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ISOLATION BY MEANS OF PREPARATIVE REVERSED-PHASE LIQUID 
CHROMATOGRAPHY OF E P I M E R I C  ALCOHOLS FORMED UPON 

REDUCTION OF PREGNENOLONE AND PROGESTERONE 

S. A l lenmark and H. Boren 
C l i n i c a l  Research Centre and IFM/Department o f  Organic  Chemistry 

L i n k o p i n g  U n i v e r s i t y ,  S-581 85 L inkop ing ,  Sweden 

ABSTRACT 

A method i s  desc r ibed  which p e r m i t s  complete s e p a r a t i o n  on a 
p r e p a r a t o r y  s c a l e  o f  t he  20R and 20s ep imer i c  a l c o h o l s  ob ta ined  f r o m  
l i t h i u m  a lumin ium h y d r i d e  and sodium bo rohydr ide  r e d u c t i o n  o f  pregnen- 
o lone and progesterone,  r e s p e c t i v e l y .  The r e t e n t i o n  behav iou r  and 
r e s o l u t i o n  ob ta ined  on chromatography o f  t h e  epimers on C-18 bonded 
phase m a t e r i a l  and e l u t i o n  w i t h  d i f f e r e n t  a c e t o n i t r i l e / w a t e r  and 
methanol/water mob i l e  phases werelstudied. The o r d e r  o f  r e t e n t i o n  i s  
i n  b o t h  cases i n  accordance w i t h  H-NMR chemical s h i f t  d a t a  which 
i n d i c a t e  a s t a b l e  con fo rma t ion  w i t h  a more exposed 20-OH group i n  t h e  
20s (=20a) epimer. D e v i a t i o n s  f r o m  t h e  e l u t i o n  o r d e r  expected f o r  
t r u e  reversed-phase r e t e n t i o n  mechanisms were found on e l u t i o n  w i t h  
mob i l e  phase systems o f  reduced water  c o n t e n t .  

INTRODUCTION 

S tud ies  on c e r t a i n  enzymatic convers ions ( 1 )  o f  pregnenolone 

( I ) ,  prompted us t o  syn thes i ze  t r i t i u m  l a b e l l e d  pregn-5-ene-36,ZOa- 
d i o l  (=pregn-5-ene-3S,20S-diol) ( I I a )  b y  1 i t h i u m  a lumin ium h y d r i d e  

(LAH) r e d u c t i o n  o f  l a b e l l e d  I. This,  i n  t u r n ,  n e c e s s i t a t e d  a method 

f o r  t h e  s e p a r a t i o n  o f  t he  ep imer i c  3S,20S and 3S,20R ( I I b )  - d i o l s  

formed i n  t h i s  r e a c t i o n .  At tempts t o  change t h e  epimer r a t i o  i n  

favour  o f  I I a  by LAH/A1C13-reduction under  c o n d i t i o n s  f a v o u r i n g  
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1798 ALLENMARK AND BOREN 

e q u i l i b r a t i o n  r e s u l t e d  i n  a r a t h e r  complex m i x t u r e  o f  s t e r o i d s  ( 2 ) .  

For  i d e n t i f i c a t i o n  purposes pregn-4-ene-20a-ol-3-one (pregn-4-ene-20s- 

o l -3-one)  ( IVa )  and i t s  20b (20R) epimer ( I V b )  were prepared by sodium 

borohydr ide r e d u c t i o n  o f  progesterone (111) .  The c o n d i t i o n s  f o r  op t ima l  

p r e p a r a t i v e  separa t i on ,  by means o f  reve rsed  phase h i g h  performance 

l i q u i d  chromatography (HPLC), o f  t h e  ep imer i c  p a i r s  o f  a l c o h o l s  formed 

i n  these r e a c t i o n s  were t h e r e f o r e  t h e  p r i m a r y  o b j e c t  f o r  t h i s  s tudy.  

EXPERIMENTAL 

Reduct ion o f  pregnenolone and p roges te rone  

A d e t a i l e d  d e s c r i p t i o n  o f  t h e  r e a c t i o n  c o n d i t i o n s  used f o r  meta l  

h y d r i d e  r e d u c t i o n  o f  these ketones has r e c e n t l y  been r e p o r t e d  e l s e -  

where ( 2 ) .  

HPLC - 
Columns ( a n a l y t i c a l  4 . 6 ~ 2 0 0  mm and p r e p a r a t i v e  1 0 . 0 ~ 2 5 0  mm) were 

prepared by upward s l u r r y  pack ing w i t h  N u c l e o s i l  C-18 5# (Macherey 

and Nagel, DUren, G.F.R.). The 1 i q u i d  chromatograph was composed o f  

an A l t e x  mod. 100 cons tan t  f l o w  s o l v e n t  pump, a Rheodyne mod. 2710 

i n j e c t o r  va lve,  an LDC Spectromoni tor  I11 v a r i a b l e  wavelength U V - V I S  

d e t e c t o r  and a H i t a c h i  mod. 561 p o t e n t i o m e t r i c  r e c o r d e r .  

For  the  a n a l y t i c a l  work a 2Op1 l o o p  volume was used which was 

changed t o  5 0 ~ 1  i n  combinat ion w i t h  p r e p a r a t i v e  columns. Wi th t h e  

l a t t e r  system amounts o f  t h e  o r d e r  1-2 mg were loaded on to  the  column. 

C o l l e c t i o n  o f  t h e  compounds e l u t e d  d u r i n g  p r e p a r a t i v e  r u n s  was 

e f f e c t e d  manual ly  d u r i n g  o b s e r v a t i o n  o f  t h e  UV-absorbancy r e g i s t e r e d  

on t h e  reco rde r .  10-20 repeated i n j e c t i o n s  were s u f f i c i e n t  t o  p e r m i t  

i s o l a t i o n  o f  t he  amounts necessary f o r  i d e n t i f i c a t i o n  by means o f  

m e l t i n g  p o i n t ,  NMR, GC/MS and o p t i c a l  r o t a t i o n  ( 2 ) .  

The HPLC s o l v e n t s  used were a c e t o n i t r i l e  HPLC grade S f r om 

Rathburn Chemicals (Wal kerburn,  Peeblesshi re ,  Sco t land )  and methanol 

of p.a. q u a l i t y  f rom Merck (Darmstadt, G.F.R.). Glass d i s t i l l e d  wa te r  

was used t o  prepare t h e  v a r i o u s  mob i l e  phases. 
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EPIMERIC ALCOHOLS 1799 

Radiochromatograms f r o m  a n a l y t i c a l  HPLC o f  t h e  p r o d u c t  m i x t u r e  

ob ta ined  on r e d u c t i o n  o f  t r i t i a t e d  pregnenolone were o b t a i n e d  by 

con t inuous  f r a c t i o n  c o l l e c t i o n  u s i n g  15 s e c / f r a c t i o n ,  excep t  f o r  t h e  

f i r s t  and l a s t  10 min o f  t h e  chromatogram, where 1 m i n / f r a c t i o n  was used 

The c o l l e c t e d  f r a c t i o n s  were then  mixed w i t h  Aquasol (NEN Chemicals, 
D r e i e i c h ,  G.F.R.) and t h e  t r i t i u m  a c t i v i t y  determined by  1 i q u i d  

s c i n t i l l a t i o n  coun t ing .  

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

The r e d u c t i o n  o f  I by LAH r e s u l t s  i n  a m i x t u r e  o f  I I a  and I I b  

i n  an approx imate r a t i o  o f  1:4. Th is  i s  shown by F i g .  1 which o r i g i n a t e s  

f r o m  an exper iment  where t r i t i u m  l a b e l l e d  I was used. The complete 

s e p a r a t i o n  o f  t h e  ep imer i c  d i o l s  ob ta ined ,  encouraged a t t e m p t s  t o  s c a l e  

up the  method t o  s u i t  p r e p a r a t i v e  purposes. A 10x250 mm s t e e l  column 

packed w i t h  5 p  C-18 bonded phase m a t e r i a l  was r u n  w i t h  70% a c e t o -  

n i t r i l e  as t h e  mob i l e  phase and p e r m i t t e d  i n j e c t e d  amounts up t o  ca. 

2 mg w i t h o u t  any s i g n i f i c a n t  s igns  o f  ove r load .  The s e p a r a t i o n  r e s u l t  

a f t e r  repeated i n j e c t i o n s  and e l u a t e  c o l l e c t i o n  i s  shown by F i g .  2, 
which demonstrates the  p u r i t y  ob ta ined  as  mon i to red  by  a n a l y t i c a l  

HPLC. I f a c e r t a i n  s a c r i f i c e  i n  y i e l d  i s  p e r m i t t e d ,  t h e  p u r i t y  o f  t h e  

20s-epimer can be f u r t h e r  increased.  

The complex r e a c t i o n  m i x t u r e  f r o m  r e d u c t i o n  o f  I by  LAH/A1C13 

under  c o n d i t i o n s  o f  e q u i l i b r a t i o n  analyzed by  HPLC a t  two d i f f e r e n t  

wavelengths i s  shown by F i g .  3. The peaks rema in ing  a t  235 nm were 

suggested t o  o r i g i n a t e  from r e a c t i o n  p roduc ts  hav ing  a con juga ted  

ca rbony l  chromophore, most l i k e l y  t h e  pregn-4-ene-3-one system. 

A sodium bo rohydr ide  r e d u c t i o n  o f  I11 gave, bes ides  a l a r g e  

amount o f  un reac ted  111, t h e  two e p i m e r i c  a l c o h o l s  IVa and IVb. These 

were r e a d i l y  separated on a p r e p a r a t o r y  sca le ,  F i g .  4. When t h e  
r e a c t i o n  m i x t u r e  was analyzed by HPLC u s i n g  60 % methanol as t h e  

mob i l e  phase, IVa was comp le te l y  over lapped by  111. The super- 

i m p o s i t i o n  of peaks f rom UV a b s o r p t i o n  a t  247 nm f o r  i d e n t i f i c a t i o n  

purposes i s  w e l l  i l l u s t r a t e d  by F i g .  5. 
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FIGURE 4 .  Resolution of pregn-4-ene-ZOS-ol-3-one and  pregn-4-ene- 
20R-01-3-one obtained on sodium borohydride reduction of 
progesterone. Preparative colunin, 70% ace toni t r i le ,  flow 
rate 2.4 ml/min, ca. 1 mg injected. 
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FIGURE 2. Resu l t s  f rom a p r e p a r a t i v e  HPLC separa t i on  o f  pregn-5-ene-3S, 
20s -d io l  and pregn-5-ene-3S,ZOR-diol, as shown by a n a l y s i s  
o f  p u r i t y .  A n a l y t i c a l  column, 50% a c e t o n i t r i l e ,  f l o w  r a t e  
1.0 ml/min. 

t 10 20 30 40min 

FIGURE 3. I l l u s t r a t i o n  o f  t h e  use o f  d i f f e r e n t  UV-detector  wavelengths 
t o  probe t h e  presence o f  compounds w i t h  con juga ted  ca rbony l  
group chrornophores. Product  m i x t u r e  ob ta ined  on LAH/A1C13- 
r e d u c t i o n  o f  pregnenol one. 
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F I G U R E  4 .  Kcsolut ion of pregn-4-cnc-ZOS-ol-3-one and pregn-4-ene- 
ZUK-01-3-one obta ined  on sodium borohydride reduct ion  o f  
proges te rone .  Prepdra t i  ve coluiiin, 70:; ace toni  t r i  1 L', flow 
r a t e  2.4 nil/iiiiri, L a .  1 iiig i n j e c t e d .  

I t  i s  i n t e r e s t i n g  t o  note  t h a t  t h e  chroriiatographic r e s u l t s  

c o r r p l a t e  well with H - N M R  cheriiical s h i f t  d a t a  of t h c  epiiiieric p d i r s .  
The dowrifield s h i f t  of 0.09!0.01 ppni f o r  t h e  H-21 resonance s igna l  

and t h e  saiiie u p f i e l d  s h i f t  f o r  t h e  H-18 s i g n a l  found f o r  t h e  205 

r e l a t i v e  t o  t h e  20R epiiriers can be taken as s t r o n g  evidence f o r  a 
s t a b l f  coriforiiiation with a l e s s  exposed 20-OH group i n  t h e  20R epimer 

C5), which accord ingly  ihould  be the inore hydrophobjc s p e c i e s .  I t  can 

a l s o  be found frolil Table 1 and F i g .  4 t h a t  the  e l u t i o n  o r d e r  p r e d i c t e d  
f o r  t r u e  reversed-phase chromatography, where t h e  compounds a r e  e l u t e d  

i n  order  o f  hydrophobic i ty ,  1 . e .  i n  t h i s  c a s e  I I s ,  I I b ,  I a n d  l V a ,  

I V b ,  111, i s  only f u l f i l l e d  when iiiobile phase systeiris o f  s u f f i c i e n t  

water  conten t  a r e  used. Obviously, t h e  d e v i a t i o n  from t h i s  o r d e r  of 
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FIGURE 5. Chromatographic i d e n t i f i c a t i o n  o f  t h e  pregn-4-ene-3-one 
system by UV-monitoring a t  247 nm.  Analy t ica l  column, 60% 
methanol, f low r a t e  2.25 ml/min. a )  Product  mixture  obta ined  
on LAH/AlCl 3-reduct ion o f  pregnenolone. b )  Products  
r e s u l t i n g  from sodium borohydride reduct ion  of  proges te rone .  

i -  i o  20 30 46min 

FIGURE 6. I l l u s t r a t i o n  of the C-18 reversed-phase s e p a r a t i o n  
e f f i c i e n c y  with 40% a c e t o n i t r i l e  a s  the mobile phase. 
Product  mixture  obta ined  on sodium borohydride reduct ion  
o f  proges te rone .  Analy t ica l  column, f low r a t e  2.0 ml/min, 
U V  247 n m .  
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1804 ALLENMARK AND BOREN 

TABLE 1. Capaci ty  R a t i o s  ( k ' ) ,  Separa t i on  F a c t o r s  (a) and R e s o l u t i o n  (Rs)  
Obtained w i t h  Some D i f f e r e n t  Mob i l e  Phases 

Compound no.: I I a  I I b  111 I Va IVb 

k '  

Rs 

k '  

Rs 

c1 

c1 

k '  

Rs 
c1 

k '  

Rs 
a 

k '  

Rs 
c1 

k '  

Rs 
c1 

17.0 23.4 
1.375 
4.56 

9.0 12.1 
1.338 

4.07 

6.05 7.9 
1.308 

3.62 

20.2 26.6 
1.317 

3.92 

9.4 11.9 
1.275 

3.40 

5.1 6.3 
1.227 

2.76 

26.85 

14.1 

9.5 

13.1 

6.2 

3.5 

16.7 24.0 
1.434 

5.06 

9.0 12.7 
1.402 

4.64 

6.0 8.3 
1.380 

4.29 

13.9 19.6 
1.407 

4.65 

6.2 8.7 
1.404 
4.43 

3.5 4.7 
1.341 

3.66 

M o b i l e  phase 

,. 

Mob i le  phase systems: A c e t o n i t r i l e  i n  water :  A = 40%, B = 45%, C = 50%. 
Methanol i n  water: D = 65 %, E = 70 %, F = 75 % 

e l u t i o n  observed i n  o t h e r  cases is t h e  r e s u l t  o f  a c o m p e t i t i v e  r e t e n t i o n  

mechanism based on a d s o r p t i o n  t o  p o l a r  groups o f  t h e  s t a t i o n a r y  phase. 
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