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ABSTRACT 

The synthesis of ten esters and two ethers o$ 
testosterone (17 8-hydroxyandrost-4-en-3-oi~e) is 
described. All these possess some form of a -- 
a n d / o r  B - substitution in the ester/ether side- 
chain. The work was undertaken in order to 
evaluate the long-acting antifertility effect of 
such compounds in males. 

INTRODUCTION 

In 1975, the  World Hea l th  O rgan i sa t i on  (W.H.O) 

as a p a r t  of  the  Spec ia l  Programme of Research and 

T r a i n i n g  i n  Human Reproduct ion  e s t a b l i s h e d  a 

chemical s y n t h e s i s  programme (4) which was aimed 

p r i m a r i l y  a t  f i n d i n g  new l o n g - a c t i n g  s t e r o i d a l  male 

and female c o n t r a c e p t i v e  agents.  Th is  paper covers  

* Authors  to  whom any correspondence may be 
addressed.  
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1 . i t -  ..COCH(CH3) 2 

2 . R,...-COC(CH3)2CH2CH2CO2CH 3 

3 . R,,. -COC(CH3)2CH 3 

_4 . R,., -COC(CIt3)2CH2CH 3 

2 . R,,,, -COC(CH3)2CH2CH2CH 3 

6 . R=  -COC(CH3)2CH2CH2CH2CH 3 

7 . It.. -$1(C113)2C(CH3) 3 

8 ~, R= -Ss 3 

9 . R,,, -COCH2C(CH3)2CH 3 

I O0, It.. -COQi(CH2CH3) 2 

Km 

OGO(I ( C83 ) 2Clt2(~I 2C0~. " 
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a p a r t  o f  the  work c a r r i e d  out  by t h r e e  of  the  

p a r t i c i p a t i n g  l a b o r a t o r i e s  d u r i n g  the  p e r i o d  1977- 

1980, i n  which ten r e l a t e d  p o t e n t i a l  l o n g - a c t i n g  

male c o n t r a c e p t i v e  s t e r o i d a l  e s t e r s  and two 

s t e r o i d a l  e t h e r s  have been s y n t h e s i s e d  and 

submi t t ed  f o r  e v a l u a t i o n  of  t h e i r  b i o l o g i c a l  

a c t i v i t i e s .  

CHEMICAL SYNTHESIS 

Of the  t w e l v e  compounds s y n t h e s i s e d ,  a l l  were 

d e r i v a t i v e s  of  t e s t o s t e r o n e .  Two of them were ~ - 

monosubs t i t u ted  e s t e r s ,  s i x  were a , a ' -  

d i s u b s t i t u t e d  e s t e r s  and one was a 8 , B ' - d i s u b s t -  

i t u t e d  e s t e r .  One was a d i t e s t o s t e r o n e  e s t e r  which 

was both a - m o n o s u b s t i t u t e d  and ~ , a ' - d i s u b s t i t u t -  

ed. Two s i l o x y  e t h e r s  of  t e s t o s t e r o n e  were a l so  

i n c l u d e d  f o r  comparison among t h i s  g roup,  because 

of  t h e i r  s i m i l a r  a l k y l  s u b s t i t u t i o n  p a t t e r n s .  

Tes tos te rone  2 -methy l  propanoate (1~ was 
m 

prepared us i ng  the  c o n v e n t i o n a l  method of  r e a c t i n g  

2-methy l  p ropanoy l  c h l o r i d e  w i t h  t e s t o s t e r o n e  i n  

the  presence of  p y r i d i n e .  For the  e s t e r i §  

o f  the  17-0H group i n  t e s t o s t e r o n e  w i t h  3 , 3 -  

d i m e t h y l  b u t a n o i c  and 2 - e t h y l  b u t a n o i c  a c i d s ,  the 

b e n z e n e s u l f o n y l  c h l o r i d e  method of  G u n a t i l a k a  and 

Sotheeswaran (5~ was employed. The molar r a t i o  
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used was benzenesu l fony l  c h l o r i d e  : ac id  : 

t e s t o s t e r o n e  = 2 : 4 : 1. The benzenesu l fony l  

c h l o r i d e  method was found t o  be u n s a t i s f a c t o r y  f o r  

the  e s t e r i f i c a t i o n  of the c a r b o x y l i c  ac ids  of  t l l e  

t ype  RxR2R=CCO=H. Hence, f o r  the p r e p a r a t i o n  of 

the e s t e r s  a t  the 17-0H group in  t e s t o s t e r o n e  w i t h  

k e t o p i n i c  ac id  to  produce the e s t e r ,  1_~1, the p- 

t o l u e n e s u l f o n i c  ac id  method of Crabbe" e t  a l  (6) 

was employed. Compounds 2 through 6, 8 and I_~2 were 

prepared by the method descr ibed  by M u l l e r  and Herz 

( 7 ) ,  whereas the s i l o x y  e t h e r ,  7, was prepared by 

t r e a t i n g  t e s t o s t e r o n e  w i t h  t - b u t y l d i m e t h y l s i l y l  

reagent  i n  d imethy l fo rmamide .  

EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  are uncor rec ted .  I n f r a r e d  
(IR) spec t r a  were determined in  ch l o ro fo rm  s o l u t i o n  
un less  o the rw i se  s t a t e d .  Nuclear magnetic resonance 
(NMR) spec t r a  were ob ta ined  in  CDCl~ s o l u t i o n  us ing 
t e t r a m e t h y l s i l a n e  as an i n t e r n a l  s tandard .  

2 -Me thy lp ropano ic  a c i d ,  4 - m e t h o x y c a r b o n y l - 2 , 2 -  
d ime thy l  bu tano ic  a c i d ,  2 , 2 - d i m e t h y l  propanoic  
ac id  v 2 , 2 - d i m e t h y l  bu tano ic  a c i d ,  2 , 2 - d i m e t h y l  
pen tano ic  a c i d ,  2 , 2 - d i m e t h y l  he>:anoic a c i d ,  3 , 3 -  
d ime thy l  bu tano ic  a c i d ,  2 - e t h y l  bu tano ic  ac id  and 
2 , 2 - d i m e t h y l  p e n t a n e - l , 5 - d i o i c  ac id  were ob ta ined 
f rom commercial sources or were s y n t h e s i s e d  from 
r e a d i l y  a v a i l a b l e  s t a r t i n g  m a t e r i a l s  (8 ) .  
K e t o p i n i c  ac id  was syn thes i sed  from D-camphor 
accord ing to  the procedure of B a r t l e t t  and Knox 
(9 ) .  1 - C h l o r o p e n t a m e t h y l d i s i l o x a n e  and t -  
b u t y l d i m e t h y l s i l y l c h l o r i d e  were obta ined 
commerc i a l l y  from A l d r i c h  Chemical Co. 

Acid c h l o r i d e s  were prepared as p r e v i o u s l y  
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descr ibed (85. A l l  samples submit ted for  + bioassay 
were d r i ed  to  constant  weight at  40=C under vacuum 
using KOH as the des iccant .  

The a n a l y t i c a l ,  phys ica l  and spect roscop ic  
data o~ a l l  the compounds synthesised and submitted 
~or bioassay are given below. The bioassay r e s u l t s  
w i l l  be publ ished elsewhere. 

Testosterone 2-methylpropanoate (15: (60%5, m.p. 
132-134=C, (~ 5~ +90 (CHCI~); k ~ . .  239 nm, log 
4.22; ~ . .  1668(C=05, 1730(ester C=O) cm-~ 
5.80(1H,s,HC=5, 4.67(IH,t,HCCO~-) s 1.12(3H,s,CH~), 
O.85(3H,s,CH~); C=~H~40~ requ i r es  C, 77.09%; H, 
9.50%; Found C, 77.27%; H, 9.31%. 

Methyl testosterone 272-dimethylpentanedioate 
(2) : o i l  (65%5, ( ~ 5~ +76=C(CHCI~) ; ~ .  246 nm, 
log r 4.43; Urn* .  1630(C=C5 , 1690(C=05, 1740(ester 
C=05 cm-~; ~ 5 .62(s5,  4 . 5 5 ( m ) , 3 . 6 ( s ) , 1 . 2 ( s ) , O . 8 ( s S ;  
C=~H4oO= requ i res  C, 72.94%; H,9.07%; Found C, 
72.64%; H, 9.15%. 

Testosterone 272-di methyl propanoate (pi val oate) 
(3) : c r y s t a l s  from e ther  (55%) , m.p. 159-60=C, 
( a ) =  +89.8=(CHC1~); I . . .  245 nm, log ~ 4.475; 

n . . .  1625(C=C), 1685(C=O), 1730(ester C=O) cm-~; 
6 5 .5 (s5 ,  4 .5( t5  , 2.2(m) , I .  15(s5 , 0 .8(s)  ; C~414~b0~ 
requires C, 77.38%; H,9.74%; Found C,77. 16%; H, 
9.68%. 

Testosterone 2~2-dimethylbutanoate (4):  c r y s t a l s  
from ether-hexane (75%), m.p. 155-6=C, ( ~ )o  
+92.5~ I~.. 244 nm, log r 4.49; ~m.. 1630 
(C=C), 1690(C=0), 1735(ester C=O) cm-~; 6 5 .63 (s ) ,  
1 .17 (s ) ,  O.O7(s); C=~I~U~ requ i r es  C, 77.68%; H ,  
9.91%; Found C, 77.92%; H, 9.98%. 

Testosterone 212-dimethyIpentanoate (5):  c r y s t a l s  
from ether-he• (60%), m.p. 81-3=C, ( ~ )~ 
+110=(CHCl=); l . .M  244 r im,  log r 4.54; v m.~ 
1625(C=C), 1670(C=0), 1725(ester C = O )  cm-~; 6 
5 . 6 5 ( s ) ,  l . l ( s ) ,  0 .85 (s ) ;  C=aH4oO~ r e q u i r e s  C, 
77.95%; H, 10.06%; Found C, 77.92%; H, 10.21%. 

Testosterone 272-dimethylhexanoate (6):  o i l  (62%), 
( ~ ) o  + 78=(CHCI~): I - -~  244 nm~ log r 4.49; ~m.. 
1630(C=C), 1690(C=0), 1735(ester C = O )  cm-~;6 
6 . 6 ( s ) ,  4.5(m),  1 .15 (s ) ,  0 .90 (s ) ;  C~?H420~ requ i r es  
C, 78.21%1 H, 10.21%; Found C, 78.38%; H, 10.13%. 
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Testosterone t - b u t y l d i m e t h y l s i l y l e t h e r  ( 7 ) : c r y s t a l s  
~rom ether (55%), m.p. 135=C, ( ~ )~ +94=C(CHCl~); 
I~.~ 243 nm, log c 4.25; C2~H420=Si requ i res  C, 
74.57%; H, 10.51%; Found C,74.40%; H,10.57%. 

Testosterone p e n t a m e t h y ! d i s i l o x y l e t h e r  (8):  o i l  
(42%), ( ~ )= +91=(CHCl~); I ~ . .  238 nm, logr 
4.31; v..~ 1630(C=C), 1670(C=0) cm-~; 5 .69 (s ) ,  
3.68(m), 1 . 2 ( s ) ,  0 . 8 ( s ) ,  0 . 15 ( s ) ,  0 . 1 ( s ) ;  
C2~H+=O~Si= requ i res  C, 66.30%; H, 9.74%; Found C, 
66.79%; H, 9.60%. 

Testosterone 3+3-dimethylbutanoate (9):  c r y s t a l s  
from ether-hexane (72%), m.p. 135-7 =, ( ~ )~ 
+75=(CHC13); v ~.~ 1610(C=C), 1655(C=0), 1715(ester 
C=O), 1715(ester C=O) cm-1; ~ 5 .75(1H,s ,4-H) ,  
4.75( IH,m,17-H),  2 .25(2H,s ,2 " -H) ,  1.25(3H,s,CH=), 
1.07(9H,s, 3 x CH~), 0.87(3H,s,CH=), 2 .4 -  
l .O(methylene envelope);  m/z 386(M +, I00%), 
344(39), 288(100), 271(96), 260(43), 228(100), 
147(100),.  MW 386.2839; C~H~eO~ requ i res  386.2821. 

Testosterone 
ether-hexane 
130=]. 

2 -e thy lbu tanoa te  (10): c r y s t a l s  from 
(85%), m.p. 127-9=C [ l i t .  (10) 129- 

Testosterone ketop inate  (11): c r y s t a l s  from e the r -  
hexane (56%), m.p. 189-190=C, ( o)D +IO=(CHCI~); 

vm.. 1610(C=C), 1660(C=0), 1720(ester C=O) cm-1; 
5.6(1H,s,C=CH), 4 .6 (1H , t ,  -CH-O), 1.2(3H,s,CH~), 

1.15(3H,s,CH~), 1.05(3H,s,CH~), 0.8(3H,s,CH~), 2 .4 -  
1.0(methylene envelope); C=~H+D04 requ i res  C, 
77.0%; H, 8.85%; Found C,77.06%; H, 8.83%. 

1~5-Di testosterone 2T2-dimethylpentanedioate (12): 
c r y s t a l s  from hexane (58%), m.p. 237-9=C, ( ~ )= + 
22�9 .54=(CHCl~); Im.M 246 r im, log E 4.72; Im.~ 
1630(C=C)+ 1670(C=0), 1735(ester C=O)  cm-1; 6 

2.2(m) 1.2(s) 0 .80 (s ) ;  C4~H6406 5 . 7 ( s ) ,  4 . 6 ( t ) ,  , , 
r equ i r es  C, 77.10%; H, 9.20%; Found C, 77.28%; H, 
9.14%. 
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