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e x p e r i m e n t s  pe r fo rmed  on t h e  f r ac t ion  A, us ing  as a 
reference a sample  of V, p r e p a r e d  as above .  

Axamide -4  (VI). T he  occur rence  of i soni t r i les  in  m a r i n e  
sponges,  ha s  genera l ly  been  a c c o m p a n i e d  b y  t he  cor- 
r e spond ing  i so th iocyana t e s  and  fo rmamides ,  a n d  th i s  
was cons idered  to  be  ev idence  of t he  s t r i c t  b iogenet ic  
r e l a t ionsh ip  b e t w e e n  these  t h r e e  der iva t ives .  U n f o r t u n -  
a t e ly  our  a t t e m p t s  to  isola te  V I  were abor t ive ,  p r o b a b l y  
due to t he  v e r y  smal l  q u a n t i t i e s  of Axamide -4  p r e sen t  in 

the  sponge.  However ,  co-GLC expe r imen t s ,  pe r fo rmed  
on t he  f r ac t ion  C, revea led  t he  p resence  of a p r o d u c t  
w i t h  t h e  same r e t e n t i o n  t i m e  of a s y n t h e t i c  s ample  of 
Axamide -4  [M + 247, m .p .  81-84 ~ [e]i) + 63,3, Vraax 3380 to 
3170, 1683, 1655 cm-Z; d 0.97 (3H,  s), 1.67 (3H,  s), 1.73 
(3H,  s), 4.56 (2H,  re)I, o b t a i n e d  b y  t r e a t m e n t  of I V  w i t h  
acet ic  acid in  a n h y d r o u s  e ther ,  in  t h e  p rev ious ly  de- 
scr ibed e x p e r i m e n t a l  cond i t ions  3. 
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Summary. L-Valyl-L-proline (I), L-leucyl-L-proline (II),  L-phenyla lanyl -L-pro l ine  (III)  a n d  L-isoleucyl-L-proline (IV) 
a n h y d r i d e s  were i so la ted  f rom t he  cu l tu res  of Streptomyces lavendulae No. 314 and,  on  t he  basis  of 13C-NMR a n d  CD 
spectra ,  t he i r  s t e r eochem i s t r y  in  so lu t ion  is descr ibed.  

I n  t he  p rev ious  c o m m u n i c a t i o n  s , we h a v e  descr ibed  
t he  i so la t ion  of nove l  a n t i t u m o r  an t ib io t ics ,  Chlorocarc in  
A, B a n d  C f rom t he  cu l tu re  f i l t r a te  of Streptomyces 
lavendulae No. 314. W e  r e p o r t  here  t he  i so la t ion  of severa l  
d ike top ipe raz ines  7 c o n t a i n i n g  L-proline ( I - IV)  as com- 
p a n i o n  subs tances ,  a n d  we will discuss t h e i r  s tereo-  
c h e m i s t r y  in  so lu t ion  on  t he  basis  of 13C-NMIR a n d  CD 
spect ra .  

The  c o m p a n i o n  subs t ances  ( I - IV)  were i so la ted  f rom 
the  c rude  basic  c o m p o n e n t s  b y  co lumn c h r o m a t o g r a p h y  
over  silica gel a long  w i t h  Chlorocarc ins  h a v i n g  p o t e n t  
a n t i t u m o r  ac t iv i ty .  However ,  four  c rys ta l l ine  c o m p o u n d s  
( I - IV)  did  n o t  exh i b i t  i n h i b i t o r y  a c t i v i t y  aga i n s t  experi-  
m e n t a l  L1210 l y m p h o c y c t i c  leukemia .  These  op t ica l ly  
ac t ive  subs t ances  ( I - IV)  were shown  to  h a v e  t he  molec- 
u lar  fo rmula  : I, CIoHlsOzN2 (M+, 196) m . p .  186.5-187.5 ~ 
II, CnH18OsN 2 (M+, 210) m .p .  159-161 ~ I I I ,  C14H16OzN 2 
(M +, 244) m .p .  134-134.5~ IV, CnHlsO2N s (M +, 210) 
m .p .  124-127~ E ~  - -167 .2~  (c, 0.67, CHC13) and  

were ident i f ied  as L-valyl-L-proline (I) T M ,  L-leucyl-L- 
pro l ine  (II) S-n, la-xT, L-phenyla lanyl -L-prol ine  ( I I I )  8,11 
and  L-isoleucyl-L-proline (IV) a n h y d r i d e s  respect ive ly .  
A m o n g  them,  I V  was a nove l  d ike top ipe raz ine  a n d  i ts  
s t r u c t u r e  was e luc ida ted  b y  t he  e x a m i n a t i o n  of mass  is 
a n d  1H-NMR spec t r a  and  t h e  d i rec t  compar i son  of the  
s y n t h e t i c  m a t e r i a l  p r e p a r e d  f rom L-proline a n d  L-iso- 
leucine.  This  is, to  t he  be s t  of our  knowledge,  t he  f irst  
t i m e  I V  has  been  i so la ted  f rom Streptomyces sp. Or indeed  
f rom a n y  n a t u r a l  source. 

T h e r e  has  been  cons iderab le  i n t e r e s t  in t he  s tereo-  
c h e m i s t r y  of d ike top ipe raz ine  r ing  t h r o u g h  ZH-NMR (in 
solut ion)  z9-22 a n d  X - r a y  c rys t a l log raph ic  (in t he  solid 
s ta te)  18, 28-e5 s tudies .  As to  prol ine  der iva t ives ,  glycyl-L- 
prol ine  18 a n d  L-leucyl-L-proline (II) 24 a n h y d r i d e s  were 
r ecen t l y  shown  to  a d o p t  t h e  b o w s p r i t  b o a t  c o n f o r m a t i o n  
b y  X - r a y  analysis ,  and  L-valyl-L-proline a n h y d r i d e  (I) is  
a s sumed  t he  same  c o n f o r m a t i o n  in so lu t ion  b y  N M R  
studies .  T h e n  we f u r t h e r  e x a m i n e d  t he  l sC-NMR a n d  CD 

lS C-NMR chemical shifts (d T~s) of diketopiperazines (I-III) in CDC1 a ~ 
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Number of carbon (off resonance ) 
DKP 

2 (s) 3 (d) 5 (s) 6 (d) 7 (t) 8 (t) 9 (t) 10 11 _CH 3 (q) 

I 170.41 58.78 165.08 60.47 28.50 22.27 45.01 28.50 (d) 16.03,19.02 
II 170.54 53.58 166.38 59.04 28.11 23.31 45.53 38.64 (t) 24.61 (d) 21.36,22.79 
III  169.43 56.31 165.07 59.04 28.30 22.46 45.33 36.82 (t) 
Leucine 2s 55.5 45.2 (t) 25.2 (d) 22.3,23.5 

tH-Noise decoupled and off resonance 18C-NMR spectra were taken with Jeol FX-60 FT-NMR spectrometer operating at 15.0 MHz. 
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s p e c t r a  of  t h e s e  d i k e t o p i p e r a z i n e s  ( I - I V ) ,  h i t h e r t o  l i t t l e  
i n v e s t i g a t e d  c l a s s  o f  c o m p o u n d s .  F r o m  p r o t o n  n o i s e  de -  
c o u p l e d  a n d  o f f - r e s o n a n c e  ~ C - N M R  s p e c t r a ,  i t  w a s  s u g -  
g e s t e d  t h a t  I, I I  a n d  I I I  a d o p t  t h e  b o w s p r i t  b o a t  c o n -  
f o r m a t i o n ,  a n d  t h e  l e u c y l  s ide  c h a i n  is f u l l y  e x t e n d e d  b y  
c o m p a r i s o n  w i t h  ~ C - N M R  d a t a  o f  l e u c i n e  ~ (see t ab l e ) .  
C o n s e q u e n t l y  i t  w a s  p r o v e d  t h a t  t h e  s t e r e o c h e m i s t r y  o f  
I I  in  s o l u t i o n  w a s  i d e n t i c a l  w i t h  t h a t  f o u n d  c r y s t a l l o -  
g r a p h i c a l l y  ~*. 

C D  c u r v e s  of  t h e s e  d i k e t o p i p e r a z i n e s  ( I - I V )  a r e  s h o w n  
in  t h e  f i g u r e :  I a n d  I V  s h o w e d  a p o s i t i v e  n -+ ~z* C o t t o n  
e f f ec t  2~ a t  237 n m  ([0] + 4 3 2 0 )  a n d  237 n m  ([0] + 5 6 8 0 ) .  
O n  t h e  o t h e r  h a n d ,  I I  a n d  I I I  s h o w e d  a n e g a t i v e  n ---> ~z* 

C o t t o n  e f f ec t  a t  224 n m  ([0] - - 1 6 8 2 0 )  a n d  218 n m  ([0] 
- -  14650) r e s p e c t i v e l y .  S ince  t h e  p r e s e n c e  o f  t h e  p r o l i n e  

r i n g  m a y  e n h a n c e  t h e  s t a b i l i t y  of  t h e  b o w s p r i t  b o a t  
f o r m  ~,  i t  s h o u l d  be  p o i n t e d  o u t  t h a t  t h i s  s t r i k i n g  d i f -  
f e r e n c e  in  t h e  s i g n  of  t h e  n -~  ~z* C o t t o n  e f f ec t  w a s  in -  
f l u e n c e d  b y  t h e  c o n f o r m a t i o n  o f  t h e  s ide  c h a i n  in  a c c o r d  
w i t h  ~H- a n d  ~ C - N M R  d a t a .  I n  c o n c l u s i o n ,  t h e  a b o v e  
r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  s i g n  of  t h e  n --> :~* C o t t o n  
e f f ec t  d e p e n d s  on  t h e  p r e s e n c e  of  t h e  m e t h y l  g r o u p  a t  
C-10 c a r b o n  of  t h e  s ide  c h a i n  o n  t h e s e  r ig id  d i k e t o p i p e r -  
a z i n e  r ing .  

I n v e s t i g a t i o n s  o n  t h i s  p o i n t  a r e  c o n t i n u i n g  in  o u r  
l a b o r a t o r y .  
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CD curves of diketopiperazines (I-IV) in dioxane ( - - - )  and meth- 
anol ( . . . .  ). 
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