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ABSTRACT

Iodoacetylene 1 was prepared in situ from the reactions of ethynylmagnesium bromide or tributyl(ethynyl)tin with iodine. It was used as a
dipolarphile in the [2 + 3] cyclization reaction with 1,3-dipolar nitrile oxide derivatives to produce 2-(5-iodoisoxazol-3-yl)pyridine 2 and 3-(4-
fluorophenyl)-5-iodoisoxazole 8 in good yield (70−90%). Subsequently, several 5-substituted isoxazole derivatives 3 were obtained by Pd-
catalyzed reactions.

The haloacetylenes have the potential to be useful synthetic
intermediates; however, they have not been utilized due to
the fact that chloroacetylene and bromoacetylene are highly
unstable and can be explosive.1 As for iodoacetylene1, its
physical chemistry has been extensively studied,2 yet its
synthetic utility has not been reported. Undoubtedly there is
concern regarding its stability. On the other hand, preparation
of iodoacetylene1 has been a long-standing problem. The
reported procedure of bubbling acetylene through a solution
of iodine in liquid ammonia produced iodoacetylene in 1%
yield.3 In another procedure reacting acetylene with potas-
sium hydroxide followed by KI3 produced iodoacetylene in
3.9% yield.4 Clearly iodoacetylene’s synthetic utility would
be enhanced if its synthesis were not as difficult. We would
like to demonstrate here an efficient synthesis and an

application of iodoacetylene1 as a dipolarphile in the
[2 + 3] cyclization reaction with nitrile oxides to produce
5-iodoisoxazoles.

The interesting biological properties5 of isoxazoles6 have
promoted a great deal of research effort toward development
of new synthetic methodologies for the preparation of
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isoxazoles and their derivatives.7 In connection with our
studies on the synthesis of pyridyl isoxazole derivatives3,
it was envisioned that the 3-pyridyl 5-substituted isoxazole
derivatives3 would arise from the Pd-catalyzed coupling
reactions of 2-(5-iodoisoxazol-3-yl)pyridine2 with various
organometallic substances to generate structurally diverse
5-substituted isoxazoles (Scheme 1).

Generally, isoxazoles are constructed by [2+ 3] cycload-
dition of a nitrile oxide to an alkyne,8 with the 1,3-dipolar
intermediate generated in situ from the corresponding hy-
droximoyl chloride9 or primary nitro compound.10 There are
only a few reports for the preparation of 5-haloisoxazoles.7,11

5-Bromo- and 5-chloroisoxazole derivatives were synthesized
by the reactions of halogenated cyclopropanes with nitrosyl
cation.7d 5-Chloroisoxazoles were prepared by the cyclo-
addition of nitrile oxides to 1,1-dichloroethylene,11a and
iodoisoxazole was prepared by iodination of the correspond-
ing 5-(tributylstannyl)isoxazole.11b

We would like to report here a direct approach to
5-iodoisoxazole derivatives. The synthesis of2 involves the
[2 + 3] cycloaddition of 2-pyridyl nitrile oxide generated in
situ from the corresponding 2-pyridyl oxime chloride4 with
iodoacetylene1 as a dipolarphile (Scheme 2). The iodoacety-

lene 1 was prepared efficiently by reacting iodine with
tributyl(ethynyl)tin5 in THF (Scheme 3). Its formation was
confirmed by GC-MS and NMR analysis.

Regarding the stability of iodoacetylene1, thermal stability
studies were conducted using a differential scanning calo-
rimeter (DSC) and an accelerating rate calorimeter (ARC).
The studies indicated that a 0.5 M solution of iodoacetylene
1 in THF was stable up to 160°C (DSC). An exotherm
started at 160°C and ended at 188°C, evolving 57.4 J/g.
The exothermic event was not sufficiently large to raise
concern, and the THF solution of iodoacetylene1 was stable
under the normal conditions. The THF solution can be used
directly in the [2+ 3] cycloaddition reaction with the 1,3-
dipolar nitrile oxide to produce the desired 2-(5-iodoisoxazol-
3-yl)pyridine212 in high yield (90%). Notably, the reaction
is completely regioselective. The regioisomer, 4-iodoisox-
azole, was not detected by HPLC.

Alternatively, iodoacetylene1 can also be prepared in situ
by reacting ethynylmagnesium bromide6 with iodine in THF
(Scheme 3). This procedure produced lower quality io-
doacetylene1. Subsequently, the 2-(5-iodoisoxazol-3-yl)-
pyridine 2 was prepared in lower yield (50%).13

By a different procedure, the iodoacetylene1 generated
from reacting iodine with tributyl(ethynyl)tin5 in THF was
further purified by co-distilling with THF at 70°C under
atmospheric pressure. The benefit of using this distilled THF
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solution of iodoacetylene1 in the [2+ 3] cyclization reaction
was demonstrated for the preparation of 3-(4-fluorophenyl)-
5-iodoisoxazole8 (Scheme 4). Thus, the isolated yield was
increased from 40% to 70%.

With 2-(5-iodoisoxazol-3-yl)pyridine2 in hand, Pd-
catalyzed coupling reactions were carried out with a variety
organometallic substances (Scheme 5). For example, the

Sonogashira14 reaction of2 with TMS-acetylene was carried
out in Et3N at 65 °C with Pd(PPh3)2Cl2 as the catalyst to
obtain 3a15 in 80% yield. Next, the Suzuki reaction16 was

carried out by reacting a toluene solution of2 with phenyl-
boronic acid in EtOH/H2O in the presence of Pd(PPh3)4 and
K2CO3 at 80°C to produce3b17 in 90% yield. Previously,
3b had been prepared as one of the two regioisomers from
the reaction between 1-(2-pyridyl)-3-phenyl-1,3-propane-
dione and hydroxylamine hydrochloride.17 The Negishi
coupling reaction18 of 2 with 2-thiophenylzinc chloride using
Pd(PPh3)2Cl2 in THF at reflux produced3c17 in 94% yield.
Also, the Stille coupling of2 with tributyl(vinyl)tin was
carried out using Pd(PPh3)4 in toluene at 80°C to produce
3d19 in 93% yield. In principle, various 5-substituted isox-
azoles could be prepared by the Pd-catalyzed reactions of
2-(5-iodoisoxazol-3-yl)pyridine2 with a variety organo-
metallic substances.

In summary, an application using iodoacetylene1 has been
demonstrated. Iodoacetylene1 was used as a dipolarphile
in the [2 + 3] cyclization for a direct approach to 2-(5-
iodoisoxazol-3-yl)pyridine2. Previously, iodoacetylene1 had
not been utilized as an organic reagent and was prepared in
low yield. We have studied the stability of iodoacetylene1
and found that it is stable in a THF solution under normal
conditions. A more efficient procedure for the preparation
of iodoacetylene1 was developed using either ethynylmag-
nesium bromide6 or tributyl(ethynyl)tin5 in a reaction with
iodine. Subsequently, 2-(5-iodoisoxazol-3-yl)pyridine2 was
demonstrated to be a versatile intermediate for the preparation
of a variety 5-substituted isoxazole derivatives3. The Pd-
catalyzed coupling reactions provide an easy entry to a series
of structurally diverse 5-substituted isoxazoles.

Acknowledgment. We would like to thank Rodger Henry
for obtaining the X-ray structure for compound2 and
Zhenkun Ma and Ly Phan of the discovery team for their
assistance. Finally, we would like to thank Herman Surjono
and Zhenglong Xiao of the Hazard’s Lab for the DSC and
ARC studies.

Supporting Information Available: The X-ray structure
data for2, as well as experimental procedures and charac-
terization data for3a, 3b, 3c, and 3d. This material is
available free of charge via the Internet at http://pubs.acs.org.

OL0168162

(14) (a) Sonogashira, K.In Metal-Catalyzed Cross-Coupling Reactions;
Diederich, F., Stang, P. J., Eds.; Wiley-VCH: New York, 1998; Chapter
5. (b) Brandsma, L.; Vasilevsky, S. F.; Verkruijsse, H. D.Application of
Transition Metal Catalysts in Organic Synthesis; Springer-Verlag: Berlin,
1998; Chapter 10. (c) Rossi, R.; Carpita, A.; Bellina, F.Org. Prep. Proc.
Int. 1995,27, 127-160. (d) Sonogashira, K. In ComprehensiVe Organic
Synthesis; Trost, B. M., Ed.; Pergamon: New York, 1991; Vol. 3, Chapter
2.4.

(15) 1H NMR and13C NMR and MS date are included in the Supporting
Information.

(16) For reviews, see: (a) Miyaura, N.; Suzuki, A.Chem. ReV.1995,
95, 2457-2483. (b) Suzuki, A.J. Organomet. Chem.1999, 576, 147-
168. (c) Miyaura, N. In AdVances in Metal-Organic Chemistry; Liebeskind,
L. S., Ed.; JAI: London, 1998; Vol. 6, pp 187-243. (d) Suzuki, A. In
Metal-Catalyzed Cross-Coupling Reactions; Diederich, F., Stang, P. J., Eds.;
Wiley-VCH: New York, 1998; Chapter 2. (e) Stanforth, S. P.Tetrahedron
1998,54, 263-303.

(17) (a) Batori, S.; Doepp, D.; Messmer, A.Tetrahedron1994, 50, 4699.
(b) Belgodere, E.; Bossio, R.; Sio, F. D.; Marcaccini, S.; Pepino, R.
Heterocycles1983,20, 501.

(18) (a) Negishi, E.; King, A. O.; Okukado, N.J. Org. Chem.1977,42,
1821. (b) Stanforth, S. P.Tetrahedron1998, 54, 263. (c) Miller, J. A.;
Farrell, R. P.Tetrahedron Lett.1998,39, 6441.

(19) (a) Stille, J. K.Angew. Chem., Int. Ed. Engl.1986, 25, 508. (b)
Stille, J. K.Pure Appl. Chem.1985,57, 1771.

Scheme 4

Scheme 5

Org. Lett., Vol. 3, No. 26, 2001 4187


