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ADSORPTION HPLC INVESTIGATION OF 
N ITROGEN-BRIDGED COMPOUNDS 

A. Shalaby, Zs. Budviri-Biriny, Gy. Szasz, 
K.  Hankb-Novik, and I. Hermecz 
Institute of Pharmaceutical Chemistry 

Semmelweis Medical University 
Budapest, Hungary 

ABSTRACT 

Twenty t w o  o f  t r i c y c l i c  n i t r o g e n  br idged  d e r i v a t i v e s  
were examined by HPLC method i n  Zorbax SIL/chlorofom-  
-methanol system. Re la t ionsh ip  between chemical s t r u c t u r e  
( r i n g  s i z e ,  r i n g  sequence, p o s i t i o n  o f  methyl s u b s t i t u t i o n )  
and chromatographic behaviour  i s  discussed.  

We have e a r l i e r  s t u d i e d  va r ious  p h y s i c a l  and chemical 

p r o p e r t i e s  of  n i t rogen-br idged  compounds /1,2,3/. Rela t ion-  

s h i p s  have been demonstrated between the  s t r u c t u r e s  and 

the  GC and TLC behaviour o f  t hese  compounds /4/. Reversed- 

-phase HPLC s t u d i e s  have a l s o  been c a r r i e d  ou t  on the  

same s t r u c t u r a l  types  wi th  two and t h r e e  r i n g s  /5/, and 
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382 SHALABY ET AL. 

a r e l a t i o n s h i p  has  been e s t a b l i s h e d  between t h e  HPLC 

behaviour and the  chemical s t r u c t u r e  /6/. 

These compounds d i s p l a y  a d e f i n i t e  p o l a r i t y ,  mainly 

due t o  the  b a s i c  N(1) atom and the  C(4)=0 group. The pK 

ranges between 2.2 and 4.4. A s  a consequence of t he  

c h a r a c t e r i s t i c s  i n t e r a c t i o n s ,  a s t a t i o n a r y  phase may 

be p red ic t ed  between these  compounds and s i l i c a  g e l .  

A s tudy of t h e i r  adso rp t ive  (IIPLC) behaviour  seemed a n  

i n t e r e s t i n g  t a s k  form both t h e o r e t i c a l  and p r a c t i c a l  

a spec t s . 
Ayyangw and S r in ivasan  /7/ have s tud ied  the  

bahaviour of some : ice tan i l ide  analogues (pK from 1.2  

t o  2.8)  i n  an adso rp t ion  HPLC system. The r e t e n t i o n  of  

t hese  compounds depended on t h e i r  b a s i c i t y :  t h e  compound 

wi th  the  s t ronges t  b a s i c i t y  had the  h i g h e s t  k' value.  

A q u a n t i t a t i v e  r e l a t i o n s h i p  was e s t a b l i s h e d  f o r  the  17  

compounds t e s t e d .  S imi l a r  behaviour  would have been 

expected f o r  our  t r i c y c l i c  pyrido-pyrimidine model 

subs tances  (having pK va lues  from 2 . 2  t o  4.6 see  Table 1). 

However, the  k' va lues  c l e a r l y  demonstrate t h a t  t he  

e l u t i o n  o rde r  does n o t  fol low the  sequence of b a s i c i t y .  

The r e t e n t i o n  depends apprec iab ly  on s t r u c t u r a l  f a c t o r s  

such as the  r i n g  s i z e ,  t he  n a t u r e  and p o s i t i o n s  o f  t he  

s u b s t i t u e n t s ,  i .e. t he  a c t u a l  e l e c t r o n  d i s t r i b u t i o n ,  

s t e r i c  e f f e c t s ,  e t c .  
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EXPERIMENTAL 

38 3 

Mate ri a1 s 

All the  model subs tances  were syn the t i zed  i n  our  

l abora to ry ;  t h e i r  i d e n t i f i c a t i o n  and q u a l i t y  c o n t r o l  

were performed v i a  mel t ing  p o i n t  de te rmina t ion  and 

chromatography , 

All cherr icals  and s o l v e n t s  were of  a n a l y t i c a l  grade 

(Merck) , and were used without  f u r t h e r  p u r i f i c a t i o n .  

Chromatography 

The HPLC appa ra tus  was a LIQUOCHROM Model. 2010 

(LABOR M I M ,  Budapest, Hungary). A variable-wavelength 

d e t e c t o r  was used ,  and the column e f f l u e n t  was monitored 

a t  d i f f e r e n t  wavelengths between 270 and 330 nm. The 

Zorbax S I L  column measured 250 x 4.6 mm and w a s  prepacked 

with m a t e r i a l  wi th  a p a r t i c l e  s i z e  of 5 un (DuPont). 20 ul 

of sample s o l u t i o n  (0.1 mg/ml i n  methanol) was i n j e c t e d .  

Mobile phase: chloroform-methanol 99:l. Flow r a t e :  1.0 ml/min 

All experiments were run a t  25 OC.  

/ / 

RESULTS AND DISCUSSION 

Table I shows the  s t r u c t u r e s  of t he  t e s t e d  compounds, 

t h e i r  k '  va lues  i n  descending o r d e r ,  and t h e i r  pK va lues .  

Analys is  of these  da t a  suggested i n t e r a c t i o n  between 

( a )  the  C(4)-0 groups and the  s i l a n o l  groups of  t h e  

so rben t ,  and between (b )  the  N(1) and s i l a n o l  groups as 

the p r e v a i l i n g  chromatographic mechanism. 
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Table 1. 

S t r u c t u r e ,  pK va lues  and chromatographic da t a  o f  the  t e s t e d  

Number S t r u c t u r e  K’ PK 

compounds. 

A B C  

1 5 
2 5 
3 5 
4 5 
5 6 
6 6 
7 6 
8 6 
9 6 
10 6% 
11 6 
12 6 
13 6 
14 8 
1 5  6 
16 5 
16a 6 
17 6% 
18 6& 
19 7 
20 6 
21 8 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

5 34, 66 2,24 
6 3.18 

2 
6’ 

9;oo 
8’76 
7,50 4,09 
6,48 4,14 
5,45 3’99 
4’90 3,69 
3341 3,45 

Rings with  aromatic  cha rac t e r .  X 
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HPLC OF NITROGEN-BRIDGED COMPOUNDS 385 

The s t r e n g t h s  of these  bonds may be in f luenced  by 

the (a romat ic )  mesomeric e f f e c t  of r i n g  2, the  s t e r i c  

sc reening  e f f e c t  of r i n g s  and 2, and the  sc reen ing  and 

mesomeric e f f e c t s  of c e r t a i n  s u b s t i t u e n t s .  

The screening  e f f e c t  i nc reases  wi th  i n c r e a s i n g  s i z e  

of r i n g  C i n  1-7. - -  

The r e t e n t i o n  da ta  and pK values  i n d i c a t e ,  t h a t ,  as 

f a r  as the  adso rp t ion  s t r e n g t h  i s  concerned, t h i s  s t e r i c  

e f f e c t  i n a c t i v a t e s  mainly t h e  C(4)=0 group. F o r  1-4, _ _  t h e  

k’ values  decrease,  while t h e  pK va lues  inc rease .  The 

same sharp c o n t r a s t  can be seen  between t h e  k’ and pK 

values  of _1 and 1. - - 

The inc rease  i n  s i z e  of r i n g  from f i v e  t o  s i x  

atoms causes  s t r o n g e r  s t e r i c  hindrance ( s e e  t h e  k’ values  

of 1 and 2, and of I and 5 ) .  - - - - 
The mesomeric e f f e c t  of r i n g  A_, and much more s o  

t h a t  of r i n g  2, decreases  t h e  r e t e n t i o n  ( see  t h e  k’ values  

of 15 and 18, and of 1 and 20). - _  _ -  - -- 
The blocking e f f e c t  on CH3-subst i tut ion a t  p o s i t i o n  

C(6 )  does not  seem s i g n i f i c a n t  i n  a l l  cases  5 and 6 but  

i s  much c l e a r  of r i n g  C i s  not  f i v e  bu t  six-membered 

( see  t h e  k’ values  of 1 - and L2). - _  The CH3-subst i tut ion a t  

p o s i t i o n  C(7) and C ( 8 )  seem more s i g n i f i c a n t  r e f l e c t i n g  

t h e  decreased k’ values. Th i s  phenomenon may be expla ined  

by supposing an i n t e r a c t i o n  between C(6)-H and C ( 4 ) = O  

( s ee  t h e  k’  values  f o r  5 ,  8 and 2 ) ’  l i m i t i n g  t h e  a c t i v i t y  

of C(4)=0 towards t h e  s i l a n o l  groups.  

- - 

- -  - 
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The k ’  values  of 20 and _IT r e v e a l  t h a t  he re  t h e  _ _  _ _  
a d s o r p t i o n  i s  inf luenced  by t h e  hyperconjugat ion as 

wel l  as t h e  s t e r i c  e f f e c t .  
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