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STANDARD SOLUTES FOR CLASSIFICATION 

CUR RENT CHROMATOGRAPHY 
OF SOLVENT SYSTEMS IN COUNTER- 

Walter D. Conway, Richard L. Hammond, 
and Anthony M. Sarlo 

Department o f  Pharmaceutics 
School o f  Pharmacy 

State University o f  New York at Buffalo 
565 Hochstetter Hull 

Amherst, New York 14260 

ABSTRACT 

A s e r i e s  o f  p -d in i t ropheny lamino a l c o h o l s  have been 
syn thes ized f o r  use as standard s o l u t e s  f o r  e v a l u a t i n g  t h e  
p o l a r i t y  o f  s o l v e n t  systems used i n  coun te rcu r ren t  chromatography. 
The rank  o rde r  p o l a r i t y  o f  t h e  DNP-amino a l c o h o l s  as w e l l  as 
p -n i t ropheny l  g lucos ides  were determined by measuring t h e i r  
p a r t i t i o n  c o e f f i c i e n t s  i n  1-pentanol/heptane/water systems 
c o n t a i n i n g  from 2% pentanol  i n  heptane t o  100% pentanol .  
The s tandard  s o l u t e s  were used t o  e s t a b l i s h  t h e  rank  o r d e r  
p o l a r i t y  o f  e leven chloroform/methanol /water systems which 
a r e  w i d e l y  used i n  coun te rcu r ren t  chromatography. 

INTRODUCTION 

The c a p a b i l i t y  o f  choosing from a ve ry  l a r g e  number of  
s o l v e n t  systems i s  a ma jor  advantage o f  coun te rcu r ren t  
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108 CONWAY, HAMMOND, AND SARLO 

chromatography (CCC). As a general  r u l e ,  a s o l v e n t  system 
i s  d e s i r e d  i n  which t h e  component o f  i n t e r e s t  has a p a r t i t i o n  

c o e f f i c i e n t  i n  t h e  range o f  0.2 t o  5, expressed as c o n c e n t r a t i o n  
i n  s t a t i o n a r y  phase/concent ra t ion  i n  mob i le  phase ( 2 ) .  

l ower  p o r t i o n  o f  t h i s  range (0.2-1) i s  bes t  f o r  use i n  t h e  

m u l t i l a y e r  c o i l  p l a n e t  c e n t r i f u g e  ( 3 ) ,  i n  which t h e  s t a t i o n a r y  
phase t y p i c a l l y  occuoies 80% o f  t h e  column volume. 
range (1 t o  5 )  i s  b e t t e r  s u i t e d  f o r  ins t ruments  such as t h e  

h o r i z o n t a l  f low- th rough c o i l  p l a n e t  c e n t r i f u g e  (4),  where 

o n l y  40% o f  t h e  column volume i s  f i l l e d  w i t h  s t a t i o n a r y  phase. 

The 

The upper 

The sheer number o f  s o l v e n t  systems from which t o  choose, 

coup led  w i t h  t h e  s c a r c i t y  o f  data comparing t h e  p a r t i t i o n i n g  
behav io r  o f  t y p i c a l  s o l u t e s  i n  t h e  systems, necess i ta tes  a 

l a r g e l y  e m p i r i c a l  approach t o  deve lop ing  a s o l v e n t  system 
f o r  a s p e c i f i c  a p p l i c a t i o n .  To f a c i l i t a t e  t h e  a c q u i s i t i o n  

o f  p a r t i t i o n i n g  data,  which would a l l o w  comparison o f  many 

s o l v e n t  systems, a s e r i e s  o f  2,4-dini t rophenylamino a l c o h o l s  

(DNP-amino a l coho ls )  has been prepared and eva lua ted  f o r  use 
as standard so lu tes .  The use o f  p-nitrophenylglycosides,  

which a r e  commerc 

C hemi ca 1 s 

reagent  grade. 

A l l  so l ven ts  

a l l y  a v a i l a b l e ,  has a l s o  been exam 

EXPERIMENTAL 

and chemicals were e i t h e r  HPLC gra  

ned. 

e o r  

DN P- hi no A1 coho1 s 

N-2,4-dinitrophenylamino a l c o h o l s  (Table 1) were syn thes ized 
by t h e  method o f  Sanger (5 )  by r e a c t i o n  o f  0.1 t o  1 g o f  

amino a l coho l  o r  i t s  hyd roch lo r i de  s a l t  w i t h  a 25% molar  
excess o f  2,4-dinitrofluorobenzene i n  a 75% aqueous e thano l  i c  

s o l u t i o n  a t  room temperature i n  t h e  presence o f  an excess o f  
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SOLVENT SYSTEMS CLASSIFICATIONS 109 

sodium bicarbonate. 
overnight, filtered and the filtrate eVaDOrated to dryness. 
The residue was taken up in ethanol, precipitated with water 
and the solid removed by filtration and dried. 
product was crystallized from ethyl acetate, except DNP-tris 
(hydroxymethyl) aminopropane which was crystal 1 ized from 
methyl ethyl ketone, and DNP-glucosamine which was crystallized 
from ethanol. 
for DNP-glucosamine which was 34%. 
by TLC to ensure the absence of 2,4-dinitrophenol and any 
yellow impurities. 

The reaction mixture was typically stirred 

The crude 

Yields were in the range of 60 to 88% except 
Products were examined 

Absorption spectra o f  the products were recorded in 
methanol, water, 0.1 N HC1 and 0.1 N NaOH. ' 

Partition Coefficients 
Partition coefficients were measured in systems ranging 

from 2% pentyl alcohol in heptane to 100% pentyl alcohol vs 
water using a modification of a method described earlier 
(6).  The method entails equilibration of about 0.1 mg of 
solute with 1 ml each of organic and aqueous phases, mutually 
saturated prior to use. 
the lower phase is transferred quantitatively to a second 
tube using a Pasteur pipet attached to a 2-ml hypodermic 
syringe. Both phases are diluted with 5 ml of 2-propanol 
and 1 ml of fresh "other" phase (i.e. the one not contained 
i n  the initially diluted solution) is  added to ensure identical 
solvent composition of the diluted phase solutions. 
absorbance, A, of each diluted phase was measured (at 348 nm 
for the DNP-amino alcohols and at 294 nm for p-nitrophenyl 
glucosides). 
plus 1 ml of each phase but absorbance readings on this was 
negligible at these wavelengths. The partition coefficient 

After equilibration and centrifugation, 

The 

A blank was also prepared from 5 ml of 2-propanol 
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110 CONWAY, HAMMOND, AND SARLO 

was c a l c u l a t e d  as Ks = (Aorganic - Ablank)/(Aaqueous - 
Ablank).  The range o f  measurable p a r t i t i o n  COeff iCientS was 
extended beyond t h a t  repo r ted  e a r l i e r  by reduc ing  t h e  volume 

o f  one o f  t h e  phases t o  0.25 m l  when KS f e l l  ou ts ide  t h e  
range o f  0.1 t o  10. 
i s  f u r t h e r  s i m p l i f i e d  i f  the  13 x 100 mm tube used f o r  e q u i l i b r a t i o n  

i s  m o d i f i e d  by p ress ing  a depression approx. 2 mm wide and 2 

mm deep i n  the  bottom o f  t he  tube. 

Pasteur p i p e t  used t o  t r a n s f e r  t h e  lower  phase i n  t h i s  depression 

a i d s  i n  s p l i t t i n g  t h e  two phases p r e c i s e l y  a t  t h e  i n t e r f a c e .  

The q u a n t i t a t i v e  t r a n s f e r  o f  lower  phase 

P lac ing  t h e  t i p  o f  t h e  

RESULTS AND DISCUSSION 
The DNP-amino a l c o h o l s  a re  a l l  y e l l o w  compounds w i t h  an 

absorbance maximum a t  348 mm. 

makes them s u i t a b l e  f o r  e v a l u a t i o n  o f  a romat ic  so l ven ts  as 
w e l l  as t e c h n i c a l  grade so l ven ts  which migh t  c o n t a i n  uv- 

absorbing i m p u r i t i e s .  The l a c k  o f  a s h i f t  i n  t h e  abso rp t i on  
spectrum i n  e i t h e r  0.1 N HC1 o r  0.1 N NaOH i n d i c a t e s  t h a t  

t h e  pKa o f  t h e  compounds l i e s  o u t s i d e  t h e  range o f  1 t o  13. 

They a r e  t h e r e f o r e  n o n i o n i z i n g  ove r  t h e  range o f  pH commonly 
encountered i n  C C C  and a re  thus  w e l l  s u i t e d  f o r  t h e  e v a l u a t i o n  
o f  bo th  b u f f e r e d  and n e u t r a l  s o l v e n t  systems. T h i s  i s  a 

ma jor  advantage ove r  t h e  DNP-amino a c i d s  which a r e  s u i t a b l e  

o n l y  f o r  s t r o n g l y  a c i d i c  systems. 

The l o n g  wavelength abso rp t i on  

The PNP d e r i v a t i v e s  o f  a v a r i e t y  o f  sugars, which a r e  

a v a i l a b l e  commercial ly,  a l s o  serve as conven ien t  standard 

so lu tes ,  p a r t i c u l a r l y  f o r  t h e  e v a l u a t i o n  o f  ve ry  p o l a r  s o l v e n t  
systems. 

maximum a t  294 nm, which i s  s t i l l  o f  s u f f i c i e n t l y  l o n g  wavelength 

t o  avo id  i n t e r f e r e n c e  from most uv-absorbing so l ven ts  and 

i m p u r i t i e s .  The s t r u c t u r e s  o f  t h e  a and B-PNP-glucosides 

a r e  shown i n  Table 1. 

These a r e  c o l o r l e s s  compounds w i t h  an abso rp t i on  
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SOLVENT SYSTEMS CLASSIFICATIONS 

TABLE 1 

1 1 1  

DNP-Amino Alcohols and p-Nitrophenyl Glucosides 

No. OH 
No. Derivative o f  Structure Groups 

I 1-Amino-2-Propanol CH3-CH-CHz-NH-DNP 1 

- 
OH 

11 1-Amino-3-Propanol HOCH2-CH2-CH2-NH-DNP 1 

111 3-Amino-2-Methyl- CH20H 
1,3- Pro paned iol H3C- -NH- DNP 2 

IV Ethanolamine HOCH2-CH2-NH-DNP 1 

iH2-OH 

V 2-Amino-1 ,3-Propanediol CH20H 

CH20H 
(Seri no1 ) H$-NH-DNP 2 

X 3-Amino-1, 2-Propanediol HO-CH- gH H-CH2-NH-DNP 2 

3 
V I  2-Amino-2-(hydroxymethyl)- 

1,3-Propanediol (TRIS) 

VI I D (t ) -G1 ucosami ne 4 

VIII PNP-a-D-Glucopyranoside 4 
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112 CONWAY, HAMMOND, AND SARLO 

Rank Order P o l a r i t y  o f  t h e  So lu tes  

The p a r t i t i o n  c o e f f i c i e n t s  o f  t h e  proposed standards 

(expressed as KS = concen t ra t i on  i n  o rgan ic  phase/concent ra t ion  
i n  aqueous phase) were measured i n  a s e r i e s  o f  so l ven t  systems 
rang ing  f rom 2% pen ty l  a l coho l  i n  heptane t o  100% pentanol  
versus water.  These r e s u l t s  a re  presented i n  Fig.  1. The 

measurements serve t o  e s t a b l i s h  t h e  rank  o rde r  p o l a r i t y  o f  

t h e  compounds as w e l l  as t o  convey some i n d i c a t i o n  o f  t h e i r  
p a r t i t i o n i n g  behav io r  i n  s o l v e n t  systems cove r ing  a wide 

range o f  p o l a r i t y .  

The p l o t s  o f  l o g  K, vs log % pentanol  a r e  q u i t e  l i n e a r ,  
p a r t i c u l a r l y  i n  t h e  more p o l a r  s o l v e n t  systems, w i t h  t h e  
excep t ion  o f  DNP-TRIS ( V I )  which curves bad ly  below Ks o f  

about  0.5. Compound V (DNP-serinol) i s  q u i t e  l i n e a r  over 

t h e  500 f o l d  range o f  KS f rom 0.04 t o  20. Un fo r tuna te l y ,  
t h e  s t a r t i n g  m a t e r i a l  ( s e r i n o l )  f o r  compound V i s  r e l a t i v e l y  

expensive compared t o  t h e  c o s t  o f  t h e  o t h e r  amino a l coho ls .  

However, t h e  l e s s  c o s t l y  compound X ,  an isomer o f  V, was 

r e c e n t l y  syn thes ized and ou r  p r e l i m i n a r y  exper ience shows 
t h a t  i t  e x h i b i t s  behav io r  almost i d e n t i c a l  t o  t h a t  o f  V. 

The s lopes  o f  t h e  l i n e s  f o r  i n d i v i d u a l  DNP-amino a l c o h o l s  
i n  F ig .  1 inc reases  w i t h  t h e  number o f  hydroxy l  groups i n  

t h e  compound as summarized i n  Table 2 .  
fo rm 

l o g  Ks = a(1og % Pentanol)+ b 

The p l o t s  a r e  o f  t h e  

which has been r e p o r t e d  by Soczewi6ski t o  be c h a r a c t e r i s t i c  

o f  p a r t i t i o n  chromatogaphic systems which undergo chemical 
i n t e r a c t i o n ,  such as hydrogen bond ing .7~8  

C1  a ss i f i ca t i on of  Sol ven t  Pol a r i  ty  

used such as d i e l e c t r i c  cons tan t  o r  rank  o rde r  i n  an e l u o t r o p i c  

Several  i n d i c a t o r s  o f  o rgan ic  so l ven t  p o l a r i t y  a r e  commonly 
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- 
- 

0.1 

0.04 

113 

0 

FIGURE 1. Partition coefficients for DNP-amino alcohols and 
PNP-glucosides. Structures are given in Table 1. 
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114 CONWAY, HAMMOND, AND SARLO 

TABLE 2 

Slopes f o r  l o g  K, vs l o g  % Pentanol P l o t s  i n  Fig.  1 

Compounds OH Groups Slopes 

I, 11, I V  1 1.47, 1.62, 1.68 

111, v, x 2 2.11, 2.17, 2.11 

V I I  4 2.71 

V I I I ,  I X  4 2.98, 3.07 

s e r i e s .  

o f  t he  pure, d r y  so l ven t .  I n  CCC t h e  s o l v e n t  i s  sa tu ra ted  
w i t h  t h e  o t h e r  phase, u s u a l l y  water and t h e  o t h e r  phase i s  
sa tu ra ted  w i t h  so l ven t .  

compos i t ions  a r e  f u r t h e r  m o d i f i e d  by t h e  presence o f  t h e  

t h i r d  m u t u a l l y  m i s c i b l e  so l ven t .  It i s  t h e r e f o r e  u s e f u l  t o  

have a s imp le  means o f  rank ing  t h e  p o l a r i t y  o f  m u t u a l l y  sa tu ra ted  

s o l v e n t  systems. 

toward  hydroxy l  i c  so lu tes ,  by measuring t h e  p a r t i t i o n  c o e f f i c i e n t  
o f  any one o f  t h e  proposed standards i n  t h e  s e r i e s  o f  s o l v e n t  

systems. However, s ince  i t  i s  e a s i e s t  t o  measure p a r t i t i o n  
c o e f f i c i e n t s  i n  t h e  v i c i n i t y  o f  u n i t y ,  i t  i s  b e t t e r  t o  employ 

a s e r i e s  o f  standard s o l u t e s  and t o  s w i t c h  t o  a more p o l a r  
s tandard  as t h e  s o l v e n t  p o l a r i t y  increases. For ins tance,  

compounds I o r  11, V o r  X and V I I  a l l  e x h i b i t  good l i n e a r  

behav io r  and would cover  t h e  range o f  p o l a r i t y  f rom 5% t o  
100% pentanol  i n  ove r lapp ing  stages de f i ned  by p a r t i t i o n  

c o e f f i c i e n t s  rang ing  from 0.2 t o  5. 
o f  t h e  p r o g r e s s i v e l y  more p o l a r  g lycos ides ,  o -n i t rophcny l -B-  

D-galactopyranoside and p-nitrophenyl-B-D-lactopyranoside 
suggests t h a t  t hey  may be u s e f u l  t o  extend t h e  sca le  o f  o o l a r i t y  

However, these measures r e f e r  t o  r e l a t i v e  s t reng ths  

I n  t e r n a r y  systems t h e  phase 

Th is  can be done,at l e a s t  f o r  t h e i r  behav io r  

P r e l i m i n a r y  i n v e s t i g a t i o n  
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SOLVENT SYSTEMS CLASSIFICATIONS 

TABLE 3 

CHC13/MeOH/H20 Systems Employed i n  CCC9,10 

M i x t u r e  Composit ion, ( v / v / v )  KS- 

CHCl3/MeOH/H20 

i n t i g e r  r a t i o  % 
r a t i o  V I I I  

a 13:7:8 46:25:29 0.10 0.06 

b 4:4:3 36:36:28 0.29 0.14 

C 5:9:7 24:43:33 0.32 0.16 

d 13:7:4 54:29:17 0.34 0.18 

e 5:6:4 33:40:27 0.39 0.23 

- V I I  - 

f 5:5:3 39:39:22 0.44 0.25 

g 43:37 :20 43: 37 : 20 0.47 0.29 

h 10:12:7 34:41:25 0.50 0.32 

i 7:13:8 25:46:29 0.54 0.34 

j 50:57:30 36:42:22 0.54 0.35 

k 5 :I 0.: 6 24: 48 : 28 0.57 0.36 

beyond 100% pentanol/H20. 

DNP-amino a1 kanes a re  i n s u f f i c i e n t l y  s o l u b l e  i n  systems 
c o n t a i n i n g  l e s s  than 2% pentanol  i n  heptane f o r  use as i n d i c a t o r s  
o f  t h e  p o l a r i t y  o f  l i p o p h i l i c  s o l v e n t  systems. 

The DNP-amino a l c o h o l s  and even 

A p p l i c a t i o n  t o  t h e  CHCL3/MeOH/H20 System 

Eleven d i f f e r e n t  m ix tu res  o f  CHC13/MeOH/H20 have been 
employed i n  CCC f o r  t h e  separa t i on  o f  a v a r i e t y  o f  n a t u r a l  
products.9r10 These a r e  l i s t e d  in Tab le  3. T h e i r  compositions 
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116 CONWAY, HAMMOND, AND SARLO 

are  i n d i c a t e d  i n  convent iona l  terms as sma l les t  whole number 

volume r a t i o s  and a l s o  i n  terms o f  volume percent .  N e i t h e r  
n o t a t i o n  suggests t h e  rank  o rde r  p o l a r i t y  o f  these systems. 

A good i n d i c a t i o n  o f  t h e i r  r e l a t i v e  p o l a r i t y  cou ld  be ob ta ined  

from t h e  t e r n a r y  e q u i l i b r i u m  diagram b u t  t h a t  appears n o t  t o  

have been pub l i shed  i n  s u f f i c i e n t  d e t a i l  t o  convey t h i s  
information.11,12 Measurement o f  t h e  p a r t i t i o n  c o e f f i c i e n t s ,  

Ks, o f  e i t h e r  compound V I I  o r  V I I I  a l lowed t h e  systems t o  be 
l i s t e d  i n  t h e  rank o rde r  p o l a r i t y  shown i n  Table 3. I t  i s  

c l e a r  t h a t  t h e  o rgan ic  phase o f  system 2 i s  l e a s t  p o l a r  and 

t h a t  o f  system k i s  most po la r .  
systems c and d a re  l i k e l y  t o  hehave i d e n t i c a l l y  i n  chromatography 
and t h a t  t hey  d i f f e r  o n l y  s l i g h t l y  f rom systems b and e. 

L ikewise, systems f, g and h and i a r e  ve ry  s i m i l a r .  System 

j i s  a l s o  ve ry  s i m i l a r  t o  t h e  most p o l a r  system k. 
i n i t i a l  c l a s s i f i c a t i o n s  have been conf i rmed by comparing t h e  

p r o x i m i t y  o f  these compos i t ions  t o  t i e  l i n e s  on t h e  

CHC13/MeOH/H20 e q u i l i b r i u m  diagram which we have r e c e n t l y  

cons t ruc ted .  

It i s  a l s o  apparent t h a t  

These 

Conclusion 

A s e r i e s  o f  n o n i o n i z i n g  DNP-amino a l coho ls  cove r ing  a 

wide range o f  p o l a r i t y  can be conven ien t l y  used t o  e s t a b l i s h  

t h e  rank o rde r  p o l a r i t y  o f  s o l v e n t  systems employed i n  CCC 

by measuring t h e  p a r t i t i o n  c o e f f i c i e n t s  o f  one o r  more o f  

t h e  compounds i n  t h e  s e r i e s  o f  s o l v e n t  systems. 

s o l v e n t  systems may a l s o  be c l a s s i f i e d  by measuring t h e  
p a r t i t i o n i n g  behav io r  o f  PNP-glycosides. 

Very p o l a r  
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