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Abstract: The reactions of heterocyclic nitroxides: 3-imidazoline-3- 
oxides, 2H- (4H)-imidaxole mono- and dioxides, 
oxides, with organometallic re 

dibydropyrazine-1.4~di- 

7 
ents and subsequent oxidation led to 

heterocyclic nitroxides of 3- 2)-imidazoline and 3-(2)-imidazoline-3- 
oxide, dihydropyrazine oxide, monocyclic imidazolidine biradioals and 
stable acyclic nitroxides with hydrogen at the u-carbon atom. 

The addition of organometal compounds to the nitrone group and 

subsequent oxidation under mild conditions is a widely used method for 

the synthesis of various nitroxides.' The application of this approach to 

heterocyolic nitrones makes it possible to essentially expand the 

potential of synthetic chemistry of nitroxides and to synthesize new 

heterocyclic and acyclic nitroxides, including those having such a 

radical centre environment that may not be obtained by other methods. 

This paper discusses methods for the preparation of some acyclic and 

heterocyclic mono- and biradicals using the reaction of addition of 

organometal reagents at the nitrone group of heterocycle: imidazoles, 

imidazolines and dihydropyrazines. 

The interaction of 2H-imidazole-l-oxide 1 with methyl- and phenyl- 

lithium and subsequent oxidation of the intermediate hydroxylamines 2 

with Mn02 gave the polyphenyl-substituted 3-imidazoline nitroxides 3. It 

was unexpectedly found that upon chromatographing these radicals 3 on 

silica gel they are quantitatively transformed into azabutadienes 4. The 

structure of compound 4b was confirmed by its hydrolysis leading to 

phenyldiphenylmethylketone and benzophenone. It is well known that such a 

reaction of nitroxides can occur photochemically (ref.*) but its occur 

rence on silica gel is reported here for the first time. 
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In the reaotions of 4H-imidazole-3-oxides 5a,b with phenyllithium or 
methyllithium exoess, only one mole of the reagent is added, the addition 
ooourring predominantly at the phenylnitrone group. Subsequent oxidation 
of the hydroxylamino derivatives 6 with MnO2 led to 3-imidazoline nitro- 
xides ?a-C. This method makes it possible to introduae into the 2- 
position of heterooyale substituents whioh may not be introduced at the 
stage of 3-imidazoline heteroayale oonstruation (of.3). This method 
affords oompounds ?b,c whiah are of interest as paramagn etic ahelating 
reagents (cf.4*5 1. So the reaotion of 4H-imidazole-3-oxides with organo- 
lithium compounds is 8 new convenient method for the synthesis of 3- 
imidazoline nitroxides, similar to the one used for the preparation of 
pyrrolidine nitroxides.' 

It is interesting to note that the reactions of 4H-imidazole-3-oxides 
5a,b with phenyllithium usually give not only 3-imidaeoline derivatives 7 
but also iminonitroxides a-c, the products of addition at the phenyl- 
imino group (R'=C6H5). The possibility for the reaction to oocur by this 
route seems to be due to the conjugation of the imino group with the nit- 
rone group (cf.6). The yields of these iminonitroxides were significantly 
lower than of 3-imidazoline nitroxides ?a-c formed in this reaction. In 
the ease of compounds Sc,d. the reaation with methyllithium proaeeded 
entirely as the addition at the imino group, forming iminonitroxides 
8d,e, which are of interest as paramagnetia ligands. 
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b Ph 2-HO-C6R4 
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108 after oxidation. Such a 

reaction route seems to be associated with metallation of the methyl- 

nitrone group which hinders addition of phenyllithium to it (cf.7). This 

reaction unexpectedly gave a small amount of 3-imidazoline-3-oxide 11, 

the product of addition of PhLi at the methylnitrone group whose oxida- 

tion with MnO, formed nitroxide 12. 
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In the reaction of 4H-imidazole dioxide 9a containing two phenyl- 
nitrone groups in a molecule with an equimolar amount of phenyllithium, 
two isomeric iminonitroxides 8a and 13a were isolated. The position of 
the oxygen atom in the heterooycle was determined by an alternative 
synthesis of oompound 1% which was formed in a high yield in the 

reaotion of 4H-imidazole-l-oxide 14a with excess phenyllithium and 
subsequent oxidation of the hydroxylamino-derivative 1% (of.8). It 
should be noted that the addition of phenyllithium at the C=N bond of the 
phenylimino group did not take plaoe (cf.'). 

In the reaotion of 4H-imidazole dioxide 98 with phenyllithium exoess, 
the addition ocours at both nitrone groups. The dihydroxy imidazolidine 
product 166 is unstable and gradually decomposes both in a eolid state 
and upon boiling in solutions of organio solvents. In the oxidation of 
oompound 166 with Mn02, the respeotive biradioal 17 oould not be iso- 
lated. It should be noted that praotioally only one biradical 1% with 
two nitroxyl groups in one heterooycle is known." 
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3-Imidazolme-3-oxides 18a-f may suggested to be potential precursors 

of various monocyclic biradicals of imidazolidine series (cf.'). However, 

it is known that in the reactions of 3-imidazoline-3-oxides 18 with 

organomagnesium compounds, the imidazoline heterocycle undergoes oleavage 

to form acyclic a-hydroxylaminooximes. 'I It seemed that a similar reac- 

tion would take place between I-hydroxy-3-imidazoline-3-oxides 18 and 

organolithium compounds. I2 Therefore, it was suggested the use of other 

l-substituted 3-imidazoline-3-oxides as nitroxide precursors instead of 

the l-hydroxy derivatives 18.12 Indeed, the use of l-methyl-substituted 

3-imidazoline-3-oxides or the tetrahydropyranyl derivatives afforded di- 

hydroxyimidazolidines 16a,b as a result of a few stages synthesis, but 

they oould not be oxidized into the corresponding biradicals 17; only 

monoradicals 19a.b were obtained in a small yield. l2 Based on these data, 
it might be assumed that monocyclic biradicals would be stable provided 

that the imidazolidine heterocyole contains a Spiro group in the 2- 

position (cf."). 

In order to verify this assumption , we have performed the reaction of 

phenyllithium with 3-imidazoline-3-oxide 20. Subsequent oxidation smooth- 

ly led to the monoradical 21. To obtain the corresponding biradical 170, 
a series of transformations have been used including the acylation of the 

hydroxylamino derivative 22, its oxidation, removal of the acyl protec- 

tion and subsequent oxidation under mild conditions (cf."). However, 

even at the stage of oxidation of the N-CH3 group into the nitroxyl group 

in H202/Na2W04, the heterocyole undergoes destruction and the only re- 

action product which was isolated was benzophenone. 

In the reaction of 3-imidazoline-3-oxides 18a-d with organolithium 

compounds, unlike organomagnesium reagents, there was no heterooycle 
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cleavage. The reaction products were dihydroxyimidazolidines 16a-g, the 

produots of addition at the nitrone group. Addition of butyllithium and 
especially phenyllithium prooeeded under mild oonditions and gave high 
yields of the products. But the reaction of imidazoline 18a with methyl- 
lithium was rather sluggish and was not completed even with a IO-fold 
excess of the reagent. The 4-alkyl-substituted 3-imidazoline-3-oxides 
18e,f did not form any addition produots with phenyllithium. possibly 
because of the metallation reaction at the alkylnitrone group (cf.7). 

The stability of the dihydroxy-derivatives 16 depends on the size of 
substituents in the 2- and 4-positions of the heterooycle. Thus, imidazo- 
lines l&S-C,e are stable both in a solid state and in solution in inert 
atmosphere, while oompounds 16d,f,g deoompose 1~1 a solid state or upon 
recrystallization with liberation of nitrogen oxides and formation of a 
oomplex mixture of produots whioh was separated to give I-phenyl-2,2- 
dimethylstyrene, benzophenone oxime, benzophenone and dinitrodiphenyl- 
methane. A similar mixture of produots was formed in the oxidation of 
these dihydroxy-derivatives with Mn02. But when the dihydngr- 
derivatives 16&e were oxidized with ?fn02 in ether, the biradicals 17b,d 

were isolated. These biradicals are bright red crystal products, which 
are stable in a solid state at O'C for an unlimited period of time and 
unstable when kept in solutions: at 20' they decompose almost completely 
during 2 or 3 hours. The biradical l7C is somewhat less stable, it may 
not be isolated in an analytically pure form. It should be noted that the 
biradical 17e with a Spiro group 111 the 2-position which is a close 
analogue of the above-desoribed monocyclic biradical 17a is unstable and 
decomposes upon attempted concentration of the solution or its storage 
during several minutes, liberating nitrogen oxldes and forming a complex 
mixture of products, from which benzophenone oxime has been isolated. 

The above-mentioned cleavage of the 3-imidazoline-3-oxide heterocycle 
by organomagnesium oompounds was attributed to the possibility of its 
existence as a mixture of two isomeric forms, the cyclic and aoyclic 
ones, and addition of the organomagnesium reagent at the nitrone group of 
the acyclic form." On the other hand, the 4-phenyl-2,2,5,5-tetra- 
substituted 3-imidazolme-3-oxides 18a-d react with organollthium com- 
pounds only at the nitrone group of the cyclic form (cf. above) to form 
the addition products at the C-4 atom. 

When compounds 18&n contain hydrogen as one of substituents in the 
2-position of heterocycle, they can really exist in solution as a mixture 
of two tautomers. 13.14 When imldazolines 18g-k which exist in solution as 
cyclic tautomers interact with phenyllithium. the addition occurs at the 
nitrone group of the heterocycle to form intemediate dlbydroxy- 
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derivatives of type 16. In the case of compound 18k, the water molecule 

is eliminated with intermediate formation of compound 15b. Subsequent 

oxidation leads to the iminonitroxide 13b. !Phe structure of compound 13b 

was identified by its alternative synthesis from 4H-imidazole-l-oxide 14b 

(cf.8). In the oxidation of dihydroxyimidazolidines 16 (R = H, CH3). the 

water molecule is not eliminated and the nitronylnitroxides 1Oa.b are 

formed. Compound lob may not be isolated individually because of its low 

stability, but its further oxidation with potassium ferrocyanide in the 

presence of NaH leads to the stable nitronyldinitroxide 23 (cf. 15). 
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Compounds 181,m, existing in solution mainly in the acyclic tauto- 

meric form, react with phenyllithium in this form to give hydroxylamino- 

oximes 24a,b. In the case of imidazoline 181~. compound 24b undergoes de- 

hydration, and further cyclization leads to 3-imidazoline-3-oxide 25b. In 

chromatographing on silica gel, the hydroxylaminocxime 24a is also 

partially dehydrated, leading to the formation of imidazoline 25a. 

It was unexpectedly found that the oxidation of hydroxylamincoxime 

24a with Mn02 gave a stable acyolic nitroxide 26a containing hydrogen at 

the a-carbon atom of the nitroxyl group in a quantitative yield, but not 

the 3-imidazoline-3-oxide of type 18 (cf."). This compound was isolated 

individually and proved to be stable in a crystal state at O'C for an 

unlimited period of time. Evidently, such compounds are stable provided 

they contain two phenyl groups at the U-carbon atom bonded with hydrogen. 

Similar reactions gave other stable radicals with the a-hydrogen atom 

26b,c. It should be noted that the hydrcxylaminooximes 24 are also formed 

in the reactions of compounds 171,ILO with phenylmagnesium bromide. The 

product of the reaction of phenyl-N-tert-butylnitrone with phenyllithium, 

hydroxylamine 27, also forms a stable radical 28 on oxidation, which is 

known f; ~7spin adduct and was even synthesized for use as a spin 

probe. ’ However, this nitroxide 28 has not been isolated and 

characterized as an individual compound. It should be noted that the 

radicals 26 and 28 do not undergo the disproportionation reaction to form 

the corresponding hydroxyamine and nitrcne. and are not transformed into 

nitrones upon oxidation by Mn02. as is usually observed for the radicals 

containing the hydrogen atom at the a-carbon atom of the nitroxyl grcup 

(cf.'). 
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A similar procedure based on the reaction of heterocyclic nitrones 

with organolithium compounds was used to synthesize pyrazine mono- and 

dinitroxides. The comparatively low stability of monocyclic imidazolidine 

biradicals might be attributed to the 1,3-position of nitroxyl groups in 

the heterocyole. The piperazine dlnitroxides with the 1,4-position of 

nitroxyl groups might prove to be more stable. The pyrazines 29, 30 do 

not react with methylmagnesium iodide or phenylmagnesium bromide. Even 

with a IO-fold excess of methyllithium, the addition occurs only at one 

nitrone group of pyrazine 29, and subsequent oxidation leads to the mono- 

radical 31a. But in the reaction of pyrazine 29 with phenyllithium 

excess, the addition smoothly proceeded at both nitrone groups to form 

the dihydroxy-derivative 32a. Treatment of pyrazine 29 with an exoess of 

butyllithium led to a mixture of lsomeric dlhydroxypyrazines 32b. 
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PhLi 

33a.b 34 

The reaotion of 2,3-dihydropyrazine-1,4-dioxides 
lithium exoess also proceeds at both nitrone groups. 

OH 

101 ) 

35a.b 

33a.b with phenyl- 
After oxidation of 

the initially formed dihydroxy-derivatives 32, the mononitroxides 35&b 
were isolated. 

In the oxidation of the dihydroxy-derivatives 32&b with MnO2, the 
biradioals 36 were not isolated, probably beoause of their low stability; 
the compounds whioh were isolated from the reaotion mixture were aza- 
butadienes 37a.b. 
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As opposed to pyrazines 29, 32. the pyrazine 30 having two methyl- 
nitrone groups in a molecule does not form any addition products in the 
reactions with phenyl- or butyllithium, which is probably explained by 
the metallatlon of the methylnitrone grou~.~ Treatment of pyrazine 30 
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with phenyllithium and ethylbenzoate in series afforded the products of 

mono- 38 and diaoylation 39. It should be noted that oompound 38 may be 

obtained as a result of the condensation reaction of pyrazine 30 with 

ethylbenzoate in the presence of sodium hydride (cf.18). 

Aocording to 'H NMR data, compounds 38 and 39 exist in the CDC13 

solution as a mixture of enolized and non-enolized tautomeric forms. The 

content of the non-enolized tautomeric form 38A is - 55%. It is difficult 

to determine the ratio of tautomeric forms for compound 39. The 

predominant form in the CDC13 solution is the A form, the C form being in 

the least amount. Each of the enolized forms seems to be represented by 

the enehydromlaminoketone and enolnitrone forms (cf."). 

A 

In the reaction of 

formed which exists in 

4 4 
0 0 

40 B 41 

pyrazine 38 with hyclroxylamine, compound 40 was 

the Db¶SO solution, as shown by the "C NMR data, 

in the spirobicyclic tautomeric form B. In the oxidation of compound 40 

with manganese dioxide, a stable spirobicyclic nitroxide 41 was formed 

(cf.20). 

Experimental. 

The IR spectra were recorded on a Specord M-80 spectrometer in KE3r 

pellets (0.25% concentration) and in CDC13 and Ccl4 solutions (5% concen- 

tration). The UV spectra were recorded on a Specord UV VIS spectrometer 

in ethanol. The 'H and I3 C NMR spectra were measured on the Bruker WP-200 

SY and Bruker AC-200 (200 MHz) instruments at 300 K in CDC13 and DMSO-d6 

solutions (5% concentration). The chemical shift values were determined 

relative to the signal of the solvent. The paramagnetism of the radicals 

synthesized was determined on an ESR spectrometer Minsk-12Y, the BR 
spectra were recorded on a Bruker ER-200D-SRC instrument. The elemental 
analyses of the compounds synthesized were carried out at the Micro- 
analysis Laboratory of the Novosibirsk Institute of Organio Chemistry. 

The melting points of the compounds were determined on a microheating 

table "Boetius" (uncorrected). Compound 1 was prepared according to 

ref. 21 , 4H-lmldazole-Foxides 5.9 according to ref.22, 18a.b.e.f accor- 
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ding to I&~, 18c.d acoording to ref.23, 18g-n acoording to ref.22, 29, 

30 aocording to ref.24, 33 aooording to ref.25 The reactions with organo- 

metal compounds were oarried out in an argon atmosphere in ether dried 

twice over CaC12 or in its mixture with tetrahydrofurane dried over KOH 

and distilled over LiA1H4. The conoentration of organolithium and 

-magnesium compounds was not determined. Other solvents and reagents were 

used without preliminary purification. The reaction mixtures were chroma- 

tographically separated on silica gel in all oases except as mentioned. 

The hydroxylemino-derivatives were oxidized into the corresponding 

nitroxides with Mn02 in ether dried over CaC12 or in CHC13 in all cases 

except as mentioned. The solutions were evaporated on a rotary 
evaporator. The compounds synthesized alternatively were identified by 

their IR and W spectra and ohromatographically on Silufol W-254 plates. 

1-Iiydroxy-2,2,4,5-tetraphenyl-5-R-3-Imldazolinee (2a,b). Imidazole 1 

(Ig, 2.6 nrmol) was added portionwise with stirring to a solution of 

methyl- or phenyllithium prepared from 15 mm01 of bromobenzene or methyl 

iodide and 30 muno of lithium in 30 ml of ether. Stirring was oontinued 

for 15 min., then 15 ml of water was added, the ethereal solution was 

separated and the aqueous one extracted with ether (2x20 ml). The extract 

was dried over MgS04, the solution was evaporated, the residue 

ctrystallized when ground with 5 ml of hexane, and the residue of 

imidazolines 2 was filtered off and washed with hexane. Yield of compound 

2a SO%, m.p. 159-161' (from hexane-ethylacetate mixture), IR, 'u, cm-': 

1565, 1605 (C=C. C=N), 3510 (OH), W, h_, nm (lg a): 247 (4.24). NbfR 'H 

(CDC13). 0 ppm: 1.73s (3H, 5-CH3), 4.33s (IH, OH), 7.4m (2OH. (C6H5)4). 

Found, X: C, 83.2: H, 6.1; N, 6.9. C28H24N20. Calculated, I: C, 83.4; H, 

5.9: N. 6.9. Yield of compound 2b 90%. m.p. 170-172' (from 

hexane-ethylacetate mixture). IR, V, cm-': 1565, 1600 (C=C, C=N), W 

h nm (lg a): 248 (4.20). Found, %: C. 84.7: H 5.7; N, 5.8. C33H26N20. 

C!?ziated. R: C, 84.9: H, 5.6: N, 6.0. 

In the oxidation of imidazolines 2a,b in CHC13. the corresponding 

nitroxides 3 were obtained in a quantitative yield. Compound 8a was not 

isolated in an analytically pure form, IR. V, cm-': 1565, 1605 (C=C. 

C=N); W, h_, nm (lg E): 253 (4.34). 2,2,4,5,5-pentaphenyl-3-imidazo- 

line-1-oxyl (3b), m.p. 165-167" (from ethanol), IR V, cm-': 1565, 1600 

(C=C. C=N), W, h_, nm (lg a): 248 (4.22). Found, %: C, 85.0; H, 5.3; 

N, 5.8. C33H25N20. Calculated, %: C, 85.2: H, 5.4; N. 6.0. 

In the ohromatographing of radicals 3 with a (I:?) mixture of CHC13 

and hexene as eluent, 1,1.3,4-tetraphenyl-4-R-2-a~abutadienes 4 were ob- 
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tained in yields 95% (48) and 100% (4b). Compound 48, oil. IR V. cm-': 
1570, 1595, 1620 (C=C. C=N), W, Amax, nm (lg 8): 253 (4.401, 360 (2.90). 
Found, %: C, 89.8; H, 6.3; N. 3.6. C28H23N. Caloulated. %: C, 90.1; H. 
6.2; N, 3.8. Compound 4b, m.p. 189-190°(from ethylaoetate), IR, V, om-': 
1565, 1575, 1595. 1605 (C=C, C=N). W, kmax. nm (lg a): 250 (4.341, 310 
(4.02). 385 (3.48). Found, %: C, 90.8; H. 5.8: N, 3.2. C33H25N. Calou- 
lated. X: C. 91.1; H, 5.8: N, 3.2. 

4,4-Dimethyl-5-phe~l-2-(u-pyrrolyl)-4H-lmidazole-3-oxide (SC). A 
solution of 3.07 g (20 nmol) of N-(2,3-dimethyl-3-oxobuty1_2)hydroxyl- 
amine ohlorohydrate 42a, 14 ml of 25% aqueous NH3 and 1.9 g (20 mm011 of 
u-formylpyrrole in 20 ml of methanol was kept for 12 h at 20°, then 
methanol was evaporated. The residue was diluted with 10 ml of a cool 
saturated NaCl solution in H20. the precipitate of N-(2,3-dlmthyl-3-oxo- 
butyl-2)-C-(a-pyrTolyl)nitrone 43a waB filtered off, washed with 5 ml of 
cool water and dried. Yield 3.1 g-,(80%), m.p. 144-146" (from ethyl- 
acetate-hexane mixture). IR, V, cm : 1600, 1640 (C=C. C=N), 1715 (C=O), 
3300, 3400 (NH). W. h_, nm (lg ~1: 322 (4.35). = 'H, (CDC13), 6, 
ppm: 1.59s (6H). 2.14s (3H). 6.27m (IH), 6.55m (IH), 6.89m (III, pyrrol), 

7.53s (IH, CH=N), 11.95 broad signal (IH, NH), Found, %: C. 61.9; H. 7.4: 
N. 14.4. ClOHlqN202. Caloulated, %: C, 61.9; H, 7.2; N, 14.4. 

Under similar oonditions, N- (2-methyl-3-oxo-3-phenylpropyl-2 )-C- (a- 
pyrrolyl )nltrone 43b was prepared from N-(2-methyl-3-oxo-3-phenylpropyl- 
-2)hydroxylamine chlorohydrate 42b in an 80% yield, m.p. 139-141" (from 
heptane-ethylacetate mixture). IR. V, cm-': 1570, 1595, 1605 (C=C. C=N), 
1695 (C=O), 3330 (NH). W, hmax, nm (lg 8): 246 (4.04). 326 (4.38). NMR 
'H, (CDC13), 6 ppm: 1.81s (6H), 6.32m (IH), 6.54m (lH), 6.92m (IH. 
pyrrol), 7.3m (3H), 7.9m (2H, C6H5), 7.56~ (1H. CH=N), 11.85 broad signal 
(IH, NH). Found, %: C, 70.0; H, 6.3: N, 10.8. C15H16N202. Calculated, %: 
C. 70.2; H, 6.3; N, 11.0. 

A solution of 1.25 g of nitrone 43b in 40 ml of methanol saturated 
with NH3 was kept for 14 days at 20'. then evaporated. The residue 
crystallized when ground with 5 ml of dry ether, and the precipitate of 
imidazole SC was filtered off and washed with hexane. Yield 0.9 g (7311, 
m.p. 212-214' (from hexane-ethylacetate mixture). IR. V, cm-': 1600 (C=C. 
C=N), 3330 (NH). W. Amax. nm (lg &I: 307 (4.42). 409 (3.60). NMR 13C 
(DM80-d6), 6 ppm: 23.35 (4-(CH3j2). 78.70 (C-41, 109.58, 112.05, 120.30, 
121.92 (pyrrol). 127.27, 129.16, 130.13. 131.82 (C6H5), 140.40 (C-2), 
176.37 (C-5). Found, %: C, 70.9; H, 5.7; N, 16.8. C15H15N30. Calculated, 
%: C, 71.2; H, 5.9; N, 16.6. 
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Nitrone 43a was treated in a similar way to give imidazole 56 whioh 
was purified by ohromatographing, CHC13-methanol (3O:l) mixture as an 
eluent, yield 50%, m.p. 172-173' (from hexane-ethylacetate mixture). IR. 
Y, cm -I: 1590, 1605 (C=C, C=N), 3300 (NH). W, kmax, nm (lg E): 273 
(4.47). NMR 'H, (CDC13), B ppm: 1.448 (6H). 2.29s (3H), 6.33m (IH), 6.92m 
(IH), 6.99m (IH, pyrrol), 11.46 broad signal (IH. NH). Found, %: C, 
62.9; H, 6.9; N, 22.0. C10H13N30. Caloulated, X: C, 62.9; H, 6.8; N, 
22.0. 

4,4-Dlmetbyl-2-(2-pgridyl)-5-phenyl-4H-imldamle-l-oxide (14b). A 
solution of 1.94 g (10 mmol) of N-(3-hydroxyimino-2-methyl-3- 
phenylpropyl-2)hydroxylamine 44 and 1.6 g (15 mmol) of pyridine-2- 
carbaldehyde in 30 ml of methanol was boiled for 3 h, then evaporated. 
Imidazole 14b was isolated by ohromatographing. with CHC13 as eluent. in 
a 45% yield. NMR 'H (CDC13). 6, ppm: I.709 (6H:. 4-(CH3j2), 7.7~8.8m (9H 

C6H5, 2-pyridyl); NMR I30 (CDC13), 6 ppm: 25.08 (4-(CH3)2)' 73.02 (C-4), 
124.25-150.18m (C6H5, 2-pyridyl), 158.05 (C-51, 160.61 (C-2). 

5,5-Dlmethyl-2,2,4-trlphenyl-3-lmldaeo1lne-l-oxyl (7a) was obtained 
under the conditions as described for imidazolines 2. 1 -Hydroxy-5 I) 5- 
dimethyl-2,2,4-triphenyl-3-lmldaeoline 6a was obtained in an 80% yield, 
m.p. 172-174 (from hexane-ethylacetate mixture). IR, 21, cm-': 1570, 1600 
(C=N, C=C), 3560 (OH). W, h_, nm (lg El:243 (4.18). NMR 'H (DII[sO-d6), 
0 ppm: 1.30s (6H, 5.5-(CH3)2). 7.5m (15H, 2~2,4-@6H~)~). Found, %: C, 
80.5; H, 6.6: N, 8.0. C23H22N20. Calculated, %: C, 80.7; H, 6.6; N. 8.2. 

Nitroxide 7a was prepared by oxidation of imidazoline 6a in a 95% 
yield, m.p. 137-139" (from hexane). IR, Y, cm-': 1565, 1605 (C=N, C=C), 

w,&ax,nm (lg 8): 253 (4.33). Found, %: C. 81.1; H, 6.4; N. 8.2. 
C23H21N20 Calculated, 4;: C, 80.9: H. 6.2; N. 8.2. 5,5-dimethyl-2,2,4- 
triphenyl-2-imidaeollne-l-oxyl (8a) isolated from mother liquer after re- 
crystallization of nitroxide 7a by chromatographing with CHC13-hexane 
(I:l)_yixture as eluent in an 5% yield. M.p. 142-143' (from hexane). IR, 
21. cm : 1545, 1560 (C=C. C=N), W, h_, nm (lg 8): 237 (4.36). 309 
(3.741, 455 (2.90). Found, %: C, 80.9; H, 6.1; N, 8.1. C23H21N20. Calcu- 
lated, X: C, 81,O; H, 6.2: N, 8.2. 

A similar procedure gave the hydroxy-derivative 6c, nitroxides ?b,c 
and iminonitroxides 8b-e. Yield of compound 6~ was 95%, m.p. 144-146" 
(from hexane-ethylacetate mixture). IR, TJ, cm-': 1570, 1575, 1610 (C=C, 
C=N), 3580 (OH); W, h_, nm (lg &): 250 (4.04). Found, 96: C, 77.1; H. 
6.3; N, 7.6. C23H22N202. Calculated, %: C, 77.1. H.6.1; N, 7.8. Yield of 
compound 7b was 60%. oil, purified by ohromatographing with CHC13 as 
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eluent. IR, Y, cm -I: 1570, 1605, 1640 (C=C, C=N). 3100-3400 (OH). W, 

Amax. nm (lg &): 250 (4.33). Found,%: C, 73.0; H, 6.6; N, 9.2. 

C18R19N202. Caloulated, %: C. 73.2: H, 6.4: N, 9.5. In the process of 

cbromatographing, the whole amount of iminonitroxide 8c deoomposed. Yield 

of compound 7c was SO%, m.p. 140-142' (from ethylacetate). IR. Y, om-': 

1570, 1600 (C=C, C=N), 3100-3400 (OH), W. Amax, nm (lg E): 253 (4.29). 

Found, %: C, 77.5; H, 6.1; N, 7.9. C23H21N202. Calaulated, %: C, 77.4: H, 

5.9; N. 7.9. Yield of compound 8b was 5%. m.p. I12-I14° (from hexane). 

IR, v, cm-': 1545, 1570, 1580, 1615 (C=C, C=N), W, Amax, nm (lg &): 244 

(4.01, 273 (3.72). 302 (3.621, 485 (2.84). Found, %: C, 73.2: H, 6.5; N, 

9.2. C18HlgN202. Calculated. %: C, 73.2: H, 6.4; N. 9.5. Yield of com- 

pound 86 was 40%. m.p. I02-I04"(from hexane). IR, v. cm-': 1605 (C=C. 

C=N). 3370 (NH). W, h_. nm (lg ~1: 267 (4.311, 296 (3.79). 545 (2.84). 
Found, %: C, 71.5; H, 6.9; N. 15.5. C16H18N30. Calculated, %: C, 71.6; H, 

6.7: N, 15.7. To prepare the iminonitroxide 86, the aqueous solution ob- 

tained after the reaction of imidazole 56 with methyllithium was treated 

with a five-fold excess Of K3Fe(CN)6 and extracted with CHC13. The 

extract was dried over b¶gS04, the solution was evaporated, and compound 

8e was isolated by chromatographing, hexane-methyl acetate (I:l) mixture 

as eluent. yield 25%. m.p. 125-127'. IR, 2). cm-': I600 (C=C. C=N), 3370 

(MI). w, Amax, nm (lg E): 265 (4.241, 550 (2.80). Found, %: C, 63.9: 11, 

7.8; N, 20.2. CIIH16N30. Calculated, %: C, 64.1; H, 7.8; N, 20.4. 

In the reaction of imidazole 9b with PkiGi, the ether solution was se- 
parated, the aqueous solution was extracted with ether and extract was 

dried over MgS04, the solution was evaporated, the residue washed with 

hexane, and the residue of l-hydroxy-2,4-diphenyl-2,5,5-trimethyl-3- 
ImldazolIne-3-oxide (11) filtered off, yield 15%. m.p. 220-223' (from 

ethanol). IR, v, cm -I: 1545, 1570. 1595 (C=C. C=N), W, h_, nm (lg E): 

292 4.10). NMR 'H (DMSO-d6)). 6 ppm: 1.23s (3H), 1.54s (3H), 1.85s (3H. 
2,2~5-(CH~)~)i 7.4m (IOR. 2.4-(C6H5)2); 8.44s (IH, OH). Found, %: C, 

73.3; H, 7.1; N, 9.3. C18H20N202. Calculated, X: C, 73.0: H. 6.8: N, 9.5. 

After the reaction, a five-fold excess of K3Fe(CNJ6 was added to the 

aqueous solution and extracted with CHC13. The extract was dried over 

&+04, the solution was evaporated, the nitronylnitroxide 1Oa was iso- 

lated by chromatographmg, eluent CHC13. yield 60%. m.p. 108-110' (cf.8). 

4,4-Diphenyl-2,5.5-trimethyl-2-imidazoline-3-oxide-l-oxyl (108) was 
prepared under similar conditions by the reaction of imidazoline 18h with 
phenyllithlum and subsequent oxidation with Mn02 in a 50% yield. The 

nitronylnitroxide 1Oa was purified by chromatographing, the hexane-ethyl 

acetate (3:I) mixture as eluent, m.p. 108-110' (from heptane). IR. v. 
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cm -I: 1490, 1530 (C=N), W, h_. nm (le; E): 324 (4.081, 575 (3.28). 

Found, %: C, 73.4; H, 6.6; N, 9.5. C18HlgN202. Calculated, 96: C, 73.2; H, 

6.4; N, 9.5. when imidazoline 18g was treated with phenyllithium under 

similar oonditions in the ether-THP (1:l) mixture, the nitronylnitroxide 

lob was obtained, which could not be isolated in an analytically pure 

state but was oxidized to the biradical 23. For that purpose, lg of 

K3Fe(CN)6 was added portionwise with stirring to a suspension of 0.5 g of 

the orude radical lob and 0.3g of NaH in 10 ml of anhydrous DMF. Stirring 

was continued for 30 min. at 20°, the reaotion mixture was poured into 50 

ml of water and extracted with CHC13 (3x20 ml). The extraot was washed 

with water (5x10 ml) and dried over MgS04 , and the solution was evapo- 

rated. Ble-(4,4-dimethyl-5,5-dlphenyl-2-imidaeoline-3- oxide-l-oxyl-2-yl) 

(23) was purified by ohromatographing, CHC13 as eluent, yield 20% (star- 

ting from imidasoline 18g), m.p. 192-193', IR. 21, cm-': 1490 (C=N); W, 

h_.nm (lg a): 267 (4.0). 327 (4.32). 340 (4.29), 555 (2.78). Found, %: 

C, 73.1; H, 5.9: N, 9.9. C34H32N404. Caloulated. 4;: C. 72.9: H. 5.7: N, 

10.0. 

In the oxidation of the hydroxy-derivative 11 with Mn02 the produot 

was 2,4-diphenyl-2,5,5-trlmethJrl-3-lmidazollne-3-oxlde-l- oxyl (12) in a 

95% yield, m.p. l10-112°(from hexane). IR, V. cm-': 1525, 1565 (C=C, 

C=N), W, h_, nm (lg a): 289 (4.03). Found, RI: C, 73.0; H, 6.5; N, 9.3. 

C18H,gN202. Caloulated. X: C, 73.2: H, 6.4: N. 9.5. 

The interaction of imidazole 14a with phenyllithium under the 

above-desoribed oonditions afforded 1-hydroxy-2,5,5-triphenyl-4,4- 

dlmethgl-2-imidaeollne (15a), whioh preoipitated in a quantitative yield 

when the reaotion mixture was diluted with water. M.p. 218-219O (from 

heptane-ethylacetate mixture). IR. V, cm-': 1510. 1565, 1595, 1615 (C=C, 

C=N), W, h_, nm (lg E): 234 (4.301, 346 (2.90). NMR 'H (CDC13), 6 ppm: 

0.87~ (6H, 4,4-(CH3)2); 7.lm (15H, (C6H5)3; 8.40~ (IH. OH). Found, X: C, 

80.5; H, 6.7; N, 8.0. C23H22N20. Calculated, R: C, 80.8; H. 6.4: N. 8.2. 

The oxidation of the hydroxy-derivative iSa gave the iminonitroxide 13a 

in a 95% yield, m.p. 167-169' (from hexane-ethylacetate mixture). IR. V. 

cm -I: 1560, 1605 (C=C. C=N). W, Amax, nm (lg E): 233 (4.441, 308 (3.581, 

450 (2.78). Found, %: C, 81.2; H, 6.5: N, 8.3. C23H21N20. Calculated, 46: 

C. 81.0: H. 6.2; N. 8.2. 

5,5-Dimethyl-2,4,4-triphenyl-2-lmldoline-1-oxyl (13a) and 5,5- 

dlmethyl-2,2,4-trlphenyl-2-lmldaeollne-l-oxyl @a). A PhLi solution pre- 

pared from 0.32 ml (3 llnnol) of bromobenzene and 0.04 g (6 mmol) of 
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lithium in 10 ml of abs. ether was added dropwise with stirring to 8 so- 
lution of 0.58 g (2 mmol) of imidazole 9a in IO ml of abs. THF. Stirring 
was oontinued for 15 min., then 20 ml of water was added, the organic 
layer was separated and the aqueous layer extraoted with ether (3x20 ml). 
The oombined extract was dried over MgS04, the drying agent was filtered 
off, then 2 g of Mn02 was added to the solution, and the mixture was 
stirred for 30 min. at 20°C. The excess of the oxidant was filtered off, 
the solution was evaporated, and the mixture of compounds 8a and 13a was 
separated by ohromatography, with hexane-CHCl3 (1:l) mixture a8 eluent. 
First coloured zone contained compound 8a (yield 10%). another one oom- 
pound 13a (yield 10%). 

1,3-Dlhydroxy-2,2,4,4,5,5-hexa-eubetltuted imidazolldines (16a-g) 
were obtained by the reaction of a solution of 30 xnnol of CH3Li. PhLi or 
C4H9Li in ether with imidazolines 18 or imidazole 9a during 2 h at 20°C 
under the oonditions indicated for the synthesis of imidazolines 2a,b. In 
the ease of imidazoline 18b, the reaction was oarried out in the ether- 
THF mixture. In the reaotion with imidazolines 2a,b. the reaction mixture 
was decomposed with water and 60-708 of the starting compounds were re- 
covered by filtration. Imidazolidines 16a,d-g were obtained in 75-95s 
yields, imidazolidines 16b.c in about 60% yield from the changed imidazo- 
lines 18&b. In view of their low stability, imidazolidines 16c,d,f,g 
were not isolated individually in an analytically pure form. 1,3- 
Dlhydroxy-4-butyl-2,2,5,5-tetrmethyl-4-phenyl- imldasolldlne (168) was 

obtained in a 75% yield, m.p. 128-131'(from hexane). NMFI 'H (CDC13), 0 
ppm: 0.69s (3H), 1.219 (3H), 1.38s (3H), 1.50s (3H, 2,5-(CH3J2): 0.8-2.2m 
(9H. C4Hg); 4.19s (lH, OH). 5.36s (lH, OH). 7.4m (5H. C6H5). Found, %: C, 
69.3; H, 9.8: N, 9.5. C17H28N202. Calculated, %: C?. 69.1; H, 9.6; N, 9.6. 

4-Substituted 2,2,5,5-tetramethyl-4-phenyllrnl~oline-i,3-dloxyle 
(17). A suspension of 0.2 g of imidazolidine 16a,b,e and 2g of Mn02 in 10 
ml of a (I:21 mixture of pentane and ether was stirred for 30 sec., the 
solution was deoanted, further IO ml of the same solvent mixture was 
added to the residue and the procedure was repeated. Fresh portions of 
the solvent were added until no more bright red colouring of the solution 
was observed. Each portion of the solvent was evaporated right after 
decanting to give the biradicals 17b-d. The ESR spectra of biradicals 17 
in diluted solutions represent a singlet with line width 100-150 G. Yield 
of biradical 17b was So%, m.p. 88-90' (from hexane). Found, %: C, 73.3: 
H, 7.4: N, 8.8. C,gH22N20<,. Calculated, %: C. 73.6; H. 7.1, N, 9.0. Yield 
of biradical 176 was 80%.-m.p. 65-66" (from hexane). Found, I: C, 70.6; 
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H, 9.2: N, 9.7. C,7H26N202. Caloulated, %: C, 70.4; H, 9.0; N, 9.7. 

1,5,5-!l!rimethyl-2-eplrocycloheryl-4-phenyl-3-lml~llne-3-oxide (20) 
was obtained by the alkylation of 5.5-dimethyl-2-spiro-cyolohexyl-4- 
phenyl-3-imidazoline-3-oxide with formaldehyde and HCOOH as in ref.26 and 
purified by ohromatographing on an alumina oolumn, with ethyl 
acetate-hexane I:5 mixture as eluent. yield 75%, m.p. 50-52" (from 
hexane). IR, V, cm-'* . 1545, 1570 (C=C. C=N), 2800 (N-CH3). W, Amax, nm 
(lg E): 284 (3.93). m 'H (CDC13), 0 ppm: 1.39s f6H. 5-(CH3J2). 1.64m 
(2H), 1.93m (6H, (CH2)5); 2.37s (3H, N-CH3); 7.4m (3H), 8.Om (2H. C6H5). 
Found, %: C, 74.7; H. 8.6; N, 10.4. C17H24N20. Caloulated. %: C, 74.9: H. 
8.8; N, 10.3. 

5,5-Dl~~l-3,4,4-trimethyl-2-spirocyclohe~l~~oll~e-l-o~l 
(21) was obtained by the reaotion of imidazoline 20 with exoess phenyl- 
lithium under the conditions as indioated for imidazolines 2 with sub- 
sequent oxidation with Mn02 in hexane. Compound 21 was purified ohromato- 
graphioally. eluent hexane, yield 9096, m.p. 154-156" (from hexane). 
Found, %: C. 78.9; H, 8.3: N, 8.2. C23H2gN20. Calculated, %: C, 79.2; H, 
8.3: N, 8.0. 

4,4-Dlmetbyl-5,5-diphenyl-2-(2-pyrldyl)-2-intida%ollne-l-oxyl (12b) 
was prepared by the reaction of imidazoline 18k or imidazole 14b with 
phenyllithium as described for imidazolines 2 with subsequent oxidation 
with Mn02 in 40 and 45% yields respectively. Compound 12b was purified by 
chromatography, with hexane-ethyl acetate (I:21 mixture as eluent. m.p. 
97-99' (from heptane). IR, V, cm-': 1560, 1570, 1595 (C=C.C=N), W, Amax, 
nm (lg E): 267 (3.90). 305 (3.48). Found, %: C, 77.4; H, 6.7; N. 12.3. 
C22H20N30. Caloulated. 4;: C. 77.2: H, 5.9; N, 12.3. 

N-(3-Hydroxylmlno-2-metbyl-3-phenylpropyl-2)-N-dlphenylmthyl- 
hydroxylamine (24a) was prepared as described above by the reaotion of 
imidazoline 181 with PhLi 3n a 9056,yield, m.p. 139-141' (from hexane- 
ethyl acetate mixture). IR, v, cm : 1600 (C=N), 3590, 3200-3400 (OH). 
NMR 'H (CDC13), 6 ppm: 1.215 (6H), 4.67s (IH. OH), 5.25s (IH, CIjPh2), 
7.3m (5H, C6H5), 8.47s (IH. OH). NMR I30 (DMSO-d6), 6 ppm: 23.39 (CH3J2, 
66.44 (C(CH3)2)' 67.59 (CJH(C6H5)2), 126.21-129.17m, 134.61, 143.69 
(C6H5)3, 160.54 (C=N). Found, %: C. 76.3: H, 6.8: N. 7.7. C23H24N202. 
Calculated, X: C, 76.3: H, 6.7; N. 7.8. The silica gel chromatography 
gave, along with hydroxylaminooxime 24a, 3-imidazoline-3-oxide 25a in a 
yield up to 20%. m.p. 149-151'(from ethanol). IR, V, cm-': 1555, 1575 
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(C=C, C=N), 3260 (NH), W, Amax, nm (lg 8): 294 (4.04). Found, %: C, 

76.9; H, 6.8: N, 7.7. C23H22N20.H20. Calculated, X: C. 76.7: H. 6.7; N. 

7.8. 

The reaotions of phenylmagnesium bromide with imidazolines 18n.o 

under similar oonditions gave hydroxylaminooximes 24c.d in a 75% yield. 

Compound 24~, m.p. 136-137' (from hexane ethylacetate mixture). IR. v, 

cm -': 3600 (OH). NMR 'H (CDC13). 6 ppm: 1.22s (6H), 1.98s (3H), 4.7 broad 

signal (IH, OH), 5.14s (IH, CHph2), 7.4m (IOH, (C6H5j2, 8.9 broad signal 

(IH. OH). Found, %: C. 72.4; H, 7.4; N, 9.3. C18H22N202. Caloulated, X: 

C, 72.4; H, 7.4: N, 9.4. Compound 246, m.p. 120-122"(from hexane), IR, v. 
-1 . cm . 3600 (OH). NMR 13C (CDC13). 6 ppm: 20.71, 20.93, 24.92, 25.35 

((-CH2-)3* CH3)' 35.98 (-cH2-C=NL 57.78 (C-N). 60.98 (gH-Ph2L 

125.65-128.33, 145.93, 146.30 (Ph2), 162.81 (C=N). Found, %: C, 74.2: H, 

7.6: N, 8.5. C20H24N202. Calculated. %: C, 74.0; H, 7.4; N, 8.7. 

When imidazoline 18m was treated under similar conditions with PhLi, 

5,5-dimetbyl-2,4-diphenyl-2-Suryl-3-lmlda%ollne-3-oxide 25 was obtained 

in a 60% yield, which was purified ohromatographioally, eluent was an 

ether-hexane (I:11 mixture, m.p. 140-142' (from hexane-ethylacetate 

mixture). IR, v. cm-': 1515, 1560 (C=C,C=N), 3310 (NH). W, A._, nm (lg 

E): 292 (4.05). NMR 'H (DMSO-d6), 6 ppm: 1.34s (3H), 1.60s (3H). 3.87s 

(IH, NH). 6.19m (IH. 3-H. furyl). 6.45m (IH, 4H, furyl), 7.4-8.2m (llH, 

(C6H5j2, 5-H, furyl). NMR 13C (DMSO-d6), 8 ppm: 28.25 (5,5-(CH3)2), 62.85 

(C-5). 91.02 (C-21, 110.48, 112.32 (C-3, C-4, furyl); 127.25-129.6Om 

(C6H5)2, 139.61 (C-41, 142.13, 143.87 (C-2, C-5, furyl). Found, X: C, 

75.8: H, 6.2; N, 8.4. C2,H20N20r. Calculated, %: C, 75.9; H. 6.0: N. 8.4. 

N-(3-Iiydroxyimino-2-methyl-3-phe~lpropyl-2)-N-diphenylraethylnitrolyl 
(26a) was prepared by the oxidation of hydroxylaminooxime 24a with Mn02 

in ether with a 90% yield, m.p. 130-132' (from hexane). IBR-spectra 

(CHCl 3, without 021, UN = 14.5, aR = 1.8 G. IR, V, cm-': 3600 (OH). 

Found, %: C, 77.2; H, 6.0; N, 7.8. C23H21N202. Calculated, %: C, 77.4; H, 

5.9: N, 7.9. 

The oxidation of hydroxylaminooxlmes 24b,c under similar conditions 

gave nitroxides 26b,c in nearly quantitative yields. Compound 26b. m.p. 

133-135' (from hexane-ethylacetate mixture). ESR-spectra (in water), aR = 

15.7, c-$ = 3.2 G. IR, v, cm-': 3590 (OH). Found. %: C, 72.5; H. 7.2; N, 

9.6. C18H2,N202. Calculated, %: C. 72.7; H. 7.1; N, 9.4. Compound 26~. 

m.p. 103-104' (from hexane). BR-spectra (in water). ctR = 16.0, uH = 2.7 
G. IR, v, cm-': 3600 (OR). Pound, %: C, 74.5; H, 7.2; N, 8.8. C2OH23N202. 
Calculated, %: C, 74.3; H, 7.1; N. 8.7. 
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The reaotion of N-tert-butylphenylnitrone with phenylmagnesium bro- 
mide and subsequent oxidation with l&n02 gave N-tert-butyl-N- 
dlphenylmethylnltroxyl 28 in a 90% yield, m.p. lll-l13° (from hexane). 
ESR-spectra (in water), aR = 16.0, aH = 2.7 G. Found, %: C, 80.3; IL 8.0, 
N, 5.6. C,7H20N0. Caloulated, X: C, 80.3; H, 7.9; N, 5.5. 

2,5-Dlphenyl-2,3,3,6,6-pentamet~l-1,2,3,6-tetrabydro~lne-4- 
Oxide-i-041 (318). Pyrazine 29 (0.64 g; 2 mnol) was added portionwise 
with stirring to a solution of methyllithium prepared from 0.62 ml (IO 
tmnol) of methyl iodide and 0.14 g (20 mnol) of lithium in 30 ml of ether. 
Stirring was continued for IO h at 20'. then IO ml of water was added, 
the residue was filtered off and washed with water and ether. The organic 
layer of the filtrate was separated and the aqueous one extraoted with 
CHC13, the extra& was dried over MgS04. The drying agent was filtered 
off, the precipitate isolated earlier was added to the filtrate and the 
mixture was stirred for 2h at 20°C with 2g of Mn02. The excess of the 
oxidant was filtered off, the solution was evaporated, and oompound 31a 
was isolated ohromatographioally, eluent CHC13. Yield 95%. m.p. 145-146" 
(from hexane). IR, V, om-': 1565 (C=N). UV, A_, nm (lg E): 250 (3.91). 
Found, %: C. 75.0; H, 7.7; N. 8.7. C21H25N202. Caloulated, X: C, 74.7; H. 

7.4; N, 8.4. 
When pyrazine 29 was treated with 1.2 mm01 of PhLi. the nitroxide 31b 

was obtained in a 40% yield after subsequent oxidation. Y.p. 198-200' 
(from hexane-ethylaoetate mixture). IR, Y, cm-': 1570 (C=N). UV, Amax, nm 
(lg E): 252 (3.90). Found, %: C, 78.1; H, 6.7; N, 6.8. C26H27N202. 
Caloulated. %: C, 78.3; H, 6.8, N. 7.0. 

1,4-Dlhydroxy-3,3,6,6--tetramethyl-2,2,5,5-tetraphenyl-pipemzLperaeine 
(32a). Pyrazine 29 (0.64 g; 2 -1) was added portionwise with stirring 
to a PI&i solution prepared from 1.1 ml (IO mmol) of bromobenzene and 
0.14 g (20 uxnol) of lithium. Stirring was continued for 3 h at 20°C, then 
10 ml of water was added, the preoipitate of oompound 32a was filtered 
off, washed with water and with ether. Yield of the dlhydroxy-derivative 
32a is quantitative, m.p. 314-315'C (from pyridine, in a sealed 
capillary). Compound 32a forms a crystal solvate with pyridine which de- 
oomposes on heating to 90-IOO'C. IR, Y, cm -': 3520 (OH). Found, %: C, 
80.5; H, 7.3: N, 6.0. C32H34N202. Caloulated. 96: C, 80.3; H, 7.1; N, 5.9. 

Treatment of pyrazine 29 with butyllithium under similar conditions 
gave the dihydroxy-derivative 32b as a mixture of two diastereomers with 
a nearly quantitative yield. 

Compounds 35a,b were obtained by the reaction of a IO-fold exoess of 
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phenyllithium with pyrazines 33a,b under the oonditions indicated for 

imidazolines 2. Yield of compound 35a IO%, m.p. 210-212' (from hexane- 

ethylacetate mixture). IR, V, cm-': 1570, 1595, 1620 (C=C. C=N). W, 

Lmax, nm (lg &): 299 (4.22). Found, %: C. 81.0; H, 6.3: N, 6.1. 

C31H2gN202. Caloulated, %: C. 80.6; H. 6.3; N, 6.1. Yield of oompound 35b 
35%. m.p. IO&110' (from ethanol). IR, Y, cm-': 1575, 1600, 1620 (C=C, 

C=N), W, h_, nm (lg a): 299 (4.22). Found, %: C, 82.8; H, 5.6; N, 5.6. 

C36H31N202. Caloulated, %: C, 82.5; H, 5.9; N, 5.4. 

l,l-Diphenyl-3-methyl-2-mabutadiene (37a). A suspension of 0.2 g of 

dihydroxypiperazine 32a in a mixture of 20 ml of ether and 1 ml of pyri- 

dine was stirred with 2 g of Mn02 for 1 h at 20°C. The excess of the oxi- 

dant was filtered off. the solution was evaporated, and compound 3'i'a was 

isolated ohromatographioally, with a CHC13-hexane (1:l) mixture as an 

eluent, in a 70% yield, m.p. 74-76" (from pentane). IR, Y. cm-': 1605, 

1630 (C=C, C=N). W, h_, nm (lg E): 248 (4.22). NMR 'H (CDC13), 0 ppm: 

1.76s (3H), 4.0s (IH), 4.15s (IH, =CH2). 7.2-7.7m (IOH, (C6H5)2). NMR 13C 

(CDC13) 6 ppm: 21.78 (CH3), 96.79 (=CH2), 127.7-139.lm (C6H5), 152.66, 

165.60 (C=N, =C-N). Found, %: C, 86.7; H, 6.8; N, 6.0. C16H15N. Calou- 

lated, %: C, 86.9; H, 6.8; N, 6.3. 

Azabutadiene 3’7b was synthesized by the oxidation of dihydroxypipera- 
zinc 32b in hexane under similar oonditions, in a 50% yield (oil, pUr1- 

fied ohromatographioally). Partial hydrolysis of compound 37b occurs in 

ohromatographing on sllioa gel and upon short-term storage in non- 

absolute solvents. The struoture of valerophenone formed as a result of 

hydrolysis was established by NMR. IR, v, cm-': 1545, 1570, 1595. 1620 

(C=C, C=N). W, Amax. nm (lg &): 243 (4.OS). Found, %: C, 83.3: H, 9.4; 

N, 6.7. C14HlgN. Calculated, %: C, 83.6; H, 9.5; N, 7.0. 

2,5-Dihydro-2,2,3,5,5-pentamethyl-6-phenacylp~ine-l,4-dloxlde (38) 
and 2,5-bikydro-3.6-diphenacyl-2.2,5,5-tetramethyl-pyraei-l.4-dloxlde 
(39) (Procedure 1). Pyrazine 30 (lg, 5 mmol) was added portionwise with 

stirring to a phenyllithium solution prepared from 1.1 ml (10 mmol) of 

bromobenzene and 0.14 g (20 mmol) of lithium in 20 ml of ether. Stirring 

was continued with boiling for 3 h, then a solution of 1.5 ml (IO mmol) 

of ethylbenzoate in 5 ml of ether was added dropwise with stirring and 

cooling to O'C. Stirring was continued for 1 h with boiling, then 20 ml 
of water was added. The ether solution was separated and disoarded, the 
aqueous one washed with ether (2x20 ml), acidified to pH 5 with 10% 

hydrochloric acid, and extracted with CHC13 (3x20 ml). The extract was 

dried over MgS04, the solution was evaporated, and the mixture of oom- 
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pounds 38 and 39 was separated ohromatographically. CHC13 a8 eluent. with 
compound 38 eluted first. As shown by TLC, the individual compounds 38 
and 39 are represented by two spots, possibly beoause of their existenoe 
as a tautomerio mixture. Yields of oompounds 38 and 39 were 30 and 5% 
respectively. Compound 38, m.p. 163-165'C (chromatographio purifiaation), 
IR, v, om-': 1555, 1580, 1595, 1620 (C=C. C=N), 1680 (C=O). W, h_. nm 
(lg E): 237 (4.46), 353 (3.70). NMR 'H (CDC13), 6 ppm: 1.68s, 1.748, 
1.85s (12H. 2,5-(CI-13)2), 2.20s (3H, 3-CH3, B), 2.22s (3H. 3-CH3, A). 

4.08s (2H, -CH2-, A), 5.61s (IH, -CR=, B), 7.4m (5H, C6H5). 14.26s (IH, 
OH, B). Found, X: C, 67.9; H, 7.2: N, 9.2. C17H22N203. Caloulated, %: C. 
67.6: H, 7.3: N, 9.3. Compound 39, m.p. 160-164" (chromatographic 
purification), IR, V, cm-': 1595, 1605 (C=C. C=N), 1690 (C=O). W, &, 

nm (lg E): 223 (4.16), 244 (4.26). 356 (3.63). NMR 'II (CDC13), 0 ppm: 
1.768, 1.81s. 1.868, 1.91s (12H, 2.5-(CH3)2), 4.12s. 4.13s (2H. -CH2-, A 
and B), 5.658, 5.66s (IH, -CH=, B and C), 7.4-8.Om (IOH, (C6H5)2), 
14.21s. 14.30s (IH, OH. B and C). Found, %: C, 71.2; II, 6.4: N, 6.8. 
C24H26N204. Calculated, %: C, 70.9; H, 6.4: N, 6.9. 

Procedure 2. A mixture of 0.5 g (2.5 mmol) of pyrazine 30. 0.6 g of 
80% suspension of NaH in silicon oil (20 rmnol) and 0.8 ml (5.4 mmol) of 
ethylbenzoate in IO ml of THF was boiled with stirring for 20 h. then 
poured into 20 ml of water and treated as described in prooedure 1. Com- 
pound 38 was obtained in a 45% yield. 

l-~~xy-l,2,3,6-tetrahydro-3,3,5,6,6-pentenethyl-2-spiro-(4',5'- 
dlhydro-3*-phenylieoxazolo)-mine-4-oxide (40). A solution of 0.4 g 
(1.32 mmol) of pyraeine 38, 0.46 g (6.6 xxnol) of NH20H*HC1 and 0.22 g 
(4.0 mmol) of CH30Na in 20 ml of methanol was kept for 3 days at 2O'C, 
then evaporated. The residue was diluted with 5 ml of water, and the Pre- 
cipitate of compound 40 was filtered off and dried. Yield SO%, m.p. 
223-226' (from water-ethanol mixture). IR, V. cm-': 1600 (C=N). W. h_, 
nm (lg E): 250 (4.04). NbfR 'H (D&SO-d6). Q ppm: 1.31s (3H), 1.36s (3H). 
1.47s (3H). 1.56s (3H, 3,6-(CH3)2), 1.98s (3H. 5-CH3). 3.65s (2H, -CH;?-). 
7.45m (3H). 7.65m (2H. C6H5). 8.56s (IH, OH). Nl&R 13C (DB[SO-d6). 6 ppm: 

15.37 (5-CH3), 19.90, 21.07, 25.85, 27.00 (3,6-(CH3)2), 62.16 (c-6), 
72.67 (C-3), 105.23 (C-2), 126.30, 128.75, 129.28, 129.93 (C6H5), 144.95 
(c-5). 155.62 (C-3').The signal of the C-4 atom is screened by the Signal 
of the solvent. Found, 96: C, 64.3; H, 7.3; N. 13.0; C17H23N303a Calcu- 
lated, 96: C. 64.3; H, 7.3; N, 13.3. 

1,2,3,6-Tetrahydro-3,3,5,6,6-pentamethyl-2-6pi~-(4',5'-dihydro-3'- 
phenyllaoxazolo)-pyrazine-4-oxide-l-oxyl (41) was prepared by the 
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oxidation of pyraeine 40 with !&no2 in a CHCl3-methanol mixture during 20 

min. and purified ohromatographioally, with a CHCl3-methanol (3O:l) mix- 

ture a8 an eluent . Yield of radioal 41 was 90% m.p. 175-177'. IR, V, 

-': om 1570 (C=N), W, +_, nm (lg E): 246 (4.31). Found, %: C, 64.2; H. 

7.0; N, 13.1. C,,H,,N,O,. Calculated. %: C. 64.6; H, 6.9: N, 13.3. 
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