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Abstract : The optically active pamino alcohol (lR,3RSR)-3-(diphenylhydroxymethyl)-2- 
azabicyclo[3.3.0]octane (lR,3R,SR)-1 derived from a bicyclic proline analogue catalyzes the 
enantioselective addition of diethylzinc to various aldehydes. The resulting chiral secondary 
alcohols are obtained in high optical yields up to 100 % under mild reaction conditions. The 
bicyclic catalyst gives much better results than the coining (S)-pro&e derivative (,S’)4. 

Amino acid-based chiral auxiliaries have attracted much attention over the last decade’. In 

particular structurally rigid pyrrolidine derivatives often lead to very high asymmetric 

inductions in organic syntheses2. One of the most studied processes in the field of asymmetric 

synthesis is the carbon-carbon bond forming reaction of organometallic reagents to carbonyl 

substrates in the presence of chiil ligands. In particular, increasing interest has recently been 

focused on the study of enantioselective additions of dialkylzinc to aIdehydes3. Oguni and Umi 

found that optically active amino alcohols as ligands in such reactions not only accelerate but 

also direct the stereochemical outcome in the absolute sense4. 

(lR,3R,5R)-1 (lR,3R,5R)-2 (R=H) 

(lR,3R,5R)-3 (R=CHzPh) 

In the course of our studies to prepare new chiral auxiliaries from natural and unnatural a- 

amino acids we introduced (lR,3R,SR)-3-(diphenylhydroxymeihyl)-2-a~bicyclo[3.3.O]oc- 

tane5 (lR,3R,5R)-1 as a new efficient homogeneous catalyst for catalytic asymmetric borane 

reductions of prochiral ketones. In this paper we describe the application of (lR,3R,5R)-1 as a 

new catalyst in the enantioselective addition of diethylzinc to aklehydes. 
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The precursor of the new catalyst is the bicyclic proline analogue (lR,3R,5R)-2- 

axabicyclo[3.3.0]oct carboxylic acid (lR,3R,5R)-2. This non proteinogenic a-amino acid is 

recovered from waste streams of the resolution step in the production of the highly potent 

angiotensin converting enzyme (ACE) inhibitor Ramipri?. The industrial production of 

(lS,35,5S)-2 is based on the optical resolution of the racemic benzyl ester derivatives 

(lRS,3RS,5RS)-3 via diastereomeric salts with an enantiomerically pure chiral carboxylic 

acid. Thus, the unnatural amino acid 2 is advantageously accessible in two enantiometic forms, 

(lR,3R,5R)-2 and (lS,3S,5S)-2. Some new chiral auxiliaries based on (X,3&55)-2 and its 

enantiomer were synthesized in our laboratory previously’. 

(lR,3R,SR)-3-(Diphenylhydroxymethyl)-2-~abicyclo[3.3.0]octane (lR,3R,5R)-1 is obtained 

via a Grignurd reaction from the benzyl ester hydrochloride (lR,3R,5R)-3qHCl. 

In order to examine the effect of the new catalyst the reaction of diethylxinc with benzaldehyde 

as the model substrate in the presence of pamino alcohol (lR,3R,5R)-1 under various 

reaction conditions was investigated. 

PhL 1. Zn(CzH& / (lR,3R,5R)-1 H 

2.2N HCl x 
* 

w Ph C2H5 

Table 1: Enantioselective addition of diethylzinc to benmldehyde in the presence of catalyst 
(lR,3R,5R)-1 and (Q-4 under various reaction conditions. 

I-phenylpropan-l-01 

entry catalyst catalyst concen- temperature optical yield* [%] 

nation [mol%] [“Cl 

1 (lR,3R,5R)-1 10 -20 100 (RI 

2 (lR,3R,5R)-1 10 20 100 (RI 

3 (lR,3R,5R)-1 5 20 99 (R) 

4 m-4 5 20 24 (9 

5 (lR,3R,5R)-1 1 20 45 (RI 

6 (lR,3R,5R)-1 10 30 97 (RI 

7 (lR,3R,5R)-1 10 40 93 (RI 

8 (lR,3R,5R)-1 10 50 93 (R) 
*.) The optical yield was calculated from the maximum rotation [al”, = - 45.45 (c = 5.15, chloroform) for (3 
1-phenyl-I-propanols. 

In a typical procedure 20 mm01 of a 1.1 M solution of diethylzinc in abs. toluene was added to 

a solution of the respective amount of catalyst (lR,3R,5R)-1 in dry toluene at -20’ C under an 

inert atmosphere. The mixture was allowed to reach room temperature and treated with 20 

mmol of the respective aldehyde, then the resulting mixture was stirred for 48 h at room 
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temperature, The reaction was quenched with 2N hydrochloric acid, the organic layer was 

separated, and the aqueous layer was extracted with diethyl ether. The combined organic layers 

were washed with 3.7 % sodium hydrogen sulfite solution, concentrated sodium hydrogen 

carbonate solution and water. After drying the solvent was evaporated under reduced pressure 

and the residue was distilled under vacuum. The catalyst could be recovered from the aqueous 

layer. After storage at low temperatures the catalyst-hydrochloride (IR,3R,SR)-l*HC!I can be. 

filtered off, worked up and reused. 

As can be seen from Table 1 the new &unino alcohol (lR,3R,5R)-1 serves as an efficient 

catalyst at a wide range of temperature. Even at 50 ‘C an optical purity of 93 96 was reached. In 

each case (R)-1-phenylpropan-l-01 was formed preferentially. We also investigated the 

influence of the catalyst concentration on optical yields. The new catalyst works even well 

when only 5 mol% were applied to the reactions. It is interesting to remark that under identical 

reaction conditions (5 mol% catalyst, room temperature) the corresponding (S)-proline 

derivative (S)-2diphenylhydroxymethyl)-pyrrolidineg (S)-4 gave (S)-1-phenylpropan-l-01 

with 24 46 op only (entry 4). This could be due to steric influence being less efficient with the 

monocyclic catalyst compared to the bicyclic analogue. With 1 mol% catalyst concentration the 

optical yield decreased (entry 5). In the following all reactions were carried out at room 

temperature with 5 mol% catalyst concentration. 

The new bicyclic catalyst (lR,3R,SR)-1 was applied sucessfully to the addition of diethylzinc 

to various asomatic and aliphatic aldehydes. Results are summarized in Table 2. 

Table 2: Enantioselective addition of diethylxinc to various aldehydes in the presence of 5 

mol% (lR,3R,SR)-1 at room temperature. 

aldehyde 

chii alcohol 

chemical yield [%] optical yield* [%] 

1 2-naphtaldehyde 

2 furan-Zaldehyde 

3 Cchlorobenxaldehyde 

4 Cmethylbenxaldehyde 

5 heptauale 

98 87 (R)a 

98 67 (R)h 

98 99 (R)C 

87 100 (R)d 

78 66 (R)e 
6 isovaleraklehyde 22 86 (R4 

*.) The optical yields were calculated from optical rotations based on the following maximum rotations of each 
alcohol: a.) [aIf = -26.6 (c = 3.35. benzene) for (~-l-(2-naphthyl)propan-l-01 in 97 46 eelo. b.) [al”, = +12.6 
(c = 2.09, chloroform) for (R)-l-(2-furyl)p-l-o1 in 95 8 eeli , c.) [a]D= +23.7 (c = 5.05, benzene) for (R)- 
l-(4-chlorophenyl)propan-l-01 in 90 % e&, d.) [a ]D = -39.2 (c = 1, benzene) for @)-l-(4- 
methylphenyl)propan-l-o113, e.) [a6 =+9.07 (c = 7.2, chloroform) for Q-3-nonanol in 88 % eeL4, f.) [a]: = 
-20.3 (c = 5.25, ethanol) for (R)-5-methyl-hexan-3-ol*5. 
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In each case the (R)-configured secondary alcohol was obtained. The best optical yields were 

obtained with aromatic aldehydes. Thus, the reaction of 4-chlorobenzaldehyde and 4- 

methylbenzaldehyde afforded the corresponding carbinols inexcellent optical purities (99% op 

respectively 100% op). The heterocyclic carbonyl compound furau-Zaldehyde was converted 

into the corresponding carbinol with 67% op. With aliphatic aldehydes the highest optical yield 

(86% op) was achieved when isovaleraldehyde was applied to the reaction with diethylzinc. 

The long chain aldehyde nonanal gave a moderate result (66% op) only. 

It has been shown that the bicyclic &amino alcohol (lR,3R,SR)-3-(diphenylhydroxymethyl)- 

2-azabicyclo[3.3.0]octane (lR,3R,SR)-1 serves as an efficient homogeneous catalyst in 

enantioselective additions of diethylzinc to aldehydes. Further studies in order to improve the 

optical yields are under investigation. 

Acknowledgements : Thanks are due to Schering AG, Hoechst AG, Degussa AG and the 
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