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REACTION OF 2-AMINOBENZOXAZOLES WITH COMPOUNDS
WITH ACTIVATED MULTIPLE BONDS

V. B. Kalcheva, L. S. Peshakova, UDC 547.787.3'391
and D. A. Simov

The reaction of 2-aminobenzoxazoles with activated alkenes of the acrylic acid type
and its derivatives and methyl vinyl ketone proceeds in the presence of basic cata-
lysts to give products of mono- and diaddition at.the exocyclic nitrogen atom. The
reaction of 5(6)-substituted 2-aminobenzoxazoles with esters of propyl and acetyl-
enedicarboxylic acids in the absence of catalysts leads to the production of con-
densed 2-oxopyrimidines. The effect of substituents and the reaction conditions

on the course of the process was investigated.

A considerable number of reactions involving the addition of heterocyclic amines to com-—
pounds that contain multiple carbon——carbon bonds have been described in the literature. The
possibility of the synthesis, on the basis of these reactions, of new condensed heterocyclic
compounds with potential pharmacclogical activity have continued to be of interest to syn-
thetic chemists.

Continuing our study of the reactions of condensed 2-aminooxazoles with compounds with
activated multiple bonds [1, 2]}, we have studied the reaction of 2-aminobenzoxazoles (Ia) and
its derivatives (Ib-g) with activated alkenes and alkynes: esters of acrylic acid (IIa, b),
acrylonitrile (IIc), acrylamide (IId), acrylic acid (IIe), methyl vinyl ketone (IIf), di-
methyl acetylenedicarboxylate (IXa), and ethyl propiolate (IXb).
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We have found that 2-aminobenzoxazoles react with activated alkenes only upon heating
in the presence of basic catalysts. The reaction proceeds with the formation of products of
mono- (III) and diaddition (IV) at the exocyclic nitrogen atom., The yields of III and IV de-
pend substantially on the structures of the reagents and the reaction conditions.
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An intense band of an endocyclic azomethine bond [3, 4] at 1640-1660 is observed in the
IR spectra of diaddition products IV. Two bands for the C=N bond (1640-1660 and 1660-1670
em ') and two bands for the NH group at 3400-3540 cm ' show up in the spectra of the products
of monoaddition III. Dilution of chloroform solutions of III from 3% to 10™® mole/liter does
not change the pcositions and intensities of these bands, and this constitutes evidence for
the presence of two tautomeric forms in solutions. A multiplet of aromatic protons (6.5-7.5)
two triplets of methylene protons (2.70-3.27 and 3.70-4.20), and a singlet of an NH proton
(5.80-6.80 ppm) for the monoadducts are observed in the PMR spectra of mono- (III) and di-
adducts (IV). The signal of the NH proton was assigned on the basis of an experiment involv-
ing deuterium exchange.

In the case of alkaline hydrolysis of III and IV the N—C bond in the amino group is
cleaved, and the oxazole ring undergoes opening to give the corresponding 2-aminophenols. Hy-
drolysis of monoadducts III in the presence of concentrated hydrochloric acid leads to a mix-
ture of 2-aminobenzoxazoles (237%) and 2-(3H)benzoxazolone (547%), which is the product of
acetic hydrolysis of 2-aminobenzoxazole. Hydrolysis of 2-bis(2~cyancethyl)aminobenzoxazoles
IVd-h gives, depending on the reaction conditions, the corresponding carboxylic acids V,
amides VI, and esters VII. Esters VII were found to be identical to the products of the re-
action of I with acrylic acid esters. Ketones IIIi, g are converted to thiosemicarbazones
VIII. Compounds IIIg, IV, and VIIIb displayed a distinct antivirus effect with respect to
influenza and variolevaccines.

On the basis of the data regarding the yields of the final product and the time required
for heating the mixture, one may conclude that the reactivities in this series decrease in
the following order: acrylonitrile, acrylic acid esters, methyl vinyl ketone, and acrylic
acid. Acrylamide does not react under the conditions that we selected. The presence of sub-
stituents in the benzene ring affect the reaction rate: electron-acceptor substituents de-
crease the reaction rate, whereas electron-donor substituents (methyl group) increase it. Ac-
cording to the experimental data, the activities of the catalyst that we used decrease in
the following order: Triton B, sodium ethoxide, potassium hydroxide, and sodium hydroxide.
Experiments carried out in various solvents under otherwise identical conditions demonstrated
that in nonpolar solvents (benzene, toluene) virtually no addition takes place. Only traces
of the monoadducts (according to TLC data) are formed when the mixtures are heated for 3 h.

In dioxane, acetonitrile, and DMF the reaction proceeds relatively rapidly (3h, 75°C)
and leads to diadduct IVd (¥ = CN, X = H) in 38, 42, and 447 yields, respectively. Pri-
marily diadducts IV are formed at higher temperatures. The molar ratio of the reagents af-
fects only the yields of the reaction. '

It is known [5] that 2-aminobenzazoles react with esters of propiolic and acetylene-
carboxylic acids to give the corresponding 2-oxopyrimido[2,l1-b]benzazoles. We have shown
that the reaction of 5(6)-substituted benzoxazoles Ia-g with dimethyl acetylenedicarboxylate
(IXa) and with ethyl propiolate under mild conditions in the absence of a catalyst in ben-
zene, dioxane, acetone, ethylacetate, ethanol, acetonitrile, or dimethyl sulfoxide (DMSO)
lead to 2-oxopyrimido[2,l-blbenzoxazoles XIa-j in 21-61% yields. Bands of stretching vibra-
tions of CO and C=N groups and of the pyrimidine ring at 1640-1690 cm™ ' and a CO ester group
at 1730-1750 cm™* appear in the IR spectra of XI. In the PMR spectra one cbserves signals
of aromatic protons (7.35-8.20, m), doublets of 3-H and &4~H protons (7.45 and 9.15) in the
case of XIg, whereas in the PMR spectrum of XIa one observes a singlet of a 3-H proton (6.69)
and a singlet of a CH; ester group (4.12 ppm).

On the basis of the results of the IR spectra of the reaction mixture we have demon-
strated the formation of “intermediate X with characteristic frequencies of 1720 (exo-c=N) and
3430 cm™' (NH), which are absent in the IR spectra of the starting and final compounds.
Evidently, the intermediate is a 3~substituted benzoxazoline, which in the case of Ig (R =
6-NO;), becomes the principal reaction product.
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TABLE 1. Characteristics of Monoadducts III and VIII and Di-
adducts IV-VI with 2-Aminobenzoxazoles and 2-Oxopyrimido[2,1-
blbenzoxazoles X and XI

B Nfound, | Empirical N calc., Yield, %

Compound | mp, °C  |% fonfml a %, M (method)
Ilia 125—126 11,7 C12H(4N203 11,9 243,2 16
111b 136—137 11.4 C1 H;CiNO3 11.0 2547 37
I 142—143 14,1 C1 HsN,O, 13,7 2041 71
L1 159—160 129 12H,4N50, 12,8 218,2 68
111 171—172 17 CiH,CINGO, 11,8 2385 58
111 167—168 17.2 Cy HuNsO, 16,9 2492 34
ik 177—178,5 13,5 C1oH;oN,O5 13,6 2063 48
111 132—133 12,7 CyHipN,Os 12,7 2202 48
Viila 1791795 25,4 Ci2HisNsO 253 277,2 72
VIIb 162—162,5 228 CisH,CIN;O 225 3115 78

IVa 87—88 9.3 Ci5H,5sN,05 9.2 306,3 82 (A)

81 (B}

85 (C)
ivb 72—73 9.1 CigH2oN205 8,8 3203 26
Ve 81—82 8.5 CisH17CINOg 8.2 3428 23
Vi 158159 99 CisH sN,Og 102 2742 28
Vj 171—172 94 C1sH,7CIN,O5 9,1 3085 34
Va 168—168,5 10,2 Ci3H14N,O5 10.1 978.2 82
Vb 181—182 97 Cy3H16N,0¢ 96 2922 78
Ve 193—194 8,7 C1aH3CIN,Os 89 312,7 67
Via 221—223 20,0 Ci3HppN,O 20,3 276,2 91

Xla 208—209 11,8 C12HsN,0, 11,5 2440 51 (5]
XIb 179—179,5 10,7 C13HgN,0, 10,8 258,2 58
Xlc 197—198 10,3 CoH;CIN,O, 10,1 2785 35
XJd 198—198,5 10,1 C1oH:CIN,O, 10,1 2785 50
Xle 192—193 8.4 CH;BrN,0, 86 3232 35
XIf 243—245 14,6 Ci2H7N;306 145 289.1 31
X1 232232 5 146 C;,H;N;06 145 289,1 34

X1 257258 152 C16HsN:Oy 15,0 186,0 425}
Xi 235—2355 13,7 11HsN20, 139 200,0 60
X1 272973 12,6 CoHsCINOs 127 2205 61
Xik 302—303 12,9 C1oHsCIN,O. 12,7 2205 26
X 142—143,5 13,0 CsH N3O 12,6 331,8 65

EXPERIMENTAL

The starting 2-aminobenzoxazole and its derivatives were obtained by the method in [6].
The synthesis of IIIc-f and IVd-h has been described [1, 2]. Chromatographic monitoring of
the course of reaction was carried out on SIF plates (Riedel de Haen) ina benzene-chloroform—
ethyl acetate system (1:1:2) with development by iodine vapors or UV light. The melting
points were determined by the capillary method and were not corrected. The IR spectra were
recorded with a Zeiss UR-10 spectrometer, and the PMR spectra were determined with a Tesla-
487 spectrometer (80 MHz) with tetramethylsilane (TMS) as the internal standard.

The characteristics of the synthesized compounds are presented in Table 1.

2-(2-Alkoxycarbonylethyl)aminobenzoxazoles (IIla, b). A) A 15-mmole sample of acrylic
acid ester and 0.1 g of potassium hydroxide were added to a solution of 10 mmole of the cor-
responding 2-aminobenzoxazole in 10 ml of acetonitrile, after which the solution was refluxed
for 3-6 h. The solvent was removed by distillation, the dry residue was dissolved in 37
hydrochloric acid, and the acidic mixture was extracted with chloroform. The extract was
dried, the solvent was removed by distillation, and the residue was recrystallized from eth~-
anol—water (1:1).

B) A solution of 10 mmole of 2-bis(cyanocethyl)aminobenzoxazole in 10 ml of methanol
saturated with HCl was refluxed for 3 h. The solvent was then removed by distillation, and
the residue was recrystallized from water.

C) A 10-mmole sample of 2-bis(2-carboxyethyl)aminobenzoxazole was added in portions with
stirring to 40 ml of ether containing 100 mmole of diazomethane. The solution was then
stirred at 0-10°C for 10 h, after which the ether was removed by distillation, and the resi-
due was recrystallized from water.

. 2-Bis(2-methoxycarbonylethyl)aminobenzoxazoles (IVa-c). A 40-mmole sample of methyl
acrylate and two to three drops of Triton B (30% solutionm in methanol) was added. The solu-
tion was refluxed for 4-6 h, the solvent was removed by distillation, and the residue was re-
crystallized from water.
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2-(3-0xobutyl)aminobenzoxazoles (IIIg-j). A 150-mmole sample of methyl vinyl ketone
and two to three drops of Triton B was added to a solution of 10 mmole of 2-aminobenzoxazole
in 10 ml of acetonitrile, and the mixture was refluxed for 10 h (12 h for the 5-chloro de-
rivatives and 40 h for the 5-nitro derivatives). Cooling produced a precipitate, which was
recrystallized from aqueous ethanol (1:1).

2-Bis{3-oxobutyl)aminobenzoxazoles (IVi, j). A 40-mmole sample of methyl vinyl ketone
and Triton B catalyst were added to a solution of mmole of 2-aminobenzoxazole in 10 ml of
DMF, and the mixture was refluxed for 10-12 h. The solvent was removed by distillation, and
the residue was recrystallized from aqueous ethanol (1:1).

2-(2-Carboxyethyl)aminobenzoxazoles (IIIk, 1). A 1l5-mmole sample of acrylic acid was
added to a solution of 10 mmole of the corresponding 2-aminobenzoxazole in 10 ml of acetoni-
trile and 0.1 ml of Triton B. Cooling of the mixture produced a precipitate, which was re-
crystallized from ethanol.

2-Bis(2-carboxyethyl)aminobenzoxazoles (Va-c). A solution of 10 mmole of 2-bis(2-cyano~
ethyl)aminobenzoxazole in 10 ml of concentrated hydrochloric acid was refluxed for 3 h, af-
ter which the precipitated 2-(3H)-benzoxazolone (107%) was removed by filtration. The fil-
trate was neutralized with 307 NaOH, and the mixture was extracted with ether. The ether was
removed by distillation, and the residue was recrystallized from water.

2-(Bis(2-aminocarbonylethyl)aminobenzoxazoles (VIa). A 15-ml sample of concentrated
hydrochloric acid was added in portions with stirring at 0-5°C to 10 mmole of 2-bis(2-cyano-~
ethyl) aminobenzoxazole, after which the mixture was stirred for another hour and allowed to
stand at room- temperature for 2 days. The mixture was then poured into 200 g of crushed ice,
and the aqueous mixture was neutralized with ammonia. The mixture was then allowed to stand
in a refrigerator, and the resulting precipitate was recrystallized from benzene.

2-(3-0xobutyl)aminobenzoxazole Thiosemicarbazones (VIIIa, b). A solution of 10 mmole
of the thiosemicarbazide in 10 ml of water was added to a2 solution of 10 mmole of 2-(3-oxo-
butyl) aminobenzoxazole in 10 ml of ethanol, and the solution was refluxed for 2-3 h. It was
then cooled, and the resulting precipitate was removed by filtration, washed, dried, and re-
crystallized from aqueous ethanol (1:1).

2-0xo-4-methoxycarbonylpyrimido[2,1-b]benzoxazoles (XIa-f). A 15-mmole sample of di-
methyl acetylene dicarboxylate was added to a solution of 10 mmole of the corresponding
2-aminobenzoxazole in 20 ml of absolute ethancl, and the mixture was refluxed for 40 min [2
h for the 5(6)-chloro derivative, 3 h for the 6-bromo derivative, and 10-12 h for the 5(6)-
nitro derivative]. The precipitate that resulted upon cooling was removed by filtration,
dried, and recrystallized from methanol.

2-0Oxopyrimido{2,l-b]benzoxazoles (XIg-j). A 15-mmole sample of ethyl propiolate was
added to a solution of 10 mmole of the corresponding 2-aminobenzoxazole in 20 ml of absolute
ethanol, and the mixture was refluxed for 6 h [12 h for the 5(6)-chloro derivative]. Cooling
gave a precipitate, which was removed by filtration and recrystallized from methanol.

6-Nitro-3-(1,2-dimethoxycarbonylethylene)-2-iminobenzoxazolene (X). A 10-mmole sample
of dimethyl acetylenedicarboxylate was added to a solution of 5 mmole of 6-nitro~2-amino-
benzoxazole in 20 ml of absolute ethanol, and the mixture was refluxed for 6 h. The solvent
was removed by distillation, and the residue was recrystallized from dichloroethane.

The authors thank the co-workers of the laboratory for analysis of the chemistry depart-
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Moscow State Unijversity.
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