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Abstract: Asymmetric reduction of prochiral ketones with borane-methyl sulfide 

(BMS) in the presence of chiral oxazaborolidine(3_) afforded the corresponding 

secondary alcohols in moderate to high(46-97%) optical yields. 

Asymmetric reduction of prochiral ketones with chiral hydride reagent has 

been intensively investigated', Among the various chiral ligands for boron 

hydrides, vicinal amino alcohols derived from the corresponding amino acids 

exhibited diverse degrees of enantioselectivity when applied to aliphatic and 

aromatic ketones in the form of amino alcohol-borane complex2. 

After the recent report of Itsuno et al. 
3 

on the catalytic behavior of 

(S)-2-amino-3-methyl-l,l-diphenylbutan-l-01 and borane complex during enantio- 

selective reduction, Corey et al. 
4a . 

isolated and identified the catalyst as 

oxazaborolidine. They further developed another chiral oxazaborolidine using 

(S)-(-)-2-(diphenylhydroxymethyl)pyrrolidine as a ligand and applied this to 

the multistep synthesis 
4b . 

Herein, we report moderate to high enantioselectivity(46-97%) obtained in 

the reduction of aliphatic and aromatic ketones employing a new oxazaborolidine 

(3-j. 
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The crystalline oxazaborolidine5(3) was prepared by sublimation of the 

residue obtained from a 1:l equivalent mixture of BMS and (S)-2-hydroxymethyl- 

indoline(2) which was prepared by reduction of (S)-2-indoline carboxylic 

acid(L)6'7. 

When(2) was treated with one equivalent of BMS in THF, two equivalents of - 

hydrogen evolution were measured by gasometry8. Further hydrolysis of(z) 

produced another one equivalent of hydrogen gas, indicating that one equivalent 
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of active hydride is incorporated in(3). However, (3) had no ability to reduce 

ketones by itself. 

Thus the ratio of(3) to BMS was varied representatively in the case of - 

acetophenone to evaluate the catalytic behavior of(A) (Table 1). 

Table 1. Asymmetric Reduction of Acetophenone in the Presence of(z) 

Ketone BMS(eq.) (3) (eq.) 
Optical 

Configuration 
Yield(%) 

5.0 1.0 88 R 

2.0 1.0 97 R 

1.0 1.0 92 R 

0 1.0 

1.1 0.1 59 R 

0.6 0.1 10 R 

1.2 0.025 5 R 

Apparently one equivalent of(3) was needed to get the maximum optical 

yield, whereas only one tenth equivalent was required to achieve the highest 

enantiomeric excess in the case of (S)-(-)-2-(diphenylhydroxymethyljpyrroli- 

dine4. Further, to check the catalytic effect of(z), each one equivalent of 

acetophenone and BMS was added further to the reaction mixture after the first 

reduction of acetophenone was completed by Method A (see Experimental). 

After work-up, 94% optical yield was obtained in 1-phenylethanol along with 

more than 90% recovery of(2) without any loss of original optical activity. - 

Thus(3) must have served as a catalyst, not a reagent. - 
The optimum condition(Ketone:(3):BMS = 1:1:2) was applied to a series of - 

ketones to get the corresponding optically active secondary alcohols. The 

results are summarized in Table 2. 

+ 2 BH, * SW,), L 
R’ FP THF R’ 

Although high enantioselectivity was achieved in aromatic ketones 

(Entries l-3) (87-97%), aliphatic ketones (Entries 6 and 7) (46-60%) gave 

lower values, as expected from previous reports 1,9 . For ethyl benzoylformate 

selectivity was sufficiently higher(64%) than that of methyl benzoylformate 

reported by Itsuno et a1.(25%J2. On the other hand, a-tetralone gave lower 

value(68%) compared to that obtained by Corey(86%)4b. While external addition 

of(3) markedly enhanced reaction rate, enantioselectivity was little changed - 
in comparison with when it was generated in situ. Thus it seems that the 

species in situ is quite similar to the structure of(z). 
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Table 2. Asymmetric Reduction of Ketones with Borane-methyl sulfide 

in the Presence of Oxazaborolidine(2) 

Entry Ketone Methoda 
Chemicalb OpticalC Configura- Reaction 

Yield(%) Yield(%) tion time(min) 

1 A (B) 96 (98) 

2 A (B) 93 (86) 

3 A (B) 97 (97) 

0 

4 ti A (B) 94 (96) 

0 

5 d- woe A (B) 46 (43)d 

6 p 

o(. 
A (B) 95 (94) 

0 

97 (93) R (R) 10 (10) 

87 (84) R (R) 10 (10) 

88 (89) R (R) 10 (20) 

68 (71) R (R) 10 (30) 

64 (62) S (S) 10 (20) 

60 (57) R (R) 10 (20) 

46 (45) R (R) lO(120) 

a. Data in parenthesis were obtained by method B (see Experimental). 

b. Isolated yields 

c. Optical yields were calculated based upon the value reported. 

d. Overreduction to diol was the major side reaction. 

Further investigation of optically active oxazaborolidine of 2-hydroxy- 

methylindoline skeleton is in progress. 

Experimental 

General Procedure for Method A: To a stirred solution of(3) (318mg, 2.0 - 
mmol) in THF(4ml), BMS(lOM, 4.0 mmol) and acetophenone(240mg, 2.0 mmol) were 

added consecutively at room temperature. The reaction mixture was stirred at 

room temperature for 10 min and then added with 2N hydrochloric acid at O°C. 

The hydrolyzed mixture was extracted with diethyl ether (50mlx3) and the 

combined extract was washed with brine (30mlx2), and dried over anhydrous 

magnesium sulfate. After removal of the solvent, the residue was purified on 

silica gel column chromatography to give 1-phenylethanol (235mg, 96% yield) 

[al;5 +50.9 (c 2.30, CH2C12). 

General procedure for Method B: To a stirred solution of(L) (298mg, 2.0 

mmol) in THF(4ml) was added BMS (lOM, 2 mmol) at -78OC. The resulting 

solution was gradually warmed up to 45OC and stirred for 3hrs. After cooling 

to room temperature, additional BMS (lOM, 2 mmol) was added. Stirring was 

continued for 3hrs at room temperature. Then acetophenone (216mg, 1.8 mmol) 

was added. After stirring for 10 min at room temperature the reaction 

mixture was worked up as above. The crude product was column chromatographed 
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on silica gel to give l-phenylethanol (215mg, 98% yield) [ali +48.9(c 2.27, 

CH2C12). 
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Caution: We observed that compound(3) was pyrophoric when the vacuum was - 
released in the air after sublimation. But once isolated under argon 

it was stable enough to handle in the open air. 
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