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SEPARATION OF OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 
BY H I G H  PERFORMANCE LIQUID CHROMATOGRAPHY 

Tomozoh Tamegai, Masah-iko Ohmae, K iyosh i  Kawabe and 
Munemitsu Tomoeda 

Research Labora to r ies ,  E i s a i  Co.,Ltd. 
4-6-10, Koishikawa, Bunkyo-Ku, Tokyo, Japan 

1. INTRODUCTION 

O p t i c a l  isomers occu r ing  w i d e l y  i n  na ture ,  d i s p l a y  d i f f e r e n t  

biochemical  and pharmacological  e f f e c t s  a g a i n s t  t he - i r  enan t iomer i c  

isomers. There fore ,  i t  i s  very  impor tan t  t o  d i s t i n g u i s h  o r  r e s o l v e  

enantiomers, e s p e c i a l l y  i n  b iochemica l  and pharmaceut ica l  a p p l i c a t i o n s .  

The c l a s s i c a l  methods reviewed by Raban e t  a l .  ( 1 )  f o r  t h e  

d e t e c t i o n  o f  enant iomer ic  compos i t ions  a r e  accu ra te  o n l y  f o r  samples 

o f  r e l a t i v e l y  low o p t i c a l  p u r i t y .  For  q u a n t i t a t i v e  purposes, 

chromatographic methods o f f e r  h i g h e r  s e n s i t i v i t y  o f  de tec t i on .  

advantages o f  chromatographic methods a r e  smal l  sample s ize ,  independence 

f rom t h e  inagnitude o f  s p e c i f i c  r o t a t i o n  and independence f rom o t h e r  

o p t i c a l l y  a c t i v e  species i n i t i a l l y  p resen t  i n  t h e  sample. 

The 

The chromatographic separa t i on  o f  o p t i c a l  isomers was f i r s t  

repo r ted  by Kotake ( 2 )  f o r  t h e  r e s o l u t i o n  of  racemic amino a c i d s  

1229  
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1230 TAMEGAI ET AL. 

us ing  paper chromatography. 

s t r u c t u r a l  fea tures  o f  amino ac ids  necessary f o r  t h e  r e s o l u t i o n  t o  

occur and proposed t h e  concept o f  " t h r e e  p o i n t  at tachment " 

r e q u i r e d  f o r  t he  r e s o l u t i o n  o f  o p t i c a l  isomer. 

Subsequently, D a l g l i e s h  ( 3 )  s t u d i e d  t h e  

I n  recen t  years ,  a s i g n i f i c a n t  number o f  advances have been 

made i n  gas chromatographic separa t i on  techn iques  f o r  t h e  r e s o l u t i o n  

o f  enant iomers (4 -6 ) .  L i q u i d  chromatographic methods have been w i d e l y  
used f o r  t h e  separa t i on  o f  enant iomers,  g i v i n g  a moderate-scale 

separa t i on  o f  s y n t h e t i c  i n te rmed ia tes  and f i n a l  p roduc ts .  For  

a n a l y t i c a l  purposes, however, h igh  performance l i q u i d  chromatographic 

(HPLC) method has been shown t o  be much more e f f i c i e n t  because o f  i t s  

h igh  r e s o l u t i o n ,  h igh  s e n s i t i v i t y  and v e r s a t i l i t y .  

The r e s o l u t i o n  o f  o p t i c a l  isomers by HPLC have been i n v e s t i -  

gated by two d i f f e r e n t  methods. The f i r s t  approach i s  t h e  use o f  c h i r a l  

so l ven ts  o r  sorbents  where a d ias te reomer i c  complex i s  formed by s o l u t e -  

so l ven t  i n t e r a c t i o n s  n o t  i n v o l v i n g  t h e  fo rma t ion  o f  a cova len t  bond. 
The second approach i s  t h e  a l t e r a t i o n  o f  t h e  s o l u b i l i t y  o f  enant iomers 

by d e r i v a t i z a t i o n  w i t h  s u i t a b l e  c h i r a l  reagent ,  where t h e  d ias te reomers  

separate on an o p t i c a l l y  i n a c t i v e  s t a t i o n a r y  phase. 

Davankov (8-14),  Klemm (15) ,  Mikes (16-19),  Rebatkem (ZO), Newman (21)  

Sogah (22), Lefebvre  (23)  and t h e i r  co-workers.  

development stage and i s  q u i t e  compl i c a t e d  by t h e  f a c t  i n d i v i d u a l  

ant ipodes d i f f e r  o n l y  i n  t h e i r  c h i r a l i t y  and n o t  i n  s o l u b i l i t i e s ,  

F u r t h e r  s t u d i e s  a re  necessary be fore  i t  can be p u t  i n t o  p r a c t i c a l  use. 

ga in ing  p o p u l a r i t y .  T h i s  rev iew dea ls  w i t h  t h e  method, i .e.  t h e  

r e s o l u t i o n  o f  o p t i c a l  isomers as d ias te reomer i c  d e r i v a t i v e s  by HPLC. 

The f i r s t  method has been i n v e s t i g a t e d  by Baczuk ( 7 ) ,  

The method i s  i n  a 

However, a t  p resent ,  t h e  second method appears t o  be 

2. ALCOHOL COMPOUND 

The o( -d- and I)(-1-isomers of 1 ,Z-dipheny1-2-propionoxy- 
3-methyl-4-dimethylaminobutane h y d r o c h l o r i d e  [ I ]  possess ana lges i c  

and a n t i t u s s i v e  a c t i v i t i e s  r e s p e c t i v e l y ,  w h i l e  t h e  t - d -  and @-1-  

isomers a r e  almost i n a c t i v e .  Souter (24)  desc r ibed  t h e  r e s o l u t i o n  

and q u a n t i t a t i v e  a n a l y s i s  o f  these d ias te reomer i c  isomers by HPLC 

us ing  a Micropak NH2 column. 

t h e  d ias te reomer  con ten t  o f  crude c a r b i n o l  i n te rmed ia tes .  
The method was v a l u a b l e  t o  de termine 
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OPTICAL ISOMERS AS DIASTEXEOMERIC DERIVATIVES 1231 

The resolution of a mixture of (25R)-  and (25S)-26-hydroxy- 
cholesterol [I11 was achieved as 3,26-diacetate derivatives by recycling 
using two columns packed withp Porasil and n-hexane containing 2.5 % 

(v/v) of ethyl acetate as a mobile phase (25). 

OCOCH2CH3 
I 

/CH3 H C 1  -CH2-C-$H-CH N * ‘CH3 

Koreeda et al. (26) demonstrated preparative-scale separation 
o f  the enantiomers of intermediate diol [ I I I a ]  for the synthesis of 
(+I-abscisic acid. The diol IIIa was converted to a diastereomeric 
ester [I I Ib] with (+ ) -  H-methoxy-O! -tri fl uoromethyl phenylacetyl (MTP) 
chloride (27). The ester was separated by four recycles through a HPLC 
column of Porasil T with 1 % iso-PrOH in n-hexane. MTP chloride was also 
used for the determination of the absolute configuration of juvenile 
hormone [IVa]. 
of IVa, were separated by HPLC using three columns packed with Corasil 
I1  connected in series (28). 
diol ethyl ester [Vb] for the synthesis of juvenile hormone was determined 
using a column of Hitachigel ‘3040 and 15 % ethyl ether in n-hexane as 
a mobile phase, after conversion of Vb into the MTP ester [Vc]. 
as Vb, the purity of the diol methyl ester was determined after conversion 
into the 3 6  -acetoxyetienyl ester ( 2 9 ) .  

hydroxyprednisolone leads to the introduction o f  a new chiral center 
at C Z 2  of steroid skeleton. Wikby et al. (30) investigated the HPLC 

Diastereomeric esters [Val formed from the spiked diols 

The enantiomeric purity of the intermediate 

As well 

Acetalization o f  the 160(-, 170c-dihydroxy group i n  16N- 
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1232 TAMEGAI ET AL. 

Po 
RO 

[ I I I a  1 ; R = H 

I I I b  1 ; R = MTP 

R, 0 
1 

OMe 

O -? -CO-  I:: 

[ Va ] ; R1 = Me o r  E t ,  R 2  = Me, R = MTP 

R = E t , R = H  [ Vb ; R l  = Me 

[ Vc 1 ; R, = Me R, = E t ,  R = MTP 

0 
R1 

2 \/(A 
OR 

cn- 

[ 3 f -acetoxyetienyl ] 

c o n d i t i o n  f o r  t h e  separa t i on  o f  these ep imer i c  homologues, [V Ia ]  and 
[V Ib ]  i n  s t r a i g h t  phase system ( o n y  Bondapak -NH2, -CN and SiOH w i t h  

n-hexane e thano l  ) and reversed phase system ( on) Bondapak -C,8, 
-a l ky lpheny l  and -CN w i t h  wa te r .  e thano l  1. The separa t i on  o f  epimers 

on s t r a i g h t  phase suppor ts  inc reases  w i t h  i n c r e a s i n g  p o l a r i t y  o f  pack ing  

m a t e r i a l s ,  i .e .  in t he  o rde r  -CN, -SiOH, -NH2. Th is  suggests t h a t  t h e  
s o l u t e  s t a t i o n a r y  phase i n t e r a c t i o n s  c o n t r i b u t e  t o  t h e  separa t ion .  

l e n g t h  o f  t h e  a l k y l  cha in  a t  C22 has o n l y  a marg ina l  e f f e c t  on t h e  

separa t i on  o f  t h e  epimers. 

The 

On t h e  o t h e r  hand, t h e  separa t i on  o f  t h e  
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OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 1233 

epimers on reversed phase supports increases strongly with the carbon 
number in the substituent at C 2 * .  

increasing lipophilic charactoer of staionary phase, i.e. in 
the order -isopropylcyano ( -alkylphenyl < -C18. 

The selectivity increaes with 

F H 2 0 H  C H 2 0 H  I 

&.= c=o o \ C ( R  &*,O, ,,.R 

A --.O H _ _ -  0’ “H 

0 

R = -CH3, -CH2-CH3, - (CH2)2-CH3,  -(CH,),-CH3 

Benzo[a]pyrene, an environmental pollutant, is metabolically 
converted into (-)-r-7,t-8-dihydroxy-7,8-di hydrobenzo[a]pyrene, which 
is further metabolized and exerts mutagenicity in tnarnrnalian cells. 
Young et al. (31) described the HPLC method for the separation o f  

the optical isomers of synthetic r-7,t-g-di hydroxy-7,8~-dihydrobenzo[a]-  

PYrene [VIIIa] and their synthetic precursor rVIIa1. 
VIIa and VIIIa were converted to diastereomers [VIIb  and VIIIh] 
with di-(-)menthoxyacetyl chloride and then were resolved by using a 

Zorbax SIL column and methylene chloride containing 0.3 % (v/v) 
ethyl acetate as a mobile phase. 

The compounds 

R d  069 
b R  

R d  :.& 1 OR 

[ VIIa ] ; R = H [ VIIIa ] ; R = H 

[ VIIh ] ; R = (-)menthoxyacetyl [ VIIIh ] ; R = (-)menthoxyacetyl 

OCH2CO- 
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1234 TAMEGAI ET AL. 

Racemic 1-( l-naphthyl)-2,2,2-trifluoroethanol, a chiral 
NMR solvent, was separated on an acidic alumina column as the 
diastereomers [ 1x1 with (+)-1-(1 -naphthyl )ethyl isocyanate. 
chiral isocyanate also reacts readily with most alcohols to give a 
mixture o f  diastereomeric carbamates. 

This 

[ (- ) rnenthoxyacety l  ] 

C F 3  0 H CH3 
I n t  I 

H - C - 0 - C - N - C - H  

3. CARBOXYLIC ACID COMPOUND 
Helmchen et al. (33-34) reported that the resolution o f  

carboxylic acids and amines could be generally achieved by forming 
diastereomeric secondary amides and separating them by 1 iquid chromato- 
graphy on silica gel. 
the enantiomer of carboxylic acid, R1R2HCCOOH as the diastereomers of 
amines R1R2NH by HPLC on silica gel with n-hexane .ethyl acetate as a 
mobile phase. 

o f  2- (2-i sopropyl i ndan-5-yl ) propi onic acid [ X I  with o( -1 -phenyl ethyl ami ne 
by preparative HPLC usingp-Porasil as a stationary phase and ethyl 
acetate -chloroform n-hexane (15:15:70) as a mobile phase. 

Later Helmchen and co-workers (35) separated 

Naruto et al. (36) also separated the diastereomeric isomers 

COOH 
C X l  

Valentine,Jr. (37) ,  Scott (38), Bergot (39) and their 
co-workers described the HPLC method for the separation o f  enantiomeric 
isoprenoid acids as the diastereomers with optically pure S ( - ) -  o r  
R(+)-0(-methyl-p-nitrobenzylamine. Citronell ic acid and related substances 
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OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 1235 

were converted t o  acid ch lor ides ,  and the crude acid chlor ides  were 
reacted with R(+)-Q(-methyl-p-nitrobenzylamine. 
XIIa and XIII], thus formed were then separated on  a P a r t i s i l  column 
with 20 % ( v / v )  tetrahydrofuran i n  n-hexane. 
acids  were calculated from the r e l a t i v e  peak areas .  

agreement with the data  obtained by the NMR method. 
re la ted  substances were a l s o  separated a s  diastereomeric amides [XIb, XIIb 
and XIV] with R(+)-1-(1-naphthyl)ethylamine, readi ly  ava i lab le  in high 
opt ica l  purity. The corresponding crude amides were pur i f ied  by preparat ive 
thin layer  chromatography ( T L C )  and subjected t o  HPLC on a Zorbax SIL 
column with ethyl ace ta te  in n-pentane sa tura ted  with water. 

The crude amines [XIa, 

R/S r a t i o  a t  C3 i n  these 
Results were in good 

C i t r o n e l l i c  acid and 

COOR 

[ XIa,  X Ib  I 

COOR 

[ XI Ia ,  XIIb 3 

COOR 

Scot t  e t  

[ XI11 1 
COOR 

[ X I V  1 

XIa,  XIIa,  XI11 : 

R = R(+)-[X-methyl-p-nitrobenzylamine 

R = R ( + ) - 1 - (  1 - n a p h t h y l  ) e t h y l  amine 

XIb, X I Ia ,  X I V  : 

a l .  (38) demonstrated t h a t  isoprenoid ac ids  could be 
separated as  the diastereomeric amides of S ( - ) -  o r  R(+)-M-methyl- 
p-nitrobenzylamine by HPLC using a P a r t i s i l  column and 20 % (v/v) 
tetrahydrofuran in n-heptane. T h e  capacity f a c t o r ,  k , and s e l e c t i v i t y  
coef f ic ien t ,D( ,  f o r  t h e  pa i r  o f  diastereomers obtained by the react ion 
withO(-methyl-p-nitrobenzylamine a r e  given in  TABLE 1. 

decrease in  &from 2.2 f o r  the  C2-position t o  1.0 f o r  the C5-position. 

methyl f 1 uoren-2-acetic acid (40)  and 2- (4-isobuthylphenyl )propionic acid 

I 

There i s  progressive 

Recently, i t  has become c l e a r  t h a t  a r y l a l i p h a t i c  ac ids ,  i . e . g -  
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1236 TAMEGAI ET AL. 

r A R L F  1 Resolution of enantiomeric isoprenoid ac ids  

~ 

A c i d  R 

3.13 

7.79 

6.52 

8.25 

7.67 

9.00 

12.80 

9.25 

7.58 

I 

k 
S 

6.92 

9.22 

8.04 

7.83 

7.67 

1 1  .oo 

8.71 

9.50 

8.71 

1) 50 cm column, S(-)-O1-methyl-p-nitrobenzylamine 
2 )  50 cm X 2 column, R(+)-O(-methyl-p-nitrobenzylamine 

o( 

2.21 

1.18 

1.23 

1.05 

1 .oo 

1.22 

1.47 

1.03 

1.15 

(Reprinted with permission f r o m  C.G.Scott M.J.Petrin and 
T.MaCorkle, J.Chromatogr. ,125, 157 (19763. 
Scientific Publishing Co.Ltd. ,) 

Copyright E l s e v i e r  
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OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 1237 

(41), are capable of undergoing stereospecific inversion from 1-enantiomer 
to d-enantiomer in vivo. Tamegai et al. (42) applied the HPLC method to 
the resolution of dl-2-[3-(chlorophenoxyphenyl )]propionic acid [ X V ]  as 
the diastereomeric amides obtained by treatment with various optically 
active arnine compounds. 
quantities of enantiomers of X V  are shown in TABLE 2. Tamegai et al. 
(43) also reported the HPLC method for the identification o f  optical 
isomers of XV in rat plasma. 
diastereomeric amide by treatment with (+)-2-aminobutane and was then 
determined by HPLC using a Nucleosil NH2 column and cyclohexane ethyl 
acetate ( 5 : ? )  as  a mobile phase. 
XV in rat plasma after oral administration was measured and a facile 
epirnerization of the 1-isomer to d-isomer was proved. 

The resolution factor, R , and minimum detectable 

The compound X V  was converted t o  the 

Time course of the optical isomers of 

TABLE 2 Resolution of enanti omeri c 2- [ 3- (chl orophenoxyphenyl )]propioni c acid 

r Ami no compound 

(+)-?-aminobutane 

(+)-2-aminoheptane 

D- (+)-I -phenylethyl amine 

(+)-1-( 1-naphthyl )ethylamine 

(-)-I eucine methyl es ter 

( -  ) -p henyl a1 an i ne methyl es ter 

(-)-glycine methylester 

~~ 

Resolution factor 

1.25 

2.71 

2.27 

4.1 1 

1.09 

4.25 

1 .oo 

Wi n i mum detect a b 1 e 
quantities ( ng ) 

100 

100 

15 

5 

100 

50 

100 

Conditions of HPLC 
Column ; Nucleosil NH , lop, 4.6 mm T.D. X 250 mm 
Mobile phase ; cyclohgxane -ethyl acetate ( 5:l ) 
Detector ; llV280 , Flow rate ; 1.5 ml/min. 
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1238 TAMEGAI ET AL. 

I 

CH3 

Carboxylic acids  can be a l s o  separated as diastereorneric 
e s t e r s .  Johnson e t  a l .  (44) developed the  HPLC method f o r  the determination 
of the  enantiomeric puri ty  o f  naproxen. 
octanol in  the presence of concentrated s u l f u r i c  acid and the diastereomeric 
e s t e r  [XVI], thus formed was separated on a Spherisorb s i l i c a  column with 
0.5 % (v/v) e thyl  ace ta te  i n  n-hexane. 

Naproxen was reacted with S(+)-2-  

H H3c0mFH3 !-COO 
H 

4. AMINO COMPOUND 
Diastereomers of a ry la l  ipha t ic  amines have been successful ly  

resolved as the  corresponding arnides. Labetalol [XVIIa], which contains 
two asymmetric centers  and normally cons is t s  of two (R)(S)+(S)(R) and 
( R )  ( R ) + ( S ) ( S )  racemic rnixtures,was separated i n t o  each racemate by Selby 
e t  a l .  as  N.0-bis-(dansy1)-derivatives on a P a r t i s i l  10 column (45 ) .  
Tamegai e t  a l .  ( 4 6 )  a l s o  separated two racemic mixtures o f  1-[(4 -hydroxy- 
3 -methoxymethyl phenyll-2-N- (p-methoxybenzyl i sopropyl )ami noethanol [XVIIb] 

as N,O-bis-(benzy1)-derivatives by HPLC on a Zorbax SIL column. 
diastereomeric r a t i o  o f  two racemic mixture was determined. 

as  the diastereomeric (t)-l O-camphorsul fonamide der iva t ives .  [XVIII] 
Diastereomeric amides were prepared by t h e  procedure of Furukawa e t  a l .  
(48)  from amines by treatment with (+)-10-camphorsulfonyl chlor ide and 
were separated on Micropak NH2. 

I 

, 

The 

Souter (47)  applied the HPLC method t o  the  separat ion of m i n e s  

The da ta  a r e  shown i n  TABLE 3, i n  which the  
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OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 1239 

OH 

XVIIa 1 ; R ~ =  N H ~ C O -  , R~ = Q - c H ~ - c H ~ -  
[ XVIIb ] ; R,= CH30CH2- , R2= C H 3 0 0 C H 2 -  

[ XVIII 1 

degree of separat ion i s  shown as O((uncorrected) in  each case. 

mandelylamides [XIX]. Helrnchen e t  a l .  (49)  t r e a t e d  o p t i c a l l y  a c t i v e  
amines with (S)-o-methylmandelyl chlor ide and resolved the amides by 
HPLC using a Merckosorb S I  60 column and isooctane ethyl  a c e t a t e  (4 : l )  
as  a mobile phase. The r a t i o  of diastereomers, which corresponds t o  
the opt ica l  pur i ty  of the amines, was determined by comparing the area  
of two peaks. The lower l i m i t  f o r  detect ion of (S,S) isomer o f  XIX in  
(R,S) was 0.1 % and (R,S)  isomer in  (S,S) was 0.2 %. 

a-Phenylethylamines can be separated as  the  (S)-o-methyl- 

-CH-CONH-CH- 
I 

OCH3 C H 3  

c XIX 1 
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1240 TAMEGAI ET AL. 

TABLE 3 U-value for (+)-10-camphorsulfonoamide separation 

Ami ne 

@-met hy 1 benzyl 
p-methoxy-N-methylbenzyl 
m-methoxy- b'-methyl benzyl 
o-methoxy- M -methyl benzyl 
&met hy 1 p hene t hy 1 

o-me t hy 1 - d -met hy 1 p hene t hy 1 
p-me t h oxy - 
p- c h 1 o ro - d -me t hy 1 p henet hy 1 
3,4-methylenedioxy-O(-methylphenethyl 
0(-ethylphenethyl 
1 -methyl-3-phenyl propyl 
1-methyl-2-phenoxyethyl 

-met hy 1 p h ene t hy 1 

1.60 1.56 1.59 
1.54 1.56 1.00 
1.00 1.71 1.73 
1.37 1.28 1.13 
1.24 1.04 1.10 
1.19 1.00 1.05 
1.22 1.00 1.03 
1.25 1.08 1.15 
1.24 1.07 1.12 
1.12 1.00 1.00 
1.13 1.08 1.05 

No separations 

8 % (9:l CH2C12-isopropanol) in isooctane at 2 cm 3 min . -1 (2000 psi) 
5 % (9:l CH2C12-ethanol) in n-hexane at 1.5 cm 3 min-l(llOO psi) 

15 % (9:l buthyl chloride-isopropanol) in n-hexane at 2 ~ m ~ m i n - ~ ( 1 5 0 0  psi) 

(Reprinted with permission from R.W.Souter, Chromatographia, 
- 9, 635 (1 976), Copyright Pergamon Press. ) 

5. AMINO ACID COMPOUND 
Amino acids can be converted to a mixture o f  diastereomers 

by derivatizing with suitable chiral reagents at either amino or 
carboxylic radical. 
chiral reagents and carhoxylic group protected by esterification. 

Usually, theO(-amino group is reacted with 

  NO^ 

c x x  1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



OPTICAL ISOMERS AS DIASTEREOMEXIC DERIVATIVES 1241 

Furukawa e t  a l .  (48) f o r  t he  f i r s t  t ime  repo r ted  t h e  

HPLC method f o r  t he  separat ion o f  o p t i c a l  isomers o f  f o u r  amino 
ac ids.  

c h l o r i d e ,  and then w i t h  p-n i t robenzy lbromide as t h e  chromophor f o r  

de tec t i on .  

formed were separated by HPLC on Micropak 9 - 5 ,  
c a r r i e d  o u t  r e s o l u t i o n  o f  methionine, g lu tamic  ac id ,  t ryptophane, 

t y r o s i n e ,  i so leuc ine ,  l euc ine ,  phenyla lan ine and a l a n i n e  by HPLC 

on Micropak NH2 i n  t h e  same manner (50).  
d e r i v a t i v e s  of a l l  amino ac ids  was made under t h e  c o n d i t i o n  u s i n g  

isooctane edichloromethane c isopropanol  as t h e  e l u t i n g  so l ven t .  

change o f  t he  r a t i o  of isooctane and dichloromethane i n  the  s o l v e n t  
a f f e c t e d  t h e  abso lu te  r e t e n t i o n  t ime o f  each amino a c i d  d e r i v a t i v e  b u t  n o t  
t he  r e l a t i v e  r e t e n t i o n  times o f  corresponding D- and L-amino ac ids.  

Amino ac ids were t r e a t e d  w i t h  (+)-10-camphorsul fonyl  

The N-(+)-camphorsulfonyl-p-nitrobenzyl e s t e r s  [ X X ]  thus 

L a t e r  they f u r t h e r  

E f f i c i e n t  separa t i on  o f  amide 

The 

FH3 p 
CH30-C-CONHCHCOOCH3 

OCH- 

[ XXII I 

Amino a c i d  can a l s o  be conver ted t o  diastereomers by 

d e r i v a t i z i n g  w i t h  (-)-B-methoxy- @-methyl-1-naphthalene a c e t i c  ac id ,  

( -  ) -01 -methoxy- N-methy l  -2-naphtha1 ene a c e t i c  ac id ,  (- ) - 1  ,7-dimethyl-  

7-norborny l  i so th iocyana te  and (+)-neomenthyl i s o t h i o c y a n a t e  , Goto e t  
a l .  (51) t r e a t e d  amino a c i d  methyl  e s t e r s  w i t h  (-)-O(-methoxy-&-methyl- 
1-naphthalene a c e t i c  a c i d  o r  ( - ) -~-methoxy-D(-methy l -2-naphthalene 
a c e t i c  a c i d  i n  t h e  presence o f  N,N'-dicyclohexylcarbodiimide and separated 
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1 2 4 2  TAMEGAI ET AL. 

the corresponding crude arnide, [XXI] or [XXII], on a reversed phase 
column (p-Bondapak C18 
All the pair o f  diastereomeric XXI derived from alanine, valine and 
proline methyl esters, were resolved on a normal phase column much 
more efficently than those from XXII. 
amides by fluorometric monitoring was one tenth less than that obtained 
by UV absorption monitoring. Results of the liquid chromatographic 
analysis of XXI on reversed phase and normal phase columns are shown 
in T A B L E  4. 
column than on a reversed phase column. 
enantiomeric methyl or tert-butyldimethylsilyl ester of amino acid to 
the diastereomeric thiourea derivatives with two chiral derivatization 
reagents , ( - ) - 1 ,7 -d i me thy1 - 7-norborny l i sot h i ocyana t e and ( + ) - neomen t hy 1 
i sothiocyana te. The corresponding thiourea derivatives, [XXIII] and 
[XXIV], thus formed were separated on a?-Porasil column with cyclohexane. 
ethyl acetate as a mobile phase. The k and R o f  the diastereomeric 
thiourea derivatives, [XXIIIa and XXIVa] are listed in TABLE 4. The 
data suggest that derivatization of amino acids into XXIIIa was much 
more effective for optical resolution than into XXIVa. 

and on a normal phase column (p-Porasil ) .  

The limit of detection for the 

Amides are more efficiently resolved on a normal phase 
Nambara et al. (52) converted 

[ XXIIIa ] ; R = CH3 

[ XXIIIh  ] ; R = Si(CH3I2-t-Bu 

[ XXIVa ] ; R = Cl i3  

L XXIVh ] ; R = si(CH3)2-t-Bu 
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TABLE 4 Reso lu t i on  o f  enan t iomer i c  amino a c i d  
~~~ ~-~ 

c h i r a l  reagen 

Amino a c i d  

A lan ine  

Val i ne 

Norval i n e  

Leucine 

Nor1 euc i  ne 

I s o l e u c i  ne 

Pro1 i ne 

Pheny lg l yc ine  

Phenyl a1 a n i  ne 

Ser i  ne 

Threon i ne 

T y r o s i  ne 

DOPA 

Cys te in  

Methi o n i  ne 

A s p a r t i c  a c i d  

Glutamic a c i d  

Orn i  t i n e  

Lys ine  

Tryptophane 

H i s t i d i n e  

X X I  

Reversed phase 

k '  
O L  

a 1.83 1.83 0.00 

a 3.06 2.66 0.92 

a 3.33 2.95 0.75 

a 3.49 3.20 0.50 

a 4.80 3.87 1.00 

a 4.36 3.81 0.95 

a 3.30 3.00 0.50 

a 3.73 3.57 0.27 

a 4.00 3.67 0.56 

b 2.80 2.64 0.23 

b 4.60 4.60 0.00 

b 7.53 6.42 0.97 

b 11.2 11.0 0.15 

b 2.50 2.34 0.28 

Normal phase 

k' 
0 L R  

c 1.91 3.10 5.84 

c 1.76 1.06 9.17 

c 2.17 1.22 5.90 

c 1.83 0.78 6.14 

c 1.92 0.96 6.00 

c 1.53 0.88 4.26 

c 1.42 2.38 2.48 

c 2.56 1.32 6.22 

c 2.41 1.52 4.35 

e 2.52 7.32 8.63 

f 1.20 1.85 2.98 

d 2.02 1.74 1.02 

e 2.32 2.04 0.67 

e 2.08 0.98 2.80 

d 1.60 1.24 1.61 

c 5.61 7.00 2.52 

c 6.46 6.81 0.62 

f 2.00 3.52 3.33 

f 1.60 2.20 1.97 

f 1.36 1.96 1.47 

X X I I I a  

Normal phase 

k .  

D L  R 

h 4.96 4.57 1.1C 

i 8.06 7.25 1.3C 

i 9.13 8.00 1.48 

i 8.62 7.95 1.00 

i 6.49 5.86 1.47 

i 7.44 6.55 1.05 

1 5.91 6.64 1.69 

i 9.38 8.96 0.45 

i 8.81 7.50 1.77 

4.10 4.20 0.07 

i 3.14 3.25 0.36 

I 7.87 8.13 0.48 

I 16.3 15.4 0.94 

XXIVa 

Normal phase 

k '  

D L  R 

h.3.49 3.04 1.73 

i 6.07 5.71 0.75 

i 6.49 6.49 0.00 

i 3.70 3.91 0.70 

i 5.18 5.46 0.66 

i 3.70 3.91 0.63 

h 4.13 4.72 1.79 

i 7.30 7.53 0.36 

i 5.23 5.47 0.62 

9 7.00 6.46 0.59 

9 5.75 5.54 0.39 

h 5.72 5.66 0.15 

h 11.3 10.1 1.43 

b 

cyclohexane e t h y l  a c e t a t e  ( 4 : l  )', ( 2 : l  )d, ( 1 : l  )e, ( 2:3 ) 

c y c l  ohexane 

mob i l e  phase ; methanol water  ( 2 : l  )a,(  3:2 ) 
f 

( 3 : l  ) g ,  ( 1O:l )h, ( 2O:l )i 

( Repr in ted  w i t h  pe rm iss ion  from J .Goto ,M. Hasegawa ,S. Na kamura , K.Shimada 
and T.Nambara, J.Chromatogr., =,413(1978) and T.Nambara,S.Ikegawa3 
II.Iiasegawa and J.Goto, Anal .Chirn.Acta,lOl,lll(197~). 
Copyr ioh t  E l  sev i  e r  S c i e n t i f i c  Pub1 i sl!iK%o .L.td., 
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1244  TAMEGAI ET AL. 

Scott et al. (38) and Goto et al. (51)  strongly implied 
that the efficiency of separation of diastereomers on a normal phase 
column would depend largely on the rigidity of conformation. 
Introduction of a bulky group, i.e. the tert-butyldimethylsilyl residue, 
into the ester moiety may make the conformation of the molecule more 
rigid. In fact, derivatization o f  amino acids to the diastereomeric 
(+)-neomenthyl thiourea silyl esters [XXIVb] was more effective for the 
separation than derivatives t o  the (+)-neomenthylthiourea methyl esters [XXIVa] 

Penicillins and cephalosporins contain diastereomeric counter- 
part when acylating agent o f  6-ami nopeni ci 1 1  anic acid, 7-ami nodeacetoxy- 
cephalosporanic or 7-aminocephalosporanic acid is a mixture of optical 
isomers. The separation o f  such diastereomers o f  t-lactam antibiotics 
has been performed using ap-Bondapak C18 column and mixture of appropriate 
buffers and methanol as a mobile phase. 

Salto (53) apllied the HPLC method to the resolution o f  

ampicillin and a-phenoxyethylpenicillin. With 5 % methanol in the 
mobile phase content, the resolution of ampicillin diastereomer was 
almost constant between PH 2 to 5, but decreased for PH >5. For each 
PH level, the resolution efficiency was decreased with the increase in 
methanol content of the mobile phase. On the other hand , the resolution 
of N-phenoxyethylpenicillin isomers by HPLC was decreased as the 
PH and methanol content increased. 
et al. (55) determined the diastereomeric purity of 7-ureidoacetamide 
and 7-ureidoacetyl cephalosporins by HPLC also. 

Meanwhile, Yang (54) and Breuer 

6 .  PEPTIDE COMPOUND 
Enantiomers of amino acids can be separated as [L-Leuldipeptide 

diastereomers (56). 
butyloxycarbonyl-L-leucine-N-hydroxysuccinimide, followed by acidic 
cleavage of the tert-butyl oxycarbonyl group. The resulting [L-Leu]- 
dipeptide diastereomers were separated on a standard amino acid analyzer 
using sul fonated polystyrene column. For chromatography of [L-Leu]- 
dipeptide containing Tyr, Phe or  Lys, a long column was used, while a 
short column sufficed to resolve [L-Leuldipeptide containing His or Arg. 
Diastereomers o f  short chain peptides have been separated by column 
chromatography. Feltkamp et al. (57) resolved L,L- and D,L-isomer o f  
Ala-Leu using a column packed with silicagel and a eluting solvent 
containing n-butanol, water and acetic acid. Wieland et al. (58) 

Free D- and 1-amino acids were reacted with tert- 
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OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 1245 

separated the  diastereomers o f  A la -Tyr ,  Val-Tyr,  Ala-Phe and Met-Ala 

on Sephadex G-25 o r  G-50 column w i t h  p y r i d i n e  water  ( 1 : l ) .  

Diastereomers o f  t e t r a p e p t i d e ,  Leu-Ala-Gly-Val were separa ted  on a 

standard amino a c i d  ana lyzer  u s i n g  a s u l f o n a t e d  po lys ty rene  column w i t h  

0.2 N sodium c i t r a t e  bu f fe rs  (59) .  
L-Leu-D-Ala-Bly-L-Val and D-Leu-1.-Ala-Bly-L-Val , were separa ted  f rom 

one another  and f rom the  a l l  L-amino a c i d  t e t r a p e p t i d e .  

The s i n g l e  0-amino a c i d  diastereomers,  

K r o e f f  e t  a l .  (60)  descr ibed t h e  HPLC f a c t o r  which i n f l u e n c e s  

HPLC was performed the  r e t e n t i o n  o f  d ias te reomer i c  d i -  and t r i p e p t i d e .  

on a bonded reversed s t a t i o n a r y  phase o f  C8 t y p e  (L i ch roso rb  RP 8),  w i t h  

the  e l u t i n g  agent made from e thano l  and phosphate s a l t s  ( o r  HC1 ) a t  

The k f o r  d i -  and t r i p e p t i d e  d ias te reomers  a r e  shown i n  TABLE 

I n  d i p e p t i d e  i n  which t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

I 

p = 0.1. 
5 and 6. 

s i z e  and p o l a r i t y  o f  t h e  amino a c i d  subun i ts ,  t h e  d i f f e r e n c e  i n  t h e  k 
values f o r  d ias te reomers  i s  l a r g e  enough t o  p e r m i t  t h e i r  separa t ion .  

Also,  r e t e n t i o n  d i f f e r e n c e s  f o r  t h e  g i ven  s e t  o f  d ias te reomers  a r e  

enhanced by us ing  a lower PH and/or  reduc ing  t h e  amount o f  e thano l  i n  

the  e l u t i n g  m ix tu re .  

I 

2.10 2.32 

0.28 0.17 

0.29 0.18 

1.13 0.65 

1.11 0.64 

0.68 0.62 

0.69 0.63 

1.59 1.14 

3.32 2.58 

TABLE 5 Capac i ty  Fac to r  f o r  D i -  and T r i a l a n i n e  Diastereomers 

5.75 

0.00 

0.00 

0.16 

0.17 

0.09 

0.09 

0.22 

0.69 

\ Peptide 

L-A la-L-A la  

D-Ala-D-Ala 

L-Ala-D-Ala 

D-Ala-L-Ala 

L -A la -L-A la-L-A la  

D-Ala-D-Ala-D-Ala 

L-Ala-L-Ala-0-Ala 

L-Ala-D-Ala-L-Ala 

7.89 

0.00 

0.09 

0.21 

0.20 

0.26 

0.29 

0.59 

1.18 

* u s i n g  5 % E t O H  + 95 % H20 w i t h  phosphate b u f f e r  o r  HC1 

(Repr in ted  w i t h  permiss ion  f rom S.B.H.Kent, A.R.Mitchel1, 
G.Barany and R.B.Mer r i f ie ld ,  Anal.Chem.,50, 155 (1978).  
Copyr igh t  t h e  American Chemical S 0 c i e t y . F  
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TAMEGAI ET AL. 1246 

TABLE 6 Capacity Factor for di- and tripeptide diastereomers 

k Peptide 

L( D)-Ala-L( D)-Val 
L (D)-Ala-D( L)-Val 
L-A1 a-L-Leu 
0-Ala-L-Leu 
L-Ala-L-Phe 
D-Ala-0-Phe 
L-Ala-0-Phe 
0- A1 a - L- P he 
L-Leu-L-Tyr 
0-Leu-L-Tyr 
L-Val-L-Val 
D-Val -D-Val 
D-Val-L-Val 
D-Leu-0-Leu 
D-Leu-L-Leu 
L-Leu-L-Leu 
L-Leu-0-Leu 
L(0)Leu-L( D)Phe 
L(0)Leu-D( L)Phe 
L.( 0)Leu-Gly-L( 0)Phe 
L(0)Leu-Gly-D(L)Phe 

3.45* 

0.30 
0.69 
1.37 
2.51 
1.65 
1.65 
2.83 
2.84 
1.74 
2.63 
0.59 
0.58 
3.50 
7.35 

>10.0 

~ 

* 
5.98 

0.03 
0.21 
0.30 
0.88 
0.61 
0.61 
1.48 
1.46 
0.62 
1.38 
3.12 
0.11 
1.55 
2.71 

>10.0 

** 
6.14 

0.92 
4.79 
0.92 
4.78 
2.16 
6.94 
1.12 
1.58 

* using 10 % EtOH + 90 % H20 with phosphate buffer 
** using 20 % EtOH + 80 % H20 with phosphate buffer 

(Reprinted with permission from S.B.H.Kent, A.R.Mitchel1, 
G.Barany and R.B.Merrifield, Anal.Chem., 3, 155  (1978). 
Copyright the American Chemical Society.) 

In dipeptide, the L-L and D-0 enantiomers have an identical 
I 

k 

D-L enantiomers. 
In the L-D and 0-L forms of Ala-Ala, the methyl groups for the two Ala 

values which is less than a identical k '  values found for the L-D and 
The fact can be applicable to tripeptide diastereomers. 
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OPTICAL ISOMERS AS DIASTEREOMERIC DERIVATIVES 1247 

subun i t s  may be on t h e  same s i d e  o f  t h e  pep t ide  bond and i n  c l o s e  p r o x i m i t y  
t o  one another.  
area and inc rease  t h e  r e t e n t i o n  of  t h e  L-D and D-L enant iomers,  i n  

comparison t o  t h e  L-L  and D-D enant iomers,  where t h e  methy l  groups 

a re  on o p p s i t e  s ide .  

o f  d ias te reomers  o f  o x y t o c i n  and i t s  analoges b y  HPLC, u s i n g  two 
y-Bondapak C18 column connected i n s e r i e s  and an e l u a n t  composed o f  

0.1 M ammonium a c e t a t e  (PH 4.0) and a c e t o n i t r i l e .  

T h i s  should produce a h i g h e r  o v e r a l l  hydrophob ic  su r face  

Furthermore, Larsen e t  a l .  (61)  showed e f f i c i e n t  s e p a r a t i o n  

7. CONCLUSIONS 
Th is  p romis ing  f i e l d  o f  research  has been j u s t  begun 

and has i n  f a c t  some problems t o  overcome. The c h i r a l  reagents  
used i n  t h i s  method a r e  n o t  always a v a i l a b l e  i n  o p t i c a l l y  pu re  

form. Futhermore, a change o f  t h e  o r i g i n a l  enan t iomer i c  r a t i o  

may occur  d u r i n g  d e r i v a t i z a t i o n  t o  t h e  diastereomers.  

erroneous f a c t o r s  may be q u i t e  troublesome, i f  a h i g h  accuracy  

i s  requ i red ,  when t h e  sample n e a r l y  con ta ins  enan t iomer i c  i m p u r i t y .  

I n  a d d i t i o n ,  t h e  approach i n d i c a t e d  i n  t h i s  rev iew  i s  o n l y  
a p p l i c a b l e  t o  t h e  compounds c o n t a i n i n g  hydroxy, c a r b o x y l i c  and 

ami no groups. 

use fu lness  o f  t h e  method i n  h i g h  performance l i q u i d  chromatography. 

These two 

F u r t h e r  i n v e s t i g a t i o n  i s  necessary t o  e s t a b l i s h  t h e  
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