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SULPHUR I N  THE STRATEGY OF NATURAL PRODUCTS SYN- 
THESIS 

H . C . J .  OTTENHEIJM 
Labora tory  of  Organic  Chemistry,  U n i v e r s i t y  of 
Nijmegen, Toernooive ld ,  6 5 2 5  ED N I J M E G E N ,  The 
Nether  l a n d s  

A b s t r a c t  Syntheses  of  secondary m e t a b o l i t e s  of a- 
and B-mercapto aminoacids  are d e s c r i b e d .  The s t r a t e -  
gy i n  t h e  f i r s t  c l a s s  o f  compounds c o n s i s t s  o f  u s i n g  
N-hydroxy-a-amino a c i d  d e r i v a t i v e s  as  i n t e r m e d i a t e s  
and of c o n v e r t i n g  them i n t o  a - f u n c t i o n a l i z e d ,  i n  
p a r t i c u l a r  t h i o l - s u b s t i t u t e d  amino a c i d s ;  as examples 
s e r v e  s y n t h e s e s  i n  t h e  g l i o t o x i n  and spor idesmin  
ser ies .  I n  t h e  second c lass  of compounds t h e  cyc lo -  
a d d i t i o n  p roduc t s  of i n d o l e  d e r i v a t i v e s ,  having  s u l -  
f i d e  s u b s t i t u e n t s ,  and n i t r o s o  o l e f i n s  are t r a n s f o r -  
med i n t o  i n d o l e  a l k a l o i d s ,  i n  p a r t i c u l a r  t r y p t a t h i o -  
n i n s ,  by rear rangement  and f u r t h e r  r e a c t i o n s .  
The an t i t umor  agen t  sparsomycin h a s  been s y n t h e s i z e d  
- v i a  an amino s u l t i n e  and i t s  s t e r e o s p e c i f i c  nuc leo-  
p h i l i c  r i n g  opening .  Bioassays  done w i t h  t h i s  com- 
pound and s i x t e e n  of  i t s  s t r u c t u r a l  ana logs  qave i n -  
siaht i n  t h e  s t r u c t u r a l  f e a t u r e s  t h a t  are r e q u i r e d  
f o r  spa r somyc in ' s  an t i t umor  a c t i v i t y .  

I n t r o d u c t i o n  

When t h e  o r g a n i c  chemis t  u s e s  t h e  t e r m  " n a t u r a l  pro-  

d u c t s ' ' ,  he  u s u a l l y  means secondary m e t a b o l i t e s .  These 

secondary m e t a b o l i t e s  are d i s t i n c t  from primary metabo- 

l i t e s  i n  t h a t  t hey  are f r e q u e n t l y  of r e l a t i v e l y  complex 

s t r u c t u r e ;  i n  a d d i t i o n  t h e i r  d i s t r i b u t i o n  i s  r e s t r i c t e d  

and more c h a r a c t e r i s t i c  o f  s p e c i f i c  s o u r c e s .  Whereas 
t h e r e  are no s h a r p  l i n e s  d e l i m i t i n a  e i t h e r  c l a s s  of 

compounds pr imary m e t a b o l i t e s  a re  n e a r l y  u n i v e r s a l  i n  
t h e i r  d i s t r i b u t i o n ;  t hey  are t h e  p r o d u c t s  o f ,  and p a r -  

t i c i p a n t s  i n ,  t h e  c e l l u l a r  a c t i v i t i e s  of n e a r l y  a l l  

l i v i n g  organisms,  from microorganisms t o  man. 

[ 5 091 / I  29 
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1 30/ [ 5 1 0 1 H. C. J. O‘ITENHEIJM 

Sulphur-containing amino a c i d s  f i t  very w e l l  i n t o  t h i s  

c l a s s i f i c a t i o n .  A v a s t  number of sulphur-containinu com- 
pounds t h a t  occur  i n  n a t u r e  i s  de r ived  from c y s t e i n e  and 
- t o  a smaller degree - methionine.  These common amino 
a c i d s  - i n  t h e i r  L-configurat ion - f a l l  i n t o  t h e  catego-  
r y  of primary me tabo l i t e s ;  t h e i r  occurrence - e . g .  as 

c o n s t i t u e n t s  of p r o t e i n s  - is  widespread i n  a l l  l i v i n g  
c e l l s ,  see Figure  1 .  

Other sulphur-containing amino a c i d s ,  no t  found as con- 
s t i t u e n t s  of p r o t e i n s  bu t  widespread i n  p l a n t s  and micro- 

organisms, can be accomodated wi th in  t h e  gene ra l  s t r u c -  

t u r e s  1 and 2 .  

Natural sulphur compounds 
A classlflcalion 

L -  Cysleine n . 1 .  R = H  
L - Melhionine n = 2 . R I Me 

morganic sulphur 

(sulphides.sulphales) 

Primary melabolllQs 

slruclural proleins 
enzymes 
coenzymes 
vitamins 
nucleosides 

Secondary mela boli tes 

a - mercapto p - mercaplo 
amino acids 

Fig.  1 
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SULPHUR IN THE STRATEGY OF NATURAL PRODUCTS SYNTHESIS [511]/131 

Some illustrative examples of secondary metabolites cha- 
racterized by structure 1 are qiven in Figure 2. 

Sulpher In secondary melabollles 
a-mercapto- amino acids 

+ sporidesmin 0 3 glioloiin 

Se .era1 examples of secondary metabolites containing t 
D-mercapto amino acid derivative 2 are presented in 
Figure 3. 

Sulphur in secondary metabolites 
p - mercaplo- amino acids 

6:phalloin 

7: sparsomycin 

Fi?. 3 

0 

Y -  glutamyl-marasmine 

ie 
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W e  have embarked upon t h e  a p p l i c a t i o n  of  n o v e l  syn- 
t h e t i c  methods directed towards  a l l  of t h e  compounds 

l i s t e d .  Here in  w e  wish  t o  summarize o u r  e f f o r t s  aimed 

a t  t w o  c h a r a c t e r i s t i c  examples of each  c lass  mentioned 

above,  i . e .  compounds 3,4,6 and 7 .  

a-MERCAPTO-a-AMINO A C I D  DERIVATIVES 1 

A b i o g e n e t i c  approach  

One of t h e  t a r g e t s  t h a t  w e  s e t t l e d  upon o r i a i n a l l y  w a s  

g l i o t o x i n  ( 3 ) '  i n  p a r t  because  o f  i t s  s t r u c t u r e  and i n  

p a r t  because  o f  i t s  b i o l o g i c a l  a c t i v i t y :  i t  i n h i b i t s  
r e v e r s e  t r a n s c r i p t a s e ,  an enzyme c h a r a c t e r i s t i c  f o r  RNA- 

v i r u s e s .  

G l i o t o x i n  can  be viewed as  an o x i d i z e d  c o n d e n s a t i o n  pro-  

d u c t  of t w o  a-mercapto-a-amino a c i d  d e r i v a t i v e s  9 ( F i -  

g u r e  4 ) .  However, n e i t h e r  o f  t h e s e  d e r i v a t i v e s  i s  e v i -  

d e n t l y  c a p a b l e  of  independent  e x i s t e n c e ;  u n a c y l a t e d  a- 
mercapto-a-amino a c i d s  c o u l d  n o t  y e t  be  s y n t h e s i z e d .  

I 4-mercapto -a -amino  acids I 

HO H 

0 
Me 

z a - m e r c a p l o  a.a. 4 sporidesmtn - B 
9 - - 

R 

F i g .  4 
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SULPHUR IN THE STRATEGY OF NATURAL PRODUCTS SYNTHESIS [513]/133 

Accord ing ly ,  w e  f e l t  t h a t  a s y n t h e t i c  p r o c e d u r e  f o r  

g l i o t o x i n  a n a l o g s  would have t o  create a f u n c t i o n a l  

g roup  a t  t h e  i n d o l i n e  C ( 2 )  p o s i t i o n ,  c o n v e r t i b l e  t o  a 

mercapto  group,  s i m u l t a n e o u s l y  w i t h  t h e  a c y l a t i o n  of  

t h e  i n d o l i n e  n i t r o g e n  by an  a-mercapto-a-amino 

a c i d  e q u i v a l e n t .  Our i n i t i a l ,  s u c c e s s f u l  approach '  i n -  
" L vo lved  t h e  a d d i t i o n  of py ruvoy l  c h l o r i d e  t o  t h e  imine  

bond of  an i n d o l e n i n e  and  t h e  i n t r a m o l e c u l a r  c y c l i z a t i o n  

of an amide n i t r o g e n  w i t h  t h e  py ruvoy l  a - c a r b o n y l  g roup  

(see 10; F i g u r e  5 )  . 
Synthesis gliotoxin analogs 

strategy 

T h i s  approach  - which i s  c e r t a i n l y  n o t  b i o g e n e t i c  - l e d  

US t o  s p e c u l a t e  on t h e  b i o s y n t h e s i s  o f  q l i o t o x i n .  Cyclo-  

L-Phe-L-Ser h a s  been shown t o  be  an e f f i c i e n t  p r e c u r s o r  

of  g l i o t o x i n  ( 3 ) ,  and f u r t h e r  l a b e l i n g  s t u d i e s  have  de-  
m o n s t r a t e d  t h a t  t h e  N-methyl g roup  i s  d e r i v e d  from meth- 

i o n i n e ,  whereas  t h e  s u l f u r  atoms are  d e l i v e r e d  by cy-  

s t e i n e  '. The most l i k e l y  e x p l a n a t i o n  f o r  t h e  f o r m a t i o n  

of t h e  d i h y d r o a r o m a t i c  sys t em h a s  been p r o v i d e d  by 

Neuss e t  a14 ,  who invoked t h e  i n t e r m e d i a c y  o f  a benzene 

o x i d e  1 1  ( F i g u r e  6 )  . 
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-I 
BiosynlheStS of gliotoxin I 

cJ&c __ f>Ho Y O  - %&O 

HO H@LN\Me 
3 \OH 

NCUSS 1968 O 1  I 1  
- - 

phenylalanine 
serine 
cyst ine 
melhionine 

F i g .  6 

W e  have proposed a mechanism f o r  t h e  i n t r o d u c t i o n  of  t h e  

s u l f u r  b r i d g e  '. T h i s  p r o p o s a l  f e a t u r e s  o x i d a t i o n  o f  t h e  

d i o x o p i p e r a z i n e  amide n i t r o g e n  i n  1 2  t o  form t h e  hydrox- 

amic a c i d  13 fo l lowed  by d e h y d r a t i o n  t o  t h e  a c y l i m i n e  

1 4  ( F i g u r e  7 ) .  

Bi osynlhesi s of gli 01 ox i n] 

an hypolhesis 

12 - '2 JJ 14 - 

- 
F i g .  7 

W e  r ea soned  t h a t  t h e  proposed  role of N-hydroxy-a-amino 

a c i d s  13 i n  t h e  b i o s y n t h e t i c  c o n v e r s i o n  o f  a-amino a c i d s  

1 2  i n t o  a - f u n c t i o n a l i z e d  a-amino a c i d s  15 might  g a i n  i n  

p r o b a b i l i t y  i f  t h e  l a t t e r  c o u l d  be  o b t a i n e d  chemosynthe- 

t i c a l l y  by s t a r t i n g  from N-hydroxy-a-amino a c i d s .  I n  F i -  
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SULPHUR IN THE STRATEGY OF NATURAL PRODUCTS SYNTHESIS [515]/135 

gure  8 some r e s u l t s  toward t h i s  d i r e c t i v e  are  d e p i c t e d ,  

which l e n t  s u p p o r t  t o  o u r  h y p o t h e s i s .  

S e l e c t i v e  r e d u c t i o n  6 of t h e  oxime C = N  bond of 16  and 
subsequent  N-acyla t ion  of 1 7  y i e l d e d  N-hydroxy-a-amino 

a c i d  d e r i v a t i v e s  18 .  Treatment  w i t h  base  (t-BuOK i n  MeOH)  
a f f o r d e d  t h e  a-methoxy-a-amino a c i d  d e r i v a t i v e s  2 1 ,  a 
r e a c t i o n  for which w e  proposed t h e  acy l imine  1 9  as an 
i n t e r m e d i a t e  '. I f  t h i s  acy l imine  i s  formed i n  t h e  ab- 
sence  of a n u c l e o p h i l e  (DBU i n  d ioxane )  it r e a r r a n g -  
es i n t o  a dehydro-a-amino a c i d  2 0  . 9 

N-OH amino acids I 

16 - 

X = OR, NHR, 

Fig. 8 

base - 
- t  

21 0 - 
a- tunct  a a 

Subsequent ly  w e  were a b l e  t o  show t h a t  t h i s  approach 
f o r  a - f u n c t i o n a l i z a t i o n  by t r a n s p o s i t i o n  of an N-funct io-  
n a l i t y  cou ld  a l s o  be achieved  i n  d i o x o p i p e r a z i n e s ,  e.q.  
2 2  as o u t l i n e d  i n  F i g u r e  9 .  
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136/[516] H. C. J. OTTENHEIJM 

model reaction_] 

Fiu. 9 

The c o n v e r s i o n  23+24 d e s e r v e s  a n  e x p l a n a t i o n .  The M a r -  

kownikoff- type H 2 S  a d d i t i o n  t o  t h e  exo-methylene bond o f  

2 3  w a s  found t o  proceed  i n  a d i a s t e r e o s e l e c t i v e  f a s h i o n ;  

o n l y  t h e  c i s - d i t h i o l  2 4  c o u l d  be d e t e c t e d .  T h i s  z i n c  

c h l o r i d e - c a t a l y z e d  r e a c t i o n  c o u l d  be e x p l a i n e d  i n  t h e  

f o l l o w i n g  way ( F i g u r e  l o ) .  

X-ray 

regio -and stereospecific I H,S-additton 

- -addit ion via: 
0' '(.$\Me 

Me 

F i g .  10 
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SULPHUR IN THE STRATEGY OF NATURAL PRODUCTS SYNTHESIS [517]/137 

A z inc  complex w i t h  t h e  SH-group i n  25 might d i r e c t  t h e  

incoming SH-group from t h e  s a m e  f a c e  by complexa t ion ,  
y i e l d i n g  2 4 .  A second role f o r  t h e  c a t a l y s t  i s  t o  con- 
v e r t  H S i n t o  a s t r o n g e r  a c i d ;  when 2 5  i s  exposed t o  
H S i n  t h e  absence of  z i n c  c h l o r i d e  no r e a c t i o n  took  

2 

p l a c e  2 1  . 
P r e s e n t l y ,  t h e  conve r s ion  of  di-N-hydroxydioxopiperazi- 

ne s 

be ing  s t u d i e d  (F igu re  1 1 ) .  

( 2 6 )  i n t o  s u l f u r  b r idged  d i o x o p i p e r a z i n e s  2 7  i s  1 0  

[applications 1 

Fig. 1 1  

Encouraged by these r e s u l t s ,  w e  s e l e c t e d  spor idesmin  B 

( 4 )  as  o u r  n e x t  t a r g e t  and focussed  on t h e  conve r s ion  of  

N-hydroxytryptophan 28 i n t o  t h e  co r re spond ing  a - f u n c t i o -  

n a l i z e d  amino a c i d  ( F i u u r e  1 2 ) .  

Chemistry of N - O H  Trp 

N-OH Trp 

2_8 
sporidesmin 8 

4, 

F i g .  12 

Two s y n t h e s e s  of 2 8  w e r e  developed 
t e d  from indole-3-pyruvic  a c i d  which w a s  conve r t ed  i n t o  
t h e  Corresponding 0-benzyl  oxime e t h y l  es ter .  Methyla t ion  

I .  One procedure  s ta r -  
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of t h e  i n d o l e  n i t r o g e n  and r e d u c t i o n  o f  t h e  oxime C=N 
bond w i t h  ( C H 3 l 3 N - B H  a f f o r d e d  t h e  N-benzyloxy amino 

a c i d  ester ( c f  1 6 4 1 7 ) .  The second r o u t e  ( F i g u r e  13)  

f e a t u r e s  l 2  t h e  r e a c t i o n  of N-methylindole (29, R1 = H )  

w i t h  t h e  t r a n s i e n t  n i t r o s o  o l e f i n  31, p r e p a r e d  from 30. 

The adduc t  3 2  canno t  be  i s o l a t e d ;  b a s e  c a t a l y z e d  rearo- 
m a t i z a t i o n  a f f o r d e d  33. Reduct ion gave 34 i n  good y i e l d s .  

3' 

Synthesis of N-OH Trp 

method B 

33 Rz 70-90% - 
lMel,N.BH, 

EtOHlHCl 

0 

32 kt2 6 5 - 8 5 %  F i g .  13  

Pyruvoyl  c h l o r i d e  

room t e m p e r a t u r e  t o  form 35 ( F i g u r e  1 4 ) ;  no 0 - a c y l a t i o n  

w a s  obse rved .  About 24 h r s .  a f t e r  mix ins  t h e  in t e rmed i -  

a t e  w a s  c o n v e r t e d  comple t e ly  i n t o  36.  When s t i r r e d  for 
several  days  a f t e r  t h e  a d d i t i o n  of methanol ,  t h e  corres- 
ponding a-methoxy d e r i v a t i v e  i s  formed, which w a s  ben- 

z y l a t e d  t o  g i v e  37. Diastereomeric i n d u c t i o n  w a s  o b s e r -  

ved: t h e  i n d o l y l  group and methyl  group a re  i n  a c i s -  

r e l a t i o n s h i p  i n  t h e  major isomer ( 9 0 % ) .  

and 34 i n  CH2C12/ether r e a c t e d  a t  
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SULPHUR IN THE STRATEGY OF NATURAL PRODUCTS SYNTHESIS [519] /139 

An approach to sporidesmin 

0 0 
CI 0 
+Me 

Me 0 

3,5 1 
I 
Me 

3,4 

0 

1)  H*lMeOH 

90% 

37 - Fig. 1 4  

0 

0 I 
Me 

80% 

36 - 

T r a n s p o s i t i o n  of t h e  N - f u n c t i o n a l i t y  i n  37  t o  an a-func-  

t i o n a l i t y  (-38) w a s  ach ieved  by t r e a t m e n t  w i t h  C H 3 0 N a /  

CH30H ( F i g u r e  1 5 ) .  The d i a s t e r e o m e r s  were s e p a r a t e d  and 

each  d i a s t e reomer  w a s  s u b j e c t e d  t o  t h e  f o l l o w i n g  r e a c -  

t i o n .  For  c l o s i n g  of t h e  f i v e  membered r i n g  s i n g l e t  oxy- 

I An approach l o  sporidesmin I 

B'\ 0 

MeONa I McOH, e k e  
II 

OMe 

0 I 
Me 

80% 

3,7 38 - b2 

4 0  - 
F i g .  1 5  

3-? 
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gen w a s  used  1 3 .  A r e l i a b l e  p rocedure  i n v o l v e s  methy- 

l e n e  b l u e  as s e n s i t i z e r  and a r e a c t i o n  t e m p e r a t u r e  of  

-78OC; r e d u c t i o n  o f  t h e  peroxo f u n c t i o n  i n  39 l e d  smooth- 

l y  t o  40 as o u t l i n e d  i n  F i g u r e  1 5 .  

Hopefu l ly  t h e  remain ing  s t a g e s  w i l l  d i r e c t l y  f o l l o w  t h e  

sequence o u t l i n e d  i n  F i g u r e  9 t o  a l l o w  c o n v e r s i o n  of 40 

i n t o  t h e  c o r r e s p o n d i n g  d i s u l f i d e  b r i d g e d  d ioxop ipe ra -  

z i n e .  A t o t a l  s y n t h e s i s  of spo r i sdesmin  B ( 4 )  seems t h e n  

f e a s i b l e  by u s i n g  t h e  p r o p e r l y  s u b s t i t u t e d  i n d o l e  d e r i -  

v a t i v e  l 4  i n s t e a d  of 29 (see F i g u r e  1 3 ) .  

B-MERCAPTO-a-AMINO A C I D  DERIVATIVES 2- 

I n d o l e  a l k a l o i d s  

I n  t h e  s y n t h e s i s  of t h e  N-hydroxytryptophan d e r i v a t i v e  

34 from i n d o l e  ( 2 9 )  w e  have seen  t h e  p r i m a r i l y  formed 

cyc loadduc t  32 as  an i n t e r m e d i a t e  t h a t  e scaped  i s o l a -  

t i o n  ( F i g u r e  1 3 ) .  I n t r i g u e d  by t h e  p o t e n t i a l  u s e f u l -  

n e s s  of t h i s  adduc t  f o r  o t h e r  r e a c t i o n  schemes w e  have 

e x p l o r e d  t h e  c h e m i s t r y  of  4 2  formed by r e a c t i o n  of t h e  

co r re spond ing  i n d o l e  d e r i v a t i v e  4 1  and t h e  n i t r o s o  o l e -  

f i n  3 1 ,  F i g u r e  1 6 .  I w i l l  summarize some r e s u l t s  t h a t  

are p e r t i n e n t  t o  t h e  t o p i c  o f  t h i s  l e c t u r e .  

W e  found t h a t  t h e  s t a b i l i t y  of  t h e  c y c l o a d d u c t  4 2  i s  

r e l a t e d  t o  t h e  m i g r a t o r y  a p t i t u d e  of  t h e  s u b s t i t u e n t  X .  

When X i s  a f a s t - m i q r a t i n g  group,  e . g .  an  a l k y l t h i o  sub- 

s t i t u e n t ,  n o t  t h e  cyc loadduc t  4 2 a  w a s  i s o l a t e d  b u t  a 

r e a r r a n g e d  p roduc t  43 i n s t e a d .  T h i s  C ( 3 )  t o  C ( 2 )  migra-  

t i o n  o c c u r s  i n  good y i e l d s  under  mi ld  r e a c t i o n  cond i -  

t i o n s  (room t e m p e r a t u r e ,  C H 2 C 1 2 ,  N a 2 C 0 3 )  . S t a b l e  c y c l o -  

a d d u c t s  are  formed when t h e  s u b s t i t u e n t  X h a s  a l o w  
m i g r a t o r y  a p t i t u d e ,  e . g .  when X i s  an a l k y l  o r  a c e t o x y  

group ( 4 2 b ) .  However, it w a s  g r a t i f y i n g  t o  o b s e r v e  t h a t  
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R, I R, I 

a X=SRI 

b X=OAc 

0 

Fig. 16 

the dihydro-Il2-oxazin ring cf 42b is susceptible to 
nucleophilic attack: e.g. treatment with hydrides and 
mercaptides afforded the indole derivative 44. A mecha- 
nistic rationale €or these reactions is presented in 
Figure 17. The indolenine derivative 45a - in equilibri- 
um with 42a - forms the episulphonium 46, which under- 
goes rearomatization to yield 43. In case of X=OAc 
(42b), the intermediate indolenine 45b has a lower ten- 

dency to rearrange so that an external nucleophile can 
be added instead to yield 47. Subsequent elimination of 

AcOH yields 44. 
We have employed l 6  both reaction schemes for a novel 
approach to the 2-(S-~ysteinyl)tryptophan derivative 51, 
a characteristic structural element of the toxic prin- 
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ciples (e.g. Phalloin 6) of members of the genus Amani- 
ta. T h e  results are summarized in Figures 18 and 19. 

4 1  - 

a : X . S R 2  

b :  X = OAc 
I H  

47 R, - 

Fig. 17 
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Fig. 18 

Synthesis of Tryptathionine 

Fig. 19 

Tryptalhtonine (R) 

2 
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I n  c o n c l u s i o n  t h e  adduc t  4 2  opens  a new approach  t o  i n -  

d o l e  a l k a l o i d s ,  b o t h  i n  t e r m s  of s t r a t e g y  and methodo- 

logy  - 
Sparsomycin: s y n t h e s i s  and structure-activity-rela- 

t i o n s h i p  s t u d i e s  

Sparsomycin (171 ,  a m e t a b o l i t e  of S t rep tomyces  s p a r s o -  

genes  or S t rep tomyces  c u s p i d o s p o r e s ,  h a s  a t t r a c t e d  much 

a t t e n t i o n ,  p a r t l y  because  of i t s  unusua l  s t r u c t u r e  - 
n o t i c e  t h e  i n  n a t u r e  r a r e l y  encoun te red  -S(0)CH2S-moi- 

e t y  - and p a r t l y  because  of  i t s  b i o l o g i c a l  a c t i v i t y  of  

which t h e  a n t i t u m o r  a c t i v i t y  and t h e  i n h i b i t i o n  of  pro-  
1 7  t e i n  b i o s y n t h e s i s  are t h e  m o s t  s t r i k i n g  p r o p e r t i e s  . 

On t h e  basis of s p e c t r o s c o p i c  and d e g r a d a t i o n  s t u d i e s  

t h e  p r e s e n t l y  a c c e p t e d  s t r u c t u r e  7 w a s  p roposed;  how- 

e v e r ,  t h e  c h i r a l i t y  of t h e  s u l f o x i d e  s u l f u r  atom re- 

mained undetermined i n  t h e s e  s t u d i e s .  
I n  an  a n a l y s i s  of t h e  s y n t h e t i c  problem ( F i g u r e  2 0 )  s p a r -  

somycin can  be c o n s i d e r e d  as an amide d e r i v e d  from t h e  

a c i d  component 52 and t h e  amine component 53. The l a t t e r  

can  be  viewed as  a d e r i v a t i v e  o f  D-cys te ine  hav ing  i t s  
-C02H-function reduced  and i t s  -SH f u n c t i o n  a l k y l a t e d  and 

o x i d i z e d .  

Component 52 c o u l d  be p repa red  by u s i n g  a W i t t i g  conden- 

s a t i o n  1 7 .  M o r e  c h a l l e n g i n g  w a s  t h e  s y n t h e s i s  of compo- 

n e n t  53, s i n c e  t h e  unsymmetr ica l ly  s u b s t i t u t e d  
- S ( O ) C H  S-moiety i s  a c i d  l a b i l e  and may a l s o  undergo B- 
e l i m i n a t i o n  - t h e r m a l  o r  base- induced  - t o  which s u l f o -  

x i d e s  are  p rone .  An a t t r a c t i v e  approach  t o  a p r o t e c t e d  

d e r i v a t i v e  of 53 ,  i . e .  53A appea red  t o  be  n u c l e o p h i l i c  

r i n g  opening  of a c y c l i c  s u l f i n a t e  ester 54 ,  a y - s u l f i n e  

( F i g u r e  2 1 ) .  T h i s  compound h a s  a s u l f u r  a t o m  a c t i v a t e d  

18 
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I Soarsomvcin - Retrosvnthesis 1 
I '  I 

[525]/145 

5-formyl-6-Me-uraci l  0 -  cysteine ( Sc ) 

F i g .  2 0  

toward n u c l e o p h i l i c  a t t a c k  as  w e l l  as a p r o t e c t e d  a l c o -  

h o l  f u n c t i o n .  T h i s  approach  w a s  a v i a b l e  one :  w e  have  

s y n t h e s i z e d  s u l t i n e s  of t y p e  5 4  s t a r t i n g  from D-cys t e ine  
and have s t u d i e d  

l e o p h i  l e  s ( F i g u r e  

t h e i r  r i n g  open ing  r e a c t i o n s  w i t h  nuc- 

2 2 )  * 

I/ 
0 

amino-sultine D - cysteine 53 a - 

F i u .  2 1  
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I svnthesis of amino suttines I 

52 b 
Fig. 22 

The N-pro tec ted  D-cys t ino l  d e r i v a t i v e  56,  p r e p a r e d  f r o m  
55 by L i B H 4  r e d u c t i o n  fo l lowed  by I2 o x i d a t i o n ,  w a s  t re-  
a t e d  w i t h  t h r e e  e q u i v  o f  NCS i n  AcOH t o  a f f o r d  54A and 

54B ( 1  : 1 r a t i o )  i n  8 7 %  y i e l d  19. The s t r u c t u r e s  - i n c l u -  

d i n g  t h e  a b s o l u t e  c o n f i g u r a t i o n  of t h e  s u l f u r  atoms - 
w e r e  a s s i g n e d  by CD s p e c t r o s c o p y  and X-ray c r y s t a l l o -  

g r a p h i c  a n a l y s i s  19,20 

52 - 

OH 4 

iesis 

F i g .  23  

W e  w e r e  p l e a s e d  t o  f i n d  t h a t  t h e  s u l t i n e s  underwent nuc- 

l e o p h i l i c  r i n g  opening  smoothly and w i t h  i n v e r s i o n  a t  
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s u l f u r :  e . g .  t r e a t m e n t  of  54B w i t h  MeSCH2Li gave 53B i n  
7 0 %  y i e l d .  The amino a l c o h o l  57B ( F i g u r e  23) w a s  prepa-  

r e d  q u a n t i t a t i v e l y  by t r e a t m e n t  o f  53B ( P  = t - B O C )  w i th  

CF CO H a t  0 C and subsequent  d e p r o t o n a t i o n  w i t h  an ion-  

exchange r e s i n .  Coupl ing o f  52 wi th  57B w a s  ach ieved  by 

means o f  DCC and hydroxybenzo t r i azo le  t o  y i e l d  a com- 
pound t h a t  w a s  i d e n t i c a l  w i t h  sparsomycin i n  a l l  r e s p e c t s .  

From t h i s  w e  concluded t h a t  spa r somyc in ' s  s u l f o x i d e  s u l -  

f u r  atom m u s t  have t h e  R - c h i r a l i t y .  

Sparsomycin 's  t h r e e  stereomers 58-60 w e r e  p repa red  u s i n g  

t h e  same approach.  F i n a l l y ,  t h e  s y n t h e s i s  of  sparsomycin 

w a s  op t imized  by making u s e  of  t h e  f i n d i n g  21 t h a t  s u l -  

t i n e s  54A and 54B undergo a c l e a n  e p i m e r i z a t i o n  a t  t h e  

s u l f u r  atom when h e a t e d  a t  120-130 C .  Consequent ly ,  t h e  

'wrong'  isomer 5 4 A  was r e c y c l e d  by conve r s ion  i n t o  a 

1 : l  m ix tu re  of  54A and 5 4 B ,  o u t  o f  which 54B w a s  r e a d i l y  

i s o l a t e d  by f l a s h  column chromatography. 

I n  t h e  cour se  of ou r  s y n t h e t i c  work on 54,  w e  found 

t h a t  s e l e c t i v e  c l eavage  of  t h e  S-OR bond i n  s u l t i n e s  can  

be achieved  by a wide v a r i e t y  of n u c l e o p h i l e s  (n-Bu-, 

CH2CN-,  CH2C02Bu , CH2P (0) ( O E t )  , C6H5C ( H ) C N -  and 

C H C ( C H 3 ) C N -  1 .  With t h e  l a s t  t w o  n u c l e o p h i l e s  asym- 

metric i n d u c t i o n  on t h e  p r o c h i r a l  carbon a t o m  w a s  ob- 

s e rved ;  i n  o r d e r  t o  unde r s t and  t h i s  i n d u c t i o n  w e  s t u -  

d i e d  22 t h e  conformat ion  of 54A and 5 4 B  i n  s o l u t i o n  by 

H-NMR. W e  a l so  s t u d i e d  2 1  t h e  t h e r m o l y t i c  S02-extru-  
s i o n  of t h e  f u n c t i o n a l i z e d  s u l t i n e s .  F l a s h  vacuum t h e r -  

molys is  y i e l d e d  a Z/E-mixture of t h e  co r re spond ing  N- 

p r o t e c t e d  enamides,  a r e a c t i o n  w e  e x p l a i n e d  by a nove l  

mig ra t ion  of t h e  benzamide qroup i n v o l v i n q  a C l a i s e n -  

t y p e  rear rangement .  

0 
3 2  

0 

1 6 , 1 9  

t- - 
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The aforement ioned  approach  t o  53 and a n o t h e r  one w e  had 

p u b l i s h e d  p r e v i o u s l y  l 7  w a s  f l e x i b l e  enough t o  a l l o w  t h e  

s y n t h e s i s  o f  16 s t r u c t u r a l  a n a l o g s  of  sparsomycin .  Spar-  

somycin and t h e s e  a n a l o g s  w e r e  t e s t e d  i n  c e l l - f r e e  sys -  

t e m s  f o r  t h e i r  a b i l i t y  t o  i n h i b i t  t h e  p r o t e i n  syn the -  

s i s  i 6  as  w e l l  as i n  an i n  v i t r o  c l o n o g e n i c  a s s a y  f o r  

t h e i r  a n t i t u m o r  a c t i v i t y  2 3 .  The r e s u l t s  o f  t h e s e  a s s a y s  

i n d i c a t e  t h a t  s p a r s o m y c i n ' s  a n t i t u m o r  a c t i v i t y  i s  p r i -  

m a r i l y  due t o  an i n h i b i t i o n  of t h e  p r o t e i n  b i o s y n t h e s i s .  

I n  a d d i t i o n ,  w e  w e r e  a b l e  t o  draw c o n c l u s i o n s  abou t  t h e  

s t r u c t u r a l  f e a t u r e s  t h a t  are r e q u i r e d  f o r  s p a r s o m y c i n ' s  

a n t i t u m o r  a c t i v i t y .  These c o n c l u s i o n s  are summarized 

i n  F i g u r e  2 4 .  

I s.a.r. studies 1 
assays used I inhibition of protein biosynthesis in cell-free systems 

I in vitro C1210  clonogenic assay 

+ +  ' essential . . Important 
- unimportant 

F i g .  2 4  

These r e s u l t s  l e n d  s u p p o r t  2 4  t o  a m e c h a n i s t i c  r a t i o n a l e  

f o r  s p a r s o m y c i n ' s  a c t i v i t y  on a molecu la r  b a s i s :  i t  h a s  

been proposed  2 5  t h a t  t h e  i n h i b i t o r y  a c t i v i t y  miqht  be  

due t o  a Pummerer-like r e a c t i o n  i n v o l v i n g  s p a r s o m y c i n ' s  

s u l f o x i d e  moiety c a u s i n g  an i r r e v e r s i b l e  b l o c k i n g  of t h e  

growing p e p t i d e  c h a i n .  
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F i n a l l y ,  o u r  approach  r e s u l t e d  - f o r  t h e  t i m e  b e i n g  - 
i n  t h e  s y n t h e s i s  o f  two a n a l o g s  - benzylsparsomycin  

( 6 1 ,  R=CH2C6H5)  and o c t y l s p a r s o m y c i n e  ( 6 1 ,  R=nC H 8 1 7 )  - 
t h a t  have a h i g h e r  c y t o s t a t i c  a c t i v i t y  and  a lower t o -  

x i c i t y  t h a n  sparsomycin  (61 , R = M e )  . Work i s  i n  p r o g r e s s  

t o  o b t a i n  a d d i t i o n a l  a rquments  f o r  the i n t r o d u c t i o n  of 
t h e  most p romis ing  a n a l o g  of  sparsomycin  i n t o  t h e  c l i n i c  

as an a n t i t u m o r  a g e n t .  

I n  c o n c l u s i o n ,  t h e s e  r e s u l t s  u n d e r l i n e  our  view t h a t  a 

f l e x i b l e  s y n t h e s i s  of  a b i o l o g i c a l l y  a c t i v e  compound i s  

a p r e r e q u i s i t e  f o r  an  a n a l y s i s  of t h e  s t r u c t u r a l  f e a t u -  

res t h a t  are  e s s e n t i a l  f o r  an  o p t i m a l  a c t i v i t y  a s  w e l l  

as €or a s t u d y  of t h e  mode o f  a c t i o n  of t h a t  compound. 
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