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t h e s e  m e t a l s  u n d e r g o  r e v e r s i b l e  o x i d a t i o n - r e d u c t i o n  
r e a c t i o n s  u n d e r  p h y s i o l o g i c a l  c o n d i t i o n s ,  a n d  a r e  c a p a b l e  
of  c a t a l y z i n g  a u t o x i d a t i o n s .  O u r  o b s e r v a t i o n s  w i t h  l e a d  
i n d i c a t e  t h a t  t h i s  c a p a b i l i t y  is  n o t  n e c e s s a r y  fo r  t h e  
e n h a n c e m e n t  of  o x y g e n  t o x i c i t y .  I n  a d d i t i o n ,  t h e y  r a i se  
t h e  p o s s i b i l i t y  t h a t  l e ad  m a y  i n t e r a c t  w i t h  o t h e r  o x i d a t i v e  
a g e n t s  in  w a y s  t h a t  a r e  h a r m f u l  t o  l i v i n g  o r g a n i s m s .  

Zusammen/assung. N a c h w e i s ,  d a s s  i .v .  I n j e k t i o n  y o n  
B l e i a c e t a t  d ie  ~ b e r l e b e n s z e i t  y o n  R a t t e n ,  d ie  r e i n e n  

S a u e r s t o f f  a t m e n ,  d o s i s a b h ~ n g i g  u m  5 0 %  v e r k t i r z t ,  w a s  
s o w o h l  be i  1 a l s  a u c h  be i  4 a t m  S a u e r s t o f f p a r t i a l d r u c k  
b e o b a c h t e t  w i rd .  
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l~-Hydroxylation of D-Norgestrel and Norethisterone by Botryodiplodia malorum 

I n  t h e  c o u r s e  of m e t a b o l i c  s t u d i e s  of  t h e  p r o g e s t a t i o n a l  
a g e n t s  n o r g e s t r e l  1 ( D L - 1 3 f i - e t h y l - 1 7 , t - e t h y n y l - 1 7 f i - h y d r o -  
x y g o n - 4 - e n - 3 - o n e ,  DL-I) a n d  n o r e t h i s t e r o n e  (D-19-nor-  
1 7 c r  I I )  i t  w a s  
s u g g e s t e d  t h a t  t h e  l f t - h y d r o x y  d e r i v a t i v e s  m i g h t  be  
p o s s i b l e  m e t a b o l i t e s ~ ,  ~. T h i s  l ed  u s  to  c o n s i d e r  t h e  p re -  
p a r a t i o n  of  D- I f t - h y d r o x y n o r g e s t r e l  (D- lft, 1 7 f l - d i h y d r o x y -  
1 3 f l - e t h y l - 1 7 ~ t - e t h y n y l g o n - 4 - e n - 3 - o n e ,  I I I )  a n d  l f l - h y d r o -  
x y n o r e t h i s t e r o n e  (D-19-nor-17Qr 17 f i -d ihyd ro -  
x y a n d r o s t - 4 - e n -  3-one,  IV) .  

M i c r o b i o l o g i c a l  l f l - h y d r o x y l a t i o n  of 1 9 - n o r s t e r o i d s  h a s  
b e e n  r e p o r t e d  w i t h  A spergillus ochraceus 4 a n d  Botryodi- 
plodia malorumS-7; we fel t ,  t h e r e f o r e ,  t h a t  t h i s  m i c r o b i a l  
t r a n s f o r m a t i o n  m i g h t  g i v e  r e a d y  a c c e s s  to  t h e  d e s i r e d  
c o m p o u n d s  I I I  a n d  IV.  S i nce  1 - h y d r o x y l a t e d  A*-3-one  - 
1 9 - n o r s t e r o i d s  a r e  e a s i l y  c o n v e r t e d  t o  t h e i r  r i n g  A a r o m a t -  
ic c o n g e n e r s  b y  b a s e  4,s, we  f o u n d  t h r o u g h  a n a l y s i s  o f  
b a s e  t r e a t e d  s o l v e n t  e x t r a c t s  b y  t h i n  l a y e r  c h r o m a t o -  
g r a p h y  t h a t  B. malorum w a s  t h e  c u l t u r e  of  cho ice .  T h e  
e x p e r i m e n t s  w e r e  d e s i g n e d  p r i m a r i l y  for  t h e  i s o l a t i o n  of  
I I I  a n d  I V ;  o t h e r  p r o d u c t s  we re  i n v e s t i g a t e d  o n l y  if 
t h e y  w e r e  i s o l a t e d  in  t h e  c o u r s e  of  a c h i e v i n g  t h i s  o b j e c t i v e .  

I n c u b a t i o n  of  D - n o r g e s t r e l  (D-I) w i t h  B. malorum C B S  
134.50 g a v e  t h e  l f i - h y d r o x y  a n a l o g  I I I  a s  t i le  m a j o r  
p r o d u c t .  W i t h  n o r e t h i s t e r o n e  (II) as  s t e r o i d  s u b s t r a t e ,  
t h e  l f i - h y d r o x y  d e r i v a t i v e  I V  w a s  a v e r y  m i n o r  p r o d u c t ,  
w h i l e  t h e  m a j o r  p r o d u c t  w a s  h y d r o x y l a t e d  a t  C-11ft (D- 
19-nor -  17c t - e thyny l -  11/~, 1 7 f i - d i h y d r o x y a n d r o s t - 4 - e n -  3- 
one ,  V).  

F o r  t h e  c o n v e r s i o n  of D-I, t h e  i n o c u l u m  w a s  g r o w n  in  
s h a k e n  f l a s k s  c o n t a i n i n g  a c o r n  s t e e p  l i q u o r :  p e p t o n e :  
d e x t r o s e  m e d i u m  for  72 h a t  28 ~ M y c e l i a l  t r a n s f e r s  we re  
m a d e  t o  a 14 1 I e r m e n t o r  w i t h  8 1 of  g r o w t h  m e d i u m .  

A f t e r  24 h i n c u b a t i o n  t h e  cel ls  we re  f i l t e r ed  off  a n d  sus -  
p e n d e d  in  d i s t i l l e d  w a t e r .  T h e  s t e r o i d  D-I,  1.4 g a d d e d  i n  
e t h a n o l i c  s o l u t i o n ,  w a s  i n c u b a t e d  for  71 h b e f o r e  h a r v e s t .  
T h e  m y c e l i u m  w a s  f i l t e r e d  off, a n d  t h e  f i l t r a t e  w a s  
e x t r a c t e d  w i t h  e t h y l  a c e t a t e .  T h e  d r i e d  s o l v e n t  e x t r a c t s ,  
d i s s o l v e d  ill a c e t o n e ,  a f f o r d e d  1.08 g of  a c r u d e  m i x t u r e  
c o n t a i n i n g  5 p r o d u c t s .  

T h i s  m a t e r i a l  w a s  c h r o m a t o g r a p h e d  o n  p r e p a r a t i v e  
s i l i ca  gel  t h i n  l a y e r  p l a t e s  in  c h l o r o f o r m  : e t h a n o l  : a c e t o n e  
(8: 1 :1 ) .  T h e  a r e a  c o n t a i n i n g  t h e  d e s i r e d  p r o d u c t  w a s  
M u t e d  a n d  y i e l d e d ,  a f t e r  c h a r c o a l  t r e a t m e n t  a n d  r e c r y s -  
t a l l i z a t i o n  f r o m  a c e t o n e ,  601 m g  of p r o d u c t  I I I ,  m . p .  

1 Norgestrel is a racemate (DL-I); I~-norgestrel (D-I) corresponds in 
absolute configuration to the natural  form of steroids. 
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NNR assignments and optical properties of transformation products 

[0~] D O H ~ M  OHor C-13orC-18 
Me Signal" 

OAc zJ M OAc 

C-2 Protons C ~ C H  10r or 11cr C-4 Acetoxy 
Proton Proton Proton Me Signal 

D-lft-Hydroxynorgestrel (III) --  145.1 b --344 ~ 0.95 t (7) 

D-l~-Acetoxynorgestrel (III a) -- 144.0 a --400 c 1.02 t (7) 

l~-Hydroxynorethisterone (IV) --153.7 ~ --397 e 0.93 s 
l~-Aeetoxynorethisterone (IVa) --135.8 a --399 ~ 0.91 s 
ll/~-Hydroxynorethisterone (V) --  5.8b + 76 e 1.00 s 

11fl-Acetoxynorethisterone (Va) 0.0 b + 94 ~ 1.05 s 

2.50 d {4.8) 2.52 s 4.40 m 5.85 s 

2.60 d (4) 2.62 s 5.61 m 5.98 s 2.03 s 

2.50 d (4) 2.52 s 4.45 m 5.88 s 
2.55 d (4) 2.57 s 5.53 m 5.88 s 2.01 s 

3.33 s 4.18 m 5.90 s 

2.62 s 5.32 m 5.89 s 2.07 s 

All NMR spectra were recorded in deuterated chloroform with the exception of V, which was recorded in deuterated dimethyl sulfoxide. 
All signals are given in ppm downfield from tetramethylsilane; the letters s, t, m, designate singlet, triplet, and multiplet, respectively. 
Numbers in parenthesis are J values; b Solvent was chloroform: methanol (i :i) ; o Parent compound: D-norgestrelK a Solvent was chloroform. 
e Parent compound: norethisteroneK 
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246-247 ~ Anal. Calcd. for C=lH2aOa: C, 76.79; H, 8.59. 
Found:  C, 76.81; H, 8.77. UV 2 maxEtOH 243 nm (e = 15,010). 
,~ 0.066N KOI~in gtOH 241 nm (e = 9,320) and 298 n m  (e = 

m a x  

3,400). The l a t t e r  phenoxide  solut ion was acidified, af- 
ter  which it  d isplayed a typ ica l  a romat ic  absorpt ion 
s p e c t r u m :  ]tma x 281 nm (e = 2,860) and 287 nm (e = 
2,550). The  rapid  convers ion of I I I  to its a romat ic  
congener by  mild  base t r e a t m e n t  was fur ther  confirmed 
by  th in  layer chromatography,  which showed the  arom- 
atic product  formed to be ident ical  wi th  17e-e thynyl -  
13fl-ethylgona-1,3, 5(10)-trien-3, 17-diol. The h ighly  nega- 
t ive  ro ta t iona l  increment  of I I I  (see Table) is typica l  for 
1/5-hydroxylation in 19-norsteroids, ra ther  t han  of la -  
hydroxylat ion4,  ~,~~ I R  in K B r :  3.05, 3.15, 3.50, 3.58, 
6.05, 6.15 ~z. Mass spec t rum:  m/e 328 (M+-), m/e 310 
(M-H~O). 

The D-lf l -hydroxynorgest re l  compound  formed a mono- 
ace ta te  ( I I I a )  under  mild  acyla t ing  conditions,  re.p. 186- 
187 ~ Anal.  Calcd. for CeaH~50,: C, 74.56; H, 8.16. Found:  
C, 74.43; H, 8.43. I R  in CHCla: 3.02, 3.50, 5.75, 5.98, 
6.05 ~z. The A M~ Ac (Table) supports  the  lf l-assignment.  
N M R  analysis followed by  double i r radia t ion exper iments  
showed the  C-2 protons  at  2.60 p p m  to be coupled to the  
mul t ip le t  of the  C- l e -p ro ton  at  5.61 p p m  and vice versa, 
much  in the same fashion as described earlier *, fur ther  
suppor t ing the  l f i -hydroxy assignment.  

The modif ica t ion  of norethis terone (II) to the  lfl- 
hyd roxy  analog by B. malorum CBS 134.50 was accom- 
pl ished in 11 shaken flasks. Growth  in the secondary stage 
was cont inued for 3 days prior  to the  addi t ion  of I I .  In- 
cubat ion  was carried out  for a period of 3 to 5. days in 
order to effect par t ia l  e l iminat ion  of the major  11fl- 
hyd roxy  der ivat ive .  

A to ta l  of 15.9 g of I I  was fermented.  The dried solvent  
ext rac ts  obta ined  f rom the  fe rmenta t ions  were chromato-  
graphed on p repara t ive  th in  layer plates. The  area 
conta in ing the  1/3-hydroxy product ,  over lapped by  the  
l l f i - hyd roxy  analog, was excised and rechromatographed  
on th in  layer  plates,  0.25 m m  in thickness,  in chloroform : 
e thanol :  acetone (8 : 1 : 1), wi th  separat ion still incomplete .  
However ,  ch roma tog raphy  on thin  layer plates in the  
solvent  sys tem cyclohexane : e thyl  aceta te  (1: 1) separated 
the  desired IV from the  11fl-hydroxy analog V and other  
contaminants .  E lu t ion  of the  desired zone and crystall iza- 
t ion from ether  gave 403 mg of IV, m.p. 191-193 ~ Anal.  
Calcd. for C~0I-I2603 : C, 76.40 ; H, 8.34. Found  : C, 76.11 ; H, 
8.38. UV t Et~ 242 nm (e = 15,556), ~0.066NNaOHinEtOH 

--  r,4 a~r m ~ x  

242 nm (e ~- 9,485) and 298 nm (e -~ 2,961); acidif ied:  
280 nm (e --~ 2,074), 288 nm (e = 1,778). The p ro ton  
spec t rum displayed the  expec ted  signals as shown in 
the  Table,  and the  ro ta t iona l  increment  was in accor- 
dance wi th  l f l -hydroxy assignment.  I R  in K B r :  3.00, 3.44, 
6.01, 6.10 a. Mass spec t rum:  m/e 314 (M+.), m/e 296 
(M-H20). Monoaceta te  I V a :  m.p. 177-180 ~ Anal.  Calcd. 
for C,2H~sO ,. 1/t HIiO: C, 73.20; H, 7.96. Found :  C, 73.05; 
H, 7.90. I R  in I~Br: 2.90, 3.02, 3.40, 5.71, 6.00, 6.10 ~.. 
Mass spec t rum:  m/e 356 (M+.), m/e 296 (M-CHaCOOH). 
The ro ta t iona l  increment  and N M R  spec t rum of I V a  are 
in agreement  wi th  the proposed structure.  

In  the  course oI isolating l f i -hydroxynorethis terone,  
we accumula ted  sufficient 11fl-hydroxy analog V for 
analyt ica l  purposes, m.p. 223-224 ~ Anal .  Calcd. for 
C~0H,,O~: C, 76.40; H, 8.34. Found :  C, 76.47; H, 8.38. 
U V  ~EtOHm~x 242 nm (e = 15,635). I R  in K B r :  3.00, 3.45, 
3.50, 6.05, 6.15 ~t. Mass spec t rum:  m/e 314 (M+.), m/e 
296 (M-H~O). Monoaceta te  Va:  m.p. 215-220 ~ Mass 
spec t rum:  m/e 356 (M+.), m/e 296 (M-CHaCOOH). I R  in 
K B r :  3.00, 3.15, 3.45, 5.78, 6.06 and 6.16 [z. The l i f t -  
hydroxy l  funct ion of the diol V could be oxidized to a 

ketone affording D-19-nor-17e-ethynyl-17~-hydroxyan-  
E t O H  drost-4-en-3,11-dione (VI) : U V  Zmax 240 n m . I R  in KBr :  

2.96, 3.08, 3.50, 5.82, 6.01 and 6.16 ~t. Mass spec t rum:  
m/e 312 (M+.), m/e 176, (CllH1202), m/e 148 (C1oH1,O). 
N M R :  0.86 p p m  (C-13 methy l  singlet), 5.85 p p m  (C-4 
proton singlet). The ass ignment  of s t ruc ture  is as follows : 
Base t r e a t m e n t  of V gave no signif icant  a l te ra t ion  of ti le 
UV-spec t rum over  a 24 h period, thus  excluding hydroxyl -  
a t ion at  carbons 1, 2, 6 and 7. The carbonyl  absorpt ion  at  
5.82 ~t in the  IR- spec t rum of compound  VI  excluded 
hydroxy la t ion  in r ing D. Monoaceta te  format ion  (Va) 
under  mild  condit ions indicated a secondary alcohol. The 
NMl%spec t rum excluded hydroxy la t ion  a t  C-18, the  
e thyny l  por t ion  and C-4, leaving only C-11 and C-12 as 
possible al ternat ives.  The C-12 posi t ion was excluded by  
the  posi t ion of the  C-13 me thy l  singlet  in VI  which, in the  
case of 12 subst i tut ion,  should receive a large downfield 
shift  compared to its pa ren t  norethis terone ~1. Actual ly,  
a small  upfield shift  (0.06 ppm) was observed. The  mass 
spectral  f ragmenta t ion  of VI, wi th  peaks at  C~I.I1202 
(176) and C10H120 (148), gave fur ther  evidence for the  
hydroxy la t ion  to have  occurred at  C-11 ra ther  t han  C-12. 
The  molecular  ro ta t iona l  increments  of the  diol V and the  
monoace ta te  Va are in agreement  bo th  in sign and 
magni tude  wi th  da ta  reported by DE FLINES et al. 12, who 
pu t  the range of l l /~-hydroxyla t ion  in 19-norsteroids 
f rom + 17 ~ to + 121 ~ The d MB for l l ~ - h y d r o x y l a t i o n  is 
repor ted  to be nega t ive  12. In  addit ion,  the  shape of the  
l l ~ - p r o t o n  signal in Va was in close agreement  wi th  the  
publ ished pa t t e rn  la  

The two 1/~-hydroxy compounds  were compared  for 
es t rogenici ty  in mice by  the  me thod  of ]~DGREN and 
CALHOUN 14. The animals  were injected s.c. wi th  a to ta l  
of 100 [zg of steroid dissolved in 0.4 ml  of sodium carboxy-  
methylcellulose,  0.5% solution, over  a 4-day period. 
None of the  tes t  animals  injected wi th  the  norgestrel  
der iva t ive  (III) showed vaginal  cornification, while 19 
of 20 mice tested wi th  the  norethis terone analog (IV) 
gave a posi t ive  response. Nei ther  of the  paren t  compounds  
had any  estrogenic effect. 

Zusammen/assung. Die mikrobiologische l f l -Hydroxy-  
Iierung yon D-Norgestrel  und Nore th is te ron  durch den 
Mikroorganismus Botryodiplodia malorum wird beschrie- 
ben. Ausserdem wurde  l l f i -Hydroxynore th i s t e ron  isoliert  
und charakter is ier t .  
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