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Abstract

This work involves the synthesis and characterization of asymmetrical pyromellitdiimide
derivatives [IV].+ by four sequence steps selective reaction . One mole of pyromellitic dianhydride
was reacted with one mole of various primary aromatic amines [ 4-nitro aniline , 4-chloro aniline , 4-
toludine and 4-anisidine] in excess of dry acetone to produce six compounds (N-substituted-
pyromellitamic monoacid) [I]..+ . These new compounds [I]..« Were converted to the corresponding
N- substituted- pyromellitmonoimide [l1].4 via their heating at (80-90) °C in sodium acetate-acetic
anhydride mixture .

The compounds [I1]..+ were allowed to react with one mole of another primary amines in
excess of dry acetone to give new derivatives of amic acid [Il].q followed by intramolecular
cyclization reaction of these compounds [IV],+ in sodium acetate-acetic anhydride system to yield the
desired asymmetrical pyromellitdiimide derivatives [IV]., the above reactions can be summarized in
Scheme 1.

All the synthesized compounds have been studied and charachterized by their melting points
, FTIR , and "HNMR spectroscopy (for some of them).

Key words: pyromellitic dianhydride, pyromellitidiimides, pyromellitidiisoimides.

Introduction

Pyromellitdiimides are best known as segments of highly insulating polyimide dielectrics , it
is though nevertheless quit surprising that no attempt has been made to fabricate transistor from
pyromellitdiimide derivatives , which have the simple aromatic ring (benzene) in the center, and the
tetracarboxylic diimides on both sides of the benzene ring . Thus , it is possible to screen a large
number of imide side chains and investigate the impact of side chains on the mobility and
environmental stability of the pyromellitdiimide derivatives [1,2 ].

N-substituted cyclic imides are heterocyclic compounds represent an important class of
bioactive molecules that show a wide range of pharmacological activities [3] such as androgen
receptor antagonistic [4], anti-inflammatory , anxiolytic [5] , antiviral [6], antibacterial [7], and
antitumor [8] properties . Morover , they are synthetic precursors with application in organic synthesis
, supramolecular chemistry , polymer synthesis , and for the development of new materials and
molecular electronic devise [9]. Aromatic polyimides that derived from pyromellitic dianhydride are
widely used in advanced technological areas because of their excellent thermal stability , chemical
resistance and they are extensively used in the electronics industry as insulators in complex devices ,
owing to their high thermal resistance and low dielectric constant , beside the electrical properties ,
their optical properties have been extensively investigated due to the potential applications in the field
of optical communications [10,11]. Also they are used in microelectronics , as well as in
nanotechnology as a matrix in the production of nanocomposite layers[12].

In addition , The effect of different concentrations of some pyromellitamic diacids and
pyromellitdiimides on the activity of human serum cholinesterase have been investigated in vitro , the
inhibitory effect increases with the increase of the concentration of such compounds [13] .

The aim of this work is the synthesis of a new asymmetrical pyromillitdiimide derivatives
and proved the truth of the pathway which is used for synthesis of these compounds by using opposite
pathway to give the same product.
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Synthesis of Asymmetrical Pyromellitimide :
Synthesis of N-substituted -pyromellitamic monoacid[l],.q

S CO,H
O
j/ : :CO-N H-R

g
R = —@NOZ ) @CI ) @CHg or @OCH3

To a solution of pyromellitic dianhydride (0.218g, 0.001 mol) in (30mL) acetone , a very
dilute solution of amine (0.001 mole) in (90mL) acetone was added dropwise during about 18 hrs .
After all the amine has been added the solution was filtered off fromany precipitate and the clear
solution was evaporated under reduced pressure and the product filtered [14], washed and
recrystalized from chloroform . The physical data of N-substituted —pyromellitamic monoacid [l].q
are listed in Table 1.

Synthesis of N- substituted- pyromellitmonoimide[l1].4
o o)

(@) N—R
(@)
© [”]a-d

R=<j>No2 ' @u y@cm or —@OCH3

A (0.001 mole) of N-pyromellitamic monoacid was placed in (50 mL) round bottom flask
fitted , a mixture of sodium acetate (0.082g , 0.001 mole) and acetic anhydride (ImL ,0.001mole)
was added . The mixture was maintained between (80-90) °C by means of a water-bath and stirred
for half hour . The mixture was allowed to stirring for one hour at room temperature . Then the
mixture was poured on ice-water (400mL ) and filtered off , recrystalized from acetone . The physical
data of N- substituted- pyromellitmonoimide [I1].q are listed in Table 1.

Synthesis of (N- substituted-pyromellitmonoimide)-N"- (substituted-pyromellitamic monoacid)

(11
HO,C O
- H
R—N—C

5 s ©

R @NOZ ’ @C' ! @CHs ’@ocm
R = OCH3‘©—v NOZ—@— ,CH3@_ , u@—

To a solution of N- substituted- pyromellitmonoimide [11]4.¢ (0.001mol) in (30mL) acetone ,
A very dilute solution of amine (0.001 mole) in (90mL) acetone was added dropwise during about
18 hrs. After all the amine has been added the solution was filtered off from any precipitate and the
clear solution was evaporated under reduced pressure and the residue recrystalized from acetone .
The physical data of (N- substituted - pyromellitmonoimide)-N"- (substituted-pyromellitamic acid)
[I1].+ are listed in Table 1 .
Synthesis of N,N™- disubstituted pyromellitdiimide [IV].+
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[lV]a-f

o - {ron - { oo

7= oo nor{ )= el - o)

These novel compounds were prepared as described in procedure which is used for the
synthesis of compounds [I1]. All these compounds were recrystalized from diethylether . The physical
data of N,N"- disubstituted pyromellitdiimide [IV/] are listed in table 1.

Results and Discussion

The reaction sequences leading to the formation of novel compounds of asymmetrical
pyromellitdiimide [1V].+ are outlined in the following scheme 1.

Q © Q CO,H
excess of dry acetone
RT
(@) CO-NH-R

O O
[l]a-d
o) O
CH3COzNa, (CH3CO),0 _
3LL2 3 2 N g N—R + R-NH, excess of dry acetone‘
(80-90) °c RT
o O
[”]a—d
HO,C > Q 0
= CH3COsNa , (CH3CO)20 —
CH NEA ; >~ R-N N-R
R—N—C o (80-90) “C
1 O O
[“l]a—f [Iv]a—f
Scheme 1

The amic acids [l].+ were synthesized by the reaction of one mole of pyromellitic
dianhydride with one mole of different amines in the presence of excess of dry acetone as a
solvent . The mechanism involves nucleophilic addition reaction [15] as follows, in scheme 2.

Q (@) 9 S
cC—oO
O Acetone
LTIy LT o
3 K ) RT

3 R
O H
R—NH, Q
C—OH
Proton exchange
C—N—R
o T
O H
Scheme 2

The structure of these acids[I],+ was studied by melting point , FTIR spectroscopy .

The FTIR absorption-spectra showed the disappearance of absorption bands due to NH, of
the starting materials together with the appearance of new absorption stretching bands due to O-H
of carboxylic moiety at (2410-3530) cm™, C=0 (carboxylic acid) at (1680-1709) cm® and C=0
(amid) at (1630-1655) cm™ and NH group at (3217-3277) cm™ . And appearance of two peaks in the
region (1715-1840) cm [16] which could be attributed to stretching vibration of C=0O (anhydride)
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symmetry and asymmetry , in addition to the appearance of absorption band around at (1040) cm™*
for the C-O-C (cyclic) [17]. The FTIR absorption bands data of these compounds [I].¢are listed
in Table 3.

N-substituted-pyromellitmonoimide [Il].. were obtained by the intramolecular cyclization
reaction of N-substituted-pyromellitamic monoacid [Il].+ in acetic anhydride and sodium acetate at
(80-90) °C . The mechanism involves nucleophilic substitution reaction [18] as follows, in scheme
3.

C—I —R

c ob/\ o || |
CH4CO,N
Q¢®[ 3COzNa Hs C/C\
C—N R Q
o)

a C9 0

C@io T
C—N—
o§©§w AR.co.

Scheme 3

The structure of these compounds [I1] ..+ was studied by melting point, FTIR , and
"HNMR spectroscopy.

The FTIR spectra exhibited significant two peaks in the region (1675-1710) cm™ which
could be attributed to stretching vibration of the carbonyl group (imide cyclic) and two
absorption bands around 1170 cm™ and 755cm™ for asymmetrical and symmetrical of C-N-C (cyclic)
[19] together with the appearance of two peaks in the region (1709-1800) cm™ which could be
attributed to stretching vibration of C=0 (cyclic anhydride) symmetry and asymmetry , also the
appearance of absorption band around (1040) cm™ due to C-O-C (cyclic) . They also show the
disappearance of stretching absorption bands of N-H, O-H and C=0O (carboxylic moiety) groups
of amicacid . The FTIR absorption bands data of these compounds [II].+are listed in Table 3.

'HNMR spectrum of compound [I1] showed the following characteristic chemical shift (
DMSO as a solvent) : a pair of doublet band appear at 6 (7.06-7.46) ppm due to the four aromatic
protons , a singlet sharp signal at 6 8.73 ppm for the two protons of centre aromatic ring . A singlet
sharp signal at 6 2.23 ppm could assigned to the three protons of termenal CH; group .

The amic acids [Ill],+ were synthesized by the reaction of one mole of N-substituted-
pyromellitmonoimide [lIl].+ with one mole of another primary aromatic amine in the presence
excess of dry acetone as a solvent.

0
° © HO E ©

— e RT -

R—HN—C

The structure of these compounds [Ill],+ was studied by melting point , FTIR and
'HNMR spectroscopy . The FTIR absorption-spectra showed the disappearance of absorption peaks
characterized of cyclic anhydride of pyromellitmonoimides [1I1],+ together with the appearance of
new absorption stretching bands due to O-H of carboxylic moiety at (2420-3504) cm™, NH amide
in the region (3273-3304) cm™ , C=0 (carboxylic acid) at (1663-1692) cm™ , and C=0 (amid) at
(1632-1650) cm™. Two peaks in the region (1720-1780) cm™ which could be attributed to
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stretching vibration of the carbonyl group (imide cyclic) and two absorption bands around
1175cm™ and 745cm™ for asymmetrical and symmetrical of C-N-C (cyclic) . The FTIR absorption
bands data of these compounds [II1],+ are listed in Table 4.

'"HNMR spectrum of compound [I11]. showed the following characteristic chemical shift (
DMSO as a solvent) : a singlet signal at & 2.04 ppm due to the three protons of terminal CHs group ,
ten aromatic protons appeared at 6 (7.34-7.94) ppm . Also showed a singlet signal at 6 4.34 ppm could
be attributed to the one proton of NH amide group and a good signal at 6 10.05 ppm could be
attributed to the one proton of carboxylic moiety (O-H) .

'HNMR spectrum of compound [111], showed the following characteristic chemical shift (
DMSO as a solvent) : A singlet signal at 6 3.61 ppm could assigned to the three protons of termenal
OCHgs group , a singlet signal at & 4.30 ppm could be attributed to the one proton of NH amide group .
A singlet sharp signale at 6 8.19 ppm for two protons of centre aromatic ring , eight aromatic protons
appeared as in the region at 6 6.57-8.60 ppm . Finally, a proton of carboxylic moiety (O-H) appeared
at 6 10.54 ppm .

N,N™- disubstituted pyromellitdiimide [1V].+ were obtained by the intramolecular cyclization
reaction of amic acid [111]. in acetic anhydride and sodium acetate at (80-90) °C .

I 0 o] O
HO—C (CHsCO),0 , CHsCO,Na  _
_ N—R » R—N N—R
R—HN—C (80-90) °c
g O O o)

The structure of these compounds [IV].s was studied by melting point , FTIR and
'HNMR  spectroscopy.

The FTIR spectra exhibited significant two peaks in the region (1670-1786) cm™ which
could be attributed to stretching vibration of the carbonyl group (imide cyclic) and two
absorption bands around 1175 cm™ and 760 cm™ for asymmetrical and symmetrical of C-N-C (cyclic)
, in addition to two peaks of (imide cyclic) from another side in the region (1668-1734) cm™ and two
absorption bands around 1160 cm™ and 740 cm™ for asymmetrical and symmetrical of C-N-C (cyclic)
. They also shows the disappearance of absorption stretching bands of N-H , O-H and C=0
(carboxylic moiety) groups of amic acid [Ill].+ . The FTIR absorption bands data of these
compounds [IV].are listed in Table 5.

'"HNMR spectrum of compound [I\V]; showed the following characteristic chemical shift (
DMSO as a solvent) : a singlet signal at 6 2.20 ppm due to the three protons of terminal CH; group,
three protons of OCHj; group appeared as a singlet signal at 6 4.77 ppm . A signal at 6 9.79 ppm due
to the two protons of central aromatic ring , eight aromatic protons appeared as many signals at &
(6.85-7.71) ppm .
For comparision purpose the compound [1V]., was also synthesized by as follows :

0
HO,C
=S N@CHg H,NPhCI :@Q :
4 HN—C
o (0]
(¢
s OO
(CH5CO),0
80-90 °c
[V]e2
Scheme 4

The physical and spectral data of compound [IV]c,, which is synthesized by two ways in
Scheme 1 and Scheme 4 are the same in the two cases . These data give a good evidence for the
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formation of these compounds and a prove the truth of the pathway which is used to synthesis the
compounds by using opposite pathway to give the same product.
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Table (1) : Physical properties of new synthesized compounds [1]a-d - [1V]a

Com Molecular Yield
Nomenclature M.P °C Color
No. Structural formula formu | a %

Q CO,H
N-(4-nitro phenyl)-
(1= pyrom(emtamif p R g:@:ﬁ_w_@mz CisHbN:Os | >800 | 96 | Yellow
o
O, CO,H
s N-(4-<_:h|or_ophenyl)- _ Oi:‘@[ C16HsNOsC >300 05 Pale grey
pyromellitamic monoacid. ﬁ_NH@Cl |
(o)

(o]

N-(4-toly llitami S co= Pal
e | N ponelianic | o CoHaNO, | S0 | o8 | ol
. o G-NH CHj yellow
(o]
S COLH
[, N-(4-methoxy phenyl)- J;@E CoHUNO, - 03 Pale
pyromellitamic monoacid. 3 ﬁ'““@"x“s Brown
o
o) O
N-(4-nitro phenyl)]- 198-
[1]a pyromellitmonoimide. d N- NO, C16HsN207 200 91 Yellow
o o
o O
N-(4-chlorophenyl)- C16HsNOsC 174- Dark
[l pyromellitmonoimide. Q A c | 176 83 grey
o 0
0, o}

N-(4-tolyl)- Pale
(e pyromellitmonoimide. Q N CHs CrrHeNOs >800 60 yellow
g

o]
N-(4-methoxy phenyl)- 0 0o 210-
[Mq pyromellitmonoimide OQCQN@OCH3 Cr7HoNOs 212 82 Brown
o o
N-(4-chloro phenyl)- pyro HOLC o]
mellitmonoimide, N™-(4- _@ C22H12N307 140-
[1]a nitroph on N HN\":@QN cl o 142 92 Grey
enyl)pyromellitamicmonoacid. — 0 0
. N-(4-t0IYIZj- ( HO,C. |
pyromellitmonoimide ,N™- (4- - 200- Pale
(M| itro phenyl) -pyromellitamic | o,N ~HN N CHs | CoathisNsOr 202 %0 yellow
monoacid. o 0
N-(4-chloro phenyl)- HO,C 0
pyromellitmonoimide , N™- (4- N_QCI Co3HisN,Os 158-
(e tolyl)-pyromellitamic HsC / \—HN Cl 160 8 Pale grey
monoacid. = 0 0
o]
N-(4-chloro phenyl)- HOC
pyromellitmonoimide , N™- (4- _ N'@ Ca2HisN2Os 154-
[11]4 methoxy phenyl)- H3CO HN ( cl 156 87 Brown
pyromellitamic monoacid. o
N-(4-nitro phenyl)- HO,C -
pyromellitmonoimide , N™-(4- N- 198- Pale
[11]e methoxy phenyl)- HsCO HN CpH12N30g 85
] . 200 brown
Pyromellitamic monoacid. o (0]
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o)
N-(4-tolyl)- HO,C
romellitmonoimide , N™-(4- N- d Pale
g, | P ethowy ahensi) ( H3CO©—HN @ CothsN:0; | 5300 | 90 | o
pyromellitamic monoacid. 0 °
O O
N-(4-chloro phenyl),N™-(4- g ~ )
[1V]a nitro phenyl) - O2N N N CZZHéJIN 306 1167% 88 Brown
pyromellitdiimide. g9 'e)
0, o}
N-(4-nitro phenyl), N™- (4-nitro OZNQ_NMN-QC 220-
(Ve | ohenyl) - pyromellitdiimide. 2 ( CastisNsOs | 509 87 | Yellow
o) 0
[1V]¢ N-(4-chloro phenyl) , N™- (4- ~ ~ Co3H13N04 198-
. tolyl)-pyromellitdiimide. HoC N N c cl 200 81 Grey
o (6]
N-(4-tolyl) , N™- (4- © )
[VIe chlorophenyl)- C"@"\ N'Q—CHs CZSH(l:alN 20 12%% 81 Grey
2 pyromellitdiimide. J 5
0O
v N-(+crioro pheﬂy')'l')\'_'(“' v CoHiaN,Os | 141- Dark
IV]4 meth oxy phenyl)- H,CO -N N- Cl 76
pyromellitdiimide. &l 143 brown
0] 6]
N-(4-nito phenyl),N—(4- ° < 178-
[IV]e methoxy phenyl)- H3CO©-N N-<;>VN02 C2H10N307 180 77 Brown
pyromellitdiimide.
0 0
o] (0]
N-(4-tolyl), N™(4-metho
[IV]¢ phe(nyl)-z)/y)romefllit diimit;(g/. H3CO©-N§;©:§N-®CH3 Ca3HisN20s >300 68 Brown
0 0

Table (2): Characteristic FTIR absorption bands of compounds [1]a-q

Characteristic bands FTIR spectra (cm™)
Comp. _

No VN-H VOH cyc}i’fa‘nohy y VC=0 VC=0 | vc=C | VvC-0C

amide (asym, sym carboxylic amide arom. cyclic
[Na 3217 3540-2410 1836,1785 1705 1632 1597 1036
1o 3220 3350-2500 1810,1770 1709 1640 1585 1042
[11c 3277 3400-2500 1790,1742 1684 1655 1589 1068
[Nq 3433 3480-2550 1840, 1715 1630 1590 1031
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Table (3): Characteristic FTIR absorption bands of compounds [I1],.q
Characteristic bands FTIR spectra (cm™)
Comp. -
NoT | veH Cycliz’;]hg ride VC=0 VC=C | VC-O-C VC-N-C other
arom. asym. sym. Imide, asym.,sym. arom. cyclic cyclic asym., sym.
4'N02:
[Ma 3096 1780,1745 1755,1684 1599 1035 1178,750 1506,1304
[y 3075 1847,1775 1735,1675 1603 1040 1171,752 4-Cl :970
VC-H aliphatic
[ 3060 1780,1709 1740,1680 1603 1045 1159,756 2954-2831
VC-H aliphatic
[M]q 3067 1861,1796 1784,1726 1606 1032 1180,767 2080-2837
Table (4): Characteristic FTIR absorption bands of compounds [111]4+
Characteristic bands FTIR spectra (cm™)
Comp.
No. _ . VC=0 _ _ .
VN-H VO-H VC=0 Imide carboxyli VC.—O VC=C VC-N-C cyclic Other
amide asym.,sym 5 amide arom. asym.,sym
[, 3304 3485-2650 1760,1720 1665 1632 1597 1182,754 4-NO, : 1506,1304
VC-H aliphatic 2824
(117, 3279 3320,2700 1780,1735 1682 1650 1599 1179,751 4NO,:1505,1304
[, 3279 3310-2420 1775,1735 1682 1650 1599 1179,750 4-Cl : 968
[11]q 3304 3500-2780 1780,1740 1667 1645 1595 1170,754 4-Cl: 970
[1]e 3278 3320-2450 1765,1735 1682 1645 1599 1179,750 VC-H aliphatic 2924-2855
VC-H aliphatic 2953-2868
[ 3273 3504-2550 1775,1738 1680 1647 1600 1175,756 "VN-H: 3352,VC=5:1321

Table (5): Characteristic FTIR absorption bands of compounds [1V]a¢

Characteristic bands FTIR spectra (cm™)
Comp.N
0. VC-H VC=0 Imide VC=C VC-N-C cyclic Other
arom. asym., sym. aroma. asym., sym

1740,1682 1178766 _

VL, | 3065 17301670 1599 Lite 760 4-NO, :1506 , 1304
1746,1695 1179,754 4-NO, :1506,1304,

[Vl | 3100 1732.1682 1599 1163735 VN-H : 3337, VC=5:1330
1786,1696 1171,760 )

vl | 3061 11716078 1597 Lie075e 4-Cl: 935
1750,169 1178.752 401933, VN-H:

[Vle | 3100 1734.1668 1593 1165.740 3337, VC=S:1315
1740,1697 1170,768 .

IV, | 3060 11901070 1602 16096 VC-H aliphatic 2970-2920
1745.1695 1175755 VC-H aliphatic 2928-2855

[Vl | 3100 1734.1670 1593 1170.735 VN-H at 3339,VC=5:1317
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