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SYNTHETIC STUDIES OF THE NARGENICINS. 2. SYNTHESIS OF THE 

"NORTHERN HALF" OF NARGENICIN ~~1 
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Abstract - The synthesis of intermediate*, corresponding to the El-C14 fragment 
o f  the nargenicin macrolides, is described. 

The nargenicins (1-2) constitute a new class of macrolide antibiotics recently isolated 
from fermentations o f  soil-dwelling microorganisms by workers at Pfizer2 and upjohn>. 

Current interest in these canpounds stems from their pronounced activity against drug- 

resistant microbial strains4, their novel biogenesis5 and the formidable synthetic 

challenge presented by the unique connectivity and complex stereochemistry of these 

structurally fascinating decanolides. Recently we described an approach to the 11- 

oxatricyclo[4.4.11~6.02~71unde~ene nucleus of the natgenicins.la Herein we report the 

synthesis of tricyclic intermediate?, representing the fully-functionalized "northern 

half" of nargenicin A1 and its congeners. 
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1 :  - O , R2= OH, Nargenicin A 1  
2; R1= - , R2= H,  18-dewy Nargenicin A l  

3: Ri= H, R2= OH, Nodusmicin - 

Treatment of the previously reported enone 5l wlth ethaxyvlnyl lithium at -78'C ~n the - 
presence of MgBr2-Et20 resulted in the formation of an initial adduct, which upon warming 

to room temperature underwent intramolecular epoxide opening to give tricyclic 66 



(Scheme I ) .  P r o t e c t i o n  o f  t h e  hydroxyl  group fo l lowed  by t r e a t m e n t  w i t h  methanol and 

p - t o l u e n e s u l f o n i c  a c l d  gave t h e  t e t r a c y c l i c  k e t a l l ;  s e l e c t i v e  c l e a v a g e  o f  t h e  C 1 1  

methoxymethyl e t h e r  i n  t h e  l a t t e r  t r a n s f o t m a t i o n  presumably i n v o l v e s  p a r t i c i p a t i o n  o f  t h e  

e n d  e t h e r  (or t h e  mixed k e t a l  d e r i v e d  t h e r e f r o m ) .  I n t e r e s t i n g l y ,  k e t a l  8 is p r e s e n t  as a 

s i n g l e  s t e r e o i s o m e r ,  as ev idenced  by 1~ and $>C NMR. We have a s s i g n e d  t h e  B-configura- 

t i o n  t o  t h e  methoxy s u b s t i t u e n t  based on NOE s t u d i e s  o f  a subsequen t  i n t e r m e d i a t e  ( v i d e  i n f r a ) .  
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O E t  w: a )  MgBr2 .E t20 ,  THF, -78-O0 t ;  

b)  MeOCH2CI, E t i  pr2N,  CH2CI2 ;  

c )  MeOH, TsOH; d )  N B S ,  CC14, b e n r o y l  

Pe rox ide ;  e )  MeHgBr,  E f 2 0 .  O0c; 

f )  f i e ~ C u L i ,  THF, -78 -OOC,  

We nex t  i n v e s t i g a t e d  s t r a t e g i e s  f o r  i n t r o d u c t i o n  of a three-carbon s u b u n i t  cor responding  

t o  t h e  C I - C )  segment of t h e  n a r g e n i c i n  rnacrol ide system. Treatment  o f  k e t a l  with 

N-bromasuccinamide r e s u l t e d  i n  a l l y l i c  brorninat ion wi th  c o n c u r r e n t  o l e f i n  migra t ion7  t o  

g i v e  9. Assignment of  t h e  & c o n f i g u r a t i o n  t o  bromide 9 is based on NOE exper iments  which 

show enhancement o f  t h e  a l l y l i c  C4-H resonance upon i r r a d i a t i o n  o f  t h e  Cg-H methine 

s i g n a l .  A d d i t i o n a l l y ,  enhancement o f  t h e  s i g n a l  a t t r i b u t e d  t o  t h e  C 2 1  methyl  group 

s u p p o r t s  our assignment  o f  t h e  k e t a l  s t e r e o c h e r n i s t r y .  Attempts  t o  i n t r o d u c e  a C q  

s u b s t i t u e n t  by c o u p l i n g  - 9 w i t h  o r g a n o m e t a l l i c  r e a g e n t s  were f r u s t r a t e d  by a l a c k  o f  reg io -  

and s t e r e o c h e m i c a l  c o n t r o l .  Thus, a d d i t i o n  o f  l i t h i u m  d imethy l  c u p r a t e  t o r  r e s u l t e d  i n  

5,2' a d d i t i o n  t o  g i v e  IJ, w h i l e  t r e a t m e n t  w i t h  methyl Grignard r e a g e n t  a f f o r d e d  a mix ture  

o f  t h e  e p i m e r i c  adduc t s  10. 
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A r e c e n t  r e p o r t  d e s c r i b i n g  t h e  s y n t h e s i s  o f  oxygen h e t e r o c y c l e s  v ia*  c y c l i z a t i o n  o f  

s t e t i c a l l y  c o n s t r a i n e d  6 -hep teny l  r a d i c a l s s  l e d  u s  t o  i n v e s t q a t e  t h i s  approach t o  

i n t r o d u c t i o n  o f  t h e  C1-CJ segment (Scheme 11). Treatment  o f  bromide 9 with  a l l y 1  a l c o h o l  

gave  t h e  mixed k e t a l z ;  a s  i n  t h e  case o f  ketal!, a s i n g l e  s t e r e o i s o m e r i c  p roduc t  was 

o b t a i n e d .  U n f o r t u n a t e l y ,  a l l  a t t e m p t s  t o  induce  c y c l i z a t i o n  o f  t h i s  m a t e r i a l  v i a  t h e  

a l l y l i c  r a d i c a l  r e s u l t e d  i n  fo rmat ion  of o l e f i n  11 cor responding  t o  r e d u c t i v e  dehalogena-  

t i o n  o f  12. Consequen t ly ,  we t u r n e d  our a t t e n t i o n  t o  a l t e r n a t i v e  s t r a t e g i e s  far i n t r a -  

d u c t i o n  o f  t h e  th ree -ca rbon  s i d e c h a i n  (Scheme 1 1 1 ) .  
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Treatment  o f  o l e f i n  8 with  excess chromium triaxide-3,5-dimethylpyrrazole complsx9 gave 

e n o n e x ,  w i t h  no ev idence  o f  a l l y l i c  t r a n s p o s i t i o n .  l n t r o d u c t i a n  o f  t h e  r e q u i s i t e  

th ree -ca rbon  fragmentlo was then  accomplished by c u p r a t e  a d d i t i o n  t o  fo l lowed  by 

e n a l a t e  t r a p p i n g .  ~ e d u c t i o n l l  of t h e  e n d  phospha imida te  a f f o r d e d  a s i n g l e  o l e f i n i c  

p r o d u c t ,  2. The d e s i r e d  i n t e r m e d i a t e  11 was o b t a i n e d  by d e p t o t e c t i a n - o x i d a t i o n  and 

e s t e t i f i c a t i o n  w i t h  diaromethane.  

An i n s p e c t i o n  o f  models s u g g e s t s  t h a t  c u p t a t e  a d d i t i o n  t o  enone 2 w i l l  occur from t h e  

d e s i r e d  6 - o r i e n t a t i o n ,  s i n c e  t h e  opposing f a c e  is e f f e c t i v e l y  blocked by t h e  k e t a l  methyl  

s u b s t i t u e n t .  A d d i t i o n a l l y ,  we reasoned t h a t  t h e  oxa-br idge  and/or t h e  methoxy group might 

f u n c t i o n  a s  c o o r d i n a t i n g  l i g a n d s ,  d i r e c t i n g  0 - a t t a c k .  That we had indeed  e s t a b l i s h e d  t h e  

c o r r e c t  s t e r e o c h e m i s t r y  of t h e  Cj-C3 fragment  was conf i rmed  by an a l t e r n a t i v e  sequence f o r  

i n t r o d u c t i o n  o f  t h i s  s u b s t i t u e n t  (Scheme IV). Reduction o f  e n o n e s  gave a s i n g l e  a l c o h o l  

1612 which upon t r e a t m e n t  wi th  t r i e t h y l  o r t h o a c e t a t e  i n  r e f l u x i n g  vy lene  a f f o r d e d  C l a i s e n  - 
produc t  E. Conversion o f  11 t o  t h e  aldehyde and W i t t i g  methy lena t ion  f u r n i s h e d  o l e f i n  

18 ,  which was i d e n t i c a l  i n  a l l  r e s p e c t s  t o  a sample p repared  f r o m 2  by d e p r o t e c t i o n ,  - 
rnesy la t ion  and e l i m i n a t i o n .  
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REA[IENTS: a )  LiEtjBH, THF, -78 '~ ;  b) (OEt)3CCH3, TsOH, xylene ,  i4O0t ;c )  LiAIHb, Et20,  OOc;d)  C o l l i n s ,  

CHzCIz; e )  Ph3PCH2. THF, Oo-RT; f l  H C I  , THF-HzO; g )  HrCI, p y r i d i n e ,  t h e n  'BUCK,  DnSO. 

F i n a l l y ,  t h e  C2-methoxy s u b s t i t u e n t  p r e s e n t  i n  t h e  n a r g e n i c i n s  can b e  i n t r o d u c e d  i n  a 

n o n s t e r e o s e l e c t i v e  manner by e n o l a t e  o x i d a t i o n 1 3  of  2 and a l k y l a t i o n  o f  t h e  r e s u l t i n g  

a-hydroxy e s t e r .  Obtained was a 1 : l  m i x t u r e  o f  e p i m e t i c  e s t e r s 2  and 0. A more 

efficient p r o t o c o l  f o r  c o n t r o l  of  C2 s t e r e o c h e m i s t r y  may prove  t o  be v i a  o x i d a t i o n  of  a 

C2-deony m a c r o l i d e  i n t e r m e d i a t e  l a t e  i n  our s y n t h e t i c  p l a n .  E f f o r t s  d i r e c t e d  a t  con- 

v e r s i o n  o f  t h e  " n o r t h e r n  h a l f "  i n t e r m e d i a t e i  t o  t h e  n a t u r a l l y  o c c u r r i n g  n a r g e n i c i n s  a t e  

i n  p r o g r e s s  and w i l l  be r e p o r t e d  i n  due  course.  
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