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Primary nitrosamines of the benzimidazole series are highly stable, as a re- 
sult of the existence of the polarized nitrosoimino-form. They have been used 
to obtain some benzimidazole derivatives. 

The usual methods and techniques of diazochemistry are not applicable to 2-diazobenzimid- 
azoles as a result of their uniqueness. For example, benzimidaz01-2-diazonium salts are 
more reactive in the azocoupling reaction than any other diazonium salts [2]. Primary nitro- 
samines of this series (the predominant form in diazo-equilibria over a wide range of acidi- 
ties) are anomalously stable in the dry state, and under normal storage conditions they do 
not undergo appreciable decomposition over periods of nearly ten years. For this reason, in 
order to arrive at an understanding of the diazotization of 2-amino-l-alkylbenzimidazoles (I) 
and to determine the optimum conditions for the reaction it is necessary to examine the struc- 
tures and properties of the corresponding primary nitrosamines. 

The primary 2-nitrosoaminobenzimidazoles (lla-e) are usually readily obtainable by ni- 
trosating the amines (I) with sodium nitrite in 50% phosphoric acid. However, nitrosation 
of amines containing a methyl or methoxy group in the 6-position is complicated by the for- 
mation of self-coupling products [3], apparently as a result of the presence in solution of 
small equilibrium concentrations of diazonium cations, which are highly reactive. Compli- 
cations also arise in the nitrosation of N-arylamines, owing to the ability of the correspond- 
ing nitrosamines to undergo intramolecular cyclization [4]. In order to obtain N-aryl ni- 
trosamines and nitrosamines (IIc) and (Ild), therefore, the method of preparation via the 
diazotates [5] continues to be of value. 
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It is assumed that the higher stability of primary nitrosamines in the azole series as 
compared with their carbocyclic analogs is due to the existence of the former in the tauto- 
meric nitrosoimino-form A, but this assumption has not hitherto been checked by physicochemi- 
cal examination of these compounds [6]. Primary 2-nitrosoaminobenzimidazoles form an excep- 
tion, as became clear during our investigation. 

Even a cursory inspection of the UV and IR spectra of (lla-e) in comparison with those 
of the model imino (III) and amino-structures (IV) shows that the structures of (lla-e) dif- 
fer considerably from that of the secondary nitrosamine (IV), but are very similar to that 

*For Communication 2, see [i]. 
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Fig. i. UV spectra of 2-nitrosoamino(imino)benzimidazoles 
in methanol: I) (IIa), 2) (III), 3) (IV). 

Fig. 2. UV spectra of 2-nitrosoaminobenzimidazole (IIa) in 
phosphoric acid of various concentrations: i) 50, 2) 60, 
3) 85, 4) 95%. 

of the imine (III) (Table 1 and Fig. i). A closer examination of the spectral data and 
other properties led to the conclusion that the nitrosimine structure possesses considerable 
intramolecular polarization, corresponding to a considerable contribution by the dipolar 
structure B to the basic state of the molecule. This conclusion was supported by the pres- 
ence of very strong long-wave absorption in the UV spectra of the nitroso-compounds (II) and 
(III) (Table i), their poor solubility in organic solvents, and the nature of the absorption 
in the IR spectra. For example, the strong absorption at 1360-1350 and 1405-1380 cm -l in 
the spectra of solid samples of (II) and (III), which are absent in the secondary nitros- 
amine (IV) and the original amines (I), is shifted to 1340 and 1415 cm -l respectively in 
chloroform, in agreement with the assignment of these bands to vibrations involving the 

fragments ~C=N--N=O~+~C--N=N--O- In the region of absorption of the \N--N=O 
/ / / 

group in secondary aliphatic and aromatic nitrosamines at 1480-1420 cm -l [7], compounds (II) 
and (III) show no clearly apparent absorption. Secondary nitrosamines, on the other hand, 
show the strongest absorption in this region. The lower frequency of the absorption of the 
nitrosoamino-group in (IV) as compared with the analogous absorption in triazoles, tetra- 
zoles, and thiadiazoles [8] is readily explicable by the more electronegative character of 
these azoles (cf. [9]). Considerable differences exist between (II) and (III), on the one 
hand, and the nitrosamine (IV) on the other, in the 1600-1500 cm -I region. In the latter, 
several weak bands are present, whereas in nitrosamines (II) and (III) this region shows 
strong absorption at 1570-1550 cm -I, which is characteristic of the charged benzimidazole 
ring [i0]. 

The belief that the nitrosamines (II) are intramolecularly polarized is in accordance 
with the absorption at high frequencies. On changing from the solid phase to a solution, 
the absorption at 3260-3210 cm -I is shifted to 3440-3385 cm -I, confirming the existence of 
intermolecular association in the crystal. It is noteworthy that primary nitrosamines of 
di-, tri-, and tetrazoles absorb in the solid state at 3460-3450 cm -I [6, 8]. 

Evidence supporting the polar nitrosimine structure of (II) is provided by their be- 
havior toward acids. For instance, in sulfuric acid solution (acid concentration 0.01 M) 
neither the nitrosamine (IIa), nor (III) undergo any appreciable changes in the course of 
two hours, whereas a compound with the fixed amino-structure (IV) undergoes complete deni- 
trosation under these conditions immediately on mixing with the acid. The ease of hydroly- 
sis of (IV) may be due to the formation on protonation of the extremely unstable cation (V), 
while the diazohydrate structure of (VI), which is in accordance with the most likely site 
of the polarized nitrosamine B, agrees well with the hydrolytic stability of (II). 

In addition, the protonated diazohydrate structure explains the difficulty of the trans- 
formation of the products of the initial diazotization of the amines (I) into diazonium 
salts, this taking place to a significant extent only in solution in concentrated acids. As 
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TABLE i. Spectral Characteristics of 2-Nitrosoamino(imino)- 
benzimidazoles (II-IV) 

C o m -  
pound 

Ila 

l i b  

Ilc 

l id 

l ie 

I l l  

Iv 

UV s p e c t r u m ( i n m e t h '  
anol), kmax,  nm( iog  
0 

250 (3,77), 320 (4,30) 

252 (3,75), 321 (4,41). 

250 (3,82),321 (4 ,43)  

256 (3,72),321 (4,45) 

251 (3,62), 320 (4,26) 

250 (3,68), 315 (4,30) 

-- ,  291 ( 4 , 2 4 )  

II% spectrum, cm "t (Vaseline oil*) 

3250, 1616 (aV), 1568, 1515 (aV), 1485, 1380, 135~ 
1238, 1220, HSO 

- 3235, 1615 (a~), 1570, 1510 (ay}, 1492, 1384, 1350, 
1228, I154 
3258, 1620 lay), 1570, 1500 (ay), 1380, 1360, 1224, 
I152 
3255, 1640 (av), 1570, 1500 (av), 1382,1350, 1258, 
1232, I16~ 
3224, 1620, 1572, 1485, 1405, 1355, 1252, 1180, I126, 

�9 I I 0 5  
1550, 1510 (av), 1485, 1380, 1356, 1270, 1250, 1176, 
1145  
1620 (aye, 1566 (av), 1522 (av), 1500, 1464, 1445, 
1415, 1200, If05 

*The regions 3600-3000 and 1500-1200 cm -I were also recorded 
for suspensions in fluorinated hydrocarbon grease. 

Fig. 2 shows, the diazonium absorption at 369 nm observed in the spectra of authentic benzi- 
midazole-2-diazonium tetrafluoroborate [2] in 95% phosphoric acid becomes quite strong in 
the spectra of the nitrosamine (IIa) in HsPO~ solutions only when the concentration of the 
latter is increased to 85%. In more dilute solutions, a weakly colored reaction product 
predominates which appears to be (VI), and which can be isolated in the free state and con- 
verted into the nitrosamine by careful treatment with dilute amanonia. Since, according to 
the current view [ii], the rate of diazotization in strongly acid med~a is determined by 
the final step, the difficulty of carrying out this reaction with (VI) becomes understand- 
able, since the protonated imidazole ring, being an electron acceptor, prevents cleavage 
of the hydroxyl. 

"</ ~N" N--N----O --N----O 
t l l 1 
CH., CH~ %'I CH.~ CH~ 

N~-N--O- v "N" N----N--OH N--N~H 
I I I 
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B vl 

The special nature of the products of the first stage in the diazotization of 2-amino- 
benzimidazoles is also apparent in the decrease in their stability when electronegative 
substituents are introduced into the ring, although in the primary nitrosamines of other 
azoles the reverse is the case [6]. 

The accessibility and stability of primary nitrosamines in the benzimidazole series 
presents the problem of finding conditions for carrying out the diazotization of this diazo- 
structure which avoid the difficult step of conversion into the diazonium salts. We have 
demonstrated this in the case of 2-phenyl- and 2-halo-l-methylbenzimidazoles (VII) and (VIII) 
respectively. 
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In aqueous solutions of hydrohalic acids, replacement by halogen was found to be satis- 
factory as a result of hydrolysis of the nitrosamines at elevated temperatures, apparently 
facilitated by nucleophilic attack of the halogen [8]. Replacement by chlorine and bromine 
was carried out successfully in dry acetonitrile in the presence of copper powder. 

Replacement of the nitrosoemino group by aryl was affected by prolonged heating of 
(IIa) in boiling benzene. It is noteworthy that the nitrosimine (III), which is similar 
in structure to (IIa), gives high yields of the benzimidazolone (IX) on brief heating in 
benzene. A similar reaction has been reported with benzothiazoles [12]. The ease with 
which this reaction takes place in benzimidazoles appears to be due to the polar nature of 
(III). 

Thus, the particular difficulty of diazotization of 2-aminobenzimidazoles ~ which has 
for long remained without a satisfactory explanation, is due to the unique structure of the 
products of the first stage of this reaction, these being the first primary nitrosamines so 
far examined in which stabilization is effected by transition to the imino-form, which is 
highly polarized. 

EXPERIMENTAL 

IR spectra were obtained on a UR-20 apparatus in vaseline oil, chloroform, and in f]Tuo- 
rinated hydrocarbon grease. UV-spectra were obtained on a Specord M-40 spectrophotometer, 
in methanol and phosphoric acid of various concentrations. The progress of the reactions 
and the purity of the products were followed by TLC on grade II alumina in chloroform. 

Genera I Method of Preparation of l-Alkyl-2-nitrosoaminobenzimidazoles (II). The 
amine (I) (20 mmole) was dissolved with heating in 30 ml of 50% phosphoric acid, the solu- 
tion cooled to -7~ and a saturated solution of 3 g (45 mmole) of sodium nitrate in water 
added dropwise with vigorous stirring at such a rate that the temperature did not exceed 
-5~ When the addition was complete, the mixture was stirred for 30 min while the tempera- 
ture was raised gradually to 0-3~ It was then diluted with two volumes of water, and 20- 
23 ml of concentrated ammonia added, care being taken that the temperature did not exceed 
5~ The yellow solid which separated was filtered off, washed with water, and dried first 
in air, then in a drying cupboard at 500C. The yield of (IIa) was 83%, (IIb) 77%, (IIc) 
70%, (IId) 80%, and (IIe) 62%. The nitrosamine was mixed with 20 ml of water, and 2 ml of 
concentrated 8x~onia added). The solution was filtered from insoluble impurities, and neu- 
tralized carefully with dilute (i:i) acetic acid to pH 5-6. The solid was filtered off, 
washed with water, and dried as described above. The constants of the compounds have been 
reported [5, 13]. 

1-Methyl-2-ch!orobenzimidazole. A stream of dry HCI was passed into a suspension of 
1.8 g (10 nm~ole) of l-methyl-2-nitrosoaminobenzimidazole and 0.64 g (I0 mmole) of freshly- 
prepared copper powder in 50 ml of dry acetonitrile for 2 h. The copper was removed, and 
the acetonitrile solution treated with i0 ml of 5% a~onia. The acetonitrile was distilled 
off, and the solid filtered off and washed with water. Purification on a column of alumina 
(20 • 2.5 cm) in chloroform gave 1.2 g (71%) of l-methyl-2-chlorobenzimidazole, mp III~ 
(from heptane) [14]. 

2-Bromo-l-methylbenzimidazole was obtained similarly, yield 63%, mp I04~ (from heptane) 
[i5]. 

2-Phenyl-l-methylbenzimidazoleo A suspension of 1.8 g (i0 mmole) of l-methyl-2-nitroso- 
aminobenzimidazole in 50 ml of dry benzene was boiled until the solid had dissolved (5 h). 
The benzene was then removed, then the residue purified on a column of alumina (20 • 2.5 cm) 
in chloroform. Yield 1.8 g (86%), mp 162=C [16]. 

LITERATURE CITED 

i. S. N. Kolodyazhnaya, A. M. Simonov, and L. N. Podladchikova, Khim. Geterotsikl. 
Soedin., No. 6, 829 (1975). 

2. R. A. Sogomonova, A. M. Simonov, S. N. Kolodyazhnaya, and L. N. Divaeva, Zh. Org. Khim., 
16, 2349 (1980). 

*The first reports of the successful diazotization of 2-amino-l-alkylbenzimidazoles appeared 
only some 20 years ago. 

1093 



3. A. M. Simonov and S. N. Kolodyazhnaya, Khim. Geterotsikl. Soedin., No. 3, 543 (1969). 
4. A. M. Simonov, S. N. Kolodyazhnaya, N. N. Zheltikov, and A. F. Pozharskii, Khim. 

Geterotsikl. Soedin., No. 5, 714 (1973). 
5. S. N. Kolodyazhnaya, A. M. Simonov, and L. N. Podladchikova, Khim. Geterotsikl. Soedin., 

No. 5, 689 (1974). 
6. R. N. Butler, Chem. Rev., 75, 241 (1975). 
7. R. L. Williams, R. N. Pac@, and Q. J. Jeacocke, Spectrochim. Acta, 20, 225 (1964). 
8. R. N. Butler, T. M. Lambe, J. C. Tobin, and F. L. Scott~ J. Chem. Soc., Perkin Trans. 

I, No. 2, 1357 (1973). 
9. A. L. Fridman, V. A. Mukhamedshin, and S~ S. Novikov, Usp. Khim., 40, 64 (1971). 

10. O. E. Shelepin, V. G. Sayapin, N. K. Chub, and A. M. Simonov, Khim. Geterotsikl. 
Soedin., No. 5, 674 (1970). 

II. T. I. Godovikova, O. A. Rakitin, and L. I. Khmel'nitskii, Usp. Khim., 52, 777 (1983). 
12. K. Akiba, J. Fukawa, N. Normura, and N. Inamoto, Bull. Chem. Soc. Jpno, 45, 186 (1973). 
13. S. N. Kolodyazhnaya, A. M. Simonov, and L. N. Podladchikova, Khim. Geterotsikl. Soedin., 

No. ii, 1573 (1974). 
14. D. Harrison and J. T. Ralph, J. Chem. Soc., No. 5, 2930 (1965). 
15. B. A. Tertov, V. V. Burykin, P. P. Onishchenko, A. S. Morkovnik, and V. V. Bessonov, 

Khim. Geterotsikl. Soedin., No. 8, 1109 (1973). 
16. L. N. Pushkina, S. A. Mazalov, and I. Ya. Postovskii, Zh. Obshch. Khim., 32, 2625 

(1962). 

PROTON EXCHANGE IN I-VINYL-I,2,4-TRIAZOLE AND ITS DERIVATIVES 
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Proton exchange at C(s) of the triazole ring has been studied in 1-vinyl- 
1,2,4-triazole, l-ethyl-l,2,4-triazole, poly-l-vinyl-l,2,4-triazole, and 
their quaternary salts. The rate of exchange is catalyzed by bases and in- 
hibited by acids. 

Proton exchange in 1,2,4-triazoles has received little attention [i, 2]. Rapid hydro- 
gen exchange between a protic solvent and the macromolecule has been reported [i] in studies 
of the PMR spectra of quaternary salts of poly-l-vinyl-l,2,4-triazole. We have now examined 
proton exchange in l-vinyl-l,2,4-triazole (I), its saturated analog l-ethyl-l,2,4-triazole 
(II), poly-l-vinyl-l,2,4-triazole (III), and their quaternary salts (IV-VI). The results 
obtained are shown in Table i. 

PMR spectroscopy showed that on heating (I) and (II) in D20, exchange took place in- 
volving the proton at C(s ) of the triazole ring (Figs. i and 2). From the kinetic data for 
proton exchange in unsubstituted 1,2,4-triazole [2], the following reaction sequence is pro- 
posed: 

TABLE i. Half-Exchange Times ~i/2 for l-Vinyl-l,2,4-triazole 
and Its Derivatives 

Corn- Treae t Solvent I.[ q/z, 11COm'V Treact "I Solvent- zl/2' pound min pound I rnin 

I 60 D20 I 70 IV 53 D20 + D Cl 30 
I I 60 D20 90 53 D20 + DCl 5 

I I I 90 D20 360 VI 53 D20 + DCJ 600 
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