RESEARCH ON BENZIMIDAZOLE DERIVATIVES

XLIL* SYNTHESIS AND TRANSFORMATIONS OF AMIDES OF UNSATURATED
CARBOXYLIC ACIDS IN SERIES OF 2-AMINO DERIVATIVES OF BENZIMIDAZOLE
AND PYRIDINE
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The acylation of 2-amino derivatives of benzimidazole and pyridine with 8 -aryl-@, 8 -unsat-
urated carboxylic acid chlorides gave the corresponding amides, which were converted to 2-oxo
derivatives of pyrimido [1,2-a}benzimidazole and pyridine by the action of bases,

The reactions of 2-aminobenzimidazole [2-4] and 2-aminopyridine [5, 6] with acrylic and acetylenecar-
boxylic acid esters have been studied in detail; however, the reaction of these amines with unsaturated car-
boxylic acid chlorides has not been studied adequately, Continuing our research on unsaturated derivatives of
2-aminobenzimidazole [8, 9], we studied the reactions of 2-amino-1-methylbenzylimidazole (I) and 2-amino-
pyridine (II) with -aryl- @,5-unsaturated carboxylic acid chlorides (IIlla-c).

It was established that hygroscopic crystalline 2-~amino-1-methyl-3-acylbenzimidazolium chlorides (IVa,
b) are formed in the reaction of amine I with cinnamoyl (Iila) and phenylpropiolyl (Illb) chlorides in dry acetone,
When acylium salt IVa is treated with triethylamine in acetonitrile at 10-15°C, it is converted to 2-imino-1~
methyl-3-cinnamoylbenzimidazoline (Va), ¥ which is quite stable in the crystalline state but in benzene or chloro-
form solution undergoes rearrangement to amide VIa in 24 h (see [10]), The latter can be obtained in good yield
by direct acylation of amine Ia with acid chloride IMla in the presence of pyridine or by the action of triethyl-
amine on a suspension of acylium salt IVa in acetonitrile at 20-25°C for 1.5 h. When amide VIa is refluxed in
alcohol in the presence of pyridine or triethylamine, it is converted to benzimidazolone VII,

When acylium salt IVb is freated with excess pyridine for 6 h, it undergoes rearrangement through un-
stable imine IV to phenylpropiolamide VIb, which is cyclized to benzimidazolone VIII under the reaction condi~
tions, In the presence of pyridine, amine Ia is acylated by acid chlorides IIlb,c at —70°C without resinification
of the reaction mixture to give amides VIb,e, which undergo cyelization to pyrimidinone VIII under the influence
of sodium ethoxide. o-Bromocinnamamide VIc evidently initially undergoes dehydrobromination to give phenyl-
propiolamide VIb; the latter undergoes partial conversion to pyrimidinone VIII even when it is heated to the
point of crystallization from alcohol. The presence of sodium ethoxide in the reaction mixture accelerates in-
tramolecular cyclization appreciably. (See scheme on following page).

The data from the IR spectra of VIa-c indicate an amide structure for these compounds (see [11]). The
PMR spectra of VII and VIII contain a four-proton Hg_4 multiplet at 6 7.3-7.7 ppm; this is in agreement with
the pyrimido [1,2-albenzimidazol~2-one structure (see [2, 7]).% The mechanism of the cyclization of derivative
VIb to VIII probably includes a step involving addition of the Michael type to the activated C =C bond as a re-
sult of aftack by the terminal nitrogen atom on the 8 -carbon atom of the multiple bond (see [8]). The action of

*See {1] for communication XLI.

T Obtained by G. M, Suvorova.

1 Splitting of the overall aromatic four - proton Hg..9 multiplet into three-proton (H;_y, 6 7.5~8.0 ppm) and one-
proton (H¢ 6 8.5~8.8 ppm) signals would be characteristic for the isomeric pyrimido [1,2 - aJbenzimidazol -4 -one
structure [12, 13].
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bases on amide VIb evidently leads to the formation of mesomeric anion IX and consequently to an increase in
the nucleophilicity of the ring nitrogen atom, as a consequence of which the rate of cycloaddition increases,
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The acylation of 2-aminopyridine II with cinnamoyl chloride Illa in the presence of pyridine proceeds
smoothly at —10 to 0°C and leads to amide Xa, which was converted to pyrimidin-2-one XI by refluxing in an
alcohol solution of pyridine, The reaction of amine II with acid chlorides IIlb,¢ in acetone leads to the formation
of oily acylium salts; amides, Xb,c¢, which were converted to 4-phenyl-2H~pyrido[1,2-alpyrimidin~2-one (XII) by
the action of sodium ethoxide in alcohol, are formed in the presence of pyridine at —70°C, Amide Xb can be
readily converted to XII also by refluxing in alcohol.

The acylation of amine II with acid chlorides Illb,c, gives, in addition to amides Xb, ¢, small amounts of
red oily compounds, to which diacylium derivative structures XIIb,c can be assigned on the basis of the IR
spectra and the results of elementary analysis. We were unable to synthesize them by acylation of amides Xb,
¢ with acid chlorides IITb, ¢ because of resinification of the reaction mixture,
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Amines I and II are acylated most smoothly by acylpyridinium salts XIV, which can be obtained conve-
niently beforehand from pyridine and the corresponding acid chloride in acetone at —70°C. Acylpyridinium salts
XIV are quite stable crystalline compounds, but they are readily hydrolyzed by air moisture, and this makes it
difficult to use them,

EXPERIMENTAL

The IR spectra of chloroform solutions of the compounds were recorded with a UR-20 spectrometer. The
physical constants, yields, and characteristics of the synthesized compounds are presented in Table 1.

2~Amino-3-acyl-1-methylbenzimidazolium Chlorides (IVa,b). A solution of 0,01 mole of acid chloride IlIa
or IIIb in 10 ml of acetone was added with stirring at 10-15°C to a solution of 1.47 g (10 mmole) of I in 20 ml of
acetone, After 1 h, the precipitate was removed by filtration, washed with acetone and dry ether, and dried in
a vacuum desiceator over calcium chloride to give colorless crystals that are soluble in chloroform and alcohol
and are readily hydrolyzed by air moisture.
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TABLE 1, Physical Constants and Yields of the Synthesized Com-~

pounds
Com- Found, % Cale,, % .g{uigec $_
mp, °C Empirical formula cm-T* !
pound cliul| n lcunco:\x—ﬁi—j
vat 150 65,01 5,41 13,6{ C17H;6CIN;O 65,215,171 13,4l 17157 — | 80
Ivo ¥t 170 65,3 4,7| 13.6) C17H14CIN:O 65,6/ 4,5 13,5 1720f — | 91
Va 93 73,71 5,11 15,01 C7H5N3sO 73,61 5.4[ 15,2] 1700} 3374| 88
Via 160 74,0} 5,2] 14,9| Ci7H15N:0 73,6| 5,4] 15,21 1680{3425| 71
Vib 117118 74,3[ 5,01 15,6 Ci7H1aN;0O" 74,21 4,7) 15,21 1680 | 3420( 88
VieT 173174 57,71 4,.3| 15,2] C;7H4BrN;O 57,313,9] 14,91 1675{ 3425] 76
VII 170—171  173,9/5,7| 15,0 C;7H5N:0 73,6{ 541 15,21 1625| — | 86
VI 222 74,41 5,1} 15,1} C;7H3N;0 74,21 47] 15,21 16157 — | 94
Xa 113—115 75,0} 5.4{ 12,3] C;,H,sN;0 75,0 5.4} 12,4] 16801 3415| 91
Xb 8283 75,21 4,74 12,3} C14HoN2O 75,61 4,6] 12,6] 1670| 3400| 81
XY 9768 55,81 4,01 9,4{ C14H, BrN,O 55,51 3,6] 9,31 1680 3390] 87
X1 140—141 75,4 5,71 12,6) Ci4H 2Ny 75,0| 5.4} 12,5 1630] — | 83
X1 127—129 175,4| 4,81 12,8 C,,H ;N.O 75,604,6]12,6| 1640} — | 57
\leT 156—158 | 60,6] 2.5} 12,0} CosH14NoOg- CeHiN307 | 60,2] 2,91 12,11 1630,) — 5

473129 9,7 1700
XIIIbT 144115 CopsHigBraNyOs X 17,01 2.6 9,5 16504 - 4
XC5H3N307 1710

* Bands in the IR spectra: IVa 3373 (vng,) and 1672 (Onm, ); IVb

3355 (vNg,) and 1655 (oyy,) IVb and VIb 2210 (C =C); Xb 4nd X11Ib
2200 (C =C),

tHalogen found (calculated) in percent: IVa Cl 11,5 (11.2); IVb C1
11.5 (11.3); Vie Br 22.1 (22.5); Xc¢ Br 25.9 (26.3); XIilc Br 21.3 (21.6).

2-Imino-3-cinnamoyl-1-methylbenzimidazoline (Va). A 0.2-g(2 mmole) sample of dry triethylamine was
added with vigorous stirring at 10-15°C to a suspension of 0.3 g (10 mmole) of IVa in 15 ml of dry acetonitrile,
The resulting bright-yellow crystals of imine Va were removed by filtration, washed with acetonitrile, dried
over phosphorus pentoxide, and crystallized from benzene and petroleum ether.

Cinnamic Acid 1-Methyl-2~-benzimidazolyl-and 2-Pyridylamides (VIa and Xa). A 3,3 g (20 mmole) sample -
of acid chloride IIIa was added dropwise with stirring at —10°C to a solution of 2.9 g (20 mmole) of amine I or
1.9 g (20 mmole) of IT and 1.6 ml (20 mmole) of pyridine in a mixture of 5 ml of tetrahydrofuran (THF) and 10
ml of acetone, and the mixture was stirred for 40 min, The solvent was then removed by distillation, and 5 ml
of water was added to the residue. The resulting precipitate was removed by filtration and washed with water,
The products were obtained as colorless needles (from alcohol),

4-Phenyl-3,4-dihydro-2H-pyrimido[1,2-albenzimidazol-2-one (VII) and 4-Phenyl-3,4-dihydro~-2H~-pyrido-
[1,2-ajpyrimidin-2-one (XI). A solution of 2.7 g (10 mmole) of VIa in 10 ml of ethanol or of 2.1 g (10 mmole) of
Xa in 7 ml of ethanol was refluxed for 6-8 h with 1 ml of pyridine, after which the mixture was cooled and

poured into 50 ml of water, The precipitate was removed by filtration and crystallized from ethanol to give the
products in the form of colorless prisms,

Phenylpropiolic and @-Bromocinnamic Acid 1-Methyl~2-benzimidazolylamides (Vlb,c). A solution of 10
mmole of acid chloride IIIb or Illc in 2 ml of THF was added dropwise at ~70°C to a solution of 1.47 g {10
mmole) of amine I and 0,8 ml (10 mmole) of pyridine in 10 ml of dry THF, and the mixture was stirred for 30
min, It was then allowed to stand at room temperature for 3 h, after which it was poured into 30 ml of water,
The resulting precipitate was removed by filtration and washed with water, The colorless needles {from alco-
hol) were soluble in acetone and chloroform,

4-Phenyl~10-methyl-2H-pyrimido[1,2~albenzimidazol-2-one (VIII), A) A mixture of a solution of 10
mmole of sodium ethoxide in 5 ml of absolute alcohol and 1.9 g (70 mmole) of amide VIb or 1.2 g (35 mmole) of
amide VIc was refluxed for 30 min, after which it was cooled, and the resulting precipitate was removed by fil-
tration and washed with aleohol, The product was obtained in 83% yield.

B) A solution of 1,47 g (10 mmole) of I in 10 ml of dry pyridine was added dropwise with stirring at =10°C
to a solution of 1.64 g (10 mmole) of acid chloride IIlb in 2 ml of THF, and the mixture was stirred at —10°C for
20 min and allowed to stand at room temperature for 6 h, It was then treated with water (50 ml), and the pre-
cipitate was removed by filtration and worked up to give VIII in 94% yield.

Phenylpropiolic and @-Bromocinnamic Acid 2-Pyridylamides (Xb,c), A) A solution of 10 mmole of acid
chloride Illb or IIlc in 2 ml of THF was added dropwise with stirring at —70°C to a solution of 0,94 g (10 mmole)
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of amine II in 5 ml of THF and 0.8 ml of pyridine, after which the mixture was stirred for 25 min, The cooling
bath was then removed, and the mixture was allowed to stand at room temperature for a certain length of time,
It was then poured into 30 ml of water, and the resulting oil was separated and triturated with 20 ml of water,
The resulting crystals were dried in a desiccator over phosphorus pentoxide and triturated with 40 ml of ether
They were then removed by filtration to give 1.68 g (76%) of Xb and 2.63 g (877 of Xc as colorless prisms
(from alcohol), The ether extract was evaporated and chromatographed with a column filled with aluminum
oxide (elution with ether). The residue contained 0.17 g (4.8% of XIIb (as a viscous red oil) or 0.2 g (4D of
XIlc (red crystals),

B) A 1,64 g (10 mmole) sample of acid chloride IIIa was added at —70°C to a solution of 0.8 ml (10 mmole)
of pyridine in 5 ml of dry acetone, and the precipitated acylpyridinium salt XIVb was removed by filtration and
added to a cooled (to —70°C) solution of 0.94 g (10 mmole) of amine II in 3 ml of acetone, The mixture was
sti;red at =70°C for 20 min and at 0°C for 1 h, after which it was diluted with water and filtered to give 1.8 g
(817) of Xb.

4~Phenyl-2H-pyrido[1,2-alpyrimidin-2-one (XI), A) A solution of 2.2 g (10 mmole) of amide Xb in 7 ml
of aleohol was réfluxed for 8 h, after which it was cooled, and the precipitate was removed by filtration and
washed with ether., The product was obtained as colorless needles (from alcohol).

B) This compound was also obtained in 73% yield from Xc by the procedure used to obtain VIII (by method
A},
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