CHEMISTRY OF HETEROANALOGS OF ISOFLAVONES
I. SYNTHESIS OF FURAN AND BENZOFURAN ANALOGS
OF ISOFLAVONES
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3-Hetaryl-7-methoxychromones were obtained by reaction of a~(5-ethoxycarbonyl-2-furyl)-,
o~-(2-benzofuryl)-, and ¢-(2-methoxy-carbonyl-5-benzofuryl)-2-hydroxy-4-methoxyacetophe-
nones with methyl formate or ethyl orthoformate, and 3-hetaryl-4-hydroxy-7-methoxy-cou~
marins were obtained by reaction of the same compounds with diethyl carbonate. Methods for
the synthesis of 3~-hetaryl-7-hydroxy-chromones from a~furyl- and a-benzofuryl-substituted,
2,4-dihydroxyacetophenones were investigated.

We have described the reactions of a-furyl- and a-benzofuryl-2,4-dihydroxyacetophenones with some
halides and anhydrides of carboxylic acids that lead to the formation of 2-substituted 3-hetarylchromones
{1-4]. In a continuation of these investigations we have studied reactions leading to furan and benzofuran
analogs of natural isoflavones that do not contain substitutents in the 2 position of the chromone system.
With this end in mind, we subjected a~-hetaryl-2-hydroxy-4-methoxyacetophenones (la-e) to reaction with
excess methyl formate in the presence of sodium tert-butoxide at 35-40° C via the Claisen condensation
(method A) (a similar reaction of o-hydroxyphenyl benzyl ketones with ethyl formate and sodium is known
[6]). Compounds II, which are formed in the first step, were converted to chromones containing 2-hydroxy-
chromanones III by treatment with an acid buffer (pH 0.5-1). 2-Hydroxychromanones IIl were readily de-
hydrated to chromones IV by heating the reaction mixture with alcoholic hydrochloric acid. The amounts of
contaminating 2-hydroxychromanones were insignificant in the case of the formation of chromones IVa,b.
On the other hand, in the closing of acetophenone Id intermediate IIld was present in large amounts. Treat-
ment of a~-formylacetophenone IId with 1% hydrochloric acid gave an individual compound, which apparently
is the corresponding 2-hydroxychromanone (IIId), inasmuch as chromone IVd was formed as a result of de~
hydration during its recrystallization from methanol or during the determination of its melting point. In
contrast to 2-hydroxy-3-hetarylchromanones, 2-hydroxyisoflavones are more stable and can be obtained in
analytically pure form [7].

In the reaction of ketones Ic,e with methyl formate, trans esterification of the ester group occurred
along with the formation of a chromone system, as a result of which chromones with melting points iden-
tical to the melting points of IVb and IVd were isolated. The fact that acetophenone Ic was converted to
chromone IVc on reaction with ethyl formate under similar conditions also served as proof of the observed
transesterification. Chromone IVe, like chromone 1Vb, was obtained from acetophenone Ic and methyl for-
mate, and reacts with ethanolamine to give the same compound (VII).

In order to obtain chromones IVa, b, d we also used another method {8] — acetophenones Ia, b,d were
heated in pyridine with ethyl orthoformate in the presence of catalytic amounts of piperidine (method B).
(See scheme on following page.)

3-Hetaryl-4-hydroxy-7-methoxycoumarins Va, ¢, d, the structure of which is confirmed by the UV and
IR spectra (Table 1), were obtained as a result of the reaction of ketones Ia, ¢, d with diethyl carbonate un-
der the conditions of the Claisen condensation with sodium tert-butoxide as the catalyst.
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The structures of the chromones obtained are confirmed
by the UV and IR spectra (Tables 2 and 3).
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TABLE 2. Furan and Benzofuran Analogs of Isoflavones (see the
formulas in the text})

I 'Found, |Cale., |Yield
Com- . y Empiri- % ’
pound | 1P Popay DI (- 1072 ‘calpfor- . %o % .
c mula | ¢ 'H|c H|{A.B
- :
IVa 204D 284 (3,88),295 (3,44), 308 (2,84) CisHiO4 73841 73,9; 41,81 {?3
IVbi225c] 289 (3,60) CieH120s 64,3/ 44 64,0‘ 40,90 |58
IVa|244 c| 272 (3,60), 283 (3.10), 305 (1,90) CooH 1405 | 68,8'4,1 68,61 4,01 89 185
IVej161d| 289 (3,36) C1HuOs | 65,0 4.6] 65,0, 4,5 70
Xa|201ej 275 (550), 300 (4,01),313 (3,92) CioH1205 71,0‘ 4071238 154
Xbi202e! 280 (3.40),305 (3,18) Ci7H 1207 | 62,0/ 4,0 62,21 3.7[ 172
X e{238e | 275 (2,85), 305 (1,50} iC72H|507 67,11 3,9,67,3 4.l! [68
iIX al308 f | 284 (3,70), 295 (3,52), 307 (3,00} WCiH0: 173,31 40734136 83 958
IXci231 d1 295 (3.25) CisHi205 163,8:4,11640 40 56 u??
IX D245 4| 298 (545 CisH100s 628 3,9 629 35; 9“8
IXdi304h ngngOa 6?6 38 679 3,6 88
Xe \256 b | 260 (4.20), 300 (2,50) CzuHuOs 68 5 39 686 40" 85

8 The UV spectra of Xa, b,e and IXc, b, e were obtained from
2.5+107% M solutions in ethanol, those of IVa~c and Xb were ob-
tained from solutions in ethanol-dioxane (40 :1), and that of IVd
was obtained from a dioxane solution. ° From propanol. ¢ From
dioxane. 9From ethanol. ©From benzene. fFrom butanol. & The
yield was based on the acetyl derivative. h From dimethylforma-
mide.
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EXPERIMENTAL

The UV spectra were recorded with Unicam SP-800 and SF~4A spectophotometers. The IR specira of
KBr pellets of the compounds were recorded with UR-10 and Unicam SP-200G spectrometers.

a~(5-Methoxycarbonyl-2-furyl)~2-hydroxy-4-methoxyacetophenone (Ib). A 1.14-ml (12 mmole) sample
of dimethyl sulfate and 4.95 g (36 mmole) of freshly calcined potassium carbonate were added to a hot solu~
tion of 3.3 g (12 mmole) of a-(5-methoxycarbonyl-2-furyl)-2,4-dihydroxyacetophenone [1] in 240 ml of ab~
solute benzene, after which the mixture was refluxed for 6 h. The inorganic precipitate was then removed
by filtration, the filtrate was acidified with three to four drops of glacial acetic acid, and the solution was
vacuum evaporated (with a water aspirator). The residue was crystallized from methanol to give 2.9 g
(83 %) of colorless needles with mp 97°. Found: C 61.8; H 5.1%. Cy5H;,Oq. Calculated: C 62.1, H 4.9%.
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a-(2-Ethoxycarbonyl-5-benzofuryl)~2-hydroxy-4-methoxyacetophenone (Ie). This compound was sim-
ilarly obtained from 2.6 g (7.65 mmole) of a-(2-ethoxycarbonyl-5-benzofuryl)-2,4-dihydroxyacetophenone
[3] in 120 ml of acetone, 0.8 ml (8.4 mmole) of dimethyl sulfate, and 3.17 g (23 mmole) of potassium car-
bonate. The yield of colorless needles with mp 135° (from alcohol) was 2.2 g (82%). Found: C 67.4; H 5.3 %.
CyHy50;. Calculated: C 67,7; H 5.1%.

3-Hetaryl-7-methoxychromones (IVa,b,d). Method A. A 10-mmole sample of sodium tert-butoxide
was added with stirring in an atmosphere of an inert gas to a cooled (to 0-3°) solution of 1 mmole of aceto-
phenone Ia-e in absolute methyl or ethyl formate. After 10-15 min, the mixture was heated to 35-40°, and
stirring was continued for 4-8 h. The solvent was then evaporated, and the calculated amount of an acid
buffer [concentrated hydrochloric acid—glacial acetic acid (1:1)] and 1-2 ml of water were added to the
dry residue. When this is done, the pH of the reaction mixture should be 0.5-1. The initially formed oil
solidified completely on standing. A solution or suspension of the reaction product in alcohol was refluxed
for 30 min with hydrochloric acid (0.5 ml of concentrated hydrochloric acid per gram of the compound),
after which the solution was cooled, and the resulting precipitate was removed by filtration and washed to
free it of acid.

Method B. A 1-mmole sample of acetophenone and 6 mmole of orthoformate ester were heated in
1 ml of absolute pyridine with two drops of piperidine at 120~130° for 1-4 h [the end of the reaction was
determined from a negative test of a sample of the reaction mixture with an alcohol solution of ferric chlo-
ride or by means of thin-layer chromatography (TLC) on Merck silica gel G in benzene—ethanol (90:10 or
95:5)]. The mixture was cooled, and the resulting precipitate was removed by filtration and washed suc-
cessively on the filter with a small amount of pyridine, alcohol, and ether.

3-[5-N-(2-Hydroxyethylcarbamido)-2-furyl]-7-methoxychromone (VII). A solution of 0.18 g (0.57
mmole) of chromone IVc and 0.18 ml (2.86 mmole) of ethanolamine in 1.6 ml of absolute alcohol was re-
fluxed for 3 h, after which the mixture was cooled, and the resulting precipitate was removed by filtration
to give 0.16 g (857%) of colorless needles with mp 192-5° (from methanol). Found: N 4.7%. Cy;H;5NOg.
Calculated: N4.3%. Compound VIIwas similarly obtained from chromone IVbin 35% yield (dioxane was used
as the solvent).

3-Hetaryl-4-hydroxy-7-methoxycoumaring (Va,c,d). A 10-mmole sample of sodium tert-butoxide
was added with stirring in an inert gas atmosphere at room temperature to a solution of 1 mmole of aceto-
phenone Ia,c,d in absolute diethyl carbonate, and the mixture was stirred at 120-130° for 4 h. The solvent
was then evaporated, and the dry residue was transferred to 40-50 ml of water. The mixture was acidified
with dilute hydrochloric acid to pH 2-3, and the resulting precipitate was removed by filtration.

3-Hetaryl-4-acetoxy-7-methoxycoumarins (Vla,c). A solution of 1 mmole of coumarin Va,c in 6 ml
of absolute acetic anhydride was refluxed for 10 min, after which the mixture was allowed to stand at room
temperature for 24 h. It was then added to ice water, and the resulting precipitate was removed by filtra-
tion and washed thoroughly with water. :

3-Hetaryl-7-hydroxychromones. Method A. The method used to prepare chromones IV was used to
obtain IXa, ¢ from o-hetaryl-2,4-dihydroxyacetophenones VIlla, ¢ and ethyl formate. After removal of the
ethyl formate, the reaction mixture was treated with the calculated amount of 1% hydrochloric acid. When
the intermediate 2-hydroxychromanone (of the III type) was present, the mixture was refluxed for ~30 min
in alcohol containing hydrochloric acid.

Method B. As in the preparation of chromones IV, IXa-e were obtained from acetophenones VIlla-e
and orthoformate ester in pyridine in the presence of a few drops of piperidine. Chromones IXc~e precipi-
tated at the end of the reaction, whereas chromones 1Xa, b were isolated by treatment of the reaction mix-~
tures with water, and the IXa, b were immediately converted to acetyl derivatives Xa, b by treatment with
acetic anhydride in pyridine at room temperature (4 moles of acetic anhydride per mole of chromone).
After 24 h, the resulting precipitate was removed by filtration and washed on the filter with ether. A 0.6~
ml sample of 5% sodium hydroxide solution was added to a hot acetone solution or suspension of 1 mmole
of 7-acetoxy derivative Xa, b, the solution was diluted to twice its volume with water, and the mixture was
refluxed for 5 min. It was then acidified with dilute hydrochloric acid, and the resulting precipitate was
removed by filtration from the cold solution.

3-(2-Benzofuryl)-7-hydroxychromone (IXa). Method C. A mixture of 0.58 g (2 mmole) of 1IVa and
2.08 g (18 mmole) of pyridine hydrochloride was heated at 170-180° for 8 h, after which it was added to
50 ml of water. The resulting precipitate was removed by filtration and washed thoroughly with water to
give 0.31 g (56 %) of IXa.
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Method D. A mixture of 1.05 g (3 mmole) of chromone XI and 3.12 g (27 mmole) of pyridine hydro-
chloride was heated at 180-170° for 10 h, after which it was added fo 70 m! of water, and the resulting pre-
cipitate was removed by filtration to give 0.5 g (60 %) of IXa.
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