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Tandem reaction for the synthesis of bicyclic ortho-aminocarbonitrile
derivatives using DMAPA as a cheap and efficient catalyst

Lisha Wu1 Shiqiang Yan2,3∗ Yinta Li1∗

Abstract: To develop a new method for the synthesis of bicyclic ortho-aminocarbonitrile derivatives.
Reaction of aromatic aldehydes, cycloketones and malononitrile with catalytic amount of 3-(dimethylamino)-
1-propylamine (DMAPA) in ethanol via Knoevenagel-Michael cascades. The bicyclic ortho-aminocarbonitrile
derivatives were obtained with good to excellent yields along with short reaction times. The universality,
excellent yields, mild reaction and easy collection through simple filtration indicate the preparation of ortho-
aminocarbonitriles derivatives is an efficient and suitable protocol, which use one-pot multicomponent reaction of
aromatic aldehyde, cycloketone, and 2 equiv. of malononitrile under the catalytic amount of DMAPA in ethanol.

Keywords: ortho-Aminocarbonitriles, DMAPA, tandem reaction, one-pot

1 Introduction

As a well-known intermediate in organic synthesis,
ortho-aminocarbonitrile derivatives have gained much
attention due to its multitudinous applications[1, 2]. Espe-
cially, they have been used extensively in the preparation
of diverse heterocyclic compounds[3, 4]. Furthermore, or-
tho-aminocarbonitrile derivatives are also useful precur-
sors for the synthesis of their corresponding dicyanoani-
lines[5–7] because of their optical properties[8].

Due to their fair qualities, the chemical synthesis of
the ortho-aminocarbonitrile derivatives have attracted
the attention of many organic chemists, consequently
a number of strategies have been introduced in recent
years. Normally, the chemical synthesis of bicyclic or-
tho-aminocarbonitrile derivatives is constructed through
the Knoevenagel condensation and Michael addition un-
der various conditions. Basic catalysts are traditionally
used for this reaction, organic bases including pyrroli-
dine[9], piperidine[10], morpholine[11], imidazole[12], 1,4-
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diazabicyclo[2.2.2]octane[13, 14], triethylamine[15, 16] and
ethanediamine[17] have been reported in the literature, and
also different kinds of ionic liquids have also been em-
ployed for this condensation[18–22]. In addition, other effi-
cient catalysts[23–30] for the synthesis of these important
molecules have been reported in recent years. Although a
good deal of strategies showed varying degrees of success,
better and more versatile process is still needed because
of the multitudinous biological applications of these func-
tionalized molecules. Furthermore, some of the methods
existed in the literature suffer from one drawback or an-
other, such as the usage of expensive catalysts or toxic
solvents, prolonged reaction times, relatively low yields,
harsh conditions and cumbersome procedures.

3-(Dimethylamino)-1-propylamine (DMAPA) as a bulk
chemical with low price and safety profile has been widely
used in many fields. It can be used as a fuel additive, as a
potential absorbent for carbon dioxide (CO2) capture, for
curing epoxy resins, and for the synthesis of betaines in
shampoos in chemical industry. DMAPA is also a useful
reagent in organic synthesis. As an ucleophile, it has been
used for selective anomeric deacylations in carbohydrate
chemistry[31] and Pd-catalyzed Buchwald reaction[32].

Considering the safety profile and low price of DMAPA
which was compared to the previously reported basic cat-
alysts[9–17], and in continuation of our interest in devel-
oping new method in organic synthesis[33–38], herein, we
describe an efficient and suitable protocol for the synthe-
sis of bicyclic ortho-aminocarbonitriles via one-pot mul-
ticomponent reactions of one unit of aromatic aldehyde,
one unit of cycloketone and two units of malononitriles
catalyzed by DMAPA (Figure 1).
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Table 1. Screening of optimal reaction conditionsa

Entry Catalyst(equiv.) Solvent T. (◦C) Time(h) Yield(%)

1 Ethanol r.t. 6.0
2 Ethanol 80 6.0 trace
3 DMAPA (0.10) Ethanol 40 0.5 91
4 DMAPA (0.10) Methanol 40 0.5 85
5 DMAPA (0.10) Acetonitrile 40 0.5 74
6 DMAPA (0.10) Tetrahydrofuran 40 0.5 55
7 DMAPA (0.10) Dichloromethane 40 0.5 34
8 DMAPA (0.05) Ethanol 40 0.5 86
9 DMAPA (0.20) Ethanol 40 0.5 87
10 DMAPA (0.10) Ethanol r.t. 0.5 66
11 DMAPA (0.10) Ethanol 60 0.5 89
12 ethanediamine(0.10) Ethanol 40 0.5 76
13 triethylamine (0.10) Ethanol 40 0.5 81
14 pyrrolidine(0.10) Ethanol 40 0.5 82
15 morpholine(0.10) Ethanol 40 0.5 89
16 imidazole(0.10) Ethanol 40 0.5 41

Note: aUnless otherwise stated, all reactions were carried out with 1a (2 mmol), 2h(2 mmol), 3 (4 mmol) and solvent (10 ml)

Figure 1. The synthesis of ortho-aminocarbonitriles

2 Results and discussion

In order to optimize the reaction conditions, cyclohex-
anone 1a (2 mmol), 4-chlorobenzaldehyde 2h (2 mmol
)and malononitrile 3 (4 mmol) were chosen as the model
reaction at the outset (Figure 2). A systematic study was
considered by varying reaction parameters such as sol-
vent, temperature, catalyst type, amount of catalyst and
the results are summarized in Table 1.

Figure 2. Model reaction

Initially, we performed a blank experiment in ethanol
as solvent, no reaction occurred in the absence of cata-
lyst (Table 1, entry 1), while only the Knoevenagel con-
densation product of 4-chloroaldehyde and malononitrile
was formed under reflux conditions (Table 1, entry 2).
To our delight, the corresponding product was isolated
in 91% yield when DMAPA was used as catalyst (Ta-
ble 1, entry 3). Encouraged by these results, the other
solvents such as methanol, acetonitrile, tetrahydrofuran
and dichloromethane were also tested, it was found that
ethanol was the best solvent (Table 1, entries 4-7). Fur-
thermore, the amount of catalyst was also examined, the
yield decreased slightly as the concentration of the cat-
alyst was reduced from 10 mol% to 5 mol% (Table 1,

entry 8). The increase of catalyst concentration did not
achieve any improvement (Table 1, entry 9). At last, other
previously literature reported organic base catalysts such
as ethanediamine, triethylamine, pyrrolidine, morpholine,
and imidazole were examined, and their catalytic activi-
ties were compared with DMAPA (Table 1, entries 12-16).
Hence, the best results were obtained using10 mol% of
DMAPA as catalyst at 40◦C in ethanol.

In order to explore the generality of our protocol, the
scope of the substrates was evaluated with a variety of
substituted aromatic aldehydes, cyclic ketones and mal-
ononitrile under the optimal conditions, and the results
are summarized in Figure 3. In all cases, the desired prod-
uct precipitated in the reaction mixtures spontaneously
after cooling down to the room temperature. This allowed
easy purification of the products by a simple filtration
while time consuming was avoided. The structure of
the products was confirmed according to their spectral
properties.

Structurally diverse benzaldehydes bearing substituents
such as Me, OMe, F, Cl and NO2were examined under
the optimized reaction conditions. In general, benzalde-
hydes bearing electron-donating or electron-withdrawing
functional groups at different positions generated the cor-
responding ortho-aminocarbonitrile derivatives with no
regular and obviousin fluence on the yield .In all cases,
the corresponding products were obtained in good to ex-
cellent yields (4b-4j). Besides substituted benzaldehyde,
our strategy was also suitable for aromatic heterocyclic
aldehydes, affording the desired ortho-aminocarbonitrile
derivatives also in high yields (4k-4m). Furthermore,
cyclopentanone was also found to be suitable for this
reaction and the desired products can be formed in moder-
ate to high yields (4o-4s). The corresponding compounds
crystallized directly from the solvent and isolated through
simple filtration.
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Note: reaction conditons: 1 (2 mmol), 2 (2mmol), 3 (4mmol), ethanol (10 mL), DMAPA (0.2 mmol) at 40◦C

Figure 3. Synthesis of 4 under optimum conditions

3 Conclusion

In summary, an efficient and suitable protocol for the
preparation of ortho-aminocarbonitriles derivatives via
one-pot multicomponent reaction of aromatic aldehyde,
cycloketone, and 2 equiv. of malononitrile under the
catalytic amount of DMAPA in ethanol has been devel-
oped. The corresponding products have been obtained
with good to excellent yields in most cases under mild
reaction conditions. More important, the desired products
could be easily collected through simple filtration, which
avoided the time-consuming column chromatographic
separation.

4 Experimental section

All reagents were purchased from Adamas (China), and
were used as received without further purification. Re-
actions were magnetically stirred and monitored by thin
layer chromatography (TLC) with silica gel plates (60F-

254) using UV light. Yields refer to pure compounds.
Melting points were measured on an electrothermal 9100
apparatus. Nuclear magnetic resonance (NMR) spectra
were recorded on a Bruker 500MHz spectrometer as indi-
cated in the data list.

The abbreviations s, d, dd, t, q, br, and m stand for the
resonance multiplicity singlet, doublet, doublet of dou-
blets, triplet, quartet, broad and multiplet, respectively.

General procedure for the synthesis of bicyclic ortho-
aminocarbonitrilederivatives:

A mixture of cyclic ketone (2 mmol), aromatic alde-
hyde (2 mmol), malononitrile (4mmol), DMAPA (0.2
mmol), and ethanol (10 mL) was stirred at 40◦C. The
progress of the reaction was monitored by TLC. On com-
pletion of the reaction, cooled down to the room tempera-
ture the solid product was collected by simple filtration
and washed with ethanol and dried. The solid was further
recrystallized with 95% EtOH/DMF (1/4, v/v) to provide
the pure desired product.
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2-amino-4-phenyl-4a,5,6,7-tetrahydronaphthalene-
1,3,3(4H)-tricarbonitrile (4a): white solid.Yield 87%;
MP 248.7 – 252.5◦C; IR (KBr) 3420, 3339, 3254, 3231,
2936, 2210, 1649, 1601, 1454, 1393, 714 cm−1; 1H
NMR (500 MHz, DMSO-d6) δ7.61 - 7.59 (m, 1H), 7.50 -
7.43 (m, 4H), 7.36 (s, 2H), 5.75 - 5.71 (m, 1H), 3.54 (d, J
= 12.5 Hz, 1H), 2.81 (t, J = 11.5 Hz, 1H), 2.19 (d, J =
18.9 Hz, 1H), 2.11 - 1.99 (m, 1H), 1.68 (dd, J = 11.3, 3.8
Hz, 1H), 1.52 - 1.37 (m, 2H), 0.85 (dt, J = 13.5, 6.9 Hz,
1H); 13C NMR (125 MHz, DMSO-d6) δ144.04, 135.11,
132.86, 129.40, 129.33, 129.07, 127.41, 120.80, 116.64,
113.03, 112.82, 82.01, 51.00, 43.34, 34.31, 27.47, 25.33,
21.46; HRMS (ESI) m/z: calc. for C19H17N4 [M+H]+

301.1448 found 301.1453.
2-amino-4-(4-methphenyl)-4a,5,6,7-tetrahydronaph-

thalene-1,3,3(4H)-tricarbonitrile (4b): white solid.Yield
92%; MP 256.5– 260.1◦C; IR (KBr)3423, 3337, 3251,
2948, 2362, 2213, 1647, 1600, 1391, 830 cm−1;1H NMR
(500 MHz, DMSO-d6) δ7.47 (d, J = 6.6 Hz, 1H), 7.35
(s, 2H), 7.26 (m, 3H), 5.75 – 5.69 (m, 1H), 3.47 (d, J
= 12.5 Hz, 1H), 2.77 (t, J = 11.5 Hz, 1H), 2.34 (s, 3H),
2.22 – 2.13 (m, 1H), 2.11 – 2.00 (m, 1H), 1.67 (dd, J =
9.6, 5.3 Hz, 1H), 1.51 – 1.39 (m, 2H), 0.89 – 0.78 (m,
1H); 13C NMR (125 MHz, DMSO-d6) δ144.07, 138.79,
132.74, 132.06, 129.74, 129.56, 129.40, 127.220, 120.70,
116.650, 113.070, 112.89, 82.00, 50.78, 43.46, 34.37,
27.48, 25.34, 21.48, 21.21; HRMS (ESI) m/z: calc. for
C20H19N4 [M+H]+ 315.1604 found 315.1600.

2-amino-4-(4-methoxyphenyl)-4a,5,6,7-tetrahydro-
naphthalene-1,3,3(4H)-tricarbonitrile (4c): white solid.
Yield 94%; MP 239.2– 247.2◦C; IR (KBr)3421, 3340,
3252, 2947, 2213, 1647, 1599, 1516, 1256, 1181, 1028,
839 cm−1;1H NMR (500 MHz, DMSO-d6) δ7.50 (d,
J = 8.0 Hz, 1H), 7.34 (s, 3H), 7.02 (dd, J = 40.6, 7.7
Hz, 2H), 5.75 – 5.68 (m, 1H), 3.79 (s, 3H), 3.47 (d, J
= 12.5 Hz, 1H), 2.76 (t, J = 11.5 Hz, 1H), 2.18 (d, J =
18.7 Hz, 1H), 2.12 – 1.99 (m, 1H), 1.68 (dd, J = 9.8, 5.2
Hz, 1H), 1.54 – 1.39 (m, 2H), 0.90 – 0.79 (m, 1H); 13C
NMR (125 MHz, DMSO-d6) δ160.01, 144.08, 134.06,
129.45, 128.53, 126.84, 120.68, 116.67, 114.80, 114.06,
113.12, 112.97, 81.99, 55.60, 50.47, 43.63, 34.49, 27.50,
25.35, 21.50; HRMS (ESI) m/z: calc. for C20H18N4Na
[M+Na]+ 353.1373 found 353.1370.

2-amino-4-(3,4-dimethoxyphenyl)-4a,5,6,7-tetrahy-
dronaphthalene-1,3,3(4H)-tricarbonitrile (4d): white
solid. Yield 97%; MP 223.9– 228.9◦C; IR (KBr)3432,
3335, 3253, 3229, 2938, 2211, 1649, 1600, 1519, 1264,
1144, 1021 cm−1;1H NMR (500 MHz, DMSO-d6) δ7.36
(s, 2H), 7.15 – 7.07 (m, 2H), 6.97 (s, 1H), 5.72 (s, 1H),
3.78 (s, 3H), 3.74 (s, 3H), 3.44 (dd, J = 15.5, 12.9 Hz,
1H), 2.78 (d, J = 44.0 Hz, 1H), 2.19 (d, J = 18.6 Hz,
1H), 2.05 (s, 1H), 1.67 (s, 1H), 1.52 (m, 2H), 0.88 –

0.85 (m, 1H);13C NMR (125 MHz, DMSO-d6) δ149.75,
149.38, 149.19, 148.53, 144.19, 144.05, 129.46, 127.34,
127.07, 125.13, 120.65, 119.71, 116.80, 116.71, 113.45,
113.14, 113.02, 112.96, 112.31, 111.68, 110.70, 81.88,
56.06, 55.90, 51.17, 50.74, 43.70, 43.53, 34.66, 34.35,
27.44, 25.35, 21.48, 19.04; HRMS (ESI) m/z: calc. for
C21H20N4O2Na [M+Na]+ 383.1484 found 383.1479.

2-amino-4-(3-fluorophenyl)-4a,5,6,7-tetrahydrona-
phthalene-1,3,3(4H)-tricarbonitrile (4e): white solid.
Yield 82%; MP 242.8– 244.0◦C; IR (KBr)3421, 3342,
3258, 3233, 2213, 1648, 1604, 1591, 1491, 1393, 744
cm−1;1H NMR (500 MHz, DMSO-d6) δ7.60 – 7.43
(m, 2H), 7.39 (s, 2H), 7.35 – 7.25 (m, 2H), 5.75 – 5.72
(m, 1H), 3.65 (t, J = 13.3 Hz, 1H), 2.83 (d, J = 8.8 Hz,
1H), 2.23 – 2.14 (m, 1H), 2.11 – 1.98 (m, 1H), 1.68
(d, J = 7.5 Hz, 1H), 1.47 (m, 2H), 0.88 (m, 1H); 13C
NMR (125 MHz, DMSO-d6) δ143.87, 137.85, 131.19,
129.08, 128.90, 123.67, 120.98, 119.61, 116.57, 116.24,
114.49, 112.87, 112.68, 82.06, 50.38, 43.05, 34.15, 27.37,
25.31, 21.37; HRMS (ESI) m/z: calc. for C19H15FN4Na
[M+Na]+ 341.1173 found 341.1177.

2-amino-4-(4-fluorophenyl)-4a,5,6,7-tetrahydrona-
phthalene-1,3,3(4H)-tricarbonitrile (4f): white solid.
Yield 86%; MP 262.0– 265.0◦C; IR (KBr)3420, 3341,
3255, 2950, 2212, 1647, 1605, 1511, 1391, 1230, 1165,
845, 808 cm−1;1H NMR (500 MHz, DMSO-d6) δ7.64 (s,
1H), 7.49 (s, 1H), 7.40 – 7.32 (m, 3H), 7.28 (t, J = 8.0 Hz,
1H), 5.76 – 5.69 (m, 1H), 3.62 (d, J = 12.5 Hz, 1H), 2.80
(t, J = 11.4 Hz, 1H), 2.24 – 2.13 (m, 1H), 2.11 – 1.99
(m, 1H), 1.72 – 1.63 (m, 1H), 1.52 – 1.40 (m, 2H), 0.85
(q, J = 11.3 Hz, 1H); 13C NMR (125 MHz, DMSO-d6)
δ163.78, 161.83, 143.88, 134.91, 131.35, 129.59, 129.22,
120.86, 116.60, 116.27, 116.10, 115.92, 115.75, 112.86,
82.04, 50.11, 43.34, 34.31, 27.43, 25.32, 21.43; HRMS
(ESI) m/z: calc. for C19H15FN4Na [M+Na]+ 341.1173
found 341.1174.

2-amino-4-(2-chlorophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4g): white solid. Yield
88%; MP 251.4– 259.2◦C; IR (KBr)3447, 3357, 2949,
2217, 1632, 1618, 1595, 1391, 1270, 748 cm−1;1H NMR
(500 MHz, DMSO-d6) δ7.77 (dd, J = 7.8, 1.4 Hz, 1H),
7.62 (dd, J = 7.9, 1.3 Hz, 1H), 7.51 (m, 2H), 7.43 (s, 2H),
5.77 - 5.74 (m, 1H), 3.88 (d, J = 12.4 Hz, 1H), 2.86 (t,
J = 12.1 Hz, 1H), 2.23 – 2.13 (m, 1H), 2.13 – 2.04 (m,
1H), 1.72 – 1.62 (m, 1H), 1.44 (ddd, J = 13.4, 10.6, 6.8
Hz, 1H), 1.40 – 1.32 (m, 1H), 0.81 (td, J = 13.4, 2.5 Hz,
1H); 13C NMR (125 MHz, DMSO-d6) δ143.93, 135.58,
132.28, 131.14, 130.65, 129.70, 128.87, 128.38, 121.35,
116.45, 112.72, 112.04, 81.93, 46.94, 42.11, 34.96, 27.21,
25.22, 21.27; HRMS (ESI) m/z: calc. for C19H15ClN4Na
[M+Na]+ 357.0877 found 357.0869.

2-amino-4-(4-chlorophenyl)-4a,5,6,7-tetrahydronaph-
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thalene-1,3,3(4H)-tricarbonitrile (4h): white solid. Yield
87%; MP 267.2– 269.8◦C; IR (KBr)3421, 3343, 2932,
2947, 2213, 1645, 1602, 1391, 1095, 1015, 838 cm−1;1H
NMR (500 MHz, DMSO-d6) δ7.61 (dd, J = 24.2, 8.1 Hz,
2H), 7.50 (dd, J = 30.3, 7.8 Hz, 2H), 7.40 (s, 2H), 5.74 –
5.73 (m, 1H), 3.65 (d, J = 12.5 Hz, 1H), 2.80 (t, J = 11.3
Hz, 1H), 2.19 (d, J = 19.1 Hz, 1H), 2.11 – 1.99 (m, 1H),
1.68 (d, J = 7.8 Hz, 1H), 1.56 – 1.37 (m, 2H), 0.86 (q, J =
11.6 Hz, 1H); 13C NMR (125 MHz, DMSO-d6) δ143.40,
134.20, 133.83, 133.70, 129.02, 128.79, 128.69, 120.48,
116.18, 112.44, 112.30, 81.55, 49.66, 42.71, 33.71, 26.97,
24.88, 20.99; HRMS (ESI) m/z: calc. for C19H15ClN4Na
[M+Na]+ 357.0877 found 357.0869.

2-amino-4-(2-nitrophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4i): white solid. Yield
89%; MP 249.7 – 250.9◦C; IR (KBr)3446, 3358, 2949,
2216, 1631, 1618, 1528, 1357, 1271, 779 cm−1;1H NMR
(500 MHz, DMSO-d6) δ8.11–8.07 (m, 1H), 8.02 (d, J
= 7.8 Hz, 1H), 7.92 (t, J = 7.6 Hz, 1H), 7.75 (t, J = 7.8
Hz, 1H), 7.43 (s, 2H), 5.84 – 5.72 (m, 1H), 4.07 (d, J
= 12.2 Hz, 1H), 3.01 (t, J = 11.1 Hz, 1H), 2.25 – 2.06
(m, 2H), 1.70 (d, J = 8.4 Hz, 1H), 1.54 – 1.42 (m, 2H),
1.08 – 0.98 (m, 1H); 13C NMR (125 MHz, DMSO-d6)
δ151.37, 143.61, 134.06, 131.11, 130.15, 128.59, 128.25,
125.92, 121.67, 116.38, 112.47, 112.44, 81.94, 45.38,
42.55, 34.67, 27.07, 25.24, 21.27; HRMS (ESI) m/z: calc.
for C19H15O2N5Na [M+Na]+ 368.1118 found 368.1117.

2-amino-4-(3-nitrophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4j): white solid. Yield
86%;MP 194.0–196.4◦C; IR (KBr)3424, 3331, 3227,
2957, 2214, 1649, 1600, 1528, 1351, 723 cm−1; 1H
NMR (500 MHz, DMSO-d6) δ8.41 (s, 1H), 8.32 (d, J
= 7.6 Hz, 1H), 8.02 (dd, J = 93.5, 7.5 Hz, 1H), 7.81 (dt,
J = 31.0, 7.9 Hz, 1H), 7.43 (s, 2H), 5.76 (s, 1H), 3.93
(dd, J = 24.9, 12.5 Hz, 1H), 2.92 (s, 1H), 2.20 (d, J =
18.8 Hz, 1H), 2.07 (d, J = 7.8 Hz, 1H), 1.67 (s, 1H), 1.45
(dd, J = 23.4, 11.8 Hz, 2H), 0.90 (dd, J = 24.6, 12.0 Hz,
1H); 13C NMR (125 MHz, DMSO-d6) δ148.67, 148.04,
143.54, 139.32, 137.36, 134.71, 130.84, 128.85, 127.21,
124.49, 122.41, 121.15, 116.54, 112.63, 82.07, 49.94,
42.93, 33.98, 27.40, 25.28, 21.35; HRMS (ESI) m/z: calc.
for C19H15O2N5Na [M+Na]+ 368.1118 found 368.1110.

2-amino-4-(1-naphthyl)-4a,5,6,7-tetrahydronaphtha-
lene-1,3,3(4H)-tricarbonitrile (4k): white solid. Yield
87%; MP 223.9– 233.6◦C; IR (KBr)3424, 3335, 3248,
3225, 2212, 1644, 1598, 1392, 783 cm−1;1H NMR (500
MHz, DMSO-d6) δ8.56 - 8.48 (m, 1H), 8.05 - 7.96 (m,
2H), 7.88 (d, J = 7.2 Hz, 1H), 7.66 (t, J = 7.8 Hz, 1H),
7.59 - 7.50 (m, 2H), 7.32 (s, 2H), 5.79 - 5.74 (m, 1H),
4.57 (d, J = 12.2 Hz, 1H), 2.95 (t, J = 11.4 Hz, 1H), 2.19
(d, J = 18.9 Hz, 1H), 2.12 - 1.99 (m, 1H), 1.64 - 1.55
(m, 1H), 1.50 - 1.34 (m, 2H), 0.78 (td, J = 13.2, 2.4 Hz,

1H); 13C NMR (125 MHz, DMSO-d6) δ144.48, 134.05,
133.23, 131.76, 129.71, 129.70, 129.14, 126.96, 126.49,
126.35, 125.65, 124.30, 120.66, 116.89, 113.49, 112.71,
82.30, 43.75, 43.18, 35.85, 26.96, 25.36, 21.48; HRMS
(ESI) m/z: calc. for C23H18N4Na [M+Na]+ 373.1424
found 373.1419.

2-amino-4-(2-furyl)-4a,5,6,7-tetrahydronaphthalene-
1,3,3(4H)-tricarbonitrile (4l): white solid. Yield 80%;
MP 198.7 – 202.0◦C; IR (KBr)3462, 3367, 2944, 2360,
2342, 2205, 1640, 1596, 1392, 1013, 756 cm−1;1H NMR
(500 MHz, DMSO-d6) δ7.80 (d, J = 1.2 Hz, 1H), 7.38 (s,
2H), 6.63 – 6.51 (m, 2H), 5.73 – 5.65 (m, 1H), 3.82 (d, J
= 12.4 Hz, 1H), 2.69 (dd, J = 15.1, 8.1 Hz, 1H), 2.24 –
2.15 (m, 1H), 2.14 – 1.99 (m, 1H), 1.77 – 1.67 (m, 1H),
1.43 (dddd, J = 28.7, 12.5, 6.9, 3.4 Hz, 2H), 1.03 (td, J
= 13.5, 2.5 Hz, 1H); 13C NMR (125 MHz, DMSO-d6)
δ148.94, 144.73, 143.74, 128.75, 120.69, 116.52, 112.82,
112.71, 111.93, 111.20, 81.85, 45.91, 41.57, 34.79, 26.97,
25.20, 21.38; HRMS (ESI) m/z: calc. for C17H14ON4Na
[M+Na]+ 313.1060 found 313.1054.

2-amino-4-(2-thenyl)-4a,5,6,7-tetrahydronaphthale-
ne-1,3,3(4H)-tricarbonitrile (4m): white solid. Yield
86%; MP 225.6– 229.1◦C; IR (KBr)3418, 3340, 3254,
3232, 2932, 2212, 1650, 1602, 1394, 713 cm−1;1H NMR
(500 MHz, DMSO-d6) δ7.66 (d, J = 5.0 Hz, 1H), 7.37
(s, 2H), 7.29 (d, J = 3.3 Hz, 1H), 7.14 (dd, J = 5.0, 3.6
Hz, 1H), 5.74 – 5.63 (m, 1H), 4.02 (d, J = 12.3 Hz, 1H),
2.61 (t, J = 11.7 Hz, 1H), 2.24 – 2.14 (m, 1H), 2.13 –
2.01 (m, 1H), 1.75 – 1.65 (m, 1H), 1.54 – 1.37 (m, 2H),
1.02 – 0.92 (m, 1H); 13C NMR (125 MHz, DMSO-d6)
δ143.83, 137.32, 129.52, 128.98, 127.76, 127.52, 120.88,
116.57, 113.25, 112.73, 81.95, 47.42, 43.81, 36.78, 27.34,
25.31, 21.45; HRMS (ESI) m/z: calc. for C17H14N4SNa
[M+Na]+ 329.0831 found 329.0824.

5-Amino-1,2,7,7a-tetrahydro-7-phenylindene-4,6,6-
tricarbonitrile (4n): white solid. Yield 77%; MP 199.5–
204.9◦C; IR (KBr)3414, 3336, 3245, 3234, 2967, 2360,
2213, 1655, 1590, 1395, 713 cm−1;1H NMR (500 MHz,
DMSO-d6) δ7.69 (s, 2H), 7.55 (d, J = 6.6 Hz, 2H), 7.51 –
7.40 (m, 3H), 5.50 (d, J = 2.1 Hz, 1H), 3.64 (d, J = 12.6
Hz, 1H), 3.40 – 3.27 (m, 1H), 2.43 – 2.26 (m, 2H), 1.93 –
1.82 (m, 1H), 1.18 (dq, J = 20.1, 9.9 Hz, 1H); 13C NMR
(125 MHz, DMSO-d6) δ146.59 135.67 135.04, 130.10,
129.53, 129.03, 119.87, 116.40, 112.81, 112.68, 77.59,
51.37, 44.21, 42.96, 31.45, 29.78; HRMS (ESI) m/z: calc.
for C18H14N4Na [M+Na]+ 309.1111 found 309.1107.

5-Amino-1,2,7,7a-tetrahydro-7-(4-methoxyphenyl)
indene-4,6,6-tricarbonitrile (4o): white solid. Yield
83%; MP 200.0– 204.4◦C; IR (KBr)3413, 3334, 3247,
2217, 1652, 1589, 1515, 1257, 1181, 1029, 841 cm−1;1H
NMR (500 MHz, DMSO-d6) δ7.66 (s, 2H), 7.45 (d, J =
8.6 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 5.48 (d, J = 1.6
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Hz, 1H), 3.78 (s, 3H), 3.56 (d, J = 12.6 Hz, 1H), 3.31 –
3.22 (m, 1H), 2.43 – 2.22 (m, 2H), 1.91 – 1.83 (m, 1H),
1.22 – 1.10 (m, 1H); 13C NMR (125 MHz, DMSO-d6)
δ160.20, 146.64, 135.79, 131.27, 126.81, 119.76, 116.43,
114.43, 112.96, 112.78, 77.57, 55.62, 50.90, 44.50, 43.13,
31.43, 29.81; HRMS (ESI) m/z: calc. for C19H16ON4Na
[M+Na]+ 339.1216 found 339.1207.

5-Amino-1,2,7,7a-tetrahydro-7-(4-fluorophenyl)
indene-4,6,6-tricarbonitrile (4p): white solid. Yield
78%;MP 175.4–189.6◦C; IR (KBr)3418, 3337, 3246,
2851, 2211, 1646, 1590, 1512, 1393, 1231, 1165, 843
cm−1;1H NMR (500 MHz, DMSO-d6) δ7.69 (s, 2H),
7.60 (dd, J = 8.4, 5.5 Hz, 2H), 7.32 (t, J = 8.8 Hz, 2H),
5.49 (d, J = 1.7 Hz, 1H), 3.72 (d, J = 12.6 Hz, 1H), 3.46 –
3.22 (m, 1H), 2.43 – 2.24 (m, 2H), 1.94 – 1.81 (m, 1H),
1.23 – 1.10 (m, 1H); 13C NMR (125 MHz, DMSO-d6)
δ163.94, 161.99, 160.67, 146.44, 135.57, 134.04, 132.27,
131.31, 119.92, 117.51, 117.33, 116.36, 116.07, 115.90,
112.77, 112.60, 77.62, 50.50, 44.20, 43.03, 31.45, 29.70;
HRMS (ESI) m/z: calc. for C18H13FN4Na [M+Na]+

327.1016 found 327.1007.
5-Amino-1,2,7,7a-tetrahydro-7-(2-chlorophenyl)

indene-4,6,6-tricarbonitrile (4q): white solid. Yield
81%; MP 219.1– 225.2◦C; IR (KBr)3423, 3333, 3248,
3233, 2962, 2217, 1655, 1593, 1395, 1048, 749 cm−1;1H
NMR (500 MHz, DMSO-d6) δ7.78 (d, J = 6.8 Hz, 1H),
7.74 (s, 2H), 7.65 – 7.59 (m, 1H), 7.57 – 7.45 (m, 2H),
5.53 (d, J = 2.1 Hz, 1H), 3.98 (d, J = 12.5 Hz, 1H), 3.45 –
3.35 (m, 1H), 2.40 – 2.27 (m, 2H), 1.85 – 1.75 (m, 1H),
1.17 – 1.04 (m, 1H); 13C NMR (125 MHz, DMSO-d6)
δ146.49, 135.48, 135.39, 132.33, 131.24, 130.56, 129.99,
128.40, 120.44, 116.23, 112.48, 111.98, 77.54, 47.51,
43.93, 42.91, 31.37, 29.80; HRMS (ESI) m/z: calc. for
C18H13ClN4Na [M+Na]+ 343.0721 found 343.0717.

5-Amino-1,2,7,7a-tetrahydro-7-(1-naphthyl)indene-
4,6,6-tricarbonitrile (4r): white solid.Yield 80%; MP
256.8– 257.9◦C; IR (KBr)3404, 3353, 3319, 3213, 2214,
1650, 1586, 1393, 809, 785 cm−1;1H NMR (500 MHz,
DMSO-d6) δ8.62 – 8.57 (m, 1H), 8.06 – 7.96 (m, 2H),
7.88 (d, J = 7.2 Hz, 1H), 7.70 – 7.60 (m, 3H), 7.60 – 7.50
(m, 2H), 5.52 (d, J = 2.1 Hz, 1H), 4.69 (d, J = 12.2 Hz,
1H), 3.49 (dd, J = 17.9, 9.7 Hz, 1H), 2.41 – 2.19 (m, 2H),
1.87 – 1.73 (m, 1H), 1.07 (dq, J = 20.1, 9.9 Hz, 1H); 13C
NMR (125 MHz, DMSO-d6) δ147.16, 136.21, 133.97,
133.15, 131.75, 129.84, 129.03, 126.83, 126.75, 126.50,
125.71, 124.57, 119.64, 116.66, 113.14, 112.70, 77.81,
44.59, 44.42, 44.02, 31.28, 29.78; HRMS (ESI) m/z: calc.
for C22H16N4Na [M+Na]+ 359.1267 found 359.1257.

5-Amino-1,2,7,7a-tetrahydro-7-(2-thenyl)indene-
4,6,6-tricarbonitrile (4s): white solid. Yield 75%; MP
220.1– 221.0◦C; IR (KBr)3403, 3334, 3231, 2214, 1654,
1588, 1394, 718 cm−1;1H NMR (500 MHz, DMSO-d6)

δ7.75 – 7.62 (m, 3H), 7.31 (d, J = 3.2 Hz, 1H), 7.14 (dd,
J = 5.0, 3.6 Hz, 1H), 5.50 (d, J = 2.1 Hz, 1H), 4.08 (d, J
= 12.4 Hz, 1H), 3.15 (dd, J = 17.8, 10.1 Hz, 1H), 2.43
– 2.24 (m, 2H), 2.01 – 1.89 (m, 1H), 1.30 (dq, J = 20.2,
9.9 Hz, 1H); 13C NMR (125 MHz, DMSO-d6) δ146.23,
137.30, 135.29, 129.42, 127.92, 127.51, 120.33, 116.34,
112.90, 112.81, 77.57, 47.84, 45.10, 44.78, 31.32, 30.03;
HRMS (ESI) m/z: calc. for C16H12N4SNa [M+Na]+

315.0675 found 315.0667.

References

[1] Enders D, Huettl MRM, Grondal C, et al. Control of four
stereocentres in a triple cascade organocatalytic reaction.
Nature, 2006, 441(7095): 861-863.
https://doi.org/10.1038/nature04820

[2] Padwa A. Domino reactions of rhodium(ii) carbenoids
for alkaloid synthesis. Chemical Society Reviews, 2009,
38(11): 3072-3081.
https://doi.org/10.1039/B816701J

[3] Mizuno T, Okamoto N, Ito T, et al. Synthesis of 2,4-
dihydroxyquinazolines using carbon dioxide in the presence
of DBU under mild conditions. Tetrahedron Letter, 2000,
41: 1051-1053.
https://doi.org/10.1016/S0040-4039(99)02231-5

[4] Mizuno T and Ishino Y. Highly efficient synthesis of 1H-
quinazoline-2,4-diones using carbon dioxide in the presence
of catalytic amount of DBU. Tetrahedron, 2002, 58(16):
3155-3158.
https://doi.org/10.1016/S0040-4020(02)00279-X

[5] Wang XS, Zhang MM, Li Q, et al. An improved and clean
procedure for the synthesis of one-donor poly-acceptors sys-
tems containing 2,6-dicyanoamine moiety in aqueous me-
dia catalyzed by TEBAC in the presence and absence of
K2CO3. Tetrahedron, 2007, 63(24): 5265-5273.
https://doi.org/10.1016/j.tet.2007.03.154

[6] Sawargave SP, Kudale AS, Deore JV, et al. One-step synthe-
sis of 4-alkyl-3-aryl-2,6-dicyanoanilines and their use in the
synthesis of highly functionalized 2,3,5,6,7- and 2,3,4,5,7-
substituted indoles. Tetrahedron Letter, 2011, 52: 5491-
5493.
https://doi.org/10.1016/j.tetlet.2011.08.064

[7] Jiang B, Wang X, Shi F, et al. New multicomponent cycliza-
tion: domino synthesis of pentasubstituted pyridines under
solvent-free conditions. Organic & Biomolecular Chemistry,
2011, 9(11): 4025-4028.
https://doi.org/10.1039/C0OB01258K

[8] Cui S.L., Lin X.F. and Wang Y.G. Parallel synthesis of
strongly fluorescent polysubstituted 2,6-dicyanoanilines via
microwave-promoted multicomponent reaction. Journal of
Organic Chemistry, 2005, 70: 2866-2869.
https://doi.org/10.1021/jo047823h

[9] Mojtahedi MM, Pourabdi L, Abaee MS, et al. Facile
one-pot synthesis of novel ortho-aminocarbonitriles and
dicyanoanilines fused to heterocycles via pseudo four-
component reactions. Tetrahedron, 2016, 72: 1699-1705.
https://doi.org/10.1016/j.tet.2016.02.023

Journal of Pharmaceutical and Biopharmaceutical Research © 2020 by SyncSci Publishing. All rights reserved.

https://doi.org/10.1038/nature04820
https://doi.org/10.1039/B816701J
https://doi.org/10.1016/S0040-4039(99)02231-5
https://doi.org/10.1016/S0040-4020(02)00279-X
https://doi.org/10.1016/j.tet.2007.03.154
https://doi.org/10.1016/j.tetlet.2011.08.064
https://doi.org/10.1039/C0OB01258K
https://doi.org/10.1021/jo047823h
https://doi.org/10.1016/j.tet.2016.02.023


Shiqiang Yan, et al. Tandem reaction for the synthesis of bicyclic ortho-aminocarbonitrile derivatives using DMAPA as a catalyst 151

[10] Sepiol J and Milart P. Elimination of the nitrile group
from o-aminonitriles: A new and efficient synthesis of 3,5-
diarylaminobenzenes from arylidenemalonodinitriles and
1-arylethylidenemalonodinitriles. Tetrahedron, 1985, 41:
5261-5265.
https://doi.org/10.1016/S0040-4020(01)96775-4

[11] Elinson MN, Ilovaisky AI, Merkulova VM, et al. General
approach to spiroacenaphthylene pentacyclic systems: di-
rect multicomponent assembling of acenaphthenequinone
and cyclic carbonyl compounds with two molecules of mal-
ononitrile. Tetrahedron, 2013, 69: 7125-7130.
https://doi.org/10.1016/j.tet.2013.06.015

[12] Ghosh K, Kar D, Panja S, et al. Ion conducting cholesterol
appended pyridinium bisamide-based gel for the selective
detection of Ag+ and Cl- ions. RSC Advances, 2014, 4:
3732-3803.
https://doi.org/10.1039/C3RA44718A

[13] Chinchkar SM, Patil JD, Korade SN, et al. DABCO: An
Efficient Catalyst for Pseudo Multi-component Reaction of
Cyclic Ketone, Aldehyde and Malononitrile. Letters in Or-
ganic Chemistry, 2017, 14(6): 403-408.
https://doi.org/10.2174/1570178614666170426163442

[14] Yan S, Dong D, Xie C, et al. Synthesis of Bicyclic
ortho -Aminocarbonitrile Derivatives Catalyzed by 1,4-
Diazabicyclo[2.2.2]octane. Chinese Journal of Organic
Chemistry, 2019, 39(9):2560.
https://doi.org/10.6023/cjoc201901023

[15] Babu TH, Joseph AA, Muralidharan D, et al. A novel
method for the synthesis of functionalized spirocyclic oxin-
doles by one-pot tandem reaction of vinyl malononitriles
with isatylidene malononitriles. Cheminform, 2010, 51(6):
994-996.
https://doi.org/10.1016/j.tetlet.2009.12.082

[16] Elinson MN, Vereshchagin AN and Nasybullin RF. Gen-
eral approach to a spiro indole-3,1’-naphthalene tetracyclic
system: stereoselective pseudo four-component reaction of
isatins and cyclic ketones with two molecules of malononi-
trile. RSC Advances, 2015, 5: 50421-50424.
https://doi.org/10.1039/C5RA03452C

[17] Wang J, Li R, Qi R, et al. Primary 1,2-diamine cataly-
sis III: an unexpected domino reaction for the synthesis
of multisubstituted cyclohexa-1,3-dienamines. Organic &
Biomolecular Chemistry, 2010, 8(19): 4240-4242.
https://doi.org/10.1039/C0OB00089B

[18] Gaikwad DS, Undale KA, Patil DB, et al. A task-specific
biodegradable ionic liquid: a novel catalyst for synthesis
of bicyclic ortho-aminocarbonitriles. Journal of the Iranian
Chemical Society, 2018, 15: 1175-1180.
https://doi.org/10.1007/s13738-018-1315-1

[19] Lohar T, Kumbhar A, Barge M, et al. DABCO functional-
ized dicationic ionic liquid (DDIL): A novel green bench-
mark in multicomponent synthesis of heterocyclic scaffolds
under sustainable reaction conditions. Journal of Molecular
Liquids, 2016, 224: 1102-1108.
https://doi.org/10.1016/j.molliq.2016.10.039

[20] Wan Y, Zhang X, Zhao L, et al. Tandem synthesis of bicyclic
ortho-aminocarbonitrile derivatives in ionic liquids. Journal
of Heterocyclic Chemistry, 2015, 52: 623-627.
https://doi.org/10.1002/jhet.2088

[21] Wang XS, Wu JR, Zhou J, et al. A green method for the syn-
thesis of thiochromene derivatives in ionic liquids. Journal
of Heterocyclic Chemistry, 2011, 48(5): 1056-1060.
https://doi.org/10.1002/jhet.688

[22] Zhang MM, Wu JR, Zhou J, et al. Green Method for the
Synthesis of Polysubstituted Chromene Derivatives in Ionic
Liquids. Synthetic Communications, 2012, 42(4): 599-607.
https://doi.org/10.1080/00397911.2010.528128

[23] Maleki B, Rooky R, Rezaei-Seresht E, et al. One-Pot Syn-
thesis of Bicyclic ortho-Aminocarbonitrile and Multisubsti-
tuted Cyclohexa-1,3-dienamine Derivatives. Organic Prepa-
rations & Procedures International, 2017, 49(6): 557-567.
https://doi.org/10.1080/00304948.2017.1384282

[24] Molla A and Hussain S. Borax catalyzed domino reac-
tions: synthesis of highly functionalised pyridines, dienes,
anilines and dihydropyrano[3,2-c]chromenes. Cheminform,
2015, 46(6): 29750-29758.
https://doi.org/10.1039/C4RA03627A

[25] Azizi N, Ahooie TS and Hashemi MM. Multicompo-
nent domino reactions in deep eutectic solvent: An effi-
cient strategy to synthesize multisubstituted cyclohexa-1,3-
dienamines. Journal of Molecular Liquids, 2017, 246: 221-
224.
https://doi.org/10.1016/j.molliq.2017.09.049

[26] Das P, Butcher RJ and Mukhopadhyay C. Zinc titanate
nanopowder: an advanced nanotechnology based recyclable
heterogeneous catalyst for the one pot selective synthesis
of self-aggregated low-molecular mass acceptor donor ac-
ceptor acceptor systems and acceptor donor acceptor triads.
Green Chemistry, 2012, 14: 1376-1387.
https://doi.org/10.1039/C2GC16641K

[27] Zhang L, Wan Y, Zhang X, et al. Noncovalent catalysis of
glucose-containing imidazolium salt in solvent-free one-pot
synthesis of Ortho-aminocarbonitriles. Tetrahedron Letter,
2015, 56: 4934-4937.
https://doi.org/10.1016/j.tetlet.2015.06.094

[28] Wang X, Zhang M, Li Q, et al. An improved and clean pro-
cedure for the synthesis of one-donor poly-acceptors sys-
tems containing 2,6-dicyanoamine moiety in aqueous me-
dia catalyzed by TEBAC in the presence and absence of
K2CO3. Tetrahedron, 2007, 63: 5265-5273.
https://doi.org/10.1016/j.tet.2007.03

[29] Wang XS, Zhou J, Yang K, et al. Efficient and Green
Method for the Synthesis of Highly Substituted Cyclohexa-
diene Derivatives in Aqueous Media. Synthetic Communi-
cations, 2010, 40(7): 1065-1073.
https://doi.org/10.1080/00397910903040237

[30] Huang XF, Zhang YF, Qi ZH, et al. Organocatalytic enan-
tioselective construction of multi-functionalized spiro oxin-
dole dienes. Organic & biomolecular chemistry, 2014, 12:
4372-4385.
https://doi.org/10.1039/c4ob00545g

[31] Andersen SM, Heuckendorff M and Jensen HH. 3-
(Dimethylamino)-1-propylamine: a cheap and versatile
reagent for removal of byproducts in carbohydrate chem-
istry. Organic Letters, 2015, 17: 944-947.
https://doi.org/10.1021/acs.orglett.5b00041

Journal of Pharmaceutical and Biopharmaceutical Research © 2020 by SyncSci Publishing. All rights reserved.

https://doi.org/10.1016/S0040-4020(01)96775-4
https://doi.org/10.1016/j.tet.2013.06.015
https://doi.org/10.1039/C3RA44718A
https://doi.org/10.2174/1570178614666170426163442
https://doi.org/10.6023/cjoc201901023
https://doi.org/10.1016/j.tetlet.2009.12.082
https://doi.org/10.1039/C5RA03452C
https://doi.org/10.1039/C0OB00089B
https://doi.org/10.1007/s13738-018-1315-1
https://doi.org/10.1016/j.molliq.2016.10.039
https://doi.org/10.1002/jhet.2088
https://doi.org/10.1002/jhet.688
https://doi.org/10.1080/00397911.2010.528128
https://doi.org/10.1080/00304948.2017.1384282
https://doi.org/10.1039/C4RA03627A
https://doi.org/10.1016/j.molliq.2017.09.049
https://doi.org/10.1039/C2GC16641K
https://doi.org/10.1016/j.tetlet.2015.06.094
https://doi.org/10.1016/j.tet.2007.03
https://doi.org/10.1080/00397910903040237
https://doi.org/10.1039/c4ob00545g
https://doi.org/10.1021/acs.orglett.5b00041


152 Journal of Pharmaceutical and Biopharmaceutical Research,November 2020, Vol. 2, No. 2

[32] Christensen H, Schj?Th-Eskesen C, Jensen M, et al.
Synthesis of 3,7-Disubstituted Imipramines by Palladium-
Catalysed Amination/Cyclisation and Evaluation of Their
Inhibition of Monoamine Transporters. Chemistry - A Eu-
ropean Journal, 2011, 17(38): 10618-10627.
https://doi.org/10.1002/chem.201100885

[33] Yan S, Ding N, Zhang W, et al. An efficient and recyclable
catalyst for the cleavage of tert-butyldiphenylsilyl ethers.
Carbohydrate Research, 2012, 354: 6-20.
https://doi.org/10.1016/j.carres.2012.02.021

[34] Yan S, Xie M, Wang Y, et al. Semi-synthesis of a series
natural flavonoids and flavonoid glycosides from scutellarin.
Tetrahedron, 2020, 76(8): 130950.
https://doi.org/10.1016/j.tet.2020.130950

[35] Yan S, Zhu Y, Wang Y, et al. Total synthesis of leontopodio-

side A. Tetrahedron Letters, 2020, 61: 151886.
https://doi.org/10.1016/j.tetlet.2020.151886

[36] Yan S, Guo W, Wang W, et al. Zinc-Proline Complex Cat-
alyzed Knoevenagel Condensation in Water. Chinese Jour-
nal of Organic Chemistry, 2019, 39(5): 1469-1474.
https://doi.org/10.6023/cjoc201812046

[37] Chun Y, Yan S, Li X, et al. Synthesis of 1,6-anhydro sugars
catalyzed by silica supported perchloric acid. Tetrahedron
Letters, 2011, 52(46): 6196-6198.
https://doi.org/10.1016/j.tetlet.2011.09.055

[38] Yan SQ, He SW, Li SY, et al. Bis(1,3-dimethylimidazo-
lidinone) hydrotribromide (DITB) promoted pulticompo-
nent reaction for the synthesis of highly functionalized
piperidines. Heterocycles, 2020, 100: 547-558.
https://doi.org/10.3987/COM-20-14201

Journal of Pharmaceutical and Biopharmaceutical Research © 2020 by SyncSci Publishing. All rights reserved.

https://doi.org/10.1002/chem.201100885
https://doi.org/10.1016/j.carres.2012.02.021
https://doi.org/10.1016/j.tet.2020.130950
https://doi.org/10.1016/j.tetlet.2020.151886
https://doi.org/10.6023/cjoc201812046
https://doi.org/10.1016/j.tetlet.2011.09.055
https://doi.org/10.3987/COM-20-14201

	Introduction
	Results and discussion
	Conclusion
	Experimental section

