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ABSTRACT: An efficient new synthesis of 3,5-bis(het)arylisoxazoles,
involving the reaction of 1,3-bis(het)arylmonothio-1,3-diketones with sodium
azide in the presence of IBX catalyst, has been reported. The reaction
proceeds at room temperature in high yields and is applicable to a broad
range of substrates including the synthesis of 5-methyl-3-arylisoxazoles, a key
subunit present in several β-lactamase-resistant antibiotics. A probable
mechanism for the formation of isoxazoles has been suggested. A few of the
5-styryl/arylbutadienyl-3-(het)arylisoxazoles have also been synthesized by
reacting the corresponding 1-(het)aryl-1-(methylthio)-4-(het)arylidene-but-
1-en-3-ones with sodium azide at higher temperatures. The reaction of β-ketodithioesters with sodium azide is shown to furnish β-
ketonitriles in good yields.

■ INTRODUCTION

The isoxazole motif is a privileged heterocyclic scaffold present
in a plethora of natural products (ibotenic acid, muscimol,
isoxazole-4-carboxylic acid) and synthetic compounds,1,2

displaying a broad range of biological and pharmacological
activities,3 thus emerging as a key structure in drug discovery,
agrochemicals, as well as in material science. The isoxazole
framework constitutes the core structure of many marketed
drugs such as valdecoxib/parecoxib (COX2 inhibitor, antiin-
flammatory), sulfamethoxazole (antibacterial), leflunomide
(antirheumatic), isocarboxazid (antidepressant), antibiotics
oxacillin, cloxacillin, flucoxacillin, and micafungin (antifungal)
(Figure 1).3,4 Isoxazole derivatives also serve as versatile
building blocks in organic synthesis,3e,5 as they can be
converted into several useful functionalities such as β-
hydroxyketones, β-hydroxynitriles, γ-aminoalcohols, and α,β-
unsaturated oximes. Therefore, given the relevance of these
class of compounds in organic and medicinal chemistry, the
development of new synthetic methods for substituted
isoxazoles from readily accessible, starting materials under
mild conditions is an important and useful endeavor.
Although numerous methods have been reported for the

synthesis of isoxazoles,1,2,3e [3 + 2] dipolar cycloaddition of
nitrile oxides with alkynes is probably the most direct route to
access these heterocycles.3c,6 However, the nitrile oxides
themselves are typically prepared, sometimes from unstable
hydroximinoyl chloride, oximes, or by dehydration of nitro-
alkanes under frequently harsh conditions.1a,b Besides, the
uncatalyzed thermal cycloaddition of nitrile oxides with alkynes
is neither chemo- nor regioselective, and as a consequence,
leads to the formation of multiple products. Regioselectivity in

these [3 + 2] cycloaddition reactions has been achieved using
copper7a−c or ruthenium catalysts.7d There also exist few
metal-free protocols for the synthesis of isoxazoles involving
the use of hypervalent iodine reagents for in situ generation of
nitrile oxides from oximes.8 Another typical general approach
for these heterocycles involves cyclocondensation of hydroxyl-
amine with β-diketones or their equivalents, three carbon 1,3-
electrophilic units3e,9 bearing sp or sp2 carbons such as
propargyl ketones, α,β-unsaturated ketones, enaminones, β-
chloro/alkylthioenones, α,β-unsaturated nitriles, or α-oxokete-
nedithioacetals, which also suffer from regioselectivity
problems, yielding sometimes regioisomeric mixtures of
isoxazoles. In recent years, halonium-ion-mediated or tran-
sition-metal-catalyzed, electrophilic cycloisomerization of
several acetylenic hydroxylamine derivatives such as 2-alkyn-
1-one-O-alkyloximes10 or O-propargylic-N-tosyl/alkylhydroxyl-
amine derivatives11 to substituted isoxazoles has also been
reported.
However, all these useful synthesis of isoxazoles originate

from starting materials with a pre-existing N−O bond, such as
nitrile oxides, hydroxylamine, oximes, and their derivatives. On
the other hand, an alternative synthetic protocol involving
direct intramolecular construction of the N−O bond provides
an attractive approach for the synthesis of isoxazoles. There are
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few previous reports for the synthesis of 2,1-benzoisoxazoles
via intramolecular N−O bond formation involving either
hypervalent-iodine-mediated12a,b/transition-metal-catalyzed in-
tramolecular oxidative cyclization of o-aminocarbonyl com-
pounds12c or thermal decomposition of o-azidocarbonyl
compounds.12d However, examples of such approaches for
the construction of isoxazole ring are only few in the literature
and less explored (Scheme 1). Among them, photochemical or
thermal isomerization of 2H-acylazirines is an old example,13a,b

whereas recently these transformations have also been
achieved by some metal catalysts such as Grubb’s ruthe-
nium−carbene complex13c or rhodium acetate dimer
(Rh2(OAc)4) (Scheme 1a).13d Interestingly, these acylazirines
themselves have been obtained previously via photochemical
isomerization of appropriate isoxazoles in the presence of light
of particular wavelengths.13b Recently, Zhao and co-workers
have reported a one-pot procedure for substituted isoxazoles
involving PhI(OAc)2-mediated oxidation of enaminone to
acylazirines and their in situ isomerization to trisubstituted
isoxazoles mediated by Fe(II) chloride (Scheme 1b).13a On
the other hand, Auricchio and co-workers have demonstrated
previously the FeCl2 catalyzed isomerization of isoxazoles to
2H-azirines or enaminones (Scheme 1b) and have shown that,
in the presence of this catalyst, both the isoxazoles and azirines
exist in equilibrium.14a,b Therefore, these methods cannot be
considered useful for a general synthesis of substituted
isoxazoles via intramolecular N−O bond formation. A few of
the 5-anilino-4-acylisoxazoles have also been reported to be
formed by oxidative N−O bond formation of β-amino-

acrylamide in the presence of iodosobenzene, with only
limited examples.14c Recently, Reddy and co-workers have
reported the synthesis of 3,5-substituted isoxazoles via
denitrogenative cyclization of substituted alkynones with
trimethylsilyl azide in a specific solvent, that is, trichloro-
ethylene (Scheme 1c).15a Although the authors have shown a
broad substrate scope for this cyclization reaction, considering
the cost and hazardousness of trimethylsilyl azide, as well as
the use of carcinogenic solvent and not so easily accessible
alkynones, development of an alternative new method for
isoxazole synthesis via intramolecular N−O bond formation
employing cheaper reagents and readily available starting
materials will be much more attractive and desirable.15b,c

During the course of our ongoing research program directed
toward design and development of new synthetic routes for
five- and six-membered heterocycles from various organosulfur
building blocks, we have recently reported the synthesis and
application of unsymmetrically substituted 1,3-bis(het)-
arylmonothio-1,3-diketones of the general structure 2, a new
class of versatile organosulfur synthons, which are readily
available in good yields by base-mediated condensation of
active methylene ketones with (het)aryldithioesters 1 (Table
2).16a These 1,3-monothiodiketones 2 can be considered as
1,3-diketone surrogates, displaying significant different reac-
tivity and electronic properties of carbonyl and thiocarbonyl
groups. By employing these monothiodiketones, we have
previously developed efficient regioselective synthesis of 1-aryl-
3,5-bis(het)arylpyrazoles,16a substituted thiophenes/push−pull
thiophene acrylates,16b trisubstituted imidazoles,16c and
substituted benzo[b]thiophenes by transition-metal-catalyzed
coupling-cyclization with o-bromoiodoarenes.16d We had also
described previously a regioselective synthesis of 3,5-bis(het)-
arylisoxazoles by cyclocondensation of 1,3-monothiodiketones
as three carbon 1,3-biselectrophilic components with hydroxyl-
amine under controlled reaction conditions (Scheme 2a).3e In
continuation of these studies, we further envisaged to explore
synthetic applications and reactivity of these intermediates, and
we now report an alternate novel high-yield regioselective
synthesis of 3,5-disubstituted isoxazoles by reaction of 1,3-
monothiodiketones with sodium azide in the presence of a
catalytic amount of IBX (Scheme 2b). The key feature of this
new isoxazole synthesis is that it involves an intramolecular
ring closure via formation of the N−O bond and proceeds
under mild conditions at room temperature, employing easily
accessible reagents and starting materials.

■ RESULTS AND DISCUSSION
The desired 1,3-bis(het)arylmonothio-1,3-diketones 2a−v
were synthesized in good yields according to our earlier
reported procedure16a by reacting the respective active
methylene ketones with appropriate (het)aryldithioesters 1 in
the presence of sodium hydride (Table 2). We selected 1,3-
monothiodiketone 2a as the model substrate for examining its
reaction with sodium azide (or trimethylsilyl azide) under a
variety of reaction conditions (Table 1). Thus, when 2a was
reacted with sodium azide (2 equiv) in DMF as solvent for 24
h at room temperature, no reaction was observed (entry 1).
However, when the reaction mixture was heated at 90 °C for
12 h, the work-up of the reaction mixture furnished a product
(58%) (entry 2), which was characterized as 3-(4-methox-
yphenyl)-5-phenylisoxazole 3a on the basis of comparison of
its spectral and analytical data with that of the reported one.3e

A dramatic improvement in the yield of 3a was observed when

Figure 1. Examples of bioactive isoxazoles.
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2a was reacted with sodium azide in the presence of IBX (20
mol %) for 2 h at room temperature (entry 3). Reducing the
catalytic loading to 10 mol % did not affect the yield of 3a
(entry 4). Use of DMP (Dess−Martin periodinane) or CuI as
catalyst, instead of IBX, under identical conditions also
furnished isoxazole 3a however, in decreased yields (entries
5−7). Similarly, DMF was found to be the best solvent and
reduced yields of 3a were obtained in other solvents such as
THF, CH3CN, or DMSO (entries 8−10), or when 1 equiv of
sodium azide was employed (entry 11). Interestingly, 2a was
found to be completely inert toward trimethylsilyl azide even at
higher temperatures or in the presence of catalysts such as
Ag2CO3, AgNO3, IBX, and CuI, or in solvents such as DMF,
DMSO, or even trichloroethylene,15a yielding only the starting
material or an intractable reaction mixture (Table 1, entries
12−19). We therefore selected reaction of 2a with 2 equiv of
sodium azide in DMF in the presence of 10 mol % of IBX at
room temperature for 2 h as the standard reaction conditions
for our further studies (Table 1, entry 4).

Having established the optimized reaction conditions for the
conversion of 1,3-monothiodiketone 2a to isoxazole 3a (Table
1, entry 4), we next examined the substrate scope of this new
reaction for direct synthesis of isoxazoles from various 1,3-
monothiodiketones 2 bearing different substituents (Table 2).
Thus 1,3-monothiodiketones 2b−f bearing either electron-
donating or -withdrawing substituents on the phenyl rings
attached to thiocarbonyl or carbonyl moieties reacted
smoothly with sodium azide under identical conditions in
the presence of the IBX catalyst, affording the corresponding
isoxazoles 3b−f in excellent yields (Table 2, entries 2−6). The
presence of an ortho substituent on the aryl ring, attached to
either carbonyl (2f) or thiocarbonyl group (2g), also did not
affect the yields of product isoxazoles 3f−g (entries 6−7). The
isoxazole 3g bearing the (4-methoxybenzyloxyphenyl) group at
the 3-position could be transformed into 3-(2-hydroxyphenyl)-
isoxazole 3g′ on treatment with trifluoroacetic acid (Table 2,
entry 7).
Versatility of the reaction was further evident by synthesis of

various (het)aryl-substituted isoxazoles (entries 7−17). Thus,

Scheme 1. Synthesis of Isoxazoles via Intramolecular N−O Bond Formation
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by appropriate choice of (het)aryl groups in the starting 1,3-
monothiodiketones 2, it was possible to introduce various five-
or six-membered heterocyclic substituents such as 2-thienyl-
(entries 8−11), 2-furyl-(entry 11), 2-(N-methylpyrrolyl-)
(entry 12), (2-thiazolyl-) (entry 13), 3-(N-methylindolyl-)
(entries 14−15), and 3- or 4-pyridyl groups (entries 7, 15−17)
at either 3- or 5-positions of isoxazoles 3h−q in a highly
regioselective fashion in excellent yields (Table 2, entries 7−
17). Entry 10 shows the introduction of a sterically crowded t-
butyl group in the isoxazole ring. The structures and
regiochemistry of all these new isoxazoles 3b−q were
confirmed by their spectral and analytical data and also by
X-ray crystallographic data of isoxazole 3l (Supporting
Information, Figure S1).
We also synthesized few 5-methyl-3-(het)arylisoxazoles

(3r−t) (entries 18−20) as this outstanding subunit is present
in many marketed drugs, such as valdecoxib and parecoxib,
oxacillin, cloxacillin, and flucloxacillin, a group of β-lactamase-
resistant antibiotics, which are widely used clinically to treat
infections caused by penicillin-resistant Staphylococcus aureus
(Figure 1).4b Thus, the 5-methyl-3-(het)arylisoxazoles 3r−t
were synthesized in high yields from the respective 1-methyl-3-
(het)aryl monothiodiketones 2r−t under optimized reaction
conditions (Table 2, entries 18−20). We also reacted
thioketones 2u derived from butyrophenone and cyclic
thioketone 2v obtained from α-tetralone with sodium azide
under optimized reaction conditions with a view to synthesize
trisubstituted isoxazole 3u and bicyclic isoxazole 3v (Table 2,
entries 21−22). However, these reactions failed to furnish the

desired isoxazoles 3u−v, yielding either a starting material or a
complex reaction mixture even at higher temperature, which is
probably due to steric crowding in the starting monothio-1,3-
diketones 2u−v (Scheme 6). We also carried out gram-scale
synthesis by reacting 2a and sodium azide under optimized
conditions, affording isoxazole 3a in 85% yield (Scheme S1 in
the Supporting Information).
To further extend the scope of this novel isoxazole synthesis,

we undertook the preparation of 3-(het)aryl-5-enylisoxazoles
8a−d by employing a similar strategy (Scheme 4). However,
attempted synthesis of 1-(styryl)-3-(4-methoxyphenyl)-
monothio-1,3-diketone 5a by reacting benzylideneacetone 4
with dithioesters 2a in the presence of sodium hydride under
standard reaction conditions was not successful and only a
complex mixture of products was formed (Scheme 3).
We therefore intended to synthesize the desired isoxazoles 8

via an alternate route by the reaction of the corresponding 1-
(het)aryl-1-(methylthio)-4-(het)arylidene-but-1-en-3-ones 7
with sodium azide (Schemes 3 and 4).The desired β-
(methylthio) enones 7a−d were obtained in good yields by
Aldol condensation of various aldehydes with 1-(het)aryl-1-
(methylthio)-but-1-en-3-ones 6a−b (obtained by in situ S-
methylation of 1,3-monothiodiketones 1s or 1t with methyl
iodide) in the presence of sodium hydroxide (Scheme 3).
We next examined the reaction of 7a with sodium azide

under various reaction conditions, with a view to synthesizing
5-styrylisoxazole 8a (Table 3). Thus, 7a remained unchanged
when reacted with sodium azide in DMF at rt either in the
absence or in the presence of IBX (entries 1−2); however, at

Scheme 2. Synthesis of Substituted Isoxazoles from 1,3-Monothio-β-diketones
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100 °C, 8a was obtained in improved yield under relatively
drastic conditions on prolonged heating (entry 3). The best
yield of 8a was obtained when the reaction was conducted at a
higher temperature in DMSO instead of DMF for 12 h (Table
3, entry 4), while the reaction in the presence of IBX afforded
only lower yields of 8a under identical conditions (entry 5).
Following these optimal conditions (entry 4), the other

substituted 3-(het)aryl-5-styryl (8b-c) and 5-(4-phenylbuta-
1,3-dien-1-yl)isoxazole 8d were obtained in good yields
(Scheme 4). The inertness of 1-(methylthio)-1-(het)aryl-4-
(het)arylidene-but-1-en-3-ones 7 toward conjugate addition
with sodium azide at room temperature requiring higher
temperature appears to be probably due the steric hindrance
created by the presence of two substituents at the 1-position of
the enone moiety in 7.
With the successful synthesis of 1,3-disubstituted isoxazoles

3 from 1,3-monothiodiketones 2, we further became interested
in exploring the reaction of other thiocarbonyl compounds
such as β-ketodithioesters 9 with sodium azide under various
reaction conditions (Scheme 5). Thus, when 9a was reacted
with sodium azide in DMF either at room temperature or at a
higher temperature (or in the presence of IBX), the expected
3-(methylthio)-5-(4-methoxyphenyl)isoxazole 10 could not be
isolated from the reaction mixture. The only product isolated
in varying yields was identified as (4-methoxybenzoyl)-
acetonitrile 11a (Scheme 5). The best yield of 11a (80%)
was obtained when 9a was reacted with 2 equiv of sodium
azide in DMF at 90 °C for 3 h (Scheme 5).

The other substituted β-oxodithioesters 9b−e also furnished
the corresponding β-ketoacetonitriles 11b−e in high yields
(Scheme 5). It should be noted that Wang and co-workers
have recently reported the formation of β-ketonitriles during
reaction of β-ketodithioesters with hydroxylamine in EtOH at
room temperature in daylight.17

Mechanism. A plausible mechanism for the formation of
isoxazoles 3 from 1,3-monothiodiketones 2 and sodium azide
is depicted in Scheme 6. Thus, nucleophilic attack of the
thiocarbonyl group on IBX results in the formation of
intermediate A, which undergoes conjugate addition−elimi-
nation with sodium azide furnishing β-azidoenone intermedi-
ate C. Subsequent intramolecular electrocyclization of
intermediate C, with concurrent N−O bond formation and
extrusion of nitrogen, provides isoxazoles 3 in high yields. An
alternative mechanism involving acylazirine intermediate E is
ruled out as acylazirines are reported to yield isoxazoles either
under drastic thermal or photolytic conditions or in the
presence various transition-metal catalysts.13,14 The failure of
sterically congested monothio-1,3-diketone 2u and cyclic
ketone 2v to furnish trisubstituted isoxazoles 3u−v (Table 2,
entries 21−22) suggests that N−O bond formation occurs
through a planar reactive intermediate such as C by
electrocyclization and the presence of substituents (R1) at
the 2-position in intermediate C′ causes a destabilizing
interaction during planarization (Scheme 6). The probable
mechanism for the regeneration of the IBX catalyst in the
absence of any oxidizing agent18 is not very clear; however, it
seems that the thiolated IBX intermediate D formed during the
reaction appears to lose thiolate anions, regenerating back the
IBX catalyst.
The probable mechanism for the formation of β-ketonitriles

11 from the reaction of sodium azide with β-ketodithioesters 9
is depicted in Scheme 7. Thus, nucleophilic addition of azide
anion on the thiocarbonyl group of a dithioester affords
intermediate D, which, on sequential extrusion of the
methylthio group and nitrogen via intermediates D−E, affords
thiazirine intermediate F, which, on subsequent extrusion of
sulfur, yields β-ketonitriles 11 in high yields. Unlike the
reaction of β-ketodithioesters with hydroxylamine in the
presence of daylight to give β-ketonitriles,17 the present
reaction proceeds even under the dark.

■ CONCLUSIONS

In summary, we have developed a highly efficient, novel
synthetic approach for substituted isoxazoles involving IBX-
catalyzed reaction of sodium azide with 1,3-bis(het)-
arylmonothiol-1,3-diketones under very mild conditions. The
methodology is applicable to a broad range of substrates and is
also appropriate for the synthesis of 5-methyl-3-arylisoxazoles,
a key subunit present in several β-lactamase-resistant anti-
biotics. Unlike previously known widely applicable synthetic
approaches for isoxazoles, the present synthesis provides a new
set of disconnection involving tandem intermolecular C−N
and intramolecular N−O bond formation. The examples of
such kind of synthetic sequences for isoxazole synthesis are
very few in literature (Scheme 1). The ready availability of
starting materials, namely, 1,3-monothiodiketones, mild
reaction conditions, operational simplicity, and good yields
of the product isoxazoles along with high regioselectivity, must
make the present methodology more useful and particularly
attractive in organic synthesis. We believe that this kind of

Table 1. Optimization of the Reaction Conditions for the
Reaction of 2a with Azidesa

entry azide
catalyst
(mol %) solvent

temp
(°C)

time
(h)

yield
(%)b

1 NaN3 DMF rt 24
2 NaN3 DMF 90 12 58
3c NaN3 IBX DMF rt 2 90
4d NaN3 IBX DMF rt 2 89
5c NaN3 DMP DMF rt 5 75
6c NaN3 CuI DMF rt 6 70
7c NaN3 CuI DMF rt 12 65
8 NaN3 IBX THF rt 10 48
9 NaN3 IBX CH3CN rt 6 70
10 NaN3 IBX DMSO rt 6 73
11 NaN3 IBX DMF rt 10 60
12 TMSN3 DMF rt 24 f

13 TMSN3 DMF 100 12 g

14 TMSN3 DMSO 100 12 g

15 TMSN3 Ag2CO3 DMSO rt 12 f

16 TMSN3 AgNO3 DMSO rt 12 f

17 TMSN3 C2HCl3 rt 12 f

18 TMSN3 IBX DMF rt 12 f

19 TMSN3 CuI DMF rt 24 f

aStandard conditions: 2a (1.0 mmol), NaN3 or TMSN3 (2.0 equiv),
solvent (5 mL), catalyst (10 or 20 mol %). bIsolated yield. c20 mol %
catalyst. d10 mol % catalyst. e1 equiv of NaN3.

fStarting material.
gIntractable reaction mixture.
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approach could find application in future for designing
synthesis of other new heterocycles.

■ EXPERIMENTAL SECTION
General Information. All the reagents were purchased from

commercial suppliers and used without further purification. Solvents

were dried according to the standard procedures. All the reactions
were monitored by thin layer chromatography (TLC) using standard
TLC silica gel plates and visualized with UV light. Column
chromatography was performed using Merck silica gel (100−200
mesh). Nuclear magnetic resonance spectra were recorded on Bruker
(400 MHz) ultra shield plus and Jeol (600 MHz) ECZ 600R FT-
NMR spectrometer with CDCl3, DMSO-d6 as solvent. Chemical shifts

Table 2. Substrate Scope of Isoxazole Synthesis

aYields of isolated products. bObtained by heating 3g with TFA at 60 °C for 2 h.
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were reported in δ (ppm) using residual solvent protons as the
internal standard (δ 7.26 for CDCl3 and δ 2.50 for DMSO-d6, in

1H
NMR, δ 77.16 for CDCl3, and δ 39.52 for DMSO-d6 in

13C NMR
spectra). Coupling constants were reported as J values in hertz (Hz).
Splitting patterns are designated as s (singlet), d (doublet), t (triplet),
q (quartet), dd (doublet of doublet), dt (doublet of triplet), td (triplet
of doublet), m (multiplet), and br (broad). Infrared spectra of neat
samples were recorded in attenuated total reflectance mode using an
FT-IR instrument (Agilent Technologies), and HRMS spectra on a
6538 UYHD accurate mass Q-TOF LC/MS spectrometer through
electro spray ionization (ESI) mode. Melting points were recorded
using an electro thermal capillary melting point apparatus and are
uncorrected.
All the 1,3-bis(het)arylmonothiodiketones 2a−v were prepared by

base-induced condensation of various active methylene ketones with
appropriate dithioesters 1 according to our earlier reported
procedure.16a The known 1,3-bis(het)arylmonothiodiketones 2a, 2r,
2v were characterized by comparison of their spectral and analytical
data with the reported one,16a,19 whereas the spectral and analytical

Scheme 3. Synthesis of 1-(Methylthio)-1-(het)aryl-4-(het)arylidene-but-1-en-3-ones 7a−d

Scheme 4. Synthesis of 3-(Het)aryl-5-styryl/
(Arylbutadienyl)isoxazoles 8a−d

Scheme 5. Synthesis of β-Ketonitriles by Reaction of β-
Oxodithioesters with NaN3

Table 3. Optimization of Reaction Conditions for the
Synthesis of 8a from 7a

entry catalyst solvent temp (°C) time (h) product yield (%)a

1 DMF RT 24 8a
2b IBX DMF RT 15 8a
3 DMF 100 12 8a 60
4 DMSO 100 12 8a 80
5b IBX DMSO 100 12 8a 68

aYield of isolated product. bIBX (10 mol %).
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data of unknown 1,3-monothiodiketones 2b−q and 2s−u are given
below. All the known β-ketodithioesters 9a−d and the unknown 9e
were prepared according to an earlier reported procedure.20 The
spectral and analytical data of 9e are given below.
3-(Benzo[d][1,3]dioxol-5-yl)-1-phenyl-3-thioxopropan-1-

one (2b). Red solid (237 mg, 79%); mp 65−67 °C; Rf 0.53 (1:9
EtOAc/hexane); IR (neat, cm−1): 3525, 3010, 2912, 1703, 1253,
1050; 1H NMR (400 MHz, CDCl3): δ 15.93 (br, 1H), 7.99 (d, J = 7.6
Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.51−7.46 (m, 3H), 7.43 (d, J = 2.0
Hz, 1H), 7.39 (s, 1H), 6.84 (d, J = 8.0 Hz, 1H), 6.04 (s, 2H); 13C{H}
NMR (100 MHz, CDCl3): δ 205.9, 178.1, 150.7, 148.1, 140.2, 135.5,
132.5, 128.8, 127.1, 121.9, 109.1, 107.9, 107.7, 101.9; HRMS (ESI)
m/z: calcd for C16H13O3S [M + H]+, 285.0585; found, 285.0589.
1-(3-Bromophenyl)-3-(4-(piperidin-1-yl)phenyl)-3-thioxo-

propan-1-one (2c). Red solid (220 mg, 76%); mp 102−104 °C; Rf
0.34 (1:9 EtOAc/hexane); IR (neat, cm−1): 3584, 3101, 2941, 1721,
1465, 685; 1H NMR (400 MHz, CDCl3): δ 16.23 (br, 1H), 8.09 (t, J
= 1.8 Hz 1H), 7.94 (d, J = 9.2 Hz, 2H), 7.88 (d, J = 7.6 Hz, 1H), 7.64
(d, J = 8.0 Hz, 1H), 7.36−7.32 (m, 2H), 6.84 (d, J = 9.2 Hz, 2H),
3.38 (s, 4H), 1.68 (s, 6H); 13C{H} NMR (100 MHz, CDCl3): δ
206.4, 175.8, 153.4, 138.2, 134.5, 134.3, 130.3, 129.7, 129.4, 125.3,

122.9, 113.2, 106.6, 48.6, 25.4, 24.4; HRMS (ESI) m/z: calcd for
C20H21BrNOS [M + H]+, 402.0527 and [M + H + 2]+, 404.0527;
found, 402.0502 and 404.0484.

1-(3,4-Dimethoxyphenyl)-3-(4-fluorophenyl)-3-thioxopro-
pan-1-one (2d). Red solid (210 mg, 80%); mp 112−114 °C; Rf 0.46
(1:9 EtOAc/hexane); IR (neat, cm−1): 3555, 2927, 2309, 1703, 1257,
1020; 1H NMR (400 MHz, CDCl3): δ 15.48 (br, 1H), 7.82 (dd, J =
8.2, 5.4 Hz, 2H), 7.64 (dd, J = 8.4, 2.4 Hz, 1H), 7.55 (d, J = 2.0 Hz,
1H), 7.38 (s, 1H), 7.11 (t, J = 8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 1H),
3.99 (s, 6H); 13C{H} NMR (100 MHz, CDCl3): δ 199.9, 179.6,
165.8, 163.3, 153.3, 149.3, 141.8, 141.7, 129.0, 128.9, 128.1, 121.4,
115.6, 115.3, 110.8, 109.9, 109.8, 56.14, 56.11; HRMS (ESI) m/z:
calcd for C17H16FO3S [M + H]+, 319.0804; found, 319.0800.

3-Thioxo-1- (4- ( t r ifluoromethyl )phenyl ) -3- (3 ,4 ,5-
trimethoxyphenyl)propan-1-one (2e). Red solid (230 mg, 86%);
mp 109−111 °C; Rf 0.45 (1:9 EtOAc/hexane); IR (neat, cm−1):
3300, 3109, 2845, 1750, 1012, 1054; 1H NMR (400 MHz, CDCl3): δ
15.34 (br, 1H), 8.08 (d, J = 8.4 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H),
7.37 (s, 1H), 7.07 (s, 2H), 3.95 (s, 6H), 3.93 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3): δ 205.8, 176.9, 153.0, 141.6, 140.9, 139.1, 133.9,
133.6, 127.4, 125.93, 125.89, 125.86, 125.83, 124.9, 122.3, 110.1,
104.7, 61.0, 56.4; HRMS (ESI) m/z: calcd for C19H18F3O4S [M +
H]+, 399.0872; found, 399.0857.

1-(2-Methoxyphenyl)-3-(4-methoxyphenyl)-3-thioxopro-
pan-1-one (2f). Red liquid (200 mg, 75%); Rf 0.52 (1:9 EtOAc/
hexane); IR (neat, cm−1): 3655, 2947, 2509, 1733, 1558, 1227; 1H
NMR (600 MHz, CDCl3): δ 16.02 (br, 1H), 7.93 (dd, J = 7.8, 1.8 Hz,
1H), 7.89 (dd, J = 6.9, 2.1 Hz, 2H), 7.75 (s, 1H), 7.47 (td, J = 8.7, 1.8
Hz, 1H), 7.07 (t, J = 7.5 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 6.92 (dd, J
= 6.6, 2.4 Hz, 2H), 3.93 (s, 3H), 3.85 (s, 3H); 13C{H} NMR (150
MHz, CDCl3): δ 204.9, 177.3, 162.6, 158.2, 138.5, 133.2, 130.5,
129.1, 125.1, 121.1, 114.3, 113.8, 112.0, 56.0, 55.6; HRMS (ESI) m/z:
calcd for C17H16KO3S [M + K]+, 339.0452; found, 339.0449.

3-(2-((4-Methoxybenzyl)oxy)phenyl)-1-(pyridin-4-yl)-3-thio-
xopropan-1-one (2g). Red solid (224 mg, 78%); mp 101−103 °C;
Rf 0.38 (3:7 EtOAc/hexane); IR (neat, cm−1): 3150, 3109, 2945,

Scheme 6. Plausible Mechanism for the Formation of Isoxazole 3 from 2 and NaN3

Scheme 7. Plausible Mechanism for the Formation of β-
Ketonitriles 11 from β-Oxodithioester 9
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1740, 1675, 1213; 1H NMR (400 MHz, CDCl3): δ 13.92 (br, 1H),
8.63 (d, J = 6.0 Hz, 2H), 7.67 (dd, J = 7.8, 1.8 Hz, 1H), 7.51 (s, 1H),
7.45−7.40 (m, 3H), 7.32 (d, J = 8.8 Hz, 2H), 7.08−7.03 (m, 2H),
6.81 (d, J = 8.8 Hz, 2H), 5.06 (s, 2H), 3.76 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3): δ 201.4, 176.1, 159.7, 154.1, 150.5, 143.4, 135.2,
132.2, 131.3, 129.5, 128.1, 121.3, 120.4, 114.6, 114.0, 113.1, 70.7,
55.3; HRMS (ESI) m/z: calcd for C22H20NO3S [M + H]+, 378.1158;
found, 378.1148.
1-(4-Chlorophenyl)-3-(thiophen-2-yl)-3-thioxopropan-1-

one (2h). Orange solid (215 mg, 69%); mp 112−114 °C; Rf 0.52
(1:9 EtOAc/hexane); IR (neat, cm−1): 3650, 3111, 2952, 1737, 1081,
704; 1H NMR (400 MHz, CDCl3): δ 16.02 (br, 1H), 7.89 (d, J = 6.4
Hz, 2H), 7.78 (d, J = 4.0 Hz, 1H), 7.65 (d, J = 5.2 Hz, 1H) 7.46 (d, J
= 8.8 Hz, 2H), 7.38 (s, 1H), 7.15 (t, J = 4.4, Hz, 1H); 13C{H} NMR
(100 MHz, CDCl3): δ 200.7, 174.6, 152.3, 138.7, 134.4, 133.4, 129.2,
128.8, 128.2, 127.7, 106.4; HRMS (ESI) m/z: calcd for C13H10ClOS2
[M + H]+, 280.9856; found, 280.9841.
1-(Pyren-1-yl)-3-(thiophen-2-yl)-3-thioxopropan-1-one (2i).

Yellow solid (234 mg, 78%); mp 98−99 °C; Rf 0.56 (2:8 EtOAc/
hexane); IR (neat, cm−1): 3650, 3100, 2885, 1790, 1650, 1049; 1H
NMR (600 MHz, CDCl3): δ 16.34 (br, 1H), 8.71 (d, J = 9.0 Hz, 1H),
8.28−8.16 (m, 6H), 8.09−8.05 (m, 2H), 7.76 (dd, J = 4.2, 1.2 Hz,
1H), 7.65 (dd, J = 5.4, 1.2 Hz, 1H), 7.42 (s, 1H), 7.14 (t, J = 5.4 Hz,
1H); 13C{H} NMR (150 MHz, CDCl3): δ 199.6, 179.5, 152.5, 134.6,
133.5, 131.3, 130.7, 130.6, 129.5, 129.1, 128.9, 127.9, 127.3, 127.2,
126.6, 126.4, 126.3, 126.2, 125.1, 124.8, 124.6, 124.5, 112.7; HRMS
(ESI) m/z: calcd for C23H15OS2 [M + H]+, 371.0564; found,
371.0534.
4,4-Dimethyl-1-(thiophen-2-yl)-1-thioxopentan-3-one (2j).

Yellow liquid (256 mg, 81%); Rf 0.46 (1:9 EtOAc/hexane); IR
(neat, cm−1): 3715, 3109, 2905, 1699, 1060, 1453; 1H NMR (400
MHz, CDCl3): δ 15.78 (br, 1H), 7.69 (dd, J = 4.0, 1.2 Hz, 1H), 7.59
(dd, J = 5.0, 1.4 Hz, 1H), 7.11 (dd, J = 5.0, 3.8 Hz, 1H), 6.93 (s, 1H),
1.29 (s, 9H); 13C{H} NMR (100 MHz, CDCl3): δ 199.1, 192.9,
152.0, 133.6, 128.5, 127.4, 105.8, 38.9, 27.7; HRMS (ESI) m/z: calcd
for C11H14OS2 [M + H]+, 227.0559; found, 227.0540.
1-(Furan-2-yl)-3-(thiophen-2-yl)-3-thioxopropan-1-one (2k).

Red solid (243 mg, 80%); mp 97−98 °C; Rf 0.41 (1:9 EtOAc/
hexane); IR (neat, cm−1): 3720, 3201, 2885, 1730, 1200, 1050; 1H
NMR (400 MHz, CDCl3): δ 15.52 (br, 1H), 7.76 (dd, J = 4.0, 1.2 Hz,
1H), 7.64 (d, J = 2.0 Hz, 1H), 7.62 (dd, J = 5.2, 1.2 Hz, 1H), 7.38 (s,
1H), 7.25 (d, J = 3.6 Hz, 1H), 7.13 (dd, J = 5.0, 3.8 Hz, 1H), 6.61
(dd, J = 3.6, 1.6 Hz, 1H); 13C{H} NMR (100 MHz, CDCl3): δ 198.5,
165.9, 152.2, 149.6, 146.4, 134.2, 128.7, 127.5, 116.3, 113.2, 105.5;
HRMS (ESI) m/z: calcd for C11H9O2S2 [M + H]+, 237.0038; found,
237.0025.
3-(1-Methyl-1H-pyrrol-3-yl)-3-thioxo-1-(4-(trifluoromethyl)-

phenyl)propan-1-one (2l). Orange solid (231 mg, 76%); mp 52−
54 °C; Rf 0.34 (2:9 EtOAc/hexane); IR (neat, cm−1): 3729, 3078,
2927, 1055, 1069, 1296; 1H NMR (400 MHz, CDCl3): δ 15.96 (br,
1H), 8.00 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.4 Hz, 2H), 7.25 (s, 1H),
6.97 (d, J = 3.2 Hz, 2H), 6.22 (t, J = 3.4 Hz, 1H), 4.08 (s, 3H);
13C{H} NMR (100 MHz, CDCl3): δ 199.5, 170.9, 140.7, 139.2,
134.5, 133.3, 133.0, 132.7, 132.4, 127.9, 127.6, 126.8, 125.72, 125.69,
125.65, 125.61, 125.17, 122.5, 119.7, 115.5, 108.8, 107.4, 38.9; HRMS
(ESI) m/z: calcd for C15H13F3NOS [M + H]+, 312.0670; found,
312.0654.
3-(4-(Methylthio)phenyl)-1-(thiazol-2-yl)-3-thioxopropan-1-

one (2m). Red solid (208 mg, 78%); mp 89−90 °C; Rf 0.46 (1:9
EtOAc/hexane); IR (neat, cm−1): 3729, 3078, 2927, 1055, 1069,
1296; 1H NMR (400 MHz, CDCl3): δ 12.39 (br, 1H), 8.02 (d, J = 2.8
Hz, 1H), 7.91 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 2.8 Hz,
1H), 7.26 (d, J = 8.8 Hz, 2H), 1.87 (s, 3H); 13C{H} NMR (100
MHz, CDCl3): δ 189.5, 174.1, 166.9, 144.8, 144.2, 139.3, 127.4,
125.5, 125.2, 109.4, 15.0; HRMS (ESI) m/z: calcd for C13H12NOS3
[M + H]+, 294.0081; found, 294.0062.
3-(1-Methyl-1H-indol-3-yl)-1-phenyl-3-thioxopropan-1-one

(2n). Orange solid (256 mg, 85%); mp 121−123 °C; Rf 0.54 (2:8
EtOAc/hexane); IR (neat, cm−1): 3742, 3101, 2323, 1745, 1360,
1235; 1H NMR (400 MHz, CDCl3): δ 16.41 (s, 1H), 8.55 (d, J = 7.2

Hz, 1H), 7.95 (dd, J = 7.8, 1.8 Hz, 2H), 7.84 (s, 1H), 7.54−7.45 (m,
3H), 7.37 (s, 1H), 7.35−7.28 (m, 3H), 3.75 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3): δ 203.4, 173.9, 138.3, 135.8, 133.6, 131.7, 128.8,
126.6, 125.7, 125.3, 123.4, 122.9, 122.3, 110.3, 106.5, 33.6; HRMS
(ESI) m/z: calcd for C18H16NOS [M + H]+, 294.0947; found,
294.0935.

3-(1-Methyl-1H-indol-3-yl)-1-(pyridin-3-yl)-3-thioxopropan-
1-one (2o). Orange solid (238 mg, 79%); mp 124−126 °C; Rf 0.53
(3:7 EtOAc/hexane); IR (neat, cm−1): 3739, 3208, 2981, 1752, 1358,
1200; 1H NMR (400 MHz, CDCl3): δ 16.18 (br, 1H), 9.12 (d, J = 2.4
Hz, 1H), 8.71 (dd, J = 4.8, 1.6 Hz, 1H), 8.59 (dd, J = 7.2, 1.6 Hz,
1H), 8.15 (td, J = 8.0, 2.0 Hz, 1H), 7.85 (s, 1H), 7.39 (dd, J = 8.0 Hz,
4.8 Hz, 1H), 7.36−7.28 (m, 3H), 7.26 (s, 1H), 3.77 (s, 3H); 13C{H}
NMR (100 MHz, CDCl3): δ 203.9, 170.4, 151.8, 147.7, 138.3, 133.9,
133.6, 131.7, 125.8, 125.3, 123.6, 123.5, 123.2, 122.4, 110.3, 106.2,
33.6; HRMS (ESI) m/z: calcd for C17H15N2OS [M + H]+, 295.0900;
found, 295.0914.

3-(4-(Dimethylamino)phenyl)-1-(pyridin-3-yl)-3-thioxopro-
pan-1-one (2p). Reddish brown solid (220 mg, 80%); 118−120 °C;
Rf 0.31 (2:8 EtOAc/hexane); IR (neat, cm−1): 3715, 2932, 2856,
2323, 1050, 1018; 1H NMR (400 MHz, CDCl3): δ 16.30 (br, 1H),
9.17 (d, J = 2.4 Hz, 1H), 8.78 (dd, J = 4.8, 1.6 Hz, 1H), 8.23 (d, J =
8.4 Hz, 1H), 7.99 (d, J = 9.2 Hz, 2H), 7.41 (dd, J = 8.0, 4.8 Hz, 1H),
7.37 (s, 1H), 6.65 (d, J = 8.4 Hz, 2H), 3.08 (s, 6H); 13C {H} NMR
(100 MHz, CDCl3): δ 208.3, 172.2, 153.4, 152.0, 147.9, 134.1, 133.0,
132.0, 129.1, 123.6, 110.9, 106.2, 40.1; HRMS (ESI) m/z: calcd for
C16H17N2OS [M + H]+, 285.1062; found, 285.1033.

1,3-Dsi(pyridin-3-yl)-3-thioxopropan-1-one (2q). Red solid
(217 mg, 78%); mp 99−100 °C; Rf 0.56 (4:6 EtOAc/hexane); IR
(neat, cm−1): 3705, 3081, 2869, 1708, 1089, 1665; 1H NMR (400
MHz, CDCl3): δ 14.88 (br, 1H), 9.22 (s, 1H), 9.01 (s, 1H), 8.79 (s,
1H), 8.73 (s, 1H), 8.26 (d, J = 7.2 Hz, 1H), 8.09 (d, J = 7.6 Hz, 1H),
7.45 (dd, J = 7.8, 4.6 Hz, 1H), 7.41 (s, 2H); 13C{H} NMR (100
MHz, CDCl3): δ 200.9, 177.9, 153.2, 151.9, 148.4, 146.9, 140.5,
134.6, 134.4, 131.2, 123.8, 123.5, 110.6; HRMS (ESI) m/z: calcd for
C13H11N2OS [M + H]+, 243.0592; found, 243.0569.

4-(4-Methoxyphenyl)-4-thioxobutan-2-one (2s). Yellow solid
(205 mg, 82%); mp 80−82 °C; Rf 0.32 (1:9 EtOAc/hexane); IR
(neat, cm−1): 3525, 3201, 2869, 1745, 1225, 1068; 1H NMR (400
MHz, CDCl3): δ 14.98 (br, 1H), 7.79 (d, J = 8.8 Hz, 2H), 6.89 (d, J =
8.8 Hz, 2H), 6.74 (s, 1H), 3.84 (s, 3H), 2.22 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3): δ 200.8, 185.9, 162.6, 136.9, 128.8, 113.7, 111.9,
55.5, 25.9; HRMS (ESI) m/z: calcd for C11H13O2S [M + H]+,
209.0636; found, 209.0614.

4-(Thiophen-2-yl)-4-thioxobutan-2-one (2t). Red solid (260
mg, 64%); mp 84−86 °C; Rf 0.41 (1:9 EtOAc/hexane); IR (neat,
cm−1): 3400, 2900, 2895, 1704, 1205, 1075; 1H NMR (400 MHz,
CDCl3): δ 15.55 (br, 1H), 7.68 (d, J = 4.0 Hz, 1H), 7.60 (d, J = 5.2
Hz, 1H), 7.12 (t, J = 4.4 Hz, 1H), 6.77 (s, 1H), 2.20 (s, 3H); 13C{H}
NMR (100 MHz, CDCl3): δ 199.1, 182.6, 151.5, 134.0, 128.6, 127.6,
109.6, 24.6; HRMS (ESI) m/z: calcd for C8H9OS2 [M + H]+,
185.0095; found, 185.0073.

General Procedure for the Synthesis of 1-(Methylthio)-1-
(het)aryl-1-buten-3-one 6a−b. To a stirred suspension of NaH
(34 mg, 1.0 mmol, 100%) in DMF (10 mL) under an N2 atmosphere,
a solution of acetone (70 mg, 1.2 mmol) and (het)aryl dithioesters 1
(1.0 mmol) in DMF (5 mL) was added at 0 °C, and the reaction
mixture was further stirred at room temperature for 1 h. It was then
cooled (monitored by TLC), followed by dropwise addition of methyl
iodide (170 mg, 1.2 mmol) and stirring was further continued at room
temperature for 1 h (monitored by TLC). The reaction mixture was
then poured into water (50 mL) and extracted with EtOAc (3 × 50
mL). The combined organic extracts were washed with H2O (3 × 50
mL) and brine (1 × 50 mL), dried (Na2SO4), and evaporated under
reduced pressure to give crude products 6, which were purified by
column chromatography using EtOAc/hexane as eluent.

(E/Z)-1-(4-Methoxyphenyl)-1-(methylthio)but-1-en-3-one (6a).
E/Z = 67:33; yellow viscous liquid (204 mg, 74%); Rf 0.41 (1:9
EtOAc/hexane); IR (neat, cm−1): 3200, 2900, 2895, 1711, 1212; 1H
NMR (600 MHz, CDCl3): δ 7.13 (dd, J = 6.6, 1.8 Hz, 0.67H), 7.08
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(dd, J = 6.6, 1.8 Hz, 1.25H), 6.80 (dd, J = 6.6, 2.4 Hz, 1.33H), 6.78
(dd, J = 6.6, 1.8 Hz, 0.68H), 6.22 (s, 0.58H), 5.81 (s, 0.38H), 3.69 (s,
2.05H), 3.68 (s, 1.06H), 2.21 (s, 1.06H), 2.11 (s, 2H), 1.79 (s, 2H),
1.69 (s, 1.04H); 13C{H} NMR (150 MHz, CDCl3): δ 195.9, 195.8,
161.3, 160.7, 160.1, 159.6, 130.5, 129.9, 129.6, 129.4, 122.7, 120.9,
113.9, 113.8, 60.3, 55.3, 30.5, 30.1, 16.3, 14.2; HRMS (ESI) m/z:
calcd for C12H15O2S [M + H]+, 223.0793; found, 223.0778.
(E/Z)-1-(Methylthio)-1-(thiophen-2-yl)but-1-en-3-one (6b). E/Z

= 67:33; brown viscous liquid (214 mg, 71%); Rf 0.41 (1:9 EtOAc/
hexane); IR (neat, cm−1): 3200, 2900, 2895, 1711, 1212; 1H NMR
(600 MHz, CDCl3): δ 7.42 (d, J = 4.8 Hz, 0.34H), 7.34 (d, J = 4.8
Hz, 0.60H), 7.19 (d, J = 3.0 Hz, 0.37H), 7.10 (d, J = 3.6 Hz, 0.67H),
7.03 (dd, J = 5.1, 3.3 Hz, 0.67H), 7.01 (dd, J = 3.6, 1.8 Hz, 0.34H),
2.35 (s, 1.02H), 2.24 (s, 2.08H), 2.12 (s, 2.07H), 1.95 (s, 1.01H);
13C{H} NMR (150 MHz, CDCl3): δ 196.4, 195.8, 152.1, 150.7,
139.8, 137.7, 129.7, 128.9, 128.3, 127.6, 127.4, 124.2, 122.0, 30.9,
29.9, 17.2, 16.9; HRMS (ESI) m/z: calcd for C9H11OS2 [M + H]+,
199.0251; found, 199.0233.
General Procedure for the Synthesis of 1-(Methylthio)-1-

(het)aryl-4-(het)arylidene-but-1-en-3-one 7a−c. To a stirred
suspension of NaOH (40 mg, 1.0 mmol) in ethanol (3 mL), a
solution of 1-(methylthio)-1-(het)aryl-1-buten-3-one 6 (1.0 mmol) in
ethanol (3 mL) was added dropwise at room temperature, followed
by addition of a solution of (het)arylaldehyde (1.0 mmol) in ethanol
(3 mL). After further stirring for 1−2 h (monitored by TLC), the
reaction mixture was evaporated under reduced pressure, and the
residue was dissolved in EtOAc (10 mL), diluted with water (10 mL),
and further extracted with EtOAc (3 × 10 mL); the combined organic
layer was washed with water (3 × 25 mL) and brine (25 mL), dried
(Na2SO4), and evaporated under vacuum to give crude products 7,
which were further purified by column chromatography using EtOAc/
hexane as eluent.
(1Z,4E)-1-(4-Methoxyphenyl)-1-(methylthio)-5-phenylpenta-1,4-

dien-3-one (7a). E/Z = 67:33; brown viscous liquid (200 mg, 77%);
Rf 0.41 (1:9 EtOAc/hexane); IR (neat, cm−1): 3425, 2932, 2892,
1704, 1200, 1068; 1H NMR (600 MHz, CDCl3): δ 7.62 (d, J = 16.2
Hz, 0.66H), 7.55 (d, J = 7.2 Hz, 1.34 H), 7.42 (d, J = 15.6 Hz,
0.35H), 7.37−7.34 (m, 2.21H), 7.28−7.25 (m, 2.07H), 7.20 (d, J =
7.2 Hz, 1.04H), 6.94 (d, J = 9.0 Hz, 1.33H), 6.89 (d, J = 8.4 Hz,
1.09H), 6.86 (d, J = 16.2 Hz, 0.66H), 6.59 (s, 1.90H), 6.36 (d, J =
15.6 Hz, 1.70H), 6.10 (s, 0.69H), 3.81 (s, 2.25H), 3.75 (s, 1.28H),
2.37 (s, 1.31H), 1.95 (s, 2.04H); 13C{H} NMR (150 MHz, CDCl3):
δ 187.8, 187.3, 163.5, 161.0, 160.2, 160.1, 141.8, 140.8, 135.2, 131.1,
130.6, 130.1, 129.93, 129.90, 129.59, 129.54, 128.9, 128.8, 128.3,
128.1, 127.5, 126.6, 122.9, 122.5, 120.9, 113.9, 55.5, 16.9, 16.6;
HRMS (ESI) m/z: calcd for C19H19O2S [M + H]+, 311.1106; found,
311.1089.
(1Z,4E)-5-(4-Bromophenyl)-1-(4-methoxyphenyl)-1-(methylthio)-

penta-1,4-dien-3-one (7b). E/Z = 69:31; yellow solid (208 mg,
81%); mp 100−102 °C; Rf 0.45 (1:9 EtOAc/hexane); IR (neat,
cm−1): 2941, 2902, 1700, 1200, 1068; 1H NMR (600 MHz, CDCl3):
δ 7.48 (d, J = 16.2 Hz, 0.62H), 7.41 (d, J = 8.4 Hz, 1.37H), 7.33 (d, J
= 9.0 Hz, 2.05H), 7.28 (t, J = 8.1 Hz, 1.06H), 7.19 (d, J = 7.8 Hz,
1.38H), 6.99 (d, J = 8.4 Hz, 0.62H), 6.88 (d, J = 7.8 Hz, 1.39H), 6.83
(d, J = 8.4 Hz, 0.63H), 6.79 (d, J = 15.6 Hz, 0.62H), 6.52 (s, 0.69H),
6.28 (d, J = 15.6 Hz, 0.31H), 6.04 (s, 0.30H), 3.77 (s, 2.08H), 3.72 (s,
0.94H), 2.34 (s, 0.93H), 1.91 (s, 2.06H); 13C{H} NMR (150 MHz,
CDCl3): δ 187.3, 186.7, 164.0, 161.1, 160.6, 160.2, 140.2, 139.1,
134.2, 134.1, 132.1, 131.9, 130.8, 130.7, 129.8, 129.7, 129.6, 129.4,
127.9, 127.2, 124.2, 124.0, 122.5, 120.8, 114.0, 113.9, 55.5, 16.9, 16.7;
HRMS (ESI) m/z: calcd for C19H18BrO2S [M + H]+, 389.0211 and
[M + H + 2]+, 291.0211; found, 389.0231, 391.0213.
(1Z,4E)-1-(4-Methoxyphenyl)-1-(methylthio)-5-(thiophen-2-yl)-

penta-1,4-dien-3-one (7c). E/Z = 60:40; yellow viscous liquid (230
mg, 69%); Rf 0.56 (1:9 EtOAc/hexane); IR (neat, cm−1): 2900, 2782,
1690, 1230, 699; 1H NMR (600 MHz, CDCl3): δ 7.72 (d, J = 15.6
Hz, 0.61H), 7.52 (d, J = 15.6 Hz, 0.33H), 7.31 (d, J = 7.8 Hz, 1.25H),
7.24−7.21 (m, 2.15H), 7.06 (d, J = 3.6 Hz, 0.42H), 7.01 (d, J = 4.2
Hz, 0.62H), 6.93 (d, J = 4.2 Hz, 0.43H), 6.91 (d, J = 8.4 Hz, 1.34H),
6.87 (d, J = 8.4 Hz, 0.85H), 6.64 (d, J = 15.0 Hz, 0.62H), 6.49 (s,

0.63H), 6.14 (d, J = 15.0 Hz, 0.34H), 6.04 (s, 0.40H), 3.81 (s,
1.88H), 3.76 (s, 1.25H), 2.37 (s, 1.24H), 1.94 (s, 1.87H); 13C{H}
NMR (150 MHz, CDCl3): δ 187.1, 186.6, 163.4, 161.0, 160.2, 140.8,
140.7, 134.3, 133.3, 131.2, 130.99, 130.95, 130.55, 130.15, 129.7,
129.6, 129.5, 128.3, 128.1, 128.0, 126.4, 125.7, 122.7, 120.8, 114.0,
55.5, 55.4, 16.9, 16.6; HRMS (ESI) m/z: calcd for C17H17O2S2 [M +
H]+, 317.0670; found, 317.0616.

(1Z,4E,6E)-1-(Methylthio)-7-phenyl-1-(thiophen-2-yl)hepta-
1,4,6-trien-3-one (7d). Trienone 7d was obtained following the above
general procedure for 7a−c using cinnamaldehyde (132 mg, 1.0
mmol) and 6b (198 mg, 1.0 mmol), E/Z = 66:34; yellow viscous
liquid (231 mg, 65%); Rf 0.52 (1:9 EtOAc/hexane); IR (neat, cm−1):
2952, 2808, 1703, 1620, 1050; 1H NMR (400 MHz, CDCl3): δ 7.47−
7.44 (m, 1.41H), 7.42−7.40 (m, 0.96H), 7.39−7.38 (m, 1.0H), 7.37−
7.36 (m, 0.64H), 7.34−7.32 (m, 1.43H), 7.29 (dd, J = 5.6, 1.6 Hz,
1.36H), 7.26 (dd, J = 3.4, 1.4 Hz, 0.68H), 7.16 (dd, J = 3.6, 1.2 Hz,
0.72H), 7.07 (dd, J = 5.2, 3.6 Hz, 0.71H), 7.01 (dd, J = 5.2, 3.6 Hz,
0.33H), 6.92 (s, 1.05H), 6.89 (s, 0.33H), 6.85 (d, J = 15.6 Hz,
0.36H), 6.73 (s, 0.71H), 6.43 (d, J = 15.2 Hz, 0.71H), 6.09 (d, J =
10.4 Hz, 0.67H), 2.41 (s, 0.98H), 2.18 (s, 2.12H); 13C{H} NMR
(100 MHz, CDCl3): δ 188.4, 187.1, 153.1, 149.8, 142.2, 141.8, 140.9,
140.6, 140.2, 136.3, 130.9, 130.1, 129.9, 129.0, 128.96, 128.82, 128.77,
128.18, 127.50, 127.41, 127.31, 127.20, 127.15, 127.07, 126.9, 123.8,
121.4, 17.4, 16.9; HRMS (ESI) m/z: calcd for C18H17OS2 [M + H]+,
313.0715; found, 313.0727.

General Procedure for the Synthesis of 3-(Het)aryl-5-
(het)aryl/alkylisoxazoles 3. To a stirred solution of 1,3-
monothiodiketone 2 (1.0 mmol) in DMF (3 mL), a solution of
IBX (50 mg, 10 mol %) in DMF (3 mL) was added dropwise at room
temperature under an N2 atmosphere, and after stirring for 5 min,
sodium azide (45 mg, 2.0 mmol) was added and stirring was
continued at room temperature for further 1−2 h (monitored by
TLC). The reaction mixture was then quenched with saturated
NH4Cl solution (25 mL) and extracted with EtOAc (3 × 25 mL), and
the combined organic layer was washed with water (3 × 25 mL) and
brine (25 mL), dried (Na2SO4), and evaporated under vacuum to give
crude isoxazoles 3, which were further purified by column
chromatography using hexane/ethyl acetate as eluent.

3-(4-Methoxyphenyl)-5-phenylisoxazole (3a). White solid (215
mg, 90%); mp 120−122 °C (reported 120 °C);13c Rf 0.52 (1:9
EtOAc/hexane); IR (neat, cm−1): 3018, 2879, 1764, 1501, 1018: 1H
NMR (400 MHz, CDCl3): δ 7.85−7.79 (m, 4H), 7.50−7.45 (m, 3H),
7.00 (d, J = 8.8 Hz, 2H), 6.78 (s, 1H), 3.87 (s, 3H); 13C{H} NMR
(100 MHz, CDCl3): δ 170.2, 162.6, 161.0, 130.1, 128.9, 128.2, 127.6,
125.8, 121.7, 114.3, 97.3, 55.4; HRMS (ESI): calcd for C16H14NO2
[M + H]+, 252.1025; found, 252.1015.

3-(Benzo[d][1,3]dioxol-5-yl)-5-phenylisoxazole (3b). Pale yellow
solid (200 mg, 75%); mp 92−94 °C; Rf 0.47 (1:9 EtOAc/hexane); IR
(neat, cm−1): 3010, 2912, 1690, 1550, 1000; 1H NMR (400 MHz,
CDCl3): δ 7.83 (dd, J = 7.8, 1.8 Hz, 2H), 7.51−7.45 (m, 3H), 7.38
(d, J = 2.0 Hz, 1H), 7.34 (dd, J = 8.0, 1.6 Hz, 1H), 6.91 (d, J = 8.0 Hz,
1H), 6.75 (s, 1H), 6.04 (s, 2H); 13C{H} NMR (100 MHz, CDCl3): δ
170.3, 162.6, 149.2, 148.3, 130.2, 128.9, 127.5, 125.8, 123.1, 121.2,
108.6, 107.0, 101.5, 97.3; HRMS (ESI) m/z: calcd for C16H12NO3 [M
+ H]+, 266.0817; found, 266.0803.

5-(3-Bromophenyl)-3-(4-(piperidin-1-yl)phenyl)isoxazole (3c).
White solid (218 mg, 85%) mp 103−105 °C; Rf 0.46 (1:9 EtOAc/
hexane); IR (neat, cm−1): 3101, 2941, 1665, 980, 685; 1H NMR (400
MHz, CDCl3): δ 7.97 (s, 1H), 7.77−7.71 (m, 3H), 7.56 (d, J = 8.0
Hz, 1H), 7.35 (t, J = 7.8 Hz, 1H), 6.97 (d, J = 8.4 Hz, 2H), 6.78 (s,
1H), 3.28 (t, J = 5.4 Hz, 4H), 1.71 (d, J = 5.6 Hz, 4H), 1.63 (d, J = 4.8
Hz, 2H); 13C{H} NMR (100 MHz, CDCl3): δ 168.2, 162.9, 153.0,
132.9, 130.5, 129.6, 128.8, 127.8, 124.3, 123.0, 118.4, 115.5, 98.0,
49.6, 25.5, 24.3; HRMS (ESI) m/z: calcd for C20H20BrN2O [M +
H]+, 383.0759 and [M + H + 2]+, 385.0759; found, 383.0691 and
385.0674.

5-(3,4-Dimethoxyphenyl)-3-(4-fluorophenyl)isoxazole (3d).
White solid (250 mg, 90%); mp 98−99 °C; Rf 0.48 (1:9 EtOAc/
hexane); IR (neat, cm−1): 2927, 2309, 1557, 1205, 755; 1H NMR
(400 MHz, CDCl3): δ 7.85 (dd, J = 6.0, 3.6 Hz, 2H), 7.41 (dd, J =
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5.6, 1.2 Hz, 1H), 7.34 (d, J = 1.6 Hz, 1H), 7.17 (t, J = 5.8 Hz, 2H),
6.96 (d, J = 5.6 Hz, 1H), 6.69 (s, 1H), 3.98 (s, 3H), 3.95 (s, 3H);
13C{H} NMR (100 MHz, CDCl3): δ 170.6, 164.7, 163.1, 162.2,
150.9, 149.4, 128.84, 128.79, 125.6, 125.5, 120.4, 119.3, 116.2, 116.0,
111.4, 108.8, 96.3, 56.2, 56.1; HRMS (ESI) m/z: calcd for
C17H15FNO3 [M + H]+, 300.1036; found, 300.1030.
5-(4-(Trifluoromethyl)phenyl)-3-(3,4,5-trimethoxyphenyl)-

isoxazole (3e). White solid (234 mg, 79%), mp 108−109 °C; Rf 0.42
(1:9 EtOAc/hexane); IR (neat, cm−1): 3109, 2845, 1512, 1450, 1054;
1H NMR (400 MHz, CDCl3): δ 7.96 (d, J = 8.4 Hz, 2H), 7.75 (d, J =
8.4 Hz, 2H), 7.09 (s, 2H), 6.90 (s, 1H), 3.95 (s, 6H), 3.92 (s, 3H);
13C{H} NMR (100 MHz, CDCl3): δ 168.8, 163.1, 153.7, 139.9,
132.1, 131.8, 130.5, 126.15, 126.10, 126.07, 126.04, 125.1, 124.1,
122.4, 104.2, 98.9, 60.9, 56.3; HRMS (ESI) m/z: calcd for
C19H17F3NO4 [M + H]+, 380.1110; found, 380.1017.
5-(2-Methoxyphenyl)-3-(4-methoxyphenyl)isoxazole (3f). Yellow

liquid (270 mg, 77%); Rf 0.35 (1:9 EtOAc/hexane); IR (neat, cm−1):
2947, 2509, 1733, 1558, 980; 1H NMR (600 MHz, CDCl3): δ 8.01
(d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.8 Hz, 2H), 7.41 (t, J = 7.5 Hz. 1H),
7.08 (t, J = 7.5 Hz, 1H), 7.04 (s, 1H), 7.02 (d, J = 7.8 Hz, 1H), 6.99
(d, J = 7.8 Hz, 2H), 3.99 (s, 3H), 3.86 (s, 3H); 13C{H} NMR (150
MHz, CDCl3): δ 170.9, 161.8, 161.4, 132.9, 131.4, 130.5, 129.9,
127.6, 125.4, 123.1, 120.1, 114.6, 96.1, 56.4, 55.9; HRMS (ESI) m/z:
calcd for C17H16NO3 [M + H]+, 282.1130; found, 282.1106.
3-(2-((4-Methoxybenzyl)oxy)phenyl)-5-(pyridin-4-yl)isoxazole

(3g). Yellow solid (230 mg, 84%); mp 130−131 °C; Rf 0.45 (2:8
EtOAc/hexane); IR (neat, cm−1): 3109, 2945, 1675, 1558, 1213; 1H
NMR (400 MHz, CDCl3): δ 8.71 (dd, J = 4.6, 1.8 Hz, 2H), 8.01 (dd,
J = 7.6, 1.6 Hz, 1H), 7.55 (dd, J = 4.6, 1.8 Hz, 2H), 7.43−7.41 (m,
1H), 7.39 (d, J = 8.8 Hz, 2H), 7.37 (s, 1H), 7.18−7.09 (m, 2H),
7.07−6.93 (m, 2H), 5.12 (s, 2H), 3.83 (s, 3H); 13C{H} NMR (100
MHz, CDCl3): δ 166.4, 160.7, 159.7, 156.5, 150.7, 134.5, 131.5,
129.3, 129.2, 128.5, 121.4, 119.4, 117.8, 114.1, 113.2, 103.9, 70.7,
55.3; HRMS (ESI) m/z: calcd for C22H19N2O3 [M + H]+, 359.1396;
found, 359.0688.
2-(5-(Pyridin-4-yl)isoxazol-3-yl)phenol (3g′). Orange solid (250

mg, 95%); mp 127−128 °C; Rf 0.62 (2:8 EtOAc/hexane); IR (neat,
cm−1): 3540, 3109, 2945, 1675, 1558; 1H NMR (400 MHz, CDCl3):
δ 10.33 (br s, 1H), 8.88 (s, 2H), 8.06 (d, J = 5.6 Hz, 2H), 7.76 (s,
1H), 7.78 (dd, J = 7.8, 6.2 Hz, 1H), 7.36 (td, J = 8.6, 1.8 Hz, 1H),
7.06 (d, J = 8.0 Hz, 1H), 6.95 (t, J = 7.6 Hz, 1H); 13C{H} NMR (100
MHz, CDCl3): δ 165.6, 161.1, 155.6, 149.1, 135.1, 131.6, 128.6,
120.2, 119.4, 116.6, 114.6, 104.9; HRMS (ESI) m/z: calcd for
C14H11N2O2 [M + H]+, 239.0821; found, 239.0795.
5-(4-Chlorophenyl)-3-(thiophen-2-yl)isoxazole (3h). Orange solid

(215 mg, 78%); mp 103−105 °C; Rf 0.48 (1:9 EtOAc/hexane); IR
(neat, cm−1): 3111, 2952, 1557, 1081, 755; 1H NMR (400 MHz,
CDCl3): δ 7.76 (d, J = 8.4 Hz, 2H), 7.52 (dd, J = 3.6, 1.2 Hz, 1H),
7.46 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 1.2 Hz, 1H), 7.14 (dd, J = 5.2,
3.6 Hz, 1H), 6.74 (s, 1H); 13C{H} NMR (100 MHz, CDCl3): δ
169.3, 158.3, 136.5, 130.6, 129.4, 127.74, 127.70, 127.5, 127.1, 125.7,
97.8; HRMS (ESI) m/z: calcd for C13H9ClNOS [M + H]+, and [M +
H + 2]+, 262.0093 and 264.0093; found, 262.0063.
5-(Pyren-1-yl)-3-(thiophen-2-yl)isoxazole (3i). Yellow solid (235

mg, 90%); mp 124−126 °C; Rf 0.52 (1:9 EtOAc/hexane); IR (neat,
cm−1): 3100, 2885, 1650, 1532, 956; 1H NMR (400 MHz, CDCl3): δ
8.61 (d, J = 9.2 Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H), 8.24−8.15 (m,
4H), 8.13 (s, 1H), 8.08−8.05 (m, 2H), 7.62 (d, J = 2.4 Hz, 1H), 7.49
(d, J = 6.4 Hz, 1H), 7.19 (dd, J = 5.2, 3.6 Hz, 1H), 6.95 (s, 1H);
13C{H} NMR (100 MHz, CDCl3): δ 171.1, 158.1, 132.7, 131.2,
130.9, 130.6, 129.2, 128.9, 128.7, 127.74, 127.69, 127.5, 127.2, 126.65,
126.42, 126.13, 125.9, 124.9, 124.7, 124.4, 124.1, 121.5, 101.9; HRMS
(ESI) m/z: calcd for C23H14NOS [M + H]+, 352.0796; found,
352.0737.
5-(tert-Butyl)-3-(thiophen-2-yl)isoxazole (3j). Yellow liquid (245

mg, 92%); Rf 0.48 (1:9 EtOAc/hexane); IR (neat, cm−1): 3255, 3001,
1669, 1596, 1543, 755; 1H NMR (400 MHz, CDCl3): δ 7.43 (d, J =
3.6 Hz, 1H), 7.39 (d, J = 5.2 Hz, 1H), 7.09 (dd, J = 4.8, 3.6 Hz, 1H),
6.17 (s, 1H), 1.35 (s, 9H); 13C{H} NMR (100 MHz, CDCl3): δ

181.8, 157.3, 131.4, 127.5, 127.2, 126.9, 96.6, 32.8, 28.8; HRMS (ESI)
m/z: calcd for C11H14NOS [M + H]+, 208.0796; found, 208.0825.

5-(Furan-2-yl)-3-(thiophen-2-yl)isoxazole (3k). White solid (210
mg, 85%); mp 134−136 °C; Rf 0.52 (1:9 EtOAc/hexane); IR (neat,
cm−1): 3255, 3001, 1669, 1596, 1543, 755; 1H NMR (600 MHz,
CDCl3): δ 7.55 (s, 1H), 7.50 (d, J = 4.2 Hz, 1H), 7.43 (d, J = 5.4 Hz,
1H), 7.13 (d, J = 4.2 Hz, 1H), 6.94 (d, J = 3.6 Hz, 1H), 6.67 (s, 1H),
6.55 (d, J = 4.2 Hz, 1H); 13C{H} NMR (150 MHz, CDCl3): δ 157.9,
144.8, 144.3, 127.9, 127.8, 127.7, 112.1, 111.9, 110.9, 96.7; HRMS
(ESI) m/z: calcd for C11H8NO2S [M + H]+, 218.0276; found,
218.0233.

3-(1-Methyl-1H-pyrrol-2-yl)-5-(4-(trifluoromethyl)phenyl)-
isoxazole (3l). Off-white solid (247 mg, 80%); mp 112−114 °C; Rf
0.48 (1:9 EtOAc/hexane); IR (neat, cm−1): 3255, 3001, 1669, 1596,
1543, 755; 1H NMR (400 MHz, CDCl3): δ 7.93 (d, J = 8.0 Hz, 2H),
7.74 (d, J = 8.0 Hz, 2H), 6.79 (t, J = 2.4 Hz, 1H), 6.78 (s, 1H), 6.62
(dd, J = 4.0, 1.6 Hz, 1H), 6.23 (dd, J = 3.8, 2.6 Hz, 1H), 4.00 (s, 3H);
13C{H} NMR (100 MHz, CDCl3): δ 167.0, 157.2, 132.3, 131.9,
131.7, 131.3, 130.5, 127.8, 126.95, 126.09, 126.05, 126.01, 125.9,
125.1, 122.4, 121.9, 119.7, 112.7, 108.4, 99.9, 37.2; HRMS (ESI) m/z:
calcd for C15H12F3N2O [M + H]+, 293.0902; found, 293.0872.

3-(4-(Methylthio)phenyl)-5-(thiazol-2-yl)isoxazole (3m). Yellow
liquid; (230 mg, 80%); Rf 0.48 (1:9 EtOAc/hexane); IR (neat, cm−1):
3255, 3001, 1669, 1596, 1543, 755; 1H NMR (400 MHz, CDCl3): δ
8.01 (d, J = 3.2 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 3.2 Hz,
1H), 7.34 (d, J = 8.4 Hz, 2H), 7.16 (s, 1H), 2.54 (s, 3H); 13C{H}
NMR (100 MHz, CDCl3); 164.5, 162.8, 154.4, 144.5, 141.9, 127.2,
126.3, 124.8, 121.4, 99.7, 15.3; HRMS (ESI) m/z: calcd for
C13H11N2OS2 [M + H]+, 275.0313; found, 275.0287.

5-(1-Methyl-1H-indol-2-yl)-3-phenylisoxazole (3n). Yellow liquid
(220 mg, 82%); Rf 0.51 (1:9 EtOAc/hexane); IR (neat, cm−1): 3255,
3001, 1669, 1596, 1543, 755; 1H NMR (400 MHz, CDCl3): δ 8.24
(d, J = 7.2 Hz, 1H), 7.86 (dd, J = 8.2, 1.4 Hz, 2H), 7.52 (s, 1H),
7.51−7.44 (m, 3H), 7.39−7.27 (m, 3H), 6.79 (s, 1H), 3.85 (s, 3H);
13C{H} NMR (100 MHz, CDCl3): δ 168.9, 158.8, 137.4, 129.9,
128.9, 127.8, 125.8, 125.7, 122.7, 121.7, 120.9, 109.6, 104.9, 97.6,
33.1; HRMS (ESI) m/z: calcd for C18H15N2O [M + H]+, 275.1184;
found, 275.1187.

5-(1-Methyl-1H-indol-3-yl)-5-(pyridin-3-yl)isoxazole (3o). Yellow
liquid (245 mg, 84%); Rf 0.48 (1:9 EtOAc/hexane); IR (neat, cm−1):
3255, 3001, 1669, 1596, 1543, 755; 1H NMR (400 MHz, CDCl3): δ
9.08 (d, J = 2.0, 1H), 8.68 (d, J = 3.6 Hz, 1H), 8.22 (dd, J = 7.0, 1.4
Hz, 1H), 8.16 (dt, J = 7.6, 1.9 Hz, 1H), 7.55 (s, 1H), 7.46−7.28 (m,
4H), 6.89 (s, 1H), 3.87 (s, 3H); 13C{H} NMR (100 MHz, CDCl3): δ
166.1, 158.9, 150.7, 147.0, 137.5, 132.9, 129.2, 125.6, 124.0, 123.8,
122.9, 121.6, 121.1, 109.6, 104.5, 98.6, 33.2; HRMS (ESI) m/z: calcd
for C17H14N3O [M + H]+, 276.1136; found, 276.1138.

N,N-Dimethyl-4-(5-(pyridin-3-yl)isoxazol-3-yl)aniline (3p). Yel-
low solid (254 mg, 88%); mp 121−123 °C; Rf 0.46 (2:8 EtOAc/
hexane); IR (neat, cm−1): 3255, 3001, 1669, 1596, 1543, 755; 1H
NMR (600 MHz, CDCl3): δ 9.06 (s, 1H), 8.69 (d, J = 3.6 Hz, 1H),
8.19 (d, J = 8.4 Hz, 1H), 7.71 (d, J = 9.0 Hz, 2H), 7.41 (dd, J = 7.8,
4.8 Hz, 1H), 6.76 (d, J = 9.0 Hz, 2H), 6.65 (s, 1H), 3.05 (s, 6H);
13C{H} NMR (150 MHz, CDCl3): δ 171.9, 160.4, 151.7, 150.9,
148.1, 134.1, 127.3, 125.9, 123.8, 114.9, 111.9, 94.3, 40.3; HRMS
(ESI) m/z: calcd for C16H16N3O [M + H]+, 266.1293; found,
266.1276.

3,5-Di(pyridin-3-yl)isoxazole (3q). Yellow liquid (260 mg, 79%);
Rf 0.48 (1:9 EtOAc/hexane); IR (neat, cm−1): 3255, 3001, 1669,
1596, 1543, 755; 1H NMR (400 MHz, CDCl3): δ 9.09 (d, J = 3.6 Hz,
2H), 8.72 (d, J = 4.8 Hz, 2H), 8.22 (dt, J = 8.0, 2.0 Hz, 1H), 8.16 (dt,
J = 8.0, 2.0 Hz, 1H), 7.49−7.44 (m, 2H), 6.98 (s, 1H); 13C{H} NMR
(100 MHz, CDCl3): δ 168.3, 160.7, 151.3, 147.9, 147.1, 144.9, 134.1,
133.0, 123.9, 123.5, 98.2; HRMS (ESI) m/z: calcd for C13H10N3O [M
+ H]+, 224.0824; found, 224.0825.

5-Methyl-3-phenylisoxazole (3r).4b Yellow oil (215 mg, 86%); Rf
0.36 (1:9 EtOAc/hexane); 1H NMR (400 MHz, CDCl3): δ 7.72−
7.69 (m, 2H), 7.37−7.35 (m, 3H), 6.21 (s, 1H), 2.47 (s, 3H); 13C{H}
NMR (100 MHz, CDCl3): δ 168.9, 161.5, 128.8, 128.3, 127.8, 125.7,
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98.7, 11.3; HRMS (ESI) m/z: calcd for C10H10NO [M + H]+,
160.0762; found, 160.0747.
3-(4-Methoxyphenyl)-5-methylisoxazole (3s).4b Pale yellow solid

(200 mg, 92%); mp 84−87 °C; Rf 0.34 (1:9 EtOAc/hexane); 1H
NMR (400 MHz, CDCl3): δ 7.69 (d, J = 8.8 Hz, 2H); 6.93 (d, J = 8.8
Hz, 2H), 6.19 (s, 1H), 3.82 (s, 3H), 2.45 (s, 3H); 13C{H} NMR (100
MHz, CDCl3): δ 169.6, 162.1, 160.4, 128.4, 121.5, 114.6, 101.6, 55.3,
12.2; HRMS (ESI) m/z: calcd for C11H12NO2 [M + H]+, 190.0868;
found, 190.0854.
5-Methyl-3-(thiophen-2-yl)isoxazole (3t).4b Yellow oil (230 mg,

79%); Rf 0.35 (1:9 EtOAc/hexane); 1H NMR (400 MHz, DMSO-
d6): δ 7.69 (dd, J = 5.2, 1.2 Hz, 1H), 7.63 (dd, J = 3.8, 1.4 Hz, 1H),
7.19 (dd, J = 5.2, 3.6 Hz, 1H), 6.71 (s, 1H), 2.45 (s, 3H); 13C{H}
NMR (100 MHz, DMSO-d6): δ 170.2, 157.4, 130.2, 128.4, 128.3,
127.9, 99.9, 11.8; HRMS (ESI) m/z: calcd for C8H8NOS [M + H]+,
166.0327; found, 166.0321.
General Procedure for the Synthesis of 3-(Het)aryl-5-styryl/

aryldienyl Isoxazoles 8. To a stirred solution of β-(methylthio)-β-
(het)aryl-3-styrl/aryldienyl-1-propen-3-ones 7 (1.0 mmol) in DMSO
(5 mL), sodium azide (130 mg, 2.0 mmol) was added and the
reaction mixture was heated at 100 °C in an oil bath for 10 h
(monitored by TLC). The reaction mixture was then cooled at rt,
quenched with saturated NH4Cl solution (25 mL), and extracted with
EtOAc (3 × 25 mL); the organic phase was washed with water (2 ×
25 mL) and brine (1 × 25 mL), dried (Na2SO4), and evaporated
under reduced pressure to give crude products 8, which were purified
by column chromatography on silica gel using hexane/ethyl acetate as
eluent.
(E)-3-(4-Methoxyphenyl)-5-styrylisoxazole (8a). Yellow viscous

liquid (234 mg, 80%); Rf 0.51 (1:9 EtOAc/hexane); IR (neat, cm−1):
3255, 3001, 1669, 1596, 1543, 755; 1H NMR (600 MHz, CDCl3): δ
7.77 (d, J = 9.0 Hz, 2H), 7.54 (d, J = 7.2 Hz, 2H), 7.41−7.39 (m,
3H), 7.37−7.33 (m, 1H), 7.02−6.98 (m, 3H), 6.53 (s, 1H), 3.87 (s,
3H); 13C{H} NMR (150 MHz, CDCl3): δ 168.4, 162.1, 154.9, 135.6,
134.9, 130.1, 128.9, 128.3, 127.2, 114.9, 114.4, 109.6, 99.4, 55.5;
HRMS (ESI) m/z: calcd for C18H16NO2 [M + H]+, 278.1181; found,
278.1161.
(E)-5-(4-Bromostyryl)-3-(4-methoxyphenyl)isoxazole (8b). White

solid (200 mg, 75%); mp 105−106 °C; Rf 0.41 (1:9 EtOAc/hexane);
IR (neat, cm−1): 3255, 3001, 1669, 1596, 1543, 755; 1H NMR (600
MHz, CDCl3): δ 7.79 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H),
7.59 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 16.2 Hz, 1H), 7.31 (d, J = 16.2
Hz, 1H), 7.09 (s, 1H), 7.04 (d, J = 8.4 Hz, 2H), 3.79 (s, 3H); 13C{H}
NMR (150 MHz, CDCl3): δ 168.9, 162.5, 161.3, 135.2, 133.7, 132.4,
129.8, 128.6, 122.9, 121.4, 115.1, 114.8, 100.7, 55.9; HRMS (ESI) m/
z: calcd for C18H15BrNO2 [M + H]+, 356.0286 and [M + H + 2]+,
358.0286; found, 356.0321, 358.0312.
(E)-3-(4-Methoxyphenyl)-5-(2-(thiophen-2-yl)vinyl)isoxazole

(8c). White solid (226 mg, 68%); mp 108−109 °C; Rf 0.41 (1:9
EtOAc/hexane); IR (neat, cm−1): 3255, 3001, 1669, 1596, 1543, 755;
1H NMR (600 MHz, CDCl3): δ 7.76 (d, J = 7.8 Hz, 2H), 7.48 (d, J =
15.6 Hz, 1H), 7.32 (d, J = 4.8 Hz, 1H), 7.19 (d, J = 4.2 Hz, 1H), 7.06
(d, J = 7.8 Hz, 1H), 6.98 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 15.6 Hz,
1H), 6.48 (s, 1H), 3.86 (s, 3H); 13C{H} NMR (150 MHz, CDCl3): δ
168.3, 162.5, 161.1, 141.1, 129.3, 128.3, 127.7, 126.7, 121.6, 114.5,
114.3, 112.4, 99.3, 56.3; HRMS (ESI) m/z: calcd for C16H14NO2S [M
+ H]+, 284.0745; found, 284.0725.
5-(1E,3E)-4-Phenylbuta-1,3-(dien-1-yl)-3-(thiophen-2-yl)-

isoxazole (8d). Yellow solid (212 mg, 67%); mp 107−108 °C; Rf 0.43
(1:9 EtOAc/hexane); IR (neat, cm−1): 3255, 3001, 1669, 1596, 1543,
755; 1H NMR (400 MHz, CDCl3): δ 7.47−7.41 (m, 3H), 7.38−7.34
(m, 2H), 7.29 (d, J = 6.4 Hz, 1H), 7.21−7.11 (m, 2H), 6.94 (d, J = 10
Hz, 1H), 6.90 (d, J = 5.12 Hz, 1H), 6.84 (d, J = 15.6 Hz, 1H), 6.54
(d, J = 15.2 Hz, 1H) 6.44 (s, 1H); 13C{H} NMR (100 MHz, CDCl3):
δ 168.9, 157.9, 137.4, 136.5, 135.6, 130.9, 128.8, 128.6, 127.6, 127.5,
127.4, 127.3, 126.9, 116.0, 99.2; HRMS (ESI) m/z: calcd for
C17H14NOS [M + H]+, 280.0796; found, 280.0803.
Methyl 3-(2-Methoxyphenyl)-3-oxopropanedithioate (9e).

Yellow solid (220 mg, 78%); mp 95−97 °C; Rf 0.34 (1:9 EtOAc/
hexane); IR (neat, cm−1): 3255, 3001, 1669, 1596, 1543, 755; 1H

NMR (400 MHz, CDCl3): δ 15.2 (br, 1H), 7.83 (dd, J = 7.6, 2.0 Hz,
1H), 7.36 (td, J = 7.2, 2.0 Hz, 1H), 7.28 (s, 1H), 6.97 (td, J = 7.6, 1.8
Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 3.81 (s, 3H), 2.57 (s, 3H); 13C{H}
NMR (100 MHz, CDCl3): δ 214.7, 167.6, 157.9, 132.8, 130.2, 123.1,
120.9, 113.0, 111.8, 55.5, 17.2; HRMS (ESI) m/z: calcd for
C11H13O2S2 [M + H]+, 241.0357; found, 241.0367.

General Procedure for the Reaction of β-Oxodithioesters 9
with Sodium Azide: Synthesis of β-Oxoacetonitriles 11. To a
stirred suspension of NaN3 (130 mg, 1.0 mmol) in DMF (3 mL), a
solution of β-oxodithioester (1.0 mmol) in DMF (3 mL) was added
dropwise at room temperature under an N2 atmosphere, and the
reaction mixture was heated 90 °C in an oil bath for 2 h (monitored
by TLC) with continuous stirring. It was then quenched with
saturated NH4Cl solution (25 mL), extracted with EtOAc (3 × 25
mL), the combined organic layer was washed with water (3 × 25 mL)
and brine (25 mL), dried (Na2SO4), and evaporated under vacuum to
give products 11, which were further purified by column
chromatography using hexane/ethyl acetate as eluent.

3-(4-Methoxyphenyl)-3-oxopropanenitrile (11a). Pale yellow
solid (220 mg, 80%); mp 132−137 °C (mp 132−137 °C);17 Rf
0.32 (2:9 EtOAc/hexane); 1H NMR (600 MHz, CDCl3): δ 7.89 (d, J
= 9.0 Hz, 2H), 6.98 (d, J = 9.0 Hz, 2H), 4.02 (s, 2H), 3.89 (s, 3H);
13C{H} NMR (150 MHz, CDCl3): δ 185.5, 164.8, 130.5, 124.9,
114.4, 114.2, 55.8, 26.3; HRMS (ESI) m/z: calcd for C10H10NO2 [M
+ H]+, 176.0706; found, 176.0701.

3-Oxo-3-(4-(trifluoromethyl)phenyl)propanenitrile (11b). Yellow
solid (200 mg, 70%); mp 104−106 °C (mp 104−106 °C);17 Rf 0.35
(2:9 EtOAc/hexane); 1H NMR (600 MHz, CDCl3): δ 8.02 (d, J = 8.4
Hz, 2H), 7.79 (d, J = 7.8 Hz, 2H); 13C{H} NMR (150 MHz, CDCl3):
δ 186.5, 136.9, 136.4, 136.1, 135.7, 135.4, 128.9, 127.8, 127.3, 126.3,
126.2, 124.6, 121.9, 113.3, 29.7; HRMS (ESI) m/z: calcd for
C10H6F3NO [M]+, 213.0401; found, 213.0429.

3-(Naphthalen-2-yl)-3-oxopropanenitrile (11c). White solid (210
mg, 76%); mp 100−101 °C (mp 100−101 °C);17 Rf 0.31 (2:9
EtOAc/hexane); 1H NMR (400 MHz, CDCl3): δ 8.39 (s, 1H), 7.98−
7.89 (m, 4H), 7.66 (t, J = 7.6, Hz, 1H), 7.59 (t, J = 7.6, Hz, 1H), 4.21
(s, 2H); 13C{H} NMR (100 MHz, CDCl3): δ 185.6, 136.2, 132.3,
131.7, 130.7, 129.8, 129.5, 129.2, 127, 127.4, 123.4, 113.9, 29.9;
HRMS (ESI) m/z: calcd for C13H9NNaO [M + Na]+, 218.0576;
found, 218.0563.

3-Oxo-3-(thiophen-2-yl)propanenitrile (11d). Off-white solid
(235 mg, 74%); mp 98−100 °C (mp 98−100 °C);17 Rf 0.33 (2:9
EtOAc/hexane); 1H NMR (600 MHz, CDCl3): δ 7.79 (m, 2H),
7.19−7.18 (m, 1H), 3.99 (s, 2H); 13C{H} NMR (150 MHz, CDCl3):
δ 179.5, 140.9, 136.2, 133.7, 128.7, 113.4, 29.5; HRMS (ESI) m/z:
calcd for C7H6NOS [M + H]+, 152.0170; found, 152.0182.

3-(2-Methoxyphenyl)-3-oxopropanenitrile (11e). White solid
(250 mg, 72%); mp 102−104 °C (mp 102−104 °C); Rf 0.32 (2:9
EtOAc/hexane); 1H NMR (400 MHz, CDCl3): δ 7.86 (dd, J = 7.6,
1.6 Hz, 1H), 7.57 (td, 7.9, 1.7 Hz, 1H), 7.07−7.01 (m, 2H), 4.08 (s,
2H), 3.97 (s, 3H); 13C{H} NMR (100 MHz, CDCl3): δ 188.1, 159.2,
135.7, 131.4, 124.5, 121.2, 114.6, 111.8, 55.8, 34.1; HRMS (ESI) m/z:
calcd for C10H10NO2 [M + H]+, 176.0712; found, 176.0710.
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