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LIQUID CHROMATOGRAPHY 
ANALOGUES BY HIGH-PERFORMANCE 
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AND DIONISSIOS PAPAIOANNOU' 

'Section of organic ChemisOy, Biochemisty, and Natural Products 
Department of Chemistry 
2L.uboratory of Physwbgy 
Department of Medicine 

University of Patras 
261 10 Patras, Greece 

ABSTRACT 

An anion-exchange isocratic high-performance liquid 
chromatographic method forthe separation and determina- 
tion of two kainic acid analogues, namely (ZS, 3S, 4s) -4- 
[ 1- (4 ' -azido benzoy 1) amin omethy le then yl 3 -2- carbox y-3- 
pyrrolidineacetic acid and (2S, 35,4S) -4- [ 1- (4'-azido- 
phenyl)thioureylenemethylethenyl]-2-carboxy-3-pyrro- 
lidineacetic acid is described. These kainic acid 
analogueswere obtained by coupling dimethyl (25,35,45)- 
4-( l-aninanethylethenyl)-2-carbaxy-l-(9-f lwrenylmethoxy- 
carbonyl)-3-pyrro li dineace ti c acid with N-hydroxysucc i ni- 
midyl 4-azidobenzoate and 4-azidophenyl isothiocyanate 
respectively, followed by saponification. The thus 
obtained products were purified by reversed phase flash 
column chromatography and separated on Econosphere -NH 
using 5% (v /v )  acetonitrile in 50 mM acetate buffer I% 
5.5, at a flow rate of 1.5 ml/min. The effect o f  mobile 
phase pH, and o f  the acetonitrile concentration on the 
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522 KARAMANOS, SIVVAS, AND PAPAIOANNOU 

r e s o l u t i o n  between k a i n i c  a c i d  and i t s  analogues was a l s o  
s t u d i e d .  K a i n i c  a c i d  was determined by u s i n g  e i t h e r  low 
u l t r a v i o l e t  d e t e c t i o n  (190 nm) o r  the n i n h y d r i n  r e a c t i o n .  
D e t e c t i o n  o f  t h e  e l u t e d  k a i n i c  a c i d  analogues was 
performed a t  215 nm. The d e t e c t i o n  l i m i t  i s  approx imate ly  
1.5 pmol f o r  b o t h  k a i n i c  a c i d  analogues and t h e  
c a l i b r a t i o n  graphs were l i n e a r  up t o  100 nmol 
(approx imate ly  SO-pg). 

INTRODUCTION 

( - ) -a-Kain ic  a c i d  (KA, F i g u r e  1). a n a t u r a l  p r o d u c t  

i s o l a t e d  f rom t h e  mar ine a l g a  Digenea simplex, e x h i b i t s  

p o w e r f u l  n e u r o e x c i t a t o r y  a c t i v i t y  which i s  a t t r i b u t e d  t o  

i t s  i n t e r a c t i o n  wi th  s p e c i f i c  p o p u l a t i o n s  o f  r e c e p t o r s  o f  

t h e  major  e x c i t a t o r y  n e u r o t r a n s m i t t e r s  o f  t h e  mammalian 

c e n t r a l  nervous system, g l u t a m i c  and a s p a r t i c  a c i d s  [ l ] .  

D e s p i t e  c o n s i d e r a b l e  r e s e a r c h  e f f o r t s  o u r  knowledge on 

t h e  molecu la r  p r o p e r t i e s  o f  these r e c e p t o r s  i s  s t i l l  f a r  

f rom complete.  S ince  s i g n i f i c a n t  p r o g r e s s  i n  t h e  

p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  r e c e p t o r s  has been 

r e c e n t l y  achieved u s i n g  t h e  techn ique o f  p h o t o a f f i n i t y  

c r o s s - l i n k i n g  [2], we s y n t h e s i z e d  KA analogues b e a r i n g  

p h o t o l a b i l e  m o i t i e s  i n  d i f f e r e n t  p o s i t i o n s  o f  t h e  p a r e n t  

molecule.  The most p r o m i s i n g  o f  such analogues was found 

t o  be t h e  [ (25,3S,45)-4-[1-(4’-azidobenzoyl)aminomethyl- 

ethenyl]-2-carboxy-3-pyrrolidineacetic a c i d ,  a b b r e v i a t e d  

here  as ABCPA [3]. Using  t h e  same methodology (25,3S,4S)- 

4- [l- (4 ’ - a z i d o p h e n y l  ) t h i o u r e y l e n e m e t h y l e t h e n y l  ] -2- 

carboxy-3-pyr ro l id ineacet ic  a c i d ,  a b b r e v i a t e d  as ATCPA, 
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PHOTOACI'IVATIBLE KAINIC ACID ANALOGUES 523 

AFCPA I Fmoc CH3 NH2 

FIGURE 1. Structures of compounds encountered in this 
report . 

was quite recently obtained as briefly described in the 

experimental part of the present report. Because both 

analogues showed a significant, but lower than K A  itself, 

specificity for the afore mentioned receptors we decided 

to study the chromatographical behaviour of these 

analogues by HPLC against an authentic sample o f  KA in 

order to secure that their biological activity was not 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



524 KARAMANOS, SIVVAS, AND PAPAIOANNOU 

simply due to the presence of free KA contaminating the 

synthesized samples. 

In this paper we report an isocratic highly sensitive 

HPLC method in which both KA analogues ABCPA and ATCPA 

are completely separated from each other as well as from 

KA * 

EXPERIMENTAL 

Apparatus and Chemicals 

For the determination of KA and its analogues a LDC 

system with an LDC I 1 1  pump, a UU-vis detector LDC 1204A 

set at 215 or 190 nm with 8-wl flow cell and with a 2O-pl 

loop injector was used. The analytical column is a 

Econosphere -NH2 5U, 5-pm, 250 x 4.6 mm I.D., stainless 

steel (Alltech, Deerfield, IL) equipped with an amino 

guard column, 30 x 4.6 mm I .D. (Brownlee Labs., Santa 

Clara, CA, U.S.A.). 

KA, N-hydroxysuccinimidyl 4-azidobenzoate (HSAB), and 

4-azidophenyl isothiocyanate (APIC) were obtained from 

Sigma Chemical Co. The KA analogues ABCPA and ATCPA were 

obtained by coupling KA derivative AFCPA (Figure 1) with 

HSAB and APIC respectively, followed by saponification 

which resulted in complete deprotection. AFCPA, bearing 

at nitrogen the commonly used in peptide synthesis 9- 

f luoreny l rnethoxycarbonyl  (Fmoc) group, was obtained from 

KA by a multistep reaction sequence [3] involving as a 
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PHOTOACTIVATIBLE KAINIC ACID ANALOGIES 525 

key-step, pa l lad ium mediated a l l y l i c  aminat ion [ 5 ] .  The 

thus obta ined KA analogues ABCPA and ATCPA were f i n a l l y  

p u r i f i e d  by reversed phase f l a s h  column chromatography 

[41 on R P - s i l i c a  octadecy l  s i l a n e  (00s) which was e l u t e d  

w i t h  d i s t i l l e d  water.  F u l l  exper imental  d e t a i l s  f o r  the  

p r e p a r a t i o n  of ATCPA w i l l  be publ ished elsewhere. E luant  

components were HPLC-grade a c e t o n i t r i l e ,  obta ined f r o m  

Merck (Darmstadt, Germany) and g l a s s - d i s t i l l e d  water.  A l l  

o ther  chemicals used were o f  a n a l y t i c a l  reagent grade. 

Chromatoqraphic Cond i t ions  

The mobi le phase used f o r  the  separa t ion  o f  KA 

analogues ABCPA and ATCPA was 5% (v/v)  a c e t o n i t r i l e  i n  50 

mM aceta te  b u f f e r ,  pH 5.5.  The f l o w  r a t e  was 1.5 m l / m i n  

and the  pressure 1100 ps i .  The d e t e c t i o n  o f  b o t h  KA 

analogues was performed a t  215 nm, whereas f o r  KA a t  190 

nm. KA was a l s o  detected by post-column d e r i v a t i z a t i o n  

u s i n g  t h e  n i n h y d r i n  r e a c t i o n .  The separa t ion  was 

performed a t  room temperature. The e l u e n t  used was 

degassed by vacuum f i l t r a t i o n  through a 0.2-vm memrane 

f i l t e r  f o l l o w e d  by a g g i t a t i o n  in an u l t r a s o n i c  bath.  

System S u i t a b i l i t y  

The column was e q u i l i b r a t e d  w i t h  mobi le  phase a t  

f l o w  r a t e  o f  1.5 ml/min. A f t e r  a s t a b l e  b a s e l i n e  was 

obta ined,  the  standard s o l u t i o n s  were i n j e c t e d  i n t o  the  

column and the  peaks appeared over the  increased 
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526 KARAMANOS, S W A S ,  AND PAPAIOANNOU 

TABLE 1 

High-Performance Liquid Chromatographic Characteristics 
for the Determination of  Kainic Acid and 
Photoactivatible Kainic Acid Analogues. 

Compound Re tent ion Resolution (R,) 
Time/min ( tR) 

KA 
ABCPA 
ATCPA 

8.5 
11 .o 
13.0 

- 
1.43 
2.57 (1.22) 

The resolution between ABCPA and ATCPA is given in 
parenthesis 

retention time. The resolution factors, R,, were 

calculated between the chromatographic peak of KA and 

each individual peak of the KA analogues from the 

equation R, = 2 (t2-tl)/(W1+W2), where t2 and ti are the 

retention times o f  the two peaks and W1, W2 are the peak 

widths at the base of the respective peaks. The 

resolution factors, R,, were more than 1.2 indicating 

complete separation between KA and its analogues as well 

as between KA analogue ABCPA and ATCPA. This is illustra- 

ted in Table 1. 

Selectivity 

Chromatography of the samples of ABCPA and ATCPA, as 

obtained by their multistep synthesis from KA, showed no 

endogeneous interferences at the retention times o f  KA as 
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PHOTOACfIVATIBLE KAINIC ACID ANALOGUES 527 

well as the respective times of analogues. This  indicated 

that the proposed method could be used in the determina- 

tion o f  both KA and its photoactivable analogues without 

the use o f  internal standard. 

Detection Limit 

The detection limits for the KA analogues were 

estimated as the quantity of these substances producing 

a signal of the peak height twice the baseline noice. The 

minimum detectable amount in pmol injected into the 

column was estimated to be 1.5 pmol (0.75 ng). 

Standard Calibration Graphs 

Both KA analogues tested were accurately weighed and 

dissolved in water to give stock solutions of 25 ng/pl 

each. Standard solutions o f  1.0, 5.0, 12.5 and 10.0 ng/u1 

were prepared by serially diluting the stock solutions. 

Aliquots o f  10-pl were taken for HPLC analysis. The 

calibration curves were constructed by plotting the peak 

heights o f  KA analogues against their concentrations. 

RESULTS AND DISCUSSION 

The retention times of KA and its analogues ABCPA 

and ATCPA were reproducible under the chromatographic 

conditions used with a relative standard deviation o f  

less than 0.5%. The mobile phase used enabled a good 

column performance for long period o f  time. On the other 
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528 KARAMANOS, SIVVAS, AND PAPAIOANNOU 

FIGURE 2. Influence o f  acetonitrile concentration on the 
retention times of KA analogues ABCPA ( 0 )  and ATCPA 
( m ) -  

hand the KA analogues used were stable at least for 

several months when kept at 4OC, under exclusion of light. 

The presence of the organic modifier, acetonitrile, 

in mobile phase gave rise to heigher and more reprodu- 

cible peaks than the aqueous phase alone thus improving 

the sensitivity and the accuracy of the described method 

[6]. As it is shown in Figure 2 the best resolution 

between the two KA analogues was obtained in concentra- 

tions o f  acetonitrile lower than 5% ( v / v ) ,  whereas in 

higher acetonitrile concentrations both KA analogues were 

coeluted with KA. However, when the peak height were 

measured in the presence of acetonitrile, it was found 

that concentrations of more than 5% (v/v) gave heigher 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



PHOTOACTWATIBLE KAINIC ACID ANALOGUES 529 

0 10 20 30 
% ACN 

FIGURE 3. Influence of acetonitrile concentration on the 
peak heights of KA analogue ABCPA ( 0 ) .  The same curve 
was obtained for K A  analogue ATCPA. 

peaks (Figure 3). These results indicated that the 

optimum acetonitrile concentration to use for the 

separation of KA analogues was 5% (v/v). When pH o f  the 

aqueous mobile phase was ranged from 3 to 6 it was found 

that for pH values 3, 4 and 5 no resolution was obtained, 

whereas in pH 5.5 and 6 the resolution was complete 

(Figure 4). However, pH 5.5 was selected for the 

separation, because it gave the same resolution with pH 

6.0 and moreover lower retention times. 

Under these conditions, KA as well as its analogues 

ABCPA and ATCPA gave rise to single peaks (Figure SA, B 
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0 5 10 15 
I 1 I I L 

25 
2o min 

FIGURE 4. E f f e c t  o f  pH o f  the mobile phase on the 
re tent ion  times o f  KA ( o), ABCPA ( ) and ATCPA ( m )  . 

C 

'0 min 0 5 10 0 5 

FIGURE 5 .  Typical HPLC chromatograms of KA ( A ) ,  ABCPA 
(B ) ,  ATCPA (C) and a mixture o f  these three compounds 
( D ) .  K A  was detected a t  190 nm or wi th  the ninhydrin 
react ion,  whereas the KA analogues were detected a t  215 
nm . 
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PHOTOACTIVATIBLE KAINIC ACID ANALOGUES 53 1 

250t 

FIGURE 6. Calibration graphs obtained by injecting 
various amounts of ABCPA ( 0 )  and ATCPA (m). 

and C). KA was widely separated from the two KA analogues 

(Figure 50) in the -NH2 column. Separate chromatographies 

of KA analogues ABCPA and ATCPA showed the absence of any 

KA contaminant (Figure 58 and 5 C ) .  The front peaks eluted 

before the compounts of interest were due to the buffer 

used for column elution (Figure 5). 

The sensitivity and the linearity of the method were 

tested with the use o f  standard mixtures o f  various 

concentrations (Figure 6). The obtained peak heights for 

the compounds of interest were found to be linear related 
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to the concentration, up to 100 nmol, i.e., when approxi- 

mately 50-pg of each derivative injected into the column. 

The precision of the method was determined by six 

repeated determinations of each derivative. When 15 nmol 

of each KA derivative were measured, the relative 

standard deviation was 2.0% for ABCPA and 2.4% for ATCPA, 

and with 5 nmol the corresponding values were 2.6% and 

3.1%, respectively. 
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