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Abstract

Some aromatic ketones have been reduced by borane or by catecholborane using oxazaborolidine as a catalyst. It
has been found that, when borane is used, the enantiomeric excess of alcohol produced decreases as the substitution
on theortho position of benzene ring increases. However, for ketones with 2,6-disubstituted aryl substituents the
enantiomeric excess increases when catecholborane is used. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Reduction of a prochiral ketone to an alcohol is a common reaction in organic synthesis. In order
to achieve enantioselective reduction of prochiral ketones, various chiral non-racemic reducing reagents
have been developédin an ongoing project in our laboratory we required various chiral non-racemic
secondary benzylic alcohols. The obvious choice was to reduce the corresponding aromatic ketones with
borane in the presence of oxazaborolidine catalgst to its wide range of applicability and simplicity
of proceduré.d-€

2. Results and discussion

When ketoned-3 were subjected to CB8reduction using B-butyl catalyst3 and BH-Me,S as
a reducing agent, the enantiomeric exces3 6f the resulting alcohol¥—9 decreased as the bulk
of the aromatic group increased (Table 1, entries 1-3). This was contrary to our expectations. It has
been reported that mesityl methyl ketone can be reduced in édglvhen catecholborane is used
as the reducing ageftin the event, when CBS reduction was carried out using catecholborane as
reducing agent there was no noticeable change in the enantiomeric excess of the alcohols formed from
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Table 1
Asymmetric reduction of aromatic ketones using oxazaborolidine as c&talyst

1/ _en
(0] N.__B’o OH
\Bu
A, e
Ar R Ar R
1-6 7-12
S.No Ar R Ketone Reducing Alcohol ee’  Yield
Agent (%)
1 Phenyl CH, 1 BH,.Me,S 7 94 90
2 o-Toluyl ~ CH, 2 BH,.Me,S 8 89 92
3 Mesityl CH, <) BH,.Me,S 9 74 88
4 Phenyl CH, 4 BH,.Me,S 10 88 93
5  oToluyl C,H, 5 BH,.Me,S 1 81 91
6  Mesityl  CH, 6 BH,.Me,S 12 65 90
7 Phenyl CH, 1 Catechol 7 92 91
Borane
8 o-Toluyl ~ CH, 2 Catechol 8 88 89
Borane
9 Mesityl CH, 3 Catechol 9 90 87
Borane
10 Phenyl CH, 4 Catechol 10 88 902
Borane
11 o-Toluyl  C,H, 5 Catechol 11 79 90
Borane
12 Mesityl C,H, 6 Catechol 12 78 88
Borane

“ In order to avoid any solvent or temperature effect, what so ever it may be, all reactions
were carried out in toluene at -10° C. ®Enantiomeric excess was determined by 300 MHz
NMR analysis of corresponding Mosher esters of the alcohols.’

acetophenone and methgdtolyl ketone (Table 1, entries 1, 2 and 7, 8) but there was an appreciable
increase ireein the case of mesityl methyl ketone (Table 1, entries 3 and 9). Similar results were also
obtained when ketones-6 were reduced to give alcohal®-12 under the same conditions (Table 1).

The reduction using CBS catalyst works well when the two groups attached to the carbonyl group to be
reduced have significantly different steric bdlkhese results clearly indicate that due to the substitution
at theortho position the aromatic group takes conformation in such a manner that its effective steric
bulk decreases. In order to substantiate this hypothesis, we carried out semi-empirical calculations on
ketonesl-3.> It was found that the dihedral angle abcd for the most stable conformation increases as
the substitution on thertho position increases (Table 2). In the case of the mesityl group, it is almost
orthogonal to the CO sigma bond. The results obtained in the case of borane reduction can be explained
on the basis of these conformations of the different aryl groups. As the substitution increases, the net steric
bulk of the aryl group moves away from the carbonyl oxygen lone pair whisyrito the aryl group. As
a result, the effective steric differentiation of two groups of the ketone decrease awhibe decreases
correspondingly. In the case of reduction using catecholborane, the enhancement of the enantiomeric
excess for mesityl ketone€sand6 can be explained by considering the interaction of one ofbtitieo
methyl of mesityl groups with the bulkier catecholborane when it attaches to boron of oxazaborolidine to
give a minor isomer via compleks (Scheme 1). Due to the small size of borane, this type of interaction
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Table 2

Most stable conformation of aromatic ketones as calculated by MM2
Compound R, R, Conformer
Rl do ¢= deg

gl 1 H H 30410

2 CH, H 5545
Ry
3 CH, @ 90+20

will be absent when borane is used as the reducing agent. The molecular models also reveal this fact. On
the other hand, phenyl amstolyl groups can avoid interaction with the catecholborane because they can
always place a hydrogen towards catecholborane in comex

H Ph pp H Ph pp
0 0 0+
/ Ny
N~g"pu ;' ~B—Bu
REB | R RHB |  Ar
0# OQ( 0+
14 pl 15 R
Complex leading to Complex leading to
major isomer minor isomer
OH OH
Ar/\R Ar/kR
Scheme 1.

In conclusion, we have demonstrated that the conformation of the aryl part of the ketone is important
in the outcome of CBS reduction. These results will help in the planning of the synthesis of these types of
molecules. These results also add to a small but growing number of examples where the effective steric
bulk of the aryl group depends on its conformation in the molegule.

3. Experimental

All the reactions were carried out under a nitrogen atmosphere in flame dried apparatus. Toluene was
distilled over sodium/benzophenone. All the ketones were distilled and stored over 4A molecular sieves.
(9-(-) o,x-diphenylprolinol was purchased from Aldrich, butyl boronic acid and B-butyl catdl§st
were prepared using Corey’s procedfrall of the alcohols prepared by asymmetric reduction were
characterised by comparing théil NMR, IR, TLC and mixed TLC with authentic samples.

3.1. General procedure for asymmetric reduction using B, S as reducing agett

To a solution of catalyst3 (0.15 mmol) in 1 ml of toluene, BEMe,S (2M solution in toluene, 0.6
mmol) was added at10°C. Neat ketone (1 mmol) was added slowly at the same temperature over a



3368 K. Manju, S. Trehan/Tetrahedrosymmetry9 (1998) 3365-3369

period of 15 min. After 30 min the reaction was quenched by adding 2 ml of methanol and the reaction
mixture was stirred for an additional 30 min at room temperature. Solvent was removed under reduced
pressure and the residue was dissolved in ether. The ether solution was washed with dilute HCI, water,
saturated aqueous sodium bicarbonate and finally with brine. The organic layer was dried over anhydrous
Na, SOy, concentrated under vacuum and purified by flash chromatography using 5% ethyl acetate in
hexane as eluent.

3.2. General procedure for asymmetric reduction using catecholborane as reducing agent

To a solution of catalyst3 (0.15 mmol) in 1 ml of toluene, catecholborane (0.75 ml of 2M in toluene,
1.5 mmol) and ketone (1 mmol) were added-dt0°C and the reaction mixture was kept-&t0°C for
48 h. The reaction was quenched by adding methanol (2 ml) and solvent was removed under vacuum.
The residue was dissolved in ether (10 ml) and the resulting ethereal solution was washed sequentially
with saturated aqueous sodium hydroxide, water, dilute HCI and finally with brine. The organic layer
was dried (NaSQ,) and concentrated under reduced pressure. The residue was purified using 5% ethyl
acetate in hexane as eluent.

3.3. General procedure for the preparation of Mosher éster

To a mixture of Mosher acid (0.15 mmol), DCC (0.18 mmol) and DMAP (5 mg) in 1 ml ofClK a
solution of alcohol (0.1 mmol) in 0.5 ml of Ci€l, was added at room temperature. The reaction mixture
was stirred overnight at room temperature. Ether (5 ml) was added and the precipitates were removed by
filtration. The filtrate was washed sequentially with dilute HCI, water, aqueous sodium bicarbonate and
brine. The organic layer was dried overJ$&, and concentrated under reduced pressure. The residue
was passed through a short pad of silica gel to remove baseline material.

Acknowledgements

We are thankful to CSIR for the financial support for this work. K.M. is also thankful to UGC for a
senior research fellowship.

References

1. (a)Asymmetric SynthesiMorrison, J. D., Ed.; Academic Press: New York, 1985; Vol. 2. (b) ApSimon, J. W.; Collier, T.
L. Tetrahedron1986 42, 5157. (c) Midland, M. MChem. Rev1989 89, 1553. (d) Singh, V. KSynthesid992 605. (e)
Deloux, L.; Srebnik, MChem. Rev1993 93, 763.

2. (a) Corey, E. J.; Bakshi, R. K.; Shibata,JSAm. Chem. Sod987, 109 5551. (b) Corey, E. J.; Bakshi, R. K.; Shibata, S.;
Chen, C.-P.; Singh, V. KI. Am. Chem. Sod987, 109, 7925.

3. Corey, E. J.; Chen, X.-M.; Cimprich, K. A.; Sarshar,T8trahedron Lett1991, 6835.

4. Nevalainen, VTetrahedron: Asymmetr3991, 429.

5. Molecular mechanics calculations (MMX force field incorporated into the PC MODEL Program) were carried out using
Serena Software, Bloomington, IN.

6. MM2 force field gives reasonable rotational barriers for aromatic systems, for an example see: Broeker, J. L.; Hoffman, R.
W.; Houk, K. N.J. Am. Chem. S0d991, 113 5006.



K. Manju, S. Trehan/Tetrahedrosymmetry9 (1998) 3365-3369 3369

7. Dale, J. A;; Dull, D. L.; Mosher, H. Sl. Org. Chem1969 34, 2543.
8. In an extreme example, the phenyl group preferentially occupies an axial position as compared to the methyl group in
cyclohexane, see; Eliel, E. L.; Manoharan, MOrg. Chem1981, 46, 1959.
9. Corey, E. J.; Bakshi, R. Kletrahedron Lett199Q 611.
10. Slightly lower enantioselectivity was obtained when borane and ketones were added simultaneously.
11. Trost, B. M.; Bunt, R. C.; Pulley, S. R. Org. Chem1994 59, 4202.



