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6-SUBSTITUTED- 6-DEHYDRO- 1 7-ALKYLPROGES TERONES: 

HIGHLY ACTIVE ORAL PROGESTINS 

By Martin J. Weiss, Robert E. Schaub, John F. Poletto, 

George R. Allen, Jr., and Charles C. Pidacks 

Organic Chemical Research Section, Lederle Laboratories Division 
American Cyanamid Co., Pearl River, New York 

Received ~!ay 13, 1963 

The preparation of a series of 6-chloro-6-dehydro- 
17-alkylprogesterones, of the 6-fluoro and 6-methyl 
derivatives of 6-dehydro-17-ethylprogesterone and of 
6-chloro-l, 6-bisdehydroprogesterone is described.. The 
oral progestational activity of these and 6ther |7-alkyl- 
progesterone derivatives is discussed. 

We have recently reported a general procedure for the preparation of 

17-alkylpregn-20-ones and the application of this method to the synthesis 

of a series of 17-alkylprogesterones. l, 2 These progesterone derivatives 

are orally active progestins, and we have already noted that 17-ethyl- 

progesterone is about two-three times as active as 17-methylprogesterone, 

being approximately equal to l 7-acetoxyprogesterone. ! In addition we 

reported the introduction into 17-ethylprogesterone of certain groups which 

are known to enhance progestational activity. Since the incorporation of 

the 6-chloro-6-dehydro moiety into 17-acetoxyprogesterone has resulted 

in a pronounced enhancement of activity, 5 it was of immediate interest 

to prepare the corresponding 17-alkyl derivatives. We now wish to 

describe in detail the oral progestational activity of our previously reported 

derivatives and the preparation and biological activity of a series of 6- 
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chloro-6-dehydro- 1 7-alkylprogesterones (III, 1 7-alkyl-6-chloropregna-4, 6- 

diene-3, 20-diones) and of the 6-fluoro and 6-methyl derivatives of 6-dehydro- 

1 7-ethylprogesterone (I 7-ethylpregfla-4, 6-diene-3, 20-dione). 

Introduction of the 6-chloro-6-dehydro-moiety was accomplished best 

by a three-step procedure analogous to that reported by Knox and co- 

workers.6 Thus, dehydrogenation of the 17-alkylprogesteronel with 2,3- 

dichloro-5, 6-dicyanobenzoquinone (DDQ) in the presence of hydrogen 

chloride 7 gave the corresponding 6-dehydro derivative I (Table I), which on 

treatment with monoperphthalic acid 8 afforded the 6a, 7a-oxide II. Reaction 

of II with hydrogen chloride in acetic acid then furnished the desired 6- 

chloro-6-dehydro- l 7-alkylprogesterone (III). In this manner the l 7-ethyl, 

propyl, hexyl, octyl and decyl 9 derivatives were obtained (Table If). An 

earlier preparation of the 17-ethyl derivative via chloranil dehydrogenation 

of 6a-chloro-17-ethylprogesteronel was not as satisfactory. 

6-Dehydro-6-fluoro- l 7-ethylprogesterone (V, 1 7-ethyl-6-fluoropregna- 

4,6-diene-3,20-dione) was obtained, albeit in poor yield, by hydrogen 

fluoride treatment of the corresponding 6a, 7a-oxide II. 6-Dehydro-6- 

methyl-17-ethylprogesterone (IV, 17-ethyl-6-methylpregna-4,6-diene-3, 20- 

dione) was prepared by DDQ dehydrogenation of l 7-ethyl-6a-methyl- 

progesterone. I Finally, I, 2-dehydrogenation with DDQ II of 6-chloro-6- 

dehydro- 1 7-ethylprogesterone (6-chloro- 1 7-ethylpregna-4, 6-diene-3, 20- 

dione) afforded the 1,6-bisdehydro derivative VI. 

Those compounds of this study wherein the 17-alkyl group is hexyl or 

higher could not be crystallized despite intensive efforts at purification. 

Nevertheless, on the basis of combustion and spectral analyses, we consider 

these products to be of relatively good quality. 
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Biological Evaluation 

All steroid assays for oral progestational activity were carried out by 

the Clauberg procedure as conducted by Dr. Elva G. Shipley at the Endocrine 

Laboratories, Madison, Wisconsin. 

As we reported in our preliminary communication, l, 2 the introduction 

of a 17-alkyl group confers oral activity on the progesterone molecule. In 

the unsubstituted l 7-alkylprogesterone series maximum activity occurs 

with the 17-ethyl and 17-propyl derivatives, the latter being somewhat 

more active. The 17-butyl, hexyl, octyl, nonyl, i0 decyl 9 and allyl members 

of this series were also active, but less so than the ethyl and propyl mere- 
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b e r s .  In the  6 - d e h y d r o  s e r i e s  ( the f i r s t  f ive  c o m p o u n d s  of  T a b l e  I and the  

1 7 - m e t h y l  d e r i v a t i v e l ) ,  a s i m i l a r  t r e n d  was  o b s e r v e d .  The  r e l a t i o n s h i p  of  

s i d e - c h a i n  l e n g t h  to a c t i v i t y  was  a l s o  s t u d i e d  in  the  6 - c h l o r o - 6 - d e h y d r o  

s e r i e s ,  as d e s c r i b e d  be l ow .  

V a r i o u s  6 - s u b s t i t u e n t s  and d e h y d r o  f u n c t i o n s  a r e  known  to e n h a n c e  

the  o r a l  a c t i v i t y  of  1 7 - a c e t o x y p r o g e s t e r o n e .  12 I n t r o d u c t i o n  of  c e r t a i n  of  

t h e s e  m o i e t i e s  in to  1 7 - e t h y l p r o g e s t e r o n e  a l s o  r e s u l t s  in an e n h a n c e m e n t  of  

a c t i v i t y  {Table  A). The  m o s t  p o t e n t  c o m p o u n d s  of  t h o s e  c o n t a i n i n g  o n l y  one  

a c t i v i t y  p r i n c i p l e  w e r e  the  6 a - m e t h y l  and 6 - d e h y d r o  d e r i v a t i v e s ,  l In 

c o n t r a s t  to the  c o n s i d e r a b l e  e f f e c t  of  the  6 - d e h y d r o  f u n c t i o n ,  l - d e h y d r o -  

g e n a t i o n  had  l i t t l e  i f  any  e f f e c t .  I n t r o d u c t i o n  of  the  6~ - c h l o r o ,  6= - b r o m o ,  

6 a - n i t r o  and the  l ,  6 - b i s d e h y d r o  f u n c t i o n s  I and r e m o v a l  of  the  1 9 - m e t h y l  

g r o u p  13 gave  c o m p o u n d s  wh ich ,  wi th  the  e x c e p t i o n  of  the  6 a - c h l o r o  

d e r i v a t i v e ,  w e r e  not  f u l l y  e v a l u a t e d ,  but  a p p e a r e d  to  h a v e  a s i m i l a r  l e v e l  of  

a c t i v i t y ;  h o w e v e r ,  a l l  w e r e  s o m e w h a t  l e s s  a c t i v e  than  the  6 a - m e t h y l  and 

6 - d e h y d r o  c o m p o u n d s .  

As o b s e r v e d  in the  1 7 - a c e t o x y  s e r i e s ,  12b the  m o s t  a c t i v e  1 7 - a l k y l  

d e r i v a t i v e s  i n c l u d e d  a c o m b i n a t i o n  of  the  6 - d e h y d r o  f u n c t i o n  wi th  a 6 - m e t h y l ,  

c h l o r o  o r  f l u o r o  g r o u p  {Table  A). 2 In the  6 - c h l o r o - 6 - d e h y d r o  s e r i e s  {Tab le  

II) the  e t h y l  d e r i v a t i v e  was  d i s t i n c t l y  the  m o s t  a c t i v e ,  and the  d e c y l  d e r i v a -  

t i v e  the  l e a s t  a c t i v e .  The  h e x y l  and o c t y l  m e m b e r s  w e r e  not  f u l l y  e v a l u a t e d  

so  t ha t  t h e i r  e x a c t  r e l a t i v e  p o s i t i o n  in th i s  s e r i e s  r e m a i n s  u n d e t e r m i n e d .  

H o w e v e r ,  t h e y  a p p e a r  to  be l e s s  a c t i v e  t han  the  e t h y l  d e r i v a t i v e  and m o r e  

a c t i v e  t ha n  the  d e c y l  d e r i v a t i v e .  T h e  r e l a t i o n s h i p  of  the  e t h y l  and p r o p y l  

m e m b e r s  of  t h i s  s e r i e s  s t a n d s  in c o n t r a s t  to  t h a t  o b s e r v e d  in the  u n s u b s t i -  

t u t e d A 4 - 3 - k e t o n e  s e r i e s .  The  1 , 6 - b i s d e h y d r o  d e r i v a t i v e  VI of  6 - c h l o r o - 1 7 -  

e t h y l p r o g e s t e r o n e  was  not  f u l l y  e v a l u a t e d ,  but ,  a t  b e s t ,  i t  d id  not  a p p e a r  to  

be m o r e  a c t i v e  t han  6 - c h l o r o - 6 - d e h y d r o -  1 7 - e t h y l p r o g e s t e r o n e .  
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F i n a l l y ,  a c o m p a r i s o n  of the  1 7 - a l k y l  to  the  1 7 - a c e t o x y  s e r i e s  was  of 

i n t e r e s t .  A l t h o u g h  1 7 - e t h y l ,  1 7 - p r o p y l  and 1 7 - a c e t o x y p r o g e s t e r o n e  a r e  

e s s e n t i a l l y  e q u i v a l e n t  in a c t i v i t y ,  the  d e g r e e  of  e n h a n c e m e n t  n o t e d  on i n t r o -  

duc t i on  of the  6 a - m e t h y l  g roup  or  the  6 - c h l o r o - 6 - d e h y d r o  m o i e t y  in to  1 7- 

a c e t o x y p r o g e s t e r o n e  is g r e a t e r  t han  tha t  o b s e r v e d  in the  1 7 - a l k y l  s e r i e s  

(see Tab le  A}. 

Tab le  A. O R A L  P R O G E S T A T I O N A L  ACTIVITY 

C o m p o u n d  Activity 

17-Ac e t o x y p r o g e  s t e r  one 
1 7 - P r o p y l p r o g e s t e r o n e  

6a - C h l o r o -  17- e t h y l p r o g e s t e r  one 
6a - M e t h y l -  17- e t h y l p r o g e s t e r o n e  
6 - D e h y d r o -  1 7 - e t h y l p r o g e s t e r o n e  
1 - D e h y d r  o- 17- e t h y l p r o g e s t e r o n e  

2-4 
9 
5 
I 

6- M e t h y l - 6 - d e h y d r o -  1 7 - e t h y l p r o g e s t e r o n e  
6- F l u o r o - 6 - d e h y d r o -  1 7 - e t h y l p r o g e s t e r o n e  
6- C h l o r  o-  6 - d e h y d r o -  17- e t h y l p r o g e s t e  r one 
6 - C h l o r o - 6 - d e h y d r o -  1 7 - p r o p y l p r o g e s t e r o n e  

130 
48 
65 
14 

6 a - M e t h y l - 1 7 - a c e t o x y p r o g e s t e r o n e  a 
6 - C h l o r o - 6 - d e h y d r o - 1 7 - a c e t o x y p r o g e s t e r o n e  c 

60 b 
190 b 

a B a b c o c k ,  J.  C . ,  G u t s e l l ,  E.  S . ,  H e r r ,  M. E . ,  Hogg,  J .  A . ,  
S tuck i ,  J .  C . ,  B a r n e s ,  L .  E . ,  and Dul in ,  W. E . ,  J .  AM. 
C H E M .  S O C . ,  80, 2905(1958).  b B a s e d  on d a t a  o b t a i n e d  by  
p r e s e n t  a u t h o r s .  CRef. 5. 
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E X P E R I M E N T A L  

G e n e r a l .  - M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  in  o p e n  c a p i l l a r y  t u b e s  

a n d  a r e  u n c o r r e c t e d .  O p t i c a l  r o t a t i o n s  w e r e  m e a s u r e d  a t  25 ° in c h l o r o f o r m  

s o l u t i o n  a t  c o n c e n t r a t i o n s  o f  0 . 6 - 1 . 0 % .  U l t r a v i o l e t  s p e c t r a  w e r e  d e t e r m i n e d  

in m e t h a n o l  s o l u t i o n  on  a C a r y  r e c o r d i n g  s p e c t r o p h o t o m e t e r .  I n f r a r e d  

s p e c t r a  w e r e  d e t e r m i n e d  in  p r e s s e d  p o t a s s i u m  b r o m i d e  d i s c s  on  a P e r k i n -  

E l m e r  s p e c t r o p h o t o m e t e r  ( M o d e l  21). A l l  e v a p o r a t i o n s  w e r e  c a r r i e d  ou t  

a t  r e d u c e d  p r e s s u r e .  P a r t i t i o n  c h r o m a t o g r a m s  w e r e  c a r r i e d  ou t  on  C e l i t e  14 

d i a t o m a c e o u s  e a r t h  w i t h  t h e  h e p t a n e - Z - m e t h o x y e t h a n o l  s y s t e m  a c c o r d i n g  to  

t he  p r o c e d u r e  d e v e l o p e d  b y  one  o f  us  (C.  C. P .  ). 10, 15 H o l d  b a c k  v o l u m e  

(HBV) is  d e f i n e d  as  t he  v o l u m e  o f  s o l v e n t  n e c e s s a r y  to f i l l  t he  c o l u m n .  

Preparation of 17-Alkylpre~na-4, 6-diene-3, 20-diones (I) (Table I). 

The following preparation of 17-ethylpregna-4, 6-diene-3, Z0-dione illus- 

trates this procedure. 7 Hydrogen chloride gas was bubbled into a solution 

containing 20.94 g. of 17-ethylprogesterone and 15.3 g. of recrystallized 

2, 3-dichloro-5, 6-dicyanobenzoquinone in 650 rnl. of purified dioxane until 

crystallization began. After standing for 30 rain. , the precipitated hydro- 

quinone was collected and the filtrate diluted with methylene chloride, washed 

with water, I% aqueous alkali and finally with water. Upon drying over 

anhydrous magnesium sulfate and evaporation of solvent, the crude product 

was recrystallized from acetone-petroleum ether to give 14.6 g. (70%) of 

crystals with m.p. 158-161 ° . Further characterization of this substance is 

given in Table I. 

Preparation of 17-Alkyl-6a, 7a-epoxypregn-4-ene-3, Z0-diones (II). 

The following preparation of 6a, 7a -epoxy- 17-ethylpregn-4-ene-3, 20-dione 

exemplifies this procedure. 8 To a solution of 17-ethylpregna-4, 6-diene- 
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3, Z0-dione (Z g. ) in Z60 rnl. of methylene chloride was added a solution of 

monoperphthalic acid (6.43 g. ) in 134 rnl. of ether. The resulting solution 

was kept at room temperature, protected from moisture, for 7Z hr. The 

phthalic acid which had precipitated was filtered and the filtrate was diluted 

with 300 ml. of methylene chloride, washed with saturated sodium carbonate 

solution, saline and then with water, dried with anhydrous magnesium 

sulfate and evaporated. Trituration of the residue with ether followed by 

filtration furnished 818 rag. (40%) of product, m.p. Zl8-ZZZ °. Two re- 

crystallizations from methylene chloride-ether gave white crystals, m.p. 

ZZ6-Z30°; [~]D +490; kmax 5.86, 5.95, 6.11 ~; Z41 my (~14,650). 

Anal. Calcd. for C23H3zO 3 (356.49): C, 77.49; H, 9.05. Found: 

C, 76.99; H, 9. Z9. 

The other oxides required as intermediates for the compounds of 

Table II were not obtained pure. However, the ultraviolet spectra of these 

oxides showed little, if any, A4,6_3_ketone present, and they were suitable 

for the subsequent step. 

P r e p a r a t i o n  of  1 7 - A l k y l - 6 - c h l o r o p r e g n a - 4 ,  6 - d i e n e - 3 ,  Z 0 - d i o n e s  (III) 

( T a b l e  II). The  fo l l owing  p r e p a r a t i o n  of  6 - c h l o r o -  1 7 - e t h y l p r e g n a - 4 ,  6 - d i e n e -  

3, 2 0 - d i o n e  i l l u s t r a t e s  th i s  p r o c e d u r e .  6 To 30 ml .  of  g l a c i a l  a c e t i c  ac id ,  

s a t u r a t e d  at r o o m  t e m p e r a t u r e  wi th  h y d r o g e n  c h l o r i d e ,  w a s  a d d e d  500 rag.  

of  6 a ,  7 a - e p o x y - 1 7 - e t h y l p r e g n - 4 - e n e - 3 ,  Z0 -d ione .  A f t e r  s t a n d i n g  fo r  4 h r . ,  

the  s o l u t i o n  w a s  p o u r e d  into 60 ml .  of  i ce  w a t e r  and s t i r r e d  fo r  15 rain.  

The  p r e c i p i t a t e d  a m o r p h o u s  m a t e r i a l  (51 2 rag.  ) w a s  c o l l e c t e d  and c r y s t a l -  

l i z e d  f r o m  e t h e r - p e t r o l e u m  e t h e r  to f u r n i s h  80 rag.  (15%) of  6 ~ - c h / o r o - 1 7 -  

e t h y l - 7 a - h y d r o x y p r e ~ n - 4 - e n e - 3 ,  Z0-d ione ,  m . p .  225-Z26  ° d e c .  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 y l e n e  c h l o r i d e - e t h e r  gave  wh i t e  c r y s t a l s ,  m . p .  Z30-231 ° 

d e c . ;  [a]D +Z0o; ~ -max  Z.93 ,  5 . 8 9 ,  5 . 9 6 ,  6 . 1 8  ~; Z40 m)~ ( ~ 1 5 , 0 0 0 ) .  
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Anal. Calcd. for C23H33CIO3: C, 70.31; H, 8.46; CI, 9.02. Found: 

C, 69.8Z; H, 8.64; CI, 9.07. 

Further concentration of the filtrate with the addition of petroleum 

ether afforded Z03 rag. (39~0) of 6-chloro-17-ethylpregna-4,6-diene-3,Z0- 

dione, m.p. 157-160o; for further characterization see Table If. 

1 7 - E t h y l - 6 - f l u o r o p r e g n a - 4 ,  6 - d i e n e - 3 ,  2 0 - d i o n e  (V).  A s o l u t i o n  o f  

1 7 - e t h y l - 6 a , 7 a - e p o x y p r e g n - 4 - e n e - 3 ,  Z 0 - d i o n e  (500 r a g . )  in  3 m l .  o f  c h l o r o -  

f o r m  w a s  a d d e d  to  5 m l .  o f  a s o l u t i o n  p r e p a r e d  b y  m i x i n g  4 m l .  o f  h y d r o g e n  

f l u o r i d e ,  7 m l .  o f  t e t r a h y d r o f u r a n  a n d  4 m l .  o f  c h l o r o f o r m  a t  - 7 0  ° . T h e  

r e s u l t i n g  s o l u t i o n ,  a f t e r  w a r m i n g  to  r o o m  t e m p e r a t u r e ,  w a s  a l l o w e d  to  

s t a n d  f o r  19 h r .  I t  t h e n  w a s  a d d e d  w i t h  s t i r r i n g  to  200 m l .  o f  i c e d  5% 

p o t a s s i u m  c a r b o n a t e  s o l u t i o n  a n d  e x t r a c t e d  t w i c e  w i t h  c h l o r o f o r m .  T h e  

c o m b i n e d  e x t r a c t s  w e r e  w a s h e d  w i t h  s a l i n e  a n d  t h e n  w a t e r ,  d r i e d  w i t h  

a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  e v a p o r a t e d  to  f u r n i s h  531 r a g .  o f  c r u d e ,  

a m o r p h o u s  f l u o r o h y d r i n .  T h i s  m a t e r i a l  w a s  d i s s o l v e d  in  10 m l .  o f  g l a c i a l  

a c e t i c  a c i d  c o n t a i n i n g  1 m l .  o f  30% h y d r o g e n  b r o m i d e  in  a c e t i c  a c i d .  T h e  

r e s u l t i n g  s o l u t i o n  w a s  k e p t  a t  r o o m  t e m p e r a t u r e  f o r  7 h r .  , w h e n  i t  w a s  

d i l u t e d  w i t h  i c e  w a t e r  a n d  t h e  p r e c i p i t a t e d  p r o d u c t  w a s  f i l t e r e d  to  g i v e  313 

r a g .  o f  an  a m o r p h o u s  s o l i d .  T h i s  s o l i d  w a s  s u b m i t t e d  to  p a r t i t i o n  c h r o m a -  

t o g r a p h y  a n d  t h e  p r o d u c t  (47 r a g . ,  m . p .  2 1 7 - 2 2 0  °)  w a s  i s o l a t e d  in  t h e  

f r a c t i o n  w i t h  p e a k  a t  H B V  4 . 5 7 .  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 y l e n e  c h l o r i d e -  

e t h e r  a f f o r d e d  w h i t e  c r y s t a l s ,  m . p .  2 2 1 - 2 2 2 o ;  laid + 1 7 6 o ; ) k m a x  5 . 8 9 ,  

6.00, 6.07, 6. z6~; z85 my (6 zg, 000). 

Anal. Calcd. for C23H31FO2: C, 77.05; H, 8.72; F, 5.30. Found: 

C, 78. 15; H, 8.89; F, 5.24. 

6 - C h l o r o - 1 7 - e t h y l p r e g n a - 1 ,  4, 6 - t r i e n e - 3 ,  Z 0 - d i o n e  (VI ) .  6 - C h l o r o - 1 7 -  



VOLUME 1 JUNE 1963 S T E R 0 I D S 6 1 8  

e t h y l p r e g n a - 4 ,  6 - d i e n e - 3 ,  Z0-dione  (400 rag.  ) was  t r e a t e d  wi th  Z64 m g .  of  

2, 3 - d i c h l o r o - 5 ,  6 - d i c y a n o b e n z o q u i n o n e l  1 in 10 m l .  of  d i o x a n e .  The c r u d e  

p r o d u c t  (297 r a g . )  was  c h r o m a t o g r a p h e d  on F l o r i s i 1 1 6  m a g n e s i a - s i l i c a  gel ,  

and the solids eluted by benzene (50 ml. ), 10% methylene chloride-in- 

benzene (50 ml.) and methylene chloride (50 ml.) were combined and re- 

crystallized from methylene chloride-ether to give 138 rng. (35%) of white 

crystals, m.p. 183-186 ° . A second recrystallization gave crystals, m.p. 

185-187°; [a] D -66O;~max 5.91, 6.05, 6.15, 6. Z4~t; zzg, Z58, Z99 mlx 

(~IO, 8oo; 1o, ooo; 1o, zoo). 

Anal .  Ca lcd .  fo r  Cz3HzgCIOz :  C, 74 .08 ;  H, 7 .84;  C1, 9.51. 

Found:  C, 74 .19 ;  H, 8 .14 ;  C1, 9 .7Z.  
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