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The reaction of anti-c~-hydroxyamino oximes with ketones gives sub- 
stituted l-hydroxy-3-imidazoline 8-oxides. The action of hydrogen 
chloride on the latter and on their acetyl derivatives leads to the 
isomeric 2-isoimidazole N-oxides differing by the position of the 

N-oxide oxygen in the isoimidazole ring. The structure of the latter 
compounds has been established by means of IR, UV, and PMR spectra 
and has been confirmed by independent synthesis. 

I t  has  been shown p r e v i o u s l y  [2] that  the d i r e c t i o n  
of the r e a c t i o n  of c~-hydroxyamino ox imes  with a l i -  
pha t ic  a Idehydes  depends  on the conf igura t ion  of the 
ox ime  group:  the syn i s o m e r s  g ive  d e r i v a t i v e s  of 4H- 
1 ,2 ,  5 - o x a d i a z i n e  and the a n t i - i s o m e r s  d e r i v a t i v e s  of 
3 - i m i d a z o l i n e - 3 - o x i d e .  The  l a t t e r ,  under  c e r t a i n  con-  
d i t ions ,  a r e  c o n v e r t e d  into the i s o m e r i c  i m i d a z o l e  
N - o x i d e s  d i f f e r ing  by the pos i t ion  of the N - o x i d e  oxygen 
in the i m i d a z o l e  r i n g  [3]. 
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F i g .  1. IR s p e c t r a [ n K B r :  1)II ,  2)III ,  3) IV, 

4) VIII.  

In the p r e s e n t  w o r k  we have s tud ied  the c o n d e n s a -  
t ion of a n t i - c ~ - h y d r o x y a m i n o  o x i m e s  with ke tones .  The  
r e a c t i o n s  of N-(  1- a n t i - h y d r o x y i m i n o -  1 -pheny l -2 -  
p r o p y l ) h y d r o x y l a m i n e  (I) with a c e t o n e ,  me thy l  e thyl  

ketone,  and cyc lohexanone  gave  the c o l o r l e s s  c r y s t a l -  
l ine  s u b s t a n c e s  II, III,  and IV, c o r r e s p o n d i n g  in c o m -  
p o s i t i o n  to the p r o d u c t s  of the condensa t ion  of compound 
I and the c o r r e s p o n d i n g  ke tone  with the e l i m i n a t i o n  of 

a m o l e c u l e  of w a t e r .  
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* F o r  c o m m u n i c a t i o n  IX, s e e  [1]. 

The  UV s p e c t r a  of II, III, and IV a r e  i den t i ca l  with 
one ano the r  and a r e  s i m i l a r  to the UV s p e c t r a  of N- 
me thy l -c~-pheny ln i t rone ,  which shows the p r e s e n c e  in 
them of the pheny ln i t rone  g rouping  0 ~ N~C--C(;H~ [2] 

The  IR s p e c t r a  of t he se  compounds  (II, III,  and IV) 
have in t ense  a b s o r p t i o n  bands at  1205, 1208, and 

30  
2~o 3oo ~., n m  

Fs 2. UV s p e c t r a  in ethanol :  
1)X, 2) V, 3 )XIV.  

1203 c m  -1, r e s p e c t i v e l y  (F ig .  1), which can be a s -  
s igned  to the s t r e t c h i n g  v i b r a t i o n s  of the s e m i p o l a r  
N - -  O bond (cf .  [4]). The  b r o a d  a b s o r p t i o n  bands with 
m a x i m a  at  3180, 3190, and 3240 cm -1, r e s p e c t i v e l y ,  
show the p r e s e n c e  of an OH group  p a r t i c i p a t i n g  in a 
hydrogen  bond. In the IR s p e c t r a  of the ace ty l  d e r i v a -  
t i ve s  of II and IV (V and VI), this  band has  d i s a p p e a r e d  
and the bands  of the e s t e r  g r o u p i n g - - C O - - O - - a t  1220 
and 1765 and at  1225 and 1775 cm -1, r e s p e c t i v e l y ,  
have a p p e a r e d .  The  IR s p e c t r a  of the a c e t y l  d e r i v a -  
t ives  V and VI a r e  p r a c t i c a l l y  i den t i ca l  wi th  t hose  

of II and IV. 

F i g .  3. PMR s p e c t r a  in CDCI~: 
1) X, 2) XI .  

A c o n s i d e r a t i o n  of the s p e c t r a l  c h a r a c t e r i s t i c s  and 
the r e s u l t s  of e l e m e n t a r y  a n a l y s i s  has  p e r m i t t e d  c o m -  
pounds IT, III,  and IV to be a s s i g n e d  the s t r u c t u r e s  1- 
hydr  o x y - 2 , 2 , 5 -  t r i m e t h y l - 4 - p h e n y l - ,  1 - h y d r o x y - 2 -  
e t h y l - 2 , 5 - d i m e t h y l - 4 - p h e n y l - ,  and 1 - h y d r o x y - 5 -  
m e t h y l - 2 , 2 - p e n t a m e t h y l e n e - 4 - p h e n y l - 3 - i m i d a z  ol ine  
3 - o x i d e s  and V and VI the s t r u c t u r e s  of the O - a c e t y l  

d e r i v a t i v e s  of II and IV.  
I t  was to be expec t ed  that  o the r  a n t i - o z - h y d r o x y -  

amino  o x i m e s  would a l s o  g ive  condensa t ion  p r o d u c t s  
of ana logous  s t r u c t u r e  with k e t o n e s .  In fact ,  the r e -  
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Tab le  1 

1 -Hydroxy  3 - i m i d a z o l i n e  3-Oxides  and The i r  A e e t y l - D e r i v a t i v e s  

Corn 2 
pound 

II 
Ill 
IV 
V 

VI 
VIII 

IX 

Empirical 
Mp, "C i formula I 

148--150 { CI~H16N202 
123--125 / C~3HIsN202 
184--186 I C15H2o N202 
112--114 I CI4HIaN2Oa 
133--135! CITH2~ N203 
191--193 C17H2~N202 
139--141 C~oH24N~Oa 

65,6; 66.1 
66.4; 66.3 
69,4; 69.6 
64 4; 64 3 
67.8; 67,8 
71.5; 71.7 
69,3; 69,4 

Found, % Calculated % 
H N C H N 

7,4; 7.5 
7,7; 7.9 
7,4; 7.4 
7.3; 7.1 
7 5; 7,6 
7.7; 7,7 
7.2; 7,2 

t2.4; 12,6 
11.8; 12.0 
10.5; 10.8 
l 1,0; 11 0 
9.4; 9.6 
9.9; 10.0 
8.3; 8.3 

65.5 7,3 
68.8 7,7 
69.4 7.7 
64.1 6.9 
67.8 73 
71 ~3 73 
69.6 7,3 

12,7 
11.9 
i0.8 
10,7 
9.3 
9.8 
8,5 

act ion of N - ( 1 - h y d r o x y i m i n o - 2 , 3 - b e n z o c y c l o h e p t - 7 -  
y l )hydroxy lamine  (VII) with cyc lohexanone  gave  a con-  
densa t ion  product  with the compos i t ion  C l~H22N 2C h 
(VIII) to which, on the bas is  of a cons ide ra t ion  o f  the 
IR s p e c t r u m  (1176 cm -1, N ~ O) and UV s p e c t r u m  

(kma x 296 nm, l o g s  4.08), the s t r u c t u r e  of 1 -hydroxy-  
2 , 2 , p e n t a m e t h y l e n e - 2  ', 3 ' - benz  oeycl  opentane 
[7',  U: 5,4] 3 - i m i d a z o l i n e - 3 - o x i d e  has been ass igned .  
The  t r e a t m e n t  of VIII with ace t i c  anhydr ide  led to the 
O - a c e t y l  d e r i v a t i v e  IX. 

O ~ N _ _ C / ' ~  . oN  i~ ~ _ . /  
~NHOH ~ 

\ O H  

VII VIH 

0 ~ h / - - C / - ~  

~/" \OOCCH 3 

IX 

Under the action of dilute hydrochloric acid in the 
presence of 2,4-dinitrophenylhydrazine, compound II 
was readily hydrolyzed, giving acetone 2,4-dinitro- 
phenylhydrazone and the initial ~-hydroxyamino oxime 
I.  I t  was not p o s s i b l e  to spl i t  off ace t i c  acid by heat ing 

V in vacuum to the me l t i ng  point (cf.  [5]), but the t r e a t -  
men t  of e thanol ie  so lu t ions  of V and VI with hydrogen 
ch lo r ide  led to compounds  X and XI, the compos i t i ons  

of which c o r r e s p o n d e d  to the p roduc t s  of the e l i m i n a -  
tion of a m o l e c u l e  of ace t i c  acid f r o m  V and VI. 

The  IR s p e c t r a  of X and XI (in CCI~) lack  abso rp t ion  
in the reg ion  of the s t r e t c h i n g  v ib ra t ions  of a hydroxy 
group.  Compounds X and XI have s i m i l a r  UV s p e c t r a  

which d i f fer  c o n s i d e r a b l y  f r o m  the s p e c t r a  of the in i -  
t ia l  V and VI (F ig .  2). However ,  whi le  the t r an s i t i on  
f r o m  1 -ace toxy-2 ,  5 - d i m e t h y l - 4 - p h e n y l -  3 - i m i d a z o l i n e  
3- oxide (XII)~to 2, 5 - d i m e t h y l - 4 - p h e n y l i m i d a z o l e  3- 

oxide (XIII) is a ccompan ied  by the c o m p l e t e  d i s a p p e a r -  
ance of the l ong -wave  band with Xma x 290 nm 

( l o g s  4.19) [5], c o r r e s p o n d i n g  to the absorp t ion  of the 

O-*--N=C--C6Hs, grouping,  in the UV s p e c t r a  of X and 
I ] 

x I  the absorp t ion  in this reg ion  is  p r e s e r v e d  (Fig .  2). 
This  is apparen t ly  due to the fact that compounds X 
and XI r e t a in  the chromophor ic  sy s t em of the phenyi-  
n i t rone  grouping.  

In the PMR s p e c t r u m  of X (Fig.  3), r eco rded  for a 
30% solut ion in CDC13, there  a re  two wel l -def ined  
s ing le t s  at 8.51 and 7.62 ppm [the chemica l  shif ts  of 
the pro tons  a r e  given on T i e r s '  scale] and a complex 
band with a cen te r  at 2.44 ppm with an in tens i ty  ra t io  
c lose  to 6 : 3 : 5 .  The band  at 8.51 ppm c o r r e s p o n d s  to 
the six hydrogen a toms of two methyl  groups  at tached 
to c a r b o n  atom 2, that at 7.62 ppm to the three  hydro-  
gen a toms of the s ing le  methyl  group at tached to c a r -  
bon atom 5, and that at 2.44 ppm to the five hydrogen 
a toms of the phenyl  r e s i d u e .  In  the PMR s p e c t r u m  of 
XI (Fig.  3) taken under  the s ame  condi t ions  there  is a 
broad band of the ten hydrogen a toms of the cyclohex-  
ene r ing  at 8.22 ppm, a wel l -def ined  s ingle t  of the 
th ree  hydrogen a toms of the methyl  group at 7.50 ppm, 
and a complex band of the five a r o m a t i c  hydrogen 
a toms at 2.59 ppm. 

On the bas is  oi the i r  e l e m e n t a r y  ana lyses  and IR, 
UV, and PMR spec t r a ,  i t  may be concluded that X has 

the s t r u c t u r e  of 2,2, 5 - t r i m e t h y t - 4 - p h e n y l - 2 - i s o -  
i m i d a z o l e  3 -ox ide  and XI that of 5 - m e t h y l - 2 , 2 - p e n t a -  
m e t h y l e n e - 4 - p h e n y l - 2 - i s  o - i m i d a z  ole 3 -ox ide .  

0 ~ N ~ C ( / R  N- ' - 'C /R  
Jl I N r  r[ i 

covi~ C..c~ ~ "~' c ~ : , c . c 4 N x  o 
I I 
CH 3 CH 3 

g R = r '  = Ctt 3 XlV R - R' = CH 3 
X[ RR':~ (--CH2--)5 XV R~' = (--CH2--) 5 

O~N C--CH~ 

CsH~C~c~N H 

CH~ 

X l l l  

In s tudying the conve r s ion  of hydroxy imidazo l ine  
N-oxides  into 2 - i s o - i m i d a z o l e  N-oxides ,  we t rea ted  

Tab le  2 

G e m -  iM 
pound P' ~ C 

X ] 77--79 
x i [  78-80 

XIV ] 83--85 
XV ~ 76--78 

XVIII 128--130 
XIX 138--140 

2-1so imidazo le  N-Oxides 

Empirical 
formula 

C12H14N~O 
C15HlaN20 
CI2HI4N~O 
CIsHtsN~O 
CIrH~oN~O 
CIrH~oN~O 

71.2; 71.5 
74.0; 74.2 
71.3; 71.4 
74,0; 74.1 
760; 76.1 
76.0; 76.2 

Found, % 
. ! 

13.9; 14.2 
11.5; 11.6 
13.7; 13.8 
11,5; I 1,6 
10.3; I0.6 
10.4; 10.4 

Calculated, % 

7.0; 7.1 I 
7.5; 7.6 
7.0; 7,0 
7.5; 7.6 
7,3; 7.5 
7.4; 7.7 

C H 

71.2 7.0 
74.4 7.4 
71,2 7.0 
74.4 7,4 
76.2 7.5 
76.2 7,5 

I N 

13.8 
lt.6 
13,8 
11,6 
10.4 
10,4 
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a n  e t h a n o l i c  s o l u t i o n  of t h e  u n a c y l a t e d  c o m p o u n d  II 

w i t h  h y d r o g e n  c h l o r i d e  and  o b t a i n e d  c o m p o u n d  XIV,  
w h i c h  had  t he  s a m e  c o m p o s i t i o n  a s  X bu t  d i f f e r e d  f r o m  
i t  in  r e s p e c t  of m e l t i n g  p o i n t  and  IR and  UV s p e c t r a ,  
S i m i l a r l y ,  f r o m  IV we  o b t a i n e d  c o m p o u n d  XV,  w h i c h  
a g a i n  d i f f e r e d  f r o m  X I  in  i t s  m e l t i n g  p o i n t  a n d  s p e c t r a l  
c h a r a c t e r i s t i c s .  

T h e  IR s p e c t r a  of X I V  a n d  X V  ( in  CCl~) l a c k e d  a b -  

s o r p t i o n  in  the  r e g i o n  of t h e  s t r e t c h i n g  v i b r a t i o n s  of a 

f r e e  h y d r o x y  g r o u p .  T h e  UV s p e c t r a  of X I V  a n d  X V  

( F i g .  2) w e r e  p r a c t i c a l l y  i d e n t i c a l  w i t h  o n e  a n o t h e r ,  

bu t  d i f f e r e d  b o t h  f r o m  t he  s p e c t r a  of t h e  i n i t i a l  c o m -  
p o u n d s  lI  and  IV and  f r o m  t h e  s p e c t r a  of i m i d a z o l e  
N - o x i d e s  [5] .  T h e  P M R  s p e c t r u m  of X I V  w a s  s i m i l a r  
in  r e s p e c t  of t he  p o s i t i o n  of  t he  b a n d s  (8 .43 ,  7 .68 ,  a n d  

2 .36  p p m )  a n d  in  t he  r a t i o  of t he  i n t e n s i t i e s  (6 :  3:  5) 
to  t h e  P M R  s p e c t r u m  of  X .  T h e  PNI.R s p e c t r u m  of  X V  

(8 .16 ,  7 .74 ,  a n d  2 .44  p p m ,  r a t i o  of i n t e n s i t i e s  10:  3 :  5) 

w a s  l i k e w i s e  s i m i l a r  to  t he  P M R  s p e c t r u m  of XI .  

On t h e  b a s i s  of  w h a t  h a s  b e e n  s a i d ,  i t  m a y  b e  c o n -  

c l u d e d  t h a t  XIV  a n d  X V  a r e  i s o m e r s  of X a n d  XI  r e -  
s p e c t i v e l y ,  a n d  d i f f e r  f r o m  t h e m  o n l y  b y  t h e  p o s i t i o n  

of  t h e  N - o x i d e  i n  t h e  i s o i m i d a z o l e  r i n g .  C o n s e q u e n t l y ,  

X I V  h a s  b e e n  a s c r i b e d  t h e  s t r u c t u r e  of  2, 2 , 4 - t r i m e t h y l -  

5 - p h e n y l - 2 - i s o i m i d a z o l e  3 - o x i d e  a n d  X V  t h a t  of 4 -  

m e t h y l - 2 , 2 - p e n t a m e t h y l e n e -  5 - p h e n y l -  2 - i s  o i m i d a z o l e  
3 - o x i d e .  

XV|II X~X 

A n a l o g o u s l y ,  f r o m  IX w e  o b t a i n e d  2, 2 - p e n t a m e t h y l -  

l e n e - 2 ' ,  3 ' - b e n z o c y c i o p e n t a n o - [ 7 ' ,  1':  5 , 4 ] - 2  - i s o i m i d a -  

z o l e  3 - o x i d e  (XVIII )  a n d  f r o m  (VIII)  2 , 2 - p e n t a m e t h y -  
l e n e - 2  ' ,  3 ' - b e n z  o c y c l o h e p t a n o [  7 ' ,  1 '  : 4, 5 ] - 2 - i s  o i m i d a -  

z o l e  3 - o x i d e  (XIX) .  

T h e  2 - i s o i m i d a z o l e s  h a v e  b e g u n  to a t t r a c t  a t t e n t i o n  

o n l y  c o m p a r a t i v e l y  r e c e n t l y  [6], a l t h o u g h  t h e y  h a v e  

b e e n  p o s t u l a t e d  a s  i n t e r m e d i a t e s  in  the  f o r m a t i o n  of  

N - s u b s t i t u t e d  i m i d a z o l e s  [7] .  T h e r e  i s  s t i l l  l e s s  i n f o r -  

m a t i o n  in  t h e  l i t e r a t u r e  on  N - o x i d e s  of  2 - i s o i m i d a -  

z o l e s  [ 8 - 1 0 ] .  C o n s e q u e n t l y ,  i t  s e e m e d  to us  to b e  

d e s i r a b l e  to  a t t e m p t  to o b t a i n  t h e s e  c o m p o u n d s  by  a n  

i n d e p e n d e n t  r o u t e .  F o r  t h i s  p u r p o s e ,  we  u s e d  a s y n -  

t h e s i s  a n a l o g o u s  to  t h a t  g i v e n  in  the  l i t e r a t u r e  [11] f o r  

i m i d a z o l e  N - o x i d e s  ( s e e  a l s o  [5]) .  T h e  r e a c t i o n  of  a c e -  

t o n e  a n d  a m m o n i a  w i t h  c ~ - p h e n y l - a - i s o n i t r o s o a c e t o n e  

g a v e  a c o m p o u n d  i d e n t i c a l  w i t h  X and  t h a t  w i t h  ~ -  

t s o n i t r o s o p r o p i o - p h e n o n e  g a v e  a c o m p o u n d  i d e n t i c a l  

w i t h  XIV.  U n d e r  t h e  s a m e  c o n d i t i o n s ,  t h e  r e a c t i o n  

w i t h  c y c l o h e x a n o n e  l e d  to  c o m p o u n d s  i d e n t i c a l  w i t h  

XI  and  XV.  

EXPERIMENTA L 

The tR spectra were recorded on a UR-10 spectrophotometer: for 
solid samples compared with potassium bromide (concentration 0.5%, 
tablet thickness 1 ram)and for solutions in CC14 (concentration 5%, 
layer thickness 0.1 mm). The UV spectra were taken on an SF-4- 
spectrophotometer ; ethanol was used as the solvent. The PMR spectra 
were recorded for 30~ solutions in CDC13 on a TsLA-5535 (40 MHz) 
instrument. Hexamethyldisiloxane was used as internal standard [12]. 

Condea~ttioa of c~-hydroxyarntno oximes with ketones. A tenfold 
excess of the appropriate ketone was added to 1.0 g of an a-hydroxy- 
amino oxime. In the case of l I  and III, 1 ml of water was also added 
to the mixture. The solution was boiled for 30 rain (in the case of 
VIII, for 5 rain) and evaporated to dryness. The residue was crystal- 
lized, II from benzene, III from a mixture of benzene and ethanol, 
and IV and VIII from ethanol. The yields of condensation products 
amounted to 90-100%. The melting points and the elementary 
analysis of the compounds obtained are given in Table 1. 

Acylation of the 1-hydroxy-3-imidazoline 3-oxides. Acetic anhy- 
dride (0.5 ml) was added to a suspension of 1.0 g of II in 15 ml of 
chloroform and the mixture was boiled for a0 rain, after which it was 
cooled, washed with 5% sodium carbonate solution and water, 
dried with magnesium sulfate, and the solvent was distilled off in 
vacuum. The residue was recrystallized from cyclohexane. The ace- 
tylation of IV and VIII was carried out similarly. Compound VI was 
crystallized from cyclohexane and IX from ethanol. The yields of the 
acylation products amounted to 70-90%. The inching points and ele- 
mentary analyses of the compounds obtained are given in Table 1. 

Preparation of 2-isoimldazole N-oxides. The acetyl derivative of 
1-hydroxy-3-imidazoline-3-oxide was dissolved in ethanol and then 
hydrogen chloride was passed through the solution and it was diluted 
with ether. The hydrochlotide that precipitated was dissolved in 
methanol and the solution was saturated with ammonia, diluted with 
ether, and filtered, and the solvent was driven off. The compounds 
X, XI, and XVIII obtained in this way were crystallized from 
n-hexane. The saturation with hydrogen chloride of ethanolie solu- 
tions of the tmacylated 1-hydroxy-3-imidazoline 3-oxides and the 
subsequent treatment of the hydrochlofides in a manner similar to that 
described above gave XIV, XV, and XIX, which were crystallized 
from n-hexane. The yields of the 2-isoirnidazole N-oxides amounted 
to 70-90%. The melting points and elementary analyses of the 2-iso- 
knidazole N-oxides and their hydrochlorides are given in Tables 2 
and 3. 

Independent ~rnthe~is of the 2-fsofrnidazole N-oxide. A solution 
of a-isonitroso-c~-phenylacetone in ethanol was ueated with a three- 
fold excess by weight of the appropriate ketone and also with an excess 
of "-'30% aqueous ammonia. After 4 hr, the solvent was distilled off in 
vacuum and the residual crystalline product (X, XI) was recrystallized 
from n-hexane. Compounds XIV and XV were synthesized similarly 
from a-isonitrosopropiophenone. The compounds X, XI, XIV, and XV 
obtained by this method were completely identical with the substances 
obtained from II, IV, V, and VI, respectively (from their IR spectra 
and melting points). 

Hydrolysi~ of l-hydmxy-2,2, 5-trlrnethyl-4-phenyl-3-1midazoliae 
3-oxide (Ii3. A heated solution of 0.137 g of 2,4-dinitrophenylhy- 
drazine and 0.5 ml of 20% hydrochloric acid in 5 ml of ethanol was 

Table 3 

2-1soimidazole N-Oxide Hydrochlorides 

Com- Mp, ] Empirical Found, % Calculated, % 
pound ~  formula c ] H t N ] Cl C H ( N i C l  

�9 X.HCI 178--180C2Ht4NsO'HCI 59.8;59.86.6;6.6111.8;12.0 14.3;14.460.4 6.311.714.9 
XI - HCI t 198--200 C~sH~N~O - HCI I 64.7; 65.0 6.7; 9 7; 12.7 64.7 6.9 10.0 12.7 

63 XIV.HCI 182--184 C 2H~N20. HC] 60.5; 60.9 6.0; 11.8; 14.8; 15.2 60.4 6.3 11.7 14.9 
x v .  HO! 173--1801C,,H,sN,O. HCl 1 64.3; 64 418 S; 10.0; lo.a l 124; ~26 647 6.9 10.0 12.7 
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added to a heated solution of 0,150 g of II in 7 ml of ethanol and the 
mixture was heated to the boil and then cooled. The acetone 2,4- 
dinitrophenylhydrazone that separated out was filtered off; 0.11 g 
(69~ nap 125"-126 ~ C (from ethanol). The filtrate was evaporated 
to minimum volume, diluted with a double volume of water, and 
neutralized with 10% sodium hydroxide solution. The precipitate that 
separated out was filtered off; 0.04 g (38@o), mp 162"-164" C, giving 
no depression in admixture with compound I; the IR spectra of this 
compound and of I also proved to be identical. 
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