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Abstract  
The r e so lu t ion  of a wide range of compounds of d i f f e r e n t  

f u n c t i o n a l i t i e s  has been achiemx? by high performance l i q u i d  
chromatography (HPLC) on c h i r a l  s t a t i o n a r y  phases based on 
N-formulated aminoacid de r iva t ives .  T h e  s epa ra t ion  f a c t o r s  
(a) of 1.11 - 1 . 2 5  have been achieved. The alcohol  d e r i v a t i v e s  
of the i n s e c t i c i d e s  inves t iga t ed  w e r e  not  resolved i n t o  t h e i r  
enantiomeric molecules, however such s o l u t e s  w e r e  resolved i n t o  
t h e i r  diastereoisomers.  The mechanism of c h i r a l  recogni t ion i s  
a sub jec t  of f u t u r e  inves t iga t ions .  

Introduct ion 

The chromatographic r e so lu t ion  of an enantiomeric mixture 

has posed a g r e a t e r  challenge than,  f o r  example, the separat ion 

of geometric isomers. A number of approaches including the 

d i r e c t  and i n d i r e c t  high performance l i q u i d  chromatographic 
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806 AKANYAANDTAYLOR 

t echnique  and gas  chromatography (GC)  have been used. Some of 

t h e s e  techniques  have been reviewed (1 - 3 ) .  

An almost i d e a l  procedure is  the  d i r e c t  r e s o l u t i o n  of 

enantiomers of i n t e r e s t  upon a column packed wi th  a s u i t a b l e  

c h i r a l  phase which is  chemica l ly  bonded and i s  mechanically 

s t a b l e  and s u i t a b l e  f o r  use  wi th  commonly a v a i l a b l e  s o l v e n t s .  

I n  r e c e n t  y e a r s ,  cons ide rab le  p rogres s  has  been made towards 

the development of f a i r l y  g e n e r a l  c h i r a l  packings.  Two such 

materials, capable  of r e so lv ing  a wide range of c h i r a l  compounds, 

w e r e  developed by P i r k l e  e t  aL. ( q )  and a r e  now C o ~ e r c i a l l Y  

a v a i l a b l e .  Although the HLPC c h i r a l  s t a t i o n a r y  phases (CSPs) 

of P i r k l e  ex at. ( 4 )  have been employed i n  the  d i r e c t  r e s o l u t i o n  

of a v a r i e t y  of c h i r a l  molecules ,  d i f f i c u l t i e s  have been 

r epor t ed  ( 5 )  w i th  c e r t a i n  s t r u c t u r a l  t ypes  and f u n c t i o n a l i t i e s  

v i z ,  m i n e s  and ca rboxy l i c  ac ids .  

I n  our  prev ious  r e p o r t  ( 6 ) ,  w e  r epor t ed  t h e  s y n t h e s i s  

of c h i r a l  bonded m a t e r i a l s  which w e r e  s u c c e s s f u l l y  employed f o r  

the r e s o l u t i o n  of racemic esters of aminoacids. This paper  

r e p o r t s  t h e  expansion of our  prev ious  approach t o  a series 

of racemic mixtures  of a wide v a r i e t y  of compounds which w e r e  

r e so lved  a s  t h e i r  secondary o r  t e r t i a r y  d e r i v a t i v e s  ( I  - V I ) ,  

and a l s o  c e r t a i n  compounds which w e r e  r e so lved  a s  t h e i r  

d i a s t e r e i s o m e r i c  mixture ( V I I  - X ) .  These compounds a r e  

d i f f i c u l t  t o  r e s o l v e  on o rd ina ry  s i l i c a  g e l  ( s t r a i g h t  phase)  

o r  o c t a d e c y l s i l a n e  modefied g e l  (ODs). The r e s o l u t i o n  of 

t h e s e  compounds is of pharmacological i n t e r e s t  s i n c e  t h e  (R-) 

and (S- )  e n a n t i o n r e r s  have d i f f e r e n t  pharmacological behaviour 

in v i v o  wh-en used on man o r  a s  p e s t  c o n t r o l  i n  agrochemicals.  
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RESOLUTION OF ISOMERIC AND DIASTEREOISOMERIC MIXTURES 807 

The procedure desc r ibed  h e r e  has t h e  advantage of a 

d i r e c t  enant iomer ic  approach s i n c e  i t  avoids  t h e  d i f f i c u l t i e s  

t h a t  a r e  i n h e r e n t  i n  t h e  d i a s t e reo i somer i c  approach t o  t h e  

s e p a r a t i o n  of racemic mixtures .  

S t r u c t u r e s  of compounds r e so lved  a s  t h e i r  

enant iomer ic  molecules.  
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808 AKANYAANDTAYLOR 

Structures of c ompounds resolved as their diastereoisomeric 

molecules. 

OH 

(VIII) 

Materials and Methods. 

Column packings were made up of 

i) N-formylated-L-isoluecine aminopropylated 

silica gel (APSG) and 
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RESOLUTION OF ISOMERIC AND DIASTEREOISOMERIC MIXTURES 809 

ii) N-formylated-L-phenylalanine (APSG) a s  the  

c h i r a l  moie t ies .  

Test s o l u t e s  were obta ined  from va r ious  sources.  2,2,2, 

t r i f  luoro-l-(-9-anthryl)  e thano l  was obta ined  commercially 

(Regis I Morton Corove, 1L  ; USA) a-methylbenzylamine was 

obta ined  from DBH, U ; K  and w a s  N-formylated us ing  s t anda rd  

procedures.  The m i n o l a c t o n e  d e r i v a t i v e  and t h e  methoxy- 

d e r i v a t i v e  of azacarbozole  were provided by D r .  Richard 

Herber t  of Leeds Un ive r s i ty ,  U.K.  Tridimefon, PP296 and 

Dic lobut razole  PP536 are agrochemicals and a r e  commercj.allY 

a v a i l a b l e .  L a b i t a l o l  w a s  provided by t h e  kind donat ion  of 

Glaxo Pharmaceuticals , Ware, Herts, U.K. 

Chromatography w a s  performed us ing  a l abora to ry  Data 

c o n t r o l  (LDC) HPLC system as previous ly  descr ibed  (6). T h e  

columns w e r e  of s t a i n l e s s  s teel  ( 2 5  x 4.6  mm i . d )  packed wi th  

aminopropylated. 

Separa t ions  Ltd,  Deeside, Clywd. U.K. )  , modified wi th  

E-formylated aminoacids prepared according t o  procedures 

descr ibed  e l sewhere (6 ) .  Except where i n d i c a t e d ,  t h e  mobile 

phase w a s  1 - 3% isopropanol  i n  n-hexane. 

S i l i c a  g e l  (APSS) of 5pm Spher i sorb  (Phase 

Resul t s  And Discussion. 

The r e s u l t s  of the enan t iomer i c  s e p a r a t i o n s  achieved 

f o r  t h e  racemic molecules t e s t e d  a r e  shown i n  Table I. 

Compounds which w e r e  reso lved  a s  t h e i r  d i a s t e r ioe  isomeric 

molecules are l i s t e d  i n  t a b l e  11. Chromatograms of reso lved  

s o l u t e s  are shown i n  F igs .  1 - 6. For t h e  racemates reso lvedl  

i t  w a s  c o n s i s t e n t l y  noted t h a t  t h e  presence of a carbonyl 
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810 AKANYA AND TAYLOR 

Capaci ty  r a t i o s ,  s e l e c t i v i t y  and r e s o l u t i o n s  f o r  
racemic test  s o l u t e s  r e so lved  on Wformylated aminoacid 
c h i r a l  P a c k i n p a .  

RS 
K’D K’L 

Mixture 
No 

1. 6.60 7.10 1.10 1.43b 

2. 2.80 3.33 1.20 1.46 

3. 3.60 4.10 1.14 0.41 

4. 2.50 3.13 1.25 2.36 

5. 2.46 2.73 1.11 0.46 

6. 9.40 11.30 1.10 1.52 

a .  S o l u t e s  were r e so lved  on M-formylisoleucine APSG. 

b. S o l u t e s  was r e so lved  on N-formylphenylalamine APSG. 

TABLE I1 --------- 

Capaci ty  ra t ios ,  s e l e c t i v i t i e s  and r e s o l u t i o n s  f o r  

racemic s o l u t e s  r e so lved  only  as t h e i r  d i a s  t e r e i s o m e r i c  

molecules on p f o r m y l i s o l e u c i n e  A P S G ~ .  

Rs K’D K’L 
Mixture 

M 

7 

8 

9 

10 

5.01 5.59 1.12 2.33 

5.08 6.31 1.24 3.08 

4.73 6.0 1.30 2.31 

4.73 6.0 1.30 2.31 

a .  A l l  s o l u t e s  were r e so lved  on both t ypes  of packings .  
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RESOLUTION OF ISOMERIC AND DIASTEREOISOMERIC MIXTURES 81 1 

30 min 20 10 0 

F i g u r e  2 : R e s o l u t i o n  of  racemic t r i f l u o r o a n t h r y l  a l c o h o l  
on N-formylphenylalanine APSG c o n d i t i o n s  : 
F l o w r a t e  1cm3min-l, e l u e n t .  
U.V. d e t e c t o r  a t  2 5 4  nm, 0 .5  AUFS. 

1% PriOH i n  n-hexane, 
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812 AKANYAANDTAYLOR 

50min 4p 30 20 10 0 

F i g .  3 :  P a r t i a l  r e s o l u t i o n  o f  r a c e r n i c T r i a d i m e f o n  on 

N-f o r m y l i  s o l e u c i n e  A P S G .  

C o n d i t i o n s :  Flow r a t e ,  0.7cm m i r i  , e l u e n t ,  

0 . 5 %  Pr'Ol-I i n  n- l lexane,  U . V .  d e t e c t o r  a t  254nm, 

0 . 1  AUPS. 

3 -1 

F i g .  4 :  R e s o l u t i o n  of raccmic k e t o a n a l o g u e  o f  PP296 
(Sample V 01 E- F ormy 1 i s  o l c u c i n e  APSG.  

C o n d i t i o n s  ; Plow r a t e ,  2 ~ m ~ r n i n - l ~  e l u e n t ,  3 %  Priol l  

i n  n-hexanc, U.V.  d e t e c t o r  at 254nm, 0 . 1  AUFS.  
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RESOLUTION OF ISOMERIC AND DIASTEREOISOMERIC MIXTURES 81 3 

10min 5 0 

F i g .  5 : R e s o l u t i o n  of t h e  d i a s t e r e o i s o m e r s  of PP536 ( sample  IX ) 

on N-formyl i so leuc ine  APSG Flow r a t e  l ~ m ~ m i n - ~ ,  eluent, 
Arklone  P ,  U.V. d e t e c t o r  a t  2 5 4  nm, 0 . 1  A U F S .  

20 min 1.0 Q 

F i g .  6 :  R e s o l u t i o n  of the d i a s t e r e o i s o m e r s  of 

i- r i a d i m e n o l  o n  W f o r m y l i s o l e u c i n e  APSG. 

C o n d i t i o n s :  F l c w  r a t e ,  2 c m  min , d e t e c t o r  a t  

2 5 4 , n m ,  0 . 1  AUFS. 

3 . -1 
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814 AKANYA AND TAYLOR 

n 
But 

Fie. 7 : Resolu t ion  of the  d ias te reo lsomers  
of Dichlobut razole  ( 8 7 :  3 )  on X-F-forsy- 

i s - leuc i r?e  APSG. 

Cond i t ions :  F l o w  r a t e  lcin min  , e l u e h  
2 %  PriOH i n  ?-hexape, U.V.  d e t e c t o r  a t  
2 5 4  nm, 0 . 0 5  AUFS. 

3 -1 

group nea r  t h e  c h i r a l  carbon enhanced c h i r a l  d i sc r imina t ion .  

For example, r e s o l u t i o n s  were achieved f o r  compound I V  whi le  

t h e  a l c o h o l  V I I  shows no c h i r a l  r e s o l u t i o n  under s e v e r a l  

mobile phase cond i t ions .  However, t h e  d i a s t e reo i somer i c  

mixture  of compound V I I ,  (2g, 3 4 ,  ZS, 35) was reso lved  as  

two unequal components Fig.  7. F a i l u r e  t o  achieve  enant iomer ic  

r e s o l u t i o n s  f o r  t h i s  compound and those  o t h e r  compounds 

reso lved  a s  t h e i r  d i a s t e r e o i s o m e r i c  d e r i v a t i v e s  cannot 

immediately be  expla ined .  The r e s u l t  may be  due t o  the 

gene ra l  u n s u i t a b i l i t y  of t h e  a v a i l a b l e  i n t e r a c t i o n  s i t e ( s )  

i n  the  s o l u t e s  w i t h  t h a t  of t h e  packings ,  and t h i s  a l s o  

i n d i c a t e s  t h e  unpred ic t ab le  s p e c i f i c i t y  a s s o c i a t e d  wi th  
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c h i r a l  HPLC packings.  The r e s o l u t i o n  of t h e s e  type  of 

compounds have been r epor t ed  e l sewhere  ( 7 ) .  

Dalg l iesh  ( 8 )  has  proposed a th ree -po in t  i n t e r a c t i o n  

model as a requirement f o r  achiev ing  the  necessary  c h i r a l  

r ecogn i t ion .  The th ree -po in t  i n t e r a c t i o n  model has  f u r t h e r  

been expla ined  by P i r k l e  e t  uL. ( 9 ,  1 0 ,  11), and o t h e r  

workers ( 5 ,  1 2 )  i n  r e l a t i o n  t o  c h i r a l  CSPS, and by Hara and 

Dobashi (13 ,  1 4 )  and P i r k l e  (15)  i n  r e l a t i o n  t o  amide bonded 

c h i r a l  phases  r e s p e c t i v e l y .  For ou r  p r e s e n t  i n v e s t i g a t i o n s  

i t  is d i f f i c u l t  t o  immediately i d e n t i f y  s imple  d i s c r e t e  

bonds t o  a s symet r i c  carbon as adequate exp lana t ions  upon 

which t h e  Da lg le i sh  premise w a s  based i n  exp la in ing  t h e  

mechanism of c h i r a l  i n t e r a c t i o n  between the  s u r f a c e  of t he  

packing and t h e  s o l u t e s .  It is  n o t  an easy  bus iness  t o  

a f f o r d  adequate exp lana t ions  f o r  t h e  mechanism of s e p a r a t i o n  

of t h e  s o l u t e s ,  however f u r t h e r  i n v e s t i g a t i o n s  would 

a f f o r d  us  b e t t e r  i d e a  of t h e  na tu re  of c h i r a l  r ecogn i t ion  

f a c t o r s  i n  t h i s  process .  

r h i s  work w a s  suppor ted  i n  p a r t  by a National Scholarsh ip  

award t o  D r .  J.N. Akanya by t h e  Fede ra l  Nigerian Government. 
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