
SYNTHETIC APPROACHES TO MITOMYCINS 

The mitocycins (1) a r e  a family of  a n t i b i o t i c s  t h a t  possess an 

a c t i v i t y  a g a i n s t  both gram-positive and negat ive  b a c t e r i a  b u t  a r e  

more noted f o r  t h e i r  anti tumor p roper t i e s .  Many r e p o r t s  have been 

1- 7 
published on approaches t o  the  syn thes i s  of  mitomycins. 

Mitomycin A Me0 Me H 

MitomycinB Me0 H Me 

Mitomycin C NH2 Me H 

3 2 
Porfiromycin NH2 Me  Me 

( 1 )  

The major i ty  of  published works a r e  concerned wi th  the  f o m t i m  

of the  t r i c y c l i c  p y r r o l o [ l , 2 - d i n d o l e s .  Our syn thes i s  of  t h i s  

r i n g  system involves an in t ramolecular  nuc leonh i l i c  aromatic 

s u b s t i t u t i o n  a s  follows. Bromination o f  3-hydroxy-4-methyl- 

benzaldehyde (2) yie lded  t h e  bromide ( 3 ) ,  which was methylated 

wi th  dimethyl sulphate  t o  give t h e  aldehyde ( 4 ) .  Reduction of 4 

wi th  sodium borohydride, followed by c h l o r i n a t i o n  of  the  r e s u l t i n g  



HETEROCYCLES, Vol. 6, Nor. 9, 10, 1977 

a l c o h o l  (5 )  w i th  t h i o n y l  c h l o r i d e  and cyanat ion  wi th  potass ium 

cyanide i n  the presence  of  sodium iod ide  i n  e t h y l  methyl ke tone ,  

gave t h e  n i t r i l e  ( 6 ) .  Heat ing t h e  n i t r i l e  ( 6 )  w i t h  2-methoxy-A'- 

p y r r o l i n e  (7) i n  t h e  presence  of  1 ,5-d iazabicyc lo  r5.4.0 lundec-5- 

ene  fu rn i shed  t h e  cor responding  a-pyrrolidine-2-ylideneacetonitrile 

( 8 ) .  

The c y c l i s a t i o n  of  8 t o  t h e  p y r r o l o [ l , 2 - a l i n d o l e  ( 9 )  was 

accomplished by s t i r r i n g  a t  room tempera ture  i n  t h e  presence  of  

sodium hydr ide  and cuprous bromide i n  dimethylformamide. Feflludng 

t h e  n i t r i l e  ( 9 )  wi th  nickel-aluminium a l l o y  i n  50 % aqueous a c e t i c  

a c i d  gave t h e  aldehyde ( l o ) ,  which was t ransformed i n t o  thecpinone 

(12) accord ing  t o  t h e  u sua l  method, namely n i t r a t i o n ,  fol lowed by 

reduct ion  and ox ida t ion  o f  t h e  r e s u l t i n g  amino-compound (11) wi th  

Fremy's s a l t .  8  

pteo 

MXO I I Fremy's s a l t  

M e  
I I  I 

( 11 ) ( 12 ) 



In t roduct ion of a func t iona l  groue a t  c1 pos i t ion  was c a r r i e d  

o u t  by oxidat ion with lead tetraacetate. Thus, s t i r r i n g  t h e  n i t r i l e  

(9), the  aldehyde (10) and the  e s t e r  (13) with an equ iva len t  annmt 

of l ead  t e t r a a c e t a t e  i n  a c e t i c  a c i d  a t  room temperature y ie lded 

the s c e t a t e s  (14,15 and 1 6 )  i n  good y i e l d .  The a c e t a t e s  (15 and 

1 6 .  N-ere hydrolysed and then ox id i sed  with manganese dioxide i n  

methylene ch lo r ide  t o  t h e  ketones (17  and 18). The formyl-acetate 

(15) was c o - m r t e d ,  according t o  a known procedure6, t o  t h e  auinone 
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( 1 9 ) ,  which had a l r eady  been transformed t o  desammonoaoomitomycin 

A (22) .6  The quinone (19) was hydrolysed wi th  sodium hydrogen 

carbonate  i n  aqueous methanol t o  t h e  a l coho l  ( 2 0 ) ,  which, on 

t r ea tmen t  w i th  methanesulphonyl c h l o r i d e  and l i t h i u m  c h l o r i d e  i n  

dimethylformamide, y i e l d e d  t h e  c h l o r i d e  (21) , whereas h e a t i n g  t h e  

a c e t a t e s  ( 1 4  and 16)  i n  a c e t i c  a c i d  fu rn i shed  t h e  3H-pyrrolo[l ,2-  

9 a l i n d o l e s  (23  and 24).  - 

The i n t r o d u c t i o n  of  t h e  0x0-subs t i tuent  a t  t h e  Cga p o s i t i o n  

seems t o  be one of  t h e  most d i f f i c u l t  problems f o r  t h e  s y n t h e s i s  

of  mitomycins. The e l imina t ion  o f  t h e  hydroxyl o r  methoxyl group 

a t  t h e  Cga  p o s i t i o n  very e a s i l y  occurs  under a  mild a c i d i c  

t r ea tmen t  o f  mitomycins. No r e p o r t  f o r  b u i l d i n g  up t h e  oxo- 

s u b s t i t u e n t  a t  t h e  angu la r  p o s i t i o n  i n  t h e  py r ro lo [1 ,2 -a l indo le  

r i n g  system has  appeared. On t h e  o t h e r  hand, Franck has t r i e d  t h e  

photooxidat ion o f  t h e  9H-pyrrolo[l,2-alindoles b u t  only  dehydrated 

products  were obta ined .  Furthermore, 9-keto-9H-pyrrolo [1,2-a]-  

i n d o l e  d i d  n o t  r e a c t  w i th  s i n g l e t  oxygen. We expected  t h a t  t h e  

presence of  e lec t ron-donat ing  grouos on r i n g  A would a c t i v a t e  t h e  

a d d i t i o n  of s i n g l e t  oxygen t o  p y r r o l e  r i n g  C i n  9-keto-9H-pyrrolo- 

[1,2-a]  indoles .  Based on t h i s  premise,  9-keto-7-methoxy-G- 

methyl-9H-pyrrolo 11.2-a] i ndo le  (27) was s u b j e c t e d  to photooxidation. 
10 

The s u b s t r a t e  (27) was prepared  a s  fol lows.  Potassium p e m g a n a t e  

ox ida t ion  o f  t h e  aldehyde ( 4 )  i n  aqueous acetone gave t h e  

ca rboxy l i c  a c i d  ( 2 5 ) ,  which, a f t e r  conversion o f  t he  a c i d  &loride, 

was condensed wi th  pyrrylmagnesium iodide .  Cyc l i s a t ion  of  t h e  

r e s u l t i n g  2-benzoylpyrrole (26) t o  27 was c a r r i e d  o u t  by treatlrent 

w i t h  sodium hydr ide  and cuprous bromide i n  dimethylformamide a t  



room temperature. 

I r r a d i a t i o n  of  27 i n  methanol under an oxygen atmospherein the 

presence of Rose Bengal a s  s e n s i t i z e r  wi th  a 200 W halogen lamp 

f o r  24 h gave 9,9a-dihydro-3a-hydroperoxy-9-ket0-7,9aB-dimethoxy- 

6-methyl-3H-pyrrolo 11,2-a1 indole  (28) and the  corresponding 3a- 

hydroxy-compound (29). The former (28) could be converted t o  the  

l a t t e r  (29) by i r r a d i a t i o n  i n  methanol o r  t rea tment  wi th  dimethyl- 

sulphide.  Therefore a f t e r  t h e  i r r a d i d a t i o n  f o r  24 h,  t h e  resulting 

mixture was i r r a d i a t e d  f o r  add i t iona l  24 h under t h e  s i m i l a r  

condi t ions  a s  above except  a n i t rogen atmosphere and t h e  hydroxy- 

compound (29) was obta ined as  a s o l e  product i n  71.4 % y i e l d .  
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The 9aB-ethoxy (30) - and isopropyloxy (31) -compounds were 

syn thes i sed  by i r r a d i a t i o n  o f  2 7  i n  t h e  corresponding a l c o h o l s ,  

r e s p e c t i v e l y .  These products  would be formed t h e  *peroxide 

(32) o r  t h e  z w i t t e r i o n i c  i n t e rmed ia t e  ( 3 3 ) .  

Furthermore, we considered t h a t  removing t h e  p r o t e c t i n g  group 

of t he  e i g h t  membered ketone (34) would provide  t h e  0x0-substituted 

compound (35) a s  a s t a b l e  form. Therefore ,  t h e  aldehyde (10) was 

conver ted  t o  t h e  tetrahydro-1H-pyrrolo [ l ,  2-a1 i n d o l e  (37) by Wolff- 



Kishner  r e d u c t i o n  fo l lowed by s t i r r i n g  36 w i t h  sodium borohydr ide  

i n  a c e t i c  a c i d .  Treatment  o f  37 w i t h  cyanogen bromide selectively 

c l eaved  t h e  bond between t h e  n i t r o g e n  and  t h e  carbon a t  9a 

p o s i t i o n .  Dehydrohalogenat ion o f  the r e s u l t i n g  bromide (38)  w i t h  

DBU gave t h e  o l e f i n  ( 3 9 ) ,  which was t ransformed t o  t h e  r e q u i r e d  

ke tone  (41)  by t h e  epox ida t i on  fo l lowed by a  t r e a t m e n t  w i t h  boron 

t r i f l u o r i d e  e t h e r a t e .  The convers ion  o f  A 1  t o  quinone derivative 

is under  i n v e s t i g a t i o n .  
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