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SU LiMAR Y 

(25S)-5a-cholestane-3~,26-diol [2,4,2’,4’- 3 H 4 ]  was 

syn thes i zed  by hyd rogena t ion  o f  neo t igogen in  ace ta te  

- 2, f o l  lowed by a c e t y l a t i o n  t o  (25S)-Sa-furostane-3P, 

26 -d io l  d i a c e t a t e  5; t h i s  was o x i d i z e d  t o  (25S)-16,22- 

-dioxo-5a-cholestane-3~,26-diot d i a c e t a t e  6 .  Clemmen- 

sen r e d u c t i o n  o f  t h e  l a s t  p r o d u c t  a f f o r d e d  (25S)-5a- 

-cholestane-3P,26-di01 26-monoacetate 2, which uas  OXL 
d i zed t o  3-oxo-der i v a t  i ve l2; t h  i s was t r  i t i um I abe I - 
l e d  by base-cata lyzed exchange w i t h  0.1 N-NaOH i n  i s 0  

P r o  H and reduced t o  k i t h  NaBH 3 
4 ’  

Key Words: (25S)-5a-cholestane-3~,26-diol [ 2,4,2‘,4’- 3 H 4 ]  , 

b i o s y n t h e s i  s ,  neo t  i gogen i n, tomat i d i  ne. 

The d e t a i l s  o f  t h e  b i o s y n t h e t i c  pathway l e a d i n g  t o  s t e r o i d a l  sg  

pogen ins  and s p i r o s o l a n e s  are l e s s  known f o r  t h e  members w i t h  

(25s)-conf  i g u r a t i o n  t h a n  f o r  t h e  (25R)-analogues. This  may a l s o  be 

due t o  t h e  f a c t  t h a t  t h e  b i o s y n t h e t i c  i n t e r m e d i a t e s  o f  t h e  (25s)- 

- s e r i e s  are l e s s  access ib les .  

I n  a s tudy  ( 1 )  o f  t h e  b i o s y n t h e s i s  o f  neo t igogen in  1 and t o m a t i  

d i n e  2 we needed l a b e l  l e d  (25S) -Sa-cholestane-3P,26-d io l ,  which was 

syn thes i zed  as. f o l  IOU:  neo t igogen in  1, smal I q u a n t i t i e s  o f  which 

a re  c o n t a i n e d  i n  commercial t i g o g e n i n ,  was separated f rom t h i s  corn 

* l s t i t u t o  d i  Chimica Organica d e l l a  F a c o l t s  d i  Scienze, V i a  S a l d i  
n i  50, Mi lano, I t a l y .  
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- 1 R=H 

- 2 R=Ac 

R O  
- 3 R-H 

pound by  f r a c t i o n a l ,  c r i s t a l l  i z a t i o n  o f  t h e  a c e t a t e s  and c a r e f u l  c c  

lumn chromatography  o f  t h e  mother  I i q u o r s .  

C a t a l y t i c  h y d r o g e n a t i o n  o f  n e o t i g o g e n i n  a c e t a t e  2 gave (25S)-Sa- 

t h i s  

26-d 

0 

-f uros tane-Jp ,  26-d i0  I 

d i a c e t a t e  was ox  

0 1  d i a c e t a t e  6 w 

3-monoacetate 4, w h i c h  was a c e t y l a t e d  t o  5; 
d i zed t o  (25s)-16,22-d i 0x0-5a-c ho I estane-3p, 

t h  Cr03 i n  a c e t i c  a c i d .  

4 4 -  

A c O  A c O  

+ .--+ 

HO R O  - 7 R=R’=H 

8 R=Ac R’=H 

- 9 R = H  R’=Ac 

- 10 R=Ac R’=Ac 

- 
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- 14 

Clemmensen r e d u c t i o n  o f  t h e  l a s t  p r o d u c t  conve r ted  i t  t o  (25s)-  

-5a-cholestane-3@,26-diol 2 and t o  (25S)-3@,26-dihydroxy-5a-chole-  

stan-16-one ll; a c e t y l a t i o n  o f  2 w i t h  1 molar  e q u i v a l e n t  o f  a c e t i c  

anhydr ide i n  p y r i d i n e  a f f o r d e d  t h e  3-monoacetate 3 a long  w i t h  un- 

r e a c t e d  z, 26-monoacetate 2 and d i a c e t a t e  10. The monoacetate 3 was 

t o s y l a t e d  and reduced w i t h  L i A l H  t h e  p r o d u c t  o b t a i n e d  was p u r i -  

f i e d  and found t o  be i d e n t i c a l  t o  a known cholestan-3P-01; t h i s  de 
mons t ra ted  t h a t  t h e  above r e a c t i o n s  d i d  n o t  a l t e r  t h e  c o n f i g u r a -  

t i o n s  a t  t h e  c h i r a l  c e n t r e s .  The 26-monoacetate 9 was o x i d i z e d  t o  

3 - 0 x 0 - d e r i v a t i v e  l2, which was t r i t i u m - l a b e l  l e d  by base -ca ta l y -  

zed exchange w i t h  0.1 N-NaOH i n  i s 0  P r o  H and reduced w i t h  NaBH 

4; 

3 
4 '  

P u r i f i c a t i o n  w i t h  p r e p a r a t i v e  TLC a f f o r d e d  (25S)-5a-cholestane- 
-3P126-diol-[2,4,2',4'- 3 H4] 14 w i t h  a s p e c i f i c  a c t i v i t y  o f  61.7 

mC i /mko I e. 

The 25s c o n f i g u r a t i o n  o f  t h e  above compounds was con f i rmed  by 

t h e  blD values, which showed a n e g a t i v e  c o n t r i b u t i o n  o f  t h e  ( 2 5 5 ) -  

-26-hydroxyl  group (mean va lue  o b t a i n e d  f rom 2, 3, 13 = -23.7O), 

which i s  i n  agreement w i t h  t h e  da ta  o b t a i n e d  by R .  Tschesche ( 2 ) .  
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EXPERIMENTAL SECTION 

M e l t i n g  p o i n t s  were determined on a K o f  l e r  h o t - p l a t e  m ic roscope  

and a r e  unco r rec ted .  

k in -E lmer  237 spect rophotometer .  Nuclear  m a g n e t i c  resonance (nmr) 

s p e c t r a  were  reco rded  w i t h  a Perkin-Elmer R12 s p e c t r o m e t e r  a t  60 

EiHz u s i n g  t e t r a m e t h y l s i  lane as i n t e r n a l  s tandard.  The s p e c i f i c  r o -  

t a t i o n s w e r e  measured w i t h  a Perk in-Elmer 141 p o l a r i m e t e r .  

I n f r a r e d  ( i r )  s p e c t r a  w e r e  reco rded  w i t h  a P e y  

Neot i gogen i n a c e t a t e  2 

N e o t i g o g e n i n  a c e t a t e  was o b t a i n e d  f r o m  t h e  mother I i q u o r s  a f t e r  

c r i s t a l l i z a t i o n  of  c o m m e r c i a l  t i g o g e n i n  a c e t a t e  by column chromato 

graphy on s i I  i c a  g e l - C e l  i t e  535 (1 : l ) .  Petro leum ether-methy lene 

c h l o r i d e  ( 7 : 3 )  e l u t e d  9.35 g o f  p u r e  n e o t i g o g e n i n  a c e t a t e  f r o m  200 

g o f  c o m m e r c i a l  t i g o g e n i n ;  m p  175-179"C; [a ] i5-73.1"  ( c  0.32,CHCI ) 3 
[ C f .  ( 3 ) :  mp 174-176°C; [a ] i5-73.4"  (CHCI3)]; a n a l y s i s  c a l c d .  f o r  

C29H4604: C 75.94, H 10.11, found: C 77.06, H 9.82. The i r  spectrum 

p r e s e n t s  t h e  t y p i c a l  p a t t e r n  o f  (25S)-sapogenins (986, 920, 900, 

850 c m  ) (4) and t h a t  o f  t h e  d e a c e t y l a t e d  d e r i v a t i v e  i s  i d e n t i c a l  

t o  t h a t  pub1 ished by H. S a t o  ( 5 ) .  

-1 

(25S)-5a-furostane-3B. 26-d ioI  3 -monoaceta te  4 
9 g o f  n e o t i g o g e n i n  a c e t a t e  was hydrogenated as d e s c r i b e d  (6),  

ob ta in ing  8.8 g o f  4; mp 108-110°C [ C f .  ( 7 ) :  107- l l lOC] ;  [a]i5-15" 

( c  0.22, C H C l  ); ir ( K B r )  3460, 3370, 1735, 1240 c m  . 
(2~S)-16,22-d ioxo-5a-cholestane-3B,26-d io l  d i a c e t a t e  6 

-1 
3 

8.7 g o f  4 was a c e t y l a t e d  w i t h  a c e t i c  a n h y d r i d e - p y r i d i n e  t o  

(25S)-5a- furostane-3P,26-d io l  

which was o x i d i z e d  w i t h  C r O  i n  a c e t i c  a c i d  ( 8 ) .  The crude (25s)-  

-16 ,22-d ioxo-5a-cholestane-3P,26-d io l  

f r o m  methanol-water (7 :3 )  t o  y i e l d  6 g o f  pu re  compound, mp 114- 

-118°C;  [a] i5-122.50 (c 0.29, C H C 1 3 ) ;  i r  ( K B r )  1735,  1720, 1250 

cm-'; a n a l y s i s  c a l c d .  f o r  C H 0 C 72.06, H 9.36, found:C 72.54, 

H 9.56; nmr ( C D C I  1: 6 0.78 (s, 3H, 18-CH3),  0.86 ( s ,  3H, 19-CH3), 

d i a c e t a t e  5 (9.3 g o f  o i  l y  p r o d u c t ) ,  

3 
d i a c e t a t e  6 w a s  c r i s t a l  I i z e d  

3 1  48 6:  

3 
0.92 ( d  J=7 Hz, 3H, 27-CH ), 0.96 (d' J=,7 Hz, 3H, 21-CH3), 2 -00  ( S ,  3 
3H, CH COOR), 2.03 ( s ,  3H, a 3 C O O R ) ,  2.6 (m, 2H, CH2COR),  3.93 ( d ,  -3 
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J=6 Hz, 2H, CH,OCOR), 4.5-4.8 (m, l H ,  3-CHOAc). 

125S)-5a-cholestane-38.26-di 0 1  2 and (25S)-3fl, 26-di hydroxy-sa-cho- 

I estan-16-one 11 

C l e m m e n s e n  r e d u c t i o n  (9) o f  5 g o f  6 y i e l d e d  4.2 g o f  crude corn 

pound which was chromatographed on s i l i c a  g e l - C e l i t e  535 ( 1 : l )  and 

e l u t e d  w i t h  p e t r o l e u m  ether-acetone (9 : l ) ;  2.2 g o f  (25S)-5a-chole 

stane-3B826-diol  2 and 1 g o f  (25S)-3PI 26-di hydroxy-5a-cholestan- 

-16-one 11 were obta ined.  

The d i o l  z had mp 167-172OC; [ a I D  25+170 ( C  0.34, CHC13);  ir (KBr) 
-1 

3250 c m  ; a n a l y s i s  ca lcd .  f o r  C H 0 C 80.14, H 11.96, found: 

C 80.62, H 11.78; n m r  ( C D C I  ) 6 0.64 (s, 3H, 18-CH3),  0.80 (s, 3H, 

Hz, 2H; 26-a20H), 3.4-3.7 (m, l H ,  3-CH).  

27 48 2: 

3 
19-CH3).  0.87 (d, 3H, 27-CH3), 0.90 (d, 3H, 21-CH3), 3.45 ( d  J-6 

The ketone 11 had mp 149-151"C; a n a l y s i s  ca lcd .  f o r  C H 0 

C 77.46, H 11.08, found: C 78.16, H 10.88; ir ( K B r ) :  3300 (broad),  

1740 c m  . 
27 46 3 :  

-1 

A c e t y l a t  ion  o f  (25S)-~a-cholestane-38.26-diol  

The d i o l  was a c e t y l a t e d  w i t h  Ac 0 (1 m o l a r  e q u i v a l e n t )  i n  py- 

r i d i n e  a t  rt t o  g i v e  a m i x t u r e  o f  unreacted 3,26-diol 2, 3-monoa- 

c e t a t e  S, 26-monoacetate 9 and 3,26-diacetate g. 

2 

These p r o d u c t s  were i s o l a t e d  by chromatography on s i  I i c a  gel-Ce 

I i t e  535 (1:l) by e l u t i o n  w i t h  benzene-ethyl ace ta te  ( 9 : l ) .  

125S)-5a-chol estane-sB, 26-d io l  &monoacetate 1 
This compound had m p  125-127OC, [a ] i5+8 '  ( c  1.68, C H C 1 3 ) ;  a n a l y  

s i s  c a l c d .  f o r  C H 0 C 77.97, H 11.28, found: C 78.46, H 11.11; 

i r  ( K B r )  broad between 3100-3050; n m r  ( C D C I  ) :  d 0.65 (s,3H,18-CH3), 

2.00 (s, 3H, CH3COOR), 3.45 ( d  J=6 HI, 2H, 26-CH20H), 4.5-4.8 (m, 

29 50 3: 

3 
0.82 (s ,  3H, 19-CH3), 0.87 (d, 3H, 27-CH3), 0.92 (d, 3H, 21-CH3), 

l H ,  3-CH).  

~25S)-5a-cholestane-38.26-diol 26-monoacetate 2 

This product had mp 78-85°C; [ale 25+200 (c  0.38, CHC13), analy-  

s i s  calcd.  f o r  C H 0 C 77.97, H 11.28, found: C 78.40,H 10.92; 29 50 3:  
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-1 
i r  (KBr ) :  b r o a d  b e t k e e n  3600-3200, 1740, 1240 c m  ; nmr ( C D C I  ) 6 3 
0 .62  i s ,  3H, 1 8 - C H 3 ) ,  0.79 (s, 3H, 19 -CH3) ,  0.87 (d, 3H, 27-CH3), 

0.92 (d, 3H, 21-CH3), 2.03 ( s ,  3H, CH3COOR),  3.4-3.7 ( m ,  l H ,  3-CH),  

3.90 (d,  2H, 26-z20COCH ) .  

(25S)-5a-cho I e s t  ane-3p, 26-d i o I d I a c e t a t e  lo 
3 

T h i s  compound had mp 108 -112°C; [a ]~5+100  (c  0.53, CHC13) ;  ana- 

l y s i s  c a l c d .  f o r  C H 0 C 76.18, H 10.72, found: C 76.61,H 10.51; 

i r  ( K B r ) :  1745, 1250 crn 

(s, 3H, 19 -CH3) ,  0.87 (d ,  3H, 27-CH3), 0.92 (d, 3H, 21-CH3), 2.00 

(s, 3H, C H 3 C O O R ) ,  2.03 ( s ,  3H, CH3COOR),  3.90 (d, 2H, 26-CH20Ac), 

4.5-4.8 (m,  l H ,  3 - C H ) .  

(25S)-3-0~0-5a-choIestan-26-yl a c e t a t e  12 

3 1  52-f '  
; nrnr ( C D C I  ) 5 0.65 (s,  3H, 18-CH3),  0.82 3 

0.5 g o f  (25S) -5a -cho les tane-3B ,26 -d io l  26-monoacetate 9 was o- 

x i d i z e d  w i t h  Cr0  by  Jones '  p r o c e d u r e  (10)  t o  (25S)-3-axo-5a-chole 

s tan -26 -y l  12 (0.48 9) o f  o i  l y  p r o d u c t ,  c h r o m a t o g r a p h i c a l  l y  p u r e :  

i r  ( n u j o l )  1745, 1720, 1240 c m  ; n m r  ( C D C I  ) 5 0.66 (s, 3H,18 -CH 

0.84 (s, 3H,  1 9 - C H 3 ) ,  2.02 ( s ,  3H, C H 3 C O O R ) ,  3.86 (d, J=7 Hz, 2H 

CH20COCH ) .  

3 

-1 
3 3 

3 - 
H y d r o l y s i s  o f  12 w i t h  KOH in methano l ,  gave (25S) -26-hydroxy-  

-5a-cholestan-3-one, w h i c h  was  c r y s t a l l i z e d  f r o m  me thano l :  mp  136-  

-138°C; [ a ] i 5 + 3 3 "  ( c  0.34, C H C 1 3 ) ;  a n a l y s i s  c a l c d .  f o r  C 27 H 46 0 2 '  . 
C 80.54, H 11.52, f ound :  C 81.07, H 11.33; i r  ( C H C 1 3 ) :  3620, 1710 

cm 

(d, J=6 Hz, 2H, CJ20H). 

(25s )  -5a-c ho I e stane-38,26-d i o I - [2,4,2' ,4 '-3H41 2 

-1 
; n m r  ( C D C I  ) 0.75 (s, 3H, l S - C H 3 ) ,  0.92 (s, 3H, 19-CH3),  3 . 5 1  3 

(25S)-3-0~0-5a-choIestan-26-yl a c e t a t e  12 ( 1 5  m g )  was d i s s o l v e d  
3 

2 i n  7.6 m l  o f  0.1 N NaOH i n  i s o - P r o  H ( 2  C i )  and r e f l u x e d  under  N 

f o r  5 h. The s o l u t i o n  was l y o p h i  I i z e d  and t h e  s o l  i d  r e s i d u e  r e d i s -  

s o l v e d  i n  CHCI3;the s o l u t i o n  was washed w i t h  t i  0, d r i e d  o v e r  Na SO 

and e v a p o r a t e d  i n  vacuo. The r e s i d u e  13 was reduced  w i t h  NaBH i n  

e thano  I t o  y i e  I d (25S)-5a-chol  estane-36,26-d i o  I -[2,4,2' ,4'-3H 1 14 

2 2 4  

4 

4 -- 
P u r i f i c a t i o n  by p r e p a r a t i v e  TLC w i t h  benzene-e thy l  a c e t a t e  ( 9 : l )  
c ~ I L ~ ! .  f o l .  C21)!i53!'.i: I: 77 .97 ,  H 11-25 ,  ~ < . U I I , { :  C 7S.40,if i 2 . 9 2 ;  

- 3  
i r (KBr . ) :  broad between 3600-32PQ, 1740, 1240 C:II ; nmr ( i l ) i I  ) F, 

3 

I 
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0.62 ( s ,  311, 18-(:H3), 0 .79  ( s I  3H, 1 9 - C H  ), 9.b7 ( d ,  3H, 27-CH ), 

0.92 (d ,  3H, 21-CH ), 2.03 (s, 3H, CH3COOR), 3.4-3.7 (m, lti,  3 - C t i ) ,  

3.90 (d, 2H, 26-CJ20COCH ) . 
1 2  5s) - 50-c ho I e s t  ane-JB, 26-d i o I d i a c e t a t e  1p_ 

3 3. 

3 

3 

2 5 + 1 ~ ~  ( c  0.53, CHCI 1; ana- 3 T h i s  compound had inp 108-112°C; [a], 

lysi: c a l c d .  f o r  C H 0 C 76.16, H 10.72, found: C 76.61,H 10.51; 

i r  ( K B r ) :  1745, 1250 crn 

( s ,  3H, 19 -CH3) ,  0.87 (d, 3H, 27-CH3), 0.92 (d, 311, 21-CH ), 2.00 

( s ,  3H, CH COOR), 2.03 ( s ,  3H, CH3COOR), 3.90 (d, 2H, 26-CH20Ac), 

3 1  5 2 - 9 '  
; nrnr ( C D C 1 3 )  6 0.65 ( s ,  3H, 18-CH3) ,  0.82 

3 

3 
4.5-4.8 (m, l H ,  3 - C H I .  

( 2 5 S ) - 3 - 0 ~ 0 - 5 a - c h o l e s t a n - 2 6 - y l  a c e t o t e  2 

0.5 g o f  (25S)-5a-cholestane-3P,26-diol  26-monoacetate 2 was o- 

x i d i z e d  w i t h  Cr03  by Jones' p rocedure  ( l O j  t o  (25S)-3-oxo- ja-chole - 
stan-26-y l  12 (0.4s 9) o f  o i  l y  product ,  chromatographica l  l y  p u r e :  

ir ( n u j o l )  1745, 1720, 1240 cm-'; nrnr (CDCI  ) 6 0.66 ( s ,  3H,18-CHJ), 

0.84 ( s ,  3H, 19-CH3),  2.02 (s, 3H, C H  C O O R ) ,  3.86 ( d  J=7 Hz, 2H, 
3 

3 
- CH20COCH3). 

H y d r o l y s i s  o f  12 w i t h  KOH i n  methanol, gave (25S)-26-hydroxy- 

-5a-cholestan-3-one, which was c r y s t a l  I i r e d  f rom metb.anol : mp 136- 
25+33" ( c  0.34, C H C 1 3 ) ;  a n a l y s i s  c a l c d .  f o r  C H 0 : - 1 3 8 O C ;  [ale 

C 80.54, H 11.52, found: C 81.07, H 11.33; ir ( C H C 1 3 ) :  3620, 1710 

cm 

(d, J=6 Hz, 2H, CH20H). 

27 46 .2 

-1 ; nmr ( C D C I j )  0.75 (s, 3H, 18 -CH3) ,  0 . 9 2  ( s ,  3H, 19 -CH3) ,  3.51 

(2jS)-5a-cho Iestane-JD, 26-dio I - [2,4,2' 14 
(25S)-3-oxo-5a-cholestan-26-yl a c e t a t e  12 (10  mg) was d i s s o l v e d  

i n  0.1 N NaOH i n  iso-Pro H and r e f l u x e d  under N f o r  5 h. The s o l -  

v e n t  was removed i n  vacuo a t  r t  and t h e  s o l  i d  r e s i d u e  r e d i s s o l v e d  

3 
2 

i n  C H C l  t h e  s o l u t i o n  was washed w i t h  H 0, d r i e d  ove r  Na SO and 
3; 2 2 4  

evapora ted  i n  vacuo. The r e s i d u e  13 was reduced w i t h  NaSil i n  cths 4 3 
no I t o  ye I d  (25S)-5u.-cho lestane-3@, 26-dio I- E 2,4,2',4'- H4] 24. 

A f t e r  p u r i f i c a t i v i i  u s i n g  p r c p a r a t i v c  t l c  w i t h  benzene-ethyl  ace 

a f f o r d e d  11 mg o f  ch romatog raph ica l l y  pu re  14, w i t h  a s p e c i f i c  a c t i  

v i t y  o f  61.7 m C / m M o I e .  
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The above compound appeare.d t o  be chemical  l y  and rad iochemica l  l y  

homogeneous a l s o  by TLC w i t h  p e t r o l e u m  e the r -ace tone  ( 7 : 3 )  and c h l o  

roform-methanol (95:  5 ) .  

The l o c a t i o n  o f  t h e  l a b e l  a t  t h e  2 , 4 , 2 ’ , 4 ’  p o s i t i o n s  was demon- 

s t r a t e d  by chromic a c i d  o x i d a t i o n  o f  3 f o l l o w e d  by back-exchange 

o f  t h e  crude compound w i t h  u n l a b e l l e d  0.1 N NaOH i n  iso-PrOH and 

t h e  r e s u l t  was t h e  c o m p l e t e  loss o f  t r i t i u m .  

The l a b e l l e d  compound 14 i s  s t a b l e  f o r  a t  l e a s t  one month; i n  

f a c t  it was a d m i n i s t r e d  as  a b i o g e n e t i c  p r e c u r s o r  t o  Lycopers icon 

P i m p i n e l l i f o l i u m  p l a n t s  i n  a one m o n t h  per iod,  dur ing which TLC con 

t r o l s  showed t h a t  i t  was chemical  l y  and rad iochemica l  l y  una l te red .  
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