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Synthesis of 4-arylmethylidene-3-methyl-isoxazol-5(4H)-ones via a
three-component reaction in water catalyzed by sodium ascorbate
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ABSTRACT

An efficient procedure for the one-pot synthesis of 4-arylmethylene-3-
methylisoxazol-5-ones from ethyl acetoacetate, hydroxylamine hydrochlo-
ride, and various aromatic aldehydes using sodium ascorbate as a safe,
clean, and green catalyst in water is reported. The advantages of this
work are clean, easy work-up, high yields, and the use of water asenviron-
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mentally benign solvent.

INTRODUCTION

Multicomponent reactions (M CRs) have been de-
veloped widdly aspowerful strategy and useful tool to
create various chemical compounds. Also these pro-
cessesdiminishthesynthetic steps, and amount of waste
produced, whicharesignificant factorsin““green” chem-
istry. Ontheother hand, heterocyclic compoundsare
extensvely utilized for many bioactivemolecules, drugs
and natural products3. Among them, synthesis of
isoxazol ring are attractive because their multipurpose
propertiesin chemistry and pharmacol ogy®®. Versatile
activitiesof isoxazol ring have been reported toinclude™
anti-androgens, immunosuppressive, hypoglycemic,
analgesic, anti-psychoticsinthe treatment of depres-
son, anti-inflammatory, anticancer, anti-bacteria activ-
ity, inhibitorsin thetherapy of diverse diseases, herbi-
cidesand soil fungicida activity. Inaddition, isoxazol-
5(4H)-ones are powerful proarmoatic acceptorsand
applied in optical storage and nonlinear optical re-
searchl¥.

Sodium ascorbatetogether with copper saltsisused
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to synthesisof triazolering by “click reaction” strat-
egy™. Also sodium ascorbate and CuSO, pentahydrate
in a mixture of tert-butanol/water was applied for
preparation of 3,5-disubstituted isoxazolesvia 1,3-
dipolar cycloaddition®. Although 4H-isoxazol-5-ones
were synthesi zed so fart®" 71 to the best of my knowl-
edge, no reportsthat including sodium ascorbate asa
catayst for condensation of aromatic al dehyde, ethyl

acetoacetate (EAA), and hydroxylamine hydrochloride
have been reported.

RESULTSAND DISCUSSION

In the present study, isoxazol-5(4H)-ones, synthe-
sized by three component condensation reaction of
EAA, hydroxylaminehydrochloridewith availablearo-
matic aldehydes and premade aldehydes (1I® and
1m®) in water in presence of sodium ascorbate. At
firgt thereaction of 4-methoxybenza dehyde (1b), EAA
(2), hydroxylaminehydrochloride (3) in water in pres-
ence of sodium ascorbate at ambient conditionswere
performed (TABLE 2, entry 2). 4b was produced in
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excdlent yidd. Sincethiscompound isknown, measur-
ing themdting point and comparisonwith previoudy re-
ported melting point™! indicatesthat compound 4bis
formed. Thisresult encouraged meto perform the other
reactionswith theaimto obtainthe suitable products.

In order to exploreto optimizethe reaction condi-
tionsfor condensation, reactionusingvanillin, EAA, and
hydroxylamine hydrochlorideasamodel wascarried
out inthepresenceof different amount catdyst and vari-
oussolventsat roomtemperature(TABLE 1). Asshown
inTABLE 1, 5 mol% catalyst gave better resultsthan
the other amountsof catalyst. It was observed that in-
creasing theamount of sodium ascorbatefrom 5 mol%
to10, 12, 15, 18, and 20 mol % no advance enhance-
ment of theyield and rate (TABLE 1, entries 2-6).

TABLE 1: Effectsof solventsand catalyst amount on the con-

mol % of catalyst issufficient for increasing the conver-
sionrateand yield. When thereaction was performed
in absence of catalyst, trace amount of product was
formed. Asshownin TABLE 1, the best resultswere
obtained with water asasolvent and sodium ascorbate
(5mol %) asacatalyst. Moderateto poor yieldswere
obtai ned when reaction carried out in organi c solvents
(TABLE 1, entries 7-13) and solvent free conditions
(TABLE 1, entry 17). Also the use of two solvent sys-
tems(TABLE 1, entries 14-16) could not significant
effect onthereaction rate and resulted in only moder-
atetolow yields. In order to study effect of tempera-
tureonyield and rate, reaction was carried out differ-
ent temperatures (0, 50, 70, 100 °C).

TABLE 2 Synthesis of 4-arylmethylidene-3-methyl-
isoxazol-5(4H)-ones4in water?

) CH
. oy a b le) O O Sodium ascorbate 3
densation of vanillin 1d, EAA®2, and NH,OH.HCI*3 P I+ gomial 5 mol% N
¢} Sodium CHs H,0, r.t. 0 Ar
H3CO H ascorbate N= (0]
ﬁ +EAA + NHOHHCI — & )= la-r 2 3 dar
HO Solvent, r.t.
o] OCHs
d 2 OH i i mp (°C
1 3 » Entry Ar Time Yoleltg p (*C)
(min) (%)” Found Reported
i - - [7]
Entry Solvent CatalystI ao;nount You/elg 1 CgHsla 115 85 141-143 141-143
(mol %) (%) 2 4-CH,0CH, 1b 60 93 171-173 174-176!"
1 HO 5 95
3 4-CH3CgH,4 1c 80 88 135-136 -
2 HO 10 o7 4-OH-3-CH;0CH
a T 3 6! 13 _ _ [7]
3 H,O 12 % 4 1y 70 95 215-216 211-214
4  H0 15 95 5 2-Furyl le 120 80 240-242 238-2411
5 H,0 18 95 6 2-Thienyl 1f 70 90 146-147 -
6 H,0 20 97 7 3-Thienyl 1g 70 90 146-147 -
7 CHsOH 5 60 8 2-OHCgH, 1h 130 75 198-200 198-2011"
8  C,HsOH 10 68 9  3-OHCgH, i 120 92 202-203 -
9 THF 5 45 10 4-OHCgH, 1] 125 92 211-213 214-216"
10  Acetone 5 18 11 4-(NMe),CeHq 1k 80 88 227-228 -
: 3-Br-4-OH-5- .
1; 1,¢:I)| :xane 5 3Z21 12 CH,OCH, 1l 145 il - -
1 clohexane 5 5 -OH-3-
y 13 FOH-3NOLeHs 30 78 267-268 -
13 Hexane 5 38 Im "
14 H,0ICHLOH (1: 1) 5 75 14 :;—Indcr)]lyl 1n1 ] 120 79 240-241 239-241
-methoxy-1H-
15 H,O/Acetone (1: 1) 5 25 15 indolyl 13’ 110 72 234-235 235-237"
16  H,O/1,4-Dioxane(1:1) 5 50 16 4-NO,CgH, 1p 720 trace - -
17 Solvent free 5 40 17  2-Pyridyl 1q 900 trace - -
2ethyl acetoacetate, " Conditions: vanillin 1d (2 mmoal), EAA (2 18 4-CICgH, 1r 720 trace - -

mmol), and NH,OH.HCI (2 mmol), solvent (8 mL), ° Isolated
yields

The optimal loading of sodium ascorbate was 5
mol% in which case 4d obtained 95%. Therefore 5
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aConditions: aldehyde 1 (2 mmol), EAA 2 (2 mmol), hydroxy-
lamine hydrochloride 3 (2 mmol), and sodium ascorbate (5
mol%), H,0 (8 mL), r.t., ® Isolated yields

Resultsindicated that decreasing or risingtothere-

Au Tudian Yournal



OCAIJ, 9(3) 2013

Hamzeh Kiyani 99

actiontemperature had not only considerableinfluence
ontheyield of 4d, but also decreaseyidd, and no effect
onthereaction rate. Hence water and sodium ascor-
bate (5 mol%) waschosen for perform the other experi-
mentsat ambient conditions. Selection of water asasol-
vent having severd advantagesinc uding safe, non-toxic,
clean, green, non-flammable, low cogt, reedily avallable,
environmentaly friendly"19 properties.

TABLE 3: Comparison of theresultsof thereaction of 4-

methoxybenzaldehyde 1b, EAA 2, and NH,OH.HCI 3using
sodium ascor batewith those obtained by reported catalysts

o) CHg
ﬁH Catalyst N=
+EAA+NH,OHHCl ————F=—— 5 /—
H3CO Conditions
o]
1b 2 3 b OCHs

Catalyst/ Catalyst amount Time Yield Ref

conditions (maol%) (min) (%) )
Sodium ascorbate/H,0/r.t.2 5 70 94
Na,S/EtOH/r .. 5 90 88 b
Pyridine/EtOH/reflux 100 180 71 Tc
Catalyst free/grinding 0 48 61 Tc
Catalyst free/105-110 ? °C 0 15 66 7c
Pyridine/H,O/ultrasound 100 60 82 Tc
Sodium benzoate/H,O/r.t. 10 90 87 7Ta
Sodium silicate/ H,O/r t. 5 90 91 Tc
aThis work

Under the optimized reaction conditions, conden-
sation reactionswereinvestigated. Theresultsare sum-
marizedin TABLE 2. A range of aromatic aldehydes
containing € ectron-donating and € ectron-withdrawing
substituentswerereacted. Asshownin TABLE 2, aro-
mati c a dehydeswith e ectron-donating substituents pro-
duced the corresponding productsin good to excel lent
yields(TABLE 2, entries2-4 and 8-11) inshort reac-
tiontimes. Only atrace amount of products4p and 4r
(TABLE 2, entries 16 and 18) wasformed when the
aromatic al dehydes having el ectron-withdrawing sub-
stituents such aschlorineand nitrowasused. Further-
more, It wasfound that theyield was sati sfactory when
the reaction was carried out with 4-hydroxy-3-nitro
benzaldehyde (TABLE 2, entry 13), whereastheyield
of the product was unsatisfactory when the reaction
was performed with 4-nitrobenzal dehyde even for 24
h, which possibly dueto e ectronic effects. When sali-
cylaldehydewere condensed with EAA and hydroxy-
lamine hydrochloride, corresponding product 4h was

—= Pyl Peper

producedinreatively lower yield (TABLE 2, entry 8),
which may be due to the steric hindrance of the hy-
droxyl group. Fascinatingly, when thiophenewas used,
thereaction proceeded efficiently and afford product in
90%vyield (entries6 and 7, TABLE 2). Such argument
about furfurd istrue.

To comparethe effectiveness of sodium ascorbate
with other catalystsin the synthes sof 4-arylmethylene-
3-methyl-isoxazol-5(4H)-ones, resultsof thereaction
of 4-methoxybenzaldehyde, EAA, and NH,OH.HCI
havetabulated in TABLE 3. Asshownin TABLE 3,
sodium ascorbate, comparativeto theformerly reported
methods, isreasonably better intermsof timereactions
andyields.

EXPERIMENTAL

Mélting pointsweremeasured onaBuchi 510 melt-
ing point apparatus and are uncorrected. *H NMR and
3C NMR spectrawererecorded at ambient tempera-
ture on a Brucker AVANCE DRX-400 MHz using
CDCI, assolvent. FT-IR spectrawere recorded on a
PerkinElmer RXI spectrometer. Chemicalswere ob-
tained from Merck, FlukaandAlfa-Aesar. Thedeve -
opment of reactionswasmonitored by thinlayer chro-
matography (TLC) on Merck pre-coated silicagel 60
F,., duminumsheets, visudized by UV light. 3-bromo-
4-hydroxy-5-methoxybenza dehyde and 4-hydroxy-3-
nitrobenza dehydewas prepared according to reported
procedures®9.

General procedure for the synthesis of 4-
arylmethylene-3-methyl-isoxazol-5(4H)-ones

A mixtureof ethyl acetoacetate 2 (0.260g, 2 mmol),
hydroxylamine hydrochloride (0.139 g, 2 mmol) and
sodium ascorbate (5 mol%) in 8 mL of distilled water
was stirred at room temperaturefor 8 min, then aro-
matic aldehyde (2 mmol) was added to the mixture.
Thereaction mixturewas stirred at ambient tempera-
turefor mentionedtimein TABLE 2. After completion
of reaction (TLC), the precipitate wasfiltered off, and
washed with cold distilled water and driedinair. Crude
productswasrecrystalized from ethanol (95%) to af -
fordthetitle purecompounds. Also, thefiltrate solution
was allowed to room temperature overnight, which
caused the product to precipitate. The solid wasfil-
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tered, washed with cold water, and dried in air gave
further thetitle pure compounds. Spectrd datafor some
compoundsasfollows:
3-Methyl-4-(4-methylbenzylidene)-4H-i soxazol-5-
one (4c), pale yellow solid, *H NMR (400 MHz,
CDCL,):62.33(s,3H),2.48 (s, 3H),7.36 (d,J=8.0
Hz, 2H), 7.42 (s, 1H), 8.32 (d, J=8.4 Hz, 2H); °C
NMR (101MHz, CDCL,): 6 11.6,22.1,118.2,129.8,
129.9, 134.2, 145.8, 150.2, 161.4, 168.3.
3-Methyl-4-thiophen-2-ylmethylene-4H-isoxazol -
5-one(4f), yellow solid, '"H NMR (400 MHz, CDCL,):
02.32(s,3H), 7.29 (t, J=4.8 Hz, 1H), 7.64 (s, 1H),
7.95(d, J=4.8Hz,1H),8.13(d, J=3.6 Hz, 1H); *C
NMR (100 MHz, CDC1,): 6 11.5, 114.6, 128.9,
136.5, 139.2, 139.6, 141.5, 160. 7, 168.7.
3-Methyl-3-thiophen-2-ylmethylene-4H-isoxazol -
5-one(4g), yellow solid, 'H NMR (400 MHz, CDCL,):
82.29(s,3H),7.42 (dd, J=5.2,2.8Hz, 1H), 7.49 (s,
1H), 7.95(dd, J=4.8, 1.6 Hz, 1H), 8.99 (dd, J= 2.8,
0.8 Hz, 1H); *C NMR (100 MHz, CDC1,): 5 11.6,
117.0, 126.8, 131.5, 135.2, 139.4, 140.9, 161.3,
168.5.
4-(3-Hydroxybenzylidene)-3-methyl-4H-isoxazol -
5-one(4i), yellow solid, *H NMR (400 MHz, DM SO-
d,):52.28 (s,3H), 7.08 (d, J=8.0Hz, 1H), 7.39(t, J
=8.0Hz, 1H),7.79(d, J=7.6 Hz, 1H), 7.85 (s, 1H),
7.95 (s, 1H), 9.96 (s, 1H); “C NMR (100 MHz,
DMSO-d,):611.7,118.9,119.9,121.8,125.8, 130.2,
134.1, 152.3, 157.8, 162.6, 168.2.
4-(4-Dimethylaminobenzylidene)-3-methyl-4H-
isoxazol-5-one (4k), red solid, *H NMR (400 MHz,
CDCL1,): 6 2.27 (s, 3H), 3.19 (s, 6H), 7.24 (s, 1H),
6.75 (dd, J = 8.4, 1.2 Hz, 2H), 8.43(d, J = 8.4 Hz,
2H); *C NMR (100 MHz, CDCL1,)): 6 11.7, 40.1,
110.9, 111.5, 121.5, 137.7, 149.3, 154.2, 161.7,
170.2.
4-(4-Hydroxy-3-nitrobenzylidene)-3-methyl-4H-
isoxazol-5-one(4m), ydlow solid, '"H NMR (400 MHz,
DMSO-d)): 6 2.27 (s, 3H), 7.27 (d, J=8.8 Hz, 1H),
7.92 (s, 1H), 8.20 (s, 1H), 8.62 (d, J= 9.2 Hz, 1H),
9.2(s, 1H); *CNMR (100 MHz, CDCI, and DMSO-
d):611.7,117.8,119.9,124.5,132.3,137.2, 140.5,
149.6, 157.0, 162.3, 168.7.

CONCLUSION

Insummary, afacile, efficient, green, and safe pro-
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tocol hasbeen devel oped for the one-pot three-com-
ponent preparati on of 4H-isoxazol-5-one derivatives.
Also 4H-isoxazol-5-oneswere synthesized in high to
excedlent yieldsfrom readily available substrates. Uti-
lizing of water and sodium ascorbate system overcome
thesomelimitationssuchaslongreactiontime, low yield,
reflux and ultrasound irradiation(”.
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