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EFFECT OF N-ALKYL AND N-ARALKYL SUBSTITUENTS ON
NUCLEOPHILIC SUBSTITUTION IN THE BENZIMIDAZOLE SERIES

M. M. Medvedeva, V. N. Doron'tkin, UDC 547.785.1.5'822.3 : 541,127 ; 542,958.3
A. F. Pozharskii, and V. N, Novikov

It is shown in the case of the Chichibabin reaction and exchange of chlorine in 2-chlorobenzimid-
azoles by a piperidine residue that N-alkyl and N-aralkyl groups are arranged in the following
order with respect to their effect on the rate of the process (in the order of decreasing rates):
CH; > CH;CH,, CyH; > iso-CgHy, (CzH;),CH > n-CyHyy > tert-C,Hy. The overall decrease in the
rate on passing to compounds with branched N-substituents is low. It follows from this that
steric hindrance to nucleophilic substitution in the 2 position is only of small significance.

In a previous study of the Chichibabin reaction in the benzimidazole series it was qualitatively concluded
that a-branched N-substituents (iso~C3Hy, C;H;CH,, cyclohexyl, benzhydryl, and particularly tert-butyl) have a
passivating effect on the course of the process; this was ascribed to steric factors [1-5]. In the present re~
search we set out to make a quantitative study of the effect of N-alkyl and N-aralkyl groups on the two most
typical nucleophilic substitution reactions in the benzimidazole series: amination with sodium amide (the
Chichibabin reaction) and exchange of chlorine by a secondary amine residue (for which we selected piperidinej,

Chichibabin Reaction

The results of measurements of the rate of gas evolution and the composition of the gas in the amination
of 1-substituted benzimidazoles Ia-g with sodium amide in o-xylene or dimethylaniline at various temperatures
are presented in Figs, 1 and 2 and Table 1, It should be noted that the composition of the gas was determined
only at the end point of the reaction from the results of titration of the ammonia formed. Thus the curves in
Figs. 1-3 were constructed from the results of measurements of the total volume of hydrogen and ammonia,
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Fig. 1. Dependence of the volume of the evolved gas on the
time during the amination of Nj-substituted benzimidazole
derivatives in dimethylaniline at 110°C: 1) 1-methylbenz-
imidazole; 2)1-ethylbenzimidazole; 3) 1~benzylbenzimid-
azole; 4) 1-benzhydrylbenzimidazole; 5) l-isopropylbenz;-
imidazole; 6) 1-nonylbenzimidazole.

Fig. 2. Dependence of the volume of evolved gas on the time
during the amination of Nj-substituted benzimidazole deriva-
tives in o~xylene at 130°C;: 1) 1-methylbenzimidazole; 2) 1~
ethylbenzimidazole; 3) 1-nonylbenzimidazole; 4) 1-isopropyl-
benzimidazole; 5) 1-tert-butylbenzimidazole; 6) 1,5,6~tri-
methylbenzimidazole.

Fig. 3. Dependence of the volume of
evolved gas on the time during the
amination of Bz~-substituted 1-methyl
benzimidazoles in o~xylene at 120°C;
1) 1-methylbenzimidazole; 2) 1,5-di-
methylbenzimidazole; 3) 1-methyl-5~
methoxybenzimidazole; 4) 1,5,6~tri-
methylbenzimidazole,

t, min
5

L i .
1 2 3 4

This means that a reliable comparison of the reactivities of I can be made only if the ratios of ammonia and
hydrogen for them are approximately the same (the reasons for the evolution of ammonia in the Chichibabin
reaction are discussed in [6]). This condition is observed for most I during their amination in dimethylaniline
at 110°C, 1-tert-Butylbenzimidazole is not aminated under the same conditions, on the basis of which it can be
relegated to last place in the reactivity series. The amount of ammonia evolved in the amination of 1-benzhy-
drylbenzimidazole is considerably higher than in the case of the other compounds. This is evidently due to

the formation of a carbanion as a result of ionization of the C— H bond in the benzhydryl group. The amount of
ammonia evolved in the amination of 1-benzylbenzimidazole probably increases at 120°C as compared with
110°C for the same reason (experiment Nos. 10 and 11 in Table 1).* Instances of similar ionization of C—H
bonds in the Chichibabin reaction are known [7].

l R

I a R=CH; b R=CiHy € R=i80~CgHy; d R=n-CHi € Retert~CgHg; f R=CiH:ClL: g R={(CsH:).CH

It is apparent from Fig, 1 that N-alkyl and N-aralkyl groups are arranged in the following order with re~
spect to their effect on the ease of amination: CH; > C,H;, C;H;CH, > is0o~C3H;, (C4H;),CH > p~-CyHy, > tert-C H,.

* The quality and yield of 1-benzyl-2-aminobenzimidazole are somewhat higher at110° (84%) thanat120°C (66%).
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TABLE 1. Composition of the Gas Evolved during the Amination
of Nj-Substituted Benzimidazoles

Reaction | Gas volume, ml*

No. C:m g Solvent Tfmp" time, |——m————— A'mmo-
poun ¢ min total |hydrogen|™2: %
1 Ta Dimethy]ani]ine 110 9 45,0 36,8 18,2
2 Ia o-Xvylene 130 3 45,0 32,4 28,0
3 1b Din%thylanﬂine 110 9 44,9 32,3 279
-+ Ib o-Xylene 130 3 45,0 32,2 28,5
5 Ic Dimethylaniline 110 9 35,6 26,0 26,9
6 Ic o-Xylene 130 12 58,3 33.3 429
7 1d Dimethylani]ine 110 9 27,6 18,8 32,0
8 d o-Xylene 130 3 22.0 16,0 272
9 Te The’same 130 12 65,1 27,3 58,0
10 If Dimethylaniline 110 9 42,2 28,5 32,6
11 If The same 120 9 425 19,3 54,6
12 Ig » " 110 9 48,0 16,0 66,7

* Under standard conditions.

TABLE 2. Basicities of 5~
Substituted Benzimidazoles
[8] and Their Relationship to
the Hammet ¢ Constants [9]
of the 5~Substituents

Rz |
N\
H
R pK, (in Gp
water)

H 5,63 0
5(6)-CHj 5,656 —0,17
5(6)-CH;0 5,72 —0,27
5,6-CHs)» 5,98 —0,34*

* Total constant of the two
methyl groups.

Despite the fact that the curve for the amination of Ig lies above the curve for Ic (Fig. 1), their rates of amina-
tion are evidently close, since an approximately threefold greater amount of ammonia corresponds to the points
on curve Ig. 1-Nonylbenzimidazole is initially aminated more rapidly than 1-isopropylbenzimidazole, but the
reaction rate then slows down, This phenomenon, which is observed more distinctly when the reaction is car-
ried out in xylene (Fig. 2), can be explained by the fact that the sodium salt of 1-nonyl-2-aminobenzimidazole,
which is precipitated during the reaction, blocks the sodium amide surface because of the bulkiness of the
nonyl group, This is probably also the reason that 1~benzylbenzimidazole is aminated more slowly than 1~
ethylbenzimidazole in the final section of the line (Fig. 1).

i-tert-Butylbenzimidazole is aminated at an appreciable rate commencing at 130°C. The data obtained
in xylene solution (Fig. 2) for it and other N-alkylbenzimidazoles lead in general to the same conclusions as
the data obtained in dimethylaniline. One need only direct one's attention to the large percentage of ammonia
formed in the amination of benzimidazole Te; we explain this by the increased hygroscopicity of the compound,
The reason for the increase in the amount of ammonia for derivative Ic is not at all clear,

Thus, in conformity with the earlier observations, a-branched N-substituents actually slow down the rate
of the Chichibabin reaction. However, this can be explained not only by direct steric hindrance created by the
N-substituent in the steps involved in the formation of a o complex and bifunctional catalysis [6] but also by
blocking of the sodium amide surface by the precipitating sodium salt of the amine because of the large volume
of the N~-substituent. In the case of N-alkyl groups their positive inductive effect, which should also somewhat
hinder amination, also may play a decisive role,

In order to study the uncomplicated (by steric factors) effect of weak electron donors on the rate of the



TABLE 3. Composition of the Gas Evolved during the Amination

R
of Some Bz-Substituted 1-Methylbenzimidazoles @Tﬂ
R? N
|

CH,
Reaction |Gas volume, mi*
No. R R? Temp., °C|time, .mmo-
min total ’hydrogen jnia, %
1 H H 120 3 45,0 33,8 24,9
2 CHs H 120 3 448 32,8 26,8
3 CH;30 H 120 9 425 31,0 27,0
4 CHj, CHj,4 120 6 40,6 29,8 26,6
5 CH; CH; 130 3 43,6 31,0 29,9

* Under standard conditions.

TABLE 4. Rate Constants
of Chlorine Exchange in
1-R-2-Chlorobenzimida-~
zoles by a Piperidine

Residue
k-104, sec™t
R
80> 1 90° l 100°

CH, 0,47 0,78 ‘ 1,18%
CeH5CH, 0,23 0,33 0,62
C.Hj 0,14 0,25 0,44
iso~-Cgtly 0,16 0,22 0,31
n-CoHyg 0,10 0,15 0,22
{CsHs) ;CH ¢12 | 020 | 032

* Ricei and Vivareili [10]
give a value of 0.998 - 1074
sec™1,

Chichibabin reaction, we investigated the amination of 1,5-dimethyl-, 1,5,6-trimethyl-, and 1-methyl-5-methoxy-
benzimidazoles onthe rate of the Chichibabin reaction. The electron-donor effect of the corresponding substituents
shows up inparticular in the pK, values (Table 2). N~Isopropyl and N-tert-butyl groups give rise to approximately
the same increase inthe basicity constants as compared with benzimidazole. Itis apparent from the datapresented
in Fig. 3 and Table 3 that methyl and methoxy groups slow down aminationin conformity with their relative electron-
donor character: 5,6-(CHjy), > 5- CH30 > 5-CHj, Itis shown in Fig, 2 that the rate of amination of1,5,6-trimethyl-
benzimidazole is close to the rate of amination of 1-ethylbenzimidazole, from which it can be concluded that
hindrance of the reaction for Ic and Ie is due partially to the +1 effect of the substituent,

Kinetics of Chlorine Exchange

The measurements of the rate of chlorine exchange in 1-R-2~-chlorobenzimidazoles III, obtained by alkyla-
tion of 2-chlorobenzimidazole II, were made at three temperatures in excess piperidine, i.e., under the condi-
tions of a pseudo-first-order reaction, The rate constants obtained are presented in Table 4.

As in the case of the Chichibabin reaction, the N-substituents are arranged in the following order with
respect to their effect on the reaction rate: CHz > CgH;CH, > CyH; > iso-C3H;, (CgH;)oCH > n-CgHyy. This con-
stitutes evidence for the closeness of the mechanisms of the two reactions and for the possibility of drawing
general conclusions on the basis of a study of their kinetics. In addition, one's attention is drawn to the small
differences in the rate constants of the investigated compounds. The greatest decrease in the rate (by a factor
of approximately three) is observed on passing from N-methyl- to N-ethyl-2-chlorobenzimidazole. The dif-
ferences are small for the remaining compounds, Thus, with respect to its effect on the reaction rate, the
N-benzyl group is found between methyl and ethyl, whereas the benzhydryl group is close to the isopropyl
group. Unfortunately, we were unable to obtain l-tert-butyl-2-chlorobenzimidazole; 1-tert-butylbenzimidazole
does not undergo hydroxylation, and tert-butyl halide is converted to isobutylene in the case of alkylation of 2-
chlorobenzimidazole Il with tert-butyl halide in alkaline media, An attempt to obtain the necessary compound
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starting from the accessible 1-tert-butyl-5-nitrobenzimidazolone was also unsuccessful, since treatment of it
with phosphorus oxychloride leads to splitting out of the tert-butyl group to give 2-chloro-5-nitrobenzimidazole:

I, & U, — QLD
NP NS ! X NN ASPENN
H A é
0 na-f va-f

1HI a R=Clly; b R=CoHs; ¢ R=150=CaHy; d R=n-Cillis; € R=(Cehls)CH, R = CgH;CHs.

The results obtained in this research show that branched and bulky N-substituents in the benzimidazole
molecule to a certain degree passivate nucleophilic substitution in the 2 position. However, considering the
contribution of the inductive effect, blocking of the sodium amide surface with the amine salt (in the case of the
Chichibabin reaction) and the overall relatively small decrease in the rate on passing to compounds with
branched groups, it should be acknowledged that steric hindrance to nucleophilic substitution in the 2 position
on the part of N-substituents is only of small significance,

EXPERIMENTAL

Starting Compounds. 1-Methyl-, 1-ethyl-, 1-isopropyl- [1}], 1-nonyl- [4], 1-tert-butyl- [4], 1-benzyl~
[11], 1-benzhydryl- [5], 1,5-dimethyl~ [12], 1-methyl-5-methoxy~ [13], 1,5,6~trimethyl~ [14], 1-methyl-2-chloro-
{15], and 1-benzyl-2-chlorobenzimidazoles [15] and sodium amide [6] were obtained by the indicated methods;
1-ethyl-2~chloro- [16] and 1-isopropyl-2-chlorobenzimidazoles [17] were obtained by the method proposed for
1-methyl-2-chlorobenzimidazole. The o-xylene was distilled prior to use over sodium and had bp 144-144,5°C;
the dimethylaniline was distilled over anhydrous potassium hydroxide and had bp 193.5-194.5°C; the piperidine
was purified by distillation over anhydrous potassium hydroxide and had bp 106.3°C.

1-Nonyl-2~chlorobenzimidazole. A 15.25-g (0.1 mole) sample of 2-chlorobenzimidazole and 31 g (0.15
mole) of nonyl bromide were added to a solution of 5.6 g (0.1 mole} of potassium hydroxide in 50 ml of alcohol,
and the mixture was refluxed for 10 h, It was then cooled, and the precipitated potassium bromide was re-
moved by filtration and washed with a small amount of alcohol. The solvent was removed from the filtrate by
distillation, and the residue was subjected fo chromatography (Al,05, benzene) to give 20 g (72%) of 1-nonyl-2-
chlorobenzimidazole as a pale-yellow oil. Found: C 68.9; H 8.8; C112.3; N 10.1%. C;gH,CIN,. Calculated:

C 68.9; H 8,3; C112.7; N 10.1%.

1-Benzhydryl-2-chlorcbenzimidazole, A 3.65-g (0.065 mole) sample of potassium hydroxide was dis-
solved in the minimum amount of absolute alcohol, 10 g (0.065 mole) of 2-chlorobenzimidazole was added, and
the resulting solution was treated with an alcohol solution of 15 g (0.074 mole) of benzhydryl chloride. The
mixture was refluxed for 2 h, after which the precipitated potassium chloride was removed by filtration, and
the alcohol was removed from the filtrate by distillation. The residue was treated with a small amount of
benzene, and the unconverted 2-chlorobenzimidazole (6 g) was removed by filtration. The benzene was evapo-
rated, and the residue was subjected to chromatography (Al,O;), benzene), The resulting semicrystalline mass
was dried over P,0; and triturated with ether, and the solid was removed by filtration to give 3 g (14%) of 1-
benzhydryl-2-chlorobenzimidazole, which was washed thoroughly with ether, Found: C 75.8; H 5.0; Cl 11.4;
N 8.6%. CyHj;CIN,. Calculated: C 75.3; H 4.7; C1 11.1; N 8.8%.

1-tert-Butyl-5-nitrobenzimidazolone. A mixture of 2 g (0.01 mole) of 2-amino-4-nitro~N-tert-butylani-
line and 0.66 g (0.011 mole) of urea was heated slowly on an oil bath to 180°C and maintained at this tempera-
ture for 2.5 h, The mixture melted at 110°C and began to foam and immediately solidified as 180°C was
reached. The cooled melt was triturated with 20% sodium hydroxide solution, and the mixture was refluxed
with activated charcoal and filtered. The filtrate was acidified with concentrated hydrochloric acid, and the
precipitate was removed by filtration, washed with water, and dried to give 1.6 g (75%) of pale-yellow shiny
plates of 1-tert-butyl-5-nitrobenzimidazolone with mp 273-274°C (from dioxane). IR spectrum: Vpzpo 1705
em™, Found: C 55.8; H 5.4; N 17.7%. Cy3Hy3N;05. Calculated: C 56.1; H 5.6; N 17.9%.

Attempted Synthesis of 1-tert-Butyl-5~nitro-2-chlorobenzimidazole, A 20-g (0.085 mole) sample of
1-tert~butyl-5- nitrobenzimidazolone and 250 ml of freshly distilled phosphorus oxychloride were placed in a
round-bottomed flask equipped with a reflux condenser and a gas-inlet tube projecting to the bottom of the
flask, and the mixture was refluxed for 3.5 h; a stream of dry hydrogen chloride was bubbled into the mixture
15 min after the start of refluxing, The phosphorus oxychloride was removed by distillation under reduced
pressure, and the residue was treated with 20% hydrochloric acid solution. The acidic mixture was filtered,
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TABLE 5. 1-R-2-Piperidylbenzimidazoles

Com=| mp (from ——_Found, * Empirical formula Cater Yield,

pound} heptane), °C | . i " l clulx LA
Iva 82--838 1 — — — C13H|7N3 —_ —_ -—_ 83
1vb 4950 7291 86 18,1 Ci4H N3 73,3 | 8411831 100
Ive 113—114 72,0 891170 CisHzN3- 172 H;O 71,4 | 88167 75
vd — 75,1 110,7 {120 ] CyHaN,-1/2 H:0 75,0 10,2 ]1251 100
Ive 165166 8001 65114 CosHpsN3- 1/2 H,O 7981 66 111,21 100
Ivf 86-—87 7581 69| 143 CisHaiN3-1/2 H,0 76,0 | 7,0 14,0 83

*0il.

and the filtrate was treated with concentrated ammonium hydroxide to give 10 g (60%) of 2-chloro-5-nitroben~
zimidazole with mp 222-223°C (from aqueous alcohol) (mp 222-223°C [18]). Found: C 42.0; H 1.9; C1 17.9;
N 21.6%. C,H,CIN;O,. Calculated: C 42.5; H2.0; C1 17.9; N 21.2%.

Kinetics, The rate of amination was studied by the method in [6]. For the determination of the piperi-
dinolysis rate constant, ~20-30-mgweighed samples of each of the N-substituted 2-chlorobenzimidazoles
Nla-e were placed in an ampul, 1 ml of absolute piperidine was poured in, and the ampul was sealed and
placed in a thermostat. The reaction was stopped by rapid cooling of the ampul to room temperature and the
decomposition of the contents with water. The ionic halogen in the reaction mixture was determined by poten-

tiometric titration with an R307 potentiometer with a 0,025 N AgNOs solution. The rate constants were calculated
from the formula

2.303 | Co
h=—""lg Co—Cx ’

where T is the time (in seconds) from immersion of the ampul in the thermostat to the end of the reaction, C,
is the initial concentration of the compound, and Cy is the concentration of the compound that has undergone
complete conversion up to the moment of the determination,

Reaction of Nyj~Alkyl-2-chlorobenzimidazoles with Piperidine, A 0.01-mole sample of benzimidazoles
IIla-e was dissolved in 50 ml of absolute piperidine, and the solution was heated in a sealed ampul at 100°C for
40 h. The mixture was then evaporated, and the residue was treated with water and extracted with ether. The
ether was evaporated, and the residual oil was cooled with a mixture of ice and salt to bring about crystalliza-
tion, The reaction products were purified by recrystallization from a small amount of heptane. 1-Nonyl-2-
(1'~piperidyl)benzimidazole was purified by chromatography (Al,O;, elution with chloroform). The properties
of all the synthesized compounds are presented in Table 5.

The melting points of all of the previously described preparations were in agreement with the literature
data,
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STRUCTURE OF 3-(o-HYDROXYPHENYL) DERIVATIVES OF
2-QUINOXALONE AND 2-BENZOXAZINONE

Yu. 8. Andreichikov, L. I. Varkentin, UDC 547.863.16 : 543.422.4.6
S. G. Pitirimova, and Ya. M. Vilenchik

It is shown by IR and UV spectroscopy that the products of the reaction of o-hydroxybenzoyl-
formic acid with o-phenylenediamine and o-aminophenol have the 3~ (cyclohexa~3,5-dien-2-
onylidene)quinoxalone structure rather than the 3-(o-hydroxyphenyl)-2-quinoxalone structure.
3- (o-Methoxyphenyl)-2-quinoxalone and 3- (o-methoxyphenyl)-3,4-dihydro~2 H-benzo-1,4-oxa~
zin-2-one were synthesized as model compounds.

In 1909, Fries [1], in an attempt to obtain coumarophenazine, carried out the condensation of coumarin~
2,3-dione with o-phenylenediamine. However, the reaction product did not contain a furan ring. Fries proposed
the 3- (o-hydroxyphenylj~2-quinoxalone structure for the product.

W
N\ 0
Sudine e
0o NH,” Ho/L\ J
The same compound can be obtained by reaction of o-hydroxybenzoylformic acid with o-phenylenedia-
mine, The IR spectra of the Fries compound were investigated in 1973 [2]. It was observed that the spectrum
does not contain the absorption characteristic for the stretching vibrations of the OH group. Banerji and co-

workers [2] explained this by the fact that the OH line is masked by moisture in the KBr used to prepare pellets
of the compound for recording of the spectra,

During a study of the products of the reaction of aroylpyruvic acids with o-phenylenediamine by PMR
spectroscopy it was established that these compounds have the 3~phenacylidene-2-quinoxalone structure (I), in
which there is an intramolecular hydrogen bond between the hydrogen of the NH group of the quinoxaline ring
and the oxygen of the carbonyl function of the phenacylidene group.

a\/

L

i n

Considering the tendency of the quinoxaoline ring to form an exo ethylene bond, we assumed that the
Fries compound has structure II.- To prove the structure of II we investigated the IR and UV spectra of this
compound, as well as the spectra of the products of the reaction of o-phenylenediamine (ITT) with benzoylformic
(IV) and o-methoxybenzoylformic (V) acid esters,

The long-wave absorption maximum of I is found at 387 nm in the UV spectra (Fig. 1), whereas the cor-
responding maximum in the spectra of 3-phenyl-2-quinoxaolone (V1) and 3- (o-methoxy)phenyl-2-quinoxalone
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