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Abstract

The enantioselective reduction of 1-bromo¯uorenone by borane in the presence of di�erent chiral amino
alcohols has been studied. The alcohol obtained has the (S) or (R) con®guration depending on the nature
of the substitution of the amino alcohol. The experimentally determined absolute con®guration can be
explained when a four-center cyclic transition state consisting of the oxazaborolidine and ¯uorenone
compound is considered. # 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Synthesis of enantiomerically pure compounds from achiral starting materials, using easily
recoverable chiral auxiliaries, has been a major focus in organic chemistry in recent years.
Enantiomerically pure alcohols are particularly useful as building blocks for the synthesis of
natural products and pharmaceutical chemicals since a large number of synthetic methods have
been developed to transform this functionality into other organic functions like amines, halogens
etc. During our search for new materials,1 we faced the problem of the formation of a stereogenic
center at the 9-position of the ¯uorenyl system. One of the plausible ways is the synthesis of chiral
alcohols via asymmetric reduction of prochiral polysubstituted ketones.2 Although many reports
describe the asymmetric reduction of ketones by either enzymatic reductions,3 or a wide variety of
modi®ed organometallic reagents prepared by mixing aluminum hydride or borane with various
chiral diols or amino alcohols,4,5 they usually refer to methylalkyl or arylalkyl ketones, mainly
acetophenone.6 To our knowledge, very little attention has been paid to diarylketones, especially
to the ¯uorenone system. Its structural rigidity has prevented its study. In order to distinguish the
two aromatic rings in the ¯uorenone system electronically and sterically, we chose a 1-substituted
¯uorenone to be reduced. Substitution in other positions of the aromatic ring were not expected
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to a�ect the course of the reaction in a signi®cant way, nor the enantiomeric excess or the
absolute con®guration. 1-Bromo¯uorenone was selected as a model not only because it is easy to
synthesize,7 but also because it can be dehalogenated by hydrogenolysis, after the induction of
chirality, when reduction is performed on multiple substituted ¯uorenones.2

2. Results and discussion

We describe our studies on the asymmetric reduction of 1-bromo¯uorenone with borane in the
presence of chiral amino alcohols with di�erent substitution patterns (Fig. 1) chosen to elucidate
the importance of the presence of phenyl substitution to establish a p±p interaction with the
¯uorenone molecule in the transition state. Factors such as temperature, ratio between chiral
amino alcohol and hydride, etc. which a�ect the course of the reaction, have been considered.

Table 1 shows the results obtained in the reduction process. Poor chemical yields were obtained
as expected due to the structural rigidity of the ¯uorenone system, which can produce high
sterical hindrance to the approach of the chiral reductor (Table 1). The e�ect of the solvent on the
reductions was examined. The highest enantiomeric excess was found with toluene (84%) and
benzene (68%) when the amino alcohol 2 was used as chiral modi®er (entries 4 and 2).

Figure 1. Chiral amino alcohols used to the preparation of chiral oxazaborolidines

Table 1
Reduction of 1-bromo¯uorenone with chiral modi®ed borane
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Nevertheless, all the chemical yields obtained were very low, between 13 and 45%. Higher
reaction temperatures gave slightly better yields, but also lower e.e. (entry 3). The main e�ect on
the chemical yield and the enantiomeric excess was produced by the steric hindrance due to the
substitution on the C-1 of the amino alcohol. Amino alcohols with a substituted amino group
give better chemical yields and enantiomeric excesses than those not substituted.8 Of all the
amino alchohols tested 1±7, the best e.e. corresponds to 2, the Corey's auxiliary (S)-a,a-diphenyl-
2-pyrrolidine methanol.9 The other chiral amino alcohols used in the complex formation with
borane improved neither the chemical yields nor the enantiomeric excess. The presence of at least
one phenyl group in the amino alcohol increases the chemical yield of the product, perhaps
because of the p±p-interaction of these phenyl groups with the ¯uorenone system. However, an
excess of phenyl groups (three groups in amino alcohols 6 and 7, entries 9 and 10) slightly
decreases the chemical yield presumably because of steric hindrance. Amino alcohols 1 and 2 with
a pyrrolidine nitrogen gave better e.e.s. The absolute con®guration of the 1-bromo¯uoren-9-ol10

obtained depended on the chiral amino alcohol used. Entry 5 shows that the addition of more
borane to the reaction mixture, after formation of the oxazaborolidine complex, did not increase
either the enantiomeric excess or the chemical yield. All comparisons between the di�erent amino
alcohols were then performed using an equimolecular ratio between borane and the chiral modi®er.
The hypothesis of a transition state of six centers was proposed11,12 to explain the absolute

con®guration of the new stereogenic center, where the oxazaborolidine is coordinated with the
ketone and a molecule of free borane. To explain our own results, when no more borane was
added, the six-ring nature of the transition state cannot be applied. Nevertheless, if this model is
considered, the results expected for the absolute con®guration are not coincident with those
determined experimentally. The small enantiomeric excesses obtained do not warrant structural
interpretations. However, the absolute con®guration of the chiral 1-bromo¯uoren-9-ol obtained
in all the experiments can be justi®ed as a result of a transition state with a four-center ring (O±B±
H±C). In the absence of other types of interactions this should be, together with the minimal
sterical hindrance, what determines the approximation pattern of the two substrates (Fig. 2). For
this reason, when the amino alcohols 1-(S) and 5-(R) were used, the con®guration found for the
1-bromo¯uoren-9-ol was (S) and (R), respectively (entries 1 and 8). Molecular orbital calculations
were carried out using the semiempirical AM113 Hamiltonian of the MOPAC 9314 program on a
Silicon Indigo 2 computer with full optimization of all bond lengths, angles and torsion angles.
They were performed to elucidate the direction of the dipole moment of the B±H bond, in the
oxazaborolidine compound, and that of the C±O bond of the ¯uorenone compound. The B and C
nuclei are the most electron-de®cient nuclei in these bonds from the net atomic charges calculated
(B=0.164, H=0.069; C=0.316, O=^0.242). An approximation of the two molecules to give a
four-center ring, as proposed, is then feasible.

Figure 2. Four-center ring approximation
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With the other amino alcohols assayed (entries 6±10) an additional interaction should be
considered: the p±p interaction between the benzene ring of the ¯uorenone system and those of
the amino alcohols, which favors the approach of the oxazaborolidine and the prochiral ketone
(Fig. 3). The chiral amino alcohol represented is Corey's auxiliary (Fig. 3). When this type of
transition state model is applied in all the experiments of Table 1 the absolute con®guration of
the emerging stereogenic center is concordant with the experimental data.

3. Experimental

As a typical procedure, ®rst the oxazaborolidine compound was formed from a stirred
suspension of chiral amino alcohol in toluene, to which an equimolar of 1 M solution of borane
in THF was added at room temperature. After stirring for a further 10 min, the mixture was
heated under re¯ux (110�C) for 30 min. The reductor, oxazaborolidine was formed after removal
of solvent in vacuum. It was dissolved and transferred into a solution of 1-bromo¯uoren-9-one in
the corresponding solvent at the reaction temperature. The reaction was monitored by TLC or
GC and quenched with a saturated NH4Cl solution. General work-up was as follows: methylene
chloride was used to extract the reaction mixture. The organic phase was washed successively in
aqueous 1N HCl and 1N NaOH, then with water until neutral pH, and was ®nally dried with
MgSO4, ®ltered and evaporated, a�ording the crude alcohol, which was puri®ed by a ¯ash
chromatography with methylene chloride as eluent.
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