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A b s t r a c t  - U t i l i z i n g  t h e  v a l i n e - b a s e d  c h i r a l  f o r m a m i d i n e  o f  2,s- 

d ihydropyrro le ,  e n a n t i o s e l e c t i v e  a l k y l a t i o n  w i t h  p-methoxybenzy l  c h l o r i d e  

gave, a f t e r  s e v e r a l  subsequent  s y n t h e t i c  m a n i p u l a t i o n s ,  t h e  u n n a t u r a l  

enantiomer, I t ) -an isomycin ,  i n  22% o v e r a l l  y i e l d  and 88-90% ee. 

2 Synthet ic  e f f o r t s  l ead ing  t o  the  racemic a n t i b i o t i c  anisomycinl have been repor ted  by 

a  number of l a b o r a t o r i e s  i n  recen t  years. There have a l s o  been th ree  r e p o r t s 3  o f  non- 

racemic synthes is  based on carbohydrate s t a r t i n g  ma te r ia l s ,  b u t  t o  date  i t s  synthesis 

has n o t  been d e s c r i b e d  ~ asymmet r i c  i n d u c t i o n .  I t  i s  n o t e w o r t h y  t h a t  modern 

asymmetric synthes is  has as i t s  pr ime value, no t  on ly  t o  reach products  i n  high ee's, 

b u t  t h e  a b i l i t y  t o  p r e p a r e  e i e n a n t i o m e r  i n  a  p r e d i c t a b l e  manner. k r t h e r m o r e ,  

those  engaged i n  a s y m m e t r i c  s y n t h e s i s  s h o u l d  p e r i o d i c a l l y  p r e p a r e  t h e  unna tu ra l  

enantiomer t o  demonstrate t h a t  the method t r u l y  f u l f i l l s  the requi rements  s e t  f o r t h  and 

prov ide those enantiomers which a re  e i t h e r  ava i l ab le  i n  very s h o r t  supply o r  are, i n  

fac t ,  nonexistent.  

As p a r t  o f  a  p r o g r a m  i n v o l v e d  i n  a s y m m e t r i c  a l k y l a t i o n  o f  c h i r a l  a -amino  

car bani on^,^ w h i c h  has t h u s  f a r  l e d  t o  e n a n t i o s e l e c t i v e  syn theses  o f  i s o q u i n o l i n e  

 alkaloid^,^ morphine a lka lo ids ,6  and indo le  a l ka lo ids7  i n  g rea te r  than 90% ee, we have 

tes ted  the  methodology w i t h  a  view t o  reach (+I-anisomycin. Our scheme was i n i t i a t e d  

by t r e a t i n g  d ihyd ropy r ro le  - 1 w i t h  the  dimethylaminoformamidine o f  IS ) -va l i no l - t -bu ty l  

e ther  - 2 i n  toluene and hea t ing  t o  r e f l u x  t o  a f ford  the  p y r r o l i n e  formamidine 3 l [alD = 

-16.3") as p r e v i o u s l y  descr ibed.6b Meta la t i on  w i t h  - s - b u t y l l i t h i u m  (THF-hexane, 1:1, 

-- -- 
+0edicated t o  Professor G i l b e r t  Stork on the occasion of h i s  65th  b i r t h d a y .  
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7 - 5 (77%) - 6 (23%) - 
-110" C, 0.03-0.04 M i n  - 31 gave the l i t h i a t e d  species 4 a f t e r  15 min which was t rea ted  

w i t h  p-methoxybenzy l  c h l o r i d e  p roduc ing  2 and 5 as a r e s u l t  o f  d i r e c t  and a l l y 1  

t ransposed  a l k y l a t i o n .  The undes i red  a l k y l a t e d  p r o d u c t  5 posed no s e r i o u s  p rob lem 

s i n c e  t h e  m i x t u r e  2, 5, when t r e a t e d  w i t h  t h e  h y d r a z i n e  reagent,8 r e s u l t e d  i n  
9  des t ruc t ion  of  - 6 and f u r n i s h i n g  on ly  the 2-ary ld ihydropyrro le  - 7 153% overa l l  f rom - 31. 

The enant iomeric r a t i o  o f  1 was assessed by reduct ion o f  the o l e f i n i c  bond IRh/C-HZ, 

MeOH, 50 ps i ,  5  h) and transforming the p y r r o l i d i n e  t o  i t s  a-naphthoyl amidcbb HPLC 

analys is  us ing the P i r k l e  ~ o l u m n ~ ~  showed t h a t  the d ihydropyrro le  - 7 contained a 95:5 t 

1 r a t i o  o f  enantiomers. The sequence t o  anisomycin was cont inued f o l l o w i n g  the route 

o u t l i n e d  by ~ 3 1 1 ' ~  i n  the racemic series. Thus, - 7 was acy la ted t o  the  N-CBZ d e r i v a t i v e  

8 ( [ a l D  t1 .4" )  w h i c h  was c o n v e r t e d  t o  t h e  s y n - e p o x i d e  9 ( [ o . ] ~  t0.27'. mp 73-75' C l .  - 

The CBZ group was removed by c a t a l y t i c  h y d r o g e n a t i o n  t o  a l l o w  epox ide  r i n g  open ing  

which was performed by heat ing i n  t r i f l u o r o a c e t i c  acid. The carbobenzoxy group was 

r e i n s t a l l e d  t o  g i v e  10 l [ a l D  t0.09",  mp 125-126" C) i n  95% y i e l d  from 9. The 

unhindered 4-hydroxy group i n  10 was s e l e c t i v e l y  transformed i n t o  the t r i c h l o r o e t h y l  

carbonate due t o  the  s t e r i c  crowding a t  the 3-hydroxyl and the l a t t e r  e s t e r i f i e d  w i t h  
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a c e t i c  anhydr ide a f f o r d i n g  - 11 i n  76% y i e l d .  W i thou t  p u r i f i c a t i o n ,  11 was subjected t o  

z i nc  r e d u c t i o n  t o  remove t h e  t r i c h l o r o e t h y l  carbonate  and d i r e c t l y  reduced w i t h  Hz-Pd 

t o  remove t h e  CBZ group. Th is  sequence gave (+)-anisomycin i n  98% y i e l d ,  mp 142-143" 
25 

C, mixed mp w i t h  a u t h e n t i c  (-)-& mp1° 120-123" C; [alD t21.9" (c 0.28, EtOH). Natural  

( - ) -an isomyc in l '  showed [a ] t5  -25.8" ( c  0.3, EtOH). B o t h  samples  (+)-i, ( - ) - I  - had 

i d e n t i c a l  NMR (270 MHz) spectra.  
0 . . 

I 
CBZ 

a )  PhCH20COCl, CH2C12, Et3N, 25" C;  b )  aq HC104, 0 "  C, N - i o d o s u c c i n i m i d e ,  

KOH; C) Hz-Pd/C MeOH, 2  h);  d l  Na02CCF3-TFA, 120" C; e l  PhCH20COC1, THF, 

Na2C03; f )  CCl3CH20COCI, OMAP, CH2C12; f )  Ac20, DMAP, CH2C12; g) Zn-HOAc- 

THF, 25" C, 1 h; h) Hz, Pd/C, MeOH). 

Based on t h e  c h i r a l  HPLC a n a l y s e s  o f  7 (95:5 t 1)  and t h e  s p e c i f i c  r o t a t i o n s ,  t h i s  

syn thes i s  was accompl ished i n  22% o v e r a l l  y i e l d  f r om 3 and w i t h  an enant iomer ic  p u r i t y  

o f  85-90%, as  i t s  n o n e x i s t e n t  u n n a t u r a l  e n a n t i o m e r .  The use  o f  ( 17 ) - va l i no l  would,  

undoubtedly f u r n i s h  t h e  n a t u r a l  enantiomer o f  1. - 
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