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It is found that condensation of esters of iminocarboxylic and 
iminoperfluarocarboxylic acids with o-aminophenol is a convenient 
general method for preparing 2-alkyl, 2-perfluoroalkyl, and 2-aryl 
substituted beuzoxazoles. Hydrochlorides of esters of iminocarboxy- 
lic acids react smoothly with o-aminophenol even at room temp- 
erature. Condensation of esters of iminoperfluorocarboxylic acids, 
whose hydrochlorides are unstable, is suitably carried out in the 
presence of an equimolecular quantity of the corresponding per- 
fluorocarboxylic acid. 2-Alkyl(aryl) substituted benzoxazoles 
can also be obtained by heating o-aminophenol with esters of 
iminocarboxylic acids in the form of free bases. Esters of imino- 
perfluorocarboxylic acids also react similarly. Under similar con- 
ditions diesters of bisiminoearboxylic and bisiminoperfluorocar- 
boxylic acids and o-aminophenot give a, ~-di(benzoxazolyI-2) 
alkanes, and a, ~-di(benzoxazolyl-2) perfluoroalkanes respectively. 

2 - A l k y l  subs t i t u t ed  b e n z o x a z o l e s  a r e  fo r  the m o s t  
p a r t  ob ta ined  by condens ing  o - a m i n o p h e n o l s  with 
a c i d s  and t h e i r  d e r i v a t i v e s  [2, 4], e . g . ,  ac id  c h l o r i d e s ,  
am i nes ,  n i t r i l e s ,  and a m i d i n e s ,  r e a c t i o n  u s u a l l y  
be ing  e f fec ted  a t  about  200 ~ and even h i g h e r .  Such 
drastic conditions lead to the formation of undesirable 
by-products, whose removal is often difficult [5, 6]. 
Hence we turned our attention to indications that [7] 
2-methylbenzoxazole can be obtained by the action of 
ethyl iminoacetate hydrochloride on o-aminophenol 
in cold methanol or boiling methanol, in yields of 
30 and 78% respectively. Even earlier it had been 
stated that condensing o-aminophenol with methyl 
iminobenzoate [8] gives 2-phenylbenzoxazole, though 
the yield was not given. At the start of the present 
work there was no other information about synthesis 
of benzoxazoles from imino esters.** 

A detailed study of this reaction led us to a general 
method for preparing 2-substituted benzoxazoles (II) 
from o-aminophenol and imino ester hydroehlorides, 
enabling I to be synthesized in dry chloroform in 
y i e l d s  up to 82% at r o o m  t e m p e r a t u r e  (method A) 

~ N H 2  . ~NH4CI " 
+ RC~ NH HCI ~ - ' - ~  

v ~OH --OR' --R'OH v I'O" \R 

a R=H; bR=CH~; e R=n-C3H?; d R=CH2C,6H5; e R=C6H S 

Benzoxa le s  I a - e  can a l so  be obta ined  by r e a c t i n g  
e - a m i n o p h e n o l  with imino e s t e r s  in the f r e e  ba se  
f o r m .  However  i t  is  then n e c e s s a r y  to hea t  for  s o m e  
hour s  at  about  100 ~ in d r y  d ioxane  (method B). The 
y ie ld  of 2 - s u b s t i t u t e d  b e n z o x a z o l e s  is  then s o m e w h a t  
l e s s  ( see  Tab le  1). The d i f f e r e n c e  in the r e a d i n e s s  
with which imino  e s t e r s  condense ,  as  h y d r o c h l o r i d e s  
and as  f r e e  b a s e s ,  with o - a m i n o p h e n o l  is  p r o b a b l y  
due to the r e a c t i o n s  p r o c e e d i n g  by d i f f e r en t  m e c h a n -  
i s m s ,  as  ob ta ins  in p r e p a r i n g  1, 3, 4 - o x a d i z o l e s  f r o m  
imino  e s t e r s  and ac id  h y d r a z i d e s  [10]. 2 - T r i f l u o r o -  
m e t h y l -  and 2 - ( n - p e r f l u o r o p r o p y l ) b e n z o x a z o l e s  (If, g) 
which a r e  obta ined,  r e s p e c t i v e l y ,  f r o m  me thy l  
i m i n o t r i f l u o r o a c e t a t e  (II) [11] and me thy l  i m i n o -  
p e r f l u o r o b u t y r a t e  (III) [12], whose  h y d r o c h l o r i d e s  
a r e  uns tab le ,  can be s y n t h e s i z e d  by  method  B, but  
then the y i e l d s  of b e n z o x a z o l e s  Ie, f do not  exceed  
35-40%.  The b e s t  r e s u l t s  a r e  ob ta ined  by r e a c t i n g  
o - a m i n o p h e n o l  with the imino  e s t e r s  II and III in 
the p r e s e n c e  of e q u i m o l e c u l a r  amounts  of, r e s p e c t -  
ive ly ,  t r i f l u o r o a c e t i c  and p e r f l u o r o b u t y r i c  ac ids  at  
r o o m  t e m p e r a t u r e  (method B). 

It was  a l so  found that  e s t e r s  of a l i pha t i c  b i s i m i n o -  
c a r b o x y l i e  a c i d s  r e a c t  r a t h e r  s m o o t h l y  with o - a m i n o -  
phenol  by  me thods  A and B, to give a ,  co -d i (benzoxa-  
z o l y l - 2 ) a l k a n e s  (IVa, b). * E s t e r s  of  b i s i m i n o p e r -  
f l u o r o c a r b o x y l i c  ac ids  and o - a m i n o p h e n o l  give,  by  
method  B, a ,  w - d i ( b e n z o x a z o l y l - 2 ) p e r f l u o r o a l k a n e s  
(IVc, d) ( see  Tab le  2). 

a R = - (CH2)2-  

R e R = - ( C F ~ ) 3 -  
iv  d R = - (CF2)4- 

The s t r u c t u r e s  of the b e n z o x a z o l e s  I and c~, w - d i -  
b e n z o x a z o l y l a l k a n e s  IV p r e p a r e d  by  us  a r e  c o n f i r m e d  
by s tudy ing  the i r  IR s p e c t r a .  The s p e c t r a  of compounds  
I and IV have  a b s o r p t i o n  bands  in the r e g i o n s  1 6 1 5 -  
1630 and 1560-1590  cm -1, c h a r a c t e r i s t i c  [14] of the 
b e n z o x a z o l e  r i ng .  The band at  about  925 cm -1 i s  a l so  
a s s i g n e d  [14] to benzoxo le  r i n g  v ib ra t ions ,  and i s  

*The s y n t h e t i c  p a r t  of the w o r k  was  c o m m u n i c a t e d  
at  the c o n f e r e n c e  on H e t e r o c y c l e s  in O r g a n i c  Syn thes i s ,  
Kiev,  j u n e  1964. F o r  a p r e l i m i n a r y  c o m m u n i c a t i o n  
s e e  [1]. 

**Recen t ly  the p r e p a r a t i o n ,  in 37% y ie ld ,  of 2 -  
n i t r o m e t h y l b e n z o x a z o l e  f r o m  ethyl  i m i n o n i t r o a c e t i c  
ac id  h y d r o c h l o r i d e  has  been  d e s c r i b e d  [9]. 

*It i s  i n t e r e s t i n g  that  c onde nsa t i on  of o - a m i n o p h e n o l  
and i t s  r i n g - s u b s t i t u t i o n  p r o d u c t s  with d i m e t h y l  
b i s i m i n o o x a l a t e  f r e e  b a s e  g ives  3 - a m i n o - 2 - i m i n o b e n z o -  
a z i n e s .  Condens ing  o - a m i n o p h e n o l  with the  d i h y d r o -  
c h l o r i d e  of th is  b i s i m i n o  e s t e r  gave  the 2, 2 ' - d i b e n z o -  
x a z o l y l  [13]o 
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marked ly  in evidence with the benzoxazoles  I. With 
compounds IV it is  g rea t ly  d isp laced  or  is  of low 
intensi ty.  The spec t r a  of compounds I and IV not 
containing f luorine have bands at  about 1250 and 1020 
cm -1, due to valence vibrat ions of the = C - - O - - C  
group of the benzoxazole  r ing [15]. In the cases  of 
f luor inated I and IV, these bands a re  shifted towards 
the h igher  f requency s ide.  The IR spec t r a  of the 
l a t t e r  compounds show very intense bands in the 
1100-1250 cm -~ region, due to valence vibrat ions of 
C- -F  bonds. The IR spec t r a  of all  compound I and IV 
p r e p a r e d  have an intense band at  about 750 cm -1, 
obviously due to ou t -of -p lane  vibrat ions of a romat ic  
C--H bonds, as obtains with 1, 2-disubst i tu ted  ben- 
zenes.  The IR s p e c t r a  were  de te rmined  with a UR-10 
spec t romete r ,  sol ids  being tablet ted with KBr, and 
l iquids being d isso lved  in CClt and CS 2. 

A study has been made of the thermal  s t ab i l i t i e s  
of 2 -me thy l -2 -pheny l - ,  and 2- t r i f luoromethy lbenzoxa-  
zoles  (Ib, e, f). The invest igat ion was made in sea led  
tubes of pyrex  p rev ious ly  evacuated to 10 -4 ram. The 
spec imens  were  heated for  1 hr at various t e m p e r -  
a tures  and the resultant cracking products investi- 
gated mass spectroscopically and chromatographically. 
It is found that compound Ib is stable up to 450 ~ 
Heating above that temperature gives gaseous decompo- 
sition products, consisting basically of methane, a 
small quantity of hydrogen, benzene, and toluene. 
Replacement of the methyl group in Ib by trifluoro- 
methyl leaves the thermal stability practically un- 
changed. The main cracking products of If are tri- 
fluoromethane, trifluoroacetonitrile, and hydro- 
fluoric acid, which r eac t s  with the glass  giving CO 2 

and SiFt .  Compound Ie is  the most  the rmos tab le  of 
the compounds inves t iga ted .  When it  is  heated nea r ly  
to 500 ~ no apprec iab le  amount of gas format ion  is 
observed~ 

EXPERIMENTAL 

Pure  imino e s t e r  hydroch lo r ides  a r e  obtained by 
pass ing  dry  HC1 into a solution of the d is t i l l ed  base  
in dry  e ther .  Ethyl iminoace ta te  hydrochlor ide  mp 
106-107 ~ (decomp, cap i l l a ry  put in the device at 
100 ~ In this case  and in de te rmin ing  the mel t ing 
points of the other  imino e s t e r  hydrochlor ides ,  the 
r a t e  of heating was about 4 ~ C/min)o Found: C1 28.72%~ 
Calculated for  CtHgNO �9 HC1; C1 28.74%. 

Ethyl iminobutyra te  hydrochlor ide  mp 76.5-77 ~ 
(decomp). Found: C1 23.25%. Calculated for  C6Hi~NO �9 
�9 HCI: C1 23.45%. 

Methyl iminobenzoate  hydroch lor ide  mp 96-97 ~ 
Ethyl iminophenylace ta te  hydrochlor ide  mp 91-93 ~ 
(decomp, sea led  cap i l l a ry ,  put in the device at 60~ 
the l i t e r a t u r e  [16] gives mp 60.-80 ~ 

o-Aminophenol  was pur i f ied  by d is t i l l ing  at 160-  
170 ~ (10-11 ram), mp 175.5-177 ~ (decomp, sea led  
cap i l l a ry  put in the device at 165 ~ , heating ra te  4~ 

rain). 
2-Methylbenzoxazole  (lb). Method A. A flask,  f i t ted 

with s t i r r e r ,  t h e r m o m e t e r ,  and ref lux condenser ,  
and p ro tec t ed  f rom the mo i s tu re  of the air ,  was 

charged with 5.7 g {0.0522 mole) o-aminophenol,  6 g 
{0.0522 g) ethyl iminoaceta te  hydrochlor ide,  30 ml 
dry  CHCI~, and the whole s t i r r e d  at room tempera t -  
u re  for  306 hr .  The reac t ion  mixture  was t rea ted  
with 5% NaOH solution, the aqueous l a y e r  removed,  
ex t rac ted  with ether,  the ex t rac t s  added to the CHC13 
solution, and the whole d is t i l led  to give 5.28 g (76%) 
benzoxazole Ib, bp 88-88.5 ~ (17 ram). After  repeated  
d is t i l la t ion  in a s t r e a m  of N, Ib had bp 80-80.5 ~ (12 mm). 
Ib which had been vacuum-dis t i l l ed  in ni trogen s tayed 
co lo r l e s s  on keeping in the dark for at l eas t  a month. 

Method B. The same apparatus  was charged with 
5.7 g (0.0522 mole) o-aminophenol,  4.55 g (0.0522 
mole) ethyl iminoacet ic  acid, 30 ml dry dioxane, and 
the whole s t i r r e d  at 98-100 ~ for 4 - 6  hr .  After  cooling 
the dioxane was vacuum-dis t i l l ed  off, unreacted o-  
aminophenol (0.89 g) f i l t e red  off, washed with a smal l  
amount of e ther ,  and the f i l t ra te  d i s t i l l ed .  It was 
a lso  poss ible  to t rea t  with CHC13 or benzene the r e s i -  
due remain ing  a f te r  d is t i l l ing  off the dioxane, and to 
isola te  the Ib obtained in a way s i m i l a r  to that de-  
s c r ibed  under A. "field of Ib 4.77 g (69%), mp 92-  
94 ~ (22 mm).  

2 -Tr i f luoromethylbenzoxazole  (If), Method C~ 
2.58 g {0.023 mole) methyl  iminot r i f luoroace ta te  
[11], and 2.69 g t r i f luoroace t ic  acid in 20 ml dry  
CHC13 were  s t i r r e d  together  for  5 hr at room temp- 
e ra tu re  without access  of mois tu re  f rom the a i r .  
Then the products  were  t rea ted  with an approximate ly  
20% solution K2CO3, f i l tered,  the wate r  l aye r  sep-  
a ra ted  off and ex t rac ted  with ether,  the ex t rac t s  
bulked with the CHC13 layer ,  and af te r  drying, the 
solution was d i s t i l l ed  to give 2.35 g (52.5%) If, bp 
57-58.5 ~ (16 mm).  Af ter  repea ted  d is t i l la t ion  i t  had 
bp 62.5-63 ~ (19 mm). 

b) 4.4 g {0.03 mole)  o-aminophenol  hydrochlor ide*  
and 3.38 g (0.026 mole} methyl imino t r i f luoroace ta te  
in 20 ml d ry  CHC13 were  s t i r r e d  together  for  6 hr, 
(without access  of mo i s tu re  f rom the a i r )  at room 
tempera tu re ,  and the products  worked up as de-  
sc r ibed  above, to give 3.58 g (63%} If, bp 63 ~ (19 ram). 

Table 1 gives phys ica l  constants and e l emen ta ry  
analyt ica l  data  for  all  the I compounds synthesized.  

1, 2-Di(benzoxazolyl -2)e thane (IVa). 6.06 g (0.025 
mole)  diethyl  b i s iminosucc ina te  d ihydrochlor ide  [17]* * 
and 5.4 g (0.05 mole) o-aminophenol  in 30 ml dry  
CHCI3 were  s t i r r e d  together  for  6 h r  as room temp-  
e r a tu re  without access  to mois tu re  of the air ,  the 
CHC13 d i s t i l l ed  off, the res idue  t rea ted  with 5% 
NaOH solution, the p rec ip i t a t e  f i l t e red  off, washed 
with water  and a smal l  amount of EtOH, then dried,  

*P repa red  by sa tura t ing  with dry  HC1 a solution 
of o-aminophenol  in d ry  dioxane.  Mp 202-204 ~ 
Found: C1 24.12%. Calculated fo r  C6HTNO �9 HCI: 

C1 24.4%. 
**The unpurif ied compound had mp 120 ~ (decomp, 

sea led  cap i l l a ry  put in the device at 117 ~ r a t e  of 
heat ing 3~ Found: C1 28.94%. Calcula ted for  

CsH16N202 �9 2HCh C1 28.90%. 
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giving 3.6 g substance mp 189-190 ~ After r ec ry -  
stallizing f rom EtOH using active charcoal, it had 
mp 191-192 ~ yield 55%. The l i terature gives [18] 
for IVa mp 193.5 ~ 

1, 3-Di(benzoxazolyl-2)perfluoropropane (IVc). 
Method B. 4.1 g (0.0154 mole) undistilled bisimino 
ester  of perfluoroglutaric acid [11], 3.36 g (0.0308 
mole) o-aminophenol, and 20 ml dry dioxaae were 
s t i r red together for 6 hr  at 97-98 ~ without access 
of moisture f rom the air, the residue was dissolved 
in benzene, treated with 5% NaOH solution, and after 
washing with water and drying, the benzene layer  
gave 4.19 g dark red crystall ine material,  mp 101- 
103 ~ After washing with a small  amount of EtOH, and 
recrysta l l iz ing from the same solvent, using active 
charcoal, a 55% yield of IVc was obtained, mp 102.5- 
103.5 ~ 

Physical constants and elementary analyses of all 
the IV compounds synthesized are given in Table 2. 
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