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Five 3-(2-hydroxy-4-methoxyphenyl)coumarins (Ia—Ie) were oxidized with lead tetraacetate to the corre-

sponding 6H-benzofuro[3,2-¢][1]benzopyran-6-ones
hexadienyl)coumarins (IIIa, IIIb, and IIId).

(ITa—IIe) and 3-(l-acetoxy-4-methoxy-2-0x0-3,5-cyclo-
Four 3-(3,4-dimethoxy-2-hydroxy-phenyl)coumarins (If—Ii) gave

the corresponding 3-(l-acetoxy-3,4-dimethoxy-2-ox0-3,5-cyclohexadienyl)coumarins (ITIf—IIIi).

In the lead tetraacetate oxidations of phenolic
compounds in which a hydroxyl group and a double
bond are located in spatially suitable positions, an
oxidative cyclization has often been observed.l-% A
similar reaction of 3-(2-hydroxyphenyl)coumarin with
lead tetraacetate is also expected to give 6/-benzofuro-
[3,2-c][1]benzopyran-6-ones.

The 3-(2-hydroxyphenyl)coumarins (Ia—Ii) were
prepared by the Perkin reaction of o-hydroxybenzal-
dehydes and o-hydroxyphenylacetic acids; the oxidations
of Ta—Ii with lead tetraacetate were also carried out.
The structures of the products were determined by
examining their . spectroscopic properties and by
elemental analyses. . : , ;

When the 3-(2-hydroxy-4-methoxyphenyl)coumarins
(Ia—Ie) were oxidized, 6H-benzofuro[3,2-¢][1]benzo-
pyran-6-ones—(11a)(10%,), (IIb)(22%), (IIc)(12%),
(11d)(14%,), and (IIe)(5%)—were obtained, together
with  3-(l-acetoxy-4-methoxy-2-0x0-3,5-cyclohexadien-
yl)coumarins-(I11a)(32%,), (I1Ib)(169%), and (IIId)-
(26%,). IIc was found to be identical with dimethyl-
coumestrol® by a comparison of their melting points
and their spectral data.

la~i lla~e
a Ry=R,=R3=R4=H
Ri=OCHz. Ry=R3z=R4=H
Ry=0CH;

o

¢ R=R3=R,=H,
d Ry=Ry;=R4=H,
e Ry=Ry=0CHj,
f Ri=R,=Rg=H,
g Ri=R4=0CH;.
h  Ri=Rg=H. Ry=Ry=0CHjz
i Ry=Ry=H, R3:R4=0CH3

R3=0CHy
Ry=R,=H
Ry=OCHy

Mabd, f~i

Ry=R3=H

When the 3-(3,4-dimethoxy-2-hydroxyphenyl)cou-
marins (If—Ii) were oxidized, 3-(1-acetoxy-3,4-dimeth-
oxy-2-ox0-3,5-cyclohexadienyl)coumarins—(IIIf)(759,),
(I1Ig)(82%), (IIIh)(639%,), and (IIIi)(849%,)—were
obtained. In the cases of the oxidation of Ia—Ie, there
were considerable amounts of undefined products which
could not be purified. It was found that the 6H-
benzofuro[3,2-c][1]benzopyran-6-ones (ITa—IIe) were

best prepared when a 1.5-equivalent of lead tetraacetate
was used in boiling benzene.

In contrast to the oxidations of 2'-hydroxychalcones??
and 2-hydroxybenzophenones,® which yielded aurones
and xanthones respectively in fairly good yields, 3-(2-
hydroxyphenyl)coumarins undergo angular acetoxyla-
tion in the cyclohexadienone ring rather than ring
closure. This could be ascribed to the nature of the
phenoxyl radical formed from the 2-hydroxyphenyl
group with lead tetraacetate.”) The phenoxyl radical
has an electrophilic character and, therefore, favors an
attack on the a-position to one on the carbonyl in the
case of 2’-hydroxychalcones, and one on the p-position
to one on a methoxyl group in the case of 2-hydroxy-
benzophenones. However, the carbon atom at the
4-position of 3-(2-hydroxyphenyl)coumarin is electron-
deficient, as it is an «,f-unsaturated lactone; therefore,
the phenoxyl radical is less reactive in this site.

Although several other syntheses of 6H-benzofuro-
[3,2-c][1]benzopyran-6-ones have been reported,8-19
the oxidative cyclization of 3-(2-hydroxyphenyl)cou-
marin can be used in the synthesis of 9-oxygenated 6H-
benzofuro[3,2-¢][1]benzopyran-6-ones.

Experimental

All the 'H NMR spectra were recorded for the deuterio-
chloroform solution, unless otherwise stated, with a Hitachi
R 24 NMR spectrometer, with tetramethylsilane as the inter-
nal reference. The IR spectra were recorded either for the
chloroform solution or for the KBr disk with a JASCO IRA-1
grating spectrometer, while the UV spectra were measured for
the methanol solution with a Hitachi EPS-3T spectrophotom-
eter. The melting points were determined with a Yanagi-
moto hot-stage apparatus and were uncorrected.

Preparations of 3-( 2-Hydroxyphenyl)coumarins (la—1Ii).

The general procedure for the preparation of 3-(2-hydroxy-
phenyl)coumarin was as follows: a mixture of o-hydroxybenz-
aldehyde (10 mmol), o-hydroxyphenylacetic acid (10 mmol),
acetic anhydride (24 mmol), sodium acetate (50 mmol), and
acetic acid (40 ml) was heated under reflux for 24 h. After
the removal of the acetic acid, the resulting mixture was tri-
turated with water, and the precipitates were collected by
filtration. The crude product was purified by recrystalliza-
tion.

3- (2-Hydroxy- 4- methoxyphenyl) coumarin (Ia); mp
171—172 °C (EtOH), 62%, »&B: 3180 (OH) and 1700 cm-!
(C=0), ¢: 3.82 (s, OCHj;), 6.4—6.65 (m, 2H, H g, and Hy, ),
7.1—7.7 (m, 5H), 7.82 (s, Hy,), and 8.0 (broad s, OH).
Found: C, 71.35; H, 4.68%,. Calcd for C,¢H,,0,: C, 71.63;
H, 4.51%.
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3-(2-Hydroxy -4- methoxyphenyl)-6- methoxycoumarin (Ib) ;
mp 179—180 °C (EtOH), 929%,, »&E: 3310 (OH) and 1710
cm~t (C=0), 4: 3.80 (s, OCH,), 3.85 (s, OCH,), 6.4—6.7
(m, 2H, Hy/, and H;)), 6.9—7.4 (m, 4H), 7.78 (s, H(,), and
8.20 (broad s, OH). Found: C, 68.24; H, 4.78%. Calcd
for C,;H,,0;: C, 68.45; H, 4.73%. 3-(2-Hydroxy-4-meth-
oxyphenyl)-7-methoxycoumarin  (Ic); mp  160—161 °C
(EtOH), 79%, »XEz: 3330 (OH) and 1715 cm~! (C=0), ¢:
3.80 (s, OCHj,), 3.90 (s, OCH,;), 6.5—7.3 (m, 5H), 7.50 (d,
Hg), 7.80 (s, He,y), and 8.1 (broad s, OH). Found: C,
68.25; H, 4.78%,. Calcd for C,;H,,0;: C, 68.45; H, 4.73%,.

3-(2-Hydroxy -4- methoxyphenyl)-8- methoxycoumarin (Id) ;
mp 182—183 °C (CHCl,-EtOH), 839%,, »XE: 3260 (OH)
and 1700 cm™! (C=0), é: 3.80 (s, OCHj;), 3.98 (s, OCH,),
6.4—7.4 (m, 6H), 7.81 (s, Hy), and 8.1 (s, OH). Found:
C, 68.21; H, 4.71%. Calcd for C;;H,,0;: C, 68.45; H,
4.73%,.

6,7-Dimethoxy -3- (2 -hydroxy -4- methoxyphenyl) coumarin
(Ie); mp 200—201 °C (CHCl,), 849%, »¢ich: 3240 (OH)
and 1700 cm™! (C=0), dopycoou: 400 (s, OCH,), 4.10 (s,
2x OCH,), 6.7—7.5 (m, 5H), and 8.15 (s, H(,). Found: C,
65.56: H, 4.949,. Calcd for C;sH,404: C, 65.85; H, 4.919%,.

3-(3,4- Dimethoxy -2- hydroxyphenyl) coumarin  (If); mp
203—204 °C (CHCI;-EtOH), 959%,, »Sit: 3500 (OH) and
1740 cm—! (C=0), é: 3.86 (s, OCHj,), 3.90 (s, OCH,), 6.42
(s, OH), 6.52 (d, J=9 Hz, H(,), 7.0—7.6 (m, 5H), and 7.83
(s, Hiy). Found: G, 68.35; H, 4.789%,. Calcd for C,;H,,0;:
C, 68.45; H, 4.73%.

3-(3, 4- Dimethoxy -2- hydroxyphenyl) - 6 - methoxycoumarin
(Ig); mp 181—182°C (EtOH), 829%,, »Si¢k : 3500 (OH) and
1735 cm™! (C=0), d: 3.82 (s, OCH,), 3.88 (s, OCH,), 392
(s, OCH,), 6.55 (d, J=9 Hz, H), 6.55 (s, OH), 6.9—7.5
(m, 4H), and 7.82 (s, Hy,). Found: C, 65.69; H, 4.989%,.
Caled for C;gH,404: C, 65.85; H, 4.919%,.

3-(3,4-Dimethoxy -2 - hydroxyphenyl) -7- methoxycoumarin
(Ih); mp 136—137 °C (EtOH), 769%,, »Si¢ : 3500 (OH) and
1730 cm~! (C=0), 6: 3.88 (s, 2x OCHj;), 3.92 (s, OCH,),
6.52 (d, J=9 Hz, H/), 6.55 (broad s, OH), 6.8—7.5 (m,
4H), and 7.82 (s, H¢,). Found: C, 65.58; H, 4.819%,. Calcd
for C;gH;404: C, 65.85; H, 4.91%,.

3- (3, 4- Dimethoxy -2- hydroxyphenyl) - 8 - methoxycoumarin
(Ii); mp 186—188 °C (CHCI1,—EtOH), 919%,, »gic:: 3500
(OH) and 1740 cm™! (C=0), 6: 3.88 (s, OCH;), 3.92 (s,
OCHg), 3.96 (s, OCHj;), 6.51 (d, J=9 Hz, H), 6.50 (s,
OH), 6.9—7.4 (m, 4H), and 7.84 (s, Hy). Found: G,
65.79; H, 4.91%. CQCalcd for C;sH,404: C, 65.85; H, 4.96%,.

Oxidation of 3-( 2-Hydroxyphenyl)coumarins with Lead Tetraace-
tate. The general procedure for the oxidation of 3-(2-
hydroxyphenyl)coumarin was as follows: to a solution of 3-(2-
hydroxyphenyl)coumarin (1 mmol) in anhydrous benzene
(30 ml), lead tetraacetate (1.5 mmol) was added; the mixture
was then heated under reflux for 30 min. After the removal
of the lead diacetate by filtration, the benzene was evaporated
in vacuo. The resulting mixture was purified either by TLC
or by recrystallization.

Ia yielded 9-methoxy-6H-benzofuro[3,2-¢][1] benzopyran-
6-one (IIa); mp 212—213°C (EtOH), 10%, »&ih: 1740
em-Ly ... (e): 242 (35000), 334 (31100), and 345 nm
(26900), 4: 3.88 (s, OCHj;) and 6.9—7.1 (m, 7H) (Found: C,
71.99; H, 3.74%,. Calcd for C,¢H,,0,: C, 72.18; H, 3.79%);
and 3-(l-acetoxy-4- methoxy-2-oxo-3, 5- cyclohexadienyl) cou-
marin (IIIa); mp 184—186 °C (EtOH), 329%,, »Sic:: 1680
and 1740 cm-1, 4., (¢): 285 (14000) and 318 nm (10600),
d: 2.15 (s, OAc), 3.76 (s, OCHj,), 5.68 (d, J=2.5 Hz, H,),
6.25 (dd, j=2.5, 10 Hz, H,), 6.58 (d, J=10Hz, H,),
7.0—7.7 (m, 4H), and 7.84 (s, H,) (Found: C, 65.95; H,
4.329%,. Calcd for C;gH,;,04: C, 66.25; H, 4.329%,).
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Ib gave 2,9-dimethoxy-6H-benzofuro[3,2-¢c][1]benzopyran-
6-one (IIb)(mp 191—192 °C (EtOH), 229, »SHC:: 1740
cm™, A, (e): 235 (38000), 320 (12300), and 345 nm
(20200), 4: 3.90 (s, 2x OCH,;), 7.0—7.6 (m, 5H), and 7.90
(d, Hyy) (Found: C, 68.81; 4.059,. Calcd for C,;H,,0;: C,
68.91; H, 4.089%)) and 3-(l-acetoxy-4-methoxy-2-0x0-3,5-
cyclohexadienyl)-6-methoxycoumarin (IIIb) (mp 176—177
°C (EtOH), 169%, »$¢*: 1670 and 1740 cm~L, 4., (¢): 284
(20500) and 344 nm (10900), &: 2.17 (s, OAc), 3.82 (s,
2xOCHj) 5.71 (d, J=2.5Hz, Hy), 6.26 (dd, J=2.5, 10
Hz, H,), 6.45 (d, /=10 Hz, H¢,), 6.9—7.3 (m, 3H), and
7.8 (s, Hy,) (Found: C, 63.75; H, 4.529%,. Calcd for C,yH,¢-
O;: G, 64.04; H, 4.53%,).

Ic yielded 3,9-dimethoxy-6H-benzofuro[3,2-c][1]benzopy-
ran-6-one (IIc); mp 198—199 °C (lit, mp 197 °C), 129%,.

Id gave 4,9-dimethoxy-6H-benzofuro[3,2-c][1]benzopyran-
6-one (IId) (mp 250—251 °C (EtOH), 149,, »SHSk: 1740
cm~1, A, (e): 242 (28800) and 335 nm (19900), &: 3.99 (s,
OCHj;), 4.05 (s, OCH;) and 6.9—7.8 (m, 6H) (Found: C,
68.77; H, 4.119,. Calcd for C,;H,,0;: C, 68.91; H, 4.08%,)
and 3-(l-acetoxy-4-methoxy -2- 0x0-3, 5- cyclohexadienyl) -8-
methoxycoumarin (IIId) (mp 226—228 °C (EtOH), 38%,
vEBe: 1670, 1740, and 1770 cm™Y, 4., (¢): 257 (15400) and
301 nm (13500), d: 2.15 (s, OAc), 3.77 (s, OCHjy), 3.80 (s,
OCHj;), 5.65 (d, J=2.5 Hz, Hy,), 6.13 (dd, J=2.5, 10 Hz,
Hy), 6.6—6.9 (m, 3H), 7.30 (d, H;), and 7.71 (s, Hy)
(Found: C, 63.74; H, 4.47%. Calcd for C;;H,40,: C, 64.04;
H, 4.53%)).

Ie vyielded 2,3,9-trimethoxy-6H-benzofuro[3,2-c][1]benzo-
pyran-6-one (Ile); mp 253—254 °C (EtOH), 59%,, »CHh:
1740 cm™2, 4., (&): 235 (32900) and 353 nm (29800), &:
3.90 (s, OCHy), 3.96 (s, OCH,) 4.00 (s, OCHj), 6.96 (s, 1H),
7.11 (s, 1H), 6.9—7.3 (m, 2H), and 7.88 (d, J=8.5 Hz, H,,)
(Found: C, 66.44; H, 4.399%,. Calcd for C,jH,,0,: C, 66.25;
H, 4.32%,).

If gave 3-(l-acetoxy-3, 4-dimethoxy-2-ox0-3, 5-cyclohexadi-
enyl)coumarin (IIIf); mp 145—146 °C (EtOH), 759%,, vSHch ;
1660 and 1740 cm™%, 4,,, (&): 350 (12600) and 390 nm
(inflection) (9720), d: 2.15 (s, OAc), 3.52 (s, OCH,), 3.80
(s, OCHy), 5.53 (d, J=8.5 Hz, Hy»), 7.1—7.6 (m, 4H), 7.74
(d, J=8.5Hz, Hy), and 8.01 (s, Hy,) (Found: C, 63.39;
H, 4.76%. CGCalcd for C,,H,,0,-1/2C,H,OH: C, 63.35; H,
5.02%.)

Ig vyielded 2-(l-acetoxy-3,4-dimethoxy-2-ox0-3,5-cyclo-
hexadienyl)-6-methoxycoumarin (IIIg); mp 190—192 °C
(benzene), 82%, »Si¢h: 1650 and 1740 cm™%, 2_,, (¢): 376
nm (12700), ¢: 2.18 (s, OAc), 3.49 (s, OCHj;), 3.80 (s, 2 X
OCH,), 5.45 (d, J=8.5 Hz, H), 6.8—7.3 (m, 3H), 7.70
(d, J=8.5 Hz, Hs ), and 7.94 (s, H¢,) (Found: C, 62.19; H,
4.71%. Calecd for CyH;4O4: C, 62.14; H, 4.70%,).

Ih vyielded 3-(l-acetoxy-3,4-dimethoxy -2-0x0-3,5-cyclo-
hexadienyl)-7-methoxycoumarin (IITh); mp 178—179 °C
(benzene-EtOH), 639%,, »$i¢h : 1650 and 1740 cm~Y, 4, (¢):
376 nm (12600), d: 2.16 (s, OAc), 3.54 (s, OCHj;), 3.69 (s,
OCHj,), 3.75 (s, OCHjy), 5.50 (d, J=8.5 Hz, Hy)), 6.7—7.0
(m, 2H), 7.40 (d, H,), 7.68 (d, J=8.5 Hz, H,), and 7.92
(s, Hey) (Found: C, 62.27; H, 4.789%,. Calcd for CyH,3Oy:
C, 62.17; H, 4.70%).

Ii gave 3-(l-acetoxy-3,4-dimethoxy-2-oxo-3,5-cyclo-
hexadienyl)-8-methoxycoumarin (IIli); mp 180—181 °C
(benzene), 849%,, v¢¢:: 1650 and 1740 cm—1, 4., (¢): 350
(11200) and 390 nm (inflection) (9100), d: 2.15 (s, OAc),
3.47 (s, OCH,), 3.75 (s, OCHjy), 3.91 (s, OCHjy), 543 (d,
J=8.5Hz, Hg,), 6.9—7.3 (m, 3H), 7.80 (d, J=8.5Hz,
H), and 7.96 (s, Hy,) (Found: 62.26; H, 4.73%,. Calcd
for C,H,404: C, 62.17; H, 4.70%,).
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