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A series of 4H-pyran derivatives were synthesized through a three-component condensation
reaction in a pot using aromatic aldehyde, cyclohexanedione, and malononitrile in the dodecyl
benzenesulfonic acid/H,O microemulsion system. This protocol is attractive because dodecyl
benzenesulfonic acid microemulsion is superior for organic reaction due to its dual catalysis. On
the one hand, dodecyl benzenesulfonic acid acts as a Brgnsted acid to catalyze the reaction; on
the other hand, it can form a microemulsion as surfactant to enlarge the boundary area and entrap
water produced during esterification reaction. In addition, the reaction process is simple, with
high liaison formation efficiency, good yields, and environmentally harmless reaction conditions.
The dodecyl benzenesulfonic acid/H,O microemulsion system was equally effective when used

in consecutive reactions.
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Introduction

4H-Pyran, a heterocyclic system consisting of a
fusion of a benzene ring and a pyran ring, is an essential
structural component of natural compounds.'** Various
natural and synthetic derivatives of 4H-pyran possess
critical biological and pharmacological applications,
such as anti-inflammatory, anti-tumor, anti-oxidant, anti-
microbial, cytotoxic, anti-HIV, anti-proliferative, and are
used in the treatment of allergic bronchitis, anti-dysplasia
and diabetes mellitus.*'° 4H-Pyran derivatives are potential
calcium channel antagonists as well.!'"!3 The synthesis of
different 4H-pyran derivatives has become a popular area
of research in organic synthesis. The reaction reagent was
changed from organic solvent to water, and the synthesis
method became effective and straightforward.'*!”

As people pay more attention to the human living
environment, more researchers are focusing on the
research of organic synthesis that is not polluting to the
environment (green synthesis). Green synthesis requires
the use of non-toxic reagents, solvents, and catalysts in the
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synthesis process, of which water is considered to be the
most ideal solvent in this regard.'®?° It has the benefits of
being inexpensive and easy to get, non-polluting and with
little product loss.*

Recently, the application of dodecyl benzenesulfonic
acid (DBSA) as a catalyst in organic synthesis reactions has
received considerable attention and has been widely applied
in the creation of natural compounds. The results showed
that aldehydes and ketones are susceptible to condensation
reactions in DBSA/H,O microemulsion system. DBSA
is a Brgnsted acid, which has a strong solubilizing effect
in addition to its excellent catalytic effect compared with
other surfactants.?>* In addition, its acidity can accelerate
the catalytic cyclization process, thus shortening the
reaction time. These great properties are unmatched by
other surfactants.

In this research, we found that 4H-pyran derivatives
could be prepared in the DBSA/H,O microemulsion
system. The condensation reaction was carried out in water
in the presence of DBSA, which acted both as a surfactant
and as a catalyst for the formation of 4 H-pyran derivatives.
A series of 4H-pyran derivatives were synthesized with the
green reaction system (Scheme 1).
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Scheme 1. Synthesis of a series of 4H-pyran derivatives in DBSA/H,0
microemulsion system.

Experimental

All reagents and solvents were purchased from
commercial sources (Energy, Shanghai, China) and used
without further purification. 'H and "*C nuclear magnetic
resonance (NMR) spectra were recorded on Bruker
AVANCE NEO 600 spectrometer (Berlin, Germany). High-
resolution mass spectrometry (HRMS) was recorded on
waters UPLC G2-XS Qtof spectrometer (San Francisco,
USA).

Chemistry

2-Amino-5-oxo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-
3-carbonitriles (2a-2r)

A mixture of (1.2 mmol) aldehyde (1a-1r), (1.0 mmol)
malononitrile and (1.2 mmol) cyclohexane-1,3-dione
were stirred with DBSA (0.2 mmol) in water at 105 °C
and refluxed for 75-150 min. After complete consumption
of the starting materials, the reaction was cooled to room
temperature. The solvent was removed and purified
by recrystallization from ethanol to achieve the pure
product.

Spectral data of the products

2-Amino-4-(3,4-dichlorophenyl)-5-ox0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2a)

White solid; yield: 90.4%; 'H NMR (600 MHz,
DMSO-d,) 6 7.55(d,J8.3 Hz, 1H),7.40 (dd, J 12.8,2.1 Hz,
1H), 7.20-7.11 (m, 3H), 4.25 (s, 1H), 2.65-2.51 (m, 2H),
2.42-2.24 (m, 2H), 2.12 (dddd, J 34.6, 19.1, 14.2, 9.4 Hz,
2H); BC NMR (151 MHz, DMSO-d;) 6 196.3, 165.0, 159.0,
146.3, 131.3, 131,0, 129.7, 129.6, 128.1, 119.9, 112.8,
57.5, 35.3, 34.7, 27.7, 20.7; HRMS (EI) m/z, calcd. for
[C,sH,CLLN,O, + H]*: 335.0276, found: 335.0356.
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2-Amino-5-oxo-4-(p-tolyl)-5,6,7,8-tetrahydro-4H-chromene-
3-carbonitrile (2b)

White solid; yield: 91.2%; 'H NMR (600 MHz,
DMSO-d,) 6 7.07 (d, J 7.9 Hz, 2H), 7.03 (d, J 8.1 Hz, 2H),
6.96 (s, 2H), 4.14 (s, 1H), 2.65-2.55 (m, 2H), 2.33-2.18 (m,
5H), 1.99-1.81 (m, 2H); *C NMR (151 MHz, DMSO-dy)
0 196.2, 164.7, 158.9, 142.3, 136.0, 129.3, 129.3, 127.5,
127.5, 120.2, 116.8, 114.4, 58.7, 36.8, 26.9, 21.0, 20.2;
HRMS (EI) m/z, calcd. for [C;H,(N,O, + H]*: 281.1212,
found: 281.1289.

2-Amino-4-(4-isopropylphenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2c)

Brown solid; yield: 86.3%; 'H NMR (600 MHz,
DMSO-d,) 6 7.15 (d, J 8.0 Hz, 2H), 7.07-7.04 (m, 2H),
6.97 (s,2H), 4.15 (s, 1H), 2.83 (p, J 6.9 Hz, 1H), 2.66-2.56
(m, 2H), 2.34-2.22 (m, 2H), 2.00-1.83 (m, 2H), 1.17 (d,
J 7.0 Hz, 6H); *C NMR (151 MHz, DMSO-d,) 6 196.4,
164.9, 158.9, 146.9, 142.6, 127.4, 127.4, 126.7, 126.7,
120.3, 114.3, 58.8, 36.8, 35.4, 33.5, 26.9, 24.3, 24.3, 20.2;
HRMS (EI) m/z, calcd. for [C,,H,,N,O, + H]*: 309.1525,
found: 309.1429.

2-Amino-4-(4-(tert-butyl)phenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2d)

White solid; yield: 88.6%; 'H NMR (600 MHz,
DMSO-d,) 6 7.32-7.27 (m, 2H), 7.08-7.02 (m, 2H), 6.97 (d,
J 9.4 Hz, 2H), 4.16-4.10 (m, 1H), 3.34 (s, 2H), 2.52-2.46
(m, 1H), 1.25 (s, 9H), 1.01 (dd, J 7.9, 6.3 Hz, 3H); *C NMR
(151 MHz, DMSO-d,) 6 196.3, 164.5, 159.0, 149.2, 142.2,
127.1, 127.1, 125.6, 125.5, 120.3, 114.0, 58.8, 35.5, 35.2,
34.7,34.5, 34.3, 31.6, 27.8, 20.7; HRMS (EI) m/z, calcd.
for [C,,H,N,O, + H]*: 323.1681, found: 323.1753.

2-Amino-4-(4-(dimethylamino)phenyl)-5-oxo-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (2e)
Yellow solid; yield: 93.7%; 'H NMR (600 MHz,
DMSO-dy) 6 6.97-6.80 (m, 4H), 6.65-6.55 (m, 2H),
4.13-3.93 (m, 1H), 3.33 (s, 2H), 2.84 (s, 6H), 2.50 (p,
J 1.9 Hz, 2H), 2.38-2.21 (m, 2H); *C NMR (151 MHz,
DMSO-d,) 6 196.2, 162.9, 158.8, 149.6, 133.1, 128.1,
128.1, 120.4, 114.5, 112.8, 112.8, 59.2, 44.9, 40.7,
35.0, 34.3, 28.0, 20.6; HRMS (EI) m/z, calcd. for
[CsHoN;O, + H]*: 310.1477, found: 310.1531.

2-Amino-4-(2-chlorophenyl)-5-0x0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2f)

White solid; yield: 92.9%; 'H NMR (600 MHz,
DMSO-d,) 6 7.35 (dt, J 8.0, 1.6 Hz, 1H), 7.25 (td, J 7.5,
1.3 Hz, 1H), 7.22-7.14 (m, 2H), 7.02 (s, 2H), 4.70 (d,
J 1.8 Hz, 1H), 2.64-2.56 (m, 1H), 2.46-2.32 (m, 1H),
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2.27-2.17 (m, 1H), 2.13-1.99 (m, 1H), 1.03-1.01 (m, 2H);
C NMR (151 MHz, DMSO-d,) 6 196.0, 165.1, 159.0,
142.1, 132.5, 130.3, 129.8, 128.6, 127.9, 119.7, 113.0,
57.3, 40.1, 34.7, 27.9, 20.7; HRMS (EI) m/z, calcd. for
[C,H,,CIN,O, + HJ*: 301.0666, found: 301.0750.

2-Amino-4-(5-methylthiophen-2-yl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2g)

Yellow solid; yield: 95.7%; 'H NMR (600 MHz,
DMSO-d,) 6 7.09 (d, J 9.9 Hz, 2H), 6.61 (t, J 3.1 Hz, 1H),
6.56 (t, J 2.2 Hz, 1H), 4.42 (s, 1H), 3.34 (s, 1H), 2.36-
2.30 (m, 4H), 2.12 (d, J 10.0 Hz, 1H), 1.01 (t, J 6.4 Hz,
3H); “C NMR (151 MHz, DMSO-d,) 6 196.0, 159.4,
159.3, 138.1, 138.0, 125.3, 124.1, 120.1, 114.2, 58.3,
34.6, 34.2, 27.8, 20.7, 15.4; HRMS (EI) m/z, calcd. for
[CsH,,N,O,S + H]*: 287.0776, found: 287.0639.

2-Amino-4-(1H-indol-5-yl)-5-o0x0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2h)

Yellow solid; yield: 93.8%; 'H NMR (600 MHz,
DMSO-d;) 6 10.99 (s, 1H), 7.29 (s, 3H), 6.90 (s, 3H), 6.37
(s, 1H), 4.24 (s, 1H), 2.61 (s, 2H), 2.36-2.16 (m, 2H), 1.90
(d,J57.7Hz, 2H); ®*C NMR (151 MHz, DMSO-d,) 6 196.3,
164.1, 158.7, 135.8, 135.3, 127.9, 126.0, 121.1, 120.5,
118.8, 115.2, 111.6, 101.4, 59.7, 36.9, 35.9, 26.9, 20.3;
HRMS (EI) m/z, calcd. for [C,;H,sN;O, + H]*: 306.1164,
found: 306.1234.

2-Amino-5-oxo0-4-(o-tolyl)-5,6,7,8-tetrahydro-4H-chromene-
3-carbonitrile (2i)

White solid; yield: 90.5%; 'H NMR (600 MHz,
DMSO-dy) 6 7.13-7.07 (m, 2H), 7.04 (tt, J 7.4, 2.0 Hz,
1H), 6.97-6.92 (m, 3H), 4.46 (d, J 1.6 Hz, 1H), 2.65-2.57
(m, 1H), 2.45 (d, J 4.1 Hz, 3H), 2.42-2.32 (m, 1H), 2.31-
2.20 (m, 1H), 2.13-2.01 (m, 1H), 1.01 (d, J 6.1 Hz, 2H);
BC NMR (151 MHz, DMSO-d;) 6 196.3, 164.4, 158.7,
144.1, 135.2, 130.3, 127.8, 126.9, 126.6, 120.2, 114.7,
58.6, 44.7, 34.6, 27.9, 20.7, 19.5; HRMS (EI) m/z, calcd.
for [C,;H,(N,O, + H]*: 281.1212, found: 281.1255.

2-Amino-4-(2,5-dichlorophenyl)-5-oxo0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2j)

White solid; yield: 91.0%; 'H NMR (600 MHz,
DMSO-d,) 6 7.41 (d, J8.5Hz, 1H), 7.28 (dd, J 8.5,2.6 Hz,
1H), 7.25 (d, J 2.6 Hz, 1H), 7.12 (s, 2H), 4.69 (d, J 1.4 Hz,
1H), 2.70-2.55 (m, 2H), 2.33-2.20 (m, 2H), 2.01-1.87 (m,
2H); BCNMR (151 MHz, DMSO-d;) 6 196.2, 166.0, 159.0,
144.2, 132.4, 131.5, 131.4, 129.9, 128.6, 119.5, 112.5,
56.5, 36.7, 33.6, 26.9, 20.2; HRMS (EI) m/z, calcd. for
[C,(H,CLLN,0, + H]*: 335.0276, found: 335.0364.
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2-Amino-4-(4-methoxyphenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2k)

White solid; yield: 87.3%; '"H NMR (600 MHz,
DMSO-d;) 6 7.08-7.05 (m, 2H), 6.95 (s, 2H), 6.85-6.81
(m, 2H), 4.14 (s, 1H), 3.71 (s, 3H), 2.63-2.56 (m, 2H),
2.34-2.18 (m, 2H), 2.00-1.79 (m, 2H); *C NMR (151 MHz,
DMSO-dy) 6 196.3, 164.5, 158.8, 158.3, 137.3, 128.6,
128.6, 120.3, 114.5, 114.1, 114.1, 58.9, 55.4, 36.8, 35.0,
26.9, 20.2; HRMS (EI) m/z, calcd. for [C;;H,(N,O, + H]*:
297.1161, found: 297.1233.

2-Amino-4-(furan-2-yl)-5-ox0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2I)

Brown solid; yield: 92.9%; 'H NMR (600 MHz,
DMSO-d,) 6 7.49 (d, J 1.6 Hz, 1H), 7.09 (s, 2H), 6.32 (dd,
J3.2,1.8Hz, 1H),6.06 (d,J 3.2 Hz, 1H),4.33 (s, 1H), 2.63-
2.56 (m, 2H), 2.33 (dd, J 8.0, 5.5 Hz, 2H), 2.01-1.85 (m,
2H); PCNMR (151 MHz, DMSO-d,) 6 196.0, 165.6, 159.7,
156.2, 142.2,120.0, 111.9, 110.8, 105.6, 55.7, 36.6, 29.4,
26.9, 20.2; HRMS (EI) m/z, calcd. for [C,,H|,N,O, + HJ*:
257.0848, found: 257.0927.

2-Amino-4-(3-chlorophenyl)-5-o0x0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2m)

White solid; yield: 89.9%; 'H NMR (600 MHz,
DMSO-dy) 6 7.37-7.34 (m, 1H), 7.26 (td, J 7.5, 1.3 Hz,
1H), 7.19 (q, J 1.8 Hz, 1H), 7.02 (s, 2H), 4.71 (s, 1H),
4.36 (t, J 5.1 Hz, 1H), 2.68-2.55 (m, 2H), 2.34-2.17 (m,
2H), 2.01-1.85 (m, 2H); *C NMR (151 MHz, DMSO-dy)
0 196.1, 165.5, 159.0, 142.2, 132.5, 130.2, 129.8, 128.5,
128.0, 119.7, 113.3, 56.5, 36.7, 33.1, 26.9, 19.0; HRMS
(EI) m/z, calcd. for [C,(H;CIN,O, + H]*: 301.0666, found:
301.0738.

2-Amino-4-(2,3-dichlorophenyl)-5-oxo0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2n)

White solid; yield: 93.1%; '"H NMR (600 MHz,
DMSO-dy) 6 7.55 (d, J 8.2 Hz, 1H), 7.41 (d, J 2.2 Hz,
1H), 7.20-7.12 (m, 3H), 4.26 (d, J 1.3 Hz, 1H), 2.69-
2.55 (m, 2H), 2.35-2.22 (m, 2H), 1.99-1.86 (m, 2H);
BC NMR (151 MHz, DMSO-d;) 6 196.4, 165.4, 158.9,
146.3, 131.2, 131.0, 129.7, 129.6, 128.1, 119.9, 113.2,
57.5, 36.7, 35.3, 26.9, 20.1; HRMS (EI) m/z, calcd. for
[C,H,CLLN,O, + H]*: 335.0276, found: 335.0353.

2-Amino-5-oxo0-4-(quinolin-4-yl)-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (20)

White solid; yield: 94.7%; '"H NMR (600 MHz,
DMSO-d,) 6 8.81 (d, J 4.6 Hz, 1H), 8.46 (d, J 8.6 Hz,
1H), 8.04 (d, J 8.4 Hz, 1H), 7.77 (t, J 7.6 Hz, 1H), 7.66 (t,
J7.7Hz, 1H), 7.26 (d, J 4.5 Hz, 1H), 7.12 (s, 2H), 5.20 (s,
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1H), 2.76-2.63 (m, 2H), 2.34-2.19 (m, 2H), 2.02-1.92 (m,
75.9,5.1 Hz, 2H); *C NMR (151 MHz, DMSO-d,) 6 196.3,
165.9, 159.0, 151.7, 150.9, 148.3, 113.7, 57.8, 37.1, 36.3,
27.0, 20.3; HRMS (EI) m/z, caled. for [C,,H,:N,0, + HJ*:
318.1164, found: 318.1249.

2-Amino-4-(4-fluorophenyl)-5-o0xo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2p)

White solid; yield: 89.6%; 'H NMR (600 MHz,
DMSO-dy) 6 7.55 (d, J 8.2 Hz, 1H), 7.41 (d, J 2.1 Hz,
1H), 7.24-7.05 (m, 3H), 4.26 (d, J 1.2 Hz, 1H), 2.70-2.46
(m, 3H), 2.37-2.19 (m, 2H), 2.00-1.81 (m, 2H); *C NMR
(151 MHz, DMSO-dy) 6 196.4, 165.4, 158.9, 146.3, 131.2,
131.0, 129.7, 129.6, 128.1, 119.9, 113.2, 57.5, 36.7, 35.3,
26.9,20.1; HRMS (EI) m/z, calcd. for [C,(H,;FN,O, + H]*:
285.0961, found: 285.1093.

2-Amino-4-(2,4-dichlorophenyl)-5-oxo-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (2q)

White solid; yield: 92.2%; 'H NMR (600 MHz,
DMSO-d,) 6 7.52(d,J2.2 Hz, 1H), 7.34 (dd, J 8.4,2.2 Hz,
1H), 7.24 (d, J 8.4 Hz, 1H), 7.09 (s, 2H), 4.69 (s, 1H),
2.69-2.55 (m, 2H), 2.33-2.17 (m, 2H), 2.01-1.85 (m, 2H);
BC NMR (151 MHz, DMSO-d;) 6 196.2, 165.7, 159.0,
141.4, 133.5, 132.1, 131.7, 129.0, 128.1, 119.6, 112.9,
56.8, 36.7, 32.9, 26.9, 20.2; HRMS (EI) m/z, calcd. for
[C,sH,CLLN,O, + H]*: 335.0276, found: 335.0355.

2-Amino-5-oxo-4-(m-tolyl)-5,6,7,8-tetrahydro-4H-chromene-
3-carbonitrile (2r)

White solid; yield: 89.3%; 'H NMR (600 MHz,
DMSO-d,) 6 7.16 (t,J 7.5 Hz, 2H), 7.09 (t, J 7.6 Hz, 1H),
7.00 (d, J 1.7 Hz, 2H), 6.93 (t, J 1.3 Hz, 1H), 4.55 (s, 1H),
2.70-2.65 (m, 2H), 2.33-2.27 (m, 5SH), 1.96-1.94 (m, 2H);
BC NMR (151 MHz, DMSO-d;) 6 196.7, 165.2, 158.9,
145.2, 137.7, 128.7, 128.1, 127.7, 124.7, 120.2, 116.0,
58.7,36.8, 35.8, 26.9, 21.5, 20.3; HRMS (EI) m/z, calcd.
for [C};H({N,O, + H]*: 281.1212, found: 281.1251.

Results and Discussion

Conventional synthesis methods use a large number
of organic reagents, which is a serious contradiction
to the concept of green chemistry. Developing a green
and efficient strategy to construct them was very
meaningful. The pilot reaction involved the use of
4-fluorobenzaldehyde, malononitrile, and acetylacetone to
synthesize 4H-pyran. The effects of the organic phase and
DBSA on the reaction process as well as the product yields
were investigated separately. We were surprised that the
reaction of the substrate in the DBSA/H,0O microemulsion
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system was much more successful because of the other
group (Table 1). The reaction process and product yield
are greatly enhanced, and we are more confident in
our ability to develop a green and efficient strategy to
construct them.

Table 1. Comparison of reaction systems for the synthesis of 4H-pyran
derivatives*

F
F (e}
N 0
+ NC° CN + — CN
CHO ° .
07 “NH,

time/ Temperature /  Yield®/

entry Catalyzer Solvent

h °C %
1 DBSA H,0 2 105 82.4
2 2- aminopyridine CH;OH 3.5 65 81.8
3 - H,0 2 105 -
4 - CH,OH 35 65 34.7

“Reaction conditions: 4-fluorobenzaldehyde (1.0 mmol), malononitrile
(1.0 mmol) and cyclohexane-1,3-dione (1.0 mmol) were stirred
with catalizers (0.2 mmol). *Yield of the pure product, purified by
recrystallization from ethanol. DBSA: dodecylbenzenesulfonic acid.

In view of the fact that the DBSA-catalyzed synthesis
of 4H-pyran works under very mild reaction conditions, we
decided to complete a detailed study of the catalyst dosage.
We then experimentally discovered that 0.2 mmol of DBSA
catalyzed the reaction to proceed with the optimal yield of
the resulting product (Table 2).

Table 2. Effect of catalyst dosage on target product yield for the synthesis
of 4H-pyran derivatives®

F
(0]
+ NC7TCON + éL ﬁ i cN
~o KO )
CHO 07 NH,
entry Dosage / mmol Yield®/ %
1 0.1 824
2 0.2 84.2
3 0.3 83.9
4 0.4 84.1

“Reaction conditions: 4-fluorobenzaldehyde (1.0 mmol), malononitrile
(1.0 mmol) and cyclohexane-1,3-dione (1.0 mmol) were stirred in water
at 105 °C (2 h). *Yield of the pure product, purified by recrystallization
from ethanol.

With the above reaction conditions in hand, the
generality of reagents ratio for the synthesis of 4H-pyran
derivatives was investigated (Table 3). From now on, the
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results indicate that the maximum product yield is at a
catalyst ratio of 1.2:1.0:1.2.

Table 3. Effect of raw material ratios on target product yields for the
synthesis of 4H-pyran derivatives®

F
F (0]
. DBSA o)
+ NC7CN + — cN
o H0 )

CHO 0” “NH
entry Ratio Yield® / %
1 1.0:1.0:1.0 86.0
2 1.1:1.0:1.1 87.1
3 1.2:1.0:1.2 89.3
4 1.1:1.1:1.0 86.7

“Reaction conditions: 4-fluorobenzaldehyde, malononitrile and
cyclohexane-1,3-dione were stirred with DBSA (0.2 mmol) in water
at 105 °C (2 h). "Yield of the pure product, purified by recrystallization
from ethanol.

Under optimized reaction conditions, the
4-fluorobenzaldehyde reacted with malononitrile and
cyclohexanedione by a one-pot method to obtain
the corresponding (S)-2-amino-4-(4-fluorophenyl)-
5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitrile
in excellent yields. Recycling experiments were
performed using the DBSA catalyst for the synthesis of
(S)-2-amino-4-(4-fluorophenyl)-5-ox0-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (Table 4). After completion
of the reaction, the crude product was filtered and the
filtrate was recycled to repeat the experiment. The results
demonstrated that the catalyst’s catalytic activity was stable
and can be recycled.

Table 4. Reusability of cata lysts for the synthesis of 4H-pyran derivatives®
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thiophene, furan, indole, and quinoline into the 4H-pyran
structure. Happily, compounds 2g, 2h, 21 and 20 exhibited
higher product yields, as well as better reaction times than
the substituted benzaldehydes, which is inextricably linked
to the presence of the heteroatoms. All crude products were
purified through ethanol recrystallization and confirmed by
'H NMR, "*C NMR, and HRMS.

Table 5. Synthesis of polyfunctionalized 4H-pyran derivatives*

CHO o]
N DBSA
P NC CN + —
0 H0
+
1a-1r 2a-2r
entry  Aldehyde Compound time®/ min  Yield*/ %

Cl

Number 1 2 3 4 5
Yield®/ % 89.3 84.7 88.1 89.6 88.9

“Reaction conditions: 4-fluorobenzaldehyde (1.2 mmol), malononitrile
(1.0 mmol) and cyclohexane-1,3-dione (1.2 mmol) were stirred with
DBSA (0.2 mmol) in water at 105 °C (2 h). Yield of the pure product,
purified by recrystallization from ethanol.

Taking into account the optimum reaction conditions,
the generality of benzaldehydes in the synthesis of 4H-pyran
derivatives was investigated (Table 5). Notably, a variety of
benzaldehydes with diverse substituents at each position
of the phenyl ring were suitable for the transformation,
resulting in good yields of 4H-pyran derivatives (2a-2r). In
order to show the diversity and inclusiveness of the reactions
above, we attempted to introduce heterocyclic groups like
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1 90 90.4

2 120 91.2

3 150 86.3

4 120 88.6

5 90 93.7
Sof7
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Table 5. Synthesis of polyfunctionalized 4H-pyran derivatives* (cont.)

Synthesis of a Series of 4H-Pyran Derivatives with Multicomponent Reaction in DBSA/H,0 Microemulsion System

Cl
6 120 92.9 13 120 89.9
(O XN
im
Cl
7 75 957 14 c 90 93.1
O~ 'H
1n
N
| )
/
15 75 94.7
8 75 93.8 0" H
1o
F
F
16 il 120 89.6
9 120 90.5 CN :
0”™H ||
1p 0" "NH;
2p
Cl
10 90 91.0
17 Cl 90 922
O~ H
1q
11 120 87.3
18 120 89.3
O~ H
1r o
O “Reaction conditions: aldehyde (1.2 mmol), malononitrile (1.0 mmol) and
12 75 92.9 cyclohexane-1,3-dione (1.2 mmol) were stirred with DBSA (0.2 mmol)
O "H in water at 105 °C. *Thin layer chromatography (TLC) assay reaction
11 process. °Yield of the pure product, purified by recrystallization from
2| ethanol.
Conclusions developed in a microemulsion system. (5)-2-Amino-5-oxo-

In conclusion, a novel and efficient synthesis of
4H-pyran derivatives by DBSA catalyzed multicomponent
reaction of aldehyde, malononitrile, and acetylacetone was

6 of 7

4-phenyl-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitriles
(2a-2r) were synthesized and their structures were
elucidated from 'H NMR, “C NMR and HRMS data.
Excellent yields, efficient response, use of DBSA as catalyst
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and construction of the DBSA/H,0O microemulsion system,
and no column chromatography involving environmentally
incompatible organic solvents are some of the highlights
of our synthesis method. Furthermore, compounds with
electron-withdrawing groups had better reaction efficiency
such as compounds 2g, 2h, 21 and 2o0.

Supplementary Information

Supplementary data (NMR and HRMS) are available
free of charge at http://jbcs.sbq.org.br as PDF file.
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