SYNTHESIS OF SUBSTITUTED 1,3-BENZOXAZIN-4-ONES
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The heterocyclization of 2-hydroxybenzoic acid anilides with acetylene in the

presence of a catalyzing mixture of potassium hydroxide with cadmium oxide or

cadmium acetate alone gives o-, m-, and p-vinyloxy-substituted 1,3-benzoxazin-
4-ones.
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We have previously obtained [1] the previously unknown 2-methyl-3-(p-vinyloxyphenyl)-
2,3-dihydro-4H-1,3-benzoxazin-4-one (IIa) from acetylene and 2-hydroxybenzoic acid p-hydroxy-
anilide (Ia). The present research was devoted to a search for conditions for the syn-
thesis of new vinyl derivatives of the benzoxazine series by the reaction of 2-hydroxy-
benzoic acid anilides (Ia-d) and 2-hydroxybenzoic acid vinyloxyanilides (III) with acetylene.
We also investigated the effect of the position of the hydroxy or vinyloxy group in the
benzene ring of the amide fragment of starting anilides Ta-d on the yields of p-, m-, and
o-vinyloxyphenyl-substituted 1,3-benzoxazinones IIa-d.

Starting hydroxyanilides Ia-c contain several centers that are capable of nucleophilic
addition to acetylene. 1In this connection, in the reaction with acetylene in the presence
of a potassium hydroxide catalyst, which is widely used in reactions of this type, one
might have expected the formation of vinylaryl ethers of salicylanilides, the structure of
which is determined by the position of the vinyloxy group in the benzene ring of the anilide
or acid fragments, as well as the 0,0- or 0,N-divinyl derivatives of the investigated
hydroxyanilides I.

Thus, Z2-hydroxybenzoic acid p-vinyloxyanilide (IIla) and 2-vinyloxybenzoic acid p-
hydroxyanilide (IV) are obtained in very low yields in the vinylation of hydroxyanilide Ia
in the presence of KOH. p-Vinyloxyaniline and a large amount of resinification products
were also isolated from the reaction mixture.
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To solve the problem of the position of the vinyloxy group in ethers III and IV we
carried out the alternative synthesis of ether II1 by the reaction of p-vinyloxyanilide with
2-hydroxybenzoyl chloride and ether IV by the action of 2-vinyloxyphenyl benzoate on p-
aminophenol. Their constants were in agreement with the data on the ethers isolated from
the reaction mixture in the vinylation of hydroxyanilide Ta with potassium hydroxide, and
their IR spectra were completely identical.

Absorption at 1146-1155 em™" (C—0-C), a broad band at 3300-3380 cm™' (OH and NH),
and bands at 1640-1654 cm * (CO and C=C) appear in the IR spectra of all of the synthesized
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TABLE 1. Characteristics of the Synthesized Compounds

(I1-V)

Com- , mp or bp Found, ™ | Enpirical Calew % | yierd
pound K (mm), " C formula ——| Ty

¢ |H 'N c ,H N

[la | p-OCH=:Cll, 101—102 {723 |54 {49 | C/HNOs 726 154 [50 | 54
Ib* | m-OCH=CH, 200(45) 1725 |52 [50 | CyHeNO, 1726 154 [50 | 68
lew 1 o-CH=CH, 210(3) 724 |53 |4.8 | CrHisNO; | 72,6 154 |50 | 60
1d ¥ H 80—82 75,0 154 15,9 | C;sH;3NO, 753 |55 |59 | 35
Ilia | p-OCH==CH, 140—142 [70,1-5.3 |53 | CisHsNOs  |70.6 |5.1 [55 | 92
b | m-OCH==CH, 120124 |709 |55 (5.2 | CsH\sNO; (7006 {5.1 |55 | 90
1ile 0-OCH=CH, 85—87 70,3 |5,3 |56 | CisH3NO; 70,6 15,1 {55 50
v - 153—155 70,7 {53 152 | C,sHsNO; 706 (5.1 |55 | 11
v n-OCqH; 134136 [72.2 15,8 [5.0 | C;H,;NO; |72.0 |60 [5.0] 90

*The n>° and d2° values are presented in the experimental

sectiomn.
tCrystallized from heptane [mp 78-80°C (from alcohol) [4]1].

ethers IITa-c and IV.

In the PMR spectra of ethers III and IV the chemical shifts of the protons of the
vinyl groups and the spin-spin coupling constants (SSCC) (for ITIa: 4.37, 4.68, and 6.62

ppm, and JAB = 1.5, JAX = 5.5, and JBX = 13.5 Hz; for IV: 4.56, 4.87, and 6.65 ppm, and

JAB = 2.0, JAX = 5.5, and JBX = 13.5 Hz) are close to one another, and this confirms that

the vinyl group in these ethers is attached to the oxygen atom.

We were able to direct the process to favor the synthesis of 1,3-benzoxazin-4-ones Ila-d
by the addition of cadmium oxide to the alkaline catalyst. The reaction was carried out in
organic solvents (dioxane, dimethoxyethane, DMSO, and benzene) at 195 * 15°C; in this case
para isomer Ia underwent 547 conversion to benzoxazinone IIa, whereas the yield of the
benzoxazinone was 43% in the case of catalysis with cadmium acetate [1]. 1In contrast to
anilide Ia, m— and o-hydroxyanilides Ib, c react readily with acetylene in the presence of
cadmium acetate to give benzoxazinones IIb, ¢ in up to 60-70% yields. The yields of 1,3~
benzoxazinones IIb, ¢ are doubled when a catalyzing mixture of KOH and CdO is used.

The formation of vinyloxyphenyl-substituted 1,3-benzoxazinones that are identical to
1,3-benzoxazinones Ila-c obtained directly from hydroxyanilides Ia-c and acetylene in one
step is also observed in the reaction of vinyloxyanilides IIla-c with acetylene; the yield
of benzoxazinone meta isomer IIb is also considerably higher than the yields of the ortho
and para isomers in this case.

The higher yield of meta isomer IIb is evidently due to weakening of the electron-
donor character of the OH and OCH=CH. groups in the meta position of the aromatic ring of
substituted anilides [2, 3], which leads to an increase in the relative acidity of the
secondary amido group and to an increase in the possibility of the occurrence of the
reaction at this reaction center. However, an increase in the basic properties of the
amido group hinders heterocyclization. Thus as compared with anilides Ia-d, 2-hydroxybenzam-
ide upon reaction with acetylene does not form a benzoxazine system either in the case of
catalysis with cadmium acetate or in the presence of potassium hydroxide with cadmium oxide.
Heterocyclization of unsubstituted 2-hydroxybenzoic acid anilide Id with acetylene under
similar conditions leads to the known 2-methyl-3-phenyl-2,3-dihydro-4H-1,3-benzoxazin-4-one
(11d) in 357 yield.

Replacement of cadmium oxide by zinc oxide or the use of only cadmium oxide without the
addition of potassium hydroxide does not promote the formation of cyclization products in
the reaction of hydroxyanilides Ia-d with acetylene.

As compared with the IR spectra of starting anilides Ta-d, new absorption bands at
3060-3070, 1630-1642, and 945-960 cm~', which are due to the presence of a CH=CH, group,
appear in the IR spectra of IIa-c, the band at 1670 cm™' (CO) is retained, and the broad
absorption bands of NH and OH groups vanish. The chemical shifts of the protons and the
SSCC in the PMR spectra of benzoxazines IIa-d are presented in Table 2.

380



TABLE 2. PMR Spectra of 1,3-Benzoxazinones

Com- Chemical shifts, ppm SSCC, Hz
pound
Hy l Hy l Hy ( 2-H | 2»CH3| 5-H ICSH‘* AB l AX l BX Icnucm
I1c¢ | 425 {456 | 641 | 567 1,31 7,88 | 7,11 20 6,0 14,0 5,0
116 425 | 462 1 648 | 563 1,32 7,83 | 6,83 1,5 6,5 14,2 6,0
[Ta 440 | 4,72 | 6,60 | 5,70 1,47 791 | 7,08 1,8 6.6 14,0 6,2
i1d — — — 5,67 1,41 7,87 | 7,21 — — — 6,0

*Center of a multiplet.

The hydrogenation of 1,3-benzoxazinone IIa over Raney nickel at room temperature leads
to the known ethyl derivative [4]. This additionally proves the presence of a vinyl group
in IIa. :

It should be noted that vinyloxyanilines, the properties of which are in complete
agreement with the data in [5], are always present in small amounts in the reaction mixtures
in the formation of benzoxazinones IIa-c. We assume that their formation is possible due to
cleavage of the oxazine ring, which, according to the data in [6], is particularly appre-
ciable when KOH is used in the catalytic system. However, we were unable to detect the
presence of 0,0- or N,0-divinyl derivatives of anilides Ia-c¢ in a single case.

On the basis of our studies and the literature data [7, 8] we assume that the hetero-
cyclization of hydroxyanilides I with acetylene proceeds through a step involving the
formation of the N-vinyl derivative of 2-hydroxybenzoic acid anilide, which undergoes
rapid recyclization to a benzoxazine system. An attempt to realize the heterocyclization
of vinyl ether IV with the aid of the KOH/CAO catalytic system or cadmium acetate alone in
the absence of acetylene was unsuccessful. The probability of the reaction of acetylene
with the OH group in the ortho position relative to the amido group of anilides I is
evidently decreased by its participation in the formation of strong hydrogen bonds with the
carbonyl group of the acid fragment. Moreover, it is known that the condensation of amides
with the CH.=CHO group of vinyl ethers proceeds under acid-catalysis conditioms [9]. All of
this confirms the high reactivity of the N-vinyl product under the conditions of our experi-
ments.

EXPERIMENTAL

The PMR spectra of solutions of the compounds in CCl, were recorded with a Tesla BS-487
spectrometer with hexamethyldisiloxane as the internal standard. The IR spectra of KBr
pellets and microlayers of the compounds were recorded with a UR-20 spectrometer. The
purity of the products was verified by thin-layer chromatography (TLC) on aluminum oxide.

2-Hydroxybenzoic Acid Anilides Ia-d. These compounds were obtained in 80-957 yields
by acylation of p-, m—, and o—aminophenols and aniline with salicylyl chloride in the
presence of triethylamine. The constants of anilide Id and hydroxyanilides Ia,c were in
agreement with the data in [10-12]. m-Hydroxyanilide Ib, with mp 180-183°C (from tcluene),
was obtained in 64% yield. Pound: C 68.3; H 4.6; N 6.0%. C;,H,;NOs. Calculated: C 68.1;
H 4.8; N 6.1%.

2-Methyl-3-(p-vinyloxyphenyl)-2,3-dihydro-4H-1,3-benzoxazin-4-one (IIa). A) A mixture
of 11.5 g (0.05 mole) of hydroxyanilide Ia, 1.4 g (0.025 mole) of ROH, and 1.3 g (0.01 mole)
of CdO in 100 ml of dioxane was heated in an autoclave with acetylene under a pressure of
11-12 atm at 200°C for 1-1,5 h, after which . it was distilled in vacuo to give 7.6 of

benzoxazinone IIa with Rf 0.37 [ether—hexane (2.3:1)].

B) A mixture of 5.7 g (0.025 mole) of anilide Ia and 2.6 g (0.01 mole) of cadmium
acetate in dioxane was heated in an autoclave with acetylene at 200°C for 1 h. Workup gave
3 g of benzoxazinone IIa.

Similarly obtained were benzoazinones IIb,c, which, after vacuum distillation, were
purified to remove the vinyloxyanilines by TLC by elution of the corresponding spots from
aluminum oxide with ether. 2-Methyl-3-(m-vinyloxyphenyl)-2,3~dihydro-4H-1,3-benzoxazin-4-

one (IIb). This compound had nBO 1.6018, dz° 1.3112, and Rp 0.46 [ether—hexane (2.3:1)].

2-Methyl-3-(o~vinyloxyphenyl)~2,63~-dihydro~4H-1,3-benzoxazin-4-one (IIc). This compound had
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ngo 1.5813, d2° 1.2619, and Rf 0.42 [ether—hexane (2.3:1)].

2-Hydroxybenzoic Acid p-Vinyloxyanilide (ITTa). A 10.4-g (0.066 mole) sample of salic-
ylyl chloride was added dropwise to —10 to —20°C to 8.9 g (0.66 mole) of p-vinyloxyaniline
and 6.7 g (0.066 mole) of triethylamine in 10 ml of acetone, and the reaction mixture was
poured into a mixture of ice and water. The precipitate was removed by filtration, washed
with water, and dried to give 15.7 g of ether IIIa,

Ethers II1b,c were similarly obtained.

2-Vinyloxybenzoic Acid p-Hydroxyanilide (IV). A 1.2-g (0.005 mole) sample of 2-
vinyloxyphenyl benzoate and 0.5 g (0.005 mole) of p-aminophenol in 5-7 ml of ethanol were
placed in an ampul, and the ampul was purged with mitrogen and heated at 200-210°C for 14 h.
The alecohol was then removed by distillation, and the residue was chromatographed with a
column filled with Al,05; [chloroformether (1:2)] to give 0.14 g of ether IV.

Reaction of p-Hydroxyanilide Ia with Acetylene in the Presence of KOH. A mixture of
8 g (0.034 mole) of hydroxyanilide Ia, 2.4 g (0.042 mole) of KOH, and 100 ml of benzene
was heated in an autoclave with acetylene under a pressure of 11-12 atm at 195-200°C for
1.5 h, after which the benzene solution was separated from the resin and treated with
petroleum ether, and the mixture was worked up to give 0.2 g (2.2%) of ether IV with R

£
0.33 [chloroform—ether (1:2)]. Workup of the mother liquor gave 0.15 g (1.7%) of ether IlIa

with Rf 0.54 [chloroform—ether (1:2)]. No melting-point depressions were observed for

mixtures of ethers II1a aund TV with samples obtained by alternative synthesis, and their IR
spectra were identical.

2-Methyl-3-(p-ethoxyphenyl)-2 3-dihydro-4H-dihydro-4H-1,3-benzoxazin-4-one (V). A
mixture of 2 g (0.007 mole) of benzoxazinone Ila and 1 g of Raney nickel in 50 ml of abso-
lute ethanol was placed in an autoclave (V = 0,25 liter), hydrogen was fed in from a
cylinder, and the autoclave was rotated for 4 h. Workup gave 1.9 g (90%) of benzoxazinone
V with mp 134-136°C (heptane) [mp 135-137°C (alcohol) [4]] and Rf 0.26 [hexane—ether (1:2.3)].

LITERATURE CITED

1. G. G. Skvortsova, Z. V. Stepanova, and L. V. Andriyankova, Khim. Geterotsikl. Soedin.,
No. 9, 1278 (1979). '

2, T. V. Kashik, G. V. Rassolova, Z. V. Stepanova, and V. V. Keiko, Zh. Org. Khim., 13,
1201 (1977).

3. T. V. Kashik, G. V. Rassolova, and S. M. Ponomareva, Zh. Org. Khim., 12, 584 (1976).

4. J. Finkelstein and E. Chiang, J. Med. Chem., No. 5, 1038 (1968).

5. M. F. Shostakovskii, G. G. Skvortsova, M. Ya. Samoilova, and Yu. M. Faershtein, Zh.

 Obshch. Khim., 31, 3226 (1961).

€. Satoda Isao, Fukui Tomidzuro, Yamamoto Yasuo, Mori Kadzuo, and Okumura Hidzo, J. Pharm.

Soc. Japan, No. 2, 218 (1962),

7. Syui Yui-u, S. S. Skorokhodov, and A. A. Vansheidt, Zh. Obshch. Khim., 33, 2932 (1963).
8. B. A. Trofimov, Usp. Khim., 50, 248 (1981).

9. M. G. Voronkov, N. A. Keiko, T. A. Kuznetsova, Yu. L. Frolov, I. D. Kalikhman, and

Yu. A, Chuvashev, Zh. Org. Khim., 16, 2043 (1980).

10, B. A. Kazanskii (editor), Organic Syntheses, Collective Vol. 4, Inostr. Lit., Moscow
(1953), p. 439.

11. M. V. Rubtsov and A. G. Baichikov, Synthetic Pharmaceutical Chemical Preparations
[in Russian], Meditsina, Moscow (1971), p. 68.

12. K. Nagarajan and R. K. Shah, Indian J. Chem., 11, 1047 (1973); Ref. Zh. Khim., 14Zh242
(1974).

382



