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abstract; A novel class of recoverable and highly stable phosphinamide catalysts for the asymmetric reduction of 

ketones by borane is described. Enantiomeric excesses of up to 92% have been obtained using 10 mol% of the 

optimum catalyst. Copyright © 1996 Elsevier Science Ltd 

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

reduction of ketones by borane.l ,2 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 our recent results from 

our studies of improved phosphinamide catalysts which give enantiomeric excesses of up to 92%. 

Our initial studies of reduction catalysts have allowed the requirements for an effective catalyst to be 

defined. In particular it is essential that the 'N-P=O' structural unit can adopt a conformation in which the lone 

pair on nitrogen can effectively donate electron density to the d-orbitals of the P=O bond. 2 We have speculated 

that the mechanism of the reduction reaction is as illustrated in Scheme 1, where the first step of the catalytic cycle 

is co-ordination of the phosphinamide oxygen atom to a molecule of borane. This is then followed by an 

interaction of a lone pair from the ketone with the electron-deficient phosphorus atom. Rapid hydride transfer 

within this chelated structure is then followed by dissociation of the alkoxyborane complex and release of the 

phosphinamide into another catalytic cycle. 

S c h e m e  1: Catalytic cycle for carbonyl reduction with borane/phosphinamide 
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Detailed synthetic and computational 3 studies on reported 2 and unreported phosphinamides suggested 

that whilst the phosphinamide - borane interaction was very strong within the proposed catalytic cycle, the 

subsequent ketone interaction was much weaker, probably due to the high level of steric congestion around the 
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phosphorus atom. This led us to the conclusion that an effective catalyst might be constructed by combining the 

phosphinamide with a second functional group capable of providing an alternative electrophilic site for ketone co- 

ordination. An alcohol could provide such a site upon reaction with borane therefore, given the requirement for a 

rigid structure, we chose to study phosphinamide derivatives of L-prolinol, and closely related compounds 2 - 5. 

Phosphinamides 2 - 5  were prepared from commercially available L-proline derivatives via the 

oxazaphospholidine intermediates 6 4 as illustrated in Scheme 2, a sequence developed in our laboratories which 

avoids the problem of competing O-phosphinylation when direct preparation from prolinol was attempted. 5,6 

The oxazaphospholidine intermediates were generally formed as a mixture of diastereoisomers and the relative 

configuration of  the major product was not determined in any of these examples. The reaction of 

methylmagnesium bromide with 6b gave a small amount (7%) of the corresponding phosphinamide which 

decomposed rapidly during storage. This may have been precipitated by intramolecular transfer of the Me2P(O) 

unit from the nitrogen to oxygen atom, which would be less likely to take place in the case of the more hindered 

diphenyl substituted reagent. 

Scheme 2 
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6a (R=H, RI=ph) 64% (4:1 mixture) 
6b (R=H, RI=Me) 15% (single isomer) 
6¢ (R=Ph, RI=ph) 70% (single isomer) 
6d (R=Ph, R~=Me) 74% (1:1 mixture) 
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2 (R=H, RI=ph) 76% from 6== 
3 (R=H, RI=Me) 7% from 6b 
4 (R=Ph, RI=Ph) 33% from 6¢ 
5 (R=Ph, RI=Me) 71% from 6d 

Phosphinamides 2, 4 and 5 thus prepared were stable crystalline compounds and proved to be effective 

catalyst for ketone reduction by borane. Each compound was fully stable to the reaction conditions and could be 

recovered and reused after the reaction. The results of our studies are shown in Scheme 3 and the Table. Using 

catalyst 2 and acetophenone as substrate we initially carried out reductions at room temperature in THF solution, 

however under these conditions the enantiomeric excess of the product did not exceed 19%, even when a 

stoichiometric amount of catalyst was employed (entries 1 and 2). 

Buono has recently shown that reductions of ketones with certain catalysts7, 8 at 110°C in toluene can in 

some cases give higher asymmetric inductions than the room temperature reaction. Following this precedent we 

found a similar trend with catalyst 2 (entries 3 and 4), which gave e.e.s of  up to 48% when 1 equivalent of 

catalyst was utilised. 9 A similar pattern of selectivity was observed when catalyst 5, which benefits from a much 

lower level of steric hinderance at phosphorus, was employed (entry 5). Using chloroacetophenone as the 

substrate further improvements to the e.e.s were observed (entries 6 to 8), peaking at 92% when 10 mol% of 

catalyst 5 was used. It appears that the introduction of two phenyl groups into the prolinol unit, whilst essential 

for phosphinamide stability, is detrimental to the selectivity. 

In all cases reduction of acetophenone gave the R enantiomer of product and chloroacetophenone the S 

enantiomer. This selectivity corresponds to the same sense of hydride addition with respect to the size of 

substituents attached to the carbonyl group, suggesting that the reduction selectivity is essentially sterically 
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defined. The reason for the improved selectivity in reduction of chloroace[ophenone is not readily apparant but 

may involve a secondary interaction of a lone pair on the chlorine atom with part of the catalyst structure. 

A further variation on catalyst structure could be provided by introduction of a chiral centre at the 

phosphorus atom. By way of a preliminary investigation of this we prepared 7, as a single diastereoisomer, by 

the reaction of 6c with methyl magnesium bromide. 4 Compound 7 also proved to be an effective catalyst for 

ketone reduction (entries 9-12) and gave reduction enantioselectivities intermediate between 4 and 5. Whether 

this is due to an unmatched set of directing effects or is simply due to the level of steric hinderance at phosphorus 

is unclear and is the subject of ongoing studies. 

Scheme 3 
0 HQH ~ X 1.1 eq. BH3.SMe 2 ~ X  

Catalyst, see table 
p to 62% e.e. (R) 

X=CI up to 92% e.e. (S) 

Table  
Entry Ketone Catalyst Mol% Solvent Temp. Yield e.e. R/S 

catalyst oC % % 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

PhCOMe 

PhCOMe 

PhCOMe 

PhCOMe 

PhCOMe 

PhCOCH2C1 

PhCOCH2C1 

PhCOCH2C1 
PhCOMe 

PhCOCH2CI 

PhCOCH2C1 

PhCOCH2C1 

2 10 THF r.t. 75 8 R 

2 100 THF r.t. 79 19 R 

2 10 Toluene 110°C 84 24 R 

2 100 Toluene 110°C 81 48 R 

5 10 Toluene 110oc 90 62 R 

2 100 Toluene 110oc 72 70 S 

4 100 Toluene 110°C 69 24 S 

5 10 Toluene 110°C 81 92 S 

7 10 Toluene 110°C 84 55 R 

7 2 Toluene 110°C 75 62 S 

7 10 Toluene 110oc 70 83 S 

7 100 Toluene 110°C 84 82 S 

Scheme 4 
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The results suggest that the level of steric hinderance at the phosphorus atom is important; reduction of 

this may result in closer association of the catalyst with the borane and hence the reaction proceeds via a better 

defined transition state. Although the full course of the mechanism requires further study, it is likely that the 

initial reaction of  the above catalysts with borane leads to formation of a complex such as 8, and that the 

subsequent reduction transition state involves interactions of both donor and accepter groups in this complex with 

the corresponding complementary reagents, as illustrated in Figure 1. In a very recent report 10 on the use of 
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cyclic oxazaphospholidine oxide 6a for carbonyl reduction, Buono has suggested that the actual catalytic species 

may be the P-O cleaved product 9 (or the borane derivative thereof). 8 Compound 6a gives a very similar pattern 

of reduction selectivities to those observed with our structurally related catalysts which strongly supports 

Buono's proposition, however unlike our catalysts, neither 6a nor 9 cannot be recovered and reused after the 

reaction. 
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In conclusion we have demonstrated that chiral phosphinanudes are capable of control of the asyn'unetric 

reduction of unsymmeLdcal ketones in high enantiomeric excess. We expect work in this field to expand greatly 

in the near future and shall be reporting further and full details of our ungoing studies shortly. 
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