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Abstract- A new route for the preparation of benzimidazoles(5)and 

benzothiazoles (10) is described. 2-Phenylenediamine reacted with 

2-aryl-4-arylidene-2-0xaz01in-5-ones to give the corresponding 

benzimidazole derivatives (5) while 2-aminothiophenol produced 

either benzothiazole (10) or intermediates ( 8 )  and (9) which 

could be cyclised to (10). 

2-Aryl-4-arylidene-2-oxaz01in-5-ones (1) react readily with aromatic amines to 

give the corresponding imidazolin-5-0nesl-~. This reaction was found to be 

general and occurred by ring opening followed by reryclisation. 

In continuation of our work aiming to clarify the synthetic potentialities of 

4-7 
2-aryl-4-arylidene-2-oxazolin-5-ones ,we rewrt here our farther results in 

this direction. Thus interaction of 2-ary l -4-ary l idene-2-oxazo1in-5-ones  with 

aromatic amines containing two adjacent nurleophilic groups surh as amino or 

amino and sulphohydryl groups: no imidazolin-5-one deirvatives k.ere isolated. 

Instead a new route of reaction was undertaken and other new products were found. 

In the reaction of 2-phenylenediamine h,ith 2-phenyl-4-benzylidene-2-oxazolin-5- 

one (la) either in ethanol or glacial acetic acid as a solvent and fused sodium 

acetate as catalyst, a product of molecular formula CZ2H170N3(~+, m/z 339) was 

formed. Three theoretically possible isomeric structures ( 3 ) .  (4) and (51 were 

considered for this product. Structures (3) and (4) wer- riadliy ruled sut based 



1 on and H-NMR spectra of the product as well as its chemical behaviour. The 

1 
ir soectrum showed no absorption bands at 3450-3100 cm- (for NH2 group) or at 

that corresponding for C=O of imidazolone ring 11730 m-ll. This readily eliminates 

structure 13). Also the ir s-ectrum is free from any band corresponding to -OH 

1 group 13500 cm- and this fact. beside sterric hiderance opposed the formation 

of isomer 14). Thus the only theoretically possible structure for our derivative 

will be isomer 15). 

The structure of 151 was established on the basis of spectral data: mass spectro- 

metery measurements revealed the presence of an ion at m/z 105, which represents 

the base peak in all the derivatives isolated and accurate mass measurements 

indicate that the ion at m/z 105 is C6H5C0. 'H-NMR data was found to be in 

agreement with structure 15) and indicate the fnllocing signals 6 12.5(s,lH, 

benzimidazole NHI 6 10.2ls,lH CONHI and 6, 7.95-7 (m, 15H. aromatic and CH=C) 

lcf. Table 1). 

Table 1. Spectral data of the compounds synthesized 

Comp. IR, KBr, cm -1 'H-NMR, 6 ppm 

3450-3100lNH and CO.NH) 
1640 lamidic Co.) 

3450-3150 Iring NH) and 
amidic NHI 

1640 lamidic Co.1 

3410-3100 Iring NH and 
amidic NH1 
1640 amicid Co. 

3410-3100 Iring NH and CONH 
1650 lamidic Co.) 
1540, 1350 (NH2) 

3450-3100 Iring NH,CONH 

1650 amidic ICo) 
1540, 1350 (NO,) 

L 

3310, 3100 ltwo amidic NH) 
1645, 1640(tro amidic Co.1 

3310, 3lOCltro amidic NH) 
1645, 1640 (two amidic Co) 

3310, 3100 (two amidic NH) 
1645, 1640 ltwo amidic Col 
1540, 1350 NO2 

3310, 3100 two amidic NH 
1645, 1640 two amidic Co 
1540, 1350 NO2 

12.5ls.lH.ring NH), 10.21s, 1H CONH) 
7.85-7 lm, 15H, aromatic and CH=C) 

12.5Is.lH. ring NHI, 10.2 Is, 1H CONH) 
0.8-7 lm 14H, aromatic and CH=C) 

12.5ls.lH. ring NH). 10.2 1s.lH CONH) 
8.0-6.8 Im.13H. aryl, thinyl and CII-Cl 

12.51s,lH, ring NHI, 10.2 Is, 111 ?ONHI 

7.9 - 7 (m.13, aromatic and CH=CI 

10.2, 10.1 IS, 2H. two CONH protons1 
7.95-7 (m, 1H. aromatic and CH=S! 

3.60 Is, 1H. SH). 

10.2, 10.1 S ,  2H two CONH protons 
7.95-7 m, 15H. aromatic and CH=C 

10.2, 10.1 S ,  2H two CONH protons 
7.90-7 m, 13H. aromatic and CH=C 
3.60 s ,  1H. SH 
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T a b l e  1 : C o n t i n u e d  

I R ,  KBr ,  cm -1 
Comp. 'H-NMR, 6 ppm 

3 3 1 0 ,  3 1 0 0  t w o  amidic NH 

1 6 4 5 ,  1 6 4 0  t o  a m i d i c  C o  

1 5 4 0 ,  1 3 5 0  NO2 

3 5 0 0 ,  3 3 0 0  lNH21 

1 6 9 0  I-C0.S-I 

1 6 4 0  l a m i d i c - C O I  

3 5 0 0 ,  3 3 0 0  - NH2 

1 6 9 0  I-C0.S-I 

1 6 4 0  l a r n i d i c  -CO.l 

3 5 0 0 ,  3 3 0 0  lNH21 

1 6 9 0  I-C0.S-I 

1 5 4 0  a m i d i c  -CO. 

3 5 0 0 ,  3 3 0 0  NH2 

1 6 9 0  I-C0.S-I 

1 6 9 0 1 - C 0 . S - I  

1 6 4 0  a m i d i c  -CO. 

3 3 1 0  l a m i d i c  NHI 

1 6 4 0  l a m i d i c  Co.1 

3 3 1 0  ( a m i d i c  NHI 

1 6 4 0  ( a m i d i c  COI 

3 3 1 0  ( a m i d i c  NHI 

1 0 . 2 ,  1 0 . 1  6 ,  2H t w o  CONH p r o t o n s  

7 . 9 0 - 7  m, 13H.  a r o m a t i c  a n d  CH=C 

3 . 6 0  s, l H ,  SH 

3 . 2  6 ,  3H 0CH3 

1 0 . 2  (s, l h ,  CONH-pro ton)  

8 . 0 - 6 . 9  lm. 15H. a r o m a t i c  a n d  CH=Cl 

4 . 6 l b r .  2H. NH21 

1 0 . 2  I s ,  1H.  CONH-pro ton)  

8 . 0  - 7 I m .  1 4 H  aromatic a n d  CH=Cl 

4 . 6  l b r ,  2H. NH21 

1 0 . 2  Is. 1H. CONH p r o t o n )  

7 . 0 - 6 . 7  lm, 13H aroamtic, 

t h i n y l  a n d  CH=Cl 

4 . 6  l b r ,  2H. N H 2 L  

1 0 . 2  ( s ,  1H.  CONH p r o t o n )  

7 . -7  lm, 1 4 H  a r o m a t i c  a n d  CH=Cl 

7 . - 7 ( m ,  14H a roa t i c  a n d  CH=Cl 

4 . 6  i b r ,  2H. NH2). 

3 . 2  Is, 3H - 0CH31 

1 0 . 2  I S ,  1H.  CONH p r o t o n )  

7 . 9  - 6 . 8  (m, 15H a r o m a t i c  a n d  CH=Cl 

1 0 . 2  IS,  1H CONH p r o t o n )  

7 . -  6 . 7  (m. 1311 a r o m a t i c ,  t h i n y l  

and CH-i:) 

1 0 . 2 ( s ,  111 ('GNII p r o t o n )  

7 . 9  -6 .9  I ~ I u ,  1411 a r o m a t i c  a n d  C l i C )  

3 .2  ( s ,  i l l  - o C l 3  ) 3 .  

T h e  r e a c t i o n  m e c h a n i s m  f o r  t h e  f o r m a t i o n  of ( T I  1s d s s u m e d  t o  p r a r e e d  by  1 . 4 -  

a d d i t i o n  o f  t h e  NH2 g r o u p  t o  t h e  c a r b o n y l  a n d  C=N b o n d s  t o  g i v e  t h e  

i n t e r m e d i a t e  ( 6 )  w h i c h  e l i m i n a t e s  one m o l e c u l e  o f  w a t e r  t o  f o r m  t h e  b e n z i n i & z o l e  

d e r i v a t i v e 1 5 1  ( S c h e m e  1 ) .  T h e  d r i v i n g  f o r c e  f o r  s u c h  f o r m a t i o n  is t h e  s t a b i l i s a t i o n  



resonance energy encountered in the benzimidazole system ( 5 )  

I S c h e m e  ( 1  ) 
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I n  a d d i t i o n  t o  t h e  p r e v i o u s  f a c t o r ,  t h e  s t e r r i c  f a c t o r  s h o u l d  p l a y  a contz-?t,u"d 

r u l e  and h i n d e r  i m i d a z o l o n e  f o r m a t i o n  (Scheme 2 ) .  

I 
N H C O  47, 

L/ 

I n  t h i s  work we were u n a b l e  t o  i s o l a t e  thc ro.3r. t ion i n t o r m e d i a t c  I ,  l lut  

3 s i m i l a r  d e r i v a t i v e s  were o b t a i n e d  by o t h e r  workers . 

S i m i l a r  t o  t h e  b e h a v i o u r  of  ( l a )  w i t h  ( 2 ) ,  o x a z o l o n e s  (1 ) r e a c t e d  with121 
b-e 

t o  g i v e  t h e  c o r r e s p o n d i n g  b e n z i m i d a z o l e  d e r i v a t i v e s  ( 5  
b-e)  ' 

On t h e  same b a s e s  t h e  b e h a v i o u r  o f  o -aminoth iophenol  17) t o r a r d s  ;1) was a l g a  

i n v e s t i g a t e d .  T h i s  r e a c t i c . :  was found t o  be d e p e n d e n t  on s o l v e n t .  Us ing  

e t h a n o l  a s  t h e  r e a c t i o n  medium, t h e  p r o d u c t  i s o l a t e d  ( 8 )  p o s s e s s e s  n e a r l y  t h e  

same e l e m e n t a l  a n a l y t i c a l  f i g u r e s  as t h a t  ( 9 )  o b t a i n e d  by u s i n g  benzene  a s  

s o l v n e t  and p i j e r i d i n e  as b a s i c  cata1:rs t .  



The two products were different in mp., mixed mp. and ir spectra although having 

the same molecular formula C22H1802N2S . The ir spectrum of compornd (8) 
revealed two absorption bands at 1645 and 1640 cm-I indicating the ; esence of 

two amidic C=O groups. On the other hand, compound (9) proves the 6resc:;ce of free 

amino group as shown in ir spectrum at 3500 and 3300 cm-l. This was verified by 

the l~-nmr spectrum for this derivative which showed signals for two amino group 

protons at 64.6 ppm, which disappeared after deuterium oxide exchange. In the 

meantime we have studied the reaction of (1) and ( 7 )  using glacial acetic acid 

as a solvent and in presence of fused sodium acetate, whereby a product with 

molecular formula C22H16CN2S was obtained. We have assigned rhe benzothiazole 

structure (10) for this product on the folloring findings: Th? mass spectrum 

shored the presence of an ion at m/z 105 which represents the base peak and 

cccurate mass measurement oroved C,,HqCO as the structure of tbis ion. 

Cn the other hand, we were able to convert both compounds (8a) and (9.3) to the 

benzothiazole derivative (10a). This was arhieved by refluxing these derivatlves 

for 2 h in glacial acetir arid and in the presence of fused sodium acetate. 

The formation of the benzathiazole derivative (10) can be explained 5y the route 

In which the attack on the oxazolone ring is done either by the amino group or 

preferably by the sulphohydryl according to the reacrion medium. This 

can be represented by Scheme 3. 

, + 

d - G" NO2 .- P - c i i p ~ , , ~  N$ 

S c h e m e  131 
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Derivatives 1 5 ) .  18). 19) and (10) which contained NO2 group as a substituent 

in the arrlidene moity give the ion at m/z 150 which represents the i l s s e  

peak. Accurate mass measurements indicate that the ion at m/z 150 is P-NO c H CO+ 
2 6 4  

EXPERIMENTAL 

All melting points are uncorrected. Ir were obtained IKBr) on Pye-Unicam SP-1100 

spectrophotometer. 'H-nmr spectra were recorded on XL 100 nmr spectrophotometer 

using TMS as the internal standard and chemical shifts are experessed as ppm.Mass 

spectra were obtained an Pont Model 21-104 mass spectrometer. Analytiral data 

were obtained from the analytical unit at Cairo University. Compounds, (la_elwere 

4 -8  prepared folloving literature producedres . 

Reaction of 2-Oxazolin-5-onesll) vith 0-Phen~lenediamine in Acetic Acid. 

Preparation of 2-Substituted Benzimidazoles 15a_e): 

A mixture of  nuazolin-5-ones 11,_,, 0.01 mol) and o-phenylenediamine(O101 mole) 

either in ethanol (50 ml) or in glacial acetic acid (30 m1)containing freshly 

fused sodium acetate 10.5 g) was heated under reflux for 3 h then cooled and 

~aured into water. The solid product, so formed, was collected by filtration and 

crystallised from the proper solvent to give benzimidazoles (5a-e) (cf.Table 2 ) .  

Table 2 : Benzimidazole Derivatives (5) 

Analysis (Calculated-Found) Comp. Mp. Solvent Yield Formula yfIm/z) 
% Cd H X  N % 5% 

E = Ethanol, Ac = Acetic acid. 



Reaction of 2-Oxazolin-5-ones I1 with 0-Aminothiophenol (7) a-e 

Preparation of 1 8 ~  ~) : a-e 

a )  In ethanol : o-Aminothiophenol 17.0.01 moll was mixed with oxazolin-5-one 

0.01 mol) in the oresence of 30 ml of ethanol. The reaction mixture was 

refluxed for 3 h followed by dilution with cold water. The precipitated 

solid was collected, dried and crystallised from the proper solvent (cf.~able 3) 

Table 3: Analytical data for compounds 8 and 9 . 

Comp. MP. * Yield Formula (M' (rn/z) Analvsis 
% C% H% N% SX 

* Crystallised from Toluene 

b) In benzene, preparation of 19 : A mixture of ll,2-e: 0.01 moll o-amino- a -e 

thiophenol (7; 0.01 moll , piperidine 0 drops) 2:d dry benzene 130 ml) was 

left for 10 h at room temperature, follovrd by addition of light petroleum 

whereby white solid was precipitated. The product was collected by filtration 

and crystallized from the prooer solvent to give derivat.i.~es (g,.,) 1"f.Taple 3'. 
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c l  I n  a c e t i c  a c i d ,  p r ~ e a t i o n  o f  ( lo3- - )  : A m i x t u r e  o f  ( 1 ;  0 . 0 1  moll a n d  

o - a m i n o t h i o p h e n o l  ( 7 ;  0 . 0 1  moll i n  g l a c i a l  a c e t i c  a c i d  I30 m l l  c o n t a i n i n g  

f r e s h l y  f u s e d  sodium a c e t a t e  (0 .5  g l  was h e a t e d  u n d e r  r e f l u x  f o r  1 h  a n d  t h e n  

c o o l e d  a n d  p o u r e d  i n t o  water .  T h e  s o l i d  p r o d u c t  was c o l l e c t e d  a n d  c r y s t a l l i s e d  

f rom t h e  p r o p e r  s o l v e n t  t o  g i v e  t h e  b e n z o t h i a z o l e  d e r i v a t i v e s  ( l O , ~ e l l c f . T a b l e  41. 

T a b l e  4 :  B e n z a t h i a r a l e  D e r i v a t i v e s  ( 1 0 ) .  

+ 
Comp. MP. S o l v e n t  Yiild Formula M m/z Ar.alysiS 

C% HX N %  S %  

1 0 a  190  E  56 C22H16N20S 54.16 4 .49  7 .87  8.99 

256 74.56 4.32 7.64 8.70 

l o b  240 AC 72 C22H15C1N20S 67 .61  3.84 7.17 8.19 

390 67 .76  3.97 7.23 8.21 

1Oc 217 E 66.30 3.87 7.73 17 .68  55 C20H14N20S2 
263 6615 3 .76  7.76 17.54 

10d  280 A C  65.84 3 .74  10.47 7.98 
75 C22H15N303S 

401  6 5 . 6 5  3 . 9 5  1 0 . 6 0  7.79 

1 0 e  296 Ad 64.04 3.94 8.74 7.42 
75 C23H17N304S 

431  6 4 . 1 9  3.87 9 . 5 8  7 .31  

E  = E t h a n o l ,  Ac = A c e t i c  a c i d .  

C o n v e r s i o n  o f  ( 8 a )  a n d  l 9 a l  t o  I lOaI :  A s o l u t i o n  of  e i t h e r  ( 8 a )  o r  l 9 a )  l l g )  

i n  g l a c i a l  a c e t i c  a c i d  (30  ml )  r o n t a i n i n g  f r e s h l y  f u s e d  sod ium a c e t a t e  (0 .501  

was h e a t e d  u n d e r  r e f l u x  f o r  1 h  t h e n  c o o l e d  and p o u r e d  i n t o  wa te r .  

The s o l i d  p r o d u c t ,  was c o l l e c t e d ,  and c r y s t a l l l s c d  Croln e t h a n o l  to ~ ~ ~ ~ ~ 1 ~ 1 ~ ~ )  

which  was i d e n t i c a l  w i t h  p r o d u c t  prenared u n d e r  t '  
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