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Data  on the syn thes i s  of imidazol ine  N-oxides  f rom ~ - h y d r o x y l a m i n o  oximes  and c~-amino 
oximes  are  col lec ted  in this rev iew.  The t r a n s f o r m a t i o n s  of imidazol ine N-oxides into N- 
oxides of imidazo les  and 2H- and 4H- imidazo les  and stable iminoxyl  r ad ica l s  and some 
p r o p e r t i e s  of the compounds fo rmed  are  examined .  

At the s t a r t  of the 20th century ,  a num b er  of c~-hydroxylamino ox imes  with an NHOH group at tached 
to a t e r t i a r y  ca rbon  a tom were  obtained in a study of compounds of the te rpene  s e r i e s  [1-3]. A sys t ema t i c  
study of such compounds was c o m m e n c e d  only a f te r  more  gene ra l  methods for  the p r epa ra t i on  of ~ -  
hydroxylamino  ox imes  had been found [4-7]. It was shown that  they have pecu l i a r i t i e s  that  a re  a s soc ia t ed  
with the vicinal  or ienta t ion of two reac t ive  groups  [4, 8], in pa r t i cu l a r ,  the abil i ty to f o r m  he te rocyc l i c  
s y s t e m s  with two ni t rogen a toms in the r ing:  imidazoline and imidazole  N-oxides [9, 10], 5 -hydroxy-5 ,6 -  
d ihydro-4H,1 ,2 ,5-oxadiaz ines  [9], and pyraz ine  N,N-dioxides [11]. 

On the other  hand, r ecen t ly  in t e re s t  has i nc rea sed  with r e s p e c t  to the c h e m i s t r y  of he te rocyc l ic  N- 
oxides [12, 13], including imidazole  and benzimidazole  N-oxides [14], which a re  more  reac t ive  than the 
bases  t h e m s e l v e s .  Some benzimidazole  N-oxides  display the p r o p e r t i e s  of cen t ra l  ne rvous  s y s t e m  de -  
p r e s s a n t s  [15]. Since it  is difficult  to obtain imidazol ine ,  imidazoIe ,  and benzimidazole  N-oxides by d i r ec t  
oxidation [14, 16, 17], methods based  on the he te rocyc l i za t ion  of a - s u b s t i t u t e d  oximes  and hydroxylamine  
de r iva t ives  a r e  used  for  the i r  synthes is  [12, 14, 18-20].  In the p re sen t  rev iew,  the use  of a - h y d r o x y l -  
amino oximes  for  the synthes is  of imidazol ine and imidazole  N-oxides  and some p r o p e r t i e s  and reac t ions  
of the compounds obtained are  examined .  

P r e p a r a t i o n  o f  o z - H y d r o x y l a m i n o  O x i m e s  

A gene ra l  method for  the synthes is  of ~ - h y d r o x y l a m i n o  oximes  with an NHOH group at tached to a 
secondary  or t e r t i a r y  ca rbon  a tom (I) is the reac t ion  of d imer ic  olefin n i t rosoch lo r ides  (II) [21] with 
hydroxylamine  [1, 2, 6, 22]. 

0 NH2OH R~C=NOH 

C--NHOH / C ~ C l  / 

I I  I 

R=H, AIk, R', R"=H, AIk, Ar; R--W={CH2) n 

In a n u m b e r  of c a s e s ,  ~ - h y d r o x y l a m i n o  ox imes  can be obtained (as a mix ture  of s~m and anti i s o m e r s  
IH and IV) by reac t ion  of ~ - h a l o  ketones  with e x c e s s  hydroxylamine  [5]. 

NOH 
0 Br It NHOH HON NHOH 
tJ I N H 2 O .  if I IE I 

C~H~C--CHCH~ " C6HsC--CHCH 3 + C6H~C--CHC:H ~ 

I I I  IV  
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The introduction of a hydroxylamino group in the protected form [23] into the a-halo  ketone oxime 
molecule makes it possible to obtain pr imary  a-hydroxylamino oximes. Thus the action of anti-benz- 
aldoxime on a-halo  ketone oximes in the p resence  of sodium ethoxide gives nitrones V, which give ~ -  
hydroxylamino oximes VI on treatment with hydrazine [7]. 

NOH NOH NOH 

R--C~CH2Br ~ R--C--CH2--~J=CHC6H 5 ~ R--C--CH2NHOH 

O 
R = CH 3, C6H 5 V Vl 

Sheinbaum has proposed a method for the synthesis of a-hydroxylamino oximes by catalytic reduc-  
tion of a -n i t ro  oximes {VII}, which are formed during prototropic isomerization of the products {VIII) of 
addition of N203 to olefins [11]. 

I 1 CH--NO H + C=NOH H2 C=NOH 

H--NO 2 CH--NO 2 CH--NHOH 
I I 

L r' J2 r '  r' 

VIII VII 

Since the configuration of the oxime group depends mainly on steric factors [24], a-hydroxylamino 
oximes with an anti configuration of the oxime group are pr imari ly  formed in the synthesis. The syn 
isomer (Ill) can be converted to the anti isomer (IV) by the action of acid [25]. 

R e a c t i o n  of  a - H y d r o x y l a m i n o  O x i m e s  w i t h  A l d e h y d e s ,  

K e t c h e s ,  a nd  E t h y l  O r t h o f o r m a t e .  R i n g - C h a i n  T a u t o m e r i s m  

of  1 - H y d r o x y - A  3 - i m i d a z o l i n e  3 - O x i d e s  

anti-~-Hydroxylamino oximes react  with aldehydes, ketones, and ethyl orthoformate to give N-(2- 
oximinoalkyl)nitrones (A), 1-hydroxy-A3-imidazoline 3-oxides (B), or tautomerie mixtures of them. 
Nitrones A are the pr imary  products of these reactions.  In the absence of conjugation and steric hind- 
rance, the nitrone grouping interacts with the ster ical ly accessible nitrogen atom of the anti form of the 
oxime group to give cyclic products B [7, 9, 10]. 

.ON O=C( .ON C< 0-. N / 

~ C ~ c / N \ , o  H 
/ \  " \  /'-,. 

a B 

The reaction of ~-hydroxylamino oximes with benzaldehyde gives quantitative yields of N-(2- 
oximinoalkyl)-c~-phenylnitrones (IX) [6, 7, 26, 27]. The formation of stable nitrones IX is due to stabiliza- 
tion of the nitrone grouping by conjugation with the benzene ring. 

HON 
HON HON 

]1 = C6Hs~H - R = 'R--N~CH--C~H s a R=CH3CCH 2- b R C 

0 CH~ 
IX 

Heating of aliphatic-aromatie a-hydroxylamino oximes IV and VI with acetaldehyde [7, 9], acetone 
[28], or ethyl orthoformate [29] leads to 1-hydroxy-4-phenyl-&3-imidazoline 3-oxides (X-XID. Formation 
of a conjugated nitrone grouping as a resul t  of cyclization of the initially formed aliphatic nitrone (A) 
shifts the reaction to favor cyclic form (B). 

eON O..N_.__~, 
C s H s ' ~ N  ~'O It ' R 

CH~ R 
XI|  IV, VI X, X| 

P IV R~CHs~ VI R = H ;  X R = H ,  CH 3, R ' ~ H ;  XI R = R ' ~ C I t  3 
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Condensat ion of al iphatic  and acycl ic  a - h y d r o x y l a m i n o  ox imes  with a ldehydes and ketones  leads  to 
somewha t  d i f ferent  r e s u l t s .  Thus,  aceta ldehyde gives condensat ion products  XIII,  which ex i s t  as a mixture  
of two t au tomer ic  f o r m s  - N-(2-oximinoalkyl ) -c~-methyln i t rone  (A) and 1-hydroxy-A3- imidazol ine  3-oxide 
(B) - in solut ions [CHC13, CH3OH, and d imethyl  sulfoxide (DMSO)]. Th is  example  of r i n g - c h a i n  t a u t o m e r i s m  
is in te res t ing  in that  there  a re  ni trone groupings  in both the open and cycl ic  f o r m s  [30]. 

HeN NOH CH3 CH3 
]l CHaCHO tl O "" N--~""  H O \ N - ~ - ~ H  

P"--C--CH N H OH ~ R'--C--~H--~ =CHCH3 ~ - - ~ 1  R/,.~N....O H I I  J ---" Rz~'- ~ . . .o ,  
R R O R r  

A B1 B2 

Xli |a R=CH3; b R--R=(CH2)n 

Two f o r m s  of s ignals  of the CH3CB group are  obse rved  in the P1VIR s p e c t r a  of condensat ion products  
XIIIa ,b;  this a t tes t s  to par t ic ipa t ion  of two s t e r e o i s o m e r i c  cycl ic  f o rms  (B l and B2) [22] in the equ i l ib r ium.  
The ra t io  of the s ignals  of f o r m s  B 1 and B 2 of XIIIa  is 2 : 1 and r e m a i n s  unchanged at 30-90~ As the t e m -  
p e r a ~ r e  and po la r i ty  of the solvent  i n c r e a s e ,  the amount  of the open f o r m  i n c r e a s e s ,  and an inverse  l inear  
dependence of the loga r i thm of the cons tan t  of t au tomer i c  equi l ib r ium A ~ B on t e m p e r a t u r e  is obse rved .  
A d e c r e a s e  in the polymethylene chain of XIIIb a lso  leads  to an inc rease  in the amount  of the open fo rm.  
On the other  hand, the amount  of cycl ic  fo rm B that  pa r t i c ipa te s  in the equi l ib r ium i n c r e a s e s  as the num-  
ber  of subst i tuents  in the r ing  i n c r e a s e s :  when there  a re  four or  five subs t i tuents  p r e s e n t  in the r ing of 1- 
hydroxy-A3- imidazol ine  3-oxide,  the equi l ib r ium is shif ted comple t e ly  to favor  the cycl ic  fo rm,  and the 
fo rmat ion  of a mix tu re  of t au tomer ic  f o r m s  is obse rved  when there  a re  fewer  subst i tuents .  

a - H y d r o x y l a m i n o  oximes  with a t e r t i a r y  NHOH group r e a c t  with acetone to give s t e r i c a l l y  h indered 
1-hydroxy-A3- imidazol ine  3-oxides  (XIV) only under  more  seve re  condit ions - on heating in sea led  ampu le s .  
A m o r e  convenient  method for  the p r epa ra t i on  of s u c h c o m p o u n d s  is heat ing hydroxy lamino  oximes  with 
acetone diethyl ace ta l  [31, 32]. 

Bush and Str~tz have s i m i l a r l y  o b s e r v e d  that  a n t i - a - ( a r y l a m i n o )  oximes  (XV) r eac t  wi thbenzaldehyde 
and formaldehyde  to give 1 -a ry l imidazo l ine  ox ides  (XVI) [33]. 

N.~_+_CH a HOl~ RCHO O"~b: / R  

�9 ~ N H ~  0 C~H~--C--CH2 ~ i~, .~ '  ' N HAr Cells N~.A ~ R 8 " 

CH 3 CH 3 

XIV R=C6H 5.H,CH~ XV XVI R=C6Hs, H 

In 1970 Gnichtel  d e m o n s t r a t e d  that  p r i m a r y  a n t i - a - a m i n o  ox imes  ~CVII r e a c t  e x o ~ e r m i c a l l y  with 
aceta ldehyde and benzaldehyde in alcohol to give imidazol ine  oxides ( ~ ] I I )  [18]. Gnicht~l [18] explains  
the i r  fo rmat ion  by convers ion  of in te rmedia te  amino alcohol X]X to ca rbon ium ion XX, m which e l e c t r o -  
phflic a t tack at the n i t rogen a tom leads to r ing c los ing .  

/ R  
HeN [HeN C H O H  -O--N: § 

il R"CHO J II I i[ 1 J 0 ~- N ____..~R" 

R'  C H  a 

XVll XlX XX XVlll 

I~=CH 3. C6Hs; R'~CH 3. H; R"=CH 3. C~H~ 

A3-1midazoline 3-oxide de r iva t ives  XXI and XXII a re  fo rmed  in the r eac t i on  of a - a m i n o  ox imes  XVII 
with phosgene [20] and thiophosgene [34]. 

O R •  - ~ N H  XXI X=O.; R,R' ,R"=AIk; 

R' R" XXII X=S; R , R ' = A I k , ~ ;  R"=l~ 

Thus,  re  action of a - a m i n o  oxime s and a - h y d r o x y l a m i n o  oxime s with ca rbony l - c  ontaining compounds 
is a gene ra l  method for  the synthes is  of, r e spec t ive ly ,  A3-imidazol ine 3-oxides  and 1 -hydroxy-A3- imid  - 
azoline 3 -ox ides .  
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P r e p a r a t i o n  o f  I m i d a z o l e  a n d  2 H - I m i d a z o l e  N - O x i d e s  

f r o m  1 - H y d r o x y - A S - i m i d a z o l i n e  3 - O x i d e s  

1-Hydroxy-A3-imidazoline 3-oxides that contain one substituent in the 5 position undergo dehydra- 
tion to give imidazole and 2H-imidazole N-oxides. The process is facilitated on passing to acyl derivatives. 
Thus acetoxy derivative XXIII on standing, heating, or reaction with hydrogen chloride splits out a mole- 
cule of acetic acid to give 2,5-dimethyl-4-phenylimidazole 3-oxide (XXIV) [10, 35]. The action of hydrogen 
chloride on 1-hydroxy-A3-imidazoline 3-oxide (X) gives 2,4-dimethyl-5-phenylimidazole 3-oxide (XXV), 
which differs from XXIV only with respect  to the position of the N-oxide oxygen atom. Treatment of XXIV 
and XXV with PC13 gives 2,4-dimethyl-5-phenylimidazole (XXVI). 

O\NI I /CH~ -- O\N__ FCH3 
C6Hs/~N'OCOCH3 CsH~/NH 

CH s " ~H a 
XXIII XXIV 

- 

c0 c~. A~N. o 
CH 3 CH a 
X XXV 

N }/CH3 

C 6 H 5 ~  NH 
CH 3 

XXVl 

The formation of imidazole oxide XXIV is facilitated by pr ior  acylation, but the formation of iso- 
meric XXV can be explained by the fact that dehydration occurs in the protonated tautomeric N-hydroxy 
form (XXVII). 

~ " ~ F  "~"N-'----~ c"~ -.o. . ~ I"~ J+/o. xxv 
c~ c~ .~F -~k  . 

t i t  3 C I t  3 

X X V I I  

Compounds XXIV and XXV exist in solution as associates consisting of 7-9 monomeric imidazole 3- 
oxide molecules [10, 14, 36]. The formation of associates is due to the strong hydrogen bond between the 
N-oxide oxygen atom of one molecule and the hydrogen of the NH group of another molecule or, in the 
tautomeric form, between the hydrogen of the N-hydroxy group and the basic nitrogen atom [14]. Tautom- 
e r i sm of this form for imidazole and benzimidazole N-oxides depends on the solvents [37]. 

. . . . . .  = 

Similarly, the formation of isomeric imidazole N-oxides is observed for the product (XII) of con- 
densation of an ~-hydroxylamino oxime with ethyl orthoformate [29]. 

N-(2-Oximinoalkyl)-c~-phenylnitrones IX (see above) can also be the starting compounds for the 
synthesis of isomeric imidazole N-oxides [25]. 1-Benzoyloxy-5-methyl-2,4-diphenyl-A3-imidazoline 3- 
oxide (XXVII1) is formed when nitrone IXb is heated with benzoic anhydride. Treatment  of this compound 
with hydrogen chloride leads to 5-methyl-2,4-diphenylimidazole 3-oxide (XXIX), while nitrone IXb under 
the same conditions gives 4-methyl-2,5-diphenylimidazole 3-oxide (XXX). 

HN fC6H5 N]OH O~.N fC6H 5 
i. ~ - -  co.~--~--C.--N=C.Co.~-- tl N i. 

C6H5 ~ ~,o " ~ ~ C 6 H 5 f ~  "~OCOC6 H~ 
CH 3 0 ~ 

CH s CH s 
XXX IX b XxvIII 

O"..N_ __._{/C6 H5 

" C 6 H s ~ N  ~t 
CH 3 

XXIX 

In contrast  to acyl derivatives of 2-monosubstitu~ed 1-hydroxy-A3-imidazoline 3-oxides, the 2,2- 
disubstituted derivatives are more stable and do not change on heating to their  melting points, but they are 
deacylated by the action of hydrogen chloride. For example, 2,2,5-trimethyl-4-phenyl-2H-imidazole 3- 
oxide (XXXII) is obtained in quantitative yield from acetyl derivative XXXI. Under the same conditions, 
XI gives the isomeric 2,2,4-trimethyl-5-phenyl-2H-imidazole 3-oxide (XXXIII) [28]. Dehydration apparent- 
ly occurs in the protonated tautomeric N-hydroxyform,whichis  similar  to N-hydroxy form XXVII. 
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CH 3 
h !--CH 3 O""N ~H~H C"3 CHs O'S-N--  Jr--CH" O ~ . N - _ ~ C  H 

~ o . H  _ , . . . o .~T  ~ - -  i i - - U . .  ~ - -  I I  - ~ - -  H ..,, ' 
CH3 CH~ CH 3 CI1, 

x x x m  x, xxx~ x x x .  

In r e c e n t  yea r s  the attenUon of inves t iga tors  has  been drawn to the synthes is  of imidazole  N-oxides  
XXXIV by  reac t ion  of diketone monooximes  with a ldehydes and ammon ia  [38-41]. The fo rmat ion  of 2H- 
imidazole  N,N'-dioxide  (XXXV) was obse rved  in the reac t ion  of a diketone monooxime with a ketone oxime [42]. 

0 CH~ 
"~ I-~.., ~.~(=~o.~.~ .o~ ? ~..~.o ~ 

CH 3 R' 

XXXV XXXIV 
R = H, AIk, Ar 

R', R "=  AIk, A,r 

In a study of t h r e e - c o m p o n e n t  r eac t ions  of the Ri t te r  type it  was  found that  the reac t ion  of olefins 
and n i t rosy l su l fu r i c  acid in the p r e s e n c e  of al iphatic  n i t r i l e s  leads  to imidazole  N-oxides [43]. The p r i m -  
a ry  reac t ion  products  a re  imidazole  N-oxides XXXVI and ~ - s u l f a t o o x i m e s  XXXVrr, which then i n t e r r e a c t  
to give 1 - (~ -ox iminoa lky l ) imidazo le  3-oxides  (XXXVIII). 

R--CH NOHSO 4 R--CH--NO HSO 4- R--C=NOII 
II - -  R - - I H  + C  I ~--CH R--CHOSO3H 

0-,,. ,,.'R' 
N ~  NOH 

R / ~ .  ~NH XXXVIII R--CH~N~C--R' 

R 

XXXVI R=AIk; R'=A|k, Ar 

A s i m i l a r  method is the reac t ion  of olefins with n i t ro sy l t e t r a f luo robora t e  in the p r e sence  of n i t r i l e s  
[36]. The subsequent  action of l i thium a luminum hydride leads to imidazole  XXXIX. 

R-c.=c.~ No/,% ~o + ,R;CN"~ . ~-----"F'~' 

BF~ R " 

XXXIX 

Thus,  in contras t  to other  methods ,  the use  of  l - h y d r o x y - A 3 - i m i d a z o l m e  3 -ox ides  m a k e s  it poss ib le  
to obtain i s o m e r i c  pairs  of  imidazo le  and 2 H - i m i d a z o l e  N-o•  f r o m  a s ingle  compound.  

P r e p a r a t i o n  a n d  C o v a l e n t  H y d r a t i o n  o f  

4 H - I m i d a z o l e  N - O x i d e s  

1 -Hydroxy-A3- imidazo l ine  3-oxides  have a lso  been used for  the syn thes i s  of 4H- imidazole  N-oxides  
[44]. The dehydrat ion of 5 ,5-disubs t i tu ted  1-hydroxy-AS- imidazol ine  3-oxides  by the act ion of hydrogen 
chlor ide  or  alkal i  could not be accompl i shed .  However ,  heating of acyl de r iva t ives  XLa,b  in vacuo leads 
to 2 , 4 , 4 - t r i m e t h y l - 5 - p h e n y l -  and 2 ,4 ,4 ,5 - t e t r ame thy l -4H- imidazo l e  1-oxides  (XLIa,b).  

4H-Imidazole  N-oxides  XLIa ,b  r e a c t  with aqueous a lka l ies  with r ing opening to give (~-acylamino 
ketone oximes  XLIIa ,b ,  apparen t ly  through a s tep  involving the enol f o r m  (XLIII) of the amide [44]. 

I ~I0\/C.H~ 

R~./~..OCOR; : | II II 

CH3 CH3 CH 3 C"s L C.~ C.~ 
XL a, b XLI a, b XLIII 

HON 
B 

R / C \ c / N  HCOCH3 
/ \  

CH 3 CH 3 

XLII a, b 

R'=CH3.CIH3; a R=C6tt3; b R CH 3 

When hydrogen chlor ide is p a s s e d  into an e the r  solution of XLIa ,b ,  a molecule  of wa te r  is added to 
give subst i tu ted  1 ,5 -d ihydroxy-2 - imidazo l in ium chlor ides  (XLIVa,b). T r a c e s  of mo i s tu re  a re  apparen t ly  
suff icient  for  the i r  fo rmat ion  [45]. Under the s ame  conditions in alcohol solution,  XLIa  adds a molecule  
of alcohol .  
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HO~.N /C|13 O'% ~j._~.,/C H a 
HCI .c , ,§  

NaOH(-H2O) 
%H s" /~ cI / \  

CH 3 GH 3 CH 3 CH a 

XLIV C XL1 

a R=CeHs; b R=CH3 

ltO \ N.._..:=.~--~r lis 

R / / ~  CI 
CH~ EH 3 

XLIV 

Simi la r ly ,  the action of hydrogen chloride on 4H- imidazole  XLV, 4H-imidazole  3-oxide XLVI, and 
4H-imidazole  1,3-dioxide XLVII g ives  hydrat ion products  - 2 - imidazol in ium chlor ides  XLVII I -L  [45]. 

C 6 H 5 ~  cHa Cell5 , R  "N ~--~/CH'7,V N / ~  , 
HCI . . 0 ~ |  

(+1.1=O) 
CH a CH 3 C~1t ~ ~CH 3 R 

XLV X=X'=N; XLVII, R=R'=EI; 

XLVI X=N,X'=N--O; XLIX R=fl, R'=OI'I; 

XLVII X=X'=N--O;  L R=R'=OH 

The well-known phenomenon of covalent  hydrat ion of he te rocyol ic  cat ions [46, 47] has  not been p r e -  
v ious ly  obse rved  in imidazole  de r iva t ives .  Recently,  in a study of r ing-expans ion  reac t ions ,  Leonard  ob- 
s e rved  that  3 , 3 - d i m e t h y l - 2 - p h e n y l - l - a z i r i n e  (LI) r e ac t s  with ace toni t r i le  in the p re sence  of pe rch lo r i c  
acid to give,  r a t h e r  than 2 ,4 ,4 - t r ime thy l -5 -pheny l -4H- imidazo le  pe rch lo ra t e  (LID, the hydrat ion product ,  
i .e . ,  5 -hyd roxy -2 ,4 ,4 - t r ime thy l -5 -pheny l -2 - imidazo l in ium perch lo ra te  (LIiIa) [48]. When LIIIa is heated 
in alcohol,  ethoxy der iva t ive  LlIIb,  which is s i m i l a r  to XLIVc, is fo rmed .  

C•H3 
~+..J% . 

C 6 H 5 / ~  ClO4"" I~ ~<. c '~  ,N. 
I~ cus c% j c% CH~ 

LII LIII a R=H;b R=CgH 5 

The hydrat ion reac t ion  begins with the fo rmat ion  of a he te rocyc l ic  cat ion (LII, for example) ,  which 
then adds a wa te r  molecule  to give a s t ruc tu re  that  is s tabi l ized by charge  delocal izat ion in the amidinium 
f ragmen t  of the molecu le  [47]. 

Depending on the condit ions,  the isolat ion of the f ree  base  f rom sa l t  XLIVa gives di f ferent  products .  
When the sa l t  is added to a sodium hydroxide solution, 4H- imidazole  1-oxide XLIa  is r egene ra t ed .  C a r e -  
ful neut ra l iza t ion  of an alcohol or aqueous solution of sa l t  XLIVa at - 5  to 0 ~ gives a cova len t -hydra t ion  
product  in the f ree  s tate  - 1 ,5 -d ihydroxy-2 ,4 ,4 - t r ime thy l -5 -pheny l -2 - imidazo l ine  (LIVa). S imi la r  c o m -  
pounds (LIVb-d) a re  fo rmed  when sa l t s  XLVII I -L  are  neut ra l ized  under  the same  conditions [49]. The 
imidazol in ium chlor ides  are  r e g e n e r a t e d  by the action of hydrochlor ic  acid on LIVa-d .  

Hydroxyimidazol ines  LIVa-d  are  r e l a t ive ly  s table  in the c rys ta l l ine  s ta te .  Re fluxing a solution of 
LIVb in ethyl a c e t a t e -  alcohol (10 : 1) does not lead to change s, while 2 - a c e t a m i d o - 2 - m e t h y l - l - p h e n y l - 1 -  
propanone (LV) is fo rmed  in aqueous solut ion.  When LIVc is allowed to stand or is heated,  a wa te r  m o l e -  
cule is  spl i t  out, and 4H- imidazole  3-oxide XLVI is r egene ra t ed .  

H 

c0.~C-~C--N.COC.~ ~c. /~ .~x c0.~ 
ClinCH 3 6 5 / \  / \  

CH 3 CH~ CH 3 CH 3 

LV L l v b  X=N;  C X = N ~ O  XLVI 

When solutions of 1 ,5 -d ihydroxy-2- imidazo l ines  LIVa,d are  heated br ie f ly  or are  allowed to stand 
for  a few hours  at 20 ~ the r ing is expanded to give 3 - h y d r o x y - 4 , 4 , 6 - t r i m e t h y l - 3 - p h e n y l - 2 , 3 - d i h y d r o - 4 H -  
l~2,5-oxadiazine and -oxadiazine 5 oxides (T,VIa,b) [49]. The reac t ion  apparen t ly  c o m m e n c e s  with a t tack 
on the 2-posi t ion of the imidazoline by the oxygen of the N-hydroxy group with synchronous  c leavage  of 
the C - N bond. 

H O \ N ~  ~ CH 3 CH 3 H N/O~/ch3 
HO-..'~ -~"~ -- HO 

% H s / ~  x'~ |%H 5, / \  | 
CH3 CH 3 L CH;3 CH~ J CH 3 CH 3 

L i r a  X = N ; d  X = N ~ O  LVI a X=N;  b X = N ~ O  
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Thus covalent  hydrat ion is apparent ly  ch a r ac t e r i s t i c  for  4H-imidazoles  and thei r  mono-  and N,N'-  
dioxides.  However ,  the p rope r t i e s  of the hydrat ion products  depend substant ia l ly  on the p re sence  and 
posi t ion of an oxygen-containing function. 

In 1972, there  appeared  a communicat ion by Gnichtel  and c o - w o r k e r s  regarding  the format ion  of 4H- 
imidazole  1-oxide XLIb on react ion of a - a m i n o  oxime XVII with ethyl or thoformate  [19]. Compound XLIb 
is r ead i ly  d imer i zed .  

CH3 CH30-.. 
HON ~1 CH~C(OC2Hs)3 "" "' ~ N--~ /C t t~  

~ r~ II"C"3~c~S'l t ' i- I I  /C--C--NH 2 

cua / \  T cH~/"--C.~ CH 3 CH 3 CH~"~. ~ N N~/N~-o-  ~../~x,/N 

CH 3 CH~ CH 3 CH 3 

XVII XLI b 

When 2-oxo-A3-imidazol ine 3-oxide LVII is heated it gives oxazir idine der ivat ive  LVIII [20]. 

C C% Nu 

CH 3 CH 3 ~ [ t  3 

LVII LVIIi 

S y n t h e s i s  a n d  P r o p e r t i e s  o f  S t a b l e  I m i n o x y l  

R a d i c a l s  of  A 3 - I m i d a z o l i n e  3 - O x i d e s  

The extensive development  of the c h e m i s t r y  of stable iminoxyl radica ls ,  the functional der iva t ivesof  
which find application as spin labels for  biological  sys tems  [50, 51], began 60 yea r s  ago. The s tabi l i ty  of 
rad ica ls  of this form makes i t  possible to use them as s t ab i l i ze r s ,  antioxidants,  paramagnet ic  s tandards ,  
e tc .  [50]. The methods for  the synthes is  of these compounds are  based on catalyt ic  oxidation of s t e r i ca l ly  
h indered amines under  re la t ive ly  seve re  condit ions;  this leads to dest ruct ion of the reac t ive  functional 
groups .  Oxidation of s t e r i ca l ly  h indered  hydroxylamine der iva t ives  is a mi lder  method for  the generat ion 
of such rad ica l s ,  but up until now d i rec t  methods for the synthesis  of such compounds have not been worked 
out. 

Oxidation of s t e r i ca l ly  h indered  1-hydroxy-A3-imidazol ine  3-oxides XIVa-c with lead dioxide in 
benzene or e the r ,  s i lve r  oxide in ammonium hydroxide ,  or other  suitable oxidizing agents p roceeds  smooth-  
ly  to give stable iminoxyl rad ica ls  LIXa-c [31, 32, 52]. Radicals  LIXa-c are  stable with r e s p e c t  to aque-  
ous alkali  solutions,  a re  decomposed by acids ,  and are  reduced  with hydrazine  to the s tar t ing compounds.  

R. .___NIO Pb02 R x,_~_ . 70  
CH3\~ - - ' ~CH3  C , 3 \ ] - -  ::7~,,c. a 
CH / ~ " ~ / \ C H 3  NH2NH2 CH3/ '~N' / \CH 3 

OH O' 
XIv a--C LIX a-C 

a R=C6Hs; b R=CH3: C R :H 

1,3-Addition reac t ions  are  cha rac t e r i s t i c  for  the nitrone grouping [27]. The addition of a Grignard 
reagen t  to rad ica l s  LIXa,b, which contain this grouping, should have led, with retent ion of f ree  valence 
[50], to rad ica ls  with a higher  degree  of subst i tut ion.  Reaction of rad ica l  LIXa with an equimolecular  
amount  of methylmagnes ium iodide gave 1-methoxy-2 ,2 ,5 ,5- te t ramethyl -4-phenyl-A'~- imidazol ine  3-oxide 
(LX) and (XIVa). T h e u s e  of excess  Gr ignard  reagen t  and ca r ry ing  out the reac t ion  and isolat ion of the 
products  in an iner t  a tmosphreg ives  1 ,3-dihydroxy-2 ,2 ,4 ,5 ,5-pentamethyl -4-phenyl imidazol id ine  (LXI) 
and 1-hydroxy-3-methoxy-2 ,2 ,4 ,4 ,5 -pen tamethyl -5-phenyl imidazol id ine  (LXII) [53]~ The reac t ion  com-  
mences  with attack on the rad ica l  cen t e r  by the Gr ignard  reagent  [54] with subsequent addition at the 
ni t rone grouping.  The hydroxy der iva t ives  are  oxidized to radica ls  LXIII and LXIV on standing in a i r  and 
during chromatographic  purif icat ion.  React ion of rad ica l  LIXb with methylmagnes ium iodide gives s imi la r  
products .  
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C~II 5",,F.~ N /0  CIi3Mg I 

I 
O" ,i 

LIX a 

CH3 O' 
CsHS~N~, ~ 

I 
OCH s 

LXIV 

+ %.N-"R " ~  

I . I I 
OCH 3 OMgl OH 

LX XIV a Icu#g, /c"~ Mg' 
HOH ~,HOH 

cH 3 CIt 3 t i t ,  
C H -J.I-~---N/OH ~ . ~ . / O H  

�9 I t 
OCH 3 OH O" 

LXII LXI LXlll 

The p r e se nce  in XIVb,c of a ni trone grouping was used  to obtain &3-imidazol ines  and &3-imidazoline 
3-oxides  with di f ferent  functional groups,  the oxidation of which gives  a new s e r i e s  of s table iminoxyl 
rad ica l s  [55, 56]. 

React ion of 1-hydroxy-A3- imidazol ine  3-oxide XIVc with aqueous po tass ium cyanide solution gives 
1 - h y d r o x y - 2 , 2 , 5 , 5 - t e t r a m e t h y l - 3 - i m i d a z o l i n e - 4 - c a r b o x a m i d e  (LXV). Oxidation of amide LXV gives a 
s table radica l ,  the hydro lys i s  of which with alkal i  g ives  a rad ica l  acid,  which was i so la ted  as sa l t  LXVI. 
Complexes  with Cu 2+, Ni 2+, CrC12+ with re tent ion of the r ad ica l  cen te r  were  obtained when this compound 
was used as a ligand [55, 57]. 

. ~ N ~ . o  co~.~ N CO0~N O~c/O~~ 

I I 1 , 
OH OH O' O' 

XIV n LXV LXVI LXVII Me =Cu, Ni, CrCI 

A methyl  group in the 4 posi t ion of &3-imidazoline 3-oxide,  i .e . ,  in the a - p o s i t i o n  of the ni trone 
grouping,  has  p r o p e r t i e s  that  a re  s i m i l a r  to those of methyl  groups in the o-  and p-pos i t ions  of a romat i c  
N-oxides ,  which a re  capable  of reac t ing  with e lec t rophi l ic  r eagen t s  in the p r e s e n c e  of bases  [12, 13]. 
T r e a t m e n t  of XIVb in alkaline solution with benzaldehyde gives s ty ry l  der iva t ive  LXVIII [56]. React ion of 
XIVb with amyl  ni t r i te  in the p r e s ence  of sodium amide gives  a n i t rosa t ion  product  - 4 -ox iminomethy l -  
2 ,2 ,5 ,5 - te t ramethy l -A3- imidazo l ine  3-oxide (LXIX). Under  the s ame  conditions,  react ion  with n i t robenz-  
ene gives the ethylene der iva t ive  (LXX), poss ib ly  through a s tep involving the fo rmat ion  of a ca rbene  [13]. 
Oxidation of LXVIII-LXX gene ra t e s  s table iminoxyl  rad ica l s  LXXI-LXXIII .  

R ~ N / O  R . , ~ N , ) ' O  

C H s ~ N . , ' O  t I 
o ~  o. 

LXVIII, LXIX LXXI, LXXII 
, \ 

OH 

x I V b  

F 1 

LXX LXXIII 
LXVIII, LXXI R=C~H~CH:Cfl; LXIX, LXY~II R ~ HON:CH 

T r e a t m e n t  of XIVb with alkaline b romine  solution gives t r i b r o m o m e t h y l  der iva t ive  LXXIV, which 
gives  acid LXXV on alkaline hydro lys i s  [56]. 

C'~-~-~ N -"0 NaOH C'~-~-N/0 

O" 

LXXIV LXXV 

It  should be noted that  r eac t ion  of c~-hydroxylamino ketones ,  f o rmed  in the acid hydro lys i s  of a -  
hydroxylamino oximes  [58], with ketones and ammonia  makes  it  poss ib le  to obtain 1 -hydroxy-A3- imid  - 
azol ines  LXXVI without an N-oxide oxygen; oxidation of LXXVI gives s table  iminoxyl  r ad ica l s  LXXVII [59]. 
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R\c/~O 
O=C<,, R ' . R  R N R N 

c . , / \ N . o .  N., c., / "~" \R" C.,/ "~" \R' 
OH O" 

R=C6Hs. CHs; R '=  AIk LXXVI LXXVll 

Thus the accessibility of oz-hydroxylamino oximes and the simplicity of their conversion to 1- 
hydroxy-A3-imidazoline 3-oxides, which are the starting materials for the preparation of isomeric imid- 
azole and 2H- and 4H-imidazole N-oxides and iminoxyl radicals, opens up new possibilities for research 
on imidazole and imidazoline derivatives and stable radicals .  
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