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The 3-indolvlbenzoquinone nucleus is present in vanous
biologically active natural products such as asterriquinones.’
The asterriquinones and demethy lasterriquinones (Figure 1)
have recently been isolated from a wide range of fung.
including Aspergillus terreus, Chaetomium sp. and Pseudo-
massaria sp.” Thev exhibit a wide spectrum of biological
activities mcluding antitumor properties and are inhibitors of
HIV reverse transcriptase.®> Asterriquinone Al has been
shown to arrest the cell cycle in Gl and promote apoptotic
cell death.” Recently, asterriquinone has also been reported
as an orallv active non-peptidyl mimetic of msulin with
antidiabetic activity.® All these properties apparently stem
from the ability of astermquinones to either promote or
prevent protein-protein interactions.

The direct method for the synthesis of 3-indolvlhydro-
quinones nvolves the condensation of p-quinones with
indoles under acidic conditions.® In spite of their wide range
of pharmacological activities; the svnthesis of 3-indolyl-
hyvdroquinones has received little attention. Therefore. the
development of a rapid and efficient protocol for the syn-
thesis of 3-indolvlhydroquinone scaffolds is desirable.

Recently. microwave irradiation has become a powerful
technique 1n orgamc svnthesis. which is being increasingly
used to accelerate the organic reactions. Microwave assisted
organic synthesis (MAOS) have a sigmficant impact on
synthetic organic chemistry especially those reactions under
solvent free conditions with the remarkable merits of
reduced reaction time. mproved vields, suppressed side
reactions. decreased environmental pollution and safe oper-
ations.” Thus, microwave irradiation has become a powerful
tool for the rapid synthesis of a variety of organic molecules
under solvent-free conditions.® However, there are no
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reports on the conjugate addition of indoles to p-quinones
emploving microwave irradiation.

In this article, we wish to report a rapid, convenient and
efficient microwave assisted reaction for the svnthesis of
various 3-indolylhydroquinone denvatives under solvent-
free conditions. Imtially. 1 4-naphthoquinone (1) was treated
with mdole (2) under microwave nrradiation. The reaction
completed mn 45 sec and the product, 2-(1H-indol-3-v1)-
naphthalene-1 .4-diol 3a was obtained in 94% vield (Scheme
1).

Similarly, |.4-naphthoquinone reacted rapidly with 2-
methylindole to give 2-(2-methyl-14-indol-3-yl)naphthal-
ene-1.4-diol n 90% vield (Table 1. entry 3b). Interestingly,
2-methy]l substituted 1.4-naphthoqumone reacted readily
with indole and 2-methylindole to furmish the corresponding
mdolyl-naphthalene-1,4-diols i excellent vields (Table 1,
entries 3¢ and d). The reaction of p-benzoquinone with
mdole, 2-methylindole and 2-ethoxycarbonyl indole also
gave |.4-hydroquinone derivatives in good vields (Table 1,
entries 3e-g¢). Similarly, substituted p-quinones reacted
smoothly with various indoles to produce the respective
hydroquinone denvatives in lhugh vields (Table 1). Quinones
having methyl groups adjacent to unsaturated positions. like
2-methyl-1.4-benzoquinone and 2-methoxy-1.4-benzoqui-
none reacted effectively with indoles to afford 3-indolyl-
hydroquinones at the unsubstituted nng site (entries 3h-j).
Disubstituted quinones such as 2,6-dimethylbenzoquinone
and 2.5-dichlorobenzoquinone also reacted smoothly with
mdoles to produce the corresponding 3-indolylhydroqui-
nones in high vields (entries 3k-¢, Scheme 2).

In all the cases, reactions proceeded rapidly without the
need of a catalyst. The reactions were clean and the products
were obtained n excellent yields. To know the efficiency of
this procedure. the reactions were carmed out both under
microwave as well as thermal conditions. Interestingly. the
reactions proceeded rapidly under microwave nradiation in
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Table 1. Adition of indoles to p-quinones promoted by microwave

Product Time Yield
Bf (P (%

Entry  Quinone (1) Indole (2)

3a 45 94

3b 45 90
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“All products were characterized by 'H NMR. IR and mass spectroscopy.
*Microwave irradiation was carried out at 450 Watts using BPL. BMO,
70017 domestic nucrowave oven. “Yield reters to pure products after
chromatography.
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solvent-free conditions. The reaction temperature was con-
trolled by using a pulsed irradiation technique (40 sec with
10 s intervals). The temperature was measured after each
pulse. The lowest observed temperature was 70 °C after
irradiation for 40 sec at 430 W and the highest temperature
was 90 °C after 2 min irradiation at the same power. The
reaction rates and yields were significantly enhanced by
microwave irradiation. The rate enhancement under micro-
wave irradiation may be attributed to the absorption of more
microwave energy by the polar substrates. which generates
sufficient heat energy to promote the reaction. The same
reaction. under thermal conditions. at 90 °C. took 2-3 h to
afford comparable vields those that are obtained by
microwave irradiation. The probable mechanism could be
the addition of indole to the unsaturated position of the p-
quinone. which might be getting activated by microwave
irradiation (Scheme 3).

This method is clean and free from the chlorinated side
products which are usually observed under protic acid (conc.
HCI in THF) conditions. This method also works well with
the electron<deficient 2-ethoxycarbonyl indole to give the
corresponding  3-indolylhydroquinone 3¢ in fairly good
vield. However. most of the reported methods fail to produce
3-indolylhydroquinones with electron-deficient indoles.
Thus. this method is an efficient and useful alternative for
the synthesis of the core structures of natural products. The
scope and generality of this process is illustrated with
respect to various indoles and a wide range of p-quinones
and the results are presented in Table 1.
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Conclusion

In summary, we have described a rapid and lughly effi-
cient protocol for the preparation of 3-indolvlhyvdroquinones
by means of nucleoplilic addition of indoles to p-quinones
using microwave uradiation. This method is applicable to
both electron-rich as well as electron-deficient indoles and
can be applied to the total svnthesis of naturally occurring
asterriquinones. The present method avoids high temper-
ature reaction conditions. extended reaction tunes and the
use of solvent and catalyst. The time saving ability together
with very short response times and the minimization of
thermal decomposition of products are the main advantages
of microwave heating over classical methods.

Experimental Section

Melting points were recorded on Buchi R-535 apparatus
and are uncorrected. IR spectra were recorded on a Perkin-
Elmer FT-IR 240-c spectrophotometer using KBr optics. 'H-
NMR spectra were recorded on Gemini-200 spectrometer in
CDCl; using TMS as internal standard. Mass spectra were
recorded on a Finnigan MAT 1020 mass spectrometer
operating at 70 eV. TLC was monitored on .23 mm pre-
coated silica gel plates (60F-234). BPL, BMO-800 T do-
mestic microwave oven was used to perform the reactions.

General procedure for the 3-indolylhydroquinones. A
mixture of the p-quinone (I mmol) and indole (1 mmol) was
subjected to microwave iradiation. operating at 450 Watts
using BPL, BMO-B00 T microwave oven, for the appropri-
ate time (Table 1). After complete conversion, as indicated
by TLC, the residue was dissolved in ethyl acetate (10 mL)
and concentrated /7 vacuo. Then the resulting crude product
was purified by column chromatography using ethy| acetate-
hexane mixture as eluent to afford pure 3-indolvlhydro-
quinones. The products thus obtammed were characterized by
comparison of ther NMR. IR. mass. TLC, mixed TLC
analysis and physical data with authentic samples.’

Spectroscopic data for selected compounds:

3a: 2-(1H-Indol-3-¥l)naphthalene-1,4-diol: Solid. m.p:
183-187 °C; '"H NMR (200 MHz. CDCl): & 6.95 (s, LH).
7.20-7.25 (m. 2H). 7.35-740 (m. 1H). 7.65-7.75 (m. 4H).
8.03-8.10 (m. 2H). 8.60 (brs. IH. NH). '°C NMR (50 MHz.
CDClLy): 6 101.5. 103.2, 108.0, 112.0. 119.2. 120.5, 122.0.
122.5. 123.1. 1243, 1256, 1264. 1278, 1280, 130.5
134.0, 146.0. 147 2. IR (KBr): vma 3452, 2936, 1617, 1457,
1219. 1015, 850. 772 cm™; ESI-MS: miz: 276 (M*+1).

3f: 2-(2-Methyl-1H-indol-3-yl)benzene-1,4-diol: Solid.
mp: 106-108 °C:. 'H NMR (CDCl;): 2.40 (s. 3H), 4.40 (brs.
1H. OH). 4.60 (brs. 1H, OH), 6.70-6.80 (in, 2H), 6.90 (d.
1H. J = 8.0 Hz). 7.05-7.20 (m. 2H). 7.30-7.45 (m. 2H). 8.0
(brs. 1H. NH): °C NMR (50 MHz, CDCl;): 12.9, 109.9.
110.8. 114.3. 116.1. 1168, 118.3, [18.9. 120.5. 122.9. 128.3,
1333, 1336, 1478, 1498: IR (KBr): vma 3279, 2923,
1636. 1565, 1457. 1294, 1010. 774 em™': ESI-MS: m/z: 240
(M*+1).

3l: 3,5-Dimethyl-2-(2-methyl-1H-indol-3-yl)benzene-
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1,4-diol: Solid. m.p: 85-86 °C: '"H NMR (200 MHz, CDCl;):
52.0 (s, 3H), 2.20 (s, 3H), 2.30 (s. 3H). 6.70 (s. LH). 7.05-
7.20 (m, 2H). 7.25-7.30 (n. 2H). 8.10 (brs. 1H. NH); *C
NMR (50 MHz. CDCly): 10.8, 132, 14.5. 1086, 111.2,
116.2,118.4. 119.5. 1205, 122.6. 127.3, 128.2. 1298, 133.1.
136.6, 147.7. 149.5: IR (KBr): tnax 3415.2927. 1521, 1376,
1263. 1055. 820, 772 em™": ESI-MS: m/z: 268 (M ™+1).

3m: 2,5-Dichloro-3-(1H-indol-3-¥l)benzene-1,4-diol:
Solid. m.p: 81-82 °C; 'H NMR (200 MHz, CDCls): §5.15
(brs, |H. OH). 5.30 (brs, |H. OH). 7.05 (d./ = 1.9 Hz. 1H).
7.10-7.35 (m. 5H). 8.70 (brs. 1H, NH): “C NMR (50 MHz,
CDCls): 6 113.0. 116.5. 118.0. 119.6. 1204, 120.8, 122.3,
124.0. 126.4. 127.8, 128.4.130.9. 138.2. 147.8; IR (KBr):
Unax 3425, 2923. 2852, 1642, 1561, 1420. 1244. 1008, 878.
744, 592 em™'; ESI-MS: mi/z: 294 (M*+1).

3n: 2,5-Dichloro-3-(1-methyl-1H-indol-3-yl)benzene-
1,4-diol: Solid, m.p: 146 °C; '"H NMR (200 MHz. CDCls): §
3.80 (s, 3H). 5.30 (brs, 2H. OH). 7.05 (d. J = 1.8 Hz. 1H),
7.10-7.45 (m, 5H); “C NMR (50 MHz. CDCl;): & 11.6,
107.8.110.2. 1154, 118.7. 119.7. 120.2, 120.5. 121 4, 124.7.
1273, 1304, 136.8, 1463, 146.9. IR (KBr): Umax 3459.
2921. 2852. 1615, 1433. 1378. 1129, 853. 736 em™: ESI-
MS: m/z: 308 (M™+1).
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