
(charac ter i s t ic  for  azoles) ,  and 1590-1600 cm -1 (CH) (aromatic) .  Found: C 78.0; H 4.7; N 12.1~0. C22H15N30. 
Calculated:  C 78.0; H 4.7; N 12.1%. 
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F O R M A T I O N  O F  1 - P Y R A Z O L I N E  1 , 2 - D I O X I D E S  BY 

O F  1 , 3 - H Y D R O X Y L A M I N O  O X I M E S  

L .  B.  V o l o d a r s k i i  a n d  L A.  T i k h o n o v a  

O X I D A T I O N  

UDC 547.4 '722.2 '775:542.943 

Cycl izat ion with the fo rmat ion  of an N - N  bond and s imul taneous brominat ion,  which lead to 
3 - b r o m o - l - p y r a z o l i n e  1,2-dioxides,  apparent ly  through a step involving the dini t roso de r iva -  
t ive,  occur  in the reac t ion  of sodium hypobromite  with 1 ,3-hydroxylamino oximes .  Dehydro-  
bromina t ion  of the b romopyrazo l ine  leads to the corresponding 3H-pyrazole .  The s a m e t r e a t -  
ment  of acetylacetone dioxime gives 4H-d ib romo-3 ,5 -d ime thy l -4H-py razo l e  1,2-dioxide, which 
is readi ly  hydrolyzed to the cor responding  4-oxo der ivat ive .  Data f rom the IR, UV, and PMR 
spec t r a  a re  p resen ted .  

We have p rev ious ly  shown that  the reac t ion  of t e r t i a ry  1 ,2-hydroxylamino oximes with sodium hypo- 
b romi t e  leads to 3 - b r o m o - l , 2 - d i a z e t i n e  1,2-dioxide [1]. In the p resen t  r e s e a r c h  we examine the poss ib i l i ty  
of the synthesis  of 1-pyrazol ine  1,2-dioxides f rom 1,3-hydroxylamino oximes .  

A co lo r l e s s  c rys ta l l ine  compound {IIa) with the composi t ion C6HltBrN202 is formed by t r ea tmen t  of N- 
(4 -ox imino-2-methy l -2 -pen ty l )hydroxylamine  {In) with excess  sodium hypobromite .  Absorpt ion with )~max 
286 mn (log ~ 3.88) is observed in the UV spec t rum of IIa, and its IR spec t rum contains two intense bands at 
1380 and 1490 cm - t ,  which is cha rac t e r i s t i c  for  c i s - d i m e r i c  n i t roso  compounds [2], and an intense band at 

Novosibi rsk  Inst i tute of Organic Chemis t ry ,  Siberian Branch, Academy of Sciences of the USSR, Novo- 
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T A B L E  1. Data  f r o m  the  IR, UV, and PMR S p e c t r a  

Com- 
pound 

IRspgctruxn, 
cm-1 

UV spectrum, 
XITI 3X, niTi 
(log s) 

PMR spectrum (in CDCla), 5, ppm 

Ha 

lib 

IfI 

IV 

v 

VllI 
Ix 

t380,1430, I485 

1380,1440,1495 

1375,1440,1480 

1380,1410,1430, 
1495 

1380,1435,1480 

1330,1350,1680 
1335,1360, 

1635--1660 
1695 

286 (3,88) 

288 (3,86) 

216 (4,00) 
311 (3,65) 
290 (3,86) 

223 (3,86) 
302 (4j6) 
272 (3,58) 
281 (4,07) 

t,59 (5-CHa); 1,73 (5-CH3); 2,29 (3-C1-Ia); 
2,69 and 3,29 (4-H, 1= !5 Hz) 
1,68 (5-CHe, d, 1=6,5 Hz); 2,21 (3-CHa); 

2,43and3,40 (4-H, J~B=14,5; /AX=10, 
]BX=6 HZ); 4,45 (5-Hx, 7AX=10, ]Bx ~ 
=6, Ix CH.=6 5 Hz) 

1,55 (5-CH3~; 2,23 (3-CH3, d, /=2,0 Hz); 
6,39 (4-H, m) 

1,60 (5-CH3); 1,71 (5-CH3); 3,11and3,29 (4-H, 
)'An=15 Ha); 3,99 and 4,45 (3-H, /As=12 Hz) 
1,64 (5-CH.~); 3,06 (3-CH2, d,J~2,5 Ha); 7,29 

(4-H, t, 7=2,5 Hz) 
2,37 (3,5-CH3) 
9,06 (3,5-CH~) * 

*In CC14. 

1485 c m  -1, which  can  be  a s s i g n e d  to  the  s t r e t c h i n g  v i b r a t i o n s  of the N = N - - O  group  [3, 4]. On the  b a s i s  of 
t h e s e  da ta ,  we a s s i g n e d  the  3 - b r o m o - 3 , 5 , 5 - t r i m e t h y l - l - p y r a z o l i n e  1 , 2 - d i o x i d e  s t r u c t u r e  to IIa .  The  PMR 
s p e c t r u m  of IIa (Table  1) c o n t a i n s  5 -CH a s i n g l e t s  and 1.73 and 1.59 ppm,  a 3 -CH 3 s i ng l e t  a t  2.29 ppm,  and 
4 -H s i g n a l s  a t  3.29 and 2.69 p p m  (an AB s y s t e m ) .  The  s p e c t r a l  c h a r a c t e r i s t i c s  of I Ia  (Table  1) a r e  c l o s e  to 
t hose  o b s e r v e d  f o r  the  known 3 , 4 - d i b r o m o - 3 , 5 , 5 - t r i m e t h y l - l - p y r a z o l i n e  1 ,2 -d iox ide  [5]. A c o n f i r m a t i o n  of 
the  s t r u c t u r e  of p y r a z o l i n e  I Ia  i s  a l s o  i t s  a b i l i t y  to r e a d i l y  s p l i t  out  h y d r o g e n  ha l i de  on t r e a t m e n t  wi th  a l c o h o l i c  
a l k a l i  to g ive  the  known [5] 3 , 3 , 5 - t r i m e t h y l - 3 H - p y r a z o l e  1 , 2 - d i o x i d e  (III). 

NHOH I I O \  ..~0 , N;o., Fo 

R L Br R j 

I a , b  II Vl a, b ~ /- 

O\ fO O~ AO 
N~N -HBr N~N ~H 

/ \~CH 3 -- / \ ,t, 3 
d. . .N.x B~C,~--f....-K.~.. 

V ~V 

Ok / 0  
--H Br N~N 

III 

NOH 0,,, / 0  HON ]] NaOBr N--N I ~ O'~'N--N fO 

Ii 
Br Br O 

Vll VlIl IX 

I, II, VI a R=CHa; b R=H 

Heat ing  1 - p y r a z o l i n e  1 , 2 - d i o x i d e  [Ia in b e n z e n e  l e a d s  to d e s t r u c t i o n  of the  r ing ,  and a compound with  the  
c o m p o s i t i o n  C6HI0Br2N202 was  i s o l a t e d  f r o m  the r e a c t i o n  p r o d u c t s ;  the  s p e c t r a l  c h a r a c t e r i s t i c s  of th i s  c o m -  
pound a r e  c l o s e  to the  s p e c t r a l  c h a r a c t e r i s t i c s  of IIa (Table 1), on the b a s i s  of which  the 3 - b r o m o - 3 - b r o m o -  
m e t h y l - 5 , 5 - d i m e t h y l - l - p y r a z o l i n e  1 , 2 - d i o x i d e  (IV) s t r u c t u r e  was a s s i g n e d  to  it.  T r e a t m e n t  of IV with  a l c o h o l i c  
a l k a l i  l e a d s  to s p l i t t i n g  out of h y d r o g e n  h a l i d e  and the f o r m a t i o n  of p y r a z o l e  V, the  s p e c t r a l  c h a r a c t e r i s t i c s  of 
which  a r e  c l o s e  to the  c h a r a c t e r i s t i c s  of III (Table  1). 

T r e a t m e n t  of 1 , 3 - h y d r o x y l a m i n o  o•  Ib wi th  e x c e s s  sod ium h y p o b r o m i t e  a l s o  l e a d s  to p y r a z o l i n e  1,2-  
d iox ide  IIb, the  s p e c t r a l  c h a r a c t e r i s t i c s  of which  a r e  c l o s e  to those  of I Ia  (Table  1). The  f o r m a t i o n  of 3 - b r o m o -  
1 - p y r a z o l i n e  1, 2 - d i o x i d e s  II f r o m  t e r t i a r y  and s e c o n d a r y  1 , 3 - h y d r o x y l a m i n o  o x i m e s  IIa ,  b can  be  r e p r e s e n t e d  
by a s c h e m e  in which  the  r e a c t i o n  c o m m e n c e s  wi th  ox ida t ion  of the  h y d r o x y l a m i n o  g roup  and subsequen t  r e -  
a c t i o n  of h a l o g e n  with  the  k e t o x i m e  g roup  to g ive  1 , 3 - d i n i t r o s o  d e r i v a t i v e  VI. The  s u b s e q u e n t  r e a c t i o n  of the  
two n t t r o s o  g r o u p s ,  l i ke  the  d i m e r i z a t i o n  of n i t r o s o  compounds ,  l e a d s  to p y r a z o l i n e  1 , 2 - d i o x i d e s  II. 

I t  has  p r e v i o u s l y  b e e n  shown tha t  t he  o x i d a t i o n  of s e c o n d a r y  1 , 2 - h y d r o x y t a m i n o  o x i m e s  l e a d s  to d i o x i m e s  
[1]. The  f o r m a t i o n  of 1 , 3 - d i o x h n e  VII a l s o  canno t  be  exc luded  in the ox ida t ion  of s e c o n d a r y  1 , 3 - h y d r o x y l a m i n o  
ox ime  Ib. It was  o b s e r v e d  tha t  the  o x i d a t i o n  of a c e t y l a c e t o n e  VII wi th  s o d i u m  h y p o b r o m i t e  in w e a k l y  a l k a l i n e  
m e d i a  g i v e s  VIII wi th  the  c o m p o s i t i o n  C5H6Br2N202, in  the  PMR s p e c t r u m  of which  one o b s e r v e s  a s i n g l e t  a t  
2.37 p p m  c o r r e s p o n d i n g  to  s ix  p r o t o n s  of two m e t h y l  g r o u p s ;  i t s  UV s p e c t r u m  con ta in s  a b s o r p t i o n  a t  272 nm 
(log ~ 3.59), and i t s  IR s p e c t r u m  c o n t a i n s  an i n t e n s e  band  a t  1680 c m  -1. On the  b a s i s  of t h e s e  da t a  we a s s i g n e d  

the  4 , 4 - d i b r o m o - 3 , 5 - d i m e t h y l - 4 H - p y r a z o l e  1 , 2 - d i o x i d e  s t r u c t u r e  to VIII. Compound  VIII is  u n s t a b l e  and r e a d i l y  
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undergoes hydrolysis  to give the known [6] 4-oxo-3 ,5-d imethyl -4H-pyrazole  1,2-dioxide (IX). R should be noted 
that the oxidation of 1,3-dioxime VII in alkaline media leads ei ther  to a mixture of VIII and IX or  only to IX. 
Consequently, 4H~pyrazole derivatives ra ther  than 1-pyrazoline 1,2-dioxides are  formed in the ~ oxidation of 
1,3-dioxime VII with sodium hypobromite.  The fact that the final product  in the react ion of 1,3-hydroxylamino 
oxime Ib with sodium hypobromite is pyrazoline 1,2-dioxide IIb can be explained by the fact that dimerizat ion 
of the two nitroso groups occurs  at a higher rate than isomerizat ion of the ni troso group to an oxime. 

Thus the react ion of 1,3-hydroxylamino oximes I with sodium hypobromite makes it possible to obtain 
3-bromo-  1-pyrazol ine 1,2-dioxide derivat ives II. 

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

The IR spect ra  of KBr pellets of the compounds (0.25%) were recorded  with a UR-20 spec t rometer ,  The 
UV spect ra  of alcohol solutions of the compounds were  recorded with a Speeord spec t rometer .  The PNR spec-  
t ra  of 5-7% solutions of the compounds in CDC13 and CC14 were recorded  with a Varian A-56-60A spec t romete r  
with hexamethyldisiloxane as the internal standard. The melting points, results  of elementary analysis,  yields, 
and spectral  charac te r i s t i c s  of the compounds are  presented in Tables 1 and 2. 

N-(4-Oximino-2-methyl -2-penty l ) -  (Ia) and N-(4-Oximino-2-pentyl)hydroxylamine fib) were obtained by 
the method in [7, 8]; acetylacetone dioxime Vgwas  obtained by the method in [9]. 

3 -Br0mo-3 ,5 ,5 - t r ime thy l - l -py razo l ine  1,2-Dioxide (IIa). A cold solution of 1.2 g (7.5 mmole) of bromine 
in 6 ml of 10% sodium hydroxide was added dropwise with s t i r r ing  to a cooled ~o ~ - 5  ~ mixture of 5 ml of 
chloroform and a solution of 0.575 g (3 mmole) of oxalate Ia in 10 ml of water, af ter  which the chloroform 
solution was separated,  and the aqueous solution was extracted with chloroform. The chloroform solutions 
were combined and washed with 1% potassium carbonate solution and water  and dried with magnesium sulfate. 
The solvent was evaporated, the residue was treated with diethyI ether, and the precipi ta te  was removed by 
filtration. 

3 -Bromo-3 ,5 -d ime thy l - l -py razo l ine  1,2-Dioxide (IIb). A solution of 1.06 g (8 mmole) of Ib in 10 ml of 
water  was added dropwise with s t i r r ing  to a cooled (to - 5  ~ mixture of 10 mI of chloroform and a solution of 
3.2 g (20 mmole) of bromine in 16 ml of 10% sodium hydroxide solution. Compound IIb was isolated under the 
conditions indicated above. 

3 ,3 ,5-Tr imethyl -3H-pyrazole  1,2-Dioxide (III). An alcohol solution of 0.14 g (2.4 mmole) of potassium 
hydroxide was added in small port ions at 20 ~ to an alcohol solution of 0.45 g (2 mmole) of pyrazol ine IIa, and 
the mixture was allowed to stand for 3 h. The solvent was evaporated, and the residue was treated with the 
minimum amount of water  and extracted thoroughly with chloroform.  The extract  was dried with magneiusm 
sulfate, and the solvent was evaporated; the residue began to c rys ta l l ize  when it was t reated with diethyl ether.  
The solid was removed by fi l tration to give 0.18 g (62%) of a product  with mp 138-140 ~ (from alcohol) (rap 138- 
140 ~ [5]).. 

3 -Bromo-3 -b romomethy l -5 ,5 -d ime thy l - l -py razo l ine  1,2-Dioxide (IV). A suspension of 2 g (9 mmole) of 
pyrazol ine IIa in 20 ml of dry benzene was refluxed until the start ing mater ia l  vanished [monitored by thin- 
l aye r  chromatography (TLC)]. The solvent was evaporated, the residue was t r i turated with diethyl ether, and 
the result ing solid was removed by fi l trat ion and washed with cold alcohol. 

5 -Bromomethy l -3 ,3 -d imethy l -3H-pyrazo le  1,2-Dioxide (V). This compound was obtained under the con- 
ditions of the synthesis of III. 

TABLE 2. Synthesized Compounds 

C O I D  - 

pound 

IIa 
IIb 
IV 
V 

VIII 

�9 . Found, % 1 Empirical 
mp, C c I "~ [ B'~] y formula 

s2--s4 ~ 2s,7 t 3s,(~ 113,t I 
158--160 c 24,11 3,5 52,5 t 
145--146 c 32,2 42 35,9 12:6 
87--89 b 2 ,0 212 56,4 9,6 

C6HnBrN~O2 
C~H~BrN20~ 
C6HIoB~N202 
C6H~BrN202 
CsH6Br~'N2Q 

Calculated, % IYield, 

32,2 t 4,91 35,8 12,5[ 40 
28,7f 4,31 38,2I 13,3I 15 
23,81 3,3[ 53,01 9,3[ 9 
32,5 4,1[36,2]12,71 80 
20,9 2,1] 56,01 9,81 39 

�9 ; F rom 
From 

c From 

ethyl acetate.  
c h l o r o f o r m - p e t r o l e u m  ether. 
alcohol. 
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4 ,4-Dibromo-3 ,5-d imethy l -4H-pyrazo le  1,2-Dioxide (VIII). An aqueous solution of 3.0 g (23.4 mmole) 
of dioxime VII was added dropwise with s t i r r ing  to a cooled (to - 5  ~ solution of 15.9 g (93 mmole) of bromine 
in 75 ml of 10~0 sodium hydroxide solution. The result ing precipi tate  was removed by fi l tration and washed 
with water  and petroleum ether.  

4 -Oxo-3 ,5-d imethy l -4H-pyrazo le  1,2-Dioxide (IX). A suspension of 0.2 g (0.7 mmole) of VIII in 5 ml of 
alcohol was heated to the boiling point, af ter  which the solvent was evaporated, the residue was t r i turated with 
a small  amount of cold water,  and the solid mater ia l  was removed by fi l trat ion to give 0.053 g (52~0) of a prod-  
uct with rap 108-110 ~ [from a l c o h o l - e t h e r  (1:10)] (rap 109-110 ~ [6]). 

Oxidation of 1,3-Dioxime VII under Alkaline Conditions. An alkaline solution of VII was added under 
the conditions of the prepara t ion  of VIII, and the precipi tated VIII was removed rapidly by fi l trat ion and washed 
with cold water  and pet ro leum ether  to give the product  in 12% yield. The aqueous fi l trate was neutralized to 
pH ~ 4 and extracted with chloroform.  The ext rac t  was washed with water  and dried with magnesium sulfate, 
and the sotvent was evaporated.  The residue began to c rys ta l l i ze  when it was t reated with diethyl ether, and 
the precipi tated IX (11~0 yield) was removed by filtration. 

Only IX was obtained in 5% yield under the same conditions after the addition of an alkaline solution of 
dioxime VII. except that the mixture was allowed to stand at 0 ~ for 20 rain. 

1. 
2, 

3o 
4. 
5. 
6. 
7. 
8. 
9. 
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R E A C T i O N  OF 1 , 3 - H Y D R O X Y L A M I N O  O X I M E S  

W I T H  F O R M A L D E H Y D E ,  A C E T A L D E H Y D E ,  A N D  A C E T O N E  

A.  Y a .  T i k h o n o v  a n d  L B. V o l o d a r s k i i  UDC 543.42:547.853:541.623:542.953 

The products  of condensation of 1,3-hydroxylamino oximes with formaldehyde have 1-hydroxy- 
1 ,2 ,5 ,6- te t rahydropyrimidine 3-oxide (cyclic form) s t ructures ,  the products  of condensation 
with acetone have N-(3-oximino-substi tuted)-ce.a-dimethylnitrone (open form) s t ructures ,  and 
the products  of condensation with acetaldehyde exist in solution in the form of a tautomeric 
mixture  of the open and cycl ic  fo rms .  The products of condensation of a lky l -a romat ic  1,3- 
hydroxylamino oximes with acetaldehyde have N-(3-oximino-substituted)-c~-nitrone (open 
form) s t ruc tu res .  

It is known that the react ion of 1,2-hydroxylamino oximes with aliphatic aldehydes and ketones leads to 
the formation of aliphatic N-(2-oximino-subst i tuted)ni trones,  1-hydroxy-3- imidazol ine  3-oxides, or  their  
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