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ABSTRACT KEYWORDS
Six dicarboxylic acids 3a-3f were synthesized by the reaction of 3,3' ,4,4' - Polyamide-imides;
benzophenonetetracarboxylic dianhydride 1 with L-aminoacids 2a-2f in a N,N'-(4,4 -

solution of glacial acetic acid/pyridine at refluxing temperature. Then six
new poly (amide-imide)s PAls were synthesized from the direct polycon-
densation reaction of (N,N'-(4,4' - carbonyldiphtal oyl)-bis-L-amino diacid)s
with 1,5-bis (4-aminophenyl) penta-1,4-dien-3-one (APPD). The polymer-
ization reactions produced a series of new optically active poly (amide-
imide)s with high yield and good inherent viscosity. Also these PAls are
optically active and soluble in various organic solvents. These resulting
new polymers can be used in column chromatography for the separation of
enantiomeric mixtures. The resulted polymerswere fully characterized by
means of FTIR and *H-NMR spectroscopy, elemental analysis, inherent
viscosity measurements, solubility tests and thermogravimetric analysis
(TGA). © 2013 Trade Sciencelnc. - INDIA

Carbonyldiphtaloyl)-Bis-L-
Amino Diacids;
1,5-Bis(4-Aminophenyl)
Penta-1,4-Dien-3-One;
Spectroscopic study;
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Thermogravimetric analysis.

INTRODUCTION often insolubleand intractableresulting in processing

difficultiesthat limit their applications®. Modification of

Thedevel opment of heet resstant high performance
polymersin the past decades has been quite dramatic
and hasdrawn the attention of many polymer scientists
al over theworld. Aromatic polyimideshavegot arepu-
tation as high-performance materia sbecause of their
excdlent thermd stability, chemica resistanceand out-
standing mechanica properties¥. Polyimideshave be-
comeanincreasingly important classof polymers, find-
ing awiderange of applicationsin the aerospaceand
microd ectronicsindustried?3. However, polyimidesare

high performance materia sby enhancing the solubility
and lowering thetransition temperatureswhile main-
taining thermal stability is of particular interest.
Copolycondensation isone of the possiblewaysfor
modifyingthepolymer characteristics. Thus, for thepro-
ng of polyimidesmany copolyimides, suchaspoly
(amide-imide)s, poly (ester-imide)sand other copoly-
mers have been prepared®9. Poly (amide-imide)sare
an attractive polymer family which hasreceived atten-
tion dueto its natural biodegradability!’®3, Photosen-
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Sitivity of polymersmeansthat the polymersaresensi-
tivetotheirradiated light leading to some changesin
property or structure. Polymers contai ning photosens -
tive moieties such ascinnamate, chalcone, coumarine,
dibenza acetoneand the r derivativesbothinmainchan
or sidechain®>% haveattracted great interest owing to
their potentid usein variousapplications, most of these
including devicesfor optical datastorage, photoresists
and photolithographic assemblies*s17, Optically active
polymersare advanced technol ogical substanceswith
variousengineering applications. Their useslikechira
stationary phasesin HPL C techniquesfor resol ution of
racematesand asymmetric mediumsin enantiosdective
synthesishave dready been reported®®?3, Thus, poly-
mers containing naturally occurring amino acidsintheir
backbones may be expected to have bioactivity and
biocompatibility.

We wanted to report the preparation and basic
characterization of photosensitiveand thermally stable
poly (amide-imide)s PAls 5a-5f from thedirect poly-
condensation reaction of [N,N' -(4,4 -
carbonyldiphtaloyl)- bis-L-amino acid]swith 1,5-bis
(4-aminophenyl)penta-1,4-dien-3-one (APPD) in a
medium contai ning N- methyl-2-pyrrolidone (NMP),
triphenyl phosphite (TTP), calcium chloride (CaCl2)
and pyridine. Previou study reported that APPD has
been synthesi zed through atwo-step reaction starting
from 4-nitrobenzal dehyde and acetonein ethanol/wa-
ter and finally by acatalytic reduction of 1,5-bis (4-
nitrophenyl) penta-1,4-dien-3-one using Na2S,
NaHCO3in methanal.

EXPERIMENTAL

Materials

3,3 ,4,4 -Benzophenonetetracarboxylic
dianhydride (1, Aldrich), L-adanine(2a), L-vdine(2b),
L-leucine(2c), L-isoleucine(2d), L-phenylaanine (2€)
and L-2-aminobutyric (2f) acids (Merck) were used
without previouspurification. DiamineAPPD (mp., 295-
297°C) was prepared according to the previous work
(283, 24). SolventsNMP (Fluka), Py (Acros) and TPP
(Merck) wereused asreceived. Commercially avail-
able CaCl2 (Merck) wasdried under vacuum at 150°C
for 6 hours.

—==== Fy// Poper
Techniques

1H-NMR spectra were recorded on a Bruker
AVANCE DRX-400MHz (Germany). Chemicd shifts
are shown in ¢ values (ppm) with tetramethylsilane
(TMS) asaninternd reference. Fourier transformin-
frared (FTIR) spectrawere recorded on aGalaxy se-
ries FTIR 5000 spectrophotometer (England). Spec-
traof solid were performed by using KBr pellets. Vi-
bration transition frequencieswerereported in wave
number (cm't). Band intensitieswere assigned aswesk
(w), medium (m), shoulder (sh), strong (s) and broad
(br). Inherent viscositieswere measured by astandard
procedure using aTechnico Regd Trad Mark Viscom-
eter. UV-Visabsorptionswererecorded at 25°C in the
250-750 nm spectral regions with a Perkin-Elmer
Lambda 15 spectrophotometer on DMF solutions by
usingacdl length of 1 cm. Specificrotationsweremea
sured by anA-Krusspolarimeter. Thermal gravimetric
andyss(TGA and DTG) datafor polymersweretaken
onaMettler TA 4000 System under N2 atmosphere at
arateof 10 k/min. Elemental analysiswere performed
onaVario EL equipment.

Monomer synthesis

[N,N' -(4,4' -carbonyldiphtaloyl)-bis-L -amino
diacid]s3a-3f

436 g (20.00 mmol) of 3,3 ,44 -
benzophenonetetracarboxylic dianhydride 1, 40.00
mmol of L-amino acids2a-2f, 80 ml of mixture of ace-
ticacid/pyridineand astirring bar wereplaced into a
250 ml round-bottomed flask. Themixturewastirred
at room temperature overnight and refluxed for 4-10
hours. The solvent wasremoved under reduced pres-
sure and theresiduewas dissolved in 100 ml of cold
acidic water. A white precipitate wasformed, filtered
off and dried to give compounds [N,N' -(4,4' -
carbonyldiphtaloyl)-bis-L-amino diacid] s 3a-3f.

Polymer synthesis

A mixtureof diacid 3a-3f (1 mmoal), diamineAPPD
4 (1 mmol), calciumchloride (0.350g), TPP (0.8 ml),
pyridine (1.2 ml) and NMP (4.0 ml) wasrefluxed for
10hours. After cooling, thereaction mixturewas poured
into methanol (50 ml) to preci pitatethe corresponding
polymer. The precipitated polymer wasthen separated
by vacuumfiltration and washed with methanol (30 ml)

ey, Research & Reotews On

Polymer



68 Synthesis of poly (amide-imide)s by polycondensation reaction

RRPL, 4(2) 2013

Full Paper ==

and hot water (100 ml) and dried at 120°C under
vacuumfor 24 hours. IR and NMR spectroscopic re-
sults of the obtai ned polymerswill bediscussed inthe
resultsand discussion section

RESULTSAND DISCUSSION

Monomer synthesis

The asymmetric diacids 3a-3f were synthesized by
the condensation reaction of 3,3 ,4,4' -
benzophenonetetracarboxylic dianhydride 1 withtwo
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equimolarsof L-alanine 2a, L-valine 2b, L-leucine 2c,
L- isoleucine 2d, L-phenyl alanine 2e and L-2-
aminobutyric 2f acidsin an acetic acid/pyridine solu-
tion. Inthiswork we used six diacids 3a-3f for direct
polycondensation (Scheme 1). Thediacids 3a, 2c and
2ewere synthesized previously**?4. Theyieldsand
somephysical propertiesof thesecompoundsareshown
iInTABLE 1. Thechemica structureand purity of the
optically activediacids 3a-3f were proved by using € -
emental analysis, FTIR and 1H-NM R spectroscopic
techniques.
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Scheme 1: Synthesisof diacids3a+3f

TABLE 1: Synthesisof chiral diacids3a-3f

Yield Mp
(%) (O

3a L-alanine 94 262-264
3b L-valine 92 283-285 +4.5
3c L-leucine 82 265-267 +2.1

278-280 -8.2

Amino acid [e]D®*  Color

-7.5

Entry

White
White
Grey
3d L-isoleucine 91 Pale yellown
3e L-phenyl aanine 94 264-266 -6.5 Grey

3f L-2aminobutyricacid 88 241-243 +14.6 White
@M easured at a concentration of 0.5 g/dl in DMF at 25°C

Asanexample, the 1H-NM R spectrum of diacid 3f
showed peaksbetween 0.84 and 0.89 ppm asatriplet,
whichwereassigned for two CH3 (b), peaks between
2.05and 2.18 ppm asamultiplet, whichwasassgnedto
the CH2 (c) and peaks between 4.70 and 4.75 ppm as
adoublet of doublet, which was assigned to the CH (d)
protons, which are chiral centers. The peak at 8.1-
8.25 ppm was assigned to aromatic protons (e). Also
abroad peak at 13.25 ppm was assigned to COOH
groupsasshownin Figure 1. The measured resultsin
elementa analysisof these compoundswere closaly
corresponded to the cal culated ones, demonstrating
that the expected compounds were obtained.

Polymer synthesis
Inthiswork, thedirect polycondensation of adi-
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Figurel: IH-NMR spectrum of diacid 3a- 3f
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carboxylic acid and diamineisoneof thewel-known
methodsfor PAI synthesis. We synthesized PAI s 5a-5f
contai ning dibenzal acetone moi ety by direct polycon-
densation reactions of six chiral [N,N' -(4,4' -
carbonyldiphtaoyl)-bis-L-amino acid] s 3a-3f with di-
amineAPPD 4 by using triphenyl phosphate (TPP) and
pyridine as condens ng agents (Scheme 2).

All the polycondensations proceeded readily ina
homogeneous sol ution. Tough and stringy precipitates

Polymer
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Scheme 2 : Synthesisroute of PAls5a-5f

formed when the viscous polymer solutionsweretrick-
ledintothegtirring methanal.

Thesynthesisand some physica propertiesof these
new PAls5a-5f aregivenin TABLE 2. All the poly-
merswereobtained in high yields (82%-94%) and the
inherent viscositieswere 0.45-0.58 di/g measured in
DMF solutions. Some physical propertiesof PAls5a
5f aregivenin TABLE 2. Also theresulting polymers
have arange of color between cream and brown.

TABLE 2: Synthesisand some physical propertiesof PAls
5a-5f

Diacid Polymer Yield (%) yinnh(dL/g)® [¢]D®*  Color

3a ba 91 0.45 +110 Cream
3b 5b 90 0.54 +115 Cream
3c 5c 83 0.50 +99.5 Brown
3d 5d 85 0.51 +118.5 PaleBrown
3e 5e 94 0.48 +112.5 Cream
3f 5f 82 0.58 +123.5 Cream

8 M easured at a concentration of 0.5 g/dl in DMF at 25°C
Polymer characterization

Thestructure of polymerswasconfirmedasPAls
by meansof FTIR spectroscopy and e emental analy-
sis, the representative FTIR spectrum of PAI 5bis
showninFgure2. Thepolymer showedthe C=0 asym-
metric stretching of imideat 1776 cm, the C=0 sym-
metric stretching of imideat 1720 cm?, C-N stretching
at 1379 cmr. All of these PAIs exhibited strong ab-
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Figure2: FTIR spectrum of PAI 5b
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Figure3: IH-NMR spectrum of PAI 5f
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TABLE 3: FTIR characterization of PAls5a-5f FT-IR peaks (cm™)

Polymer

sa 1050 (). 823 (). 725 (S), 524 (m)

5b (m), 730 (s), 527 (w)

> (), 825 (W), 725 (), 617 (W), 524 (w)
5 (M), 1113 (), 723 (w).

5e

(w), 1055 (w), 825 (w), 721 (), 524 (m).

of 723(3), 526 (W)

3071 (w), 2916 (w), 1780 (w), 1722 (s), 1610 (m), 1514 (s), 1388 (5), 1290 (m), 1247 (m), 1175 (w), 1095 (w),
3075 (w), 2915 (w), 1780 (w), 1722 (s), 1610 (w), 1512 (s), 1388 (m), 1249 (m), 1125 (w), 1057 (W), 825

3071 (w), 2914 (w), 1778 (M), 1722 (s, br), 1610 (m), 1514 (s), 1386 (S), 1249 (s), 1176 (w), 1097 (W), 1053
3065 (W), 2969 (M), 1776 (w), 1716 (s), 1678 (M), 1639 (w), 1591 (m), 1465 (m), 1385 (), 1321 (W), 1201
3075 (), 2954 (w), 1780 (w), 1720 (s, br), 1610 (m), 1512 (5), 1388 (s), 1292 (m), 1248 (M), 1176 (W), 1099

3073 (w), 2925 (m), 1780 (m), 1722 (s), 1611 (w), 1514 (s), 1387 (s), 1248 (m), 1122 (w), 1055 (w), 825 (M),

sorption around 1380 and 763 cm'?, which shows the
presence of the heterocyclicimidegroups. FTIR spec-
troscopy detafor dl of PAIs5a5f areligedinTABLE 3.

The 1H-NMR spectrum of PAI 5f shows peaks
confirmitschemica structureasshowninFigure3. The
aromatic and olefin protonsrel ated to polymer back-

H f
~CH;

ot e oo

. fH ” H,O DMSO
“:w

- s

Figure4: 1H-NMRspectrumof 5b
TABLE 4: Elemental analysisof PAIs5a-5f

bone appeared in the region of 7.22-7.73 ppm. The
peaksintheregion at 1.90-2.04 ppm are assigned to
diasterotopic protonsinthepolymer chain. Thepeak in
region 9.97 ppmisassigned to N-H amidegroupsin
the polymer chain. Thepeak intheregion at 4.50 ppm
isassigned to the proton of the chiral center. Also, the
1H-NMR spectrum of PAI 5b showed peaksthat con-
firmitschemica structureseeFigure4. Theelemental
andysisof theresulting PAIs5a-5f werein good agree-
ment with the cal cul ated va uesfor the proposed struc-
tureasshownin TABLEA4.

Solubilityof PAls5a-5f

The solubility of PAls5a-5f wasinvestigated as
0.01 g of polymeric samplein 2 ml of solvent. These
poly (amide-imide)shavegood solubility inaprotic or-
ganic solvents. Remarkably, al of thesePAlswereeesily
soluble at room temperaturein aprotic polar solvents
such as N-methyl-2-pyrrolidone (NMP), N,N-

TABLE 5: Solubility of PAIs5a-5f

Polymer Formula %C %H %N Solvent 5a 5b 5¢c 5d 5e 5f
5a C34H27N407 Caled 67.69 4.47 9.27 H2S04 + + + + + +
(603.23)n Found 66.89 3.93 8.96 DMACc + + + + + +
5b C36H31N4O7 Calcd 68.49 491 8.86 DMSO + + + + + +
(631.25)n Found 68.31 4.66 8.80 DMF + + + + + +
5¢c C37H33N407 Caecd 68.86 511 867 NMP + + + + + +
(645.26)n Found 68.72 4.89 8.49 MeOH - - - - - -
5d C37H33N407 Caecd 68.86 511 867  EtOH - - - - - -
(645.26)n Found 67.98 497 831 CHCI3 - - - - - -
5e C40H31N4O7 Caled 70.72 456 8.23 CH2Cl2 - - - - - -
(679.29)n Found 69.89 4.65 8.02 H20 — — — - - -
Sf C35H20N407  Caled 6810 4.69 9.06 + soluble at room temperature “ insoluble at room tempera-
(617.24)n Found 67.88 4.61 8.89 ture
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dimethylacetamide (DM Ac), N,N-dimethylformamide
(DMF) and insolublein solvents such as chloroform,
ethanol and methanol asshownin TABLEDS.

UV-visabsor ption characteristics

Thephotosensitiveproperty of thenew poly (amide-
imide)s5a-5f inthe DM F solution wasstudied by aUV

spectrophotometer. All polymer solutionsexhibit the
same position of absorption maximumin UV-Visspec-
tra310-330 nm. The maximum absorption at around
300 nm corresponds to n—n* transition of the
nonbonding dectronswhichwaspresent innitrogen and
oxygen atomsin the polymer backbone. The UV-Vis
absorption spectrum of PAI 5c in N,N’-
dimethylformamideisshowninFigure5.

081

0.6|

Intensity

04r

0.2

0 L
280 380
A (nm)

Figure5: UV-visabsor ption spectrum of PAI 5a-5f inDMF
solution

480 580

Thermal properties

Thethermal properties of 5b and 5d were evalu-
ated by meansof TGA/DTG inatmosphereat ahesat-
ing rateof 10k/min. Thetemperature of 5% and 10%
weight losstogether with char yield at 800°C has been
ca culated by meansof thermogramsand used asacri-
terion for the evaluation of thermal stability of these
polymers. Thethermoandysesof the polymersaresum-
marized in TABLE 6. Figure 6 shows TGA results of
PAIs5b and 5d respectively.

Thechar yidd of thepolymersat 800°C was above
35% which show ahighintrinsicfireresistance. The
char yield can be applied asadecisivefactor for esti-
mating thelimited oxygenindex (LOI) of polymersus-
ing Van Krevelen and Hoftyzer’s equation(®!,

LOI =17.5+0.4CR

WhereasCRischar yidd.
PAls5b and 5d had LOI valuesaround 32, which
werecalculated from their char yield. Onthe basis of

—== Fyl] Paper
the LOI va ues, such macromol ecules can beclassfied
assdf-extinguishing polymers.

TABLE 6: Thermal behavior of PAls5band 5d

Polymer Ts5(°C)® T10 (°C)2 Char yiedP? LOI°
5b 330 390 411 339
5d 245 383 35.4 316

aTemperatureat which 5% or 10% weight losswasrecorded by
TGA at a heating rate of 10 k/min under N..

bWeight percentage of material left after TGA analysis at a
maximum temper ature of 800°C under N.,.

cLimiting oxygen index.
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Figure6: TGA curvesof PAls5b and 5d
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CONCLUSIONS

Inthisarticle, wehavesuccessfully synthesized new
dicarboxylic acid 6 containing L-amino acids. A series
of new optically activeand thermally stable PAIs 5a-5f
were prepared from [N,N' -(4,4' -carbonyldiphtal oyl)-
bis-L- amino diacid]s 3a-3f with 1,5-bis (4-
aminophenyl) penta-1,4-dien-3-oneby direct polycon-
densation method. The photosengtive propertiesof new
PAls5a-5f inthe DMF solution were studied by aUV-
Visspectrophotometer. These PAlsare photosensitive
polymers because of dibenzalacetone moietiesinthe
backbone of polymers. Theresultspresented herea so
clearly demonstratethat incorporating theimidegroup
into the polymer main chain aswell ascombination of
the aromatic backbone and severa functional groups
remarkably increased thethermal stability of the new
polymers. These polymersare expected to have higher
solubility duetothe presenceof akyl groupsinthepoly-
mer chain. These properties could make these PAls
attractivefor practica applicationssuch asprocessable
high-performance engineering plasticsthat may be sub-
ject of further investigations.
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