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Nueleophilie substitution of halogen in 4-halo derivatives of  glutamic acid 
3.* High pressure effect on the stereochemical result of the reaction 
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Reactions of diastereomeric dialkyl N-phthaloyl-4-haloglutamates with para-anisidine 
were studied at high pressure, and an additional confirmation of the exact SN2 mechanism of 
the reactions was obtained. Quantitative parameters of the relative reactivity of the diastere- 
omers were found in various solvents, which made it possible to perform the desired synthesis 
of products of diastereomeric substitution. 
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React ions o f d i m e t h y l  N-ph tha loy l -4 -b romog lu t ama-  
tes (1) with arylamines  are diastereoselect ive,  and the 
yield o f  the threo-isomeric subst i tut ion product  is three-  
to fivefold higher  than that  o f  the erythro-isomer, z 

A kinetics model  o f  the  process was suggested and 
the react ion rate constants  o f  d ias tereoisomeric  dialkyl 
N - p h t h a l o y l - 4 - b r o m o -  (and 4 - iodo - )  glutamates 1- -3  
were de te rmined .  3 Subst i tut ion o f  halogen occurs via a 
mechan i sm close to the exact  SN2 reaction. A model  for 
in terpre ta t ion  o f  the s tereoselect ivi ty  of  the reactions of  
these conformat iona l ly  mobi le  substrates was suggested. 3 

AIkO2C ~ CO2AIk AIkO2C ~ CO2AIk 

'. R--NH 2 
X NPhth = R --NH NPhth 

1 - - 3 a  k3 4 , 5 b  

R---N H~ 2- 
X NPhth R --NH NPhI~ 

k 4 
1 - - 3 b  4 , 5 a  

substitution of  halogen in compounds  1- -3  under  the 
action ofpara-anisidine in various solvents was studied in 
this work. 

Mixtures o f  dialkyl (2S,4R)- and ( 2 S , 4 S ) - N - p h t h a -  
I o y l - 4 - b r o m o -  (or  4 - i o d o ) - g l u t a m a t e s  ( l b - - 3 b  or  
i a - - 3 a ,  respectively) were used. Their  initial concen t ra -  
tions in E tOH,  M e C N ,  or  C6H 6 were 0.0325 mol L - I .  
A twelvefold excess o f  arylamine  was taken.  

Current  concent ra t ions  of  the reagents were deter-  
mined by HPLC.  The react ion kinetics was s tudied at 
5 kbar and 68 °C in C6H 6 and at 53 °C in E tOH and 
MeCN.  The ca lcula t ion  o f  the volume o f  the solvents 
ment ioned  at 5 kbar by the Tait  equat ion s shows that 
the effect of  different compressibi l i t ies  on k 3 and k a 
values can be neglected.  Rate constants  o f  pseudo-f i rs t  
react ions k 3 and k 4 as well as parameter  S (S  = k4/k 3) 
were ca lcula ted  by the method described previously, z 

When the pressure increases from normal  to 5 kbar, 
the k 3 and k 4 values increase more than 1000 t imes  for 
compound  1 in C6H 6, while they increase approximate ly  
by 20 t imes in EtOH and M e C N  (Table 1). 

The exper imenta l  data  show that in E tOH and C6H 6 
the sum of  the concent ra t ions  of  compounds  l a  and lb  
at any moment  is equal to the initial concent ra t ion  of  l a  

1: X = Br, AIk = Me 4: Alk = Me 

2: X = I, AIk = Me 5: Alk = Et 

3: X = Br, AIk = Et 

Phth is phltlaloyt, R = n-CHaO--C6H 4 -  T/°C Solvent p/kbar k 3 • 105/s -I k 4 • 105/s -I S 

a are threo-, b are ecythro-tsomers 68 C6H 6 0.001 0.12 0.48 40  

Similar  reactions strongly depend on the conditions 5.000 153.00 527.00 34 
(solvent, tempera ture ,  and pressure). 4 Therefore,  the ef- 53 EtOH 0.001 0.79 4.12 5.2 
fect of  high pressure oll the diastereoselectivity of the 5.000 15.80 67.70 4 3 

53 MeCN 0.001 070 3.11 44  
5.000 16.20 5190 32 

* For Part 2, see Ref. 1. 

Table !. Effect of pressure on diastereoselectivity (S = kJk 3) 
of the reaction of dimethyl (2S,4RS)-N-phthaloyl-4-bromo- 
glutamic acid with para-anisidine 
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within accuracy o f  measurements .  By analogy,  the sum 
of  the concent ra t ions  o f  compounds  lb  and 4a is equal 
to the initial concent ra t ion  o f  the bromo-subs t i tu ted  
derivative of  lb.  This means  that the rate of  mutual  
t ransformat ion o f  the isomers o f  compound  1 is consid-  
erably lower than that  of  nucleophil ic  substitution. There-  
fore, according to the model  described,  z the k I and k 2 
values were accepted  equal to zero for calculat ions of  S 
in these solvents. The k~ and k 2 values in MeCN are 
a lmost  the same as those at normal  pressure (k I = 
3 .6 .  10 -4 L (tool s) - t  and k 2 = 3.7" 10 -4 L (mol s) - l )  
and,  as ment ioned  previously,  2 are effective, because 
they include the degree of  dissociat ion ofpara-anisidine 
hydrohal ide ,  the activity of  the  bromide  ion, etc. 

Considerable accelerat ion of  the substitution under the 
action of  pressure testifies to the Winstein substitution 
mechanism without pre- ionizat ion,  6 i.e., exact SN2 substi- 
tution. The S value changes insignificantly, somewhat 
decreasing in both C6H 6 and polar  solvents. Since steric 
hindrance is usually associated with a lower volume than 
that  occupied by the sterically nonhindered stereoisomer, 7 
a more sterically strained transition state (from threo- 
isomer) has a lower volume, i.e., the activation volume for 
reaction l a  --- 4b is somewhat more negative than 
that  for reaction ib  --- 4a,  and the acceleration of  the 
l a t t e r  upon  p ressu re  is weaker .  As a resul t ,  the  
diastereoselectivity of  the process decreases as the pres- 
sure increases. However, changes in the S parameter  of  
the reactions are insignificant in all solvents. It is likely 
that an increase in pressure results in similar changes in 
structures of  transition states of  parallel reactions. 

An increase in pressure results in a decrease in the 
d ias tereomeric  ratio of  threo- and erythro-products (R) 
in the  mixture obtained by the react ion of  the diastereoi-  
somers  o f  compound  I (content  o f  l a  in the initial 
mixture was 67.0 %) (Table 2), which can be caused by 
a relative decrease in the rate of  mutual  t ransformat ion 
of  the dias tereomers  of  halo-subst i tu ted  derivatives com-  
pared to subst i tut ion reactions. Relative retardat ion of  
ep imer iza t ion  under  pressure allows one to obtain mix- 
tures of  isomeric  products ,  which are more enriched in 
the s te reoisomer  with the inverted configurat ion of  the 
C(4) a tom than in those obta ined at normal  pressure 
from individual  d ias tereoisomers  of  halo-subst i tu ted de- 
rivatives. For  example ,  a mixture of  products  5 conta in-  
ing 72.4 % of  5b was obtained from individual isomer 3a 
in 1 h in C6H 6 at 7.5 kbar, while a mixture containing 
70 % of  product  4a was obtained from isomer 2b under  
the same condi t ions .  Therefore ,  a mixture of  products  
enr iched with derivatives of  erythro-isomers of  4-aryl -  
aminog lu tamic  acid, which were diffficultly accessible 
previously,  can be obtained at high pressure. 

Thus,  the diastereoselect ivi ty  of  halogen substi tution 
in the derivatives of  4 -ha log lu tamic  acid decreases in- 
significantly as the pressure increases, which indirectly 
conf i rms the conformat iona l  nature of  diastereodifferen-  
t iat ion.  Stereoisomers  of  derivatives of  4 -a ry lamino-  
g lutamic  acid with a higher d ias tereomeric  purity can be 

Table 2. Degree of conversion and ratio of  isomers of products 
R = [AI/[B]* with various solvents and pressures at 68 *C 

Subst- A (%) Solvent p/kbar Reaction Degree R 
rate time of con- 

rain version 
(%) 

I 67.0 MeCN 0.001 360 63.5 2.97 
2.5 60 45.9 2.31 
5.0 60 90.4 2,34 
7.5 60 98.9 1.94 

2 1.9 C6H 6 7.5 60 100 5.58 

3 98.0 C6H 6 7.5 60 99.0 0.155 

* A and B are the contents of threo- and erythro-isomers, 
respectively. 

synthesized under  high pressure,  using individual  iso- 
mers of  4 -ha log lu tamates  as initial  c o m p o u n d s  and ben- 
zene as a solvent.  

Experimental 

Stereoisomers I--3 u and 4,5 Z were prepared as described 
previously. A barostat with a 1.5-mL tube was used. To study 
the kinetics, a weighed sample of a mixture of halo-substituted 
derivatives la  and lb (0.065 mol) was dissolved in 1.0 mL of a 
solvent. Freshly sublimed amine (0.782 mmol) in 1.0 mL of 
the solvent was added to the mixture. The mixture was placed 
in a Teflon tube, which was arranged in a plug of the barostat. 
The plug was preliminarily heated to the necessary temperature 
(53 *C in the case of EtOH and MeCN, 68 *C in the case of 
C6H6). The mixture was kept for 5 rain at this temperature, 
and the pressure was raised. The temperature was maintained 
with a thermostat. The reaction mass was stored for 20, 40, 
and 60 rain at 5 kbar. The composition of the mixture was 
determined as previously by HPLC 2 on a Milikhrom 
macrocolumn chromatograph (column 64x 3 ram, Silasorb 600 
as sorbent). The kinetics at normal pressure was studied as 
described previously. 3 
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