REDUCTIVE CLEAVAGE
OF 4,5-CYCLOHEXANO-A?-ISOXAZOLINE
UNDER CATALYTIC HYDROGENATION CONDITIONS
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The products of reductive cleavage of the isoxazoline ring of o-oxo-4,5-cyclohexano-A’-
isoxazolines by catalytic hydrogenation were studied.

Isoxazole derivatives are used for the preparation of complex poly- and heterocyclic structures {1-3].
We recently proposed a new method for the synthesis of 2-acyleyclohexane-1.3-diones from a-oxocyclohexano-
isoxazolines that makes it possible to obtain diverse cyclic triacylmethanes [4, 5]. The reductive cleavage of
the intermediate 4,5-cyclohexanoisoxazolines, which are potential g-trifunctional derivatives of eyclohexane.
is also of interest in addition to the preparative value of this method. The B-trifunctional derivatives of cyclo-
hexane are linked by one step of the transformation with g-triketones and can be used as intermediates in the
synthesis of natural and related polycyclic compounds.
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Simple A’-isoxazolines undergo reductive cleavage of the N—O bond to give the corresponding g-imino
alcohols on catalytic hydrogenation and under the influence of alkali metals [6. 7]. Condensed a-oxocyclo-
alkanoisoxazolines [4, 5, 8] have not been investigated in this respect. In the present research we have studied
the behavior of cyclohexanoisoxazoline I [4] under catalytic hydrogenation conditions.
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Isoxazoline I is more stable than the corresponding isoxazole (V), despite the prevailing concept of the
relatively high lability of isoxazoline structures [9]. Thus isoxazoline Idoes not undergo change during hydro-
genation by means of 5% Pd/BaSO,, at the same time that isoxazole V under these conditions is readily con-
verted to enamino diketone II [10] in the absence of base, in contrast to other isoxazoles [11], The lability of
the isoxazole ring as compared with the A%-isoxazoline ring is apparently due to the activating effect of the
conjugated a-carbonyl group on the aromatic system of isoxazole, In fact, in the case of hydroxyisoxazole
VI[12], which does have this sort of activating effect, ring cleavage does not occur under the influence of the
low-activity 5% Pd catalyst. Isoxazoline I and hydroxyisoxazole VI undergo ring opening when 30% Pd/S,CO;
or Ni/Re are used, and one observed a complete analogy in the behavior of these compounds, Variousenamino
derivatives (II-IV) can be obtained, depending on the conditions. The formation of enamino diketone II observed
during the hydrogenation of isoxazoline I on 5% Pd/BaSO, in the presence of triethylamine is evidently due to
intermediate catalytic dehydrogenation of I to isoxazole V and its subsequent reductive cleavage. In addition
to this, one cannot exclude the possibility of the formation of II from I by disproportionation or intramolecular
transfer of hydrogen [13]; the formation of a mixture of 1I-V when a solution of I in triethylamine is refluxed
with 5% Pd/BaSOQ, in the absence of hydrogen served as a confirmation of this, Thus the high yield of II in the
catalytic hydrogenation of 1 is due, on the one hand, to the presence of triethylamine, which promotes the for-
mation of isoxazole V, and, on the other, to removal of V from the reaction sphere by means of its reduction
on the catalyst, which is ineffective with respect to opening of the isoxazoline ring.

The formation of IIT and IV under various hydrogenation conditions is associated with cleavages of the
N—O bond and evidently proceeds through an intermediate step involving the unstable S-hydroxy enaminoketone
(VII), which we were unable to isolate. Compound VII undergoes spontaneous dehydration to give dienamino
ketone III, the subsequent reduction of the double bond in which gives enamino ketone 1V,

The IR spectrum of III displays the absorption at 1500-1600 cm™! that is characteristic for g-aminovinyl
ketones [14]. The bands at 3120 and 3280 em™! correspond to the stretching vibrations of two N—H bonds, in-
dicating inclusion of one of them in a strong intramolecular hydrogen bond of the chelate type; this is also con-
firmed by the pronounced lowering of the frequency of the carbonyl absorption [15]. Stretching vibrations of
C—H bonds of a disubstituted alkene appear in the spectrum of III at 3040 cm~1.

The PMR spectrum of III, in addition to signals of a methyl group, a gem-dimethyl group, ahd a meth-
ylene group adjacent to a carbonyl group in the inspected regions, contains doublets of vinyl protons at 5,25
and 6,15 ppm. The broad lone signals at 5.47 and 10.21 ppm are related to the resonance of the NH protons,
and the strong shift of one of these to weak field indicates the presence of a strong intramolecular hydrogen
bond in the molecule [16].

A confirmation of the structure of dienamine III is its easy reduction on a Pd catalyst, which proceeds
with the absorption of 1 mole of hydrogen and the formation of enamino ketone IV. The latter was also ob-
tained in 95% yield by hydrogenation of T in ethanol over Ni/Re and is the chief product of catalytic hydrogena-
tion on Pd and Rh catalysts of hydroxyisoxazole VI or its acetate. The conversion of VI to IV evidently in-
cludes the same sequence of reactions as the hydrogenation of isoxazoline 1. However, one cannot exclude
the possibility of the formation of enamino ketone IV as a result of hydrogenolysis under the conditions of
catalytic hydrogenation of the allylic C—O bond in hydroxyisoxazole VI (or in the corresponding intermediate
from opening of the isoxazole ring).
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Dienamino ketone III is the tautomeric form of crossconjugated imino ketone VIII, Compounds of this
sort are of interest in connection with the problem of the synthesis of crossconjugated enediones of the IX
type and their use inthe total synthesis of steroids [17, 18]. Moreover, as in the case of enedione IX, which
is readily isomerized to ketodienol X, the imino ketone form is evidently thermodynamically less favorable,
as a consequence of which only dienamino ketone III or the product of its subsequent reduction — enaminoketone
IV —is isolated from the reaction mixture, The structure of IV follows unambiguously from the spectral data
and is confirmed by its hydrolysis to the known [19] 2-acetyl-5,5-dimethylcyclohexanone.

EXPERIMENTAL

The melting points were measured with a Kofler block, The IR spectra were recorded with a
UR-20 spectrometer. The PMR specira were recorded with the NMR spectrometer of the HNM-PFT-
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100 system with tetramethylsilane as the internal standard. Themass-spectrometric data were ob-
tained with a Varian MAT-311 spectrometer at an ionizing-electron energy of 70 eV. Woelm, LSL,,,
and Brockmann AL Q; silica gels and Silufol UV-254 plates were used for analytical monitoring of the
course of the reaction by thin-layer chromatography (TLC) and preparative chromatography. The chro-
matograms were developed with iodine vapors and in UV light,

5,5-Dimethyl-2- (a-aminoethylidene)cyclohex-3-en-1-one (IIl). A) A 90-mg sample of [ in 10 ml of a
saturated alcohol solution of NaOH was hydrogenated in the presence of 300 mg of Ni/Re for 15 min under
standard conditions, after which the catalyst was removed by filtration, and the solvent was removed invacuo
at no higher than 50°, The residue was chromatographed on a 13X 18 cm plate with A1,0, as the sorbent in
an ether—hexane system (9 :1). The zone with Rr 0.6 yielded 35 mg (43%) of IIT with mp 107-110° (from hexane,
low-temperature crystallization). IR spectrum (KBr): 1480, 1610 (broad), 1630, 2870-2960, 3040, 3120, and
3280 cm™!, PMR spectrum (CDCl,): 1.04 (gem-2CHj;, s, 6H), 2.02 (CH;, s, 3H), 2.29 (CH,. s. 2H), 5.25 (C,—H.
d, =10 Hz, 1H), 5.41 (NH, broad s, 1H), 6.15 (C;—H, d, J=10 Hz, 1H), and 10.21 ppm {(NH, broad s, 1H). Mass
spectrum (m/e, relative intensity): 165 ™™, 62%): 150 [(M'-CH3)+

, 100%], 109 [(M—C,H,C0)", 78%].

B) A 50-mg sample of I in 10 ml of EtOH was hydrogenated in the presence of 100 mg of 30% Rh/Al,0,
and 1 ml of triethylamine for 2 h, after which the catalyst was removed by filtration, and the solvent was re-
moved in vacuo, Crystallization of the oily residue from hexane gave 10 mg (22%) of IIl. which was identical
to the compound described above.

5,5-Dimethyl-2- (@~aminoethylidene)cyclohexanone (IV). A) A 200-mg sample of I was hydrogenated in
15 ml of ethanol in the presence of 100 mg of Ni/Re for 5 h, after which the catalyst was removed by filtration,
and the solvent was removed in vacuo to give 180 mg (97%) of IV with mp 152-155° (from ether, low-tempera-
ture crystallization). IR spectrum (KBr): 1485, 1580, 1605, 2860-2890, 3060, 3215 em~!, PMR spectrum
(CDCly): 0.90 (gem-2CHj, s, 6H), 1.45 (CH,, t, J=7 Hz, 2H), 1.91 (CH,, s, 3H). 2.08 (CH,, s, 2H), 2.31 (CH,, t,
J=7 Hz, 2H), 5.40 (NH, broad s, 1H), and 10.88 ppm (NH, broad s, 1H), Mass spectrum (m/e, relative inten-
sity): 167 MT™, 50%); 152 [(M—CH3)+, 21%); 124 [(M—CH3CO)"', 147%]; 110 [(1\I~C4H9)+. 177%]; 83 [(M—C4H8CO)+,
100%].

B) Hydrogenation of 290 mg of I in 20 ml of ethanol in the presence of 100 mg of 30% Pd/SrCO; for 5 h
and crystallization (from acetone) of the oily residue obtained after removal of the solvent by distillation gave
50 mg (19%) of IV, which was identical to the product described above.

Reductive Cleavage of Hydroxyisoxazole VI. A 200-mg sample of VI in 15 ml of ethanol was hydrogenated
under standard conditions in the presence of 50 mg of 30% Pd/SrCO; until H, absorption ceased. The usual
workup of the reaction mixture gave 180 mg ©7%) of IV, similar to the product described above.

Hydrogenation of Diene ITI, A 30-mg sample of III in 10 ml of ethanol was hydrogenated under standard
conditions in the presence of 50 mg of Ni/Re, after which the mixture was worked up in the usual manner to
give 26 mg (88%) of IV, identical to the product described above.
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SYNTHESIS OF 2-THIABICYCLO[3.2.0]HEPT-3-ENES
BY REACTION OF ACETYLENE WITH SODIUM SULFIDE

B. A, Trofimov. G, A, Kalabin, UDC 547.732.735.818:543.422,25.4'51
V. V. Kryuchkov., V., V, Keiko.

S. V. Amosova, V., M. Bzhezovskii.
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The previously unknown 2-thiabicyclo[2.3.0]hept-3~-ene and exo- and endo-6-methyl-2-
thiabicyclo[3.2.0]hept-3-enes were synthesized in one step from acetylene and sodium
sulfide in aqueous dimethyl disulfoxide.

It was recently observed [1, 2] that 2,5~dimethyl-4-methylene-1.3-octathiolane (I) is formed along with
the major product — divinyl sulfide [1] — in the reaction of acetylene with sodium sulfide in aqueous dimethyl
sulfoxide (DMSO):

H,
KOH 2*:———( X I
HC=CH + Na,§ <~ H,=CH ] H
© DMSO/u,0 (CH=CHLs + N )C:{\—j:ﬂ‘
i {I-iv
It R'=Réi=H; IlI R =H, Ri=CH,: v Ri=CH;, R?=H

Under special counditions [3] oxathiolane I is obtained in 15-28% yield.

Continuing these studies we isolated three new individual compounds (II-1V) in an overall yield of ~ 3%
from the reaction products by preparative gas—liquid chromatography (GLC).

According to the PMR. IR. and mass spectrometric data and the results of elementary analysis, the
lowest-boiling of the three compounds is 2~thiabicyclo[3.2,0]hept-3-ene (II) and the other two are its 6-methyl
substituted derivatives [exo (III) and endo (IV) forms].

The IR spectra of II-IV contain intense v bands at 1570-1590 cm™!, The low frequency and the high
intensity of these bands are not characteristic for cycloalkenes [4] but are customary for the H,C =CHS group-
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