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e thy l -17-e thyny lgon-5(10) -en-3 -one ,  m.p .  177-184 °, KB~ . Vmax 
3215, 3333, a n d  1704 cm -1. 

Biological Activities. T h e  k e t a l  (17), in  a 10 d a y  r a t  
b lood choles te ro l  depress ion  t e s t  xs, h a d  80% of t h e  b lood  
choles te ro l  dep res s ing  p o t e n c y  of es t rone ,  a n d  in  a m o u s e  
u t e r i ne  g r o w t h  t e s t  xS, h a d  less t h a n  0 .01% of t h e  femin iz -  
ing  p o t e n c y  of es t rone .  I n  t h e  s a m e  t w o  tes t s ,  t h e  k e t a l  
(18) h a d  200 a n d  0 .3% respec t ive ly ,  of  t h e  c o r r e s p o n d i n g  
po tenc ies  of es t rone .  T h e  decanoic  es te r  (19) p r o v e d  to  be  
more  p o t e n t  a n d  to  h a v e  a longer  d u r a t i o n  of anabo l i c  
a c t i v i t y  a n d  a b e t t e r  s e p a r a t i o n  of anabo l i c  a n d  a n d r o g e n -  
ic ac t iv i t i e s  t h a n  19 -no r t e s to s t e rone  f l -phenyt  p r o p i o n a t e  17 
in  a 51]~-week s t u d y  us ing  a modi f ied  p ro toco l  18 i n  t h e  
HERSHBERGER test~% I n  a n  acu te  s t u d y  us ing  t h e  or ig ina l  
HERSHBERGER protocol ,  t h e  k e t o n e  (20) is a t  l eas t  four  
t i m e s  as p o t e n t  m y o t r o p h i c a l l y  t h a n  17~-e thy l -19-nor -  
t e s t o s t e r o n e  2° w i t h  a p p r o x i m a t e l y  t h r e e  t i m e s  t h e  m y o -  
t r o p h i c : a n d r o g e n i c  ratio*~. E x t e n s i v e  c l in ica l  t r i a l s  h a v e  
c o n f i r m e d  th i s  b e h a v i o u r  in  m a n .  I n  t h e  C laube rg  t e s t  2~ 
t h e  k e t o n e  (21) h a s  a p p r o x i m a t e l y  e i g h t y  t i m e s  t h e  po-  
t e n c y  of 1 7 e - e t h y n y l - 1 9 - n o r t e s t o s t e r o n e  ~s. Fu l l  a c c o u n t s  
of t h i s  w o r k  will be  p u b l i s h e d  e lsewhere  ~.  

Zusammen]assung. V o n  m e h r e r e n  ( ~ )  3-Oxy-  u n d  
( + )  3 -Me thoxy-13 -a lky lgona° l ,  3 ,5 (10) t r i en -17-onen  u n d  
v e r w a n d t e n  V e r b i n d u n g e n ,  e inschhess l i ch  y o n  Ver -  
t r e t e r n  d e r  ( ~ )  13-Alky lgon-4-en-3-on-Re ihe ,  w e r d e n  
T o t a l s y n t h e s e  u n d  b io logische  W i r k s a m k e i t  beschr i e -  
ben .  
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Oxidation of Steroidal Ketches II 
Se lenium Dioxide Catalyzed Hydrogen Peroxide 

Oxidation of 4 -en-3 -ones  1 

I n  t he  p rev ious  c o m m u n i c a t i o n  ~ we h a v e  s h o w n  t h a t  
s a t u r a t e d  s t e ro ida l  3 -ke tches  unde r go  o x i d a t i o n  ana logous  
to  t h e  t3aeyer -Vi l l iger  process  r a t h e r  t h a n  r i ng  c o n t r a c -  
t i o n  3 w h e n  r eac t ed  w i t h  h y d r o g e n  pe rox ide  in  t he  pres-  
ence  of s e l en ium dioxide.  W e  now  r e p o r t  o b s e r v a t i o n s  
w i t h  s t e ro ida l  4-en-3-ones  a n d  a 17-ketone.  

The  o x i d a t i o n  was  car r ied  o u t  essen t ia l ly  as  p rev ious ly  
desc r ibed  ~. T h e  s t e ro id  was re f luxed  in  t e r t . - b u t a n o l  con-  
t a i n i n g  h y d r o g e n  pe rox ide  a n d  c a t a l y t i c  a m o u n t s  of 
s e l en ium dioxide.  A f t e r  r e f lux ing  for  7 h,  w a t e r  was  added ,  
a n d  t h e  s te ro ids  were r ecovered  w i t h  a m i x t u r e  of e t h y l  
a c e t a t e - m e t h y l e n e  chlor ide .  T h e  e x t r a c t  was  t h e n  pa r t i -  
t i oned  w i t h  a n  aqueous  so lu t ion  of s o d i u m  c a r b o n a t e  in to  
n e u t r a l  a n d  ac idic  f rac t ions .  

PAYNE a n d  SMITtt 3~ h a v e  d e m o n s t r a t e d  t h e  con t r ac -  
t ive  o x i d a t i o n  of c y c l o p e n t a n o n e  to  c y c l o b u t a n e  c a r b o x y -  
lic acid. U n d e r  essen t i a l ly  s imi l a r  c o n d i t i o n s  '~, howeve r ,  
3 f l -ace toxy-5x-andros tane-17-one  gave  3f l -acetoxy-17a-  
oxa -D-homo-5=-andros t an -17-one  4 (I), m.p .  158-159 ° (re- 
p o r t e d  5 158.5-159.5 °) as t h e  sole  p r o d u c t  of r eac t ion .  

T h e  o x i d a t i o n  of 4-en-3-ones  was  more  c o m p l e x  a n d  
a p p a r e n t l y  p roceeded  i n  seve ra l  s tages.  T r e a t m e n t  of 
t e s t o s t e rone  p r o p i o n a t e  as  before  ~ gave  a s y r u p y  acidic  
res idue  f rom wh ich  t h e  e- lac tone acid I I a ,  m.p .  154-155 °, 
was  isolated.  U p o n  sapon i f i ca t ion  t h e  u n s t a b l e  l ac tone  
acid I I b ,  m.p.  211-213 °, was  o b t a i n e d  w h i c h  on  a t -  
t e m p t e d  rec rys ta l l i za t ion  c h a n g e d  to  t h e  y - lac tone  acid 
I I I a ,  m.p .  211-212 °. T h e  p r o d u c t  I I I a  on  p r o p i o n a t i o n  
gave  t h e  17f l -propionate  I I I b ,  m.p .  170-174 °, d i f f e ren t  

f rom I Ia .  T r e a t m e n t  of t h e  s - l ac tone  l i b  w i t h  e t h e r a l  d ia-  
z o m e t h a n e  c o n v e r t e d  i t  i n to  t h e  m e t h y l  es te r -y - lac tone  
IIIc, m.p.  151-152 °. S imi la r ly  p r o p i o n a t i o n  of I I b  w i t h  
py r id ine -p rop ion ic  a n h y d r i d e  gave  I I I b .  T h e  c o m p o u n d  
I l a o n  d i a z o m e t h a n e  es te r i f i ca t ion  gave  I I I d , m . p . 1 4 9 - 1 5 2  °, 
also o b t a i n e d  f rom I I I b .  Sapon i f i ca t i on  of  t h e  m o t h e r  
l iquor  of I I a  gave  t h e  y- lac tone  I I I a  d i rec t ly .  

C o n f i r m a t i o n  of t h e  l a c tone  s t r u c t u r e  I I a  was  o b t a i n e d  
b y  a n  i n d e p e n d e n t  syn thes i s .  T e s t o s t e r o n e  p r o p i o n a t e  on  
ozon iza t ion  6 gave  t h e  l ac to l  I V a  w h i c h  on  t r e a t m e n t  w i t h  
h y d r o g e n  pe rox ide -ace t i c  acidSa y ie lded  I I a .  

T h e  a s s i g n m e n t  of t h e  s t r u c t u r e  I I a  is b a s e d  on  t h e  
p remise  t h a t  t h e  o x i d a t i o n  of t h e  l ac to l  I V a  w i t h  pe race t i c  
acid p roceeded  v i a  scission of t h e  5-10 b o n d .  S u p p o r t  for  
t h i s  a s s u m p t i o n  is p r o v i d e d  b y  t h e  downf ie ld  sh i f t  of t h e  
19 -me thy l  (v 8.69) c o n s i s t e n t  w i t h  a m e t h y l  g roup  a t -  
t a c h e d  to  a c a r b o n  b e a r i n g  a n  oxygen .  T h e  i n f r a r e d  spec-  
t r u m  of t h i s  l a c tone  h a d  a b a n d  a t  1750 c m  -x a n d  t h e  
b a n d  e x t e n d i n g  f rom 1735 to  1720 c m  - I  was  un reso lved .  
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The  uns table  saponif icat ion p roduc t  I I a  had  bands  a t  
1750 and 1715 c m - L  On the  o ther  hand  the  ~-lactone I I I a  
showed bands  a t  1770 and 1705 cm -~. Again  the  19- 
m e t h y l  exh ib i t ed  the  character is t ic  downfield shif t  (v 
8.64) in the  N M R  spect rum.  

OR 

Aco  ° 
H [ Ii 

a R-C0'CzH s 
bR=H 

R ~o H 

OH iv I V 
oR2 

a R-O.CO.CzH ~ a R~=Rz= H 
b R=,AcO-t-H b R1-H;Rz=CH 3 

c R 1 =CO'CH v Rz- CH 3 

J 
I E 0~ 

a R,=R~=H 
b RI=C0'CzHs;Rz-H 
c RT=H;Rz-CH 3 
d Rt=COCzHs;Rz-CH 3 

Similar  results were ob ta ined  wi th  20fl-acetoxypregn- 
4-en-3-one. The  acidic sy rupy  react ion p roduc t  was direct-  
ly saponif ied to yield Va, m.p.  220-222 °. I t s  s t ruc ture  was 
p roved  by  a l t e rna t ive  synthesis  f rom IVb,  m.p. 186-189 °. 
T r e a t m e n t  of IVb  wi th  acetic ac id-hydrogen  peroxide  fol- 
lowed by  saponif icat ion,  gave  Va. Es te r i f ica t ion  wi th  
d iazomethane  gave  Vb, m.p.  177-180 °, which was ace ty l -  
a ted  to Vc, m.p.  164-165 °. 

I t  is reasonable  to assume t h a t  the  lac tone  I I  arises 
f rom the  lactol  IV. The  mode of fo rmat ion  of IV is not  im- 
med ia t e ly  apparent .  We  h a v e  prev ious ly  demons t r a t ed  
t h a t  Baeyer-Vil l iger  ox ida t ion  of A4-3-ketones yields 7- 
membered  enol-lactones (3-oxo-3a-oxa-4-enes) which  can 
give 4, 5-epoxides ~. Similar  enol- lactones h a v e  been  shown 
to be formed f rom 4-ene-3-bis-hydroperoxides  s. F o r m a -  

t ion of 4,5-diols f rom such enol- lactones (or epoxides),  
and loss of the  e lements  of formic  acid would  lead to IV. 
Al te rna t ive ly ,  3-keto-4,5-glycol  fo rmat ion  f rom 4-en-3- 
ones m a y  be the  in i t ia l  step.  A mode of act ion leading 
f rom 7-membered  enol  lactones  to 3, 5 lactones (3-oxo-4- 
oxa  compounds)  9 will have  to be ru led  ou t  since such lac- 
tones  would be s table  under  the  condi t ions  employed  by  
us. 

The  me thod  described provides  a means  for t he  facile 
e l imina t ion  of an a-carbon in a con juga ted  carbonyl  sys- 
tem,  and  concomi t an t  insert ion of an  oxygen  funct ion  in 
the  resul t ing  ketonic  product .  

The  u t i l i ty  of the  procedure  is fu r the r  ex tended  by  the  
obse rva t ion  t h a t  an  acety l  moiety ,  i.e. in proges terone  is 
no t  be ing  a t tacked,  while the  ox ida t ion  of r ing A proceeds 
as described.  I so la ted  double bonds give glycols as evid-  
enced by  the  convers ion of pregnenolone to the  3fl, 5~, 6fl- 
t r i hydroxypregnan-2  0-one. 

Zusammen[assung. O x y d a t i o n  von  steroidalen zl4-3- 
Ke tonen  mi t  Wassers tof fsuperoxid  in Anwesenhei t  yon  
Selendioxid f i ihrt  zu Verb iudungen  der  a l lgemeinen 
S t r u k t u r  I I .  Diese Methode  erscheint  besonders geeignet  
ftir eine o x y d a t i v e  E l imin ie rung  des c¢-Kohlenstoffatoms 
in kon jug ie r ten  Ketonen,  sowie fiir die Synthese  yon 
Norsecos~urelactonen II .  Ausgehend yon 17-Ketonen  er- 
ha l t  m a n  Lak tone  I. E in  mSglicher  Reakt ionsmechanis -  
mus  wird diskut ier t .  
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d - L y s e r g y l - L - v a l i n - m e t h y l e s t e r ,  
e i n  n e u e s ,  n a t i i r l i c h e s  M u t t e r k o r n a l k a l o i d  1 

Bei  der  Aufa rbe i tung  yon  Alka lo idmut t e r l augen  aus 
Zuch t rau t t e rkorn  wnrde  ein neues, n iedr igmolekulares  
Mut te rkorna lka lo id  aufgefunden,  das dann  auch als 
Spurenalkalo id  in vielen na t i i r l ichen Mut t e rkorndrogen  
nachgewiesen werden  konnte .  Diese neue Verb indung  er- 
wies sich als d-Lysergyl -L-val in-methyles ter .  Sic s tel l t  
einen Mut t e rko rna lka lo id typ  dar, yon  dem schon zahl-  
reiche Ver t re te r  auf  pa r t i a l syn the t i s chem W e g  herges te l l t  
worden  waren  ~ und  der  j e t z t  ers tmals  in der  N a t u r  be- 
obach te t  wurde. Das neue Alkaloid konnte  aus den Alkaloid-  
mu t t e r l augen  durch  wiederhol tes  Chromatograph ie ren  an 
neu t r a l em Alumin iumox id  m i t  Benzol,  d e m  ste igende Men- 
gen Methanol  zugesetz t  wurden,  isoliert  werden.  Die freie 
Base is t  in den meis ten  organischen LSsungsmi t te ln  leicht  
16slich und  konn te  bisher  n ich t  zur  Kr is ta l l i sa t ion  ge- 
b rach t  werden.  

A m o r p h e  Base Smp  80-85 °. [ ~ ] ~ = - - 1 0 3  ° (4- 2 °) ( c =  
1,6 in Chloroform),  [ a ] ~ = - - 6 5  ° (4-2  °) ( c =  1,4 in Pyr i -  

din). F i i r  die Analyse  wurde  im H o c h v a k u u m  bei 100 ° ge- 
t rockne t  (Schmelze).  C22H2~O3N, Ber.  C69,3 H 7,1 O 12,6 
N 11,0% ; Get. C69,0 H 7,2 O 12,6 N 11,2°/o . U V - S p e k t r u m  
in Methano l :  M a x i m a  bei  225 mtz (4,34) und 311 mtz 
(3,94); Min imum bei 269 m~z (3,34). T i t r a t ion  mi t  0 , 05N 
HCI:  Mol-Gew. Ber.  381,5 Get. 384/385. Gibt  blaue Kel ler-  
und v a n  Urk-Farb reak t ion .  

Das  H y d r o g e n m a l e i n a t  kris tal l is ier t  aus Aceton  in 
feinen Nadeln.  Smp.  185 ° (Zers.). [~ ]~0=+38  ° ( c =  1,2 in 
Alkohol /Wasser  1 : 1). 

Das neue Alkaloid 1/isst sich durch  Kochen  der  m e t h a -  
nolischen, schwach essigsauren L6sung in d-Isolysergyl-  
L-va l in -methyles te r  umlagern.  Aus dem I somerengemisch  
1/~sst sich die I sove rb indung  du tch  Chromatograph ie ren  
an neu t ra lem Alumin iumox id  (Aktivit~.t I) m i t  B e n z o l +  
0,2% Methanol  als schneller  wandernde  Zone ab t rennen .  
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