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Reaction of 4 H- and 2 H-imidazole oxides with organolithium compounds,
a novel route to stable nitroxyl radicals of the 2(3)-imidazoline series

V. A. Reznikov and L. B. Volodarskii*

Novosibirsk Institute of Organic Chemistry, Siberian Branch of the Russian Academy of Sciences,
9 prosp. Akad. Lavrent'eva, 630090 Novosibirsk, Russian Federation.
Fax: +7 (383) 235 4752

Reactions of 4H- and 2H-imidazole oxides with phenyl- and methyllithium followed by
oxidation afford stable nitroxyl radicals — derivatives of 2- and 3-imidazolines including
otherwise inaccessible sterically hindered radicals of the latter group. An unusual reaction,
the formation of 2-azabutadiene derivatives after NO elimination in the dark, has been
observed for pentapheny!l- and 5-methyltetraphenyl-3-imidazoline- [ -oxyls.
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Previously we have demonstrated! that the reaction
of 3-imidazoline 3-oxide derivatives existing in the cy-
clic tautomeric form, with organolithium compounds
results exclusively in addition at the nitrone group of the
heterocycle with the retention of the latter.2 It is be-
lieved that 4 H-imidazole dioxide (1), 4 H-imidazole 1-
oxide (2), 4 H-imidazole 3-oxide (3), and 2H-imidazole
1-oxide (4) derivatives should react with organolithium
compounds in a similar manner (Scheme 1). In this case
the oxidation should afford otherwise inaccessible, sta-
ble nitroxyl radicals related to the 2- and 3-imidazoline
series.

In the reaction of 4H-imidazole dioxide 1b with
excess phenyllithium the addition of only one mole of
the reagent is observed; this addition occurs preferably
at the phenylnitrone group and gives the nitronylnitroxyl
radical 8 on subsequent oxidation. This reaction route
obviously correlates with the ability of the methylnitrone
group to be metallated thus preventing phenyllithium
from binding at this position (see ref. 6). Quite unex-
pectedly, we found it possible to isolate the product of
PhLi attachment to the methylnitrone group, 3-
imidazoline 3-oxide 9 (see Scheme 1) from the reaction
mixture, albeit in a small yield. Its structure was con-
firmed by its 13C NMR spectrum. The latter shows, in
particular, signals of the C(5) and C(2) atoms at 68.49
and 94.71 ppm, respectively, along with the signal of the
carbon atom of the nitrone group at 141.91 ppm. Oxida-
tion of compound 9 with MnO, affords a nitroxyl radi-
cal of the 3-imidazoline series, as evidenced by the
similarity of IR and UV spectra of compounds 9 and 10
{(cf. ref. 2).

Previously it was demonstrated3 that when 4H-
imidazole dioxide 1a is subjected to excess phenyllithium
attachment to both nitrone groups occurs. The reaction

of 1a with an equimolar amount of phenyllithium af-
fords two isomeric iminonitroxyl radicals 5 and 6. The
position of the oxygen atom in the heterocycle was
established by the independent synthesis of compound
6, which was obtained in a high yield by the reaction of
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4 H-imidazole [-oxide with excess of phenyllithinm fol-
lowed by oxidation of hydroxylamino derivative 7 (see
Scheme 1). It should be pointed out that the addition of
phenyllithium at the C=N bond of the phenylimino
group does not occur {cf. ref. 5).

The reaction of 4 H-imidazole 3-oxide 3a with excess
phenyllithium also results in the addition of only one
mole of the reagent, preferably at the phenylnitrone
group, to yield 1-hydroxy-3-imidazoline 11a. The struc-
ture of 11a was confirmed by its 13C NMR spectrum, in
which, in particular, the signal of the C(4) atom is
observed at 174.22 ppm. The oxidation of compound
11a readily affords the nitroxyl radical 12a (see Sche-
me 1). Quite unexpectedly, it was found that the reac-
tion of 3a with phenyllithium affords the iminonitroxyl
radical 5a — the product of attachment to the
phenylamino group, although in a small yield. The
possibility of this reaction route is apparently related to
the conjugation of the imino group with the nitrone
fragment (cf. ref. 7). The reaction of compound 3b with
methyl- and phenyllithium proceeds in a similar manner
— the major products of the reaction are nitroxyl radi-
cals belonging to the 3-imidazoline series 12b,c; the
corresponding iminonitroxyl radicals 5b,e, are also formed
in small amounts. The former (5b) was obtained in the
pure state, and the existence of the latter was deduced
from the ESR spectrum of the mixture and was con-
firmed by thin-layer chromatography.

Thus, the reaction of 4H-imidazole 3-oxides with
organolithium compounds is a novel, convenient method
for the synthesis of nitroxyl radicals of the 3-imidazoline
series. The method is similar to that used for obtaining
nitroxyl radicals derived from pyrrolidine 8 This proce-
dure makes it possible to introduce substituents at posi-
tion 2 of the heterocycle which cannot be introduced
during heterocycle construction. Compounds 12b,c,
which are of great interest as potential paramagnetic
chelating agents,? are examples of such compounds.

It is possible to obtain even more sterically hindered
nitroxyl radicals 14 of the 3-imidazoline series by the
reaction of 2H-imidazole 1-oxide 4 with methyl- and
phenyllithium with subsequent oxidation of the pro-
duced 1-hydroxyimidazolines 13 (Scheme 2).

It was also found that the quantitative transformation
of radicals 14 to diamagnetic compounds 15 occurs
during chromatography on silica gel. The elemental
analysis data indicate that the empirical formulae of 15
and of the starting reactants differ from one another by
one NO group. The 13C NMR spectrum of compound
15 shows only signals of sp?-carbon atoms which, along
with the elemental analysis data, indicates that their
structure is acyclic. Hydrolysis readily affords phenyldi-
phenylmethylketone and benzophenone. Based on our
results we assigned to compounds 15 the structures of
4-R-1,1,3,4-tetraphenyl-2-azabutadienes — the prod-
ucts obtained by eliminating NO from the parent radi-
cal. Although the possibility of a photochemical mecha-
nism for this nitroxyl radical reaction has been long
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recognized,!® we are the first to observe the cleavage of
nitrogen oxide on silica gel.

Experimental

IR spectra were recorded on a Specord M-80 spectrometer
as KBr pellets and in CCl, solution (5 %). UV spectra were
taken on a Specord UV Vis instrument in an ethanol solution.
The 'H and '3C NMR spectra were obtained in the pulse
mode on a Bruker AC-2000 spectrometer at 300 K in CDCI,
and DMSO-d; (5 %) solutions. All chemical shifts were deter-
mined relative to the solvent signal. Paramagnetic characteris-
tics of the synthesized compounds were determined on a
Minsk 12M EPR spectrometer. Compounds 1a, 1b, 2, 4 were
obtained according to the procedures described in refs. 1, 11,
12, 13, respectively. Characteristics of the synthesized com-
pounds are given in Table 1, 13C NMR spectra — in Table 2.
Reactions with organolithium compounds were performed un-
der an atmosphere of argon.

5,5-Dimethyl-2,4,4-triphenyl-2-imidazoline- 1-oxyl (5a) and
4,4-dimethyl-2,5,5-triphenyl-2-imidazoline-1-0xyl (6). A so-
lution of PhLi obtained from bromobenzene (0.32 mL, 3 mmol)
and lithium {0.04 g, 6 mmol) in 10 mL of dry ether was added
dropwise to a stirred solution of imidazole 1a (0.58 g, 2. mmol)
in 10 mL of dry THF. The stirring was continued for 15 min,
then water (20 mL) was added, the organic layer was sepa-
rated, and the aqueous layer was extracted with ether (3 x
20 mL). The organic extracts were combined, dried over
MgSO,, and the drying agent was filtered off, MnO, (2 g) was
added to the solution, and the solution was stirred for 30 min
at 20 °C. The excess oxidant was filtered off, the solution was
concentrated, and a mixture of compounds 5a and. 6 was
separated by column chromatography on silica gel (elution
with 1:1 hexane—chloroform). The first colored zone con-
tained compound 5, the second one — compound 6.

1-Hydroxy-4,4-dimethyl-2,5,5-triphenyl-2-imidazoline (7).
Imidazole 2 (0.79 g, 3 mmol) was added in portions to a stirred
solution of phenyllithium obtained from PhBr (1.6 mlL,
15 mmol) and lithium (0.21g, 3 mmol) in 30 mL of dry ether.
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Table 1. Characteristics of compounds synthesized
Com- Yield M.p2 IR spectrum (KBr), UV spectrum, Found (%) Molecular
pound (%) /°C v/em™ (C=C, C=N) Anax/nim (Jog ) Calculated formula
C H N
5a 10 132—134 1545, 1560 237 (4.36), 309 (3.74), 799 61 81 Cy3Hy N0
455 (2.90) 81.0 6.2 8.2
5b 5 112—114 1545, 1570, 1580, 1615 244 (4.0), 273 (3.72), 132 63 92 CigH N, 05
302 (3.62), 485 (2.84) 732 64 9.5
6 10 167—169 1560, 1605 233 (4.44), 308 (3.58), 8l2 65 83 Cp3Hy N, 0
450 (2.78) 8§1.0 6.2 8.2
7 100 218—219 1510, 1565, 1595, 1615 234 (4.30), 346 (2.90) 805 6.7 8.0 Cy3HypN,O
80.8 64 82
9 15 220—223 1545, 1570, 1595 292 (4.10) 733 11 93 Cy5HN20,
73.0 68 9.5
10 95  110—112 1525, 1565 289 (4.03) 730 65 93 CisH1gNyO,
73.2 6.4 9.5
11a 80  172—174 1570, 1600; 3560 (OH)® 243 (4.18) 804 66 8.0 Cy3H,,N,0
80.7 64 8.2
lic 95  144—146 1570, 1575, 1610; 250 (4.04) 771 63 16 Cy3HyyN,0,
3580 (OH)® 771 61 78
12a 95 137139 1565, 1605 253 (4.33) 811 64 82 Cy3HyN,0
809 6.2 8.2
12b 60 Ol 1570, 1605, 1640; 250 (4.33) 730 66 92 Cy5HsN,0,
3100—3400 (OH)® 732 6.4 9.5
12¢ 80  140—142 1570, 1600; 253 (4.29) 775 61 1.9 Cy3Hy N0,
31003400 (OH)® 774 59 719
13a 90 159161 1565, 1605; 3510 (OH)® 247 (4.24) 832 61 69 CpgHyeN,0
834 59 6.9
13b 90  170-172 1565, 1600 248 (4.20) 847 57 38 C33H N0
849 56 6.0
14b 90  165—167 1565, 1600 248 (4.22) 850 53 58 Cy3Hy5N,0
852 54 6.0
15a 95  0Oil 1570, 1595, 1620b 253 (4.40), 360 (2.90) 89.8 63 36 CysHysN
90.1 6.2 38
15h 100 189190 1565, 1575, 1595, 1605 250 (4.34) 310sh (4.02), 208 58 32 CyzHpsN
385sh (3.48) 91.1 58 3.

*Compounds Sa,b, 10, 12a were purified by recrystallization from heptane; 6, 7, 11a,b, 13a,b — from hexane—AcOFEt; 9, 14b —
from ethanol, 12¢, 15b — from AcOEt. Compounds 12b, 15a were isolated by chromatography. YThe spectrum was recorded

in CCl,.

Table 2. 13C NMR spectra (5) of 3-imidazoline derivatives

Compound Solvent C(2) C4) C(5) Other signals
9 DMSO-d, 94.71 14191 68.49 21.90, 23.41, 26.31 (2,5,5-(CH,);); 126.78—129.58 (m, 2,4-(C,H o))
iia DMSO-d, 94.34 17422 7142 23.33 (5,5-(CH,),); 126.44—144.46 (m, 2,2,4-(C4Hg)y)
13a CDCl, 96.29 171.66 * 16.6 (5-CH,); 126.75-145.05 (m, 2,2,4,5-(C¢Hy),)
13b CDCl, 95.33 171.58  82.68 126.92—142.23 (m, 2,2,4,5,5-(CHJ)s)

* The signal is overlapped with the signal of the solvent.

The stirring was continued for 15 min, then water {20 mL) was
added, the precipitate of compound 7 was collected by filtra-
tion and washed with water. The organic layer of the filtrate
was separated, and the aqueous layer was extracted with ether
(3 x 20 mL). Organic extracts were combined, dried over
MgSO,, the solution was evaporated, the residue was washed
with hexane, and the precipitate of compound 7 was collected
by filtration. 1H NMR (CDClLy), 8: 0.87 (s, 6 H, 4,4-(CH,),);
7.1 (m, 15 H, (C4Hs),); 8.40 (brs, 1 H, OH).

Iminonitroxyl radical 6 was obtained by oxidizing com-
pound 7 (0.2 g} with MnO, (2 g) in CHCl,. Excess oxidant
was filtered off, and the solution was concentrated to give
compound 6 in 95 % vyield.

1-Hydroxy-2,4-diphenyl-2,5,5-trimethyl-3-imidazoline
3-oxide (9). The reaction of imidazole 1b with phenyllithium
was carried out in the manner described above. After the
addition of water the organic layer was separated, and the
aqueous layer was extracted with ether. Organic extracts were
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combined, dried over MgSO,, the solution was concentrated,
the residue was washed with hexane, and the precipitate (7)
was filtered. 'H NMR (DMSO-dy), 8: 1.23 (s, 3 H); 1.54 ,
3H); 185 (s, 3 H, 2,5,5-(CHy),); 74 (m, 10 H, 2,4-
(C¢Hy),); 8.44 (s, 1 H, OH).

3-Imidazoline 3-oxide 9 was oxidized to the nitroxyl radi-
cal 10 under the conditions described for compound 7.

When the reaction of Ib with phenyllithium was comp-
leted, K;Fe(CN), (5 g) was added to the agueous solution and
the solution was extracted with chloroform (5 x 30 mL). The
extract was dried over MgS0O,, and the solution was concen-
trated to give compound 8, which was purified by column
chromatography on silica gel (elution with 1:1 ether—hexane),
the yield 60 %, m.p. 108—110 °C (¢f. ref. 2).

1-Hydroxy-5,5-dimethyl-2,2,4-triphenyl-3-imidazoline
(11a) was obtained under conditions similar to those described
for compound 7. 'H NMR (DMSO-d;), 8: 1.30 (s, 6 H,
5,5-(CH,),); 7.5 (m, 15 H, 2,2,4-(C.Hy);).

5,5-Dimethyl-2,2,4-triphenyl-3-imidazoline- 1-oxyl (12a)
was obtained by oxidation of the mother liquor after
recrystallization of 11a. After the recrystallization of 12a the
iminonitroxyl radical 5a was isolated from the mother liquor
by column chromatography on silica gel (elution with 1:1
chloroform—hexane) in a 5 % yield.

1-Hydroxy-2-(2-hydroxyphenyl)-5,5-dimethyl-2,4-diphenyl-
3-imidazoline (11¢) was prepared using the same procedure as
in the synthesis of 7, and nitroxyl radical 12¢ was obtained by
oxidation of 11l¢ with MnO, as described above, and was
purified by column chromatography on silica gel (elution with
1:1 chloroform—hexane). In the course of the chromatography
imininitroxyl radical 5¢ completely decomposed.

2-(2-Hydroxyphenyl)-2,5,5-trimethyl-4-phenyl-3-imida-
zoline-1-oxyl (12b). Imidazole 3b (0.84 g, 3 mmol) was added
portionwise to a stirred solution of phenyllithium obtained
from methyl iodide (1.3 mL, 21 mmol) and lithium (0.29 g,
42 mmol) in 30 mL of dry ether. The stirring was continued
for 2 h at 20 °C, 10 mL of water were added, and the aqueous
solution was acidified with 10 % HCI to pH 4. The organic
layer was separated, and the aqueous Jayer was extracted with
ether. Organic layers were combined and dried over MgSO,,
which was then filtered off. MnO, (2 g) was added to the
solution and the mixture was stirred for 20 min at 20 °C.
Excess oxidant was filtered off, the solution was concentrated,
and compound 12b was purified by column chromatography
on silica gel (elution with 1:1 chloroform—hexane). The aque-
ous solution was extracted with chloroform, and the extract
was treated as described above. The residue was dissolved in
ether and this solution was filtered through a pad of Al,O; (see
ref. 5). The filtrate was concentrated, the residue was washed
with pentane (2 mL), and the precipitate of compound 5b was
collected by filtration.

1-Hydroxy-2,2,4,5,5-pentaphenyl-3-imidazoline (13b) and
1-hydroxy-5-methyl-2,2,4,5-tetraphenyl-3-imidazoline (13a)
were obtained by reactions of phenyl- and methyllithium,
respectively, with imidazole 4 under the conditions indicated
for compound 7. 'H NMR for 13a (CDCLy), &: 1.73(s, 3 H,
5 CHy); 4.33 (br. s, 1H, OH); 7.4 (m, 20 H, (C¢H,),). The
oxidation of compounds 13 to nitroxyl radicals 14 was carried
out with MnO, in CHCI, as described above. Compound 14a
could not be obtained in the chemically pure state. IR (KBr),
v/em™}: 1565, 1605 (C=C, C=N). UV (C,H;OH), & .. /nm
(loge): 253 (4.34).

1,1,3,4,4-Pentaphenyl-2-azabutadien (15b). Compound 14b
(0.5 g) was subjected to column chromatography on silica gel
(50 mL) (elution with 1:1 chloroform—hexane). The eluate
was concentrated to yield 15b. Under analogous conditions
compound 15a was obtained as a mixture of two isomers.

max

References

1. 1. A. Grigor'ev, I. A. Kirilyuk, and L. B. Volodarskii, Xhim.
Geterotsikl. Soedin., 1988, 1648 [Chem. Heterocycl. Comp.,
1988 (Engl. Transl.)].

2. V. A. Reznikov and L. B. Volodarskii, /zv. Akad. Nauk,
Ser. Knim., 1993, 927, [Russ. Chem. Bull., 1993, 42, 885
(Engl. Transl.)].

3.V. A. Reznikov, L. B. Volodarskii, A. P. Spoyalov, and
S. A. Dikanov, [zv. Akad. Nauk, Ser. Khim., 1993, 924
[Russ. Chem. Bull., 1993, 42, 881 (Engl. Transl.)].

4.V. S. Kobrin, Ph. D. Thesis, Novosibirsk Inst. of Org.
Chem., Sib. Branch of RAS, Novosibirsk, 1977.

5. R. W. Laer, Chem. Rev., 1963, 63, 489.

6. V. V. Martin and L. B. Volodarskii, /zv. Akad. Nauk SSSR,
Ser. Khim., 1980, 1336 {Bull. Acad. Sci. USSR, Div. Chem.
Sci., 1980, 29 (Engl. Transl.)].

7. V. S. Kobrin, L. B. Volodarskii, L. A. Tikhonova, and Yu.
G. Putsykin, Khim. Geterotsikl. Soedin., 1973, 1087 [Chem.
Heterocycl. Comp., 1973 (Engl. Transl.)].

8.J. F. W. Keana, in Spin Labeling in Pharmacology, Ed. J. L.
Holtzman, Acad. Press., Orlando (Fla), 1984, 1.

9.S. V. Larionov, in [midazoline nitroxides, Ed. L. B.
Volodarsky, CRC Press, Boca Raton (Fla), 1988, 2, 81.
10.J. F. W. Keana and F. Baitis, Tetrahedron Lett., 1968, 365.
11. L. B. Volodarskii, L. A. Faust, and V. S. Kobrin, Khim.
Geterotsikl. Soedin., 1972, 1246 [Chem. Heterocycl. Comp.,

1972 (Engl. Transl.)].

12. L. B. Volodarskii, V. S. Kobrin, and Yu. G. Putsykin,
Khim. Geterotsiki. Soedin., 1972, 1241 [Chem. Heterocycl.
Comp., 1972 (Engl. Transl.)].

13. B. A. J. Clark, T. J. Evans, and R. G. Simmonds, J. Chem.
Soc., Perkin Trans. 1, 1975, 1803.

Received June 11, 1992




