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The enantioselective borohydride reduction of ketones
catalyzed by optically active (S-oxoaldiminato) cobalt(II)
complexes was remarkably improved by using the borohydride
which was modified with furfuryl alcohol derivatives and
ethanol. In the presence of 1 mol% of the above complex
catalysts, asymmetric reduction of aromatic ketones proceeded
smoothly to give the corresponding optically active alcohols in
quantitative yields within 6-12 h with high enantiomeric
excesses (90-97% ee).

The development of various catalytic methods in
enantioselective reduction of ketones to optically active alcohols
is becoming important tasks in providing alternatives for a
synthetic strategy.! Among them, the method of borane
reduction catalyzed by oxazaborolidine? was examined for
syntheses of various interests,3 and also the methods of metal
catalyzed hydrogenation and hydrogen transferd were
acclaimed as preferential alternatives for using attractive hydride
sources. Recently, we have demonstrated that optically active
(B-oxoaldiminato) cobalt(Il) complex catalysts are effective in
the enantioselective reduction of various aromatic ketones using
borohydrides; a new category of hydride sources for catalytic
enantioselective reduction® was made, for example, 2,2-
dimethyl-4-chromanone was successfully reduced by sodium
borohydride (NaBH4) to afford the corresponding optically
active alcohol with 92% ee in the presence of catalytic amount
of cobalt(Il) complex 1 (Scheme 1).
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It is interesting to note that a limited number of applications
concerning metal-complex catalyzed borohydride reductions
were reported in the literature” in spite of the obvious
advantages of easily accessible hydride reagents in carbonyl
moiety reductions.8 Intention was to gain the versatility of
borohydrides as the practical hydride source in the
enantioselective reduction catalyzed by cobalt(II) complexes and
the facial selectivity was significantly improved by proper
modification of the borohydrides. Thus this communication
now discloses the modification of the borohydrides with furfuryl
alcohol derivatives, and the applications to highly practical
enantioselective reduction of aromatic ketones which were
catalyzed by optically active cobalt(IT) complexes.

Preliminary investigations suggested that the addition of an
alcohol was indispensable for achieving a high degree of an
enantiofacial differentiation. As shown in table 1, alone or in a
co-existence of ethanol, NaBH4 showed significant differences
in both enantiomeric excess (ee) and chemical yield in the
reduction of 6-methoxy-1-tetralone 4, that is, the obtained
alcohols 5 possessed 5% ee with less than 10% yield, and 83%
ee with 38% yield, respectively (entries 1 and 2). Higher optical
purity of 87% ee as well as higher reaction rate were found
when tetrahydrofurfuryl alcohol (THFA) was used to give 5, and
it was obtained in 82% yield (entry 3). The combinational
addition of ethanol and THFA or furfuryl alcohol (FA) raised
further enhancement in optical purities of 5, and it possessed
91% ee (entry 4) and 91% ce (entry 7), respectively. On the
contrary, the outcomes were lower (75% ee and 70% ee) when
structurally similar alcohols such as methoxyethanol and
tetrahydro-3-furanmethanol were used (entries 8 and 9). The
combinational effects of various alcoholic additives with THFA
were examined in the present reduction, and primary alcohols
such as ethanol were the suitable combinational additive pair for
THFA (or FA). Systematical examination of the ratios of
ethanol and THFA was subjected to the catalytic reduction of
the ketone 4, and those indicated an equimolar equivalent of the
both alcohols to NaBH4 were at least required for achieving

Table 1. Effects of the various alcohol(s) in the
enantioselective borohydride reduction catalyzed by
cobalt(IT) complex®

O OH
Cat- Cobalt(II) complex 1
NaBH, / Alcohol(s)
MeO 4 MeO 5
Entry Alcohols(mol.-equiv. vs. NaBH,) Yield /% Ee /%bee®
1 none <10 5
2 EtOH (6) 38 83
3 0™OH © 82 87
(THFA)
4 THFA®)  + EtOH (6) 87 91
5 THFA(1)  + EtOH (1) 82 91
6° THFA(14) + EtOH 3 >98¢ 93
{X_one + BoH © 82 91
(FA)
8 ~o™~OH(© + EtOH () 65 75
9 [;f\ OH (6) + E1OH ©) 2770

#Reaction Conditions: Cobalt(II) complex 1 0.025 mmol, ketone 4 0.50
mmol, NaBH, 0.75 mmol; Solvent CHCl3 10.0 ml; -20 °C, 24 h. The
amount of alcohol was given in parentheses. °Determined by HPLC
analysis using Daicel Chiralpak AD. “Cobalt(II) complex 1 0.005 mmol
(1 mol% vs. ketone 4). Ysolated yield after 6 h.
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high ee (91% ee, entry 5). The best result was obtained by
adding the excess amount of THFA (14 mol-equiv. vs. NaBH4,
entry 6), and § was obtained quantitatively with 93% ee in 6 h
even when the decreased catalytic amount to 1 mol% was
employed. The effect of the non-catalytic path was tested by
subjecting the modified borohydride in the absence of the
cobalt(Il) complex catalyst for 48 h, and the starting substrate
was recovered nearly quantitatively (>95%), thus it represented
a very small contribution of the path.9 Thus the addition of
THFA (or FA) to this reaction system represented two
interesting futures; appropriately modified borohydride which
specifically promoted catalytic reduction of the ketones was
formed in situ, and secondly, a reaction mixture becomes
homogenous.

The successful applications!0 using THFA and ethanol
modified NaBH4 in the enantioselective reduction of ketones by
using the optically active cobalt(I) complex catalyst (1 or 2) are
summarized in Table 2.

Various aromatic ketones were smoothly converted to the
corresponding optically active alcohols in quantitative yields in
6-12 h using 1 mol% of the catalyst, thus these presented a high
potential for a practical use. The influence on the facial
selectivity is worth noting. The reduction of o-tetralone gave
the corresponding alcohols in 90% ee (entry 1), whereas,
without addition of THFA, it was 73% ee. Similarly, the

Table 2. Achievement of high enantioselection by
modified borohydrides with furfuryl alcohol derivatives

Ee /%ee? (Yiled /%)

E Ket
nry Crones T dditve(: EtOH® THFA-E(OH®
(o]
18 @ 73(>98) 90 (>98)
2 , O 5.0Me 71(91) 909 (>98)
3 Meo 2 6-OMe 83(94)  95¢(>98)
4 oY g OMe 81(86)  92°(>98)
s m 92(>98)  92(>98)
(o]
(o]
6 m 87(74)  93(>98)
0
(@] .
7 O)’\/\ 82°7(85)  97°1 (>98)

#Determined by HPLC analysis using Daicel Chiralpak AD. Unless
otherwise specified. PReaction conditions: Cobali(II) complex 1 0.025
mmol, ketone 0.50 mmol, NaBH, 0.75 mmol, EtOH 4.50 mmol;
Solvent CHCl5 10.0 ml; -20 °C, 120 h. “Reaction conditions: Cobalt(Il)
complex 1 0.005 mmol, ketone 0.50 mmol, NaBH,4 0.75 mmol, EtOH
2.22 mmol, THFA 10.3 mmol; Solvent CHCl;3 10.0 ml; -20 °C, 12 h.

Unless otherwise specified. $Homogeneous mixture of NaBH,-THFA-
EtOH was added to the reaction mixture in four successive portions.

°HPLC analysis using Daicel Chiralcel OB. fCobalt(II) complex 2 was
used in place of 1. BThe absolute configuration of the corresponding
alcohols were assigned as (S) by the sign of optical rotations with the
literature values; For entry 1 see Ref. 11 and entry 5 see Ref. 12.
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reduction of 5-, 6-, and 7-methoxy-1-tetralone(s) led improved
ee's of 90%, 95% and 92%, respectively (entries 2-4). For
chromanone derivatives; 2,2-dimethyl-4-chromanone and 2,2,6-
trimethyl-4-chromanone were reduced to the corresponding
alcohols with 91% ee and 93% ee, respectively (entries 5 and 6).
For acyclic ketone, optical purity of the resulting alcohol from n-
butyrophenone was 97% ee (entry 7), and it was 15%
enhancement compared with the reduction by employing
NaBH4 modified with ethanol alone.

Thus the practical alternative method in the syntheses of
various optically active alcohols from prochiral ketones was
presented. Enantiofacial selectivity and reaction rate in the
asymmetric reduction were significantly improved by using the
borohydride which was suitably modified with furfuryl alcohol
derivatives and ethanol, and the corresponding alcohols were
obtained quantitatively with 90-97% ee in 6-12 h using 1 mol%
of the catalyst. The study on mechanisms of present reduction
system is currently on going.
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