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The cor responding  N-a ry lbu ty ro l ac t ams  and 2-benzimidazoly la lkanols  were  obtained by 
the reac t ion  of aniline, o-phenylenediamine,  and the i r  de r iva t ives  with some lactones .  

Lactones  can behave as alkylat ing or  acylat ing agents  [1-3]. Cleavage of the lactone ring at the e s t e r  
group might  have been a s s um ed  in reac t ions  with amines .  This  sor t  of pa t t e rn  i s  obse rved  in the acylat ion 
of amines  with pantolactone [4] and also in the react ion  of aniline with f l - t r i ch loromethy l - f i -p rop io lac tone  
[5]. 

y -Butyro lac tone  r eac t s  s tepwise with aniline: the anilide of 7 -hydroxybutyr ic  acid is  fo rmed  in i -  
t ia l ly  and i s  then conver ted  to N-phenylbutyro lae tam.  Elect rophi l ic  subst i tuents  in the m and p posi t ions  
of the amine ac t iva te  the fo rmat ion  of the reac t ion  product  (see Table  1). A methyl  group in the o posit ion 
hinders  the condensation. 2-Naphthylamine i s  m o r e  reac t ive  than 1-naphthylamine.  m - T r i f l u o r o m e t h y l -  
aniline is  cons iderab ly  l ess  act ive  than m -  and p- to luidines  and m-bromoan i l ine .  The acylat ion of a r o -  
mat ic  amines  by e s t e r s  [6] p roceeds  s imi l a r ly .  

TABLE i. 

l~ IMP, 'C 

C$t~ 

m-CH3C6H4 

p CH3CBH4 

,n-BrC~H4 

m-CFaC~}t4 

p-CIC6H4 

cr 

" ~ - C , o H 7  

69* 

58 

88 

70 

60 

96--97 

110--112 

125 

Reaction 
time, h 

Reaction [ 
mixture Empirical formul~ 
temp., ~ 

48 

�9 50 

60 

30 

30 

8 

19 

30 

185--225 

190--280 

130--235 

180--185 

180--190 

210--270 

205--305 

190--210 

CIoHIfNO 

C nHmNO 

CnHI~NO 

CioHloBrNO 

C,,HmFaNO 

CIoHt~CINO 

C,4H,~NO 

CI4HI~O 

N, % Yield, 
found calc. % 

83 

8,0 

8,0 

5,8 

6,1 

7,2 

6,6 

6,6 

80 

75 

78 

60 

19 

77 

14 

62 

* According to [9], this  compound has  rap 65-67 ~ 
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Only the react ion  of o-phenylenediamine with y -bu ty ro lac tone  in the p r e sence  of hydrochlor ic  acid 
has  been desc r ibed  in the l i t e ra tu re  [3, 7]. I t  s eemed  of i n t e r e s t  to study the react ion  of o-phenylenedi-  
amine  with o ther  y - I ac tones  and with f l - t r i ch loromethyl - f i -p rop io lac tone ,  y-AIkyl-~y-butyrolactones r e a d -  
i ly r e a c t  with o-phenylenediamine  and i ts  de r iva t ives  in the p r e s e n c e  of hydrochlor ic  acid to give 2 -benz -  
imidazolyla ikanols .  We accompanied  this react ion in the absence  of hydrochlor ic  acid by refluxing equi-  
molecu la r  amounts  of the diamine and y - lac tone  (Table 2). o -Phenylenediamine  r eac t s  with y - b u t y r o l a c -  
tone to fo rm 3 - (2 -benz imidazo ly l ) - l - p ropano l ,  p robab ly  v ia  the following scheme.  

CH2--CH2--CH 2 -- CH2--CH2--~H 2 ~ H2N C6H4N HCOCH2CH2CH2OH 

HOCH2CH2CH2--C=N \ 

--- nn / HOCH2CH2CH2 N ~ ' ~  H 

H 

The maximum yield is achieved when the reaction mixture is heated at 220 ~ for 1 h. Increasing the reac- 

tion t ime  and ra i s ing  the t e m p e r a t u r e  dec r ea se  the yield because  of the fo rmat ion  of a side product  [3]. 

y -A lky l -y - l a c t ones  do not differ  in r e a c t i v i t y  f r o m  y-butyro lac tone ;  the inductive effect  of the alkyl  
groups is  apparen t ly  not t r a n s m i t t e d  to the reac t ion  center .  

I t  might  have been expected that  the p r e s e n c e  of a group with a negative inductive effect  in the c~ po-  
sit ion should i n c r e a s e  the pos i t ive  charge  on the carbon a tom of the carbonyl  group and the reby  p romote  
the fo rmat ion  of a benzimidazole  der iva t ive  in high yields .  However ,  we found that  c ~ - a c e t o - d , l - a - h y d r o x y -  
f i , f i -d imethyl -y-butyrolac tone  r eac t s  with o-phenylenediamine to a cons iderab ly  l e s s e r  extent  than y - s u b -  
st i tuted butyrolactones ,  probably  as  a r e su l t  of blocking of the C = O group of the lactone by subst i tuents  in 
the (~-position re la t ive  to the carbonyl  group.  

As compared  with y - l ac tones ,  f l - t r i ch l0romethyl - f i -p rop io lac tone  r eac t s  read i ly  with o-phenylenedi -  
amine and i ts  4 - c h l o r o -  and 4 -me thy l - subs t i tu t ed  der iva t ives .  The high reac t iv i ty  of f l - t r i eh lo rome thy l -# -  

+ 
propiolactone is  explained by the fact  that the format ion  of a dipolar  -OCH(CCI3)CH2C = O ton and c leavage 
of the O - C  bond a r e  faci l i ta ted by the p r e s en ce  of a t r i ch lo romethy l  group. 

EXPERIMENTAL 

N-Ary lbu ty ro l ac t ams  (Table 1). An equimolecular  mix tu re  of an a roma t i c  amine and y - b u t r y r o l a c -  
tone was heated at 130-305 ~ for  19-50 h. The reac t ion  usual ly  ceased  when the wa te r  that  was i so la ted  in 
the wa te r  s e p a r a t o r  was close to the calcula ted amount.  The reac t ion  mix tu re  was fract ionated,  and the 
product  was r ec rys t a l l i zed .  The IR s p e c t r a  of the a ry lbu ty ro l ac t ams  contain an absorpt ion  band at 1690- 
1700 c m  -1 (C=O in f i v e - m e m b e r e d  lac tams) ,  but the re  i s  no band at 3600 cm -1 (O-H) .  

3 - (2 -Benz imidazo ly l ) - l - a lkano l s  (Table 2). Equimolecu la r  amounts  of o-phenylenediamine and y -  
subst i tuted y -bu ty ro lac tones  were  heated in a f lask  equipped with a D e a n - S t a r k  adapte r  at 220 ~ for  0.25- 
8 h. Two methods  were  used to i so la te  the reac t ion  product .  

A. The reac t ion  mix tu re  was dissolved in alcohol,  the solution was decolor ized  with ac t iva ted  c h a r -  
coal,  and the product  was p rec ip i t a ted  by the addition of wa te r  and r ee rys t a l l i zed .  

B. The reac t ion  mix tu re  was ex t rac ted  with dilute hydrochlor ic  acid, and the ex t rac t  was t r e a t ed  
with ac t ivated charcoal .  The solution was neu t ra l i zed  with ammonia ,  and the p rec ip i ta te  was r emoved  by 
f i l t ra t ion and r ec rys t a l l i z ed .  

3 - (5 -Methy l -  and 5 -Ch lo ro -2 -benz i rn idazo ty l ) - l - a lkano l s .  Equirnolecular  amounts  of the subst i tuted 
diamine and 7-bu tyro lae tone  in xylene were  ref luxed for  4-13 h. The solvent  was pa r t i a l l y  removed,  and 
the prec ip i ta ted  c r y s t a l s  were  washed with a smal l  amount of xylene and r ec rys t a l l i zed .  

3 - ( 2 - B e n z i m i d a z o l y l ) - l , l , l - t r i c h l o r o - 2 - p r o p a n o l s  (Table 2). A mix tu re  of 0.01 mole  of f l - t r i ch lo ro -  
methyl - f l -propio lac tone  and 0.01 mole  of o-phenylenediamine in 15 ml  of xylene was heated for  20 rain. 
The p rec ip i t a ted  c r y s t a l s  were  r em oved  by f i l t ra t ion,  washed with xylene,  pur i f ied  with ac t ivated charcoal ,  
and r e c r y s t a l l i z e d  f rom aqueous alcohol.  
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The IR spectra of the 2-benzimidazolylalkanols contain absorption bands at 760-800 cm -I (imidazole 
ring), 1500-1620 cm -l (aromatic C-C and C-N bonds), 2200-3600 cm -I (associated N-H bonds), and 1050- 
1150 cm -i (hydroxyl C-O bonds). 
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