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3Substituted 5-(tributylstannyl)isoxazoles were newly synthesized by the 1,3dipolar cycbaddition of 
nitrfle oxfdes to trfbutylethynylstannane. The bdinatfon and the palladiumcatalyzed benzoylatfon of 5 
(tributylstannyh-3-methylisoxazole gave 5-iodo-3-methylisoxazole and 3-methyl-5isoxazolyI phenyl 
ketone in satisfactory yields, respectively. The palladium-catalyzed cross-coupl~ng reaction of the 
stannylisoxazole wkh Pbromonitrobenzene followed by the catalytic hydrogenation over Raney nickel 
resufted in the formation of 2-methyll-4(lH)quinolinone in 57% overall yield 

Trialkylstannylarenes and heteroarenes are useful for the synthesis of the corresponding acyl or habgeno derivatives.3 

But, the general synthetic methods for the stannyl compounds are limfted to the reaction of aryllfthiums4 or aryl Grignard 

reagents5 wRh tnalkylstannyl halides, the reachon of aryl halides with trfalkylstannylithiums6 or sodium% 7 and the 

palladium-catalyzed reaction of aryl halides or trfflates with hexaalkyldistannanes8 Furthermore, there is few papers for 

the synthesis by cycloaddtion reaction of trialkylethynylstannanes with 1,3dipolar compounds9 

In this paper, we describe the synthesis of 5tnbutylstannylisoxazoles by the 1 ,&dipolar cycloaddition reaction of 

tributylethynylstannane with nrtrile oxides, the palladium-catalyzed cross-coupling reaction of the tributylstannylisoxazoles 

with aryl halides, and the synthesis of some bffclic heteroaromatfcs. 

Synthesls of l’rfbutylstsnnylfsoxazoles 

It is well known that an attempted lfthiation of isoxazole at the J-position or the 5posltiin with butyllithium resulted in the 

ring-cleavage as shown below.1o811 These facts suggest unsatisfactory results for the synthesis of 3- and 5- 

(trialkylstannyl)isoxazoles using the substrtutlon of metallated rsoxazoles with tnalkylstannyl halides. 

R4CeCOLi + R3CN 

Scheme 1 

Thus, we investigated the 1 ,J-dipolar CyClOaClditlOn of nitrile oxides (2a-c) generated from appropriate precursors with 

tnbutylethynylstannane (1) as an alternative method for the synthesis Of 5-(trfbutylstannyl)isoxazoles (3a-c) When 1 was 

treated wfth acetonitrile oxide (2 a) generated in sbfrom nftroethane and phenyl isocyanate,’ 23a was obtained in nearly 

quantitative yield Similarly, 3 b was synthesized by the reaction of 1 with benzonitrile oxide (2 b) from 

phenylnitromethane In addition to the above, the reaction of 1 with ethyl chlorooximido- 
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acetate’ 3 (a precursor of 2c) in the presence of tnethylamine, smoothly gave ethyl 5-(tributyfstannyl)isoxazole-3- 

carboxylate (3 c). 

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

of 3-bromo-5-phenylisoxazole (4) with tnbutylstannyllithrum’ 4 and the decarboxylatlon of tributylstannyl 5- 

methylisoxazole-3-carboxylate (5)’ 5 failed 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-dimethybsoxazole (6) and 

the subsequent reaction of the lithiated rsoxazole with tributylstannyl chloride,” although the yield of 7 was 

unsatisfactory. 

Bu,SnCrCH + R3C=N+0 - 

1 Pa-c 

F-33 
a R3=Me 

b.R3=Ph 

c:R3=COOEt 
38-c 

J? 
R3 

I ’ 
R5 O’N 

4.R3=Br,R5=Ph 

Me 1. BuLI, EtsO, - 60°C Me 

* 
2 BusSnCl 

5 : R3 = COOSnBus, R5 = Me 6 7 

Scheme 2 

Reactions of 5-(Trlbutylstannyl)-3-methyllsoxarole (3) 

It has been known that, in principle, the 5positttn of isoxazole ring is inactive towards electrophilic substitutions, but 3 a 

smoothly reacted with Iodine in tetrahydrofuran to give 5-iodo-3-methyksoxaole (6). Further, when 3a was allowed to 

react wrth benzoyl chloride in the presence of drchlorobis(tnphenylphosphine)palladrum as a catalyst, the reaction in 

dloxane proceeded under reflux to give 3-methyl-5-isoxazolyl phenyl ketone (9). 

As well as the benzoylation of 3a, the cross-coupling reactron of tawlth aryl halides was also catalyzed by the palladium 

complex The results of the cross-coupling reaction are listed in Table I, in which advantage of dioxane as a solvent is 

clearly demonstrated 

Me 
12 PhCOCl 

Me 

- 3a * 
THF Pd(PPhs)sC12 

6 

Scheme 3 
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Table I. The Palladium-Catalyzed Cross-Coupling Reaction of 3 a with Aryl Halides 

Me Me 
a : Ph 
b : P-pyridyl 

3a 
solvent, reflux 

1 Oa-c 

c : 3-pyrtdyl 

AIX Solvent Reaction time (h) Yreld of 10 (%) 

Phl 
PhBr 
PhBr 
PhBr 

P-Bromopyrtdtne 
P-Bromopyridine 
3-Bromopyrldine 
3-Bromopyridrne 

THF 7 62 
THF 5.5 16 

dioxane 6 59 
dioxane 25 72 

THF 14.5 17 
dioxane 6 64 

THF 15 15 
droxane 4 60 

Syntheses of Bicycllc Heteroaromatic Compounds 

In order to confim, synthetic utiltty 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 brornobenzenes. As shown in Table II, in the reaction of P-bromonitrobenzene with 3a, 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 wrth 2-(methoxymethoxy)bromobenzene gave the corresponding 5[2-(methoxymethoxy) 

phenyll-3-methylrsoxazole (1 4) which was also readily converted into P-methylchromone (1 6) by the catalytic 

hydrogenation over Raney nickel followed by treament with concentrated hydrochloric acid in acetic acid. These results 

clearly exhibited the formation of enamrnoketone intermediate (1 2 and 1 5) through the ring-cleavage of the isoxazole 

moiety, as expected. 

Schme 4 

Table II. The Palladium-Catalyzed Cross-Coupling Reaction of 2-Nltrobromobenzene 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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MOM: CH2CMe 14 15 16 

Scheme 5 

According to the similar manner, methyl 2-methyl-3-indolyl ketone (1 6) was synthesized as shown in Scheme 6 

Namely, the cross-coupling reaction of 7 with P-nitrobromobenzene proceeded analogously to give 3,5dimethyl-4-(2- 

ntrophenyl)isoxazole (7) which was convened to 18 by hydrogenation over Raney nbkel. 

17 18 

Scheme 6 
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Experlmental Section 

’ H-NMR spectra were recorded at 60 MHz with JEOL JNM-PMX 60 spectrometer. Chemical shifts are quoted as 6 (ppm) 

relatrve to tetramethylsilane (TMS) IR spectra were measured with a JASCO IR 810 spectrometer. Mass spectra (MS) were 

taken wrth a JMSDX303. 

3.Methyl-5-(trlbutylstannyl)lsoxazole (3a) 

A dry benzene (8 ml) solutron of nitroethane (1 65 g, 22 mmol), phenyl isocyanate (5.24 g, 44 mmol) was stirred at 50 

“C for 5 mn, to which a dry benzene (8 ml) solution of tributylethynylstannane (1) (6.30 g. 20 mmol) and Et3N (one drop) 

was added. The whole mixture was stirred at 50°C for 14 h, diluted with water, and then filtered through a Celde pad. The 

filtrate was extracted wrth benzene. The benzene extract was dried over MgS04 and concentrated under reduced 

pressure The residue was chromatographed on a silica gel column with benzene as an eluent to grve a yellow viscous 

liquid (7.10 g. 95%). ’ H-NMR (CDCI,, ppm) 0 6 - 1.8 (27H, m), 2 33 (3H, s), 8.22 (lH, s) MS (m/z). 318 (M+-C4H9) 

High Resolutron MS Calcd for Cl 2H22NOSn (M+- C4H9) 318 0723. Found. 318 0721. 

3-Phenyl-5.(trlbutylstannyl)lsoxazole (3b) 

A dry benzene (4 ml) solution of phenylnrtromethane (0.76 g, 5 5 mmol), phenyl isocyanate (1.31 g, 11 mmol) was 

stirred at 50 “C for 5 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 Cellte pad. The filtrate was 

extracted with benzene. The benzene extract was dried over MgS04 and concentrated under reduced pressure. The 

reside was chromatographed on a silii gel column with benzene as an eluent to give a yellow viscous liquid (2.16 g, 

100%). ‘H-NMR (CDCl3, ppm): 0.6 - 1.6 (27l-f m), 6.70 (lli, s), 7.2 - 7.6 (3H, m), 7.6 - 6.0 (2H, m), MS(m/z): 376 (M+- 

C4Hg). Hiih Resolution MS Calcd for Cl 7 H 24 NOSn (M+-C4H9): 376.0660. Found: 376.0660. 

Ethyl 5-(trlbutylstannyl)Isoxarole-3-carboxylate (3~) 

An ethereal (4 ml) solution of Et3N (0.5 ml) was added to an ethereal (6 ml) solution of ethyl chbrooximidoacetate (0.46 

g, 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 MgSO, 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, 65%). 1 K 

NMR (CDC13, ppm): 0.7-l .9 (30H, m), 4.47 (2H, q, J = 7 Hz), 6.62 (lH, s). IR (CHC13), cm-l: 1735. MS (m/z): 374 (M+- 

C4H9). Resolution MS Calcd for Cl 4 24 H NO Sn (M+-C4H9): 374.0776. Found’ 374.0752 3 

3,5-Dlmethyl-4-(trlbutylstannyl)isoxazole (7) 

1 56 M Butyllithrum in hexane (4.30 ml, 10 mmol) was added dropwise to a solution of 4-bdo-3,5-dimethylisoxezole (6) 

(2.24 g, 10 mmol) in ether (60 ml) wrth stkring under nitrogen atmosphere at - 60°C to - 55°C. The resulting suspension 

was stirred at the same temperature for 2.5 h, to which trihutylstannyl chloride (3 56 g, 11 mrrbl) in ether (50 ml) was added 

af 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 wfth ether. The residue obtained from the ethereal extracts was drstilled under reduced pressure to 

give a colorless lquid (1.96 g, 51%) bp 140-150°C IO.6 mmHg. ‘H-NMR (CtIC13, ppm) 0.7 - 1.9 (27H, m), 2.23 (3H, s), 

2.36 (3H, s). Anal. Calcd for Cl 7 33 H NOSn. C, 52.66, H, 6.61; N. 3.63. Found: C, 52.76; H, 6.50; N, 3 49 MS (m/z). 

330 (M+-C4Hg) Hugh Resolution MS Catcd for C , 3H24NOSn (M+-C4Hg): 330.0660. Found: 330 0671. 

5-lodo-3-methyllsoxarole (6) 

Iodine (0.51 g, 2 mrnol) 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 shrred for additional 1 h. After addskm of aqueous NaHCO3, the mixture was 

extracted with ether. The ethereal extract was washed with Na2S203, dried over MgS04, and concentrated under 

reduced pressure. The residue was chromatographed on a srlica 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 I 

3 mmHg. ‘H-NMR (CDC13, ppm): 2.25 (3H, s), 6.23 (lH, s). Anal. Calcd for C4H41NO: C, 22.99, H, 1.93; N, 6.70. 

Found:C, 23 23: H, 2.09: N, 6 67. 

3-Methyl-S-Isoxazolyl phenyl ketone (9) 

A mixture of 3 a (1.12 g, 3 mmol), benzoyl chloride (0.42 g, 3 mmol), and Pd(PPh3)2C12 (0.06 g) In dioxane (20 ml) was 

refluxed for 3 h After cooling, the mixture was diluted with water and extracted with CHC13. The CHC13 extract was dned 

over MgS04 and concentrated under reduced pressure. The residue was chmmatographed on a silica gel column with 

hexane-AcOEt (7.1) as an eluent to gtve a colorless liquid (0.45 g, 60%), bp 150°C 13 mmHg. The liquid crystallied on 

cooling was recrystallized from hexane to give cobrless scales, mp 67 - 69°C (lft.’ 7 rrp 66OC). ’ H-NMR (CCC13, ppm). 



5116 
T. SAKAMOTO et al. 

2.42 (3H, s), 6.84 (lH, S), 7 3 - 7 7 (3H, m), 6 0 - 6 3 (2H, m). IR (CHCt3, cm -‘): 1665 

General Procedure for the Reaction of 3a with Aryl Halides 

A mrxture of 3a, an aryl halide, and Pd(PPh3)2C12 in dtxane was refluxed until the substrate was disappeared 

(monitored by TLC). After removal of the droxane under reduced pressure, the resrdue was diluted with H20 and 

extracted wrth CHC13. The CHC5 extract was dned over MgS04 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-phenyllsoxazole (lOa) 

1) A mixture of bromobenzene (0.47 g, 3 mmol), 3 a (1.67 g. 4.5 mmol), and Pd(PPh3)2C12 (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 cotumn with 

benzene as an eluent to grve a colorless liquid (0.34 g, 72%). bp 130°C I3 mmHg The liquid crystalked on cooling was 

recrystallized from aqueous MeOH, mp 62 - 64°C (tit.’ * mp 65°C). ’ H-NMR (CDC13, ppm): 2.33 (3H, s), 6.34 (1 H, s), 7.2 - 

7.9 (5H, m) 

2) A mixture of bromobenzene (0.47 g, 3 mrnol), 3a (1.67 g, 4.5 mmol), and Pd(PPh3)2C12 (0.06 g) in THF (20 ml) was 

refluxed for 55 h. Treatment as described above gave 1 Oa (0.08 g, 18%). 

3) A mixture of iodobenzene (0.61 g, 3 mmol), 3a (1.87 g, 4.5 mmol), and Pd(PPh3)2C12 (0.06 g) in THF (20 ml) was 

refluxed for 7 h. Treatment as described above gavel Oa (0.39 g, 82%). 

3-Methyl-J-(2-pyrldyl)lsoxaroIe (lob) 

1) A mixture of P-bromopyridine (0.48 g, 3 mrnol), 3 a (1.67 g, 4.5 mmol), and Pd(PPh3)2C12 (0.06 g) in dioxane (20 ml) 

was refluxed for 6 h. After treatment as described above, the resrdue was chromatographed on a silica gel column with 

hexane-AcOEt (2:1) as an eluent to grve colorless prisms (0.31 g, 64%). mp 55 - 57°C which was recrystallized from 

hexane ’ H-NMR (CDCI,, ppm). 2 36 (3H, s), 6 73 (1 H, s), 7 1 - 7 5 (lH, m), 7.7 - 8 0 (2H, m), 8.8 - 8.8 (lH, m) Anal 

Calcd for CgH8N20: C, 67.49; H, 5.03; N, 17.49. Found: C, 67.62; H, 5.04, N, 17 58 

2) A mixture of 2-bromopyrtdine (0.25 g, 1.6 mmol), 3a (0.90 g, 2 4 mmol), and Pd(PPh3)2C12 (0.03 g) in THF (11 ml) 

was refluxed for 14.5 h. Treatment as described above gave 10 b (0.04 g, 17%) 

3-Methyl-S-(3-pyrldyI)lsoxazole (10~) 

1) A mixture of 3-bromopyridine (0 48 g, 3 mmol), 3 a (1.67 g, 4.5 mrnol), and Pd(PPh3)2C12 (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 - 83OC, which were recrystallized from 

hexane. ‘KNMR (CDC13, ppm): 2.38 (3H, s), 6 48 (lH, s), 7 3 - 7 8 (lH, m), 8.0 - 8 2 (lH, m), 8.6 - 8 8 (lH, m), 9.0 - 9.1 

(lH, m). Anal. Catcdfor Calcdfor CgH8N20 C, 67.49, H, 5 03, N, 17 49 Found: C, 87 35, H, 4 83, N, 17.54 

2) A mixture of 3-bromopyridine (0 48 g, 3 mmol), 3a (1.67 g, 4.5 mmol), and Pd(PPh3)2C12 (0.06 g) In droxane (20 ml) 

was refluxed for 15 h. Treatment described above gave 1 OC (0.06 g, 15%). 

3-Methyl-5-(2-nltorophenyl)lsoxazole (11) 

1) 2-Bromonitrobenzene (0.40 g. 2 mmol), 3a (0 89 g, 2.4 mmol), Pd(PPh3)2C12 (0 02 g) m droxane (10 ml) was 

refluxed for 20 h. After treatment described above (extracted with ether), the residue was chromatographed on a silica gel 

column with hexane-AcOEt (51) as an eluent t o give a Yellow liquid (0.36 g. 90%). bp 180 - 190°C / 5 mmHg. ’ H-NMR 
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(CDCl3, ppm): 2.35 (3H, s), 6.36 (IH, s), 7.3 -6.0 (4H, m). Anal. Calcdfor CloH6N203: C, 56.62; H, 3.95; N, 13.72. 

Found: C, 56.92; H, 3.91; N, 13 64. 

5-[2-(Methoxymethoxy)phenyl]-3.methyllsoxazole (14) 

A mixture of 2-(methoxymethoxy)iodobenzene (0.63 g. 2 mmol), 38 (0.69 g, 2.4 mmol), and Pd(PPh3)2C12 (0.02 g) in 

dioxane (IO ml) was refluxed for 4 h. Afler treatment described above (extracted with ether), the residue was 

chromatographed on a silica gel column with hexane-AcOEt (1O:l) as an eluent to give a cobrless liquid (0.30 g, 66%), bp 

150 - 16O”CI 6 mmHg ‘H-NMR (CDc5, ppm) 2.33 (3H, s), 3.46 (3H, s), 5.30 (2H, s), 6 62 (lH, s), 6.9 - 7.5 (3H, m), 7.6 - 

6.1 (lH, m). MS (m/z): 219 (M+). High Resolution MS Calcd for Cl 2H13N03 (M+): 219.0695. Found: 219.0900. 

3,5-Dimethyl-4-(2.nltrophenyl)lsoxarole (17) 

A mixture of P-brotnonitroberuene (0.40 g, 2 mmol), 7 (0.93 g, 2.4 mrnol). and Pd(PPh3)2C12 (0.02 g) in dioxane (IO 

ml) was refluxed 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 elueni to give a yellow liquid (0.25 g, 57%). bp 160-190°C ! 5 mmHg). 

’ H-NMR (CDC13, ppm): 2.21 (3H, s), 2.27 (JH, s), 7.2 - 6.2(4H, m). Anal. Calcd for Cl1 HI ON2031 C, 60.55; H, 4.62; N, 

12.64. Found. C, 60.60; H, 4.60; N, 12.65. 

2-Methyl-4(1/f)-qulnollnone (13) 
An MeOH (10 ml) solution of 3-methyl-5-(2-niirophenyl)isoxazole (11) (1.02 g, 5 mmol) was hydrogenated at 5.2 atm. 

pressure over Raney nickel W-l prepared from NCAI alby (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 (lit. lg mp 234 - 235.5X). ’ H-NMR (CDCl3-DMSO-d6, 

ppm): 2 41 (3H, s), 6.06 (lH, m), 7.1 -7.7 (4H, m), 6 1 - 6.4 (IH, m). IR (CHC13, Cm-‘): 1605. 

P-Methylchromone (16) 

An MeOH (10 ml) solution of 5-[(2-methoxymethoxy)phenyl]-3-methylisoxazole (1 4) (0.22 g, 1 mmol) was 

hydrogenated at 5.6 atm. pressure over Raney nickel W-l prepared from Ni-AI 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 ml) and AcOH (IO ml), and the mixture was stirred at 60°C for 20 min. After 

neutralization with 3N NaOH, the mixture was extracted with CHC13 The CHC13 extract was dried over MgS04 and 

evaporated under reduced pressure. The residue was recrystallized from hexane-CHC13 to give coloreless prisms (0.09 

mg, 56%). mp 72°C (lit. 2o mp 70 -7Vc). ‘H-NMR (CDc13, ppm). 2.26 (3H, s), 6.20 (lH, s), 7.2 - 7.9 (3H, m), 6.1 - 6.4 (lH, 

m) 

Methyl 2-methyl-Blndolyl ketone (16) 

An MeOH (10 ml) solution of 3,5-dimethyl-4-(2-nirophenyl)isoxazole (1 7) (0.67 g, 4 mmol) was hydrogenated at 5.2 

atm. pressure over Raney nickel W-l prepared from Ni-AI 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 wiih hexane-AcOEt (1 .l) as an eluent to give colorless needles (0.22 g, 329/o), 

mp 199 - 202°C (,t2’ mp 195 - 196“C), which was recrystallized from EtOH 1 H-NMR (DMS0d6, ppm): 2.63 (3H, s), 2 74 

(3H,s).7.1 -7.5(3H, m),79-62(lH, m), 105-lO.g(lH, br). 
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