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Abstract

Solvent-free reactions between phthalic anhydride and aryl amines, catalyzed by DABCO (1,4-diaza-bicyclo[2,2,2]octane) in short reaction
times and high yields is described.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction DABCO has been widely used as a catalyst for the
Baylis—Hillman reaction$10]. It has also been reported as
Phthalimides and N-substituted phthalimides are an im- a catalyst for acceleration of benzoylation reacti¢hs].
portant class of compounds because they show interestingbABCO has been applied for the synthesis of zeolite as a
biological activities[1]. In spite of their wide applicability,  structure directing agetjit2] and can catalyze the self and
available procedures for their synthesis are limited. Many cross-condensation afacethylenic ketongd 3]. It has also
catalysts including Lewis acids and hexamethyldisilaz@he  been used to catalyze the couplingweiketo-esters with acry-
have been proposed for the synthesidNedlkyl andN-aryl lonitrile [14] and for the dimerization af,B-unsaturated ke-
imide derivatives. tones and nitrile§l5]. DABCO/Pd(0) has been used for the
Microwave-enhanced chemical reactidid$, especially highly efficient deprotection of peptid¢6].
on mineral solid supports and those are conducted under sol- In view of the emerging importance of phthalimides and
ventless conditionf], have recently attracted much atten- our general interest in solventless chemical profEsg we
tion. Microwave assisted addition of amines to phthalic an- envisioned expediting the synthesis of phthalimides from the
hydride has been also reporti&]. However, Westaway and  reaction of phthalic anhydride and anilines under classical
Gedyd6a], did not see any differences when the reaction was DABCO catalyzed conditions.
carried out by microwave or conventional heating in DMF.
Preparation of imides under microwave irradiation in solvent- .
less system using tantalum chioride—silica gel have also beer?: EXperimental
reported7]. Loupy and coworkers claimed that solvent-free
microwave reaction, between phthalic anhydride and amines,
need at least one liquid pha@}. However in 2002, Li et al.
claimed a rapid synthesis ®-arylphthalimide under mi-
crowave irradiation in the absence of solvi3it

Phthalic anhydride was crystallized prior to use.

2.1. Synthesis of N-arylphthalimides: general procedure

An appropriate amine (1 mmol), phthalic anhydride
(2.1 mmol) and DABCO (10 mol%) were crushed for 2 min
* Corresponding author. Tel.: +98 21 8041347; fax: +98 21 8047861.  USing pestle and mortar. The reaction takes place almost im-
E-mail addressmail. nmh1331@yahoo.com (M.M. Heravi). mediately. The mixture was taken to water (5 mL) and filtered
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Table 1
0 (6]
Reaction of phthalic anhydride with aryl amines catalyzed by DAB O + ANH, 20 NHAr)
e} (e}
Entry Amine used Ar Phthalimide Ar Yield mp (found) mp (reported)
1 Phenyl Phenyl 79 202 (ethanol) 2™
2 4-Chlorophenyl 4-Chlorophenyl 78 204 (ethanol) 296
3 4-Bromophenyl 4-Bromophenyl 81 198-199 (ethanol) 2034204
4 2-Chlorophenyl 2-Chlorophenyl 76 178 (ethanol) 188]
5 4-Methylphenyl 4-Methylphenyl 82 202-204 (ethanol) 201
6 2-Nitrophenyl 2-Nitrophenyl 7 202-208 (ethanol) 202-p03
7 3-Nitrophenyl 3-Nitrophenyl 86 242 (ethanol) 242-728]
8 4-Nitrophenyl 4-Nitrophenyl 90 264 (ethanol) 263
9 2-Hydroxyphenyl 2-Hydroxyphenyl 75 216 (acetic acid) 220]
10 3-Hydroxyphenyl 3-Hydroxyphenyl 72 218 (acetic acid) 2%
11 3-Methoxyphenyl 3-Methoxyphenyl 77 156 (acetic acid) Not reported
12 4-Aminophenyl Bisimide 85 345 (ethanol) 3B
13 4-Aminoacetyl 4-Aminoacetyl 80 245 (ethanol) 287-255

off. The solid was crystallized from an appropriate solvent. amount of DABCO using pestle and mortar. This solvent-
All products were known and their physical data were com- free approach requires only a few minutes of reaction time,
in contrast to conventional methods that requires long reac-

pared with those of the authentic samples.

3. Results and discussion

tion time and a large excess of organic solvent and expensive
Lewis acid, which is difficult to handle. Without DABCO

reaction does not proceed even under prolonged reflux in
solvents. To establish the generality of method, aniline and
We report herein, an efficient and fast method for the its various derivatives were reacted with phthalic anhydride

preparation of phthalimides that involves grinding of phthalic in the presence of DABCO to yield the corresponding phthal-

anhydride, an appropriate aniline derivative and catalytic imide (Table J.
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Scheme 1. Plausible mechanism for the synthesi¢-aidylphthalimide catalyzed by DABCO.
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We believe that the DABCO catalyzed formation of (b) S. Chandraskhar, M.B. Padnaja, A. Raza, Synlett (1999)
N-arylphthalimide proceeds the pathways illustrated in 1597-1599.
Scheme 1DABCO could function as nucleophilic catalyst ~ [81 T- Vidal, A. Petit, A. Loupy, R.N. Gedye, Tetrahedron 56 (30) (2000)

. ; . o 5473.
and react with phthalic anhydride to generate a zwitteion [9] HZ. Li, J.S. Zhang, Y.M. Zhau, T.Sh. Li, Synth. Commun. 32 (6)

This zwitter ion is attacked by arylamine to afford the corre- (2002) 927-930.
sponding amidd and DABCO via nucleophilic aryl substitu-  [10] (a) J.F. Pan, K. Chen, Tetrahedron Lett. 45 (12) (2004) 2541-2543;
tion. Deprotonation of by DABCO would lead to an ion pair (b) P. Radha Krishna, A. Maryurani, V. Kannan, G.V.M. Shasma,

Tetrahedron Lett. 45 (6) (2004) 1183-1185.
[11] (a) W.C. Sheen, M. Lazanov, O. Rejic, Tetrahedron Lett. 44 (36)
(2003) 6943-6945;

5. This ion pair5 can undergo intramolecular nucleophilic
substitution to afford the correspondiigarylphthalimide,

DABCO and BO. This mechanism is in accordance with the (b) W.C. Shreh, M. Loo, M. Lazaneer, O. Rejuc, T. Blacklock, J.
true catalytic nature and used amount of DABCO. Tetrahedron Lett. 44 (24) (2003) 4563-4565.
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for the facile and rapid formation of phthalimides in solvent- 33 (1-3) (1999) 197-207.
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not require any solvent or solid support, and eliminate the [14] p. Basavaiah, T.K. Bharathi, V.V.L. Gawzeswaie, Tetrahedron Lett.
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