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Abs t rac t  - React ion of demethyl-BLM A2 wi th  bromoacetyl d e r i v a -  

t i v e s  l e a d s  t o  t h e  corresponding sulfonium s a l t s  which c o n s t i -  

t u t e  a  new c l a s s  of b i o l o g i c a l l y  a c t i v e  bleomycins. 

The g lycopep t ide  a n t i b i o t ~ c s  known a s  bleornycins (1) discovered by IJmezawal have 

rece lved  a  g r e a t  d e a l  of a t t e n t i o n  m view of t h e i r  anti tumour p roper txes .  The 

v a r i o u s  bleomycins possess  a common acy l  s t r u c t u r a l  moiety corresponding t o  bleo-  

mycinic a c i d  (la), and d i f f e r  from one ano ther  i n  t h e  n a t u r e  of t h e  t e rmina l  

amine which is l i n k e d  v i a  an amide band t o  thxs  ac ld .  A mixture of bleomycins 

(BLM) containxng A2 (3, 70%) and B2 (s, 20%) i s  c u r r e n t l y  employed I n  t h e  c l i n -  

i c  i n  t h e  t r e a t m e n t  of squamous c e l l  carcinoma, Hodgkin's d ~ s e a s e ,  lymphomas and 

t e s t i s  tumors2. Adminis t ra t ion of bleomycins (A2 + B2) i n  l a r g e  dosage IS, how- 

e v e r ,  l i m i t e d  due t o  t h e  s i d e  e f f e c t  of pulmonary toxicity. The development of 

modified bleomycins wi th  lower pulmonary t o x i c i t y  and inc reased  therapeutic e f -  

f e c t  on human cancer  i s ,  consequent ly ,  of g r e a t  importance. 

Umezawa and coworkers have s t u d i e d  t h e  pulmonary t o x i c i t y  of modifled bleomycins 

and, based upon " lung f i b r o s i s  index" d a t a ,  have shown t h a t  t h i s  s i d e  e f f e c t  i s  

5 in f luenced  by s t r u c t u r a l  changes i n  t h e  terminal  amine p a r t  of t h e  molecule . 
These r e s u l t s  suggest  t h e  need f o r  developing simple methods f o r  modi f i ca t ion  of 

t h e  s i d e  cha in  w h ~ c h  would a l low convenxent access t o  s e r i e s  of s t r u c t u r a l l y  r e -  

l a t e d  bleomycins. I n  t h i s  communication we descrlbe one such method and i t s  ap- 

p l i c a t i o n  t o  t h e  s y n t h e s i s  of s e v e r a l  new bleomycins, t o g e t h e r  wi th  p r e l i m i n a r y  
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d a t a  on t h e i r  b i o l o g i c a l  a c t i v i t y .  

Since BLN A2, t h e  major component of c l i n i c a l  bleomycin, i s  a  sulfonium s a l t  and 

s m c e ,  according t o  t h e  c u r r e n t l y  accep ted  mechanism of a c t i o n  of bleomycin,  t h e  

p o s i t ~ v e l y  charged s u l f u r  atom i s  involved i n  an e l e c t r o s t a t i c  i n t e r a c t i o n  wi th  

D N A ~ ,  i t  was f e l t  t h a t  t h e  modified s i d e  chain ought t o  r e t a i n  t h i s  s p e c i f i c  f e a -  

t u r e  of t h e  antibiotic. The s imples t  manner i n  which t h i s  could be achieved was 

v ~ s u a l l z e d  v i a  t h e  replacement of one of t h e  methyl groups of t h e  sulfonium moi- 

e t y ,  by an a l k y l  r e s i d u e  bear ing  f u n c t i o n a l i z e d  s u b s t i t u e n t s .  I n  view of t h e  p r e -  

sence of a  l a r g e  number of s e n s i t ~ v e  s t r u c t u r a l  e lements  i n  t h e  molecule of b leo-  

mycin, we recognized t h a t  t h e  r e a c t i o n s  whlch were t o  be employed f o r  t h e  pro- 

posed chemical convers ions  had t o  be h i g h l y  s e l e c t ~ v e  i n  t h e n -  operat ion.  

R A s  s t a r t i n g  m a t e r i a l  f o r  our s t u d i e s  we employed c l i n i c a l l y  outdated Blenoxane , 
5 R provided by Brlstol-Myers . Bleomycin A2 was i s o l a t e d  from Blenoxane by chroma- 

tography6 and subsequent ly  demethylated t o  demethyl A 2  (=), employing e s s e n t ~ a l -  

l y  t h e  procedures  desc r ibed  i n  t h e  l i t e r a t u r e 7 .  React ion of 2 with  a v a r i e t y  of 

e l e c t r o p h i l e s  was m v e s t i g a t e d ,  i n  order  t o  develop a s p e c i f i c  r e a c t i o n  a t  t h e  

s u l f u r  s i t e .  The r e s u l t s  of t h i s  s tudy  l e d  t o  t h e  conclusion t h a t  e l e c t r o p h i l e s  

of type BrCH2C0Y (2 ,  Scheme) were most e f f e c t i v e  I n  causing t h e  d e s i r e d  t r a n s -  

format ion i n  a  p r a c t i c a l ,  u s e f u l  r e a c t i o n .  Thus, when = was allowed t o  r e a c t  

wi th  - (pH 1.60, RT 2 4  h ) ,  t h e  sulfonium s a l t s  ("modif ied bleomycins" e) 
were ob ta ined  i n  f a i r  y i e l d s  (- 60%, Scheme). D e t a i l s  of t h e  chromatographic se-  

p a r a t i o n  and i s o l a t i o n  of t h e  p roduc t s  w i l l  be p r e s e n t e d  elsewhere.  S t r u c t u r e  

e l u c i d a t i o n  of r e q u i r e d  d e t a i l e d  NMR spectra  of t h e  "paren t"  molecule E. 
1 U t i l i z i n g  h i g h  r e s o l u t i o n  (500 m z )  H and 1 3 ~  NMR i n  con junc t ion  wi th  two dimen- 

s l o n a l  F o u r i e r  t ransform techn iques  an unambiguous and complete i n t e r p r e t a t i o n  of 

1 t h e  H and 3~ NMR s p e c t r a  of BLM A2 (2) has been made1'. The most significant 

change i n  t h e  'H NMR s p e c t r a  accompanying the  convers ion of t o  i s  t h e  

downfield displacement of t h e  s i g n a l  of t h e  S-methyl group. The chemical s h i f t s  

of t h e  sulfonium methyls i n  a r e  presented i n  t h e  Scheme. The c h e m ~ c a l  s h i f t s  

of t h e  S-methyl i n  2 and id a r e  p rov ided  f o r  comparison. Mass measurements of 

t h e  modified bleomycins by F a s t  Atom Bambardment (FAB) method a r e  i n  p rogress .  

B i o l o g ~ c a l  R e s u l t s :  The e f f e c t  of bleamycin analogues if-B on t h e  s u r v i v a l  of B16 

mouse melanoma c e l l s  i n  v i t r o  h a s  been s tudied.  These r e s u l t s  and t h e  comparati-  

ve d a t a  f o r  bleomycin a r e  p resen ted  i n  t h e  Table. 



Table 

A comparative study of t h e  e f f e c t  of Bleomycin and analogues if-B on t he  su rv iva l  

of B16 melanoma c e l l s  i n  v i t r o .  

Compound Dose vg/ml Percent  su rv iva l  

a Bleouycm Lundbeck, obtained from H. Lundbeck and Ca A/S Copenhagen. 

B16 mouse melanoma c e l l s  from log  phase c u l t u r e s  were suspended i n  f r e s h  medium 

[Dulbecco's m o d ~ f i e d  min~mum e s s e n t i a l  eagle  medium with 10% new born c a l f  se- 

4  rum (Gibco, Europe)] a t  5x10 cel ls /ml .  For t he  experiments,  "6  Multiwell" 

p l a t e s  were employed, with two m l  of t he  c e l l  suspension i n  each wel l .  Af te r  24 

hour t h e  t e s t  agents  were mcubated with the  B16 melanoma c e l l s  during 21 

hours. After  t rea tment ,  t he  c e l l s  were washed twice and f r e s h  medlum added, 2  

ml/well. 48 Hours a f t e r  t h e  s t a r t  of t h e  incubat ion t h e  c e l l s  were t r yps in i zed  

and counted on a  Sysmex microcell-counter.  The number of c e l l s  surv iv ing  a par- 

t i c u l a r  drug t reatment  could be es t imated  by comparing counts of un t rea ted  

c e l l s  wlth those of t r e a t e d  c e l l s .  V i a b i l i t y  was e s t m a t e d  by Trypsan blue ex- 

c lusion.  Two doses were t e s t e d :  1 0  wg/ml and 100 pg/ml. Percent  su rv iva l  was 

ca lcu la ted  according t o  t he  formula T/C x 100. T = t r e a t e d  c e l l s ,  C = unt rea ted  

control .  The number i s  t he  mean of t h r ee  samples. 
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The procedure  f o r  modi f i ca t ion  of t h e  s i d e  chain of bleomycin, desc r ibed  In  t h i s  

r e p o r t ,  can h e  a p p l i e d  t o  a l a r g e  range of cr-halogenated amxdes and p e p t i d e s ,  In- 

c lud ing  t h o s e  Incorpora t ing  s t r u c t u r a l  moiet les  which might he expected t o  show 

s p e c i f i c  i n t e r a c t i o n  wi th  t h e  DNA bases .  Work i n  t h l s  d i r e c t i o n  i s  c u r r e n t l y  i n  

p rogress .  
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