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Abstract—Irradiation of 2-methyl 3-phenyl 5,6-dimethoxy-1-benzofuran-2,3-dicarb-
oxylate (5) gave 2,3-dimethoxybenzopyrano[4,3-c]benzopyran-5,11-dione (1b).

Dibenzonaphthyrones (1a), are isomeric with isoxindigos (2) and are usudly obtained from this group of
compounds in good yield by treatment with pyridine and refluxing methanol.* They have aso been
synthesised by treatment of 2,2-dimethoxyphenylsuccinonitrile or 2,2-dimethoxydicyanostilbene with
pyridine hydrochloride.? Dibenzonaphthyrones are, as well, isomeric with rotenonoids (3), 6-oxorotenoids
which have been found to co-occur with insecticidal rotenoids in plants.®®

la Ri=R2=R3=Rs=H 2 3 4
1b Ry =Rg4=H; Ro=Rs=OMe
1c Ry = i-Pr; Ry=H; R3 = R4 = OMe

In our efforts to synthesise rotenonoids, we focused on (3-rotenonoids (genera structure (4)) as the initiad
target molecules since their rearrangement to rotenonoids in aqueous akali is known,” and they seemed
quite amenable to synthesis. Fries rearrangement of the ester (5) should readily give compound (6) which,
on hydrolysis and lactonization, would provide the desired (7) (Scheme 1). We set out to synthesize
compound (5) by the pathway shown in Scheme 2, and then to effect Fries rearrangement.
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5, 6-Dimethoxy-3-methyl-1-benzofuran-2-carboxylic acid (8)° was methylated (Mel/K,CO,) to produce
ester (9) in 88% yield. Since direct oxidation of 9 with agueous KMnO, led only to starting acid, we



proceeded via dlyl bromide (11), formed in 51% vyied from (9) by N-bromosuccinimide (NBS)
bromination. Treatment of compound (11) with trimethylamine-N-oxide (TMANO) in DMF a room
temperature, yielded abright yellow solid in 50% yield. Thesinglet at 10.8 ppm in the *H-NMR spectrum
of this compound was clear evidence that aldehyde (1 2) had been obtained.
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Reagents: i) Mel, K,CO,, acetone ii) NBS, CCl, iii) TMANO, DMF iv) NBS, CCl,then phenol, py.

Scheme 2

Oxidation of 12 to the corresponding carboxylic acid (10) was attempted using Jones reagent but the ester
group was cleaved under these conditions. Diester (5) was thus prepared from 12 in 31% vyidd by
treatment with NBS (which yielded the acid bromide), and subsequent reaction in situ with phenol. IR
spectral absorptions a 1735 and 1715 cm*, and two downfield pesks at 158 and 161 ppm in the **C-NMR
spectrum of the product indicated the presence of two ester groups. The Fries rearrangement was then
pursued under photochemical conditions since, in our experience, ®*° these reactions were relatively clean.

A 0.2% solution of diester (5) in benzene/ethanol (1:1) was irradiated by sunlight, in an atmosphere of
nitrogen. The reaction progressed very slowly with only a trace of side products. **C-NMR spectral data
of the resultant bright orange-coloured product showed absence of the methoxy group of the
methoxycarbonyl, (expected to appear a 52 ppm). IR spectra data showed no absorption corresponding to
hydroxyl or keto groups. Therewere however pesks a 1744 and 1727 cm*, and from **C-NMR spectrd
data, the farthest downfield signals were two peaks at 158.2 and 158.3 ppm, indicating ester carbonyls.
DEPT 90 experimental data showed that six C-H bonds were present in the reaction product and MS
showed amolecular ion peak a 324 [HRMS caled for C,gH,,O; : 324.0634. Found: 324.0643].

The reaction product was nove 2, 3-dimethoxybenzopyrano[ 4, 3-c]benzopyran-5, 11-dione (1b) which had
been formed in 24% yield. Further confirmation of structure was obtained by the reactivity of the
compound and comparison with spectral properties of analogues.

Treatment with KOH/EtOH at reflux resulted in hydrolysis to a polar compound which, on acidification
with 0.5 M HCI resulted in reformation of the starting material. *H-NMR data comparison showed that for
unsubstituted dibenzonaphthyrone (1a), H, resonated at 9.26 ppm. When this proton was adjacent to the
electron-releasing methoxyl group as in compound (1c), there was a significant upfied shift of the
corresponding signal to 8.76 ppm.* Compound (1b) has H, adjacent to a methoxy!l group and H, on an
unsubstituted benzene ring, and, in accordance with the observation for compounds (1¢) and (1a), these



protons give rise to pesks a 8.79 and 9.20 ppm respectively. Compound (1a) exhibits IR spectrd
absorptions a 1725, 1605 and 1590 cm™*.® Correspondingly, compound (1b) showed IR spectra
absorptions at 1744, 1727, 1612 and 1578 cm*. We have not yet confirmed the mechanism of this
rearrangement, but we continue our investigation into the photochemistry of compounds of type 5.

EXPERIMENTAL

General

All mp areuncorrected. IR spectrawere obtained on aPerkin EImer 1600 FT-IR spectrophotometer and are
for KBr discs. NMR spectra (Bruker 200 MHz spectrometer) were determined in CDCI, solution and the
resonances are in 6 units downfiedd from TMS; J vaues are given in Hz. Elementd analyses were carried
out by MEDAC Ltd., Egham, Surrey, UK.

Methyl 5,6-dimethoxy-3-methyl-1-benzofuran-2-carboxylate (9)

To a solution of compound (8)® (0.26 g, 1.14 mmol) in dry acetone (12 mL) was added K,CO, (0.75 g,
5.41 mmol) with stirring, followed by iodomethane (0.39 mL, 6.26 mmol). This mixture was heated a
reflux for 6 h, then filtered and the filter cake was washed with hot acetone. The filtrate was concentrated
invacuo and the crude product was recrystdlised from MeOH to yidd 9 as light brown fluffy crystas
(0.24 g, 88%): mp 133-135°C; v, /et 1703, 1624, 1585; '"H NMR § 2.55 (1H, s, -CH.), 3.93 and 3.94
(each 3H, s, -O-CH,), 3.95 (3H, s, CO,CH.), 6.95 (1H, s, 7-H), 7.03 (1H, s, 4-H); *C NMR § 9.4,
51.7, 56.2, 56.2, 94.9, 100.9, 120.7, 126.5, 139.9, 147.1, 149.6, 151.1, 160.7. And. Cdcd for
C,.H,,O;: C, 62.38; H, 5.64. Found: C, 61.96; H, 5.61.

Methyl 3-bromomethyl-5,6-dimethoxy-1-benzofuran-2-carboxylate (11)

To compound (9) (2.0 g, 8.0 mmol) in carbon tetrachloride (41 mL) was added NBS (1.54 g, 8.70 mmol)
with stirring.  The reaction vessd was enclosed in a box and illuminated with a100 W bulb for 20 h. The
mixture was filtered and the filtrate was concentrated in vacuo. Recrystalisation of the crude product from
CHCI,/MeOH yielded 11, as straw-colored needles (1.6 g, 61%): mp 162°C; v, _/cm* 1732, 1684, 1670,
1621; '"H NMR & 3.90, 3.91 and 3.95 (each 3H, s, -OCH.), 4.99 (2H, s, -CH,-Br), 7.05 (1H, s, 7-H),
7.10 (1H, s, 4-H). Since dlyl bromides are known to be relatively unstable, this was used immediately.

Methyl 3-for myl-5,6-dimethoxy-1-benzofuran-2-carboxylate (12)

Compound (11) (1.56 g, 4.73 mmol) was added to amixture of anhydrous TMANO (1.45 g, 19.3 mmol)
in DMF (31 mL) with stirring. This mixture was stirred at rt for 2 h, then poured into a 10 % sdine
solution, and the ydlow precipitate formed was collected by filtration. This was recrystalised from
CHCI,/MeOH to yield 12 as bright yellow crystas (0.63 g, 50%): mp 175-177°C; v, /et 1720, 1679,
1621, 1566; '"H NMR & 3.90 and 3.95 (each 3H, s, -O-CH,), 4.09 (3H, s, -CO,CH.), 7.10 (1H, s, 7-H),



7.70 (1H, s, 4-H), 10.8 (1H, s, -CHO); 3C NMR & 52.9, 56.2, 56.3, 94.5, 103.0, 116.0, 125.1, 147.8,
149.0, 151.6, 158.9, 188.4. Anal. Calcd for C ,H,,0, : C, 59.08; H, 4.58. Found: C, 58.74; H, 4.54.

2-Methyl 3-phenyl 5,6-dimethoxy-1-benzofuran-2,3-dicarboxylate (5)

To compound (12) (400 mg, 1.52 mmol) in carbon tetrachloride (40 mL), was added NBS (362 mg, 2.03
mmol) with stirring.  This mixture was enclosed in a box and illuminated with a100 W bulb for 1.5 h and
then cooled. A solution of phenol (1.56 g, 0.02 mol) in pyridine (3 mL) was added with stirring and the
mixture was stirred at rt for 21 h, filtered, and the filtrate was concentrated in vacuo. The crude product
was chromatographed (SiO, dichloromethane) to yield 5 as pae blue/green crystas (0.17 g, 31%), mp
161-163°C; v, /Jem™* 1735, 1715, 1624, 1578; "H NMR § 3.92 and 3.95 (each 3H, s, -O-CH,), 4.00 (3H,
s, CO,CH,), 7.10 (1H, s, 7-H), 7.27-7.41(4H, m, 4-H, 3'-, 4-, 5'-H), 7.42-7.53 (2H, m, H-2', 6'-H);
BC NMR § 52.7, 56.3, 94.8, 102.1, 117.8, 117.9, 121.5, 126.2, 129.6, 144.7, 148.5, 149.5, 150.4,
151.4, 158.8, 161.2. And. Cdcd C,H,.O, : C, 64.03; H, 4.53. Found: C, 63.87; H, 4.48.

2,3-Dimethoxybenzopyrano[4,3-c]benzopyran-5,11-dione (1b)

Compound (5) (130 mg, 0.36 mmol) was dissolved in amixture of benzene/ethanol (1:1) (70 mL) in a 100
mL RB-flask. The reaction vessd was then flushed with nitrogen for 15 min and seded and placed on the
roof to be irradiated by sunlight for 2 weeks. The reaction mixture was then concentrated in vacuo and the
crude product was chromatographed (SiO,, dichloromethane-hexane (2:1)) to yield 1b as a bright orange
solid (28 mg, 24%), mp 264-266°C; v, /et 1743, 1724, 1612, 1579; 'H NMR & 3.95 and 4.09 (each
3H, s, -O-CH,), 6.93 (1H, s, 1-H), 7.40-7.50 (2H, m, 9-H, 10-H), 7.50-7.70 (1H, m, 8-H), 8.79 (1H, s,
4-H), 9.20-9.30 (1H, dd, J 1, 8, 10-H); *C NMR § 56.4, 56.4, 99.3, 108.3, 108.4, 116.4, 123.1, 125.4,
126.6, 127.9, 131.6, 145.0, 146.9, 149.0, 152.0, 153.3, 158.5; m/z (relative intensity) 324 (100), 309
(13), 281 (19), 149 (93); HRMS calcd for C,H,,0O; : 324.0634. Found: 324.0643.
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