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Hydrogenation of the title compounds occurs with high diastereoselectivity when catalysed by cationic rhodium 
compounds, and with efficient kinetic resolution when the catalyst is chiral. 

Examples of efficient kinetic resolution in organic synthesis by 
purely chemical means are rare1--3 but include the catalytic 
homogeneous hydrogenation of a-( hydroxyalky1)acrylate 
esters with optically active rhodium biphosphine complexes.3 
We report that in the analogous case of 3-substituted itaconate 
esters, the ester group at the chiral site exerts a powerful 
directing effect leading to high diastereoselectivity in the 
reduced product and kinetic resolution of the starting material 
with enantiomer discrimination up to 16 : 1. 

Ester (3a) was prepared from compound (1) according to 
the literature procedure4 or alternatively by the reaction of the 
allylic bromide (2)s with LiCuMe2. It was readily hydrogen- 
ated in MeOH using catalyst (5)  (Table 1) giving essentially 
pure (R* $*)-dimethyl 2,3-dimethylsuccinate (4a). Since itac- 
onate esters are hydrogenated in good optical yield when the 
(RR)-dipamp-derived catalyst (6) is employed,6 this encour- 
aged an attempt at kinetic resolution of compound (3a). It was 
hydrogenated to 65% completion with the optically active 
catalyst, starting material and product were separated by 
preparative g.1.c. (15 ft OV225; 160"C), and the recovered 
(3a) was hydrogenated with catalyst (5). Hydrolysis gave 
(S,S)-2,3-dimethylsuccinic acid, [aID2O -8.3" (c 1, H20) (lit.7 
[ a ] D 2 0  -8.0" (c  + 0, H20)). Similarly, hydrolysis of product 
(4a) from the hydrogenation gave (R, R)-dimethylsuccinic acid 

of 53% optical purity (predicted 54% at 65% reduction). 
The ethyl analogue (3b) was prepared by alkylation of 

compound (l), and the phenyl derivative (3c) by the cuprate 
route; in the latter case comparable quantities of SN2 and SN2' 
products were formed8 and these were separated by flash 
chromatography. All hydrogenations with catalyst ( 5 )  
occurred with high diastereoselectivity , irrespective of solvent 
(Table 1). Reductions were carried out to 50-60% com- 
pletion with catalyst (6), and the optical purity of the starting 
material was determined by 1H n.m.r. spectroscopy using 
tris(dicampholylmethanato)europium.9 (The extent of kinetic 
resolution was uniformly high, up to 16 : 1, with preference for 
the R-configuration at the new asymmetric centre.) 

Thus the direction and magnitude of stereoselection 
induced by the C02Me group in the hydrogenation of (3) is 
comparable to that induced by OH in hydrogenation of 
a-(hydroxyalkyl)acrylates.3 It is also known that OMe is a 
good directing group, although inferior to OH in this regard. 10 

It was found that the methoxyitaconate (3d) was readily 
prepared from the bromide (2) in a clean SN2' reaction (KOH, 
MeOH, 20°C), affording the opportunity to compare the 
directing ability of OMe and C02Me. Hydrogenation 
proceeded smoothly with the catalyst (5) giving >98% 
(2R,3R)-reduced product (4d) ,I1 resulting from participation 

Table 1. 

Reactant (3)a,g 

Et 

COzMe 
Me02C 

Ph 

CO2Me 
Me02 C 

OMe 

Productb 

Me 

Et 

y e  

M e0 2 C C02Me 

OMe 

YO Reactiond 

C f 
65 

C 
64.6 
52.7 
56.6 
55.3 

C 
32.0 
62.3 

C 
62.2 

Enan tiomer 
excess,= YO 

- 
(1oO) 
- 

296 
81 
81 
64 

- 
35 
82 

- 
93 

kRikS (R*,R*)  : (R*,S*)  

- 250: 1 
3 10 

250: 1 - 
312 

15.8 
10.3 
5.8 

- 
9.5 
7.2 

- 
11.5 

(1 : 200) 

98:2 

a The enantiomer enriched by kinetic resolution is drawn. The product formed faster by asymmetric hydrogenation is drawn. c All reactions 
conducted in MeOH. Comparable diastereoselectivity was observed in tetrahydrofuran or CH2C12 but rates were slower. d Conditions for g.c. 
analysis: (3a), (3b), (M), 5 ft OV225, 120°C; (3c) 50 ft OV1, 120-250°C 5°C min-l. Determined for recovered starting material 
as described in the text. Shift reagent experiments were carried out in GD,, monitoring the ester OCH3 resonances and adding reagent until 
baseline resolution of (R) and (S)-enantiomers was attained. For (3d) Eu(hfc)s was employed. f C signifies complete reaction. g Rotations for 
optically pure reactants: (S)-(3a) [a]," +16.4 (c 2, Et20);  (S)-(3b) [a]: +40.7 (c 0.73, Et,O) (extrapolated from 81% enantiomeric excess); 
(S)-(M) [ c Y ] ~  -57.1 (C 1, Et2O). 
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a (S,R)-Product from (S)-(3), (R,S)-product from (R)-(3). 

of C02Me. Kinetic resolution using catalyst (6) was as 
successful as earlier cases cited. t 

In asymmetric hydrogenation of dehydroamino acids, 
optical yields increase with increasing temperature .12 By 
inference from the kinetic resolution experiments, the reverse 
is true in the present case since the rate ratio for hydrogena- 
tion of the enantiomers of (3b), kRlks, is highest at the lowest 
temperature, and diminished at 50 "C. 

Rhodium and iridium enamide complexes have an essen- 
tially planar chelate ring incorporating N-G0-M and the 
a-carbon of the alkene.13 If a similar model is employed in the 

~~~~~~~~~~~ 

t An initial experiment with the Rh-complex of commercially 
available R-BINAP gave slightly inferior discrimination. 

Figure 1. Diastereoisomeric chelates formed by co-ordination of (3) to 
rhodium. 

present case replacement of trigonal-NH by tetrahedral-CHR 
results in a non-planar chelate. It then becomes clear why the 
precursor of (R,*R*) (4) is preferred over the precursor of 
(R,*S*)-(4) ,  since the substituent of C-3 is antiperiplanar to 
the co-ordinated double bond and interacts unfavourably with 
the wester (Figure 1). Future work will underpin the 
mechanistic details more securely. 

In summary, the hydrogenation of 3-substituted itaconate 
esters provides a simple route to a range of stereoisomerically 
pure 2,3-disubstituted succinates, often not readily accessible 
by other means. The unsaturated precursor may itself be 
kinetically resolved in the catalytic reaction and isolation 
followed by further hydrogenation using complex (5)  leads to 
the (S,S) isomer in a state of high optical purity. 
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