
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Retention Behavior of Derivatized Amino Acids and Dipeptides in High-
Performance Liquid Chromatography Using Cyclodextrin as a Mobile
Phase Additive
Kazutake Shimadaa; Kyoko Hirakataa

a Faculty of Pharmaceutical Sciences Kanazawa University, Kanazawa, Japan

To cite this Article Shimada, Kazutake and Hirakata, Kyoko(1992) 'Retention Behavior of Derivatized Amino Acids and
Dipeptides in High-Performance Liquid Chromatography Using Cyclodextrin as a Mobile Phase Additive', Journal of
Liquid Chromatography & Related Technologies, 15: 10, 1763 — 1771
To link to this Article: DOI: 10.1080/10826079208018325
URL: http://dx.doi.org/10.1080/10826079208018325

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/10826079208018325
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 15(10), 1763-1771 (1992) 
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13-1 Takara-mchi 
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ABSTRACT 

The c h r o m a t o g r a p h i c  b e h a v i o r  of amino  a c i d s  and d i p e p t i d e s  
d e r i v a t i z e d  w i t h  d a n s y l c h l o r i d e  o r  ( S ) - 1 - ( 1 - n a p h t h y 1 ) e t h y l  
i s o c y a n a t e  was examined by r e v e r s e d - p h a s e  h igh -pe r fo rmance  l i q u i d  
ch romatography  u s i n g  c y c l o d e x t r i n  as the  m o b i l e  p h a s e  a d d i t i v e .  

T h e  a d d i t i o n  o f  8 - c y c l o d e x t r i n  t o  t h e  m o b i l e  p h a s e  was 
e f f e c t i v e  f o r  t h e  o p t i c a l  r e s o l u t i o n  of d a n s y l  a m i n o  a c i d s  b u t  
n o t  f o r  t h a t  o f  d a n s y l  d i p e p t i d e s .  T h e  s e p a r a t i o n  o f  
d i a s t e r e o m e r i c  d i p e p t i d e s  was s l i g h t l y  improved  by t h e  a d d i t i v e .  

INTRODUCTION 

O p t i c a l  r e s o l u t i o n  h a s  b e e n  a c h i e v e d  by h igh -pe r fo rmance  

l i q u i d  c h r o m a t o g r a p h y  (HPLC) w i t h  pre-column d e r i v a t i z a t i o n  w i t h  

a c h i r a l  r e a g e n t ,  a c h i r a l  s t a t i o n a r y  p h a s e  or m o b i l e  p h a s e  
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l"64 SHIMADAAND HIRAKATA 

con ta in ing  a c h i r a l i t y - r e c o g n i z i n g  r e a g e n t .  O p t i c a l  r e s o l u t i o n  

by t h e  a d d i t i o n  of a c h i r a l i t y - r e c o g n i z i n g  r e a g e n t  r e l i e s  on 

c n i r a l  r e c o g n i t i o n  by l i g a n d  e x c h a n g e ,  i o n - p a i r - f  o r m a t i o n  and 

i n c l u s i o n  c o m p l e x i n g  [ l ] .  I t  is w e l l  known t h a t  c y c l o d e x t r i n  

(CD) f o r m s  i n c l u s i o n  c o m p l e x e s  w i t h  a v a r i e t y  of m o l e c u l e s  and  

i 3 n s .  E n a n t i o m e r i c  r e s o l u t i o n  of d a n s y l  (DNS) amino  a c i d s  by 

micro HPLC us ing  6-CD as t h e  mobile phase a d d i t i v e  was r epor t ed  

b T a k e u c h i  et  a l .  [ 21. 

I n  prev ious  papers  w e  r epor t ed  t h e  much improved s e p a r a t i o n  

0 '  s t e r o i d s  h a s  been observed by t h e  a d d i t i o n  of t h e  s u i t a b l e  CD 

t ,  t h e  m o b i l e  p h a s e  i n  r e v e r s e d - p h a s e  HPLC [3] .  The p r e s e n t  

paper d e a l s  w i th  t h e  chromatographic  behavior of amino a c i d s  and 

pep t ides  d e r i v a t i z e d  wi th  DNS c h l o r i d e  or (S)-1-(1-naphthy1)ethyl 

i s o c y a n a t e  ( N E I )  i n  r e v e r s e d - p h a s e  HPLC u s i n g  CD a s  t h e  m o b i l e  

phase add i t ive .  

MATERIALS AND METHODS 

M(iteria1s 

a-, 0 -  and y-CDs were k i n d l y  supp l i ed  by Nihon Shokuhin Kako 

(y'okyo, Japan). Heptaki  s-( 2,6-d i - 0 - m  e t  h y 1)- 8-CD ( M  e-f3 -CD; 10.5 

m e t h y l  r e s i d u e s / m o l )  w a s  p r e p a r e d  and d o n a t e d  by Kao (Tokyo). 

An ino  a c i d s ,  p e p t i d e s ,  DNS c h l o r i d e  and  NEI were o b t a i n e d  f r o m  

Tokyo Kasei Kogyo (Tokyo). Baclofen was k ind ly  donated by Ciba- 

Geigy (Basel,  Swi t ze r l and) .  D e r i v a t i z a t i o n s  w i t h  DNS c h l o r i d e  
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DERIVATIZED AMINO ACIDS AND DIPEPTIDES 1765 

a n d  NEI were d o n e  a c c o r d i n g  t o  t h e  r e p o r t e d  m e t h o d s  [ 2 ,  41 ,  

r e s p e c t i v e l y .  

Apparatus  

HPLC was c a r r i e d  o u t  on a S h i m a d z u  LC-6A c h r o m a t o g r a p h  

( S h i m a d z u ,  K y o t o ,  J a p a n )  e q u i p p e d  w i t h  a H i t a c h i  F-1050 

f l u o r e s c e n c e  d e t e c t o r  ( H i t a c h i ,  Tokyo) a t  a f l o w - r a t e  o f  1.0 

ml/min. The wave l e n g t h s  of e x c i t a t i o n  (Xex) and e m i s s i o n  (Xem) 

were s e t  a s  f o l l o w s :  DNS d e r i v a t i v e  ( X e x  366 nm, X em 510 nm), 

(S)-1-(1-naphthy1)ethyl c a r b a m o y l  (NEC) d e r i v a t i v e  (hex 2 3 5  nm, 

Xem 333 nm). A TSKgel ODs-8OTM (5 pm: 15 crn x 0.46 cm i.d.; 

TOSOH, Tokyo)  and  a YMC-GEL c8 (5 p m :  15 cm x 0.4 cm i.d.; 

YMC, Kyoto) columns were used under ambient  c o n d i t i o n s ,  and t h e  

v o i d  v o l u m e  was m e a s u r e d  w i t h  m e t h a n o l  (  ex 2 8 0  nm, Xem 3 2 0  

nm). The pH of t h e  mobile  phase was a d j u s t e d  w i t h  H3P04. 

-- RESULTS AND DISCUSSION 

E f f e c t  of CD on t h e  R e t e n t i o n  o f  DNS Amino Acids ----- 
Takeuchi  et  al. r e p o r t e d  t h e  e n a n t i o m e r i c  r e s o l u t i o n  of  DNS 

amino a c i d s  by micro HPLC u s i n g  B-CD as  t h e  mobi le  phase a d d i t i v e  

[2] ,  bu t  t h e  e f f e c t  of o t h e r  CD h a s  not  been r e p o r t e d  p r e c i s e l y .  

On t h e  b a s i s  of t h e s e  f i n d i n g s ,  t h e  e f f e c t  of  a -, B -, Me-B- a n d  

y-CD c o n t e n t s  i n  t h e  m o b i l e  p h a s e  on t h e  r e l a t i v e  c a p a c i t y  

f a c t o t s  (Rk') of DNS-Gly, -L-Ala and -L-Thr u s i n g  c o n v e n t i o n a l  

reversed-phase column was i n v e s t i g a t e d .  It is necessary  t o  u s e  a 
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1766 SHIMADA AND HIRAKATA 

TABLE 1. E f f e c t  o f  CD on  t h e  Rk' V a l u e s  of  DNS Amino Acids  - 
t R  (min)* Rk'** 

a-CD B-CD Me-@-CD y-CD 
- 

;1y 16.1 0.94 0.88 0.58 0.83 

L-Ala 19.8 0.93 0.89 0.53 0.83 

L-l'hr 17.0 0.92 0.88 0.51 0 .84  

* 
** 

- 
C o n d i t i o n s :  column, YMC-GEL c8; m o b i l e  phase ,  MeOH-0.5% 
K HPO (pH 6 .5) (35:65) .  d e  k4 v a l u e  o b t a i n e d  w i t h o u t  CD was t a k e n  as 1.0. 
( 2  mM) was added i n  the m o b i l e  phase .  

Each CD 

m o b i l e  phase  c o n t a i n i n g  water i n  i n c l u s i o n  chromatography u s i n g  

CII a s  t h e  m o b i l e  p h a s e  a d d i t i v e  [5].  It i s  p o s s i b l e  f o r  a o c t y l  

s i l y l - c o a t e d  ( c 8 )  c o l u m n  t o  e l u t e  t h e  d e r i v a t i v e  w i t h  a m o b i l e  

p h a s e  c o n t a i n i n g  a l a r g e  p r o p o r t i o n  o f  water t h a n  o c t a d e c y l -  

c c a t e d  (c18)  column. YMC-GEL Cg column was used f o r  t h i s  p u r p o s e  

a r d  t h e  r e s u l t s  were shown i n  TABLE 1. 

Among t h e  CDs examined,  a-CD showed t h e  l eas t  e f f e c t  on t h e  

k '  v a l u e s  o f  t h e  examined  DNS a m i n o  a c i d s .  Not so d i f f e r e n c e  h a s  

b e e n  o b s e r v e d  on t h e  e f f e c t s  o f  f3 - a n d  y-CDs. On t h e  c o n t r a r y ,  

t h e  k' v a l u e s  of  these compounds were most  i n f l u e n c e d  by Me-a-CD, 

b u t  it t o o k  a t  least more t h a n  200 m l  f o r  washing  the  column wi th  

tke m o b i l e  phase  c o n t a i n i n g  Me-&CD t o  g e t  t h e  c o n s t a n t  va lue .  

Tk 'ese  p h e n o m e n a  a re  more c l e a r l y  o b s e r v e d  by u s i n g  c18 c o l u m n .  

T b e s e  d a t a  s u g g e s t  t h e  d y n a m i c  c o a t i n g  o f  t h e  r e v e r s e d - p h a s e  

c c l u m n  h a s  o c c u r r e d  with m e t h y l a t e d  CD as r e p o r t e d  [6]. 
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DERIVATIZED M N O  ACIDS AND DIPEPTIDES 1767 

Enant iomer ic  R e s o l u t i o n  of DNS-Amino Acids  and -Dipept ides  

The e f f e c t  of each CD on t h e  r e s o l u t i o n  of e n a n t i o m e r i c  DNS 

T h r  was e x a m i n e d  and  t h e  r e s u l t s  were s u m m a r i z e d  i n  TABLE 2. 

According t o  t h e  p r e v i o u s  r e p o r t  [ 2 ] ,  t h e  c18 column (TSKgel ODS- 

80TM) was chosen f o r  t h i s  purpose. Although t h e  a d d i t i o n  of Me- 

@-CD gave  t h e  s h o r t e s t  t R ,  t h e  s e p a r a t i o n  h a s  not  been observed. 

The m o b i l e  p h a s e  c o n t a i n i n g  y-CD d i d  not e lu te  t h e  d e r i v a t i v e  

under t h e  examined c o n d i t i o n s .  The d a t a  showed t h a t  6 -CD i s  most 

e f f e c t i v e  f o r  t h i s  r e s o l u t i o n ,  s o  t h e  f o l l o w i n g  e n a n t i o m e r i c  

r e s o l u t i o n  h a s  been  done  w i t h  6-CD a s  shown i n  TABLE 3 .  Almost 

t h e  same r e s o l u t i o n  as r e p o r t e d  h a s  been  o b t a i n e d  by  t h i s  

c o n v e n t i o n a l  HPLC [ Z ] ,  b u t  t h e  s e p a r a t i o n  of e n a n t i o m e r i c  DNS- 

b a c l o f e n ,  -Gly-Leu and -Leu-Gly h a s  n o t  been done under s e v e r a l  

examined c o n d i t i o n s  u s i n g  c18 and c8 columns. 

TABLE 2. Enantiomeric  R e s o l u t i o n  of  DNS Thr 

t R  (min) 

D-Thr 9.5 05.1 11.6 n . d. *** 

Condi t ions :  column, TSKgel ODs-80TM; mobi le  phase,  
MeCN-0.5% K HP04 (pH 6.1) [*(10:90), **(20:80)] 
c o n t a i n i n g  12 .5  mM CD as i n d i c a t e d .  
*** not d e t e c t a b l e  w i t h i n  90 min. 
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1:’68 SHIMADA AND HIRAKATA 

TABLE 3. Enantiomeric Reso lu t ion  of DNS Amino Acids 

Mobile phase* t R  (min) R s  

D L 

Ala 15:85 36.5 38.0 0.9 

Leu 25: 75 16.4 17.0 0.8 

Phe 25  : 75 22.9 23.7 0 . 8  

S e r  15:85 24.7 25.9 1 .o 
* Condi t ions :  column, TSKgel ODs-80TM; mobile phase,  

MeCN-0.5% K2HP04 (pH 6.5)  c o n t a i n i n g  12.5 mM 6-CD. 
The ra t io  was a s  i n d i c a t e d .  

----- E i f e c t  of CD on t h e  Sepa ra t ion  of Dias t e reomer i c  Amino Acids and 

P e p t i d e s  - 
Amino a c i d s  and pep t ides  were d e r i v a t i z e d  w i t h  NEI accord ing  

t r i  t h e  r e p o r t e d  me thod  [ 4 ]  and  t h e  s e p a r a t i o n  of t h e  o b t a i n e d  

d a s t e r e o m e r i c  n a p h t h y l e t h y l  c a r b a m o y l  (NEC) d e r i v a t i v e s  was 

a t t empted  as fo l lows .  The much improved s e p a r a t i o n  of NEC amino 

a c i d s  than  t h e  r epor t ed  one [4]  h a s  been ob ta ined  and summarized 

i i  TABLE 4.  T h e  s a t i s f a c t o r y  s e p a r a t i o n  ( R s  1 .3 )  o f  

d.astereomeric NEC Baclofen was also done and its chromatogram 

w a s  shown i n  Fig.  la. But  t h e  a d d i t i o n  o f  CD was n o t  s o  

e! f e c t i v e  f o r  t h e  s e p a r a t i o n  of t h e s e  d i a s t e reomers .  

The s e p a r a t i o n  of d i a s t e r e o m e r i c  NEC d i p e p t i d e s  was a l s o  

examined  and  t h e  r e s u l t s  were summar ized  i n  TABLE 5. A l l  t h e  

d Lastereomeric d i p e p t i d e s  were clear ly  s e p a r a t e d  w i t h o u t  t h e  

a s i d i t i o n  of CD. A d d i t i o n  of 5 m M  o f  y-CD g a v e  t h e  s l i g h t  
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TABLE 4. S e p a r a t i o n  of Diastereomeric NEC Amino Acids 

Mobile phase* t R  (min) R s  

D L 

S e r  20 : 80 10.7 11.5 1.3 (1.0)** 

Thr 23:77 6.8 8.0 2.4 (1.7) 

Ala 23:77 8.1 9.1 1.8 (1.4) 

Leu 25 : 75 14.5 19.0 5.6 (2.7) 

TYr 40 : 60 10.8 12.1 2.1 (0.9) 

Q Condi t ions :  column, TSKgel ODs-80TM; mobi le  phase, MeCN-0.5% 

** Reported R s  v a l u e  [4] .  
K2HP04 (PH 6.5). The r a t i o  was as i n d i c a t e d .  

TABLE 5. E f f e c t  of CD on t h e  S e p a r a t i o n  of Diastereomeric NEC 
D i p e p t i d e s  

Mobile phase* w i t h o u t  CD y-CD M e - g C D  

t R  (min) R s  R k ' w  R s  Rk' R s  

G 1  y-D-Ser 20 : 80 14.6 0.95 0.58 
G 1  y-L-Ser 13.4 1.9 0.95 1.9 0.59 1.3 

GI y-D-Thr 20 : 80 16.8 0.94 0.57 
Gly-L-Thr 15.5 1.8 0.93 1.9 0.57 1.4 

G 1  y-D-Leu 25: 75 18.8 1 .oo 0.80 
G 1  y-L-Leu 16.8 2.4 0.99 2.6 0.80 2.3 

D-Leu-G1 y 25:75 20.9 0.99 0.80 
L-Leu-G1 y 29.4 7.6 1.01 8.2 0.79 7.1 

* Condi t ions :  column, TSKgel ODs-80TM; n o b i l e  phase,  MeCN-0.5% 
K HW4 (pH 6.5) c o n t a i n i n g  CD (0 o r  5 mM) as i n d i c a t e d .  
Tife r a t i o  was as i n d i c a t e d .  

+9 The k '  v a l u e  o b t a i n e d  w i t h o u t  CD was taken  a s  1.0. 
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- 
0 10 min 
- 
0 10 20 min 

IIGURE 1. ( a )  S e p a r a t i o n  of Diastereomeric NEC Baclofen. 
Cond i t ions :  column, TSKgel ODs-80TM; mobi le  phase,  
MeOH-0 .5% K2HP04 ( pH 6 .5 )  (60  : 40). 

1. NEC (R)-baclofen 2. NEC (S)-bac lofen  

( b )  S e p a r a t i o n  of Diastereomeric NEC Gly-Leu. 
Cond i t ions :  column, TSKgel ODs-80TM; mobi le  phase,  
MeCN-0.5% K ~ H P O L ,  (pH 6.5)(25:75) c o n t a i n i n g  5 m M  

1. NEC Gly-L-Leu 2 .  NEC Gly-D-Leu 

of y-CD. 

decrease of  k' and  i n c r e a s e d  R s  v a l u e  ( F i g .  l b ) .  On t h e  o t h e r  

h ind  a d d i t i o n  of Me-WD gave t h e  s i g n i f i c a n t  d e c r e a s e  of k' and 

s l i g h t  d e c r e a s e  o f  R s  value.  

CONCLUSION 

The  c h r o m a t o g r a p h i c  b e h a v i o r  of  DNS-amino a c i d s ,  - 

d i p e p t i d e s ,  NEC-amino a c i d s  a n d  - d i p e p t i d e s  was e x a m i n e d  w i t h  
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DERIVATIZED AMINO ACIDS AND DIPEPTIDES 1771 

r e v e r s e d - p h a s e  HPLC u s i n g  CD a s  a m o b i l e  p h a s e  a d d i t i v e .  The  

a d d i t i o n  of s u i t a b l e  CD t o  t h e  mobi le  phase was e f f e c t i v e  f o r  t h e  

o p t i c a l  r e s o l u t i o n  of DNS amino a c i d s  and s l i g h t l y  e f f e c t i v e  f o r  

t h e  s e p a r a t i o n  of d i a s t e r e o m e r i c  d i p e p t i d e s .  
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