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Reaction of sterically hindered 1-hydroxy-3-imidazoline 3-oxides
with phenyllithium
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The reaction of 3-imidazoline 3-oxide derivatives with phenyllithivm followed by
oxidation affords nitroxyl radicals of the 2-imidazoline or 2-imidazoline 3-oxide series
depending on the nature of the substituent in position 2 of the heterocycle.
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2,2,5,5-Tetrasubstituted 1-hydroxy-3-imidazoline Oxidation of imidazolidines 4a,b does not involve
3-oxides (1) react with organomagnesium compounds elimination of H,0; instead, nitronylnitroxy! radicals 7
with the opening of the heterocycle to form acyclic are formed. Product 7a cannot be isolated in the indi-
hydroxyaminooximes 2 (see Ref. 1). This is explained
by the existence of a tautomeric equilibrium of com-

pound 1 with its acyclic form 3, so that the organo- Scheme 1

magnesium reagent adds at jts nitrone group.! On the Ph  OH

other hand, we have shown that the reaction of 4-phe- Phy N ]

nyl-2,2,5,5-tetrasubstituted 3-imidazoline 3-oxides 1 with —_— )_@

organolithium compounds involves exclusively the nitrone N>_© N N

group of the cyclic form and affords the products of the [_

addition at the C(4) atom (see Ref. 2). Compounds 1 S 6

can in fact exist in a solution as a mixture of two T—Hgo

tantomers if one of the substituents in position 2 of Ph O Ph O

imidazoline is an H atom.3: pp_Ph OH Ph / / UNEN
In the present work we studied the reaction pathways N H oy, R oy | 7Z‘ L

of sterically hindered 1 with PhLi as a function of the NXR N \ T

character of the substituent in position 2, which deter- C[JH é 5 2

mines the possibility of a tautomeric equilibrium, and 7ab 8

the possibility of using this reaction for preparing hetero- 4 ol
cyclic nitroxyl radicals. hLi PhLi
Compounds 1a,b,c (see Scheme 1), which exist in
(0]

solution as cyclic tautomers, react with PhLi to give the

Ph 2
products of addition at the nitrone group of the hetero- —N H =
cycle with the intermediate formation of dihydroxy de- X == )@
N" R N= N N

rivatives 4 (¢f. Ref. 2). In the case of compound le,

H,0 is eliminated to give intermediate 5, whose subse- CI)H 5

quent oxidation affords the iminonitroxyl radical 6. The 1 3 10
position of the O atom in compound 6 was determined RV

by its independent synthesis, viz., by reacting 4H-imida-

zole l-oxide 10 with PhLi and subsequent oxidation Ph Ph

with MnO, (¢f. Ref. 6). Compound 10 was prepared NOH NOH
. . . Rt -H,0
according to the following scheme: p 2
0 N—CH N
Ph, A Lo \
NOH b 2d.e
>2: ’ OHC'(D —' N)_<©>

NHOH R
R

1 (a}, CHg (b), 2-pyridyi {¢), CgH5 (d), a-furyl (e}
11 10 2:

H
R! = CgHs (d); R = a-furyl, R = CgHs (e)
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vidual state due to its low stability, however, its subse-
quent oxidation with potassium ferricyanide in the pres-
ence of NaH as the base affords stable nitronylnitroxyl
biradical 8 (Scheme 1) (¢f. Ref. 5).

Compounds 1d,e, exist predominantly in solution as
the open-chain form 3. In step 1 they react with PhLi in
this tautomeric form to give hydroxyaminooximes 2d,e,
one of which (2d) has been isolated in the individual
state. In the case of imidazoline le, compound 9 was
obtained, which could not be oxidized with MnO, to
yield the nitroxyl radical. The structure of 9 was con-
firmed by the 'H and 13C NMR spectra.

Thus, we showed that the derivatives of 3-imidazoline
3-oxide existing in the cyclic form 1 add phenyliithium
at the nitrone group of the heterocycle. When the
acyclic form 3 prevails, the addition of phenyllithium
occurs at the nitrone group of this form.

Experimental

IR spectra were recorded on a Specord M-80 spectropho-
tometer in KBr pellets (the concentration was 0.25 %) or in
solutions (5 % in CCly). UV spectra were obtained on a
Specord UV-VIS spectrometer in EtOH. 'H and 13C NMR
spectra were run on a Bruker AC-200 spectrometer in CDCly
or DMSO-dg (the concentration was 5 %). The paramagnetic
properties of the compounds synthesized were determined on a
Minsk-12M ESR spectrometer. Compounds 1 were prepared
according to the known procedures.34 The characteristics of
the compounds synthesized are given in Table 1, the yields
correspond to purified samples.

4,4-Dimethyl-2-(2-pyridyl)-5-phenyl-4 H-imidazole 1-oxide
(10). A solution of 1.94 g (10 mmol) of hydroxyaminooxime

Table 1. Characteristics of the compounds synthesized

11 and 1.6 g (15 mmol) of pyridine-2-carbaldehyde in 30 mL
of MeOH was boiled for 3 h and concentrated. Compound 16
was isolated by chromatography on a column with silica gel
using CHCl; as the eluent. {H NMR (CDCl;), & 1.70 (s,
6 H, CHjy); 7.4—8.8 (m, 9 H, CgHs, 2-pyridyl); 13C NMR
(CDCly), 8: 25.08 (CH3); 73.02 (C(4)); 124.25—150.18 (m,
Cg¢Hs, 2-pyridyl); 158.05 (C(5)); 160.61 (C(2)).

The reaction of 3-imidazoline 3-oxides (1 or 3) with
phenyllithium (general procedure). 3 mmol of imidazoline 1
was added portionwise to a stirred solution of phenyllithium
prepared from 1.6 mL (15 mmol) of PhBr and 0.21 g
(30 mg-at.) of Li in 30 mL of abs. ether. The mixture was
stirred for 30 min at 20 °C, diluted with 10 mL of water, the
organic layer was separated, and the aqueous layer was ex-
tracted with ether (2x20 mL). The combined extract was dried
with MgSO4 and concentrated. In the case of N-(2-
hydroxyimino-1,1-dimethylphenethyl)- N-diphenylmethyi-
hydroxylamine (2d) the residue was washed with hexane and
the precipitate of 2d was filtered off. 'H NMR (CDCl,), &:
1.21 (s, 6 H, CH3); 4.67 (brs, 1 H, OH); 525 (s, 1 H,
CHPh,); 7.3 (m, 15 H, CgHs); 8.47 (brs, 1| H, OH).
3C NMR (DMSO-dg), 3: 23.39 (CH,); 66.44 (C(CH;),);
67.59 (CH(Cg¢Hs),); 126.21—129.17, 134.61, 143.69 (CgHs),
160.54 (C=N).

4,4-Dimethyi-5,5-diphenyl-2-(2-pyridyl)-2-imidazolin-1-
oxyl (6). The ethereal extract prepared by the general proce-
dure was treated with 2 g of MnO, for 40 min at 20 °C. The
excess of the oxidizing agent was filtered off, and compound 6
was isolated by chromatography on a column with silica gel
using a hexane—ethyl acetate mixture (1:2) as the eluent. The
reaction of 4H-imidazole 1-oxide 10 with phenyllithium fol-
lowed by oxidation as described above afforded compound 6 in
45 % yield.

2,4,4-Trimethyl-5,5-diphenyl-2-imidazolin-1-oxyl 3-oxide
(7b) was prepared under the conditions given above and
purified by chromatography on a column with silica gel using

Com- Yield (%) M.p.@ IR (KBr), uUv, Molecular Found (%)
pound /°C v/em™1 Aax/ I formula Calculated
(log ¢) C H N
2d 90 139141 1600 (C=N), — Cy3HaeN,0, 76.3 6.8 77
3590, 3200—3400 (OH) 74.7 6.7 7.8
6 40 9799 1560, 1570, 267 (3.90)  CyHyN;0 77.6 6.1 123
15935 (C=C, C=N) 305 (3.48) 77.2 5.9 12.3
7h 50 108—110 1490, 1530 (C=N) 324 (4.08)  CyHoN,0, 73.4 6.6 9.5
575 (3.28) 73.2 6.4 9.5
8 200 192—193 1490 (C=N) 267 (4.0) CyH1yN,O¢ 73.1 59 99
327 (4.32) 72.9 5.7 10.0
340 (4.29)
555 (2.78)
9 60 140—142 1515, 292 (4.05)  CyHyN,0, 75.8 6.2 8.4
1560 (C=C, C=N), 75.9 6.0 8.4
3310 (NH)
10 60 144—146 1565, 1590, 243 (4.10)  CgHsN;0 722 5.4 157
1660 (C=C, C=N) 266 (4.08) 72.4 5.7 159
344 (3.99)

4 Compounds 2d, 9, and 10 were recrystallized from a hexane—ethyl acetate mixture; 6 and 7b were recrystallized from heptane;
compound 8 was purified by chromatography. ? The yield is based on the amount of 1a taken for the reaction. ¢ Molecular weight

(ebullioscopic): found 530, calculated 560.
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an ethyl acetate—hexane mixture (1:3) as the eluent.

To prepare compound 7a, imidazoline 1a was added to the
solution of phenyllithium, then 20 mL of abs. THF was added
dropwise to the stirred reaction mixture, which was then
worked up as described above. Compound 7a was not isolated
in the individual state. The IR and UV spectra of compounds
7a and 7b are similar.

Bis(4,4-dimethyl-5,5-diphenyl-2-imidazolin-1-o0xyl-2-yl)
3,3-dioxide (8). 1 g of K3;Fe(CN)¢ was added portionwise to a
stirred suspension of 0.5 g of crude imidazoline 7a and 0.3 g
of NaH in 10 mL of dry DMF. The mixture was stirred for
30 min at 20 °C, poured into 50 mL of water, and extracted
with CHCl; (3%20 ml). The extract was washed with water
(5x10 mL), dried with MgSO,, and concentrated. The prod-
uct was purified by chromatography on a column with silica
gel using CHCl; as the eluent.

5,5-Dimethyl-2,4-diphenyl-2-(2-furyl)-3-imidazoline 3-oxi-
de (9) was prepared in a way similar to the synthesis of
compound 2d and purified by chromatography on a column
with silica gel using an ether—hexane mixture (1:1) as the
eluent. 'H NMR (DMSO-dg), &: 1.34 (s, 3 H, CHjy); 1.60 (s,
3 H, CHjy); 3.87 (s, 1 H, NH); 6.19 (m, 1 H, 3-H, furyD);
6.45 (m, 1 H, 4-H, furyl); 7.4—8.2 (m, 11 H, Cg¢Hs, 5-H,
furyl). 13C NMR (DMSO-dg), &: 28.25 (CH3); 62.85 (C(5));

91.02 (C(2)); 110.48, 112.32 (C(3), C(4), furyl);
127.25—129.60 (C¢Hs); 139.61 (C(4)); 142.13, 143.87 (C(2),
C(5), furyl).
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