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UTILIZATION OF A SYSTEMATIC SOLVENT SELECTION 
METHOD FOR THE HPLC DETERMINATION 

OF A TRACE ISOMERIC CONTAMINANT 

Jerome E. H a k p ,  A .  Michael Young, Emily A. 
Domonkos a n d  R o b e r t  L. Leeds 

Chemis t r y  Department  

Ann Arbor ,  Michigan  48105 
Warner-Lamber t /Parke-Davis  Pha rmaceu t i ca l  R e s e a r c h  

ABSTRACT 

A s y s t e m a t i c  s o l v e n t  s e l e c t i o n  method is u s e d  f o r  t h e  
deve lopment  o f  HPLC c o n d i t i o n s  f o r  the s e p a r a t i o n  a n d  d e t e c t i o n  o f  
trace amounts  o f  t h r e o  isomer i n  samples  o f  t h e  b r o n c h o d i l a t i n g  
d r u g  p r o c a t e r o l ,  (“)(R*,S*)-8-hydroxy-S-[ l-hydroxy-2-[ (1-me t h y l -  
e t h y l )  amino]  bu t y l ]  -2( 1H) - q u i n o l i n e  (ery thro isomer)  . The method 
i n v o l v e s  t h e  chromatography of a m i x t u r e  o f  t h e  two i s o m e r s  u s i n g  
s e v e n  d i f f e r e n t  m i x t u r e s  o f  three b a s e  s o l v e n t s  as m o b i l e  p h a s e s  
a n d  the mapping of r e s o l u t i o n s  u s i n g  a c o m p u t e r g e n e r a t e d  
m a t h e m a t i c a l  model. The o p t i m i z e d  m o b i l e  p h a s e  p r e d i c t e d  by t h e  
model  g i v e s  e x c e l l e n t  r e s o l u t i o n  between the two isomers a t  levels 
a s  low as  1% of t h e  threo compound. 

INTRODUCTION 

Maximizing the HPLC s e p a r a t i o n  o f  t h e  components  of a b i n a r y  

m i x t u r e  is e s p e c i a l l y  i m p o r t a n t  when the l a t e r e l u t i n g  material i s  

p r e s e n t  i n  a v e r y  small amount. I n  s u c h  cases, l o s s  o f  d e t e c t i o n  

o r  q u a n t i t a t i o n  o f  t h e  m i n o r  component c a n  o c c u r  when t h e  chroma- 

t o g r a p h i c  p e a k s  o v e r l a p  even  s l i g h t l y .  O f  t e n  a t r i a l - a n d - e r r o r  
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2128 HAKY ET AL. 

p rocess  i s  employed f o r  o p t i m i z a t i o n  of expe r imen ta l  c o n d i t i o n s  i n  

such  s e p a r a t i o n s .  Recen t ly ,  however, a number of s y s t e m a t i c  

op t imiza  t i o n  methods have been developed (1-7) which combine 

fundamental  chromatographic  p r i n c i p l e s  w i t h  e x i s t i n g  s ta t i s t ica l  

p r o c e s s e s  t o  a c h i e v e  maximum HPLC r e s o l u t i o n .  

Of p a r t i c u l a r  u t i l i t y  in op t imiz ing  l i q u i d  chroma tog raph ic  

s e p a r a t i o n s  of complex mix tu res  i s  a method developed by G l a j c h  

and  coworkers (7), based  upon t h e  mapping of r e s o l u t i o n s  b e m e e n  

peak p a i r s  u s i n g  seven  d i f f e r e n t  mobi le  phase  mix tu res .  This 

"ove r l app ing  r e s o l u t i o n  mapping" (OW) t echnique  h a s  been used i n  

t h e  development of bo th  normal and  r e v e r s e  phase  l i q u i d  c h r o m t o -  

g r a p h i c  c o n d i t i o n s  f o r  t h e  s e p a r a t i o n  of a v a r i e t y  of chemica l  

mix tu res ,  i n c l u d i n g  those  of s u b s t i t u t e d  naph tha lenes  (8) , 

i s o m e r i c  phenols  (9) and  a f l a t o x i n s  (10 ) .  

Because i t  h a s  as i t s  b a s i s  t h e  o p t i m i z a t i o n  of s e p a r a t i o n s  

between p a i r s  of chromatographic  peaks,  t h e  ORM method i s  

p a r t i c u l a r l y  we l l - su i  t ed  f o r  u s e  i n  t h e  s y s t e m  t i c  s e l e c t i o n  of 

HPLC c o n d i t i o n s  f o r  maximum s e p a r a t i o n  of a b ina ry  mixture .  We 

have exp lo red  t h i s  p o t e n t i a l  by a p p l y i n g  t h e  ORM method i n  t h e  

development of a n  optimum s o l v e n t  sys tem f o r  t h e  s e p a r a t i o n  of  t h e  

b ronchod i l a  t i n g  drug  p roca t e r o l ,  (+) -( R* ,S*) -8-hyd roxy-5-[ 1- 

hydroxy-2-I (1-methylethyl)amino]bu ty l ] -2(1H)-quinol ine  ( e r y t h r o  

isomer) from i t s  t h r e o  isomer,  a p o t e n t i a l  minor contaminant.  In  

t h i s  paper ,  w e  d i s c u s s  t h e  d e t a i l s  of t h e  o p t i m i z a t i o n  of t h i s  

s e p a r a t i o n  and d e s c r i b e  g e n e r a l  schemes f o r  t h e  a p p l i c a t i o n  of  t h e  

ORM me thod f o r  similar s e p a r a t i o n s .  
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SYSTEMATIC SOLVENT SELECTION METHOD 2129 

EXPERIMENTAL 

Materials: A l l  s o l v e n t s  were g l a s s  d i s t i l l e d  (Burdick and 

Jackson Labora to r i e s )  . 
were synthesized i n  these  l a b o r a t o r i e s  u s ing  publ ished procedures 

Samples of proca t e r o l  and i t s  th reo  isomer 

(11). 

Apparatus:  The HPLC system cons i s t ed  of a Perkin-Elmer 

S e r i e s  4 quaternary s o l v e n t  de l ive ry  system, a Rheodyne i n j e c t o r  

( 2 0  111 loop) and a n  o c t a d e c y l s i l a n e  column (Al t ex  Ul t r a sphe re  

O D s ,  5 Dm p a r t i c l e  s i z e ,  250 mm x 4.6 mm). The system was 

f i t t e d  wi th  a Perkin-Elmer Model 85B spectrophotometr ic  d e t e c t o r  

operated a t  a f i x e d  wavelength of 254 nm, and a Perkin-Elmer Model 

ISS-100 chroma tographic  autosampler.  Chroma tographic  d a t a  were 

recorded and processed on a n  IBM Model 9000 d a t a  system. 

Procedure: The op t imiza t ion  procedure cons i s t ed  of chroma to- 

graphing 20 111 a l i q u o t s  of a n  aqueous s o l u t i o n  con ta in ing  2 mg/ 

r n l  of p r o c a t e r o l  and 1 mg/ml of i t s  threo isomer, i n  seven d i f -  

f e r e n t  mobile phases ( s e e  R e s u l t s  and Discussion) .  F i n a l  corii- 

pa r i sons  of optimized and unoptimized cond i t ions  were made by 

chromatographing a n  aqueous s o l u t i o n  of 1 mgfml of p r o c a t e r o l  and 

0.01 m g / m l  of i t s  th reo  isomer, using the mobile phases s p e c i f i e d  

i n  Figure 2 .  Throughout the e n t i r e  s tudy,  the flow rate of t he  

mobile phase was s e t  a t  a c o n s t a n t  1 mlfminute. 

Equations: Chromatographic capac i ty  f a c t o r s ,  k '  , were 

c a l c u l a t e d  by equa t ion  I: 

t - tQ 
t0  

k' = 
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2130 HAKY ET AL. 

where t i s  the r e t e n t i o n  time of the component of i n t e r e s t ,  and &, 

is the  r e t e n t i o n  t i m e  of an unretained substance,  determined by 

i n j e c t i o n  of a n  aqueous s o l u t i o n  of sodium n i t r i t e .  

Chromatographic r e s o l u t i o n s ,  R ,  between p roca te ro l  and i t s  

th reo  isomer were calculated '  by equat ion 11: 

1.18 A t L  R =  
w1 + w2 

where A t r  i s  the  d i f f e r e n c e  i n  r e t e n t i o n  times between the two 

chromatographic peaks and W 1  and W2 a r e  the widths of t he  two 

peaks a t  t h e i r  h a l f - h e i g h t s  (12,13) .  

Predicted a c e t o n i t r i l e - w a t e r  and tetrahydrofuran-water mix- 

t u r e s  of equal s t r e n g t h  t o  the i n i t i a l l y - u s e d  30% methanol - 70% 

water mobile phase (Table I) were c a l c u l a t e d  using equat ion 111: 

S t  = E S i O i  (111) 

where S t  i s  the t o t a l  so lven t  s t r e n g t h  of the i n i t i a l l y - u s e d  

s o l v e n t  mixture ( i n  t h i s  c a s e ,  78),  S i  i s  the  "solvent  s t r e n g t h  

weighting f a c t o r "  (water :  0;  methanol: 2.6, a c e t o n i t r i l e :  3.2, 

te t rahydrofuran:  4.5), and O i  i s  the  volume f r a c t i o n  of s o l v e n t  

"i" i n  the mixture (14).  For the purpose of these c a l c u l a t i o n s  

on ly ,  the presence of a c e t i c  ac id  i n  each of the mobile phases was 

i gno r ed . 
For the q u a n t i t a t i v e  mapping of r e s o l u t i o n s  ( R ) ,  da t a  f o r  

each of seven mobile phase mixtures was f i t  t o  a cub ic  model (15 ) ,  

based upon equat ion IV: 
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SYSTEMATIC SOLVENT SELECTION METHOD 2131 

where the X i ' s  a r e  the volume f r a c t i o n s  of each base s o l v e n t  ( s e e  

Table 2 )  and the  B i ' s  a re  cons t an t s .  Equation I V  was solved and 

t h e  r e s o l u t i o n  map was produced by a BASIC computer program 

( a v a i l a b l e  on r eques t )  w r i t t e n  f o r  an Apple 11+ computer equipped 

with an Epson MX-80 dot-matr ix  p r i n t e r .  This  program i s  based on 

an  e a r l i e r  FORTRAN program developed by Hare and Brown ( 1 6 ) .  

RESULTS AND DISCUSSION 

The development of an  HPLC method f o r  the s e p a r a t i o n  of 

p r o c a t e r o l  ( I )  from i t s  th reo  isomer was prompted by the  p o t e n t i a l  

f o r  threo isomer contamination i n  bulk l o t s  of the drug from 

OH CHzCH3 
1 1  
CH-CHNHCH (CH3) 2 

I 

I 

p a r t i a  

c h i r a l  

i nve r s ion  of conf igu ra t ion  a t  one of t he  compound's two 

c e n t e r s  during i t s  s y n t h e s i s  o r  s torage.  While t h e i r  

phys i ca l  p r o p e r t i e s  a r e  similar, t he  two isomers d i f f e r  widely i n  

t h e i r  bronchodi la t ing a c t i v i t i e s  ( l l ) ,  and thus the  q u a n t i t a t i o n  

o f  t he  amount of t h reo  isomer contamination in  samples of pro- 

c a t e r o l  i s  h igh ly  d e s i r a b l e .  The two isomers can be d i s t i n g u i s h e d  

from each o t h e r  by proton NMR spectroscopy (11,17) ,  b u t  u n t i l  now 

no q u a n t i t a t i v e  chromatographic sepa ra t ion  has  been reported i n  

t h e  l i t e r a t u r e .  
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2132 HAKY ET AL. 

While s e l e c t i n g  parameters f o r  a r o u t i n e  HPLC s e p a r a t i o n  of a 

b ina ry  mixture may of ten be accomplished through methods much 

s i m p l e r  than t h a t  descr ibed he re ,  developing an HPLC system f o r  

e i t h e r  t r a c e  a n a l y s i s  o r  p repa ra t ive  s e p a r a t i o n s  r e q u i r e s  

maximization of r e s o l u t i o n  to  reduce peak ove r l ap  caused by column 

overload o r  any s l i g h t  t a i l i n g  of t h e  chromatographic peaks. 

trace a n a l y s i s ,  t h i s  i s  e s p e c i a l l y  t r u e  when the minor component 

c o n s i s t e n t l y  e l u t e s  a f t e r  the main component, which i s  the  case  i n  

the  p re sen t  s epa ra t ion .  In such s i t u a t i o n s ,  a sys t ema t i c  scheme 

can ensure the development of optimi zed cond i t ions  which may 

e l i m i n a t e  la ter  u n c e r t a i n t i e s .  

For 

The method descr ibed by Glajch and coworkers is designed f o r  

t he  systematic  development of t he  optimum mobile phase for t he  

a n a l y s i s  of a mixture by reverse-phase HPLC (8).  B a s i c a l l y ,  t he  

method c o n s i s t s  of  fou r  s t e p s :  

1. A methanol-water mobile phase, Xi, i s  chosen which 

al lows f o r  t he  e l u t i o n  of a l l  components o f  i n t e r e s t  within a 

given k' range ( u s u a l l y  1 - < k'  2 10). 

2.  Two o t h e r  aqueous mobile phases,  X2 and X3, of d i f -  

f e r e n t  s e l e c t i v i t y  bu t  e q u i v a l e n t  s o l v e n t  s t r e n g t h  ( i . e . ,  g i v i n g  

s i m i l a r  k '  va lues )  a r e  chosen. The volume f r a c t i o n  of water i n  

each of t hese  i s o - e l u o t r o p i c  base-solvents  i s  usua l ly  c a l c u l a t e d  

through Snyder 's  s o l v e n t - s t r e n g t h  equat ion 111 (14) and then 

r e f i n e d  experimental ly  i f  necessary.  General ly ,  t hese  two mobile 

phases c o n s i s t  of mixtures  of a c e t o n i t r i l e  and water and t e t r a -  

hydrofuran and water. 
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SYSTEMATIC SOLVENT SELECTION METHOD 2133 

3. The chromatograms of the sample of i n t e r e s t  a r e  obtained 

i n  each of the t h r e e  base-solvents  a s  the mobile phase, a s  w e l l  as 

every poss ib l e  1:l mixture o f  each base so lven t .  The chromatogram 

of the  sample i s  then obtained using a f i n a l  1:1:1 t e r n a r y  mixture 

of  each base solvent .  

4. The r e s o l u t i o n s  between each peak p a i r  i n  the chromato- 

grams of the sample of i n t e r e s t  a r e  e i t h e r  q u a l i t a t i v e l y  o r  quan- 

t i t a t i v e l y  compared, and the mixture of base so lven t s  g iv ing  the 

b e s t  r e s o l u t i o n  i s  deduced and used a s  the optimized mobile phase. 

This  method, which i s  based upon the p r i n c i p l e s  of Snyder’s w e l l -  

known s o l v e n t - s e l e c t i v i t y  t r i a n g l e  (18), seeks t o  maximize reso-  

l u t i o n  between the components of a mixture by combining the unique 

s e l e c t i v i t i e s  of t h r e e  base solvents .  

Application of t he  ORM method to  the sepa ra t ion  of a b ina ry  

mixture i s  i n  many ways s i m p l e r  than f o r  a multicomponent mixture.  

Loss of peak i d e n t i t y  due t o  poss ib l e  inve r s ion  of e l u t i o n  o r d e r  

can be el iminated by the development of the method on an unequal 

mixture of s t anda rds ,  i n  t h i s  ca se ,  a 2:l mixture. Moreover, 

s i n c e  only one peak p a i r  i s  being considered, q u a n t i t a t i v e  mapping 

and modelling of the r e s o l u t i o n s  i s  s impl i f i ed .  For  t h i s  quan- 

t i t a t i v e  mapping, we have w r i t t e n  a B A S I C  computer program, which 

f i t s  r e s o l u t i o n s  obtained from the seven so lven t  mixtures t o  a 

cubic  model (15), and then p r e d i c t s  r e s o l u t i o n s  f o r  any o t h e r  

poss ib l e  mixture. The r e s u l t s  a r e  displayed i n  a t r i a n g u l a r  
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2134 HAKY ET AL. 

response s u r f a c e  diagram (Figure 1) from which the s o l v e n t  com- 

p o s i t i o n  g iv ing  the  h i g h e s t  r e s o l u t i o n  may be read (16) .  

While the gene ra l  a p p l i c a b i l i t y  of the q u a n t i t a t i v e  cubic  

model i n  the mapping of HPLC r e s o l u t i o n s  has  been demonstrated i n  

s e v e r a l  c a s e s  (7 ,8 ,9 ,10 )  i t s  use i n  the p re sen t  s i t u a t i o n  r e q u i r e s  

a few cons ide ra t ions .  F i r s t l y ,  t he  shee r  number of r e s o l u t i o n s  

needed t o  be c a l c u l a t e d  makes i t  advantageous f o r  t hese  c a l c u l a -  

t i o n s  t o  be c a r r i e d  o u t  by a programmable i n t e g r a t o r  o r  d a t a  

s y s t e m  a t  the t i m e  t he  d a t a  i s  acquired (19) .  Since the  d a t a  

system we used ( a s  w e l l  as most systems) i s  capable  of determining 

peak widths a t  h a l f - h e i g h t s ,  w e  have calculated chromatographic 

r e s o l u t i o n s  using equat ion 11, which is based upon t h i s  "width a t  

half-height ' '  parameter (12,13) .  Although such an equat ion i s  

e a s i l y  incorporated i n t o  most i n t e g r a t o r s  o r  d a t a  systems, the 

assump t i o n  of completely Gaussian chroma tographic  peaks upon which 

i t  i s  based (13) i s  n o t  r i g o r o u s l y  c o r r e c t ,  e s p e c i a l l y  i n  t h e  

p r e s e n t  case, where some band broadening and assymetry i s  expected 

as  the amount of sample i n j e c t e d  o r  t he  chromatographic scale i s  

increased to  look f o r  evidence of a t r a c e  contaminant. For t h i s  

reason,  t he  r e s o l u t i o n s  c a l c u l a t e d  by equat ion I1 can be con- 

s ide red  only i n  a r e l a t i v e  manner i n  t h i s  s tudy .  

i n a p p l i c a b i l i t y  of  t h e  normal assumption of a r e s o l u t i o n  of 1.5 

g iv ing  b a s e l i n e  peak s e p a r a t i o n  (13,141, however, t h i s  does n o t  

l i m i t  t he  a p p l i c a b i l i t y  o r  u se fu lness  of t he  c a l c u l a t e d  reso- 

l u t i o n s  t o  a g r e a t  degree i n  the op t imiza t ion  process.  The 

Aside from the  
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SYSTEMATIC SOLVENT SELECTION METHOD 2135 

q u a n t i t a t i v e  model i s  simply used t o  p r e d i c t  a s o l v e n t  system 

g i v i n g  the  maximum r e s o l u t i o n ,  wi thout  regard  t o  the  magnitude of 

t h e  ac tua l  va lue  obta ined .  

The composition of t he  t h r e e  base - so lven t  systems used f o r  

t h e  p r e s e n t  method a r e  d i sp l ayed  i n  Table 1, a long  wi th  k' va lues  

ob ta ined  f o r  t h e  p r o c a t e r o l  isomers us ing  these  s o l v e n t s .  Each of 

t h e s e  s o l v e n t  systems gave good peak shapes f o r  the  two compounds, 

a s  we l l  as  k '  v a l u e s  between 7 and 9.  

1% a c e t i c  a c i d  t o  the  aqueous p o r t i o n  of t he  base s o l v e n t s  ( t o  

improve peak shape) rendered i n a p p l i c a b l e  the  p r e d i c t i o n  of 

a c e t o n i t r i l e - w a t e r  and t e  trahydrofuran-water mixtures  of equa l  

s t r e n g t h  t o  the  methanol-water mixture  on the  b a s i s  of t h e  

s o l v e n t - s t r e n g t h  equa t ion  111 (14) .  Both p red ic t ed  i s o - e l u o t r o p i c  

s o l v e n t  mix tu res ,  l i s t e d  i n  parentheses  i n  Table 1, were c l e a r l y  

t o o  s t r o n g ,  and needed to he modified somewhat. 

Apparently the  a d d i t i o n  of  

Table  2 l i s t s  t h e  experimentally-determined r e s o l u t i o n s  

between the  p r o c a t e r o l  isomers us ing  each  of se-ven mixtures  of  the  

t h r e e  base s o l v e n t s .  Of the  seven mixtures  used, h i g h e s t  

r e s o l u t i o n  was achieved wi th  t h e  mixture  c o n s i s t i n g  of 50% X i  and 

50% X2, o r  15  p a r t s  methanol, 7 p a r t s  a c e t o n i t r i l e ,  and 78 p a r t s  

aqueous acetic a c i d .  The r e s o l u t i o n  achieved  by mixing t h e  tetra- 

hydrofuran s o l v e n t  (X3) with the  methanol s o l v e n t  (Xi) was 

s i g n i f i c a n t l y  lower than t h a t  ob ta ined  wi th  t h e  methanol s o l v e n t  

a lone ,  whi le  mixing the  t e t r ahydro fu ran  s o l v e n t  (X3) with  t h e  

a c e t o n i t r i l e  s o l v e n t  (X2) r e s u l t e d  i n  only  s l i g h t  i n c r e a s e s  i n  

r e s o l u t i o n  ove r  t h a t  ob ta ined  with the  a c e t o n i t r i l e  s o l v e n t  a lone .  
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2136 HAKY ET AL. 

TABLE 1 

Base Solvent  Compositions and Chromatographic Capacity Fac to r s  

MeOH = methanol, ACN = a c e t o n i t r i l e ,  THF = t e t r ahydro fu ran ,  
HOAc = 1% aqueous a c e t i c  a c i d ,  0 1  = volume f r a c t i o n  of f i r s t  
component, 0 2  = volume f r a c t i o n  of second component, 
k ' ,  = c a p a c i t y  f a c t o r  of p r o c a t e r o l ,  k ' t  = c a p a c i t y  f a c t o r  of 
t h r e o  isomer, * Number i n  parentheses  i s  the  volume f r a c t i o n  
p red ic t ed  by equa t ion  I1 t o  g ive  k '  va lues  similar t o  s o l v e n t  X i .  

TABLE 2 

- 

Experimentally-De termined Chroma tographic  Resolut ions Be tween 
Erythro and Threo Isomers 

Mixture I % X i  Resolut ion 

2.41 

1.77 

1.87 

2.66 

1.29 

1.90 

0.98 
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RESOLUTION OF PROCATEROL ISONERS 
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FIGURE 1. Computer-generated r e s o l u t i o n  map f o r  t h e  separat ion of 
proca tero l  and i t s  threo isomer. 
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F I G U R E  2 .  HPLC Chromatograms of p r o c a t e r o l  c o n t a i n i n g  1% t h r e o  
i somer  u s i n g  mobile phases  c o n s i s t i n g  o f :  A - 33% X i ,  
20% X2 and 47% X3; B - 100% X 2 ;  C - 63% XI and 37% 
x2 

The c o m p u t e r g e n e r a t e d  r e s o l u t i o n  map f o r  t h e  o v e r a l l  X1-X2- 

X 3  s o l v e n t  system i s  s h a m  i n  F i g u r e  1. 

t r e n d s  i n  t h e  expe r imen ta l  data, t h e  computer model p r e d i c t s  t h a t  

h i g h e s t  r e s o l u t i o n s  a r e  a c h i e v e d  f o r  t h e  two i somers  u s i n g  mix- 

As expec ted  from t h e  

t u r e s  o f  t h e  methanol and  a c e t o n i t r i l e  base  s o l v e n t s .  The pre- 

d i c t e d  optimum mix tu re  c o n s i s t s  of 63% X 1  and  37% X2, o r  18.9% 

methanol,  5.2% a c e t o n i t r i l e ,  a n d  75.9% aqueous  1% acet ic  ac id .  

A p p l i c a t i o n  o f  t h e  p r e d i c t e d  optimum mobi le  phase  to  t h e  

d e t e r m i n a t i o n  of trace amounts of t h r e o  isomer i n  p r o c a t e r o l  pro- 

duces  c o n s i s t e n t  and  u s a b l e  r e s u l t s .  F i g u r e  2 d i s p l a y s  t h e  
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SYSTEMATIC SOLVENT SELECTION METHOD 2139 

chromatograms of a sample  of p r o c a t e r o l  which i s  contaminated 

w i t h  1% th reo  isomer, u s ing  t h e  p red ic t ed  optimum s o l v e n t  as  w e l l  

a s  two o t h e r  mixtures  a s  mobile phases. While r e s o l u t i o n  is n o t  

complete i n  any of t h e  chroma tograms, owing poss ib ly  t o  column 

overload,  t h e  b e s t  r e s o l u t i o n  is obtained w i t h  t h e  p red ic t ed  

optimum s o l v e n t  (F igu re  2C). Also c o n s i s t e n t  w i t h  t h e  computer 

model is t h e  poor s e p a r a t i o n  of e r y t h r o  and t h r e o  isomers 

( F i g u r e  2 A )  w i t h  a mobile phase c o n s i s t i n g  of 9.9% methanol, 2.8% 

a c e t o n i t r i l e ,  1.4% t e t r ahydro fu ran  and 85.9% aqueous acet ic  a c i d  

(i.e., 33% X I ,  20% X2 and 47% X3). 

s e p a r a t i o n  achieved w i t h  t h e  u s e  of t h e  p red ic t ed  optimum s o l v e n t  

reduces ove r l ap  t o  a minimum, and r e s u l t s  i n  a d e s i r a b l e  HPLC 

system f o r  determinat ion of t h r e o  isomer contaminant. 

C lea r ly ,  t h e  high degree of 

CONCLUSIONS 

In t h i s  s tudy,  the systematic  so lven t  s e l e c t i o n  method 

developed by Gfajch and coworkers was used f o r  the op t imiza t ion  of 

the mobile phase f o r  the HPLC sepa ra t ion  of a drug and a t r a c e  

contaminant. While t h r e e  base so lven t  systems were i n i t i a l l y  used 

i n  the method development, a mixture of two of them w a s  u l t i m a t e l y  

found t o  g i v e  the b e s t  s epa ra t ion .  Through the  u s e  of t h i s  

method, the precise composition of the  s o l v e n t  g iv ing  the optimum 

sepa ra t ion  was p red ic t ed ,  and one of t he  t h r e e  so lven t s  could be 

conf iden t ly  e l iminated from considerat ion.  Thus, t h i s  quan- 

t i t a t i v e ,  systematic  method of so lven t  s e l e c t i o n  has  been demon- 

s t r a t e d  t o  be a h igh ly  use fu l  technique f o r  the maximization of  
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cond i t ions  f o r  the HPLC determinat ion of t r a c e  contaminants ,  even 

when only one such material i s  known t o  be p re sen t .  
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