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Summary. Environment-friendly three component condensation reactions of cyclic 1,3-diketones, 4-

nitrobenzaldehyde, and alkyl or aryl isocyanides to afford the corresponding tetrahydrobenzofuran

derivatives in water in high yields within one hour are reported.
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Introduction

Tetrahydrobenzofurans fused with a six-membered ring at C2–C3 are an important
class of heteroaromatic compounds that can be found as components of naturally
occurring compounds [1]. They are also extensively utilized as synthetic intermedi-
ates in the preparation of a variety of natural products, such as evodone, pongamol,
lanceolatin B, isoeupatin, tubipofurans, and paniculide A. Most of these have
desirable medicinal properties and biological activities [1–6].

Several methods have been reported for the synthesis of tetrahydrobenzofurans
[3, 4, 7–9], however, most of them rely on multi-step reactions and yields are low
[3, 8, 9].

In connection with our previous work on the reaction of isocyanides with
electron-deficient heterodienes [10–15] and synthesis of highly functionalized fu-
rans [10, 13, 15], we wish to report a facile and rapid protocol for the synthesis of
tetrahydrobenzofurans by means of a three component condensation reaction of
cyclic 1,3-diketones 1, 4-nitrobenzaldehyde 2, and alkyl or aryl isocyanides 3 in
water at 75�C.
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Results and Discussion

The one-pot three component condensation reactions of cyclic 1,3-diketones 1, 4-
nitrobenzaldehyde 2, and alkyl or aryl isocyanides 3 proceeded spontaneously at
75�C in water and were complete within one hour (Scheme 1). 1H and 13C NMR
spectra of the crude products clearly indicated the formation of tetrahydrobenzo-
furans 4. The structures of compounds 4a–4g were deduced from their elemental
analyses, IR, 1H NMR, and 13C NMR spectra. The mass spectra of these com-
pounds displayed molecular ion peaks at appropriate m=z values.

The 1H NMR spectrum of 4a exhibited four single sharp lines readily recog-
nized as arising from two methyl (�¼ 1.17 ppm), tert-butyl (�¼ 1.23 ppm), and
two methylene (�¼ 2.39 and 2.75 ppm) protons. A fairly broad singlet
(�¼ 3.81 ppm) is observed for the NH group, and the 4-nitrophenyl moiety gave
rise to characteristic signals in the aromatic region of the spectrum. The 1H
decoupled 13C NMR spectrum of 4a showed 15 distinct resonances in agreement
with the suggested structure. Partial assignment of these resonances is given in the
Experimental.

The 1H and 13C NMR spectra of 4b–4g are similar to those of 4a except for the
R and R0 groups, which exhibit characteristic signals with appropriate chemical
shifts.

The synthesis of these tetrahydrobenzofurans can be rationalized by initial
formation of a conjugated electron-deficient heterodiene by a Knoevenagel con-
densation [16] of the cyclic 1,3-diketones 1 and the aldehyde 2 followed by a
[1þ 4] cycloaddition reaction [10–15, 17–20] or a Michael-type [21, 22] addition
reaction with isocyanide 3 to afford an iminolactone 5, which then isomerizes to
yield the tetrahydrobenzofurans 4a–4g (Scheme 2).

In conclusion, we have shown that the three-component condensation reactions
of cyclic 1,3-diketones, 4-nitrobenzaldehyde, and alkyl or aryl isocyanides effi-
ciently occurs in water without a catalyst at 75�C within one hour providing a

Scheme 1
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convenient synthesis of substituted tetrahydrobenzofurans. The one-pot nature and
the use of water as an eco-compatible reaction solvent makes it an interesting
alternative reaction to two general multi-step approaches, namely (a) cyclic 1,3-
diketone with alenic sulfonium salt followed by ene reaction with enophiles [7] and
(b) diazocyclohexane-1,3-diones with vinyl acetate in the presence of rhodium
catalyst followed by acid catalyzed dehydration [4].

Experimental

Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. Elemental

analyses were performed using a Heraeus CHN-O-Rapid analyzer. These results were in full agreement

with the calculated values. Mass spectra were recorded on a FINNIGAN-MAT 8430 mass spectrometer

operating at 70 eV. IR spectra were recorded on a Shimadzu IR-470 spectrometer. 1H and 13C NMR

spectra were recorded on a BRUKER DRX-500 AVANCE spectrometer at 500.13 and 125.77 MHz.

NMR spectra were obtained of solutions in CDCl3 using TMS as internal standard. The tert-butyl,

Scheme 2
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cyclohexyl, and 2,6-dimethylphenyl isocyanides used in this work were purchased from Fluka (Buchs,

Switzerland) chemical company and the benzyl isocyanide was obtained from Aldrich chemical

company.

Typical Procedure for the Preparation of 4a

To a magnetically stirred mixture of 0.155 g of 5,5-dimethyl-1,3-cyclohexanedione (1.1 mmol) and

0.151 g of 4-nitrobenzaldehyde (1.0 mmol) in 20 cm3 of H2O 0.084 g of tert-butyl isocyanide

(1.0 mmol) were added via a syringe and heated for 1 h at 75�C. After cooling to room temperature,

the resulting red precipitate was filtered off and washed with 50 cm3 of H2O. The solid was dried and

crystallized from CH2Cl2:EtOH (1:2) to yield 0.253 g of 4a as red crystals (71%).

2-(tert-Butylamino)-6,6-dimethyl-3-(4-nitrophenyl)-6,7-dihydro-1-benzofuran-4(5H)-one

(4a, C20H24N2O4)

Mp 170–172�C; IR (KBr): ���max¼ 3390 (N–H), 1664 (C¼O), 1320 and 1505 (NO2) cm�1; 1H NMR

(CDCl3, Me4Si): �¼ 1.17 (s, 2CMe2), 1.23 (s, CMe3), 2.39 (s, C¼C–CH2), 2.75 (s, O¼C–CH2), 3.81

(br s, NH), 7.62 and 8.19 (2d, J¼ 8.7 Hz, C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 28.55

(2CMe2), 30.32 (CMe3), 34.91 (C¼C–CH2), 37.49 (O¼C–CH2), 52.84 (CMe2), 54.07 (CMe3), 103.04,

117.98, 123.40, 129.75, 139.72, 145.83, 153.42, and 160.83 (2C¼C and C6H4NO2), 193.47 (C¼O)

ppm; MS: m=z(%)¼ 356 (Mþ, 42), 300 (74), 244 (31), 216 (40), 57 (100), 41 (76).

2-(Cyclohexylamino)-6,6-dimethyl-3-(4-nitrophenyl)-6,7-dihydro-1-benzofuran-4(5H)-one

(4b, C22H26N2O4)

Red crystals (0.298 g, 78%); mp 161–163�C; IR (KBr): ���max¼ 3395 (N–H), 1666 (C¼O), 1329 and

1497 (NO2) cm�1; 1H NMR (CDCl3, Me4Si): �¼ 1.17 (s, 2CMe2), 1.19–1.99 (m, 5CH2), 2.38 (s,

C¼C–CH2), 2.73 (s, O¼C–CH2), 3.39 (m, N–CH), 4.07 (br s, NH), 7.59 and 8.17 (2d, J¼ 8.5 Hz,

C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 24.86, 25.49 and 34.17 (5CH2), 28.56 (2CMe2), 34.94

(C¼C–CH2), 37.36 (O¼C–CH2), 52.89 (CMe2), 53.58 (N–CH), 95.81, 118.46, 123.58, 129.04,

140.01, 145.18, 154.00, and 159.46 (2C¼C and C6H4NO2), 193.61 (C¼O) ppm; MS: m=z(%)¼
382 (Mþ, 100), 300 (23), 244 (15), 216 (21), 83 (10), 55 (49), 41 (37).

2-(Benzylamino)-6,6-dimethyl-3-(4-nitrophenyl)-6,7-dihydro-1-benzofuran-4-(5H)-one

(4c, C23H22N2O4)

Red crystals (0.285 g, 73%); mp 108–110�C; IR (KBr): ���max¼ 3410 (N–H), 1668 (C¼O), 1316 and

1492 (NO2) cm�1; 1H NMR (CDCl3, Me4Si): �¼ 1.16 (s, 2CMe2), 2.37 (s, C¼C–CH2), 2.72 (s,

O¼C–CH2), 4.41 (s, CH2Ph), 4.60 (br s, NH), 7.27–7.35 (m, C6H5), 7.52 and 8.11 (2d, J¼ 8.4 Hz,

C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 28.53 (CMe2), 34.94 (C¼C–CH2), 37.29 (O¼C–

CH2), 48.80 (CH2Ph), 52.85 (CMe2), 95.85, 118.61, 123.52, 127.62, 127.80, 128.81, 129.12, 138.38,

139.58, 145.29, 153.96, and 159.50 (2C¼C, C6H4NO2, and C6H5), 193.68 (C¼O) ppm; MS:

m=z(%)¼ 390 (Mþ, 63), 299 (5), 91 (100).

2-(2,6-Dimethylphenylamino)-6,6-dimethyl-3-(4-nitrophenyl)-

6,7-dihydro-1-benzofuran-4(5H)-one (4d, C24H24N2O4)

Orange crystals (0.288 g, 71%); mp 224–226�C; IR (KBr): ���max¼ 3270 (N–H), 1653 (C¼O), 1498

and 1328 (NO2) cm�1; 1H NMR (CDCl3, Me4Si): �¼ 1.14 (s, CMe2), 2.16 (s, C6H3Me2), 2.38 (s,

C¼C–CH2), 2.66 (s, O¼C–CH2), 5.75 (br s, NH), 6.96–7.00 (m, C6H3), 7.63 and 8.07 (2d, J¼ 7.8 Hz,
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C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 18.42 (C6H3Me2), 28.46 (CMe2), 34.92 (C¼C–CH2),

37.37 (O¼C–CH2), 52.86 (CMe2), 99.25, 118.50, 123.05, 125.10, 128.84, 129.49, 132.10, 136.77,

138.85, 145.49, 150.60, and 160.31 (2C¼C, C6H4NO2, and C6H3), 193.57 (C¼O) ppm; MS:

m=z (%)¼ 405 (MHþ, 100), 305 (10), 172 (12), 105 (29), 77 (43), 41 (32).

2-(Cyclohexylamino)-3-(4-nitrophenyl)-6,7-dihydro-1-benzofuran-4(5H)-one

(4e, C20H22N2O4)

Red crystals (0.298 g, 84%); mp 153–155�C; IR (KBr): ���max¼ 3420 (N–H), 1654 (C¼O), 1502 and

1323 (NO2) cm�1; 1H NMR (CDCl3, Me4Si): �¼ 1.17–1.98 (m, 5CH2), 2.18 (m, O¼C–CH2–CH2),

2.48 (t, J¼ 6.3 Hz, C¼C–CH2), 2.85 (t, J¼ 6.0 Hz, O¼C–CH2), 3.40 (m, N–CH), 4.10 (br s, NH),

7.56 and 8.15 (2d, J¼ 8.2 Hz, C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 22.34 (C¼C–CH2–

CH2), 23.36 (C¼C–CH2), 24.86, 25.50 and 34.13 (5CH2), 38.49 (O¼C–CH2), 53.50 (N–CH), 95.76,

119.70, 123.51, 129.15, 140.08, 145.18, 153.73, and 160.43 (2C¼C and C6H4NO2), 194.13 (C¼O)

ppm; MS: m=z (%)¼ 354 (Mþ, 75), 272 (81), 255 (18), 83 (32), 55 (100), 41 (71).

2-(Benzylamino)-3-(4-nitrophenyl)-6,7-dihydro-1-benzofuran-4(5H)-one

(4f, C21H18N2O4)

Red crystals (0.294 g, 81%); mp 119–121�C; IR (KBr): ���max¼ 3372 (N–H), 1642 (C¼O), 1492 and

1324 (NO2) cm�1; 1H NMR (CDCl3, Me4Si): �¼ 2.18 (m, O¼C–CH2–CH2), 2.48 (t, J¼ 6.1 Hz,

C¼C–CH2), 2.85 (t, J¼ 6.0 Hz, O¼C–CH2), 4.42 (s, N–CH2), 4.52 (br s, NH), 7.27–7.35 (m, C6H5),

7.51 and 8.13 (2d, J¼ 8.3 Hz, C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 22.32 (C¼C–CH2–

CH2), 23.30 (C¼C–CH2), 38.47 (O¼C–CH2), 48.74 (N–CH2), 95.79, 119.85, 123.53, 127.58, 127.80,

128.83, 129.21, 138.38, 139.60, 145.36, 153.60, and 160.37 (2C¼C, C6H4NO2, and C6H5), 194.14

(C¼O) ppm; MS: m=z (%)¼ 362 (Mþ, 2), 256 (10), 150 (27), 91 (100).

2-(2,6-Dimethylphenylamino)-3-(4-nitrophenyl)-6,7-dihydro-1-benzofuran-4(5H)-one

(4g, C22H20N2O4)

Orange crystals (0.275 g, 73%); mp 172–173�C; IR (KBr): ���max¼ 3225 (N–H), 1654 (C¼O), 1504

and 1329 (NO2) cm�1; 1H NMR (CDCl3, Me4Si): �¼ 2.16 (s, 2CH3), 2.17 (m, O¼C–CH2–CH2), 2.50

(t, J¼ 6.7 Hz, C¼C–CH2), 2.79 (t, J¼ 6.2 Hz, O¼C–CH2), 5.68 (br s, NH), 6.98–7.01 (m, C6H3), 7.60

and 8.09 (2d, J¼ 8.3 Hz, C6H4NO2) ppm; 13C NMR (CDCl3, Me4Si): �¼ 18.43 (C6H3Me2), 22.25

(C¼C–CH2–CH2), 23.39 (C¼C–CH2), 38.48 (O¼C–CH2), 98.78, 119.75, 123.06, 125.34, 128.79,

129.55, 132.49, 136.56, 138.87, 145.58, 150.35, and 161.09 (2C¼C, C6H4NO2, and C6H5), 194.06

(C¼O) ppm; MS: m=z (%)¼ 376 (Mþ, 70), 256 (10), 172 (10), 131 (100), 105 (50), 77 (83), 55 (79).
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