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Absrract : The oxazaborolidine catalyst from (lR,3R,5R)-3-(diphenylhydroxymethyl)-2-azabicyclo[3.3.0]- 
octane (lR,3R,5R)-3 has been used in the enantioselective homogenous reductions of prochiral ketones with 
borane. 

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

s~ctur~ly rigid pyrrolidine derivatives often lead to vety high asymmetric inductions in organic synthesese2 

Among various asymmetric reactions enantioselective reductions of prochiial ketones to optically active 

alcohols have achieved great interest. Beside the use of microbial processes3 or het~genous metal cataiysts4 

the enantioselective homogenous catalytic reduction using chirally modified hydride reagents5 is a challenging 

task. Ztsuno et al. developed the oxazaborolidines as a new generation of reduction reagents.6 Later other 

groups improved this new methods7 
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(lR,3R,5R)-1 (R=H) (lS,3SSS)-1 (R=H) 

(lR,3R,SR)-2 (R=CHzPh) (lS,3S$S)-2 (R=CHzPh) 

We envisioned that a bicyclic analogue of proline (lR,3R,SR)-2-azabicyclo[3.3.O]octane carboxylic acid 

(lR,3R,5R)-1 and its enantiomeg would encompass the stmctural requirements necessary for efficient catalytic 

asymmetric reductions of prochiral ketones. 

The nonproteinogenic amino acid (1&3&5S)-1 has been used as an intermediate in the synthesis of the highly 

potent ~~otens~n converting enzyme (ACE) i~ibitor Ramipril? The industrial production of (lS,3SSS)-I 
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is based on the optical resolution of the racemic benzyl ester derivatives (lRS,3RS,5RS)-2 via diastereomeric 

salts with an enantiomerically pure chiral carboxylic acid. Thus, the unnatural amino acid 1 is advantageously 

accessible in both enantiomeric forms. The ester (lR,3R,SR)-2-HCl with (all-R)-configuration is recovered 

from waste streams of the resolution step in the industrial production of Ramipril. 

Some new chiral auxiliaries based on (lS,3S,5S)-1 and its enantiomeric form were synthesized in our 

laboratory. lo 

(lR,3R.5R)-3-(Diphenylhydroxymethyl)-2-azabicyclof3.3.O]octane (lR,3R,5R)-3 is obtained via an efficient 

simple two-step procedure from the ester (lR,3R,5R)-2-HCl. 

1. PhMgBr / E%O 
2. 2N HCl 
3.2N NaOH / N(C,H,), / CH,Cl, 

-cick,c 

5 H 
3 

1 
Ph 

57% N Ph 
HH OH 

(lR,3R,5R)-2-HCl (lR,3R,5R)-3 

The synthesis of (lR,3R,SR)-3 was accomplished starting from (lR,3R,SR)-2-HCl which was added in small 

portions to theGrignard reagent from phenylbromide (8 equiv. in ether, -15’C than 4 h reflux) to give after 

usual acidic work up and recrystallisation from methanol/ether colourless needles of (lR,3R,5R)-3-HCl” in 

57% overall yield. The free base (lR,3R,5R)-312 was obtained quantitavely from the hydrochloride by 

treatment with 2N NaOH, triethylamine and extraction with dichloromethane as a colourless solid. 

The homogenous reduction of aromatic ketones with the oxazaborolidine catalyst (lmol%) prepared from 

(lR,3R,SR)-3-(diphenylhydroxymethyl)-2-azabicyclo[3.3.O]oct~e (lR,3R,5R)-3 and borane.TI-IF in situ has 

been investigated (Table 1). 

In a typical procedure to a solution of the catalyst (lR,3R,5R)-3 (0.3 mmol) and borane-THF complex (30.3 

mmol) in dry THF was slowly added within 1 h a mixture of the respective ketone (30 mmol) in dry THF at 

35’ C. After stirring for two hours at 35’ C the reaction mixture was hydrolyzed with 2N HCl and extracted 

with ether. The combined organic layers were sucessively washed with 2N NaOH and brine, dried and 

concentrated under reduced pressure. The obtained crude product was distilled through a Vigreaux column 

under vacua to afford the respective optically active alcohol in 69-81% isolated yield. The optical yields were 

determined by optical rotation analysis. The p-amino alcohol (lR,3R,5R)-3 could be recycled from the 

distillation residue and can be used in further enantioselective reductions as chimi catalyst. 

As can be seen from Table 1, the optically active &amino alcohol (lR,3R,5R)-3 is indeed suitable for use as a 

precursor for a new oxazaborolidine catalyst for the enantioselective reduction of prochiral ketones with borane. 

The optical yields are in the order of 48-61%. In each case the (S)-enantiomer of the secondary alcohol was 

formed preferentially. This result follows the expected pattern as observed with other catalysts.6T7 
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Table 1. Enantioselective reduction of aromatic ketones with (lR,3R,5R)-3 (1 mol%) and BH3-THF. 

Chiral alcohol obtained 

Ketone Isolated yielda [%] Optical yieldh[%] Absolute configuration 

Acetophenone 78 61 (S) 

Propiophenone 81 59 (5) 

a-Tetralone 69 48 (5) 

a The chemical yield of the chiral alcohol was > 99% in each case (controled by TIC), isolated yield 

after distillation. 

b Optical yield was calculated from optical rotation based on the following maximum rotations of each 

alcohol: [or = - 43.1 (c = 7.19, cyclopentane) for (S)-1-phenylethanol13, [a]“, = - 45.45 (c = 5.15, 

CHC13) for (S)- 1-phenyl- 1-propanol 14, [a]F = +32.65 (c = 2.5, CHC13) for (S)-1,2,3,4-tetrahydro-l- 

naphtholls. 

Further studies investigating the influence of B-substituents and a reagent prepared from the epimeric amino 

acid (lR,3S,5R)-1 on the enantioselectivity of catalytic reductions will be forthcoming. 

Acknowledgements : Thanks are due to Hoechst AG, Degussa AG and the Fonds der Chemischen Industrie 
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