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T h e  c o n v e r s i o n  of 1 7 ~ - h y d r o x y p r o g e s t e r o n e  i n t o  

pregn-4Nen-3~,t7=-diol-XO-one a n d  other substances by _perfusions 
through bovine adrenals and ovaries 

W e  h a v e  r epo r t ed  the  convers ion  of I 7 x - h y d r o x y p r o g e s t e r o n e  (I) b y  a single-cycle 
per fus ion  t h r o u g h  a bov ine  ad rena l  g land  in to  cort isol  a n d  2 un ident i f ied  subs tances ,  
u n k n o w n  I,  m.p.  25o-257 °, a n d  u n k n o w n  2, m.p.  268-270° ;  and ,  by  a z-cycle per-  
fusion, in to  cort isol  a n d  an  u n k n o w n  3 (II) ,  m.p.  191-195 ° (ref. I). T h e  u n k n o w n  
s u b s t a n c e  I has  been ident i f ied as a l lopregnan-x7a-o l -3 ,zo-d ione  and  the  u n k n o w n  2 
as al lopregnan-3fl ,  I7m-diol-zo-one b y  compar i son  of t h e  in f ra red  s p e c t r u m  of un-  
k n o w n  I ( t aken  in CHCI3), and  of the  a c e t a t e  of u n k n o w n  2 (from acet ic  a n h y d r i d e  
a n d  pyr id ine) ,  t a k e n  in CSz, wi th  those  of the  respec t ive  k n o w n  subs tances* .  An 
add i t i ona l  q u a n t i t y  of I I  has  since been ob ta ined ,  for a t o t a l  of ix.  9 mg,  a n d  the  m.p.  
ra ised  to  199-2oo °. F u r t h e r ,  a n o t h e r  s u b s t a n c e  has  since been isola ted  f rom the  second 
perfusion.  This  w a s  o b t a i n e d  as pr isms,  lO.6 rag, m.p.  2o2-zo4° ;  ~.max (in methano l )  
242.5 m F ;  Vraax (film) 3448, I653  a n d  1613 c m  -1, f rom certai~l b e n z e n e -  e thy l  
a c e t a t e  (2:1 a n d  1" I )  e lua t e s  of t h e  silica gel a d s o r p t i o n  c o l u m n  ( somewhat  less 
mobi le  t h a n  I I )  a n d  has  been  ident i f ied as pregn-4-en-I7e, ,2ofl-diol-3-one b y  com-  
pa r i son  of i ts  in f ra red  s p e c t r u m  w i t h  t h a t  of t he  k n o w n  compound** .  

I n  one o v a r i a n  perfusion,  i7~-hydroxy[4-1*C]proges terone ,  37 rag, in 3-5 ml  
of p ropy lene  glycol a n d  75o red of c i t r a t e d  whole  cow blood was  c i rcu la ted  t h r o u g h  
3 ovar ies  (fro~, n o n - p r e g n a n t  . . . . . .  ' "-- ,,, 2 h 26 I n  LUW~,} lot 5 0 Cv'cles :-- --'--*** • , u ,  . ~ second t:.,qoc, i- 
meri t ,  32 m g  in 3 ml  of p ropy lene  glycol a n d  65o ml  of b lood were  per fused  t h r o u g h  
4 ovar ies  for 25 cycles in 3.8 h. Each  pe r fusa te  was  e x t r a c t e d  w i th  8 -  9 vol. of i sopropyl  
a c e t a t e  a n d  t h e  e x t r a c t  res idues  c h r o m a t o g r a p h e d  on adso rp t i on  co lumns  of silica 
gel  (Grade  62 or  7 o, Dav i son  Chem. Corp.).  The  res idues  of the  b e n z e n e -  e thy l  
a c e t a t e  (95:5) t h r o u g h  ace tone  e lua tes  f rom bo th  pe r fusa tes  were  c o m b i n e d  a n d  
r e c h r o m a t o g r a p h e d  on a p a r t i t i o n  co lumn  of d i a t o m a c e o u s  e a r t h  (Ceiite 545) us ing  
m e t h a n o l - w a t e r  (4"1) as t h e  s t a t i o n a r y  phase  (0.67 ml/g).  F r o m  cer ta in  of t he  
h e x a n e - b e n z e n e  (3"1) e lua te  residues,  31.7 mg  of c rys ta l l ine  I7a-hydroxy[4- ' -4C] - 
p roges t e rone  were  recovered.  L a t e r  h e x a n e - b e n z e n e  (3:1 a n d  I ' I )  e lua tes  led to  
a res idue of 2.2 m g  f rom which  o.8 m g  of a r ad ioac t ive  subs tance ,  needles,  m.p.  
198-2o1° ,  could be crys ta l l ized  in e thy l  ace ta te .  I t s  in f ra red  s p e c t r u m  was  ident ica l  
w i t h  t h a t  of t h e  u n k n o w n  subs tance ,  I I ,  f rom the  ad rena l  per fusa tes .  

L a t e r  b e x a n e - b e n z e n e  (1"1 a n d  I : 3 )  e luates  led to  t h e  crys ta l l iza t ion ,  f rom 
e t h y l  ace ta te ,  of a t h i r d  r ad ioac t ive  subs tance ,  6.6 rag, m.p.  198-zo50.  Recrys ta l l i -  
z a t i on  ach ieved  the  purif ied subs tance ,  m.p.  2o4-21o° ;  *'max (KBr)  3538, 34oo, 1655, 
16o 7 cm-*,  whose  in f ra red  s p e c t r u m  was  ident ica l  wi th  t h a t  of a u t h e n t i c  pregn-4-en-  
x 7~." .-, .... ~:~ . . . .  

S u b s t a n c e  I I  h a d  Vmax (KBr)  3680 (hydroxyl) ,  3375 (hydroxyl) ,  1692 (unconju-  
g a t e d  ke ton ic  ca rbonyl ) ,  166o (isolated double  bond) ,  Io13 a n d  993 cm-~;  2m~, 
(conc. HzSO ,, x h a t  r o o m  temp. )  308.5, 415 a n d  49 ° m F  plus  v e r y  weak  peaks  a t  
282 a n d  446 inF. Reac t i on  wi th  acet ic  a n h y d r i d e  a n d  pyr id ine  at  r oom t e m p e r a t u r e  

" "~Ve a r e  g r a t e f u l  t o  Dr .  T. F.  GALLAGHER of  S l o a n - K e t t e r i n g  I n s t i t u t e  for  t h e s e  c o m p a r i s o n s .  
"" T h e  k n o w n  c o m p o u n d  w a s  k i n d l y  s u p p l i e d  b y  Cil0a P h a r m a c e u t i c a l  Co. 

*** M e t h o d  o f  E .  B. ROmANOFF AND G. P t N c c s :  Endocrinology, in  t h e  press .  
i *~Ve .are ,~d ,b t -~d  t o  Dr .  E.  P. OLIVETO of  t h e  S c h e r i n g  Corp .  fo r  t h i s  r e f e r e n c e  s a m p l e .  
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yie lded a subs t ance  whose  in f ra red  ,. 'pectrum, vrnax (film) 3375 a n d  r265 £ m  -x, indi -  
c a t e d  the  presence of h y d r o x y l  a n d  ace t a t e  groups .  The  free c o m p o u n d ,  I I ,  was r a p i d l y  
c o n v e r t e d  a t  r oom t e m p e r a t u r e  b y  acet ic  acid con t a in ing  a b o u t  6 % of conc. HC1 
in to  a subs t ance  wi th  2max (methanol)  927, 234.5 a n d  943 mtz. This  s p e c t r u m  is 
cha rac te r i s t i c  of a Aa,5-diene g roup  a n d  i ts  r e a d y  fo rma t ion  ind ica ted  t h a t  one  
h y d r o x y l  g r o u p  in I I  is allylic to  the  double  bond .  Pregn-4-en-31-ol-2o-one was  also 
d e h y d r a t e d  u n d e r  these  condi t ions  b u t  no t  androst-5-en-3,z-ol- i7-one*.  These  d a t a ,  
as well as i ts  mob i l i t y  in t h e  p a r t i t i o n  co lumn,  sugges ted  t h a t  I I  is p regn-4-en-3x , I7~-  
diol-zo-one or t h e  3t3-ol ep imer .  Since it  d id  no t  fo rm an  insoluble  d ig i tonide ,  while 
pregn-4-en-313-ol-2o-one did,  the  conclusion was  t h a t  i t  is the  former.  This  conclus ion  
was  s u p p o r t e d  b y  the  nuc lea r -magne t i c - r e sonance  s p e c t r u m  of I I ,  t a k e n  in CDC1 s, 
which  had  peaks  a t  T (relat ive to  (CHa)4Si) 4.54 (J = 5 cycles/sec;  h y d r o g e n  o r . .~  
d o u b l e - b o n d e d  carbon) ,  5-97 (hydrogen  on the  ca rbon  of a s econda ry  alcohol),  9.00 
(hydrogens  on C-19) a n d  9.25 (hydrogens  on C-18). A de ta i l ed  analys is  of t he  spec t rum,  
which  is too e x t e n d e d  for th is  c o m m u n i c a t i o n ,  led to  t h e  conclus ion t h a t  the  s e c o n d a r y  
alcohol is aUylic to  the  double  b o n d  a n d  t ha t ,  if the  l a t t e r  is b e t w e e n  C-4 and  C-5, 
t h e n  th is  h y d r o x y l  is a t  3 ~**. 

The  conclus ion t h a t  I I is a A4-3-hydroxys te ro id  was  c o r r o b o r a t e d  b y  mi ld  
o x i d a t i o n  wi th  1. 5 equ iv  of 2 ,3 -d ich lo ro-5 ,6 -d icyanobenzoquinone  in t c r t . - b u t a n o l  

a t  r o o m  t e m p e r a t u r e  for 17 h. These  cond i t ions  are  sufficient for ox id iz ing  an  allylic 
a lcohol  b u t  no t  the  alcohol func t ion  of a AS-3-hydroxy la ted  s te ro id  a. T h e  reac t ion  
p r o d u c t  was  a c rys ta l l ine  subs tance ,  m.p.  2o5-216  °, whose  in f ra red  s p e c t r u m  was  
iden t ica l  w i th  t h a t  of 17a -hydroxyproges t e rone .  

Final ly ,  p r e g n - 4 - e n - 3 1 3 , i 7 ~ - d i o l - 2 o - o n e - I 7 - a c e t a t e *  * * was h y d r o l y z e d i n  o.o6 M aq.  
m e t h a n o l i c  K O H  a t  room t e m p e r a t u r e  for 16 h to  o b t a i n  t h e  free alcohol,  m.p .  
219_222 o; Vmax (KBr)  339 o, 169o, 1665, lO62 a n d  lO34 c m  -1, whose  in f ra red  s p e c t r u m  
was  different  f rom t h a t  of IIS. Therefore ,  I I  is t h e  isomer,  p r e g n - 4 - e n - 3 a , x 7 ~ - d i o l -  

2o-one. i t  is i n t e re s t ing  t h a t  ne i the r  pregn-4-en-3~, I7a-d io i -2o-one  nor  i ts  I 7 - a c e t a t e  
f o rmed  an  insoluble  digi tonide.  

Un t i l  recent ly ,  t h e  biological  convers ion  of a / l* -3 -ke tos t e ro id  i n to  a ~14-3-hydroxy- 
s te ro id  h a d  n o t  been observed .  The  first ind ica t ion  of such a r eac t ion  was  r eco rded  
b y  NEEMAN et al. s who isola ted  crys ta l l ine  andros t -3 ,s -d ien-I i13-ol -x7-one f rom the  
ur ine  of a n o r m a l  male  to  w h o m  andros t -4 -en - I  If l -oI-3,I7-dione h a d  been  a d m i n i s t e r e d  
a n d  o b t a i n e d  sugges t ive  ev idence  for t h e  presence  of a ~4-3-hydroxys te ro id .  RtN- 
GOLD Ct al.  4 gave  ev idence  for t h e  r educ t ion  of 6f l -f luorotestosterone,  b y  i ncuba t i on  
wi th  s u p e m a t a n t  f rac t ions  of ma le  r a t  liver, in to  t h e  zi4-3a- a n d  the  A4-313-hydroxy- 
s teroids.  FARNSWORTH et al.  5 i n c u b a t e d  t e s to s t e rone  wi th  p r o s t a t e  minces  a n d  s t a t e d  
t h a t  c h r o m a t o g r a p h i c  d a t a  i nd i ca t ed  t h e  presence  of a 4 -andros ten -3 , I7 -d io l  a m o n g  
÷1- ,  ,~ ~r*r,-~,4 n t-¢~ 

The  isolat ion of 11, a new subs tance ,  is t he  first example  of t h e  r educ t ion  of 
a z I ' -3 -ke tos te ro id  to  a A4-3-hydroxys te ro id  b y  adrena l s  or ovar ies  a n d  is the  first 
i n s t ance  in  which  such a s u b s t a n c e  (~ or fl) has  been  i sg la ted  in c rys ta l l ine  fo rm 

* T h e s e  s u b s t a n c e s  w e r e  g e n e r o u s l y  d o n a t e d  b y  Dr.  M. G u T  of t h e  W o r c e s t e r  F o u n d a t i o n  a n d  
Dr .  K.  WILLIAMS Of S l o a n - K e t t e r i n g  I n s t i t u t e .  

* * W e  a r e  g r a t e f u l  t o  Mr. T. A. ~VxTTSTRUCK a n d  Dr .  N.  L. M c N t v E N ,  w h o  o b t a i n e d  a n d  a n a l y z e d  
t h e  s p e c t r a  of  t h i s  a n d  m o d e l  s u b s t a n c e s .  

* ** W e  a r e  i n d e b t e d  t o  Dr .  P .  B.  SOLLMAN of  G. D. S e a r l e  a n d  Co. f o r  t h i s  s u b s t a n c e .  
§ W e  a c k n o w l e d g e  o u r  a p p r e c i a t i o n  t o  Dr .  A. D.  TAIT, w h o  p r e f o r m e d  t h i s  s a p o n i f i c a t i o n .  
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f rom a n y  b iochemica l  sys tem.  I t  is l ikely t h a t  this  t)-pe of r educ t ion  is more  c o m m o n  
t h a n  t h e  p re sen t  n u m b e r  of example s  ind ica tes  and  t h a t  add i t i ona l  ins tances  will 
a p p e a r  when  the  e x t r e m e  labi l i ty  of a z la -3-hydroxys tero id  ¢o ac id  is apprec ia ted .  
R a t e  s tudies  of the  d e h y d r a t i o n s  of I I  a n d  p r e g n - 4 - # l - 2 o - o n e .  ~ n d e r  t h e  mi ld  
condi t ions  above ,  showed  t h a t  t h e  reac t ions  were a lmos t  75 ?/o oamp]e~e ~i~hin  5 rain. 

The  r educ t ion  of t he  ca rbony l  g roup  of a zJa-3-ketosteroid w i t h o u t  p r ior  r educ t ion  
of the  double  b o n d  reflects an  add i t iona l  degree  of c o m p l e x i t y  in t h e  metaboLism 
of s teroids.  I t  will be w o r t h  while to  tes t  a Aa-3-hydroxwsteroid  as a s u b s t r a t e  in  
var ious  b iochemica l  sys t ems  or in vivo to  learn  w h e t h e r  t h e  doub le  b o n d  r ea r r anges  
t o  form a z la-3-hydroxysteroid .  If  th is  occurs,  t h e n  t h e  t w o  s t e p s ~ r e d u c t i o n  of t h e  
3 -ca rbony l  g r o u p  a n d  r ea r r angemen¢  of the  double  b o n d ~ w o t d d  cons t i t u t e  a reversa l  
of t h e  ox ida t ion  of a Aa-3-hydroxys te ro id  to  a Aa-3-ketosteroid.  Th i s  reversa l  has  
n o t  been  h i t h e r t o  observed .  

Th i s  research  was  s u p p o r t e d  by  g r a n t s  f rom G. D. Sear le  a n d  Co., Chicago,  Ill. 
a n d  the  U.S. Pub l i c  H e a l t h  Service  (Gran t  CY-3653).  
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T h e  a u t o x i d a t i o n  of H b O  z and  MbO~ has  been s tud ied  b y  B R o o g s  ~-~, GEorGE AND 
STRATMAN z-z a n d  TSUSHIMA e a m o n g  others .  T h e  e~4dence a c c u m u l a t e d  s u p p o r t s  t h e  
c o n c e p t  t h a t  reduced ,  d e o x y g e n a t e d  he-he p i g m e n t  reac t s  w i t h  o.x).~gen t o  wield 
ox id ized  he ine  p i g m e n t .  BROOKS 2 a n d  GEORGE AND STr~arM.¢X a showed  t h a t  t he  r a t e  
c o n s t a n t s  for a u t o x i d a t i o n  of HbO2 and  MbO~, respect ively ,  increase  w i th  decreas ing  
pa r t i a l  p ressure  of oxygen  a n d  go t h r o u g h  a m a x i m u m  a t  a pa r t i a l  p ressure  of oxygen  
co r re spond ing  to  hal f  s a t u r a t i o n  of t h e  pa r t i cu l a r  heine  p i g m e n t .  As  V~'A~-rs ~ has  

* J o u r n a l  P a p e r  No .  J - 4 4 5 4  of  t h e  I o w a  ~ , g r i c u l t u r a !  a n d  H o m e  E c o t m m i c s  E x p e r i m e n t  S t a t i o n ,  
Arnez ,  I o w a .  P r o j e c t  No.  i z 6 4 .  


