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BEHAVIOR OF STEKEOlSOMERIC STEKOIUS I N  LIYUIU CHROMATOGRAPHY 

E r i c h  Hef tmann 

Western Regional  Research C e n t e r ,  Sc i ence  and Educa t ion  
A d m i n i s t r a t i o n ,  United S t a t e s  Department of A g r i c u l t u r e ,  

Be rke ley ,  C a l i f o r n i a  94710 

ABSTRACT -_ 
From l i t e r a t u r e  d a t a  on t h e  behav io r  of d i a s t e r e o i s o m e r s ,  t h e  

a u t h o r  d e r i v e s  e m p i r i c a l  r u l e s  governing t h e i r  r e l a t i v e  n o b i l i t i e s  
i n  l i q u i d - s o l i d  and l i q u i d - l i q u i d  ch rona tograph ic  systems. Appli-  
c a t i o n s  of t h e s e  r u l e s  t o  t h e  r e s o l u t i o n  of s t e r o i d  m i x t u r e s ,  
be long ing  t o  t h e  v a r i o u s  c l a s s e s  of s t e r o i d s ,  a r e  c i t e d .  

INTRODUCTION 

The s e p a r a t i o n  of s t e r o i d s  by chromatography i s  of cons ide r -  

a b l e  i n t e r e s t ,  no t  on ly  because t h e y  a r e  compounds of major 

b i o l o g i c a l  importance,  bu t  a l s o  because they  c o n s t i t u t e  a l a r g e  

group of o r g a n i c  molecules  w i t h  a r i g i d  backbone and numerous 

p o s s i b i l i t i e s  f o r  isomerism. T h i s  makes them i d e a l  models on 

which chromatographic  methods and t h e o r i e s  can be t e s t e d .  No 

wonder t h a t  a n  immense volume of l i t e r a t u r e  on  t h e  chromatography 

of s t e r o i d s  has  accumulated.  The o l d e r  l i t e r a t u r e  has been 

reviewed by Neher (l), and t h e  l i t e r a t u r e  s i n c e  1964 h a s  been 

summarized by Heftmann ( 2 ) .  The development of t h i s  f i e l d  has  

been surveyed a t  i n t e r v a l s  s i n c e  1961 (3-5). 
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1138 HEFTMANN 

I n  t h i s  a r t i c l e  I hope  t o  d e v e l o p  a c o h e r e n t  p i c t u r e  of t h e  

p r e s e n t  s t a t e  of knowledge  c o n c e r n i n g  t h e  e f f e c t  of s t e r e o i s o -  

merism o n  n o b i l i t y  i n  l i q u i d  C h r o m a t o g r a p h i c  s y s t e m s .  Having  

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

a l l - e m b r a c i n g  t h e o r e t i c a l  frainework ( 6 ) ,  I s h a l l  b e  c a r e f u l  t o  

l i m i t  m y s e l f  t o  a n  e s s e n t i a l l y  e m p i r i c a l  and  q u a l i t a t i v e  a p p r o a c h .  

To my knowledge ,  t h i s  s u b j e c t  h a s  n o t  b e e n  d e a l t  w i t h  b e f o r e ,  b u t  

r e f e r e n c e s  t o  r e v i e w  a r t i c l e s  and  p a p e r s  o n  v a r i o u s  o t h e r  a s p e c t s  

of t h e  l i q u i d  c h r o m a t o g r a p h y  of s t e r o i d s  w i l l  b e  f o u n d  i n  t h e  b i b -  

l i o g r a p h i e s  of t h e  books  c i t e d  so f a r  (1-6).  I n s t e a d  of c o v e r i n g  

t h e  l i t e r a t u r e  e x h a u s t i v e l y ,  I s h a l l  o n l y  c i t e  a few e x a m p l e s  of 

t h e  s e p a r a t i o n  of d i a s t e r e o i s o m e r s ,  p a r t l y  o n  t h e  b a s i s  of my own 

e x p e r i e n c e .  The b i b l i o g r a p h y  of t h e s e  a r t i c l e s  w i l l  l e a d  t h e  

r e a d e r  t o  t h e  o l d e r  l i t e r a t u r e .  

CONE'ORMATION OF STEROIDS _ _ _ _ _ _  

The c o n v e n t i o n a l  r e p r e s e n t a t i o n  of t h e  s t e r o i d  n u c l e u s  p r o -  

v i d e s  n o  c l u e  t o  t h e  d i f f e r e n c e s  i n  c h r o m a t o g r a p h i c  b e h a v i o r  
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STEREOISOMERIC STEROIDS 1139 

between compounds belonging t o  t h e  A / B  t r a n s - ( I )  and A / B  _. c i s - ( 1 1 )  

s e r i e s .  But t h e  i n s p e c t i o n  of t h e  co r re spond ing  confo rma t iona l  

s t r u c t u r e s  111 and I V ,  r e s p e c t i v e l y ,  o r ,  b e t t e r  y e t ,  t h e  con- 

s t r u c t i o n  of molecu la r  models r e v e a l s  t h e  s t e r e o c h e m i c a l  d e t a i l s  

r e s p o n s i b l e  f o r  t h o s e  d i f f e r e n c e s .  

T h e o r e t i c a l l y ,  t h e  f o u r  r i n g s  which c o n s t i t u t e  t h e  cyclopen-  

tanoperhydrophenanthrene nucleus cou ld  be i n  e i t h e r  t h e  c h a i r  o r  

boa t  conformation.  I n  a l l  n a t u r a l  s t e r o i d s ,  they are i n  t h e  c h a i r  

conformation.  Rings A and B may be e- o r  t r a n s - f u s e d ,  bu t  i n  

a l l  n a t u r a l  s t e r o i d s  t h e  B/C r i n g  j u n c t u r e  i s  t r a n s  and i n  most of 

them ( w i t h  t h e  n o t a b l e  e x c e p t i o n  of t h e  c a r d e n o l i d e s  and bufa- 

d i e n o l i d e s )  t h e  C / D  j u n c t u r e  i s  a l s o  t r a n s .  When Rings A and B 

a r e  t r ans - fused  (111), a f l a t ,  l a t h - l i k e  s t r u c t u r e  r e s u l t s ,  bu t  i n  

t h e  A / B  *-steroids  (1V) Ring A forms a n  a n g l e  w i t h  t h e  r e s t  of 

t h e  molecule.  

compounds and s t e r o i d s  w i t h  a r o m a t i c  Ring A )  assume a shape  

s imilar  t o  t h e  A / B  t r a n s - s e r i e s .  

4 S t e r o i d s  which a r e  u n s a t u r a t e d  a t  C-5 ( A  -, A5- 

The A / B  &-s te ro ids  a r e  u s u a l l y  less adso rbed  on p o l a r  

a d s o r b e n t s  t h a n  t h e  A / B  t r a n s - s t e r o i d s  and ,  i n  a d s o r p t i o n  chroma- 

tog raphy ,  t h e  A / B  *-steroids a r e  u s u a l l y  e l u t e d  b e f o r e  t h e  A / B  

t r a n s - s t e r o i d s ,  p rov ided ,  of c o u r s e ,  t h a t  a l l  t h e  o t h e r  groups i n  

t h e  two ccmpounds being compared a r e  t h e  same. 

The 3-hydroxyl group,  p r e s e n t  i n  most n a t u r a l  s t e r o i d s ,  pre- 

s e n t s  a s p e c i a l  problem i n  t h i s  r e s p e c t .  A s  i s  e v i d e n t  from t h e  

confo rma t iona l  fo rmulae ,  t h e  3B-hydroxyl g roup  i s  e q u a t o r i a l  i n  

t h e  A / B  t r a n s - s t e r o i d s  (III), bu t  i t  i s  a x i a l  i n  t h e  A / B  cis- 
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1140 HEFTMA" 

s t e r o i d s  ( I V ) .  A s  i t  happens,  t h e  e f f e c t  of t h e  confo rma t ion  of 

t h a t  hydroxyl  group on chromatographic  behav io r  may be a t  least  as 

g r e a t  a s  t h a t  of t h e  f u s i o n  between Rings A and B. 

Usua l ly ,  t h e  e q u a t o r i a l  hydroxyl  group is more s t r o n g l y  

adsorbed t h a t  t h e  a x i a l  one. Thus,  i n  t h e  c a s e  of two A / B  t r a n s -  

s t e r o i d s  ep imer i c  a t  C-3, t h e  3B-hydroxy compound may be more 

s t r o n g l y  adsorbed t h a n  t h e  3a-hydroxy compound, whereas under  t h e  

same c o n d i t i o n s ,  t h e  analogous 3a-hydroxy s t e r o i d  may be more 

s t r o n g l y  adsorbed t h a n  t h e  36-hydroxy s t e r o i d  i f  t hey  belong t o  

t h e  A / B  &-series .  

sequence of two ana logs  belonging t o  d i f f e r e n t  series may t h u s  be 

complicated by t h e  r e l a t i v e  i n t e n s i t y  of t h e  two f a c t o r s  i f  t h e y  

have o p p o s i t e  e f f e c t s  on a d s o r p t i o n .  

The p r e d i c t i o n  of t h e  chromatographic  

The s e p a r a t i o n  of s t e r e o i s o m e r s  by p a r t i t i o n  chromatography 

i s  g e n e r a l l y  poore r  t h a n  by a d s o r p t i o n  chromatography,  and no 

r u l e s  can be e s t a b l i s h e d  f o r  t h e  r e l a t i v e  m o b i l i t i e s  of t h e  A / B  

c i s -  and A / B  t r a n s - s e r i e s .  However, s t e r o i d s  w i t h  a n  e q u a t o r i a l  

hydroxyl  group a t  C-3 can u s u a l l y  be r e l i e d  upon t o  be more p o l a r  

t h a n  analogous s t e r o i d s  w i t h  a n  a x i a l  hydroxy l  group a t  C-3, re-  

g a r d l e s s  of t h e  s t e r e o c h e m i c a l  c o n f i g u r a t i o n  a t  C-5. 

__ 

STEROLS 

The s t e r o l s ,  which may have up t o  32 ca rbon  atoms,  o f f e r  a 

m u l t i t u d e  of o p p o r t u n i t i e s  f o r  t h e  chromatographic  comparison of 

d i a s t e r e o i s o n e r s ,  bu t  t h e r e  i s  a p a u c i t y  of i n f o r m a t i o n  on t h e i r  

behav io r  i n  l i q u i d  chromatography. T h i s  i s  due p a r t l y  t o  t h e  f a c t  
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STEREOISOMERIC STEROIDS 1141 

t h a t  no t  many pure s t e r o l s  are g e n e r a l l y  a v a i l a b l e  and p a r t l y  t o  

t h e  s u p e r i o r i t y  of gas  chromatography f o r  t h i s  a p p l i c a t i o n .  

The e f f e c t  of s te reochemica l  changes a t  C-5 on t h e  a d s o r p t i o n  

of s t e r o l s  i s  w e l l  i l l u s t r a t e d  by t h e  e l u t i o n  p a t t e r n  of t h e i r  3- 

keto a n a l o g s ,  which we have observed i n  high-pressure l i q u i d  chro- 

matography (HPLC) (Fig 1) ( 7 ) .  When a mixture  of 3-keto ana logs  

was chromatographed on a 50-cm column of s i l i c a  g e l  with a mixture  

of dichloromethane-p-hexane-ethyl a c e t a t e  (94:5:1) ,  5B-cholestan- 

3-one was e l u t e d  f i r s t ,  followed by 5a-cholestan-3-one, t h e n  5- 

cholesten-3-one, and 4-cholesten-3-one l a s t .  Thus, t h e  conjugated 

A4 

I I 1 I I I 
0 20 40 60 80 100 120 140 1 

TIME IN MINUTES 
0 

FIGLIKE 1 

S i l i c a  g e l  column chromatogram developed wi th  dichloromethane- 
- n-hexane-ethyl a c e  a t e  (94:5:1); 58 = 58-c olestan-3-one, 5a = 5a- 
tholes tan-3-one, A' = 5-choles ten-3-one, 

Reprinted from Hunter e t  a l .  ( 7 )  by permission of t h e  American O i l  
Chemists'  Society.  

HPLC of t h e  3-Keto D e r i v a t i v e s  of C2, S t e r o l s  

= 4-cholesten-3-one. 
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1142 HEFTMA" 

ketone was most s t r o n g l y  adsorbed,  and t h e  A / B  *-analog was 

l e a s t  adsorbed on s i l i c a .  

An i n s t r u c t i v e  example of t h e  behavior  of C Z 7  s t e r o l s  

epimeric  a t  C-3 as well as C-5 i n  l i q u i d - s o l i d  systems i s  t h e  

chromatography on l i p o p h i l i c  d e x t r a n  g e l s  (8). Table  1 g i v e s  t h e  

p e r  c e n t  t o t a l  bed volume (PTV), i . e .  t h e  m i l l i l i t e r s  of benzene 

requi red  t o  e l u t e  t h e  i n d i v i d u a l  s t e r o l s  from a 100-ml column of 

t h e  cross- l inked d e x t r a n  g e l ,  Sephadex LH-20, s u b s t i t u t e d  w i t h  

hydroxycyclohexyl res idues .  The s o r p t i o n  mechanism i s  incom- 

p l e t e l y  understood,  but  appears  t o  be based l a r g e l y  on hydrogen 

bonding between t h e  hydroxyl group of t h e  s t e r o l  and t h e  e t h e r  

TABLE 1 

E l u t i o n  of C27 S t e r o l s  from a Sephadex LH-2'0 Column by Benzene 

S t e r o i d  

Systematic  name T r i v i a l  name 

5-Cholesten-3a-01 
5 a-C hole  s t an-3 0-0 1 
5 3-C ho le  s t an-3a-o 1 
56-Choles tan-3 6-01 
5a-Choles tan-36-01 
5 -C ho le  s t en-3 8-0 1 

Epicholes  t e r o l  
Epicholes  t a n o l  
Epicopr 0s t a n o l  
Cop r 0s t a n o l  
Choles tanol  
C ho l e  s t er o l  

OH* I PTV** 

87.0 
87.0 

94.4 
aa. 4 

* Conformation: a = a x i a l ,  e = e q u a t o r i a l  
** Per c e n t  t o t a l  bed volume 
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STEREOISOMERIC STEROIDS 1143 

l i n k a g e  of t h e  g e l .  E v i d e n t l y ,  t h e  e f f e c t  of 3-isomerism on chro- 

matographic  behav io r  i s  g r e a t e r  t h a n  t h e  e f f e c t  of 5-isomerism, 

b u t  i t  depends on t h e  n a t u r e  of t h e  A / B  r i n g  j u n c t i o n .  The equa- 

t o r i a l  hydroxyl  group i n  c h o l e s t e r o l  (V) makes i t  c o n s i d e r a b l y  

more p o l a r  t h a n  e p i c h o l e s t e r o l ,  which h a s  a n  a x i a l  hydroxy l  group. 

The 5 a - s t e r o l s  show a behav io r  s i m i l a r  t o  t h a t  of t h e  A5-sterols ,  

bu t  t h e  d i f f e r e n c e  i n  PTV v a l u e s  between t h e  two ep imers ,  

c h o l e s t a n o l  and e p i c h o l e s t a n o l ,  i s  smaller. However, i n  t h e  50- 

s e r i e s  t h e r e  i s  n o  d i f f e r e n c e  a t  a l l .  Among t h e  s t e r o l s  w i t h  a n  

e q u a t o r i a l  hydroxyl  group t h e  A / B  *-steroid i s  e l u t e d  b e f o r e  t h e  

A / B  t r a n s - s t e r o i d ,  but  t h e  r e v e r s e  i s  t r u e  f o r  t h e  s t e r o l s  w i t h  a n  

a x i a l  hydroxyl  group. 

S t e reo i somer i sm among s t e r o l s  may r e s u l t  n o t  on ly  from t h e  

d i f f e r e n t i a l  o r i e n t a t i o n  of v a r i o u s  n u c l e a r  s u b s t i t u e n t s .  Of much 

g r e a t e r  i n t e r e s t ,  from t h e  s t a n d p o i n t  of b o t h  b i o l o g y  and chroma- 

tog raphy ,  a r e  t h e  d i f f e r e n c e s  i n  s i d e - c h a i n  s u b s t i t u e n t s ,  pa r -  

t i c u l a r l y  t h e  a l k y l  r a d i c a l s  a t  C-24. To avo id  c o n f u s i o n ,  we 

s h a l l ,  i n  t h i s  c a s e ,  employ F i e s e r ' s  nomenclature  ( 9 )  r a t h e r  t h a n  

t h e  IUPAC nomenclature  (10). When t h e  s i d e  c h a i n  of s t e r o l s  i s  

drawn as shown f o r  c h o l e s t e r o l  (V),  we s h a l l  d e s i g n a t e  t h e  methyl  

g roup  a t  C-20 a s  B-oriented,  and we s h a l l  p i c t u r e  o t h e r  B-oriented 

s i d e - c h a i n  s u b s t i t u t e s  above t h e  zig-zag chain.  O p p o s i t e l y  

o r i e n t e d  s u b s t i t u e n t s  w i l l  be r e p r e s e n t e d  below t h e  s i d e  c h a i n  

and d e s i g n a t e d  as  a -o r i en ted .  In t h e  p a r t i a l  s t r u c t u r a l  fo rmulae  

(VI-IX), t h e  rest of t h e  molecule  i s  t h e  same as i n  c h o l e s t e r o l  

( c f .  V). 
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1144 HEFTMA" 

CHOLESTEROL 
Y CH3 

F CAMPESTEROL PI 

F SITOSTEROL 
pm 

P 5-ERGOSTEN01 PIL 

5+ CLIONASTEROL 

Ix 

HO R H O S  X XI 

Knigh t s  ( 1 1 )  h a s  compared t h e  m o b i l i t i e s  of some 24-epimers 

i n  t h i n - l a y e r  chromatograms on A n a s i l  B p l a t e s .  When t h e  s t e r o l s  

were chromatographed i n  t h e  form of t h e i r  a c e t a t e s  by c o n t i n u o u s  

development wi th  1% e t h e r  i n  pe t ro l eum e t h e r ,  i t  w a s  found t h a t  

t h e  two 24u-methyl s t e r o l s  ( V I ,  X )  moved f a s t e r  t h a n  t h e  c o r r e -  
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STEREOISOMERIC STEROIDS 1145 

sponding 24B-methyl s t e r o l s  ( V I I ,  X I ) ,  b u t  t h e  2413-ethyl s t e r o l  

(XI)  w a s  s l i g h t l y  more mobile t h a n  t h e  co r re spond ing  240-ethyl  

s t e r o l  ( V I I I ) .  

When one of t h e  geminal CH3 g roups  i n  t h e  s i d e  c h a i n  of cho- 

l e s t e r o l  (V) i s  ox id ized  t o  C H 2 0 H ,  C-25 becomes o p t i c a l l y  a c t i v e .  

The r e s o l u t i o n  of t h e  e p i m e r i c  25a(K)- and 258(S)-26-hydroxy- 

c h o l e s t e r o l s  i s  a r e c e n t  example of t h e  power of WLC (12) .  When 

a m i x t u r e  of t h e i r  d i a c e t a t e s  was r e c y c l e d  10 t i n e s  through a 60- 

c m  M i c r o p o r a s i l  column w i t h  2.5% e t h y l  a c e t a t e  i n  I -hexane,  t h e  

less p o l a r  25%-epirner emerged b e f o r e  t h e  25a-epirner. 

CZ7 SAPOGENINS A N D  ALKALOIDS- 

A l l  C Z 7  s apogen ins  have t h e  same s t e r i c  c o n f i g u r a t i o n  a t  

C-22, bu t  t h e  methyl group a t  C-25 may be e i t h e r  a x i a l  o r  equa- 

t o r i a l  ( X I I ) ,  being r e p r e s e n t e d  i n  t h e  p r o j e c t i o n  formula by a 

f u l l  o r  d o t t e d  l i n e  and d e s i g n a t e d  a s  B- o r  a - o r i e n t e d ,  r e spec -  

t i v e l y  ( X I I I ) .  I n  t h e i r  n i t r o g e n  a n a l o g s ,  t h e  C Z 7  a l k a l o i d s ,  

c o n v e r s e l y ,  t h e  c o n f i g u r a t i o n  a t  C-25 i s  always t h e  same ( a ) ,  

whereas two s e r i e s  of 22-epimers e x i s t  i n  n a t u r e ,  e x e m p l i f i e d  by 

s o l a d u l c i d i n e  (XIV) and t o m a t i d i n e  (XV). The chromatographic  

problems t o  be cons ide red  t h u s  focus  on t h e  a s y n m e t r i c  ca rbons  3 ,  

5,  22, and 25. 

A method of s e p a r a t i n g  sapogen ins  by t h i n - l a y e r  chrona- 

tog raphy  (TLC), which we d e s c r i b e d  i n  1962 ( 1 3 ) ,  w i l l  s e r v e  t o  

i l l u s t r a t e  t h e  behav io r  of e p i m e r i c  sapogen ins  i n  a d s o r p t i o n  and 

p a r t i t i o n  systems. The A -sapogenins  are g e n e r a l l y  d i f f i c u l t  t o  

s e p a r a t e  from t h e  5a-sapogenins,  b u t  a p a r t i t i o n  system, which we 
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1146 HEFTMA" 

(e)HO ~ 

had d e v i s e d  f o r  p a p e r  chromatography ( P C )  i n  1952 ( 1 4 ) ,  s u c c e s s -  

f u l l y  r e s o l v e d  t h e  54-, 5u-, and A -analogs.  Development of 

K i e s e l g u h r  G p l a t e s  w i t h  g-hexane-toluene-ethanol-water ( 2 O : l O :  

1 : 9 )  moved t h e  A / B  c i s - s a p o g e n i n  s m i l a g e n i n  ( 5 p ,  25a - sp i ros t an -  

38-01) f a s t e r  t h a n  t h e  A / B  t r a n s - s a p o g e n i n  t i g o g e n i n  ( 5 a ,  25a- 

sp i ros t an -38-01) ,  which was w e l l  s e p a r a t e d  from i t s  A5-analog 

d i o s g e n i n  (25a ,  5-spirosten-3B-01).  I n  t h e  2 5 @ - s e r i e s ,  s i m i l a r l y ,  

t h e  A / B  &-compound s a r s a s a p o g e n i n  ( 5 8 ,  25B-spirostan-3B-ol)  

moved w e l l  ahead of i t s  A / B  t r a n s - a n a l o g  n e o t i g o g e n i n  ( 5 a ,  258- 

spirostan-3B-01) .  Although a d s o r p t i o n  sys t ems  d i d  n o t  s e p a r a t e  

o t h e r  p a i r s  of 5a- and A - sapogen in  a n a l o g s ,  t h e  s e p a r a t i o n  of 

hecogen in  (3fj-hydroxy-5a, 25c r sp i ros t an -12-one )  from g e n t r o g e n i n  

(3B-hydroxy-25~,  5-spirosten-12-one)  was c u r i o u s l y  s u c c e s s f u l  i n  

most a d s o r p t i o n  systems.  

5 
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STEREOISOMERIC STEROIDS 114 7 

Most n a t u r a l  sapogenins  a r e  3B-hydroxy s t e r o i d s ,  and t h e  

s e p a r a t i o n  of c i s  / t rans-isome rs by a d s o r p t i o n  chromatography pre-  

s e n t e d  no d i f f i c u l t y ,  because t h e  hydroxyl  g roup  of t h e  t r a n s -  

a n a l o g ,  being e q u a t o r i a l ,  i s  u s u a l l y  more s t r o n g l y  adsorbed.  A s  

e x p e c t e d ,  3 -cp i sa r sasapogen in ,  having a n  e q u a t o r i a l  hydroxy l  group 

was a l s o  more s t r o n g l y  adsorbed t h a n  sa r sasapogen in .  The s e p a r a -  

t i o n  of 25-epimers r e q u i r e d  t h e  a c y l a t i o n  of t h e  sapogenins .  TLC 

on S i l i c a  G e l  G w i t h  chloroform-toluene (9:l as t h e  d e v e l o p e r  

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

o r d e r  of d e c r e a s i n g  m o b i l i t y :  t i g o g e n i n  (512, 25a)  > s m i l a g e n i n  

(58 ,  25a) > n e o t i g o g e n i n  (512, 258) > s a r s a s a p o g e n i n  ( 5 8 ,  258).  

Thus,  t h e  e q u a t o r i a l  (25a)  epimers  were l e s s  adsorbed t h a n  t h e  

a x i a l  (256) epimers.  

I n  t h e  s t e r o i d a l  a l k a l o i d  group,  we have been l i m i t e d  t o  t h e  

comparison of t h e  behav io r  of 3 p a i r s  of epimers  i n  TLC (15) .  

S o l a d u l c i d i n e  (XIV) was no t  w e l l  s e p a r a t e d  from i t s  A -analog 

s o l a s o d i n e ,  and t o m a t i d i n e  (XV) was n o t  w e l l  s e p a r a t e d  from i t s  

A5-analog toma t ideno l ,  bu t  t h e  s e p a r a t i o n  of 22-epimers p r e s e n t e d  

no d i f f i c u l t y .  On S i l i c a  Gel G p l a t e s ,  t h e  t o m a t i d i n e  a n a l o g s  

mig ra t ed  f a s t e r  t h a n  t h e  e p i m e r i c  s o l a d u l c i d i n e  a n a l o g s  i n  

- n-hexane-ethyl a c e t a t e  ( l : l ) ,  d ichloromethane-acetone ( 4 : 1 ) ,  and 

o t h e r  s o l v e n t  systems. I n  most of our  a d s o r p t i o n  systems 58- 

solanidan-3-one (XVI) w a s  less adsorbed t h a n  4-solaniden-3-one 

(XVII),  which assumes a conformation s i m i l a r  t o  t h e  A / B  t r a n s -  

s t e r o i d s .  Oddly,  d e m i s s i d i n e  (5a-solanidan-3B-01) w a s  r e a d i l y  

s e p a r a b l e  from i t s  A5-analog s o l a n i d i n e  (5-solaniden-3B-01) by 

s e v e r a l  a d s o r p t i o n  systems. 
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H H 

SOLADULCIDINE 
rn 

5p-SOLANIDAN-3-ONE 
m 

I n  HPLC on a s i l i c a  column, 

TOMATIDINE 

4-SOLANIDEN-3-ONE 
Xm 

t o m a t i d i n e  w a s  e l u t e d  w e l l  ahead 

of s o l a s o d i n e  by a 2 : l  m ix tu re  of a c e t o n e  and n-hexane (16) ,  con- 

f i r m i n g  our o b s e r v a t i o n s  made by TLC. 

PREGNANE DERIVATIVES 

There  h a s  been more i n t e r e s t  i n  t h e  chromatography of t h e  C Z 1  

s t e r o i d s  t h a n  i n  t h a t  of any o t h e r  group of s t e r o i d s ,  because t h e y  

i n c l u d e  t h e  p r o g e s t a t i o n a l  and t h e  a d r e n o c o r t i c a l  hormones. 

I n t e n s i v e  r e s e a r c h  a c t i v i t y  i n  t h i s  a r e a  h a s  y i e l d e d ,  a s  a by- 

p r o d u c t ,  a l ode  of s e m i s y n t h e t i c  s t e r e o i s o m e r s  w i t h  known chroma- 

t o g r a p h i c  p r o p e r t i e s .  From t h e  voluminous c o l l e c t i o n  of d a t a  on 

PC and TLC by L i sboa  (17,  18) ,  c e r t a i n  g e n e r a l i z a t i o n s  may be 

g l eaned  conce rn ing  t h e  behav io r  of pregnane d e r i v a t i v e  i n  par-  

t i t i o n  and a d s o r p t i o n  systems. R e f e r r i n g  t o  t h e  pregnane s k e l e t o n  
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STEREOISOMERIC STEROIDS 1149 

PREGNANE 
rn 

( X V I I I ) ,  we s h a l l  examine t h e  e f f e c t  of i s o n e r i s m  a t  t h e  numbered 

c e n t e r s  on chromatographic  behavior .  

The e f f e c t  of A / B  c i s / t r a n s - i s o m e r i s m  on a d s o r p t i o n  i s  v e r y  

s l i g h t ,  as judged from TLC d a t a  on t h e  s a t u r a t e d  3 ,20 -d ike tones  

( c f .  Tab le  2 ) .  I f  a hydroxyl group i s  p r e s e n t  a t  C-3, i t s  e f f e c t  

on a d s o r p t i o n  exceeds t h e  i n f l u e n c e  of t h e  isomerism a t  C-5, as 

shown i n  Tab le  2 .  I n  t h e  5a-pregnane d e r i v a t i v e s  as  w e l l  as  i n  

t h e  5B-pregnanes, t h e  compounds w i t h  a n  e q u a t o r i a l  3-hydroxyl 

group a r e  more s t r o n g l y  adsorbed t h a n  t h e  a x i a l  3-epimers,  bu t  

t h e  i n f l u e n c e  of c i s / t r a n s - i s o m e r i s m  on t h e  p a i r  w i t h  a n  a x i a l  

3-hydroxyl group and on t h e  p a i r  w i t h  a n  e q u a t o r i a l  3-hydroxyl 

group i s  s l i g h t  and v a r i a b l e .  I f  a hydroxy l  group i s  p r e s e n t  a t  

C - 1 1 ,  i t s  o r i e n t a t i o n  has  a d e f i n i t e  e f f e c t  on a d s o r p t i o n ,  and 

118-hydroxyprogesterone i n v a r i a b l y  o u t d i s t a n c e s  l lu-hydroxypro-  

g e s t e r o n e  (Table  2 ) .  It i s  a l s o  g e n e r a l l y  t r u e  f o r  t h e  6 - ,  15-, 

and 20-hydroxy ana logs  of p r o g e s t e r o n e  t h a t  t h e  B-isomer moves 

f a s t e r  t h a n  t h e  a-isomer. 

The 21-hydroxylated pregnanes are r e l a t e d  t o  t h e  adrenocor-  

From a n  e x t e n s i v e  l i s t  of RF v a l u e s  i n  TLC w i t h  t i c a l  hormones. 

16 s o l v e n t  systems ( 1 9 ) ,  i t  i s  e v i d e n t  t h a t  among t h e  n a t u r a l  
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1150 HEFTMA" 

TABLE 2 

hRF Values of Pregnane D e r i v a t i v e s  i n  TLC 

S t e r o i d  

S y s t e m a t i c  name 

5a-Pregnane-3,Zo-di one 
50-Pregnane-3,20-di one 
3a-Bydroxy-5a-pregnan- 

30-Hydroxy-5a-pregnan- 

3a-Hydroxy-50-pregnan- 

3 8-llydroxy-56-pregnan- 

1 la-Hydroxy-4-pr egnene- 

1 1 0  -€iydroxy-&-pr egnene- 

20a-Hydroxy-4-pregnen- 

200-Hydroxy-4-pregnen- 

20-one 

20-one 

20-one 

2 0-one 

3,20-dione 

3,20-dione 

3-one 

+one 

T r i v i a l  name 

4 l l o p r  egnaned i  one 
Pregnanedi  one 

11 a-Hydroxypr oge s t e r o n e  

11 0-Hydroxypr oge s t e  rone  

____.___ 

i o l v e n t  System* 

1 

66 
64 
59 

55 

52 

56 

31 

46 

50 

56 

2 
.~ 

53  
5 0  
36 

3 3  

29 

39 

6 

1 4  

24 

27 

* S i l i c a  G e l  G; s o l v e n t s :  1 = cyc lohexane -e thy l  a c e t a t e - e t h a n o l  
(9 :9 :2 ) ,  2 = cyc lohexane -e thy l  a c e t a t e  (1:l). 

c o r t i c o s t e r o i d  m e t a b o l i t e s  w i t h  a 3a-hydroxyl g roup  t h e  A / B  t r a n s -  

i somers  move un i fo rmly  f a s t e r  t h a n  t h e i r  A / B  =-analogs. 

t h e  hydroxyl-subs t i t u t e d  a n a l o g s  of d e s o x y c o r t i c o s t e r o n e  (21- 

hydroxy-4-pregnene-3,20-dione) t h e  0-isomer i s  g e n e r a l l y  more 

mobile  t h a n  t h e  a-isomer.  
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STEREOISOMERIC STEROIDS 1151  

The chromatographic  behav io r  of C21 a l k a l o i d s ,  i n  which -NH2 

o r  -We2 g roups  a r e  s u b s t i t u t e d  f o r  t h e  -OH g roups  of 3,20- 

p r e g n a n e d i o l s ,  i s  analogous t o  t h a t  of t h e  o t h e r  pregnane d e r i v a -  

t i v e s  (20 ) .  

ANDROSTANE DERIVATIVES 

The C19 s t e r o i d s  ( X I X )  a v a i l a b l e  f o r  t e s t i n g  chromatographic  

behav io r  e x h i b i t  s t e r eo i somer i sm a t  Carbons 3 ,  5 ,  11, and 1 7 .  The 

ANDROSTANE 
XIX 

g e n e r a l i z a t i o n s  d e r i v e d  f o r  t h e  C21  s t e r o i d s  a l s o  a p p l y  t o  t h e  C19 

series. I n  t h e  absence of a hydroxy l  group a t  C-3, t h e  5a- and 

58-androstane d e r i v a t i v e s  a r e  d i f f i c u l t  t o  s e p a r a t e  by l i q u i d  

chromatography. However, G a l l e t t i  ( 2 1 )  succeeded i n  s e p a r a t i n g  

5a-androstane-3,17-dione from 58-androstane-3,17-dione by TLC on 

alumina by t r i p l e  development w i t h  benzene-ether  ( 1 : l ) .  

The r e l a t i v e  m o b i l i t i e s  f o r  s e v e r a l  p a i r s  of e p i m e r i c  C19 

s t e r i o d s  i n  t y p i c a l  p a r t i t i o n  and a d s o r p t i o n  systems are shown i n  

Table  3. T h e i r  p o l a r i t y  g e n e r a l l y  d e c r e a s e s  in t h e  o r d e r  38 ,  

5a -> 3a, 58 > 38,  58 2 3 a ,  5a. A 178-hydroxyl group u s u a l l y  

makes C19 s t e r o i d s  more p o l a r  t h a n  does a 17a-hydroxyl group,  b u t  

a n  118-hydroxyl g roup  makes them less p o l a r  t h a n  does a n  l l a -  

hydroxyl  group. 
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1152 H E F " N  

TABLE 3 

R e l a t i v e  M o b i l i t i e s  of Androstane D e r i v a t i v e s  i n  PC and TLC 

S t e r o i d  

Sys temat ic  name 

38-Hyd r oxy- 5-a ndr 0s ten- 

3a-Hydroxy- 5a-andros tan- 

3B -Hyd r oxy- 5u-a ndr 0s tan-  

3a-Hydroxy-5B-andros tan-  

3 6-Hydroxy- 5 E-andros tan- 

17a-Hydroxy-4-andros ten- 

178-Hydroxy-4-androsten- 

lla-Hydroxy-4-andros tene-  

l l B  -Hydroxy-4-andros tene-  

1 7  -one 

17 -one 

1 7  -one 

1 7  -one 

1 7  -one 

+one 

+one 

3,17-dione 

3,17-dione 

T r i v i a l  name 

Dehydroepiandrosterone 

Andr 0s ter  one 

Epiandros t e r o n e  

Et iocholanolone  

E p i t e s  t o s  t e r o n e  

Tes t o s  t e r  one 

Paper* 

1 

150 

160 

145 

150 

170 

113 

101  

--- 

--- 

~ 

2 

118 

140 

126 

1 2 6  

135  

107  

95 

--- 

--- 

sio2** 
- 

3 
- 
53 

56 

59 

53  

57 

51 

50 

37 

47 

- 

- 
4 
- 

20 

29 

23 

27 

33 

23 

23 

1 3  

2 1  

- 

* M o b i l i t i e s  r e l a t i v e  t o  d e s o x y c o r t i c o s t e r o n e  = 100; s o l v e n t s :  
1 = benzene-cyclohexane ( l : l ) / f o r m a m i d e ,  2 = petroleum e t h e r -  
benzene-methanol-water (33:17:40:10).  

** hRF va lues ;  s o l v e n t s :  1 = cyclohexane-ethyl  a c e t a t e - e t h a n o l  
(9 :9 :2) ,  2 = benzene-ethanol ( 1 9 : l ) .  

ESTROGENS 

Because i n  t h e  e s t r o g e n  ser ies  Ring A i s  a r o m a t i c ,  t h e  

s te reo isomer ism of p r a c t i c a l  i n t e r e s t  is only  t h a t  involv ing  

Carbons 16 and 1 7  (XX).  Table  4 shows t h e  r e l a t i v e  m o b i l i t i e s  of 
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STEREOISOMERIC STEROIDS 

TABLE 4 

R e l a t i v e  M o b i l i t i e s  of Es t rogens  i n  PC and TLC 

1153 

S t e r o i d  

T r i v i a l  name I S y s t e m a t i c  name* 

E-3,17a-diol 
E-3,176-diol 
3,161z-Dihydroxy- 

3,168-Dihydroxy- 

E-3 ,16a ,17a - t r io l  
E-3,166 ,17a-t r i o l  
E -3 ,16a , l7B- t r io l  
E-3,16 B,17 B - t  r i o l  

E-17-one 

E-17-one 

Es t r ad io l -17  a 
E s  t r a d i  01 (-17 B )  
16a-Hydroxyestrone 

1 6  B-Hydroxyes t rone 

1 7 - E p i e s t r i o l  
1 6 , 1 7 - E p i e s t r i o l  
E s t r i o l  
16-Epies t r i o 1  

1 

Paper  

1** 

1 0 8  
1 0 0  

70 

59 

39 
7 
7 

32 

2' 

41 6 
391 
335 

3 40 

--- 
--- 
100 
286 

tt 
Si02  

58 

21 

* E = 1,3,5(10)-Estratrien(e). 

** M o b i l i t i e s  r e l a t i v e  t o  e s t r a d i o l  = 1 0 0 ,  So lven t  1 = ch lo ro fo rm/  
f ormamide. 

' M o b i l i t i e s  r e l a t i v e  t o  e s t r i o l  = 100 ,  So lven t  2 = t o l u e n e - e t h y l  
acetate-methanol-water  (9:1:5:5) .  

"hRF v a l u e s ;  s o l v e n t s :  3 = e t h y l  acetate-cyclohexane-  e t h a n o l  
( 9 : 9 : 2 ) ,  4 = chloroform-ethanol  ( 9 : l ) .  

OH 

HO &I6 HO& 

xx DlHY DROEQUlLENlN 
XXI 

some i s o m e r i c  e s t r o g e n s  i n  t y p i c a l  p a r t i t i o n  and a d s o r p t i o n  

systems. A s  i n  t h e  C19 s e r i e s ,  t h e  17B-hydroxy s t e r o i d s  of t h e  
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C18 s e r i - e s  a r e  more p o l a r  t h a n  t h e  17a-epimers ,  a t  l e a s t  i n  

p a r t i t i o n  systems. The s e p a r a t i o n  of e s t r a d i o l - l 7 a  from 

es t r ad io l -17B was, i n c i d e n t a l l y ,  t h e  f i r s t  r e p o r t e d  s e p a r a t i o n  of 

s t e r e o i s o n e r s  by p a r t i t i o n  chromatography i n  t h e  s t e r o i d  f i e l d  

( 2 2 ) .  U i h y d r o e q u i l e n i n  (XH) i s  a l s o  more p o l a r  t h a n  i t s  17a- 

epimer.  The s e p a r a t i o n  of t h e  f o u r  ep ic i e r i c  e s t r i o l s  i s  d i f f i c u l t  

by pape r  p a r t i t i o n  chromatography,  b u t  r e l a t i v e l y  s u c c e s s f u l  by 

T I L .  

d i  01s. 

The t r a n s - d i o l s  are  more s t r o n g l y  adso rbed  t h a n  t h e  cis- 

E p i n e r i c  e s t r o g e n s  were a l s o  s e p a r a t e d  when 0.02 1 NaOH was 

p e r c o l a t e d  th rough  a column of Sephadex LH-20 (23 ) .  A t  25"C, 

e s t r a d i o l - 1 7 a  w a s  e l u t e d  b e f o r e  e s t r a d i o l - l 7 B ,  and a t  55"C, 16- 

e p i e s t r i o l  was e l u t e d  b e f o r e  e s t r i o l ,  which w a s  fo l lowed  by a 

m i x t u r e  of 17 -ep ie s  t r i o 1  and l6 ,17-ep i e s  t r i o l .  

Re fe rence  t o  a company a n d / o r  p roduc t  named by t h e  Department i s  
o n l y  f o r  pu rposes  of i n f o r m a t i o n  and does n o t  i n p l y  a p p r o v a l  o r  
recommendation of t h e  p roduc t  t o  t h e  e x c l u s i o n  of o t h e r s  which nay 
a l s o  be s u i t a b l e .  
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