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REVERSED PHASE HIGH-PERFORMANCE 
LIQUID CHROMATOGRAPHY OF 

BASIC DRUGS ON A SILANOL 
DEACTIVATED SUPPORT 

HELENE HAGESTAM FREISER", 
MARK P. NOWLAN, AND DAVID L. GOODING 

SyaCltrom, Iiic. 
P.O. Box 310 

Lafayette, ladiaita 47902 

ABSTRACT 

When p o l a r  and non-polar  b a s i c  d r u g s  were s e p a r a t e d  by 
r e v e r s e d  phase  HPLC, a s h o r t - c h a i n  s i l a n o l  d e a c t i v a t e d  (SCD-100) 
r e v e r s e d  phase  column gave s u p e r i o r  r e s u l t s  o v e r  a s t a n d a r d  C18 
r e v e r s e d  phase column. The n a t u r e  of s i l a n e ,  t h e  t y p e  o f  s i l i c a  
and t h e  c h e m i s t r y  o f  endcapping  i n f l u e n c e d  chromatographic  
b e h a v i o r .  The peaks  i n  t h e  chromatogram o b t a i n e d  from t h i s  column 
had e x c e l l e n t  peak s h a p e s  and e l u t e d  a t  p r e d i c t a b l e  r e t e n t i o n  
t i m e s ,  i n d i c a t i n g  t h a t  no s i l a n o l s  remained on t h e  s u r f a c e .  The 
mobile  phase  was composed of  phosphate  b u f f e r  a t  pH 3 . 5 ,  w i t h  
v a r i a b l e  amounts of  methanol .  All a p p l i c a t i o n s  were i socra t  i c  
w i t h o u t  t h e  a d d i t i o n  o f  s i l a n o l  s u p p r e s s i n g  r e a g e n t s .  

INTRODUCTION 

Smal l  basic  m o l e c u l e s  a r e  o f t e n  d i f f i c u l t  t o  a n a l y z e  by 

r e v e r s e d  phase  chromatography.  They a d s o r b  t o  t h e  s t a t i o n a r y  

* T h i s  work was p r e s e n t e d  a t  t h e  3 9 t h  P i t t s b u r g h  C o n f e r e n c e ,  N e w  

** Author  t o  whom c o r r e s p o n d e n c e  s h o u l d  be a d d r e s s e d .  
O r l e a n s ,  February  1988. 
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p h a s e ,  r e s u l t i n g  i n  l a t e - e l u t i n g  undef ined  peaks  which a r e  

f r e q u e n t l y  non-symmetr ical  and t a i l i n g .  A t  w o r s t ,  t h e  s o l u t e s  a r e  

permanent ly  r e t a i n e d  on t h e  s t a t i o n a r y  p h a s e ,  even a t  h i g h  

c o n c e n t r a t i o n s  o f  o r g a n i c  s o l v e n t .  Although t h i s  t a i l i n g  e f f e c t  

i s  e v i d e n t  on b o t h  o r g a n i c  polymer ic  ( 1 )  and s i l i c a - b a s e d  s u p p o r t s  

( 2 ) .  on s i l i c a - b a s e d  r e v e r s e d  phase  columns,  t h e  t a i l i n g  e f f e c t  

has  been a t t r i b u t e d  t o  t h e  i n t e r a c t i o n  between uncapped s i l a n o l s  

and b a s i c  a n a l y t e s .  T h i s  i n t e r a c t i o n  mechanism is  b e l i e v e d  t o  be 

o c c u r r i n g  v ia  i o n  exchange a n d f o r  hydrogen bonding ( 3 )  o f  t h e  

s o l u t e s  w i t h  some u n r e a c t e d  s i l a n o l s  which g e n e r a l l y  remain on t h e  

s u r f a c e ,  even w i t h  good d e r i v a t i z a t i o n  t e c h n i q u e s .  

S i l a n o l  s u p p r e s s i n g  r e a g e n t s  l i k e  t r i e t h y l a m i n e  have been 

added t o  t h e  mobi le  phase  t o  a l l e v i a t e  t h e  i n t e r a c t i o n  problems.  

These r e a g e n t s  c a u s e  b a s i c  s o l u t e s  t o  e l u t e  w i t h  s h o r t e r  r e t e n t i o n  

times and improved peak symmetry. U n f o r t u n a t e l y ,  t h e  a d d i t i o n  of  

s i l a n o l  s u p p r e s s i n g  r e a g e n t s  h a s  s e v e r a l  d i s a d v a n t a g e s .  F i r s t ,  

r e t e n t i o n  times of t h e  s o l u t e s  are dependent  on t h e  c o n c e n t r a t i o n  

of t h e  s i l a n o l  s u p p r e s s i n g  r e a g e n t .  U s u a l l y  a t h r e s h o l d  

c o n c e n t r a t i o n  of  s u p p r e s s i n g  r e a g e n t  i s  needed f o r  t h e  b a s e s  t o  

e l u t e  a t  t h e  h y d r o p h o b i c a l l y  c o r r e c t  r e t e n t i o n  times ( w i t h o u t  

s i l a n o l  i n t e r a c t i o n s ) .  T h i s  t h r e s h o l d  v a l u e  v a r i e s  between 

d i f f e r e n t  t y p e s  o f  s i l i c a s  ( 4 ) ,  d i f f e r e n t  m a n u f a c t u r e r s '  s y n t h e t i c  

t e c h n i q u e s  and d i f f e r e n t  b a t c h e s .  The r e s u l t  i s  i r r e p r o d u c i b i l i t y  

i n  r e t e n t i o n  times and c a p a c i t y  f a c t o r s ,  which i s  a p a r t i c u l a r  

problem i n  q u a l i t y  c o n t r o l  methodology.  

Secondly ,  l o n g  e q u i l i b r a t i o n  times are  needed b e f o r e  a n a l y s i s  

and s i l a n o l  s u p p r e s s i n g  r e a g e n t s  are  d i f f i c u l t  t o  remove a f t e r  

a n a l y s i s .  When t r i e t h y l a m i n e  is u s e d ,  f o r  example,  comple te  

r e s t o r a t i o n  of t h e  r e v e r s e d  phase  column is  n o t  o b s e r v e d  u n t i l  1 

h r  o f  washing w i t h  aqueous s o l v e n t .  Longer a l k y l a m i n e s  t a k e  even 
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RPLC OF BASIC DRUGS 029 

more time to remove from columns ( 3 ) .  Therefore, loss of time is 

expected if subsequent analyses require different solvent systems. 

Thirdly, in preparative HPLC it is frequently difficult to 

isolate the solute from the silanol suppressing reagent upon 

collection. If the basic drug, for example, has to be obtained in 

a pure form free of silanol suppressing reagents, another 

separation step must be introduced. 

This paper describes a reversed phase support that has been 

optimized by the choice of silane, silica and endcapping in such a 

way that basic drugs can be analyzed in the absence of both 

silanol suppressing reagents and high percentages of organics. 

The basic analytes elute as symmetrical peaks with high plate 

counts. 

EXPERIMENTAL 

Chemicals 

Methanol was obtained from American Burdick & Jackson 

(Muskegon, MI) and potassium phosphate monobasic from Mallinckrodt 

(Paris, KY). Distilled grade water was used. The inorganic salt 

and water mixture was filtered with a 0.45 um Nylon-66 filter from 

Rainin Instrument Co, Inc. (Woburn, MA). Triethylamine (gold 

label), procainamide hydrochloride, N-acetylprocainamide 

hydrochloride and salicylic acid (sodium salt) came from Aldrich 

Chemical Co, Inc. (Milwaukee, WI). Caffeine, 

phenylthiohydantoin-arginine hydrochloride, 

phenylthiohydantoin-glycine hydrochloride, lidocaine, 

amitriptyline hydrochloride, niacinamide, pyridoxine 

monohydrochloride, riboflavin, thiamine hydrochloride, 

cyanocobalamin, cytosine, 5-methylcytosine, uracil and thymine 
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830 HAGESTAM FREISER. NOWLAN, AND GOODING 

were o b t a i n e d  from Sigma Chemical Co. ( S t .  L o u i s ,  MO). The mobi le  

phase  was a d j u s t e d  t o  pH 3.5 w i t h  h y d r o c h l o r i c  a c i d  a f t e r  a d d i t i o n  

of  methanol  or t r i e t h y l a m i n e .  

Apparatus  

A l l  r e v e r s e d  phase  s u p p o r t s  were s y n t h e s i z e d  by SynChrom, 

I n c .  ( L a f a y e t t e ,  I N ) .  The s h o r t - c h a i n  s i l a n o l - d e a c t i v a t e d  

r e v e r s e d  phase column h a s  been d e n o t e d  SynChropak SCD-100. The 

C18 column was t h e  SynChropak RPP-100. A l l  s i l i c a  s u p p o r t s  were 

l O O x  pore  s i z e  and 5 u m  p a r t i c l e  s i z e  and columns were 250 x 4 . 6 m  

I D .  A model V4 v a r i a b l e  wavelength  a b s o r b a n c e  d e t e c t o r  from ISCO 

( L i n c o l n ,  N E )  was o p e r a t e d  a t  254 nm. The C o n s t a m e t r i c  I I I g  HPLC 

pump was o b t a i n e d  from LDC/Milton Roy ( R i v i e r a  Beach, FL).  The 

i n j e c t o r  was a Rheodyne (Anspec,  Ann Arbor ,  M I ) ,  model 7125, 

equipped  w i t h  a 20 o r  50 p 1  l o o p .  The components had been 

i n t e r f a c e d  t o  a n  Apple Computer, model I I e ,  and a l l  a p p l i c a t i o n s  

were r u n  i s o c r a t i c a l l y .  The r e c o r d e r  was a L i n e a r  Model 1200 

(Serco I n c . ,  D e e r f i e l d ,  I L ) .  F u l l  a b s o r b a n c e  scale  on t h e  

r e c o r d e r  waa u s u a l l y  0.1.  

RESULTS 

S i l a n e  S e l e c t i o n  

The t y p e  of si lane t h a t  would g i v e  maximum c o v a l e n t  bonding 

w i t h  t h e  s i l a n o l s  was i n v e s t i g a t e d  by comparing e x p e r i m e n t a l  

s i l a n e s  w i t h  t h e  p o p u l a r  o c t a d e c y l s i l a n e .  A SynChropak RPP-100 

column, which c o n t a i n s  lOOA s i l i c a  bonded w i t h  C18 w i t h o u t  

endcapping ,  was used  as t h e  r e f e r e n c e .  I n  e a c h  c a s e ,  t h e  s i l a n e s  

were a t t a c h e d  w i t h  opt imun bonding technology.  To tes t  t h e  

per formance  of t h e  a l k y l  bonded s t a t i o n a r y  p h a s e s ,  r e t e n t i o n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RPLC OF BASIC DRUGS 83 1 

t i m e s ,  peak h e i g h t s  and peak symmetr ies  o f  a s e l e c t e d  g r o u p  of  

s o l u t e s  were e v a l u a t e d .  

The t e s t  p r o b e s  i n c l u d e d  b a s i c ,  a c i d i c  and n e u t r a l  d r u g s  and 

c o n s i s t e d  of  p r o c a i n a m i d e ,  N - a c e t y l p r o c a i n a m i d e ,  s a l i c y l i c  a c i d  

and c a f f e i n e .  A t  a mobi le  p h a s e  pH of  3.5, t h e  two b a s i c  d r u g s ,  

p roca inamide  and N-ace ty lproca inamide  (NAPA) a re  p o s i t i v e l y  

c h a r g e d .  NAPA h a s  been a p a r t i c u l a r l y  t roublesome s o l u t e  on 

commercial  r e v e r s e d  phase  columns ( 3 ) .  S a l i c y l i c  a c i d  h a s  a low 

pKa and i s  n e g a t i v e l y  charged  a t  pH 3.5. T h i s  compound r e p r e s e n t s  

a c l a s s  of  a c i d i c  components which h a s  o f t e n  caused  problems on 

endcapped C18 columns ( 3 ) .  C a f f e i n e ,  t h e  n e u t r a l  compound, was 

t h e  i n t e r n a l  s t a n d a r d  because  i t  i s  c o n s i d e r e d  t o  be g e n e r a l l y  

wel l -behaved  on r e v e r s e d  phase  columns. C a f f e i n e  was a l s o  used t o  

moni tor  column p a c k i n g  per formance .  The q u a n t i t y  of  t h e  d i f f e r e n t  

d r u g s  i n j e c t e d  o n t o  t h e  s u p p o r t  ranged  from 0.5-1 pg.  An 

i d e n t i c a l  amount o f  e a c h  p a r t i c u l a r  d r u g  w a s  i n j e c t e d  o n t o  e a c h  

column: t h e r e f o r e ,  peak h e i g h t  c o u l d  be i n d i c a t i v e  o f  e f f i c i e n c y .  

I n  F i g u r e  1, t h e  e l u t i o n  o f  t h e  test  p r o b e s  on t h e  C18 column 

and on a s h o r t - c h a i n  r e v e r s e d  phase  column a r e  compared. The two 

b a s i c  d r u g s ,  p roca inamide  and NAPA, l o o k  poor  on t h e  C18 column. 

Both peaks  a r e  t a i l i n g  s u b s t a n t i a l l y ,  t h e  peak h e i g h t s  a r e  s h o r t ,  

and t h e  r e t e n t i o n  t i m e s  a r e  l o n g e r  t h a n  e x p e c t e d .  NAPA, i n  f a c t ,  

e l u t e s  a f t e r  s a l i c y l i c  a c i d .  A p p a r e n t l y ,  t h e  b a s i c  p r o b e s  are  

i n t e r a c t i n g  w i t h  t h e  s t a t i o n a r y  phase  i n  a n  u n c o n t r o l l e d  f a s h i o n  

i n s t e a d  o f  v i a  a p u r e l y  hydrophobic  p a r t i t i o n i n g  mechanism. 

The s t a t i o n a r y  phase bonded w i t h  a s h o r t - c h a i n  s i l a n e  

f u n c t i o n e d  much b e t t e r ,  a s  i s  e v i d e n t  i n  F i g u r e  l b .  NAPA is  now 

e l u t i n g  b e f o r e  s a l i c y l i c  a c i d .  Both proca inamide  and NAPA a re  

r e a s o n a b l y  t a l l  and s h a r p  a l t h o u g h  t h e y  are s t i l l  t a i l i n g  

s l i g h t l y .  Even when u s i n g  g e n e r a l l y  s u c c e s s f u l  bonding  
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Figure 1. Inf luence of s i l a n e  on peak shape. Columns: a .  SynChropak 
RPP lOO(cl8) ;  b. sho r t - cha in  RP, looft, 2 5 0  x 4 . 6  mm I.D. Mobile 
phase: 30% methanol,  0.04M potassium phosphate,  pH 3.5. 
Flowrate: 0.5ml/min. Sample: 1. Procainamide, 2 .  N A P A ,  
3. S a l i c y l i c  a c i d ,  4 .  Caffeine.  

t e c h n i q u e s ,  it is o b v i o u s  t h a t  t h e  t y p e  o f  s i l a n e  determines t h e  

e f f i c a c y  o f  t h e  reversed p h a s e  s u p p o r t  i n  t h e  s e p a r a t i o n  o f  b a s i c  

s o l u t e s .  I t  would a p p e a r  t h a t  t h e  s h o r t e r  c h a i n  s i l a n e  covers t h e  

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

s t a t i o n a r y  phase. 

S i l i c a  S e l e c t i o n  

T o  o b t a i n  a r e v e r s e d  p h a s e  s u p p o r t  t h a t  d o e s  n o t  a d v e r s e l y  

i n t e r a c t  w i t h  basic molecules, n o t  o n l y  i s  t h e  c h o i c e  o f  s i l a n e  
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RPLC OF BASIC DRUGS a33 

c r u c i a l ,  b u t  a l s o  t h e  t y p e  of  s i l i c a .  Such impor tance  o f  t h e  

s i l i c a  has  been a d d r e s s e d  p r e v i o u s l y  ( 5 ) .  Q u i t e  s i m p l y ,  some 

s i l i c a  s u p p o r t s  bond w i t h  s i l a n e s  i n  a h i g h e r  y i e l d  t h a n  o t h e r  

s i l i c a s .  One e x p l a n a t i o n  f o r  t h i s  e f f e c t  i s  t h a t  t h e  s i l a n o l s  a r e  

more e v e n l y  d i s t r i b u t e d  o v e r  t h e  s u r f a c e s  o f  c e r t a i n  s i l i c a s ,  and 

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

s i l a n o l s  exposed.  I t  h a s  a l s o  been s u g g e s t e d  t h a t  i t  is  not  t h e  

r e s i d u a l  s i l a n o l s  t h a t  c a u s e  t h e  a d s o r p t i o n  of  a n a l y t e s ,  b u t  

r a t h e r  t h e  uncovered s i l o x a n e  groups  on t h e  s i l i c a .  A l a r g e r  

number of  e v e n l y  d i s t r i b u t e d  s i l a n o l s  r e s u l t s  i n  a h i g h e r  s i l a n e  

bonding y i e l d  w i t h  b e t t e r  c o v e r a g e  of  t h e  s i l o x a n e s .  Another  

e x p l a n a t i o n  i s  t h a t  c e r t a i n  s i l i c a s  c o n t a i n  s i l a n o l s  which a re  

more a c i d i c  t h a n  t h e  a v e r a g e  s i l a n o l  ( 5 )  and t h e s e  s i l a n o l s  r e a c t  

p o o r l y  w i t h  s i l a n e s .  Based on o b s e r v a t i o n s  of s i l a n e  bonding ,  

s i l i c a s  have been c l a s s i f i e d  i n t o  t w o  t y p e s ,  sometimes d e n o t e d  A 

and B t y p e s  ( 6 ) .  The A t y p e  i s  b e l i e v e d  t o  c o n t a i n  more i s o l a t e d  

a c i d i c  s i l a n o l s  which a r e  n o t  e v e n l y  d i s t r i b u t e d .  

With t h i s  i n  mind, one s i l i c a  f rom t h e  A t y p e  and one from 

t h e  B t y p e  were compared by bonding  w i t h  t h e  s h o r t - c h a i n  s i l a n e .  

The s h o r t - c h a i n  s i l a n e  was a t t a c h e d  t o  e a c h  s i l i c a  w i t h  i d e n t i c a l  

bonding c h e m i s t r y .  The two t y p e s  of  s i l i c a  had l O O A  p o r e  

d i a m e t e r s  w i t h  5 urn p a r t i c l e  s i z e  and 200  m2/g s u r f a c e  area. 

0 

F i g u r e  2 shows t h a t  t h e  s i l i c a  t y p e  B b e h a v i o r  w a s  s u p e r i o r  

t o  t h a t  of  s i l i c a  t y p e  A f o r  t h i s  a p p l i c a t i o n .  On t h e  l a t t e r  

column, t h e  proca inamide  and NAPA peaks  a re  b r o a d ,  s h o r t  and 

s e v e r e l y  t a i l i n g ,  w i t h  NAPA e l u t i n g  a f t e r  s a l i c y l i c  a c i d .  

A r e v e r s e d  phase  column made from s u c h  a t y p e  A s i l i c a  c o u l d  

o n l y  b e  used  f o r  t h e  a n a l y s i s  o f  b a s i c  s o l u t e s  w i t h  t h e  a d d i t i o n  

of  a s i l a n o l  s u p p r e s s i n g  r e a g e n t  t o  t h e  mobi le  phase .  F i g u r e  3 

shows t h e  e f f e c t  o f  a d d i n g  0.008 M t r i e t h y l a m i n e  ( T E A )  t o  t h e  
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3 

-- 

b.  Silica A , i  4 

I I I I I I 
5 10 15 20 25 30 

TIME (rnin) 

Figure 2. Influeace of silica type on peak shape. Columns: short- 
chain RP, lOOA a. silica type B; b. silica type A .  Conditions as in 
Fig. 1. 

mobile  phase  on t h i s  column. Under t h e s e  c o n d i t i o n s ,  NAPA is  

e l u t i n g  b e f o r e  s a l i c y l i c  a c i d  and t h e  peak s h a p e s  have improved 

c o n s i d e r a b l y ,  peak t a i l i n g  h a s  d i m i n i s h e d ,  and t h e  peaks  a r e  

t a l l e r  and nar rower .  Some t a i l i n g  i s  s t i l l  p r e s e n t ,  however, 

i n d i c a t i n g  t h a t  t h e  s u p p o r t  is s t i l l  not  optimum f o r  t h e  b a s i c  

d r u g s .  Such ea r l i e r  e l u t i o n  o f  b a s i c  p r o b e s  a f t e r  a d d i t i o n  of  TEA 

is a n  i n d i c a t i o n  t h a t  t h e  s i l a n o l s  a r e  b e i n g  s u p p r e s s e d .  
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0 .  Without TEA i 

I 

1 I I I I 
5 10 15 20 25 

TIME (min) 

Figure 3. Influence of s i l a n ~ i  suppressing agent on an inadequately 
bonded short-Shain reversed phase support. Column: short- 
chain RP, 1 0 0 A .  Silica type A .  Conditions as in Fig. 1 except 
O.OO8M triethylamine (TEA) is added to the mobile phase in b. 

Endcapping 

Although t h e  per formance  of t h e  s u p p o r t  s e e n  i n  F i g u r e  2a was 

s i m i l a r  t o  t h a t  o b t a i n e d  u s i n g  s i l a n o l  s u p p r e s s i n g  r e a g e n t s  on 

o t h e r  s u p p o r t s  ( F i g .  3 b ) ,  p roca inamide  and NAPA were s t i l l  

t a i l i n g  s l i g h t l y .  T h i s  s u g g e s t e d  t h e  n e c e s s i t y  of a n  a d d i t i o n a l  

s y n t h e t i c  s t e p .  

The remain ing  s i l a n o l s  on t h e  s u p p o r t  s e e n  i n  F i g u r e  2a were 

d e a c t i v a t e d  w i t h  a n  endcapping  r e a g e n t .  F i g u r e  4 shows a 

chromatogram r e s u l t i n g  from t h e  i n j e c t i o n  of t h e  f o u r  d r u g  p r o b e s .  

When comparing t h e s e  f i g u r e s ,  t h e  t w o  b a s i c  d r u g s ,  p roca inamide  

and N-ace ty lproca inamide  e l u t e  as s h a r p ,  t a l l ,  s y m m e t r i c a l  peaks  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



836 HAGESTAM FREISER. NOWLAN, AND GOODING 

3 

I I I I I 
0 5 10 15 20 

TIME (min) 

Figure 4 .  Basic drugs o n  a short-chain s i l a n o l  deact ivated suppor t .  
Column: SynChropak SCD-100, 250 x 4.6 nun I.D. Conditions as i n  
Fig. 1. 

w i t h  s h o r t e r  r e t e n t i o n  times t h a n  on t h e  s u p p o r t  b e f o r e  

d e a c t i v a t i o n .  The a c i d i c  s a l i c y l i c  a c i d  a l s o  e l u t e s  as  a s h a r p  

peak;  however, i t s  r e t e n t i o n  h a s  n o t  been s u b s t a n t i a l l y  a f f e c t e d  

by t h e  s i l a n o l  d e a c t i v a t i o n .  

When p o s i t i v e l y  c h a r g e d  t r i e t h y l a m i n e  w a s  added t o  t h e  mobi le  

phase  ( d a t a  not  shown) ,  t h e  a c i d i c  s a l i c y l i c  a c i d  d e c r e a s e d  i n  

r e t e n t i o n  t i m e ,  w h i l e  t h e  t h r e e  n i t r o g e n - c o n t a i n i n g  d r u g s  remained 

t h e  same on t h i s  column. The s h i f t  i n  s a l i c y l i c  a c i d  r e t e n t i o n  

may s t e m  from f o r m a t i o n  o f  a n  i o n  p a i r  between t h e  s a l i c y l i c  a c i d  

and t h e  p o s i t i v e l y  c h a r g e d  TEA. S i g n i f i c a n t l y ,  t h e  l a c k  o f  change 

i n  r e t e n t i o n  f o r  t h e  b a s i c  d r u g s  i n d i c a t e s  a w e l l - d e a c t i v a t e d  

s u p p o r t  upon which a s i l a n o l  s u p p r e s s o r  d o e s  n o t  improve. 
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t 0.04 

PTH-gly 
I 

$ 0.04 t b  PTH-org 

Figure 5. Comparison of analyses of PTH amino acids on standard C18 and 
short-chain silanol deactivated reversed phase columns. Columns: a. 
SynChropak SCD-100: b. SynChropak RPP-100 (C18). Conditions as in 
Fig. 1. 

A n a l y s i s  of PTH Amino Acids  

F i g u r e  5 i l l u s t r a t e s  t h e  s e p a r a t i o n  of t w o  PTH-amino a c i d s  

on t h e  s i l a n o l  d e a c t i v a t e d  column ( a )  and on t h e  r e f e r e n c e  l O O A  

C18 column ( b ) .  The same amounts o f  t h e  PTH-amino a c i d s  were 

i n j e c t e d  on b o t h  columns.  Because p a r t i t i o n  p a r a m e t e r s  ( 7 )  and 

f r e e  e n e r g y  t r a n s f e r  p a r a m e t e r s  ( 8 )  s u g g e s t  t h a t  a r g i n i n e  is more 

h y d r o p h i l i c  t h a n  g l y c i n e  a t  pH 3.5, PTH-arg s h o u l d  e l u t e  b e f o r e  

PTH-gly i f  t h e  two PTH-amino acids  a re  e l u t i n g  s t r i c t l y  a c c o r d i n g  

t o  hydrophobic  p a r t i t i o n i n g .  T h i s  is t h e  c a s e  on t h e  s i l a n o l  

0 
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838 HAGESTAM FREISER. NOWLAN, A N D  GOODING 

d e a c t i v a t e d  s u p p o r t .  I n  c o n t r a s t ,  t h e  PTH-arg e l u t e s  as a t a i l i n g  

and a f a i r l y  s h o r t  peak a f t e r  PTH-gly on t h e  C18 column. The 

PTH-arg is a p p a r e n t l y  i n t e r a c t i n g  w i t h  r e s i d u a l  s i l a n o l s  on t h i s  

r e f e r e n c e  column. T h e r e f o r e ,  h y d r o p h o b i c i t y  measurements ,  s u c h  as  

t h e  l o g  p ( o c t a n o 1 )  p a r t i t i o n  c o e f f i c i e n t s  o f  d r u g s  ( 9 ) ,  may be 

b e t t e r  c o r r e l a t e d  t o  chromatographic  r e t e n t i o n  d a t a  on t h e  s i l a n o l  

d e a c t i v a t e d  column t h a n  on one which i s  n o t  d e a c t i v a t e d .  

A m i t r i p t y l i n e  A n a l y s i s  

F i g u r e  6 i l l u s t r a t e s  t h e  chromatographic  c h a r a c t e r i s t i c s  of 

l i d o c a i n e  and a m i t r i p t y l i n e ,  t w o  o t h e r  hydrophobic  b a s i c  d r u g s ,  on 

t h e  s h o r t - c h a i n  s i l a n o l  d e a c t i v a t e d  column. A m i t r i p t y l i n e  i s  v e r y  

hydrophobic  and normal ly  r e q u i r e s  a l a r g e  amount o f  o r g a n i c  

s o l v e n t  t o  e l u t e  from a C18 column ( 1 0 ) .  I n  t h i s  example,  a 60% 

methanol  s o l u t i o n  e n a b l e d  t h e  t r i c y c l i c  a m i t r i p t y l i n e  t o  e l u t e  i n  

7 min. Both peaks  are  t a l l ,  narrow and s y m m e t r i c a l  d e s p i t e  t h e  

b a s i c  n a t u r e  of  t h e  d r u g s .  With less m e t h a n o l ,  t h e s e  hydrophobic  

d r u g s  would s t i l l  have e l u t e d  i n  a r e a s o n a b l e  t i m e .  The 

s h o r t - c h a i n  r e v e r s e d  phase  column is advantageous  because  less 

o r g a n i c  s o l v e n t  is needed f o r  e l u t i o n ,  r e s u l t i n g  i n  a s a v i n g s  i n  

c o s t  of  t h e  o r g a n i c  s o l v e n t  a s  w e l l  a s  t i m e .  

B Vitamins 

B v i t a m i n s  have f r e q u e n t l y  been d i f f i c u l t  t o  a n a l y z e  and 

s e p a r a t e  by r e v e r s e d  phase  chromatography,  o f t e n  r e q u i r i n g  i o n  

p a i r i n g  r e a g e n t s  or s i l a n o l  s u p p r e s s o r s  t o  b e  added t o  t h e  mobi le  

phase  (11).  Although t h e  B v i t a m i n s  a l l  c o n t a i n  amine g r o u p s ,  

t h e y  r a n g e  from c h a r g e d  and h y d r o p h i l i c  t o  uncharged and 

hydrophobic .  Thiamine and p y r i d o x i n e  a r e  c h a r g e d  a t  pH 3.5, 

whereas  v i t a m i n  B12 i s  hydrophobic  and s h o u l d  e l u t e  l a s t .  I n  t h e  
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Figure 6. Analysis of highly hydrophobic basic drugs. Column: 
SynChropak SCD-100, 250 x 4.6 mm I.D. Mobile Phase: 60% methanol, 
0.04 M potassium phosphate, pH 3.5. Flowrate: 1 ml/min. Sample: 1. 
lidocaine, 2. amitriptyline. 

s e p a r a t i o n  of B v i t a m i n s  d e p i c t e d  i n  F i g u r e  7, i t  c a n  be  s e e n  t h a t  

a l l  of t h e  v i t a m i n s  a re  r e s o l v e d  i n  t h i s  i s o c r a t i c  m e t h a n o l i c  

aqueous mobile  phase  a t  pH 3.5. N o t  o n l y  is t h e  o r d e r  of e l u t i o n  

by h y d r o p h o b i c i t y ,  b u t  t h e  peaks  a r e  w e l l - s h a p e d  and s y m m e t r i c a l .  

P y r i m i d i n e s  

The p y r i m i d i n e s ,  t h e  s t r u c t u r a l  u n i t s  of DNA and RNA, a r e  

a n o t h e r  set of weak b a s e s .  A t  pH 3.5, c y t o s i n e  and 
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Figure 7 .  Analys is  of B v i t a m i n s .  Condit ions  a s  i n  F i g .  4 .  

5-methylcytosine are positively charged and uracil and thymine are 

neutral. 5-Methylcytosine and thymine each contain one methyl 

group more than their respective counterparts, cytosine and 

uracil. On the short-chain deactivated column, as illustrated in 

Figure 8, the pyrimidines elute as symmetrical peaks in the 

predicted order of hydrophobicity. On the C18 column (data not 

shown), both cytosine and 5-methylcytosine tailed somewhat and 

5-methylcytosine eluted after uracil. 

CONCLUSIONS 

The quality of separation of basic drugs on a short-chain 

silanol deactivated reversed phase column was greatly improved 
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Figure 8.  Analysis of pyrimidines. Mobile phase: 0.04 M potassium 
phosphate, pH 3.5. Flowrate: 1 ml/min. Sample: 1. cytosine,  2 .  
5-methylcytosine, 3. u r a c i l ,  4 .  thymine. 

o v e r  t h a t  on a s t a n d a r d  C18 r e v e r s e d  phase column. S i l a n e ,  s i l i c a  

t y p e  and endcapping  e a c h  had a role  i n  e l i m i n a t i n g  n o n s p e c i f i c  

i n t e r a c t i o n s  of  b a s i c  s o l u t e s  w i t h  t h e  s u p p o r t .  S imple  mobi le  

p h a s e s ,  w i t h o u t  s i l a n o l  s u p p r e s s i n g  r e a g e n t s ,  c o u l d  be u s e d ,  as  

e v i d e n c e d  by t h e  e x c e l l e n t  s e p a r a t i o n  of  proca inamide  and 

N-ace ty lproca inamide  which was o b t a i n e d  i s o c r a t i c a l l y  w i t h  

phosphate  b u f f e r  a t  pH 3.5 c o n t a i n i n g  low p e r c e n t a g e s  o f  methanol .  

PTH-arginine,  which is a v e r y  s e n s i t i v e  probe  f o r  d e t e c t i n g  
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uncapped silanols, definitively confirmed that few, if any. 

silanols remained on this deactivated support. Consequently, the 

use of silanol suppressors in the mobile phase was not necessary. 

All of the therapeutic drugs analyzed, including the 

antiarrhythmic agents, procainamide, N-acetylprocainamide and 

lidocaine, and the antidepressant, amitriptyline, eluted as sharp 

bands without tailing on the silanol deactivated column. More 

weakly basic compounds, such as the nutritionally important B 

vitamins and the pyrimidines, also eluted as well-resolved, 

symmetrical peaks. 
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