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Microbiological Hydroxylation of Certain 
Indole Alkaloids 

"While m i c r o b i o l o g i c a l  t r a n s f o r m a t i o n s  h a v e  b e e n  
w i d e l y  s t u d i e d  in  t h e  s t e r o i d  field, t h e r e  a r e  o n l y  f ew  
e x a m p l e s  of  s u c h  t r a n s f o r m a t i o n s  of  a lka lo ids .  

W h e n  a p o y o h i m b i n e  ( l a p ,  f l - y o h i m b i n e  m e t h y l  e t h e r  
(na)L a n d  3 - e p i - a p o y o h i m b i n e  ( I I I a )  3 w e r e  a e r o b i c a l l y  
i n c u b a t e d  (200 y /ml)  in  d e e p  c u l t u r e  f e r m e n t e r s  w i t h  a 
48 h g r o w t h  of  C u n n i n g h a m e l l a  B l a k e s l e a n a  L e n d n e r  on  
a p e a  m e a l  m e d i u m  for  24-72  h t h e y  w e r e  t r a n s f o r m e d  
i n t o  m o r e  p o l a r  c o m p o u n d s .  D e t a i l s  o f  t h e  f e r m e n t a t i o n s  
( fo l lowed  b y  m e a n s  of  p a p e r  c h r o m a t o g r a p h y  in t h e  ]35 
s y s t e m  of  BusI~ ~) a n d  t h e  i so l a t i on  of  t h e  f e r m e n t a t i o n  
p r o d u c t s  will  be  p r e s e n t e d  in  a f o r t h c o m i n g  p a p e r .  

1 G. BARGER and E. FIELD, J. chem. Soc. 123, 1038 (1923) 
2 W. O. GODTFREDSEN and S. VANGEDAL, Acta chem. Scand. 11, 

1013 (1957). 
3 The new compound IIIa was prepared by dehydration of pseudo- 

yohimbine a with phosphorus oxychloride in pyridine. M. p. 91-93; 
[~]~ = -I- 85 ° (pyridine). 

4 W. O. GODTFREDSEN und S. VANGEDAL, Acta chem. Scand .10, 
1414 (1956). 

s W. O. GODTFREDSEN and S. VANGEDAL, Acta chem. Scand. 11, 
1013 (1957); 10, 1414 (1956). I . E .  Bvsg, Biochem. J. 50, 370 
(195~). 
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R 1 = R~ = H 
{ C21H~4N203; 

R 1 = OH, R 2 = H m.p.  259-261°C; 
~a]~ 8 = + 34"5 ± 1 ° (pyridine) 

I CilHeaN2Oa, HC1; 
R 1 = H, R 2 ~ OH m.p.  273-274°C; 

[m]~ 3 = + 64 ° 4- 1 ° (methanol)  
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P a p e r  c h r o m a t o g r a p h y  of  t h e  a p o y o h i m b i n e  f e r m e n t a -  
t i o n s  r e v e a l e d  t w o  t r a n s f o r m a t i o n  p r o d u c t s  of  R F =  0.60 
(green  f l uo re scence  a f t e r  i r r a d i a t i o n  w i t h  U . V . - l i g h t )  a n d  
R F  = 0-38 (purp le  s p o t  a f t e r  s p r a y i n g  w i t h  a b u t a n o l i c  
s o l u t i o n  of  d i a z o t i z e d  s u l f a n i l a m i d e  f o l l o w ed  b y  a lka l i  s) 
r e s p e c t i v e l y .  T h e  m a i n  t r a n s f o r m a t i o n  p r o d u c t s  o f  I I a  
a n d  I I I a  w e r e  also d e t e c t e d  w i t h  t h i s  p h e n o l  r e a g e n t  
(RF = 0.18 a n d  0.34 r e sp ec t i v e l y ) .  

T h e  s t r u c t u r e s  Ib ,  l i b ,  a n d  I I I b  w e r e  a s s i g n e d  to  t h e  
' p h e n o l i c '  t r a n s f o r m a t i o n  p r o d u c t s  o f  Ia ,  I I a ,  a n d  I I I a  
for  t h e  fo l lowing  r e a s o n s  : T h e  m i c r o a n a l y s i s  in c o n n e c t i o n  
w i t h  t h e i r  r e a d y  s o l u b i l i t y  in a q u e o u s  a lkal i ,  t h e i r  a b i l i t y  
to  co u p l e  w i t h  d i a z o n i u m  sa l t s ,  a n d  t h e  f i n d i n g  of  t w o  
a c t i v e  h y d r o g e n  a t o m s  (ZEREX,¥ITINOFF) i n d i c a t e d  t h e  
p r e s e n c e  of  one  p h e n o l i c  h y d r o x y l  g r o u p .  A 17-enol  in  I 
a n d  I I I  c o u l d  be  e x c l u d e d  s ince  t h e  p h e n o l i c  p r o p e r t i e s  
w e r e  r e t a i n e d  a f t e r  c a t a l y t i c a l  h y d r o g e n a t i o n  of  t h e  
16, 17 -doub le  b o n d .  B e c a u s e  of  t h e  s t r i k i n g  r e s e m b l a n c e  
of  t h e  u l t r a v i o l e t  s p e c t r a  of  t h e s e  c o m p o u n d s  [~max 274 m#,  
log e 3.97; 295-300  m/~ ( shou lder ) ,  log  e 3.65;  ~mtn248 m/~, 
log  e 3-61 (0.01n m e t h a n o l i c  HCI)] t o  t h a t  of  s e r o t o n i n  t h e  
t h e  h y d r o x y l  g r o u p  c o u l d  be  l o c a t e d  to  t h e  10 -pos i t i on  7. 

6 For details, see R. J. BLoc~, E. L. DURRV.'~, and G. ZwEm, 
Paper Chromatography (Academic Press, N.Y. 1955), p. 95. 

7 A similar hydroxylation is the recently reported conversion of 
tryptophan with Chromobacterium violaceum: C. MITOM*, H. WEISS- 
BACH, and S. UDENFRIEND, Arch. Biochem. /3iophys. 63, 122 (1956). 
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a) R = H 
b) R = OH;  Ct2H2sN204; 

m.p.  289-290° C; 
[cz]~ 8 = -- 14 ~ 3 ° (pyridine) 

I I I  

a) R = H  

b) R = OH;  C21H24N2Oa, 1/2 C6H6; in.p. 146 148°C; 
[ ~ 8  = + 40 ± 1 ° (pyridine) 
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Wi th  vanil l in in concent ra ted  hydrochlor ic  acid Ib, I Ib,  
and I I I b  gave  a ve ry  character is t ic  cornflower blue colour 
in con t ras t  to the  red colour obta ined  with  other  alkaloids 
of the  yoh imbine  type.  

The  second fe rmenta t ion  product  from apoyohimbine  
was m o n o h y d r o x y l a t e d  b u t  not  phenol ic ;  its ul traviolet  
spec t rum was prac t ica l ly  ident ical  wi th  tha t  of Ia. 
A l though  an  unambiguous  proof  of the  s t ructure  of this 
compound  is still lacking,  there  is some evidence for the 
locat ion of the  hydroxy l  group to  the  18-position (Ic): 
T r e a t m e n t  in chloroform wi th  ac t ive  manganese dioxide 
yielded an amorphous  product  which showed strong in- 
frared absorpt ion  bands  a t  i601, 1680, and 1723 cm -1 
corresponding to  the  16, 17-doubte bond, the  keto  group 

~,!o. and the  ester carbonyl  in the  grouping CHaOOC- / 

W. O. GODTFREDSEN, G. KORSBY, 
H. LORCK, and S. VANGEDAL 

Research Department, Leo Pharmaceutical Products 
Copenhagen, December 3, 1957. 

Zusammen/assung 

Aerobe Kul tu ren  yon  Cunninghamella Blahesleana 
Lendner  hydroxyl ie ren  Apoyohimbin ,  f l -Yohimbinmethyl-  
Xther und 3 -Epiapoyohimbin  in der 10-Stellung. Aus Apo- 
yoh imbin  wurde  auch ein zweites Umwand lungsp roduk t  
erhal ten,  ve rmut l i ch  18-Hydroxyapoyohimbin .  

A S e r i e s  o f  N e w  C o m p o u n d s  I n h i b i t i n g  

t h e  A c e t y l a t i o n  o f  G h o l i n e  in v i tro 

lntroduction.--In prev ious  work, some der iva t ives  of 
pheny lace t i c  acid were  shown to  inhib i t  the  enzymat ic  
a c e t y l a t i o n  of b o t h  su l fan i lamide  1 and ehol ineL 

I n  th is  paper ,  we deal  w i th  the  expe r imen t s  per formed 
wi th  o the r  acy l -de r iva t ives  on the  choline ace ty la t ing  
sys tem,  in order  to  es tabl ish  some re la t ionship  be tween  
chemica l  s t ruc tu re  and ac t iv i ty ,  and to inves t iga te  the  
m e c h a n i s m  of t he  inhib i t ion .  

We  a d v a n c e d  the  hypothes is ,  as suggested by COTTET 
for p h e n y l e t h y l a e e t i c  acid a, t h a t  these acy l -der iva t ives  
migh t  inh ib i t  the  synthes is  of ace ty lsu l fan i lamide  and 
ace ty lchol ine  by  p r e v e n t i n g  the  ace ty la t ion  of coenzyme 
A, t he  f irs t  step,  c o m m o n  to b o t h  systems,  in the acetyl-  
a t ing react ions .  I t  was l ikely  tha t ,  using chemical ly  
p re fo rmed  ace ty l - coenzyme  A, t i le inhibi t ing  ac t iv i ty  
would  d isappear .  

Exper imentaL-Chol ine  acetylase was prepared from 
ace tone-dr ied  p o w d e r  of r abb i t  b ra in  and par t ia l ly  
pur i f ied  b y  f r ac t iona ted  a m m o n i u m  sulfate  precipi ta-  
t ion,  accord ing  to  NACttMANSOHN'S m e t h o d  4. 

Coenzyme A was suppl ied  f rom P a b s t  Laborator ies .  

AcetyI-Coenzyme A was p repa red  by  ace ty la t ing  CoA 
wi th  acet ic  anhydr ide .  Af t e r  the  aee ty la t ion ,  the  pre- 

1 S. GARATTINI, C. MORPURGO, and N. PASSErUNL G. ital. Chemio- 
terapia 2, 60 (1955); Boll. $oc. ital. Biol. sper. 31, 1658 (I955). 

2 S. GARATTINI, C, MORFURGO, B. 3[URELL[, R. PAOLETTI, and 
]'q. IOASSERINI, Arch. int. Pharmacodyn. 109, 400 (1957). 

8 j .  COTTET, A. MATIIIVAT, and J. R~'DEL, Pr. m~d. 62, 939 
0954). 

4 D. N*CH~ANSOHN and L B, WILSON, Advane. Enzymol, 12, 259 
(1951). 

para t ion  was lyophil ized to r e m o v e  acet ic  anhydr ide  and 
then  dissolved in phospha te  buffer  a t  p H  7.2. Chroma to -  
graphic controls  were carr ied ou t  on an a l iquo t  of the  
prepara t ion  n. 

Inhibiting compounds marked  Th  have  been k ind ly  
supplied by COTTET (Therapl ix ,  Par is) ;  c o m p o u n d s  
marked M.G. were syn the t i zed  by  CAVALLINI and  
MASSARANI {Laboratori  Maggioni,  Milano)n; c o m p o u n d s  
marked  L were syn the t i zed  by  CARANI (Labora to r i  Lo-  
farina, Milano). 

AcetylchoIine assay was per formed  on the  c o n t r a c t i o n  
of frog rectus muscleL Simi lar  resul ts  were  ob t a ined  
with chemical  de te rmina t ionsL  bu t  we used b ioassay  as 
a routine test,  since some c o m p o u n d s  were found to  
interfere in the  color imetr ic  react ion.  None  of t he  
compounds  tested, a t  the  doses employed ,  in te r fe red  
with  the biological assay. 

Results 

(a) Inhibition in acetyIcholine synthesis with various 
compounds. In  Table l I  the inhibi t ing  values  ob ta ined  
with  the various substances are presented.  

(b) Experiments with di//erent doses o/ CoA or choline 
acetylase. Some exper iments  were pe r fo rmed  by v a r y i n g  
tile different  components  of the enzyma t i c  sys tem.  

Increased amounts  of choline, ace ta te  or  A T P  do no t  
affect the inhibi t ing ac t iv i ty  of the tested" compounds .  

On the contrary,  a decrease in the percen tage  in- 
hibi t ion was obtained by increasing coenzyme  A or 
choline acetylase in the system. Some resul ts  are  sum-  
marized in Table  I. The  mos t  s t r ik ing  effects were 
obta ined by con temporary  increase of CoA and chol ine  
acetylase;  even when larger a m o u n t s  of ace ty lchol ine  
were synthet ized,  the inhibi t ion d isappeared.  

Table I 

Inhibitor and doses 

L 10 1/tmole 
MG 1763 1/tmole 

L 1 0  1 ttmole 
MG 1763 1/tmole 

L 10 1/tmole 
MG 1763 1/mmle 

Enzymatic 
solution (elm. 
lin aeetylase) 

in ml 

0.25 
0.25 
0.25 

% inhibition 

II1 prcs(qlCe 
of 10y of CoA 

(110) * - -  
77 
34 

ill presellCC 
of 100y of CoA 

(150) * 

(212) 0"50 
0"50 
0'50 

(170) - -  
49 
15 

(162) - -  
22 

9 

(216) 

49 
4 

* They of synthetized acetylcholine are reported in brackets. 

(c) Experiments with acetyl-coenzyme A . - - I n  Table  I I I  
are repor ted  the  resul ts  ob ta ined  when  chemica l ly  
preformed ace ty l -coenzyme A was subs t i tu t ed  to coen-  
zyme A, ace ta te  and ATP.  E v e n  a t  a dos2 of inh ib i to r  

s G. D. Novr, LI3, Methods o[ Biochemical Analysis, luterscience 
Publ. New York 2, 208 (1955). 

e G. Cavm.Ltm and E. MASSAI~ANI, II Farmaeo, Ed. scient. 11, 
167 (1956). - G. CAVALLINI, l':, MASSARANI, I). NARDI, and R. D. 
AMBROSlO, J, Anler. chem. Soc. 79, 351.1 (1957). 

? H. C. CHANG and J, H. (~ADDUM, J. Physiol. rg, 225 (1938), 
8 S. HIgSTRIN, J, biol, Chem, 1so, '2|9 (191q). 


