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A reac t ion  p roceeds  a s y m m e t r i c a l l y  due to a di f ference in the r a t e s  of two compet i t ive  p r o c e s s e s  
which lead to the development  of m i r r o r - i m a g e ,  i s o m e r i c ,  a s y m m e t r i c a l  cen te r s ;  the r e a s o n  for  the non-  
equivalence of these  p r o c e s s e s  is the di f ference in thei r  s t e r i c  h indrances .  As a r e su l t ,  the investigation 
of the effect  of p r e s s u r e  on the  s t e reospec i f i c i ty  of an a s y m m e t r i c a l  synthes is  is in t imate ly  bound up with 
a study of the genera l  p r inc ip les  of the effect  of p r e s s u r e  on s t e r i ca l ly  hindered r eac t i ons .  The following 
rule  has  p rev ious ly  been formulated:  the m o r e  s t e r i ca l ly  hindered a chemical  react ion,  the more  it will be 
acce l e r a t ed  by p r e s s u r e  [1, 2]. According to the model  p roposed  for  the explanation of this pr inc ip le ,  the 
Van -de r -Waa l s  sphe re s  of repuls ing  a toms over lap  during the fo rmat ion  of the t rans i t ion s ta te ,  and this 
leads  to a dec r e a s e  in the volume [1]. The la t t e r  will be even more  significant ,  the g r e a t e r  the s t e r i c  
h indrance of the r eac t ion .  

However ,  in our p rev ious  invest igat ion of the effect  of p r e s s u r e  on the s t e reospec i f i c i ty  of the a s y m -  
m e t r i c a l  condensation of d i - ( - - ) -menthyl  fumara t e  with butadiene [3], we found that the exper imenta l  r e su l t s  
do not ag ree  with the indicated model .  To explain the exper imen ta l  data it was a s sumed  that s t e r i c  hindrance 
leads to a d e c r e a s e  in the f r ee  volume as a consequence of a dec r ea se  in the conformat ional  mobil i ty  of in-  
t e rac t ing  groups of a t om s .  If this  effect  p reva i l s  over  the change in the intr insic  volume postula ted by the 
e a r l i e r  ove r l app i ng - s phe re  model ,  one should expect  symbat ic  c h a r a c t e r  in the ma jo r i ty  of c a se s  in the 
changes in (-AS ~) and (-AV ;~) r a t he r  than in E and (-AV;~), as was obse rved  in [3]. 

The a im of this study was a fu r ther  ver i f ica t ion  of the new hypothes is .  A convenient subject  for  the 
study was the a s y m m e t r i c a l  synthes is  of a t ro lac t ic  acid (AA) by the addition of CH3MgI to (--)-menthyl 
phenylglyoxylate  (MPG): 

TABLE 1. Effect  of P r e s s u r e  on 
the A s y m m e t r i c a l  Synthesis of 
At ro lac t ic  Acid 
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This r eac t ion  was f i r s t  studied by McKenzie [4], and was then one 
of the subjects  of the c l a s s i ca l  invest igat ions of P r e log  [5, 6]; it 
was found that the AA f o r m  contains an excess  of the ( - - ) - i somer .  
It was recen t ly  es tabl i shed [7] that a change in t e m p e r a t u r e  f r o m  
- 9 5  to +35 ~ does not affect  the degree  of a s y m m e t r i c a l  synthes is  
and that both compet ing reac t ions  the re fo re  have the s ame  energ ies  
of act ivat ion over  the indicated t e m p e r a t u r e  range;  the s t e r e o -  
speci f ic i ty ,  however ,  is de te rmined  by the d i f ference  in the AS ~ 
values  [(AS(_~-AS(.~)_.. ~ = 0.9 eu]. According to the over lapping-  
sphere  moae , ,  p r e s s u r e  should not affect  the s t e reospec i f i c i ty  of 
this reac t ion ,  s ince the equali ty of the energ ies  of act ivat ion a t -  
t e s t s  to the s a m e  values  of s t e r i c  s t ra in ,  and, as a r e su l t  of this ,  
a lso  apparent ly  a t tes t s  to the s a m e  over lap  vo lumes .  However ,  
according  to the new model ,  one could expect  a dec r ea se  in the 
s t e r eospec i f i c i t y  with inc reas ing  p r e s s u r e ,  s ince the m o r e  rapid  
fo rmat ion  of the ( - - ) - i somer  of AA is cha rac t e r i zed  by a s m a l l e r  
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( -AS ;~) value and, consequently,  should have a s m a l l e r  ( - A V  ;~) value than the reac t ion  to f o r m  its antipode. 
As a consequence,  the reac t ion  (which p roceeds  at a high rate)  should be acce l e r a t ed  by p r e s s u r e  to a l e s s e r  
extent than the second reac t ion ,  and the d i f ference  in r a t e s  should d e c r e a s e  with inc reas ing  p r e s s u r e .  

EXPERIMENTAL METHOD 

We used MPG obtained by the method in [4] in the exper iments :  [ee]Da~ - 4 4 . 5  ~ (C 1.00, ethanol), mp 
70.0-72.5 ~ l ice] i ]~  ~ (C 1.04, ethanol) and mp 71-72 ~ [8]]. G a s - l i q u i d  ch romatograph ic  analys is  of the 
MPG demons t ra t ed  the absence  of menthol (LKhM-8M chromatograph ,  flow m e t e r ,  2 m x 4 m m  cehlmn,  
s i lanized C h r o m o s o r b  W with 15% SKFT-100 s i l icone,  150 ~ hel ium as the gas c a r r i e r ) .  

The invest igat ion was c a r r i e d  out at 25 ~ and 1000, 3000, and 5000 k g / c m  2. As a ru le ,  s e v e r a l  e x p e r i -  
ments  we re  accompl i shed  at each p r e s s u r e .  A p rev ious ly  developed technique for  mixing the r eagen t s  di -  
r e c t l y  under  p r e s s u r e  was used  [9]. The reac t ion  v e s s e l  was a thin-walled Tef lon ampul divided into two 
p a r t s  by a th inTef lon  f i lm.  A solution of 1 g of MPG in 22 ml  of absolute e ther  was poured  into the l a r g e r  
p a r t  of the ampul ,  which a lso  contained a compact  f i r ing  pin. A total  of 7 mI of an e ther  solution of a G r i g -  
na rd  reagen t ,  p r e p a r e d  f r o m  0.25 g of Mg and 0.25 g of CH3I , was poured into the s m a l l e r  pa r t  of the ampul .  
The ampul  was p laced in a the rmos ta t ed  h i g h - p r e s s u r e  ve s se l ,  which was r e v e r s e d  a f te r  supplying the p r e s -  
su re  and aging.  The f i r ing  pin pe r fo r a t ed  the f i lm in the p r o c e s s ,  and the solutions were  mixed.  After  aging 
for  30 rain, the ampul  was withdrawn. The complet ion of the reac t ion  was moni tored  by g a s - l i q u i d  c h r o -  
matography  (with the column desc r ibed  above at 205-215 ~ ) with r e s p e c t  to ana lys i s  of the produce obtained 
a f t e r  decomposi t ion  of the Gr ignard  complex .  The expe r imen t s  we re  t r ea ted  in accordance  with [6], but the 
menthyl  e s t e r  of AA was vacuum f rac t iona ted  p r i o r  to saponif icat ion to give a m a t e r i a l  with bp 141--142 ~ 
(1.5 ram).  After  thorough drying in vacuo at 60 ~ the AA mel ted  at 92-93 ~ [6]. Found: C 65.05; H 6.2!%. 
CaH1oO 3. Calculated: C 65.05; H 6.06%. 

The optical  ro ta t ion  was m e a s u r e d  with a "Hi lger  M-412" p o l a r i m e t e r  with the  light of a sodium lamp 
with an accu racy  of :~0.01 ~ in a 1 dm long tube in absolute alcohol (C 3.0 to 6.0). Each sample  wets analyzed 
twice,  including p r epa ra t i on  of a solution and m e a s u r e m e n t  of the optical  densi ty .  The specif ic  ro ta t ion  of 
the AA obtained by this expe r imen ta l  method coincided with the value obtained in the usual  expe r imen t  m a 
g lass  appa ra tus .  Changing the location of the reagen ts  in the ampul  did not affect  the r e su l t s .  

DISCUSSION OF RESULTS 

The experimental results are presented in Table i. The [O~]D2~ values that we obtained at atmospheric 
pressure were somewhat higher than the values presented in [6] (-9.6 ~ but close to the values obtained in 
[4, 8] (-ii.0 to -ii.5~ These differences are apparently due to the degree of drying of the AA. To cheek 
the stability of the reaction product under pressure the ampul was held for 1 h at 5000 kg/cm 2 after carrying 
out the reaction at atmospheric pressure. The AA obtained after experimental treatment had [~]i~ ~ -ii.4 ~ 
which lies within the limits of experimental error at atmospheric pressure. Thus the [C~]D2~ values obtained 
reflect the true, kinetically monitorable stereospecifieity of the reaction. The stereospeeiftcities, 8p = k(_) 
/k(+), calculated from the formula Sp = (i00 + p)/(100-p), where p is the optical yield in percent, are given 
in the last column of Table i. 

The stereospecificity decreases with increasing pressure, which should have been expected from the 
hypothesis of the relationship between steric hindrance and the decrease in the free volume. The dependence 
of log Sp on pressure is expressed by a smooth curve. The volume effect of stereospecificity, AAV~t = (AVe) 
- ~ V ( ~ ) )  : # # (Vi_).- Vi+)) , was calcula ted by means  of the equation 

O P  ] T  ~ - -  R T  " 

with r e s p e c t  ~o the slope of the P : 0 curve  and was found to be 1.2 en'~a/mote. 

In our prev ious  pape r  [3], s t a r t i ng  f r o m  the hypothes is  of the re la t ionship  between the s t e r i e  h indrance 
and the change in the f r ee  volume,  we fo rmula ted  a ru le ,  according  towhich the p r e s s u r e  should p romote  an 
i nc rea se  in the s t e r eospec i f i c i t y  if the i s o m e r  that is fo rmed  in excess  is c h a r a c t e r i z e d  by a lowee p r e e x -  
ponential  fac tor  in the Arrhen ius  equation than that of its d i a s t e r o m e r .  If this is not the case ,  the p r e s s u r e  
should d e c r e a s e  the s t e r eospec i f i c i t y .  In accordance  with this ru le ,  we obse rved  both cases :  a dec r ea se  in 
the s t e reospec i f i c i ty  for  the reac t ions  studied in this paper ,  and an inc rease  in the s t e r eospee i f i c i t y  with 
inc reas ing  p r e s s u r e  for  the reac t ion  of d i - ( - - ) -menthyl  f umara t e  with butadiene [3]. 
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C O N C L U S I O N S  

1. A decrease in the sterospecificity of the asymmetrical  addition of methylmagnesium iodide to 
(--)-menthyl phenylglyoxylate on increasing the pressure  to 5000 kg/cm 2 was found. 

2. The hypothesis, according to which the additional accelerating effect of pressure  in sterically 
hindered reactions is due to a decrease in the free volume, was confirmed; the latter is due to the r e s t r i c -  
tion of the conformational mobility of the interacting groups of atoms during the formation of the transition 
s tare. 

3. The previously formulated rule which determines the effect of pressure  on the stereospecificity 
of asymmetrical  synthesis was confirmed. 
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