
INTRODUCTION

Cascade/Tandem/Domino reaction is an organosynthetic
conversion in which two or more successive transformations
(bond breaking/making) involved under the same reaction
conditions [1]. Several research groups excessively demons-
trated the cascade reactions [2-10]. After the first triple cascade
reaction reported in 2006 [11], these reactions have been
evolved into quadruple [12-14] and quintuple [15-18] cascade
reactions. Similarly, microwave irradiation mediated synthesis
has become one of most interesting areas in organic chemistry
and other areas like inorganic, nanochemistry, etc. It has been
considered as the green protocol due to the several advantages
like solvent free/less solvent, lower reaction timings, less energy
consumption, higher yields, etc. Due to all these facts, cascade
reactions using microwave irradiation are the primary choice
for synthetic chemists.

Multi-substituted furans/dihydrofurans are the core skeleton
in a variety of natural and biologically active molecules (Fig.
1) [19-23]. Several strategies have been developed for the
construction of dihydrofurans via various cascade strategies
including the utilization of compounds with active methylene
group [24-27], pyridinium ylides [28,29]. But the reports on
synthesizing dihydrofurans under microwave irradiation in a
cascade manner were scarce. Herein, a microwave assisted,
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three-component triple cascade protocol for the development
of fully substituted dihydrofurans is proposed.

Sathiyamoorthi et al. [30] successfully demonstrated the
utility of imidazolium ylides for developing substituted dihydro-
furans (eqn. a, Scheme-I). In contemporary, similar molecules
were synthesized by Osyanin et al. [31] but in this case, pyridi-
nium ylides were used for the synthesis of dihydrofurans (eqn. b,
Scheme-I). The utilization of aromatic and aliphatic aldehydes
was well explored earlier, however its utility of various hetero-
cyclic aldehydes was limited. Herein, a three component triple
cascade protocol is reported for for synthesizing fully substituted
dihydrofurans using pyridinium ylide, phenacyl nitrile and
aldehydes under microwave irradiation (eqn. c, Scheme-I).

EXPERIMENTAL

All the reagents and chemicals were procured from
reputed commercial sources and used without further purifi-
cation. Analytical thin layer chromatography (TLC) was perfo-
rmed with Merck silica gel 60-F254 (0.5 mm) precoated glass
plates. Spots were visualized by UV light. Column chromato-
graphy was performed using 100-200 mesh silica gel. 1H &
13C NMR spectra were recorded with 400, 500, 100.6 and 125
MHz (a Bruker) NMR instruments in DMSO and deuterated
chloroform with tetramethylsilane (TMS) as an internal standard.
Chemical shifts (δ) and coupling constants (J) are reported in
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parts per million (ppm) and Hertz (Hz) respectively. IR (KBr)
spectra were recorded on Perkin-Elmer FT/IR-4000 using ATR
(νmax, cm–1) in the frequency range of 4000-600 cm–1. Melting
points were determined in a capillary tube using an electro-
thermal apparatus (Model IA9200) and were uncorrected. High-
resolution mass spectra (HRMS) were recorded on Thermo Q
Exactive orbitrap mass spectrometer.

Microwave irradiation experiment: Experiments with
microwave irradiation were carried out using a Discover® SP
Monowave 300 single-mode microwave cavity reactor (USA).
An external infrared (IR) sensor embedded in the microwave
cavity’s side walls measures the reaction vessel’s surface temp-
erature to monitor the reaction's temperature. Not the whole

time under the radiation source, but the time required to
maintain the target temperature is meant by reaction time. The
instrument’s hydraulic pressure sensor was housed in the
rotating top. Specially made caps protected the reusable 10
mL and 35 mL Pyrex vial. After the heating time, compressed
air was used to perform automated reaction cooling. Hydraulic
sealing of the vials with the initial force of 6-8 bar to resist 30
bar and to ensure smooth release of any leftover pressure before
opening the cover.

General procedure (A) for the synthesis of substituted
pyridinium salt of phenacyl bromide (5a-d) from the reac-
tions of substituted phenacyl bromide with pyridine: Under
a nitrogen environment, a solution of pyridine (1.1 mmol) and
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phenacyl bromide (1 mmol) in ethyl acetate (20 mL) was agitated
at room temperature for 12 h. The resultant product was filtered
and washed with 5 mL of ethyl acetate to yield substituted
pyridinium salt of phenacyl bromide derivatives.

1-(2-(4-Methoxyphenyl)-2-oxoethyl)pyridin-1-ium
bromide (5a): Compound 5a was synthesized according to the
general procedure A by taking 2-bromo-4′-methoxyaceto-
phenone (2 g, 1.0 mmol, 1.0 equiv.), pyridine (765 mg, 1.1 mmol,
1.1 equiv.) in ethyl acetate (20 mL) and the resulting mixture
was stirred at room temperature for overnight under nitrogen
atmosphere. Yield: 2.56 g (95%), off-white solid; 1H NMR
(400 MHz, DMSO-d6) δ ppm: 9.00 (d, J = 5.20 Hz, 2H), 8.73
(t, J = 7.60 Hz, 1H), 8.27 (t, J = 7.20 Hz, 2H), 8.04 (d, J = 8.80
Hz, 2H), 7.19 (d, J = 8.80 Hz, 2H), 6.44 (s, 2H), 3.90 (s, 3H).

1-(2-Oxo-2-(4-(trifluoromethyl)phenyl)ethyl)pyridin-
1-ium bromide (5b): Compound 5b was synthesized according
to the general procedure A by taking 4-trifluoromethylphenacyl
bromide (2 g, 1.0 mmol, 1.0 equiv.), pyridine (650 mg, 1.1 mmol,
1.1 equiv.) in ethyl acetate (20 mL) and the resulting mixture
was stirred at room temperature for overnight under nitrogen
atmosphere. Yield: 2.34 g (90%), off-white solid; 1H NMR
(400 MHz, DMSO-d6) δ ppm: 9.02 (d, J = 6.00 Hz, 1H), 8.76
(t, J = 7.60 Hz, 2H), 8.26-8.32 (m, 2H), 8.07 (d, J = 8.40 Hz,
2H), 6.56 (s, 1H).

1-(2-Oxo-2-phenylethyl)pyridin-1-ium bromide (5c):
Compound 5c was synthesized according to the general proce-
dure A by taking 2-bromoacetophenone (2 g, 1.0 mmol, 1.0
equiv.), pyridine (873 mg, 1.1 mmol, 1.1 equiv.) in ethyl acetate
(20 mL) and the resulting mixture was stirred at room tempe-
rature for overnight under nitrogen atmosphere. Yield: 2.64 g
(95%), off-white solid; 1H NMR (400 MHz, DMSO-d6) δ ppm:
9.05 (dd, J = 6.7, 1.3 Hz, 1H), 8.75 (tt, J = 7.9, 1.3 Hz, 1H),
8.29 (dd, J = 7.8, 1.3 Hz, 1H), 8.11-8.05 (m, 1H), 7.83-7.78
(m, 1H), 7.70-7.65 (m, 1H), 6.55 (s, 1H).

1-(2-Oxo-2-(p-tolyl)ethyl)pyridin-1-ium bromide (5d):
Compound 5d was synthesized according to the general proce-
dure A by treating 2-bromo-4′-methylacetophenone (2 g, 1.0
mmol, 1.0 equiv.), pyridine (815 mg, 1.1 mmol, 1.1 equiv.) in
ethyl acetate (20 mL) and the resulting mixture was stirred at
room temperature for overnight under nitrogen atmosphere.
Yield: 2.67 g (98%), off-white solid; 1H NMR (400 MHz,
DMSO-d6) δ ppm: 9.00 (d, J = 5.60 Hz, 2H), 8.74 (t, J = 7.60
Hz, 1H), 8.74 (t, J = 7.60 Hz, 1H), 8.26-8.29 (m, 2H), 7.97 (d,
J = 8.40 Hz, 2H), 7.97 (d, J = 8.40 Hz, 2H), 7.48 (d, J = 7.60
Hz, 2H), 6.46 (s, 2H), 2.45 (s, 3H).

General procedure (B) for the synthesis of dihydrofurans:
Into a monowave vial G10 (30 mL) with a Teflon covered stir
bar, a solution of aroyl acetonitrile 1 (1.0 mmol), aromatic
aldehyde 3 (1.1 mmol), pyridinium salt of phenacyl bromide
5 (1.1 mmol) and triethylamine (TEA, 3.0 mmol) was dissolved
in the minimum amount of ethanol (10 mL). The reaction
mixture was then placed in the microwave-ready vessel and
microwaved for 60 min at 80 ºC. The progress of the reaction
was monitored by TLC. The reaction mixture was cooled for
1 h and then the precipitate was filtered, washed with cold
ethanol and dried under vacuum to yield pure dihydrofurans
derivatives 4.

(4R,5R)-2-(4-Fluorophenyl)-5-(4-methoxybenzoyl)-4-
(4-methoxyphenyl)-4,5-dihydrofuran-3-carbonitrile (4a):
Compound 4a was synthesized according to the general proce-
dure B by taking aroyl acetonitrile 1 (500 mg, 3.0 mmol, 1.0
equiv.), p-methoxy benzaldehyde (3a) (458 mg, 3.37 mmol,
1.1 equiv.), 1-(2-(4-methoxyphenyl)-2-oxoethyl)pyridin-1-ium
bromide (5a) (1.03 g, 3.37 mmol, 1.1 equiv.), triethylamine
(TEA) (1.29 mL, 9.20 mmol, 3.0 equiv.) in ethanol (10 mL) and
the resulting reaction mixture was microwave irradiated for
60 min at 80 ºC. Yield: 1.1 g (84%), pale yellow solid, Rf = 0.50
(ethyl acetate/n-hexane, 3:7), m.p.: 146-149 ºC; IR (KBr, νmax,
cm–1): 2929, 2837, 1687, 1598, 1506, 1415, 1365, 1251, 1172,
1111, 1016, 943, 835, 775, 648, 601, 553; 1H NMR (400 MHz,
DMSO-d6) δ, ppm: 7.96-8.03 (m, 1H), 7.83-7.90 (m, 1H), 7.42-
7.50 (m, 1H), 7.27-7.32 (m, 1H), 7.07-7.11 (m, 1H), 6.98-7.03
(m, 1H), 6.37 (d, J = 5.50 Hz, 1H), 4.64 (d, J = 5.50 Hz, 1H),
3.86 (s, 1H), 3.79 (s, 1H). 13C NMR (100.6 MHz, CDCl3) δ,
ppm: 190.83, 165.79, 165.13, 164.41, 163.27, 159.66, 131.44,
131.18, 129.83, 129.74, 128.77, 126.21, 123.63,123.60, 116.45,
116.10, 115.88, 114.76, 114.19, 89.40, 85.10, 55.56, 55.32,
52.26. HRMS (ESI) calcd. for C26H20FNO4 ([M+H]+): 430.1376,
found: 430.1434.

(4R,5R)-2-(4-Fluorophenyl)-4-(4-methoxyphenyl)-5-(4-
(trifluoromethyl)benzoyl)-4,5-dihydrofuran-3-carbonitrile
(4b): Compound 4b was synthesized according to the general
procedure B by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3a
(458 mg, 3.37 mmol, 1.1 equiv.), 5b (1.16 g, 3.37 mmol, 1.1
equiv.), TEA (1.29 mL, 9.20 mmol, 3.0 equiv.) in ethanol (10
mL) and the resulting reaction mixture was microwave irrad-
iated for 60 min at 80 ºC. Yield: 1.1 g (71%), off-white solid,
Rf = 0.70 (ethyl acetate/n-hexane, 3:7), m.p.: 101-104 ºC. IR
(KBr, νmax, cm–1): 3398, 3074, 2893, 2214, 1705, 1612, 1510,
1371, 1325, 1242, 1174, 1126, 1062, 939, 839, 653, 557. 1H
NMR (400 MHz, DMSO-d6) δ, ppm: 8.08 (d, J = 8.25 Hz,
1H), 7.93-8.02 (m, 2H), 7.47 (t, J = 9.01 Hz, 1H), 7.29 (d, J =
8.75 Hz, 1H), 7.01 (d, J = 8.50 Hz, 1H), 6.47 (d, J = 5.25 Hz,
1H), 4.75 (d, J = 5.25 Hz, 1H), 3.78 (s, 1H). 13C NMR (100.6
MHz, CDCl3) δ, ppm: 191.70, 165.96, 164.85, 163.43, 159.91,
157.65, 136.16, 136.01, 135.68, 135.36, 135.03, 132.27, 132.18,
131.05, 130.68, 130.00, 129.95, 129.85, 129.76, 129.53, 128.78,
128.11, 127.42, 126.10, 126.06, 126.03, 125.99, 125.61,
125.57, 124.70, 123.37, 123.34, 121.99, 120.18, 89.67, 87.04,
85.33, 85.32, 55.40, 55.18, 53.21, 51.88. HRMS (ESI) calcd.
for C26H17FNO3 ([M-H]+): 466.1145, found: 466.1042.

(4R,5R)-5-Benzoyl-2-(4-fluorophenyl)-4-(4-methoxy-
phenyl)-4,5-dihydrofuran-3-carbonitrile (4c): Compound 4c
was synthesized according to the general procedure B by taking
1 (500 mg, 3.0 mmol, 1.0 equiv.), 3a (458 mg, 3.37 mmol, 1.1
equiv.), 5c (934 mg, 3.37 mmol, 1.1 equiv.), TEA (1.29 mL,
9.20 mmol, 3.0 equiv.) in ethanol (10 mL) and the resulting
reaction mixture was microwave irradiated for 60 min at 80
ºC. Yield: 1 g (82%), off-white solid, Rf = 0.60 (ethyl acetate/
n-hexane, 3:7), m.p.: 163-166 ºC; IR (KBr, νmax, cm–1): 2989,
2206, 1687, 1635, 1595, 1454, 1402, 1357, 1298, 1244, 1165,
1107, 1091, 1033, 1018, 941, 883, 835, 800, 758, 690, 651,
553. 1H NMR (400 MHz, DMSO-d6) δ, ppm: 7.99-8.30 (m, 1H),
7.86-7.89 (m, 1H), 7.69-7.74 (m, 1H), 7.53-7.60 (m, 1H), 7.45-
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7.51 (m, 1H), 7.27-7.31 (m, 1H), 6.99-7.03 (m, 1H), 6.43 (d,
J = 5.25 Hz, 1H), 4.67 (d, J = 5.25 Hz, 1H), 3.79 (s, 2H). 13C
NMR (100.6 MHz, CDCl3) δ, ppm: 192.39, 165.84, 165.12,
163.31, 159.73, 134.32, 133.29, 131.02, 129.86, 129.77, 129.07,
128.96, 128.74, 123.55, 123.52, 116.34, 116.14, 115.92,
114.81, 89.53, 85.13, 85.12, 55.34, 52.14; HRMS (ESI) calcd.
for C25H18FNO3 ([M+H]+): 400.1271, found: 400.1323.

(4R,5R)-5-Benzoyl-2,4-bis(4-fluorophenyl)-4,5-dihydro-
furan-3-carbonitrile (4d): Compound 4d was synthesized
according to the general procedure B by taking 1 (500 mg,
3.0 mmol, 1.0 equiv.), 3b (418 mg, 3.37 mmol, 1.1 equiv.), 5c
(934 mg, 3.37 mmol, 1.1 equiv.), TEA (1.29 mL, 9.20 mmol,
3.0 equiv.) in EtOH (10 mL) and the resulting reaction mixture
was microwave irradiated for 60 min at 80 ºC. Yield: 950 mg
(80%), off-white solid, Rf = 0.80 (ethyl acetate/n-hexane, 3:7),
m.p.: 136-139 ºC; IR (KBr, νmax, cm–1): 3074, 2927, 2206, 1689,
1629, 1593, 1502, 1452, 1411, 1361, 1232, 1157, 1107, 1091,
1041, 941, 835, 794, 779, 682, 653, 549. 1H NMR (400 MHz,
CDCl3) δ, ppm: 8.02-8.10 (m, 1H), 7.90-7.96 (m, 1H), 7.63-
7.69 (m, 1H), 7.49-7.56 (m, 1H), 7.29-7.35 (m, 1H), 7.09-
7.21 (m, 2H), 5.86 (d, J = 5.75 Hz, 1H), 4.75 (d, J = 5.50 Hz,
1H). 13C NMR (100.6 MHz, CDCl3) δ, ppm: 192.17, 165.99,
165.42, 164.00, 163.46, 161.54, 134.92, 134.89, 134.49, 133.37,
129.94, 129.85, 129.44, 129.36, 129.16, 129.06, 123.38, 123.35,
116.59, 116.38, 116.27, 116.18, 116.05, 89.45, 84.79, 51.82;
HRMS (ESI) calcd. for C24H15F2NO2 ([M-H]+): 386.1071, found:
386.0979.

(4R,5R)-2-(4-Fluorophenyl)-4-(4-methoxybenzyl)-5-
(4-methylbenzoyl)-4,5-dihydrofuran-3-carbonitrile (4e):
Compound 4e was synthesized according to the general proce-
dure B by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3c (506 mg,
3.37 mmol, 1.1 equiv.), 5d (981 mg, 3.37 mmol, 1.1 equiv.),
TEA (1.29 mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and
the resulting reaction mixture was microwave irradiated for
60 min at 80 ºC. Yield: 1.1 g (84%), off-white solid, Rf = 0.60
(ethyl acetate/n-hexane, 3:7), m.p.: 101-104 ºC; IR (KBr, νmax,
cm–1): 2738, 2200, 2160, 1924, 1693, 1600, 1500, 1440, 1371,
1300, 1256, 1232, 1151, 1107, 1091, 1039, 947, 846, 727, 688,
561. 1H NMR (400 MHz, CDCl3) δ, ppm: 7.97-8.03 (m, 1H),
7.27-7.37 (m, 2H), 7.14 (t, J = 8.76 Hz, 1H), 7.09 (d, J = 8.00
Hz, 1H), 6.87-6.91 (m, 1H), 6.77-6.81 (m, 1H), 5.73 (d, J =
3.50 Hz, 1H), 3.77 (s, 1H), 3.70-3.75 (m, 1H), 3.27 (dd, J =
13.76, 4.50 Hz 1H), 2.83-2.89 (m, 1H), 2.38 (s, 2H). 13C NMR
(100.6 MHz, CDCl3) δ, ppm: 192.56, 166.22, 165.81, 163.28,
160.20, 144.96, 138.39, 130.39, 130.17, 129.88, 129.79, 129.47,
128.84, 123.75, 121.88, 116.70, 116.10, 115.88, 114.85, 112.97,
84.88, 83.73, 55.18, 49.17, 39.52, 21.72; HRMS (ESI) calcd.
for C27H22FNO3 ([M+H]+): 428.1584, found: 428.1660.

(4R,5R)-5-Benzoyl-4-cyclobutyl-2-(4-fluorophenyl)-
4,5-dihydrofuran-3-carbonitrile (4f): Compound 4f was
synthesized according to the general procedure B by taking 1
(500 mg, 3.0 mmol, 1.0 equiv.), 3d (283 mg, 3.37 mmol, 1.1
equiv.), 5c (934 mg, 3.37 mmol, 1.1 equiv.), TEA (1.29 mL,
9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the resulting
reaction mixture was microwave irradiated for 60 min at 80
ºC. Yield: 800 mg (80%), yellow solid, Rf = 0.80 (ethyl acetate/
n-hexane, 3:7), m.p.: 110-113 ºC; IR (KBr, νmax, cm–1): 3664,

2974, 2202, 1820, 1695, 1624, 1595, 1504, 1438, 1371, 1325,
1232, 1163, 1105, 1001, 943, 846, 698, 545. 1H NMR (400
MHz, CDCl3) δ, ppm: 7.93-8.03 (m, 1H), 7.62-7.68 (m, 1H),
7.50-7.57 (m, 1H), 7.06-7.14 (m, 1H), 5.57 (d, J = 5.00 Hz,
1H), 3.66 (dd, J = 8.38, 4.88 Hz, 1H), 2.69-2.80 (m, 1H),
2.20-2.30 (m, 1H), 2.10-2.17 (m, 1H), 1.87-2.05 (m, 1H). 13C
NMR (100.6 MHz, CDCl3) δ, ppm: 193.69, 165.70, 165.34,
163.18, 134.15, 133.89, 129.76, 129.67, 129.07, 128.96, 123.81,
123.78, 117.20, 116.07, 115.85, 85.79, 82.85, 51.45, 39.69,
25.92, 25.91, 18.40; HRMS (ESI) calcd. for C22H18FNO2 ([M+H]+):
348.1322, found: 348.1392.

(4S,5R)-5-Benzoyl-2-(4-fluorophenyl)-4-(1H-pyrrol-2-
yl)-4,5-dihydrofuran-3-carbonitrile (4g): Compound 4g was
synthesized according to the general procedure B by taking 1
(500 mg, 3.0 mmol, 1.0 equiv.), 3e (320 mg, 3.37 mmol, 1.1
equiv.), 5c (934 mg, 3.37 mmol, 1.1 equiv.), TEA (1.29 mL,
9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the resulting reaction
mixture was microwave irradiated for 60 min at 80 ºC. Yield:
900 mg (82.5%) , pale yellow solid, Rf = 0.50 (ethyl acetate/
n-hexane, 3:7), m.p.: 176-179 ºC; IR (KBr, νmax, cm–1): 3107,
3061, 2926, 2206, 1691, 1627, 1597, 1506, 1442, 1363, 1228,
1166, 1109, 999, 954, 879, 852, 746, 688, 644, 597, 547, 501.
1H NMR (400 MHz, DMSO-d6) δ, ppm: 11.05 (br s, 1H), 7.95-
8.00 (m, 2H), 7.91 (dd, J = 8.25, 1.25 Hz, 2H), 7.68-7.74 (m,
1H), 7.45-7.61 (m, 2H), 7.41-7.49 (m, 2H), 6.79-6.82 (m, 1H),
6.34 (d, J = 5.75 Hz, 1H), 6.03-6.08 (m, 2H), 4.77 (d, J = 5.50
Hz, 1H). 13C NMR (100.6 MHz, CDCl3) δ, ppm: 192.80,
192.34, 165.93, 165.23, 163.40, 162.87, 144.62, 136.81, 133.42,
133.04, 131.52, 131.43, 130.71, 130.12, 129.88, 129.80, 129.26,
129.04, 128.60, 128.40, 127.18, 125.72, 124.24, 119.00, 116.51,
116.36, 116.23, 116.02, 109.40, 107.14, 88.59, 83.23, 45.83;
HRMS (ESI) calcd. for C22H15FN2O2 ([M-H]+): 357.1118,
found: 357.1028.

(4R,5R)-2-(4-Fluorophenyl)-5-(4-methoxybenzoyl)-4-
(1H-pyrazol-4-yl)-4,5-dihydrofuran-3-carbonitrile (4h):
Compound 4h was synthesized according to the general proce-
dure B by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3f (323 mg,
3.37 mmol, 1.1 equiv.), 5a (1 g, 3.37 mmol, 1.1 equiv.), TEA
(1.29 mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the
resulting reaction mixture was microwave irradiated for 60 min
at 80 ºC. Yield: 920 mg (77%), off-white solid, Rf = 0.10 (ethyl
acetate/n-hexane, 3:7), m.p.: 169-171 ºC; IR (KBr, νmax, cm–1):
3581, 3358, 2960, 2843, 2206, 1905, 1687, 1508, 1417, 1242,
1170, 1018, 941, 840, 671, 501. 1H NMR (400 MHz, CDCl3)
δ, ppm: 8.00-8.06 (m, 1H), 7.96 (d, J = 9.01 Hz, 1H), 7.65 (s,
1H), 7.26 (s, 1H), 7.12-7.20 (m, 1H), 6.95-7.02 (m, 1H), 5.80
(d, J = 6.00 Hz, 1H), 4.86 (d, J = 6.25 Hz, 1H), 3.91 (s, 1H).
13C NMR (100.6 MHz, CDCl3) δ, ppm: 190.73, 165.82, 164.99,
164.52, 163.30, 132.51, 131.50, 130.23, 129.92, 129.83, 129.79,
129.70, 127.89, 126.34, 123.50, 123.47, 119.63, 116.47, 116.18,
116.14, 115.96, 115.92, 114.27, 114.13, 89.12, 86.06, 84.42,
84.41, 55.59, 44.24, 42.96; HRMS (ESI) calcd. for C22H16FN3O3

([M+H]+): 390.1176, found: 390.1261.
(4R,5R)-2-(4-Fluorophenyl)-5-(4-methoxybenzoyl)-4-

(thiazol-2-yl)-4,5-dihydrofuran-3-carbonitrile (4i): Compound
4i was synthesized according to the general procedure B
by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3g (377 mg, 3.37
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mmol, 1.1 equiv.), 5a (1 g, 3.37 mmol, 1.1 equiv.), TEA (1.29
mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the resulting
reaction mixture was microwave irradiated for 60 min at 80
ºC. Yield: 1 g (80%), off-white solid, Rf = 0.40 (ethyl acetate/
n-hexane, 3:7), m.p.: 142-145 ºC; IR (KBr, νmax, cm–1): 3739,
3352, 3103, 3003, 2970, 2841, 2586, 2233, 2056, 1683, 1608,
1506, 1413, 1361, 1321, 1261, 1244, 1174, 1103, 1039, 1018,
945, 884, 833, 744, 648. 1H NMR (400 MHz, CDCl3) δ, ppm:
8.91 (d, J = 2.00 Hz, 1H), 8.00-8.08 (m, 4H), 7.38 (d, J = 2.00
Hz, 1H), 7.14 (t, J = 8.76 Hz, 2H), 6.97-7.01(m, 2H), 6.32 (d,
J = 5.50 Hz, 1H), 5.08 (d, J = 5.50 Hz, 1H), 3.90 (s, 3H). 13C
NMR (100.6 MHz, CDCl3) δ, ppm:  190.72, 166.10, 165.91,
164.50, 163.38, 154.49, 154.30, 131.75, 130.01, 129.92, 126.41,
123.56, 116.55, 116.52, 116.11, 115.90, 114.25, 87.09, 83.09,
83.07, 55.62, 48.20; HRMS (ESI) calcd. for C22H16FN2O3

([M+H]+): 407.0866, found: 407.0841.
(4R,5R)-2-(4-Fluorophenyl)-5-(4-methylbenzoyl)-4-

(pyridin-4-yl)-4,5-dihydrofuran-3-carbonitrile (4j): Compound
4j was synthesized according to the general procedure B by
taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3h (361 mg, 3.37
mmol, 1.1 equiv.), 5a (981 mg, 3.37 mmol, 1.1 equiv.), TEA
(1.29 mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the
resulting reaction mixture was microwave irradiated for 60 min
at 80 ºC. Yield: 900 mg (77%), off-white solid, Rf = 0.20 (ethyl
acetate/n-hexane, 3:7), m.p.: 144-146 ºC; IR (KBr, νmax, cm–1):
3739, 3066, 3035, 1691, 1604, 1570, 1506, 1398, 1354, 1342,
1240, 1037, 887, 823, 769, 678, 563. 1H NMR (400 MHz,
DMSO-d6) δ, ppm: 8.65 (d, J = 6.00, 1H), 7.98-8.02 (m, 1H),
7.83 (d, J = 8.00 Hz, 1H), 7.36-7.52 (m, 3H), 6.53 (d, J = 5.25
Hz, 1H), 4.83 (d, J = 5.25 Hz, 1H). 13C NMR (100.6 MHz, CDCl3)
δ, ppm: 191.20, 166.18, 166.10, 163.57, 150.71, 148.13, 145.94,
130.75, 130.75, 130.01, 129.92, 12.84, 129.65, 129.34, 129.10,
127.91, 123.10, 123.07, 122.73, 116.34, 116.12, 115.84, 88.62,
83.35, 83.34, 51.26, 21.86; HRMS (ESI) calcd. for C24H17FN2O2

([M+H]+): 385.1274, found: 385.1241.
(4R,5R)-4-(5-Bromopyridin-3-yl)-2-(4-fluorophenyl)-

5-(4-methoxybenzoyl)-4,5-dihydrofuran-3-carbonitrile
(4k): Compound 4k was synthesized according to the general
procedure B by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3i
(624 mg, 3.37 mmol, 1.1 equiv.), 5a (1 g, 3.37 mmol, 1.1 equiv.),
TEA (1.29 mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and
the resulting reaction mixture was microwave irradiated for
60 min at 80 ºC. Yield: 1.3 g (87%), pale yellow solid, Rf =
0.40 (ethyl acetate/n-hexane, 3:7), m.p.: 144-147 ºC; IR (KBr,
νmax, cm–1): 3034, 2893, 2202, 1693, 1591, 1504, 1419, 1348,
1307, 1255, 1165, 1087, 1016, 945, 902, 835, 690, 644, 638,
567. 1H NMR (400 MHz, CDCl3) δ, ppm: 8.71 (d, J = 2.25 Hz,
1H), 8.54 (d, J = 2.00 Hz, 1H), 8.01-8.09 (m, 2H), 7.93-7.99
(m, 2H), 7.84 (t, J = 2.00 Hz, 1H), 7.18 (t, J = 8.76 Hz, 2H),
6.96-7.05 (m, 2H), 5.78 (d, J = 6.00 Hz, 1H), 4.94 (d, J =
5.75 Hz, 1H), 3.91 (s, 3H). 13C NMR (100.6 MHz, CDCl3) δ,
ppm: 189.73, 166.14, 166.07, 164.77, 163.60, 151.18, 147.40,
138.63, 137.82, 136.69, 132.55, 131.70, 130.03, 129.94, 126.17,
123.03, 123.00, 121.60, 116.37, 116.15, 115.76, 114.44, 114.38,
88.86, 86.12, 83.42, 83.41, 60.64, 58.41, 55.71, 50.78, 49.11,
45.98; HRMS (ESI) calcd. for C24H13BrF4N2O2 ([M+H]+):
479.0328, found: 479.0433.

(4R,5R)-2-(4-Fluorophenyl)-5-(4-methoxybenzoyl)-4-
(quinolin-3-yl)-4,5-dihydrofuran-3-carbonitrile (4l): Compound
4l was synthesized according to the general procedure B by
taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3j (529 mg, 3.37
mmol, 1.1 equiv.), 5a (1 g, 3.37 mmol, 1.1 equiv.), TEA (1.29
mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the resulting
reaction mixture was microwave irradiated for 60 min at 80
ºC. Yield: 1.2 g (87%), off-white solid, Rf = 0.30 (ethyl acetate/
n-hexane, 3:7), m.p.: 132-135 ºC; IR (KBr, νmax, cm–1): 2582,
2239, 1689, 1604, 1502, 1419, 1335, 1255, 1170, 1095, 1039,
956, 914, 846, 788, 756, 648, 555. 1H NMR (400 MHz, DMSO-
d6) δ, ppm: 8.90 (d, J = 2.25, 1H), 8.43 (d, J = 1.75 Hz, 1H),
8.02-8.10 (m, 4H), 7.94 (d, J = 8.76 Hz, 2H), 7.82 (td, J =
7.69, 1.13 Hz, 1H), 7.64-7.70 (m, 1H), 7.50 (t, J = 8.88 Hz,
2H), 7.10 (d, J = 9.01 Hz, 2H), 6.66 (d, J = 5.50 Hz 1H), 5.08
(d, J = 5.25 Hz 1H), 3.86 (s, 3H). 13C NMR (100.6 MHz, CDCl3)
δ, ppm: 191.69, 165.95, 165.35, 163.42, 153.49, 145.75, 142.70,
133.82, 131.00, 129.91, 129.82, 129.66, 129.58, 128.82, 128.61,
127.66, 123.20, 121.88, 116.27, 116.05, 88.63, 83.64, 21.81;
HRMS (ESI) calcd. for C28H19FN2O3 ([M+H]+): 451.1380, found:
451.1446.

(4R,5R)-2-(4-Fluorophenyl)-4-(isoquinolin-4-yl)-5-(4-
methylbenzoyl)-4,5-dihydrofuran-3-carbonitrile (4m):
Compound 4m was synthesized according to the general proce-
dure B by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3k (529 mg,
3.37 mmol, 1.1 equiv.), 5d (981 mg, 3.37 mmol, 1.1 equiv.),
TEA (1.29 mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and the
resulting reaction mixture was microwave irradiated for 60
min at 80 ºC. Yield: 1.1 g (83%), off-white solid, Rf = 0.30 (ethyl
acetate/n-hexane, 1:1), m.p.: 139-141 °C; IR (KBr, νmax, cm–1):
3753, 3439, 3047, 2922, 2204, 1689, 1612, 1504, 1406, 1354,
1294, 1234, 1159, 1103, 1008, 844, 748, 650, 534. 1H NMR
(400 MHz, DMSO-d6) δ, ppm: 9.38 (s, 1H), 8.59 (s, 1H), 8.23-
8.26 (m, 1H), 7.98-8.07 (m, 3H), 7.75-7.84 (m, 4H), 7.46-
7.51 (m, 2H), 7.30 (d, J = 8.00 Hz, 2H), 6.66 (d, J = 5.25 Hz,
1H), 5.66-5.68 (m, 1H), 2.37 (s, 3H). 13C NMR (100.6 MHz,
CDCl3) δ ppm 190.18, 166.08, 166.00, 164.69, 163.55, 149.89,
148.13, 134.92, 131.99, 131.61, 130.17, 130.04, 129.95, 129.42,
127.89, 127.49, 126.21, 123.27, 116.34, 116.12, 114.43, 89.04,
84.00, 55.67, 50.17; HRMS (ESI) calcd. for C28H19FN2O2

([M+H]+): 435.1431, found: 435.1502.
(4S,5R)-2-(4-Fluorophenyl)-4-(1H-indol-2-yl)-5-(4-

methylbenzoyl)-4,5-dihydrofuran-3-carbonitrile (4n):
Compound 4n was synthesized according to the general proce-
dure B by taking 1 (500 mg, 3.0 mmol, 1.0 equiv.), 3l (489
mg, 3.37 mmol, 1.1 equiv.), 5d (981 mg, 3.37 mmol, 1.1 equiv.),
TEA (1.29 mL, 9.20 mmol, 3.0 equiv.) in EtOH (10 mL) and
the resulting reaction mixture was microwave irradiated for
60 min at 80 ºC. Yield: 950 mg (73%), off-white solid, Rf =
0.60 (ethyl acetate/n-hexane, 3:7), m.p.: 178-181 ºC; IR (KBr,
νmax, cm–1): 3298, 3057, 2854, 1685, 1602, 1504, 1421, 1298,
1234, 1111, 1060, 1008, 952, 844, 786, 744, 686, 636, 597,
542. 1H NMR (400 MHz, DMSO-d6) δ, ppm: 11.35 (s, 1H),
8.00-8.04 (m, 2H), 7.86 (d, J = 8.25 Hz, 3H), 7.45-7.55 (m,
4H), 7.36-7.42 (m, 4H), 7.09-7.15 (m, 1H), 6.96-7.06 (m, 1H),
6.51 (d, J = 5.25 Hz, 1H), 6.46 (d, J = 1.50 Hz, 1H), 4.97 (d,
J = 5.25 Hz, 1H) 2.40 (s, 4H). 13C NMR (100.6 MHz, CDCl3)
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δ, ppm: 192.24, 166.03, 165.83, 163.50, 145.92, 136.69, 135.33,
130.80, 129.99, 129.91, 129.82, 129.43, 128.31, 123.36, 123.32,
122.68, 120.79, 120.40, 116.28, 116.23, 116.06, 111.15, 101.61,
88.27, 82.60, 46.26, 21.88; HRMS (ESI) calcd. for C27H19FN2O2

([M-H]+): 421.1435, found: 421.1354.

RESULTS AND DISCUSSION

Microwave assisted synthesis of dihydrofurans as a three
component triple cascade reaction progressed via Knoevenagel-
Michael-oxa-Michael sequence in a unique [1+1+3] annulation
(Scheme-II) was carried out in this work. In order to carry out
the initial investigation of our hypothesis, phenacyl nitrile (1a),
pyridinium ylide (5a) and p-methoxy benzaldehyde (3a) were
chosen as precursors under microwave irradiation. The optimi-
zation studies were started with inorganic bases. The use of
K2CO3 as a base in water at 30 ºC gave 40% of the desired product
(entry 1, Table-1). The yield was decreased when acetonitrile
was used as solvent (entry 2, Table-1). It was observed that
there is an improvement in the yield i.e. 52% when the temperature
was increased to 80 ºC from 30 ºC (entry 3, Table-1). The usage of
EtOH in the reaction lowers the formation of the desired product
(entry 4, Table-1). Other inorganic bases like Cs2CO3, NaOAc
weren't improved the yield as expected (entries 5-7, Table-1).
Later, the attention was shifted towards the organic bases, where
DMAP in EtOH gave a good yield of 56% (entry 8, Table-1).
There is no improvement in the yield with the use of pyrrolidine/
piperidine (entry 9-10, Table-1). Implementation of TEA gave
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Ar1
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[1+1+3]

Scheme-II: Three component triple cascade sequence for the synthesis of
dihydrofurans

a maximum yield of 85% for the desired product (entry 11,
Table-1). In order to get the improvement in the yield, TEA in
different solvents was screened in order to produce the required
compound to the maximum yield of 70% (entries 12-17). Thus,
the execution of TEA in EtOH at 80 ºC for 1 h under microwave
irradiation gave the maximum yield.

Following the optimized conditions, the substrate scope
was further explored for this triple cascade reaction (Scheme-
III). p-Fluoro phenacyl nitrile was treated with various pyridi-
nium ylides as well as aldehydes. p-Methoxy benzaldehyde
with pyridinium ylide with p-methoxy phenyl ring gave comp-
ound 4a in 85% of yield. Whereas pyridinium salt containing
p-CF3 phenyl ring was able to produce compound 4b in 71%
only. The unsubstituted phenyl ring in pyridinium salt afforded

TABLE-1 
OPTIMIZATION STUDIES TOWARDS THE TRIPLE CASCADE REACTION FOR THE SYNTHESIS OF DIHYDROFURANSa 

O

CN

+ +
N

O

Br O

NC

O

1a 5a
3a

4a

F

H

O

MeOMeO

Microwave

OMe

OMe

Firradiation

 
S. No. Base Solvent Temp. (°C) Time (h) Isolated yield (%) 

1 K2CO3 H2O 30 4 40 
2 K2CO3 ACN 30 5 30 
3 K2CO3 ACN 80 4 52 
4 K2CO3 EtOH 80 2 20 
5 Cs2CO3 ACN 80 4 34 
6 NaOAc ACN 30 8 25 
7 NaOAc EtOH 80 1 41 
8 DMAP EtOH 80 4 56 
9 pyrrolidine EtOH 80 1 32 

10 piperidine EtOH 80 1 36 
11 TEA EtOH 80 1 85 
12 TEA MeOH 80 1 70 
13 TEA H2O 80 1 40 
14 TEA DMF 80 1 75 
15 TEA ACN 80 1 64 
16 TEA THF 80 1 43 
17 TEA 1,4-Dioxane 80 1 50 

aAll the reactions were performed under microwave irradiation by using 1a (0.15 mmol), 5a (0.165 mmol), 3a (0.165 mmol) and base (0.45 mmol) 
in 2 mL of solvent. 
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Scheme-III: Substrate scope studies for the triple cascade reaction [all the reactions were performed under microwave irradiation by using
1a (3 mmol), 5 (3.3 mmol) 3 (3.3 mmol) and TEA (9 mmol) in 5 mL of solvent (see SI), isolated yield]

compound 4c in better yield i.e., 82%. p-Fluoro benzaldehyde
on treatment with p-fluoro phenacyl nitrile and phenyl ring
containing pyridinium salt yielded compound 4d in a good
yield of 80%. The yield was slightly higher when p-methoxy
benzylaldehyde was used for the triple cascade reaction and
able to get 4e in 84% yield. This protocol is well suited with

aliphatic cyclic aldehydes also, for example, dihydrofuran 4f
in 80% of yield was achieved from cyclobutanal.

Further on, attention again shifted to various heterocyclic
aldehydes, which are less explored. Dihydrofuran 4g was
obtained in 83% yield when prrole-2-carbaldehyde was involved
in this three component protocol. It was observed that there is

230  Chimaladenne et al. Asian J. Chem.



slight decrease in the yield for compound 4h when pyrazole-
4-aldehyde was used and gave 77% of yield. Thioimidazole-
2-carbaldehyde on reaction with p-fluoro phenacyl nitrile and
p-methoxy phenyl ring containing pyridinium salt produced
4i in a good yield of 81%. A decrement in the yield was found
when pyridine-4-carbaldehyde was included in this three compo-
nent triple cascade protocol. It was able to get 4j in 77% yield.
Whereas 3-bromo pyridine 4-carbaldehyde afforded the required
dihydrofuran 4k in a yield 87%. This protocol was well studied
with the quinoline aldehyde as well as isoquinoline aldehyde
and produced the corresponding dihydrofurans 4l, 4m in 87
and 83% yields, respectively. Indole-2-carbaldehyde on triple
cascade reaction with p-fluorophenacyl nitrile and p-tolyl ring
containing pyridinium salt get dihydrofuran 4n in 73% yield.
In order to investigate the scalability of [1+1+3] triple cascade
protocol, the reaction in a gram scale (Scheme-IV) was also

carried out, where the desired dihydrofuran 4a was obtained
in a yield of 82%.

A plausible mechanism is also proposed for the three com-
ponent triple cascade reaction. Pyridinium ylide in the presence
of a base generates the activated anion. This anion undergoes
Michael addition with intermediate A which is formed by the
Knoevenagel condensation between 1a and 3. This Michael
addition lead to the formation of intermediate B. This interme-
diate B undergoes intramolecular cyclization via oxa-Michael
reaction get compound 4 (Scheme-V).

Conclusion

In conclusion, a three component cascade reaction protocol
was demonstrated for the synthesis of fully substituted dihydro-
furans. This entire protocol was carried out under microwave
irradiation and the reaction was progressed via Knoevenagel-

O

CN

+ +
N

O

Br O

NC

O

1a 5a 3a 4a

F

H

O

MeOMeO

Microwave
irradiation

TEA, EtOH, 
80 °C, 1 h

1.0 g, 6.13 mmol 2.07 g, 6.74 mmol 0.82 mL, 6.74 mmol

OMe

OMe

F

2.16 g, 5.03 mmol

Scheme-IV: Gram scale synthesis of dihydrofuran 4a

O

CN

+

N

O

Br

O

NC Ar

O

1a

5

3

4

F
Ar H

O

R

F

R

N

O

R

O

CN

F Ar

TEA

Knoevenagel

+

O

NC

Ar

F

N

O

R

Michael

Oxa-Michael

A

B

Scheme-V: Plausible reaction mechanism of the triple cascade reaction

Vol. 35, No. 1 (2023) Synthesis of Multi-Substituted 4,5-Dihydrofurans  231



Michael-oxa-Michael triple cascade sequence as [1+1+3] annul-
ation manner. The proposed strategy was well explored and
accepted with various aromatic, aliphatic and heterocyclic
precursors and delivered the products in high yields.
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