Trade Science Ine.

ISSN : 0974 - 7478 Volume 9 Issue 1

Macromolecules

A Jndian Joaraal

— Ful] Paper

MMAIJ, 9(1), 2013 [7-10]

Preparation of novel dye copolymers based on 4-[4-(2-Hydr oxy-1-
naphthyl azo)phenyl]-1,2,4-triazolidine-3,5-dion

Hossein Nasr-I1sfahani, Mohammad Bakherad?!, Raheleh Rawat!, Hossein Mighani?*
ICollege of Chemistry, Shahrood University of Technology, Shahrood, 3619995161, (IRAN)
2Department of Chemistry, Golestan Univer sity, Gor gan, 4913815739, (IRAN)

E-mail : hmighani@gu.ac.ir

ABSTRACT

Thereaction of 4-(4-nitrophenyl)urazole (1) with two molesof hexamethylene
diisocyanate (HMDI) in dimethylformamid (DMF) to produce new
diisocyanate(2). The products were reacted with 4-(4-aminophenyl) urazole
- B-naphthol without separation to producing novel dye copolrmers, with
relatively good inherent viscosities. These novel copolymers have inher-
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ent viscositiesin arange of 0.25-0.31dLg*in DMF at 25°C. Some struc-
tural characterization and physical properties of these novel copolymers

arereported. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

TheDesignand synthesisof bi-functiona colorants
has received considerable attention because such
colorants can be utilized asmonomersfor functiona
polymersviapolyaddition and pol ycondensation reac-
tiong¥. Owingto theinherent non-leaching behavior
and good light fastness combined with the specia prop-
erties of polymerg?3, there hasbeen much emphasis
given to the synthesis of polymers containing chro-
mophoric groups*®, for example, the aromatic azo
group which can form the part of themain chain. In
addition, thearomatic azo group isof specia interest
because of the existence of cis-transisomerismand its
effect onthe photo chromic propertiesof the polymers.
Therfore, polymersthat contain the azo group have
potential useinavariety of applicationd®, suchasma-
terialswith liquid-crysta”® or non-linear optic prop-
ertied¥. Azobenzene-containing materialsare photo

chromic and reversibly switch between two spectro-
soopicaly digtinct formshby useof light. Thusazobenzene
—based polymersareinteresting dueto their photo re-
sponsive behavior which can be utilized in optical

switches, optical datarecording or optical information
storage!’®*2, Urazoles(1,2,4-triazolidine-3,5-diones)
arevery significant chemical reagentsinthelaboratory
aswedl asinindustry. Indugtridly urazolesareused asa
stabilizer inmilk, and in the production of anti-tumor
drugs™®. They area so utilized in polymeric materi-
a g+ inthe production of automobileair bags, asa
blowing agent in plagtics, inthemanufacture of antifun-
gal compounds, and herbicides*®. Urazoleshavebeen
used asalaboratory reagent for preparation of novel

organometallic and heterocyclic compounds*™; for ex-
ampletriazol o 1,2-a]indazol e-trioneshave been pre-
pared viaathree-component method, by using homo-
geneous™d, or heterogeneous? catdysts. Someurazole
derivativeswerefound to be potent cytotoxic agentsin
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murrain and human cancer cell lines. Other pharma-
ceutical properties of urazole derivatives are
hypolipidemic activity vialowering serum, cholesteral,
and triglyceride level %9, pesticides® and insecti-
cides?. Preparationsof thermoplastics, production of
heat resistant coatings?®, tire rubbers with high
gripability!® and melamineresind®!, are among the
applicationsinthefield of polymerization of urazole
derivatives. The synthesisand characterization of the
macromoleculesrestrain heterocydlicringsinthemain
chain hasbeen thetopic of considerableinterest, be-
causeof ther rd atively good therma stability and some
attractivenove properties®.

EXPERIMENTAL

Apparatus

IR spectra were recorded on Shimadzu 470 IR
spectrophotometer. Spectraof solidswerecarried out
using KBr disks. Vibrationa trangition frequenciesare
reported inwave number (cm?). Bandintensitiesare
assgned asweek (W), medium (m), shoulder (sh), strong
(s) and broad (br). Inherent viscositieswere measured
by astandard procedure using a Cannon Fensk Rou-
tineViscometer. Thermal gravimetricanaysis(TGA)
datafor polymersweretaken by Amir-Kabir Univer-
sity, Tehran, Iran, in nitrogen atmosphere at arate of
10°C/min.

Reagentsand monomer

Reagentswere purchased from HukaChemicd Co.,
Aldrich Chemicd Co. and Merk Co. 4-(4-nitrophenyl)-
urazolewas synthesi zed according to our previousre-
port(27,

Synthesisof 4-(4-nitr ophenyl)-ur azoldiisocyanate

Thereaction of of 4-(4-nitrophenyl)-Urazolewith
hexamethylendiisocyanate.

Ina25 mL round bottom flask, was placed 4-(4-
nitrophenyl)-Urazole(0.164 g, 7.37*10° mol),
hexamethylendii socyanate(0.248 g, 1.47*10°mol) and
2 mmol DMF as solvent. The reaction mixture was
stirred for 2 days at room temperature, then the solu-
tion pured in 50 mL CCl4. Theyellow solid wasfil-
trated off, and washed with hot ethanal. (0.35 g, 86%).
mp 152 °C.
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IR (KBr): 3350 (w), 3105 (w), 2920(s), 2850(m),
2275(s), 1790 (m), 1750(s, br), 1670(m, br), 1620(m),
1580 (m), 1520(m0, 1415 (m), 1350 (s), 1250 (m),
1210(m), 1155 (w), 1060 (m), 1015 (w), 855 (m),
825(w), 750 (m, sh), 680 — 540(m, br) cm™.
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Scheme 1 : Preparation of 4-(4-nitrophenyl)-urazoldi-
socyanate
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Scheme 2 : Preparation of copolymers

Polymerization of 4-(4-nitrophenyl)-urazolewith
hexamethylenediisocyanate

Ina10 mL round bottom flask, 4-(4-nitrophenyl)-
urazoldisocyanate, 4-[4-(2-hydroxy-1-naphtylazo)
phenyl]-1,2,4-triazolidine-3,5-dione and N,N-
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dimethylformamide (DMF) assolvent wasadded. The
solutionwasstirred for 24 h at room temperature. 0.5
mL of DMF was added and the solution was stirred for
24hin70°C, thenfor 24 hin90°C. Theviscosegel
wasprecipitatedin 50 mL of methanol. Theyellow solid
wasfiltrated and dried.

RESULTSAND DISCUSSION

Monomer synthesis

4-(4-nitrophenyl)-urazole was reacted with 2 mol
of hexamethylenediisocyanatein DMF as solvent at
room temperature Scheme 1. The compound waschar-
acterized by IR. The IR spectrum showed a peak at
3350 cm* for the stretching vibration of the N-H bonds,
and apesk at 3105 cn? for the stretching vibration of
thearomatic C-H bonds. Thestrong peak at 1750 crm
! coversthecarbonyl related areaof both theurazolic
andtheimidiccarbonyl groups. Thestrong pesk a 1520
isrelated to stretching vibrations of the aromatic car-
bon-carbon double bonds.

Polymerization reactions

Sincevariousderivativesof 1,2 4-triazolidine-3,5-
dione have been reacted with aliphatic and aromatic
diisocyanatesto producerel ated polymers?, we de-
cidedto performthistypeof reactionfor theformation
of thenovd nitrophenyl urazole containing dye-copoly-
mers. Thereaction of monomer with this4-[4-(2-hy-
droxy-1-naphtylazo)phenyl]-1,2,4-triazolidine-3,5-
dionewas performed viasol ution polymerization. The
reactions were carried out in DMF solution and the
resulted polyureas(3-5) were obtained asyellow solids
inhighyie dsScheme2. Theresulting copolymerswere
characterized by IRand TGA.

ThelR spectrum of the polymer (3) showed apeak
at 3290 cm* for stretching vibration of theamide N-H
bounds, apesksat 3025 c*for stretching vibration of
thearomatic. The peaksat 1765, 1720 cm* and 1700
cmrt arethe specific characteristic of the urazolic car-
bonylswhich coversthemain chain carbonyl groups.
Thestrong peak at 1500 and 1300 cmrtisa so related
to stretching vibrationsof nitro groups.

The IR spectrum of the polymer (4) showed a
peak at 3310 cmtfor stretching vibration of theamide
N-H and OH bounds. The peak appeared at 2970 is
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attributed to stretching vibration of the aliphatic C-H
bounds. The peaks at 1780, 1720 cm* are the spe-
cific characteristic of the urazolic carbonylswhich
coversthe main chain carbonyl groups. The strong
peak at 1620 isrelated to stretching vibrations of N-
H bond. Thepeak at 1500 isrelated to aromatic car-
bon-carbon double bonds. The peaks at 1540 and
1335 cmrtisalso related to stretching vibrations of
nitro groups.

The IR spectrum of the polymer (5) showed a
peak at 3290 cm* for stretching vibration of the N-H
bound. The peak appeared 2900 cmisattributed to
stretching vibration of thediphatic C-H boundsof the
tolylene groups. The peaks at 1700 and 1640 cm*
arethe specific characteristic of the urazolic carbon-
ylswhich coversthemain chain carbonyl groups. Also
the strong peak at 1540 and 1420 cmtisattributed to
stretching vibrations of the aromatic carbon-carbon
double bonds.

Thecopolymers(3), (4) and (5) aresolublein po-
lar organic solventssuchasDMF, DM SO and DMALC,
and areinsolublein solvents such aswater, methanal,
acetone, cyclohexaneand chloroform.

Thermal properties

Thetherma behavior of thecopolymers 3,4 and 5
wasmeasured by thermogravimetricandyss(TGA) at
arate of 10°C/min in nitrogen atmosphere. The co-
polymer 3 shows 5% and 10% weight lossat 183 and
188 °C respectively and 0 % residual weight at 600
°C. The polymer 4 shows 5% weight loss at 170 °C
and 10% weight lossat 223°C and 60 % weight loss at
600 °C. Also an examination of the datafor the poly-
mer 9 showsthat this copolymer shows 5% and 10%
weight lossat 56 and 100 °C respectively and 0 % at
600 °C. Theseare depend ontheir chemical structures
of copolymers.

CONCLUSIONS

Thisinvestigation hasshown that 4-(4-nitrophenyl)-
urazol ediisocyanate is aninteresting monomer for the
polycondensation reactions for preparation of
coploymers. Thiscompound can act asabifunctional
monomer and itspolymerization reaction with another
compound gavethenovel dye copolymers(3-5).
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