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ABSTRACT

New poly (ester-amide-imide)s containing aminoacids and4,4’-
(diamidodibenzo) sulfone units were prepared and their solubility and
viscosity were evaluated. The viscosities of polyamides arein the range of
0.43-0.47. These polyamides showed good solubility in common organic
solvents. Theoretical calculation shows the high free volume of polymer

chains. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Aromatic polyamidesand polyimidesare high per-
formance polymerswith someadvantagessuch as, good
therma stability, efficient mechanica properties, low
flammable, good processable, easy gpplicableand low
density material 94, Because of their excellent prop-
erties, they areused asgood aternativesfor aseries of
industrial materiasin applications®. Thenew industry
andtechnol ogy requireshigh performancemateridswith
aseriesof propertiesand stablein vigorousconditions
such aselevated temperatures, high acidicand basic
mediaand humid and cold regiong®. Polyamidesand
polyimidesareimportant candidatesfor these advanced
materia shaveability to changether propertieswitha
seriesof improvmentsand gain desired application!”.
Wholly aromatic polyamides (aramides) haveafew dis-
advantagessuch aspoor solubility, difficult processability
and highmelting and thusrestricted applicationg®. Sev-
erd procedureswereexamined for achievethesedraw-
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backs containing the use of softening aliphatic chains,
ethers, estersand sulfidesin the polymer main chain,
insertion of threedimens ond and bulky pendant groups
(for example; dkyl, sulfone, thio and ether groups) for
avoid crystalinity, closepacking and gainlow melting,
good sol ubleand processabl e polymerswith good ther-
mal stability!®1Y,

In continuation of our previousresearchworkson
the synthesisof polymerg*3, inthisresearch work new
organosulobl e poly (ester-amide-imide)s containing
aminoacidsand diphenylsulfoneinthemainchainwere
synthesized and their propertieswerestudied.

EXPERIMENTAL

Thereactionsfor the synthesis of monomer and
purification of polymerswerecarried out in an efficient
hood. All the materials were purchased from Merck,
Fluka, Across Organicsand Aldrich chemica compa:
nies. N-Methyl-2-pyrrolidinone (NMP, Merck) was
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purified by distillation under reduced pressureover cal-
cium hydrideand stored over 4A U molecular sieves.
FT-IR spectrawere recorded in potassium bromide
pellets on aBruker apparatus. TheH NMR and *C
NMR spectrawereobtained usng BRUKER AVANCE
DRX 500 M Hz apparatus and mass spectrawere ob-
tained with Shimadzu GC-M S-QP 1100 EX model.
Inherent viscosities (n, = Immr/c at a concentration of
0.5 g dL*) were measured with an Ubbel ohde sus-
pended-level viscometer at 30 °C using DMSO as sol-
vent. Theoretical studies were performed using
hyperchem 7.0 using semi-empiricd functionsandAM 1
method andthen the molecul ar structuresin Figures 3
and 4 wereproduced using GaussView 5.0.

Synthesisof dichloroamide(3)

To acetonitrile (30 mL) were added 4,4’-
diaminodiphenyl sulfone (1, Immol, 0.25g), triethy-
lamine (2mmol, 0.28mL ) and chloroacetyl chloride (2
mmol, 0.16mL) at room temperature. Thereaction mix-
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turewasstirred a room temperaturefor 48 hours. Af-
ter completion of the reaction (monitored by TLC),
water was added and theresulting white preci pitatewas
filtered and recrystallized in ethanol to afford awhite
s0lidin94%yield; IR (KBr): 3598, 3508, 3314, 3110,
2987, 1684, 1534, 1302, 1107, 836 cmt; *H NMR
(500 MHz, DMSO-d,) &: 4.24 (s, 4H), 7.75 (d, J=
9Hz, 4H), 7.85(d, J=9Hz, 4H), 10.68 (S, 2H) ppm;
BCNMR (125 MHz, DMSO-d)) 5: 166.27, 143.75,
136.64, 129.44, 120.34, 44.39 ppm; MS (El) m/z
(relativeintensity %): 405 [M+1]* (3), 404 [M]* (6),
403 [M-1]* (7), 402 [M-2]* (33), 401 [M-3]* (23),
400 [M-4]* (54), 324 (31), 216 (29), 184 (32), 140
(71), 108 (100), 77 (24), 36 (57); Analytical calcu-
lated for C H,,CI_N,O,S (M=401.26): C, 47.89; H,

16" 14

3.52; N, 6.98; Found, C, 47.86; H, 3.51; N, 7.03.
Synthesisof diimide-acids(8-10)

To Pyromdliticdianhydride (4, 1mmol) was added
aminoacids(5-7,2mmol) and glacid aceticacid (30mL)
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Scheme1: Synthesisof dichlor oamide(3)
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AminoAcids: I-Phenyl alanine (5), I-methionine (6), b-Alanine(7)
Scheme 2 : Synthesisof diimide-acids (8-10)
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Figurel: FT-IR spectrum of diimide-acid (8)
at roomtempearture. Themixturewasstirred at room  tallizedin ethanol to afford diimide-acids (8%, 94, 10%)
temperaturefor 1h and then wasrefluxed for 24h. Af-  ingoodyields.
ter completion of the reaction (monitored by TLC), Synthesis of polymers (11-13)
water was added and the mixturewas| ft for 24h. Then, _ _
the resulting white preci pitate wasfiltered and recrys- Polyamideswere synthesized through the nucleo-
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Figure2: FT-IR spectrum of polyamide (11)
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Figure4: HyperchemSemi-empirical AM 1 optimized structur e of polymer (12, top view)

philic reaction of dichloroamide(3) withvariousdiac- 0.51g), NMP (4mL) and triethylamine (2mmol,

ids (8-10) asshownin Scheme 3. A typical example 0.28mL). Themixturewasstirred & room temperature

for the preparation of polyamide (11) isgiven. To3 for 30min. and then, irradiated under microwavein

(2mmol, 0.40qg) in quartz tubewereadded 8 (lmmol, 600W for 9 Min. (3x3 Min.) and the rest time of 10

Watevioly Stience Comm—
Hn Tndéan ﬁammf




MSAIJ, 12(7) 2015

Esmael Rostami et al.

247

= Fyl] Peper

TABLE 1: Spectral data of polymers(11-13)

Polymer IR (cm™) '"H NMR (500 MHz, DM SO-de): & (ppm)
1 3368, 3146, 2993, 1716, 1693, 3.12-3.15 (b, 4H), 5.31 (S, 4H) 6.71 (t, J= 8.5 Hz, 2H), 6.73-7.24 (m,
1386, 1107. 10H), 7.71-7.73 (b, 4H), 7.81-7.83 (b, 4H), 8.14-8.16 (b, 2H), 9.29.
12 3366, 3281, 2983, 2431, 1719,  3.15(s, 6H), 4.56 (S, 4H), 4.73 (S, 4H), 6.99-7.01 (b, 2H), 7.21-7.82 (m,
1685, 1401, 1041, 986, 834. 8H), 8.13-8.16 (m, 2H), 10.56 (S, 2H).
13 3366, 3158, 2986, 2434, 1701,  3.77-3.89 (m, 8H), 4.62 (S, 4H), 7.56-7.83 (m, 8H), 8.15 (s, 2H), 10.55

1688, 1577, 1126, 1040, 990.

(S, 2H).

TABLE 2: Inherent viscodty and theyieldsof polymers(11-
13)

Polymer Yield (%) Tinn (@/dL)?
11 o1 0.47
12 88 0.45
13 86 0.43

3Measured at a polymer concentration of 0.5 g/dL in DM SO
solvent at 30 °C

Min. (2x5 Min.). After cooling to room temperature,
the resulting viscose reaction mixture was poured into
300 mL of boiling methanal. Theresulting crude prod-
uct was precipitated and then filtered. Theresulting
polymer (11) waswashed with hot methanol (50 mL),
hot water (twice, 50 mL) and then hot methanol (50mL),
respectively; and dried under vacuum at 100°C over-
night. Spectral data, viscosity and solubility of these
polyamideswerereported in thefollowing tablesand
figures.

RESULTSAND DISCUSSION

In thisresearch work, wewish to report the syn-
thesisand characterization of poly (ester-amide-imide)
S obtained from the reaction of a new
dichloroamidemonomer (3), containing amide and sul-
foneunits, and aromatic rings. 3was prepared fromthe
reaction of 4,4’-diaminodiphenyl sulfone and
chloroacetyl chloridein acetonitrilein the presence of
triethtylamine (Scheme1).

Diimide-acids (8-10) were prepared from there-
action of Pyromelliti cdianhydride (4) and aminoacids

(I-phenyl aanine (5), I-methionine (6) and p-ala-
nine (7)) in refluxing glacial acetic acid in good
yields (Scheme 2). FT-IR spectrum of 8 isappeared
inFigure 1. poly (ester-amide-imide)s (11-13) were
prepared from the reaction of dichloroamide (3) and
diimide-acids (5-7) in NMP under microwaveirra
diation (Scheme 3). FT-IR spectrum of 11 is ap-
peared in Figure 2, and showed the corresponding
structure according to the main functiona groups.
FT-IR and 1H NMR spectra of polymers summa-
rized in TABLE 1 and are in agreement with corre-
sponding structures. Theinherent viscositiesand the
yields of polyamides were reported in TABLE 2.
The solubility behavior of polymers wasinves-
tigated qualitatively in a series of organic solvents
such as N-methylpyrrolidinone (NMP), N, N-
dimethylformamide (DMF), tetrahydrofuran (THF),
dimethylsulfoxide (DM SO), N, N-
dimethylacetamide (DMACc) and m-cresol, and the
results are summarized in TABLE 3. All the poly-
mers showed reliable solubility in polar organic
solvents. This might be due to the presence of phe-
nyl sulfone unitswhich decreased intremol ecular and
intramolecul ar hydrogen bonding but thiomethoxyand
aliphatic groupsincreasestheintramol ecular hydro-
gen bonding and flexibility and then decrease the
crystalinity and close paking. On the other hand, sul-
fone unitsreduced theflexibility and increased close
packing and crystallinity. Also, the aminoacid struc-
ture varies the solubility. Theoretical studieson the
monomer of 12showed the high free volumein the

TABLE 3: Thesolubility of polymers

Polymer? NMP DMAc DMF DM SO m-Cresol THF
1 ++ ++ ++ ++ ++ +
12 ++ ++ ++ ++ + +
13 ++ ++ ++ ++ ++ +

(++) Soluble at room temperature; (+) soluble upon heating; (+) partially soluble; 2Solubility measured at a polymer concentration

of 0.05 g/ml
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molecule. This phenomenon decreases the crystal-
linity and close packing, and increase the solubility
of polymers (Figure 3 and 4). According to theabove
discussionsthe solubility of polymerswere affected
by the severa variables and the solubility varies
according to the structure of amino acid in the di-
acid monomer (8-10). The viscosities of polymers
were measured in DM SO at 30 °C and are in the
range 0f0.43-0.47(TABLE 2).

CONCLUSION

A seriesof new poly (ester-amide-imide)sbearing
aminoacidsand diphenylsulfoneinthemanchanwere
successfully prepared in nucleophilic conditions under
microwaveirradiation (MW). The polymers showed
reliablesolubility and viscosity. Thisisdueto the pres-
enceof diphenylsulfoneand diphatic groupsof amino
acidsinthe presenceof tetrahedral sulfonefunctional
group. Thus, weafforded polymerswithimproved solu-
bility. Theoretical study showed thehighfreevolume
and describesthe solubility.
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