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Stereoselective Preparation of Acyclic syn--Amino Alcohols
from B-Hydroxy Ketones via the Corresponding
O-Benzyl Oximes
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Reduction of B-hydroxy ketone O-benzyl oximes with lithium aluminum hydride in the presence of sedium
or potassium methoxide afforded the corresponding syn-B-amino alcohols in highly stereoselective manner. A
lythraceae alkaloid, lasubine II, was synthesized stereoselectively by applying this method.

Over the years there have been a large number of
efforts directed to control chiral induction in acyclic
precursors, and various studies which demonstrate the
synthetically useful level of stereocontrol have been
published for diastereoselection between adjacent
carbon atoms (1,2-relationships).? Only a limited
number of method, however, have been published to
regulate 1,3-chiral induction in acyclic systems,!>?3)
leaving this area still in a relatively primitive state of
development.

Concerning 1,3-chiral induction of acyclic systems,
we have studied and briefly reported the stereoselective
preparation of B-amino alcohols from pB-hydroxy
ketones.? In this paper, theresults of the stereoselective
preparation of syn-B-amino alcohols via B-hydroxy
ketone O-benzyl oximes are reported in detail with the
revised mechanism.

Previously one of the authors found that 8-hydroxy
ketones are’ stereoselectively reduced with sodium
borohydride via boron chelates giving syn-1,3-diols.»
Then we turned our interest to the stereoselective
preparation of B-amino alcohols from B-hydroxy
imines, hydrazones, or oximes, by stereoselective
reduction directed by the hydroxyl group.

Among B-hydroxy imines, hydrazones, and oximes,
we chose to use B-hydroxy ketone O-benzyl oximes.
O-Benzyl oximes 2 are readily prepared almost
quantitatively from B-hydroxy ketones 1. They are
very stable and easily handled as compared with the
corresponding imines. Also it was found that the
reactivity of O-benzyl oximes toward the reduction
with lithium aluminum hydride (LAH) exceeded that
of the corresponding dimethylhydrazones.

Various B-hydroxy ketones 1 were prepared by aldol
reactions between aldehydes and methyl ketones, and
converted to the corresponding O-benzyl oximes by
the treatment with O-benzylhydroxylamine hydro-
chloride and pyridine in refluxing methanol.® The
resulting O-benzyl oximes 2 were equilibrium mix-
tures of syn- and anti-isomers syn-2 and anti-2,”
which were separated by column chromatography.
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Then the stereoselectivity of the reduction with LAH
was examined based on the following hypothesis. The
reaction of 2 with LAH would generate the aluminum
alcoholate 3, and the intramolecular reduction would
proceed through cyclic transition states T or T (Fig.
1). The steric interaction between R! and R2 would
destabilize the transition state T, hence the reduction
might be expected to proceed through the transition
state Ty to result in the formation of a syn-B8-amino
alcohol 4.9
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Each isomer syn-2 or anti-2 was reduced with an
excess amount of LAH in THF between 0°C and room
temperature, and the results are listed in Table 1. From
syn-O-benzyl oximes syn-2, syn-amino alcohols 4 were
obtained in high stereoselectivity. In comparison with
the high stereoselectivity in the reduction of syn-O-
benzyl oximes syn-2, the reduction of anti-O-benzyl
oximes anti-2 proceeded only in moderate selectivity.
When the reduction of anti-O-benzyl oxime anti-2a was
tried at lower temperature (ca. —10°C), the selectivity
toward the syn-amino alcohol 4a was found to increase
to 89% from 77% but was still not sufficiently high.
At the temperature below —10°C, unfortunately the
reduction hardly proceeded.
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During this study, it was found that when sodium
methoxide was added to the reaction mixture a
significant effect on the stereoselectivity and the
acceleration of the LAH reduction was observed. As
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Table 1. Reduction of O-Benzyl Oximes 2 with LAH between 0°C and Room Temperature
R R2 Ratio of 4:5 (Total yield/%)

from syn-2 from anti-2

a n-Bu n-Bu 95: 5(87)% 77:23 (96)”

b i-Bu i-Bu 95: 5(77)% 77:23 (83)®

c PhCH:;CH: PhCH:CH: 91: 9 (85)" 79:21 (96)®

d PhCH;CH, CHs 88:12 (78)° 78:22 (85)°

e Ph CH3; 88:12 (74)° 85:15 (82)°

f Ph Ph 85:15 (82)° 88:12 (74)°

a) Isomeric ratio was determined by GLC (OV-101). b) Isomeric ratio was determined by the isolation of syn-
and anti-amino alcohols. c¢) Isomeric ratio was determined by the conversion to the corresponding acetates.

mentioned before, the reduction of anti-2a with LAH
occurred at ca. —10°C and did not proceed at —78°C.
On the other hand, in the presence of sodium meth-
oxide the LAH reduction of the C=N bond in anti-
2a occurred even at —78°C. After the reduction of
C=N bond in anti-2a was completed, the reaction
temperature was gradually raised to 0°C to completely
convert the resulting half reduced intermediate, O-
benzylhydroxylamine derivative, to $-amino alcohol
and benzyl alcohol. Furthermore, it is important to
note that syn-amino alcohol 4a was obtained in
excellent stereoselectivity (4a:5a=95:5) by this
procedure (Eq. 3).

The reaction of syn-2a with LAH was also examined
in the presence of sodium methoxide. Although syn-O-
benzyl oxime syn-2a was scarcely reduced below 0°C
by the treatment with LAH, the presence of sodium
methoxide was so effective that the reduction of C=N
bond proceeded at —30°C. And the syn-amino al-
cohol 4a was also obtained in excellent selectivity

(4a:5a=95:5).
/OBn

HO H H H H

) ) (S I &
n-Bu n-Bu THF n-Bu n-Bu n-Bu n-Bu
anti-2a 4a 5a
LiAlH, 0°C o rt. 77 . 23
LiAlH, -10°C — 0°C 89 : 1
LiAlH, -NaOMe ~ -78°C — 0°C 95 : S

(3)
8

HO N HQ NH HQ NH,
N —@m&%+u

n-Bu n-Bu THF n-Bu n-Bu
syn-2a 4a 5a

LiAlH, 0°C ~~ r.t. 95 :

LiAlH,- NaOMe  -30°C — 0°C 85 5

These results prompted us to examine the prepa-
tation of B-amino alcohol from a mixture of syn-
and anti-O-benzyl oxime 2a by the reduction with
LAH-sodium methoxide. A mixture of syn- and
anti-2a was treated with 15 molar amounts of LAH in
the presence of 10 molar amounts of sodium meth-
oxide at —78°C. After the consumption of anti-2a
was evidenced by TLC, the reaction temperature was
gradually raised to 0°C and stirred overnight. In
excellent stereoselectivity (96%), syn-amino alcohol
4a was obtained. When the reduction was performed

employing 7.5molar amounts of LAH and 5molar
amounts of sodium methoxide, the selectivity was
slightly decreased (syn-2a:anti-2a=94:6). Further, the
reduction did not proceed at —78°C with 5molar
amount of LAH and 2.5molar amounts of sodium
methoxide. Hence, the reduction of various O-benzyl
oximes 2 were investigated using 15 molar amounts
of LAH and 10 molar amounts of sodium methoxide,
and the results are summarized in Table 2. Generally,
the selectivity toward syn-amino alcohols 4 is quite
excellent. Only in the cases that subsituent (R) is (or
are) phenyl group(s), the selectivity is decreased but
still high.
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The stereochemistry of the products were confirmed
by BCNMR spectra and the conversion of amino
alcohols 4 and 5 to cyclic urethanes 8 and 9. According
to the empirical rule of 3CNMR spectra of a B-amino
alcohol, the chemical shift of the methine carbon
adjacent to the hydroxyl group is observed at the lower
field in the case of a syn-amino alcohol 4 as compared
with an anti-isomer 5.9

Furthermore, the relative reactivity in the cycliza-
tion of urethanes of each isomers 6 and 7 indicated the
stereochemistry. Treatment of amino alcohols 4 and 5
with methyl chloroformate and triethylamine gave the
corresponding urethanes 6 and 7, respectively. The
syn-urethanes 6 were easily converted to the cyclic
urethanes 8 at room temperature by treatment with
sodium hydride in benzene. On the other hand, the
cyclization of anti-urethanes 7 did not occurred at
room temperature but at the temperature of refluxing
benzene. The inferior reactivity of the anti-isomers
7 is due to the disfavored transition state of the
cyclization in which the R2? group should orient
to the pseudo-axial direction (Fig. 2). The relative
stereochemistry of 4e and 5e determined by this way
was agreed with the stereochemical assignment deter-
mined by 3CNMR spectra.?

Instead of sodium methoxide, potassium methoxide
was also found to be effective for the stereocontrol of
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Table 2. Reduction of O-Benzyl Oximes 2 with LAH-NaOMe

. Ratio of 4:5
R1! R2 (syn-2:anti-2) (Total yield/%)
a n-Bu n-Bu (52:48) 96: 4 (92)
97: 3 (92)?
91: 9 (quam.)b’
b i-Bu i-Bu (55:45) 95: 5(92)
c PhCH:CH; PhCH:CH: (51:49) 94: 6 (89)
d PhCH:CH; CH3 (34:66) 97: 3 (94)
e Ph CH3 (28:72) 90:10 (97)
92: 8(93)”
f Ph Ph (82:18) 90:10 (81)

a) Potassium methoxide was used. b) Lithium methoxide was used.
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the LAH reduction. However, the slightly inferior
selectivity was observed when lithium methoxide was
employed (Table 2).

In the previous report,‘“’) we supposed that the
enhanced selectivity and reactivity by the addition of
methoxide may be due to the formation of a sodium
alcoholate 10 by an equilibrium between the alumi-
num alcoholate 3. In order to ascertain this assump-
tion, the sodium alcoholate anti-10a generated in situ
by treatment of the anti-O-benzyl oxime ant:i-2a with
sodium hydride in THF was reduced with LAH. But
the reduction did not proceed at —78°C but —20t0 0°C,
and the products ratio of syn- and anti-amino alcohols
(4a:52a=80:20) was not so excellent as compared with
the result in Table 2. Consequently, it was indicated
that the sodium alcoholate 10 is not the actual inter-
mediate in the reduction of anti-O-benzyl oxime ant:-
2 in the presence of sodium methoxide.
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Next, the confirmation of the intramolecular reduc-
tion via the intermediate aluminum alcoholate 3
was examined by the reduction of syn- and anti-O-
benzyl oximes after the protection of the hydroxyl
groups as silyl ethers. The ¢-butyldimethylsilyl ethers
of syn-2b and anti-2b were treated with LAH, but the
reduction did not occur even at room temperature.
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LiAlH, TBSO NH,

i~-Bu i-Bu (®)

THF r.t.

TBS = t-BuMe,Si

These observations may indicate that the forma-
tion of the intermediate aluminum alcoholate 3 is
indispensable for the reduction of the C=N bond and
the reduction may proceed by the intramolecular
fashion as shown in Fig. 1. Coordination of methoxide
to the aluminum of this intermediate 319 may increase
the nucleophilicity of the hydride, and the reduction
proceeds at the lower temperature resulting syn-f-
amino alcohol 4 in excellent stereoselectivity.

As mentioned, it was noted that the reduction of O-
benzyl oximes with LAH in the presence of sodium or
potassium methoxide provides a highly stereoselective
method for the preparation of syn-B-amino alcohols
starting from B-hydroxy ketones. The present method
has a wide applicability to prepare various syn-f-
amino alcohols because B-hydroxy ketones are readily
prepared by directed aldol reactions.1?

In these years, much efforts have been concentrated
in the stereoselective preparation of 8-amino alcohols,
and several selective methods have been developed
by the reduction of isoxazolines® 12 and enaminones®®
the iodocyclocarbamation of a homoallylamine,® the
intramolecular Michael addition of O-carbamates,> the
sulfoxide-mediated intramolecular hydroxylation of a
remote olefin,’ and the Grignard reaction of B-alkoxy
imines.*¥ The present method affords the alternative
procedure for the preparation of unprotected syn-g-
amino alcohols.

As an efficient and practical method for the prepa-
ration of acyclic syn-B-amino alcohols was established,
a new synthetic route to a lythraceae alkaloid, lasubine
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I1,' was investigated by applying this method.!®
Lythraceae alkaloids have been generally synthesized
by the condensation of isopelletierine with aromatic
aldehydes!® or the [2+3] cycloaddition of tetrahy-
dropyridine N-oxide.' In our synthetic strategy an
acyclic key intermediate, a syn-B-amino alcohol 16,
was prepared firstly, and the successive cyclization
processes afforded a bicyclic lasubine II (22) in a
stereoselective manner.

Veratraldehyde was converted to a 1,3-dithiane
11,'® which was alkylated with 2-bromo-1,1-dimeth-
oxyethane and the product 12 was hydrolyzed with
concd hydrochloric acid to an aldehyde 13. The
aldol reaction between the aldehyde 13 and the
kinetic lithium enolate of 5-hexen-2-one afforded
a B-hydroxy ketone 14 in 80% yield. At this stage,
the whole carbon skeleton required for the synthesis
of lasubine II was arranged.

The aldol product 14 was converted to a O-benzyl
oxime 15 as a mixture of almost equal amount of
syn- and anti-isomers. The O-benzyl oxime 15 was
reduced with LAH in the presence of potassium
methoxide. During this reaction, the reaction tem-
perature should be carefully controlled. After the
reduction mixture was stirred at —78°C overnight, the
temperature was gradually raised to —15°C during
5h and the mixture was stirred for 12h at —15°C.
When the reaction temperature was raised above —15
°C, the cleavage of dithioacetal group was observed.
After the hydrolysis, the syn-B-amino alcohol 16 was
isolated in 65% yield.1®

For the construction of a octahydroquinolizine
skeleton, the hydrolysis of dithioacetal group of 16
was investigated but did not afford the fruitful result.
Therefore, the amino group of 16 was protected as a
t-butylcarbamate 17 and then the dithioacetal group
was hydrolyzed with N-chlorosuccinimide and silver
nitrate in aqueous acetonitrile to give a hydroxy ke-
tone 18 in 73% yield. The deprotection of the amino
group with trifluoroacetic acid in dichloromethane
spontaneously yielded a labile cyclic imine 19, which
was submitted to the successive reduction without
isolation. Treatment of 19 with LAH in the pres-
ence of sodium methoxide in THF afforded the cis-
2,6-disubtituted piperidine 20 stereoselectively.20-22

Hydroboration of 20 with bis(1,2-dimethylpropyl)-
borane and the successive oxidation with alkaline
hydrogen peroxide afforded a diol 21. The regio-
selective tosylation of the primary hydroxyl group
in 21 was carried out employing p-toluenesulfonyl
chloride and pyridine at —20°C to give (%)-lasubine II
(22).

Thus the stereoselective synthesis of lasubine II has
been achieved via an acyclic intermediate, demon-
strating a new and useful strategy for the preparation
of lythraceae alkaloids.
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Scheme 1. Total Synthesis of (£)-Lasubine II.

(a): 1) n-BuLi, 2) BrCH2CH(OMe)s; 84%, (b): HaO+;
76%, (c): CH2=C(OLi)CH2:CH2CH=CHg; 80%, (d)
PhCH2:ONHgHCI, pyridine; quant., (e): LiAlH4,
KOMe; 65%, (f): Boc-S; 77%, (g): NCS, AgNOs,
H.0; 73%, (h): CFsCOOH, (i): LiAlHs, NaOMe;
60% from 18, (j): 1) bis(1,2-dimethylpropyl)borane;
2) H202, NaOH; 87%, (k): p-TsCl, pyridine; 70%.

Experimental

All the melting points are uncorrected. The IR spectra
were determined on a Hitachi Model 260-30 spectrometer.
The 'HNMR spectra were recorded with a Hitachi R-24B,
a Varian EM-390, and a JEOL GX-400 spectrometers,
and BCNMR spectra were measured with a JEOL FX-90Q
spectrometer in CDCIlz with tetramethylsilane as an in-
ternal standard. The MS spectra were taken on a JEOL
JMS-D300. Benzene was distilled and dried over sodium
wire. Tetrahydrofuran (THF) and diethyl ether were fresh-
ly distilled from sodium benzophenone ketyl. Pyridine and
dichloromethane were distilled from CaHz and stored over
Molecular Sieve. Purification of products was performed by
column chromatography on silica gel (Wakogel C-200 or
Merck, Art. 9385 Kieselgel 60, 230—400 mesh), preparative
TLC on silica gel (Wakogel B-5F) or on aluminum oxide
(Merck, Art. 1103 Aluminiumoxid 60 PFz, Typ E),
and Chromatotron on aluminum oxide (Merck, Art. 1092
Aluminiumoxid GFass, Typ E).

B-Hydroxy ketones la—f were prepared by the aldol
reaction of kinetic lithium enolates of the corresponding
methyl ketones with aldehydes, and purified by column
chromatography on silica gel. Further details of the reac-
tion procedure are described in the preparation of 14.

Preparation of 7-Benzyloxyimino-5-undecanol (2a). A
solution of 7-hydroxy-5-undecanone (604 mg, 3.2 mmol) and
O-benzylhydroxylamine hydrochloride (574 mg, 6.6 mmol)
in pyridine (0.5 mL) and methanol (8 mL) was refluxed for
30min.® After the most of methanol was removed in vacuo,
water was added to the residue and was extracted with CHzClz.
The separated organic layer was dried over NazSOy4 and was
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condensed under reduced pressure. Purification by column
chromatography on silica gel (hexane:ethyl acetate=15:1,
v/v) gave the syn-O-benzyl oxime syn-2a (473 mg, 50%) and
the anti-oxime anti-2a (431 mg, 46%).23

syn-7-Benzyloxyimino-5-undecanol (syn-2a): IR (neat)
3430, 1635 cm~1. tHNMR 6=0.60—1.58 (16H, m), 1.93—2.52
(3H, m), 2.30 (1H, d, J=1.6Hz), 2.42 (1H, d, J=4.0Hz),
3.48—4.03 (1H, m), 4.93 (2H, s), 7.17 (5H, s).

anti-7-Benzyloxyimino-5-undecanol (anti-2a): IR (neat)
3460, 1635 cm~!. tH NMR 6=0.60—1.68 (16H, m), 1.98—2.45
(2H, m), 2.13 (2H, d, J=4.8 Hz), 3.18 (1H, br s), 3.53—4.02
(IH, m), 4.92 (2H, s), 7.17 (5H, s).

Preparation of the other O-benzyl oximes 2b—f was carried
out by the same procedure.

syn-6-Benzyloxyimino-2,8-dimethyl-4-nonanol  (syn-2b):
IR (neat) 3420, 1630 cm~1. HNMR 6=0.80 (12H, d, J=6.2
Hz), 0.95—2.58 (9H, m), 3.57—4.13 (1H, m), 4.92 (2H, s),
7.13 (5H, s).

anti-6-Benzyloxyimino-2,8-dimethyl-4-nonanol (anti-2b):
IR (neat) 3440, 1630 cm~!. 'HNMR 6=0.83 (12H, d, J=6.2
Hz), 0.95—2.02 (4H, m), 2.02—2.32 (4H, m), 3.18 (1H, d,
J=3.6 Hz), 3.65—4.18 (1H, m), 4.93 (2H, s), 7.18 (5H, s).

syn-5-Benzyloxyimino-1,7-diphenyl-3-heptanol (syn-2c):
IR (neat) 3430, 1630 cm~!. tHNMR 6=1.43—1.93 (2H, m),
2.18—2.98 (9H, m), 3.52—4.03 (1H, m), 4.93 (2H, s) 7.02,
(10H, s), 7.13 (5H, s).

anti-5-Benzyloxyimino-1,7-diphenyl-3-heptanol (anti-2c):
IR (neat) 3430, 1630 cm~!. tHNMR 6=1.37—1.88 (2H, m),
2.03 (2H, d, J=6.0 Hz), 2.30—2.92 (6H, m), 3.00—3.30 (1H, m),
3.52—4.12 (1H, m), 4.98 (2H, s), 7.12 (10H, s), 7.24 (5H, s).

syn-5-Benzyloxyimino-1-phenyl-3-hexanol (syn-2d): IR
(neat) 3410, 1635cm~t. 1HNMR 6=1.35—1.90 (2H, m), 1.77
(3H, s), 2.30—2.85 (5H, m), 3.47—4.02 (1H, m), 4.88 (2H, s),
6.97 (5H, s), 7.07 (5H, s).

anti-5-Benzyloxyimino-1-phenyl-3-hexanol (anti-2d): IR
(neat) 3440, 1645 cm~!. 'H NMR 6=1.37—1.87 (2H, m), 1.70
(3H, s), 2.10 (2H, d, J=6.0 Hz), 2.33—2.82 (2H, m), 2.92—3.15
(1H, m), 3.48—4.03 (1H, m), 4.87 (2H, s), 7.00 (5H, s), 7.09
(5H, s).

syn-3-Benzyloxyimino-1-phenyl-1-butanol (syn-2e): IR
(neat) 3400, 1630cm~1. tHNMR 6=1.60 (3H, s), 2.53 (1H, d,
J=2.0Hz), 2.68 (1H, d, J=4.0 Hz), 2.97 (1H, br s), 4.65—5.03
(1H, m), 4.90 (2H, s), 7.12 (5H, s), 7.18 (5H, s).

anti-3-Benzyloxyimino-l-phenyl-(l-butanol (anti-2¢): IR
(neat) 3430, 1640 cm~1. 'H NMR 6=1.42 (3H, s), 2.43 (2H, d,
J=6.4 Hz), 3.40 (1H, d, J=3.0 Hz), 4.83 (1H, dd, J=3.0, 6.4 Hz),
4.95 (2H, s), 7.20 (5H, s), 7.22 (5H, s).

syn-3-Benzyloxyimino-1,3-diphenyl-1-propanol (syn-2f):
IR (neat) 3420cm~!. 'HNMR 6=2.47 (1H, d, J=6.0 Hz),
3.07 (1H, s), 3.18 (1H, d, J=3.4 Hz), 4.80—5.25 (1H, m), 5.15
(2H, s), 7.00—7.68 (10H, m), 7.28 (5H, s).

anti-3-Benzyloxyimino-1,3-diphenyl-1-propanol (anti-2f):
IR (neat) 3430, 1620 cm~. tH NMR 6=2.75 (2H, d, /J=6.4 Hz),
3.32—3.50 (1H, m), 4.72—5.07 (1H, m), 4.98 (2H, s), 7.12 (5H,
s), 7.15 (5H, s), 7.20 (5H, s).

Stereoselective Reduction of a Mixture of the O-Benzyl
Oximes syn-2a and anti-2a. ToaTHF (135 mL) solution
of LAH (30 mmol) and sodium methoxide (1.08 g, 20 mmol)
was added a 52:48 mixture of syn-2a and anti-2a (total 583
mg, 2mmol) in THF (6 mL) at —78°C under an argon
atmosphere, and stirred for 6 h at —78°C. After the complete
consumption of anti-2a was indicated by TLC analysis, the
reaction mixture was gradually warmed to 0°C during 6 h
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and stirred for 18 h at 0°C. The mixture was quenched with
sat. aqueous sodium sulfate (8.8 mL) and the resulting
precipitate was filtered off. The condensed filtrate was
purified by preparative TLC on aluminum oxide (CH:Cls:
methanol=20:1, v/v) to give syn-7-amino-5-undecanol (4a)
and the anti-isomer 5a (total 343 mg, 92%) in the ratio of 96:4,
respectively.

syn-7-Amino-5-undecanol (4a): IR (neat) 3370, 3300 cm™1.
'HNMR 6=0.60—1.75 (20H, m), 2.38—3.03 (1H, m), 2.93
(3H, br s), 3.47—3.97 (1H, m). 3C NMR 6=73.00 ( ZCHOH).

anti-7-Amino-5-undecanol (5a): IR (neat) 3370, 3300 cm™!.
ITHNMR 6=0.62—1.73 (20H, m), 2.57—3.22 (1H, m), 2.80
(3H, br s), 3.52—4.03 (1H, m). 3C NMR 6=69.13 ( ZCHOH).

The stereoselective reduction of 2b—f was carried out by the
same procedure, and the elemental analyses were performed
after the conversion to the corresponding cyclic urethanes
8 and 9.

syn-6-Amino-2,8-dimethyl-4-nonanol (4b): IR (neat) 3370,
3290 cm~1. tHNMR 6=0.85 (12H, d, J=6.0Hz), 0.92—2.02
(8H, m), 2.52—3.02 (1H, m), 3.10 (3H, br ), 3.50—3.98 (1H,
m). 3CNMR 6=70.78 ( ZCHOH).

anti-6-Amino-2,8-dimethyl-4-nonanol (5b): IR (neat) 3370,
3290 cm~1. tHNMR 6=0.83 (12H, d, J=6.2 Hz), 0.92—2.02
(8H, m), 2.85—3.48 (1H, m), 3.10 (3H, brs), 3.48—4.12 (1H,
m). BCNMR 6=66.01 ( ZCHOH).

syn-5-Amino-1,7-diphenyl-3-heptanol (4c): IR (neat) 3370,
3290 cm~1. tHNMR 6=1.38—2.00 (6H, m), 2.45—3.38 (5H,
m), 3.05 (3H, brs), 3.53—4.02 (1H, m), 7.20 (10H, 5). BCNMR
6=72.06 ( ZCHOH).

anti-5-Amino-1,7-diphenyl-3-heptanol (5¢): IR (neat) 3370,
3300cm~t. tTHNMR 6=1.37—1.92 (6H, m), 2.33—2.85 (4H,
m), 2.50 (3H, br s), 2.82—3.35 (1H, m), 3.57—4.10 (1H, m),
7.12 (10H, s). BCNMR 6=68.67 ( ZCHOH).

syn-5-Amino-1-phenyl-3-hexanol (4d) and the anti-Isomer
5d: IR (neat) 3370, 3290cm~!. 'HNMR 6=1.03 (3H, d,
J=6.0Hz), 1.17—1.83 (4H, m), 2.43—3.18 (3H, m), 3.05 (3H,
br s), 3.43—3.95 (1H, m) 7.08 (5H, s). BCNMR 6=67.93
( ZCHOH, anti), 71.29 ( ZCHOH, syn).

The amino alcohol 4d and 5d could not be separated by
TLC on aluminum oxide. The ratio was determined by the
transformation to the corresponding acetates.

General Procedure for Acetylation of Amino Alcohols.

To a CH2Cl; (5 mL) solution of a mixture of syn- and anti-
amino alcohols (ca. 100 mg) were added acetic anhydride
(0.2mL), pyridine (0.5mL) and a catalytic amount of 4-
(dimethylamino)pyridine under an argon atmosphere, and
the resulting mixture was stirred at room temperature
overnight. After evaporation of the excess acetic anhydride,
pyridine and CHCl; in vacuo, the residue was purified by
preparative TLC on silica gel to afford the corresponding
acetates.

syn-5-Acetamido-3-acetoxy-1-phenylhexane: IR (neat)
3300, 1735, 1645cm~1. tHNMR 6=1.03 (3H, d, J=6.7Hz),
1.42—2.12 (4H, m), 1.80 (3H, s), 1.92 (3H, s), 2.30—2.73 (2H,
m), 3.50—4.27 (1H, m), 4.53—5.00 (1H, m), 5.80—6.27 (1H,
m),:7.08 (5H, s).

anti-5-Acetamido-3-acetoxy-1-phenylhexane: IR (neat)
3290, 1735, 1640 cm~1. tTHNMR 6=1.05 (3H, d, J=6.8 Hz),
1.45—2.22 (4H, m), 1.88 (3H, s), 1.94 (3H, s), 2.32—2.77 (2H,
m), 3.63—4.17 (1H, m), 4.57—5.12 (1H, m), 5.17—5.65 (1H,
m), 7.07 (5H, s).

syn-3-Amino-1-phenyl-1-butanol (4e) and the anti-Isomer
5e: IR, 'HNMR, and BCNMR spectra were identical with
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those of 1it.? IR (neat) 3360, 3280 cm~1. tH NMR 6=1.13 (3H,
d, J=7.2Hz), 1.50—1.78 (2H, m), 2.67—3.53 (1H, m), 3.17
(3H, br s), 4.91 (1H, dd, J=6.0, 9.6 Hz). 3CNMR 6=71.74
( ZCHOH, anti), 74.96 ( ZCHOH, syn). The isomer ratio
was determined by the conversion to the acetates.

syn-3-Acetamido-1-acetoxy-1-phenylbutane: IR (neat)
3300, 1720, 1645cm=1. 1H NMR 6=1.08 (3H, d, J=6.6 Hz),
1.58—2.25 (2H, m), 1.85 (3H, s), 2.00 (3H, s), 3.52—3.98 (1H,
m), 5.40—5.98 (1H, m), 5.72 (1H, t, J=7.0 Hz), 7.30 (5H, s).

anti-3-Acetamido-1-acetoxy-1-phenylbutane: IR (neat)
3300, 1715, 1640 cm~1. THNMR 6=1.08 (3H, d, J=6.8 Hz),
1.70—2.40 (2H, m), 1.82 (3H, s), 2.00 (3H, s), 3.67—4.48 (1H,
m), 5.43—5.75 (1H, m), 5.68 (1H, dd, J=8.4, 9.0 Hz), 7.22
(5H, s).

syn-3-Amino-1,3-diphenyl-1-propanol (4f) and the anti-
Isomer 5f: IR, 'HNMR and BCNMR spectra were well
agreed with those of 1it.? IR (KBr) 3360, 3280 cm—1. tH NMR
6=1.65—2.15 (2H, m), 3.12 (3H, br s), 3.82—4.17 (1H, m),
4.62—5.00 (1H, m), 7.12 (5H, s), 7.16 (5H, s). BCNMR
6=71.78 (ZCHOH, anti), 74.95 ( ZCHOH, syn). Theratio of
syn to ant: was also determined by the transformation to
the acetates.

syn-3-Acetamido-1-acetoxy-1,3-diphenylpropane: IR
(neat) 3290, 1735, 1645 cm~1. 1TH NMR 6=1.62—2.72 (2H, m),
1.80 (3H, s), 1.90 (3H, s), 4.63—5.15 (1H, m), 5.48 (1H, ¢,
J=6.8Hz), 6.13—6.67 (1H, m), 7.12 (5H, s), 7.17 (5H, s).

anti-3-Acetamido-l-acetoxy-1,3-diphenylpropane: IR
(neat) 3320, 1735, 1650 cm~!. 'H NMR 6=1.82 (3H, s), 1.90
(3H, s), 2.03—2.47 (2H, m), 4.73—4.92 (1H, m), 5.55—5.97
(1H, m), 5.62 (1H, dd, /=6.0, 8.4Hz), 7.17 (10H, s).

Transformation of 4a to cis-Cyclic Urethane 8a. Toan
ether (6 mL) solution of syn-amino alcohol 4a (113 mg,
0.69 mmol) and triethylamine (96 mg, 0.95mmol) was
added dropwise a solution of methyl chloroformate (68 mg,
0.72 mmol) in ether (3 mL) under an argon atmosphere and
then stirred for 90 min at room temperature. To the mixture
was added ice and the resulting solution was extracted with
CH:Clz. The separated organic layer was dried over NagSO4
and condensed under reduced pressure. Purification by
preparative TLConsilica gel (hexane: ethyl acetate=1:1, v/v)
gave syn-7-methoxycarboxylamino-5-undecanol 6a (113 mg,
76%). Next, a benzene (3 mL) solution of 6a was added to
a suspension of sodium hydride (55% dispersion in mineral
oil) (23 mg, 0.52mmol) in benzene (3 mL) under an argon
atmosphere, and the mixture was stirred at room temperature
for 3h. Sat. aqueous NH4Cl was added and the mixture
was extracted with CH2Cly. After being dried over NasSOy,
the CH:Cl; solution was condensed in vacuo. The residue
was purified by preparative TLC on silica gel (hexane:
ethyl acetate=1:1, v/v) to give the cyclic urethane 8a (90 mg,
70% from 4a).

cis-4,6-Dibutyltetrahydro-2H-1,3-0xazin-2-one (8a): Mp
73.5—74.5°C (H20-methanol). IR (KBr) 3250, 3130,
1680 cm~1. tHNMR 6=0.57—2.12 (20H, m), 3.02—3.62 (1H,
m), 3.85—4.03 (1H, m), 6.06—6.93 (1H, m). Found: C, 67.85;
H, 10.87; N, 6.58%. Calcd for Ci12H23sNOs: C, 67.56; H, 10.87;
N, 6.57%.

Transformation of 5a to trans-Cyclic Urethane 9a.
anti-Urethane 7a was obtained by the same procedure for 6a
(quant.). To a suspension of sodium hydride (55% dispersion
in mineral oil) (4 mg, 0.08 mmol) in benzene (3 mL) was added
a benzene (3 mL) solution of 6a (18 mg, 0.07 mmol) under an
argon atmosphere, and the mixture was refluxed for 30 min.
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After cooling to room temperature, sat. aqueous NH4Cl was
added and the solution was extracted with CHzCls. The
extracts were dried over NazSO4 and condensed in vacuo.
Purification by preparative TLC on silica gel (hexane:ethyl
acetate=1:1, v/v) afforded the cyclic urethane 9a (12 mg, 72%
from 5a).
trans-4,6-Dibutyltetrahydro-2H-1,3-0xazin-2-one (9a): IR
(neat) 3260, 3130, 1710 cm~1. 'H NMR 6=0.62—2.27 (20H, m),
3.08—3.60 (1H, m), 3.97—4.47 (1H, m), 5.83—6.17 (1H, m).
Found: m/z 213.1689. Calcd for C12H2sNQO2: M, 213.1727.
Transformation of other amino alcohols 4b—e, 5b—e to
cyclic urethanes was carried by the same method described
above. By the treatment with methyl chloroformate and
triethylamine, a mixture of syn- and anti-B-amino alcohols
4d and 5d, 4e, and 5e were converted syn- and anti-urethane
6d and 7d, 6e and 7e, respectively, which were separated by
preparative TLC.
cis-4,6-Bis(2-methylpropyl)tetrahydro-2H-1,8-oxazin-2-one
(8b): Mp 94.5—95.0°C. IR (KBr) 3260, 3130, 1680 cm™1.
IHNMR 6=0.93 (12H, d, J=6.2Hz), 1.05—2.10 (8H, m),
3.28—3.68 (1H, m), 4.07—4.12 (1H, m), 6.40—6.80 (1H, m).
Found: m/z 213.1713. Calcd for C12H2sNO2: M, 213.1727.
trans-4,6-Bis(2-methylpropyl)tetrahydro-2H-1,3-o0xazin-2-
one (9b): IR (neat) 3260, 3135, 1705cm~t. 'HNMR 6=0.93
(12H, d, J=6.2 Hz), 1.07—2.10 (8H, m), 3.33—3.72 (1H, m),
4.15—4.57 (1H, m), 5.95—6.28 (1H, m). Found: m/z
213.1695. Calcd for Ci2H23NO2: M, 213.1727.
cis-4,6-Diphenethyltetrahydro-2H-1,3-0xazin-2-one  (8¢):
Mp 112.0—113.0°C (ether-ethyl acetate). IR (KBr) 3250, 3130,
1705cm™!. tHNMR 6=1.65—2.27 (6H, m), 2.50—3.02 (4H,
m), 3.18—3.60 (1H, m), 3.93—4.33 (1H, m), 6.85 (1H, br s),
7.22 (10H, s). Found: C,77.68; H, 7.51; N, 4.52%. Calcd for
C20H2sNOs: C, 77.64; H, 7.49; N, 4.53%.
trans-4,6-Diphenethyltetrahydro-2H-1,3-oxazin-2-one  (9¢):
IR (neat) 3250, 3130, 1705 cm~1. 'HNMR 6=1.55—2.25 (6H,
m), 2.48—3.10 (4H, m), 3.28—3.70 (1H, m), 4.10—4.53 (1H,
m), 6.48—6.77 (1H, m), 7.19 (5H, s), 7.22 (5H, s). Found: m/z
309.1752. Calcd for CooH2sNO2: M, 309.1729.
cis-4-Methyl-6-phenethyltetrahydro-2H-1,3-o0xazin-2-one
(8d): Mp 121.5—122.5°C (hexane-toluene). IR (KBr) 3240,
3125, 1700cm~1. tHNMR 6=1.22 (3H, d, J=6.0 Hz), 1.28—
1.63 (1H, m), 1.73—2.18 (3H, m), 2.67—3.02 (2H, m), 3.28—
3.77(1H, m), 4.02—4.38 (1H, m), 6.97—7.43 (1H, m), 7.23 (5H,
s). Found: C, 71.24; H, 7.54; N, 6.29%. Calcd for C13H17NOQOs:
C, 71.20; H, 7.82; N, 6.39%.
trans-4-Methyl-6-phenethyltetrahydro-2H-1,3-o0xazin-2-
one (9d): IR (KBr) 3250, 3140, 1710 cm~1. tHNMR 6=1.20
(3H, d, J=6.6 Hz), 1.50—2.32 (4H, m), 2.65—2.92 (2H, m),
3.42—3.82 (1H, m), 4.08—4.48 (1H, m), 6.37—6.57 (1H, m),
7.20 (5H, s). Found: m/z 219.1217. Calcd for C13H17NOaz:
M, 219.1257.
cis-4-Methyl-6-phenyltetrahydro-2H-1,3-oxazin-2-one (8e):
Mp 154.0—155.0°C (benzene), lit, 152—153°C.? IR (KBr)
3240, 3120, 1690cm~1. tHNMR 6=1.23 (3H, d, J=6.3 Hz),
1.57—1.92 (1H, m), 1.87—2.33 (1H, m), 3.52—3.93 (1H, m),
5.24 (1H, dd, J=2.1, 11.7 Hz), 6.65 (1H, br s), 7.34 (5H, s).
trans-4-Methyl-6-phenyltetrahydro-2H-1,3-0xazin-2-one
(9e): Mp 101.0—102.5°C. IR (KBr) 3240, 3130, 1725cm™1.
'HNMR 6=1.27 (3H, d, J=6.3 Hz), 1.73—2.37 (2H, m), 3.32—
3.67 (1H, m), 5.46 (1H, dd, J=4.2, 6.8 Hz), 6.61 (1H, brs), 7.33
(5H, s). Found: m/z 191.0940. Calcd for C;1H13sNO2: M,
191.0945.

Total Synthesis of Lasubine II. 2-(2,2-Dimethoxy-
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ethyl)-2-(3,4-dimethoxyphenyl)-1,3-dithiane (12). To
a solution of 2-(3,4-dimethoxyphenyl)-1,3-dithiane (11)®
(2.00g, 7.80mmol) in THF (40mL) was added n-BulLi
(7.15mmol) in hexane (6.3 mL) at —42°C under an argon
atmosphere was stirred for 2.5h at —15°C.29 At —78°C a
THF (6mL) solution of 2-bromo-1,l-dimethyoxyethane
(1.17 g, 6.50 mmol) was added, and then gradually warmed to
0°C. After stirred for 24 h at 0°C, the reaction mixture was
quenched with sat. aqueous NH4Cl and the organiclayer was
extracted with ether. The separated organic layer was dried
over NaSO4 and was condensed under reduced pressure.
Purification by column chromatography (hexane:ethyl
acetate=5:1, v/v) gave the dimethyl acetal 12 (1.88g, 84%).
IHNMR 6=1.69—2.09 (2H, m), 2.12—2.40 (2H, m), 2.50—
2.80 (4H, m), 3.13 (6H, s), 3.77 (6H, s), 4.08—4.39 (1H, m),
6.50—6.92 (1H, m), 7.08—7.50 (2H, m).

2-Formylmethyl-2-(3,4-dimethoxyphenyl)-1,3-dithiane (13).
To a THF (80 mL) solution of 12 was slowly added concd
HCl (20mL). In a few minutes, the solution was turned
to yellow and hydrolysis was completed. The reaction
mixture was extracted with ether and the organic layer was
washed with 4% aqueous NaHCOj; and brine, dried over
Na2SOs, and concentrated in vacuo to leave an oily residue.
The residue was chromatographed on silica gel with
hexane-ethyl acetate (8:1, v/v) as an eluting solvent to yield
the aldehyde 13 (1.39g, 76%). IR (neat) 1720 cm~!. 1H NMR
6=1.65—2.04 (2H, m), 2.54—2.83 (4H, m), 2.89 (2H, d,
J=3.6Hz), 3.76 (6H, s), 6.58—6.80 (1H, m), 7.09—7.40 (2H,
m), 9.52 (1H, d, J=3.6 Hz). Found: m/z 298.0678. Calcd for
C14H1803S2: M, 298.0695.

2-(2-Hydroxy-4-oxo-7-octenyl)-2-(3,4-dimethoxyphenyl)-
1,3-dithiane (14). To a solution of lithium diiso-
propylamide (5.7 mmol) in THF (50 mL) was added a solu-
tion of 5-hexen-2-one (0.50g, 5.2mmol) in THF (5mL) at
—78°C under an argon atmosphere, and the mixture was
stirred for 1 min at —78°C. A THF (5mL) solution of the
aldehyde 13 (1.39¢g, 4.5 mmol) was added. Immediately, the
reaction mixture was quenched with sat. aqueous NH4Cl and
was extracted with ether. The combined ether extracts were
washed with brine, dried over NazSOy, and condensed under
reduced pressure. Purification by column chromatography
(hexane : ethyl acetate=3:1—1:1, v/v) gave the B-hydroxy
ketone 14 (1.45g, 80%). IR (neat) 3530, 1710, 1640 cm~1. 1H
NMR 6=1.48—2.83 (15H, m), 3.77 (6H, s), 3.90—4.37 (1H, m),
4.58—5.05 (2H, m), 5.23—5.94 (1H, m), 6.56—6.83 (1H, m),
7.10—7.44 (2H, m). Found: m/z 396.1375. Calcd for CaoHgzs-
04S2: M, 396.1427.

O-Benzyl Oxime of f-Hydroxy Ketone 14. A solution of
B-hydroxy ketone 14 (1.31g, 3.3 mmol) and O-benzylhy-
droxylamine hydrochloride (0.63 g, 3.9 mmol) in pyridine
(0.6mL) and methanol (45mL) was refluxed for 5h.
After removal of the solvents in vacuo, water was added to
the residue and was extracted with CH2Cla. The separated
organic layer was dried over Na;SO4 and was condensed under
reduced pressure. Purification by column chromatography
on silica gel (hexane: ethyl acetate=2:1, v/v) gave the ca. 1:1
mixture of syn- and anti-O-benzyl oxime 15 (1.66 g, quant.).
IR (neat) 3530, 1640 cm~1. tHNMR 6=1.57—2.80 (15H, m),
3.70 (6H, s), 3.85—4.25 (1H, m), 4.42—5.00 (2H, m), 4.86 (2H,
s), 5.15—5.92 (1H, m), 6.50—6.78 (1H, m), 7.07 (5H, s), 7.10—
7.37 (2H, m). Found: m/z501.1961. Calcd for CarH3sNO4S2:
M, 501.2006.

syn-B-Amino Alcohol 16. To a suspension of
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potassium methoxide (5.21 g, 74 mmol) in THF (400 mL) was
added a THF (82 mL) solution of LAH (111 mmol) under an
argon atmosphere and the mixture was stirred for 15 min at
—78°C. To that solution was added the O-benzyl oxime 15
(3.71 g, 7.4 mmol) in THF (100 mL) dropwise and the reaction
mixture stirred overnight at —78°C, then gradually warmed
to —15°C for 5 h, and stirred for 12h at —15°C. The reaction
was carefully quenched with sat. aqueous NaSO4 (32 mL)
and the resulting precipitate was filtered off. The condensed
filerate was purified by Chromatron on aluminum oxide
(CH2Clz: methanol=25:1, v/v) to give syn-B-amino alcohol
16 (2.94g, 65%). IR (neat) 3380, 3300, 1640 cm~!. 'TH NMR
6=0.77—1.42 (4H, m), 1.48—2.25 (6H, m), 2.38—2.90 (5H, m),
2.72 (3H, br s), 3.58—4.09 (1H, m), 3.75 (6H, s), 4.57—5.07
(2H, m), 5.29—6.00 (1H, m), 6.60—6.83 (1H, m), 7.12—7.50
(2H, m). BCNMR 6=24.84, 27.57, 27.74, 29.90, 39.14, 43.53,
51.49, 53.25, 55.80, 55.96, 57.50, 69.15 ( ZCHOH), 110.81,
112.00, 114.82, 121.27, 134.35, 137.98, 147.87, 148.84. Found:
m/z 397.1708. Calcd for CooHaNOsSz: M, 397.1744.

Protection of Amino Alcohol 16 with ¢-Butoxycarbonyl
Group. To a CH2Clz (20 mL) solution of amino alcohol
16 (1.43 g, 3.6 mmol) was added O-¢-butyl S-(4,6-dimethyl-2-
pyrimidinyl) thiocarbonate (1.74g, 7.2 mmol) and stirred
overnight.29 The reaction mixture was quenched with water
and extracted with CH2Clz. The combined extracts were
washed with brine and dried over NazSO4. After the solvent
was removed in vacuo, the residue was chromatographed on
silica gel by using hexane-ethyl acetate (1:1, v/v) to give t-
butoxycarbonylamino alcohol 17 (1.38g, 77%). IR (neat)
3370, 1700, 1640 cm~!. 1THNMR 6=1.12—1.73 (4H, m), 1.42
(9H, s), 1.73—2.95 (11H, m), 3.18—4.13 (2H, m), 3.83 (6H, s),
4.40—5.13 (3H, m), 5.37—6.10 (1H, m), 6.68—6.95 (1H, m),
7.28—7.52 (2H, m). Found: m/z 497.2244. Calcd for
CasH39NOsS2: M, 497.2269.

Hydroxy Ketone 18. To an acetonitrile (15 mL)-water
(1.5mL) solution of N-chlorosuccinimide (178 mg, 1.34
mmol) and silver nitrate (225mg, 1.50 mmol) was added
an acetonitrile (5 mL) solution of 17 (166 mg, 0.33 mmol) at
—42°C and stirred for 1h at that temperature.?® To the
mixtrure was added sat. aqueous NazSOs (1 mL) and stirred
for 1 min. After addition of sat. aqueous NazCOs (1 mL), the
reaction mixture was stirred for 1 min and brine (1 mL) was
added. The resulting precipitate was filtered off and the
filtrate was extracted with ether. The combined extracts were
washed with brine and dried over MgSQy4. Concentration in
vacuo and purification by preparative layer chromatography
on silica gel (hexane: ethyl acetate=1:1, v/v) gave the hydroxy
ketone 18 (99 mg, 73%). IR (neat) 3370, 1690 cm~1. 1H NMR
6=1.02—2.29 (6H, m), 1.30 (9H, s), 2.85—3.13 (2H, m), 3.57
(1H, brs), 3.77—4.23 (2H, m), 3.76 (6H, s), 4.38—5.04 (3H, m),
5.29—6.00 (1H, m), 6.68 (1H, d, /=8.6 Hz), 7.08—7.52 (2H, m).
Found: m/z 407.2216. Calcd for C2HasNOs: M, 407.2306.

(2S*%,48*,6S*)-6-(3-Butenyl)-2-(3,4-dimethoxyphenyl)-4-
piperidinol (20). To a 1:1 mixture of trifluoroacetic
acid and CH:Cl2 (1 mL) was added the hydroxy ketone 18
(104 mg, 0.23 mmol) at 0°C. After being stirred for 10 min,
the reaction mixture was quenched with 28% aqueous am-
monia and extracted with CH2Cl. The extracts were
washed with water then brine and immediately condensed
in vacuo under 20°C. The residue, dissolved in THF (5mL),
was added to the suspension of sodium methoxide (175
mg, 3.2mmol) and LAH (THF soln 1.2mL, 1.6 mmol) in
THF (5mL) at —78°C under an argon atmosphere.
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The reaction mixture was stirred at —78°C for lh, at
—42°C for 1h, at —18°C for 1h, and at 0°C overnight.2V
The reaction mixture was quenched with sat. aqueous
NazSO4 (0.5mL) and the resulting precipitate was filtered
off. After dried over NazSQOy, the filtrate was condensed under
reduced: pressure and the oily residue was purified by prepar-
ative TLC on aluminum oxide (CH2Clz: methanol=40:1 v/v)
to furnish cis-2,6-disubstituted piperidine 20 (40 mg, 60%).
IR (neat) 3400, 1640 cm-!. 'H NMR $=1.05—1.90 (6H, m),
1.79 (2H, br s), 1.90—2.34 (2H, m), 2.91—3.42 (1H, m),
3.86 (3H, s), 3.88 (3H, s), 4.01 (1H, dd, J=3.9, 10.2Hz),
4.18—4.38 (1H, m), 4.75—5.13 (2H, m), 5.52—6.10 (1H, m),
6.71—7.00 (3H, m). 3CNMR 6=30.12, 36.03, 39.03, 41.52,
50.98, 55.55, 55.99, 65.58, 11.57, 111.49, 114.66, 118.91,
137.76, 138.41, 148.25, 149.08. Found: m/z 291.1784. Calcd
for C17H25N03: M, 291.1832.

(28*,4S*,6S*)-6-(4-Hydroxybutyl)-2-(3,4-dimethoxyphenyl)-
4-piperidinol (21). To a THF (0.7 mL) solution of BoHg
(1.28 mmol) was added 2-methyl-2-butene (180 mg,
2.56 mmol) in THF (5 mL) at —15°Cand stirred for2hat0°C
under an argon atmosphere.2? To the mixture was added a
THF (6 mL) solution of 20 (93 mg, 0.32 mmol) and stirred for
45 min at that temperature. To the solution were added a few
drops of water, then 3M aqueous NaOH (1 mL (1 M=1 mol
dm™3)), and 30% hydrogen peroxide (2mL). After stirred for
1 h the mixture was extracted with chloroform, then washed
with 1% aqueous Naz2COs, sat. aqueous NazSOs, and brine.
The organic layer was dried over Na2SO4 and condensed in
vacuo. The residue was purified by preparative TL.C on alumi-
num oxide (CHzClz: methanol=20:1, v/v) to give the diol
21 (86 mg, 87%). IR (neat) 3350 cm-1. 'H NMR §=1.03—
1.90 (10H, m), 2.18 (3H, br s), 2.68—3.20 (1H, m), 3.26—3.60
(2H, m), 3.70 (3H, s), 3.73 (3H, s), 3.80—4.28 (2H, m), 6.64—
6.85 (3H, m). Found: m/z 309.1913. Calcd for C17H2:NOy4:
M, 309.1938.

(*)-Lasubine II (22). To a solution of the diol 21
(86 mg, 0.28 mmol) in pyridine (2mL) was added p-
toluenesulfonyl chloride (167mg, 0.88 mmol) at —20°C
under an argon atmosphere and stirred for 1.5h at —20°C.
After stirred overnight at 0°C, the reaction was quenched
with ice and extracted with ethyl acetate. The extracts were
washed 0.1 M aqueous NaOH, dried over NazSOs, and con-
densed in vacuo. The residue was purified by preparative
TLC on aluminum oxide (CH2Clz : methanol=20:1) to af-
ford (L)-lasubine II (57 mg, 70%). IR (CHCIs) 3610, 2930
cm~l THNMR 6=1.26—1.91 (12H, m), 2.39—2.42 (1H, m),
2.69 (1H, d, J=11.60 Hz), 3.31 (1H, dd, J=3.36, 11.60 Hz), 3.86
(3H, s), 3.88 (3H, s), 4.00—4.21 (1H, m), 6.78—6.91 (3H, m).
MS, m/z (relative intensity) 291(M+, 472), 164 (332), 154 (434).
Found: m/z 291.1878. Calcd for Ci17H2sNOs: M, 291.1833.
1H NMR (400 MHz) and IR spectra of the synthetic (£)-lasu-
bine II (22) was identical with those of the natural lasubine
II. Mass spectrum also completely agreed with those values
reported by C. Kibayashi.1?

The authors are grateful to Professor Teruaki
Mukaiyama for valuable discussion during this work.
We are indebted to Professor Kaoru Fuji for his kind
gift of tHNMR (400 MHz) and IR spectra of natural
lasubine I and II, and also thank Dr. Tatsushi Murae
for performing high-resolution mass spectra.
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