
PRODUCTION OF STABLE NITROXIDE RADICALS 

OF 3- IMIDA Z OLINE- 3- OXIDE 
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We demonstra ted ea r l i e r  [1] that the condensation of an t i -a -hydroxylaminooximes  with the hydroxyl-  
amino group at a t e r t i a ry  carbon atom with acetone in sealed ampoules leads to 1 -hydroxy-2 ,2 ,5 ,5 - te t ra -  
methyl -3- imidazol ine-3-oxides .  Since these compounds contain not only a nitrone group in the heterocycle ,  
but also a hydroxylamino group shielded by two te r t -a lkyl  groups, their oxidation led to stable nitroxides 
[2]. In this work the replacement  of acetone by its diethylketal permit ted not only a facilitation of the r eac -  
tion and an increase  in the yields of the condensation products,  but also its extension to a l a rge r  number of 
compounds. 

Heating of N- (1-oximino-2-methyl - l -phenylpropyl -2) -  (Ia), N- (3-oximino-2-methylbutyl-2)-  (Ib), N- 
(1-oximino-2-methylpropyl-2)-  (Ic), N- (1-oximino-1-methyl -2-phenylpropyl-2)-  (Id), and N- (1-oximino-2- 
methylcyclohexyl-2)-(Ie)  hydroxylamines with an excess  of acetone diethylketal leads to co lor less  c rys ta l -  
line substances (IIa-e), corresponding in composition to the condensation products of compounds (Ia-e) with 
acetone with elimination of a water  molecule. The use of acetates of a -hydroxylaminooximes  (tb, e) [3] 
inc reases  the yields of the condensation products (IIb, e). 

The absorption charac te r i s t i c  of 4-phenyl -3- imidazol ine-3-oxides  [4] is observed in the UV and IR 
spect ra  of compound (II) (Table 1). The UV spectra  of the remaining condensation products  (IIb-e) are  
pract ica l ly  identical to one another and close to the UV spect rum of 2 -me thy lpyr ro l ine - l -ox ide  [8]. The 
IR spectra  of compounds (IIb-e) contain intense bands close to 1200 cm -~, which can be assigned to the 
semipolar  N ~ O bond, and charac te r i s t i c  bands in the region of 1620-1630 cm -1, corresponding to the 
vibrations of the C = N group in nitrones [6]. These data permit ted the ass ignment  of the s t ruc ture  1-hy- 
droxy-2 ,2 ,5 ,5- te t ramethyl -4-phenyl- ( I Ia) ,  1-hydroxy-2,2,4,5,5-pentamethyl-(IIb) ,  1 -hydroxy-2 ,2 ,5 ,5 - te t ra -  
methyl-(IIc) ,  1 -hydroxy-2 ,2 ,4 ,5- te t ramethyl -5-phenyl -  (IId), and 1 -hydroxy-2 ,2 ,5 - t r ime thy l -4 ,5 - t e t r a -  
methylene-(IIe) 3- imidazol ine-3-oxides  to the condensation products:  
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The PMR spectra  of the compounds obtained (IIa, b, d, e) agree with their  s t ruc ture  and are  cited 
separa te ly  [7]. In the PMR spect rum of compound (IIc) there  are  two singlets at 8.68 and 8.51 ppm, c o r r e -  
sponding to methyl groups in the 5- and 2-posit ions,  and a singlet at 2.92 ppm of the proton of the aldo- 
nitrone group. The signals of the methyl groups were assigned by compar ison with the PMR spec t rum of 
compound (II'c), produced by condensation of compound (Ic) with the diethylketal of hexadeuteroacetone,  in 
which the band of the methyl groups in the 2-posit ion is absent. 

It is interest ing that the condensation of u-hydroxylaminooximes  (Ib, e) with the diethytketal of hexa- 
deuteroacetone gives compounds in whose PMR spect ra  not only the signals of the geminal methyl groups 
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in the 2-position, but also those of the methyl and methylene groups in the 4-posit ion of the heterocycle ,  
corresponding to the s -pos i t ion  of the nitrone group (II'b, e), a reabsen t .  Exchange for deuter ium can oc-  
cur  both during the process  of condensation and in the final product. Thus, heating the compound (Hb) with 
the diethylketal of hexadeuteroacetone in the presence  of deuteroacet ic  acid leads to the compound (II"b), 
the PMt~ spec t rum of which, in contrast  to the spec t rum of compound (IIb), does not contain the signal of 
the methyl group in the 4-posit ion at 8.00 ppm. The formation of compound (II"b) occurs  readily in D20 in 
the presence  of alkali, which is explained by the mobility of the hydrogens of the methyl group of the c~- 
carbon atom of the nitrone group with respec t  to nucleophilic reagents [6] 
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The condensation products (IIa-e) have high melting points, are sparingly soluble in nonpolar organic 
solvents,  comparat ively  readily soluble in alcohol, and some (lib, c) are soluble in water.  These com-  
pounds (IIa-e) are stable during s torage in air ,  while 1-hydroxy-2,2 ,6 ,6- te t ramethylpiper id ines  are  oxid- 
ized to nitroxides under these conditions [8]. 

The oxidation of compounds (IIa-e) with lead dioxide in benzene or  e ther  leads to ~he nitroxides,  
2 ,2 ,5 ,5- te t ramethyl-4-phenyl-  (IIIa), 2,2,4,5,5-pentamethyl-(IIIb),  2 ,2 ,5 ,5- te t ramethyi-  (IIIe), 2 ,2 ,4 ,5- te t ra-  
methyl -5-phenyl-  (IIId), and 2 ,2 ,5 - t r imethy l -4 ,5 - te t ramethy lene-  (IIIe) 3 - imidazo l ine -3 -ox ide - l -oxy  free 
radicals .  The compounds obtained are colored orange or  yellow, have substantially lower melt ing points, 
and are bet ter  soluble in organic solvents than the s tar t ing mater ia l  (IIa-e); they are stable to chromato-  
graphy on si l ica gel. 

They can be s tored for a long t ime in the crystal l ine state at 0 ~ without decomposition; s torage of the 
radical  {IIIc) requires  a lower tempera ture .  In solution, these radica ls  are  less stable. When an e ther  
solution of the radical  (IIib) stands for two to three days, the s tar t ing mater ia l  of the condensation (lib) 
precipi ta tes  with a small  yield. The radical  (IIIa) is stable to heating, and in reduction with hydrazine 
hydrate it smoothly forms compound (IIa). 

The EPR spectra  of compounds (IIIa-e) represen t  a t r ip le t  with hyperfi~e splitting cons tan t  ~ 1 4 . 5 0 e ,  
cha rac te r i s t i c  of nitroxides [2]. As we go to radicals ,  the IN spect ra  change negligibly; the bands of the 
OH group at 1000-1040 and 3600 cm -1 disappear,  the band of the nitrone group C = N is shifted by 20 cm -1 
toward lower frequencies (Table 2). In the UV spect ra  of the radicals  (Ilia-e), a bathochromic shift of the 
band of the ni trone group at 230 nm and an increase  in its intensity are  observed. Evidently there is an 
in ter ference  of the absorptions of the nitrone and nitroxide groups, since the electronic spec t rum of di- 
t e r t -buty l  nitroxide consists  of bands at ~max 238 nm (log e 3.33) and %max 465 nm (log e 0.95) [9]. In- 
c reas ing  the concentrat ion and a change to heptane in a number of cases  (IIIa, b, e) permit  absorption at 
~max 420-450 nm to be observed (log e 0.6) (see also [10]). The PMR spect ra  of the radicals  are  discussed 
together  with the spect ra  of diamagnetic compounds in [7]. 

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

The IN spectra  were taken on a UR-10 inst rument  in tablets of KBr (concentration 0.25%, thickness 
1 ram) and in solutions of CC14. The UV spectra  were recorded  on a "Unicam-SP-700c"  instrument  in 
alcohol. The PMR spect ra  were taken on a "Varian A-56-60A" instrument  in CD3OD (concentration 3-5%) 
with hexamethyldisiloxane as the internal standard (9.96 ppm). 
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a -Hydroxy l am i noox i m es  (Ia, b, c, e) were  descr ibed  e a r l i e r  [3]; the compound (Id) was produced 
analogously to [3], mp 132-133 ~ (from alcohol). Found: C 62.0; 62.2; H 7.1; 7.1; N 14.5; 14.5%. C10HI4N202. 
Calculated: C 61.8; H 7.3; N 14.4%. 

Diethytketals  of acetone and hexadeuteroacetone  were  produced by the in teract ion of ketones with 
o r thoformie  e s t e r  in the p r e s e n c e  of ca ta ly t ic  amounts  of cone. H2SO4, followed by neutra l izat ion with an 
alcohol solution of sodium ethylate,  bp 114 ~ 

Cgndensation of a -Hydroxy lamino0x imes  (Ia-e) with the Diethylketal  of Acetone. A solution of 16.0 
g of compound (Ia) in 50 ml  of the diethylketal  of acetone was boiled for ~ 5 h (until the appearance  of a 
yellow color) .  The (IIa) that  p rec ip i ta ted  a f t e r  cooling was f i l tered off, weight 13.0 g. Compounds (IIc, d) 
were  produced under the s a m e  conditions. Condensation of ace ta tes  of the a -hydroxy laminoox imes  (Ib, e) 
[3] under s i m i l a r  conditions leads to the compounds (IIb, e). The reac t ion  t imes ,  yields,  mel t ing points,  
data of e l e m e n t a r y  ana lys i s ,  and spec t r a l  c h a r a c t e r i s t i c s  of the condensat ion 'products  (IIa-e) a re  cited in 
Table  1. 

Condensation of compounds (Ib, c, e) with the diethylketal  of hexadeuteroacetone  was conducted under 
analogous conditions. PMR s pec t r a  of the compounds:  (II'b) 8.70 ppm (two CH~ groups in the 5-posit ion);  
(II'c) 8.68 ppm (two CH 3 groups  in the 5-posi t ion),  2.92 ppm (o-H); (II'e) 8.63 ppm (one CH 3 in the 5 -pos i -  
tion), 8-9 ppm (compound band of the CH 2 groups of the cyclohexane ring). 

Deuteroexchange of the Protons  of the Methyl Group in the 4 -Pos i t ion  of the Compound (IIb). Heating 
compound (IIb) for  3 h with the diethylketal  of hexadeuteroacetone  in the p r e sence  of deuteroacet ic  acid 
leads to the product  of exchange (II"b). The compound (II"b) is also fo rmed when compound (IIb) is heated 
in a 0.1 N solution of KOH in D20 to 50 ~ for  15 min, followed by 2-h exposure  at 20 ~ The PMR spec t rum of 
compound (II"b): 8.56 ppm (two CH 3 groups in the 2-posi t ion),  8.70 ppm (two CH 3 groups in the 5-posit ion).  

Oxidation of 1 -Hydroxy-2 ,2 ,5 ,5 - t e t r a subs t i t u t ed -3 - imidazo l ine -3 -ox ides  (IIa-e). A 5.0 g port ion of 
compound (IIa) was ground with 50 g lead dioxide and shaken with dry  e ther  for  20 h. The solution was 
fil:tered off, evapora ted ,  and the orange prec ip i ta te  of (IIIa) r e c ry s t a l l i z ed  f rom heptane, weight 4.0 g. 
The rad ica l s  (IIb-e) were  produced s i m i l a r l y  and pur i f ied by r ec rys t a l l i za t ion  f rom e ther  with cooling. 
The rad ica l  (IIId) was purif ied by ch romatography  on s i l ica  gel in a mix tu re  of ch lo ro form and alcohol 
(40 : 1); the solvent was evapora ted ,  and a f t e r  the addition of heptane, a yellow crys ta l l ine  prec ip i ta te  (IIId) 
separa ted .  The conditions of the react ion,  yields,  mel t ing points,  data of e lementa l  ana lys is ,  and spec t r a l  
c h a r a c t e r i s t i c s  of the rad ica l s  (IIIa-e) a re  cited in Table 2. 

Reduction of the Radical  (IIIa) by Hydrazine  Hydrate .  To a solution of 0.1 g of the radica l  (IIia) in 4 
ml of alcohol we added 0.05 ml of hydrazine  hydrate .  After  standing for 1 h at 20 ~ the solution was de-  
color ized.  The alcohol was evapora ted ,  the res idue  washed with water ,  weight 0.06 g, mp 192-194 ~ (from 
alcohol). The compound obtained proved identical  with the compound (IIa) according to melt ing point and 
IR spec t rum.  

C O N C L U S I O N S  

1. The condensat ion of a -hyd roxy l am i n oox imes  with the hydroxylamino group at a t e r t i a r y  carbon 
a tom with the diethylketal  of acetone leads to 1 -hydroxy-2 ,2 ,5 ,5 - t e t r a subs t i t u t ed -3 - imidazo l ine -3 -ox ides .  
The use of ace ta tes  of a -hyd roxy l am i noox i mes  in a number  of cases  p e r m i t s  an apprec iable  inc rease  in the 
yields  of the condensation products .  

2. The poss ib i l i ty  of exchange of the protons of the a - m e t h y l  and a - m e t h y l e n e  groups of the keto-  
ni t rone groups of 3 - imidazo l ine -3 -ox ides  for  deuter ium was detected.  

3. Stable ni t roxides were  produced by oxidation of 1 -hydroxy-2 ,2 ,5 ,5 - t e t r a subs t i t u t ed -3 - imidazo l ine -  
3-oxides  with lead dioxide. 

i. 

2. 

3. 
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