
 

HETEROCYCLES, Vol. 77, No. 1, 2009, pp. 617 - 628. © The Japan Institute of Heterocyclic Chemistry   
Received, 30th June, 2008, Accepted, 6th August, 2008, Published online, 7th August, 2008.  
DOI: 10.3987/COM-08-S(F)34 

DIELS-ALDER REACTION OF 2-(CYCLIC AMINO)-SUBSTITUTED 
3-FURANCARBONITRILES WITH MALEIMIDES TO PHTHALIMIDES 

Hiroshi Maruoka,* Fumi Okabe, Yoshimichi Koutake, Toshihiro Fujioka, 

and Kenji Yamagata 

 

Faculty of Pharmaceutical Sciences, Fukuoka University, 8−19−1 Nanakuma, 

Jonan−ku, Fukuoka 814−0180, Japan 

E-mail: maruoka@fukuoka-u.ac.jp 

Abstract – An efficient Diels-Alder reaction is described in the furan series, 

leading to phthalimides in high yields. Thermal treatment of 2-(4-morpholinyl, 

1-piperidinyl, and 1-pyrrolidinyl)-3-furancarbonitriles with maleimide derivatives, 

e.g. maleimide, N-methylmaleimide, N-benzylmaleimide, N-phenylmaleimide and 

N-(4-nitrophenyl)maleimide, in boiling acetic acid caused a [4 + 2] cycloaddition 

reaction to give the corresponding phthalimide derivatives.

INTRODUCTION  

Synthetic cyclic imides, such as succinimides, maleimides, glutarimides, phthalimides and related 

compounds, possess structural features, which confer potential biological activity and pharmaceutical use. 

Their molecules contain an imide ring so that they are hydrophobic and neutral, and can therefore cross 

biological membranes in vivo. Thalidomide is one of them, which was introduced as a sedative drug, was 

removed from the market because of its teratogenicity.1,2 Recently, thalidomide proved its activity as 

potential inhibitor of TNF-α production3 and this immunosuppressive property led to its use in the 

treatment of graft-versus-host disease, leprosy, Behcet’s disease, lupus erythematosus, and other related 

diseases.4−9 Furthermore, a new pharmacologically interesting compound within the series of phthalimides, 

NAN-190, is reported as a well-recognized antagonist of postsynaptic receptors 5-HT1A
10 (Figure 1). On 

the basis of these findings, many laboratories are engaged in the synthesis of various phthalimide 

derivatives.11−23 For the reasons given above, the synthesis of cyclic imides, especially phthalimide 

derivatives, is now receiving considerable interest. 
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Dihydrofuran and furan derivatives widely occur as important structural units in a variety of natural 

products that can be applied as pharmaceuticals, flavor and fragrance compounds.24−26 Because they are 

useful and versatile synthetic intermediates for heterocyclic compounds, the development of 

methodologies for the synthesis of such compounds are of significant interest. Among the most 

significant examples in the furan chemistry, Diels-Alder cycloadditions using this heterocycle as the 4π 

diene are of particular interest.27−29 This pericyclic process is one of the most employed strategies for the 

construction of six-membered rings. There are only a few cases in the literature where [4 + 2] 

cycloadditions of 2-aminofurans have been investigated. 2-Aminofurans revealed especially useful 

partners in the preparation of cyclohexadiene derivatives and polysubstituted anilines. However, the 

preparation of 2-aminofurans is only scarcely reported and mainly requires several steps such as 

cyclopropenone ring opening in the presence of carbonyl metals,30 preparation of nitrofuroate followed by 

Pd-catalyzed reduction,31 dinitration of furan and subsequent displacement of one nitro group by an 

amine,32 or metal-free amination of bromoheterocycles.33 In the course of our studies on heterocyclic 

β-enaminonitriles, we have already reported the synthesis of 2-(cyclic amino)-substituted 

4,5-dihydro-3-furancarbonitriles 1−4.34,35 In this context, we planned the synthesis of a series of 4-(cyclic 

amino)-substituted phthalimide derivatives in order to expand the scope application of the Diels-Alder 

reaction of maleimides by using 2-(cyclic amino)-substituted 3-furancarbonitriles as starting materials. 

 

Figure 1. Chemical structures of thalidomide, methylthalidomide, and NAN-190.
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RESULTS AND DISCUSSION 

In the first step, we tried the dehydrogenation of dihydrofurans 1−4 to furans using 

2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ). As a consequence, when 1−4 were treated with DDQ 

in refluxing 1,4-dioxane, the expected 2-(cyclic amino)-substituted 3-furancarbonitriles 5−8 were 

obtained in moderate to good yields (5: 92%, 6: 90%, 7: 96%, 8: 55%, Scheme 1). Elemental analyses, 
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mass spectra, 1H and 13C NMR spectra of 5−8 are consistent with the assigned structures (see 

experimental section). 
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In the next step, we examined the cycloaddition reaction of 2-(cyclic amino)-substituted 

3-furancarbonitriles 5−8 with maleimides 9a−e to phthalimide derivatives 10−13. The best results are 

shown in Scheme 2 and Table 1. Indeed, when a mixture of 5−8 and maleimides 9a−e in acetic acid was 

refluxed for 8 h, the desired phthalimides 10a−e, 11a−e, 12a−e, and 13a−e were obtained in moderate to 

good yields. The IR spectra of 10−13 display bands near 2220 cm-1 due to a conjugated cyano group, and 

in the range of 1770−1702 cm-1 due to two imido carbonyl groups. The 13C NMR spectra of 10−13 show a 

signal near δ 116 due to the cyano carbon, and two signals near δ 166 due to the imido carbonyl carbon. 

By comparison of the IR spectra, NMR spectra, mass spectra and elemental analyses of 10−13, it seems 

that the structural assignments given to these compounds are correct.  

These Diels-Alder reactions are assumed to proceed through the formation of the oxabridged 

cycloadducts A. The literature has only a few examples of the isolation of the oxabridged 

cycloadducts.32,36,37 In this reaction, such intermediates A were not observed. In all cases, aromatization 

into phthalimide derivatives 10−13 spontaneously results from a ring-opening reaction of cycloadducts A 

with an acid and subsequent dehydration of the ring-opening intermediates B. It is a fact that when these 

cycloadditions were carried out under the milder reaction conditions, the intermediary of [4 + 2] 

cycloadducts A and/or B could not be isolated but instead 2-(cyclic amino)-substituted 

3-furancarbonitriles 5−8 were recovered unchanged. It makes us believe that the ring-opening reaction of 

cycloadducts A and dehydration of the ring-opening intermediates B can be promoted by using acetic acid 

not only as a solvent but also as a catalyst.  

In conclusion, the Diels-Alder reaction of 2-(cyclic amino)-substituted 3-furancarbonitriles with 

maleimides proceeds smoothly to furnish the corresponding phthalimide derivatives. Functionalized 

phthalimide derivatives are important synthons in organic synthesis and for the preparation of 

biologically active compounds with interest in medicinal chemistry. 
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Scheme 2
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Table 1. Synthesis of phthalimide derivatives 10!13 according to Scheme 2.

Entry Sustrate Product Yield (%)

1

2

3

4

5

6

7

8

9

10

5

5

5

5

5

6

6

6

6

6

10a

10b

10c

10d

10e

11a

11b

11c

11d

11e

91

90

78

73

85

86

94

92

88

77

Entry Sustrate Product Yield (%)

11

12

13

14

15

16

17

18

19

20

7

7

7

7

7

8

8

8

8

8

12a

12b

12c

12d

12e

13a

13b

13c

13d

13e

62

82

77

81

52

80

88

75

81

82
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EXPERIMENTAL 

All melting points are uncorrected. The IR spectra were recorded on a JASCO FT/IR-4100 spectrometer. 

The 1H and 13C NMR spectra were measured with a JEOL JNM-A500 spectrometer at 500.00 and 125.65 

MHz, respectively. The 1H and 13C chemical sifts (δ) are reported in parts per million (ppm) relative to 

tetramethylsilane as internal standard. Positive FAB mass spectra were obtained on a JEOL JMS-700T 

spectrometer. Elemental analyses were performed on YANACO MT-6 CHN analyzer. The starting 

compounds, 2-(cyclic amino)-substituted 4,5-dihydro-3-furancarbonitriles 1-4, were prepared in this 

laboratory according to the procedure reported in literature.34,35 

General procedure for the preparation of 2-(cyclic amino)-substituted 3-furancarbonitriles 5−8. 

A mixture of 1-4 (20 mmol) and DDQ (4.99 g, 22 mmol) in 1,4-dioxane (40 mL) was refluxed for 1 h (in 

the case of the preparation of 5−7) or 30 min (in the case of the preparation of 8). The solid was removed 

by filtration and washed with 1,4-dioxane. The combined filtrates were concentrated in vacuo. The 

residue was purified by column chromatography on alumina with CH2Cl2 as the eluent to give 5−8. 

2-(4-Morpholinyl)-5-phenyl-3-furancarbonitrile (5) 

Colorless columns (4.65 g, 92%), mp 107−108 °C (acetone/petroleum ether); IR (KBr): 2202 (CN) cm-1; 
1H NMR (CDCl3): δ 3.64 (t, J = 4.9 Hz, 4H, 2NCH2), 3.84 (t, J = 4.9 Hz, 4H, 2OCH2), 6.58 (s, 1H, 4-H), 

7.21−7.25 (m, 1H, aryl H), 7.32−7.36 (m, 2H, aryl H), 7.44−7.47 (m, 2H, aryl H); 13C NMR (CDCl3): 

δ 46.4 (2NCH2), 66.0 (2OCH2), 70.4 (C-3), 106.8 (C-4), 116.4 (CN), 122.9, 127.4, 128.8, 129.2 (C aryl), 

144.5 (C-5), 161.3 (C-2); MS: m/z 255 [M+H]+; Anal. Calcd for C15H14N2O2: C, 70.85; H, 5.55; N, 11.02. 

Found: C, 70.93; H, 5.59; N, 11.02. 

5-Phenyl-2-(1-piperidinyl)-3-furancarbonitrile (6) 

Colorless prisms (4.54 g, 90%), mp 117−118 °C (CH2Cl2/petroleum ether); IR (KBr): 2195 (CN) cm-1; 1H 

NMR (CDCl3): δ 1.64−1.75 (m, 6H, 3CH2), 3.58−3.66 (m, 4H, 2NCH2), 6.56 (s, 1H, 4-H), 7.19−7.22 (m, 

1H, aryl H), 7.31−7.35 (m, 2H, aryl H), 7.45−7.47 (m, 2H, aryl H); 13C NMR (CDCl3): δ 23.9 (piperidine 

C-4), 25.2 (piperidine C-3, 5), 47.5 (2NCH2), 68.9 (C-3), 107.1 (C-4), 117.2 (CN), 122.7 127.0, 128.7, 

129.5 (C aryl), 143.4 (C-5), 161.7 (C-2); MS: m/z 253 [M+H]+; Anal. Calcd for C16H16N2O: C, 76.16; H, 

6.39; N, 11.10. Found: C, 76.14; H, 6.41; N, 11.06. 

5-Phenyl-2-(1-pyrrolidinyl)-3-furancarbonitrile (7) 

Colorless columns (4.58 g, 96%), mp 133−134 °C (acetone/petroleum ether); IR (KBr): 2194 (CN) cm-1; 
1H NMR (CDCl3): δ 2.01−2.04 (m, 4H, 2CH2), 3.68−3.71 (m, 4H, 2NCH2), 6.56 (s, 1H, 4-H), 7.17−7.21 

(m, 1H, aryl H), 7.30−7.35 (m, 2H, aryl H), 7.43−7.46 (m, 2H, aryl H); 13C NMR (CDCl3): δ 25.4 (2CH2), 

47.8 (2NCH2), 66.9 (C-3), 107.0 (C-4), 117.5 (CN), 122.5 126.7, 128.7, 129.7 (C aryl), 143.3 (C-5), 

160.5 (C-2); MS: m/z 239 [M+H]+; Anal. Calcd for C15H14N2O: C, 75.61; H, 5.92; N, 11.76. Found: C, 

75.67; H, 6.03; N, 11.67. 
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5-Methyl-2-(4-morpholinyl)-3-furancarbonitrile (8) 

Colorless columns (2.11 g, 55%), mp 56−57 °C (Et2O/petroleum ether); IR (KBr): 2204 (CN) cm-1; 1H 

NMR (CDCl3): δ 2.15 (s, 3H, CH3), 3.05−3.51 (m, 4H, 2NCH2), 3.78−3.80 (m, 4H, 2OCH2), 5.91−5.92 

(m, 1H, 4-H); 13C NMR (CDCl3): δ 12.9 (CH3), 46.6 (2NCH2), 66.0 (2OCH2), 68.8 (C-3), 107.0 (C-4), 

116.8 (CN), 142.7 (C-5), 161.3 (C-2); MS: m/z 193 [M+H]+; Anal. Calcd for C10H12N2O2: C, 62.49; H, 

6.29; N, 14.57. Found: C, 62.46; H, 6.31; N, 14.51. 

General procedure for the preparation of phthalimide derivatives 10-13 from 5-8 and maleimides 9. 

A mixture of 5-8 (5 mmol) and maleimide (0.97 g, 10 mmol), N-methylmaleimide (1.11 g, 10 mmol), 

N-benzylmaleimide (1.87 g, 10 mmol), N-phehylmaleimide (1.73 g, 10 mmol), or N-(4- 

nitrophenyl)maleimide (2.18 g, 10 mmol) in acetic acid (5 mL) was refluxed for 8 h. After removal of the 

solvent in vacuo, cold water was added to the residue. The precipitate was isolated by filtration, washed 

with water, dried and recrystallized from an appropriate solvent to yield 10-13.  

2,3-Dihydro-4-(4-morpholinyl)-1,3-dioxo-7-phenyl-1H-isoindole-5-carbonitrile (10a) 

Yellow needles (1.52 g, 91%), mp 310−311 °C (acetone); IR (KBr): 3160 (NH), 2224 (CN), 1766, 1722 

(CO) cm-1; 1H NMR (DMSO-d6): δ 3.48−3.52 (m, 4H, 2NCH2), 3.78−3.81 (m, 4H, 2OCH2), 7.39−7.44 (m, 

3H, aryl H), 7.45−7.52 (m, 2H, aryl H), 7.98 (s, 1H, 6-H), 11.39 (s, 1H, NH); 13C NMR (DMSO-d6): δ 

51.9 (2NCH2), 66.7 (2OCH2), 111.1 (C aryl), 117.6 (CN), 123.9, 127.7, 128.2, 129.4, 132.8, 134.0, 134.8 

(C aryl), 142.8 (C-6), 148.9 (C aryl), 166.5, 167.1 (CO); MS: m/z 334 [M+H]+; Anal. Calcd for 

C19H15N3O3: C, 68.46; H, 4.54; N, 12.61. Found: C, 68.49; H, 4.62; N, 12.62. 

2,3-Dihydro-2-methyl-4-(4-morpholinyl)-1,3-dioxo-7-phenyl-1H-isoindole-5-carbonitrile (10b)  

Yellow prisms (1.56 g, 90%), mp 192−193 °C (acetone); IR (KBr): 2224 (CN), 1761, 1712 (CO) cm-1; 1H 

NMR (DMSO-d6): δ 2.97 (s, 3H, CH3), 3.51 (t, J = 4.6 Hz, 4H, 2NCH2), 3.81 (t, J = 4.6 Hz, 4H, 2OCH2), 

7.42−7.44 (m, 3H, aryl H), 7.50−7.53 (m, 2H, aryl H), 8.00 (s, 1H, 6-H); 13C NMR (DMSO-d6): δ 23.8 

(CH3), 51.9 (2NCH2), 66.7 (2OCH2), 111.1 (C aryl), 117.6 (CN), 123.0, 127.7, 128.2, 129.4, 132.6, 133.3, 

134.7 (C aryl), 142.9 (C-6), 148.5 (C aryl), 165.4, 165.9 (CO); MS: m/z 348 [M+H]+; Anal. Calcd for 

C20H17N3O3: C, 69.15; H, 4.93; N, 12.10. Found: C, 69.16; H, 5.03; N, 12.07. 

2,3-Dihydro-4-(4-morpholinyl)-1,3-dioxo-7-phenyl-2-(phenylmethyl)-1H-isoindole-5-carbonitrile 

(10c)  

Orange needles (1.65 g, 78%), mp 183−184 °C (acetone); IR (KBr): 2221 (CN), 1760, 1706 (CO) cm-1; 
1H NMR (DMSO-d6): δ 3.53 (t, J = 4.6 Hz, 4H, 2NCH2), 3.80 (t, J = 4.6 Hz, 4H, 2OCH2), 4.70 (s, 2H, 

CH2C6H5), 7.24−7.32 (m, 5H, aryl H), 7.42−7.44 (m, 3H, aryl H), 7.51−7.53 (m, 2H, aryl H), 8.03 (s, 1H, 

6-H); 13C NMR (DMSO-d6): δ 41.0 (CH2C6H5), 51.9 (2NCH2), 66.7 (2OCH2), 111.1 (C aryl), 117.6 (CN), 

122.5, 127.3, 127.4, 127.7, 128.3, 128.4, 129.4, 132.7, 132.9, 134.6, 136.4 (C aryl), 143.2 (C-6), 148.8 (C 

aryl), 165.1, 165.7 (CO); MS: m/z 424 [M+H]+; Anal. Calcd for C26H21N3O3: C, 73.74; H, 5.00; N, 9.92.  
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Found: C, 73.74; H, 5.09; N, 9.93. 

2,3-Dihydro-4-(4-morpholinyl)-1,3-dioxo-2,7-diphenyl-1H-isoindole-5-carbonitrile (10d) 

Orange prisms (1.50 g, 73%), mp 197−198 °C (acetone); IR (KBr): 2222 (CN), 1768, 1717 (CO) cm-1; 1H 

NMR (DMSO-d6): δ 3.55−3.58 (m, 4H, 2NCH2), 3.79−3.82 (m, 4H, 2OCH2), 7.38−7.45 (m, 6H, aryl H), 

7.47−7.51 (m, 2H, aryl H), 7.56−7.58 (m, 2H, aryl H), 8.08 (s, 1H, 6-H); 13C NMR (DMSO-d6): δ 52.0 

(2NCH2), 66.7 (2OCH2), 110.8 (C aryl), 117.6 (CN), 122.5, 127.5, 127.7, 128.0, 128.3, 128.6, 129.5, 

131.7, 132.8, 133.0, 134.7 (C aryl), 143.3 (C-6), 148.9 (C aryl), 164.4, 164.9 (CO); MS: m/z 410 [M+H]+; 

Anal. Calcd for C25H19N3O3: C, 73.34; H, 4.68; N, 10.26. Found: C, 73.71; H, 4.79; N, 10.22. 

2,3-Dihydro-4-(4-morpholinyl)-2-(4-nitrophenyl)-1,3-dioxo-7-phenyl-1H-isoindole-5-carbonitrile 

(10e) 

Orange needles (1.91 g, 85%), mp 234−235 °C (acetone); IR (KBr): 2222 (CN), 1770, 1722 (CO) cm-1; 
1H NMR (DMSO-d6): δ 3.58 (t, J = 4.6 Hz, 4H, 2NCH2), 3.82 (t, J = 4.6 Hz, 4H, 2OCH2), 7.43−7.46 (m, 

3H, aryl H), 7.57−7.60 (m, 2H, aryl H), 7.73−7.75 (m, 2H, aryl H), 8.11 (s, 1H, 6-H), 8.35−8.38 (m, 2H, 

aryl H); 13C NMR (DMSO-d6): δ 52.0 (2NCH2), 66.7 (2OCH2), 110.8 (C aryl), 117.6 (CN), 122.3, 123.9, 

127.8, 127.9, 128.3, 129.4, 132.8, 134.6, 137.5 (C aryl), 143.6 (C-6), 146.2, 149.0 (C aryl), 163.8, 164.3 

(CO); MS: m/z 455 [M+H]+; Anal. Calcd for C25H18N4O5: C, 66.08; H, 3.99; N, 12.33. Found: C, 66.09; H, 

4.11; N, 12.27. 

2,3-Dihydro-1,3-dioxo-7-phenyl-4-(1-piperidinyl)-1H-isoindole-5-carbonitrile (11a) 

Orange needles (1.44 g, 86%), mp 256−257 °C (acetone); IR (KBr): 3186 (NH), 2222 (CN), 1767, 1715 

(CO) cm-1; 1H NMR (DMSO-d6): δ 1.60−1.75 (m, 6H, 3CH2), 3.40−3.48 (m, 4H, 2NCH2), 7.40−7.43 (m, 

3H, aryl H), 7.49−7.51 (m, 2H, aryl H), 7.93 (s, 1H, 6-H), 11.31 (s, 1H, NH); 13C NMR (DMSO-d6): δ 

23.2 (piperidine C-4), 26.1 (piperidine C-3, 5), 53.0 (2NCH2), 111.1 (C aryl), 117.6 (CN), 123.3, 127.6, 

128.0, 129.4, 131.9, 134.1, 134.9 (C aryl), 142.8 (C-6), 149.9 (C aryl), 166.4, 167.1 (CO); MS: m/z 332 

[M+H]+; Anal. Calcd for C20H17N3O2: C, 72.49; H, 5.17; N, 12.68. Found: C, 72.48; H, 5.23; N, 12.64. 

2,3-Dihydro-2-methyl-1,3-dioxo-7-phenyl-4-(1-piperidinyl)-1H-isoindole-5-carbonitrile (11b) 

Orange needles (1.62 g, 94%), mp 189−190 °C (acetone); IR (KBr): 2224 (CN), 1763, 1713 (CO) cm-1; 
1H NMR (DMSO-d6): δ 1.69−1.74 (m, 2H, piperidine 4-CH2), 1.81−1.86 (m, 4H, piperidine 3, 5-CH2), 

3.09 (s, 3H, CH3), 3.53−3.56 (m, 4H, 2NCH2), 7.41−7.44 (m, 5H, aryl H), 7.74 (s, 1H, 6-H); 13C NMR 

(DMSO-d6): δ 23.8 (piperidine C-4), 24.0 (CH3), 26.6 (piperidine C-3, 5), 53.9 (2NCH2), 111.8 (C aryl), 

117.9 (CN), 122.1, 128.1, 128.7, 129.3, 132.8, 133.5, 134.9 (C aryl), 143.5 (C-6), 150.6 (C aryl), 165.9, 

166.4 (CO); MS: m/z 346 [M+H]+; Anal. Calcd for C21H19N3O2: C, 73.03; H, 5.54; N, 12.17. Found: C, 

73.01; H, 5.59; N, 12.18. 

2,3-Dihydro-1,3-dioxo-7-phenyl-2-(phenylmethyl)-4-(1-piperidinyl)-1H-isoindole-5-carbonitrile 

(11c) 
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Orange prisms (1.93 g, 92%), mp 181−182 °C (acetone); IR (KBr): 2224 (CN), 1761, 1712 (CO) cm-1; 1H 

NMR (DMSO-d6): δ 1.62−1.66 (m, 2H, piperidine 4-CH2), 1.70−1.76 (m, 4H, piperidine 3, 5-CH2), 

3.45−3.48 (m, 4H, 2NCH2), 4.69 (s, 2H, CH2C6H5), 7.23−7.32 (m, 5H, aryl H), 7.40−7.44 (m, 3H, aryl H), 

7.50−7.53 (m, 2H, aryl H), 7.98 (s, 1H, 6-H); 13C NMR (DMSO-d6): δ 23.2 (piperidine C-4), 26.1 

(piperidine C-3, 5), 41.0 (CH2C6H5), 53.1 (2NCH2), 111.3 (C aryl), 117.6 (CN), 122.0, 127.3, 127.4, 

127.7, 128.2, 128.4, 129.4, 132.0, 133.0, 134.7, 136.5 (C aryl), 143.2 (C-6), 149.8 (C aryl), 165.0, 165.7 

(CO); MS: m/z 422 [M+H]+; Anal. Calcd for C27H23N3O2: C, 76.94; H, 5.50; N, 9.97. Found: C, 76.89; H, 

5.57; N, 9.94. 

2,3-Dihydro-1,3-dioxo-2,7-diphenyl-4-(1-piperidinyl)-1H-isoindole-5-carbonitrile (11d) 

Orange needles (1.79 g, 88%), mp 200−201 °C (acetone); IR (KBr): 2223 (CN), 1767, 1718 (CO) cm-1; 
1H NMR (DMSO-d6): δ 1.64−1.67 (m, 2H, piperidine 4-CH2), 1.71−1.76 (m, 4H, piperidine 3, 5-CH2), 

3.49−3.51 (m, 4H, 2NCH2), 7.38−7.43 (m, 6H, aryl H), 7.47−7.51 (m, 2H, aryl H), 7.55−7.57 (m, 2H, 

aryl H), 8.03 (s, 1H, 6-H); 13C NMR (DMSO-d6): δ 23.2 (piperidine C-4), 26.1 (piperidine C-3, 5), 53.1 

(2NCH2), 111.0 (C aryl), 117.7 (CN), 122.0, 127.5, 127.7, 128.0, 128.1, 128.6, 129.4, 131.8, 132.1, 133.0, 

134.8 (C aryl), 143.3 (C-6), 149.9 (C aryl), 164.4, 165.0 (CO); MS: m/z 408 [M+H]+; Anal. Calcd for 

C26H21N3O2: C, 76.64; H, 5.19; N, 10.31. Found: C, 76.73; H, 5.27; N, 10.26. 

2,3-Dihydro-2-(4-nitrophenyl)-1,3-dioxo-7-phenyl-4-(1-piperidinyl)-1H-isoindole-5-carbonitrile 

(11e) 

Orange needles (1.74 g, 77%), mp 192−193 °C (acetone/petroleum ether); IR (KBr): 2222 (CN), 1767, 

1720 (CO) cm-1; 1H NMR (DMSO-d6): δ 1.63−1.69 (m, 2H, piperidine 4-CH2), 1.72−1.78 (m, 4H, 

piperidine 3, 5-CH2), 3.51−3.54 (m, 4H, 2NCH2), 7.42−7.45 (m, 3H, aryl H), 7.56−7.59 (m, 2H, aryl H), 

7.73−7.76 (m, 2H, aryl H), 8.07 (s, 1H, 6-H), 8.34−8.37 (m, 2H, aryl H); 13C NMR (DMSO-d6): δ 23.2 

(piperidine C-4), 26.1 (piperidine C-3, 5), 53.1 (2NCH2), 111.0 (C aryl), 117.6 (CN), 121.7, 123.9, 127.7, 

127.9, 128.2, 129.4, 132.1, 132.9, 134.7, 137.6 (C aryl), 143.6 (C-6), 146.1, 150.0 (C aryl), 163.7, 164.4 

(CO); MS: m/z 453 [M+H]+; Anal. Calcd for C26H20N4O4: C, 69.02; H, 4.46; N, 12.38. Found: C, 69.01; H, 

4.57; N, 12.27. 

2,3-Dihydro-1,3-dioxo-7-phenyl-4-(1-pyrrolidinyl)-1H-isoindole-5-carbonitrile (12a) 

Orange needles (0.98 g, 62%), mp 220−221 °C (acetone); IR (KBr): 3195 (NH), 2212 (CN), 1756, 1704 

(CO) cm-1; 1H NMR (DMSO-d6): δ 1.92−1.96 (m, 4H, 2CH2), 3.79−3.83 (m, 4H, 2NCH2), 7.37−7.42 (m, 

3H, aryl H), 7.47−7.49 (m, 2H, aryl H), 7.82 (s, 1H, 6-H), 11.14 (s, 1H, NH); 13C NMR (DMSO-d6): δ 

25.4 (2CH2), 53.2 (2NCH2), 102.2 (C aryl), 116.8 (CN), 119.4, 127.6, 127.7, 127.8, 129.3, 134.3, 135.1 

(C aryl), 143.9 (C-6), 145.5 (C aryl), 167.0, 167.2 (CO); MS: m/z 318 [M+H]+; Anal. Calcd for 

C19H15N3O2: C, 71.91; H, 4.76; N, 13.24. Found: C, 71.87; H, 4.81; N, 13.26. 

2,3-Dihydro-2-methyl-1,3-dioxo-7-phenyl-4-(1-pyrrolidinyl)-1H-isoindole-5-carbonitrile (12b) 
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Orange needles (1.37 g, 82%), mp 185−186 °C (acetone); IR (KBr): 2214 (CN), 1752, 1702 (CO) cm-1; 
1H NMR (DMSO-d6): δ 1.93−1.96 (m, 4H, 2CH2), 2.93 (s, 3H, CH3), 3.81−3.84 (m, 4H, 2NCH2), 

7.38−7.42 (m, 3H, aryl H), 7.48−7.50 (m, 2H, aryl H), 7.85 (s, 1H, 6-H); 13C NMR (DMSO-d6): δ 23.8 

(CH3), 25.4 (2CH2), 53.2 (2NCH2), 102.6 (C aryl), 115.9 (CN), 119.3, 127.6, 127.8, 127.9, 129.3, 133.6, 

135.0 (C aryl), 143.9 (C-6), 145.4 (C aryl), 165.9, 166.1 (CO); MS: m/z 332 [M+H]+; Anal. Calcd for 

C20H17N3O2: C, 72.49; H, 5.17; N, 12.68. Found: C, 72.51; H, 5.24; N, 12.73. 

2,3-Dihydro-1,3-dioxo-7-phenyl-2-(phenylmethyl)-4-(1-pyrrolidinyl)-1H-isoindole-5-carbonitrile 

(12c) 

Red needles (1.57 g, 77%), mp 161−162 °C (acetone); IR (KBr): 2216 (CN), 1754, 1706 (CO) cm-1; 1H 

NMR (DMSO-d6): δ 1.93−1.96 (m, 4H, 2CH2), 3.82−3.85 (m, 4H, 2NCH2), 4.67 (s, 2H, CH2C6H5), 

7.23−7.32 (m, 5H, aryl H), 7.38−7.41 (m, 3H, aryl H), 7.48−7.50 (m, 2H, aryl H), 7.88 (s, 1H, 6-H); 13C 

NMR (DMSO-d6): δ 25.4 (2CH2), 40.9 (CH2C6H5), 53.3 (2NCH2), 102.8 (C aryl), 115.4 (CN), 119.2, 

127.2, 127.3, 127.6, 127.8, 128.0, 128.4, 129.4, 133.2, 134.9, 136.6 (C aryl), 144.2 (C-6), 145.5 (C aryl), 

165.6, 165.7 (CO); MS: m/z 408 [M+H]+; Anal. Calcd for C26H21N3O2: C, 76.64; H, 5.19; N, 10.31. 

Found: C, 76.74; H, 5.34; N, 10.23. 

2,3-Dihydro-1,3-dioxo-2,7-diphenyl-4-(1-pyrrolidinyl)-1H-isoindole-5-carbonitrile (12d) 

Red needles (1.59 g, 81%), mp 216−217 °C (acetone); IR (KBr): 2216 (CN), 1758, 1712 (CO) cm-1; 1H 

NMR (DMSO-d6): δ 1.94−1.97 (m, 4H, 2CH2), 3.85−3.88 (m, 4H, 2NCH2), 7.37−7.41 (m, 6H, aryl H), 

7.46−7.49 (m, 2H, aryl H), 7.53−7.56 (m, 2H, aryl H), 7.94 (s, 1H, 6-H); 13C NMR (DMSO-d6): δ 25.4 

(2CH2), 53.4 (2NCH2), 102.6 (C aryl), 115.5 (CN), 119.3, 127.5, 127.7, 127.8, 128.1, 128.6, 129.4, 131.9, 

133.2, 135.0 (C aryl), 144.2 (C-6), 145.7 (C aryl), 164.9, 165.0 (CO); MS: m/z 394 [M+H]+; Anal. Calcd 

for C25H19N3O2: C, 76.32; H, 4.87; N, 10.68. Found: C, 76.38; H, 5.01; N, 10.60. 

2,3-Dihydro-2-(4-nitrophenyl)-1,3-dioxo-7-phenyl-4-(1-pyrrolidinyl)-1H-isoindole-5-carbonitrile 

(12e) 

Orange prisms (1.13 g, 52%), mp 177−178 °C (acetone); IR (KBr): 2212 (CN), 1749, 1702 (CO) cm-1; 1H 

NMR (DMSO-d6): δ 1.95−1.98 (m, 4H, 2CH2), 3.86−3.89 (m, 4H, 2NCH2), 7.39−7.44 (m, 3H, aryl H), 

7.55−7.57 (m, 2H, aryl H), 7.72−7.75 (m, 2H, aryl H), 7.96 (s, 1H, 6-H), 8.32−8.36 (m, 2H, aryl H); 13C 

NMR (DMSO-d6): δ 25.4 (2CH2), 53.4 (2NCH2), 102.5 (C aryl), 115.1 (CN), 119.2, 123.9, 127.69, 

127.72, 127.9, 128.1, 129.4, 133.1, 134.9, 137.7 (C aryl), 144.5 (C-6), 145.8, 145.9 (C aryl), 164.1, 164.5 

(CO); MS: m/z 439 [M+H]+; Anal. Calcd for C25H18N4O4: C, 68.49; H, 4.14; N, 12.78. Found: C, 68.42; H, 

4.42; N, 12.86. 

2,3-Dihydro-7-methyl-4-(4-morpholinyl)-1,3-dioxo-1H-isoindole-5-carbonitrile (13a) 

Yellow needles (1.09 g, 80%), mp 227−228 °C (acetone); IR (KBr): 3168 (NH), 2225 (CN), 1761, 1720 

(CO) cm-1; 1H NMR (DMSO-d6): δ 2.51 (d, J = 0.6 Hz, 3H, CH3), 3.39−3.41 (m, 4H, 2NCH2), 3.75−3.77 
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(m, 4H, 2OCH2), 7.94 (q, J = 0.6 Hz, 1H, 6-H), 11.47 (s, 1H, NH); 13C NMR (DMSO-d6): δ 15.9 (CH3), 

51.6 (2NCH2), 66.7 (2OCH2), 111.4 (C aryl), 117.7 (CN), 123.6, 130.3, 134.7 (C aryl), 143.2 (C-6), 148.3 

(C aryl), 166.7, 168.5 (CO); MS: m/z 272 [M+H]+; Anal. Calcd for C14H13N3O3: C, 61.99; H, 4.83; N, 

15.49. Found: C, 61.99; H, 4.93; N, 15.42. 

2,3-Dihydro-2,7-dimethyl-4-(4-morpholinyl)-1,3-dioxo-1H-isoindole-5-carbonitrile (13b) 

Yellow needles (1.26 g, 88%), mp 183−184 °C (acetone); IR (KBr): 2220 (CN), 1755, 1704 (CO) cm-1; 
1H NMR (DMSO-d6): δ 2.53 (d, J = 0.6 Hz, 3H, 7-CH3), 2.29 (s, 3H, 2-CH3), 3.42 (t, J = 4.6 Hz, 4H, 

2NCH2), 3.77 (t, J = 4.6 Hz, 4H, 2OCH2), 7.97 (q, J = 0.6 Hz, 1H, 6-H); 13C NMR (DMSO-d6): δ 16.0 

(7-CH3), 23.7 (2-CH3), 51.6 (2NCH2), 66.6 (2OCH2), 111.3 (C aryl), 117.6 (CN), 122.7, 130.1, 134.0 (C 

aryl), 143.3 (C-6), 148.0 (C aryl), 165.6, 167.2 (CO); MS: m/z 286 [M+H]+; Anal. Calcd for C15H15N3O3: 

C, 63.15; H, 5.30; N, 14.73. Found: C, 63.12; H, 5.29; N, 14.63. 

2,3-Dihydro-7-methyl-4-(4-morpholinyl)-1,3-dioxo-2-(phenylmethyl)-1H-isoindole-5-carbonitrile 

(13c)  

Yellow needles (1.36 g, 75%), mp 146−147 °C (acetone); IR (KBr): 2221 (CN), 1762, 1712 (CO) cm-1; 
1H NMR (DMSO-d6): δ 2.54 (d, J = 0.6 Hz, 3H, CH3), 3.43 (t, J = 4.6 Hz, 4H, 2NCH2), 3.76 (t, J = 4.6 

Hz, 4H, 2OCH2), 4.73 (s, 2H, CH2C6H5), 7.24−7.34 (m, 5H, aryl H), 8.00 (q, J = 0.6 Hz, 1H, 6-H); 13C 

NMR (DMSO-d6): δ 16.0 (CH3), 40.8 (CH2C6H5), 51.7 (2NCH2), 66.6 (2OCH2), 111.4 (C aryl), 117.6 

(CN), 122.2, 127.28, 127.34, 128.4, 130.3, 133.6, 136.4 (C aryl), 143.6 (C-6), 148.2 (C aryl), 165.2, 167.0 

(CO); MS: m/z 362 [M+H]+; Anal. Calcd for C21H19N3O3: C, 69.79; H, 5.30; N, 11.63. Found: C, 69.84; H, 

5.34; N, 11.48. 

2,3-Dihydro-7-methyl-4-(4-morpholinyl)-1,3-dioxo-2-phenyl-1H-isoindole-5-carbonitrile (13d) 

Yellow columns (1.40 g, 81%), mp 171−172 °C (acetone); IR (KBr): 2219 (CN), 1765, 1711 (CO) cm-1; 
1H NMR (DMSO-d6): δ 2.58 (d, J = 0.6 Hz, 3H, CH3), 3.47 (t, J = 4.6 Hz, 4H, 2NCH2), 3.77 (t, J = 4.6 

Hz, 4H, 2OCH2), 7.40−7.46 (m, 3H, aryl H), 7.50−7.54 (m, 2H, aryl H), 8.05 (q, J = 0.6 Hz, 1H, 6-H); 13C 

NMR (DMSO-d6): δ 16.2 (CH3), 51.7 (2NCH2), 66.6 (2OCH2), 111.0 (C aryl), 117.7 (CN), 122.2, 127.5, 

128.1, 128.7, 130.3, 131.6, 133.7 (C aryl), 143.7 (C-6), 148.3 (C aryl), 164.6, 166.3 (CO); MS: m/z 348 

[M+H]+; Anal. Calcd for C20H17N3O3: C, 69.15; H, 4.93; N, 12.10. Found: C, 69.32; H, 5.04; N, 12.01. 

2,3-Dihydro-7-methyl-4-(4-morpholinyl)-2-(4-nitrophenyl)-1,3-dioxo-1H-isoindole-5-carbonitrile 

(13e) 

Orange needles (1.60 g, 82%), mp 204−205 °C (acetone); IR (KBr): 2219 (CN), 1764, 1715 (CO) cm-1; 
1H NMR (DMSO-d6): δ 2.59 (d, J = 0.6 Hz, 3H, CH3), 3.49 (t, J = 4.6 Hz, 4H, 2NCH2), 3.78 (t, J = 4.6 

Hz, 4H, 2OCH2), 7.74−7.78 (m, 2H, aryl H), 8.08 (q, J = 0.6 Hz, 1H, 6-H), 8.37−8.40 (m, 2H, aryl H); 13C 

NMR (DMSO-d6): δ 16.2 (CH3), 51.7 (2NCH2), 66.6 (2OCH2), 111.1 (C aryl), 117.7 (CN), 121.9, 124.0, 

127.9, 130.4, 133.6, 137.4 (C aryl), 144.0 (C-6), 146.2, 148.4 (C aryl), 163.9, 165.6 (CO); MS: m/z 393 
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[M+H]+; Anal. Calcd for C20H16N4O5: C, 61.22; H, 4.11; N, 14.28. Found: C, 61.27; H, 4.15; N, 14.25. 
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