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Synthesis of Bicyclic ortho-Aminocarbonitrile Derivatives
Catalyzed by 1,4-Diazabicyclo[2.2.2]octane
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Abstract One-pot three-component reactions catalyzed by 1,4-diazabicyclo[2.2.2]octane (DABCO) for the synthesis of bi-
cyclic ortho-aminocarbonitrile derivatives (21 examples, 68%~96%) have been developed. The reactions proceeded smoothly
at room temperature and generated the corresponding products in short reaction time with high to excellent yields. Importantly,
the desired products could be easily collected through simple filtration and washing with ethanol.

Keywords 1,4-diazabicyclo[2.2.2]octane (DABCO); multicomponent reaction; ortho-aminocarbonitrile derivatives; envi-

ronmentally benign; ethanol

1 Introduction

One powerful trend in green and sustainable chemistry is
the replacement of traditional organic reactions, which use
harmful reagents that generate a large amount of chemical
waste, with clean catalytic alternatives that exhibit high
atom-efficiency. Multicomponent reactions (MCRs) are
preferred over the stepwise synthetic methods for the fol-
lowing reasons: decreased usage of hazardous chemical
compounds, operational simplicity and reduced reaction
time, easy isolation of targeted products that avoids tedious
purification and reduced costs.!"! Most synthetic reactions
are performed in harmful organic solvents, which not only
cause environmental problem but also consume vast limited
fossil resources. Moreover, the generated products are usu-
ally mixed with un-wanted side-products, making it neces-

* Corresponding author. E-mail: wangzulichem@163.com

sary to perform purification steps such as column chroma-
tography. In order to resolve these problems, considerable
efforts have been spent on the development of group-
assistant-purification organic transformation, especially in
environmentally benign solvents.”

The synthesis of ortho-aminocarbonitriles derivatives is
an important task to the research community due to their
importance as core structures in organic synthesis,”! so
many methods for their synthesis have been reported. For
examples, ionic liquids were good catalyst for the synthesis
of these compounds, and many different kinds of ionic
liquids mediated reactions for the synthesis of ortho-

aminocarbonitriles derivatives have been described."
Organic bases, such as pyrrolidine,[sa] morpholine,[Sb] im
idazole,”! ethanediamine®™ and NE;,°*7 as efficient
catalysts for the synthesis of ortho-aminocarbonitriles de-
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rivatives have also been reported. In addition, zinc titanate
nanopowder,'®  glucose-containing imidazolium salt,”
saccharine,™ triethylamine acetate (TEAA),”"! benzyltri-
ethylammonium chloride (TEBAC),"”! Borax,'”! deep eu-
tectic solvent''"! and cinchona alkaloid-derived bifunctional
thiourea!'! have been used to promote the formation of
ortho-aminocarbonitriles derivatives. Despite these devel-
opments, many of these methods still have limitations such
as the use of commercially unavailable reactants or cata-
lysts, involve relatively harsh conditions, go through mul-
tistep procedures, require specific solvents or workup pre-
causions.

Because of the basic property of 1,4-diazabicyclo[2.2.2]-
octane (DABCO), it is usually used as catalyst in organic
reactions. At present, various of reactions have been real-
ized in the presence of DABCO."*! For example, reactions
of 2-(2-chloroaroyl)methyleneimidazolidines with allenic
esters catalyzed by DABCO have been realized and af-
forded imidazo(pyrido)[1,2-a]pyridines ~ with  good
yields."¥ In 2012, functionalized chromen-5-ones and py-
rano[3,2-c]chromen-5-ones were prepared from the reac-
tion of a-oxoketene-N,S-arylaminoacetals, aromatic alde-
hydes, and dimedone/4-hydroxycoumarinin the presence of
DABCO.I" Recently, a [4 + 2] cyclo-addition reaction
catalyzed by DABCO was reported by Meng and
co-workers.!'%!

In our preparation of this manuscript, Chinchkar and
co-works!"® described the multi-component reaction of
cyclic ketone, aromatic aldehyde and two moles of malo-
nonitrile for the synthesis of functionalized condensed bi-
cyclic compounds viz tetrahydroindenes, tetrahydronaph-
thalenes, hexahydrobenzo!'” annulenes and hexahydro-
benzo[8]-annulenes with a mixed solvent (Veon - Vi,o=
7 7 3) in the presence of 20 mol% DABCO at reflux condi-
tion.!"” In continuation of our interests in organic synthesis,

herein, we describe one-pot three-component reactions
catalyzed by DABCO for the construction of ortho-amino-
carbonitriles derivatives (Scheme 1). The desitred ortho-
aminocarbonitriles crystallized directly from EtOH and
were isolated through simple filtration and washing with
ethanol.

NH
o ’CN
CN DABCO (5 mol%) NC
+RCHO + 2 —mm—— > CN
CN EtOH R

n=1,0
room temperature
short reaction time: 3 ~ 15 min
high to excelletnt yields

Scheme 1 Synthesis of ortho-aminocarbonitriles

2 Results and discussion

In our initial study, cyclohexanone (1a), 4-methoxyben-
zaldehyde (2j) and malononitrile were chosen as model
substrates to survey the reaction parameters. It was found
that the solvent plays an important role, as shown in Table
1, when methanol was used as the solvent, the reaction
generated the corresponding products with 87% (Table 1,
Entry 1). To our pleasure, 96% yield of the product was
isolated when ethanol was used as solvent (Table 1, Entry
2). Other solvents such as CH;CN, THF and CH,Cl, were
also effective, but the yields were moderate (Table 1, En-
tries 3~5). To our disappointment, water was not suitable
for this reaction and the product was only obtained in 31%
yield (Table 1, Entry 6), even if the reaction time was pro-
longed to 30 min. We also tried the reaction in solvent-free
conditions, but the yield was not high (Table 1, Entry 7).
When the loading of the catalyst was increased to 0.1 equiv.,
almost identical yield was obtained (Table 1, Entry 8). But

Table 1 Screening of optimal reaction conditions”

O
CHO CN
+ s 2 <
MeO CN
1a 2i 3

NH
’CN

catalyst NC
Y CN
solvent ‘ O

4i OMe
Entry Catalyst (equiv.) Solvent Temp./C Time/min Isolated yield/%
1 DABCO (0.05) Methanol r.t. 5 87
2 DABCO (0.05) Ethanol r.t. 5 96
3 DABCO (0.05) Acetonitrile r.t. 5 78
4 DABCO (0.05) Tetrahydrofuran r.t. 5 56
5 DABCO (0.05) Dichloromethane r.t. 15 42
6 DABCO (0.05) Water r.t. 30 31
7 DABCO (0.05) Solvent-free r.t. 10 55
8 DABCO (0.10) Ethanol r.t. 5 94
9 DABCO (0.02) Ethanol r.t. 5 81
10 K,CO; (0.10) Ethanol r.t. 60 34
11 Na,CO; (0.10) Ethanol r.t. 60 26
12 Urea (0.10) Ethanol 80 360 51

“ Unless otherwise stated, all reactions were carried out with 1a (10 mmol), 2i (10 mmol), 3 (20 mmol) and solvent (10 mL). The yield of isolated product is reported.
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the yield of the desired product decreased obviously when
the loading of the catalyst was reduced to 0.02 equiv. (Table
1, Entry 9). Besides DABCO, other catalysts such K,COj;
and Na,CO; were also tested, and the target compound was
obtained in moderate yields (Table 1, Entries 10, 11). When
reaction was carried out in 80 °C, urea did not show good
activity and 51% yield of the product was isolated (Table 1,
Entry 12).

With the optimized reaction conditions in hand, the scope
of the reaction was expanded to other ketone and aldehyde
as shown in Table 2. The reaction proceeded smoothly to
afford the desired product with good to excellent yield in
most of the cases. For the mono-substituted R groups, both
electron-poor and electron-rich groups were well compati-
ble with this reaction conditions, and a slightly higher yield
was observed when electron-rich groups were attached on R
group (4a, 4e, 4h, 4j). But the steric effect of the substituent
in the aromatic aldehydes has no regular influence on the
yields (4b, 4c, 4d, 4e, 4f, 4g). Disubstituted aromatic al-
dehydes were also tested, a high yield was obtained when
4-hydroxy-3-methoxybenzaldehyde was subjected to this
system (4j). Besides substituted benzaldehyde, aromatic
heterocyclic aldehydes were also suitable for this reaction,
affording the corresponding products in high yields (4k, 41,
4m). But only moderate yields were obtained when ali-
phatic aldehydes were used as substrates (4n, 40). it is in-
teresting to note that changing from cyclohexanone to cy-
clopentanone was also found to be suitable for this reaction
and the desired products can be formed in moderate to high
yields (4p~4v).

The same excellent results were also obtained when this
method was performed at a gram scale using cyclohexa-
none, benzaldehyde and malononitrile as substrates
(Scheme 2). This example clearly demonstrates the prepar-
ative utility of this newly developed method.

The efficiency of our method with earlier reported
methods is compared by the mount of catalyst, reaction
conditions, yield and time. It is clear from the table (Table 3,
Entry 1), that our protocol promotes the reactions effec-
tively as far the amount of catalyst and reaction time are

Table 2 Synthesis of 4 under optimum conditions”

o NH2CN
CN DABCO (5 mol% ) NC CN
+ RCHO + 2 _— >
g ) CN EtOH rt. R
1 3 n(n=1,0)
4
Entry R n Product Time/min Yield"/%

1 C¢H; 1 4a 10 87
2 2-CIC¢H, 1 4b 5 90
3 2-FC¢H,4 1 4c 3 87
4 3-FC¢H, 1 4d 5 84
5 4-FC¢H, 1 4e 5 88
6 2-0,NC4H, 1 4f 5 91
7 3-O,NC¢Hy 1 4g 5 88
8 4-MeCgH, 1 4h 5 94
9 4-MeOC¢H, 1 4i 5 96
10 4-OH-3-MeOC¢H; 1 4j 10 85
11 1-Naphthyl 1 4k 3 88
12 2-Furyl 1 41 5 80
13 2-Thenyl 1 4m 5 87
14  CH;CH, 1 4n 15 68°
15 (CH;),CH 1 40 15 71¢
16 C¢H; 0 4p 15 78
17 4-MeOC¢H, 0 4q 10 85
18 2-CIC¢H, 0 4r 10 80
19 4-FC¢H, 0 4s 10 76
20 1-Naphthyl 0 4t 5 88
21 2-Thenyl 0 4u 10 73

“Reaction conditons: 1 (1 mmol), 2 (1 mmol), 3 (2 mmol), ethanol (1 mL),
DABCO (0.05 mmol) at room temperature. ” Isolated yields. ¢ Heated at
60 C.

NHZCN
o) NC
CN DABCO (5 mol%) CN
é * PhCHO + 2 <CN EtOH rt. Ph
30 mmol 30 mmol 60 mmol yield 87%

Scheme 2 Synthesis of 4a on gram scale

Table 3 Comparison of catalytic activity of DABCO with various catalysts for the synthesis of bicyclic ortho-aminocarbonitrile

(0]
. T
+ + 2
MeO <
1a 2i

NH
’CN

NC
catalyst ‘ CN
_
condition ‘ O

4i OMe

Entry Catalyst Reaction condition Time/min Yield/% Ref.

1 DABCO (0.05 equiv.) Ethanol, r.t. 5 96 This work
2 DABCO (0.20 equiv.) V(Ethanol) . V(water)=7 : 3, reflux 60 92 [17]

3 DES (1.0 mL/mmol) Neat, 50 C 80 78 [11]

4 OBS (0.25 equiv. ) Ethanol, reflux 300 92 [8]

5 TEAA (0.1 mL/mmol) Neat, 80 C 240 90 [8]

6 Borax (0.10 equiv. ) Ethanol, r.t. 60 87 [10]

7 [BPy]BF, (2.0 mL/mmol) Neat, 60 C 240 89 [4a]
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concerned.

According to the literature and our experiment, the
possible mechanism was proposed in Scheme 3. A was
formed from the Knoevenagel condensation reaction of
cyclohexanone and malononitrile. Then the Michael addi-
tion reaction of A and B which was formed from the
Knoevenagel condensation of benzaldehyde and malono-
nitrile occurred to form C in the presence of DABCO. After
that, C undergo intramolecular addition reaction to form D.
Finally, the isomerization of D provide the desired products
E.

[4-12]

NC
knoevenagel
ij <CN reaction DABCO <:>_<
A <
Knoevenagel
PhCHO + < reactlon Ph/ U<CN
CN
Michael addition
reaction
NHz " on i
CN -
NC NC ({/
CN |
Ph T Ph=——

E

Scheme 3 Probable reaction mechanism

3 Conclusions

In summary, a direct method for the synthesis of ortho-
aminocarbonitriles derivatives via DABCO-catalyzed reac-
tion of aromatic aldehyde, cyclohexanone, and 2 equiv. of
malononitrile is presented here. The reactions generated the
corresponding products with good to excellent yields in
most cases under simple and mild reaction conditions in a
short time. Further developments of this synthetic utility of
this method are currently underway in our lab.

4 Experimental

4.1 General information

All major chemicals and solvents were obtained from
commercial sources and used without further purification.
NMR spectra were recorded at 400 MHz for protons on
JOEL JNM-ECA 400 spectrometers. '"H NMR chemical
shifts (J) are relative to TMS (6=0.0). Chemical shifts for
C NMR spectra are reported in parts per million (ppm)
from tetramethylsilane with the solvent as the internal
standard.

4.2 General procedure for the synthesis of bicyclic
ortho-aminocarbonitrile derivatives

A mixture of cyclic ketone 1 (1 mmol), aldehyde 2 (1
mmol), malononitrile 3 (2 mmol), DABCO (0.05 mmol),
and ethanol (1 mL) was stirred at room temperature. The
progress of the reaction was monitored by thin layer chro-
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matography (TLC). On completion of the reaction, the solid
product was collected by simple filtration, washed with
ethanol and dried. The solid was further recrystallized with
95% EtOH/DMF (V/V=1/4) to provide the pure product 4.
2-Amino-4-phenyl-4a,5,6,7-tetrahydronaphthalene-
1,3,3(4H)-tricarbonitrile (4a): White solid, yield 87%. m.p.
254~255 C (lit.") 255~257 “C); '"H NMR (400 MHz,
DMSO-dg) 6: 7.61~7.59 (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, /=18.9 Hz, 1H),
2.11~1.99 (m, 1H), 1.68 (dd, /=113, 3.8 Hz, 1H),
1.52~1.37 (m, 2H), 0.85 (dt, J=13.5, 6.9 Hz, 1H); "°C
NMR (100 MHz, DMSO-d;) J: 144.04, 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) caled for C;oH 7N, [M-&-H]+ 301.1448, found
301.1453.
2-Amino-4-(2-chlorophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4b): White solid, yield
90%. m.p. 270~272 C (lit.*! 271~272 C); '"H NMR
(400 MHz, DMSO-dy) ¢: 7.77 (dd, J=7.8, 1.4 Hz, 1H),
7.62 (dd, /=79, 1.3 Hz, 1H), 7.55~7.52 (m, 2H), 7.43 (s,
2H), 5.77~5.74 (m, 1H), 3.88 (d, /=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);
C NMR (100 MHz, DMSO-dg) 6: 143.93, 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) calcd for CjoH;sCIN;Na [M+
Na]" 357.0877, found 357.0869
2-Amino-4-(2-fluorophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4c): White solid, yield
87%. m.p. 264~267 °‘C; '"H NMR (400 MHz, DMSO-d,)
0: 7.82~7.68 (m, 1H), 7.57~7.26 (m, 5H), 5.72~5.67
(m, 1H), 3.72 (d, /=12.6 Hz, 1H), 2.89 (dd, /=38.3, 27.5
Hz, 1H), 2.25~2.01 (m, 2H), 1.80~1.63 (m, 1H), 1.59~
1.36 (m, 2H), 1.02~0.79 (m, 1H); “C NMR (100 MHz,
DMSO-dg) J: 162.31, 160.34, 143.66, 131.58, 129.63,
128.84, 125.40 , 121.80, 121.32, 116.49, 112.65, 82.15,
43.25, 42.53, 34.16, 27.24, 25.25, 21.32; HRMS (ESI)
caled for C;oH;sFN4Na [M—I—Na]+ 341.1173, found
341.1167.
2-Amino-4-(3-fluorophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4d): White solid, yield
84%. m.p. 262~265 C (lit.’) 260~262 C); 'H NMR
(400 MHz, DMSO-ds) 6: 7.60~7.43 (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, /=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), 0.90~0.87 (m, 1H); “C NMR (100 MHz,
DMSO-dg) J: 143.87, 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) caled for C;oH;sFN,Na [M-&-Na]+ 341.1173,
found 341.1177.
2-Amino-4-(4-fluorophenyl)-4a,5,6,7-tetrahydronaph-
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thalene-1,3,3(4H)-tricarbonitrile (4e): White solid, yield
88%. m.p. 264~265 C (lit.") 265~267 C); 'H NMR
(400 MHz, DMSO-d;) J: 7.64 (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); *C NMR
(100 MHz, DMSO-d;) J: 163.78, 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) caled for C,oH,sFN,Na [M+Na]"
341.1173,, found 341.1174.
2-Amino-4-(2-nitrophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4f): White solid, yield
91%. m.p. 158~161 ‘C; '"H NMR (400 MHz, DMSO-d;)
o: 8.11~8.07 (m, 1H), 8.02 (d, /=7.8 Hz, 1H), 7.92 (t,
J=17.6 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); C NMR
(100 MHz, DMSO-d;) J: 151.37, 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) caled for C oH,50,NsNa [M+Na]" 368.1118,
found 368.1117.
2-Amino-4-(3-nitrophenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4g): White solid, yield
88%. m.p. 154~156 C (lit.”) 156~157 C); 'H NMR
(400 MHz, DMSO-ds) J: 8.41 (s, 1H), 8.32 (d, /=7.6 Hz,
1H), 8.02 (dd, /=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, /=249, 12.5
Hz, 1H), 2.92 (s, 1H), 2.20 (d, /=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); “C NMR (100
MHz, DMSO-dg) o: 148.67, 148.04, 143.54, 139.32,
137.36, 134.71, 130.84, 128.85, 127.21, 124.49, 12241,
121.15, 116.54, 112.63, 82.07, 49.94, 42.93, 33.98, 27.40,
25.28, 21.35; HRMS (ESI) caled for CoH;s0,NsNa [M+Na]
" 368.1118, found 368.1110.
2-Amino-4-(4-methphenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4h): White solid, yield
94%. m.p. 244~245 C (lit.”! 244~246 °C); '"H NMR
(400 MHz, DMSO-ds) d: 7.47 (d, J=6.6 Hz, 1H), 7.35 (s,
2H), 7.29~7.23 (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, /=9.6,
5.3 Hz, 1H), 1.51~1.39 (m, 2H), 0.89~0.78 (m, 1H); *C
NMR (100 MHz, DMSO-ds) J: 144.07, 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) caled for CyH;oN; [M+H]"
315.1604, found 315.1600.
2-Amino-4-(4-methoxyphenyl)-4a,5,6,7-tetrahydronaph-
thalene-1,3,3(4H)-tricarbonitrile (4i): White solid, yield
96%. m.p. 264~265 C (lit.*! 261~262 C); '"H NMR
(400 MHz, DMSO-ds) d: 7.50 (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),
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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, /=9.8, 5.2 Hz, 1H), 1.54~1.39 (m, 2H), 0.90~0.79
(m, 1H); “C NMR (100 MHz, DMSO-dg) 6: 160.01,
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, 2535, 21.50; HRMS (ESI) calcd for
C1H,sON,Na [M+Na] " 353.1373, found 353.1370.
2-Amino-4-(3-methoxy-4-hydroxyphenyl)-4a,5,6,7-
tetrahydronaphthalene-1,3,3(4H)-tricarbonitrile (4j): White
solid, yield 85%. m.p. 268~272 ‘C; '"H NMR (400 MHz,
DMSO-dg) d: 9.23 (s, 1H), 7.32 (s, 2H), 7.15~6.71 (m,
3H), 5.71 (s, 1H), 3.77 (d, J=22.6 Hz, 3H), 3.41~3.35
(m, 1H), 2.74 (d, J=47.4 Hz, 1H), 2.18 (d, J=18.6 Hz,
1H), 2.05 (ddd, /=15.5, 7.0, 3.4 Hz, 1H), 1.69 (d, /=8.9
Hz, 1H), 1.60~1.38 (m, 2H), 0.87 (d, J/=11.8 Hz, 1H);
BC NMR (100 MHz, DMSO-ds) o6: 14821, 147.63,
147.38, 144.16, 129.52, 125.70, 125.42, 125.42, 120.66,
119.89, 117.36, 116.70, 116.26, 115.57, 113.49, 113.12,
111.25, 81.96, 56.23, 51.17, 43.82, 34.61, 27.48, 25.37,
21.53; HRMS (ESI) caled for CyH;sO.N, [M + H] ©
347.1503, found 347.1499.
2-Amino-4-(1-naphthyl)-4a,5,6,7-tetrahydronaphtha-
lene-1,3,3(4H)-tricarbonitrile (4k): White solid, yield 88%.
'H NMR (400 MHz, DMSO-d;) 0: 8.56~8.48 (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); "C NMR (100 MHz, DMSO-d;) 6: 144.48,
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) caled for CyH;sN4Na [M-&-Na]+ 373.1424,
found 373.1419.
2-Amino-4-(2-furyl)-4a,5,6,7-tetrahydronaphthalene-
1,3,3(4H)-tricarbonitrile (41): white solid, yield 80%. 'H
NMR (400 MHz, DMSO-dg) ¢: 7.80 (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, /=28.7, 12.5, 6.9, 3.4 Hz, 2H), 1.03 (td,
J=13.5, 2.5 Hz, 1H); *C NMR (100 MHz, DMSO-dj) :
148.94, 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) calcd for C,;H;4ON4Na
[M+Na]" 313.1060, found 313.1054.
2-Amino-4-(2-thenyl)-4a,5,6,7-tetrahydronaphthalene-1,
3,3(4H)-tricarbonitrile (4m): White solid, yield 87%. 'H
NMR (400 MHz, DMSO-dg) 6: 7.66 (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); *C NMR (100 MHz, DMSO-d;) 6: 143.83,
137.32, 129.52, 128.98, 127.76, 127.52, 120.88, 116.57,
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113.25, 112.73, 81.95, 47.42, 43.81, 36.78, 27.34, 25.31,
21.45; HRMS (ESI) caled for C;;H;4sN,SNa [M + Na] "
329.0831, found 329.0824.
2-Amino-4-ethyl-4a,5,6,7-tetrahydronaphthalene-1,3,3-
(4H)-tricarbonitrile (4n): White solid, yield 68%. '"H NMR
(400 MHz, DMSO-ds) 0: 7.32 (s, 2H), 5.65~5.63 (m, 1H),
2.20~1.95 (m, 5H), 1.94~1.81 (m, 2H), 1.69 (ddd, J=
14.9, 7.6, 3.6 Hz, 1H), 1.49~1.39 (m, 1H), 1.20 (dt, J=
13.1, 6.4 Hz, 1H), 1.11 (t, J=7.5 Hz, 3H); *C NMR (100
MHz, DMSO-dy) o: 143.67, 129.33, 120.41, 116.61,
114.04, 113.05, 82.09, 47.18, 41.71, 36.58, 26.78, 25.20,
24.49, 21.80, 13.48; HRMS (ESI) calcd for C;sH;(Ns;Na
[M+Na]" 275.1267, found 275.1264.
2-Amino-4-isopropyl-4a,5,6,7-tetrahydronaphthalene-
1,3,3(4H)-tricarbonitrile (40): White solid, yield 71%. 'H
NMR (400 MHz, DMSO-dg) o: 7.25 (s, 2H), 5.75~5.59
(m, 1H), 2.35~2.25 (m, 2H), 2.21~2.04 (m, 4H), 1.87~
1.78 (m, 1H), 1.47 (qd, J=11.4, 6.6 Hz, 1H), 1.29~1.20
(m, 4H), 1.18 (d, J=7.3 Hz, 3H); °C NMR (100 MHz,
DMSO-dy) d: 143.95, 129.52, 120.89, 116.66, 114.27,
113.59, 82.14, 49.67, 40.67, 34.25, 30.41, 28.09, 25.16,
23.41, 21.85, 17.12; HRMS (ESI) calcd for C,¢H;sN,Na [M
+Na]" 289.1424, found 289.1418.
5-Amino-1,2,7,7a-tetrahydro-7-phenylindene-4,6,6-
tricarbonitrile (4p): White solid, yield 78%. 'H NMR (400
MHz, DMSO-dg) 0 7.69 (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); "*C
NMR (100 MHz, DMSO-dy) J: 146.59 135.67 135.04,
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) calcd
for C;sH4N4;Na [M-i-Na]+ 309.1111, found 309.1107.
5-Amino-1,2,7,7a-tetrahydro-7-(4-methoxyphenyl)in-
dene-4,6,6-tricarbonitrile (4q): White solid, yield 85%. 'H
NMR (400 MHz, DMSO-ds) o: 7.66 (s, 2H), 7.45 (d, J=
8.6 Hz, 2H), 7.01 (d, J=28.6 Hz, 2H), 5.48 (d, J=1.6 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); *C NMR (100 MHz, DMSO-ds) 6 160.20,
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) caled for C;oH;sON4Na [M-&-Na]+
339.1216, found 339.1207.
5-Amino-1,2,7,7a-tetrahydro-7-(2-chlorophenyl)indene-
4,6,6-tricarbonitrile (4r): white solid, yield 80%. 'H NMR
(400 MHz, DMSO-d;) ¢: 7.78 (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); “C NMR (100 MHz, DMSO-d,) o: 146.49,
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) calcd for C;gH;3CIN,Na [M+
Na]' 343.0721, found 343.0717.
5-Amino-1,2,7,7a-tetrahydro-7-(4-fluorophenyl)indene-
4,6,6-tricarbonitrile (4s): white solid, yield 76%. "H NMR
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(400 MHz, DMSO-dy) o: 7.69 (s, 2H), 7.60 (dd, J=28.4,
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);
BC NMR (100 MHz, DMSO-ds) 6: 163.94, 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) calcd
for C gH;sFN,Na [M~+Na]" 327.1016, found 327.1007.
5-Amino-1,2,7,7a-tetrahydro-7-(1-naphthyl)indene-
4,6,6-tricarbonitrile (4t): white solid, yield 88%. 'H NMR
(400 MHz, DMSO-d) o: 8.62~8.57 (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); “C NMR (100 MHz, DMSO-d;) §: 147.16, 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) calcd
for C»,H;¢N,Na [M+Na]" 359.1267, found 359.1257.
5-Amino-1,2,7,7a-tetrahydro-7-(2-thenyl)indene-4,6,6-
tricarbonitrile (4u): white solid, yield 73%. "H NMR (400
MHz, DMSO-d¢) J: 7.75~7.62 (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); C NMR (100 MHz,
DMSO-d¢) o: 146.23, 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) caled for
Cy6H,N,SNa [M+Na] " 315.0675, found 315.0667.

Supporting Information 'H NMR and >C NMR spectra
of compounds 4a~4u are available free of charge via the
Internet at http://sioc-journal.cn/.
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