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ABSTRACT 

Twenty-eight 17~-cyeloalk-l'-enyloxy androstanes and 19-nor- 
androstanes were prepared and assayed for their oral androgenic 
and myogenic activity in rats. 

Several of these compounds, which easily regenerate the parent 
17 9-hydroxysteroid in vitro and in vivo, displayed higher activity 
and/or myogenic/androgenic ratio than methyltestosterone. 

Alkylation in 17a-position has been known for many years as the 

only effective means to endow 17~-hydroxysteroids, in androstane 

and 19-norandrostane series, with oral effeetiveness. 

Research started in our laboratories some years ago (i) showed 

that labile ether groups at 17B-oxygen may be valuable substitutes 

for 17~-alkyl groups in promoting oral activity of l?~-hydroxy- 

steroids by delaying their metabolic inactivation. These results 

were confirmed by research carried out in other laboratories (2). 

In the first paper of this series (3) we presented the alkyl androstan- 

17~-yl mixed acetals. Here, we wish to report in extenso the data 

concerning cyeloalk-l'-enyl ethers of 17~-hydroxy-androstanes 

and 19-norandrostanes. 
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Preparation of cycloalkenyl ethers from hydroxysteroids by 

reaction with lower alkyl ketals of cyclanones had been already 

reported (4, 5). We prepared steroid-17~-yl enol ethers (If) from 

17p-hydroxyandrostanes (1) by various modifications of the same 

basic procedure. 

OH O -- C 

I II 

~(CH2)]n 

n = 2 ,  3 

The reaction was carried out without diluent and catalyst (Method A), 

with acid catalyst in dimethylformamide (Method B), or in benzene 

(Method C). Method A worked satisfactorily only for the preparation 

of eyelopentenyl ethers. Method B gave satisfaetory results also with 

cyclohexanone derivatives but it could not be used on 3-ketosteroids, 

except cross-eonjugated A I' 4-3-ketones, since it induced partial 

enolization. This occurred to a lower extent with Method C, which 

could be used also on Ai-3-ketones. 

The survival of cyeloalkenyl group to metal hydride reduction and 

aeylation allowed to eonvert compounds prepared aeeording to the 

above methods into related cycloalkenyl ethers (Method D and E, 

respectively). 

7k specific procedure was developed for compound 18, which was 

obtained by alkaline isomerization of the AS(10)-analogue 19 in higher 

yield than by Method A. 

The structure of the new steroidyl enol ethers has been further 

confirmed on 17~ -(cyclopent- 1 ' -enyloxy) - 5a -androstan- 3-one (i 1 

by hydrogenation to 17~-cyclopentyloxy-5a-androstan- 3-one (29), 
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i den t i ca l  with  the  c o m p o u n d  obta ined  f r o m  t 7 ~ - h y d r o x y - 5 a - a n d r o s t a n -  

3-one  by d i r e c t  O - a l k y l a t i o n  with cyc lopen ty I  b r o m i d e .  

The  p h y s i c a l  cons t an t s  and the  a n a l y t i c a l  data  of the  cyc loa lkeny l  

e t h e r s  p r e p a r e d  a r e  r e p o r t e d  in Tab le  I. 

BIOLOGY 

The experiments have been performed according to Hershberger 

et al. (6) on castrate albino rats. The steroids, dissolved in sesame 

oil were orally administered daily at three dose levels, 2,4, 8 

micromoles, for seven days. 

The androgenic activity has been assessed on seminal vesicles 

and ventral prostate and the myogenic activity on levator ani. The 

results are presented in Table II as relative potencies versus 

methylt e stost erone (i 7~ -hydroxy- 17- methyl-4-androsten- 3-one; MTI. 

Some tested compounds exhibited activity on the androgenic targets 

of the same order as or higher than MT. Many compounds exhibited 

higher activity than MT on levator ani. 

The highest androgenic activity was displayed by compounds 2 and 

20 deriving from 17~-hydroxy-5a-androst-l-en-3-one and by 

c o m p o u n d s  25, 26, 27, d e r i v i n g  f r o m  5 Q - a n d r o s t - l - e n e - 3 ~ ,  17~-dio l .  

The  h i g h e s t  m y o g e n i c  ac t i v i t y  was d i s p l a y e d  by c o m p o u n d s  2, 12, 

13, 18, 20, 25, 26, and 27. 1 9 - N o r d e r i v a t i v e  18, c o m p o u n d  20, and 

1 7 ~ - c y e l o p e n t e n y l o x y - 1 , 4 - a n d r o s t a d i e n -  3-one (4, Quinbolone} 

d i s p l a y e d  p a r t i c u l a r l y  h igh  m y o g e n i c / a n d r o g e n i c  r a t i o s .  

Quinbolone  has  been  c l i n i ca l l y  i n v e s t i g a t e d  fo r  its anabo l i c  a c t i v i t y  

(7). The  m e t a b o l i s m  of th i s  c o m p o u n d  (8) and i ts  e f fec t  'on l i v e r  

func t ion  in m a n  (9} have been  a l so  e x t e n s i v e l y  s t ud i ed .  The r e s u l t s  

of t h e s e  s tud i e s  c o n f i r m e d  the  c o m p l e t e  r e v e r s i b i l i t y  in vivo of the  

e t h e r  l inkage  and the  a b s e n c e  of hepa to tox ic  e f f ec t s .  
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T s b ~ e  ! 

C y C L O A L K E N Y L  ETHERS; O F  I?? . - I IY'DROXYSTEROID$ 

OR 

Parent tVp-hydroxystero id R Method* M.p ,  __L"Q'~ D Formula Calcd.  % Found % No. 
oC C H C H 

I 17~ - H y d r o x y - 5 o  -&ndros tan  - 3 -one  

2 17~ - H y d r o x y - S a  - a n d r o s t  - 1 -en  - 3 -one  

3 T e s t o s t e r o n e  

4 17~ - H y d r o x y -  I .  4 - a n d r o s t a d i e n -  3-one  

5 17~ - H y d r o x y - 4 ,  6 -and  r o s t a d i e n -  3-one  

6 17~ -Hydroxy-2Q - m e t hy l  - 4 - a n d  r o s t e n -  
3-one  

7 4 .17~  - D i h y d r o x y - 4 - a n d r o s t e n -  3-one  

8 5Q - A n d r o s t a n e  - 3a,  17f~ - d i o l  

9 = 3-acetate 

10 • 3 - p r o p i o n a t  e 

11 3o - I s o p r o p y l o x y - 5 0 - a n d r o s t a n -  I 7~ -oI  

12 5 a - A n d r o s t -  1 - e n e -  3~,  17~ -d io l  

13 • 3 - a c e t a t e  

14 4 - A n d r o s t e n e -  3p. 17~ - d i o l  

15 w 3 - p r o p i o n a t  e 

16 5 - A o d r o s t e n e - 3 ~ ,  17~ - d i o l  
3 - p r o p i o n a t e  

17 3p - Isopropy loxy-5  -androsten- 17~ -o l  

18 17~ - Hydroxy  - 4 -  e s t  t e n -  3 -one  

19 17~3 -Hyd f o x y  -5(1O) -e  s t r e n  - 3 -one  

20  1 7 ~ - H y d r o x y - 5 ( ; - a n d r o s t  - 1 - e n -  3-one  - ~  

21 17~ - H y d r c ~ y -  1 , 4 - a n d r o s t a d i e n -  3-one  w 

22 5 a - A n d r o s t a n e - 3 Q ,  17~-d io l  3*ace ta te  s 

23  w 3 - p r o p i c n a t e  w 

24 5 a - A n d r o s t a n e - 3 ~ ,  17p-d io l  3 -ace t a t e  w 

25 5a-Andros t -  1-ene-3~, 17~-diol 
3 - a c e t a t e  w 

28  ~ 3 - t r i m e t h y l a c e t a t e  w 

27 w 3 - b e n z o a t e  

28  5 - A n d r o s t e n e - 3 ~ ,  17~-d io l  3 °ace t a t e  w 

-•] A 100-102 + 51 8 0 . 9 5  10 .18  80,6@ 10 .22  C24H3602  

A , C  116-119 + 75 .5  C24H3402  81 .31  9 . 0 7  8 1 . 4 8  9 . 7 2  

m A 128-130 +100 C24H3402 81.31 9.67 81.35 9 .64 

s A , C  134-136 + 53.5 C24H3~O 2 8 1 . 7 7  9 . 1 5  8 1 . 7 6  9 . 1 9  

" C 142-144 + 23 C24H3202 81.77 9 .15  81.87 9 .32  

• C 154-155 +I08  C25H3602  8 1 . 4 7  9 . 8 5  8 1 . 6 7  9 . 8 4  

• C 180-162 + 87 C24H3403 77.80 9 .25 77.65 9 .20  

• ~ 145-147 + 30 C24H3802  8 0 . 3 9  1 0 . 6 8  8 0 . 0 9  1 0 . 6 3  

w C 134-136 + 32 C26H400 3 77.95 10.07 77.65 9 . 9 8  

• B ,C  91-82 + 35 C27H420 3 78.21 10.21 78.11 10.08 

• C 5 4 - 5 6  + 24.5  C27H4402  8 0 . 9 4  11 .07  8 0 . 6 6  10 .99  

• D 134-137 + 66 C24H3602 80.85 10.10 80.67 10.13 

• E 106-108 + 85.5 C26H380 3 78.35 9 .61 78.57 9 .77  

" D 153-155 + 54.4 C24H3602. 78.98 10.28 78.98 10.27 
1 / 2 C H 4 0  § 

t E 120-123 + 12 C27H400 3 78.50 9 .77  78.60 9 .14  

• B 7 7 - 7 9  - 34.5 C 2 7 H 4 0 0  3 7 8 . 5 9  9 . 7 7  7 8 . 2 5  9 . 4 9  

• C 139-140 - 30 C27H4202  8 1 . 3 5  10 .62  8 1 . 4 0  10 .81  

w ~ I08-  I I0  + 50  C 2 3 H 3 2 0 2 .  7 9 . 1 7  9 . 6 1  ~ .  17 9 .  37 
1 , /ZCH40 § 

" A 152-154 +163 C23H3202  8 1 . 1 3  0 . 4 7  8 1 . 2 8  9 . 5 1  

C 137-139 + 81.5 C25H3602 81.47 9 .85 81.22 9.84 

B 128-130 + 55 C25H3402 81.92 9. 35 81.78 9 .37  

C 137-139 + 40 C27H4203 78.21 10.21 78.44 10.34 

B 138-139 + 37 C28H440 3 78.45 10.35 78.69 10.34 

B 1 0 2 - 1 0 5  + 24 C 2 7 H 4 2 0  3 78 .21  10 ,21  ? 8 . 4 5  10 ,41  

E 108-110  + 83 C 2 7 H 4 0 0 3  7 8 . 5 9  9 . 7 7  7 8 . 8 6  8 . E 8  

E 1 4 5 - 1 4 7  + 86.2 C 3 0 H 4 6 0  3 7 8 . 2 4  1 0 . 8 0  7 9 . 1 7  I 0 , 8 8  

E 132-135 +115 C32H420 3 80.9? 8,82 80,80 8 ,13  

B 142-144 - 26,5 C27H400 3 ?8.59 9 .17  18,88 8.E0 

* F o r  d e s c r i p t i o n  of  m e t h o d s ,  s e e  Experimental Sec t ion  

4.~ P r e p a r a t i o n  d e s c r i b e d  in the  E x p e r i m e n t a l  S ec t i on  

§ H e m l  m e t h a n o l a t c  
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T a b l e  II 

ANDROGENIC AND MYOGENIC ACTIVITY OF CYCLOALKENYL 

ETHERS OF 17~-HYDROXYSTEROIDS 

Compound 
Relative 

Seminal vesicles 

Potencies (MT = I00) 

Ventral prostate Levator ani 

1 75 (66-85) ~'- 59 (48-73) 75 (64-89) 
2 208 (189-229) 134 (110-162) 333 (281-394) 
3 87 (77-99) 62 (48-79) 106 (94-119) 
4 24 (20-29) 8 (7-13) 50 (43-59) 
5 6 (4-9) 4 (2-6) 5 (3-8) 
6 18 (14-22) 8 (5-13) 23 (18-29) 
7 7 (5-10) 4 (2-8) 46 (36-59) 
8 37 (30-47) 24 (14-40) 50 (40-63) 
9 22 (17-28) 19 (14-27) 33 (25-45) 

i0 27 (22-34) 28 (16-47) 44 (34-56) 
11 73 (63-86) 68 (48-95) 112 (110-114) 
12 139 (121-157) 75 (61-92) 234 (181-303) 
13 130 (110-153) 81 (58-111) 208 (156-279) 
14 119(105-135) 95 (76-118) 109 (89-133) 
15 78 (64-94) 66 (49-88) 67 (56-81) 
16 16 (13-20) 7 (4-11) 15 (9-24) 
18 32 (26-40) 15 (9-28) 188 (156-228) 
19 61 (52-71) 5 (3-9) 105 (87-128) 
20 269 (215-336) 178 (134-238) 954 (488-1865) 
21 25 (20-31) 16 (11-24) 109 (92-129) 
22 49 (41-58) 36 (26-50) 56 (46-68) 
23 32 (26-40) 29 (19-45) 46 (36-59) 
24 20 (16-25) 9 (6-14) 18 (13-26) 
25 246 (207-292) 187 (139-252) 495 (373-656) 
26 250 (184-340) 131 (88-195) 604 (376-970) 
27 263 (217-320) 179 (145-221) 503 (365-692) 
28 20 (16-26) 12 (7-21) 17 (10-30) 

*}0.95 confidence limits 
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E X P E R I M E N T A L  S E C T I O N  (10)  

The  f o l l o w i n g  e x a m p l e s  a r e  g iven  to  i l l u s t r a t e  the  m e t h o d s  u s e d  
to  p r e p a r e  the  c o m p o u n d s  l i s t e d  in T a b l e  I. 

Me thod  A.  - A m i x t u r e  of 1 7 ~ - h y d r o x y -  1, 4 - a n d r o s t a d i e n -  3 -one  
(10 g) and c y c l o p e n t a n o n e  d i e thy l  k e t a l  (15 ml) w a s  h e a t e d  wi th  an 
e x t e r n a l  oi l  ba th  at 140-1500  f o r  30 m i n u t e s ,  t h e n  at 180-190  ° f o r  
abou t  45 m i n u t e s .  In the  m e a n t i m e  the  a l c o h o l  d e v e l o p e d  in t he  
r e a c t i o n  w a s  a l l o w e d  to  d i s t i l  of f .  A f t e r  a d d i t i o n  of a f ew d r o p s  of 
p y r i d i n e ,  t he  e x c e s s  r e a g e n t  was  c o m p l e t e l y  r e m o v e d  u n d e r  v a c u u m ,  
the  r e s i d u e  was  t a k e n  up wi th  m e t h a n o l ,  a l l o w e d  to  c r y s t a l l i z e ,  and 
f i l t e r e d .  R e c r y s t a l l i z a t i o n  f r o m  m e t h a n o l  g a v e  1 7 ~ - ( c y c l o p e n t -  1' - 
e n y l o x y ) - l , 4 - a n d r o s t a d i e n - 3 - o n e ,  4 ( 7 . 9 2  g), m . p .  1 3 0 - 1 3 3 %  A 
f u r t h e r  r e c r y s t a l l i z a t i o n  gave  the  a n a l y t i c a l  s a m p l e  ( s e e  T a b l e  I), 
m . p .  134 -136o ;  /--a'~ D + 5 3 . 5 ° ;  k m a  x 244 m~,  Elc% m = 4 5 2 ;  v N u j o l  

- - 8 ~ 1 max 1670, 1651, 1630, 1607, 1242, 1177, 1018, 83 and 766 cm- . 

Hydrolysis. - A solution of 4 (0.5 g) in methanol (i0 ml) was 
treated with IN hydrochloric acid and heated on the water bath for 
5 min. After concentration under reduced pressure water was added 
and the solid collected by filtration, washed and dried to give 17~- 
hydroxy-l, 4-androstadien-3-one (0.39 g}, m.p. 170-172 °. 

Method B. - A mixture of 5-androstene-3p, 17~-diol 3-acetate 
(3 g), eyclohexanone diethyl ketal (6 ml), and N-dimethylformamide 
(6 ml), was treated with p.toluenesulphonie acid (15 rag) and heated 
with an external oil bath as above described for Method A. Isolation 
of the product with the usual procedure and recrystallization from 
methylene chloride-methanol gave 17~-(cyclohex- i' -enyloxy} -5- 
a n d r o s t e n -  3~-o l  a c e t a t e ,  28 ( 2 . 9 6  g) ,  m . p .  1 4 2 - 1 4 4 ° ;  _/-%7D - 2 6 . 5  o; 
~ N u j o l  1736, 1672, 1240, 1187, 1026 and 777 e m  - 1 .  

m a x  

Method  C .  - T o  a s o l u t i o n  of  1 7 ~ - h y d r o x y - 4 ,  6 - a n d r o s t a d i e n -  3 -one  
( 1 . 6  g) in a n h y d r o u s  b e n z e n e  (800 ml )  con t a in ing  p . t o l u e n e s u l p h o n i c  
a c i d  (20 mg) ,  c y c l o p e n t a n o n e  d i e t h y l  k e t a l  (5 ml) was  a d d e d ,  and the 
m i x t u r e  w a s  h e a t e d  wi th  r a p i d  d i s t i l l a t i o n  of the  s o l v e n t  f o r  abou t  
40 m i n u t e s .  A f t e r  add i t i on  of a f ew  d r o p s  of  p y r i d i n e ,  the  s o l v e n t  was  
c o m p l e t e l y  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  r e s i d u e  w a s  t a k e n  
up wi th  m e t h a n o l ,  f i l t e r e d  and r e c r y s t a l l i z e d  f r o m  m e t h a n o l  to g ive  
5 ( 1 . 5 5  g}, m . p .  1 3 9 - 1 4 1 %  A f u r t h e r  r e c r y s t a l l i z a t i o n  gave  t he  a n a l y t i c a l  
s a m p l e  ( s e e  T a b l e  I ) ,  m . p .  1 4 2 - 1 4 4 ° ;  _/-a_TD +23° ;  X max  283 mp, 
Elc% ~ = 680;  ~ Nujo l  1658,  1640, 1609, 1576, 1242, 1020, 873 and 784 c m  -1 m a x  

B e n z e n e  was  s u b s t i t u t e d  b y  t o l u e n e  in s o m e  i n s t a n c e s  (e .  g. f o r  
c o m p o u n d  22) wi th  c o m p a r a b l e  r e s u l t s .  
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Method  D. - To a s u s p e n s i o n  of LiA1H 4 (1 .5  g) in a n h y d r o u s  e t h e r  
(50 ml) a s o l u t i o n  of 2 (3 g) in e t h e r  (50 ml) was  a d d e d .  T h e  m i x t u r e  
was  r e f l u x e d  u n d e r  s t i r r i n g  f o r  5 h o u r s .  A f t e r  d e c o m p o s i t i o n  of the  
e x c e s s  h y d r i d e  wi th  a c e t o n e ,  s a t u r a t e d  Na2SO 4 so lu t i on  was  added ,  
and  the  o r g a n i c  l a y e r  was  s e p a r a t e d  and  w a s h e d  with  w a t e r .  A f t e r  
r e m o v a l  of t he  so lven t  u n d e r  r e d u c e d  p r e s s u r e ,  w a t e r  was  added  
and  the  so l id  c o l l e c t e d  by  f i l t r a t i o n .  C r y s t a l l i z a t i o n  f r o m  m e t h a n o l  
y i e l d e d  12 (2 .5  g),  m . p .  134-137° ;  _/-a_TD +66°;  ~ N u j o l  3260, 1644, 

m a x  
1247, 1030, 765 and  752 c m  -1 .  

Method E. - The relevant 3~-hydroxyderivatives (see Table I) 
were acylated in pyridine at room temperature by treatment with 
the proper acid chloride or anhydride. The products were isolated 
and recrystallized as usually. 

17 -(Cyelopent-l'-enylox,y)-5~-androstan-3a-ol (8) - To a suspension 
i i r • 

of the propionate i0 (I. 5 g) in methanol (75 ml) a 10% K2CO 3 solution 
(i0 ml) was added. The mixture was heated to refluxing for 4 hours 
after the complete solution of the starting product, then concentrated 
under reduced pressure. The residue, taken up in water and filtered, 
yielded a product (1.4 g), m.p. 143-147 °. Cristallization from 
methanol gave pure 8 (0.92 g), m.p. 145-147°; /_--a_7 D +30°; ~Nujol 

max 
3400, 1648, 1251, 1035, 1007 and 764 cm -I. 

17 ~-(CycloPent- I' -enyloxy) -4-estren- 3-one (i 8). - A suspension 
of 19 (I. 5 g) in methanol (50 ml) and ether (5 ml) was treated under 
nitrogen with a 8% KOH methanolie solution (2.5 ml) and kept under 
vigorous stirring until complete solution (about 10').After eoneentration 
under reduced pressure, water was added and the solid collected by 
filtration. Crystallization from methanol yielded 18 (i. 3 g), m.p. 
102-105 ° . The analytical sample (see Table I) showed m.p. 108-110°; 
~-a.TD +50° ,  k m a x  240-241 m~,  E~ la/° = 477; 12 Nujol  3460, 1675, 1649, 
1630, 1256, 1049,1022 and 762 c m - 1 .  t c m  m a x  

1 7 ~ - C y c l o p e n t y l o x y - 5 a - a n d r o s t a n - 3 - o n e  (29). - a) To a so lu t ion  of 
1 7 9 - h y d r o x y - 5 a - a n d r o s t a n -  3 -one  (4 g) in t o l u e n e  a n h y d r o u s  (350 ml) ,  
c y c l o p e n t y l  b r o m i d e  (16 ml) and  Ag2CO 3 (16 g) w e r e  a d d e d .  The  
m i x t u r e  was  r e f l u x e d  u n d e r  s t i r r i n g  f o r  20 h o u r s ,  t h e n  f i l t e r e d  and 
s u b m i t t e d  to s t e a m  d i s t i l l a t i o n  unt i l  c o m p l e t e  r e m o v a l  of t o l u e n e  and 
e x c e s s  e y c l o p e n t y l  b r o m i d e .  E t h e r  e x t r a c t i o n  fo l lowed  by  r e e r y s t a l -  
l i z a t i on  f r o m  m e t h a n o l  gave  the  c y c l o p e n t y l  e t h e r  29 (3 .14  g), m . p .  
130-132 o. A f u r t h e r  r e c r y s t a l l i z a t i o n  gave  the  a n a l y t i c a l  s a m p l e ,  
m . p .  133_134 o, /_-a_TD +340; ~ Nujol  1719,1110 and 1084 c m  -1 .  

m a x  

Anal .  C a l e d .  f o r  C24H3802 : C 80.39 ; H 10.68 ; 
Found  : 80 .16  ; 10.67 . 
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b) A so lu t ion  of the  c y c l o p e n t e n y l  e t h e r  1 (1 g) in t e t r a h y d r o f u r a n  
(5 ml) and m e t h a n o l  (45 ml) was  c a t a l y t i c a l l y  h y d r o g e n a t e d  on 10% 
P d / C  (0 .4  g). A f t e r  f i l t r a t i o n  of the  c a t a l y s t ,  and r e m o v a l  of the  
s o l v e n t s  u n d e r  r e d u c e d  p r e s s u r e ,  the  r e s i d u e  was c r y s t a l l i z e d  
f r o m  m e t h a n o l  to a f fo rd  29 (0 .5  g), m . p .  130-132 °, i den t i c a l  with  
the  p r o d u c t  ob ta ined  a c c o r d i n g  to a).  
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Melt ing points  a r e  u n c o r r e c t e d .  Opt ical  ro t a t ions  w e r e  taken  
in 0 .5% dioxane solu t ion  at 2 4 ° +  1. UV s p e c t r a  w e r e  
d e t e r m i n e d  in 95% ethanol with an Opt ical  C F  4 s p e c t r o p h o t o -  
m e t e r .  IR s p e c t r a  w e r e  m e a s u r e d  on the P e r k i n - E l m e r  21 
i n s t r u m e n t .  A b s o r p t i o n  bands  of s p e c t r a  (UV, IR) w e r e  as 
expec ted  fo r  al l  of the compounds  l i s ted  in Table  I. 


