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The mechanism of dehydration of p-hydroxy acids on 

heating or under the action of dehydration agents, contrary 

to the mechanism of dehydration of alcohols has been investi- 

gated to a rather limited extent. 

Noyce et al. (1) showed that 3-aryl-3-hydroxypropionic 

acids are dehydrated under the action of sulfuric acid via 

a carbonium ion mechanism. In the case of 3-hydroxybutyric 

acid and 34ydroxypropionic acid however the authors assumed 

as more probable an enolization mechanism. 

Zimmerman and Ahramjian (2) investigated in a preparative 

manner the dehydration of the two diastereomeric 2,34iphenyl- 

+hydroqpropionic acids (I) in an I:1 acetic anhydride - 

triethylamine mixture. Under these conditions they found no 

stereospecificity, but high stereoselectivity - only d-phenyl- 

trens-cinnemic acid was obtained. These authors assumed a 

carbsnion mechanism. 

Later Ivanoff, Msrecoff and Amidjine (3) slso studied in 

a preparative manner the dehydration of some sryl-substituted 

3-hydroqypropionic acids on heating in acetic anhydride. In 
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the csse of I they obtained &phenyl-trans-cinnemio acid end 

trans-stilbene (from the method of purification and m.p. it 

mey be concluded that these authors used the three isomer in 

their erpctriments). 

It iis the purpose of the present study to examine the 

dehydration in acetic anb@ride of the two diastereomeric 

acids I in order to establish whether the reaction takes 

place st~?eospecificslly in the absence of triethylamine and 

further to study the kinetics end mechanism of the reaCtiOn. 

Premative studies 

The bydroxy acids were obtained and purified according 

to (4). The acetic anhydride used, twioe rectified, contained 

ca. 0,556 CH3COOH, according to gascbromatographic determina- 

tions (Silicone-elastomer - E 301 at 12O'C). 

Heating 0,5 g tbreo I with 2 ml acetic anhydride in a 

sealed tu‘be at 70°C for 5 hours lead to the mixed anbydride 

of threo-+acetoxy-2,3-diphenylpropionic acid with acetic 

acid (II), which was obtained in 76% yield after removing the 

excess of acetic anhydride under reduced pressure at 40°C and 

subsequent recristallization from benzene-heptsne. At 100°C 

for one hour however only the simple anhydride of threo-3- 

aceto=-2,3+liphenylpropionic acid (III) was isolated in 55% 

yield (a certain amount of solid product was also isolated 

phich according to IR- and U'V-spectra consisted of a mixture 

of the anhydrides of the acetoay acid and the unsaturated 

acid). Similar behaviour was observed in the case of erythro- 

I. Addition of water to the reaction mixture at room tempera- 

ture hydrolyses the mentioned enhydrides to the 3-acetoq-2,3- 

diphenylrropionic acids (IV). Heating d-phenyl-trans-ciic 
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acid, as well as the cis isomer at 135'C with acetic snhydride 

gave only the corresponding simple anhydride (V). 

As the abouve compounds have not been described in the 

literature, the analytic data and the physical constants ace 

presented in table 1. 

The same mixture of' d-phenylcinnemic acids (in the form 

of enhydrides) wes obtained from both diastereomers on heating 

in an exce~a of acetic anhydride I or III,respectively, for 

several hours at 14O'C. After traitement in a preparative 

manner (5) this mixture was found to contain mainly the trens- 

isomer - t:he amount of the cis-isomer was ca.lO%* . Threo I 

gave also an insignificant amount of stilbene (under 0,5% ac- 

cording to W-spectra estimation). The amount of stilbene ob- 

tained is increased on 

CH3COOH/ (CH3CO)20. No 

heating preliminarily, 

to convert I into II. 

heating threo I in a I:? mixture of 

formation of stilbene is observed when 

at 70°C, the reaction mixture in order 

Unetic studies 

The kinetics of the dehydration reaction were studied 

at four temperatures in the 125,9 - 140,9 'C interval. Sealed 

tubes were used (twelve for each run) with I,5 ml 0,4% solu- 

tion of the respective hydroxy acid in acetic anhydride, con- 

taining CE.. 0,5% acetic acid. In order to convert the hydroxy- 

acid'into I? the sealed tubes were initially heated for 5 

hours at 70°C, under which conditions no elimination could be 

*A separate experiment showed that under these conditions a 
detectable, but considerably slower, isomerisation of the 
d-phenyl-ois-cinnsmic acid to the trans isomer takes place. 

XXIn accordance with the above mentioned observations,11 will 
convert into III at the temperacure of the kinetic experiments. 
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detected. The sealed tubes were then placed 

state "H6pplern at the required temperature 

3089 

in au ultrathermo- 

and the tubes were 

then taken out at suitable intervals. The reaction was quen- 

ched by cooling with cold water. The infinity concentration 

of the product was determined after eight half-lives. The 

course of the reaction was followed by determining the con- 

centration of the d-phenylcinnamic anhydrides obtained, by 

measuring in methanolic solutions the peak at x=291 g (due 

to the conjugated double bond). The extinction coefficients 

were the same for both ieomerie. The absorption maximum in me- 

thanolic solution remained practically constant for the first 

2-3 hours after the dilution of the samples with methanol. 

After this period however the extinction slowly decreased 

and the peak shifted to shorter wave lengths. The measurements 

were carried out 2 hours after dilution of the samples using 

an automatic recording UP-spectrophotometer - IArea T2D. It 

wae found that the presence of unchanged III, acetic enhydride, 

acetic acid end methylacetate did not interfere with the mea- 

surements. 

The reaction 

the hydroxy acid as 

was found to be first order with regard to 

may be seen from the plot log(o-x)/t(fig.l). 

4,00- 
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100 200 so0 400 C[nw 

FIG. 1. 
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The rate oonetant values are arithmetic means and the errors 

were aeeeeeed for 994s certainty. 

The plot of log+. againat + gave a good straight line 

(flg.2), which chows that the entropy and enthslpy of activa- 

tion remain practically constant in the temperature interval 

investigated. Asf and Ati were Computed by the least squares 

method from the equation log+= log+- + * - 
# 
T- l 

The errors sre estimated according to the Student-criterion 

for 99% certainty. The values of the rate constants at diffe- 

rent temperatures and those of the activation psrameters sre 

given in table 2. 

FIG. 2. 

In order to determine the effect of the presence of 

acetic acid on the dehydration process, the kinetics of eli- 

mination of three III wera followed in solution of acetic acid 

free acetic auhydride, as well as in acetic anhydride contai- 

ning 2, 5 and 10 per cent acetic acid respectively. The ace- 

tic sphydrlcle (IgO= I.3904 ) used in this serie of experi- 

ments was purified according to (6) and showed no acetic acid 

content when subjected to gaschromatographic analysis. 
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TABIB 2. 

Late Cc B 1 

K.105 

b99.1 

4,8+ 

+0,2 

3,5+ 

*-0,l 

Q@+,l 

6,6?: 

+0,4 

4,7+ 

fo,3 

ast.antsl Activation parameters 

il 

8,5r 

f0,4 

6,5f 7,7* 1692 

+0,4 I I f0,6 f0,15 
I 1 

- 40,1* 

+,0,13 

- 37.12 

+-0,16 

32,03 

to.17 

The kinetic measurements were carried out as deecribed above 

at 135,9'C. The rate constants are listed In table 3. These 

data show that the rate of elimination decreases proportionel- 

ly to the square root of the acetic acid concentration. The 

same effect is also observed in the case of eryt;hro I, since 

the ratio X,-l/ X,&0~ = 1,24, observed at 135,9'C in 

acetic anhydride containing 9% acetic acid, ie similar to the 

ratio, observed in the case of the dehydration in acetic an- 

hydride with 0,5% acetic acid at 135,9, i.e. 1,30. 

TABB 3. 

% Acetic Acid 

in Acetic Anhydride 

090 

2,O 

590 

IO.0 

7 
Rate Constants 

of Threo III at 135,9'C 
K.105 bee-l] 

13,7 2 1.7 

3r6 t 0,5 

I,5 f 0,14 

0,71~0,07 
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It 'wes further established, in a separate experiment, 

that prolonged heating (50 hours at 136,5'C) of d-phenyl- 

trens-cinnamic acid in a mixture of Be20 : AcOR = 2 : 1 

gave no detectable amounts of III, which indicated that the 

elkinat$on reaction studisd Proceeds practically as an 

irreversi.ble reaction. 

Discussion of the mechanism of elimination 

Comparison of our data with those of (2, 

the rate of dehydration of the diastereomers I 

with the change of medium in the order: 

Ao20 + Bb3'o (I:?) > Ac20 + AcORa ) Ac20 > Ac20 

5) shows that 

decreases 

+ AcOR (1O:l) 

This order suggests that the meahanism of the reaction 

does not change significantly with the change of the basicity 

of the medium. The carbanion mechanism advanced by Zimmerman 

and Ahramjien (2) explains well our experimental data if the 

following reaction scheme is assumed: 
8 a 

'6'5 1 1 -CR-'X-CO-OR + Ac20 --‘C H -CH--C---OR + Ac2OH 
651 I 

AcO 'SH5 AcO CSH5 
erytbro orthreo 

8 
-CR-~-OR 'SH5 1 1 c- C6H5 -CH=&-CO-OR + AcO" 

I 
AcO '6'5 'SH5 

trens or cis 

Ac2& + AcOe _ Ac2o + AcOH 

R= C6H5-CH-FH-CO- or 
AC b 

C6H~CH=y-CO- or CH3CO- * 

'S"5 'SH5 
eqthro orthreo trans or cis 

'Zimmerman and Ahrsmjian assumed that under their conditions 
the disstereomers I are dehydrated under the form of the mixed 
anhydri~des II; our experiments do not completely exclude the 
participation of certain although insignificant amounts of II. 
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The above mechanism is supported by the very large 

negative entropies of activation. A similar value (-50 e.u.) 

was found by Eordwell et al. (7) for the elimination of 

I-acetoqy-2-nitro-I-phenylcyclohexane in chloroform-ethanol 

mixture with piperidine as catalyst. The authors also assumed 

a cerbenion mechanism. These values are comparable to certain 

other reactions in nonpolar media where ions are formed from 

neutral molecules (8). 

An alternative path for the dehydration in acetic en- 

hydride, particularly in the presence of acetic acid, as op- 

posed to that passing via a true cerbenion is the reaction 

proceeding via enol similarly to the mechanism adopted by 

Noyce and Reed (9) for the dehydration of 4-hydroTg_rc-phenyl- 

2-butanone end its p-nitro derivative under the action of 1,OM 

sulfuric acid. It can be easily shown however that in such a 

case the rate of elimination should increase with the increase 

of acetic acid concentration. Another possibility to be consi- 

dered is a carbonium ion mechanism similar to that assumed by 

Noyce et al. for the dehydration of j-eryl-3-hydroxypropionic 

acids in sulfuric acid medium (I). Our present kinetic data 

are insufficient for making a definite choice between this 

carbonium ion end the above cerbenion mechanism since both 

are consistent with the observed effect of acetic acid on the 

rate of elimination. The substrates and particularly the expe- 

rimental conditions of Noyce et al. (I) differ however quite 

significantly from ours. In sulfuric acid the p-hydrow 

group will be protonated to a much higher degree and consequen- 

tly its cleavege will be much enhanced in comparison with that 

in acetic enhydride/acetic acid medium. On the other hand in 

the case of the 2,3-diphenyl-3-hydroyopiodc aci33 stud%& 
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the d-hydrotgen atom will be considerably more labile thsn that 

in the 3-qpl-3-hy&o~opio1xLc acids. These considerations 

end the abcve mentioned decrease of the rate of elimination 

with the decrease of basicity of the medium leads us to consi- 

der as more probable in our case the cerbanicn mechanism. 

As in the case discussed it is not a s*le but several 

substances which undergo elimination, no straight forward 

explanation may be given to the fact that the erFthro isomer 

reacts about I.3 times faster then the threo one. 

The jnvestigations are continuing. 
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