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ABSTRACT - The conversion of L-hydroxyproline to a mitosene (degradation 
product of a mitomycin) is described. The synthesis involves 19 steps 

and the key stereochemical feature arises from an unusual c i o  opening 

of an epoxide. The sLnthetic product, 1-methoxy-2.7-diamino-mitosene 

is shown to be identical with the L h a ~ o  isomer obtained from acid- 

catalyzed methanolysis of mitomycin C. 

Mitosenes comprise a family of substances obtained from the chemical 

degradation of the mitomycin natural products.' The fraglle structural elements 

of the mitomycins are absent in the mitosenes, yet some of the biological 

activity remains. Accordingly, the mitosenes, rather than the mitomycins, have 

been the objects of most synthetic schemes, yet of the dozen or so published 

approaches2, none has yielded a mitosene obtainable from a natural product. Only 

 ish hi's^ total synthesis of the mitomycins can be said to have increased the 
availability of the simpler mitosenes. Our own efforts have now produced 

mitosenes $, and while it is unlikely that our methods can be adapted to the 

synthesis of the parent mitomycin, the prompt access described below may com- 

pensate for the modesty of the goal. 

Mitomycin C Mitosenes 

la  R = H  
A." 

Ib R - A c  
MI 



The tricyclic ketone 3 was prepared from the L-hydroxyproline derivative 2 
"" % 

by way of Huisgen pyrrole synthesis4 then Dieckmann cyclization as previously 

des~ribed.~ Saponification, mesylation then methoxide-induced elimination gave 

the racemic olefin 2 ,  mp 223-225O, from which the t n a n n  bromohydrin 2 was obtained 
as a mixture of diastereomers. 6 

I. NaOH 

2. 3. NoOMe/MeOH MsCI/Et3N & Br2/H< mH 
7 The regiochemistry of the bromohydrin was determined to be as shown ; the 

intermediate 1,2-bromonium ion is therefore opened exclusively at C1. Treatment 

of 2 with a number of nucleophiles under basic conditions gave products with 
reqiochemistry consistent with the intermediacy of an elusive 1.2-epoxide 

which, like the bromonium ion, was attacked only at C1. The f i eg iochern is fny  

here has its parallel in the hydrolysis of the parent mitomycins - only 2-amino 
mitosenes are isolated from the opening of the aziridine ring. Moreover, this 

latter reaction has frequently been observed to result in c i s  opening of 

aziridine in preference to t n a n s  opening .' Whatever the cause1', this phenomenon 

has its happy counterpart in the AXefieochernistxy of products from 5. In dilute 
% 

methanolic methoxide 5 gave a 5:l mixture of isomers in which the c i n  ether 6 
Z Z 

was the major component. 
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Mesylation of 6  a s  b e f o r e  gave and,  s i n c e  t h e  f r e e  ca rboxy l i c  a c i d  could "" 

no t  be dehydrogenated d i r e c t l y ,  7  was p r o t e c t e d  a s  i t s  benzyl e s t e r  ( C  7 7  H B r / K  2 CO 3 - 
18-crown-6, Me2C0 r e f l u x ,  1 6  h) f befo re  t r ea tmen t  wi th  DDQ. The p roduc t  phenol 

9 ,  mp 171-17Z0 r e a c t e d  r a p i d l y  wi th  excess  bromine wa te r  t o  y i e l d  t h e  yellow 

bromoquinone k t ,  mp 169-171- 

R = C02C7H7 
II R = C02H - 
12 R = COCI - 
13 R = CH2 -OH 
*.v 

While t h e  r e q u l s l t e  oxidation s t a t e  of t h e  6-membered r l n q  was achieved i n  

a s i n g l e  o p e r a t i o n  from t h e  phenol ,  subsequent r educ t ions  I n  o t h e r  p a r t s  of t h e  

molecule were a t t ended  by reduc t ion  of  t h e  quinone a s  w e l l .  F o r t u n a t e l y .  t h e  

quinones were e a s i l y  r egenera ted  through o x i d a t i v e  workup. Thus removal of  t h e  

e s t e r  through c a u t i o u s  hydroqenolys is l l  followed by FeClj  t r ea tmen t  gave t h e  

a c i d  U, mp 179-180- (dec . ) .  The a c i d  c h l o r i d e  was prepared (SOCIZ) and,  

wi thou t  i s o l a t i o n ,  was reduced by c a r e f u l  t r ea tmen t  w i t h  NaBH4 (THF, 0'-25', 3 h ) .  

Quenching wiLh phosphate b u f f e r  and a d d i t i o n  o f  Fremy's s a l t  then produced t h e  

orange a l c o h o l  $ 2 ,  mp 185-187O ( d e c . ) .  



Transformation of t h i s  bromoquinone mesyla te  &z i n t o  t h e  amino quinone $ 2 .  
mp 210-212° ( N 2  e v o l v e s ) ,  was accomplished i n  a s i n g l e  o p e r a t i o n  by hea t ing  wi th  

excess  N a N 3  i n  aqueous DMF. I n i t i a l l y  t h e  h a l i d e  is d i s p l a c e d  (30° h ,  h h) 

then r educ t ion  of t h e  orange azidoquinone t o  t h e  purp le  amino quinone wi th  az ide  

occurs  (60° ,  2 h ) ,  followed s lowly by displacement  o f  t h e  mesyla te  (90° ,16 h ) .  

These cond i t ions  were developed w i t h  model compounds; f o r  t h e  c a s e  a t  hand t h e  

in t e rmed ia te s  desc r ibed  were c h a r a c t e r i z e d  by s p e c t r o s c o p i c  means upon 

i n t e r r u p t i o n  of t h e  r e a c t i o n  a t  t h e  appropr i a t e  time and temperature .  

Conversion of t h e  a l coho l  kl t o  t h e  carbamate $2 followed t h e  well- trodden 

pa th  via t h e  carbonate  $ 2 .  mp 155-157'. The f i n a l  r educ t ion  of t h e  az ide  t o  t h e  

mitosene was accomplished s e l e c t i v e l y  i n  p y r i d i n e  wi th  (C6H5)3P and aqueous 

ammonia.12 Mate r i a l  ob ta ined  i n  t h i s  way was i d e n t i c a l  w i th  t h e  t a a n 6  isomer 

l a  obta ined from t r ea tmen t  o f  mitomycin C wi th  a c i d i c  m e t h a n 0 1 . ~  Fur the r  
%% 

conf i rmat ion13 of t h e  i d e n t i t y  was ob ta ined  through a c e t y l a t i o n  t o  $k. The 

s y n t h e s i s  was accomplished i n  19 s t e p s  wi th  an average y i e l d  of 80%/s tep  

(1% o v e r a l l )  . 
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