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1,3-Dipolar cycloaddition of cyclic a-methoxynitrones,
derivatives of 2 H-imidazole 1-oxide and 4 H-imidazole 3-oxide
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The reactions of cyclic aldo- and o-methoxynitrones of the 2 H-imidazole-1-oxide and
4 H-imidazole 3-oxide series with isocyanates, phenyl isothiocyanate, N-phenylmaleimide,
and dimethyl acetylenedicarboxylate were studied. The reactions give the corresponding
1,3-dipolar cycloaddition products. 2,2-Dimethyl-4-phenyl-2 H-imidazole 1-oxide does not
enter into a similar reaction with isocyanates or phenyl isothiocyanate.
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1,3-Dipolar cycloaddition of nitrones is widely used
in organic chemistry as a method for designing diverse
heterocyclic systems; in particular, for the preparation
of analogs of natural products.1=3 To continue research
into the properties of conjugated cyclic nitrones (2 H- and
4 H-imidazole N-oxides4—9), we studied1? the reactions
of cyclic aldo- and a-methoxynitrones of the 2 H-imid-
azole 1-oxide and 4H-imidazole 3-oxide series with
dipolarophiles containing C=N, C=C, and C=C bonds.
It should be noted that only three examples of 1,3-dipolar
cycloaddition to 2 H-imidazole N-oxides!! and no data
on the reactions of 4H-imidazole N-oxides with
dipolarophiles have been reported to date. Known ex-
amples of 1,3-dipolar cycloaddition of a-alkoxynitrones
are limited to the reactions of ethyl N-methylbenz-
imidate N-oxide and derivatives of 4,5-dihydrooxazole
N-oxide 1215

According to the published data, the reactivity of
nitrones in 1,3-dipolar addition should be interpreted
with allowance made for both the interaction of the
dipole HOMO with the dipolarophile LUMO and the
interaction of the dipole LUMO with the dipolarophile
HOMO; for different dipolarophiles, either one of these
interactions or both of them play the crucial role.16 The
order of conjugation of C=N bonds in the 2 H-imidazole
1-oxide and 4H-imidazole 3-oxide molecules has, ap-
parently, a substantial influence on the positions of the
frontier orbitals; this is manifested, in particular, as a
marked difference between their electrochemical oxida-
tion potentials, which are equal to ~2 Vand ~1.3 V vs. a
saturated calomel electrode for 2H-imidazole 1-oxides
and 4 H-imidazole 3-oxides, respectively.!7-18 The intro-
duction of a methoxy group to the a-carbon atom of the
nitrone group increases the HOMO energy.13:14 Thus, it
could be expected that the reactivities of the nitrones
studied can be appreciably different and can depend on
the dipolarophile structure.

The purpose of this work is to study 1,3-dipolar
cycloaddition of cyclic nitrones to isocyanates and
isothiocyanates.

Results and Discussion

Cyclic a-methoxynitrones 1 and 2 react with isocy-
anates and isothiocyanates at ~25 °C giving rise to
1,3-dipolar addition products 5 and 6 (Scheme 1).
Under the same conditions, a similar reaction of
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Table 1. Reactions of a-methoxynitrones 1, 2 and aldonitrones 3, 4a with dipolarophiles at 25 °C in CH,Cl,

Dipolarophile 1 2 3 4a

I 11 111 I 11 111 I 11 111 I 11 111
PhNCO 5a 72 90 6a 0.08 70 7a 1 70 No reaction — —
PhNCS 5b 240 70 6b 5 70 Th¢ 24 95 No reaction — —
CICH,CH,NCO 5¢ 120 60 6¢c 14 70 Tc 336 70 No reaction — —
o-Naphthyl isocyanate 5d 72 90 6d 0.08 70 7d 1 70 No reaction — —
N-Phenylmaleimide® 8 24 70 9 504 40 10 24 70 11a 24 70

Note. Concentration of compounds 1—4a was 0.2 mol L™!. T is the reaction product; II is the reaction time/h; III is the yield (%).

4 Without a solvent.
b The reactant concentrations were 1 mol L™L.

aldonitrone 3 proceeds much more Ph
slowly than that of substrate 2, while Z*N Me
aldonitrone 4a does not react at all N )<
(Table 1). Characteristics of the N Me
1,3-cycloaddition products are listed ¢

in Table 2. ©

The reactivity of nitrones in 4a
1,3-dipolar cycloaddition increases
when an alkoxyl substituent has been introduced in the
a-position of the nitrone group.!4 The addition of
isothiocyanates to nitrones can involve both the C=N
and the C=S bond; in the case of 3-imidazoline 3-oxides
containing electron-withdrawing substituents in position
1 of the heterocycle, addition at the C=S bond is the
predominant reaction route.1%20 In the reactions of
compounds 1, 2, and 3 with PhNCS, only addition
products at the C=N bond were isolated.

Cycloadducts 5, 6, and 7 are stable colorless crystal-
line compounds. Their structure is confirmed by the
presence of absorption bands due to the carbonyl group
of the oxadiazolidinone ring (1780—1750 cm™!) in their
IR spectra (c¢f. Refs. 13, 21) and by the double set of
signals present in 3 : 7 ratio in the 'H and !3C NMR
spectra of cycloadduct 5d (Tables 3, 4), resulting from
the pyramidal inversion of the N atom attached to the O
atom of the oxadiazolidinone ring, slow on the NMR
time scale (¢f. Ref. 13).

For the same reason, signals of the methyl and
methoxy groups in the 1H NMR spectrum of adduct 6d
recorded at 25 °C are markedly broadened, and the
signals of the carbonyl and methoxy-group carbon at-
oms in the 13C NMR spectrum are totally absent. The
spectra of this compound recorded at —50 °C contain
signals for two invertomers in 1 : 3 ratio. It is of interest
that the signal of the azomethine carbon atom in the
I3C NMR spectra of compounds 5 is shifted upfield by
15—17 ppm with respect to the corresponding signal in
the spectra of compounds 6 and 7. This is consistent
with the earlier data for 2,2- and 5,5-dialkoxy-substi-
tuted 2,5-dihydroimidazoles.10

Unlike isocyanates and isothiocyanates, N-phenyl-
maleimide (PMI) and dimethyl acetylenedicarboxylate
(DMAD) react with all nitrones 1—4 at ~25 °C; the
reactions of DMAD proceed at approximately equal

rates, while for PMI, the reaction with a-methoxynitrone
2 is much slower than those with nitrones 1, 3, and 4.

The reactions of compounds 1, 2, 3, and 4a,b with
N-phenylmaleimide afford 3a,4a,7a,7b-tetrahydro-4-oxa-
triazacyclopenta[a]pentalene-1,3-diones 8, 9, 10, and
11a,b, respectively (Scheme 2), which are colorless
crystalline compounds whose IR spectra contain char-
acteristic bands for the vibrations of the carbonyl
groups of the pyrrolidine-1,3-dione ring (1796 and
1720—1724 cm™!). The structures of these products are
confirmed by the presence of absorption in the
phenylimine region (240—250 nm) in the UV spectra of
compounds 8—11a.

The 'H NMR spectra of cycloadducts 8 and 9
exhibit two, while those of compounds 10 and 11
exhibit three multiplets due to the methine protons at
about 3.9—5.6 ppm. It is of interest that the spin-spin
coupling constant for the pyrrolidine-1,3-dione ring
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Table 2. Characteristics of the compounds synthesized

Com- Yield M.p. IR (KBr), uv Found %) Molecular
pound (%) /°C v/cm™! (EtOH), Calculated formula
Amay/nm (10g &) "N Other
S5a 90 9597 1620 (C=N); 1780 (C=0); 2845 (OMe) 253.1 (4.10) 67.94 5.68 12.54 — Ci9HgN304
67.64 5.68 12.46
5b 70 117—119 1612 (C=N); 2830 (OMe) 248 (4.40) 64.86 5.52 11.96 9.209 C9H[9N30,S
64.57 542 11.89 9.07
5¢ 60 73-75 1625 (C=N); 1780 (C=0); 2835 (OMe) 248.6 (4.86) 55.95 5.80 13.00 11.00 % C;5H;3CIN;04
55.64 5.60 12.98 10.99
5d 90 122—125 1620 (C=N); 1770 (C=0); 2835 (OMe) 222.9 (4.43); 71.36 5.53 10.89 — Cy3H, N30,
255.9 (4.22) 71.30 5.46 10.85
6a 70 107—108 1610 (C=N); 1770 (C=0); 2850 (OMe) 233.8 (4.23) 67.96 5.82 12.56 — Ci9H9N303
67.64 5.68 12.46
6b 70 82—85 1620 (C=N); 2850 (OMe) 250 sh (KBr) 64.50 5.36 11.80 9.30¢ C;9H{,N3;0,S
64.57 542 11.89 9.07
6¢c 70  81—83 1620 (C=N); 1770 (C=0); 2845 (OMe) 249.6 (4.11) 55.40 548 12.96 11.00% C;5H;3CIN;0;
55.64 5.60 12.98 10.95
6d 90 144—146 1610 (C=N); 1780 (C=0); 2845 (OMe) 255 (KBr) 71.10 5.58 10.77 — Cy3HyN305
71.30 5.46 10.85
Ta 90 104—105 1640 (Ph—C=N); 1750 (C=0); 236.9 (4.33) 70.83 5.76 13.64 — CgH7N303
70.34 5.52  13.67
7b 95 111—115 1620 (Ph—C=N) 248.6 (4.42) 67.08 5.26 12.97 — CgH7N50S8
66.85 5.30 12.99
Tc 80 93-—-95 1610 (C=N); 1770 (C=0) 2457 (4.12) 57.20 5.56 14.31 12.17° C4H4CIN;0,
57.24 549 14.30 12.07
7d 95 164—166 1620 (C=N); 1770 (C=0) 247 (4.24); 74.39 540 11.74 — Cy»HgN30;
285 (4.03) 7393 536 11.76
8 70 200—202 1783 w. 1724 (C=0); 1616 (C=N); 250 (3.82) 67.69 5.51 10.82 — CyHy N304
2837 (OMe) 67.51 5.41 10.74
9 40 190—193 1796 w; 1731 (C=0); 1597 (C=N); 246 (4.00) 67.36 5.68 10.80 — CyHy N304
2831 (OMe) 67.51 541 10.74
10 70 210—211 1788 w; 1721 (C=0); 1607 (C=N) 241 (3.94) 69.75 4.87 1141 — C,1HgN304
69.79 5.30 11.63
11a 80 200—210 1796 w; 1721 (C=0); 1625 (C=N) 243 (4.22) 69.90 540 11.68 — C,1HgN304
(decomp.) 69.79 530 11.63
11b 80 188—190 1796 w; 1721 (C=0); 1622 (C=N); 232 (3.99) 59.67 5.07 1623 — C17HsN4O4
3058 (H—C=N); 2831 (OMe) 59.64 530 16.37
12 90 8791 1624 (C=N); 1751, 1731 (C=0); 245.7 (4.25) 60.54 5.62 71.74 — CgHy9N,O¢
1650 (C=C); 2834 (OMe) 59.99 5.59 7.77
13 60 72—74 1607 (C=N); 1754; 1725, (C=0); 249.6 (4.16) 59.92 537 743 — CigHy9N,O¢
1659 (C=C); 2836; 2855 (OMe)¢ 59.99 5.59 7.77
14 90 195—213 1670; 1750 (C=0); 1605 (C=N); 227.2 (4.10); 61.69 552 830 — C17H7N,054
2870 (OMe); 3220 (N—H) 291.9 (4.20); 61.81 5.49 8.48
357.9 (4.11);
265 (4.13)4,
356 (3.52)4
15 40 175—198 1620 (C=N); 1700; 1737 (C=0); 205 (4.26); 1.52 556 840 — Cy7H7N505
(decomp.) 3240 (N—H) 248.6 (4.00); 61.81 5.49 8.48
360.5 (4.00)
18 40 130—132 1705, 1725 (C=0); 1595 (C=N); 300 (3.69); 62.47 515 725 — CyoH,9N,O¢
2835 (OMe) 247 (3.05); 62.49 5.24 7.29
242 (3.05)
as.
bCl.

¢The IR spectrum was recorded in CHClI;.
dThe UV spectrum was recorded in a EtOH—H,0 mixture (1 : 1).

protons (7.5—8.5 Hz) is much greater than the coupling trations of >0.5 mol L™!, it results in substantial warm-
constant for the protons at C(7a) and C(7b) (0—1.5 Hz). ing-up and resinification of the reaction mixture. In the

The reactions of compounds 1—3 and 4a with DMAD case of o.-methoxynitrones 1 and 2, this reaction affords
(Scheme 3) are rather vigorous and, at reactant concen- isomeric imidazoisoxazoles 12 and 13, similarly to the
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Table 3. 'H NMR spectra of cycloadducts 5—7 Scheme 3
Com- Sol- 8 Ph PhomMe coome
pound vent "\ TOMe (s, N=C—Ph  N—R IN Me  DMAD 2
cm >
(bOt%l s, 3Hor MeO \N)<Me SN N_./2 COOMe
each 3 H) CH, s, | 9(7 o
1 H) 3 Me' \e
5a CD;OD 163, 3.62 7.14, 7.30, 7.65 (all m, 1 12
1.68 4H,4Hand 2 H)
5b CDCly 1.61, 3.56 7.03, 7.20, 7.51 (all m,
1.67 4 H, 4 Hand 2 H) P;TN N 03';/'6 SCOOMe
5¢ CDCly 1.45, 3.39 7.45, 8.02 3.22, 3.44 Me DMAD / A\
1.57 (bothm,  (both m, e’ SN OMe > s\ N /2 COOMe
3Hand 2 H) 2 H, e ) 6 79
CH,CH,) 3 Me \e
5d¢ (CDj3),CO 1.70 3.62 7.32, 7.57 6.68—7.8
(1.68), (3.34)  (both m, (m, 7 H) 2 13
1.83 3 Hand 2 H)
(1.72) Ph
6a CDCl; 1.68, 3.47 7.45, 7.86 (both m, 6 H >Z»N o NYgiOOMe
1.70 and 4 H) Me '\ DMmAD , N
6b CDCl; 172, 350 749,790  7.50—7.62 Ve N) ’ \EVN\ COOMe ’
1.75 (both m, (m, 5 H) | M 0
3 H and 2 H) 5 € Me
6c CDCly 1.58, 3.42 7.46, 7.85 3.78—3.55
1.64 (both m, (m, 4 H, 3
3 Hand 2 H) CH,CH,)
6da:b CDCl; 1.72, 3.43, 7.55, 8.00 7.35—8.23 Ph Ph OH
1.79, (3.65) (both m, (m, 7 H) _H
(1.84) 3 H and 2 H) MQ%N Me N
7a CD;OD 1.59, 7.10 7.54 (m, Me™ Me™
1.74 (s, 1 H, 10 H) o COOMe H,0 o COOMe
CH) ’ "0
7b CDCl; + 1.57, 6.88 7.52, 7.85 (both m, 6 H (0] 2 (0]
CD,OD 1.84 (s, 1 H, and4 H) COOMe COOMe
CH) 14 14a
7¢  CDCl, 1.46, 6.42 7.42,7.74 3.83
1.66 (s, 1 H, (both m, (m, 4 H, Ph
CH) 3 Hand 2 H) CH,CH,) MeOOC
7d  CDCl, 1.53, 6.65 7.49, 7.90 7.36—8.13 N
1.82 (s, 1 H, (both m, (m, 7 H) MeOOC
CH) 3 Hand 2 H) ,N+Me
H Me
@ The signals for the minor invertomer are given in parentheses. Ph N 15
b The spectra were recorded at —50 °C. FXMG DMAD
S —_—
N Me *
reaction reported for 4,5-dimethyl-2,2-diphenyl-2H- é
imidazole 1-oxide.l1
The 'H NMR spectra of the prepared compounds 4a

exhibit, apart from the two multiplets for protons of the
phenylimine fragment, two singlets for the geminal me-
thyl groups and three singlets for the methoxy groups,
which differ markedly in chemical shift, obviously, due
to the anisotropic influence of the benzene ring (Table 5).

A similar reaction of aldonitrone 3 is accompanied
by opening of the isoxazole ring giving rise to enamino
ketone 14 (¢f. Ref. 11 for 4-methyl-2,2-diphenyl-2 H-
imidazole 1-oxide).

Product 14 can undergo easy reversible addition of
an H,0 molecule to give covalent hydrate 14a. Thus the
intensity of the long-wavelength absorption maxima at

16

391 and 357 nm in the UV spectrum of compound 14
markedly decreases when an ethanol—water mixture
(1 :1) is used instead of neat ethanol, and the presence
of a small amount of water in deuterioacetone induces
quantitative transformation of enamino ketone 14 into a
covalent hydrate over a period of several days. Simulta-
neously, the singlet at 1.85 ppm due to the geminal
methyl groups of compound 14 disappears, and two
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Table 4. 13C NMR spectra of cycloadducts 5—7

Com-  Sol- S
pound  vent Megem OMe  C(Me); C=0 C(3a) C=N N=C—Ph N—R
(C=Y)
52 CD;OD 230, 510 951 1629 1147 1571 1313 (C); 130.3 (C,); 134.3 (C); 129.0 (C,);
23.0 130.3 (C,); 1324 (C,)  129.8 (C,); 130.3 (C)
b CDCl 23.0, 506 950 1855 1161 159.8  129.3 (C); 128.9 (C,); 34.1 (C)); 127.6 (C,):
29.3 129.0 (C,); 130.9 (C,)  128.3 (C,); 129.3 (C,)
5c  CDCl 223, 499 950  160.5 1250 1557  131.0 (C)); 1282 (C,); 39.6, 42.9
29.3 128.7 (C,); 1317 (C))
5d¢  (CDy),CO 23.0 505 940  161.5 1142  161.5  130.2 (131.2) (C, Ph); 131.4 (133.9) (C, naphthyl);
(22.5), (51.0)  (93.0) (160.0) (114.0) (160.0) 121.5 (124.0); 124.9 (124.4); 126.0 (126.6):
30.0 127.7 (128.0); 127.9 (126.9); 127.9 (128.3);
(29.2) 128.4 (128.4); 128.5 (128.6); 128.6 (129.3);
129.4 (130.0); 130.0 (130.7)
6a  CDCl 210, 510 775 1527 1241 1789  130.4 (C); 128.8 (C,); 134.1 (C)); 123.2 (C,);
27.8 128.8 (C,); 131.8 (C,)  128.5 (C,); 126.4 (C,)
6b  CDCl, 215, SIS 780 1843 1235  179.3  130.0 (C)); 128.7 (C,); 134.6 (C)); 126.6 (C,);
27.6 129.0 (C,,); 132.1 (C,) 128.8 (C,); 127.5 (C))
6c  CDCl 208, 508 771 1551 1277 1794  130.5 (C); 128.5 (C,); 40.7, 42.7
27.8 128.6 (C,); 131.9 (C))
6deb  CDCl, 210, 527 762 1532 1251 1784  130.5(C); 128.6 (C,); 134.1 (C); 122.2, 125.1,
27.6 128.8 (C,); 132.2(C,) 1254, 126.2, 127.0, 128.2,
128.3, 129.4, 130.0
72 CD;OD  21.1, — 785 1540 1017  179.6 1322 (Cp; 129.8 (C,); 137.5 (C)); 121.8 (C,);
25.5 130.2 (C,y); 132.7 (C,) 1297 (C,); 126.7 (C,)
7b  CDCl + 202, — 777 1815 1027  177.7  129.7 (C); 131.3 (C,); 135.9 (Cy); 127.7 (C,);
CD;0D 249 128.0 (C,,); 128.1 (C,) 1286 (C,); 127.7 (C,)
7c  CDClL 204, — 76.1 1545  99.9 1772 130.5(C); 128.7 (C,); 41.2, 44.4
25.5 128.4 (C,); 131.2 (C,)
74 CDCl 208, — 77.1 1537 1018 1774  130.8 (C, Ph); 134.5 (C, naphthyl); 122.4, 125.4,
25.4 126.4, 126.7, 127.1, 128.4, 128.6, 129.4, 130.1,

130.7, 131.4

@ The signals for the minor invertomer are given in parentheses.

b The spectra were recorded at —50 °C; for the !3C NMR spectrum, only the signals of the major inveromer are given.

singlets for nonequivalent methyl groups with chemical
shifts of 0.81 and 1.58 ppm, typical of covalent hydrates
of 4H-imidazole N-oxides?? and of 4-hydroxy-5,5-di-
methyl- 1-methoxy-4-phenylimidazolidin-2-one, 10 appear
instead; finally, the signal for the ortho-protons of the
phenyl groups shifts uplfield by 0.63 ppm. Chromatog-
raphy of compound 14a is accompanied by elimination
of a water molecule.

In the reaction of compound 4a with DMAD, apart
from enamino ketone 15, a colorless crystalline product
was isolated; according to spectroscopic data, this prod-
uct complied with structure 16. The structure ascribed
to this compound is confirmed by the absence of bands
for NH or OH groups in the region of 3000—3700 cm™!
in its IR spectrum and by the presence of absorption
maxima at 302, 247, and 242 nm in the UV spectrum.
The 'H NMR spectrum of compound 16 exhibits sig-
nals for three methoxycarbonyl groups (see Table 4); the
region of the 13C NMR spectrum typical of olefins or
aromatic compounds (8 100—140) contains, in addition
to the signals of the phenyl group, four signals for
carbon atoms at 107.2, 121.5, 131.4, and 139.2 ppm.

The mass spectrum of this compound shows a molecular
ion with m/z 384. These data are consistent with the
results of ebullioscopic measurement of the molecular
mass (found, 362 in CHCIy), and the results of elemen-
tal analysis correspond to the molecular formula
Cy0HyoN,O¢. Based on these results, the product in
question was identified as trimethyl 3,3-dimethyl-1-
phenyl-3 H-pyrrolo[1,2-c]imidazole-5,6,7-tricarboxy-
late 16.

Enamino ketone 15 does not react with DMAD
under reaction conditions, while the reaction of nitrone
4a with DMAD gives both products in approximately
equal amounts, irrespective of the content of DMAD in
the reaction mixture. This implies that the two reaction
pathways are independent from each other. Pyrrole
derivatives are often formed upon rearrangements of the
primary products of addition of DMAD to nitrones; in
many cases, rearrangement starts with contraction of
the isoxazole ring to give aziridine derivatives.23
Aziridines including 1,3-diazabicyclo[3.1.0]hex-3-ene
derivatives are able to react with dipolarophiles.24 The
reaction proceeds via opening of the aziridine ring to
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Table 5. NMR spectra of compounds 8—16

Com- Solvent IH NMR, &, J/Hz I3C NMR, §
pound
8 CDCl; 1.49, 1.57 (both s, each 3 H, Megep); 22.8, 29.2 (Megep); 52.1 (OMe); 56.9, 83.4
3.20 (OMe); 3.92, 5.35 (both d, each 1 H, (2 CH); 89.7 (CMe,); 163.5, 169.1 (C=0);
2 CH, J = 8); 7.30, 7.45, 8.34 (all m; 171.1 (Ph—C=N); Ph: 129.9 (C)); 129.7 (C,);
2 H, 6 Hand 2 H, 2 Ph) 129.2 (C,y); 131.9 (C,); N—Ph: 131.3 (C));
126.4 (C,); 128.1 (C,); 128.9 (C))
9 (CD3),SO  1.47, 1.59 (both s, each 3 H, Mege); 19.4, 27.0 (Mege); 50.7 (OMe); 56.5, 82.4
3.26 (OMe); 4.04, 5.45 (both d, each 1 H, (2 CH); 73.5 (CMe,); 120.2 (N—C—OMe);
2 CH, J=8.5);7.25, 7.50 (m, 2 H and 3 H, 169.6, 177.5 (C=0); 178.1 (Ph—C=N);
N—Ph); 7.50, 7.96 (m, 3 H and 2 H, Ph) Ph: 130.9 (C)); 128.4 (C,); 129.1 (C,);
131.8 (C,); N—Ph: 131.9 (C)); 126.7 (C,);
128.8 (C,,); 128.6 (C))
10 CDCl; 1.40, 1.70 (both s, each 3 H, Megep,); 4.28, 4.91 20.9, 24.4 (Megep); 52.8, 74.9, 92.4 (3 CH);
(both d, each 1 H, CH(3a), CH(8a), J = 8); 78.3 (CMe,); 173.2, 177.5 (C=0); 173.7
5.58 (s, 1 H, CH(3b)); 7.45, 7.78 (both m, (Ph—C=N); Ph: 131.3 (C)); 128.5 (C,); 129.1
3 H and 2 H, Ph); 7.34—7.49 (m, 5 H, N—Ph); (Cp); 130.8 (C,); N—Ph: 131.8 (C)); 128.2 (C,);
129.1 (C,); 128.6 (C))
11a (CD3);SO  1.30, 1.77 (both s, each 3 H, Megey,); 4.02 (dd, 22.3, 26.4 (Megep); 50.3, 75.1, 76.0 (3 CH);
1 H, CH(3a), J; = 7.5, J, = 1.5); 4.82 (d, 96.5 (CMe,); 164.6, 173.8 (C=0); 173.6
1 H, CH(7a), J = 7.5); 5.12 (d, 1 H, CH(3b), (Ph—C=N); Ph: 130.7 (C)); 128.1 (C,); 129.1
J=1.5); 7.50, 7.89 (both m, 3 H and 2 H, Ph); (Cp); 1312 (C)); N—Ph: 131.1 (C)); 126.1 (C,);
7.30, 7.50 (both m, 2 H and 3 H, N—Ph) 129.0 (C,); 128.9 (C))
11b (CD3),CO  1.19, 1.59 (both s, each 3 H, Megey); 4.02 21.6, 25.2 (Megep); 62.6 (O—Me); 50.3, 75.0,
(s, 3 H, OMe); 4.50 (dd, 1 H, CH(3a), 75.1 (3 CH); 95.7 (CMe,); 144.4 (HC=N);
Jy=17.5;J,=1);5.02 (d, 1 H, CH(7a), 160.6, 173.9 (C=0); 173.8 (Ph—C=N);
J=17.5); 514 (d, 1 H, CH(3b), J = 1); N—Ph: 131.8 (C)); 126.5 (C,); 128.8 (C,.);
7.30, 7.50 (both m, 2 H and 3 H, N—Ph); 128.4 (C,)
8.13 (s, 1 H, HC=N)
12 (CD3);,CO  1.45, 1.55 (both s, each 3 H, Mege); 3.37, 3.44,  22.4, 30.4 (Megey); 50.6, 52.3, 53.7 (3 O—Me);
3.86 (all s, each 3 H, 3 OMe); 7.45, 8.05 (m, 96.5 (CMe,); 163.1 (Ph—C=N); 108.0, 153.0
3 H and 2 H, N=C—Ph); (C=C); 162.5, 158.5 (COOMe); Ph: 140.5 (C));
128.8 (C,); 129.8 (C,,); 132.0 (C))
13 (CD3),CO  1.59, 1.64 (both s, each 3 H, Megy); 3.35, 3.75,  20.9, 28.3 (Megey); 50.9, 52.2, 53.7 (3 O—Me);
3.89 (all s, each 3 H, 3 OMe); 7.53, 7.98 77.9 (CMe,); 125.6 (N—C—OMe); 179.1
(both m; 3 H and 2 H, N=C—Ph) (Ph—C=N); 159.5, 162.0 (COOMe); 109.0,
156.5 (C=C); Ph: 132.1 (C)); 129.5 (C,); 129.5
(Cp); 132.2(C))
14 (CD3);,CO  1.85 (s, 6 H, Meyep); 3.71, 3.77 (both s, each 3 H,
2 OMe); 7.62, 8.23 (both m; 3 H and 2 H, Ph)
14a (CD;),CO  0.81, 1.58 (both s, each 3 H, Meyep,); 3.65, 3.75 20.3, 27.1 (Megep); 51.1, 51.7 (2 O—Me);
(both s, each 3 H, 2 OMe); 7.42, 7.60 (both m, 65.9 (CMe,); 163.4 (HN),C=); 84.4 (C=C);
3 H and 2 H, Ph); 5.86 (br, 1 H, NH); 9.44, 93.8 (HO—C—NH); 167.6, 168.3 (2 COOMe);
9.09 (both br, 1 H, NH and OH) 184.9 (C(O)COOMe) Ph: 140.1 (C)); 127.2 (C,);
129.1 (C,y); 129.5 (Cp)
15 CDCl; 1.65 (s, 6 H, Megey); 2.82, 3.83 (both s, each 3 H, 24.6 (Megey,); 49.5, 51.2 (2 O—Me);
2 OMe); 7.42 (s, 5 H, N=C—Ph) 93.0 (CMe,); 165.1 (Ph—C=N); 183.6 (C(2));
93.3 (C=C); 157.4, 166.3 (2 COOMe);
134.6 (=C(OH)COOMe) Ph: 122.7 (C));
126.4 (C,); 128.3 (C,,); 129.4 (C,)
16* (CD3),CO 190 (s, 6 H, Megep); 3.42, 3.84, 3.88 (all s, 24.5 (Megep); 51.4 (O—Me); 52.6 (2 O—Me);

each 3 H, 3 OMe); 7.57, 7.78 (m, 3 H and 2 H,
N=C—Ph)

93.1 (CMe,); 162.7 (Ph—C=N); 107.2 (C(7));
121.5 (C(6)); 131.4 (C(7a)); 139.2 (C(5)); 160.1,
160.3, 165.0 (3 COOMe); Ph: 133.7 (C));

128.5 (C,); 129.5 (C,); 131.0 (C,)

* Mass spectrum, m/z (Iy, (%)): 384 [M]* (100), 369 [M — Me]™* (7), 353 [M — OMe]* (40).

give 1,3-dipole. Compound 16 is formed, apparently,
according to Scheme 4. The cycloadduct 17 produced
initially is either opened to give enamino ketone 15 or
isomerizes to yield 1,3-diazabicyclo[3.1.0]hex-3-ene

(18), which reacts with a second DMAD molecule
to give cycloadduct 19; this product undergoes a
1,3-sigmatropic shift and aromatization to give com-
pound 16.
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Scheme 4
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Thus, 2H-imidazole 1-oxide and 4H-imidazole
3-oxide derivatives can undergo 1,3-dipolar cycloaddi-
tion to dipolarophiles containing C—C and C=N mul-
tiple bonds. Depending on the dipolarophile structure,
these reactions of a-methoxynitrones proceed either

more rapidly or more slowly than the reactions of the
corresponding aldonitrones.

Experimental

IR spectra were recorded on Specord M-80 and Bruker
IFS 66 spectrometers in KBr pellets (concentration 0.25%,
pellet thickness 1 mm). UV spectra were recorded on a Specord
UV-VIS instrument in EtOH solutions. 'H and 13C NMR
spectra were recorded on a Bruker AC-200 spectrometer for
1—5% solutions using the solvent signal as the standard. The
I3C NMR signals were assigned based on the analysis of
intensities of spectra with J-modulation and published
data.4-10.25—27 Mass spectra were run on a Finnigan MAT 8200
mass spectrometer under direct injection conditions (EI, 70 eV).
Nitrones 1—4a.b were prepared by procedures published previ-
ously.45:10 All solvents were purified by distillation; CH,Cl,
was additionally distilled over P,0s.

6,6-Dimethyl-3a-methoxy-4-phenyl-3a,6a-dihydro-3 H-
imidazo[1,5-b][1,2,4]oxadiazol-2-one (5a—d), 6,6-dimethyl-
5-phenyl-3a,6-dihydro-3 H-imidazo[1,2-b][1,2,4]oxadiazol-2-
ones (6a—d, 7a—d) (general procedure). Isocyanate or
isothiocyanate (2 mmol) was added to a solution of nitrones 1,
2, or 3 (2 mmol)!0 in 10 mL of CH,Cl,. The reaction mixture
was allowed to stand at 25 °C until the initial nitrone disap-
peared (TLC, Silufol UV-254, CHCl3;—MeOH, 50 : 1, as the
eluent), applied onto a column with silica gel Kieselgel 60
(Merck), and eluted with CHCI;. The reaction times and the
product yields, physicochemical properties, and spectra are
presented in Tables 1—4. The resulting compounds were re-
crystallized from a 1 : 1 hexane—Et,O mixture.

5,5-Dimethyl-2,7-diphenyl-3a,4a,7a,7b-tetrahydro-4-oxa-
2,4a,5,-triazacyclopenta[a]pentalene-1,3-dione (8, 11a,b),
5,5-dimethyl-2,6-diphenyl-3a,4a,7a,7b-tetrahydro-4-oxa-
2,4a,7-triazacyclopentaa]pentalene-1,3-diones (9, 10).
Nitrones 1—4a,b (2 mmol) and N-phenylmaleimide (2 mmol,
Lancaster) were dissolved in 1 mL of CHCIl,. After 24 h, the
precipitated compounds 8, 10, and 11a,b were filtered off and
recrystallized from MeOH. The solution of nitrone 2 and
N-phenylmaleimide was kept for 10 days, the reaction mixture
was diluted with 5 mL of cooled MeOH, and the precipitate
was filtered off and recrystallized from MeOH to give product 9
(see Table 2 and 5).

Dimethyl 6,6-dimethyl-3a-methoxy-4-phenyl-3a,6-dihydro-
imidazo[1,5-b]isoxazole-2,3-dicarboxylate (12) and dimethyl
3a-methoxy-6,6-dimethyl-5-phenyl-3a,6-dihydroimid-
azo[1,2-blisoxazole-2,3-dicarboxylate (13). DMAD (Merck)
(3 mmol) was added to a solution of methoxynitrone 1 and 2
(2 mmol) in 10 mL of CH,Cly; after 24 h, the reaction mixture
was applied onto a column with silica gel Kieselgel 60 (Merck)
and eluted with CHCl5. The products 12 and 13 were recrystal-
lized from hexane (see Table 2 and 5).

Dimethyl 2-(5,5-dimethyl-4-phenyl-2,5-dihydro-1H-imid-
azol-2-ydene)-3-oxosuccinate (14) was prepared similarly to
ester 12 from nitrone 3. Dimethyl 2-(2,2-dimethyl-4-phenyl-
2,5-dihydro-1H-imidazol-5-ylidene)-3-oxosuccinate (15),
trimethyl 3,3-dimethyl-1-phenyl-3 H-pyrrolo[1,2-c]imidazole-
5,6,7-tricarboxylate (16) were prepared similarly to 12 from
aldonitrone 4a; complete conversion of the reactant was at-
tained by using a twofold excess of DMAD. Compounds 14,
15, and 18 were recrystallized from a 1 : 1 hexane—AcOEt
mixture.

This work was supported by the Russian Foundation
for Basic Research (Project No. 97-03-32864a).
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