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Abstract: A new rearrangement pattern of the 4-isoxazo-
line system is reported. The reaction, starting from 3,3-
disubstituted derivatives and leading to o,-unsaturated
amides, proceeds through the quaternarization of the nitro-
gen atom and involves the heterolytic cleavage of C3—N
bond, assisted by the formation of a relatively stable
intermediate. The overall process represents a useful con-
version of ketones into a,f-unsaturated amides.

The readiness of 4-isoxazolines to undergo rearrange-
ment reactions is well-known.! The reactivity of this ring
system, the so-called N,O-vinyl functionality,? is identifi-
able with the relatively low thermochemical stability of
the N,O-bond, connected to a w-system. The most general
feature is the thermal isomerization to 2-acylaziridines,?
following the migration of nitrogen atom from position 1
to 4. The subsequent conversion to azomethyne ylides
proceeds via conrotatory ring opening: the resulting
dipoles can then give rise to ring closure to oxazolines,*
or undergo a proton shift followed by cyclization to a
pyrrole nucleus.® However, a number of additional chemi-
cal transformations have been reported that involve the
C—C and C—H bonds at position 3, together with some
N—O bond cleavages induced by prototropic processes,
when a hydrogen atom is present at position 3 of the
isoxazoline ring.t
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Furthermore, the activation of the system, through
N-oxidation or quaternization of the nitrogen atom,
discloses new alternatives for the chemical conversion of
the primary N,O-cycloadducts. In fact, treatment of 3,3-
disubstituted 4-isoxazolines with m-chloroperbenzoic acid’
(Scheme 1, path a) or methyl triflate and triethylamine®
(Scheme 1, path b) afforded o,5-enones in excellent
yields: the rearrangement process has been interpreted
according to the cheletropic extrusion of nitrosomethane
from the corresponding N-oxide or to the removal of the
acid hydrogen atom at the N-methyl group in the isox-
azolinium cation, respectively.

Further, the presence of an abstractable hydrogen at
position 3 in the isoxazoline ring opens a different and
competitive reaction route with formation of enamino
derivatives:® all these processes originated from the N—O
bond cleavage in the isoxazoline ring.

However, we have envisaged that the quaternarization
of the nitrogen atom in the 4-isoxazoline system could
lead, according to suitable substitution patterns and
experimental conditions, to an increased chemical lability
also of the C3—N bond, besides the N—O bond, so as to
induce the population of novel and alternative rearrange-
ment pathways. Accordingly, in this paper we have
examined the behavior of suitable 3,3-disubstituted
4-isoxazolines, by treatment with Mel, and we report a
new rearrangement pattern of the isoxazoline nucleus
that derives from the cleavage of C3—N bond, assisted
by the formation of a relatively stable intermediate.

Isoxazolines 1 and 2 have been prepared, starting from
the corresponding ketones, as previously reported,® ac-
cording to the well-known 1,3-dipolar cycloaddition of
nitrones to ethyl propiolate (Scheme 2). The subsequent
treatment of 1 and 2 with Mel in THF at reflux temper-
ature leads to the exclusive formation of a,3-enones 3 and
4, respectively (Scheme 2).8

This result has been rationalized on the basis of two
competing reaction routes starting from the intermediate,
not the isolated isoxazolinium salt, and involving the
N,O-bond cleavage. In fact, it has been reported that,
with 17, a single electron-transfer (SET) mechanism is
operating,'® together with the ionic one, both leading to
the expected o,5-enones® (Scheme 3).
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However, when the same reaction was performed on
compounds 1 in polar solvents such as methanol, N,N-
dimethylformamide, or acetonitrile, besides the corre-
sponding compounds 3, the formation of a,-unsaturated
amides 5 as minor products was observed (Scheme 4).

Structures of compounds 5 have been assigned on the
basis of 'H and *C NMR data and confirmed by MS
measurements. The assignment of the E/Z configuration
for amides 5b,d, appears to be not reliable on the basis
of *H—'H) NOEDS experiments; however, a hetero-
nuclear Overhauser effect has been successfully mea-
sured between C; and protons of methyl group at Cg, in
(E)-compounds, by a classical one-dimensional (*H—13C)
HOESY sequence.’' Moreover, the stereochemical as-
signments have been supported by semiempirical PM3
calculations. In both cases, the (E)-isomer was more
stable than the (Z)-isomer by 0.87 and 0.78 kcal/mol for
5b and 5d, respectively; these values reflect the E/Z ratio
of 4.3:1 and 3.7:1, respectively, which is very near to the
experimental one (5:1 and 4.5:1).

Two competing reaction routes are, then, operating:
the pathway leading to enones, derived from the cleavage
of the N—O bond, and the reaction channel leading to
amides. In an apolar medium, the homolytic cleavage of
the N—O bond leads, through a redox process, to a,f-
enones.? The presence of a polar solvent such as metha-
nol, on the contrary, promotes an alternative reaction
scheme. In fact, the formation of a,5-unsaturated amides
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5 can be rationalized on the basis of the heterolytic
cleavage of the C;—N bond of isoxazolines 1, assisted by
the solvent, which leads to the formation of an allylic
tertiary carbocation. The subsequent migration of the
nitrogen lone pair at the Cs carbon atom affords an
intermediate, not the isolated oxaziridinium cation 6. In
the presence of an easily abstractable proton, the equi-
librium is shifted toward o,f-unsaturated amides 5
(Scheme 5); otherwise, as in the case of isoxazoline 2b,
devoid of a hydrogen atom at Cs, the equilibrium turns
back toward the isoxazolinium salt and, then, through
the reported single-electron transfer mechanism and/or
the competitive basic attack of iodide ion to N-methyl
hydrogen atoms, to the corresponding o,(-enone 4b.

We have attempted to improve the alternative rear-
rangement process linked to the C;—N bond cleavage by
depressing the reaction route leading to a,5-enones. In
this aim, isoxazolines 1 have been reacted with Mel in
the presence of a stoichiometric amount of silver per-
chlorate in order to precipitate the iodide ion. The crude
reaction mixture shows the exclusive formation of oS-
unsaturated amides 5 in a nearly quantitative yield.

The obtained results clearly indicate that the removal
of iodide ion blocks the redox process leading to the
formation of a,5-enones; at the same time, the perchlorate
ion, released into the solution, is a base too weak to
induce the removal of the proton at the N-methyl group.
In this way, both routes leading to a,5-enones are
prevented.

The obtainment of N,N-disubstituted amides appears
to be an indirect confirmation of the formation in the
described process of an isoxazolinium salt as a precursor
of the rearrangement pathway. However, further support
for the suggested mechanism has been achieved by the
isolation of the isoxazolinium salt 7, obtained by treat-
ment of isoxazoline 1d with methyl triflate in CCl, at
room temperature for 10 h (Scheme 6). Further heating
in methanol solution afforded, in quantitative yield, the
amide 5d, thus confirming that only the ionic pathway,
leading to enamides, is operating in the absence of the
iodide ion.

In conclusion, the described procedure constitutes a
convenient conversion of ketones to o,f-unsaturated
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amides. The complete reaction scheme proceeds through
the formation of intermediate 4-isoxazolines, easily ac-
cessible by 1,3-dipolar cycloaddition reaction, followed by
treatment with methyl triflate and rearrangement of
intermediate isoxazolinium salt by heating in methanol
solution. The clear advantages of the process are linked
to the good global yields (67—85%) obtained and the mild
reaction conditions utilized.

Experimental Section

Rearrangement of 4-lsoxazolines 1 in Methanol Solu-
tion. A solution of 4-isoxazoline 1 (1.80 mmol) and iodomethane
(1.70 mL, 27.3 mmol) in methanol (10 mL) was heated at 80 °C
in an oil bath, under magnetic stirring, for 12 h. After this time,
removal of the solvent, at reduced pressure, and column flash
chromatography on silica gel (ethyl ether/cyclohexane 9:1)
afforded, besides the expected o, 5-enones 3 (80—88% yield), a,3-
unsaturated amides 5 as minor products (8—12% yield).

Synthesis of Amides 5. General Procedure. To a solution of
4-isoxazoline 1 (0.72 mmol) in anhydrous CH,Cl, (20 mL) was
added methyl trifluoromethanesulfonate (85 uL, 0.75 mmol), and
the mixture, magnetically stirred, was allowed to react for 2 h
at room temperature. Evaporation of the solvent under reduced
pressure gave the crude salt 7, which was dissolved in methanol
(5 mL) and heated at reflux. After 1 h, the solvent was
evaporated at reduced pressure and the residue purified by
column flash chromatography on silica gel (ethyl ether/cyclo-
hexane 9:1).

Ethyl 2-Cyclohexylidene-3-(dimethylamino)-3-oxopro-
panoate (5a): 204.5 mg, 95%, light yellow oil; IR (neat) 1730,
1625 cm™!; *H NMR (CDCls, 500 MHz) 6 1.38 (t, 3H, J = 7.1
Hz), 1.31-2.88 (m, 10H), 2.65 (s, 3H, N-Me), 2.83 (s, 3H, N-Me),
4.33 (g, 2H, J = 7.1 Hz); 3C NMR (CDCl3, 125 MHz) 6 13.9,
22.0,23.3, 24.9, 28.3, 34.00, 34.1, 36.5, 60.6, 159.4, 161.8; HRMS
(El) calcd for [M*] C13H21NO3 239.1521, found 239.1524. Anal.
Calcd for C13H2:NO3: C, 65.25; H, 8.84; N, 5.85. Found: C, 65.48;
H, 8,82; N, 5.84.

Ethyl (2E/Z2)-2-[(Dimethylamino)carbonyl]-3-phenylbut-
2-enoate (5b). First eluted product ((E)-isomer): 188.6 mg,
80.2%, light yellow oil; IR (neat) 1735, 1650, 1150 cm~1; 'H NMR
(CDCl3, 500 MHz) ¢ 0.95 (t, 3H, J = 7.0 Hz), 2.11 (s, 3H), 3.01
(s, 3H, N-Me), 3.09 (s, 3H, N-Me), 3.96 (9, 2H, J = 7.0 Hz), 7.11—
7.38 (m, 5H); 13C NMR (CDCls3, 125 MHz) 6 13.1, 22.8, 34.0, 37.2,
60.0, 126.0, 127.0, 127.9, 140.7, 149.1, 163.9, 166.8; HRMS (EI)
calcd for [M*] C15H10NO3 261.1365, found 261.1363. Anal. Calcd
for CisH1gNO3s: C, 68.94; H, 7.33; N, 5.36. Found: C, 68.81; H,
7,30; N, 5.37.

Further eluted product ((Z2)-isomer): 37.5 mg, 16.0%, light
yellow oil; IR (neat) 1735, 1650, 1150 cm~%; 'H NMR (CDCls,
500 MHz) 6 1.30 (t, 3H, J = 7.0 Hz), 2.38 (s, 3H), 2.41 (s, 3H,
N-Me), 2.68 (s, 3H, N-Me), 4.26 (q, 2H, J = 7.0 Hz), 7.12—7.40
(m, 5H); 13C NMR (CDCls, 125 MHz) ¢ 13.7, 21.3, 33.6, 37.1,
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60.2, 126.6, 127.5, 127.9, 140.7, 150.4, 164.3, 167.0. HRMS (EI)
calcd for [M*] C1sH19NO3 261.1365, found 261.1362. Anal. Calcd
for CisH1sNO3: C, 68.94; H, 7.33; N, 5.36. Found: C, 68.79; H,
7,34; N, 5.34.

Ethyl 3-(Dimethylamino)-2-(9H-fluoren-9-ylidene)-3-
oxopropanoate (5c): 289.2 mg, 100%, light yellow oil; IR (neat)
1725, 1645 cm~1; 'H NMR (CDCls3, 500 MHz) 6 1.40 (t, 3H, J =
7.0 Hz), 3.05 (s, 3H, N-Me), 3.15 (s, 3H, N-Me), 4.45 (q, 2H, J =
7.0 Hz), 6.97—8.15 (m, 8H); 13C NMR (CDCls, 125 MHz) 6 13.1,
33.9, 37.2, 60.6, 117.2, 118.5, 118.9, 123.8, 126.1, 126.5, 127.1,
128.8, 130.2, 133.8, 138.3, 140.1, 142.3, 144.5; HRMS (EI) calcd
for [M*] C20H19NO3 321.1365, found 321.1368. Anal. Calcd for
C20H19NOs: C, 74.75; H, 5.96; N, 4.36. Found: C, 74.91; H, 5.97;
N, 4.33.

Ethyl (2E/Z)-2-[(Dimethylamino)carbonyl]-3(4-meth-
oxyphenyl)but-2-enoate (5d). First eluted product ((E)-isomer):
212.4 mg, 81.0%, light yellow oil; IR (neat) 1700, 1625, 1170
cm~1; *H NMR (CDCl3, 500 MHz) ¢ 1.03 (t, 3H, J = 7.1 Hz),
2.09 (s, 3H), 3.08 (s, 3H, N-Me), 3.09 (s, 3H, N-Me), 3.80 (s, 3H,
O-Me), 4.01 (g, 2H, J = 7.1 Hz), 6.82—7.35 (m, 4H); 13C NMR
(CDCls, 125 MHz) 6 13.8, 23.3, 34.6, 37.8, 55.2, 60.6, 113.4, 127.1,
128.1, 133.1, 149.6, 159.4, 164.6, 167.6; HRMS (EI) calcd for [M*]
C15H21NO4 2911470, found 291.1468. Anal. Calcd for C16H21-
NO4: C, 65.96; H, 7.27; N, 4.81. Found: C, 65.77; H, 7,28; N,
4.80.

Further eluted product ((Z)-isomer): 47.1 mg, 18.0%, light
yellow oil; IR (neat) 1705, 1620, 1165 cm™%; 'H NMR (CDCls,
500 MHz) 6 1.29 (t, 3H, J = 7.1 Hz), 2.46 (s, 3H), 2.66 (s, 3H,
N-Me), 2.74 (s, 3H, N-Me), 3.80 (s, 3H, O-Me), 4.25 (q, 2H, J =
7.1 Hz), 6.83—7.38 (m, 4H); 13C NMR (CDCls, 125 MHz) 6 14.2,
21.8, 34.5, 37.6, 55.3, 60.5, 113.3, 127.1, 128.3, 133.2, 150.2,
159.9, 165.5, 168.2; HRMS (EIl) calcd for [M*] Ci6H21NO4
291.1470, found 291.1467. Anal. Calcd for C16H21NO4: C, 65.96;
H, 7.27; N, 4.81. Found: C, 65.69; H, 7,25; N, 4.82.

4-(Ethoxycarbonyl)-3-(4-methoxyphenyl)-2,2,3-trimethyl-
2,3-dihydroisoxazol-2-ium Trifluoromethanesulfonate (7).
To a solution of 4-isoxazoline 1d (200 mg, 0.72 mmol) in
anhydrous CCls (20 mL) was added methyl trifluoromethane-
sulfonate (85 uL, 0.75 mmol), and the mixture, magnetically
stirred, was allowed to react for 10 h at room temperature.
Evaporation of solvent under reduced pressure gave the salt 7
(317.8 mg, 100%, sticky oil): *H NMR (CDCls, 500 MHz) ¢ 1.26
(t, 3H, 3 = 7.1 Hz), 2.42 (s, 3H), 3.06 (s, 3H), 3.83 (s, 6H), 4.23
(9, 2H, I =7.1 Hz), 6.87—7.41 (m, 4H), 7.77 (s, 1H, Hs); 3C NMR
(CDCls, 125 MHz) 6 14.1, 18.3, 53.4, 53.5, 55.8, 60.4, 89.3, 112.7,
(9, 3 = 315 Hz), 126.3, 117.2, 125.7, 131.5, 151.8, 156.3, 161.4;
HRMS (FAB+) calcd for [MH*] C17H23F3sNO7S 442.1147, found
442.1143. Anal. Calcd for C17H2,F3sNO7S: C, 46.26; H, 5.02; N,
3.17; S, 7.26. Found: C, 46.09; H, 5.03; N, 3.16; S, 7.24.
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