
776 Specialia EXPIERIENTIA 24/8 

A Total  Synthes is  of Act inomycin D (C~) via Peptide Cycltzation Between Proline and Sarcosine ~ 

Syntheses of act inomycin D (Ct)2 have been reported 
by  BROCKMAr~N and LACKNER s, during which the  key 
step, ring closure of the  cyclic pept ide  lactones, was 
carried out  by  lactonization with the use of acetyl imida-  
zole/acetylchloride. 

This communicat ion concerns a synthesis of actino- 
mycin D (Figure 1) during which a p-ni t rophenyl  ester 
intermediate  served to cyclize the pept ide  lactone rings 
between proline and sarcosine*. The synthet ic  approach is 
outl ined in Figure 2. 

Trea tment  of the mixed anhydr ide  ~ from benzyloxy- 
earbonyI-L-N-methylvaline 6 and isobutylchloroformate 
with tert-butyloxycarbonyl-L-threonine ~-~ and cata lyt ic  
hydrogenat ion of the  crude product  in the  presence of 
pal ladium black gave the crystall ine fl-di-depsipeptide 
derivative, O- (L-N-methylvalyl)-N-tert-butyloxycarbonyl-  
L-threonine (I), 49%, m.p. 207 o , [~]~ +57.1 ° (c 1, 
methanol).  Anal. calcd, for CI~H2sN206 (332.4): C, 54.2; 
H, 8.49; N, 8.43; O, 28.9. Found:  C, 54.2; H, 8.60; 
N, 8.41; O, 28.9. Condensation of I with benzyloxycar-  
bonylsarcosine 1° by  the above mixed anhydride method 
afforded crystall ine O-(benzyloxycarbonylsarcosyl-L-N- 
methylvalyl)-N-tert-  buty loxycarbonyl-  L- threonin e (II), 

52%, m.p. 163 °, [a ]~  -- 59.7 ° (c 1, methanol). Anal. calcd. 
for Cz6HagN3On (537.6): C, 58.1; H, 7.31; N, 7.82; O, 26.8. 
Found :  C, 58.2; H, 7.46; N, 7.69; O, 27.0. 

Benzyloxycarbonyl -  D -valyl  - L proline-tert- bu ty l  ester 
(III)  was obtained as colorless prisms [90%, m.p. 92 °, 
[e]b9 _ 19.6 ° (c 1, methanol).  Anat. calcd, for Cz2HzzNzO5 
(404.5): C, 65.4; H, 7.98; N, 6.93. Found:  C, 65.4; H, 8.05; 
N, 7.06] from a reaction of benzyloxycarbonyl-D-vatine- 
p-ni t rophenyl  ester n with tert-butyl-L-prolinate I~,18. 
Catalyt ic  hydrogenat ion  of I I I  in the presence of pa l ladium 
black and subsequent reaction with the  mixed anhydr ide  
from I I  and isobutylchloroformate afforded the fl-penta- 
depsipeptide derivative,  O-(benzyloxycarbonylsarcosyl-  
L-N-methylvalyl)-N-ter t -butyloxycarbonyl-L-threonyl-D- 
valyl-L-proline-tert-butyl ester (IV), which was purified 
by  counter current  distr ibution in the system: toluene- 
chloroform-methanol-water  (5 : 5 : 8 : 2) 1,, and then pre- 
c ipi ta ted from ether/hexane a t  low temperature  to give a 
colorless amorphous powder, 85%, m.p. 75-80 °, Fa3~ 8 
--41 ° 4-1 ° (c 1, methanol).  Anal. calcd, for C,0H68NsO n 
(789.9): C, 60.8; H, 8.04; N, 8.87. Found:  C, 60.9; H, 8.08; 
N, 9.23. A sample for amino acid analysis x5 was hydrolysed 
with 6 N  HC1 at  110 ° for 24 h. The following molar ratios 
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were  o b t a i n e d ,  va l ine  be ing  t a k e n  as  1.0: sa rcos ine  1.0, 
p ro l ine  1.0, t h r e o n i n e  0.9, N - m e t h y l v a l i n e  x" 1.0. C leavage  
b y  4 N  HC1 in  d ioxane  (30 ra in  a t  r oom t e m p e r a t u r e )  of 
t h e  tert-butyloxycarbonyl a n d  tert-butyl es ter  p r o t e c t i n g  
g roups  gave  O- (benzy loxyca rbony l s a r cosy l -L -N-me thy l -  
va ly l ) -L- threonyl -D-va ly l -L-pro l ine  h y d r o c h l o r i d e  (V), 
95%,  m.p .  160-165 °, [m]~ - -45 .3  ° (c 1, m e t h a n o l ) .  Anal .  
calcd,  for  C~H~sNsOgC1 (670.2): C, 55.6; H,  7.22; N, 10.4; 
C1, 5.29. F o u n d :  C, 55.7; H,  7.25; N, 10.2; C1, 5.17. V w a s  
r eac t ed  w i t h  2 - n i t r o - 3 - b e n z y l o x y - 4 - m e t h y l - b e n z o y l -  
c h l o r i d e :  in  t h e  p resence  of N - m e t h y l m o r p h o l i n e .  Pur i -  
f i ca t ion  of t h e  c rude  p r o d u c t  b y  c o l u m n  c h r o m a t o g r a p h y  
o n  S e p h a d e x  L H  20 in m e t h a n o l  a f fo rded  O-(benzy loxy-  
c a r b o n y l s a r c o s y l - L - N - m e t h y l v a l y l )  -N-  (2 -n i t ro -  3 -benzy l -  
oxy-4-methy l -benzoy l ) -L- th reony l -D-va ly l -L-pro l ine  (VI), 
89%,  m.p.  115-120 °, [x]D ° - -4 .3  ° (c 0.5, m e t h a n o l ) .  Anal .  
calcd,  for  C~HssN~O~a (903.0): C, 61.2; H,  6.47; N, 9.31. 
F o u n d :  C, 61.2; I-I, 6.65; N,  9.40. V I  was c o n v e r t e d  to  i t s  
p - n i t r o p h e n y l  e s t e r  d e r i v a t i v e  (VII )  w i t h  t h e  use  of d i -p-  
n i t r o p h e n y l  sul f i te  in  p y r i d i n e  ~s. V I I  was  pur i f ied  b y  
c o l u m n  c h r o m a t o g r a p h y  on  S e p h a d e x  L H  20 in e t h y l  
a c e t a t e  fol lowed b y  p r e c i p i t a t i o n  f r o m  b e n z e n e  i n to  
hexane, as%, m.p.  110-115 ° (dec.), [e~o  _ 2 1 . 8  ° (c o.5, 
d i m e t h y l f o r l n a m i d e ) .  Ana l .  calcd, to r  C~sH,,N~O~ 
(1024.1): C, 61.0; H,  6.00; N, 9.58. F o u n d :  C, 61.3; H,  
6.59;  N, 9.69. T r e a t m e n t  of V I I  w i t h  4 N  h y d r o g e n  
b r o m i d e  in  d i o x a n e  x~,~e r e m o v e d  t h e  b e n z y l o x y c a r b o n y l  
group.  T h e  cyc l i za t ion  was ca r r ied  o u t  a t  h i g h  d i l u t i on  
(c a b o u t  0.05) in  p y r i d i n e  for  6 h a t  60 ° ~. A c rude  p r o d u c t  
was  o b t a i n e d  b y  e v a p o r a t i n g  t h e  so lvent ,  d i s so lv ing  t he  
res idue  in  e t h y l  ace t a t e ,  successive w a s h i n g  w i t h  1 N HC1, 
a n d  wate r ,  d r y i n g  ove r  MgSOl ,  a n d  e v a p o r a t i n g  t h e  
so lven t .  F r a c t i o n a t i o n  was  ca r r i ed  o u t  b y  c o l u m n  c h r o m a -  
t o g r a p h y  o n  S e p h a d e x  L H  20 in m e t h a n o l .  E v a p o r a t i o n  
of t h e  f r ac t ions  compr i s ing  t h e  f i rs t  m a j o r  p e a k  a f fo rded  
cycle-  (2 -n i t ro -  3 - h y d r o x y - 4 - m e t h y l - b e n z o y l ) - L - t h r e o n y l -  
D-va ly l -L-pro ly l - sa rcosy l -L-N-methy lva ty l  l ac tone  (VI I I ) ,  
w h i c h  was  o b t a i n e d  as  a n  a m o r p h o u s  p o w d e r  b y  p rec ip i t a -  
t i on  f rom e t h y l  a c e t a t e  in to  hexane ,  31%,  [e]~a - -14 .5  ° 
(c 0.5, m e t h a n o l ) .  V I I I  was  w i t h o u t  f u r t h e r  cha rac t e r i za -  
t i on  c o n v e r t e d  i n to  a c t i n o m y c i n  D b y  ca t a ly t i c  h y d r o -  
g e n a t i o n  in  t h e  p resence  of p a l l a d i u m  b l a c k  a n d  subse-  
q u e n t  o x i d a t i o n  u s ing  p o t a s s i u m  fe r r i cyan ide  ~ in a 
m i x t u r e  (1 : 1) of m e t h a n o l  a n d  M/15 p h o s p h a t e  buf fe r  a t  
p H  7.1. R e m o v a l  of t he  m e t h a n o I  u n d e r  r educed  pressure ,  
e x t r a c t i o n  w i t h  e t h y l  ace ta te ,  wash ing  of t h e  o rgan ic  
phase  w i t h  1 M N a H C O  3, 1 N HC1, a n d  water ,  d r y i n g  over  
Na~SO~, a n d  e v a p o r a t i o n  gave  c rude  a c t i n o m y c i n  (IX),  
w h i c h  was  rec rys ta l l i zed  f rom e t h y l  a c e t a t e  b y  t h e  
a d d i t i o n  of hexane .  F r o m  100 m g  oI V I I I  76 m g  (80%) 
of I X  were  ob t a ined ,  o r a n g e  red  pr isms,  m.p .  240-242 °, 
[ e ] ~  - - 3 1 2  ° :h 10 ° (~ 0.26, m e t h a n o l ) .  Anal .  calcd, for 
Cs~Hs~N~Ox~ (1255.4): C, 59.3; H,  6.91; N, 13.4. F o u n d :  
C, 59.3; H,  6.93; N, 13.4. A u t h e n t i c  n a t u r a l  c rys ta l l ine  
a c t i n o m y c i n  D 2~ possessed m.p.  241-243 °, [~]~0 - - 3 2 3  
4 -10  ° (c 0.26, r n e t h a n o l ) ~ t  Microbio logica l  a s says  ~,  
us ing  Lactobacillus arabinosus (ATCC 8014) a n d  L./ermenti  
(ATCC 9388) in  p a n t o t h e n a t e -  a n d  t h i a m i n e - d e p e n d e n t  
sy s t ems  r e spec t ive ly  ~°, showed  t h a t  t he  s y n t h e t i c  m a t e r i a l  
I X  is i n d i s t i n g u i s h a b l e  f rom n a t u r a l  a c t i n o m y c i n  D ~.  

Zusammen/assung. E s  wi rd  eine T o t a l s y n t h e s e  v o n  
A c t i n o m y c i n  D (Cx) beschr ieben ,  in de r  die Schliissel-  
r eak t ion ,  n / iml ich  die Zy ld i s i e rung  der  P e n t a p e p t i d l a k t o n -  
r inge,  d u r c h  eine N i t r o p h e n y l e s t e r - S y n t h e s e  zwischen 
P r o l i n  u n d  Sa rkos in  ausge f i ih r t  wurde .  Die  E s t e r g r u p p e  
zwischen  de r  C a r b o x y l g r u p p e  des  N - M e t h y l v a l i n s  u n d  d e r  
f l - H y d r o x y l g r u p p e  des T h r e o n i n s  w u r d e  d u r c h  R e a k t i o n  

v o n  B o c - T h r - O H  m i t  d e m  g e m i s c h t e n  A n h y d r i d  aus  
Z-MeVal -OH u n d  Chlorameisens~iure - i sobuty les te r  herge-  
s tel l t .  
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