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The h y d r o c h l o r t d e s  of the c o r r e s p o n d i n g  2 - b e n z i m t d a z o l y l m e t h y l h y d r o x a m o y l  c h l o r i d e s  
w e r e  s y n t h e s i z e d  by  the c h l o r i n a t i o n  of l - m e t h y l - 2 - f o r m y l b e n z i m i d a z o l e  o x i m e  and i t s  
5 - m e t h y l  and 5 - n i t r o  d e r i v a t i v e s ,  and 2 - b e n z i m i d a z o l y l m e t h y l n i t r o l i c  a c i d s  w e r e  o b t a i n e d  
b y  n i t r a t i o n  of the o x i m e s .  The p r o d u c t s  of t he se  t r a n s f o r m a t i o n s  r e a c t  wi th  a e e t y l a c e t o n e  
and b e n z o y l a c e t o n e  in  the p r e s e n e e  of b a s e s  to g ive  1 ' , 5 ' - s u b s t i t u t e d  3 - [ 2 - b e n z t m i d a z o l y l ] -  
4-  a c y l -  5 - m e t h y l  is  oxaz  ol e s .  

N i t r o l i c  a c i d s  and h y d r o x a m i e  a c i d  c h l o r i d e s  a r e  r e a d i l y  c o n v e r t e d  to n i t r i l e  N - o x i d e s  b y  the a c t i o n  
of b a s e s .  The n i t r i l e  N - o x i d e s  d i s p l a y  e x t r e m e l y  high a c t i v i t y  in 1 , 3 - d i p o l a r  a d d i t i o n  r e a c t i o n s .  T h e s e  
s o r t s  of t r a n s f o r m a t i o n s  have  b e e n  s t u d i e d  for  a l i p h a t i c  [21, a r o m a t i c  [3-61, and s e v e r a l  h e t e r o c y e l i c  c o m -  
pounds  [7-91. 

Continuing the i n v e s t i g a t i o n s  we  b e g a n  in [101, we have  s y n t h e s i z e d  s u b s t i t u t e d  2 - b e n z i m i d a z o l y l m e t h y l -  
n i t r o l i e  ac ids  (IIa-d)  and 2 - b e n z i m i d a z o l y l m e t h y l h y d r o x a m o y l  c h l o r i d e s  (IIIa-d)  and s t u d i e d  t h e i r  r e a e t i o n  
wi th  a c e @ -  and b e n z o y l a e e t o n e s  in the p r e s e n c e  of b a s e s .  N i t r o l i c  a c i d s  I I a - d  w e r e  o b t a i n e d  by  n i t r a t i o n  
of 2 - b e n z i m i d a z o l e  a l d o x i m e s  ( Ia-d) .  H y d r o x a m o y l  c h l o r i d e s  I I I a - d w e r e  s y n t h e s i z e d  by  c h l o r i n a t i o n  of 
o x i m e s  I a - d  in g l a c i a l  a c e t i c  a c i d  and w e r e  i s o l a t e d  as  the h y d r o c h l o r i d e  s.  A c e t y l b e n z i m i d a z o l y l - 2 - m e t h y l -  
h y d r o x a m i e  ac ids  a r e  not f o r m e d  under  the cond i t ions  of the s y n t h e s i s  of I I I a - d  (see  [61) b e c a u s e  of the low 
s o l u b i l i t y  of the h y d r o c h l o r i d e s  of I I I a - d  in  g l a e i a l  a e e t i c  ac id .  

A t t e m p t s  to ob ta in  the i n t e r m e d i a t e  n i t r i l e  ox ides  (V), which  w e r e  i s o l a t e d  in a n u m b e r  of c a s e s  (as 
d i m e r s )  [4], by  the a c t i o n  of  b a s e s  on the n i t r o l i e  a c i d s  (IIa-d) and h y d r o x a m i c  a c i d  c h l o r i d e s  (IIIa-d)  did  

*See  [11 fo r  c o m m u n i c a t i o n  XXVII. 

TABLE 1. 3 - ( 2 - B e n z i m i d a z o l y l ) i s o x a z o l e s  

C o m  - 
pound 

rap, "C* 

IVa 169--170 
IVb 218--219 
IVc 107--108 
IVd 119--121 
~V~ 131--132' 

148--150 
IVg 160--161 
IVh 165--166 

Empirical i Found, % 
formula c H 

ClaHnNaO2 
C I sHI~NsO2 
C14HlsN302 
CmHl~N3Oz 
CI~Hj~N302 
C20It ~ fN 302 
C I4HI2N40 t 
Ctglt14N404 

i 

64,6 4,7 
71,4 4,4 
65,8 5,2 
72,3 4,7 
66,5 5.6 
72,l 5,2 
56.2 4,1 
62,9 4,1 

Calc.,% 

c H 

64,7 4,6 
71,3 4,3 
65,9 5,1 
72,0 4,8 
66,9 5,6 
72,5 5,2 
56,0 4,0 
62,6 32 

e r a - 1  

�9 * e G O  ~ 

1670 
I680 
1690 
1665 
1690 
1680 
1690 
1670 

Yield,% 

rneth.A B eth. 

62 64 
50 38 
55 62 
44 47 
70 73 
71  78 

25-I 
~ ' t  28:, 

* This  compound  was  r e c r y s t a l l i z e d  f r o n  n - h e x a n e ,  whi le  the r e -  
m a i n i n g  compounds  w e r e  r e c r y s t a l l i z e d  f r o m  a l c o h o l .  

T h e s e  compounds  w e r e  not  ob t a ined  v i a  m e t h o d  A b e c a u s e  of the 
low s o l u b i l i t y  of the n i t r o l i c  a c i d  (IId) in aqueous  a lka l i .  
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not give positive resul ts .  According to paper chromatography,  the products isolated in this case are  a mix-  
ture of substances that could not be identified. The nitrile oxides (V) and their hydration products - hy-  
droxamic acids - apparently undergo subsequent t ransformat ions  to give a number of complex compounds. 
However, it was shc~vn that I Ia-d r eac t  at room tempera ture  in aqueous solutions with the enolates of acetyl -  
acetone and benzoylacetone (when they are  present  in excess amounts) to give 3- (2-benzimidazoly l ) -4-acyl -  
5-methyl isoxazoles  ([Va-f). Similar  resul ts  were obtained in the case of the hydroxamoyl chlorides ([Ha-d). 
The react ion was ca r r i ed  out in dimethyl sulfoxide (DMSO) in the presence  of tr iethylamine.  

It should be noted that the nature of the substituent in the 5 posit ion of the benz~midazole ring has an 
appreciable effect on the yields of [soxazoles ([Va-h). Thus 5-methyl-subst i tu ted IVe and IVf were  obtained 
in yields above 70%, while 5-ni t ro-subst i tu ted IVg and IVh are formed only in yields of 25-28%. 

.% 
r - . /A%--n  ~ r3 / '~%~N n-'~ ,~_c.~ 

, 'o' 'o' 
i r, ~ /  r' 

I 
R' 

ill 

l , l l , l l l  a R=R'=H, b R=H,R'=CH 3, C R-R'=CH3,d R=NO 2, R'=CH3; IV a R=R'=H, R"=CH3, 

b R=R,=H, R-=ph, C. R-H, R'=R"-CH 3, dR=H, R'::-CH 3, R"=ph, e. R-R'=R"=CH3, 

f R=R'=CH 3, R "=ph, ~ R=NO 2, R'=R'=CH:~, h R=NO~, R'-CH3, R-=Ph 

The s t ruc ture  of isoxazoles IVa-h corresponds to the resul ts  of e lementary  analysis and is confirmed 
by their  I13 spec t ra ,  inwhich  intense bands at 1670-1690 cm - t  (Table 1), which are  related to the CO group 
absorption, are observed.  The s t ruc ture  of IVa and IVb is also confirmed by the P ~ R  spectra .  The PMR 
spect rum of IVa, for which only an unambiguous s t ruc ture  is possible because of the symmet r ica l  charac te r  
of the acetylacetone molecule,  contains singlets with chemical shifts of 2.45 and 2.74 ppm relat ive to hexa- 
methyldisiloxane, which cor respond to the resonance of the protons of the methyl group in the 5 posit ion and 
the methyl of the acetyl group in the 4 posi t ion of the isoxazole ring. Only one singlet  of protons with a 
chemical shift of 2.4 ppm is observed in the spec t rum of IVb, which can correspond only to the resonance 
of protons of a methyl group in the 5 position of isoxazole [11]. Thus the carbonyl carbon atom of the acetyl 
group ra ther  than of the benzoyl group part icipates  in closing of the isoxazole ring for IVb, which presup-  
poses a reac t ion  via the scheme 

C=O " ~ N .  '1 I / 

E X P E  RI1V[E N T A L  

The PMR spec t ra  were  r ecorded  with a YalV[R-5535 spec t romete r  (40 MHz) vr hexamethyldisi loxane 
(HMDS) as the standard. The IR spec t ra  of mineral-oi l  suspensions were recorded  with a UR-20 spec t ro -  
photometer .  

1 ,5-Dimethyl-2-formylbenzimidazole .*  This compound [2 g (54%)] was obtained by oxidation of 5 g 
(0.03 mole) of 1 ,2,5- tr imethylbenzimidazole [13] with 3.3 g (0.03 mole) of f reshly sublimed selenium dioxide 
in 30 ml of absolute dioxane via the method in [12]. The color less  needles had mp 133-134 ~ (from water).  
Found: N 16.5%. C10H10N20. Calculated: N 16.1%. IR spectrum, cm- l :  1710 (C = O). 

1,5-Dimethylbenzimidazole 2-Aldoxime (Ic). This compound [0.5 g (92%)] was obtained by the r e a c -  
tion of 0.5 g of 1 ,5-d imethyl -2- formylbenzimidazole  and 0.4 g of hydroxylamine hydrochloride in aqueous 

* The compound was synthesized for the f i rs t  time with the part icipat ion of L. Braikova. 
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alcohol (2 : 5) in the p r e s ence  of sodium acetate .  The co lor less  p r i s m s  had mp 227-227.5 ~ (from alcohol). 
Found: N 22.0%. C10HI1N30. Calculated: N 22.2%. IR s p e c t r u m ,  cm- l :  b road  band at 3100-3200 (OH), 
1570 (C=N). 

1-1V[ethyl-5-nitrobenzimidazole 2-Aldoxime (Id). A solution of 0.5 g (2.4 mmole)  of 1 - m e t h y l - 5 - n i t r o -  
2 - fo rmylbenz imidazo le  [12], 0.2 g (3.0 mmole)  of hydroxylamine hydrochlor ide ,  and 0.25 g (3.0 mmole)  of 
anhydrous sodium aceta te  in 4 ml of glacial  acet ic  acid was ref luxed for  1 h. The mix tu re  was then diluted 
with wate r ,  and the c rys t a l s  were  r emoved  by f i l t ra t ion and washed with wa te r  to give 0.46 g (80%) of yellow 
p r i s m s  with mp 248-248.5 ~ (from 80% acet ic  acid). Found: C 49.1; H 3.9%. CgHsN403. Calculated: C 48.7; 
H 3.7%. IR spectrum, cm-i: 3100 (OH), 1620 (C=N), 1530, 1335 (NO2). 

1-Methyl-5-nitro-2-benzimidazolylmethylnitrolie Acid (lid). A mixture of 0.5 g (2.0 mmole) of Id and 
2 ml of nitric acid (sp. gr. 1.4) was heated cautiously on a water bath at 50-60 ~ until a dark-brown solution 
formed. The mixture was cooled and diluted with water, and the greenish-yellow crystals were removed 
by filtration and washed with water to give 0.25 g (41%) of a product with mp 134 ~ (dec.). Found: C 40.0; 
H 3.0%. CgHTNsOs. Calculated: C 40.8; H 2.7%. IR spectrum; cm-i: 3100 (OH), 1555, 1340 (NO2) , 1050, 
1075 (C =NO~-). 

1,5-Dimethyl-2-benzimidazolylmethylnitrolic Acid (IIe). This compound [0.3 g (64%)] was obtained by 
nitration of 0.4 g of Ic with 2 m_l of nitric acid (sp. gr. 1.4) at 50-60 ~ as in the preparation of lid. The pre- 
cipitate was treated with 3-5% sodium acetate solution to give 0.3 g (64%) of yellow needles with mp 88-89 ~ 
(dec.). Found: C 52.0; H 4.6%. CIoHIoN403. Calculated: C 51.3; H 4.3%. IR spectrum, era-l: severalpeaks 
at 3100-3530 (OH), 1540; 1340 (NO2). 

2-Benzimidazolylmethylhydroxamoyl Chloride Hydrochloride (Ilia). A stream of chlorine was passed 
through a solution of 2 g of benzimidazole 2-aldoxime [14] in 20 ral of glacial acetic acid until the formation 
of a white precipitate ceased. The precipitate was then removed by filtration and washed with glacial acetic 
acid and several times with ether to give 2.85 g (quantitative) of colorless prisms with mp 204 ~ (dec., from 
glacial acetic acid). Found: N 18.1%. CsH6CIN30"HCI. Calculated: N 18.1%. IR spectrum, cm-i: broad 
band at 3240(OH), broad band at 2600-2800 (NH, NH), 1630 (C=N). 

1-Methyl-2-benzimidazolylmethylhydroxamoyl Chloride Hydrochloride (IIlb). This compound [1.3 g 
(84%)] was obtained in the same way as Ilia from 1 g of 1-methyl-2-formylbenzimidazole [12] in 10 ml of 
glacial acetic acid. The colorless prisms had mp 204 ~ (dec., from glacial acetic acid). Found: C 43.7; 
H 3.8; C1 28,6%. CgH~C1N30. "HC1. Calculated: C 44.0; H 3.7; C1 28.8%. IR s p e c t r u m ,  cm- i :  3230 (OH), 
b road  band at 2600-2800 (NH), 1630 (C=N). 

1 ,5 -Dimethyl -2-benz imidazoly lmethylhydroxamoyl  Chloride Hydrochlor ide  (IIIc). This compound was 
obtained in quantitative yield as co lor less  needles with mp 198 ~ (dec., f r om glacial  acet ic  acid). Found: 
N 16.3~o. Ci0H10C1N~O- HC1. Calculated: N 16.2%. IR s p e c t r u m ,  cm- l :  3300 (OH), b road  band at  2600- 
2800 (NH), 1640 (C=N). 

1-1V[ethyl-5-nitro-2-benzimidazolylmethylhydroxamoyl Chloride ('[lid). This compound [0.49 g (86%)] 
was obtained in the same way as Ilia by chlorination of 0.5 g of Id in 30 ml of glacial acetic acid. The yellow 
prisms had mp 194 ~ (dec., from glacial acetic acid). Found: N 14.1%. CgHTCIN403. Calculated: N 14.0%. 
IR spectrum, cm-l: broad band at 2700-2800 (OH), 1620 (C=N), 1535, 1340 (NO2). 

3-(2-Benzimidazolyl)-4-aeetyl-5-methylisoxazole (IVa). A: A 2-g (0.01 mole) sample of 2-benzimi- 
dazolylmethylnitrolic acid [15] was added to a solution of 2 g (0.02 mole) of aeetylaeetone in 20 m] of 2 N 
sodium hydroxide, and the mixture was allowed to stand overnight at room temperature. The precipitated 
c rys t a l s  we re  r emoved  by  f i l t rat ion,  washed  with wate r ,  dried,  and purif ied by column chromatography  (alu- 
minum oxide and chloroform).  Compounds IVb-f  were  s i m i l a r l y  obtained. 

B. A suspension of 0.9 g (3.9 mmole)  of IIIa in 5 ml of DY[SO was added in port ions with s t i r r ing  to a 
mix tu re  of 0.75 g (7.5 mmole)  of acetylacetone,  1.75 g (17.5 mmole)  of t r ie thylamine ,  and 5 ml of DMSO. 
The mix tu re  was allowed to stand overnight ,  and the p rec ip i t a ted  t r i e thy lamine  hydrochlor ide  was r emoved  
by fi l trat ion.  The DY[SO was r emoved  by vacuum disti l lation, and the res idue  was t r ea ted  with a smal l  
amount of wa te r  to give the benzimidazolyl i soxazole ,  which was pur i f ied by column c h r o m a t o g r a p h y  (alu- 
minum oxide and chloroform) .  Compounds IVa-h were  s i m i l a r l y  obtained. 
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