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INFLUENCE OF RADICAL CENTER ON OXIDATIVE
PROPERTIES OF NITRON GROUP IN REACTION
OF NITROXYL RADICALS OF 3~-IMIDAZOLINE
3-OXIDE WITHHYDRAZINE

I. A. Grigor'ev, G. I. Shechukin, UDC 542.91 :541.515:
and L., B. Volodarskii 547,782 :546,171.5

It is known [1, 2] that hydrazine and its derivatives are effective reducing agents of nitroxyl radicals to
the corresponding hydroxylamines, During the study of the reduction of nitroxyl radicals of 3-imidazoline
3~oxide (I) by hydrazine hydrate in alcohol at 20°C, we found that in this reaction, besides the usual reduction
of the radical center to the hydroxylamino group and formation of diamagnetic product (II), desoxygenation of
the nitron group and formation of radical (III) occur in parallel, and radical (I1I) is further reduced to the dia-
magnetic product (IV)

R O [¢] R R
_NHNH. NEai! S . =N
>k J< o >kN)< e ke )
du & ou
(1 a h) (I1 a—h) (111 a—h) (IV a—h)

R = CH, (a); i-GgH; (b); CeH; (c); p-FCeHy (d); p-CiCeH, (e); r-BrGeH, (f); p-CH;CH,
(g) p-CH30CH, (h)-
The reduction of the nitron group with the formation of product of type (III) takes place under these con-
ditions in the case of the paramagnetic derivatives (I) only. In diamagnetic derivatives (V),with different groups
at position 1 of the heterocyclic ring, under similar conditions there is no reduction of the nitron group

O
NH:NH, =N
>k )( wmsn INK
X %
(Vac) (VI a,c)

X =H, CHy, NO

Hydroxylamines (II) also do not react with hydrazine in the absence of oxygen. In an alcoholic solution of
hydrazine in an argon atmosphere, compound (II) does not change in the course of a month. In a normal atmo-
sphere, where there is always the possibility of oxidation of compounds (II) intoradicals (I) by dissolved atmo~
spheric oxygen and the occurrence of process (1), (I) converts into radicals (III), which after 14 days were
isolated in yields of 70-80%. This difference in behavior of the diamagnetic and paramagnetic derivatives of
3~-imidazoline 3~oxide with respect to hydrazine is probably due to the fact that the nitron group becomes re-
duced not by the hydrazine itself, but by the products of its partial oxidation with better reducing properties,
for example, by diimide [3]

' N AN
NH,NH,+ N—O"—'NH-NH,+ N-—OH-HN=NH
/ . /

However, when compounds (V) were held with hydrazine in the presence of nitroxyl radicals or Cu? +, able
to form diimide or other active particles, products of type (VI) didnot form. Thus, thenecessary condition for the

Novosibirsk Institute of Organic Chemistry, Siberian Branch, Academy of Sciences of the USSR. Trans-
lated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 5, pp, 1140~1146, May, 1983. Original
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desoxygenation process under the above conditions in the simultaneous presence of the nitron group and a
radical centerin (I), We therefore assumed that the radical center in the paramagnetic derivatives (I) can
participate not only in the generation of an active reducing particle,but also increases the oxidative ability
of the nitron group. Hence, the stronger the interaction between the nitron group andthe radical center, the
more effectively the desoxygenation of the N-~oxide group proceeds inthe absence of oxygen.

A study of the spin exchange in the biradicals in the 3-imidazoline series with arigid system of con-
jugated bonds showed that the nitron group favors the delocalization of the spin density from the radical center.
This is indicated by the increase by one order of magnitude in the value of the exchange integral (J/a) char-
acterizing the degree of delocalization of the spin density over the system of conjugated bonds during indirect
exchange, when an N-oxide group is introduced into the imidazoline radical fragment [4]

o 0° Q°

! l

N

' ' _X _}<

AKX

Ifa~0.35 Ifa ™35 I/a 230

o

A direct criterion for characterizing the degree of interaction of the radical center with the nitron group
may be the value of the spin density on the nitrogen atom @ N3) of the nitron group. A study of the influence
of the different R groups adjacent to the nitron group in radicals (I*) on the degree of delocalization of the
spin density by measuring the value of the isotropic constant a5 by the method of spin echot shows that
donor substituents favor the interaction of the nitron group with the radical center

-0
R 15/
=N
STX
|
O (1%
R CH; CoHs CeHs p-CHsCsH
asNy, MHz 0,53 0,60 0.70 0.75

The donor substituents at the para-position of groups R of radicals (I) favor the desoxygenation process
and increase in the yield of radical (III) (Table 1). This agrees with the assumption that the nitron group in
radicals (I) is reduced more easily when it interacts with the nitroxyl group more strongly,i.e., when its radi-
cal character is more marked,

Another influence of the substituents on the reduction of the nitron group, carried out electrochemically,
is observed in the series of diamagnetic derivatives (I) [5]. In this case, as expected, the acceptor substituents
facilitate reduction, and the donor substituents impede it.

For radicals (VII), (X), and (XIII) with different functional groups at the 2~position of the imidazoline
ring, able to exert different steric and electronic influences onboth the nitron and the nitroxyl group [6],

fThe procedure andthe experimental results will be published ina separate paper.

TABLE 1, Yields of Products (I} and (III) in Reaction (1)

Yield, % Yield, %
Radical R |——— Radical R
(I1) ) (II1) * {IL) (III) *
(Ia) CH, 87 9 (1e) p-CICeH, 86 13
(Ib) +CsHy 85 12 af p-BrCell, 85 13
(e} CeHs 85 14 (1g) p-CHsGeH, 81 17
(id) FCH.| 85 13 i) »CILOCH, | 80 18

*The yields are given for kinetically controlled reaction (1). On
multiple repetition, the reproducibility of the results for radicals
(Ic-h) is 1%, and for radicals (fa, b) it is £39.
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the fraction of desoxygenation products (IX), (X1I), and (XV) is determined mainly by the nature of the sub-
stituents at the nitron group and corresponds to the situation observedfor radicals (I).

R 0 0 R :
%N/ A
+
N
CIJ' (I)H c|>'

(VIIa, ¢) (VIIIa) (87%) (IXa) (10%)
(Ville) (83%) (IXc) (17%)
o
»a( >b<( Ne D
(Xc) (XIc) (85%) (XI1) (14%)
53 s 35 K N 5
Nou 110 NOH NOH
(X111¢) (X1v<e) (83%) (XVe) (14%)

The following can serve to confirm the conclusion that the ability of the nitron group inderivatives of
3-imidazoline 3~-oxide to be reduced by hydrazine is determined by its radical character: On transition from
monoradical (Ia) to biradical (XVI), which also has a methyl-nitron group, the yield of desoxygenation product
XVII) almost doubles.

e

(XVID) (XVID (XVIID) (~18%)

The radical center in nitroxyl radicals of 3-imidazoline 3-oxide thus increases the oxidative properties
of the nitron group in the same molecule of the radical, compared with similar diamagnetic derivatives of 3~
imidazoline 3-oxide. This is probably due to the presence of a spin density on the nitron group as the result
of its interaction with the not directly bound nitroxyl group.

EXPERIMENTAL

Synthesis of Nitroxyl Radicals of 3-Imidazoline 3-Oxide (Ia -h). Radicals (Ia~h)were obtained by the
oxidation of compounds (Ila~h) by PbO, or MnO, in acetone by the method in [7]. The synthesis of hydroxyl~
amines (Ila-d, g) has been described in [8]. Hydroxylamines (Ile, f,h) were synthesized by the method de-
scribed in [8] from the corresponding a-hydroxylaminooximes {9].

The synthesis of radicals (VIIa, ¢) has been described in [10], and of radicals (Xe) in [11]. 5,5-Dimethyl-
1~-hydroxy-2~ 2-oximinospirocyclohexane)-4-phenyl-3- imidazoline 3~oxide (XVlc) was obtained by the method
in [11] from 5,5-dimethyl-1-hydroxy-2-(spirocyclohexan-2-one)-4-phenyl~3- imidazoline 3-oxide {12]. 5,5-
Dimethyl -2~ @2-oximinospirocyclohexane)~4~phenyl -3 ~imidazoline~3-oxide~1-oxyl (XIIlc) was obtained by
oxidation of (XIVe) according to [11].

2,2,6,6-Tetramethylpiperidine-1-oxyl -4-spiro-2- @1,51,5'-trimethyl-3'-imidazoline 3'-Oxide-1 1-oxyl)
(X1V) was synthesized according to the following scheme
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HON N,

/! - =
CH,G—C, + O NE \
VRN .

H

(X1x) (xx} X1y
20-70% 70~20%

a)* A 0,05-mole portion of aminooxime (XIX) {10] and 3 ml of 15% HC! were added at 120-130°C to a
melt of 0.15 mole of triacetoneamine, and the mixture was left to stand at this temperature for ~5 h, To

*The synthesis was carried outby V. V. Martin.

TABLE 2. Data of Elemental Analysis and Melting Points of Com~
pounds Synthesized

g Found/Calculated, % .
Compound| mp, °C Empirical
C = l N Hal formula
(1b) 123-125 60,7 9,6 144 - C1oH1aN»0,
60,3 9.6 141
(1d) 99—101 62,4 6,5 11,0 7.6 Cy3H46FN>0,
62,1 6,3 11,4 7.6
(Ie) 132133 58.6 5,6 10,4 13,3 CisHCINOn
58,5 6,0 10,5 13.3
(If) 129130 50,3 5.1 8.6 25,5 CisH1gBrlNoOx
50,0 5,1 9,0 25,6
(ig) 108—-110 68,2 7.7 11,6 - Ci1.H1oNzO,
68,0 7.7 11,3
(Th) 7149 636 | 72 10,8 - - CyaHisN,04
63.9 7.2 10,6 ]
(I1e) 154—152 584 | _64 102 137 Cy3H4CIN2O,
. 58,0 8.3 104 13.2
i35 132434 | 495 | _53 87 254 Cs3H7BrN;0;
49,8 5.4 8,9 25,6
(ITh) 183-185 837 16 M — v C1:HzoN:0;
. 63,6 7.6 10.6
{II1b) 6566 66.0 10,1 149 - Ci1oH5N:20
65,5 10,4 15,3
(111d) 66—68 66.7 6.8 124 88 CysHF N0
66,4 6.8 11,9 84
(e). 85—87 622 | 87 11.0 144 CysHy6CIN:O
62,1 6,5 11,4 14,1 .
1if - 53,4 5.5 9.2 266 | CisHisBrNy
am 8486 52,8 5.4 9,5 274 i
(Iiig) " Th=T6 72,3 8.4 11,9 — - Gy HyoN20
2.0 8,2 12.1 , _
(111h) o5-97 | _680 7.5 11.2 - CuaHsN202
68,0 7.1 14,3 N
(IVb) 147119 65.6 10,6 15,8 - | CioH20N20
65,2 . 10,9 15,2 i
(1vd) 162—163 856 | _7d 118 7.6 CisH1FNLO:
66.1 72 118 8.0
Vgl 129131 727 | 81 11,9 ) - C1aHaoN20
72,4 86 12,1 .
(IVh) 149—151 67,7 84 11,0 - GquoNZGZ.
67,7 8.4 113 v
(IXc) 95-97 75,0 8,0 10,7 - CiHzt N0
74,8 82 10,9
(X1le) 11-113 | 644 1 T4 | 189 - CacHisN:0;
: 64,6 6.9 2 . _
(XIIIc) 146-120 63,4 6,4 131 - : Ci6H2cN303
636 | 656 13,9
(XIVe) 168—170 63,6 6.6 14,2 - C16H24N303
63,4 6,9 13.9
(XVe) 127-130 66.8 6.8 143 - CisH30N502
672 7,0 147 )
(XVI) 107-109 59,4 8.7 14,8 — C1.H25N3O0s.
’ 59,4 88 14,8
(XX 148150 | 664 | 110 16,6 - C14HulN;0
66.4 10,7 16,6 .
(XX 104—106 62.3 9.6 54 | - C1iH26N302
62,7 9,7 15,7 '
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avoid resinification, the reaction was carried out in an argon current. After the mixture was cooled, excess of
triacetoneamine was distilled in vacuo, and the residue was purified chromatographically on Al,O, by chloro-~
form. The yield of 2,2,6,6-tetramethylpiperidine-4-spiro-2-@!,5',5-trimethyl-3'-imidazoline 3'-oxide) (XX)
was 20~30%. IR spectrum @, cm'i): 1605 (C =N), 3260, 3320 (NH), UV spectrum (Amaxs tm, log €): 232 4.02).

b) Oxidation of compound (XX) by H, O, by method in [10] leads to a different ratio of biradical (XVI) and
2,%4,6,6~tetramethylpiperidina-1-~oxyl-4-spiro~2-(4',5',5'-trimethyl-3'~-imidazoline 3 "~oxide) (XXI), depending
on the time of holding. Compounds (XVI) and (XXI) were separated by chromatography on silica gel, using
chloroform as eluent, Biradical (XVD: IR spectrum (v, em™): 1600 (C=N), 1340 shoulder (N—0*). UV spec-
trum (a5, DM, log €): 236 4.12), 274 3.07), 410 (1.15). The EPR spectrum has a form characteristic of
biradicals of this type [13].

Monoradical XXI): IR spectrum @, cm"i): 1600 (C=N), 1340 (N-()),3300 (NH). UV spectrum (a5
nm, log €): 234 (4.13). The presence of the radical center in the piperidine ring and not in the imidazoline

ring is proved by the presence in the IR spectrum of a stretching vibrations band of >N—O' in the region char-~

characteristic of six~-membered nitroxyl radicals [14], and also by the value of the HFI [hyperfine interaction]
constant ay=15.3 Oe (chloroform) in the EPR spectrum, which is characteristic of radicals in the piperidine
series @ 15.3+0.2 Oe). Inthe EPR spectra of radicals (I) in CHCl,, any=14.4%0.2 Oe.

Reaction of Radicals (I) with Hydrazine. A 5-ml portion of a solution of hydrazinehydrate in alcohol (in
20 ml of the solution —2 ml of 85% hydrazine hydrate) was added to a solution of 4 mmoles of radical (I) in 15
ml of alcohol, and the mixture was left to stand for 0.5~1h at ~20°C., The end of the reaction was indicated by
the disappearance of the initial radical during TLC of the reaction mixture on Silufol in a CHCl;—C,H;0H
20 :1 system Re~0.5 (), 0.3 (1), 0.6 (IID), 0.4 (IV)). The mixture was then evaporated to dryness, dissolved
in acetone, and oxidized by PbO, or MnO, to complete oxidation of compounds (II) and (IV) into radicals (I) and
(I1), respectively @ccording to TLC). The solution was filtered from the oxidant, the filtrate was evaporated,
and radicals () and (IT) were separated by chromatography on silica gel, using CHCI; as eluent. The yields
are shown in Table 1 and in the text. We should note that compounds (II) and (IV) are oxidized intothe corre-
sponding radicals in quantitative yields, and therefore the yields of radicals (I) and (III) after oxidation and
separation by column chromatography correspond to the yields of products (II) and (I1I) in reaction (1), respec-
tively, and the sum total amounts to 96-100%.

The radicals (IITa, ¢) were identified by comparing the spectral characteristics, chromatographic be-
havior, and melting points with the same characteristics of compounds synthesized by the methods in [15]. Bi-
radical (XVIII) has spectral characteristics and melting point identical with those described in [13]. The strue-
ture of the newly synthesized compounds was established from the analytical and spectral data. The data on
the elemental analysis and melting points of the compounds synthesized are listed in Table 2. The IR and UV
spectra of the compounds obtained are similar to the spectra of analogous compounds described in [16, 17].
The PMR spectra of the diamagnetic compounds (II), (IV), XIVe) and (XX) correspond to the assigned struc~
tures.

CONCLUSIONS

1. The influence of the radical center on the reactivity of the functional group in derivatives of 3-imid-
azoline 3-oxide not bound directly to it has been discovered.

2. Inthe reaction of nitroxyl radicals of a series of 3-imidazoline 3-oxides with hydrazine, two parallel
processes take place: Reduction of the radical center to a hydroxylamino group and reduction of the nitron
group to an amino group.

3. The desoxygenation process of the nitron group by hydrazine in alcohol at 20°C proceeds in the case
of paramagnetic derivatives of 3-imidazoline 3~oxide only.
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SUBSTITUTION REACTION WITH PARTICIPATION
OF ORGANCALUMINUM COMPOUNDS

3.* CROSS-COMBINATION OF ALLYL ACETATES

WITH TRIALKYLALANES

G. A. Tolstikov, A. Yu. Spivak, UDC 542.97 :547.,292'361 :
A. V. Kuchin, and 8. I. Lomakina 547.256.2

In continuation of our studies on the synthesis of allenes from acetates of tertiary acetylenic alcohols
[1), we investigafed the reactionof alkylalanes with allyl acetates. In reaction of this type, Mg and Li com-~
pounds are actively used as organometallic reagents [2, 3].

Possible allylation of alkylalanes by allyl acetates was shown in the reactions of acetates of geraniol
and cis, trans-carveols with organoaluminum compounds (OAC) of type RyAl (R=Me, Et,i~Bu) [4, 5]. The
reactions proceeded under mild conditions (—78°C) and led to alkylation products in ayield of 66-85%. We
extended this method to other allyl substrates, and compared the behavior in this reaction of primary and
secondary allyl acetates, and also acetates containing electron-donor substituents at the y-position of the
leaving group. As starting compounds, we selected allyl (1), crotyl (II), cinnamyl (ITI), sorbyl (IV), 2,7-octa-
dienyl (V}, 2-pentenyl (VI), 2-cyclohexenyl acetates (VII), and trialkylalanes RzAl R=Et, i-Bu, n-CgHys).

The reaction conditions were selected using as anexample the reaction of OAC with acetate V, which is
interesting in synthesis, since 1,6-alkadienes based on it can be used in the synthesis of several pheromones [6].
Tt was found that the optimal molar ratio of the reagents is ROAc :R3A1 =1 :2, The reaction proceeds in hexane
or in CH,yCl, at ~20°C for several hours. In ether and in THF, the reaction products are formed after 24 h in
trace amounts. The experimental data (Table 1) show that the ratio between the two competing paths, i.e.,
alkylation and nucleophilic attack by alkyl on the carbon atom of the carbonyl group, is appreciably dependent

*For article 2, see [1].
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