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Abstract
Three N-(hydroxyphenyl) phthalamic acids were prepared in high yields
(92-95)% from reaction of phthalic anhydride with o,m and p-aminophenols.
Dehydration of the prepared phthalamic acids by fusion produced good yields
(80-90)% of the corresponding N-(hydroxyphenyl)phthalimides. The prepared
phthalimides were esterified to the corresponding methacrylates, benzoates and
cinnamates in good yields via their treatment with different acid chlorides in the

presence of triethylamine,

The prepared esters were tested as plasticizers for poly(vinyl chloride) and
comparison the results with (DOP) and (DBP) the universal plasticizers for PVC
indicated that the prepared esters in general had high plasticization efficiency.

Introduction

The ability of PVC to tolerate
large amounts of plasticizers, fillers
and other additives is unique among
the thermoplastics and has made it
possible to develop a wide range of
properties in flexible PVCY™,

This versatility coupled with
attractive  economics  has  been
responsible for the growth of flexible
PVC over the years™™,

Thus, in recent decades
extensive research efforts have been
directed towards the preparation and
application of new plasticizers for
PVCE? since plasticizers are efficient
additives in modification of polymers
to desired physical and mechanical
properties,

In the present work nine novel
N-substituted phthalimidyl esters were
prepared from the corresponding N-
(hydroxyphenyl)phthalimides via
esterification reaction using different
acid chlorides in the presence of
triethylamine.

The new esters were tested as
plasticizers for PVC plastic and in

general they show good plasticizing
activity.
Experimental

Melting points were determined
on Gallen Kamp Capillary melting
point apparatus and were uncorrected.
IR spectra were recorded on Shimadzu
FTIR-8300 Fourier Transform Infrared
Spectrophotometer. Softening points
were  determined  on Thermal
Microscope Reichert Thermovar, SPI,
160, U.V. spectra were recorded on
Shimadzu UV-Vis recorder
spectrophotometer U.V. 160. and
C.HLN. zanalyses were determined by
Perkin-Elmer 240 element analyzer.

1- Preparation of N-
(Hydroxyphenyl)phthalamic Acids
fi-3]

Ortho, meta and p-
aminophenols were allowed to react
with phthalic anhydride according to
literatures''”, The prepared amic acids
were purified by recrystallization from
ethanol,

Table (I) Dists melting points,
percent  yields and major IR
absorptions of the prepared amic acids

* Department of Chemistry, College of Science, University of Baghdad



Um -Salama Science Journal

Vol. 3 (4) 2006

2- Preparation of N-
(Hydroxyphenyl)phthalimides [4-6]
The titled  compounds
prepared v dehydration the
corresponding amic acids according to
literature procedures'''’ using fusion
method. The resulted product was
purified by recrystallization from
cvelohexane. Meliing points. percent

wore

ul

vieldse UV data and major IR
absorptions  of  the  prepared
pathaiimides are !isted in Table (II).
3- Preparation of N-
phthalimidylphenyl methacylate
17-9]

The titled compounds were
prepared  according 10 literature
procedures =" with few

modifications:

In a (250 ml) round bottomed
flask fitted with a pressure-equalized
funnel was dissolved (0.01 mole) of
N-(hydroxyphenyl)phthalimide in (40
ml) of dry acetone.

To the resulted  solution
triethylamine (0.01 mole) was added
followed by dropwise addition of
methacryloyl chloride (0.01 mole) with
stirring and cooling then stirring was
continued for another (7 hrs) before
filtration.

The filtrate was evaporated
under reduced pressure and the residue
was extracted with chloroform and
water for three times. The organic
layer was dried and the solvent was
evaporated to produce a thick oil which
was recrystallized from petroleum
ether b.p. (60-80)°C.

Table (11I) lists melting points,
percent yields, U.V. data and major IR
absorptions ol the prepared
methacrylate esters.

4- Preparation of N-
phthalimidylphenyl Benzoates
[10-12)

The same procedure used in the
preparation of methacrylate esters was
followed in the preparation of the titled
compounds except using of benzoyl

678

chloride instead of
chloride.
The prepared benzoate esters
purilicd by recrystallizugtion
from petroleum ether b.p. (60-80)°C.
Percent yields, melting points,
U.V. data and major IR absorptions of
the prepared benzoate esters are listed
in Table (IV).
S- Preparation of N-
phthalimidylphenyl Cinnamates [13-
15|

methacryloyl

Wy

The same procedure used in the
preparation of methacrylate esters was
followed in the preparation of the titled
compounds exeept using of cinnamoy]
chioride instead of methacryloyl
chioride.

The prepared cinnamate esters
were purified by recrystallizagtion
from petroleum ether b.p. (60-80)°C.

Percent vields. melting points,
U.V. data and major IR absorptions of
the prepared cinnamate esters are listed
i Table (V).

6- Testing of The Prepared Esters as
Plasticizers for PVC

Four samples of each cster
were prepared by mixing and grinding
a constant weight (1 gm) of poly(vinyl
chloride) PVC with four different
weights of the prepared ester
(plasticizer) (0.1, 0.2, 0.3 and 0.4 gm)
respectively.

Softening points for all the
prepared thirty six samples were
recorded on (Thermal Microscope)
apparatus using slides prepared from
the plasticized samples.

In the same manner another
eight samples were prepared by using
dioctylphthalate (DOP) in four of them
and dibutylphthalate (DBP) in the
others as plasticizers. Softening points
of the later eight samples were also
determined and the results were used
for comparison.

All the results and details of
this study are listed in Table (VII).
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Results and Discussion

In continuation of our research
program directed towards the synthesis
of novel imidyl esters having high
plasticization efficiency for PVC
plastic. a new series of phthalimidy]
esters including benzoates,
methacrylates and cinnamates has been
prepared.

Preparation of the new esters
includes many steps, in first step three

N-(hydroxyphenyl)phthalamic  acids
were prepared from reaction of
cquimolar  amounts of o.m and p-

aminophenols with phthalic anhvdride
according to literature procedures''”
and excellent yields of crystalline amic
acids were resulted in all cases.
Dehydration and cyclization of the
prepared phthalamic acids gave the
corresponding
N-(hydroxyphenyl)phthalimides.

Dehydration was achieved by
using fusion method since the use of
(acetic  anhydride-sodium  acetate
anhydrous) as dehydrating agent
caused esterification of phenolic
hydroxyl  groups and  produced
acetylated phthalimides instead of the
desired
N-(hydroxyphenyl)phthalimides.

In the third step of this work
the  prepared  phthalimides  were
converted to the corresponding
methacrylate, benzoate and cinnamate
esters by allowing them to react with
methacryloyl, benzoyl and cinnamoyl
chlorides respectively in the presence
of triethylamine.

Tables (I), (1), (I1I), (IV) and
(V) list melting points, percent yields.
U.V. Amay and major IR absorptions of
the prepared compounds while C.H.N.
analysis of some of them are listed in
Table (VI).

It is noticeable that IR spectra
of the prepared phthalimides revealed a
clear band in the region (3321-3412)
em” due to stretching vibration of
phenolic (O-H), thus success of
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esterification reaction of these imides
with different acid chlorides is
confirmed by disappearance of (O-H)
absorption band in IR spectra of the
prepared esters.

U.V. spectra of the prepared
csters  revealed  absorptions  at
wavelengths (290-305) nm these
absorptions were assigned to nom
transitions in benzene ring which was
in conjugation with two carbonyl
groups in phthalimidyl moiety and
n—n transition benzene ring which
wis in o conjugation  with  attached
benzoate or methacrylate or cinnamate
groups.

IR and U.V. spectra of the prepared
esters are shown in Figure (1) to (6).

In fact this work has been directed
towards synthesis of new esters and
testing their ability for plastericization
of PVC, thus the final step of this work
includes testing the ability of the
prepared esters as plasticizers for PVC
plastic.

Thirty six samples were prepared
and their softening points were recorded.
The results showed that the prepared esters
caused a  clear depression in PVC
softening  point  and the depression
ncreased with increasing of plasticizer
concentration,

In general type and comtent of
plasticizer effected on several
physicochemical properties of PVC'*),
thus plasticized PVC showed lower
softening points due to the formation of
secondary molecular forces between
plasticizer molecules and polymeric chains

especially  when there is a good
compatibility between them.
These new forces will reduce

molecular forces between the polymer
chains themselves and this will decrease
the orientation of the crystalline phase
which inturn reduce stiffness, softening
points and tensile strength since these
mechanical properties are influenced by
degree of crystallinity!'*'™,

Plasticization efficiency of the
prepared plasticizers were tested by
comparison the results with (DOP) and
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(DBP) the universal plasticizers for
PVC,

The results showed that all the
prepared esters in this work have high
plasticization efficieny for PVC and

Table (I): Melting points, percent yields and spectral data of phthalamic acids

-

i Yield%s

they are more efficient than both
(DOP) and (DBP). ' :

All the results of this study are
listed in Table (VII) while softening
curves of the prepared esters are shown
in Figures (7) to (9).
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Table (IV): Physical properties and spectral data of N-phthalimidylphenyl benzoates

Al Tafiag < Major IR, absorptions, em
]| Melting point AEL AR,
. vC=0) Imide

HA5-107
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Table (VII) Effect of different weight ratios of plasticizers on PVC softening point

LR
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.! (i 0.2 J 132-143 i
I 0.3 ! 118-130
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% 02 i 102-110
b 03 9095 |
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i i ; 0.2 F 112-118 |
| 3 P
! ! 0.3 99-1i0 :
n ¥ §3-94 ||
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” 02 | 108-119 :
i 0.3 | 95-105 |
0.4 | 85-95 |
| 0. : 185-210  §
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