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A one-pot synthesis of 3-substituted 5-chloromethylisoxazoles from available starting aldoximes and 2,3-dichloro-1-propene, serving
both as a solvent and reagent, is proposed. Excess 2,3-dichloro-1-propene is recovered after the reaction. The synthesis is effective for

oximes of both aromatic and aliphatic aldehydes.
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The isoxazole ring is a constituent of the structures of
many medications and is a well-known carrier of
pharmacophore properties.' In this regard, new methods for
the preparation and functionalization of isoxazoles are
currently being actively developed.” One of the convenient
ways of introducing an isoxazole fragment into organic
molecules is the reaction of halomethylisoxazoles with O-,’
N-,* S-nucleophiles,” including peptides.*® Thus, halo-
methylisoxazoles are in demand as building blocks for the
synthesis of isoxazole derivatives, and the development of
new methods for their preparation is still relevant.

The existing methods for obtaining 5-(chloromethyl)-
isoxazoles are based on the reaction of hydroxylamine with
o,B-unsaturated y-chloro ketones containing a chlorine
atom’ or isothiocyanate fragment® at the double bond as a
leaving group (Scheme 1, @). The method is effective in the
synthesis of 3-alkyl-5-(chloromethyl)isoxazoles (75-85%
yields) and somewhat less effective in the case of 3-aryl-
substituted derivatives (60-73% yields). The starting
v-chloro ketones are obtained from acid chlorides and
2,3-dichloro-1-propene’ or propargyl chloride."

Another approach to the synthesis of 5-(halomethyl)-
isoxazoles involves the cycloaddition of nitrile oxides to
propargyl halides or propargyl alcohol''* (Scheme 1, b, ¢).
In this case, the reactions are accompanied by the
formation of furoxans as byproducts and resinification,
prevention of which mandates careful selection of the
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conditions or the use of catalysts based on Cu(I)'* or

Ce(111)'* salts.

Alternatively,  5-(chloromethyl)isoxazoles can be
prepared by cycloaddition of nitrile oxides to 2,3-dichloro-
I-propene (DCP), which can be considered the synthetic
equivalent of propargyl chloride, followed by dehydro-
chlorination of the intermediate isoxazoline. The
implementation of this approach would avoid the
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disadvantages inherent in the reactions of nitrile oxides
with acetylenes. On the other hand, DCP is a cheap
commercially  available  reagent obtained from
organochlorine chemicals production waste streams.'
However, to date, only two examples of the use of DCP in
the synthesis of 5-(chloromethyl)isoxazoles are presented
in the literature. Thus, its reaction with bromonitrile oxide'
obtained in situ and stable 2,6-dichlorophenyl nitrile
oxide'> with the yields of the desired 5-(chloromethyl)-
isoxazoles of 81 and 65%, respectively, is described.

Thus, the aim of this work was to develop a simple
convenient method for the synthesis of 5-(chloromethyl)-
isoxazoles from DCP and aldoximes, to determine the
scope and limitations of the method and the characteristics
of the process.

Isolation of individual nitrile oxides or their precursors,
N-hydroxyimidoyl chlorides, presents a certain problem
due to the chemical instability of these compounds. For
instance, the time for complete dimerization of lower alkyl
nitrile oxides into furoxans at 18°C is less than 1 min."® To
optimize the process of obtaining the desired isoxazoles,
we synthesized N-hydroxyimidoyl chlorides and then
nitrile oxides from them sequentially in one pot without
isolation of intermediates.

To carry out the transformations, we proposed the use of
DCP as the solvent in the chlorination of oximes 1a—1 with
N-chlorosuccinimide (NCS) and as a reactant in the
subsequent 1,3-dipolar cycloaddition reaction (Scheme 2).
The synthesis of N-hydroxyimidoyl chlorides 2a-1 in a
DCP solution was carried out similarly to the known
methods for the chlorination of aldoximes in CH,Cl, or
CHCl; in the presence of catalytic amounts of pyridine."”
Under the selected conditions, we did not observe any
adverse reactions of chlorination of DCP or the addition of
NCS at the C=C double bond of DCP. Chlorination of
aliphatic aldoximes was, as a rule, faster than aromatic
aldoximes and complete in 3—4 h. The progress of the
reaction was monitored by TLC.

Upon subsequent addition of 2 equiv of the base, a
cascade of transformations took place, as shown in Scheme 2.
In the first step, chloro oximes 2a-1 are dehydrochlorinated
to nitrile oxides 3a-1, which react with DCP to form
isoxazolines 4a—1. The action of the second equivalent of
the base brings about aromatization of isoxazolines 4a—1 to
isoxazoles Sa-l. After the reactions, the excess DCP is
distilled off under reduced pressure and can be reused.

We used Et;N (method I) or an aqueous solution of
NaOH (method II) as the base. The yields of the target

Table 1. Yields of isoxazoles 5a,b,d,1
depending on the nature of the base, %

Compound
Base
5a 5b 5d 51
Et;N (method I) 62 86 87 57
NaOH (method II) 8 52 77 64

isoxazoles 5d,l slightly depend on the nature of the base
(Table 1). At the same time, the replacement of the organic
base with an alkali leads to a significant decrease in the
yields of 3-alkylisoxazoles 5a,b, probably due to side
reactions involving the active methylene group of nitrile
oxide or hydrolysis of chloro oxime 2.

In a dedicated experiment, we determined that DCP is
not subjected to dehydrochlorination to propargyl chloride
by the action of Et;N or an aqueous solution of NaOH
under the reaction conditions. Consequently, nitrile oxides
formed in situ enter the cycloaddition reaction precisely
with DCP.

Considering the high propensity of nitrile oxides to
dimerize into furoxans, the generation of nitrile oxides 3a—1
in a DCP solution, that is, under conditions of multiple
molar excess of the reactant, favorably affects the
conversion of nitrile oxides 3 to isoxazoles 5. Thus, under
optimal conditions, we did not observe the formation of
furoxans, unlike existing literature methods for the
synthesis of nitrile oxides in organic solvents.

It should be noted that the cycloaddition of nitrile oxides
to DCP occurs regioselectively with the formation of only
one regioisomer, in this case, 5-(chloromethyl)isoxazoles.
The observed fact is consistent with the general reactivity
of nitrile oxides with terminal alkenes.'®

Using the example of isoxazoles 5g.k, we compared the
efficacy of methods for the synthesis of heterocycles 5a-1
from various precursors: oximes 1 (method I) and chloro
oximes 2 (method II). In the synthesis of 3-(4-chloro-
phenyl)isoxazole 5g, both methods gave similar results (81
and 84% yields when using methods I and III,
respectively). However, the yield of isoxazole Sk from the
preliminarily obtained chloro oxime 2k (method III) was
significantly higher compared to the yield obtained with
method I (45% versus 23%). This is obviously due to the
low efficiency of obtaining chloro oxime 2k in DCP
solution as compared with CHCI;.

Unfortunately, we were not able to extend this synthesis
method to the oximes of furfural and thiophene-2-carbox-
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aldehyde. The -chlorination of furan-2-carboxaldehyde
oxime by NCS in a DCP medium occurs mainly at position
5 of the ring accompanied by extensive resinification and
then extremely slowly at the aldoxime group. A similar
problem was observed during a reaction in a CH,Cl,
solution.'” Similar chlorination of thiophene-2-carbox-
aldehyde oxime in DCP by 2 equiv of NCS, after addition
of the base, results in a difficult to separate mixture of
3-(thiophen-2-yl)- and 3-(5-chlorothiophen-2-yl)-5-(chloro-
methyl)isoxazoles and unidentified impurities.

The structure of the obtained compounds Sa-1 was
proved by NMR spectroscopy and GCMS, while the
composition was confirmed by elemental analysis. The
'H NMR spectra contain the characteristic singlet signals of
the CH,Cl group protons at 4.56—4.70 ppm and of the 4-CH
proton of the isoxazole ring at 6.14-6.16 ppm (for
3-alkylisoxazoles Sa—c¢) and 6.45-6.78 ppm (for 3-aryl-
isoxazoles). In the ’C NMR spectra, the signals of C-4
carbon atoms of the isoxazole ring of compounds Sb,h-1
are observed at 101-105 ppm, while the signals of C-3,5
atoms are evident in the 160-168 ppm region. 'H NMR
spectra of the known isoxazoles Sa,c—g correspond to the
published data.’*¢

To conclude, we developed in this work a one-pot
method for the synthesis of 3-substituted 5-(chloromethyl)-
isoxazoles from the simple and available starting
compounds, aldoximes and 2,3-dichloro-1-propene.

Experimental

IR spectra were registered on a Varian 3100 FT-IR
spectrometer with the sample in thin film. '"H and *C NMR
spectra were acquired on a Bruker DPX-400 (400 and
100 MHz, respectively) in CDCl;, with TMS as internal
standard. Mass spectra were recorded on a Shimadzu
GCMS-QP5050A mass spectrometer (EI ionization, 70 eV).
Elemental analysis was performed on a Thermo Finnigan
Flash series 1112 Elemental analyzer. Silica gel (215—
400 mesh) was used for column chromatography.

Et;N and 2,3-dichloro-1-propene were dried before use.
Oxime la was commercially available, oximes 1b-1,%
chloro oximes 2g”° and 2k'" were synthesized according to
literature methods.

Synthesis of compounds Sa-1 (General procedure).
Method 1. A drop of pyridine and then NCS (294 mg,
2.2 mmol) with stirring were added to a suspension of
oxime 1 (2 mmol) in DCP (5 ml). Dissolution of the NCS
took place, followed by precipitation of succinimide. The
mixture was stirred at room temperature for 30 min, then
heated to 40°C for 3-24 h (TLC control). A solution of
Et;N (455 mg, 4.5 mmol) in DCP (1 ml) was added with
vigorous stirring to the mixture at room temperature.
Heating of the mixture and precipitation occurred. The
reaction mixture was stirred for 1 h, DCP was distilled off
under reduced pressure, and the target compound was
isolated by flash chromatography on silica gel, eluent
CH2C12 or CHC13, Rf 0.6-0.8.

Method II. Benzyltriethylammonium chloride (22 mg,
0.1 mmol) was added to a solution of in situ prepared
chloro oxime 2 in DCP (method I), then a solution of

NaOH (200 mg) in H,O (3 ml) was added with vigorous
stirring. The reaction mixture was stirred for 2 h, H,O
(20 ml) and CH,Cl, (25 ml) were added, the organic phase
was separated, dried over MgSO,, and the solvents were
distilled off under reduced pressure. In order to recover
DCP, the distilled solvent mixture was fractionated. An
analytically pure sample was obtained by flash
chromatography (the same as in method I).

Method III. Chloro oxime 2 (2 mmol) prepared by a
published procedure was dissolved in DCP (5 ml). A
solution of Et;N (455 mg, 4.5 mmol) in DCP (1 ml) was
added with vigorous stirring to the mixture at room tempe-
rature. Heating of the mixture and precipitation occurred. The
reaction mixture was stirred for 1 h, DCP was distilled off
under reduced pressure, and the target compound was
isolated by flash chromatography (the same as in method I).

5-(Chloromethyl)-3-methylisoxazole (5a). A drop of
pyridine was added and then a solution of acetaldoxime
(237 mg, 4 mmol) in DCP (2 ml) was added dropwise to a
suspension of NCS (560 mg, 4.2 mmol) in DCP (5 ml). A
slight heating, dissolution, and precipitation were observed.
After 3 h, a solution of Et;N (910 mg, 9 mmol) in DCP
(2 ml) was added with vigorous stirring, resulting in
heating and formation of a large volume of precipitate.
Stirring was continued at room temperature for 1 h, the
reaction mixture was diluted with pentane (20 ml), the
precipitate was filtered off, and the filtrate was evaporated.
The residue was purified by flash chromatography on silica
gel, eluent CH,Cl,. Yield 327 mg (62%, method 1), 42 mg
(8%, method II), colorless oil. "H NMR spectrum, 5, ppm:
2.27 (3H, s, CH3); 4.55 (2H, s, CH,Cl); 6.14 (1H, s, H-4).
BC NMR spectrum, o, ppm: 11.4; 34.5; 104.4; 160.1;
167.2. Analytical data match those published previously.*®

5-(Chloromethyl)-3-heptylisoxazole (5b). Yield 370 mg
(86%, method I), 228 mg (52%, method II), colorless oil.
IR spectrum, v, cm ' 734 (C-Cl), 1005, 1139, 1271, 1427,
1460, 1608 (C=C, C=N), 2858 (CH Alk), 2927 (CH Alk),
3131 (CH Het). '"H NMR spectrum, 8, ppm (J, Hz): 0.86—
0.89 (3H, m, CH3); 1.28-1.33 (8H, m, 4CH,); 1.62-1.69
(2H, m, CH,); 2.65 (2H, t,J="7.7, CH,); 4.58 (2H, s, CH,Cl);
6.16 (1H, s, H-4). BC NMR spectrum, , ppm: 14.1; 22.6;
26.0; 28.2; 29.0; 29.2; 31.7; 34.6; 103.4; 164.4; 167.1. Mass
spectrum, m/z (I, %): 215 [M]" (1), 186 [M—C,H;s]" (6),
172 [M—C;H7]" (9), 166 [M—CH,CI]" (28), 144 [M—CsH,,]"
(35), 131 [M—C¢Hy,]" (100), 96 (19), 41 (56). Found: %:
C 61.17; H 8.71; N 6.72. C;;HsCINO. Calculated, %:
C 61.25; H 8.41; N 6.49.

5-Chloromethyl-3-(cyclohexyl)isoxazole (5¢).° Yield
343 mg (86%, method I), colorless oil. 'H NMR spectrum,
S, ppm: 1.25-1.46 (SH, m, CH,); 1.72-1.98 (5H, m, CH,);
2.69-2.75 (1H, m, CH); 4.56 (2H, s, CH,Cl); 6.14 (1H, s,
H-4).

5-(Chloromethyl)-3-phenylisoxazole (5d). Yield 337 mg
(87%, method I), 298 mg (77%, method II), white powder,
mp 68-69 °C (mp 69-70 °C', 63-65 °C°. 'H NMR
spectrum, §, ppm: 4.67 (2H, s, CH,Cl); 6.65 (1H, s, H-4);
7.47-7.49 (3H, m, H Ph); 7.80-7.83 (2H, m, H Ph).

5-(Chloromethyl)-3-(4-methoxyphenyl)isoxazole (Se).
Yield 349 mg (78%, method I), white powder, mp 78—79°C
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(mp 75-77°C%). '"H NMR spectrum, 8, ppm (J, Hz): 3.87
(3H, s, OCHjy); 4.65 (2H, s, CH,Cl); 6.59 (1H, s, H-4); 6.97—
7.00 2H, d, /=8.0,H Ar); 7.75 (2H, d, J= 8.0, H Ar).
5-(Chloromethyl)-3-(4-fluorophenyl)isoxazole (5f). Yield
322 mg (76%, method I), white powder, mp 63—64°C
(mp 62-63°C%). "H NMR spectrum, &, ppm: 4.66 (2H, s,
CH,Cl); 6.61 (1H, s, H-4); 7.13-7.18 (2H, m, H Ar); 7.77—
7.81 (2H, m, H Ar).
5-(Chloromethyl)-3-(4-chlorophenyl)isoxazole (5g). Yield
370 mg (81%, method 1), 383 mg (84%, method III), white
powder, mp 104°C (mp 105°C'*, 96-98°C®%). 'H NMR
spectrum, J, ppm (J, Hz): 4.67 (2H, s, CH,Cl); 6.62 (1H, s,
H-4); 745 (2H, d, J = 8.0, H Ar); 7.74 (2H, d, J = 8.0,
H Ar).
5-(Chloromethyl)-3-(2-chlorophenyl)isoxazole (5h).
Eluent Et,0O-hexane, 1:5. Yield 339 mg (74%, method 1),
colorless oil. IR spectrum, v, cm ' 737 (C-Cl), 945, 1048,
1265, 1401, 1447, 1605 (C=C, C=N), 2966-3063 (CH Ar),
3141 (CH Het). 'H NMR spectrum, &, ppm: 4.69 (2H, s,
CH,Cl); 6.81 (1H, s, H-4); 7.34-7.42 (2H, m, H Ar); 7.48—
7.51 (1H, m, H Ar); 7.73-7.75 (1H, m, H Ar). °C NMR
spectrum, 6, ppm: 34.5 (CH,Cl); 105.2; 127.3; 128.0;
130.6; 131.1; 131.2; 133.0; 161.4; 167.3. Mass spectrum,
mlz (I, %): 229 [M]" (14), 227 [M]" (21), 192 [M-CI]"
(6), 178 [M—CH,CI]" (100), 150 (30), 75 (29). Found, %:
C 52.78; H 3.07; N 5.99. C,,H,CLLbNO. Calculated, %:
C 52.66; H3.09; N 6.14.
5-(Chloromethyl)-3-(4-nitrophenyl)isoxazole (5i). Before
the addition of NCS, DMF (0.3 ml) was added to the
reaction mixture for homogenization. Eluent EtOAc—
hexane, 1:3. Yield 248 mg (52%, method I), white powder,
mp 120-122 °C (mp 204-206 °C'®). IR spectrum, v, cm ':
698, 731 (C-Cl), 855, 945, 1344 (NO,), 1432, 1512 (NOy),
1600 (C=C, C=N), 3034 (CH Ar), 3082 (CH Ar), 3124
(CH Het). "H NMR spectrum, 3, ppm (J, Hz): 4.70 (2H, s,
CH,Cl); 6.73 (1H, s, H-4); 7.99 (2H, d, J= 8.0, H Ar); 8.33
(2H, d, J = 8.0, H Ar). *C NMR spectrum, &, ppm: 34.4
(CH,CI); 102.0; 124.3 (2C); 127.8 (2C); 134.7; 148.9;
161.0; 169.3. Found, %: C 50.38; H 2.92; N 11.64.
C10H,CIN,0;. Calculated, %: C 50.33; H 2.96; N 11.74.
5-(Chloromethyl)-3-(2-nitrophenyl)isoxazole (5j).
Yield 320 mg (73%, method 1), yellow oil. IR spectrum,
v, cm': 743 (C—Cl), 948, 1354 (NO,), 1405, 1531 (NO,),
1606 (C=C, C=N), 2924, 3136 (CH Het). 'H NMR
spectrum, o, ppm (J, Hz): 4.66 (2H, s, CH,Cl); 6.45 (1H, s,
H-4); 7.61-7.72 (3H, m, H Ar); 7.99 (1H, d, J = 8.0, H Ar).
C NMR spectrum, 8, ppm: 34.4 (CH,Cl); 104.2; 124.0;
124.8; 131.0; 131.8; 133.2; 148.6; 160.3; 168.0. Mass
spectrum, m/z (I, %): 238 [M]" (1), 203 [M—CI1]" (2), 159
(4), 132 (100), 121 (13), 102 (25), 76 (35), 69 (50). Found,
%: C 50.32; H3.27; N 11.92. C(H,CIN,O;. Calculated, %:
C50.33; H2.96; N 11.74.
2-[5-(Chloromethyl)isoxazol-3-yl]phenol (5k). Yield
96 mg (23%, method I), 190 mg (45%, method III), light-
yellow powder, mp 59-60°C. IR spectrum, v, cm ': 736
(C-C), 827, 961, 1166, 1243, 1286, 1405, 1462, 1582,
1616, 3032 (CH Ar), 3130 (CH Het), 3216 (OH). 'H NMR
spectrum, o, ppm (J, Hz): 4.67 (2H, s, CH,Cl); 6.72 (1H, s,
H-4); 6.94 (1H, t, J = 8.0, HAr); 7.06 (1H, d, J = 8.0,

H Ar); 7.34 (1H, t, J = 8.0, HAr); 7.43-7.45 (1H, m,
H Ar); 9.22 (1H, s, OH). °C NMR spectrum, 3, ppm: 34.2
(CH,CI); 101.5; 112.8; 117.6; 119.9; 128.0; 132.0; 156.6;
162.7; 167.2. Mass spectrum, m/z (I, %): 211 [M]" (18),
209 [M]" (55), 174 [M—CI]" (18), 160 [M—CH,CI]" (100),
132 (45), 104 (26), 91 (21), 77 (32). Found, %: C 57.16;
H 3.87; N 6.40. C;,HgCINO,. Calculated, %: C 57.30;
H 3.85; N 6.68.

5-(Chloromethyl)-3-((E)-2-phenylethenyl)isoxazole (5I).
Yield 245 mg (57%, method 1), 279 mg (64%, method II),
white powder, mp 77-78°C. IR spectrum, v, cm: 696,
731, 809, 967, 1288, 1438, 1605 (C=C, C=N), 1644, 3037
(CH Ph), 3123 (CH Het). '"H NMR spectrum, 3, ppm
(/, Hz): 4.63 (2H, s, CH,Cl); 6.57 (1H, s, H-4); 7.12 (1H, d,
J=16.5, CH); 7.19 (H, d,J = 16.5, CH); 7.34-7.43 (3H, m,
H Ph); 7.52-7.55 (2H, m, H Ph). °C NMR spectrum,
o, ppm: 34.5 (CH,Cl); 100.9; 115.6; 127.1 (2C); 128.9
(2C); 129.1; 135.6; 136.5; 162.0; 167.4. Mass spectrum,
miz (L, %): 221 [M]" (10), 220 [M-H]" (27), 219 [M]"
(30), 218 [M—-H]" (65), 190 (59), 170 [M—CH,CI] (41), 142
(76), 128 (25), 115 (71), 103 (55), 77 (100). Found, %:
C 65.40; H 4.43; N 6.29. C;H(CINO. Calculated, %:
C 65.61; H4.59; N 6.38.

Supplementary information file containing IR, 'H and
BC NMR spectra of the synthesized compounds is
available at the journal website at http://link.springer.com/
journal/10593.

Spectral and analytical data were obtained using the
equipment of the Baikal Analytical Center for Collective
Use of Irkutsk Institute of Chemistry of the Siberian Branch
of the Russian Academy of Sciences.

References

1. (a) Zimecki, M.; Bachor, U.; Maczynski, M. Molecules 2018,
23, 2724. (b) Barmade, M. A.; Murumkar, P. R.; Sharma, M. K.;
Yadav, M. R. Curr. Top. Med. Chem. 2016, 26, 2863.
(c) Chikkula, K. V.; Raja, S. Int. J. Pharm. Pharm. Sci. 2017,
9, 13. (d) Kumar, K. A.; Jayaroopa, P. Int. J. Pharm., Chem.
Biol. Sci. 2013, 3, 294. (e) Drach, S. V.; Litvinovskaya, R. P.;
Khripach, V. A. Chem. Heterocycl. Compd. 2000, 36, 233.
[Khim. Geterotsikl. Soedin. 2000, 291.]

2. (a) Morita, T.; Yugandar, S.; Fuse, S.; Nakamura, H.
Tetrahedron Lett. 2018, 59, 1159. (b) Galenko, A. V.;
Khlebnikov, A. F.; Novikov, M. S.; Pakalnis, V. V.
Rostovskii, N. V. Russ. Chem. Rev. 2015, 84, 335. [Usp.
Khim. 2015, 84, 335.] (¢) Pinho e Melo, T. M. V. D. Curr.
Org. Chem. 2005, 9, 925. (d) Bondarenko, O. B.; Garaev, Z. B.;
Komarov, A. I.; Kuznetsova, L. I.; Guturova, S. V.
Skvortsov, D. A.; Zyk, N. V. Mendeleev Commun. 2019, 29,
419.

3. (a) Mirzaei, Y. R.; Tabrizi, S. B.; Edjlali, L. Acta Chim. Slov.
2008, 55, 554. (b) Gadzhily, R. A.; Potkin, V. L.; Aliev, A. G.;
Gadzhieva, L. Ya.; Petkevich, S. K.; Dikusar, E. A. Russ. J.
Org. Chem. 2011, 47, 1531. [Zh. Org. Khim. 2011, 47, 1504.]

4. (a) da Rosa, R.; Zimmermann, L. A.; de Moraes, M. H.;
Schneider, N. F. Z.; Schappo, A. D.; Simdes, C. M. O.;
Steindel, M.; Schenkel, E. P.; Bernardes, L. S. C. Bioorg.
Med. Chem. Lett. 2018, 28, 3381. (b) Leivers, M.; Miller, J. F.;
Chan, S. A.; Lauchli, R.; Liehr, S.; Mo, W.; Ton, T,

1231



10.
11.

Chemistry of Heterocyclic Compounds 2019, 55(12), 1228-1232

Turner, E. M.; Youngman, M.; Falls, J. G.; Long, S.; Mathis, A.;
Walker, J. J. Med. Chem. 2014, 57, 1964.

(a) Pavliuk, O. V.; Holovatiuk, V. M.; Bezugly, Yu. V.;
Kashkovsky, V. I. Dopov. Nac. akad. nauk Ukr. 2015, 3, 127
(DOI:  10.15407/dopovidi2015.03.127). (b) Yu, G. I;
Iwamoto, S.; Robins, L. I.; Fettinger, J. C.; Sparks, T. C.;
Lorsbach, B. A.; Kurth, M. J. J. Agric. Food Chem. 2009, 57,
7422. (c) Shen, L.; Zhang, Y.; Wang, A.; Sieber-McMaster, E.;
Chen, X.; Pelton, P.; Xu, J. Z.; Yang, M.; Zhu, P.; Zhou, L.;
Reuman, M.; Hu, Z.; Russell, R.; Gibbs, A. C.; Ross, H.,
Demarest, K.; Murray, W. V.; Kuo, G.-H. Bioorg. Med.
Chem. 2008, 16, 3321. (d) Sekirnik, A. R.; Hewings, D. S.;
Theodoulou, N. H.; Jursins, L.; Lewendon, K. R.; Jennings, L. E.;
Rooney, T. P. C.; Heightman, T. D.; Conway, S. J. Angew.
Chem., Int. Ed. 2016, 55, 8353.

Chen, H.-L.; Wei, D.; Zhang, J.-W.; Li, C.-L.; Yu, W.; Han, B.
Org. Lett. 2018, 20, 2906.

(a) Ibragimov, 1. I.; Godzhaev, S. P.; Kost, A. N. Chem.
Heterocycl. Compd. 1977, 13, 1033. [Khim. Geterotsikl.
Soedin. 1977, 1278.] (b) Aliev, A. G. Azerb. Khim. Zh. 2005,
3, 161.

(a) Gadzhily, R. A.; Aliev, A. A. Russ. J. Org. Chem. 2002,
38, 415. [Zh. Org. Khim. 2002, 38, 436.] (b) Gadzhili, R. A,
Aliev, A. A.; Nasibov, Sh. S. Azerb. Khim. Zh. 1999, 3, 25.

(a) Ibragimov, 1. I.; Mamedov, E. L; Aliev, A. G.; Mekhtieva, T. S.;
Mekhtieva, Sh. Z.; Guseinov, S. A.; Abdullacva, T. I
Zh. Org. Khim. 1990, 26, 1654. (b) Gadzhily, R.A;
Nadzhafova, R. A.; Abdullaeva, L. Ya. Azerb. Khim. Zh.
2000, 3, 15.

Kulinkovich, O. G.; Sorokin, V. L. Synthesis 1994, 361.

(a) Kano, H.; Adachi, I.; Kido, R.; Hirose, K. J. Med. Chem.
1967, 10, 411. (b) Sen, H. G.; Seth, D.; Joshi, U. N,

12.

13.

14

18.

19.

20.

1232

Rajagopalan, P. J. Med. Chem. 1966, 9, 431. (c) Lee, G. A.
Synthesis 1982, 508. (d) Sammelson, R. E.; Ma, T,;
Galietta, L. J. V.; Verkman, A. S.; Kurth, M. J. Bioorg. Med.
Chem. Lett. 2003, 13, 2509. (e) Molteni, G.; Del Buttero, P.
Tetrahedron 2011, 67, 7343.

(a) Khalifeh, R.; Shahriarpour, F.; Sharghi, H.; Aberi, M.
J. Iran. Chem. Soc. 2018, 15, 813. (b) Salgado-Zamora, H.;
Teram, R.; Campos-Aldrete, M. E.; Jiménez, R., Jr;
Cervantes, H. Rev. Mex. Cienc. Farm. 2008, 39, 20.

(a) Trofimova, K. S.; Dronov, V. G.; Shaglacva, N. S.;
Sultangareev, R. G. Russ. J. Appl. Chem. 2008, 81, 730. [Zh. Priki.
Khim. 2008, 81, 693.] (b) Kitamura, T. Jpn. Kokai Tokkyo
Koho JP 63 05037; Chem. Abstr. 1988, 109, 73005j.

. Pevarello, P.; Varasi, M. Synth. Commun. 1992, 22, 1939.
15.
16.

Micetich, R. G. Can. J. Chem. 1970, 48, 3753.

Khmel'nitskii, L. 1.; Novikov, S. S.; Godovikova, T. 1. Furoxan
Chemistry: Structure and Synthesis [in Russian]; Belen'kii, L. 1.,
Ed.; Moscow: Nauka, 1996, p. 149.

. (a) Dubrovskiy, A. V.; Larock, R. C. Org. Lett. 2010, 12,

1180. (b) Stevens, J. L.; Welton, T. D.; Deville, J. P.; Behar, V.
Tetrahedron Lett. 2003, 44, 8901. (c) Hylse, O.; Maier, L.;
Kucera, R.; Perecko, T.; Svobodova, A.; Kubala, L.; Paruch, K.;
Svenda, J. Angew. Chem., Int. Ed. 2017, 56, 12586. (d) Bode, J. W.;
Hachisu, Y.; Matsuura, T.; Suzuki, K. Org. Lett. 2003, 5, 391.
Nitrile Oxides, Nitrones, and Nitronates in Organic Synthesis.
Novel Strategies in Synthesis; Feuer, H., Ed.; A John Wiley &
Sons, Inc., 2007, p. 22.

Kanemasa, S.; Matsuda, H.; Kamimura, A.; Kakinami, T.
Tetrahedron 2000, 56, 1057.

Ismail, T.; Shafi, S.; Singh, P. P.; Qazi, N. A.; Sawant, S. D.;
Ali, 1.; Khan, I. A.; Kumar, H. M. S.; Qazi, G. N.; Alam, M. S.
Indian J. Chem., Sect. B 2008, 47B(5), 740.



	Keywords: 2,3-dichloro-1-propene, isoxazoles, nitrile oxides, oximes, aromatization, 1,3-dipolar cycloaddition, one-pot synthesis
	Experimental
	References

