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Abstract—The in situ generated quinone methides from 4-hydroxycoumarin and 4-hydroxy-6-methylpyrone with various
aldehydes underwent facile reaction with cyclohexyl isocyanide to produce furocoumarins in good yields. Quinone methides from
4-hydroxy-1-methylquinolinone afforded furoquinolones. The reaction presumably occurs via a [4+1] cycloaddition followed by a
[1,3] H shift. © 2002 Published by Elsevier Science Ltd.

Furocoumarins are an important class of compounds,
presumably related to the natural defense of plants
against fungal attack.1 They are inherently photosensi-
tive and found to have therapeutic uses. The pho-
tochemotherapeutic effect relies on their ability to
intercalate with the pyrimidine bases of microorganism
DNA.2

Recently we have reported Diels–Alder reactions of
quinone methides generated from 4-hydroxycoumarin
and 4-hydroxy-1-methylquinolinone to afford pyra-
nocoumarins and quinolones.3 In this context it
appeared that a [4+1] cycloaddition could be effected in
one pot with nucleophilic carbenes such as isocyanides.4

Although the participation of isocyanides in [4+1]
cycloaddition reactions is well precedented,5 the
reported reactions involve two or more steps, for exam-
ple barbituryl benzylidenes prepared by Perkin conden-
sation of aromatic aldehydes with dimethyl barbituric
acid underwent cycloaddition with phenyl isocyanide.6

Herein we wish to report a facile one-pot synthesis of
furan annulated heterocycles involving a [4+1] cycload-
dition with various in situ generated heterocyclic qui-
none methides and isocyanides, which offers a
convenient alternative to the multistep synthesis of
furocoumarins and quinolones reported previously.

Our studies were initiated with 4-hydroxy coumarin,
which upon treatment with a stoichiometric amount of

3-nitrobenzaldehyde and cyclohexyl isocyanide
afforded the product 4 in 75% yield (Scheme 1).7

The product was characterized on the basis of spectro-
scopic data. The IR spectrum of the product showed a
strong peak at 1724 cm−1. This value is typical for the
coumarin carbonyl group indicating that the product is
the angular one. In the 1H NMR spectrum the aromatic
protons were seen between � 7.31–8.35 and the amine
hydrogen atom resonated at � 4.36 as a doublet
(exchangeable by D2O).

Several examples of this addition reaction which attest
to the synthetic utility of the process are compiled in
Table 1.

Mechanistically the following scheme may be invoked
to explain the formation of product 4. It is conceivable
that the initially generated quinone methide participates
in a [4+1] cycloaddition reaction with the isocyanide to
afford a dihydrofuran derivative 5, which then under-
goes a [1,3] H shift to yield the furocoumarin as the end
product (Scheme 2).

To extend the scope of the reaction, we briefly investi-
gated the reaction of quinone methides8 generated from

Scheme 1.
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Table 1. Reaction of 4-hydroxycoumarin and aldehydes with cyclohexyl isocyanide

Table 2. Reaction of 4-hydroxy-6-methylpyrone and aldehydes with cyclohexyl isocyanide

Scheme 2.

A similar cycloaddition reaction of quinone methides
generated from quinolinone10 appeared attractive from
the standpoint of potential synthesis of novel
furoquinolone compounds. In the event experiments
involving 4-hydroxy-1-methylquinolinone, stoichiomet-
ric amounts of 4-nitrobenzaldehyde and cyclohexyl iso-
cyanide in refluxing benzene afforded the product in
84% yield (Scheme 4).11 3-Nitrobenzaldehyde similarly
gave 9b.

In conclusion, we have devised an easy and facile
one-pot synthesis of furocoumarins and quinolones by
the reaction of in situ generated quinone methides with
isocyanides. It is conceivable that these compounds
may have important applications in medicinal and syn-
thetic organic chemistry.
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4-hydroxy-6-methylpyrone. In a prototype experiment,
the pyrone was treated with 3-nitrobenzaldehyde and a
stoichiometric amount of cyclohexyl isocyanide to
afford the product in 84% yield (Scheme 3).9 The
reaction proceeds well with other aromatic aldehydes
also. The results are presented in Table 2.

Scheme 3.
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Scheme 4.

7. Representative experimental procedure and spectroscopic
data for compound 4: To a mixture of the hydroxycou-
marin (163 mg, 1 mmol) and 3-nitrobenzaldehyde (167
mg, 1.1 mmol) in benzene (15 mL), cyclohexyl isocyanide
(120 mg, 1.1 mmol) was added and the reaction mixture
refluxed for 17 h. The residue obtained after the removal
of the solvent was dissolved in CH2Cl2–hexane mixture
for recrystallization. The crystallized product was sepa-
rated and washed with hexane (4×5 mL) to give 4 as a red
crystalline solid (315 mg, 75%). Mp 155–156°C. IR (KBr)
�max: 3323, 2934, 2855, 1724, 1608, 1529, 1450, 1347, 1091
cm−1. 1H NMR: � 1.21–2.10 (m, 10H), 3.60 (m, 1H), 4.36
(d, 1H, J=7.82, D2O exchangeable), 7.28–7.45 (m, 3H),
7.56 (t, 1H, J=7.98), 7.75 (d, 1H, J=7.27), 7.90 (d, 1H,
J=7.71), 8.06 (d, 1H, J=8.16), 8.35 (s, 1H). 13C NMR: �

24.77, 25.40, 34.00, 53.57, 95.21, 96.23, 110.38, 112.47,
116.92, 119.52, 121.19, 123.15, 124.26, 129.01, 129.31,
135.55, 148.31, 150.04, 151.35, 155.12, 157.50. Anal. calcd
for C23H20N2O5: C, 68.30; H, 4.98; N, 6.92. Found: C,
68.52; H, 4.81; N, 7.10.

8. Hua, D. H.; Chen, Y.; Sin, H.-S.; Maroto, M. J.;
Robinson, P. D.; Newell, S. W.; Perchellet, E. M.;
Ladesich, J. B.; Freeman, J. A.; Perchellet, J. P.; Chiang,
P. K. J. Org. Chem. 1997, 62, 6888.

9. Spectroscopic data for compound 7: IR (KBr) �max: 3312,
2935, 2861, 1715, 1613, 1566, 1512, 1445, 1344, 1263
cm−1. 1H NMR: � 1.22–2.02 (m, 10H), 2.32 (s, 3H), 3.44
(m, 1H), 4.30 (br s, 1H), 6.33 (s, 1H), 7.49 (t, 1H,
J=7.98), 7.86 (d, 1H, J=7.71), 7.98 (d, 1H, J=8.19),
8.31 (s, 1H). 13C NMR: � 20.02, 24.84, 25.47, 34.04,
53.52, 95.15, 96.16, 108.01, 120.73, 122.96, 129.19, 132.93,
135.30, 148.23, 153.96, 155.22, 157.26, 159.31.

10. Desimoni, G.; Tacconi, G. Chem. Rev. 1975, 75, 651.
11. Spectroscopic data for quinolone 9a: IR (KBr) �max:

3243, 2928, 2853, 1648, 1593, 1506, 1333, 1247, 1111
cm−1. 1H NMR: � 1.28–2.12 (m, 10H), 3.68 (m, 1H), 3.76
(s, 3H), 4.48 (d, 1H, J=7.98), 7.29–7.50 (m, 3H), 7.73 (d,
2H, J=8.74), 7.89 (d, 1H, J=7.78), 8.23 (d, 2H, J=8.75).
13C NMR: � 24.87, 25.51, 29.29, 34.05, 53.30, 96.13,
112.48, 114.53, 114.71, 119.88, 122.20, 123.41, 128.03,
129.72, 136.58, 139.32, 145.30, 148.07, 155.25, 158.73.
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