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Depending on the reaction conditions, the bromination of 3-acyl-5-hydroxybenzo-
furans leads to 4-bromo and 4,6-dibromo derivatives, whereas chlorination leads
to replacement of the hydrogen atom in the 4 position. As in the nitration of
3-acyl-5-hydroxybenzofurans with a nitrating mixture, 3-acyl-4,6-dinitro-5-hy-
droxybenzofurans are formed in the nitration of 3-acyl-5-hydroxybenzofurans with
nitric acid.

Previously, in the bromination and nitration of 2(3)-phenyl-5(6)-hydroxybenzofurans
it was established that the substituents are incorporated primarily in the benzene ring,
whereas the acetoxy derivatives of the same benzofurans are brominated and nitrated in the
free position of the furan ring [1].

In the present research we studied the halogenation and nitration of 3-acyl-5-hydroxy-
(Ia~c) and 3-acyl-5-acetoxybenzofurans (IIa-c). The latter were obtained in quantitative
vields by the action of excess acetic anhydride on 3-acyl-5-hydroxybenzofurans (Ia-c) in
the presence of catalytic amounts of sulfuric acid.

4~Bromobenzofurans IIIa-c rather than 6-bromobenzofurans, which were previously ob- -
tained in the bromination of 2-methyl-3-ethoxycarbonyl-5-hydroxybenzofurans under the same
conditions [2, 3], are formed in the bromination of Ia-c with an equimolar amount of bromine
at room temperature in both chloroform and acetic acid. Consequently, in contrast to an
ethoxycarbonyl substituent, an acyl substituent in the 3 position does not offer steric
hindrance to incorporation of a bromine atom in the 4 position. A similar reaction with
excess bromine and heating leads to the corresponding 3-acyl-4,6-dibromo-5-hydroxybenzofurans
(IVa-c). The introduction of an electron-acceptor substituent at the hydroxy group of benzo-
furans decreases the reactivities of the latter. Thus 3-acyl-5-acetoxybenzofurans IIa-c
do not undergo bromination under similar conditions.

It has been previously shown [2, 3] that mixtures of chlorination products, from
which 4-chlorobenzofuran derivatives could be isolated, are formed in the chlorination of
substituted 3-ethoxycarbonyl-5-hydroxybenzofurans with chlorine in chloroferm. We have
found that exclusively 3-acyl-4-chlorobenzofuran derivatives (Va, b) are formed in the
chlorination of Ia, b with sulfuryl chloride at —5 to —10°C.

According to the results of thin-layer chromatography (TLC), mixtures of substances,
from which 3-acyl-4,6-dinitro-5-hydroxybenzofurans (VIa-c) were isolated in 61-75% yields
by fractional crystallization, are formed by the action of nitriec acid (sp. gr. 1.35) in
acetic acid on 3-acyl-5-hydroxybenzofurans (Ia-c) at room temperature. However, the corre-
sponding 5-acetoxy derivatives IIa-c do not undergo nitration under similar conditions.
Mononitro derivatives could not be isolated by nitration under various conditions of 2,3-
dimethyl- and 2,3-diphenyl-5-hydroxybenzofurans [4, 5] and 2-methyl-3-ethoxycarbonyl-5-
oxyindole derivatives [6, 7]. It has also been reported that replacement of the hydroxy
groups by an O-acetyl group affected the orientation in the nitration of indole derivatives
and that only the 6-nitro isomer was obtained in 17% yield in the case of 1,2-dimethyl-3-
ethoxycarbonyl-5-acetoxyindole. A nitro compound could not be obtained at all when the
acetyl group was replaced by a benzoyl group [6].

3-Acyl-4,6~dinitro-5-hydroxybenzofurans (VIa-c) were also obtained in the nitration
of 3-acyl-5-acetoxybenzofurans IIa-c under more severe conditions. Hydrolysis of the
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TABLE 1. Characteristics of the Synthesized Compounds

Com-| mp,2 Found, % Empirical Cale,, % Yield,
pound C I H !Br (Cl)| N formula C I H |Br (Cl)‘ N %
a{ 8384 |732] 46| — | — | CyHiOs 729] 43| — | — |100
Ilb | 93—94 |73,1| 471 — | — | CisHuOs 735| 48| — | — |100
Ilc [105—106|70,0| 47 | — | — | CisHuOs 69,71 46 | — | — |100
112 | 168—170(56,7| 3,1 | 252 { — | CisHeBrOs 56,8{ 29| 252 | — | 763
11D | 155—157(57,9] 3,4 | 242 | — | CiHuBrOs 58.0| 3.4 | 241 | — | 725
1II1€ | 147—148} 55,3} 3,5 | 23,0 | — | CisH;;BrO, 554 3,2 | 231 | — | 836
IVa | 141—142] 45,9 2,3 | 40,1 | — | CisHsBrs0s 4551 2.0 | 404 | — | 910
1vb {176—178[46,7| 2,5 | 39,7 | — | CisHioBrsOs 4691 25| 39,0 | — | 684
Ve | 158—159{45,1| 2.4 { 37,1 | — | CsH1oBr;O4 451 24| 375 | — | 74,5
Va|159—160]66,0] 2,8 {(12,2)| — | CisHeCIOs 66,11 3,3 1(13,0)} — | 95,6
Vb | 132—133|67,0{ 3.9 |[(11,6) | — | CieHnClOs 67,0] 39 |(124)| — | 67.3
Via | 209—210|549] 25 | — | 87| C;sHsON, 54,9| 25| — | 85| 76,68
i 51,3¢
VIb [227—008]|56,2| 3,1 | — | 7.0 | CjeH,O:N, 562|291 — |82 61,4
_ 44,1¢
vic | 203—204(53,61 27| — | 7.5 | CisHieOsN2 53,6| 28| -— | 7.8 75,4
50¢

2gee the experimental section for the crystallization sol-
vents. PObtained from Ia-c. CObtained from IIa-c.

acetoxy group of the benzofurans probably occurs initially under the reaction conditions,
after which the resulting 3=acyl-5-hydroxybenzofurans Ia-c undergo nitration.
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Thus, as in the case of 5-hydroxyindole derivatives [8], the result of the presence of
a strong donor substituent in the benzene ring of benzofurans is that precisely this sub-
stituent determines the site of attack by the electrophilic agent: In the chlorination and
bromination of 3-acyl-5-hydroxybenzofurans Ia-c the substituents first enter the 4 position
and then enter the 6 position, and only 4,6-dinitro derivatives could be obtained in the case
of nitration. The inertness of the free 2 position in 3-acyl-5-hydroxybenzofurans Ia-c with
respect to electrophilic agents is evidently also associated with the deactivating effect
of the electron-acceptor substituent in the 3 position.

The structures of the compounds obtained were confirmed by PMR spectroscopy (Table 2).
To assign the signals we used the spectra of 3-(p-methoxybenzoyl)~5-acetoxybenzofuran (Ilc).
All conclusions regarding the structures of the investigated compounds follow from the
multiplicities of the signals in the aromatic part of the spectra.

In addition to a singlet of a proton attached to the C(z) atom (8.1-8.38 ppm), either
two doublets (for IIIb, ¢ and Vb, Jpyg = 9 Hz) or one doublet (for IIIa and Va, J = 9 Hz)
stand out in the PMR spectra of IIla-c and Va, b in the region of signals of aromatic pro-
tons. These signals can correspond only tc the ortho protons in 6 and 7 positions. Conse-
quently, the halogen is in the 4 position in IIIa~c and Va, b. It follows from an examina-
tion of the PMR spectra of nitration products VIa-c that the reaction proceeds with the
formation of disubstituted compounds: Only singlet signals at 8.78-9.02 ppm, which belong
to the protons attached to the C(z) and C(,) atoms, are observed in the spectra.
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TABLE 2.
and V-VII

'H Chemical Shifts of II, III,

(8, ppm)

Com-
pound @

Cia)

Ce)

€

11aP
111b
C

Il\[lab
Vb
Via
Vib
Vic

Vil
11c®

o

ZMS 6.89 q
7,92 7,124

4The solvents used to obtain the spectra
were (CD3),CO for IIc, IIla-c, and VIa-c
and (CD3) 250 for Va, b and VII. PFor
IiTa-c, 6pg = 8.50-8.60 ppm, as compared
with 9.95-10.5 ppm for Va, b. CFor IIlc,
SococH, = 2.28 ppm, Je,7 = 9 Hz, and
Js,g = 2.5 Hz.
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4,6-Dinitro~5~hydroxybenzofuran derivatives Via~c are formed in the nitration of 3-acyl-
5-acetoxybenzofurans; this is confirmed by the absence of signals of an acetoxy group in the
PMR spectra.

EXPERIMENTAL

The PMR spectra were recorded with a Varian XL-100 spectrometer with tetramethylsilane
as the internal standard. The purity of the isolated substances was verified by thin-layer
chromatography (TLC) on Silufol UV-254 plates in a benzene—acetone system (9:1) with develop-
ment in UV light. The molecular masses of Va, b were confirmed by determination of the
molecular ions with a Varian MAT-112 mass spectrometer (70 eV) with direct introduction of
the samples into the ion source.

3-Acyl-5-hydroxybenzofurans Ia-c were obtained by the method described in [9].

3-Acyl-5-acetoxybenzofurans (Ila-c). A 10-ml (0.1 mole) sample of acetic anhydride and
0.1 ml of concentrated H,S0, were added to 0.0l mole of Ia-c, and the mixture was maintained
at room temperature for 2 h, after which it was poured into 100 ml of water. The resulting
precipitate was separated, washed on the filter with water, dried, and crystallized from
isopropyl alcohol (Table 1),

3~Acyl-4-bromo-5-hydroxybenzofurans (IIla-c). A solution of 1.6 g (0.0l mole) of
bromine in 10 ml of glacial acetic acid was added gradually with stirring at room temperature
to a suspension of 0,01 mole of Ia-c¢ in 20 ml of glacial acetic acid, and the mixture was
stirred for 5 h. The product was removed by filtration, washed with water, dried, and re-
crystallized from isopropyl alcohol (Table 1).

3-Acyl-4,6-dibromo-5-hydroxybenzofurans (IVa-c¢). A solution of 4.8 g (0.03 mole) of
bromine in 15 ml of chloroform was added at room temperature to a suspension of 0.0l mole
of benzofuran Ia-c in 25 ml of chloroform, and the mixture was refluxed for 3 h and stirred
at room temperature for 3-4 h. The undissolved impurity was removed by filtration, and
the filtrate was washed with water and dried with magnesium sulfate. The chloroform was
removed by vacuum distillation, and the residue was recrystallized from isopropyl alcohol.
Compound IVb was crystallized from carbon tetrachloride (Table 1).

3-Acyl-4~chloro-5-hydroxybenzofurans (Va, b). A solution of 1.35 g (0.0l mole) of
sulfuryl chloride in 3 ml of chloroform was added gradually at —5-10°C to a suspension of
0.01 mole of benzofuran Ia, b in 30 ml of chloroform, and the mixture was stirred at this
temperature for 2 h. The cooling bath was removed, and the reaction mixture was allowed
to stand at room temperature for 15-18 h. The reaction product was removed by filtration,
the chloroform was removed by distillation, and the residue was combined with the crystals
that precipitated from the reaction mixture. This mixture was recrystallized from carbon
tetrachloride (Table 1).
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3-Acyl-4,6-dinitro-5-hydroxybenzofurans (VIa-c). A) A solution of 0.03 mole of nitric
acid was added gradually with stirring at room temperature to a suspension of 0.0l mole of
benzofuran Ia-c in 20 ml of glacial acetic acid, and the mixture was stirred for 5 h. The
precipitate was removed by filtration, washed on the filter with water, and recrystallized
from ethyl acetate (Table 1).

B) A cooled (to 0-5°C) nitrating mixture, prepared from 1 ml of concentrated nitric
acid and 1.4 ml of concentrated sulfuric acid, was added dropwise at 10-15°C to a solution
of 0.0l mole of IIa-c¢ in 20 ml of glacial acetic acid, and the mixture was stirred at room
temperature for 5 h. The resulting precipitate was removed by filtration, washed on the
filter with water, dried, and recrystallized from ethyl acetate (Table 1).

No melting-point depression was observed for a mixture of samples obtained by methods
A and B.
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SYNTHESIS OF NEW UNCONDENSED BIHETEROCYCLIC COMPOUNDS —
2, 2-DIMETHYLTETRAHYDROPYRAN DERIVATIVES

R. S. Vartanyan and Zh. V. Kazaryan UDC 547.811+547.7.772+547.8.853+
547.8.89

A method for the synthesis-of a-ethoxymethylene-B-(2,2-dimethyltetrahydro-4-
pyranyl)-B-oxopropionate is proposed. New uncondensed biheterocyclic compounds
were obtained on the basis of the latter. A fundamental difference in the behavior
of this system with 1,2-, 1,3-, and 1,4-binucleophiles is demonstrated.

The synthesis of ethoxymethylene derivatives in order to use them in heterocyclization
reactions to give uncondensed biheterocycles was a continuation of research on B-keto esters
of the tetrahydropyran series.

An ethoxymethylene derivative of a B-keto ester was obtained by the method in [1] on the
basis of ethyl B-(2,2-dimethyltetrahydro-4-pyranyl)-B-oxopropionate [2].
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