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1,2,4-TRIAZOLO[I,5-a]BENZIMIDAZOLES: 

TAUTOMERISM AND ALKYLATION 

V. V. Kuz'menko, T. A. Kuz'menko, 
A. F. Pozharskii, V. N. Doron'kin, 
N. L. Chikina, and S. S. Pozharskaya 

UDC 547.792.9'785.5:541.623: 
543.422 

The position of the tautomeric equilibrium in unsubstituted 1,2,4-triazolo[l,5-a] 
benzimidazole, as well as in its 2-methyl and 2-phenyl derivatives, was investi- 
gated by UV, IR, and PMR spectroscopy and by determination of the ionization 
constants. In all cases the amount of the 4H tautomer in the equilibrium mixture 
is two to three orders of magnitude greater than the amount of the 3H tau- 
tomer, while signs of the existence of the 1H form are not observed. 
The synthesis of unsubstituted triazolo [l,5-a]-benzimidazole was accomplished 
for the first time. The alkylation of the indicated triazolo [l,5-a]benzimidazoles 
was studied and a relationship between the regiospecificity of this reaction and the 
position of the tautomeric equilibrium was established. 

In recent years the attention of researchers has been directed to condensed systems 
based on benzimidazole in which another zole ring is attached at the 1-2 bond of the benzimid- 
azole molecule [i]. The principal reason for this interest is the high biological activi- 
ties of some imidazo[l,2-a]benzimidazoles [2, 3], as well as the complex mutual effect of 
the condensed rings, the study of which is important for the development of the theoretical 
chemistry of heterocycles. One of the chief manifestations of this effect is the position 
of the tautomeric equilibrium in azolobenzimidazoles. Up until now it has been studied for 
2-methylpyrazolo[l,5-a]benzimidazole (I) [4] and 3-methyl-l,2,4-triazolo[4,3-a]benzimidazole 
(II) [5]; it was demonstrated by PMR spectroscopy and measurement of the dipole moments that 
the 4H tautomer (Ib) dominates in the first case, whereas the IH tautomer (lla) dominates in 
the second case. 

r 5 "/'~ ..... N ----- NH ~" 

H 

xa X~) 

C f  H ..... _ _  ~.~ J. <.-.. N 
It H 

' I  a l l b  

The aim of the present research was to study the tautomerism of 1,2,4-triazolo[l,5-a] 
benzimidazoles III-V. This heterocyclic system contains within itself the features of the 
structural properties both with I and with azoles II, but the existence of not two but rather 
three tautomeric forms is possible for it. From a theoretical point of view the following 
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question seemed of interest: where will the Nil proton primarily be found: 
(as in Ib) or side (as in Ila) ring? 

S"- r - - - - - .N- -NU < ~ ' ,  . N--N - / \ - - - - N - - N  

~> ~ *r ~>~ - ' - - -  ' ~  "Nm"�9 "~  " %  'N" "N "'P. Q~ "N " N R 
H ti 

I I I -V  a I I I -V b I I I -VC 

III--V a R=H; �9 R=CHa; c R=C6Hs 

in the central 

Synthesis of the Starting Compounds 

As the subjects of the investigation we selected unsubstituted 1,2,4-triazolo[l,5-a] 
benzimidazole (III) and its 2-methyl and 2-phenyl derivatives IV and V. The previously un- 
described parent compound III of the series was obtained in 66% yield by refluxing 1,2- 
diaminobenzimidazole (IX) with formamide. Compounds IV and V were previously obtained by 
heating the corresponding 2-amino-l-acetamidobenzimidazoles with acetic or benzoic anhydride 
with subsequent hydrolysis of the initially formed 4-acyl-l,2,4-triazolo[l,5-a]benzimidazoles 
[6]. We showed that this synthesis can be realized successfully and directly from diamine 
IX; the yields of IV and V reach 90%. 

�9 R ~ 
/ ' S ' " r - - - - - - - N - - N  ~ "  N ~ N  ~ ~ N-- - N'" 

li ! ~:. ~ , , ,! i I {  / . i  
" ~ " / - ' " N ' f " : ~ N  / ~ I R  "~ - ~ " ' " % " N / / ' \ N / " ' R  ' ~ ' ~ "  "N ~ N ~/'" "R 

Vla-f VUa., b,d,e vnI 

V|, VII a Ir~--H, R'=CH~ b R=H, R'=C2H,; VI c R=H, R'CH2C~Hs; VI, VII 
R=R'=CHa;  e R=C~Hs, R'=CHa;VI f R=C~H~, RI=CH~C6H5 

In order to study the tautomerism it was also necessary to synthesize the fixed model 
forms of tautomers III-V. As substituents attached to the nitrogen atoms we used methyl, 
ethyl, and benzyl groups. 

4-Substituted triazolo[l,5-a]benzimidazoles Vla-f were synthesized from diamine IX: 

/N}I 2 ~ NIl 2 

f I[ , RCOy 
, [~ ~.. +//~.. . . . .  Vla-f 

"" " N  ~" ~ 'NH 2 N NH 2 

IX ".'~t-C 

X a R'=CHa, X=I; bR'=C~ti~, X = I ; r  Rt=CH2C6I-ts, X=CI 

Salts X were cyclized by means of formamide or acetic or benzoic anhydride. It should 
be noted that the same scheme was used by Japanese chemists to obtain Vld,e, but they syn- 
thesized salts of the X type by treating 2-amino-l-methylbenzimidazole with mesitylsulfonyl- 
hydroxylamine [7]. In addition, cyclization by them was carried out by brief heating at 
200~ of salts X (X = MesO) with acetic anhydride or benzoyl chloride; the yields of Vld,e 
were 64 and 50%, respectively. We found that it is more convenient to carry out the cycli- 
zation by means of acetic or benzoic anhydride in the presence of potassium carbonate. This 
makes it possible to obtain Vld,e in 90% and 88% yields, respectively. The role of potassium 
carbonate probably consists in conversion of the intermediately formed salt XI to imine XII, 
which, as a consequence of the high nucleophilicity of the imine nitrogen atom [8], under- 
goes cyclization readily. 

..~-. _N ~ NHCORI F\ NU-COR 1 

~X-" I 
R R 

Xi XII 

VI 

We described the preparation of 3-methyl- (Vlla) and 2,3-dimethyl-3H-l,2,4-triazolo[l,5-a] 
benzimidazole (Vlld) in 19% and 62% yields in a previous communication [9]. In the present 
research we found that it is more convenient to obtain Vlla (29% yield) by cyclization of l- 
amino-2-methylaminobenzimidazole with formamide. Let us emphasize, however, that the indicated 
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E~(LvMo) = -0,848/J 
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Effective ~ charges and orders of the ~ bonds of 
3H, and 4H forms of triazolo[l,5-a]benzimidazole. 

methods of synthesis of Vlla,d are of value only as a means of obtaining models of the tauto- 
mers with a precisely fixed position of the substituents. From a preparative point of view, 
VIIa,b,d,e, like VI, are obtained more simply by alkylation of the NH forms III-V in a neutral 
or alkaline medium (see the experimental section). 

For the synthesis of iH-triazolo[l,5-a]benzimidazole derivatives VIII we used, as the 
starting compound, 2-amino-l-benzylaminobenzimidazole (XIV), which was obtained by reduction 
of 2-amino-l-benzylideneaminobenzimidazole (XIII) with sodium borohydride. However, except 
for partial resinification, nothing happens when XIV is heated with formamide. When diamine 
XIV is heated with acetic or benzoic anhydride, the final product is the corresponding di- 
acetyl derivative XVa,b. Complete resinification is observed when the cyclization of XV in 
polyphosphoric acid (PPA) is attempted. 

COR 

-. N=CHC-H 5 .~ 
" IRCO)~O / / "  " - - N "  

~ ' '  j j  N /  " N.BH 4 ~ Y / " ] I _ _  N" NHCH'CJI~ N--CH2CeH5 

- L . )  ' =- -" ix  tj .~.~. 

~N'/  ~ Nff2 \ '~< "N" NHCOR 

XIII XIV X'V ~ R=CH~:b R=Cfll s X V t a , b  

Compound Vlll also is not obtained in the alkylation of 1,2,4-triazolo[l,5-a]benzimida- 
zoles (see below). All of this evidently constitutes evidence for their instability; the 
results of calculation by the Huckel MO method may serve as a confirmation of this (Fig. i). 
These results show that the IH form of triazolo[l,5-a]benzimidazole, in contrast to the 3H 
and 4H forms, has a low order of the N(z)-N(9) ~ bond and a very high positive charge on the 
C(=) atom; this. should lead to facile attack at this position even by weak nucleophiles. 

Tautomerism 

Although we had only two of the three fixed tautomeric forms of triazolo[l,5- benzimid- 
azoles at our disposal, this proved to be sufficient to establish the position of the tauto- 
meric equilibrium by means of a number of physicochemical methods in conjunction with quantum- 
mechanical calculations and alkylation data. 

The only method that did not make it possible to draw even a qualitative conclusion re- 
garding the preponderance in solution of one or another tautomeric form was electronic 
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TABLE i. 
[ 1,5-a]benzimidazoles Ill-VII 

UV spectrum, )t max 
tom- mp, ~  ~., n m  (log e) 
pound 

. a0 . . .  2291 IlI ~,8 0,10 282 (3,42t, 289 (3,461 
IV 258.. 259 0,20 282 (3,401, 288 (3,43) 
V 309.. 310 0,15 239 (3,99), 271 (3,921 

Via 103.. 105 0,60 284 (3,42), 291 (3,481 
VIb 64. .  66 0,85 % 
VId 100.. 101 0.~0 283 (3,34), 290 (3.39) 
v i e  138.. 140 0,70 246 (4,03). 273 sh(3,77) 

VI la  149...  15.o. 0,35 285 (3,22), 293 (3,24) 

VIIb 1128... 1301 0,80 % 

VIId 1201...2021 0,50 282 (3,29), 291 (3,32) 
I ! 

VlIe  1178... 17c; I 0,55 246 (4,03), 273 sh (3,77) 

Physicochemical Characteristics of 1,2,4-Triazolo- 

IR spectrum, cm'~ 

1496 (m) 1594 ( v s ) ,  1625" (m) 
1496 (s )  1595 (s )  1628" (m) 
1605 ~ i s  / 
1508 ~s 1608 (vs)  1648 (m) 
1496 (s) 1580 (vs) 1626 (m) 
1512 (m) 1597 (s) 1622 (s) 
1495 (s) t518 (m) 1610 (vs) 
1622 (vs)  
1535 (s )  1576 (s )  1605 (s)  1658 
(vs), 
[520 (s )  1558 (s )  1590 (s )  1630 
(vs) 
1575 (s) 1580 (s) 1611 (s) 1665 
(s) 
1510(s) 1594 (s )  1621 (s )  

*There is also a broad VNH band at 2500-3200 cm -I. 
%The UV spectra were not measured. 

spectroscopy. The UV spectra of III-V and fixed forms VI and VII virtually did not differ 
from one another with respect to the number of absorption maxima and their positions and in- 
tensities (Table i). However, the other characteristics of VI and VII are extremely differ- 
ent. The quantum-mechanical calculations (Fig. i) showed that the IH, 3H, and 4H forms have 
substantially different distributions of the T-electron density. The 4H form is the least 
polar form. For it the middle ring is characterized by the greatest ~-surplus character (in 
it there are seven ~ electrons for five atoms), from which carrying away of part of the ~- 
electron density, chiefly to the triazole ring, occurs. This leads to equalization of the 
n-electron density in the two rings and, in particular, to a decrease in the positive charge 
on the C(2 ) atom. In the IH and 3H forms the most ~-surplus ring is formally the triazole 
ring, and this results in the principal shift of the ~-electron density to the imidazole ring. 
This shift, in conjunction with the electron-acceptor character of the three nitrogen atoms, 
leads to the development on the C(2 ) atom of a high positive charge and to an increase in the 
polarity of the molecule. This fact is manifested distinctly in the physical properties of 
VI and VII (Table i). Thus, as compared with their 4H isomers VI, 3H-triazolo[l,5-a benzimid- 
azoles VII have lower chromatographic mobilities and higher melting points and they are much 
less soluble in nonpolar organic solvents. 

A consequence of the high polarities of the aromatic C=C and C=N aromatic bonds is the 
presence in the IR spectra of 3H-triazolo[l,5-a]benzimidazoles VII of a series (usually four) 
of very strong absorption bands at 1500-1700 cm -I. At the same time, there are three such 
bands in the spectra of 4H isomers VI; the higher-frequency band at 1630 cm -I has moderate 
intensity. The IR spectra of compounds with a free Nil group are very similar to the spectra 
of 4H forms VI. On the basis of this it might be concluded that III-V exist in the 4H form 
(IIIc-Vc) in the crystalline state. 

The PMR spectra showed that this conclusion is also qualitatively valid for solutions. 
A common multiplet of H(s ) and H(7 ) protons is found in the spectra of triazolo[l,5-a]benzimid- 
azoles (Table 2) at strongest field at 7.1-7.3 ppm. Next, at 7.5-7.7 ppm, one observes 
signals of H(s) and H(s) protons, which are sometimes separated and sometimes merge to form 
one multiplet - probably as a function of the anisotropic effect of the N(I ) and N(4) atoms. 
The assignment Of the signals of the H(s) and H(s ) protons was made in analogy with the PMR 
spectra of benzimidazoles [I0]. The indicator signal, from the position of which one can 
form a judgment regarding the tautomerism, is the singlet of the H(2 ) proton at weakest field. 
The position of this signal (%8.1 ppm) is almost independent of the solvent in the case of 
unsubstituted III and the fixed 4H form (Via,b), while for the 3H form (VIIa,b) on passing 
from the nonpolar deuterochloroform to polar d6-DMSO the signal of the H(2 ) proton is shifted 
to weak field by almost 1 ppm and goes up to 8.6-8.7 ppm. This is undoubtedly due to complex- 
ing of the 3H-triazolo[l,5-a]benzimidazoles and DMS0 in which the negative end of the dipole 
of the molecule of the latter is situated above the electron-deficient C(2 ) atom; this leads 
to deshielding of the H(2 ) proton. Unfortunately, this method cannot be used for 2-substituted 
triazolo[l,5-a]-benzimidazoles IV and V, regarding the existence of which in the 4H form one 
can form a judgment only by analogy. 
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TABLE 2. 
zoles, 

Com- 
pound 

IIl 
IlI 
V l a  
V i a  
v i a  
VIb  
V]d 
V i e  

V I I a  
VlI.a 
v I I a  
VI Ib  
VIId 
VII e 

PMR Spectra of 1,2,4-Triazolo[ 
5, ppm 

.So ivent 

CDCI~ 
_d s-DMSO 
CDCIa 
d 6-DMSO 
CF~COOH 
d 6 -DMSO 
CDCIa 
CDCI3 
CDCla 
d s-DMSO . 
CF~COOH 
d ~-DMSO 
CDCI3 
CDCI3 

1,5-a]benzimida- 

H,2~ (s)  

8,14 
8,15 
7,95 7,25 
8,15 7,72 
8.23 7,35 
8.13 7,73 
2.45 *4 7,20 

_ * 5  7,15 
7,70 7,69 
8,63 7,72 
8,13 7,33 
8,73 7,75 
2,33 .4 7,65 

7,45. . .  7,85 

H,s ~ (m) H,~,~)(m) .,~,(m) N--CH~ 

7.56 *~ 7,41 
L55 *~ 7,30 

7,25 
7,35 
7.35 
7,33 
7,20 
7,15 
7,23 
7,25 
7,33 
7,25 
7,18 
7,25 

7,90 *~ 
7,83 *i 
7,70 
7,72 
7,65 
7.73 
7,60 
7,68 
7,69 
7,72 
7,63 
7,75 
7,65 

7,45 . . .  7,85 

12,47"2 s 
12,43": s 
3,73 s 
3,80 s 
3,73 s 
1 , 4 3  *,~ 

3,65 s 
3,60 s 
3,65 s 
3,75 s 
3,73 s 
1.55 *3 
3,53 s 
3,75 s 

t 4,30 q 

t 4,20 q 

*Tentative assignment. 
**The NH proton. 
***The N-C2H 5 group, J = 8 Hz. 
****The CH~ group. 
*****The C6H 5 group: 7.40 (3H, m, m-Hand p-H); 8.18 ppm (2H, 

m, o-H). 

TABLE 3. Basicity Constants (PKa, Acetonitrile, 
20~ and Tautomeric Equilibrium Constants (K T) 
of III-V and the Corresponding Fixed Forms VI 
and VII (the nos. of the compounds are given in 
parentheses) 

H 
CHa 
C6Hs 

H 3-C}I~ 4-CH~ 

pK a values 

9,90 (III) 12,40 (Vl la )  I 9,37 (VI a) 
10,85 (IV) 12,85 (VIld) ~ 10,23 (VId)  
8,20 (V) 11,87 ( V I | e ) ~  8,38 (V].e) 

Kr 

1,07.10 ~ 
4,18.10 z 
2,09.103 

For an approximate quantitative evaluation of the position of the tautomeric equilibrium 
in III-V we measured their basicity constants in acetonitrile, as well as the basicity con- 
stants of fixed forms VI and VII. It is apparent from Table 3 that the basicities of 3H- 
triazolo[l,5-a]benzimidazoles VII are 2~176 orders of magnitude greater than the basicity 
of the corresponding 4H form VI. This is completely understandable if one takes into account 
the above-noted tendencies for a shift of the n-electron density in the 3H and 4H forms, as 
well as the known considerably lower basicity of the triazole ring as compared with the 
imidazole ring. It is also evident that protonation of the 3H form proceeds at the N(4) atom 
where the 4H form proceeds at the 3H atom (for example, see the electron densitities on these 
atoms presented in Fig. !). 

The pK a values of unsubstituted III-V are close to the pK a values of the 4H forms. This 
indicates substantial preponderance of the lllc-Vc 4H tautomers over the lllb-Vb 3H forms. 
In addition, an evaluation of the tautomeric equilibrium constant K T carried out by means of 
the formula K T = Ka(4-CH3)/Ka(3-CH3) [ii] (Table 3) showed that the concentration of the 3H 
form for 2-methyltriazolo[l,5]benzimidazole (IV) exceeds its amount in III and V. This fact 
may be due to the positive inductive effect of the 2-CH 3 group, which, naturally, increases 
the electron density on the N(3 ) atom to a greater degree than on the N(4) atom. For a simi- 
lar reason (the -I effect of the phenyl group) in V the concentration of the 4H form is higher 
by a factor of two than in III. 

Alkylation 

On the basis of the general principles of the alkylation of heteroaromatic tautomeric 
systems [ii, 12] one may predict that the alkylation of the anions of III-V will lead to the 
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TABLE 4. Results of Alkylation of 1,2,4-Triazolo[l,5-a]- 
benzimidazoles in Acetone 

E x p t .  
n o .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

SE )- 
st :ate 

H 
II 
I! 
!I 
V 
IV 
V 
V 
V 
V 

Type of par- 
ticle being 
alkylated 

Anion 
Anion 
Neutral molemlle 
Neutral nDl~fl~ 
Anion 
Neutral mol~,~ 
Anion 
Anion 
Neutral mol~d~ 
Neutral mol~,lA 

Yield,* Vl/Vll isomer Reagent �9 % ratio % 

CH:d 
(C.Hs)=SO4 
(CHa)2SO4 
(C2Hs)2SO4:1: 
CHat 
(CH~)2SO; 
CHaI 
C~HsCH=CIr e:~ 
(CHa)~SO4 
C~HsCH=CI ~'~ 

99 
86 
78 

71 
84 
98 
40 
50 

9 6 : 4  
75 : 25 
Only Vlla 
9C~3 l:Y7 Vllb 

1:99 
Only Vie 
Only VIf 
Only V~IIe 
80 : 20 

*Overall yield of the N-alkylation products. 
%In experiments I, 3, 5, and 6 the isomer ratios were 
determined by GLC, while in experiments 2 and 10 they were 
determined by PMR spectroscopy. In the remaining experi- 
ments only one isomer was obtained according to TLC. 
+Without a solvent. 

**In DMF. 

formation of primarily 4-substituted azoles VI, while the alkylation of the neutral molecule 
will give almost exclusively 3-substituted VII through the intermediately formed salt XVI: 

l l l - V  - - - - - - - " -  

~ I  vi i  

This prognosis was confirmed satisfactorily (Table 4). The alkylation was carried out 
with alkyl halides or dialkyl sulfates in dipolar aprotic solvents (acetone, DMF) and in one 
case without a solvent. A mixture of 4- and 3-methyl-substituted Via and Vlla is formed in 
the alkylation of the potassium salt of III with methyl iodide in an overall yield of 99%, 
but the percentage of Vlla in it is only 4%. The percentage of 3-substituted Vlld (7%) is 
somewhat higher in the methylation, under the same conditions, of 2-methyltriazolobenzimid- 
azole IV; this is in agreement with the tendency for an increased percentage of the 3H form in 
it. In the ethylation of the anion of III with diethyl sulfate the ratio of the 4- and 3- 
ethyl-substituted compounds is 3:1. One may attempt to explain the increase in the yield of 
the latter by steric hindrance, which the condensed benzene ring exerts with respect to the 
incorporation of the more bulky ethyl radical in the 4 position. In the alkylation of the 
anion of 2-phenyltriazolo[l,5-a]benzimidazole V the only reaction products are the corre- 
sponding 4-subtituted azoles. It is evident that this result is facilitated not only by the 
increased electron density on the N(4 ) atom as compared with the N(a) atom but also by the 
pronounced steric shielding of the latter by the phenyl group. 

Only 3-substituted azoles VII are always formed in the alkylation of the neutral mole- 
cules of III-V. An exception is the benzylation of V with benzyl chloride in DMF, for which 
the ratio of the 4- and 3-substituted compounds is 4:1. The reaction in this case evidently 
proceeds in part through the anion (the proton-acceptor ability of dimethylformamide is well 
known); in addition, the steric, effect of the phenyl group also plays a roleo It should be 
noted that the preparation of 3-substituted triazolo[l,5-a]benzimidazoles VII by alkyiation 
of III-V under neutral conditions is simpler than the cyclization of 2-alkyl-amino-l-amino- 
benzimidazoles [9], which is accompanied by pronounced resinification. The synthesis of 4- 
substituted VI by alkylation of the corresponding anions of III-V also has preparative value. 

An investigation of the reaction mixtures obtained in the alkylation of III-V by GLC, 
TLC, and PMR showed that the formation of l-alkyltriazolo[l,5-a]benzimidazoles VIII is not 
observed in a single case, whereas Ho and Day [6] assigned the l-benzyl-2-phenyl-iH-l,2,4- 
triazolo[l,5-a]benzimidazole structure to the product of benzylation of V in an alkaline 
medium. According to our data, the substance that they obtained is identical to the product 
of cyclization of salt Xc by benzoic anhydride, i.e., it is 4-benzyl-substituted Vlf. Just 
as erroneously, Ho and Day[6] assigned the l-acyl-substituted structure XVIII to the products 
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of cyclization of 2-amino-l-acylaminobenzimidazoles XVII under the influence of acid an- 
hydrides (identical products were also obtained in the acylation of IV and V with acetic 
anhydride). The basis for this assignment was provided by uncoupling of one of the signals 
of the protons of the benzene ring to weak field (6 8.5 ppm), which supposedly could occur 
only for the H(8) proton under the influence of the anisotropic effect of the l-acyl group. 
However, it is known [13] that the same shift to weak field under the influence of an N- 
acetyl group is characteristic for the H(7) proton in l-acetylbenzimidazole, which corre- 
sponds to the H(s) proton in 4-acetyltriazolo[l,5-a]-benzimidazoles XXI. Another argument 
in favor of structure XVIII in [6] consisted in the fact that the position of the N-acetyl 
group in starting compounds XVII should also be retained in the cyclization products. 
However, cyclization most likely proceeds through salt XIX and then through imine XX, in 
which ring closure can be realized through the acyl group bonded to the exocyclic nitrogen 

NHCOR 

X'vlI 

atom. 

~ CaR 

I 
. d  coR 

("CO)30 _~ XVIII ,'~.%1I 

\ i -H~O 

(~._..__ N / NHCOR ~ NIICOR 
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In fact, the substances obtained in [6] are 4-acyl-4H-l,2,4-triazolo[l,5-a]benzimidazoles, 
which we demonstrated in the case of 4-acetyl-4H-l,2,4-triazolo[l,5-a]benzimidazole (XXII). 
3-Ethyl-3H-l,2,4-triazolo[l,5-a]benzimidazole (Vllb) was obtained in 85% yield by the action 
on it of triethyloxonium tetrafluoroborate with subsequent treatment of quaternary salt XXIII 
with ammonia. It is evident that if the acetyl group in the starting compound were attached 
to the N(: ) atom, the principal product of this reaction would be 4-ethyl-substituted Vlb. 

i .  II (c~.,0~o By . . -  ~--N o~.!.__ 
N ~ N  / CH2C12 F4- 

COCH~ CH~0C C2H 5 C~H~ 
~L'~.I I XXIII VII 6 

Thus our investigation has shown that the stabilities of the tautomeric forms of tri- 
azolo[l,5-a]benzimidazoleslll--Vchange in the following order: 4H > 3H >> IH. It is known 
that prototropy can be regarded as an acid-base process, in the course of which the tautomers 
are converted into one another through the intermediately formed ambident anion; the concen- 
trations of the tautomeric forms (disregarding solvation factors) are directly proportional 
to the magnitudes of the electron densities on those centers at which the addition of a proton 
may occur [ii]. In our case calculation of the anion of triazolo[l,5-a]benzimidazole (Fig. 2) 
by the Huckel MO method showed that the T-electron densities on the N(: ), N(3), and N(4 ) atoms 
are 1.060, 1.161, and 1.231, respectively. This is in good agreement with both the position 
of the tautomeric equilibrium and with the specificity of alkylation of the anion. And al- 
though in the general case one must also take into account the o-electron charges, such good 
agreement between the calculated values and the experimental data can be regarded as an indi- 
cation that the distribution of the charges in the triazolo[l,5-a]benzimidazole anion is 
determined primarily by ~-electronfactors. 
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EXPERIMENTAL 

The IR spectra of suspensions of the compounds in mineral oil were recorded with a UR- 
20 spectrometer. The [IV spectra of solutions in methanol were recorded with a Specord M-40 
spectrophotometer. The PMR spectra were obtained with a Tesla BS-487 spectrometer (80 MHz) 
with hexamethyldisiloxane as the external standard; the chemical shifts were reckoned with 
respect to the signal of tetramethylsilane (TMS). The ionization constants were measured by 
potentiometric titration in acetonitrile at 20~ by the method in [14]. The analysis of the 
mixture of products of alkylation of III-V by GLC was carried out with a Tsvet-101 chromato- 
graph with a flame-ionization detector; the column dimensions were 1 m by 3 mm, the packing 
was 5~ OV-17 on Chromaton N-Super (0.16-0.20 mm), and the column temperature was 250~ the 
vaporizer temperature was 300~ and the carrier-gas (helium) flow rate was 30 ml/min. The 
ratios of the isomers were calculated by the method of internal normalization with respect 
to the areas of the peaks. The emergence times were as follows: 4 min and 4 sec for Via, 9 
min and 15 sec for VIIa, 2 min and 15 sec for VId, and 5 min and 15 sec for VIId. The re- 
sults of elementary analysis for C, H, and N were in agreement with the calculated values. 

The quantum-chemical calculations were carried out by the H~ckel MO method with the 
Streitwieser parameters [15]; kN- N = 0.8 in all cases. In the calculation of the 1,2,4- 
triazolo[1,5-a]-benzimidazole anion the parameters for the N(1), N(~), and N(4) atoms, be- 
tween which the negative charge is delocalized, were assumed to be h = -~3.33 and kc_ N = 1.0. 
The course of the reaction and the purity of the compounds were monitored by TLC on plates 
with activity II A1203; the eluent was chloroform, and development was realized by means of 
iodine vapors. The melting points were determined in sealed capillaries with a PTP appara- 
tus and were uncorrected. 

l~2,4-Triazolo[l~5-a]benzimidazole (III~ C~H~N~). A solution of 3.0 g (20 mmole) of 
amine IX in 30 ml of formamide was refluxed for 30 min, after which it was cooled, and the 
precipitate was removed by filtration and washed with water to give 2.1 g (66%) of colorless 
prisms with mp 228-229~ (from water). 

2-Methyl~l,2~4-triazolo[l~5-a]benzimidazole (IV). A solution of 5 g (34 mmole) of 
amine IX in 50 ml of acetic anhydride was refluxed for 4 h, after which the acetic anhydride 
was removed by evaporation under reduced pressure, and the residue was treated with 50 ml of 
water. The precipitated acetyl derivative (7 g) was removed by filtration and suspended in 40 
ml of concentrated HCI, and the suspension was refluxed for 3 h. It was then cooled and 
neutralized with 22% NH~OH; and the precipitate was removed by filtration and washed with 
water to give 5.4 g (85%) of colorless crystals with mp 258-259~ (dec., from alcohol), in 
agreement with the data in [6]. 

2-Phenyl-l,2,4-triazolo[l~5-a]benzimidazole (V). A mixture of 3.0 g (20 mmole) of amine 
IX and 15 g (66 mmole) of benzoic anhydride was heated at 185-190~ with stirring for 3 h. 
The cooled melt was heated in 50 ml of 10% NaOH to decompose the excess benzoic anhydride and 
the N-benzoyl derivative, after which the mixture was cooled and acidified to pH 3-4 with con- 
centrated HC1. The precipitate, which was a mixture of benzoic acid and V, was removed by 
filtration and washed with water, and the dried precipitate was suspended in 100 ml of ether 
(to separate the benzoic acid). Theiproduct was removed by filtration to give 4.2 g (90%) of 
colorless prisms with mp 309-310~ (from aqueous DMF), in agreement with the data in [6]. 

4-Methyl-4H-l~2~4-triazol0[l~5-a]benzimidazole (VIa~ C~HaN~). A solution of 2.1 g (7.2 
mmole) of iodide Xa in 15 mi of fomnamide was refluxed for 2 h, after which it was cooled and 
treated with 20 ml of water and (in portions) with 15 g (0.27 mmole) of KOH (to decompose the 
formamide). The mixture was extracted with chloroform (two 25-mi portions), and the solution 
was passed through a colunm packed with A1203 (chloroform) with collection of the first f~mction 
to give 0.9 g (72%) of colorless needles with mp 103-105~ (from heptane with benzene). 

4-Ethyl-4H-l~2~4-triazolo[l~5-a]benzimidaz01e (VIb~ C!0H10N4O. This compound was ob- 
tained in 65% yield by a procedure similar to that in the preceding experiment. The colorless 
prisms had mp 64-66~ (from hexane). 

4-Benzyl-4H-l~2~4-triazolo[l~5-a]benzimidazole (VIc ~ C~HI~N4). A solution if 1.7 g (6 
mmole) of chloride Xc in l0 ml of formamide was refluxed for 2 h. The isolation and purifica- 
tion were similar to the procedures used in the case of Via. Workup gave 0.9 g (61%) of color- 
less crystals with mp 64-65~ (from isooctane). PMR spectrum (CDCI3): 5.30 (2H, s, CH2), 
7.25 (8H, m, aromatic), 7.70 (IH, m, H(8)), and 8.25 ppm (IH, s, H(2). 

175 



2~4-Dimethyl-4H-l~2~4-triazolo[l~5-a]benzimidazole (Vld~ C~QHIQNv). A mixture of 0.8 
g (2.8 mmole) of iodide Xa and 0.4 g (2.9 mmole) of potassium carbonate in i0 ml of acetic 
anhydride was refluxed for 7 h, after which it was cooled and treated with 50 ml of water, 
and the aqueous mixture was neutralized with dry NaHCO 3. The resulting precipitate was ex- 
tracted with chloroform (two 20-ml portions) and purified by chromatography with a column 
packed with AI203 (chloroform) to give 0.46 g (90%) of colorless needles with mp 100-101~ 
(from heptane), in agreement with the data in [7]. 

4-Methyl-2-phenyl-4H-l,2~4-triazolo[l~5-a]benzimidazole (Vie ~ CI~HI~N4). A) A mixture 
of 1.45 g (5 mmole) of iodide Xa and 0.7 g (5.1 mmole) of potassium carbonate was refluxed 
for 3 h in i0 ml of benzoyl chloride (the solution became markedly dark), after which the 
benzoyl chloride was removed by distillation in the vacuum created by a water aspirator (20 
mmHg), and the black residue was treated with 15 ml of 22% NH~OH and extracted with chloroform 
(two 25-mi portions). It was then purified with a column packed with AI203 (chloroform). 
The dark-brown oil was dissolved in 20 ml of acetone, concentrated HCI was added dropwise to 
pH i, and the colorless precipitate was removed by filtration. The precipitate was treated 
with aqueous ammonia (~4 ml) and washed with water to give 0.5 g (40%) of colorless prisms 
with mp 138-140~ (from isooctane), in agreement with the data in [7]. 

B) A mixture of 1.45 g (5 mmole) of iodide Xa, 0.7 g (5.1 mmole) of potassium carbonate, 
and i0 g (44 n~nole) of benzoic anhydride was heated for 3 h at 190-200~ after which the 
excess anhydride was decomposed by heating with 30 ml of 10% KOH, and the resulting oil was 
extracted with chloroform and purified as in method A to give i.i g (88%) of colorless prisms 
with mp 138-140~ (from isooctane). No melting-point depression was observed for a mixture 
of this product with the sample from experiment A. 

4-Benzyl-2-phenyl-4H-l~2~4-triazolo[l~5-a]benzimidazole (Vlf, C~IHI~N~). A mixture of 
i.i g (4 mmole) of chloride Xc, 0.56 g (4 ~mole) of potassium carbonate, and 5 g (22 mmole) 
of benzoic anhydride was heated for 3 h at 180-190 ~ with stirring, after which the excess an- 
hydride was decomposed as in the preceding experiment, and the precipitate was removed by fil- 
tration and washed with water to give 1.0 g (77%) of colorless needles with mp 138-139~ (from 
ethyl acetate). IR spectrum: 1590, 1610, 1625 cm -I. PMR spectrum (CDCIB): 5.4 (2H, s, 
CH2), 7.28 (IIH, m, aromatic), 7.83 (IH, m, H(B)), and 8.28 ppm (2H, m, o-H in C6Hs). 

3-Methyl-3H-l,2~4-triazolo[!~5-a]benzimidazole (Vlla, CsHsN4). A solution of 0.8 g (5 
m~ole) of l-amino-2-methylaminobenzimidazole [9] in 2 ml of formamide was heated for 10h at 
160~ after which the formamide was decomposed, and the mixture was extracted with 30 ml of 
chloroform. The chloroform was evaporated, the residue was dissolved in i0 ml of acetone, 
and the solution was acidified to pHi with concentrated HCI. The resulting precipitate was 
separated and treated with 22% NH~OH. The ammonia was evaporated, and the precipitate was 
removed by filtration to give 0.25 g (29%) of colorless crystals with mp 149-150=C (from hep- 
tane), in agreement with the data in [9]. 

3-Ethyl-3H-l~2~4-triazolo[ip5-a]benzimidazole (VIIb~ ClnHIQN~)o A solution of 1.0 g 
(3.1 mmole) of unpurified tetrafluoroborate XXIII in 4 ml of 22% NH4OH was evaporated at 200C, 
after which the residue was dissolved in 20 ml of chloroform, and the solution was passed 
through a column packed with AI203 (chloroform) with collection of the fraction with Rf 0.80. 
The yield of VIIb was 0.5 g (85%). The colorless prisms had mp 128-130~ (from benzene). 

The fraction with Rf 0.10 was eluted with ethyl acetate; after trituration with water it 
began to crystallize. The yield of III was 0.02 g (4%). The colorless crystals had mp 228- 
229=C (from water). No melting-point depression was observed for a mixture of this product 
with a genuine sample of III. 

l~2-Diaminobenzimidazole (IX). A neutralized (with dry NAHCO 3) solution of 30 g (0.24 
mole) of hydroxylamine-O-sulfonic acid in 50 ml of water was added in portions in the course 
of 5-7 min to a solution of 20 g (0.15 mole) of 2-aminobenzimidazole and 21 g (0.38 mole) of 
KOH in 200 ml of water at 40-450C (the temperature of the reaction mixture), after which the 
mixture was stirred at this temperature for 30 min. It was then cooled, and the resulting 
precipitate was removed by filtration and washed with wmter to give 19 g (86%) of colorless 
prisms with mp 257-259~ (from water), in agreement with the data in [16]. IR spectrum: 1620, 
1660, 3290, 3412 cm -l. 

l~2-Diemino-3-methylbenzimidazolium Iodide (Xa~ C,HllIN~). This compound was obtained 
by refluxing 0.5 g (3.4mmole) of amine IX and 0.5 ml (8 mmole) of methyl iodide in i0 ml of 
alcohol for 2 h. The yield was 0.85 g (86%). The colorless needles had mp 247-248~ (dec., 
from alcohol). 
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i~2 Diamino-3-ethylbenzimidazolium Iodide (Xb~ C~HI~IN~). A solution of 1.5 g (i0 
mmole) of amine IX and i ml (12.3 mmole) of ethyl iodide in i0 ml of DMF was heated for 3 h 
on a water bath, after which it was cooled, and the precipitate was removed by filtration and 
washed with acetone to give 2.95 g (97%) of colorless prisms with mp 193-195~ (dec., from 
alcohol). IR spectrum: 1665, 3108, 3145, 3297 cm -l. 

1,2-Diamino-3-benzylbenzimidazolium Chloride (Xc~ CI~HI~CIN~). A mixture of 1.48 g (i0 
m_mole) of amine IX and 1.24 ml (ii mmole) of benzyl chloride in 15 ml of alcohol was refluxed 
for 3 h, after which it was cooled, and the precipitate was removed by filtration and washed 
with alcohol. The mass of the precipitate was 1.5 g. Evaporation of the alcohol yielded 
another i.i g of chloride Xc. The yield was 2.6 g (95%). The colorless crystals had mp 
237-238~ (dec., from alcohol). 

2-Amino-l-benzylideneaminobenzimidazole (XIII~ CI~HI2N~). A solution of 1.48 g (i0 
mmole) of amine IX and 1.21 ml (12 mmole) of benzaldehyde containing three drops of perchloric 
acid in 20 ml of alcohol was refluxed for 2 h, after which it was cooled, and the resulting 
precipitate was removed by filtration and washed with alcohol and ether to give 2.2 g (93%) 
of colorless fibrous needles with mp 207-2080C (from alcohol). 

2-Amino-l-benzylaminobenzimidazole Monohydrate (XIV~ C14HI~N4"H20). A l-g (26 mmole) 
sample of NaBH4 was added in portions to a solution of 1.8 g (7.6 mmole) of amine XIII in 40 
ml of methanol at such a rate that gentle refluxing of the solution was maintained. The mix- 
ture was then refluxed for another 15 min and poured into i00 ml of water, and the precipi- 
tate was separated. To remove the unchanged starting amine XIII the dried precipitate was 
refluxed for a few minutes in 50 ml of benzene, and the precipitated product was removed by 
filtration in the hot state. The yield was 1.55 g (86%). The colorless prisms had mp 178- 
179~ (from alcohol). IR spectrum: 1638, 2800-3200, 3265, 3412 cm -I. PMR spectrum (d61 
DMSO): 4.2 (2H, d, J = 6 Hz, CH2), 6.43 (2H, broad s, NH 2, vanished after deuteration), 
6.73 (IH, t, NH, vanished after deuteration), 7.0 (2H, m, aromatic), 7.35 ppm (7H, m, 
aromatic). 

2-Acetamido-l-(N-benzylacetamido)benzimidazole (XVa~ C]~H~N4OT). A solution of 0.24 g 
(i mmole) of XIV in i0 ml (10.5 mmole) of acetic anhydride was refluxed for 5 h, after which 
the excess anhydride was removed by distillation in the vacuum created by a water aspirator, 
and the residue was crystallized from aqueous alcohol to give 0.3 g (94%) of slightly pink 
prisms with mp 177-179~ IR spectrum: 1685, 1708 (C=O), 3240 cm -I (NH). PMR spectrum 
(CDCI3): 1.78 (3H, s, COCH3), 2.18 (3H, s, COCH3), 4.78 (IH, d, J = 14 Hz, CH2), 5.1 (IH, 
d, J = 14 Hz, CH=), 6.70 (IH, broad s, NH, vanished after deuteration), 7.15 ppm (9H, m, 
aromatic). 

2-Benzamidol-l-(N-benzylbenzamido)benzimidazole (XVb~ CTAH27N~OT.H~O~. A mixture of 0.48 
g (2 mmole) of amine XIV and 1.36 g (6 mmole) of benzoic anhydride was stirred for 3 h at 180- 
190~ after which it was cooled, i0 ml of water and 1o5 g (2.7 mmole) of KOH were added, and 
the mixture was warmed slightly. The lilac-colored precipitate was removed by filtration and 
washed with water to give 0.65 g (71%) of prisms that melted over the range I00-135~ (from 
alcohol). IR spectrum: 1695 (C-O), 3150 (NH), 3450, 3550 cm -l (H20). PMR spectrum (CDCI3): 
4.79 (IH, d, J = 14 Hz, CH=), 5.58 (IH, d, J = 14 Hz, CH2), 6.88-7~ (18H, m, aromatic and 
NH), 8.35 ppm (2H, m, aromatic). 

4-Acetyl-4H-l~2~4-triazolo[l~5-a]benzimidazole (XXII~ CI~HaN~O). A solution of 2.1g (13 
m~nole) of III in 20 ml of acetic anhydride was refluxed for 2 h, after which the excess an- 
hydride was removed by distillation in the vacuum created by a water aspirator, and the resi- 
due was triturated with ether. The solid material was removed by filtration to give 2.5 g 
(94%) of a product, which was purified with a column packed with AI=O 3 (chloroform) with 
collection of the fraction with Rf 0.80. The colorless needles had mp 149-151~ (from alco- 
hol). IR spectrum: 1710 cm -I (C~O). PMR spectrum (d6-DMSO): 2.88 (3H, s, COCH3) , 7.53 (2H, 
m, H(6) and H(7)), 7.85 (iN, m, H(s)), 8.33 (iN, s, H(2)), 8.38 ppm (IH, m, H(s)). 

4-Acetyl-3-ethyl-l~2~4-triazolo[l~5-a]benzimidazolium Tetrafluoroborate (XIII, C~TH~N~O" 
BF~). A solution of 1.0 g (5 mmole) of acetyl derivative XXII and 1.15 g (6 mmole) of tri- 
ethyloxonium tetrafluoroborate in i0 ml of dry methylene chloride was stirred for 24 h at 20~ 
After i h, we observed the beginning of the formation of a colorless precipitate, which was 
separated and washed with methylene chloride to give 1.3 g (82%) of colorless needles with mp 
220-222~ (dec., from alcohol). IR spectrum: 1560, 1742 (C=O), 3112 cm -l 
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Alkylation of III (Table 4). A) Methylation of the anion. A solution of 0.8 g (5 mmole) 
of III and 0.35 g (6.2 mmole) of KOH in 2 ml of water was evaporated to dryness, after which 
the residue was suspended in i0 ml of acetone and treated with 0~ ml (6.4 mmole) of methyl 
iodide. The mixture was stirred for 2 h at 20~ the acetone was evaporated, and the resi- 
due was treated with 20 ml of chloroform and passed through a column packed with AI203 
(chloroform). Evaporation of the solvent have 0.85 g (99%) of a mixture of methyltriazolo 
[l,5-a]benzimidazoles Via and Vlla. 

B) Ethylation of the anion. A 0.86-mi (6.4 mmole) sample of diethyl sulfate in i0 ml 
of acetone was added to a suspension of 5 mmole of the potassium salt of III, obtained as in 
the preceding experiment, and the mixture was stirred at 20~ for 3 h~ The isolation and 
purification were carried out via the preceding method. The yield of the mixture of Vlb and 
Vllb was 0.8 g (86%). 

C) Methylation in a neutral medium. A mixture of 0.5 g (3.2 mmole) of III and 0.3 ml 
(3.2 mmole) of dimethyl sulfate was refluxed for 2 h in i0 ml of acetone. After 30 min, the 
starting substance dissolved completely. The mixture was cooled, and the resulting precipi- 
tate was separated, triturated with dilute ammonium hydroxide, dried, and purified by chroma- 
tography on AI=O 3 (chloroform). The yield was 0.4 g (78%). According to TLC data, the 
product was 3-methyl-3H-l,2,4-triazolo[l,5-a]-benzimidazole (Vlla). The colorless prisms 
had mp 148-150~ (from heptane). 

D) Ethylation in a neutral medium. A mixture of 0.5 g (3.2 mmole) of III and 0.43 ml 
(3.3 mmole) of diethyl sulfate was heated for 30 min at 140-150~ At 130~ the mixture 
melted; after cooling, the melt was treated with 3 ml of 22% ammonium hydroxide and evap- 
orated to dryness. The residue was dissolved in 20 ml of chloroform and purified with a 
column packed with AI=O 3 (chloroform) to give 0.5 g (85%) of product~ According to TLC data, 
the product was 3-ethyl-3H-l,2,4-triazolo[l,5-a]benzimidazole (Vllb). The colorless prisms 
had mp 128-1300C (from benzene). 

Alkylation of IV (Table 4). A) Methylation of the anion. A solution of 0.56 g (3.3 
mmole) of IV and 0.2 g (3.6 mmole) of KOH in 2 ml of water was evaporated to dryness, and 
0.23 ml (3~ mmole) of methyl iodide and I0 ml of acetone were added to the residue. The 
suspension was stirred for 2 h at 20~ after which the product was isolated and purified in 
the usual way. The yield was 0.42 g (70%). 

B) Methylation in a neutral medium. A mixture of 0.51 g (3 mmole) of IV and 0.3 ml 
(3.2 mmole) of dimethyl sulfate in i0 ml of acetone was refluxed for 3 h. Workup gave 0.4 g 
(71%) of the product. 

Alkylation of V (Table 4). A) Methylation of the anion. A suspension of 0.8 g (2.9 
~ole) of the potassium salt of V, obtained by evaporation of equimolar amounts of KOH and V 
in 2 ml of water, and 0.3 ml (4.5 mole) of methyl iodide in i0 ml of acetone was stirred for 
2 h at 20~ Workup gave 0.52 g (84%) of product. According to TLC data, the product was 
4-methyl derivative Vie. 

B) Benzylation of the anion. A suspension of 0.8 g (2.9 mmole) of the potassium salt 
of V and 0.38 ml (3.1 mmole) of benzyl chloride in 5 ml of absolute DMF was refluxed for 2 h. 
The yield of 4-benzyl-2-phenyl-4H-l,2,4-triazolo[l,5-a]benzimidazole (Vlf) was 0.8 g (98%). 
The colorless prisms had mp 138-1390C (from ethyl acetate). No melting-point depression was 
observed for a mixture of this product with a genuine sample of Vlf. 

C) Methylation in a neutral medium. A mixture of 0.46 g (2 mmole) of V and 0.2 ml (2.1 
mmole) of dimethyl sulfate in 5 ml of absolute DMF was heated with stirring for 2 h at 100~ 
Workup gave 0.2 g (40%) of a substance that, according to TLC data, was 3-methyl-2-phenyl-3H- 
1,2,4-triazolo[l,5-a]benzimidazole (Vile). The colorless needles had mp 178-1790C (from 
ethyl acetate). A 0.15-g (32%) sample of starting azole V was regenerated from the reaction 
mixture. 

D) Benzylation in a neutral medium. A mixture of 0.25 g (i mmole) of u and 0.5 ml (4 
mmole) of benzyl chloride in 3 ml of DMF was refluxed for i h~ Workup gave 0.16 g (50%) of 
product. According to the results of PMIR spectroscopy of a solution in d6-DMSO, the product 
was a mixture of 4-benzyl- (Vlf) and 3-benzyl-2-phenyl-3H-l,2,4-triazolo[l,5-a]benzimidazole 
in a ratio of 4:1. 
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