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POLYCYCLIC peri-HYDROXYLATED INDOLE AND BENZOFURAN COMPOUNDS
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Summary : Generation of indole- and benzofuran-2,3-orthoquinodimethane-like
intermediates is described. The cycloaddition reaction of these intermediates
to dienophiles provided an efficient one-pot synthesis of polycyclic peri-

hydroxylated indole and benzofuran compounds.

Since the utilization of so-called o-quinodimethane intermediates (1) is
well established for the annulation of polycyclic aromatics involving alkaloids,
steroids, and terpenes,l) the application to heteroaromatic systems is quite
attractive for the synthesis of polycyclic heterocaromatic compounds such as
indole, pyridine, and benzofuran possessing important pharmacological proper-
ties. Many methods have been devised for the generation of 1, but few routes
are applicable to the heteroaromatic o-quinodimethanes (g).ZT In the case of
indole-2,3-§§thoquinodimethanes (3), a [1,5]-sigmatropic shift of 2-alkyl-3-

or 3—a1kyl—2—vinylindole4) and a l,4-elimination from the

5)

vinylindole
fluoride~ion induced benzylsilane fragmentation have been explored recently.
The generation of benzofuran-2,3-orthogquinodimethanes has not appeared in the
literature, and furanic homclogs (4) of 1 have been generated only by a flash
vacuum thermolysis of the corresponding tetrahydrobenzofurans.6) We have
recently reported the strong base induced Diels-Alder type reaction of homo-
phthalic anhydrides via the o-quinodimethane-like intermediates (5) and its
application to an efficient synthesis of polycyclic peri-hydroxyaromatic com-

7)

pounds such as anthracyclinones. We now found that this method is applicable

to the indole- and benzofuran-2,3-orthoquinodimethane analogs (6 and 7) from 3-
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carboxy-l-methylindole-2-acetic anhydride (8) and 2-carboxybenzo[b]furan-3-
acetic anhydride (2)’8) which affords otherwise hardly accessible polycyclic
peri-hydroxylated indole and benzofuran compounds in a single step.

The starting anhydrides (8 and 9), prepared by the reported methods,g’lo)
were deprotonated by the treatment with NaH in THF under mild conditions and
reacted with 1.1 equivalents of dienophiles to give the corresponding adducts
(10-15): The cycloaddition occurred regioselectively in a fashion that the
nucleophilic end of the indole- and benzofuran-2,3-orthoquinodimethane-like
intermediates (6 and 7) reacts at the electrophilic site of the dienophiles as
observed in the reaction with ethyl propiolate or haloguinone (Run 2, 3, 5, or
6). The reaction routes, conditions, products, and yields are shown in Scheme
1 and Table I. The structures of the products were characterized by IR, lH-NMR,

and mass spectral data, which are summarized in Table II.
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Table I Products from the Reaction of 8 or 9 with Dienophiles
. . . Reacti a) Yield
Run Anhydride Dienophile Cgigitggns Product (%)

OH
COEt
1 8 Et0,CCZCCOLEL r.t., 3h 10 45
& COyEt
" om 02Et
2 HC=CCO,EL rellux, @[—I@’C ' o=z
. N 1L

Me

cl OH O
3 o e QLRI v
o) 0\7 ’ Me 0O \7



311

OH
0 CO,Et
4 9 Et0,CC=CCO3Et r.t., 3h 13 76
CO,Et
OH
0 COqEt
5 HCZCCOZEt reflux, 5 h 14 17

0 OHO
Clm 0
6 0 r.t., 0.5 h EZH;_Iij[:D::J,O 15 31
¥ o) N

a) The microanalyses of all products were in satisfactory agreement with the
calculated values.

TableIl Physical and Spectral Data for Indole and Benzofuran Compounds (10-15)

M.p. (°C) CHCl< -1 1,_ ; .

Compd. (Solv. for Recryst.) IR Vmax e H-NMR (in CDCl3): &

10 130.5 3500~3100 11.87(1H,s,0H), 8.45-8.3 (1H,m,
(ligroin) 1740,1675 ArH), 7.45-7.15(3H,m,ArH), 6.92

(1H,s,ArH), 4.38(2E,q,J=8Hz,CHjy),
4.35(2H,q,J=8Hz,CH3), 3.80(3H,s,
NCH3z), 1.40(6H,t,J=8Hz,2%xCHz)

11 132-133 3500-3100 11.81(14,s,0H), 8.37(1H,dd,J=7 and
== X X 1660 2Hz,ArH), 7.86(1H,d,J=9Hz,ArH)
(ligroin) Z, ! A ! !
7.45-7.25(3H,m,ArH), 6.79(1H,d4,J=
9Hz,ArH), 4.40(2H,q,J=7Hz,CH;),
3.79(3H,s,NCHz), 1.43(3H,t,J=7Hz,
CHS)
12 273-275 3500-3100 13.47(1H,s,0H), 8.5-8.35(1H,m,ArH),
{benzene-n*hexane) 1650,1630,1620 7.70(1H,s,ArH), 7.55-7.3(3H,m,ArH),
1600 4.05(4H,s,0CH,CH,0), 3.92(3H,s,
NMe), 3.6-2.75(4H,m,CH,), 2.0-1.8
(2H,m,CH2)
13 132 3450-3100 11.11(1H,s,0H), 8.0-7.85(1H,m,ArH),
(ligroin) 1725,1675 7.75-7.3(3H,m,ArH), 7.55(1H,s,ArH),
4.41(2H,q,J=7Hz,CHy), 4.35(2H,q,
J=7Hz,CH;), 1.40(6H,t,J=7Hz,2xCH3z)
14 128 3400-3050 11.31(1H,s,0H),8.0-7.3(4H,m,ArH),
(ligroin) 1675 7.81(1H,d4,J=9Hz,ArH), 7.38(1H,4,Jd=
9Hz,ArH), 4.44(2H,q,J=7Hz,CHy),
1.45(3H,t,J=THz,CH3)
15 233-235 3400-3050 12.73(1H,s,0OH), 8.18(1H,s,ArH),
(benzene) 1640,1615 8.05-7.9(1H,m,ArH), 7.75-7.3(3H,m,

ArH), 4.04(4H,s,0CH2CH,0), 3.0-
2.75(4H,m,CH,CH;,) , 2.0-1.75(2H,m,
CH,)
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Although none of these strong base induced reactions of the anhydrides (8
and 9) has been optimized, the present method is quite useful for the
construction of polycyclic peri-hydroxylated indole and benzofuran compounds,
since the reaction occurred regioselectively in one step under remarkably mild
conditions. Further applications to other heteroaromatic systems are being
explored currently.
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