RESEARCH ON UNSATURATED AZOLE DERIVATIVES
I. SYNTHESIS AND TRANSFORMATIONS OF «,8-UNSATURATED
ACIDS IN THE AZOLE SERIES
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A number of esters of some 8-(2-~azolylacrylic acids were synthesized by means of the
Wittig reaction and subjected to hydrolysis. The reaction of B-(1-methyl-2-benzimidazolyl)-
acrylic acid and its derivatives with bromine was studied. Ifis shown that 1-methyl-2-
ethynylbenzimidazole and 1,2-dimethylbenzimidazole are formed when methyl @-bromo-3-
(1-methyl-2-benzimidazolyl)-acrylate is refluxed in sodium bicarbonate solution.

We have previously [1] described two methods for the synthesis of B-(1-methyl-2-benzimidazolyl)-
acrylic acid (Ia) — by condensation of 1,2-dimethylbenzimidazole (Ila) with chloral and from 1-methyl-2-
formyl-benzimidazole (IIla) by means of the Wittig reaction. Continuing these investigations, we have sub-
jected 5~methoxy and 5-nitro derivatives of 2-methylbenzimidazole (ITb and c) to condensation with chloral.
However, in contrast to IIa [1], IIb and Ilc do not react with chloral. On the other hand, the reaction of
" formylbenzimidazoles with resonance-stabilized phosphoranes is apparently a general reaction [1, 2]. Thus
the reaction of aldehydes IIb,c,d with carbalkoxymethylenetriphenylphosphoranes IVa,b proceeds quite
smoothly on refluxing in benzene, and esters of 8-(2-benzimidazolylacrylic acids (Vb,c,d) are formed in

good yields (Table 1): :
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1-Phenyl-2-formylimidazole (IIle) and 2-formylbenzothiazole (IIIg) react just as readily with phos-
phoranes IV; the yields of esters VIa and VIIa,b are quite high (Table 1).

Somewhat more severe conditions are necessary for the preparation of ester Vd: the reaction is
carried out by prolonged refluxing of phosphorane IVa with aldehyde IIId in dimethylformamide (DMF) —
benzene {1:1); this is due to the polymeric structure of IIId [3, 4].*

Esters V, VI, and VII are quite smoothly hydrolyzed when they are refluxed in alcoholic potassium hy-
droxide solution to give the corresponding B-azolylacrylic acids (I). The intense absorption band in the IR

* 2-Formylbenzimidazole is gradually depolymerized when it is refluxed in DMF and dimethyl sulfoxide
(DMSO) [4].
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TABLE 1. (2-Azolyl)acrylic Acids and Their Esters

’ | ] : Found, % Cale.,, %
Lo . Crystallization Empirical ——————— —— +— 7.
E 5 mp, C ' ' | I R -

S 3 | solvent formula | ¢ |m{n]|s clu:N s (g
O A ! f R =t
\/di 180 |Aqueous alcohol “HmNgoz 65, 3149‘ 13;>l — ‘es‘s\s,c 139° — {70

2402 | Alcohol Ci1oHsN20, ! ‘ U o
\b 185—186[T01uene CisHN,0s 1638 60116 — 63457 114 — | 68.0
ve | \ 132—133 | Dioxane C14H1sN,O5 {649 611109 — 64,8 62108 — 1620
Ib! 250 iAlcohol CioHipN20s 161,9°5,4: 12,0° — 162,6/5,2 12,11 — 720
Vel ! 135—136 | Aqueous alcohol | C,sHuN,Op (67,4 6.0 1221 — 678 6,10 118" — 1630
Vf | 111112 Aqueous alcohol | CisHisN2Op [69,6.6,6: 112 — 689 6,6/ 115 — . 81,0
Ic! 240 ;Alcchol | CoHisN:0, 166,555,120 — '66.7.58/12.6 — 750
Via| 115 |Petroleum ether | Cj3H,,N;0, 168.8'53.124' — 684531128 — l93.0
Vib' 219 [Water CioHioN,Op F— — . — 1| T g7
Vlla | 105 |Adqueous alcohol C”Hg'\JOQS 60,6:45. 64 145 60.2(4,1 6,39 14,6 77
VIlb! 89 rAqueous alcohol ZH“NOQS‘614 9. 62:13.2 61.8.48! 601137 78
Ve 2198 Alcohol CiHNO,S | — (i e — | — |— 7

Note: aAccordmg to [13], mp 239°. bAccordmg to [14], mp 218-
219°. cAccordlng to [15], mp 219°.

spectra of the acids and esters at 968-970 cm™! is evidence in favor of the predominant formation of the
trans isomers of these compounds.

The reaction of acid Ia with bromine in chloroform or acetic acid leads to the formation of an ex-
tremely stable perbromide. Bromine adds to the C=C bond of acid Ia only upon the prolonged action of
excess bromine in the light. This sort of phenomenon has been described for 4-styrylpyridine [5] and
5(6)-methyl-2-styrylbenzimidazole [6].

The methyl ester of acid Ia (Va) reacts with bromine in chloroform to give a perbromide; methyl
B-(1-methyl-2-benzimidazolyl)-8-bromoacrylate (VIII) is formed in acetic acid with excess bromine.
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The reaction of the diethylamide of acid Ia with bromine proceeds somewhat more readily; it adds
two atoms of bromine to give dibromo derivative IX.

The synthesis of methyl a-bromo-A-{1-methyl-2-benzimidazolyl)acrylate (X) can be realized by
means of the Wittig reaction — by reaction of the previously described [7] carbomethoxybromomethylene-
triphenylphosphorane (IVe) with aldehyde IIa [11].

The coincidence of the absorption bands in the UV spectra of esters VIII and X (Fig. 1) is evidence
in favor of the fact that the bromination of ester Va proceeds in the side chain. A hypsochromic shift of
the maximum of the long-wave absorption as a consequence of disruption of conjugation in the carbonyl-
group—heterocyclic-ring system (Fig. 2) is observed in the UV spectrum of diethylamide IX.

An attempt to realize the transition directly from Bf-(2~benzimidazolyl)acrylic acids to 8-(2-ben~
zimidazolyl)propiolic acids by the usual method (bromination/dehydrobromination), as in the case of 3-
(2-benzothiazolyl)acrylic acid [8], was unsuccessful. Thus, for example, the action of a refluxing alcohol
solution of potassium hydroxide on ester VIII gives resinous reaction products of polymeric structure (see
{8]). Refluxing ester X in alcoholic potassium hydroxide solution gives 1,2~-dimethylbenzimidazole (ITa), ap-
parently as a consequence of cleavage of the products of dehydrobromination of ester X under the reaction
conditions.* The use of a weaker base enabled us to change the direction of the reaction: The previously
described [11] 1-methyl~2-ethynylbenzimidazole (XI) was isolated along with Ila when ester X was refluxed
in sodium bicarbonate solution.

*See [9, 10] for this sort of cleavage of the C=C bond of 2-substituted benz1m1dazoles to give 2-methyl
derivatives.
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When XI is in turn refluxed in alcoholic potassium hydroxide ’solution, it is gradually converted to Ia.

These observations provide a basis for assuming that 1-methyl-2-ethynylbenzimidazole is an inter-
mediate in the cleavage of the side chain of ester X to a methyl group.

EXPERIMENTAL

The UV spectra of methanol solutions of the compounds were recorded with an SF;4A spectropho-
tometer. The IR spectra of mineral oil pastes of acids VIII and of chloroform solutions of the esters were
recorded with a UR-20 spectrometer.

General Method for the Preparation of 8-(2-Azolylacrylic Acid Esters (V). A 0.01 mole sample of
IVa or IVb and 0.01 mole of the appropriate aldehyde were refluxed in a solution of 20 ml of benzene for
8~12 h; the course of the reaction was monitored by means of TLC on aluminum oxide in chloroform. At
the end of the reaction, the mixture was shaken with 40 ml of 5% hydrochloric acid. The hydrochloric acid
extract was made alkaline with saturated sodium bicarbonate solution, and the precipitated ester was re-
moved by filtration and washed with water. In the isolation of esters V, the solvent was first removed by
distillation, and the reaction product was separated from the triphenylphosphine oxide by chromatography
of the residue in ether on activity V alummum oxide, The yields and melting points are presented in Ta-
ble 1.

Ester Vd was obtained by refluxing a solution of 2-formylbenzimidazole with phoép‘lorane IVain a
mixture of 3 ml of DMF and 8 ml of benzene for 40 h on an oil bath. The product was extracted with dilute
hydrochlorlc acid.

Hydrolysis of - (2-Az01y1)acryhc Esters. A 0.01 mole sample of the appropriate ester was refluxed
for 4 h in 15% alcoholic potassium hydroxide solution. The alcohol was then removed by distillation, and
the residue was dlssolved in water. The unsaturated acid was isolated from the solution with dilute hy-
drochloric acid.

‘Methyl B—(1-Methyl-z—benzimidazolyl)—B—bromoacrylate (VIID). A 1.2 g (60 mmole) sample of ester
Va [1] was dissolved in 5 ml of acetic acid, and 0.62 ml (12 mmole) of bromine in 3 ml of acetic acid was
added dropwise with vigorous stirring. As the color of the bromine disappeared, a light-yellow precipitate
(the perbromide) formed. The mixture was stirred for another 4 h, and the precipitate was removed by
filtration, washed with acetic acid, shaken with sodium metabisulfate solution (to decompose the perbro-
mide) and a saturated sodium bicarbonate solution, after which it was extracted with chloroform. The ex~
tract was dried with sodium sulfate, and the solvent was removed by distillation to give 1.1 g (73%) of col-
orless plates (from water) with mp 200-201° (dec.). The product was soluble in alcohol, benzene, and di-
oxane. The Ry value in CHCl; on a thin layer of activity V aluminum oxide was 0.8 (the Ry value of the
starting ester was 0.6). The product decolorized a potassium permanganate solution, did not contain iono-
genic halogen, and showed light-green fluorescence in UV light (C = C conjugated with the ring). Found:
C 48.8; H 4.2; Br 26.3; N 9.7%. Cy,H;;BrN,;0,. Calculated: C 48.9; H 4.1; Br 26.8; N 9.6%. UV spectrum,
Amax. hm (log £): 263 (3.57), 323 (4.37).

B-(1~-Methyl-2-benzimidazolyl)-a B-dibromopropionic Acid N,N-Diethylamide (IX). This compound
was obtained in 76% yield as colorless needles (from aqueous alcohol) with mp 140° (dec.) by bromination
of IXa [1] in chloroform, as in the case of ester VIII. The product did not decolorize agqueous potassium
permanganate solution, did not contain ionogenic halogen, and did not fluoresce in UV light. Found: C
43.4; H 4.9; Br 38.1; N 10,.3%. CysHyBr N3O, Calculated: C 43.2; H 4.6; Br 38.3; N 10.1%. UV spectrum,
Amaxs tm (log €): 262 (4.04), 290 (4.2).

Methyl a-Bromo-f-(1-methyl-2-benzimidazolyl)acrylate (X). A 2.1 g(5 mmole) samples of bromophos-
phorane IVc was dissolved in 15 ml of benzene, 0.8 g (5 mmole) of Illa was added, and the mixture was
stirred to dissolve the solid completely. The mixture began to heat up, and light-yellow crystals of ester
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X began to precipitate immediately. The mixture was heated on a water bath to dissolve the precipitate,
and the mixture was allowed to stand in warm water for a brief time. It was then cooled, and the precipi-
tated crystals of the ester were removed by filtration. Prolonged heating often led to resinification of the
reaction products. The yield was 1.1 g (68%). The yellow prisms with a pale~green tint had mp 186° (dec.,
benzene) and were readily soluble in chloroform and dioxane and only slightly soluble in alcohol [11].

Reaction of Ester X with Sodium Bicarbonate. A 0.6 g (20 mmole) sample of X was refluxed in a so-
lution of 1.4 g of sodium bicarbonate in 20 ml of water for 9 h, after which the dark oil (a mixture of Ila
and XI) was extracted with chloroform and chromatographed on aluminum oxide. The solvent was removed
by distillation, and the mixture of Ila and XI was separated on aluminum oxide in ether with collection of
X1 in the first portions of the eluate. The yield of XI with mp 100° (petroleum ether) (mp 100° [11]) was
0.075 g (24%). The yield of Ila with mp 112° [12] was 0.10 g (42%).
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