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A  STEREOCONTKOLLPD SYNTHESIS OF THE 16-MFMRF,RFTI RING MACKOLIDE AGI.YCONFS, NlDDANOLInE, 

CARRONDLIDE R ,  AND PLATENONOLIDR W l l  

N o r i y u k l  N a k a j m a ,  K o u i c h i  Uoto, a n d  nsamu ~ o n e r n i t s u ~  

F a c u l t y  o f  P h a r m a c e u t i c a l  S c i e n c e s ,  H o k k a i d o  U n i v e r s i L y ,  S a p p o r o  0 6 0 ,  J a p a n  

A b s t r a c t  - T h e  a g l y c o n e s  o f  the 16-mernherrd r i n g  m a c r o l i d e  u n t i b i o t l c s ,  n i d d u n a l i d e ,  

c a r b o n o l i d e  R,  a n d  p l a t e n o n o l i d c  W1, were s y n t h e s i z e d  v i a  t h e  Yvmnguchi e s t e r i f i c a t l o n  

of  t h e  C I - C I O  a n d  t h e  C I I - C I I  p r e p a r e d  s r e r e o s e l e c v i v e l y  from n- 

g l u c o s e ,  f o l l n w c d  by a n  i n ~ r a r n o l e c u l v r  W i t t i g - H o r n e r  t y p e  c y c l l r a t i o n .  

Among u g r e a t  number  o f  macrolide a n t i b i o t i c s  i s o l a t e d  m a i n l y  from S t r e p t o m y c e s  s i n c e  t h e  f i r s t  

d i s c o v e r y  o f  p i k r o m y c i n  i n  1 9 5 0 ,  t h e  16-membered m a c r o l i d e s  r e p r e s e n t e d  by c a r b o m y c i n s ,  l cucomy-  

c i n s ,  s p i r a m y c i n s ,  a n d  m a r i d o m y c l n s  form t h e  l a r g e s t  g r o u p ,  a n d  t h e i r  a g l y c o n e s  a r e  c l a s s i f l e d  

i n t o  [our t y p e s  I ,  IT, 111, a n d  IV a c c o r d i n g  t o  t h e i r  o x i d a t i o n  l e v e l s .  

For t h e  s t c r c a s e l c c c i v r  s y n t h e s i s  of t h e s c  n g l y c o n e s  i t  seems p r u m l s l n g  t h a t  t y p e  I a g l y c o n e s  

a r e  f i r s t  s y n t h e s i z e d  a n d  t h e n  r e d u c e d  a n d l o r  a n d i r e d  t o  y i e l d  t y p e  11, 111, a n d  IV a g l y c o n c s ,  

e l t h o u g h  c o n f o r m a t i o r m l  c o n t r o l  of  t h e  1 6 - m e m b e r e d  r i n g  of  t y p e  I c o m p o u n d s  i s  p r e s u m a b l y  

e s s e n t i a l .  R e c e n t l y ,  we r e p o r t e d  h i g h l y  s t e r e o s e l e c t i v e  s y n t h e s e s  o f  typical m a c r o l i d r  a g l y c o n e s  

s u c h  as  m e t h y n o l l d e ,  p i k r o n o l i d e ,  a n d  t y l o n o l i d e  u l a  t h e  m a c r o c y c l i r a t i o n  u s i n g  t h e  W i L t l g -  

Horner r e a c t i o n . '  T h i s  m e t h o d o l o g y  was now a p p l i e d  t o  t h e  s y n t h e s i s  of t y p e  I a g l y c o n e s ,  n i d d a -  

n o l i d e  ( l ) ,  c a r b o n o l i d e  R  ( Z ) ,  a n d  p l a t c n o n o l i d e  W 1  ( 3 ) .  A l t h o u g h  t h e r e  a r e  t w o  e x c e l l e i i t  

p r e c e d e n L s  f o r  t h e  s y n t h e s i s  of ca rboniyc ln  13 i t s e l f 3  a n d  ! h i s  r e p o r t  may p r o v ~ d e  an n d d l -  

t i o n a l  a n d  i r n p r o v ~ d  synthetic m e t h o d ,  ~n w h ~ h  1 ,  2 ,  a n d  3 were s y n L h e s i r e d  v i a  t h e  e s t e r  

c o u p l i n g  b e t w e e n  s c g m c n t  1 a n d  s e g m e n t  2 f o l l o w c d  by t h e  i n t r a m o l e c u l a r  W i t t i g - H o m e r  c y c l l r a -  

1: R=H Niddanol~ds 
1 2: R=COMe Carbanoiide B 

3: R= COEt Platenanolide W, 

Segment 2 

S e g m e n t  1  ( 4 )  was r e a d i l y  s y n t h e s i z e d  f r o m  ( S ) - m a l ~ c  a c i d  v i e  b i a n d  7 b y  a s e r i e s  o i  c o n v e n -  

t i o n 0 1  r e a c t i o n s .  



-OH a 
(S)-Malic acid - 4" - 

S i n c e  t h e  c o n f i g u r a t i o l l  a t  C3-C8 i s  identical t o  t h a t  aL t h e  same p o s i t i o n s  o r  t y l o n o l l d e ,  t h e  

m e t h o d o l o g y  e m p l o y e d  i n  t h e  s y n t h e s i s  of s e g m e n t  2 of t y l u n o l i d e Z C s f  was d i r e c t l y  a p p l ~ c a b l e  t o  

t h e  s y n t h e s i s  o f  5, w h i c h  h a s  o n l y  a d i f f e r e n c e ,  a m e t h u x y  g r o u p  a t  C 4  instead of  a m e t h y l  

g r o u p .  T h e  a l c o h o l  e a s i l y  s y n t h e s l r e d  from D - g l u c o s c ,  was f i r s t  p r o t e c t e d  w i t h  a 4 -  

m e t h o x y b e r i r y l  (MPM) g r o u p 6  a n d  t h e n  c o n v e r f e d  t o  t h e  e p o x i d r  (9) i n  t h e  u s u a l  way i n  o r d e r  t o  

i n v e r t  t h e  c o n f i g u r a r i o n  a t  C 5  ( b u s e d  on 1) -g lucose) .  King o p e n m g  w i t h  s o d i u m  b e n r y l  o x i d e  a n d  

s u b s e q u e n t  m e t h y l a t i o n  g a v e  10 i n  e x c e l l e n t  y i e l d .  T h e  a c e r o n i d e  o f  10 was c l e a v e d  i n  t h e  u s u a l  

way . '  a n d  t h e  r e s u l t i n g  a l d e h y d c  (11)  was t r e a t e d  w i t h  a W i t r l g - I l o r n e r  r e a g e n t  o f  t h e  s o d i u m  

s a l t  of t r i m e t h y l  1 - p h a s p h o n o p r o p l o n a t e  t o  g l v c  f h c  ( 3 - a . 8 - u n s a t u r a t e d  w h i c h ,  w i t h o u t  

p u r i f i c a t i o n ,  was c o n v e r t e d  t o  t h e  l s c t o n e  ( 1 2 )  by LreaLmenL w i t h  p o t a s s i u m  c a r b o n a r c .  I n  o r d e r  

t o  i n c r e a s e  t h e  s t e r e o s e l e c t i v i t y  o f  t h e  r e d u c t i o n  of L h e  d o u b l e  b a n d  of  12 ,  t h e  l a c t o n e  w a s  

c o n v e r t e d  Lo t h e  a n o m e r i c a l l y  pu re  6 - l n c t o l i d e  v i a  r e d u c t m n  w i t h  W R A L  f o l l o w e d  by ~ s o p r o p y l  

p r o t e c t i o n  of t h e  r e s u l t i n g  l n c t o l .  S e l e c t i v e  h y d r o g e n a t i o n  of t h e  b e r l z y l  ( K n )  g r o u p  arid t h e  C7- 

C 8  d o u b l e  b o n d ,  n o t  of  t h e  MPM g r o u p ,  was a c h i e v e d  by u s e  o f  R a n e y  n i c k e l  (W2) c a t a l y s t .  T h e  

s t e r e o s e l e c t i v i t y  a t  C 8  was 9 : 1. 

(c) 1) MPMCI. NaH. DMF~THF (97%): 2) 2% H,SO,-MeOH: 3) TBDMSCI, imdazole. CH,Cl,(64%, 2 steps); 
4) MsCI. Py. (98%); 5 )  1N HCi. THF (91%); 6) KZCOS, MeOH (96%). (d) 1) BnOH, NaH. DMF (98%); 2) Mel. 
NaH, DMSO, THF (100%). (e) 1) 3N H,SO,, dioxane. rt, 48 h; 2) NalO,, H,O, MeOH 138% (100% based on 
consumed 10). 2 steps]. (1) 1) MeO,CCHMePO(OMel,, NaH. THF, -90°C; 2) K,CO,, MeOH (65%. 2 steps) 
(g) 1) DIBAL, toluene: 2) CSA. iPrOH (75%. 2 steps); 3) Raney Ni-W2, H,, EtOH (83%). 

T h e  f i n a l  c h ~ r a l  c e n t e r  a t  C 3  was c o n s t r u c t e d  a s  f o l l o w s .  Swern o x l d v t i o n  of 1 3  g a v e  t h e  a l d e -  

h y d e .  w h i c h  was t r e a t e d  w i t h  a l l y l t r ~ b u t y l t i n  i n  t h c  p r e s e n c e  of magnes ium b r o m i d e  a t  - 6 0 ' ~ . ~  A 
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h  
1 3  - i - +OH j 

M ~ , ~  i - 
MeO 5 O'MPM 

1 4  O'MPM 1 5  

(hl 1) DMSO. (COC02, CH2C12 (96%): 2) CH2=CHCH2SnBU3, MQBr2EL20. CH& 6 0 %  (87%). ( I )  1N HCI, THF 
(80%): 2) NaBH,, CaCI,, ELOH (91%); 3) Me,C(OMe),, CSA. benzene (90%). (j) 1) OMSO. (COCI),, CH,CI, (91%) 
2) MePO(OMeI2, nBuLi, THF (99%): 3) PDC, DMF (87%). (k) KMnO,, NaiO,. NaHCO,, acetone (80%). 

c h e l a t i o n - c o n t r o l l e d  a d d l t i o n  r e a d l l y  o c c u r r e d  a l m o s t  c o m p l e t e l y  s t e r e o s e l e c t i v e l y  (72 : 1 )  Lo 

g l v c  1 4 , "  w h o s e  c o n f i g u r a t i o n  was confirmed a f t e r  c o n v e r s i u n  o f  14 t o  15 v i a  t h r c e  r e a c r i o n s ,  

a c i d - h y d i o l y s l s ,  reduction w i t h  c a l c i u m  b u r o h y d r l d u ,  a n d  protection w i t h  a n  i s o p r o p y l i d e n e  

g r o u p .  I n  t h e  nmr  s p e c t r u m  of 15, NOR £rum Lhe a x l a 1  m e t h y l  g r o u p  of t h e  i s o p r o p y l i d e n e  g r o u p  t o  

Ha  ( 1 2 . 4 % )  a n d  Hb (8.3%) was c l e a r l y  o b s c r u c d .  Swern o x i d a L i o n  o i  15 g a v e  t h e  a l d e h y d e ,  w h i c h  

was t r e a t e d  w ~ t h  t h e  l i t h i o  d e r i v a t i v e  o f  d i m e t h y l  r n e ~ h a n e p h o s p h o n v t c  a n d  t h e n  p y r ~ d i n i u m  

d i c h r o r n v t c  (PnC) t o  g i v e  t h e  6 - k e t o  p h o s p h o n v t e  ( 1 6 ) .  O x i d a ~ l o n  of t h e  t e r m i n a l  o l e f i n  o f  1 6  was 

c a r r i e d  o u t  u n d e r  L c r n i r r - v u n  R u d l o f f ' s  c o n d ~ t i o n s , ' ~  a n d  s e g m e n t  2 ( 5 )  *,as l s o l a t e d  i n  g o o d  

y i e l d .  

0. 
MPM 

1 7  

(I) ClaCeH2COCI, DMAP, toluene. 1.5 h.  rt  (78%). (m) K,CO,, 18-crown-6, toluene, rt, 17 h (57%). 
(n) 1) DOO. CH,CI,-H,O (84%): 2) DMSO. (COCI),, CH,CI, (95%): 3) I N  HCI-THF (1: 3) (84%). (a) 
1) MPMOH. CSA (93%): 2) for 19, A@ TEA. DMAP (98%): for 20 (EtCO)zO. TEA, OMAP (75%). 
(p) 80%-TFA, 0% (2, 92% ; 3, 97%). 



F s t e r ~ f i c a t l o n  of 4  and  5 was c a r r i e d  o u t  by t h e  Yvrnvgurhl method ,13  and t h e  resulting e s t e r  

( 1 7 )  was s u b j e c t e d  t o  t h e  i n t r a m o l e c u l a r  Wlttig-Horner Lypc c y c l l z a t l o n  by Nicolaou's  methodi4 

us ing  powdered potassium carbona te  and 18-crown-6 i n  toluetre  a t  room tempera tu re  t o  g i v e  t h e  16- 

membered dienone ( 1 8 1 . ~ ~  Removal of t h e  MPM group by nDQ o x l d a t i o n b  f o l l o w e d  by Swern o n i d a t i o n  

gave t h e  aldehyde, and the  r c m a i n ~ n g  i s u p r o p y l l d e n e  p r o t e c t i o n  was removed with hydrochloric 

a c i d  to g i v e  i r ~ d d v n o l i d e  ( ] ) I 6  i n  good y i e l d .  A f t e r  p r o t c r t i o r l  of t h e  h e m i a c e t a l  w i t h  a n  HPM 

group,  u c e t y l a L i o n  of t h e  C3-hydroxy group gave 19. S i m i l a r l y ,  treatment with p rop ion ic  anhy- 

d r i d e  g a v r  20. R e m v v l  o i  t h e  MPM p r o t e c t i n g  group of 1 9  and 2 0  under a c i d l c  c o n d ~ t i o n s  r e a d ~ l y  

a i f o r d e d  c a r b o n o l ~ d e  R (2)'' and p l a t e n o n o l i d e  W ,  (3),18 r e s p e c t i v e l y ,  i n  r r c e l l e n t  y i e l d s .  
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