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The asymmetric reduction of open chain enones to the corresponding optically active
allylic alcohols was achieved in higher chemical (92—1009%,) and optical (78—989%, e.e.)
yields than those for cyclic enones (58—889%, chemical and 34—589%, optical yields). The
observed high optical yields for optically active allylic alcohols can be explained on the
assumption that, unlike cyclic enones in which the double bonds are fixed in s-frans confor-
mation, open chain enones can be reduced in their s-cis conformations. An optically
active propargylic alcohol was similarly produced from an ynone in 889, chemical and
769, optical yields by means of the present asymmetric reduction.

When the same asymmetric reduction was applied to simple aromatic and aliphatic
ketones by using 1.8 eq of the chiral reducing agent, the corresponding optically active
alcohols were obtained in 88—100%, chemical and 51—90%, optical yields (for aromatic
ketones) and in 78—989, chemical and 0—679%, optical yields (for aliphatic ketones).

On the basis of the results obtained in this and the preceding paper, a possible structure
of the exploited chiral reducing agent is proposed and the transition states for the asym-
metric reduction are discussed. '

Keywords asymmetric reduction; modified lithium aluminum hydride; open
chain enone; open chain ynone; cyclic enone; optically active allylic alcohol; aromatic
ketone; aliphatic ketone; optically active secondary alcohol; s-cis conformation; structure
of chiral metal hydride; transition state of asymmetric reduction

In the preceding paper,® we reported the successful asymmetric synthesis of optically
active anthracyclinones (1), the aglycones of anthracycline antibiotics, which are currently
attracting much attention because of their promising anticancer activities. Thus, the novel
chiral hydride originally prepared by partially decomposing lithium aluminum hydride (LAH)
with (1R, 25)-(—)-N-methylephedrine ((—)-N-methylephedrine) (1.0 equivalent (eq)) and
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N-ethylaniline (2.0 eq), was found to reduce the «,f-unsaturated ketone (2), giving the allylic
alcohol ((S)-(—)-3) in high chemical (1009,) and optical (929, e.e.) yields under the optimized
conditions. Further synthetic operations gave the optically pure key intermediate ((R)-(—)-4)
for anthracyclinone synthesis, from which optically pure (4)-4-demethoxyadriamycinone
((+)-1c) and (+)-4-demethoxydaunomycinone ((+)-1d), important anthracyclinones from
the viewpoint of developing improved anticancer agents, were actually synthesized.?

It is noteworthy that, from various points of view, such as high chemical and optical yields,
operational simplicity (no chromatographic separation), use of readily available (—)-N-
methylephedrine as a chiral source, and efficient recovery of the chiral source and the additive
for reuse (simple extractive isolation and distillation), the asymmetric reduction of 2 to (S)-(—)-
3 appears to fulfill the criteria proposed for practical asymmetric synthesis.3:%

Since asymmetric reduction of achiral ketones has been of increasing interest in recent
years, and high optical yields have been realized using LAH partially decomposed with various
chiral sources as reducing agents,>~® further examination of the novel chiral hydride developed
by us was carried out by employing various structural types of achiral ketones as reduction
substrates. These studies led us to explore the general applicability of the present reducing
and we propose a possible structure for the chiral hydride and discuss the transition agent,
states for the asymmetric reduction.

A. Asymmetric Reduction of Various «,-Unsaturated Ketones by the Present Chiral Reducing
Agent

The previous studies have shown that the present chiral reducing agent is quite effective
in the asymmetric reduction of 2,2 and thus the applicability of the chiral hydride to the asym-
metric reduction of «,f-unsaturated ketones (enones) was further studied by selecting benzal-
acetone (5), having a more general structure than 2, as a reduction substrate. As shown in
Table I, when LAH partially decomposed with (S)-(+)-2-(anilinomethyl)pyrrolidine® or with

TaBrLe 1. Asymmetric Reduction of Benzalacetone (5)
with Various Types of Chiral Reducing Agents®

0 OH

@/\)\Me - @/\)\Me

5 (S)-(—)-6

Chiral reducing agent Reaction conditions  (S)-(—)-4-Phenyl-3(E)-buten-2-ol ((S)-(—)-6)

Run ' (molar ratio to 5) —_— -
LLAH: chiral source®: Temp. Time Chemical [e]®(°) Optical
additive® (°C) (h) yield(9%,)® (¢, CHCL,) yield (9%, e.e.)®
1 3.3:3.8 (A —78 3 75 —7.9(3.83) 32(36)7
2 3.3:3.3 (E):6.6 (D)» —20 3 79 —9 -
3 3.3:3.4 (E):6.8 (T)» —178 3 98 —24.2(5.00) 98

a) All chiral reducing agents were prepared by partially decomposing LAH according to the reported methods.?7®

Ether was used as a reaction solvent in all experiments.
) A, (S)-(+4)-2-(Anilinomethyl)pyrrolidine; E, (—)-N-methylephedrine.

c¢) D, 3,5- Dimethylphenol; T, N-ethylaniline.

d) Based on 5 after purification by preparative TLC (CH,Cl,).

e) Optically pure (R)-(+)-6 gives [a]5¥+24.7° (¢=>5.000, CHCl;). See ref. 10.

f) Seeref.8.

&) The value in parenthesis was corrected for the optical purity of (S)-(+)-2-(anilinomethyl)pyrrolidine (90% e.e.). See
the experimental sections

h) Seeref. 7.

i) Recovery of the starting material (5) was 849%,,

7) The optical rotation was not measured due to the low chemical yield.

k) Seeref.2.
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a combination of (—)-N-methylephedrine and 3,5-dimethylphenol” was used to reduce 3,

4-phenyl-3(E)-buten-2-ol (6) was obtained in 75 or 7%, yield (Table I, runs 1, 2).
y

Measure-

ment of the optical rotation of 6 obtained with the former reagent showed that the asymmetric
reduction afforded a 86%, optical yield of (S)-(—)-6 (corrected for the optical purity of the chiral

source).1®

TaBrE II.

On the other hand, the use of our novel chiral hydride was found to give (S)-(—)-6

Asymmetric Reduction of Various «,f-Unsaturated Ketones by Lithium Aluminum

Hydride partially decomposed with (—)-N-Methylephedrine and N-Ethylaniline®

Run «,f-Unsaturated ketone

Optically active allylic or propargylic alcohol

Struct Chemical Optical Absolute
ructure yield (%)  yield(% e.e.) configuration
0 OH
N
1 Me @. Me 100 >90%) ($)®
7 (—)- 8
0 OH
2 d\Me 9 Me 92 789 OR
(—)-10
0 OH
3 CeHs/ﬁ/l\Me CeHs Me 100 >90¢ —n
Me 11 Me (—)-12
/\)Oj\ x
4 n-C3H7 Me n -C3H7 Me 92 88% (S) ®
13 (—)-14
0 OH
5 ©¢ 15 O,(—-%IG 58 459 (S)o
M M
‘o ° OH
6 17 @(-)_13 51 589 —»
Me 0 Me OH
7 19 \O,( -)-20 88 340 (S)»
0 OH
88 769> S
8 4 A e P o ()
Ve
o2 H  (-)-22

@) Allreactions were carried out using LAH (3.3 eq) partially decomposed with (—)-N-methylephedrine (3.4 eq) and
N-ethylaniline (6.8 eq) in ether at —78°C for 3 h.
b) Based on the a,8-unsaturated ketone after purification by column chromatography or preparative TLC (except for
run 2) (see the experimental section).
¢) Determined by measuring the 'H-NMR spectrum in the presence of tris[3 - (heptafluoropropylhydroxymethylene)-d-
camphoratoleuropium (III) (Eu(hfc),).

d) Tentatively assigned by considering the result for the asymmetric reduction of 2.%

e) The optical yield and absolute configuration were determined by converting the reduction product to the correspond-

ing saturated alcohol by catalytic hydrogenation (see the experimental section).

f) The absolute configuration of this sample could not be determined owing to the lack of a reference compound.
g) The optical yield and absolute configuration of this sample were determined by directly comparing the observed
optical rotation with that reported (see the experimental section).
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in 989%, chemical and 989, optical yields (Table I, run 3).1 These results clearly show that the
chiral reagent originally developed by us is superior to various other reported chiral hydrides.!?

Next, the asymmetric reductions of various structural types of enones were examined, as
summarized in Table II.

Among the reduction substrates, the enones (7, 11, and 13) were synthesized from the
corresponding acids by treatment with an excess of methyllithium in ether!® in a manner
similar to that used for the preparation of 2.2 The cyclohexenone derivatives (17 and 19)
were prepared according to the reported methods.'#1% As to the other enones (9 and 15),
commercial samples were distilled, then directly subjected to the asymmetric reduction. The
a,B-acetylenic ketone (ynone) (21) was obtained by oxidation of the commercially available
propargylic alcohol with Jones reagent.1®

The results shown in Table II indicate that the open chain enones (7, 9, 11, and 13) can
be effectively reduced by the chiral hydride in high chemical and optical yields similarly to 2
and 5. On the other hand, the asymmetric reductions of the cyclic enones (15, 17, and 19)
proceed less stereoselectively than those of the open chain enones. The ynone (21) gave an
optical yield slightly lower than the reported values.?¢-%)

It seems reasonable to expect that an open chain enone can exist in an equ111br1um of
s-trans- and s-cis-conformers (I and II) in which the former (I) should predominate due to
increased delocalization of the resonance system when steric hindrance is not excessive. The
results summarized in Tables I and II can be rationalized by assuming that the open chain
enones (5, 7, 9, 11, and 13) which can adopt s-cis-conformations due to C-CO bond rotation
are successfully reduced in high chemical and optical yields and that the cyclic enones (15, 17,
and 19) in which the enone systems are fixed in s-trans-conformations give poor chemical and
optical yields in the asymmetric reductions. Accordingly, when open chain enones such as
2,5,7,9,11, and 13 are subjected to asymmetric reduction by the use of our chiral hydride,
highly stereoselective reduction should take place after conformational change from I to I in
the transition state due to a possible electronic interaction between the enone system and the
m-electrons involved in the modified chiral hydride. This explanation might also be compatible
with the higher optical yield of (S)-(—)-14 than of (S)-(—)-20, since electronic and steric effects.
of the parent enone (13) clearly differ from those of the cyclic enone (19) in the s-cis-conforma-

tion.
When 1-phenyl-2(E)-buten-1-one

0 (23), a structural isomer of 5 which may

R A be preferentially present in the s-cis-
\/\R4 N Rl /\R4 p K y p . .

—_ conformation (23II) due to steric inter-

R \R? R? action between the phenyl group and

I I the C,-hydrogen, was subjected to the

asymmetric reduction, #-butyropheno-
ne (24) was produced as a sole reduction product in 869, yield. This shows that a subtle
change in the balance of electronic and steric effects between two substituents of the ketonic
group might affect the mode of interaction of the enone system with the chiral hydride.

o) 0 0

It 1l 1l
|/O\} /\” _ I/O\i/\/\Me N I/O\]/\@Hg),cm
N \Me N N

1 23 I 24

Structural similarity between the ynone (21) and the s-cis-conformers (II) of open chain
enones might explain the fairly high optical yield of the propargylic alcohol ((S)-(—)-22).
From the above studies, it appeared evident that the exploited chiral hydride could
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efficiently reduce open chain enones which could adopt s-cis-conformations due to C-CO bond
rotation.

B. Asymmetric Reduction of Various Aromatic and Aliphatic Ketones

Excellent chemical and optical yields observed for open chain enones, whose electro-
philicity at the carbonyl carbon is clearly lowered more than that of aromatic and aliphatic
ketones, might reflect the enhanced nucleophilicity of the hydride in the exploited chiral
hydride. Therefore, it was expected that the amount of reducing agent could be decreased in
the asymmetric reduction of more reactive aromatic and aliphatic ketones. To check this,
the minimum amount of the chiral hydride required for effecting the asymmetric reduction of
these ketones was investigated by employing acetophenone (25) as a reaction substrate. The
resultsin Table I1I indicate that the use of 1.8 eq of the hydride with respect to 25 efficiently
affords (S)-(—)-1-phenylethanol ((S)-(—)-26) in 949, chemical and 849, optical yields

(Table III, run 3). The observed optical yield compares well with those of the best

TasLe III. Asymmetric Reduction of Acetophenone (25) by Lithium Aluminum Hydride
partially decomposed with (—)-N-Methylephedrine and N-Ethylanilines}

0 OH
O
25 (8)-(—)-26

Chiral reducing agent Reaction (S)-(—)-1-Phenylethanol ((S)-(—)-26)
Run (molar ratio to 25) temp. Chemical [a]2(°) Optical

LAH : E® : T2 (°C) vield(%)®  (c, cyclopentane)®  yield(% e.e.)”

1 3.3:3.4 :6.8 —78 90 —35-4(6.80) 82
2 2.4 : 2.47 : 4.95 —78 90 —36.2(6.21) 84
3 1.8 : 1.86 : 3.72 —78 ' 94 —36.2(5.53) 84
4 1.2 : 1.24 : 2.48 —78 71 —34.5(4.00) 80
5 1.8 : 1.86 : 3.72 —100 86 —37.9(5.98) 88

@) All reactions were performed in ether for 3h. (S)-(—)-Phenylethanol((S)-(~—)-28) was obtained as a sole reaction

product.
b) (—)-N-Methylephedrine used as a chiral source.

¢) N-Ethylaniline used as an additive.

d) Based on 25 after purification by preparative TLC (CH,Cl,).

e) Measurement of the optical rotation was carried out using a sample further purified by bulb-to-bulb distillation.
f) Based on [a]% —43.1° (c=7.19, cyclopentane). See ref. 5a,b and experimental section.

reported results for asymmetric reduction of 25.7-% Since asymmetric reduction of 25 is
usually attempted using 2.47 or 3.3 eq®? of the chiral reducing agent, the reducing ability of
our chiral hydride is clearly superior to that of the other reported hydrides.>~® When the
reaction temperature was lowered to —100°C, the optical yield of (S)-(—)-26 was further
improved to 889, e.e. (Table III, run 5). As detailed in the experimental section, the chiral
source and additive could be simply recovered by extractive isolation followed by fractional
distillation, as in the case of the asymmetric reduction of 2.2

The asymmetric reduction of various aromatic and aliphatic ketones was studied under
the established conditions, as summarized in Table IV. Among the reduction substrates,
cyclohexyl methyl ketone (41) was prepared from cyclohexanecarboxylic acid in the same
manner as described for the open chain enones (7, 11, and 13).1® As to other ketones, com-
mercial samples were distilled, then directly used for the asymmetric reduction.

It was found that the optically active secondary alcohols ((S)-(—)-28, (S)-(—)-30, (S)-(—)-
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TasrLE IV. Asymmetric Reduction of Various Aromatic and Aliphatic Ketones by Lithium Aluminum
Hydride partially decomposed with (—)-N-Methylephedrine and N-Ethylaniline®

Optically active secondary alcohols?

Run Aromatic or aliphatic
ketone Structure Chemical Optical Absolute
yield (%)¢ yield (% e.e.)®® configuration®

OH ‘
1 C¢HsCOEt 27 /K (—)-28 96 90 (S)
CoHs o™
2 CsHsCOn-Pr 29 )\ (—)-30 100 80 (S)
CsHs n—Pr
OH
3 CeHsCOiso-Pr 31 (—)-82 95 78 (S
CeHs iso-Pr
0 OH
4 @ 33 @ (+)-34 88 71 (S)
0] OH
° @tj 35 @@ (+)-36 96 51 (S)
0 OH
OH
CHCH,COMe 39 ( CHZ/KMe (+)-40 90 a1 )
0 OH
8 Q/U\Me 1 O/kMe (+)-42 90 35 (S)
OH
9 n-CéHiCOMe 43 /'\ (+)-44 % 0 —
n- C6H13 Me
OH
10 iso-BuCOMe 45 A (+)-46 94 36 (S)
iso-Bu Me
OH
11 tert-BuCOMe 47 A (—)-48 78 15 (R)
tert -Bu Me

@) Allreactions were carried out using LAH (1.8 eq) partially decomposed with (—)-N-methylephedrine (1.8 eq) and
N-ethylaniline (3.72 eq) in ether at —78°C for 3 h {except for run &) (see the experimental section).

b) The optical rotation and spectral (IR and 'H- NMR) properties of optically active secondary alcohol were givcn in
the experimental section.

¢) Based on the starting ketone after purification by preparative TLC (except for runs 10 and 11) (see the experimetal
section).

d) The optical rotation was measured on a sample further purified by bulb-to-bulb distillation.

e) Theoptical yield and absolute configuration of optically active secondary alcohol were determined based on the
reported sign and value for optical rotation (see the experimental section and references cited therein).

f) 3.9 eq of the reducing agent was required for completing the asymmetric reduction of 41.

32, (S)-(+)-34, and (S)-(+)-36) could be produced from the aromatic ketones (27, 29, 31, 33,
and 35) in high chemical and optical yields similar to those achieved by the use of other reported
reagents”~® (Table IV, runs 1—5).
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While the steric course of asymmetric reduction of S-tetralone (37) might be rationalized
by assuming that the steric bulkiness of the ArCH,CH, group is larger than that of the ArCH,
group, the optical yield of (R)-(-)-38, which is much too high to be explained by steric factors,
suggests the possible intervention of an effective electronic interaction between the aromatic
ring of 37 and the modified chiral hydride (Table IV, run 6).

The results obtained by using aliphatic ketones other than 37 as reduction substrates were
also found to be comparable with or superior to those reported®® (Table IV, runs 7—10).
The inverted steric course observed in the asymmetric reduction of feré-butyl methyl ketone
(47) might be explained by the possible CH-z interaction'” between the feri-butyl group and
the chiral hydride (Table IV, run 11).

Thus, it is established that aromatic ketones can be effectively reduced by the exploited
chiral hydride similarly to open chain enones.

C. Structure of the Exploited Reducing Agent and Transition State for the Asymmetric Reduc-
tion

Based on the experimental results accumulated in this and the preceding paper,? structure
elucidation of the chiral hydride was attempted.

The chiral hydride prepared by decomposing LAH successively with 1.0 eq of (—)-N-
methylephedrine and 2.0 eq of N-ethylaniline should have the composition LiAIH(NEtPh),-
(OCHPhCHMeNMe,). Since aluminum may produce a regular-octahedral six-coordinated
complex, as can be seen in [AlFg]~3 and [Al(H,0),]3+,'® the lone pair of the dimethylamino
group present in the N-methylephedrine residue should coordinate with the central aluminum
atom. Occupation of the remaining vacant coordination site by the lone pair of ether may
give the monomeric complex, because it is well known that a solvent molecule having a lone
pair strongly coordinates with trivalent aluminum.!® The lithium cation produced from
LAH might be located as a contact ion pair with the negatively charged aluminum in the
vicinity of the nitrogen atoms of (—)-N-methylephedrine and N-ethylaniline, and be able to
interact with these nitrogen atoms. The presence of the lithium cation in or near the formed
aluminum complex is considered to be essential for achieving the asymmetric reduction in
high optical yield, since the attempted reduction of 2 in the presence of tetramethylethylenedi-
amine (TMEDA), which might remove the lithium cation from the aluminum complex,8,19,20
was found to give (S)-(—)-3 in 449, chemical and 549, optical yields. The results obtained
for the asymmetric reduction of 2 in various reaction solvents could be partly explained by
similar considerations (see Table IVB in the preceding paper).?

Thus, we would like to propose the complex (III) shown in Fig. 1 as a probable structure for
the chiral reducing agent. Another possible structure for the chiral aluminum hydride (IV), in
which two molecules of N-ethylaniline coordinate across the central aluminum atom, should be
more unstable than III due to the steric interaction between the (—)-N-methylephedrine
residue and the phenyl (or the ethyl) group of N-ethylaniline (see arrow in IV).

In the asymmetric reduction of open chain enones and aromatic ketones, the steric interac-
tion of the substituents of the ketonic function with the phenyl and methyl groups of (—)-N-
methylephedrine, and the electronic interaction of the lithium cation with the oxygen atom of
the ketonic group will control the direction in which a reduction substrate approaches the
chiral reducing agent, giving the transition state (V) in Fig. 1. Further possible electronic
interactions of the aluminum and/or the phenyl group of N-ethylaniline with the n-electrons
involved in a reduction substrate might assist preferential formation of a highly ordered transi-
tion state such as V. This explanation is consistent with the highly enantioselective formation
of optically active alcohols, regularly having (S)-configurations, from open chain enones and
aromatic ketones. Smaller steric differences between the substituents of the ketonic group
and/or lack of the electronic interaction through n-electrons might be the reason why cyclic
enones and aliphatic ketones afford lower optical yields than open chain enones and aromatic
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ketones. A transition state similar to V might be also compatible with the result in the
asymmetric reduction of the ynone (21).

Recently, Cram introduced the new term ““chiral reaction efficiency’’ given by the following
equation to evaluate the effectiveness of asymmetric synthesis.??’ According to this equation,
the chiral reaction efficiencies obtained in the asymmetric reductions of some representative

chiral reaction efficiency (%,)=optical yield X chemical yield/100

ketones (2, 5, 25, and 27) with the present chiral hydride could be calculated as 92, 96, 79,
and 869, respectively. The best value (96%) achieved in the asymmetric reduction of § is
very much higher than those hitherto recorded for the asymmetric reduction of ketones with
various types of modified LAH.5-%22 This value also shows that the same order of efficiency
as those of enzymic reactions?® has been achieved for the first time by our chiral reducing
agent in the asymmetric reduction of ketones.

On the basis of numerous novel aspects, including high chemical and optical yields, the
asymmetric reduction of ketones with the present chiral hydride seems promising for the
asymmetric synthesis not only of optically active anthracyclinones® but also of various op-
tically active natural products.

Experimental?®

2-Acetyl-3,4-dihydronaphthalene (7) Prepared from 3,4-dihydro-2-naphthoic acid?®' in. 939, yield
in the reported manner.2:3® Colorless oil, bp 210°C (5 mmHg). Infrared (IR) spectra, IR y% cm~: 1680

(ketone). 'H- Nuclear magnetic resonance ({H-NMR) spectra, 'H-NMR (in CDCly): 2.42 (3H, s, COCH,),
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2.50—3.05 (4H, m, CH,CH,), 7.21 (4H, s, aromatic protons), 7.38 (1H, br s, CH-).

3-Methyly-4-phenyl-3(E)-buten-2-one (11) Prepared in 549, yield from #rans-a-methylcinnamic
acid?® in a manner similar to that described for 7.22% Colorless oil, bp 124—125°C (11 mmHg) (lit.,2” bp
127—130°C (12 mmHg)). IR »%% cm~1: 1680 (ketone). 'H-NMR (in CDClLy): 2.05 (3H,d, /=2 Hz,=CCH,),
2.45 (3H, s, COCH,), 7.39 (5H, s, aromatic protons), 7.53 (1H, br s, CH=).

3(FE)-Hepten-2-one (13) Prepared in 309, yield from commercially available 2(E)-hexenoic acid in
a manner similar to that described for 7.2 Colorless oil, bp 72—73°C (47 mmHg) (lit.,?*® bp 51—52°C
(11 mmHg)). IR %2 cm-1: 1680 (ketone). H-NMR (in CDCl): 0.91 (3H, br t, J=6 Hz, CHy(CH,),),
1.15—1.85 (2H, m, CH,CH,CH,), 2.00—2.40 (2H, m, CH,CH,CH,), 2.22 (3H, s, COCH,), 6.05 (1H, br d,
J=17 Hz, =CHCO), 6.58—7.05 (1H, m, CH,CH-=).

2-Methyl-2-cyclohexen-1-one(17) Preparation of this sample was carried out according to the
reported method.’® Colorless oil, bp 86—88°C (35 mmHg) (lit.,** bp 83—85.5°C (35 mmHg)).

3-Methyl-2-cyclohexen-1-one (19)——This was prepared according to the reported method.'® Colorless
oil, bp 86—90°C (18 mmHg) (lit.,'® bp 88—90°C (18 mmHg)). '

1-Heptyn-3-one (21) Oxidation of commercially available 1-heptyn-3-ol with Jones reagent!6a)
according to the reported procedure®® gave 21 in 829, yield. Colorless oil, bp 45°C (18 mmHg). IR »%
cm~1: 2100 (C=C), 1680 (ketone). H-NMR (in CDCly): 0.92 (3H, br t, /=6 Hz, CH,CH,), 1.10—1.95 (4H,
m, CH4(CH,),CH,), 2.45—2.75 (2H, m, CH,C=C), 3.32 (1H, s, C=CH).

Cyclohexyl Methyl Ketone (41) Prepared from commercially available cyclohexanecarboxylic acid in
309%, yield in the same manner as described for 7.%1% Colorless 0il, bp 55—57°C (8 mmHg) (lit.,2 bp 64—
67°C (11 mmHg)). IR »%%cm-t: 1710 (ketone). 'H-NMR (in CDCl;): 1.0—2.10 (11H, m, C.H,,CO),
2.12 (3H, s, COCH;).

(S)-(—)-4-Phenyl-3(E)-buten-2-0l ((S)-(—)-6) a) Table I, Run 3: An ethereal solution (20 ml)
of (—)-N-methylephedrine (mp 86.5—87.5°C, [«]p —29.5° (c=4.88, EtOH))®» (1.83 g, 10.2 mmol) was added
to a stirred suspension of LAH (376 mg, 9.9 mmol) in Et,0 (10 ml) under an argon atmosphere, and the mix-
ture was heated at reflux for 1 h with stirring. A solution of N-ethylaniline (2.47 g, 20.4 mmol) in Et,0
(10 ml) was added to the reaction mixture, and the mixture was further heated at reflux for 1 h with stirring
giving a solution of the reducing agent.®

An ethereal solution (5 ml) of 5 (439 mg, 3.0 mmol) was gradually added to the solution of the reducing
agent cooled at —78°C, and the mixture was stirred at the same temperature for 3 h. After the reaction
had been quenched by the addition of 1 N~ HCI (42 ml) at —78°C, the cooling bath was removed. The upper
ethereal layer was separated, and the lower aqueous phase was extracted with Et,0 (10 mlx 1). The organic
layers were combined, and washed successively with 1%, HCI (20 ml x 2), 5% NaHCO; (20 ml x 1), and satd.
NaCl (20 ml x 3). Filtration and concentration in vacuo, followed by purification by preparative thin layer
chromatography (TLC) (CH,Cl,), gave (S)-(—)-6 as a colorless oil (435 mg, 98%,). This sample was subjected
to bulb-to-bulb distillation to give pure (S)-(—)-6 as a colorless oil (399 mg, 90%), bp 160°C (5 mmHg),
[]® —24.2° (c=5.16, CHCl,),3® 989, e.e.l® IR »i%cm~!: 3400 (OH). H-NMR (in CDCly): 1.37 (3H, d,
J=6Hz, CH(OH)CH,), 2.28 (1H, br s, OH), 4.25—4.67 (1H, m, CH(OH)), 6.24 (1H, dd, /=16 and 5 Hz,
=CHCH(OH)), 6.57 (1H, d, J=16 Hz, C;H,CH=), 7.32 (5H, s, C4H;). MS: mje: 148 (M+), 133 (M+—CH,),
115 (M+—CH,—H,0), 91, 77.

b) Table I, Run 1: An ethereal solution (7 ml) of (S)-(+)-2-(anilinomethyl)pyrrolidine ([«]3 +17.8°
(c=2.32, EtOH), 909, e.e.)>® (673 mg, 3.82 mmol) was added to a suspension of LAH (125 mg, 3.29 mmol)
in Et,0 (10 ml), and the mixture was heated at reflux for 1 h with stirring, to give a solution of the reducing
agent.

An ethereal solution (4 ml) of 5 (146 mg, 1.0 mmol) was gradually added to a stirred solution of the
reducing agent cooled at —78°C, and the whole was stirred at the same temperature for 3 h. The reaction
was quenched by the addition of 109, HCI (10 ml) at —78°C, and the cooling bath was removed. The upper
ethereal layer was separated, and the lower aqueous phase was extracted with EtOAc (10 mlx2). The
combined organic extracts were washed successively with 109, HCI (10 ml x 2), H,O (10 ml x 1), 5% NaHCO,
{10 mlx 1), H,0O (10 mix 1), and satd. NaCl (10 mlx 3). Filtration and concentration in vacuo, followed
by purification by preparative TLC (CH,Cl,), gave (S)-(—)-6 as a colorless oil (111 mg, 75%). Measurement
of the optical rotation was performed on a sample further purified by bulb-to-bulb distillation, bp 160°C
(6 mmHg), [} —7.9° (c=3.83, CHCly), 32% e.e. (36% e.e. corrected for the optical purity of (S)-(4)-2-
(anilinomethyl)pyrrolidine).® IR and H-NMR spectra of this sample were identical with those recorded
in a).

c) Table I, Run 2: An ethereal solution (7 ml) of (—)-N-methylephedrine (mp 86.5—87.5°C, [«]}
—29.5° (c=4.88, MeOH))?® (592 mg, 3.3 mmol) was added to a suspension of LAH (125 mg, 3.3 mmol) in
Et,O (5 ml), and the whole was stirred at room temperature for 1 h. A solution of 3,5-dimethylphenol
(806 mg, 6.6 mmol) in Et,O (7 ml) was further added to the reaction mixture, and the whole was stirred at
room temperature for 1 h to afford a solution of the reducing agent.”

An ethereal solution (4 ml) of 5 (146 mg, 1.0 mmol) was gradually added to the stirred solution of the
‘reducing agent cooled at —20°C, and the mixture was stirred at the same temperature for 3 h. After the
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-reaction had been quenched by the addition of 1 ~ HCI (7 ml) at —20°C, the cooling bath was removed, and
the lower aqueous phase was extracted with Et,0 (10 mlx 2). The combined organic extracts were washed
successively with 19 HCI (10 ml x 2), H,O (10 ml x 1), 10% NaOH (10 ml x 3), H,0 (20 ml x 2), and satd. NaCl
(20 ml x 3). Filtration and concentration iz vacuo gave an oily residue (202 mg), which was separated by
preparative TLC (CH,Cl,) to afford 6 as an oil (10 mg, 79%,) and the starting enone (5) as an oil (122 mg, 849%,).
Measurement of the optical rotation was not carried out on 6 because of its low yield. The reduction
product (6) and the recovered enone (5) were identified from the spectral (IR and *H-NMR) data.

(S)-(—)-2-1’-Hydroxyethyl-3 ,4-dihydronaphthalene ((S)-(—)-8)——The same treatments of 7 (240 mg,
1.5 mmol) as described for 5 (Table I, run 3) gave (S)-(—)-8 as a colorless oil (278 mg, quantitative yield)
after purification by preparative TLC (CH,Cl,). The optical rotation was measured on a sample further
purified by bulb-to-bulb distillation (253 mg, 97%), bp 230°C (7 mmHg), [«]5 —33.5° (¢c=5.04, CHCL). IR
Vmax cm~1: 3360 (OH). 'H-NMR (in CDCl,): 1.28 (3H,d, /=6 Hz, CH(OH)CH,), 2.00 (1H, s, OH), 2.10—2.40
(2H, m, CH,CH,C=), 2.65—2.95 (2H, m, CH,CH,C=), 4.38 (1H, q, /=6 Hz, CH(OH)), 6.42 (1H, br s, CH=),
7.05 (4H, s, aromatic protons). MS: m/e: 174 (M+), 159 (M+—CH,). The optical yield was determined as
>909%, e.e. since the 'H-NMR spectrum of this sample measured in the presence of Eu(hfc),((S)-(—)-8:
Eu(hifc), 1: 1 in CDCly) exhibited the vinyl proton as two singlets at 8.75 and 8.60 ppm in an integration ratio
of more than 95: 5. The authentic racemic alcohol ((4)-8) required for determining the optical yield was
prepared by reducing 7 with NaBH, in EtOH. Spectral (IR and 'H-NMR) properties of (+)-8 were superim-
posable on those recorded for (S)(—)-8. The absolute configuration of (S)-(—)-8 was tentatively assigned
by considering the result of the asymmetric reduction of 2.2

(S)-(—)-1-1"-Hydroxyethyl-1-cyclohexene ((S)-(—)-10) Treatments of 9 (373 mg, 3.0 mmol) in the
manner described for 5 (Table I, run 3) gave pure (S)-(—)-10 as a colorless oil (347 mg, 929,) after extractive
isolation. The oily product was further subjected to bulb-to-bulb distillation to give pure (S)-(—)-10 as a
colorless oil (329 mg, 87%,), bp 130°C (7 mmHg), [«]¥ —9.8° (¢=4.25, CHCl,). IR »™cm-1: 3360 (OH).
H-NMR (in CDCly): 1.21 (3H, d, /=6 Hz, CH(OH)CH,), 1.40—2.10 (9H, m, (CH,),C= and OH), 4.11 (1H,
q, /=6 Hz, CH(OH)), 5.62 (1H, br s, CH=). The optical yield and absolute configuration of this sample
were determined by converting the product to (S)-(+)-1-cyclohexylethanol ((S)-(+4)-42) by catalytic hydroge-
nation. Thus, a solution of {—)-10 (300 mg, 2.38 mmol) in EtOH (5 ml) was added to a suspension of PtO,
(10 mg) in EtOH (3 ml) pretreated with a hydrogen atmosphere, and the mixture was stirred at room temper-
ature for 5 h under a hydrogen atmosphere. The catalyst was filtered off and washed with EtOH. The
combined filtrate and washings were concentrated i# vacuo to afford the crude product as an oil (264 mg, 86%).
This was purified successively by column chromatography (CH,Cl,) and bulb-to-bulb distillation, giving
pure (5)-(+4)-42 as an oil (183 mg, 60%), bp 130°C (8 mmHg), «p +0.408° (/=0.1, neat). IR »%™ cm-1: 3380
(OH). H-NMR (in CDCly): 1.12 (3H, d, J=6 Hz, CH(OH)CH,), 1.10-—1.90 (12H, m, (CH,),CHCH(OH)),
3.50 (1H, br t, J=6 Hz CH(OH)). Since optically pure (S)-(+)-42 had been reported to give [«]% -+ 5.68°
(neat), di® 0.9254,34:%2 the optical yield and absolute configuration of (—)-10 were determined as 78% e.e.
and (S)-series, respectively.

(+)-3-Methyl-4-phenyl-3(E)-buten-2-ol ((+)-12)———The enone (11) (240 mg, 1.5 mmol) was treated
in the same manner as described for 5 (Table I, run 3), to give (4)-12 as a colorless oil (252 mg, quantitative
yield) after purification by preparative TLC (CH,Cl,). The optical rotation was measured on a sample
further purified by bulb-to-bulb distillation. Colorless oil (231 mg, 95%), bp 180°C (8 mmHg), [e]s +11.1°
(c=4.40, CHCl). IR »5% cm~1: 3360 (OH). 'H-NMR (in CDCl,): 1.32 (3H, d, /=6 Hz, CH(OH)CH,),
1.80 (1H, s, OH), 1.83 (3H, br s, =CCH,), 4.33 (1H, q, /=6 Hz, CH(OH)), 6.50 (1H, br s, C;H,CH=), 7.25
(6H,s, CsHy). MS:mfe: 162 (M*), 147 (M+—CH,). The optical yield of (+)-12 was determined as >>909%, e.e.
since the 1H-NMR spectrum of this sample measured in the presence of Eu(hfc),((-)-12: Eu(hfc), 1: 0.5 in
CDCl,) showed the methyl group as a set of doublets at 3.48 and 3.60 ppm in an integration ratio of more
than 95: 5. The authentic racemic alcohol ((#)-12) required to determine the optical yield was prepared
by reducing 11 with NaBH, in EtOH. Spectral (IR and 'H-NMR) properties of (+)-12 were superimposable
on those recorded for (+)-12. The absolute configuration of (+)-12 could not be determined due to the lack
of reference data.

(S)-(—)=3(£)-Hepten-2-ol ((S)-(—)-14) The same treatments of 13 (337 mg, 3.0 mmol) as described
for 5 (Table I, run 3) gave (—)-14 as a colorless oil (314 mg, 929,) after purification by column chromato-
graphy (CH,Cl,). The optical rotation was measured on a sample further purified by bulb-to-bulb distillation.
Colorless oil (182 mg, 53%), bp 110°C (30 mmHyg), [«]? —8.2° (¢c=3.58, CHCL,). IR »12cm-!: 3380 (OH).
'H-NMR (in CDCly): 0.90 (3H, t, J=6 Hz, CH4(CH,),), 1.15 (3H, d, J=6 Hz, CH(OH)CH,), 1.20—2.20
(5H, m, CH,3(CH,), and OH), 4.27 (1H, br t, /=6 Hz, CH(OH)), 5.50—5.70 (2H, m, CH=CH). The optical
yield and absolute configuration were determined by converting (—)-14 to (S)-(+)-heptan-2-ol by catalytic
hydrogenation. Thus, an ethanolic solution (5 ml) of (—)-14 (160 mg, 1.4 mmol) was added to a suspension
of PtO, (30 mg) in EtOH (5 ml) pretreated in a hydrogen atmosphere, and the mixture was stirred at room
temperature for 2 h under a hydrogen atmosphere. Filtration and concentration ¢# vacuo gave the crude’
product as an oil (138 mg, 85%,). This was purified successively by column chromatography (CH,Cl,) and
bulb-to-bulb distillation to give pure (S)-(4-)-heptan-2-ol as a colorless oil (77 mg, 47%,), bp 140°C (80 mmHg),
[¢]3 +6.9° (¢=7.50, EtOH). IR % cm~1: 3380 (OH). H-NMR (in CDCl): 0.90 (3H, br t, /=6 Hz,
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CH,(CH,),), 1.20 (3H, d, J=6 Hz, CH(OH)CH,), 1.25—1.50 (8H, m, CH4(CH,),), 1.85 (1H, br s, OH), 3.75
(1H, br q, /=6 Hz, CH(OH)). Since optically pure (S)(+)-Leptan-2-ol had been reported to give [«]5 +7.8°
(¢=12.0, EtOH),%:35 the optical yield and absolute configuration of (—)-12 were determined as 889, e.e.
and (S)-series, respectively.

(S)-(—)-2-Cyclohexen-1-o0l ((S)-(—)-16) Treatments of 15 (288 mg, 3.0mmol) in the same manner
as described for 5 (Table I, run 3) gave (S)-(—)-16 as a colorless oil (172 mg, 58%) after purification by column
chromatography (CH,Cl,). The optical rotation was measured on a sample purified by bulb-to-bulb distilla-
tion. Colorless oil (139 mg, 479%), bp 100°C (23 mmHg), [«]i —52.5° (c=2.14, CH,ClL). IR »5%cm™:
3360 (OH). H-NMR (in CDCL): 1.50—2.35 (7H, m, CH(OH) and (CH,),), 4.15 (1H, m, CH(OH)}), 5.75
(2H, s, CH=CH). MS: m/e 98 (M*), 83 (M+—CH,), 70 (M+—C,H,). Since (S)(—)-16, 100% e.e., had been
reported to give [«]3 —112.0° (¢=0.60, CHCI,),® and another lot of (—)-16 produced by the same asymmetric
reduction gave [a]i —35.4° (¢=4.5, CH,Cl,) and [«])7 —33.9° (¢=0.80, CHCl,), the optical yield and absolute
configuration of (—)-16 obtained by this asymmetric reduction were determined as 459, e.e. and (S)-series.
In the preliminary communication,® the optical yield of this sample was calculated as 329, e.e. based on the
reported result that (R)-(4)-16 showing [a]s; +21° (CH,Cl,) was 139 e.e.’?”

(—)-2-Methyl-2-cyclohexen-1-o0l ((—)-18) The enone (17) (331 mg, 3.0 mmol) was treated in the
same manner as described for 5 (Table I, run 3) to give (—)-18 as an oil (173 mg, 519%,) after purification by
column chromatography (CH,Cl,). The optical rotation was measured on a sample further purified by bulb-
to-bulb distillation (142 mg, 42%), bp 110°C (25 mmHg), [«]5 —70.2° (c=1.41, CHCL)). IR »[\% cm~: 3340
(OH). 'H-NMR (in CDCl;): 1.40—2.15 (10H, m, CH,C=CH(CH,),CH(OH)), 4.00 (1H, br s, CH(OH)), 5.55
(1H, br s, CH=). MS: m/e: 112 (M+), 97 (M*+—CH,), 83 (M+—C,H;). The optical yield was determined as
589, e.e. since the 'H-NMR spectrum of (—)-18 measured in the presence of Eu(hfc);((—)-18: Eu(hfc); 1: 0.75
in CDCl,) showed the methyl group signal as a set of doublets at 4.10 and 3.97 ppm in an integration ratio
of 79: 21. The authentic racemic alcohol ({+)-18) required for determining the optical yield of (—)-18 was
prepared by reducing 17 with NaBH, in EtOH. Spectral (IR and *H-NMR) properties of (+)-18 were
superimposable on those recorded for (—)-18. The absolute configuration of (—)-18 could not be determined
due to the lack of a reference compound.

(S)-(—)=3-Methyl-2-cyclohexen-1-0l ((S)-(—)-20) The same treatments of 19 (165 mg, 1.5 mmol)
as described for 5 (Table I, run 3) gave (—)-20 as an oil (148 mg, 889,) after purification by preparative TL.C
(CH,Cl,). The optical rotation was measured on a sample further purified by bulb-to-bulb distillation (128
mg, 76%), bp 150°C (25 mmHg), [«]? —32.9° (¢=4.08, CHCl). IR #!\7cm-1: 3360 (OH). 'H-NMR (in
CDCl,): 1.40—2.00 (9H, m, (CH,),C(CH,)=), 2.08 (1H, s, OH), 4.14 (1H, br s, CH(OH)), 5.45 (1H, br s, CH=).
MS: mfe: 112 (M), 97 (M+—CH,;), 84 (M+—C,H,). Since optically pure (S)-(—)-20 had been reported to
give [a]d —96.340.3° (¢=0.458, CHCI;),®® the optical yield and absolute configuration of (—)-20 were
determined as 349, e.e. and (S)-series, respectively. In the preliminary communication,®’ the optical yield
of (—)-20 was calculated as 249%, c.e. based on the 'H-NMR spectrum in the presence of Eu(hfc),.

(S)-(—)-1-Heptyn-3-ol ((S)-(~)-22) Treatments of 21 (165 mg, 15 mmol) in the same manner as
described for 5 (Table I, run 3) afforded (S)(—)-22 as an oil (148 mg, 88%,) after purification by column chro-
matography (CH,Cl,). The optical rotation was measured on a sample further purified by bulb-to-bulb
distillation (104 mg, 62%), bp 130°C (20 mmHg), [«]5 —15.6° (¢=3.16, dioxane). IR »% cm~*: 3320 (OH).
1H-NMR (in CDCl,): 0.94 (3H, t, J=6 Hz, CH,), 1.10—1.95 (6H, m, (CH,),), 2.44 (1H, s, C=CH), 2.47 (1H,
s, OH), 4.37 (1H, br t, /=5 Hz, CH(OH)). Since optically pure (R)-(+)-22 has been reported to give [«]7
420.5° (¢c=38, dioxane),? the optical yield and absolute configuration of (—)-22 were determined as 769, e.e.
and (S)-series.

Asymmetric Reduction of 1-Phenyl-2(E)-buten-1-one (23)——The same treatments of commercially
available 23 (439 mg, 3.0 mmol) as described for 5 (Table I, run 3) gave 24 as an oil (383 mg, 86%,) after
purification by preparative TLC (CH,Cl,). This sample was identified by comparing the spectral (IR and
1H-NMR) data with those reported.3®

(S)~(—)~1-Phenylethanol ((S)-(—)-26) a) Table III, Run 3: An ethereal solution (5 ml) of (—)-N-
methylephedrine (mp 86.5—87.5°C, [«¢]% —29.5° (c=4.88, MeOH))? (499 mg, 2.78 mmol) was added to a
stirred suspension of LAH (103 mg, 2.70 mmol) in Et,0O (5 ml) under an argon atmosphere, and the mixture
was heated at reflux for 1 h with stirring. An ethereal solution (5 ml) of N-ethylaniline (674 mg, 5.56 mmol)
was added to the reaction mixture, and the whole was further heated at reflux for 1 h with stirring, to give a
solution of the reducing agent.

A solution of 25 (180 mg, 1.5 mmol) in Et,0 (5 ml) was added to a cooled (—78°C), stirred solution of
the reducing agent prepared above, and the mixture was stirred at —78°C for 3h. After the reaction had
been quenched by the addition of 1N HCl (12 ml) at —78°C, the cooling bath was removed. The upper
ethereal layer was separated, and the lower aqueous phase was extracted with Et,0 (10 mlx 1). The com-
bined organic layers were washed successively with 10% HCI (10 ml x 1) and satd. NaCl (10 mlx 3). Filtra-
tion and concentration ixn vacuo gave an oily residue, which was subjected to preparative TLC (CH,Cl,) to
give (R)-(—)-26 as a colorless oil (171 mg, 94%). Measurement of the optical rotation was carried out on a
sample further purified by bulb-to-bulb distillation (161 mg, 899%,), bp 160°C (17 mmHg), []3 —36.2° (c=5.53,
cyclopentane), 849% e.e. (lit.,5®® [«]3 +43.1° (c=7.19, cyclopentane) for optically pure (R)-(+)-26).4" IR
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vmex c~1: 3380 (OH). 'H-NMR (in CDCl,): 1.49 (3H, d, J=6 Hz, CH,;), 1.90 (1H, s, OH), 4.88 (1H, q,
J=6 Hz, CH(OH)), 7.34 (5H, s, C¢Hj).

Other asymmetric reductions summarized in Tables IIT and IV were all performed by the same procedure
as that described above.

b) Asymmetric Reduction of 25 with Recovery of the Chiral Source and Additive: The asymmetric
reduction of 25 (360 mg, 3.0 mmol) with the chiral hydride prepared from LAH (206 mg, 5.4 mmol), (—)-N-
methylephedrine (mp 86.5—87.5°C, [«]y —29.5° (¢=4.88, MeOH)) (1.00 g, 5.56 mmol), and N-ethylaniline
(1.35 g, 11.1 mmol) in the same manner as described in a), gave crude (S)(—)-26 as an oil (330 mg, 909%,) after
concentration of the ethereal extracts i» vacuo. This sample was directly purified by bulb-to-bulb distillation
to give pure (S)-(—)-26 as a colorless oil (317 mg, 87%), bp 160°C (17 mmHg), [«]3 —36.4° (c=17.45, cyclo-
pentane), 849, e.e. (see a)}). Spectral (IR and *H-NMR) properties of this sample were identical with those
shown in a).

The aqueous acidic layers obtained by the extractive isolation were combined, made alkaline (pH=11),
then extracted with EtOAc (50 mlx 3). The combined organic extracts were washed with satd. NaCl (50
mlx 3). Filtration and concentration ¢» vacuo gave a mixture of (—)-N-methylephedrine and N-ethylaniline
as a mixture of crystals and an oil (2.41 g, quantitative recovery), which was subjected to bulb-to-bulb
distillation to give (—)-N-methylephedrine (817 mg, 829, recovery), bp 170°C (5 mmHg), mp 87.5—89.5°C,
[o]® —28.0° (¢=6.50, MeOH), 98Y%, e.e.,? and N-ethylaniline (1.32 g, 98% recovery), bp 130°C (10 mmHg).
Recovered (—)-N-methylephedrine and N-ethylaniline were shown to be identical with authentic samples
by spectral (IR and *H-NMR) comparisons.

(S)=(=~)-1-Phenylpropan-1-ol ((S)-(—)-28) Table IV, Run 1: The same treatments of 27 (201 mg,
1.5 mmol) as described for 25 (Table III, run 3) gave (S)-(—)-28 as an oil (196 mg, 969%,) after purification
by preparative TLC (CH,Cl,). Measurement of the optical rotation was carried out on a sample further
purified by bulb-to-bulb distillation (179 mg, 889%), bp 175°C (21 mmHg), [«]F —41.0° (¢=5.58, CHCl,),
909, e.e. (lit.,4Y [a]p —45.45° (¢==5.15, CHCl,) for optically pure (S)-(—)-28).42 IR o2 cm~1: 3380 (OH).
'H-NMR (in CDCLy): 0.88 (3H, t, /=7 Hz, CH,;), 1.70 (2H, m, CH,), 2.00 (1H, br s, OH), 4.58 (1H, t, J=
7 Hz, CH(OH)), 7.41 (5H, s, C;H,;).

(S)-(—)-1-Phenylbutan-1-ol ((S)-(—)-30)4 '——Table IV, Run 2: The ketone (29) (222 mg, 1.5 mmol)
was treated in the same manner as described for 25 (Table III, run 3) to give (S)-(—)-30 as colorless needles
(227 mg, 100%,) after purification by preparative TLC (CH,Cl,). Measurement of the optical rotation was
performed on a sample further purified by bulb-to-bulb distillation (210 mg, 939%), [«]5 —36.6° (c=5.04,
CeHy), 809% e.e. (lit.,* [a]f —45.93° (¢=6.1, C4H,) for optically pure (S)-(—)-30).% This sample gradually
solidified when kept standing at room temperature, mp 38—44°C. IR »i% cm~1: 3220 (OH). 'H-NMR
(in CDCly): 0.98 (3H, d, /=6 Hz, CH,), 1.10—1.85 (4H, m, (CH,),), 2.01 (1H, br s, OH), 4.65 (1H, t, J=
6 Hz, CH(OH)), 7.30 (5H, s, CH;).

(S)=(—)-2-Methyl-1-phenylpropan-1-ol ((S)-(—)-32)——Table IV, Run 3: Treatments of 31 (222 mg,
1.5 mmol) in the same manner as described for 25 (Table III, run 3) gave (S)-(—)-32 as an oil (214 mg, 95%,)
after purification by preparative TLC (CH,Cl,;). Measurement of the optical rotation was carried out on a
sample further purified by bulb-to-bulb distillation (207 mg, 929%,), bp 165°C (15 mmHg), [«]y —37.0° (c=
6.95, Et,0), 78% e.e. (lit.,* [a]y —47.7° (¢=6.8, Et,0) for optically pure (S)-(—)-32).49 IR »%= cm—!:
3400 (OH). H-NMR (in CDCly): 0.82, 1.05 (6H, two d, J=each 7 Hz, CH(CH,),), 1.71—2.18 (2H, m, OH
and CH(CHj,),), 4.38 (1H, d, /=7 Hz, CH(OH)), 7.32 (5H, s, CsH;).

(S)-(+)-Indan-1-ol ((S)-(+)-34) Table IV, Run 4: The same treatments of 33 (198 mg, 1.5 mmol)
as described for 25 (Table III, run 3) gave (S)-(4)-34 as colorless needles (177 mg, 88Y%,) after purification by
preparative TLC (CH,Cl;). Measurement of the optical rotation was carried out on a sample further purified
by bulb-to-bulb distillation (165 mg, 829%), bp 210°C (5 mmHg), [«]d +24.4° (¢=2.01, CHCl,), 71% e.e.
(lit.,*® [«]F +34.4° (¢=1.97, CHCl,) for optically pure (S)-(+)-34).49 This sample gradually solidified when
kept standing at room temperature, mp 55—68°C. IR 4L cm~1: 3300 (OH). 'H-NMR (in CDCl,): 1.77
(1H,s,OH), 1.90—3.10 (4H, m, (CH,),),5.22 (1H, t, /=6 Hz, CH(OH)), 7.15—7.50 (4H, m, aromatic protons).

(S)-(+)-1,2,3,4-Tetrahydro-1-naphthol ((S)-(+4)-36)——Table IV, Run 5: Treatments of 35 (219 mg,
1.5 mmol) in the same manner as described for 25 (Table III, run 3) gave (S)-(-+)-36 as a colorless oil (213 mg,
969%,) after purification by preparative TLC (CH,Cl,). The optical rotation was measured on a sample further
purified by bulb-to-bulb distillation (207 mg, 93%), bp 180°C (15 mmHg), [«]5 +16.8° (c=4.61, CHCl,),
51% e.e. (lit.,5® [a]3 +32.65° (¢c=2.5, CHCl,) for optically pure (S)(+)-36).2® IR o5z cm~1: 3360 (OH).
H-NMR (in CDCl,): 1.50—2.10 (4H, m, CH,CH,CH,CH(OH)), 2.50—2.75 (3H, m, CH,CH,CH,CH(OH)),
4.60 (1H, m, CH(OH)), 6.95—7.45 (4H, m, aromatic protons).

(R)-(+)-1,2,3,4-Tetrahydro-2-naphthol ((R)-(4)-38) Table IV, Run 6: The ketone (37) (219 mg,
1.5 mmol) was treated in the same manner as described for 25 (Table III, run 3) to give (R)(4)-38 as a colorless
oil (217 mg, 989%,) after purification by preparative TLC (CH,Cl,). The optical rotation was measured on a
sample further purified by bulb-to-bulb distillation (190 mg, 859%), bp 180°C (4 mmHg), [«]5 +18.8° (c=
6.31, CHCl,), 679, e.e. (lit. 3V [a]p +28.20° (¢=7.70, CHCl,) for optically pure (R)-(+)-38).4» IR »43 cm—1:
3360 (OH). 'H-NMR (in CDCl,): 1.80—2.15 (2H, m, CH,CH,CH(OH)), 2.10 (1H, s, OH), 2.75—3.05 (4H,
m, CH,CH,CH(OH)CH,), 3.95—4.35 (1H, m, CH(OH)), 7.08 (4H, s, aromatic protons).
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(S)-(-+)~1-Phenylpropan-2-ol ((S)-(4)-40) Table IV, Run 7: The same treatments of 39 (201 mg,
1.5 mmol) as described for 25 (Table III, run 3) gave (S)-(+)-40 as a colorless oil (183 mg, 90%) after purifica-
tion by preparative TLC (CH,Cl,). The optical rotation was measured on a sample further purified by bulb-
to-bulb distillation (176 mg, 86%,), bp 170°C (15 mmHg), [«]¥ +17.0° (¢=5.76, CsH,), 419%, e.e. (lit., 4 [«]%
+41.82° (¢=5.26, CgH,) for optically pure (S)(+)-40).52 IR »4.2 cm-1: 3380 (OH). 'H-NMR (in CDCl,):
1.22 8H, d, J=7 Hz, CH,), 1.67 (1H, s, OH), 2.71 (2H, d, /=7 Hz, CH,CH(OH)), 4.00 (1H, m, CH(OH)),
7.24 (5H, s, CgH,).

(S)-(+4)~1-Cyclohexylethanol ((S)-(+)-42) Table IV, Run 8: Treatments of 41 (319 mg, 2.53 mmol)
in the same manner as described for 25 (Table III, run 3) gave (S)-(+)-42 as an oil (292 mg, 909%) after
purification by preparative TLC (CH,Cl,). In this case, 3.9 eq of the reducing agent was necessary for the
complete reduction of 41. Measurement of the optical rotation was carried out on a sample further purified
by bulb-to-bulb distillation (262 mg, 81%,), bp 130°C (8 mmHg), «% +0.182 (/=0.1, neat), 35% e.e. (lit.,3V
[¢]5 +5.68° (neat), di° 0.9254, for optically pure (S)(+)-42).3» IR and 'H-NMR spectra of (S)-(+)-42 were
identical with those of the sample obtained from (S)({—)-10. ’

(£)-Octan-2-ol ((x)-44) Table IV, Run 9: The ketone (43) (385 mg, 3.0 mmol) was treated in the
same manner as described for 25 (Table TII, run 3), giving pure (+)-44 (368 mg, 94%,) as an oil after purifica-
tion by preparative TLC (CH,Cl,). The optical rotation was measured on a sample further purified by bulb-
to-bulb distillation (339 mg, 87%), bp 120°C (14 mmHg), [«)5 +0.018° (c=0.1, neat) (lit.,» [«]% —9.57°
(neat), d¢® 0.820, for optically pure (R)-(—)-44).59 IR +4% cm~!: 3360 (OH). !H-NMR (in CDCl,): 0.87
(3H, t, J=6 Hz, CH4(CH,);), 1.15 (38H, d, J=6 Hz, CH(OH)CH,), 1.10—1.60 (10H, m, CH,4(CH,),), 2.30
(1H, br s, OH), 3.60—3.95 (1H, m, CH(OH)).

(S)-(+)-4-Methylpentan-2-ol ((S)-(+)-46) Table IV, Run 10: The same treatments of 45 (600 mg,
6.0 mmol) as described for 25 (Table IV, run 3) gave pure (S)-(+)-46 as a homogenous colorless oil (575 mg,
94%) after extractive isolation with ether followed by concentration in vacuwo. The optical rotation was
measured on a sample further purified by bulb-to-bulb distillation (544 mg, 89%), bp 150°C (760 mmHg),

5 +0.608° (I=0.1, neat), 36% e.e. (lit.,* ap® 434.22° (I=2, neat), di** 0.8075, for optically pure (S)-(+)-
46).59 IR »4.% cm~*: 3360 (OH). 'H-NMR (in CDCly): 0.92 (6H, d, ] 6 Hz, CH(CH,),), 1.18 (3H, d, J=
6 Hz, CH(OH)CH,), 1.10——1.45 (8H, m, CHCH,CH(OH)), 1.65 (1H, br s, OH), 3.87 (1H, m, CH(OH)).

(R)-(~)-3,3-Dimethylbutan~2-ol ((R)-(—)-48) Table IV, Run 11: The ketone (47) (1.10 g, 11 mmol)
was treated in the same manner as described for 25 (Table I11I, run 3), to give (R) (—)-48 as a homogenous
colorless oil (880 mg, 78%,) after extractive isolation with ether followed by concentration % vacuo. Measure-
ment of the optical rotation was carrled out on a sample further purified by bulb-to-bulb distillation (800 mg,
71%), bp 140°C (760 mmHg), «5 —0.095° (/=0.1, neat), 15% e.e. (lit.,4" [o]® +7.71° (neat) and 4;° 0.8199
for optically pure (S)-(-)-48). o IR »33 cm1: 3400 (OH). !'H-NMR (in CDCl;): 0.88 (9H, s, C(CHy),),
1.10 (3H, d, /=6 Hz, CH(OH)CH,), 1.95 (1H, br s, OH), 3.46 (1H, q, /=6 Hz, CH(OH)).
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