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ENANTIOSELECTIVE REDUCTION OF ACETOPHENONE BY BORANE.CHIRAL AMINE COMPLEXES
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Abstract: The enantioselective reduction of acetophenone by the borane.chiral amine complexes
BH,.1la - BH3.12 affords 1-phenyl-1-ethanol with o.y. up to 42%.

3
In the enantioselective reduction of prochiral ketones the use of chirally modified
metal hydrides has extensively been studied. Especially lithium aluminum hydride modified by

optically active alcohols or amines give high enantioselective reducbions.1 Although
borane.achiral amine complexes have been intensively investigated as reducing agents for
functional groups such as alkenes, carbonyls and imines,2 only a few reports exist on the use
of borane.chiral amine complexes; the most successful complexes have proven to be the ones
with the following amines: (S)—a-methylbenzylamine,3 (S)—1,2-diphenylethy1amine,u (S)-
valinol5 and (S)—2—amino—3—methy1—1,1-dipheny1butan—1—ol6 which reduce acetophenone in an
o0.y. of 21%,3b 25%,u 49%5 and 9U%,6 respectively.

In our investigations of the applicability of some novel chiral amines (l) and chiral
lithium amides (3)7 in stereoselective synthesis we have investigated the potentiality of

BH3.l to reduce acetophenone in an enantioselective way. The BH3.l_complexes were made by
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3.THF in THF (BH3 coordinates more

strongly with amines than with ethers). It was not possible to isolate the BH3.l.complexes in

ligand exchange on treating a solution of 1 with BH

pure form due to decomposition and therefore they were used in situ.8 Although BH3.amine

complexes, such as BH3.N(CH3)3 and BH3.pyridine9 do not reduce acetophenone in THF as
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solvent, the BH3.13 complex reduces it with an o.y. of 18% (Table, run 1). This difference
can be explained by the assumption that in BH3'12 the BH3 is more loosely complexed to l1a
than it is to trimethylamine and pyridine in BH3.N(CH3)3 and BH3.pyridine, respectively
(attributed to a steric repulsion of the BH3 group with the phenylgroups of l1a as shown in a
CPK model of BH3.13). This makes the complexation of BH3 with the carbonylgroup of

Table: Reduction of acetophenone to (S)-1-phenyl-1-ethanol by BH3.l_complexesa in the

presence of BF,.0Et, (THF solution)

3
run ligand c.y.b (%) o.y.c (%)
19 1a 70 18
2 1a 76 42
3° 1a 58" 11
y8 1a 75 39
5" 1a 80 12
6 1c 77 38
7 1d 73 41
8 1ib 66 0

2 Ratio acetophenone:BH,.1:BF,.0Et, is 1:2:1.

b 3 =732
Chemical yields not optimalized.

(o)

Optical yields calculated on basis of the highest value reported.
in literature: [a]g3 = -52.5 (¢ 2.3, CH,Cl,); reference 6a.
Without BF3.OEt2.

Ratio acetophenone:BH3.12;BF3.OEt2 is 1:1:1.

Still 10% of acetophenone present in the crude reaction mixture.

=2 T TN S = 4

Ratio acetophenone:BH3:1§;BF3.OEt2 is 1:4:2:1.

Et20 as solvent.

acetophenone to compete effectively with that of amine la, allowing the reduction to take
place (the latter complexation is proposed as the first step in the uncatalyzed BH3

reduction1o).
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On addition of BF3.OEt2 to the reaction mixture (which causes a stronger polarization of

the carbonylbond11) an o.y. of 42% was obtained (Table, run 2). This result compares
favourably with that obtained with the BH3.(S)—a—methylbenzylamine complex (o.y. 1&%).3b When
the reaction was performed with an additional two equivalents of BH3.THF the optical yield

was hardly lowered (runs 2 and 4). This implies that the rate of reduction with BH,.la is

considerably faster than with BH3.THF as reducing agent. Using diethylether insteag of THF as
solvent did not alter the enantioselectivity (o.y. 42%, run 5), which differs from the
results found for other borane.chiral amine complexes.3b
The replacements of ligand 1a by an amine with an additional methoxy group (ligands 1c
and 1d) did not increase the optical yield (38% and 41%, respectively; runs 6 and 7).13 This
contrasts sharply with the effect observed for the corresponding lithium amides (ggjgg) in
the nBuLi addition to benzaldehyde.7a The difference can be explained by the fact that in the
former case the boron atom is coordinatively saturated after complexation with the amine,
leaving no capacity for an additional internal ligation with the methoxy group. The complexes
BH3.1_a, BH3
enantioselectivity is to be expected. The fact that BH3.13 gave no optical induction (run 8)

.1¢ and Bﬁg'lg are sterically very similar and as a consequence the same degree of

is understandable when the assumption is made that BH3 has a preference for complexation with

he HH @ BH; Phe .HH @ BH Ph HH @
N TSN O e e
H,yC N TCH, H,yC N CH, HsC N CHy*BH,
| |
H,B H H H
the aromatic nitrogen rather than with the aliphatic nitrogen atom of 1b which may bring the

BH3 moiety too far away from the chiral environment in order to cause enantioselectivity. The

preference of the BH_, group for complexation with the pyridine nitrogen is in agreement with

3
the already mentioned steric repulsion between the BH3 and the two phenyl groups in complex

14
BH,.la.

It is worthwhile to note that in all experiments the amines 1a-1d could be recovered

easily in >90% yield without any loss of optical activity.
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3.13 instead of 2 eq. was used (see runs 2 and 3) the same o.y. was found

but the reaction mixture still contained 10% of unreacted acetophenone; hence in all
other runs 2 equivalents of BH
The BH,.1c and BH

3 3
chiral center (the nitrogen atom) is created. The effect of this extra chiral center has

3.l_were used.

.1d complexes can both exist as a diastereomeric pair because a new

not been investigated because separation of the diastereomers will be very difficult due
to the observed instability of this type of complexes in the solid phase.

Attempts to reduce acetophenone by reagents derived from le with 1 eq. as well as with 2
eq. of BH, failed under conditions where (S)-valinol with BH

3 3
with acetophenone.5 Even addition of 1 eq. of BFB.OEt2 did not lead to reaction.

gives complete reaction
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