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OF ENANTIOMERIC DIPEPTIDES ON THE 
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ISOBUTY LAM IN E 
FROM (S)-l-( 6,7-DIMETHY L-1 -NAPHTHY L)- 
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1Department of  Chemistry 
College of Natural Sciences 
Pusan National University 

Dongrae-Gu, Pusan 607, South Korea 
2Departrnent of Chemistry 

University o f  lllinois 
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ABSTRACT 

L i q u i d  chromatographic  r e s o l u t i o n  o f  f i f t e e n  enant iomer ic  
d i p e p t i d e  methyl es te rs  as t h e i r  N-3,5-dini t robenzoyl  d e r i v a t i v e s  
was i n v e s t i g a t e d  on t h e  c h i r a l  s t a t i o n a r y  phase (CSP) d e r i v e d  
from (S) -1 -( 6,7-dimethyl- l  -naphthyl)  i sobuty lamine ,  
s t e r e o i s o m e r s  p r e s e n t  i n  each d i p e p t i d e  d e r i v a t i v e  were observed 
t o  be s e p a r a t e d  q u i t e  w e l l  w i t h  t h e  ( R , R )  i somer b e i n g  e l u t e d  
first. The s e p a r a t i o n  f a c t o r s  f o r  two enant iomer ic  pairs such as 
( R , R ) / ( S , S )  and ( R , S ) / ( S , R )  and  t h e  e l u t i o n  o r d e r s  are expla ined  
by two competing "opposi te-sense" c h i r a l  r e c o g n i t i o n  mechanisms. 

The f o u r  
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1250 HYUN, BAIK, AND PIRKLE 

INTRODUCTION 

CSP 1 d e r i v e d  from (s) -~-(6,7-dirnethyl-l-naphthyl)isobutyl- 
amine h a s  been s u c c e s s f u l l y  used  f o r  t h e  r e s o l u t i o n  of  racemic 

amino a c i d s ,  t h e i r  a n a l o g u e s ,  aminoalcohols ,  amines,  a l c o h o l s ,  

d i o l s  and c a r b o x y l i c  a c i d s  as t h e i r  3 , 5 - d i n i t r o b e n z o y l I  

3,5-dinitrophenylcarbamate o r  3 , 5 - d i n i t r o a n i l i d e  d e r i v a t i v e s .  

Most o f  t h e  racemates t h u s  fa r  r e p o r t e d  t o  be r e s o l v a b l e  upon 

CSP 1 have o n l y  one c h i r a l  c e n t e r  and t h e  chromatographic  

r e s o l u t i o n  on CSP I of  racemates  having  two c h i r a l  c e n t e r s  h a s  not  

y e t  been e x t e n s i v e l y  s t u d i e d ,  

1-5 

C h i r a l  compounds wi th  two c h i r a l  c e n t e r s  e x i s t  as f o u r  

s t e r e o i s o m e r s  a n d ,  upon chromatography on a CSP, such  a mixture  

may show f o u r  peaks cor responding  t o  two enant iomer ic  pairs such 

(R,R)/(S,S) and (R,S)/(S,R). As a n  e x t e n s i o n  of o u r  p r i o r  work, 
we h e r e i n  r e p o r t  t h e  s e p a r a t i o n  o f  enant iomer ic  d i p e p t i d e s  having  

two c o n f i g u r a t i o n a l l y  w e l l  e s t a b l i s h e d  c h i r a l  c e n t e r s .  

b i o l o g i c a l  and sweeten ing  a c t i v i t i e s .  6-7 
b i o l o g i c a l l y  a c t i v e  small p e p t i d e s  are o p t i c a l l y  a c t i v e .  

T h e r e f o r e ,  a t e c h n i q u e  for t h e  e a s y  d e t e r m i n a t i o n  o f  enant iomer ic  

and d i a s t e r e o m e r i c  p u r i t y  of  small p e p t i d e s  w i l l  be u s e f u l  i n  t h e  

f i e l d  of  p e p t i d e  chemis t ry .  The r e s o l u t i o n  of  d i p e p t i d e s  on 

CSP I is q u i t e  a n  a c c u r a t e  method f o r  t h e  d e t e r m i n a t i o n  of  

enantiorneric and/or  d i a s t e r e o m e r i c  p u r i t y  o f  d i p e p t i d e s  which may 

e i t h e r  be b i o l o g i c a l l y  a c t i v e  themselves  o r  m y  be p r e c u r s o r s  i n  

t h e  s y n t h e s i s  o f  a c t i v e  small p e p t i d e s .  

enant iomer ic  d i p e p t i d e s  u s i n g  GC8 and LC 
However, t h e s e  s e p a r a t i o n s  are n o t  y e t  r o u t i n e .  Very r e c e n t l y ,  

we r e p o r t e d  t h e  s e p a r a t i o n  o f  enant iomer ic  d i p e p t i d e  methyl  es ters  
as t h e i r  N-3,5-dini t robenzoyl  d e r i v a t i v e s  on t h r e e  CSPs d e r i v e d  

from two d i f f e r e n t  ( R )  - d - a r y l a l k y l a m i n e s  o r  from (S) -N-(2-naphthyl) 

v a l i n e ,  and observed t h a t  t h e  f o u r  s t e r e o i s o m e r s  of  each 

S e v e r a l  small p e p t i d e s  have been nkown t o  show s i g n i f i c a n t  

A l l  of  t h e s e  

P r e v i o u s l y ,  s e v e r a l  s t u d i e s  concern ing  t h e  r e s o l u t i o n  o f  

have been r e p o r t e d .  9-10 

11 d i p e p t i d e  d e r i v a t i v e  u s u a l l y  are c l e a n l y  s e p a r a t e d .  

s t u d y ,  we e x t e n d  t h e  work d e s c r i b e d  above t o  t h e  r e s o l u t i o n  
I n  t h i s  
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RESOLUTION OF ENANTIOMERIC DIPEPTIDES 1251 

of  enant iomer ic  d i p e p t i d e  d e r i v a t i v e s  on CSP I. The e l u t i o n  o r d e r  

o f  t h e  f o u r  s t e r e o i s o m e r s  and t h e  d e g r e e  o f  c h i r a l  r e c o g n i t i o n  

f o r  t h e  two enant iomer ic  pairs w i l l  be d i s c u s s e d  from t h e  

viewpoint  of  two competing "opposi te-sense" c h i r a l  r e c o g n i t i o n  

mechanisms, e a r l i e r  p o s t u l a t e d  by u s  i n  m e c h a n i s t i c a l l y  r e l a t e d  

work I n  t h e  i n t e r e s t  of b r e v i t y ,  t h e  d e t a i l s  o f  t h e s e  

mechanisms w i l l  no t  be r e p e a t e d  in t h i s  paper. 

l2 

"\/" 
Si-OCH,C H, 
I 

1 

MATERIALS AND METHODS 

Chromatography w a s  performed by t h e  use o f  Waters Model 

5iO Pump, Waters Model U6K U n i v e r s a l  L iquid  Chromatograph 

I n j e c t o r ,  Waters Model 441 Absorbance D e t e c t o r  and Waters Model 

740 Data Module Recorder. The ( S ) C S P  I used i n  t h i s  s t u d y  h a s  

been prepared  by t h e  method d e s c r i v e d  p r e v i o u s l y  f o r  ( R ) C S P  1. 
T h i s  CSP w a s  packed i n t o  a 4.6 x 250 mm s t a i n l e s s  s t ee l  column a t  

t h e  GINSCO Labora tory ,  Korea, u s ing  t h e  convent iona l  slurry 

method. 

1 

A l l  chromatograms were o b t a i n e d  u s i n g  2-propanol-hexane 

(10: 90)  as t h e  mobile phase wi th  a f low rate o f  2 ml/min. 
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1252 HYUN, BAIK, AND PIRKLE 

The W d e t e c t o r  moniterd a t  2 9  nm. P r e p a r a t i o n  o f  N-3,5- 
d i n i t r o b e n z o y l  d e r i v a t i v e s  o f  d i p e p t i d e  methyl esters used  i n  

t h i s  s t u d y  h a s  been r e p o r t e d  previous ly .  11 

RESULTS AND DISCUSSION 

F o r  convenience,  a l l  d i p e p t i d e  d e r i v a t i v e s  used i n  t h i s  

s tudy  have been s y n t h e s i z e d  by c o u p l i n g  N-( 3 , 5 - d i n i t r o b e n z o y l )  

amino a c i d s  wi th  amino a c i d  methyl  e s t e r s  u s i n g  l -e thoxycarbonyl -  

2-ethoxy-1 ,2-dihydroquinol ine (EEDQ) as a coupl ing  a g e n t .  Note 

t h a t  t h e  N-terminal amino group o f  d i p e p t i d e s  may be d e r i v a t i z e d  

by t r e a t i n g  t h e i r  methyl es ters  ( o r  o t h e r  C-terminal  d e r i v a t i v e s )  

with 3 , 5 - d i n i t r o b e n z o y l  c h l o r i d e  i n  t h e  presence o f  t r i e t h y l a m i n e .  

I n  every  case, t h e  y i e l d  f o r  t h e  (R,S)/(S,R) enant iomer ic  pair 

was h i g h e r  t h a n  t h a t  o f  t h e  (R,R)/(S,S) pair. 

formation o f  two enant iomer ic  p a i r s  comes from k i n e t i c  

f r a c t i o n a t i o n  d u r i n g  t h e  c o u p l i n g  r e a c t i o n  as r e p o r t e d  

previous ly .  

The unequal  

11 

The chromatographic  r e s o l u t i o n  behavior  o f  f i f t e e n  d i p e p t i d e  

d e r i v a t i v e s  on CSP i i s  summarized i n  Table  1. The e l u t i o n  

o r d e r s  f o r  t h e  f o u r  s t e r e o i s o m e r s  were de termined  by 

chromatographing samples which were prepared  from d i f f e r e n t  

cornbinations o f  racemic and o p t i c a l l y  pure, amino a c i d s  and  

comparing t h e  chromatograms o f  t h e  t h u s  o b t a i n e d  d i p e p t i d e s .  For  

example, F i g u r e  1 shows how t h e  e l u t i o n  o r d e r  o f  t h e  f o u r  

s t e r e o i s o m e r s  o f  N-3,5-DNB-val-leu-OCH is determined.  

Chromatogram l a ,  o b t a i n e d  from t h e  sample which is prepared  from 

N-3,5-dinitrobenzoyl-(R,S) - v a l i n e  and (R,S) -1eucine methyl 

e s t e r ,  shows f o u r  c l e a n l y  s e p a r a t e d  peaks. Chromatogram l b ,  

ob ta ined  from t h e  sample which is  prepared  from N'3,fj-dinitro- 

benzoyl-(S) -va l ine  and ( R , S )  -1eucine methyl es te r  shows two 

peaks which correspond t o  t h e  (S,R) and (S ,S) -d ias te reomers ,  

Chromatogram l c ,  o b t a i n e d  from t h e  sample prepared  from 

N-3,5-dinitrobenzoyl-(R, S) - v a l i n e  and ( R )  -1eucine methyl ester,  

shows two peaks cor responding  t o  t h e  (H,R) and (S,  R) -d ias te reomers .  

By c o m p r i s o n  o f  t h e s e  t h r e e  chromatograms, we can  conclude t h a t  

3 
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RESOLUTION OF ENANTIOMERIC DIPEPTIDES 1253 

TABLE 1 
The Resolution of N-3,5-Dinitrobenzoyl Der iva t ives  of  Enantiomeric 
Dipeptide Methyl E s t e r s  on CSP la 

Entry  N-DNB-a.a. Elution‘ (R,R)/( S ,  S) (R , S ) / ( S  , R )  ( R ,  R) / (R,S)  

k? q e  kf M e  w e  -a.a. 4 C H 3  0 rde r 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

13 
14 

15 

l eu -a l a  

leu-va l  

leu- leu  

l e u  -pheala 
v a l  -ala 

Val-val 

Val-leu 

Val-pheala 
ala - V a l  

a l a - l eu  
ala-pheala 

phegly-ala 

phegly-val 

phegly-leu 

p h e d y -  
pheala 

A 

E 

A 

B 

A 

A 

A 

F 

C 

A 

C 

B 

F 

G 
D 

6.28 

4.36 

3.50 
5.00 

4.91 

3.33 
2.83 

3.93 
6.79 

5.21 

9.13 
11.25 

6.99 
5.71 

11.16 

1 .R8 

1.86 
2.27 

1.55 
2.39 

2.37 

2 . 3  
2 .oo 
1.85 
2.06 

1.43 

1.40 

1.69 
2.02 

1.26 

7.50 1.36 1.21 

5.72 1.32 1.40 
4.57 1.33 1.43 
7.97 1.04 1.77 
5.94 1.70 1 .26  

4.41 1.44 1.47 

3.75 1 - 3 2  1.50 

6.16 1.07 2.00 

8.37 1.77 1.27 

6.41 1.47 1.29 
11.46 1.19 1.28 

16.17 1.04 1.49 

11.13 1.13 1.69 
13.26 1.00 1.82 
15.61 -1.12@; 1.44 

a 

n-hexane as a mobile ghase with a flow r a t e  of 2 ml/min and 
254 nm W dgtec tor .  N-3  ,5-Dinitrobenzoyl-amino acid-amino 
acid-OCH The e l u t i o n  o r d e r s  a r e  as fo l lows  A:  (R,R) ,(R,S), 

E: (R,R), (R,S),  (S,R) F: (R,R), (S,S), (S,R) G: (R,R), (R,S) ,  (S,S) 

Capacity f a c t o r  f o r  t he  first e lu t ed  enankiomer of  the  (R,R)/(S,S) 

A l l  chromatograms were obta ined  by us ing .10  % 2-propanol i n  

[ s , R ~ :  f i s )  B: ( R , R ) ,  (s ,s) ,  (s,R) C :  ( ( R , R ) ,  
S , S  S,R) D : ( R , R ) ,  ( S , S ) ,  (S,R),  (R,S) 

(s,s) (R,S)  (S.R) 
C 

p a i r .  For  d e f i n i t i o n ,  see  r e fe ren fe  13. Separa t ion  f a c t o r .  
See re ference  13 f o r  d e f i n i t i o n .  Capacity f a c t o r  f o r  t h e  first 
e lu t ed  enantiomer of  (R,S)/(S,R) mir.  
t h a t  the  e l u t i o n  order  f o r  t h e  (R,S)/(S,R) p a i r  depa r t s  from the  
u s u a l  e l u t i o n  order .  

%egat ive  value i n d i c a t e s  
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1254 HYUN, BAIK, AND PIRKLE 

a) 

1 I , 
0 5 10 0 5 10 0 5 10 Min. 

FIGURE 1. The r e s o l u t i o n  o f  N-DNR-Val-leu-OCH on (S)-CSP 1 
u s i n g  10 % 2-propanol i n  n-hexane as a mobile Jhase wi th  a f low 
rate o f  2 ml/min. a) Chromatogram o f  D e t e c t i o n  was at  254 nm. 

3 ;  t h e  sample prepared  from N-DNB-(R,S)-valine and (R,S 
b) Chromatogram o f  t h e  sample prepared  from N-IXJR-(S 
and (R,S)-leu-OCH ; c )  Chromatogram o f  t h e  sample prepared  from 
N-DNB-(R,S) - v a l i n z  and (R)-leu-CCH 3 

t h e  e l u t i o n  o r d e r  o f  t h e  f o u r  s t e r e o i s o m e r s  is (R,R),  ( R , S ) ,  

( S , R ) ,  ( S , S ) ,  where t h e  i n i t i a l l y  i n d i c a t e d  c o n f i g u r a t i o n  

cor responds  t o  t h a t  of  N-(3,5-dinitrobenzoyl)amino a c i d s .  

cases where t h e  above method w a s  ambiguous, w e  p repared  and 

chromatographed s i n g l e  stereoisomers prepared  from o p t i c a l l y  

pure amino a c i d s ,  t h e n  compared t h e s e  chromatograms w i t h  t h a t  of 

t h e  mixture  o f  t h e  f o u r  s t e r e o i s o m e r s .  By t h i s  method, t h e  

e l u t i o n  o r d e r s  shown i n  Table  1 were e s t a b l i s h e d  r i g o r o u s l y .  

I n  t h e  

The o v e r a l l  e l u t i o n  o r d e r  is n o t  regular and may be ( R , R ) ,  

(R ,s ) ,  ( s , R ) ,  (s,s) o r  ( R , R ) ,  ( R , s ) ,  (s,s), (s,R) o r  ( R , R ) ,  (s ,s) ,  
(R,S) , (S,R) . I n  some cases, two d i a s t e r e o m e r s  may have t h e  
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RESOLUTION OF ENANTIOMERIC DIPEPTIDES 1255 

Same r e t e n t i o n  time and t h e  chromatogram shows o n l y  t h r e e  peaks. 

T h i s  problem can be overcome by u s i n g  a column c o n t a i n i n g  

racemic CSP 1 i n  s e r i e s  wi th  t h e  ( S ) C S P  1 column s o  as t o  

a f f o r d  greater peak d ispers ion .14  Note, however, t h a t  t h e  ( R , R )  

isomer e l u t e s  first i n  every  case. 

enant iomer ic  piir t h e  ( R , R )  i somer  always e l u t e s  first and 

f o r  t h e  (R,S)/(S,R) enant iomer ic  pair, the(R,S)  isomer e l u t e s  

first wi th  b u t  a s i n g l e  e x c e p t i o n ( e n t r y  # I5  o f  Table  1). 

F o r  t h e  (R,R)/(S,S) 

These r e s u l t s  demonstrate  t h a t  t h e  e l u t i o n  o r d e r s  f o r  

each o f  t h e  two enant iomer ic  pairs is determined by t h e  

s t e r e o c h e m i s t r y  o f  t h e  N-(3,5-dinitrobenzoyl)amino a c i d  p o r t i o n  

of t h e  d i p e p t i d e ,  c o n s i s t e n t  w i t h  t h e  p r i o r  o b s e r v a t i o n  o f  t h e  

e l u t i o n  o r d e r  o f  N-( 3,5-dinitrobenzoyl)amino a c i d  methyl es ters  

on (R)-CSP 1.' 
competing "oppos i te  -se nse" c h i r a l  r e c o g n i t i o n  mechanisms 

termed t h e  "d ipole-s tacking  process"  and t h e  "hytrogen-bonding 

process" ,  

methyl es ters  a r e  r e s o l v e d  on CSP 1, t h e  amino a c i d  methyl e s t e r  

p o r t i o n  o f  t h e  d i p e p t i d e s  may be cons idered  as a simple 

C-terminal  s u b s t i t u e n t  o f  a n  N-( 3,5-dinitrobenzoyl)amino a c i d ,  

e l u t i o n  o r d e r  b e i n g  determined by t h e  s te reochemis t ry  o f  t h e  

lat ter.  Note t h a t  t h e  magnitude o f  t h e  s e p a r a t i o n  f a c t o r  f o r  

t h e  (R,R)/(S,S)  enant iomer ic  mi r  is always l a r g e r  t h a n  t h a t  o f  

t h e  cor responding  (R,S)/(  S,R) enant iomer ic  p a i r ,  s u g g e s t i v e  o f  

a n  a d d i t i v i t y  effect .  I n  p r i n c i p l e ,  e i t h e r  amino a c i d  u n i t  can  

i n t e r a c t  w i t h  t h e  CSP even though t h e  bulk  o f  t h e  c h i r a l  

r e c o g n i t i o n  comes from i n t e r a c t i o n  with t h e  N-3,5-dini t ro-  

benzoyla ted  u n i t .  Were t h e  second u n i t  t o  i n t e r a c t  by d i p o l e  

s t a c k i n g  o r  hydrogen bonding p r o c e s s e s  much as t h e  first u n i t ,  

t h e  c o n t r i b u t i o n  of t h i s  second effect  t o  t h e  weighted 

time-average c h i r a l  r e c o g n i t i o n  would be o f  t h e  same sense  as 

t h a t  o f  t h e  first u n i t  and t h e  effects  would be a d d i t i v e .  

F o r  t h e  (R,S)/(S,R) enant iomers ,  t h e  second e f f e c t  would 

p a r t i a l l y  c a n c e l  t h e  first. Hence, t h e  g r e a t e r  s e p a r a t i o n  

f a c t o r s  f o r  t h e  (R,R)/(S,S) s e t  can be r a t i o n a l i z e d .  

T h i s  e l u t i o n  o r d e r  h a s  been expla ined  by two 

Vhen N-3,5-dini t robenzoyl  d e r i v a t i v e s  o f  d i p e p t i d e  

P o s t u l a t i o n  
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1256 HYUN, BAIK, AND PIRKLE 

o f  t h e  "second-ef fec t"  draws some s u p p o r t  from t h e  o b s e r v a t i o n  

t h a t  t h e  enant iomers  o f  N-acetyl  amino a c i d  esters show modest 

s e p a r a t i o n  on CSP 1. It is n o t  y e t  known whether  t h e  two amino 

a c i d s  u n i t s  i n t e r a c t  w i t h  t h e  CSP i n  a n  " e i t h e r - o r "  s i t u a t i o n  

o r  s imul taneous ly .  Simultaneous i n t e r a c t i o n  presumably would 

involve  two ne ighbor ing  s t r a n d s  o f  bonded phase. 

Rear ing  i n  mind t h e  t w o  compet ing c h i r a l  r e c o g n i t i o n  

mechanisms', t h e  r e a d e r  is  reminded t h a t  t h e  ( R , R )  and (R,S) - 
isomers  are r e t a i n e d  p r i c i p a l l y  by t h e  d i p o l e - s t a c k i n g  p r o c e s s ,  

whi le  t h e  (S,  S) and (S , R )  - isomers  are p r i n c i p a l l y  r e t a i n e d  

by t h e  hydrogen-bonding process .  F o r  t h e  isomers  p r i n c i p a l l y  

r e t a i n e d  by t h e  d i p o l e - s t a c k i n g  p r o c e s s ,  t h e  r e l a t i v e  e l u t i o n  

o r d e r  may be e x p l a i n e d  by c o n s i d e r i n g  t h e  conformations shown 

i n  F igure  2 ,  t h e s e  b e i n g  expec ted  t o  occur  as a consequence 

o f  i n t r a m o l e c u l a r  hydrogen bonding. The two a l k y l  groups ,  

R 

of t h e  s e m i - r i g i d  backbone o f  t h e  d i p e p t i d e  d e r i v a t i v e ,  w h i l e  

t h e  two a l k y l  groups of  t h e  (R,S)- isomer p r o t r u d e  from t h e  same 

f a c e .  

and t h e  (R,R)-isomer is a face- to- face  approach,  R2 is d i r e c t e d  

toward t h e  CSP and t h e  a d s o r b a t e  is c o n s e q u e n t i a l l y  less 

s t a b l e  t h a n  t h a t  o f  t h e  (R,S)- isomer where both  a l k y l  groups 

are d i r e c t e d  away from t h e  CSP. 

e l u t e s  b e f o r e  t h e  (R,S) -isomer. 

c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  t h e  s e p a r a t i o n  f a c t o r  

noted f o r  t h e  (R,R)/(R,S) p a i r  i n c r e a s e s  as R2 becomes larger 

(Table 1). Indeed ,  t h e r e  is some u n i f o r m i t y  i n  t h e  magnitude 

o f  t h e  s e p a r a t i o n  f a c t o r  a f f o r d e d  by a g iven  R2.  

perhaps a b i t  s u r p r i s i n g ,  s i n c e  t h e  n a t u r e  o f  R must a l s o  1 
play  a r o l e  here .  

and R 2 ,  o f  t h e  (R,R)-isomer p r o t r u d e  from o p p o s i t e  f a c e s  1 

S i n c e  t h e  d i p o l e - s t a c k i n g  i n t e r a c t i o n  between (S) -CSP 1 

Consequent ly ,  t h e  (R,R)-isomer 

T h i s  e x p l a n a t i o n  is a l s o  

T h i s  is 

A p p l i c a t i o n  of t h e  same l o g i c  t o  similar conformations 

o f  t h e  ( S , S )  and (S ,R)-d ias te reomers  might l e a d  one t o  suppose 

t h a t  t h e  (S, R )  -isomer would e l u t e  b e f o r e  t h e  (S ,  S) -isomer, 

Recall however, t h a t  t h e s e  i somers  are r e t a i n e d  p r i n c i p a l l y  

by t h e  hydrogen bonding p r o c e s s  and t h a t  it, u n l i k e  t h e  
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RESOLUTION OF ENANTIOMERIC DIPEPTIDES 1257 

OCH, 
I 

\ 
c=o 

(R,R)-isomer 

OCH, 
I 

c=o  
f 

(R,S)-isomer 

FIGURE 2 .  
i somers  

The proposed conformat ions  of t h e  (R,R) and (R,S) - 

d i p o l e  s t a c k i n g  p r o c e s s ,  is n o t  a n  i n t e r c a l a t i v e  p r o c e s s  so  

far as t h e  second amino a c i d  u n i t  is concerded. 

u n c l e a r  as t o  which p o r t i o n  o f  t h e  CSP, i f  any ,  t h e  R2 s u b s t i t u e n t  

would i n t e r a c t  wi th  d u r i n g  t h e  hydrogen bonding process .  

about  h a l f  t h e  p r e s e n t  i n s t a n c e s  does  t h e  (S,R) -isomer a c t u a l l y  

e l u t e  b e f o r e  t h e  ( S , S )  -isomer. 

e l u t i o n  o f  t h e s e  isomers  i s  de termined  by y e t  unexplained 

f a c t o r s  . 

Hence, it is  

I n  o n l y  

Hence, t h e  r e l a t i v e  o r d e r  o f  

No c l e a r  t r e n d s  between t h e  s i z e  of t h e  R o r  R2 s u b s t i t u e n t s  

i s  phenyl ( e n t r i e s  12-15) ,  

1 
and s e l e c t i v i t y  between enant iomer ic  d i p e p t i d e s  are noted  i n  

Table  1 w i t h  t h e  e x c e p t i o n  t h a t  when R 

t h e  s e l e c t i v i t i e s  noted f o r  enant iomers  a r e  l e s s  t h a n  u s u a l .  

T h i s  g e n e r a l  behavior  h a s  been noted  f o r  o t h e r  t y p e s  o f  a n a l y t e s  

and may stem from t h e  phenyl  group e i t h e r  a l t e r i n g  conformations 

o r  s e r v i n g  e i t h e r  as a x - b a s i c  s i te  o r  a b a s i c  hydrogen bonding 

1 
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1258 HYUN, BAIK, AND PIRKLE 

s i t e .  T h i s  l a t t e r  e f f e c t  h a s  been invoked i n  a somewhat 

d i f f e r e n t  CSP system.15 One does  n o t e  e s p e c i a l l y  large capacity 

f a c t o r s  when R is phenyl ,  s u g g e s t i v e  o f  added bonding 

i n t e r a c t i o n s .  
1 

Arguments have been advanced t o  account  f o r  why t h e  

( R , R )  -isomer e l u t e s  b e f o r e  t h e  (S,S)- isomer and b e f o r e  t h e  

(R,S)-isomer. 

by t h e  e x t e n t  t o  which t h e  (R,R)/(S,S)  p a i r  of peaks is  

i n t e r l e a v e d  with t h e  (R,S)/(S,R) peaks.  

e x t e n t  o f  i n t e r l e a v i n g  can be a l t e r e d "  by u s i n g  a column o f  

racemic t y p e  1 s t a t i o n a r y  phase i n  series w i t h  t h e  c h i r a l  

t y p e  1 column. 

The remainder  of t h e  e l u t i o n  o r d e r  is determined 

As mentioned, t h e  

I n  c o n c l u s i o n ,  CSP I h a s  been shown c a p a b l e  of s e p a r a t i n g  

t h e  s t e r e o i s o m e r s  o f  a number o f  d i p e p t i d e  d e r i v a t i v e s  and shows 

promise as a means f o r  e f f e c t i n g  rapid, a c c u r a t e ,  and convenient  

d e t e r m i n a t i o n s  of enant iomer ic  p u r i t y  of  d i p e p t i d e s .  
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