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Microwave-assisted synthesis
of new spiro-isoxazolino-indol-3-ones and S-aroylisoxazoles on KF-Al,03
under solvent-free conditions
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RESUME : De nouveaux spiro-isoxazolino-indol-3-ones et 3-aroylisoxazoles sont synthétisés avec de bons
rendements sur KF-A1;O; en amilieu secr et sous irradiation micro-ondes. Tous les produils finaux et intermédiaires
sont rapportés ef leurs structures sont établies par les méthodes spectroscopigues.

ABSTRACT : New spiro-isoxazoiino-indot-3-ones and 3-aroylisoxazoles have been synthesized in good yields on
KF-ALO; in «dry media» and under microwaves irradiation. All synthons and final products have been described and
their structures established by speciroscopic methods.
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INTRODUCTION

Considerable attention has been focused on the synthesis of isoxazolines and isoxazoles [11.
both for their high pharmacological and hiological activities [2-5]. The 1,3-dipolar cycloaddition of
arvlnitriloxide with olefinic and acetylenic derivaties is a general and one of the best procedure to
get these heterocycles 1.

However the synthesis of spiroisoxazolines have been less reported [1b-d]. These compounds
can be converted to - aminoalcohols and B- hydroxy-ketones [6,7]. Arylnitriloxydes are generated
in situ by heating hydroxamoic chlorides with a base [8] (Scheme 1), these latter are goten by
aldoximes halogenation with N~ chloro or N- bromo-succinimide in dimethylformamide {9].
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In continuation of our work on the synthesis of heterocycles via 1,3-dipolar cycloaddition, and
on the application of microwave irradiation for this purposes, we have recently set up a simple and
an efficient route to get isoxazolines by mixing hydroxamoic chlorides and various dipolarophiles,
the whole supported on mineral solid support and trradiated with microwaves [10,11].
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RESULTS AND DISCUSSION

We report herein the synthesis of novel spiro-isoxazolino-indol-3-ones §, 6 and 7 and the
synthesis of 5- aroylisoxazole 8 (Scheme 2).
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Dipoles and dipolarophiles were supported on KF-Al;O; and irradiated by microwaves in a
domestic oven for 10 to 14 minutes. The results were compared to those obtained in conventional
thermal heating according to the classical procedure {12]. We summarize our results in table 1
Hydroxamoic chlorides 4 and dipolarophile 1 were impregnated on KF-Al;Os. The reaction mixture
was submitted to microwave irradiation i a domestic oven at 650 W during 10 min.

Adducts 5§ were obtained in rather good yields (68 — 90%). Dipolarophile 2 (diastereoisomeric
mixture 40/60) reacted with dipoles 4 under the same conditions used above and ted to adducts 6/7
it 40/60 ratio with slightly better yields (77 ~ 92%). Diastercoisomers 6 and 7 were separated by
column chromatography over siiica gel.

Table I: : Results of the cycloaddition under microwaves and by conventional heating

Adducts t{min]® T¢[°C]® [%]Rdt. 9 A
ucts timin] MF(; 1 ][wo}] [%6} Rt

5a 10 135 68 509
5h 10 132 90 804
S¢ 10 136 87 804
3d 10 142 85 78¢
6at+7a 10 132 77 65°
6b+7b 10 134 88 g5
6ct7e 1D 136 90 854
6d+7d 10 138 92 829
8a 14 137 90 75°¢
8b 14 135 95 85°
8¢ 14 136 95 85°¢
8d 14 138 95 80°

* Microwave irradialion lime. ” final lemperalure of 1he reaclion mixture, measured wilh a thermometric probe afier the
completion of the reaction. © Final yields of isefaled adducls under microwaves. ¢ Final yields of isolaled products after
conventional lhermal healing: THF - ELN, oil balh, reflux, 24 h. ° Yields of isolated products after conventional
thermai healing : THF - E&N, oil bath, reflux, 10 h.
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Dipolarophiles 3 reacted with dipoles 4 but did not lead to the expected spiro-compounds. These
fatter were rearranged [13] /n sifu into aroylisoxazoles 8 in very good yields (table I). Tbe structures
of all the compounds 5-8 were settled from the spectral data ('H and ’C NMR and IR) [14]. We
also tested the microwave specific effects (athermic). In this goal, we compared results gotten in the
same conditions (timc and temperaturc of reaction) by conventional heating and microwaves.

The yields under microwaves varied from 68 to 95% against traces obtained by classical
heating. The products were obtained in 10 and 14 min. in relation with the temperature measured
after the completion of the reaction. The final temperatures varicd between 132 and 142°C (table ).
These microwave specific effects could be of multiple origins [10,11,15].

CONCLUSION

We have set up a simple and an efficient provcuwic w synthesize a new spiro-isoxazolines
and aroylisoxazoles. The reactions occurred in short times under microwaves irradiation. The use of
solid support avoided tbe use of polluent solvents, and products were easily rccovered.

EXPERIMENTAL

General. Melting points (MP) were determined with a Blichi 510 apparatus. Analytical TLC was
performed on 0,25 mm silica gel plates (Merck). Visualization was accomplished by UV ligbt and
1odine. Solvents for extraction and chromatograpby were technical grade and distilled from the
indicated drying. All other reagents were recrystallized or distilled when necessary

Column chromatography was carricd out on silica gel (Mcerck, 70-230 mesh). IR spectra werc
obtaincd on Perkin-Elmer 1600 series FTIR. 'H and "C NMR experiment were recorded on a
Bruker AC 250 to 62.89 MHz spectrometer using tetramethylsilane (0.00 ppm) or chloroform
(7.26 ppm) as an internal reference in CDCl; solutions. Chemical shifts are given in ppm (8);
multiplicities are indicated by s (singlet) or m (multiplet). Microwave irradiations were carried out
with a multimode oven (Samsung RE-995-CG, 2450 MHz, Pmax = 900W).

General Procedure for the synthesis of spiro-isoxazolino-indol-3-ones (3, 6 and 7} and 5-
aroylisoxazoles (8} on KF-Al1,0; under solvent-free conditions: A mixturc of dipolarophiles (1, 2 or
3) {4 mmoles] in dichloromethane (CH,Clz} [20 ml] and hydroxamoic acid chlorides {4) [4 mmoles]
was added to potassium fluoride on alumina {3g] under stirring. After few minutes of contact, the
solvent was removed under reduced pressure. The solid was pored in an Erlcnmeyver [50ml} and put
in tbe microwave oven and irradiated. At the end of the reaction, after cooling down and extraction
with CH,Cly. The crude compounds 5, 6, 7 and 8 were extracted with dichloromethane and
recrystallized from ethanol. Diastercoisomers 6 and 7 scparated by column chromatography over
silica gel, using ethylacetatc / hexanc 2:8 as elucnt.

Compound 5a : MP=230°C (EtOH); 1R (KBr) em’™: 1718 (C=0), 3340 (N-H) ; NMR 'H (CDCl3) 6
ppm : 447 (NH), 4.92 (sHy), 6.55-7.63 (m,14H); NMR"C (CDCl3) 3 ppm: $5.11 (Cy), 96.52
(Cs27), 196.90 (Cs-).

Compound 5b : MP=224°C (EtOH); IR(KBr) ecm™: 1716 (C=0), 3342 (N-H); NMR 'H (CDCly)
& ppm 2.35 (s,CHa), 4.49 (s,NH), 4.96 (s,Hy), 6.58-7.72 (m,13H); NMR C (CDCL) & ppm: 21.50
{CH3). 55.72(Cy), 96.64 (Cs.0-), 196.70(C5-).

Compound 5S¢ : MP=194°C (EtOH) ; IR (KBr) em™: 1716 (C=0), 3342 (N-H) ; NMR 'H (CDCl3)
$ ppm : 4.50 (NH), 4.90 (s,Ha), 6.55-7.62 (m,14H); NMR "C (CDCl3) & ppm : 55.82 (C4), 96.23
(Cs). 198.20 (Cye).
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Cempound 5d : MP=232°C (EtOH); IR(KBr) em': 1715 (C=0), 3340 (N-H); NMR 'H (CDCl5)
8 ppm :3.72 (s,0CHa), 4.52 (sNH). 4.88 (s,Hy), 6.55-7.74 (m,13H); NMR “C (CDCl3) & ppm:
55.20 (OCH3), 56.10(Cy), 96.33 (Cs2-), 198.40(Cy).

Compound 6a : MP=184°C (EtOH}), IR (KBr) em’': 1715 (C=0}); NMR 'H {CDCl3) & ppm - 248
(s,N-CH3), 5.21 (s,Hg), 6.46-7.64 (m,141H); NMR C (CDCl3) 8 ppm : 29.88 (N-CH3), 57.64 (C4),
101.46 (Cs9), 197.52 (C3).

Compound 7a : MP=170°C (EtOH); IR (KBr)em™: 1718 (C=0); NMR 'H (CDCl3) & ppm : 3.02
(s.N-CH3), 5.03 (s,Hy), 6.65-7.56 (m,14H); NMR "’C (CDCl3) 8 ppm : 27.60 (N-CH3), 59.42 (Cy),
99.89 (Cs.»7), 193.49 (Cy).

Compound 6b : MP=176°C (EtOH); IR (KBr) em™': 1717 (C=0); NMR '"H (CDCl;) & ppm : 2.33
(s,CH3), 2.49 (s,N-CH3), 5.22 (5,Hs), 6.45-7.62 (m,13H); NMR “C (CDCl3) & ppm : 21.52 (CH3),
29.79 (N-CHs), 57.67 (Cs), 101.48 (Cs°), 197.49 (C30).

Compound 7b : MP=164°C (EtOH); IR (KBr) cm™': 1720 (C=0): NMR 'H (CDCl3) & ppm : 2.32
(s.CH3), 3.01 (s,N-CHg), 5.02 (s,Ha), 6.66-7.52 (m,13H); NMR "*C (CDC13) & ppm : 21.50 (CH3),
27.43 (N-CHa), 59.34 (C4), 99.93 (Cs.2), 193.53 (Cy).

Compound 6¢ : MP=178°C (FtOH); IR (KBr) em™: 1710 (C=0); NMR 'H (CDCl3) & ppm : 2.49
(s N-CHz), 5.19 (s,Hy), 6.47-7.63 (m,13H); NMR "C (CDCl3) 8 ppm : 29.58 (N-CH3), 57.26 (C4),
101.73 (Cs.), 197.16 (C3-).

Compound 7¢ : MP=160°C (EtOH); IR (KBr) em™: 1715 (C=0); NMR 'H (CDCl) & ppm : 3.04
(s,N-CH3), 4.98 (s,Ha), 6.65-7.56 (m,13H); NMR "*C (CDCl3) & ppm : 27.68 (N-CH3), 59.36 (C,),
99.92 (Csp-), 193.62 (C5).

Compound 6d : MP=180°C (EtOH); 1R (KBr) em™: 1718 (C=0); NMR 'H (CDCl3) & ppm : 2.48
(s,N-CH3), 3.77 (s,0CH3), 5.19 (s,Hy), 6.45-7.60 (m,13H); NMR "C (CDCl3) & ppm : 29.56 (N-
CH3), 57.37 (OCHy), 57.79 (Cy), 101.40 (Cs.2°), 197.56 (Cx).

Compound 7d : MP=168°C (EtOH); IR (KBr)em™': 1710 (C=0); NMR 'H (CDCly) 8 ppm : 3.02
(s.N-CH3), 3.76 (s,0CH3), 5.01 (s,Ha), 6.65-7.56 (m,13H); NMR "°C (CDCl3) & ppm : 2743 (N-
CHy), 55.34 (OCH3), 59.51 (Cy). 99.87 (Cs2), 194.10 (Cxo).

Compound 8a : MP=154°C (EtOH); IR (KBr) cm’': 1635 (C=0), 3115 (OH); NMR 'H (CDCl3) 8
ppm : 6.88-7.96 (m,14H), 11.64 (s,0H); NMR e (CDCl3) dppm : 137.77 (Cy), 162.12 (Cs),
187.27 (C=0).

Compound 8b : MP=130°C (EtOH); IR (KBr) cm™: 1635 (C=0), 3118 (OH); NMR 'H (CDCl;) &
ppm : 2.37 (s,CHz), 6.88-8.02 (m,13H), 11.66 (s,0H); NMR "C (CDCls) 8 ppm : 21.40 (CH3),
140.27 (C3), 162.13 (Cs), 187.31 (C=0).

Compound 8¢ : MP=140°C (EtOH); IR (KBr) cm™: 1635 (C=0), 3120 (OH); NMR 'H (CDCl3) &
ppm : 6.92-8.16 (m,13H), 11.6] (s,OH); NMR C (CDCl3) & ppm : 137.77 (C3), 162.15 (Cs),
187.29 (C=0).

Compound 8d : MP=142°C (EtOH); IR (KBr) cm™': 1630 (C=0), 3120 (OH); NMR 'H (CDCl3) 8
ppm : 3.61 (s,OCH;), 6.84-8.01 (m,13H), 11.86 (s,01); NMR "*C (CDCl3) 8 ppm : 55.35 (OCHs3),
137.74(C3), 161.76 (Cs), 187.30 (C=0).
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