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A catalytic enantioselective borohydride reduction of
aromatic ketones in presence of 0.1-1 mol% of optically active
aldiminato cobalt(Il) complex catalysts at 0 °C was successfully
achieved using precisely pre-modified borohydride with one
equivalent each of tetrahydrofurfuryl alcohol, ethanol and
NaBH4. The corresponding secondary alcohols were produced
in less than 45 min with high enantiomeric excesses (up to 98%
ee). The above method was successfully applied to kinetic and
dynamic kinetic resolutions of aromatic ketones.

An enantioselective reduction of ketones to optically active
alcohols have been widely appreciated even in industrial uses,1
and highly efficient metal catalyzed hydrogenation2 and
hydrogen transfer3 using preferable hydrogen sources are worth
noting. Optically active aldiminato cobalt(II) complexes4 were
effectively employed as catalysts in enantioselective reduction
of prochiral ketones using readily available reducing agent,
NaBH4, to afford optically active alcohols. Recently, the
combinational addition of a pair of two alcohols,
tetrahydrofurfuryl alcohol (THFA) and ethanol, significantly
improved the enantioselectivity of the above-mentioned
reduction, and various aromatic ketones were quantitatively
transformed to optically active alcohols with up to 97% ee using
1 mol% of the cobalt (I) catalysts 1,2, or 3in 12 h.5

Although a number of articles on NaBH4 reduction of
ketones in alcoholic solvents have been appeared in literature,®
an activated borohydride species in the reduction were not even
completely characterized. Similarly, in the enantioselective
borohydride reduction catalyzed by cobalt(Il) catalysts,
systematic investigation have never been performed on which
alkoxyborohydride was responsible for achieving high
enantioselection. Thus, this communication discloses pre-
modification procedure for the formation of an active
borohydride, and presents a practical method of enantioselective
borohydride reduction of ketones by using precisely pre-
modified borohydride (Scheme 1).
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Scheme 1.

The formation of alkoxyborohydride could be monitored by
measuring the evolution of H2 during the reaction, and nearly 2
molar equivalents of H2 versus NaBH4 was gradually liberated
as reaction proceeded. This implied that NaBH4 consumed two
molar equivalents of alcohol(s). The modifications of NaBH4
with THFA or THFA-ethanol was carried out,7 and the resulting

mixture was then applied to the reduction of 6-methoxy-1-
tetralone (4) in the presence of catalyst 1 at -20 °C. When two
equivalents of THFA versus NaBH4 were used, the resulting
alcohol § possessed 85% ee8 whereas 91% ee was found in the
alcohol 5 when the pre-modified borohydride with one
equivalent each of THFA and ethanol were used. Thus, the pre-
modified borohydride in the present reaction is tentatively
illustrated as formula 6 in Scheme 2.
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Scheme 2.

It was revealed that the molar ratio of ethanol to NaBH4 and
the modification temperature were critical to form the active
borohydride 6 exclusively. The number of molar ratios of
ethanol, THFA to NaBH4 varied, and an equimolar ethanol to
NaBH4 was definitive. The molar ratio of THFA to NaBH4
was found to be less important, and only one additional mole of
THFA was consumed by NaBH3(OEt) when 10-15 molar
excess of THFA was used. The above ratio of alcohols to
NaBH4 and the formation temperature at 0 °C were suitable for
preparing the borohydride 6 exclusively. Under these
conditions, 2 molar equivalents of H2 were released in 3 h as the
result of the formation of 6.9 Dramatical acceleration of the
reduction was observed when the pre-modified borohydride 6
solution was used to the reduction of 6-methoxy-1-tetralone (4)
using catalyst 1 at -20 °C (pre-formation method, Table 1).
When 1 mol% of catalyst was present (S/C = 100), the reaction
was completed within 20 min whereas it took 6 h when in situ
formed borohydride 6 (in situ method) was used. The
quantitatively obtained alcohol 5 possessed 94 and 95% ee,
respectively (entry 1). The modification of borohydride and the

Table 1. Comparitive study of in situ and pre-formation
of borohydride methods for the reduction of ketone 4

Pre-modified
NaBHZ(OE[)(Oﬂ)
Q Cat. 6 o OH
@ Cobalt(II) catalyst 1 l /@
MeO” 7% CHCl MeO” %
Reac.temp Reaction time /min (Ee /%ee?)
E .

"My S[C Method: in situ®  pre-formation®
_____ 120 100 36003 2009
2 0 100 35(93) <15 (93)

3 0 1000 900%(56) <45%93)

#Determined by HPLC; Daicel Chiralpak AD. bSee typical procedure given
in Ref. 5. “Reaction conditions: NaBH, 0.75 mmol, EtOH 0.75 mmol,
THFA 10.3 mmol; Solvent CHCl3 5.0 ml, 0 °C, 3 h; CoballlSII) catalyst 1
given in table, ketone 0.50 mmol; Solvent CHCl3 5.0ml. “Reaction was
gradually terminated in 15 h (83% yield). ®Active borohydride mixture was
successively added to the reaction in three portions in 15 min interval.
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reduction were carried out at 0 °C throughout, and the reaction
was completed within 15 min maintaining the enantioselectivity
(93% ee, entry 2). According to the pre-modified method, high
efficiency of the catalyst was also noted in the reduction
employing 0.1 mol% of the catalyst (S/C = 1000), and it was
completed in 45 min with retention of 93% ee (entry 3).
Various ketones such as butyrophenone and
isopropylphenylketone were examined using pre-modified
borohydride 6 with 1 mol% of the cobalt(II) catalyst 2 at 0 °C
for 30 min, and the corresponding alcohols were obtained
quantitatively with optical purities of 96 and 98% ee,
respectively.

The successful application of the present enantioselective
reduction to kinetic resolutionll was carried out by using
limited equivalents of pre-modified borohydride 6 (Table 2).
When 0.55 equivalent of pre-modified borohydride was used for
the kinetic resolution of 7 using 1 mol% of the (S, S)-cobalt(II)
catalyst 1 at 0 °C, the conversion of the reaction was 52%. The
obtained reductants possessed cis-trans ratio of 98:2 with 51%
yield of cis-alcohol. The analysis of the recovered ketone 7
indicated 90% ee with (2R). The enantiomeric excess of 8-cis
(major isomer) to 10-cis was 92%. These results implied that
excellent selectivity of the formation of alcohol 8-cis among
four possible stereoisomers 8-11 was achieved. On the contrary,
the conversion of the reaction was 70% when in situ method
was applied. It suggested the transfer of more than one hydride
per sodium borohydride, and the presence of multiple kinds of
hydride sources was apparent. Accordingly, the decreased
optical purity was found for the resulting cis-alcohol (76% ee)
and the recovered 7 (2R) possessed 92% ee.12 Similarly, the
use of borohydride 6 was effective for dynamic kinetic
resolution13 of 2-ethoxycarbonyl-1-tetralone derivative 12
using 1 mol% of (S, S)-cobalt (IT) catalyst at 0 °C (Scheme 3).
The cis-alcohol was dominantly obtained in 97% yield with the
enantiomerically enriched alcohol 13-cis (18, 2S)14 as 2%
ee.

Table 2. Result of kinetic resolution of 2-methyl-1-tetralone (7)
OH OH

sogieof

1 mol%
@"’J (S, $)-Co(Il) catalyst 1 8-cis (15,25) 9-trans (IR,2S)
NaBH,-THFA-EtOH oH oH

7 o ..‘\“

10-cis (1R,2R) 11-trans (1S, 2R)
Prod. distribution  Ee /%ee®® Ee /%ee’®

Entry Conv. /%*

8+10):(9+11) recov.7 8vs. 10
Pre-modification Method
S 52 98:2 ...00CR 2
in situ Method
2 70 97:3 92 (2R) 76

#Reaction conditions: Cobalt(Il) catalyst 1 S/C=100, ketone 7 0.50 mmol;
Solvent CHCl3 10.0ml total; NaBH, 0.28 mmol 0.55 equiv. vs ketone 7;
Reaction time 2 h, only expected products were formed; see lzpical precedure
for preperation of modified borohydride Ref. 5 and 10. “Determined by
HPLC; Daicel Chiralpak AD. “Determined by sign of rotation; see Ref. 16.
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Dynamic kinetic resolution using pre-modified borohydride 6

Q 1% T
1 mol% COoEt
/@’ COEL Cobali(Il) catalyst 1 /@i)’ 2
Pre-modified
MeO 12 borohydride 6 MeO 13-cis (1S, 25)
P
Scheme 3. 97% yield, 92% ee

Thus, precisely pre-modified borohydride at 0 °C with a
catalytic amount of cobalt(I) complexes provided the practical
and highly enantioselective borohydride reduction of aryl
ketones. The pre-modified borohydride was also shown to be
effective for the kinetic and dynamic kinetic resolutions of
aromatic ketones. The study on mechanism of present reduction
system is currently under investigation.
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