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It has been shown that the products of the reaction of benzoxazolone 
(I) and 6-chlorobenzoxazolone (II) with cx, 13-dichloropropionyl chlo- 
ride in the presence of triethylamine are, respectively, 3-[{3-(N-ben- 
zoxazolonyl)-a-chloropropionyl] benzoxazolone and 3-[~-(N-6-chle- 
ro benzoxazolonyl)- a-chloropropionyl] -6-chloroberizoxazolone. A 
possible explanation of the fact tkat in the reaction of I and II in the 
presence of triethylamine onty the chlorine atom in the /3-position of 
derivatives of a, ~-dichloropropionic acid takes part, is that the chio- 
fine in the c~-position is deactivated through enolization. 

As a r e s u l t  of the r e a c t i o n  of b e n z o x a z o l o n e  (I) and 
6 - c h l o r o b e n z o x a z o l o n e  (II) wi th  a ,  f l - d i c h l o r o p r o p i o n y l  
c h l o r i d e  (III) in the p r e s e n c e  of t r i e t h y l a m i n e ,  we have  
ob ta ined  s u b s t a n c e s  the s t r u c t u r e s  of which  migh t  c o r -  
r e s p o n d  to f o r m u l a s  IV and V o r  VI and VII [1]. 

c~"  ,"~----N - -co- -  c H-- C H ~ -- N----FF"~'~ 6 " ~ " ~ - -  N -- CO--C II --C H2cm 

Y /C tv, vl. vn o// " o ~ " x  
#V, VI t  X = H ;  V, V | l :  X ~ C I  

[2] to 3 - [ f l - ( N - b e n z o x a z o l o n y l ) p r o p i o n y l ] b e n z o x a z o l o n e  
(VIII). T h e  s t r u c t u r e  of (VIII) was  c o n f i r m e d  by  syn-  
t h e s i s  f rom the sodium d e r i v a t i v e  of benzoxazo lone  
and f l - c h l o r o p r o p i o n y l  c h l o r i d e  in a n h y d r o u s  d ioxane .  
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Fig. 2. IR spectra of ~T-(#-chlo- 
ropropionyl(-6-ehlorobenzoxazo- 
lone (~ ) :  1) in a potassium bro-  
mide t a b l e t ;  2) in c a r b o n  t e t r a -  

c h l o r i d e  so lu t ion .  
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Fig .  1. IR s p e c t r a  of N - ( a - c h l o -  
r o p r o p i o n y l ) - 6 - c h l o r o b e n z o x a z o -  
lone  (XIV): 1) in a p o t a s s i u m  
b r o m i d e  t a b l e t ;  2) a m m o n i u m  
s a l t  of the  eno l i c  f o r m  of XIV in 
the  p u r e  s t a t e ;  3) s a t u r a t e d  s o l u -  
t ion in c a r b o n  t e t r a c h l o r i d e  ( s p e c -  
t r u m  of a d i lu te  so lu t i on  in CC14 
shown b y  a b r o k e n  l ine) ;  4) in 

a e e t o n i t r i l e  so lu t ion .  

The  fact  tha t  the r e a c t i o n  of I and  III g i v e s  3- [ f l -  
( N - b e n z o x a z o l o n y l ) -  a - c h l o r o p r o p i o n y l ] b e n z o x a z o l o n e  
(IV) was  shown by r e d u c i n g  the l a t t e r  wi th  z inc  dus t  

At first N-(fi-chloropropionyl)benzoxazolone (X) was 
obtained, and then X was converted into VIII. The iden- 
tity of the samples of VIII obtained by the reduction of 
IV and from X was shown by mixed melting points and 
their TR spectra. The structure of 3-[fl-(N-6-chloro- 
benzoxazolonyl)- ~-chloropropionyl]- 6-chlorobenzoxa- 
zolone (V) was shown analogously, but the reduction 
of V was carried out with sodium borohydride [3], since 
treatment with zinc dust was accompanied by hydroly- 
sis. The i n s t a b i l i t y  of the N - a c y l  d e r i v a t i v e s  of 6 - c h l o -  
r o b e n z o x a z o l o n e  to h y d r o l y s i s  i s  e x p l a i n e d  by  the l o w e r  
b a s i c i t y  of b e n z o x a z o l o n e s  con ta in ing  e l e c t r o n e g a t i v e  

g r o u p s  in p o s i t i o n  6. 
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Fig. 3. IR spectra of ethyl fl-(N- 
6-chlorobenzoxazolonyl)-a-chloro- 
propionate (XV): i) in a potassium 
bromide tablet; 2) in acetonitrile 
solution (cell thickness 0.06 ram). 
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When V was  sub jec t ed  to ac id  h y d r o l y s i s  in aqueous  
e thano l i c  solut ion,  e s t e r i f i c a t i o n  took p l ace  s i m u l t a -  
neous ly  with the fo rma t ion  of e thyl  f i - ( 6 - c h i o r o b e n z o x a -  
zo lony l ) -  a - c h l o r o p r o p i o n a t e .  
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Fig.  4. IR spectra of 3- [ /3- (N-benzox-  
a z o l o n y l ) - a - c h l o r o p r o p i o n y l ] b e n z o x a -  
zo lone  (IV): 1) in a p o t a s s i u m  b r o m i d e  
t ab l e t ;  2) s a t u r a t e d  so lu t ion  in a c e t o -  
n t t r i l e  in a 0.06 m m  ce l l  with c o m p e n -  
sa t ion  of the  a b s o r p t i o n  of the a e e t o n i -  
t r i l e  by m e a n s  of a c e l l  of v a r i a b l e  
t h i c k n e s s ;  3) s a t u r a t e d  so lu t ion  in b e n -  

zene  unde r  the s a m e  condi t ions .  

We exp la in  the f o r m a t i o n  of IV and V in the r e a c t i o n  
of I and II wi th  I~I in the  p r e s e n c e  of t r i e t h y l a m i n e  by  
the fact  that  in XII and XIII, which a r e  a p p a r e n t l y  in-  
t e r m e d i a t e  r e a c t i o n  p roduc t s ,  the c h l o r i n e  the a - p o -  
s i t ion  i s  d e a c t i v a t e d  th rough  eno l i za t ion  [4]. 

tx ~/'~...>~o-C'% x/'-~./-.o. % o. c, j 
Xl l  XI I I  

XII~ X ~ I I ;  X I I I :  X = C I  

To c o n f i r m  the fac t  that  eno l i za t i on  t a k e s  p lace ,  we 
s y n t h e s i z e d  N- ( c ~ - c h l o r o p r o p i o n y l ) - 6 - c h l o r o b e n z o x a -  
zo lone  (XIV), the IR s p e c t r a  of which  w e r e  s tud i ed  in 
d e t a i l  in d i f f e r en t  s t a t e s  of a g g r e g a t i o n .  The  s p e c t r u m  
of XIV c o m p r e s s e d  into a t ab l e t  of p o t a s s i u m  b r o m i d e  
(curve  1) has  s t r o n g  bands  in the r e g i o n  of the a b s o r p -  
t ion of an OH group  p a r t i c i p a t i n g  in the f o r m a t i o n  of 
hyd rogen  bonds .  In the r eg ion  of the a b s o r p t i o n  of c a r -  
bonyl  g roups ,  t h e r e  a r e  two bands  with  f r e q u e n c i e s  of 
1792 and 1742 era  -1. The  band a t  1792 cm -1, l i ke  tha t  
a t  1633 cm -1, i s  due to the v i b r a t i o n s  of the b e n z o x a -  
zo lone  m o i e t y .  The  f i r s t  band  r e p r e s e n t s  the v i b r a -  
t ion of a c a r b o n y l  g roup  in a f i v e - m e m b e r e d  r i ng  and 
the s econd  the fu l ly  s y m m e t r i c a l  v i b r a t i o n s  of a b e n -  
zene  r ing .  Both these  bands  a r e  p r e s e n t  in the s p e c -  
t r u m  of N - m e t h y l b e n z o x a z o l o n e .  The  1742 c m  -1 band  
r e l a t e s  to the v i b r a t i o n s  of a e a r b o n y l  g roup  in an c~- 
c h l o r o  a m i d e  g roup ing .  The  f a i r l y  high va lue  of the 
f r e q u e n c y  of i t s  v i b r a t i o n s  shows  the c o n s i d e r a b l e  
a t t r a c t i o n  of the e l e c t r o n  p a i r  of the n i t r o g e n  in the 
b e n z o x a z o l o n e  s y s t e m .  The  IR s p e c t r u m  of XIV c o m -  
p r e s s e d  into p o t a s s i u m  b r o m i d e  shows  tha t  in the c r y s -  
t a l l i ne  s t a t e  XIV is  p r e s e n t  as  an e q u i l i b r i u m  m i x t u r e  
of ke ton ic  and enol ic  f o r m s .  The  p r e s e n c e  of the e n o l -  

ic f o rm  is  c o n f i r m e d  by the abso rp t ion  due to the v i -  
b r a t i o n s  of an OH group.  

The a b s o r p t i o n  r e l a t i n g  to the v i b r a t i o n s  of the 
double bond of the enol ic  form in the 1600-1700 cm-1  
reg ion  could  not be de tec ted ,  ev iden t ly  b e c a u s e  of the 
s t r e n g t h  of the a b s o r p t i o n  in th i s  reg ion  of the cu rve  
of the band with a f requency  of 1742 cm -~. However ,  
a band r e l a t i n g  to these  v i b r a t i o n s  can be seen c l e a r l y  
at  1680 crn -1 in the s p e c t r u m  of the p roduc t  of the 
i n t e r a c t i o n  of XIV with t r i e t h y l a m i n e ,  which i s  the 
a m m o n i u m  sa l t  of the enol ic  fo rm (F ig .  1, cu rve  2).  In 
the s p e c t r u m  of XIV in c a r b o n  t e t r a c h l o r i d e  ( s a t u r a t e d  
solut ion,  0.4 m m  cel l ) ,  t h e r e  is  only one band in the 
r eg ion  of the a b s o r p t i o n  of c a r b o n y l . g r o u p s ,  with a 
f r equency  of 1784 cm -1, which r e l a t e s  to the v i b r a t i o n s  
of the c a r b o n y l  group of the benzoxazo lone  m o i e t y  
(curve  3). The band a t  1742 cm -1 has  d i s a p p e a r e d .  In 
i t s  p l a c e  one can  de t ec t  only a weak  s h o u l d e r  on the 
c u r v e  of the 1784 cm -1 band.  In the reg ion  of the a b -  
s o r p t i o n  of OH g r o u p s  p a r t i c i p a t i n g  in hyd rogen  bonds,  
t h e r e  a r e  bands  s i m i l a r  to the bands  in the s p e c t r u m  
of XIV in the c r y s t a l l i n e  s t a te .  In the s p e c t r u m  of a 
d i lu te  so lu t ion  (5 m m  ce l l )  in th i s  r eg ion  t h e r e  is  a 
n a r r o w  band with  a f r equency  of 3480 c m  -1 which  m u s t  
be  a s c r i b e d  to the v i b r a t i o n s  of a f r ee  OH group .  The 
a p p e a r a n c e  of th i s  band on d i lu t ion  shows that  the m o l -  
ecu le  of the enol ic  fo rm of XIV is  a s s o c i a t e d  by i n t e r -  
m o l e c u l a r  hyd rogen  bonds  in ca rbon  t e t r a c h l o r i d e .  The  
a b s e n c e  of a band at  1742 cm -1 shows that  in c a r b o n  
t e t r a e h l o r i d e  so lu t ion  XIV is  p r e s e n t  a l m o s t  c o m -  
p l e t e l y  in the enol ie  f o r m .  Th i s  change  in the  e q u i l i -  
b r i u m  be tween  the enol ic  and ke ton ic  f o r m s  on p a s s i n g  
f rom the c r y s t a l l i n e  s t a t e  to a so lu t ion  in c a r b o n  t e t -  
r a c h l o r i d e ,  the d i e l e c t r i c  p e r m e a b i l i t y  of which  is 
2.23, g i v e s  g rounds  fo r  a s s u m i n g  that  the ke ton ic  
f o r m  p o s s e s s e s  a h i g h e r  d ipo le  m o m e n t  than the eno l i c  
f o r m  and that  i t s  c o n c e n t r a t i o n  should r i s e  on p a s s i n g  
to a m e d i u m  with a h i g h e r  d i e l e c t r i c  p e r m e a b i l i t y  [5]. 
The  s p e c t r u m  of XIV d i s s o l v e d  in a c e t o n i t r i l e ,  the 
d i e l e c t r i c  p e r m e a b i l i t y  of which i s  37.5, shows that  
in fact  the s h o u l d e r  a t  1742 cm -1 has  b e c o m e  m o r e  
w e l l - d e f i n e d ,  but,  n e v e r t h e l e s s ,  no s e p a r a t e  band l ike  
that  in the s p e c t r u m  of the c r y s t a l l i n e  s a m p l e  h a s  a p -  
p e a r e d .  
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Fig. 5. IR spectra of 3-[fl-(N-6- 
chlorobenzoxazolonyl)-a-chloropro- 
pionyl]-6- chlorobenzoxazolone (V): 
1) in a potassium bromide tablet; 
2) saturated solution in carbon tetra- 
chloride (the spectrum of a dilute 
solution in a 5 mm cell is shown by 

the broken line). 
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T a k i n g  i n t o  a c c o u n t  a l l  t h a t  h a s  b e e n  s a i d ,  a b o v e ,  

a n d  a l s o  t h e  f a c t  t h a t  f o r  X I I  a n d  X I I I  t h e  k e t o - e n o l  

e q u i l i b r i u m  m u s t  b e  s h i f t e d  in t h e  d i r e c t i o n  o f  t h e  e n o l  

m o r e  t h a n  f o r  X I V  b e c a u s e  o f  t h e  i n f l u e n c e  o f  a n  a d d i -  

t i o n a l  c h l o r i n e  a t o m ,  a n d  t a k i n g  i n t o  c o n s i d e r a t i o n  the  

d i e l e c t r i c  p e r m e a b i l i t y  of  b e n z e n e ,  w h i c h  i s  2 .3 ,  it 

c a n  b e  s t a t e d  t h a t  X I I  a n d  X I I I  e x i s t  in  b e n z e n e  s o l u t i o n  

in t h e  e n o l i c  f o r m .  

T h e  p r e s e n c e  o f  c h l o r i n e  in  t h e  f i - p o s i t i o n  to  t h e  

c a r b o n y l  g r o u p  i s  i n s u f f i c i e n t  to  c a u s e  t h e  a p p e a r a n c e  

o f  t h e  e n o l i e  f o r m  in a p p r e c i a b l e  c o n c e n t r a t i o n ,  a s  

c a n  b e  s e e n  f r o m  the  IR s p e c t r a  o f  N - ( f l - c h l o r o p r o -  

p i o n y l ) - 6 - c h l o r o b e n z o x a z o l o n e  ( F i g .  2), w h i c h  s h o w  

t h e  a b s e n c e  of  a p p r e c i a b l e  a b s o r p t i o n  in t h e  r e g i o n  o f  

t h e  b a n d s  o f  OH g r o u p ,  w h i l e  t h e  p a t t e r n  in t h e  r e g i o n  

of  t h e  c a r b o n y l  b a n d s  d o e s  n o t  c h a n g e  on  p a s s i n g  f r o m  

t h e  c r y s t a l l i n e  s t a t e  to  s o l u t i o n .  

T h e  p r e s e n c e  of  t h e  e n o l i c  f o r m s  o f  I V  a n d  V i s  

s h o w n  b y  t h e i r  IR s p e c t r a  ( F i g s .  4 a n d  5) .  

EXPERIMENTAL 

3-[8-(N-Benzoxazolonyl)propionyl] benzoxazolone (VIII). a) With 
stirring, 6 g of zinc dust was added to a solution of 2 g (6.2 mM) of 
IV [1] in 20 ml of ethanol, and then 10 ml of concentrated hydrochlo- 
ric acid was added in small portions over an hour and the mixture was 
left overnight, The reaction product was extracted with benzene, and 
the solvent was eliminated in vacuum. This gave VIII, yield 1.25 g 
('/0%), mp 186 ~ C (from a mixture of isooctane and benzene). Found, 
%: N 8.75; 8.95. Calculated for CI~HisN205, %: N 8.64t 

b) To the dry alkoxide obtained from 1.15 g (0,05 g-atom) of so- 
dium in 20 ml of absolute ethanol were added 40 ml of dry dioxane 
and a solution of 6.75 g (0.05 mole) of benzoxazolone in 40 ml of dry 
dioxane, with stirring, 6.4 g (5 raM) of B-chloropropionyl chloride 
was added to the cooled reaction mixture at such a rate that the tem- 
perature did not rise above 10 ~ C. Stirring was continued for another 
hour at room temperature and the mixture was left to the following 
day. The precipitate that had deposited was filtered off and the sol- 
vent was evaporated off in vacuum, after which the addition of petro- 
leum ether precipitated N-(5-chloroproptonyl)benzoxazolone (X), 
yield 4:/%, mp 88~ ~ C (from a 3:1 mixture of petroleum ether and 
benzene). Found, %: C1 15.02; 14.56. Calculated for C10HsC1NO a, 

% : C1 t5.47. 
With cooling and stirring, a mixture of 1.38 g (10 raM) of benzo- 

xazolone and 1 g (10 raM) of triethylamine in 20 ml of benzene was 
added to a solution of 2.28 g (10 raM) of X in 20 ml of benzene. The 
mixture was stirred for an hour at room temperature and filtered. After 
partial elimination of the solvent, petroleum ether precipitated from 
the filtrate 3-[s benzoxazolone (VIII), 

yield 60%, mp 184~ ~ C (from a mixture of petroleum ether and 
benzene). It gave no depression of the melting point in admixture 
with the sample obtained by method (a). 

3-[8-(N-6-Chlorobenzoxazolonyl)propionyl] -6-chlorobenzoxazo-  
loIle (IX), a) A solution of 0.24 g (6.2 raM) of NaBH 4 in 25 ml of ben- 
zene was added in drops, with stirring, to a suspension of 2.6 g (6.2 
raM) of V in 30 nil of benzene. The reaction mixture was boiled for 
an hour, cooled to 0 ~ C, treated with 1 ml of water, and filtered, and 
the precipitate extracted with benzene. After the solvent had been dis- 
tilled off, IX was obtained, yield 0.9 g (40~ mp 176~ ~ C (from 
a small amount of ether). Found, %: C1 18.43; N 7.24; 7.40. Calcu- 
lated for CITHz0C12NzOa, %: C1 18.06; N 7.12. 

b) Under the conditions used for the synthesis of X, 6-chlorobenzo- 
xazolone gave a 44% yield of N-(B-chloropropionyl)-6-chlorobenzoxa- 
zolone (XI), mp 106~ ~ C (from a mixture of petroleum ether and 
benzene), Found, C1 27.62; 27.63; N 5.53; 5,56%. Calculated for 
C10HTC12NO ~, %: CI 27.30; N 5.38. The action of 6-chlorobenzoxa ~ 
zolone and triethylamine on XI gave a 25.4% yield of IX, mp 178 ~ C 
(from a mixture of peuoteum ether and benzene). Found, %: C1 18.14; 
18.40; N 7.39; 7.39. Calculated for CnH10ClzNsO s, %: C1 18.06; N 

7.12. 
Ethyl ~-(N-6-chlorobenzoxazolonyl)-a-chloropropionate (XV). :% 

solution of 1 g (0.23 raM) of V in 10 ml of ethanol was treated with 
10 ml of 20% hydrochloric acid, and the mixture was boiled under re- 
flux for 30 minutes and filtered. From the filtrate after partial evap- 
oration in vacuum and the addition of water, XV was obtained with a 
yield of 44.3%, mp 93~ ~ C (from a 4:1 mixture of petroleum ether 
and benzene). Found, %: C 4'/.58; 4'/.09; H 3,71; 4.20; C1 23.38; 
23.42. Calculated for CnHI~IsNO 4, %: C 47.52; H 8.30; C1 28.10. 
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