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T h e  B e n z i l i c  Ac id  R e a r r a n g e m e n t  of 
3r 17/5- D i a c e t o x y -  1 1 - h y d r o x y -  1 2 - o x o -  

5 /~ -andros t -9 (  11) -ene  

T h e  k n o w n  1 3~, 17 /3 -d iace toxy-  12-oxo-  5 f l - a n d r o s t a n e  (1) 
w a s  c o n v e r t e d  to  a m i x t u r e  of  11~- a n d  l l / 3 - b r o m o -  
k e t o n e s  (2) f o l l o w i n g  t h e  p r o c e d u r e  o f  JULIAN a n d  
MAGNANI 1. W i t h o u t  s e p a r a t i o n  of  t h e  i s o m e r s ,  t h i s  
m a t e r i a l  w a s  t r e a t e d  w i t h  s o d i u m  h y d r o x i d e  in  a q u e o u s  
m e t h a n o l  a n d  t h e  n e w  11-oxo-3~ ,  12/3, 17 f l - t r ihydroxy-5 /3 -  
a n d r o s t a n e  (3) 2 w a s  i s o l a t e d  a n d  r e c r y s t a l l i z e d  f r o m  
a c e t o n e ;  m . p .  2 3 5 - 2 3 6 ~  ~ + 52 ~ (c, 0.546) a. T h e  t r i -  
o lone  (3) w a s  o x i d i z e d  w i t h  b i s m u t h  t r i o x i d e  in  a ce t i c  
a c id  s o l u t i o n  4 a n d  t h e  3e, 1 7 / 3 - d i a c e t o x y - l l - h y d r o x y - 1 2 -  
o x o - 5 / 3 - a n d r o s t - 9 ( l l ) - e n e  (4) w a s  r e c r y s t a l l i z e d  f r o m  
a c e t o n e ;  m . p .  2 4 7 - 2 4 8 ~  [cr 6 + 108 ~ (c, 1 .106) ;  Amax 
282 n m  (e 9600) ;  Vma x 3400, 1725, 1667, 1600 c m  ~. T h e  
N M R - s p e c t r u m  of  4 e x h i b i t e d  t h e  e x p e c t e d  C-10 m e t h y l  
p r o t o n  a b s o r p t i o n  a t  72 c / sec  5. 

O H  O 

3 4 

O ~ C - -  O O C . . . .  O 

] CHa I R o -  CHa 
R O �9 I - - - - ~ ]  I 

H It  

5a, R H 6a, R t t  

5b, R - CHACO 6b, R CHACO 

T h e  i n t e r m e d i a t e  4 was  t r e a t e d  w i t h  p o t a s s i u m  
h y d r o x i d e  in  a q u e o u s  p r o p a n o D  in  a n  a t m o s p h e r e  of 
n i t r o g e n  for  18 h u n d e r  a g e n t l e  r e f l u x  to  y i e l d  a n e w  
c o m p o u n d  a n a l y z i n g  for  C~gH2sO 4. A n  a n a l y t i c a l  s a m p l e  
was  r e c r y s t a l l i z e d  f r o m  a c e t o n e - h e p t a n e ;  In.p.  187 188~ 
[ ~  --  76 ~ (c, 1 .011);  no  U V - a b s o r p t i o n  a t  282 n m ;  v 
3600, 1755 c m  1. T h e  m a s s  s p e c t r u m  r e v e a l e d  t h e  p e a k  
for  t h e  m o l e c u l a r  i on  a t  m / e  320 a n d  2 p r o m i n e n t  p e a k s  
c h a r a c t e r i s t i c  of  t h e  loss  of  2 m o l e c u l e s  of  w a t e r  a t  34-18 
a n d  M - 3 6  w h i c h  i n d i c a t e d  t h a t  t h e  c o m p o u n d  w a s  a diol.  
O x i d a t i o n  w i t h  JONES r e a g e n t  7 c o n v e r t e d  o n l y  one  of t h e  
t w o  h y d r o x y l  g r o u p s  to  a k e t o n e .  T h u s i t  a p p e a r e d t  h a t  
one  of  t h e  h y d r o x y l  g r o u p s  w a s  t e r t i a r y  a n d  i t  s e e m e d  
p o s s i b l e  t h a t  a benz i l i c  ac id  r e a r r a n g e m e n t  of  4 h a d  oc- 
c u r r e d .  
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For s t e r e o c h e m i c a l  r e a s o n s  i t  is  i m p o s s i b l e  fo r  a b e n -  
zilic ac id  r e a r r a n g e m e n t  p r o d u c t  of  4 w i t h  t h e  C / D  trans- 
f u s e d  r i n g s  to  f o r m  a n  11a, 17-1actone.  A n  a d d i t i o n a l  
r e t r o a l d o l  e q u i l i b r i u m ,  p r e c e d i n g  t h e  benz i l i c  a c id  re -  
a r r a n g e m e n t ,  w h i c h  l e a d s  to  e p i m e r i z a t i o n  a t  C-13 is  
p o s t u l a t e d  a c c o r d i n g  to  t h e  e q u i l i b r i u m  f o r m u l a t e d  be low.  
T h i s  is r e q u i r e d  fo r  7 -1ac tone  f o r m a t i o n  o f  t h e  benz i l i c  
a c id  r e a r r a n g e m e n t  p r o d u c t  in  a n  al l  cis- fused s y s t e m  
c o n t a i n i n g  t h r e e  5 - m e m b e r e d  r ingsS.  

T h e  p r o d u c t  r e s u l t i n g  f r o m  t h e  a lka l i  t r e a t m e n t  of  4 
w a s  f o r m u l a t e d  as  1 1 f l - c a r b o x y - 3 e ,  l l : t ,  1 7 / 3 - t r i h y d r o x y -  
1 3 e - C - n o r - 5 / 3 - a n d r o s t a n e  11a,  17-1ac tone  (5a) a n d  t h e  
o x i d a t i o n  p r o d u c t  w a s  t h e  k e t o n e  6a.  T h e  l a t t e r  (6a) w a s  
r e c r y s t a l l i z e d  f r o m  a c e t o n e - h e p t a n e  a n d  t h e  f o l l o w i n g  
p h y s i c a l  c o n s t a n t s  we re  r e c o r d e d :  m . p .  2 4 7 - 2 4 9 ~  [e]~6 
-- 59 ~ (c, 1 .014) ;  Vma x 3578, 1755, 1700 c m  -1. I n  t h e  m a s s  
s p e c t r u m ,  t h e  m o l e c u l a r  p e a k  w a s  o b s e r v e d  a t  m / e  318 
a n d  a p e a k  a t  M - 1 8  i n d i c a t e d  t h e  p r e s e n c e  of  a h y d r o x y l  
g r o u p .  M o s t  i m p o r t a n t ,  a p e a k  a t  M - 7 0  (18%) ,  c h a r a c -  
t e r i s t i c  of  t h e  loss  of  t h e  f i r s t  4 c a r b o n  a t o m s  in  a 3 - k e t o -  
5/3-H s t e r o i d  u n d e r  e l e c t r o n  i m p a c t  9, d e m o n s t r a t e d  t h a t  
t h e  A / B - r i n g  s y s t e m  w a s  n o t  i n v o l v e d  in  t h e  r e a c t i o n  
t h a t  led  to  t h e  d e s t r u c t i o n  of  t h e  r i n g  C c h r o m o p h o r e  
d u r i n g  t h e  a lka l i  t r e a t m e n t  of  4. I t  w a s  of  p a r t i c u l a r  
i n t e r e s t  to  o b s e r v e  t h a t  t h e  M - 7 0  p e a k  w a s  m i s s i n g  in  
t h e  p a r e n ~  a l c o h o l  5a; t h u s  t h i s  p e a k  is c h a r a c t e r i s t i c  o f  
t h e  k e t o n e  6a.  T h e  c o n v e r s i o n  of  5a  to  6a  w a s  a c c o m -  
p a n i e d  b y  t h e  d i s a p p e a r a n c e  of  t h e  b r o a d  N M R - a b s o r p -  
t i o n  c e n t e r e d  a t  a b o u t  218 c / sec  for  t h e  3/3-axial p r o t o n  
wh i l e  t h e  m u l t i p l e t  c e n t e r e d  a t  258 c / sec  a t t r i b u t e d  t o  
t h e  1 7 ~ - p r o t o n  of  5a  w a s  f o u n d  u n c h a n g e d  in  t h e  p r o d u c t  
6a. 

T h e  r e a r r a n g e m e n t  p r o d u c t  5a  g a v e  r ise  to  a d i a c e t a t e  
5b, w h i c h  w a s  r e c r y s t a l l i z e d  f r o m  a c e t o n e - h e p t a n e  to  a 
c o n s t a n t  m e l t i n g  p o i n t  of  1 7 9 - 1 8 0 ~  ~ 6  82 ~ (c, 1 .044) ;  
Vmax 1770, 1730 c m - L  T h e  h y p s o c h r o m i c  s h i f t  of  t h e  lac-  
t o n e  c a r b o n y l  a b s o r p t i o n  in  t h e  I R - s p e c t r u m  of t h e  
a c e t y l a t e d  p r o d u c t  5b  as  c o m p a r e d  to  t h a t  of  5a  is c o n -  
s i s t e n t  w i t h  t h e  f o r m u l a t i o n  of  5a  as  a n  ~ - h y d r o x y c a r -  

t p. L. JULIAN and A. MAGNANI, g.8.  Pat. No. 2,940,991. (June 14, 
196o). 

o The triacetatc of 3 was reduced with calcimn in liquid ammonia 
by the method of J. H. CHAPMAN, J. ELKS, G. H. PHILLIPPS, and 
L. J. WYMAN, J. chem. Soe. 1956, 4344, and the resulting product 
was acetylated to yield 3ct, 17fl-diaeetoxy-ll-oxo-5/3-androstane 
IL. H. SARETT, J. Am. chem. Soe. 69, 2899 (1947)]. The latter 
conlpound was identified by its melting point, optical rotation 
and comparison of its IR-speetrum with that  of allthentie material. 

3 All compounds had satisfactory analyses for carbon and hydrogen. 
The optical rotations and the I R-spectra were recorded in chloro- 
form solutions except where indicated otherwise. The UV-speetra 
were determined in methanol solutions. The NMR-speetra were 
determined with a Varian A-60 spectrometer with solutions in 
deuteriochloroforin using tetramethylsilane as an internal refer- 
ence. The mass spectra were obtained on a MAT mass spectro- 
meter model CH 4. 

4 C. DJERSASSI, H. J. RINGOLD, and G. ROSENKRANZ, J. Am. chem. 
Soe. 76, 5533 (1954); E. J. BECKER and A. COHEN, U.S. Pat. No. 
3,185,713 (May 25, 1965). 

5 R. F. ZIJRCHER, Helv. chim. Acta d6, 2054 (1963). 
6 H. R. NACE and D. H. NELANDER, J. org. Chem. 29, 1677 (1964). 
7 K. BOWDEN, I. M. HEILBRON, E. R. H. JONES, and B. C. L. WEE- 

DON, J. chem. Soc. 7946, 39; C. DJERASSI, R. R. ENGLE, and A. 
BOWERS, J. org. Chem. 21, 1547 (1956). 

8 R. ADAMS and N. J. LEONARD, J. Am. chem. Soc. 66, 257 (1944), 
reported the all cis-fused anhydroplatynecine; R. B. WOODWARD, 
T. FUKUNAGA, and R. C. KELLY, J. Am. chem. Soc. 86, 3162 
(1964), formulated triquinaeene as an all cis-fused system. 

9 H. BUDZIKIEWICZ and C. DJERASSI, J. AIn. chem. Soe. 8d, 1430 
(1,)62). 
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b o n y l  c o m p o u n d  1~ F u r t h e r  ev idence  for the  p r o x i m i t y  
of the  non-ox id izab le  h y d r o x y l  g roup  to  t he  l ac tone  car-  
b o n y l  was  o b t a i n e d  w h e n  t he  I R - s p e c t r a  of t he  di- 
h y d r o x y  c o m p o u n d  5a and  t he  h y d r o x y k e t o n e  6a were 
recorded  in v e r y  d i lu te  c a r b o n  t e t r ach lo r ide  solut ions .  
The  s p e c t r u m  of t he  k e t o n e  6a showed  only  t he  absorp-  
t i on  of t he  i n t r a m o l e c u l a r l y  b o n d e d  h y d r o x y l  (Vma x 3 5 7 3  
cm-1), whi le  t he  s p e c t r u m  of the  alcohol  5a revea led  
abso rp t ions  for b o t h  t h e  free and  t he  i n t r a m o l e c u l a r l y  
b o n d e d  h y d r o x y l  (Vma x 3620, 3575 cm 1)11. 

Final ly ,  i t  was  found  t h a t  t he  ox ida t ion  p r o d u c t  6a 
could be  c o n v e r t e d  t o t h e  co r r e spond ing  ace t a t e  6b, wh ich  
exh ib i t ed  t he  fol lowing phys ica l  c o n s t a n t s  : m.p.  176-178 ~ ; 
[~)6 _ 97 ~ (c, 0.896); Vma x 1770, 1750 shoulder ,  1738 a n d  
1700 c m - L  I n  the  mass  s p e c t r u m  of 6b the  a b s o r p t i o n  of 
t he  molecu la r  ion a t  m/e  360 as well  as t he  p r o m i n e n t  
peaks  a t  M-60  a n d  M-(60  + 70) were obse rved  12,13. 

Zusammen/assung. Die B i l dung  v o n  l l f l -Carboxy-  
3~, 11~, 17f l - t r ihydroxy-13~-C-nor-5f l -andros tan  l l a , 1 7 -  
L a k t o n  aus  3~, 17t3- D i a c e t o x y - 1 1 - h y d r o x y -  12-oxo- 5/3- 

A9(n) -andros ten  wird  beschr ieben .  Der  Mechan i smus  u n d  
die S te reochemie  dieser  U m w a n d l u n g  (Re t ro-Aldo lkon-  
d e n s a t i o n  u n d  Benz i l s~ureumlagerung)  wird d i sku t ie r t .  

P. KURATH 

Organic Chemistry Department, Research Division, Abbott 
Laboratories, North Chicago (Illinois 60064, USA), 
June 24, 1966. 

10 W. NEUDERT a n d  H.  RbPKE, Steroid-Spet~trenatlas (Spr inger -  
Ver lag  Inc. ,  New York  1965), Spec t r a  Nos. 389 and  390. 

11 Cf. M. TlCH'~, in:  Advances in Organic Chemistry: Methods and 
Results ( Interscienee Publ ishers ,  New York  1965), vol. 5, pp.  119, 
162, a n d  210. 

12 The  a u t h o r  is i n d e b t e d  to Mrs. BRIGITTE FRUEHWlRTH for  IN-  
spec t ra ,  to  Mrs. RUTH STANASZEK for NMR-spec t r a ,  a n d  to 
Mr. O. L. KOLSTO for mie roana lyses .  

la I wish to express  nay t h a n k s  to Dr. W.  COLE a n d  Dr. J .  TADANIER 
of A b b o t t  Labora to r i e s ,  a n d  to Dr. P. BEAK of the Un ive r s i t y  of 
Illinois for  s t i m u l a t i n g  discussions.  

T h e  Effect  of N i c o t i n a m i d e  A d e n i n e  D i n u c l e o t i d e  
on  L i p o l y s i s  in  A d i p o s e  T i s s u e  in  v i t r o  

Lipolysis  in  ad ipose  t i ssue  in v i t ro  has  been  s h o w n  to 
be  s t i m u l a t e d  b y  a v a r i e t y  of s y m p a t h o m i m e t i c  amines  
a n d  pep t ide  h o r m o n e s  1,2. There  is ev idence  t h a t  these  
effects are m e d i a t e d  b y  t he  a c t i v a t i o n  of a d e n y l  cyclase, 
p r o d u c t i o n  of cyclic-3' ,  5 ' -AMP 3, a c t i v a t i o n  of a n  adipose  
t i ssue  l ipase 4,5, h y d r o l y t i c  c leavage  of adipose  t issue t r i -  
g lycer ides  and  s u b s e q u e n t  release of f a t t y  acids a n d  
glycerol.  I n h i b i t i o n  of l ipolysis i nduced  b y  t he  s y m p a t h o -  
mime t i c  amines  or pep t ide  h o r m o n e s  has  been  d e m o n -  
s t r a t e d  w i t h  a n u m b e r  of c o m p o u n d s ,  inc lud ing  n ico t in ic  
acid e and  va r ious  me t abo l i t e s  of nucleic  acids 7. Nicot in ic  
acid has  been  d e m o n s t r a t e d  to be  a p o t e n t  l ipolysis 
i n h i b i t o r  in  v i t ro  a n d  th i s  effect  can  be  observed  in v ivo  
in t he  fo rm of a p r o n o u n c e d  depress ion  of p l a s m a  non-  
es ter i f ied f a t t y  acids (NEFA)s .  DOLE 7 has  r epo r t ed  t h a t  
ATt ' ,  5 ' -AMP a n d  adenos ine  i n h i b i t e d  lipolysis, whereas  
t h e  pur ines ,  aden ine  a n d  guanine ,  a n d  t he  pyr imid ines ,  
urac i l  a n d  cytosine ,  increased  lipolysis.  More recent ly ,  
MATSUZAKI and  RABEN 9, differ ing f rom D O L E ,  found  t h a t  
guan ine  i n h i b i t e d  t he  l ipolyt ic  ac t ion  of ep inephr ine .  T h e y  
also r epo r t ed  t h a t  aden ine  s t i m u l a t e d  lipolysis a t  h igh  
con cen t r a t i ons  b u t  h a d  no  s ign i f ican t  effect  a t  lower levels. 

Nicot in ic  acid h a s  been  s h o w n  to be  an  effect ive pre-  
cursor  for  n i c o t i n a m i d e  aden ine  d inuc leo t ide  (NAD) syn-  
thes is  10. The  poss ib i l i ty  exis ts  t h a t  adenos ine  m i g h t  also 
c o n t r i b u t e  to  N A D  synthes is .  I n  v iew of the  fac t  t h a t  
b o t h  n ico t in ic  acid and  adenos ine  h a v e  been  shown  to 
i nh ib i t  l ipolysis in  v i t ro ,  i t  was  of i n t e r e s t  to  i nves t i ga t e  
t he  an t i l ipo ly t ic  effects of N A D  and  re la ted  compounds .  

I n  o rder  to  define t he  l ipolysis i n h i b i t o r y  effects of 
N A D  and  re l a t ed  compounds ,  e p i d i d y m a l  adipose  t i ssue  
was t a k e n  f rom male  Sp rague -Dawley  rats ,  180-240 g, 
fed ad  l ib i tum.  The  t i ssue  was p laced  in f reshly  ae ra t ed  
K r e b s - R i n g e r  b i c a r b o n a t e  buffer ,  p H  7.4, a n d  minced  
w i t h  scissors in to  pieces weighing  a p p r o x i m a t e l y  10  mg. 
200 • 3 (mean  4- s t a n d a r d  dev ia t ion)  mg  of t i ssue  were 
p laced  in each  e x p e r i m e n t a l  f lask c o n t a i n i n g  3 ml  of 
f resh ly  ae ra t ed  (95% O~-5% COs) K r e b s - R i n g e r  b icar-  

b o n a t e  buffer ,  p H  7.4. Bov ine  p l a s m a  a lbumin ,  f r ac t ion  
IV, 1%,  was used as a f a t t y  acid accep to r  in th i s  i ncuba -  
t ion  med ium.  Suff ic ient  no rep ineph r ine  (20-30 ng/ml)  to  
cause  50% of m a x i m u m  f a t t y  acid release was added  to 
the  i n c u b a t i o n  mix ture .  The  c o m p o u n d s  u n d e r  inves t iga -  
t i on  were t h e n  added  a t  app rop r i a t e  concen t ra t ions .  The  
e x p e r i m e n t a l  f lasks were s toppered ,  ae ra ted  w i t h  95% 
02-5% COs for 10 min  and  i n c u b a t e d  a t  37 ~ for 3 h on  
a D u b n o f f  me tabo l i c  shaker .  Af te r  i ncuba t ion ,  a l iquo t s  
were r e m o v e d  and  ana lyzed  for f a t t y  acid c o n t e n t  b y  t he  
m e t h o d  of DOLE 11. The  f a t t y  ac id s . r e l ea sed  in to  t he  
m e d i u m  b y  no rep ineph r ine  were compared  w i t h  t he  re- 
lease of f a t t y  acids in  f lasks  c o n t a i n i n g  no rep ineph r ine  
a n d  t he  t e s t  compound .  The  effect  of t he  i nh ib i t o r  was  
expressed  in t e r m s  of % inh ib i t ion .  

U n d e r  t h e  cond i t ions  of t he  s tudy,  N A D  was shown  to  
be a p o t e n t  i nh ib i t o r  of the  n o r e p i n e p h r i n e - i n d u c e d  f a t t y  
acid release f rom adipose  t i ssue  (Table  I). This  i n h i b i t i o n  
was p r o p o r t i o n a l  to  c o n c e n t r a t i o n  o v e r a  range  of 10 4 to  
10 7M. N A D  is composed  of n i co t i namide  mononuc leo -  
t ide  (NMN) a n d  Y - A M P  jo ined  t h r o u g h  a p y r o p h o s p h a t e  
bridge.  N M N  itself  was a c o m p a r a t i v e l y  weak  i n h i b i t o r  
of f a t t y  acid release as was n ico t inamide .  Nicot in ic  acid, 
on  t he  o t h e r  hand ,  was a v e r y  p o t e n t  inh ib i tor .  The  

1 j .  E. WHITE and F. L. ENGEL, Proc. Soc. exp, Biol. Med. 99, 375 
(1958). 

2 M. VAUGHAN and D. STEINBERG, J. Lipid Res. d, 193 (1963). 
3 R. W. BUTCHER, R. J. Ho, H. C. MENG, and E. W. SUTHERLAND, 

Abstr. Sixth Int. Union Bioehem. 32, 715 (1964). 
4 M. A. RIZACK, J. biol. Chem. 239, 392 (1964). 
s M. VAUGHAN, J. E. BERGER, and D. STEINBERG, J. biol. Chem. 239, 

401 (1964). 
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