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Synthesis of benzodipyrandiones
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ABSTRACT

The reaction of hydroxycoumarins, flavones, isoflavones and chro-
mones with «, B-unsaturated aclds, in the presence of PPA has been
found to give a number of compounds whose struciures have been
elucidated on the basis of spectral data and the formation of 2, 4-
DNP derivatives.

1. INTRODUCTION

IN our previous publications we have reported that hydroxy coumarins,®> 2
flavones, isoflavones and chromones with acrylonitrile in the presence of
basic catalysts afford the corresponding O-propionitriles. Hydrolysis of
the latter with conc. hydrochloric acid yields the respective O-propionic
acids, which could be cyclised with PPA to give the appropriate benzo-
dipyrandiones.

The above method apart from being elaborate is not suitable for the
syntnesis of benzodipyrandiones having alkyl substituents in the pyra-
none ring as the corresponding acrylonitriles are not easily available. Hence
a shorter and convenient route described here for this synthesis is to heat
directly the hydroxybenzopyrone with the appropriate a, B-unsaturated
acid in the presence of PPA to yield the corresponding benzopyrandione
in about 15 ~ 30% yields.

6-Hydroxy-4-methylcoumarin® (A) was heated with acrylic acid in the
presence of PPA at 100-120°, when a brown mass was isolated which was
chromatographed over alumina. Elution with benzene afforded an orange
crystalline solid (C;3H,,0,), m.p. 210-12°, which was assigned the linear
structure I' on the basis of its NMR (CDCl,;)which showed two singlets at
8 7-29 and § 7-46 for C; and C,, protons respectively. 2, 4-DNP, m.p.
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298-300°. The second compound eluted with chloroforms was a yellow
crystalline solid having the molecular formula C,H,,0,, m.p. 235-37°
was assigned the ester structure (II a).

The reaction of (A) with a-methylacrylic acid in the presence of PPA
afforded a single compound (I[ 6) m.p. 105-07°, which was found to be
the corresponding acrylate,

Crotonic acid reacted with (A) under identical conditions to give a
vellowish-brown solid, m.p. 142-43°. Tts structure (Il ¢) was consistent
with its spectral data.

B, B~Dimethy1acrylic acid with (A) gave a yellow oil, b.p. 135-36°/3-3-5
mm. which was found to be the corresponding acrylate (II d).

The reaction of 7-hydroxycoumarint® (B) with acrylic acid in the
presence of PPA yielded two compounds which were separated by column
chromatog -aphy over alumina. |

The first compound eluted with benzene, m.p. 207-09°, was assigned
the linear structure (111 @), 2, 4-DNP, m.p. 291-92°. The second compound
eluted with benzene-ether (1:1), m.p. 216-18°, was assigned the angular
structure (IV a)!, 2, 4-DNP, m.p. 286-88°. Under identical conditions (B)
reacted with a-methylacrylic acid to give a white solid, m.p. 125-28° (II ).
Attempts to cyclise the latter resulted in the hydrolysis of the ester group.

With crotonic acid, the coumarin (B) rcacted in the presence of PPA
to afford a single compound, m.p. 92-94°, which was purified by chromato-
g:aphy over alumina. The structure (IV b) was assigned to it from its
analytical and spectral data and the formation of 2, 4-DNP (m.p. 265-67°).

Condensation of (B) with f, p-dimethylacrylic acid in the presence of
PPA failed to yield a pure substance. However, when (B} was reacted
with B, B-dimethylacrylic acid in the presence of zinc chloride and phosphorus
oxychloride at room temperature for 48 hr., a white solid having the mole-
cular composition. C,,H,,0, was isolated in 35% yield. Its NMR (CDCly)
showed a singlet at 8 3:05 for methylene protons. Its ir. did not show
a keto band around 1680 cnr?, but a band at 1740 cm was observed. It
did not give a 2, 4DNP. From the above data the compound was assigned
the dihydrocoumarin structure (V). |

The reaction of 7-hdroxy-4-methylcoumarin (C). with acrylic -acid
n the presence of PPA yielded three compounds which were separated by
chromatography . over. alumina. - '
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R=CH,; R; = 0.COCH = CH,; R: = H,
R=CH;; R, =0.COC =CH,; R. =H
l

CH,
(0 R=CH, R, =0.CO.CH =CH; R, = H.
|
CHs
CHs
(d) R = CH:;; Rl = O.CO.CH = C C > RZ = H-
H
(¢) R=R,=H;R,=0.CO.C =CH,
|

CH
(f) R =CHy; R, =H; R, = 0.CO.CH = CH,.
(&) R =CH;; R, =H; R; = 0.C0.C = CH:

éHs

() R =CH,; R; =H; R, = 0.CO.CH = CH

|
CH,

/CH3
CH;

(@R =H (@) R =R, =H.

(6) R = CH, - ()) R = H; R = CH,
(C) R=CH3; R1=H
(d) R = Ry = CH;,.

Elution with benzene gave the previously reported linear benzodipyran-
dione (III )2, m.p. 235-37°, 2, 4-DNP, m.p. 297-98°, whilst the benzene-~
chloroform fraction (4:3), yielded the known angular isomer (IV c¢)2, m.p.
244-46°, 2, 4-DNP, m.p. 292°. From the chloroform fraction, the acry-
late (I1f), m.p. 312-13° was isolated in 159 yield.

Under identical conditions (C) with a-methylacrylic acid gave an
acrylate (II g), m.p. 177-80°.

Crotonic acid reacted with (C) under identical conditions to give two com-
vpounds which were separated by column chromatography over alumina
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@R=Ph; R,=Ry=H.
() R=Ph; R =H; R,=CH,.
(C) R = CHs; Rl =Ry =H,
(d) R=R,=CH;; R;=H.

VII

(@ R=Ph; R;=Ry;=H,
()R=Ph; R,=H; R,=CH,
() R=CHy; R, =Ph, Ry=H.
(d) R = Ry = CHy; R, = Ph,

(¢) R=R;=Ph; Ry=H,

() R=R;=Ph; R.=CH,

(&) R=CHi; R;=R,=H.

(h R =R, = CHjy; R;=H

The first compound eluted with benezne-chloroform (19:1 formed
colourless needles, m.p. 196-98°, having the molecular composition Cy,H;,0,.
The structure (IV d) was assigned to it from its analytical and spectral data
and the formation of 2, 4-DNP, mp. 290-91°. NMR (CF,COOH)
showed an AB pattern of two doublets at 8 7-3 and 8-1 corresponding to
the two aromatic protons. |

The second compound eluted with chloroform, mp. > 280° was
found to be the acrylate (II A).

B, B-Dimethylacrylic acid with (C) gave a yellow oil, b.p. 215-20%
3-3-5 mm, which was found to be the corresponding acrylate (II §).

From the mechanistic point of view, two competing reactions seem
to take place in the above synthesis. The first is the Michael addition of
the o, B-unsaturated acid to the phenolic~ OH followed by ring closure
to give -4 benzodipyrandione. Alternatively, it is also possible that a
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Friedel-Craft acylation occurs first at a favourable position and is followed
by ring closure. The second is the formation of acrylates (these are iso-
lated in many cases) which would be expected to undergo a Fries rearrange-
ment followed by cyclisation to give a coumarin derivative.

Thus, hydroxycoumarins with acrylic and crotonic acids afford the
benzodipyrandiones as well as the acrylates in some cases, but a-methyl-
acrylic- and B, B-dimethylacrylic-acids yield only the acrylates.

This reaction of e, B-unsaturated acids in presence of PPA was further
extended to 6-hydroxy-® 7-hydroxy-,"*  S-hydroxy-%!-1¢  flavones;
7-hydroxy-2-methyl-,'5-1? and 7-hydroxy-2-phenylisoflavones*” and 6~
hydroxy-2-methyl-8, ¥ 7-hydroxy-2-methyl-,20> 21 and 5-hydroxy-2-
methyl-3: 11 12, 22, 23 chromones. However, the reaction of acrylic acid
with 5-hydroxy-flavone and 5-hydroxy-2-methylchromone gave compounds
in poor yields (2, 4-DNP, m.p. 250-52° and 270-72° respectively). The
structures of these were based on spectral and analytical data, and the for-
mation of 2, 4-DNP derivatives. Surprisingly, the reaction of the above
compounds failed with a-methyl- and B, B-dimethyl-acrylic acids and the
original substances were recovered unchanged.

2. EXPERIMENTAL

All m.ps are uncorrected. IR. spectra were recorded on a Perkin-
Elmer 421 spectrophotometer, 60 MHz NMR spectra were recorded on a
Varian instrument. The homogeneity of compounds were ascertained by
T.L.C. on silica gel G plates using petrolethei-ethyl acetate (95 : 5) as the
solvent system. The spots were developed in an iodine chamber. Neutral
alumina was used for column chromatography.

REACTION OF HYDROXYBENZOPYRONL WITH a-B- -UNSATURATED ACID IN THE
PRESENCE OF PPA

To a mixture of phosphorus pentoxide (50 g)' and phosphoric acid
(25 mi) preheated at 100° for 0-5 hr was added the hydroxybenzopyrone (0-1
mole) and the «, p-unsaturated acid (0- 1 mole). The heating was
continued for 4-5hr more at 100-120 with occasional shaking. The
mixture was poured in water (500 ml), then extracted with chlorofrom,
washed with sodium hydroxide solution (10%), water and dried. Removal
of the solvent left behind a dalk semi-solid Wthh was purified by column
chromatogn aphy.

REACTION OF .7-HYDROXYCOUMARIN . WITH g, B-DIMETHYLACRYLIC ACID
N THE PRESENCE OF ZINC CHLORIDE AND PHOSPHORUS OXYCHLORIDE.

A mixture of -7-hydroxycoumarin (1-6g), B, ﬁ-dlmethylamyhc acid
(15 g), zinc chloride (4 g) and phosphorus oxychloride (15 ml) was shaken
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well and kept at room temperature for 48 hr. It was then decopmosed with
ice, when. a brownish-yellow solid separated. It was filtered, washed well
with sodium hydroxide solution (10%), water and dried. A pinkish-white
solid (V) (600 mg) was obtained, m.p. 123-25.

(Via):

(VII 0):

(VII c)%:

(VII ¢):

(V1c):

(VII g)*:

(VI b):

(VII b):

(VI d):
(VIL f):
(VId):

(VILR):

m.p. 180-82°** (benzene-pet. ether*); 2, 4-DNP; m.p.
254-56°,

m.p. 218-19°***#* (benzene-pet. ether); 2, 4-DNP; m.p.
250-51°.

m.p. 189-91°**** (ethyl acetate-pet. ether); 2, 4-DNP;
m.p. 268-70°.

m.p. 250-52°**** (benzene-pet. ether); 2, 4-DNP; m;p.
285-87°.

m.p. 189-90°*** (ethyl acetate-pet. cther); 2, 4-DNP,
m.p. 247-49°.

m.p. 183-85°**** (ethyl acetate-pet. ether); 2, 4-DNP;
m.p. 288-89°.

m.p. 205-07°*%* (benzene-pet. ether); 2, 4-DNP; m.p.
219-20°.  LR. (CHCl) 1685 (3C=0 chromanone),
1630 (>C=O flavone) cm™'; NMR (3, CDCl): 1-74

(34, d, C,CH-CH,), 3:1 (2H, s, C,CH,); 4'9 (IH, m,
C,CH), 70 (1H, s, CH), 74 ~ 79 (5H, m of CH; at
Cy), 7°98 (1H, d, G;H, J =10Hz), 834 (IH, d, CiH,
J = 10Hz).

m.p. 226-27°*%**** (alcohol); 2, 4-DNP; m.p. 264-65°
IR. (CHCL) 1680 (3C=0 chromanone), 1630 (3C=0
flavone); NMR (8, CDCly), 16 (3H, d, C,, CH-CH,),
275 (2H, d, Cy, CH,), 4-8 (IH, m, C; CH), 7-0 (IH,

d, CgH, J—-9Hz) 7-5~79 (5H, m ofCﬁHr, at C,),
§-33 (IH, d, CH, J = 9Hz2).

m.p. 216-17°**** (alcohol) 2, 4-DNP, m.p. 279-80°
m.p. 235-37°%*** (alcohol); 2, 4-DNP; m.p. 281-83°,

m.p. 192-93°** (benzene-pet. ether); 2, 4-DNP; m.p.
279-80°.

m.p. 180-82°%**** (benzene-pet. etlel) 2, 4-DNP; m
274-76°. -

* Pet, ether used throughout had b.p. 40-60°,
** Yellow needles.

#*#% Orange needles.

*¥xx*x Colourless needles.

*kx%* Brown needles,
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