
D I R E C T  H Y D R O X Y L A T I O N  OF I M I D A Z O L E S  

NEW METHOD FOR THE SYNTHESIS OF 2-IMIDAZOLONES, 

ARYLIMIDAZOLONES, AND PERIMIDONES* 
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It is shown that the N-subs t i tu ted  der iva t ives  of 4 ,5-diphenyl imidazole ,  benzimidazote ,  naphth-  
[ I ,2] imidazole ,  per imid ine ,  and aceper imid ine  are  hydroxylated by alkal i  meta l  hydroxides to 
~ v e  the co r r e spond ing  2- imidazo lones  and pe r imidones  in high yie lds .  

Chichibabin 's  s tudies [1, 2] on the hydroxylat ion of ni t rogen he t e rocyc le s  to their  2 -hydroxy de r i v a -  
t ives  have r ece ived  l e s s  development  than sodium amide  aminat ion.  Up to now, Several  pyr id ines  [1,3-5], 
quinolines [1,2], benzoquinolines [2], isoquinoline [2], and phenanthridine [6] have been success fu l ly  used 
in this r eac t ion .  We have found that hydroxylat ion by means  of fused anhydrous alkal i  is to a grea t  degree  
c h a r a c t e r i s t i c  for  N-subs t i tu ted  benz imidazoles ,  naphth[1,2 ] imidazoles ,  1 ,8-naphth imidazoles  (per imidines) ,  
and acepe r imid ines .  The co r respond ing  N-subs t i tu ted  benzimidazolones  (I), naphth[1,2]imidazolones riD, 
pe r imidones  (III), and acepe r imidones  (IV) a re  obtained in high yields (Table 1). 
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Uncondensed imidazo les  (for example ,  1 -methyl -4 ,5-d iphenyl imidazole )  a re  a lso  hydroxylated at the 
2 posi t ion but with cons iderab ly  g r ea t e r  difficulty~ This is the f i r s t  case  of the d i rec t  hydroxylat ion of f ive -  
m e m b e r e d  ni t rogen he terocyeleso  

This  method should be cons idered  to be the m o s t  s imple  and effect ive route for  the synthes is  of N-  
monosubs t i tu ted  2- imidazolones ,  which, until now, were  l e s s  access ib le  than imidazolones  without sub-  
s t i tuents  or  with two identical  subst i tuents  on the ni t rogen a toms  [7,8]~ This  is explained by the fact  that 
only N-disubs t i tu ted  imidazolones  a re  fo rmed  on a t t empts  to obtain I - IV by the d i rec t  alkylat iou or  a r a l k y l a -  
tion of imidazolones ,  r e g a r d l e s s  of the ra t io  of the reagen ts  [9]. 

The  hydroxylat ion of imidazoles  apparent ly  p roceeds  in accordance  with the scheme 
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*The ma te r i a l  in this paper  r ega rd ing  the synthes is  of pe r imidones  and acepe r imidones  should be con-  
s ide red  as communica t ion  V of our s e r i e s  ent i t led "Heterocye l ic  Analogs of Ple iadiene ."  See [16] for  c o m -  
municat ion IV. 
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Any der ivat ives  of imidazole sys tems  which contain substituents that are  inert  with respect  to alkali 
(alkyl, aralkyl ,  aryl ,  alkoxy, etc.) on the ni trogen atom or in the a romat ic  r ings enter  into the react ion.  
The hydroxylation p roces s  is readi ly observed from hydrogen evolution, which usually lasts  for 10 to 30 
rain (sometimes longer) .  In contras t  to imidazole derivat ives,  the hydroxylation of s ix -membered  nitrogen 
he te rocyc les  general ly  requi res  heating for many hours [1-5]~ The tempera ture  at which hydrogen is 
evolved is in qualitatively good agreement  with the magnitude of the positive charge on the #-carbon  atom 
of the imidazole r ing.  Per imidines ,  for  which the positive charge,  as calculated by the Htiekel MO method 
[10], is a maximum at the 2 position, are  therefore  hydroxlyated par t icu lar ly  readily,  while uncondensed 
imidazoles  are  hydroxylated with difficulty. To the best  of our knowledge, the hydroxylation of 1 -methy l -  
4,5-diphenylimidazole is the only example of nucleophilic substitution of a hydrogen atom in the 2 position 
of uncondensed imidazoles .  

Another fac tor  which affects the hydroxylation (as in amination [11]) is the basici ty  of the compound, 
which ensures  the n e c e s s a r y  coordination of the metal  atom with the nitrogen atom. Only this can explain 
the great  difficulty (reaction t ime and temperature)  involved in the hydroxylation of ] -phenylbenzimidazole 
(pK a 4~ [11]) and 1-methoxymethylper imidine (pK a 4.96 [12]) as compared  with their  N-alkyl analogs 
(pK a 5.5-5.9 [11, 12]). The action of alkali on the still less basic 1-methoxymethylbenzimidazole (pK a 4.17) 
resu l t s  in cleavage of a methoxymethyl group (compare this with the action of sodium amide on this com-  
pound [13]), as a resu l t  of which benzimidazole is formed and formaldehyde is evolved: 

-CHaO K --CH20; --KCI 
I H 
CH2OCH 3 C H2--O/~ K ~ 

The dependence of the hydroxylation on the basici ty  indicates the importance of the f i rs t  step in the 
react ion,viz . ,  addition of the elements  of KOH to the C = N bond of the imidazole r ing  with the formation of 
an adduct of the V type. On the other hand, the step involving aromat iza t ion of the adduct apparently has no 
effect on the course  of the react ion.  Thus per imidines  are  hydroxylated par t icu lar ly  readi ly (the combina-  
tion of an ex t remely  high basic i ty  [12] with a high positive charge on the C 2 atom [10]), despite the difficulty 
involved in the aromat iza t ion  of their  2,3-dihydro derivatives [15]. 

The hydroxylation of 1-phenylbenzimidazole,  as in the amination of this compound [14], proceeds ve ry  
pecul iar ly,  and the yield of the 2-hydroxy derivative is low. The major  p rocess  is apparently opening of the 
imidazole ring, which is accompanied by profound resinif icat ion.  A side product (15%) was isolated f rom 
the react ion mixture,  which, on the basis  of the ex t remely  simple IR spect rum (absence of absorption above 
3100 cm -1 and minimum absorpt ion f rom 1520 to 1700 cm -1, which attests  to the high degree of symmetry) ,  
the molecu la r  weight, and e lementa ry  analysis ,  we assigned the 1 -pheny l -2 - ( l ' - pheny l -2 ' -benz imidazo ly l ) -  

benzimidazole  s t ruc ture  (VI). 

I I 
C6H 5 C6H s 

Vl 

Although the formation of this sor t  of product is an ex t remely  charac te r i s t i c  side p rocess  for the Chiehiba- 
bin reaction,  it has not previously been noted during hydroxylation.  

In view of the fact that the N-monosubst i tuted perimidones were previously unknown, we accomplished 
an al ternat ive synthesis  of 1-methylper imidone to prove the s t ruc tures  of the products  of hydroxylation of 
per imidones  via the following scheme (1-methylbenzimidazolone was s imi la r ly  obtained): 

H ~ H2C6H5 ~ H2C6Hs ~ H2c6H5 H 

2 N a  =:O 
: O  �9 : O  ~ : O  NH 3 = O  2KOH --N NHa - N  --N --N 

U I H I I 
CH2C6H 5 CH 3 CH 3 

The IR spectra* of crystal l ine samples of the per imidones and 1-methylaceper imidone obtained con- 
tain a s t rong  absorpt ion band at 1690-1730 em -1 which is charac te r i s t i c  for the valence vibrat ions of the 
C = O group (see Table 1). Thus III and IV, like 2- imidazolones [7], exist p r imar i ly  in the oxo form in the 

crys ta l l ine  state.  

�9 The IR spec t ra  in minera l  oil were obtained with a UR-20 spec t romete r .  
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The success  obtained in exper iments  on the hydroxylation of ni t rogen-containing heterocycles  com-  
pelled us to undertake the direct  alkoxylation of N-subst i tuted imidazoles with sodium alkoxides. However, 
only decomposit ion of sodium methoxide was observed during the react ion of dry sodium methoxide at 200- 
300 ~ with 1-ethylbenzimidazole and 1-methylper imidine,  and the s tar t ing compounds were r ecove red  un- 
changed f rom the react ion mixtures .  

E X P E R I M E N T A L  

G e n e r a l  H y d r o x y l a t i o n  M e t h o d .  The appropria te  imid~zole (0.01 mole) was melted i n a  
Kjeldahl flask with 0.05 mole of anhydrous powdered potassium hydroxide (or sodium hydroxide) at a t em-  
pera ture  which ensured uniform hydrogen evolution. When hydrogen evolution ceased,  the mixture was 
cooled and t rea ted  with 5% hydrochlor ic  acid unitl it gave an acid reae t ionto  Congo red. The precipi tate  was 
fi l tered,  washed with water,  and rec rys ta l l i zed  (in the case of N-alkyl and N-benzyl derivat ives of benzi-  
midazole and naphthimidazole,  the crude products were a l ready sufficiently pure for  synthetic purposes) .  

H y d r o x y l a t i o n  o f  1 - P h e n y l b e n z i m i d a z o l e ,  A mixture of 1 g(0.005 mole) of 1-phenyl-  
benzimidazole and 1.4 g (0.025 mole) of anhydrous powdered KOH was heated at 270-320 ~ for 1.5-2 h until 
hydrogen evolution ceased.  The liquid mass  solidified at the end of the heating period.  The melt  was 
t rea ted  with water  af ter  cooling. The resul t ing solution was fil tered, and 0.21 g (20%) of 1 -pheny l -2 -benz i -  
midazolone with mp 203-204 ~ (in agreement  with the melt ing point repor ted  in [14]) was isolated f rom the 
fi l trate with hydrochlor ic  acid. 

The alkali- insoluble residue was t reated with chloroform,  and the chloroform solution was passed 
through a column filled with aluminum oxide. The f i rs t  f ract ion yielded 0o15 g (15%) of VI in the form of 
l ight-yel low needles with mp 189 ~ (from alcohol). Found %: C 80.62 ; H 4.63 ; tool. wt. (Hast method) 345. 
C26Hl~N4. Cale. %: C 80.78; H 4.70; molo wt. 386~ 

H y d r o x y l a t i o n  of  1 - M e t h o x y m e t h y l b e n z i m i d a z o l e .  1-Methoxymethylbenzimidazole 
[1.6 g (0.01 mole)] was fused with 2.8 g (0.05 mole) of anhydrous powdered KOH at 270-300 ~ The reac t ion  
mixture was held at this t empera tu re  until the evolution of gaseous products had ceased.  The mixture was 
cooled, and the melt  was t rea tedwi th  5% HC1 until it gave an acid react ion to Congo red.  The mixture  was f i l -  
tered, and the f i l t rate  was t rea ted  with ammonia  to give 0~ g (80~o) of benzimidazole with mp 174 ~ (from 
water) .  The s t ruc ture  of the product was proved by e lementa ry  analysis,  the identity of the IR spectral  
cha rac te r i s t i c s  with those of an authentic sample,  and a mixed-mel t ing-point  determination.  

A l t e r n a t i v e  S y n t h e s i s  of  1 - M e t h y l p e r i m i d o n e  

A) 1,3-Dibenzylperimidoneo A mixture of 1.8 g (0o01 mole) of perimidone,  7.5 g (0~ mole) of benzyl 
chloride, and 4.2 g (0~ mole) of KOH in 50 ml of alcohol was refluxed under nitrogen for 3 h~ The mixture 
was fi l tered,  and the solvent was removed f rom the fil trate by distillation. The residue was t rea ted  with 
e ther  and fi l tered to give 2.9 g (80%) of co lor less  c rys ta l s  with mp 190-191 ~ (from alcohol).  Found %: C 
82.26; H 5.79; N 7.97. C25H2~NzO. Calc .%:  C 82.39; H 5.53; N7.68 .  

B) ] -Benzypl  er imidone.  Sodium metal  [0.23 g (0o01 g-atom)] was added in lumps to a suspension of 
1.8 g (0.005 mole) of 1,3-dibenzylperimidone in 50 ml of liquid ammonia .  The react ion mixture was s t i r r ed  
for  1 h at -70  to -80  ~ and the ammonia  was evaporated in a s t r eam of nitrogen or ammonia .  After  the am-  
monia had evaporated,  30 ml of water  was added, and the grey precipi tate,  which is a mixture of the s ta r t ing  
compound, perimidone,  and 1-benzylper imidone,  was f i l tered.  The precipitate was treated with ch loroform 
and passed through a column filled with aluminum oxide to give 0.9 g (65%) of 1-benzylperimidone in the 
form of co lor less  plates with mp 270-27] ~ (from alcohol). Found %: C 78.56; H 5~ N 10o36. C18HltN20. 
Calco%: C 78.82; H 5.14; N 10.21. 

C) 1-Methyl -3-benzylper imidone .  Potass ium hydroxide [0.75 g (0.01 mole)] was added to a solution 
of 1.3 g (0.005 mole) of 1-benzylperimidone in 30 ml of alcohol, and 0.6 ml (0.01 mole) of methyl iodide was 
added. The mixture was refluxed for  3 h, cooled, the potassium iodide was fi l tered,  and the solvent was 
removed from the fi l trate by distillation. The residue was t reated with water  and f i l tered to give 1.1 g (80%) 
of color less  c rys ta l s  with mp 185-186 ~ (from alcohol). Found %: C 78.97; H 5.14; N 9.62. Cl~HI4N20. 
Calc .%:  C 79~ H 5.9; N 9.71. 

D) 1-Methylperimidone~ This was obtained in the same way as 1-benzylperimidone f rom 1.4 g (0.005 
mole) of 1-methyl -3-benzylper imidone  and 0.23 g (0.01 g-atom) of sodium in 50 ml of liquid ammonia .  A 

119 



total  of 0.7 g (80%) of crude product  was isolated,  which, a f te r  r ec rys t a l l i za t ion  f rom acet ic  acid, was ob- 
tained as c o l o r l e s s  p r i s m s  with mp 229-230 ~ This  product  did not depress  the mel t ing  point of the hydroxy-  
lat ion product .  

We a lso  obtained 1-methylbenz imidazolone  via a s i m i l a r  s cheme .  Of all of the in te rmedia tes ,  only ] -  
me thy l -3 -benzy lbenz imidazo lone  with mp 89-90 ~ (from aqueous alcohol) has not yet  been repor ted .  Found 
%: C 75.39; H 5.67~ C15H14NzO. Ca lc .%:  C 75.60; H 5.92. 

A t t e m p t e d  E t h o x y l a t i o n  o f  1 - E t h y l b e n z i m i d a z o l e  a n d  1 - M e t h y l p e r i m i d i n e .  
A mix tu re  of 4.6 g (0.03 mole) of 1 -e thy lbenz imidazole  and sodium ethoxide [obtained f r o m  3 g (0.11 g-atom) 
of sodium via  the method desc r ibed  in [19] was heated at 200-300 ~ until the evolution of gaseous products  
(ethylene and hydrogen as a r e su l t  of decomposi t ion of sodium ethoxide) ceased .  The mix ture  was cooled, 
and t r e a t ed  with wa te r  ; ch lo ro fo rm ext rac t ion  yielded 3.7 g (81%) of unchanged s t a r t ing  compound. No 
t r a c e s  wha tsoever  of 2-ethoxy der iva t ive  were  detected in the ch lo ro fo rm solution or in the aqueous so lu-  
tion. 

1 -Methylper imidone  (7%) was isola ted along with the s t a r t ing  compound (80%) by the action of sodium 
ethoxide on 1 -me thy lpe r imid ine  under ni t rogen (200-300 ~ 1 h). The fo rmat ion  of 1 -methy lper imidone  is 
p robab ly  a r e su l t  of hydroxylat ion of 1 -me thy lpe r imid ine  by sodium hydroxide,  which could f o r m  in smal l  
amounts  by t h e r m a l  decomposi t ion of sodium ethoxide or as  a r e su l t  of par t ia l  hydro lys i s  during all of the 
opera t ions  fo r  the p r epa ra t i on  of sodium ethoxide.  
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