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I N F L U E N C E  O F  R A D I C A L  C E N T E R  ON O X I D A T I V E  

P R O P E R T I E S  OF N I T R O N  G R O U P  IN R E A C T I O N  

O F  N I T R O X Y L  R A D I C A L S  O F  3 - I M I D A Z O L I N E  

3 - O X  IDE  W I T H  H Y D R A Z I N E  

I.  A .  G r i g o r ' e v ,  G.  I .  S h e h u k i n ,  
a n d  L .  B. V o l o d a r s k i i  

UDC 542.91:541.515 : 
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It is known [1, 2] that hydrazine and its derivat ives 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~ we found that in this reaction,  besides the usual reduction 
of the radical  center  to the hydroxylamino group and format ion of diamagnetic product (II), desoxygenation of 
the nitron group and formation of radical  (III) occur  in paral lel ,  and radical  (III) is fur ther  reduced to the dia-  
magnetic product (IV) 

o o 
l~ / R / R R 

NH,NH.~ .~_ ; 

C.,Hs0H. 
20-60 rnin 

I I I I 
O' OH 0 '  OH 

(I a--h) (II a--h) (III a--h) (IV a--h) 

(1) 

R=CH.~ (a); i-CaH~ (b); CGH5 (c); p-FC+H4 (d); p-C1C+H4 (e); F-BrCoH4 (f); p-CH3C6H4 
(g); p-CH3OC6H4 (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 (D 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 
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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 a tmo-  
sphere,  where there  is always the possibil i ty of oxidation of compounds (II) into radicals  (I) by dissolved a tmo-  
spheric oxygen and the occurrence  of p rocess  (1), (II) converts  into radicals  (IID, which af ter  14 days were 
isolated in yields of 70-80%. This difference in behavior of the diamagnetic and paramagnet ic  derivatives of 
3-imidazoline 3-oxide with respec t  to hydrazine is probably due to the fact that the nitron group becomes r e -  
duced not by the hydrazine itself, but by the products of its part ial  oxidation with bet ter  reducing proper t ies ,  
fox" example, by  diimide [3] 

\ \ 
NH2NH~Q- N--O" ~ ' N H - - N H 2 q -  N - - 0 H - , H N = N H  

/ / 

However, when compounds (V) were held with hydrazine in the presence  of nitroxyl radicals  or  Cu 2+ able 
to form diimide or other active par t ic les ,  products of type (VD did not form. Thus, the necessa ry  condition for the 
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desoxygenat ion p r o c e s s  under  the above conditions in the s imul taneous  p r e sence  of the niCron group and a 
radica l  cen te r  in (I). We t h e r e f o r e  a s sumed  that  the rad ica l  cen te r  in the pa ramagne t i c  de r iva t ives  (I) can 
par t ic ipa te  not only in the genera t ion  of an act ive reducing pa r t i c l e ,bu t  also i nc rea se s  the oxidative ability 
of the ni tron group.  Hence,  the s t ronge r  the in terac t ion  between the ni tron group andthe radical  center ,  the 
m o r e  effect ively the desoxygenation of the N-oxide group p roceeds  inthe absence  of oxygen. 

A study of the spin exchange in the b i rad ica l s  in the 3- imidazol ine  s e r i e s  with a r i g i d  s y s t e m  of con-  
jugated bonds showed that  the ni tron group favors  the delocal izat ion of the spin density f r o m  the radical  cen te r .  
This is indicated by the inc rease  by one o rde r  of magnitude in the value of the exchange integral  (J/a) c h a r -  
ac ter iz ing  the degree  of delocal izat ion of the spin densi ty over  the s y s t e m  of conjugated bonds during indirect  
exchange,  when an N-oxide group is introduced into the imidazol ine radica l  f r agment  [4] 

O" O" O" 

\ 

o j. o 
J/~ ~ 0.35 ~/~ ~ a.~ J/~ ~ ao 

A di rec t  c r i t e r ion  for  cha rac te r i z ing  the degree  of in terac t ion  of the rad ica l  center  with the ni tron group 
may  be the value of the spin density on the ni t rogen a tom {aNn) of the ni tron group.  A study of the influence 
of the different  R groups adjacent to the ni t ron group in r ad ica l s  (I*) on the degree  of delocal izat ion of the 
spin densi ty by measu r ing  the value of the i so t ropic  constant a l sN ~ by the method of s p i n e c h o t  shows that 
donor subst i tuents  favor  the in terac t ion  of the ni tron group with the radical  cen te r  

o 
R 1 5 /  

l 
o' (I*) 

R CHa Call5 C~H5 p-CHafi6H~ 
a,,N,, MHz 0s 0.60 0.70 0.75 

The donor subst i tuents  at the pa r a -pos i t i on  of groups  R of rad ica l s  (I) f avor  the desoxygenation p ro ce s s  
and inc rease  in the yield of radica l  (III) (Table 1). This  ag rees  with the assumpt ion  that the ni tron group in 
rad ica l s  (I) is reduced m o r e  eas i ly  when it in te rac ts  with the ni t roxyl  group m o r e  s t rongly ,  i .e . ,  when its r ad i -  
cal c h a r a c t e r  is m o r e  m arked .  

Another  influence of the subst i tuents  on the reduct ion of the ni tron group,  c a r r i ed  out e l ec t rochemica l ly ,  
is observed  in the s e r i e s  of d iamagnet ic  de r iva t ives  (II) [5]. In this case ,  as expected,  the acceptor  subst i tuents  
faci l i ta te  reduct ion,  and the donor subst i tuents  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], 

tThe  p rocedure  andthe exper imenta l  r e su l t s  will be published ina  sepa ra t e  paper .  

TABLE 1. 

I Yield, ~ 
Radical Ir - -  {II) ( I I I )  * 

(Ia) CH~ 87 9 
(Ib) 1-C3H7 8 5  1 2 
(Jc) C~FI5 85 i4 
(id) ~-FC6Hr 86 t3 

Yields of Products  (II) and (III) in React ion (1) 

l Radical 

(le) 
(If) 
(lg) 
(Ih) 

Yield, % 
R 

(ii} 

p CIC~Hr 86 
p-BrC6H~ 85 
p-CHaC6H~ 81 
p-CtlaOC6Hr 80 

{IIi)* 

f3 
t3 
17 
18 

*The yields  are  given for  kinet ical ly control led reac t ion  (1). On 
mult iple repet i t ion,  the reproducibi l i ty  of the r e su l t s  for  rad ica l s  
(Ic-h) is :~1%, and for  r ad ica l s  (In, b) it is *3%. 
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the f rac t ion  of desoxygenation products  (IX), (XII), and (XV) is de te rmined  mainly  by the nature of the sub-  
st i tuents at the ni t ron group and cor responds  to the si tuat ion observed  for  rad ica l s  (I). 

R 0 R 0 R 

NH2NH2 

I ~ . I 
OH 

(vna, c) (vIIIa) (87ol0) (IXa) (t0%) 
(VtIIc) (83%) (IXc) (17%) 

Ph 0 Ph 0 Ph 

N~ ~N + 
OI" NOH O]ii NOH �9 

(Xc) (Xlc) (85~ (XlI) (i4o~) 

(XIVc) (83%) (XVc) (t4%) (XIIIC) 

The following can s e rve  to conf i rm the conclusion that the ability of the ni tron group inde r iva t ives  of 
3- imidazol ine  3-oxide to be reduced by hydraz ine  is de te rmined  by its rad ica l  c h a r a c t e r :  On t rans i t ion  f r o m  
monoradica l  (In) to b i radica l  (XVI), which a lso  has a me thy l -n i t ron  group,  the yield of desoxygenation product  

(XVIII) a lmos t  doubles.  

N--0" --OH -]- N--0"  

(XVI) (XVII) (XVIII) (~8%) 

The radica l  cen ter  in ni troxyl rad ica l s  of 3- imidazol ine  3-oxide thus i n c r e a s e s  the oxidative p rope r t i e s  
of the ni tron group in the s ame  molecule  of the radica l ,  compared  with s i m i l a r  d iamagnet ic  der iva t ives  of 3-  
imidazoline 3-oxide.  This is probably  due to the p r e s e n c e  of a spin densi ty on the ni t ron group as the resu l t  
of its in teract ion with the not d i rec t ly  bound nitroxyl group.  

E X P E R I M E  N T A L  

Synthesis of Nitroxyl Radicals  of 3- Imidazol ine  3-Oxide (In-h). Radicals  ( Ia -h)were  obtained by the 
oxidation of compounds (IIa-h) by pbO 2 or MnO 2 in acetone by the me[hod in [7]. The synthes is  of hydroxyl -  
amines  (IIa-d, g) has been descr ibed  in [8]. Hydroxylamines  (IIe, f ,h)  were  synthesized by the method de-  
scr ibed in [8] f r o m  the cor responding  a - h y d r o x y l a m i n o o x i m e s  [9]. 

The synthes is  of rad ica l s  WIN, c) has been descr ibed  in [10], and of rad ica l s  (Xc) in [11]. 5 ,5-Dimethyl -  
1 -hydroxy-2 - (2 -ox iminosp i rocyc lohexane ) -4 -pheny l -3 - imidazo l ine  3-oxide (XVIc) was obtained by the method 
in [11] f r o m  5 , 5 - d i m e t h y l - l - h y d r o x y - 2 - ( s p i r o c y c t o h e x a n - 2 - o n e ) - 4 - p h e n y l - 3 - i m i d a z o l i n e  3-oxide [12]. 5,5- 
D ime thy l -2 -  (2 -ox iminosp i rocyc lohexane ) -4 -pheny l -3 - imidazo l ine -3 -ox ide - l -oxy l  (XIIIe) was obtained by 

oxidation of (XIVc) according to [11]. 

2,2,6, 6 -Te t r ame thy lp ipe  r id ine -  1 - o x y l - 4 - s p i r o - 2  - (4 ', 5 ', 5 ' - t r i m e t h y l - 3  ' - imidazo l  ine 3 ' -  Oxide-1 ' -oxyl  ) 
(XIV) was synthes ized according to the following scheme 
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o o 

+ o  ." 

(x~x) (xx) (xxD 
20-70% 70-20% 

a)* A 0 . 0 5 - m o l e  p o r t i o n  of a m i n o o x i m e  (X1X) [10] and 3 ml  of 15%HC1 w e r e a d d e d  at  120-130~ to a 
m e l t  o f  0.15 m o l e  of t r i a c e t o n e a m i n e ,  and the m i x t u r e  was  lef t  to  s t and  a t  t h i s  t e m p e r a t u r e  fo r  ~ 5 h. To 

* T h e  synthesis was carried ou t  b y  V~ V. Martin. 

T A B L E  2. Da ta  of E l e m e n t a l  A n a l y s i s  and Mel t ing  P o i n t s  of  C o m -  
pounds  S y n t h e s i z e d  

Compoundl' rap, ~ 

(Ib) 

(Id) 

(ie) 

0f) 

0g ) 

(Ih) 

(Ue) 

~tf) 

q~h) 

( I  [1 b) 

CIIId) 

(IIIe) 

( I lK)  

( I I ig )  

(IHh) 

(IVb) 

(Wd.) 

'flVg) 

(IVh) 

(IXc) 

(XUc) 

(XIIIc) 

(XIVc) 

(XVc) 

(xv{) 

(xx) 

(xx~) 

123-t25 

99 - t0 t  

t32- t33  

129-t30 

t08-1t0  

117-119 

t51- t52  

t32- t34  

183-t85 

65-66 

66-68 

85-87 

8 4 - 8 6  

' 7 4 - 7 6  

95-97 

1t7--t19 

t62- t63  

t29- I3 f  

149- t5t  

95-97 

t t t - t i 3  

1t6--t20 

168-170 

t27- t30  

t07-109 

t48- t50  

104-106 

60,7 

62,4 

58,6 

50,3 

68,2 

63,6 

58,i 

49,5 

63,7 

66,0 

66,7 

62,__k.~ 

Found/Calculated, % 

H N 

9,6 t4A 
" 9,6 - t4,----i-- 

6,_A5 j t , o ,  
6,3 l i d  
5,6 10,t 
6,0 t0,5 
5,t 8,6 
5,1 9,0 
7,7 11,6 
7,7 It,3 
7,2 10,6 
7,2 t0,6 
6;4 10,2 , 
6,3 t0,4 
5,3 8,7 
5,4 8,9 
7,6 t0,4 
7,6 t0,6 

. . . .  t01 .  t~.9 
t0,4 t5,3 
6,8 t2,t 
6,8 tl ,9 
6,7 t t .0 
6,5 t t , t  
5,5 9,2 
5,4 9,5 
8,1 t l ,9 
8,2 t2,1 
7,__5__5 t12  
7,7 t1,3 

t0,6 , .  15,6 
10,9 15,2 
7,1 tt ,6 
7,2 t i ,8 
8,7 II,9 
8,6 12,1 
8,4 1t,0 
8,1 11,3 
8,0 t0,7 
8,2 t0,9 
7,t t5,9 
6,9 t6,2 
6,4 13~7 
6,6 13,9 
6,6 t4,2 
6,9 t3;9 
6,8 t4~3 _ 
7,0 t4,7 
s__s 1~8 
8,8 t4,8 
t t .0 t6,6 
t0,7 t6,6 
9,6 t5,4 
9,7 t5,7 

Hal  

7,6 
7,6 
f3,3 
13,3 
25,5 
25,6 

13,7 
13,2 

_25~t 
25,6 

8,0 
8,1 
I4A 
14,t 
26,6 
27A 

7,6 
8,0 

Empirical 
formula 

C~oH~gN20z 

C,3}t~sFN,.Oz 

CisH~sC1NsOx 

CisHtsBrN202. 

Ct~ItlgN~03 

C~sH~TC1N202 

Ci3H~TBrN20s 

C~HzoN203 

C~oH~gN20 

ClshI~FN,IO ~ 

C~3Ht~CtN20 

CI3H,~BrNzO 

Ci~H,gNzO 

C~0H20N20 

C~3H~TFN20 

CI~H20N20 

C~H2oN202 

C~6H2~N~O 

C~H~sNsO~ 

CisHzcN~O~ 

C~sH2,Ns0s 

C~H~oN~0z 

CI~H~N~0~ 

C~H~NsO 

C~H~sN~0~ 
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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 A120 ~ by chloro~ 
form. The yield of 2,2,6,6-tetramethylpiperidine-4-spiro-2-(4:',5',5'-trimethylr.3'-imidazoline 3'-oxide) (XX) 
was 20-30%. IR spectrum (u, cm-i): 1605 (C----N), 3260, 3320 (NH), UV spectrum (kmax, nm, log ~): 232 (4.02). 

b) Oxidation of compound (XX) by H202 by method in [10] leads to a different ratio of biradical IXVI) and 
2,2,6,6-tetramethylpiperidina- 1-oxyl-4-spiro-2- (4 ', 5 ', 5'-t rimethyl-3 '-imidaz oline 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: IRspeetrum (p, cm-l): 1600 (C ~N), 1340 shoulder (N-O'). UV spec- 
trum ~max,  rim, log ~): 236 (4.12), 274 (3.07), 410 (1.15). The EPR spec t rum has a fo rm charac te r i s t i c  of 
b i radica ls  of this type [13]. 

Monoradical (XXI): IR spec t rum (v, cm-l ) :  1600 (C=N), 1340 (N-()) ,3300 (NH). UV spect rum (~max, 
rim, log e): 234 {4.13). The p resence  of the radical  center  in the piperidine ring and not in  the imidazoline 

ring is proved by the p resence  in the IR spec t rum of a s t retching vibrat ions band of ~N--O' in the region char -  

cha rac te r i s t i c  of s i x -membered  ni troxyl  radica ls  [14], and also by the value of the HFI [hyperfine interaction] 
constant aN=15.3  Oe (chloroform) in the EPR spec t rum,  which is cha rac te r i s t i c  of radicals  in the piperidine 
se r ies  {a N 15.3 ~ 0 . 2 0 e ) .  In the EPR spec t ra  of radica ls  (I) in CHC13, aN=14.4  •  

Reaction of Radicals (I) with Hydrazine.  A 5-ml port ion of a solution of hydrazine hydrate in alcohol (in 
20 ml of the s o l u t i o n - 2  ml of 85% hydrazine hydrate) was added to a solution of 4mmoles  of radical  (I) in 15 
ml of alcohol, and the mixture  was left  to stand for  0.5-1h at ~ 20~ The end of the react ion was indicated by 
the disappearance of the initial radical  during TLC of the reac t ion  mixture  on Silufol in a CHC13-C2H5OH 
20:1  sys tem (Rf,~0.5 (I), 0.3 (II), 0.6 (liD, 0.4 (IV)). The mixture  was then evaporated to dryness ,  dissolved 
in acetone,  and oxidized by PbO 2 or  MnO 2 to complete oxidation of compounds (II) and (IV) into radicals  (D and 
(III), r espec t ive ly  (according to  TLC).  The solution was f i l tered f rom the oxidant, the f i l t ra te  was evaporated,  
and radicals  (I) and (III) were  separa ted  by chromatography on si l ica gel ,us ing CHC13 as eluent.  The yields 
are  shown in Table 1 and in the text .  We should note that compounds (II) and (IV) are  oxidized intothe c o r r e -  
sponding radicals  in quantitative yie lds ,  and t he re fo re  the yields of radica ls  (I) and (III) af ter  oxidation and 
separat ion by column chromatography correspond to the yields of products  (II) and (III) in react ion (1), r e s p e c -  
t ively,  and the sum total  amounts to 96-100%. 

The radicals  (IIIa, c) were  identified by comparing the spect ra l  cha rac te r i s t i c s ,  chromatographic  be-  
havior,  and melt ing points with the same cha rac t e r i s t i c s  of compounds synthesized by the methods in [15]. Bi- 
radical  (XVIII) has spec t ra l  cha rac te r i s t i c s  and melt ing point identical with those descr ibed  in [13]. The s t ruc -  
ture  of the newly synthesized compounds was establ ished f rom the analytical and spect ra l  data. The data on 
the e lemental  analysis  and melting points of the compounds synthesized are  l is ted in Table 2. The IR and UV 
spec t ra  of the compounds obtained are  s imi la r  to the spec t ra  of analogous compounds descr ibed  in [16, 17]. 
The PMR spec t ra  of the diamagnetic  compounds (II), (IV), (XIVc) and (XX) correspond to the assigned s t ruc -  
t u r e s .  

CONCLUSIONS 

I.  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. In the 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~ proceeds in the case 
of pararaagnetic derivatives of 3-imidazoline 3-oxide only. 

1. 
2. 

3. 

4o 
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SUBSTITUTION REACTION WITH PARTICIPATION 

OF ORGANOALUMINUM COMPOUNDS 

3.* CROSS-COMBINATION OF ALLYL ACETATES 

WITH TRIA LKYLA LANES 

G. A. Tolstikov, A. Yu. Spivak, 
A. V. Kuchin, and S. I. Lomakina 
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In continuation of our studies on the synthesis  of allenes f rom acetates  of t e r t i a ry  aeetylenic alcohols 
[1], we investigated the r eac t ionof  alkylalanes with allyl ace ta tes .  In react ion of this  type,  Mg and Li com-  
pounds are  act ively used as organometal l ic  reagents  [2, 3]. 

Poss ible  allylation of alkylalanes by allyl aceta tes  was shown in the react ions  of acetates  of geraniol  
and cis,  t r a n s - c a r v e o l s  with organoaluminum compounds (OAC) of type R3A1 (R=Me, Et, i-Bu) [4, 5]. The 
reac t ions  proceeded  under mild conditions (-78~ and led to allvylation products  in ayie ld  of 66-85%. We 
extended this method to other  allyl subs t ra tes ,  and compared the behavior  in this react ion of p r im a ry  and 
secondary  allyl ace ta tes ,  and also aceta tes  containing e lec t ron-donor  substituents at the ~-posit ion of the 
leaving group.  As s tar t ing compounds, we selected allyl (I), crotyl  (II), cinnamyl (III), sorbyl {IV), 2 ,7-octa-  
dienyl (V), 2-pentenyl  (VI), 2-cyclohexenyl  aceta tes  (VII), and t r ia lkyla lanes  R3A1 (R=Et, i-Bu, n-CGHI3 ). 

The reac t ion  conditions were  se lected using as anexample  the react ion of OAC with acetate V, which is 
in teres t ing in synthes is ,  since 1,6-alkadienes based on it can be used in the synthesis of severa l  pheromones [6]. 
It was found that the optimal mo la r  ra t io  of the reagents  is ROAc :R3A1 = 1 :2 .  The react ion proceeds  in hexane 
or in CH2C12 at .-~ 20~ for  severa l  hours .  In e ther  and in THF,  the reac t ion  products  are  formed af te r  24 h in 
t r ace  amounts.  The exper imenta l  data (Table 1) show that the ra t io  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  ar t ic le  2, see [1]. 
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