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Four-Component Reaction between Ethyl Benzoylacetate,
Hydroxylamine, Aldehydes and Malononitrile:
Synthesis of Isoxazol-5(2H)-Ones
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ABSTRACT: We present herein a new and efficient four-component synthesis of isoxazol-5(2H)-ones
involving ring closing/Knoevenagel condensation/Michael addition sequential reactions.
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INTRODUCTION

Isoxazole derivatives are classified as one of the
privileged useful synthetic building blocks in medicinal
chemistry [1]. They are of considerable interest due to
the diverse range of pharmaceutical properties:such as
antitumor [2], COX-2 and HDAC inhibitory [3],
antimicrobial [4], antimycobacterial [5],-anti-inflammatory [6],
antiviral  [7], antifungal [8], anticonvulsant [9],
antioxidant [10], analgesic [11], antituberculosis [12],
and antinociceptive [13]. In addition; isoxzolone unit have
also considered as the basis for the design and
construction of merocyanine dyes along with applications
in optical recording and nonlinear optical research [14].

Isoxazol-5(2H)-ones are classified as an important
class of isoxazole derivatives. Therefore, several synthetic
strategies have been reported in the literature to produce
isoxazol-5(2H)-ones derivatives in the past few years.
The most common synthetic approaches involve:
(i) reaction of ethyl benzoylacetate and alkyl chlorooximidoacetate
in basic conditions [15], (ii) reaction of ethyl-2-
(alkyl)carbamothioyl)-3-oxobutanoate and hydroxylamine [16],
(iii) reactions of 4-arylidene-5(4H)-isoxazolones and

aldehyde;

Malononitrile;  Isoxazol-5(2H)-ones;

nucleophiles [17], (iv) reduction of 4-arylidene-5(4H)-
isoxazolones by sodium tetrahydroborate [18],
1,4-dihydropyridine [18] or o-phenylenediamines and
aldehydes [19], (v) reaction of alkyl cyanoacetate and
hydroxylamine  [20]. However,  Multi-Component
Reactions (MCRs) are considered as one of the best
routes to achieve functionalized isoxazol-5(2H)-ones.

Knowing the chemical and pharmacological
importance of isoxazole derivatives and due to the
environmental issues about utilizing green solvents [21, 22],
we have focused on introducing a new, green and
efficient reaction between ethyl benzoylacetate, hydroxyl
amine, aromatic aldehyde and malononitrile in the
presence of catalytic amount of Para-Toluene Sulfonic
Acid (PTSA) in water.

EXPERIMENTAL SECTION
Apparatus

Commercially available reagents were used without
further Purification. Melting points were measured with
a Kofler hot stage apparatus and are uncorrected.
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'H and 3C NMR spectra were recorded with a Bruker FT-400,
500, using TMS as an internal standard. IR spectra were
obtained with a Shimadzu 470 spectrophotometer (KBr disks).

General procedure for the preparation of compound 5a-h,
exemplified on 5a:

A mixture of ethyl benzoylacetate 1 (0.192 g,
1 mmol), hydroxyl amine 2 (0.040 g, 1.2 mmol) and PTSA
(0. 009 g, 5 mol %) was stirred in 5 mL of water for
5 min. Then, 4-methyl benzaldehyde 3a (0.120 g, 1 mmol)
and malononitrile 4 (0.066 g, 1 mmol) was added and
the reaction mixture was stirred at 80 °C temperature
for 5 min. The reaction mixture was cooled to r.t. and stirring
was continued for another 10 min at ambient temperature.
The white precipitate was filtered, washed with H,O
(3 x 2 mL), dried, and then recrystallized from EtOH
to give 5a as a white solid.

2-((5-Ox0-3-phenyl-2,5-dihydroisoxazol-4-yl)(p-tolyl) methyl)
malononitrile (5a):

White solid; m.p. 120-122 °C; Yield 85%; IR (KBr)
v max (cm™): 3321, 2210, 1763, 1672, 1363, 1243, 739;
H NMR (400 MHz, DMSO-ds) &: 7.64-7.57 (m, 3H),
7.52-7.49 (m, 2H), 7.38 (d, J = 8.0 Hz, 2H), 7.20 (d,
J = 8.0 Hz, 2H), 5.69 (d, J = 11.2 Hz, 1H), 4.66 (d,.J =
11.2 Hz, 1H), 2.28 (s, 3H), 2.29 (s, 1H); *C NMR (100
MHz, DMSO-ds) &6 ppm: 171.2, 162.5, 138.1, 135.8,
132.0, 131.5, 130.0, 129.8, 128.4, 128.1, 114.1, 113.8,
40.5, 27.3, 21.1. MS m/z (%): 329 [M*], 238, 161, 84, 77.

2-((5-Ox0-3-phenyl-2,5-dihydroisoxazol-4-yl)(phenyl)methyl)
malononitrile (5b):

White solid; m.p. 131-133 °C; Yield 87%; IR (KBr)
v max (cml): 3341, 2253,:1735, 1639, 1348, 1269, 748;
'H NMR (400 MHz, DMSO-ds) &: 7.64-7.58 (m, 3H),
7.52-7.49 (m, 4H), 7.42-7.38 (m, 2H), 7.36-7.34 (m,
1H), 5.73 (d, J = 11.2 Hz, 1H), 4.72 (d, J = 11.2 Hz, 1H),
2.27 (s, 1H); C NMR (100 MHz, DMSO-dg) &: 168.9,
160.4, 136.6, 132.6, 129.7, 128.7, 127.7, 126.7, 126.1,
126.0, 124.3, 111.9, 38.6, 25.1. MS m/z (%): 315 [M™],
250, 173, 83, 77.

2-((4-Chlorophenyl)(5-oxo-3-phenyl-2,5-dihydroisoxazol-
4-yl)methyl)malononitrile (5c)

White solid; m.p. 125-126 °C; Yield 88%; IR (KBr)
v max (cm): 3326, 2233, 1747, 1641, 1341, 1252, 823;
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'H NMR (400 MHz, DMSO-ds) & 7.64-7.58 (m, 3H),
7.54-7.47 (m, 6H), 5.73 (d, J = 11.2 Hz, 1H), 4.80 (d, J =
11.2 Hz, 1H), 2.11 (s, 1H); °C NMR (100 MHz, DMSO-
de) 5 168.9, 160.4, 135.8, 131.3, 130.3, 129.8, 128.0,
127.6, 126.2, 126.8, 124.2, 111.7, 111.4, 25.0. MS m/z
(%): 349 [M*], 241, 189, 161, 83, 77.

2-((3-Chlorophenyl)(5-oxo0-3-phenyl-2,5-dihydroisoxazol-
4-yl)methyl)malononitrile (5d)

White solid; m.p. 140-142 °C; Yield 85%; IR (KBr)
v max (cm?): 3318, 2251, 1749, 1639, 1349, 1207, 759;
'H NMR (400 MHz, DMSO-dg) &: 7.65-7.58 (m, 4H),
7.52-7.49 (m, 2H), 7.45-7.41 (m, 3H), 5.79 (d, J = 11.2 Hz,
1H), 4.81 (d, J = 11.2 Hz, 1H) 2.33 (s, 1H); 3C NMR
(100 MHz, DMSO-ds) &: 168.9, 160.4, 138.8, 131.6,
129.7, 126.7, 126.2, 125.8, 125.0, 124.2, 111.7, 111.4,
89.4, 37.9, 24.9. MS m/z (%): 349 [M*], 238, 161, 84, 77.

2-((4-Fluorophenyl)(5-0xo-3-phenyl-2,5-dihydroisoxazol-
4-yl)methyl)malononitrile (5e)

White solid; m.p. 117-119 °C; Yield 83%; IR (KBr)
v'max (ecm?): 3336, 2247, 1761, 1652, 1343, 1090, 819;
H NMR (400 MHz, DMSO-ds) &: 7.59-7.64 (m, 3H),
7.53-7.58 (m, 2H), 7.51-7.48 (m, 2H), 7.27-7.22 (m,
2H), 5.71 (d, J = 11.2 Hz, 1H), 4.48 (d, J = 11.2 Hz, 1H),
2.16 (s, 1H) 3C NMR (100 MHz, DMSO-dg) §: 168.9,
161.3, 158.8, 132.8, 131.8, 129.8, 128.3, 127.6, 126.1,
124.2, 114.2, 111.8, 90.1, 25.2. MS m/z: 333[M"], 268,
191, 108, 77.

2-((4-Cyanophenyl)(5-oxo-3-phenyl-2,5-dihydroisoxazol-
4-yl)methyl)malononitrile (5f)

White solid; m.p. 134-136 °C; Yield 88%; IR (KBr)
v max (cm): 3320, 2241, 1728, 1639, 1361, 1234, 851;
'H NMR (400 MHz, DMSO-dg) & 7.91-7.89 (m, 2H),
7.70-7.68 (m, 2H), 7.64-7.57 (m, 3H), 7.50-7.48 (m,
2H), 5.81 (d, J = 11.2 Hz, 1H), 4.92 (d, J = 11.2 Hz, 1H),
2.25 (s, 1H); **C NMR (100 MHz, DMSO-dg) & 171.0,
162.7, 144.0, 133.4, 132.0, 129.8, 128.4, 126.4, 118.8,
113.8, 113.5, 111.7, 91.0, 40.3, 26.9. MS m/z (%): 340
[M*], 275, 198, 83, 77.

2-((4-Nitrophenyl)(5-oxo-3-phenyl-2,5-dihydroisoxazol-
4-yl)methyl)malononitrile (5g)

White solid; m.p. 128-129 °C; Yield 86%; IR (KBr)
v max (cm): 3301, 2215, 1749, 1647, 1352, 1199, 865;
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Table 1: Synthesis of isoxazol-5(2H)-one derivatives (Scheme 1)

KProduct Structure Yield (%) Product Structure Yield (%)a\
O
HN 0
5a 85 5b 87
5c 88 5d 85
5e 83 5f 88
59 86 5h 84

'H NMR (400 MHz, DMSO-ds) § 827 (d, J.= 8.8 Hz,
2H), 7.78 (d, J = 8.8 Hz, 2H), 7.65-7.58 (m, 3H), 7.51—
7.50 (m, 2H), 5.85 (d, J = 11.2 Hz, 1H), 5:01(d, J = 11.2
Hz, 1H), 2.19 (s, 1H); 3C NMR (100-MHz, DMSO-dg) &
168.8, 160.5, 145.6, 143.6, 129.8, 129.6, 127.6, 126.2,
124.1, 122.4, 111.2, 88.6, 37.8, 24.6. MS m/z (%): 360
[M*], 284, 160, 85, 78.

2-((3-Nitrophenyl)(5-oxo-3-phenyl-2,5- dihydroisoxazol-
4-yl)methyl)malononitrile (5h)

White solid; m.p. 140-142 °C; Yield 84%; IR (KBr)
v max (cm?): 3305, 2229, 1736, 1619, 1380, 1208, 750;
!H NMR (400 MHz, DMSO-ds) & 8.43 (m, 1H), 8.23-
8.20 (m, 1H), 7.96-7.94 (m, 1H), 7.74-7.70 (m, 1H),
7.76-7.57 (m, 3H), 7.51-7.49 (m, 2H), 5.87 (d, J = 11.2 Hz,
1H), 5.03 (d, J = 11.2 Hz, 1H), 2.21 (s, 1H); *C NMR
(100 MHz, DMSO- ds) & 168.9, 160.5, 146.2, 138.5,
133.0, 129.8, 128.9, 127.6, 126.3, 124.1, 121.6, 120.9,

1115, 111.3, 88.7, 24.9. MS m/z (%): 360 [M*], 282,
161, 83, 77.

RESULTS AND DISCUSSIONS

Our endeavor began by mixing ethyl benzoylacetate 1
and hydroxylamine 2 in the presence of PTSA (5 mol%),
then, aromatic aldehyde 3 and malononitrile 4 were added
(Fig. 1). The reaction was completed at 80 °C in water
within 10 minutes producing isoxazol-5(2H)-one
derivatives 5a-h in 83-88% vyields (Table 1). All of
the synthesized compounds are new and fully characterized.

The *H NMR spectrum of 5a showed a broad signal
for the NH group at 6 = 3.63 ppm and two doublet signals
for two CH (8 = 4.66 and 5.69 ppm, J = 11.0 Hz) along
with the characteristic signals with appropriate chemical shifts
and coupling constants for aromatic protons. The 'H decoupled
13C NMR spectrum of 5a showed 16 distinct resonances
in agreement with the proposed structure.
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Fig. 1: Four-component synthesis of isoxazol-5(2H)-one.
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Fig. 2: Proposed mechanism.

A mechanistic rationalization for this reaction
is provided in Fig. 2. At first, ethyl benzoylacetate 1
protonated by PTSA and condensed with hydroxylamine
2 to produce intermediate 7, which is readily converted
into isoxazol-5(4H)-ones 8 via the intramolecular
cyclization which readily undergoes Knoevenagel
condensation with aromatic aldehydes followed by
the attack by malononitrile afforded isoxazol-5(2H)-one
derivatives 5.

CONCLUSIONS

In summary, we have reported a simple, efficient, and
environmentally friendly approach for the synthesis of
isoxazol-5(2H)-ones in the presence of PTSA in water.
Aqueous media, excellent yields and simple purification
step along with utilization of inexpensive starting
materials are considered as the main advantages of
this method.
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