 

the residue would be a carbonium ion : ]which would immediately 

combine with the anion (:Y) to form the reaction product. Such a replace- 
ment may result in racemization or in the formation of an optically active 
product with or without a Walden inversion. The optically active esters of 
sulfonic acids constitute one class of compounds which are especially suited 
to the study of such reactions. Phillips, Kenyon and their co-workers,' 
by treatment of an optically active ester of a sulfonic acid of the type 

R' R' 

R" R" 
.. .. 

R" 

n I I  n 
I 

R'S020CH with ionic reagents, such as potassium acetate, have shown 
I A//, 

the sulfonate radical may be replaced by another anion without racemiza- 
tion. Ammonia and primary and secondary amines were also found to 
react with such esters to produce optically active amines. 

In the present communication it is shown that the sulfonate radical of 
an optically active ester may be supplanted by a tertiary amino group 

1 PHILLIPS, J .  Chem. SOC., 123, 44 (1923); ibid. ,  126, 399 (1925); i b i d . ,  12'7, 2552 
(1927); KENYON AND PHILLIPS, ibid., 1930, 1676; Trans. Faraday SOC., 26,451 (1930); 
KENYON, PHILLIPS AND PITTMAN, J .  Chem. SOC., 1936, 1072; KENYON, PHILLIPS AND 
SHUTT, ibid. ,  1936, 1663. 
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.. .. 

leading to the formation of quaternary ammonium salts without destruc- 
tion of optical activity. 

’ -  

R” 

R’SOzOhHR”’ + R3N + 
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ing only a sextet of electrons (the cleavage is indicated by the dashes). 
The latter combines with the tertiary amine (111), which has an unshared 
pair of electrons, to form the quaternary ammonium ion (IV). During 
these transformations the 2-octyl carbonium ion (11) retains its configura- 
tion and does not undergo racemization. This equation, however, only 
represents the completed process and does not prove that the carbonium 
ion (II) existed for any finite interval of time actually detached from the 
electron donor groups (I) or (111). Thus the reaction probably involves 
simultaneous addition of (111) and dissociation of (I), since immediate 
racemization appears to occur if the carbonium ion is formed in reactions2 
or conditions where it is not stabilized by an electron donor. 

One of the best pictures indicating how such a substitution process can 
occur without racemization has been suggested by Lewis3 and elaborated 
by According to this mechanism, the entering group approaches 
the face of the tetrahedron opposite the group which is being displaced. 

FIQ. 2 

By a dight shift of the kernel, L e  asymmetric carbon atom 1 en becomes 
the center of a new tetrahedron. A one-step reaction thus leads to an 
inversion of the configuration. Applied to the present compounds this 
means that the tertiary amine approaches the ester in an oriented posi- 
tion, siuch that the unshared pair of electrons at  one apex is opposite that 
face of the asymmetric carbon atom which, in turn, is opposite the sul- 
fonate group (Fig. 1). 

The kernel of the carbon atom shifts its position and a new tetrahedron 
i s  formed, attached to the tetrahedron of the nitrogen atom, thus constitut- 
ing the quaternary ammonium ion and simultaneously the sulfonate anion 
(Fig. 2). If the amine approaches the face indicated, then an inversion 

a For example, reaction of magnesium with d-2-bromooctane produces an optically 

3 LEWIS, “Valence and the Structure of Atoms and Molecules,” Chemical Catalog 

4 OLSON, J .  Chem. Phys., 1, 418 (1933). 

inactive Grignard reagent; PORTER, J .  Am. Chem. Soc., 67, 1436 (1935). 

Co., New York, 1923, p. 113. 
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in configuration takes place. This appears to be the preferred line of 
approach.s If, however, the amine approached any of the other three 
faces, the sulfonate ion might be displaced without inversion. This pic- 
ture, admittedly speculative, does offer a working hypothesis for replace- 
ment reactions. 

EXPERIMENTAL 

dl-8-Octyl p-bromobenzenesu1jonate.-Thirteen grams (0.1 mole) of dl-2-octanol 
was placed in  a dry 200-cc., three-necked, round-bottomed flask equipped with a 
dropping funnel, a mercury-sealed stirrer and a calcium chloride drying tube. 
Thirty-one and two-tenths grams (0.1% mole) of p-bromobenaenesulfonyl chloride 
was then added. An ice-salt bath was applied, the stirrer started and, after the 
temperature had fallen to  0", 31.6 g. (0.4 mole) of dry pyridine was added dropwise 
over a period of three hours. Stirring was continued for four hours more, the 
temperature being kept below 0". The reaction mixture, while stirred vigorously, 
was made acid to litmus by the addition of about 100 cc. of cold, 4 N hydrochloric 
acid. The ester was extracted with ether, and the ether extract washed twice with 
cold a a t e r  and dried with sodium sulfate. The ether was removed by vacuum 
distillation a t  room temperature, the ester recrystallized by dissolving i t  in three 
times i ts  volume of methanol and then cooling in a mixture of solid carbon dioxide 
and acetone. The yield of colorless crystals melting a t  4041" was 29 g. (83 per 
cent. theoretical). The ester is rather unstable and decomposes slowly on standing. 
Moisture causes hydrolysis and must be excluded during all manipulations involving 
the preparation and use of the ester. 

Anal. Calc'd for ClaH21Br03S: Br, 22.90. Found: Br, 22.76. 
I-8-Octyl p-bromobenzenesu1fonate.--The procedure described above was followed, 

using 1-2-octanol ([a]: in ethanol, -10.00'). The yield of product was 27 g. (77 per 
cent. theoretical). It melted a t  30"' and had a specific rotation in ethanol at 25" 
of -6.70" (c = 4.62). It was less stable and more difficult t o  crystallize than the 
inactive product. It turned tan in four weeks, and its melting point dropped to  26"' 
while its specific rotation increased to  -7.67", due to  the formation of I-2-octanol 
by hydrolysis. 

AnaE. Calc'd for C14H21Br03S: Br, 22.9. Found: Br, 22.8. 
d-8-Octyl p-bromobenzenesu2jonate.-This ester was prepared from d-2-octanol 

([a]: in ethanol, +IO.OO") by the same procedure. Yield, 24 g. (70 per cent. theo- 
retical), m.p., 30". Specific rotation in absolute ethanol a t  25", +7.06 (c = 1.84). 

Anal. Calc'd for C14HZ1Br08S: Br, 22.9. Found: Br, 22.79. 
1-Trimethyl-8-octylammonium p-bromobenzenesu1jonate.-One gram of 2-2-octyl 

p-bromobenzenesulfonate was placed in  a bomb tube and cooled to  -10'. Three 
cubic centimeters of dry, liquid trimethylamine was then added, the tube sealed, 
and allowed to  stand a t  room temperature for two days. It was again cooled, 
opened, and the excess amine removed by a water pump. The salt was washed with 
dry ether, then dissolved in 7 cc. of absolute ethanol and, while the alcohol solution 
was warm (35"), dry ether was added until the solution became slightly cloudy. 
Upon cooling to  -IO", 1 g. of plates precipitated; m.p., 206-208". Upon recrys- 
tallization from alcohol-ether mixture, a constant melting point of 208-210" was 
obtained. 

PACLING, J .  Am. Chem. SOC., 63,1367 (1931); SLATER, Phys. Rev., 37,481 (1931). 
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Specific rotation in absolute ethanol a t  25" = -14.95" (c = 1.54). 
Anal. 

d-l'rimethyl-2-octylammonium p-bromobenzenesu1jonate.-The above procedure 
was followed, using d-2-octyl p-bromobenzenesulfonate and trimethylamine; m.p., 
208-209". Rotation in  absolute ethanol at 25" = +14.72" (c = 1.29). 

Calc'd for ClrHacBrNO&3: S, 7.83; N, 3.42; Br, 19.60. 
Found: S, 7.71; N, 3.41; Br, 19.36. 

And .  Calc'd for ClrHsaBrNOsS: N, 3.42. Found: N, 3.39. 
dl-Trimethyl-2-octylammonium p-bromobenzenesuljonate.-The above procedure 

was followed, using dl-2-octyl p-bromobenzenesulfonate. This racemic form 
melted a t  204". 

And.  Calc'd for CllH~oBrNOsS: N, 3.42. Found: N, 3.60. 
Trimethylammonium p-bromobenzenesu1fonate.-This salt was prepared for com- 

parison with the above-discussed compounds. Dry trimethylamine gas was passed 
slowly into an absolute ether solution of one gram of d-2-octyl p-bromobenzenesulfo- 
nate. By refluxing this mixture for three hours the quaternary salt was decom- 
posed into octene and the salt of trimethylamine. The crystals which separated 
were removed and recrystallized from absolute ethanol-ether mixture. Yield, 0.5 g. ; 
m.p., 112-114". 

Anal. Calc'd for CoHlaBrNOsS: N, 4.73. Found: N, 4.96. 
dl-R-Oct ylp yridinium p-bromobenzenesuljonate.-Tw o grams of dl-2-octyl p-bromo- 

benzenesulfonate, 2 cc. of dry pyridine and 5 cc. of absolute ether were refluxed 
under anhydrous conditions for thirty-five minutes, cooled and 25 cc. of absolute 
ether itdded. The salt was filtered, washed with absolute ether and recrystallized 
from dry acetone until the melting point was constant; m. p., 111-112"; yield, 2 g. 

And .  Calc'd for C1gH26BrNOaS: Br, 18.7. Found: Br, 18.65. 
1-2-t3ctylpyridinium p-bromobenzenesu1jonate.-The above-described procedure 

was followed, using d-2-octyl p-bromobenzenesulfonate. The product was recrys- 
tallized seven times from dry acetone a t  the end of which time it melted a t  88-96". 
Two series of fractional crystallizations were made from this product and from the 
product recovered from the combined filtrates. Each series was recrystallized four 
times from dry ethyl acetate, then six times from absolute ethanol-dry ether mixture. 
This yielded four fractions. 

(a)  A white crystalline solid, melting a t  133-134" which was shown to be pyri- 
dinium p-bromobenzenesulfonate by melting point of a mixture with a 
sample of this compound prepared as described below. 

(b) A solid melting at 112", which was optically inactive, and which was the 
dl-pyridinium salt described above. 

(c) A fraction which melted at 110-112°; [a]: in ethanol of -2.37' (c = 1.69). 
Anal. Calc'd for C1gH26BrNO8S: N, 3.27. Found: N, 3.30. 
This was evidently a mixture of the 1 quaternary salt with some of the 

(d) A fraction melting at 78-96". This was a mixture of the dE quaternary salt 
It was optically inactive. 

The preparation was repeated except that  the reaction time was shortened to  15 
minutes, and the precipitate which resulted upon addition of the dry ether was 
filtered, washed with dry ether and dried in vacuo for five minutes. The rotation 
was taken immediately and found to  be -6.95'. The product was not homogeneous; 
i t  melted over a range of 74-105", and the analyses indicate that  it contained some 
of the pyridinium p-bromobenzenesulfonate. 

And.  Calc'd for C19HnaBrN08S: Br, 18.70; N, 3.27; S, 7.46. 
Found: Br, 19.08; N, 3.39; S, 7.81. 

dl salt. 

with the pyridinium p-bromobenzenesulfonate. 



286 R.  C. CARY, J. F. VITCHA AND R .  L. SHRINER 

d-9-Octylpyridinium p-bronwbenzenesu1fonate.-Two grams of I-2-octyl p-bromo- 
benzenesulfonate was placed in  10 cc. of dry pyridine. The flask was stoppered and 
allowed to  stand a t  room temperature for twenty-seven hours. Then 100 cc. of dry 
ether was added, and the precipitate was filtered and washed with dry ether. The 
product, which melted at 74-98', was then fractionally crystallized from absolute 
alcohol-ether mixture (1: l )  and two samples, melting a t  88-94' and 90-94', were 
obtained. They were combined and dissolved i'n 50 cc. of the same mixed solvent, 
an additional 50 cc. of dry ether added and the solution placed in  the refrigerator. 
After two weeks, another 100 cc. of dry ether was added. After standing a total of 
eight weeks, the fine needles were filtered and recrystallized once from dry alcohol- 
ether mixture. The product consisted of colorless plates which had a melting point 
of 94-96', and had a specific rotation a t  25' in absolute ethanol of +6.95" (c = 0.65). 

Anal. Calc'd for CloHteBrNOsS: N, 3.34. Found: N, 3.40. 
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FIG. 3 

The reaction with pyridine was followed polarimetrically. A sample of 0.45 g. 
of d-2-octyl p-bromobenzenesulfonate was treated with 0.4 g. of dry pyridine, and 
the mixture was diluted t o  15 cc. in  a volumetric flask. The rotation was taken 
immediately and at intervals for twenty-seven days. The change in  specific rota- 
tion is shown in Fig. 3. 

Pyridinium p-bromobenzenesu1fonate.-In 10 cc. of dry ethanol 2.59 g. (0.01 mole) 
of dry sodium p-bromobensenesulfonate was added t o  1.155 g. (0.01 mole) of dry 
pyridine hydrochloride prepared from dry hydrogen chloride and dry pyridine. 
After standing overnight, the sodium chloride was filterOd off, and the pyridine 
p-bromobenzenesulfonate precipitated by  adding about 5e cc. of dry ether. The 
melting point was constant after five recrystallizations from a mixture of absolute 
ethanol and dry ether; yield, 1.2 g.; m. p., 134-135". 

And.  Calc'd for CllHtoBrNOsS: N, 4.4. Found: N, 4.3. 
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SUMMARY 

Th.e reaction between d- and 1-2-octyl p-bromobenzenesulfonate and 
trimethylamine and pyridine produced optically active quaternary am- 
monium salts. The salts obtained from trimethylamine had the same 
direction of rotation as the original esters whereas those prepared from 
pyridine had rotations in the opposite directions. 

It is pointed out that the reaction probably involves simultaneous addi- 
tion of the tertiary amine and expulsion of the sulfonate anion. 
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INTRODUCTION 

The purpose of this investigation was twofold: first, to correlate the 
structures of ethylene compounds with susceptibility to the “peroxide 
effect”; second, to extend our knowledge of the intermediates formed in 
the addition of two moles of hydrogen bromide to methylacetylene under 
“antioxidant” and ‘(peroxide” conditions.‘ Both objectives seemed 
attainable in a study of the addition of hydrogen bromide and hydrogen 
chloride to 1- and %bromo- and chloropropenes. 

It has been established, by investigators in this laboratory and else- 
where, that excellent yields of either of the two possible products of the 
addition of one mole of hydrogen bromide to  unsaturated compounds may 
be obtained with the following substances : propene2, 1-butenea, 2-methyl- 
propene4, 1-pentene6, 4,4-dimethyl-1-pentene6, 1-nonene: 1-undecene7, 
1-tridecene?, 1-pentadecene: vinyl chlorides, vinyl bromides, allyl brom- 
idelo, allyl chloride”, butadiene12, vinylacetic acid13, allyhcetic acid13* l*, 

KHARASCH, MCNAB, AND MCNAB, J. Am. Chem. Soc., 67, 24133 (1935). 

ibid. ,  66, 1425 (1934); BROUWER AND WIBAUT, Rec. trau. chim., 63, 1001 (1934). 
a KHARASCH, MCNAB, AND MAYO, ibid., 66, 2531 (1933); KHARASCH AND MCNAB, 

J KEARASCH AND HINCKLEY, J. Am. Chem. SOC., 66,1212 (1934). 
4 KHARASCH AND HINCKLEY, ibid., 66, 1243 (1934) ; KEARASCH AND POTTS, ibid., 68, 

57 (1936). 
KHARASCE, HINCKLEY, AND GLADSTONE, ibid., 66,1642 (1934). 
KHARASCH, HANNUY, AND GLADSTONE, ibid., 66, 244 (1934). 

7 KHARASCH AND POTTB, J. Org. Chem., 2,195 (1937). 
8 KHARASCE AND HANNUM, J. Am. Chem. SOC., 66,712 (1934). 
9 KHARASCH, MCNAB, AND MAYO, ibid., 66,2521 (1933). 
I o  KHARASCH AND MAYO, ibid., 66,2468 (1933). 
I1 SHANE, Ph.D. Dissertation, University of Chicago, 1933. 
1) KHARASCH, MARGOLIS, AND MAYO, J. Org. Chem., 1,393 (1936). 
l3 LINSTEAD AND RYDON, J .  Chem. SOC., 1934,2001. 
1‘ KHARASCH AND MCNAB, J. SOC. Chem. Znd., 64,989 (1935). 
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undecenoic acid16, ethyl undecenoate“, undecenyl acetatelq undecynoic 
acid“, and butylacetylenel*. It has not been possible, however, to alter 
the relative proportion of addition products from %penenelQ or unde- 
cylenic acidz0 by the use of antioxidants or peroxides, or to obtain more 
than one product with styrene21, propenylbenezenen, undecenol16, acrylic 
acid2:’, bromomaleic acid2a, bromofumaric acidza, bromocrotonic acid*, 
crotonic acid2a. A study of the structures of the compounds known to 
show a “peroxide effect” discloses that they all have a terminal double 
bond. Obviously, it is of importance to determine whether the presence 
of two hydrogen atoms on the terminal carbon atom is essential, or 
whether one of them may be replaced by another atom, such as a halogen 
atom. Incidentally, a study of the addition of hydrogen bromide to 
chloro- and bromopropenes not only answers this question, but may be 
of value in the determination of the intermediate product in the addition 
of two moles of hydrogen bromide to methylacetylene‘ in the presence of 
peroxides, as can be seen from the following schematic representation of 
the reaction. 

HaC-CBrz-CHs (Normal 
product) 

H&-CHBr-CH*Br (Peroxide- 
catalyzed 
product) 

ch H&-CBr=CH2 

H s C - k C H  

H3C-CH=CHBr 

H3C-CHe-CHBr~ (Not found) 

PREVIOUS WORK 

%Bromo- and 2-chloropropene and the cis and trans forms of l-chloro- 
and 1.-bromopropene have been described, and some of their phpical 
constants have been recorded. RebouP* is the only author who haa re- 

16 ABHTON AND SMITE, J .  Chem. SOC., 1934,435. 
16 ASHTON AND SMITH, ibid., 1934, 1308. 
1’ HARRIS AND SMITE, ibid., 1936,1572. 
18 YOUNG, VOGT, AND NIEUWLAND, J .  Am.  Chem. SOC., 68,1806 (1936). 
19 KHARASCE, HINCKLEY, BECK, AND MAYO, unpublished work. 
30 HARRIS AND SMITE, J .  Chem. SOC., 1936, 1108. 
*1 KEARASCH, MAYO, AND HAMMOND, unpublished work. 
82 KEARASCH AND WHITE, unpublished work. 
*3 KEARASCE AND MCNAB, unpublished work. 
24 RBBOUL, Ann. chim., [5 ] ,  14, 453 (1878). 
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ported the addition of hydrogen bromide to  these unsaturated compounds. 
However, the conclusions he draws from his experimental data are open 
to serious objection. Thus, he records that 1-bromopropene, when 
treated with four to five volumes of saturated aqueous hydrobromic acid, 
yields a dibromide. From the fact that the dibromide boiled over a wide 
temperature range (8”), he assumed that it was a mixture of 1,2- and 1 , 1- 
dibromopropane, with a predominance of the former product. He was 
unable, however, to isolate any pure 1 , 1-dibromopropane from the reac- 
tion mixture, though he predicts that the compound would boil a t  131-3”. 
However, a critical examination of the data suggests that the low-boiling 
compound obtained by Reboul in the above addition was not 1 , l-dibromo- 
propane, but 2,2-dibromopropane. Reboul prepared his 1-bromopropene 
by treating a mixture of 1- and 2-bromopropene with hydrogen bromide. 
The method depends upon the observation that the 2- derivative adds 
hydrogen bromide faster than the 1- compounds. A mixture rich in the 
1- form could thus be obtained, and Reboul considered the substance to 
be pure 1-bromopropene when the boiling point of the material did not 
change upon further treatment with hydrogen bromide. It is evident, 
however, that the material must contain a mixture of 1- and 2-bromo- 
propene in quantities approximately inversely proportional to their reac- 
tivities. His evidence that 1,l-dibromopropane is formed by the addi- 
tion of hydrogen bromide to 1-bromopropene is therefore inconclusive. 

Reboul records that when a concentrated aqueous solution of hydrogen 
bromide is added to 2-bromopropene1 2 , 2-dibromopropane is formed ex- 
clusively. 

Reboul also studied the addition of concentrated aqueous hydrobromic 
acid to 1- and Zchloropropene. He states that 1-chloropropene yielded 
a mixture of products, but that 1-bromo-1-chloropropane predominated, 
and that only a small amount of 1-chloro-2-bromopropane was formed. 
In  this case, the criticism of the purity of the initial material is perhaps 
not valid, for the 1-chloro compound is reported to have been prepared 
from 1 , 1-dichloropropane, and should therefore be free from isomers. 
Careful perusal of Reboul’s paper, however, fails to yield any satisfactory 
proof that his addition product was pure. 

Reboul claims to have obtained %bromo-2-chlorpropane exclusively 
by addition of hydrogen bromide to 2-chloropropene. 

ADDITION OF HYDROGEN BROMIDE TO BROMO- AND CHLOROPROPENES UNDER 
“PEROXIDE” AND ‘(ANTIOXIDANT” CONDITIONS 

As is recorded in Table I, the “normal” product of the addition of 
hydrogen bromide to Zbromopropene is 2 , Zdibromopropane. This 
product is formed in VGCCUO in the presence of “antioxidants”. The fact 
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15 

13 
33 

TECHNIOUP 

Air, 1 

Air, 8 
Air, 3 

Air, 1 

Vacuum, 6 
Vacuum, 3 

TABLE I 
TEE ADDITION OF HYDROQEN BROMIDE TO 2-BROMOPROPENI 

- 
RIAWXON b? 
mmm AT 

BOOUTIYP. 
a 3 
- 

b 41 hours 92 

7 hours 86 
9 days 71 

5 hours 98 

40 hours 
7.5 days 43 

PEROXIDE OR ANTIOH- w DANT, YOLEE‘ 

- 
58 

83 
54 

60 

82 
56 

8 

-- 
1.1 

1 . i  
1.1 

1.1 

1.1 
1.1 

1.5 None 

2.1 None 

1.7 Ascaridole, .06 
1.5 Ascaridole, .08 

70 
loo 

5 1.5 Diphenylamine, .03 
34 I 1 .5  Diphenylamine, .04 

16 1.5 Thiophenol, .04 

82 

100 
100 

TECHNIPUP 

Air, 1 

Air, 1 

Air, 2 
Air, 8 

Vacuum, 1 
Vacuum, 8 

Vacuum, 2 

20 hours 

28 hours 

5 hours 
6 hours 

44 hours 
27 hours 

21 days 

YIELD) 

se 
- 

_-  
100 96 

8b9(  

17 
81 17 

100 100 
92 99 

98 

Estimated 
from b.p. 

Checked 

0 On basis of halogenated propylene used. 
) The “minimum yield” is calculated from the weight of pure dihalide mixture 

isolated after the final distillation. Low yields are often due to losses from incom- 
plete condensation in vacuum distillations. “Estimated yields” are based on the 
weight of crude reaction product after removal of solvent, catalyst and hydrogen 
bromide, or on the presence or absence of unreacted halogenated propylene. 

c Remainder was other possible addition product. 

TABLE I1 
THE ADDITION OF HYDROGEN BROMIDE TO 2-CHLOROPROPENE 

PEBOXIDP OR ANTIOXIDANT, 
YOLEBa 

None 

Ascaridole, .06 
Ascaridole, .02 

Benzoyl peroxide, .O: 

Diphenylamine, .03 
Diphenylamine, .03 

6p 

00)’ c Have the same significance as in Table I. 



292 M. 8. KHARASCH, H. ENGELMANN, AND F. R. MAY0 

that the same product is formed in air, and in the presence of the small 
amounts of peroxides, formed from the unsaturated compound and oxygen, 
indicates that this reaction is not particularly sensitive to small amounts 
of peroxides. However, in the presence of an added peroxide (ascaridole) 
80 to 90 per cent. of 1 ,Zdibromopropane is readily obtained. 

HsC-CBr2-CHs 

HsC-CBr==CHt + HBr 
A \ %+i+ 

%: I 
HaC-CHBr-CHzBr 

Table I1 shows that the behavior of Zchloropropene towards hydrogen 
bromide is in all respects similar to that of 2-bromopropene. In the 
presence of air, or in the presence of antioxidants in vacuo, the product is 
pure 2-bromo-Zchloropropane. When an organic peroxide is added to 
the reaction mixture, l-bromo-Zchloropropane is the major reaction 
product. It is of considerable importance that even the “normal” addi- 
tion of hydrogen bromide to either Zbromo- or Zchloropropene is com- 
paratively rapid, and usually complete within a day or two. 

The results of addition of hydrogen bromide to the 2-halopropenes are 
thus in accord with our previous experience and theoretical predictions. 
The situatidh is much more complicated in the case of addition of halogen 
acids to the l-halopropenes. Here significant differences have been ob- 
served in the case of the l-chloro and l-bromopropene. In view of the 
precautions taken in this work the differences observed cannot be dis- 
missed as consequences of experimental error. We believe rather that 
they have an important and significant theoretical background. It is 
easy to perceive, on the basis of the hypothesis developed by one of us 
and collaborators, that in the 2-halopropenes, insofar as electron distribu- 
tion at  the double bond is concerned, that both the methyl groups and 
the halogen atoms tend to  produce a similar electronic distribution, and 
their individual effects thus reinforce each other. In the l-halopropenes, 
there is a distinct opposition of the two effects, and, we believe that the 
differences observed with l-chloro- and l-bromopropene find their explana- 
tion in the relative effectiveness of these halogen atoms when in opposition 
to a methyl group. 

Tables I11 and IV record our observations of the addition of hydrogen 
bromide to l-chloro- and 1-bromopropene, respectively. We ordinarily 
used mixtures of the cis and trans forms of these halides, but in the tables 
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we include a few experiments in which the pure geometrical isomers were 
used without significant differences in the results. 

In  the presence of air and/or added peroxides, 1-chloropropene adds 
hydrogen bromide rapidly to give 1-chloro-2-bromopropane exclusively. 
In the absence of air, the addition is slower, but the product is the same. 
The first experiments in vacuo with antioxidants gave the same results, 
but the reaction appeared to proceed at a still slower rate. The implica- 
tions involved in this decrease in rate of addition under antioxidant condi- 
tions were clear to us, and in experiments 96 and 102 extreme precautions 
were taken to exclude oxygen and/or peroxides. We also used freshly 
prepared 1-chloropropene. Under such strict “antioxidant” conditions 
the rate of addition is exceedingly slow. Thus, in 36 to 40 days, only 
about 60 to 75 per cent. of the 1-chloropropene reacted to give an addition 
product of which about one-third was 1,l- and two-thirds was 1,Zdihalo- 
propane. Approximately the same addition mixture, however, can be 
obtained in a shorter time in the presence of substances which have been 
shown to accelerate the “normal” addition of hydrogen bromide; e.g., 
glacial acetic acid’O, or tertiary butyl isocyanide.g The use of ethyl mer- 
captan as a combined solvent and antioxidant gave an accelerated addition 
and still more 1 ,1-dihalide, but with the complication of a side reaction 
mentioned in the experimental part. The last three experiments with 
hydrogen bromide in Table I11 show that in the presence of anhydrous 
ferric chloride (which thus far9$l0 is known to catalyze only the “normal” 
addition of hydrogen bromide), and in the absence of air, more than 90 
per cent. of the 1,l-dihalide is obtained in a few minutes a t  0”. 

These results suggest that the “peroxide-catalyzed” addition of hydro- 
gen bromide to 1-chloropropene yields 1-chloro-2-bromo-propane exclus- 
ively, and that the “normal” addition yields 1-chloro-1-bromopropane. 
However, the “normal” addition is so slow that it has thus far been im- 
possible to  eliminate completely the “peroxide-catalyzed” reaction. We 
believe, however, that higher yields of the “normal” product, than re- 
corded by us, can be obtained by a more rigorous exclusion of 
and/or peroxides. 

oxygen 

In substantiation of our conclusion as to the course of the “normal” 
and “peroxide-catalyzed” reaction with 1-chloropropene, we may cite our 
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experience with the addition of hydrogen chloride to this substance. No 
peroxide effect has ever been observed with hydrogen chloride26, and com- 
plications from that source are thus eliminated. Unfortunately, hydrogen 
chloride does not add to l-chloropropene at an appreciable rate at ordinary 
temperatures. In the presence of ferric chloride, however, a rapid reac- 
tion takes place even at 0". In three experiments we obtained, within 
the limits of error of our analytical method, the 1, l-dichloropropane ex- 
clusively. We believe, that in this instance the function of the ferric 
chloride is to accelerate the "normal' adddition, a conclusion justified by 
our past experience in the use of this reagent as a catalyst in addition 
reactions. 

The results of addition of hydrogen bromide and hydrogen chloride to 
l-bromopropene are recorded in Table IV. As mentioned before, the 
interpretation of these data is much more difficult, but the implications 
have great interest. 

In the absence of air and in the presence of ferric chloride at  0", l-bromo- 
propene adds hydrogen bromide in a few minutes to give a mixture of 
one-third 1 , l-dibromopropane and two-thirds 1,2-&bromopropane. In 
vacuo and in the presence of antioxidants, up to 8 per cent. of 1, l-dibromo- 
propane is obtained in the presence of accelerators of the reaction. The 
latter result is close enough to our admitted experimental error to be of 
doubtful significance. Under all other conditions, the only addition prod- 
uct obtained was 1 ,2-dibromopropane, but, as with l-chloropropene, re- 
moving air and adding antioxidants greatly decreased the rate of reaction. 
We have thus no indication that the normal addition of hydrogen bromide 
to l-bromopropene would give more 1 , l-dibromide than was obtainedin 
the ferric chloride experiments (33 per cent.). On the contrary the results 
with antioxidants indicate that this may be the limiting amount of 1,l- 
dihalide obtainable in the absence of ferric chloride and air, as the perox- 
ide effect is eliminated more completely than has yet been found possible. 
As a further check of this assumption, we investigated the addition of 
hydrogen chloride to l-bromopropene in the presence of ferric chloride at 
0". While, in the case of l-chloropropene a quantitative yield of the 1,l- 
dichloropropane was obtained, the l-bromopropane yielded a mixture of 
the 1,l and 1 , 2 isomers, in an approximate ratio of 1 to 2, respectively. 
I t  is to be noted that the same ratio was obtained in the addition of HBr 
to the l-bromopropene in the presence of ferric chloride. 

For ease of comparison, the behavior of the l-bromo- and l-chloropro- 
penes with different reagents is summarized in Table V. 

The interpretation of the results recorded in Table V is a matter of 

p6 KHARASCH AND MAYO, unpublished work; ABRAHAM AND SMITH, J. Chem. SOC., 
1938, 1605. 
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considerable importance. We believe it is established now beyond a 
reasonable doubt that for each halopropene there is a “normal” and 
“abnormal” addition, the latter catalyzed by peroxides, and that the com- 
position of the product can readily be controlled by a proper apprecia- 
tion of these factors. One is forced to admit, therefore, a striking dif- 
ference in behavior toward halogen acids of the 1-chloro- and l-bromo- 
propenes. The difference is intimately connected with the general ques- 
tion of formation of two products as a result of a “normal” addition of a 
halogen acid to an unsaturated molecule. Furthermore, as has been al- 
ready pointed out by Kharasch and Reinmuth26, the only substituted 
ethylene compounds which show this behavior are those in which the two 
opposing groups are about equal in electronegativity. The striking dif- 
ference toward halogen acids of the 1-chloro- and 1-bromopropenes may 
thus be readily accounted for. The broad general problem, however, of 

TABLE V 
SUMMARY OF THE ADDITION OF HYDROGEN BROMIDE AND HYDROGEN CHLORIDE To 

~-CHLORO- AND 1-BROMOPROPENES 

HALOGEN ACID 
ADDED 

J3Br 
B[Br 
HBr 
HCl 

CONDITIOHR 

Peroxides and/or air present. 
Air absent, antioxidant present. 
Air absent, FeCla catalyst. 
FeC18 catalyst. 

chloro- 

0 
20-60 
90-100 
90-100 

Bromo- 

0 
0-10 
33 
35 

* The remainder was the other possible addition product (1,2-). 

the si,pificance of the formation of two products as a result of a “normal” 
addition remains unanswered. As we perceive it, there are numerous 
verbalistic variations of the speculative interpretations of this phenomenon 
that may be offered. If mechanistic details are omitted, however, they 
would all seem to be reducible to two alternatives. Either ( I )  such com- 
pounds exist in a dynamic equilibrium of two forms*, or (6) in one form 
in which the double bond is so slightly polar that the energy changes in- 
volved in addition in either direction are nearly equal (as they are pre- 
sumably exactly equal for such symmetrical molecules as ethylene itself). 
The implications involved in these ways of viewing the facts are obvious 

KHARASCH AND REINMUTH, J. Chem. Edue., 8, 1703 (1931). 
* A consequence of this assumption is that one form “normally” adds halogen acids 

to  give the 1,l-dihalopropane and is susceptible to  a “peroxide effect”, the other 
“normally” gives the 1,2- isomer, and is not susceptible to  a “peroxide effect” except 
for acceleration without reversal of addition. 
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and thought-stimulating, but speculations concerning them can lead 
nowhere, without further experimental evidence. We hope to review 
in the near future all the available data relating to formation of two 
isomers as a result of a “normal” addition of halogen acids to unsaturated 
compounds. 

MECHANISM OF THE PEROXIDE EFFECT 

Our tentative hypothesis of the nature of this effect is presented a t  
this time in response to  urgent requests of many investitators. In  ac- 
counting for the remarkable effect of peroxides (and/or oxygen) on the 
nature of addition of hydrogen bromide to unsaturated molecules, it is 
important to bear in mind that no reversal has been obtained for hydro- 
gen chloride25 or sulfuric acid.t * 27 

To explain this “abnormal” effect it is necessary to dwell for a moment 
upon the normal reaction. In  an earlier article by Kharasch and Rein- 
muthZ6 it was postulated that in an unsaturated molecule of the type 
R-CH4H2 the “extra” electron-pair of the double bond would be 
displaced away from the carbon atom carrying the most electronegative 
radicals. A highly schematic representation of the “normal” addition 
of hydrogen bromide to vinyl bromide according to this hypothesis is 
given below. 

H H  H H  
:Br:C:C:H + H:Br: + :Br:C:C:H 
...... ...... 
.. .. .. ...... 

:Br:H 
1. 

This representation in the light of what we now know of the “peroxide 
effect,” is in much better agreement with the facts than the one advanced 
by Lucas28 and also by Robinson2g. It is of interest to  note that the chem- 
ically important essentials of the formulation are contained in the reso- 
nance formulae of the chloroethylenes postulated by Pauling, Brockway, 
and Beach.*O 

t The possibility of a peroxide effect in case of the other reagents mentioned in our 
first article10 is still under investigation in this laboratory, as well as a further study 
of the addition of hydrogen iodide to unsaturated derivatives, under conditions which 
would be most likely to effect reversal. 

*7 KHARASCE AND KLAAS, unpublished work; BROOKS, J .  Am. Chem. SOC., W, 1998 

28 LUCAS AND JAMESON, J .  Am. Chem. SOC., 46,2475 (1924). 
1 9  ROBINSON, “Outline of an Electrochemical (Electronic) Theory of the Course 

of Organic Reactions,” The Institute of Chemistry of Great Britain and Ireland, 
London, 1932. 

(1934). 

PAULING, BROCKWAY, AND BEACH, J .  Am. Chem. SOC., 67,2693 (1935). 
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.. .. 
H :C1: 

.. .. 
H :C1: .... .... 

H:C :: C:C1: H:C : C:Cl: H:C : C::Cl: .. 
I 

These authors interpret their electron diffraction data on the dichloro- 
ethylenes in terms of resonance of the double bond among three possible 
positions in which the relative time spent in each position can be deter- 
mined from the percentage of double (14 per cent.) and single (86 per cent.) 
carbon-to-chlorine bonds. Forms I1 and I11 are richer in energy than I. 
It is clear that although our notations are different, as would be expected 
of systems designed to interpret different phenomena, we arrive at  essen- 
tially similar electronic structures for the terminal carbon atoms of the 
reactive forms of the haloethene molecules. 

The effect of “peroxides” on the addition of hydrogen bromide to  such 
an unsaturated molecule may be described by the following highly sche- 
matic representation. 

HzC=CHBr, H:O:O. + .Br: .... .. H:Br: + 0 2  (or peroxide) .. 
H H  H H  .... 

:Br:C : C:H + .Br: + :Bi:C : C:H .. .. .. . . .  .. 
:Br: .. 

H H  H H  . . . .  .... 
:Br:C : C:H + H:Br: + :Br:C : C:H + .Br: . . . . .  .. .... .. 

:Br: H :I%: .. .. 
The essential features of these representations are that, in the addition of 
hydrogen bromide to vinyl bromide under “antioxidant” conditions, the 
bromide ion is directed toward the carbon atoms with the lowest electron 
density to yield 1 , 1-dibromoethane, and that under “peroxide” condi- 
tions the bromine atom is directed toward the carbon atom with the greater 
electron density to yield a 1,2-dibromoethyl free radical. This free radi- 
cal then reacts with hydrogen bromide to yield 1,Zdibromoethane and 
anothLer bromine atom, which is responsible for the propagation of the 
chain reaction. According to this mechanism, the function of peroxides 
or oxygen is to initiate a chain reaction which supplies bromine atoms. 
Upon the basis of this mechanism it is easy to understand why there is 
no “peroxide effect” in the addition of hydrogen chloride or sulfuric acid 
to unsaturated molecules. We hope to elaborate this hypothesis more 
fully in a later paper. 
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EXPERIMENTAL 

Preparation of ha1opropenes.-I- and 2-Bromopropenes were prepared by the 
reaction between propylene bromide and alcoholic sodium ethylate. The product 
was washed with ice-cold I-molar sulfuric acid, and with cold water, then dried with 
calcium chloride. The product was then distilled through a I-meter column filled 
with glass beads. The constants obtained are listed in Table VI. Only a portion 
of the 1-bromopropene was resolved into the cis and trans forms. 

1- and 2-Chloropropenes were prepared similarly from propylene chloride. The 
halopropenes were then isolated by distillation through a Podbielniaksl column. 
This column could effect a separation of the cis- and trans-1-halopropenes, but most 
of the 1-halopropenes were used as mixtures in the proportions in which they were 
found. The constants obtained are listed in Table VI. 

Preparation and analysis of reaction mixtures.-The techniques used in the addi- 
tion of hydrogen bromide to the halogenated propylenes were those described by 
Kharasch and May010 for air and vacuum experiments. In  general, 0.05 mole of 
bromopropene or 0.8 mole of chloropropene was used in each experiment, except 
that 0.1 of the unsaturated compound was usually employed when the product was to 
be distilled through the Podbielniak Column. At the proper time, the bomb tubes 
were cooled a t  about -80”, opened, and allowed to warm up to room temperature to 
permit escape of the free hydrogen bromide. Several procedures were used in work- 
ing up the addition products. The numbers correspond to those used in Tables 
I-IV. (2) Products 
were distilled first at 20-30 mm., then a t  atmospheric pressure. (3) Products were 
warmed in bomb tube to determine whether any unsaturated compound remained, 
then distilled at atmospheric pressure. ( 4 )  Products were poured into ice water, 
washed with water, dilute sodium bicarbonate, and twice more with ice water. The 
washed product was then dried over (a) calcium chloride or ( b )  sodium sulfate, and 
distilled at 20-30 mm. pressure. (6a and b )  Same as 4a and b except that products 
were distilled a t  atmospheric instead of reduced pressure. (6)  Bomb tube containing 
products evacuated to  about 50 mm. at 0” and shaken to remove unsaturated com- 
pound and halogen acid; product weighed to determine yield, then distilled a t  10 mm. 
(7) Same as 6, but washed with water and dried with Na2S04 after weighing and 
before final distillation. (8)  Same as 6,  but distilled at atmospheric pressure. (9)  
Product distilled a t  20 mm. pressure and then fractionally distilled through Pod- 
bielniak column a t  50 mm. or 75 mm. (IO) Products poured onto ice, washed with 
water and cold bicarbonate solution, dried over anhydrous potassium carbonate and 
distilled through Podbielniak column as in 9.  

The unsaturated compound was removed from the addition product in the above 
distillations, and the composition of the addition product was determined by index 
of refraction with an Abbe refractometer. The boiling point observed in the distil- 
lation served to  check the latter observation. We estimate the precision of the 
“estimated yield” and composition of the addition product a t  f5%. This yield is 
thus a “minimum yield” while the actual yield might have been close to 100% when 
no “estimated yield” is given. See note ( b ) ,  Table I. In  some experiments, the rate 
of addition was measured roughly by the volume decrease of the reaction mixture, 
which amounted to about 12% at -80” for 100% addition, using about 1.5 moles of 

(I) Products were distilled directly at atmospheric pressure. 

31 PODBIELNIAK, Ind. Eng. Chem., Anal. Ed., 6, 119 (1933). 
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B. p., "C. 

a -- 
58.6- 58.77481.4544 
64.2- 64.47481.4532 

48.4 748 1.4440 

32.0- 32.2744 1.4055 
36.7 7471.4054 

21.7- 21.87431.3949 

35.3-135.7740 1.5100 
57.6- 57.8 50 
40.7-140.8 740 1.5200 

61.8 50 
14.2-114.4740 1.4988 
38.4- 39.4 50 

11.7-112.0740 1.4703 

17.6-118.0740 1.4778 
52.2- 52.8 75 
17.2-117.3 740 1 .4795 

47.8 75 

52.0 75 
91.0- 91.27401.4575 
34.6- 34.8 100 

87-88 750 1.4295 

hydrogen bromide and no solvent. When such measurements furnished additional 
information, the conclusions are mentioned in the remarks columns of the tables. 

Isolation of pure addition products.-Near the completion of the above work, the 
appropriate addition products were combined and distilled through a Podbielniak 
column in order t o  isolate and determine the physical constants of pure samples of 

TABLE V I  

THIE PROJECT LITERATURE I 
9 

l a  3 
F4 d 

- a  E 
nD 2 B. p., "C. 

---__ 
57.8 760 381.4564 16.2 
63.25 760 391.4549 15.75 

48.35 760 38 1.44665 15.7E 

32.8 760 35 
37.4 760 35 

22.6 760 36 

131-133 94 
(estimated) 

140 760 33 1.5203 20 

114.0-114.5740 944.4977 20 

110-112 760 84 

117.5-117.8756 36 1.4744920 

117.5-118.0 756 36 1.47447 20 
115-117 746 11 1.4795 20 

93.0- 93.5745 84 

87 760 33 
96.8 760 33 1 .a88 20 

HALIDE 

1-Br-propene (cis) 
1-Br-propene (trans) 

2-Br-propene 

1-Cl-propene (cis) 
I-C1-propene (trans) 

2-C1-propene 

1 , 1-di-Br-propane 

1,2-di-Br-propane 

2,2-di-Br-propane 

1-Br-I-C1-propane 

1-Br-2'-C1-propane 

2-Br-1-C1-propane 

2-Br-2-C1-propane 

1 , l-di,-CI-propane 
1,2-di,-Cl-propane 

39 
3d 

S$ 

53 

I ,  34 

36 

36 
11 

33 

** CHAVANNE, Compt. rend., 166, 1698 (1914). 
as Inlernational Critical Tables, Vol. I, McGraw-Hill Book Co., New York, 1928. 
s4 GLADSTONE, Ph.D. Dissertation, University of Chicago, 1936. 
36 TIMMERMANS, Bull. SOC. chim. Belg., 36, 502 (1927). 

DBWAEL, ibid., 39, 87 (1930). 
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all the possible addition products. Our constants are compared with those of previ- 
ous workers in Table VI. Only a few grams of the 1,l-dihalides and of 1-bromo-2- 
chloropropanes could be obtained by this procedure because of the small quantity of 
starting materials available, and their indices of refraction are subject t o  an uncer- 
tainty of perhaps f0.0005, with a corresponding effect on the accuracy (but not the 
precision) of the composition of the addition products. The probable impurity in 
the 1,l-dihalides is of course the l,%-dihalide of higher index of refraction; in the 
l-bromo-2-chloropropane, the 2,Z-dihalide of lower refractive index. 

The side-reaction with ethyl mercaptan.-Experiments 44 in Table I V  and 98 in 
Table I11 were carried out with 0.100 mole of halopropene in the presence of 0.050 
and 0.100 mole of ethyl mercaptan, respectively. In each experiment, in addition to  
the products noted in the tables, close to 4.0 g. of liquid of b.p. 85-110°/22 mm. was 
obtained. The two products were almost identical. By qualitative tests, each 
contained sulfur and bromine but no chlorine. The bromine was easily removable 
by shaking with excess aqueous alcoholic silver nitrate for two or three minutes, after 
which no more silver bromide precipitated. Rough titration of the remaining silver 
nitrate by the Volhard method showed that the substances contained between 25% 
and 30% of active halogen. (Calc’d for CaH6(Br)SC2H&: Br. 43.77,.) When treated 
with aqueous alcoholic sodium hydroxide for half an hour at room temperature and 
then with dilute sodium nitroprusside solution, neither substance gave any indication 
of the presence of ethyl mercaptan. Hence, we conclude that the bromine and 
thioethoxyl radicals cannot be on the same carbon atom. The mixtures probably 
contain the diethyl ether of propylene dithioglycol and a bromopropyl ethyl sulfide, 
formed by the reaction of 1,2-dihalopropane with ethyl mercaptan and/or the addi- 
tion of ethyl mercaptan to 1-halopropene. Since halogen and thioethoxyl groups are 
not on the same carbon atom, the presence of this side reaction has not reduced the 
proportion of 1,l-dihalopropane formed in the normal addition of hydrogen bromide 
but may have removed some 1,2-dihalopropane formed by the “peroxide-catalyzed” 
addition. Further investigation of the by-product was discouraged by the small 
quantity of material available and its lack of homogeneity. 

SUMMARY 

1. The “normal” addition of hydrogen bromide to  Zbromo- or Zchloro- 
propane yields the 2, Zdihalide. The “peroxide-catalyzed” addition 
yields the 1 ,Pdihalide. 

2. The “peroxide-catalyzed’’ addition of hydrogen bromide to 1-bromo- 
or 1-chloropropane gives the 1, a-dihalide exclusively. 

3. It is concluded that the “normal” addition of hydrogen bromide to 
l-chloropropene gives mostly the 1 , 1-dihalide while 1-bromopropene gives 
only about one-third 1,l-dihalide and two-thirds 1 ,Zdihalide. These 
results are c o n h e d  by the study of the addition of hydrogen chloride 
to these unsaturated halides and are explained by the differing directing 
influences of chlorine and bromine atoms when opposed to a methyl group. 

4. A mechanism involving bromine atoms is proposed to explain the 
“peroxide effect. ” 

5. New physical constants are given for several dihalogenated propanes. 



ON THE COURSE OF THE ADDITION OF MALONIC ENOLATES 
TO a,b-UNSATURATED ESTERS 
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Michael and Ross1 found that crot,onic and methylmalonic ethyl esters, 
catalysed by a small amount of alcoholic sodium ethylate, form the 1,2 
addition product (I) with migration of the malonic a-hydrogen; while 
the crotonic ester and the methylmalonic ester enolate yield, by 1,2 
addition with migration of the malonic methyl group, the dicarbethoxy 
enolate (11). 

CH3CHCHzCOOEt CHaCHCH (CHs) COOEt 

CHaC(C00Et)z 
(1) (11) 

I 
C(COOEt)=C(ONa)OEt 

I 

In enolate additions to a,B-A-esters the reaction follows the course 
leading to the possible maximum neutralization of the sodium.2 In  
compound (11) this condition is realized by the formation of a dicarbe- 
thoxy enolate; the migration of the malonic methyl group to the a-A- 
carbon of the crotonic ester being facilitated by the loosening influence of 
the poorly neutralized, strongly positive sodium upon the affinity of the 
methyl group for the carbon to which it is attached in the original methyl- 
malonic en01ate.~ 

Recently* it was shown that the sodium enolates of malonic and methyl- 
malonic esters “in non-polar solvents” react with a, 8-acetylenic esters to 
form, with migration of the sodium to the monocarbethoxy group, the 
relatively inert, colored, monocarbethoxy enolates I11 and IV. The mech- 

RC=C=C(ONa)OEt RC=C=C(ONa) OEt 

(111) (IV) 
€€A (COOE t) 2 CHaC( CO0Et)r 

* MICHAEL AND Ross, J .  Am. Chem. SOC., (a) 62, 4598 (1930); ( b )  63, 1150 (1931); 

2 MICHAEL. 
* MICHAEL, Ber., 39,2142 (1906); J .  Am.  Chem. SOC., 32, 997 (1910). 
4 (a) GIDVANI, KON, WRIGHT, J .  Chem. SOC., 1932, 10%’; (5) GIDVANI AND KON, 

(c) 66, 1632 (1933). 
See la and l b  for literature. 

ibid., 1932,2443; ( c )  FARMER, GHOSAL, AND KON, ibid., 1936, 1804. 
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anism of these 1,4 additions is similar to that of the addition of potassium 
cyanide to c~,@-A-esters.~ 

No theoretical explanation has been advanced for this anomalous be- 
havior of the acetylenic esters in forming monocarbethoxy enolates; nor, 
for the singular properties of the addition products. The English chem- 
i s t ~ ~  believe that a,P-ethylenic and a ,P-acetylenic esters should react 
similarly from a valence viewpoint. However, an acetylenic group exerts 
a far greater negative influence than an ethylenic upon an attached car- 
bonyl. This shows itself in the enormously greater K values of the 
acetylenic than of the corresponding ethylenic acids (e.g., 2 X and 
246 X for crotonic ttnd tetrolic acids, respectively), in the formation 
of monocarbethoxy enolates from acetylenic esters, while ethylenic esters 
yield malonic enolate derivatives, and in that the sodium in the acetylenic 
addition products is far less reactive, Le. ,  intramolecularly better neutral- 
lized, than in the corresponding ethylenic, malonic ester enolates.6 

It is evident that the apparently abnormal enolate addition to a,@- 
acetylenic esters is due to better neutralization, in the addition products, 
of the sodium in the mono- than in the dicarbethoxy enolate grouping. 
This conclusion is confirmed by the normal synthesis, through the catalytic 
process, of 1 ,2-addition products from malonic and methylmalonic esters 
with both CY ,P-acetylenic and CY ,P-ethylenic esters: the a-hydrogen and 
the residual radicals of the malonic esters function as addenda in the reac- 
tions. Furthermore, the course of addition of methylmalonic ester eno- 
late to cr,P-acetylenic esters cannot afford a valid deduction with regard 
to the mechanism of the entirely different mode of enolate addition to the 
corresponding ethylenic esters. 

Unexplained, also, is the observation*' that sodium acts upon an ether 
solution of the free ester, isolated from IV, to yield the colorless, reactive 
malonic enolate (VII). An ethylenic ester of the type produced by 

CH&=C==C (OH) OE t CH&=CHCOOEt 

CH3C (COOE t)z 
I 

CH,C( COOEt) 2 
I 

('VI (VI) 
CH3C=C (CH3)COOEt 

I 
C (COOEt)=C(ONa) OE t 

(VI11 

h h C H A E L  AND WEINEW, J .  Am. Chem. soc., ( a )  69, 744 (1937); ( b )  ibid. ,  69, 749 

6 ( a )  MICHAEL, Ber., 98, 3222 (1905); (b)  MICHAEL AND Ross, J .  Am. Chem. Soc., 
(1937). 

63, 2394 (1931). 
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change of the labile monocarbethoxy enol (V) to the stable ketonic 
form’, (VI), does not react with sodium to yield the corresponding mono- 
carbethoxy eno1ate5*’*, but the above chemical system can attain the 
maximum energy degradation by formation of dicarbethoxy enolate 
(VII). Expulsion of the a-hydrogen of VI, with migration of the y- 
methyl to the a-A-carbon occurs; the latter, a forced positional change, 
is analogous to that observed in the formation of I1 from crotonic and 
sodium enol methylmalonic esters’”. 

Anamalous, also, is the behavior of monocarbethoxy enolate (111) to- 
wards ethyl iodide in boiling alcohol4“; y-alkylation results with migra- 
tion of y-hydrogen to the a-A-carbon. The sodium in I11 is so neutralized 
that a mineral acid is required to liberate the mother-substance easily4c; 
a-alkylation under the experimental conditions is, therefore, impossible6. 
However, an alkylation may take place indirectly, i.e., by union of the eno- 
late sodium with the iodine of the iodide, intramolecular shifting of the reac- 
tive, malonic y-hydrogen of I11 to the a-A-carbon, and attachment of the 
ethyl group in the liberated y-position. Such a rearrangement-substitution 
does not occur in the action of ethyl iodide upon enolate IV; in this reac- 
tion, rn in alkylacetoacetic ester syntheses, the ethyl group assumes the 
a-position. Obviously, far more energy is required to overcome the 
chemical hindrance to the separation of the y-methyl of IV, than the 
reactive y-hydrogen of 111, from the attached carbon. The first fission 
may be effected in a suitably constituted compound by metallic sodium, 
through its great chemical potential for unsaturated oxygen, but not under 
mild conditions by the relatively weak affinity of the iodine of the iodide 
for the comparatively well-neutralized sodium of enolate IV. 

Attention was also called4c to the isomerization of I to I1 by sodium 
ethylate, but, since I is thus retrograded to methylmalonic ester enolate 
and crotonic esterg, the conversion follows inevitably from the interaction 
of these cornpoundsla. 

Although no reasons are adduced to support the opinion, Farmer, 
Ghosal, and K o ~ ~ ~  believe, with Holden and Lapworthlo, that in the 
methylmalonic ester addition reactions, “the a ,p-dimethyl ester is in all 
cases produced by the rearrangement of the ,y-esters primarily formed” 
and that “unless an equivalent of sodium ethoxide is present”, the 6 ,  y- 

7 MICHAEL [ J .  prakt. Chem., 49, 20 (18!)4)] and FEIST [Ann., 346,82 (1906)l had 
previously examined the action of sodium malonic ester upon a,B-acetylenic esters 
and concluded that the esters liberated from the addition products have normal 
structures. 

8 MICHAEL, Ber., 33, 3766 (1900). 
0 MICHAEL, Ber., 33, 3749 (1900); INGOLD, J .  Chem. Soc., 119, 1976 (1921). 
1 0  HOLDEN AXD LAPWORTH, J .  Chem. Soc., 1931, 2368. 
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dimethyl ester, EtOOCCH2CH(CH3)C(CH3) (COOEt)2 (VIII) is formed. 
The latter statement is not probable; when more ethylate is present than is 
essential for catalysis, an amount of enolate corresponding to the excess 
of ethylate should be formed. Indeed, a small amount of enolate should 
appear under the usual catalytic conditions of the addition and undoubt- 
edly it is this, not the ethylate, that really serves as the catalystll. The 
assumption that the p ,r-tlimethyl ester is always the primary product is 
also improbable. The addition was carried out with methylmalonic 
ester enolate and crotonic ester in ether solutionla and, from their view- 
point, as the enolate contains no a-hydrogen, the monocarbethoxy eno- 
late corresponding to VI11 should be mainly the primary product. This 
course of addition would proceed with migration of the sodium from a 
dicarbethoxy enolate group to form a much less neutralized, monocar- 
bethoxy enolate derivative. This supposition is as probable as to assume 
that an aqueous solution of equivalent amounts of crotonic acid (K  = 
2 X low5) and sodium methylmalonate contains mainly sodium crotonate 
and free methylmalonic acid ( K  = 87 X 

It may be assumed that a small proportion of the monocarbethoxy 
enolate of VIII, existing in balanced equilibrium with the dicarbethoxy 
eno1ateI2, undergoes the series of chemical changes postulated by Holden 
and Lapworth'O to explain the 7-methyl migration. Accordingly, the 
mono-carbethoxy enolate of VI11 would undergo alcohol elimination 
spontaneously, forming a 4-membered ring derivative, which would then 
add alcohol, with ring-fission occurring in such a manner that the di- 
carbethoxy enolate of the desired a , p-dimethyl derivative would appear. 
Although it has been shownlc that these assumptions are chemically im- 
possible, it may now be rnentioned that the reactions were carried out in 
dilute ethereal solution and ring fission by the theoretical amount of 
alcohol in very dilute ether solution at room temperature is too improb- 
able to accept; especially, as rings in cyclic enolates are quite stable to- 
wards pure alcohol under far more drastic conditions. Further, the 
implied assumptionlo that the supposed intermediate, cyclic monocar- 
bethoxy enolate would not rearrange mainly to the much better neutral- 
ized enolate, containing the sodium at the oxygen of the keto group, is 
parallel to assuming that the unknown, labile CH&OCH=C(ONa)OEt 
would not, spontaneously, largely change to the known keto-enolate. The 
labile cyclic enolate in Lapworth's scheme could rearrange by migration of 
sodium to a carbonyl of the dicarbethoxy group, the shift of the 7-methyl 
to the a-&carbon being followed by a series of successive reformations 

11 MICHAEL, J. prakt. Chem., 60, 475 (1899). 
12 For literature see reference 6b. 
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and rearrangements. This speculation, however, would be merely a 
complicated and very improbable Inodification of the interpretation ad- 
vanced by Michael and Ross1=. 

The course of most addition reactions involving enolates is so dependent 
upon the energy and chemical affinity relationships, ie., the chemical 
potential, exerted intermolecularly between certain atoms in the original 
chemical systems, that they cannot be explained rationally solely from 
valence viewpoints. 
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CATION OF THE FATTY ACIDS COMBINED WITH 

PYRETHROLONE 

FRED ACREE, JR., .4ND F. B. LAFORGE 
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The active principles of pyrethrum flowers are usually isolated as semi- 
carbazones from concentrates obtained from petroleum ether extractives 
that have been subjected to certain purifications and separations as de- 
scribed in previous publications1, 2. The semicarbazone of pyrethrin I1 
can be obtained as a chemical individual with definite physical and chemi- 
cal properties. The seinicarbazone of pyrethrin I, on the other hand, 
never has been prepared in a state of similar purity, and preparations of 
this derivative always exhibit an unsharp melting point, even after re- 
peated recrystallizations, and they always contain methoxyl. 

It is evident that such preparations consist of mixtures which cannot be 
separated by ordinary mcms. 

Pyrethrin I semicarbazone has already been studied, and the results 
have been r e p ~ r t e d . ~  The procedure consisted in examining the products 
of the hydrolysis of a purified semicarbazone preparation. 

By saponification carried out in the usual manner, only pyrethrolone 
semicarbazone was obtained as the neutral alcoholic component. The 
acid products, however, were found to consist of a mixture in which, as 
was to be expected, chrysanthemum monocarboxylic acid strongly pre- 
dominated. The remaining acid products not volatile with steam com- 
prised chrysanthemum dicarboxylic acid and one or more acids of the 
fatty series. The fatty acids could be separated from the dicarboxylic 
acid and, after distillation, consisted of a semi-solid product which by 
analysis and titration seemed to correspond to the formula C18H3002. 
Its methyl ester (b. p. a,bout 155" at 1 mm.) was also prepared, and its 
analysis and methoxyl content were found to agree with the formula 
C17H3202. The acid product absorbed one mol of bromine and, on hy- 
drogenation, took up one mol of hydrogen; therefore it was unsaturated. 
When this product was treated with thionyl chloride, an acid chloride was 

1 LAFORGE AND HALLER, J .  Am. Chem. Soc., 67, 1893 (1935). 
2 HALLER AND LAFORGE, J. ORG. CHEM., 1, 38 (1936). 
3 LAFORGE AND HALLER, i b id .  2, 56 (1937). 
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obtained which, when treated with ,p-bromoaniline, gave a small yield of a 
bronioanilide melting at 109-110". On analysis this derivative agreed 
with the corresponding derivative of an acid of the above formula. The 
results described led to the conclusion that the acid had the formula 
C1e€I3002. A discordant fact was observed in the case of the hydrogenated 
material of m. p. 53', the titration of which indicated it to have a molec- 
ular weight of about 290. 

The data so far reported show that preparations of pyrethrin I semi- 
carbazone consist of mixtures containing more or less of pyrethrin I1 
semicarbazone together with the semicarbazone of at least one pyrethro- 
lone ester in which the acid component is an unsaturated fatty acid. 

Owing to the uncertainty of the nature of the fatty acid component, 
further study of the subject was indicated. 

The petroleum ether extractives of pyrethrum flowers always contain 
free fatty acids, which are removed in the course of the purification of the 
concentrates. It was surmised that these fatty acids might contain larger 
quantities of the acid which was combined with pyrethrolone. Therefore, 
a considerable quantity of the crude acid mixture was esterified with 
methanol, and the esters were subjected to repeated fractionation to obtain 
that fraction boiling around 130-150" at 0.5 mm. This material had about 
the same properties as the fatty acid ester obtained from pyrethrin I 
semicarbaeone. It was observed, however, that a part separated in crys- 
talline form from a methanol solution on cooling in a freezing mixture. 
By this means a sharp separation into two fractions could be made. The 
crystalline ester, boiling at  130-135' at 0.5 mm., m. p. 27-28', was identi- 
fied, by the mixture melting-point method, as the methyl ester of palmitic 
acid. 

The ester that was obtained from the methanol solution was subjected 
to fractionation at 0.5 mm. About 80 per cent. of it boiled at 140-146'. 
Analysis and methoxyl determination indicated the formula C19H3402. 

The ester was unsaturated, and absjorbed two moles of hydrogen. The 
free acid was prepared by saponification of the ester. It boiled at  170- 
175" at 0.5 mm. The molecular weight was found by titration to be 282. 
The crystalline tetrabromide was prepared and melted at  112-113". 
These properties of the acid and its derivatives are in agreement with 
those recorded for linoleic acid and j ts corresponding derivatives. 

On hydrogenation of the free acid, two moles of hydrogen were absorbed 
and the resulting saturated acid melting at  69" was identified as stearic 
acid. The methyl ester of the unsaturated acid on hydrogenation yielded 
methyl stearate, which was identified as such by the mixture melting- 
point method. 

The original fraction therefore consisted of a mixture of palmitic and 
linoleic acids. 
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Since the acid mixture obtained from the methyl ester fraction of b.p. 
130-150" resembled so closely the fatty acid component obtained from 
pyrethrin I semicarbazone, it seemed probable that the latter also might 
consist of a mixture of the same fatty acids. Therefore, more of this 
material was prepared froni pyrethrin I semicarbazone. The method em- 
ployed for the separation of the acid components differed from that re- 
corded in the first article3 on this subject. The total acid material ob- 
tained on saponification of the semicarbazone was converted completely 
into the methyl esters. The methyl ester of chrysanthemum monocar- 
boxylic acid and the dimethyl ester of chrysanthemum dicarboxylic acid 
have much lower boiling points than the esters of the fatty acids. There- 
fore, a separation could be made readily by fractionation of the total esters. 
The fraction boiling at  130-150" and 0.5 mm. was isolated in this manner. 
It was found that a methanol solution of this fraction also crystallized 
partly on cooling, and could be separated into solid and liquid components. 
The liquid ester was saponified to the free acid. On hydrogenation of 
the acid, two moles of hydrogen were absorbed, and the resulting satu- 
rated acid was identified as stearic acid by its melting point and titration. 
Finally the p-bromoanilide* was prepared from palmitic acid and found to 
agree as to properties and mixture melting point with the original p-  
bromoanilide obtained from the acid mixture as described in the previous 
article3. Attempts to prepare the p-bromoanilide of linoleic acid have 
been unsuccessful. 

Therefore, the acid products other than the chrysanthemum acids ob- 
tained from the pyrethrin I semicarbazone consist mainly of a mixture of 
palmitic and linoleic acids, and these are present combined with pyr- 
ethrolone semicarbazone in all preparations of pyrethrin I semicarbazone. 

EXPERIMENTAL 

Preparation of acids.-The potassium carbonate solutions, obtained during the 
purification of 8 pounds of py:rethrum oleoresin, were extracted with petroleum ether. 
The carbonate solutions were then acidified, and the free fatty acids were removed 
by extraction with the same solvent. The petroleum ether solution was washed with 
water, dried over anhydrous sodium sulfate, and the solvent was removed, yielding 
105 grams of acid mixture. 

The acids thus obtained were converted into their methyl esters by boiling under 
reflux for two hours in 20 parts of methanol and 1 part of concentrated sulfuric acid. 
The methanolic solution was concentrated to  a small volume under reduced pres- 
sure pressure, diluted with several parts of water, and extracted with petroleum 
ether. The petroleum ether solution was washed with sodium carbonate solution, 
then with water, and dried over anhydrous sodium sulfate. On removal of the sol- 

* No reference to this compound has been found in the literature. 
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vent, 112 grams of mixed methyl esters was obtained, which was distilled a t  0.5 mm. 
The fraction boiling at 135-150" was collected; i t  weighed 42 grams. 

Palmitic acid methyl ester.-This ester fraction was dissolved in 3 parts of me- 
thanol and cooled for 4 hours at -6". The 14.5 grams of material that crystallized 
was removed by filtration in the cold. This crystalline material partly melted a t  
room temperature. By distilling 6.7 grams of the material at 0.5 mm., 6.3 grams was 
obtained, boiling a t  130-135". It again crystallized on cooling and was found to  
melt sharply at 28". 

Anal. Calc'd for ClrHadh: CHaO, 11.48; m. w., 270. 
Found: C&O, 11.4, 11.2; m. w. 271, 276. 

Palmitic acid.-One gram of the crystalline ester was saponified by dissolving in  
10 cc. of alcohol and boiling under reflux for one and one-half hours with 12 cc. of 
0.5 N alcoholic potassium hydroxide. The alcoholic solution was diluted m'ith 
water, and most of the alcohol was removed by boiling. After cooling, the alkaline 
solution was extracted with ether and then acidified. The free fat ty  acid was re- 
moved with ether, which was washed w.ith water and dried over anhydrous sodium 
sulfate. The solvent was then removed and gave 0.9 gram of crystalline material 
which, when recrystallized from methanol, melted at 62-63'. A mixture melting 
point made with an authentic sample of palmitic acid showed no depression. 

Anal. 

Lmoleic acid methyl ester.-The methanol solution, from which the palmitic acid 
methyl ester had been removed, was freed from solvent by evaporation and the 27 
grams of residue was subjected to fractional distillation at 0.5 mm. Twenty grams 
distilled at 140-146'; ng = 1.4621; ng - n t  = 0.009. 

Anal. Calc'd for C19Ht402: CHsO, 10.53. 
Found: CH30, 10.54, 10.73. 

One gram of ester was hydrogenated in acetic ester solution with platinum oxide 
catalyst. It absorbed 155 cc. (two molen) of hydrogen and gave 1 gram of a crystal- 
line product. On recrystallization from methanol it melted a t  38" and showed no 
depression in  the melting point when mixed with a n  equal quantity of authentic 
methyl stearate. 

Linoleic acid.-On saponification by boiling under reflux for two hours with 80 
cc. of 0.5 N alcoholic potassium hydroxide and subsequently removing any unreacted 
ester, 5.6 grams of the ester yielded 5.5 grams of acid that  boiled at 170-175" at 0.5 
mm.; nz = 1.4690; n2,' - nz = 0.009. 

Calc'd for CMHSZO~: m. w., 2!i. 
Found: Equiv. wt. (titration) 256, 261. 

Anal. Calc'd for C18HszOz: m. w., 280. 
Found: Equiv. wt. (titration) 283, 281. 

On the addition of 4 atoms of bromine, 0.5 gram of the acid was converted into 
the crystalline tetrabromide, yield 0.3 gram. After recrystdlization from petro- 
leum ether it melted a t  112-113". The recorded melting point for tetrabromdlinoleic 
acid is 113-114". 

On hydrogenation in acetic ester solution with platinum oxide catalyst, the acid 
absorbed two moles of hydrogen. The crystalline reidduction product, after rearys- 
tallization from alcohol, melted a t  69". There was no depression in  the melting point 
when this was mixed with an equal quantity of authentic stearic acid. 

Preparation of acids from pyrethrin I ssmicarbazone.-A quantity of twice-recrys- 
tallized pyrethrin I semicarbazone was saponified in the usual manner.2 After fil- 
tration from the crystalline pyrethrolone semicarbazone, the total acids were isolated 
from the alcoholic alkaline mother liquor by the usual procedure. 
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Ten grams of these acids was converted into their methyl esters by boiling under 
reflux for two hours in 200 cc. of methanol containing 10 grams of concentrated sul- 
furic acid. After most of the methanol had been removed under redwed pressure, 
the residue was strongly diluted with water and extracted with petroleum ether. 
The petroleum ether solution was washed with water, dilute potassium hydroxide, 
and again with water. After being dried over anhydrous sodium sulfate, the solvent 
was removed. The yield of mixed methyl esters was 10.4 grams. 

Separation of methyl esters.--Twenty-two grams of mixed methyl esters was dis- 
tilled a t  19 mm. Eighteen grams distilled a t  90-100" and consisted essentially of 
chrysanthemum monocarboxylic acid methyl ester together with some chrysanthe- 
mum dicarboxylic acid dimethyl ester. The remainder of the material was distilled 
at 0.5 mm. Of this 1.8 grams boiled at 110-135' and 0.6 gram boiled at 135-145". 
There was some material that  would not distill readily. 

Palmitic acid methyl ester.--The material from another experiment comparable 
to  this higher-boiling fraction was converted to  the free acid, from which the acid 
chloride was prepared. The latter was treated with p-bromoanaline and gave a 
crystalline p-bromoanilide. The compound, twice recrystallized from methanol, 
melted a t  109-110". It showed no depression when mixed with an equal quantity of 
an authentic sample of the p-bromoanilide of palmitic acid. The yield of the p -  
bromoanilide was small, but it corresponded t o  a quantity of methyl palmitate 
proportionate to  the amount of crystalline methyl ester obtained by freezing the 
methanolic solution of mixed inethyl esters of b. p. 135-145" as described below. 

p-Bromoanilide of palmitic acid.-One gram of palmityl chloride dissolved in 10 
cc. of dry benzene was slowly added, with stirring, to  a solution of 1.5 grams of p- 
bromoaniline in 10 cc. of the same solvent. After standing for 30 minutes, the crys- 
talline material that immediately separated was filtered and washed with benzene, 
dilute hydrochloric acid, and water. After recrystallization from alcohol i t  melted 
at  114". It weighed 1.3 grams. A mixture with a sample of the p-bromoanilide of 
melting point 109-110" obtained from the acid isolated as a pyrethrolone ester melted 
a t  111-112". 

Linoleic acid methyl ester.--The 0.6 gram of liquid esters obtained from pyrethrin 
I semicarbazone of b. p. 135-145" at 0.5 mm. was dissolved in 3 parts of methanol 
and subjected to  a temperature of -6". Two-tenths of a gram of impure palmitic 
acid methyl ester deposited and was filtered and washed with a little cold methanol. 
From the methanolic filtrate, after removal of the solvent, 0.4 gram of oily material 
was obtained. This material was shown to be linoleic acid methyl ester by its con- 
version in good yield to  the free acid. The acid was reduced catalytically with the 
absorption of two moles of h,ydrogen to  stearic acid. The recrystallized reduction 
product of melting point 68" was identified by the melting point, 68-69", of a mixture 
with authentic stearic acid. 

Anal. 

Quantity of fatty acids present i n  a mixture of pyrethrin semicarbazones as pyre- 
throlone esters.-One hundred thirty grams of partly purified pyrethrum concentrate 
was converted to  the mixture of pyrethrin I and pyrethrin I1 semicarbazones.2 
The dried material, twice recrystallized from benzene and washed with petroleum 
ether, weighed 31.6 grams. 1. t was saponified in the usual manner, and the crystal- 
line pyrethrolone semicarbazone was separated by filtration. The alcoholic mother 
liquor was concentrated to  a small volume under reduced pressure and diluted with 
an equal volume of water. An additional quantity of pyrethrolone semicarbazone 

Calc'd for C18H3b01; m. w., 284. 
Found: equiv. wt. (titration), 289. 
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crystallized and was removed from the solution by filtration. The filtrate was made 
strongly alkaline and boiled under reflux for one hour. After being cooled, the solu- 
tion was acidified and the acids were removed by extraction with petroleum ether. 
The petroleum ether solution was washed with water, dried over anhydrous sodium 
sulfate, and evaporated. Ten and one-tenth grams of acids was recovered. They 
were dissolved in 70 cc. (10 per cent. excess) of normal sodium hydroxide and diluted 
to 200 cc. with water. After the addition of 1 gram of Filter-cel, 25 cc. of a 10 per 
cent. solution of barium chloride was added, and the solution was thoroughly mixed. 
The precipitated barium salts were collected by filtration, washed, suspended in  
dilute hydrochloric acid, and decomposed by vigorous shaking. The free acids were 
extracted with petroleum ether, and the solution was mashed with water and dried 
over anhydrous sodium sulfate. The solvent was removed, leaving 0.3 gram of free 
fatty acids originally combined as pyrethrolone esters. 

SUMMARY 

The semicarbaxone of pyrethrin I as ordinarily prepared from concen- 
trates consists of a mixture of the semicarbazones of pyrethrins I and I1 
together with the semicarbazones of the esters of pyrethrolone with 
palmitic and linoleic acids. This has been established by the isolation 
and identification of chrysanthemum mono- and dicarboxylic acids and 
palmitic and linoleic acids from the acid products of saponification of 
purified preparations of pyrethrin I semicarbasone. It is practically 
impossible to prepare pure pyrethrin I semicarbazone by recrystallization. 

Palmitic and linoleic acids are contained in the free state in the oleo- 
resins of pyrethrum flowers and may be isolated by fractional distillation 
of the mixture of the methyl esters of the total free acids. The recrystal- 
lized crude semicarbazone mixture obtained from pyrethrum concentrates 
yields fatty acids on saponification. 
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It has been established' that acetylketene represents the structure of the 
dimer of ketene. The polymerization of acet,ylketene to dehydroacetic 
acid which involves the addition of a double bond (as in 11) to the ends of 
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a conjugated system (as in I) may be regarded as a reaction of the Diels- 
Alder type. Therefore, it was of interest to see if acetylketene would 
undergo other Diels-Alder reactions such as with maleic anhydride by 
addition to I, or with furan by addition to 11. Actually, it did neither. 

A reaction product was obtained, however, with maleic anhydride. 
It melted at  137" and seemed to be identical to the unidentified 137"- 
material obtained by Trephilieff2 from maleic acid, acetic anhydride, and 
acetoacetic ester. Trephilieff believed his substance to be a monobasic 
acid, CllH1405. The close relationship between acetylketene and aceto- 
acetic ester made it seem reasonable to think that the same substance 
should be formed in both experiments. As it turned out, however, this 
relationship had nothing to do with the reaction product. The reaction 
involved was merely one of hydration of the maleic anhydride with the 
trace of water which was present. The 137O-material was shown to be 
maleic acid. 

A 
survey of recent studies which have dealt with supposedly pure maleic 

The generally-accepteda melting point of maleic acid is 130.5". 

1 HURD AND WILLIAMS, J .  Am. Chem. SOC., 68, 962 (1936). 
* TREPHILIEFF, Ber., 40, 4389 (1907); J. Russ. Phys.-Chem. SOC., 39, 1618 (1908). 
3 KEMPF, Ber., 39, 3725 (1906); J .  prakt. Chem., [2] 78,  239 (1908). This tempera- 

ture is selected by International Critical Tables. 
314 



XON-REACTION OF ACETYLKETENE AND MALEIC ANHYDRIDE 315 

acid has revealed melting points ranging from 130' to 140', but no expla- 
nation of such a wide variation has been given. Sessions4 prepared maleic 
acid, m.p. 138.5-140', by vapor-phase, catalytic oxidation of furfural at  
200-300'. He reported it to melt at  138-139' if crystallized from water, 
but found the melting point to drop to 130-131' after a few recrystalliza- 
tions from benzene. Rinkes6 also recorded 138.5-140' as the melting 
point. Terry and EichelbergeP prepared maleic acid by dissolving pure 
maleic anhydride in water without mentioning the melting point, but this 
method was used by Olson and Hudson' who reported 134.5'. Vaidyas 
also reported 134'. 

The value of 131' is reported in recent work by Ashton and Pa r t ing t~n .~  
Pure maleic acid was prepared by Conant for Parks and Huffman'O by 
dissolving distilled maleic anhydride in water and crystallized by concen- 
tration in vacuo. Conant states: "This is the only method which gives a 
really pure maleic acid free from fumaric. The melting point given in 
the literature is 130-131". If slowly heated in the ordinary melting-point 
apparatus the acid I am sending you melts at  this temperature. It shows 
a somewhat higher melting point if rapidly heated. Personally, I am in- 
clined to  think that this higher value may be nearer the truth, in spite of 
stateinents in the literature." 

That the 137'-material (111) from maleic anhydride and acetylketene 
or acetoacetic ester was maleic acid was demonstrated by its neutraliza- 
tion equivalent and by other tests. Similar material [(IV), m.p. 136'1 
was obtained by adding water to a solution of maleic anhydride. When 
either I11 or IV was melted, cooled, and remelted the temperature of the 
second fusion of both was about 130". When I11 and IV were mixed, the 
melting point was not depressed. Also, both compounds yielded the same 
derivatives with toluidine or anisidine. 

It seemed reasonable to believe that the substance melting at  137-138' 
was pure maleic acid. To account for the lowered melting point in the 
13O0-material, it was assumed that an impurity was present. The two 
most obvious impurities to consider were fumaric acid and maleic anhy- 
dride. No maleic anhydride was found, but evidence was obtained which 
shows that about 3 per cent. of fumaric acid was present. The fumaric 
acid was detected in the maleic-fumsric mixture by extracting the maleic 

4 SESSIONS, J .  Am. Chem. SOC., 60, 1696 (1928). 
6 RINKES, Rec. trav. chim., 46, 822 (1926). 
6 TERRY AND EICHELBERGER, J .  Am. Chem. Soc., 47, 1410 (1925). 
7 OLSON AND HUDSON, ibid., 66, 1410 (1933). 
8 VAIDYA, Proc. Roy. SOC., (London), A129, 299 (1930). 
s AsnToN AND PARTINGTON, Trans. Faraday Soc., 30, 598 (1934). 
10 PARKS AND HCFFMAN, J .  Am. Chem. Soc., 62, 4381 (1930). 
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portion of the mixture with a saturated aqueous solution of fumaric acid. 
The undissolved portion was fumaric acid. The reliability of this pro- 
cedure was demonstrated with several known mixtures. 

It was shown that fuinaric acid is produced from maleic acid fairly 
rapidly at  the melting point. The reason why the melting point becomes 
depressed no further than 130" on one or more fusions is the slight solu- 
bility of fumaric acid in t8he fused mass. 

EXPERIMENTAL 

Acetylketene was prepared by polymerization of ketene.' The furan, maleic 

Acetylketene and furan.-7!wo grams of acetylketene, 4.4 g. of furan, and 5 cc. of 
On distillation, the three components were 

No addition product 

Acetylketene and maleic anhydride.-One gram of maleic anhydride, 1 g. of acet- 
After standing for 

anhydride (m.p. 55"), and m:tleic acid (m.p. 130") were commercial specimens. 

benzene were refluxed for three hours. 
recovered: 30-80", 5.4 cc.; 80-12O0, 3.1 cc.; 120-125", 1.2 cc. 
was found. 

ylketene and 10 cc. of dry benzene were refluxed for two hours. 
a day, a small yield of white crystals (A) separated; m.p., 137". 

Neutr. Equiv.  Calc'd for maleic acid: 58.0. Found: 58.6. 
When 2.2 g. of freshly distilled acetylketene (b.p. 37" 19 mm.) and 2.0 g. of maleic 

anhydride mere mixed a cooling effect was noticed. Then 0.6 g. of water was added. 
After twenty-four hours, the crystalline solid (B) mas collected on a filter and dried 
over sulfuric acid in a vacuum desiccator: m.p., 137.5-138"; yield, 1.1 g. If remelted, 
after cooling, the new m.p. value was 130". 

The same substance was formed merely by adding 0.7 cc. of distilled water to  2 g. 
of maleic anhydride. The appearance of the white solid gradually changed, and in 
four hours, i t  was placed in the vacuum desiccator (over sulfuric acid) for twenty- 
four hours. The yield of this material (C) was 1.2 g. and the m.p., 136". 

If the maleic anhydride (0.5 9 . )  was dissolved in 15 cc. of benzene before the ad- 
dition of 0.36 g. of distilled water, the crystals (D) which separated melted also a t  
136"; yield, 0.86 g. The map. of a mixture of A and D was 136". After cooling, the 
m.p. was found to  have dropped to  130-131". 

Experiments with ethyl acetoacetate.-When ethyl acetoacetate (2.6 g.), maleic 
anhydride (2.0 g.) and acetic anhydride (2 cc.) were refluxed for eight hours, no 
precipitation occurred. On standing for six months in a tightly stoppered bottle, 
there was still no separation. 

In a second experiment, 2.6 g. of the ester and 2.0 g. of maleic anhydride were 
mixed and a cooling effect was noted. To facilitate solution of the anhydride, the 
mixture was warmed on a sl,eam bath. After four hours, no precipitation or other 
visible evidence of reaction had occurred. Then, 0.4 cc. of water was added. Grad- 
ually, during twenty-four hours, there separated 1.5 g. of crystals (E) which, after 
standing in the evacuated desiccator, melted at 137.5-138". A mixture of A and E 
melted a t  137". When E was melted, cooled, and remelted, the value obtained was 

Derivatives with arylamint?s.-One gram of maleic acid (m.p. either 130" or higher) 
was refluxed with 2.5 g. of acetic anhydride for a n  hour. Then the acetic acid and 
excess of acetic anhydride were distilled off in a stream of dry air under reduced 
pressure. The residual maleic anhydride was dissolved in chloroform, and this 

130-131 '. 
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Source -- 
_. 
- 

(a) 
( C )  

(a) 

(4 
(4 
(4 
(4 
(4 

solution was divided in two parts. To one was added a solution of 0.5 g. of p-tolui- 
dine in 10 cc. of chloroform. There was obtained 1.02 g. of N-p-tolylmaIeamic acid, 
CH&BH4NHCO-CH==CH-COOH, m.p. 195', with decomposition. The m.p. was 
unchanged by repeated crystallizations from hot acetone, or by solution in  sodium 
hydroxide solution, followed by acidification with sulfuric acid. Dunlap and 
Phelpsll listed the m.p. as 201" but  we were unable to  confirm this value. To the 
other par t  was added 0.6 g. of p-anisidine in  10 cc. of chloroform. The yield of N-  
4-methoxyphenylmaleamic acid, CHsOCsH4NHCOCH=CHCOOH, was 0.70 g. The 
product may be purified by crystallization from hot acetone solution, but better 
results were obtained by adding chloroform to the hot solution to  cause precipitation. 
The crystals melted with decomposition a t  186-186.5'. This is 6' higher than the 
m.p. given by Piutti.12 

m.p., "C. 6. 1 x .  % 

- - __ - 
- - 0.5726 100.0 
130 0.7367 __ - 
130 .8699 .I356 16.3b 
133 .5321 
134 .3962 
137 . lo00 
134 2634 . (036 1.35 
134 .2777 . (080 2 . 8  
134 . a 9 5  .0198 1 4.4 

__ - 
__ - 
__ - 

TABLE 
ANALYSIS OF MIXTURES OF MALEIC AND FUMARIC ACIDS 

INROL. 
PORTION, 

6. 

0 .mol 
.5758 
.0243 
.1644 
.0026 
.o001 
.ooo1 
.oO40 
.ma1 
.0223 

FUMARIC ACID 
FOUND, 

% 

- 
100.6 

3.3 
16.4 
0.4 
0 .o 
0.0 
1.5 
2 . 8  
4 .9  

0 Technical material, thrice crystallized from water. 
The true maleic acid content is0.8412 g. since 3.3% of the 0.8699 g., or 0.0287 g., 

The 16.3$3, includes 0.0287 + 0.1356 g., or 0.1643 g. is fumaric acid. 
6 From maleic anhydride and water. 
d From maleic anhydride in  benzene, and water. 
6 This run is typical of five runs which were made with A, B, C, D, and E. The 

samples taken weighed 0.1-0.2 g. and the maximum insoluble residue (from a 0 . 2  g. 
run) was 0.0003 g. 

This procedure for preparing the toluidine and anisidine derivatives was used 
with each of the above five specimens of maleica cid (A-E) which melted at 136-138". 
With each specimen, the toluidide was found to  melt at 195' and the anisidide at  186', 
and the yields in  all cases were comparable to  the yields mentioned above. Since 
compounds of the same purity were obtained from the 130"- or the 138"-material, it 
appears that  the fumaric acid content of the former does not interfere. 

Analysis of mixtures of maleic and fumaric acids.-Known quantities of the two 
acids were mixed. A saturated solution of fumaric acid was prepared, the solution 

l1 DUNLAP AND PHELPS, Am. Chem. J. ,  19, 494 (1897). 
12 PIDTTI, Atti. accad. Lincsi, 151 18, 11, 314 (1909). 
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being kept in  a thermostat a t  25". A weighed quantity of the mixture and 50 cc. of 
the fumaric acid solution were placed in a small beaker. The latter was kept in  the 
thermostat at  25". The mixture was stirred for five minutes, after which it was fil- 
tered through a weighed filter paper, and washed with a little of the fumaric acid 
solution. The filter paper containing the undissolved fumaric acid was dried in a 
desiccator and weighed. Representative data are tabulated. 

Behavior of maleic acid on fusion.-Mention has been made of several instances 
wherein the melting-point value of pure maleic acid dropped from 138" to  130" after 
the first fusion. This effect was studied quantitatively. 

Five grams of maleic acid was prepared by adding water to  a solution of maleic 
anhydride in benzene. The melting point (capillary tube method) was 134-135". 
The 5-g. specimen was melted, cooled (F), and a sample of it was remelted. For the 
most par t  liquefaction occurred a t  132" but a portion of i t  refused to  melt even a t  
150". Analysis of 0.2097 g. of F revealed 0.0111 g., or 5.3%, of fumaric acid. 

The rest of F was remelted. The temperature was carried to  145" but still about 
one-fifth of it did not melt. When cool (G), the m.p. of a portion of the solid was 
determined again by the capillary tube method. The value obtained was 129-130" 
but there was considerable unmelted material. Analysis of 0.1108 g. of G showed 
0.0089 g., or 8.0% of fumaric acid. 

It is evident, therefore, that  repeated fusions bring about an increased formation 
of fumaric acid, but because of its comparative insolubility a t  the fusion tempera- 
ture this does not cause an increased lowering of the melting point. 

A portion of G was tested for maleic anhydride by extracting it with chloroform 
(in which the anhydride is soluble) and adding to the filtrate a solution of p-toluidine 
in chloroform. No precipitate of N-p-tolylmaleamic acid occurred, although it was 
established that  9346% of the anhydride in synthetic mixtures containing 1 to 9% 
of maleic anhydride in  maleic acid could be accounted for by this method. 

SUMMARY 

There is no reaction between acetylketene and furan, acetylketene and 
maleic anhydride, or between acetoacetic ester and maleic anhydride, 
although a slight separation of maleic acid may occur from the last two 
mixtures. This maleic acid, and that obtained by adding water to the 
mixtures, melts at  137-138" instead of 130" which is commonly accepted. 
This accounts for the unidentified 137O-material obtained by Trephilieff 
from maleic acid, acetic anhydride and acetoacetic ester. 

The 130°-material is not pure maleic acid, but contains about 3 per 
cent. of fumaric acid. The isomerization occurs on fusion. An analytical 
method was developed for mixtures of maleic and fumaric acids. Maleic 
acid may be converted readily with acetic anhydride and arylamines into 
N-arylmaleamic acids, which are satisfactory derivatives. 
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Interest in the action of ammonia on b e n d  dates back nearly a cen- 
tury to the observation of Zinin,' who found that the reaction in aqueous 
alcoholic medium at 70" yielded ethyl benzoate and a colorless, glistening, 
crystalline product which he named Azobenzil. Soon afterward, Laurent2 
made a more systematic study of the reaction in alcoholic solution, and 
isolated three substances termed by him Imabenzil, Benzilimide, and 
Benzilam. At the suggestion of Zincke13 Henius4 reinvestigated the reac- 
tion. He identified Zinin's azobenzil with Laurent's benzilam, and found 
that in alcoholic solution at 130" imabenzil disappeared after one hour, 
and on continued heating the remaining benzilimide-benzilam mixture 
gave way to a mixture of benzilam and lophine. 

In the meantime, JappS had also attacked this problem and published 
the first reliable analyses of Laurent's products. He suggested the fol- 
lowing structures for benzilimide (I) and benzilam (11) ; structures which 

CCsH6 1 + CdhCN 

CsH,C--O OH CsH5c-0, C&&,CO 
I \  j l  \ /  

I1 / \  
C 

CeHSCHOH 
--$ l l  / 

CsH5 Ct&,C--N 
I I1 

CeH5C--NH 

are presumably accepted at the present time. For imabenzil (C35H2SN203) 
no structure was proposed by Japp, but he showed it to be converted by 
acids into one mole each of benzilimide, benzil, and ammonia. Somewhat 
later, Pinner6 repeated part of Japp's work and proposed I11 as the struc- 
tural formula for imabenzil. 

ZINTN, Ann., 34, 190 (1840). 
2 LAURENT, J .  prakt. Chem., 36, 461 (1845). 
8 ZINCKE, Ber., 16, 889 (1883). 
4 HENIUS, Ann. 228, 339 (1885). 
6 JAPP, J .  Chem. SOC., 43, 11 (1883); Ber., 16, 2410 (1882); 16, 2636 (1883); JAPP 

6 PINNER, Ber., 36, 4131 (1902). 
AND WYNNE, J .  Chem. SOC., 49, 473 (1886). 
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CaHbC-NH OH 
\ /  

C 

The present paper proposes a revision of the structure of benzilimide, 
suggests a more rational formula for imabenzil, offers a mechanism for 
the action of ammonia on benzil, and adds an improved procedure for 
the preparation of glyoxalines derived from benzil. It will be helpful 
first to review briefly the evidence for the structures of the products ob- 
tained from benzil by the action of ammonia, discussing these substances 
in the reverse order in which they appear in practice. 

LOPHINE 

Although lophine (IV), m.p. 275", has been obtained in many complex 
reactions, two methods of preparation are especially significant in struo- 
tural discussions. The first is Radzisze~ski's~ classic synthesis from 
benzil, benzaldehyde, and ammonia, while the second is Kulisch's* syn- 
thesis from benzoin and benzamidine. The latter particularly points to 
2 4,5-triphenylglyoxaline as the structure for lophine. 

CsH6CO 

IV 

BENZILAM 

Benzilam (11), m. p. 116"' occurs not only among the products of the 
action of ammonia on benzil; both imabenzil and benzilimide are converted 
into it by the action of sulfuric acid. It has also been reported as result- 

' RADZISZEWSEI, ibid., 16, 1493 (1882). 
* KULISCH, Monatsh., 17, 300 (1896). See FRANKLIN, Chem. Rev., 16, 315 (1935). 
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ing from the action of fused ammonium acetateg or ammonium formatelo 
on benzil, accompanied by a smaII amount of lophine. Japp5 assigned an 
oxazole structure to benzilam, which he confirmed by a synthesis from 
benzoin and benzonitrile." 

BENZILIMIDE 

Japp's structure for benzilimide (I) was based on its dehydration to 
benzilam (11). Since the latter is best represented as an oxazole, ben- 
eilimide was written as a hydrated oxazole, or, specifically, as 2-hydroxy-2, 
4,5-triphenyloxazoline. Henius4 described benzilimide as occurring in 
white, asbestos-like needles, melting at  137-139'. In  1913, McKenzie 
and Barrow'* benzoylated desylamine and obtained a product consisting 
of rosettes of slender, colorless needles which melted at  139-140" and 
yielded benzilam (11) with concentrated sulfuric acid according to Robin- 
son's method of producing oxazoles.':' In the present work, the prepara- 
tion of Laurent's benzilimide and of McKenzie and Barrow's benzodes- 
ylamide (N-desylbenzamide) (V) were repeated, and the products were 

CBH~CHNHCOCBH~ 

CsHhCO 
I 

v 
found to be identical in crystalline form (rosettes of asbestos-like needles) 
melting point (141'), and chemical behavior (conversion to cyclic bases 
by ammonia, aniline, or dehydration). Japp's formula for benzilimide, 
should, therefore, be superseded by N-desylbenzamide (V), the structure 
of which is established by the synthesis of McKenzie and Barrow. In 
harmony with this formulation benzilimide forms an oxime (m. p. 200'). 

THE MECHANISM O F  THE gCTION O F  AMXONIA ON BENZIL 

To explain the formation of benzilimide or benzilam, Japp5 assumed 
that one molecule of benzil is split by ammonia into benzaldehyde and 
benzoic acid. The latter fragment may appear as ethyl benzoate or ben- 
zamide depending on  circumstance^,^^ while the benzaldehyde reacts with 

9 JAPP AND WILSON, J. Chem. Sac., 49, 825 (1886), recommended fused ammonium 
acetate as  more convenient than alcoholic ammonia. 

1 0  LEUCKART, J. prakt. Chern., [21, 41, 330 (1890). 
11 JAPP AND MURRAY, J .  Chem. Sac., 63, 469 (1893). 
12 MCKENZIE AND BARROW, ibid. ,  103, 1331 (1913). 
13 ROBIXSON, ibid., 96,2167 (1909); R O B I ~ S O N  AND LISTER, ibid. ,  101,1297 (1912). 
l4 SCHONBERG, Ber., MB, 242 (1921), obtained ammonium benzoate in aqueous 

ammonia a t  120". 
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a second molecule of benzil to form benzilimide or benzilam. As Japp 
recognized, the inherent weakness of this mechanism lies in the fact that, 
as Radziszewski' had shown, a mixture of benzaldehyde and benzil reacts 
with ammonia in alcohol at  40" to form lophine exclusively. Furthermore, 
benzil does not undergo the supposed scission when treated with deriva- 
tives of ammonia such as primary amines (Zincke3). It appears neces- 
sary, therefore, to devise a reaction scheme which does not involve ben- 
zaldehyde. What follows is proposed as a working hypothesis for the 
course of this reaction. 

1. Benzil adds ammonia to form the hypothetical benzil-ammonia (VI). 
2. Benzil-ammonia condenses with benzil to form another hypothetical 

intermediate, desylidenebenzil-ammonia (VII) . 
3. Such a structure (VII), it is proposed, possesses a particularly labile 

C-C bond between the azomethine carbon atom and the adjacent car- 
bonyl group, which is subject to solvolysis (hydrolysis, alcoholysis, or 
ammonolysis). This results in the production of benzoic acid or a deriva- 
tive (ethyl benzoate or benzamide) and a third hypothetical intermediate, 
benzylidenebenzil-ammonia (VIII) . 

4. Benzylidenebenzil-ammonia undergoes a form of internal Canniz- 
zaro reaction leading to the benzoyl derivative of desylamine [N-desyl- 
benzamide (V)]. 

5. Sufficiently activated molecules of V undergo spontaneous cyclo- 
dehydration to benzilam (11). 

CsHsCO NHs CeHtC(OH)"2 bensi, CeHsC(OH)N: CCaHs HzO 

C&iCO CeHbCO CsHsCO OCCeHs 
I I -+ 

+ - I -+ 

VI VI1 
CaH&(OH) N : CHCsHs CsHsCHNHCOCeHrj 

CeHbCO + COHSCOOH 
I * 

C&&,CO 
I 

VI I1 V 
The recognition of benzilimide as N-desylbenzamide clarifies the action 

of ammonia on benzil by bringing to light the close analogy between this 
reaction of ammonia on an alpha-diketone and its action on alpha-keto- 
acids. Erlenmeyer, Jr.I5 found that acids of the type RCOCOOH were 
converted by ammonia to alpha-acylaminoacids of the type RCONH- 
CHRCOOH and carbon dioxide thus: 

RCO COR RCHNHCOR 
I + "3 + I + I  

HOCO COOH HOCO 

ERLENMEYER, JR. AND KUNLIN, ibid. ,  36, 2438 (1902). 

+ CO2 + " 2 0  
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beside which may be written 
CsH5CO COCsHs CEH5CHNHCOC6Hs 

C&,CO COCsH, C6&,&) + C6H5COOH 
I + N 3 3  + I -+ 

In both reactions an active carbonyl group is converted to an acylated 
carbinamine group at  the expense of a second molecule of the carbonyl 
compound. Erlenmeyer's mechanism for his reaction involved the in- 
termediate IX. His concept is brought into line with that discussed above 
in the benzil case by considering this substance to dehydrate to X, which 
contains the azomethine grouping known to labilize the C-COOH bond 
and permit decarboxylation.16 A subsequent rearrangement would yield 
the final aminoacid derivative. 

RC(0H) NHC(0H)R RC (OH) N : CR 
I I I I 

HOCO COOH HOCO COOH 
IX X 

This picture of the mechanism of the action of ammonia on benzil ac- 
counts for the apparent (but not actual) scission of benzil. It remains to 
explain the formation of lophine when ammonia acts on a mixture of 
benzaldehyde and benzil in alcohol (Radziszewski'). Here it may be 
assumed that the reaction begins with the conversion of benzaldehyde to 
a diamine (XI), which condenses with benzil to form XII, which then 
undergoes a Cannizzaro reaction yielding lophine. The formation of the 
supposed intermediate XI1 is analogous to the formation of hydrobenza- 
mide (XIII) by the action of ammonia on benzaldehyde alone. 

Cd&,CH / ~ ,CHCeH5 

"2 CeH.&=N CeH,CH=N 
\ \ 

/CHCsH5 
"2 CeHbC=N Ct HsCH=N 
\ 

XI XI1 XI11 
The formation of lophine in Henius' experiments4 mentioned above is 

to be traced to benzilimide, since it is known that such acylated amino- 
ketones react with ammonia to yield gly~xalines.'~ This account for 
Henius' observation of the disappearance of benzilimide and the appear- 
ance of lophine as the action of ammonia was continued. In the present 
study it was found that benzilam was completely unaffected under con- 
ditions which converted benzilimide (N-desylbenzamide) quantitatively 
to lophine. 

LAKGENBECK, 2. angew. Chem., 46, 97 (1932); Ber., 70B, 367 (1937). 
17 EVEREST AXD MCCOMBIE, J .  Chem. Soc., 99, 1746 (1911). 
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IMABENZIL 

Another aspect of the reaction under discussion which requires clarifica- 
tion is the nature of imabenzil. Imabenzil, the first product to separate 
in the action of ammonia on benzil, gradually disappears as the action is 
continued. Hence, Henius considered it the primary product but both 
Henius and Japp were unable to assign it a structure. Pinner’s formula 
(111) hardly explains the conversion of imabenzil t o  benzilimide and 
benzilam, and led Strain” to suggest two alternative formulas (XIV or 
XV). Since these structures were based on Japp’s cyclic conception of 

CsH5C-O OH C6H5C-o OH 1 1  \e’ \ / 

CJ35 
/ \  

CsH&--PU’ 
~~ 

CsHbC-N CsH5 

CsH,COC(NH2)CsH, I C+j&,C( :NH)&(OH)Cd& 
XIV XV, 

benzilimide, they also require revision. The essential facts that a struc- 
tural formula for imabenzil must indicate are its composition (C35H28N203) 
and its scission by acid into benzilimide, benzil, and ammonia. In har- 
mony with the mechanism of the action of ammonia on benzil presented 
above the simplest assumption to be made is that imabenzil is a con- 
densation product of benzil-ammonia (VI) and benzilimide (V) ; namely, 
l-benzoyl-5,6-dihydroxy-2,3,5 , 6-tetraphenyl- 1 2 5,6-tetrahydropyra- 
zine (XVI). 

H2N N 
\ / \  

\ /  

CsH5CO C(OH)CeHs C6H& C(OH)CsHs + -+ 
C6H5bH hOc6H5 CsHjkH &(OH) C6H5 

N 
\ 

NH 
I 

COCeH5 
V VI 

GLACIAL ACETIC ACID AS A MEDIUM FOR THE ACTION OF AMMONIA ON BENZIL 

The present paper is part of a research program including the study of 
the action of ammonia in glacial acetic acid on carbonyl compounds. This 
work was stimulated by the observation of Davidson18 that glacial acetic 
acid is an excellent medium for the conversion of alloxantine to murexide 

18  DAVIDSON, J .  Am. Chem. SOC., 68, 1821 (1936). 
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by a m m ~ n i a . ~  When a gram of benzil is refluxed for an hour in 25 cc. of 
glacial acetic acid containing 5 g. of ammonium acetate, all the benzil 
reacts, forming over 90 per cent. of the theoretical yield of lophine to- 
gether with a subordinate amount of benzilam. 

Does this result indicate that the action of ammonia on benzil is essen- 
tially different in glacial acetic acid from that observed in aqueous or 
alcoholic medium where little (if any) lophine is formed in the same length 
of time, and benzilam is the principal final product? Such is apparently 
not the case. The principal difference between glacial acetic acid and 
other media is that it is particularly suitable for the conversion of acyl 
derivatives of desylamine, such as N-tlesylbenzamide (V) to glyoxalines 
by ammonia. This has been demonstrated by treating benzilimide with 
ammonium acetate in glacial acetic acid, thus effecting its smooth con- 
version to lophine. N-Desylacetamide behaves similarly. Under the 
same conditions benzilam is completely unchanged by the reagent. When 
aniline is employed in place of ammonia, the ring closures lead to N- 
phenyl glyoxalines. 

It is worthy of note that at  elevated temperatures, fused ammonium 
acetate9 or formatelo convert benzil mainly to benzilam. These results 
may be reconciled with that described just above by invoking postulate 
five of the mechanism proposed in an earlier section of this paper. In  
accordance with this idea, a larger proportion of labile molecules of ben- 
zilimide would be formed at the higher temperatures, and would undergo 
cyclodehydration to the oxazole before they could react with ammonia 
to form Iophine. 

A MODIFIED RADZISZEWSKI SYNTHESIS OF GLYOXALINES 

If an equimolecular mixture of benzaldehyde and benzil is refluxed for 
an hour in glacial acetic acid containing insufficient ammonium acetate to 
convert benzil alone to lophine, a quantitative yield of lophine is obtained. 
Hydrobenzamide may be substituted for the benzaldehyde. The ad- 
vantage of the acetic acid medium over Radziszewski’s alcoholic ammonia 
is seen clearly in the case of 4,5-diphenylglyoxaline. This compound was 
first prepared by Japplg by the action of alcoholic ammonia on a mixture 
of formaldehyde and benzil. Pinner6 obtained very little of the desired 
product by Japp’s method, the reaction yielding mainly the well-known 
products of the action of ammonia on benzil alone. Later, PinnerZ0 
somewhat improved the yield of 4 , 5-diphenylglyoxaline by working in 
the cold. This complication prompted Biltz?’ to  study the indirect pro- 

l 9  JAPP, J. Chem. Sac., 61, 559 (1587). 
2 o  PINNER, Ber., 38, 1536 (1905). 
21 BILTZ, ib id . ,  40, 2630 (1907); BILTZ AND KREBS, A m . ,  391, 201, 203 (1912). 
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duction of this substance from 2-chloro and 2-mercapto derivatives. 
Pinner's difficulty disnppears, however, when glacial acetic acid is em- 
ployed and hexamethylenetetramine is utilized as a convenient source of 
formaldehyde, a quantitative yield of Japp's product being obtained. 
A similar result is experienced with a mixture of paraldehyde and benzil, 
which leads to 2-methyl-4 , 5-diphenylglyoxaline.5 

EXPERIMENTAL 

Preparation of Laurent's benzi1imide.-Ammonia gas was passed into a solution 
of 25 g. of benzil in 500 cc. of ethanol a t  30-40" until the gain in weight amounted to  
nine grams. Fine colorless needles of imabenzil soon appeared. After 24 hours 
the crop, amounting t o  0.55 g., melting a t  188" (corr.), was collected by filtration, 
and the filtrate was boiled down in vacuum in two stages to  approximately 200 and 
100 cc. respectively, further crops of imabenzil of 2.1 g., m. p. 208" (corr.), and 0.8 g., 
m.p. 193" (corr.), being obtained. The final liquor, on standing, deposited 9.2 g. 
of a mixture of benzilimide and benzilam melting a t  about loo", from which 3 g. 
of benzilimide, m.p. 141" (corr.), was separated by fractional crystallization from 
ethanol. No depression of the melting point was observed when this material was 
mixed with the N-desylbenzamide prepared as described below. 

N-Desylbenzamide from desy1amine.-A suspension of 9.2 g. of desylamine stan- 
nochlorideZ2 in 100 cc. of water was covered with 200 cc. of benzene containing 4 cc. 
of benzoyl chloride. The mixture was stirred and maintained a t  5-10" while 80 cc. 
of 10% sodium hydroxide was slowly dropped in. Stirring was then continued for 
thirty minutes a t  room temperature, the benzene layer was separated, the benzene 
removed, and the residue was crystallized from 60 cc. of ethanol. The yield was 
5.0 g. (80% theoretical) of colorless, asbestos-like needles, melting at 141" (corr.). 
Like benzoin, this substance gives a yellow solution in alcoholic alkali, but, unlike 
benzoin, does not develop a deep purple color. 

Benzilimide oxime.-This mas obtained by refluxing 0.32 g. of benzilimide with 
0.14 g. of hydroxylamine hydrochloride and 0.16 g. of sodium acetate in 10 cc. of 
ethanol for 16 hours or by refluxing the amide and hydroxylamine hydrochloride in  
3 cc. of pyridine for two hours. In both cases the product was thrown out with 
water and crystallized from methanol, from which i t  was obtained in the form of 
needles, melting a t  197-203" (corr.), depending on the rate of heating. 

Anal. Calc'd for C21HlsNz0z: C, 76.4; H, 5.5; N, 8.5. 
Found: C, 75.9; H, 5.7; N, 8.9. 

The mother liquors contained a much more soluble product (m.p. 140") which may 
be an isomeric oxime. Identical products were obtained from the N-desylbenza- 
mide prepared from desylamine. 

Action of ammonia in acetic acid on N-desy1amides.-Lophine from N-desylbenza- 
mide.-Benzilimide (0.32 g.) was refluxed for one hour with 1.5 g. of ammonium ace- 
ta te  in 10 cc. of acetic acid. Dilution of the hot solution with water yielded 0.28 g. 
(93% of theory) of colorless needles, melting a t  270" (corr.). Recrystallization from 
a mixture of pyridine and water raised the melting point to  275" (corr.). Under the 
same conditions benzilani was recovered quantitatively and unchanged. Substi- 
tution of one cc. of aniline for the ammonium acetate yielded tetraphenyl glyozaline,l7 
melting a t  221" (corr.) (from methanol). This has previously been reported as melt- 
ing a t  215". Identical results were obtained from N-desylbenzamide prepared from 
from desylamine. Replacement of the N-desylbenzamide in the experiments de- 

z2 PSCHORR AND BRWGC:EYANN, Ber., 36, 2740 (1902). 



ACTION OF AMMONIA ON BENZIL 327 

scribed above by N-desylacetamide, the preparation of which is reported below, 
yielded entirely similar results leading to B-methyZ-&5-diphenyZgZyoxaline, m.p. 
243" (corr.) and B-methyZ-1,4,6-triphenyZgZyo~aline, m.p. 197" (corr.). 

N-Desy1acetamide.-To a mixture of 20 cc. of dry pyridine and 4 cc. of acetic an- 
hydride surrounded by an ice bath 9.1 g. of desylamine stannochloride was gradually 
added with stirring. The stirring was continued for an hour a t  room temperature 
and the mixture was then poured into chilled dilute hydrochloric acid. This pre- 
cipitated a n  oil which soon solidified. Crystallization from methanol gave large, 
clear prisms, melting a t  137" (corr.) in practically quantitative yield. 

Anal .  Calc'd for ClaHl6NOz: N, 5.5. Found: N, 5.6. 
Action of ammonia on b e n d  in acetic acid.-A solution of 1.05 g. of b e n d  and 

5.0 g. of ammonium acetate in 25 cc. of glacial acetic acid was refluxed for one hour. 
Twenty cc. of water was then added. This precipitated 0.05 g. (7% of theory) of 
benzilam, m.p. 110" (115" after crystallization from ethanol). Dilution of the orig- 
inal mother liquor to  250 cc. precipitated 0.70 g. (94% of theory) of crude lophine, 
m.p. 250", which after solution in hot pyridine (10 cc.) and precipitation by addition 
of hot waker (7.5 cc.) melted a t  275" (corr.). 

A modified glyoxaline synthesis.-Preparation of /t,6-diphenylglyoxaline.-A mix- 
ture of 1.05 g. of benzil, 0.13 g. of hexamethylenetetramine, 3.0 g. of ammonium ace- 
tate and 25 cc. of glacial acetic acid was refluxed for an hour and then diluted to  
250 cc. A slight turbidity was removed by means of Darco and the glyoxaline was 
precipitated by adding ammonia; yield, 1.00 g. (91% of theory) of ti product melting 
a t  228" (corr.). Crystallization from 5 cc. of hot pyridine by addition of 5 cc. of 
boiling water yielded large, glistening needles, m.p. 232" (corr.). 

Anal .  Calc'd for ClaHlzNZ: N, 12.7. Found: N, 12.6. 
Similar reactions in which the formaldehyde derivative was replaced (a) by paral- 

dehyde (0.3 cc.) gave d-methyl-/t,6-diphenylglyoxaline, m.p. 244" (corr.) in 96% 
yield; or ( b )  by benzaldehyde (0.5 cc.) or by hydrobenzamide (0.5 g.) gave Eophine, 
m. 272" in 90-95% yields. 

SUMMARY 

1. Laurent's benzilimide is identical with the benzodesylamide (N- 
desylbenzamide) of McKenzie and Barrow. 

2. 1-Benzoyl-5 6-dihydroxy-2,3 5 6-tetraphenyl-1 2 5 6-tetrahydro- 
pyrazine is suggested as the structure of Laurent's imabenzil. 

3. A mechanism for the action of ammonia on b e n d  which avoids the 
scission of benzil as a step and relates the reaction to the formation of 
alpha-acylaminoacids by the action of ammonia on alpha-ketoacids is 
proposed. 
4. N-Desyl derivatives of acid amides are converted smoothly into 

glyoxalines by the action of ammonia in. acetic acid. 
5 .  Ammonia in acetic acid converts benzil to lophine accompanied by a 

small amount of benzilam. 
6. The preparation of glyoxalines from benzil, aldehydes, and ammonia 

is improved by the use of glacial acetic acid. Ammonia derivatives or 
reversible polymers of the aldehydes may be employed in place of the alde- 
hydes themselves. 
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The action of ammonia on benzoin has been studied previously by 
Laurent,' Erdmann,2 and Japp and Wilson.3 These investigators found 
that the reaction leads to three products-amarone (C2sH22N2, m.p. 245") 
[also called benzoinimide (Erdmann) and ditolane-azotide (Japp and 
Wilson)], benzoinam ((&&N20, m.p. 190"-220" depending on the rate 
of heating), and benzoinidam (CzsH23N02, m.p. 199"). With fused ammo- 
nium acetate a t  elevated temperatures, Japp and Wilson obtained a fair 
yield of amarone (55%), while with ammonium formate at  230' Leuckart4 
reported a quantitative yield of amarone with only traces of by-products 
such as lophine and benzaldehyde. Of the products mentioned above 
only amarone has been assigned a structural formula. This Japp and 
Wilson3 represented as tetraphenylpyrazine (I). 

N 

C~H,C-NH 

I I1 

The present paper deals with an examination of the action of ammonia 
in acetic acid on benzoh6 In this medium it is found that benzoin yields 
mainly amarone (I) and 2-methyl-4,5-diphenylglyoxaline (11) together 
with dihydroamarone. Some light is thrown on the mechanism of this 
reaction by studying other acids particularly formic, and, further by test- 
ing the action of ammonia in acetic acid on esters of benzoin. This latter 

1 LAURENT, J. prakt. Chem., [l], 36, 5 (1845). 
2 ERDMANN, Ann., 136,181 (1865). 
3 JAPP AND WILSON, J. Chem. Soc., 49, 825 (1886). 
4 L ~ ~ ~ ~ ~ ~ ~ ,  J .  prakt. Chem., [2], 41, 330 (1890). 
6 Previous papers from this laboratory dealing with the action of ammonia in  

acetic acid on carbonyl compounds: (a )  DAVIDSON, J .  Am. Chem. Soc., 48, 1821 
(1936); (b) DAVIDSON, WSISS, AND JELLING, J. ORG. CHEM., 2, 319 (1937). 
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reaction produces good yields of oxazoles (accompanied by subordinate 
amounts of glyoxalines), thus furnishing a new method of producing such 
cycles.6 

THE MECHANISM OF THE ACTION O F  AMMONIA ON BENZOIN 

Since it is known that aniline converts benzoin into N-de~ylaniline~ 
(111), it is reasonable to assume that the primary product of the action 

I11 

of ammonia on benzoin is desylamine (IY). In  this reaction it is probably 
the carbonyl group which is converted to the carbinamine group, the 
process involving condensation followed by tautomerization, thus : 

CsHsCO CeH& : NH C~H~CHNHZ A.off, C~H~CHNHAC 
- I --+ 3 

CCHSCHOH C6HjkHOH C&f5C0 C6HbCO 

-HI 

Desylamine, in tim, may react in two ways: (1) undergo autocondensations 
to dihydroamarone (V) ; or (2) condense with acetic acid to form N-desyl- 
acetamide (VI). The latter has been shown to react with ammonia in 
acetic acid to form 2-methyl-4,5-diphenylglyoxaline (II),5b while Gabriels 
has reported that dihydropyrazines resembling V are readily oxidized to 
pyrazines. 

6 Oxaeoles derived from benzoin have previously been prepared by (a)  cyclode- 
hydration of N-desylbenzamide, MCKENZIE AND BARROW, J. Chem. SOC., 103, 1331 
(1913); ( h )  the condensation of benzoin with nitriles, JAPP AND MURRAY, ihid., 63, 
469 (1893). 

7 A recent study of this reaction has been made by CAMERON, Trans. Roy. SOC. 
Can., [3], 23, Sect. 3 , s  (1929); 26, Sect. 3, 145 (1931). 

(1908); HILDESHEIMER, ibid. 43, 2796 (1910). 
8 Compare the behavior of other alpha-aminoketones, GABRIEL, Ber., 41, 1127 
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Air bubbled thru solution . . . . . . . . . . . . . . . . .  
Normal refluxing.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Closed tube.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The formation of tetraphenyldihydropyrazine in the reaction of ammo- 
nia on benzoin in acetic acid is evidenced by the orange color which sets 
in soon after refluxing of the reaction mixture is begun. That air plays 
a r6le in its conversion to amarone is indicated by the following experi- 
ments (Table I) in which the heating was carried out (1) with air bubbling 
through the solution, (2) under normal conditions, and (3) in a closed tube. 
The amarone produced was separated by filtration, and the dihydro- 
amarone remaining in tbe mother liquors was determined by adding nitric 
acid until the orange color was discharged, whereupon a second crop of 
amarone precipitated, while a fugitive green color was observed.* 

0.41 I 0.14 0.55 

0.27 ~ 8::; 0.51 
0.35 ~ 0.55 

TABLE I 
AIR AS A FACTOR IN THE PRODUCTION OF AMARONE 

(In each experiment, 1.06 g. of benzoin, 10.0 g. of ammonium acetate, and 25 cc. of 
acetic acid were refluxed for one hour.) 

1 YIELD OF AMARONE 

CONDITIO RH 
2nd crop 1 (by "01). g. 1 I lat crops Total, g. 

TABLE I1 
EFFECT OF AMMONIUM ACETATE ON YIELDS 

(In each experiment 1.06 g.  of benzoin was refluxed for one hour in 25 cc. of acetic 
acid with the amount of ammonium acetate indicated.) 

I 

1 1st crop, g. I 2nd crop, 8 .  1 Total, g. j 
~ YIELD OF GLYOX- 

AMMONlU?d 1 YIELD OF AMARONE 

G 
ACETATE EMPLOYED,  ~ ALINE,  ct. 

3 0.22 0.09 0.31 0.24 
5 1 0.31 1 0.12 ~ 0.43 1 0.36 
10 0.35 0.20 0.55 0.28 

Table I1 displays the influence of the ammonia concentration on the 
total yield of amarone and the yield of the glyoxaline derivative. 

The mechanism outlined above is supported by an experiment in which 
benzoin was replaced by an equivalent quantity of desylamine hydro- 
chloride, without influencing the yields of arnarone and 2-methyl-4,5, 

* Unpublished studies in this laboratory indicate that  the evanescent green color 
is due t o  the action of nitrous acid on a colorless reduction product of amarone. 
This suggests that  part of the dihyroamarone formed in the reaction disproportion- 
ates to  amarone and the above-mentioned reduction product. 
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\\ + NH3 + 11 ,CH + 2Hz0 

diphenylglyoxaline. Replacement of the acetic acid by propionic acid did 
not affect the yield of amarone materially but led, of course, to another 
imidazole derivative; Le.,  2-ethyl-4,5-diphenylglyoxaline. 

THE ACTION OF AMMONIA ON BENZOIN IN THE PRESENCE OF FORMIC ACID 

In  the presence of formic acid, the formation of pyrazines by the action 
of ammonia on benzoin was suppressed. Beside the expected 4,5-di- 
phenylglyoxaline there appeared a fair a.mount of N-desylformamide (VII) . 
This result stands in sharp contrast to that  of Leuckart4 who obtained only 
amarone from the action of ammonium formate on benzoin at 230'. 
N-Desylformamide may be prepared by refluxing desylamine with formic 
acid. Like other N-desy1amidesls N-desylformamide is smoothly con- 
verted to  the corresponding glyoxaline (VIII) by treatment with ammonia 
in acetic acid. 

THE ACTION OF AMMONIA IN ACETIC ACID ON ESTERS OF BENZOIN 

To test the idea that it is the carbonyl group in benzoin which is attacked 
by ammonia rather than the carbinol group, the latter function was esteri- 
fied, and the resulting desyl esters were submitted to  the action of ammo- 
nia in acetic acid. The conversion of N-desylamides to glyoxalines illus- 
trated above suggested that the closely related desyl esters (IX) would 
yield the corresponding oxazoles (X) according to the equation: 

CeH5CHOCOR CeH5C-O 
\ + "s+ 1 1  //CR + 2H20. 

CsHbCO CeHbC-N 
IX  X 

Tests of desyl acetate and benzoate demonstrate that oxazoles are formed 
in yields of better than 80 per cent., accompanied by the related glyoxalines. 
The oxazoles and glyoxalines may have a common intermediate (XI) 
which either undergoes cyclodehydration or suffers acyl migration from 
oxygen to  nitrogen. In  the second instance an enol form (XII) of an 



332 D. DAVIDSON, M. WEISS, AND M. JELLING 

N-desylamide (XIII) would be formed; the latter could give rise to the 
glyoxaline. 

X XI XI11 

EXPERIMENTAL 

The action of ammonia on benzoin i n  acetic acid.-Example: A mixture of 1.06 g. 
of benzoin, 10 g. of ammonium acetate, and 25 cc. of glacial acetic acid was refluxed 
for one hour. The solution turned deep orange in color almost a t  once, and the 
precipitation of amarone began within ten minutes. The cooled mixture was filtered, 
and the yellow precipitate was washed with small amounts of glacial acetic acid until 
the washings were practically colorless. This precipitate weighed 0.35 g. (36% 
theoretical) and melted a t  251" (corr.). It gave in concentrated sulfuric acid the 
orange-red color characteristic of amarone. The combined liquors were treated with 
concentrated nitric acid until the orange-red solution changed t o  yellow, and a 
crystalline precipitate of amarone appeared; m.p. 246'; yield 0.20 g. (21% theo- 
retical). This was separated, washed with acetic acid and then liberally with water. 
When recrystallized twice from glacial acetic acid, the amarone was obtained as 
large, colorless needles, m.p. 252' (corr.). 

Anal. Calc'd for C28H20N2 : N, 7.3. Found: N, 7.1. 
A total of 100 cc. of water was added t o  the mother liquor. This threw out a little 

oily matter which was removed by extracting twice with 25 cc. portions of ben2ene.t 
The final aqueous layer was clarified by filtering through a wet, folded filter, and 
then heated nearly t o  boiling and rendered alkaline with concentrated ammonia, 
producing a precipitate of colorless needles of 2-methyl-4,5-diphenylglyoxaline 
melting at 237" (corr.); yield, 0.28 g. (24% theoretical). After recrystallization from 
a mixture of pyridine and water i t  melted a t  240"; its melting point was not depressed 
by an admixture of the glyoxaline prepared from benzil and ~ a r a l d e h y d e . ~ ~  

The action of ammonia on benzoin i n  propionic acid.-To a solution of 5 g. of am- 
monium carbonate in 25 cc. of propionic acid was added 1.06 g. of benzoin. The 
mixture was refluxed for  one hour and worked up as in the previous experiment. 
The precipitates of amarone weighed 0.28 g. (29% theoretical) and 0.20 g. (21% 
theoretical) and melted at 250" and 249" respectively. The glyoxaline precipitate 
weighed 0.16 g. (13% theoretical) and melted at 210" (corr.). After recrystallization 
from pyridine and water, i t  melted a t  215" (corr.). 

Ana2. Calc'd for ClrHlsN~ : S, 11.3. Found: N, 11.4. 
The action of ammonia on desylamine i n  acetic acid.-A mixture of 1.24 g. of des- 

ylamine hydrochloride,@lO g. of ammonium acetate, and 25 cc. of glacial acetic acid 
was treated as in  the case of benzoin (see above). The amarone precipitates weighed 
0.39 g. (41% theoretical) and 0.16 g. (17% theoretical), and melted at 252" and 247", 
respectively. The glyoxaline fraction weighed 0.25 g. (21% theoretical) and melted 
at 237" (corr.). 

t This oily by-product may contain 2-methyl-4,5-diphenyloxazole. 
PSCHORR AND BRUGGBMANN, Ber., 36, 2740 (1902). 
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The  action of ammonia o n  benzoin in the prcsence of formic acid.-To 10 cc. of formic 
acid (85-90%) was added 7.5 cc. of acetic anhydride, the heat of the reaction being 
moderated by means of a cold-water bath. Three grams of ammonium carbonate 
was then added t o  the resulting mixture of anhydrous acetic and formic acids. 
After dissolution was complete, 1.06 g. of benzoin was added, and the mixture was 
refluxed for three hours. The addition of 100 cc. of water precipitated an oil which 
was removed by two extractions with 25 cc. portions of benzene. The aqueous layer 
was rendered ammoniacal, whereupon 0.40 g. (36% theoretical) of 4,5-diphenylgly- 
oxaline, m.p. 232' (corr.), separated. Its melting point was unchanged by recrystal- 
lization from dilute pyridine or by mixing with a sample of the glyoxaline prepared 
from b e n d  and he~amethylenetetramine.~ A mixture with 2-methyl-4,5-diphenyl- 
glyoxaline, however, melted a t  205" (corr.). 

Evaporation of the benzene extract left 0.72 g. of a yellow oil from which there was 
obtained by three extractions with 100 cc. portions of boiling water, 0.34 g. (28% 
theoretical) of colorless crystals, m.p. 116-118". Recrystallization from a mixture 
of anhydrous ethyl acetate and ligroin yielded large, clear, hexagonal plates, melting 
at 122". This product was identified as N-desylformamide by conversion t o  4,5-di- 
phenylglyoxaline as described below. 

A n a l .  Calc'd for Cl~H13NO~ : N, 5.9. Found: N, 5.5. 
The residual oil was not identified, but may have contained 4,5-diphenyloxazole 

since it possessed the characteristic pepper-like odor of the oxazoles. 
Preparation of N-desy1jormamide.-A mxture  of 1.24 g. of desylamine hydro- 

~ h l o r i d e , ~  1.0 g. of sodium acetate, and the solution resulting from the addition of 
7.5 cc. of acetic anhydride to  10 cc. of formic acid (85-90%) was refluxed for three 
hours. The addition of 100 cc. of water precipitated an oil which soon solidified. 
Yield, 0.91 g. (75% theoretical), melting at 120". On crystallization from a mixture 
of anhydrous ethyl acetate and ligroin i t  was obtained in  large, clear, hexagonal 
plates, melting a t  122". It is easily soluble in  the common organic solvents except 
light petroleum fractions, and slightly soluble in boiling water. Like other N-des- 
ylamides its alcoholic solution turns yellow on the addition of 10% sodium hy- 
droxide. 

Conoersion of Pi-desylformamide to 4,6-diphenylglyozaline.-A solution of 0.24 g. 
of N-desylformamide (see just above) and 1.5 g. of ammonium acetate in  10 cc. of 
acetic acid was refluxed for one hour. Dilution with 100 cc. of water yielded a 
light precipitate (0.007 9.) which appeared to  be crude amarone. From the mother 
liquor, ammonia precipitated glistening, white crystals, weighing 0.21 g. (95% 
theoretical) and melting at 231" (corr.) (mixture melting point). 

When the experiment was repeated with the N-desylformamide obtained from t h e  
action of ammonia on benzoin in  the presence of formic acid (see above), 0.19 g. 
(86% theoretical) of 4,5-diphenylglyoxaline, m.p. 228" (corr.) was obtained. 

The  action of ammonia o n  desyl esters.--Co~aversion of desylbenzoate (benzoylbenzoin) 
to triphenyloxaaole (benziZam).-A mixture of 1.58 g. of benzoylbenzoin,lD 3.0 g. of 
ammonium acetate, and 25 cc. of acetic acid was refluxed for one hour and then 
diluted with 20 cc. of water, whereupon benzilam separated as a crystalline precipi- 
tate, which was collected by filtration and washed with 60% acetic acid (9 cc.); 
yield, 1.38 g. (93% theoretical); m.p. 116" (mixture melting point). 

Its conversion t o  4,5-diphenylglyoxaline is described below. 

Anal .  Calc'd for C21HISN0 : N, 4.7. Found: N, 4.8. 
The filtrate was diluted with 50 cc. of water and clarified by filtering through a 

1 0  ZININ, Ann., 104, 116 (1857). In the present study, the preparation of benzoyl 
benzoin was improved by employing pyridine as a solvent. 
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wet folded filter. Ammonia precipitated 0.05 g. (3% theoretical) of crude lophine, 
melting at about 250", which when crystallized from a pyridine-water mixture melted 
at 275" (corr.). 

Conversion of desylacelate (acetylbenzoin) to 2-rnethyl-/,b-diphenyloxazole.-A 
mixture of 6.35 g. of acetylbenzoin," 10.0 g. of ammonium acetate, and 25 cc. of 
acetic acid was refluxed for one hour. The addition of 100 cc. of water threw out an 
oil which was extracted with three 25-cc. portions of benzene. The benzene extract 
was filtered through a dry filter, the benzene was removed, and the residue was dis- 
tilled in  vacuum; yield, 4.8 g. (82% theoretical) of a viscous oil, b.p. 210-213" at 18 
mm. (Japp and Murray6 reported the .b.p. of 2-methyl-4,5-diphenyloxazole as 214" 
at 17 mm.) 

Anal. Calc'd for CMHISNO : N, 6.0. Found: N, 5.9. 
From the aqueous layer, ammonia precipitated 0.74 g. (13% theoretical) 

of 2-methyl-4,5-diphenylglyoxaline; m.p. 243" (corr.). 

SUMMARY 

1. The action of ammonia on benzoin in boiling acetic acid yields 
amarone, dihydroamarone, and 2-methyl-4,5-diphenylglyoxaline. 
2. Desylamine is assumed to be an intermediate product in this reaction. 

It behaves like benzoin toward ammonia in acetic acid. 
3. In  the presence of formic acid the formation of pyrazines is sup- 

pressed, the isolated products being N-desylformamide and 4,5-diphenyI- 
glyoxaline. 

4. In propionic acid, the behavior of benzoin toward ammonia is similar 
to  that in acetic acid, amarone, dihydroamarone, and 2-ethyl-4,5-diphenyl- 
glyoxaline being obtained. 

5. Esters of benzoin react with ammonia in acetic acid to  form mainly 
2-alkyl-4,5-diphenyloxazoles accompanied by subordinate amounts of 
the corresponding glyoxalines. 

11 COBSON AND SALIANI, Organic Synthese's, 12, 1 (1932). 
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Cottonseed oil has recently engaged the attention of chemists as a con- 
venient source of vitamin E (a-tocopherol). Little is known, however, 
about the other constituents in the unsaponifiable fraction. In  the earlier 
papers the various investigators who have reported upon the composition 
of the unsaponifiable matter usually have described their products by 
giving the melting points of the sterols, and in some cases of their acetates. 
Bomer and Winter' isolated a sterol having a melting point of 136-137'. 
Siegfeld2 described a product which melted at  138.8-139.8', and which gave 
an acetate melting a t  131.5-132.5". Konig and Schluckebier3 obtained a 
sterol which melted a t  137-138'. Its  acetate after five recrystallizations 
melted at  125-128'. 

That the unsaponifiable matter in cottonseed oil contains no stigmasterol 
was first shown by Heiduschka and 610 th~  who employed the method of 
Windaus and Hauth5. From the dibromoacetate a sterol was obtained 
which melted at  136'. Wagner and Clement6 later confirmed the observa- 
tion that cottonseed oil contains no stigmasterol. They did claim, how- 
ever, to have been able to separate the sterol residues into two fractions, 
the one melting at  139', and its acetate melting a t  125'; the other a t  
130-131", giving an acetate of a melting point of 120'. Similar results 
have been reported by Anderson and Moore. By fractional crystalliza- 
tion these investigators also claimed to have been able to separate the 
phytosterols of cottonseed oil into two fractions that differed slightly in 
melting point and optical rotation. According to them one fraction 
melted a t  134-135", and had a specific rotation [a]:' = -33.61. Its  ace- 
tate melted at 119". From the mother liquors there was isolated what 

* Research Assistant on Special Funds from the American Philosophical Society. 
1 BOMER AND WINTER, 2. Nahr. Genuss 4, 865 (1901). 
2 SIEGFELD, i b id . ,  7, 581 (1904). 
* K ~ N I G  AND SCHLUCKEBIER, ibid., 16,653 (1908). 

4 HEIDUSCHKA AND GLOTH, Pharm. Zentr., 49, 863 (1908). 
5 WINDAUS AND HAUTH, Ber., 39, 4378 (1906); i b id . ,  40, 3682 (1907). 

~ A G N E R  AND CLEMENT, z. Nahr. Genuss., 17, 266 (1909). 
'I ANDERSOX . ~ N D  MOORE, J. A m .  Chem. SOC., 46, 1944 (1923). 

See also MATHES AND HEINZ, Archiv Pharm., 247, 161 (1909). 
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was considered to  be another sterol of melting point 138-139’; [a]:’ = 
-34.19. This product gave an  acetate which melted at 124”. They 
doubted, however, the purity of their products, and from their experiments 
concluded that  it was doubtful whether these two compounds could “ever 
be separated into homogeneous substances by simple recrystallization.’’ 
It should be pointed out that  apparently no saturated sterol was obtained 
by them. 

With the increase in our knowledge of sitosterol mixtures since the 
above investigations were made, i t  seemed desirable to  reinvestigate the 
nature of the phytosterols of cottonseed oil. The present investigation 
was also undertaken in connection with previously published work from 
this laboratory on a-sitosterol from wheat-germ oils in which it was shown 
that  the a-sitosterol of Andersong is a mixture of at least two sterols, both 
of which are doubly unsaturated and precipitable with digitonin; al-sito- 
sterol being an isomer of stigmasterol, and at-sitosterol presumably being 
a homologue, C30H600. A richer source of these two sterols was greatly 
desired in order to obtain sufficient amounts for a complete determination 
of their structures. The observation of Thompson’O that the phytosterols 
of cottonseed oil are free from ?-sitosterol suggested that  one might be able 
to get these two sterols with less difficulty from this source rather than 
from the sterol fraction of wheat-germ oil which is known to contain 
both @-, and y-sitosterols. Accordingly, a very intensive systematic 
fractionation of the crude sterols from cottonseed oil and certain of their 
derivatives was carried c u t  for the purpose of obtaining the sterols present 
in a pure and homogeneous state. 

In  the experimental part of this paper experiments are described which 
show that, unlike whea,t-germ oil, not only does cottonseed oil contain 
no r-sitosterol as was observed by Thompsonlo, but both al- and at-sito- 
sterols also appear to be absent. Examination of the bottom fraction for 
the more soluble al- and as- sitosterols by the method of Wallis and Fern- 
holz8 failed to  disclose the presence of these latter sterols even in small 
amounts. It was possible to  isolate from this fraction only the dinitro- 
benzoate of @-sitosterol. No al- and a2- sitosteryl dinitrobenzoate could 
be obtained. In  this fraction we did observe the presence of appre- 
ciable amounts of a lowmelting wax. It was not a sterol, however, but 
seemed to be of the nature of a hydrocarbon. As yet it has not been 
further investigated. 

Since previous investigators did not observe the presence of saturated 
sterols in cottonseed oil it seemed advisable to  examine the unsaponifiable 

* WALLIS AND FERNHOLZ, ib id . ,  68,2446 (1936). 

l o  See SPRING, J. Chem. SOC., 1930, 2664. 
ANDERSON, SHRIWER, AND BURR, ibid., 48, 2987 (1926). 
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material for such sterols. For this purpose the top fraction was used, 
and the method of Schoenheimerll was employed. Decomposition of the 
digitonide thus obtained gave a sterol which on further purification with 
acetic anhydride and sulfuric acid had the physical properties of stigma- 
stanol. It melted a t  136-137", and gave an acetate of melting point 129- 
130"; [a]:5 = +14.9. The saturated sterol content in this top fraction 
is 0.9%. 

Thus, from our experiments it is to  be concluded that @-sitosterol consti- 
tutes the greater part of the sterols in cottonseed oil. Since it contains 
only small amounts of a saturated sterol, and no detectable amounts of 
al-, aT-, or y-sitosterol the unsaponifiable matter of cottonseed oil is an 
excellent source for pure @-sitosterol. The physical constants of the 
@-sitosterol so obtained together with those of certain of its derivatives 
are listed in Table I. The melting points recorded were taken with a 
standard thermometer calibrated by the Bureau of Standards. No cor- 
rections for stem exposure were made. 

TABLE I 

1 MELTIXG POIKT, 
OC . 1 

TYPE OF COMPOUND 

Free sterol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 136-137 
dcetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125-126 
Benzoate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 146-147 
m-Dinit,robenzoate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 202-203 

~~ 

BPECIFIC ROTATION 

-36.6 
-41 .O 
-13.8 
-10.4 

EXPERIMENTAL 

Five hundred grams of the crude sterolst isolated from cottonseed oil (m.p. 130- 
133") were subjected to  an intensive systematic fractional crystallization (triangle 
scheme) from a mixture of benzene and alcohol in such a manner as to  obtain eight 
fractions. Approximately one hundred crystallizations were made. The melting 
points and specific rotations of the eight fractions so obtained are listed in Table 11. 

Analysis of fraction 8. 

Isolation of the saturated sterols from fraction I.-Thirteen grams of sterol was dis- 
solved in one liter of hot ethyl alcohol. The solution was then placed in a freezing 
mixture of ice and salt. When the solution reached 20" a cold, normal alcoholic solu- 
tion of bromine was added drop by drop. The addition was continued (with shaking) 
until the solution acquired a permanent yellow color. At 5" a precipitate formed but 
this disappeared on standing at room temperature. After about 2.5 hours an excess 
of 1% solution of digitonin (1.29 grams) was added. The mixture was kept in the 

Calc'd for CSgH600: C, 83.98; H, 12.16. 
Found: C, 83.89, 83.85; H, 12.25, 12.16. 

11 SCHOENHEIMER, 2. physiol .  Chem., 192, 81-84 (1930). 
t The crude cottonseed oil sterols used in these experiments were furnished by the 

hlerck and Company, Inc., Rahway, Xew Jersey, and were obtained from the un- 
saponifiable matter in cottonseed oil. 
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dark for two days until precipitation of the digitonide was complete. Occasionally 
small amounts of an alcoholic solution of bromine were added to  keep the color of 
the supernatant liquid faintly yellow. The digitonide so formed was filtered, washed 
with alcohol, ether, and dried a t  80". I t  was then decomposed in the usual manner 
with pyridine. The yield of saturated sterol was 0.124 g., corresponding to  0.9%. 
Since the Liebermann reaction was not entirely negative this sterol was further puri- 
fied by treatment with acetic mhydride and concentrated sulfuric acid. The acetate 
so obtained melted a t  129-130", [a]:: = $14.8 (20.3 mg. in 2 cc. of chloroform solu- 
tion gave CY'," 1-0.15, 1 dm. tube). 

Hydrolysis of the acetate with a 5% alcoholic potassium hydroxide solution gave 
a purified sterol which melted a t  135.5-137'. The sterol and its acetate did not 
give depressions of the melting point when mixed with the corresponding stigmas- 
tanol derivatives. Depressions of the melting point were observed with @-sitosterol 
and its acetate. 

Isolation of 0-sitosterol from fraction 1.-The alcoholic filtrate from the precipita- 
tion of the digitonide described above was poured into a large amount of water and 
the dibromositosterol was filtered. Debromination with zinc in acetic acid solution 

TABLE I1 

FRACIION MELTINQ POINT, OC. 1 SPECIFIC ROTATION [a ] :  

I 
2 
3 
4 
5 
6 
7 
8 (residue) 

136-136.5 
136-137 
135-136 
135 
136-136.5 
135.5-136.5 
136.5-137 
128-131 (Softened a t  120, waxy, 

contained coloring materials) 

-34.9 
-36.6 
-35.9 
-34.5 
-36.3 
-34.0 
-35.2 
-26.2 

gave a product which after four recrystallizations from ethyl acetate melted a t  

0-Sitosterol from fraction :?.-Attempts were made a t  further purification of frac- 
tions 2 and 5 by fractional crystallization of their acetates, benzoates, and m-dinitro- 
benzoates. No evidence was found that  these fractions contained any other sterol 
than 0-sitosterol. A description of one of several experiments is given here. 
Twenty grams of sterol from fraction 2 was dissolved in acetic anhydride and heated 
for two hours on the water bath. The solution was then boiled for 15 minutes and 
allowed to  cool. The product was worked up in the usual manner, and the acetate 
so obtained was recrystallized from alcohol several times, and from acetone and 
methyl alcohol with no detectable change in melting point and in optical rotation. 
The crystals melted a t  125-126"; [CY]'," = -41 (19.1 mg. in 2 cc. of chloroform solution 
gave CY; -0.39). 

136-137". 

Anal. 

The mother liquors from the above crystallizations were evaporated to  dryness. 
The product so obtained without a recrystallization melted a t  119"-122". Since 
Anderson and Moore' from their experiments believed that  cottonseed oil contained 

Calc'd for C ~ ~ H S Z O ~ :  C, 81.51; H ,  11.48. 
Found: C, 81.49, 81.60; H, 11.59, 11.55. 



BATURE O F  STEROLS IN COTTONSEED OIL 339 

a second sterol whose acetate melted a t  119" this product was further examined as 
described below. 

Preparation of 8-sitosteryl benzoate.-Five grams of p-sitosteryl acetate (m. p. 
125-12so) obtained in the above experiment was hydrolyzed with a 5% alcoholic 
solution of potassium hydroxide. The free sterol so obtained (m.p. 136-137') was 
converted into the benzoate by treatment n ith benzoyl chloride in pyridine solution. 
Crystallization from benzene and alcohol gave a product which melted a t  146-117"; 
[ a ] :  = -13.8 (23.1 mg. in 2 cc. of chlorofoi*m solution gave a: -0.16). 

Anal. Calc'd for C36H66O2: C, 83.33; H, 10.50. 
Found: C, 83.36, 83.54; H, 10.65, 10.46. 

The acetate residues from the mother liquors (m.p. 119-122") were also hydrolyzed 
in a wholly similar manner, and the free sterol so obtained (m.p. 135-136") was con- 
verted into the benzoate. Crystallization of this benzoate from benzene and alcohol 
gave crystals in well defined leaflets which melted a t  146", and showed no appreciable 
difference in optical rotation; [a]: = -13.9. 

A sample of the benzoate was also prepared from the free sterol of fraction 2. It 
melted at 146-146.5". 

Preparation of p-sitosteryl dinitrobenzoate.-Two grams of P-sitosteryl benzoate 
(m.p. 146-147"; [ a ] :  = -13.8) was hydro1yi:ed in the usual manner. The free sterol 
so obtained was dissolved in pyridine and treated with 2 grams of m-dinitrobenzoyl 
chloride. The dinitro- 
benzoate was taken up in  ether, washed free of pyridine, and decolorized with char- 
coal. Evaporation of the solvent gave a crystalline residue which crystallized from 
ethyl acetate in the form of white leaflets with a yellowish t int ;  m.p. 202-203"; [ a ] :  = 
-10.4 (25.0 mg. in 2 cc. of chloroform solution gave a: -0.13). 

The mixture was kept on a boiling water bath for one hour. 

Anal. 

In a similar manner the benzoate (m.p. 146"; [a]: = -13.3) and theresidue from its 
mother liquor, prepared from the acetate of m.p. 119-123", were hydrolyzed and con- 
verted into the m-dinitrobenzoate. A product was obtained which on recrystal- 
lization from ethyl acetate also melted a t  202-203". Evaporation of the filtrate to  
dryness gave a residue which melted a t  198-200". 

Before concluding the description of this experiment it should be pointed out that  
a similar experiment was carried out on fraction 5 with the result that  here again we 
could obtain no evidence for the presence of 3terols other than @sitosterol. 

Analysis of fractions 7 and 8 for the presence of a1- and a2-sitosterols.-These two 
fractions were examined for the presence of these more soluble sterols by the method 
used by Wallis and Fernholzs in their examination of the sterols in wheat-germ oil. 
Thirty-five grams of material was dissolved in 150 cc. of pyridine and treated in the 
usual manner with benzoyl chloride. The btmzoate so formed was taken up in ether, 
and crystallized from a mixture of benzene and alcohol. Twenty-eight grams of 
p-sitosteryl benzoate was obtained; i t  melted a t  145-146". The filtrate was evapo- 
rated to  dryness and hydrolyzed with a 5% :tlcoholic potassium hydroxide solution. 
The free sterol m-as converted into the m-dinitrobenzoate, and after decolorization 
of the ether solution with charcoal it was evaporated. Crystallization from ethyl 
acetate gave a product which melted a t  201-202"; [ a ] :  = -9.9 (20.4 mg. in 2 cc. of 
chloroform solution gave a: = -0.10, 1 dni. tube). 

Anal. 
Found: C, 70.34, 70.89; H, 8.48; 8.58; N, 4.68. 
An examination of the mother liquors failed t o  give any evidence of the presence 

Calc'd for Cs6H&zO6: C, 71.02; II, 8.61. 
Found: C, 71.12, 71.14; H, 8.56, 8.71. 

Calc'd for C80H52K206: C, 71.02; H, 8.61; N, 4.60. 

of cy1- or cui-sitosterol. 
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The above-described m-dinitrobenzoate was hydrolyzed with 5% alcoholic potas- 
sium hydroxide solution and portions of the free sterol so obtained were converted 
into the acetate and benzoate. Their melting points and specific rotations are listed 
below. 

Derivative Melting Point Iff12d 
Free sterol.,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  136.5-137.1' -35.6 
Acetate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126-127" -42.0 
Benzoate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144-145' -14.0 

We wish to  express our thanks to  the American Philosophical Society 
for a grant-in-aid for this work, to  Merck and Company, Inc., Rahway, 
New Jersey, for all the analyses in this article, and for the crude sterols 
obtained from cottonseed oil which were used in this investigation, and 
to  Mr. E. Gilmore Ford, who helped us in the determination of some of the 
physical constants. 

SUMMARY 

An examination has been made of the nature of the sterols present in 

Evidence is submitted which shows that  the chief part of the sterols 
No evidence for the presence of a second phyto- 

cottonseed oil. 

present is @-sitosterol. 
sterol could be obtained. 

The absence of 7-sitosterol and stigmasterol is confirmed. 
The absence of both a1- and az-sitosterols is demonstrated. 
An analysis of the saturated sterols by the method of Schoenheimer" 

Cottonseed oil is an excellent source for @-sitosterol. 
shows that  stigmastanol is present to an extent of less than 1%. 
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It is known that, whereas the structural formulas of cholesterol, ergo- 
sterol, and stigmasterol are well established, our knowledge of sitosterol in 
some respects is still unsatisfactory. This is due to the fact that  this 
plant sterol as obtained from most sources is not a homogeneous substance 
but contains various amounts of other sterols which can be separated only 
with great difficulty. This was first, clearly demonstrated by Anderson 
and his co-workers,l who isolated from wheat-germ oil three varieties of 
sitosterol which they named a-, /3-, and 7-sitosterol. Recently it was 
shown in this laboratory2 that  the a-sitosterol of Anderson is in reality a 
mixture of a t  least two new sterols a]-, and apsitosterol which are doubly 
unsaturated. al-Sitosterol is an isomer of stigmasterol; a2-sitosterol is 
probably a homologue, C30H600. 

The early investigators3 employed for sitosterol from natural sources 
the empirical formula C27H460. The formula, C29H~00, was later proposed 
by Sandqvist and Bengt~son,~ and this latter formulation was confirmed 
by Windaus, Werder and Gschaider." That the ring system in dihydro- 
sitosterol is the same as that in dihydrocholesterol was first shown by 
Ruzicka and Eichenberger.6 Oxidation of a dihydrositosteryl acetate 
(source, wheat germ oil) with chromic acid gave the same hydroxyketone 
as is obtained from dihydrocholesterol. Similar conclusions can also be 
deduced from the work of Dalmer et UZ.' who oxidized dibromositosteryl 
acetate with chromic acid, and iso1ati.d from the reaction mixture, dehy- 
droandrosterone. That sitosterol contains a t  least twenty-three carbon 

* Research Assistant on Special Funds from the Rockefeller Foundation. 
1 ANDERSON, SHRINER, AND BURR, J .  Am. Chem. Soc.,  48, 2987 (1926). 

2 WALLIS AND FERNHOLZ, ib id . ,  68, 2446 (1936). 
8 ANDERSON AND MOORE, ibid. ,  46, 1944 (1923). References to  other papers are 

4 SANDQVIST AND BENGTSSON, Ber. ,  64B, 2167 (1931). 
5 WIXDAUS, WERDER, AND GSCHAIDER, i b id . ,  66B, 1006 (1932). 
6 RTJZICKA AND EICHENBERGER, Helv.  C f im.  Acta, 18, 430 (1935). 
7 DALMER et al., Bey. ,  68B, 1814 (1935). 

See also 
ANDERSON, i b i d . ,  46, 1450 (1924). 

given in this article. 
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atoms of the same arrangement as in cholesterol was also shown by 
degradation studies of Chakravorty.8 On degradation sitosterol gives 
3-oxynorallocholanic acid. It should be stated, however, that  in this and 
other studies it is not always certain that the same variety of sitosterol 
in a completely homogeneous state is employed. The published physical 
constants of the particular material used vary, and in some cases suggest 
that  a mixture of more than one sitosterol was employed. 

In  this paper we wish to  report on certain experiments which have a 
direct bearing on the structure of p-sitosterol, and which were suggested 
by some experimental results of Bengtsson.9 Bengtsson compared deriva- 
tives of 8-sitostanol with stigmastanol, and after a thorough study came to  
believe that these two compounds are identical. His conclusions seemed 
to us to have a high degree of probability, and if we assume them to be 
correct it follows that p-sitosterol is in reality 22-dihydrostigmasterol. 

CH-CH=CH*CH.CH.CH3 
C H d  I 

CH2 /\A, I 

Stigmasterol 

22-Dihydros tigmas terol" 

* CHAKRAVORTY, Diss. (fottingen (1935). 

* We wish a t  this time t o  call attention t o  an error made in  printing the formula 
for this compound in  the article of Wallis and Fernholz.* Readers of that  article 
should make the appropriate correction. 

BENGTSSON, 2. physiol. Chem., 237, 46 (1935). 
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- 
136.5-137.5 

146 
202-203 

Obviously this latter statement is subject to experimental proof, provided 
that  in some way one can selectively hydrogenate the double bond in the 
side chain of stigmasterol. Accordingly, a study was made of the selective 
hydrogenation of the double bonds in the sterol, and as a result we have 
found that under certain conditions it is possible to hydrogenate the side 
chain of stigmasterol without hydrogenating to a great extent the double 
bond in the 5 , 6  position. The 22-dihydrostigmasterol so obtained did 
contain small amounts of sterols hydrogenated in the 5 , 6  position. They 
were easily removed, however, by taking advantage of the relatively 
great difference in the rate of hydrolysis of the corresponding p-toluene- 
sulfonates-a method which suggests itself in the light of certain observa- 
tions of Stoll'o who found that, whereas the p-toluenesulfonate of choles- 
terol easily and rapidly reacted with water and with alcohols to  give the 
free sterol, and the corresponding et hers respectively, the p-toluenesul- 
fonates of the saturated sterols were more stable, and after two hours 
heating with methyl alcohol did not form ethers. The hydrolyzed 22- 
dihydrostigmasterol was precipitated with digitonin, and the digitonide 
was worked up in the usual manner. The following table gives the 
melting points and specific rotationi; of the 22-dihydrostigmasterol so 
obtained, together with those of some of its derivatives. The melting 
points recorded were taken with a standard thermometer, calibrated by the 
Bureau of Standards. A 
comparison with the corresponding (*ompounds of &sitosterol obtained 
from cottonseed oil and described by Wallis and Chakravorty in the pre- 
ceding paper is also made. From these data it is evident that  p-sitosterol 
and 22-dihydrostigmasterol are one and the same compound. 

No correctionkg were made for stem exposure. 

-37 
-13.5 
- 10.3 

TABLE 

________ 
136-137 
146-147 

DERIYhTIYE 

-36.6 
- 13.8 

Sterol, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzoate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m-Dinitrobenzoate . . . . . . . . . . . . . . . . . . . . .  

As a concluding experiment we hydrogenated a portion of the above- 
described p-sitosterol, and obtained at saturated sterol of melting point 
and specific rotation wholly in agreement with those recorded by Bengts- 
song for stigmastanol. 

10 STOLL, 2. physiol .  Chem., 207, 147 (1932): ibid. ,  246, 1 (1937). 
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EXPERIMENTAL 

Preparation of .%-dihydrostigmasterol.-One and five-tenths grams of stigmasteryl 
acetate (m. p. 140-141") was dissolved in ethyl acetate and hydrogenated at room 
temperature and atmospheric pressure with a palladium catalyst prepared according 
to  the method of Willstatter. and previously saturated with hydrogen. Measure- 
ments of the rate of hydrogen absorbtion showed that  the double bonds in the com- 
pound were being selectively hydrogenated, for hydrogenation progressed very 
slowly after the absorption of one equivalent of hydrogen. Accordingly, the hydro- 
genation was stopped when 1.2 equivalents of hydrogen had been used up, in  order 
t o  be certain that  no stigmasteryl acetate remained in  the reaction mixture. The 
hydrogenated product was hydrolyzed to  the free sterols with 5% alcoholic potas- 
sium hydroxide. The sterols so obtained were converted into their corresponding 
p-toluenesulfonates with pyridine and p-toluenesulfonyl chloride. The sulfonates, 
carefully freed from pyridine, were dissolved in  acetone containing water and boiled 
for 2.5 hours. The solution was then evaporated to  dryness and the solid material 
was taken up in  hot ethyl alcohol (90%). The hydrolyzed sterol was precipitated 
with digitonin, and the digitonide was worked up in the usual manner. A sterol 
was obtained which after two crystallizations from alcohol melted a t  136.5-137.5", 
and had a specific rotation [a]: = -37" (23.1 mg. in 2 cc. chloroform solution gave 
[a]: = -0.43", 1 dm. tube). It gave no melting point depression when mixed with 
crystals of 8-sitosterol obtained from cottonseed oil. 

A benzoate was prepared by heating a pyridine solution of the free sterol with 
benzoyl chloride for one hour on the water bath. After the product had been worked 
up  in  the usual manner crystals were obtained in the form of well-defined leaflets 
from a mixture of benzene and alcohol. These crystals melted at 146"; [a]: = -13.5 
(23.6 mg. in 2 cc. chloroform solution gave a: -0.16", 1 dm. tube). 

Preparation of 88-dihydmstigmasteryl dinitrobenz0ate.-A pyridine solution of 
22-dihydrostigmasterol was treated with an excess of m-dinitrobenzoyl chloride. 
This mixture was kept on a boiling water bath for one hour. The dinitrobenzoate 
so formed was taken up i n  ether and worked up in the usual manner. On decolori- 
zation with animal charcoal and evaporation of the solvent a product was obtained 
which after two crystallizations from hot ethyl acetate gave white crystals of a 
yellowish tint of m. p. 202-203'; [a]: = -10.3 (23.3 mg. in  2 cc. chloroform solution 
gave a: -0.12*, 1 dm. tube). The melting point of a mixture with B-sitosteryl 
dinitrobenzoate showed no depression. 

Anal. Calc'd for CseHszXz06: C, 71.0; H, 8.61; N, 4.60. 

Hydrogenation of &sitosterol from cottonseed oil.-Three grams of 8-sitosterol 
(m. p. 136-137") was dissolved in  ethyl acetate which contained some acetic acid, 
and was hydrogenated at room temperature and at atmospheric pressure with a 
platinum oxide catalyst prepared according t o  the method of Adams. Since the 
Liebermann reaction was not completely negative the hydrogenated product was 
converted into its acetate and treated with acetic anhydride and concentrated 
sulfuric acid t o  remove unsaturated impurities. Recrystallization of the acetate 
from ethyl acetate and alcohol gave a product which melted at 129-129.5'; [a]:: = 
+15.4" (27.3 mg. in 2 cc. of chloroform solution gave CY: +0.21"). Hydrolysis with 
a 5% alcoholic solution of potassium hydroxide gave a free sterol which after three 
crystallizations from ethyl alcohol melted at 136-137', and has the properties of 
stigmastanol described by Bengtsson; [CY]: = +23.8 (20.1 mg. in 2 cc. of chloroform 
solution gave a'," +0.24", 1 dm. tube). 

Found : C, 70.85, 71.05; H, 8.44, 8.61; N, 4.71. 
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feller Foundation for a grant-in-aid for this work, to Merck and Company, 
Inc. of Rahway, New Jersey for the analysis of 22-dihydrostigmasteryl 
dinitrobenxoate, and to Dr. E. Fernholz of the Research Laboratories 
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SUMMARY 

22-Dihydrostigmasterol has been prepared from stigmasterol by selec- 
tively hydrogenating stigmasteryl acetate with a palladium catalyst. 
Its benzoate and dinitrobenaoate have also been prepared. 

Evidence is submitted which shows that /%sitosterol obtained from 
cottonseed oil and 22-dihydrostigmasterol are identical. 
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Armstrong and Harrow’ found that when 2 , 4 , 6-tribromophenol is 
gradually added to concentrated nitric acid (relative amounts of material 
and temperature not specified) 2 , 4-dinitro-6-bromophenol is obtained. 
If the tribromophenol is dissolved in acetic acid, one molecular proportion 
of nitric acid is added, and the mixture is heated on a steam bath, the para 
bromine atom only is replaced and 2 , 6-dibromo-4-nitrophenol is obtained. 
In a similar way Claus and Hirsch2 converted sym-tribromo-rn-cresol into 
2 , 6-dibromo-4-nitro-m-cresol. 

In  later work Zincke and students3 showed that nitrous acid reacts with 
bromine substitution products of phenols to replace hydrogen or halogen 
from an ortho or para position with respect to hydroxyl to  give a mono- 
nitro compound. Raiford4 and others found that in most cases this 
method of nitration gives isomeric mononitro derivatives and that the 
method is selective5 to the extent that chlorine is not replaced. More 
recently Raiford and Scott6 studied the behavior of the tribromo deriva- 
tive of resorcinol monomethyl ether. When this product was subjected 
to the action of nitrous acid under the conditions indicated by Zincke and 
modified by Raiford and Grosz’ it gave a high yield of 2,4-dibromo-3- 
methoxy-6-nitrophenol in which a halogen atom ortho to hydroxyl had 
been replaced by the nitro radical. 

In  view of the last-named observations it was of particular interest to 
study the behavior of related compounds in which the substituents had 
somewhat different positions. For this purpose 4 , 5-dibromo- and 4 , 5 ,6 -  
tribromoguaiacol (OH = 1) were selected. When these compounds were 
subjected to the action of nitrous acid, in accordance with the general 

1 ARMSTRONG AND HARROW, J. Chem. SOC., 29, 477 (1876). 
2 CLAW AND HIRSCH, J. prakt. Chem., [2], 39, 61 (1889). 
a ZINCKE, i b id . ,  [2], 61, 561 (1900); ZINCKE AND JANNEY, Ann., 398, 361 (1913) 

These papers contain important references to the authors’ other work in this field. 
4 RAIFORD AND WOOLFOLK, J .  Am. Chem. SOC., 46, 2253 (1924). 
6 RAIFORD AND MILLER, ibid., 66, 2131 (1933). 
6 RAIFORD AND SCOTT, ,J. ORG. CHEM., 2, 213 (1937). 
7 RAIFORD AND GROSZ, ibid. ,  63, 3422 (1931). 
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method of Zincke, no reaction product could be isolated. With cold fum- 
ing nitric acid a vigorous reaction went on but no product was obtained. 
Possibly complete oxidation took place. Failure to obtain a nitro com- 
pound by these methods suggested etudy of the acyl derivatives. 

It has been shown in several cases that acylation of a phenol suppresses 
the directive influence of the substituent involved, and that if the com- 
pound under consideration contains some other 0, p-directing radical the 
latter may determine in large measure the position to be occupied by the 
entering group. Thus, nitration of guaiacol with red fuming nitric acid 
has been reported to give a mixture of 4-nitro-, 6-nitro- and 4,6-dinitro- 
guaiacol*, but when acetylguaiacol is used the 5-nitro derivative is ob- 
tainedg. Nitration of vanillin (CHO = 1) gives 5-nitrovanillin in about 
95 per cent. yieldlo, while the acetyl derivative gives a 75 per cent. yield 
of the 2-nitro compoundll. Similarly, when p-cresol (OH = 1) is nitrated 
a 51 per cent. yield of the 2-nitro derivative, along with some dinitro 

is produced, while nitrat ion of p-cresyl carbonate gives a very 
good yield of the 3-nitro c~mpound'~.  Introduction of halogen follows 
the same course. Bromination of vanillin gives an 85 per cent. yield of 
the 5-bromo compound1*, while acetylvanillin gives the 6-bromo derivative 
in 87 per cent. yield and nothing else can be isolated from the reaction 
mixtureI5. o-Cresol reacts with bromine to give a 66 per cent. yield of 
the 4-bromo derivative16, but when 2-methoxyphenyl carbonate (guaiacol 
carbonate) is used, an almost quantitative yield" of the 5-bromo com- 
pound is obtained. Apparently in the second example in each of the above 
cases the position taken by the entering group is determined by alkyl or 
alkoxyl. 

In  the present work the acetyl and benzoyl derivatives of the above 
bromoguaiacols have been examined. 

The dibromoguaiacol that melts at 94-95', which was prepared by 

8 KLEMENC, Monatsh., 33, 701 (1912). 
9 CARDWELL AND ROBINSON, J .  Chem. Soc., 107,256 (1915). 
10  VOGL, Monatsh., 20, 384 (1899). 
11 PSCHORR AND SUMULEANU, Ber., 32, 3408 (1899). This was confirmed by RAI- 

FORD AND STOESSER [J. Am. Chem., SOC., 60, 2558 (1928).] who found that  about 5% 
of the 6-nitro isomeride is also formed in this experiment. RAIFORD AND MILBERY 
[ ib id . ,  66, 2727 (1934) ] obtained similar results with benzoylvanillin. 

12 STAEDEL, Ann., 217, 53 (1883). 
13 German Pat., 206638; Frd., 9, 151 (1908). 
~ ~ D A K I N ,  Am. Chem. J . ,  42, 493 (1909). 
16 RAIFORD AND STOESSER, J .  Am. Chem. SOC., 49, 1079 (1927). 
18 The method followed was outlined by C ~ a c s  AND JACKSON [J. prakt. Chem., 

[2], 38, 324 (1888)l who recorded no yield. This was determined by MILLER [Thesis, 
Iowa (1930) p. 401 who had occasion t o  repeat the work. 

17 HIKDMARSH, KNIGHT, AND ROBINSON, J. Chem. Soc., 111, 942 (1917). 
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Cousin's, and in which the halogen atoms have been oriented in positions 
4 and 517, failed to give :t definite product when attempts were made to 
nitrate it. Accordingly, its acyl derivatives were studied. Treatment of 
the acetyl compound (11) with fuming nitric acid as described below gave 
two nitro compounds, (IIIa or IIIb, and VI). The formation of IIIa 
or IIIb involved the replacement of a bromine atom by the nitro radical 
and the product must have one of the structures shown. Since i t  has 
been proved in other cases that -OCHS8 has a more pronounced directing 
influence than -OCOCHB, a t  least when hydrogen is replaced, i t  seems 
probable that the product in hand had structure IIIa. Hydrolysis of 
this compound gave the corresponding bromonitroguaiacol (IVa or IT%), 
that  melted a t  118-119°. This product may be identical with that de- 
scribed by h4eldola and 8treatfieldIg, which melted a t  120°, but it seems 
improbable that it can have the structure they assigned, viz., 2-methoxy- 
4-bromo-6-nitrophenol. Their structure is based in part on the observa- 
tion that the compound formed a deep red sodium salt which suggested 
an ortho nitrophenol. 'They also argued that hydroxyl and the nitro 
radical have in this compound the same structural relations as in the nitro- 
benzoylguaiacol, m.p., 88-89', which was isolated by them and in which 
they claim that the nitro group and the benzoyloxy radical are adjacent 
to each other, though they established no direct experimental relations 
between these compounds. Doubt concerning the structure of this 
benzoyl derivative has been raised by Oxfordz0 who found 88-89' for the 
melting point of the benicoate of that nitroguaiacol obtained by treatment 
of acetylguaiacol with acetyl nitrate, which latter was shown by Pictet 
and Khotinsky21 to give high yields of ortho nitro derivatives, especially 
when the alkoxy1 group is present. This indicates that the compound in 
question is 2-methoxy-3-nitrophenyl benzoate, and its formation agrees 
with the observations of Cardwell and Robinsonzz who noted that methoxyl 
has a far greater orienting effect than acyloxyl. In  the present work 
nitration of I1 was effected with nitric acid, which may be expected to give 
the para isomeride (1110) as the chief product. Hydrolysis of this must 
lead to IVa which is the most likely structure for our product, and also 
for that  of Meldola and Streatfield. 

In  the nitrobromoguaiacol 
isolated by us it seems almost certain that the bromine atom and the nitro 

This view is supported by other facts. 

18 COUSIN, Ann. chim. phys . ,  [7], 29, 63 (1903). 
19 MELDOLA AND STREATFIELD, Proc. Chem. SOC., 12, 125 (1896), and J. Chem. Soc., 

20 OXFORD, J .  Chem. SOC., 1926, 2007. 
21 PICTET AND KHOTINSKY, Bey., 40, 1165 (1907). 
22 CARDWELL AND ROBINSON, J .  Chem. Soc., 107, 255 (1915). 

73, 689 (1898). 
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OCOCHs 

NO* ocHa Or 

Br 
IIla 

OCOCHs OCOCHs OH O C O C ~ H ~  

B r o C H 3  Broz -+ B r o z 8  Br@C 
NO2 Br Br Br 
IIIb VI VI11 

Examination of product (VI) showed that it was a nitrodibromo deriva- 
tive of acetylguaiacol which on hydrolysis gave the corresponding guaia- 
col (IX). When the latter was methylated in the usual way it gave a nitro- 
dibromoveratrol (X) that melted at  150-151" and which is probably 
identical with that obtained by Cousin26 by bromination of 3-nitroveratrol 

~ ~ G A S P A R I  [Guzz. chim. ital., 26, 11, 281 (1896)l found 124.5125'; JONES AND 

ROBINSON [J. Chem. Soc., 111, 916 (1917)] recorded 125" for this product. 
24 SIMONSEN AND RAU [J. Chem. Soe., 113,786 (1918)] found 123". 
26 COUSIN, Ann. chim. phys., [7], 13, 505 (1898). 
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and also by nitration of that  dibromoveratrol melting at 92-93OlZ6 the 
latter of which has been proved by Jones and Robinson2' to be the 4,5- 
derivative . 

Treatment of the benzo:yl derivative of 4 , 5-dibromoguaiacol (VII) with 
fuming nitric acid gave a nitro compound (VIII) without loss of bromine, 
and hydrolysis of the latter gave the nitrodibromoguaiacol (IX) men- 
tioned above. These relations are shown in Fig. 1. 

FIGURE 2 

BrQCHs Brc;"CH' 

Br Er 

OCOCHs OH OCOCsHs 

Br -+ 
Br Br Br 
XI1 XI XIV 

Hydrolysis 1 j Benzoylation 

Br Br8cH8 Br NOL 

svr I  

4,5,6-Tribromoguaiacol, (XI) prepared as described below was con- 
verted into the acetyl and benzoyl derivatives, respectively. Treatment 
of the acetyl derivative (XII) with fuming nitric acid a t  room tempera- 
ture gave a nitro compoirnd (XIII) without loss of halogen, which. indi- 
cated that the entering group had taken position 3, and that the chief 
directive influence was probably exercised by alkoxyl. Nitration of the 

zB COUSIN [Ann. chim. phiis., [7], 13, 490 (1898)l found 91". 
z7 JONES AND ROBIKSOX, J. Chem. soc .  111, 913 (1917). 



NITRATION OF 4 , 6-DIBROMO- AND 4,5,6-TRIBROMOGUAIACOL 351 

benzoyl derivative (XIV) in the same way gave a mononitro compound 
(XV) and a dinitro derivative (XVI) in which the nitro radicals occupy 
position 3 in each of the phenyl nuclei. This is in general agreement with 
the observations of Raiford and WickertZ8 who studied the nitration of 
the benzoyl derivative of sym-tribromoaniline. Hydrolysis of products 
XIII, XV, and XVI gave compound XVII, 2-methoxy-3-nitro-4,5,6-tri- 
bromophenol, which was further characterized by the preparation of 
several of it~s derivatives. These relahions are shown in Fig. 2. 

EXPERIMENTAL 

4,6-DibromoguaiacoZ.-One gram-molecular proportion of guaiacol mixed with 
about half its weight of chloroform was placed in a suitable vessel provided with a 
mechanical stirrer and cooled to  about 5". A solution of two molecular proportions 
of bromine in about twice its weight of chloroform was added from a dropping funnel 
a t  such a rate that  only a small amount of free halogen was present at any time, 
while the mixture was stirred continuously :and held between 5" and 10". About half 
the bromine was added in thirty minutes, while the remainder required ninety. 
Next the mixture was transferred to  a suitable flask and the chloroform was distilled 
on a steam bath. To  avoid the formation of an oily mixture in  crystallization it was 
necessary t o  remove the chloroform used as solvent as completely as possible and the 
last portion was distilled under reduced pressure. Crystallization from a mixture 
of 2 volumes of alcohol and 3 volumes of water gave nearly colorless needles that  
melted a t  94-95". By working up the mother liquor a total yield 88 per cent was ob- 
tained. 

2-Jlethoxy-4,5-dibromophenyl acetate was obtained in  almost theoretical yield by 
heating the above guaiacol with excess of acetic anhydride on a steam bath for one 
and one-half hours. Crystallization of the product from ligroln, (65-70") gave 
colorless granules that  melted at 101-102". 

I ts  properties agree with those on record. 

Anal. Calc'd for C9H8Br208: Br., 49.38. Found: Br, 49.43. 
ii'ifralzon o j  the acetyl derivative.-A poltion of the dry powdered material was 

gradually added with stirring during one to  one and one-half hours t o  twice its weight 
of fuming nitric acid a t  25-28"; the mixture was stirred for two hours longer and then 
poured slowly into twice its volume of ice water. The average yield from several 
runs was 82 per cent. When a hot saturated methyl alcohol solution of this material 
was alloxl-ed to  cool to  room temperature i t  di:posited fine nearly colorless needles that  
melted a t  160-161". Recrystallization did not change this. Analysis for halogen 
agrees xvith that  required by 2-methoxy-4-b romo-5-nitrophenyl acetate. 

Anal. Calc'd for C&BrSOs: Br, 27.58. Found: Br, 27.63. 
The alcohol from the filtrate left when the above compound had crystallized out 

was distilled off, and the residue was crystallized from ligroin (65-70") from which it 
separated in colorless square prisms that  melted a t  91.5-92.5'. The yield of purified 
product was 51 per cent. Analysis for halogen corresponds to  2-methoxy-3-nitro-4, 
5-dibromophenyl acetate. 

A71aZ. Calc'd for C9H7Br2S0s: Br, 43.38. Found: Br, 43.37. 
R-~fethoxy-4-bromo-5-nitrophenol.-About 3 grams of the above nitrobromoacetyl 

derivative melting a t  160-161" was hydrolyzed by warming with alcoholic solution of 
sodium hydroxide. The alcohol was evaporated, the residue was dissolved in water, 

28 RAIFORD AND WICKERT, J .  Am. Chem. ~ o c . ,  63,3146 (1931). 
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and the liquid was acidified with hydrochloric acid. From dilute methyl alcohol the 
substance was deposited in canary-yellow masses that  were not well crystallized, and 
that  melted a t  118-119". 

Anal. Calc'd for C7H6BrN04: Br, 32.25. Found: Br, 32.29. 
The above phenol was further characterized by alkylation with dimethyl sulfate 

in the usual way. The product was crystallized from dilute alcohol from which it 
separated in  pale yellow needles that  melted a t  122", and is probably identical with 
the 4-bromo-5-nitroveratrol isolated by Simonsen and Rau,P4 and which melted a t  
123". 

2-Methoxy-3-nitro-4 ,b-dibromophenol .-A portion of the nitrodibromoacetyl de- 
rivative indicated above, mixed with aqueous-alcoholic sodium hydroxide, was 
heated on a steam bath under a return condenser until a red solution was obtained. 
Treatment of the latter with acid precipitated an almost quantitative yield of the 
phenol. By crystallization from methyl alcohol it was obtained in yellow micro- 
scopic needles that  melted at 164-165". 

Anal. Calc'd for C7H6Br2N04: Br, 48.93. Found: Br, 48.97. 
S-Nitro-4,5-dibromoveratrol .-Three grams of the above guaiacol was dissolved in 

sodium hydroxide solution, and warmed to  about 45"; the required amount of di- 
methyl sulfate was added, and the mixture was shaken frequently during an hour. 
The solid product separated in  a yield of 93 per cent. Crystallization from alcohol 
gave colorless square prisms that  melted a t  150-151". Cousin*9 found 149-150" for 
a compound of this composition which he prepared by bromination of 3-nitroveratrol 
and also by nitration of 4,5-dibromoveratrol, and for which he obtained satisfactory 
analytical data. The products are probably identical. 

B-Methoxy-4,5-dibromophenyL benzoate.-Ten grams of the required guaiacol was 
dissolved in pyridine, cooled to  0" and shaken with slight excess of benzoyl chloride.*O 
After standing for two hours the mixture was acidified, diluted with two volumes 
of water and allowed to  stand overnight. The product was collected and extracted 
with dilute alkali. The yield was 98%. By crystallization from alcohol i t  was 
obtained in very small nearly colorless needles that  melted a t  110.5-111.5". 

Anal. Calc'd for C l r H l ~ B r 2 0 ~ :  Br, 41.45. Found: Br, 41.44. 
2-Methoxy-3-nitro-4,5-dibromophenyl benzoate.-Twenty grams of the required 

benzoate, in finely powdered form, was slowly added with stirring, in about one hour, 
t o  75 g.* of fuming nitric acid, the mixture was stirred for two hours longer and then 
poured into ice water. A yield of 80% was obtained. Crystallization from methyl 
alcohol gave colorless plates that  melted a t  116-117". 

Anal. Calc'd for ClaHgBr2NO~: Br, 37.12. Found: Br, 37.16. 
Five grams of the nitrobenzoate was warmed with an aqueous-alcoholic solution 

of sodium hydroxide until hydrolysis was complete, most of the alcohol was distilled 
off, the residue was cooled t o  40-50" and a 25% excess of dimethyl sulfate was added 
dropwise with stirring which was continued for half an hour longer. The yield of 
product was 81%. Crystallization from alcohol gave colorless prisms that  melted 
a t  151". The melting point of a mixture with an authentic sample of 3-nitro-4,5- 
dibromoveratrol (X) showed no depression. 

2 9  COUSIN, Ann. chim. phys., [7], 13, 505 (1898). 
30 EINKORN AND HOLLANDT, Ann., 301, 101 (1898). The Schotten-Baumann 

*When smaller portions of acid were used the product separated as a sticky oil 
method gave unsatisfactory results here. 

that  could not be crystallized. 
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4,5,6-Tribromoguaiaco11 the structure of which was established by Z a n g i r ~ l a m i , ~ ~  
was prepared as follows: One molecular proportion of guaiacol, dissolved in  about 
half its weight of acetic acid was placed in  a three-necked flask provided with a 
mechanical stirrer and an outlet tube connected with an absorption t rap for hydrogen 
bromide. A solution of three molecular proportions of bromine in about a n  equal 
weight of acetic acid was dropped in a t  such a rate that  only a small amount of free 
bromine was present at any time, while the mixture was stirred continuously. The 
first half of the bromine was added in an hour while the temperature was kept about 
25". Addition of the remainder required about two hours, and the temperature was 
maintained between 30" and 35" in  order to  keep the product in solution. The 
mixture was allowed to  cool, the crystalline solid was filtered off and the filtrate 
concentrated under reduced pressure. Crystallization of the combined residues 
from 50% alcohol gave nearly colorless needles that  melted a t  115-116°.32 The yield 
of purified material was 67%. 

Fifty grams of the required tribromo 
compound and an excess of acetic anhydride were heated on a steam bath for one 
and one-half hours. The yield was nearly quantitative. Crystallization from 
alcohol gave colorless blocks that  melted at 119-120". 

I-1Methoxy-4,5,6-tribromophenyl acetate. 

Anal. Calc'd for CsH,Br303: Br, 59.55 Found: Br, 59.76. 
I-.~fethoxy-b-nitro-4,5,6-tribromophenyl acetate.-A portion of the above dry 

powdered acetyl derivative was gradually added with stirring during a period of 
one to  tone and one-half hours to  twice its; weight of fuming nitric acid at 25-28', 
the mixture was stirred for two hours longer, and then slowly poured into twice i ts  
volume of ice cold water. The average yield from several runs was 56%. Crystal- 
lization from ligroi'n (65-70") gave yellow needles that  melted a t  98-99'. 

Anal. Calc'd for C9HoBr3S06: Br, 53.57. Found: Br, 53.86. 
S-Nitro-4,5,6-tribromoguaiacoE.-Sixty grams of the required acetyl derivative 

was shaken at room temperature with slightly more than two molecular proportions 
of sodium hydroxide dissolved in  50% alcohol, and the resulting red liquid was acidi- 
fied. The yellow oil that separated a t  this stage solidified when the mixturewas 
poured into cold water and stirred. Crystallization 
from ligroin (90-100") gave nearly colorless needles that  melted a t  101-102". When 
allovied to  stand in the light this product becomes more deeply colored. 

A yield of 60% was obtained. 

Anal Calc'd for C;HiBr3SOa: Br, 59.11. Found: Br, 5'3.28. 
Z-Jleihoxy-S-nitro-4,5,6-tri8romophenyl methyl carbonate.-Five grams of the 

above-described compound was dissolved in sodium hydroxide solution, shaken with 
1 1 molecular proportions of methyl chlorscarbonate, and the resulting solid was 
collected, washed with dilute alkali, and t h w  with water. Though the product was 
repeatedly crystallized from ligroin (65-70") from which it vias deposited in colorless 
flakes, i t  showed a melting rage of 105-108". The yield of purified material was 56%. 

Anal. Calc'd for CgHeBr3KOe: Br, 51.72. Found: Br, 51.79. 
The vorresponding ethyl carbonate was prepared by the method given above. 

I t  was crystallized from petroleum ether from which i t  was obtained in  irregular 
masses that  melted at 93-94'. The yield of purified product was 29%. 

Anal. Calc'd for C10H8Br3P;06: Br, 50.21. Found: Br, 50.28. 
A third portion of the phenol was converted into the methyl ether in nearly quan- 

31 ZANGIROLAMI, Gazz. chim. ital., 62, 570 (1932). 
32 TIEMANN AND KOPPE [Ber., 14, 2017 (1881) 1, who first obtained this compound, 

recorded 102" as the melting point; but HILL AND JENNINGS [Am. Chem. J . ,  16, 164 
(1893)], who obtained i t  in  a different way, found 115-116". 
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titative yield by treatment with dimethyl sulfate in the usual maner. Crystal- 
lization from ligroin (65-70") gave fine colorless needles that  melted at 122-123°.33 
Determination of halogen indicated that  our product was nearly pure. 

Anal. Calc'd for C8HBBrSN04: Br, 57.14. Found: Br, 57.37. 
2--Methoxy-4,5,6-tribromophenyl benzoate.-Thirty grams of the required tribro- 

moguaiacol was dissolved in 50 cc. of pyridine, cooled t o  O", and shaken with excess of 
benzoyl chloride as previously indicated. After standing for two hours the mixture 
was acidified, diluted with two volumes of water, and allowed t o  stand overnight. 
The precipitate was washed with dilute alkali and then with dilute acid. A yield 
of 97% was obtained. Crystallization from alcohol gave hexagonal plates that  
melted at 148-149". 

Anal. Calc'd for ClaHgBr30s: Br, 51.61. Found: Br, 51.77. 
Nitration of the benzoate.--Thirty-three grams of the required tribromo compound, 

in finely powdered form, was nitrated in  the manner described above for the acetate, 
though the reaction went more slowly in  this case. Preliminary examination of the 
product indicated that  it was a mixture. Repeated extractions of it with small 
portions of boiling acetone made it possible to  remove the more soluble compound 
which was obtained in a yield of 85%. This material separated in irregularly shaped 
crystals that  melted at 140-141". Analysis for halogen suggested a mononitro 
derivative. To fix its structure a portion of the 3-nitro-4,5,6-tribromoguaiacol 
described above, melting a t  101-102", was benzoylated. This product, after crystal- 
.ization from acetone, melted at 140-141", and a mixture melting point determination 
showed no depression. The product in  question must be 2-methoxy-3-nitro-4,5,6- 
tribromophenyl benzoate. 

Anal. Calc'd for ClrHsBrsNOs: Br, 47.06. Found: Br, 47.22. 
The residue left from the above extraction with acetone, which was obtained in 

yields of 3 to  4%, was crystallized from a larger portion of this solvent. It separated 
in the form of nearly colorless square prisms that  melted 202-203". Its structure 
was determined by preparing it from 3-nitro-4,5,6-tribromoguaiacol and m-nitro- 

-benzoyl chloride. A mixture of the products melted without depression. 
Anal. Calc'd for Cl4H7HrSN20~: Br, 43.24. Found: Br, 43.35. 
The product in question was further identified by hydrolysis which gave 3-nitro- 

4,5,6-tribromoguaiacol that  melts at 101-102", as given above. 

SUMMARY 

1. When the 4,5-dibromo and 4 ) 5 ) 6-tribromo substitution products of 
guaiacol were treated with nitrous acid as directed by Zincke no nitro 
compound could be isolated. When nitric acid was used a reaction seemed 
to take place but again no product was obtained. Possibly complete 
degradation occurred. 

2. Treatment of the acyl derivatives with fuming nitric acid gave nitro 
compounds in all instances. When the dibromo acetate was tested a 
mixture was obtained. In  one portion the bromine atom in position 5 

33 COUSIN [Compt. rend., 136, 968 (1902)l reported 116-117" for a product m-hich 
he states was obtained by nitration of 4,5,6-tribromoveratrol and also by bromina- 
tion of 3-nitro-4,5-dibromoveratrol, and for which he later obtained satisfactory 
analytical data [Ann. chim. phys., [7], 29, 76 (1903)l. 
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was replaced by the nitro radical, and in the other hydrogen in position 3 
was substituted. In  the benzoate a 3-nitro compound only was obtained. 
When the tribromo compounds were tested no bromine was replaced. The 
acetate gave the corresponding 3-nitro derivative, while the benzoate 
gave, in addition to the 3-nitro compound, a dinitro product in which the 
nitro radicals are in position 3 in each of the phenyl nuclei. 

3. Additional data have been secured to support the view that acylation 
of hydroxyl in a benzene derivative suppresses its directive influence. 
4. Further work is in progress. 
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Although attempts have been made to explain the spontaneous revers- 
ible dissociation of colorless hexaarylethanes into colored triarylmethyl 
radicals, no theory has as yet been entirely satisfactory. According to 
the conception of steric hindrance the aryl groups, in virtue of their size, 
prevent the aliphatic carbon atoms from approaching each other closely 
enough to form a normal carbon-carbon bond. Only roughly, however, 
does the parallelism between extent of dissociation and size of the aryl 
groups hold. The more recent resonance theory approaches the problem 
from the opposite point of view. According to this theory dissociation 
is attributed not to the weakness of the carbon-carbon bond but to the 
stability of the radicals produced on dissociation. On this assumption, 
Pauling and Wheland' have attempted to show that as the number of 
possible resonance structures for the radical increases so also does the 
extent of dissociation of the corresponding hexaarylethane increase. -41- 
though a considerable amount of experimental data has been correlated 
by them, the theory must still be considered qualitative in nature. A 
combination of steric hindrance and resonance appears to account for the 
dissociation in a more satisfactory manner.2 

From the standpoint of both steric hindrance and resonance a study of 
the dissociation-promoting effect of the phenanthrene nucleus appeared 
particularly attractive. Indeed, Ingold3 has recently predicted that the 
9-phenanthryl group should possess a greater dissociating power than 
any group previously investigated. The phenanthrene nucleus provides 
the additional opportunity of studying the effect on dissociation of isomeric 

*From the Ph. D. dissertation of M. C. Kloetzel. 
1 PAULING AND WHELAND, J .  Chem. Phys., 1, 362-374 (1933). 
2 BENT, CUTHBERTSON, DORFMAN, AND LEARY, J. Am. Chem. Sac., 68, 165-170 

(1936); BENT AND CUTHBERTSON, ibid. ,  68, 170-173 (1936); BENT AND CLINE, ibid. ,  

3 INGOLD, Trans. Faraday SOC., 30,52-57 (1934). From resonance considerations 
Ingold has predicted the order of decreasing effect of aryl groups in promotion of 
radical stability to  be; 9-phenanthryl, a-anthryl, a-naphthyl, @-naphthyl, p-bi- 
phenyl, m-biphenyl, phenyl. 

356 

68, 1624-1627 (1936). 
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linkage to the aliphatic carbon atom. We have, accordingly, undertaken 
the synthesis and determination of the extent of dissociation of the 
following hexaarylethanes: sym-di-1-phenanthryltetraphenylethane (I), 
sym-di-2-phenanthryltetraphenylethane (11), sym-di-3-phenanthryltetra- 
phenylethane (111), sym-di-9-phenanthryltetraphenylethane (IV) and 
sym-di-9-phenanthryldibipkenyleneethane (V). 

00 
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SYNTHESIS OF PHENANTHRYLDIARYLMETHANE DERIVATIVES 

In formulas VI-X inclusive are represented the compounds that were 
prepared either as intermediates or for purposes of characterization. 

(a) X = OH (e) X = Ns 
( b )  X = C1 (f) X = H 
( e )  X = OCHI 
( d )  X = OCzHj 

( 9 )  X = COOH 

The triarylcarbinols (X := OH) were obtained through the Grignard re- 
action. 1-Phenanthryldiphenylcarbinol (VIa) was prepared by inter- 
action of phenylmagnesium bromide and 1-benzoylphenanthrene. The 
latter ketone is formed when phenanthrene is benzoylated according to 
the Perrier modification of the Friedel-Crafts reaction.* We have now 
found that 9-benzoylphenanthrene is formed at  the same time in approxi- 
mately equal amounts. 2-Phenanthryldiphenylcarbinol (VIIa) and 3- 
phenanthryldiphenylcarbinol (VIIIa) were obtained by interaction of 
phenylmagnesium bromide and the methyl esters of the corresponding 
phenanthroic acids. 9-I'henanthryldiphenylcarbinol (IXa) and 9-phen- 

4 BACHMANN, J. Am. Chern. SOC., 67, 555-559 (1935). 
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anthrylbiphenylenecarbinol ( X a )  were most conveniently prepared from 
9-phenanthrylmagnesium bromide and benzophenone and fluorenone re- 
spectively. 

The triarylchloromethanes (X = CY), with the exception of 9-phenan- 
tliryldiphenylchloromethane, were prepared from the carbinols by means 
of hot acetyl chloride. When heated with acetyl chloride, 9-phenanthryl- 
diphenylcarbinol was converted by loss of a molecule of water into 1 ,2 ,3 ,  
4-dibenzo-9-phenylfluorene (XI) ; the triarylchloromethane was obtained 

(XI) 

by treating the powdered carbinol with cold acetyl chloride. For purposes 
of characterization the methyl ethers (X = OCH,) and the ethyl ethers 
(X = OCzH6) of the carbinols were prepared, usually from the triaryl- 
chloromethane and sodium alcoholate, in a few instances also from the 
triarylchloromethane and the alcohol. By reaction with 45 per cent. 
sodium amalgam the methyl ethers of the carbinols yielded the intensely 
colored triarylmet,hylsodium compounds (X = Na), from which the tri- 
arylmethanes (X = 13) were obtained by reaction with alcohol, and the 
triarylacetic acids (X = COOH) by reaction with carbon dioxide, The 
triarylmethanes were also prepared by reduction of the triarylcarbinols 
by hydriodic acid. 

PREPARATION OF THE FREE RADICALS 

By shaking a benzene solution oi 1-, 2-, or 3-phenanthryldiphenyl- 
chloromethane with “molecular” silver a red solution of the equilibrium 
mixture of free radical and hexaarylethane was obtained. The radicals, 
l-phenanthryldiphenylniethyl, 2-phenanthryldiphenylmethyl and 3-phe- 
nanthryldiphenyhethyl, rapidly absorbed oxygen of the air to give crys- 
talline triarylmethyl peroxides. The 2-phenanthryldiphenylmethyl and 
3-phenanthryldiphenylmethyl were also tested for their reaction toward 
iodine; it was found that in dilute solutions the radicals absorbed 63-69 
per cent. of the theoretical amount of iodine necessary to form the tri- 
arylmethyl iodide, the reaction being reversible. Solutions of the radicals 
were found to be relatively stable; they could be kept a week or two 
without deterioration when protected from light. Of the three hexaaryl- 
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ethanes only sym-di-3-phenanthryltetraphenylethane (111) was isolated in a 
crystalline form. 

From the standpoint of testing Ingold’s prediction in regard to the 
effectiveness of the 9-phenanthryl group in promoting dissociation, it 
was unfortunate that 9-phenanthryldiphenylmethyl proved to be an 
unstable radical. Silver abstracted the halogen quantitatively from 9- 
phenanthryldiphenylchloromethane (IXb) to give a deep-brown-red solu- 
tion. On standing in the dark, at least half of the hexaarylethane de- 
composed in thirty minutes, undoubtedly through the radical stage, and 
after seventy-two hours the solution had lost its color. That all of the 
triarylchloromethane had been initially converted to  the radical was shown 
by shaking a solution of 9-phenanthryldiphenylchloromethane with silver 
in the presence of oxygen. Under these conditions the theoretical volume 
of oxygen was absorbed and crystalline bis(9-phenanthryldiphenylmethyl) 
peroxide was isolated in excellent yield from the reaction mixture. The 
reaction between 9-phenanthryldiphenylchloromethane and silver follows 
the normal course to give the radical 9-phenanthryldiphenylmethyl, 
which then spontaneously decomposes. The same decomposition was 
observed to take place when the radical was prepared from 9-phenan- 
thryldiphenylmethylsodium by means of tetramethylethylene bromide 
according to  the following formulation. 

2 (C14Hs) (C8H&C-Na + (CH3)2BrC-CBr(CH& --+ 2 (C14H9) (C6H5)*C + (CH&C=C(CH& + 2NaBr. 

Attempts to  determine the structure of the product formed in the 
One of the characteristic re- 

With triphenylmethyl 
decomposition reaction were unsuccessful. 
actions of triarylmethyls is disproportionation. 
the following reaction takes place: 

I 
3 a - c  

I 

O 
0 

. - - $ 2 0 A - H  
l 

0 
+ 

i 

0 
A similar disproportionation of 9-phenanthryldiphenylmethyl would be 
expected to yield 9-phenanthryldiphenylmethane (IXf) and either 9- 
phenanthrylbiphenylenemethyl (XII) or 1 , 2,3,4-dibenzo-9-phenylfluoryl 
(XIII). None of these compounds, however, was formed. Moreover, 
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(XW (XIII) 

molecular weight determinations made on the product which was isolated 
to the extent of 96 per cent. showed it to be a dimer of the radical, and it 
appears likely that 9-phenanthryldiphenylmethyl dimerizes in the same 
may that triphenylmethyl condenses tjo give p-benzhydryltetraphenylme- 
thane, 2(CsH&C + (CeHs)zCH-~~Ha-C(C6H6)~. Since a number of 
structures are possible for a dimer of this type from the radical containing 
the phenanthryl group, no further attempt was made to elucidate the 
structure. In  an attempt to obtain a more stable radical containing the 
9-phenanthryl group, sym-di-9-phenanthryldibiphenyleneethane (V) was 
prepared, but the 9-phenanthrylbiphanylenemethyl radical formed from 
it by dissociation likewise proved to be too unstable to allow a determina- 
tion of the extent of dissociation of the hexaarylethane. 

THE EXTENT O F  DISSOCIATION O F  THE HEXAARYLETHANES 

The extent of dissociation was calculated from the apparent molecular 
weight of the hexaarylethane as determined by the cryoscopic method. 
Our first experiments were carried out with the crystalline sym-di-3-phe- 
nanthryltetraphenylethane (111). The results obtained on different 
samples of the hexaarylethane were extremely erratic; thus, in nitroben- 
zene the results indicated 82-134 per cent. dissociation of the hexaaryl- 
ethane, although the original concentration of the latter was the same in 
all of the determinations. These results could only be caused by incom- 
plete removal of the solvent from the crystalline hexaarylethane, although 
the compound was dried a t  60" under reduced pressure. Hexaarylethanes 
are known to form additive compounds with a variety of solvents; among 
these benzene is noted for the great affinity with which it is held in com- 
bination. Addition of acetone to a concentrated benzene solution of 
hexaphenylethane results in the separation of crystalline hexaphenyle- 
thane containing benzene of crystalli~ation,~ and these are precisely the 
conditions which obtain in the crystallization of sym-di-3-phenanthryl- 

6 GOMBERG, ibid., 24, 601 (1902). 
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tetraphenylethane. Muller, Muller-Rodloff, and Bunge6 found it neces- 
sary to heat solid tri-p-biphenylmethyl to 155-160" in order to free the 

TABLE I 

(Temperature, 5°C. ; Concentration, 1.5-3 .O%) 
DISSOCIATION OF HEXAARYLETHdNES 

HEXAARYLETHANE 

sym-Di-1-phenanthryltet,raphenylethane 

~ym-Di-2-phenanthryltet~raphenylethane 

sym-Di-3-phenanthryl tet'raphenylethane 

sym-Die-naphthyl tetraphenylethane 

sym-Di-8-naphthyl tetraphenylethane 

sym-Di-p-biphenyl tetraphenylethane 

KILYENT 

Benzene 
Nitrobenzene 

Benzene 
Nitrobenzene 

Benzene 
Nitrobenzene 

Benzene 
Nitrobenzene 

Benzene 

Benzene 

DlaSOC., 5 

32-36 
33-37 

16-17 
30-37 

11-12 
14 

28-31" 
28-36b 

7-9' 

16d 

a Values of 57-62% were obtained by SCHLENK AND RENNING, Ann., 394,193 (1912), 
who isolated the hexaarylethane. 

b Values of 66-79% were obtained by GOMBERG AND SCHOEPFLE, J. Am. Chem. SOC., 
41, 1655-76 (1919), using the crystalline hexaarylethane. 

c Values of 2744% were reported by GOMBERG AND SULLIVAN, J. Am. Chem. SOC., 
44, 1810-33 (1922), who employed the crystalline hexaarylethane. 

SCHLENK, WEICKEL, ANI) HERZENSTEIN, Ann., 394, 186 (1912), estimated tha t  
this hexaarylethane was approximately 15% dissociated at "ordinary temperatures", 
although they made no determination of its molecular weight. We also made some 
determinations of the molecular weight of hexa-p-biphenylethane by the indirect 
method. SCHLENK AND WEICKEL, Ann., 372, 5 (1910), reported that the hexaaryl- 
ethane was completely dissociated in  benzene solutions of 1.43%, 2.28% and 3.33% 
concentration. In benzene containing 0.93% of the hexaarylethane we found 74% 
dissociation; in nitrobenzene of 1.05% concentration the degree of dissociation was 
found t o  be 65%. The depressions in the freezing points of the solvents with these 
concentrations are, however, rather small (0.13' and 0.09'). When we attempted 
to  employ concentrations of 2.28%, the concentration of Schlenk and Weickel, some 
of the hexaarylethane crystallized from the solution in the formof long needles. In 
the colored solution these crystals appeared to be colorless, but  we were unable to 
obtain them colorless in  the dry state. 

compound of benzene, and the closely related pentaarylethanes containing 
the p-biphenyl group had to  be fused under reduced pressure in order to 

0 MULLER,  hfULLER-RODLOFF, AND BUNGE, Ann 620, 251 (1935). 
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remove solvent of crystallization.' Unfortunately, hexaarylethanes are 
thermally unstable. They should not be heated above 60-70" during 
the drying process, and this temperature does not always suffice for 
complete removal of solvent of crystallization. In  order t o  obviate this 
difficulty we have resorted to the indirect method of determining the ap- 
parent molecular weights which does not involve the crystallization of the 
hexaarylethanes.8 We have also used the indirect method to determine 
the extent of dissociation of s ynz-di-a-napht hyltetraphenyle t hane, s ym- 
di-P-naphthyltetraphenylethane and of sym-di-p-biphenyltetraphenyle- 
thane. 

A solution containing a weighed amount of phenanthryldiphenyl- 
chloromethane in a known weight of solvent was shaken with silver in a 
nitrogen atmosphere until reaction was complete. A weighed portion of 
the filtered solution was transferred to the cryoscopic apparatus and the 
freezing point of the solution was determined. By comparison of this 
value with the freezing point of the solvent the apparent molecular weight 
of the hexaarylethane, and from it  the extent of dissociation, were cal- 
culated. The results of the determinations are shown in Table I. 

From the values in Table I it is apparent that the 1- and 2-phenanthryl 
groups are much more effective than the 3-phenanthryl group in pro- 
moting the dissociation of hexaarylethanes. Except for the low values 
obtained for sym-di-2-phenanthryltetraphenylethane in benzene, the sub- 
stitution of nitrobenzene for benzene had little effect on the degree of 
dissociation. The l-phenanthryl12-phttnanthryl and a-naphthyl groups 
possess a greater dissociating effect than the p-biphenyl and 3-phenanthryl 
groups, and the latter two groups are more effective than the @-naphthyl 
group. In  comparison with other aromatic groups, the 1-phenanthryl, 
2-phenanthryl, and a-naphthyl groups can be said to be most effective of 
all single groups so far investigated in promoting the dissociation of 
hexaarylcthanes. 

One of us (&I. C. K.) is indebted to the Monsanto Chemical Works for 
the grant of a fellowship, and to Professor 111. Gomberg for his interest 
and guidance in part of this investigation. 

EXPERIMENTAL 

1- and 9-BenzoyZphenanthrene.-l-Benzoylphenanthrene was prepared from phe- 
nanthrene and benzoyl chloride according to the procedure of Bachmann.4 The 
by-product gradually crystallized in large prisms. These were purified by recrys- 
tallization from ether, and proved to be 9-benzoylphenanthrene; yield, 6%; m.p. 
79-81". Mixed with 9-benzoylphenanthrene prepared from 9-cyanophenanthrene, 
the melting point was unchanged. 
__-- 

BACHMANN AND WISELOGLE, J .  Org. Chem., 1, 373 (1936). 
8 GOMRERG ASD CONE, Ber., 37, 2033-2051 (1904). 
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1-Phenanthryldiphenylcarbinol (Via).-To a solution of the Grignard reagent pre- 
pared from 31.4 g. of bromobenzene in 100 cc. of anhydrous ether was added 28.1 g. 
of 1-benzoylphenanthrene dissolved in 75 cc. of anhydrous benzene. The mixture 
was refluxed for six hours, cooled and hydrolyzed with aqueous ammonium chloride. 
Recrystallization of the residue obtained by evaporation of the benzene-ether layer 
yielded the carbinol. 1-Phenanthryldiphenylcarbinol crystallizes from benzene- 
petroleum ether in colorless prisms; m.p. 163-164'; yield, 84%. The carbinol gives 
a blue-green color with concentrated sulfuric acid. 

Anal. 

I-Phenanthryldipheny1chloromethane.-A solution of 15 g. of l-phenanthryldi- 
phenylcarbinol in 40 cc. of acetyl chloride and 100 cc. of anhydrous benzene was 
refluxed for eighteen hours. After 50 cc. of solvent was distilled o f f ,  100 cc. of petro- 
leum ether (60-75') was added. On cooling, 14.6 g. of the carbinol chloride crys- 
tallized; an additional quantity, making a total yield of 97%, was obtained by con- 
centration. 1-Phenanthryldiphenylchloromethane crystallizes from benzene in 
colorless, rectangular prisms; m.p. 212" dec. 

Calc'd for C27H700: C, 90.0; H, 5.6. 
Found: C, 90.6; H, 5.4. 

Anal. Calc'd for C2,Hl&1:C1, 9.4. Found: C1, 9.2. 
Although the chloride forms colored coordination compounds with stannic chlo- 

ride, ferric chloride and zinc chloride, none of these was obtained in the crystalline 
form. 

Methyl  ether of I-phenanthryldiphenylcarbino1.-To a solution of 4 g. of l-phenan- 
thryldiphenylchloromethane in 30 cc. of anhydrous benzene was added a solution of 
0.8 g. of sodium in 20 cc. of methanol. A precipitate of sodium chloride was imme- 
diately produced on mixing. After being refluxed for thirty minutes the mixture 
was poured into water and the benzene layer was washed, dried and evaporated. 
The methyl ether crystallizes from acetone-methanol in colorless, hexagonal plates; 
m.p. 198-199"; yield, 88%. 

Anal. Calc'd for C2sHI!20: C, 89.8; H, 5.9. 
Found: C, 89.9; H, 5.9. 

The ethyl ether of I-pheitanthryldiphenylcarbinol, prepared in the same manner as 
the methyl ether, crystallizes from acetone-ethanol in thin, colorless plates; m.p. 
151-152"; yield, 87Tob. 

Anal. Calc'd for C2gH2rO: C, 89.6; H, 6.2. 
Found: C, 89.9; H, 6.3. 

i-Phenanthryldipheny1methane.-A mixture of 0.8 g. of the methyl ether of 1- 
phenanthryldiphenylcarbinol, 30 cc. of anhydrous benzene, 20 cc. of anhydrous ether 
and 3 g. of 45% sodium amalgam was shaken for eighteen hours in a glass-stoppered 
cylinder in a nitrogen atmosphere. After freezing the amalgam, 0.5 cc. of ethanol 
was added to the intense-green solution of 1-phenanthryldiphenylmethylsodium. 
The resulting decolorized solution was poured into water, the ether solution was 
dried and the solvent was evaporated. By recrystallization of the residue from ben- 
zene-ethanol the 1-phenanthryldiphenylmethane was obtained in 91% yield as color- 
less prisms; m.p. 175-176". 

Anal. Calc'd for C27H10: C, 94.1; H. 5.9. 
Found: C, 94.4; H, 5.9. 

I-Phenanthryldiphenylacetic acid.-Dry carbon dioxide was passed into a solution 
of 1-phenanthryldiphenylmethylsodium, prepared from 1.0 g. of the methyl ether, 
until the color of the orgunosodium derivative had completely disappeared. The 
solution was shaken with dilute hydrochloric acid and the benzene solution was sepa- 
rated, concentrated and treated with petroleum ether, whereupon the l-phenanthryl- 
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diphenylacetic acid crystallized; yield, 871%. B y  another recrystallization from 
benzene-petroleum ether the acid was obtained as clusters of colorless needles; 
m.p. 230-232" dec. 

Anal. 

sym-Di-I-phenanthryltetraphenylethane (I).-A mixture of 3 g. of l-phenanthryl- 
diphenylchloromethane, 3 g. of "molecular" silver9 (100 mesh) and 50 cc. of dry 
benzene was shaken for four days in a glass-stoppered cylinder protected from light. 
All operations involving the free radical were conducted in an atmosphere of carbon 
dioxide or nitrogen. The deep-red solution was transferred to  a bulb and the ben- 
zene was distilled off at 4348" under reduced pressure. The bulb was of the type 
previously described by Gomberg,B modified by the introduction of a ground-glass 
joint to  facilitate removal of the crystalline hexaarylethane. Another small ground- 
glass joint, connected t o  a three-way stopcock through which the benzene was dis- 
tilled off, was sealed onto the upper par t  of the bulb. 

A solution of the residual red oil in 2 cc. of acetone did not deposit any crystals 
after standing a t  0" for forty-eight hours, anti addition of 1 cc. of hexane precipitated 
the hexaarylethane as  a red oil which could not be induced to  crystallize. 

That  the reaction of 1-phenanthryldiphenylchloromethane and silver quickly 
went to completion, resulting in a stable solution of sym-di-l-phenanthryltetraphe- 
nylethane, was shown by the following oxygen absorption experiments. A solution 
of 0.7 g. of the carbinol chloride in 12 cc. of bromobenzene was shaken with 0.7 g. of 
silver and the oxygen absorption was determined by means of the standard appara- 
tus.10 After being shaken for one hour, the Holution absorbed the calculated volume 
of oxygen within two minutes. After shaking a sample for ninety-six hours, the solu- 
tion still absorbed the calculated volume of oxygen. 

Bis(l-phenanthryldiphenylmethyl) peroxide was obtained when a benzene solution 
of sym-di-1-phenanthryltetraphenylethane, prepared from 0.96 g. of the carbinol 
chloride, was filtered from silver and silver chloride and exposed to  air. The red 
solution quickly became pale yellow and deposited colorless crystals of the peroxide. 
After evaporation of the solvent and removal of colored impurities with ether the 
peroxide weighed 0.65 g. (72% yield). After recrystallization from carbon disulfide 
the peroxide melted a t  175-176" with decomposition. The peroxide is extremely 
insoluble in all ordinary solvents. 

Anal. Calc'd for Cs4Hag.O~: C, 90.2; H, ti.3. 
Found: C, 89.9; H, 5.3. 

I-Phenanthryldiphenylcarbinol (VlZa).-To the Grignard reagent prepared from 
32 g. of bromobenzene in 100 cc. of anhydrous ether was added a solution of 13.6 
g. of methyl 2-phenanthroate'l in 125 cc. of anhydrous benzene. After being refluxed 
for eight hours, the mixture, which contained a yellow addition product, was hy- 
drolyzed with aqueous ammonium chloride. On addition of petroleum ether to  
the concentrated benzene extract, the 2-phenanthryldiphenylcarbinol crystallized. 
Recrystallization from benzene-petroleum ether gave colorless crystals of the car- 
binol; m.p. 174-175"; yield, 88%. This carbinol has been previously prepared by 
another method.4 

I-Phenanthryldiphenylchloromethane was prepared in the same manner as its 
1-isomer by warming for one hour a mixture of 15 g. of 2-phenanthryldiphenylcar- 

Calc'd for CzsHzo02: C, 86.6; H, ti.2. 
Found: C, 86.7; H, 5.2. 

G O M B E R G  AND CONE, ibid. ,  39, 3286 (1906). 
lo G O h f B E R G  AND SCHOEPFLE, J. Am. Chent. SOC., 39, 1661 (1917). 
11 MOEETTIG AND VAN DE KAMP, ibid., 62, 3707 (1930). 
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binol, 15 cc. of acetyl chloride and 75 cc. of anhydrous benzene. 2-Phenanthryldi- 
phenylchloromethane crystallizes from benzene-petroleum ether in clumps of color- 
less needles; m.p. 160-161'; yield, 96%. 

Calc'd for C ~ I H ~ & I :  C1, 9.4. 
Found: C1, 9.1. 

Anal. 

Coordination compounds of I-phenanthryldiphenylchloromethane with metal halides. 
-When 0.01 g. of 2-phenanthryldiphenylchloromethane was dissolved in 5 cc. of a 
saturated benzene solution of mercuric chloride and the solution was allowed to  stand 
in the cold for several days, the coordination compound crystallized as brown, iri- 
descent needles. Similarly, the red stannic chloride addition compound was ob- 
tained in  the crystalline form by adding a drop of IS'% benzene solution of stannic 
chloride to the carbinol chloride in  benzene. Intensely colored oils were obtained 
under similar conditions with ferric chloride and zinc chloride, but these could not be 
induced to crystallize. 

The methyl ether of 2-phenanthryldiphenylcarbinol was prepared in 75% yield by 
exactly the same method as its 1-isomer. I t  was also prepared by refluxing for two 
hours a mixture of 1 g. of 2-phenanthryldiphenylcarbinol, 50 cc. of methanol and three 
drops of concentrated sulfuric acid. On cooling of the solution the methyl ether 
crystallized in 73% yield. The compound is dimorphic: on recrystallization from 
acetone-methanol it was obtained as long, colorless needles melting a t  105-106"; 
recrystallized from acetone-petroleum ether (60-75") it formed truncated octahedra 
melting a t  111-112'. 

Anal. Calc'd for C28H220: C, 89.8; H, 5.9. 
Found: C, 90.0; H, 6.1. 

The ethyl ether of 2-p!~enanthryldiphenylcarbinol was prepared according to  the 
procedure described for its 1-isomer, and crystallizes from petroleum ether in large, 
colorless prisms; m.p. 116-117" yield, 50%. 

Calc'd for C29H240: C, 89.6; H, 6.2. 
Found: C, 89.7; H, 6.0. 

Anal. 

2-Phenanthryldiphenylmethane was prepared in two ways. An intensely purple- 
red solution of 2-phenanthryldiphenylmethylsodium was formed by shaking a mix- 
ture of 0.75 g. of the methyl ether of 2-phenanthryldiphenylcarbinol and 2.5 g. of 
45% sodium amalgam in 25 cc. of anhydrous ether and 25 cc. of anhydrous benzene. 
After twenty-four hours 1 he amalgam was frozen and enough ethanol was added to  
decolorize the solution. 2-Phenanthryldiphenylmethane crystallizes from benzene- 
ethanol in long, colorless needles; m.p. 151-152'; yield, 91%. 

The same hydrocarbon was obtained when 2-phenanthryldiphenylcarbinol was 
reduced with hydriodic acid. A solution of 1 g. of the carbinol in 20 cc. of acetic acid 
was refluxed for thirty minutes with 2 cc. of hydriodic acid (sp. g. 1.7). Sulfur di- 
oxide was passed into the hot solution in order to remove the iodine which was lib- 
erated in the reaction. On being cooled, the solution deposited the 2-phenanthryl- 
diphenylmethane; yield, '77%. 

Anal. 

I-Phenanthryldiphenylacetic acid was prepared from 2-phenanthryldiphenylme- 
thylsodium in the same manner as described for the 1-isomer. The acid crystallizes 
from acetic acid in colorli:ss, columnar prisms containing solvent of crystallization; 
m.p. 232-233'; yield, 82%. 

Calc'd for C,7€[20: C, 94.1; H,  5.9. 
Found: C, 94.4; H, 5.9. 

Anal. Calc'd for C2aH2002: C, 86.6; H, 5.2. 
Found: C, 86.8; H, 5.1. 
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sym-Di-8-phenanthryltetraphenylethane i(II).-A cherry-red solution of the radi- 
cal was obtained by shaking for four days a mixture of 3 g. of 2-phenanthryldiphenyl- 
chloromethane and 3 g. of "molecular" silver in  50 cc. of benzene. Oxygen absorp- 
tion experiments indicated that  reaction was complete after this period of time. 
When three times the amount of silver was used, two hours sufficed for complete 
reaction. Evaporation of the filtered solution as  described for the I-isomer left a 
red oil. All attempts to  induce crystallization of the oil from acetone, benzene, 
ethyl acetate, or chloroform resulted in  failure. Addition of hexane or methanol, 
in which the hexaarylethane is extremely insoluble, to  solutions of the oil in any of the 
above solvents always caused deposition of a red oil. When the residual red oil was 
dissolved in 2 cc. of ether, gummy and poorly-defined crystals were obtained on 
standing at 0" for twelve hours. All of the solvent could not be removed from the 
crystals by heating to  60" under reduced pressure, and heating to  100" caused de- 
composition. 

A solution of the radical prepared from 2.0 g. of the carbinol chloride in  50 cc. of 
benzene absorbed 21.0 cc. (62.7%) of a solution of iodine in  benzene (0.02 g. per cc.). 

Bis(2-phenanthryldiphenylmethyl) perox;de4 was obtained in  79% yield by oxida- 
tion of the radical with air. A solution of the radical allowed to  stand in  the dark for 
six months gave only a 40% yield of the peroxide, an indication that  approximately 
50% of the radical had undergone decomposition in this period of time. 

3-Phenanthryldiphenylcarbinol (VIIIa).--To the Grignard reagent prepared from 
53 g. of bromobenzene in  160 cc. of anhydrous ether was added a solution of 25 g. 
of methyl 3-phenanthroateIl in 145 cc. of anhydrous benzene. After being refluxed 
for eight hours, the mixture was hydrolyzed with aqueous ammonium chloride. 
From acetone-petroleum ether the carbinol crystallizes in colorless, columnar needles 
containing solvent of crystallization; m.p 92-93'; yield, 82%. When the carbinol 
is crystallized from petroleum ether alone the melting point is raised to  100-102". 

Anal. 

This carbinol produces an intensely purple-blue color with concentrated sulfuric 
acid. The compound previously described4 as 3-phenanthryldiphenylcarbinol was 
in reality the methyl ether of this carbinol, which was probably produced when the 
carbinol was crystallized in the presence of' methanol. 

3-Phenanthryldiphenylchloromethane, prepared in the same manner as  described 
for the 2-isomer, crystallizes from benzene-petroleum ether in colorless, rectangular 
prisms; m.p. 132.5-133.5'; yield, 88%. 

Calc'd for CZ,HN,O: C, 90.0; H, 5.6. 
Found: C, 90.3; H, 5.6. 

Anal. Calc'd for CzrH19C1: C1, 9.4. Found: C1, 9.3. 
A sample of this 3-phenanthryldiphenylchloromethane gave on hydrolysis the 

carbinol melting at  92-93' after recrystallization from acetone-petroleum ether. 
Treated with stannic chloride as described for the 2-isomer, 3-phenanthryldi- 

phenylchloromethane produced a coordination compound in the form of small, 
deep-red plates having a purple iridescence. The ferric chloride compound was 
obtained as  broad, red, iridescent needles by adding a saturated ethyl acetate solu- 
tion of ferric chloride to the carbinol chloride in benzene, and the zinc chloride com- 
pound separated as small, brown crystals when a 6% ether solution of zinc chloride 
was added to the carbinol chloride in benn:ene. 

The methyl ether of 5-phenanthryldiphenylcarbinol, prepared in 88% yield by the 
Williamson method as described for the 1-isomer, crystallizes from acetone-methanol 
in colorless, glistening plates; m.p. 147-148". The same ether was prepared by re- 
fluxing for two hours a solution of 3 g. of ,3-phenanthryldiphenylcarbinol in 125 cc. 
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of methanol containing nine drops of concentrated sulfuric acid. On cooling, the 
ether crystallized in  87% yield. 

Anal. Calc'd for C18H220: C, 89.8; H, 5.9. 
Found: C ,  90.1; I€, 5.8. 

The ethyl ether of 3-phenanthryldiphenylcarbinol was prepared by refluxing for 
two hours a solution of 1.8 g.  of 3-phenanthryldiphenylcarbinol in 80 cc. of ethanol 
containing six drops of concentrated sulfuric acid. On cooling and concentrating 
the solution, a 90% yield of the ether was obtained. The ethyl ether crystallizes 
from acetone-ethanol in colorless needles; m.p. 155-156'. 

Anal. Calc'd for CZ9HZ40: C, 89.6; H, 6.2. 
Found: C, 89.9; €1, 6.3. 

2-Phenanthryldiphenylmefhane was prepared from the intensely purple-red 3-phen- 
anthryldiphenylmethylsodium in the same manner as  described for the 2-isomer. 
The hydrocarbon crystallizes from benzene-ethanol in long, flat, colorless needles; 
m.p. 122-123'; yield, 83%. 3-Phenanthryldiphenylmethane was also prepared by 
reduction of 3-phenanthryldiphenylcarbinol by hydriodic acid in the manner de- 
scribed for the 2-isomer. 

Anal. Calc'd for C27HZ0: C, 94.1; H, 5.9. 
Found: C, 94.3; II, 6.2. 

3-Phenanthryldiphenylacetic acid was prepared by the method described for the 
1-isomer. Crystallization of the acid from acetic acid produced clusters of colorless 
needles containing solvent of crystallization which was tenaciously held; yield, 63%. 
From benzene-petroleum ether the acid was obtained also as needles; m.p. 215-216'. 

Anal. Calc'd for CZsHZoO2: C, 86.6; H, 5.2. 
Found: C. 87.0; H, 5.3. 

sym-Di-3-phenanthryltetrclphenylethane ( I I I ) . -A  deep-red benzene solution of 
the radical-ethane equilibrium mixture was prepared from 3 g. of 3-phenanthryldi- 
phenylchloromethane as described for the 1-isomer. The viscous red oil remaining 
after removal of the benzene under reduced pressure was dissolved in  2 cc. of warm 
acetone and the hexaarylethane was allowed to crystallize a t  0" for twelve hours. 
The crystalline material wm washed several times with cold acetone and finally 
dried under reduced pressure in a stream of carbon dioxide; m.p. 150-152" dec. 
(in nitrogen); yield, 2.28 g. (85%). Although the crystalline material was practically 
colorless when freshly prepared, it rapidly became yellow when exposed to air. 

The crystalline hexaarylethane, when dissolved in bromobenzene, absorbed the 
calculated volume of oxygen a t  room temperature within two minutes. 

A solution of the hexaarylethane prepared from 1.0 g. of the carbinol chloride in 
50 cc. of benzene decolorized 11.5 cc. of a benzene solution of iodine (0.02 g. per cc.). 
This corresponds to  68.67, absorption. When excess iodine was added, the solution 
became green and a dark oil, presumably a periodide5 of 3-phenanthryldiphenyl- 
iodomethane, was deposited, which crystallized on standing. 

Bis(3-phenanthryldiphen~lmethyl) peroxide4 was obtained in 85% yield by oxida- 
tion of a benzene solution of the hexaarylethane with air. A solution of the hexa- 
arylethane which was allowed to stand in the dark for six months gave only a 69% 
yield of peroxide, an indication that approximately 19% of the hexaarylethane had 
undergone decomposition during this period of time. The peroxide was best re- 
crystallized from amyl acetate; m.p. 197". 

9-Phenanthryldiphenylchlsromethane (ZXb).-When an attempt was made to  pre- 
pare this chloride by heating the carbinoP with acetyl chloride, there was obtained 

a BACHMANN, ibid., 66, 1363-1367 (1934). 
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a good yield of 1,2,3,4-dibenz0-9-phenylfluorene. When the carbinol was treated 
with dry hydrogen chloride in ether there was also apparently some fluorenation, as  
the resulting product (m.p. 162-170’) did not contain the calculated amount of 
chlorine. 

9-Phenanthryldiphenylchloromethane was finally successfully prepared by the 
following method. To  30 g.  of the finely powdered 9-phenanthryldiphenylcarbinol 
was added 75 cc. of acetyl chloride. A reaction soon began and the mixture became 
warm. It was stirred for a few minutes and then allowed to stand a t  0” for two hours. 
The chloride was filtered off, shaken with petroleum ether for two hours, and again 
filtered. When all traces of acetyl chloride had been removed in this manner the 
carbinol chloride could be recrystallized without decomposition from benzene-pe- 
troleum ether, and was obtained as colorless, columnar needles; m.p. 182-183” dec.; 
yield, 80%. 

Anal. Calc’d for C ~ ~ H I & I :  C1, 9.4. Found: C1, 9.0. 
Coordination compounds of this halide could not be prepared, as in every instance 

fluorenation took place when a solution of the carbinol chloride was allowed to  stand 
in contact with stannic chloride, ferric chloride or zinc chloride. 

The methyl ether of 9-phenanthryldiphenylcarbinol waa prepared in the usual man- 
ner from sodium methylate and 9-phenanthryldiphenylchloromethane; yield, 90%. 
The ether crystallizes from acetone-methanol in colorless, glistening prisms; m.p. 
165”. 

Anal. 

The ethyl ether of 9-phenanthryldiphenylcarbinol was obtained from sodium ethyl- 
ate and the carbinol chloride. Recrystallization from acetone-petroleum ether 
gave thin, colorless plates; m.p. 139-140’; yield, 42%. 

Calc’d for C28H220: C, 89.8; H, 5.9. 
Found: C, 89.8; H, 5.8. 

Anal. 

9-Phenanthryldiphenylinethane was prepared from the intensely green O-phenan- 
thryldiphenylmethylsodium in the same manner as described for the 2-isomer. 
The hydrocarbon crystallizes from benzene-ethanol in colorless needles; m.p. 174- 
175”; yield, 88%. 9-Phenanthryldiphenylmethane has been recently prepared from 
9-bromophenanthrene and diphenylbromoniethane.’2 

9-Phenanthryldiphenylacetic acid was prepared in the same manner as described 
for the preparation of the 1-isomer. Crystallization from acetic acid produced long, 
colorless needles which lost solvent of crystdlization a t  approximately 130” and then 
melted a t  257-259’ dec.; yield, 96%. 

Calc’d for C2rHz40: C, 89.6; H, 6.2. 
Found: C, 89.4; H, 6.1. 

Anal. 

sym-Di-9-phenanthryltetraphenylethane (W).-When a mixture of 0.8583 g. of 
9-phenanthryldiphenylchloromethane, 1.0 e .  of “molecular” silver (100 mesh) and 
30 cc. of anhydrous benzene was shaken in a nitrogen atmosphere the solution be- 
came brown-red, but the intensity of the color soon began to decrease, and a t  the end 
of three days the solution was practically colorless and would absorb no oxygen. 
Estimation of the silver chloride indicated .:hat the abstraction of the halogen from 
the carbinol halide had proceeded to the extent of 9599%. 

In earh of the following experiments approximately 1 g. of the carbinol chloride 
in 12 cc. of bromobenzene was shaken with 1 g.  of “molecular” silver (100 mesh) 
for the stated period of time. The oxygen absorption a t  the ends of these periods 
was: two minutes, 28%; five minutes, 30%; ten minutes, 26%; thirty minutes, 14%; 
three hours, 757,; three days, 0%. 

Calc’d for C28HZ0O2: C, 86.6; H, 5.2. 
Found: C, 86.2; H, 5.0. 
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When a bromobenzene solution (20 cc.) of the carbinol chloride (1.2 g.) was shaken 
with silver (5 g., 100 mesh) in the presence of oxygen, quantitative absorption of the 
latter was obtained within six minutes. From the reaction mixture was isolated a 
78% yield of bis(9-phenanthryldiphenylmethyl) peroxide. 

9-Phenanthryldiphenylmethyl was also prepared by a method involving the pro- 
cedure of Ziegler and S ~ h n e l l . ' ~  A mixture of 0.8 g. of the methyl ether of 9-phen- 
anthryldiphenylcarbinol, 55 cc. of anhydrous ether and 3 g. of 45% sodium amal- 
gam was shaken in an atmosphere of nitrogen for twenty-four hours. The solution 
was filtered into a nitrogen-filled bulb and a solution of 0.26 g. of tetramethylethylene 
bromide in 10 cc. of anhydrous ether was added. The green color of the sodium 
addition compound immediately gave way to the brown-red of the g-phenanthryl- 
diphenylmethyl radical. The color soon faded, however, and after standing in the 
dark for four hours the solution was practically colorless. 

Bis (9-phenanthryldiphenylmethyl) peroxide.-The reaction mixture from the pro- 
duction of 9-phenanthryldiphenylmethyl in the presence of oxygen (as previously 
described) was filtered and hhe residue was washed with petroleum ether and dried. 
It was then treated with 374, nitric acid and finally with 28% ammonium hydroxide 
to  remove silver and silver chloride. The remaining material was found to  be 
nearly pure bis(9-phenanthryldiphenylmethyl) peroxide; m.p. 178-179' dec. ; yield, 
78%. This peroxide was found to be extremely insoluble in most solvents, and rela- 
tively unstable to heat, making its recrystallization difficult. A small amount was, 
however, recrystallized from chloroform-ethanol; m.p. 184-186" dec. 

The identity of the peroxide was confirmed by synthesis from sodium peroxide 
and 9-phenanthryldiphenylahloromethane according to the method of Gomberg.14 
Air, freed from carbon dioxide, was passed through a mixture of 3 g. of D-phenanthryl- 
diphenylchloromethane, 10 g. of sodium peroxide, 90 cc. of ice water and 40 cc. of 
benzene until all the benzene was evaporated. The solid residue was boiled with 50 
cc. of ether to dissolve the carbinol, and the small insoluble residue was extracted 
with 125 cc. of carbon disulfide for six hours. Approximately 100 cc. of the solvent 
was distilled off, and from the remaining solvent 0.05 g. of the colorless, crystalline 
peroxide separated; m.p. 184-186'; yield, 1.8%. 

Anal. Calc'd for C64H3802: C, 90.2; H, 5.3. 
Found: C, 90.1; II, 5.3. 

The decomposition product of 9-phenanthryldiphenylmethyl.-Colorless solutions 
resulting from decomposition of the radical, prepared either from g-phenanthryldi- 
phenylchloromethane and silver or from 9-phenanthryldiphenylmethylsodium and 
tetramethylethylene dibromide, yielded the same decomposition products. 

A solution of 5 g. of 9-phenanthryldiphenylchloromethane in  65 cc. of anhydrous 
benzene was shaken in a nitrogen atmosphere with 5 g. of "molecular" silver. After 
two days the colorless solution contained a colorless precipitate which was filtered 
off, freed from silver and silver chloride, washed with benzene and dried (3.34 g.). 
The filtrate on evaporation yielded 0.96 g.  of the same product, making the total 
yield 95% (calculated on the basis of complete removal of chlorine from the carbinol 
chloride). By fractional crystallization from petroleum ether (60-75"), this product 
was separated into two frsctions: the first crystallized from benzene-petroleum 
ether in irregular hexagonal plates, and constituted 96% of the total decomposition 
product. After four recrystallizations the product melted a t  222-228" (dec.) in air, 
and at 275-280" (dec.) in nitrogen. Molecular-weight determination (Menzies 

13 ZIEGLER AND SCHNELL, Ann., 437, 214 (1924). 
14 GOMIBERG, Ber., 33, 3185 (1900). 
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boiling-point method in benzene) gave a n  rtverage value of 646 (theoretical molecu- 
lar weight of a dimer, 686). The second fraction (4%) crystallized from benzene- 
ethanol in  colorless needles; m.p. 181" (dea.) with previous softening. An average 
molecular weight of 471 was obtained by the microebullioscopic method of Sucharda 
and Bobranski.15 

9-Phenanthrylbiphenylenecarbinol (Xa) was prepared in 70% yield according to 
the method of Bachmann." In one instance, a sample crystallized from benzene- 
petroleum ether melted at 175-176', solidified, and remelted at 191-192', the melting 
point previously reported. 

9-Phenanthrylbiphenylenemethyl acetate was obtained as colorless plates when five 
drops of concentrated sulfuric acid were added to  a hot solution of 0.5 g. of 9-phen- 
anthrylbiphenylenecarbinol in 10 cc. of acetic acid, and the vessel was scratched 
with a glass rod; m.p. 113-115'; yield, 66%. 

Anal. Calc'd for C N H ~ L L O ~ :  CHaCOO, 14.6. Found: CH8CO0, 14.4. 
9-Phenanthrylbiphenylenechloromethane.--A solution of 14.36 g. of 9-phenanthryl- 

biphenylenecarbinol in 30 cc. of anhydrous benzene was refluxed for three hours with 
21 cc. of acetyl chloride. An equal volume of petroleum ether was added and on 
cooling the solution an 87% yield of the chloromethane crystallized in  hexagonal 
prisms; m.p. 211-212" after recrystallization from benzene-petroleum ether. 

Anal Calc'd for CgrHI7Cl: C1, 9.4. Found: C1, 9.4. 
Crystalline coordination compounds of 9-phenanthrylbiphenylenechloromethane 

with stannic chloride and with mercuric (chloride were obtained. By repeatedly 
filtering off the brown, gelatinous precipitate formed when 0.8 g. of the carbinol 
chloride was dissolved in 20 cc. of a saturated benzene solution of mercuric chloride, 
a yield of 0.14 g. of the coordination compound was obtained; m.p. 237-240". 

Anal. 
Crystallization of the purple-iridescent coordination compound began almost im- 

mediately nrhen a solution of 2 g. of stannic chloride in  2 cc. of anhydrous ethylene 
chloride was added to  a solution of 1 g. of !I-phenanthrylbiphenylenechloromethane 
in  15 cc. of ethylene chloride; m.p. 230" dec. 

Calc'd for C14Hp(CeH&C-C1 . . . 3HgC12: C1, 20.8. Found: C1, 20.9. 

Anal. 
9-Phenanthrylbipheny1enebromomethane.--After refluxing for one hour a mixture 

of 14.36 g. of 9-phenanthrylbiphenylenecarbinol, 34.5 g. of acetyl bromide and 30 
cc. of anhydrous benzene, an equal volume of petroleum ether was added. The 
bromomethane crystallized on cooling of the solution; m.p. 230" dec.; yield, 78%. 

Calc'd for CISHp(C8H4)ZC-Cl . . . SnC14: C1, 27.8. Found: C1, 27.8. 

Anal. Calc'd for Cz7Ht7Br: Br, 19.0. Found: Br, 18.9. 
The methyl ether of 9-phenanthrylbiphenylenecarbinol was prepared from 9-phen- 

anthrylbiphenylenechloromethane in the a2me manner as described for the prep- 
aration of the methyl ether of 1-phenanthryldiphenylcarbinol. Crystallization from 
acetone gave colorless, diamond-shaped plates; m.p. 231-232"; yield, 74%. 

Anal. 

The ('thy1 ether of 9-phenanthrylbiphenylenecarbinol was prepared in the usual 
manner from 2.25 g. of 9-phenanthrylbiphenylenebromomethane and sodium ethyl- 
ate. The ether crystallizes from acetone-ethanol in  colorless, diamond-shaped 
plates; m.p. 161-162", solidifying, and remelting a t  173-174"; yield, 40%. 

Calc'd for CZ~HZOO: C, 90.3; H, 5.4. 
Found: C, 90.3; H, 5.4. 

Anal. 

9-Phenanthrylbiphenylenemethane was prepared by refluxing for four hours a mix- 

Calc'd for CzpH2:0: C, 90.1; H, 5.7. 
Found: C, 90.1; H, 5.6. 

15 SUCHARDA AND BOBRANSKI, Chem. Abstr., 23, 2853 (1929). 
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ture of 1.79 g. of 9-phenanthrylbiphenylenecarbinol, 100 cc. of ethanol and 16 g. of 
zinc dust, during which time a total of 45 cc. of 36% hydrochloric acid was added in 
small portions. Some of the hydrocarbon separated during the addition of the hy- 
drochloric acid. The mixture was filtered, and the filtrate was concentrated and 
cooled, whereupon the hydrocarbon crystallized. Extraction of the residue on the 
filter with benzene yielded more hydrocarbon. 9-Phenanthrylbiphenylenemethane 
crystallizes from benzene in colorless, diamond-shaped plates; m.p. 192-193"; yield, 
90%. The hydrocarbon prepared in this manner was identical with that obtained 
from 9-bromofluorene and 9-phenanthrylmagnesium bromide.12 

sym-Di-9-phenanthryldibiphenyleneethane ( V )  .-On shaking the chloride in bromo- 
benzene with silver, a brown-red solution of 9-phenanthrylbiphenylenemethyl was 
obtained. The following oxygen absorptions were obtained with such solutions 
shaken for varying periods o f  time: after one hour, 82%; after twenty hours, 20%; 
after seventy-two hours, 996. When the carbinol bromide was shaken with silver 
and bromobenzene in the presence of oxygen, quantitative absorption of the latter 
was obtained within twenty minutes. 

Bis(9-phenanthrylbiphenylenemethyl) peroxide was obtained when a brown-red 
solution of 9-phenanthrylbiphenylenemethyl, prepared by shaking a mixture of 1.42 
g. of 9-phenanthrylbiphenylenebromomethane, 3 g. of ''molecular" silver (80 mesh) 
and 40 cc. of anhydrous benzene for thirty-five minutes, was exposed t o  air. The 
solution became red and deposited 0.75 g. (62.5%) of the colorless, crystalline perox- 
ide. After recrystallization from toluene the peroxide melted at 208-210" dec. 

Anal. 

1 ,B, 3,4-Dibenz0-9-phenyl$uoryl acetate.-Seven g. of lead dioxide was added to  
the boiling solution of 7 g. of 1,2,3,4-dibenzo-9-phenylfluorene12 in 210 cc. of acetic 
acid over a period of one-half hour. After all the lead dioxide had been added the 
selution was refluxed for onc: hour more, enough water was added to the hot solution 
to  s tar t  crystallization, and the solution was cooled. Recrystallization from ace- 
tone removed most of the colored impurities from the preciqitated acetate. After 
sublimation in vacuo (250°/0.4 mm.) and recrystallization from acetic acid, the 
acetate melted a t  252-255"; yield, 66.5%. 

Calc'd for C64Hs4O2: C, 90.7; H, 4.8. 
Found: C, 90.6; 11, 4.7. 

Anal. Calc'd for C Z ~ H ~ O Q ~ :  C, 87.0; HI 5.0. 
Found: C, 86.9; 13, 4.9. 

A 0.5 g. sample of the acetate was reduced by heating for one hour with 0.5 g. of 
red phosphorus, 0.5 g. of iodine, 1 cc. of water and 15 cc. of acetic acid. The hot 
filtered solution was poured into vater  and the precipitated product was recrystal- 
lized from acetic acid; yield of 1,2,3,4-dibenzo-9-phenylfluorene, 90%; m.p. 210-212". 

1,2,J,4-Dibenzo-9-phenylfluorenol was obtained when an alcoholic solution of the 
acetate was heated for several minutes with potassium hydroxide and the solution 
was acidified with hydrochloric acid. The mixture was diluted with water and the 
carbinol extracted with benzene. The residue remaining when the solution was 
evaporated was sublimed in oucuo (25O-26Oo/0.4 mm.) and the carbinol was obtained 
as square, colorless tablets on recrystallization from benzene-petroleum ether; 
m.p. 181". The carbinol gives a deep-red color with concentrated sulfuric acid. 

Anal. 

1 ,~,S,~-Dibenzo-9-phen~l-9-chlorofluorene.-A mixture of 1.79 g. of 1,2,3,4- 
dibenzo-9-phenylfluoryl acetate, 3 cc. of acetyl chloride and 20 cc. of anhydrous 
benzene was refluxed for three hours, and an equal volume of petroleum ether (90- 

Calc'd for C2fH180: C, 90.5; H, 5.1. 
Found: C, 90.8; 11, 5.1. 
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19.77 0.4545 
21.34 ~ 0.4476 

TABLE I1 

(Molecular Depression Constants: Nitrobenzene, 69.7; Benzene, 51.7) 
JIOLECULAR-WEIGHT DETERMINATIONS OF THE HEXAARYLETHANES 

2.24 1 0.320 1 37 
2 .O!i 0.284 33 

WEIGHT SOLVENT WEIGHT SOLUTE CONI!. F.P.  DEPREBBION DISMC. 
(e.) 1 ( P . )  (%:I (degrees) 

sym-Di-1-phenanthryltetraphenylethane in Benzene 
16.19 0.2791 1.6'3 0.176 36 
17.43 1 0.2629 I 1 .4!3 1 0.150 1 32 

sym-Di-1-phenanthryltetraphenylethane in Nitrobenzene 
23.89 0.5319 2.113 0.310 37 
20.66 1 0.4792 1 2.26 ~ 0.315 
23.44 0.6043 1 2.51 1 0.347 

sym-Di-2-phenanthryltetraphenylethane in Benzene 
-_. 

19.80 0.3539 1.7tj 0.157 1 17 
16.25 1 0.2790 i 1.6!3 I 0.150 I 16 

sym-Di-a-naphthyltetraphenylethane in Benzene 

18.99 0.4670 2.411 0.285 31 
15.47 I 0.3419 I 2.16 1 0.250 ~ 28 

sym-Di-a-naphthyltetraphenylethane in Nitrobenzene 

24.80 0.5446 1 2.14 0.356 i 36 
18.23 1 0.4558 2.44 ~ 0.385 ' 28 -~ 

sym-Di-P-naphthyltetraph enylethane in Benzene 
17.54 0.4282 I 2.38 0.235 9 
15.46 j 0.231 7 

a This determination was made employing the original indirect method of Gom- 
berg and Cones, wherein the hexaarylethaue solution was prepared directly in the 
freezing vessel by stirring the chloride with three times its weight of 100 mesh silver 
for three hours. 
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TABLE 11-Concluded 

CONC. F.P. DEPRESSION DISSOC. 
(degrees) 

sym-Di-p-biphenyltetraphenylethane in Benzene 
17 .OO 0.4104 2.36 0.226 16 
18.17 1 0.5771 1 3.08 1 0.298 1 16 

Hexa-p-biphenylethane in Benzene 
18.44 I 0.1738 I 0.93 I 0.090 1 74 

Hexa-,p-biphenylethane in Nitrobenzene 
20.32 1 0.2160 1 1.05 I 0.130 1 65 

100') was added. Fifteen cc. of benzene was then distilled off, the solution was 
cooled to  0", and crystallization was induced by scratching with a glass rod. Re- 
crystallization from benzene-petroleum ether gave a 50% yield of the carbinol chlo- 
ride; m.p. 172-174". 

Anal .  Calc'd for CzrH1&l: C1, 9.4. Found: C1, 9.5. 
A solution of 0.10 g. of 1,2,3,4-dibenzo-9-phenyl-9-chlorofluorene in 10 cc. of 

anhydrous beneene was shaken in a sealed tube with 0.2 g. of 100-mesh "molecular" 
silver. The red color of 1 ,%,3,4-dibenzo-9-phenylfluoryl quickly appeared, and the 
solution retained its color even after twelve hours. The red solution on exposure to  
air was quickly decolorized, and the colorless peroxide was deposited; m.p. 209-211" 
dec. The peroxide gives a red color with concentrated sulfuric acid. 

Molecular-weight determinations of the hexaary1ethanes.-Gomberg and Cones 
were the first to determine the molecular weight of a hexaarylethane without pre- 
viously isolating it.  Subsequently the indirect method was used in a number of 
instances to  determine the extent of dissociation of hexaarylethanes.16 

We employed the Beckmann cryoscopic method for the molecular-weight deter- 
minations, modified for the use of an atmosphere of nitrogen.'? One side-arm of the 
freezing vessel was fitted with a rubber stopper through which passed a stopcock 
which was used for evacuating the apparatus, and the second side arm was fitted with 
a rubber stopper through which passed a glass siphon of the same type as that used in 
connection with the bulb. A solution containing a carefully weighed sample of the 
halide in a known weight of solvent was shaken for twelve hours in a glass-stoppered 
cylinder in a nitrogen atmosphere, the cylinder being wrapped in a black cloth to  
prevent entrance of light. By means of oxygen absorption experiments on separate 
samples it was shown that  in every instance the reaction had gone to  completion and 
that there had been no decomposition of the radical during this period of time. The 
silver was allowed to settle, the stopper was removed from the cylinder, and the 
siphon connected to  the cryoscopic apparatus was quickly inserted in its place. An 
aliquot portion of the radical solution was then transferred to  the nitrogen-filled 
cryoscopic apparatus, the weight so transferred being determined by weighing the 
freezing vessel a t  the end of the run. Determination of the freezing point of this 

GOMBERG AND FORRESTER, J .  Am. Chem. SOC., 47, 2373-2391 (1925); GOMBERG 
AND MCGILL, ibid. ,  47, 2400 (1925); LUND, i b i d . ,  49, 1349 (1927). 

l 7  BECKMANN, Z. physik. Chem., 44, 170 (1903). 
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solution, together with a similar determination on a sample of pure solvent from 
which the solution had been made, then gave the requisite data for calculation of the 
molecular weight. From the molecular weight was calculated the dissociation of 
the hexaarylethane. 

N.W. c 

M.W. f 
Dissociation = - - 1, 

where M.W. is the calculated molecular weight of the hexaarylethane and M.W. 1 

is the molecular weight found. 
Upon completion of each determination the radical solution was oxidized and, 

after evaporation of the solvent, the total oxidation products were weighed as perox- 
ide. The weight of peroxide in every instance checked the theoretical weight to  
within 90%. 

The results of the molecular weight determinations are shown in Table 11. 

SUMMARY 

(1) sym-Di-l-phenanthryltetraphenylethane, sym-di-2-phenanthrylte- 
traphenylethane and sym-di-3-phenanthryltetraphenylethane have been 
synthesized, the latter being obtained in the crystalline state. 

(2) The dissociation of these hexaarylethanes has been determined in 
benzene and in nitrobenzene. The 1- and 2-phenanthryl groups have been 
found to rank with the a-naphthyl group in being more effective in pro- 
moting dissociation than any other aromatic group thus far investigated. 
The 3-phenanthryl group was found to be less than half as effective. 

(3) 9-Phenanthryldiphenylmethyl and 9-phenanthrylbiphenylene- 
methyl were prepared, but were found to be too unstable to allow molec- 
ular weight determinations of the corresponding hexaarylethanes. 
(4) A number of new phenanthryldiarylmethane derivatives contain- 

ing the 1-, 2-, 3-, and 9-phenanthryl groups have been synthesized from 
phenanthrene, and their properties investigated. 
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SALTS OF NITRO COMPOUNDS. 11. THE REACTION OF THE 
SILVER SALT OF PHENYLNITROMETHANE WITH 

DIPHENYLBROMOMETHANE 

G. B. BROWX AND R. L. SHRINER 
Received October 8, i9SY 

A previous study of the alkylation of the silver salt of phenylnitro- 
acetonitrile (I) with methyl iodide or benzyl chloride showed that unstable 
nitronic esters were produced' indicating that oxygen-alkylation had 
occurred. However, Wieland and Hochtlen2 obtained a-nitro-a P ,P-tri- 
phenylpropionitrile (11) by treatment of this same silver salt (I) with 
diphenylbromomethane. This reaction 

CN CN 
I 

CsH6CNo2Ag + (CaH6)2CHBr + CBH5--C-N02 f 

AH (C6H6) 2 
I 

I1 

AgBr 

involved carbon-alkylation, and indicated that diphenylbromomethane 
behaved differently from methyl iodide or benzyl chloride. Since this 
seemed rather unusual, a study was made of the reaction between the 
silver salt of a primary nitro compound, phenylnitromethane (111), with 
diphenylbromomethane in order to determine whether carbon-alkylation 
would produce the compound IV by the following reaction: 

C6H6C"02Ag 4- (C6H6)&HBr + CsHjCHNOz f AgBr 
~ 

CH (CsHs) 2 
I11 

IV 

A careful examination of the products of this reaction has shown that 
no compound corresponding to formula IV was produced. Instead, two 
compounds were isolated: sym-tetraphenylethane (V) and 1,2-dinitro-l, 2- 
diphenylethane (VI). 

1 THURSTON AND SHRINER, J. ORG. CHEM. 2,  183 (1937). 
WIELAND AND HOCHTLEN, Ann., 606, 237 (1933). 
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2C6H5CHN02Ag + 2 (CsH5) zCHBr + (CBH~) 2CHCH ( CGHJ 2 + 
v 

NO2 NO2 
I 1  

vr  
C6H5-CH-CH--C~H5 + 2AgBr 

These products were evidently formed by two simultaneous coupling 
The silver salt is very unstable and decomposes on standing reactions. 

or shaking in benzene solution, depositing metallic silver. 

NO2 NO2 
1 1  

2CsH5CHN02Ag -+ C~H~CH-CH-C~HS + 2Ag 
VI 

The free silver then caused coupling of two molecules of diphenylbromo- 
methane to produce sym-tetraphenylethane (17). 

2(C6H5)2CHBr + 2Ag -+ (C6H5)2CH-CH(C6H5)2 + 2AgBr 
17 

The sym-tetraphenyletbane (V) was readily characterized by comparison 
of the melting point with that of a mixtue with an authentic specimen. 
The 1 ! 2-dinitro-l ! 2-diphenylethane (VI) decomposed over a considerable 
range (224'-240') when attempts were made to determine its melting 
point in a capillary tube. It melted with decomposition a t  231-233' on 
the Maquenne block. This molecule also contains two similar asymmetric 
carbon atoms and hence may exist in meso and racemic modifications. Both 
of these forms had been prepared previously by Schmidt3 and by Wieland4 
by treating stilbene with nitrogen dioxide. 

NO2 NO2 
I /  

C,jH&H = CHCcH5 + 2NO2 + C~HSCH-CHC~H~ 

This preparation was repeated and the two forms isolated. One form 
(a-isomer) melted with decomposition a t  230-233' and the other form 
(p-isomer) melted at 154-155'. The /3-form could be converted to the 
a-form by heating a sample just above the melting point for a minute and 
allowing it to resolidify. No data are available to indicate which of these 
forms is meso and which is racemic. 

SCHMIDT, Ber., 34,623,3537 (1901). 
~WIELAND,  Ann., 424, 105 (1921). 
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The p-form was also obtained by treating the sodium salt of phenyl- 
nitromethane with iodine. 

NO2 NO2 
I 1  

2C6H5CHN02Ka + I2 ---f CeH,CH-CHCsH6 + 2NaI. 

The compound from this reaction was shown to be identical with the P- 
form obtained by the nitrogen dioxide reaction with stilbene. 

Mixtures of the a-form obtained synthetically with that produced by 
the action of diphenylbromomethane on the silver salt of phenylnitro- 
methane decomposed at 230-233" on the Maquenne block thus indicating 
that they are identical. 

The 1,2-dinitro-l, 2-diphenylethane was further characterized by con- 
version to triphenylisoxazole (VII) by treatment with alkali.5 The com- 
pound from the coupling reaction (a-form) and the synthetic a- and 

NO2 NO2 
NaOH I /  

CGHr,CH--CHCsHr, CoHj-C=N 
\ 1 /" 

CsH j-&c 
I 

CeHs 

p-forms yielded the same triphenylisoxazole, melting at 214-215'. 
These results indicate that the second product of the action of diphenyl- 
bromomethane on the silver salt of phenylnitromethane is 1 'a-dinitro- 
lf2-diphenylethane. 

EXPERIMENTAL 

Pheny1nitromethane.-This compound was obtained as a yellow liquid boiling a t  
114-115" a t  13 mm. according to the procedure described by Wislicenus and Enders.6 

S o d i u m  salt of pheny1nitromethane.-Sodium (0.9 g.) was dissolved in a mixture of 
10 cc. of absolute alcohol and 10 cc. of ether. One hundred cubic centimeters of 
ether was added, followed by 5 g. of phenylnitromethane in 25 cc. of ether, with 
stirring. The white, flocculent sodium salt precipitated, was collected on a filter, 
washed with absolute ether, and preserved in a vacuum desiccator. The yield was 
almost quantitative. 

Anal .  Calc'd for C,HBNbiaOZ: Na, 14.46. Found: S a ,  14.46, 14.40. 
Silver salt of pheny1nitrornethane.-A solution o f  5.35 g. of silver nitrate in  150 cc. 

of water was added to  5 g. of sodiumaci-phenylnitromethane in 150 cc. of water, with 

5 NENITZESCU, Ber., 62B, 2669 (1929); HEIM, i b i d . ,  44,2016 (1911); MEISENHEIMER, 
The mechanism of this reaction has not yet been established. 

6 WISLICENUS AND ENDERS, i b id . ,  36, 1755 (1902). 
i b id . ,  64,3206 (1921). 
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vigorous stirring. The silver aci-phenylnitromethane separated immediately as a 
white precipitate. It was filtered, washed with ether, and then with petroleum 
ether. The salt is very unstable and turns brownish-black quickly. The yield was 
7.2 g., or 94 per cent of the theoretical. The salt explodes when heated. 

Reaction between silver aci-phenylnitromethane and dipheny1bromomethane.-To a 
suspension of 7 g. of the silver aci-phenylnitromethane in 200 cc. of dry benzene was 
added a solution of 7.5 g. of diphenylbromomethane' dissolved in 50 cc. of benzene, 
with stirring and cooling. This reaction mixture in various runs was stirred from 
7.5 hours to  four days. One run was allowed to  stand for five weeks without stirring. 
The solution soon turned dark, and in  the longer runs a silver mirror formed on the 
flask. The benzene solution was separated from the insoluble silver salt by filtration, 
and dried over magnesium sulfate; the benzene removed by distillation, and the re- 
sidual oil was taken up in 250 cc. of warm absolute alcohol and allowed to  crystallize. 
The first crop of crystals consisted chiefly iif tetraphenylethane, which was purified 
by three recrystallizations from absolute alcohol. It melted a t  210°, and the 
melting point of a mixture with a pure sample of tetraphenylethane showed no de- 
pression. Considerably larger amounts of tetraphenylethane were obtained in the 
experiments in which the reaction mixture was stirred a longer time. 

Concentration of the alcohol filtrate yielded a mixture which was separated by 
three to  five recrystallizations from xylene rind a final recrystallization from alcohol. 
The 1,2-dinitro-lj2-diphenylethane obtained melted with decomposition a t  231-233", 
as determined by means of the Maquenne block. The melting point of a mixture 
with a sample of the a-form of 1,2-dinitro-l,2-diphenylethane, prepared from stilbene 
and nitrogen dioxide, was 230-234", as determined by means of the Maquenne block. 
Melting points taken by the capillary tube inethod vary from 224-240", depending on 
the rate of heating and the size of the c5pillary tube. Previous investigators3*4 
report melting points varying from 230-235" to 234-236". 

Anal. 

The nitrogen analyses carried out by the l h m a s  method were always low. A small 
sample of the 1 ,Z-dinitro-1 ,Z-diphenylethaie was decomposed by heating slowly t o  
235" in a small test tube. The evolution of nitrogen dioxide was evident, and carbon- 
ization took place rapidly. The low analyses were evidently due to  this faculty of 
evolving the oxides of nitrogen on heating, the unreduced oxides being caught by 
the potassium hydroxide. Attempts to  determine the nitrogen by the Kjeldahl 
method, zinc or sodium tk$osulfate being used as the reducing agent, were also un- 
successful. 

1 ,d-Dinitro-i ,d-diphenylethane. A .  From stilbene.-The procedure described 
by Schmidt was followed. Nitrogen dioxide, generated by heating lead nitrate, was 
passed into a benzene solution of stilbene. Crystallization took place gradually. 
The crystals were filtered, washed with benzene and recrystallized from alcohol. 

Calc'd for Cl4Hl2N2O4: C, 61.75; IT, 4.42; N, 10.3. 
Found: C 61.77, 61.83; H, 4.62, 4.45; N, 9.57, 9.49, 9.82, 9.98. 

The decomposition point, as determined by means of the Maquenne block, was 230- 
233". 

The filtrate and the wash benzene were shaken with 1 per cent sodium bicarbonate 
solution, and the benzene was removed by evaporation, leaving a yellow powder. 
On crystallization from ether, followed by recrystallization from acetic acid, broad, 
flat, needle clusters, melting point 154-155", were obtained. This p - ,  or low-melting 
form, was converted to  the a-, or high-melting form, by heating above its melting 
point for a few minutes and allowing to  resolidify. 

7 COURTOT, Ann. chim., [9], 6,80 (1916), 
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B.  From sodium aci-phenylnitromethane and iodine.-A solution of iodine in 
potassium iodide was slowly added t o  2 g. of sodium aci-phenylnitromethane in 10 
cc. of water until a slight excess was present. The solution was stirred for three 
hours, and a few cubic centimeters of dilute sodium thiosulfate was added t o  remove 
the last traces of iodine. 'The solution was extracted twice with 25 cc. of benzene, 
the extract was dried over calcium chloride, the benzene was distilled and the oily 
product was crystallized twice from alcohol, yielding the p-form of 1,2-dinitro-l,2- 
diphenylethane; melting point, 151-153". The melting point of a mixture with a 
sample of the @form, prepared by the reaction of nitrogen dioxide with stilbene, 
was 151-153'. 

Triphenylisozazo1e.-Approximately 50 mg. of the 1 ,%-dinitro-l,2-diphenylethane, 
prepared in the reaction of nitrogen dioxide and stilbene, was treated with 5 cc. of 30 
per cent sodium hydroxide solution and heated on the steam bath for three hours. 
The crystals of triphenylisoxazole were filtered and recrystallized twice from acetic 
acid. It melted a t  214-215' which checked the values in the literature.5 

Anal. Calc'd for C~IHIINO: C, 84.83; H, 5.05; N, 4.72. 
Found: C, 84.28; H, 5.54; N, 4.60, 4.85. 

Triphenylisoxazole was also prepared, according to  the above procedure, from 
approximately 30 mg. of the 1,2-dinitr0-1,2-diphenylethane prepared by the reaction 
of silver aci-phenylnitromethane and diphenylbromomethane. It also melted a t  
214-215", and the melting point of a mixture showed no depression. 

Decomposition of the silver salt of phenylnitr0methane.-Five grams of the silver salt 
of phenylnitromethane was placed in 150 cc. of benzene and shaken for 17 days. The 
unchanged silver salt was removed by filtration and the colloidal silver was removed 
by passage through a layer of Xorite on a sintered glass funnel. The solution was 
dried over calcium chloride, and the benzene was removed under reduced pressure. 
Two recrystallizations of the residue from ethyl alcohol yielded the &form of I ,2-dini- 
tro-l,2-diphenylethane me1 ting a t  153-154". 

The alcoholic filtrate from the recrystallizations was mixed with 10 cc. of 30 per 
cent. sodium hydroxide solution and heated on the steam bath for three hours. When 
this mixture cooled crystalti of triphenylisoxezole melting a t  213-214" xere  obtained. 

SUMMARY 

The reaction of the silver salt of phenylnitromethane and diphenyl- 
bromomethane resulted in a coupling of the nitro compound to give 1,2- 
dinitro-l,2-diphenylethane and of the diphenylbromomethane to yield 
sym-tetraphenylethane. 
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During the past five years study has been made of a variety of alkyl- 
allyl (pentenyl, hexenyl, heptenyl) ethers of pheno1,l pyrogallol,2 resor- 
cin01,~ and fluorescein.* In this work i t  was established that  inversion of 
the alkylallyl group occurred during pyrolytic rearrangement of the ethers 
into isomeric phenols. Reports have also been made of similar studies 
with the a-methyl~rotyl,~ a-ethylcrotyl, and a-n-propylcrotyl phenyl 
ethers.6 

The present study was undertaker, to  obtain additional data in this 
field. The ethyl-, n-propyl- and n-butylallyl ethers of phenol and o-cresol 
were prepared, and a similar group of six ethers in the crotyl series was 
also synthesized. Some new data cclncerning the allyl ethers of catechol 
and resorcinol and various allylcatechols and resorcinols were obtained also. 

Direct heating of the alkylallyl phenyl (and o-tolyl) ethers to 230-250' 
brought about rearrangement to  the alkenylphenols or alkenylcresols. 
One important observation, hitherto unnoticed in similar experiments, was 
that  of the concurrent production of phenol (or o-cresol) in significant 
amounts. The a-alkylcrotyl aryl ethers also yielded phenol and o-cresol 
as reaction products. It appears, therefore, that  this finding is general. 

Since this work was completed (in 1935) an article has appeared by 
Lauer and Filbert7 on the rearrangement of y-ethylallyl phenyl ether (I). 
Instead of obtaining the expected resrrangement product (11), 

A / O H  
O-CH&H=CHCH&I& N 

l l  v 

I 

"\CH-CH=CH~ I 

&LCH~ 
I1 

1 H ~ R D  AND MCKAMEE, J .  Am. Chem. SOC., 64, 1648 (1933). 
2 HURD AXD PARRISH, ibid. ,  67, 1731 (1935). 
8 HIJRD AND MCNAMEE, ibid. ,  69, 104 (1937). 

HURD A S D  SCHYERLING, ibid. ,  69, 112 (1937). 
HrrRD AND COHEN, ibid. ,  63, 1917 (1931). 
HURD AND WILLIAMS, ibid. ,  68, 2636 (1936). 
LAUER AND FILBERT, ibid., 68, 1388 (1!)36). 
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\CH-CH=CH-CH~ 

CHs 
I11 

which would arise by simple inversion of the pentenyl group, these 
investigators showed that their product possessed structure 111. That 
I11 was produced during this reaction was confirmed recently in this 
laboratory,s but it was shown that a considerable quantity of I1 was 
present also in the products. From this, it is evident that  the o-pentenyl- 
phenol, obtained in the present work by pyrolysis of I, was a mixture of 
I1 and 111. It is reasonable to  assume also that  the 6-pentenyl-2-methyl- 
phenol, obtained from pentenyl o-tolyl ether, was similar in structure. 
Likewise, the hexenyl- and heptenylphenols and cresols were undoubtedly 
mixtures of the same type. 

[ T O H  

EXPERIMENTAL 

Allyl derivatives of catechol and resorcinol.-The directions given by Hurd, Green- 
gard, and Pilgrimg were followed for the synthesis of these compounds. Physical 
constants, hitherto unreported for these compounds, are collected in Table I. The 
solubility in water a t  26" for 4-allylcatechol was found t o  be 2.5 g. per 100 cc.; that  
for 3,6-diallylcatechol was 0.094 g. per 100 cc. Triallylcatechol and 4,g-diallyl- 
resorcinol were both analyzed by the Zerewitinoff method and both were shown to 
contain two available hydroxyls per molecule. 

The l-bromo-B-aZkenes.--l-Pentene-3-ol, 1-hexene-3-01 and I-heptene-3-ol were 
prepared by previously-described methods.I0 These alcohols (45-50 g.) were con- 
verted t o  bromides by refluxing for two hours with a mixture of 135 g. of 48% hydro- 
bromic acid and 17 cc. of concentrated sulfuric acid. The yields were 52-70%. 
The products which were obtrtined and used had these constants: l-bromo-2-pentene, 
b.p. 40' (25 mm.), n t  1.4741; l-bromo-2-hexene, b.p. 52-53' (17 mm.), ng 1.4757, 
d:: 1.1780; 1-bromo-2-heptene, b.p. 45-47' (3 mm.), n: 1.4720, di: 1.1621. 

The 4-chloro-~-alkenes.-Synthesis of 2-hexen-4-01 and 2-hepten-4-01, and the 
reaction of these alcohols with phosphorus pentachloride was accomplished accord- 
ing to published directions.11 The observed constants for 4-chloro-2-hexene were 
these: b.p. 38-43' (30 mm.), 0.9148, ng 1.4400. The 4-chloro-2-heptene was col- 
lected a t  46-48' (12 mm.); n;' 1.4422. Unsuccessful attempts were made to  convert 
2-hexene-4-01 into its bromide by reaction with hydrobromic acid. Only a dark mass 
resulted. 

8 HURD AND POLLACK, Ph.D. dissertation of M. A. Pollack, Northwestern Uni- 

9 HURD, GREENGARD, AND PILGRIM, J .  Am. Chem. Soc., 62, 1703 (1930). 
10 DELABY, Ann. chim., [9], 19, 275 (1923); BOUIS, ibid. ,  [lo],  9, 409 (1928). 
11 REIF, Ber., 39, 1603 (1906); 41,2742 (1908); HURD AND COHEN, J .  Am. Chem. Soc.. 

versity, 1937. 

63, 1920 (1931). 
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"C. 

2-Octen-4-oZ.-n-Butylmagnesium bromide was made from 24 g. of magnesium, 
147 g. of n-butyl bromide and 350 cc. of clry ether. It was chilled to  -5", stirred, 
and 78 g. of crotonaldehyde was added siowly. After reaction, the contents were 
poured on t o  1.5 kg. of ice, and hydrolysis was completed by addition of 100 g.  of 
ammonium chloride and 250cc. of 6 N hydrochloric acid. The alcohol was separated, 

TABLE I 
DERIVATIVES OF CATECHOL AND RESORCINOL 

nim 

DERIVATIYE 

T-Ethylallyl phenyl ether. . . . . . 
7-n-Propylallyl phenyl ether. . . 
7-n-Butylallyl phenyl ether. . . . 
7-Ethylallyl o-tolyl ether. . . . . . 
7-n-Propylallyl o-tolyl ether. . . 
7-n-Butylallyl o-tolyl ether. . . . 

Catechol monoallyl ether 

Catechol diallyl ether 

Allylcatechol diallyl ether 
Resorcinol monoallyl ether 
3-Allylcatechol 

4-Allylcatechol 

3,6-Diallylcatechol 

Triallylcatec hol 

4-Allylresorcinol 
4,6-Diallylresorcinol 

91-95 4 
105-107 4 
102-103 3 
106-108 3 
115-117 6 
105-108 3 

B.P. 

"C . -- 
103-104.5 

112-1:15 

140-155 
130-185 
132-138 

141-144 

132-137 

175-180 

143-150 
178-1% 

mm. 

8 

8 

12 
7 
9 

7 

6 

10 

5-9 
12 

1.5467 
1 ,5408 
1.5385 
1.5308 

1.5510 
1.5687 
1.5595 
1.5689 
1.5600 
1.5587 
1.5498 
1.5558 
1.5518 
1.5753 
1.5653 
1.5608 

- 

TABLE I1 
ALKYLALLYL ETHERS 01' PHENOL AND 0-CRESOL 

ETHER 

I- I-- 

9 
21.5 
15 
21.5 

15 
8 

30 
7 . 5  

29 
8 

30.5 
11 
20 
15 
10 
22 

0.956612 1.5155 
0.9408 1.5109 
0.9340 1.5056 (30") 
0.9470 1.5140 
0.9370 1.5090 
0.9300 1.5059 

washed with sodium bicarbonate solution, dried over sodium sulfate and distilled. 
The yield was 70 g. (or 55%); b.p. 74" (8 mm.), @0.8393, n: 1.4395, mol. refraction 
40.15 (calc'd, 40.04). 

Anal. (by Loyal Stone): Calc'd for C8€Il~O: C, 74.8; H, 12.6. 
Found: C, 74.11.; H, 12.5. 

14 LAUER AND FILBERT, J. Am. Chem. Soc., 68,1389 (1936). 
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B.P. 

ETHER 

"C. mm. 

a-Ethylcrotyl phenyl ether.. 89-91 5 
a-n-Propylcrotyl phenyl 

etherI3.. . . . . . . . . . . . . . . . . . .  103-104 4 
a-n-Butylcrotyl phenyl 

ether. . . . . . . . . . . . . . . . . . . . .  107-108 4 
a-Ethylcrotyl o-tolyl ether..  100-102 6 
a-n-Propylcrotyl o-tolyl 

ether. . . . . . . . . . . . . . . . . . . . .  96-98 4 
a-n-Butylcrotylo-tolylether 118-119 4 

4-Chloro-8-octene.-One hundred ten grams of phosphorus pentachloride was 
added in small portions to  a mixture of 65 g. of 2-octen-4-01 and 70 cc. of ether at 0". 
The reaction was vigorous. After standing for ten hours the mixture was washed 
with water and sodium bicarbonate solution, and the insoluble layer was dried and 
distilled. Thirty-two grams (43% yield) was collected a t  69-70' (9 mm.); d? 0.8924; 
n t  1.4452; mol. refraction 43.69 (calc'd 43.48). 

Anal. Calc'd for CsHI6C1: C1, 24.2. Found: C1, 24.9. 
Alkylallyl ethers of phenol and o-cresol.-Into 50 cc. of acetone which contained 

40-45 g. of potassium carbonate and 20-30 g. of phenol or o-cresol (0.2-0.3 mole) 
there was dropped an equivalent amount of the I-bromo-2-alkene. Stirring was 
maintained during the addition, after which the mixture was refluxed for four to five 
hours. About 200 cc. of water was then added to  dissolve the salts, and the mixture 
was extracted with ether. The solution was dried, and the desired ether was dis- 
tilled under diminished prei~sure. The yields of the ethers ranged from 52-5770. 

ANALYBES, 5 
18 4: n, Calc'd 1 Found 

_ _ _ ~  2- '"I+ H 

0.9290 1.5066 81 .89 .10~81.69 .15  

0.9282(20") 1.5000(21°) - - - - 

0.9208 1.4955 182.3 9.80 82.3 9 .88  
0.9244 1.5032 82 .19 .4782.39 .52  

0.9216 ,l.5000 82.3/9.80,82.5 10.3 
0.9143 11.4950 82.6110.1!82.7 10.4 

i l  
I /  

The significant data are collected in Table 11. The combustion analyses were per- 
formed by Mr. Loyal Stone. 

a-Alkylcrotyl ethers of phenol and o-cresol.-In general, these ethers were prepared 
like the alkylallyl ethers. Minor differences were the use of a refluxing period of 7 
hours or longer and the use of an excess of phenol or cresol (about 1.3: l  instead of 
1:l) .  Even with these modifications, the yields (20-300/0) were much lower. This 
suggests the greater reactivity of bromide over chloride in this type of metathesis. 
The data concerning the ethers are grouped in Table 111. 

Pyrolysis of the Ethers 
A quantity (13-20 9.) of the etherwas placed in  a small flask, fitted with an air 

condenser, heated by an oil bath or salt bath, t o  a temperature (usually 230-260') 
so as to  bring about refluxing of the contents of the flask. The temperature of the 
reaction liquid usually lagged behind that of the bath. No diluent (such as fluorene 

Analyzed by HURD AND COHEN, i b id . ,  63,1921 (1931). 
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or diethylaniline) was used during the heating, although such a procedure would have 
augmented14 the yield of alkenylphenol. The duration of heating was from thirty t o  
fifty minutes. 

o-Penteny2pheno.t.-The products obtained from 14.5 g. of y e t  hylallyl phenyl 
ether were vacuum-distilled: 2.0 g. of phenol, 80-98" (5 mm.); 1.2 g. 98-110" (5 mm.); 
5.0 g. of o-pentenylphenol llo-112" (7 mm.) , 0 . 5  g., 112-116" (4 mm.); 2.1 g. of residue. 
The phenol was identified as phenoxyacetic acid, m.p. 98'. The yield of pentenyl- 
phenol, n," 1.5322, was 34.5 per cent. 

Anal. 

o-Hexenylpheno2.-Twenty grams of the hexenyl phenyl ether yielded these 
products, when distilled at 6-7 mm.: 2.0 g. of phenol (which solidified in  the receiver), 
80-85"; 2.0 g., 85-120'; 8.0 g. (or 40% yield) of hexenylphenol, 120-122'; 4.0 g., 135- 
165'. The 85-120' fraction was largely phenol (bromination yielded tribromophenol, 
m.p. 96"). The hexenylphenol was soluble in alkali; n: 1.5275, n: 1.5255. 

Anal. 

o-Heptenylpheno1.-The alkali-soluble portion from 16 g. of the heptenyl phenyl 
ether which had been heated forty minutes was distilled a t  6 mm. There was isolated 
0.5 g. of solid phenol and 4.4 g. (28%) of o-heptenylphenol, b.p. 125-127" (6 mm.), 
&! 1.1009, n: 1.5215. There was 8 g. of alkali-insoluble material. 

Calc'd for C1IH14O: C, 81.5; H, 8.64; OH, 1.00. 
Found: C, 81.8; H, 8.96; OH (Zerewitinoff), 0.98. 

Calc'd for ClzHleO: C, 81.8; H, 9.09; OH, 1.00. 
Found: C, 81.8; H, 9.03; OH (Zerewitinoff), 1.02. 

Anal. (Zerewitinoff). Calc'd for C13HliOH: OH, 1.00. Found: OH, 1.02. 
6-Pentenyl-2-methyZphenol.-The pentenyl o-tolyl ether (13.3 g.) was treated 

similarly. After heating, all but 1 g. of it was soluble in 120 cc. of 5% sodium hy- 
droxide solution. After acidification, ether extraction, and drying it was distilled. 
A fraction weighing 5.8 g. (43.6% yield) was obtained which boiled a t  107-110" (3 
mm.); n: 1.5322, dii 0.9766. One gram of o-cresol was collected at 60" (4 mm.). 

Anal. 

6-Hexenyl-8-methylphenol.-The hexenyl o-tolyl ether (13 9 . )  gave rise to  3 cc. of 
alkali-insoluble material and 3.4 g. (27% yield) of 6-hexenyl-2-methylphenol: b.p., 
112-115" (3 mm.); d::0.9618; n," 1.5255. o-Cresol was also collected in small quantity 
in this experiment. 

Calc'd for C1tHlsO: C, 81.8; H, 0.09; OH, 1.00. 
Found: C, 81.3; H, 9.13; OH, 1.0:1. 

Anal. 

6-HeptenyZ-l-methyZphenol.-From 13 g. of the heptenyl o-tolyl ether there waa a 
large alkali-insoluble residue (9 g.). Only 2 g. of the desired phenol was collected: 
b.p. 120-121 (4 mm.), d;: 1.0930, n," 1.5193. The yield of o-cresol [b.p., 60" (4 mm.) ] 
was 0.5 g. 

Anal. Calc'd for C I ~ H ~ ~ O :  C, 82.3; H, 9.80. 
Found: C, 82.0; H, 9.88. 

Behavior of the a-alkylcrotyl ethers of phenol and o-cresol towards heat.-After being 
heated by an oil bath at 200-230" for thirty minutes all six of these ethers refluxed a t  
176185". Between one and two grams of phenol or o-cresol was isolated from each 
10 g. of ether heated. The phenol and cresol were separated by alkali-solubility and 
then by distillation a t  4 mm. Both were identified by their chloroacetic acid derivs- 
tives. A large amount of alkali-insoluble material was formed which has not yet been 
characterized. 

Calc'd for C l ~ H t ~ O :  C, 82.1; H, 9.47. 
Found: C, 82.2; H, 9.37. 

"HIJRD AND WEBB, ibid., 68, 2192 (1936). 
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SUMMARY 

The y-alkylallyl (alkyl being ethyl, n-propyl, or n-butyl) ethers of phenol 
and o-cresol were synthesized and pyrolyzed. Together with the o-al- 
kenylphenol and 6-alkenyl-2-methylphenol which were formed as products 
of rearrangement, significant amounts of phenol and o-cresol were formed 
concurrently . 

The a-alkylcrotyl (alkyl being ethyl, n-propyl, or n-butyl) ethers of 
phenol and o-cresol were prepared and heated also. Phenol and o-cresol 
were isolated as reaction products in these experiments also, but no other 
alkali-soluble material was identified. 

New physical data on various allyl derivatives of catechol and resorcinol 
have been obtained. 
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iin interest in organic phosphorus compounds containing in the molecule 
a long aliphatic group has led us to investigate methods by which such 
compounds may be obtained. In the work reported here general methods 
for obtaining two types of such phosphorus compounds (I and 11, where 
R’ is a long alkyl group) from a,P-unsaturated ketones have been de- 
veloped. 

RCHCHzCOR C;H,CH&H-CHCHzCOR’ 
I I /  

R’O-P-OH 
L 
0 
I 

Previous work by Conant and his coworkers’ has shown that phosphorus 
trichloride adds 1,4 to benzalacetophenone (111) or any closely related 
CY ,Bunsaturated ketone, to give an intermediate cyclic acid chloride (IV) 
which can be hydrolyzed to a ketophosphonic acid (V), or by the action 
of phenol converted to esters of type T’I or VII. 

CJ&CH=CHCOCeHs ( c H ~ c O ) ~ ~  C&&,CHCH=CC& 
I 

ClP- 0 
1 
0 

I11 IF’ 
CsHbCHCHz CO CeH5 

I 
CeH&HCH&OCeHs 

I 

POsH2 

V 

CeHbOP-OH 

0 
I 

VI 
1 ( a )  CONANT, J .  Am. Chem. Soc., 39,2679 (1917); (b )  CONANT AND COOK, ibid., 42, 

830 (1920); ( c )  CONANT AND POLLACK, ibid., 43, 1665 (1921); ( d )  CONANT, BUMP, and 
HOLT, ibid., 43, 1677 (1921); (e) CONANT, MCDONALD, AND McB. KINNEY, ibid., 43, 
1928 (1921); (f) CONANT AND COYNE, ibid., 44, 2530 (1922); ( 8 )  CONANT, BRAVER- 
MAN AND HUSSEY, ibid., 46, 165 (1923); ( h )  CONANT, WALLINGFORD, AND GAND- 
HEKER, ibid., 46, 762 (1923); (i) CONANT AND WALLINGFORD, ibid., 46, 192 (1924); 
0’) CONANT AND JACKSON, ibid., 46, 1003 (1924). 

387 
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In the present work it was found that this cyclic acid chloride (IV) 
would react with the long-chain aliphatic alcohols-1-decanol, l-dodecanol, 
l-tetradecanol, l-hexadecanol, l-octadecanol, and octadec-9-en-l-ol-to 
produce crystalline mono esters which are alkali-insoluble. This property 
indicated that the esters were of the cyclic type (VII). However, analysis 
showed that each ester contained two hydrogen atoms and one oxygen 
atom more than the cyclic molecule accounted for, and also, when treated 
with methylmagnesium iodide, each ester liberated one equivalent of 
methane and added one equivalent of methylmagnesium iodide. Hence, 
it is apparent that the presence of a long-chain alkyl group attached by an 
oxygen to the phosphorus atom masks some of the acidic properties of the 
hydroxyl group in compounds of the type illustrated by formula VIII. 

CaHsCHCHzCOCtjH, 
I 
1 

ROP-OH 

0 
VI11 

Phosphorus trichloride combined readily with mesityl oxide (IX), and 
hydrolysis of the reaction mixture gave the ketophosphonic acid (X) in 33 
per cent. yields. This acid proved to be identical with one previously 

CHJ\ CH3\ 

CH/ CH3 P03H2. HzO 
I X  X 

obtained by Michaelis2 by the action of phosphorus trichloride and alum- 
inum chloride on acetone. Michaelis assigned his compound the cr-phos- 
phonic acid structure (:XI) but the present method of synthesis shows 
that the phosphonic acid group must be in the P-position with respect to 
the keto group. 

C=CHCOCH, +:+ CCHzCO CH3 
/ I  

(CHJ zCHCHCOCH8 
I 

X I  

2 MICHAELIS, Ber., 17, 1273 (1884); 18, 898 (1885). 
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Mesityl oxide was treated with phosphorus trichloride in acetic anhy- 
dride solution and then alcohols were added as was done in the benzalaceto- 
phenone series. The esters did not crystallize but were obtained in liquid 
form. By distilling the reaction mixture a t  very low pressures (2 to 10 X 

The 
n-butyl ester (XII) was obtained in fair yield. The n-decyl ester was 

mm.) it was possible to isolate some of the expected esters. 

C-CH=C-CH, 
CH3\ CH\ 

C-CH&OCH, 
CH/ I C H J I  1 

HO-P- 0 
I 

CJIeOP-OH 

i4 
XI1 XI11 

isolated but the yield mas very low. When either 1-tetradecanol or 
1-hexadecanol was used, the product isolated appeared to be the cyclic 
compound XIII.  n-Tetradecyl chloride was isolated in good yields from 
the experiment using the corresponding alcohol. This gives a hint as to 
the manner in which the various products are formed when one of the 
cyclic phosphonyl chlorides (XIV) is treated with an alcohol. The first 
step in the reaction is probably the formation of the cyclic ester (XV) and 
hydrogen chloride. These then combine to open the oxygen bridge, giv- 
ing the ester acid chloride (XVI), which reacts again with the alcohol. 

I -c-c€€=c- 
I ! SROH,  

c1-P------- 0 R0-P- 0 
I I 

XIV XV 

I I 
I 

.1 I 
0 0 

-C--CHZ-C- -C-CH=C- 
I 
1 I/ 3 I i I I  - 

RO-P-C1 0 RO-P---OH 0 HO-P------ 0 
ROH 

-C-CH2-C- 

I 
0 

XVI XVII XVIII 

In this reaction the phosphonyl chloride acts on the alcohol to replace the 
hydroxyl group by chlorine. When the mono ester (XVII) is heated it 
may lose a molecule of alcohol to give a cyclic compound (XVIII). It 
must be recognized that the reactions may proceed in an entirely different 
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sequence. Thus the first step may be the formation of an alkyl chloride 
and the cyclic compound (XVIII), which then may or may not open with 
a molecule of alcohol to give the mono ester (XVII). 

Dibenzoylethylene (X [X) was treated with phosphorus trichloride, and 
the intermediate addition product was rapidly hydrolyzed to the expected 
diketophosphonic acid (XX). When the intermediate addition product 
was treated with either 1-decanol or 1-tetradecanol it was converted into 
the cyclic compound (XXI) and some of the free acid (XX) was also 
formed. n-Tetradecyl chloride was isolated in good yields when 1-tetra- 
decanol was used in this reaction. 

C~HSCOCH=CHCOC~H~ 

XIX 

CBH~C=CH-CHCOC~HS 

0- P-OH 
I I 

XXI 

Conant, Bump, and HOWd found that phenyldichlorophosphine 
(C$.IsPC12) would add readily to benzalacetophenone, and that hydrolysis 
of the intermediate addition product with water gave a disubstituted 
phosphonic acid. We found that n-butyldichlorophosphine (n-C4H9PC12) 
added readily to  mesityl oxide and to benzalacetophenone, and the ex- 
pected products (XXII and XXIII) were obtained on hydrolysis. 

I 
OH 

XXIII 

Diphenoxychlorophosphine (CeH60)2PC1, which had previously been 
shown to add to benzal.a~etophenone~~ to give the mono (VI) and the 
diphenyl ester of the ketophosphonic acid (V), has now been found to add 
to mesityl oxide and methyl vinyl ketone. Methyl vinyl ketone also 
added phosphorus trichloride, and, while the corresponding phosphonic 
acid could not be isolated, a small yield of the didecyl ester was obtained. 

The second type (11) of phosphorus compound, containing a long alkyl 
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residue, was obtained from phosphorus trichloride and long chain aliphatic 
a ,B-unsaturated ketones. A number of typical ketones were prepared by 
condensation of 2-ethylbutanal and 2-ethylhexanal with the methyl 
groups of acetone, 2-heptanone1 and 2-octanone in the presence of methyl 
alcoholic potassium hydroxide so l~ t ion ,~  followed by dehydration with 

CHBCH2CHCH=CHCOR CH3 (CH2) 3CHCH=CHCOR 
I 

C2H5 
XXIV 

C2H5 
xxv 

R = CH3, n-C6H11, or n-CaH13 

sulfuric acid. All except one (XXV, R = n-CsH13) of these a,b-unsatu- 
rated ketones LXXIV and XXV) combined with phosphorus trichloride to 
give a product which could be hydrolyzed to an alkali-soluble phosphonic 
acid. None of the addition products was obtained in B high state of 
purity because their physical properties were not such as to permit puri- 
fication by crystallization or distillation. Some of the crude products 
analyzed high in phosphorus, indicating that water was apparently lost 
through anhydride formation and cyclization. There is, however, no 
question about the ready addition of phosphorus trichloride to these 
ketones. 

This work shows (1) that the 1,4.-addition of phosphorus trichloride 
and the closely related RPCl2 and (R0)nPCl types to a, 8-unsaturated 
ketones is a very general reaction and (2) that  a phosphonyl acid chloride 
thus obtained may react with an alcohol to give either the alkyl phos- 
phony1 ester and hydrogen chloride or the phosphonic acid and the alkyl 
chloride. 

Under the conditions used with phosphorus trichloride and benzalace- 
tophenone, no evidence of the addition of arsenic trichloride to benzalace- 
tophenone or of phosphorus trichloride to phenyl cinnamate could be ob- 
tained 

EXPERIMENTAL 

n-ButyZdichZorophosphine.-Guichard’s method4 for preparing related alkyl 
dichlorophosphines was adapted to  our needs. Fifty grams of di-n-butylmercury 
was placed in a large Pyrex bomb tube, and the tube was flushed out with nitrogen. 
Then 100 g. of phosphorus trichloride was run in slowly. A silky white precipitate 
came down almost immediately. The tube was sealed and heated in an electric 

3 (a) POWELL AND BALDWIN, J. Am. Chem. Soc., 68, 1871 (1936); ( b )  WICKERT AND 

CARTER, Brit. Pat .  446,084; Chem. Abstr., 30, 6758 (1936); (c) Carbide and Carbon 
Cheniicals Corporation, Fr.  799,037; Chem. Abstr., 30, 7581 (1936); ( d )  Fr. 798,967; 
Chem. Abstr., 30, 7583 (1936). 

* GUICHARD, Ber., 32, 1572 (1899). 
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BENZAL- 1 ACETO- 
bHENONE R GROUP 

i U S E D , ~ .  
I-- 

n-Decyl . . .  . . . . . . . . . !  104 
n-Dodecyl.. . . . . . . . 8 

oven at 200" for nine hours. A considerable amount of carbonaceous material and 
free mercury were produced during the heating. The tube was cooled and opened and 
the contents of the tube were diluted with phosphorus trichloride to  aid in trans- 
ferring the material to  a distilling flask. Fractional distillation gave 17 g. (61.4 
per cent.) of a product boiling at 157-150" a t  750 mm. The product fumed in air. 
Analysis indicated that  the product was contaminated with some non-phosphorus 
derivative probably n-butylmercury chloride. 

Anal. Calc'd for C4HBC12P: P, 19.5. Found: P, 17.6, 17.24. 
1 ,J-Diphenylpropan-1-one-3-phosphonic acid.-The hydrated acid vias prepared 

by the method of Conant and Cook'* and melted at 117-118". By recrystallization 
of a sample from anhydrous ethyl acetate, the anhydrous acid, m.p. 165-167", was 
obtained. Recrystallization of the anhydrous acid from 45 per cent. alcohol gave 
the hydrated form. 

Anal. Calc'd for CI6HlsOaP: P, 10.7; neutr. equiv. 145. 
Found: P, 10.67, 10.91; neutr. equiv. 144, 145. 

IlIonoalkyl 1 ,S-diphenylpropan-l-one-3-phosphonates.-A mixtuae of I mole of 
benzalacetophenone, 1.5 moles of phosphorus trichloride and 1 mole of acetic an- 

YIELD YIELD 
OF 1 OF ESTER, ESTER, 
g. I P E R C E W  

I- 

38.6 
172.51 80 

TABLE I 
MONOALRYL 1,3-DIPHENYLPROPAN-1-ONE-3-PHOSPHONATES 

108-110 
105-109 
89-90 

CaiHarOiP 
C33H5104P 
C33H1904P 

~ , p , ,  o c .  1 EMPIRICAL 
FORMULA 

ANAL., P PER CENT 

Calc'd 

7.21 
6.77 
6.37 
6.04 
5.72 
5.75 

Found 

7.32, 7.22 
6.60, 6.58 
6.40, 6.41 
6.11, 6.17 
5.90, 5.95 
5.76, 5.81 

hydride was allowed to  stand a t  35" for three hours and then warmed under a pressure 
of 30 mm. t o  70" for three hours. To  the residue 2 moles of the alcohol was added, 
and the mixture was warmed to  125-135" on a hot plate for three hours. After stand- 
ing overnight the solution was treated with 100 cc. of anhydrous ether, and the 
crystalline material which separated was collected by filtration, washed with ether, 
and recrystallized from ethyl acetate. The time required for the separation of the 
ester varied with the alcohol used. The n-decyl ester crystallized very soon after the 
addition of the ether but the n-octadecyl ester required almost a nreek t o  separate. 
None of these esters dissolved in sodium carbonate solution. The n-decyl, n-tetra- 
decyl and n-hexadecyl esttxs were treated with methylmagnesium iodide in the 
Grignard machine.6 These experiments are recorded in Table 11. 

The n-decyl ester (1 9.) WBS hydrolyzed by boiling for one hour with 5 CC. of 10 per 
cent, aqueous sodium hydroxide. The decyl alcohol which separated was converted 
t o  the 3,5- dinitrobenzoyl ester which weighed 0.05 g. and melted a t  53-55°.6 

6 KOHLER, STONE, AND FUSON, J .  Am. Chem. SOC., 49,3181 (1927). 
6 The melting point given in the literature is 56-57"; REICHSTEIN, Helv. Chim. 

Acta, 9, 802 (19?6). 
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0.530 
0.526 

The alkaline residue was acidified, and the 1,3-diphenylpropan-l-one-3-phos- 
phonic acid was filtered off and crystallized from ethyl acetate. The yield was 0.62 
g. melting at 165-166". 

An attempt t o  reduce 10 g. of the n-decyl ester in 100 cc. of absolute alcohol con- 
taining a trace of hydrogen chloride? with hydrogen and a platinum oxide-platinum 
blacks catalyst at 65" caused cleavage of the ester to  give 2 g. of n-decyl alcohol, 
R hich vas removed by distillation under a pressure of 1 X 10-4 mm. in a Hickman 
still.@ The residue from this distillation was crystallized from cyclohexane. It 
melted a t  168-171". A mixture of this compound and anhydrous lJ3-diphenyl- 
propan-I-one-3-phosphonic acid melted a t  142-144'. Analysis indicated that  this 
new acid was formed by reduction of the ketone group to  a methylene group. 

Anal. Calc'd for C16H1703P: P, 11.22. Found: P, 11.11, 11.24. 
~-dfethylpentan-d-one-4-phosplionic acid. -A mixture of 19.6 g. of mesityl oxide, 

30 g.  of phosphorus trichloride and 20 g. of s,cetic anhydride was allowed to stand in a 
stoppered flask at 35" for twelve hours. The material was transferred to a Claisen 
flask and distilled under reduced pressure. A fraction of 12 g. boiling a t  100-105" 
at 10 mm. was collected. This was not rtnalyzed but was presumably the cyclic 

0.457 
0.453 

TABLE I1 

IODIDE 
MONOALKYL 1.3-DIPHENYLPROPAN-1-ONE-3-PHOSPHONATES AND h~ETHYLMAGNESIUM 

n QROUP 

n-Decyl . . . . . . . . . . . . . . . . . . . . . . .  
n-Dec yl . . . . . . . . . . . . . . . . . . . . . . .  
n-Tetradecyl. . . . . . . . . . . . . . . . . .  
n-Tetradecyl . . . . . . . . . . . . . . . . . .  
n-Hexadecyl.. . . . . . . . . . . . . . . . . .  
n-Hexadecyl . . . . . . . . . . . . . . . . . . .  

SAMPLE, g. 

0.200 
0.200 
0.100 
0.230 
0.220 
0,100 

SAMPLE IN 
MILLIEQmVA- 

LENTS 

0.465 
0.465 
0.205 
0.475 
0.427 
0.194 

mono-acid chloride. It was poured into water, and the mixture became very warm 
and turned brown. Evaporation under reduced pressure left an oil which after the 
addition of about 1 cc. of water was allowed to  stand. After about one week the 
material had crystallized. The crystals wnre collected on a filter and then dried on 
a clay plate. The melting point was 6243" and was not changed when the acid was 
recrystallized from water. 

Anal. Calc'd for CsHlsP04HzO: P, 15.6. Found: P, 15.9, 15.7. 
Alkyl esters of ~-methylpentan-2-one-4-phosphonic acid.-A mixture of 9.8 g. of 

mesityl oxide, 15 g. of phosphorus trichloride and 10 g. of acetic anhydride was 
allowed to  stand for two hours and then the volatile material was removed by heating 
t o  70" under 18 mm. pressure. The residue was treated with a solution of 2.3 g. of 
sodium in 20 cc. of n-butyl alcohol and excess ether. The ether was removed by 

BROWN, DURAND, AND MARVEL, J .  Chem. Ain. soc . ,  65, 1594 (1936). 
8 ADhhfS, VORHEES, AND SHRIXER, Organic Syntheses, Coll. Vol. I. John Wiley and 

9 HICKMAN AND SANFORD, J .  Phys. Chein., 34, 643 (1930). 
Sons, Inc., New York, 1932, p. 452. 
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distillation, and the remainder was warmed a t  100" for three hours. The resulting 
oil was taken up in ether, washed with 10 per cent. sodium carbonate solution, 10 
per cent. sulfuric acid solution, and water. After drying of the ether solution over 
anhydrous magnesium sulfate and filtering, the solvent was removed. Five grams 
of light yellow oil remained This was distilled in the Hickman still.9 There was 
thus obtained 4.7 g. (20 per cent.) of n-butyl 4-methylpentan-2-one-4-phosphonate; 
b.p., 82-100" a t  2 X mm.; n:, 1.4590; d?, 1.110. 

Anal. Calc'd for CloHzlCt,P: P, 13.15. Found: P, 13.15; 12.85. 
In a similar manner from 49 g. of mesityl oxide, 69 g. of phosphorus trichloride] 

51 g. of acetic anhydride and 158 g. of decyl alcohol there were obtained 43 g. of 
decyl alcohol; 4 g. (2.5 per cent.) of n-decyl 4-methylpentan-2-one-4-phosphonate; 
b.p., 104-145" at 1 X lO-* mm.; n:, 1.4580; d:', 0.9800; and a residue which could not 
be distilled without decomposition. 

Anal, Calc'd for ClsH&P: P, 9.7. Found: P, 9.50, 9.40. 
When similar attempts wme made t o  prepare n-tetradecyl and n-hexadecyl esters 

of this acid the products obtained on distillation were the corresponding alkyl 
chlorides, respectively, and the residue was apparently the cyclic compound (XV). 

From 49 g. of mesityl oxide, 69 g. of phosphorus trichloride, 51 g. of acetic anhy- 
dride and 107 g. of 1-tetradecanol there was obtained 36.5 g. (31 per cent.) of n-tetra- 
decyl chloride, b.p., 44-53'at 2 X 10-4mm.; 139-142" at 4 mm.; n:, 1.4450; dy,  0.8589. 

Anal. Calc'd for C d & i ;  C1, 15.15. Found: C1, 14.82. 
The residue from this distillation sublimed on heating to  about 110" a t  2 X lo-' 

mm. pressure. The crystals thus obtained were washed with acetone, and they 
melted a t  143-144'. The product could be recrystallized from dioxane without 
change of melting point. This solid rapidly decolorized a solution of bromine in 
carbon tetrachloride. 

Anal. 

This compound was boiled for two days with less than the theoretical amount of 
aqueous alkali containing a little phenolphthalein but the color was not discharged 
indicating that  the ring was not opened by this treatment. 

From 68.7 g. of mesityl oxide, 70 g. of phosphorus trichloride, 51 g. of acetic an- 
hydride and 121 g. of 1-hexadecanol there was obtained 80 g. (61.5 per cent.) of 
n-hexadecyl chloride; b.p., 73-90" a t  1 X 

Calc'd for CaH110:P: P, 19.1; neutr. equiv. 162. 
Found: P, 19.15, 19.24; neutr. equiv. 163, 161. 

mm.; n?, 1.4458; dy,  0.8520. 
Anal. Calc'd for ClsHaaCI: C1, 13.64. Found: C1, 13.52. 
About 1 g. of the same solid, m.p., 141-143" which was obtained in the preceding 

experiment was isolated by heating the residue after removal of the n-hexadecyl 
chloride. 

1 ,Q-Diphenylbutan-l,4-dione-?2-phosphonic acid.-A mixture of 23.6 g. of di- 
benzoylethylene, 9.8 g. of phosphorus trichloride and 10 g. of acetic anhydride was 
allowed to  stand for three hours a t  35". The volatile material was then removed 
by heating t o  70" under about 70 mm. pressure. The residual sticky material was 
dissolved in chloroform, and water was added slowly until a total of 15 g. was intro- 
duced. A greenish solid separated and was removed by filtration. After crystal- 
lization from ethyl acetate, the product weighed 18.5 g. (81.5 per cent. based on the 
phosphorus trichloride) and melted at 183-185" with some decomposition. 

Anal. 

Cyclic compound ( X X I )  ;'ram above acid.-A reaction mixture of 11.8 g. of di- 

Calc'd for C I ~ H I ~ O ~ P :  P, 9.75; neutr. equiv. 159. 
Found: P, 9.80, 10.05; neutr. equiv. 155, 159. 



PHOSPHOKIC ACIDS 395 

benzoylethylene, 9.4 g. of phosphorus trichloride and 5 g. of acetic anhydride was 
allowed to  stand as above and then treated with 1-decanol in the hope of obtaining 
this ester. The mixture was heated for two hours a t  100-120", and the brown liquid 
JT as set aside for about two weeks. A light tan solid (0.7 9.) separated and after 
washing with ether, melted at 197-198'. 

Anal. Calc'd for CiaHiaOAP: P, 10.32. Found: P, 10.22, 10.50. 
Addition of excess ether t o  the solution from which this compound separated 

caused the precipitation of a small amount of the free acid, m.p., 183-185". Distilla- 
tion of the mother liquor yielded about 4 g. of decene (b.p., 81-83' a t  20 mm.; n:, 
1.4260; die, 0.7520) and 4 g. of I-decanol (b.p., 130-125" at 20 mm.; n:, 1.4355). 

Another reaction mixture of the same size was treated with an equivalent amount 
of I-tetradecanol. This gave 1 g. of the cyclic compound (m.p., 197-199"); 2.5 g. 
of the pure acid (m.p., 183-185"), 7 g. of n-tetradecyl chloride (b.p., 120-125" a t  
4 mm.; n:, 1.4452; dfo, 0.8587), and 3 g. of I-tetradecanol (b.p., 140" a t  4 mm.; m.p., 
36-38'). 

n-But yl 1,s-diphenylpropan-I-one-3-phor:phonic acid (XXZZZ) .-A mixture of 
5 g. of n-butyldichlorophosphine, 6.5 g. of benzalacetophenone, and 3.2 g. of acetic 
anhydride was allowed to  stand a t  35" for six hours. The volatile material was 
evaporated under 18 mm. pressure at 70°, and the residue was dissolved in chloroform 
and treated with 10 cc. of water. The chloroform solution was extracted with 50 cc. 
of ten per cent. sodium hydroxide solution, and the alkaline solution was extracted 
with ether. Acidification of the solution precipitated a yellow oil which was col- 
lected in ether and treated twice with decolorizing carbon. Then the solution 
was dried over anhydrous magnesium sulfate. Evaporation left a yellow solid which 
was crystallized from dioxane after treatrr ent with decolorizing carbon. The yield 
was 5 g. (50 per cent.) of a colorless product, m.p., 191-193". 

Anal. 

Potassium n-butyl 4-methylpentan-d-orze-4-phosphonate (XXZZ).-A reaction 
mixture of 3 g. of mesityl oxide, 5 g. of n-butyldichlorophosphine and 3 g. of acetic 
anhydride was allowed to  stand for twentl-four hours. Evaporation at 70" and 20 
mm. left a sticky residue which was taken up in 25 cc. of 10 per cent. sodium hydroxide 
solution and extracted continuously with cther for about twenty-four hours. The 
free acid was liberated with dilute sulfuric acid, collected in ether, dried over an- 
hydrous magnesium sulfate, and filtered, m d  the solvent was removed by heating 
on a steam cone. The residual sticky material weighed 5 g. after drying in a desic- 
cator. 

Calc'd for ClsHzaOsP: P, 9.40; neutr. equiv., 330. 
Found: P, 9.60, 9.20; neutr. equiv., 330, 328. 

Anal. Calc'd for C1~H210gP: P, 14.1. Found: P, 16.22, 15.90. 
Sinctb this analysis indicated that  the free acid was not pure, the material was 

taken up in water and treated with 1.5 g. clf potassium hydroxide to give a solution 
which was essentially neutral to  litmus. Any free acid or anhydride was removed by 
extraction with ether. The water was removed by addition of benzene and slow 
distillation. The residual potassium salt was very hygroscopic. 

Anal. Calc'd for C10H2&08P: P, 12.0. Found: P, 12.2, 12.3. 
Diphenyl ~-methylpentan-d-one-4-phosph11nate.-A mixture of 4 g. of mesityl oxide 

and 10 g. of diphenoxychlorophosphine wits allowed t o  stand at 25" for one hour. 
Then 5 g. of glacial acetic acid was added, rind the reaction mixture was set aside for 
two days. Since no crystals separated ether was added, and the ether solution was 
extracted twice with 10 per cent. sodium hydroxide solution. The ether solution 
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was dried, the solvent was removed, and the residue was distilled. The yield was 
5.4 g. (41 per cent.) of the tliphenyl ester, b.p., 136-150" a t  8 X mm.; n:, 1.5531. 
The ester was soluble in paraffin oil. It reacted v i th  bromine in carbon tetrachloride 
t o  evolve hydrogen bromide. 

Anal. Calc'd for ClaHp104P: P, 9.34. Found: P, 9.53, 9.50. 
Diphenyl butan-b-one-.&,ohosphonate.-In a similar manner 1.3 g. (13.6 per cent.) 

of this ester was prepared from 3.5 g.  of methyl vinyl ketone and 8.2 g. of diphenoxy- 
chlorophosphine. B.p., 95-112' a t  3 x 10-4 mm.; n:, 1.5575; d:, 1.222. 

Anal. Calc'd for C1~H1,O4P: P, 10.2. Found: P, 9.38, 10.1. 
Didecyl butan-2-one-4-phosphonate.-An attempt to  isolate the phosphonic acid 

by the addition of phosphorus trichloride to  methyl vinyl ketone and hydrolysis of 
the addition product did n3t yield the desired product. However, by treatment of 
3.5 g. of the ketone with 6.8 g. of phosphorus trichloride and 5 g. of acetic anhydride 
and addition after two days of 7.9 g. of I-decanol in 25 cc. of chloroform, a product 
corresponding in analysis to  the di-n-decyl ester wa3 obtained on distillation. The 
yield was 0.4 g. (1.8 per cent) of product boiling a t  120-170" at 1 X IOw4 mm.; n:, 
1.4528; d$', 0.9287. 

Anal. Calc'd for Cz4H4804P: P, 7.17. Found: P, 7.10, 6.95. 
a, p-Unsaturated ketonetr from 2-ethylhexanal and 8-ethylbutanal.-The technical 

octyl aldehyde of Carbide and Carbon Chemicals Corporation was redistilled, and 
the 2-ethylhexanal boiling a t  162-165" at 753 mm.; n:, 1.4150; dy,  0.8205was collected. 
The 2,4-dinitrophenylhydr:izone prepared by the method of Allen1o was crystallized 
from dilute alcohol, and melted a t  114-115". 

Anal. Calc'd for C ~ ~ H ~ O N ~ O I :  K, 18.20. Found: S, 18.28. 
The technical ethylbutyraldehyde of Carbide and Carbon Chemicals Corporation 

was redistilled and the 2-ethylbutanal boiling at 115-116" a t  740 mm.; n:, 1.4025; 
die, 0.811 was collected. Ite 2,4-dinitrophenylhydrazone was obtained as light yellom 
plates which melted a t  129-130" after recrystallization from ethyl acetate. 

Anal. Calc'd for C12H16N404: N, 20.00. Found: N, 20.20. 
These tiTo aldehydes were each condensed with acetone, 2-heptanone and 

2-octanone by heating the various reaction mixtures on the steam cone from eighteen 
t o  twenty-four hours in 25 to 50 cc. of methyl alcohol containing 1 g.  of potassium 
hydroxide. After the alkaline tretament, the solution was treated with dilute sul- 
furic acid. The organic layer was separated and then boiled with 50 cc. of 10 per 
cent. sulfuric acid for about three hours. The sulfuric acid was removed, and the 
organic material was dried and distilled. Some of these products have been de- 
scribed previously in the pz.tent l i t e r a t ~ r e . ~ ~ * ~ ~ J  The results of the experiments are 
collected in Table 111. 

5-Ethylnonan-2-one-&-phcsphonic acid.-A mixture of 10 g. of 5-ethylnon-3-en-2- 
one, 8.5 g. of phosphorus trichloride and 6.2 g. of acetic anhydride was placed in an 
Erlenmeyer flask and held at  35" for three hours. The volatile material was then 
removed by evaporation a t  70" under 18 mm. pressure. The residual heavy viscous 
mass was dissolved in ether and small amounts of water were added. The ether 
solution was then extracted with 10 per cent. sodium hydroxide solution; the alkaline 
solution was separated and acidified with 10 per cent. sulfuric acid. The free phos- 
phonic acid was taken up in ether, and the ether solution was dried over anhydrous 
magnesium sulfate and treated twice with decolorizing carbon. On evaporation 

1 0  ALLEN, J .  Am. Chem. Sot., 62, 2955 (1930). 
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of the ether and drying for two days in a vacuum desiccator over sulfuric acid, a 
light brown spongy mass weighing 5 g. remained. Low phosphorus content showed 
that  some impurities n-ere still present. This residue was again taken up in ether 
and treated twice with decolorizing carbon. The residue after removal of ether was 
again dried under reduced pressure over sulfuric acid. The solid then melted at 
66-69'. 

Anal, Calc'd for CllHZ:,04P: P, 12.4. Found: P, 11.26, 11.26. 
Sodium 9-elhyZtridecan-6-one-8-phosphonate.-In a similar manner the phosphonic 

acid was prepared from 5 g. of 9-ethyltridec-7-en-6-one, 3.42 g. of phosphorus tri- 
chloride, 2.5 g. of acetic anhydride and a few cc. of water. About 0.5 g. of a dark 
brown oil was obtained. This oil was exactly neutralized with 0.3 N sodium hy- 
droxide solution, and this alkaline solution was mixed with benzene and distilled 
to  remove all of the water. After removal of water and benzene, the residue was 
washed with acetone and dried on a clay plate in a vacuum desiccator over sulfuric 
acid. 

Anal. Calc'd for C16H211Na204P: P, 8.85. Found: P, 8.5. 
6-Ethylheptan-2-one-4-phosphonic acid.-From 4 g. of 5-ethylhept-3-en-2-one, 4 g. 

of phosphorus trichloride and 3 g. of acetic anhydride there was obtained 4 g. of a 
dark brown viscous materittl which would not solidify. It was soluble in alkali t o  
give solutions which foamed readily. 

Anal. Calc'd for C Q H ~ Q O ~ P :  P, 13.95. Found: P, 13.5. 13.3. 
Anhydride of 3, Q-diethylundec-~-en-6-one-8-phosphonic acid.-From 10 g. of 

3,9-diethylundec-4,7-dien-&one, 7 g. of phosphorus trichloride and 5 g. of acetic 
anhydride a thick yellow oil resulted. After drying in a vacuum desiccator over 
sulfuric acid, this changed to a yellow solid which was very hygroscopic. Analysis 
indicated that  this material was probably an anhydride of the expected phosphonic 
acid. 

Anal. Calc'd for C&&PZ: P, 11.20. Found: P, 11.10, 11.70. 
S-Ethylundecan-6-one-4-phosphonic acid.-From 10 g. of 3-ethylundec-4-en-6-one, 

7.5 g. of phosphorus trichloride, and 5.6 g. of acetic anhydride there was obtained a 
thick yellow oil which seemed to  be an anhydride of the expected acid. 

Anal. Calc'd for C ~ O H ~ ~ P ~ O ~ :  P, 12.32. Found: P, 12.54. 
On redissolving this oil in ether and evaporating slowly, first in the air, and then 

in a vacuum desiccator, a tipongy yellow mass weighing 5 g.  and melting at 60-65" 
was obtained. 

Anal. Calc'd for CIsH2,O4P: P, 11.15. Found: P, 11.3, 11.48. 
Anhydride of 3-ethyldodecan-6-one-4-phosphonic acid.-From 10 g. of 3 ethyldodec- 

4-en-6-one, 6.8 g. of phosphorus trichloride, and 5 g. of acetic anhydride by the usual 
procedure, 10 g. of a thick dark oily material was obtained. Analysis indicated the 
anhydride but evaporation with moist ether did not give a solid acid as it did in the 
preceding experiment. 

Anal. Calc'd for C2&105P2: P, 11.70. Found: P, 11.70, 11.63. 

SUMMARY 

1. The addition of phosphorus trichloride to a ,P-unsaturated ketones 
has been shown to be a general reaction for alkyl substituted as well as 
aryl substituted systems of the type RCH=CHCOR. 
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2. The intermediate addition products of the type 

R-CH-CH=CR 
I 
0 Cl-P-- 

I 
I 
0 

have been found to react with long-chain primary alcohols to yield mono 
esters of the open-chain ketophosphoriic acids and alkyl halides. The 
monoesters have no marked tendency to form salts with alkalies. 

3. Diphenoxychlorophosphine and n,-butyldichlorophosphine also add 
readily to the aliphatic CY ,B-unsaturated ketones to give respectively 
diphenyl esters of the expected phosphonic acid and a disubstituted phos- 
phonic acid. 



THE PEROXIDE EF.FECT IN THE ADDITION OF REAGENTS TO 
UNSATURATED COMPOUNDS. XV. CORRECTION 

In the recent paper under the above general title’ formula I1 at the top 
of page 299 should be 

H :Ci: PI :Cl: 
H:C : e’::Cl: insteadof H:C : C::Cl: .. .. .. 

M. S. KHARASCH 

THE GEORGE H E R B E R T  JONES LABORATORY 
THE UNIVERSITY OF CHICAGO 

~KEARASCH, ENGELMANN, AND MAYO, J. ORG. CHEM., 2, 288 (1937). 

INDOLE FORMATION FROM PYRROLES. ADDENDUM AND 
CORRECTION 

In a recent paper’ all the dimethylindoles related t,o the dipyrroles were 
synthesized except the 2,4-isomer. It was concluded, by exclusion, that 
the latter was the one that resulted from dimethyldipyrrole. The avail- 
ability of a specimen of 1,2,3-o-xylidine has made it possible to complete 
the series by synthesizing 2 ,Cdimethylindole from the acet-o-xylidide, 
using the sodium amide procedure. The physical properties of the indole 
and its picrate, and mixture melting points proved the identity of the 
substance and the product described in the previous paper. Thus, acid 
treatment of 2-methylpyrrole, and of the corresponding dipyrrole, give 
2,4-dimethyIindole. 

On page 238, line 25, the word, “impossible,” is wrong; it should read, 
“possible. ” 

C. F. H. ALLEN. 
RESEARCH LABORATORIES, 
EASTMAN KODAK COMPANY. 

‘ALLEN, YOUNG,  AND GCLBERT, J. ORG. CHEM. ,  2, 235 (1937). 
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THE ACTION OF MERCURIC ACETATE ON PEPTIDES, 
DIKETOPIPERAZINES, AND PROTEINS 

E. J. MATSON, W. 0. TEETERS, AND R. L .  SHRINER 

Received October 9, 1957 

Both peptides' and diketopiperazines2 have been suggested as the struc- 
tural units in proteins.a A reagent which would behave in a different 
manner with these structures would be valuable. In the present investi- 
gation it has been found that a solution of mercuric acetate in very dilute 
acetic acid does react differentially. Accordingly, a study was made of 
the action of mercuric acetate on glycylglycine, 2 ,5-diketopiperazine, 3,6-  
dimethyl-2,5-diketopiperazinel and three proteins, casein, gelatin, and 
silk fibroin. The reagent in all the experiments consisted of an aqueous 
solution of mercuric acetate to which had been added a few drops of 
acetic acid in order to prevent the precipitation of mercuric oxide or basic 
mercuric salts. The concentration of the acetic acid was about 0.5 per 
cent. in most of the experiments. 

Glycylglycine.-Refluxing glycylglycine with the mercuric acetate solu- 
tion resulted in the complete reduction of the mercuric acetate to free 
mercury in thirty minutes. Reduction also occurred when the solution 
was allowed to  stand three days at  room temperature. The products of 
this reaction, other than mercury, have not yet been identified but this 
result parallels the observations of other workers4 on the action of mercuric 
acetate with free amino acids. Hydrolysis and oxidation of the peptide 
evidently took place, resulting in the reduction of the mercuric ion to  free 
mercury. 

Diket0piperazines.-Treatment of 2,5-diketopiperazine or 3,6-dimethyI- 
2,B-diketopiperazine with the mercuric acetate solution produced in 
each case white insoluble precipitates containing mercury. No reduc- 
tion to  free mercury took place. 

1 HOFMEISTER, Ergeb. Physiol., 1, 759 (1902); FISCHER, Ber. 36, 1095 (1902); ibid. ,  

2 ABDERHALDEN, Z. physiol. Chem., 128, 119 (1923); Naturwissenschaften, 12, 716 

3 VICRERY AND OSBORNE, Physiol. Rev., 8,393 (1928). 
4 S A N N I ~  AND TRUHART, Compt. rend., 196, 65 (1933); TRUHART, ibid., 204, 1348 

36, 2094, 2982 (1903); ibid., 38, 607 (1906). 

(1924); ABDERHALDEN AND SCHWAB, 2. physiol. Chem., 139, 169 (1924). 

(1937). 
403 

THE JOURNAL OF ORGANIC OREMXITRY, VOL. 2, NO. 



404 E. J. MATSON, W. 0. TEETERS, AND R. L. SHRINER 

Examination of these mercury compounds showed that they were ace- 
toxymercuri derivatives produced by the following reactions : 

\ 
\ / 

\ 
\ / 

NH + Hg(0Ac)z -+ 
HN /Co-cH2 

CHr-CO 

HN N---Hg-OAc + HOAC 

CHr-CO 
I 

CO-CH2 
\ / 

\ / 
N-Hg-OAc + Hg(0Ac)z --+ HN 

CH2-CO 
CO-CH2 

\ /' 

\\ / 
N-H~-OAC + HOAC AGO-Hg-N 

CH2-CO 
I1 

The monoacetoxymercuridiketopiperazine (I) could not be obtained 
pure. Even when less than the theoretical amount of mercuric acetate 
was used in the reaction, analysis of the precipitate showed a high per- 
centage of mercury, indicating the presence of the diacetoxymercuri 
derivative (11). Upon addition of a solution of the diketopiperazine to 
an excess of mercuric acetate, compound (11) was obtained; the analysis 
for nitrogen, mercury, and acetyl group checked the theoretical closely. 
3,6-Dimethy1-2 , 5-diketopiperazine gave an analogous product under 
similar conditions. These compounds are very stable and quite insoluble 
in all neutral solvents. Sodium hydroxide solution decomposes these 
mercuri compounds, forming yellow mercuric oxide, and ammonium 
sulfide produces mercuric sulfide. 

These mercuri derivatives of diketopiperazine are soluble in mineral 
acids. Exact neutralization of a hydrochloric acid solution of I1 pro- 
duced a white insoluble precipitate, which analysis indicates to be the 
dichloromercuridiketopiperazine (111). 



ACTION OF MERCURIC ACETATE ON PEPTIDES 405 

'\ 

\ /' 
N-Hg-OAc + 2HC1 -+ 

,co-cHa 
AGO-Hg-N 

CHy--CO 

/cc'-cHz \ 
/N-Hg-cl 

C1-Hg-N 
\ 

CH2-CO 
I11 

These mercuridiketopiperazines (I, 11, 111) are represented as 

'N-Hg--X rather than C-Hg-X or -0-Hg-X derivatives by 

analogy to mercury derivatives of other amides and imides. The 
chloro-mercurif~rmamide~ and chloromercurisuccinimide6 are assigned the 

/ 

/ 

\ ,N-Hg-Cl structures I V  and V, respectively. 

I \ TO-" \ 
CH2-CO 

/Co 
R2C 
\ 

CO-N-Hg-OAc 
/N-:Hg-cl 

HCONHHg C1 
I V  CH2-CO 

V VI 

Rupp and Poggendorf prepared the acetoxymercuri derivatives of sub- 

stituted barbituric acids (VI), and assigned the N-Hg-OAc structure. 

Levy and Schaefer8 have pointed out that the -Hg-O- structure is 

much less stable than the Hg-N' linkage. The compounds obtained 

in the present work were characterized by their extreme insolubility in 
all solvents, which recalls the characteristics of the insoluble, infusible 
aminomercuric chloride HZNHgCl. 

Proteins.-The action of mercuric acetate on the three proteins, casein, 
gelatin and silk fibroh, resulted in the reduction of the mercuric acetate 
to free mercury. None of the characteristic insoluble acetoxymercuri 
derivatives of the diketopiperazines was produced. 

\ 
/ 

/ 

'\ 

6 FISCHER AND GR~JTZNER, Arch. Phurm., 232,329 (1894). 
MENSCHUTKIN, Ann.,  162, 171 (1872). 
RUPP AND POGGENDORF, Arch. Phurns., 269, 607 (1931). 

8 LEVY AND SCHAEFER, Ber., 36, 1309 (1902). 
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In the experiments with casein a small amount of a light-yellow material 
separated along with the finely divided globules of mercury. This ma- 
terial could not be purified but was separated as well as possible by wash- 
ing with water and decantation from the mercury. Analysis showed 24.4 
per cent. mercury, which is far too low for a mercury-substituted dike- 
topiperazine. During the analysis a tar distilled onto the gold crucible, 
and after analysis the residue had a strong odor of burnt casein. From 
the mercury analysis and the observations made during analysis it is 
believed that the sample was chiefly casein which had occluded droplets of 
mercury. It is possible that the casein molecule itself may also have been 
mercurated to some e ~ t e n t , ~  or it may be that some of the cyclic structures 
present in some of the amino acids underwent mercuration. The product 
was very small in amount and its properties were totally different from 
those of the compounds I and 11. 

The first product of the action of mercuric acetate on gelatin was 
mercurous acetate. Continued refluxing yielded free mercury. Except 
for a trace of a flocculent, precipitate, silk fibroin yielded only free mercury 
as the product, and no acetoxymercuridiketopiperazine derivatives. 

In order to obtain reactions with the proteins, three to four days of 
refluxing was necessary. During this time partial hydrolysis of the 
protein probably occurred, and the resulting peptides and amino acids 
reduced the mercuric acetate to free mercury. 

For each of these three proteins various workers2 have announced 
either the isolation or detection of appreciable amounts of diketopipera- 
zines. The isolation of these rings has commonly involved hydrolysis 
procedures which are objectionable because they may lead to the second- 
ary formation of diketopiperazines during the reaction. It is evident 
that no diketopiperazine units were detached by the treatment with 
mercuric acetate, since if they had been liberated by hydrolysis, the in- 
soluble acetoxymercuri derivatives should have been formed. 

The present investigation indicates either that the mercuric acetate 
solution is not able to detach diketopiperazine units or that no such 
units are present. 

The polypeptide structure is generally accepted, since the physical and 
chemical properties of the proteins indicate that they are polyfunctional 
linear polymers; i.e. polyamides.1° Studies of the action of enzymes on 
peptides, diketopiperazines and proteins, the X-ray diffraction patterns, 
and the orientation of protein molecules in films all point toward the poly- 
peptide chain structure. In harmony with these investigations is the 
fact that amino acids, peptides, and proteins yield free mercury as the 

VON RAD, D. R. P. ,  100,874 (1897). 
‘ 0  CAROTHERS, Chem. Rev., 8,353 (1931). 
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final product when refluxed with mercuric acetate solution, whereas 
diketopiperazines form insoluble aaetoxymercuri derivatives. 

EXPERIMENTAL 

2 ,  b-Diketopiperazine.11-In a 1-1. beaker 550 g. (4 moles) of ethyl glycinate hydro- 
chloride12 was made into a paste with 280 cc. of nrater. The mixture was kept a t  
-5" in a n  ice-salt bath and was stirred while 320 cc. of 11.5 N sodium hydroxide was 
dropped in  over a period of three hours. The ester hydrochloride gradually went 
into solution, and some sodium chloride precipitated. The quantity of sodium hy- 
droxide was somewhat less than that necessary for combination with the hydrogen 
chloride present in  the glycine ester. After the addition of the sodium hydroxide the 
solution was allowed to  stand at room temperature for twenty-four hours. The 
mixture was cooled thoroughly, and the glycine anhydride which had separated was 
removed by filtration. The glycine anhydride was freed from sodium hydroxide by 
washing with the smallest amount of ice water possible. The crude product was 
recrystallized twice from six times its weight of boiling water; h'orite was used to 
decolorize the solution. After the final recrystallization the glycine anhydride no 
longer gave a positive biuret reaction. The yield of the pure product, which decom- 
posed at 275", was 10 g., 49 per cent. of the theoretical. 

3, &Dimethyl-%, 6-diketopipe~azine.~~---Ninety-six grams of dl-alanine was heated 
in 500 cc. of glycerol at 170-180" for three hours. At the end of that time the solution 
was clear. It was allowed t o  stand in the refrigerator for three days. Twice the 
volume of cold absolute alcohol was stirred into the mixture t o  make i t  less viscuous. 
The crystalline mass was removed by filtration, and was recrystallized twice from 
hot ivater. Norite was used in  each recrystallization. The crystals were dried a t  
80" for twenty-four hours. The yield was 4.5 g. The mother liquors were combined 
and concentrated and allowed to  stand again in the refrigerator. By repeated treat- 
ment, of the mother liquors by the procedure described above, another 16 g. of the 
pure material was recovered, giving a total yield of 20.5 g., 14.5 per cent. of the theo- 
retical. The pure product melted a t  279" (corr.) with decomposition. 

Glycylglycine.-The method used for preparing glycylglycine was exactly the pro- 
cedure reported by D ~ n n . 1 ~  Glycine vias treated with chloroacetyl chloride and 
sodium hydroxide, to  give N-chloroacetylglycine. This was then allowed to  stand 
in concentrated ammonium hydroxide scilution, forming the desired glycylglycine. 

1 ,~-Diacetoxymercuri-%,6-diketopiperazine.-In 40 cc. of hot water, to  which had 
been added a few drops of acetic acid, there was dissolved 12.72 g. (0.04 mole) of 
mercuric acetate. The solution was filtered and placed in a ~ O O - C C . ,  three-necked 
flask equipped with a paraffih oil-sealed stirrer. Another solution was prepared by 
dissolving 1.14 g. (0.01 mole) of 2,5-diketopiperazine in 35 cc. of hot water. This was 
added to  the refluxing mercuric acetate solution over a period of forty-five minutes. 
Soon after the addition of the anhydride solution was begun a white precipitate 
started to  form. The product was removed by filtration, n7ashed first with cold 
__ 

FISCHER, Ber. 39B, 2893 (1906). 
f i D A M s  AND MARVEL, Org. Chem. Reag. 111, Univ. Illinois Bull., 19, No. 6,  p. 19 

13 SHIBATA AND ASAHINA, Bull. Chem. SOC. Japan, 1,71  (1926); MAILLARD, Compt. 

16 I ~ U N N ,  BUTLER, AND DEAKERS, J .  13iol. Chem., 99, 217 (1933). 

(1921). 

rend., 163, 1078 (1911). 
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glacial acetic acid, and then with boiling dilute acetic acid. The product was dried 
i n  vacuo; i t  weighed 6.3 g., a yield of 100 per cent. based on the analysis and on the 
glycine anhydride used. The decomposition point was 390-400" on the Maquenne 
block. It was insoluble in  all common organic solvents. The test for acetate Ras 
positive. Yellow mercuric oxide was precipitated by the action of sodium hydroxide; 
black mercuric sulfide arose from the addition of ammonium sulfide. Dilute hydro- 
chloric and sulfuric acids dissolved the substance. 

Anal. Found: Hg, 

1,  ~-Diacetoxymercuri-S,6-dimethyl-d,6-diketopiperazine.-In 55 cc. of hot water 
there was dissolved 2.75 g. (0.02 mole) of 3,6-dimethyl-2,5-diketopiperazine. 
Another solution was prepared by dissolving 40.7 g. (0.13 mole) of mercuric acetate 
in 130 cc. of hot water, to  which a few drops of acetic acid had been added. The two 
solutions were mixed and were kept warm on a hotplate. A white solid began to  
form immediately, and in ten minutes precipitation was complete. The solid was 
separated by filtration, and was washed with hot water, dioxane, and ether. Dried 
i n  vacuo it weighed 6.0 g., 46 per cent. of the theoretical yield, basedon the amount of 
alanine anhydride used. It was insoluble in  all common organic solvents. The 
decomposition point was 390-400" on the Maquenne block. The behavior of this 
product toward reagents was the same as that of the corresponding unmethylated 
compound. 

Anal. 
Found: Hg, 60.03, 59.92; N, 4.03, 4.00; CH3C0, 13.2. 
1,4-Dichloromercuri-d, 6-diketopiperazine.-In 30 cc. of water was suspended 6.3 

g. of 1,4-diacetoxymercuri-2,5-diketopiperazine. Solution was effected by addition 
of the minimum amount of concentrated hydrochloric acid. The solution was then 
made faintly alkaline to  phenophthalein by addition of 1 N sodium hydroxide. The 
white precipitate which had formed was separated by filtration, and was washed 
arith water, dioxane, and ether. The yield was 4.0 g., 69 per cent. of the theoretical. 
The material melted with decomposition a t  385-395". It gave a positive Beilstein 
test for halogen, but gave no evidence of the presence of acetyl groups. The be- 
havior of the product toward various reagents was the same as that  of the correspond- 
ing acetoxymercuri compound. 

Calc'd for CsH1oHg2N1O6: Hg, 63.45; N, 4.43; CHsCO, 13.6. 
62.07, 61.97; N, 4.50, 4.48; CHsCO, 14.4, 14.1. 

Calc'd for CloH14Hg2N208: Hg, 60.86; N, 4.25; CHsCO, 13.1. 

Anal. Calc'd for C4H4ClzHg2N202: C1, 12.2; Hg, 68.6; N, 4.80. 
Found: C1, 11.5; Hg, 68.0; N, 4.83, 4.82. 
Action of mercuric acetate on glycylglycine.-A 5-g. sample of glycylglycine was 

dissolved in 25 cc. of water, and to this was added a solution of 10 g. of mercuric ace- 
tate dissolved in 50 cc. of water to which several drops of acetic acid had been added. 
The solution was refluxed, and almost at once there wm a yellow precipitate, which 
turned gray (probably free mercury). At the end of thirty minutes the solid had 
changed to  a globule of free mercury. The supernatant liquid was decanted, and 
the mercury was washed first with alcohol and then with dry ether. The mercury 
weighed 7.4 g., indicating that  all of the mercury in the mercuric acetate was reduced 
to  free mercury. The supernatant solution gave a positive ninhydrin reaction. It 
was evaporated to  dryness. The residue was dissolved in  methyl alcohol, and two 
volumes of dry ether was added. The solution was put in the refrigerator; after two 
weeks white crystals appeared on the sides of the flask. This compound was water- 
soluble, gave a negative ninhydrin reaction, contained no nitrogen, and melted with 
decomposition at 220'. Admixture of glycylglycine with the white crystals lowered 
the decomposition point to  190"; the melting point of a mixture with glycine ww 205- 
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206". The melting point of the crystalline compound corresponds closely to  that of 
polyglycollide,a whichmelts at 220-223", andwhich has the formula HO(CH2.CO.O), 
H. Pure glycylglycine is recrystallized by this procedure, but none was obtained 
from the reaction mixture. The amount of the compound was too small for analysis. 
This reaction is being studied further with larger amounts of materials. Truhart4 
obtained glycollic acid by the action of mercuric oxide on glycine. 

The above reaction was also carried out a t  25". After three days free mercury 
was deposited. 

Action of Mercuric: Acetate on Proteins 
A .  Casein.-Fifty grams of casein was suspended in 750 cc. of hot water. To  this 

was added a solution of 39.5 g. of mercuric acetate in  500 cc. of hot water to  which 
10 cc. of acetic acid had been added. Refluxing was continued for four days, during 
which time a flocculent brown precipitate had formed. A considerable quantity of 
free mercury in very small globules was mixed with light-colored particles in  this 
precipitate. A small amount of the flocculent material was freed from mercury as 
completely as possible by repeated decantation of a dioxane suspension, although 
there was still an appreciable number of small globules visible under the microscope. 
This light-yellow material was washed with dioxane and ether, and was air-dried. 
The weight was 0.6 g. Analysis showed the presence of 24.4 per cent. of mercury. 
During the analysis a small amount of t m ,  removable with ether, distilled onto the 
gold. The residue in  the crucible smelled strongly of burnt casein. 

The substance was dispersed by dilute hydrochloric acid, sodium hydroxide, 
ammonium hydroxide, or ammonium polysulfide just as casein is. It evidently 
consisted of casein which had occluded droplets of mercury. 

B. Gelatin.-Fifty grams of an especially purified gelatin was dissolved in 750 cc. 
of water. To  this was added a solution of 39.5 g. of mercuric acetate dissolved in  
500 cc. of hot water t o  which 10 cc. of acetic acid had been added. After the solution 
had been refluxed for nine hours it contained a quantity of balls of light crystals 
suspended in the boiling solution. They were collected on a filter, decanted as well 
as possible from free mercury present, washed with acetone and ether, and were dried 
in an Abderhalden drier for twenty-four hours a t  56' under 8 mm. pressure. The 
weight was 1.3 g. The crystals were very small, thin needles, containing no nitrogen. 
Their grayish cast was probably due to  a trace of free mercury. The material was 
undoubtedly mercurous acetate. 

Anal. Calc'd for C2HsHgO2: Hg, 77.26. Found: Hg, 78.63. 
The gelatin solution was refluxed three days longer. It became darker as refluxing 

continued, and contained an increasing amount of free mercury and of a dark-brown 
gelatinous material. The latter was decanted as well as possible from the free mer- 
cury, was washed with water, acetone, and ether, and was dried in  air for twelve 
hours. It weighed 8 g. The material was ground to  60-mesh size and analyzed for 
mercury, of which 62.3 per cent. was found. A nitrogen test was positive. Micro- 
scopic examination of the solid showed that  the mercury was undoubtedly present 
entirely in the free state, since the dark mags was largely composed of minute globules 
of the free metal. The precipitate, then, must have contained 5 g. of mercury, giving 
with the 9 g. of mercury isolated directly from the reaction mixture a total of 14 g. 
(56 per cent. of the mercury present). 

C .  Silk fibroin.-In 500 cc. of hot water, to  which 10 cc. of acetic acid had been 
added, there was dissolved 39.5 g. of mercuric acetate. This solution was added t o  
a suspension in  750 cc. of hot water of 50 g. of silk winder waste which had been 



410 E. J. MATSON, W. 0. TEETERS, AND R. L. SHRINER 

washed repeatedly with hot distilled water. The mixture was refluxed for four days. 
A t  the end of that  time 11 g. of free mercury (44 per cent of the mercury present) had 
precipitated in small globules, largely on the fibers of silk. In the liquid only a few 
milligrams of brown flocculent precipitate was observed. 

SUMMARY 

Mercuric acetate is reduced by glycylglycine to free mercury. 2,5- 
Diketopiperazine reacts with an excess of mercuric acetate in aqueous 
solution to produce 1,4-diacetoxy-mercuri-2,5-diketopiperazine which is 
converted by hydrochloric acid to 1 , 4-dichloromercuri-2,5-diketopiper- 
azine. 3,6-Dimethyl-2,5-diketopiperazine formed 1 , 4-diacetoxymercuri- 
3,6-dimethyl-2 , 5-diketopiperazine. 

Casein, gelatin and silk fibroin were refluxed with aqueous mercuric 
acetate and were found to cause reduction of the mercuric acetate to free 
mercury, but did not produce any insoluble acetoxymercuridiketopiper- 
azines. 
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I t  has previously been demonstrated' that the reaction of Chichibabin2 
in which the -CH=N- group of a heterocyclic compound is converted 
to -C(NH2)=N-, can be carried out in liquid ammonia at  room tem- 
peratures. Thus, it was found that quinoline reacts with barium amide 
to give hydrogen and 2-aminoquinoline in good yield, and that isoquinoline 
reacts with both barium amide and potassium amide (particularly if 
the latter is in excess of one equivalent) to give hydrogen and l-amino- 
isoquinoline. Quinoline, on the contrary, is converted either by sodium 
amide or by potassium amide largely to resins, although six to eleven 
per cent. yields of 2-aminoquinoline may be obtained if the reaction mix- 
ture (with potassium amide) is treated with ammonium iodide to destroy 
potassium salts, or if it is shaken with mercury. A dilute potassium 
amalgam is formed in the latter case. The present paper is a continua- 
tion of this work. 

THE FORMATION OF ADDITION COMPOUNDS BETWEEN THE ALKALI AMIDES 
AND QUINOLINE 

Ziegler and Ze i~e r ,~  in discussing the action of sodium amide on pyridine 
under a heated hydrocarbon2, suggested that there was first formed an 
addition compound, 

.CH=N. + NaNIIt = .CH(NH2)NNa. (1) 

which loses sodium hydride to give 2-aminopyridine. Subsequently, 
sodium 2-aminopyridine and hydrogen are formed in accordance with the 
equation, 

.C(NHt)=N. + NaH = .C(NHNa)=N. + Hz 

( a )  BERGSTROM, J .  Am. Chem. Soc., 66, 1748-51 (1934); ( b )  BERGSTROM, Ann., 

2 CHICHIBABIN AND SEIDE, J .  Russ. F'hys. Chem. SOC., 46, 1216-36 (1914); Chem. 
616, 34-42 (1934). 

Abstr., 9, 1901 (1915). 
ZIEGLER AND ZEISER, Ber., MB, 1848 (1930). 

'111 
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A related reaction was observed by Kirssanov and Iva~tchenko,~ who 
found that sodium amide converts benzalaniline in toluene to N-phe- 
nylbenzamidine, as expressed by the equation, 2C6H6CH=NC6H5 + 
NaNHz = CsH5C(NHNa)=NCsH5 + C~HF,CHZNHC~H~. Other sub- 
stances are formed at  the same time. 

Since sodium salts of amidines, RC(NH)NHNa, result when nitriles 
are treated with sodium amide5 it is suggested that in all reactions of the 
alkali amides with compounds containing carbon multiply linked to nitro- 
gen, addition compounds are first formed. 

Although no intermediates of the type assumed in equation (1) have 
been isolated in the reactions of pyridine or quinoline with sodium amide 
in a heated inert solvent, the author has obtained evidence for the forma- 
tion of addition compounds of sodium amide and potassium amide with 
isoquinoline in liquid ammonialb. Attempts to isolate these substances in 
a pure state failed because of their instability in the absence of solvent at 
room temperatures. 

In the present work it was found that a liquid ammonia solution of 
quinoline readily dissolves the sparingly soluble sodium amide to form 
and opaque green solution which contains the reactants in approximately 
equimolar proportions, suggesting the formation of an addition compound, 
CsH7N. NaNH2. Its partial decomposition at  room temperatures in the 
solid state is indicated by the fact that there is a small loss in weight dur- 
ing the reaction, whereas none would be expected on the basis of equa- 
tion (1) .  Its decomposition in solution may be followed in a semiquanti- 
tative manner by adding ammonium chloride or ammonium bromide to 
quinoline-alkali amide mixtures of different ages. Quinoline is regenerated 
in amounts which are the smaller the longer the period of reaction, indicat- 
ing a slow decomposition. This is accelerated by an excess of amide ions. 

In the next section, it, will be shown that 2- and 4-aminoquinolines are 
obtained by the action of potassium nitrate on aged potassium amide- 
quinoline reaction mixtures, which fail to give quinoline when treated 
with ammonium bromide. One way of viewing these results is to make 
the assumption that a molecular compound, C9H,N. KNHz, is first formed, 
and passes on standing into 

CH ("2) -CH 

I1 / 
\ \ 

c6H/cH=r and C6H4 

NK- CH NK-CHNH2 
(1) (11) 

KIRSSANOV AND IVASTCHENKO, Bull. SOC. chim., [51, 2 ,  1944-50,2109-24 (1935). 
5 CORNELL, J .  Am. Chem. SOC., 60, 3311-8 (1928); KIRSSANOV AND POLIAKOVA, 

Bull. SOC. chim. 151, 3,  1600-6 (1936); ZIEGLER, U .  S. Patent, 2,049,582; Chem. Abstr., 
30, 6389 (1936). 
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which do not give quinoline when treated with ammonium salts, but are 
converted by potassium nitrate and an excess of potassium amide to a 
mixture of 2- and 4-aminoquinolines. It is highly improbable that the 
primary addition compound has the structure, 

CH=CH 

N=CH 
/ \  

NHz Na 

because the heterocyclic nitrogen has a decet of electrons around it. 

THE CONVERSION OF THE ADDITION COMPOUND INTO 2-AMINOQUINOLINE 
2-Aminoquinoline, or its monopot:tssium salt, may be formed from the 

addition compound of potassium amide and quinoline, (a) by direct loss 
of gaseous hydrogen, giving potassium 2-aminoquinoline, in accordance 
with the equation, 

2 
7 

\ /cH=p. (2) 

CsH4 /cH=r = HZ + CeH4 

NK-C=NH 
\ 

NK-CHNHz 
CH=CH 

‘N==CNHK 

(b)  by the loss of potassium hydride, according to the mechanisms of 
Ziegler and Zei~er ,~  Kirssanov and Iva~tchenko,~ and Kabachnik,‘j or, 
(c), by some other mechanism which does not involve the actual separa- 
tion of a metallic hydride, but rather the removal of a hydrogen atom 
and an electron (essentially the removal of H-) by another molecule of 
quinoline, by its addition compound with potassium amide, by the solvent 
ammonia or by some added reagent. It will be seen ehat (c) is in many 
respects merely an extension of ( b )  to low-temperature reactions in which 
the actual splitting off of an alkali hydride is unlikely. It may of course 
be assumed that even at  room temperatures the addition compound re- 
versibly dissociates to form a very small amount of alkali hydride, or 
hydride ion, but there is no apparent method of telling whether or not 

~KABACFINIK, Bull. Acad. Sci. U. R. S. S., Classs Sci. math. Nut., 1936, 971-8; 
Chsm. Abstr., 80, 3820 (1936). 
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this is the case. Mechanism (c) has been adopted in explaining the reac- 
tions described in the succeeding paragraphs. 

THE ACTION OF THE ALKALI AMIDES ON QUINOLINE AND ISOQUINOLINE IN 
THE PRESENCE O F  NITRATES 

2-Aminoquinoline is formed in about 50 per cent. yields, accompanied 
by smaller amounts of 4-aminoquinoline (the quantity isolated does not 
exceed 10 per cent.) when an excess of potassium amide reacts with 
quinoline in the presence of potassium nitrate. The latter is reduced to 
potassium nitrite, and very little tar is obtained. The same reaction 
takes place if the addition compound, first formed by mixing an excess of 
potassium amide with quinoline in liquid ammonia a t  room temperatures, 
is allowed to stand for periods of a week or more, and then treated with 
potassium nitrate in the same solvent. The reaction follows the equation* 

CeH7N + 2KNHz + KNOa 
= CsHaNsNHK + KNOz + KOH + NH3 (3) 

The yield of 2-aminoquinoline is at first roughly proportional to the 
amount of addition compound, CQHTN. KNH2, in solution, the latter hav- 
ing been determined by adding an ammonium salt to similarly prepared 
solutions of equal age, and recovering the quinoline. However, i t  was 
found that 25 per cent. yields of 2-aminoquinoline could be obtained by 
the action of potassium nitrate on potassium amide-quinoline reaction 
mixtures from which no quinoline could be regenerated by the action of 
ammonium bromide. Possibly the addition compounds from which 
quinoline and aminoquinoline are formed are not the same. 

As an alternative, it could be assumed that the primary addition com- 
pound is (reversibly?) converted to another substance (a polymer?) or to 
a mixture of substances (products of a dismutation?) which react with 
potassium nitrate to form 2- and 4-aminoquinoline, but from which no 
quinoline is formed on treatment with ammonium bromide. It would be 
expected, in the latter case, that  aminoquinolines would be present as 
such and in relatively large quantity in solution, but this is very im- 
probable, in view of the fact that the decomposition of the addition com- 
pound by water gives them in almost negligible amount. 

The conversion of quinoline to aminoquinoline by the methods just 
discussed occurs rapidly only in the presence of an excess of amide ions. 
Thus a very small quantity of 2-aminoquinoline is formed when an excess 

* Attempts are now being made to carry out reactions between solidsodium amide 
and organic substances under solvents other than ammonia, and in  the presence of 
some added compound which will function as does the potassium nitrate here. 
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of the sparingly soluble sodium amide reacts with quinoline in the pres- 
ence of sodium nitrate. An excess of potassium amide reacts with iso- 
quinoline in liquid ammonia to give l-aminoisoquinoline and hydrogen 
in good yields. In the presence of potassium nitrate, some nitrite is 
formed, together with a smaller quantity of hydrogen (about 55 per cent. 
as against 80 per cent. when no nitrate is used), though the yield of amino- 
isoquinoline is not greatly affected. A fairly good yield of the latter 
results from the long-time reaction between an excess of sodium amide, 
isoquinoline and sodium nitrate in liquid ammonia at room temperatures, 
while a small quantity is even obtained from an excess of isoquinoline, 
potassium amide, and potassium nitrate. In the two latter cases, very 
little hydrogen is formed. 

Previously, the reaction between isoquinoline and excess potassium 
amide, in liquid ammonia, was given the ionic interpretation expressed 
by the equations, 

*CH=N. + "2- = *CH(NHZ)N-* (4) (4 
*CH(NHZ)N-* + NHa- = .CH(KH-)N-* + NH, ( b )  

(c) 

In the above, only the reactive .CH -- N. group of isoquinoline has been 
written, and no account has been taken of the probable initial formation 
of CeH7N.KNH2. In (a), potassium amide and isoquinoline form an 
addition compound, which reacts reversibly with amide ions in (b)  to form 
the anion of the dipotassium salt of aminodihydroisoquinoline. This is 
unstable in the presence of a substance that can react with hydrogen and 
an electron and convert it to the ion of the monopotassium salt of l-amino- 
isoquinoline. Thus, the reaction of equation (4c) takes place because 
hydrogen and an electron react irreversibly with the solvent in the sense 
of the equation, 

.CH(NH-)N-.=.C(NH-)=N. [or.C(=NH)N-.] + (H + e-) 

NHs + (H + e-) = NH2- + Hz (5 )  

If potassium nitrate is present, some of it is reduced, but the solvent is 
also attacked, though to a lesser extent, with the formation of hydrogen. 

The reactions involved in the preparation of 2-aminoquinoline from an 
excess of potassium amide, quinoline, and potassium nitrate in liquid am- 
monia follow the same course (see equations 4) but differ because liquid 
ammonia itself cannot decompose the addition compound (4c) into amino- 
quinoline and hydrogen. Some reducible substance, such as potassium 
nitrate, must be present. It is interesting that this compound, of many 
tested, is the only one really effective. 

It therefore follows that H- (H + e- )  is removed with much more diffi- 
culty from the doubly charged anion of equation (4c), if this is derived 
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from quino1ine.t If the viewpoint is adopted that the doubly charged 
anion is in equilibrium with a very low concentration of H-, then, in the 
case of isoquinoline, this concentration is greater than is stable in liquid 
ammonia, while it is less in the case of quinoline. 

That the concentration of H- (or its ease of removal from 4c) is less 
the lower the concentration of NH2-, is also shown by the extremely 
slow reaction between isoquinoline and the sparingly soluble sodium 
amide in liquid ammonia. In the presence of sodium nitrate, the reaction 
is more rapid, although still much slower than with an excess of potassium 
amide. 

There is no way a t  present of deciding whether the electron is removed 
at  the same time as the hydrogen (that is, as hydride ion, H-), or sepa- 
rately, as possibly is the case in the reaction between an excess of 
potassium amide, quinoline and mercury (equation 8). If an electron is 
first removed by the potassium nitrate, pota&um nitrite and potassium 
aminoquinoline (E) should be formed in accordance with some such scheme 
as the following,' 

0- 0- 

(B) (C) 
*C(NH-) = Ne + NOT + OH- 

(E) 
(6) 

(4-Aminoquinoline is similarly formed from 11.) 

as such, the following ammonolytic reaction should occur, 
If this mechanism is correct, and the intermediate ion, C, is liberated 

NO:- + NH, = NOn- + "2- + OH- (7) 
since salts of orthonitrous acid (K3N03) do not appear to exist in liquid 
ammonia'. This will leave the intermediate, D, in solution, to be con- 

t An excess of potassium amide reacts fairly rapidly with 2-phenylquinoline in 
the presence of potassium nitrate to give 4-amino-2-phenylquinoline in yields of 
92 per cent. and above. The reaction still occurs with an excess of 2-phenylquinoline, 
but it is much slower, and also less complete.13 It is therefore possible to  remove 
H- from addition compounds of the type of (4a). 

The structure of the nitrate ion is due to  ELLIOTT, J .  Am. Chem. Soc., 69, 1382 
(1937). 

8 A liquid ammonia solution of sodium (which contains negative electrons) re- 
duces sodium nitrate to  sodium nitrite, in  the probable manner of the equation, 
NaNO, + 2Na + NHI = NaNH, + NaNHl + NaOH [BURGESS AND HOLDEN, 
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verted to the anion of aminoquinoline, E, by the action of potassium 
nitrate and potassium amide, in accordance with the equation, 

2[ CH(NH-)N. ] + KN03 = 2[ .C(NH-) = N * ] + IiNO2 + HzO ( 7 ~ )  
(D) (E) 

H2O + KNH!? = KOH + NH3 

This may have occurred in experiment 21 of Table 111. The actual 
mechanism of the change is probably expressed by equations similar to 
4b and 4c. I t  must be pointed out however that D, which is apparently 
formed when excess potassium amide and quinoline react in the presence 
of mercury, gives only a small amount of aminoquinoline with potassium 
amide alone. 

If hydride ion is removed from (4c), potassium nitrate should be reduced 
in the following manner, 

NOS- + H- = NOz- + OH- 

The Ziegler mechanism3 for the reaction of sodium amide and pyridine 
under a heated inert solvent is apparently in best accord with the fact. 
The assumption of a preliminary addition compound, CsHSN. NaNH2, 
would affect his theory in no essential manner. If the explanations of the 
present article are at all valid, an excess of sodium amide should accelerate 
the formation of 2-aminopyridine by increasing the tendency of sodium 
hydride to split off (cf. equations 4a4c) .  Sodium hydride should be 
lost thermally even in the presence of an excess of pyridine. If the loss 
of sodium hydride is a reversible one, the equilibrium will be displaced 
because of removal of sodium hydride, either by a reaction with 2-amino- 
pyridine to form its sodium salt, or by reaction with organic molecules 
present to form reduction products. 

It will be noted that if an intermediate anion of the type in equation 
(4c) is produced in the sodium amide-pyridine reaction, the loss of H- 
(ie.; of NaH) from it will give the sodium salt of 2-aminopyridine directly. 

THE REACTION O F  THE ALKALI AMIDES WITH QUINOLINE AND ISOQUINOLINE 
IN THE PRESENCE O F  MERCURY 

It has previously been recorded that an excess of potassium amide 
reacts with quinoline in the presence of mercury to form a potassium 
amalgam and a mixture of organic products from which a small yield of 
2-aminoquinoline can be obtained.'" 

J. A7n. Chem. SOC.,  69,461 (1937); cj. DIVERS, Proc. Roy. SOC. (London), 21,110 (1873); 
Phil. Trans. Roy. SOC. (London), 163, 368 (1873)l. The mechanism of the reduction 
is possibly that given above in equation (6). 
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In subsequent experiments, the maximum amount of potassium found 
in the mercury approached one atom per mole of quinoline used, the small 
amount of hydrogen formed simultaneously being about the same as 
would have been obtained in the absence of the mercury. The relative 
amount of potassium in the amalgam, as well as the yield of aminoquino- 
line, is increased by continuous mechanical ~haking.1~ Furthermore, an 
excess of potassium amide reacts with 2-phenylquinoline and with 5,6- 
benzoquinoline in the presence of mercury to form the respective amino 
derivatives in good yield, together with an amalgam containing almost 
two atoms of potassium per mole of the phenyl- or benz~quinoline.'~ 

If excess potassium amide and quinoline are allowed to react for about 
a week, and the solution is then treated with mercury, a potassium amal- 
gam is formed, together with a small amount of 2-aminoquinoline. The 
results are about the same as if the three reactants were mixed a t  the 
beginning, though the yields of product are generally smaller, and indi- 
cate that the substance which reacts with the mercury is a secondary 
addition compound, such as that of equation (4c) (an alternative explana- 
tion is given in the preceding section). 

Potassium amalgam is not formed in significant quantity when potas- 
sium amide reacts with an excess of quinoline, nor when isoquinoline reacts 
with an excess of the amide. However, hydrogen is formed in the latter 
reaction, just as if the mercury had not been present'". If isoquinoline 
reacts with the sparingly soluble sodium amide, sodium amalgam is 
obtained, together with 1-aminoisoquinoline in yields generally not err- 
ceeding 20 per cent. of the theoretical, the rate of reaction behg much 
greater than in the absence of mercury. I t  appears though that some of 
the aminoisoquinoline must be formed by the action of sodium amide alone 
on the isoquinoline, with only a slight evolution of hydrogen, and not in 
accordance with the scheme below. (Cf. Reference l b ,  p. 35, h e  print.) 

Tentatively, the following equations are proposed as representing the 
course of the reactions. (Cf. equations 4a-4c, 6, 7a.) 

2"1- '2NHa- 
2 *CH=N. + 2 *CH(NHZ)N*- -, 2 *CH(NH-)N*- (8) 

2 *CH(NH-)N*- + Hg = Hg-- + 2 *[CH(NH-)N*] 
(B) (D) 
H g -  + 2K+ + (5 - 1) Hg + KzHg, 

2 [ .CH(NH-)N.] + Hg + 2NHz- = 2*C(NH-)=N. + 2NH3 + Hg-- 
(B) (E) 
Hg-- + 2K+ + (X - 1)Hg KzHg, 

It is possible that this stepwise mechanism will be necessary to explain 
the low yield of aminoquinoline in experiments where only one atom of 



ACTION OF AMIDES ON QUINOLINE AK'D ISOQUINOLINE 419 

potassium per mole of quinoline was found in the mercury. In view of 
the lack of definite proof that this is the course of the reaction, it is per- 
haps better at present to give the following overall equation as the most 
probable, 

*CH=N* + 3NHz- + xHg = Hg,-- + 2NH3 + *C(NH-) = N .  
(E) 

(E is the anion of the potassium salt of 2-aminoquinoline) 
The ease, and therefore the rate, of removal of e- (the negative electron) 

is presumably proportional to the concentration of B, which is the greater 
the higher the concentration of KHz- ions. Furthermore, e- is the more 
readily removed if the doubly charged anion, B, is derived from isoquino- 
line, since this reacts with sodium amide to give a sodium amalgam, while 
quinoline does not. The failure to get an amalgam when isoquinoline 
reacts with an excess of potassium amide and mercury is due to the 
greater ease with which (H + e-) react with the solvent to form hydrogen 
and NH2-. 

The removal of an electron from the anion of an alkali metal salt by 
mercury is not a new reaction, sirice Bent and his coworkerss have found 
that the sodium salts of a number of free groups react reversibly with 
mercury in ether to form a dilute sodium amalgam and the corresponding 
free group. 

THE ACTION OF BARIUM AMIDE ON QUINOLINE 

Barium amide has previously been recorded as attacking quinoline to 
form hydrogen and 2-aminoquinoline1", in a reaction which is markedly 
catalyzed by soluble barium salts. This reaction has now been carried 
out on a larger scale in a steel apparatus designed to simulate the well- 
known manipulations in glass, with the result that no 4-aminoquinoline 
could be isolated. Apparently barium amide reacts preferably with the 
alpha position of a heterocyclic compound containing the -CH=N- 
group. When barium nitrate is used as a catalyst, an oxygenated com- 
pound of unknown structure is formed in small quantity, along with the 
2-aminoquinoline. 

EXPERIMENTAL 

The Formation of Addition Compounds between the Alkali Amides and Quinoline 
Expt. I.-Quinoline (0.54 g. or 4.2 millimoles), dissolved in a small volume of 

liquid ammonia, reacted with the sodium amide from 0.36 g. sodium (16. milliatoms) 
for  six days at  room temperatures in a two-legged reaction tube.I0 Approximately 
half of the green solution was carefully decanted into the clean leg of the reaction 

9 BENT AND OTHIRS, J .  Am. Chem. SIX, 62, 1498 (1930); 63, 1786 (1931); 64, 1393, 

lo BERGSTROM, ibid., 63, 4068-9 (1931). 

I_ 

3250 (1932); 67, 1217, 1242, 1259, 1452, :I455 (1935). 
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tube, the whole tube then being immersed in ice water so that refluxing ammonia 
would wash down the solution adhering to  the upper walls and the bend. Further 
treatment, leading to analysis, has already been described." Found, h'a 15.5% 
(tube evacuated a t  room temperatures) and S a  16.2% (tube evacuated at 115", 
where there is some decomposition); calc'd. for C9H7N.P;aXH2, Xa 13.7%. The 
high sodium content is due i n  part to the transference of a small amount of sodium 
amide in solution (solubility about one gram per liter) or in  fine suspension. The 
solid analyzed, although having approximately the composition of the above addi- 
tion compound, is scarcely pure, in view of the results of experiment 3. 

E x p t .  $.-This was a repetition of experiment 1, except that the time of reaction 
was 40 minutes. The reaction is apparently complete in about five minutes. Found, 
specimen evacuated a t  20", Na 14.03%. The maximum amount of sodium amide has 
therefore been dissolved by the quinoline in a relatively short time. 

E x p t .  5.-This is a repetition of the two preceding, except that the time of reaction 
was one hour a t  room temperatures, and the change in weight during the reaction was 
determined in accordance with the method of a previous article.1° After evapora- 
tion of solvent ammonia from the tube, the contents were evacuated a t  intervals for 
several days (Topler pump). A loss in weight of 0.0365 gram was observed (2.14 
millimoles, calculated as ammonia), 1.070 g. (8.29 millimoles) of quinoline and the 
sodium amide from 0.513 g. (22.3 milliatoms) of sodium having been used in the reac- 
tion. I t  is apparent that the addition compound is slowly decomposing with evo- 
lution of ammonia. 

Ezpts. 4-6.-1n view of the known approximate minimum time for a liquid am- 
monia solution of quinoline to  take up one mol of sodium amide (experiment 2), i t  
was certain that  in  the following experiments the addition compound between the 
two had formed completely, and that  no free quinoline was present. 

Quinoline was treated with a n  excess of sodium amide or potassium amide (pre- 
pared from a solution of the metal in liquid ammonia and iron oxide) in a reaction 
tube a t  room temperatures for varying periods of time.l0, The volumes of solvent 
were about the same in  all experiments. The solution of the reaction product, con- 
tained in the leg not underneath the addition tube, was cooled to  -33" or below by a 
bath of liquid ammonia, and a n  excess of ammonium bromide was introduced into 
the empty leg against a current of ammonia gas. The addition tube was then sealed, 
the whole was warmed to  room temperatures and a few cc. of solvent was distilled 
over to  dissolve the ammonium bromide, the resulting solution being poured into 
the alkali amide-quinoline reaction mixture, causing i t  to  become light yellow within 
a short while. The residue remaining after evaporation of solvent ammonia was 
steam-distilled, and the distillate was treated with an excess of dilute alcoholic picric 
acid to precipitate quinoline picrate. This was washed with alcohol, dried to  con- 
s tant  weight, and identified by its melting point. 

Expts. 7-8.-These differ from experiments 4-6 only in  that at the end of the reac- 
tion period, half of the solution (as nearly as could be estimated) was decanted into 
the second leg of the reaction tube, which contained about 0.75-1.0 mole of potassium 
nitrate for each mole of quinoline initially used. All ammonia was evaporated into 
the leg not containing the potassium nitrate. An excess of ammonium bromide was 
introduced into this leg, after cooling to  -33", and the addition tube was resealed. 

~~~ ~~ 

11 FRANKLIN, "The Sitrogen System of Compounds," The Reinhold Publishing 

12 SCHURMAN AND FERNELIUS, J .  Am. Chem. Soc., 62, 2428 (1930). 
Company, Kew York, 1936, p. 319-325. 
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~~ ~ ~ ~ 

............................... Expt 4 5 1 6  
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

NaNHZ KNHz KNHg . . . . . . .  { 31.3 38.4 36.5 Amide, millimoles. 

Quinoline, millimoles . . . . . .  15.8 12.2 12.2 
Time of Reaction a t  20"-25". 2.5 hrs. 30 min: 16 hrs. 
Quinoline recovered, per 

cent . .  . . . . . . . . . . . . . . . . . . .  62 76 38 

After warming to room temperatures, solvent was distilled from the leg into which 
ammonium bromide was introduced into the leg containing the potassium nitrate, 
and reaction was allowed to  continue for four to six days. After evaporation of 
ammonia, the legs of the tube were separated, quinoline being steam distilled from 
the contents of the leg containing the ammonium bromide, as in experiments 4-6, 
and aminoquinoline was obtained from the contents of the other leg by crystalliza- 
tion from water. See also 
Table 11.) 

(The hot aqueous solution was filtered to remove tar. 

The Conversion of the Primary Addition Compound into 8-Aminoquinoline 

Ezpt. IO.-In one leg of a two-legged reaction tubela was placed 1.09 g.  (8.45 
millimoles) of redistilled synthetic quinoline and 1.14 g. (11.3 millimoles) of c. P. 
dry potassium nitrate. The other leg contained 1.05 g. (26.8 milliatoms) of potas- 
sium, in short lengths of glass tubing, together with some polished iron wire to  serve 

~~ ~ ~ ~ ~ ~~~~~~~ 

7 1 8  

KNHz KNHz 
50.4 54.5 
16.3 18.31 

5 days 9 days 

0 @ 

TABLE I 
SUMMARY OF EXPERIMENTS 4-9 

9d 

KNHz 
12.98 
16.26 

9 days 

42 .6b 

0 A little aminoquinoline was separated by steam distillation and recovered as 
picrate (6% yield). 

b Quinoline recovered as picrate, 8.81 millimoles (m. p. 197-199.2"), and 0.41 
millimole (m. p. 193-7"). Allowance for. the 3.28 millimoles quinoline used in excess 
gives the percentage recovery recorded. 

Solution kept 15 minutes at -40" (orange-brown in color), then warmed to room 
temperature (becomes opaque, green). After 30 minutes at room temperature the 
solution was poured into the ammonium bromide. 

d Same manipulation as in experiments 4-6. 

as a catalyst for its conversion to  amide. Since ammonia was distilled directly into 
the leg containing the potassium, i t  was necessary to  vent hydrogen from time to  
time by shutting the valve on the supply tank, and opening a relief valve. This 
process was repeated as often as necessary. The resulting potassium amide was 
decanted, with shaking, into the leg containing the quinoline and potassium nitrate, 
a brownish-red solution being formed instead of the green solution observed when 
nitrate is not used. The colorless crystalline precipitate which slowly formed during 
the reaction was washed with solvent after twelve days and analyzed. 

Anal. Calc'd. for KOH: K, 69.6. 
Found : K, 68.6; N (by alkaline distillation without previous digestion), 

The washings of the precipitate were hydrolyzed, after evaporation of solvent 
ammonia, with a mixture of benzene and alcohol, water was added, and the two or- 

None. 
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A 1 B ~ - _ _  

0 ~ 12 
0 5 

ganic solvents were evaporated on a steam bath. The hot aqueous solution was 
filtered (if oily drops were present, more water was added), 2-aminoquinoline, (0.638 
g., 4.43 millimoles, 52.5%) separatingon cooling. A second crop, obtained by strongly 
concentrating the filtrate, was crystallized twice from benzene, and then melted a t  

Milli- 
moles 

4.43 
5.4 

TABLE I1 
SUMMARY OF EXPERIMENTS 7-8 AND 11-15 

26.8 
25.8 

470 

41 

53.6 
37.9 
50.4 
54.5 

- 

NO. 

__ 
10 
11 

12 

13 

14 
15 
7 
8 

__ 

8.45 
13.4 

155 

12.7 { 
17.00 
11.80 
16.3 
18.31 

AMIDE 

1 0 
0.02 
3 
5 
9 

KXH? 
KNHi 

KNHi 

NaNHp 

KKHi 
KNHz 
KNHz 
KNHa 

21 0.15 

2.3 8.75 
1 3.27 
4 2.08 
6 , 2.04 

I 

QUINO- 
MILLI- I LINE, 1 KNOs 
MOLES I ZIL& 1 MILLIMOLES 

11.3 
34.7 

198 

(NaNOs) 
17.2 
19.8 
15.5 
10.0 
15.0 

TIME OF REACTION,( 2-AMINO 
DAYS ~ QUINOLINE" 

52.5 
40 

53.3 

1.2 

51.5 
30.5 
25.5 
22.3 

NOTES 

0 Melting points of yields reported varied within the range, 126.0-129.0' uncorr. 
* Potassium from a calibrated tube, iron wire catalyst removed before the reac- 

tion, which took place in a straight tubela. H1, N.T.P.,  2.0 cc.; N,, 1.5 cc.; m. p. of 
product, 123-128'. 

c A second crop, obtained by strongly concentrating the filtrate of the 2-amino- 
quinoline, weighed 0.160 g. (1.11 millimoles), m. p. 150-151.3'. The m. p., after 
recrystallization from benzene, was 151-152.3'; m. p. of mixture with authentic 
4-aminoquinoline, 151-152" uncorr. 

d In  the rocking autoclave. 
8 .  f Same experiments as listed in Table I. One half of the reaction mixture only 

reacted with the potassium nitrate, for the times given in Table 11. 
f The filtrate of the 2-aminoquinoline was evaporated t o  dryness and extracted 

several times with boiling benzene, the latter being concentrated to  crystallization; 
0.379 g. of material, m. p. about 85-120", was obtained, presumably a mixture of 
2- and 4-aminoquinolines. It could not be resolved by crystallization from benzene. 
Total yield of aminoquinolines, about 50% of the theory. 

Much ta r  formed. The aminoquinoline was very impure. 
In  addition t o  the 2-aminoquinoline, 0.82 g. of material, m. p. 90"-125", was 

See description. 

obtained. It could not be resolved by crystallization. 
i A. Time of reaction of the amide and quinoline before adding the KNOs. 

B. Time of reaction after adding the KKOa. 

151.5-153.0°, uncorr. The melting point of a mixture with 4-aminoquinoline, pre- 
pared by the pyrolysis of 4-aminc~quino~ine-2-carboxylic acid18 (151.7-152.5') showed 
their identity. 

1 3  BERGSTROM, unpublished work. 
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I n  duplicate experiments, it often proved impossible to  separate the mixture of 
2- and 4-aminoquinolines by crystallization. (This generally melted below 100" 
and over a range. The hydrate of 4-aminoquinoline melts a t  70".) 

Expts. 21-16.-These were duplicatee of the preceding, except that the catalyst 
was 0.02-0.05 g. Fe20s, and the precipitated alkali hydroxide was not washed prior 
to  evaporation of solvent from the reaction tube. The extreme activity of ferric 
oxide as a catalyst makes i t  necessary to  vent hydrogen from the tube a t  intervals of 
a fen minutes, otherwise ammonia will not distill in. 

Nitrite formed in  the Reaction 
In determining nitrite quantitatively i t  is necessary to avoid the presence of iron 

oxide, which catalyzes the following reaction between potassium amide and potas- 
sium nitrate.18 

3KKH2 + 3Kh-Os = 3KIVO2 + 3KOH + Nz + "3. 
In a blank test (8 days duration), it was found that this reaction does not occur to 
an appreciable extent in the absence of iron and iron oxide. The following pro- 
cedure was therefore adopted. 

Expt. 16.-Dry synthetic quinoline (0.6507 g., 5.041 millimoles) was weighed out 
in a small porcelain boat and placed, together with dry potassium nitrate (1.01 g., 
10 millimoles), in one leg of a two-legged glass reaction tube. The other leg con- 
tained potassium (0.60 g., 15.4 milliatoms from a calibrated tube) and some polished 
iron wire. The potassium amide, quinoline, and potassium nitrate were allowed to  
react (in the leg not containing the iron), for eight days with occasional shaking, after 
which solvent was evaporated, the tube was evacuated, and the contents were hy- 
drolyzed with water vapor. The tube was then broken open, and the solution was 
rapidly filtered into a 50-cc. volumetric flask, and made up to volume. Nitrite was 
determined on a tenth aliquot according t o  a slight modification of the Coade- 
Werner method.14 

The aliquot was placed in  the cup of a Lunge nitrometer, introduced into the 
burette and washed down with the minimum quantity of water. This was followed 
by a f;olution of 0.1 g. thiourea in 4 or 5 cc. of water, and then by 2 cc. of dilute acetic 
acid (1:3), The gas evolution was slower than in the experiments of Coade and 
Werner, and was accelerated by shaking the tube. To test for carbon dioxide, 5 cc. 
of 33170 potassium hydroxide was run into the burette through the cup, the burette 
being shaken to facilitate absorption. The correction for the solubility of nitrogen 
in the aqueous solution was neglected. The gas volume was read with mercury 
surfaces level, the pressure upon the gar3 equalling the barometric reading less the 
mercury equivalent of the water column, the latter being calculated from the height 
of the column and its density (about 1.02-1.05) or determined directly by opening 
the burette t o  the atmosphere and readin: the difference between the mercury levels. 

Found, N2 (0' and 760 mm.), 8.50 cc. = 0.380 'millimoles or 75.5% of the theoretical, 
assuming one mole KN02 produced per mole of KSO8. Azide, possibly a trace. 
Crud<. 2-aminoquinoline (m. p. 121-127"), 50% of the theoretical. 

Ezpt. I7.-1n a repetition, there was obtained a 79.27, yield of nitrite, and a 
50 7% yield of 2-aminoquinoline, m. p. 127-128.501 with a small amount of high-melt- 
ing material, probably 4-aminoquinoline. 

Larger scale preparation of 2-aminoquino1ine.-The reaction between potassium 

1 4  COADE AND WERNER, J .  Chem. Soc., 103, 1221-8 (1913). 
__ 
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amide and quinoline, in the presence of potassium nitrate, was carried out in a steel 
autoclave, Figure 1. (The dimensions given are in inches.) This consists of a 
length of seamless steel tube, GH, into one end of which is screwed and welded a 
steel plug, machined so it may be clamped in a parallel-jaw vise. A large hexagonal 
nut, F ,  is screwed on the head against a metallic gasket to insure tightness.* 

The interior of the autoclave is divided into two compartments by means of the 
removable vessel, ZJKM, which is made in the following manner. A thin steel tube, 
1 mm. or 1/32 inch in  thickness and fitting snugly into the autoclave, is cut parallel 
to  the axis so that  a cross section has the appearance of L in Figure 1. A steel plate, 
J M ,  is welded t o  the edges of the cut cylinder, and a bottom is welded on a t  M ,  so as 
to give a container, open a t  one end, with a volume of 250 cc. Two small elliptical 
springs, R, holds the vessel in place in the autoclave. A heavy steel strap is welded 
on a t  I to  aid in the removal of the inner compartment. The autoclave head is 

Fig. 1 

constructed in the manner shown, so that the whole apparatus can be rocked in a 
constant temperature bath with tube C vertical. The contents therefore will not 
come in contact with the valve. 

Expt. Id.-(See Table 11.) Twenty grams (155 millimoles) of quinoline was 
placed in the autoclave proper, together with 20 g. (198 millimoles) of dried c. P. 
potassium nitrate. The inner compartment contained 18.4 g. (470 millimoles) of 

* Aluminum is the most satisfactory material, but cannot be used if the autoclave 
contents contain salts of mercury. Tin is recommended for use wherever possible, 
because of ease of removal of the head, but i t  cannot be used with sodium amide or 
dilute potassium amide solutions because of attack [J. Phys. Chem., 30,1517 (1926)l. 
Strong potassium amide passivifies the tin, and barium amide is without chemical 
action. Copper gaskets are 
satisfactory, but make i t  difficult to  remove the head. 

Lead gaskets are dissolved by the alkali amides. 
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potassium and 0.1 g. of ferric oxide to  serve as a catalyst for its conversion to amide. 
The head, F,  was screwed into place and tightened against the gasket, note being 
taken of the position of a mark on it with relation to  stamped numbers around the 
top of the body of the autoclave. The head was then removed and the inner com- 
partment adjusted so that the pouring lip, J, would be above the solution in the 
autoclave, and parallel with it, when the autoclave was horizontal and C projected 
vertically upward. 

Most of the air in the autoclave was displaced with ammonia gas before the tight- 
ening of the head, and the rest was removed by alternately filling with ammonia at 
the tank pressure of about 8 atmospheres, and venting the mixture of ammonia and 
air t o  the atmosphere. The autoclave was now weighed on a "solution type" bal- 
ance, and again after solvent had been distilled in (autoclave in a vertical position 
and cooled with ice). Generally, the formation of hydrogen in the reaction between 
potassium and ammonia seriously retards the introduction of further ammonia. 
The valve A must therefore occasionally be disconnected from the supply and the 
hydrogen vented. The conversion of potassium to potassium amide is complete 
when no more hydrogen is formed (gases released through valve are tested for in- 
flammability, or bubbled into water). The autoclave should contain from 150 to 
300 grams of ammonia (that is, about 250-500 cc. a t  room temperatures), the smaller 
quantity if it is to  be heated. 

The bomb was tipped to  a horizontal position, with C pointing vertically up- 
wards, to  mix the contents of the two compartments, after which it was rocked in an 
oil bath for 18 hours a t  50-70". When thoroughly cool, the solvent was evaporated, 
the head, F, was removed, and the contc:nts were hydrolyzed with benzene and alco- 
hol, the solid being disintegrated with a steel rod. Water was added and the first 
two solvents were evaporated. If oily drops were present, enough boiling water 
was added to  dissolve the major portion, the solution was filtered rapidly and cooled. 
The yield of 2-aminoquinoline, m. p. 127-128", was 11.90 g. (two crops, 82.6 milli- 
moles, 53.3%). Three grams of a solid was obtained by concentration of the last 
aqueous filtrate, m. p. under 100". It proved to  be a mixture that could not be 
resolved by crystallization. The presence of 4-aminoquinoline hydrate, m. p. 70°, 
was suspected. 

The  reaction of excess potassium amide with quinoline in the presence of other re- 
ducible compounds.-In an attempt to  find other salts which could replace potassium 
nitrate in the aminoquinoline synthesis, quinoline was treated with 3 moles of potas- 
sium amide and a little over one mole of a salt in liquid ammonia for about three 
weeks a t  room temperatures. No aminoquinoline or other definite product was 
isolated if the salt was potassium chlorate, potassium perchlorate, or potassium 
cyanate. Very small and probably in  most cases insignificant yields of 2-amino- 
quinoline were obtained with the following: dilsobutylene (3%, 8 day reaction) ; 
sodium azide (with 5 equivalents of potassium amide, 6% in 2.4 months, together 
with 1.7 cc. Hz and 1.5 cc. Nz); potassium iodate (18.2%, m. p. 118-24", or 9.9% m. p. 
127-9"; potassium iodide was formed, as well as a very explosive caked precipitate). 

The action o f  alkali amides on  quinoline in the presence of mercury.-Expts. 22-23.- 
Potassium and a catalyst (Fe or FezOa) was introduced into one leg of a two-legged 
reaction tube,*O the other leg, which is under the addition arm, being sealed in a 
current of ammonia. With both legs cool, the tube was placed in  an upright posi- 
tion, and the desired amounts of quinoline (purified synthetic) and mercury (dis- 
tilled in uacuo) were introduced through the addition arm, which was then sealed. 
The potassium amide, after formation, was decanted into the leg containing the 
quinoline and mercury, and the tube was shaken a t  irregular intervals for several 
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19 
20 
21 
22 
23 
24 

days a t  room temperatures. The amalgam was thoroughly washed with ammonia, 
the solvent was evaporated, and the legs were separated. The mercury was boiled 
with water for some time, cooled and titrated with acid to  determine potassium. 
The ammonia-soluble material was treated as in the experiments listed in Table 11. 
The results are tabulated in Table 111. 

The Action of Barium Amide on Quinoline 
Ezpt. M.-Quinoline (25 grams, 0.194 mole) and anhydrous barium thiocyanate 

(75 g. or 0.296 mole, dried for several weeks i n  Vacuo over concentrated sulfuric acid) 

I -  
28.0 I 
14.3 
34.2 ~ 

16.0'" 

15 i 
16.0 , 

TABLE 111 
SUMMARY OF EXPERIMEXTS 19-24 

11.36 
8.5 
8.4 
8 . 5  

POTARSIUM' 

MILLI- I MOLES 

7 
7 
4 
5 

MER- 
CURY, 

cc. 

2.0 
2.03 

1.5 
2.5 
1.5 

2 

I----I ~- 

Solid amalgam 
0.12 

10.20 
6.89 
6.24 
6.88 

YIELD OF 2-AMINO- 
QUINOLINE, 00 

Almost none 

15.7 
11.3 
5.5 

11 .o 

NOTES 

a In a straight reaction tubel", with a short side-arm near the top for the mercury. 
Gas was displaced from the large tube before the reaction in the usual manner, and 
from the short tube by swabbing externally with cotton dipped in liquid ammonia. 
Solvent condensed on the inner walls and on top of the mercury, displacing air and 
other gases on evaporation. Hydrogen (5.7 cc., N.T.P., 0.25 millimole) but no nitro- 
gen, was obtained a t  the completion of the experiment. 

b The amount of potassium is close to  the blank. 
c In a two-legged tube. The reaction took place in the absence of the iron wire 

catalyst. At the end of 7 days, the tube was cooled, the amalgam washed and re- 
moved by cutting off the end of the tube, and 16.1 millimoles of potassium nitrate 
was introduced, the tube being resealed. After four days a t  room temperatures the 
solvent was evaporated and the product crystallized from water. Yield of mixed 
aminoquinolines, 0.58 g., (4.0 millimoles) or 35% (m. p. 70-105'). Yield of pure 
2-aminoquinoline, m. p. 127.6-128.3", is 0.257 g. (15.7%). 

d Potassium amide and quinoline reacted 7 days, after which the tube was cooled 
to  -33", and mercury was introduced. After five days a t  room temperatures, the 
amalgam was washed, the solvent evaporated, and the contents treated as already 
described. 

were placed in  the autoclave of Figure 1, the removable vessel containing 16.3 g. 
potassium (0.418 atom) and 0.1 g. ferric oxide. The larger compartment also con- 
tained a number of steel balls, whose rolling motion (as the autoclave was rocked) 
aided in breaking up the solid reaction product. Ammonia (340 g.) was run directly 
into the bomb from a supply cylinder of the commercial liquid, the apparatus being 
tilted so that approximately the proper amount flowed into each compartment (since 
i t  is imperative that the smaller compartment not be flooded, it is safer to distil 
the ammonia in). 
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146 
124 

6.95 
5.00 
6.94 
2.91 
2.62 

TABLE IV 
THE ACTION OF THE ALKALI AMIDES ON ISOQUINOLINE IN THE PRESENCE OF SALTS 

OR MERCURY 

62.6 
64.0 
70.5 
63.9 
63.2 
24.1 
15.4 

NO. 

27 
28 
29 
30 
31 
32 
33 

34 
35 
36 
37 
38 
39 

 AMIDE^ 

KNHz 
KNHz 
KNH? 
KNH2 
NaNHl 
XaNH2 
XaNHa 

NaNH2 
XaNH2 
KaNH2 
KNHz 
KNHa 
KNHz 

a Th.e yields 
uncorr. 

MILLI- 
SOLES 

80 
04 
31.2 
24.0 
46.5 
35.6 
18.3 

30.0 
23.0 
33.0 
19.4 
15.0 
11.0: 

SOQUIN 
OLINE, 
MILLI- 
MOLES 
___ 

33 
94 
9.87 
7.83 

10.98 
12.07 
17.00 

10.53 
10.47 
10.97 
24.40 
8.50 

10.95 

ADDED 
SUBST. 

MILLI- 
MOLES 

__ 

148 
308 
11.5 
24.3 
16.8 
20.1 
20.1 

cc. 

2.5 
2.0 
2.0 
2.5 
2.5 
2.5 

P 1-aminoisoquinoline report 

DAYS I MOLESO j I 
1.1 
1 

26 
0.9 

49 
21 
3 

31 
10 
21 
13 

10 
0.04 

1.15 10.9 
5.12 I 49.0 
0.90 8.2 

Very small amt.? 
Not detd. 
Trace? 

b 
b 

m 
d 
i 

C 

j 

e 
f 
h 
k 
n 
0 

I melted in the range 120-121.5", 

* In the steel autoclave of Figure 1. The isoquinoline and potassium nitrate were 
in the au;toclave proper, the potassium and iron oxide catalyst in the small compart- 
ment. After evaporation of solvent benzene was added to  the contents, which were 
hydrolyzed with the minimum quantity of water. The hydrolysate was extracted 
several times with boiling benzene, and the extracts were concentrated t o  get amino- 
isoquinoline. (Cf. experiment 12.) 

c In a straight reaction tube.10 Potassium metal and ferric oxide (0.02 9.) were 
sealed in the tube, and ammonia was distilled in until prevented by the pressure of 
the generated hydrogen, which was then vented (see experiment lo), the process 
being repeated as necessary. With the desired amount of solvent in the tube, the 
latter was cooled in a liquid ammonia bath, and the small tube at the top was broken 
open so that the isoquinoline and potassium nitrate could be introduced. (A current 
of ammonia passed out of the open end to  prevent access of air.) After sealing, with 
the usual precautions (cf. ref. la), and warming to  room temperatures, the solution 
was found to  be an opaque brown or reddish brown, and not green, as when potassium 
nitrate is omitted. The reaction time was far longer than necessary; 104.7 cc. 
(4.67 millimoles) of hydrogen (N.T.P.),  and 8.8 cc. nitrogen (N.T.P.) were obtained, 
the latter probably being formed by decomposition of potassium nitrate in the pres- 
ence of ferric oxide. The yield of hydrogen (47.3 per cent.) was distinctly inferior 
to that obtained in comparable experiments where no nitrate was used (about 70 
per cent.). 

d Ferric oxide (0.02-0.12 g.) used as a catalyst for the conversion of the alkali metal 
t o  amide, unless otherwise mentioned. The smaller amount was sufficient to  con- 
vert potassium t o  potassium amide. The reactions were carried out in two-legged 
tubes, unless otherwise mentioned. 
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TABLE IV-Concluded 

e In a straight tube, note c; 6.4 cc. (0.28 millimole) of hydrogen formed. 
f In  a two-legged reaction tube (cf. experiments 22-3). The product melted at 

117.7-120.8", uncorr. The mercury contained 2.92 milliatoms of sodium, or 0.279 
atoms per mole of quinoline. The mercury was washed with ammonia a t  the end of 
the reaction to  remove as much soluble material as possible. Since i t  was too tedious 
to  wash all of the sodium amide over, solvent was evaporated from the tube, and 
the latter was inverted t o  allow the dilute amalgam to run out through the open 
stopcock. Sodium amide remained in the reaction tube, together with a small 
amount of mercury. The latter was removed (in experiment 36) by washing out 
with pure mercury in the following manner. The reaction tube was evacuated with 
a water pump, the end of the stopcock capillary was dipped into mercury, and the 
stopcock was opened to  draw some inside; finally air was allowed to  enter to  estab- 
lish atmospheric pressure within. After shaking, with the stopcock closed, the 
latter was opened, and the tube was again inverted, whereupon the mercury ran 
out and was caught in an Erlenmeyer flask. The high yield of aminoisoquinoline 
reported was not duplicated. Thus, with the same relative amounts of materials, 
a 21.2 per cent. of aminoisoquinoline, m. p. 115-120", was obtained. The mercury 
contained 0.338 atom of sodium per mole of isoquinoline used. 

9 The mercury used was prepared for electrode potential measurements and was 
of high purity (electrolyzed, and distilled in vacuo). 

,+ In  a two-legged tube (see experiments 22-23); 2.34 milliatoms of sodium in the 
mercury, or 0.214 atom per mole of isoquinoline. 

i In  a straight tube. Yield of crude product, m. p. 115-8", is 4.68 millimoles or 
39 per cent. 

j An iron wire catalyst was used for the conversion of sodium to sodium amide. 
The concentration of isoquinoline was somewhat higher than in related experiments. 

k In  a two-legged tube (see experiments 22-23); 0.950 milliatoms of potassium 
found in the mercury. 

m It was thought that the potassium iodide might slow down the reaction because 
of the effect of potassium ion on the dissociation of potassium amide. The reaction 
appeared to  be almost as rapid as when no potassium iodide was used. Yield of 
hydrogen 83.8 per cent. of the theoretical 

n Cf. Reference lb ,  p. 40. Hydrogen, 7.19 millimoles, or 85 per cent. of the theory. 
Milliatoms of potassium in the mercury, 0.15 (probably of no significance). 

0 In  a two-legged tube; 11 cc. of hydrogen, N.T.P. (0.49 millimoles) was collected 
during the first day of the reaction; 1.180 milliatoms of potassium was found in the 
mercury, i.e. 0.108 atom per mole of isoquinoline used. 

Cf. note f. 

The chief reaction product was thick liquid tar .  

The bottom of the autoclave was heated for a while with a small flame to  cause the 
liquid inside to  boil and dissolve the barium thiocyanate. The contents of the 
compartments were mixed by tipping the autoclave to  a horizontal position, after 
which i t  was rocked for about two days a t  room temperatures, though the reaction 
was apparently complete in a shorter time (no evolution of hydrogen). After evapo- 
ration of ammonia, water was cautiously added to  the contents of the autoclave 
while stirring was effected with a metal rod. After addition of benzene (about 
150 cc.), the bomb was heated, and the hot upper layer was decanted through a filter. 
The extraction with benzene was repeated twice. Concentration of the extracts 
gave several crops of slightly brownish crystals, m. p. 127-129" (22.5 g . ,  0.156 mole, 
or 80.4% of the theoretical). No 4-aminoquinoline was isolated. 



ACTION OF AMIDES ON QUINOLINE AND ISOQUINOLINE 429 

Ezpl .  f?b.-Potassium amide from 12.6 g. of potassium was added to  20.5 g. quin- 
oline and 63 g. dry barium nitrate in liquid ammonia, according to  the method of 
the previous experiment, the mixture being rocked for 32 hours a t  60-70", and allowed 
to  stand for one day a t  room temperatures. The product was hydrolyzed directly 
with water, an excess of hydrochloric acid was added, and the precipitated hydro- 
chloride was separated by filtration. This was treated with an excess of ammonia 
water, filtered, and crystallized from benzene. The yield of 2-aminoquinoline was 
15.8 g. or 69%. An oxygen-containing by-product, 1.92 g., m. p. 197-198.5" uncorr., 
was isolated from the aqueous filtrate of the last crop of 2-aminoquinoline, and 
was crystallized from pyridine. Further discussion is reserved for a future paper. 

The reaction of other bases with isoquino1ine.-The failure of quinoline to  react 
with bases other than the alkali and alkaline earth amides to  give definite products 
has been recorded.1a In the present work, the behavior of isoquinoline has been 
found to  be the same. The following compounds, in threefold excess, reacted with 
isoquinoline in liquid ammonia a t  room temperatures for the periods indicated (in 
days) : potassium anilide (33) (no nitrogen or hydrogen formed); potassium anilide 
and potassium nitrate (7) ; barium anilide (27) ; potassium quinaldine (78); barium 
quinaJdine (1); potassium quinaldine and potassium nitrate (46) ; potassium tri- 
phenylmethyl (124) ; potassium diphenylmethyl (8) ; and potassium indole (17). 
The very small quantities of 1-aminoisoquinoline obtained in some of these experi- 
ments probably were due to small amounts of potassium amide or barium amide 
formed in the partial ammonolysis of the salts. Otherwise, no definite substances 
were isolated. 

Lithium diethylamide, (C2H&N.Li, reacts readily with isoquinoline in ether, 
apparently with the formation of tar  alone.15 

SUMM ARY 

(1) It has been shown that quinoline forms addition compounds with 
the alkali amides in liquid ammonia, although it has proven impossible 
to isolate them in a pure condition since they slowly decompose in solu- 
tion, as well as in the solid state, into substances of an indefinite nature. 
There is some evidence that the addition compound first formed slowly 
chaages into other ones, presumably 

CHNH2 
/ \  c6H/cH=r \ and CsH4 \ CH II 

\ /"" 
NK-CHNH2 

N 
K 

although the experimental results may be interpreted otherwise. 
(2) An excess of potassium amide converts quinoline to a mixture of 2- 

and 4-aminoquinolines (with the former predominating) in the presence 
of potassium nitrate, which is reduced to potassium nitrite. The addition 

16 GLENE: WRITE, Thesis, Stanford University, 1936. 
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compound of potassium amide and quinoline may be formed and kept for 
several days, then treated with potassium nitrate, with sensibly the same 
results as above (an excess of potassium amide should be used). 

(3) The action of the alkali amides on quinoline and isoquinoline in 
liquid ammonia is explained by the following reactions (the .CH=N. 
group alone will be written; NHz- will replace KNHz and NaNH2): 

(a )  -CH=N. + NH2- = .CH(NH2)N.- 
(b)  *CH(NHz)N.- + "2- *CH(NH-)N*- + "3. 

(c) .CH(NH-)N.- = .C(NH-)=N. [e .C(=NH)N.-] + (H + e-) 

The third step takes place in the presence of a substance that can react 
with (H + e-), or, what amounts almost to the same thing, with H-. 
There is some evidence that the electron can be removed first, followed 
by the hydrogen, although it is by no means certain that this occurs in 
the reaction as usually carried out. 

Solvent ammonia alone is sufficient to remove H- when an excess of the 
soluble potassium amide reacts with isoquinoline, since H- + NH, = 
Hz + NHz-. The sparingly soluble sodium amide and isoquinoline react 
at an extremely slow rate unless sodium nitrate is present, the latter 
being reduced to nitrite. Potassium amide (in excess) reacts with quin- 
oline to  form 2- and 4-aminoquinoline in the presence of potassium nitrate, 
but not in pure ammonia. Therefore the ease of removal of H- in step 
(c) above is greater with isoquinoline than with quinoline. 

The mechanisms proposed constitute an extension of those of Ziegler 
and Zeiser, Kirssanov and Ivastechenko, and Kabachnik. 

Unsuccessful attempts were made to replace nitrates in the above reac- 
tions with other salts. 

(4) An excess of potassium amide reacts with quinoline in the presence 
of mercury to form a dilute potassium amalgam, together with a small 
quantity of 2-aminoquinoline. With continuous mechanical shaking, 
the yields of both are increased. The overall reaction is possibly the 
following: 

*CH=N. + 3NH2- -+ XHg = Hgz-- + 2NH3 + *C(NH-)=N. 

(5)  Sodium amide reacts slowly with isoquinoline and mercury to form 
a dilute sodium amalgam and 1-aminoisoquinoline in poor yield. 

(6) A rocking steel autoclave for carrying out reactions in liquid am- 
monia on a scale larger than is possible in glass has been described. 

(7) Only 2-aminoquinoline could be isolated as a product of the reaction 
of barium amide with quinoline. 

(8) No base other than "2- (in the presence or absence of NOC) 
has been found to react with isoquinoline in liquid ammonia to give prod- 
ucts of the type of 1-aminoisoquinoline. 
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Several authors1 have noticed the catalytic effects due to amino acids, 
and have tried to correlate this catalysis with enzyme action. Before, 
however, the effects of amino acids can reasonably be considered, it is 
necessary to know the mechanism of the catalysis, and whether the re- 
sults are really extraordinary. 

I t  is a logical deduction from the work of Br@nsted2 and of Lowry3 
that amino acids will accelerate those reactions subject to general acid 
or general base catalysis. Thus it could be predicted that the dipolar 
ion, glycine (H3N+CH2COO-) would be a catalyst for the mutarotation 
of glucose, and that the rate constant would be of the same order of 
magnitude as the constant for glycolate ions4 

This investigation provides at once a properly controlled study of amino 
acid catalysis and an inquiry into the limits of validity of Breinsted's 
generalization. The catalytic effect on the mutarotation of glucose of a 
number of amino acids is recorded. An attempt has been made to in- 
clude all the possible types: bases with net positive charge, with net 
negative charge, and with no net charge, bases with primary, secondary, 
tertiary, and quaternary nitrogen, etc. The rate constants are compared 
with the base strength of the catalyst, following Breinsted's method. The 
base strength of dimethylglycine, for which no reliable value was avail- 
able, was measured electrometrically. Finally, the possible significance 
of the catalysis is discussed. 

EXPERIMENTAL 

The mutarotation of glucose was measured polarimetrically, in 200 mm. tubes, 
jacketed a t  18.00" i 0.05". The light from a Pyrex mercury arc was filtered through 

* Preliminary research was done in the Chemical Laboratories of Columbia 
University. 

1 DAKIN, J .  Biol. Chem., 7, 49 (1909); HAEHN, Z. angew. Chem., 39, 1148 (1926); 
BLANCHARD, KLEIN, AND MACDONALD, J .  Am. Chem. Soc., 63, 2809 (1931); FISCHER 

(1934); LANGENBECK, Ber., 69, 248 (1936). 
~ ~ R ~ N s T E D ,  Chem. Rev., 6, 231 (1928). 

3 LOWRY, J .  Chem. Soc., 127, 2883 (1925). 
4 I J R ~ ~ N S T E D  AND GUGGENHEIM, J .  Am. Chem. Soc., 49, 2554 (1927). 
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AKD MSRSHALL,  Bey., 64B, 2825 (1931); H E R B S T  AND ENGEL, J .  BiOl. Chem., 107, 505 
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neodymium glass and a nickelous nitrate solution to  obtain the 4916 line.6 The 
polarimeter was loaned to  the author by the Sprague Institute, through the courtesy 
of Dr. Marburg. 

The electrometric titrations were carried out in an air thermostat a t  18.1” f 0.1”. 
One hundred cubic centimeters of approximately 0.01 M dimethylglycinium chloride 
was titrated with standard sodium hydroxide introduced through a microburet. The 
solution was stirred a t  all times. Electrolytic hydrogen, freed from oxygen with 
alkaline pyrogallol, was buhbled over a lightly platinized platinum electrode. The 
E.M.F. between this half-cell and a saturated calomel cell was measured through an 
agar-potassium chloride bridge with a Leeds and I’orthrup Student-Type Potenti- 
ometer. The pH of 0.05 M potassium acid phthalate, measured with this apparatus, 
was correct within 0.01 pH unit.6 

Materials.-Glucose was prepared according to Hudson and Dale,? and the rate of 
mutarotation in acidified water a t  pH 5 was the same as that reported by those 
authors and by Bronsted and Guggenheim. 

Pure picoline was prepared from redistilled Eastman product, after conversion t o  
the mercuric chloride complex of m.p. 154O.8 Vacuum-distilled quinoline froze a t  
- 15”. Ammonium chloride was recrystallized from water, methylammonium 
chloride from absolute alcohol. 

Since the melting points of the amino acids depend markedly on the way in which 
the measurement is made, the method of preparation of the compounds used is given 
below. 

Eastman’s glycine and alanine were twice recrystallized from water-alcohol. 
Eastman’s sarcosine was recrystallized several times from methanol. Dimethyl- 
glycinium chloride and dimethylglycine were prepared essentially according to  
Clarke,lo but the hydrochloride was recrystallized from acetic acid, not water, and 
the free amino acid was recrystallized from isopropyl alcohol. Eastman’s betaine 
hydrochloride was washed with hot absolute alcohol, recrystallized from dilute alco- 
hol.11 From the hydrochloride, betaine was prepared in the usual manner, and 
recrystallized from isopropyl alcohol. 

p-Benz betaine was prepared according to Willstatter,12 pyridyl betaine according 
to  Gerichten13 and phenyl betaine according to Reitzenstein.14 

0-Alanine, prepared according to  Organic Xynthese~,’~ was recrystallized from 
methanol-ether. Glutamic acid, prepared from “Ajinomoto” by the method of 
Organic Synthesesl8 was recrystallized from water. Glycylglycine was prepared 

WOOD, “Physical Optics”, The Macmillan Company, New York City, 1914, p. 15. 
CLARK, “Determination of Hydrogen Ions”, 3rd Edition, The Williams and 

Wilkins Company, Baltimore, Maryland, 1928, p. 485. 
7 HUDSON AND DALE, J. Am. Chem. Soc., 39,320 (1917). 

7, 

8 LADENBERG, Ann., 247, 1 (1888). 
9 Beilstein’s “Handbuch”, 4th Edition, Springer, Berlin, 1936, Vol. 20, p. 341. 
1 0  CLARKE, GILLESPIE, ANI) WEISSHAUS, J .  Am. Chem. Xoc., 66, 4571 (1933). 
11 STOLTZENBERG, Ber., 46, 2248 (1912). 
12 WILLSTATTER AND KAHN. Ber., 37,401 (1904); MICHAEL AND WING, Am. Chem. J . ,  
195 (1885). 
13 GERICHTEN, Ber., 16, 1251 (1882). 
14 REITZENSTENN, Ann., 326, 326 (1903). 
15 Organic Syntheses, John Wiley & Son, Kew York City, 1936, Vol. 16, p. 1. 
16Reference 15, Coll. Vol. I, p. 281. 
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according to  Fischer.17 Proline, aspartic acid, arginine monohydrochloride and 
lysine hydrochloride were obtained from Pfanstiehl Chemical Company; all were 
recrystallized before use. Histidine, from Hoffmann-LaRoche, was generously con- 
tributed by Dr. A. H. Corwin of Johns Hopkins University. Hippuric acid melted 
a t  188". 

RESULTS 

In order to correlate the results of this research with the work of Brgn- 
sted and GuggenheimP some of the principles of general acid and base 
catalysis must be recalled. Brgnsted and his co-workersl* have shown 
that the catalytic constant of a base is related to the dissociation constant 
of that base by the relation kB= GK; where k~ is the catayltic constant of 
any particular base, KB the corresponding dissociation constant, and G 
and x are constants for the series of bases under consideration. 

The values of G and of x, however, may vary according to the charge 
type of the catalyst. In the case of nitramide catalysis, G varies from 
2 to 780, x: from 0.87 to 0.75 as the charge on the catalyst is changed 
from -2 to +2.19 Not only may the values of G and x vary, but the rela- 
tions between the members of the same charge type are not strictly 
accurate. PflugerZ0 studied the effects of N-disubstituted anilines in the 
catalysis of the decomposition of nitramide in mcresol He 
found that variation in the catalyst molecule on or near the nitrogen 
affected the rate, and that deviations of several tenths of a logarithmic 
unit from Brgnsted's equation occurred. 

It was necessary, then, to measure the catalytic effects of a series of 
uncharged molecules and compare these rate constants with those of the 
amino acids. Since such primary amines as aniline cause side reactions 
to  take place,4 tertiary amines and betafnes were chosen. 

The rate of base catalysis was measured at pH values between 4 and 6, 
except in the case of histidine when the pH approached 6.5. In this en- 
tire region, the catalytic effect of hydrogen and hydroxyl ions is small 
compared with the catalytic effect of water and of the catalyst employed. 
To the uncharged amino acids was added enough hydrochloric acid to 
convert approximately one-hundredth of the compound into the con- 
jugate acid, thus maintaining the pH within the appropriate region. The 
hydrolysis of the hydrochlorides of arginine and of lysine automatically 
maintained the correct acidity. That the catalysis of the amino acids is 

I7 FISCHER, Ber. ,  34,2870 (1901). 
18 BR$NSTED AND PEDERSON, 2. phys ik  Chem., 108, 185 (1924); BR~NSTED AND 

l9 PEDERSON, J. Phys. Chem., 38, 581 (1934). 
2 0  PFLUGER, Private communication. 

Duos, zbid., 117, 299 (1925); BR~NSTED ANI) VOLQUARTZ, ibid., 166, 211 (1931). 

21 BR@NSTED, DELBANCO, AND TOVBOR(;I-crENSEN, 2. physik. Chem., 169,361 (1934); 
BR~NSTED,  NICHOLSON, AND DELBANCO, ibid., 169,379 (1934). 
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TABLE I 
BASE CATALYSIS OF THE MUTAROTATION OF GLUCOSE 

COMPOUND 

Picoline 

Quinoline 

Betahe  

p-Benzbetalne 

Glycine 

Alanine 

Sarcosine 

Dimethylglycine 

@-Alanine 

ONCENTRATIOh 

- 

0.0448 
.0505 
,0640 

0.0238 
.0335 
,0509 

0.250 
.310 
,374 
.429 

0.168 
.197 
.228 

0.184 
.265 
,348 
.441 
,555 
.770 
.995 

0.228 
.333 
,412 
,514 

0.312 
,380 
,380 
,456 
,541 

0.275 
,336 
,421 
,546 

0.138 
,186 
.292 

'ONCENTRATIO 
OF T H E  CONJE 

QATE ACID 

0.085 
.080 
,097 

0.0238 
,0335 
,0204 

0.003 
.003 
.004 
,004 

0.002 
.002 
,002 

0.002 
,003 
,003 
,004 
,006 
,008 
,010 

0.002 
,003 
,004 
,005 

0.003 
,004 
,004 
,005 
,005 

0.003 
,003 
,004 
. C05 

0.001 
,002 
.003 

k x IO', 
OBSERVED 

7.45 
8.15 
8.58 

5.82 
6.39 
6.94 

5.93 
6.19 
6.20 
6.55 

6.21 
6.54 
6.66 

6.31 
6.75 
7.31 
8.25 
8.94 

10.88 
12.40 

6.95 
7.44 
7.84 
8.87 

6.84 
7.41 
7.55 
7.71 
8.07 

6.14 
6.35 
6.96 
7.04 

7.38 
8.20 
9.95 

k X 103, 
CALCULlTED 

7.63 
7.93 
8.62 

6.01 
6.31 
6.83 

5.98 
6.14 
6.31 
6.48 

6.31 
6.48 
6.67 

6.47 
6.97 
7.51 
8.10 
8.83 

10.20 
11.62 

6.75 
7.42 
7.92 
8.56 

7.02 
7.39 
7.39 
7.81 
8.28 

6.26 
6.48 
6.78 
7.21 

7.46 
8.22 
9.89 

kB x 103 

52. 

30. 

2.70 

6.00 

6.35 

6.35 

5.50 

3.50 

15.7 
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'COMPOUND 

__ 
Glycylglycine 

TABLE I-Concluded 
CONCENTRATION 

GATE ACID 
CONCENTRATION OF T H E  CONJU- 

~- 
0.120 0.001 

.I65 ,002 
,228 .002 

k X lo*, 
CALCUGATED 

6.60 
7.08 
7.76 

Proline 

kg loa 

10.8 

0.230 
.320 

0.002 
.003 

Histidine 

6.02 
6.20 

5.68 
5.88 
6.12 

6.45 
7.03 
7.81 
8.18 

6.57 
7.09 
8.09 
8.74 

7.08 
7.71 
8.49 

3.13 

5.00 

206. 

23.5 

24.8 

Asparagine 

k X 108, 
OBSERVED 

0 I 076 0.001 
,116 ,001 
.163 .002 

6.79 
7.11 
7.72 

0.0056 
.0084 
,0122 
,0140 

6.04 
6.23 

0.0001 
. 000 1 
.0001 
. O O O l  

5.60 
5.95 
6.09 

Glutamate ion 

Aspartate ion 

Arginine.HC1 

Lysine .HC1 

Hippurate ion 

Pyridyl betaine 

Phenyl betai'ne 

6.47 
6.87 
8.15 
8.20 

0.0380 0.0190 
.0600 .0190 
.lo22 .0190 
.I290 .0190 

0.0690 0.0095 
.I072 ,0095 
.I255 .0096 

0.068 0.001 
.095 ,001 
.137 .001 

0.120 0.001 
.179 .002 
.236 .002 

0.0508 0.0095 
.OS28 ,0095 
.I271 ,0095 

0.393 0.004 

0.22 0.002 1 

6.52 
7.09 
8.11 
8.64 

5.67 
5.82 
6.05 

6.03 
6.39 
6.74 

5.97 
6.23 
6.83 

I 

6.92 
7.78 
8.55 

5.45 

6.10 

11.1 

1.1 

5.66 
5.89 
5.99 

6.13 
6.41 
6.71 

5.96 
6.41 
6.74 

5.74 

1 5.54 

I 1 

not due primarily to the substituted ammonium ion is shown by the 
negligible effects of ammonium and methyl ammonium chlorides. The 
constant for water was determined as 5.17, 5.35, and 5.40 X lo+. Br6n- 
sted's value (5.30 X lo-*) was chosen. 

THE JOURNAL OB ORGANIC CHEMISTRY, VOL. 2. N O .  5 
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In Figure 1 the observed rate constants for a few compounds are plotted 
against the molarity of the catalyst; the slope is kg. The numbering is 
that used in Table IV. The data, calculated with common rather than 
natural logarithms, are given in Table I. 

It is to be noted that there is little evidence of curvature in the lines 
of Figure 1, even with those points representing solutions as concen- 
trated as 0.5 molar. In the most concentrated glycine solutions, the cur- 
vature is in the direction opposite to that usually observed. 

The constants are in min.-' 

II 

10 

9 

k 
a 

1 

6 

8 

I I I I I I 

0. I 0.2 0.3 0.4 0.5 0.6 

MOLARITY O F  C A T A L Y ~ T  
FIGURE 1.-Rate constants plotted against molality of catalyst. The data  are 

those of Table I. 

In Table I1 are recorded the results of an investigation of acid catalysis 
by amino acids. The pH of the solution was measured by a quinhydrone 
electrode, and hydrogen-ion catalysis was not neglected in computing the 
calculated values of k. 

The observed constants were, in all cases here recorded, without drift; 
the average deviation was between 0.6 and 2 per cent, When aniline, 
p-aminobenzoate ion, and sulfanilate ion were tried, there were large 
drifts, and the final readings were far from those expected from the con- 
centration of glucose used. To show that such was not the case with the 
amino acids, even when present in concentrated solution, the velocity 
constant determination for 7 per cent (0.995 M) glyoine is presented in 
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D 

0.047 
.094 
.146 
.209 
.278 
.338 
.394 
.465 
.549 
.638 
.760 
,954 

Table 111. 
devia,tion, this run is typical. 

0.02, at  18". 

In its freedom from drift, and in the size of the average 

The electrometric titration of glycine gave a value for the pK of 2.25 & 
Since Harned's value at 25' is 2.25, and the temperature 

k X 101 DEV. 

10.68 -0.20 
11.09 $0.21 
10.92 +0.04 
10.73 -0.15 
10.91 $0.03 
10.90 +0.02 
10.72 -0.16 
10.75 -0.13 
10.99 +0.11 
11.08 $0.20 
10.79 - .09 
10.97 + .09 

- 

TABLE I1 
ACID CATALYSIS OF THE MUTAROTATION O F  GLUCOSE 

Average 10.88 

COMPOUND 

0.11 
or 1.0% 

Glycinium ion 

Glutamic Acid 

___- 
TIME 

0 
4.40 
8.48 

13.37 
19.45 
25.50 
31.00 
36.67 
43.17 
49.90 
57.50 
70.52 
86.53 

m 

-- 

ONCENTRATIO) 

0.000 
. 000 
.0572 
.164 
.236 

0.0333 
,0472 

0.517 
.504 
.515 
.521 
.504 

0.1085 
.0880 

k X 10s. 
OBBERVED 

8.60 
8.76 
9.25 

10.35 
11.64 

8.51 
8.27 

k X 108, 
CALCVLATED 

8.57 
8.57 
9.25 

10.61 
11.56 

8.53 
8.32 

TABLE I11 
A TYPICAL VELOCITY DETERMINATION 

ROTATION 

16.21 
15.42 
14.68 
13.96 
13.18 
12.46 
11.91 
11.47 
10.98 
10.50 
10.08 
9.61 
9.11 
8.24 

Rt - R m  

7.97 
7.18 
6.44 
5.72 
4.94 
4.22 
3.67 
3.23 
2.74 
2.26 
1.84 
1.39 
0.89 

-- 
'8 (Rt  - R a l  

0.902 
.856 
,809 
,757 
,694 
.625 
.565 
. rj09 
.438 
,354 
.265 
.143 

1 . !I49 

-__ 

-__ 

kn X 101 

11.0 

19.5 

coefficient of dissociation constants measured near 25' is in general low, 
the apparatus and method were judged satisfactory. 

Three titrations of dimethylglycinium chloride gave a pK for this acid 
of 1.85 f 0.05. The titration carried out at  a concentration of 0.01818 
gave the value 1.85 =k 0.02, that at  0.01357 a value of 1.87 f 0.06, and 
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that at 0.00901 a value of 1.83 f 0.06. The acid is so strong that, in 
the most dilute solution, some drift in the values of K could be expected. 

DISCUSSION O F  RESULTS 

It is quite obvious from the data here given that amino acids are good 
catalysts for the mutarotation of glucose. Histidine, a t  pH 6, is a better 
catalyst than the same concentration of a strong acid. The logarithms 
of the catalytic rate constants of these compounds are plotted against 
the logarithm of the dissociation constant of the conjugate acid. In 
order that the comparison be made upon a fair basis, statistical factors 

TABLE IV 
COMPARISON OF RATE WITH DISBOCIATION CONSTANTS 

COMPOUND 

Betalne.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Proline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dimethylglycine. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Arginine. HCl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glycine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alanine, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glycylglycine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hippurate ion . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glutamate ion 
Quinoline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a-Picoline . . . . . .  
Histidine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Uncorr. 

0.43 
.50 
.54 
.74 
.74 
.78 
.79 
.80 
.80 

1.03 
1.05 
1.20 
1.37 
1.39 
1.48 
1.72 
2.31 

con. 

0.23 
.30 
.34 
.54 
.54 
.58 
.59 
.60 
.60 
.83 
.85 

1.00 
0.99 
1.03 
1.48 
1.72 
2.31 

K. OF CON- 
JUQATE 
ACID 

1.82 
1.88 
1.85 
1.92 
2.13 
3.41 
2.08 
2.25 
2.42 
2.88 
3.80 
3.49 
3.82 
4.22 
4.85 
6.38 
6.21 

must be taken into c o n s i d e r a t i ~ n . ~ ~ ~ ~  For unsymmetrical bases such as 
aspartate and glutamate ions, the usual statistical correction does not 
hold. A derivation similar to Pedersen’s shows that the correction, to be 

subtracted from log kB is log ~ “ 4- , where “a” is the true ratio between 

the dissociation constants of the two possible conjugate acids of the un- 
symmetrical base, and “z” the exponent in the BrZnsted equation (about 
0.34 in this case). A crude first approximation of the factor, “a” was 
obtained by comparing the ratio of the two dissociation constants of 
aspartic acid with those of succinic acid, and making a similar comparison 

(a + 1)” 
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with glutamic and glutaric acids. This method is not free from objection, 
and the values of 3 and 9 obtained for "a" may be in error. But since 
the logarithmic corrections must lie between zero and 0.2, the values em- 
ployed, of 0.18 and 0.16 cannot be far from correct. In addition, there is 
a stat,istical correction of - 0.20 logarithmic units for all carboxylate ion 
bases. 

The results are given in Table IV with and without statistical correc- 
tion. The dissociation constants are taken from Landholt-Bornstein,z2 
The data of Table IV, with statistical correction, are plotted in Figure 2." 

FIGURE 2.-Logarithm of the basic catalysis constant plotted against pK of the 
conjugate acid. The data are those of Table IV. Solid circles are for nitrogen bases, 
vertical half-circles for negatively charged bases, horizontal half-circles for posi- 
tively charged bases, open circles for dipolar ions. 

Included in the plot are the points for acetate ion (18) and pyridine (19) 
taken from the work of Brgnsted and Guggenheim. Otherwise the 
numbering corresponds with Table IV. 

Excluding the nitrogen bases, it is apparent that, although the points 

22 Lanholdt-Bornstein Tabellen, Springer, Berlin, 5th Edition. 3rd Ergenzungs- 
band, 3rd Part, p. 2102 (1936); 2nd Erganzungsband, 2nd part, p. 1079 (1931). 

* The straight line corresponds to the equation kg = 0.28 KP'. I t  parallels that 
of Bronsted and Guggenheim, but differs from it due to the application here of sta- 
tistical corrections. 
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do not lie precisely upon the line, there are no large deviations. For 
the mutarotation of glucose, then, there is little or no distinction between 
bases with a net negative charge, such as acetate ion, bases with a net 
negative charge but also containing a dipolar ion, such as aspartate ion, 
bases with no net charge, such as glycine, and bases with a net positive 
charge, such as lysine monohydrochloride. The deviations, about 0.2 
logarithmic unit, are as great within any one group as among the different 
charge types. It is at  once apparent, however, that this applies only to  
those bases which accept a proton in the transformation of a carboxylate 
ion into a carboxylic acid. It does not hold for nitrogen bases, nor the 
cobaltamines studied by Brgnsted and Guggenheim. Furthermore, the 
agreement among the nitrogen bases, as a group, seems very poor. 

A new line, with greater slope, might serve for all bases regardless of 
type, but then the deviations would be as great as 0.4 logarithmic units. 
Apparently the quantitative relationship put forward by Brgnsted is 
valid only when the structure of the compounds used as catalysts is not 
markedly varied. 

Finally, it may be noted that it is impossible to ascribe the irregularities 
of the results to  catalysis by the undissociated, as contrasted with the 
dipolar ion form of the amino acids, for EdsalP has estimated the ratio of 
these forms for several amino acids, and has come to  the conclusion that 
less than 0.01 per cent. of the amino acids is in the unionized condition. 
It is true that the undissociated form is a stronger base by a factor of 
about lo5. However, in the case of the mutarotation of glucose the rate 
varies, approximately, as the cube root of the base strength of the catalyst 
(kB = 0.28 Kt34). The contribution to the rate, then, of the undis- 
sociated form is well within the experimental error. 

Langenbeck1eZ4 has been searching for catalysts for ester hydrolysis and 
for other reactions, which would operate in neutral solution. In  other 
words, he has been attempting model research in the enzyme field. Simi- 
larly, it was hoped that dipolar ions, which are a t  once acids and bases, 
would prove especially effective catalysts for the mutarotation of glucose. 
The present work shows that the catalysis by the various amino acids is 
approximately that which could be anticipated due to the groups involved. 
While it is not doubted that the acid and base groups play some r61e in 
enzyme reactions, it must certainly be in a different manner from that of 
the simple chemical analogues. 

23 EDSALL, J .  Am.  Chem. Soc., 66,2337 (1933). 
24 LANGENBECK AND CO-WORKERS, Ber., 67, 387, 1204 (1934); A m . ,  486, 53 (1931); 

499,201 (1932); 2. physik. Chem., 227,263 (1934); cj. OLIVIER, Rec. trav. chim., 64,322, 
599 (1935). 
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SUMMARY 

(1) The catalytic constants for the mutarotation of glucose have been 
measured for many amino acids, a few betaines and tertiary amines. 

(2) The pK of dimethylglycinium ion, determined electrometrically, 
is 1.85. 

(3) All carboxylate ion bases, regardless of charge type, conform to the 
Brgnsted equation, with deviations amounting to about 0.2 logarithmic 
units. Nitrogen bases must be classed separately. 

(4) The implications of the amino acid catalysis are discussed. 
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The announcement in 1927 by Frank and his co-workers' of the synthesis 
of synthalin (1,lO-diguanidodecane) with its hypoglycemic properties 
held out considerable possibility for its use as a therapeutic agent in the 
treatment of diabetes. However, its toxic effects soon destroyed the hope 
which followed its discovery, and even the subsequent report by Frank2 
of the preparation of synthalin B or neosynthalin (1,12-diguanidodo- 
decane), which was less toxic but also less effective than synthalin, failed 
to remove the serious doubt as to the utilization of guanidine derivatives 
as orally active substitutes for insulin. 

Since both synthalin and neosynthalin were shown to be diguanido 
derivatives of normal hydrocarbons and therefore to possess straight-chain 
skeletons, it was considered of interest to prepare an isomer of neosynthalin 
in which the bridging carbon chain between the two guanidine residues not 
only would be shortened but also would have attached to it highly branched 
groups. Such a compound is highly desirable, as it would present the 
possibility of a substance with greater hypoglycemic activity and lower 
toxicity than neosynthalin, and also, would make available data bearing 
on the question of whether or not the hypoglycemia produced by certain 
guanidines and diguanidines is secondary to their toxic effects. 

With these objectives in mind, the synthesis of 2,4-dimethyl-6,6- 
di(guanidomethyl)octane, in the form of the dihydrochloride, was under- 
taken. The structural relationships between these compounds may be 
seen from the following formulas of the free bases. 

* On leave: now at Department of Chemistry, Massachusetts Institute of Tech- 

t Eli Lilly Fellow in Organic Chemistry, 1935-1936. 
1 FRANK, NOTHMANN, AND WAGNER, Klin. Wochschr., 6, 2100 (1926); FRANK, 

2 FRANK, Deut. med. Wochschr., 63, 1845 (1927); FRANK, NOTRMANN, AND WAGNER, 

nology, Cambridge, Massachusetts. 

Naturwissenschaften, 16, 213 (1927). 

Klin. Wochschr., 7, 1996 (1928). 
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NH NH 
I/ l l  

H2N-C-N-( CH2) io-N-C-NH2 
I 

H 
I 

H 
Synthalin 

(1 , 10-diguanidodecane) 

NH NH 
I1 I/ 

H2N-C-N-( CH2) I2-N-C-NH2 
I 

H 
I 

H 
Neosynthalin 

(1 , 1Bdiguanidodecane) 

H NH 
I I/ 

CHBN-C-NH~ 
I 

I I I 
CH3CHCH2CHCH2CCHzCHa 

CHs CH3 CH2-N-C-NH2 
I II 

H NH 
2,4-Dimet hyI-6,6-di (guanidome thy]) oc tane 

EXPERIMENTAL 

Synthetic Part 

Ethyl (b,4-dimethylpentyl)ethylcyanoacetatea).-This compound was kindly sup- 
plied by The Lilly Research Laboratories, where it was prepared from ethyl cyano- 
acetate by condensation with ethyl bromide in the presence of sodium ethylate. 
After purification, the ethyl ethylcyanoacetate was condensed with 2,4-dimethyl- 
pentyl bromide in the presence of sodium ethylate. The ethyl (2,4-dimethylpentyl)- 
ethylcyanoacetate used in this work had the following constants : b.p. 99-105" ( 3 4  
mm.); nz 1.4349-1.4356. 

(W,4-dimethylpentyl)ethyZcyanoacetamide.-All attempts to convert ethyl (2,4- 
dimethylpenty1)ethylcyanoacetate directly into the corresponding amide through 
reaction with ammonia under varied conditions, or with ammonium carbonate, or 
ammonium acetate were unsuccessful. 

The ester was converted into the acid by saponification after the method of Con- 
rad and Zart.4 Sodium, 1.15 g. (0.05 mole), was added gradually to 60 cc. of abso- 
lute ethyl alcohol. When the sodium had completely dissolved, the solution of 
sodium ethylate, after being diluted with 10 cc. of water, was added to  12 g. (0.05 
mole) of the ester, and the resulting solution was evaporated to  dryness on the steam 
-- 

3 SHONLE, WALDO, KELTCE, AND COLES, J .  Am. Chem. S O ~ . ,  68, 586 (1936). 
CONRAD, AND ZART, Ann., 340,335 (1905). 
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bath. The solid residue was taken up in 100 cc. of water, and the solution was scidi- 
fied with dilute hydrochloric acid, whereupon crude ethyl (2 , 4-dimethylpenty1)- 
cyanoacetic acid separated as a light-brown viscous oil which was extracted with 
ether, dried over anhydrous sodium sulfate, and freed from ether at room tempera- 
ture under reduced pressure. No attempt was made to  purify the acid, which was 
converted at once into the acid chloride. 

The crude acid was heated for three hours on a steam bath with 10.4 cc. (0.15 mole) 
of thionyl chloride. The acid chloride remaining after evaporation of the excess of 
thionyl chloride was cooled in an ice bath, and was poured slowly with vigorous stir- 
ring into a n  excess of ice-cold concentrated ammonium hydroxide. The amide, 
which precipitated a t  once as a grayish-white powder, was purified by solution in 
methyl alcohol, treatment with Norite, and reprecipitation by the addition of a 
large volume of cold water. The purified product was a white powder, m.p. 74". 
The conversion of the ester into the amide was repeated several times with an aver- 
age overall yield of 50.3 per cent. 

Anal. Calc'd for C1zHnK~O: N, 13.33. Found: 13.22 (by Kjeldahl). 
Ethyl (I,4-dimethylpentyZ)maEononitrile.-Ethyl (2,4-dimethylpentyl)cyanoaceta- 

mide, 10.5 g. (0.05 mole), was thoroughly mixed in a 250-cc. distilling flask with three 
times its weight of phosphorus pentoxide. The reaction mixture, when dry-dis- 
tilled under reduced pressure, produced a yellow liquid which boiled a t  124-134" 
(18-20 mm.). Redistillation of the crude dinitrile gave 8.5 g. of a water-white 
product; b.p. 124-128" (15 mm.). A total of 195 g. of the amide was converted into 
129.5 g. of the dinitrile with an average yield of 73 per cent. 

Anal. Calc'd for ClzHZoNz: N, 14.58. Found: 13.97 (by Kjeldahl). 
2,~-Dimethyl-6,6-di(aminomethyl)octane dihydroch1oride.-After many attempts 

to reduce the dinitrile to  the corresponding diamine, the best conditions were found 
to  be the following. 

The dinitrile, 26.0 g. (0.135 mole), was added to  1270 cc. of absolute ethyl alcohol, 
and the solution was heated to  boiling under reflux. Sodium, 130 g., was then added 
at such a rate that  the solution continued to boil vigorously. When the sodium had 
completely disappeared, the solution was cooled, diluted with 825 cc. of water, and 
acidified with concentrated hydrochloric acid. After the alcohol had been distilled 
off, there remained a n  oily (nitrogen-free) layer which was extracted with ether. 
The remaining strongly acid aqueous solution was then made alkaline with concen- 
trated sodium hydroxide solution, and the free diamine was extracted with ether. 
The diamine dihydrochloride was precipitated from the thoroughly dried ethereal 
extract with dry hydrogen chloride. Purification was effected by dissolving the 
crude dihydrochloride in a small volume of absolute ethyl alcohol and reprecipitat- 
ing i t  by the addition of anhydrous ether. The purified product (0.617 g.; 1.67 per 
cent. yield) was a white powder, very soluble in  water; m.p. 242" with decomposition. 
During the reduction a part of the nitrogen was split out as ammonia, which accounts 
in part at least for the low yield. 

Anal. 

The diamine readily formed a light-yellow-colored monopicrate, which, after 
recrystallization from boiling dilute alcohol, melted at 129". 

I,Q-Dimethyl-6,6-di(guanidomethyl)octane dihydroch1oride.-The diamine di- 
hydrochloride, 0.552 g. (0.002 mole), and cyanamide (Eastman Kodak Co.), 0.34 g. 
(0.008 mole), were added to  10 cc. of absolute ethyl alcohol, and the mixture was 
heated under reflux on a steam bath for eighteen hours, after which the alcohol was 
removed in vacuo. The residue was dissolved in a small volume of boiling absolute 
ethyl alcohol, the solution was treated with Norite, and the dihydrochloride of the 

Calc'd for CUH&I&Z: C1, 25.96; N, 10.26. 
Found: C1, 26.18; N, 10.83 (modified micro-Kjeldahl). 
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83 
97 
93 
85 
91 
97 

diguanidine was precipitated by the addition of anhydrous ether. Purification was 
effected by repetition of the absolute alcohol-anhydrous ether procedure. The 
purified product (0.316 g.; 72.2 per cent. yield) was a white hygroscopic powder 
which decomposed a t  112-113° with evolution of gas. It gave a positive Sakaguchi 
reaction for guanidine residues. 

Calc'd for C14H34C12Ne: C1, 19.85; S, 23.53. 
Found: C1, 19.13; N, 23.19 (modified micro-Kjeldahl). 

Anal. 

The picrate, after recrystallization from boiling water, was bright yellow, and 
melted at 214-215'. 

Physiological Part 
The physiological investigation of 2,4-dimethyl-6,6-di(guanidomethyl)octane 

dihydrochloride was carried out at The Lilly Research Laboratories. Due to  the 
small amount of material available (about 160 mg.) an intensive study could not be 
made, and therefore, the results obtained should be considered only in a qualitative 
sense. 

TABLE 

DIHYDROCHLORIDE 
PHYSIOLOGICAL TESTS OF 2,4-DIMlGTHYL-6,6-DI(QUANIDOMETHYL)OCTANE 

83 
89 
91 
83 
95 
76 

DOSE IN MQ. 
FREE BASE 
PER KILO 

2.48 
4.96 
7.44 
9.92 
19.84 
24.80 
75.00 

Initial 

102 
93 
102 
91 
78 
91 
93 

BLOOD SWQAR IN MQ. PER 100 CC. BLOOD 

1.5 hr. 

95 
91 
89 
87 
89 
91 
93 

At Indicated Times After Administration 

3 hr. 1 5 hr. 10 hr. 

Rabbits were used as the experimental animals. The compound was adminis- 
tered subcutaneously, and the blood-sugar was determined by the micro method of 
Shaffer and Somogyis a t  various intervals following injection. Twenty-five hun- 
dredths cc. of blood was diluted 1 to  15 with the zinc reagent, and 2 cc. of the filtrate 
was used for each determination. The results obtained are shown in the accompany- 
ing table. 

The data  show that no significant hypoglycemia followed the administration of 
2,4-dimethy1-6,6-di(guanidomethyl)octane dihydrochloride even in doses as high 
as 75 mg. per kilo. No symptoms of toxemia were observed in any of the animals, 
all of which survived. This becomes important in view of the reported minimum 
lethal doses for synthalin6 and neosynthlin' of 4 and 8 mg. per kilo respectively. 

Therefore, in the synthalin type of diguanidine it appears that the loss of toxicity 
is accompanied by the disappearance of hypoglycemic properties, suggesting that 

SEIAFFER, AND SOMOGYI, J .  Bid .  Chent., 100,695 (1933). 
Private communication from The Lilly Research Laboratories. 
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the hypoglycemia which follows administration of synthalin or neosynthalin is 
secondary to  their toxic effects. This view is consistent with the observations of 
Bischoff, Sahyun and Long.? 

Since Frank and his co-workers in  their development of synthalin and neosyn- 
thalin have shown that the hypoglycemic activity increased with elongation of the 
carbon chain between the two guanidine residues, reaching a maximum in synthalin, 
and, since it has been demonstrated here that the hypoglycemic activity is lost when 
the guanidine residues are brought into close proximity as they are in 2,4-dimethyl- 
6,6-di(guanidomethyl)octane, it appears that hypoglycemic activity in the aliphatic 
diguanidines depends more upon the position of the guanidine residues than upon 
the structure of the remainder of the molecule. It would seem therefore of interest 
not only to  prepare and study synthalin analogues in which the length of the carbon 
chain has been maintained but into which highly branched groups have been intro- 
duced a t  various positions, but also, to investigate the effect of introducing ethylenic 
linkages into the chain. 
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SUMMARY 

1. The method of synthesis and general properties of 2,4-dimethy1-6,6- 
di(guanidomethy1)octane dihydrochloride, a branched-chain isomer of 
neosynthalin and an analogue of synthalin, have been described. 

2. The physiological behavior of this diguanidine has been studied, and 
the observations are briefly discussed in connection with the general prob- 
lem of guanidine structure and hypoglycemic activitx. 

7 BISCHOFF, SAHYUN, AND I,ONG, J. B i d .  Chem., 81,325 (1929). 
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We have recently described a number of new reactions between different 
classes of hydrocarbons' in the presence of suitable catalysts2. 

Previous to our investigations only the reaction between aromatic 
hydrocarbons and olefins in the presence of aluminum chloride was 
known. It was described by Balsohna in 1879. This synthesis was the 
starting point of our research. 

The main objective of our investigations is to effect all possible reac- 
tions between the different classes of hydrocarbons. Naturally suitable 
catalysts and conditions must be evolved so that the reactions will pro- 
ceed smoothly in any desired direction and give only negligible quantities 
of by-products. 

If we consider, for the present only the paraf is ,  olefins, aromatics, and 
cycloparaffins, the following combinations of hydrocarbons are possible : 

(1) paraffins and olefins, 
(2) aromatics and olefins, 
(3) cycloparaffins and olefins, 
(4) paraffins and aromatics, , 

(5) cycloparaffins and aromatics, 
(6) paraffins and cycloparaffins. 
With these six combinations the theory of structure will permit the 

following reactions. 
In cases 1, 2, and 3 only the direct addition of an olefin to the respective 

hydrocarbons is possible in accordance with, the following three general 
equations : 

* Presented in part before the Division of Organic Chemistry at the ninety-third 

See Ipatieff and Grosse, articles in J. Am. Chem. SOC. and J. ORG. CHEM., since 

GROSSB AND IPATIEFF, J. ORG. CEEM., 1, 669 (1937). 

meeting of the American Chemical Society, Pittsburgh, Pa., Sept. 7-10, 1936. 

1935. 

* BALSOHN, BUZZ. SOC. chim., [2], Si, 639 (1879). 
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( a )  

( b )  

CmH2m+2 + CnH2n -+ Cm+nH~(m+n)+2 
Paraffin Olefin .4lkyl-paraffin 

Ar-H + CnH2, -+ .4r.CnH2,+1 
Aromatic Olefin Alkyl aromatic 

Hydrocarbon Hydrocarbon 

( c )  CmH2rn + CnH2n -+ CmH2n-l*CnH2n+1 
Cyclo- Olefin Alkyl-cycloparaffin 

paraffin 

I n  the last case another modification is also possible, namely the cleavage of the 
ring and formation of a straight chain olefin: 

C i " m  + C i " n  --+ Cm+J&(m.++,) 
Cycloparaffin Olefin Olefin 

All these cases may be considered as alkylations. 
Case 4 may be considered as a destructive alkylation: the reaction consists 

in the cleavage of the paraffin into a paraffin of lower molecular weight 
and the alkylation of the aromatic hydrocarbon : 

Cm+nH~(rn+n)+~ + Ar.H --+ CnH2m+2 + Ar*CnHzn+i 
Hydro- Mol. Wt. Hydrocarbon 
carbon Paraffin 

Paraffin Aromatic Lower Alkyl-aromatic 

These reactions have been described previously4. The present paper will 
deal with the reaction of cycloparaffins and aromatic hydrocarbons (case 
5 ) .  The reaction of paraffins and cycloparafJins (case 6) will be discussed 
in a future publication6. 

The reaction between cycloparaffins and aromatic hydrocarbons, which 
might be appropriately termed decycloalkylation, takes place in accordance 
with the following equation: 

C,,H2, + AreH - --$ Ar.CnH2,+1 Catalyat 

Cyclo- Aromatic Alkyl-aromatic 
paraffin Hydrocarbon Hydrocarbon 

The ease and smoothness of the reaction, as well as the definiteness of 
its direction, naturally depend to a very great extent on the nature of the 
hydrocarbons used and, in the case of the cycloparaiiks, upon the stability 
of the ring. 

4 (a) IPATIEFF AND GROSSE, J. Am. Chem. SOC., 67, 1616 (1935); ( b )  IPATIEFF, 
KOMAREWSKY, AND GROSSE, ibid. ,  67, 1722 (1935); (c) GROSSE AND IPATIEFF, ibid. ,  
67, 2415 (1935); ( d )  IPATIEFF AND GROSSE, Ind. Eng. Chem., 28, 461 (1936); ( e )  IPA- 
TIEFF AND GROSSE, J. Am. Chem. SOC., 68, 915 2339 (1936); (f) TPATIEFF, GROSSE, 
PINES, AND KOMAREWSKY, ibid. ,  68, 913 (1936); (8) IPATIEFF AND GROSSE, J. Gen. 
Chem. (U.S.S.R.), 68, 161, 423 (1936); (h )  IPATIEFF, KOMAREWSKY, AND GROSSE, 
ibid. ,  68, [6], 433 (1936); (i) GROSSE AND IPATIEFF, ibid., 68, [61, 1514 (1936). 

6 See GROSSE AND IPATIEFF, Abstracts of papers delivered a t  the ninety-third 
meeting of the American Chemical Society, Sept. 7-10, 1936, Organic Division. 
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As an example one may cite the interaction of cyclopropane and ben- 
zene, 

CH; 
Cyclopropane Benzene n-Propylbenzene 

Due to the instability of the cyclopropane ring, this reaction proceeds 
readily at temperatures even below 0” and the only products are n-propyl- 
benzenes. The higher propylbenzeiies are, of course, formed by the step- 
wise alkylation of the primary product. It is of interest that the hitherto 
unknown hexa-n-propylbenzene may be prepared by this method. 

It is worth mentioning that in our opinion the cyclopropane is not first 
isomerized to propylene, since the latter, under the same conditions, gives 
only isopropylbenzenes, and is not able to alkylate above the tetraiso- 
propylbenzene stage6. 

The reaction between aromatic hydrocarbons and cyclobutane compounds 
also proceeds readily. In the presence of aluminum chloride, methyl- 
cyclobutane readily alkylates benzene at room temperature. Theoretically 
four monoamylbenzenes are possible, as shown below, 

CH3 

and we believe at least two of these are formed in the reaction. One of 
these products was identified as isoamy&benzene(d). 

The monoamylbenzenes may be partly isomerized and further alkylated 
to di- and higher amylbenzenes. 

As one might expect, cycbpentane reacts much less readily with benzene 
in the presence of aluminum chloride. Cyclopentane requires a temperature 
of about 150°, and the amylbenzenes formed are contaminated with prod- 
ucts of dealkylation (ethylbenzene and toluene) and of a side reaction (see 

See BERRY AND REID, J. Am. Chem. Soc., 49, 3142 (1927). 
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experimental part). It is possible that alkylated cyclopentanes and cyclo- 
hexanes, which have not been investigated as yet’, would react more 
readily and smoothly. 

In all cases so-called “lower layers,” consisting of addition compounds of 
aluminum chloride and the aromatic hydrocarbons, are formed. 

Other catalytic agents may be used in place of aluminum chloride. Our 
other metal halidess have also proven useful. An example is the use of 
zirconium chloride in the alkylation of 2-methylnaphthalene with cyclo- 
propane. The decycloalkylation proceeds in accordance with the general 
equation, i e . ,  

CHz/ 
Cyclopropane 2-Methylnaphthalene Methylpropylnaphthalene 

Higher propylated naphthalenes are readily obtained in the presence of 
an excess of cyclopropane. 

EXPERIMENTAL 

1. Reaction between cyclopropane and benzene.-In one experiment the reaction 
was allowed to  take place at 25-30’ in a glass flask fitted with stirrer. About 1 mole 
of cyclopropane per mole of benzene was used. The cyclopropane* (40.0 9.) was 
passed through a potassium permanganate bubbler to  oxidize any possible traces of 
propylene, and then through a calcium chloride drier. The pure dry gas was intro- 
duced a t  a fairly steady rate for 3.0 hours into the reaction mixture of benzenet 
(87.5 g.) and powdered aluminum chloride (8.9 g., Merck’s C.P. grade). Small 
quantities (ca. 0.3 9.) of hydrogen chloride were introduced from time to  time. 
The reaction was rapid, and the aluminum chloride became yellow, and gradually 
sticky, forming finally an orange-yellow lower layer. The cyclopropane reacted 
completely; no gas was given off during the reaction. The weights of the upper and 
lower layers were 116.0 and 18.4 g., respectively. 

On fractionation of the washed clear, water-white upper layer the fractions re- 
corded in Table I were obtained (see also Figure 1). 

The fraction boiling a t  153-161” is practically pure n-propylbenzene. Upon 
further fractionation this yielded a product boiling under 760 mm. pressure a t  156- 

In a preliminary experiment of V. N. Ipatieff and V. Komarewsky (see IPATIEFF 
“Catalytic Reactions a t  High Pressures and Temperatures,” 1936, page 727) cyclo- 
hexane itself did not react with benzene according to  the decycloalkylation reaction, 
but  gave mainly cyclohexylbenzene. 

8 See citation 2, page 1. 
* From Malincrodt Chemical Works, St. Louis, fractionated at low temperatures; 

t Eastman’s C.P. grade for molecular-weight determination was used throughout 
b.p. -32.9”/760 mm.; ngU,’ = 1.3799. 

this investigation. 
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157"; d?.  0 8622; n: 1.4921. Snalysis and molecular weight determination, C 89.72%, 
H 100970, mol. a t .  119, 121, agree with the calculated values for propylbenzene; 
(' 89.997,, 13 10.017,, mol. n t .  120. Oxidation of this fraction with potassium per- 
manganate solution yielded benzoic acid (m.p. 122"). This proved the absence of 

TABLE I 
P R O D U C T S  O F  RE.4CTION BETWEEK CYCLOPROP.4SE A S D  BESZENE 

1!53-161 29.2 
210-218 12.8 
2 (8-275 9 .5  
275-290 3.2 
> 290 6 .0  

R E M A R K S  
20 

nD 

I-nchanged benzene; freezes com- 
pletely in ice 

n-Propyl benzene 
Dipropyl benzenes 
Tri- and higher propylbenzenes 
Higher propylbenzenes 
Hexa-n-propyl benzene 

1.5008 

1.1906-1.4913 
1 ,5936 
1 ,4975 

FIG. 1 

isomeric methyl-or methylethylbenzenes. The hydrocarbon was further defi- 
nitclly identified by the preparation of its diacetamido d e r i v a t i ~ e . ~  The melting 

~~~~~ ~~ ~ 

Prepared by the method of V. K. Ipatieff and L. Schmerling, J. -4m. Chem. 
Soc., 69, 1056 (1937). 

T H E  JOCRS.AL OF O R G I X I C  CHEMISTRY,  Y O L .  2,  NO. 5 
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point (208') was not dqmssed  hy admixture with a known sample of the same mate- 
rial (mixture melting point 208'). The melting point of B mixture with isopropyl- 
diacetsmidohenrene (m.p. 21fi") showed a depression of 19-11". Sone of the Iattrr 
compound could he detected in other frartions of our produrt. In a synthetic mix- 
ture rontaining 10Yo of the is0 compound the latter could he detected readily, 80 

that  a purity of a t  least !XIYO may he assumed for the n-propylhenzene. 
Furthermore the Ramnn specrra of pure synthetic n-propyl and isopropylhcnzenca 

were ohtained by I h .  15. Hosenhaum and one of us (A. V. G.). Thrse weir rompared 
with the spectrum of the fraction boiling at 153-161'. whirh was found to  contain 
lines corresponding only to  the normal compound. Thus thc physical results eom- 
pletrly support the conclusiona drawn from our rhemiral experiments'. 

FIGURE 2 . - H ~ x a - n - p ~ o i , v i . ~ ~ s ~ ~ s ~  (CRYSTAL FROM AWOHOL, CO. U X )  

The fraction boiling a t  210-218' presumably contains the isomeric dipropyl- 
benzenes. These, however, were not identified. 

The solid residue (b.p. > 290P), upon crystallization from hat  methyl or ethyl 
alcohol, yielded beautiful large flat white plat- (see Figure 2) of heza-n-prop!/l- 
benzene. An analysis and molecular weight determination (C, 86.82%; H, 12.84%; 
mol. wt.. 335,329) agree with the ralrulatcd values for hexapropylhenzene (C, 87.19%; 
H, 12.81%; mol. wt., 330). The rrystals melted sharply a t  103.0'. and rerrystallired 
upon solidifiration in long spear-shaped crystals. The melting point of a mixture 
with 1,2,~,5tetra-i-prapylhenrenp, (m.p. 119.0°), the highest alkylation product 
of benzene ever obtained with propylene, showed a depression of 39-33', Our com- 

' A description of the Raman spectroscopic work tiill be published separately hy 
Dr. E. Rosenhaum and A. V. Grosse. 
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pound is probably identical with the hydrocarbon obtained by E. Wertyporoch and 
T. E'irla.10 

Our hydrocarbon boils without decomposition a t  atmospheric pressure. Its 
vapor pressure was determined by Mr. R. Wackher in the range of 10 to  600 mm.; the 
values lead to the following vapor-pressure equation: 

lnlo p(mm, Hg) = -0.05223 A/T(. ,)  + B ;  
A = 68352, and B = 8.779. 

The boiling points (2') for the corresponding pressures are: 

' p ,  mm. H g .  . . . . . . . . . .  10 20 50 100 200 760 
T, "C . . . . .  185.8 2043 231.1 253.5 278.0 332.2 

The heat of vaporization is 16330 cal./mole, or 49 cal/g.; Trouton's constant = 24. 
The density, d r ,  corrected to  vacuum, is: 

rtt T"C.. . . . . . . . . . . . . . .  .103"(m.p.) 110" 150" 200" 220" 
d4' . . .  .0.8163 0.8112 0.7821 0.7457 0.7312 

The change of density with temperature from the melting point to  230" can be 
represented by the equation: 

d r  0.8163 - 0.000727 (T - 103") 
One might argue from the fact that since only n-propylbenzene, and no i-propyl- 

benzene, is obtained as the initial alkylation product that the hexapropylbenzene, 
obtained by us, has six normal propyl groups. In our estimation, this conclusion is 
further substantiated by the fact that the 1,2,4,5-tetra-i-propylbenzene of melting 
point 119.0" could not be alkylated to a hexapropylbenzene with i-propyl chloride in 
the presence of aluminum chloride, either a t  room temperature or a t  about 100". 

The physical constants of our hydrocarbon are consistent with the trend exhibited 
by those of the other hexaalkyl benzenes, as the following comparison shows. 

MELTING BOILING POINT 
POINT AT 760 MM. 

(; 6 (CH.3) 6. . . . . . . . . . . . .  166" 265" 
Ce(CzHa)e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  129" 298" 
(:8(n-C3HI)6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103" 332" 

The composition of the lower layer, after decomposition with water, is similar to 
that of the upper layer. It was found to  contain aromatic hydrocarbons, in the 
following volume percentages: benzene, 20; n-propylbenzene, 20; dipropylbenzenes, 
5; higher liquid propylbenzenes, 5; and bexa-n-propylbenzene, 50. 

In another experiment 1 mole of cyclopropane (42.0 g.) was added to 2.25 moles of 
benzene (175.0 9.) containing 8.75 g. aluminum chloride and 0.8 g. hydrogen chloride, 
during 5 hours a t  $5 to 0'. Due to the large excess of benzene much larger quan- 
tities of n-propylbenzene (8 0.8621; nt 1.4925) were obtained. The following 
products were isolated: upper layer, benzene 121.5 g., n-propylbenzene 70.0 g., di- 
propylbenzenes 9.5 g., higher liquid propylbenzenes 1.0 g., hexa-n-propylbenzene 
2.0 g.; lower layer, benzene 4.3 g., n-propylbenzene 1.7 g., dipropylbenzenes 1.6 g., 

lo WERTYPOROCH AND FIRLA. Ann., 600, 287 (1933). 
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higher liquid propylbenzenes 1.1 g., hexa-n-propylbenzene 2.0 g. (Aluminum 
chloride + hydrogen chloride = 9.6 g.). 

2. Reaction between methylcyclobutane and benzene.-A mixture of methylcyclo- 
butane" (10.82 g.), benzene (25.60 g.), and aluminum chloride (1.35 g.) was saturated 
with hydrogen chloride (0.3 g . )  and sealed in a Pyrex tube; the whole shaken for 
22 hours a t  25". The white, powdery aluminum chloride changed rapidly to  a yel- 
low, sticky mass, and then to  a yellow-red, mobile lower layer. 

The weights of the upper and lower layers, including the aluminum chloride, were 
30.1 and 7.2 g., respectively; no gas was evolved during the reaction. 

The washed colorless upper layer (36.5 cc.) gave, on fractional distillation, the 
fractions described in Table I1 (see also Figure 3). 

The fraction boiling a t  193-197" was a mixture of isoamylbenzene and a t  least one 
other isomeric amylbenzene, probably 2-phenylpentane. This was indicated by 
the following facts: (1) analysis gave C, 89.17%; H, 10.827,; calc'd for CoH6.CsH11: 
C, 89.1870; H, 10.82%; (2) oxidation with potassium permanganate solution gave 
only benzoic acid; (3) diacetrtmido derivatives were isolated. On crystallization 

TABLE I1 
PRODUCTS OF REACTION BETWEEN METHYLCYCLOBUTANE AND BENZENE 

BOILINQ RANQE 
AT i 5 0  MM. 

28-40 ' 

78-81 -5' 

193.5-197.5" 

260-265" 

>265" 

VOL., cc. 

7 . 2  

22.0 

4 . 9  

1 . 2  

0.2  

1.3743 

1.5000-1 .5022 

1.4930-1 .4957 

1.5267 

1.5648 

Stable to  KMnO, solution; about 70% 
unreacted methylcyclobutane and 
about 30% i-pentane. 

Pure benzene, freezing in ice, except 
fractions 2 and 3 (see Figure 3). 

Absolutely stable to  KMnO, solu- 
tion; d: = 0.8680. 

Stable to  KlLlnOd solution; pleasant 
geranium odor. 

from hot water the less soluble fraction of the latter gave, on washing with n-heptane, 
followed by repeated recrystallizations from water, white feathery crystals, melting 
a t  210"; these proved t o  be identical with diacetamidoisoamylbenzene in appearance, 
solubility and melting point (210'); there was no depression of melting point upon 
mixture with an authentic sample. The moTe soluble fraction yielded flat, spearlike, 
colorless needles (flat rectangular plates under the microscope) of a diacetamido de- 
rivative (S, 10.64%; calc'd, 10.69%), melting a t  about 180" but not identical with 
the diacetamido derivative of fed.-amylbenzene (m.p. 181'). 

The fraction boiling a t  260-265' probably consisted of diamylbenzenes, since on 
oxidation with potassium permanganate solution organic acids were obtained in 
form of white crystals sparingly soluble in water, and readily soluble in alkali. 
The melting point was 340', with sintering. These phthalic acids were not identi- 
fied further. 

l1 Synthesized by the method of Gustavson, J. prakt. Chem., [21, 64, 98 (1896), 
and Phillipov, ibid., [2], 93, 162 (1916), followed by hydrogenation with Raney nickel. 
The hydrocarbon was absolutely stable to  potassium permanganate solution and to  
nitrating mixture; b.p. (760 mm.) 36.3 f 0.2'; n: 1.3850; dt 0.7120. 
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The lower layer,  after decomposition with ice, contained: 33 vol. %, benzene; 7 
vol. % iso- (and isomeric) amylbenaenes; 20 vel.% of an aromatic hydrocarbon 

cc. O Y d R  

F I G .  3 

boiling at about 250', n," 1.5845, which gave an oil on nitration; and 30 vol. % of a 
yellow viscous oil boiling at 300-350", n," 1.5840. 

The aromatic hydrocarbons boiling above 250' must be, in view of their particu- 
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PROPERTIES 

- 
C, %. . . . . . . . . . . . . . . . . . . . . . . . .  
HI 7 0 . .  . . . . . . . . . . . . . . . . . . . . . . .  
Molecular weight . . . . . . . . . . . . .  
Boiling point a t  760 mm., "C. , , . 
d,?. . . . . . . . . . . . . . . . . . . . . . . . . . .  
n:, . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l ady  high indices of refraction, derivatives of dinuclear hydrocarbons, e.g. diphenyl, 
b.p. 255", na? 1.588. Their presence would account for the formation of i-pentane 
(found in fraction 28-40') according to  a dehydro-hydrogenation reaction, e.g. : 

2 CeHs + CHs.CdH7 + CeHa.CsHs + CaHi2 

9. Reaction Between Cyclopentane and Benzene.-Cyclopentane* (52.0 g.) and 
benzene (117.0 g.), after saturation with hydrogen chloride (ca. 0.80 g.), were heated 
with aluminum chloride (9.97 g.) in a sealed tube in a rotating Ipatieff autoclave a t  
150' for 8 hours. 

The following reaction products were obtained: upper layer, 145.52 g. ,  lower layer 
(containing aluminum chloride) 33.75 g., gas, none; 35.2 g. of unchanged cyclo- 

TABLE 111 
PRODUCTS OF REACTION BETWEEN CYCLOPENTANE AND BENZENE 

AMYLBEN- 5a 
ZENES~* CiiHia c- 

89.18 89.27 
10.82 10.71 

186-205 ~ 200-208 
0.855-0.875 0.8991 
1.485-1.497~ 1.4998 

148 j e 1 4 3  

FRACTION 

4 
5a 
5b 
6 

Residue 

BOILINQ ~ 

7 6 0 ~ ~ .  , 
RANQE AT i WEIQHT, Q. 

180-200 ~ 1.0  
200-208 4 . 2  
208-215 j 4 . 6  
215-225 i 1.7  

>225 1 6 . 0  
~- 

1,4912 
1 ,4998 
1 .5257 
1.5291 
1.5488 

REMARKS 

Amylbeneenes or isomers 
See Table I V  
See Table I V  
Cyclopentylbenzene 
Probably dialkyl- and higher benzenes 

TABLE I V  
COMPARISON OF FRACTIONS 5a AND 5b WITH AMYLBENZENES AND 

56 
-f 

90.11 
9.89 

~ 1 4 0  
208--215 

0.9441 
1 .5257 

2YCLOPENTYL- 
BENZENEIS  

CiiHia ~- 
90.12 
9.88 

146 
215 

0.9577 
1.5348 

pentane and 84.7 g. of benzene were recovered from the upper layer. The latter 
contained furthermore: N 0.5-1 g. of pentanes, boiling a t  2736"; 3.2 g. toluene 
(b.p. 113O, n: 1.4860, identified as dinitro derivative); N 3.4 g. ethylbenzene (b.p. 

* Obtained by depolymerization of dicyclopentadiene (from the Gesellschaft fur 
Teerverwertung, Duisburg-Meiderich, Germany) and hydrogenation of cyclo- 
pentadiene with R. Adams' Pt-catalyst; b.p. (760 mm.) 48.5 i 0.1"; n: 1.4060; d: 
0.7531; absolutely stable to  potassium permanganate solution and t o  nitrating 
mixture. 

11 See Table of physical constants of all amylbenzenes in a paper of IPATIEFF AND 
SCHMERLING (in print). 

18 VON BRAUN AND DEUTSCH, Ber., 46, 1271 (1912). 
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136", n: 1.4910, identified as diacetamido derivative); no xylenes and no material 
boiling between 136" and 180". 

The m a i n  reaction product,  which consisted of aromatic hydrocarbons boiling 
above 190°, was separated into the fractions recorded in Table 111. 

Fractions 4 and 5a contained mainly amylbenzenes, while in 5b and 6 cyclopentyl- 
benzene predominated. This follows from a comparison of their physical constants 
and analytical figures with the isomeric amylbenzenes and cyclopentylbenzene (see 
Table IV). 

In view of the large number of isomeric amylbenzenes (eight) and small quan- 
tities of available material an identification of the particular isomers present was 
not possible. 

The aromatic hydrocarbon in fractions 5 b  and 6 could, however, be definitely 
identified as cyclopentylbenzene. It dissolved completely in fuming (7% SO3) 
sulfuric acid, forming a crystalline sulfonic acid. Its diacetamido derivative (color- 
less fine needles, moderately soluble in hot water; Tu' l0.67%, calc'd 10.77%) melted 
a t  225" and showed no depression of melting point when mixed with an authentic 
sample of diacetamidocyclopentylbenzene (m.p. 228"). 

The residue probably contains di- and higher alkylbenzenes. 
The lower layer,  on decomposition with ice, gave 9.4 g. benzene and smaller quan- 

tities of aromatic hydrocarbons boiling from 225-375", more or less contaminated 
with unsaturated hydrocarbons in the higher fractions. 

Eyidently a reaction analogous to  that between cyclopropane or methylcyclo- 
butane and benzene takes place, i.e. rupture of the ring and alkylation to  n-amyl- 
benzene, which, because of the more drastic conditions of the experiment, is partly 
or wh,olly isomerized and further dealkylated to  ethylbenzene and toluene. 

The formation of cyclopentylbenzene is due to  a dehydrohydrogenation reaction 
(similar to  that in the case of methylcyclobutane), some of the hydrogen being taken 
up by the formation of pentanes from cyclopentane. 

4 .  React ion  between cyclopropane and  &Methylnaphthalene in the presence of zir- 
con ium chloride (ZrCl,).-The alkylation proceeded at 35-30' during 4.0 hours in 
the same apparatus and in the same way as in the case of benzene. The 2-methyl- 
naphthalene began to  turn a deep purple color as soon as the zirconium chloride was 
added. Towards the end of the reaction the opaque material assumed a lighter 
color; no lower layer formed and the zirconium-chloride-containing suspension 
remained powdery. After standing overnight a t  25" the product solidified only to  
a small extent, showing that  the original aromatic hydrocarbon had changed. The 
cyclopropane was completely absorbed by the liquid. 

The quantities of reagents used were: 2-methylnaphthalene* 89.0 g.; cyclopropane 
20.0 e:.; zirconium tetrachloridet 4.25 g.; hydrogen chloride ca. 1.6 g. The following 
products were obtained: brown suspens ion  13.8 g.; l iquid product 100.4 g.; gas none; 
loss 0.7 g. 

The brown suspens ion  was filtered off after the whole product had been warmed 
to  50--60". It was decomposed with water and gave a colorless solution of zirconium 
oxychloride and white insoluble crystals of aromatic hydrocarbons (probably mostly 
2-methylnaphthalene); they evidently formed (at least partly) an addit ion compound 
with zirconium tetrachloride. 

* Obtained from the Gesellschaft fur Teerverwertung, Duisburg-Meiderich, 

t C.P. powder from the Titanium Alloy Manufacturing Co., Nkgara  Falls, N. Y. 
Germany; m.p. 35.1'. 
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The water-white liquid product contained ea. 80 vol. %of unreacted pure 2-methyl- 
naphthalene (b.p. 147" a t  50 mm.; m.p. 35"), ca. 15 vol. % of a liquid boiling a t  136- 
138" at 9.5 mm., and ca. 3 vol. % of a white crystalline residue, boiling above 260" 
a t  5 mm. 

The liquid of b.p. 136-138"/9.5 mm. represented an individual or a mixture of 
isomeric aromatic hydrocarbons of the composition of methylpropylnaphthalene, 
C I ~ H I ~  (calc'd C 91.24%, H 8.76%; found C 91.34%, H 8.68%; n t  1.5880). It became 
sticky at -78", was stable to  potassium permaganate solution, and was readily 
nitrated to  a heavy oil. 

The white residue, also stable to  potassium permanganate solution, crystallized 
in flakes from alcohol, in spearlike prisms from benzene; m.p. 204', and probably 
represents a polypropylated naphthalene. 

SUMMARY AND CONCLUSIONS 

1. A catalytic reaction between cycloparaffins and aromatic hydro- 
carbons is described. This reaction consists in the cleavage of the cyclo- 
para& ring and alkylation of the aromatic hydrocarbon, and has been 
named by us decycloallcylation. 

2. Cyclopropane alkylates benzene in stages from n-propylbenzene up to 
the solid hexa-n-propylbenzene. 

3. Cyclopropane alkylates 2-methylnaphthalene to mono- and higher 
propylated derivatives. 
4. Methylcyclobutane condenses with benzene to isoamylbenzene, its 

isomers, and higher alkylated benzenes. 
5 .  Cyclopentane alkylates benzene to amylbenzenes and other hydro- 

carbons. 
6. Aluminum and zirconium chlorides are convenient catalysts for these 

decycloalkylations. 
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The general purpose of these investigations was the study of the kinetics 
of the Grignard reaction. More specifically, it was desired to measure 
the overall rate of reaction of organic halogen compounds with magnesium 
a t  the solid-liquid interface. It was believed that any substance possess- 
ing catalytic properties for this reaction would increase the velocity 
constant of the reaction provided the rate-controlling process was a chem- 
ical one. Likewise, the measurement of temperature coefficients, the 
effect of stirring and a comparison of the velocity constants for various 
alkyl and aryl halides might indicate whether the rate of reaction was 
controlled by a chemical process or one of diffusion. Some observations 
made in the preliminary stages of the investigation caused modification 
of hhe method generally used in studying the dissolution of metals. The 
general experimental technique was similar to that used by Kilpatrick 
and 12ushton.l 

EXPERIMENTAL 

The preliminary experiments were carried out in  a three-necked flask of 500 cc. 
capacity fitted with condenser, graduated dropping funnel, and mercury seal; the 
flask takes the place of the vessel, used in later experiments, which is labelled F in 
Figure 1. 

Cylinders of pure magnesium* were turned down on a lathe to  a diameter of 1.5 
em., cut to 4.5 cm. lengths, drilled through the center and mounted on glass shafts 
with sodium silicate. The magnesium cylinders were treated in various ways, the 
purpose being to remove any oxide coating and obtain a uniform cylinder. In most 
cases the cylinders were polished with emery paper, cleaned with dilute acid, washed 
with water, alcohol, and ether, cemented on the glass shaft with sodium silicate and 
dried in the oven a t  110'. The ends of the cylinders were also covered with sodium 
silicate. A cylinder was weighed, coupled to  the motor shaft and rotated in an ether 
solution of ethyl bromide. With solutions 0.1 to  2.0 M no reaction was observed even 
after prolonged periods of stirring, while with higher concentrations (2.0 to  4.0 M )  
what little reaction took place was a t  the boundary of the silicate coating. Better 
but nnn-reproducible results were obtained when freshly turned-down cylinders were 

The flask was immersed in a water thermostat regulated at 25 f .05". 

1 KILPATRICK AND RUSHTON, J .  Phys. Chem., 38, 269 (1934). 
* The authors acknowledge the gift of EL supply of pure magnesium metal from the 

Aluminum Company of America. 
4 59 
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used. From this it might be concluded that polishing in the presence of air increases 
the coating rather than reduces it.2 It was also noted that when a cylinder acciden- 
tally fell to the bottom of the flask reaction took place at the point of contact with 
the glass. This is the usual case in the preparation of Grignard compounds and the 
necessity of such a contact will be shown in a series of experiments. 

Magnesium ribbon suspended in a test-tube containing a dilute solution of ethyl 
bromide did not react until it  was in contact with the wall of the vessel or wrapped 
around a rod of glass, steel, brass, bakelite, aluminum, or even a magnesium rod. A 
spiral of magnesium ribbon suspended in ethyl bromide did not react, but if two spi- 
rals were coiled together reaction began readilyat the points of contact. Wrapping a 
cylinder of magnesium with string, glass wool, rubber bands, quartz fibers, bare 
platinum or copper wire, and paraffin-coated insulated copper wire, were all equally 
effective in starting the reaction a t  (or under) the contact. A glass vessel was not 
necessary, as was shown by the use of a quartz or hard-rubber vessel. It was also 
noticed that the reaction could be started by scoring the surface of the magnesium. 

From the above observations it was apparent that we were dealing with a surface 
phenomenon involving the removal or rupture of a film in the magnesium surface, or 
with an adsorption and activation of the ethyl bromide. Examples of contact corro- 
sion have been reported by Mears and Evans.3 They observed that an intensive 
corrosion took place in aqueous solution a t  the point where metals were in contact 
with glass or a similar piece of metal. Durdin and Markevitch4 studied the rate of 
dissolution of magnesium partially covered with paraffin in  aqueous solutions of 
acids. They report that a more intensive evolution of hydrogen, and pitting, took 
place a t  the boundary of the paraffin coating. 

Further experiments were carried out in an apparatus designed to  secure greater 
flexibility of operation. This apparatus, shown in Figure 1, consisted of a reaction 
vessel A ,  connected by a ground-glass joint to  a glass cup B with side-arms C and D, 
which terminated in ground-glass joints by means of which a graduated dropping 
funnel and coil condenser were attached. A drying tube was blown directly into the 
top of the condenser, and through this passed a tube whereby the air in  the apparatus 
could be flushed out with a stream of dry nitrogen. Drying was brought about by 
bubbling the gas through concentrated sulfuric acid, and a gas t rap was interposed 
betiveen the drying vessel and the reaction vessel in order to prevent any of the acid 
from being carried over. The Monel metal cup E ,  forming the upper half of the mer- 
cury seal, was held in place by a pin passing through the collar and shaft. The glass 
shaft on which the magnesiuni cylinder was held was fastened to  the steel shaft by 
means of the tubular phosphor-bronze spring clip F .  Two of these sets were im- 
mersed side by side in a thermostat and stirred by the same motor, so arranged that 
the motor, the two Monel metal cups, and the shafts carrying the samples could be 
raised and lowered a t  will. 

In the hope of obtaining a uniform reaction on the surface of the cylinder, various 
attempts were made to s tar t  the reaction with dissolved substances or substances 
suspended in ether. If high concentrations of alkyl halide were used and the reaction 
started locally, the temperature of the reacting layer rose and pitting resulted. A t  
low concentrations, iodine, ethylmagnesium bromide, and bromine were ineffective 
in starting a uniform reaction. A small amount of absolute ethyl alcohol was effec- 

DOBINSKI, Phil. Mag.,  23,397 (1937). 
MEARS AND EVANS, Trans.  Faraday Soc., 30, 417 (1930). 
DURDIN AND MARKEVITCH, J .  Gen. Chem. (USSR), 6, 236 (1936). 
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tive in a few cases, especially if it contained lithium chloride.5 Aluminum chloride 
started the reaction but was not dependable. Organic acids containing chlorine 
seemed to  have some effect while other organic acids reacted with magnesium without 
starting the reaction with ethyl bromide. 

' n ' " p n  

- - _ _ _ _ _ -  I--- 

FIG. 1 

Several electrolysis experiments were carried out. First, ethyl bromide was elec- 
trolyzed in ethereal solution with the magnesium cylinder as anode and a platinum 
wire as cathode. The reaction could be started in  this manner, and continued after 

6 SCLAR AND KILPATRICK, J. Am. Checo. Soc., 69, 584 (1937). 
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the circuit was broken. Next a similar solution was electrolyzed with two platinum 
electrodes. After the circuit was broken a cylinder of magnesium was introduced, 
and the reaction began almost immediately and continued until all the ethyl bromide 
had reacted. In  all cases the solution became slightly yellow as if free bromine had 
been produced. 

Amalgamation of the surface did not initiate reaction. Magnesium bromide 
dietherate, prepared by the method of Evans and Rowley,6 and added to  the reaction 
mixture, initiated the reaction, but uniform results were not obtained. After reac- 
tion with ethyl bromide, upon the addition of a second portion of ethyl bromide solu- 
tion the reaction continued but the results were not uniform. 

In  view of the lack of success in initiating a uniform reaction by substances in 
solution, attention was again turned to  a suitable contact agent. The reaction 
vessel was packed with finely powdered glass, the ether solution of ethyl bromide 
was added, and the magnesium cylinder was rotated slowly to  minimize abrasion. 
This arrangement was effective, although there was always the possibility of mechani- 
cal abrasion and also the difficulty of separating the solution for analysis. Finely 
pulverized kaolin was also tried as a contact substance but appeared to  be too fine. 

It was finally decided that it would be necessary to  supply some sort of contact 
which would be of the same character in each experiment in order that  results might 
be obtained under the same conditions. It was also necessary that the contact sub- 
stance be easily removable from the solution at the end of the reaction, and be of 
such material as would not contaminate the ethereal solution. It was impractical 
to  arrange the apparatus so that  the magnesium cylinder would be in  contact with 
the walls of the vessel, and i t  was necessary that the cylinder should be able to  rotate 
in the solution at various speeds in order that the effect of the rotational speed could 
be measured. With this in  mind, a contact was designed in the following manner. 
Lengths of Pyrex tubing about 10 cm. in length and 15 mm. in  diameter were ground 
longitudinally until the resulting pieces were in  the shape of a curved trough, the edge 
describing an arc equal in  length to  about one-third the original circumference of the 
tube. This was attached to  a phosphor-bronze clip so arranged that the upper end 
of the clip could be slipped over the inner edge of the mercury seal, the lower end 
supporting the top of the glass contact. The contact could then be made to bear 
lightly against the surface of the magnesium cylinder while it was rotating in the 
solution. The pressure of the spring holding the contact was so slight that no abra- 
sion resulted and the design was such that  no metal other than magnesium touched 
the solution. 

Using this contact and an 0.130 molar solution of ethyl bromide, six magnesium 
cylinders lost in  fifteen minutes 0.084, 0.094, 0.081, 0.088, 0.117, and 0.092 g. respec- 
tively. The average loss was 0.093 g. with an average deviation of approximately 
ten per cent. The use of polished or unpolished cylinders did not materially affect 
the reproducibility of the results. Occasionally the cylinder reacted on the upper 
part only and showed a small loss; this was due to  the unevenness of the cylinder. 
In all case8 a precipitate occurred from one to  three minutes after the ethyl bromide 
was added. This was attributed to  the presence of moisture. The ether was washed 
with salt solution, allowed to  stand overnight over calcium chloride and distilled 
into a flask containing sodium chips. A second distillation was then made from this 
flask, through a distilling tube containing glass beads and sodium pellets, into a flask 
containing phosphorus pentoxide. From this flask i t  was finally distilled through 

6 EVANS AND ROWLEY, i b id  , 62,3523 (1930). 
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another distilling tube into a receiver containing sodium pellets. The receiver was 
protected by drying towers containing phosphorus pentoxide and calcium chloride. 
The ethyl bromide was also dried by distillation over phosphorus pentoxide. 

The magnesium cylinders were polished (to remove ridges) with fine emery paper, 
washchd with alcohol and ether, then dried in the oven, and kept in  a desiccator over 
anhydrite. The glass shoe and the reaction vessel were dried in the oven before use. 

It was found that solutions which were made up and stored in  glass-stoppered 
flasks absorbed moisture from the air quite rapidly, giving tests for water after a 
few hours. I t  was therefore decided to  make up the solutions individually before 
each run. Since the error of pipetting 0.5 cc. of ethyl bromide by the ordinary 
method was too great, a hypodermic syringe was fitted with a brass stop so arranged 
that the capacity could be adjusted by regulating a screw. Upon calibration i t  was 
found that the amount of ethyl bromide delivered from the syringe was constant with- 
in 0.2 per cent. The water was removed from the thermostat and replaced by mineral 
oil. 'These precautions increased the time elapsing before the appearance of a precip- 
itate in the solution. 

The amount of Grignard reagent present was determined by acid titration of the 
reaction mixture, by the method of Gilnian, Wilkinson, Fishel, and Meyers.' The 
total weight of magnesium reacting being known from the weighings, the amount of 
magnesium present as magnesium bromide was obtained by difference. 

.4 summary of a complete experiment is given in Table I. 
,411 quantities except time are expressed in  grams of magnesium; AW is the loss 

in weight of the magnesium cylinder, and column four gives the amount of Grignard 
reagent formed. The final yield of Grignard reagent, based upon the ethyl bromide 
present initially, is eighty-six per cent., while that for the ten-minute runs, based 
upon the number of molecules of ethyl bromide reacting is only seventy-two per cent. 
Column five indicates that the greater part of the Wurtz reaction takes place a t  the 
beginning. It should be mentioned that in computing the reacting surface of the 
magnesium the top and bottom of the cylinder were omitted, as no reaction took 
place there. 

If the rate-controlling process is the diffusion of ethyl bromide, after 
the rnaximum rate is reached the rate should be proportional to the ethyl 
bromide concentration, and the rate of disappearance of ethyl bromide 
should be given by the equation 

This would also be true if the process is chemically controlled, provided 
the rate is proportional to the ethyl bromide concentration and to the 
surfase 8.' The velocity constant can be calculated from the equation, 

where (a - z ) ~  and (a - x ) p  are the concentrations of ethyl bromide at  
the times t l  and tz. If this equation holds a plot of log (a - 2) versus time 

7 GILMAN, WILKINSON, FISHEL, AND MEYERS, i b id . ,  46, 150 (1923). 
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should give a straight line of slope -kS/2.3V. Calculation of the veloc- 
ity constant for the intervals 10-15, 15-20, and 20-25 gives k = 0.33, 
0.71, and 0.40 respectively. This might be due to inaccurate analysis. 
However, it was found that if the assumption was made that any side- 

TABLE I 
SUMMARY OF A COMPLETE EXPERIMENT 

Initial concentration C2HSBr = 0.130M. 
Average dimensions of cylinders: Length, 2.56 cm.; Diameter, 1.00 cm.; Surface. 

8.05 cm.l 
T = 25" 

RPM = 1100 
V = 50 CC.  

NO. OF 
RUNE 

TIME), 
MIN. 

0 

10 

15 

20 

25 

30 

40 

50 

0.068 
a.d. = .007 

0.093 
a.d. = .009 

0.115 
a.d. = .004 

0.131 
a.d. = .008 

0.139 
a.d. = .002 

0.145 
a.d. = .001 

0.145 
a.d. = ,001 

a.d. = Average deviation. 

0.057 
a.d. = .013 

0.089 
a.d. = ,007 

0.109 
a.d. = ,002 

0.120 
a.d. = .007 

0.127 
a.d. = .002 

0.134 
a.d. = .001 

0.134 
a.d. = .001 

0.011 

0.004 

0.007 

0.011 

0.012 

0.011 

0.011 

- 

MgBri 
zHsMgB 

0.19 

0.045 

0.064 

0.092 

0.095 

0.082 

0.082 

CzH;Br 
RIACT- 

I N Q  

- 
0.0 

0.079 

0.097 

0.123 

0.142 

0.151 

0.156 

0.156 

JzHsBr 
SEMAIN. 

I N Q  

0.156 

0.077 

0.059 

0.033 

0.014 

0.005 

- 

- 

YIELD 
QRIQ- 
NARD 

EAQENT 
(%) - 

72 

92 

89 

85 

84 

86 

86 

reactions (including the Wurtz) took place in the first period, the con- 
centration of ethyl bromide could thereafter be computed on the basis of 
the Grignard reagent formed. In other words a graph of log (a - 2) 
versus time, where a and x are the concentrations of ethyl bromide cor- 
responding to the amount of Grignard reagent formed at completion of 
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_-__ 
46.3 62.9 

72.5 36.7 

88.5 20.7 

97.7 11.5 

103.7 5.5 

the reaction and a t  time t, respectively, gives a straight line of slope 
- k S / 2 . 3 V .  Using equation (2 )  for the intervals given above, k becomes 
0.67, 0.71, and 0.73. Table I1 gives the data for these calculations, con- 
centrations being expressed in millinioles per liter. 

1 799 

1 565 

1 316 

1 061 

0 740 

0.0468 

0.0498 

0.0510 

0.0642 

T A B L E  I1 
COMPUTATION OF THE VELOCITY CONSTANT FROM THE DATA OF TABLE I 

____ 

0600 

to700 

1a.800 

f1400 

/ooo 

1/00 

Im- 

7 /aoo % e / w -  
4 ' / S O 0  

/bo0 

/700- 

/BOO 

/?OO 

0000 

a0 

T I M E ,  MIN. 

- 
- 

- 
- 
- 

- 

/ 
1' 

! 1 1 
t. /O 20 30 

,, J' - 
- 

- 
/' - 

- 

10 

15 

20 

25 

30 

a - x log l a  - 2) ~ k S / 2 . 3 V  k S / 2 .  3V 
I I 

0.0480 

0.0472 

0.0480 

0.0488 

0.0518 

k ,  
CN. NfN.? 

0.67s 

0.66s 

0.666 

0.69 

0.73 
Avge. 0.68 

Figure 2 shows a plot of log (a - s) versus time; the slope of the line 
It should be noted that the line cuts the hori- 

In  column five are given 
corresponds to k = 0.69. 
aontal line log (a - s) = log a a t  five minutes. 
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5 
4 
2 

the values of kS/2.3V computed from equation (2). Those in column 
six are computed by subtracting the arbitrary induction period of five 
minutes, given by the intercept, from the recorded times. The values 
of the velocity constant given in the last column are obtained from the 
kS/2.3V of the preceding column. 

Table I11 summarizes the results of the effect of concentration on the 
velocity constant k. Each IC represents 24, 30, or 36 individual runs, 
and k is computed from the slope of the line in graphs similar to Figure 2. 

0.69 
0.65 
0.69 

TABLE I11 
EXPERIMENTS WITH VARYING INITIAL CONCENTRATIONS 

v = 50 C C .  RPM 1100 T = 25" 

V = 25 cc.  
2.58 I 8.08 

v = 75 cc.  
2.58 1 8.08 

OF ETHYL BROMIDE 

83 2 0.65 

0.64 97.5 

AVERAQE 
LENGTH OF 

CYLINDERS, CM., 

2 .55 1 
2.55 
2.54 1 

1.26 
2.55 
5.09 

AVERAQE 
SURFACE 

CYLINDERS, 
C K Z  

8.05 
8.00 
8.00 

-- 
3.88 130 I 109 1 84 6 0.81 
8.05 109 , 84 5 0.69 
16.0 130 130 1 105.5 ~ 81 5 0.57 

INITIAL CON- 
CENTRATION 

CpHaBr, 

130 

260 

TABLE IV 
EFFECT OF LENQTH OF CYLINDER 

v = 50 C C .  RPM = 1100 
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a 
MYOLES/L. 

velocity constant is independent of the initial concentration of the ethyl 
bromide, and within the reproducibility of the experiments the results 
are in accord with equation (2). 

In  an effort to study the effect of surface three lengths of bar were used; 
the results are summarized in Table IV. 

The velocity constant decreases with increasing surface, while the in- 
duction period is not significantly changed. This increase in the velocity 
constant is probably related to the cylinder length rather than to the 
surface. For long bars the contact will not be as efficient as for short 

FINAL YIELD 
,GRIGNARD,% t o ,  

I 

TABLE V 
EFFECT OF IODINE 

V = 50 cc. RPM = 1100 T = 25" 

85 
89 
92 
89 
74 
54 

2 57 8 05 
2 56 1 8 03 
2 . 5 5  ' 8 00 

2 5'4 8 00 

2 55 8 03 

2.57 ~ a 05 

2 58 1 8 14 

M Y O L E S / L .  MMOLES/lr. 

I 

7 88 1 130 
11 8 130 
15 7 130 
23 6 130 
39 4 I 130 
63 0 130 
78 8 1 130 

111 
116 
120 
116 
96 
71 
55 

TAEiLE V I  
THE EFFECT O F  TEJIPERATURE 

V = 50 c:. RPM = 1100 

k ,  
CM. MIN.? 

0.65 
0.65 
0.65 
- 

- 

- 
- 

8.00 1 130 

8.06 1 130 
I 1.14 

bars, as it is difficult to keep the shoe in intimate contact for the whole 
length of a long cylinder. 

The effect of small amounts of iodine is to decrease the induction 
period without increasing the velocity constant. With higher concentra- 
tions of iodine the rate is no longer proportional to the ethyl bromide 
concentration. This is probably due to the reaction of iodine with the 
metal and with ethylmagnesium bromide. Ethyl iodide is formed dur- 
ing the reaction and will also react with the magnesium.' 

Table JT shows the decrease in yield of Grignard reagent a t  higher 
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concentrations of iodine. The optimum concentration is approximately 
0.015 molar. Iodine is not a catalyst in the sense that it increases the 
velocity constant as given by equation (2); it does, however, clean the 
surfaces6# 

Table VI shows the effect of temperature on the reaction. The tem- 
perature coefficient 1.3 for ten degrees is small, but cannot be taken as 
a final argument in favor of a diffusion-controlled process, as the tempera- 
ture coefficient of the diffusion of ethyl bromide in ethyl ether may not 
be small. 

DISCUSSION 

Gilman and otherss*10s11*12 have made extensive contributions to the 
literature on the preparation of the Grignard reagent. I n  most cases 
the effect of catalysts is interpreted in terms of increase of yield rather 
than of rate of reaction. I n  some cases, however, rate studies are carried 
out, and the catalyst is supposed to have increased the rate of the reaction. 
No kinetic law has been given in any of these cases, and a shortening of 
the induction period would be included in the increase in rate. Iodine, 
for example, cleans the surface, and the chemical rate of reaction of an 
alkyl halide with a cleaned magnesium surface may be much faster than 
the rate of transport of the alkyl halide to  the surface. If this is the case 
there should be no great difference in the velocity constants for the vari- 
ous alkyl halides. However, the literature indicates considerable differ- 
ence, and actual determinations of the velocity constants after the maxi- 
mum rate of reaction has been reached should prove interesting. The 
r61e of iodine is not unlike that played by halogen compounds and halogens 
in the reaction of magnesium with alcohol.6 

Quite apart from our attempts a t  a quantitative determination of the 
velocity constant, our observations on the effect of a contact require 
further attention and explanation. With the “shoe” employed, the 
possibility of a temperature effect a t  the surface of the metal suggests 
itself. It is possible for the outermost layer to  be at  a temperature con- 
siderably higher than the metal and the bulk of the solution, but in view 
of our qualitative experiments where the contact substance was not in 
motion with respect to the metal, the more likely explanation seems to 
be that the contact buckles or ruptures the coating and allows the reac- 
tion to begin. If the products are soluble and do not react further to form 

* WOHL, Ber., 39, 1952 (1906). 
GILMAN AND hfEYERS,  J .  Am. Chem. ~ O C . ,  46, 159 (1923). 

l o  GILMAN AND VAN DER WAL, Bull. SOC. chim., 46,344 (1929). 
ST. JOHN AND ST. JOHN, Rec. trav. chim., 66, 585 (1936). 

l2 GILMAN AND ZOELLNER, J .  Am.  Chem. Soc., 53, 1583 (1931). 
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insoluble products, the reaction continues, and for 'high concentrations 
of reactants may spread over the surface from the point of contact. 
If the reaction is rapid enough there will be a temperature effect, and 
pitting will result. And if insoluble products which adhere to the metal 
are formed, pitting will result. The shoe may prevent products such as 
MgOHX from adhering, and give a more uniform reaction. If this view 
is correct, i t  should be possible to shorten the time required for the prepa- 
ration of Grignard compounds which are difficult to prepare by mixing the 
magnesium turnings with ground glass and shaking rather than stirring. 
Of course, the effect of oxygen should not be neg1e~ted.I~ 

The authors acknowledge a research grant made to one of them (M.K.) 
by the Faculty Research Committee of the University. 

SUMMARY 

1. After the induction period the reaction between ethyl bromide and 

2. A contact is necessary for uniform reaction. 
3. Iodine reduces the interval before the maximum rate is reached. 

magnesium is proportional to the ethyl bromide concentration. 

13 GOEBEL AND MARVEL, ibid., 66, 1693 (1933). 
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The reaction of a,p-dibromides with iodides is well suited for a quanti- 
tative study of the effect of substituents on reaction rate for the reasons 
that the dibromides can be prepared readily in a state of purity and the 
progress of the reaction can be followed easily by titration of the lib- 
erated iodine. The reaction was apparently first used by Perkin,l who 
obtained coumarine from its dibromide by the action of potassium iodide. 
Since that time it has come to supply one of the standard methods by 
which the organic chemist is accustomed to prepare ethylene derivatives. 
Further knowledge concerning the factors which influence its rate will be 
of immediate practical importance in the laboratory. 

Slator2 studied the rates of the decomposition of ethylene iodide and of 
ethylene iodobromide under the influence of the iodide ion, Biilmann3 
that of the reaction of CY ,/I-dibromopropionic acid with potassium iodide; 
van Duin4 established the generality of the reaction and measured the 
rate at 25" in a number of cases, and Dillon and his co-workers5 the rates 
of reaction of ethylene, propylene, and butylene bromides with potassium 
iodide. Except for the experiments of Dillon, all the rate measurements 
were made at  one temperature. 

It is now generally recognized, particularly in the light of the discussions 
of Hinshelwood,6 that the reaction rate constant is the resultant of the 
several factors which are indicated in the equation, K = PZe-E'RT . The 
so-called critical increment, E, is calculated from the temperature coeffi- 
cients of the velocity constant; 2, the collision factor, is calculated from 
kinetic theory; and P, the probability factor, is the value which must be 
inserted in the equation, after E and Z have been found, to give the 
correct value for K.  The factor P has been interpreted as measuring 
the probability of successful collision, and as such is dependent upon the 

1 PERKIN, J .  Chem. SOC.,  24, 437 (1871) 
2 SLATOR, i b id . ,  86, 1697 (1904). 
3 BIILMANN, Rec. trav. chim., 36, 319 (1917). 
4 VAN DUIN, ibid., 46, 345 (1926). 
6 DILLON, YOUNG, AND LUOAS, J .  Am.  Chem. SOC., 62, 1953 (1930). 
6 HINSHELWOOD, J .  Chem. SOC., 1936, 1111. 
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178. 
458. 
417. 
458. 
44. 

117. 

80. 
- 

shapes of the molecules, their orientation, the nature of the medium in 
which the reaction occurs, and various other factors. In  the present 
work we have measured the rates of reaction of a number of a,@-dibro- 
mides with sodium iodide in absolutt: alcohol and in dry acetone at  several 
temperatures for the purpose of determining the effect of substituent 
groups upon the constants, E and E', of the above equation. 

The duration of the runs and the extent of the reactions in our several 
experiments are reported in Table I. In  each case the initial concentra- 

TABLE I 
DURATION AND EXTENT OF THE REACTIONS 

Experiments in Alcohol 

47 
14 
11 
7 

24 
81 

81 
- 

Temperature. . . . . . . . . . . . . . . . . .  __ 
DIBROMIDE 

1 .2  
32.1 
32.4 
32.1 
2 .2  
1 .5  
9 .7  
4 .4  

Ethylene. ..................... 

Amylene-1 . . . . . . . . . . . . . . . . . . . .  
Allyl alcohol. . . . . . . . . . . . . . . . .  

Ethyl acrylate. . . . . . . . . . . . . . . .  
Crotonic acid.. . . . . . . . . . . . . . . .  
Maleic acid . . . . . . . . . . . . . . . . . . .  

Propylene. .................... 

Acrylic acid . . . . . . . . . . . . . . . . . . .  

12 
25 
31 
20 
27 
38 
29 
80 

!% 
si % D  

0.025 
0.017 
0.017 

28. 
164. 
103. 
103. 
32. 
7 . 5  

28. 
20.6 

ff 
P 1  

BE -__ 
23 
27 
24 

_ _  
_ _  

Temperature. . . . . . . . . . . . . . . . .  __ 

DIBROMIDE 

_- 
Benzalacetophenone . . . . . . . . . .  
p-Nitrobenzalacetophenone.. , 

m-Chlorobenzalacetophenone. 
Benzalacetone . . . . . . . . . . . . . . .  
Acrylic acid . . . . . . . . . . . . . . . . . .  __ 

Experiments in Acetone 

0" 

2,. O m  
c g  
l o  ga 

___ 
0.17 
0.19 
__ 
- 

20.8 

41 
23 
19 
8 

54 
36 
17 
69 

~ 

56.3" 

)URATION 1 
(HOURS) 

tions in the reaction mixture, while known exactly, were approximately 
0.015 molal of the dibromide and approximately 0.30 molal of sodium 
iodide. The longest runs were those with propylene dibromide and allyl 
alcohol dibromide in alcohol solution at  25.3' in which 14 per cent. and 
7 per cent., respectively, of these materials were converted into ethylene 
derivatives during 458 hours; the shortest runs were those with the dibro- 
mides of p-nitro- and mchlorobenzalacetophenone in acetone at 14.3" 
in which 27 per cent. and 24 per cent. conversion respectively was accom- 
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plished in 61 seconds. Acetone was used as a solvent for the chalcone 
dibromides because of the slight solubility of these substances in alcohol. 
Acrylic acid dibromide (CY, P-dibromopropionic acid) reacts with sodium 
iodide much faster in acetone than in alcohol-and acetone has been 
found in a number of cases in this laboratory to be a much better solvent 
than alcohol for use in the preparation of ethylene derivatives from 
CY ,p-dibromo compounds. 

The experimental data from all of our runs, except those with the 
dibromides of propylene a'nd amylene-1, gave good second-order reaction 
constants when calculated in accordance with the formula, 

b(a - 2) 
a(b  - 22)' 

In K z  = t(2a - b) 

where a is the initial concentration of the dibromide in moles per liter, b 
the initial concentration of sodium iodide, and x the number of moles 
per liter of the dibromide which have reacted at the end of the time t .  
The constancy of the reaction constants is illustrated by the data of the 
run with acrylic acid dibromide, which are reported in detail as a typical 
example in Table 11, where the constants are calculated for the time, t ,  
in minutes. The reaction was inconveniently slow when 0.03 M sodium 
iodide was used-and solutions approximately 0.3 M in sodium iodide 
were accordingly used in all other cases. The data of our experiment with 
acrylic acid dibromide are especially interesting because they supply an 
example of the kinetic salt effect which has been discussed by Dillon;7 
the constant was increased by about ten per cent. when the initial concen- 
tration of sodium iodide was increased to tenfold. 

In Table I11 the rate constants are calculated for the time, t, in seconds, 
in order that they may be compared more conveniently with constants 
which have been reported by others in discussions of the critical increment 
and probability factors, E and P. The constants reported in the table 
are average values of the second-order reaction constants, except for the 
experiments with the dibromides of propylene and amylene-1, in which 
cases the constants were found to decrease steadily as the reactions pro- 
gressed-and the reported constants are those which were obtained by 
extrapolating the pseudo-unimolecular constants to zero time. We do 
not place great confidence in the constants which we have listed for 
these two reactions, but believe that they may have some interest as a 
basis for comparison. Although second-order constants are reported 
in the table, we have found that our data correspond to good pseudo- 
unimolecular constants in all cases except these two. 

7 DILLON, J .  Am. Chem. SOC., 54,952 (1932). 
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,015 .030 
.015 ,030 
,015 ,030 
,015 .030 
,015 ,300 
,015 ,300 
,015 ,300 
.015 ,300 
,015 ,300 
,015 .300 

The chalcone dibromides have rates several thousand times as great as 
those of the aliphatic compounds with which we have worked. The evi- 
dence is not sufficient to enable us to judge whether this difference of rate 
is to be ascribed to the phenyl or to the carbonyl or benzoyl group, or to 
both, but some of the difference is undoubtedly to be attributed to the 
use of acetone as a solvent for the chalcone dibromides and of alcohol for 
the aliphatic compounds, for the reaction rate of acrylic acid dibromide a t  

TABLE I1 
DETAILS OF EXPERIMENT WITH ACRYLIC ACID DIBROMIDE IN ALCOHOL SOLUTION 

.0200 

.0200 
,0200 
,0200 
.OH6 
,0186 
.OB6 
,0186 
.OB6 
,0186 

,01467 
,01467 
,01467 
,01467 

0.35 
0.92 
0.76 
2.16 
1.42 
1.90 
1.92 
1.89 
2.05 
3.92 

,298 .00183 
,298 ,00183 
,298 ,0186 
.298 . 0 186 

6.90 
12.45 
1.37 
3.35 
4.27 ,01467 I ,298 

1.98 
2.54 
3.48 
4.10 

.0186 

& (%IN.) 

,01458 ,2916 
,01458 ,2916 
,01458 .2916 
,01458 .2916 

2363 
7143 
5698 

18420 
883 

1135 
1160 
1190 
1298 
2660 

200 
395 
455 

1360 
1915 

50 
75 

110 
133 

.OB6 

.OH6 

.ON6 
,0186 

z 

.OW35 

.00092 

.00076 

.00216 

.00132 

.00177 

.00179 
,00176 
,00191 
.00365 

,00126 
.00228 
.00255 
.00623 
,00793 

.00188 

.00241 

.00331 

.00390 

a - z  

,01465 
.01408 
.01424 
,01284 
.01363 
,01318 
.01316 
.01319 
.01304 
,01130 

.01341 
,01239 
,01212 
.00844 
,00674 

.01270 

.01217 
,01127 
.01068 

K ,  X 10' 

3.38 
3.05 
3.12 
3.04 
3.51 
3.73 
3.68 
3.54 
3.53 
3.55 

K ,  X 10' 

1.52 
1.45 
1.42 
1.40 
1.41 

Ks X 10' 

8.08 
8.33 
8.11 
8.13 

25.3" in acetone is about 290 times as great as in alcohol. The m-chloro- 
and p-nitrochalcone dibromides react considerably faster than the unsub- 
stituted compound. p-Methoxychalcone dibromide reacted so fast that 
its rate could not be measured. In the aliphatic series, in accordance with 
the views of Hughes and Ingold,* electron-attracting substituents like the 
carboxyl and carbethoxy groups increase the rate, while substituents which 

8 HUGHES AND INOOLD, J. Chem. SOC., 1938,244. 
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12.8 
2.12 
2.48 
0.91 

24.0 
68.8 

59.8 
6.75 

tend to supply electrons, either by an inductive effect like methyl or by a 
tautomeric effect like hydroxyl, diminish it. 

The actual order of the influence of the substituents upon the rates 
depends upon the temperature which is chosen for the comparison. Thus, 
at 25.3" the rate is greater for propylene than for amylene-1 dibromide, 
but at  37.2" and a t  56.3" the order is reversed. Similarly, maleic acid 
dibromide reacts more slowly than the dibromide of ethyl acrylate at 25.3" 
and at 37.2", but more rapidly a t  56.3". These cases show that the 

TABLE I11 
REACTION RATE CONSTANTS ( K  = Kz  X 106 see-1) 

Experiments in Alcohol 

-- 
4 

- 
2 
2 
6 
3 
4 

- 

Temperature.. . . . . . . . . . . . . . . .  . I  25.3" 

Amylene-1. . . . . . . . . . . . . . . . . . . .  
Allyl alcohol. . . . . . . . . . . . . . . . . .  

DIBROMIDE 

0.355 
0.155 

AV. 
DEV. 
(%) 

1 
6 
- 

AV. DEV. 
(70) 

5 
- 
- 
4 
3 
5 

4 
- 

K 

____ 
990 

1660 
1520 

_ -  
- -  

AV. 
DEV. 
(%) 

- 
- 

Experiments in Acetone 

K 
~- 

2 -  
1 -  
4 -  

2070 
1730 

Temperature. . . . . . . . . . . . . . . . .  

DIBROMIDE 

Benxalacetophenone . . . . . . . . . .  
p-Xtrobenzalacetophenone.. 
m-Chlorobenzalacetophenone 
Benzalacetone. . . . . . . . . . . . . . .  
Acrylic acid. .  . . . . . . . . . . . . . . . . .  

O 0  

56.3" 

K 

94.2 
20.0 
26.7 

136.0 
343.0 
32.7 

372.0 

8.52 

AV, DEI'. 
('570) 

4 
- 
- 
4 
1 
3 
4 
3 

8.6" 1 14.3' I 25.3" 

K 

numbers which represent the reaction constants are not alone a sufficient 
basis for an adequate discussion of the effects of substituent groups. 

From the reaction constants, K,  at the several temperatures (Table 
111) the energies of activation listed in Table IV have been calculated. 
The averages of these values for each reaction (substantially and within 
the limits of precision the same as the average energies of activation over 
the temperature range of our experiments), have been substituted in the 
equation, K = PZe-EIRT, Z being taken as equal to 2 X lo", and have 
given us the values for P, the probability factor, which are listed in 
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Table V. The value of 2 has been calculated from kinetic theory for the 
concentrations and temperatures a t  which we have worked, and is in the 

TABLE IV 

Reactions in Alcohol 
IZNERGIES OF ACTIVATION: REACTIOXS O F  DIBROMIDES WITH SODIUM IODIDE 

Benzalacetophenone . . . . . . . . . . . . . . . . . . . . . .  

Acrylic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Nitrobenzalacetophenone, . . , . . , , . . , , . . , . 

DIBROMIDE 

18.0 
19.1 
- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Propylene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acrylic acid.. . . . .  . . . . . . . . . . . . . . . . . . . . . . .  
Ethyl acrylate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Crotonic acid.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maleic acid.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

17.3 
19.2 
- 

Reactions in Acetone 

- 
- 

19.5 

20.6 
23.6 
28.4 
25.8 
20.3 
18.6 

18.8 
- 

21.3 
28.8 
26.2 
24.8 
19.2 
17.8 
17.9 
19.6 

DIBROMIDE I (ked.) I E&? (ked.) 1 (kcal.) 

TABLE V 
PROBABILITY FACTORS : REACTIONS OF DIBROMIDES WITH SODIUM IODIDE 

Reactions in Alcohol 

I P DIBROMIDE 

Ethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Propylene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

Crotonic acid.. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Maleic acid. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Reactions in Acetone 

0.04 
1.4 

240. 
27. 
0.007 
0.0015 
0.00013 
0.022 

DIBROMIDE 1 P 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Nit,robenealacetophenone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31. 
Benzalacetophenone 

Acrylic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ,  1.4 

neighborhood of 2 X 1011, which is the value we have adopted for all our 
calculations. A difference of 25" in temperature does not change the sig- 
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nificant figures of this number. 2 is the number of collisions per second. 
If all the collisions should result in reaction, then K would be equal to 2. 
The other factors in the equation are the factors which determine the suc- 
cess of the collisions in producing the reaction. The number, is 
the fraction of all of the molecules which possess sufficient energy to react, 
and P is the probability of this energy becoming effective through suc- 
cessful collision. P = 1 corresponds to 100 per cent. probability, or to 
the successful reaction of all of the molecules which have sufficient energy, 
and 1 is evidently the highest value of P which is theoretically possible. 
Uncertainties in the estimation of some of the other factors may possibly 
double the value of P, making it 2, but the values of 27 and 31 calculated 
from satisfactory data for the reactions respectively of the dibromides of 
allyl alcohol in alcohol and of p-nitrobenzalacetophenone in acetone make 
it clear that the notion of P as a probability factor must be interpreted 
liberally. 

The probability factors for the reactions of the dibromides of propylene 
and amylene-1 with sodium iodide have been calculated, and are reported 
as a matter of interest, but are discounted for the reason that these reac- 
tions gave no really satisfactory constants. It is difficult to see why the 
probability of successful collision should be greater in the cases of the 
compounds with the longer chains. Our data however appear to warrant 
the conclusion that ethylene dibromide owes its greater rate of reaction 
to its smaller energy of activation. The effect of the -CHZOH group in 
slowing the reaction, somewhat greater than the effect of the methyl and 
n-propyl groups, is definitely related to an increase in the energy of activa- 
tion which overbalances the effect of an increase in the probability factor. 

Of the groups which increase the rate, the carboxyl and carbethoxy 
groups apparently act by decreasing the energy of activation, for the prob- 
ability of successful collision is less than for ethylene dibromide. Acrylic 
ester dibromide reacts more rapidly than acrylic acid dibromide, and has 
a smaller energy of activation and a smaller probability factor; the greater 
rate is attributable to the smaller energy of activation. Crotonic acid 
dibromide reacts more slowly than acrylic acid dibromide, and has a 
smaller energy of activation and a smaller probability factor; the effect of 
the smaller probability factor overbalances that of the smaller energy of 
activation. 

Acrylic acid dibromide has about the same energy of activation in alco- 
hol as in acetone, but in the latter solvent the probability factor is 200 
times as great, and it reacts much faster. The effect of the acetone is to 
increase the probability factor, a result which may perhaps be related to 
the fact that acetone forms a molecular compound with sodium iodide 
and so increases the probability of its reaction. 
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The data give us the following conclusions as to the principal effects of 

The -CH3, -C3H7, and -CH20H groups increase E. 
The -COOCzHs and -COOH groups decrease E,  the former more than 

the latter. 
The effect of two -COOH groups in decreasing E is greater than the 

effect of one. 
The effect of a -COOH group in decreasing E is more than sufficient 

to counteract the effect of a -CH3 group tending to  increase it. 
One -COOH group reduces P ;  a second -COOH group increases P 

again, but not however to the value which it would possess if no -COOH 
group were present. 

the several groups. 

EXPERIMENTS 

The temperatures of the reactions were controlled by immersing the vessels a t  0" 
in a mixture of ice and distilled water in a Dewar flask, a t  8.6" and 14.3" in a water 
bath cooled by a regulated flow of tap  water, a t  25.3' and 37.2" in electrically regu- 
lated thermostats, and at 56.3" in an electrically heated and regulated glycerine bath. 

For the slower reactions i t  was found that satisfactory results could be obtained 
by mixing the solutions of the dibromide and the sodium iodide in the reaction vessel, 
and pipetting out from time to  time samples for titration of the free iodine with 
sodium thiosulfate. For the fast reactions i t  was found necessary to  make up the 
solutions in separate test-tubes, mix rapidly, and then to  stop the reaction by dilut- 
ing the mixture with water. 

Preparation of Materials 

The alcohol which was used for solvent was commercial absolute alcohol. 
The acetone was purified from the bisulfite compound, dried over anhydrous mag- 

nesium perchlorate, and fractionated. It boiled at 56.3" with a boiling-point range 
of 0.09" (Beckmann thermometer). The International Critical Tables report b.p. 
56.1"; H e i l b r ~ n , ~  56.5". All the temperatures reported in the present paper are 
corrected temperatures unless otherwise noted. 

Ethylene dibromide was fractionated twice through a Davis column, and finally 
distilled twice a t  room temperature in a Hickman still; b.p. 131.5-132.0'. Heilbron 
reports b.p. 131.7". 

Propylene dibromide was fractionated twice and then distilled five times in the 
Hickman still. The index of refraction for the sodium D line a t  28" was determined 
on each fraction, and found t o  be: lst, 1.5160; 2nd, 1.5167; 3rd, 1.5164; 4th, 1.5164; 
5th (principal fraction), 1.5163 (b.p. 139-140'); and 6th (residue), 1.5158. The value 
given in the Znternational Critical Tables for n: is 1.5203; b.p. 140". 

ilnzylene-1 dibromide was prepared by combining bromine a t  0" with pure pentene-1 
obtained by fractionating commercial amylene five times through a Davis column. 
It was distilled once a t  atmospheric pressure, (b.p. 183-185"), and twice in the Hick- 
man still. Brochet'o reports b.p. 190-191"; Dykstra, Lewis, and Board,'' 184". 

HEILBRON, "Dictionary of Organic Compounds," New York, 1934. 
I o  RROCHET, Bull. soc. chim., [31, 7, 567 (1896). 
11 DYKSTRA, LBWIS, AND BOORD, J .  Am. Chem. SOL, 62,3400 (1930). 
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Dibromohydrine (allyl  alcohol dibromide) .-Kahlbaum's material was distilled 
twice in the Hickman still. The product boiled a t  atmospheric pressure a t  219" with 
decomposition, in agreement with the reports of Heilbron and of Read and Hurst.12 

a, P-Dibromopropionic acid (acrylic acid dibromide).-Kahlbaum's material T? as 
used directly. I t  was found to  melt a t  59-64' and to  titrate as 100% dibromopro- 
pionic acid. As this substance exists in two forms, melting a t  51" and a t  64" respec- 
tively, the latter being transformed slowly into the former when the substance is 
melted, the reverse change occurring on standing, the melting point of our sample 
is not significant. 

Ethyl  a, P-dibromopropionate (ethyl acrylate dibromide) .-Kahlbaum's material n-as 
used after three distillations in the Hickman still. The product boiled a t  atmos- 
pheric pressure a t  214-215" as reported by Heilbron. 

a, 6-Dibromobutyric acid (crotonic acid dibromide) was prepared from crotonic acid. 
Eastman Kodak Company pure crotonic acid was recrystallized twice from water, 
combined with bromine in carbon disulfide solution, and the dibromide was recrystal- 
lized to  constancy of melting point; m.p. 87" as reported by Heilbron. 

Dibromosuccinic acid (maleic acid dibromide) .-Kahlbaum's material was recrys- 
tallized once; it melted in a sealed tube a t  255-256" with decomposition, in agreement 
with Heilbron. 

Benzalacetophenone dibromide was prepared by adding the theoretical amount of 
bromine to  benzalacetophenone dissolved in chloroform, and recrystallizing from 
that  solvent; m.p. 156-157" as reported by Allen.13 

p-Nitrobenzalacetophenone dibromide was prepared by titrating recrystallzed 
p-nitrobenzalacetophenone, m.p. 163-164", with bromine in chloroform a t  room tem- 
perature. The material, recrystallized from alcohol and carbon disulfide, melted 
a t  152". Sorge14 reports m.p. 148", and Wieland,'s 151". 

m-Chlorobenzalacetophenone dibromide, prepared by adding the calculated quantity 
of bromine to  m-chlorobenzalacetophenone in chloroform solution, melted a t  187", 
as reported by Sorge and by Bodforss.'B 

Benzalacetone dibromide, prepared from benzalacetone by a similar procedure, 
melted a t  124-125" as reported by Claisen and Claparede" and by Auwers and Brink.18 

SUMMARY 

The rates of reaction at several temperatures of sodium iodide in alcohol 
with the dibromides of ethylene, propylene, amylene-1, allyl alcohol, 
acrylic acid, ethyl acrylate, crotonic acid and maleic acid, and of sodium 
iodide in acetone with the dibromides of benzalacetophenone, p-nitro- 
and m-chlorobenzalacetophenones, benzalacetone, and acrylic acid have 
been measured. 

12 READ AND HURST, J. Chem. SOC. 121, 995 (1914). 
1 3  ALLEN, in "Organic Syntheses," Vol. 8, p. 61, New York, 1928. 
14 SORGE, Ber., 36, 1068 (1902). 
15  WIELAND, ibid. ,  37, 1149 (1904). 

BODFORSS, ibid. ,  49, 2801 (1916). 
1 7  CLAISEN AND CLAPAREDE, ibid. ,  14, 2462 (1881). 
1 8  AUWERS AND BRINK, J. prakt.  Chem.,  [2], 133, 154 (1932). 
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Good second-order constants have been obtained in all cases except 
those of the reactions of the dibromides of propylene and amylene-1. 
For these two neither first-order nor second-order constants appear to be 
satisfactory. 

Acrylic acid dibromide reacts with sodium iodide much faster in acetone 
than in alcohol. 

The effects of the substituent groups upon the reaction rates have been 
discussed briefly. 

Energies of activation, E, have been calculated for the several reactions ; 
the probability factors, P, have been calculated from the equation K = 
PZe-E'RT; and conclusions have been drawn as to the effects of the sub- 
stituent groups upon E and P. 
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A SYNTHESIS OF HOMOARGININE 

JESSE P. GREENSTEIN 
Received November 26, 1937 

The only amino acid containing the guanidine group that has been 
isolated from the proteins is arginine or 6-guanidoornithine. The possi- 
bility that other homologues of arginine may exist was suggested at one 
time by Kossel' and also by Winterstein and Kiing.2 The supposition 
largely rested on the anomalous behavior of nitrate protamine and on the 
presence of non-crystallizable syrups in the arginine fraction of several 
protein hydrolysates. It seems highly probable a t  this time, however, 
that the syrups may have been composed of breakdown as well as racemic 
products of arginine. 

Many attempts have nevertheless been made to prepare homologues of 
arginine, notably by Winterstein and Kiing2, Heckela, and Steib4. The 
early methods simply employed the cyanamide reaction with lysine or 
with a-8-diaminopropionic acid, whereby non-crystallizable mixtures of 
mono- and diguanido acids resulted. 

The action of 0-methylisourea on the peptide lysylglutamic acid has 
been studied and a monoguanidine-substituted derivative has been ob- 
tainede6 Examination of the product indicated that it was predominantly 
an E derivative but its properties were such that some a substitution was 
suspected. The problem resolved itself therefore into the finding of a 
method whereby the (Y amino group could be masked, leaving the o amino 
group free for the preparation of the guanido derivative. The first suc- 
cessful attempt in this direction had been accomplished by Steib4 who pre- 
pared the a-toluolsulfonyl derivative of E-benzoyllysine. Treatment of 
this molecule with baryta removed the E benzoyl radical; in the following 
step the E guanido group was prepared, and finally the a toluolsulfonyl 
group was removed by means of hot hydriodic acid. A very low yield of 
the hygroscopic nitrate of c-guanidolysine was obtained in this manner. 

In view of the improved procedures now available for the masking of 

1 KOSSEL, 2. physiol. Chem., 84,l-10 (1913). 
* WINTERSTEIN AND KUNG,  ibid., 69, 141-164 (1909). 
3 HECHEL, Monatsh., 29, 779-785 (1908). 

6 GREENSTEIN, J .  Biol. Chem., 109, 529-540, 541-544 (1935). 
STEIB, 2. physiol. Chem., 166, 292-305 (1926). 
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groups, it was thought of interest to prepare the eguanidolysine (homo- 
arginine) in amounts sufficient to be of use in further studies. The method 
of Hergmann, Zervas, and Ross6 for the preparation of 6-carbobenzoxy-1- 
lysine provided the starting point for the synthesis. A satisfactory yield 
of the crystalline nonhygroscopic sulfate of dl-homoarginine was obtained 
by the following series of reactions: 

dl-Lysine -+ Dicarbobenzoxylyshie + Dicarbobenzoxylysyl chloride + 
e-Carbobenzoxy-a-Carboxylysine anhydride ---f e-Carbobeneoxylysine -+ 

e-Carbobenzoxy-a-benzoyllysine -+ a-Benzoyllysine + e-Guanido-a-ben- 
zoyllysine -+ dl-Homoarginine 

The homoarginine was treated with arginase but no action whatever 
of the enzyme on this substrate was detectable under conditions by which 
sixty to seventy per cent. of arginine was split. This confirms the observa- 
tion by Steib4. The great specificity of arginase is thus revealed, the ac- 
tion of the enzyme evidently requiring a specific distance between the 
guanidine group which it attacks and the a amino (or a hydroxyl) and 
carboxyl groups which it needs as probable points of attachment. 

EXPERIMENTAL 

e-Carbobenzoxy-dl-lysine.-The preparation of this substance followed substan- 
tially the methods used by Bergmann, Zervas, and Ross for the I-lysine derivative.6 
dl-Lysine was synthesized from cyclohexanone oxime along the lines recommended 
by Eck and Marvel.' The racemic dicarbobenzoxylysine crystallized in tiny square 
prisms from ethyl acetate-petroleum ether, and melted at 104". It was converted 
to  the acid chloride in dry, chilled, chloroform solution with phosphorous penta- 
chloride. Evaporation in oucuo a t  50" converted the substance into the carboxylic 
anhydride (m.p. 92"). Treatment with acetone-hydrogen chloride yielded carbo- 
benzoxy-dl-lysine hydrochloride, which after neutralization with ammonia gave 
the free acid (m. p. 263").* 

A n d .  Calc'd for ClrHloNt04:  N, 10.0. Found: K, 10.0. 
a Benzoyl-dl-lysine.-Twenty-four grams of e-carbobenzoxy-dl-lysine was dis- 

solved in 160 cc. 1N sodium hydroxide solution and treated a t  10" with 18 g. of benzoyl 
chloride and 150 cc. of 1N sodium hydroxide solution. On acidification with 5N 
hydrochloric acid a n  oil separated, and rapidly hardened on cooling. This product, 
e-carbobenzoxy-a-benzoyllysine, was dried, pulverized, and extracted several times 
with ligroin to  remove adhering benzoic acid. I t  was then dissolved in a methyl 
alcohol-water mixture; the solution was treated with 60 cc. of 5N hydrochloric acid 
and catalytically hydrogenated in the presence of palladium. When the reaction 
was at an end, the filtrate from the catalyst was evaporated in vacuo, and the aqueous 
solution was shaken with ether to  remove some benzoic acid. After neutralization 
with ammonia, scratching of the sides of the flask induced the appearance of a white 

ELERGMAN, ZERVAS, AND Ross, ibid., 111, 245-260 (1935). 
E ~ K  AND MARVEL, ibid., 106, 387-391 (1934). 

* Iluring evaporation of the acetone-hydrogen chloride mixture, an oil separates 
which can be removed by ether extraction and subsequently discarded. 
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precipitate of a-benzoyl-dl-lysine. The substance was filtered off, washed well with 
ice-water, and dried; yield 17 g.; m.p. 211". 

Anal. Calc'd for ClaHlsN208: N, 11.2. Found: N, 11.1. 
E-Guanido-a-benzoyl-dl-lysine.-The hydrochloride of 0-methyl isourea6s 8 (40.32 

9.) was dissolved in 200 cc. of methanol, and the solution was treated a t  0" with 
86.9 cc. 4.2N sodium methylate solution. The sodium chloride was separated by 
filtration through infusorial ettrth, and to  the clear filtrate 17 g. of a-benzoyllysine 
was added, together with enough water to  bring the substance into solution. A 
slight amount of warming was also necessary. The solution was filtered, and al- 
lowed to  stand a t  room temperature. Crystallization of long needles began after 
fifteen minutes. After twenty-four hours the crystalline mass was collected by 
filtration, washed with ice-wrLter, and recrystallized from hot water. This time 
the guanidine derivative crystallized in long prisms. It was collected by filtration, 
washed, and dried. The yield was 12.8 g.; m.p. 273". 

Anal. Calc'd for C14H20XrOs: K, 19.2. Found: N, 19.1. 
e-Guanido dl-lysine (homoarginine) sulfate.-Twelve grams of the benzoyl deriva- 

tive was dissolved in  120 ccm. of 5N hydrochloric acid, and the solution was boiled 
under reflux for three hours. After cooling, the benzoic acid was extracted with 
ether, and the aqueous solution was evaporated to  a syrup an vacuo. Inasmuch as 
the syrup failed to crystallize it was taken up in water and shaken with a slight 
excess of silver sulfate. The silver chloride was removed by filtration, and the 
filtrate was treated with hydrogen sulfide. On evaporation i n  vacuo a syrup again 
was obtained. I t  was dissolved in a little water, and treated with a large volume of 
absolute alcohol. A white oil separated; this solidified on standing in the ice chest 
for a week. The procedure of dissolving in water and precipitating with alcohol pias 
repeated twice more, after which a crystalline solid in the form of prisms was finally 
obtained. The crystalline sulfate was non-hygroscopic and amounted to 7.1 gm. 
The substance decomposed with foaming a t  127" after preliminary softening a t  
112". It crystallized with 13 molecules of water. 

Anal. Calc'd for ( C ~ H I ~ N ~ O ~ ) Z " Z S O ~  + 14 Hz0: N, 22.3; SO,, 19.1. 
Found: N, 22.0; SO.,, 19.0. 

Homoarginine sulfate, on drying for four hours a t  56" under 4 mm. piensure, lost 
5.2 per cent. in weight; calculitted for 1.5 moles of crystal water, 5.3 per cent. The 
substance gives a positive Sitkaguchi reaction. I t  was further characterized by 
the formation of its benzilidene derivative. 

Benzilidene homoarginine.-Six-tenths gram of homoargine sulfate was dissolved 
in 10 cc. of water, was treated with enough 1N sodium hydroxide solution to  bring 
the pH of the solution to about 9, and then shaken with 0.5 cc. of benzaldehyde. 
Scratching induced crystallization of the benzilidene derivative in the form of small 
prisms. After chilling, the product was collected by filtration, washed twice with 
ice-water, then with a methanol-ether mixture, and finally with dry ether. The 
yield was 0.4 gm.; m.p. 248' with decomposition. 

Anal. Calc'd for C14H20N40p: N, 20.3. Found: N, 19.9. 
Behavior of homoarginine with arginase.-One-fourth gram of neutralized homo- 

arginine sulfate was incubated a t  40" and a t  pH 8 with an arginase solution prepared 
from fresh rat  liver. A few drops of Manganese chloride solution was added. Simul- 
taneously, a solution containing 0.1 g. of arginine base with an equivalent amount 
of sulfuric acid was similarly treated. After one hour the solutions were boiled, 

KAPFHAMMER AND M ~ ~ L L E R ,  2. physiol. Chem., 226, 1-12 (1934). 
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filtered, and treated with urease. After a half-hour's incubation at 40", the solutions 
were made up to volume, and aliquots of each were directly Nesslerized. A splitting 
of 60 to  70 per cent. of arginine was revealed in this way. No trace of any attack by 
arginase on the homoarginine was evident. 

SUMMARY 

1. dl-Homoarginine (e-guanidolysine) has been synthesized from dl- 

2. The substance is not attacked by arginase. 
lysine. 
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CONSTITUENTS OF PYRETHRUM FLOWERS. 
XI. CHRYSANTHIN* 

W. GORDON ROSE AND H. L. HALLER 

Received December 6, 1937 

When pyrethrum flowers are extracted with a suitable organic solvent 
and the solvent is removed, an oleoresin is obtained which contains, be- 
sides the active insecticidal principles pyrethrin I and pyrethrin 11, com- 
paratively large quantities of extraneous substances consisting of fats, 
waxes, free fatty acids, and other compounds. 

The separation of the pyrethrins from the accompanying inert material 
has been the subject of numerous investigations. The preliminary steps 
in the purification of the oleoresin, developed by Staudinger and Ruzicka,’ 
had not been improved, however, until the procedure now in use in the 
laboratory of the Division of Insecticide Investigations, Bureau of Ento- 
mology and Plant Quarantine, was described.’ The oleoresin employed for 
these studies is obtained by extracting pyrethrum flowers with a low-boil- 
ing petroleum ether and removing the solvent by distillation. In the 
removal of the solvent from the petroleum-ether extracts, a crystalline 
product occasionally separates.t 

Preliminary examination showed the compound to be different from 
pyrethr01,~ a crystalline product frequently encountered in the operations 
incidental to the purification of the pyrethrins. 

It is proposed to designate the compound “chrysanthin,” for reasons 
which will be stated below. 

Chrysanthin is a colorless, crystalline compound and is optically active. 
It melts at 201’ when it is crystallized from ethyl acetate and a t  177-178” 
when it is crystallized from ethanol. It does not contain nitrogen or sul- 

* For article X of this series see J. ORG. CHEM., 2,308 (1937). 
1 STAUDINGER AND RUZICKA, Helv. Chim. Acta, 7, 177 (1924). 
2 LAFORGE AND HALLER, J .  Am. Chem. Soc., 67,1893 (1935). 
t The deposition of crystalline material does not always take place, and in no 

instance is the quantity of crude product greater than 0.1 per cent of the total extrac- 
tive. The crystalline product used in this investigation was isolated from a lot of 
crude material obtained from McCormick & Co., Baltimore, Md., through the cour- 
tesy of Dr. A. Edison Badertscher. 

3 FUJITANI, Arch. e z p t .  Path. Pharmakol., 61, 47 (1909). 
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fur, nor does it yield methyl iodide by the Zeisel method. Determination 
of carbon, hydrogen, and molecular weight show it to possess the molecular 
formula C 17H2205.  

On catalytic hydrogenation with platinum oxide catalyst, chrysanthin 
absorbs two atoms of hydrogen per molecule. When it is oxidized with 
chromic acid in aqueous acetic acid solution, it loses two atoms of hydrogen, 
and a neutral compound having the formula C17H2005 is obtained. Acetic 
anhydride-pyridine reagent shows that free hydroxyl groups are not present 
in chrysanthin, and attempts to prepare an oxime or semicarbazone were 
not successful. 

Fusion of chrysanthin with potassium hydroxide yields a very small 
quantity of a substance having a strong phenol-like odor, which with 
ferric chloride gives a violet-red color that is stable for several hours. 

Perhaps the most characteristic reaction of chrysanthin is its behavior 
with dilute aqueous alkali. When it is gently heated with 5 per cent. aque- 
ous sodium hydroxide, it readily goes into solution. On acidification of 
the alkaline solution with dilute hydrochloric acid, water-soluble products 
only are obtained. One of these bas been identified as acetic acid. The 
other is an acid possessing the empirical formula C15Hze07. This acid is 
very soluble in water and in ethanol and only slightly soluble in ether and 
in chloroform. It melts a t  190-192’, and when dried at 110” it loses one 
molecule of water and yields an acid that melts a t  210-211’. With acetic 
anhydride-pyridine reagent the presence of one hydroxyl group can be 
demonstrated. 

In a recent article Chou and Chu4 have described the isolation of a 
crystalline compound from the benzene extracts of pyrethrum flowers and 
have given it the name “chrysanthine.” When crystallized from a mix- 
ture of chloroform and alcohol, chrysanthine melts at 200’, and has a 
specific rotation of -30” in chloroform. On the basis of carbon and 
hydrogen determinations but no reported molecular-weight determination, 
the empirical formula Cl0HI303 was assigned, a formula that is obviously 
not possible. 

A direct comparison between the compound isolated by Chou and Chu 
and the one isolated by us has not been possible, but the facts that the 
melting point and the optical rotation are approximately the same for 
both compounds and that the values for carbon and hydrogen differ only 
slightly seem to indicate that the two compounds are identical. It is for 
this reason that the name (‘chrysanthin” is also used for the compound 
isolated by us. We have dropped the final “e” because such nomencla- 
ture is more in keeping with present standards. 

(>HOW AND CHU, Chinese J .  Physiol., 8, 167 (1934). 
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Preliminary insecticidal tests of chrysanthin with mosquito larvae and 
codling moth larvaet as test, insects have shown it to be relatively nontoxic. 

EXPERIMENTAL 

Purification and analysis of chrysanthin.-The crude material? was washed with 
warm petroleum ether (b.p. 30-60"), in which chrysanthin is insoluble, and then 
extracted with hot ethyl acetate. When the extract, which had been decolorized 
with active carbon, had cooled, the chrysanthin separated. It was recrystallized 
from ethyl acetate and from ethanol. After recrystallization from hot ethyl acetate 
i t  melted at 201", when the rate of heating was 8 to  10" per minute; when the rate of 
heating was slower (3 to  4" per minute), the substance sintered a t  190" but did not 
flow to a clear liquid even at 300". After recrystallization from ethanol the melting 
point, with rapid heating, was 177-178"; heated more slowly, its behavior was similar 
to  that described for the higher-melting modification. Both modifications have the 
same composition. 

Chrysanthin is optically active: 0.1563 g. dissolved in 3.03 ml. of chloroform a t  
20" rotated the plane of polarized light in a I-dm. tube 4.55" to the left; therefore, 

The saponification equivalent was determined by a slight modification of the 
method of Chargaff.' From 20 to 30 mg. of substance was refluxed for 30 minutes 
with 5 ml. 0.06 N sodium n-propylate in n-propyl alcohol, protected from atmospheric 
carbon dioxide by means of a soda lime tube. The condenser was washed with 10 ml. 
of carbon dioxide-free water, and the aqueous alcoholic solution was cooled and 
titrated. The quantity of acid required was substracted from that required to  
neutralize the same volume of sodium propylate solution when refluxed for 30 min- 
utes without the substance. The saponification equivalents so obtained were 155, 
155, 156, 155. 

The molecular-weight determination was made by the Rast method. The melt- 
ing point of camphor was depressed 11.5" when 0.453 mg. of chrysanthin was dis- 
solved in 4.549 mg. of the former; 0.208 mg. chrysanthin in 3.661 mg. of camphor 
depressed the melting point 6.7". The specimen of camphor used had a molar freez- 
ing point depression of 36.5". These data indicate molecular weights of 315 and 
307, respectively. 

[a]: - 30.5". 

Anal. Calc'd for CITHZZOL: C, 66.62; H, 7.25; mol. wt., 306.2. 
Found: C, 66.80, 66.65; H, 7.37, 7.13. 

The acids from chrysanthin.--Four grams of chrysanthin was suspended in  22 ml. 
of 1.5 N sodium hydroxide, and the solution was heated to  90". The chrysanthin 
dissolved readily in  the warm alkali, with the formation of a light yellow solution. 
Neutral or acid solutions are colorless. The solution was acidified to congo and 
steam-distilled. The distillate was made alkaline, evaporated to  dryness, the 
residue dissolved in water, and an equal volume of ethanol added to  the solution. 
Half of the resulting solution was refluxed with 1.2 grams of p-phenylphenacyl 
bromide for an hour. Recrystallization of the product from ethanol gave 0.65 g. 
of p-phenylphenacyl acetate, m.p. 111-112". The melting point was not depressed 

$ The tests against mosquito larvae were carried out by Dr. D. E. Fink of the 
Division of Control Investigations and those with the coddling moth larvae by Dr. 
E. H. Siegler of the Division of Fruit Insect Investigations of this Bureau. 

CHARGAFF, Z. physiol. Chern., 199,221 (1931). 



COXSTITVENTS OF PYRETHRUM FLOWERS 487 

on mixing with an equal quantity of an authentic sample of p-phenylphenacyl 
acet ate.6 

Preliminary attempts to  extract the (other acidic product with ether or chloroform 
in a continuous extractor had shown that this acid cannot be isolated readily by 
extraction, owing to its limited solubility in solvents immiscible with water. The 
solution remaining in the steam-distillation flask was therefore concentrated by 
allowing i t  to stand under an evacuated bell jar. When the volume had been reduced 
to 5-6 ml., the solution was filtered and carefully washed with 4-5 ml. of water. 
SOX e difficulty was experienced in recrystallizing this acid; recrystallization was 
finally effected by suspending the substance in hot dibutyl ether, adding alcohol 
sufficient t o  dissolve the acid, and allowing it to stand until crystallization was 
complete. The product so  obtained, when dried in  vacuo a t  60", melted a t  190-192" 
when heated a t  the rate of 8-10' per minute. When mixed with chrysanthin, the 
mixture melted a t  165-180". This cleavage product is acidic and has a neutralization 
equivalent of 320. 

Anal. Calc'd for Cx~H2~07: C, 56.56; H, 8.23; mol. wt., 318.2. 
Found: C, 56.77, 56.86; H, 8.20, 8.11. 

On drying a t  112" or a t  137" in  vacuo, the loss in weight was 6.5 per cent. The result- 
ing substance melts a t  210-211", and has the empirical formula C I ~ H ~ ~ O B .  

Anal. 

The presence of a hydroxyl group was demonstrated by heating the acid with 
acetic anhydride-pyridine reagent, decomposing the excess acetic anhydride with 
water, and titrating the acetic acid so formed. Control titrations on the reagent 
required 9.72 ml. of 0.0180 N sodium hydroxide solution to neutralize the acetic acid 
fornied. When 16.5 mg. of the acidic cleavage product was heated with the same 
quantity of the reagent, 9.57 ml. of alkali was required. Since the cleavage product 
has a neutral equivalent of 320, 12.60 ml. of alkali would be required if the cleavage 
product contained no hydroxyl group. The results indicate 1.05 hydroxyl groups 
per molecule. Attempts to  isolate an acetylation product were not successful. 
Attclmpts to prepare derivatives in which the carboxyl group was esterified were 
also unsuccessful. 

The presence of acetic acid having been demonstrated to  be one of the saponifica- 
tion products of chrysanthin, acetyl determinations were made by the method of 
Clark' and also by the method described by Elek and Harte.8 The former gave 
results that  were too high, while the latter yielded low values. 

Calc'd: C, 59.95; H, 8.06. 
Found: C, 59.59, 59.74; H, 8.09, 7.83. 

Anal. Calc'd for C17H2205: 1 CHaCO, 14.05. 
Found: CHaCO, Clark's method, 14.95, 14.95, 15.15; Elek and Harte's 

I)ihydrochr?lsanthin.-Chrysanthin (0.95 gram) dissolved in 50 ml. of ethanol 
was reduced a t  atmospheric pressure and temperature with hydrogen and Adams' 
platinum catalyst. One mole of hydrogen was absorbed. The product after three 
recrystallizations from ethanol weighed 0.30 g.; it melted a t  205-208" when heated 
rapidly. A mixture of this product, which has been designated "dihydrochrysan- 
thin," with an equal quantity of chrysanthin melted a t  165-185". Dihydrochrysan- 

method, 10.95, 11.32, 11.03. 

-- 

DRAKE AND BRONITSKY, J .  Am. Chem. S O ~ . ,  62, 3715 (1930). 
7 CLARK, Znd. Eng. Chem., Anal. Ed., 8 ,  487 (1936). 
* ELEK AND HARTE, ibid. ,  8, 267 (1936). 
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thin is also cleaved by refluxing with sodium propylate solution. The saponification 
equivalent obtained was 156. When 0.334 mg. of dihydrochrysanthin was dissolved 
in 9.296 mg. of camphor, the freezing point of the latter was depressed 4.0”. This 
indicates a molecular weight of 328. 

-4nal. Calc’d for C17Hz4O6: C, 66.19; H, 7.85; mol. wt., 308.2. 
Found: C, 66.42, 66.16; H, 7.68, 7.88. 

Oxidation of chrysanthin.-Two grams of chrysanthin in 20 ml. of 50 per cent 
acetic acid was oxidized by adding 10 ml. of a 10 per cent aqueous solution of chromic 
anhydride to  the well-stirred solution heated to  85-90’. The reaction mixture was 
poured into 100 g. of cracked ice and the product that separated was removed by 
filtration. After three recrystallizations from alcohol the product, designated 
“dehydrochrysanthin,” melted a t  175-177”. The yield was 0.045 g. When mixed 
with an equal quantity of chrysanthin the melting point was 148-152’. Determina- 
tion of the equivalent weight by saponification with sodium propylate gave a value 
of 154. 

Anal. Calc’d for C17H2006: C, 67.05; H, 6.64; mol. wt., 304.2. 
Found: C, 66.97, 67.00; H, 6.69, 6.60. 

SUMMARY 

A colorless, crystalline, optically active compound, designated “chrys- 

Chrysanthin possesses the empirical formula C1’IH2206. 
On catalytic hydrogenation it yields a dihydro compound ; on mild 

When chrysanthin is heated in dilute aqueous alkali, acetic acid and a 

anthin,” has been isolated from pyrethrum flowers. 

oxidation a dehydro compound is formed. 

water-soluble acid having the empirical formula CI6Hza0 are formed. 
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Tt was established by Kharasch, Margolis and Mayo’ that the addition 
of hydrogen bromide to  butadiene at  low temperature and in the pres- 
ence of antioxidants yields about 80 per cent. of 3-bromo-1-butene and 20 
per cent. of 1-bromo-2-butene. It was shown also that larger propor- 
tions of the latter are obtained as the reaction temperature is increased 
or as oxygen or peroxides are substituted for antioxidants. Since hydro- 
gen bromide and peroxides cause rapid rearrangement of the addition 
product to an equilibrium mixture of its components, there remained the 
question whether the effect of peroxides is to cause primary 1,4 instead 
of 1 , 2  addition, or to rearrange the first-formed 1 , 2  addition product. 
None of the third structurally possible addition product, 4-bromo-l- 
but,ene, was found. 

Since oxygen and peroxides are known not to influence the addition 
of hydrogen chloride to ethylene derivatives,2 it was anticipated that the 
study of the addition of hydrogen chloride to butadiene would elucidate 
the addition of halogen acids to conjugated systems in the absence of any 
peroxide effect. 

Only one previous study of the addition of hydrogen chloride to buta- 
diene has been reported. Ganguly3 obtained both 1-chloro-2-butene and 
3-chloro-1-butene as addition products but he did not report their propor- 
tions, nor does he record more than one experiment. His work on the 
addition of hydrogen bromide to butadiene ignored the rapid isomerization 
of the addition products and hence need not be considered here.* 

1 KHARASCH, MARGOLIS, AND MAYO, J .  Org. Chem., 1,393 (1936). 
2 KHARASCH AND MAYO, unpublished work; ABRAHAM AND SMITH, J. Chem. SOC., 

3 GANGULY, J .  Indian Chem. Soc., 13, 580 (1936). 
* Ganguly offers the following interpretation of his findings: 
“The difference between the behaviour of hydrogen chloride and hydrogen bro- 

mide on butadiene is probably due to the difference in their (i) dipole moment and 
thereby the permanent inductive electronic drift and more so (ii) the molecular 
volume-it being an established fact that there is a connection between the bulk of 
the new entrant and its orienting power.” 
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None 
Xone 
Xone 
Sone  
None 
Thiophenol, .02 
Ether, 4.0 
Ether, 2.n  
Glacial acetic acid, 1.8 
Glacial acetic acid, 1.7 
Glacial acetic acid, 1 . 5  

THE ADDITION OF HYDROGEN CHLORIDE TO BUTADIENE 

The following structural isomers are possible as a result of the addition 
of hydrogen chloride to butadiene: 

H2C=CH-CHCl-CH3 (I) 
7 

L 
H2C=CH-CH=CH2 $- HC1 --+ H&Z-CH=CH-CH&l (11) 

H2C=CH--CH2--CH&l (111) 

Table I shows that the addition of hydrogen chloride to butadiene yields 
75 t o  80 per cent. of 3-chloro-l-butene (I, hereafter called secondary chlo- 

TA4BLE I 
ADDITION OF HYDROGEN CHLORIDE TO BUTADIENE 

1 
24 
72 
1 
1 
1 

24 
24 
24 
24 
48 

- 

MOLES 
HC1* 

__ 
1 .o 
1 .o 
1.0  
1 . 5  
1 . 5  
1.0 
1 .o 
1.0 
1 .5  
1 .5  
1 . 5  
1 .5  
1 .5  

- 

i REACTION 

~ 

XVENT OR ANTIOXIDANT, MOLW 
Time it 

hours 
rempera. 
ture, "C. 

- 80 
- 80 
- 80 
- 80 
- 80 

Room 
Room 
Room 

Room 
Room 
Room 
Room 

- 80 

YIELD 

4ddi- 
tion 
Prod- 
cts, 4 

31 
34 
36 
32 
33 
31 
35 
28 
- 
- 
50 
79 
61 

__ 

~ 

'olymer 
5 

__ 
29 
33 
30 
32 
30 
29 
44 
28 
- 
- 

1 
Xone 
Xone 

__ 

BUTA- 
DIENE 
3ECOV. 
ERED, 

% 

37 
24 
27 
28 
30 
31 
15 
32 
85 
95 
40 
15 
30 

- 

ADDITION 
PRODUCT 

____ 

-Cl-l- 
utene 

7 0  

78 
77 
80 
80 
75 
78 
80 
82 
- 

- 
78 
78 
78 
75 
__ 

__ 
-c1-2- 
Lutene, 

70 

225 
23b 
20b 
20* 
25c 
225 
205 
185 
- 
- 

22b 
22c 
22b 
25" 
__ 

Per mole butadiene used. 
Analysis by index of refraction. 

c Analysis by Podbielniak distillation. 

ride) and 20 to 25 per cent. of l-chloro-&butene (11, hereafter called crotyl 
chloride). Careful distillation (described in the experimental part) of 
several of the addition mixtures failed to give any indication of the pres- 
ence of the third possible addition product, 4-chloro-l-butene (111). 
Within the limits of experimental error, the composition of the addition 
product is independent of temperature (- 80" to 25') in the absence or 
presence of a solvent (glacial acetic acid). Although no experiments were 
performed in the absence of' air, the addition of an antioxidant in one ex- 
periment had no effect. 

In  the absence of a solvent, the yield of chlorobutenes was about 35 



ADDITION OF HYDROGEN CHLORIDE TO BUTADIENE 491 

.90 

per cent., nearly independent of reaction time and temperature. In glacial 
acetic acid at  room temperature, yields varied from 50 to 80 per cent. 
KO :tddition took place in ether as a solvent. 

The fact that the addition of hydrogen chloride to butadiene, under a 
variety of conditions, results in a mixture of 75-80 per cent. of the second- 
ary chloride and 25-20 per cent. of crotyl chloride is of interest. However, 
before any conclusions may be drawn from these data it is essential to  

TABLE I1 
REARRANGEMENT 0 1 ~  THE CHLOROBUTENESO 

25 

1-C hloro-2-butene 

MOLE& 
___ 

HC1 
-_- 

0 9'3 

0 02 

0 0 3  
1 00 
0 93 
0 93 

1 00 
1 00 
1 013 
0 93 
0 13 
1 03 

__ 
Cata- 
lyst 

I. 003 
,036 
,063 
,036 
.02 
,003 
.01 

.03 

,037 
.03 

REAR- 
IANGE. 
M E N T ~  
(R) 

3 
33 
48 
16 
47 
46 
46 
28 

G 
6 
7 

18 
20 
22 
27 
67 

EXPT. 
NO. 

1 
2 
3 
4 
5 
G 
7 
8 
9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

CATALYST 

FeC13 
FeC13 
FeC13 
FeC13 
FeC13 
FeC13 
cu2c12 

H20 
H20, 
Benzoyl peroxide 
Ascaridole 

FeC13 
FeC13.6Hz0 
Acetic acid 

REACTION 

Temp. 

-80" 
-80" 

0" 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 
Room 

Room 
Room 
Room 
Room 
Room 

100" 
100" 

__ 
Time 
Days: 

0.04: 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

1 
7 
1 
9 
1 
0.25 
0.25 

3-Chloro-I-butene 

REAR- 
lANGE 
M E N T ~  

(79) 

1 
26 
47 
22 
47 
50 
47 
37 
20 
23 
22 

5 

14 
25 
50 
74 
68 
24 
1 

__ 

 MOLES^ 
- 
Cata- 
lyst 

~ 

,003 
,086 
,066 
,086 
.02 
,004 
.01 

.03 

.01, 

.003 

.05 

.0011 

.03 

.90 
~ 

~ 

HCl 

0.99 

0.02 

__ 

0.08 
1.00 
0.99 
1.00 
0.47 

0.50 
1.00 
1.00 
1 .oo 
0.99 
0.10 
1.00 
- 

The pure chlorobutene indicated was the starting material in each case. 
Expressed in moles per mole of chlorobutene used. 
Indicates the proportion of the other chlorobutene in the rearrangement product, 

the remainder being the original chlorobutene. 

establish whether these substances undergo any appreciable isomeriza- 
tion under the experimental conditions. 

ISOMERIZATION OF l-CHLORO-2-BUTENE AND 3-CHLORO-1-BUTENE 

The results of our isomerization experiments with the chlorobutenes 
It should be noted that in most are given in Table I1 and Figure 1. 

cases, equilibrium was approached from both sides. 
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Our experience with many samples of both of the chlorobutenes indi- 
cates that in the absence of catalysts the materials are quite stable. No 
change in their respective indices of refraction has been noted, even at 
the end of two or three weeks at room temperature. 

Anhydrous ferric chloride, cuprous chloride in the presence of hydrogen 
chloride, and even hydrogen chloride alone are catalysts for the rearrange- 

Expt .  
N Q  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

3-Ch 1 oro-1-butene ($) 
0 10 20 30 40 50 60 70 80 90 100 

1-Chloro-2-butene ( 5 )  
100 90 80 70 60 50 40 30 20 10 0 

FIGURE  REARRANGEMENT OF THE CHLOROBUTENES 
The length of each line represents the percentage of pure chlorobutene isomerized 

under conditions given in  Table 11. 

ment of either compound to an equilibrium mixture of the two. Of these 
catalysts ferric chloride is the most effective. Even a small quantity 
of ferric chloride brings about the establishment of equilibrium in a day 
at room temperature. Our experiments indicate also that cuprous chloride 
in the presence of hydrogen chloride is a more effective rearranging agent 
than hydrogen chloride itself. With hydrogen chloride as the only 
catalyst, several weeks at  room temperature are required to attain equi- 
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librium. Other experiments recorded in Table I1 and Figure 1 indicate 
that neither water nor peroxides have any notable effect on the rate of 
rearrangement. The anticipated effect of temperature on the rates of 
isomerization of the two isomers has been found. 

A s3tudy of the equilibrium of the two isomeric chlorides in the presence 
of added materials revealed a number of facts of considerable interest. 
Thus, several experiments show that the equilibrium at room tempera- 
ture in the presence of a trace of ferric chloride is a mixture containing 
50 per cent. of each of the clzlorides. It is equally clear that in the pres- 
ence of one mole of hydrogen chloride, the equilibrium mixture contains 
70--75 per cent. of crotyl and 25-30 per cent. of secondary chloride, irrespec- 
tive of the presence or absence of a trace of ferric chloride (although the 
ferric chloride has a great influence on the rate of isomerization). We 
believe these data show unequivocally that the composition of the epui- 
l ibrium rnixt ure depends u p o n  the proportion of hydrogen chloride present 
and not u p o n  the presence of a trace of ferric chloride. Low-temperature 
experiments indicate that the equilibrium in the absence of hydrogen 
chloride is about the same at  -80" as at room temperature. Experiments 
at 100" indicate that the equilibrium mixture at  that temperature is 
richer in secondary chloride. 

DISCUSSION 

From the isomerization experiments described in the preceding section 
we conclude that the composition of the mixture obtained by the addition 
of hydrogen chloride to butadiene under the conditions employed by us 
is not appreciably affected by isomerization. In support of this conclu- 
sion the following facts are cited. (1) The addition product, under a 
variety of conditions, contains 75-80 per cent. of secondary chloride. Un- 
der the experimental conditions, this mixture could not have been formed 
by isomerization of crotyl chloride. (2) The improbability that the 20- 
25 per cent. of crotyl chloride found in the addition mixture was formed by 
rearrangement of secondary chloride is indicated by the results of experi- 
ments in which hydrogen chloride was allowed to react with butadiene 
for one hour at -80". At  that temperature rearrangemen.t of either 
chloride is negligible when hydrogen chloride is used as a catalyst. The 
addition product obtained was the same as in experiments conducted over 
longer periods up to three days. (3) It is significant that the same 
addition mixture as that observed at -SOo (20-25 per cent crotyl chloride) 
is obtained irrespective of whether the addition is allowed to proceed for 
one hour or two days at room temperature. 

These facts effectively dispose of the hypothesis that either isomer is 
formed from the other in any appreciable quantities during the course of 
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our addition reaction. Hence, we must conclude that the composition 
of the mixture of addition products obtained by us is independent of the 
solvent, and of the presence of unchanged butadiene or its polymers. 

The negligible rearrangement of the products during the addition of 
hydrogen chloride to butadiene does not seem at all anomalous when 
the isomerization experiments are carefully scrutinized. First, it is to be 
noted that the concentration of hydrogen chloride in the addition experi- 
ments is less than in the rearrangement experiments. Second, it is ap- 
parent that the rate of attainment of the isomerization equilibrium de- 
creases with time and that, in the absence of metallic catalysts about as 
much change in composition takes place during the first day as during the 
succeeding week. The addition mixture obtained by us corresponds in 
composition to an isomerization system in which the rate of change is 
relatively low. 

The foregoing evidence indicates that the addition of hydrogen chloride 
to butadiene gives as the primary product a mixture of 75 to 80 per cent. 

TABLE I11 
PHYSICAL PROPERTIES OF THE CHLOROBUTENES 

CHLOROBUTENE 

3-Chloro-l-butene . . . . . , , 

l-Chloro-2-butene. . . . . . . 
4-Chloro-l-butene . . . . . . . 

LITERATURE 

REPER- 

K., K.! & M. __ 

75.0 773 mm. 1.42330 7 

of secondary chloride by 1,2 addition and 20 to 25 per cent. of crotyl 
chloride by 1 , 4  addition, irrespective of temperature (-80" to 25'), and 
of the presence or absence of acetic acid as solvent. 

It is now of interest to point out that, within the limits of experimental 
error, Kharasch, Margolis, and Mayo' obtained practically the same 
result for the addition of hydrogen bromide to butadiene at -80' in the 
absence of air and in the presence of an antioxidant. Under those condi- 
tions, which minimize rearrangement, the proportion of secondary bromide 
was 80 to 90 per cent. Therefore it seems probable that the peroxide 
effect observed can be ascribed to the effect of peroxides and hydrogen 
bromide on the rearrangement of the mixture first formed rather than to 
a primary directive effect of peroxides on the addition reaction. From 
the results of both papers, we conclude that the addition of halogen acids 
to butadiene results in both 1 , 2  and 1,4 addition, but that the amount 
of 1,2  product formed in the primary reaction is three to five times that 
of the 1,4 product. 
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EXPERIMENTAL 

Preparation of butadiene.-Butadiene was prepared and purified as described by 
Kharnsch, Margolis and Mayo.1 

Method of addition.-Addition mixtures were prepared by passing butadiene into 
hydrogen chloride or its solution in the hope of inhibiting polymerization. Anhy- 
drous hydrogen chloride was condensed in a glass tube in a cooling mixture. The 
necessary low temperature (about -100") was attained by passing a stream of air 
through an acetone-solid carbon dioxide bath. Butadiene (usually about one- 
tenth mole, although up to a full mole was used in some experiments) was condensed 
in the tube, which was then stoppered or sealed, depending on the conditions of the 
experiment. No precautions were taken to exclude air or water except that  the con- 
tainer was open only through a calcium chloride tube. When ether was used as 
solvent, the hydrogen chloride was first dissolved in the ether, and temperatures 
below -80" were unnecessary. When glacial acetic acid was used as solvent, the 
required amount of hydrogen chloride was dissolved with slow cooling. The solu- 
tion was then frozen; the butadiene was condensed as an upper layer; the tube was 
sealed and allowed t o  reach room temperature. All reaction mixtures were homo- 
geneous. 

Isolation of the addition product.-In experiments made without a solvent, the 
reaction product was distilled a t  atmospheric pressure up to a vapor temperature of 
90". The residue did not volatilize, and its weight is recorded in the table as "yield 
of butadiene polymer." I t  was not teaited for chlorine. During the distillation, 
the hydrogen chloride escaped and the unchanged butadiene was recovered in a 
cooled trap. This 
procedure permitted collection of the butadiene and addition product at -80" and 
their isolation from the polymer (which did not distill) and from the hydrogen chlo- 
ride (which did not condense) without heating the addition product. Since this 
procedure yielded the same result as the distillation in air, i t  was subsequently 
abandoned. When a solvent was employed, the addition mixture was distilled first 
through a small column to isolate the chlorobutene fraction. This fraction was 
washed several times with water to  remove acetic acid. 

All products were dried over anhydrous potassium carbonate and distilled. They 
were analyzed by index of refraction or by fractional distillation through a Pod- 
bielniak column. In one instance recorded in Table I the product was analyzed by 
both methods, with a difference of only 3%. We estimate the precision of our results 
to  be ~ 5 % .  Numerous Podbielniak distillations showed the absence of 4-chloro-l- 
butene (cf. second paragraph below). 

Preparation of the pure chlor0butene.s.-Crotyl alcohol was prepared from cro- 
tonaldehyde and aluminum isopropoxide by the method of Young, Hartung, and 
Crosaley.* 

When pure crotyl alcohol was treated with 1% cuprous chloride,6 saturated with 
anhydrous hydrogen chloride a t  -20°, and allowed to  stand a t  this temperature over 
night, an 85% yield of a mixture of the chlorobutenes was obtained. The chloro- 
butene mixture contained 7 5 8 5 %  of crotyl chloride and 15-25% of secondary chlo- 

In a few cases, the addition mixture was first distilled i n  vacuo. 

4 'YOUXG, HARTUNG, AXD CROSSLEY, J .  Am. Chem. Soc., 68, 100 (1936). 
j DEWAEL, Bull. SOC. chim. Belg., 39, 40 (1930), suggests such a method for the 

preparation of allyl chloride. 
' ]3AUDREXGHIEN, ibid., 31, 166 (1922). 
' <rUVALA, Be?'., 63, 1993 (1930). 
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ride. These were separated by distillation through a Podbielniak column. There 
was no evidence of rearrangement of either of the chlorobutenes during distillation. 
Furthermore, the pure products prepared a t  different times uniformly had the con- 
stants recorded. In  all Podbielniak distillations the boiling point always rose very 
sharply between 66" and 80". 

Physical properties of the ch1orobutenes.-Table 3 lists the values recorded in the 
literature and those obtained by us for the boiling point and index of refraction of 
the three possible addition products of hydrogen chloride t o  butadiene. Studies of 
mixtures of pure 3-chloro-l-butene and pure l-chloro-2-butene indicate that the 
indices of refraction are a linear function of composition (Itl%). 

Isomerization experiments with pure ch1orobutene.s.-Anhydrous hydrogen chloride 
was condensed on the chlorobutene (0.05 to  0.5 mole) a t  about -100"; the reaction 
tubes were then sealed off. .4t the end of the stated time interval, the hydrogen 
chloride was removed and the chlorobutene mixture was isolated and analyzed as 
in the addition experiments. In about one-third of the isomerization experiments 
the hydrogen chloride was removed, and the product was first distilled a t  reduced 
pressure. In  the remaining experiments both distillations were at atmospheric 
pressure. In about one-fourth of the isomerization experiments, analysis was made 
by both index of refraction and Polbielniak distillation. It is to be noted that a t  no 
time did the discrepancy between the two methods exceed 3%. In the remaining 
experiments, analysis was by index of refraction only. 

SUMMARY 

1. The addition of hydrogen chloride to butadiene has been investi- 
gated in the absence of a solvent at -80" and room temperatures, and 
in glacial acetic acid a t  room temperatures. 

2. The product is uniformly 75 to 80 per cent. of 3-chloro-l-butene by 
1,2 addition and 20 to 25 per cent. of l-chloro-2-butene by 1,4 addition. 

3. The effects of hydrogen chloride and ferric chloride on the rate of 
rearrangement of the addition products, and on the composition of the 
equilibrium mixture, have been determined, and have been shown not to 
invalidate the conclusion drawn above. 

4. The treatment of crotyl alcohol with cuprous chloride and anhydrous 
hydrogen chloride at -20" gives a mixture containing 75 to 85 per cent. 
of l-chloro-Zbutene and 15 to 25 per cent. of 3-chloro-l-butene, 



RECENT BOOKS 
DIE CHEMIE DER METALL-ORGANISCHEN VERBINDUNGEN. Erich Krause and Aristid 

von, Grosse. Gebriider Borntraeger, Berlin, Germany, 1937, xvi + 926 pp., 38 figs., 
16 x 25 cm. Price, RM. 55.20; bound, RM. 58.50 
Several splendid books [Schmidt (Runge) ; Courtot; Goddard and Goddard] on 

the general subject of organometallic compounds have appeared in recent years. 
The book by Krause and von Grosse is most welcome particularly because of the 

extensive personal investigations by these authors in  several branches of the field of 
organometallic chemistry. Although the book was started long years ago, its com- 
pletion was delayed by the untimely death of Krause and other interruptions. The 
literature has been surveyed up t o  January 1936. 

The authors make no claim t o  completeness, and have touched lightly on some 
fields, particularly those concerned with organic compounds of magnesium, mercury 
and antimony, because of the availability of special treatises in those branches. The 
inordinate expanse of work in  organometallic chemistry compels any author to  pick 
and choose material t o  be crowded into one volume. Others would probably have 
preferred t o  see relatively greater space devoted to  the more reactive organometallic 
compounds and less space t o  organic compounds of metalloids like arsenic. For 
example, i t  will come as a surprise t o  organic chemists to  find not a single mention of 
the classical studies on the reactions of organomagnesium compounds with con- 
jugated systems. 

Some of the sections with the number of pages devoted to  them are: organomag- 
nesium halides, 47; organozinc compounds, 8; organoalkali compounds, 41 ; organo- 
mercury compounds, 64; Group I11 metals, 58; Group IV metals, 81; Group V ele- 
ments, 224 (of which 143 pages are devoted t o  arsenicals); Group VI elements, 46; 
Group VI1 elements, 23 (practically all of which is concerned with the preparation 
and properties of alkyl and aryl halides); general properties of organometallic or 
organo-element compounds, 43; organometallic compounds of transitional elements, 
23; sub-Group I elements, 13; experimental manipulation of sensitive organometallic 
compounds, 10. 

When one considers the wealth of material compressed into a single volume, it is 
not surprising t o  find occasional and varied errors as well as some inconsistencies. 
For example, the President-elect of the American Chemical Society is variously re- 
ferred to  as C. A. Kraus, C. H. Kraus, Ch. Kraus, Ch. A. Kraus, C. Kraus and Kraus. 
The reviewer having just emerged from an onerous task of editing finds himself ready 
and anxious t o  waive consideration of what after all are essentially minor errors. 

We heartily recommend the volume as  the best general survey of organometallic 
compounds. 

HENRY GILMAN 
IOWA STATE COLLEGE 

Amm. IOWA 
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In a previous publication from this laboratory on “Chemical Structure 
of Lubricating Oils”’ several series of synthetic hydrocarbons of high 
molecular weight were described and characterized as to their viscosities, 
viscosity indices, aniline points and other physical properties of interest 
to oil chemists and petroleum technologists. 

By comparing the physical properties of one hydrocarbon with those 
of another, the two differing from each other in only one structural factor, 
as for instance, straight versus branched chain, saturated versus un- 
saturated side chains, or aromatic versus hydroaromatic nuclei, it was 
possible to draw certain definite conclusions with respect to the effect of 
various structural factors on the physical properties of the hydrocarbons 
involved. It was further concluded on the basis of the physical properties 
of these synthetic products, that it is possible, in a general way, to deduce 
the probable structure of the hydrocarbons constituting the various types 
of widely differing lubricating oils. 

For the sake of brevity, the scope of the paper referred to above was 
limited to the consideration of the physical properties of the hydrocar- 
bons in question. Description o€ the methods of preparation of the final 
products as well as of the intermediates was, therefore, postponed. 

It is the purpose of this paper and of others to follow to give a concise 
description of the synthetic methods employed, as well as a complete de- 
scription and characterization of not only the ultimate materials sought 
but of the intermediates as well. 

This paper covers monosubstituted derivatives of benzene, diphenyl 
and naphthalene. 

The numbers in brackets appearing after the names of the hydrocarbons 
described in this paper refer to  the numbers connoting the individual 
hydrocarbons in Table I in the original article.‘ 

1 MIKESKA, Ind. Eng. Chem., 28, 970 (1936). 
499 
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EXPERIMENTAL 

General method of procedure.-All the aromatic hydrocarbons were prepared by 
reduction of the appropriate ketones or else by the action of Grignard reagents 
on the ketones with subsequent dehydration of the resulting alcohols. The 
ketones were in turn prepared by condensing, in the presence of aluminum chlo- 
ride, acid chlorides of the required structure and molecular weight with carefully 
chosen aromatic groups. 

Reduction of the ketones to the corresponding hydrocarbons by Clemmensen's 
method was found unsatisfactory, probably because of their insolubility in aqueous 
hydrochloric acid. Modification of Clemmensen's method, however, yielded the 
desired hydrocarbons in a state of high purity in a relatively short time. 

Naphthenes, insofar as they were studied, were obtained by exhaustive hydro- 
genation of the corresponding aromatics in the presence of platinum oxide.* 

Inasmuch as the general method of preparation of the intermediate ketones was 
essentially the same in all cases, the preparation of only one ketone, stearophenone, 
is given in full detail. In the case of other ketoncs, only deviations from the stand- 
ard procedure are recorded. 

Stearophenone.-Stearophenone was prepared by the method of Claus and Hafelin.8 
Three hundred grams of pure molten stearic acid (m.p. 69°C.) was poured with 

stirring into 75 g. of phosphorus trichloride. The mixture was heated to 70" for 
half an hour, during which time the phosphorous acid formed settled to the bottom 
of the flask as a viscous colorless liquid. The stearyl chloride was carefully decanted 
into 800 cc. of benzene contained in a two-liter Erlenmeyer flask. 

The flask was then immersed in an ice bath, and cooled to Oo, whereupon 150 g. of 
aluminum chloride was added slowly with occasional shaking of the flask. When 
all the aluminum chloride had been added, which took about an hour, the flask was 
removed from the ice bath and allowed to stand overnight a t  room temperature. 
The next day the reaction product was poured into a mixture of ice and 200 cc. of 
concentrated hydrochloric acid. 

The ketone was thus precipitated in snow-white crystalline form. The mixture 
was transferred into a separatory funnel, and extracted with ether. The extract was 
washed free of hydrochloric acid and dried over sodium sulfate. When dry, the 
filtered solution was saturated with ammonia gas to precipitate the small amount of 
unchanged stearic acid carried over. On removal of the ammonium stearate by 
filtration, the filtrate was treated with an equal volume of methyl alcohol and cooled 
to 0". The ketone crystallized immediately. The first crop consisted of 236 g. of 
snow-white product melting a t  63.5-64.5'. An additional 15 g., melting a t  59-63", was 
obtained from the mother liquors. In  another experiment 887 g. of the pure ketone 
was obtained from 900 g. of stearic acid. Claus and Hiifelins give the melting point 
as 59", while N. K. Adam4 gives the melting point as 63-63.5". 

Calc'd for CzrH4aO: C, 83.64; H, 11.70. 
Found: C, 83.67; H, 11.66. 

Anal. 

In some cases, especially if the starting products are not quite pure, the original 
In  that case, it is better to ketone may be obtained in various shades of darkness. 

distill the raw material before the recrystallization as outlined above. 
~ 

2 VOORHIES AND ADAMS, J. Am. Chem. SOC., 44,1397 (1922). 
a CLAUS AND HAFELIN, J .  prakt. Chem., (21, 64, 399 (1896). 

ADAM, Proc. Roy. SOC. (London), AlOS, 684 (1923). 
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Octadecylbenzene [I 1.-Octadecylbenzene was originally prepared by F. Krafft6 
by the action of sodium on a mixture of bromobenzene and octadecyl iodide. Our 
product was obtained by reduction of stearophenone to the corresponding hydro- 
carbon. 

Early attempts to reduce the ketone to hydrocarbon by Clemmensen'se method 
were abandoned because of the long time required to bring the reaction to completion. 
A modification of Clemmensen's method which worked satisfactorily for all the 
ketones used was finally adopted. 

About a three-inch layer of mossy zinc amalgamated according to Clemmensen's 
directions with 5% mercuric chloride, was placed in a two-liter Erlenmeyer flask, 
provided with an inlet tube for hydrogen chloride, and a return condenser. Two 
hundred fifty grams of stearophenone dissolved in 750 cc. of xylol was then added, 
followed by just enough concentrated hydrochloric acid to cover only about half of 
the zinc amalgam. This left the xylol solution of the stearophenone in direct con- 
tact with the other half of the zinc amalgam. 

The mixture was then heated to  boiling. During refluxing, hydrogen chloride was 
passed into the reaction mixture to replace the hydrochloric acid consumed. After a 
contact time of seven hours, the product was isolated, and was distilled under 5 mm. 
pressure. The product distilled at 220-235" and weighed 228 g. The residue con- 
sisted of 30 g. of heavy oil. The distillate was redissolved in xylol and placed in con- 
tact with zinc-mercury amalgam as before for 7 hours. On isolation and distil- 
lation under 4 mm. pressure, 190 g. of a product boiling a t  195-205" and melting a t  
33" was obtained. 

Anal. 

Ih t f f t  reported the melting point of octadecylbenzene as 36". The product 
described above was, therefore, recrystallized twice from ether. In this state of 
purity i t  melted a t  35-36". 

Ocladecylcycbhesane [I1 ].-Ninety grams of octadecylbenzene dissolved in 200 cc. 
of glacial acetic was placed in a bottle securely attached to a shaker. A half-gram of 
platinum oxide catalyst2 was then added. The bottle was evacuated, and filled with 
hydrogen from an attached reservoir of the latter. Shaking was continued until the 
calculated amount of hydrogen had been absorbed. The product was then poured 
into Rater, extracted with ether, washed free of acetic acid and dried over sodium 
sulfate. The residue obtained on removal of the ether was distilled under 4 mm. 
pressure. The entire product passed over between 204 and 210". Without any 
further purification i t  melted a t  40". 

Calc'd for C2,&: C, 85.61; H, 14.39. 
Found: C, 85.59; H, 14.46. 

Calc'd for C24H42: C, 87.19; H, 12.81. 
Found: C, 87.27; H, 12.73. 

Anal. 

Heptadecyl-n-butylphenylcarbinol.-One and a half grams of dry activated mag 
nesiurn was suspended in 15 cc. of dry ether. To this was then added 4 g. of n-butyl 
chloride. When the reaction had gone to completion, the Grignard reagent was 
added slowly to 15 g. of stearophenone in 60 cc. of dry ether. The solution was 
refluxed under a return condenser for about two hours, whereupon i t  was poured into 
ice and hydrochloric acid. The carbinol was extracted with ether, washed free of 
hydrochloric acid, and dried over sodium sulfate. On removal of the ether, the 

6 KRAFFT, Ber., 19, 2982 (1886). 
6 CLEMMENSEN, ibid. ,  46, 1837 (1913). 
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residue was distilled under 2 mm. pressure. The entire product distilled between 
235 and 240". 

If a pure product is 
desired, only a small quantity must be distilled a t  a time. The yields obtained are 
practically quantitative. 

Calc'd for CzgHs00: C, 83.49; H, 12.52. 
Found: C, 83.46; H, 12.49. 

The carbinol has a tendency to dehydrate on distillation. 

Anal. 

(I-Butyloctadecen-I-yl)benzene 161.-A mixture of 336 g. of heptadecyl-n-butyl- 
phenylcarbinol, prepared as described in the preceding experiment was dehydrated 
by heating with 100 g. of oxalic acid for 1.5 hours a t  180' to 200" in an atmosphere 
of carbon dioxide. The product was then dissolved in ether and washed free of 
oxalic acid. On removal of the solvent, 275 g. of a product distilling a t  210-220" 
under 1 mm. pressure was obtained. Analysis showed that the product still con- 
tained some oxygen. The product was, therefore, redissolved in dry ether and 
treated as before with a Grignard solution prepared from 15 g. of magnesium and 
45 g. of n-butyl chloride. The carbinol was isolated, and was treated once more 
with oxalic acid a t  180' to 200". On distillation, 241 g. of a colorless oil boiling 
between 205" and 210' under 1 mm. pressure was obtained. 

Calc'd for C ~ ~ H U :  C, 87.41; H, 12.59. 
Found: C, 87.73; H, 12.61. 

Anal. 

(1 -Butyloctadecyl)benzene [..$].-One hundred sixty grams of (l-butyloctadecen- 
1-y1)benzene and 100 cc. of glacial acetic acid contained in a thick glass bottle was 
treated with 0.2 g. of platinum oxide catalyst. The air in the bottle was replaced 
with a measured amount of hydrogen. Absorption of the hydrogen began imme- 
diately on shaking. The volume of hydrogen consumed was measured as the ab- 
sorption continued. When one molecule (3200 cc. a t  26' and 257 mm.) had been 
absorbed, the hydrogenation was discontinued. 

A little alcohol was added to coagulate the platinum catalyst, which was then 
filtered off. The filtrate was poured into water, extracted with ether, washed, and 
dried over sodium sulfate. On removal of the solvent, 193 g. of product boiling a t  
200-201" under 1 mm. pressure was obtained. On recrystallizing twice from ether, 
the product melted a t  38". 

Anal. 

Heptadecyl biphenyl ketone.-One hundred grams of stearic acid was converted 
into stearyl chloride as described in the preparation of stearophenone. The chloride 
was then added to a solution of 55 g. of biphenyl in 200 cc. of carbon bisulfide. The 
solution was cooled to O", whereupon 50 g. of aluminum chloride was added little by 
little. The reaction mixture was then allowed to stand a t  room temperature over- 
night. 

The next day the reaction solution was poured into ice and hydrochloric acid, 
whereupon a voluminous snow-white precipitate was obtained. The product was 
thoroughly washed with water to remove hydrochloric acid and inorganic salts, and 
finally dried in the air. The product was then washed several times with ether, in 
which it is insoluble, in order to  remove unchanged stearic acid, and was finally 
recrystallized from chloroform. When pure, the ketone melted a t  106-107". 

Calc'd for CtsH60: C, 86.95; H, 13.05. 
Found: C, 86.90; H, 13.05. 

Anal. Calc'd for CaoHllO: C, 85.63; H, 10.56. 
Found: C,85.55; H, 10.60. 

OctadecyZMphenyl [4O].-Two hundred fifty grams of heptadecyl biphenyl ketone 
was reduced with zinc-mercury amalgam exactly as described for octadecylbenzene. 
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After the second reduction the product was isolated, and waa distilled under 6 mm. 
pressure, under which conditions i t  boiled a t  270-275". A yield of 178 g. was ob- 
tained. On recrystallization from chloroform, the hydrocarbon melted a t  79-81'. 

Anal. Calc'd for C ~ O H M :  C, 88.60; H, 11.40. 
Found: C, 88.40; H, 11.38. 

(l-ButyZoctadecen-l-yl)biphenyl [4l].-n-Butylmagnesium chloride solution was 
prepared in the usual manner from 40.7 g. of dry magnesium, 122 g. of n-butyl chloride 
and 400 cc. of dry ether. This was added slowly to  a suspension of 326 g. of hepta- 
decyl biphenyl ketone in 1200 cc. of dry ether. The product, which was isolated in 
the usual way, consisted of 464 g. of semi-crystalline material. Without any further 
purification, the product was dehydrated with oxalic acid as described in previous 
experiments. On distillation under 7 mm. pressure, 312 g. of distillate boiling a t  
300-310" was obtained. 

The distillate was re-treated with n-butylmagnesium chloride, with subsequent 
dehydration by means of oxalic acid. The product was isolated as usual, and was 
finally heated to  150" under 7 mm. pressure to  insure the removal of the last traces of 
solvents. The residue, of which 297 g. was obtained, consisted of a practically color- 
less viscous oil which solidified partially on prolonged standing a t  room temperature. 

Anal. Calc'd for CUH,,: C, 88.62; HI 11.38. 
Found: C, 88.49; HI 11.31. 

(f-ButyloctadecyZ)biphenyZ [@].-The reduction of (1-butyloctadecen-1-y1)- 
biphenyl was carried out in every respect as described for the reduction of (l-butyl- 
octadecen-1-y1)benzene. After distillation, the product was recrystallized from 
ether. When pure, it melted a t  41.5-43"C. 

Anal. 

(f-ButyZoctadecy2)bicycZo~e~yZ [&I.- The procedure employed in the prepara- 
tion of the bicyclohexyl derivative was in every respect similar to  the procedure 
used in the preparation of octadecylcyclohexane. The product, consisting of a 
colorless oil, distilled a t  255-260" under a pressure of 1 mm. 

Anal. Calc'd for C34Hst: C, 85.97; HI 14.03. 
Found: C, 86.38; H, 13.97. 

Heptadecyl naphthyl ketone.-Heptadecyl a-naphthyl ketone was first prepared by 
Ryan and Nolan' by the action of a-naphthylmagnesium bromide on the nitrile of 
stearic acid. Our product was prepared by the action of stearyl chloride on naphtha- 
lene in  the presence of aluminum chloride, in carbon bisulfide solution. 

Our method of procedure was essentially the same as that recently reported by 
Seidel and Engelfried8 except in so far as the final stages of purification are concerned. 

Six hundred grams of pure stearic acid was converted into stearyl chloride by 
treatment with 150 g. of phosphorus trichloride. The stearyl chloride was decanted 
from t,he phosphorous acid formed into a solution of 290 g. of naphthalene in 800 cc. of 
carbon bisulfide. The mixture was cooled to  0", whereupon 300 g. of aluminum 
chloride was added with cooling and occasional shaking. When all the chloride 
had been added, the flask was taken out of the ice bath and the mixture was allowed 
to  stand a t  room temperature overnight. The next day the solution was decomposed 
with Ice and hydrochloric acid. The ketone was extracted with ether, washed, 
dried, and the solvent was removed. The residue was taken up with fresh ether and 

Calc'd for Cs'Hs4: C, 88.24; HI 11.76. 
Found: C, 88.45; H, 11.82. 

'I RYAN ANDNOLAN, Proc. Roy. Irish Acad.,  BW, 1 (1912). 
* SEIDEL AND ENGELFRIED, Ber., 69,2584 (1936). 
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saturated with ammonia to  remove unchanged stearic acid. Ammonium stearate 
was then removed by filtration, the ether was removed by evaporation and the 
residue was distilled under 3 mm. pressure. The entire product, 690 g., distilled at 

On addition of 1200 cc. of 
methyl alcohol the product crystallized in a snow-white form, and melted a t  54.5-56". 
No attempt was made to separate the two isomers. 

240-260'. 
The product was then dissolved in 1200 cc. of ether. 

Anal. 

(I-Butyloctadecen-f -yl)naphthalene [f 81.-Two hundred eighty-six grams of 
heptadecyl naphthyl ketone was dissolved in 900 cc. of dry ether. This was then 
heated for four hours with n-butylmagnesium chloride prepared from 20 g. of mag- 
nesium and 70 g. of n-butyl chloride. 

The carbinol was then isolated in the usual way by decomposition with dilute 
hydrochloric acid. On removal of the solvent, 295 g. of crystalline material was 
obtained. 

No attempt was made to  purify the carbinol. The product was dehydrated by 
heating with 50 g. of oxalic acid for 1.5 hours a t  180-200" in an atmosphere of carbon 
dioxide. On recovery of the olefin the product was retreated with n-butylmagne- 
sium chloride and finally with oxalic acid as before. The olefin was finally distilled 
under 3 mm. pressure; 215 g. of the product boiling between 232" and 240" was ob- 
tained. 

Calc'd for C Z ~ H ~ Z O :  C, 85.21; H, 10.73. 
Found: C, 85.46; H, 10.58. 

It consisted of a practically colorless viscous oil. 
Anal. 

(I-Butyloctadecyl)naphthalene [19].-Fifty grams of (1-butyloctadecen-1-y1)- 
naphthalene was treated with hydrogen in glacial acetic acid in the presence of plati- 
num oxide catalyst2 until one mole of hydrogen had been absorbed. The catalyst was 
then removed by filtration, the product was dissolved in ether, washed free of acetic 
acid, and dried over sodium sulfate. On removal of the solvent, the residue distilled 
a t  200-201" under 2 mm. pressure. On recrystallization from ether, the product 
melted at 38". 

Calc'd for C~ZHW:  C, 88.39; H, 11.61. 
Found: C, 88.41; H, 11.52. 

Anal. 

Heptadecyl tetrahydronaphthyl ketone.-The ketone was prepared by the action of 
molecular proportions of stearyl chloride on tetralin in carbon bisulfide solution in 
the presence of aluminum chloride exactly as described for the corresponding naph- 
thalene derivative. On removal of the unchanged stearic acid the product was 
distilled under 2 mm. pressure; 333 g. of ketone boiling between 255-263" was obtained 
from 300 g. of stearic acid and 145 g. tetralin. 

Calc'd for CSZHSZ: C, 86.95; H, 13.05. 
Found: C, 86.90; H, 13.03. 

On crystallization from acetone, the ketone melted at 49.5-50". 
Anal. 

Octadecyltetrahydronaphthalene [Si ).-One hundred grams of heptadecyl tetra- 
hydronaphthyl ketone was reduced with zinc-mercury amalgam exactly as described 
for octadecylbenzene. After the reduction, the product was isolated and distilled 
under 4 mm. pressure; 66 g. of product distilling a t  237-275" was obtained. The 
product was analyzed without any further purification. 

Calc'd for CzgHtsO: C, 84.38; H, 11.62. 
Found: C, 84.41; H, 11.64. 

Anal. 

Octadecyldecahydronaphthalene [S7].-Fifty grams of octadecyltetrahydronaph- 

Calc'd for C Z ~ H , ~ :  C, 87.41; H, 12.59. 
Found: C, 87.41; H, 12.58. 
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thalene was treated with hydrogen at room temperature in glacial acetic acid in the 
presence of platinum oxide. When three moles of hydrogen had been absorbed the 
reaction was interrupted, and the catalyst was removed by filtration. The filtrate 
was dissolved in ether, washed free of acetic acid, and dried over sodium sulfate. 
On addition of methyl alcohol to the filtrate the product crystallized. It was re- 
crystallized from a mixture of methyl alcohol and ether. A colorless crystalline 
product which melted at 43-47' was obtained. 

Anal. Calc'd for CssHs4: C, 86.07; H, 13.93. 
Found: C, 85.94; G, 13.94. 

(1-Butyloctadecen-1-yZ)tetrahydronaphlhalene [S4].-Four hundred grams of hepta- 
decyY tetrahydronaphthyl ketone was converted into the ethylene derivative in a 
manner in every respect analogous to the preparation of (1-butyloctadecen-1-y1)- 
naphthalene. After the second treatment with n-butylmagnesium chloride and 
oxalic acid, the product was isolated in the usual way, and was distilled under 4 mm. 
pressure; 405 g. of the olefin, a viscous colorless oil boiling at 263-264", was obtained. 

Anal. 

(I-ButyZoctadecyl)tetrahydrmaphthaZene [!IS].-The saturation of the ethylenic 
product was carried out exactly as described in the preparation of (l-butylocta- 
decy1)naphthalene. When the required volume of hydrogen had been absorbed, 
the catalyst was removed by filtration, the filtrate was dissolved in ether, washed 
free of acetic acid and dried over sodium sulfate. On removal of the sodium sulfate 
and ether, the residual oil was distilled under 2 mm. pressure. The entire product 
distilled at 235-245'. 

Calc'd for C ~ H U :  C, 87.59; H, 12.41. 
Found: C, 87.63; H, 12.39. 

Anal. 

(1-Buty1octadecyZ)decahydronaphthalene [S9].-The procedure employed in the 
preparation of (1-butyloctadecy1)decahydronaphthalene was in every respect 
analogous to the procedure used in the preparation of octadecyldecahydronaph- 
thalene. When the required amount of hydrogen had been absorbed, the product 
was isolated and distilled under 3 mm. pressure. The entire product, consisting of a 
viscous colorless oil, distilled a t  240-245". 

Calc'd for CaHBl: C, 86.00; H, 14.00. 
Found: C, 85.88; H, 14.18. 

Calc'd for C I H ~ ~ :  C, 87.19; H,  12.81. 
Found: C, 87.22; H, 12.72. 

Anal. 

SUMMARY 

The preparation of fifteen hydrocarbons of high molecular weight, and 
of their intermediates is described. Inasmuch as the physical properties 
usually given for hydrocarbons have been recorded in a previous publica- 
tion, they are not included in this paper. The melting points of products 
melting above room temperature as well as the approximate boiling points 
of most of the compounds described are given. 
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2-Methyl-2-methoxypropanol was recently made available in this labo- 
ratory.' A search of the literature revealed that the lower fatty acid 
esters of 2-methyl-2-methoxypropanol had never been prepared. Inas- 
much as their structural formulas indicate a posRible use as selective 
solvents, it seemed desirable to undertake their preparation and the de- 
termination of their physical properties. The three compounds prepared 
were 2-methyl-2-methoxypropyl acetate, 2-methyl-2-methoxypropyl pro- 
panoate, 2-methyl-2-methoxypropropyl butanoate. 

EXPERIMENTAL 

2-Methyl-2-methoxypropyl acetate.-One-tenth mole of 2-methyl-2-methoxypro- 
panol was added drop-wise connected to  one-tenth mole of acetic anhydride con- 
taining a few drops of sulfuric acid. Stirring was effected by means of a mercury- 
sealed mechanical stirrer, and temperature was maintained a t  55-60' by immersion 
of the flask in a n  oil bath heated by a Bunsen burner. Stirring was continued for 
3.5 hours after complete addition of the 2-methyl-2-methoxypropanol. 

The reaction mixture was allowed to  stand 144 hours before rectification on a 
modified Podbielniak column. The desired product boiled at 58-58.5" under 15 mm. 
pressure. 

In a second preparation the acetic anhydride (0.4 mole) and sulfuric acid mixture 
was added drop-wise t o  the 2-methyl-2-methoxypropanol (0.4 mole), and the tem- 
perature was maintained at 65"-70". Stirring was continued for 3 hours after com- 
plete addition of the acetic anhydride and sulfuric acid. The reaction mixture 
stood for 45 hours before rectification. The product boiled a t  58"-58.5" C. under 15 
mm. pressure. A 65.8% yield was obtained. 

The lower yield in the second run is probably attributable to  the shorter reaction 
time. 

Two carbon determinations on the product, 2-methyl-2-methoxypropyl acetate, 
by the wet method2 gave 57.4 f O . l % ,  as compared with a theoretical value of 57.49%. 
The boiling point, refractive index, and density are tabulated. 

8-Methyl-2-methoxypropyl propanoate.-The reaction between 0.5 mole of 2- 

* Abstract of a Master's Thesis presented t o  the Faculty of the Graduate School of 

1 SPARKS AND NELSON, J .  Am. Chem. Soc., 58, 671 (1936). 
2 POLLARD AND FORSEE, Ind. Eng. Chem., Anal. Ed., 7,77 (1935). 

A 73.7% yield was obtained. 

Purdue University by Lewis E. Thomas. 
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methyl-2-methoxypropanol and 0.5 mole of propanoic anhydride was carried out 
in  the manner already described. Stirring was continued for 2.5 hours after com- 
plete addition of the anhydride. The temperature was maintained a t  85-90'. The 
reaction mixture was allowed to  stand for 162 hours before rectification. The 
product boiled at 78-78.5" under a pressure of 20 mm. 

Two carbon determinations on this product by the wet method2 gave 60.1 f O . l % ,  
as compared with a theoretical value of 59.97%. The boiling point, refractive index, 
and density are tabulated. 

2-Methyl-8-methoxypropyl butamate.-A mixture of 1.0 mole of butanoic acid and a 
few drops of concentrated sulfuric acid was added drop-wise to 0.5 mole of 2-methyl- 
2-met,hoxypropanol. Stirring was continued for 2.5 hours after complete addition 
of the sulfuric and butanoic acids. The temperature was maintained a t  85-90'. 
After 160 hours the mixture was rectified by means of a modified Podbielniak column; 
the product boiled a t  87.5-88" under 20 mm. pressure. 

A 90% yield was obtained. 

A 72.4% yield was obtained. 

TABLE 
PHYSICAL CONSTANTS OF 2-METHYL-2-METHOXYPROPANOL ESTERS -- 

ESTER 1 n t  1 E. P. (733.69mm.) 1 d': 

Acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . 
Propanoate , . . . . . .  , . . , . , , , . . , , , . , , . ~  1.4150 I 176.1-176.2' 
Butanoate. . . , , , . . , , . . . . . . , . . . . . . . . 

1.4113 

1.4187 

162.7-162 .So 0.9327 
0.9463 

193.4-193.5" 0.9602 

Two carbon determinations on this product by the wet methodzgave 62.1 f O . l % ,  
as compared with a theoretical value of 62.07%. The boiling point, refractive index, 
and density are tabulated. 

SUMMARY 

1. A method is described for the preparation of 2-methyl-2-methoxy- 
propyl ethanoate, 2-methyl-2-methoxypropyl propanoate, and 2-methyl-2- 
methoxypropyl butanoate. 

2. Conditions for carrying out the reactions and yields of products are 
given. 

3. Some physical properties of the products have been determined. 



[CONTRIBUTION NO. 128 FROM THE DEPARTMENT OF CHEMISTRY, 
UNIVERSITY OF TEXAS] 

KETO ETHERS. 111. p-HALOGENOETHOXYETHYL ALKYL 
KETONES DERIVED FROM ETHYLENE BROMOHYDRIN 

JOE HALLER CLARK* WITH HENRY R. HENZE 

Received January 80, 1958 

There has been in progress in this laboratory in recent years a series of 
investigations concerning the synthesis and properties of simple aliphatic 
compounds, chiefly of the bifunctional type. Thus, there have been 
studied the preparation of a-chloro ethers by the method of Henry’, the 
conversion of such ethers into alkoxy nitriles according to GauthierP 
procedure, and the utilization of these nitriles in the synthesis of the 
corresponding keto ethers by the method of Blake3 as modified by Behal 
and S~mrnelet .~ Although many a-chloro ethers6 have been obtained, 
according to the method mentioned above, from unsubstituted alcohols, 
few compounds of this type have been procured from chlorine-substituted 
 alcohol^.*^^ Likewise, even fewer unsubstituted alcohols have been con- 
verted into a-bromo ethers,8 and a survey of the literature reveals that 
bromine-substituted alcohols have never been utilized in this manner. 

It was the purpose of this investigation to attempt the utilization of 
ethylene bromohydrin in the synthesis of an a-chloro ether by the method 
of Henry.1 Should this synthesis prove successful, it was planned next 
to convert the chloro ether so obtained into the corresponding nitrile by 
action of cuprous ~hloride.~ This reaction was of particular interest since, 
although Lingo,6 and Allen and Henze’, with similarly constituted 8-chloro 
compounds, had observed no formation of dinitriles, Henryg had reported 

* From a thesis presented by Joe Haller Clark to the Graduate School of the 
University of Texas in partial fulfillment of the requirements for the degree of 
Master of Arts, June, 1937. 

1 HENRY, Bull. Z’acad. roy. mBd. Belg., [3], 26,439-440 (1893). 
2 GAUTHIER, Compt. rend., 143, 831-832 (1906). 
3 BLAISE, i b i d . ,  132,38 (1901). 
4 B ~ H A L  AND SOMMELET, ibid., 138, 89 (1904). 
6 LINGO, (‘A Bibliography of the Preparations, Properties and Uses of Chloroalkyl 

Ethers,” Library, Dept. of Chemistry, University of Texas, 1936. 
6 LINGO, Thesis, University of Texas, 1936. 
7 ALLEN WITH HENZE, J. Amer. Chem. Soc., 69,540-542 (1937). 
8 BLAIR AND HENZE, ibid., 64,399-401 (1932). 
9 HENRY, Bull. SOC. chim., [2], 44,458 (1885). 
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replacement of the /? bromine atom in an otherwise unsubstituted ether 
by the action of potassium cyanide. Moreover, although repeated at- 
tempts have been made in this laboratory to bring about interaction be- 
tween a-chloro ethers and either potassium or sodium cyanide, absolutely 
no evidence of reaction has been observed. Finally, should the bromi- 
nated ether nitrile result, it was hoped to utilize it in preparing a new 
series of brominated ether ketones. 

The preparation of a-chloroethyl/3-bromoethyl ether was successful, as 

3 BrCH2CH20H + (CH3CH0)3 + 3 HCl = 3 HzO + 
3 CHsCHC1 - 0 - CH2CH2Br 

was its conversion into a-(/?-bromoethyoxy)propionitrile. From the 
latter, 
CH3CHC1-O-CHzCHzBr + CuCN = CuCl + 

CH3CH (CN) - 0 - CHzCHzBr 
by means of the Grignard reaction, there have been obtained nine a-(/?- 
bromoethoxy)ethyl alkyl ketones. In an attempt to prepare cy-(/?- 

BrCH2CHz---O-CH(CHa)CN + RMgBr + 

R 

BrCH2CH2-O-CH( CHJ C=N-MgBr 
HOE HnS04 1 

B~CH~CHZ-O-CH (CHa) COR 

bromoethoxy)ethyl methyl ketone from methylmagnesium iodide and the 
nitrile, replacement of the bromine atom was observed, in a type of reac- 
tion previously reported from this laboratory,' and the a-(/?-iodoethoxy)- 
ethyl methyl ketone isolated represents the first iodo alkoxy ketone pre- 
pared in an essentially pure state. The desired bromo alkoxy ketone was 
produced smoothly by the interaction of the nitrile with methylmagnesium 
bromide. 

EXPERIMENTAL 

Preparation of a-chloroethyl B-bromoethyl ether.-Two hundred fifty grams (2 moles) 
of ethylene bromohydrin and 88 g. of paraldehyde (2 moles calculated as acetal- 
dehyde) were brought together in a flask of 500 cc. capacity. Immediately after the 
alcohol and aldehyde were mixed a rise in temperature of about one degree was noted, 
and the mixture assumed a brilliant yellow color. After two or three minutes, 
however, the yellow color faded and the temperature of the mixture dropped about 
three degrees. The heat effect is probably due to  hemiacetal formation.1° The 
flask was fitted with a mechanical stirrer, and was immersed in  an ice-bath while its 

10 LESLIE, Thesis, University of Texas, 1934. 
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contents were being saturated with dry hydrogen chloride. Three and one-half 
hours were required for saturation, continued passage of the gas beyond this time 
always resulted in a decrease in the yield of chloro ether obtained. 

The lower etherial layer was separated from the acidic, aqueous layer formed 
and dried for two hours over anhydrous calcium chloride. Aeration of the crude 
halogenated ether under diminished pressure caused the colorless liquid to  assume a 
bright yellow color. Fractionation at reduced pressure resulted in  the collection of 
260 g. of colorless material distilling between 65" and 72" at a pressure of 10 mm., 
representing a yield of 69% of the theoretical. Repeated fractionation yielded 
a-chloroethyl 8-bromoethyl ether as a colorless, mobile liquid of rather pungent, 
but not unpleasant odor when freshly distilled. This ether is extTemely susceptible 
to  hydrolysis. B.p. 84.2" (corr.)/37 mm.; n: 1.4770; d y  1.5095; rto 34.87 dynes/cm.; 
[R]  calc'd 34.95; [ R ]  found 35.09; P calc'd 298.3; P found 301.8; Molal free surface 
energy [ ~ ( M / d ) ~ / ~ l  868.0 ergs. 

A n d .  Calc'd for total halogen content; substance, 0.1940 g., 0.2066 g. 
Calc'd for CdHsBrC10: AgBr + AgC1,0.3427 g., 0.3649 g. 
Found: 0.3408 g., 0.3624 g. 

a-@-Bromoethoxy)propionitriZe.-To 130 g. of dry cuprous cyanide, a 10% excess 
over the amount theoretically required, was added slowly with vigorous stirring 
230 g. of a-chloroethyl D-bromoethyl ether diluted with 150 cc. of anhydrous benzene. 
(Anhydrous ether was also tried as a diluent but the yield was less satisfactory.) 
A considerable amount of heat was evolved, resulting in the rapid refluxing of the 
solvent. The mixture was stirred without heating for one hour, then filtered from 
the cuprous salts, and the benzene was removed a t  very low pressure. Distillation 
of the residual liquid produced 121.3 g. of nitrile, equivalent t o  a yield of 56%, which 
distilled between 76"/4 mm. and 85"/6 mm. After the sixth redistillation: b.p. 
69" (corr.)/3 mm.; n: 1.4618; di0  1.4182; y p  37.89 dynes/cm.; [ R ]  calc'd 34.52; [ R ]  
found 34.49; P calc'd 307.9; P found 311.5; Molal free surface energy 950.0 ergs. 

Anal. Calc'd for CLHsBrNO: Br, 44.89; N, 7.87. 
Found: Br, 44.85, 45.01; N, 7.70. 

Although the mixture of cuprous salts, produced in  the preparation of this nitrile, 
was carefully examined for the presence of bromide, the latter was not identified. 
Likewise, no evidence of the formation of a dinitrile was obtained. Hence, the 
,%substituted bromine atom did not react with cuprous cyanide. 

Preparation of the keto ethers.-The method of BBhal and Sommelet' for preparing 
alkoxy ketones from alkoxy nitriles was applied successfully t o  the synthesis of the 
8-halogenoethoxyethyl alkyl ketones. In  general, and with the exception of the 
methyl ketone member of the series, the appropriate alkylmagnesium bromide was 
prepared under anhydrous conditions and treated with a-(p-bromoethoxy)propioni- 
trile diluted with 4 to  5 volumes of absolute ether. The reaction product was stirred 
for 30 minutes and, after standing from 6 to  8 hours, was decomposed by addition of 
200 to  250 cc. of ice-cold, 10% sulfuric acid; the brilliant, yellow-colored ether solu- 
tion was separated, washed with sodium carbonate solution, dried over anhydrous 
sodium sulfate, and fractionated under a pressure of 2 to 6 mm. until the product was 
sufficiently pure. The bromo keto ethers were obtained as limpid oils having a 
faintly rancid odor. All keto ethers were colorless when freshly and carefully 
fractionated, but usually turned yellow to yellow-green in color after relatively 
short standing. None of the ketones was appreciably soluble in water, but all were 
readily soluble in the usual organic solvents such as ethyl alcohol, acetone, ether, 
benzene and chloroform. 
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B.P. 
- m  -R 

'C. (Corr.) Mm. 

-- CH3 63.5 2.0 
--C!HzCHs 91.0 6.5 
-C!HzCH2CHs 82.5-83.0 2.5 
- CH(CH3)z 80.0-81.0 2.5 
--CHzCHzCHzCHs 102.0-102.5 4.0 
-CHzCH(CHs)z 91.0-92.0 2.0 
-- CH(CHs)CHZCHs 89.5 2.5 

-CHzCHzCH(CHa)* 100.5-101.0 2.5 
-CHzCHZCH2CH&Ha 119.5-120.0 5.5 

In an attempt to prepare the simplest member of this series by the interaction of 
a-@-bromethoxy)propionitrile and methylmagnesium iodide, there resulted an 
oily, yellow-colored liquid which contained iodine, but not bromine. In view of 
the experience of one of us7 with the replacement of chlorine by iodine as a result 
of the action of methylmagnesium iodide on a-l,3-dichloroisopropoxypropionitrile, 

FREE 
y" BUR- 

nD (DYNES FACB 
/CY.) ENEBQY % 

(ERW -____---- 
1.46251.3551 34.75 954.4 57 
1.4615 1.3099 34.13 1004.3 71 
1.4615 1.2603 33.02 1041.1 55 
1.4589 1.2544 32.55 1029.5 46 
1.4611 1.2198 32.26 1082.6 62 
1.4589 1.2180 31.331052.4 48 
1.4611 1.2234 32.47 1087.6 44 

1.4600 1.1868 31.07 1103.4 43 
1.4619 1.1916 32.26 1142.6 71 

Found - 
40.75 
38.27 
35.99 
35.93 
33.81 
33.68 
33.55 
31.82 
31.67 

TABLE I1 
BROMO KETO ETHERS DERIVED FROM ETHYLENE BROMOHYDRIN 

BrCHzCH2-0 -CH(CHJ)COR 

Calo'd 

39.33 
43.94 
48.56 
48.56 
53.18 

-- 

83.18 
53.18 
57.80 
57.80 

-R 

$0.28 

$0.06 
+0.05 
$0.17 
+0.04 
$0.02 
$0.13 
$0.16 

-0.10 
- CH3 
-CHzCHs 
-CHzCH*CHs 
-CH(CHa)z 
- CHzCH2CHzCHa 
-CHzCH(CHa)z 
-CH(CHa)CH&Hs 
-CH2CHzCHzCHzCHa 
-CH1CHzCH(CHs)z 

Calc'd 

348.1 

426.1 
426.1 
465.1 
465.1 
465.1 
504.1 
504.1 

-- 

387.1 

Calc'd 

40.97 
38.22 
35.82 
35.82 
33.70 
33.70 
33.70 
31.82 
31.82 

Found 

39.61 
43.84 
48.62 
48.61 
53.35 
53.22 
53.20 
57.93 
57.96 

- 

PARACHOR 
AWI - - 

Found 

349.4 
385.8 
424.4 
424.8 
463.3 
460.6 
462.7 
502.3 
499.7 

- 

- 
A P  

- 
f1.4 
-1.3 
-1.7 
-1.3 
-1.8 
-4.5 
-2.4 
-1.8 
-4.4 

i t  seemed probable that  an analogous reaction, resulting in the substiti ion of iodine 
for bromine, had occurred. All the physical properties of, and analytical data  for, 
the purified keto ether substantiate its identity as being cu-(fl-iodoethoxy)ethyl 
methyl ketone. This ketone is relatively stable and was obtained in 61% yield. 
B.p. 82" (corr.)/2 mm.; n: 1.5022; d f o  1.6042; 7 2 0  37.13 dynes/cm.; [ R ]  calc'd 44.36; 
[ R ]  found 44.55; P calc'd 371.1; P found 372.5; Molal free surface energy 1052.4 ergs. 

A n d .  Calc'd for CSHIJO~: I, 52.43. Found: I, 52.73,52.74. 
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16.67 
15.79 
15.00 
14.28 
13.63 
13.63 

The semicarbazone of the above-mentioned iodo ketone separated in  the form of 
large, prismatic crystals, and was precipitated from benzene solution by addition of 
petroleum benzine; m.p. 121.2’ (corr.) decomp. 

Anal. 

The synthesis of the desired a-(B-bromoethoxy)ethyl methyl ketone was accom- 
plished by using methylmagnesium bromide as the Grignard reagent. All attempts 
to prepare a bromo keto ether derived from tert.-butyl bromide yielded oily material 
decomposing upon distillation under pressure of less than 2 mm. 

Semicarbazones were readily formed from all the bromo keto ethers containing 
n-alkyl substituents and, also, from the isoamyl member of the series. I t  proved 
impossible to prepare semicarbazones, or other derivatives of the carbonyl group, 
from the isobutyl, set.-butyl and isopropyl derivatives; this behavior is in strict 

Calc’d for CIH,INJOZ: I, 42.43; N, 14.05. 
Found: I, 42.22, 42.20; IT, 13.99. 

16.67 
15.70 
15.20 
14.15 
13.72 
13.73 

TABLE I11 
SEMICARBAZONES OF ~-@-BROMOETFIOXY)ETHYL ALKYL KETONES 

CH3 
I 

BrCHzCHz-0-CHC = NNHCONHz 
I 

R 

-R 

-CHa 
- CHzCHa 
-CHzCHzCHa 
- CHzCHzCHzCHa 
- CHzCHzCHzCHzCHa 
- CHzCH&H(CHa)z 

M.P.  
‘C. (CORR.)  

124.5(dec.) 
99.5 
112.5 
117.7 
106.3 
83.0 

NITROQPIN, % 

Calc’d I Found 

agreement with similar experience in the instance of the corresponding a-l,3-di- 
chloroisopropoxyethyl ketones.’ 

Boiling points were taken with short, accurately calibrated Anschiitz thermom- 
eters, and the properly corrected values are reported for the bromo keto ethers. 
The melting points of the semicarbazones, too, are reported as corrected values. 
Surface tensions of the liquids were measured by means of Cassel’sll precision 
capillarimeter a t  20”. Densities were determined by means of a modified U-shaped 
tube weighing 1.3862 grams and having a volume of 1.8332 cc. The data resulting 
from the determination of physical constants, the values derived from the latter by 
calculation, and such information as was obtained through analysis of the bromo 
keto ethers have been tabulated in Tables I and 11. The data  resulting from a 
study of the semicarbazones of the bromoethoxyethyl alkyl ketones are recorded in 
Table 111. 

l1 CAGSEL, Chem.-Ztg., 63, 479 (1929). 
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SUMMARY 

1. The preparation of a-chlorethyl P-bromoethyl ether represents the 
initial utilization of a bromine-substituted alcohol in the chloro ether 
synthesis according to Henry’s method. 

2. In the conversion of the dihalogenated ether into a-(P-bromo- 
ethoxy)propionitrile no evidence of the formation of a dinitrile was 
observed. 

3. Nine examples of a new type of brominated keto ether have been 
obtained. Whereas normal, iso- and secondary alkyl groups are repre- 
sented in this series, the simplest example of the tertiary alkyl type could 
not be synthesized from the corresponding nitrile by means of the Grig- 
nard reaction. 

In an attempted preparation of a-(p-bromoethoxy)ethyl methyl ketone 
from methylmagnesium iodide, replacement of bromine by iodine was 
observed and the corresponding 0-iodo ketone was isolated and identified. 

4. Although semicarbazones, useful in the identification of keto ethers, 
were prepared from each of the normal alkyl homologs and, as well, from 
the isoamyl member of the series, none was obtained from the isopropyl, 
seobutyl and isobutyl ketones. 

5. For the series of compounds included in this investigation, as for 
those of analogous compounds previously synthesized in this laboratory, 
the molecular refraction was found to be far more sensitive than the 
parachor as an index of purity. 
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A survey of the literature on the simple open-chain diacylureas revealed 
only a few scattered references, many of which were in the patent litera- 
ture and gave only meager details as to the chemistry and hypnotic action 
of these compounds. In  view of their structural position, intermediate 
between the monoacylureas and the barbiturates, it was believed that the 
preparation and study of these diacylureas would be of interest. The 
present communication deals with compounds derived from normal ali- 
phatic acids and the correlation of their properties with the existing data. 
The preparation of compounds derived from other acids is already under 
way and will form the basis of later communications. 

2 RCONHz + COClz -+ RCONHCONHCOR + 2 HC1 
RCONCO + R’CONH2 -+ RCONHCONHCOR’ 

2 RCOOCzHs + NHzCONH:! (NaOCzHs)> 

RCONHCONHCOR + 2 C2H60H 
2 R&(OH)CONHCN + 3 H2O --+ 

&C(OH)CONHCONHCOC(OH)Ra + 2 NHa + COz 

(1) 
(2) 

(3) 

(4) 

( 5 )  

RCONHCONHz + R’COC1 Bo% RCONHCONHCOR’ + HCl 

The synthetic methods that have been reported parallel those employed 
in the preparation of the barbiturates. Schmidt’ first prepared diacetyl- 
urea in 1872 by the condensation of two molecules of acetamide with one 
molecule of phosgene (equation 1). Later Bornwater2 substituted oxalyl 
chloride for phosgene, but this modification probably is applicable to only 

* Presented before the Division of Medicinal Chemistry at the Ninety-fourth 
Meeting of the American Chemical Society, Rochester, N.  Y., September 10, 1937. 

1 SCHMIDT, J .  prakt. Chem., 6 ,  63 (1872). 
* BORNWATER, Rec. trav. chim., 31, 118 (1912). 
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a few amides? A second method, consisting of the reaction of an acyl- 
isocyanate with an amide (equation 2), was suggested by Scholl,' and 
has received some recognition in the patent literatureV6 Another 
method6v7 consists in the reaction of an acid halide or anhydride with a 
monoureide in the presence of a catalyst (equation 3). This procedure 
was found to be the most convenient laboratory method for the prepara- 
tion of the normal aliphatic diureides and was the one employed in this 
investigation. It also makes possible the preparation of compounds with 
two different acyl groups attached to the urea nucleus. 

The only successful attempt to prepare a diacylurea by the condensa- 
tion of an ester with urea in the presence of sodium ethylate (equation 4) 
was reported by Clemmensen and Heitman.8 They prepared a series of 
diureides derived from a-hydroxy acids. Several monoureidesg have been 
synthesized by this method, but no unsubstituted diacylureas; yet it is 
the most common procedure for the preparation of barbiturates. When 
the ethyl esters of the normal aliphatic acids were condensed with urea 
by means of sodium ethylate, the only products ever isolated were the 
corresponding monoureide, amide, and sodium cyanate. Furthermore, 
it was found that the diacylureas derived from the normal aliphatic acids 
reacted in the cold with sodium ethylate to form an ethyl ester and the 
monoacylurea, which was further decomposed on heating to sodium 
cyanate and the amide. Thus it appears that the normal aliphatic esters, 
unlike hydroxy acid esters, condense with urea to form only a monoureide 
under the conditions ordinarily employed. Clemmensen and Heitman8 
also reported the preparation of the hydroxy acylureas by the hydrolysis 
of the corresponding acylcyanamides (equation 5) .  

In  the present investigation eighteen new diureides, with both similar 
and dissimilar acyl groups attached to the urea part of the molecule, have 
been prepared in good yields by the reaction of an acid chloride with a 
monoacylurea in benzene solution with a little sulfuric acid as catalyst. 
It has been assumed that each of the two acyl groups is always attached to 
a different nitrogen atom in the urea to form a symmetrical compound, 
and no evidence indicating that this is not true has been obtained. Dia- 
cetylurea obtained from acetamide and phosgene or oxalyl chloride was 
found to be identical with that obtained from the acetylation of mono- 

3 FIOEE, ibid., 34, 289 (1915). 
4 QCHOLL, Ber., 23, 3516 (1890). 
6 BAYER & Co., German Patent 286,760, Dec. 6 ,  1913. 

7 BAYER & Co., British Patent 132,795, Sept. 16, 1919. 
8 CLEMMENSEN AND HEITMAN, Am. Chem. J . ,  40,280 (1908); 42,319 (1909). 

WERNER, J. Chem. Soc., 109, 1120 (1916). 

(a )  STENDAL, Compt. rend., 196, 1810 (1933); ( b )  JERZMANOWSKA-SIENKIEWI- 
CZOWA, Roczniki Chem., 16, 510 (1935). 
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acetylurea. Werner6 has suggested that the second acyl group is attached 
to the oxygen atom to form a pseudo-ureido ester. Several of the com- 
pounds with different acyl groups in the same molecule have been prepared 
by treating the two different monoureides with the proper acyl chloride, 
and identical compounds were always obtained; for instance, the com- 
pound obtained by treating acetylurea with butyryl chloride was the same 
as the one obtained from butyrylurea and acetyl chloride. Consequently, 
such a pseudo-structure is very unlikely. 

These compounds are soluble in alkali, as would be expected inviewof 
the presence of enolizable hydrogen, but are almost immediately hydro- 
lyzed to a monoureide and a fatty acid salt. Clemmensen and Heitmanns 
claimed that the di(a-hydroxyacy1)ureas were stable t o  cold alkali and 
acted only as dibasic acids. The N,N’-diacylureas appeared to go into 
solution on the addition of one equivalent of alkali, but it was difficult to  
obtain quantitative data on this point because of the rapidity of hy- 
drolysis. Acids promoted hydrolysis a t  a slower rate than alkalies, but 
even boiling water hydrolyzed these compounds slowly. 

Unlike the barbituric acids, these simple diacylureas decompose readily 
on heating and could not be satisfactorily distilled. Werner6 decomposed 
diacetylurea and, from the products isolated, he postulated decomposition 
as occurring simultaneously in two different ways (equations 6 and 7). 

RCONHCONHCOR+RCONHz + RCN + COz 

3 RCONHCONHCOR+3 RCONHCOR + (HCNO), 
(6) 

(7) 

This result has been confirmed by a quantitative study of the decomposi- 
tion of sym-dienanthylurea. Carbon dioxide was evolved, enanthonitrile 
distilled off, and from the residue enanthamide, dienanthamide, and 
cyanuric acid were obtained. The amounts of these various products 
were in excellent stoichiometrical agreement with the above equations and 
indicated that in this case approximately two-thirds of the original ma- 
terial had decomposed according to equation 6 and the remaining third 
according to equation 7. 

These nineteen diacylureas form a series of compounds which it is 
interesting to compare with the barbituric acids. The most striking differ- 
ence is the instability of the former towards alkali and heat. However, 
this is a difference in degree only, as the barbituric acids are themselves 
hydrolyzed more or less rapidly to form monoureides. This instability 
towards alkali made it impossible to prepare the simple diacylureas by 
using a basic condensing agent, as is the common procedure with the 
malonylureas. It should be pointed out that the diureides of other types 
of acids would be expected to have properties somewhat different from 
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those of the ones described here. This has already been demonstrated 
in the case of compounds derived from the a-hydroxy acids. It is also 
interesting to note that these N,N'-diacylureas were found to give no 
color test with the cobaltous acesate reagent of Koppanyilo as do the 
barbituric acids. 

Because of the similarity of these compounds to the barbiturates, their 
pharmacological properties are of interest. No study of the hypnotic 
properties of the previously known diacylureas was found in the literature, 
but the  patent^^,^ on the bromine-substituted derivatives contain the 
statement that such compounds possess hypnotic and sedative properties. 
Consequently, preliminary studies of these new substances as hypnotics 
have been made and are reported briefly here. When administered intra- 
venously to white mice, the most active compounds (those containing 
eight to ten carbon atoms) had a minimum effective dose of from eighty 
to cine hundred and fifty milligrams per kilogram of body weight. As 
a group they had an activity comparable with that of the common bar. 
biturates, but the anesthesia produced was very short, averaging only one 
or two minutes. They were, however, inactive when administered intra- 
peritoneally or orally except after large doses. Even though these com- 
pounds appear in vitro to be stable a t  the pH of blood, they must be de- 
stro,yed very rapidly in the body to be such very short-acting hypnotics. 
On oral administration, large doses must be given in order that the drug 
may be absorbed more rapidly than it is destroyed. The anesthesia pro- 
duced, in contradistinction to that of many of the barbituric acids, is 
characterized by marked analgesia and absence of excitement. More com- 
pletle pharmacological studies will be reported elsewhere a t  a later date. 

EXPERIMENTAL 

P:ropionyZurea.-In a large test-tube, stoppered with a cork loosely fitted with a 
thermometer, were placed 6 g. of urea, 15 cc. of propionic anhydride, 5 cc. of propionic 
acid and 0.4 cc. of concentrated sulfuric acid. This was placed in a beaker of boiling 
water and stirred occasionally with the thermometer. Soon after the urea dis- 
solved, the temperature rose to 105-llOo, and in five minutes crystals began to  appear 
in the solution. Fifteen minutes after the appearance of the first crystal, the tem- 
perature had dropped to  98'; the test-tube was cooled, and 20 cc. of water was added. 
After standing one hour in the ice-box, the crystals were collected, washed with 
saturated sodium bicarbonate solution and finally with water. This gave 8.5 g. 
(78g)) of a pure product. 

n-ButyryZurea.-In a 200-cc. 3-necked flask, fitted with mechanical stirrer, reflux 
condenser, and dropping funnel, were placed 10 g. (0.17 mole) of urea, 25 cc. of 
benzene and two drops of concentrated sulfuric acid. This was warmed on a steam 
bath and to the boiling solution 15 g. (0.15 mole) of n-butyryl chloride was added 

~ ~~ 

l o  KOPPANYI, DILLE, MURPHY, AND KROP, J .  Am. PhaTm. ASSOC.,  23, 1074 (1934). 
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I. P., "c., CORRECTBD 

216-217 

173-174 

192-193 
191-192 
191-192 

2 10-21 1 

182-183 

drop-wise over a period of fifteen minutes. After four hours of refluxing the mixture 
was cooled, and the solid tha t  had formed was collected and washed with a little 
petroleum ether. The product was transferred to  a beaker, and washed, first with 
sodium bicarbonate solution, and then with water. 

The other monoacylureas were prepared exactly as described above by substituting 
a proportionate amount of the proper acyl chloride. In  all cases the product ob- 
tained after washing with sodium bicarbonate was pure enough t o  be used in the 
synthesis of diacylureas. The analytical samples were recrystallized from n-butyl 
alcohol. The yields varied from 75 to  85 per cent., based on the amount of acyl 
chloride used. The physical properties of these compounds are recorded in  Table I. 

Preparation of sym-diacyZureas.-This procedure is illustrated by the preparation 
of N-acetyl-N'-propionylurea. 

In a 200-cc. flask fitted with a reflux condenser were placed 12 g. (0.1 mole) of 
propionylurea, 30 cc. of dry benzene, 10 g. (0.13 mole) of acetyl chloride, and three 
drops of concentrated sulfuric acid, and the mixture was refluxed on a steam bath. 
Hydrogen chloride was evolved and the ureide slowly dissolved. After four to  six 

FORMULA 

c aHsN 2 0 2  

CsHioNzOi 

CJIirNzOz 
C sHisNzOz 
c oHi 8NzOz 

C ~ H S N ~ O Z  

C6HlZNZOl 

TABLE I 
PROPERTIES OF TEE MONOACYLUREAB 

URBA 

Acetyl-' 
Propionyl- 
n-Butyryl-" 
n-Valeryl- 
n-Caproyl- 
n-Enanthyl- 
n-Capr ylyl-Qa 

PER CENT. NITROQEN 

Calc'd 

27,44 
24.13 
21.53 
19.43 
17.71 
16.27 
15.04 

Found 

27.33 
24.21 
21.32 
19.45 
17.76 
16.12 
14.97 

~~MOLDENEAUER, Ann., 94, 101 (1855). 

hours' heating, the evolution of hydrogen chloride ceased and a clear, straw-colored 
solution was obtained. This was cooled, diluted with 100 to  200 cc. of petroleum 
ether, and allowed to  stand in the ice-box over night. The white solid tha t  separated 
was collected, washed with a 10 per cent. sodium bicarbonate solution, and re- 
crystallized. 

All the diacylureas with the exception of the diacetylurea were prepared as above 
by substituting proportionate amounts of the proper acylurea and acyl chloride. 
Slightly better over-all yields were obtained in  the case of those diureides with 
different acyl groups when the monoureide of the acid with the higher molecular 
weight was prepared first and then treated with the acyl halide of the lower molecular 
weight. Even with compounds in which both acyl groups were the same, satisfactory 
yields could be obtained only by isolating the intermediate monoacylurea rather 
than by trying to force the reaction through in one step. Yields of between 75 and 
85 per cent. were obtained. When available, the acid anhydride could be substituted 
for the acid chloride, but the latter seemed preferable in most cases. The physical 
properties of these compounds are recorded in Table 11. 

They were all white crystalline substances, soluble in the common organic solvents 
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Mc'd 

19.44 
17.72 
16.27 
16.27 
15.05 
15.05 
13.99 
13.99 
13.99 
13.08 
13.08 
13.08 
12.27 
12.27 
12.27 
12.27 
11.56 
10.93 
9.85 

but  only slightly soluble in petroleum ether. Diacetylurea was soluble in  water t o  
the extent of 7 per cent. at 25", and the aqueous solubility of the others decreased 
regularly as the molecular weight increased. The diacylureas were much more 
soluble, both in water and organic solvents, than the corresponding monoacylureas; 
for instance, monoacetylurea dissolved in water t o  the extent of only 2 per cent., 
and was only slightly soluble in hot alcohol. This difference was less noticeable in  
the compounds of higher molecular weight. These substances were soluble in dilute 
alkali but were almost immediately hydrolyzed by i t  t o  monoureides and salts of 
fatty acids. The acyl group with the smaller molecular weight was always hy- 
drolyzed off more rapidly, and, therefore, compounds with larger acyl groups were 

Found 

19.29 
17.65 
16.18 
16.43 
14.90 
15.10 
14.01 
14.03 
13.93 
13.08 
13.09 
13.20 
12.21 
12.30 
12.37 
12.26 
11.65 
10.98 
9.94 

-- 

TABLE I1 
PROPERTIES OF THE DIACYLUREAS 

UREA 

sym-Diacetyl-6 
N-Acetyl-N '-propionyl- 
s ym-Dipropionyl- 
N-Acetyl-N '-butyryl- 
N-llutyryl-N '-propionyl- 
N-Acetyl-N '-valeryl- 
sym-Dibutyryl- 
N-I'ropionyl-N '-valeryl- 
N-Acetyl-"-caproyl- 
N-Butyryl-N '-valeryl- 
N-Caproyl-N'-propionyl- 
N-Acetyl-N'-enanthyl- 
s ym-Divaleryl- 
N-Butyryl-N '-capr ylyl- 
N-Enanthyl-N '-propionyl- 
N-Acetyl-N '-caproyl- 
lV-Caproyl-N '-valeryl- 
sym-Dicaproyl- 
s ym-Dienanthyl- 

M. P., 

RECTED 
e., COR 

54-15: 
12-11; 
05-1Of 
80-81 
96-97 
66-67 
86-87 

85-86 
82-83 

75-76 
92-93 
80-81 
83-84 
66-67 
82-83 
92-93 
80-81 
87-88 
80-90 

SOLVENT FOR RE- 
CRYBTALLLIZATION 

50% Acetic acid 
Benzene 

Bz.-pet. ether 
Dil. methanol 
Bz.-pet. ether 
Bz.-pet. ether 
Dil. methanol 
Bz.-pet. ether 
Dil. methanol 
n i l .  methanol 
Bz.-pet. ether 
Bz.-pet. ether 
Pet. ether 
Bz.-pet. ether 
50% Acetic acid 
Bz.-pet. ether 
Bz.-pet. ether 
Be.-pet. ether 

cCl4 

FORMULA 

PER CENT. 
NITROQEN 

slightly more stable than those with smaller. In  cold.water or dilute acids they 
appeared t o  be perfectly stable for several days, but were hydrolyzed slowly on 
boiling. 

Decomposition of dibutyrylurea with sodium ethylate.-To a solution of 0.4 g. of 
sodium in 25 cc. of absolute alcohol was added 3.5 g. of dibutyrylurea, and the mixture 
was allowed to  stand over night a t  room temperature. An equal volume of an- 
hydrous ether was added and the solution poured into an ice-hydrochloric acid 
mixture. The ether layer was separated, dried with calcium chloride, and distilled. 
After the ether had been removed, 1.5 g. of a liquid boiling a t  118-121" was collected 
and identified as ethyl butyrate. The aqueous layer was concentrated under a 
vacuum and 0.4 g. of dibutyrylurea was isolated from i t .  

In a second experiment the solution was heated for two hours, and a white precipi- 

They were also slightly soluble in strong acids. 
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tate of sodium cyanate was obtained. On evaporation of the alcoholic mother 
liquors, a small amount of butyramide separated. The same products were also 
obtained when monobutyryl urea was refluxed with sodium ethylate. These experi- 
ments were repeated with dicaproylurea with similar results. 

Pyrolysis of sym-dienanthy1urea.-Five grams of sym-dienanthylurea was placed 
in a small distilling flask fitted with a thermometer, so placed that  the bulb was 
below the surface of the liquid, and a side-arm test-tube that  served as a receiver. 
This was connected with two U-tubes filled with soda lime. The flask was heated 
in a mineral-oil bath a t  such a rate that  the inside temperature reached 230" in two 
hours. A t  80" the compound melted to a clear colorless liquid; a t  160-170" small 

TABLE I11 
HYPNOTIC ACTIVITY 

UREA 

sym-Diacetyl- 
N-Acetyl-N '-propionyl- 
s ym-Dipropionyl- 
N-Acetyl-N '-butyryl- 
N-Butyryl-N'-propionyl- 
N-Acetyl-N '-valeryl- 
s ym-Dibutyryl- 
N-Propionyl-N '-valeryl- 
N-Acetyl-N '-caproyl- 
N-Butyryl-N '-valeryl- 
N-Caproyl-N'-propionyl 
N-Acetyl-N '-enanthyl- 
s ym-Divaleryl- 
N-Butyryl-N '-caproyl- 
N-Enanthyl-N'-propionyl- 
N-Acetyl-N '-caprylyl- 
N-Caproyl-N '-valeryl- 
s ym-Dicaproyl- 
s ym-Dienanthyl- 

10. OF CARBON 
A T O M  

5 
6 
7 
7 
8 
8 
9 
9 
9 
10 
10 
10 
11 
11 
11 
11 
12 
13 
15 

MINIMUM EFFECTIYE DOBE 

:ntravenously 
g./ke. 

2.3 
1.5 
0.35 
0.23 
0.17 
0.15 
0.11 
0.14 
0.09 
0.10 

0.08 
- 

- 
- 
- 
- 
- 
- 
- 

htraperitone- 
ally g./kg. 

>3.0 
2.3 
1.5 
1.2 
1.1 
1 .o 
0.8 
0.9 
0.7 
0.9 
1.2 
0.6 
1.1 
1.2 
2.5 

>3.0 
>3.0 
>3.0 
>3.0 

Orally g./kg. 

bubbles of carbon dioxide were evolved, the liquid became cloudy, and a grayish 
precipitate deposited; and a t  200" a colorless liquid began to collect in the receiver. 
A t  the end of two hours the mixture was cooled slightly and the last traces of volatile 
material were swept over by the application of a vacuum to the system. 

The soda lime tubes were weighed, and i t  was found that  0.5 g. of carbon dioxide 
had been absorbed. The volatile liquid was redistilled, and 1.3 g. of material boiling 
a t  181-184" was obtained. This proved to  be enanthonitrile, and was characterized 
by the formation of a-iminoheptylmercaptoacetic acid hydrochloride.'* The non- 
volatile residue within the flask, which had solidified on cooling, was treated with 

19 CONDO, HINKEL, FASSERO, AND SHRINER, J .  Am. Chem. Soc., 69,231 (1937). 
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20 cc. of warm benzene. The grayish solid did not dissolve. It was recrystallized 
from water and 0.25 g. of a white solid, which was identified as cyanuric acid, was 
obtained. The benzene solution was diluted with petroleum ether and allowed to  
stand in  the ice-box. A yield of 1.4 g. of a white solid, which proved t o  be crude 
enanthamide, was obtained. After recrystallization from benzene-petroleum ether 
mixture, i t  was obtained pure and melted a t  95-96'. The original benzene-petroleum 
ether mother liquors were evaporated to  dryness under a vacuum, and 1.5 g. of a 
cream-colored solid remained. After recrystallization from dilute methanol, fine 
colorless needles, which had a melting point of 92-93', were obtained. This com- 
pound proved identical with the product obtained by refluxing enanthamide with 
enanthyl chloride, and was dienanthamide. 

Anal. Calc'd for C1,Ht,NOp: N, 5.80. Found: K, 5.85. 
These results indicate that  approximately two-thirds of the original material 

decomposed as indicated by equation 6 and one-third as indicated by equation 7. 
Pharmacological experiments.-Preliminary studies of these compounds as hyp- 

notics have been made on male albino mice. Those members of this series which were 
soluble enough in water to  allow a saline solution to  be injected into the tail vein 
without using excessive quantities of fluid were administered intravenously. Sec- 
ondly, all substances were tested intraperitoneally by injection of a 4 per cent. 
acacia emulsion. Finally, a 5 per cent. acacia emulsion of a few of the most active 
compounds was given orally by means of a stomach tube. Five or more mice were 
used at each dose level, and three or four levels close to  the minimum effective dose 
were studied. The minimum effective dose was taken as that  dose which would 
cause 50 per cent. of the animals to lose the ability to  right themselves. Because 
of the small number of animals used, the results, as recorded in Table 111, are ap- 
proximate only, but accurate enough t o  give a general idea of the relative activity of 
these compounds. 

The length of anesthesia varied greatly with the route of administration: On 
intravenous injection of a minimum effective dose of the more active compounds, 
anesthesia was induced at once but lasted only about one minute; on intraperitoneal 
injection, anesthesia was produced in three to  five minutes and maintained for ten t o  
fifteen minutes; while on oral administration the animals remained anesthetized for 
approximately one hour after an induction period of from five to  fifteen minutes. 

While no thorough study of the toxicity of these substances has been made, 
preliminary experiments with a few of the most active compounds indicated that  the 
minimum lethal dose on intraperitoneal injection was two or three times greater 
than the minimum effective dose. 

SUMMARY 

( I )  The available data on aliphatic diacylureas has been summarized. 
(2) A series of nineteen diacylureas derived from normal aliphatic acids 

has been prepared by the reaction of acid chlorides with monoacylureas, 
and their physical and chemical properties have been studied. These 
compounds resemble the barbituric acids with the exception that they 
are hydrolyzed very rapidly by alkali and are unstable to heat. 
(3) Compounds with eight to ten carbon atoms in the molecule are 

active hypnotics when administered intravenously, but are relatively inac- 
tive on oral administration. 
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INTRODUCTION 

The nomenclature of some derivatives of boric acid is anomalous. 
Phenylboric acid is CaH5B(OH)z, not C6H5OB(OH)z. After this anom- 
aly normal nomenclature is used, and aminophenylboric acid is 
NHzCeHaB(OH)z. We shall call B(OH)z the boric acid group. 

The relationships between the dissociation constants of the amino- 
phenylboric acids have sufficient theoretical interest to warrant a com- 
parison of their values amongst themselves and with the dissociation 
constants of phenylboric acid and aniline. Since all the factors that 
govern acidic and basic strength are not known, these comparisons must 
be made with considerable caution. We shall restrict our comparisons 
to those between acids and bases of similar types, in the same solvent, 
and at  one temperature, and our discussion to what we believe to be the 
more important factors. 

We measured the dissociation constants by a method equivalent to 
electrometric titration of the sulfate, which we shall treat as a dibasic 
acid. The pH numbers of solutions containing weighed quantities of the 
sulfates, neutralized to varying degrees with sodium hydroxide, were 
measured. The concentrations of the solutions varied between 0.02 N 
and 0.005 N .  

From these measurements the first and second dissociation constants 
of the positive ions were calculated from the equations, 

* From a thesis in partial fulfillment of requirements for the degree of doctor of 
philosophy. 
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and 
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M is the molality of aminophenylboric acid in all its forms. It was ob- 
tained from the weight concentration and equivalent weight of the sulfate, 
the latter being determined from the titration curve of the first acidic 
hydrogen atom. As the first and second dissociation constants of amino- 
phenylboric acid sulfates are widely separated the above equations and 
method of determining the equivalent weights are justifiable. When 
necessary the equation for K1 was corrected for the concentration of bi- 
sulfate ion, using 1.2 X for the second dissociation constant of sul- 
furic acid. Only measurements near the half neutralization points of the 
first and second dissociations were used for calculating K1 and Kz. 

The K's obtained in this way involve the activity of hydrogen ion 
and the concentrations of the other substances. They are, therefore, 
neither classical nor thermodynamic dissociation constants. But when 
determined for identical conditions they measure the relative acid 
strengths. In  the range of concentrations and degrees of neutralization 
used, the values for aniline, phenylboric acid, and aminophenylboric 
acids show no trend great enough to be apparent above the erratic errors, 
so the values of K measure the relative strengths of the acids under prac- 
tically identical conditions, viz. in aqueous solution about 0.01 N with 
respect to sodium sulfate. 

To check accuracy, a determination of the dissociation constant of 
anilinium ion was made, starting with aniline sulfate. The value of 
2.1 )< was obtained, which agrees well with the accepted value 

As acid solutions of the aminophenylboric acids are reduced by hydro- 
gen in the presence of platinum, a hydrogen electrode could not be used 
in the acid range. Measurements in this range were made with a glass 
electrode, the hydrogen electrode being used for alkaline solutions. Over 
the short alkaline range in which both electrodes could be used, the two 
gave concordant results. 

The benzoylaminophenylboric acids are too insoluble in water for 
aqueous solutions to be used for determinations of acidic strength. 

The dissociation constants for these compounds in an alcohol-water mix- 
ture containing 25 per cent. alcohol by volume were determined, with a 
hydrogen electrode. This solvent was used for the determination of the 

k,/kb = 2.2 x 10-5. 
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dissociation constants of many boric acid derivatives by Branch, Yabroff 
and Bettman.l The equivalent weights were taken as those determined 
by titration to the phenolphthalein end-point in the presence of large 
amounts of mannitol. 

The equivalent weights of the sulfates of ortho and meta amino- 
phenylboric acids agreed well with the formula, [CaH4B(OH)zNH3]ft 
SO4--, that of the para isomer with [CaHd3(OH),NHl]+zS04-- + 
2H20, those of ortho and meta benzoylaminophenylboric acids with 
[CeH6CONHGH4B(OH)z]z - HzO, and that of the para with 
CaH&ONHCsH4B(OH)2.* 

RESULTS AND DISCUSSION 

The results are summarized in Tables I and 11. For the amine sulfates, 
the products of the two dissociation constants are listed in column 4. 
APk = (logloKO - logl&) is a useful quantity for comparing t,he effect 
of groups on acid strength. An acid strengthening or negative group 
gives a negative APk value. For the APk of a first dissociation constant, 
KO is taken as that of aniline sulfate, for a second dissociation constant 
KO = K ,  of phenylboric acid in water,’ and KO for the products is the 
product of the dissociation constants of aniline sulfate and phenylboric 
acid. For the benzoyl derivatives KO is taken as the dissociation con- 
stant of phenylboric acid in 25 per cent. alcohol.1 These APk’s are in- 
cluded in the tables. 

Zwitter ions. For an amino acid the relationships between the various 
equilibria are given by the series of equations: 

in which K E  is the equilibrium constant of the reaction, true amino acid 
to zwitter ion, Kl and Kz are the measured dissociation constants, KIA 
and K1z are the two dissociation constants of the positive ion forming the 
true amino acid and the zwitter ion respectively, K ~ A  is the dissociation 
constant of the true amino acid and K2z that of the zwitter ion. 

These constants can be obtained by assuming KIA to be equal to the 
hydrolysis constant of the ester of the positive ion3 or K1z to the hydrolysis 
constant of the positive ion of the 

1 BRANCH, YABROFF, AND BETTMAN, J .  Chem. SOC., 66,937 (1934). 
*The formulas for the ortho and meta compounds agree with those found by 

SEAMAN AND JOHNSON, J .  Am. Chem. SOC., 63, 711 (1931), who did not prepare the 
para isomers. 

a EBERT, 2. physik. Chem., 121,385 (1926). 
4 MIYAMOTO AND SCHMIDT, Univ. California Pub. Physiol., 8 ,  1 (1932). 
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KY x 
1010 

- ] 13.7 
5.9 

15.4 
6 . 7  

Log & . ~ [ ~ - N H ~ ~ E H ~ B ( O E ) ~  approximately equals 1% &CIHIB(OH):I as 
the introduction of a meta amino group does not greatly change the 
strength of an acid. 

Log KZ[~-NH,C~H,B(OTH)~ = P + log K~(c,N~NH,), 
P being the effect of the borate ion group. As the negativity of the boric 
acid group is practically zero, P is approximately the effect of the work of 

TABLE I 
DI~SOCIATION CONSTANTS OF THE SULFATES OF AYINOPHENYLBORIC ACID IN 

WATER AT 25" 

+ + 

KIKSX 
1014 -- 

2.9  

1.6 
5 .3  

13.1 

BUBBTANCB 

Aniline sulfate . . . . . . . . . . . . . . . . . . . . .  

Phenylboric acid..  . . . . . . . . . . . . . . . . . .  
Sulfate of o-aminophenylboric acid..  . 
Sulfate of m-aminophenylboric acid. . 
Sulfate of p-aminophenylboric acid.. , 

2 . 1  

-' 

2.7  
3 .5  

19.5 

Phenylboric acid.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o-Bensoylaminophenylboric acid. . . . . . . . . . . . . . . . . . . . . . . . .  
m-Benzoylaminophenylboric acid. . . . . . . . . . . . . . . . . . . . . . . .  
p-Benaoylaminophenylboric acid.. ....................... 

-0.22 -0.05 -0.27 
-0.97 1 0.31 I -0.66 

1.97 0 
4.47 -0.36 
5.84 -0.47 
2.9 -0.17 

TABLE I1 
DISSOCIATION CONSTANTS OF THE BENZOYLAMINOPHENYLBORIC ACIDS IN 25 PER CENT. 

ALCOHOL AT 25" 

completely separating opposite charges situated with respect to each other 

as in m - NHsCsH4B(OzH). Hence 
- + 

and itpproximately equals 
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P' being the effect on log KA(m-&H,CsH4CO&H,) of changing the group 
C02CH3 to GOz-. P' is approximately the effect of the work of completely 
separating opposite charges situated with respect to each other as in 

m - NH3CeH&02-. Obviously, P and P' are approximately equal, 
and within at  least a factor of ten 

+ 

KE(m--"zCsHdCOOH) can be calculated from the dissociation constants of 
m-aminobenzoic acid and methyl m-amin~benzoate,~ assuming KIA = 

Ka(m-6HLkHCOzCHa). 
Then 

= 2.2, (9 x io-*) - (2.8 x 
2.8 x 104 KE(m-NHzCeH4COOH) = 

and 

2.2 X 1.4 X lo-' X 4.6 X lo-'' = 
6.6 X X 3.6 X lo-" KE (m - NHz C 6 Hd B (OH) 2 = 

Similarly for o- and p-aminophenylboric acids KE must be much smaller 
than the small values of KE for o- and p-aminobenzoic acids. The true 
amino acids must be in great preponderance over the zwitter ions in aque- 
ous solutions of the three aminophenylboric acids. The measured values 
K1 and K2 may be taken as, within experimental error, equal to KIA 
and K ~ A  respectively. 

In  an amino acid the product K1.K2 = KIA.K~A = Kl~eKzz. The 
difference between K1 0 KZ and the product of the hydrolysis constant 
of the parent amine and the dissociation constant of the parent acid 
(APklk,) is independent of zwitter-ion formation, and of any interaction of 
the groups in the neutral molecule. It measures the combined effects 
of the dipole of the acidic group on the charge in the positive ion, of the 
dipole of the amino group on the charge of the negative ion, of the inter- 
action of the acidic group with the aminium-ion group in the positive 
ion, and of the interaction of the amino group with the ionized acidic 
group in the negative ion. 

The APktk2 of an aminocarboxylic acid should have a much more nega- 
tive value than that of the corresponding aminoboric acid, as the carboxyl 
group is much more negative than the boric acid group (-B(OH)z). 
Thus for m-aminobenzoic acid, if C~mmings '~  values for its dissociation 

5 CUMMINGS, Proc. Roy. SOC., 79,82 (1906). 
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constants and the generally accepted values for those of benzoic acid and 
aniline are used, APklk, = -1.01, while for maminophenylboric acid, 

The APk,kr values for the aminophenylboric acids are peculiar, in that 
the sign for the ortho compound is opposite to that for the other two 
isomers, and the numerical value of APklk2 for the para compound is greater 
than that for the meta isomer in spite of the greater separation of the 
groups. The significance of these facts is discussed later. 

Resonance.-Branch, Yabroff, and Bettman' found that ortho and para 
ethoxyphenylboric acids are weaker than phenylboric acid while the 
meta isomer is stronger. They attributed these results to the opposing 
actions of the negativity of the ethoxy group and its resonance interaction 
with .the boric acid group. The resonance involved is indicated by the 
formulas : 

APklkn = -0.27. 

From the separation of charges in the quinoidal form it is obvious that 
this resonance is stronger in the undissociated acid than in its ion, and 
therefore it tends to reduce the strengths of the acids. This type of 
resonance is weak in the meta acid for the quinoidal form 

6CSI6 
I/ 

has a, high energy level, one of the bonds being between somewhat widely 
separated atoms. The meta acid is therefore stronger than either its 
ortho or para isomer. Owing to the weakness of the resonance and the 
negativity of the ethoxy group the meta acid is stronger than phenylboric 
acid. 

This type of resonance is also possible in aminophenylboric acid, and 
similarly must be greatly reduced in the negative ions and the meta 
isomer. It cannot occur in the positive ions, the four bonds of the nitro- 
gen atom being already satisfied. It therefore tends to make the first 
dissociation constants greater than that of anilinium ion, the second dis- 
sociation constants less than that of phenylboric acid, the first dissociation 
constant of the sulfates of 0- and p-aminophenylboric acids greater than, 
and their second dissociation constants less than, the corresponding 
constants of the meta isomer. 

These expected resonance effects are very apparent in both dissociation 
constants of the sulfate of paminophenylboric acid. Its first dissocia- 
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tion constant is much greater than that of its meta isomer, and than 
the Ka of anilinium ion, while its second dissociation is much smaller 
than that of its meta isomer and than the K,  of phenylboric acid. Simi- 
larly KZ of the sulfate of o-aminophenylboric acid is less than Kz of the 
meta isomer and than the Ka of phenylboric acid. On the other hand, 
hand, Kl of the sulfate of o-aminophenylboric acid is anomalous in being 
smaller than that of its meta isomer. 

Since this type of resonance is reduced rather than absent in the nega- 
tive ion, but is impossible in the positive ion, it favors the negative ion 
over the positive ion. Hence it tends to make KlK2 for the ortho and 
para compounds greater than KlK2 for the meta compound and than 
Ka(anilinium, X Ka(phenylbori0 acid). This effect is observable in the para 
compound, but again the ortho isomer is anomalous, its APklkz being 
positive. 

Chelalion.-The low values of KI and KIKz for the sulfate of o-amino- 
phenylboric acid show that there is some factor that stabilizes the positive 
ion with respect to the neutral molecule and the negative ion. 

Many anomalies have been observed in the properties of ortho deriva- 
tives of benzene. Some of these have been attributed to the formation 
of chelate rings by an atom bridging the narrow gap between ortho groups. 
For example lack of hydroxyl infra-red bands in o-hydroxycarbonyl- 
benzenes;'j the anomalously high dissociation of salicylic acid;' and the 
anomalously low dissociation of o-nitrophenylboric acid.s 

Chelation in the positive ion of o-aminophenylboric acid is a probable 
reason for its stability. In  the only chelation possible the proton of the 
nminium ion binds the nitrogen to an oxygen atom. This implies the 

resonance, (H~NCOH~BO~HZ, H2NC6H4B02H3). To both this theory and 
that of chelation of o-hydroxycarbonylbenzenes, the objection may be 
raised that the groups accepting the proton, -B(OH)2 and -COR, re- 
spectively, are not sufficiently basic. However, the ability of the boric 
acid group to function in this way is greatly enhanced by the resonance 

that arises from the existence of a quinoidal form H2N = C6H4 = BO2H3, 

as the corresponding form is impossible in H3NC&B02H2. Similarly 
the ability of the carbonyl group to accept the proton from an o-hydroxyl 
group is enhanced by the resonance arising from the quinoidal form 
0 = C6H4 = C(OH)R, as this is much more stable than the corresponding 

form HO = CaH4 = C(O)R, in which the proton is on the hydroxyl group. 

8 HILBERT, WULF, HENDRICKS, AND LIDDEL, Nature, 136, 147 (1935); J .  Am. Chem. 

7 BRANCH AND YABROFF, J. Am. Chem. SOC., 66,2568 (1934). 
8 BITTYAN, BRANCH, AND YABROFF, ibid. ,  66,1865 (1934). 

+ + 

+ -+ 
+ 

- + 

Soc., 68,548 (1936). 
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If this chelation is the correct explanation of the low value of K1 in the 
ortho compound, i t  must be more energetic than the chelation of the 
neutral molecule which would result from the resonance between amino 
acid and zwitter ion forms. In an o-amino acid, such as this, the distance 
between the groups is such that one would expect the equilibrium between 
amino acid and zwitter ion to degenerate to resonance, and a chelate ring 
to form. This type of chelation should be stronger in o-aminobenzoic 
acid than in o-aminophenylboric acid, as benzoic acid is stronger than 
phenylboric acid. Consequently i t  is not surprising to find that K,  
for o-aminobenzoic acid is not anomalously low like that for o-amino- 
phenylboric acid, the chelation of the positive ion being compensated by 
that of the neutral molecule. 

Negativity.-We shall define the negativity of a substituent group as 
the property of the group whereby it affects the dissociation of a proton 
from mother part of the molecule, when the arrangement of the charges 
in the group are not displaced by resonance interactions with other parts 
of the molecule. It is evident that this proviso is an idealization that is 
never rigorously achieved, and hence evidence concerning the negativity 
is always to some extent incomplete. The negativity of a group arises 
from the charges and electric dipoles inherent to the group. Since there 
is always some interaction between a group and the solvent, the negativity 
of a group strictly refers to the group in a particular solvent. The hydro- 
gen atom is a convenient arbitrary zero of negativity. 

The effect of a group on the strength of an aromatic acid most nearly 
measures negativity of the group, when it is in the meta position, for this 
position is the least favorable to resonance. 

For the sulfate of m-aminophenylboric acid, APk, = -0.22. The boric 
acid group is acting as if it were a definitely negative group. But Bett- 
man, Branch and Yabroff found APk for the boric acid group in m-carboxy- 
phenylboric acid = $0.01. This discrepancy is too great for experi- 
mental error. As the resonance interaction of a boric acid with a carboxyl 
group is much less than with an amino group, the true negativity of the 
boric acid group is more accurately obtained from the dissociation of the 
m-carboxyphenylboric acid than from that of the sulfate of m-amino- 
phenylboric acid, and is probably very nearly zero. The apparent nega- 
tivity shown by the group in m-aminophenylboric acid is presumably due 
to the resonance, 

"2 

which makes the boric acid group 

&HI 
/ I  

appear to be negative. 
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The APk, of maminophenylboric acid is -0.05. The amino group is 
acting as a negative one. The resonance described above tends to  make 
it act as a posit,ive group. The conjugation of the amino group with the 
benzene ring charges the ring negatively, and so gives a pseudopositivity to 
the group. Zwitterion formation has a similar effect. The result therefore 
shows a definite inherent negativity for the amino group. This agrees 
with the fact that hydrazine is a weaker base than ammonia, and the 
expected order of negativities, CHs, NH2, OH, F. However, Ebert' 
obtained 5.6 X 10" for K ~ A  of glycine, and Miyamoto and Schmidt' 
4.4 X Both of these results make the amino group positive, and 
more so than the methyl and other alkyl groups. Miyamoto and Schmidt 
used 4.54 X 2.5 X 10-lo, and 1.85 X lo-* for Kl, K2, and the hy- 
drolysis constant of the methyl ester ion, respectively. Had they not 
introduced the basic constant of betaine, but had been content with the 
assumption that K 2 A  = the hydrolysis constant of the methyl ester ion, 
and the equation KI.K2 = K ~ A - K ~ A ,  they would have obtained K ~ A  = 
6.1 X This value is greater than K ,  of acetic acid, and makes the 
amino group negative. for sev- 
eral amino fatty acids, and finds that they are greater than the dissocia- 
tion constants of the corresponding unsubstituted acids, and hence that 
the amino group acts as a negat,ive group in amino fatty acids. His value 
for glycine is 5 X 

The aminobenzoic acids are like the aminophenylboric acids in that they 
have very similar resonances. Cummings6 has measured the constants 
necessary to determine for m-aminobenzoic acid. It is doubtful 
whether he fully corrected for the nearness of the values of K1 and Ke. 
We redetermined the necessary constants, finding significant variation 
only in K2. 

Our method was the electrometric titration of the sulfates of m-amino- 
benzoic acid and methyl m-aminobenzoate using a hydrogen electrode. 
For K1 and K2 values of the amino acid we solved by means of successive 
approximations the simultaneous equations 

Edsallg has calculated the values of 

( H + ) 2 [ ( H + )  + (Na') + (HSO7)l 
K1 = M[(H+) + 2K2J - [(H+) + Kz][(H+> + (Na+) + (HSOhl) 

and 

The bisulfate ion concentration equals 

0.5M(Ht) 
1.2 X + H+' 

EDBALL, ibid. ,  66,2337 (1933). 
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1.2 >< The 
equations were set up from points near half neutralization of the first 
and !second acidic hydrogen atoms. 

Cummings’ values are K1 = 9 X lo4, Kz = 1.63 X loW5 and the hy- 
drolysis constant of the ester, assumed equal to K 1 ~  = 2.8 X lo4. Our 
values are K1 = 8.85 X lo4, K,  = 2.5 X and K I A  = 2.8 X 10“‘. 
Cummings’ values give K2, = 5.2 X and APkz = +0.10, and ours 
KPA = 7.9 X and APkz = -0.08. The positivity obtained from 
Cummings’ values could easily be accounted for by the resonance inter- 
actions of the amino with the carboxyl group and with the benzene ring, 
both of which produce a pseudo-positivity. Our values show a negativity 
more than sufficient to counterbalance the effects of these resonances. 

Our conclusion is that the amino group is inherently a negative one. 
Benzoylaminophenylboric acids.-The AP, vakes for the three benzoyl- 

aminophenylboric acids are negative. The benzoylamino group is nega- 
tive, as might be expected from the high negativities of acyl groups. 

That the order of strengths is meta > ortho > para > unsubstituted 
acid, while negative groups produce greater effects in the ortho than in 
the meta position, indicates that the conjugation between the boric acid 
and amino groups is not entirely removed by the resonance of the type 

being the second dissociation constant of sulfuric acid. 

0 + 0- 
/ I  I 

(CsHoNHC-CsH5, CaHbNH=C-CsHrj), 

which is introduced with benzoylation. 
Hydroxyphenylboric acids.-The hydroxyphenylboric acids have possi- 

bilities of resonance and chelation very similar to those of the amino- 
phenylboric acids. The resonance enhances dissociation from the phenolic 
group, and hinders that from the boric acid group. Chelation has the 
reverse effect. Unfortunately the yield of the ortho isomer was so small 
that it was impossible to make sure that it was the required compound 
and to measure its dissociation constant. The amount of p-aminophenyl- 
boric acid was so small that it seemed hopeless to attempt to get sufficient 
of the phenol. However, the meta compound was prepared by the 
method of Bean and Johnson,lo and both of its dissociation constants were 
measured. and Kz = 1.4 X lo-” (un- 
corrected for salt effect, which should be appreciable for the divalent ion). 

The value of K1 indicates that the proton dissociates from the boric 
acid group, and the negativity of the hydroxyl group is the predominant 
factor. The value of Kz shows that the group B02H- is positive, a fact 

The results were K1 = 2.8 X 

10 BEAN AND JOHNSON, ibid., 54, 4415 (1932). 



532 C. G. CLEAR AND G. E .  IC. BRANCH 

that in view of the negative charge hardly needs experimental corrobo- 
ration. 

EXPERIMENTAL 

The aminophenylboric acids were prepared by the catalytic reduction of the nitro 
compounds with hydrogen, described by Bean and Johnson,lo except that  an equiva- 
lent of sulfuric acid was added before reduction in each case. The sulfates were 
crystallized from the reaction mixture by vacuum concentration. The reduction in 
acid solution is just as efficient as i t  is in neutral solution. if the hydrogenation is 
stopped as soon as the theoretical amount of hydrogen has been absorbed. If this  
is not done, the reduction in acid solution proceeds past the amine stage, and am- 
monia and an unstable boric acid derivative are formed. 

The ortho and meta benzoylaminophenylboric acids were obtained from the 
mother liquors from the crystallizations of the aminophenylboric acid sulfates by 
shaking with benzoyl chloride and sodium carbonate. They crystallize as semi- 
anhydrides as reported by Seaman and Johnson.2 It was found necessary to  use 
the pure sulfate of p-aminophenylboric acid, and an exact equivalent of benzoyl 
chloride to  obtain the p-benzoylaminophenylboric acid. The equivalent weight of 
this compound agreed with the formula, C6H6CO;\iHCsH,B(OH)z. 

The m-hydroxyphenylboric acid was prepared from the corresponding amine 
sulfate according to  the method of Bean and Johnson.10 

The hydrogen electrode was used in junction with a saturated calomel cell, con- 
nection being made through a saturated solution of potassium chloride. The electro- 
motive forces were measured by balancing with a Leeds and Northrup potentiometer 
using a lamp-scale type of galvanometer. The cells were enclosed in an air thermo- 
stat a t  25". The solutions were brought to  this temperature in a water thermostat. 
Fresh liquid junctions were provided for all measurements. 

The glass electrodes were tubes sealed with a thin diaphram of 0.15 Corning glass. 
They were partially filled with a saturated solution of quinhydrone, into which 
platinum leads dipped. They are similar to  those described by MacInnes and 
Dole." 

The glass and hydrogen electrodes were used in conjunction with the same calomel 
cell and saturated solution of potassium chloride. The current from the glass 
electrodes was amplified by a De Eds12 amplifier. By means of a multi-pole high 
resistance switch the same potentiometer and galvanometer could be used for both 
glass and hydrogen electrodes. 

The glass electrodes were checked before and after each measurement by observing 
the pH value of a standard buffer solution. 

Measurements with the glass electrodes were reproducible within 0.5 millivolts, 
and those with the hydrogen electrodes within 0.1 millivolts. The two types of 
electrodes agreed within these limits in solutions varying from p H  = 2 to  pH = 7. 
The glass electrodes were not used in more alkaline solutions. 

Table I11 includes the solvent, the type of electrode, and the molality or range of 
molalities used; the number of approximately half-neutralized solutions for which 
pH numbers were determined; the range of dissociation constants calculated from 
each of these solutions; and the mean of these constants. 

11 MACINNES AND DOLE, ibid. ,  62,29 (1930). 
11 DE EDS, Science, 78,556 (1933). 
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SUMMARY 

The acid strengths of the positive ions of the three aminophenylboric 
acids have been compared with each other and with that of anilinium ion. 
The acid strengths of the three aminophenylboric acids have been com- 
pared with each other and with that of phenylboric acid. 

It has been shown that zwitter ion formation has little to do with these 
relative strengths. 

The relative strengths have been explained on the assumption that 
there is a strong resonance in 0- and p-aminophenylboric acid, that this 
resonance, though reduced, persists in the negative ions and the meta 
amino acid, that the positive ion of the ortho acid has a hydrogen bridge 
connecting the substituent groups, that the boric acid group has prac- 
tically zero negativity, but that the amino group is negative. 

It has been shown that the amino group is negative in the amino fatty 
acids, and in maminobenzoic acid. 

The dissociation constants of the benzoylaminophenylboric acids and 
both constants of m-hydroxyphenylboric acid have been measured. The 
first hydrogen lost by the last-named substance appears to be from the 
boric acid group. 
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Although the field of alkyl compounds of lead is fairly well known,’-* 
recent studies undertaken in this laboratory have shown that some com- 
pounds not previously reported in the literature exhibit behaviors some- 
what at variance from what one might expect from the properties of 
known related compounds. The present article covers the description 
and properties of some of these new compounds in this group. 

METHYLBUTYLLEAD COMPOUNDS 

Only two of the four possible trimethylbutyllead compounds have been 
r e p ~ r t e d . ~  From the statements found in the l i t e r a t ~ r e ~ * ~ ~ ~  one might 
expect that the sec.-butyl isomer would be somewhat unstable, and the 
tert.-butyl so unstable as to make it doubtful that it could be prepared in 
a sufficient degree of purity for a study of its characteristics. Actually, 
it was found that the sec.-butyl isomer could be prepared by the standard 
method of interaction of a sec.-butyl Grignard reagent and trimethyllead 
halide. When the preparation of trimetyl-tert.-butyllead was attempted 
by the same method, with the use, as is customary, of the bromide, a 
large amount of metallic lead was precipitated, and the only product ob- 
tained was tetramethyllead. A systematic study of the preparation re- 
sulted in a method using the unstable and seldom used trimethyllead 
iodide, which gave comparatively high yields (88 per cent.). Contrary to 
expectations, the material proved to be more stable than any other alkyl 
lead compound with branched chains, and indeed, in some respects even 
more stable than a compound containing no branched chain. This is 

1 For a comprehensive survey, see KRAUSE AND VON GROSSE, “Die Chemie der 

2 CALINQAERT, Chem. Reu., 2, 43-85 (1925). 
metall-organischen Verbindungen,” Borntraeger, Berlin, 1937. 

Ref. 1, p. 384; ref. 8, p. 58. 
Ref. 1, p. 388; GRUTTNER AND KRAUSE, Ber., 60, 574 (1917). 

6 GRUTTNER AND KRAUSE, Ann., 418, 338 (1918). 
6 Present authors. 
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COMPOUND 

Trimethyl-n-butyllead3 ..................... 
Trimethyl-sec.-butyllead6. . . . . . . . . . . . . . . . . . .  
Trimethyl-iso-butyllead3 . . . . . . . . . . . . . . . . . . .  
Trimethyl-iso-butyllead e . . . . . . . . . . . . . . . . . . .  
Trimethyl-tert. butylleade. . . . . . . . . . . . . . . . . .  

probably related to its similarity in structure with the very symmetrical 
hexamethylethane.* 

In the preparation of trimethyl-sec.-butyllead a fair yield of dmethyl- 
di-sec.-butyllead was obtained simultaneously. This is probably to be 
attributed to the relative instability of the trimethyllead iodide and bro- 
mide used in the preparation. 

The properties of all four trimethylbutyllead compounds are given in 
Table I. The boiling points decrease regularly from the normal to the 
tertiary isomer. The secondary shows the exaltation of the refractive 
index, which has been reported previously for similar compounds.s No 
further exaltation, however, is evident in the case of the tertiary isomer; 
indeed, the index of refraction is almost that of the normal isomer. This 
unexpected result is probably related to the peculiar structure of this com- 
pound, a point which will be further discussed. 

B.P., "c. 
(13 MM.) 

65 
59 
57 
57 
47 

TABLE I 
TRIMETHYLBUTYLLEAD COMPOUNDS 

1.6777 
1.7011 
1.6716 
1.6822 
1.6615 

"0 

1,5046 
1.5133 
1 .M26 
1.5050 
1.5089 

F.P., 'c. 

5.7 

HEXAMETHYLDILEAD 

Hexaethyldilead is the only member of the hexaalkyldilead series 
which has been previously isolated.7 According to the literature, the 
stability of the hexaalkyldilead compounds increases with the length of 
the chain, and the product of reaction of Grignard reagents with lead 
halides contains more and more hexaalkyldilead and less tetraalkyllead 
as the alkyl groups increase in size.8 It is further stated that in the caseof 
methyl halides the product is pure tetramethyllead, and that no hexa- 
methyldilead is formed.* In the course of the preparation of tetramethyl- 
lead by various methods in this laboratory, it was observed that when the 
compound was made from methylmagnesium iodide, a residue was pres- 
ent after the distillation of the tetramethyllead. A systematic investiga- 

* Dr. Henry Gilman has suggested that  the compound might prove useful in the 

7 MIDGLEY, HOCHWALT, AND CALINGAERT, J .  Am. Chem. SOC., 46,1821 (1923). 
preparation of free tertiary butyl radicals, using the Paneth technique. 

* GRUTTNER AND KRAUSE, Ber., 49, 1415 (1916). 
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tion disclosed that the material was hexamethyldilead, and following this, 
attempts were made to synthesize the compound by the known methods. 
The reduction of trialkyl lead halide with sodium in liquid ammonia* 
gave only low yields, the product being mostly tetramethyllead and metal- 
lic lead. It was finally found that by suitable control of the Grignard 
reaction, using trimethyllead iodide, yields as high as 61 per cent. could be 
obtained . 

Hexamethyldilead is a solid, m.p. 38", d 2.38, crystallizing in large 
hexagonal plates, fairly unstable, decomposing slowly in the dark and 
more rapidly in diffused daylight, and leaving a residue of metallic lead. 
This compound and also the trimethyl-tert.-butyllead mentioned above 
are closely related structurally to hexamethylethane. Indeed, this rela- 
tion becomes at  once apparent if the three compounds are named, in ac- 
cordance with the latest international convention: tetramethylbutane, 
Me3(: -CMe3; 2-plumbatetramethylbutane, Me3Pb - CMe3; and 2,3-di- 
plumbatetramethylbutane, Me3Pb.PbMe3. All three show the typical 
properties of compounds of such structure, among which the camphor- 
like odor and the relatively high melting point are most familiar. Obser- 
vations were made with a petrographic microscope of the crystalline struc- 
ture (of all three compounds, and it was found that hexamethylethane and 
trimethyl-tert.-butyllead crystallize in the cubic system, while hexamethyl- 
dilead crystallizes in the hexagonal system. It is somewhat surprising 
that the comparatively less symmetrical trimethyl-tert.-butyllead shows a 
greater degree of crystalline symmetry than the seemingly more sym- 
metrical hexamethyldilead. Thus, in its physical characteristics at  least, 
trimethyl-tert.-butyllead behaves more like a molecule of hexamethyl- 
ethane in which one quarternary carbon atom has been replaced by lead. 

EXPERIMENTAL 

Trimethyllead iodide.-To 134 g. (0.5 mole) of tetramethyllead in  200 ml. of ether 
contained in  a 2-liter beaker and cooled t o  below -60" by the addition of solid carbon 
dioxide, was added through a dropping funnel with mechanical stirring, 127 g. (1.0 
atom) of iodine in  800 ml. of ether. The mixture of trimethyllead iodide, methyl 
iodide, and ether was allowed to  warm to room temperature, and the methyl iodide 
and ether distilled. The crude trimethyllead iodide, contaminated with Bome lead 
iodide was extracted with hot ether. The ether was again distilled and the light 
cream-colored trimethyllead iodide was dried on a porous clay plate. Yield 114 g. 
(60%). 

Anal. Calc'd for CaHpPbI: Pb, 54.6. Found: Pb, 54.4, 54.6 
Trimethyl-sec.-butyllead.-To 120 g. (0.3 mole) of trimethyllead iodide suspended 

in 200 ml. of dry ether and contained in  a 3-necked round-bottomed flask, fitted with 

* This method has been used successfully in  this laboratory for the preparation of 
EtoPbz from EtsPbBr (68 per cent yield). 
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a reflux condenser, vapor-proof mechanical stirrer, and dropping funnel, was added 
a solution of sec.-butylmagnesium bromide prepared from 66 g. (0.5 mole) of sec- 
butylbromide, 12 g. (0.5 atom) magnesium, and 200 ml. of ether. Reaction took place 
with the lead salt going into solution and the formation of two layers. After reflux- 
ing for one hour and allowing to  stand overnight, the reaction mixture was decom- 
posed with ice and dilute hydrochloric acid. The ether layer was separated, and 
after drying and removing the solvent, the residue was distilled from a small Claisen 
flask. The distillate was fractionated in an atmosphere of nitrogen. The fraction, 
b.p. 55-56' 11 mm., d: 1.6962, upon refractionationgave 39 g. (yield 50%) of trimethyl- 
sec.-butyllead, b.p. 59" 13 mm., d: 1.7011, n: 1.5133. 

Anal. Calc'd for C7H18Pb: Pb, 67.0, Found: Pb, 67.2. Tetramethyllead (16%) 
and dimethyl-di-sec.-butyllead (22%) were obtained as by-products in  the above 
reaction. When trimethyllead bromide was used instead of the iodide, the yield of 
trimethyl-sec.-butyllead was only 28%, together with tetramethyllead (23%), and 
dimethyl-di-sec.-butyllead (26%). 

Trimethyl-tert.-6utyllead.-Attempts to  prepare trimethyl-tert.-butyllead by the 
action of tert.-butylmagnesium chloride and trimethyllead bromide resulted in the 
formation of tetramethyllead and metallic lead. The tetramethyllead was con- 
taminated with hydrocarbons, including hexamethylethane and probably 2,2,4- 
trimethylpentane. The use of trimethyllead iodide in  place of the bromide resulted 
in a high yield of the desired compound. 

To 107 g. (0.28 mole) of trimethyllead iodide suspended in  250 ml. of dry ether, and 
contained in  a 3-necked round-bottomed flask, fitted with a reflux condenser, vapor- 
proof mechanical stirrer, and dropping funnel, was added a solution of tert.-butyl- 
magnesium chloride prepared from 93 g. (1 mole) tert.-butyl chloride, 24 g. (1 atom) 
magnesium and 250 ml. of dry ether. After decomposition of the reaction mixture 
with ice and dilute hydrochloric acid, the ether layer was separated and dried over 
anhydrous sodium carbonate. After removal of the solvent, distillation of the resi- 
due from a small Claisen flask gave 83 g. of material, d, 1.5981, which upon fractiona- 
tion in an atmosphere of nitrogen, gave 96 g. of trimethyl-tert.-butyllead, b.p., 47-48" 
13 mm., d, 1.6570, yield 88%. Upon refraetionation all but a small amount of the 
material boiled a t  47.0-47.2" 13 mm., and gave the following physical constants: 
dy 1.6615, n: 1.5089, m.p. 5.7". The material has a camphor-like odor. 

Anal. 
Hexamethyldi1ead.-(a) Trimethyllead iodide and sodium i n  liquid ammonia.- 

Two and three-tenths grams (0.1 atom) of freshly cut sodium in small pieces was 
added s lor ly  to a solution of 38 g. (0.1 mole) of trimethyllead iodide in  about 150 ml. 
of liquid ammonia contained in a 500-ml. Pyrex cylinder. After the ammonia had 
distilled off a t  room temperature, the organic lead was extracted with several por- 
tions of ether. The solvent was removed by distillation, and the volatile tetra- 
methyllead was distilled under reduced pressure with the bath temperature below 
35" to  prevent decomposition of any hexamethyldilead, leaving 3.5 g (yield 7%) of a 
yellow oil, which upon standing a short time, crystallized in large yellow plates. 

Calc'd for C,HJ'b: Pb, 67.0, Found: Pb, 67.6,67.25. 

Anal. 
( b )  Methylmagnesium bromide and lead chloride.-To a solution of methylmagne- 

sium bromide prepared from 13 g. (0.5 atom) magnesium, 60 g. (0.6 mole) methyl 
bromide and 250 ml. of ether, contained in a 3-necked round-bottomed flask, fitted 
with a reflux condenser, vapor-proof mechanical stirrer, and cooled in  an ice-salt- 
water freezing mixture maintained a t  -5 to  -8" was added in  small portions, 139 g. 
(0.5 mole) of freshly dried lead chloride. Reaction took place with the momentary 

Calc'd for C s H d b ~ :  Pb, 82.1, Found: Pb, 81.3. 
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formation of a reddish coloration, which changed to  a yellow-green, and finally black, 
caused by the deposition of metallic lead. After stirring for 30 minutes, the reaction 
mixture was decomposed with ice and water, the yellow-green ether layer was sepa- 
rated and the residue extracted with 2 100-ml. portions of ether. The combined 
ether solutions were shaken with anhydrous sodium carbonate and filtered. Most 
of the ether was removed by distillation a t  atmospheric pressure and the last traces 
a t  100 mm. The pressure was then reduced to  2 mm., and the distillation was con- 
tinued with the bath temperature below 35". Three grams of distillate were collected, 
and a residue 25.5 g. of large greenish-yellow crystals of hexamethyldilead remained 
in the distilling flask. Yield of crude hexamethyldilead 25.5 g. @I%), The crystal- 
line residue was dissolved in 25 ml. of ether and filtered from a small amount of black 
solid. After distillation of the ether under reduced pressure, a residue of light 
cream-colored soft crystals remained, m.p. 37-8"C., d 2.38. 

Anal. Calc'd for CsHlgPbt: Pb, 82.1, Found: P b  82.0, 82.6 

SUMMARY 

Three of the four trimethylbutyllead isomers have been prepared and 
the properties of the four isomers are compared. Hexamethyldilead was 
prepared, and its properties are compared with those of the structurally 
related hexamethylethane and trimethyl-tert.-butyllead. 
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The continued and increasing activity in the study of polynuclear hy- 
drocarbons because of their tremendous biological significance, renders 
any investigation which throws light upon the structure or mechanism of 
formation of polycylic hydroaromatic compounds of considerable im- 
portance. The preceding papers of this series1 have yielded the following 
rules for the cyclodehydration of phenylated alcohols or olefins2. Benzene 
derivatives with unbranched side-chains of five to  seven carbon atoms 
carrying an hydroxyl group or an olefinic bond will give tetralin or indan 
derivatives when treated with sulfuric acid except when the hydroxyl 
group is adjacent to the phenyl nucleus, in which case polymerization 
takes place. Larger rings than six-membered are not formed. In  cer- 
tain instances tetralins and indans are formed simultaneously. With 
few exceptions the reaction mechanism involves the intermediate forma- 
tion of olefins. 

The present contribution deals with a study of the case of a phenylated 
alcohol in which a quaternary carbon atom ajoins the carbinol group. 
Previous references to the possibility of cyclo dehydration of compounds of 
this type have been made by Bogert and Davidsona, and by Linstead2, 
but no clear-cut case has so far been reported. In  this investigation 
it has been found that l-phenyl-4,4-dimethyl-pentanol-3 (I) when treated 

* The authors wish to acknowledge their indebtedness to Dr. David Perlman for 

t Present address, National Oil Products Co., Harrison, N. J. 
much advice and assistance during the course of this work. 

BOGERT AND DAVIDSON, J. Am. Chem. soc., 66, 185 (1934); BOGERT, DAVIDSON, 
AND APFELBAUM, ibid. ,  66, 959 (1934); ROBLIN, DAVIDSON, AND BOGBRT, ibid., 67, 
151 (1935); PERLMAN, DAVIDSON, AND BOGERT, J .  Org. Chem., 1, 288, 300 (1936); 
PERLMAN AND BOGERT, J .  Am. Chem. SOC., 69,2534 (1937). 

* LINSTEAD, “Annual Reports on the Progress of Chemistry,” Chemical Society 
(London), 1936, p. 320. 

* ROGERT AND DAVIDSON, Zoc. cit.1, p. 188. 
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with 90 per cent. sulfuric acid undergoes the Wagner rearrangement4, 
followed by cyclization as shown in Chart I. The structure of the result- 
ing hydrocarbon was confirmed by oxidation to dimethylhomophthalic 
acid and dehydrogenation to 1,2-dimethyInaphthalene as well as by its 
synthesis from l-phenyl-3,4-dimethyl-pentanol-3 (11). 

CHART I 

A similar rearrangement was also found to take place in the case of the 
lower homologue, l-phenyl-3,3-dimethyl-butanol-2 (IV), which yielded 
1,1,2-trimethylindan (V), a cycle which had previously been obtained 
by Bogert and Davidson (paper T of this series’) from I-phenyI-2,3- 
dimethylbutanol-2. 

4 Cf’. WALLIS, “Molecular Rearrangements,” in GILYAN’S “Organic Chemistry,” 
John Wiley & Sons, Inc., New York, 19S8, Vol. I, pp. 720 f. 
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The structure of V was confirmed by oxidation with chromic acid, which 
yielded VI. 

fycooH 

This substance was also obtained in the same manner by oxidation of a 
sample of the 1 , 1,2-trimethylindan prepared by Bogert and Davidson'. 
The melting points of the oxidation products from both sources agreed 
within half a degree, and the melting point of a mixture showed no de 
pression. 

EXPERIMENTAL 

1 -Phenyl-4,4-dimethylpentanol-9, (I).-tert.-Butylmagnesium chloride was pre- 
pared according to  "Organic Syntheses," Coll. Vol. I, p. 510, from 227 g. (2.5 moles) 
tert.-butyl chloride. The reaction mixture was cooled to  2" in  an ice-salt bath, and 
100.6 g. (0.75 mole) of p-phenylpropionic aldehyde, dissolved in a n  equal volume of 
ether, was added over a period of 2.5 hours with stirring, the temperature being kept 
below 10'. The addition compound was decomposed by the addition of ice and 
25-30% sulfuric acid in  slight excess; the ether layer was shaken out with a solution 
of sodium bisulfite, washed with sodium carbonate solution, then with water, and 
finally was dried over sodium sulfate. 

The residue, after removal of the ether on the steam bath, was distilled under 
reduced pressure, and yielded 100.1 g. (70% theoretical) of crude alcohol boiling a t  
116-126"/6-7 mm. Repeated fractionation failed to  yield a product which gave 
entirely satisfactory analyses. A sample boiling at 90-91°/2 mm. (bath temperature 
130-135') gave the following results. 

Anal. Calc'd for C~H200: C, 81.17; H, 10.49. 
Found C, 80.73; H, 9.54. 

The phenyhrethane was prepared by allowing equimolecular proportions of the 
alcohol and phenyl isocyanate to  stand several days a t  room temperature in a well- 
stoppered bottle, and then recrystallizing the product repeatedly from Skelly Solvent 
"D." (petroleum fraction, b.p. 77-115"); microscopic white needles; m.p. 91". 

Anal. 

Cyelodehydration of l-phenylJ,4-dimethyl-pentanol-S.-Seventy cc. (64.7 6.) of 
l-phenyl-4,4-dimethyl-pentanol-3 was run into 210 cc. of 90% sulfuric acid cooled to 
2" in a 500-cc. beaker-flask, with rapid stirring over a period of 2 hours, stirring being 
continued for 2 hours longer, while the reaction mixture was allowed to  warm to 
room temperature. I t  was then diluted with ice water, and extracted with 400 cc. of 
light petroleum ether in three portions; the combined extracts were shaken in a 
separatory funnel with 30 cc. portions of 90% sulfuric acid until the last was almost 
colorless. 

The solution was washed with water, with dilute sodium carbonate solution, 
again with water, and was then dried over anhydrous potassium carbonate. Filtra- 

Calc'd for C ~ O H ~ ~ O ~ N :  C, 77.12; H, 8.10. 
Found C, 77.20; H, 8.33. 
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tion, ,and removal of the petroleum ether on the steam bath yielded a water-white 
product which was carefully distilled through a Widmer column; more than 90% of i t  
passed over a t  77-81"/1.5 mm. (bath temperature 135-139") without change in refrac- 
tive index. The yield was 55% of the theoretical. Samples redistilled for analysis 
boiled a t  77-77.5"/1 mm. and 242" (uncorr.) at 760 mm.; n t ,  1.5269. 

Anal. Calc'd for CISHIE: C, 89.58; H, 10.42. 
Found: (77-77.5"/1 mm.) C, 89.49; H, 10.59: (242"/760 mm.) C, 89.75; 

Oxidation of 1,f ,2-trimethyZtetraZin.-Two grams of 1,1,2-trimethyltetralin was 
oxidized by refluxing with 20 g. of potassium permanganate in 500 cc. of water for 
10 to  12 hours with good stirring, after which the permanganate color was discharged 
by the addition of about 25 cc. of ethyl alcohol. The solution was filtered hot, and 
the manganese dioxide precipitate was washed well with boiling water, the washings 
being added to  the main filtrate which was then evaporated to  about 100 cc. and made 
acid to  Congo red with hydrochloric acid 

The white precipitate which separated was dried i n  vacuo, and was found to  
melt a t  123", the melting-point reported for dimethylhomophthalic acid. Its iden- 
tity was further established by mixture melting-point determinations with the 
anhydride of known dimethylhomophthalic acid run in two ways. (1) A sample was 
mixed with the known anhydride, and the temperature of the mixture was raised 
above the melting point of the free acid; the sample was then allowed to resolidify; 
m.p. r32" (m.p. of known anhydride, 82.5-83") (2). The anhydride was formed by 
heating a sample to 150" for a short time. A mixture of the product with the known 
anhydride was found to melt a t  82" (corr.). 

Dehydrogenation of 1 , 1 ,2-trinaethyl-tetraZin.-One mole equivalent (2.3 g.) of the 
tetralin and 0.85 g. flowers of sulfur (2 atomic equivalents) were placed in a 10-cc. 
distilling flask with side-tube set a t  right angles to  the neck. The side-tube wasstop- 
pered, the neck was provided with a short reflux condenser, and the reaction mixture 
was heated over a small flame. When the initial, somewhat vigorous, evolution of 
hydrogen sulfide had abated, the mixture was refluxed gently for 2.5 hours. The 
flask was then arranged for downward distillation, and one gram of a fluorescent 
liquid smelling strongly of hydrogen sulfide was distilled over. 

This product was converted to  the picrate by dissolving i t  in 10 cc. of boiling alcohol 
and adding 1.3 g. of picric acid in an equal volume of the same boiling solvent. Upon 
cooling, the picrate crystallized in orange-red needles and was dried i n  vacuuo; 
yield, 0.9 g., m.p. 129.8" (corr.). The melting-point of the picrate of 1,2-dimethyl- 
naphthalene is reported in Beilstein as 129.5-130.5"C. A further crop of crystals was 
obtained from the mother liquor. 

f -F'henyl-J,b-dimethyZbutanol-2 (IV).-This compound was prepared in the same 
mannix as l-phenyl-4,4-dimethylpentanol-3, from 186.0 g. (2 moles) tert.-butyl 
chloride and 120.1 g. (1 mole) phenylacetaldehyde (b.p. 91-92"/20 mm.), the tempera- 
ture being kept below 5". The yield in several experiments amounted to  65% of the 
theoretical (calculated on the basis of the phenylacetaldehyde used); b.p. 78.5"/2 
mm. (bath temperature 125"); n t ,  1.1566. 

H, 10.66. 

Anal. 

Cydization of f-phenyl-S,J-dimethylbutanoE-2.-In this procedure, which was the 
same as for l-phenyl-4,4-dimethylpentanol-3, except that  the reaction mixture was 
extracted with petroleum ether without dilution, 55 cc. of the alcohol was added to  
73 cc. of 90% sulfuric acid a t  such a rate as to keep the temperature below 5" (3.5 

Calc'd for CIZHIEO: C, 80.85; H, Io.19. 
Found: C, 81.02; H, 10.14. 
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hours). On distillation through a Widmer column, nearly all of the product but 
a small forerun came over at 55-56"/2 mm. (bath temperature 135"); yield of dis- 
tilled product, 41% of the theoretical. No further purification for analysis was 
necessary; n!, 1.5101. A sample of product distilled at  atmospheric pressure, 
boiled a t  208". 

Anal. Calc'd for C12H16: C, 89.94; H, 10.08. 
Found: C, 89.97; H, 10.16. 

An additional quantity of the cyclic compound was obtained by diluting the 
extracted reaction mixture with ice and treating the oily layer as above. 

Oxidation of 1,1,2-t~imethylindan.-One g. of 1,1,2-trimethyl-indan was dis- 
solved in 20 cc. glacial acetic acid, heated t o  boiling under reflux, and 5 g. of chro- 
mium trioxide in 10 cc. of glacial acetic acid and 10 cc. of water was added, little by  
little, through the top of the condenser, the rather vigorous reaction being allowed t o  
subside before the addition of each fresh portion. The mixture was refluxed for one 
hour, after which 20 cc. of acetic acid was distilled off, and 100 cc. of water was 
added. When cool the solution was extracted with four 50-cc. portions of ether; the 
combined ether extracts were washed several times with water, and dried over 
anhydrous sodium sulfate. Upon evaporation of the ether, a residue of acetic acid 
remained, from which the compound was separated by taking up in alcohol and 
adding water. The product obtained in this manner was quite pure but was further 
purified for analysis by recrystallization from a mixture of chloroform and heptane; 
m.p. 157.5' (con.); yield about 60% of the theoretical. 

And .  Calc'd for C I ~ H I ~ O ~ :  C, 69.87; H, 6.85. 
Found: C, 69.70; H, 6.93. 

A second oxidation using chromium trioxide in  glacial acetic acid, without the 
addition of water, gave the same product. A sample of the l,l,a-trimethylindan 
prepared by Bogert and Davidsonl was oxidized by the same procedure, and the 
product was shown to be identical with the above oxidation product by its melting- 
point and by a mixture melting-point of the two substances. 

I-Phenyl-S,4-dimethylpentanol-d (ZZ).-The Grignard reagent was prepared in the 
usual way from 231 g. (1.25 moles) of phenethyl bromide (prepared for us in 84% 
yield by Mr. Harry G. Steinman, according to  the procedure of Roblid), and 30.4 g.  
(1.25 moles) of magnesium turnings, without external cooling. One hundred grams 
of methyl isopropyl ketone in an equal volume of ether was added dropwise, the 
temperature being kept below 7", and the condensation product worked up as de- 
scribed for the other alcohols. 

On distillation under reduced pressure, several low-boiling fractions came over, 
one of which consisted of styrene. A 50% yield of the crude product was obtained, 
which on further purification for analysis boiled a t  118-119'/3 mm.; n:, 1.5083. 

Anal. 

Cyclodehydration of i-phenyl-S,4-dimethylpentanol-S-The cyclization was carried 
out exactly as described for l-phenyl-3,3-dimethylbutanol-3, using 38 g. (40 cc.) of 
the alcohol and 60 cc. of 90% sulfuric acid. The yield of the product, almost all of 
which distilled a t  94.5"/2 mm., amounted to  86% of the theoretical; b.p., 241-242'/ 
760.7 mm. ; n:, 1.5270. Analysis, refractive index, and boiling-point showed this 

Calc'd for ClsHmO: C, 81.18; H, 10.49. 
Found: C, 81.37; H, 10.73. 

5 ROBLIN, Dissertation, Columbia University, 19%. 
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compound to be identical with the 1 , lJ2-trimethyltetralin prepared from 1-phenyl- 
4,4-dimethylpentanol-3. 

Anal. Calc’d for C~aHls: C, 89.58; H, 10.42. 
Found: C, 89.28; H, 10.51. 

SUMMARY 

In several cases, cyclodehydration of aromatic alcohols having a quater- 
nary carbon atom adjacent to the carbinol group has been found to 
involve the Wagner rearrangement. 



[CONTRIBUTION FROM THE BUREAU OF ENTOMQLOGY AND PLANT QUARANTINE, V. S. 
DEPARTMENT OF AGRICCLTURE, WASHINGTON, D. C.] 

CONSTITUENTS OF PYRETHRUM FLOWERS. XII. THE NA- 
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As a result of previous investigations' the structure of pyrethrolone 
originally proposed by Staudinger and Ruzicka,2 represented by formula I, 

CH, 
I 
I 

C-H 
/\/ H 2 H  H 

H2C C-C-C=C=C-CHa 
I I  1 2 5 4 6  

H O ) C C = O  H I  1 

I 

has been revised with respect to the cyclopentanolone nucleus to one de- 
rived from a cyclopentenolone nucleus represented by formula 11. 

CHa 
I 

C 
/\ 

H2C C-CQHq 

H\C-c=o l i  
HO' 

I1 

The original formula I, with the cumulated system of double bonds in 
the side chain, has met with general skepticism on the grounds that this 
system has never been encountered in nature. The evidence for the cumu- 
lated system was based on the formation of acetaldehyde on ozonization 

* For article XI of this series see ROSE AND HALLER, J. ORG. CAEM., 2,484 (1937). 
t We are indebted to W. G .  Rose and F .  Acree, Jr., for technical assistance and the 

1 LAFORGE AND HALLER, J .  Am. Chem. SOC.,  68,1061 (1936); 68,1777 (1936). 
2 STAUDINGER AND RUZICKA, Helv. Chim. Acta, 7 ,  212 (1924). 

microcombustions, and to E. L. Gooden for the optical data. 

546 



CONSTITUENTS OF PYRETHRUM FLOWERS 547 

of pyrethrolone, which establishes the position of one double bond in the 
3 , 4  position, and the isolation of malonic acid when the products of 
ozonization had been further oxidized with hydrogen peroxide. In  only 
one instance an acid of the probable formula 111s was isolated in very 
small yield from the products of ozonization of acetyl pyrethrolone. 

c 
/\ Ha 

HzC C-C-COOH 
I I  

CHSCOO’ 
I11 

In  a later article Ruzicka3 without giving any reasons, proposed formula 
IV, with a conjugated system, for pyrethrolone. 

CH3 
I 

H I  I \c-c=o 
HO/ 

IV 

In several abstracts and reviews of our article on this subject,’ the errone- 
ous assumption is made that we had substantiated this later view of 
Ruzicka. 

To obtain further evidence on the positions of the two double bonds in 
the side-chain of pyrethrolone, we have since made a large number of 
experiments, the results of which, although still inconclusive, do not favor 
conjugation, but rather point to some other system. 

From our previous experience it was evident that pyrethrolone, owing 
to its relative instability, was not well suited for chemical manipulation, 

$ The original formula has been revised by us by changing the location of the 
nuclear double bond. See reference 1 and also STAUDINGER AND RUZICKA, Helv. 
Chim. Acta, 7, 232 (1924). 

RUZICKA AND PFEIFFER, ibid., 16, 1208 (1933). 
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and in most of the experiments described herein pyrethrone of formula V 
was employed as the starting material. 

I I  
H&-C=O 

V 

Pyrethrone was obtained in the earlier stages of our investigations 
rather unexpectedly in an attempt to reduce the side-chain of pyrethrolone 
with aluminum amalgam. With the assumption of the presence of a 
conjugated system, as in formula IV, a 1 , 4  addition of hydrogen might be 
expected with the formation of a compound having a chain containing a 
single double bond. Subsequent reduction of the hydroxyl group would 
have furnished jasmone of the known structure 

CHs 
I 
C 

VI 
Ha A '  -C-0 

The reduction of pyrethrolone with aluminum amalgam, however, took 
another course and resulted in the formation, in fairly good yield, of a 
low-boiling compound of formula CIlH140, which still contained the two 
double bonds in the side-chain and which on hydrogenation furnished a 
tetrahydro derivative identical with dihydrojasmone of formula VII. 
(The nuclear double bond is very resistant to hydrogenation.) 

C& 
I 

4 TREFF AND WERNER, Ber., 66,1621 (1933); 68,640 (1935). 
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The double-bond system was hence unaffected by this treatment, while 
the hydroxyl group was eliminated. The same experiment is reported 
by Staudinger and Ruzicka, who obtained no low-boiling reaction product. 
We attribute our favorable result to the quality of the metal employed 
and the manner of preparing the amalgam. 

Owing to the importance of pyrethrone, its preparation and properties 
are described in special detail in the experimental part. Pyrethrone is a 
colorless liquid with a pleasant flowery odor resembling dihydrojasmone. 
It is optically inactive. It was characterized by its refractive index and 
by the properties of its semicarbazone, p-nitrophenylhydrazone, and 
oxime. 

The observed molecular refraction showed a marked exaltation over the 
calculated value. The compound is very unstable toward acids that cause 
polymerization. 

Because of its established relation to dihydrojasmone, the only uncer- 
tainty in the formula of pyrethrone is the position of one of the two double 
bonds in the side-chain. That one of the two occupies the 3 , 4  position, 
as in pyrethrolone, follows from the formation of acetaldehyde on ozoniza- 
tion. Only the 1 , 2  and 2,3  positions remain open for the remaining 
double bond corresponding to the conjugated and the cumulated systeme, 
respectively, and between which systems the choice must be made. The 
foregoing considerations are predicated on the assumption of an open 
chain in pyrethrone and pyrethrolone. The possibility of the presence 
of a second ring system that is easily cleaved by hydrogenation, with the 
formation of a saturated five-membered straight chain, cannot be excluded 
from consideration. 

I t  is not possible to hydrogenate one of the double bonds in the side- 
chain without hydrogenating the other, and when only half the calculated 
volume of hydrogen is allowed to react, mixtures of fully hydrogenated 
material and the original substance result. It is possible, however, to 
eliminate one of the double bonds of pyrethrone by the addition of 1 mole 
of h,ydrobromic acid in acetic acid solution followed by zinc reduction. 
By these reactions a dihydropyrethrone was obtained, the semicarbazone 
of which melted a t  202", and which absorbed 1 mole of hydrogen to 
give the known tetrahydropyrethrone semicarbazone. The semicarbazone 
of the dihydro derivative was distinctly different from that of jasmone, 
which melts a t  215O, and with which it is isomeric. Hence, it must be 
concluded that the double bond eliminated in this process was in the 2 , 3  
posit ion if the side-chain of pyrethrone contains the cumulative system, 
and in the 1 , 2  position if the conjugated system is present. 

The reaction of pyrethrone with hydrobromic acid does not proceed 
smoothly and is accompanied by polymerization. An oxidation or ozoni- 
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zation experiment, which might have decided the position of the remaining 
double bond, was not made owing t,o the difficult accessibility of the 
material. 

Reduction of a conjugated system with aluminum amalgam usually 
results in a 1 , 4 addition of hydrogen. Since this method was used in the 
preparation of pyrethrone and the double-bond system was not affected, 
the result is against the assumption of the presence of a conjugated system 
in pyrethrone, and hence in pyrethrolone. 

Pyrethrolone and pyrethrone do not form characteristic reaction prod- 
ucts with maleic anhydride, and they definitely do not react with 
a-naphthoquinone, since the two components may be recovered for the 
most part unchanged after they have been heated together. 

The most characteristic property of both pyrethrone and pyrethrolone 
is their behavior toward bromine. This reaction had been studied by 
Staudinger and Ruzicka, who reached the conclusion that 1 mole of 
bromine is added to pyrethrolone in organic solvents. They supposed 
the bromine addition product to be unstable. A conjugated system 
is known to add bromine in either the 1 , 2  or the 1,4 position. 

When 1 mole of bromine is added to pyrethrone in an organic solvent 
and the solution is concentrated, there is an evolution of hydrobromic 
acid, and complete evaporation of the solvent results in decomposition 
of the product. 

In  our earlier experiments no attempt was made to isolate the bromine 
addition product, but the reaction was carried out in acetic acid and, to 
determine if a 1 , 4 addition had occurred, the solution was reduced directly 
with zinc dust, and the debrominated material was isolated. If a con- 
jugated system were present and a 1 ,4 addition had occurred, the product 
wonld be the known compound jasmone of formula VI. The experiments 
resulted, however, in the regeneration of the original pyrethrone. It was 
concluded that the addition of bromine had occurred on adjacent carbon 
atoms; therefore, a choice could not be made between the two systems. 
Attempts were made to substitute acetyl for the added bromine by reac- 
tions with potassium or silver acetate. Contrary to expectations, half of 
the added bromine was removed with the greatest ease whereas the other 
half seemed to be very firmly bound. 

We were led by this observation to carry out the addition of bromine 
in ethanol solution. We noted that, after the addition of 1 mole of bro- 
mine, treatment of the reaction product with alcoholic potassium hydrox- 
ide solution caused the separation of potassium bromide, and the neu- 
tralized solution yielded, on evaporation of the solvent, a stable compound 
containing 1 bromide atom. The monobromo compound yielded the 
original pyrethrone on zinc reduction in acetic acid. In subsequent ex- 
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periinents it was found that, after addition of 1 mole of bromine in ethanol, 
the solution was acid and could be directly titrated with standard alco- 
holic alkali, indicating that nearly half the added bromine is present as 
free hydrobromic acid in the solution. 

It must be concluded that the reaction of pyrethrone with 1 mole of 
bromine is one of substitution, or is a t  least an addition with subsequent 
elimination of hydrobromic acid that takes place so easily that it amounts 
to substitution. Reduction of the product by zinc dust in ethanol gave 
the (original pyrethrone. 

Further experiments were made by adding 2 moles of bromine to 
pyrethrone in ethanol solution. It was observed that the 2 moles were 
absorbed, although a few minutes was required for complete decolorization 
of the solution. Titration of the reaction product indicated the presence 
of 2 moles of free hydrobromic acid. The neutralized solution yielded 
a stable sirup, and the quantity indicated that the product was a dibro- 
midi:. Reduction of the dibromo compound with zinc gave the original 
pyrethrone, which was identified by its properties and constants, and by 
the preparation of its semicarbazone, p-nitrophenylhydrazone, and oxime. 

The reaction with the second mole of bromine therefore proceeds in a 
manner analogous to the reaction with the first, and is equivalent to a 
substitution. Pyrethrolone presents the same picture as pyrethrone with 
respect to its behavior on addition of bromine. When 2 moles were added 
to pyrethrolone followed by reduction with zinc, pyrethrolone was regen- 
erated. Only the unsaturated side-chain is involved in the reaction with 
bromine, for tetrahydropyrethrone and tetrahydropyrethrolone do not 
decolorize bromine. 

There is no obvious interpretation of these reactions, but such a course 
has not been observed with compounds containing the conjugated system. 

Allene is stated to add 4 atoms of bromine, forming an unstable tetra- 
bromide, but a search of the literature has furnished very little additional 
info.rmation as to the behavior of other compounds with the cumulated 
system towards halogen. It is our intention to investigate this matter, 
and a comparison of facts may permit a conclusion as to the nature of the 
double-bond system in pyrethrone, and hence in the pyrethrins. 

Pyrethrone reacts with 2 moles of perbenzoic acid to give an unstable 
product that could not be characterized, whereas the monobromo com- 
pound does not seem to react with this reagent. 

It is evident that the double-bond system present in pyrethrone is of 
remarkable stability and that no shift takes place when the compound is 
subjected to the reactions with bromine described above. 

Some other observations, which are not recorded in the experimental 
part because the results are not clear-cut, point to the presence of a cumu- 
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lated system in pyrethrone. When py'rethrone is heated in a sealed tube 
with sodium metal in ether solution, a sodium compound is formed as a 
brown powder. When this is treated with carbon dioxide, an amorphous 
acid is obtained. This is an indication of the formation of a compound 
with an acetylene grouping that yields an acid on treatment with carbon 

dioxide, a reaction that is characteristic of the grouping'C=C=C-CHS. 
H 

/ 
EXPERIMENTAL 

Reduction of pyTethTOlOne with aluminum amalgam.-Pyrethrone was prepared by 
treatment of pyrethrolone with aluminum amalgam in ether solution. The prepara- 
tion has been repeated many times in the course of this investigation and always with 
uniform results. 

The amalgam was prepared from specially purified aluminum$ by the use of 
Nessler's reagent, a procedure in common use. The sheet metal was cut intostrips, 
folded loosely in a zigzag manner, placed in an Erlenmeyer flask, and treated for a 
few minutes with 10 per cent. aqueous potassium hydroxide. It was then washed 
with water and covered with the Nessler's reagent. After about three or four 
minutes the solution was poured off, and the amalgamated aluminum was thoroughly 
washed with water until the washings were no longer alkaline. It was then imme- 
diately washed with alcohol followed by ether. The pyrethrolone dissolved in 
ether was added a t  once, and the reaction was allowed to proceed for about 15 hours 
(usually overnight). The proportions employed were 5 grams of freshly distilled 
pyrethrolone, 15 grams of amalgamated aluminum] and 300 cc. of ordinary ether. 
As a rule several portions were set up, and after completion of the reaction the ether 
solution was filtered from the separated gray precipitate, and the solvent was re- 
moved. The residue was then distilled. About one-third passed over below 100" at 
0.35 mm. pressure, but the distillation was continued until the temperature reached 
130", as considerable pyrethrone is present in the higher-boiling fraction. The total 
quantity of distillate was always about half the quantity of pyrethrolone employed. 
In  a typical instance 21 grams of pyrethrolone gave 10.35 grams of distillate. The 
residue is not distillable, and suddenly polymerizes to a stiff resin on further heating. 
It may consist of the pinacol corresponding to pyrethrone. For purification] the 
distillate was converted into the semicarbazone. 

Pyrethrone semicarbazone.-The 10.35 grams of distillate was dissolved in 90 CC.  

of 95 per cent. ethanol, and 14 cc. of pyridine and a solution of 14 grams of semi- 
carbazide hydrochloride in 18 cc. of water were added. In  about 30 minutes crystal- 
lization began and was complete after standing overnight. After filtration and 
washing with a little ethanol, the semicarbazone was suspended in water and again 
filtered, and finally was washed with a little ethanol. After drying, the semicar- 
bazone was equal in weight to the distillate employed. It melted with decomposi- 
tion a t  about 210" and was sufficiently pure for most purposes. After recrystalliza- 
tion from methanol, in which i t  is difficultly soluble at the boiling temperature, the 
melting point was raised to 216-218'. 

Anal. Calc'd for C12H1,N*O: C, 65.75; H, 7.76. 
Found: C, 65.39, 65.57, 64.95; H, 7.88, 8.26, 8.09. 

0 The aluminum sheets had a thickness of 0.203 mm. (0.008 in.) and a minimum 
- 
aluminum content of 99.8 per cent. 
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Hydrogenation of pyrethrone semicarbazone.-As a control 0.219 gram of pure 
pyrethrone semicarbazone was suspended in 30 cc. of ethanol containing 0.15 gram of 
previously reduced platinum oxide catalyst, and the consumed hydrogen was meas- 
ured. Absorption practically ceased after 7 minutes when 45.0 cc. had been taken 
up by the sample (calc'd 44 cc.). The filtered and concentrated solution yielded 
0.18 gram of crystalline product, which melted a t  176" and which was identified as 
tetrahydropyrethrone (dihydrojasmone) semicarbazone by a mixture melting-point 
determination. 

Pyrethrone.-Hydrolysis of the semicarbazone to the free ketone a t  first presented 
difficulties. Boiling with aqueous mineral acids or with oxalic acid or phthalic 
anhydride caused complete polymerization, and no volatile product could be isolated. 
The desired result was obtained, however, by the following procedure: 

Portions of about 0.5 gram of the semicarbazone were placed in a 200-cc. round- 
bottomed flask equipped for steam distillation, and after addition of 1.2 grams of 
oxalic acid in 12 cc. of water a rapid current of steam was passed through the liquid 
to remove the ketone as rapidly as it was liberated. Toward the end of the process 
any crystals adhering to  the upper part of the flask were shaken down, and the dis- 
tillation was continued. The operation required about 7 to  8 minutes, during which 
time about 100 cc. of distillate was collected. A number of separate distillations 
were made, and, after cooling, the distilled liquid was collected with ether. After 
drying and evaporation of the solvent the residue was distilled a t  0.35 mm. Prac- 
tically all passed over from 85 t o  90". From 6.5 grams of semicarbazone 4.1 grams of 
pyrethrone was obtained; from 5.5 grams, 3.35 grams; from 5 grams, 3 grams. The 
yield was hence 81 to  85 per cent. of the theoretical. 

Pyrethrone is a colorless liquid boiling a t  85-87' and 0.35 mm., and a t  122-124' 
and 1:l mm. It has a pleasant odor resembling that  of dihydrojasmone. nz 1.5224, 
ng 1.6250, n: 1.5268. n',D - n! 0.018, dZ,' 0.965; [ M I ,  found, 51.63; calc'd, 49.30; 
[aID 0. Owing to  its volatility it is difficult to  obtain sharp analytical figures. 

Anal. Calc'd for CIIHIdO: C, 81.48; H, 8.64. 
Found: C, 80.35, 80.02; H, 9.02, 8.63. 

Pyrethrone oxime.-This derivative was prepared by heating 0.1 gram of pyre- 
throne, 0.1 gram of hydroxylamine hydrochloride, and 2 drops of pyridine in 1 cc. of 
ethanol for 3 hours in a sealed tube a t  100'. Water was added to  the solution, causing 
the separation of an oil that crystallized on cooling. The 0.12 gram of crude product 
was recrystallized by dissolving in a little methanol and slowly adding about 3 
volumes of 75 per cent. aqueous methanol to the cold solution. It formed needles 
melting a t  63". By dissolving i t  in a small quantity of petroleum ether, filtering, 
and concentrating the solution, the compound separated in needles melting a t  67". 

Anal. Calc'd for CllHlsNO: C, 74.57; H, 8.47; N, 7.90. 
Found: C, 74.42, 74.08; H, 8.45, 8.30; N, 8.17. 

Pyrethrone benzoyl oxime.-Two cubic centimeters of a benzene solution containing 
0.03 gram of pyrethrone oxime, 0.03 gram of benzoyl chloride, and 1 drop of pyridine 
were heated for three hours on the steam bath. Petroleum ether was added, and the 
solution washed with water, dilute acid, and sodium carbonate, and then dried. On 
evaporation of the solvents the reaction product was obtained in good yield as an oil 
that  crystallized a t  once. It was recrystallized from petroleum ether and melted 
a t  94". 

Anal. Calc'd for C ~ ~ H I ~ N O ~ :  C, 76.87; H, 6.76. 
Found: C. 76.39. 76.51; H, 6.69, 6.73. 
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p-Nitrophenylhydrazone of pyrethrone.-An aqueous solution of 0.23 gram of 
p-nitrophenylhydraeine hydrochloride was added to a solution of 0.2 gram of pyre- 
throne in 1 cc. of ethanol. Crystallization began in a few minutes, and after several 
hours the separated compound was removed by filtration. It melted a t  132", and 
after recrystallization from benzene i t  melted a t  139". It can also be crystallized 
from acetic acid, forming red prisms which melt a t  139". 

Anal. 

Dihydropyrethr0ne.-One gram of pyrethrone was dissolved in 5 cc. of acetic acid, 
and 0.5 gram of hydrobromic acid was passed into the solution, the quantity being 
gaged by the gain in weight of the solution. After standing overnight, the mixture 
was diluted with an equal quantity of acetic acid, and, with warming and agitation, 
the solution was treated with about 3 grams of zinc dust, which was slowly added 
over a period of 2 hours. The solution was diluted with water, and the suspended 
oil was taken up in petroleum ether. After the petroleum ether solution had been 
washed with water and with sodium carbonate solution and dried, the solvent was 
removed, and the residue was distilled. The yield of distilled product boiling a t  
115-118" and 11 mm. was 0.5 gram. 

The semicarbazone was prepared by dissolving 0.35 gram of the distillate in 10 cc. 
of ethanol and adding 0.5 cc. of pyridine and a solution of 0.45 gram of semicnrbazide 
hydrochloride in 0.5 cc. of water. The crystalline product that  separated on stand- 
ing was removed and washed with ethanol and water. It melted at 198", and, after 
one recrystallization from methanol, a t  202". The yield was 0.36 gram. 

Calc'd for C17H19N302: C, 68.68; H, 6.40; N, 14.14. 
Found: C, 68.80, 69.00; H, 6.61, 6.69; N, 14.46, 14.46. 

Anal. 

Tetrahydropyrethrone semicarbazone from dihydropyrethrone semicarbazone.-- 
When 0.103 gram of the semicarbazone was hydrogenated with platinum oxide 
catalyst in ethanol, 11.0 cc. of hydrogen was absorbed in 3 minutes (calc'd for Hz, 
10.4 cc.). The solution was filtered, and concentrated to a small volume, from which 
the product separated. The compound was pure tetrahydropyrethrone (dihydro- 
jasmone) semicarbazone melting a t  176", and its identity was established by the 
melting point (176") of a mixture of i t  with authentic material. 

Calc'd for C12H21N30: C, 64.57; H, 9.42. 
Found: C, 64.90, 64.32; H, 9.21, 9.11. 

Calc'd for ClzHlpNaO: C, 65.15; H, 8.60. 
Found: C, 65.08, 65.16; H, 8.25, 8.54. 

Anal. 

Addition of I mole of bromine to  pyrsthrone i n  acetic acid followed by reduction.- 
Nine-tenths of a gram of pyrethrone was dissolved in 5 cc. of acetic acid, and 0.9 
gram of bromine in 9 cc. of the same solvent was added. It was decolorized instantly. 
The solution was treated with 3 grams of zinc dust, with agitation and heating on the 
steam bath for 2 hours. About 50 cc. of water was added, and the suspension was 
decanted from the zinc and extracted with petroleum ether. After being washed 
with water and sodium carbonate solution and dried, the solvent was removed, and 
the residue was distilled. The yield of distilled 
substance was 0.45 gram; n: 1.5238. The semicarbazone was prepared from 0.1 gram 
in the manner already described with use of 1 cc. of ethanol, 0.3 cc. of pyridine, and 
0.2 gram of semicarbazide hydrochloride in 0.3 cc. of water. The crude product 
melted a t  209", and, after recrystallization from methanol, a t  212-213". When mixed 
with authentic pyrethrone semicarbazone, no depression in the melting point was 
observed. 

Anal. 

It boiled a t  about 90' and 0.35 mm. 

Calc'd for C ~ ~ H I ~ N ~ O :  C, 65.75; H, 7.76. 
Found: C, 65.56; H, 7.95. 
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Addition of 1 mole of bromine to pyrethrone in ethanol.-Two and four-tenths grams 
of pyrethrone was dissolved in 20 cc. of ethanol, and a solution of 2.4 grams of bromine 
in 20 cc. of the same solvent was slowly added, both solutions having been cooled in a 
freezing mixture. The bromine was decolorized almost instantly. Twenty-three 
cubic centimeters of a 5 per cent. solution of potassium hydroxide in 90 per cent. 
ethanol was then gradually added. After standing one-half hour, the potassium 
bromide that had separated was removed by filtration. Upon drying, i t  weighed 
1.8 grams. 

The solution was neutralized with acetic acid and concentrated to a sirup under 
reduced pressure. The product was dissolved in 16 cc. of acetic acid and reduced 
by the gradual addition of 11 grams of zinc dust, with mechanical agitation a t  100" 
for 2 hours. The solution was diluted with water, extracted with petroleum ether, 
.n.ashed with water and sodium carbonate solution, and dried. The solvent was then 
removed, and the residue was distilled. It yielded 0.9 gram of a fraction boiling at 
85-100' and 0.35 mm. and 0.35 gram of a fraction boiling a t  100-130" and the same 
pressure. The higher-boiling fraction contained bromine and, when treated with 
zinc in acetic acid as before, i t  yielded 0.15 gram of the low-boiling fraction. This 
was combined with the first fraction, and the semicarbazone was prepared in the 
manner already described. The yield of semicarbazone melting a t  210" was 1.2 
grams. The free ketone was prepared from the semicarbazone by decomposition 
with oxalic acid in a current of steam, and the product was isolated by extraction 
with cther. The ether residue was distilled, and all passed over from 85 to 90" a t  
0.35 nim.; n; 1.5185. 

This material was used for experiments to test its reactivity with maleic anhydride 
and a-naphthoquinone to be described later. The experiment just described demon- 
strated that when pyrethrone is treated with 1 mole of bromine 1 mole of hydrobromic 
acid is liberated. 

In  another experiment the bromination of pyrethrone was repeated under the 
same conditions. The quantities employed were 1.6 grams of pyrethrone and 1.6 
grams of bromine, each dissolved in 20 cc. of ethanol. In  this case the liberated 
hydrobromic acid was titrated with a 5.08 per cent. potassium hydroxide-ethanol 
solution, phenolphthalein being used as indicator. There was a temporary appear- 
ance of the pink color after addition of 9 cc., but i t  remained permanently after 
addition of 11 cc., which is the quantity corresponding to 0.81 gram of hydrobromic 
acid. The potassium bromide that separated was removed by filtration and dried. 
It weighed 1.1 grams, whereas the theoretical yield is 1.19 grams. The ethanolic 
solution was then placed in a flask fitted with a condenser and a mechanical stirring 
device, and was boiled for 6 hours with the gradual addition of 6 grams of zinc dust. 
After filtration the solution was evaporated to  a very small volume under reduced 
pressure, water was added, and the reaction product was extracted with petroleum 
ether. The residue after removal of the solvent was distilled, and boiled a t  90-95' 
and 0.35mm. 

The semicarbazone prepared from 0.15 gram of the distillate yielded 0.17 gram 
melting a t  216-218'. 

The p-nitrophenylhydrazone was prepared by mixing a solution of 0.2 gram of the 
distillate in 1 cc. of ethanol with a solution of 0.234 gram of p-nitrophenylhydrazine 
hydrochoride in 1 cc. of water. Crystallization began in a few minutes, and after 
standing overnight the material was separated and washed with 50 per cent. ethanol. 
It was recrystallized from acetic acid, and melted a t  139". The compound was 
identified as the p-nitrophenylhydrazone of pyrethrone by the mixture melting point, 
which was also 139". 

The distillate weighed 1.1 grams. 
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The oxime was prepared from 0.2 gram of the distillate, with the substances in 
the same proportion as in the preparation of pyrethrone oxime. The first product 
was contaminated with a small quantity of oily material, which was removed by 
pressing between filter paper. Upon recrystallization from dilute methanol i t  
melted a t  62'. When dissolved in a little petroleum ether, filtered, and evaporated 
to  a small volume, i t  separated as needles melting a t  67". A mixture melting-point 
determination showed i t  t o  be identical with pyrethrone oxime. 

Reaction of pyrethrone with d moles of bromine.-Three and seventy-five hundredths 
grams of pyrethrone was dissolved in 20 cc. of ethanol, cooled in a freezing mixture, 
and a cold solution of 7.5 grams of bromine in 40 cc. of ethanol was graduallyadded. 
The bromine was absorbed instantly until about three-fourths of the solution had 
been added, then more slowly. The solution was colorless in about 10 minutes after 
all the bromine had been added. It was then titrated to  a permanent alkaline re- 
action with 1.1 N sodium ethylate solution. This required 42 cc., or about the 
theoretical quantity corresponding to 3.75 grams of bromine. The solution was 
evaporated to  a small volume under reduced pressure with separation of sodium 
bromide. Water was added, and the reaction product was extracted with ether. 
The solution was dried, and the solvent was removed, leaving 8.0 grams of yellow oil. 
The yield indicates that  the product retains 2 atoms of bromine. 

The oil was dissolved in 100 cc. of 90 per cent. ethanol and treated on the steam 
bath, with mechanical agitation, with 15 grams of zinc dust added gradually over a 
period of several hours. The reaction was then allowed to proceed overnight. The 
solution was separated from the zinc, and the reduction was continued for three 
hours longer with the addition of 10 grams more of zinc dust. The ethanolic solution 
was then concentrated to  a sirup, which was dissolved in ether. The solution was 
then washed with water, dried, and the solvent was evaporated. The remaining oil 
weighed 3.1 grams. Upon distillation 2.1 grams of distillate boiling between 80" and 
120" at 0.35 mm. was obtained. It was converted into the semicarbazone. The 
yield was 2.35 grams; m.p. 210'. A small quantity was recrystallized, and melted a t  
216'. The low yield is probably due to the formation of water-soluble pinacol, as 
was observed when pyrethrolone was subjected to the same treatment. 

Two grams was hydrolyzed in four portions with oxalic acid in a current of steam. 
The yield was 1.2 grams, or 88 per cent. of the theoretical of distillate boiling at 
85-90' at 0.35 mm.; n: 1.5195, nf - n: 0.017. The semicarbazone was prepared 
from 0.2 gram of the distillate, the yield being 0.25 gram. It was recrystallized from 
methanol, and melted at 216'. The melting point of a mixture with authentic 
material was 216'. 

Anal. 

The p-nitrophenylhydrazone was prepared by mixing 0.2 gram of the distillate in 
1 cc. of ethanol with a solution of 0.234 gram of p-nitrophenylhydrazine hydrochloride 
in 1 cc. of water. The crystalline mass that separated on standing was washed with 
50 per cent. alcohol, and recrystallized from 90 per cent. acetic acid. It melted at 
126". After two additional crystallizations, however, the melting point was raised 
to 139", and the melting point was not depressed when the material was mixed with 
authentic pyrethrone p-nitrophenylhydrazone. The oxime was prepared by heating 
0.2 gram of distillate, 0.2 gram of hydroxylamine hydrochloride, 0.15 cc. of pyridine, 
and 2 cc. of ethanol in a sealed tube on the water bath overnight. Water was added 
to  cause the separation of an oil that  crystallized on cooling. The material was 
removed by filtration and recrystallised by dissolving i t  in very little methanol and 

Calc'd for ClrHl,NaO: C, 65.75; H, 7.76. 
Found: C, 65.18, 64.98; H, 7.75, 8.10. 
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adding cold 75 per cent. aqueous methanol. It formed needles that melted a t  46-50". 
It was evidently not pure, and was therefore dissolved in petroleum ether, filtered, 
and the solution was concentrated to a small volume. On cooling, needles separated, 
which were filtered and washed with a little of the same solvent. The process 
involved considerable loss, and the recrystallized substance still melted a t  47-51'. 
Owing to lack of material further purification was not attempted. 

Anal. Calc'd for CllHlsNO: C, 74.57; H, 8.47. 
Found: C, 74.44, 74.18, 74.34; H, 8.56, 8.76, 8.85. 

The benzoyl compound was prepared from 0.2 gram of the oxime by the method 
described for the preparation of pyrethrone benzoyl oxime. After two recrystalliza- 
tions from petroleum ether i t  melted a t  89". A mixture of the product with an equal 
quantity of pyrethrone benzoyl oxime melted a t  90-91". 

Since the derivatives obtained require more purification than the corresponding 
derivatives obtained from pure pyrethrone or from the product recovered after 
addition of 1 mole of bromine, i t  is apparent that a small quantity of some other 
substance is present in the crude material. 

Reaction of pyrethrolone with B moles of bromine.-A solution of 4.5 grams of pyre- 
throlone in  40 cc. of ethanol was treated with 8.0 grams of bromine in  50 cc. of ethanol 
a t  a temperature below 0". Decolorization took place in about 10 minutes. After 
addition of 50 cc. of 1 N sodium ethylate the solution was neutral to litmus. The 
solvent was removed under reduced pressure, and after addition of water the residue 
was extracted with ether. The dried ether solution was evaporated, and the orange- 
colored oil was dissolved in 50 cc. of 90 per cent. alcohol and reduced with 15 grams 
of zinc dust on the steam bath with mechanical stirring for six hours. After filtra- 
tion and addition of 15 grams of fresh zinc dust the reduction was continued for 
15 hours longer. On evaporation under reduced pressure the alcoholic solution 
yielded a light-yellow oil, which was taken up in ether. After washing and drying 
the etther solution yielded 2.8 grams of residue. It was distilled a t  0.35 mm. and 
yielded 2.1 grams of distillate boiling a t  130-140'. The semicarbazone was prepared 
from 0.28 gram, the yield being 0.3 gram. After recrystallization by dissolving in 
ethyl acetate containing a little methanol and concentration of the solution, the 
product melted a t  208". The melting point was not depressed when the material 
was mixed with pyrethrolone semicarbazone. 

The aqueous washings of the product obtained on zinc reduction were extracted 
with ether for 15 hours on a continuous extractor. The ether solution on evaporation 
yielded 1.6 grams of colorless viscous oil, which was completely soluble in water. 
It was probably a pinacol. It decomposed on attempted distillation. The main 
portion of the distilled first-reaction product, assumed to  be pyrethrolone, was 
employed for an oxidation experiment described below. 

Behavior of pyrethrone with a-naphthoquinone.-Six-tenths of a gram of pyrethrone 
and 0.5 gram of a-naphthoquinone were dissolved in 2 cc. of ethanol and heated in a 
sealed tube a t  100' for three hours. On cooling, crystals separated, which were 
filtered off and washed with cold ethanol. The product was unchanged a-naphtho- 
quinone, of which 0.35 gram was recovered. It melted a t  126'. The ethanol solution 
was diluted with water, and was extracted with petroleum ether. On removal of 
the solvent 0.5 gram of dark liquid was obtained, which yielded on distillation 
0.35 gram of distillate. The semicarbazone prepared from this material melted a t  
214-215" and was identified as pyrethrone semicarbazone. The yield was 0.3 gram. 
Hence no reaction had occurred. 

A nimilar experiment was made with the pyrethrone distillate recovered in the 
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second experiment described, where 1 mole of bromine had been added to  pyrethrone 
followed by zinc-alcohol reduction. One-tenth gram of the distillate was heated 
with 0.14 gram of a-naphthoquinone in 1 CC. of ethanol t o  100" for two hours. The 
cooled solution deposited crystals, which were filtered off and washed with ethanol. 
The recovered product (0.045 gram) melted at 126" and was identified as a-naphtho- 
quinone. 

Sixteen-hundredths gram of the same distillate heated with 0.1 gram of maleic 
anhydride in 0.5 cc. of acetone in a sealed tube for two hours on the steam bath 
yielded an insoluble amorphous resin. 

Pyrethrone and maleic anhydride.-When molecular proportions of pyrethrone, 
with or without solvent, were heated to looo, an amorphous resin was obtained that 
was insoluble in all solvents. The fact that  pyrethrone is very sensitive to traces of 
acids a t  this temperature indicates polymerization, 

Quantitative diene-number experiments by the method of Kaufmann and Baltes6 
gave values of 17 and 12 instead of the calculated 156.5. The results can therefore 
be regarded as negative. 

Action of perbenzoic acid on pyrethrone.-TA chloroform solution of perbenzoic acid 
was prepared,6 and its oxygen value was determined by titration. 

One and three-tenths grams of pyrethrone was added to 33 cc. of the perbenzoic 
acid-chloroform solution that contained 2.2 equivalents of active oxygen. After 
24 hours, titration of an aliquot of the solution indicated that 2 atoms of oxygen had 
been consumed. After extraction with potassium carbonate solution, the dried 
solution was concentrated under reduced pressure and yielded 1.8 grams of viscous, 
colorless sirup, which did not crystallize, and which decomposed on heating. It 
yielded no crystalline semicarbazone. 

Eight-tenths gram of pyrethrone in 2.5 cc. of chloroform was treated with 0.8 
gram of bromine in 2.5 cc. of the same solvent. The solution was extracted with 
5 per cent. aqueous potassium hydroxide, followed by water, and then mixed with 
15 cc. of a chloroform solution containing 0.679 gram of perbenzoic acid. After 24 
hours titration indicated that practically no reaction had taken place. After 72 
hours scarcely any further change had occurred, as was shown by the final titration. 

Permanganate oxidation of pyrethrone.-One hundred cubic centimeters of acetone 
that had been treated with permanganate was placed in a flask and cooled in  an  ice- 
salt mixture. One gram of potassium permanganate and a solution of 0.4 gram of 
pyrethrone in 4 cc. of acetone were added, and the solution was stirred with a mechan- 
ical stirrer. After the purple color had disappeared, another gram of potassium 
permanganate was added, followed by 0.4 gram of pyrethrone dissolved in 4 cc. of 
acetone. The reaction was continued until 2.4 grams of pyrethrone had been added. 
The acetone solution was filtered to remove the manganese dioxide and then evap- 
orated, and the residue was taken up in petroleum ether. After the solution had 
been dried and the solvent had been removed, the remaining liquid was distilled 
a t  0.35 mm. It yielded 0.9 gram of pyrethrone, which was identified by conversion 
to the semicarbazone, which melted at 215". The manganese dioxide was extracted 
with hot water, filtered, and the filtrate was acidified with sulfuric acid. It was 
extracted with ether on a continuous extractor for 24 hours. The ether extract 
yielded, on evaporation, a small quantity of brown residue from which crystals 

6 KAUFMANN AND BALTES, Fette und Seifen., 43,93 (1936). 
6 CAROTHERS (Editor-in-Chief), "Organic Syntheses," New York, 1953, Vol. 

XIII, p. 86. 
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separated. These were removed and purified. The substance was identified as 
oxalic acid. 

Ozonization of pyrethro1one.-One gram of pyrethrolone was dissolved in 10 cc. of 
carbon tetrachloride, and ozonized oxygen was passed through the solution a t  0' 
for 7 hours. The amorphous ozonide separated during the process. Ice was added, 
and the vesel was shaken for 2 hours. The ozonide was not completely decomposed. 
After standing overnight, the aqueous solution was separated, and the organic sol- 
vent was washed with water. One-third of the total aqueous washings was added 
to an aqueous solution of 1.2 grams of dimethone' in 300 cc. of water. After 24 hours 
the separated addition product was removed and dried; m.p. 139". The yield was 
0.135 gram, corresponding to 0.405 gram tha t  would have been obtained from the 
total aqueous washings. The theoretical yield corresponding to 1 equivalent of 
acetaldehyde from 1 gram of pyrethrolone is 1.73 grams. Therefore, about 23 per 
cent. of the acetaldehyde was recovered. 

Ozon,ization of tetrahydropyrethroZ0ne.-One and one-half grams of tetrahydro- 
pyrethrolone in 10 cc. of carbon tetrachloride was ozonized for 7 hours a t  0". There 
was no separation of ozonide. The reaction product was treated in the same manner 
as described in the foregoing experiment. All the aqueous washings were added to 
300 cc. of an aqueous solution containing 1.2 grams of dimethone. The separated 
crystals melted a t  128". The yield was 0.207 gram, or 11.9 per cent. of the theory. 
Since the material was not pure, i t  may have contained some formaldehyde-di- 
methone addit ion product. 

In another experiment 1 gram of tetrahydropyrethrolone was ozonized for 7 
hours in 10 cc. of carbon tetrachloride. The carbon tetrachloride solution was 
shaken for 1 hour with 1 cc. of 30 per cent. hydrogen peroxide, washed with water, 
dried, and evaporated, leaving 0.65 gram of oil. It was distilled a t  20 mm. and 
boiled a t  about 115". The yield was 0.4 gram. It was identified as caproic acid. 

Anal. Calc'd for CsH1~02: m.w. 116.0. 
Found: m.w. (titration) 116.2. 

Ozonization of pyrethrone.-One gram of pyrethrone was dissolved in 10 cc. of 
carbon tetrachloride and cooled to O", and ozonized oxygen was passed through the 
solution for about 7 hours, or until ozone appeared at the exit tube. Some ozonide 
separated from the solution. The reaction product was shaken with ice and water 
for one hour. The aqueous solution was separated from the carbon tetrachloride 
and distilled into a solution of 1.6 grams of dimethone in 400 cc. of water. After 
standing overnight the separated crystalline deposit was removed and dried. It 
weighed 0.44 gram. The crude product melted over a wide range and was evidently a 
mixture. It was treated with dilute sulfuric acid according to the method of Vor- 
lander,' and the reaction product was separated into two fractions. The yield of 
the part that  was soluble in sodium carbonate solution was 0.22 gram. It melted at 
190". About the same quantity of material insoluble in sodium carbonate solution 
was obtained which, after recrystallization from 50 per cent. acetic acid, melted a t  
174" and was identified as the anhydride of ethylidenedimethone. The quantity 
obtained corresponds to 15 per cent. of the theoretical for 1 mole of acetaldehyde 
recovered. The material soluble in sodium carbonate was the dimethone reaction 
product of formaldehyde. 

VORLANDER, 2. anal. Chem., 77,241 (1929). 
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The alkylation of the silver salt of phenylnitroacetonitrile (I) with 
methyl iodide or benzyl chloride was found' to produce unstable nitronic 
esters, which showed that oxygen-alkylation had occurred. However, 
Wieland and Hochtlen2 treated this same silver salt (I) with diphenyl- 
bromomethane and obtained a-nitro-a ,B ,8-triphenylpropionitrile (11)) 
which involved carbon-alkylation. An examination of the literature on 

CN CN 
I I 

CaH,CNOAg + (CsHs)&HBr -+ CsH6-C-N02 + AgBr 
I 

I 
CH ( 

I1 

the alkylation of the silver salts of other nitro compounds showed that 
both  arbo on-^ and ~ x y g e n - ~  alkylation have been reported, but that 
oxygen-alkylation seems to be more common. Since the course of the 
alkylation involving diphenylbromomethane seemed somewhat unusual, 
a careful study was made of this reaction in order to determine whether 
carbon-alkylation was the only reaction which occurred. 

Treatment of the silver salt of phenylnitroacetonitrile with diphenyl- 
bromomethane did produce the carbon-alkylated compound (11) in agree- 
ment with the observations of Wieland and Hochtlen2 but the yield of this 
product amounted to only 10 to 18 per cent. The major part of the reac- 

3 WIELAND AND HOCHTLEN, Ann. 606,237 (1933). 
8 NEF, Ann., 280, 263 (1894); DUDEN, Ber., 26, 3008 (1893); ULPIANI, Atti. acad. 

Lincei, [5], 12, I, 439 (1903): Chem. Zenlr., 74, 11, 346 (1903); HANTZSCH, Ber.,39, 
2472 (1906); STEINXOPF, Ann., 434, 21 (1923). 

4 RATZ, Monatsh., 26, 55 (1904); KOHLER AND STONE, J .  Am. Chem. Soc., 62, 761 
(1930); NENITZESCU AND ISACESCU, Ber., 63, 2484 (1930), Bull. soc. chim. Rom., 14, 
53 (1932); THURSTON AND SHRINER, J .  Am. Chem. SOC., 67, 2163 (1935); WISLICENUS 
AND ELVERT, Ber., 41, 4121 (1908). 
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THURSTON AND SHRINER, J .  Org. Chem., 2 ,  183 (1937). 
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tion nnixture was composed of benzoylcyanide oxime (IV) and ben- 
zophenone (V) which would be the decomposition products expected if 
the ni tronic ester (111) had been produced and then disproportionated. 

CN CN 0 I I / *  
CBHECNOZA~ 4- (CaH&CHBr + CBH&=N-OCH(C&)Z 4- AgBr 

I I11 1 
CN 

This decomposition of a nitronic ester into an oxime and a ketone or 
aldehyde has been shown to be characteristic of such structures.6 The 
quantities of these two products which were isolated amounted to about 
50 per cent. of the theoretical yield, and indicated that oxygen-alkyla- 
tion predominates over carbon-alkylation. The balance of the reaction 
mixture was composed of a mixture of the reactants and their decomposi- 
tion products. 

The second part of the present study was concerned with the proof of 
structure of the carbon-alkylation product, a-nitro-a ,p  ,&triphenylpropi- 
onitrile (11). No independent synthesis of this compound has ever been 
carried out. Its structure was based upon an analysis and the fact 
that alcoholic potassium hydroxide converted it into triphenylacryl- 
onit,rile (VI).2 

C6HS 
I 

NO, 
I1 VI 

In the course of the present work, triphenylacrylonitrile was obtained, 
not only by the action of alkali, but also by the action of phosphorus and 
hydriodic acid, on 11. The triphenylacrylonitrile (VI) was characterized 

6 RATZ, Monatsh., 26, 1487 (1905); KOHLER AND STONE, J .  Am. Chem. SOC., 62,  761 
(1930); NENITZESCU AND ISACESCU, Ber., 89,2484 (1930); Bull. 8oc. chim. Rom., 14,53 
(1932); ibid., 18, 63 (1936); ARNDT AND ROSE, J. Chem. soc., 1936, 1; THURSTON AND 
SHRINER, J .  Am. Chem. SOC., 67, 2163 (1935); J .  Org. Chem., 2 ,  183 (1937); ARNDT, 
LOEWE, AND ISIK, Rev. fac. sci. Uniu. Istanbol, 2, 1 (1937). 
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by comparison with an authentic sample synthesized by the following 
reaction according to the method of Bodroux.6 

Ca& 
NaOCzHr (CaH&CO CBH~CH~CN 

The most conclusive evidence supporting the structure assigned to the 
carbon-alkylation product (11) was obtained by characterizing the prod- 
ucts obtained by catalytic reduction. Treatment of an alcohol solution 
of the compound I1 with platinum and hydrogen a t  room temperature 
produced ammonia and a 93 per cent. yield of a ,@ ,@-triphenylpropio- 
nitrile (VIII). 

C6H6 CsH6 CsHs CaHs 
I I  I I  

C~HTC-C-CN + 3Hz -% C&-C-C-cN 

H I I  NO2 [ H AHz ] 
I1 VI1 

CeH6 CeHs 0 CaH6 C6H5 
1 I / /  I /  

I 1  I /  
C~H~C-C-C-NHZ 4 C&-c-C-cN + NHa 

H H  H H  
IX VI11 

The reduction of the nitro group in I1 would produce the substituted 
a-anzino nitrile (VII) which readily undergoes hydrogen~lysis~ to the 
nitrile (VIII). The latter was characterized by heating it in a sealed 
tube with concentrated hydrochloric acid at 170'; under these conditions 
it was hydrolyzed to the amide (IX) which was identical with a sample 
synthesized by the following reactions: 

Br Br 
I I  

2 C"J+ AlCl' 

C6H,CH=CHCOOH 3 CaHsCH-CHCOOH 

J. 
CsHs CsHs 

1 
(C~&)ZCH-~CONHZ %s (CaH6)&H-cHCOOH 

IX 

BODROUX, Compt. rend., 162, 1596 (1911). 
See ADKINS, "Reactions of Hydrogen," University of Wisconsin Press, Madison, 

1937, pp. 88, 139, for a discussion of hydrogenolysis of this type of molecule. 
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If the reduction of I1 was carried out in acetic anhydride solution, two 
products were obtained. One of these was the triphenylpropionitrile 
(VIII) and the other proved to be N-(2,3 ,3-triphenyl-n-propyl)acetamide 
(XI]). The latter was evidently formed by further reduction of the 
nitrile (VIII). 

CsHs CaHs 

( CaH6)&H-CHCN %+ ( CsH6)2CH-CH-CH~-NH2 
I 1 

VI11 X I  
[~C"COhO 

0 

In order to prepare a sample of the amide (XII), it was found more 
convenient to reduce the nitrile (VIII) by means of Raney nickel catalyst 
a t  a temperature of 120' and a hydrogen pressure of 2500 pounds. Subse- 
quent acetylation of the amine (XI) gave the amide (XII), which was 
identical with the amide obtained from I1 by reduction with platinum 
and hydrogen. 

The formation of these compounds (VIII and XII) leaves no doubt 
that the carbon-alkylation product is a-nitro-a , j3 ,j34riphenylpropionitrile. 

It is of interest to point out that this a-nitro-a ,j3 ,@-triphenylpropi- 
onitrile (11) is an example of a highly substituted ethane which might con- 
ceivably undergo dissociation in a manner analogous to that exhibited by 
pentaphenylethane.s However, the above-mentioned action of hydriodic 
acid produced no diphenylmethane and a boiling benzene solution of the 
compound was not affected by air. Pyrolysis did not yield tetraphenyl- 
ethane, which might be expected if a diphenylmethyl radical had been pro- 
duced by dissociation. The thermal decomposition products were tri- 
phenylacrylonitrile, tetraphenylethylene, benzoic acid, benzophenone and 
oxides of nitrogen. 

EXPERIMENTAL 

Silver aci-phenylnitroacetonitri1e.-A solution of 46.0 g. of silver nitrate in  200 cc. 
of water was added, with vigorous stirring, to  300 cc. of water containing 50.0 g. 
of sodium aci-phenylnitroacetonitrile, prepared according t o  the method of Wisli- 
cenus and Enders.9 The silver salt separated immediately as a yellow precipitate. 
It was collected on a filter, washed by suspending.it in 500 cc. of absolute alcohol, 

8 I~ACHMAN, J .  Am. Chem. Soc., 00,3005 (1933). 
0 WISLICENUS AND ENDERS, Ber., 36, 1765 (1902). 
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and again collected on a filter. After removing most of the liquid i t  was dried in a 
vacuum desiccator over calcium chloride, or used immediately. The yield was 
almost theoretical, and the salt is stable. 

Anal. Calc'd for CaHsN202Ag: Ag, 40.10. Found: Ag, 40.18, 39.80. 
Reaction of diphenylbromomethane with silver aci-phenylnitroacetonitri1e.-Seventy 

grams of the silver salt (0.260 mole) was suspended in 200 cc. of benzene, and 67.0 g. of 
diphenylbromomethane (0.271 mole), prepared according to  the method of Courtot,lo 
was added, with stirring, over a period of one-half hour, the temperature being kept 
below 20' by means of a water bath. The stirring was continued for twenty-one 
hours a t  room temperature. At the end of this time the insoluble salts were removed 
by filtration, washed with benzene and dried in  a vacuum desiccator; their total 
weight was 50.1 g. An analysis of this precipitate showed that  it contained 5.3 
per cent. of the original silver salt and 94.7 per cent. silver bromide. 

The red benzene solution and the wash benzene from the silver salts was evapo- 
rated under reduced pressure, 100 cc. of 70 per cent. aqueous alcohol was added, and 
the solution was placed in the refrigerator overnight. Seven and one-half grams of 
crude a-nitro-a,p,p-triphenylpropionitrile, melting a t  141-142", crystallized. Re- 
crystallization from alcohol, with the use of Sori te  to  decolorize the solution, fol- 
lowed by two recrystallizations from acetic acid and two more from alcohol, raised 
the melting point to  144.5 to  145" (decomp.) which is the melting point previously 
recorded.2 An analysis was made on the purified material in order to  check its 
composition since the previously reported analyses differed somewhat from the 
calculated. 

Anal. Calc'd for C21HlaN202: C, 76.82; H, 4.88; N, 8.53; mol. wt., 328.3. 
Found: C, 76.68; H, 4.77; N, 8.60; mol. wt., 316. 

This represented a yield of 8.78 per cent. In other runs in which the time of 
stirring varied from two to  forty-eight hours the yields were 9.9, 7.2, 9.7 and 10.6 per 
cent. When the benzene was removed at reduced pressure without heating, and the 
recrystallizations carried out at temperatures not exceeding 40-50" the yields were 
15.0 and 18.5 per cent. 

The solution from the above crystallization was evaporated in a current of air, 
the residue was dissolved in 150 cc. of chloroform and extracted with five 60-cc. 
portions of 10 per cent. aqueous sodium hydroxide. The sodium hydroxide solution 
was washed twice with chloroform and acidified with dilute acetic acid. The dark 
oil which separated was dissolved in a large volume of water, and the solution was 
cooled. Benzoyl cyanide oxime (10.3 9.) melting a t  126-127" crystallized. This 
represented 28.1 per cent. of the original silver salt. 

The chloroform solution from the above extraction was dried over magnesium 
sulfate, and the solvent was removed under reduced pressure. The residue of 67 g. 
was dissolved in 150 cc. of alcohol and to  the solution were added 17.5 g. of hydroxyl- 
amine hydrochloride in 60 cc. of water and 25 g. of potassium hydroxide. The solu- 
tion was refluxed for seven and one-half hours, during which time the evolution of 
ammonia was noted. The solution was cooled, 50 cc. of 25 per cent, sodium hydrox- 
ide was added, and the whole was extracted five times with ether. The alkaline 
solution was then poured into 500 cc. of water and acidified with acetic acid. Seven 
and six-tenths grams of light yellow leaflets separated, and was dried in a vacuum 
desiccator over calcium chloride. Without further recrystallization this benzo- 
phenone oxime melted at 139-140". This represented 14.8 per cent. of the theoretical 
yield. 

10 COURTOT, Ann. chim., [Q], 6,80 (1916). 
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The acidified solution was extracted with ether, and the ether was removed under 
reduced pressure, leaving approximately 5 g. of oily residue. I t  was recrystallized 
from alcohol and a compound was obtained which charred at 238" and melted a t  
245-249", with decomposition. This is probably a polymerization product of ben- 
zoylcyanide similar to  that  reported by Diels and Stein. 11 

The ether extract from the benzophenone oxime preparation was concentrated, 
and the 52 g. of red-brown oil which remained was taken up in methyl alcohol; no 
crystallization occurred. The solvent was removed, and the oil was distilled at 
105-138"/3 mm. All fractions of the distillate showed the presence of a ketone and 
were combined and heated with 200 cc. of an alcoholic solution of 2,4-dinitrophenyl- 
hydrazine. A total of 31.0 g. of benzophenone 2 ,4-dinitrophenylhydrazone1 melting 
a t  234.5', was obtained. This represents 16 g. of benzophenone or 33.8 per cent. of 
the theoretical yield. The total quantity of benzophenone recovered as the oxime 
and 2.4-dinitrophenylhydrazone was 48.6 per cent. 

The filtrates from this hydrazone preparation, which were ketone-free, were 
concentrated under reduced pressure and washed with 5 per cent. hydrochloric 
acid, to remove any unchanged 2,4-dinitrophenylhydrazine. Twenty grams of a 
yellow-orange oil remaining deposited crystals after standing several weeks. These 
crystals were identified as benzohydryl ether melting a t  107-108". The remainder 
of the oil was a mixture of benzohydrol, benzohydryl ether, and diphenylbromo- 
methane. 

The 10 ce. of residue left from the distillation was sublimed at 3 mm. against a 
tube cooled by acetone-dry ice. The fractions up to 160' were liquid a t  room tem- 
perature and those from 160-240" were semi-solid. The higher fractions were crystal- 
lized from alcohol, yielding 1.0 g. of a product melting at 107-108". A mixture with a 
sample of benzohydryl ether, synthesized by the method of Schenk,12 showed no 
depression of the melting point. The benzohydrol and benzohydryl ether have been 
shown to be produced by the hydrolysis of diphenylbromomethane.12 

Action o f  alcoholic potassium hydroxide on a-nitro-a,P ,P-triphenylpropionitri1e.- 
One gram of the nitrile (0.00342 mole) was suspended in 17 cc. of 1.0 per cent. methyl 
alcoholic potassium hydroxide (0.0034 mole) and refluxed for fourteen hours. Con- 
centration and cooling of the solution yielded 0.7 g. of crystals which melted a t  
165-166" after recrystallization from methanol. A mixture of this product with 
synthetic triphenylacrylonitrile prepared as described below showed no depression 
of the melting point. It gave a violet color with concentrated sulfuric acid. 

A n d .  Calc'd for C~lHlshT: K, 4.99. Found: N, 5.0& 
The filtrate was evaporated to dryness and extracted with ether. The presence 

of nitrites in the ether-insoluble residue was demonstrated by treatment with potas- 
sium iodide solution and hydrochloric acid. 

Act.ion of hydrogen iodide on  a-nitro-a! , p  ,P-triphenylpropionitri1e.-Under an 
atmosphere of nitrogen in an all glass apparatus 2.4 g. of red phosphorus and 0.2 g. of 
iodine in 60 cc. of glacial acetic acid were allowed to  react for twenty minutes. Four 
grams of the nitrile and 2.0 cc. of water were added, and the solution was refluxed for 
fifty minutes. The acetic acid solution was filtered and concentrated, yielding 
1.0 g. of a substance, which, after two recrystallizations from alcohol, melted a t  
164.5-165.5'. A mixture with synthetic triphenylacrylonitrile showed no depression 
of the melting point. 

11 DIELS AND STEIN, BeT., 40, 1655 (1907). 
12 SCHEXK, Pitarm. Ztg., 64,725 (1909). 
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Synthesis of triphenylacrylonitri1e.-The method of Bodrouxs was used in the 
preparation of this compound. To  125 cc. of dry ether in a three-necked flask fitted 
with a mercury-sealed stirrer and a condenser were added 11 g. of sodamide and 30 g. 
of benzyl cyanide. The mixture was refluxed for three hours t o  insure complete 
formation of the sodium salt. At the end of this time 44 g. of benzophenone, dis- 
solved in  60 cc. of dry ether, was added. A reaction took place immediately, and the 
mass became quite thick. Stirring was continued for two hours. Fifty cubic 
centimeters of water, followed by 50 cc. of concentrated hydrochloric acid, was 
added. The insoluble product was filtered and recrystallized from 400 cc. of alcohol. 
The yield of the product, melting a t  166-166.5', was 17.2 g. or 25 per cent. of the 
theoretical. 

Reduction of or-nitro-or ,@ ,p-triphenylpropionitri1e.- 
1. To 50 cc. of acetic anhydride was added 5 g. of the nitrile (0.0152 mole) and 

0.2 g. of platinum oxide. In fourteen hours, with the addition of another 0.2 g. of 
platinum oxide after the sixth hour, 0.057 mole of hydrogen was absorbed. The 
platinum was removed by filtration, and the acetic anhydride was decomposed with 
water and evaporated a t  reduced pressure. The sticky substance which remained 
was repeatedly crystallized from aqueous alcohol, yielding a small quantity of a 
white compound melting at 100-101", a large amount of a mixture melting between 
95 and 105", and a small amount of a compound melting at 143-144". 

8. The above procedure was repeated but the solution was poured into 40 per cent. 
sodium hydroxide to  decompose the acetic anhydride. After dilution this was 
extracted three times with chloroform; the chloroform solution was dried over 
magnesium sulfate and evaporated a t  reduced pressure. The viscous oil remaining 
was dissolved in  10 cc. of hot ethyl acetate, and 50 cc. of high-boiling petroleum ether 
was added. After standing twelve hours crystals separated from the light-brown 
solution. After two recrystallizations from ethyl acetate and high-boiling petroleum 
ether 1.7 g. of product melting a t  140-142" was obtained. Further recrystallizations 
from 70 per cent. aqueous alcohol yielded fine needles melting a t  143.5-144.0". A 
mixture with N-(2,3,3-triphenyl-n-propyl)acetamide, prepared as described below, 
showed no depression of the melting point. 

Anal. 

9. To 140 cc. of absolute alcohol was added 5.0 g. of the nitrile (0.0152 mole) and 
0.24 g. of platinum oxide. After twenty-five minutes 0.0529 mole of hydrogen was 
absorbed, and no further absorption took place during the next hour. The solution, 
which was strongly ammoniacal, was concentrated under reduced pressure, yielding a 
total of 4.0 g. of a,@,@-triphenylpropionitrile which melted a t  101.5-102" after two 
recrystallizations from alcohol. A mixture with the low-melting compound obtained 
in the first reduction above showed no depression of the melting point. The yield 
was 93 per cent. of the theoretical. 

Calc'd for CZSHZ~NO: C, 83.97; H, 6.99; N, 4.25; mol. wt., 329. 
Found: C, 84.14; H, 7.07; N, 4.25; mol. wt., 304. 

Anal. Calc'd for CzlHITN: N, 4.96. Found: N, 5.17. 
Hydrolysis of or,@,@-tripheny1propionitrile.-Five-tenths of a gram of the com- 

pound melting a t  101.5-102" in 12 cc. of concentrated hydrochloric acid was heated 
in a sealed tube a t  170" for four hours.1a The long needles which were present after 
the tube cooled were removed by filtration, washed by heating with sodium bi- 
carbonate solution, and twice recrystallized from alcohol. They melted at 209". 
If placed in the melting point bath a t  200" the crystals melted at 210.3". A mixture 

1) KOHLER, Am. Chem. J . ,  36,401 (1906). 
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of this compound with a synthetic sample prepared as described below showed no 
depression of the melting point. 

a,@,fi-Triphenylpropionamide.-The necessary a,@,@-triphenylpropionic acid 
was synthesized by the following method." In  a 1-1. three-necked flask fitted with a 
dropping funnel, mercury-sealed stirrer, and a thermometer, were placed 50 g. of 
cinnamic acid and 100 cc. of dry ether. The solution was cooled to  10-15' with an 
ice-water bath, and 54 g. of bromine was added with stirring at such a rate that  the 
temperature did not rise above 20". The flask was then fitted for downward distil- 
lation, and the ether was removed, care being taken to  remove the last traces of 
ether by heating on a water bath at reduced pressure. The cake was broken into 
small lumps and covered with 400 cc. of thiophene-free benzene. Stirring was 
started, and 70 g. of aluminum chloride was added, in  small portions, t o  the suspen- 
sion heated to  60". After all the aluminum chloride was added the content of the 
flask was refluxed for about fifteen minutes. The mixture was cooled and poured on 
1 kg. of cracked ice and 25 cc. of hydrochloric acid. The whole was transferred to  a 
flask and distilled until water-clear. The solid residue was filtered from the hot 
aqueous solution and washed with two 1-1. portions of warm water. The dried solid 
was then boiled with 500 cc. of 5 per cent. sodium carbonate until most of the organic 
matter dissolved. The solution was filtered, and, while still hot, was decomposed 
with dilute hydrochloric acid. The precipitated acid was washed well with warm 
water and dried. It was recrystallized from hot alcohol with the aid of Norite. 
Colorless crystals of the a,p,p-triphenylpropionic acid which melted a t  208" were 
obtained. Eighty grams of this acid was refluxed with 270 g. of thionyl chloride for 
one hour. The excess thionyl chloride was removed by distillation under reduced 
pressure. 

To insure complete removal of the thionyl chloride 200 cc. of benzene was added 
to  the residue and distilled. The residue was dissolved in 300 cc. of high-boiling 
petroleum ether and saturated with ammonia. After removal of the precipitated 
amide b,y filtration, the solution was again saturated with ammonia, and a second 
crop of crystals was obtained. The combined portions of the amide were dried on a 
suction funnel, and then boiled with two 500-cc. portions of 5 per cent. sodium car- 
bonate Nolution, and then with two 300-cc. portions of water. After drying, the 
crude product was recrystallized three times from 500-cc. portions of alcohol. Fur- 
ther recrystallization did not change the melting point. A 62 per cent. yield of 
colorless crystals was obtained. The amide melted a t  208-209". If placed in a hot 
bath i t  melted a t  210" which is 3" lower than the melting point reported by Kohler." 

Anal. Calc'd for C21H1~NO: N, 4.65. Found: N, 4.71. 
Reduction of a,p,p-tripheny1propionitrile.-To 1.3 g. of the nitrile in 100 cc. of 

dioxane was added 0.5 g. of Raney nickel, and this was treated with hydrogen for 
thirty minutes a t  120" and 2500 pounds pressure.16 The Raney nickel was removed 
by filtration, and the dioxane was distilled at reduced pressure. To  the sticky 
residue was added 10 cc. of acetic anhydride and the solution refluxed for ten minutes. 
The acetic anhydride was decomposed by the addition of water and removed by 
allowing i t  to stand overnight in a vacuum desiccator with soda-lime. The solid 
residue was recrystallized once from a mixture of ethyl acetate and high-boiling 
petroleum ether and three times from aqueous alcohol, yielding 0.3 g. of fine needles 
melting at 143-144'. A mixture with N-(2,3,3-triphenyl-n-propyl)acetamide, de- 
scribed above, showed no depression of the melting point. 

14 Private communication, C. F. KOELSCH, University of Minnesota. 
16 Ref. 7, page 53. 
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Pyrolysis of a-nitro-a,@,@-triphenylpropionitri1e.-One gram of the nitrile was 
heated to  160", the compound melting and decomposition taking place with evolution 
of nitrogen dioxide and darkening of the liquid. Crystallization of the product from 
alcohol yielded approximately 0.25 g. of a solid melting at 210-213", the separation 
of which was accomplished by sublimation against a tube cooled by acetone-dry ice. 
The first fraction, about 15 mg., was collected t o  205"/18 mm. After recrystallization 
from alcohol this melted at 165", and gave a violet color when dissolved in sulfuric 
acid; a mixture with triphenylacrylonitrile showed no depression of the melting 
point. The second fraction of the sublimate was collected from 205-270"/18 mm. 
and melted at 200-205". 

The unsublimed residue, after two recrystallizations from 100-cc. portions of 
alcohol, melted at 222-223" and a mixture with a sample of tetraphenyl ethylene, 
prepared according t o  the method of Lohse,l( showed no depression of the melting 
point. 

The original alcohol filtrate was treated with 2,4-dinitrophenylhydrazone, yield- 
ing benzophenone 2,4-dinitrophenylhydrasone melting at 237-238". 

Anal. Calc'd for C I ~ H I ~ N ~ O ~ :  N, 15.46. Found: N, 15.27. 
The remaining solution was concentrated and added to  50 cc. of 5 per cent. sodium 

hydroxide, the alkaline solution was extracted with ether, acidified and again ex- 
tracted with ether. The ether extract of the acidified solution was evaporated, 
and the residue was recrystallized from water, melting a t  120". This acid, upon 
treatment with thionyl chloride and then with aniline yielded benzanilide melting 
a t  160'. 
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SUMMARY 

The mixture of compounds formed in the reaction between silver phenyl- 
nitroacetonitrile and diphenylbromomethane has been examined and 
shown to consist of: 

(a) a-nitro-a , P ,P-triphenylpropionitrile, 
(b)  benzophenone, 
( c )  benzoylcyanide oxime, 
(d) unchanged silver salt, 
(e )  decomposition products of the above; a tris-benzoylcyanide, benzo- 

The amounts of these products isolated indicated that carbon alkyla- 
tion had taken place to the extent of 10 to 18 per cent., and that oxygen 
alkylation amounted to about 48 per cent. 

Further proof of the structure assigned to a-nitro-a ,P  ,p-triphenyl- 
propionitrile has been obtained by showing that catalytic reduction pro- 
duces CY ,B , P-triphenylpropionitrile and 2,3,3-triphenyl-n-propylamine 
which was isolated as its acetyl derivative. 

hydro1 and benzohydryl ether 

l6 LOHSE, BeT.,  29, 1789 (1896). 
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Through the courtesy of Professor H. C. Urey in making available to 
us some water in which the 01* content had been reduced below normal by 
fractional distillation, we have been enabled to examine the exchange of 
oxygen between water and a number of organic substances. Experiments 
of this type have been reported recently by Cohn and Ureyl who have 
found that in general the oxygen in carboxyl groups and in carbonyl 
groups is exchangeable while the oxygen in hydroxyl groups is not. They 
found further that the exchange reaction of acetone is subject to catalysis 
by both acids and bases, and, by a kinetic study, were able to show that 
the exchange does not proceed through the enolic form of acetone. Our 
results parallel those of Cohn and Urey to the extent that they deal with 
similar substances; thus we have found that the exchange reaction of 
benzaldehyde with water is very sensitive to catalysis by both acids and 
bases. We have also found in the exchange reaction of a tertiary alcohol 
trianisylcarbinol, a reaction which is subject to acid catalysis. 

Our experimental method involved the use of the temperature-float 
method on a semi-micro scale to determine the density of water samples 
of about 0.5 cc. As Cohn and Urey have pointed out, the study of ex- 
change reactions by means of density determinations is subject to certain 
disadvantages, as compared with the mass-spectrograph method which 
they used, chief among which is the necessity for very careful purification 
of the water samples. The difficulty is still further enhanced when it is 
necessa,ry to work with very small quantities of liquid. Certainly our 
procedure leaves something to be desired, as it is not ordinarily possible 
with it to obtain results which are consistent to better than 7 or 8 p.p.m. 
in density. The isotopic water with which the experiments were carried 
out was 190 p.p.m. less dense than normal water, and thus the precision 
was of such an order that the occurrence of an exchange reaction could 
only be established with certainty if it produced a change in this density 
differeme of a t  least 7 per cent. 

1 CORN AND UREY, J .  Am. Chem. Soc., 60,679 (1938). 
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0 554 
0.858 
1.710 
1.747 
1.795 
2.354 
2.000 
1.394 
2.6M) 
6.083 
8.634 

15.31 
10.69 
12.49 
14.26 
12.93 

1.633 
2.717 

11.31 

12.05 

9.159 
7.755 
5.826 

11.34 
11.36 
5.687 

The reaction mixtures were contained in sealed tubes, and, where the 
mixture was not homogeneous, the tubes were mounted in a shaker pro- 

0.721 
0.512 
0.730 
0 323 
0 375 
1.281 
0.863 
1.458 
1.707 
1.482 
1.591 
3.207 
1.443 
1.653 
1.821 
1.689 

3.6602.252 
1.057 
1.154 
1.806 

2.286 

0.608 
0.739 
0.796 
2.022 
2.010 
1.953 

5.5222.008 

TABLE I 
EXPERIMENTAL DATA 

24 
24 

28 
24 
24 
24 

LOO 
20 
1 
4 
3.5 
1 
3.5 
1 

24 

16 
110 
130 

22 

- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 
24 
26 

27 
m 

28 - 

2.52.535 None 
2.555 None 
2.550 None 

2.600 19% 
2.632 30% 
2.705 41% 
2.555 None 
2.685 Complete 
2.735 85% 
2.630 31% 
2.745 62% 
2.875 Complete 
2.850 Complete 
2.865 Complete 
2.875 Complete 

2.855 91% 

2.665 4870 
2.704 61% 
2.825 87% 

10.52.560 None 

2.560 None 

COMP(MFm0N OF RBAOTION MIXTUBE 

2.560 
2.730 
2.680 
2.555 
2.565 
2.550 
2.550 

Substsnce 

None 
Complete 
86% 
None 
None 
None 
None 

Urea 
Urea 
Citric acid 
Citric acid 
Citric acid 
Citric acid 
Citric acid 
Sod. acetate 
Benzaldehyde 
Benzaldehyde 
Benzaldehyde 
Benzaldehyde 
Benzaldehyde 
Benzaldehyde 
Benzaldehyde 
Benzaldehyde 
Alloxan hydrate 
.Alloxan hydrate 
Alloxan hydrate 
Diphenylmethyl- 

Diphenylmethyl- 

Trianisyl carbinol 
Trianisyl carbinol 
Trianisyl carbinol 
Trimeth ylcarbinol 
Trimethylcarbinol 
Trimethylcarbinol 
Trimethylcarbinol 

carbinol 

carbinol 

Grams [Water I Catalyst 

None 
None 
None 
None 

5 mg. &sot 
50 mg. HzSO~ 

None 
None 
None 
None 
None 

23 mg. HSSO~ 
9 mg. HzSOd 
4 mg. KOH 

10 mg. KOH 
None 
None 
None 
None 

190 mg. 

6 mg. KOH 

None 
8 mg. HZSO~ 
6 mg. HSSO, 

None 
20 mg. HsSO4 
23 mg. HzSO4 

None 

- 

Y 

E! 
25 
25 
25 
75 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
95 

95 

95 
95 
95 
25 
25 
95 
95 

6 

- 

43 
24 
1 

10 
10 
2 

20 - 
* The floating temperatures given are readings on a Beckmann thermometer. 

On the same scale the floating temperature for normal water is 3.105", for the light 
water used in these experiments 2.545'. 

ducing violent agitation. The water was removed from the aqueous 
solutions by distillation, and purified by heating in sealed tubes with 
weighed quantities of potassium permanganate and sodium hydroxide. 
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The samples were then distilled twice in vaeuo, the final receiver being 
that in which the floating temperature was determined. In all cases blank 
experiments, using normal water, were conducted as a check on the 
method of purification; these indicated the necessity for minor modifica- 
tions of the procedure in certain instances. 

The experimental results are summarized in Table I. In confirmation 
of the result of Cohn and Urey, urea was found to exhibit no exchange a t  
room temperature. The behavior of citric acid is of interest in that it 
shows definite acid catalysis, as might be expected in view of the acid 
catalysis of esterification reactions. Cohn and Urey observed a correla- 
tion between the ease of exchange and the acid strength of carboxylic 
acids; the effect would therefore seem to be primarily one of self-catalysis. 

The discovery that benzaldehyde undergoes a rapid exchange of oxygen 
with water came as a distinct surprise, especially in view of the limited 
solubility of this substance in water (0.3 parts per 100). It is known, of 
course, that acetaldehyde shows a rapid exchange reaction, both from the 
work of Cohn and Urey and from the work of Herbert and Lauder,2 and 
it is to be expected that all aldehydes which are sufficiently soluble in 
water would exchange oxygen readily. Comparing our results on benzal- 
dehyde in neutral solution with those of Herbert and Lauder on acetalde- 
hyde it will be seen that the benzaldehyde reaction proceeds nearly, but 
not quite, as fast as the acetaldehyde reaction, and allowing for the 
enomoiis difference in concentrations of the aldehydes, it would appear 
that the specific rate constant for benzaldehyde must be very much 
greater than for acetaldehyde. This is certainly at variance with what is 
known of the relative reactivities of these aldehydes in the majority of 
their reactions. In view of the sensitivity of benzaldehyde to autooxida- 
tion, the acidic character of the oxidation product, benzoic acid, and the 
high sensitivity of the exchange reaction to acid catalysis, it may be 
mentioned that the benzaldehyde used in these experiments was carefully 
purified with respect to the elimination of benzoic acid and oxygen. It 
was first extracted with dilute sodium hydroxide solution, washed rapidly 
with water, dried, and distilled twice a t  1 mm. pressure, and collected 
finally i n  the reaction tube. The isotopic water was also introduced by 
vacuum distillation, and air was not admitted to the system until the re- 
action tube had been sealed off. 

The occurrence of catalysis by both sulfuric acid and by potassium hy- 
droxide is of interest in that it provides further evidence of the amphoteric 
character of the carbonyl group. In the case of acetone, Cohn and Urey 
reached the conclusion that the enolic form is not involved in the exchange 

* HERBERT AND LAUDER, Trans. Faraday SOC., 34,433 (1938). 
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reaction only after a detailed kinetic analysis. The experiments with 
benzaldehyde, which is not capable of enolization, are perhaps even more 
convincing. 

Cohn and Urey, having found no exchange to occur with methyl alcohol, 
glycerol, and phenol, concluded that the oxygen of hydroxyl groups is not 
exchangeable, and insofar as non-catalyzed exchange reactions are con- 
cerned, we have confirmed this conclusion with respect to dextrose, 
tertiary butyl alcohol, diphenylmethylcarbinol, and trianisylcarbinol. 
The experiments with dextrose were undertaken with particular reference 
to the exchange of the carbonyl oxygen and its relationship to the process 
of mutarotation, and are not reported herein as we have not yet obtained 
conclusive results in this connection. However, with regard to the re- 
maining oxygen atoms in this molecule, no exchange was observed either 
a t  25' for 24 hours or at  75' for 2 hours. 

The non-occurrence of an exchange reaction with hydroxyl groups as 
in primary and secondary alcohols, and in the simple phenols, is not 
suprising, but it seemed not altogether improbable that we should find 
among the tertiary alcohols some cases in which exchange would occur 
readily. The particular cases would be those in which the hydroxyl 
group is attached to a radical which is very weakly electronegative in the 
sense of the electronegativity theory of Kharasch, Reinmuth, and  may^.^ 
This involves the use of alcohols of high molecular weight and of low solu- 
bility in water, but we were encouraged by our success with benzaldehyde 
to proceed. The experiments were limited, however, to alcohols of low 
melting point and the reactions were carried out at  temperatures above 
the melting points. No exchange was observed in neutral solution with 
diphenylmethylcarbinol, nor with trianisylcarbinol. The latter repre- 
sents, in the ease of substitution of the hydroxyl group, about as favorable 
a case as we could secure. 

It is to be expected, in view of the circumstances under which alcoholic 
hydroxyl groups may be substituted or eliminated, that exchange reactions 
involving such groups would be acid-catalyzed, and, in the absence of 
exchange in neutral solution, it was anticipated that the predicted labiliza- 
tion of hydroxyl groups by very weakly electronegative groups could be 
demonstrated by examining the acid-catalyzed reaction. It was found 
that the exchange reaction of trianisylcarbinol is catalyzed to an extra- 
ordinary degree by sulfuric acid. With 6 milligrams of sulfuric acid in 
0.8 gram of water the exchange was practically complete in 1 hour at 95O, 
whereas in the absence of acid no exchange had occurred in 43 hours at  
the same temperature. For comparison, the results with tertiary butyl 

8 KHARASCH, REINMUTH, AND MAYO, J .  Chem. Educ., 13, 7 (1936), and preceding 
papers cited therein. 
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alcohol are given, showing that with four times as much acid and twice 
the time of reaction no exchange took place. The acid is actually more 
dilute in this case, since teritary butyl alcohol is miscible with water, but 
on the other hand the solubility of trianisylcarbinol in water is very low, 
even at 95", and, although it is not known exactly, it is certainly very 
much less than that of benzaldehyde. These experiments constitute, 
in our opinion, a very striking demonstration of the effect of certain sub- 
stituents in labilizing hydroxyl groups. 

The oxygen exchange of alloxan appears to take place in a step-wise 
fashion, a$ although our experiments on this substance do not reveal the 
sequence of events, it is evident that, given sufficient time, all of the oxy- 
gen atoms in this molecule are exchangeable at room temperature. 



[CONTBIBUTION FROM THE GEORGE HERBERT JONES LABORATORY OF THE 
UNIVEE6ITY OF CHICAGO] 

FACTORS AFFECTING THE ADDITION OF BROMINE TO 
PHENANTHRENE 

M. S. KHARASCH, P. C. WHITE, AND F. R. MAYO 

Received April 11, iQS8 

A preliminary study of the side-chain and nuclear bromination of 
toluene in this laboratory has been reported.' The effects of light and of 
peroxides were found to be similar in that both accelerated side-chain 
bromination. It was further shown that the use of bromine-toluene 
ratios greater than 1 : 10 materially counteracts the effects of light and/or 
oxygen on side-chain bromination. The working hypothesis proposed 
is that: (a) the side-chain bromination of toluene is a chain reaction in 
which bromine atoms play the major rale; (a) light and oxygen are both 
effective in the production of bromine atoms; ( c )  an excess of molecular 
bromine has a chain-breaking effect. Study of the bromination of other 
hydrocarbons, as yet unreported, has yielded data consistent with this 
hypothesis. It seerped desirable, therefore, to re-investigate the addition 
of bromine to phenanthrene with special attention to the effects of light 
and oxygen. 

The addition of bromine to phenanthrene has been studied previously 
by Price: and the (presumably) essentially similar addition of bromine to 
several phenanthrene derivatives by Fieser and Price.s Price concluded 
that the addition of bromine to phenanthrene takes place through a chain 
mechanism involving bromine atoms, but his observations as to the effects 
of light and oxygen on the reaction were not in all details those that past 
experience has led the present authors to regard as characteristic of such 
reactions. 

According to Price the addition of bromine to phenanthrene is somewhat 
accelerated by light, but proceeds a t  a measurable rate in the dark. In 
our own experiments, when oxygen and other catalytic impurities were 
rigidly excluded, no detectable bromine addition took place in the dark 
in 24 hours. We believe that the discrepancy is attributable to Price's 
colorimetric method of determination, which necessitated repeated brief 
periods of intense illumination. Our own experiments (1 and 2, recorded 

1 KHARASCH, MARQOLIS, WHITE, AND MAYO, J .  Am. Chem. Soc., 69, 1405 (1937). 
* PBICE, ibid. ,  68, 1834, 2101 (1930). 
8 F I ~ S ~ R  AND PBXCB, ibid., 58,1838 (1936). 
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Lamp Wattage 

400 
400 
100 
100 
100 

in Table I) indicate that intermittent illumination, particularly in the 
presence of air, is almost as effective in promoting the reaction as is steady 
illumination. 

The difference between the rates of the air-exposed and the vacuum 
reactions recorded in Table I is also notable. Price's statement that the 

TABLE I 
E F F E ~  OF AIR ON THE PHOTOBROMINATION OF PHENANTHRENE 

~~~~~~ 

15 
15 
12 
24 
12 

-- 
EXPT. NO. 

~ 

BROYINE CONCEN- 
TRATION~ 

(MOLEI/LZTER) 

0 . 5  
0 .5  
0 .5  
0.05 
0.05 
0.05 
0.05 
0.05 

--- 

1 
2 
3 
4 
5b -- 

TIME (MINUTES) 

24 
54 

30 
40 
73 

CONDITIONS OF ILLUMINATION EXTENT OF REACTION (%)' 

Air-Exposed 

66 
59 
62 
54 
59 

Vaouum 

53 
20 
41 
39 
24 

0 The light was turned on 30 seconds every 5 minutes for a total period of 50 

* One mole per cent. of diphenylamine was present in both reaction systems. 
c All analyses were by titration of unreacted bromine. 

minutes (aggregate time of illumination, 5 minutes). 

The experiments were 
carried out in  carbon tetrachloride solution, the concentrations of both bromine 
and phenanthrene being 0.05 mole per liter. 

TABLE I1 

TETRACHLORID~ SOLUTION IN THE DARK 
EFFECT OF PEROXIDES ON THE BROMINATION OF PHENANTHRENE I N  CARBON 

PEROXIDE 

None 
Ascaridole 
Ascaridole 
None 
Ascaridole 
Triacetone perox. 
Benzoyl perox. 
Perbenzoic acid 

PEROXIDE CON- 
CENTRATION 

(MOLE %) 

- 
3 

10 

3 
3 
3 
3 

- 

TIME (HOURS) 

1 
1 
1 

24 
1 

24 
24 
24 

EXTENTOFRB- 
ACTION (%) 

0 
17 
92 
0 

40, 40, 45 
18 
45 
29 

a Equimolecular proportions of bromine and phenanthrene were used in all cases. 

removal of oxygen from the solvent by boiling at  diminished pressure had 
no demonstrable effect on the rate of the reaction is interpretable as indic- 
ative that mere traces of oxygen, especially in conjunction with intermit- 
tent illumination, may be highly effective. In harmony with this is the 
observation that in the presence of diphenylamine the bromination of 
phenanthrene is much slower when oxygen is excluded (experiment 5). 
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We believe, therefore, that in Price’s experiments the reaction was 
accelerated by intermittent illumination, and catalyzed to some extent 
by atmospheric oxygen. These factors would account for his observa- 
tion that the presence of benzoyl peroxide did not materially affect the 
rate. In our own experiments (Table 11) benzoyl peroxide did facilitate 
bromination in the dark, although not to the same extent as did ascari- 
dole-a less stable peroxide. 

The experiments recorded in Table I1 also show that ascaridole, at  least, 
is relatively more effective as a catalyst in the presence of low concen- 
trations of bromine than in the presence of higher concentrations. 

On the basis of these observations we conclude that the measurements 
of Price (and, by inference, those of Fieser and Price) apply to a photo- 
chemical, oxygen-catalyzed reaction, rather than to a dark, uncatalyzed 
reaction, as they have assumed. 



MECHANISM OF THE DIAZOAMINOBENZENE 
CONVERSION: ADDENDUM 

111 connection with a paper published by myself in THIS JOURNAL 
[2, 198, (1937)] dealing with the mechanism of the diazoaminobenzene 
Conversion, and its analogy with the mobility and fission of keto-enol 
systems, my attention has been directed recently to the following item 
from a paper by K. H. Meyer [Ber., UB, 2272, (1921)l. Although ref- 
erence was made to this publication in relation to the general question of 
the diazoaminobenzene conversion in the author’s original paper, men- 
tion of this reported direct combination of benzenediazonium chloride with 
aniline hydrochloride was unintentionally overlooked. 

“5 g festes Benzoldiazoniumchlorid wurden in 20 ccm Wasser gelost 
und mit einer konzentrierten wassrigen Losung von 4 g festem Anilin- 
Chlorhydrat versetzt. Es trat sehr schnell die blaustichig rote Farbe des 
salzsauren Amino-azobenzols auf, die bei Zusatz von 2.5 ccm 70-proz. 
Xmcisensaure und 5 ccm einer konzentrierten wassrigen Losung von 
Natrium-formiat rasch vie1 intensiver wurde. Der bald sich Umkrystalli- 
sieren aus Ligroin als Amino-azobenzol, Schmp. 125”.” 

Since nothing is stated regarding the purity of the precipitated material 
in the above report, the following comments from a paper by Friswell 
and Green [J .  Chem. SOC., 47, 919, (1885)l also cited in the author’s 
original paper) should be added. “Diazoaminobenzene is invariably pro- 
duced first-when sodium nitrite is added to aniline in solution in excess 
of strong or dilute acetic acid; when sodium nitrite is added to excess 
aniline hydrochloride or of any mixture of aniline and aniline hydro- 
chloride, no matter how great the mass-although under such conditions 
a second reaction slowly takes place with the production of the isomeric 
compound.’’ 

H. VINCENT KIDD 

THE PEROXIDE EFFECT IN THE ADDITION OF REAGENTS 
TO UNSATURATED COMPOUNDS. XV. CORRECTION 

:In the last line of Table I11 (p. 293) of the paper of the above title 
[J. ORG. CHEM., 2,288-302 (1937)l the ent,ry in the column headed “% 1,2- 
ADDITION PRODUCT” should read “0-10” instead of “90-100.” 

F. R. MAYO 
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