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Abstract—Reactions of nitro olefin 1 with silyl enol ether 2 in the presence of TiCl4 in CH2Cl2 at 0°C gave high yields of
hydroximoyl chloride 3. When the hydroximoyl chloride 3 was treated with Et3N in the presence of dipolarophile, the
corresponding 2-isoxazolines were obtained. © 2002 Elsevier Science Ltd. All rights reserved.

Nitrile oxides have contributed1 significantly to modern
organic synthesis among the known 1,3-dipoles over a
long time, since they readily undergo a variety of
1,3-dipolar cycloaddition reactions. One of the most
common methods for the generation of nitrile oxides is
Huisgen’s2 base-induced dehydrohalogenation of
hydroximoyl halides. Hence, hydroximoyl chlorides are
precursors of nitrile oxides and have generated consid-
erable interest in organic synthesis.

Although the utility of nitrile oxides in organic synthe-
sis has been investigated extensively,1 the synthesis of
their precursors has not received much attention. There
are only three methods for the preparations of hydrox-
imoyl chlorides. Firstly, hydroximoyl chlorides can be
prepared by chlorination of aldoximes.3 Secondly, the
intermediate nitronates, generated from 1,4-addition of
various nucleophiles to nitro olefins, were slowly added
to the ice cold concentrated hydrochloric acid, and then
the corresponding hydroximoyl chlorides were
obtained.4 Thirdly, another method for the synthesis of
hydroximoyl chlorides was from conjugated nitro alke-
nes by the reaction with TiCl4.5 Yoshikoshi,6 Seebach,7

Denmark,8 and others9 have reported the successful
addition of lithium enolates, enol silanes, enol ethers, or
enamines to nitro olefins. We, in fact, found that the
third method,5 by employing silyl enol ethers as nucle-
ophiles, gave the corresponding hydroximoyl chlorides
with the concomitant carbon�carbon bond formation
in high yields and in one step (Eq. (1) and Table 1).

In the absence of TiCl4, 1a did not react with 2a. When
only 1 equiv. of 2a was used in entry 1, �-chlorohydrox-

imoyl chloride5 was observed (15%) and the yield of the
desired product 3a was low (39%). It was manifest that
the chloride anion also has opportunity to attack the
intermediate A (Scheme 1). Increasing the amount of
silyl enol ether can depress the opportunity of interme-
diate A trapped by chloride anion. When 2 equiv. of 2a
was used, �-chlorohydroximoyl chloride was not
observed and only high yield of the hydroximoyl chlo-
ride 3a was obtained (Table 1 and the general proce-
dure was in Ref. 10). Danishefsky has reported that
1-methoxy-3-trimethylsilyloxy-1,3-butadiene can be
used as an important reagent in Diels–Alder reac-
tions,11 and the similar result was also observed when
2e reacted with 1a through Diels–Alder route (Eq.
(2)).9c In contrast, the reaction in entry 12 was pro-
posed to proceed through ionic stepwise mechanism
under the catalyst of TiCl4. Slow addition of TiCl4 was
especially important in entry 12. When TiCl4 was
rapidly added, the yield of 3l was low. However, in
entries 1–11, the rate of the addition of TiCl4 did not
obviously affect the yields of 3.

With a view to confirm that the corresponding nitrile
oxides can be generated from hydroximoyl chlorides 3
with the keto group intact and also to investigate their
cycloaddition reactions with dipolarophiles, the hydrox-
imoyl chloride 3a, prepared according to Table 1, was
treated without isolation with Et3N in the presence of
diethyl maleate. In Eq. (3), the corresponding 2-isoxa-
zoline 4 was successfully produced through intermolec-
ular 1,3-dipolar cycloaddition.

A possible mechanism for the formation of hydroxi-
moyl chlorides 3 is proposed in Scheme 1. Nitro olefin
1 activated with TiCl4 forms the carbocationic interme-* Corresponding author.
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Table 1. Preparation of hydroximoyl chlorides 3a–3l

(1)

(2)

diate A. The intermediate A was attacked by silyl enol
ether to afford the intermediate B. After loss of TiOCl2
and chloride ion from B, the intermediate C was gener-
ated. When the intermediate C was trapped by chloride
ion, the �-chloronitroso intermediate D then isomerized
to generate hydroximoyl chloride 3.

In conclusion, this method is an easy and general route
for the synthesis of hydroximoyl chlorides with keto
group intact. This methodology has several advantages
over the traditional preparative methods of hydroxi-
moyl chlorides from aldoximes by chlorination.3 The
keto group and hydroximoyl chloride function can be
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(3)

Scheme 1.

introduced in a single step while the traditional
method3 needs multi steps. The reaction condition is
mild and all starting materials are commercially avail-
able or easily prepared. The reaction time is short and
the reaction temperature (0°C) can be easily attained.
In addition, the fact that aliphatic nitro alkenes partici-
pated in this reaction considerably broadens its scope.
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