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Heteroaryl substituted analogs of antirhnoviral (A), was prepared by a convergent approach. 3-Nitrophenyl-5-

bromooromethylisoxazoles 5a-b were synthesized by [3+2] cycloaddition of 3-(benzoyloxy)-propyne 2 to in situ generated

arylnitrile oxides followed by deprotection of cycloadducts 3a-b and bromination of the resulting alcohols 4a-b. Coupling of 3-

nitrophenyl-5>-bromooromet 1SoXazoles a- wit -1J-(<4-a - -tetrazo enols a- 1n N-met Trolidinone under
itrophenyl-5-b hyli les (5a-b) with 4-[5-(2-alkyl-2H lyl)Jphenols (6a-d) in N-methylpyrrolidi d

mild conditions afforded a new series of 2-alkyl-5-{4-[1-(3-nitrophenyl-5-isoxazolyl)methyloxy]phenyl}-2H-tetrazoles (7a-h) in

high yields. The structures of the synthesized compounds were confirmed by their '"H NMR, Mass spectral, and Elemental

Analysis data.
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INTRODUCTION

In this study we prepared analogs of antirhnoviral (A)
where the oxazoline ring was replaced with 2-alkyltetrazoles,
and alkylisoxazole with nitrophenylisoxazoles. Isoxazoles
functionalized with an additional nitrogen-containing group
have had applications in medicinal chemistry [1-7]. They
possess interesting medicinal or crop protection properties as
well as other industrial utility [1a]. Various pharmacologically
isoxazoles antiviral, anti-

important with antibacterial,

inflammatory,  antidiabetic, antifungal, antiparkinson,
antihypertensive and antitumor activity have been reported

[1b].

*Corresponding author. E-mail: mirzaeyr@uwec.edu

The chemistry of tetrazoles as well as their medicinal
applications have been covered in the literature [8,9].
Tetrazoles have attracted considerable attention in recent years
[8-16]; they have applications in photography and information
recording systems [10], pharmaceutical [11-13] and material
sciences and as ligands in coordination chemistry [14]. The
most direct method to synthesize tetrazoles is via the formal
[3+2] cycloaddition [15] of azides and nitriles [16]. Biological
activity in tetrazoles is due to the special metabolism of the
disubstituted tetrazole system and because tetrazole ring is
isosteric with a carboxylic acid group and of comparable
acidity [8b,17]. Hence, for all biologically active molecules
possessing a carboxylic group (-CO,H), there is a theoretical
nitrogen analogue possessing a tetrazolic group (-CN4H), and
since tetrazole moiety appears to be the metabolically more
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stable of the two, an extensive study of these molecules is
ongoing [17].

The antipicornaviral activity of compounds related to
compound (A) (Fig. 1) is well-documented [18]. However,
compound (A) and the related compounds suffer from having
a very short half-life, particularly due to the acid liability of
the oxazoline ring. The preparation of several isoxazoles with
potential antipicornavirus activity has also been investigated
[19,20].

In view of the chemical instability associated with the
oxazoline ring of the compound (A), we examined the
heterocyclic replacements with groups having comparable or
enhanced antirhnovirus activity and which were considerably
more stable to acid hydrolysis. It was found that one of the
most promising replacements for the oxazoline ring is 2-
methytetrazole [19].

In pursuit of our continuing interest in isoxazole chemistry
[4-6,27] to improve antirhinovirus activity, and increase the
possibility of the hydrophobic interactions in the binding site,
we prepared a series of analogues of compound (A), where
oxazoline ring was replaced with 2-alkyltetrazole, 3-
with 3-
nitrophenylisoxazole, and the ether linkage between the

methylisoxazole ring was replaced
isoxazole and the phenyl ring was modified. We chose 2-
regioisomer of 6 because it was more potent than the
corresponding 1-regioisomer [19f]. A second approach
modified the electronic and steric environment about the
tetrazole moiety, varying substituents in 2-position of the
heterocycle, incorporating nitrophenyl-isoxazole moiety as
well as decreasing the length of the ether linkage connecting
the two heterocycles of WIN 61605 (B). Herein, we report the
derivatives 7a-h with possible

synthesis of tetrazole

antirhinovirus activity.
EXPERIMENTAL

Melting points were determined with an Electrothermal
9100 apparatus and are uncorrected. "H NMR, and *C NMR
spectra were acquired on a Bruker AC-80, a General
ElectricQE-300, or a Bruker FTNMR (400 MHz) spectrometer
in CDCl; or DMSO-d¢. Chemical shifts are reported in ppm
values relative to TMS as an internal standard. IR spectra were

run on a Shimadzu IR-408 and Mattson FTIR
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spectrophotometer. Mass spectra were taken with a Finnigan-
MAT 8400 at 70 eV. Elemental analyses were performed by
Heareus CHN-O-RAPID analyzer. The solvents DMF,
CH;CN and N-methyl pyrrolidine (NMP) were dried over
molecular sieves.

Synthesis of 1-[3-(3-nitrophenyl)isoxazole-5-ylJmethyl
benzoate (3a). To a suspension of 3-nitrobenzaldehyde (1.52
g, 10 mmol) in a 1:5 mixture of H,O/EtOH (20 ml) was added
hydroxylamine hydrochloride (1.41 g, 20.04 mmol). To this
solution was added sodium acetate (4.09 g, 30 mmol), and the
mixture was allowed to stir for 1 h at room temperature. The
ethanol was then removed by rotary evaporation, and
methylene chloride and water were added. The layers were
separated, and the aqueous layer was extracted twice more
with methylene chloride. The combined organic layers were
dried over sodium sulfate, filtered, and concentrated in vacuo.
Recrystallization of solid residue from EtOAc and petroleum
ether afforded 3-nitrobenzaldoxime la (1.58 g, 95%), m.p.:
122 °C, (116-118 °C [20f], 121-123 °C reported for E-m-
nitrobenzaldoxime [20g]); IR (KBr, cm™) 3200-3500 (OH
stretch), 1615 (C=C, C=N stretch), 1530 (NO, stretch), 1520,
1460, 1345 (NO, stretch), 1300, 1100, 960, 835 (oop bending
stretch), 800, 730, 700; "H NMR (CDCls) & 7.62 (m, 1H), 8.06
(s, 1H), 8.16 (m, 2H), 8.52 (s, 1H), 8.70-9.12 (m, 1H). To a
mixture of 3-butyn-1-ol (1.3 ml, 16.9 mmol), Et;N (3.0 ml,
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21.6 mmol) and benzene (5.0 ml) at 0-5 °C was added
PhCOCI (3.0 ml, 18 mmol) dropwise. The mixture stirred at
room temperature for 2 h, filtration and evaporation gave a
residue which was distillated at reduced pressure (12 mmHg,
37 °C) to yield 3-butynyl benzoate 2 as colorless oil (2.42 g,
94%) [20a-d]; IR (neat, cm™) 3295 (=C-H), 3100, 2950, 2120,
1720 (C=0), 1600, 1450, 1260, 1100. To an ice-cooled
solution of the 3-nitrobenzaldoxime la (1.32 g, 8 mmol) and
3-butynyl benzoate 2 (0.74 g, 10 mmol) in CH,Cl, (12 ml) was
added 10% NaOCIl (14.00 ml, 19 mmol) dropwise, and the
solution was stirred at room temperature for 48 h [7,21a-c].
The mixture was poured into water (100 ml) and extracted
with ether. The ethereal extracts were combined and dried
over (Na,SO,), and concentrated to dryness. The crude
product was purified on column chromatography (Silica Gel
100, CH,Cl,-petroleum ether 2:3, R = 0.30) to give 1-[3-(3-
nitrophenyl)isoxazole-5-yl]methyl benzoate 3a as a yellow
solid (1.74 g, 67%), m.p.: 71 °C; IR (KBr, em ™ )Vpax 3100,
3055, 2950, 2850, 1720 (C=0O stretch), 1605 (C=N ring
stretch), 1525 (NO, stretch), 1445, 1420 (N-O stretch), 1340
(NO; stretch), 1265 (C-O stretch), 1170, 1100 (C-O stretch),
800, 700; 'H NMR (CDCl3) & 5.23 (s, 2H), 6.61 (s, 1H, Isox
C4-H), 7.35-7.52 (m, 3H); 7.59 (m, 1H, Ar-H), 7.99-8.02 (m,
2H, Ar-H), 8.18 (m, 2H, Ar-H), 8.57 (s, 1H, Ar-H); *C NMR
(CDCl3, 75 MHz) 6 61.9, 103.2, 124.2, 126.8, 128.4, 129.7,
129.8, 133.3, 137.1, 148.7, 161.3, 165.6, 171.6; Anal. Calcd.
for (C7sH1,N,05): C, 62.96; H, 3.73; N, 8.64. Found: C, 62.92;
H, 3.70; N, 8.61.

1-[3-(4-Nitrophenyl)isoxazole-5-yllmethyl benzoate
(3b). The same procedure as described for oxime la from 4-
nitrobenzaldehyde to give 4-nitrobenzaldoxime 1b as yellow
crystals (1.60, 96%), m.p.: 130 °C, (128.5-129 °C [20e], 129-
130 °C reported for E-p-nitrobenzaldoxime [20g]); IR (neat,
em™) 3500-3200 (OH stretch), 1600 (C=C, C=N stretch), 1530
(NO; stretch), 1345 (NO, stretch), 1100, 840 (oop bending
stretch), 745; "H NMR (CDCly) & 7.74 (s, 1H), 8.02 (d, *J =
7.99 Hz, 2H, Ar-H), 8.28 (d, *J = 7.99 Hz, 2H, Ar-H), 8.54-
8.85 (b, var., 1H). To an ice-cooled solution of the 4-
nitrobenzaldoxime 1b (0.99 g, 6 mmol) and 3-butynyl
benzoate 2 (0.59 g, 7.5 mmol) in CH,Cl, (10 ml) was added
10% NaOCI (10.0 ml, 14 mmol) dropwise, and the solution
was stirred at room temperature for 48 h [7,21a-c]. The
mixture was poured into water (100 ml) and extracted with

ether. The ethereal extracts were combined and dried over
(Na,S0,), and concentrated to dryness. The crude product was
purified on column chromatography (Silica Gel 100, CH,Cl,-
petroleum ether 2:3, Ry = 0.32) to give 1-[3-(4-nitrophenyl)
isoxazole-5-yl]methyl benzoate 3b as a yellow solid (1.37 g,
70%), m.p.: 136 °C; IR (KBr, cm‘l)\/max 3100, 3050, 2950,
2850, 1725 (C=0 stretch), 1590 (C=N ring stretch), 1525
(NO; stretch), 1445, 1425 (N-O stretch), 1340 (NO, stretch),
1305, 1260 (C-O stretch), 1170, 1100 (C-O stretch), 845, 700;
'"H NMR (CDCl;) & 5.16 (s, 2H), 6.57 (s, 1H, Isox C4-H),
7.35-7.52 (m, 3H); 7.56 (m, 1H, Ar-H), 7.95-8.05 (m, 2H),
8.16 (m, 2H, Ar-H), 8.55 (s, 1H, Ar-H); *C NMR (CDCl;, 75
MHz) 8 60.7, 102.2, 124.2, 127.05, 127.3, 128.6, 129.7, 129.9,
133.2, 137.3, 147.6, 161.3, 165.5, 171.6; Anal. Calcd. for
(C7H15N,0:5): C, 62.96; H, 3.73; N, 8.64. Found: C, 62.94; H,
3.72; N, 8.66.

3-(3-Nitrophenyl)-isoxazol-5-ylmethanol (4a). A mixture
of compound 3a (1.50 g, 4.39 mmol), ammonia (5.0 ml), and
MeOH (15.00 ml) was refluxed for 80 h. The reaction mixture
was concentrated and the residue was partitioned between H,O
and Et,0O. The combined ethereal extracts were dried and
concentrated in vacuo, the crude product was purified on
column chromatography (Silica Gel 100, EtOAc-CHCl;; 4:1,
R¢=0.20) to give 4a as a yellow solid (0.73 g, 75%), m.p.: 118
°C; IR (KBr, cm™ )V 3500-3200 (OH stretch), 3150 (ArC-H
stretch), 2954 (CH stretch), 2850 (CH stretch), 1605 (C=N
ring stretch), 1570, 1525 (NO, stretch), 1495, 1470, 1420 (N-
O stretch), 1340 (NO, stretch), 1030 (C-O stretch), 895, 760,
690; "H NMR (CDCls) & 2.08 (br, s, 1H), 4.83 (s, 2H), 6.60 (s,
1H, Isox C4-H), 7.58 (m, 1H, Ar-H), 8.18 (m, 2H, Ar-H), 8.58
(s, 1H, Ar-H); “C NMR (CDCl;, 75 MHz) & 55.8, 100.1,
124.2, 126.9, 135.2, 148.7, 161.4, 171.7; MS m/z (rel. int.)
220.04 (M", 100), 202 (8), 177 (26), 191 (56), 174 (42), 123
(44), 78 (14), 93 (8), 77 (81), 69 (12), 68 (14), 67 (27), 65 (7),
59 (65), 43 (64), 41 (23), 26; Anal. Calcd. for (C;(HgN,Oy,): C,
54.55; H, 3.66; N, 12.72. Found: C, 55.44; H, 3.61; N, 12.65.

3-(4-Nitrophenyl)-isoxazol-5-ylmethanol (4b). The same
procedure as described for compound 4a from 3-(4-
nitrophenyl)-5-[5-(phenyl carboxylate)]isoxazole 3b to give
4b after column chromatography (Silica Gel 100, EtOAc-
CHCl;; 4:1, Ry = 0.22) as yellow solid (0.74 g, 68%), m.p.: 120
°C; IR (KBr, cm‘l)\/max 3600-3300 (OH stretch), 3100 (ArC-H
stretch), 2950 (CH, stretch), 2850 (CH, stretch), 1610 (C=N

687
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ring stretch), 1510 (NO, stretch), 1465, 1340 (NO, stretch),
1107, 830, 758; 'H NMR (CDCl;) & 2.30 (bs, 1H), 5.07 (s,
2H), 6.85 (s, 1H, Isox-C4H), 8.18 (d, *J = 7.99 Hz, 2H, Ar-H),
8.53 (d, *J = 7.99 Hz, 2H, Ar-H); >C NMR (CDCl;, 75 MHz)
5 56.7, 101.03, 124.4, 127.07, 135.41, 148.9, 161.35, 171.64;
MS m/z (rel. int.) 220.05 (M", 100), 202 (27), 191 (44), 190
(8), 177 (38), 174 (33), 123 (42), 96 (23), 93 (10), 78 (12), 77
(75), 69 (18), 68 (16), 67 (37), 65 (4), 59 (55), 43 (74), 41
(22), 26; Anal. Calcd. for (C;(HgN,0,): C, 54.55; H, 3.66; N,
12.72. Found: C, 55.64; H, 3.56; N, 12.60.
5-Bromomethyl-3-(3-nitrophenyl)-isoxazole (5a). To a
stirred solution of 4a (1.50 g, 6.8 mmol) in CHCI; (35.0 ml)
was added dropwise PBr; (11.0 ml, 11.46 mmol) at -10 °C.
Stirring was continued for 16 h at room temperature. The
reaction mixture was concentrated and partitioned between 5%
NaHCO; (100 ml) and CH,Cl, (3 x 20 ml). The combined
CH,Cl, extracts were washed with H,O, dried over Na,SO,
and concentrated in vacuo. The crude product was purified on
column chromatography (Silica Gel 100, EtOAc-CHCI; 1:5, R¢
=0.7) to give 5a as a yellow solid (1.20 g, 80%), m.p.: 88 °C
(83-85 °C [29]); IR (KBr, cm)vme 3150 (ArC-H stretch),
3050 (ArC-H stretch), 2920 (CH, stretch), 2820 (CH, stretch),
1605 (C=N ring stretch), 1575, 1530 (NO, stretch), 1490,
1460 (CH; bending), 1420 (N-O stretch), 1345 (NO, stretch),
1270 (CH,Br bending), 1070, 900, 790, 685; 'H NMR
(CDCl;) & 4.60 (s, 2H, -CH,Br), 6.67 (s, 1H, Isox-C4H), 7.58
(m, 1H, Ar-H), 8.18 (m, 2H, Ar-H), 8.53 (s, 1H, Ar-H); *C
NMR (CDCl;, 75 MHz) & 19.6, 100.4, 124.2, 130.2, 136.8,
148.7, 161.4, 171.7; MS m/z (rel. int.) 283.88 (M, 88), 281.92
(96), 253 (18), 237 (33), 204 (100), 203 (14), 202 (31), 159
(34), 123 (42), 94 (16), 93 (12), 77 (80), 69 (8), 68 (12), 67
(10), 65 (8), 43 (8), 41 (14); Anal. Calcd. for (C,(H;BrN,O;):
C, 42.43; H, 2.49; N, 9.90. Found: C, 42.36; H, 2.60; N, 9.71.
5-Bromomethyl-3-(4-nitrophenyl)-isoxazole (5b). The
same procedure as described for compound 5a to give 5b after
column chromatography (Silica Gel 100, EtOAc-CHCI; 1:5, Ry
= 0.65) as yellow solid (0.84 g, 54.5%), m.p.: 136 °C; IR
(KBr, cm™)vpax 3150 (ArC-H stretch), 3050 (ArC-H stretch),
2950 (CH, stretch), 2850 (CH, stretch), 1610 (C=N ring
stretch), 1595, 1510 (NO; stretch), 1450 (CH, bending), 1421
(N-O stretch), 1340 (NO, stretch), 1230, 1100, 850; '"H NMR
(CDCl3) & 4.47 (s, 2H, -CH,Br), 6.62 (s, 1H, Isox-C4H), 7.93
(d, J =6.91 Hz, 2H), 8.40 (d, J=6.90 Hz, 2H); °C NMR
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(CDCl3, 75 MHz) 8 19.2, 100.1, 124.2, 131.3, 137.2, 147.7,
161.4, 171.7; MS m/z (rel. int.) 283.98 (M, 92), 281.92 (98),
253 (12), 237 (15), 204 (100), 203 (10), 202 (34), 159 (30),
123 (44), 94 (8), 93 (9), 77 (78), 69 (9), 65 (12), 43 (12), 41
(9), 28 (9). Anal. Calcd. for (C,,H;BrN,05): C, 42.43; H, 2.49;
N, 9.90. Found: C, 42.34; H, 2.58; N, 9.82.
2-Methyl-5-{4-[(3-(3-nitrophenyl)-5-isoxazolyl)
methoxy]phenyl}-2H-tetrazole (7a). A mixture of 6a (0.20 g,
1.14 mmol) [6,27], milled K,CO; (0.30 g, 2.17 mmol), KI
(0.10 g, 0.6 mmol), 5a (0.40 g, 1.41 mmol) and N-
methylpyrrolidinone (10.0 ml) was magnetically stirred at 60
°C for 24 h. The cooled mixture was diluted with H,O (20 ml)
and extracted with EtOAc (3 x 20 ml). The combined EtOAc
extracts were washed with H,O, dried over Na,SO, and
concentrated in vacuo. The crude product was purified on
column chromatography (Silica Gel 100, CHCl;-petroleum
ether 2:1, Ry = 0.2) to give 7a as a pure solid (0.37 g, 87%),
m.p.: 175 °C; IR (KBr, Cm'l)vmaX 3110 (ArC-H stretch) , 2950,
1610 (C=N ring stretch), 1580, 1530 (NO, stretch), 1495,
1455, 1345 (NO, stretch), 1290, 1230, 1100, 810; 'H NMR
(CDCl;) 8 4.3 (s, 3H, N-CH3), 5.3 (s, 2H, CH,;0), 6.71 (s, 1H,
Isox-H), 7.04 (t, J = 6.70 Hz, 2H, Ar-H), 7.58 (m, 1H, Ar-H),
8.08 (m, 4H, Ar-H), 8.54 (s, 1H, Ar-H); C NMR (CDCl;,
100.61 MHz) & 48.34, 81.38, 101.40, 115.11, 121.67, 121.88,
124.76, 128.55, 130.11, 132.52, 159.12, 160.76, 164.62,
169.24; MS m/z (rel. int.) 378.12 (M", 88), 351 (16), 350 (M-
N,, 100), 349 (65), 333 (34), 322 (M"-2N,, 35), 138 (22), 123
(45), 93 (9), 77 (82), 69 (20), 68 (24), 67 (12), 65 (8), 44 (19),
43 (55), 41 (23), 26 (17). Anal. Calcd. for (C;sH4N¢Oy): C,
57.14; H, 3.73; N, 22.21. Found: C, 56.58; H, 3.71; N, 22.13.
2-Ethyl-5-{4-[(3-(3-nitrophenyl)-5-isoxazolyl)methoxy]

phenyl}-2H-tetrazole (7b). The same procedure as described
for compound 7a to give 7b after column chromatography
(Silica Gel 100, CHCl;-petroleum ether 2:1, Ry=0.19) as pure
yellow solid (0.35 g, 86%), m.p.: 134 °C; IR (KBr, cm ™ Vpax
3110 (ArC-H stretch), 2950, 1610 (C=N ring stretch), 1580,
1525 (NO, stretch), 1495, 1460, 1345 (NO, stretch), 1240. 'H
NMR (CDCly) 6 1.61 (t, J = 7.35 Hz, 3H), 4.63 (q, J = 7.35
Hz, 2H), 5.25 (s, 2H, CH,0), 6.71 (s, 1H, Isox-H), 7.10 (m,
2H, Ar-H), 7.58 (m, 1H, Ar-H), 8.07 (m, 4H, Ar-H), 8.56 (s,
1H, Ar-H); °C NMR (CDCl;, 100.61 MHz) & 39.42, 45.71,
61.38, 101.40, 115.14, 121.89, 124.77, 128.55, 130.11,
132.52, 159.12, 160.76, 164.61, 169.24; MS m/z (rel. int.)
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392.12 (M, 89), 364 (M'-N,, 100), 363 (55), 346 (8), 336
(M'-2N,, 40), 335 (18), 138 (12), 123 (39), 93 (14), 77 (68),
69 (6), 68 (11), 67 (10), 57 (44), 44 (17), 43 (60), 41 (25), 26
(20). Anal. Calcd. for (C9HsNgO,) C, 58.16; H, 4.11; N,
21.42. Found: C, 58.01; H, 4.14; N, 21.33.
2-Propyl-5-{4-[(3-(3-nitrophenyl)-5-isoxazolyl)methoxy]
phenyl}-2H-tetrazole (7c¢). The same procedure as described
for compound 7a to give 7C after column chromatography
(Silica Gel 100, CHCl;-petroleum ether 2:1, Ry= 0.19) as pure
yellow solid (0.35 g, 87%), m.p.: 120 °C; IR (KBr, cm’l)vmax
3110 (ArC-H stretch), 2950, 1610 (C=N ring stretch), 1575,
1525 (NO, stretch), 1495, 1450, 1421 (N-O stretch), 1340
(NO, stretch), 1240, 800. "H NMR (CDCl3) 8 0.98 (t, J = 7.20
Hz, 3H), 2.03 (sext, 2H), 4.49 (t, J = 7.0 Hz, 2H), 6.71 (s, 1H,
Isox-H), 7.04 (m, 2H, Ar-H), 7.58 (t, 1H, Ar-H), 8.23 (m, 4H,
Ar-H), 8.65 (s, 1H, Ar-H); °C NMR (CDCl;, 100.61 MHz) &
10.98, 22.88, 55.71, 61.48, 101.39, 115.11, 121.88, 124.71,
128.56, 130.11, 132.52, 159.11, 160.72, 164.58, 169.64; MS
m/z (rel. int.) 406.14 (M, 94), 378 (M'-N,, 100), 377 (68),
360 (15), 350 (M'-2N,, 27), 338 (19), 337 (39), 138 (15) , 123
(45), 93 (17), 77 (76), 69 (12), 68 (14), 67 (27), 65 (4), 43
(74), 41 (12), 26 (12). Anal. Calcd. for (CyHsN¢O,): C,
59.11; H, 4.46; N, 20.68. Found: C, 58.51; H, 4.42; N, 20.15.
2-n-Butyl-5-{4-[(3-(3-nitrophenyl)-5-isoxazolyl)
methoxy]phenyl}-2H-tetrazole (7d). The
procedure as described for compound 7a to give 7d after

same

column chromatography (Silica Gel 100, CHClz-petroleum
ether 2:1, Ry = 0.25) as pure yellow solid (0.30 g, 80%), m.p.:
128 °C; IR (KBr, cm™); IR (KBr, cm™ )y, 3080 (ArC-H
stretch), 2950, 1610 (C=N ring stretch), 1575, 1530 (NO,
stretch), 1495, 1450, 1420 (N-O stretch), 1345 (NO, stretch),
1240; "H NMR (CDCl;) 8 0.95 (t, J = 6.39 Hz, 3H), 1.27 (m,
2H), 1.94 (m, 2H), 4.57 (t, J = 7.05 Hz, 2H), 5.3 (s, 2H), 6.71
(s, 1H, Isox-H), 7.08 (m, 2H, Ar-H), 7.57 (m, 1H, Ar-H), 8.23
(m, J = 9.05 Hz, 4H, Ar-H), 8.60 (s, 1H, Ar-H); °C NMR
(CDCl3, 100.61 MHz) 8 10.97, 22.88, 37.00, 54.71, 61.38,
101.49, 115.11, 121.88, 124.76, 128.56, 130.53, 132.52,
159.11, 160.76, 164.58, 169.23; MS (EI, 70 ev) m/z (rel. int.)
420.15 (M", 92), 392 (M"-N,, 100), 391 (59), 364 (M"-2N,,
22), 337 (43), 138 (12), 123 (34), 93 (12), 83 (55), 77 (69), 69
(12), 68 (8), 67 (11), 43 (71), 26 (18). Anal. Calcd. for
(Co1HpoNgOy): C, 59.99; H, 4.79; N, 19.99. Found: C, 59.50;
H, 4.55; N, 20.10.

2-Methyl-5-{4-[(3-(4-nitrophenyl)-5-isoxazolyl)
methoxy]phenyl}-2H-tetrazole (7e). The same procedure as
described for compound 7a to give 7e after column
chromatography (Silica Gel 100, CHCl3-petroleum ether 2:1,
Ri= 0.21) as pure pale yellow solid (0.35 g, 82%), m.p.: 192
°C; IR (KBr, cm’l); IR (KBr, cm'l)vmax 3089 (ArC-H stretch),
3047 (ArC-H stretch), 2998, 2919, 1613 (C=N ring stretch),
1517 (NO, stretch), 1468, 1419 (N-O stretch), 1339 (NO,
stretch), 1307, 1248, 1044, 837; '"H NMR (CDCls, 300 MHz) &
4.38 (s, 3H, N-CHj3), 5.31(s, 2H, CH,0), 6.76 (s, 1H, Isox C4-
H), 7.09 (d, J = 8.61 Hz, 2H, Ar-H), 7.99 (d, J = 8.48 Hz, 2H,
Ar-H), 8.10 (d, J = 8.62 Hz, 2H, Ar-H), 8.31 (d, J = 8.42 Hz,
2H, Ar-H); *C NMR (CDCly, 75 MHz) & 40.32, 61.36,
101.59, 115.09, 121.75, 124.25, 127.75, 128.36, 132.40,
134.76, 148.84, 159.08, 160.80, 164.53, 169.28; MS (EI, 70
ev) m/z (rel. int.) 378.11 (M, 92), 350 (M'-N,, 100), 349
(66), 335 (23), 334 (20), 322 (M"-2N,, 22), 138, 123 (44), 93
(12), 77 (79), 69, 68, 67 (12), 65 (10), 43 (66), 41 (7), 26 (12).
Anal. Calcd. for (CgH4N¢Oy): C, 57.14; H, 3.73; N, 22.21.
Found: C, 57.40; H, 3.66; N, 21.67.

2-Ethyl-5-{4-[(3-(4-nitrophenyl)-5-isoxazolyl)methoxy]
phenyl}-2H-tetrazole (7f). The same procedure as described
for compound 7a to give 7f after column chromatography
(Silica Gel 100, CHCl;-petroleum ether 2:1, Ry=0.19) as pure
yellow solid (0.34 g, 83%), m.p.: 169 °C; IR (KBr, cm’l)vmax
3107 (ArC-H stretch), 2997 (C-H stretch), 1616 (C=N ring
stretch), 1583, 1532 (NO, stretch), 1465, 1421 (N-O stretch),
1338 (NO; stretch), 1042, 836; "H NMR (CDCls, 300 MHz) &
1.80 (t, J = 6.93 Hz, 3H, N-CH,CH,), 4.76 (q, J = 7.02 Hz,
2H, N-CH,CH3;), 5.30 (s, 2H, CH,0), 6.75 (s, 1H, Isox-H),
7.08 (d, J =8.50 Hz, 2H, Ar-H), 8.03 (d, J = 8.51 Hz, 2H, Ar-
H) 8.14 (d, J = 8.50 Hz, 2H, Ar-H), 8.25 (d, J = 8.52 Hz, 2H,
Ar-H); °C NMR (CDCl;, 75 MHz) & 14.58, 48.34, 61.33,
101.50, 101.56, 115.06, 121.66, 124.22, 127.72, 128.52,
132.49, 134.72, 148.8, 159.1, 160.76, 164.57, 169.24; MS (EI,
70 ev) m/z (rel. int.) 392.13 (M", 93), 364 (M'-N,, 100), 363
(67), 336 (M'-2N,, 21), 335 (43), 138 (11), 123 (46), 93 (12),
77 (80), 69 (11), 68 (8), 67 (10), 57 (60), 56 (34), 43 (67), 41
(12), 26 (10). Anal. Calcd. for (C9H(N¢O4) C, 58.16; H, 4.11;
N, 21.42; Found: C, 57.79; H, 4.12; N, 21.30.

2-Propyl-5-{4-[(3-(4-nitrophenyl)-5-isoxazolyl)methoxy]
phenyl}-2H-tetrazole (7g). The same procedure as described
for compound 7a to give 7g after column chromatography
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(Silica Gel 100, CHCl;-petroleum ether 2:1, Ry = 0.23) as
pure yellow solid (0.33 g, 84%), m.p.: 150 °C; IR (KBr, cm™);
IR (KBr, Cm'l)vmax 3119, 2939, 1614 (C=N ring stretch), 1519
(NO, stretch), 1422 (N-O stretch), 1339 (NO, stretch), 1054,
835; '"H NMR (CDCls, 300 MHz) & 0.96 (t, J = 7.01 Hz, 3H,
N-CH,CH,CHj3), 2.09 (m, 2H, N-CH,CH,CHz)), 4.54 (t, J =
6.90 Hz, 2H, N-CH,CH,CH3;), 5.30 (s, 2H, CH,0), 6.75 (s,
1H, Isox-H), 7.1 (d, J = 8.50 Hz, 2H, Ar-H), 7.95 (d, J = 8.5
Hz, 2H, Ar-H), 8.14 (d, J = 8.49 Hz, 2H, Ar-H), 8.31 (d, J =
8.51 Hz, 2H, Ar-H); *C NMR (CDCls, 75 MHz) & 10.9, 22.8,
54.7, 61.3, 101.5, 115.1, 121.6, 124.2, 127.7, 128.5, 134.7,
148.8, 159.0, 160.7, 164.5, 169.2; MS (EI, 70 ev) m/z (rel. int.)
406.12 (M", 96), 378 (M'-N,, 100), 377 (59), 350 (M"-2N,,
22), 138 (24), 123 (43), 93 (12), 77 (74), 69 (12), 68 (22), 67
(8), 57 (11), 43 (75), 26 (32). Anal. Calcd. for (CyH sNOy):
C, 59.11; H, 4.46; N, 20.68. Found: C, 58.87; H, 4.42; N,
20.38.
2-n-Butyl-5-{4-[(3-(4-nitrophenyl)-5-isoxazolyl)

methoxy]phenyl}-2H-tetrazole (7h). The same procedure as
described for compound 7a to give 7h after column
chromatography (Silica Gel 100, CHCl;-petroleum ether 2:1,
R¢= 0.25) as pure yellow solid (0.32 g, 82%), m.p.: 134 °C;
IR (KBr, cm™) (KBr, cm™)vpax 3115 (ArC-H stretch), 2932
(C-H stretch), 1616 (C=N ring stretch), 1518 (NO, stretch),
1422 (N-O stretch), 1339 (NO, stretch), 1040, 832; '"H NMR
(CDCl;, 300 MHz) 6 0.98 (t, J = 6.90 Hz, 3H), 1.40 (m, 2H),
2.04 (m, 2H), 4.14 (t, J = 7.02 Hz, 2H), 5.29 (s, 2H, CH,0),
6.77 (s, 1H, Isox C4-H), 7.08 (d, J = 8.65 Hz, 2H, Ar-H), 8.01
(d, J = 8.55 Hz, 2H, Ar-H), 8.13 (d, J = 8.52 Hz, 2H, Ar-H),
8.30 (d, J = 8.54 Hz, 2H, Ar-H); *C NMR (CDCls, 75 MHz) &
13.37, 19.64, 31.33, 52.89, 61.30, 101.59, 115.09, 124.25,
127.76, 128.56, 134.76, 148.84, 159.08, 160.80, 164.53,
169.28; MS m/z (rel. int.) 420.14 (M", 90), 392 (100, M"-N,),
391 (45), 374 (20), 364 (M"-2N,, 17), 158 (25), 144 (12), 138
(8), 123 (37), 93 (12), 91 (14), 83 (56), 82 (30), 77 (81), 69
(12), 68 (8), 67 (7), 43 (66), 41 (8), 26 (9). Anal. Calcd. for
(Ca1HpNgOy): C, 59.99; H, 4.79; N, 19.99. Found: C, 59.23;
H, 4.68; N, 19.67.

RESULTS AND DISCUSSION

A convergent method was used to synthesize the

compounds described above. The isoxazole ring was
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synthesized with the intention of discovering analogues more
stable towards hydrolysis but with comparable activity.
Modifications on the isoxazole ring were made using the
procedures outlined in Scheme 1. The heteroarylethers 7a-h,
with the homologation of the alkyl group on the tetrazole ring,
and the modification of isoxazole moiety were carried out as
outlined in Scheme 2.

Isoxazoles 5a-b were synthesized under mild conditions in
a short reaction time with good overall yield as outlined in
Scheme 1. Cycloaddition of 3-(benzoyloxy)-propyne 2 [20a-d]
with in situ generated arylnitrile oxide [7,21] produced
isoxazole 5 in good yield [22-24]. Removal of the protecting
group [25] led to the primary alcohol 4. The
hydroxymethylisoxazole 4 was converted into the
bromomethylisoxazole 5 by the reaction with phosphorous
[26c] (Scheme 1).
bromomethylisoxazoles 5a,b with the 4-(2-alkyl-2H-tetrazol-
5-yl)phenols 6a-d provided the desired compounds 7a-h in
high yields (Scheme 2). A comparison of '"H NMR spectra
revealed that the introduction of nitro phenyl group on the

tribromide Coupling of the

isoxazole ring had a pronounced deshielding effect and shifted
the isox-H signal of 7a-h further downfield (e.g., 6.75 ppm for
3-nitrophenylisoxazole; 6.00 ppm 3-alkylisoxazole). It is
interesting to mention that, with the same alkyl group on the
tetrazole ring of 7a-h, meta-nitro group had more deshielding
effect than did para-nitro group on aromatic protons and
shifted them further downfield (-M effect, larger shifts).
Biological and structural activity relationship (SAR) of the
prepared compounds will be determined and reported upon
completion.

CONCLUSIONS

In conclusion, we have presented a facile and an efficient
route to nitrophenyl(isoxazolylmethoxyphenyl)alkyltetrazoles
7a-h  which were synthesized from 4-[5(2-alkyl-2H-
tetrazolyl)]phenols 6 and 3-nitrophenyl-5-bromomethyl-
isoxazoles 5a-b in high yields. Isoxazoles 5a-b were
synthesized under mild conditions in a short reaction time with
good overall yield. Cycloaddition of 3-(benzoyloxy)-propyne
2 with in situ generated arylnitrile oxide produced isoxazole 5
in good yield. Removal of the protecting group led to the

primary alcohol 4a-b. The hydroxymethylisoxazole 4 was
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BzO
= OCOPh
HC/\/
2 =
CH=NOH
/C> NaOCl, Q \N/O
R CH,Cl,rt. R
1a, R = 3-NO, 3a, R = 3-NO,
1b, R = 4-NO, 3b, R =4-NO, Br

Ammonia, —
—_—
MeOH \N/O
Reflux R

5a, R = 3-NO,

5b, R = 4-NO,

Scheme 1
Br
R
=SS . Ho /  \  K,COyKI
Ar ¢N =
N\ e N NMP

5a, Ar = 3-nitrophenyl
5b, Ar = 4-nitrophenyl

-methyltetrazole
-ethytetrazole

R=2
R=2

. R = 2-propyltetrazol
R=2

-butyltetrazole

7a: Ar = 3-nitrophenyl, R = CH;
7b: Ar = 3-nitrophenyl, R = C,Hsg
7c: Ar = 3-nitrophenyl, R = n-C3H;
7d: Ar = 3-nitrophenyl, R = n-C4Hg
7e: Ar = 4-nitrophenyl, R = CH3
7f: Ar = 4-nitrophenyl, R = C,H;5
79: Ar = 4-nitrophenyl, R = n-C3H;
7h: Ar = 4-nitrophenyl, R = n-C4Hg

Scheme 2

converted into the bromomethylisoxazole 5a-b by the reaction
with  phosphorous The of the
synthesized compounds were confirmed by 'H NMR, Mass

tribromide. structures

spectral, and Elemental Analysis data.
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