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Abstract—The convenient synthesis of ten halo- and an isoxazole-containing acetylenes from the reaction of acetylenes with n-butyl
lithium and subsequent reaction with an electrophile agent (ethyl trichloroacetate, ethyl dichloroacetate, trifluoroacetic anhydride,
3-methylisoxazol-5-carbonyl chloride, carbon tetrachloride and 1,1,1-trifluoro-4-ethoxy-3-buten-2-one) in moderated to good yields
is reported. The application of 1,1,1-trichloro-4-phenyl-3-butyn-2-one on the synthesis of two azoles is also showed.
� 2004 Elsevier Ltd. All rights reserved.
Recently, a variety of important biological activities of
acetylenic compounds have been published. For exam-
ple, Efavirenz exhibits nonnucleoside HIV-1 reverse
transcriptase inhibition and acetylenic heterocycles are
used as muscarinic M1 agonists for the treatment of
Alzheimer’s disease.1;2 Acetylenic derivatives are also
useful precursor in synthetic organic chemistry,3;4 in
special, for the preparation of 1,2,3-triazoles from the
1,3-dipolar cycloaddition with organic and inorganic
azides.5

One of the most efficient methods for the preparation of
acylacetylenes is the direct acylation of metal-acetyl-
enides. The literature reports the reaction of activated
acylating reagents such as acid chlorides or anhydrides
with various types ofmetal-acetylenides such as lithium-,6

magnesium-,7 copper-,8 cadmium-,9 silicium-,10 silver-11

and tin-acetylenides12 that have been used to obtain the
corresponding acylacetylenes.

In recent years, we have developed a general synthesis of
a large number of 1,1,1-trihalo-4-methoxy-alken-2-
ones,13;14 important halogen-containing building blocks,
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and demonstrated their usefulness in heterocyclic prep-
arations, for example, isoxazoles,13;15;16 pyrazoles,14b;17

pyrazolium chlorides,18 pyrrolidinones,19 pyrimidines,20

pyridines,21 thiazines22 and diazepines.23

In continuation of our research program to develop new
halo-heterocyclic precursors, we are reporting the
methodology to synthesize a series of halo- and isoxa-
zole-containing acetylenes. Thus, the aim of this work is
to report the synthesis of acetylenes 2–8 from the reac-
tion of acetylene 1 with n-butyl lithium and subsequent
reaction with an electrophile, often in the presence of
boron trifluoride etherate (Scheme 1).

Ziegler et al.24 demonstrated the preparation of a series
of halo alkynes, where the compound 7a was prepared
by shaking the alkyne with a large excess of sodium
hydroxide and chlorine. Zweifel et al.3 proposed the
preparation of the same compound from the reaction of
the alkyne in n-butyl lithium in the presence of n-chlo-
rosuccinimide. In a recent paper, Andrew and Mellor25

reported the synthesis of a novel series of acetylenes,
including the 6-phenyl-1,1,1-trifluoro-3-hexen-5-yne-2-
one (8a) in low yield (37%), using Grignard and organo-
lithium reagents. So far, phenyl acetylenes 2–6 have not
been reported. In this work, phenyl acetylenes were
obtained in moderate to good yields.

The synthesis of compounds 2–4, 8 were carried
out from the reaction of lithium acetylenide with the
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Scheme 1. Reagents and conditions: (i) (1) n-BuLi, THF, 30min,

)78 �C; (2) Cl3CC(O)OEt, 2 equiv BF3 ÆOEt, rt, 2 h. (ii) (1) n-BuLi,

THF, 30min, )78 �C; (2) Cl2CHC(O)OEt, 2 equiv BF3ÆOEt, rt, 2 h. (iii)

(1) n-BuLi, THF, 30min, )78 �C; (2) (F3CCO)2O, 3 equiv BF3ÆOEt, rt,

1.5 h (iv) (1) n-BuLi, THF, 30min, )78 �C; (2) isoxazol-5-carbonyl

chloride, rt, 45min. (v) (1) n-BuLi, THF, 30min, )78 �C; (2) CCl4
(excess), )78 �C to rt, 45min. (vi) (1) n-BuLi (excess), THF, 30min,

)78 �C; (2) CCl4, rt, 1 h. (vii) (1) n-BuLi, THF, 30min, )78 �C; (2)
CF3C(O)CH@CHOEt, 2 equiv BF3ÆOEt, rt, 2 h.
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Scheme 3. Reagents and conditions: (i) NH2OHÆHCl, pyridine,

methanol, reflux, 12 h. (ii) NH2NHPh, benzene, rt, 4 h.
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corresponding electrophile agent, in the presence of
2 equiv of boron trifluoride diethyl etherate. The use of
2 equiv of boron trifluoride diethyl etherate was required
to improve the product yields. In the synthesis of com-
pounds 5–7 the use of Lewis acid was not necessary.

The preparation of compounds 6 and 7 from the same
reagents with modification in the reaction conditions was
unexpected. To obtain 7a a solution of carbon tetra-
chloride in THF was added to an excess of lithium
acetylenide (molar ratio of 3:5) at )78 �C, whereas, in the
synthesis of 6a–c, a solution of lithium acetylenide in
THF was added to an excess of carbon tetrachloride
(molar ratio of 1:3) at )78 �C. The preparation of 7 is in
accordance with analogous results obtained by Zweifel
et al.3 and Ziegler et al.24 that reacted acetylenides with
electrophilic chlorine compounds to obtain chloroalky-
nes. On the other hand, the reaction mechanism for
preparation of 6 remains unclear. A possible explanation
is that the product 6 was obtained from compound 7 due
to the attack of the trichloromethyl anion on 7 and
subsequent elimination of a chlorine anion (Scheme 2).

Considering the importance of isoxazoles and pyrazoles
as biological active compounds,26–28 Linderman and
Lonicar29 prepared trifluoromethyl functionalized acetyl-
enes with the objective to obtain a series of perfluoro-
alkyl substituted azoles. However, the synthetic route
used by these authors for the synthesis of isoxazoles,
from the reaction of trifluoromethyl acetylenes with
hydroxylamine, furnished a mixture of oxime and isoxa-
zoline. Also, the reaction of acetylenes with hydrazine in
acetonitrile at room temperature, lead to a mixture of
pyrazole and pyrazoline.29

In this work, 2a was used to show the synthetic potential
of this compound towards reactions with hydroxylamine
and phenyl hydrazine (Scheme 3). From a similar pro-
cedure reported by Linderman et al.,29 in this work only
4,5-dihydroisozazole (9) and the pyrazole (10), respec-
tively, were obtained, instead of the mixture of products.
The physical and spectral data of compounds 9, 10
obtained are in accordance with the literature.15c;17b;30

Unless otherwise indicated, all common reagents and
solvents were used as obtained from commercial sup-
plies without further purifications. 1,1,1-Trifluoro-4-
ethoxy-3-buten-2-one was synthesized using the meth-
odology developed in our laboratory.13a The melting
points were taken on a melting point microscope Reic-
hert Thermovar and are uncorrected. 1H and 13C NMR
spectra were recorded on a Bruker DPX 400 (1H at
400.13MHz and 13C at 100.62MHz) in 5mm sample
tubes at 298K (digital resolution ±0.01 ppm) in CDCl3/
TMS solutions.
1. Synthesis of 1,1,1-trichloro-4-phenyl-3-butyn-2-one 2a

1.1. Typical procedure

To a stirred solution of phenyl acetylene (0.204 g,
2mmol) in dry THF (10mL) was added dropwise 1.6M
solution of n-butyl lithium in hexane (1.5mL) at )78 �C
and under nitrogen. After stirring for 30min, was added
to the mixture a solution of ethyl trichloroacetate



M. A. P. Martins et al. / Tetrahedron Letters 45 (2004) 4935–4938 4937
(0.28mL, 2mmol) and trifluoride diethyl etherate
(0.5mL) in dry THF (5mL). The reaction was allowed
to warm to room temperature and the resulting mixture
was stirred at room temperature for 2 h. After this time,
a saturated solution of NH4Cl (10mL) was added and
the organic layer was extracted with dichloromethane
(3 · 15mL). The organic phase was dried (Na2SO4) and
the solvent was evaporated. The residue was purified by
column chromatography on silica gel 230–400mesh,
hexane/ethyl acetate (10:1). Selected physical and spec-
tral data of compounds 2–8 are presented in Ref. 31.
2. Synthesis of 1,1,1-trichloro-3-phenyl-2-propyne 6a

To a stirred solution of phenyl acetylene (0.510 g,
5mmol) in dry THF (10mL) was added dropwise 1.6M
solution of n-butyl lithium in hexane (5mmol, 3.12mL)
at )78 �C and under nitrogen. After stirring for 30min,
the phenyl acetylenide obtained was added to the carbon
tetrachloride (15mmol, 1.43mL) at )78 �C. The reac-
tion was allowed to warm to room temperature and the
resulting mixture was stirred at room temperature for
45min. The isolation of the product was similar to that
used in the synthesis of 2a. Selected physical and spec-
tral data of compound 6a are presented in Ref. 31.
3. Synthesis of 1-chloro-2-phenylethyne 7a

To a stirred solution of phenyl acetylene (0.510 g,
5mmol) in dry THF (10mL) was added dropwise 1.6M
solution of n-butyl lithium in hexane (5mmol, 3.12mL)
at )78 �C and under nitrogen. After stirring for 30min,
a solution of carbon tetrachloride (3mmol, 0.28mL) in
dry THF (5mL) at )78 �C, was added. The reaction was
allowed to warm to room temperature and the resulting
mixture was stirred at room temperature for 1 h. The
isolation of the product was similar to that used in the
synthesis of 2a. Selected physical and spectral data of
compound 7a are presented in Ref. 31.
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(38), 51 (29);
1H NMR (CDCl3, 400MHz) d 7.66–7.27 (5H, m, Ph);
13C NMR (CDCl3, 100MHz) d 132.9, 128.5, 128.3, 122.0
(Ph), 69.3 (C2), 67.3 (C1).
Compound 8a, C12H7F3O (M. wt 224.18); oil; CG-MS (EI
70 eV) m=z (%): 224 (Mþ, 100), 155 (72), 102 (54), 77 (71),
51 (70);
1H NMR (CDCl3, 400MHz) d 7.54–7.28 (m, 5H, Ph), 7.24
(d, 1H, H4, 3JH–H ¼ 16Hz), 6.83 (d, 1H, H3,
3JH–H ¼ 16Hz);
13C NMR (CDCl3, 100MHz) d 179.4 (C2, q,
2JC–F ¼ 35Hz), 132.8 (C3), 132.4–121.1 (Ph), 121.4 (C4),
115.5 (C1, q, 1JC–F ¼ 289Hz), 104.8 (C5), 87.1 (C6).
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