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MICROWAVE-ASSISTED ONE-POT SYNTHESIS
OF 3-AMINO-1-ARYL-8-BROMO-2,4-DICYANO-
9H-FLUORENES IN WATER

Yixin Zhou, Jianqiang Wang, Renjun Du, Guohua Zhang,
Wei Wang, and Cheng Guo
College of Sciences, Nanjing University of Technology, Nanjing, China

GRAPHICAL ABSTRACT

Abstract A series of novel 3-amino-1-aryl-8-bromo -2,4-dicyano-9H-fluorenes derivatives

were prepared using arylaldehyde, 4-bromo-indanone, malononitrile, and sodium hydroxide

as the reactants in water via one-pot synthesis under microwave irradiation. A green and

efficient method was successfully developed via microwave irradiation. The method

possesses several advantages, such as environmental friendliness, shorter reaction time,

and simple workup procedure.

Keywords Fluorene; microwave irradiation; synthesis; water

INTRODUCTION

In recent years, microwave-assisted organic synthesis as a green method has
become an important research field.[1–7] Compared with other expensive toxic
organic solvents, the inexpensive and pollution-free aqueous medium has been
eagerly applied in microwave irradiation.[8–10] Moreover, the water as solvent pro-
vides us with a convenient way to separate the product from the reaction system.

3-Amino-1-aryl-2,4-dicyano-9H-fluorenes are typical acceptor-donor-acceptor
(A-D-A) systems, which have been found exhibit strong fluorescence in previous
studies.[11,12] A-D-A systems comprise one electron donor and two electron acceptors
in the extensive study of photo-induced intramolecular electron transfer,[13,14] which
has potential applications in electron devices such as light-emitting diodes[15,16] and
field-effect transistors.[17] Besides, 9H-fluorene derivatives have a strong inhibitory
effect on cholesterol biosynthesis[18] and anti-inflammatory activity.[19]
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Many synthetic methods for the preparation of 2,4-dicyano-9H-fluorenes
have been reported.[20–22] However, some methods need longer reaction time, more
complex original materials, organic base catalyst, and organic solvent. Keeping in
view the importance of 3-amino-1-aryl-2,4-dicyano-9H-fluorenes and recent trends
of using of environmentally friendly techniques, a green method to synthesize a
series of new 3-amino-1-aryl-8-bromo-2,4-dicyano-9H-fluorenes 4 in water was
developed under microwave irradiation (MWI) from arylaldehyde 1, 4-bromo-
indan-1-one 2, malononitrile 3, and sodium hydroxide (Scheme 1). To optimize
the reaction condition, a comparison was done between MWI and conventional
heating.

RESULTS AND DISCUSSION

To optimize the reaction conditions, the effects of different reaction time and
MWI power were investigated in the synthesis of 4a. The reactions of benzaldehyde
1a (2mmol), 4-bromo-indan-1-one 2 (2mmol), malononitrile 3 (4.5mmol), and
sodium hydroxide (5mmol) were carried out in water at 100 �C. The results showed
that the yield of product 4a was improved as the MWI time was increased from 3 to
7min in an increment of 2min each time. However, as the reaction time increased
continuously, the yield of the products was decreasing. Therefore, 7min was chosen
for all the further reactions (Fig. 1).

The MWI power was optimized by carrying out the experiment at 250 to 450W
in increments of 50W, and the reaction time and temperature was 7min and 100 �C
respectively. The results showed that MWI at 400W gave the best yield (Fig. 2).

Furthermore, we tested the same reaction in different solvents under the
optimized reaction conditions, namely, 100 �C at MWI power of 400W for 7min
(Table 1). We found that the reaction carried out in water gave the greatest yield.
Considering the nontoxic and inexpensive character of water, we chose water as
the optimum solvent.

Under these reaction conditions, we synthesized a series of products of
3-amino-1-aryl-8-bromo-2,4-dicyano-9H-fluorenes 4 (Table 2).

We performed the synthesis of 4 under both MWI and classical heating
conditions. Compared with the 6–7 h reaction using conventional heating, little time
was needed under MWI. Moreover, a greater yield was obtained when we performed
the reaction using MWI (Table 3). Therefore, MWI exhibited several advantages
over classical heating.

Scheme 1. Synthesis of 4 in water under MWI.
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Table 1. Investigation of solvent in the synthesis of 4a (C6H5)

Entry Solvent Time (min) Yield (%)

1 MeOH 6 67.8

2 EtOH 7 56.3

3 H2O 7 74.4

4 EtOH=H2O¼ 1:1 7 64.5

Note. The product 4a was synthesized under MWI at 100 �C and the MWI

power was 400W.

Figure 2. Effect of MWI power on the yield of 4a.

Figure 1. Effect of MWI time on the yield of 4a.
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The reaction was assumed to proceed via a mechanism of Knoevenagel
condensation, Michael addition, cyclization, and elimination. Aldehyde 1 and ketone
2 reacted with malononitrile in the presence of a base to give 2-arylidenemalonodini-
triles 5 and 2-(4-bromo-2,3-dihydroinden-1-ylidene)malononitrile 6, and Michael
addition reaction of 6 and 5 afforded intermediate 7, which undergoes intramolecu-
lar cyclization, isomerization, and elimination to finally afford 3-amino-1-aryl-8-
bromo-2,4-dicyano-9H-fluorenes 4 (Scheme 2).

Table 3. Comparison of reaction times and yields for compounds 4 using microwave and classical

methods

Reaction time Yield (%)

Compound Microwave (min) Classical heating (h) Microwave Classical heating

4a 7 6 74.4 68.4

4b 7 6 54.4 45.9

4c 6 6 77.2 54.0

4d 7 6 69.7 63.1

4e 7 6 81.6 74.9

4f 7 6 48.7 41.5

4g 6 6.5 89.0 72.8

4h 7 6.5 52.1 46.6

Table 2. Synthesis of 4 in water under MWI

Compound Ar M Mp (�C) Yield (%)

4a C6H5 C21H12BrN3 268–270 74.4

4b 3-CH3C6H4 C22H14BrN3 299–300 54.4

4c 2-C4H3O C19H10BrN3O 234–236 77.2

4d 1-C10H7 C25H14BrN3 298–300 69.7

4e 2-C4H3S C19H10BrN3S 223–225 81.6

4f 4-C5H4N C20H11BrN4 301–303 48.7

4g 3,4-(F)2C6H3 C21H10BrF2N3 224–226 89.0

4h 3-FC6H4 C21H11BrFN3 289–291 52.1

Scheme 2. Mechanisms of the reaction.
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All the structures of the products were confirmed by means of Fourier trans-
form infrared (FTIR) and1H NMR analysis. Furthermore, the structure of 4a was
established by the x-ray crystallographic analysis (Fig. 3).

In conclusion, we developed a green method for the synthesis of 3-amino-1-
aryl-8-bromo-2,4-dicyano-9H-fluorenes using an inexpensive original material under
MWI and got a series of new products, some of which were never reported in litera-
ture. Above all, the use of water leads to a new and nontoxic method for the organic
reaction.

EXPERIMENTAL

The melting points were determined on an X-4 microscopic melting-point
apparatus and are uncorrected. The reactions were monitored by means of thin-layer
chromatography (TLC). IR spectra were measured on a FIR-360 spectrometer.
1H NMR spectra were measured on a Bruker DRX500 NMR spectrometer using
tetramethylsilane (TMS) as an internal standard and dimethylsulfoxide (DMSO-d6)
as solvent. Elemental analyses were carried out using a Vario EL III analyzer.
Reactions were carried out in a WF-4000M microwave reaction system.

General Procedure for the Preparation of 3-Amino-1-aryl-8-
bromo-2,4-dicyano-9H-fluorenes (4)

A flask (50ml) charged with arylaldehyde 1 (2mmol), 4-bromo-indan-1-one 2

(2mmol), malononitrile 3 (4.5mmol), sodium hydroxide (5mmol), and water (10ml)
was placed in microwave reaction system, connected with refluxing equipment. The
mixture was irradiated for 6–7min at 100 �C with the output of 400W. After
completion of the reaction (monitored by TLC), the mixture was kept at room tem-
perature for several hours, filtered to give precipitation, and washed with ethanol.

Figure 3. Crystal structure of the product 4a.
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The crystalline product was obtained from recrystallization with ethanol. All the
products were characterized by FTIR and 1H NMR.

3-Amino-8-bromo-1-phenyl-2,4-dicyano-9H-fluorene (4a)

Yellow crystals; FTIR (KBr): n 3449, 3343, 3237, 2210, 1636, 1559, 1467, 1367,
1305, 1287, 1121, 798, 759, 709, 696. 1H NMR (300MHz, DMSO-d6): d 3.63 (s, 2H,
CH2), 6.81 (s, 2H, NH2), 7.50–7.58 (m, 6H, ArH), 7.73 (d, 1H, ArH), 8.35 (d, 1H,
ArH). Anal. calcd. for C21H12BrN3: C, 65.30; H, 3.13; N, 10.88. Found: C, 65.48;
H, 3.06; N, 10.81.

3-Amino-8-bromo-1-(3-methylphenyl)-2,4-dicyano-9H-fluorene (4b)

Pale yellow crystals; FTIR (KBr): n 3475, 3351, 3237, 2210, 1635, 1558, 1467,
1387, 1364, 1307, 1287, 1122, 796, 759, 724, 697. 1H NMR (300MHz, DMSO-d6): d
2.41 (s, 3H, CH3), 3.63 (s, 2H, CH2), 6.80 (s, 2H, NH2), 7.35–7.56 (m, 5H, ArH), 7.74
(d, 1H, ArH), 8.35 (d, 1H, ArH). Anal. calcd. for C22H14BrN3: C, 66.01; H, 3.53; N,
10.50. Found: C, 66.17; H, 3.60; N, 10.30.

3-Amino-8-bromo-1-(Furan-2-yl)-2,4-dicyano-9H-fluorene (4c)

Yellow crystals; FTIR (KBr): n 3444, 3348, 3238, 2208, 1639, 1561, 1547, 1480,
1423, 1384, 1359, 1307, 1126, 1029, 787, 756. 1H NMR (300MHz, DMSO-d6): d 4.00
(s, 2H, CH2), 6.78 (s, 2H, NH2), 7.38–7.77 (m, 4H, ArH), 8.11 (d, 1H, ArH), 8.33
(d, 1H, ArH). Anal. calcd. for C19H10BrN3O: C, 60.66; H, 2.68; N, 11.17. Found:
C, 60.85; H, 2.62; N, 11.11.

3-Amino-8-bromo-1-(Naphthalene-1-yl)-2,4-dicyano-9H-fluorene (4d)

Yellow crystals; IR (KBr): n 3470, 3412, 3346, 3236, 3082, 2207, 1633, 1555,
1515, 1464, 1406, 1376, 1289, 1126, 792, 759, 708. 1H NMR (300MHz, DMSO-d6):
d 4.02 (s, 2H, CH2), 6.93 (s, 2H, NH2), 7.48–7.74 (m, 6H, ArH), 7.94–8.14 (m, 3H,
ArH), 8.39 (d, 1H, ArH). Anal. calcd. for C25H14BrN3: C, 68.82; H, 3.23; N, 9.63.
Found: C, 67.00; H, 3.15; N, 9.51.

3-Amino-8-bromo-1-(Thiophen-2-yl)-2,4-dicyano-9H-fluorene (4e)

Yellow crystals; FTIR (KBr): n 3456, 3412, 3357, 3232, 2211, 1631, 1557, 1524,
1386, 1363, 1282, 1123, 1082, 803, 775, 759, 716. 1H NMR (300MHz, DMSO-d6): d
3.83 (s, 2H, CH2), 6.85 (s, 2H, NH2), 7.31 (t, 1H, ArH), 7.52–7.60 (m, 2H, ArH), 7.77
(d, 1H, ArH), 7.91 (d, 1H, ArH), 8.36 (d, 1H, ArH). Anal. calcd. for C19H10BrN3S:
C, 58.17; H, 2.57; N, 10.71. Found: C, 58.08; H, 2.62; N, 10.75.

3-Amino-8-bromo-1-(Pyridine-4-yl)-2,4-dicyano-9H-fluorene (4f)

Yellow crystals; FTIR (KBr): n 3483, 3388, 3250, 2210, 1662, 1559, 1466, 1409,
1365, 1306, 1283, 1123, 1044, 830, 796, 7757, 693. 1H NMR (300MHz, DMSO-d6): d
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3.67 (s, 2H, CH2), 6.93 (s, 2H, NH2), 7.55 (t, 1H, ArH), 7.65 (d, 2H, ArH), 7.77 (d, 1H,
ArH), 8.37 (d, 1H, ArH), 8.81 (d, 2H, ArH). Anal. calcd. for C20H11BrN4: C, 62.03; H,
2.86; N, 14.47. Found: C, 62.14; H, 2.80; N, 14.38.

3-Amino-8-bromo-1-(3,4-difluorophenyl)-2,4-dicyano-9H-fluorene (4g)

Pale yellow crystals; FTIR (KBr): n 3461, 3414, 3238, 2210, 1707, 1636, 1601,
1518, 1428, 1382, 1306, 1268, 1119, 983, 797, 771, 741. 1H NMR (300MHz,
DMSO-d6): d 3.67 (s, 2H, CH2), 6.90 (s, 2H, NH2), 7.44–7.98 (m, 5H, ArH), 8.35
(d, 1H, ArH). Anal. calcd. for C21H10BrF2N3: C, 59.74; H, 2.39; N, 9.95. Found:
C, 59.92; H, 2.32; N, 9.87.

3-Amino-8-bromo-1-(3-fluorophenyl)-2,4-dicyano-9H-fluorene (4h)

Pale yellow crystals; FTIR (KBr): n 3458, 3342, 3237, 2208, 1636, 1572, 1468,
1400, 1378, 1308, 1258, 1121, 876, 794, 761, 716, 688. 1H NMR (300MHz,
DMSO-d6): d 3.66 (s, 2H, CH2), 6.90 (s, 2H, NH2), 7.38–7.45 (m, 2H, ArH), 7.54
(t, 2H, ArH), 7.60–7.68 (m, 1H, ArH), 7.76 (d, 1H, ArH), 8.35 (d, 1H, ArH). Anal.
calcd. for C21H11BrFN3: C, 62.40; H, 2.74; N, 10.39. Found: C, 62.56; H, 2.69; N,
10.33.

X-Ray Structure Determination of 4a

Yellow block crystals, C21H12BrN3,M¼ 386.25, 0.20� 0.10� 0.10mm,monocli-
nic, space group P21=N, a¼ 10.437(2) Å, b¼ 7.2840(15) Å, c¼ 22.025(4) Å, a¼ 90.00�,
b¼ 90.45(3)�, c¼ 90.00�, V¼ 1674.4(6) Å3, Z¼ 4, Dc¼ 1.532 g cm�3. F (000)¼ 776, m
(Mo Ka)¼ 2.463mm�1. Intensity data were collected using a Nonius CAD4 diffract-
ometer at 293(2) K, graphite monochromator Mo Ka radiation (k¼ 0.71073 Å), using
w=2q scan mode with 1.85� < h< 25.26�. A total of 3219 reflections were collected with
3043 unique ones (Rint¼ 0.0621), of which 1603 reflections were observed with I> 2r
(I). The final R and wR values were 0.0660 and 0.1185, s¼ 1.009, (D=r)max¼ 0.000.
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