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Abstract The strained 1,2,5-oxadiazoles of thianorbernane series, which
were obtained from diphenyithienc[3,4-c]-1,2,5-0xadiazole containing tetra-
valent sulfur and N-phenylmaleimide, reacted with olefins and unsymmetrical
acetylenes in refluxing xylene tc give the corresponding isoxazeline and
isoxazole derivatives arising from cycloadditions of olefins and acetylenes

to the nitrile oxide moieties generated from the strained oxadiazoles.

Recently, it has been foundz’3

that thermolysis of the strained 1,2,5-oxadiazoles ] and 2, which
were easily obtained from diphenylthieno[3,4-¢]-1,2,5-oxadiazole containing tetravalent sulfur and
N—pheny]ma]eimide4, under mild conditions resulted in ring cleavage of the oxadiazole ring to
nitrile and nitrile oxide moieties which could be captured as 1,3-cycloadducts to dimethyl

acetylenedicarboxylate, respectively.
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In the present paper we wish to report on capturing nitrile oxide moiety, generated from ] or 2,
with olefins or unsymmetrical acetylenes.

When a sclution of equimolar amounts of endo-adduct l or exp-adduct 2 and N-phenylmaleimide (NPWI )
in xylene was refluxed under nitrogen, two isomeric 1:1 adducts, 3a and 3b or 4a and 4b, were ob-
tained respectively. The IR spectra of all 1:1 adducts exhibited a very weak band ascribable to
absorption as observed in the 1:1 adducts of ] and 2 to dfmethyl acetylenedfcarboxylatez. It

VeeN
is thus reascnable to conclude that the 1:1 adducts, 3a, 3b. and 4a, 4b, are isoxazoline deriva-
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tives arising frem 1,3-dipolar cycloadditions of NPMI to the nitrile oxide moieties generated from
1 and 2 respectively. The IH NMR spectra strongly supported the assigned structuress.

Similarly, 1 and 2 reacted with dimethyl maleate (OMA) or fumarate (DFA)} to give the corresponding
two isomeric 1:1 adducts, 5a and b, 62 and Bb, or 73 and 7b, 8a and §b, respectively {Scheme 1).

Structural elucidation of 5, 6, 7, and § was accomplished on the basis of their spectral data.
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The yields, physical and spectral data of 1:1 adducts 3-8 are listed in Tables 1 and 26.

Table 1. Reactions of Strained Oxadiazoles ] and 2 with Olefins®

Oxadiazole Dlefin Reaction Product 5
time, h Yield, % Mp., C
1 NPMI 8 3a 70 187-189(dec)
- b 27 > 300
2 NPMI 12 4a 68 277-279(dec)
~ 4b 19 293-295{dec}
1 OMA 16 5a 73 141-144(dec)
5b 6 178-180(dec)
2 OMA 24 6a 64 262-264(dec)
~ 6b 7 251-252(dec)
1 OFA 1.5 Zg 30 228.5-230.5(dec)
~ ZE 54 232.5-234.5(dec)
» DFA 3 8a 24 257-259(dec)
~ 8b 47 249-251 (dec)

27 solution of equimolar amounts of )l or 2 and an olefin in xylene was
refluxed.

Stereochemistry of all 1:1 adducts was deduced on the basis of 1H NMR spectra. The inspection of
the Dreiding models indicates that A and B are more favorable conformations for the adducts derived
from endo-adduct ] and exo-adduct 2 respectively, and that the dihedral angle {8) between H! and M2
is about 15° n A, whereas it is about 20° in B. The catculated J,, values are 11.5 and 7.3 Hz
when 8s are 15° and 400, respective1y7. The observed J;, values {11.0-12.0 Hz) in the adducts
derived from l, and those {7.0-7.5 Hz) in the adducts derived from 2 are compatible with the re-
spective calculated values. Thus, it may be coﬁc1uded that the perhydrothienopyrroledione moieties
in adducts have similar configurations in a- and b-types. As seen in Table 2, the H3 proton (6

3.86-4.35) in the b-type adduct appeared at a higher field than that (6 4.68-5.01) in the correspond-
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Table 2.  Spectral Data of 1:1 Adducts 3-8

A a +
Adduct N H NMR (DMSO-dg), ¢ "
] m/e
38° 2220 4.68(14, d, J=10.2 Hz, H), 4.84(2H, s, HI, HZ), 5.82(1H, d, J=10.2 Hz, 624
H'), 6.9-8.1(20H, m)
3 2220 4.35(M, d, J=9.0 Hz, H?), 4.80, 5.05(each TH, d, J=12.0 Hz, H', H2), 624
5.82(1H, d, J=9.0 Hz, H*), 7.0-8.1(20H, m)
J2 2230 4.41, 5.10(each 1M, d, J=7.5 Hz, H', HZ), 5.01(IH, d, J=9.5 Hz, H%), 624
5.90(1H, d, J=9.5 Hz, H'), 6.7-8.1(20H, m)
4 2230 4.11(1H, d, J=9.6 Hz, H3), 4.47, 5.11(each H, d, J=7.2 Hz, H!, H?), 624
5.80(1H, d, J=9.6 Hz, H*), 6.75-7.95(20H, m)
5a 2230  2.94, 3.64(each 3H, s), 4.65, 5.06(each TH, d, J=11.5 Hz, H!, H2), 4.87 595
(WH, d, J=11.5 Hz, H®), 5.61(1H, d, J=11.5 Hz, H*}, 7.2-8.1(15H, m)
5b° 2230 3.49, 3.65(each 3H, s), 4.14(1H, d, J=11.0 Hz, H), 4.93(2H, s, H', H2), 595
5.70(1H, d, J=11.0 Hz, H*), 7.1-8.1(15H, m)
63 2230 2.89, 3.60(each 3H, s), 4.36, 5.14(each H, d, J=7.4 Hz, H!, H?), 4.80 595
- (TH, d, J=11.8 Hz, H), 5.64(1H, d, J=11.4 Hz, H*), 6.75-7.9(15K, m)
6b 2230 3.56, 3.67(each 3H, s), 3.86(1H, d, J=11.5 Hz, H®), 4.58, 5.10(each TH, 595
d, 9=7.5 Wz, H', H?), 5.76(1H, 4, J=11.5 Hz, W*), 6.8-8.0{15H, m)
Ja 2230 2,99, 3.67(each 3H, s), 4.67, 5.03(each 1H, d, J=11.0 Hz, H!, H?), 4.80 595
(1H, d, J=6.5 Hz, H?), 5.65(1H, d, J=6.5 Hz, H"}, 7.3-8.0(15H, m)
7o 2230 3.68, 3.70(each 3, s), 4.28(11, d, J=7.0 Mz, H?), 4.67, 4.96(each 1H, d, 595
3%11.0 Hz, H', H?), 5.54(1H, d, J=7.0 Hz, H*), 7.25-8.0(15H, m)
82 2230  2.95, 3.67(each M, s), 4.37, 5.13(each 1K, d, J=7.0 Hz, H!, H?), 4.86 595
(1H, d, J=8.0 Hz, H?*), 5.71(1H, d, J=8.0 Hz, H*), 6.9-7.9(154, m)
8o 2240  3.59, 3.73(each 3H, s), 4.05(1H, d, J=8.0 Hz, H?), 4.45, 5.03(cach H, d, 595

J=7.5 Hz, H', W2}, 5.58{1H, d, J=5.0 Hz, H*), 6.85-7.95(154, m)

87 very weak absorption band n all adducts.

! NMR (CDCT3): & 4.35, 4.47(each TH, d, J=12.0 Hz, H!, H2), 4.81(TH, d, J=10.0 Hz, H®), 5.59
(1H, d, J=10.0 Hz, H*), 6.9-7.85(20K, m).

CH] NMR {CDC13): & 3.50, 3.75{each 3H, s), 4.01(1H, d, J=11.0 Hz, H?), 4.43, 4.58(each H, d,
d=10.5 Hz, H!, H%), 5.25(1H, d, J=11.0 Hz, H*}, 7.0-7.9(1%H, m).

a.13

€'~ NMR {DMSO-dg): 6 52.0, 52.2(0CH4}, 55.5, 65.4(quart. C), 54.8, 58.2, 58.5, 82.8(tert. C),

121(CeN}, 157.2(4saxazoline 3-C), 165.9, 166.8, 169.2, 171.0{C=0), 126.4, 127.2, 128.2, 128.8,
12%.1, 130.2, 130.7, 131.5, 131.6.
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ing a-type adduct, because of anisotropy effect of the respective phenyl group at the 3-position of

perhydrothiophene ring.

In additfon, it may be concluded that the cycloadditicn of clefins NG P 0

iy,
to the nitrile oxide moiety in { generated from ] or Z proceeds S N-Ph
stereospecifically from the results of reactions of DMA and DFA, Q&eN=Cw

Next, it has been investigated the reactions of ] and 2 with

methyl propiolate in refluxing benzene (36 h) or xylene {6 h); 'c":"
the corresponding 1:1 adduct 9 or 10 was obtained as the sole isolated product respectively.
Similarly, the reaction of 1 or 2 with methyl phenylpropiolate in refluxing xylene for 24 or 48 h

gave the sole 1:1 adduct 11 or )2 respectively.
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E, $1, 02 (see Scheme 1}

9: yield 83%; mp 138-140%; IR (KBr) 2220 cm'] [very weak}; 1H NMR (DMSD-dg) & 3.90 (3H, 5}8, 4.93,
5.16 (each 1H, d, J=12.0 Kz}, 7.3-8.1 {16H, m, ArH + isoxazole ring 4-H)®.

10: yield 65%; mp 258-260° (dec); IR (KBr) 2230 cm™ | (very weak); 'H NMR (DMSO-dg) & 3.89 (3H, s)8,
4.58, 5.37 (each 1H, d, 3=7.0 Hz), 6.9-8.1 (16H, m, ArH + isoxazole ring 4-H)8; T3¢ NMR (DMSO-dg) &
52.9, 59.4 (tert. C), 55.4, 63.6 (quart. C), 57.1 (OCH3), 109.7 (isoxazole ring 4-C), 119.8 (L=N),
156.3, 160.7, 168.2, 169.4, 171.2 ((=0, isoxazole ring 3- and 5-C}.

11: yield 30%; mp 142-144%; IR (KBr) 2230 cm™' (very weak); 'H NMR (DMSO-dg) & 3.30 (3H, 5)°, 4.80,
5.10 {each 1H, d, J=11.0 Hz}, 7.3-8.2 {20H, m).

12: yield 29%; mp 247-249° (dec); IR (KBr) 2220 cm™' (very weak); 'H NMR (DMSO-dg) & 3.37 (3H, s)°,
4.51, 5.31 (each 1H, d, J=8.0 Hz), 6.95-8.1 {20H, m)},.

On the basis of the above spectral data, especially of 1H NMR spectraa, Jand 10 or 11 and 12 were
assigned to be the corresponding 1-cyano-3-{3-{5-methoxycarbonylisoxazolyl)}- or 1-cyano-3-{3-(4-

methoxycarbonyi-5-phenylisoxazolyl)}-perhydrothienopyrroledione compounds respectively.
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