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way as Table I ,  but for K ( 0 )  = 3.50 X lo-' and 
L = 1.025 X 1 W 4  molar The data for the last 
column of Table I lie very close to curvc C. Thus 
a difference of this order in  KiO) gives rise to '1 dif- 
ference in AX Xo oi one unit. 'This procedure 
therefore constit a wnsitir c nicthocl for estinia- 
tion of K10, 
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The reaction of atomic deuterium, produced by 
the discharge-tube iriethod. with methane has been 
investigated a number of times.' 'The reaction 
takes place a t  an ai'. ,:.eciable r,ite only a t  elevated 
temperatures, as it :ti)pm-s to 11 both a relatively 
high activation enr rg \~  ;.111d 21 li\.t.ly low steric 
factor.2 As pet, I I O  utieciuix.ocr:! ciiuice of riiecli- 
anisrn for the exchange has Iiet.11 jj&sible. The 
suggestions are (a I h?-drogen abstraction, 1) i 
CH4 = CH3 + HI), followed by exchange of the 
methyl radical prior to stabilization as a deutero- 
methane, and (b) an inversion processs, D + CHI = 
CH3 f €1. Since CHa radicals are 
change rapidly with 1) ati.)iiis," i11 
latter mechanisri~ [a; \voultl leziti t c  
major exchange product. lVith mechanislil [b) 
operative, the major product WI ~uld bc CH:J). 
In the present work, the distribution of product 
cleuteroniethanes from the I.) + CHI reaction has 
been determined by nieans of inass spectro1:ietry. 
CD4 was found to constitute al.;out SOT0 qi the 
exchange product, most of tlie reliiai~iing deutero- 
methane being CIIL>:+. Strong evidence is tlius 
provided that tnechariisiii ( a )  :.&me accounts for 
this exchange. 
In an extension of this work, the analogous 1) + 

CH3D reaction was investigated with a view to 
determining the nature of possible isotope effects. 
In terms of rriechanisin (a), tllc r:tte-deteriili!iing 
reactions to he c:msideretl are 

I1 + CHI = CIL -+ iILt irate con-taut, = 3 k l ;  
I1 + C k &  = CHUII + 1-11] (rate constant = : jk2 i  
D + CI1.J) = CI-13 -t I ): irate constant = k.. I 

k s  and k 8  should difirr iii iriagnitutle d ~ e  to zero- 
point energy diffrrctiws. 'I'aki values of thc 
C-H arid GI) strckhirig ir 11 ckf : ; I l  t0 !E 
:io00 and 2200 cn1. I,,! 0:le ~ estiiriate ti:c 
rate constant ratio h , ; k ?  == a t  ;A3)'.: \I-heiice, 
if k l  and ke are assumed i d t > t i t i r x l ,  the rekitire rates 

of exchange of CHaD and CH4 should be (3X.2 + ka) /  
4kl = 0.85. In  the present study, known mixtures 
of CH3D and CH4 were exchanged with atomic 
deuterium, and i t  was found that the CHaD/CH4 
ratio did not change within the experimental error 
during 5oq.b reaction. Since i t  is inconceivable 
that k? and ka be identical, it appears that  k? must 
in fact be greater than k l .  Support for this hy- 
pothesis comes from the data on electron-impact 
bond-breakage probabilities for C--H in CH4, C-H in 
Cfla-D and C--I> in  CHJ). ratio of 1 .00 : 1.2 1 : 0.X 
is obtained if one ayerages the results of the several 
studies reported." If the D-atorn exchange rate 
constarits bear the same type of relationship to one 
another: nearly identical rates of exchange for 

are to be expected, since in this 

Experimental 
Tlic exchanges TTCK effected in a conventional LVood tube 

type of apparatus,' utilizing a water-jacketed discharge- 
tube and a 2.5 liter spherical reactor flask. The reactor 
was enclosed by an electrically-heated transite oven, and 
its temperature controlled manually, temperature readings 
being taken on three s t ra teg i rdy  placed thermocouples 
o i i  the ~vv:ills of the bulh. .Itom concentrations, which 

tween 10 and 20% in the various experiments, 
iated t1.v meails of i t  Ll.rede-Harteck gage. The 
ce of the reactor T \ - ~ L S  "poisoned" toward hydrogen 

atoni recombination I>)- 3 coating of pyrophosphoric acid, 
~ h i c h  proved quite effcctivc cven a t  the elevated tempera- 
tures i)f  the esperitnerils. The rnethane reactant was intro- 
duced into the criiter of the reaction vessel at a rate of about 

, per minute a t  S.T.P. At the low pressure within the 
tor (0.5 m m . )  rapid tlifiusioiial mixing with the excess 

of pxtially dissoc.i;tted deutcriiiin took place (rate of deu- 
trriurn flow was 6 5  cc. per rninute ;it S .T.P.) .  On leaving 
the reactor, the niethatie products and a small amount of 
deuteriuin were retained in a silica gel trap rnairitaiiied a t  
liquid air temperature. i2t the completion of the run, 
urunlly of 1 0  to  13 minutes duration, the methanes were 
separatcd from the adsorbed deuterium by repeated dis- 
tillation between ti70 alternately chilled silica gel traps. 
The rrirthanes were then coinpletely desorbed by warmiiig 
to --SO' and saiiiplcs taken for mass spectrometric assay. 

Pure methane was prepared by tlie hydrolysis of methyl- 
m,igriesium iodide in :in atmosphere of hydrogen. The 
Grignard was prepared as a paste in dioxane, and aqueous 
dioxaue added as hydrolyzing reagent. The gas was puri- 
fied by passage through traps a t  Dry Ice and liquid air tem- 
pvratures, and finally condensed into a pumped-down liquid- 
oxygen-cooled trap a t  -215". Monodeuteromethane of 
high purity was similarly prepared, using rigorously de- 
hydrated solvent and 9!1.07~/', heavy water. The methane! 
deuteromethane inistui iis for use in the isotope effect ex- 

inass spc~ctroiiietric aiialyses were performed OII a 

whilc t l i a t  of CI) ,  \\-as calculotctl from the spectrum of CHJ, 
-11 it is closely enough malogous for our purpose.6b'c 

t'nt peak seiisitivities of the various methanes were 
ideritic;il in making the cornposition computations. 
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peaks and the fact that  i t  was present in only small amount 
if at all. There could have been as much as 3% of this 
constituent without a clear indication of its presence. 

The evidence 
for near-complete exchange is clear in every instance. Ex- 
periments 7 and 8 show unmistakably that there is no appre- 
ciable difference in the rates of CHa and CHID exchange. 

Expt. no. 2 3 4 5 6 7 8  
Teinp., "C. 360 340 342 365 370 350 350 

Reactant methanes, % 

The results obtained are tabulated'below. 

CHI 100 100 100 0 0 50 33 
CH3D 0 0 0 100 100 50 67 

Product niethanes, % 
CHI 39 50 52 0 0 26 16 
CH3D 3 3 2 53 53 25 34 
C H Z D ~  0 0 0 0 0 0 0  
CHDj 8 6 4 8 7 1 1 1 0  
CDa 50 41 42 39 40 38 40 
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Base-catalyzed, aldol-type condensations of car- 
bonyl compounds with weak secondary acids ca- 
pable of losing a proton have been studied to some 
extent from the standpoint of kinetics and mecha- 
nisms.2 No kinetic studies have been made on the 
Perkin condensation, but its mechanism has been 
formulated as an aldol-type condensation of an 
acid anhydride with an aromatic aldehyde.*" 

The present investigation is concerned with the 
kinetics of the base-catalyzed condensation of benz- 
aldehyde with phenylacetic acid in acetic anhydride. 
This particular condensation is of interest as a 
starting point in the study of the effect of substit- 
uents on the benzene ring of both the benzaldehyde 
and the phenylacetic acid. 

Experimental 
Reagents.-Commercial benzaldehyde was washed with 

10% aqueous sodium carbonate and then with water. I t  
was dried over magnesium sulfate and distilled a t  reduced 
pressure (below 30 mm.)  in the presence of a little Qydro- 
quinone. The acetic anhydride was distilled a t  745 mm.,  
and the fraction boiling 137-139" vas  used. Both of these 
reagents were purified in sinall quantities and were used as 
soon as possible. 

The anhydrous amines were obtained from Sharples 
Chemicals, Inc. The phenylacetic acid uas a recrystal- 
lized commercial preparation of m.p. 76-77". 

(1) From the  Ph.D. thesis of Keith G. Bremer. Presented before 
the Division of Organic Chemistry of the  American Chemical Society, 
Atlantic City,  N. J., September, 1952. 

( 2 )  (a) E.  R.  Alexander, "Principles of Ionic Organic Reactions," 
John Wiley and Sons, Inc., New r o r k ,  N. Y . ,  1950, Chap. 9, (b) J. D. 
Gettler and L. P. Hammet t ,  THIS JOORNAL, 65, 1824 (1943). (c) 
E. F. Pra t t  and E. Werble, ibid., 72, 4638 (1950). (d) T. I. Crowell 
and F. A. Ramirez, ibid., 73, 2268 (1951). 

Product Isolation.-The condensation of 54.6 g.  of phen- 
ylacetic acid and 42.4 g.  of benzaldehyde in 80 ml. of acetic 
anhydride containing 40 ml. of triethylamine was carried 
out as described before.3 From the reaction mixture was 
isolated 60-67 g. ( 670-75%) of crude a-phenylcinnamic acid 
of m.p.  around 156 . From this crude product 48-52 g .  
( 5 4 5 8 % )  of product of m.p. 172-173' could be obtained by 
crystallization from 50% ethyl alcohol. 

In a similar experiment carried out a t  room temperature 
for six days a 63% yield of crude product was obtained. 

Kinetic Measurements.-The reactions were carried out 
in an all-glass apparatus consisting of a 500-ml. three-necked 
flask fitted with a long air condenser, protected from atmos- 
pheric water vapor, and a True-Bore glass stirrer. The 
reaction flask was immersed in a thermostatically controlled 
oil-bath whose heating element was contained in the wall 
of the bath. The temperature was kept constant to within 
0.1" a t  the temperatures used. Varying amounts of phenpl- 
acetic acid in 150 ml. of acetic anhydride were added to the 
reaction flask and allowed to remain in the bath overnight. 
The benzaldehyde and the amine catalyst were then added 
with stirring. An initial 5-ml. sample was withdrawn into 
a pipet fitted with a hypodermic syringe as soon as the mix- 
ture was homogeneous. Further samples were taken a t  
regular intervals of time thereafter. The analysis for benz- 
aldehyde was carried out by a modification of the procedure 
described for the determination of carbonyl compounds in 
the presence of carboxylic acids.4 A 5-ml. sample was 
added to 100 ml. of 90% aqueous methanol and the mixture 
was allowed to stand for 15 minutes so that the anhydride 
would be destroyed. The pH of the solution was then ad- 
justed to 2.5 with 0.5 AV aqueous hydrochloric acid and 25 
ml. of the 0.5 N hydroxylamine hydrochloride in 80% ethyl 
alcohol (pH 2.5) was then added. After a reaction period 
of 15 minutes the hydrochloric acid formed was titrated with 
0.463 ;L' carbonate-free sodium hydroxide in 80% methanol 
to  an end-point of pH 2.5. The results of the titration of the 
initial samples coupled with the initial mole ratios of the 
reagents added were used to calculate the initial concentra- 
tions of the runs. Satisfactory agreement within experi- 
mental error mas obtained in a number of duplicate deter- 
minations. The runs with variations in concentrations, 
catalyst and temperature are summarized in Table I .  

TABLE I 
SUMMARY OF BASE CATALYZED COSDENSATIOSS OF PHENYL- 
ACETIC ACID WITH BESZALDEHYDE IS ACETIC ANHYDRIDE AT 

100" 

Run 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12e 
13' 
14g 

Concentrations of reagents, J4 

1.058 1,058 0.000 
1.002 1.002 ,577 
0.972 1.944 ,560 
1.889 0.964 ,550 
1.032 1 ,032 ,297 
1 ,007 1 ,007 ,580" 
0.978 0,978 . 564b 
1.076 1.076 ,620' 
1 ,198 1. 198d ,690 
1.261 0.000 ,000 
1.256 0.000 ,723 
1.060 1.060 ,611 
1.001 1,001 ,577 
1.014 1.014 ,584 

PhCHO PhCHzCOOH Et3N k X 106 

. . .  
7.6  
6 . 2  
5 . 7  
7 . 5  
6 . 9  
5 . 9  
5 . 1  
0.18 

0.15 
1.04 
6 . 3  

10.2 

. . .  

a Tri-n-propylamine mas used as a catalyst. Tri-n- 
butylamine was used as a catalyst. "Potassium acetate 
was used as a catalyst. Acetic acid was added in place :f 
phenylacetic acid. " T h e  reaction w p  carried out a t  26 . 
1 The reaction was carried out a t  80 . 0 The reaction was 
carried out a t  120'. 

Results and Discussion 
The various runs carried out and their results are 

Typical titration data for summarized in Table I. 

(1951). 
(3) R. E. Buckles, hl. P. Bellis and  W. D. Coder, Jr . ,  ibid., 73, 4972 

(4) D.  hl. Smith and J. Mitchell, Jr., Anal.  Chem., 22, 750 (1950). 


