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Phthalic anhydride reacts rapidly with Aromatic and aliphatic amines in ionic liquid [Bmim][PF6] or
[Bmim][BF4] at 130 °C to give N-aryl and N-alkylphthalimides in excellent yields.
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The development of simple, efficient and general syn-
thetic methods for widely used organic compounds from
readily available reagent is one of the major challenges
in organic synthesis. Imide derivatives are among such
types of organic compounds with numerous applica-
tions in biological properties [1] and synthetic [2] and
polymer [3] chemistry. To date, most commonly N-sub-
stituted phthalimides are formed by direct dehydrative
condensation of an amine with phthalic anhydride [1-5].
But those methods needed high temperature and long
reaction times. For example, synthesis of N-phenyl-
phthalimide [1e] needed at  160-180 °C for 2 h.
Recently, improvement of classical methods has been
obtained using Lewis-acid catalysis [4a], phthalic anhy-
dride and azide with in situ reduction by condensation
using chlorotrimethylsilane-sodium iodide [4b] and
microwave irradiation [5]. Known literature methods
have been limited due to harsh reaction conditions [4],
lengthy reaction times or poor yields [5b]. Therefore the
development of a simple, relatively mild, efficient and
environmentally benign synthesis of N-alkyl and
N-arylphthalimides is a major challenge. When writing
this article, we found a literature reported by Li [6], in
which N-arylphthalimides were synthesized in ionic liq-
uid [Bmim][PF6], however, this method required long
reaction times.  

In recent years, room temperature ionic liquids are
attracting increasing interest as "green" recyclable alterna-
tives to classical molecular solvents for synthetic organic
chemistry [7]. To date, some of the more important reac-
tions have been carried out and investigated in ionic liq-
uids, and it has been demonstrated that, in some cases,
reactions in ionic liquids show accelerated rates compared
with those obtained using conventional solvents [8]. Our
recent interest has been in the development of synthetic
methods using ionic liquids as novel environmentally
benign reaction media and promoters [9].

We report now the synthesis of N-alkyl and N-arylph-
thalimides by the direct dehydrative condensation reac-

tion of phthalic anhydride and the corresponding amine
in the ionic liquid 1-butyl-3-methylimidazolium hexa-
fluorophosphate ([Bmim][PF6]) at 130 °C (Scheme 1).
We found that the reaction of phthalic anhydride and ani-
line proceeds very rapid in the ionic liquid [Bmim][PF6]
at 130 °C and is complete within 5 min to give N-
phenylphthalimide in nearly quantitative yield. In simi-
lar fashion, the reaction of phthalic anhydride with a
variety of amines proceeded rapidly under these reaction
conditions and the products were obtained in excellent
yields. These results are summarized in Table 1. All the
products gave satisfactory mp, IR and 1H NMR data,
which were consistent with literature data.

As can be see from Table 1, the reaction is general and
applicable to aliphatic and aromatic amine bearing vari-
ous different groups such as chloro, methyl, hydroxy,
methoxy and nitrogroups. This method is even effective
on glycine and L-phenylalanine (entry 8,9). The related
ionic liquid [Bmim][BF4] showed the same effectiveness
(Table 1, Entries 1,2,7). The experimental procedure is
very simple and convenient. All of the tested reactions
could be completed within 5 min. Since the products did
not solve in the ionic liquid, they were easily separated
by simple filtration. The rest of the viscous ionic liquid
was thoroughly washed with a mixture of ether-ethyl
acetate (1:1) followed by drying at vacuum. The recov-
ered solvent can be reused with no appreciable decrease
in yield. The representative results are summarized in
Table 2.
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Table  2

Recycling of [Bmim][PF6] in N-Benzyl Phthalimide [a]

Entry Cycle Yield  (%)

1 1 96
2 2 97
3 3 95

[a] All reactions were run with phthalic anhydride (2 mmol), benzy-
lamine (2 mmol) in ionic liquid [Bmim][PF6] (2 mL) at 130 °C for 5 min.

In conclusion, we have demonstrated that the reaction
of phthalic anhydride with amine can be performed
rapidly in the ionic liquids [Bmim][PF6] or [Bmim][BF4]
at 130 °C to give the corresponding imide derivatives in
excellent yields. The ionic liquid plays the dual role of
solvent and promoter. The substrates show significant
increase in reactivity thus improving the yield substan-
tially. The present method has many obvious advantages
compared to that of classical methods reported in litera-
ture, including its high efficiency, operational simplicity,
environmentally benign character and its ability to be
recycled. Further studies to expand this methodology for
the preparation of other cyclic imide derivatives is now
under way in our laboratory.

EXPERIMENTAL

Melting points were determined on digital melting point appa-
ratus and were not corrected. Infrared spectra were recorded on a
VECTOR22 (Bruker) infrared spectrometer, nuclear magnetic
resonance spectra were recorded on AVANCE DMX 400
(Bruker) spectrometer. The ionic liquids [bmim][BF4] and
[bmim][PF6] were synthesized according to reported procedures
[13]. All other materials are commercially available and were
used without further purification.

General Procedure for the N-Alkylation of Heterocyclic
Compounds.

Phthalic anhydride (2 mmol) and the corresponding amine (2
mmol) were added to the ionic liquids [Bmim][PF6] or
[Bmim][BF4] (2 mL) as appropriate, the mixture was stirred at
130 °C for 5 min and cooled to room temperature. The solid was
collected by filtration and washed with AcOEt to give the corre-
sponding pure N-alkyl or N-arylphthalimide. In some case, the
product was further purified by recrystallization from a mixture
of EtOH-AcOEt. After collecting the product by filtration, the
remaining viscous ionic liquid was further washed with a mixture
of ether-ethyl acetate (1:1) and dried at 80 °C under reduced pres-
sure and reused in subsequent runs.
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The Reaction of Phthalic Anhydride with Amine in Ionic Liquid [Bmim][PF6] [a]

Entry Amine (RNH2) M.p.(°C) Lit. mp(°C) Yield (%)

1 C6H5NH2 207.9-208.9 206-208 [6] 98 (97 [b])
2 p-ClC6H5 NH2 196.8-197.9 192-194 [6] 97 (98 [b])
3 p-CH3C6H5NH2 204.6-205.2 203-204 [6] 95
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6 4,5-dimethoxyaniline 243.0-243.9 242-243.5 [10] 90
7 C6H5CH2NH2 115.9-116.0 114-115 [9a] 96 (94 [b])
8 NH2CH2COOH 194.7-195.6 194-197 [2a] 94
9 L-phenylalanine 177.4-178.1 175-177 [11] 91

10 n-C4H9NH2 31.8-32.5 32 [9a] 95
11 NH2CH2CH2OH 126.1-126.7 126 [12] 94

[a] All reactions were run with phthalic anhydride (2 mmol), amine (2 mmol) in ionic liquid [Bmim][PF6] (2 mL) at
130 °C for 5 min; [b] In ionic liquid  [Bmim][BF4]
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