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1 , 4 - C a r b o n y l - C a r b o n y l  I n t e r a c t i o n s  

I t  is well  k n o w n  t h a t  n a t u r a l  (20-normal)  s t e ro ids  
con ta in ing  a c a r b o n y l  g roup  a t  t h e  22-posi t ion  can  be  
isomerized to  t h e  20-iso c o m p o u n d s ,  usua l ly  to  t he  g r e a t e r  
par t .  Th i s  is t r u e  for  22 -ca rbony l  s t e ro ids  u n s u b s t i t u t e d  
a t  C-16 as. well  as for such c o m p o u n d s  b e a r i n g  a 16~- 
ace toxy  o r  a 16 -cyc loe thy lened ioxy  g roup ing  (for l ead ing  
references,  see a). 

W e  h a v e  r e c e n t l y  r e m a r k e d  ~ on  t h e  su rp r i s ing  f a c t  
t h a t  w h e n  a n  a d d i t i o n a l  k e t o  g roup  is i n t r o d u c e d  a t  C-16 
into a 22 -ca rbony l  s teroid ,  t h e  s t a b i l i t y  r e l a t i o n s h i p  is 
reversed a n d  t h e  20 -no rma l  c o n f i g u r a t i o n  becomes  t h e  
more s tab le .  Thus ,  whe rea s  es te rs  of 1 6 - u n s u b s t i t u t e d  
b i snorcho lan ic  ac ids  ( type  I) c a n  b e  i n v e r t e d  w i t h  ba se  
to t h e  20-iso c o m p o u n d s  (I I )  2,s, t h e  16-keto  es ter ,  m e t h y l  
3 , 1 6 - d i k e t o b i s n o r c h o l a n a t e  ( I I I ) ,  c a n n o t  be  i n v e r t e d  a n d  
in fac t  is o b t a i n e d  q u a n t i t a t i v e l y  f rom t h e  20-iso e s t e r  I V  
by  t r e a t m e n t  w i t h  base  a n d  re -es t e r i f i ca t ion  1, S imi lar ly ,  
whereas  22-ke tocholes te ro l  (V) can  be  i n v e r t e d  to  t h e  
20-iso e p i m e r  V I  a, 16, 22 -d ike to -27 -hydroxycho le s t e ro l  
(k ryp togen in)  (VII )  a p p e a r s  to  possess  t h e  s t a b l e  con-  
f igura t ion  a t  C-201. 

I n  t h e  case  w h e r e  t h e  20 :pos i t ion  fo rms  p a r t  of a r ing,  
as in  t h e  s t e ro ida l  s a p o g e n i n s  of t y p e  V I I I  or  in  t h e  
der ived l ac tones  I X ,  t h e  n a t u r a l  2 I n - m e t h y l  conf igura -  
t ion (as Shown) is t h e  s t ab l e  one. Th i s  is in  keep ing  w i t h  
expec ta t ion ,  s ince  t h e  2 1 - m e t h y l  g roup  is f ixed i n  space  
in these  s u b s t a n c e s  a n d  t h e r e  is cons ide rab le  i n t e r f e r ence  
be tween  t h e  18fl- a n d  21f l -methy l  g roups  in  t h e  cor-  
r e spond ing  u n n a t u r a l  20-iso c o m p o u n d s  ~. 

A l ike ly  e x p l a n a t i o n  for  t h e  o b s e r v e d  s t a b i l i t y  of t h e  
16 ,22-d ica rbony l  c o m p o u n d s  I I I  a n d  V I I  a p p e a r e d  to  
us to  i nvo lve  t h e  ex i s t ence  of a n  i n t r a m o l e c u l a r  field ef- 
fect b e t w e e n  t h e  two  e a r b o n y l  d ipoles  in  these  c o m p o u n d s ,  
which  wou ld  f a v o u r  t h e  c a r b o n y I  g roups  be ing  close to  
each o the r .  I n  t h i s  s p a t i a l  a r r a n g e m e n t ,  i n t e r f e r ence  be- .  
tween  t h e  21- a n d  18f l -methyl  g r o u p s  wou ld  occu r  in  t h e  
20-iso b u t  n o t  in  t h e  20 -no rma l  ( 2 i n - m e t h y l )  series, t h e  
s i tua t ion  pa ra l l e l ing  t h a t  w h i c h  ex i s t s  in  t h e  cycl ic  sys-  
t ems  V I I I  a n d  I X .  

W e  h a v e  n o w  f o u n d  i n d i c a t i o n s  t h a t  t h i s  t y p e  of field 
effect is in  f ac t  o p e r a t i v e ,  b y  a s t u d y  of t h e  i n f r a r e d  
spectra .  These  show t h a t  i n t e r a c t i o n  b e t w e e n  t h e  16- 
and  22 -ca rbony l  g roups  in  c o m p o u n d s  of t y p e  I I I  a n d  
VI I  does  occur ,  as  i n d i c a t e d  b y  t h e  ra i s ing  of t h e  c a r b o n y l  
frequencies  c o m p a r e d  w i t h  t he  n o r m a l  va lues .  

I n  Tab le  I a re  r ecorded  t he  i n f r a red  c a r b o n y l  b a n d s  in  
the  1700 c m  -1 reg ion  of a n u m b e r  of s t e ro ida l  22-mono-  
ke tones  ( X - X I V ) .  All  of t he se  c o m p o u n d s ,  w h e t h e r  sub-  
s t i t u t ed  a t  Cx~ o r  a t  C27, a b s o r b  a t  1704 (=~ 2) c m  -1, t h e  
n o r m a l  v a l u e  s. I n  T a b l e  I I ,  t h e  c o r r e s p o n d i n g  i n f r a r e d  
bands  of seve ra l  16, 22-d ike tones  ( X V - X X )  are  l isted. I t  
can be  seen  t h a t  al l  of t he se  s u b s t a n c e s  show two bands .  
The one  a t  1731 (4- 1) c m  -1, due  to  t he  16-keto  group,  is 
no rma l  for  a n  a - s u b s t i t u t e d  c y c l o p e n t a n o n e ,  ~ -me thy l -  
c y c l o p e n t a n o n e  ( X X I I )  showing  t h e  k e t o n e  b a n d  a t  
1730 cm -1 (Tab le  I I I ) .  H o w e v e r ,  t h e  o t h e r  b a n d  a t  1714 
(q- 2) c m  -1, d u e  to  t h e  22 -ca rbony l  group,  h a s  been  dis- 
placed u p w a r d s  b y  ca.  10 c m  -1 c o m p a r e d  w i t h  t h e  va lues  
for t he  2 2 - m o n o k e t o n e s  l i s ted  in T a b l e  I s. Th i s  ef fec t  
clearly d e m o n s t r a t e s  t h a t  a n  i n t e r a c t i o n  b e t w e e n  t h e  two  
ca rbony l  g roups  is ope ra t ive .  
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x N. DArnEL1, Y. MAZUR, and F. SONDIIEIMER, Chem. & Ind. 
1958, 1725. 

H. WmLAS~, O. SCHUCUTING, and R. JAconl, Z. physiol.Chem. 
161, 80 (1926). - M. SORKIN and T.. REICItS~EnG Hclv. chim. Acta 
27, 1631 (1944); 28, 875 (1945). 

a j .  W. CORCORAN and H. HIRSeHMANS, J. Amcr. chem. Soc. 78, 
2325 (1956) and references to earlier work citcd there. 

4 R. HA%'ATSU, Pharm. Bull. (Japan) 5, 452 (1957). 
R. N. JoNEs and F. HERUNG, J. org. Chem. t9, 1252 (1954). 

6 tn  the compounds (XIX) and (XX) in Table II, the band at 
1716 cm -x is due both to the 22- and to the 3-carbonyl group. Since 
the normal values for these individual functions are 1704 cm -1 
(Table I) and ca. 1708 cm -I, the observed values have also been 
displaced upwards by ca. 10 cm -1. 
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Table I Table t i  
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All compounds possess the natural configuration at C-20. 
b All values determined by ourselves, cxcept where stated 

otherwisc. 
c Prepared in these Laboratories. 
d I. SCHEER, h{. J.  THOMPSON, arid E. MOSETT1G, J. Amer. 

chem. Soc. 79, 3218 (1957). 
e y .  MAZUR and F. SONDHEI~XR, J. Amer. chem. Soc. 81, 

8161 (1959). 
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1714, 1732 cm -1 

1714, 1731 c m - :  

1715, 1732 cm -1 

1713, 1732 cm -1 

1716, 1730 c m  -1 

(XX)e 1716, 1730 cm -1 

All compounds possess the natural configuration at C-20. 
b All values determined by ourselves. 

e Prepared in these Laboratories. 
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Table I I I 

Compound Vmax(CHCla} ~ 

1712 cm -1 

Table I V  

Compound Vmax(CHC13 ) n, 

CHaCOCH a (XXI) 
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CHaCOCH2CH~COCH 3 (XXVI)  

1730 cm - t  

1721, 1731 cm -1 

1703 cm -1 

1708 cm -1 

1712 cm -1 

a All values determined by ourselves. 
b H. PAUL and I. WENt)EL, Chem. Ber. 90, 134~ (1957). 
e H. E. BAUMGARTEN, P. L. CREGER, and C. E. VILLARS, 

J. Amer. chem. Soc. 80, 6609 (1958). 

This  t y p e  of i n t e r a c t i o n  b e t w e e n  t he  ke to  g roups  in 1, 4- 
d ike tones  is n o t  r e s t r i c t e d  t o  s teroids ,  as  a p p e a r s  f rom 
the  d a t a  p r e s e n t e d  in  T a b l e  I I I .  T h u s ,  =-ace tonylcyclo-  
p e n t a n o n e  ( X X I I I )  (which  c o n t a i n s  t h e  s a m e  t y p e  of 
sys tem as t h e  16, 22-d ike to  s teroids)  e x h i b i t s  t h e  cyclo- 
p e n t a n o n e  b a n d  a t  t h e  n o r m a l  pos i t i on  a t  1731 cm -x 
[compared  w i t h  1730 c m  - I  for  e - m e t h y l c y c l o p e n t a n o n e  
( X X I I ) ] ,  b u t  t h e  al icycl ic  c a r b o n y l  b a n d  a t  1721 c m  -x 
has  been  d i sp laced  u p w a r d s  b y  ca.  9 c m  -1 c o m p a r e d  w i t h  
an  o r d i n a r y  acycl ic  k e t o n e  s u c h  as  a ce tone  ( X X I )  
(1712 cm-1).  On  t he  o t h e r  h a n d ,  t h e  c o r r e s p o n d i n g  six- 
m e m b e r e d  r ing  a n a l o g  x - a c e t o n y l c y c l o h e x a n o n e  ( X X V )  
and  the  acycl ic  a n a l o g  a c e t o n y l a c e t o n e  ( X X V I )  b o t h  
show c a r b o n y l  b a n d s  a t  n o r m a l  pos i t ions .  

The  p o s t u l a t e d  t y p e  of 1 , 4 - c a r b o n y l - c a r b o n y l  in t e r -  
ac t ion is o p e r a t i v e  also w i t h  1, 4-keto-es ters ,  as is a p a r e n t  
from a n  e x a m i n a t i o n  of t h e i r  i n f r a r ed  s p e c t r a  ( t h o u g h  
not  as m a r k e d l y  as w i t h  t he  1 ,4 -d ike tones) .  I t  c an  be  
seen f rom t h e  d a t a  in  T a b l e  I V  t h a t  in  m e t h y l  3,16- 
d i k e t o b i s n o r c h o l a n a t e  ( X X V I I I )  t h e  s u p e r i m p o s e d  es t e r  
and  16-keto  b a n d  a t  1734 c m  -~ is ca. 5 c m  -~ h i g h e r  t h a n  
would be  e x p e c t e d  f rom t h e  supe rpos i t i on  of t h e  es te r  
b a n d  in t he  c o r r e s p o n d i n g  d i cyc loe thy l ene  ke t a l  ( X X V I I )  
(1727 cm -1) a n d  t h e  k e t o n e  b a n d  in e - m e t h y l c y c l o p e n t a -  
none ( X X I  I ) (1730 cm-1).  A g a i n  t h e  ef fec t  is no t  r e s t r i c t ed  
to s te ro ids  and ,  in  t h e  a n a l o g o u s  e t h y l  x - c y c l o p e n t a n o n e -  
ace ta t e  ( X X X ) ,  t h e  s u p e r p o s e d  es t e r  a n d  c y c t o p e n t a n o n e  
band  a t  1733 cm -1 is ca. 5 cm -1 h i g h e r  t h a n  would  be  
expec ted  f rom t h e  supe rpos i t i on  of t he  b a n d s  of t he  in- 
d iv idua l  f u n c t i o n s  (1726 a n d  1730 cm-1).  On  t h e  o t h e r  
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1712, 1726 cm - I  

a All values determined by ourselves. 
b j .  W .  CogcoRnn and H. H i R s c ~ A m n ,  J. Amer. chem. Soc. 

78, 2325 (1956). 
e y. MAZUR and F. SONDtiEIMER, J. Amer. chem. Soc. 8l, 

3161 (1959). 
d N. DANIELI, Y. MAZUR~ and F. SOSmtmMER, Chenl. & 

Ind. 1725, (1958). 
e C]. A. K6TZ, Liebigs Ann. 35o, 238 (1906). 
f Prepared in these Laboratories. 
g Kindly presented by Dr, A. MEISELS. 
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h a n d ,  t h e  c o r r e s p o n d i n g  s i x - m e m b e r e d  r i ng  a n a l o g  
( X X X I I )  a n d  t h e a c y c l i c a n a l o g e t h y l  l e v u l i n a t e  ( X X X I I I )  
show c a r b o n y l  b a n d s  a t  n o r m a l  pos i t ions .  

I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  i n t e r a c t i o n  b e t w e e n  t h e  
c a r b o n y l  g roups  b o t h  in  1 ,4 -d ike tones  a n d  in  1, 4 -ke to-  
es te r s  occurs  on ly  w h e n  one  k e t o n e  is in  a f i v e - m e m b e r e d  
r ing,  p r e s u m a b l y  because  t h e  l a t t e r  r e n d e r s  t h e  s y s t e m  
m o r e  r igid.  

T h e  p r e s e n t l y  desc r ibed  c a r b o n y l - c a r b o n y l  i n t e r a c t i o n s  
in  1, 4 -d i ca rbony l  c o m p o u n d s  are  p r o b a b l y  of t h e  s a m e  
t y p e  as ex i s t  in  a - a c e t o x y - k e t o n e s  of t y p e  ( X X X I V ) ,  
w h i c h  m a y  also be  cons ide red  as 1 , 4 -d i ea rbony l  sys t ems .  
Thus ,  in  21 -aee toxy-20-ke to - s t e ro ids  t h e  k e t o n e  b a n d  as 
well  as t h e  e s t e r  b a n d  is ra i sed  b y  ca. 20 c m - :  ove r  t h e  
n o r m a l  va lues  5, 7, 8 whi le  in  17~- a n d  17f l -ace toxy-20-keto-  
s t e ro ids  t h e  k e t o n e  b a n d  is ra i sed  b y  ca. 8 c m  -1 ( the  
a c e t a t e  b a n d  b e i n g  es sen t i a l ly  unaf fec ted)8 ,  °. S imi la r  
effects  h a v e  b e e n  f o u n d  in  s t e ro ida l  1 2 - a c e t o x y - l l - o n e s  
a n d  11-ace toxy-12-ones  :°. 
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I 

I t  h a s  a l r e a d y  b e e n  p o s t u l a t e d  b y  JONES et al. 8,n t h a t  
t h e  a n o m a l o u s  i n f r a r ed  spec t r a  of t h e s e  u - a c e t o x y - k e t o n e s  
are  due  to  t h e  ex i s tence  of a field ef fec t  b e t w e e n  t h e  two  
carbonyl groups  a n d  BELLAMY a n d  WILLIAMS 12 h a v e  
p r o v i d e d  ev idence  for  th i s  b y  p o i n t i n g  o u t  t h a t  t h e  ano -  
m a l y  is m a r k e d l y  d e p e n d a n t  on  s te r ic  factors .  T h e  s te r ie  
n a t u r e  of t h i s  ef fec t  is also s h o w n  w e l l  b y  ou r  f i nd ing  
(Tab le  V) t h a t  whe rea s  t h e  expec t ed  ra i s ing  of t he  i n f r a r ed  
c a r b o n y l  b a n d s  occurs  w i t h  ace to l  a c e t a t e  ( X X X V I )  
( +  21 cm-X for  t h e  k e t o n e  b a n d ;  + 21 cm -x for t h e  e s t e r  
b a n d )  i t  is c o n s i d e r a b l y  less m a r k e d  in ace to l  p i v a l a t e  
( +  11 cm-X a n d  18 cm -~, r espec t ive ly )  in  w h i c h  t h e  e x t r a  
m e t h y l  g roups  p r e v e n t  t h e  c a r b o n y l  d ipoles  f rom b e i n g  
as  close to e a c h  o t h e r  as  in  t h e  ace t a t e .  

We thank Dr. S. PINCHAS, Vteizmann Institute of Science, who 
determined most of the infrared spectra on a Perkin-Elmer model 
12 C single-beam spectrophotometer (sodium chIoride optics). 

Y. MAZUR* a n d  F. SONDHEIMER 

Daniel Sie/ /  Research Institute, We i zmann  Institute of 
Science, Rehovoth (Israel), January  5, 1960. 

Zusammen/assung  

Es  wird  geze ig t ,  dass  die I R - S p e k t r e n  gewisser  1, 4- 
D i k e t o n e  u n d  1 , 4 - K e t o e s t e r  a b n o r m  h o h e  Carbony l -  
f r e q u e n z e n  aufweisen ,  was  au f  d a s  V o r h a n d e n s e i n  eines 
i n t r a m o l e k u l a r e n  Fe lde f fek t s  zwischen  d en  b e i d e n  Carbo-  
n y l g r u p p e n  in d iesen V e r b i n d u n g e n  h i n d e u t e t .  Die un-  
g e w 6 h n l i c h e n  S tab i l i t i~ t sverh~l tn i sse  a n  C-20 de r  16,22- 
D i c a r b o n y l - S t e r o i d e  s ind  v e r m u t l i c h  au f  die gleiche 1,4- 
C a r b o n y l - C a r b o n y l - E i u w i r k n n g  znr i i ckzuf i ih ren .  

* At present Fellow of the Sclmol for Advanced Studies, 
Massachusetts Institute of Technology, Cambridge, Mass., U.S.A. 

7 R. N. JoNEs, P. HuMeaRms, and K. DOgmNER, J. Amer. chem. 
Soc. 72, 956 (1950). 

S R. N. JONES, P. HUMPHRIES, F. HERLING, and K. DOBRINER, 
J. Amer. chem Soc. 74, 28520 (19512). 

9 R. B. TURNER, J. Amer. chem. Soc. 75, 3489 (1953). 
10 j .  EnRs, G.H. PHILLIeS, T. WALKER, and L. J. Wvr~Atq, J. 

chem. Soe. 1956, 4330. 
n R.N. JoNES and C. SANDOR~Y, Chemical Applications o! 

Spectroscopy (Interscience, New York 1956). 
xz L. J. BELLAMY and R. L. WILLIAMS, J. chem. Soc. 1957, 861. 

Table V 

Compound Vmax(CHCl~ ) a 

CHaCOCH a (XXI)  

CHaCOOC~H 5 (XXIX)  

(CH,),COOCH, (XXXV) 

CHaCOCH2OCOCH 3 (XXXVI)b  . . 

CH3COCH~OCOC(CHa) a (XXXVII )  t~ 

1712 cm -1 

i726 cm -~ 

1718 cm -1 

1733, 1747 cm -1 

1723, 1736 cm -1 

All values determined by ourselves. 
b Prepared in these Laboratories by reaction of ¢~-chloro- 

acetofle with the corresponding potassium alkoxide. 

All  t h e  i n f r a r ed  d a t a  discussed c lear ly  p o i n t  to  t h e  
ex i s t ence  of a n  i n t r a m o l e c u l a r  field effect  b e t w e e n  t h e  
c a r b o n y l  g roups  in c e r t a i n  1 ,4 -d i ca rbony l  c o m p o u n d s .  
A l t h o u g h  t h e  e x a c t  n a t u r e  of th i s  effect  is s t i l l  n o t  wel l  
u n d e r s t o o d ,  i t  m u s t  o p e r a t e  b e t w e e n  t h e  dipoles  across  
space  a n d  is c lear ly  d i f f e ren t  in  n a t u r e  f r o m  i n d u c t i v e  
a n d  m e s o m e r i c  effects  w h i c h  are  t r a n s m i t t e d  t h r o u g h  t h e  
cha in .  

3 - H a l o a l k y l - D i h y d r o b e n z o t h i a d i a z i n e  

D i o x i d e s  a s  P o t e n t  D i u r e t i c  A g e n t s  

T h e  class  of c o m p o u n d s  b a s e d  on  t h e  1, 2, 4 -benzo-  
t h i a d i a z i n e  nuc leus  b e c a m e  i m p o r t a n t  f r o m  t h e  s t a n d -  
p o i n t  of p h a r m a c o l o g i c a l  a c t i v i t y  w i t h  t h e  d i s c o v e r y  t h a t  
6 - ch loro  - 7- s u l f a m y l -  1, 2, 4 - b e n z o t h i a d i a z i n e - 1 , 1 - d i o x i d e  
(I) was  a p o t e n t ,  o ra l ly  e f fec t ive  d iu re t i c  a g e n t  of  low 
t o x i c i t y  a. 

H 

H2N0~SJI~/J/~S/I~H H~N0.~S lI~/~/S/~*H 
0 "~ ~-"0 0 ~ %0 
(I) (II) 

As  p a r t  of a p r o g r a m  d i r ec t ed  t o w a r d s  s t r u c t u r a l  modi= 
f i ca t ions  of I, w i t h  t h e  v iew of f i nd ing  o t h e r  a g e n t s  of 
inc reased  a c t i v i t y  a long  w i t h  super io r  e l ee t ro iy te  excre-  
t i on  p a t t e r n s ,  we h a v e  p r e p a r e d  a ser ies  of c o m p o u n d s  
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