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Abstract

Some new mono isoimides of asymmetrical pyromillitdiimide derived from
pyromellitic dianhydride were synthesized and studied by their melting points , FTIR , and
'HNMR spectroscopy and C.H.N analysis (for some of them) and it was proved that the
mechanism of the formation of these isoimides followed , the mechanism suggested by Cotter
et al . by using N, N - dicyclohexylcarbodiimide as dehydrating agent , in spite of the groups
attached to the phenyl moiety as mentioned in literatures .
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Introduction
substituted cyclic imides are heterocyclic compounds represent an important class of
bioactive molecules that show a wide range of pharmacological activities [1]such as androgen
receptor antagonistic [2],anti-inflammatory , anxiolytic [3], antiviral [4], antibacterial[5], and
antitumor [6]properties . Morover , they are synthetic precursors with application in organic
synthesis , superamolecular chemistry , polymer synthesis , and for the development of new
materials and molecular electronic devise [7]. Aromatic polyimides that derived from
pyromellitic dianhydride are widely used in advanced technology 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 [8,9]. Also they are used in microelectronics , as well as in nanotechnology
as a matrix in the production of nanocomposite layers [10].
The new isoimid [C] was prepared by the reaction of amic acid [A] with N,N-

dicyclohexyl carbodiimid in CH,Cl, [11].

0
I 0

c

I
~oH < y > @ CH,Cl, - \o
+ —N=C= N— —
C—NH —OR \II//
- o "
[A] o —

The aim of this work is synthesis and characterization of isoimide derivatives and to
prove that these isoimides derived from Pyromellitic dianhydride follow the same mechanism
if and only if there were attracting or repelling group attached to the phenyl moiety .

Experimental part
a) FTIR spectra were recorded by using potassium bromide disc on a shimadzu (8400S)
spectrophotometer and Shimadzo (Ir prestige-21) spectrophotometer.
b) ITHNMR spectra were carried out by company : Bruker , model: ultra shield 300 MHz ,
origin : Switzerland and are reported in ppm(S), DMSO was used as a solvent with TMS as an
internal standard were made at chemistry department , AL-Bayt University, Jordan .
¢) Melting Points Uncorrected melting points were determined by using Hot-stage, Gallen
Kamp melting point apparatus .
Synthesis of Asymmetrical [N-(4-substituted phenyl) - N - (4-substituted phenyl)-iso
imino]- pyromellitimide :
Synthesis of N-substituted -pyromellitamic monoacid[I],-q

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 which has been added to the solution was filtered off
from any precipitate and the clear solution was evaporated under reduced pressure and the
product filtered[12], washed and recrystalized from chloroform . The physical data of N-
substituted —pyromellitamic monoacid [I], 4 are listed in Table 1 .
Synthesis of N- substituted- pyromellitmonoimide[Il],.4

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 ,
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recrystalized from acetone . The physical data of N- substituted- pyromellitmonoimide [I1],4
are listed in Table 1.
Synthesis of (N- substituted-pyromellitmonoimide)-N - (substituted-pyromellitamic
monoacid) [III] ,.g- [VI] a-a

To a solution of N- substituted- pyromellitmonoimide [II],4 (0.001mol) in (30mL)
acetone , an amine (0.001 mole) in (30mL) acetone was added dropwise during about 6
hrs. After all the amine has been added , the mixture was left for 24 hrs then it was filtered
off and recrystalized from acetone . The physical data of (N- substituted -
pyromellitmonoimide)-N" - (substituted-pyromellitamic acid) .
[ITI] a-g- [VI] aq are listed in Table 1 .
Synthesis of  [N-(4-substituted phenyl) -N"- (4-substituted phenyl)-iso imino]-
pyromellitimide [VII] ,.q- [X] a4

Aslurry (N- substituted-pyromellitmonoimide)- N - (substituted-pyromellitamic
monoacid) [III]a-f ( 0.001 mole ) in ( 75 ml ) di chloromethane was stirred at room
temperature , and a solution of N, N - dicyclohexylcarbodiimide ( 0.01 mole ) in
dichloromethane was add dropwise during ( 30 min ) the mixture was stirred for 24 hours then
filtered of from the precipitated dicyclohexyl urea , the filtrate was evaporated under
reduced pressure and the product worked out as described in each separate case . N- (4-
substitutedphenyl ) - N - (4- substitutedphenyl ) — isoimino - pyromellitimide [VII] .4 - [X]a-
q are listed in table 1.

Results and Discussion

The amic acids [I],.q¢ were synthesized by the reaction of one mole of pyromellitic
dianhydride with one mole of different amines in the presence excess of dry acetone as a
solvent . The mechanism involves nucleophilic addition reaction[13] as follows :
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The structure of these acids[I],.4 was studied by their 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=O (amid) at (1630-1655) cm™ and NH group at (3217-3277) cm™ .
And appearance of two peaks in the region (1715-1840) cm[14]which could be attributed
to stretching vibration of C=0O (anhydride) symmetry and asymmetry , in addition
appearance of absorption band around (1040) cm™ for the C-O-C (cyclic) [15]. The FTIR
absorption bands data of these compounds [I],.4 are listed in Table 3.

'"HNMR  spectrum of compound [I]d , (Figure 3.5) showed the following
characteristic chemical shift ( DMSO as a solvent) : A singlet signal at 3 4.78 ppm could be
attributed to the one proton of NH amide group. A singlet sharp signal at 6 7.46 ppm for two
protons of centre aromatic ring , four aromatic protons appeared at 6 7.0-7.3 ppm due to p-
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disubstituted benzene ring , and finally, a proton of carboxylic moiety (O-H) appeared at o
10.07 ppm .

N-substituted-pyromellitmonoimide [II],4 were obtained by the intramolecular
cyclization reaction of N-substituted-pyromellitamic monoacid [II],. 4 in acetic anhydride and
sodium acetate at (80-90) °C .

The structure of these compounds [II] ,.4 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 asymmetry and symmetry of C-
N-C (cyclic) [16]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 , appearance absorption band around (1040) cm™ for the C-O-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 . The FTIR absorption bands data of these
compounds [II],. 4 are listed in Table 3.

IHNMR spectrum of compound [II]a showed the following characteristic chemical
shift ( DMSO as a solvent) : A singlet sharp signal at 6 7.9 ppm for the two protons of centre
aromatic ring , and four aromatic protons appeared as mulitiplet bands at 6 7.8-7.88 ppm due
to the p-disubstituted benzene ring .

The amic acids [III] ,.4- [VI] 2.qa were synthesized by the reaction of one mole of N-
substituted-pyromellitmonoimide [II],.q with one mole of another primary aromatic amine in
the presence excess of dry acetone as a solvent.

The structure of these compounds [III] ,.4- [VI] 2..g 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 [III] ,4- [VI]
a-d 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 stretching vibration of the
carbonyl group (imide cyclic) and two absorption bands around 1175¢m™ and 745cm™ for
asymmetry and symmetry of C-N-C (cyclic) . The FTIR absorption bands data of these
compounds [III] 5.4- [VI] o.gare listed in Table 4.

[N-(4-substituted phenyl) - N - (4-substituted phenyl)-iso imino]- pyromellitimide [VII] 4.4 -
[X]a-a were obtained by the intramolecular cyclization reaction of amic acid [III] 5.4- [VI] oq in
N, N - dicyclohexylcarbodiimide andCH,Cl, .
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The structure of these compounds [VII] 4.4 - [X]a-a 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 asymmetry and symmetry of
C-N-C (cyclic) , in addition to ,a good peak around 1625 cm™ for C=N group and a stretching
band around 1720 cm™ due to C=O group of lactone ring . They also shows the
disappearance of absorption stretching bands of N-H , O-H and C=0O (carboxylic moiety)
groups of amic acid [III] ,4- [VI] 2q. The FTIR absorption bands data of these
compounds [VII] .4 - [X]a-a
are listed in Table 5 .

'HNMR spectrum of compound [VII], , showed the following characteristic
chemical shift ( DMSO as a solvent) : a singlet signal at 6 1.93 ppm due to the three protons
of terminal CHj group , a good singlet signal at 6 7.94 ppm due to the two protons of centre
aromatic ring , eight aromatic protons appeared as pair of doublet signal at 6 (7.07-7.2) ppm.
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Hence, the formation of the compound [VII], which contains the (-CH3) group attached
to the phenyl , and the formation of the compound [X]. which contains (-NO;) group attached
to the phenyl ,will sport the above mechanism , which wasn’t affected by the type of the
group attached to the phenyl group which will be forbid the formation of isoimide due to
cross hyper conjugation as mentioned previously .

And , upon this phenomena it is possible to synthesis any type of isoimide derived from any
amic acid by using N, N - dicyclohexylcarbodiimide as dehydrating agent .
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Table (1) :Physical properties of new synthesized compounds [I],.4 - [X]..

Com. Nomenclature Mﬂliﬂﬂa M.P | Yield Color
NO. Structural formula °C OA)
formula
. Q CO,H
. N-(4-nitro phenyl)- ‘{;@E CiHsN20 | 300 | 96 | Yellow
pyromellitamic monoacid 3 ﬁ—NH—@NOZ 8
o
N-(4-chlorophenyl ) con C,HsNO Pal
(1 -(4-chlorophenyl)- 0@@( 1688 D6 | 5300 | 95 ale
pyromellitamic monoacid. 3 ﬁ—NH@—CI Cl grey
o)
O CO,H
. N-(@-iodophenyl)- Oi:Oi CiHNOG | _yo0 | oo | Pale
pyromellitamic monoacid. g G-NH I I Brown
0
N-(4-nitro phenyl)] 3 0 CieHN,O | 198
-(4-nitro phenyl)]- 16H6IN2 -
(], pyromellitmonoimide. OQCQN'@N% 7 200 N Yellow
O (o)
N-(4-chl henyl) ° 0 CH¢NO 174 Dark
-(4-chlorophenyl)- 166 5 - ar
[, pyromellitmonoimide. OMN@CI Cl 176 83 grey
o] o)
. O O ——
[, N-(4-1o§iophen‘yl)‘- OC@::N o CisHgNOs | 183- 79 Pale
pyromellitmonoimide 3 < I 185 Peggy
N-(4-nitro phenyl)- HO,C °
[ pyromellitmonoimide, N"-(4- HsC@_HNmN-QNOZ Cy3H N, 300 o1 Pale
2 tolyl) -pyromellitamic 5 o 0O, dec. Brown
monoacid.
N- (4-chloro phenyl)- Ho.c o
pyromellitmonoimide , N - ;I:QN_ o | CuHisN, Pale
[TVl (4- methoxy phenyl)- 300@'“” ¥ C 0,Cl >300 83 Peggy
pyromellitamic monoacid
N-(4- iodophenyl)- HO,C <
pyromellitmonoimide , N™- | @’HN\I:QN- 1| CypHppN; | 208-
(V1. (4- nitro phenyl ) - ’ g o 01 210 81 Yellow
pyromellitamic monoacid.
Q o)
[ N-(4-nitro phenyl)- N -(4- /T )
[VII], tolyl)-isoimino]- SN \ /" C23gl3N3 22113?5 95 | White
pyromellitimide . HsC{\ /"& 6
. _ 0 o
[ N-(4-10d0 phel.lyl?- N -(4- O, N'\ { C22H10N3 178- Dark
X]e nitro phenyl)- isoimino]- — \ 4 O 180 86 Yellow
pyromellitimide . ONY 6
Table (2): Characteristic FTIR absorption bands of compounds [I],p.4
Characteristic bands FTIR spectra (cm™)
comp- | yN-n ye=o VC=0 | VC=0 | VC=C | VC-0-C
No . VO-H cyclic anhyd. . . .
amide carboxylic amide arom. cyclic
(asym, sym
1], 3643 050-24313 1760,1705 1690 1632 1570 1035
(1], 8532 4353350-2 1749,1732 1681 1665 1595 1042
LA 3063 405-23753 1775,1710 1688 1674 1580 1061
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Table (3) : Characteristic FTIR absorption bands of compounds [II], 4

Characteristic bands FTIR spectra (cm™)
vVC=0
C = -N-
vl ven cyclic ve=0 vc=Cc | vc-o- VCN-C
p-No. . Imide, . cyclic asym., Other
arom. anhydride arom. C cyclic
asym.,sym. sym.
asym.,sym.
4-N02:
(1], 3094 1805,1740 1769,1682 1599 1037 1179,768 1504,1303
[I1], 3076 1815,1769 1735,1667 1595 1050 1171,752 4-Cl1: 970
VC-H
[II]q 3065 1835,1775 1745,1667 1597 1045 1180,765 aliphatic
2980-2837

Table(4): Characteristic FTIR absorption bands of compounds [III],, [IV]y, [VI].

Comp.

Characteristic bands FTIR spectra (cm™)

Gl I ve-o [ve=o | V&7 | VET | vence
) . VO-H Imide carboxyl . cyclic Other
amide . amid | arom
asym.,sym ic o asym.,sym
(1], 3308 323:‘32%_ 1682,1649 1638 1618 | 1599 1180,750 4-NO, : 1503,1303
[IV]p 3304 3’2‘:(;55_ 1775,1701 1666 1647 | 1597 1171,754 4-Cl1:970
[VI]. 3317 3;:11655- 1775,1799 1668 1631 | 1598 1180,775

Table (5): Characteristic FTIR absorption bands of compounds [VII],, [XI].

Comp.

Characteristic bands FTIR spectra (cm™)

vVC=0

- VC-N-C
No. VC-H Imide, ve=o VC=N. VC=C arom cyclic asym., Other
arom. Ester
asym.,sym. sym.
4-N02:
[VIIl, | 3098 | 17351715 | 1682 1626 1599 1179,750 1506.1206
XIl. | 3279 | 17351668 | 1717 1626 1578 1180,750
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