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REVERSED-PHASE ION-PAIR CHROMATO- 
GRAPHY OF N ITROGEN-BRIDGED 

COMPOUNDS 

A. Shalaby, Zs. Budviri-Biriny, Gy.  Szisz 
Institute o f  Pharmaceutical Chemistry 

Semm elweis Medical University 
Budapest, Hungary 

ABSTRACT 

The r e t e n t i o n  t i m e s  and  r e s o l u t i o n  f a c t o r s  of 
c e r t a i n  t y p e s  of  pharmacologica l ly  a c t i v e  n i t r o g e n -  
- b r i  dged compounds have been i n v e s t i g a t e d  u s i n g  r e v e r s e d -  
-phase o p e r a t i o n s  o f  high-performance i o n - p a i r  chromatog- 
raphy.  F a c t o r s  s t u d i e d  i n c l u d e d  t h e  e f f e c t  of t h e  pH 
of t h e  mobile  phase ,  t h e  i n f l u e n c e  o f  t h e  n a t u r e  and  
c o n c e n t r a t i o n s  of t h e  mobile  phase components,  and  t h e  
e f f e c t s  of v a r i o u s  c o u n t e r  i o n s .  Numerous examples  o f  
s e p a r a t i o n s  are p r e s e n t e d .  

INTRODUCTION 

Reversed-phase i o n - p a i r  chromatography (RPIPC) 

i s  based  on a l i q u i d - l i q u i d  p a r t i t i o n  t e c h n i q u e  u s u a l l y  

c a l l e d  i o n - p a i r  chromatography o r  i o n - p a i r  p a r t i t i o n ;  

P r e s e n t e d  i n  E a s t e r n  A n a l y t i c a l  Symposium 1984 New York, 
U.S .A.  
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1072 SHALABY, BUDVAN-BARANY, AND SZASZ 

i t s  use  i n  c l a s s i c a l  LC and l i q u i d - l i q u i d  e x t r a c t i o n  i s  

cons iderably  o lde r .  Ion-pair  chromatography w a s  r a p i d l y  

accepted as  a new HF'LC method due t o  i t s  unique advantages 

wide-ranging a p p l i c a b i l i t y ,  h igh  s e l e c t i v i t y ,  e t c .  Although 

ion-pa i r  chromatography can be c a r r i e d  o u t  i n  e i the r .no rma1  

o r  reversed  phase, RPIPC i s  t h e  more popular .  

I n  t h i s  work the inc rease  i n  s e l e c t i v i t y  f o r  N-bridged 

compounds i n  the presence of an  ion-pa i r  forming agent  

w i l l  be shown. A s  a r e s u l t  of i on -pa i r  formation,  some 

p a i r s  of very  c l o s e l y  r e l a t e d  compounds can be separa ted .  

EXPERIMENTAL 

Mate r i a l  s 

A l l  the  model subs tances  were syn the t i zed  i n  our 

l abora to ry  /1,2/. Their  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. 

A l l  chemicals  and so lvent  were o f  a n a l y t i c a l  

grade (Merck), and were used wi thout  f u r t h e r  p u r i f i c a t i o n .  

Chromatographx 

The HPLC appa ra tus  was a LIQUOCHROM Model 2010 

(Labor M i m ,  Budapest, Hungary). A v a r i a b l e  wavelength 

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

between 270 and 330 nm. The reversed-phase (Ul t r a sphe re  IP) 

c18 column measured 250 x 4.6 mm, and was prepacked wi th  

m a t e r i a l  wi th  a p a r t i c l e  s i z e  o f  5 um (Beckman). 2 O p l  of / 
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NITROGEN-BRIDGED COMPOUNDS 1073 

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 .  

E luen t s  of roughly equal  e l u t i o n  s t r e n g t h s  (methanol-water 

7 0 : 3 0 ,  a c e t o n i t r i l e - w a t e r  50:50 and terahydrofuran-water  

40:60) were a p p l i e d ,  wi th  and without  d i f f e r e n t  concen t r a t ions  

of camphor sulphonic  a c i d  (CSA) and sodium l a u r y l  su lpha te  

( N a L S ) .  The flow r a t e  w a s  0.7 ml/min. All experiments  were 

run a t  25 OC. 

RESULTS AND D I S C U S S I O N  

For about  40 compounds f o r  s t r u c t u r e s ,  s ee  Tables  

1-4,  two  types  of i on -pa i r  forming agent  (CSA and NaLS) 

were used a t  f i x  pH; d i f f e r e n t  concen t r a t ions  of each 

of t he  counter  i o n s  were app l i ed .  F igu res  1 and 2 show 

t h a t  the  optimum concen t r a t ion  was 0.005 M f o r  bo th  

ion-pa i r  forming agents .  This  optimum concen t r a t ion  was 

app l i ed  a t  d i f f e r e n t  pH's. As expected,  the  ion -pa i r ing  

was h ighe r  a t  l o w  pH. F igu res  3 and 4 show t h a t  ( i n  the  

range pH 3-7) pH 3 i s  most su i tab le  f o r  the  ion -pa i r ing  

process  a s  concerns the  magnitude of the  Rs v a l u e s  and 

the  s e l e c t i v i t y  Table 5 l i s t s  the  capac i ty  f a c t o r s  (k-), 

p l a t e  numbers (N) and column e f f i c i e n c i e s  (H) of the  

t e s t e d  compounds, wi th  and without  t he  use  of t h e  counter  

i o n ,  under the  same cond i t ions .  The r e s u l t s  (N and H) 

prove t h a t  NaLS i s  more s u i t a b l e  than  CSA f o r  t hese  t e s t e d  

compounds. The same conclus ion  may be drawn fo l lowing  

c a l c u l a t i o n  of r e s o l u t i o n  f a c t o r s  (Rs) and s e l e c t i v i t i e s  

(%) f o r  some p a i r s  of t he  t e s t e d  compounds, wi th  methanol 
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1076 SHALABY, BUDVARI-BARANY, AND SZASZ 

Table. 2 
STRUCTURE OF MODEL SUBSTANCES 
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NITROGEN-BRIDGED COMPOUNDS 1077 

Table . 3  
Structure of model substances 

Number of 
compound 

30 .  11 = 1- 
31. 
72. 
33 
31.?% 
31.3 
31. c 

I 

34. L = 1  
35 r l = 2  

37.  
34.a C6 I.:e 

35.a 
35.b C Lie 
35.c C8 Lie 

0 7 

35.d C,Ke 

(continued) 
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1078 SHALABY, BUDVARI-BARANY, AND SZASZ 

Table 3 (continued) 

Number of 
compound 

42 
43 * 
44. 
45 

46. 
47. 
48 - 
49 * 
46 .a 
46.b 
46.c 
46.d 
47 .a 
47 * b  

47 .c 

47.d 

50. 
51 - 
52 
53. 
50.e 

50.b 
52.a 

n = l  

n = 3"\/N 
n = 2  n = 4  a 

n = l  
n = 2  
n = 3  
n = 4  

(26 Me 0 
C7 Me 
C8 Me 
C9 Me 

n = l  
n = 2  
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Tzbk. 4 
Structure of model substances 
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FIGURE 1. Relationship between k' and CSA Concentration (pH = 3) 

A = Two Ring System with Saturated A Ring 

B = Two Ring System with Unsaturated A Ring 
C = Three Ring System with Saturated A Ring 

D - Three Ring System with Unsaturated A Ring 
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FIGURE 2. Relationship between k' and NaLS Concentration (pH = 6) 

A = Two Ring System with Saturated A Ring 

B = Two Ring System with Unsaturated A Ring 

C = Three Ring System with Saturated A Ring 

D = Three Ring System with Unsaturated A Ring 
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FIGURE 3. Relationship between k' and pH (wiht CSA) 

A = Two Ring System with Saturated A Ring 

B = Two Ring System with Unsaturated A Ring 

C = Three Ring System wth Saturated A Ring 

D = Three Ring System with Unsaturated A Ring 
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FIGURE 6 .  
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Separation of Some Pairs of Compounds by RPIPC 

Stationary Phase: 

Mobile Phase: Methanol-Water 70:30 + 0,OOr M NaLS 
Flow Rate: 0,7 ml/min 

(Ultrasphere 1 P )  5 um CI8 Column 
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FIGURE 7. 
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45 

The Separation of the Mixture of Some N-Bridged Compouuds by 
Gradient Linear Elution Technique 

Stationary Phase: Nucleosll 5 SA/nm 

Mobile Phase: a- 0,l Mol KH PO in Methanol-Water 40:60  2 4  
b- 0,Ol Mol KH PO in Methanol-Water 4 0 : 6 0  2 4  

Flow Rate: 1 ml/min 
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NITROGEN-BRIDGED COMPOUNDS 1087 

FIGURE 8. Separation of the Mixture of Some N-Bridged Compounds by RPIPC 

Stationary Phase: 

Mobile Phase: THF-Water ( 4 0 : 6 0 )  + 0,005 M Na.L.S. 

Flow Rate: 0.5 rnl/min 

(Ultrasphere lP) ,  5 um, C18 Column 

a s  mobile phase a t  the  same pH (Table  6 ) .  The r e s o l u t i o n  

f a c t o r s  (Rs) f o r  some p a i r s  were l a r g e r  when THF w a s  

used (F ig .  5A), while  f o r  o t h e r  p a i r s  they were l a r g e r  

f o r  methanol (F ig .  5B), for each p a i r  the  lowest  Rs was 

found wi th  MeCN. Some chromatograms wi th  methanol as  

mobile phase are presented  i n  Fig. 6. 

Fipl l res  7 and 8 demonstrbte t h a t  t he  e f f i c i e n c i e s  

o f  s epa ra t ion  i n  g rad ien t  e l u t i o n  /3/ and i n  RPIPC a r e  

very  similar f o r  a given mixture  o f  compounds. 
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