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Abstract: The first asymmetric synthesis of (2R, 3R)-3-amino-l-benzyl-2-methylpyrrolidine, the 
parent diamine of antipsychotic agent, emonapride, from (S)-malic acid was achieved via a highly 
diastereroselective reductive alkylation.Copyright © 1996 Elsevier Science Ltd 

The 2-alkyl-3-arninopyrrolidines and 2-alkyl-3-hydroxypyrrolidines are key structural units present in 
many bioactive molecules such as anisomycin, preussin and emonapride 1. The emonapride 1'2 1 is a new 
promising antipsychotic drug with few side-effects 2, which currently attracts much pharmacological and 
clinical attention. However, only a few synthetic studies have been reported. The only reported synthesis 1"2 of 
racemic 1 relied on (+)-cis-3-amino-l-benzyl-2-methylpyrrolidine 2. In this paper, we report a general 
asymmetric synthesis of the parent diamine (2R, 3R)-2, which is based on a highly diastereroselective 
reductive alkylation. 

As shown in Scheme 1, acidic hydrolysis (EtOH, AcC1, 50°C) of 4 ,  prepared 3 from (S)-malic acid 
followed by O-benzylation led to a crystalline solid 6 [mp 76-77.5°C; [Ct]D 25 -34.7 (c 0.7 in CHCI3) ]. The key 
transformation, the conversion of 6 to 8a was achieved as follows. Regioselective addition of 
methylmagnesium iodide to 6 afforded a 52:48 diastereomeric mixture of hydroxylactams 7a in a combined 
yield of 89%. This mixture, although separable by flash chromatography, was used in the next step as it was, 
since the following Lewis acid mediated reduction was considered to proceed via an N-acyliminium 35. 
Indeed, in the presence of 1.0 equivalent of trifluoroboron etherate, hydroxylactam 7a was deoxygenated 
with an excess of triethylsilane (CH2C12, -78°C) to yield predominantly the trans-8a [[Ct]D 25 +77.6 (C 0.35 in 
CHC13) ] (90%) and traces of cis-8a. The trans-diastereoselectivity was at least 95%. The stereochemistry of 
compound 8a was tentatively assigned based on the observed vicinal coupling constants 3" 4 ( j4,5=6.5 Hz for 
cis-isomer and J4,5=2.5 Hz for trans-isomer). This was further confirmed by converting 8a to (2R, 3R)-2. 

Extension of this procedure to other Grignard reagents led to the corresponding products 8b-e with similarly 
diastereoselectivity (95%-97%). 

O-debenzylation of 8a (10% Pd/C, H 2 1 atm, 95% EtOH) yielded hydroxylactam 9 [[ct]o 25 +83.6 (c 
1.0 in CHCI3) ] in 95% yield. Amide reduction (LAH, THF, reflux, 92%) followed by O-mesylation (MsC1, 
NEt 3, DMAP, CH2C12, 93%) afforded 11 [[¢t]o 25 -51.8 (c 0.4 in CHCl3) ] in high overall yield. Mesylate 
11 was subjected to an Srq2 reaction with sodium azide in hot DMF to give lS-azidoamine (2R, 3R)-12 in 
87% yield. Lithium aluminum hydride reduction then provide the desired (2R, 3R)-3-amino-l-benzyl-2- 
methylpyrrolidine 2 6 [[or]D25 -88.5 (c 0.4 in CHC13) ] in 88% yield. Since racemic 2 has been aroylated to give 
to emonapride I t'2, our work thus constitutes a formal synthesis of emonapride 1. 

In summary, we have developed an efficient and general asymmetric alkylation-reduction procedure 
leading to trans-5-alkyl-4-hydroxy-2-pyrrolidinones. Based on this transformation, the first asymmetric 
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synthesis of(2R, 3R)-2, a key intermediate for antipsychotic agent, emonapride 1, was achieved. 
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Scheme 1. Reagents and conditions: i, ref. 3b; ii, EtOH, AcC1, 50°C, 96%; iii, BnBr, Ag20, Et20, 

room temp., 92%; iv. RMgX (a. R = Me, b. R = Bn, c. R = nBu, d. R = iBu), THF, -78°C ,83-94%; v. Et3SiH, 
BF 3 • OEt 2, CH2C12, -78°C, 76-90%; vi. H2, 10% Pd/C, 95%EtOH, 95%; vii. LiAIH 4, THF, reflux, 92%; viii. 
MsCI, NEt 3, DMAP, CH2C12, r. t., 93%; ix, NaN 3, DMF, 50°C, 87%; x. LiA1H4, THF, reflux, 88%. 
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