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Abstract ---- The general mechanism of the  phosphine-rhodium cata lyzed asymnetric 

hydrogenation o f  5-methylene a c i d  was proposed t o  account the  chemical evidences 

on the s t r u c t u r e  of the  e n a n t i o s e l e c t i v i t y  determining key in termedia te ,  [Rh(BPPM)- 

(6-Methylene ~ c i d ) ( ~ ~ ) ] + ~ -  (3a).  

I have developed the new c h i r a l  pyrrolidinephosphine-rhodium complexes which are e f f e c t i v e  

ca ta l ys t s  f o r  the  asymmetric syntheses o f  a-amino acids,  sa l so l i d i ne ,  R-(-)-pantolactone, a-amino 

acids,  methy lsucc in ic  acid,  and 0-a lky lbutyro lac tone2) .  

R= H, PPM ; R= COtBu, PPPM 

R= CH3. MPPM ; R= COCH3, APPM 
CH2PPh2 

R= CHO, FPPM ; R= CONH2, CAPPM 

R R= COOtBu, BPPM ; etc .  

Pyrrol id ine-phosphine (1 )  

Furthermore, 3 1 ~  NMR s tud ies  on the in termedia tes  i n  the  asymmetric hydrogenations cata lyzed 
+ 

by the  phosphine-rhodium complexes have revealed the s t r u c t u r e  of [~h(~isphosphine)(Itaconic Acid) ]  

3) ~ 1 0 4  (2) as shown i n  F ig .  I . 

F ig .  I. 

JP(I)A= 135 Hz 

J ~ ( ? ) - R h z  14' Hz 

J P ( I ) - P ( ' ) ' ~ ~  Hz 

[Rh(BPPM)(Itaconic ~ c i d ) ] + ~ l ~ i  (2a) ( s ) :  so lvent  

I n  t h i s  paper, I wish t o  discuss here the chemical evidences f o r  the  s t r u c t u r e  of enant lo-  

s e l e c t i v i t y  determining intermediate,  [Rh(Bisphosphine)(Itaconic ~ c i d ) ( H ~ ) l + ~ l ~ ~  ( 3 ) .  which a re  

der ived from the we l l  def ined complexes, [Rh(Bisphosphine)( I taconic ~ c i d ) ] + ~ l ~ i  (2)  and hydrogens. 



The two types of the r e g i o s e l e c t i v i t y  are poss ib le  i n  the  hydr ide- t ransfer  from the n-complex, 

[Rh(B isphosph ine) ( I tacon ic  A c i d ) ( H 2 ) l t ~ 1 0 ~  (3),as shown below. 

To determine which s t ruc ture(4A o r  48) i s  the  r e a l  key in termedia te  i n  the  asymmetric 

. hydrogenation of 8-methylene acids,  I compared the hydrogenation ra tes  o f  8-methylene-propionic 

ac ld  (6b) and 8-methylene-y-trimethylsilyl-propionic a c i d  (6c )4 ) ,  because t h a t  t r i m e t h y l s i l y l  

group i n  the  l a t t e r  compound (6c)  i s  expected t o  acce lera te  the  formation of the  in termedia te  (48) 

o r  t o  r e s t r a i n  the intermeddate (4A) due t o  i t s  @-ca t i on  s t a b i l i z i n g  e f fec t  i n  comparison w i t h  

the  reac t i on  r a t e  o f  the former (6b) ,  on the assumption t h a t  the  format ion ra tes  of bo th  key 

intermediates,  [Rh(BPPM)(6-Methylene AC~~)(H~) I+X-  (3a), are almost the  same. 

Table I .  Asymmetric Hydrogenation of 6-Methylene Acidsa).  

R- CH2COOH $- + R-CH-CH2COOH 
I 

CH2 c a t a l y s t  / H~ CH3 

(6 )  (7 )  

Substrate C h ~ r a l  Ca ta l ys t  Condi t ions 
Sol vent Conversion (7) 

i R) (%I Opt. y (%) . (Abs.  Conf.) 

HOOC- (6a) BPPM-Rh ZO°C, 2h, 10 atom MeOH 100 

CH3- (6b) BPPM-Rh O f  " MeOH 100 

(CH3)3iCH2- (6c) BPPM-Rh MeOH 78 

HOOC- (6a) BPPM-Rh 20°C, 20h, M ~ O H ~ )  100 95.4 ( S )  

HOOC- (6a) BPPM-Rh 20 atom,,of "2 MeOH 100 89.5 (S) 

a) A l l  hydrogenations were c a r r i e d  out  w i t h  Smmole of subst ra te  (6) ,  0.06 mmole of BPPM, 

and 0.025 m o l e  of [Rh(l,5-cyclooctadiene)C1]2 i n  10 ml of solvent.  

b )  Tr ie thy lamine (5 m o l e )  was added. 

c )  Tr ie thy lamine (2.5 mmole) was added. 

The stereochemistry o f  the t r i m e t h y l s i l y l  product (7c) was assigned t o  the  S-conf igura t ion  

by comparing i t s  ORD curves ( p o s i t i v e  p l a i n  curve)') w i t h  the ORD curves o f  R-3,7-dimethyl- 

octanoic acid,  and the o p t i c a l  p u r i t y  o f  7c was determined by ana lys is  of NMR spectra of 

the methyl e s t e r  ( methyl es te r  o f  7c) i n  the presence o f  the c h i r a l  s h i f t  reagent E ~ ( h f c ) ~  . 
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(A)  ~ ~ c h a n i s m  f o r  I t a c o n i c  Acid ( T r i f u n c t i o n a l  Acids I 

t H  3 S :  so lvent  

Fig.  3 .  (B)  Mechanism f o r  ~ M e t h y l e n e  Acids ( B i func t iona l  kids ) 



From the t a b l e  I, the t r i m e t h y l s i l y l  group r e s t r a i n s  the  hydrogenation r a t e  of the 6-o le f in .  

This fac t  may i nd i ca te  t h a t  t h i s  hydrogenation proceeds v i a  the  in termedia te  (4A), and a l so  the  

l a rge  d i f fe rences o f  the  o p t i c a l  y i e l d s  between i t a c o n i c  a c i d  ( t r i f u n c t i o n a l  ac id  ) and the 

simple 8-methylene acids ( 6c,d) a l so  suggested the e f f ec t i ve  p a r t i c i p a t i o n  o f  u -carboxy l ic  ac id  

i n  6a t o  ob ta in  the h igh  o p t i c a l  y i e l d .  

Therefore, I proposed the general mechanisms ( A fo r  t r i f u n c t i o n a l  ac id ,  B f o r  b i f u n c t i o n a l  

ac id  ) i n  F igs  2 and 3. 

Fur ther  s tud ies  along t h i s  l i n e  a re  under way. 
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