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A b s t r a c t  - A procedurs  f o r  t h e  s y n t h e s i s  o f  s t e r o i d a l  B .4 -d -  

11.2'.5'-oxadiazoles has been developed. The sequence c o n s i s t s  

OF c o n v e r t i n g  4-en-3-ones t o  4.5-oxido-3-anas, rearrangement of 

t h e  o x i r a n e s  to 4-hydroxy-4-an-3-one aystem, wh ich  forms t h e  

3.4-dioxima, changing t o  t h a  oxad iazo le  o n  t rea tment  w i t h  a l k a l i .  

The syn thea ia  of 5-epimer ic  5~-cholestano[3 .4 -~ -11 ,21 ,5 t -  

o x a d i a z o l e s  5 i s  described. Syn thes is  of 17-hydroxy-17Uhethyl -  

5~-andmatano[3,4-~-ltr21,51-oxsdiazolea 2. f i r s t  at tempted by 

s t a r t i n g  w i t h  methy l tes tos ts rono,  haa bsen achieved from oxymes- 

t e rone  & The 5cC- (HS-805) and 58- (HS-804) i somers  have been 

separated. HS-805 has been found t o  be l e a s  a c t i v e  than  f u razabo l  

1  wh ich  i s  t h s  r s s p e c t i v e  C2.3-d-11.2'.5'-oxadiazole. - 
I n t a r e a t  has been ahown i n  t h e  b i o l o g i c a l  a c t i v i t y  o f  s t e r o i d a l  k,3-d-1*,2',51- 

oxsdiazolee.  Furazabol ,  chem ica l l y  17-hydroxy-17~-mathyl -5&andro~tano[2.3-~-  
1-3 

1',Z1,5'-oxadiazole l a  an anabo l i c  s t e r o i d  w i t h  r e l a t i v s l y  low andro- 

g a n i c i t y . 2 * 4 9 5  I t  i s  used c l i n i c a l l y .  D e r i v a t i v e s  of p a r e n t e r a l l y  a c t i v e  

17~-hydroxy-5~-androstano[2,3-~-1'.2'.5'-oxadiszola a i t h  d iPFsren t  s u b s t i t u t i o n s  

a t  17cC- and 16 -pos i t i ons  have been s t u d i e d  b u t  no b e t t e r  compound than t h e  

pa ren t  substance waa ~ b t a i n e d . ~ * ~  ~ r e ~ n - 4 - e n o [ ~ , 3 - ~ - 1 ~ , ~ * , 5 * - o x e d i a z o l - ~ 0 - o n e  

*as 0.2 t imes  as a c t i v e  as progesterone i n  p r o g e s t a t i o n a l  ac t i v i t y . '  As an 



ant i - inf lammatory agent 11p,17cc,21-trihydro~ypregn-4-ano[2.3-~-1'.2~.5'-  

oxadiazol-20-one was Pound t o  be as a c t i v e  as hydrocortisone. 
8 

The above c i t e d  he te rocyc l i c  s t e r o i d s  have the  oxadiazole system fused t o  

p o s i t i o n s  2.3. Us conceived prepar ing analogues w i t h  the  oxadiazole system Pugd 

t o  th. 3.4-position. Af ter  exp lora tory  work i n  the cholestane and androstane 

aeries. we succeaded i n  prepar ing 1 7 - h y d r o x y - 1 7 ~ s t h y 1 - 5 ~ - a n d r o s t a n o ~ 3 , 4 - ~ -  

l1.2'.5'-oxadiazoles 2. A p re l im ina ry  r e p o r t  regarding i t  wan made e a r l i e r ,  9 

and i n  t h i n  paper wa describe the  d e t d  1s. 

To s t a r t  with, known ~ . 5 - O x i d o - 5 B - c h o l e ~ n - 3 ~ n e 1 0  was prepared. The NMR 

s p a c t w a  ahowed a s i n g l e t  a t  6 2.95, ev iden t l y  f o r  OGprnton. On ac id  t r e a t -  

ment the ox i rana rearranged t o  4-hydroxycholest-4-en-3-0ne ?." I t  showad a 

s i n g l e t  a t  @ 6.07 Po1 4-OH which disappaared on dsuterium exchange. The 

en01 1 wrrespondinp to  3.4-dime on heat ing w i t h  hydmxylamine-pyr id ine geue 

the  dioxime 4. The l a t t e r  on heat ing w i t h  potassium hydroxide i n  athylenm 
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g l y c o l  gave t h e  oxad iazo lea  5. On c a r a r u l  f r a c t i o n a l  c r y s t a l l i s a t i o n  i t  was 

p o s s i b l e  t o  separa te  t he  m i x t u r e  i n t o  p roduc t s  A (mp 156-157'C) and B (mp 

0 H O N  

108-109°C) i n  37 and 29% y ie l ds .  The Pormer showed 1 8 4 e  and 1 9 4 e  s i n g l e t s  

a t  6 0.70 and 1.20 whersas t h e  l a t t e r  e x h i b i t e d  these s i n g l e t s  a t  6 0.71 and 

k0.75. Theas a re  t h e  tw 5-epimsrs. 

Next ,  t h o  syn thea ia  o f  t h e  androstane d e r i v a t i v e  2 was thought  oP. Treatment 

o r  me thy l t es toa ta rone  w i t h  a l k a l i n e  hydrogen pe rox ide  gave 17-hydroxy- l?G 

methyl-4&,5-oxido-5&-andmstan-3-0ne~~ which was most ly  t h e  4p.58-isomer 

c o n t a i n i n g  about  10% OF 4 ~ 5 ~ c o m p o n e n t .  The area under s i n g l e t s  a t  6 2.96 

( 4 e )  and 3.03 (4B-ti) was i n  t h e  r a t i o  9:1, and b o t h  t oge the r  i n t e g r a t e d  POI 

ons proton.  When t ho  o x i r a n e  m i x t u r e  .as t r e a t e d  w i t h  m i n e r a l  a c i d  i n  a c e t i c  

OH NOH 

acid,  n o t  unexpectedly,  t h a r e  occu r red  Wagner-fiserwein rearrangement and t h e  

p roduc t  o b t a i n e d  c h a r a c t e r i s s d  as t h e  s t r u c t u r e  6: u l t r a v i o l e t  maximum a t  



276  nm; v i b r a t i o n a l  bands a t  1390 and 1360 cm-' f o r  =-dimethyl; and NPlA s i g n a l a  

st 6 0 . 9 7 ( s . 6 ~ ;  1 7 , 1 7 - ( ~ H ~ ) ~ ,  1.16 ( e . 3 ~ ;  19-cH3) and 6.12 ( 1 ~ .  d i a s p p e a r i n g  on 

deu te r ium exchange; 3-OH). T h r s a r r a n g e m e n t  of 178-hydroxy-17A-alkylandro8tenea 

t o  g i v e  17,17-dimethyl-l3-unsaturated s t e r o i d s  i s  w e l l  documented.13 The 

dioxime 1 was prepared  which was c o n v e r t e d  t o  t h e  o x a d i a z o l e  which c o u l d  n o t  

b e  s e p a r a t e d  i n t o  i t a  components. 

F i n a l l y ,  oxymsstarone ( k i n d l y  s u p p l i e d  by F a r m i t a l i a  C a r l o e r b a ,  Milano. I t a l y )  

was t r e a t e d  wi th  hydroxylamine h y d r o c h l o r i d e  i n  p y r i d i n e  t o  g i v e  t h e  dioxime 2. 
R e f l u x i n g  of  t h e  dioxime wi th  potassium hydroxide  i n  e t h y l e n e  g l y c o l  gave t h e  

o x a d i a z o l e s  2. By no o t h e r  way b u t  f r a c t i o n a l  c r y a t a l l i s a t i o n  t h e  p r o d u c t s  

HS-805 (mp 174-175OC) and HS-804 (np  216-21EoC) warm amparated i n  48 and 36% 

y i e l d s .  HS-804 ahowed 1 8 4 e  and 1 9 4 e  a t  6 0.85 and 1.15, and HS-805 e x h i b i t e d  

t h e  r e s p e c t i v e  s i g n a l s  st 6 0.89 and 0.75. 

X-ray d i p f r a c t i o n  s t u d i e s 1 4  i n d i c a t s  HS-804 t o  be t h e  58-isomer and HS-805 t o  

b a  t h e  5cOepimer. 

The N i t s u b i s h i  Chmm. Ind. Research I n s t i t u t e  examined t h e  a n a b o l i c  a c t i v i t i e s  

o f  o x a d i e z o l s s  2 HS-804 (58)  and HS-805 (502) on c a s t r a t e d  male Wia ta r  a t r a i n  

r a t s .  HS-805 showed a n a b o l i c  a c t i v i t y .  though t h e  ePPect  a t  10 mg/kg s.e. wae 

weaker  t h e n  t h a t  oP Purazabol  1 a t  1  mg/kg 8.c. done wi th  an a c t i v i t y  oP about  

1/10 o r  Purazabol .  The a n d m ~ e n i c  a c t i v i t y  r a t i o  oP HS-805 t o  f u r a r s b o l  was 

a b o u t  e q u a l  t o  a n a b o l i c  a c t i v i t y  r a t i o .  HS-804 had no a n a b o l i c  and a n d r o g e n i c  

a c t i u i t y .  
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EXPERIMENTAL 

IR s p e c t r a  were o b t a i n e d  f o r  po tass ium bromide d i s c s .  N M R  s p s c t r a  ( 6 0  MHz) were 

r e c o r d e d  Por s o l u t i o n s  i n  deu te r ioch loroPorm c o n t a i n i n g  t e t r a m e t h y l s i l a n s  as 

i n t e r n a l  r e f e r e n c e .  Chloroform was u s e d  as  s o l v e n t  f o r  d e t e r m i n a t i o n  o f  o p t i c a l  

r o t a t i o n s .  TLC was c a r r i e d  o u t  on s i l i c a  g e l  G (E .  Msrck) and p l a t e r  Gore devel-  

oped  by exposure  t o  i o d i n e  vapour. anhydrous  sodium s u l p h a t e  was employed a s  t h e  

d ry ing  agent .  The m o l t i n g  p o i n t s  r e p o r t e d  a r e  u n c o r r e c t e d .  

3.4-~ioximino-54-cholestsne 4. - Hydroxylamine h y d r o c h l o r i d e  (0.42 g )  was added 

t o  a  s o l u t i o n  of 4-hydroxycholest-4-en-3-ans 2 (1.0 g )  i n  d r y  p y r i d i n e  (5.2 ml) .  

The r e a c t i o n  m i x t u r e  was heatmd on s team b a t h  f o r  1.5 h, poured  i n t o  w a t e r  (300  

m l ) ,  f i l t e r e d .  washed and dr ied .  The r e s i d u e  so o b t a i n e d  was c r y s t a l l i s e d  Prom 

methanol  t o  y i e l d  4 (0.5 g. 47%), mp 218-219°C (decamp.); U V  (MeOH) 222 nm ( l o g  

E 3.79); lR(K8r) :  3205. 1640 and 1560 cm"; [G$- 12.5O (c 0.40); Anal. Found: 

C. 75.22; H, 10.90; N, 6.32. Calcd. Por C27H46N202: C. 75.28; H. 10.76; N ,  6.50%. 

t [3.4-~~-1'.2'.5'-w&j&& 5. - A m i x t u r e  of 3.4-dioximino-56- 

c h o l e s t a n e  4 (1.0 g)  and po tass ium h y d r o x i d e  (0.8 g)  i n  e t h y l e n e  g l y c o l  ( 2 0  n l )  

was r e f l u x e d  Por 1  h. The r e a c t i o n  m i x t u r e  was poured  i n t o  i c e - c o l d  w a t e r  

( 1  l i t r e )  and t h e  p r e c i p i t a t e  was f i l t e r e d ,  washed and d r i e d .  Dry r e s i d u e  was 

c r y s t a l l i s e d  from e t h a n o l  t o  g i v e  t h e  p r o d u c t  A 2 i n  f i r s t  c r o p  (0.35 g, 37%). 

mp 156-157'C; UU (MeOH) 217 nm ( l o g e  3.51); I R  (KBr): 2825. 1450 and 1380 cm-'; 

[fir + 89.83 ( 2  1.00); 6 0.70 (3H, 3) and 1.20 (3H, 8 ) ;  Anal. found: N ,  6.37. 

Calcd. f o r  C27H44N20: N, 6.79%). 

The mother  l i q u o r  was c o n c e n t r a t e d  and a l lowed  t o  c r y s t a l l i s e  t o  a f f o r d  8  5 
(g.28 g ,  29%). mp 108-109°C; UV(MeOH) 217 nm ( l o g &  3.74); I R ( K B ~ )  2860, 1450 

and 1375 em"; [cC]F+ 10.9' (r 0.32); 6 0.71 (3H, s) and 0.75 (3H, 8 ) ;  Anal. 

Found: C. 78.62; H, 10.89; N. 6.67. Calcd. f o r  CZ7Hq4N20: C. 78.598 H, 10.75; 

N, 6.79%. 

17.17-Dimsthyl-4-hydroxy-18-norandroste-4.13-dien-3-one . - 1 7 j - ~ y d r o x y - 4 &  

5-oxido-5~-androatan-3-one (2.0 g) was dissolved i n  g l a c i a l  a c e t i c  a c i d  ( 4 0  ml) 

by s l i g h t  warming. A f t e r  c o o l i n g  t o  room tempera tu re ,  t h e  s o l u t i o n  was t r e a t e d  

w i t h  C o n c e n t r a t e d  w l p h u r i c  a c i d  ( 2  ml) and shaken c o n t i n u o u s l y  f o r  2-3 nin.  

The c o l o u r  o f  t h e  r e a c t i o n  m i x t u r e  changed f i r s t  t o  y e l l o w  and t h e n  t o  red. 



The r e a c t i o n  m i x t u r e  was k e p t  a t  room t e m p e r a t u r e  f o r  17 h  w i t h  o c c a s i o n a l  

shak ing  and t h e n  poured  i n t o  i c s - c o l d  w a t e r  (800 ml) and e x t r a c t e d  w i t h  benzene  

( 3  x 100 ml). The benzene  e x t r a c t  was washed, d r i e d  and t h e  a o l v e n t  removed 

u n d e r  r s d u c e d  p r s s s u r s .  The r s s i d u e  o b t a i n e d  was c r y s t a l l i s e d  Prom msthanol  t o  

y i e l d  (1.3 g. 69%). mp 125-126°C; UV(fle3H) 276 nm ( l o g &  4.06); IR(K8r)  3335, 

1680, 1640, 1390 and 1360 cm"; + 32' ( 2  0.38); S 0.97 (6H, 8). 1.16 

(3H, s )  and 6.12 ( I H ,  d i s a p p e a r i n g  on deu te r ium exchange);  Anal. Found: C. 

79.62; H. 9.36. Calcd. For C20H2,j12:C,  79.95; H, 9.39%. 

17.17-~imsthvl-3.4-dioximino-18-nor-5~androst-l3-ene 2 . - Hydroxylamine 

h y d r o c h l o r i d e  (0.42 g )  was added t o  a s o l u t i o n  of 17.17-dimethyl-4-hydmxy-18- 

norandroata-4.13-dien->-one (1.0 g )  i n  d ry  p y r i d i n e  (5.2 ml). The r e a c t i o n  

m i x t u r s  was h e a t e d  on a steam b a t h f o r  1.5 h.. poured  i n t o  w a t e r  ( 3 0 0  ml).  

F i l t e r e d ,  washed and d r i e d .  The r e s i d u a  so o b t a i n e d  was c r y s t a l l i s e d  Prom 

msthanol  t o  y i e l d  (0.65 g. 59%). mp 232-233OC (decomp.); IR(K8r)  3145. 1635. 

1560, 1390 and 1360 cm-'; [4:-85' ( 2  0.32); 6 0.78 (3H, s) and 0.96 (6H, 8 ) ;  

Anal. Found: C ,  72.69; H. 9.28; N. 8.39. Calcd. For C20H30N202: C. 72.69; H. 

9.15; N ,  8.4%. 

17.17-~imeth~l-l8-nor-5~-androst-l3-eno~3.4-~-1'.2'.5~-oxediazole 8 . - A 

s u s p e n s i o n  of 17,17-dimethyl-3,4-dio~mino-l8-nor-5~-androat-l3-sne 1 (0.5 g )  

and po tass ium hydrox ide  (0.4 9)  i n  a t h y l e n e  g l y w l  ( 1 0  m1) was r e f l u x e d  For 

2  h. Tha r e a c t i o n  m i x t u r e  was poursd  i n t o  w a t e r  ( 2 0 0  ml )  and t h e  p r e c i p i t a t e d  

m a t e r i a l  was F i l t e r e d .  washed and dr ied .  The r e s i d u e  o b t a i n e d  was c r y s t a l l i a e d  

From methanol  t o  y i e l d  8 (0.31 g. 64%). mp 105-106°C; IR(K8r)  1590. 1495, 1390. 

1365 and 870 cm-l; [w]: -4Z0 ( 2  0.37); 6 0.71 3 s )  and 0.97 ( 6 ~ .  r ) ;  Rnal. 

Found: C ,  76.80; H, 9.10; N, 8.86. Calcd. For C20H28N20:C, 76.88; H. 9.03; 

N. 8.97%. 

17d-~e~hyl-3.4-dioximino-5&-androatan-17~-ol 1J! .. - 4-Hydroxy-1M-methyl- 

t e s t o s t e r o n e  9 (5.0 g )  and hydroxylamine h y d r o c h l o r i d e  (2.0 g )  i n  p y r i d i n e  

( 2 5  ml) w e r s  h e a t e d  on a  steam b a t h f o r  2  h. The m i x t u r e  was poured  i n t o  

i c e - c o l d  w a t e r  and t h e  p r e c i p i t a t e  was f i l t e r e d ,  washsd and d r i e d .  The r e a i d u e  

was c r y a t s l l i s e d  from methanol  to g i v e  t h e  p r o d u c t  (4.9 g. 04%). mp 230-232°C 

(decomp.); UV(Me3H) 223 nm ( l o g & 3 . 7 5 ) ;  IR(K8r)  3175. 2860. 1605, 1525, 1385, 

1170. 1080. 970 and 860 cm-'; 6 0.80 ( 3 ~ .  s )  0.85 (3H. a )  and 1.19 (3H. a); 
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Anal. Found: C. 68.60; H, 9.31; 11. 7.90. Calcd. f o r  C20H32N203: C. 68.93; H, 

9.26; N. 8.04%. 

17-~vdroxv-l7c~meth~l-5~androatano~.4-c~-1~.2'.5'-oxadiaroles 2. - A sus- 

pens ion  oP 17~ethyl-3.4-dioximino-5&androstan-17p-ol 10 (2.0 g )  and potassium 

hyd rox ide  (1.0 9) i n  e thy l ene  g l y c o l  (25 ml )  was r e f l u x s d  f o r  1 h, & r i n g  which 

a l l  t he  compound dissolved.  The r e a c t i o n  m i x t u r e  was poured i n t o  i c e - c o l d  water, 

and t he  p r e c i p i t a t e  F i l t e r e d ,  vashsd and dr ied.  The r e s i d u e  was c r y s t a l l i a e d  

Prom methanol. Two types  o f  c r y s t a l s  appeared; one as need le  ahsped and o t h m  

rhombic. The sepa ra t i on  o f  c r y s t a l s  was done mechan i ca l l y  ~ ~ t i t h  t he  h e l p  o r  

spatu la.  The need le  shaped p roduc t  was r e c r y s t a l l i s e d  from methanol to a f f o r d  

HS-804 Z (0.7 g, 36%). mp 216-218°C; UV(MsOH) 219 n m  ( l o g €  3.52); IR(KBI) 3280, 

2860, 1455. 1385. 1170, 1090. 1065. 935. 890. 875 and 860 cm-l; + 64.40 

(C 1.00); 6 0.85 (3H. e), 1.15 (3H. 8) and 1.18 (3H. r ) ;  Anal. Found: C. 72.92; 

H, 9.20; N, 8.34. Calcd. f o r  C2DH30N202: C. 72.69; H, 9.15; N, 8.48%. 

The o t h e r  p r o d r c t  was r e c r y s t a l l i s e d  Prom t h e  same s o l u s n t  t o  y i e l d  HS-805 2 
(0.9 g, 48%). mp 174-175°C; U v ( u d H )  219 nm ( l o g &  3.49); I R  (KBr) 3400. 2860, 

1450. 1375. 1180, 1085. 950. 880 and 825 cm-l; [q? -27.2' ( 0  1.00);60.75 

(3H, 8). 0.89 (3H. 8) and 1.24 (3H, a); Anal. Found: C, 72.61; H, 9.15; N, 8.38. 

Calcd. Por C20H,oN202: C, 72.69; H. 9.15; N, 8.48%. 
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