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It has  been shown that  3 -pheny l im idazo [5 ,1 -b ]be nz oxa z o l e  (I) is  s tab le  under  condi t ions  of a lka l ine  and acid 
h y d r o l y s i s .  When I is  oxidized with p o t a s s i u m  p e r m a n g a n a t e ,  2 -benzoy lbenzoxazo le  is  fo rmed .  A s e r i e s  of 
] - s u b s t i t u t e d  d e r i v a t i v e s  of I has  been obtained by i t s  n i t r a t ion  and b romina t ion  and by the V i l s m e i e r  and 
Mannich r e a c t i o n s .  N i t rosa t ion ,  hydroxymethy la t ion ,  ace ty la t ion ,  and cyanoethyla t ion  r e a c t i o n s  of I could 
not be c a r r i e d  out by the usua l  me thods .  

The p r e s e n t  work  was devoted to a study of the c h e m i c a l  p r o p e r t i e s  of a r e p r e s e n t a t i v e  of a new he t e rocyc l i c  
s y s t e m - - 3 - p h e n y l i m i d a z o [ 5 ,  ] -b ]benzoxazo le  (I) [1]. Since I is  an analog of 3 -pheny l imidazo [5 ,1 -b ]benzo th i azo l e  (XV), 
which is  capable  of undergoing e l ec t roph i l i c  subs t i tu t ion  r e a c t i o n s  in pos i t ion  1 [2], i t  appea red  of i n t e r e s t  to compa re  
the r e a c t i v i t i e s  of these  two compounds .  The p r e s e n c e  of an e x c e s s  of 7r-electron dens i ty  in pos i t ion  1 and 3 of the 
mo lecu l e  of imidazo[5 ,  ] -b ]benzoxazo le  was conf i rmed  by ca lcu la t ions  us ing H~cke l ' s  m o l e c u l a r  o rb i t a l  method with 
P u l l m a n ' s  s t andard  p a r a m e t e r s  [3]. 

Like XV [2], compound I p roved  to  be e x t r e m e l y  s tab le  under  condi t ions  of acid  and a lka l ine  h y d r o l y s i s :  it  
underwent  no change on pro longed  boi l ing both with 20~  hyd roc h lo r i c  ac id .  The oxidat ion of I with p o t a s s i u m  
p e r m a n g a n a t e  in aqueous p o t a s s i u m  ca rbona te  solut ion at  70 ~ C led to the des t ruc t ion  of the imidazo le  r ing  and the 
fo rma t ion  of 2 - b e n z o y l b e n z o x a z o l e  (II), iden t i ca l  with the compound d e s c r i b e d  p r e v i o u s l y  [4]. A s i m i l a r  c leavage  of the 
imidazo le  r ing  was obse rved  in the oxidat ion of X with c h r o m i u m  t r iox ide  [2]. 

The n i t r a t ion  of I with n i t r i c  acid  in g l ac i a l  ace t ic  acid  at 50 ~ C gave 1 - n i t r o - 3 - p h e n y l i m i d a z o [ 5 ,  ] ]benzoxazole  
(HI). However ,  the yie ld  of th i s  compound was  c o n s i d e r a b l y  lower  than the yie ld  of the c o r r e spond ing  n i t ro  de r iva t ive  
of XV, which is  f o rmed  at  a lower  t e m p e r a t u r e  [2]. It was imposs ib l e  to p e r f o r m  the n i t rosa t ion ,  ace ty la t ion ,  and 
hydroxymethy la t ion  of I by the usual  methods ;  in a l l  c a s e s  the s t a r t i ng  m a t e r i a l  was r e c o v e r e d .  

Like XV [2], I t akes  pa r t  in the Mannich reac t ion ;  under  the ac t ion  of p a r a f o r m a l d e h y d e  and d ime thy lamine  and 
p i pe r i d ine  h y d r o c h l o r i d e s ,  the b a s e s  I V a n d  V were  obtained.  When p ipe r id ine  hydroch lo r ide  was r e p l a c e d  by f r ee  
p ipe r id ine ,  the Mannich r e a c t i o n  did not take  p l ace  and the in i t i a l  I was r e c o v e r e d .  By the ac t ion  of methyl  iodide in 
benzene ,  IV was conver ted  into the meth iodide .  A t t empt s  to r e p l a c e  the d ime thy lamino  group in it by o ther  g roups  
(n i t r i l e ,  ace ty l ,  etc.)  by analogy with the r e a c t i o n s  d e s c r i b e d  for  qua t e rna ry  sa l t s  of g r a mine  [5] did not lead to 
s a t i s f a c t o r y  r e s u l t s .  

The fo rmy la t i on  of I by the V i l s m e i e r  r e a c t i o n  led to the f o r m a t i m  of 3 -phenyl imidazo[5 ,  1 -b ]benzoxazo le -1 -  
a ldehyde  (VI) in good y ie ld .  The t h i o s e m i c a r b a z o n e  of VI (XI) was fo rmed  only in the p r e s e n c e  of ace t i c  ac id .  F r o m  
VI the oxime VII was  obtained,  and on being heated with ace t ic  anhydr ide  in the p r e s e n c e  of anhydrous  sodium ace ta t e  
th is  was conver ted  into the n i t r i l e  (VIII). Heat ing  VH in ace t i c  anhydr ide  alone led to the fo rma t ion  only of the ace ty l  
d e r i v a t i v e s  of the oxime (XIV). 3 - P h e n y l i m i d a z o [ 5 , 1 - b ] b e n z o x a z o l e - l - c a r b o t h i o a m i d e  (IX) and the amide  oxime (X) 
were  obtained f r o m  VIII by the usua l  me thods .  (See Scheme on fol lowing page. )  

T he b romina t ion  of I with b r o m i n e  in ch lo ro fo rm  or  with b r o m o s u e c i n i m i d e  led to 1 - b r o m o - 3 - p h e n y l i m i d a z o [ 5 ,  
l - b ]  benzoxazole  (XII) in which it was  p o s s i b l e  by pro longed  heat ing with butanol  in the p r e s e n c e  of a lka l i  to r e p l a c e  
the halogen by  a butoxy group with the fo rma t ion  of XIII. When XII was heated with aqueous a lka l i ,  no r e p l a c e m e n t  of 
the halogen by a hydroxy  group took p lace .  In a t t e m p t s  to p e r f o r m  the cyanoethyla t ion  of I with a e r y l o n i t r i l e  in the 
p r e s e n c e  of the Rodionov ca t a ly s t ,  the s t a r t i ng  m a t e r i a l  was  r e c o v e r e d  unchanged.  

Al l  the d e r i v a t i v e s  of I syn thes ized  we re  s tudied fo r  t he i r  a n t i b a c t e r i a l  and,  in p a r t i c u l a r ,  t ube rcu lo s t a t i c  ac t iv i ty  
in the chemothe rapy  d iv i s ion  of VNIKhFI [Ordzhonikidze  Al l -Union  Chemica l  and P h a r m a c e u t i c a l  R e s e a r c h  Inst i tute]  by 
S. N. Mi lovanova  and T. N. Zykova; t he se  subs tances  p o s s e s s  no a p p r e c i a b l e  a n t i b a c t e r i a l  ac t iv i ty .  
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The oxidation of I. A suspens ion  of 0.2 g (0.85 mM) of I [1] in a solution of 0.05 g of po tass ium carbonate  in 2 ml  
of water  at 70 ~ C was t rea ted dropwise with a 10% aqueous solution of potass ium permangana te  until  the pe rmangana te  
ceased to be decolor ized.  After  cooling, the prec ip i ta te  was f i l tered off, washed, and t rea ted with e ther .  The res idue  
f rom the evaporat ion of the solvent  (0.1 g) was r ec rys t a l l i zed  f rom ethanol.  Color less  c rys ta l s  with mp 75-76 ~ C (from 
ethanol) giving no depress ion  in admixture  with a sample of 2-benzoylbenzoxazole  (II) obtained by the decomposi t ion of 
its oxime with anhydrous acet ic  acid [4]. Found,  %: C 75.3; H 4.1. CIIHsNO 2. Calculated,  %: C 75.3; H 4.1. 
Th iosemica rbazone  of H--yellow c rys t a l s ,  mp 194-198 ~ C (from 50% ethanol) .  Found, %; N 19.0; S 10.6. 
C15tt12N4OS. Calculated,  %: N 18.9; S 10.8. 

1 -Ni t ro -3 -pheny l imidazo[5 ,1 -b]benzoxazo le  (III). A suspens ion  of 0.5 g (2.14 mM) of I in 10 ml  of g lacia l  acetic 
acid was t rea ted  dropwise at 16 ~ C with a mix ture  of 0.21 ml  (4.72 mM) of n i t r ic  acid (d 1.5) and 1.4 ml of g lacia l  
acet ic  acid. A voluminous  white p rec ip i ta te  of the n i t ra te  of I was formed.  The mix tu re  was heated at 50 ~ C for  50 min ,  
whereupon the prec ip i ta te  gradual ly  dissolved and a new bright  yellow prec ip i ta te  separated out. After  cooling to 
room t empera tu r e ,  it was f i l te red  off and was washedwith glacial  acet ic  acid and water .  Yield 0.15 g; mp 210-213 ~ C 
(from ethanol) .  Found,  %: C 64.7; H 3.5; N 15.3. C15HgN303. Calculated,  %: C 64.5; tt 3.2; N 15.1. 

1 -Dimethy laminomethy l -3-phenyl imidazo[5 ,  1-b]benzoxazole (IV). A mix ture  of 0.7 g (2.96 raM) of I, 0.18 g (6 
mM) of paraformaldehyde ,  0.3 g (3.69 raM) of d imethylamine  hydrochlor ide,  and 8 ml  of i soamyl  alcohol was boiled for  
1 hr .  The prec ip i ta te  that separated f rom the hot solution was f i l tered off af ter  cooling, and was washed with i soamyl  
alcohol and then with aqueous ammonia  and with water .  This  gave 0.78 g (87.5%) of IV. Color less  c rys t a l s  with mp 
119-120.5 ~ C (from 50% ethanol).  Found,  %: C 73.9; H 5.8; N 14.0. CIsH17NaO. Calculated,  %: C 74.2; H 5.9; N 14.4. 
Methiodide of IV--l ight yellow c rys t a l s  with decomp, p. 210 ~ C (from wa te r ) .  Found, %: I 29.5. C19H20N3OI. Calculated,  
%: 1 29.3. 

1 -P iper id inomethy l -3 -pheny l imidazo[5 ,  1-b]benzoxazole (VI). This  was obtained in a s i m i l a r  m a n n e r  to IV. Yield 
75.7%; co lo r l e s s  c ry s t a l s  with mp 123.5-125 ~ C (from ethanol). Found, %: C 76.4; H 6.6; N 12.5. C21H21NsO. Calculated,  
%: C 76.1; H 6.4; N 12.7. 

3-Phenyl imidazo[5 ,  1 -b ]benzoxazo le - l -a ldehyde  (VI). At 0-5  ~ C, 0.5 ml  of f r e sh ly -d i s t i l l ed  phosphorus 
oxychloride and then a suspens ion  of 0.5 g (2.14 mM) of I in 8 ml  of d imethyl formamide  were  added to 3.5 ml  of purif ied 
d imethyl formamide ,  and the mix tu re  was s t i r r ed  at 90-95 ~ C for 2 hr .  The solid ma t t e r  rapidly  dissolved,  and then 
a prec ip i ta te  formed.  After  cooling, the mix ture  was poured onto ice,  and the bright yellow prec ip i ta te  was f i l tered 
off, washed with water  and t r i tu ra ted  with sa turated sodium acetate  solution. This gave 0.52 g (92.5%) of VI. Color less  
c rys t a l s  with mp 167-168 ~ C (from ethanol).  Found, %: C 73.2; H 3.8; N 10.6. C16H10N202. Calculated,  %: C 73.3; 
H 3.8; N 10.7. 

The oxime of VI (VII) o A mix tu re  of 1.16 g (4.43 mM) of VI, 0.35 g (5 mM) of hydroxylamine  hydrochlor ide ,  11.6 
ml  of absolute ethanol, and 11.6 ml  of anhydrous pyr id ine  was boiled for  4 hr  and cooled, and the prec ip i ta te  was 
f i l te red  off and was washed with ethanol and water .  This gave 1.04 g of VII; fa int ly  yellow c rys t a l s ,  decomp, po 253-  
255 ~ C (from butanol ) .  Found,  %: C 69.1; H 4.2; N 15.1. CisHllN302. Calculated,  %: C 69.3; H 4.0; N 15.1. 
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T h i o s e m i c a r b a z o n e  of VI (X)- -decomp.  p. 313-316 ~ C (from ethanol) .  Found,  %: C 60.9; H 3.9; N 20.4; S 9.1. 
C17H13NsSO. Ca lcu la ted ,  %: C 60.9; H 3.9; N 20.9; S 9.5. 

Ace ty lox ime  of VI (XIV). A suspens ion  of 0.2 g of VII in 2 ml  of ace t i c  anhydr ide  was boi led for  30 min and cooled,  
and the p r e c i p i t a t e  was f i l t e r ed  off and was washed with g l a c i a l  ace t i c  ac id  and with w a t e r .  This  gave 0.19 g of XIV, 
mp 192-194 ~ C (from g lac i a l  ace t i c  acid) .  Found,  %: C 68.0; H 4.1; N 13.2. C18H13N302. Ca lcu la ted ,  %: C 67.7; 
H 4.1; N 13.2, 

3 - P h e n y l i m i d a z o [ 5 , 1 - b ] b e n z o x a z o l e - 3 - c a r b o n i t r i l e  (VIII). A mix tu re  of 0.9 g (3.96 mM) of VII, 13.8 ml  of ace t i c  
anhydr ide ,  and 0.46 g of anhydrous  sodium ace t a t e  was boi led  for  3 h r .  The hot solut ion was  t r e a t e d  with cha rcoa l  and 
was f i l t e r e d  and cooled ,  and the p r e c i p i t a t e  was f i l t e r e d  off, washed with ace t i c  anhydr ide ,  ace t ic  ac id ,  and w a t e r ,  
and d r i ed .  Weight was 0.64 g. Af t e r  r e c r y s t a l l i z a t i o n  f r o m  ethanol ,  0.4 g of VIII was obtained in the f o r m  of c o l o r l e s s  
need les  with mp 179-182 ~ C. Found,  %: C 74~ H 3.4; N 16.0. C16HgN30. Ca lcu la ted ,  %: C 74.1; H 3.5~ N 16.2. The 
m o t h e r  l iquor  f r o m  the i so la t ion  of the VIII was poured  into w a t e r ,  and the p r e c i p i t a t e  was f i l t e r e d  off, combined with 
the r e s i d u e  a f t e r  the evapora t ion  of the a lcohol ic  m o t h e r  l i quor s ,  and t r e a t e d  with e the r .  Af t e r  evapora t ion  of the 
e t h e r e a l  solut ion,  an addi t ional  0.28 g of VIII was  obtained.  

3 -Pheny l imidazo [5 ,  1 - b ] b e n z o x a z o l e - l - e a r b o t h i o a m i d e  (IX). A suspens ion  of 0.28 g (1.08 mM) of VIII in 17 ml  of 
abso lu te  ethanol  was  t r e a t ed  with 0.2 m l  of t r i e t h y l a m i n e ,  and a c u r r e n t  of d ry  hydrogen  sulf ide  was p a s s e d  into the 
mix tu re  at 30 ~ C fo r  4 h r .  Af te r  cool ing,  the p r e c i p i t a t e  was f i l t e r e d  off and washed with cooled abso lu te  ethanol .  This  
gave 0.3 g of IX in the f o r m  of l ight  yel low need les  with mp 241-243 ~ C (from g lac i a l  ace t i c  acid) .  Found,  %: C 65.8; 
H 3.9; N 14.5; S 10.5. C16I-I11N3OS. Ca lcu la ted ,  %: C 65.5; H 3.8; N 14.3; S 10.9. 

3 -Pheny l imidazo[5 ,  1 - b ] b e n z o x a z o l e - l - c a r b o x a m i d e  ox ime (XI)~ A hot solut ion of 0.28 g (1.08 mM) of VIII in 10 
ml of e thanol  was  t r e a t e d  with a solut ion of 0.072 g (1.08 mM) of hydroxy lamine  hyd roch lo r ide  and 0.054 g (0.51 mM) 
of sodium ace ta t e  in 5 ml  of w a t e r ,  the mix tu r e  was boi led fo r  1 hr  and cooled,  and the p r e c i p i t a t e  was f i l t e r ed  off and 
was washed with ethanol  and then with w a t e r .  This  gave 0.3 g of XI, mp 220-221 ~ C ( f rom e thanol ) .  Found,  %: N 19.0. 

CI6HI2N~O2. Ca lcu la ted ,  %: N 19.2. 

1 - B r o m o - 3 - p h e n y l i m i d a z o [ 5 ,  1 -b]benzoxazole  (XII) .  A)A solut ion of 1.5 g(6.42 mM) of I in 60 ml  of anhydrous  
c h l o r o f o r m  was t r e a t e d  with 0.33 ml  (6.5 mM) of b r o m i n e  in 4 ml  of c h l o r o f o r m .  The mix tu r e  was  s t i r r e d  at 20 ~ C for  
3 hr ,  and the p r e c i p i t a t e  was f i l t e r e d  off, washed with wa te r ,  and t r i t u r a t e d  with a solut ion of sodium b isu l f i t e .  Then 
the b r o m i d e  was f i l t e r ed  off aga in  and was washed with wa te r .  This  gave 2.19 g of XII.  C o l o r l e s s  need les ,  mp  178-  
180 ~ C ( f rom ethanol) .  Found,  %: C 57.4; H 2.9; N 8.9; Br  25.5. C15HsN2OBr. Ca lcu la ted ,  %: C 57.5; H 2.9; N 8.9; 
Br  25.5. B) A mix tu r e  of 0.2 g (0.85 mM) of I, 0.15 g (0.85 mM) of b r o m o s u c c i n i m i d e ,  and 5 m l  of f r e s h l y - d i s t i l l e d  
carbon  t e t r a c h l o r i d e  was boi led for  1.5 h r  and then the insoluble  r e s i d u e  was f i l t e r e d  off f r o m  the hot solut ion.  On 
cool ing,  the m o t h e r  l iquor  depos i ted  0.27 g of XII with mp 172-175 ~ C, iden t ica l  with the sample  obtained by method 

(A). 

1-Bu toxy-3 -pheny l imidazo [5 ,  1 -b]benzoxazole  (XIII). A solut ion of 0.7 g (2.24 mM) of XII and 2.65 g of caus t ic  
potash  in 62 ml  of butanol  was  boi led for  31 h r .  The butanol  was  evapora t ed  to d r y n e s s  in vacuum,  and the r e s idue  was 
t r e a t e d  with e the r .  The e t h e r e a l  solut ion was washed with w a t e r  and d r i ed .  Af t e r  the solvent  had been  d r iven  off, 0.3 
g (44%) of XIII was  obtained.  CoL)r less  c r y s t a l s  with mp 109-111.5 ~ C ( f rom methanol) .  Found,  %: C 74.3; H 5.9. 

ClgH18N202. Ca lcu la ted ,  %: C 74.5~ H 5.9. 

REFERENCES 

1. T. P .  Sycheva,  I. D. K i se l eva ,  and M. N. Shchukina,  KhGS [ C h e m i s t r y  of H e t e roe yc l i c  Compounds],  2, 

690, 1966. 
2. V. V. Avidon and M. N. Shchukina,  KhGS [ C h e m i s t r y  of H e t e r o c y c l i c  Compounds] ,  2, 292, 1966. 
3. G. G. Dvoryan t seva ,  T. N. Ul 'yanova ,  G. P .  Syrova ,  Yu. N. Sheinker ,  V. M. Aryuz ina ,  T. P .  Sycheva,  

and M. N. Shchukina,  TEKh [Theo re t i c a l  and E x p e r i m e n t a l  C h e m i s t r y ] ,  23, 1970. 
4. S. Shraup and M. M o s e r ,  B e r . ,  55, 1095, 1922. 
5. H. R. Snyder  and E. L. E l i e l ,  J .  Am.  Chem.  S o c . ,  70, 1703, 1948. 

14 October  1968 

Ordzhonik idze  Al l -Union  S c i e n t i f i c - R e s e a r c h  Chemica l  and P h a r m a c e u t i c a l  Ins t i tu te ,  Moscow 

412 


