REACTION OF 8-OXONITRONES — IMIDAZOLINE AND
PYRROLINE DERIVATIVES — WITH
NUCLEOPHILIC REAGENTS

V. A. Reznikov and L. B. Volodarskii UDC 547.781.3:541.515

The reaction of (-oxonitrones — imidazoline derivatives — with hydroxylamine, phenylhydrazine,
and semicarbazide takes place at the carbonyl group with retention of the nitrone group. Stable
nitroxyl radicals — spiroimidazoisoxazole derivatives — are formed in the oxidation of [-
hydroximinonitrones. The recyclization of the 3-oxonitrones, which takes place in an acidic medium,
as well as by the action of hydrazine and thiosemicarbazide, leads, respectively, to pyrroline and
pyrazole derivatives.

In a previous study of the properties of 2-substituted 5,5-dimethyl-4-oxo-1-pyrroline 1-oxides I — cyclic 5-
oxonitrones — it was shown that their reaction with nucleophilic reagents may take place either at the nitrone group
or at the carbonyl group [1]. In the present research we examined the reaction of (3-oxo nitrones, in which the
oxonitrone group is included in part in the composition of the imidazoline (II) and pyrroline (III) heterorings, with
nucleophilic reagents.

Compounds II were obtained by condensation of imidazoline IVa with esters in the presence of phenyllithium
{2]. It should be noted that, under similar conditions, the reaction of imidazoline IVb with ethyl benzoate leads to
opening of the imidazoline heteroring to give acyclic V, which, according to the PMR data, exists in solution in the

form of a mixture of two tautomeric forms. n
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In contrast to the reaction of §-oxonitrones of the pyrroline I series, the reaction of $-oxonitrones I with
methylmagnesium iodide and methyllithium, which was studied in the case of llc, does not lead to the formation of
addition products. At the same time, the reaction of pyrroline III with methylmagnesium iodide leads to addition
at the nitrone group to give VI. The reaction of imidazoline IIc with NaBH, leads to alcohol VII, while pyrroline
III under similar conditions undergoes reduction at both the carbonyl and nitrone groups to give VIII. It should be
noted that compounds of the VII type can be obtained by condensation of imidazoline IVa with aldehydes in the
presence of phenyllithium [2]. The fact that the nitrone group in the composition of the imidazoline IIc molecule
does not react with NaBH, and methylmagnesium iodide is evidently associated with its greater steric shielding as
compared with the nitrone group in the composition of the pyrroline III heteroring [3].

Oximes 1Xa-c,g and X, respectively, are formed in the reaction of imidazolines Ila-c, as well as imidazoline
Iig, obtained by the method in [2], and pyrroline III with hydroxylamine (see Tables 1 and 2). The reaction of
imidazoline I1d with hydroxylamine also leads to oxime IXd, attempts to isolate which in the individual analytically
pure form were unsuccessful. On the basis of the 1C NMR spectra of the compounds obtained it was established
that oximes IX exist in several isomeric and tautomeric forms.
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TABLE 4. PMR Spectra of Pyrrolidone Derivatives XX-XII in

d¢g-DMSO
Com- Chemical shifts, &, ppm°®
pound | o o | N—ci, 3-H Other protons
XXce 1,94 2,50 7,16 7.6 (5H, m, CsHs)
XXt 1,62 2,35 6,35 1.25 (9H, s C(CHy)s)
XX1 1,32 2,97 5,24 7,3...8,2 (5H, m, CgHs) —
XXllg 1,36 2,38 595 78 (TH.m, «), 955 (1H, s, NOH)
XXlid| 127 2,82 580 | 983 (1H, s, NOH) =t -

*The spectrum of XXI was recorded in solution in CDCl,, while
the spectrum of XXIle was recorded in CCly. '

Judging from the set of signals in the 13C NMR spectra, IXa, b (see Table 3) consist of mixtures of E and
Z isomers with respect to the oxime group, as evidenced by the presence in the spectra of two signals of C(z) and
C(5) atoms vis-a-vis the absence of the signal at 100-120 ppm that is characteristic for the carbon atom of the C,
spiro node in tautomeric form B. Signals of carbon atoms of only tautomeric form A are observed in the 1’C N
spectrum of IXc in solution in CDCl;, while signals that can be assigned to bicyclic tautomeric form B, as, for
example, the signal at 108.4 ppm, which corresponds to the carbon atom of the C 4 spiro node, as well as four
signals of carbon atoms of methyl groups, appear on passing to a solution in DMSO. %ere is also-a substantial shift
of the signal of the methylene group. Inaccordance with these data, the observed signals are related not to a mixture
of E and Z isomers with respect to the oxime group but rather to a mixture of tautomeric forms A and B, the ratio
of which in solution in DMSO is 3:2. Signals of only one isomer of tautomeric form A are observed in the 1°C
NMR spectrum of IXg, obtained by oximation of imidazoline IIg. (See scheme, top of the next page.)

Stable nitroxyl radicals are formed in the oxidation of oximes IXc, d, g; the existence of these radicals is
confirmed by the EPR spectroscopic data. Thus the EPR spectrum of radical Xlc consists of a triplet with hyperfine
coupling constant ay = 14.08 G, which is somewhat smaller than the constants of tetraalkyl-substituted nitroxyl
radicals and considerably smaller the constants of iminoxyl radicals [4]; this excludes structure XIII. The decrease
in the hyperfine coupling constants may be associated with the presence of a heteroatom attached to the «-carbon
atom of the nitroxyl group. The reduction of Xlc by zinc in methanol in the presence of NH,Cl leads to the
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formation of starting oxime IXc; this excludes the possibility of the oxidation of the methylamino group in the
composition of the heteroring to a nitroxyl group. Benzoyl derivative XII, obtained from oxime IXc, does not react
with MnO,. These data constituted evidence that nitroxyl radical XIc has a spiroimidazoisoxazole structure. The
production of radical Xlc can be conceived of as either the formation of, initially, iminoxyl radical XIII with
subsequent cyclization at the nitrone group or as the existence of ring-chain tautomerism with subsequent oxidation
of tautomer B to the corresponding nitroxyl radical.
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Fig. 1. EPR spectrum of nitroxyl radical XVIII.

In the case of the oxidation of oxime X the nitroxyl radical is unstable, and only products of its further
oxidation — aldonitrone XV and hydroxamic acid XVI — can be isolated from the reaction mixture.

To study the range of application of the observed oxidative cyclization of the oxonitrone derivatives of
imidazoline to give nitroxyl radicals — spiroimidazoisoxazole derivatives — in the case of imidazoline Ilc we studied
their reaction with other nitrogen nucleophiles. Compound Ilc was selected in connection with the fact that the
nitroxyl radicals formed in the oxidation of oximes IXa, b are unstable, while oxonitrones Ile, f undergo
decomposition under the influence of nucleophilic reagents.

Semicarbazone XVIIa and phenylhydrazone XVIIb, respectively, are formed in the reaction of Ilc with
semicarbazide and phenylhydrazine. The oxidation of XVIIa leads to nitroxyl radical XVII, in the EPR spectrum
of which one observes splitting into three nonequivalent nitrogen atoms (see Fig. 1), which constitutes evidence for
the formation of a spiro node with the nitrogen atom attached to the «-carbon atom of the nitroxyl group.

The reaction of oxonitrone Ilc with hydrazine and thiosemicarbazide leads to opening of the imidazoline
heteroring with subsequent recyclization to pyrazole derivatives XIXa, b [5], which were isolated in the form of the
hydrochlorides.

Ph Ph
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XVII a R=CONH;, b R=C:H;: XIX a R=H, b R=CSNH;; XX ¢ R=CsH;. ¢ R=
=C(CHs)s, XXIl g R=a- nitrone,d R=CF,;

Thus the oxidative cyclization of oxonitrone derivatives — oximes and semicarbazone — makes it possible
to obtain nitroxyl radicals with a spiro node that contains a heteroatom in the « position relative to the nitroxyl

group.

We have previously shown that enamino ketones — imidazolidine derivatives — in an acidic medium undergo
recyclization leading to pyrrolines I [5]. Under similar conditions $-oxonitrones — imidazoline derivatives — also
undergo recyclization. Thus maintaining Ilc, f in 5% HCI solution gives pyrrolines XXe¢, f, which, as evidenced
by the broad band at 2700-3000 cm—! in the IR spectra, which is characteristic for ammonium compounds, are
enamino oxime hydrochlorides. Iminium salts are usually formed in the protonation of enamines [6]; however, the
IR spectrurn of XXc does not contain an absorption band of a C=N™ band at 1680 cm™! [7], and one observes a
band at 1650 cm—!, which can be assigned to vibrations of a C=C bond. The proposed structure is confirmed by
the UV spectral data for XXc (\,,, 264 nm), as well as the data from the PMR spectrum (see Table 4), in which
there are signals of methyl groups at 1.94 (6H) and 2.50 ppm (3H and signals of a proton attached to a double bond.
Protonation of the oxime group seems unlikely, since its basicity is substantially lower than the basicity of the
enamine fragment. Maintaining XXc in HCI solution gives derivative XXI, which has, according to the spectral
data, enamino ketone groupings in its molecule [8], on the basis of which a pyrrolinone structure was assigned to
it. Under similar conditions imidazolines 1Id, e undergo recyclization to enamino oximes XXIId, ¢, which were
isolated in the free form.

EXPERIMENTAL
The IR spectra of KBr pellets (0.25% concentrations) and solutions (5%) in CCl, were recorded with a UR-
20 spectrometer. The UV spectra of solutions in ethanol were recorded with a Specord UV-vis spectrophotometer.

The PMR spectra of solutions in dg-DMSO, CDCl;, and CCly (¢ 7-10%) were obtained with a Varian A-56-60A
spectrometer with hexamethyldisiloxane (HMDS) as the internal standard. The !3C NMR spectra were obtained with
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a Bruker WP 200 SY spectrometer at 300°K under pulse conditions. For the measurements we used 10-15%
solutions in CDCl; and DMSO with the addition of 10% dg-DMSO. The chemical shifts were measured relative
to the signal of the solvent.
The results of elementary analysis of the synthesized compounds were in agreement with the calculated
values.
Compounds Ila, c, e, g were obtained by the method in [2], III was obtained by the method in [9], and IVa,
b were obtained by the method in [10].
4-Acetonyl-1,2,2,5,5-pentamethyl-3-imidazolinglIb)4-[2-oxo-(1-naphthyl)ethyl]-1,2,2,2,5,5-pentamethyl-3-
imidazoline 3-oxide (IId), and 4-(3,3-dimethyl-2-oxobutyl)-1,2,2,5,5-pentamethyl-3-imidazoline 3-oxide (IIf) were
obtained by the method in [2] by the action on imidazoline IVa of; respectively, ethyl acetate and methyl a-naphthoic
and trimethylacetic acids in the presence of phenyllithium.
N-(3-Hydroximine-2-methyl-5-0xo0-5-phenyl-2-pentyl)-N-2-propenylbenzamide (V). This compound was
similarly obtained by the action of ethyl benzoate on imidazoline IVb in the presence of phenyllithium. PMR
spectrum (CDCl;): 1.60 (3H, s, CH3), 1.68 (3H, s, CH3), 2.08 (3H, s, CH3), 3.07 (1H, s, CH,=), 3.12 (1H, s,
CH,=), 7.1-7.9 [10H, m, (C¢Hs),], 11.8 (1H, broad s, NOH), 4.14 (2H, s, CH,), 5.65 ppm (1H, s, —CH=).
1-Hydroxy-2-(2-o0xo0-2-phenyl-1-propyl)-2,4,4-trimethylpyrrolidine (VI). A solution of 0.4 g (2 mmole)
of pyrroline III was added dropwise with stirring to a solution of methylmagnesium iodide, prepared from 0.24 g
(10 mmole) of magnesium and 0.9 ml (14 mmole) of methyl iodide in 20 ml of dry ether, after which stirring was
continued for 3 h at 20°C, 5§ ml of water was then added, and the organic layer was separated. The aqueous layer
was extracted with ether (5 X 10 ml), and the combined extract was dried with MgSO,, the solution was evaporated,
and VI was isolated by chromatography with a column packed with silica gel (100 ml) by elution with ether—hexane
(1:D.
4-(2-Hydroxy-2-phenylethyl)-1,2,2,5,5-pentamethyl-3-imidazoline 3-Oxide (VII). A suspension of 0.3
g (1.1 mmole) of imidazoline Ilc and 0.3 g (8.5 mmole) of NaBH, in 20 ml of ethanol was stirred for 12 h at 20°C,
after which the residue was diluted with 10 ml of water, and the aqueous mixture was extracted with CHCl;. The
extract was dried with MgSOy,, the solution was evaporated, and the residue was chromatographed with a column
packed with silica gel (50 ml). Elution with ethyl acetate gave 90.2 g of VII with mp 112-114°C [2].
1-Hydroxy-2-(2-hydroxy-2-phenylethyl)-4,4-dimethylpyrrolidine (VIII). This compound was obtained
by a similar method by the reduction of pyrroline III.
4-(2-Hydroximino-2-phenylethyl)-1,2,2,5,5-pentamethyl-3-imidazoline 3-Oxide (IXc). A solution 0.83
(15 mmole) CH;ONa in 20 ml of methanol was added to a solution of 1.75 g (25 mmole) of hydroxylamine
hydrochloride in 20 ml of methanol, after which the precipitated NaCl was removed by filtration, 1.1 g (4 mmole)
of imidazoline Hc was added to the solution, and the mixture was maintained at 20°C for 24 h. The solution was
evaporated, the residue was diluted with 10 ml of a saturated solution of NaCl in water, and the resulting aqueous
mixture was extracted with ethyl acetate (3 X 20 ml). The extract was dried with MgSO,, the solution was
evaporated, the residue was washed with hexane, and the precipitated oxime IXc was removed by filtration.
4-(2-Hydroxyiminoethyl)- (IXa), 4-(2-Hydroxyiminopropyl)- IXb), 4-(2-Hydroxyimino-2-[1-
naphthyl)ethyl)-(IXd),and4-(3-Hydroxyimino-3-phenyl-2-propyl)-1,2,2,5,5-pentamethyl-3-imidazoline3-Oxide
(IXg). These compounds were obtained under similar conditions by the action of hydroxylamine on imidazolines
Ha, b, d, g. Compound IXd could not be isolated in analytically pure form; however, it could be used without-
further purification for oxidation to the corresponding nitroxyl radical XId.
2-(2-Hydroximino-2-phenylethyl)-4,4-dimethyl-1-pyrroline 1-Oxide (X). This compound was obtained
under similar conditions by the action of hydroxylamine on pyrroline III. PMR spectrum (dg-DMSO): 1.09 [6H,
s, 4-(CHs),], 1.94 (ZH, broad s, 3-CH,), 2.80 (1H, broad s, 5-CH,), 2.86 (1H, broad s, 5-CH,), 3.30 (2H, s, CH,),
7.4 ppm (5SH, m, C¢Hs).
1-Oxyl-2,2,3,4,4-pentamethyl-1,2,3,4-tetrahydroimidazole-S-spiro(3’'-phenyl-4’,5'-dihydro)-5’ -isoxazole
(XIc). A solution of 0.2 g of oxime IXc in 10 ml of chloroform was stirred with 1 g of MnO, for 30 min at 20°C,
after which the excess oxidizing agent was removed by filtration, and the solution was evaporated. Compound Xlc
was isolated by chromatography with a column packed with silica gel (50 ml) with elution by chloroform.
1-Oxyl-2,2,3,4,4-pentamethyl-1,2,3,4-tetrahydroimidazo-5-spiro-[3’-(1'-naphthyl)-4',5’-dihydro]-5'-
isoxazole(XId)and1-Oxyl-2,2,3,4,4-pentamethyl-1,2,3,4-tetrahydroimidazo-S-spiro-(4'-methyl-3'-phenyl-4',5’-
isoxazole (XIe). These compounds were similarly obtained by the oxidation of, respectively, unpurified oxime IXd
and oxime IXg.
4,4-Dimethyl-2,3-dihydro-4H-pyrrolo-2-spiro(3’-phenyl-4’,5’-dihydro)-5'-isoxazole Oxide (XV) and 1-
Hydroxy-4,4-dimethyl-5-0xa-2,3,4,5-tetrahydropyrroelo-2-spiro)3’-phenyl-4’,5'-dihydro)-5'-isoxazole (XVI).
These compounds were obtained by the oxidation of oxime X in the form of a mixture, which was separated
chromatography with a column packed with silica gel (100 ml) by elution with chloroform. PMR spectrum of XV
(CCly): 1.13 [6H, s, 3-(CHj),l, 2.92 (4H, broad s, 4-CH,, 4'-CH,), 6.5 (1H, s, —CH=), 7.6 ppm (5H, m,
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CgHs). PMR spectrum of XVI (dg-DMS0): 1.17 (3H, s, 3-CHj3), 1.05 (3H, s, 3-CH;), 2.28 (2H, a, CH,), 3.57
(2H, s, CH,), 7.5 ppm (5H, m, C¢Hs). '

4-(benzoyloximino-2-phenylethyl)-1,2,2,5,5-pentamethyl-3-imidazoline 3-Oxide (XII). A solution of (.2
mi (1.8 mmole) of benzoyl chloride in 5 ml of CHCI; was added dropwise with stirring to la solution of 0.4 g (1.38
mmole) of oxime IXc and 0.38 ml (2.77 mmole) of triethylamine in 30 ml of chloroform, after which the reaction
mixture was washed with water (2 X 20 ml) and dried with MgSO,. The mixture was then evaporated, the residue
was washed with hexane, and the precipitated XII was removed by filtration.

4-(2-Oxo-2-phenylethyl)-1,2,2,5,5-pentamethyl-3-imidazoline Oxide (XVIIa). A solution of 0.55 g (2
mmole) of imidazoline Ilc, 0.45 g (4 mmole) of semicarbazide hydrochloride, and 0.17 g (3 mmole) of CH;0Na
in 20 ml of methanol was refluxed for 2.5 h, after which it was evaporated. The residue was diluted with 10 ml
of water, and the precipitated semicarbazone XVIIla was removed by filtration.

4-(2-Oxo0-2-phenylethyl)-1,2,2,5,5-pentamethyl-3-imidazoline 3-Oxide Phenylhydrazone (XVIIb). A
mixture of 0.7 ml (6 mmole) of phenylhydrazine and 8 ml of water was acidified to pH 4 with 50% CH;COOH,
after which 0.55 g (2 mmole) of imidazoline IIc and 15 ml of ethanol were added, and the mixture was heated until
all solid materials had dissolved, and the solution was allowed to stand for 24 h at 20°C. The alcohol was
evaporated, the aqueous solution was extracted with CHCl,, and the extract was dried with MgSO,. The solution
was evaporated, the residue was diluted with a small amount of hexane, and the precipitated phenylhydrazone XVIIb
was removed by filtration. :

1-Hydroxy-2,2,3,4,4-pentamethyl-1,2,3,4-tetrahydro-SH-imidazo-5-spiro(1’ -carbamoyl-3’' -phenyl-4’,5° -
dihydro)-5'-pyrazole (XVIII). This compound was obtained by oxidation of semicarbazone XVIla.

3-(2-(Methylamino-2-propyl)-5-phenylpyrazole Hydrochloride (XIXa). A solution of 0.55 g (2 mmole)
of imidazoline Ilc, 0.7 g (10 mmole) of hydrazine hydrochloride, and 0.33g (6 mmole) of CH30Na in methanol was
maintained for 24 h at 20°C, after which the mixture was evaporated. The residue was diluted with 10 ml of a
saturated solution of NaCL in water, and the resulting mixture was extracted with CHCl;. The extract was dried
with MgSO,, the solution was evaporated, and the residue was washed with ether. The precipitated XIXa was
removed by filtration. PMR spectrum (dg-DMSO): 1.67 [6H, s, (CH;),], 2.33 (3H, s, N—CHj3), 6.95 (1H, s,
—CH=), 7.4-7.8 ppm (5H, m, C¢Hj).

5-(2-Methylamino-2-propyl)-1-thiocarbamoyl)-5-phenylpyrazole Hydrochloride (XIXb). A solution of
0.55 g (2 mmole) of imidazoline Ilc, 0.36 g (4 mmole) of thiosemicarbazide, and 0.2 ml of concentrated HCl in
methanol was refluxed for 1 h, after which it was evaporated. The residue was diluted with 5 ml of water, the
aqueous mixture was neutralized with 10% NaOH, and the precipitated XIXb was removed by filtration.

4-Hydroximino-1,5,5-trimethyl-2-phenyl-2-pyrrolineHydrochloride(XXc)and4-Oxo-1,5,5-trimethyl-2-
phenyl-2-pyrroline (XXI). A solution of 0.5 g of imidazoline Ilc in 10 ml of 5% HCI was refluxed for 1 h, after
which it was extracted with CHCl;. The extract was dried with MgSOy,, the solution was evaporated, and XXc and
XXI were isolated by chromatography with a column packed with silica gel (50 ml). Compound XXI was eluted
with CHCl3—methanol (50:1), while hydrochloride XXc¢ was eluted with CHCl;—methanol (15:1).

Under similar conditions, from imidazoline IIf we obtained 4-hydroximino-1,5,5-trimethyl-2-tert-butyl-2-
pyrroline (XXf) , from imidazoline IId we obtained 4-hydroximino-1,5,5-trimethyl-2-(1-naphthyl)-2-pyrroline
(XXIId), and from imidazoline Ile we obtained 4-hydroximino-1,5,5-trimethyl-2-trifluoromethyl-2-pyrroline
(XXIle).
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