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Phthalimide-N-sulfonic acid, an efficient catalyst for the synthesis
of various isoindoline-1,3-dione derivatives
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Abstract An environmentally friendly method is described

for the synthesis of various isoindoline-1,3-dione derivatives

from the reaction of phthalic anhydride with aromatic/ali-

phatic amines in ethanol at 80 �C by phthalimide-N-sulfonic

acid as an efficient heterogeneous acid catalyst. Some

advantages include the metal-free and environmentally

friendly protocol, simple operation and reusable processes,

easy recovery, short reaction times, and high yields.
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Introduction

Many organic reactions such as acylation (Anderson and

Tepe 2002), isomerization (McCubbin et al. 2011), alky-

lation (Jervis et al. 2006), nitration (Aridoss and Laali

2011), and rearrangements like Beckman (Hashimoto et al.

2008) were catalyzed by acid catalysts. Therefore, acid

catalysts play important roles in organic transformations.

Most of these reactions were carried out by employing the

conventional mineral acids like HCl, HNO3, and H2SO4 or

Lewis acids such as AlCl3 and BF3, but the conventional

catalysts are replaced with the newer acid catalysts because

of the environmental and economical reasons (Gu et al.

2003).

Organocatalytic reactions were found to be an efficient

synthetic tool for creating various new carbon–carbon and

carbon–heteroatom bonds (Kiyani and Ghiasi 2015) and are

good alternative to other catalyzed processes because of their

lower costs and benign environmental impact (Diez-Gonzalez

et al. 2007). Other advantages of the organocatalysts are their

availability, relatively low toxicity, simple functionality, and

non-sensitivity to air and moisture. They bring a metal-free

environment to promote a wide range of chemical transfor-

mations via the various activation modes (Nyce et al. 2002;

Grasa et al. 2004, 2003; Wu et al. 2006; Reynolds and Rovis

2005; Suzuki et al. 2003; Nair et al. 2006; Tachibana et al.

2004; Ciganek 1995; Zhou et al. 2001).

N-Substituted cyclic imides have successfully been used

in syntheses (Bouissane et al. 2009; Easwar and Argade

2006; Mangaleswaran and Argade 2004), medicine (Janda

et al. 1990), biology (Sortino et al. 2011), and material

science (Pontrello et al. 2005) by application of different

reagents such as [Bmim]PF6 (Le et al. 2004), Ac2O/NaOAc

(Mehta et al. 1960), and others (Peterson and Eggleston

2007). There are many methods for the synthesis of cyclic

imides using acetyl chloride (Dhivare et al. 2016), acetic

acid (Pan et al. 2016), SOCl2 (Rajput and Rajput 2007),

and ZnBr2/HMDS (Reddy et al. 1997) catalysts. In addi-

tion, several methods were reported for preparation of

phthalimides, especially N-phenyl phthalimide by the use

of [Hmim]HSO4 (Dabiri et al. 2007), [bmim]PF6 (Zhou

et al. 2003), choline chloride ? ZnCl2 (Xie et al. 2009),

TFA (Shinde et al. 2011), sulphamic acid (Langade 2011),

Fe3O4@SiO2–SO3H (Thale et al. 2014), and DABCO

(Heravi et al. 2005) catalysts.

Since cyclic imides are well known to be very important

antitumor agents such as mitonafide and amonafide,
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Sharma and coworkers synthesized two series of cyclic

imide derivatives containing two cyclic imide moiety in

their structures (one series of bis-cyclic imide derivatives

synthesized by condensation of acid anhydrides with

diamines and another series synthesized by condensation of

various diamines with diacids), and screened them for

in vitro anticancer activity against five human cancer cell

lines, i.e., breast (T47D), lung (NCl H-522), colon (HCT-

15), ovary (PA-1), and liver (Hep G2) (Kumar et al. 2016).

Guo and coworkers reported an efficient synthesis of N-

substituted phthalimides from o-phthalic acids or anhy-

drides with amines using SiO2-tpy-Nb as heterogeneous

and reusable catalyst (Wan et al. 2016). Shimizu and

coworkers reported direct synthesis of cyclic imides from

carboxylic anhydrides and amines by Nb2O5 as a water-

tolerant Lewis acid catalyst (Ali et al. 2016). Kumar and

coworkers used p-toluenesulfonic acid as catalyst for the

three steps synthesis of N-substituted cyclic imides from

the reaction of phthalic, maleic, and succinic anhydride

with various Ar-NH2 in solid phase (Kumar et al. 2014).

Langade reported an efficient one-pot synthesis of N-alkyl

and N-aryl phthalimides and succinimides using 10 mol %

sulphamic acid catalyst (Langade 2011).

For many years, synthesis of the cyclic imides, especially

isoindoline-1,3-dione and its derivatives, has been of

remarkable interest in organic and medicinal chemistry,

because these heterocyclic nuclei are in a large number of

drugs and natural products and also their broad range of

applications as analgesics, anticonvulsants, anti-inflamma-

tories, immuno-modulatory, herbicidal, insecticidal agents,

and hyperlipidemic activities (Ahuja et al. 2014; Dunn 2013;

Al-Azzawi and Al-Razzak 2013; Sharma et al. 2010).

Former methods suffer from some drawbacks such as the

use of expensive and hazardous reagents, application of non-

green reagents, low yields, long reaction times, harsh reac-

tion conditions, and tedious work-up (Braish and Fox 1992).

Herein, we would like to report the application of

phthalimide-N-sulfonic acid as a highly efficient and reu-

sable heterogeneous acid catalyst for the synthesis of var-

ious isoindoline-1,3-dione compounds (2a–l) via the

condensation reaction of phthalic anhydride with various

aliphatic and aromatic amines (1a–l) in ethanol at 80 �C
(Scheme 1).

Experimental

General procedure for preparation

of the phthalimide-N-sulfonic acid catalyst

Phthalimide-N-sulfonic acid catalyst was prepared

according to the literature (Kiyani and Ghiasi 2015).

Briefly, a flask was charged with a solution of potassium

phthalimide (3.704 g, 20 mmol) in anhydrous CH2Cl2
(15 mL), and then, chlorosulfonic acid (2.33 g, 20 mmol)

was added dropwise over a period of 20 min at 0 �C. After
completion, the reaction mixture was filtered off; the solid

residue washed with water and diethyl ether and dried

under vacuum; the yield was about 92%.

General procedure for the synthesis of isoindoline-

1,3-dione derivatives

A mixture of phthalic anhydride (0.296 g, 2 mmol), amine

(2.2 mmol), and phthalimide-N-sulfonic acid (0.091 g,

20 mol%) in ethanol (5 ml) was stirred for 3 h at 80 �C.
After completion (monitored by TLC), the insoluble cata-

lyst was separated by filtration, washed with acetone, and

dried (weight: 0.090 g, 99% recovered). The organic layer

was concentrated under reduced pressure to give the

desired product, washed with water, and recrystallized in

ethanol (each product was dissolved in a minimum amount

of hot ethanol and allowed to reach gradually to room

temperature). In addition, some products needed extra

purification step by small column chromatography using

the CH2Cl2/n-hexane solvent mixture (50:50).

Isoindoline-1,3-dione derivatives were characterized by

comparing their IR and 1H-NMR spectra with those of

corresponding authentic samples.

Results and discussion

In the synthesis of various isoindoline-1,3-dione deriva-

tives, the role of solvents on the reaction rate as well as the

product yield was initially investigated by screening dif-

ferent solvents (DMF, DMSO, toluene, and ethanol) in

model reaction [synthesis of 2-phenyl-isoindoline-1,3-

dione (2a) from the reaction of phthalic anhydride with

aniline in ethanol at 80 �C by phthalimide-N-sulfonic

acid]. Results showed that the reaction rate is highly effi-

cient in ethanol with excellent yield (3 h, 92%) (Table 1).

Optimization of the catalyst amount was the next step,

so different amounts of phthalimide-N-sulfonic acid (0.0,

5.0, 10.0, 15.0, 20.0, and 25 mol%) were used in the model

Scheme 1 Phthalimide-N-sulfonic acid catalyzed synthesis of

isoindolinediones
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reaction to find the best condition. According to the

obtained results, in terms of both time and yield, a

20 mol% of the catalyst was found to be the most effective

(3 h, 92%), although the same result was obtained with

more loading of the catalyst (Table 2).

To assess the efficiency of the applied methodology in

the synthesis of various isoindoline-1,3-diones, several

aliphatic and aromatic amines (aromatic amines with

electron releasing and electron-withdrawing substituents)

were tested with phthalic anhydride in the optimal reaction

conditions to give the corresponding products in high

yields and in short reaction times (Table 3).

Aliphatic amines showed high yields and short reaction

times in comparison with the aromatic ones (Entries 2, 6,

and 12). This observation can lead us that the aliphatic

amines have more nucleophilic power, since the resonance

of the nitrogen atom with the benzene ring reduces the

nucleophilicity of the aromatic amines.

In addition, we investigated the reactivity of some bulky

amines such as 2-methylaniline, 2,4-dimethylaniline, and

2,6-dimethylaniline (Entries 5, 10, and 11), and interest-

ingly, all desired products were obtained in good-to-ex-

cellent yields and times. 4-Aminomethylpyridine also gave

the good result (Entry 12).

Catalyst recyclability

In addition, the recyclability of the phthalimide-N-sul-

fonic acid catalyst was examined. Therefore, after com-

pletion of a model reaction [aniline (0.186 g, 2.2 mmol),

phthalic anhydride (0.296 g, 2 mmol) and phthalimide-N-

sulfonic acid catalyst (20 mol%) in ethanol at 80 �C], the
catalyst was collected and directly reused for the next

reaction runs. Consequently, we found that phthalimide-

N-sulfonic acid is a capable and reusable catalyst even

after five runs; and the catalytic activity was almost as

same as the fresh one (92, 91, 89, 88, and 86%,

respectively).

Mechanism of the reaction

The plausible mechanism for the synthesis of isoindoline-

1,3-diones is shown below (Scheme 2). At first, carbonyl

groups of phthalic anhydride will be activated by phthal-

imide-N-sulfonic acid, and then, nucleophilic attack of

NH2 group of amine to this activated carbonyl groups takes

place to give the relative intermediate. By dehydration of

the intermediate and another nucleophilic attack of the NH

group, ring closing performs and the desired isoindoline-

1,3-dione obtained (Reddy et al. 1997).

Comparison of the catalytic activities of different

catalysts

A number of synthetic methods have been reported for

preparation of various isoindoline-1,3-dione derivatives

(Table 4), and application of the phthalimide-N-sulfonic

acid catalyst (Entry 9) compared with those methods

reported in the literature to show its advantages.

Selected spectral data of the products

N-(Phenyl)isoindoline-1,3-dione (2a): IR (in cm-1): 3052,

1781, 1732, 1701, 1594, 1503, 1382, 1111; 1H NMR (d in

ppm, CDCl3) (90 MHz): 7.83–7.92 (4H, m, aromatic CH);

7.27–7.46 (5H, m, aromatic CH).

(2-Benzyl)isoindoline-1,3-dione (2b): IR (in cm-1):

3061, 2951, 1765, 1715, 1432, 1391; 1H NMR (d in ppm,

CDCl3) (90 MHz): 7.53–7.80 (4H, m, aromatic CH);

7.16–7.35 (5H, m, aromatic CH), 4.83 (2H, s).

(4-Methoxyphenyl)isoindoline-1,3-dione (2c): IR (in

cm-1): 2926, 2851, 1717, 1389, 1258, 1176, 1024; 1H

NMR (d in ppm, CDCl3) (90 MHz): 7.82–7.90 (4H, m,

aromatic CH); 6.97–7.37 (4H, m, aromatic CH), 3.85

(3H, s).

(p-Tolyl)isoindoline-1,3-dione (2d): IR (in cm-1): 3460,

1717, 1516; 1384; 724, 1H NMR (d in ppm, CDCl3)

(90 MHz): 7.73–8.00 (4H, m, aromatic CH), 7.13–7.31

(4H, m, aromatic CH), and 2.42 (3H, s).

(o-Tolyl)isoindoline-1,3-dione (2e): IR (in cm-1): 3050,

1745, 1717, 1516, 1384; 1H NMR (d in ppm, CDCl3)

(90 MHz): 7.74–8.02 (4H, m, aromatic CH), 7.25–7.39

(4H, m, aromatic CH), and 2.22 (3H, s).

N-(3-Hydroxypropan)isoindoline-1,3-dione (2f): IR (in

cm-1): 3035, 2949, 1774, 1739; 1714, 1242; 1H NMR (d in

ppm, CDCl3) (250 MHz): 7.68–7.84 (4H, m, aromatic

CH), 4.27 (2H, J = 10 Hz, t), 3.92 (2H, J = 10 Hz, t), and

1.98 (2H, s).

N-(Pyridin-2-yl)isoindole-1,3-dione (2g): IR (in cm-1):

3055, 1715, 1586, 1467, 1384; 1H NMR (d in ppm, CDCl3)

(250 MHz): 8.66–8.67 (1H, d, J = 4 Hz, aromatic CH),

7.9–7.95 (2H, m, aromatic CH), 7.83–7.87 (1H, m,

Table 1 Effect of different solvents for the synthesis of isoindoline-

1,3-diones

Solvent DMF DMSO Toluene Ethanol

Rate % 61 55 75 92

Time (hour) 4 4 4 3

Table 2 Effect of different catalyst amount on the synthesis of

isoindoline-1,3-diones

Catalyst (mol %) 0.0 5.0 10.0 15.0 20.0 25.0

Yield % 29 46 70 88 92 92

Time (hour) 5 5 5 4 3 3
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aromatic CH), 7.75–7.79 (2H, m, aromatic CH), and

7.34–7.44 (2H, m, aromatic CH).

N-(4-Chlorophenyl)isoindoline-1,3-dione (2h): IR (in

cm-1): 3061, 1708, 1497, 1392, 718 1H NMR (d in ppm,

CDCl3) (90 MHz): 7.75–8.02 (4H, m, aromatic CH);

7.41–7.49 (4H, m, aromatic CH).

N-(4-Iodophenyl)isoindoline-1,3-dione (2i): IR (in

cm-1): 3055, 1709, 1486, 1385, 1119, 719; 1H NMR (d in

Table 3 Synthesis of various

isoindoline-1,3-diones catalyzed

by phthalimide-N-sulfonic acid

Entry Amines (1a - m) Isoindoline-1,3-diones (2a - m) Time (h) Yield (%)a

1 

NH2

1a
N

O

O

2a

3 92

2 
NH2

1b N

O

O

2b

2 90

3 

NH2

H3CO 1c
N

O

O

OCH3

2c

2 87

4 

H2N

CH31d
N

O

O

CH3

2d

2 92

5 H2N

H3C

1e
N

O

O

H3C

2e

3 88

6 

H2N

OH1f N

O

O

OH2f

2 90

7 
H2N

N 1g N

O

O
N

2g

2 93

8 
H2N Cl

1h N

O

O

Cl

2h

3 89

9 
H2N I

1i N

O

O

I

2i

3 90

10
H2N CH3

H3C

1j
N

O

O

CH3

H3C

2j

3 86

11 H2N

H3C

H3C

1k

N

O

O H3C

H3C

2k

4 85

12

H2N

N 1l

O

O

N N

2l

2 92

13
H2N

1m

O

O

N

2m

4 86

All reactions were performed by mixing of phthalic anhydride (0.296 g, 2 mmol), amine (2.2 mmol), and

phthalimide-N-sulfonic acid (20 mol%) in ethanol at 80 �C
a Isolated yield
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ppm, CDCl3) (90 MHz): 7.94–7.97 (2H, m, aromatic CH),

7.78–7.85 (4H, m, aromatic CH); 7.21–7.26 (2H, m, aro-

matic CH).

N-(2,4-Dimethylphenyl)isoindoline-1,3-dione (2j): IR (in

cm-1): 3050, 1724, 1706, 1502, 1380; 1H NMR (d in ppm,

CDCl3) (90 MHz): 7.73-8.01 (4H,m, aromaticCH), 7.12–7.18

(3H, m, aromatic CH), 2.39 (3H, s), and 2.18 (3H, s).

N-(2,6-Dimethylphenyl)isoindoline-1,3-dione (2k): IR

(in cm-1): 3058, 1738, 1710, 1470, 1377; 1H NMR (d in

ppm, CDCl3) (90 MHz): 7.75-8.03 (4H, m, aromatic CH);

7.19–7.25 (3H, m, aromatic CH), 2.17 (6H, s).

N-(4-Picolinylamine)isoindoline-1,3-dione (2l): IR (in

cm-1): 3035, 2917, 1772, 1703, 1602, 1421, 1394; 1H

NMR (d in ppm, CDCl3) (250 MHz): 8.40–8.80 (2H, m,

aromatic CH), 7.60–8.00 (4H, m, aromatic CH), 7.00-7.40

(2H, m, aromatic CH), and 4.80 (2H, s, CH2).

N-(2-Naphtyl)isoindoline-1,3-dione (2m): IR (in cm-1):

3058, 1738, 1710, 1470, 1377; 1H NMR (d in ppm, CDCl3)

(90 MHz): 7.93–8.03 (4H, m, aromatic CH), 7.82–7.85

(2H, m, aromatic CH), 7.58–7.64 (2H, m), and 7.46–7.54

(3H, m, aromatic CH).

Conclusions

We successfully developed and presented an efficient and

easy catalytic protocol for preparation of various isoindo-

line-1,3-diones, using the catalytic amount of phthalimide-

N-sulfonic acid in ethanol at 80 �C. The interesting fea-

tures of the proposed methodology include the high effi-

ciency, simplicity, and generality which lead to short

reaction times, high yields, a cleaner reaction profile, and

the catalyst recyclability.

Acknowledgements We are thankful to the Bu-Ali Sina University,

Hamedan 6517838683 Iran, for the financial support of this work.

References

Ahuja P, Husain A, Siddiqui N (2014) Essential aminoacid incorpo-

rated GABA–phthalimide derivatives: synthesis and anticonvul-

sant evaluation. Med Chem Res 23:4085–4098. doi:10.1007/

s00044-014-0949-5

Al-Azzawi AM, Al-Razzak MSA (2013) Synthesis, characterization

and antimicrobial screening of new Schiff bases linked to

phthalimide. Int J Res Pharm Chem 3:682–690

Ali MA, Moromi SK, Touchy AS, Shimizu K (2016) Direct synthesis

of cyclic imides from carboxylic anhydrides and amines by

Nb2O5 as a water-tolerant lewis acid catalyst. ChemCatChem

8:891–894. doi:10.1002/cctc.201501172

AndersonKW,Tepe JJ (2002) Trifluoromethanesulfonic acid catalyzed

Friedel-Crafts acylation of aromatics with b-lactams. Tetrahedron

58:8475–8481. doi:10.1016/S0040-4020(02)01026-8

Aridoss G, Laali KK (2011) Ethylammonium nitrate (EAN)/Tf2O and

EAN/TFAA: ionic liquid based systems for aromatic nitration.

J Org Chem 76:8088–8094. doi:10.1021/jo201374a

Bouissane L, Sestelo JP, Sarandeses LA (2009) Synthesis of 3,4-

disubstituted maleimides by selective cross-coupling reactions

using indium organometallics. Org Lett 11:1285–1288. doi:10.

1021/ol900063p

Scheme 2 Suggested

mechanism for the synthesis of

isoindoline-1,3-diones

Table 4 Comparison of the

catalytic activities of different

catalysts

Entry Catalyst T (�C) Time (min) Yield % Ref.

1 [Hmim]HSO4 80 30–90 89 Dabiri et al. (2007)

2 [Bmim]PF6 80 480 93 Zhou et al. (2003)

3 Choline chloride ? ZnCl2 60 60 87 Xie et al. (2009)

4 TFA 70 20–45 89 Shinde et al. (2011)

5 Sulphamic acid Not reported 5–10 98 Langade (2011)

6 Fe3O4@SiO2–SO3H 80 45–90 89 Thale et al. (2014)

7 DABCO Not reported Immediately 79 Heravi et al. (2005)

8 p-Ts-OH 80 30–120 65-88 Nasr-Esfahani et al. (2012)

9 Our catalyst 80 2–4 h 92 Our catalyst

Chem. Pap.

123

http://dx.doi.org/10.1007/s00044-014-0949-5
http://dx.doi.org/10.1007/s00044-014-0949-5
http://dx.doi.org/10.1002/cctc.201501172
http://dx.doi.org/10.1016/S0040-4020(02)01026-8
http://dx.doi.org/10.1021/jo201374a
http://dx.doi.org/10.1021/ol900063p
http://dx.doi.org/10.1021/ol900063p


Braish TF, Fox DE (1992) A practical synthesis of n-substituted

maleimides. Synlett 12:979–980. doi:10.1055/s-1992-21553

Ciganek E (1995) Esters of 2,3-dihydro-3-oxobenzofuran-2-acetic

acid and 3,4-dihydro-4-oxo-2H-1-benzopyran-3-acetic acid by

intramolecular stetter reactions. Synthesis 10:1311–1314. doi:10.

1055/s-1995-4100

Dabiri M, Salehi P, Baghbanzadeh M, Shakouri M, Otokesh S,

Ekrami T, Doosti R (2007) Efficient and eco-friendly synthesis

of dihydropyrimidinones, bis(indolyl)- methanes, and N-alkyl

and N-arylimides in ionic liquids. J Iran Chem Soc 4:393–401.

doi:10.1007/BF03247224

Dhivare RS, Rajput SS, Yadav R (2016) Synthesis of new series of N-

substituted phenyl succinimide and glutarimide derivatives for

the study of their antifungal activity. Int J Chem Stud 4:61–63

Diez-Gonzalez S, Nolan SP, Marion N (2007) N-Heterocyclic

carbenes as organocatalysts. Angew Chem Int Ed 46:2988–

3000. doi:10.1002/anie.200603380

Dunn D, Husten J, Aimone LD, Ator MA, Chatterjee S (2013)

Serendipitous discovery of a prodrug of a parp-1 inhibitor. Chem

Biol Drug Des 82:348–350. doi:10.1111/cbdd.12165

Easwar S, Argade NP (2006) A facile synthesis and enzymatic

resolution of naturally occurring remotely- functionalized alkyl-

methylmaleic anhydrides from aspergillus wentii: aspergillus

acids A-D. Synthesis 5:831–838. doi:10.1055/s-2006-926326

Grasa GA, Gaveli T, Singh R, Nolan SP (2003) Efficient transester-

ification/acylation reactions mediated by N-heterocyclic carbene

catalysts. J Org Chem 68:2812–2818. doi:10.1021/jo0267551

Grasa GA, Singh R, Nolan SP (2004) Transesterification/acylation

reactions catalyzed by molecular catalysts. Synthesis. doi:10.

1055/s-2004-822323

Gu Y, Shi F, Deng Y (2003) SO3H-functionalized ionic liquid as

efficient, green and reusable acidic catalyst system for oligomer-

ization of olefins. Catal Commun 4:597–601. doi:10.1016/j.

catcom.2003.09.004

Hashimoto M, Obora Y, Sakaguchi S, Ishii Y (2008) Beckmann

rearrangement of ketoximes to lactams by triphosphazene

catalyst. J Org Chem 73:2894–2897. doi:10.1021/jo702277g

Heravi MM, Shoar RH, Pedram L (2005) Synthesis of N-arylphthal-

imides catalyzed by 1,4-diazabicyclo[2,2,2]octane [DABCO] in

solventless system. J Mol Catal A 231:89–91. doi:10.1016/j.

molcata.2005.01.005

Janda KD, Ashley JA, Jones TM, Mcleod DA, Schloeder DM,

Weinhouse MJ (1990) Immobilized catalytic antibodies in

aqueous and organic solvents. J Am Chem Soc 112:8886–8888

Jervis PJ, Kariuki BM, Cox LR (2006) Stereoselective synthesis of

2,4,5-trisubstituted tetrahydropyrans using an intramolecular

allylation strategy. Org Lett 8:4649–4652. doi:10.1021/

ol061957v

Kiyani H, Ghiasi M (2015) Phthalimide-N-sulfonic acid: a new and

efficient organocatalyst for the Biginelli reaction under solvent-

free conditions. Res Chem Intermed 41:6635–6648. doi:10.1007/

s11164-014-1766-7

Kumar PP, Devi BR, Dubey PK (2014) A facile and green synthesis

of N-substituted imides. ChemInform. doi:10.1002/chin.

201407077

Kumar A, Banerjee S, Roy P, Sondhi SM, Sharma A (2016) Solvent

free, catalyst free, microwave or grinding assisted synthesis of

bis-cyclic imide derivatives and their evaluation for anticancer

activity. Bioorg Med Chem Lett. doi:10.1016/j.bmcl.2016.12.

031

Langade MM (2011) Efficient one pot synthesis of N-alkyl and N-aryl

imides. Der Pharm Chem 3:283–286

Le ZG, Chen ZC, Hu Y, Zheng QG (2004) Organic reactions in ionic

liquids: ionic liquid-promoted efficient synthesis of N-Alkyl and

N-Arylimides. Synthesis 7:995–998. doi:10.1055/s-2004-822337

Mangaleswaran S, Argade NP (2004) A facile synthesis of CD45

protein tyrosine phosphatase inhibitor marine natural product

pulchellalactam. Synthesis 10:1560–1562. doi:10.1055/s-2004-

822407

McCubbin JA, Voth S, Krokhin OV (2011) Mild and tunable benzoic

acid catalysts for rearrangement reactions of allylic alcohols.

J Org Chem 76:8537–8542. doi:10.1021/jo201540p

Mehta NB, Phillips AP, Lui FF, Brooks RE (1960) Maleamic and

citraconamic acids, methyl esters, and imides. J Org Chem

25:1012–1015. doi:10.1021/jo01076a038

Nair V, Vellalath S, Poonoth M, Mohan R, Suresh E (2006)

N-Heterocyclic carbene-catalyzed reaction of chalcones and

enals via homoenolate: an efficient synthesis of 1,3,4-trisubsti-

tuted cyclopentenes. Org Lett 8:507–509. doi:10.1021/

ja0625677

Nasr-Esfahani M, Montazerozohori M, Filvan N (2012) Ultrasound-

assisted catalytic synthesis of acyclic imides in the presence of p-

toluenesulfonic acid under solvent-free conditions. J Serb Chem

Soc 4:415–421. doi:10.2298/JSC110511168N

Nyce GW, Lamboy JA, Connor EF, Waymouth RM, Hedrick JL

(2002) Expanding the catalytic activity of nucleophilic N-

heterocyclic carbenes for transesterification reactions. Org Lett

4:3587–3590. doi:10.1021/ol0267228

Pan L, Li X, Gong C, Jin H, Qin B (2016) Synthesis of N-substituted

phthalimides and their antifungal activity against Alternaria

solani and Botrytis cinerea. Microb Pathog 95:186–192. doi:10.

1016/j.micpath.2016.04.012

Peterson JM, Eggleston IJ (2007) Convenient preparation of N-

Maleoyl amino acid succinimido esters using N-trifluoroace-

toxysuccinimide. Synth Commun 38:303–308. doi:10.1080/

00397910701750151

Pontrello JK, Allen MJ, Underbakke ES, Kiessling LL (2005) Solid-

phase synthesis of polymers using the ring-opening metathesis

polymerization. J Am Chem Soc 127:14536–14537. doi:10.
1021/ja053931p

Rajput AP, Rajput SS (2007) Preparation and antimicrobial activity

study of 2,5-dichloro-3,4-diformyl-(N-substituted phenyl). pyr-

roles. Asian J Chem 19:4939–4941

Reddy PY, Kondo S, Toru T, Ueno Y (1997) Lewis acid and

hexamethyldisilazane-promoted efficient synthesis of N-Alkyl-

and N-Arylimide derivatives. J Org Chem 62:2652–2654. doi:10.

1021/jo962202c

Reynolds NT, Rovis T (2005) Enantioselective protonation of

catalytically generated chiral enolates as an approach to the

synthesis of a-chloroesters. J Am Chem Soc 127:16406–16407.

doi:10.1021/ja055918a

Sharma U, Kumar P, Kumar N, Singh B (2010) Recent advances in

the chemistry of phthalimide analogues and their therapeutic

potential. Med Chem 10:678–704. doi:10.2174/1389557107

91572442

Shinde SB, Tekale SU, Kauthale SS, Deshmukh SU, Marathe RP,

Nawale RB, Sonekar VS, Thorat VV, Pawar RP (2011) A facile

and efficient synthesis of N-aryl imides using trifluoroacetic acid.

Int J Ind Chem 2:112–116

Sortino M, Garibotto F, Fihlo VC, Gupta M, Enriz R, Zacchino S

(2011) Antifungal cytotoxic and SAR studies of a series of N-

alkyl, N-aryl and N-alkylphenyl-1,4-pyrrolediones and related

compounds. Bioorg Med Chem 19:2823–2834. doi:10.1016/j.

bmc.2011.03.038

Suzuki Y, Toyota T, Imada F, Sato M, Miyashita A (2003)

Nucleophilic acylation of arylfluorides catalyzed by imidazoli-

denylcarbine. Chem Commun. doi:10.1039/B302062B

Tachibana Y, Kihara N, Takata T (2004) Asymmetric benzoin

condensation catalyzed by chiral rotaxanes tethering a thia-

zolium salt moiety via the cooperation of the component: can

Chem. Pap.

123

http://dx.doi.org/10.1055/s-1992-21553
http://dx.doi.org/10.1055/s-1995-4100
http://dx.doi.org/10.1055/s-1995-4100
http://dx.doi.org/10.1007/BF03247224
http://dx.doi.org/10.1002/anie.200603380
http://dx.doi.org/10.1111/cbdd.12165
http://dx.doi.org/10.1055/s-2006-926326
http://dx.doi.org/10.1021/jo0267551
http://dx.doi.org/10.1055/s-2004-822323
http://dx.doi.org/10.1055/s-2004-822323
http://dx.doi.org/10.1016/j.catcom.2003.09.004
http://dx.doi.org/10.1016/j.catcom.2003.09.004
http://dx.doi.org/10.1021/jo702277g
http://dx.doi.org/10.1016/j.molcata.2005.01.005
http://dx.doi.org/10.1016/j.molcata.2005.01.005
http://dx.doi.org/10.1021/ol061957v
http://dx.doi.org/10.1021/ol061957v
http://dx.doi.org/10.1007/s11164-014-1766-7
http://dx.doi.org/10.1007/s11164-014-1766-7
http://dx.doi.org/10.1002/chin.201407077
http://dx.doi.org/10.1002/chin.201407077
http://dx.doi.org/10.1016/j.bmcl.2016.12.031
http://dx.doi.org/10.1016/j.bmcl.2016.12.031
http://dx.doi.org/10.1055/s-2004-822337
http://dx.doi.org/10.1055/s-2004-822407
http://dx.doi.org/10.1055/s-2004-822407
http://dx.doi.org/10.1021/jo201540p
http://dx.doi.org/10.1021/jo01076a038
http://dx.doi.org/10.1021/ja0625677
http://dx.doi.org/10.1021/ja0625677
http://dx.doi.org/10.2298/JSC110511168N
http://dx.doi.org/10.1021/ol0267228
http://dx.doi.org/10.1016/j.micpath.2016.04.012
http://dx.doi.org/10.1016/j.micpath.2016.04.012
http://dx.doi.org/10.1080/00397910701750151
http://dx.doi.org/10.1080/00397910701750151
http://dx.doi.org/10.1021/ja053931p
http://dx.doi.org/10.1021/ja053931p
http://dx.doi.org/10.1021/jo962202c
http://dx.doi.org/10.1021/jo962202c
http://dx.doi.org/10.1021/ja055918a
http://dx.doi.org/10.2174/138955710791572442
http://dx.doi.org/10.2174/138955710791572442
http://dx.doi.org/10.1016/j.bmc.2011.03.038
http://dx.doi.org/10.1016/j.bmc.2011.03.038
http://dx.doi.org/10.1039/B302062B


rotaxane be an effective reaction field. J Am Chem Soc

126:3438–3439. doi:10.1021/ja0408202

Thale PB, Borase PN, Shankarling GS (2014) Magnetic nano catalyst

for the synthesis of maleimide and phthalimide derivatives. RSC

Adv 4:59454–59461. doi:10.1039/C4RA09008J

Wan L, Sun X, Shi S, Zhang J, Li X, Li Z, Guo K (2016) An efficient

synthesis of N-substituted phthalimides using SiO2-tpye-Nb as

heterogeneous and reusable catalyst. Catal Commun 88:30–34.

doi:10.1016/j.catcom.2016.09.005

Wu J, Sun X, Ye S, Sun W (2006) N-Heterocyclic carbene: a highly

efficient catalyst in the reactions of aziridines with silylated

nucleophiles. Tetrahedron Lett 47:4813–4816. doi:10.1016/j.

tetlet.2006.05.048

Xie YT, Hou RS, Wang HM, Kang IJ, Chen LC (2009) An efficient

protocol for the synthesis of N-alkyl- and N-arylimides using the

lewis acidic ionic liquid Choline Chloride�2ZnCl2. J Chin Chem

Soc 56:839–842. doi:10.1002/jccs.200900124

Zhou H, Campbell EJ, Nguyen ST (2001) Imidazolinium salts as

catalysts for the ring-opening alkylation of meso epoxides by

alkylaluminum complexes. Org Lett 3:2229–2231. doi:10.1021/

ol0161110

Zhou MY, Li YQ, Xu XM (2003) A new simple and efficient

synthesis of N-Aryl phthalimides in ionic liquid. Synth Commun

33:3777–3780. doi:10.1081/SCC-120025187

Chem. Pap.

123

http://dx.doi.org/10.1021/ja0408202
http://dx.doi.org/10.1039/C4RA09008J
http://dx.doi.org/10.1016/j.catcom.2016.09.005
http://dx.doi.org/10.1016/j.tetlet.2006.05.048
http://dx.doi.org/10.1016/j.tetlet.2006.05.048
http://dx.doi.org/10.1002/jccs.200900124
http://dx.doi.org/10.1021/ol0161110
http://dx.doi.org/10.1021/ol0161110
http://dx.doi.org/10.1081/SCC-120025187

	Phthalimide-N-sulfonic acid, an efficient catalyst for the synthesis of various isoindoline-1,3-dione derivatives
	Abstract
	Introduction
	Experimental
	General procedure for preparation of the phthalimide-N-sulfonic acid catalyst
	General procedure for the synthesis of isoindoline-1,3-dione derivatives

	Results and discussion
	Catalyst recyclability
	Mechanism of the reaction
	Comparison of the catalytic activities of different catalysts
	Selected spectral data of the products


	Conclusions
	Acknowledgements
	References




