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SYNTHES I S OF [4-14C]D I OSGEN I N 
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SUMMARY 

[4-14C]-(25R)-Spi rosf-5-en-18 - 0 1  ( d i o s g e n i n ) l ,  s p e c i f i c  
a c t i v i t y  3.77 k 0.02 mCi/mmoIe, was synthesized i n  f o u r  s t e  s 

methyl magnesium iod ide  w i t h  an o v e r a l l  y i e l d  o f  187. The pre- 
p a r a t i o n  o f  t h e  s t a r t i n g  lactone from diosgenin i s  a l s o  described. 

from (25R)-5-hydroxyspi rost-5-en-3-oic-3,5-lactone 4 and t C] 
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INTRODUCTION 

Diosgenin, a common p l a n t  sapogenin, was found ( 1 )  fo have ant ihyperchol -  

estero lemic p roper t i es .  Metabolism s tud ies  o f  t h i s  compound i n  experimental 

animals had requi red t h e  [14C]label led compound, t h e  synthes is  o f  which i s  

described herewi th .  

The reac 

nucleus i s  we 

DISCUSSION 

i on  sequence t o  incorporate [14C] i n t o  the 4 -pos i f i on  o f  a s t e r o i d  

I known and has been described f o r  such compounds as testosterone 

(21, cho les te ro l  (3) and progesterone ( 4 ) .  The same approach was used t o  in-  

troduce [14C] i n f o  C4 o f  diosgenin as shown,in the  r e a c t i o n  scheme below. 

The r i n g  A o f  diosgenin (I) was f i r s t  converted t o  the enol lactone 4. The 

sapogenin was o x i d i z e d  t o  A4-tigogenone (2) ( 5 1 ,  then, analogous t o  cho les te ro l  

se r ies  (21, ozonolys is  o f  the ketone fo l lowed by l a c f o n i z a t i o n  w i t h  a c e t i c  

anhydride and sodium acetate gave the enol lactone 5 i n  32% o v e r a l l  y i e l d .  
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aLabel led synthes is  s t a r t i n g  w i t h  [14C]methyl magnesium iod ide.  
The label  i s  incorporated i n  the 4 -pos i t i on  o f  t he  sapogenin 
r i n g  system. 

The [14C]1abel was introduced by r e a c t i o n  o f  [14C]methyl magnesium i o d i d e  

w i t h  t h e  enol lactone 4 t o  g i v e  t h e  corresponding d iketone 5 which, on s tanding 

i n  a c e t i c  acid-HCI, was converted t o  [4-14C]A4-tigogenone (2). 

w i t h  isopropenyi acetate and a t r a c e  o f  s u l f u r i c  a c i d  gave t h e  enol acetate 6 
which gave [4-14Cldiosgenin (1) on reduc t i on  w i t h  sodium borohydride i n  methanol. 

The cond i t i ons  were the same as those used for  t he  conversion of A4-cholestene-3- 

one t o  cho les te ro l  ( 6 ) .  

Treatment o f  2. - 

EXPERIMENTAL 

[14C]Methy I i od i de 

(20 MCi ,  124 rng, s p e c i f i c  a c t i v i t y  45 mCi/mmole) was purchased from New 

England Nuclear, Boston, Mass. 
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C25R)-3-0xo-sp i rost-3-ene ( A 4 - t i  gogenone) (2) 
The u n l a b e l l e d  compound was prepared acco rd ing  t o  Marker e t  a l .  (5). 

(25R)-5-0xo-3,5-seco-A-norspirostan-3-oic~acid (2) 
A4-Tigogenone (2) (40 g,  97.0 mmole) was d i s s o l v e d  i n  a m i x t u r e  o f  e t h y l  

a c e t a t e - a c e t i c  a c i d  I : I  (1.5 I )  and coo led  t o  -10' i n  an ice-methanol  ba th .  

Ozone (6-8% by we igh t ,  genera ted  by a Hammond, Co. ozona to r )  was passed th rough  

t h e  s o l u t i o n  (150 ml/min) u n t i l  a l l  t h e  ke tone had r e a c t e d  (ca.  4 h r ) .  30% 

Hydrogen p e r o x i d e  (63  m l )  was added and, a f t e r  s t a n d i n g  a t  Oo f o r  15 hr ,  t h e  

r e a c t i o n  m i x t u r e  was concen t ra ted  a t  room tempera ture .  Excess 10% sod i  um 

hyd rox ide  (1.5 I )  was added and t h e  s o l u t i o n  was s t i r r e d  f o r  2 h r  a t  room 

tempera tu re  b e f o r e  e x t r a c t i n g  it severa l  t i m e s  w i t h  e t h e r  t o  remove a l l  n e u t r a l  

m a t e r i a l .  The aqueous p o r t i o n  was a c i d i f i e d  w i t h  conc. HCI and repea ted ly  

e x t r a c t e d  w i t h  e t h e r .  The combined e h t e r  e x t r a c t s  were washed w i t h  wa te r  and 

s a t u r a t e d  s a l i n e  s o l u t i o n ,  d r i e d  o v e r  anhydrous magnesium s u l p h a t e  (MgS04) 

and concen t ra ted .  The k e t o  a c i d  2, r e c r y s t a l l i z e d  f rom e t h y l  acetate-methanol  

was o b t a i n e d  i n  40% y i e l d  (38 g ) :  m.p. 209-210; i.r. (CHCI3) 3000, 1700 

cm 

C26H4005: C, 72.19; 9.32; found C, 72.18; H, 9.29. 

- I  
; n.m.r. (CDCI3)69.4 (IH, broad, exchangeable, C02H). Anal.  Calcd.  f o r  

(25R)-5-Hydroxyspirost-5-ene-3-oic-3,5-Iactone (4) 
The k e t o  a c i d  2 (16 g, 37 mmole) was added t o  a suspension o f  f r e s h l y  fused 

sodium a c e t a t e  (32 g )  i n  a c e t i c  anhydr ide  (750 m l )  and t h e  s l u r r y  was r e f l u x e d  f o r  

18 h r .  The r e a c t i o n  m i x t u r e  was coo led ,  concen t ra ted  and t h e  r e s i d u e  was taken up 

i n  e t h e r .  The e t h e r  e x t r a c t  was washed w i t h  c o l d  5% sodium carbonate,  wa te r  and 

s a t u r a t e d  s a l i n e  s o l u t i o n ,  and subsequent ly  chromatographed on a column o f  s i l i c a  

ge l  (2 kg ) ,  w i t h  benzene-ethyl  a c e t a t e  

ed i n  85% y i e l d  a f t e r  r e c r y s t a l i z a t i o n  

(CHC13) 1730, 1675 cm-I; n.m.r. (CDCI3 

C26H3804 C, 75.36; H, 9.66. Found: C, 

9 : l .  The eno l  l ac tone  4 (13 g )  was o b t a i n -  

f r o m  hexane-benzene: m.p. 179-180'; i.r. 

65.33 (m, IH, = C H ) .  e. Calcd .  f o r  

75.43; H, 9.27, 
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[4-'4C]-C25Rl-3-0xospi ros t -3 -one ([4-14C]A4-tigogenon) (2) 

A r e a c t i o n  f l a s k  c o n t a i n i n g  magnesium t u r n i n g s  (117 mg, 4.81 mmole) and 

a magnet ic  s t i r r e r  was connected t o  a vacuum l i n e ,  evacuated, and coo led  w i t h  

l i q u i d  n i t r o g e n .  I o d i d e  ( 1 2 4  mg, 0.874 mmole) was then  condensed 

i n t o  t h e  f l a s k ,  The vacuum was re leased  w i t h  d ry  n i t r o g e n  gas and u n l a b e l l e d  

methyl  i o d i d e  (560 mg, 3.94 m o l e ) ,  d i s s o l v e d  i n  3 ml anhydrous e t h e r ,  was 

r a p i d l y  added f rom a d ropp ing  f u n n e l .  The l i q u i d  n i t r o g e n  was removed and re -  

p laced  by an ice-water  ba th .  The r e a c t i o n  s t a r t e d  when t h e  tempera tu re  r o s e  t o  

0' and a f t e r  2 h r  a t  t h i s  tempera ture  a l l  t h e  magnesium had disappeared. 

Gr igna rd  reagent  was then  t r a n s f e r r e d  by means o f  a s iphon t o  a d ropp ing  funne l  

and s l o w l y  added t o  a s o l u t i o n  o f  t h e  e n o l - l a c t o n e  4 (1 .96  g, 4.83 m o l e )  i n  

50 ml anhydrous e t h e r  a t  Go. The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room temp- 

e r a t u r e  f o r  4 h r ,  poured o n t o  an i c e - c o l d  s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n ,  

and repea ted ly  e x t r a c t e d  w i t h  e t h e r .  The combined e t h e r  e x t r a c t s  were washed w i t h  

water  and s a t u r a t e d  s a l i n e  s o l u t i o n ,  d r i e d  o v e r  MgS04 and concen t ra ted .  

s idue  was chromatographed on a column o f  s i l i c a  ge l  (200 g )  w i t h  benzene e t h y l  

ace ta te ,  9 : l  t o  6.4. The d i k e t o n e  ?was  o b t a i n e d  as a c r y s t a l l n e  s o l i d ,  shown t o  

be homogeneous by TLC (0.25mm s i l i c a  g e l  60 F254, EM L a b o r a t o r i e s )  i n  benzene- 

e t h y l  ace ta te ,  6:4. 

[14C]Methyl 

The 

The re -  

W i thou t  f u r t h e r  p u r i f i c a t i o n ,  t h e  d i k e t o n e  ?was  d i s s o l v e d  i n  a s o l u t i o n  o f  

a c e t i c  a c i d  (40ml )  and concen t ra ted  HCI (3 .9  m l ) ,  and l e f t  a t  room tempera tu re  

f o r  14 h r  under a n i t r o g e n  atmosphere. The r e a c t i o n  m i x t u r e  was then concen- 

t r a t e d  and t h e  res idue  d i s s o l v e d  i n  e t h y l  ace ta te ,  washed w i t h  c o l d  5% sodium 

carbonate,  wa te r  and s a t u r a t e d  s a l i n e  s o l u t i o n ,  and d r i e d  o v e r  MgS04. A f t e r  

evapora t  

(1.04 g, 

ace ta te ,  

was used 

on o f  t h e  s o l v e n t ,  t h e  t i t l e  compound o b t a i n e d  as a c r y s t a l i n e  s o l i d  

52% y i e l d  was shown by TLC (0.25mm s i  I i c a  g e l  60 F254; benzene-ethyl  

6:4) t o  be homogeneous and i d e n t i c a l  w i t h  un labe l  l ed  A4-tlgogenone. 

w i t h o u t  f u r t h e r  p u r i f i c a t i o n  i n  t h e  n e x t  s tep .  

I t  
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[4-14C]-C25R)-3-Acetoxysp i rost-3,5-d iene (6). 

[4-14C?Tigogenone (2) ( i  .04 3, 2.25 mmole), suspended i n  10 m l  i sop ropeny l  

ace ta te ,  was t r e a t e d  w i t h  two drops conc. s u l f u r i c  a c i d  and r e f l u x e d  f o r  20 min. 

A f t e r  c o o l i n g  t o  Oo, t h e  r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  e t h y l  a c e t a t e  and 

washed w i t h  5% sodium b i ca rbona te ,  wa te r  and s a t u r a t e d  s a l i n e  s o l u t i o n ,  d r i e d  

o v e r  MgS04 and concen t ra ted  t o  g i v e  t h e  eno l  a c e t a t e  6 (715 mg) as a c r y s t a l i n e  

s o l i d  i n  70% y i e l d .  I n  a p i l o t  exper iment  w i t h  u n l a b e l l e d  t igogenone, t h e  a c e t a t e  

- 6 was r e c r y s t a l i z e d  f rom hexane-ethyl  a c e t a t e :  m.p. 181'; i .r. (CHC13) 1740, 1670, 

1185 cm-I; n.m.r. (CDCI3) 6 5.32 (m.IH, =C4H), 5.63 (m,IH, =C H ) ,  2.1 (s ,  3H, COCH3); 

U . V .  max. (CH30H) 236 mu ( E  9,000).  

found: C, 76.55; H, 9.27. 

6 

- Anal.  Calcd, f o r  C26H4204: C, 76.61; ti, 9.31; 

[4-14C]-(25R)-3a-Hydroxyspi rost-5-ene (C14C]d iosgen i n )  (I-) 

The eno l  a c e t a t e  6 (715 mg, 1.57 mmole) was added t o  a suspension o f  sodium 

bo robydr ide  (1 .0 g )  i n  70 m l  aqueous e thano l  (79%)  a t  room tempera ture .  An ad- 

d i t i o n a l  75 m l  o f  aqueous e thano l  and I 3 sodium bo rohydr ide  was added t o  t h e  

r e a c t i o n  m i x t u r e  and t h e  s o l u t i o n  was r e f l u x e d  f o r  3 h r .  A f t e r  c o o l i n g ,  t h e  

m i x t u r e  was d i l u t e d  w i t h  wa te r  and e x t r a c t e d  w i t h  e t h v l  a c e t a t e .  The combined 

e x t r a c t s  were washed w i t h  wa te r  and s a t u r a t e d  s a l i n e  s o l u t i o n ,  d r i e d  o v e r  MgS04 

and concen t ra ted .  The r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  TLC (0 .5  mm S i l i c a  

ge l  60 F254 p l a t e s ,  EM Labora to r ies ,  u s i n g  benzene-methanol, 95 :5 ) .  The band 

cor respond ing  t o  [4-I4C] d iosgen in  was de tec ted  bu au to rad iog raphy  (Kodok RP/ 

R14 Med ica l  X-ray f i l m ,  I h r  exposure) and t h e  m a t e r i a l  was e x t r a c t e d  from t h e  

s i l i c a  ge l  w i t h  h o t  ch lo ro fo rm.  

The chromatographed p r o d u c t  was o b t a i n e d  as a c r y s t a l i n e  s o l i d ,  rn.p. 202O. 

Mixed m e l t i n g  p o i n t  w i t h  pure  u n l a b e l l e d  d iosgen in  (m.p. 2OO-20Zo)  showed no 

depress ion .  

mCi/mmole, was ob ta ined  i n  18% o v e r a l l  y i e l d  f rom [14C]methyl i o d i d e .  

The pure  [4-14C]diosgenin (395 mg), s p e c i f i c  a c t i v i t y  3.77 _+ 0 .02 

The radiochernical  p u r i t y  o f  t h e  compound was determined by TLC-autoradio- 

graphy i n  t h r e e  d i f f e r e n t  s o l v e n t  systems: benzene-methanol, 95:s; hexane-ethyl  
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acetate,  2: I; hexane-ether-acet ic  ac id ,  90:  I .  A f t e r  l o c a t i n g  t h e  r a d i o a c f i v e  

zone(s) on t h e  TLC p l a t e  f rom t h e  autoradiogram, t h e  s i  I i c a  ge l  was scraped f rom 

each p l a t e  i n  I cm s t r i p s  and counted as descr ibed by Shaw e t  a l .  ( 7 ) .  The 

rad iochemical  p u r i t y  o f  t h e  [4-14C] d iosgen in  was > 99.7% i n  a l l  t h r e e  s o l v e n t  

systems. 
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