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abslnut; A number of new catalysts for the asymmetric reductions of ketones by borane ore described. The 

highest accelerations ore achieved by catalysts in which the phosphinamide (R2NPO) unit con odopt a planar 

geometry. This observation has provided an insight into the mechanism of catalysis. 

We recently reported that chiral phosphinamides such as 1 are efficient catalysts for the asymmetric 

reduction of ketones by borane.1 As well as dramatically increased reaction rates, modest asymmetric 

inductions may be achieved at catalyst levels as low as 2 mol%. In this paper we report further results from 

an on-going systematic examination of the scope of this process with respect to the structure of the substrate, 

and the stereoe.lectronic nqlirement of the catalyst. 
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The reduction of ketones 2 - 7 may be achieved using borane with 10 mol% of phosphinamide 1 as 

catalyst (Scheme, Table). Reduction of ketones 3 - 5 gave high yields of the corresponding alcohols with 

asymmetric excesses (e.e.s) similar to that recorded for 2, which has already been reported by us.1 The a- 

bromo enone 6 gave a product of slightly higher e.e. but in disappointing yield whilst the a-keto ester 7 was 

reduced in very low e.e. to the diol.2 In the case of ketones 2 - 6 the enantioselectivity appears to be 

determined on the basis of the relative size of the ketone substituents, hydride being delivered in the absolute 

sense illustrated in the Scheme.sah On this basis 7 would have been predicted to give the opposite 

enantiomer, however it is likely that in this case a competitive co-ordination with the ester group may have 

modified the borane reactivity. Several of these compounds, or close relatives, have been used in the 

asymmetric synthesis of complex natural products or physiologically important compounds.3c-3e 
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Table: Asymmetric ketone reductions using phospbinamide catalysts [ 11 

Ketone Catalyst % catalyst Reaction time Yield of alcohol Major EZnantiomeric 
(98% reduction) (isolated) Enantiomer excess 

2 none - ca. 10 h 15% 
s 1 1 10 10 <lh <1 h 82% 88% s-c-, 

s-t-1 

23% 27% 

4 1 10 cl h 97% S-(t) 21% 
5 1 10 <1 h 83% R-t-1 22% 
6 1 10 <1 h 46% [2] s-t-1 46% 
7 1 10 cl h 80% [3] s-(-) 5% 
1 9” 5 10 3h Emin. 95% 90% S-6) 24% 

2 10 10 4h 85% R-(t) ;5% 
2 11 10 3h 81% s-(-) 4% 
2 12 10 <l h 90% s-(-1 10% 

[l] All reactions were can&l out at r.t. using borane-dimethylsulphide complex in TIP solution. 

[2] The reaction was carried out at PC. [3] The dial was formed. 

As part of an investigation into the importance of electronic factors on the activity of phosphinamide 

catalysts we prepared derivative 8 which contains an electron-rich aromatic substituent4 In the presence of 

lOmol% of 8, the reduction of acetophenone was complete within 15 minutes at room temperature.5 and the 

e.e. of the product was similar to that obtained using 1. This result suggests that the donation of electron- 

density to the phosphinamide system is beneficial for catalysis, although it does not appear to improve the 

asymmetric induction. 

In order to probe the importance of the confomation of the RzN-P=O system in the catalytic process 

we investigated three catalysts, 9 - 11, in which the conformational freedom of this group was restricted.6 

The preparation of the amine precursor to 9 has been reported and to date we have only investigated the 

racemic modification.7 Dihydrobenzazaphosphole oxide 10, for which the relative stereochemistry has been 

confirmed by an X-ray crystal structure, has been reported by us in a previous communication.8 Compound 

11 was prepared in enantiomerically pure form from the commercially available precursor diamine.6 

R,R-(+)-8 9 (racemic) SvjR-(-)-lo R,R-(+)-11 
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Remarkably each of the compounds 9 to 11 proved to be a poor catalyst for the reduction 

acetophenone by borane, a reaction time in excess of three hours being required for the reactions to proceed to 

exactly 98% completion in each case (Table). 5 The e.e. of the reduction product using catalyst 11 was very 

low, whilst that achieved with 10 was also modest. 

The observations above suggest that the optimum geometry for catalytic activity is that in which the 

‘R2NPO’ system can lie in a single plane and therefore electron donation from the nitrogen lone pair to the 

P=0 bond is maximised. This suggestion is supported by observations in X-ray crystal structures in which 

nitrogen is shown to be rehybridised to an sp2 geometry in this geometry, which suggests a high degree of 

overlap (Figure 1).9*10 In contrast X-ray structures of compounds structurally related to 9, in which such 

coplanarity cannot be attained contain essentially sp3 hydridised nitrogen atoms,9711 suggesting that electron 

donation to the P=O bond is a minimum (Figure 2). However this interaction is much weaker than the 

corresponding effect in carbonyl amides, and the energetic benefit can be outweighed by crystal packing 

effects in some cases.9 In the case of compounds 9 - 11, which are poor catalysts, the coplanar geometry 

cannot be achieved whilst in contrast the catalysts 1 and 8, which generate the highest accelerations in 

reduction rate, may readily achieve this. Additional electron donation from, for example, an electron-rich 

aromatic group as in 8 further increases the effectiveness of the catalyst by increasing the electron density in 

the phosphinamide (N-P=O) system. 

Figure 1 Figure 2 Figure 3 
H2 

Me 

Orbital overlap in a good catalyst Orbital overlap not possible Proposed mechanism of catalysis 
in a poor catalyst 

On the basis of the observations above we propose that catalysis of the reduction reaction is achieved 

by activation of borane by a strong donation from the oxygen atom of the N-P=0 system coupled with a 

weaker interaction of the substrate carbonyl lone pair with the phosphorus atom (Figure 3). The initial borane 

co-ordination is important because it increases the electrophilicity of the phosphorus atom, which would not 

normally be considered to be a Lewis acid of appreciable strength. The means by which asymmetric induction 

is achieved is not clear at this stage and is the subject of ongoing investigations. In order to confii that a 

hydrogen bond between catalyst and substrate was not a prerequisite for catalysis we prepared compound I2 

by methylation of 1 (NaH/MeI in THF at room temperature). Phosphinamide 12 was as active a catalyst as 1 

and gave of product of 10% e.e. in favour of the S- enantiomer at the lOmol% level. The catalysts appear to 

be robust with respect to moisture. In a reaction in which one equivalent of water (relative to catalyst 1) was 

added to a mixture of acetophenone and 1 prior to addition of borane, the rate of the reduction was as fast as 

under ‘dry’ conditions and a product of essentially identical e.e. (26%) was obtained.12 
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