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Heating 1 -acy loxy-5 ,5 -d ime thy l -3 - imidazo l ine  3-oxides in vacuo gives de r iva t ives  of 4H- 
imidazole  1-oxides .  The reac t ion  of the la t te r  with alkalis  is accompanied  by r ing open-  
ing and the fo rmat ion  of oximes  of ~ - a c y l a m i n o  ketones .  

The dehydrat ion of 1 -hydroxy-3 - imidazo l ine  3-oxides ,  which, depending on the degree  of substi tution 
of the he te ror ing ,  leads to N-oxides  of imidazoles  and 2H- imidazoles ,  was p rev ious ly  desc r ibed  in [1,2]. 
Continuing our study of the poss ib i l i t ies  of the synthetic  use  of 1 -hydroxy-3- imidazo l ine  3-oxides ,  we a t -  
t empted  to extend the dehydrat ion method to 5 ,5-d imethyl -subs t i tu ted  compounds of this s e r i e s  in o rde r  to 
obtain the uninvest igated 4H- imidazole  N-ox ides .  

The condensation of N - ( 1 - o x i m i n o - 2 - m e t h y l - l - p h e n y l - 2 - p r o p y l ) h y d r o x y l a m i n e  (Ia) with acetaldehyde 
and benzaldehyde and of N- (3 -ox imino-2 -methy l -2 -bu ty l )hydroxy lamine  (Ib) with acetaldehyde gives ,  r e -  
spect ively ,  1 -hyd roxy-2 ,5 ,5 - t r ime thy l -4 -pheny l -3 - imidazo l ine  3-oxide (IIa), 1 -hyd roxy -5 ,5 -d ime thy l -2 ,4 -  
d iphenyl -3- imidazol ine  3-oxide (IIb), and 1 -hydroxy-2 ,4 ,5 ,5 - t e t r ame thy l -3 - imidazo l ine  3-oxide fflc). In 
alcohol IIb is  in t au tomer ic  equi l ibr ium with N - ( 1 - o x i m i n o - 2 - m e t h y l - l - p h e n y l - 2 - p r o p y l ) - a - p h e n y l n i t r o n e  
in a ra t io  of 3 : 1  (see [2]). 

Dehydrat ion products  a re  not obtained by the action of a 20% alkali  solution [3] on I I a - c  no r  by hea t -  
ing them in vacuo above the i r  mel t ing  points .  Dis integrat ion of the he te ro r ing  to fo rm a - h y d r o x y l a m i n o  
ketones  (lIIa,b) [4] does occur  when they are  t r ea t ed  with hydrogen ch lor ide .  

R ~. --H 
HO"'N Nt'IOH R~CHO 0",~/~/OH H~I O NHOH 

I I I  I l l  

I a R=Cetts, b r,=c}13; I I  a R'=C6II5, Rz=CH3, b R'=R2=C~II 5, C, R'-R~=CI{3; 

Ilia R-C6Hs, b R=CH 3 

I t  has been p rev ious ly  shown that  aoylation of 1 -hydroxy-3 - imidazo l ine  3-oxides faci l i ta tes  dehydra -  
tion [1]. I-Ieating I Ia ,b  with acet ic  anhydride and IIo with benzoic  anhydride in ch lo ro fo rm gives monoacyl  
de r iva t ives  IVa-c  in the IR s p e c t r a  of which one obse rves  the c h a r a c t e r i s t i c  bands of an e s t e r  grouping - 
at 1220 and 1770 c m  -1 for  IVa,b and at 1250 and 1750 cm -1 for  IVc.  

The action of an alkaline solution on benzoyl der iva t ive  IVo leads to split t ing out of benzoic  acid and 
the fo rmat ion  of a co lo r l e s s  c rys ta l l ine  product  CCo) with the composi t ion CTH~4N202. The IR s p e c t r u m  of 
this compound contains bands at 1670 and 8420 c m  -1 with a weak component at 8480 om -~, which indicate 
the p re sence  of a secondary  amine group in the molecule  [5], and the band of a f r ee  hydroxyl  group at 3800 
om -~ . The compound does not absorb  in the nea r -UV region.  The P1VIR spec t rum of this  compound (Table 1) 
cons i s t s  of a s inglet  f r o m  two geminal  methyl  groups  attached to a sa tu ra ted  ca rbon  a tom at 8.69 ppm and 
of two s inglets  of methyl  groups attached to the carbon a toms with a double bond at 8.36 and 8.23 ppm; 
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TABLE 1. Chemical  Shifts of the Pro tons  0", ppm) in the PMR 
Spectra  of the Compounds Obtained a 

Compound r' 

Va b 
Vb 
Vc c 

VII, 
VIIIa 

VIIIb 

VIIIc g 

2,34--3,06 c 
2,36--2,81 c 

8,36 
7,90 

1,36--1,82 
2,33--2,56 ~c 
1,33--1,80 
2,30--2,56 c 

7.80 

8,33 
d 

8 23 
8:09 f 
7,58 

g 

7,69 

r~ gem- (CH3)2 

8,59 
8.36 
8,69 
8,55 
8,41 

8,29 

8,69 

aThe spec t ra  were  r eco rded  for ,~10% solutions in CD3OD except 
where otherwise specified,  bRecorded in ds-DMSO with the OH 
signal at -0 .44 ppm. CComplex bands of the protons of the benzene 
r ings ,  dThe R 2 signals coincide with the R 1 signals ,  eRecorded in 
d6-DMSO with a broad NH signal at 2.29 ppm and an OH signal at 
-0 .24 ppm. fThe signal intensity cor responds  to two CH3CO groups.  
gRecorded in CC14. 

there  is a broad band of an NH group at weak field at 2.29 ppm and a distinct singlet of the hydroxyl group 
of the oxime group at -0 .24 ppm [6,7]. Both weak-field signals disappear  when deuteromethanol  is added. 
On the basis  of these data, it can be concluded that Vc has the 2-ace tamido-2-methyl -3-butanone  oxime 
s t ruc tu re .  This compound has not been descr ibed,  but the unacylated 2 -amino-2-methy l -3-bu tanene  oxime 
(VI) is known and is formed in the react ion of the d imer  of 2-methyl-2-butene  ni t rosochlor ide  with am-  
monia [8]. a -Amino  oxime VI has complexing proper t ies ,  and the, oxime group consequently has the anti 
configuration.  Heating both a - a m i n o  oxime VI and Vc in excess acetic anhydride gives the same 3 -ace t -  
oximin o- 2-acetamido-2-methylbutan  e (VII). 

Trea tment  of acetyl  der ivat ives  IVa,b with an alkali solution {with heating) gives Va,b. Since the 
spect ra l  cha rac t e r i s t i c s  of these compounds (rable 1) are close to the spect ra l  cha rac te r i s t i c s  of Vc, the 
c~-acylamino oxime s t ruc ture  (Va,b) was assigned to them by analogy. It can be assumed that the formation 
of Va-c  begins with the cleavage of an oxygen molecule and the formation of 4H-imidazole 1-oxides and 
subsequent cleavage of the he teror ing  by the action of alkali. 

When benzoyl derivat ive IVc is heated in vacuo, benzoic acid is split out, and an unstable oil (vii]c) 
is fo rmed.  The IR spec t rum of VIIIc does not contain absorption in the region of the s tretching vibrations 
of the hydroxyl,  amino, and amide groups,  but there  is a broad band at 1580 cm -1, which is charac te r i s t i c  
for the C -----N bond in ni t rones [9]. The absorption maximum in the UV spect rum is found at 280 nm (log 
3.50), i .e. ,  it is shifted by about 40 nm to the long-wave region as compared  with s tar t ing compound IVc, 
which indicates the appearance of a conjugated sys tem of multiple bonds. The singlets of two geminal  methyl 
groups at 8.69 ppm and of two methyl  groups at 7.80 and 7.69 ppm are observed in the PMR spect rum of 
VHIc, and this, together with the optical--spectroscopy data, indicates the 2 ,4 ,4 ,5- te t ramethyl -4H-imidazote  
1-oxide s t ruc tu re .  An almost  quantitative yield of Vc is obtained by the action of aqueous alkali (with heat-  
ing) on f resh ly  prepared  VIIIc.  

O"~N/>~N/OCOR3 re; vacuum ~ NaOH HON NHCOR -~ 
. . . .  

Cit3 CH 3 R'" CH~ 

Iv  VIII V 

I va  

IIO\N NH 2 CII~COO'\~N NIICOCH~, 

C I I S  " ~C f13 

Vl VII 

R~=C~ItS, R2--R-~='CH3; b U "R:' =C6H~ ,, R "~ ':CH3; c R ~ =R~'=CH3, IU ='('GtlS; 

VII I  a RI'=Cu;It 5, IU =:CH3: b R I~R  '' :C~;tl5; C RE'=R":=CH a 
Va r~-,q~H~;,R :' Clt~:b R ~ R' C.It~; C RI . :R '~=Cl l3  
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T A B L E  2. Synthes ized  Compounds  

Comp. 

IIa a 
II.bP 
II'c,b 

IVaP 
lVb o 
IVc c 
VaU 
Vb a 
vc~ 

Vll 
VIIIag 
VIIlb~ 
VIIIc u 

rap, ~C 

133--135 
162--164 
96--97 

121--123 
154--156 
106--108 
193--194 
179--181 
174--175 
67--69 

105--106 
127--130 

oil 

Empirical 
formula 

CI~Ht4N2Og 
CITHEsN20~ 
CTHt4NzOz 

C~gH~N203 
C[4HmN20~ 
CI~HI~N20~ 
CITHIsN202 
CTHI4N2Oz 
CgH~6N203 
C12HI4N~O 
C17HIGN~O 
C~II~N20 

Found, ~- 
C tt N 

65,5 7,3 12,7 
72,3 6,5 10,3 
53,1 9,0 17,7 
64,0 6,7 10,8 
70,9 6,2 8,8 
64,1 6,7 10,7 
64,8 6,8 12,6 
72,7 6,5 9,8 
53,1 9,0 17,4 
54,1 7,8 14,0 
71,1 7,0 14,1 
77,0 5,8 I l,l 
59,5 8,2 19,8 

Calc., 
c H 

65,5 7,3 
72,3 6,4 
53,1 9,0 
64,1 6,9 
70,5 6,2 
64,1 6,9 
65,5 7,3 
72,3 6,4 
53,1 8,9 
54,0 8,0 
71,3 6,9 
77,4 6,1 
60,0 8,6 

% 

12,7 
9,9 

17,7 
10,8 
8,7 

10,8 
12,7 
9,9 

17,7 
14,0 
13,8 
10,6 
20,0 

Yield, 
% 

92 
82 
86 
75 
70 
55 
75 
60 
81 
96 
93 
87 
53 

a F r o m  e thyl  ace t a t e ,  b F r o m  a lcohol .  C F r o m  a l c o h o l - e t h e r .  
d F r o m  c h l o r o f o r m ,  e F r o m  a l c o h o l - e t h y l  ace t a t e ,  f F r o m  e the r .  
g F r o m  cyc lohexane ,  hThe analy t ica l  and s p e c t r a l  c h a r a c t e r -  
i s t i c s  w e r e  obta ined f o r - f r e s h l y  p r e p a r e d  compounds ,  s ince  
changes  a re  o b s e r v e d  in the IR s p e c t r u m  af te r  about  20 h.  

When ace ty l  de r iva t ive  IVa is heated  in vacuo,  a ye l low c r y s t a l l i n e  subs t ance  {Villa) s u b l i m e s .  This  
subs tance  p roved  to be s tab le  and was  r e s u b l i m e d .  The  compos i t ion  of Vi l la  c o r r e s p o n d s  to spl i t t ing out 
of a mo lecu l e  of ace t i c  ac id  f r o m  IVa.  The posi t ion of the absorp t ion  m a x i m u m  in i ts  UV s p e c t r u m  (kma x 
324 n m ,  log ~ 3.86) is sh i f ted  to the long-wave  reg ion  by about 30 n m  as c o m p a r e d  with the pos i t ion  of the 
m a x i m u m  in the s p e c t r u m  of s t a r t i ng  IVa, which is appa ren t ly  a l so  a consequence  of the a p p e a r a n c e  of an 
addi t ional  mul t ip le  bond.  The PMR s p e c t r u m  of Vil la  conta ins  a s ingle t  f r o m  two gemina l  me thy l  g roups  
at 8.41 ppm,  a s ingle t  of one me thy l  g roup  at 7.58 ppm,  and two complex  bands  at 1 .36-1 .82  and 2 .33-2 .56  
ppm (the in tens i ty  r a t io  is 2 : 3 ) ,  which c o r r e s p o n d  to the five p ro tons  of the benzene  r ing .  The s epa ra t i on  
into two s igna ls  is appa ren t ly  due to the e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of the n i t rone  grouping  [6, 10]. On 
the bas i s  of these  data ,  the 2 , 4 , 4 - t r i m e t h y l - 5 - p h e n y l - 4 H - i m i d a z o l e  1 -ox ide  s t r u c t u r e  was  a s s igned  to 
VIIIa .  4 , 4 - D i m e t h y l - 2 , 5 - d i p h e n y l - 4 H - i m i d a z o l e  1-oxide  (VIIIb) was  s i m i l a r l y  obtained by in vacuo  hea t  
t r e a t m e n t  of ace ty l  de r iva t ive  IVb. 

Heat ing of Vl l Ia ,b  with aqueous  a lka l i  g ives  c r y s t a l l i n e  p roduc t s  Va  and Vb, which  a re  c lose  to Vc 
with r e s p e c t  to the i r  p r o p e r t i e s  and s p e c t r a l  c h a r a c t e r i s t i c s ,  which ind ica tes  that  they  have the s t r u c t u r e s  
of the anti i s o m e r s  of the ox imes  of a - a c e t a m i d o i s o b u t y r o p h e n o n e  (Va) and ~ - b e n z a m i d o i s o b u t y r o p h e n o n e  
Cgb). 

The formation of a-acylamino ketones during the action of alkali on 411-imidazole 1-oxides can be 
represented as being the result of attack on the 2 position of the heteroring by the hydroxyl ion with ring 
opening' and the formation of the enol form of the amide (structure A). 

r H~ 1 
~ / -ON ~N ] u+ uoN NHCOR: 

# 

Data  on the t r a n s f o r m a t i o n s  of 4 H - i m i d a z o l e  1 -ox ides  on r eac t i on  with hyd rogen  ch lo r ide  wil l  be pub-  
l i shed  in our  next  c o m m u n i c a t i o n .  

EXPERIMENTAL* 

The IR spectra of KBr pellets of solids (0.25%, pellet thickness 1 ram) and CCI 4 solutions (5%, layer 
thickness 0.I ram) were recorded with a UR-10 spectrophotometer. The UV spectra of alcohol solutions 
were recorded with a Unicam SP-700c spectrophotometer. The PMR spectra were recorded with a Varian 
A-56-60A spectrometer with hexamethyldisiloxane (9.96T) as the internal standard. The melting points, 
results of elementary analysis, yields, and spectral characteristics of the compounds Obtained are pre- 
sented in Tables 1 and 2. 

* P e r f o r m e d  with the pa r t i c ipa t ion  of L.  Z.  Kulesh ina .  
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Condensation of ~-Hydroxylamino  Oximes with Aldehydes.  A fourfold excess of acetaldehyde in 30 
ml of absolute alcohol was added to 0.02 mole of ~-hydroxylamino oxime Ia,b in 40 ml of absolute alcohol, 
and the mixture was refluxed for 10 rain. The solvent was removed  by distillation, absolute ether was 
added to the oily residue,  and the crysta l l ine  precipitate of IIa or IIc, respect ively ,  was removed by f i l t ra -  
tion. 

Benzaldehyde (0.011 mole) was added to 0.01 mole of ~-hydroxylamino oxime la in 20 ml of absolute 
alcohol and the mixture was refluxed for 30 rain. The solvent was removed by distillation, absolute ether 
was added, and the precipitated lib was removed by filtration. UV spectra: ~max, nm (loge): Ila 292 
(3.98), lib 290 (4.12), IIc 235 (3.72). 

Acylation of l-Hydroxy-3-imidazoline 3-Oxides. A 0.018-mole sample of acetic (for IIa,b) or benzoic 
(for IIc) anhydride was added to a suspension of 0.014 mole of l-hydroxy-3-imidazoline 3-oxide in 50 ml 
of chloroform, and the mixture was refluxed for 30 rain, cooled, washed with 5% potassium carbonate solu- 
tion and water, and dried over magnesium sulfate. The solvent was removed by vacuum distillation, and 
the residual oil was diluted with absolute ether. The precipitate was removed by filtration. UV spectra, 
kmax, nm (logr IVa 292 (3.96), IVb 290 (4.13), IVc 237 (3.66). 

Action of Alkali on l-Acyloxy-3-imidazoline 3-Oxides. A 0.02-mole sample of IVa-c was refluxed 
for 2-2.5 h in 12-15 ml of 10-20% sodium hydroxide solution. The solution was neutralized to pH 6 with 
10% HCI and extracted with chloroform. The solution was dried over magnesium sulfate, and the solvent 
was vacuum-evaporated. The residual oil was diluted with absolute alcohol-ether to precipitate Va-c. 

3-Acetoximino-2-acetamido-2-methyl-3-butane (VII). A 0.01-mole sample of s-amino oxime VI [I0] 
was dissolved in I0 ml of acetic anhydride, and the solution was refiuxed for I0 rain, cooled, and poured 
into water. The solvent was removed by distillation, and the oil was dried and dissolved in ether. The pre- 
cipitated VII was removed by filtration. 

A 0.01-mole sample of ~-acetamido oxime Va,c was refluxed for 5 min in 2 ml of acetic anhydride, 
and the mixture was worked up as in the preceding case .  According to the IR spec t ra  and melting point of 
a mixture of the product with VII, the compound obtained f rom Vc was identical to VII. 

4H-Imidazole 1-Oxides.  The acetyl derivat ives were heated in vacuo (2-3 mm) in a sublimator at 
150 ~ (IVa) or 170 ~ (D/b). The products (VIIIa,b) were resubl imed at 120-130 ~ (2-3 ram). UV spectra ,  ~max,  
nm (log~): VIIIa 324 (3.86), VIIIb 336 (3.94). 

Benzoyl derivat ive IVc was sublimed at 140 ~ (2-3 ram). The result ing oil was dissolved in water ,  
and the aqueous solution was t rea ted  with ether  to remove the benzoic acid. The water  was vacuum-  
evaporated,  and the res idue was dissolved in ch loroform.  The chloroform solution was dried over  mag-  
nes ium sulfate,  the solvent was removed by distillation, and the oil was sublimed repeatedly.  Compound 
VIIIc was unstable and decomposed on standing at room tempera tu re .  UV spec t rum:  k m a x  280 nm (log ~: 
3.50). 

Action of Alkali on 4H-Imidazole 1-Oxides.  A suspension of 0.02 mole of VIIIa,b or f reshly  distilled 
VIIIc in 15 ml of 10% sodium hydroxide solution was refluxed for 15 rain. The solution was cooled and 
neutral ized with 10% HC1 to pH 6, and the precipi tate  was removed by fil tration and crys ta l l ized .  Acco rd -  
ing to the ]R spec t ra  and melting points of mixtures  of the products with genuine samples of Va-c ,  the com-  
pounds were identical to Va-c ,  respect ive ly .  
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