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A mild, green, and facile method for the synthesis of 6,6a-dihydroisoindolo[2,1-a]quinazoline-5,11-dione
derivatives is described in high yields using ionic liquids as green media. The method involves the reaction
of 2-aminobenzamides with 2-formylbenzoic acid catalyzed by iodine and provides a new alkaloid library
with potential activity for biomedical screening.
J. Heterocyclic Chem., 51, 630 (2014).
INTRODUCTION

Indoloquinazolines are important core structures found in
a variety of biologically molecules with a wide range of
biological activities, such as antimicrobial [1], cytotoxic
[2], insecticidal [3], and antibiotic activity [4]. Although a
number of useful synthetic procedures have been developed
to prepare these analogs, in the literatures [5], still several
limitations remain as well, for example, most of the
procedures involve several steps, low yields and inorganic
solvents. Moreover, the starting materials are not often readily
available. Therefore, a simple, efficient, and green method to
synthesize indoloquinazoline would be attractive.
Ionic liquids have attracted increasing interest in the

context of green chemistry in the past few years. They were
initially introduced as alternative green reaction media
because of their unique chemical and physical properties
of nonvolatility, nonflammability, thermal stability, and
controlled miscibility [6]. The possibility of recycling them
also ensures their utility in organic synthesis as green
solvents for a large number of organic transformations [7].
As a continuation of our research devoted to the develop-

ment of new methods for the preparation of heterocycles in
ionic liquids and with iodine-catalyzed reaction [8], we
would like to report the synthesis of 6,6a-dihydroisoindolo
[2,1-a]quinazoline- 5,11-dione derivatives in ionic liquids.
The method involves the reaction of 2-aminobenzamide with
2-formylbenzoic acid catalyzed by iodine.
© 2013 HeteroC
RESULTS AND DISCUSSION

Treatment of 2-aminobenzamides 1a–l and 2-formyl-
benzoic acid 2 in ionic liquids of [BMIm]Br in the
presence of 5mol% iodine at 80�C resulted in the
corresponding 6,6a-dihydroisoindolo[2,1-a]quinazoline-
5,11-dione derivatives 3a–l in high yields (Scheme 1).

Using the conversion of 2-aminobenzamide 1a and 2-
formylbenzoic acid 2 as a model, several parameters were
explored as shown in Table 1. 3a was not detected by
TLC in the absence of iodine at 80�C (Table 1, entry 1)
and was obtained successfully in the presence of various
quantities of the catalyst, reaching a maximum of 93 %
yield with 5mol% iodine (Table 1, entries 4, 6, and 7).
The yield of 3a was also dependent on temperature (entries
2–5), proceeding smoothly at 80�C. Different imidazolium
ionic liquids and Lewis acids were also tested, and iodine-
[BMIm]Br appeared to be the best system for this
transformation (entry 4 vs 8–16).

After reaction completion as monitored by TLC,
products were isolated by simple filtration after the
addition of a small amount of water to the cooled reaction
mixture. Water in the filtrate was removed by distillation
under reduced pressure, and the [BMIm]Br in the residue
could be reused after being evaporated at 80�C for 4 h in
vacuum. Successive reuse of the recycled ionic liquid of
[BMIm]Br in the model reaction gave high yields of 3a
(92 %) even after the fourth cycle.
orporation



Scheme 1. Reaction of 1a–l and 2-formylbenzoic acid in ionic liquids.
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First of all, these optimized conditions were applied for
the conversion of various kinds of 2-aminobenzamides
1a–l into the corresponding isoindolo[2,1-a]quinazoline
analogs 3a–l (Table 2, entries 1–12). The structure of
product 3g is confirmed by X-ray diffraction analysis; its
crystal structure is shown in Figure 1.
Consistent with previous suggestions in the literatures

[5g, 8b], we suggest that iodine catalyzes the reaction as
a mild Lewis acid. The proposed mechanism was shown
in Scheme 2. The Schiff base I is formed by the condensa-
tion of 1 with 2, and then, the intramolecular acylamino
group attacks the iodine-activated Schiff base II to form
the quinazoline III; finally, the intermediate III gives 3
by an intramolecular dehydration.
CONCLUSION

In summary, a mild, facile, and environmentally benign
method is developed for the synthesis of isoindolo[2,1-a]
quinazoline-5,11-dione derivatives in high yields catalyzed
by iodine in ionic liquids. The advantages of this procedure
include mild reaction conditions, high yields, one-pot,
operational simplicity, and environmentally benign.
Table

Synthetic results of 3a under di

Entry Temp./�C Ionic liquidb

1 80 [BMIm]Br
2 RT [BMIm]Br
3 50 [BMIm]Br
4 80 [BMIm]Br
5 100 [BMIm]Br
6 80 [BMIm]Br
7 80 [BMIm]Br
8 80 [EMIm]Br
9 80 [PMIm]Br
10 80 [EMIm][BF4]
11 80 [PMIm][BF4]
12 80 [BMIm][BF4]
13 80 [BMIm]Br
14 80 [BMIm]Br
15 80 [BMIm]Br
16 80 [BMIm]Br

aReaction condition: 2mL solvent, 2-aminobenzamide 1a (0.272 g, 2.0mmol),
1-ethyl-3-methylimidazolium; PMIm, 1-propyl-3-methylimidazolium. cIsolated
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EXPERIMENTAL

Melting points were determined in open capillaries and are un-
corrected. IR spectra were recorded on a Tensor 27 spectrometer
(Bruker Corporation: Karlsruhe, DE.) in KBr pellet. 1H NMR and
13C NMR spectra were obtained from a solution in DMSO-d6 or
CDCl3 with Me4Si as internal standard using a Bruker-400 spec-
trometer (Bruker Corporation: Karlsruhe, DE.). HRMS analyses
were carried out using a Bruker-micro-TOF-Q-MS analyzer
(Bruker Corporation: Karlsruhe, DE.).

General procedure for the synthesis of 6,6a-dihydroisoindolo
[2,1-a] quinazoline-5,11-dione derivatives 3. A dry 50mL
flask was charged with 2-aminobenzamides 1a–l (2.0mmol),
2-formylbenzoic acid 2 (0.300 g, 2.0 mmol), iodine (0.025 g,
0.1mmol), and ionic liquid of [BMIm]Br (2mL). The
reaction mixture was stirred at 80�C for 2–5 h, and then, a
small amount of water (5mL) was added to the mixture, and
the generated yellow solid was filtered off. The water in the
filtrate was removed by distillation under reduced pressure,
and the ionic liquid in the residue could be reusable by
being evaporated at 80�C for 4 h at vacuum. The crude
yellow products were washed with water and purified by
recrystallization from 95 % EtOH, and then dried at 80�C
for 2 h under vacuum to give 3a–l.

6,6a-Dihydroisoindolo[2,1-a]quinazoline-5,11-dione (3a).
m.p. 280–281�C (Lit. [5n]: 255–258�C). 1H NMR (DMSO-d6,
400MHz): dH 6.53 (s, 1H, CH), 7.36 (t, J=7.6Hz, 1H, ArH),
7.66–7.82 (m, 3H, ArH), 7.89 (d, J=7.6Hz, 2H, ArH), 7.98
(d, J=7.6Hz, 1H, ArH), 8.08 (d, J= 8.0Hz, 1H, ArH), 9.44
(s, 1H, NH). IR (KBr): 3148, 3059, 2931, 2880, 1730, 1677,
1606, 1495, 1475, 1393, 1361, 1306, 1217, 1186, 1125, 794, 756,
738, 693, 574 cm�1. HRMS (ESI, m/z): Calcd for C15H10N2NaO2

[M+Na]+ 273.0640, found 273.0639.
6-(4-Methylbenzyl)-6,6a-dihydroisoindolo[2,1-a]quinazoline-

5,11-dione (3b). m.p. 203–204�C. 1H NMR (DMSO-d6,
400MHz): dH 2.20 (s, 3H, CH3), 4.92 (d, J= 16.8Hz, 1H, CH),
5.07 (d, J= 17.2Hz, 1H, CH), 6.70 (s, 1H, CH), 6.97
1

fferent reaction conditions.a

Cat. (mol%) Yield (%)c

I2(0) 0
I2(5) trace
I2(5) 78
I2(5) 93
I2(5) 93
I2(10) 92
I2(20) 92
I2(5) 85
I2(5) 90
I2(5) 86
I2(5) 89
I2(5) 92

CuI(5) trace
TsOH(5) 73

Yb(OTf)3(5) 65
Sc(OTf)3(5) 78

and 2 (0.300 g, 2.0mmol). bBMIm, 1-butyl-3-methylimidazolium; EMIm,
yields.

y DOI DOI 10.1002/jhet



Table 2

Synthetic results of 3a–l in ionic liquids.a

Entry R Time (h) Products Yields (%)b

1 H 2 3a 93
2 4-MeC6H4CH2 2.5 3b 92
3 C6H5CH2 2 3c 95
4 4-MeOC6H4CH2 3 3d 93
5 4-MeOC6H4(CH2)

2

3 3e 94

6 Et 3.5 3f 90
7 n-Pr 4 3g 93
8 n-Bu 3 3h 92
9 Cyclopentyl 5 3i 86
10 (Furan-2-yl)

methyl
4 3j 88

11 Naphthalen-2-yl 5 3k 85
12 Piperonylethyl 4 3l 90

aReaction condition: 2mL [BMIm]Br, 1a–l (2.0mmol), 2 (0.300 g,
2.0mmol), and iodine (0.025 g, 0.1mmol), 80�C. bIsolated yields.

Figure 1. The crystal structure of product 3g.
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(d, J= 8.0Hz, 2H, ArH), 7.03 (d, J= 8.0Hz, 2H, ArH), 7.42
(t, J= 7.6Hz, 1H, ArH), 7.62–7.66 (m, 2H, ArH), 7.71–7.78
(m, 2H, ArH), 7.86 ~ 7.87 (m, 1H, ArH), 8.06 (d, J= 8.0Hz, 2H,
ArH). 13C NMR (100MHz, DMSO-d6): dC 46.1, 55.3, 70.7,
114.5, 120.2, 120.3, 125.0, 125.3, 125.5, 127.6, 128.1, 129.5,
130.6, 132.5, 132.8, 133.6, 136.9, 137.9, 158.8, 164.1,164.9. IR
(KBr): 3059, 3018, 2925, 2870, 1729, 1660, 1603, 1516, 1487,
1470, 1414, 1353, 1291, 1215, 1160, 1110, 990, 880, 757, 745,
684 cm�1. HRMS (ESI, m/z): Calcd for C23H18N2NaO2

[M+Na]+ 377.1266, found 377.1289.
6-Benzyl-6,6a-dihydroisoindolo[2,1-a]quinazoline-5,11-

dione (3c). m.p. 158–159�C(Lit. [5m]: 148–150�C). 1H NMR
(DMSO-d6, 400MHz): dH 5.03 (d, J=16.8Hz, 1H, CH), 5.09
(d, J=16.8Hz, 1H, CH), 6.72 (s, 1H, CH), 7.07 (d, J=7.6Hz,
2H, ArH), 7.12–7.15 (m, 1H, ArH), 7.19–7.23 (m, 2H, ArH), 7.43
(t, J=7.6Hz, 1H, ArH), 7.60–7.65 (m, 2H, ArH), 7.72–7.78
Journal of Heterocyclic Chemistr
(m, 2H, ArH), 7.85–7.87 (m, 1H, ArH), 8.06 (d, J=8.0Hz, 2H,
ArH). IR (KBr): 3054, 2927, 1723, 1661, 1602, 1487, 1469,
1413, 1355, 1313, 1288, 1215, 1157, 1110, 1094, 989, 763, 735,
686 cm�1. HRMS (ESI, m/z): Calcd for C22H16N2O2Na [M+Na]+

363.1109, found 363.1090.
6-(4-Methoxybenzyl)-6,6a-dihydroisoindolo[2,1-a]quinazoline-

5,11-dione (3d). m.p. 133–134�C. (Lit. [5m]: 137–139�C). 1H
NMR (CDCl3, 400MHz): dH 3.79 (s, 3H, CH3O), 4.55 (d,
J=16.4Hz, 1H, CH), 5.46 (d, J=16.4Hz, 1H, CH), 6.34 (s, 1H,
CH), 6.88 (d, J=8.4Hz, 2H, ArH), 7.13 (d, J=8.8Hz, 2H, ArH), 7.37
(t, J=7.6Hz, 1H, ArH), 7.48 (d, J=7.2Hz, 1H, ArH), 7.56–7.69
(m, 3H, ArH), 7.98–7.99 (m, 1H, ArH), 8.13 (d, J = 8.0 Hz, 1H,
ArH), 8.22 (dd, J = 7.6 Hz, J0 = 1.2 Hz, 1H, ArH). IR (KBr):
3053, 2961, 2932, 2837, 1727, 1638, 1604, 1512, 1487, 1469,
1413, 1355, 1289, 1246, 1215, 1177, 1158, 1108, 1032, 989,
760, 742, 684 cm�1. HRMS (ESI, m/z): Calcd for
C23H18N2O3Na [M+Na]+ 393.1215, found 393.1151.

6-(4-Methoxyphenethyl)-6,6a-dihydroisoindolo[2,1-a]quinazoline-
5,11-dione (3e). m.p. 140–141�C. 1HNMR (DMSO-d6, 400MHz):
dH 2.34–2.44 (m, 1H, CH), 2.68–2.74 (m, 1H, CH), 3.71 (s, 3H,
CH3O), 3.87–3.99 (m, 2H, CH2), 6.55 (s, 1H, CH), 6.76
(d, J=8.0Hz, 2H, ArH), 6.96 (d, J=8.4Hz, 2H, ArH), 7.40
(t, J=7.6Hz, 1H, ArH), 7.70–7.77 (m, 2H, ArH), 7.85–7.92 (m, 2H,
ArH), 7.99–8.04 (m, 3H, ArH). 13C NMR (100MHz, CDCl3): dC
33.5, 45.0, 55.3, 70.7, 114.0, 120.1, 120.6, 125.25, 125.34, 125.41,
129.0, 129.7, 130.2, 130.6, 132.6, 133.0, 133.6, 136.7, 137.9, 158.2,
163.7, 164.7. IR (KBr): 3054, 2953, 2836, 1723, 1660, 1604, 1511,
1487, 1467, 1411, 1353, 1303, 1283, 1251, 1237, 1162, 1111, 1036,
821, 753, 742, 686cm�1. HRMS (ESI, m/z): Calcd for
C24H20N2NaO3 [M+Na]+ 407.1372, found 407.1350.

6-Ethyl-6,6a-dihydroisoindolo[2,1-a]quinazoline-5,11-dione
(3f). m.p. 159–160�C(Lit. [5m]: 157–160�C). 1H NMR
(CDCl3, 400MHz): dH 1.22 (t, J= 7.2Hz, 3H, CH3), 3.69–3.78
(m, 1H, CH), 3.99–4.08 (m, 1H, CH), 6.25 (s, 1H, CH), 7.31–
7.35 (m, 1H, ArH), 7.61–7.79 (m, 4H, ArH), 8.03–8.05 (m, 1H,
ArH), 8.10 (d, J= 8.0Hz, 1H, ArH), 8.15 (dd, J= 8.0Hz,
J0 = 1.6Hz, 1H, ArH). IR (KBr): 2985, 2958, 2832, 1712, 1668,
1603, 1490, 1468, 1417, 1361, 1304, 1282, 1218, 1188, 1156,
1112, 1062, 984, 756, 737, 687 cm�1. HRMS (ESI, m/z): Calcd
for C17H15N2O2 [M+H]+ 279.1134, found 279.1135.

6,6a-Dihydro-6-n-propylisoindolo[2,1-a]quinazoline-5,11-dione
(3g). m.p. 135–136�C(Lit. [5m]: 127–130�C). 1H NMR
(DMSO-d6, 400MHz): dH 0.76 (t, J = 7.2Hz, 3H, CH3),
1.21–1.30 (m, 1H, CH), 1.39–1.44 (m, 1H, CH), 3.70 (t,
J = 7.2Hz, 2H, CH2), 6.58 (s, 1H, CH), 7.38 (t, J = 7.2Hz,
1H, ArH), 7.69–7.78 (m, 2H, ArH), 7.83–7.86 (m, 1H,
ArH), 7.95–8.01 (m, 4H, ArH). IR (KBr): 2960, 2931, 2872,
1729, 1654, 1604, 1489, 1469, 1416, 1361, 1313, 1272, 1217, 1183,
1159, 1113, 1073, 958, 793, 755, 738, 687cm–1. HRMS (ESI, m/z):
Calcd for C18H17N2O2 [M+H]+ 293.1290, found 293.1292.

Crystal data for 3g: C18H16N2O2; M=292.33, red sheet crys-
tals, 0.52� 0.35� 0.30mm, orthorhombic, space group Pna2
(1), a=13.404(3), b=22.292(5), c=4.8853(10)Å, a=b= g=90�,
V = 1459.7(5)3, Z = 4, Dc = 1.330 g.cm

�3. F(000) = 616,
m(MoKa) = 0.088mm�1. Intensity data were collected on
Rigaku Mercury diffractometer with graphite monochromated
MoKa radiation (l= 0.71073Å) using phi and omega scan
mode with 3.04� < θ< 25.67�. 2611 unique reflections were
measured, and 2211 reflections with I> 2s (I) were used in
the refinement. Structure was solved by direct methods and
expanded using Fourier techniques. The final cycle of full-
matrix least squares technique to R = 0.0414 and wR = 0.0511.
y DOI DOI 10.1002/jhet



Scheme 2. The possible mechanism for the formation of products 3.
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6-n-Butyl-6,6a-dihydroisoindolo[2,1-a]quinazoline-5,11-dione
(3h). m.p. 141–142�C. 1H NMR (DMSO-d6, 400MHz): dH
0.82 (t, J=7.2Hz, 3H, CH3), 1.18–1.22 (m, 3H, CH+CH2),
1.39–1.41 (m, 1H, CH), 3.71–3.77 (m, 2H, CH2), 6.58 (s, 1H,
CH), 7.36–7.40 (m, 1H, ArH), 7.69–7.78 (m, 2H, ArH), 7.84–7.88
(m, 1H, ArH), 7.95–8.01 (m, 4H, ArH). 13C NMR (100MHz,
CDCl3): 13.9, 20.1, 30.3, 42.9, 70.5, 120.1, 120.5, 125.1, 125.2,
125.3, 129.0, 130.7, 132.7, 132.9, 133.4, 136.6, 138.2, 163.7,
164.9. IR (KBr): 2949, 2930, 2862, 1727, 1655, 1604, 1489, 1469,
1415, 1358, 1309, 1284, 1216, 1157, 1113, 1084, 956, 756, 737,
688 cm�1. HRMS (ESI, m/z): Calcd for C19H19N2O2 [M+H]+

307.1447, found 307.1448.
6-Cyclopentyl-6,6a-dihydroisoindolo[2,1-a]quinazoline-5,11-

dione (3i). m.p. 158–160�C. 1H NMR (CDCl3, 400MHz): dH
1.46–1.62 (m, 3H, CH2 +CH), 1.95–2.17 (m, 3H, CH+CH2),
2.24–2.36 (m, 2H, CH2), 4.13–4.17 (m, 1H, CH), 6.16 (s, 1H,
CH), 7.30 (t, J= 7.6Hz, 1H, ArH), 7.58–7.62 (m, 1H, ArH),
7.66–7.73 (m, 3H, ArH), 8.04 (d, J= 6.8Hz, 1H, ArH), 8.11 (d,
J= 7.6Hz, 1H, ArH), 8.14 (d, J= 8.0Hz, 1H, ArH). 13C NMR
(100MHz, CDCl3): dC 25.3, 29.3, 58.2, 72.2, 119.3, 121.4,
125.0, 125.2, 125.9, 128.8, 130.7, 132.5, 133.36, 133.43, 136.7,
138.2, 164.1, 164.5. IR (KBr): 2956, 2908, 2864, 1698, 1635,
1602, 1488, 1466, 1425, 1392, 1338, 1310, 1220, 1172, 1109,
758, 735, 689 cm�1. HRMS (ESI, m/z): Calcd for
C20H18N2O2Na [M+Na]+ 341.1266, found 341.1292.

6-((Furan-2-yl)methyl)-6,6a-dihydroisoindolo[2,1-a]quinazoline-
5,11-dione (3j). m.p. 175–176�C. 1HNMR (CDCl3, 400MHz): dH
4.45 (d, J=16.4Hz, 1H, CH), 5.44 (d, J=16.4Hz, 1H, CH), 6.37 (s,
1H, CH), 6.39–6.41 (m, 2H, ArH), 7.31–7.34 (m, 1H, ArH), 7.42–
7.43 (m, 1H, ArH), 7.62–7.72 (m, 3H, ArH), 7.79–8.05 (m, 2H,
ArH), 8.09 (dd, J=8.0Hz, J0 =0.4Hz, 1H, ArH), 8.15 (dd,
J=8.0Hz, J0 =1.2Hz, 1H, ArH). 13C NMR (100MHz, CDCl3): dC
39.6, 71.0, 108.8, 110.9, 120.2, 120.4, 125.1, 125.3, 126.1, 129.2,
130.7, 132.8, 133.7, 136.8, 138.1, 142.1, 150.4, 164.0, 165.1. IR
(KBr): 3125, 3053, 2955, 1719, 1668, 1602, 1489, 1468, 1411,
1359, 1333, 1298, 1278, 1215, 1185, 1158, 1065, 1028, 1011, 756,
743, 682 cm�1. HRMS (ESI, m/z): calcd for C20H14N2O3Na
[M+Na]+ 353.0902, found 353.0900.

6,6a-Dihydro-6-(naphthalen-2-yl)isoindolo[2,1-a]quinazoline-
5,11-dione (3k). m.p. 227–228�C. 1H NMR (CDCl3,
400MHz): dH 6.10 (d, J = 8.0Hz, 1H, ArH), 6.65 (s, 1H,
Journal of Heterocyclic Chemistr
CH), 7.13 (t, J = 7.2Hz, 1H, ArH), 7.35–7.98 (m, 11H,
ArH), 8.22–8.24 (m, 2H, ArH). 13C NMR (100MHz,
CDCl3): dC 72.3, 113.2, 114.6, 120.0, 120.4, 124.5, 125.2,
125.9, 126.8, 127.1, 127.8, 128.0, 128.2, 129.5, 130.3,
132.1, 132.2, 133.2, 133.5, 134.0, 136.5, 137.1, 137.7,
161.0, 165.4. IR (KBr): 3048, 1721, 1673, 1601, 1487,
1465, 1403, 1348, 1306, 1288, 1216, 1162, 1117, 807, 764,
750, 733, 707 cm�1. HRMS (ESI, m/z): Calcd for
C25H16N2NaO2 [M+Na]+ 399.1109, found 399.1140.

6-Piperonylethyl-6,6a-dihydroisoindolo[2,1-a]quinazoline-
5,11-dione (3l). m.p. 137–138�C; 1H NMR (DMSO-d6,
400MHz): dH 2.38–2.51 (m, 1H, CH), 2.63–2.68 (m, 1H, CH),
3.82–4.01 (m, 2H, CH2), 5.94 (s, 2H, CH2), 6.42 (dd,
J=8.0Hz, J0 =1.2Hz, 1H, ArH), 6.52 (s, 1H, CH), 6.53–6.54
(m, 1H, ArH), 6.67 (d, J=8.0Hz, 1H, ArH), 7.39 (t,
J=7.6Hz, 1H, ArH), 7.69–7.75 (m, 2H, ArH), 7.82–7.90 (m,
2H, ArH), 7.98–8.02 (m, 3H, ArH). 13C NMR (100MHz,
CDCl3): dC 34.2, 44.9, 70.7, 100.9, 108.4, 109.1, 120.2, 120.5,
121.7, 125.2, 125.36, 125.40, 129.0, 130.6, 131.9, 132.6,
133.0, 133.6, 136.7, 137.9, 146.2, 147.6, 163.8, 164.7. IR
(KBr, n, cm�1): 3057, 2955, 2907, 2853, 1723, 1655, 1602,
1487, 1467, 1414, 1352, 1309, 1287, 1255, 1215, 1185, 1162,
1108, 1037, 921, 800, 753, 742, 685. HRMS (ESI, m/z): calcd
for C24H19N2O4 [M+H]+ 399.1345, found 399.1338.
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