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uum. The product weighed 1.2 g. (84%). The material 
can be successfully crystallized from warm nitromethane if 
the operation is carried out rapidly and in an inert atmos- 
phere; ultraviolet spectrum: max. (log e) 226 (4.51), 400 
(4.67); min. 308 (2.67). There also occurs a shoulder a t  
378 mp (4.21) and the spectrum "tails off" very slowly; 
the log e value is still 2.56 at 540 mp (in which area the curve 
also appears to have a broad shoulder). 

Anal. Calcd. for CI3H9C104: clod, 37.6. Found: 
c104, 37.3, 38.0. 

Deep green solutions were also formed when IX was 
treated with aluminum trichloride in nitrobenzene and with 
boron trifluoride in ether. Although the development of 
color probably indicated presence of the perinaphthenylium 
cation, only intractable materials could be isolated from 
these reactions. 

The perchlorate salt was insoluble in all non-polar sol- 
vents; i t  dissolved in 607, aqueous perchloric acid, end in 
357, hydrochloric acid, though the latter solutions became 
turbid on standing and both did so on dilution. 

(,a) 
Water.-The salt (0.47 g.) was added with stirring to a mix- 
ture of mater (20 nil.) and ethanol (20 ml.). After 10 min- 
utes the mixture was extracted with ether, the ethereal solu- 
tion then washed and dried. After evaporation of the 
ether the residue was chromatographed over alumina, elut- 
ing first with petroleum ether followed by benzene. The 
colorless first fraction on evaporation yielded perinaphthene 
which crystallized from petroleum ether in white needles, 
m.p. 84'. From alcohol, the compound formed an  orange- 
red picrate, m.p. 120" or 206" depending on the rate of 
heating.14 The ultraviolet spectrum of the hydrocarbon 
was identical to that previously reported.l5 

Reaction of Perinaphthenylium Perchlorate with: 

(14) G. Lock and G. Gergely (Ber., 77, 461 (1044)) report a value 
of approximately 110' for the m.p. of this picrate, while V. Boekel- 
heide and C. E. Larrabee (see ref. 4) report a value of 205-207'. 
(15) See ref. 7, p. 429. 

The yellow benzene eluate gave yellow needles of peri- 
naphthenone (0.17 g.) on evaporation, n1.p. 1%'. This 
material dissolved in concentrated hydrochloric acid and 
could be recovered unchanged on dilution. 

Anal. Calcd. for C13HaO: C, 86.7; H, 4.4. Found: 
C, 86.7; H, 4.2. 

(b )  Zinc Dust.-A freshly prepared sample of the salt 
(approx. 0.50 9.)  was stirred in ether (50 i d . )  with zinc dust 
(5.0 9.) for 20 hours. The ether was evaporated and the 
residue extracted with boiling benzene (3 X 50 ml.). Evap- 
oration of the benzene afforded crude peropyrene (0.14 g.) .  
The compound was purified by subliniation followed by re- 
crystallization from toluene. The substance dissolved iii 
concd. sulfuric acid to  give blue-green solutions. The ul- 
trltviolet spectrum in alcohol showed peaks a t  230, 264, 277, 
310, 324, 366, 388, 410 and 437 mp, in agreement with the 
reported values.18 

Attempted Hunsdiecker Reaction on the Acid IV, R = 
CO0H.-Bromine 13.1 e . )  in drv benzene 130 ml.) was added 
dropmise to a stirrch suspknsion of the silver salt of the acid 
(6.8 g.) in dry benzene (200 ml.). The mixture was stirred 
and refluxed for 3 hours. The silver bromide was collected. 
The residue after evaporation of the benzene was almost com- 
pletely soluble in sodium hydroxide. It crystallized from 
ethanol in white prisms, m.p. 260'. 

Anal. Calcd. for ClrHsBrOs: C, 58.1; H ,  3.1; Br, 27.7. 
Found: C,57.9; H,3.3; Br,27.2. 

The same compound was formed when the acid was 
treated with bromine in acetic acid. The material would 
thus appear to be the 5-bromo derivative of the acid I V  (K  = 
COOH) though no further work was done on this com- 
pound. 

Only polymeric material was formed when iodine was 
substituted for bromine in the above reaction. 

(16) See ref. 7, p. 362. 

AUSTIX, TEXAS 

[CONTRIBUTION FROM TIIE DEPARTMENT OF CHEMISTRY OF THE UNIVERSITY OF MICHIGAN] 

The Reaction of o-Phenylenediamines with Ketones. V. Further Studies 
Dibenzyl Ketones1z2 

B Y  ROBERT c. ELDERFIELD AND KENNETH L. BVRCESS~ 
RECEIVED JCLY 6, 1959 

with 

The thermal decomposition of a series of 2-benzyl-2-substituted benzylbenziinidazolines 113s been investigated. Analysis 
of the products by vapor pliase chromatography or mass spectroscopy with the aid of CI3 lias shown conclusively that  the 
decomposition is not subject to the Hammett equation as previously indicated on the basis of preliminary evidence. A 
definitive comparison of the accuracy of vapor phase chromatography versus use of C13 as a tracer in the analysis of mixtures 
of toluenes has been made. A critical study of optimum methods for the synthesis of a series of substituted phenylacetic 
acids and of a series of 1,3-diphenyl-2-propanones has been made. 

In the preceding paper of this series4 a study of 
the thermal cleavage of certain 2,2-dibenzylben- 
zimidazolines was reported. In particular, atten- 
tion was devoted to the decomposition of products 
resulting from condensation of o-phenylenediamine 
with unsymmetrical dibenzyl ketones as typified 
by I-IV or I-V.5 

(1) The material presented in this paper is taken from a dissertation 
siibmitted by Kenneth L. Burgess in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy in the University of 
Michigan, June, 1957. 

( 2 )  This investigation was supported in part  by a contribution from 
Parke, Davis and Co , Inc., to the Michigan Memorial Pheonix Project. 

(3) Procter and Gamble Fellow, 1955-1956. 
(4) R. C. Elderfield and V. B. Meyer, THIS JOURNAL, 76, 1887 

(1954). 
( 5 )  The structure of the condensation products of o-phenylenedi- 

amine and the dibenzyl ketones is arbitrarily represented by 111 for 
convenience. This is probably an oversimplification. For  a detailed 
discussion of the tautomerism involved see ref. 4. 

or 
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Preliniiiiarj- e\-ideiice was presented that de- 
coniposition of I11 when X was chlorine or methoxyl 
in the p-position was governed by the Hammett 
u-p equation6 insofar as the relative amounts of 
IV and \J formed were concerned. In the earlier 
work analytical methods for the determination of 
IV and V were admittedly crude and the results 
reported were strictly tentative. In view of the 
uncertainty surrounding the mechanism of this 
interesting reaction which involves rupture of a 
carbon-carbon bond under relatively mild condi- 
tions, i t  was felt that  confirmation of the appli- 
cability of the Harnmett equation was of vital 
importance. 

We now wish to report a more detailed study of 
the thermal decoinposition of a number of products 
of the condensation of o-phenylenediamine with a 
series of unsymmetrically substituted 1,3-di- 
phenyl-2-propanones.7 

For the purpose a t  harid a series of twelve un- 
syininetrically substituted 1,3-diphenyl-2-propan- 
ones with as wide a range of U-values as could 
reasonably be hoped for was selected. These 
ketones all carried an unsubstituted phenyl group 
and a phenyl group carrying a single substituent 
in the m- or p-position. The six substituents 
originally chosen were chloro, methoxyl, methyl, 
methylinercapto, fluoro and carboxamido. Duriug 
the course of the work i t  was found that  the car- 
boxamido group underwent amide exchange with 
o-phenylenediamine and that  reaction of o-phenpl- 
enediamine with l-(nz-mercaptophenyl)-X-~hen~~l- 
2-propanone was accompanied by cleavage of the 
sulfide group. Therefore these three ketones were 
eliminated from the study, leaving a series of nine. 

*it the outset it was planned to label the ketones 
with isotopic carbon a t  the position indicated by 
the asterisk in 11. Decomposition of the inter- 
mediate condensation product in an enclosed 
system, collection of the mixture of toluenes 
evolved and determination of the isotope content 
of the mixture should give an accurate measure of 
the ratio of toluene to substituted toluene in the 
mixture. Since it has been shown in the case of 
the similar reaction with aliphatic ketones that thc 
reactiori is first order with respect to the inter- 
mediate I,eiiziiiiidazoliiie,~ arid sincc i t  is reasonable 
to ;~ssiiiie that  the ratio of the products reflects 
the rclative ratesof rupture of the two carbon-carbon 
bonds undergoing cleavage, i t  was felt that  these 
(lata would provide evidence for or against ad- 
hereiice to the Haniiiiett equation. Since a high 
precision mass spectrometer was a ~ a i l a b l e , ~  C13 
nas chosen as the label. About this time the 
technique of vapor phase chroiiiatography also 
I.)cc:tmc practical arid this analytical method was 
used in most runs. However, it was of interest to 
conipare results, using mass spectrographic rneth- 

(6) fa. 1'. Hammett,  "Physical Organic Chemistry," IlcGraw-Hill 
I3ook Co., Inc . ,  X e w  York,  IX. Y.. 1940, p. 188. 

(7) The Geneva system of nomenclature is used rather than the  
niore convenient dibenzyl ketone nomenclature ior facility in naming 
t h c  isotopically labelcd ketones t o  be discussed. 

(a )  R. C. 1':lderfield and J. R.  McCarthy, TEXIS J O U R N A L ,  73, 973 
(1951). 

(<)I \l-c wish t u  :ichnon-lcdcc the  c<ioperati<m o f  Pr i>fccscr  l<. 1%. 
ilerri5tein { b f  th is  dcg:irtment in placing this in s t rumcn t  at  our riis- 
p<,s:11. 

ods with those using vapor pliase chroinatography 
in a few instances in order to evaluate the rcia- 
tive precision of the two methods. 

Materials.--In x-iew of the fact that  isotopically 
labeled ketones were to be used, a detailed study of 
the synthesis of the i ,3-diphenyl-2-propanoiies mas 
underiaken. It was concluded that the procedure 
involving interaction of ai1 appropriately substi- 
tuted phenylacetyl chloride with benzylcadrniurn 
chloride as used by Elderfield and Meyer' offered 
considerable advantages over the procedure of 
Coaii and Becl;erlo which involved condensation of 
benzyl cyanide with a substitilted ethyl phenyl- 
acetate followed by hydrolysis and decarboxylation. 

Considerable difficulty was encountered in ob- 
taining analytically pure samples of certain of the 
1,3-diphenyl-2-propanones carrying a m-substit- 
uent. In contrast to their p-isomers, the 772- 
substituted ketones are liquids. Repeated distil- 
lation gave analytically pure 1 - (nz-fluorophenyl) - 
3-phenyl-2-propanone and 1-(in-methylmercapto- 
phenyl)-3-pheiiyl-2-propanoiie. However, distilla- 
tion, chromatography, conversion to derivatives 
and regeneration therefrom or washing with acid 
and base failed to give analytically pure I-(m- 
chlorophenylj-3-pheiiyl-2-propanone, I--(nz-meth- 
oxyphenyl)-3-phenyl-2-propanorie and 1-(m-nieth- 
ylphenyl)-3-pheny-l-2-propanone. Repeated dis- 
tillation of these ketones gave fractions with 
constant refractive indices. Infrared spectra of 
the ketones in either thick or thin films showed no 
peaks that  could not be attributed to  the pure 
ketone. The molar refractivities were very close 
to the calculated values. Derivatives prepared 
from each ketone were analytically pure. It was 
felt that any trace of impurity not removed by the 
above methods would have little, if any, effect 011 
the decomposition reaction and they were therefore 
used. 

The unsymmetrically substituted 1,3-diphenyl- 
%propanones were characterized in several in- 
stances by conversion to the corresponding tetra- 
plienylc!.clopeiitadienoiies (tetracyclones) by con- 
densation with henzil." However, the rn-substi- 
tuted 1,3-dip€ieiiyl-2-prt,panones reacted with beii- 
zil with dificulty and the derivatives with 1 -  
(rn-methylphcl~ ylj - and I - (m-methylmcrcaI,to- 
phenyl) -3-phenyl-2-propanone could not be pre- 
pared. These refractory ketones were characterized 
as the semicarbazoiies or p-nitrophenylhydrazones. 

The requisite phenylacetic acids were prepared 
by halogenation of the appropriately substituted 
toluene to the benzyl halide followed by conversion 
to the phenylacetonitrile and subsequent hydroly- 
sis, or by application of the IVillgerodt reaction. 

The intermediate benziinidazolines, in general, 
werc not isolated. These were prepared by re- 
action of o-pheiiylenediaiiiiiie with the appropriate 
1,3-diphenyl-2-propanone in refluxing benzene 
which served to remove the water formed by 
azeotropic distillation. A trace of p-toluenesul- 
fonic acid served as catalyst, although this was not 
essential. Removal of the benzene under reduced 
pressure left the benzimidazoline as an unstable oil 
which decomposed on exposure to air or on at-  

(10) S. B. Coan and E.  I. Beckcr, THIS JOURNAL, 76,  301 (1934). 
(11) W. Dilthey and F. Quin t ,  J .  pr,akl. Chew.,  [ Z ]  128, 139 (1930). 
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tempted purification. The intermediate from 1- 
( p-chlorophenyl) -3-phenyl-2-propanone was ob- 
tained pure. On decomposition i t  gave the same 
mixture of toluene and p-chlorotoluene that was 
obtained with crude 2-(p-chlorophenyl)-2-phenyl- 
benzimidazoline. Use of unpurified benzimidazo- 
lines therefore appeared to be justified in the other 
decompositions. 

Methods.-The apparatus used for the prepara- 
tion of the intermediate benzimidazolines and 
subsequent thermal decomposition of them con- 
sisted of a 100-ml. round-bottom flask to which was 
sealed an outer jacket equipped with a reflux con- 
denser. Temperature within the reaction flask 
was maintained by refluxing a liquid of the desired 
boiling point in the jacket. The reaction flask was 
connected to a series of two liquid air traps in a 
vacuum line which served to condense the volatile 
reaction products-toluene, substituted toluene 
and mater. 

The usual procedure was to place a mixture of 
equivalent amounts, usually 0.003 mole, of the 1,3- 
diphenyl - 2 - propanone and o - phenylenediamine, 
with or without a catalytic amount of p-toluene- 
suifonic acid, in the reaction flask. The flask was 
attached to the vacuum line and evacuated to 140 
mm. Constant pressure was maintained by means 
of a manostat. The system was swept with dry 
nitrogen for 2 min. Ethylene glycol was refluxed 
in the heating jacket for 8 hr., during which the pres- 
sure was lowered to 0.2 mm. and maintained for 
one hour. The traps were then isolated from the 
system, allowed to come to room temperature and 
the contents washed out with ether when vapor 
phase chromatography was used for analysis of the 
mixture of toluenes. When mass spectroscopy 
was used with the isotopically labeled compounds, 
the contents of the traps were removed without aid 
of a solvent. 

Some difliculty caused by sublimation of o- 
phenylenediamine a t  the start of the reaction was 
encountered. This was overcome to a consider- 
able extent by carrying out the initial stage of the 
decomposition a t  atiuospheric pressure. Yields 
of toluene plus substituted toluene ranged from 
i0-9576 based on reacted starting material. 

The apparatus for the vapor phase chroniato- 
grapliic malyses was built in these laboratories.12 
Helium was used as sweep gas and the column 
consisted of a 20 f t .  length of 0.23 in. copper tubing 
coiled into about a ti in .  spird. The analyzer mas 
a Chw-Mack thermal conductivity cell. The 
resistance (if the platinum coil in each cell was 
22 i. 0.5 ohms. The sample injection system was 
simply a T fitting a t  the entrance of the column, 
one arm of which was closed by a Neoprene gasket 
through which the snniple was injected by means of 
a hypodcrinic needle. 

The entire apparatus---thermal conductivity 
cc!:, column, sample injection system-together 
with a 500-watt strip heater and thermometer was 
fastened to a piece of 0.25-in. Transite board 
and immersed in a 4-quart Dewar flask. A stirrer 
passed through the Transite cover. After setting 

(12) We wish tu express our appreciation to Mr. R. S. Gohlke of the 
I h w  Chemical Co. f u r  his help in the design and operation of the 
chromatography equipment. 

the resistance of the strip heater a t  a desired point, 
about 2 hours was required to attain thermal equi- 
librium. 

The conductivity cells were wired as a Wheat- 
stone bridge with a Brown recording continuous 
balance potentiometer, Minneapolis-Honeywell Co. 
model 153K17.13 

The column was packed with partitioning agent 
before coiling. In all cases except one the packing 
was Tide. In early runs a special preparation 
of Tide consisting of about 50% sodium sulfate and 
50% sodium dodecylbenzenesulfonate was used.'? 
In later runs, i t  was found that Tide as obtained on 
the open market was entirely satisfactory. The 
Tide packing readily separated the mixtures of 
toluenes encountered, with the exception of 
toluene and p-fluorotoluene. However, this mix- 
ture was easily analyzed over dinonyl phthalate on 
crushed and screened Johns-Manville (2-22 fire- 
brick.16 

The molar ratio of each component in a given 
mixture was determined from the tracings obtained 
from the potentiometer. The area under each 
peak was obtained by multiplying the height of 
the peak by the width a t  half-height. This area 
was divided by the sum of the areas of the peaks. 
Several runs were made on an approximately 
equimolar mixture of toluene, p-xylene and m- 
chlorotoluene in order to check the reproduc- 
ibility of the method. The results are shown in 
Table I. 

TABLE I 

CHLOROTOLUENE 
ANALYSIS O F  A MIXTURE OF TOLUESE, $-XYLENE AND m- 

-------Mole yo 
R u n  Toluene p-Xylene m-Chlorotoluene 

1 33.3 31.4 35.4 
2 33 .5  31.4 35 .1  
3 33.2 31 .5  35.4 
4 33.2 31. G 35.3 
5 33.2 31.6 35.3 

Correction factors to takc into account variations 
of thermal conductivity of the vapors with tempera- 
ture were determined a t  approximately the tem- 
perature used in the analysis. Toluene was used 
as a standard with an arbitrary value of 1.000. 
The variations with temperature were small and 
within limits of experimental error over a temper- 
ature range of =t20°. The factors appear to be 
accurate over the entire range of concentration 
and for any mixture encountered. They are given 
in Table 11. 

In the experiments in which the ratio of toluene 
to substituted toluene eliminated was followed by 
the aid of C13 mass spectrometrically, the contents 
of the traps were removed without the aid of a 
solvent and oxidized by the Van Slyke-Folch 
method.16 The carbon dioxide evolved was passed 

(13) Further details as to  the miring circuit can be found in Dr. 
Burgess' dissertation (ref. 1). 

(14) We wish to  acknowledge the courtesy ot Proctor and Gamble, 
Inc., in providing this special preparation. 

(15) E. M. Fredericks and F. R. Brooks, Anal. Chem., 28, 297 
(1956). 

(16) D. D. Van Slyke and co-workers, J. Bid .  Chem., 136, 500 
(1940); 191, 299 (1951); 192, 769 (1952); Anal. Chem., 26, 1706 
(1954). 
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TABLE I1 Carbon dioxide samples were prepared from the 
CGRRCCTInN I'ACTOKS FOR TIIERIPAL COSDUC?-IVITY C P  

L'ARIOTJS SUBSTI1 UTED TCILCESES 
Toluene Factor Teinp., " C  

Unsubstituted 
p-Fluoro- 
nt-Fluoro- 
p-Rleth>-l- 
wz-hlethyl- 
p-Chloro- 
m-Chloro- 
p-LIethoxy- 
~n-?r'rethosy- 
p-hlethylmercapto- 
nz-Methyliiiercapto- 

1 . O O D  
0,927 

,927 
,863 
. 8% 
,837 
,836 
. 807 
,807 
,733 
.731 

112 
115 
115 
115 
150 
150 
150 
150 
150 
150 

through barium hydroxide solution, protected by 
an Ascarite trap, by means of a stream of nitro- 
gen. Barium carbonate was collected under 
nitrogen and dried a t  120' for a t  least 10 hours 
Yields of barium carbonate were consistently in the 
range of 92 to 98%. 

TABLE 111 

PRODCCTS OF THE THERMAL DECOMPOSIZIOS OF THE 

PRODUCTS FORMED BY CONDESSATIOX OF UNSYMMETRICALLY 
SUBSTITUTED 1,3-DIPHEsYL-2-PRoP.~SO~~S WITH 0-PHESYL- 

ENEDIAXISE 

barium carbonate by adding S-iO ml. of concen- 
trated sulfuric acid to about 50 nig. of the carbonate 
in an evacuated system. The evolved gas was 
distilled through a Dry Ice-acetone cooled trap into 
a trap cooled by liquid air. The frozen carbon 
dioxide was degassed and submitted to mass spcc- 
irornetric analysis for 45 44 mass ratios. Details of 
the method used to check the accuracy of the 
analytical method can be found in the ciissertation.' 

Results.-Acalytical data obtained by vapor 
phase chromatography on the mixtures of toluene 
and substituted toluenes evolved on thermal de- 
composition of the products of the reaction of 
o-phenylenediamine with a series of unsymmetri- 
cally substituted 1,3-diphenyl-2-propanones are 
given in Table 111. 

ilnalyticai data obtained mass spectroinetrically 
with the CIS labeled I ,3-diphenyl-~-propanones are 
giyen ~ I I  Table IV. 

TABLE IV 
RATIO OF C'3-ESRICH>EST OF cog FROM C03'IBCSTION TO 

C13-EXRICUMEST OF TANK cos 
Compound Ratio 

l-(p-Cliloruplien~l)-3-plier~yl-2- 

1-( p-Chlorophen)-l)-3-pheiiyl-2- 

Toluenes from reaction of I with o- 

propanone 1,0118 

propanone-3-CI3 (I)  1,1752 

Propdnone 
substituent 

p-Chloro 
p-Chloro 
p-Chloro 
9-Chloro 
p-Chloro 
p-Chloro 
p-chlora" 
p-Methyl 
p-Methyl 
p-llethq 1 
p-Methyl 
p-hletliyi 
p-Methoxy 
p-Methosy 
p-Metlioxy 
p Rletlioxy 
p-hfethosy 
p-Thoro 
p-Fluoro 
p-hlethylinercapto 
9-hlethylmercap to  
9-Methylmercapto 
m-Fluoro 
nt-hlethosy 
~n-hlethoxy 
m-Methoxy 
nt-Chloro 
m-Chloro 
nz-hiethyl 
nt-M.ethy1 

mole 
c/o 

2 
2 
2 
2 
0 
(J 
2 
2 

2 
0 
2 
2 
0 
r) 

20 
2 
0 

0 - 

0 
i 

P -  phenylenediamine 1.1557.1.156;, 1.1563 Tolu- 
enrsril- 1-( p-MetSiylphenyl)-3-plienyl-2- acid 
mono- p r o p a r i ~ n e - 3 - C ~ ~  (1 I )  1.1642,l  1651 

hvdrate, Rcacn. Products, mole "%, Toluenes from reaction of I1 with time, Temp.,  Substd. 
hr. O C .  toluene Toluene o.p]ieny!eiiec!ia:ninc 1 . 2 0 9 8 , l .  2057 , l .  2068 

2 
2 
0 
2 
2 
2 
0 
2 
2 
2 
2 

8 5  

1 5  
1 5  
9 
9 
8 
9 

1s 
4 . 5  
9 
8 
9 
8 3  
8 
8 
8 
s 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

19 
190 
190 
190 
190 
151 
190 
190 
190 
190 
190 
151 
190 
190 
1 YO 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 
190 

60 .1  39.9 
60.2 39 .8  
58 .8  41.2 
5 9 , 2  40.8 
59.0 41 .0  
59 .3  -10.7 
60 .0  40.0 
55 .1  41 .9  
55.2 44.8 
55.0 45.0 
55.0 45.0 
55 .1  41.9 
GS.4 31.6 
68 .2  31.8 
5 6 . 5  43 .5  
65 .3  41.7 
08.3  31.: 
X). 7 49 , 3 
4 9 . i  50 .3  
72 .6  27 .4  
72 .5  27 .5  
65.8 31 .4  
56 .7  43 .3  
56 .5  43 .5  
56.9 43.1 
56 .7  43 .3  
6 7 . 8  3 2 . 2  
67.2  3 2 . 8  

'rABLr \; 
COMPARATIVE AkSAL'I'SES O F  ~IIXTUXES OF TOLUENES FROM 

DECOMPOSITION OF PRODLCTS OF R E A C T I O S  OF O-PHESSL- 

ENEDIAXINE WITH UNSTXMETRICAL 1,3-DIPHENYI.-2- 
PROPASONZS 

Ketone Suhstd. Toluene, 
suhstituent Method toluene, mole 70 mole % 
p-Chloro Chroinat.og. 6 0 . 1  39 .9  
p-Chloro Mass spect. 5s 41 
p-Methyl Chromatog. 41 59 
p-Methyl Lhss  spect. 40 60 

Comparison of the results of analysis of the 
evolved toluenes by the two methods is given in 
Table V. These data were obtained by analysis 
of the labeled mixture itself by the two methods. 
Whereas -the ratio of toluene to 9-chlorotoluene 
obtained with the labeled ketone agrees well with 
that obtained with the unlabeled ketone (Table 111), 
the agreement is not good with the ratio of toluene 
to p-xylene in the two instances. This discrep- 
ancy is undoubtedly due to faulty sampling tech- 
nique in the run using labeled ketone. However, 
agreement between the two analytical methods is, 
nevertheless, excellent for this particular mixture. 

Discussion.-It has been conclusively demon- 
strated that analysis of mixtures of the type here 
under consideration can be done a t  least as ac- 

s 190 57.0 43 o curately, if not more so, by vapor phase chroma- 
S 100 57.2 42.8 tography than by use 3f isotopic labels. This repre- 

sents a advantage from the stand- 
point of cost of materials and ease of manipulation. 

" This anaiysis is for the decomposition products of pure 
2-(~-clilorobenzyl)-2-beiizylbenzimidazoliiie. 
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It is obvious from the data obtained that the 
decomposition under discussion does not follow the 
Hammett equation as suggested by the earlier 
tentative  observation^.^ In every instance except 
one, the molar amount of substituted toluene 
evolved is greater than that of toluene. From the 
reaction with l-(p-fluorophenyl)-3-phenyl-2-pro- 
panone, approximately equal molar amounts of 
toluene and p-fluorotoluene were obtained. The 
U-values of the various substituents ranged from 
-0.268 for p-methoxyl to +0.373 for m-chloro. 
If the provisional p-value of +1.24 proposed by 
Elderfield and Meyer4 is valid, the ratio of substi- 
tuted toluene to toluene evolved should vary from 
0.46 to 2.7. Actually, the ratio varies from 1 to 
2.64 and the observed variations have no relation- 
ship to the U-values. 

Another interesting observation is the effect of 
acid in promoting elimination of substituted 
toluene a t  the expense of toluene when the sub- 
stituent is p-methoxyl or p-methylmercapto. No 
such effect of acid was noted with any of the other 
substituents nor was it present when these two 
substituents mere in the m-position. Earlier 
observations8 have shown that in the correspond- 
ing decomposition of benzimidazolines carrying 
two alkyl substituents in the 2-position acid 
catalysis is not noted. Apparently, protonation 
of the oxygen or sulfur in the two compounds sub- 
ject to acid-catalyzed decomposition must play a 
role, which is presently obscure, in the decompo- 
sition. 

At present it is not possible to write a com- 
pletely satisfactory mechanism which takes into 
account all of the factors known to be operative 
in this reaction. From the results presented here 
a radical elimination would seem to be involved. 
On the other hand, the powerful base catalysis 
noted previouslys and the acid catalysis noted in 
certain well defined instances in the present work 
point to an ionic mechanism for some stage of the 
decomposition. If the departing substituent does 
indeed leave as a radical, i t  is remarkable that no 
hydrocarbon derivatives arising from union of 
two such radicals have been found among the re- 
action products. Further discussion of the mech- 
anism of the reaction is given in the succeeding 
paper." 

Experimental 1Y 

The Substituted Phenylacetic Acids.-A representative 
procedure for each of the methods used will be cited with 
deviations therefrom noted as necessary. 

Method A.-p-Chlorobenzyl chloride was prepared by the 
general method of Kharasch and Brown20 and converted to 
9-chlorophenylacetonitrile by refluxing with sodium cyanide 
in 50% alcohol for 4 hr. The yield of material, b.p. 140' 
(13 mm.), was 82%; reportedz1 b.p. for the nitrile prepared 
by another method 137-139' (12 mm.), 

Acid hydrolysis of the nitrile gave much higher yields than 
basic hydrolysis as previously reported. A mixture of 220 g. 

(17) R. C. Elderfield and E. C. McClenachan, THIS JOURNAL, 62, 
1982 (1960). 

(18) All melting and boiling points are corrected for stem exposure. 
(19) Microanalyses were done by Spang Microanalytical Labora- 

tory, Ann Arbor, Mich., or by Mrs. Anna Griffin of the University of 
Michigan. 

(20) M. S. Kharasch and H. C. Brown, THIS JOURNAL, 61, 2M2 
(1939). In our experience the details as given are insufficient to  enable 
successful consistent duplication. Explicit details are given in ref. 1. 

(21) N. Campbell and 5. E. McKail, J .  Chent. SOC., 1251 (1948). 

of the nitrile, 220 ml. of concd. sulfuric acid, 220 ml. of 
glacial acetic acid and 220 ml. of water was refluxed for 2 
hr. After cooling to  O", the  solid was collected, washed with 
three 50-1111. portions of water and dried. The yield was 
225 g. (90%). After recrystallization from ligroin and then 
from water, the acid melted at 106-106.5'; reportedzl m.p. 

Method B .-When chlorination of m-chlorotoluene was 
attempted by the above procedure, large amounts of starting 
material together with intractable tars were obtained. 
Bromination according to  Jenkins22 was therefore used to 
give m-chlorobenzyl bromide in 31 70 yield. 

m-Chlorobenzyl bromide (25.2 8.)  was added slowly to a 
refluxing solution of 12 g. of sodium cyanide in 15 ml. of 
water and 20 ml. of ethanol over 15 min. If an alcoholic 
solution of the bromide was used the major product was m- 
chlorobenzyl ethyl ether. The yield of material, b.p. 145' 
(18 mm.), was 15.2 g. (7470); reported22 b.p. 137-139' (12 
mm.). 

Hydrolysis of the nitrile as in metho: A gave 4770 of the 
acid, m.p. 77-77.5'; r e ~ o r t e d 2 ~ m . p .  76 . 

Method C.-Methods A and B both gave discouragingly 
poor yields when applied to the preparation of p-methoxy- 
phenylacetic acid. It was therefore prepared in 45% 
yield by the Willgerodt reaction as modified by Schwenk and 
Papa.24 The acid melted a t  88-89'; reported26 m.p. 84- 
86". 

m-Methylrnercaptophenylacetic acid was prepared by two 
routes, the first of which gave slightly better yields, but is 
somewhat more difficult. 

m-Nitrobenzyl bromide, b.p. 115-117' (0.8 mm.), was 
prepared in 4oY0 yield according to Bent, et al.?n Conver- 
sion to thenitrile, b.p. 155-165' (2-2.5mm.), m.p.61-61.5", 
was accomplished in 61.57, yield by method I3; reportedz7 
m.p. 81-62". 

m-Arninophenylacetonitrile was prepared by adding 165 g. 
of the nitro compound to a stirred solution of 690 g. of stan- 
nous chloride in 790 ml. of concentrated hydrochloric acid; 
The temperature of the mixture was allowed to rise to 60 
and held at that point by external cooling while a second 
165-g. portion of the nitrile was added. When the exother- 
mic reaction had subsided, cooling was discontinued and the 
mixture was stirred 2 hr. at room temperature. The mix- 
ture was poured into 1 kg. of ice and 2 1. of 40y0 sodium 
hydroxide solution. The temperature was held below 35" 
during the neutralization. The oil was separated and the 
aqueous solution was extracted with ether. The ether ex- 
tracts were combined with the original oil, dried and the resi- 
due, after removal of the solvent, was distilled to give ma- 
terial, b.p. 148-154' (1.4 mm.); reported23 b.p. 183-187" 
(13 mm.). 

The above nitrile was hydrolyzed by refluxing it in 1 liter 
of 10% sodium hydroxide solution until no more ammonia 
was evolved. The filtered solution was brought to pH 7 
and the m-aminophenylacetic acid, m.p. 146-147", was col- 
lected; reported*g m.p. 146-147'. The yield was 42% from 
m-nitrobenzyl bromide. 

A solution of 33.8 g. of the above acid in 41 g. of concen- 
trated hydrochloric acid and 100 g. of ice was added to a cold 
solution of 14.6 g. of sodium nitrite in 91 ml. of water. 
After stirring for one hour at O " ,  the mixture was added to a 
warm solution of 33.8 g.  of potassium ethyl xanthate and 
27.1 g. of sodium carbonate in 183 mi. of water. The solu- 
tion was refluxed for 2 hr., cooled and acidified with hydro- 
chloric acid. Recrystallization of the solid which separated 
from 3370 ethanol gave m-mercaptophenyl acetic acid, m.p. 
104-105". A large amount of insoluble high melting solid 
separated during the recrystallization. 

The slightly impure acid (6 g.)  obtained above was heated 
with 4.2 g. of sodium sulfide in 200 ml. of Iv sodium hy- 
droxide solution until the solid completely dissolved and 10 g. 
of dimethyl sulfate was added. After cooling, the mixture 
was acidified and the solid which separated was recrystal- 
lized from 507, methanol t o  give 4 g.  of m-methylmercapto- 

104-106". 

(22) S. S. Jenkins, THIS JOURNAL, 56, 2897 (1933). 
(23) J. Kenner and F. Morton, J .  Chem. SOL, 679 (1934). 
(24) E. Schaenk and D. Papa, J .  Org.  Chem.,  11, 798 (194F). 
( 2 5 )  W. Wenner, i b i d . ,  16, 548 (1950). 
(2G) R. L. Bent, ef  al . ,  THIS JOURNAL, 73, 3100 (1951). 
(27) G. Heller, Ann . ,  356, 357 (1907). 
(28) C. F. Koelsch, THIS JOIJRN~I . ,  65, 437 (19~13). 
(20) M. W. Cronyn, J .  Org. Chew., 14, 1013 (1948). 
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TABLE VI 
3-SUBSTITUTED BElUZI'LBENZIMIDAZOI,ES 

-Carbon, r;--- -Hydrogen, "$7 ,---NiLr 
Uetizimidazi)le Formula Calcd. Found Calcd. Found Calcrl. Foiin<I 

9-(4-ChlorobenzyI ) C14HilCI1-2 69.28 69 .51  .?.OS 4.6:l 11 3-1 I t  :;2 
2-(4-hIethoxvbeiiz)-l j C I ~ H I ~ X ~ O  75.61 73 57 5,<J2 ( i .05 11.76 11.64 
"(4-hlethglbenzyl) CifiHiAz 81.06 80.06 6.37, 0 . 3 1  12.60  19.-19 
2-(4-Methylmercaptobciizylj CljH14K2S 70.83 71.17 3.5; 5 .71  11.9: 1 1 , 2 5  

2-(3-~leth~-lbexizyI) CiJI14xz 81.06 81.11 6 .33  ( i .39  '(2.60 12.60 
2-(3-Methox)-bcnzyl~ ClaEI14S20 75.61 75.48 3 .92  6.07 11,7(j 11.76 

2-(4-FluorobenzyI ) C,JlIlF,\'2 74.32 74.21 4.90 5 .  (J3 11. RS I'?, 3il 

m.p. 192-193'. Reported34 m.p. 165-165.5'. 

phenylacetic acid, 1n.p. 78". The yield was 9.970 from i i z -  
aminophenylacetic aciJ. 

The second route to iir-iiictliylmcrcaptopheiiylacetic acid 
involved conversion of m-arriiiioacetophe~ione~" to m-methyl- 
mercaptoacetophenone as described abo\-e and application 
of the LVillgerodt reaction.25 The acid prepared by this 
route melted a t  7 7 " .  Repeated recrystallization from 
petroleum ether and final sublimation gave material, m.p.  
i8-i8.5". 

Afro!. Calcd. for CsHin02S: C,  59.9; H, 3.3; S, 1i .6 .  
Found: c ,  59.8; H, 5 . 7 ;  s, 17.6. 

p-Fluorophenylacetic acid, in .p .  88-89', c a s  prepared 
from p-fluorotolutne bl- method X in 45(j; over-ali yield; 
reported23 m.p. 85". 

nz-Fluorophenylacetic acid, ix .!I. 47.5-4S3 from petrolcuni 
ctlicr, mas i3reDared from m-fluorotoluenc b\- method B in 
30% over-ail y.ield. It was necessary to  distil the acid be- 
fore it could be crystallized, b.p. 125' ( 2 . 5  mm).  

A n d .  Calcd. fur C8H;FO?: C, 62.3; 13, 4.5. Found: 
C, 62.3; H, 4.4. 

p-Methylmercaptophenylacetic Acid. p-Methylmer- 
captoacetophenone.-IVhen acetylation of thioanisole was 
attempted on a large scale, a very poor yield of poor quality 
material was obtained. The following procedure gave re- 
producible results. d soiution of 24.8 g. (0.2 mole) of thio- 
anisole and 23.5 g.  (0.3 mole) of acetyl chloride in 150 ml. of 
d r y  carbon bisulfide was placed in a 500-ml. three-necked 
flask equipped with a stirrer, thermometer and an erlen- 

r flask attached with a piece of gooch tubing. Xftcr 
ig the mixture to -j3, 30 g. (0.22 mole) of aluminum 

chloride was added from tlic erlenirieyer flask over one hour 
with stirring. The dark green solution was stirred for an 
additional 4 hr. at 0". Ice and hydrocliloric acid were added 
:md the organic layer was 5eliaratetl. The residue after re- 
nioval of the carbon bisulfide was exhaustively extracted with 
warm ether. IZecrystallizntion of the residuc aftcr evapora- 

1 : 1 ctlicr-petroleum ether gavc 20 g .  
captoncetopheiionc, n1.p. i1-73°; re- 

The a1~)v -c  kctoiie wit1ii)ut iiiit1ic.r puriiicatioii i ~ ,  coli- 
vcrtctl to ~ - r i i c t l i y l i ~ i e r c a p t r ~ ~ ~ l i c ~ ~ ~ l a c e t i c  acid in 709; yieltl 
1))- the Ii'illgerodt rcaction.'l Tlic acid iiieltcd at 94-95'; 
rcportedjl ti1.p. 9.1". 

p-Methylphenylacetic acid, i i i  . I ) .  92', T Y ~ Y  lmlmi-ctl iti s i c / ;  
> icltt from p-nictiiyllxiizj.1 cliioritle by itiethnd A;  reportccl'? 
i i i . ~ ) .  !J1 . S " .  

rcportedjl ti1.p. 9.1". 
p-Methylphenylacetic acid, i i i  . I ) .  92', T Y ~ Y  lmlmi-ctl iti s i c / ;  

> icltt from p-nictiiyllxiizj.1 cliioritle by itiethnd A;  reportccl'? 
i i i . ~ ) .  !J1 . S " .  

iii-Methylphenylacetic acid was 1)rcpaiwd i i i  lO';.O yield 
cept that i i o  solvciit was uscd 
icitl riicltcrl at 62';  rcportcti"3 

2-Substituted benzyl benzimidazoles.---Tlie above yhenyl- 
acetic acids wcrc crmvcrtetl to the 2-benzylbenzirnidazolcs 
liy :t standard 1)ruccdurc.2' These furnished convenient 
derivatives for clt:rractcriz3tiuii. The>- havc also becn sub- 
iiiitted for evaluation :IS anti-cancer agciits. 

Equivalciit :mounts of the appropriate pticnylacetic acid 
iiri(1 o-pliciiylcncdianiiiic (cornmcrcial material recrystallizcd 
tlirec tiiiics from benzene, 1 r i . p .  101.5-102.5') were mixed 
with 0.7 equivalent of o-phenylenediamine dihydrochloride. 
Thc mixture was heated under nitrogen a t  210' for one hour. 

130) H. I iupc  acd co-worbers, Bru., 33, :3407 ( l ! lOO);  34,  332.3 
1 1 ! I O  1 1 .  

111.1). 61". 

-~~~ 

1 J .  I!.. Corsc, rt 0 . .  THIS J O U K N A I . ,  7 0 ,  23L1 (1918). 
) LV LVenner, . I .  0 7 2 .  Cheni . .  13, 763  (I9lR). 
) 13. RadzieszewAi and  P II'ispcck, Bcv. ,  18, 128% (1885). 

(3  1) V. 73. LiIeyer, I'h.D. Dissertaliiin, Columbia University, 1Ukl. 

After cooling to  somewhat above room temperature, a slight 
excess of ammonium hydroxide was added and the mixture 
was stirred until crystallization ensued. Recrystallization 
of the crude benzimidazoles froin dilute methanol with de- 
colorization or from benzene gave pure compounds. The 
analytical data and melting points are given in Table V I .  

The Unsymmetrically Substituted 1,3-Diphenyl-2-pro- 
panones.-After considerable experimentation, a standard 
procedure was adopted for the preparation of the ketones. 
13eiizylniagnesium chloride was prepared from a solutiori of 
0.2 mole of redistilled benzyl chloride in 100 ml. of absolutc 
ether and a molar equivalent of magnesiuin."6 The clear 
dark solutioii of the Grignard reagent was transferred from 
residual niagricsium into a secoiitl flask by means of nitrogen 
through a glass wool plug. T!ie solution was diluted witli 
absolute ether so that  the concentration of the Grignard 
reagent was no greatcr than 0.2 mole per 300 ml. and then 
cooled in an ice-bath. Cadmium chloride (0.8 mole per mole 
of benzyl chloride used) was added with vigorous stirring 
ri\-er 10-15 miti. Stirring was continued with cooling for 2 
hr .  Weak positive tests for Grignard reagent with Michler's 
kctone could usually be obtained up to  90 min. after addition 
uf the cadmium chloride. 

T.413~~  VI1 
p-SUBSTITUTED- ~ , . ; - D I P ~ I E N ~ I , - ~ - ~ , R ~ P A s ~ ~ E s ~  

Tield, . i I p . ,  , --B,p. ,  .- 
%Propanone i? o c .  "C. Ll in ,  

1-( p-Methylphenyl 1-3- 

1-( p-Chloroplienyl)-3- 

l-(p-Fluoroplieriyl)-3- 

phenyl 80- 70 3 1-3 1 , 5 1 4 3  0 . 3 

phenyl 60-75 4 0 . 5 4 1  1.L9 .'I 

phenyl 3) 3j-.3(LC? 112-11.5 .:j 

phenyl GO , t j  4; S-18 lgX--151 . I  

phen>-l)-S-pheu)-l .jO I 1  1 I ,5 ltii- ltiri . -1  
'L All  kctoiics ~verc  rici-yxt;illizetl Cr<ii,i . 4 - - f i O "  1x t rdcu i t i  

ether. 

Substitutctl ~ ~ l i c i i j . l ~ t ( ~ e ~ j - l  ciiioriilt,s ~ V C ' I C  p r e p m i l  1 ~ 5 ,  
rc:xtion of thc :tppropriate plicnylacetic acid witli 2.  I molar 
equivalents of pare tliionJ.1 chloride for one hour a t  40--50Q 
followed b y  olic hour oil the steam-bath. 'riic cxcc'si 
tliionyl ehliii-ide was removed by distillation, followed 1)). 
1-epeated distillation of benzene from the residue. A f k r  
distillation under reduced pressure, tlic acid chlixitlcs ~ c r e  
used directly. 

A solution of tlic ap1)ropri:itc plieny1.tcctyl cliioridc iii 3 
volunies of al~solute ether mas ;tdded to the cold benzylcatl- 
uiium rcagcrit over 5 miii. I t  was necessary to  usc a 2 :  1 
molar ratio of cadmium reagcnt to  acid chloride. If thc 
ratio was less a considerable amount of acid was found in the 
product. The mixture was stirred in an ice-bath for 8 hr. 
and hydrolyzed with ice and 20yo sulfuric acid. The ether 
layer was separated and the aqueous phase was extracted 
twice with ether. The combined ether solutions were 
washed successively with mater and 10% sodium bicarbonate 
solution and allowed to  stand without drying overnight. 
The ether solution mas then extracted with four more 25-ml. 
portions of sodiuiii bicarbonate solution. The combined 

I-( ~ J - h ~ e t ~ l O S ~ ~ ) ~ l ~ l i ! ~ ~  )-:{. 

1 -(p-hIethyliiicrcaI,ti, 

_____ 
(35 )  H. Gilrnan and W. I < ,  CaL!iii. "Orgzmic Syntheses," Coil. Vol. 1 ,  

2nd edition, John Wiley and  Sons, Tnc , iYew York, N. Y., 1041, p.  471. 
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TABLE \.I11 
T?1-SUBSTITC'TED-1,3-UIPHENYL-~-PR~PASoSES 

7 - B  p. ,---~.  ,---Carbo~i, ('$-- -Hydrogen %- 
Calcd. Found Calcd. Gound 

1-( nz-Fluorunhenyl!-3-phenyl 35 l l j  0 . ; 3  1 ,xL?-~ 7;  96 77 57 5 .98  5 . X  

1-( f,?-hZeth?-lplien~.l)-3-phenyl 41 115-317 , 2  1 5640" 85 67 81 54 7 10 7.0-1 

Yield, 
2-Propanone 70 oc. 2lm. 

1-( nz-Meth~~lmercaptopheny1)-3-phenyl 12  169 , 4  1 5960 74.96 T1 86 6 .29  6 .39  

1-( n?-Chloroplienyl)-3-phenyl 33..55 154 , 1  1 . 5 7 4 9  73.6' 7 9 . 7 2  5.35 5 . 2 6  
1-( m-Methox~phenyl)-3-phe.iyl * X I  150 . r i  1.,7689 79.98 79.25 0 70 6.60 - -  

nZ5D 1.,5617, 1.4060 g./nil., Ku 69.35 cc. (calcd. 68.80 cc.) .  % Z ~ D  1.5785, da5 1.1084 g./ml., Ro 68.96 CC. (calcd. 69.17 
cc.). 

TABLE I X  
I)ERIVATIVES OF THE 1,3-DIP€IEh'UL-2-PROPASOSES 

Deriva- ---Carbon, ?;)--. --Hydrogen, %- 
2-Propanone t ive b M.p.,  OC. Calcd. Found Calcd. Found 

l-(p-Clilorophenyl)-3-phenyI T 191.5-192.5 83.10 Kl .  04 4.60 4.88" 

1-( p-blethylphenyl)-3-plienyl T 191-191.5 90, 48 90.31 5.56 5.69" 
l-(p-Methoxyphenyl)-3-phenyl T 191-192 S6.93 86.82 5 . 3 5  5.61" 

1-( ?n-Methoxq.plienyl)-3-~heiiyl T 210-211 86.93 87.13 -5.35 5 . 2 3  
1-( m-Fluorophenyl)-3-plienyl T 209-209.5 86.57 86.44 4 .76  4 .61  

1-( p-Fluorophenyl)-3-phen)-l T 2 15-2 16 86 .57  86.22 4.76 -1.81" 

l-(p-~~ethg-lmercaptophetiyI )-3-phenyi T 200-200.5 83.68 83.61 5.lc5 5.2-la 

1-( m-Chlorophenyl)-3-plieiiyl T 177.2-1i8 83.10 x3.05 4 .  60 4 . 7 0  
1-( nt-Chlorophenyl)-3-phen~-l S 151-152 03 .47  63 ,69 5 .33  5.12 

1-( m-hlethyIphenyl)-3-phen~-l S 86-86.5 7:!,59 72.55 6.81 6.58 
l-(~n-Methylmercaptoplie1i~-l)-3-pl1eii~1 S 1 18.5-1 19 .5  67.51 67.87 5.39 5.36 

Previously described from ketones made by anothcr method." * T = tetraphenylcyclopentadienone; S = semicarba- 
zone; S = p-nitrophenylhydrazone. 

bicarbonate extracts were extracted twice with ether. All 
the ether extracts were combined, washed with water and 
dried over anhydrous sodium sulfate. This rather involved 
procedure was found to be necessary for complete removal of 
phenylacetic acids, the presence of which interfered with 
subsequent purification of the ketones. Removal of the 
ether and distillation of the residue at reduced pressure 
gave the ketones. The yields and physical constants of the 
diphenylpropanones carrying a substituent in the p -  
position are given in Table VII. These have been prepared 
previously by another method.'O Pertinent data on the 
ketones carrying a m-substituent, which are new, are given 
in Table VIII.  As indicated previously, certain of these 
failed to give satisfactory analytical figures. However, 
derivatives prepared from them were satisfactory. 

During the course of these studies, certain observations 
which may be of value in connection with the use of cad- 
mium reagents have been made. Variation of the reagent 
from benzylcadrnium chloride to dibenzylcadmium made 
little differelice in the yield. Changing the solvent from 
ether to benzene or toluene after preparation of the Grignard 
reagent was advantageous in some instances, but the yield of 
benzylcadmium reagent appeared to depend somewhat on 
how much residual ether was left in the solution. If no 
ether was present, the time required for the formation of the 
benzylcadmium reagent was so long that formation of ap- 
preciable amounts of dibenzyl occurred. The thermal 
stability of dibenzylcadmium is so low that it is virtually im- 
possible to change solvents after the reagent is formed. De- 
creasing the temperature of the reaction mixture during and 
after the addition of the acid chloride resulted in the forma- 
tion of considerable amounts of tertiary alcohol. It appears 
that ,  at least with this cadmium reagent, at low tempera- 
tures the rate of reaction of dibenzylcadmium with acid 
chlorides is decreased to a greater extent than is the rate of 
reaction of the reagent with the ketone. These conclusions 
are substantiated by the following experiment. 

l-(p-Methylphenyl)-3-phenyl-2-propanone.-The stand- 
ard preparation method gave 60-70% yields based on the 
acid chloride. However, when benzene or toluene were the 
solvents at lower temperatures, large amounts of 4-methyl- 
benzyldibenzylcarbinol, m.p. 72-73', were formed. 

.4nal. Calcd. for C2JH240: C, 87.3; H, 7.6.  Found: 
C, 87.2; H, 7.6. 

Derivatives of the 1 ,3-Diphenyl-2-propanones.-For char- 
acterization of the ketones condensation of them with benzil 

to yield the appropriately substituted 2,3,4,5-tctraphenyl- 
cyclopentadienones was attempted. To a so!ution of the 
ketone and benzil in a molar ratio of 1:  1.1 in absolute 
ethanol (2.0 ml. per millimole of ketone) either 0.2 ml. per 
millimole of ketone of a 20% solution of potassium hydrox- 
ide in absolute ethanol or 0.2 ml. per millimole of ketone of 
a 357, solution of benzyltrimethylammonium hydroxide in 
methanol was added. After boiling the solution for 30 min. 
and cooling, the highly colored product was collected and 
recrystallized from 2: 1 absolute ethanol-benzene. The 
yields of pure cyclopentadienones varied from 127, with 
l-(m-chlorophenyl)-3-phenyl-2-propanone to 80% with 
l-(p-chlorophenyl)-3-phenyl-2-propanone. Certain of these 
derivatives have been prepared previously from 2-pro- 
panones synthesized by another 

1-( m-Chlorophenyl)-3-phenyl-2-propanonc and 1-( .in-meth- 
ylphenyl)-3-phenyl-2-propanone failed to yield well de- 
fined products by condensation with benzil. They were, 
therefore, characterized as the semicarbazones. Likewise, 
1-(m-methylmercaptophenyl)-8-plien~~l-8-prop~~101ie was 
characterized as the p-nitrophenylhpdrazone. Pertinent 
data on these derivatives are given in Table IX. 

Preparation of the 1 ,3-Dipheny1-2-propanones-3-Cl3 .- 
The general outline of the synthesis only will be given. 
Details cat1 be found in the dissertation.' Benzyl alcohol- 
a-CI3 was prepared by reduction of benzoic acid, CI3, which 
was in turn prepared by reaction of phenylmagnesium bro- 
mide with enriched carbon dioxide, with lithium aluminum 
hydride. Conversion to benzyl chloride-a-C'S and reaction 
of the labeled cadmium reagent with an appropriate phenyl- 
acetyl chloride as in the preceding cases gave the labeled 2- 
propanones. 

Reaction of o-Phenylenediamine with Benza1nide.-Whcn 
a mixture of benzamide and o-phenylenediamine was re- 
fluxed for 20 hr. alone or for 2 hr. in the presence of 2ch of 
p-toluenesulfonic acid monohydrate S-benzoyl-o-phenylenc- 
diamine was formed. Since the latter on heating yields 2- 
phenylbenzimidazole, no useful information obviously could 
be gained from further study of the carboxamido group as a 
substituent. 

ANN ARBOR MICH. 

(36) S. B. Coan, D. E. Trucker and E. I. Becker, TXKS JOURN.AL,  77, 
60 (1955). 


