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Table 1. Catalytic Enantioselective Addition of Diethylzinc to
Aldehydes in the Presence of 5 mole % of 1 in Toluene at Room
Temperature®

Product alcohols

Aldehydes Time (h)
Yield (%) % ee’ Abs. Confg?

Hexanal 16 90 78 R
Heptanal 16 88 83 R
3-Methylbutanal 18 92 92 R
Hydrocinnamaldehyde 16 87 83 R
2-Methylpropanal 16 94 92 R
2,2-Dimethylpropanal 16 85 76 R
Cinnamaldehyde 20 75 18 R
Benzaldehyde 20 98 768 R
1-Naphthaldehyde 20 98 61 R

¢[aldehyde] : [1] : [Et,Zn]=1:0.05:72. *GC vyields. ‘Determi-
ned by capillary GC analyses of (+)-MTPA esters, unless other-
wise indicated.® “Based on the sign of optical rotations and elu-
tion orders of peaks in GC or HPLC analyses. ‘Determined by
capillary GC analysis of (—)-menthyl carbonate. /Determined by
HPLC analysis using a Chiralcel OD column. ¢Determined by
capillary GC analyses using a Chiraldex GTA column (Astec Inc.)

ether (3X15 mL). GC analysis indicated the formation of
5-methyl-3-hexanol in a 92% yield. The extract was dried
over anhydrous Na,SO, and concetrated under reduced pres-
sure. The alcohol product was isolated by bulb-to-bulb distil-
lation and further purified with silica gel column chromatog-
raphy. Enantiomeric excess was measured by GC analysis
of (R)-MTPA ester of the alcohol product using a 50 m meth-
ylsilicon capillary column. GC analysis showed a composition
of 96 (R) and 4 (S) (e, 2% ee).
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In the past two decades, the nitrile oxide cycloaddition
reaction has attracted much attention in synthetic organic
chemistry.! The value of this cycloaddition reaction is ascri-
bed mainly to the utility of the cycloaddition products as
latent synthetic equivalents. One can cleave isoxazolines to
produce the B-hydroxy carbonyl unit, which occurs in a large
number of important natural products. In this type of clea-
vage the N-O bond of isoxazolines is first reduced and the
resultant B-hydroxy imines are then rapidly hydrolyzed in
the presence of water to give B-hydroxy ketones. Generally,
metal (Ra-Ni or supported metal catalyst) catalyzed hydroge-
nolysis methods? have been used for the conversion of isoxa-
zolines to B-hydroxy ketones. Unfortunately, olefins, especia-
lly mono- and disubstituted olefins, are not compatible with
these cleavage methods, although tri- and tetrasubstituted
double bonds are known to be generally retained. Hindered
disubstituted olefins may also be retained in some instances.*
From the point of selectivity, the Torssell’s TiCl; reductive
cleavage procedure is known to be far better. Double bonds
can survive the conditions of this procedure without difficul-.
ty.> However, the yields which attend such procedure are
not often satisfactory and the requisite reagent TiCl; difficult
to handle. Thus, the development of a more practical and
selective procedure for the reduction of isoxazoline nuclei
in the presence of double bonds is of value.

Recently, we have observed that the Lindlar catalyst
(Pd/CaCQs, poisoned with lead) has enough catalytic power
to unmask the isoxazoline ring to afford the B-hydroxy ke-
tone unit under the atmosphere of hydrogen. Encouraged
by these observations, we examined the Lindlar catalyst re-
duction of isoxazolines containing variously substituted al-
kenyl groups (Scheme 1). We now wish to report a mild
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Table 1. Lindlar Catalyst Reduction of Double Bonds-Containing
Isoxazolines 1 and 2

. P-hydroxy  Reaction Yield*
Entry Isoxazoline ketone time (h) @)
1 1a° 3a 24 81
2 1b* 3b 36 84
3 1c 3c 24 85
4 1d 3d 16 77
5 1¢ 3e 19 88
6 1f 3f 16 65
7 1g 3 36 92
8 1 3h 16 80
9 1i 3i 14 77
10 2a 4a 16 76
11 2b 4b 16 80

« A mixture of (E)- and (Z)-isomers were used. *Only (E)-isomers
were used. ‘Yields refer to isolated yield of product purified
by chromatography.

and useful procedure for the selective reduction of isoxazo-
line nuclei in the presence of double bonds to B-hydroxy
ketones.

Upon surveying reaction conditions using isoxazoline la
as a model substrate, it was found that Lindlar catalyst redu-
ction in aqueous methano! containing acetic acid (5:1 or
15:1 MeOH/H,0, 1 atm H,) gave B-hydroxy ketone 3a in
high yield. Although not many acid additives were examined,
the chemoselectivity of the reduction seemed to be sensitive
to the acid additives used in the hydrogenation. When boric
acid was used as an additive, for example, the desired redu-
ction of 1a to 3a was accompanied by the competitive satura-
tion of 3a.” The use of acetic acid provided the satisfactory
results.

As shown in Table 1, variously substituted olefin-contain-
ing isoxazolines could be transformed into the corresponding
B-hydroxy ketones in high yields by this procedure. Trisubs-
tituted and most disubstituted double bonds survived the
reduction. conditions without difficulty (entries 1, 2, 3, 5, 7,
and 9). Even monosubstituted olefins (entry 6) and o,B-unsa-
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turated esters (entries 4 and 8) could also be retained al-
though some care was needed to prevent the saturation of
double bonds. In these cases it was necessary that the redu-
ction be stopped at the stage of about 90% consumption of
the starting isoxazolines, to secure the double bonds intact.
Under the typical reaction conditions, cyclohexenyl systems
(entries 10 and 11) were also converted to the corresponding
B-hydroxy ketones 4a and 4b without significant epimeriza-
tion (<5%)2

The typical experimental procedure is as follows. To a
solution of isoxazoline lg (100 mg, 0.40 mmol) in 5/1 metha-
nol/water (2 mL) was added acetic acid (119 mg, 1.98 mmol)
and Lindlar catalyst (335 mg). The flask was charged with
hydrogen by repeated (4-5 times) evacuation and flushing
with H, gas by means of a balloon attachment to a three-
way stopcock. The mixture was stirred vigorously for 36 h.
The reacion mixture was filtered through Celite into a sepa-
ratory funnel containing ethyl acetate (10 mL) and aqueous
saturated NaHCO; solution (5 mL). After shaking, the organic
layer was separated and the aqueous layer was extracted
with ethyl acetate (2X5 mL). The combined organic layers
were washed with brine, dried over Na,SO,, and concentra-
ted #n vacuo. The residue was purified by flash column chro-
matography (10% EtOAc/hexanes) to give 110 mg (92%) of
3g as a clear oil: IR 3448 (O-H), 3012 (vinylic C-H), 1692
(C=0), 1031 (C-0) cm™'; 'H NMR (200 MHz, CDCly) 8 5.30-
5.52 (m, 2H), 402 (m, 1H), 3.14 (br d, /=3.1 Hz, 1H), 2.46-
2.72 (m, 3H), 1.90-2.10 (m, 2H), 1.56-1.72 (m, 3H), 1.32 (m,
12H), 1.12 (d, /=64 Hz, 6H).
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as follows.

6. Isoxazolines 2 required for these studies were prepared
from oximes 5 (R'=C;Hp or i-Pr) with 14-cyclohexa-
diene by employing the Lee’s (3+2) cycloaddition me-
thod.®
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the amount of Lindlar catalyst was reduced to half, a
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tained after 27h of reaction.
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by a 200 MHz NMR spectrometer.
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A recent report concerning the Horner-Wittig reaction of
[(1-chloro) sulfinylmethyl] diphenylphosphine oxide for the
preparation of 1-chlorovinyl sulfoxide 4 prompts us to dis-
close our own synthetic process.! Vinyl sulfoxides are inter-
mediates of great synthetic potential as Michael acceptors,?
diennophiles,® and Pummerer reaction substrates.*

In contrast with the report by van der Gen and co-workers,!
however, we found a new synthetic method of the 1-chlorovi-
nyl sulfoxides 4 by the oxidation of chloro(phenylthio)metha-
nephosphonate 2 followed by the Horner-Wadsworth-Emmo-
nes (HWE) reaction of phosphonate 3 with aldehydes in the
presence of lithium diisopropyl amide (LDA).

We approached the synthesis of compound such as 4 as
follows. Oxidation of chloro(phenylthio)methanephosphonate
2 with m-chloroperbenzoic acid (m-CPBA) in chloroform fur-
nished the sulfoxide 3 in 84% yield (Scheme 1).° This reac-
tion was complete in 1 h at 0 C and then over-night at
room temperature. The sulfoxide 3 was obtained as mixtures
of two diastereomers in a ratio of 2.5:1 determined by 'H
NMR.3 Chloro phosphonate 2 as the starting material was
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Scheme 1. Reagents and conditions: i, NCS, CCl,, 4h, 25 C;
ii, m-CPBA, CHCI,, 1h, 0 T, then over-night, room temperature;
iii, LDA, THF, —78 ¢, RCHO.

obtained by performing the chlorination of phenylthiometha-
nephosphonate 1 with N-chlorosuccinimide (NCS) in 98%
yield.®

The HWE reaction of 3 with aldehydes at —78 C led
largely to the formation of the 1-chlorovinyl sulfoxides 4
(Scheme 1). The desired compounds were obtained as the
mixture of E and Z isomers.” The ratio of Z to E isomers
of vinyl sulfoxides 4 was determined with the chemical shifts
of the vinylic protons such as 3:1 in 4a, 2:1 in 4b, 1.7:1
in 4¢, and 1:1 in 4d.

The typical experimental procedure for the preparation
of 4 is as follows. A solution of lithium diisopropylamide
in tetrahydrofran (THF) was prepared under nitrogen by
adding of 1.6 M n-butyllithium (1 mL) in hexane to a solution
of diisopropylamide (0.15 g, 1.5 mmol) in THF (10 mL) at
—78 C and in 30 min a solution of diethyl chloro(phenylsul-
finyl)methanephosphonate 3 (0.31 g, 1 mmol) in THF (3 mL)
was added dropwise for 10 min. The reaction mixture was
stirred at —78 C for 30 min and cyclohexanecarboxaldehyde
(0.01 g, 1 mmol) was added. The mixture was stirred until
the starting material was disappeared, treated with water
(10 mL), extracted with ether (2X10 mL), dried with magne-
sium sulfate, and concentrated. The crude product was chro-
matographed on silica gel using ethyl acetate : n-hexane=1:
3 to give l-chloro-1-phenylsulfinyl-2-cyclohexylethene 4d.

In conclusion, the reaction described here represents a
new one-step procedure® for the conversion of aldehydes to
homologous 1-chlorovinyl sulfoxides using the HWE reaction
of diethyl chloro{phenylsulfinyl) methane phosphonate 3.
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