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TANDEM REDUCTIVE AMINATION AND MICHAEL ADDITION. 

SYNTHESIS OF OPTICALLY ACTIVE PYRROLIDINE NUCLEUS 

S e i k i  Sai to . "  Shingo Matsurnoto. S h u j i  Sato. Masami Inaba, and Tosh io  Moriwake* 

Department o f  S y n t h e t i c  Chemistry. School o f  Engineer ing.  Okayama U n i v e r s ~ t y ,  

Tsushima. Okayama. Japan 700 

Abrtract - R e d u c t ~ v e  a m i n a t i o n  o f  e t h y l  (E)-(4S)-4-rnethoxymethoxy-6-0~0-2- 

hexenoate, d e r i v e d  from (S)-mal ic  ac id ,  w i t h  g l y c i n e  e t h y l  e s t e r  was r e l a y e d  

i n t r a m o l e c u l a r l y  by M ichae l - t ype  a d d i t i o n ,  which has led,  i n  one po t ,  t o  N- 

s u b s t i t u t e d  (ZR .3S ) -2 -e thoxyca rbony lme thy l - 3 -hyd roxypy I i d i  ske le ton ,  a 

p romis ing  p recurso r  fo r  o p t i c a l l y  a c t i v e  nec ine  bases such as ( + ) - h e l i o t r i d i n e ,  

O p t i c a l l y  a c t i v e  nec ine  bases such as (+ ) - re t ronec ine  ( l a )  or  ( + ) - h e l i o t r i d i n e  ( I b )  have r e c e n t l y  

drawn widespread i n t e r e s t  i n  o r g a n i c  syn thes is . '  I n  these  molecules two con t iguous  asymmetric 

c e n t e r s  appear a t  C(7) and C(8) p o s i t i o n s  and, e s p e c i a l l y .  C(8) i s  a d j a c e n t  t o  t h e  n i t r o g e n  atom. 

wh ich  seems t o  make i t  h i g h l y  c h a l l e n g i n g  t o  deve lop  t h e  methods f o r  t h e  c h i r a l  s y n t h e s i s  of necine 

bases. Thus, a l t h o u g h  many methods o r  t h e  syntheses of these  n a t u r a l  p r o d u c t s  i n  a racemic form 

have been desc r ibed  so f a r , '  c h i r a l  v e r s i o n  of these  has s t i l l  been l i m i t e d  t o  o n l y  r e c e n t  develop- 

ments. 
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Recent communication from our laboratory has recorded the novel methodology for  reducing the ester 

group a to the hydroxyl group o f  (8)-malic acid diesters in extremely selective manner which offers 

easy access to optically pure (3s)-3.4-dihydronybutanoic acid esters (z).~ Being encouraged by this 

new synthetic transformation, we have embarked in natural product synthesis utilizing 2 and. to our 

delight, will disclose herein a novel synthesis o f  optically pure N-substituted (2R.X-2-ethoxy- 

carbonylmethyl-3-hydroxypy~rol?dine (3) from 2 by means o f  tandem reductive amination and Michael 

addition o f  (E ) - (48 ) -4 -methoxymethoxy -6 -0~0-2 -he~en0 t  (4) with glycine ethyl ester, which is a 

promising precursor fo r  1b. 2c 
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I n  t h e  event, s e q u e n t i a l  p r o t e c t i o n  o f  t h e  pnrnary  and secondary hydroxy l  groups o f  2 w i t h  t- 

b v t y l d i r n e t h y l s i l y l  (TBDMS) [T8DMS-C1/DMAP/Et3N/CH2C12/OoCC 6 h ]  and rnethoxyrnethyl (MOM) groups [MON- 

Clli-Pr2NEt/CH2Cl2/O"C * rt. 6 h ]  gave f u l l y  p r o t e c t e d  d i o l  e s t e r  ( 5 )  i n  90% y i e l d  a f t e r  s i l i c a  ge l  

23 (Si02)  chromatography: [ e l D  -23.2- ( c  1.23. CHCI3). A s e r i e s  o f  r o u t i n e  r e a c t i o n s  f rom 5 i n v o l v i n g  

r e d u c t i o n  [LiA1H4/THF/-40°C. 1 h]. p r o t e c t i o n  o f  r e s u l t i n g  hydroxy l  group as  THP-ether [OHPIPPTsI 

CH2CI2/rt, 12 h], d e p r o t e c t i a n  o f  t h e  TBDMS-group [n-8u4NF/THF/rt. 2.5 h] ,  and Swern o x i d a t i o n  

[ (COC1)2/DMSO/Et3N/-60"C.  30 m in ] ,  p r o v i d e d  t h e  aldehyde (6 )  i n  68% y i e l d  ( f o r  4 s teps) .  Because o f  

an i n s t a b i l i t y  o f  t h e  aldehyde, a shor t -pa th  column ( S i 0 2 )  chromatography was  executed f o r  p u r i f i c a -  

t ~ o n  o f  t h e  aldehyde, which, accord ing ly ,  was q u i c k l y  reac ted  w i t h  Wadsworth-Emmons reagent  [ ( i -  

PrO)2P(0)CH2C02Et/ I iaH/THF/OoCC 45 rnin], g i v i n g  r i s e  t o  key i n t e r m e d i a t e  (7 )  i n  93% y i e l d  a f t e r  Si02 

chromatography. i n  which a p roper  arrangement o f  r e q u i s i t e  carbon framework was es tab l i shed .  On 

exposure t o  m i l d  a c i d  [PPTs/EtOH/5O"C. 3 h], the  THP-group o f  7 was  depro tec ted  s e l e c t i v e l y  t o  

22 f u r n i s h  t h e  corresponding a l c o h o l  (8 )  a lmost  q u a n t i t a t i v e l y :  ["ID -123" ( c  1.62. CHCI3): '~-nrnr 

(CDCI3) 6 1.30 (t. 3H. J=7.1 HZ). 1.7-1.95 (m.  ZH), 2.12 (s .  lH, OH), 3.41 ( s ,  3H), 3.72-3.85 (m. 

2H). 4.21 (q. 2H, J=7.1 Hz). 4.3-4.7 (m, lH ) ,  4.64 ( 5 .  2H). 6.00 (dd. IH, J=1.3 and 15.8 Hz) .  and 

6.85 (dd. IH. 5=6.0 and 15.8 Hz) p ~ r n . ~  Then. 8 was o x i d i z e d  by Swern p r o t o c o l  [(COC1)2!0MSO/Et3N/ 

-78°C. 2 h ]  t o  leave  behind t h e  aldehyde ( 4 ) ,  immediate p recursor  f o r  3. i n  84% y i e l d  a f t e r  short- 

p a t h  column (S i02)  chromatography, which was q u i c k l y  t r e a t e d  w i t h  g l y c i n e  e t h y l  e s t e r  hydroch lo r ide  

[MeOH/ODC. 1 h], fo l l owed by r e d u c t ~ a n  w i t h  Na8H3CN [I mol eq/MeOH/ODC. 3 h ]  t o  genera te  secondary 

The r e a c t i o n ,  however, never  stopped a t  t h i s  s tage b u t  proceeded f u r t h e r  i n  Michael-type 

f a s h i o n  under g iven  r e a c t i o n  c o n d i t i o n s :  t h e  m i n e  a t tacked  i n t r a m o l e c u l a r l y  t o  a.6-unsaturated 

e s t e r  moiety,  ending up w i t h  t h e  f o r m a t i o n  o f  p y r r o l i d i n e  nuc leus  (3 )  i n  50% y i e l d  a f t e r  Si02 

chromatography. 

O i a s t e r e o f a c i a l  s e l e c t i v i t y  o f  t h ~ s  Michael- type a d d i t i o n  r e a c t i o n  t u r n e d  o u t  t o  be o n l y  i n  the  

1 neighborhood o f  3 : 2 (3a  : 3b) as v e r i f i e d  on t h e  bas is  o f  H- and I3c-nmr spectra.  However, t o  

o u r  s a t i s f a c t i o n ,  s imp le  two-step chemical  t r a n s f o r m a t i o n  f rom 3 i n v o l v i n g  MOM-deprotection [HClJTHF 

/EtOH/rt.  12 h ]  and subsequent a c e t y l a t i o n  [Ac20/DMAP/CH2C12/rt. 1 h ]  l e d  a m i x t u r e  of l a c t o n e  (10) 

and a c e t a t e  (II), a s e p a r a t i o n  o f  which has been e a s i l y  achieved even b y  usua l  g r a v i t y - t y p e  column 

chromatography. Thus, 10  and 11 were obta ined  i n  o p t i c a l l y  pure  s t a t e  (70% y i e l d  t o t a l l y  from 3): 

10  ' ~ - n m r  (CDCI3) 6 1.28 ( t .  3H. J=7.1 Hz). 2.1-2.4 (m. 2H). 2.5-2.6 (m. 2H). 2.6-2.5 (m.  IH) .  3.0- 

3.8 (m.  4H). 4.18 (q. ZH. J=7.l  Hz). 5.00 (m. IH); [a ]?  +27.0° ( c  2.27. CHCI3): i r  ( Y = = ~ )  1775 and 

1 1740 cm-I: 11 H-nmr (C0Cl3) 6 1.25 and 1.27 (t. 3H f o r  each. J=7.1 Hz), 1.6-2.3 (m. 2H). 2.05 (s .  

3H). 2.5-2.75 (rn. ZH), 2.75-3.70 (m. 5H). 4.18 and 4.21 (q. 2H fo r  each. J=7.1 Hz). 5.09 (m. IH): 

I3C-nmr (CDCI3) 6 171.4 (C=O). 170.6 (C=O). 170.5 (C=O). 79.00 (AcOCH), 65.55 (N-CH). 60.48 (0- 

CH2x2). 54.25 (N-CH2COOR). 51.90 (N-CH2). 38.06 (C-CH2COOR). 30.60 ( r i n g  cH2), 21. I 5  (COCH2). 14.23 - 



(CH2CH3n2): [ a ]E5  -25.3' ( c  1.28. CHC13). When g l y c i n e  methy l  e s t e r  was employed i n  p l a c e  o f  t h e  

e t h y l  e s t e r ,  t h e  s i m i l a r  c o n v e r s i o n  as 4+3t+10 gave aga ln  b i c y c l i c  l a c t o n e  i n  wh ich  t h e  me thy l  e s t e r  

m o i e t y  stemmed from g l y c i n e  me thy l  e s t e r  remained i n t a c t ,  whereas t h e  e t h y l  group, wh ich  was p r e s e n t  

i n  4, d isappeared.  T h i s  means u n e q u i v o c a l l y  t h a t  t h e  l a c t o n e  s h o u l d  n o t  be b i c y c l o [ 3 . 2 . 1 ] o c t y l  

6 system b u t  t h e  Geissman-Wa~ss-type as 10. An a t t e m p t  t o  remedy d i a s t e r e a f a c ~ a l  s e l e c t i v i t y  o f  t h i s  

r e a c t i o n  i n  terms o f  s t e r i c  e f f e c t s  exposed by  y -a l kony  s u b s t i t u e n t  i n  4  has been i n  va in .  Never- 

t h e l e s s ,  t h e  p r e s e n t  method f o r  t h e  s y n t h e s ~ s  o f  p y r r o l i d i n e  n u c l e u s  i n  o p t i c a l l y  pu re  form seems 

h ~ g h l y  u s e f u l  because o f  i t s  o p e r a t i o n a l  s ~ m p l i c i t y ,  ready  a v a i l a b i l i t y  o f  4  i n  o p t i c a l l y  p u r e  

s t a t e ,  and eas iness  o f  t h e  s e p a r a t i o n  between 10 and 11. As  t h e  e x o c y c l i c  d i e s t e r  system i n  3  o r  11 

has a l r e a d y  proven t o  be p o t e n t  f u n c t i o n a l  groups f o r  B - r i n g  c l o s u r e  as  demonstrated by  Rueger and 

~ e n n . ~ ~  p r e s e n t  approach shou ld  l e a d  t o  l b  i n  a formal  sense. 

We b e l l e v e  t e n t a t i v e l y  t h a t  t h e  f o r m a t i o n  o f  3.3 o r  3b involves a h y p o t h e t i c a l  t r a n s i t i o n  s t a t e  A or  

B r e s p e c t i v e l y  i n  wh ich  m e t a l  (M), assumed t o  be baron i n  t h i s  case, p l a y s  an i m p o r t a n t  r o l e  i n  

rnak7ng t h e  n i t r o g e n  atom and t h e  6-carbon o f  a .6-unsaturated e s t e r  f u n c t i o n a l i t y  come c l o s e  t o  each 

o t h e r .  T h i s  l d e a  p a r t l y  stemmed f rom t h e  f a c t  t h a t  t h e  o-amino-a.6-unsaturated e s t e r  c o r r e s p o n d i n g  

t o  an i n t e r m e d ~ a t e  i n t e r v e n e d  d u r i n g  t h e  c o n v e r s i o n  4*3, wh ich  was  p repared  independen t l y ,  f a i l e d  t o  

undergo Michael-type a d d i t i o n  r e a c t i o n  when i t  was t r e a t e d  w i t h  v a r i o u s  bases.' The t r a n s i t i o n  

s t a t e  A  seems mare f a v o r a b l e  t h a n  B  f o r  t h e  p y r r o l i d i n e  r i n g  c l o s u r e  because t h e  l a t t e r  m i g h t  s u f f e r  

f rom d e s t a b i l i z i n g  non-bonded i n t e r a c t i o n s .  
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