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ABSTRACT

The reaction of 4-(4-aminophenyl)urazole (1) with tetrabromophthalic anhy-
dride (2) inamixture of pyridine and acetic acid (3:2) asasolvent led to the
related amic acid. The amic acid was heated in the same solvent mixture to
give 4-(4-tetrabromo-phthalimidophenyl)-1,2,4-triazolidine-3,5-dione (3).
Solution polycondensation reactions of monomer (3) with hexamethylene
diisocyanate (HMDI) and isophorone diisocyanate (IPDI) were performed
in DMF in the presence of pyridine as a catalyst; and lead to the formation
of novel aliphatic polyureas. The polymerization reaction with tolylene-2,4-
diisocyanate (TDI) gave novel aromatic polyurea. These novel polyureas
haveinherent viscositiesinarangeof 0.17-0.25dLg*inDMF at 25°C. Some
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structural characterization and physical properties of these novel polymers

arereported. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Urazoles(1,2,4-triazolidine-3,5-diones) arevery
significant chemical reagentsin thelaboratory aswell
asinindustry. Industrially urazolesare used asasta-
bilizer in milk, and in the production of anti-tumor
drugs?. They area so utilized in polymeric materiad S
3, intheproduction of automobileair bags, asablow-
ing agent in plastics, inthe manufacture of antifungal
compounds, and herbicides. Urazoles have been
used asalaboratory reagent for preparation of novel
organometallic and heterocyclic compounds®; for
exampletriazol o[ 1,2-a]indazol e-triones have been

prepared via a three-component method, by using
homogeneous®, or heterogeneous” catalysts. Some
urazolederivativeswerefound to be potent cytotoxic
agentsin murrain and human cancer cell lines. Other
pharmaceutical propertiesof urazolederivativesare
hypolipidemic activity vialowering serum, cholesteral,
and triglyceride level g8, pesticides® and insecti-
cides?. Preparations of thermoplastics, production
of heat resistant coatings'Y, tire rubbers with high
gripability!*? and melamineresind®®, areamong the
applicationsinthefield of polymerization of urazole
derivatives. Urazolescould a so be oxidized to thecor-
responding triazolinedione derivatives using various
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oxidizing reagents such assilicachloride/NaNO,,
silicasulfuricacid/NaNO,*, Ph,BiCO/', KMnO,/
Al,0. ', 1,4-diazabicyclo[2.2.2] octane, 1,4-
bis(oxide)-bis(hydrogen peroxide)/M Cl18,
NO*crown H(NO,),*, Ca(OCl),=, K.Cr,0./
AICI 2, silicasulfuric acid/K CIO,*, silicachloride/
oxoné??, 1,3-dihd o-5,5-dimethyl hydantoint?3, peri-
odic acid, and oxone®/K Bri?4, Theresulted products
of thesereactions, triazolinediones, arevery active oe-
cies toward cycloaddition and ene reactiong?>27,
Triazolinediones, also used asaninitiator intheradi-
cal addition reactiong®!,

The synthesis and characterization of the macro-
moleculesrestrain heterocyclicringsinthemain chain
has been thetopic of considerableinterest, because of
their relatively good thermal stability and someattrac-
tivenovel properties®.,

EXPERIMENTAL

Apparatus

Proton nuclear magnetic resonance (*H-NMR, 500
MHZz) spectra were recorded by Sharif University,
Tehran, Iran. Tetramethylsilane (TM S) wasused asan
internal reference. Peak multiplicitiesareassigned as
singlet (s), doublet (d), triplet (t), and multiplet (m). IR
spectrawere recorded on Shimadzu 470 IR spectro-
photometer. Spectraof solidswere carried out using
KBr disks. Vibrational transition frequenciesarere-
ported inwave number (cm™). Band intensitiesareas-
signed aswesak (w), medium (m), shoulder (sh), strong
(s) and broad (br). Inherent viscositieswere measured
by astandard procedure using aCannon Fensk Rou-
tineViscometer. Thermal gravimetricandysis(TGA)
datafor polymersweretaken by Amir-Kabir Univer-
sity, Tehran, Iran, in nitrogen atmosphere at arate of
10°C/min. Elemental analyses were performed by
Ferdoss University, Mashhad, I.R. Iran.

Reagentsand Monomer

Reagentswere purchased from HukaChemicd Co.,
Aldrich Chemical Co. and Merk Co. 4-(4-
aminophenyl)urazolewas synthesized according to our
previousreport®,

Preparation of 4-(4-tetrabromophthalimidophenyl)-
1,2,4-triazolidine-3,5-dione (3).

Macromolecules « —

Ina25 mL round bottom flask, was placed 4-(4-
aminophenyl)-1,2 4-triazolidine-3,5-dione (1) (0.200
g, 1.04* 10 mal), tetrabromophthalic anhydride (2)
(0.48 g, 1.04* 10* mol) and a mixture of acetic acid
and pyridine (AcOH:Py=3:2) assolvent. Thereaction
mixturewas stirred for 4 hinroom temperature, then
refluxed for 1 h. Hydrochl oric acid sol ution (30%) was
added drop wiseto ph=2. The yellow solid wasfil-
trated off, and washed with hot ethanol. (0.46 g, 76%).
mp 370-372°C. IR (KBr): 3455 (w), 3100 (w), 1770
(m), 1720 (s, br), 1520 (s), 1440 (m), 1380 (s), 1340
(m), 1270 (m), 1170 (m), 1125 (m), 905 (w), 830 (w),
775 (w), 740 (w), 670 (m), 640 (w) cm. tH-NMR
(DMSO-d,, TMS) 7.6 (d, 2H, J=9 Hz), 7.7 (d, 2H,
J=9 Hz), 10.6 (br, 2H), ppm. ANAL. Calcd for
C,HN,O,Br, C, 30.48%; H, 1.79%; N, 8.89%.
Found: C, 30.48%; H, 1.65%; N, 8.74%.

Polymerization of 4-(4-tetrabromo
phthalimidophenyl) -1,2 4-triazolidine-3,5-dione(3)
with hexamethylenediisocyanate

In a 10 mL round bottom flask, 4-(4-
tetrabromophthalimidophenyl)-1,2,4-triazolidine-3,5-
dione (3) (0.1778 g, 3.056* 10“ mol) was added to a
solution of hexamethylene diisocyanate (0.0514 g,
3.056* 10*mol) and pyridine (1 drop) in0.5mL of N,N-
dimethylformamide(DMF). Thesolutionwasstirred for
13 hinroomtemperature. 0.5 mL of DMF wasadded
andthesolutionwasstirred for 24 hin 60°C, thenfor 24
hin85°C. Theviscosege wasprecipitatedin 50 mL of
methanol. Theyelow solid (0.20 g, 71%) wasfiltrated.
mp 344°C. Inherent viscosity (0.5 g/dL DMF, 25°C)
=0.22 dLg". Thermal andysis: T, 215°C, T, 235°C.
Carbonyield (600°C) 8%; IR (KBr): 3300 (m), 3105
(w), 2920 (m), 2850 (m), 1765 (m), 1705 (s, br), 1650
(9), 1620 (m), 1540 (m), 1515 (s), 1440 (m, sh), 1380
(9), 1335 (m), 1270 (m), 1170 (m), 1140 (w), 1120
(m), 1095 (w), 1015 (w), 920 (w), 900 (w), 835 (w),
770 (m), 740 (m), 660 (s) cmt. ANAL. Cacd for
C,HN.O_Br,: C, 35.76%; H, 2.25%; N, 10.43%.
Found: C, 35.18%; H, 1.91%; N, 10.15%.
Polymerization of 4-(4-tetrabromo
phthalimidophenyl)-1,2,4-triazolidine-3,5-dione(3)
with isophoronediisocyanate

In a 10 mL round bottom flask, 4-(4-
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tetrabromophthalimidophenyl)-1,2,4-triazolidine-3,5-
dione(3) (0.1209 g, 2.078* 10“* mol) wasadded to a
solution of isophorone diisocyanate (0.04620 g,
2.078*10* mol) and pyridine (1 drop) in 0.5 mL of
DMF Thesolutionwasstirred for 12 hin room tem-
perature, for 24 hin 60°C, and thenfor 24 hin 85°C.
Theviscose gd was precipitated in 50 mL of metha-
nol.. Theyellow solid (0.12 g, 67%) wasfiltrated. mp
~279°C. Inherent viscosity (0.5 g/dL DMF, 25°C)
=0.19dLg". Therma analysis: T, 230°C, T, 270°C.
Carbonyield (600°C) 15%; IR (KBr): 3300 (w), 3100
(w), 2900 (m), 1770 (m), 1705 (s, br), 1650 (s), 1540
(m), 1515 (s), 1435 (m), 1380 (s), 1335 (m), 1270
(m), 1220 (w), 1170 (m), 1140 (w), 1120 (m), 1095
(w), 1060 (w), 1015 (w), 940 (w), 920 (w), 900 (w),
835 (w), 770 (m), 740 (m), 660 (s) cm. ANAL. Cdlcd
for C;H,,N.O,Br,: C, 39.10%; H, 2.81%; N, 9.77%.
Found: C, 38.27%; H, 2.85%; N, 10.42%.

Polymerization of 4-(4-tetrabromo
phthalimidophenyl)-1,2 4-triazolidine-3,5-dione(3)
with tolylenediisocyanate

In a 10 mL round bottom flask, 4-(4-
bromophthaimidophenyl)-1,2,4-triazolidine-3,5-dione
(3) (0.1717 g, 2.951* 10* mol) was added to asolu-
tion of tolylenediisocyanate (0.0514 g, 2.951* 10 mal)
and pyridine (1 drop) in 0.5 mL of DMF. Thereaction
mixturewasgtirredfor 12 hin room temperature, then
for 24 hin60°C. 0.5 ml of DMF was added and the
reaction mixture was stirred for 24 hin 85 °C. The
viscose gd wasprecipitated in 50 mL of methanol. The
yellow solid (0.21 g, 75%) wasfiltrated on abuchner
funnel. mp>390°C. Inherent viscosity (0.5gdL* DMF,
25°C) =0.20dLg*; Thermal analysis: T, 190°C, T,
252°C. Carbon yield (600°C) 20%; IR (KBr): 3250
(w, br), 3100 (w), 2900 (w), 1765 (m), 1715(s), 1650
(9), 1515 (s), 1440 (w), 1375 (s), 1335 (m), 1270
(w), 1215 (w), 1170 (m), 1020 (m), 1015 (w), 895
(w), 830 (w), 770 (w), 740 (w), 690 (w), 660 (w),
640 (w) cm™. ANAL. Calc. for C, ,H,,N,OBr,: C,
44.37%; H, 1.79%; N, 12.42%. Found: C, 43.96%;
H, 2.03%; N, 12.40%.

RESULTSAND DISCUSSION

Monomer synthesis
4-(4-Aminophenyl)-1,2,4-triazolidine-3,5-dione

—= Pyl] Peper

(1) wasreacted with tetrabromo-phthalic anhydride (2)
inamixtureof pyridin/acetic acid (2:3) in room tem-
perature. Theresulted amic acid was heated to reflux
for 12 hours, condensing to 4-(4-
tetrabromophthalimidophenyl)-1,2,4-triazolidine-3,5-
dione(3) Inhighyield (Scheme1).
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Schemel: Synthesisof the4-(4-tetrabromo phthalimido phe-
nyl)-1,2,4-triazolidine-3,5-dione

The compound (3) was characterized by IR, *H-
NMR and elemental anaysis. ThelR spectrum of (3)
showed apeak at 3455 cnrt for the stretching vibra-
tion of theN-H bonds, and apeak at 3100 cm* for the
stretching vibration of the aromatic C-H bonds. The
strong peak at 1720 cm™ coversthe carbonyl related
areaof boththeurazolic and theimidic carbonyl groups.
Thestrong peak at 1520 isrelated to stretching vibra-
tionsof thearomatic carbon-carbon doublebonds. The
strong peak at 1380 cm?isalso related to stretching
vibrationsof thecarbon-bromidebonds. The'H-NMR
spectrum of (3) showed apair of doubletsat 7.6 and
7.7 ppmfor thearomatic protons. Thebroad peak re-
lated to the N-H protonsis at 10.6 ppm. Elemental
analysisresultsfor carbon, hydrogen, and nitrogenis
aso in good agreement with the cal cul ated amounts,
thus confirmthe structure of thecompound (3).

Polymerization reactions

Sincevariousderivativesof 1,2, 4-triazolidine-3,5-
dione have been reacted with aliphatic and aromatic

—r—,  \lBCromolecules
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diisocyanatesto producerel ated polyureas®?, we de-
cidedto performthistypeof reactionfor theformation
of thenovd tetrabromaophthalimido-phenyl urazolecon-
taining polyureas. ThusHMDI (4), IPDI (5) and TDI
(6) were selected as diisocyanates. The reaction of
monomer (3) with these diisocyanateswas performed
viasolution polymerization. Thereactionswerecarried
out in DMF solution in the presence of pyridineasa
catalyst and theresulted polyureas (7-9) were obtained
asydlow solidsin highyields(Scheme?2).

H H ﬁ) ?
N +1—n‘—c\ c—_\'H—R%n
ﬁj + OCN-R-Nco DMF [)j
\/
H/ \ro 05
Bl_§ \"_Bi {:r_l\
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/‘ \ ,-’ b,
Br Br
3
CH;
Pl x
L _ _ L7 ~
R | CH,(CH,),CH, H ~ ~CH,

Diisocyanate 4) (5) (6)
Polymer (7 (8) C)]
Scheme 2 : Synthesisof thepolymers

Theresulting polymerswere characterized by IR,
eementd andysis, and TGA.

ThelR spectrum of the polymer (7) showed apeak
at 3300 cm* for stretching vibration of theamide N-H
bounds, two peaks at 3105 and 2920 cm* for stretch-
ing vibration of the aromatic and the aliphatic C-H
bounds respectively. The peaks at 1765, 1705, and
1650 cm* arethe specific characteristic of theurazolic
carbonylswhich coversthemain chain carbonyl groups.
Thestrong peak at 1515isrelated to stretching vibra-
tionsof thearomatic carbon-carbon doublebonds. The
strong peak at 1380 cmtisalso related to stretching
vibrations of the carbon-bromide bonds. The elemen-
tal anadysisresultsaso arein good agreement with the
calculated percentagesfor carbon, hydrogen and ni-
trogen contentsin polymer repeeting unit.

ThelR spectrum of the polymer (8) showed apeak
at 3300 cm* for stretching vibration of theamide N-H

Macromolecules « —

bounds. The peaks appeared at 3100 and 2900 is at-
tributed to stretching vibration of the aromatic C-H
boundsand thediphatic C-H boundsof theisophorone
moiety, respectively. The peaksat 1770, 1705, and
1650 cm'! arethe specific characterigtic of theurazolic
carbonylswhich coversthemain chain carbonyl groups.
Thestrong peak at 1515isrelated to stretching vibra-
tionsof thearomatic carbon-carbon doublebonds. The
strong peak at 1380 cmtisalso related to stretching
vibrations of the carbon-bromide bonds. The elemen-
tal anadysisresultsarein good agreement with the cal -
culated percentagesfor carbon, hydrogen and nitrogen
contentsin polymer repeating unit.

ThelR spectrum of the polymer (9) showed apesk
at 3250 cnr*for stretching vibration of theN-H bound.
The peaks appeared at 3100 and 2900 is attributed to
stretching vibration of the aromatic C-H boundsand
thealiphatic C-H bounds of thetolylenegroups. The
peaksat 1765, 1715, and 1650 cm* are the specific
characteristic of the urazolic carbonylswhich covers
the main chain carbonyl groups. Also the strong peak
at 1515isattributed to stretching vibrationsof thearo-
matic carbon-carbon double bonds. The strong peak
at 1375 cmtisasorelated to stretching vibrations of
the carbon-bromide bonds. The dementd andysisre-
sultsarein good agreement with the cal cul ated per-
centagesfor carbon, hydrogen and nitrogen contentsin
polymer repeating unit.

Thepolymers(7), (8) and (9) aresolublein polar
organic solvents such as DMF, DM SO and DMAC,
and areinsolublein solvents such aswater, methanol,
acetone, cyclohexaneand chloroform.

Thermal properties

Thethermal behavior of the polymers7, 8and 9
wasmeasured by thermogravimetricandysis(TGA) at
arateof 10°C/minin nitrogen amosphere. An exami-
nation of the datafor the polymer 7 revealsthat this
polyureaisthermally stable up to 200°C in nitrogen
aimosphere. Thispolymer shows 5% and 10% weight
loss at 215 and 235°C respectively. The polymer 8
shows 5% weight loss at 230°C and 10% weight loss
at 270°C. Also an examination of thedatafor the poly-
mer 9 shows that this polyurea shows 5% and 10%
weight lossat 190 and 252°C respectively.
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CONCLUSION

This investigation has shown that 4-(4-
bromophthaimidophenyl)-1,2,4-triazolidine-3,5-dione
(3) isaninteresting monomer for the polycondensation
reactions. This compound can act as a bifunctional
monomer and itspolymerization reactionwithdiphatic
and aromati c diisocyanates gave the novel polyureas
(7-9).

ACKNOWLEDGMENTS

Financial support of thiswork from the Research
AffairsDivision, Shahrood University of Technology,
Shahrood, |.R. Iran, isgratefully acknowl edged.

REFERENCES

[1] I.H.Hall, O.T.Wong, R.Simlot, M.C.Miller,
R.Izydore; Anticancer.Res., 12, 1355-1362 (1992).

[2] S.Mallakpour, Z.Rafiee; Polym.Bull., 56, 293-303
(2006).

[3] S.Mallakpour, Z.Rafiee; J.Appl.Polym.Sci., 103,
947-54 (2007).

[4] T.JJikihara, K.Matsuya, H.Ohta, S.Suzuki,
O.Wakabayashi; Jpn.Chem.Abstr., 95, 62219y
(1981).

[5] A.M.Boldi, C.E.Johnson, H.O.Eissa; Tet.Lett., 40,
619-22 (1999).

[6] A.Bazgir, M.Seyyedhamzeh, Z.Yasaei,
PMirzaei; Tet.Lett., 48, 8790-8794 (2007).

[7] M.AdharvanaChari, GKarthikeyan, A.Pandurangan,
T.Siddulu Naidu, B.Sathyasedlan, SM.Javaid Zaidi,
A.Vinu; Tet.Lett., 51, 2629-2632 (2010).

[8] R.A.lzydore, |.H.Hall; Chem.Abstr., 112, 151876x
(1990).

[9] D.Ovadia, N.Peleg, PBracha;, Chem.Abstr., 89,
109513h (1978).

[10] B.Von Bredow, H.Brechbuehler; Chem.Abstr., 80,
140210s (1974).

[11] H.Giesecke, R.Merten, L.Rottmaier; Chem.Abstr.,
96, 182879f (1982).

[12] M.Oikawa, C.Ebina, N.Inui, H.Nagasaki, S.Yago;
Chem.Abstr., 118, 61373a (1993).

[13] L.Rottmaier, R.Merten; Chem.Abstr., 97, 198209u
(1982).

[14] M.A Zalfigol, M. Torabi, S.E.Mallakpour; Tetrahe-

—= Pyl] Peper

dron., 57, 8381-8384 (2001).

[15] M.A .Zolfigol, GChehardoli, S.E.Mallakpour; Syn-
thetic Communications, 33, 833-841 (2003).

[16] C.Mé€'nard, E.Doris, C.Mioskowski; Tetrahedron
Letters, 44(5), 6591-6593 (2003).

[17] A.RHgipour, SE.Mdlakpour, M.A.Zalfigdl, H.Adibi;
Indian J.Chem.Sec., B41(11), 2425-2427 (2002).

[18] M.A .Zdlfigol, PSalehi, S.E.Mallakpour, M. Torabi;
Bull.Chem.Soc.Jpn., 76(8), 1673-1674 (2003).

[19] M.A.Zolfigol, M.H.Zebarjadian, G.Chehardoli,
S.E.Mallakpour, M.Shamsipur; Tetrahedron, 57,
1627-1629 (2001).

[20] M.A.Zolfigol, S.Mallakpour, A.Khazaiae,
R.GVaghaie, M.Torabi; Bull.Korean Chem.Soc.,
25(8), 1251-1252 (2004).

[21] |.M ohammadpoor-Baltork, M.M.Sadeghi,
S.E.Mallakpour, A.R.Hgjipour, H.Adibi; Synthetic
Communications, 32(22), 3445-3448 (2002).

[22] M.A.Zolfigol, M.H.Zebarjadian, M .Bagherzadeh,
S.E.Mallakpour, G.Chehardoli, E.Kolvari,
A.C.Ghorbani, N.K oukabi; Catalysis Communica-
tions, 8, 256-260 (2007).

[23] M.A.Zolfigol, H.Nasr-Isfahani, S.Mallakpour,
M.Safaiee; Synlett., 5, 761-764 (2005).

[24] M.A.Zolfigol, M.Bagherzadeh, S.E.Mallakpour,
G.Chehardoli, A.C.Ghorbani, N.Koukabi,
M .Dehghanian, M.Doroudgar; Journal of Molecu-
lar Catalysis, 270, 219-224 (2007).

[25] M.Algjarin, B.Bonillo, M.Marin-Luna, A.Vidal,
R.Orenes; J.Org.Chem., 74, 3558-3561 (2009).

[26] R.T.Dey, T.K.Sarkar; J.Org.Chem., 75, 4521-4529
(2010).

[27] M.M.Roubd akis, GC.Vougioukaakis, Y.S.Angdlis,
M .COrfanopoulos; Org.Lett., 8(1), 39-42 (2006).

[28] G.Nicolaou, Y.Elemes; Tetrahedron Letters, 49,
6324-6326 (2008).

[29] B.D.Sarwade, P.P.Wadgaonkar, S.S.Mahgjan;
Polym.Chem., 27, 3263-3269 (1989).

[30] S.E.Mallakpour, H.Nasr-Isfahani; Indian Journal of
Chemistry, 41B, 169-174 H.

[31] (&) S.E.Mallakpour, H.Nasr-Isfahani; Polymer
Science, A43, 1907-1912 (2001); (b) S.E.Mdlakpour,
H.Nasr-1sfahani; Iranian Polymer Journal, 10, 107-
114 (2001); (c) S.E.Mallakpour, H.Nasr-Isfahani;
Polymer Science, B43, 105-111 (2001); (d)
S.E.Mallakpour, H.Nasr-Isfahani; Journal of Applied
Polymer Science, 82, 3177-3183 (2001); (e)
S.E.Malakpour, H.Nasr-1sfahani; Iranian Polymer
Journal, 11, 57-61 (2002).

—r—,  \lBCromolecules
/447qdcmﬁowml



