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CONDENSED HETEROAROMATIC RING SYSTEMS. Xix.1
SYNTHESIS AND REACTIONS OF 5-(TRIBUTYLSTANNYL)ISOXAZOLES?2
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3-Substituted 5-(tributylstannyl)isoxazoles were newly synthesized by the 1,3-dipolar cycloaddition of
nitrile oxides to tributylethynylstannane. The iodination and the palladium-catalyzed benzoylation of 5-
(tributylistannyl)-3-methylisoxazole gave 5-iodo-3-methylisoxazole and 3-methyl-6-isoxazolyl phenyl
ketone in satisfactory yields, respectively. The palladium-catalyzed cross-coupling reaction of the
stannylisoxazole with 2-bromonitrobenzene followed by the catalytic hydrogenation over Raney nickel
resulted in the formation of 2-methyli-4(1H)-quinolinone in 57% overall yield

Trialkylstannylarenes and heteroarenes are useful for the synthesis of the corresponding acy! or halogeno derivatives.3
But, the general synthetic methods for the stannyl compounds are limited to the reaction of aryllithiums4 or aryl Grignard
reagents5 with tnalkylstannyl halides, the reaction of aryl halides with trialkylstannylithiums6 or sodiums,7 and the
palladium-catalyzed reaction of aryl halides or triflates with hexaalkyldislannamas.8 Furthermore, there is few papers for

the synthesis by cycloaddition reaction of trialkylethynylstannanes with 1,3-dipolar compounds.9

In this paper, we describe the synthesis of 5-tnbutylstannylisoxazoles by the 1,3-dipolar cycloaddition reaction of
tributylethynylstannane with nitrile oxides, the palladium-catalyzed cross-coupling reaction of the tributyistannylisoxazoles
with aryl halides, and the synthesis of some bicyclic heteroaromatics.

Synthesis of Tributylstannylisoxazoles

It is well known that an attempted lithiation of isoxazole at the 3-position or the 5-position with butyllithium resulted in the
ring-cleavage as shown below.10:11 These facts suggest unsatisfactory results for the synthesis of 3- and 5-
(trialkylstannyljisoxazoles using the substitution of metallated 1soxazoles with trialkylstannyl halides.
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Thus, we investigated the 1,3-dipolar cycloaddition of nitrile oxides (2a-c) generated from appropriate precursors with
tributylethynylstannane (1) as an alternative method for the synthesis of 5-(tributylstannyl)isoxazoles (3a-¢) When 1 was
treated with acetonitrile oxide (2 a) generated in situfrom nitroethane and pheny! isocyanate,1 23 awas obtained in nearly
quantitative yield Similarly, 3b was synthesized by the reaction of 1 with benzonitrile oxide (2b) from
phenylnitromethane In addition to the above, the reaction of 1 with ethyl chlorooximido-
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acetate3 (a precursor of 2¢) in the presence of triethylamine, smoothly gave ethyl 5-(tributyistannyl)isoxazole-3-

carboxylate (3¢).
In connection with the above, the synthesis of 3- and 4-(tributylstannyl)isoxazoles were examined. The condensation

of 3-bromo-5-phenylisoxazole (4) with tnbutylstannyllithnum” and the decarboxylation of tributylstannyl 5-
methylisoxazole-3-carboxylate (5)1 5 faited to give the desired 3-(tributylstannyl)isoxazole derivatives. On the other hand,
4-(tributylstannyl)-3,5-dimethylisoxazole (7) was isolated through the lithiation of 4-iodo-3,5-dimethylisoxazole (6), and
the subsequent reaction of the lithiated isoxazole with tributylstannyl chloride, 1€ although the yield of 7 was

unsatisfactory.
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Reactions of 5-(Tributylstannyl)-3-methylisoxazole (3)

It has been known that, in principle, the 5-position of isoxazole ring is inactive towards electrophilic substitutions, but 3a
smoothly reacted with iodine in tetrahydrofuran to give 5-iodo-3-methylisoxazole (8). Further, when 3 a was allowed to
react with benzoyl chloride in the presence of dichlorobis(triphenyiphosphine)palladium as a catalyst, the reaction in
dioxane proceeded under reflux to give 3-methyi-5-isoxazolyl phenyl ketone (9).

As well as the benzoylation of 3 a, the cross-coupiing reaction of 3 awith aryl halides was also catalyzed by the palladium
complex The results of the cross-coupling reaction are listed in Table |, in which advantage of dioxane as a solvent is
clearly demonstrated
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Table I. The Palladium-Catalyzed Cross-Coupling Reaction of 3 a with Aryl Halides
Me Me

Il 0 "—';L | ) ;:sh ridy!
N : 2-pyridy
BuaSn”™ "O” PA(PPhg)Clz - o AN o-N ¢ : 3-pyridyl
solvent, reflux
3a 10a-¢
ArX Solvent  Reactiontime (h) Yield of 10 (%)
Phi THF 7 82
PhBr THF 55 18
PhBr dioxane 6 59
PhBr dioxane 25 72
2-Bromopyridine THF 14.5 17
2-Bromopyridine dioxane 6 64
3-Bromopyridine THF 15 15
3-Bromopyridine dioxane 4 60

Syntheses of Bicyclic Heteroaromatic Compounds

in order to confirm synthetic utility of the isoxazole moiety introduced into benzene ring, the synthesis of some
heteroaromatic compounds with bicyclic structure were tested using the cross-coupling reaction of 3a and 7 with 2-
substituted bromobenzenes. As shown in Table I, in the reaction of 2-bromonitrobenzene with 3 a, a satisfactory result
was obtained by using 1 mole% of the palladium catalyst. When 3-methyl-5-(2-nitrophenyl)isoxazole (11) thus obtained
was hydrogenated over Raney nickel, 2-methyl-4(1 H )-quinolinone (1 3) was isolated as a sole product. The cross-
coupling reaction of 3a with 2-(methoxymethoxy)bromobenzene gave the corresponding 5-[2-(methoxymethoxy)-
phenyl]-3-methylisoxazole (1 4) which was also readily converted into 2-methylchromone (16) by the catalytic
hydrogenation over Raney nickel followed by treament with concentrated hydrochloric acid in acetic acid. These results
clearly exhibited the formation of enaminoketone intermediate (1 2 and 1 5) through the ring-cleavage of the isoxazole
moiety, as expected.
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Table ll. The Palladium-Catalyzed Cross-Coupling Reaction of 2-Nitrobromobenzene with 3a

Mole% of Pd catalyst Reaction time (h) Yield (%)

10% 20 27
5% 15 32
5% 20 54

1% 20 90
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Scheme 5

According to the similar manner, methyl 2-methyl-3-indolyl ketone (1 8) was synthesized as shown in Scheme 6
Namely, the cross-coupling reaction of 7 with 2-nitrobromobenzene proceeded analogously to give 3,5-dimethyl-4-(2-
nitrophenyl)isoxazole (7 ) which was convented to 1 8 by hydrogenation over Raney nickel.
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Scheme 6
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Experimental Section

TH-NMR spectra were recorded at 60 MHz with JEOL JNM-PMX 60 spectrometer. Chemical shifts are quoted as & (ppm)
relative to tetramethylsilane (TMS) IR spectra were measured with a JASCO IR 810 spectrometer. Mass spectra (MS) were
taken with a JMS-DX303.

3-Methyl-5-(tributyistannyl)isoxazole (3a)

A dry benzene (8 ml) solution of nitroethane (1 65 g, 22 mmol), phenyl isocyanate (5.24 g, 44 mmol) was stirred at 50
°C for 5 mun, to which a dry benzene (8 mi) solution of tributylethynylstannane (1) (6. 30 g, 20 mmol} and EtaN (one drop)
was added. The whole mixture was stirred at 50°C for 14 h, diluted with water, and then fittered through a Celite pad. The
filtrate was extracted with benzene. The benzene extract was dried over MgSO4 and concentrated under reduced
pressure The residue was chromatographed on a silica gel column with benzene as an eluent to give a yeliow viscous
hquid (7.10 g, 95%). TH-NMR (CDClg, ppm) 06 - 1.8 (27H, m), 233 (3H, 5), 6.22 (1H, 5) MS (m/2)' 316 (M *.C4Hg)

High Resolution MS Calcd for C4 oHo oNOSR (M¥-C4Hg) 316 0723. Found- 316 0721,

3-Phenyl-5-(tributylstannyl)isoxazole (3b)
A dry benzene (4 ml) solution of phenylrutromethane (0.76 g, 5 5 mmol), phenyl isocyanate (1.31 g, 11 mmol) was
stirred at 50 °C for § min, to which a dry benzene (4 ml) solution of 1 (1.58 g, 5 mmol) and Et3N (one drop) was added
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The whole mixture was stirred at 50°C for 16 h, diluted with water and then filtered through a Celte pad. The filtrate was
extracted with benzene. The benzene extract was dried over MgSO 4 and concentrated under reduced pressure. The
reside was chromatographed on a silica gel column with benzene as an eluent to give a yellow viscous liquid (2.16 g,
100%). THNMR (CDCl3, ppm): 0.6 - 1.8 (27H, m), 6.70 (1H, 8), 7.2 - 7.6 (3H, m), 7.8 - 8.0 (2H, m). MS(m/2): 378 (M*-

C4Hg). High Resolution MS Calcd for Gy 7H, JNOSN (M*-C4Hg): 378.0880. Found: 378.0880.

Ethyl 5-(tributylstannyl)isoxazole-3-carboxylate (3c)

An ethereal (4 mi) solution of EtgN (0.5 ml) was added to an ethereat (6 ml) solution of ethyl chlorooximidoacetate (0.46
9, 3 mmol) and 1 (1.04 g, 3.3 mmol) at room temperature. The mixture was stirred for 5 h, diluted with water, and extracted
with ether. The ethereal extract was dried over MgSO4 and concentrated under reduced pressure. The residue was
chromatographed on a silica gel column with benzene as an eluent to give colorless viscous liquid (1.10 g, 85%). H
NMR (CDCl3, ppm): 0.7-1.9 (30H, m), 4.47 (2H, q, J =7 Hz), 6.82 (1H, 5). IR (CHClg), em1:1735. MS (m/2): 374 (M*-

C4Hg). Resolution MS Calcd for C4 4Ho 4N03$n (M*-C4H9): 374.0778. Found' 374.0752

3,5-Dimethyl-4-(tributyistannyl)isoxazole (7)

1 56 M Butyllithum in hexane (4.30 mi, 10 mmol) was added dropwise to a solution of 4-iodo-3,5-dimethylisoxazole (6)
(2.24 g, 10 mmol) in ether (60 ml) with stiming under nitrogen atmosphere at - 60°C to - 55°C. The resulting suspension
was stirred at the same temperature for 2.5 h, to which tributylstannyl chioride (3 58 g, 11 mmol) in ether (50 ml) was added
at such rate as to keep the reaction temperature below - 50°C. The mixture was stirred at - 55°C for 1 h, allowed to warm to
room temperature, and set aside overnight. After addition of water, the ethereal solution was separated, and the aqueous
phase was extracted with ether. The residue obtained from the ethereal extracts was distilled under reduced pressure to
give a colorless liquid (1.96 g, 51%), bp 140-150°C / 0.6 mmHg. THNMR (CDClg, ppm)* 0.7 - 1.9 (27H, m), 2.23 (3H, s),
2.36 (3H, s). Anal. Calcd for C17H33NOSn. C, 52.88, H, 8.61; N, 3.63. Found: C, 52.76; H, 8.50; N, 343 MS (m/z).
330 (M*- C4Hg) High Resolution MS Calcd for C4 3H, 4NOSN (M*- C4Hg): 330.0880. Found: 330 0871.

5-lodo-3-methylisoxazole (8)

lodine (0.51 g, 2 mmwl) in THF (30 ml) was added dropwise to a stirred solution of 3a (0.75 g, 2 mmol) in THF (20 ml) at
room temperature, and the mixture was stirred for additional 1 h. After addition of aqueous NaHCOg, the mixture was
extracted with ether. The ethereal extract was washed with Naasaoa, dried over MgSO4, and concentrated under
reduced pressure. The residue was chromatographed on a silica gel column with benzene as an eluent. The product
obtained from the benzene eluate was distilled under reduced pressure to give a colorless liquid (0.24 g, 57%), bp 70°C /
3 mmHg. TH-NMR (CDClg, ppm): 2.25 (3H, s), 6.23 (1H, 5). Anal. Calcd for C4H,INO: C, 22.99, H, 1.93; N, 6.70.
Found:C, 23 23; H, 2.09; N, 6 67.

3-Methy!-5-1soxazolyl phenyl ketone (9)

A mixture of 3a(1.12 g, 3 mmol), benzoy! chioride (0.42 g, 3 mmol), and Pd(PPh3)20I2 (0.06 g) in dioxane (20 mi) was
refluxed for 3 h After cooling, the mixture was diluted with water and extracted with CHCl5. The CHCl 5 extract was dned
over MgSO 4 and concentrated under reduced pressure. The residue was chromatographed on a silica gel column with
hexane-AcOEt (7.1) as an eluent to give a coloriess hiquid (0.45 9, 80%), bp 150°C /3 mmHg. The liquid crystallized on

cooling was recrystallized from hexane to give colorless scales, mp 67 - 69°C (lit.1 7 mp 68°C). THNMR (CDCl3, ppm).
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242 (3H,5),6.84(1H,5),73-77(3H,m), 8 0-8 3 (2H, m). IR (CHCl3,cm '1): 1665

General Procedure for the Reaction of 3a with Aryl Halides

A mixture of 3a, an aryl halide, and Pd(PPha)chz in dioxane was refluxed until the substrate was disappeared
(monitored by TLC). After removal of the dioxane under reduced pressure, the residue was diluted with H,O and
extracted with CHCI 3. The CHCl3 extract was dried over MgSO 4 and concentrated under reduced pressure. The residue
was chromatographed on a silica gel column with an appropriate solvent as an eluent. Distillation under reduced pressure
or recrystallization from an appropriate solvent gave the pure product.

3-Methyl-5-phenylisoxazole (10a)

1) A mixture of bromobenzene (0.47 g, 3 mmol), 3a(1.67 g, 4.5 mmol}, and Pd(PPh3)2C|2 (0 06 g ) in dioxane (20 ml)
was refluxed for 25 h. After treatment as described above, the residue was chromatographed on a silica gel column with
benzene as an eluent to give a colorless liquid (0.34 g, 72%), bp 130°C /3 mmHg The liquid crystallized on cooling was
recrystallized from aqueous MeOH, mp 62 - 64°C (lit. '8 mp 65°C). TH-NMR (CDCl,, ppm): 2.33 (3H, 5), 6.34 (1H, §), 7.2 -
7.9 (5H, m)

2) A mixture of bromobenzene (0.47 g, 3 mmol), 3a(1.67 g, 4.5 mmol), and Pd(PPh3)20I2 (0.06 g) in THF (20 ml) was
refluxed for 55 h. Treatment as described above gave 10a(0.08 g, 18%)).

3) A mixture of iodobenzene (0.61 g, 3 mmol), 3a(1.67 g, 4.5 mmol}, and Pd(PPhg3)5Cl, (0.06 g) in THF (20 ml) was
refluxed for 7 h. Treatment as described above gave10a (0.39 g, 82%).

3-Methy!-5-(2-pyridyl)isoxazole (10b)

1) A mixture of 2-bromopyridine (0.48 g, 3 mmol), 3a (1.67 g, 4.5 mmol), and Pd(PPhg),Cl, (0.06 g) in dioxane (20 mi)
was refluxed for 6 h. After treatment as described above, the residue was chromatographed on a silica gel column with
hexane-AcOEt (2:1) as an eluent to give coloriess prisms (0.31 g, 64%), mp 55 - 57°C, which was recrystallized from
hexane TH-NMR {CDClg, ppm)- 2 36 (3H, 8), 673 (1H, ), 71-75(1H, m), 7.7 - 8 0 (2H, m), 8.6 - 8.8 (1H, m) Anal
Caled for CgHgN, O: C, 67.49; H, 5.03; N, 17.49. Found: C, 67.62; H, 5.04, N, 17 58

2) A mixture of 2-bromopyridine (0.25 g, 1.6 mmol), 3a (0.90 g, 2 4 mmol), and Pd(PPhj),Cl, (0.03 g) in THF (11 ml)
was refluxed for 14.5 h. Treatment as described above gave 10b (0.04 g, 17%)

3-Methyi-5-(3-pyridyl)isoxazole (10c)

1) A mixture of 3-bromopyridine (0 48 g, 3 mmol), 3a (1.67 g, 4.5 mmol), and Pd(PPh3)2Cl2 (0.06 g) in dioxane (20 ml)
was refluxed for 4 h. After treatment described above, the residue was chromatographed on a silica gel column with
hexane-AcOEt (2 1) as an eluent to give colorless prisms (0.29 g, 60%), mp 62 - 63°C, which were recrystallized from
hexane. TH-NMR (CDCl 4, ppm): 2.38 (3H, ), 648 (1H, 8), 73 - 76(1H, m),8.0-82(1H, m),8.6-88 (1H, m), 9.0- 9.1
(1H, m). Anal. Calcd for Caled for 09H8N20' C,67.49,H,503,N,17 49 Found:C, 6735, H,483,N, 17.54

2) A mixture of 3-bromopyridine (0 48 g, 3 mmol), 3a(1.67 g, 4.5 mmol), and Pd(PPh 3)2012 (0.06 g) in dioxane (20 mi)
was refluxed for 15 h. Treatment descnbed above gave 10c¢ (0.06 g, 15%).

3-Methyl-5-(2-nitorophenyl)isoxazole (11)
1) 2-Bromonitrobenzene (0.40 g, 2 mmol), 3a (0 89 g, 2.4 mmwl), Pd(PPhg3)oCly (0 02 g) in dioxane (10 mi) was
refluxed for 20 h. After treatment described above (extracted with ether), the residue was chromatographed on a silica gel

column with hexane-AcOEt (5:1) as an eluent t o give a yellow liquid (0.36 g, 90%), bp 180 - 190°C / 5 mmHg. TH-NMR
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(CDCl3, ppm): 2.35 (3H, ), 6.36 (1H, s), 7.3 -8.0 (4H, m). Anal. Calcd for C4gHgN,O3: C, 58.82; H, 3.95; N, 13.72.
Found: C, 58.92; H, 3.91; N, 13 64.

5-[2-(Methoxymethoxy)phenyi]-3-methylisoxazole (14)

A mixture of 2-(methoxymethoxy)iodobenzene (0.53 g, 2 mmol), 3a (0.89 g, 2.4 mmol), and Pd(PPh3)5Cl5 (0.02 g) in
dioxane (10 ml) was refluxed for 4 h. After treatment described above (extracted with ether), the residue was
chromatographed on a silica gel column with hexane-AcOEt (10:1) as an eluent to give a colorless liquid (0.30 g, 68%), bp
150 - 160°C / 6 mmHg TH-NMR (CDCly, ppm) 2.33 (3H, s), 3.48 (3H, s), 5.30 (2H, 5), 662 (1H, 5), 6.9 - 7.5 (3H, m), 7.8 -

8.1 (1H, m). MS (m/ z): 219 (M*). High Resolution MS Calcd for C4oH 3NOg (M*): 219.0895. Found: 219.0900.

3,5-Dimethyl-4-(2-nitrophenyl)isoxazole (17)

A mixture of 2-bromonitrobenzene (0.40 g, 2 mmol), 7 (0.93 g, 2.4 mmol}, and Pd(PPhg),Cl, (0.02 g} in dioxane (10
ml) was refiuxed for 20 h. After treated with as described above (extracted with ether), the residue was chromatographed
on a silica gel column with hexane-AcOEt (5:1) as an eluent to give a yellow liquid (0.25 g, 57%), bp 180-180°C / 5 mmHg).
TH-NMR (CDClg, ppm): 2.21 (3H, s), 2.27 (3H, 8), 7.2 - 8.2(4H, m). Anal. Caled for Cy1H4 gN2O3: C, 60.55; H, 4.62; N,
12.84. Found' C, 60.60; H, 4.60; N, 12.85.

2-Methyl-4(1H)-quinolinone (13)

An MeOH (10 ml) solution of 3-methyl-5-(2-nitrophenyl)isoxazole (11) (1.02 g, 5 mmol) was hydrogenated at 5.2 atm.
pressure over Raney nickel W-1 prepared from Ni-Al alloy (2.50 g) for 3.5 h. The catalyst was filtered off and washed with
MeOH, and the MeOH solution was concentrated under reduced pressure. The residue was recrystallized from MeOH-
AcOEt to give colorless needles (0.50 g, 63%), mp 233 - 234°C (Iit.19 mp 234 - 235.5°C). TH-NMR (CDCl3-DMSO-dg,

ppm): 2 41 (3H, 5), 6.08 (1H, m), 7.1 -7.7 (4H, m), 8 1 - 8.4 (1H, ). IR (CHCl;, em™): 1605.

2-Methylchromone (16)

An MeOH (10 ml) solution of 5-[(2-methoxymethoxy)phenyl]-3-methylisoxazole (14) (0.22 g, 1 mmol) was
hydrogenated at 5.6 atm. pressure over Raney nickel W-1 prepared from Ni-Al alloy (2.50 g) for 2 h. The catalyst was
filtered off and washed with MeOH, and the MeOH solution was concentrated under reduced pressure. The residue was
dissolved in a mixture of concentrated HCI (10 mi) and AcOH (10 ml), and the mixture was stirred at 80°C for 20 min. After
neutralization with 3N NaOH, the mixture was extracted with CHCl; The CHCI4 extract was dried over MgSO4 and
evaporated under reduced pressure. The residue was recrystallized from hexane-CHCl 3 to give coloreless prisms (0.09
mg, 56%), mp 72°C (iit.20 mp 70 -71°C). 1H-NMR (CDCI5, ppm). 2.26 (3H, 5), 6.20 (1H, 8), 7.2 - 7.9 (3H, m), 8.1 - 8.4 (1H,

m)

Methyl 2-methyl-3-indolyl ketone (18)

An MeOH (10 ml) solution of 3,5-dimethyl-4-(2-nitrophenyl)isoxazole (1 7) (0.87 g, 4 mmol) was hydrogenated at 5.2
atm. pressure over Raney nickel W-1 prepared from Ni-Al alloy (2 50 g) for 3.5 h. The catalyst was filtered off and washed
with MeOH, and the MeOH solution was concentrated under reduced pressure. The soluble residue in ACOEt was
chromatographed on a silica gel column with hexane-AcOEt (1.1) as an eluent to give colorless needles (0.22 g, 32%),
mp 199 - 202°C (iit.27 mp 195 - 196°C), which was recrystallized from EtOH 1H-NMR (DMSO-dg, ppm): 2.63 (3H, 5), 2 74
(8H,8),7.1-75(3H, m),79-82(1H, m), 105 - 10.9 (1H, br).
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