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NOVEL PACKING FOR HIGH PRESSURE 
LIQUID CHROMATOGRAPHY. PARTIALLY 

PMLG SPHERICAL PARTICLES 
ALKYLATED AND CROSS-LINKED 

Chuichi Hirayama", Hirotaka Ihara, 
Takashi Yoshinga, Hirofumi Hirayama, 

and Yoshiaki Motozato 
Department of ,Synthetic Chemistry 

Faculty of Engineering 
Kumamoto University 
Kumamoto 860 Japan 

Abstract 

N o v e l  s p h e r i c a l  a n d  m a c r o p o r o u s  p a r t i c l e s  f o r  t h e  h i g h  
p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y  were p r e p a r e d  by  o u r  u n i q u e  
m e t h o d .  T h e  p a c k i n g  was c o m p o s e d  of poly-r-methyl-L-glutamate, 
a n d  were f u n c t i o n a l y z e d  by t h e  p a r t i a l  c r o s s - l i n k i n g  a n d  l o n g -  
c h a i n  a l k y l a t i o n .  T h e  p a c k i n g s  a r e  v e r y  r i g i d  a n d  s h o w  
s a t i s f a c t o r i l y  c h r o m a t o g r a p h i c  p r o p e r t i e s ,  They a re  a t t r i b u t a b l e  
t o  t h e  s u i t a b l e  p o l a r i t y  a n d  h y d r o p h o b i c i t y  i n t r o d u c e d  by  
p o l y p e p t i d e - u n i t s  a n d  l o n g - c h a i n  a l k y l  g r o u p s ,  r e s p e c t i v e l y .  

Introduction 

High-performance(-pressure)l i q u i d  c h r o m a t o g r a p h y (  HPLC)  h a s  

d e v e l o p e d  r a p ! . d l y  i n  t h e  p a s t  d e c a d e . '  T h i s  i s  d u e  t o  t h e  
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946 HIRAYAMA ET AL. 

F i g u r e  1 

S c h e m a t i c  i l l u s l - r a t  i o i l  o L  t h e  p a c k i n g .  

d e v e l o p m e n t  of t h e  p r e s s u r e - r e s i s t i n g  h i g h - p e r f o r m a n c e  p a c k i n g s :  

e s p e c i a l l y ,  o c t a d e c y l a t e d  s i l i c a  g e l  (ODS) w h i c h  h a s  made many 

c o n t r i b u t i o n s  t o  t h e  r e v e r s e  p h a s e  c h r o m a t o g r a p h y .  ODS is a p p l i e d  

ve ry  f r e q u e n t l y  w i t h  r e m a r k a b l e  i m p r o v e m e n t s  i n  t h e  

c h r o m a t o g r a p h i c  t e c h n i q u e . 2  However ,  ODS is n o t  f r e e  of d e f e c t s .  

For e x a m p l e ,  t h e  r e s i d u a l  s i l a n o l  g r o u p  of ODS r e s u l t s  i n  a c i d i c  

p r o p e r t i e s  w h i c h  g i v e  r i s e  L o  a b n o r m a l a d s o r p t i o n s , a n d  ODS i s  

s u s c e p t i b l e  t o  h y d r o l y z e  i n  a n  a l k a l i n e  a n d  a n  a c i d i c  s o l u t i o n .  

On t h e  o t h e r  h a n d ,  m a c r o p o r o u s  s t y r e n e  r e s i n s  ( o r  g e l s )  w h i c h  

a r e  u s e d  i n  p l a c e  o f  ODS a r e  t o o  h y d r o p h o b i c .  Wc c o n s i d e r  t h a t  

t h e  d e v e l o p m e n t  o f  new p a c k j n g  m a t e r i a l s  is o n e  of  m e a n s  o f  

s o l v i n g  f o r  t h e s e  p r o b l e m s .  

I n  t h i s  c o m m u n i c a t i o n ,  W P  w o u l d  l i k e  t o  d e s c r i b e  a new 

p a c k i n g ,  c o n s t r u c t e d  u s i n g  a u n i q u e  mater ia l  wh ich  Itas noL been  
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PMLG SPHERICAL PARTICLES PACKING 941 

p r e v i o u s l y  a p p l i e d  a s  packing m a t e r i a l  f o r  r e v e r s e  phase 

chromatography. The packing i s  s p h e r i c a l  and macroporous. The 

skeleton is  composed of parLjal  l y  cross-l iked poly (Y-methyl-L- 

glutamate),  PMLG, and long-chain a lky la t ed  branches (imaged a s  

shown i n  F igu re  1).  The preparaLion and some chromatographic  

propert ies  a r e  reported i n  t h i s  paper. 

Ex per i mental 

Preparation 

Spherical  and porous p a r t i c l e s  composed of PMLG only were 

prepared by our  p r e v i o u s  pr0cedu1-e .~  The diaineLer of t h e  

p a r t i c l e s  was ad jus t ed  t o  25 - 4 4  pm. PMLG p a r L i c l e s  were 

suspended i n  a deca l in  / chloroKorm ( 3 / 1 )  mixture containing 0.5 

eq. of dodecanol ,  0.3 eq. O K  1 ,6-hexanedio l  and 0.2 eq. of 

s u l f u r i c  ac id .  The mixture  was s t i r r e d  a t  65°C f o r  24  h under 

azeo t rop iccond i t ions  removing meihanol produced b y  t h e  t r a n s -  

e s t e r i f i c a t i o n .  P a r t i a l l y  c r o s s - l i n k e d  and dodecy la t ed  PMLG 

p a r t i c l e s  were  o b t a i n e d  b y  f i l t r a t i n g  and  w a s h i n g  w i t h  

chloroform. 

Chromatography 

The PMLG p a r t i c l e s  prepared were packed i n  a g l a s s  column 

(30 cm x 5.0 nim I .D.).  The chromatograph inc luded  a Waters 
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948 HIRAYAMA ET AL. 

Associates  6000 p s i  p u m p  ( M o d e l  510) a n d  LC S p e c t r o p h o t o m e t e r  

( M o d e l  481). 

Resu l t s  and Discuss ion 

PHU; p a r t i c l e s  

F i g u r e  2 s h o w s  a t y p i c a l  p h o L o g r a p h  of PMLG p a r t i c l e s  cross- 

l i n k e d  a n d  p a r t i a l  l y  d o d e c y l a t e d .  ‘The d i a m e t e r  of t h e  p a r t i c l e s  

is ca. 25 - 35 pm, a n d  t h e  s h a p e  I S  s p h e r i c a l  and s o m e w h a t  u n e v e n .  

P a r t i c l e s  c o m p o s e d  of P M K  o n l y  a r e  i n s o l u b l e  i n  u s u a l  

4 s o l v e n t s  u s e d  i n  c h r o m a t o g r a p h y  e v e n  w i t h o u t  t h e  c r o s s - l i n k i n g .  

Figure 2 

P h o t o g r a p h  of p a r t i a l l y  d o d e c y l a t e d  a n d  c r o s s - l i n k e d  I’MLG 
p a r t i c l e s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PMLC SPHERICAL PARTICLES PACKING 949 

T h i s  i n s o l u b i l i t y  i s  i n c r e a s e d  by t h e  c r o s s - l i n k i n g  w i t h  1,6- 

h e x a n e d i o l .  T h e  c r o s s - l i n k e d  p a r l i c l e s  swelled l i t t l e  e v e n  i n  

c h l o r o f o r m  which is  a good s o l v e n L  f o r  PMLG. I t  was o b s e r v e d  t h a t  

n o n e  c r o s s - l i n k e d  p a r t i c l e s  s w e l l e d  g r e a t l y  a n d  d o d e c y l a t e d  

p a r t i c l e s  w i t h o u t  t h e  c r o s s - l i n k i n g  were s o l u b l e  i n  c h l o r o f o r m .  

The  d e g r e e  of d o d e c y l a t i o n  and  c r o s s - l i n k i n g  were d e t e r m i n e d  

c h r o m a t o g r a p h i c a l l y  a n d  c o n f i r m e d  by e l e m e n t a l  a n a l y s e s ,  PMLG 

p a r t i c l e s  were r e f l u x e d  i n  a l k a l i n e  m e t h a n o l  s o l u t i o n  f o r  24  h t o  

s a p o n i f y  c o m p l e t e l y .  D o d e c a n o l  a n d  1 , 6 - h e x a n e d i o l  p r o d u c e d  were 

a n a l y z e d  c h r o m a t o g r a p h i c a l l y ,  u s i n g  P B o n d a p a k  c18 ( W a t e r s  

A s s o c i a t e s )  and  water / a c e t o n i t r i l e  as a n  e l u e n t .  T h e  amount  o f  

d o d e c a n o l  a n d  1 , 6 - h e x a n e d i o l  were 20 % a n d  15 %, r e s p e c t i v e l y ,  

f o r  t h e  u n i t - m o l  of PMLG. T h e s e  v a l u e s  s a t i s f i e d  t h e  e l e m e n t a l  

a n a l y s e s  as shown i n  T a b l e  1. 

T a b l e  1. E l e m e n t a l  ana lyses  of t h e  p a c k i n g  

p a r t i c l e  C% M% N %  CIN 

c a l c d  53.75 6 .77  10.44 5 .14  

found  53.74 6.97 10.20 5 . 2 7  
A 

c a l c d  57 .34  7.84 7.87 7.29 

found  57 .25  7 .67  7.98 7 . 1 7  
B 

p a r t i c l e  A: PMLG o n l y .  
c a l c d  f o r  (C6H9N03)n. 

c a l c d  f o r  (C6H9N03 ) b5- (C 7H3 1N03 ) 20- ( C8H 2N03 ) I 5. 
p a r t i c l e  B: p a r t i a l l y  d o d e c y l a t e d  and  c r o s s - l i n k e d  PMLG. 
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Figurc 3 

P r e s s u r e - P l o w  p r o p e r t y  o f  PMLG p a r t i c l e s .  D a t a  w e r e  o b t a i r i c t l  
u s i n g  a 5.0 m m  x 30 cm c o l u m n  o f  I’MLG p a r t i c l e s  i n  water  / 
a c e t o n i t r i l e  (9 / 1 ) .  

Reverse phase chromatography 

The r e l a t i o n s h i p  between t h e  f l o w - r a t e  and t h e  p r e s s u r e  d r o p  

of a c o l u m n  was e x a m i n e d .  As shown i n  F i g u r e  3 ,  a good s t r a j g h t  

l i n e  was o b t a i n e d  up t o  more t h a n  6 nil/rnin. T h i s  r e s u l t  s u p p o r t s  

t h a t  t h e  PMLG packing  is v e r y  h a r d  and s w o l l e n  v e r y  l i tL le .  
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PMLG SPHERICAL PARTICLES PACKING 95 1 
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I l l l l  

0 200 400 (“/a) 

elution volume 

2 

J i 
0 200 400 

elution volume(%) 
Figure 4 

Separation 011 a l k y l  benzoates ( A )  antl s a l i c y l i c  acid tlerivaL I ves 
( B ) .  I:] ow-rate: 0.5 m l / m i n .  DcLector: U V  spectrophotomeLer.  
Samplt,: 0.5 w t %  a c e t o n i t r i l r  ( A )  and e t h a n o l  ( R )  s o t u l i o n .  
ElueriL: water / a c e t o n i t r i l e  ( 7 / 3 )  ( A )  and water / ethanol  (9/1) 
(B). Elut ion order: 1. benzoic acid,  2. e t h y l  benzoate, 3. b u t y l  
benzoate,4.  hexyl  benzoate  (A ) ,  antl 1. a c e t y l  s a l i c y l i c  a c i d ,  2. 
s a l i c y l i c  acid methyl es te r (B) .  
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I L L 
I I I I I 1111 
0 4 0 0 8 0 0  0 400 

elution volume( %) 

Figure 5 

S e p a r a t i o n  on  b e n z e n e  ( l ) ,  n a p h t h a l e n e  ( 2 ) ,  b i p h e n y l  ( 3 ) ,  
f l u o r e n e ( 4 )  and a n t h r a c e n e  (5). F low-ra te :  0.5 ml/min. D e t e c t o r :  
UV s p e c t r o p h o t o m e t e r .  Sample: 0.1 - 0.5 w t %  a c e t o n i L r i l e  s o l u t i o n .  
E l u e n t :  water / a c e t o n i t r i l e  (6  / 4 )  ( A ) ,  a n d  pH 10.0, 0.01 M- 
b o r a t e  b u f f e r  / a c e t o n i t r i l e  (6 / 4 )  ( B ) .  
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PMLG SPHERICAL PARTICLES PACKING 95 3 

U s i n g  t h i s  c o l u m n ,  t h e  r e t enL . io r i  v o l u m e  o f  t y p i c a l  s a m p l e s  

was i n v e s t i g a t e d .  F i g u r e  4 a n d  5 show t h e  c h r o m a t o g r a m s  f o r  

a l k y l  b e n z o a t e s ,  s a l i c y l i c  a c i d  d e r i v a t i v e s  a n d  a r o m a t i c  

compounds.  T h e  r e t e n t i o n  v o l u m e  i.s e x p r e s s e d  a s  t h e  p e r c e n t a g e  

t h a t  t h e  e l u t i o n  v o l u m e  i s  of t h e  c o l u m n  v o l u m e .  T h e  e l u t i o n  

b e h a v i o r s  shown i n  F i g u r e  4 antl 5 a re  similar t o  t h o s e  o f  o t h e r  

c o m m o n l y  u s e d  r e v e r s e  p h a s e  c o l u i n n  p a c k i n g s .  I t  i n d i c a t e s  t h a t  

t h e  PMLG p a c k i n g  h a s  t h e  p r o p e r  h y d r o p h o b i c i t y  an t l  p o l a r i t y .  

I t  i s  w e l l - k n o w n  t h a t  01)s is s u s c e p t i b l e  t o  h y d r o l y s i s  i n  

a l k a l i n e  s o l u t i o n  (more  t h a n  pl l  8). T h u s ,  t h e  c l i r o m a t o g r a l ) l i i c a 1  

s t a b i l i t y  i n  a n  a l k a l i n e  s o l u L i o n  i s  a n  i m p o r t a n t  p r o p e r t y  w h i c h  

s h o u l d  b e  examined .  F i g u r e  5-H is a chromaLogram i n  t h e  

m e d i u m  o f  0.1 M - b o r a t e  1)ufic.r  (1111 10.0) / a c e t o n i t r i l e  ( 0  / 4 ) .  

No a b n o r m a l  symptom was o b s e r v c v l  in a ch romatogra in .  I t  i n d i c a t e s  

t h a t  t h e  a l i p h a t i c  ester b o n d i n g  is d i f f i c u l t  t o  h y d r o l y z e  i n  a 

c h r o m a t o g r a p h  p r o c e s s .  Howevcr- ,  L h e  u s e  a t  h i g h e r  pH may b e  

d a n g e r o u s  a s  ester b o n d i n g  e x i s t s .  

Conclusion 

In t h i s  p a p e r ,  w e  d e s c r i b e d  t h e  p r e p a r a t i o n  a n d  some 

p r o p e r t i e s  o f  a new p a c k i n g  cornposed of s y n t h e t i c  p o l y p e p t i d e  f o r  

r e v e r s e  p h a s e  c h r o m a t o g r a p h y .  P o l  y ( r - m e t h y l - L - g l u t a m a t e )  u s e d  in 

t h i s  s t u d y  is l o w - p r i c e d  a n t l  j s  e a s i l y  p r e p a r e d  a s  s p h e r i c a l  

p a r t i c l e s .  T h e  s p h e r i c a l  p a r t i c l e s  o f  PMLG p r e p a r e d  a r e  v e r y  
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954 HIRAYAMA ET AL. 

h a r d  a n d  t o l e r a t e  a h i g h  f l o w - r a t e .  T h e  h y d r o p h o b i c i t y  of t h e  

p a c k i n g  c a n  b e  a d j u s t e d  by Ltie t r a n s e s t e r i f i c a L i o n  01 esLer 

r e s i d u e s  ( a n d  o t h e r  m o d i f i c a t i o n s  a l s o  a re  p o s s i b l e ) .  

T h e  t h e o r e t i c a l  p l a t e  was n o t  d e s c r i b e d  i n  t h i s  p a p e r .  

A h i g h  t h e o r e t i c a l  p l a t e  n u m b e r  may b e  r e a l i z e d  b y  t h e  

p r e p a r a t i o n  o f  p a r t i c l e s  w i t h  t h e  d i a m e t e r  r a n g e  o f  5 t o  1 0  pm 

and  t h e i r  p a c k i n g  u n d e r  a h i g h  p r e s s u r e .  
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