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Abstract - Effective catalytic asymmetric synthesis of 5-2, a key 
intermediate for the synthesis of chiral lignans, was described. 

Thus, BPPM-Rh+ in the presence of triethylamine gave 5-2 in 78% 

optical yield. 

Chiral pyrrolidinephosphine-rhodium catalysts have been proven to be practically 

useful for the preparation of chiral a-amino acids (83-918 optical yields)2,3), 

salsolidine (45%) * ) ,  a-hydroxy esters (78.5%) 5f6), R-(-)-pantolactone (80.5- 

86.7%)7'8), 6-amino acids (53-55%19), u-methylsuccinic acid ( 9 4 . 2 % )  10-12) and 6- 

methylaspartic acid (58.2%113), and also the mechanistic studies14) on these 

asymmetric hydrogenations suggested that the 5.y-unsaturated acid is one of the 

most suitable substrates for the asymmetric hydrogenations catalyzed by chiral 

pyrrolidinephosphine-rhodium complexes to obtain the high optical yields. 

I wish to descrlbe here an effective asymmetric hydrogenation of ( ~ ) - d ~ ) ,  a 6 , Y -  

unsaturated acid derivative, to give s-2, a key intermediate for the synthesis of 
1 6 1  chiral lignans, steganacin, steganagin and podophyllotoxin, antileukemic agents . 

The reaction sequences are shown in Scheme I. 

In a typical experiment, the asymmetric hydrogenation of (El-2 (1 mole) was run 

in methanol (3 mll under an initial hydrogen pressure of 50 atm at 50°C for 20 h 

inthe presence of [R~(COD)BPPM]+C~O~ (BPPM-~h+)(0.01 mole). After removal of the 

solvent, the residue was treated with 3 ml of 0.5N-NaOH and the mixture was filt- 

ered to remove the catalysts. Then, the filtrate was acidified with HC1 and 

ethereal extract gave 2, [dl;' -27.3- (c 2.53, methanol) in a 91% lsolated yield. 

The absolute configuration and optical purity of kwere determined by converting 

( - ) - 2  ([d]iO -26.3O (methanol)) into ~ - 3 1 ~ ' ,  [d]zO -2.6' (c 1,058, chloroforml, on 

LlAlH4 reduction. Therefore, the specific rotation of pure S-Awas calculated to 



be [ d l ,  -35'  ( m e t h a n o l ) .  

Scheme I .  

/C-H3 H2 * 
c=c , cH,,&Jc~2~~-cooc~3 cH233' 'CH2COOH CH2COOH 

RCO-N 
1 (E)-l) &c:::,- Rht 1s-2-1 

Tab l e  I .  C a t a l y t i c  a s y m m e t r i c  h y d r o g e n a t i o n  o f  t h e  O,y- 

u n s a t u r a t e d  a c i d a )  

C h i r a l  r e a g e n t  ( K O - 1  S o l v e n t  [d l f tO  ( m e t h a n o l )  O p t i c a l  y .  ( c o n £  i  

B P P M - ~ h +  (t-BuOCO-) m e t h a n o l  -20 .1°  
BPPM-Rh+ it-BuOCO-) m e t h a n o l b )  - 2 7 . 3  
B P P M - ~ h +  (t-BuOCO-) m e t h a n o l b r c )  -27 .4  
WPM-Rh' (t-BuOCO-1 t e t r a h y d r o f u r a n b )  - 8 . 1  
BZPPM-Rh+ IPhCO-i m e t h a n o l  -23 .5  
BZPPM-Rh' IPhCO-) m e t h a n o l b )  -26 .3  
BZPPM-at (PhCO-1 t e t r a h y d r o f u r a n b )  -10 .0  

a )  A l l  h y d r o g e n a t i o n s  w e r e  r u n  w i t h  1 - m o l e  o f  s u b s t r a t e ,  0 . 0 1  
m o l e  o f  [ R h ( ~ 0 ~ ) b i s p h o s ~ h i n e 1 + ~ 1 0 ~  i n  3  m i  o f  s o l v e n t  a t  
50°C f o r  20  h  u n d e r  a n  i n i t i a l  h y d r o g e n  p r e s s u r e  o f  5 0  a t m  
u n l e s s  o t h e r w i s e  c i t e d .  

b i  T r i e t h y l a m l n e  ( 0 . 5  m o l e )  was  a d d e d .  
c )  A t  20°C f o r  30 h .  
d l  [dl, -35"  (MeOH) was  u s e d  f o r  p u r e  S-2.  S e e  t h e  T e x t .  
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Table I indicated clearly that BPPM-~h+ gave the better optical yields than BZPPM- 

~ h + .  This fact suggests that the suitable modifrcations of the N-substituent of 

the chiral ligands may improve the optical yields of the product. It should be 

also noted that this hydrogenation offered the practically useful route to chiral 

lignans 
16-19) 

Further modifications of chiral catalysts and applications of the catalytic asym- 

metric hydrogenations catalyzed by pyrrolidinephosphine-rhodium complexes to the 

synthesis of chiral and biologically actlve compounds are actively under way. 
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