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Abstract

Bispyromellitimides are an important class of substrates in polymer chemistry as monomers in polyimides or their
copolymers synthesis.A fast and efficient microwave-assisted synthetic procedure for the preparation of series of these
compounds 3(a-h) from the reaction of pyromellitic anhydride and aniline or its derivatives (a-h) is described. Elemental
analysis, FT-IR and'H-FT-NMR Spectra revealed the confirmation of these compounds in good agreement.
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Introduction

Microwave-assisted organic synthesis has been known since 1986[1]. The promotion of microwave assisted reactions
inorganic chemistry has improved the speed, reduced cost, reduced energy spent making it a sustainable process and is
widely heralded as “green chemistry” measures [2, 3] whose applications are promoted today to minimize the use of non-
renewable resources as well as polluting solvent, to reduce generation of secondary products which are often toxic and to
reduce the emission of harmful gases [4]. Therefore, a variety of reactions such ashydrolysis[5], deacetylation[6],aromatic
nucleophilic substitutions[7], esterification[8],cycloaddition[9] and polymer synthesis[10-13] had been facilitated by
microwave irradiation.

The reaction of aniline or its derivatives with dianhydride such as pyromellitic dianhydride (PYMD) is well-known, because
theproduct amic acid ,imideor bisimide are an important class of substratesin polymer chemistry as monomers in
polyimides or their copolymers synthesis.Bisimideshave a strategic material for synthesis poly(ester-imide)[14-15],
Poly(amide-imide)[16-17]or other polyimide copolymers[18]to improve processability, structural modifications may be
needed to decrease the melting temperatures or to increase the solubility of polyimides in a solution.Bisimides generally
be synthesized by two routs;two-step method via chemical imidizationin which an amine reacts with the anhydride,
followed bydehydration of the intermediate amic acid, usually promoted by acid[19] or one pot synthesis by the
condensationreaction of an dianhydride with an aminein a mixture of acetic acid solution and pyridine.These two
methodsarelimited to the use of amines as starting material excluding those, that are unstable under the dehydration
conditions or need a long time. Few attempts were carried out to synthesis imides using microwave irradiation. These
attempts deal with synthesis of imide-acid derivatives[20] and maleimide[21] using a monoanhydride and a-amino
acids.This paper report is an efficient method for the synthesis some bispyromellitimides3 (a-h) from the reaction of
pyromellitic dianhydride as dianhydride and aniline or its derivatives in presence of small amount of acetic acid and few
drops of pyridine using microwave irradiation.

Experimental

Materials

4-Aminobenzoic acid (a), aniline(b) , 4-chloroaniline (c), 3-chloroaniline (d), 4-bromooaniline, 4-aminiphenol (f), 4-
nitroaniline (g),4-sulfanilinic acid (h), pyromellitic dianhydride (PMD),glacial acetic acid, pyridine (py), were purchased as
analytical grade products and used as received.

Instrumental and Measurements

"H-NMR spectra were obtained on a 500 MHz FT-NMR spectrometer (Bruker Instruments, model Avance-w 500,
Germany) at room temperature using DMSO-ds as a solvent and TMS as an internal standard. FT-IR spectra were
obtained with a JASCO model FT/IR 4200 in the 4000-400 cm™ range on KBr pellets. Elemental analysis were performed
with a Perkin-Elmer 2400 CHN analyzer. Melting points were determined by stuart SMP 30 and uncorrected. All reactions
were performed on a domestic microwave oven which was modified by our laboratory to include a reflux condenser and
stirring unit.

Synthesis of Bispyromellitimides

A series of bispyromellitimides(3a-3h) were synthesized from the reaction of pyromellitic anhydride with aniline or its
derivatives (a-h) (described below and shown in Scheme 1).

Synthesis of N,N’-bis(4-carboxyphenyl)pyromellitimide acid

To a 100 mL round bottomed flask containing a mixtures of 3.0 g (13.7 mmol) of PMD and 3.757 g (27.4 mmol) of 4-
aminobenzoic acid,20 mL of glacial acetic acid and few drops of pyridine were added. The flask then provided with a
condenser and a magnetic stirrer, flashed with nitrogen and microwave irradiated at room temperature (power input: 400
W) for 10 minutes. After this period time of reaction the reaction mixture was filtered. The solid obtained was washed
thoroughly with water and methanol to eliminate the remaining pyridine and acetic acid, refluxed with acetone and dried
under vacuum at 60-70 °C overnight. The yield is 97%. Mp > 300 C°. The elemental analysis of pale yellow solid product
calculated for (C24H1208N2) C, 63.16; H, 2.65; N, 6.14;Found C, 63.13; H, 2.70; N, 6.17. IR (KBr) v~ 3500-2500, 1786,
1725, 1607, 1515, 1390, 725 cm™, "H-NMR (DMSO-d6) 5: 7.67-8.43 (10H, aromatic), 13.18 (2H, OH) ppm.

The other bispyromellitimides were prepared on the same procedure.Time of reaction, melting point and elemental
analysis of therearelisted in Table 1. Pure and dry samples of the other prepared bispyromellitimides were characterized
by FT-IR Table 2.
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Table 1:Time of reaction, Melting Point, Yield% and Elemental Analysis of Prepared Bispyromellitimides

Code Compound Time | m.p Yield Formula Elemental Analysis
No. Name .
(min) | (C°) % M. Wt. C% H % N %
(9/mol) Cal. Fou. Cal. | Fou. | Cal. | Fou.

3a N,N'-Bis(4- 8 >300 | 97 C24H1208N> 63.16 | 63.13 | 2.65 | 2.70 | 6.14 | 6.17
carboxyphenyl) (456.35)
pyromellitimide

3b N,N'-Diphenyl 10 >300 | 93 C22H1204N> 71.73 | 7169 | 3.24 | 3.26 | 7.60 | 7.58
pyromellitimide (368.33)

3c N,N'-Bis(4- 12 >300 |91 C22H1004N2Cl, | 60.43 | 60.41 | 2.30 | 2.37 | 6.41 | 6.38
chlorophenyl) (437.22)
pyromellitimide

3d N,N'-Bis(3- 12 >300 | 90 C22H1004N2Cl, | 60.43 | 60.39 | 2.30 | 2.28 | 6.41 | 6.39
chlorophenyl) (437.22)
pyromellitimide

3e N,N'-Bis(4- 12 >300 | 93 C2H1004N2Br, | 50.22 | 50.27 | 1.91 | 1.93 | 5.33 | 5.35
bromophenyl) (526.12)
pyromellitimide

3f N,N'-Bis(4- 12 >300 | 94 C22H1206N2 66.00 | 66.17 | 3.02 | 2.98 | 7.00 | 7.06
h henyl
YR (400.33)
pyromellitimide

3g N,N'-Bis(4- 15 >300 | 89 C22H1008N4 57.67 | 57.71 | 2.20 | 1.99 | 12.2 | 12.26
nitrophenyl) (458.34) 2
pyromellitimide
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Table 2: The FT-IR Spectrum of the Prepared Bispyromellitimides (3b-3h)

ISSN 2321-807X

Code Structure Bands Frequencies*
No. var.C-H | uC=0 | uC=0 u C-N- Imide ring Others
C deformation
asy. sy.
3b 1 3059 1784 1724 1397 720
01O -O
[+ Q
3c 1 3068 1783 1725 1386 725 | u aromatic C-Cl
cl - 10 n—(: :}-u
@ M 1065
3d | © T ! cl 3064 1782 1725 1388 725 | v aromatic C-Cl
@J}m"‘@ 1065
[} (8]
3e i % 3063 1782 1725 1386 722 | v aromatic C-Br
Br. — | B
& ¢©¢ Q= 1082
3f ' ¥ 3076 1783 1724 1386 723 | u C-O (phenol)
HO = | OH
© Y Q U“‘@ 1221, 1249
3 5 i 3081 1781 1722 1388 722 | uNO2 asy. 1562
O 0L -0 .
i} 0 V) N02 Sy. 1317
3h o : ©. O som 3059 1771 1718 1383 727 | uSO2 asy. 1367
! | u SO2 sy. 1163

(*):u = stretching band, o = binding band, sy. = symmetric vibration mode

Results and Discussion

Bisimides are one of the more important materials in polyimide copolymer synthesis. Among these bisimides, the
compound N, N’-bis(4-carboxyphenyl)pyromillitimide(3-a) or its acid chloride be more attractive for synthesis of poly(ester-
imide), Poly(amide-imide) and other polyimide copolymers[22-23]. This compound has been synthesized under
conventional heating via its bisamic acid using a large amount of acetic acid/pyridine (3:2) mixture during 10- 12 hours of
reaction time[24].In this work the compound N,N’-bis(4-carboxyphenyl)pyromellitimide (3-a) was synthesized from
condensation reaction of aquimolar of pyromellitic dianhydride (PMD) with two aquimolar of p-amino benzoic acid (p-ABA)
in glacial acetic acid and few drops of pyridine using microwave irradiation (Scheme 1).
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Scheme 1: Synthesis of Bispyromellitimides

The chemical structure of (3a)was identified by FT-IR and 'H FT-NMR spectroscopy. The IR spectrum of (3a) Fig. 1
showed a broad peak from (3500-2500) cm™, due to the carboxylic moieties. Also the strong absorptlon due to the
presence of cyclic |m|de linkages is exhibited at 1786.7 cm (@ 0] asymmetrlcal stretching), 1725 cm™ (C=0 symmetrical
stretching), 1390 cm™ (C-N stretching), 1607, 1515 cm™ (-Ph), 725 cm™ (imide ring deformation C=0O bending). The
structures of the other prepared compounds have been confirmed by FT-IR, Table 2.
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FT-IR Spectra of N-N’-Bis(4-carboxyphenyl)pyromellitimide Figure 1:

In the '"H NMR spectrum the compound (3a) given in Fig. 2, thespecific signals for this product are those for the ten
aromatic protons in the range of 7.67 to 8.43 ppm and at 13.18 ppm for the two carboxylic protons. Elemental analysis
found 63.13 % for carbon, 2.70% for hydrogen and 6.17% for nitrogen in which that to be in good agreement with the
theoretical values.
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Figure 2: '"H-FT-NMR spectra for N,N’-Bis(carboxyphenyl)pyromellitimide

The results (Table 1) show an excellent yield in which that the work-up procedures were very simple. As the reaction time
was completed the reaction mixture cooled to room temperature then the solid product washed with cooled water and
methanol. The synthesis reaction carried out simply and easy using modified domestic microwave without temperature
control in which that the microwave radiation supplies enough energy to make the reaction mixture refluxed at the short
time of reaction.

Conclusion

This work involved synthesis of several bispyromellitimides by the reaction of pyromellitic anhydride with aniline or its
derivatives (a-h) using microwave irradiation. The result demonstrated that microwave heating is an efficient method for
synthesis bispyromellitimides in compare to classical synthesis reaction and leads to pure higher yields, cleaner reactions
and shorter reaction times.
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