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ester

“BHs + R3B ~= [H3BessHesBR31 == BHz + BRzH —mr
very fast

0BRs oL’
+
R—C—O0Et |Li —= R—C—~—0FEt + R3zB —= —= RCH,0H (1)

H

rate would be retarded, as observed (Table I).

This procedure offers a simple mild conversion of esters
to alcohols. The selective reduction of the ester group in
the presence of reducible groups appears to be readily
achieved. Consequently, this development markedly en-
hances the utility of the reagent, LIBH,, for the convenient
reduction of esters and their selective reduction in the
presence of many reducible functional groups. The full
scope of such selective reductions is currently under in-
vestigation.
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Improved Procedure for the Asymmetric Reduction
of Prochiral Ketones by
B-(3-Pinanyl)-9-borabicyclo[3.3.1]nonane

Summary: An improved experimental procedure gives
good optical induction in the reduction of nonacetylenic
prochiral ketones, using the chiral trialkylborane B-(3-
pinanyl)-9-borabicyclo[3.3.1]nonane (Midland’s reagent).

Sir: Recently, B-(3-pinanyl)-9-borabicyclo[3.3.1]nonane
(1) was shown to be a very useful chiral reducing agent for
the reduction of aldehydes and acetylenic ketones.! In
addition to giving excellent chemical yields and optical
induction, the reagent has several advantages in being
readily available in both d and [ forms, requiring mild

(1) Midland, M. M,; Tramontano, A.; Zderic, S. A. J. Am. Chem. Soc.
1977, 99, 5211. Midland, M. M.; Greer, S.; Tramontano, A.; Zderic, S. A.
Ibid. 1979, 101, 2352. Midland, M. M.; McDowell, D. C.; Hatch, R. L,;
Tramontano, A. Ibid. 1980, 102, 867.

reaction conditions and simple workup procedures, while
exhibiting high chemoselectivity (many other readily re-
ducible functionalities are tolerated).

However, the reagent is not useful for the reduction of
simple, nonacetylenic ketones, possibly of even greater
interest. The difficulty in this case apparently arises from
the very slow reaction at room temperature under such
conditions. The usual reduction by a cyclic mechanism
is replaced by an alternate mechanism involving a prior
dissociation of the reagent (eq 1). Reduction of the ketone
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by the dissociation product, 9-borabicyclo[3.3.1]Jnonane
(9-BBN, 2), produces inactive product. Increasing the
temperature as a means of enhancing the rate of reaction
is self-defeating, since it leads to enhanced dissociation of
the reagent.?

It occurred to us that it should be possible to increase
the rate of reaction as well as to minimize the undesirable
dissociation by carrying out the reaction in more concen-
trated solutions. Accordingly, we carried out the reduction
of 4-phenyl-3-butyn-2-one (3, eq 2) in a 2 M THF solution

i ) )
CeHeC == CCOHg + B G HsC==CCHCHz  +

96.5% ee

(2)

(the original workers had used a 0.5 M solution of 9-BBN
in THF to prepare the reagent and slightly more dilute
solutions for the actual reductions). The reaction went to
completion in ~20 h (as against 48 h in the original pro-
cedure) and the alcohol obtained had a specific rotation
of +69.6°, substantially higher than the value of +51.8°
achieved by Midland and co-workers in their original
procedure.! This specific rotation of the alcohol represents
an optical purity of 96.5% on the basis of Midland’s value
of 51.8° for 72% ee. Since we had started with a-pinene
of 92% ee, this value appears to be a little high. This
discrepancy may be due to the fact that Midland and
co-workers used NMR shift reagents to determine optical
purity and the rotation reported by them may be a little
low. Encouraged, we then tried the neat reagent. In this
case, the reaction went to completion in ~8-12 h, using
only 40% excess reagent, and the alcohol obtained had the
same optical purity as the one from the 2 M THF reaction.

Encouraged by this result, we applied this procedure
(neat conditions) to the reduction of acetophenone and
other representative aliphatic ketones (eq 3-5). In most
cases, using 100% excess reagent, the reaction went to
completion in 7-10 days at room temperature. Moderate
to good optical induction was realized (all results reported
are for reagent from 92% ee a-pinene). Thus, aceto-
phenone was reduced to a-methylbenzyl alcohol in an
enantiomeric excess of 78%. In the aliphatic series, 2-

(2) Midland, M. M.; Petre, J. E. J. Am. Chem. Soc., in press.
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25 °C
CeHsCCH3z  + — + CeHsCHCHz  (3)

7 doys
78% ee

o "9)
” ”@ 25 °C |
HsCoCCHs + e + HsCoCHCHs  (4)
C) _escc_
CHCCH3 @ T0-12 doys +

40% ee
oB
HaC
>CHCHCH3 (5)
HaC

57% ee

butanone and 2-octanone are reduced to the corresponding
alcohols in 40% ee and 44% ee, respectively. Increasing
the steric inequality of the alkyl groups attached to the
carbonyl group, as in 3-methyl-2-butanone (eq 5), increases
the optical induction to 57% ee. However, a further dif-
ferentiation suddenly reverses this trend, so that with
3,3-dimethyl-2-butanone, only 0.6% optical induction is
realized. The reduction proceeds very slowly in this case
(60% reaction in 40 days at 25 °C). Presumably, the major
portion of the reaction goes via the dissociation mechanism
(eq 6).

/\D cychc mechonism
H3CCCCH3
/ wl

/
HaC

0.6% ee

Next, we tried our method for the chiral reduction of
a,B-unsaturated ketones. In comparison to acetylenic
ketones, these are reduced relatively slowly. Nevertheless,
excellent optical induction was realized in the reduction
of trans-4-phenyl-3-buten-2-one (eq 7). Somewhat lower
enantiomeric excess was achieved for 1-acetyl-1-cyclo-
hexene, 59% ee.

@ 25 °C
IO days *
H

--H
s (1)
HeCe H

89% ee

Lastly, the reagent seems to offer good prospects for the
chiral reduction of a-keto esters. Thus, ethyl pyruvate is
reduced rapidly at 25 °C to ethyl lactate in 76% optical
yield. The rate was sufficiently rapid as to make it
practical to carry out the reaction at 0 °C, achieving a
further improvement in optical yield (eq 8). These ex-
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perimental results are summarized in Table I.

il D
HsC20CCCH3 + ’ 0°C, 24 1 @ .

7))
H5C20CCHCH3  (8)
82% ee

The following experimental procedure is typical. An
oven-dried, 50-mL, round-bottom flask equipped with a
septum-capped side arm, magnetic stirring bar, reflux
condenser, and stopcock adaptor was cooled to room tem-
perature in a stream of nitrogen. The flask was charged
with 2.5 g of solid 9-BBN (20 mmol) and 3.5 mL (22 mmol)
of (+)-a-pinene ([a]®, +47.3°, 92% ee, distilled from
LiAlH,) was added to the flask. The flask was heated in
an oil bath to 65 °C for 5 h. A !B NMR at the end of this
period revealed only the R;B peak (+80 ppm). The flask
was cooled to room temperature and 1.17 mL of aceto-
phenone (10 mmol) was injected into the flask. The con-
tents of the flask were stirred at room temperature. The
reaction was followed by low-temperature GC analysis on
a 6 ft X 0.25 in. DC-710 on Chromosorb W column.
Comparison of the amount of a-pinene formed and ace-
tophenone remaining gave a good idea of the progress of
reaction. After 7 days, the flask was cooled to 0 °C and
1 mL of acetaldehyde was added to destroy the excess
reagent. Liberated a-pinene was pumped off at 40 °C (0.01
mm) and the residue dissolved in 10 mL of ether. The
solution was cooled to 0 °C and 1.32 mL (22 mmol) of
ethanolamine was added to remove the 9-BBN moiety.
The white solid was separated by filtration and washed
twice with cold ether. The combined filtrate and washings
were washed twice with brine and dried over sodium
sulfate, and the ether was evaporated with a rotary evap-
orator. The oil so obtained was distilied with a short-path
condenser to give 0.85 g of an oil. GC analysis (6 ft X 0.25
in., 10% Carbowax 20M on Chromosorb W-AW-DMCS)
showed that it was >98% pure. It was further purified
by preparative gas chromatography and the rotation taken:
[a]®p —-85.6° (¢ 5.19, methanol). This represents an optical
purity of 78%. The alcohol gave 'H NMR and IR spectra
identical with those for an authentic sample. B-(3-pina-
nyl)-9-BBN is now available from the Aldrich Chemical
Co. as the product “Alpine Borane”.

We believe that the chemical yields approach 100% with
losses primarily involved in the isolations. In a number
of the preparations we made, no attempt to maximize the
chemical yields reported in Table I.

In conclusion, our modified procedure retains all of the
advantages of the original method while extending the
scope and utility of the Midland reagent to the chiral
reduction of a broad spectrum of carbonyl compounds
other than aldehydes and acetylenic ketones.
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