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A review of papers  published after  1965 that deals with methods for the synthesis of 2-amino-  
benzimidazoles and their  proper t ies  is given. 

2-Aminobenzimidazole was f i rs t  obtained by Pierron by the action of cyanogen bromide on o-phenyl-  
enediamine [1] but did not a t t rac t  the attention of r e s e a r c h e r s  for a long time. Research  on the chemis t ry  
of 2-aminobenzimidazoles  has become more  intense in recent  y e a r s ,  when the high biological activity of 
some representa t ives  of this ser ies  was established [2-4]. 

Taking into account the fact that data on 2-aminobenzimidazoles  have been presented in reviews of the 
chemis t ry  of imidazole and benzimidazole [5-7], in the present  review we included pr imar i ly  papers  that were 
published after  1965. 

M E T H O D S  F O R  T H E  P R E P A R A T I O N  OF 2 - A M I N O B E N Z I M I D A Z O L E S  

1.  S y n t h e s i s  by M e a n s  of  Cyan____oogen H a l i d e s ,  

C _ y a n a m i d e ,  a n d  C y a n o g u a n i d i n e s  

The Pier ron  method remains  one of the most  valuable methods for the preparat ion of various 2-amino-  
benzimidazoles (II) [1, 3, 8-13]: 
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2-Amino-  and 2-dimethylaminobenzimidazoles  can also be obtained in low yields by fusion of salts of 
o-phenylenediamine with cyanamide and dimethylcyanamide,  respect ively [14]. The best resul ts  a re  obtained 
when the react ion is carr ied  out in an aqueous medium at 100~ [15]; however, the resul ts  a re  not always r e -  
producible because of polymerizat ion of cyanamide.  To avoid this it has been proposed [16] that the react ion 
be carr ied  out in an organic solvent that fo rms  an azeotropic  mixture with water with a boiling point below 90~ 

The use of acy l -  or ethoxycarbonyl-substi tuted cyanamides,  which a re  obtained by reaction of acyl  chlor-  
ides and chlorocarbonic acid es te rs  with cyanamide in the presence  of sodium hydroxide [17], t r ie thylamine 
[18], or  pyridine [19-21], or  with calc ium cyanamide [22,23] makes it poss ible to synthesize 2 -acy lamino-  (III) and 
2-alkoxycarbonylaminobenzimidazoles  (IV)o The latter find application as fungicides and anthelminthic agents.  

2-Aminobenzimidazole has also been synthesized f rom o-ni t rochlorobenzene and sodium eyanamide [24]. 

The reaction of o-phenylenodiamines I with cyanoguanidines V gives 2-guanidinobenzimidazoles VI [25- 
27], which a re  readily converted to 2-(cyanoamino)benzimidazoles VII [26-28]. The latter were also obtained 
in 41-65% yields f rom o-phenylenediamines and N-cyanodi(methylthio)imidocarbonate in the presence  of t r i -  
ethylamine [29]. Elect ron-donor  substituents (CH3) in the benzene ring promote the r eac t i on ,  whereas e lect ron-  
acceptor  substituents (C1, NO 2) hinder it. When tr iethylamine is absent,  this reaction leads to 2-(methylthio)-  
benzlmidazole [30], i . e . ,  in this case replacement  of the elements of cyanamide takes place more  rapidly than 
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r ep lacemen t  of a second methylthio group.  Cyanobenzimidazoles  VII s e r v e  as  s tar t ing compounds for  the 
synthesis  of 2-  (2- imidazol inylamino)benzimidazoles  VIII [26, 27]: 
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Some other 2- (he tary lamino)benzimidazoles  can be obtained d i rec t ly  f rom o-phenylenediamines  and 
he ta ry lcyanamides .  Thus 2 - (2 -benz imidazo ly lamino) -4-hydroxypyr imid ines  have been synthesized by cyc l i za -  
tion of 2 -cyanamino-4 -hydroxy-6 -me thy lpy r imid ine  with substi tuted o-phenylenediamines  [31]. 

2 .  S . y n t h e s e s  on t h e  B a s i s  o f  U r e a  D e r i v a t i v e s  

w i t h  A r y l - S u b s t i t u t e d  G u a n i d i n e s  

When o- (N-Phenacylamino)phenylurea  is heated with phosphorus oxychloride for  10 min ,  i t  undergoes 
cyclization to 1 -phenacy l -2-aminobenz imidazo le  (X) [32, 33]. When 1- (o-aminophenyl ) -3 -benzy lurea  is r e -  
fluxed in toluene in the p resence  of p- toluenesulfonic  ac!d , it is converted to 2-benzylaminobenzimidazole  (XI, 
in 17~c yield) [34]. An aminobenzimidazole  is not formed when the react ion  is ca r r i ed  out without p- to luene-  
sulfonic acid or when the urea  der iva t ive  indicated above is pyrolyzed.  
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N-(o-Aminopheny l ) -N-methy l -N ' ,N"-d i subs t i tu t ed  guanidines XI undergo cyclization to aminobenz imida-  
zoles XII when they a r e  allowed to stand for  a long t ime ,  when they a r e  heated,  or when they a r e  t rea ted  with 
CS2, CSC12, and HC(OC2Hs) 3 [35]. 2-Acyloxyguanidines XIII undergo decomposit ion to 2-d ia lkylaminobenzimid-  
azoles  XIV at r oom t e m p e r a t u r e  or when they a r e  heated br ief ly  to the i r  melt ing points [36]. It is assumed 
[36] that the reac t ion ,  as  in the case  of the r e a r r a n g e m e n t  of N-a ry l -N-hyd roxyamid ines  [37,38] to benzimid-  
azo les ,  p roceeds  through an iminoni t rene in te rmedia te .  Despi te  the ease  of cyclization of guanidine de r iva t ives ,  
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2 XltXli R = H ~ R =CH 3 ~ XIII ~XIV R2=R3=CH3tC3H? ~ R2"R3=(CH2CH2)~O ; 

R4= H ; R5= C6H 5 t NHC6H 5 1NHCH 3 

the yields of amines  do not exeed 27%, and these  methods of synthesis  t he re fo re  a r e  hardly of p repa ra t ive  
value. 

3 .  S y n t h e s e s  B a s e d  on T h i o u r e a  a n d  

S i m i l a r l y  C o n s t r u c t e d  C o m p o u n d s  

2-Alkyl - ,  2 - a r y l - ,  and 2-acylaminobenzimidazoles  can be synthesized by cyclization of 1 - (2 -amino-  
phenyl)thiourea XV. It is assumed [39] that the react ion proceeds  through in te rmedia te  carbodi imides .  
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" "  alk.yl, aryl, benzoyl,etc; ~ =H,CI,CF1,CH3,CH3CO ,CH30 CtC. 

The cyclization was initially car r ied  out by means of lead oxide and, preferably,  yellow mercur ic  oxide 
in anhydrous chloroform [39] or absolute alcohol [19]. Mereury(II) chloride [40, 41], methyl iodide in ethanol 
[35, 42], and dimethyl sulfate [43, 44] were subsequently proposed as reagents .  It is assumed [35] that in the 
case of alkylating agents the formation of the aminobenzimidazoles proceeds through thiuronium salt in ter -  
mediates .  The presence  of e lec t ron-donor  groups in the phenylenediamine ring promotes  the cyclization [45]. 
The ra te  of the conversion also depends on the nature of the second substituent in the thiourea res idue [39]. 

Attempts to synthesize unsubstituted 2-aminobenzimidazole by cyclization of {o-aminophenyl)thiourea 
have been unsuccessful ;  benzimidiazolethione was obtained instead of the desired product [39]. However,  a c -  
cording to patent data [46], 2-aminobenzimidazole  was obtained in 85% yield by this method. 

4-(o-Aminophenyl)-3-thioal lophanic acid es ters  (XVI, R 1 = H) readily undergo cyclization when they a r e  
heated in s trong proton-donor  solvents [44, 47]. The cyclization is accelerated by heavy metal ions and (or) 
hydrogen peroxide [47]. 

The condensation of o-phenylenediamines with alkyl es ters  of carbalkoxythiocarbamic [48] and N-[alkoxy 
(methylthio)methylene]carbamic [49] acids a lso leads to 2-alkoxycarbonylaminobenzimidazoles  (XVII). The 
same compounds were obtained by heating benzothiadiazines XVIII (n = 1, 2), synthesized f rom substituted 
o-nitroanil ines [50], in 2 N HC1 and methanol. 

A convenient method that consists  in the reaction of o-phenylenediamine with 1,3-bis{alkoxycarbonyl)-S-  
methylisothiourea [52] was proposed for the synthesis of carbamates  XVII in 1934 [51]. However, d iverse  
benzimidazole-2carbamic  acid es te rs  that have various substituents in the benzene ring were obtained by an 

2 
R I ~  NH2 SCNCOOR 2 L . ~  NHCSNHCOOR 

H 
f XV[I 

H 
INN 2 RI ~"yN~son 

XVIII  

analogous scheme [53-61] only after  repor ts  [53, 54] of the existence of sys temic  fungicidal activity in benzi-  
midazole derivat ives  of this type [53-61]. Most of the compounds obtained have been patented as aathelm[n-  
thics and as agents for the protection of plants.  

2 -Ary lamino-  [62], 2 -acy lamino-  [63], and 2-methylmercaptocarbonylaminobenzimidazoles  [64, 65] 
were also synthesized by this method when the corresponding 1,3-disubsti tuted S-methylisothioureas were 
used. 

4. S y n t h e s e s  by  M e a n s  o f  R e p . l a c e m e n t  o f  a H a l o g e n  

A t o m  by an A m i n o  G r o u p  a n d  an N - H e t a r y l  Group_  

Replacement of a chlorine atom by an amino group,  which was f i rs t  described in 1912 [66], continues to 
remain one of the most  widely used methods for the synthesis of 2-amino-subst i tuted benzimidazoles.  This 
method has been used to obtain 2-aminobenzimidazole  derivatives that have the most d iverse  substituents in 
the 1 position of the benzimidazole r ing,  in the amino group,  and in the benzene ring [12, 67-75]. In most  
cases the react ions with aliphatic amines a re  carr ied  out in ampuls or autoclaves at 150-160~ for 8-16 h. 
Low-boiling amines such as dimethylamine undergo the reaction in the form of methanol [67] or aqueous [70] 
solutions. However, the reaction proceeds at 100~ in 3 h to give the product in excellent yield when liquified 
dimethylarnine and a catalytic amount of methanol a re  used [68]. 
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The react ivi t ies  of 2-chlorobenzimidazoles  with respect  to piperidine a re  s imilar  to the react ivi ty of 
p-ni t rochlorobenzene but lower than the react ivi t ies  observed for 2-chlorobenzothiazole and 2-chlorobenzox-  
azole [76]. In the case  of 4 (or 7)-substituted benzimidazoles the react ivi t ies  depend on the electronic and 
ster ic  effects of the substituents [77]. 

In addition to nucleophilic substitution of the chlorine a tom, the intermediate  2 - amino - l - acy lme thy l -  
benzimidazoles (XX) undergo dehydration to give 1H-imidazo[1,2-a]beazimidazole  derivatives XXI when 1- 
acylmethyl-2-chlorobenzimidazoles  (XIX) a r e  heated w~th ammonia or p r imary  amines in lower alcohols or 
dimethylformamide at 140-180~ [78-80]. 

1 1 2 

P ' I I  ~ 

I 2 1~3 
CH2COR 

XIX XX 

XXI 

An attempt to exchange the chlorine in 1-(f l-diethylaminoethyl)-2-chlorobenzimidazole XXII with a di- 
ethylamino or arylamino group led to 2 ,3-dihydroimidazo[1 ,2-a]benzimidazole  XXIII, since the tempera ture  
at wMch bimolecular  exchange is possible is higher than the t empera tu re  at which in t ramolecular  cyclization 
takes place [67]. 

r %%.. /% .q  c#~ 
OZN % ~ r ~ - , -  N I 02N ~ N - . . ' ~  ~. " O2N ~ N ~ . ~ N -  

CH2CH2N ( C2H5 )Z 
XXll XXIII 

Exchange of halogen proceeds with g rea te r  difficulty with a romat ic  amines [67, 71], and the best resul ts  
a re  obtained when their lithium derivatives [67] a r e  used in place of the f ree  aromat ic  amines .  

Benzimidazo[2,1-b]quinazolin-12-one derivatives (XXIV and XXV, R = CH3) were obtained in the r e a c -  
tion of 2-chlorobenzimidazole and its 1-methyl-subst i tuted derivat ive with es ters  of anthranilic and N-methyl-  
anthranilic acids [81]. 

O O 

XXV XXIV 

2-Dimethylamino-subst i tuted derivatives were obtained in good yields (45-90%) instead of the expected 
2-diphenylaminobenzimidazoles in an attempt to exchange the chlorine with a diphenylamino group in DMF [82]. 

r #",l 
CI / ~ ~N ~'(:i:~C z | "~ - /~ 'N  ~ "N(CH ) 

H L H " "HJ  H '2 
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Benzimidazole-2-carbamic  acid ester  also could not be obtained f rom 2-chlorobenzimidazole  and ureth-  
ane; instead of the desired product,  a cyclic benzimidazole t r ime r  was isolated [83]. 

Fusion of 2-chlorobenzimidazoles  with f ive-membered  heterocycles  that contain an NH group in the ring 
such as ,  e . g . ,  imidazole,  benzimidazole,  indazole, indole [84], and 1 ,2 ,3 - t r i a zo l e  [85] and substituted 1 , 2 , 3 -  
t r iazoles  [86] leads to 2-(N-hetaryl)benzimidazoles.  
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Benzimidazolylpyridinium salts XXVI have been prepared by condensation of pyridine and its derivatives 
with 2-chlorobenzimidazoles  [87]. Compounds XXVII with a zwitterion s t ruc ture  were obtained as a resul t  of 
heating 2-chtorobenzimidazoles  that do not contain substituents in the 1 position with excess pyridine and its 
der ivat ives  [88, 89]. 

R ~ 

XXVI XXVII 

5. R e p l a c e m e n t  o f  S u l f u r - C o n t a i n i n g  G r o u p s  

b y  an  A m i n o  G r o u p .  

It is known that sulfur-containing groups such as ,  for example,  CHsS [90] and CH3SO [91] in the 2 posi-  
tion of benzimidazole,  like halogens, can be replaced by various amino groups ,  somet imes  with even grea te r  
ease than in the case of halogens. Thus, for example, 2-dialkylaminoethylaminobenzimidazoles  (XXVIII) can- 
not be synthesized f rom 2-chlorobenzimidazole .  At the same t ime,  these compounds have been obtained in 
13-50% yields by heating 2-methylsulfonylbenzimidazole and dialkylaminoethylamines (for 4 h at 140-150~ 
[92]. 

~"" ' , -~-- -  N H2NCH2CH2 NRIR~ ~ ' ~ j ~ .  
~ Ij.N~/L. " ~ N , ,  

~N" "NHCH2CH2NR R 5OzCH:~ H 

XXVII| 

It has been recent ly  shown [93] that the sutfo group in benzimidazole-2-sulfonic  acids is a lso readily 
replaced by various amino groups.  The react ion takes place with highly basic aliphatic amines by heating 
the start ing compounds in aqueous solutions; in the case of high-boiling amines the process  can be carr ied 
out without a solvent at 160-180~ This method, owing to the ease of obtaining the start ing compounds and 
the simplici ty in the execution of the syntheses ,  has definite advantages over some other methods described 
above. 

6 .  C h i c h i b a b i n  A m i n a t i o n  

Chichibabin amination is widely used for the synthesis of 1-substi tuted 2-aminobenzimidazoles .  Since 
this reaction has been examined in a number of monographs and reviews [6, 94-96], we will r e s t r i c t  ourselves 
to citing these sources .  

Nucleophilic substitution by an amino group of not only the hydrogen atom in the 2-position of benzimida-  
zole but also the alkyl,  ara lkyl ,  and a ry l  groups occurs  under the influence of sodium amide [97, 98]. However, 
this method cannot be used for prepara t ive  purposes ,  since it is accompanied by side p rocesses ,  and the yields 
of the amines do not exceed 40-56%. 

R - - ~ =  + O-(H2N)2C6Ht + ~ 3 + 
v "N - -NH  2 

I 
CH 3 CH 3 

+ ~ - - ~  c% 

CH 3 N - - ~  

2-Aminobenzimidazole with an unsubstituted NH group in the 1 position cannot be obtained by amination 
because the N-anion that is formed by the action of sodium amide on benzimidazole is not capable of nucleo- 
philic substitution react ions in the 2 position (see [99]). This difficulty can be overcome by using debenzyla- 
tion of 1-benzyl-2-aminobenzimidazoles  (XXIX), which a re  readily formed in the amination of 1-benzylbenzi-  
midazoles (see, e . g . ,  [100-102]) with sodium or potassium in liquid ammonia .  The process  must be carr ied 
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out in the absence  of a i r ,  and a source  of protons (for example ,  NH4C1 ) must  be added to the react ion mix ture  
af ter  the addition of the meta l  [103]. 

"--,---- N N~ R - - ~ j . . .  

CH2C6H5 
XXIX 

In the nitrogen heterocycle  s e r i e s  it is m o r e  convenient in some cases  to use  naphthyllithium for  the r e -  
moval  of the N-benzyl  pro tec t ive  group [104]. However ,  in cont ras t  to 1 -benzyl -2-benzylaminobenz imidazo le ,  
which is  converted in good yield to 2-benzylaminobenzimidazole ,  1 -benzy l -2 -aminobenz imidazo le  cannot be 
debenzyla ted  by means  of this reagent .  

7 .  C _ l e a v a g e  o f  T r i a z e . p i n e s  

N-P ro t ec t i ve  groups  such as  benzyloxymethyl  and alkoxyalkyl can eas i ly  be removed  under acid hydrol~ 
ys i s  conditions [104]. Since the synthesis  of 1 -methoxymethy l -2 -aminobenz imidazo le  by d i rec t  amination is 
imposs ib le  [105], a new method has been developed for the prepara t ion  of 2-aminobenzimidazole ;  this method 
consis ts  in c leavage of pheny l - (1 -methoxymethy l -2 -benz imidazo ly l ) t r i azene  (XXX) with a minera l  acid.  In 
this case  the methoxymethyl  group is spli t  out s imul taneously  with c leavage of the t r i a zene  grouping (see [106]). 

Li 2"H20 NH--N'~'NCb'H5 2. OH NH2 
I H 

CH2OCH 3 CH2OCH 3 

XXX 

8.  D i f f e r e n t  M e t h o d s  

An a t tempt  to synthes ize  [107] the corresponding amine  der iva t ive  f rom 2 - sod io - l -me thy lbenz imidazo le  
and O-methylhydroxylamine  by the method in [108] was unsuccessful .  However ,  the action of BrN (C2II5) 2 on 
the 2-sodio der iva t ive  led to 2 -d ie thy lamino- l -me thy lbenz imidazo le  in a yield of only 11% [109]. 

N-Substi tuted carbonimidoyl  dichlor ides  (XXXI) have found application in the synthesis  of 2 -aminobenz i -  
midazole  der iva t ives  [110]. Thus 2 -a ry laminobenz imidazo les  and 1-phenyl-2-ani l inobenzimidazole  were  ob- 
tained in high yie lds  in the react ion of N-a ry lca rbon imidoy l  dichlorides with o-phenylenediamine [111] and N- 
phenyl-o-phenylenediamine [112]. 2-Alkoxycarbonylaminobenzimidazoles  were  synthesized by means of N-  
a lkoxycarbonylcarbonimidoyl  dichlor ides  [113]. The react ion proceeds  very  readi ly  a t  room t e m p e r a t u r e  in 
the p re sence  of t r i e thy lamine  and ch loroform and dioxane. 

[ ~  NH2 + C|2C----NR I ,. ~ N  I~NHR2 
NHR I 

xXXI ~1 

Z 
R I ." H ~ C6H 5 ; R = C6H 5 ~ COOAIk 

The condensation of o-phenylenediamine with 1 ,1 ,1 - t r i ch lo romethy ld ime thy lamine  in dioxane is a con- 
venient method for the synthesis  of 2-d imethylaminobenzimidazole  (in 95% yield) [114]. 

Some quinoxaline der iva t ives  undergo photochemical ly initiated r e a r r a n g e m e n t  to benzimidazole  de r iva -  
t ives ,  the yields of which depend on the pH of the medium and the solvent [115]. Thus,  when 2 - m e t h o x y c a r -  
bonylaminoquinoxaline N-oxide (XXXII) is i r rad ia ted  with UV light in dry  ace ton i t r i l e ,  it undergoes rapid r e -  
a r r angemen t  to 2-methoxycarbonylaminobenzimidazole  (XXXIII) and i t s  N- fo rmy l  der iva t ive  (XXXIV). The 
la t ter  cannot be obtained in methanol because  of rapid solvolysis  of the fo rmyl  group.  

~ '~ "NHCO2C H 3 NHCO2CH. j 

O CHO 

,XX Xll XXXill XXXIV 
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P R O P E R T I E S  OF 2 - A M I N O B E N Z I M I D A Z O L E S  

1.  T a u t o m e r i s m  

The existence of two tautomer ic  f o r m s ,  v i z . ,  the amine (XXXV) and imine (XXXVI) fo rms ,  is possible 
in the case of 2-aminobenzimidazole  and 1-substituted 2-aminobenzimidazoles .  

v•IN]•NH2 ~NH 
R R 

X X X V  X X X V !  

A comparison of the IR and UV spect ra  of 2 -amino- l -methy lbenz imidazo le  (XXXV, R = C H  3) and fixed 
model fo rms  XXXVII and XXXVIII has shown that,  as in the case of many other ~ -he ta ry lamines  [116], amine 
XXXV exists in the crysta l l ine  state a lmost  entirely in the amino fo rm [117, 118]. According to the data in 
[118], the tau tomer ic  equilibrium constant K T = KXXXVII I /KxxxvI I  , where KXXXVII and KXXXVII I a re  the 
ionization constants of the model f o r m s ,  is only 0.0019. 

N ~ ' T ~ N  jCH3 

CH 3 CH$ 
XXXVI! XXXVI I I  

However,  the tendency for conversion of the amino to the imino form is expressed more  markedly in 
the case of 2-aminobenzimidazoles  than in a number of other ~ -aminohe te rocyc les .  It is manifested distinctly 
in the case of 2-acylamino der ivat ives ,  where the mono-  and dichloroacetyl  compounds exist in the imino 
form [117]. 

s - A m i n o  derivat ives  of more  complex imidazole sys t ems ,  v i z . ,  l inear and angular naphthimidazoles 
[118] and benzo[1 ,2-d :3 ,4 -d ' ]d i imidazo le  [119], a lso exist in the amino fo rm in the crysta l l ine  state. The 
sodium salt  of 2 -amino- l -e thy lbenz imidazo le  has the same s t ruc ture  [120]. 

2 .  N - A l k y l a t i o n  

Alkylation of 2-Aminobenzimidazoles  with an Unsubstituted NH Group_.. In the methylation of 2-amino-  
benzimidazole with dimethyl sulfate (3.5 moles) all three  nitrogen atoms undergo react ion,  and 2-methyl imino-  
1 ,3-dimethylbenzimidazol ine  (XXXIX) is formed in 45% yield [112]. 

Oz: CV:; 
CH 3 CH 3 CH2COC6H 5 

XXXl ] (  XL XLt  

Methylation with dimethyl sulfate at 20~ can be carr ied  out in the presence  of sodium bicarbonate with- 
out involving the amino group; in this case  benzimidazolium salt  XL is obtained [121]. The reaction of 2 - ami -  
nobenzimidazole with phenacyl bromide at room tempera tu re  leads to the formation of 1-substituted sal t  XLI 
in a mixture with a quaternization product of the XL type [33, 122, 123]. The use of propargyl  bromide gives 
s imi lar  resul ts  [124]. 

1-Substituted 2-aminobenzimidazoles  (XLII) a re  formed when 2-aminobenzimidazole is heated with w- 
dialkylaminoalkyl chlorides in the p resence  of sodium ethoxide; bromoacetaldehyde acetal  reac t s  s imilar ly  [33]. 
Substitution at the NH group also occurs  in the react ion of methoxymethyl chloride with the Na derivat ive of 
2-aminobenzimidazole  in refluxing dioxane [125]. The alkylation of this salt with 2-chloroethyl  isothiocyanate 
is accompanied by cyclization in the substituting group with the formation of XLIII [126]. 

~ , ' ~  NH 2 ~ N  ~v~'~NH2 
(CH2)r~ NR 2 N ~'L', S 

XLII L--_..J 
X L I I I  

X L I I  t'/ : 2 ~ 3 ;R=CH3 tC2H 5 " 
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Alkylation of 1-Substituted 2-Aminobenzimidazole.  The nitrogen atom in the 3 position always undergoes 
at tack in the alkylation of 2 -amino- l -a lky lbenz imidazoles .  Thus,  under the influence of methyl iodide, 2- 
amino- l -methy lbenz imidazo le  {XXXV, 1R = CH~) undergoes a lmost  quantitative conversion to iodide XLIV (R = 
R' = CH 3) [127]. Other alkyl halides [128] and chloromethyl  alkyl e thers  [129] r eac t  s imi la r ly .  2 - I m i n o - l , 3 -  
dialkylbenzimidazolines (XLu a r e  isolated f rom the quaternizat ion products  by the action of a solution of 
alkali  [127]. 

XXXV 
ReX i * ~ ' ~ - - ~  ~ ~ R ~ -HX ( ' ~ ' ~ r ~  N ~ R' 

.LJ..  '.L... x- 
I ! 
R R 

XLIV XLV 

Azomethines obtained f rom 2-amino- l -a lkylbenz imidazoles  can also be converted to qua ternary  benzi-  
midazolium sal ts ,  but the quaternization proceeds  with g r e a t e r  difficulty and only under the influence of methyl 
iodide [130]. 

2 -Amino- l -a lkylbenzimidazoles  readi ly  form quaternary  sal ts  on react ion with e s t e r s  [131] and a r y l -  
amides of chloroacet ic  acid [132], bromoacetone  [133], and phenacyl bromides [134-136]; the products ,  such 
as ,  e . g . ,  XLVI and XLVII, undergo cyclization under the influence of condensing agents to give imidazo[1,2-  
a]benzimidazole der ivat ives  (XLVIII and XLIX) [33, 135-137]. 

f~-- CH COAt H § N I 

R R 

XLVI xLVlII " 

~ ' ~ , - -  ~i - -  C H,COOR' |CH ,CO] ,0  - r  _COOR' . 

R R 

XLVI! x L i x  

R -- alkyl ,%.~CH~ 

Ethylene halohydrins also reac t  with amine XXXV at the heteroatom to give alkylation products  L [131, 
138], which can be subsequently converted to dihydroimidazo[1,2-a]benzimldazole  der ivat ives  LI [138]. 

~ N--CHTCHzOH �9 N~--&N ~ 

t 
c~s c~ s 

The methylation of the amino group in the 2 position with methyl iodide can be accomplished by carrying 
out the react ion in liquid ammonia in the p resence  of sodium amide [139]. The conversion is a stepwise pro-  
cess  and, since the ra te  of methylation of the RNCHa anion is considerably higher than the ra te  of methylation 
of the l~'qI-I anion, the dimethylamino der ivat ive accumulates  a lmost  exclusively in the react ion mixture ,  
r ega rd les s  of the N-anion:alkyl halide rat io.  This t ransformat ion is a convenient method for  the synthesis  of 
8-dimethylamine der ivat ives  of nitrogen he terocycles  [140]. 

R~H , R ' I . .  RNHR' R~H RNfl 2 

R .- hetaryl ; R' =CH~ 

+ R~R' f i t  RNff= 

The react ion of the N anion of 2-amino- l -e thylbenz imidazole  in liquid ammonia with C 2-  C 4 a!kyl halides 
leads to the formation of a mixture  of mono- and dialkylation products ,  usually with predominance of the la t ter  
[141, 142]. The monobenzyl der ivat ive  is obtained in large amounts by the action of benzyl chloride.  

A good method for  the benzylation of 2-amino- l -a lkylbenz imidazoles  to 2-monobenzylamino der ivat ives  
by the action of benzyl alcohol in the p resence  of alkali has been worked out [143]. 
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3 .  N - A c y l a t i o n  

Under the influence of monocarboxyl ic  acid chlor ides  aadanhydr ides ,  2 -aminobenz imidazo les  a r e  con-  
ver ted  to monoacylamino de r iva t ives  [12, 19, 144, 145]. In the case  of the reac t ion  of 2 - a m i n o - l - m e t h y l b e n z i -  
midazole  (XXXV, R = CH 3) with a roy l  chlor ides  it has been shown that in the f i r s t  s tep the acyl  group a t tacks  
the ni trogen he te roa tom,  and unstable  2 - a m i n o - 3 - a c y l - l - m e t h y l b e n z i m i d a z o l i u m  sal ts  (LII) a r e  formed;  these  
sa l t s  can be isola ted by ca r ry ing  out the reac t ion  in a s t r e a m  of ni trogen at  20~ in d ry  acetone .  They read i ly  
(and m o r e  rapidly  when they a r e  heated) undergo r e a r r a n g e m e n t  to 2 -acy lamino  de r iva t ives  LIII  [146, 147]. 
When sa l t s  LII a r e  t r ea ted  with sodium carbonate  in the cold, they can be converted to 1 - acy l -2 - im inob en z i -  
midazol ines  (LIV), which a r e  a l so  unstable  and a r e  readi ly  r e a r r a n g e d  to 2 -acy lamino  der iva t ives  LIII.  The 
na ture  of the subst i tuent  in the a ry l  grouping of the acyl  group has an ex t remely  pronounced effect  on the r a t e  
of r e a r r a n g e m e n t :  A methoxy group in the pa ra  position slows down the r a t e  of convers ion ,  while a ni t ro  
group  a c c e l e r a t e s  the p r o c e s s .  

N H CO~"  

NH 
I 
R 

LW 

Two ace ty l  g roups  can be incorpora ted  in the amino  g roup  when amine  XXXV is heated with ace t ic  a n -  
hydr ide  [12, 145]. Acylation with an alkyl  ch lo ro fo rmate  in pyridine at  20~ leads to 1 -a lkoxyca rbony l -2 -  
(d ia lkoxyearbonylamino)benzimidazoles  (LV) and the i s o m e r i c  2 - a l k o x y c a r b o n y l i m i n o - l , 3 - d i a l k o x y c a r b o n y l -  
benz imidazol ines  (LVI) [148]. 

COOR COOR 
LV LVI 

The r e a r r a n g e m e n t  of alkyl  2 - a m i n o b e n z i m i d a z o l e - l - c a r b o x y l a t e s  (LVII) to 2 -a lkoxycarbonylamine  
de r iva t ives  IV by heating to the mel t ing point or by refluxing a solution in cumene has been descr ibed  [149]. 

NH2 H NHCOOR 

COOR 

LVI! IV 

R : CH 3 ~ CH (CH3) l 

Hetary lca rboxyl ic  acid chlor ides  acyla te  2 -aminobenz imidazo le  to give qua ternary  sa l t s  LII (R = H; Ar  = 
2-fury1,  4- th iazoly l ,  3 -pyr idy l ,  etc.  ). Like monocarboxyl ic  acid ch lor ides ,  oxalyl chloride a t tacks  the r ing 
ni t rogen a tom;  when the resul t ing  sal ts  LVHI a r e  heated in the p r e s e n c e  of t r i e thy lamine ,  they a r e  converted 
to 2 ,3 -d ihydro imidazo[1 ,2 -a ]benz imidazo te  de r iva t ives  (LIX) ~150]. 

XXXV ( C O C I ) 2  

I i H 
R CI-  R 

LVIII LIX LX 

Analogs of LIX (viz . ,  LX) a r e  formed by the action of phenyliminooxalic  acid [151] and a ry l azoch lo ro -  
acet ic  acid chlor ides  [152] on 2-aminobenz imidazole .  Diamides  RNHCOC6H4CONHR (R = 2-benzimidazolyl)  
were  obtained by means  of te rephtha l ic  and isophthalic acid chlor ides  [153]. 
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The react ion  of 2-aminobenzimidazole  with phthalic anhydride  leads to condensation product  LX, which 
undergoes  r e a r r a n g e m e n t  to 2-phthal imido der iva t ive  LXII at 200~ [154]. 

O = C  C = O  
O 

LXI LXII 

The acylat ion of aminobenzimidazoles  can be accompl ished by means  of e s t e r s  such a s ,  for  example ,  
cyanoacetic  [155] and oxalic acid [150] e s t e r s .  A s im i l a r  t r ans fo rma t ion  takes  place  under the influence of 
2-phenyl -5-oxazolone  [156]. 

~ O  
! [ 

R R 

X : CH2CN t COOCH 3 

4 .  O x i d a t i v e  T r a n s f o r m a t i o n s  

Under the influence of a 30% aqueous solution of sed iumhypoch lor i t e ,  2 -aminobenz imidazo les  a r e  oxi- 
dized to br igh t ly-co lored  2 , 2 ' - a z o  de r iva t ives  LXlII  (R = H, Alk,  C6tt5) [157]; this p r o c e s s  can be used as  a 
quali tat ive react ion  for  these  amino compounds.  The oxidation of the 1-phenyl-subst i tu ted  compound gives  
the best  r e su l t s  (the product  is  obtained in 72% yield).  In the case  of 1-a lkyl -subs t i tu ted  compounds the r e -  
action is accompanied by the format ion  of deeply colored res inous  compounds,  and the yie lds  of the azo com-  
pounds a r e  reduced.  

2 - /kmino- l -benzy lbenz imidazo le  (XXIX, R = H) can be made to undergo a pecul iar  oxidative t r a n s f o r m a -  
tion [158, 159]. If 3-4 moles  of sodium (or potass ium) is  added to a solution of this compound in liquid a m -  
monia and the ammonia  is  evapora ted ,  the d l -  (LXIV) and tr ianion (LXV) of aminobenzlmidazole  that a r e  
fo rmed  under  the influence of bases  (sodium amide  aud the benzyl  anion) a r e  oxidized by a i r  oxygen to, r e s p e c -  
t ive ly ,  2 ,2 ' - azobenz imidazo le  (LXHI, R = H; in up to 55% yield) and 2-n i t robenz imidazole  (in up to 43% yield) 
[160]o Under the indicated conditions, 2 -amino- l -me thy l (e thy l )benz imidazo les  f o r m  only smal l  amounts  of 
the azo compounds [161]. 5 -Methyl - ,  5 -me thoxy- ,  and 5 , 6 - d i m e t h y l - 2 - a m i n o - l - b e n z y l b e n z i m i d a z o l e s  be-  
have like XXIX in this reac t ion .  

CH 2C6H 5 C H2C6H5 Jr C" H,tC6H 5 
XXIX LXW LXV 

IO2,H20 IO2.H20 

v "N" N = N " ~ N  " ~ ' ~  NO 2 
I I H 
R R 

LXIII LXVI 

The par t ic ipat ion of the benzyl  anion as a base  in the format ion of dianion LXIV and tr ianion LXV is 
ex t remely  significant:  An azo compound and a n i t ro  Compound a r e  fo rmed i n l o w  yie lds  (18 and 10%, r e s p e c -  
tively) f r o m  NH-unsubsti tuted 2-aminobenzimidazole .  However ,  if the amine  is subjected to the reac t ion  in 
the p re sence  of 1-benzylbenzimidazole ,  which genera tes  a benzyl  anion, the yie lds  of the azo  and n i t ro  d e r i -  
va t ives  a r e  52 and 44%. 

The oxidation of the anions formed f r o m  2-aminobenzimidazole  in liquid ammonia  by means  of po tass ium 
permangana te ,  po tass ium per su l fa t e ,  a i r ,  or  iodine g ives  only the azo  compounds.  The reac t ions  proceed 
through a s tep involving the format ion of a hydrazo der iva t ive  [161]. 

5 .  R e a c t i o n  w i t h  N i t r o u s  a n d  N i t r o s y ! s u l f u r i c  A c i d s  

2-Aminobenzimidazoles  behave pecul iar ly  with r e s p e c t  to ni t rous acid.  Vir tual ly  no diazotization of 
these  compounds is observed in 2 N hydrochlor ic  acid.  Diazotization proceeds  ve ry  slowly in 25-40% sulfuric  
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and 30% fluoboric ac ids ,  and the react ion gives the products  in very low yields and is accompanied by side 
t ransformat ions  [162]. The difficulty involved in the diazotization of 2-aminobenzimidazoles  is due to the high 
electrophil ici ty of the benzimidazolyl  grouping [163]. However,  the fact that N-n i t rosamines  of the benzimi-  
dazole se r i e s ,  which, according to the general ly  accepted concepts regarding the mechanism of diazotization, 
should be formed in the f i r s t  step of the react ion,  a re  res i s tan t  to the action of dilute minera l  acids [164] and 
a re  converted to diazonium salts only under special  conditions is more  important .  These amines were f i r s t  
successful ly  converted to diazonium compounds by the action of n i t rosylsul fur ic  acid in solution in concen-  
t r a t ed  sulfuric andconcent ra ted  phosphoric acids [162]; diazonium salt  I X V I I i s  dis t inguishedby its instability 
and extremely high react iv i ty :  If the 5 and 6 positions in the benzimidazole ring a r e  unsubstituted, as  in the 
case of 2-amino-fl-naphthothiazole [165], diazo coupling with a second nondiazotized molecule of the start ing 
amine ("seN-coupling") occurs ,  and a mixture of 5- and 6-azo derivat ives LXVIII is formed.  The presence  
of a C H  3 group in the 5 (6) position of the ring acce le ra tes  the p rocess ,  whereas the presence  of a bromine 
atom slows it down [166[. Diazotization does not occur  if there  is a n i t ro  or azo group in the 5 (6) position of 
the ring [167]. Apparently,  as a consequence of this,  self-coupling of salts LXVII stops at the step involving 
the formation of monoazo compounds LXVIII. 

R NH! 
g 

I.XVII / l V l l l  

In addition to in termolecular  diazo coupling, an in t ramolecular  t ransformat ion - the diazo group attacks 
the ortho position of the N-a ry l  group /168] to give LXIX - is observed in the reaction of ni t rosylsulfur ic  acid 
with 2-amin o - l - a ry lbenz imidazo le s .  

The activity of benzimidazole-2-diazonium salts obtained in concentrated sulfuric acid is so high that 
diazo coupling even with the s implest  a renes ,  v i z . ,  benzene and toluene, becomes possible [169]. The latter 
should be added to the sulfuric acid solution beforehand so that the unstable diazonium salt that forms can 
rapidly undergo the coupling react ion.  In order  to avoid the occur rence  of a competit ive "self-coupling" r e -  
action,  one should in this case use 5,6-disubst i tuted 2-aminobenzimidazoles  [166, 169]. 

.•R R' 

N.~N ' J 
R N----N--At 

R 
LXIX LXX 

LXX R~ ~.C6H 5 ; p-CH3C6H 4 ~ 2t4- (CH3)  2 C6H3, mesityl 

The clear ly  expressed ability of benzimidazole-2-diazonium salts to undergo diazo coupling is determined 
by the high electrophil ici ty of the grouping bonded to the diazo group,  which is due to protonation of the imida-  
zole ring (see LXVII). The t ransformat ions  that take place in the react ion of n i t rosylsul fur ic  acid with 2- imino-  
1 ,3-dialkylbenzimidazol ines  (LXXI) confirm this point of view. The initially formed diazonium salt LXXII un- 
dergoes  self-coupling when R = H, whereas if the 5 and 6 positions a re  substituted (R = CH3), it r eac t s  with 
toluene to give azo compounds LXXIII [170]. 

CH 3 CH 3 .J CH3 
LXXI LXXII LXXlII 

The react ion of sodium nitr i te with 2-amino- l -a lkyl (ara lkyl )benzimidazoles  (LXXIV} in 60% phosphoric 
acid at  " 5 ~  gives N-ni t roso  compounds LXXV, which a re  stable when they a re  stored in the dark [164]; 5- 
alkyl-  and 5-alkoxy-substi tuted compounds undergo "self-coupling" under these conditions. Nitrosamines 
LXXV were also obtained f rom diazotates LXXVI [171], which a re  formed by the action of isoamyl nitri te on 
the Na derivat ives  of amines LX-XIV [172]. In aqueous solutions or in organic solvents the ni t rosamines in the 
presence  of acids a re  spontaneously converted to t r iazenes  LXXVII [173]. 
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, . o   AJ, C: 
. ,. NH, / X 

"*,4'~ R ~ " " , ~  R % ~ ' ~ v ~ _ -  N N 

R " * "  -~,. ~= .o~o  ~ ' ' ~ "  "V. N H - ~ = N - ~  v "R' 
R R R 

LXXVI LXXt/tl 

in concentrated sulfur ic  acid n i t rosamines  LXXV undergo par t ia l  doni t rosat ion and subsequently,  ff the 
5 and 6 posi t ions a r e  not occupied,  f o r m  self-coupl ing products  of the LXVIII type through a number  of t r a n s -  
fo rmat ions .  In acids with low protonating capaci t ies  the n i t rosamines  a r e  converted to diazonium sa l t s  LXXV- 
HI, which a r e  not protonated in the imidazole  r ing and a r e  t h e r e f o r e  l ess  ac t ive  than diazonium sa l t s  LXVII 
[171]. These  sa l t s  can a lso  be obtained by the action of boron t r i f luor ide  e thera te  on n i t rosamines  LXXV in 
an apro t ic  medium [173]. They do not r eac t  with the s imples t  a r e n e s ,  but they do r eac t  with e the r s  of phenols 
to give azo  compounds in good yie lds  [174]. 

6 .  R e a c t i o n s  w i t h  B i f u n c t i o n a l  C o m p o u n d s  - F o r m a t i o n  

o f  a S i x - M e m b e r e d  H e t e r o c y c l i c  R i n g T h a t  I s  A n n e l a t e d  

w i t h  a n  I m i d a z o l e  Rin.g_ 

Although many reac t ions  of 2 -aminobenz imidazoles  with bifunctional compounds have been known for  a 
long t ime  [6, 175], t r ans fo rma t ions  of this  type continue to a t t r ac t  the attention of r e s e a r c h e r s ,  s ince  the con-  
densation products  can be used as  biologically ac t ive  compounds [31, 176] and s ta r t ing  reagen ts  for  the p r ep a -  
ra t ion of cyanine dyes  [177]. 

The react ion  of 2 -aminobenz imidazo le  with e s t e r s  of fl-keto acids gave  4 -oxo -3 ,4 -d ihyd ropy r imido [1 ,2 -  
a]benzimidazoles  such a s ,  e . g . ,  LXXIX [31]. Carbon suboxide undergoes  condensation with 2 -aminobenz imi -  
dazole  and i ts  1-a lkyl -subs t i tu ted  de r iva t ives  to give 2 ,4 -d ioxo te t rahydropyr imido[1 ,2 -a ]benz imidazo les  
(LXXX) [178]. Quaternary  pyr imido[1 ,2 -a ]benz imidazo l ium sa l t s  LXXXI a r e  obtained f r o m  the react ion  of the 

O O R 3 

CF3 R O t~ 1 

LXX|X LXXX LXXX! 

LXXX R = H t A l k  ; LXXXI R =CH31CsH w ; R  =H,~CH3;R =CH3,C,~Is;R =H jCH~j 

hydrochlor ide  or  p i c ra t e  of 2 -aminobenzimidazole  with fi-diketones or f i-chtorovinyl ketones [179]. 

Similar ly  constructed qua te rnary  sal ts  LXXXII a r e  a l so  fo rmed in the pecul ia r  condensation of 2 -amino-  
1-a lkylbenzimidazole  (LXXIV) with pyry l ium sa l t s ,  which takes  p lace  with opening of the pyran  ring and sub-  
sequent format ion  of a pyr imidine  ring [180]. N-(2-Benzimidazoly l )pyr id in ium sa l t s  LXXXIII a r e  obtained as 
side products  {when R = CH 3 and C2H 5) [180, 181]. 

AP AP 

Ar AP N Ar R Ai" 

CIO~ R / - CIO&- R Ar ClO 4 

LXXXII LXXXlll 

R =AIk ; R ~ =H ~CH3' 1Ar=CBH 5 

The synthesis  of pyr imido [1 ,2-a]benzimidazole  der iva t ives  LXXXIV f rom 2-aminobenz imidazoles  and un- 
sa tura ted  acids such a s ,  e . g . ,  e s t e r s  of propiolic  and phenylpropiolic  ac ids ,  has been descr ibed  [182-184]; it 
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has been es tabl ished [184] that  the oxo group  is  located in the 2 posi t ion.  When R = H, the reac t ion  product  
exis ts  in the LXXXV f o r m .  

R R O 

I H H 
CH 3 

LXXXIV  LXXXV LXXXVi  

LXXXIV R=H ~C6H 5 ; LXXXV R--H ~C6H 5 ,ICOOCH 3 

2-Aminobenzimidazole  r e a c t s  with a c r y l i c ,  c ro tonic ,  and methacry l ic  acid chlor ides  to give  2 - o x o - l , 2 -  
d ihydropyr imido[1 ,2 -a ]benz imidazo les  [185, 186] and with e thoxymethylenemalonic  e s t e r  to give 4-oxo d e r i v -  
a t ive  LXXXVI [183, 186]. 

The condensation of 2 -aminobenz imidazo le  with methyl  anthrani la te  gives  benzimidazo [2,1-b]quinazoline 
de r iva t ive  XXV (R = H) in low yield [81]. 

2 -Aminobenz imidazoles  r e a c t  with epoxy bromides  LXXXVII to give 3 - h y d r o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o p y r -  
imido [1 ,2-a]benz imidazoles  LXXXVIII [187]. 

, , R' R' R ~ 

LXXXVII  'LXXXVIII 

R4R =H~CH 3 

The reac t ion  of 2 -aminobenz imidazo le  with benzoyl  isothiocyanate  led to the format ion  of a s y m - t r i a z i n e  
r ing that  is annelated with a benzimidazole  r ing [188]. This  he te rocyc l ic  s y s t e m  (XCI) was a l so  obtained f r o m  
2 -amino - l -benz imidazo ly l imidopheny l  e s t e r  (LXXXIX) and a r o m a t i c  a ldehydes with subsequent oxidation of 
1 ,2 -d ihydro  de r iva t ive  XC [189]: 

NH 2 H 
C6HsOCN ~L'~ N ~/L" NH[ (~X~r--- N ArCHO ~ IN~ /~  N = CHAr 

C=NH C=NH 
I I 
OC6H 5 OC6H 5 

LXXXIX 

H 

C'YxY h< r 
OCb-H s OC6H 5 

XC XCl 

A number  of other sym- t r i a z ino [1 ,2 - a ]benz imidazo l e  de r iva t ives  have been obtained f r o m  2 - a m i n o - 1 -  
cyanobenzimidazole  [1891. 

Compounds with an annelated s e v e n - m e m b e r e d  r ing,  v i z . ,  4 , 5 - d i h y d r o - 1 , 3 , 5 - t r i a z e p i n o  [1 ,2 -a ]benz imi-  
dazole  de r iva t ives ,  have been synthesized f r o m  2-amino- l - f l -hydroxye thy lbenz imidazo le  [9]: 

H 

Z = H ~ CI ; X = O ~ S I NSO2C6HsCH 3-p ; R = C,.Hg 

7.  E l e c t r o p h i l i c  S u b s t i t u t i o n  R e a c t i o n s  

in  t h e  B e n z e n e  R i n g _  

Because  of the effect  of the amino  group,  e lec t rophi l ie  subst i tut ion reac t ions  in the benzene ring of 2- 
aminobenz imidazole  proceed  under  mi lder  conditions than in the ease  of unsubstituted benzimidazole .  Chlor i -  
nation to the 5(6}-monochloro-subst i tuted compound was accompl ished a lmos t  quanti tat ively by the addition of 
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hydrogen peroxide (1 mole) to a hydrochloric acid solution of the amine [190]. The bromination of 2-amino- 
1-methyl(ethyl)benzimidazole by the action of potassium bromate (0.33 mole) in hydrobromic acid at 20~ 
leads to a mixture of monobromo-substituted XCH through the intermediate formation of perbromides.  The 
bromine atom, like the chlorine atom, is incorporated in the 5 and 6 positions, which are  the most react ive 
positions in electrophilic substitution, 5, 6-Dibromo derivative XCIII was obtained by using 0.66 mole of potas- 
sium bromate. 4 ,5 ,6 -Tr ib romo derivative XCIV was obtained under more severe conditions [191], 

BP 

R R R 
XC | XCIII xciv 

The nitration of 2-amino-l-methylbenzimidazole proceeds smoothly at -5~ with potassium nitrate 
(1 mole) in concentrated sulfuric acid [192] to give a mixture of 5- and 6-substituted derivatives XCV in a r a -  
tio of 5:4. 5,6-Dinitro-2-amino-l-methylbenzimidazo!e (XCVI) was obtained under the same conditions using 
2 moles of potassium nitrate. 

I x R 
CH 3 CH 3 CH 3 

XCV XCVI XCVII 

XCVII R IR '=  H~CH 3 

A mixture of isomeric 5- and 6-sulfonic acids XCVII was obtained by the action of chlorosulfonic acid 
on 1-alkyl-2-aminobenzimidazoles [193]. 

Acylation in the benzene ring (with phthalic anhydride in the presence of aluminum chloride) has been 
described only for the 2-dimethylamino derivative [194]. The possibility of this transformation is due to the 
effect of the dimethylamino group, since benzimidazole itself and its 2-methyl-substituted derivative a re  not 
acylated. The resulting keto carboxylic acid (XCVIII) readily undergoes cyclization to anthraquinone deriva- 
tive XCIX. 

O 

N - - -  - r ' :  N 

OO N(CH3) 2 N(CH3) 2 
R O R 

XCVtll  XCIX  
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S Y N T H E S I S  A N D  S T E R E O C H E M I S T R Y  OF 

2 , 2 - D I M E T H Y L - 5 - A R Y L - 4 - B E N Z O Y L - 1  , 3 -  

D I O X O L A N E S  

O.  N.  B u b e l ' ,  I .  G .  T i s h c h e n k o ,  
G .  Z .  S t a s e v i c h ,  I .  L .  R o m a n k o ,  
A .  F .  A b r a m o v ,  a n d  E .  D .  S k a k o v s k i i  

UDC 547.729.7.07:541.634 

The reac t ion  of 3 - a r y l - 2 - b e n z o y l o x i r a n e s  with ace tone  in the p r e s e n c e  of catalyt ic  amounts  
of boron t r i f luor ide  e thera te  leads to the format ion  of mix tu res  of cis and t rans  i s o m e r s  
(~ 30:70) of 2 , 2 - d i m e t h y l - 5 - a r y l - 4 - b e n z o y l - 1 , 3 - d i o x o l a n e s ,  the s t r u c t u r e s  and s t e r e o c h e m -  
i s t r y  of which were  es tabl ished on the bas is  of data f r o m  thei r  PMR s p e c t r a ,  m e a s u r e m e n t  
of the Overhauser  nuclear  effect ,  and some chemical  t r ans fo rma t ions .  

Ace ty lox i ranes  of the a l iphat ic  s e r i e s  r e a c t  with ketones in the p r e s e n c e  of boron t r i f luor ide  e thera te  
with invers ion of the configuration of the oxi rane  carbon a tom that undergoes  a t tack ,  and this leads to the 
fo rmat ion  of c i s - l , 3 - d i o x o l a n e s  [1, 2]. At the s a m e  t ime,  the react ion  of t r a n s - 2 - a c e t y l - 3 - p h e n y l o x i r a n e  
with acetone  in the p r e s ence  of boron t r f f luor ide  e thera te  gives  a mix tu re  (35:65) of c i s -  and t r a n s - 2 , 2 - d i -  
m e t h y l - 5 - p h e n y l - 4 - a c e t y l - l , 3 - d i o x o l a n e s  [2], whereas  t r a n s -  and c i s -2 -me thy l -3 -pheny lox i r anes  r e a c t  with 
acetone  in the p r e s e n c e  of anhydrous  copper  sulfate  to give  a mix tu re  (35:65) of the corresponding c i s -  and 
t r ans -d ioxo lanes ;  the la t ter  do not undergo in te rconvers ion  under the given conditions [3]. 

In the p resen t  r e s e a r c h  we studied the reac t ion  of a number  of t r a n s - 3 - a r y l - 2 - b e n z o y l o x i r a n e s  (I-VI) 
with ace tone  in the p r e s e n c e  of catalyt ic  amounts  of boron t r f f luor ide  e thera te .  In all  cases  we obtained m i x -  
t u r e s  of c i s -  and t r a n s - 5 - a r y l - 4 - b e n z o y l - l , 3 - d i o x o l a n e s  CVIII-XIII) (Table 1), the r a t ios  of which were  

II... " C ) (  ~ I .  BF" O ( C  fl Ar.. . . C O t  FI 5 . / , 
..,,rd ~ ' ~ I  + CmCOCII3~ ..... :- ..... '"-s H r ..... ..o~il a r ~  "~C'~H"" .cOgH~ 

C~I~ C1t:. CH 3 CH s 

I VI 
'l. I l l  ,~,-Xil l  A V I I I  B - X i l l  B 

V i l l  A r - C ,  Hs; IX -~r-4-CH3C6H I . X Ar~3--Cf l3C~II~;  XI & r = ] - C I C 6 H ~ I  X I I  Ar=3-CIC~,Ha;  

X l l l  Ar = . t -CI I3OC6H t 
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