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A DABCO-promoted intermolecular cyclization between en-
ols and nitrostyrenes has been developed for the regioselec-
tive synthesis of angularly fused furan derivatives in high

Introduction

The furans are an important class of heterocycles that
are ubiquitous in the field of biologically active compounds
and pharmaceuticals.[1] They have also been used as build-
ing blocks in organic synthesis.[2] Consequently, many ef-
ficient methods have been developed for the synthesis of
multiply substituted furans.[3]

Angularly fused tricyclic compounds such as furoquinol-
inone and furocoumarin are significant among the great
variety of furan derivatives. Such compounds are key struc-
tural units of numerous natural products and synthetic
pharmaceuticals, and they have important biological activi-
ties, such as insecticidal, antimicrobial, antimalarial, antiar-
rhythmic, and sedative (Figure 1).[4]

Due to the number of applications of these derivatives in
organic synthesis, as well as in pharmaceuticals, the synthe-
sis of these compounds is highly desirable. Some attempts
have been reported in the literature in recent decades.[5]

However, the direct synthesis of angularly fused furoquinol-
inones has rarely been studied.[6]

Conjugated nitro olefins are efficient Michael acceptors
that can undergo binucleophilic addition to form various
heterocycles and carbocycles in a cascade fashion through
a Michael addition/cyclization/denitration sequence.[7] In
recent years, activated nitroalkenes (e.g., Morita–Baylis–
Hillman acetates of nitroalkenes) have been used as versa-
tile starting materials in various organic transformations for
the synthesis of important heterocyclic scaffolds.[5g,8]

We are interested in the synthesis of functionalized het-
erocyclic compounds using undecorated nitro olefins as the
Michael acceptors.[9] In a continuation of our research in
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yields. This protocol is applicable to various enol derivatives,
including 4-hydroxyquinolinones, 4-hydroxycoumarin, and
4-hydroxypyranone.

Figure 1. Some naturally occurring biologically active molecules
containing the furoquinolinone and furocoumarin moieties.

the development of new methods for the synthesis of fur-
ans[9a–9c,10] from basic chemicals, in this paper, we report a
simple and convenient approach to the synthesis of highly
substituted angularly fused furan adducts from nitro olefins
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and derivatives of 4-hydroxyquinolinone, 4-hydroxycouma-
rin, and 4-hydroxypyranone (Scheme 1).

Scheme 1. Synthesis of angularly fused furan derivatives.

Results and Discussion

To optimize the reaction conditions, 4-hydroxy-1-methyl-
quinolin-2-one (1a) and β-methyl-β-nitrostyrene (2a) were
initially chosen as model substrates, and the reaction was
run in the presence of DABCO (1,4-diazabicyclo[2.2.2]-
octane; 1 equiv.) in EtOH under reflux conditions for 6 h
(Table 1, Entry 1). To our delight, the desired furan was ob-
tained in 82% yield, and no further improvement was ob-
served when the reaction time was increased. Encouraged
by this result, we carried out the reaction using various
bases in different solvents, and the results are summarized
in Table 1. The common organic bases DBU (1,8-diazabi-
cyclo[5.4.0]undec-7-ene), Et3N, DIPEA (N,N-diisopropyl-
ethylamine), and DIPA (diisopropylamine) were screened
and were found to be not as effective for the reaction in
EtOH under reflux conditions (Table 1, Entries 2–5). The
inorganic bases NaOH, K2CO3, Cs2CO3, and Na2CO3 were
also tested (Table 1, Entries 6–9), but they too were found
to be less effective than DABCO. Various solvents were
checked, including MeOH, DMF, DMSO, acetone, MeCN,
and THF (Table 1, Entries 10–14). Dry EtOH (Table 1, En-
try 1) was found to be the best solvent. Water is not as
effective as EtOH as the solvent for this reaction (Table 1,
Entry 15). It is notable that dry EtOH gave a better yield
than rectified spirit (95% EtOH; Table 1, Entry 16). In-
creasing the amount of base (1.5 equiv.) did not improve
the yield (Table 1, Entry 17), and decreasing the amount of
base (0.5 equiv.) decreased the yield significantly (Table 1,
Entry 18). The reaction did not proceed at all in the absence
of base (Table 1, Entry 19). Thus, the best results were ob-
tained in the reaction of 4-hydroxy-1-methylquinolin-2-one
(1a; 0.5 mmol) and β-methyl-β-nitrostyrene (2a; 0.5 mmol)
in the presence of DABCO (1 equiv.) in dry EtOH under
reflux for 6 h (Table 1, Entry 1).

To explore the general applicability of the method, vari-
ous substituted nitro olefins were treated with 4-hydroxy-
1-methylquinolin-2-one, and the results are summarized in
Table 2. A nitro olefin bearing a methyl substituent on the
aryl moiety produced the corresponding furan adduct in
good yield (3ab). A dioxole-substituted nitrostyrene gave
the desired furan (i.e., 3ad) in moderate yield. Halogen-sub-
stituted nitrostyrenes (p-F, p-Cl and p-Br) were also com-
patible with the optimized reaction conditions and gave the
expected products (i.e., 3ag, 3ah, and 3ai) in excellent yields.
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Table 1. Optimization of the reaction conditions.[a]

Entry Base[b] (equiv.) Solvent Temp. Yield [%][c]

1 DABCO (1) EtOH reflux (85 °C) 82
2 DBU (1) EtOH reflux (85 °C) 65
3 Et3N (1) EtOH reflux (85 °C) 55
4 DIPEA (1) EtOH reflux (85 °C) 15
5 DIPA (1) EtOH reflux (85 °C) 17
6 NaOH (1) EtOH reflux (85 °C) 08
7 K2CO3 (1) EtOH reflux (85 °C) 25
8 Cs2CO3 (1) EtOH reflux (85 °C) 15
9 Na2CO3 (1) EtOH reflux (85 °C) 35

10 DABCO (1) MeOH reflux (70 °C) 60
11 DABCO (1) DMF 100 °C 28
12 DABCO (1) DMSO 100 °C 24
13 DABCO (1) MeCN reflux (90 °C) 55
14 DABCO (1) THF reflux (70 °C) 48
15 DABCO (1) H2O 100 °C 50
16 DABCO (1) EtOH reflux (85 °C) 56
17 DABCO (1.5) EtOH reflux (85 °C) 83
18 DABCO (0.5) EtOH reflux (85 °C) 48
19 – EtOH reflux (85 °C) n.r.[d]

[a] Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), base
(1 equiv.), solvent (1.5 mL), 6 h. [b] DABCO = 1,4-diazabi-
cyclo[2.2.2]octane, DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene,
DIPEA = N,N-diisopropylethylamine, DIPA = diisopropylamine.
[c] Isolated yield. [d] n.r. = no reaction.

β-Ethyl-β-nitrostyrene also reacted smoothly with 4-
hydroxy-1-methylquinolin-2-one to give the corresponding
furan (i.e., 3af). Moreover, the aliphatic cyclic nitroalkene
1-nitrocyclooct-1-ene gave the desired product (i.e., 3aj).
These results demonstrate the general applicability of this
protocol.

Next, we went on to explore the reactivity of another
hydroxy derivative (1b) with nitro olefins 3 under the same
reaction conditions (Table 3). Nitrostyrenes bearing elec-
tron-donating groups such as Me and MeO on the phenyl
ring successfully reacted with 4-hydroxycoumarin to give
the corresponding furans (i.e., 4ab and 4ac) in good yields.
A naphthyl-substituted nitrostyrene was also effective in
this reaction and gave the corresponding angularly fused
furan derivative (i.e., 4ae) in good yield. β-Ethyl-β-nitro-
styrene also underwent the reaction smoothly with 4-
hydroxycoumarin to give the desired furan adduct (i.e., 4af).
However, β-nitrostyrene did not give the desired furan un-
der these reaction conditions.

In addition, a structural analogue of 4-hydroxycoumarin,
4-hydroxy-6-methylpyran-2-one (1c), also underwent the re-
action successfully to give the corresponding furans (i.e.,
5aa, 5ab, and 5ad) in moderate yields (Scheme 2).

Based on literature reports[11] and our previous work,[9]

a plausible mechanism is shown in Scheme 3. An initial
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Table 2. Substrate scope.[a]

[a] Reaction conditions: enol derivative (0.5 mmol), nitro olefin (0.5 mmol), DABCO (1 equiv.), solvent (1.5 mL), reflux.

Table 3. Substrate scope.[a]

[a] Reaction conditions: enol derivative (0.5 mmol), nitro olefin (0.5 mmol), DABCO (1 equiv.), solvent (1.5 mL), reflux, 12 h.

DABCO-promoted Michael addition of 4-hydroxyquinol-
one (1a) to nitro olefin 2a occurs to form intermediate A.
Intramolecular cyclization of intermediate A leads to the

www.eurjoc.org © 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2015, 7836–78417838

formation of cyclic intermediate B, which subsequently
gives the final product (i.e., 3a) through elimination of
water and HNO.
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Scheme 2. Synthesis of furo[3,2-c]pyran-4-one derivatives.

Scheme 3. Probable mechanism.

Conclusions

We have developed a simple and versatile straightforward
protocol for the synthesis of highly substituted angularly
fused furans in high yields. The method is applicable to
various enol systems, including 4-hydroxyquinolinones as
well as 4-hydroxycoumarin and its structural analogue 4-
hydroxypyranone. The reaction involves Michael addition,
cyclization, and denitration to give the desired furans. The
reaction has great advantages in terms of its operational
simplicity, cost-effectiveness, and environmental impact.

Experimental Section
General Information: 1H NMR spectra were determined with a
400 MHz spectrometer in CDCl3 solution. Chemical shifts are ex-
pressed in ppm (δ), and referenced to tetramethylsilane (TMS),
which was used as an internal standard. Signals are reported as
s (singlet), d (doublet), t (triplet), or m (multiplet), and coupling
constants J are given in Hz. 13C NMR spectra were recorded at
100 MHz in CDCl3. IR spectra were recorded with a Shimadzu
8400S FTIR spectrometer. TLC was carried out on aluminium
sheets coated with silica gel 60 F254 (Merck). Silica gel (60–
120 mesh) was used for column chromatography. Petroleum ether
refers to the fraction boiling in the range 60–80 °C, unless other-
wise stated. All solvents were dried and distilled before use. Com-
mercially available substrates were freshly distilled before use. Sol-
vents, reagents, and chemicals were purchased from Aldrich and
Merck. All reactions involving moisture-sensitive reactants were
carried out using oven-dried glassware.
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Typical Experimental Procedure for the Synthesis of 2,5-Dimethyl-
3-phenylfuro[3,2-c]quinolin-4-(5H)-one (3aa): Table 2. A mixture of
4-hydroxy-1-methylquinolin-2-one (1a) (87 mg, 0.5 mmol), β-
methyl-β-nitrostyrene (2a) (81 mg, 0.5 mmol) and DABCO (56 mg,
1 equiv.) were placed in a round-bottom flask fitted with a con-
denser. Dry EtOH (1.5 mL) was added, and the mixture was stirred
under reflux condition (85 °C) for 6 h. After TLC indicated that
the reaction was complete, the reaction mixture was cooled to room
temperature. Then the reaction mixture was concentrated to dry-
ness under reduced pressure, and the residue was extracted with
ethyl acetate. The organic phase was dried with anhydrous Na2SO4,
and concentrated under reduced pressure. The crude residue was
purified by column chromatography on silica gel (60–120 mesh)
using petroleum ether/ethyl acetate (9:1) as eluent to give the de-
sired product (3aa; 118 mg, 82%) as a white solid.

2,5-Dimethyl-3-phenylfuro[3,2-c]quinolin-4-(5H)-one (3aa): White
solid (118 mg, 82%). M.p. 124–126 °C. IR (KBr): ν̃ = 3058, 1652,
1105 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.01 (d, J = 8.0 Hz,
1 H), 7.57–7.53 (m, 2 H), 7.51–7.46 (m, 3 H), 7.43–7.37 (m, 2 H),
7.33–7.28 (m, 1 H), 3.74 (s, 3 H), 2.53 (s, 3 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 159.2, 153.9, 150.9, 137.8, 131.3, 130.4,
129.1, 127.9, 127.3, 122.1, 120.9, 120.6, 114.9, 114.1, 112.9, 29.2,
12.6 ppm. C19H15NO2 (289.33): calcd. C 78.87, H 5.23, N 4.84;
found C 78.69, H 5.39, N 4.72.

2,5-Dimethyl-3-(p-tolyl)furo[3,2-c]quinolin-4-(5H)-one (3ab): White
solid (119 mg, 79%). M.p. 120–122 °C. IR (KBr): ν̃ = 3067, 1655,
1106 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.02 (d, J = 9.2 Hz,
1 H), 7.53 (t, J = 8.8 Hz, 1 H), 7.44–7.41 (m, 3 H), 7.30 (t, J =
8.0 Hz, 1 H), 7.26–7.25 (m, 2 H), 3.74 (s, 3 H), 2.50 (s, 3 H), 2.40
(s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 159.4, 153.9,
150.8, 137.9, 137.1, 130.3, 129.1, 129.0, 128.7, 128.3, 126.5, 122.2,
121.0, 114.9, 113.1, 29.2, 21.4, 12.6 ppm. C20H17NO2 (303.36):
calcd. C 79.19, H 5.65, N 4.62; found C 79.01, H 5.48, N 4.79.

3-(Benzo[d][1,3]dioxol-5-yl)-2,5-dimethylfuro[3,2-c]quinolin-4-(5H)-
one (3ad): Gummy mass (116 mg, 70 %). IR (KBr): ν̃ = 3060, 1650,
1103 cm–1. 1H NMR (400 MHz, CDCl3): δ = 8.02 (d, J = 9.2 Hz,
1 H), 7.54–7.51 (m, 1 H), 7.43 (d, J = 8.4 Hz, 1 H), 7.31 (t, J =
8.0 Hz, 1 H), 7.02 (s, 1 H), 6.96 (d, J = 8.4 Hz, 1 H), 6.89 (d, J =
8.0 Hz, 1 H), 5.99 (s, 2 H), 3.74 (s, 3 H), 2.49 (s, 3 H) ppm. 13C
NMR (100 MHz, CDCl3): δ = 154.1, 151.0, 147.4, 147.1, 143.9,
138.1, 129.2, 125.0, 123.9, 122.7, 122.2, 121.1, 119.6, 115.0, 113.2,
111.1, 108.0, 101.1, 29.3, 12.6 ppm. C20H15NO4 (333.34): calcd. C
72.06, H 4.54, N 4.20; found C 71.89, H 4.64, N 4.05.

3-(4-Fluorophenyl)-2,5-dimethylfuro[3,2-c]quinolin-4-(5H)-one (3ag):
White solid (121 mg, 79%). M.p. 152–154 °C. IR (KBr): ν̃ = 3063,
1648, 1103 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.99 (d, J =
7.6 Hz, 1 H), 7.55–7.48 (m, 3 H), 7.41 (d, J = 8.8 Hz, 1 H), 7.32–
7.28 (m, 1 H), 7.16–7.11 (m, 2 H), 3.72 (s, 3 H), 2.49 (s, 3 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 162.3 (d, JC,F = 245 Hz), 159.3,
154.0, 150.9, 137.9, 132.0 (d, JC,F = 9 Hz), 129.3, 127.2 (d, JC,F =
3 Hz), 122.2, 121.0, 119.7, 115.0, 114.9 (d, JC,F = 12 Hz), 114.0,
112.9, 29.2, 12.5 ppm. C19H14FNO2 (307.32): calcd. C 74.26, H
4.59, N 4.56; found C 74.02, H 4.71, N 4.68.

3-(4-Chlorophenyl)-2,5-dimethylfuro[3,2-c]quinolin-4-(5H)-one
(3ah): Yellow solid (119 mg, 74%). M.p. 158–160 °C. IR (KBr): ν̃
= 3048, 1654, 1102 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.96
(d, J = 9.2 Hz, 1 H), 7.52–7.48 (m, 3 H), 7.43 (d, J = 8.4 Hz, 2 H),
7.39 (d, J = 8.4 Hz, 1 H), 7.29 (t, J = 7.6 Hz, 1 H), 3.71 (s, 3 H),
2.50 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 162.4, 159.1,
153.9, 150.9, 137.7, 133.2, 131.6, 129.2, 128.1, 122.1, 120.9, 119.5,
114.8, 112.7, 109.4, 29.1, 12.5 ppm. C19H14ClNO2 (323.78): calcd.
C 70.48, H 4.36, N 4.33; found C 70.29, H 4.15, N 4.59.
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3-(4-Bromophenyl)-2,5-dimethylfuro[3,2-c]quinolin-4-(5H)-one (3ai):
White solid (138 mg, 75%). M.p. 153–155 °C. IR (KBr): ν̃ = 3042,
1659, 1103, 524 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.99 (d, J

= 8.0 Hz, 1 H), 7.55–7.48 (m, 3 H), 7.44–7.40 (m, 3 H), 7.32–7.29
(m, 1 H), 3.72 (s, 3 H), 2.50 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 159.2, 154.0, 151.0, 137.8, 133.3, 131.7, 129.7, 129.3,
128.1, 122.2, 120.9, 119.6, 114.9, 113.8, 112.8, 29.2, 12.6 ppm.
C19H14BrNO2 (368.23): calcd. C 61.97, H 3.83, N 3.80; found C
62.09, H 3.69, N 3.70.

2-Ethyl-3-(4-methoxyphenyl)-5-methylfuro[3,2-c]quinolin-4(5H)-one
(3af): Colourless liquid (129 mg, 78%). IR (KBr): ν̃ = 3060, 1653,
1109 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.93 (d, J = 8.0 Hz,
1 H), 7.44–7.40 (m, 1 H), 7.37–7.31 (m, 3 H), 7.22–7.18 (m, 1 H),
6.90 (d, J = 8.4 Hz, 2 H), 3.77 (s, 3 H), 3.63 (s, 3 H), 2.75 (q, J =
7.6 Hz, 2 H), 1.26 (t, J = 7.6 Hz, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 159.5, 159.0, 155.6, 153.8, 137.9, 131.5, 129.0, 123.6,
122.1, 121.0, 119.5, 114.9, 114.2, 113.5, 113.1, 55.3, 29.2, 20.0,
13.3 ppm. C21H19NO3 (333.39): calcd. C 75.66, H 5.74, N 4.20;
found C 75.52, H 5.92, N 4.05.

5-Methyl-7,8,9,10,11,12-hexahydrocycloocta[4,5]furo[3,2-c]quinolin-
6(5H)-one (3aj): Pale yellow oil (119 mg, 85%). IR (KBr): ν̃ = 3068,
1655, 1101 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.79 (d, J =
8.8 Hz, 1 H), 7.36–7.31 (m, 1 H), 7.24 (d, J = 8.4 Hz, 1 H), 7.13
(t, J = 7.6 Hz, 1 H), 3.61 (s, 3 H), 2.95 (t, J = 6.4 Hz, 2 H), 2.81
(t, J = 6.4 Hz, 2 H), 1.72–1.68 (m, 4 H), 1.44–1.36 (m, 4 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 160.2, 154.3, 153.0, 137.5, 128.4,
121.9, 120.6, 118.2, 115.0, 114.7, 113.3, 28.9, 28.5, 27.9, 26.0, 25.9,
25.5, 21.4 ppm. C18H19NO2 (281.35): calcd. C 76.84, H 6.81, N
4.98; found C 76.72, H 6.72, N 4.80.

2-Methyl-3-phenyl-4H-furo[3,2-c]chromen-4-one (4aa): White solid
(110 mg, 80 %). M.p. 145–147 °C. IR (KBr): ν̃ = 3064, 1731,
1075 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.79 (d, J = 9.2 Hz,
1 H), 7.44–7.41 (m, 3 H), 7.40–7.35 (m, 3 H), 7.31–7.29 (m, 1 H),
7.27–7.23 (m, 1 H), 2.44 (s, 3 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 157.8, 156.4, 152.4, 151.8, 130.4, 130.1, 130.0, 128.3,
127.9, 124.4, 120.7, 120.6, 117.2, 112.9, 109.7, 12.7 ppm. C18H12O3

(276.29): calcd. C 78.25, H 4.38; found C 78.42, H 4.21.

2-Methyl-3-(p-tolyl)-4H-furo[3,2-c]chromen-4-one (4ab): White so-
lid (110 mg, 76%). M.p. 139–141 °C. IR (KBr): ν̃ = 3067, 1730,
1068 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.80 (d, J = 9.2 Hz,
1 H), 7.43–7.39 (m, 1 H), 7.36–7.31 (m, 3 H), 7.27–7.23 (m, 1 H),
7.20–7.18 (m, 2 H), 2.44 (s, 3 H), 2.33 (s, 3 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 157.9, 156.3, 152.4, 151.5, 137.7, 130.3,
129.8, 129.6, 129.1, 127.1, 124.4, 120.7, 117.2, 112.9, 109.8, 21.4,
12.7 ppm. C19H14O3 (290.32): calcd. C 78.61, H 4.86; found C
78.79, H 4.71.

3-(4-Methoxyphenyl)-2-methyl-4H-furo[3,2-c]chromen-4-one (4ac):
Gummy mass (110 mg, 72%). IR (KBr): ν̃ = 3058, 1738, 1078 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.90 (d, J = 9.2 Hz, 1 H), 7.52–
7.49 (m, 1 H), 7.47–7.44 (m, 3 H), 7.38–7.34 (m, 1 H), 7.02 (d, J

= 8.8 Hz, 2 H), 3.88 (s, 3 H), 2.54 (s, 3 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 159.3, 158.0, 156.3, 152.4, 151.4, 131.2,
130.3, 124.4, 122.3, 120.7, 120.2, 117.2, 113.9, 113.0, 109.9, 55.4,
12.7 ppm. C19H14O4 (306.32): calcd. C 74.50, H 4.61; found C
74.38, H 4.79.

3-(Benzo[d][1,3]dioxol-5-yl)-2-methyl-4H-furo[3,2-c]chromen-4-one
(4ad): Yellow solid (108 mg, 68%). M.p. 159–161 °C. IR (KBr): ν̃
= 3068, 1739, 1079 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.80
(d, J = 9.2 Hz, 1 H), 7.42–7.40 (m, 1 H), 7.36–7.34 (m, 1 H), 7.31–
7.24 (m, 2 H), 6.88–6.81 (m, 2 H), 5.91 (s, 2 H), 2.43 (s, 3 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 157.9, 156.3, 152.4, 151.6, 147.6,
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147.4, 132.7, 130.4, 124.9, 124.4, 124.1, 123.6, 120.7, 117.2, 116.8,
110.6, 108.3, 101.3, 12.7 ppm. C19H12O5 (320.30): calcd. C 71.25,
H 3.78; found C 71.10, H 3.98.

2-Methyl-3-(naphthalen-1-yl)-4H-furo[3,2-c]chromen-4-one (4ae):
Gummy mass (123 mg, 76%). IR (KBr): ν̃ = 3042, 1736, 1069 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.96 (t, J = 8.8 Hz, 3 H), 7.71
(d, J = 8.4 Hz, 1 H), 7.60–7.56 (m, 1 H), 7.54–7.50 (m, 3 H), 7.48–
7.45 (m, 2 H), 7.41–7.38 (m, 1 H), 2.37 (s, 3 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 157.5, 156.4, 153.0, 152.6, 133.8, 132.4,
130.4, 128.9, 128.6, 127.8, 126.4, 126.0, 125.6, 125.4, 124.4, 120.7,
118.4, 117.3, 113.1, 111.5, 12.6 ppm. C22H14O3 (326.35): calcd. C
80.97, H 4.32; found C 80.82, H 4.15.

2-Ethyl-3-(4-methoxyphenyl)-4H-furo[3,2-c]chromen-4-one (4af):
Yellow liquid (120 mg, 75%). IR (KBr): ν̃ = 3059, 1689, 1075 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.89 (d, J = 8.4 Hz, 1 H), 7.49–
7.42 (m, 4 H), 7.36–7.32 (m, 1 H), 7.01 (d, J = 8.8 Hz, 2 H), 3.87
(s, 3 H), 2.86 (q, J = 7.6 Hz, 2 H), 1.37 (t, J = 7.6 Hz, 3 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 159.3, 158.0, 156.3, 156.2, 152.3,
131.1, 130.2, 124.3, 122.3, 120.6, 119.5, 117.1, 113.8, 112.9, 109.7,
55.3, 20.0, 13.1 ppm. C20H16O4 (320.34): calcd. C 74.99, H 5.03;
found C 75.12, H 4.89.

2,6-Dimethyl-3-phenyl-4H-furo[3,2-c]pyran-4-one (5aa): Gummy
mass (81 mg, 68%). IR (KBr): ν̃ = 3068, 1721, 1070 cm–1. 1H NMR
(400 MHz, CDCl3): δ = 7.42–7.39 (m, 2 H), 7.38–7.34 (m, 2 H),
7.29–7.26 (m, 1 H), 6.31 (s, 1 H), 2.36 (s, 3 H), 2.27 (s, 3 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 160.9, 159.5, 159.4, 150.1, 130.4,
129.9, 128.9, 128.3, 127.7, 119.2, 95.6, 20.3, 12.6 ppm. C15H12O3

(240.26): calcd. C 74.99, H 5.03; found C 75.12, H 4.89.

2,6-Dimethyl-3-(p-tolyl)-4H-furo[3,2-c]pyran-4-one (5ab): Yellow
gummy mass (81 mg, 64 %). IR (KBr): ν̃ = 3058, 1720, 1085 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.29 (d, J = 8.0 Hz, 2 H), 7.17
(d, J = 8.0 Hz, 2 H), 6.30 (s, 1 H), 2.35 (s, 3 H), 2.31 (s, 3 H), 2.26
(s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 160.8, 159.6,
159.2, 149.8, 137.4, 129.7, 129.0, 127.3, 119.1, 107.6, 95.6, 21.4,
20.2, 12.5 ppm. C16H14O3 (254.28): calcd. C 75.57, H 5.55; found
C 75.69, H 5.41.

3-(Benzo[d][1,3]dioxol-5-yl)-2,6-dimethyl-4H-furo[3,2-c]pyran-4-one
(5ad): Yellow oil (93 mg, 66%). IR (KBr): ν̃ = 3042, 1701,
1103 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.18 (s, 1 H), 6.88–
6.84 (m, 1 H), 6.82–6.77 (m, 1 H), 6.29 (s, 1 H), 5.91 (s, 2 H), 2.32
(s, 3 H), 2.25 (s, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ =
160.7, 159.5, 159.3, 149.8, 147.2, 124.0, 123.5, 118.9, 110.4, 108.2,
105.7, 101.5, 101.2, 95.6, 20.2, 12.5 ppm. C16H12O5 (284.27): calcd.
C 67.60, H 4.25; found C 67.42, H 4.39.
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