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ABSTRACT

The reaction of transstiibene with 4-phenyl-1,2,4lriazoilne-3,5-diose and
4-ethyl-1,2,4-triazoline3,5-dione is investigated at room temperature . The
reactions are slow compared to its isomeric compound 1,1-diphenyl
ethylene and are completed in several hours . These reactions lead to the

formation of two 2 :1 adducts via double Diels-Alder and Dials-Alder/ens
reactions in a ratio of 1 :1 .22 for R=Et and 1 :1 .17 for R=Ph . When R=Ph the

two isomers are separated by chromatography, but with R=Et the ratio is
determined by 1 H-NMR technique. These compounds are used as models
for the Step-growth polymerization reactions . The reactions of bis-tria-

zolinediones with trans-stilbene are carried out in dimethylfomiamide and
methylene chloride. The reaction gives new copolymers via repetitive double
Diels-Alder and Diels-Alderlene polyaddltion reactions. These polymers have
intrinsic viscosities in a range about 0 .07 to 0.32 dUg in dimethylformamide.
Some physical properties and structural characterization of these copoly-
mars are studied and reported.

Key Words : trans-stilbene, double Diels-Alder, Dials-Alder/me, step-growth polymerizallon, triazolinediones

INTRODUCTION

Although 1,1-diphenyl ethylene reacts with two
moles of maleic anhydride and gives double Diels-
Alder adduct, stilbene reacts with maleic anhydride
to give 1 :1 copolymer [1-5] . In a previous article
[6] we investigated the reaction of 1,1-diphenyl
ethylene with triazolinediones as well as bistria-
zolinediones which lead to the formation of two
major products via Diels-Alderlene and double
Diels-Alder reactions . The purpose of this work

was to examine the reactivity of trans-stilbene
(TSB) with triazolinediones (TD) and then with
bistriazolinediones for the formation of new
copolymers.

EXPERIMENTAL

Materials
Reagents were purchased from Aldrich Chemical
Co., Fluka Chemical and Merck Chemical Co.

• This Paper is dedicated to Professor George B . Butler on the occasion of his 80th Birthday.
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4-Substituted-1,2,4-triazoline-3,5-diones as well as
histriazolinediones were synthesized according to
published procedures (7—161.

Physical Measurement
Al] NMR spectra were recorded in dimelhylsulph-
oxide(DMSO)-d f, on a Bruker AC 2110, Bruker AM
4{10 and Varian EM 390. Multiplicities of proton
resonances are designated as singlet (s), doublet
(d), triplet (I), quartet (q) and multiplet (m).

Infrared (IR) spectra were recorded on a
Shimizu 435 FR spectrophotometer. Spectra of
solids were performed by using KBr pellets.
Vibrational transition frequencies are reported in
wavenumbers (cm I ), with the intensity of the
hands assigned the following classification : weak
(w), medium (in), shoulder (sh), strong (s) and
broad (h) . Mass spectra were recorded on a CH7A
Finnigan mass spectrometer.

The melting points were taken with a
Gallcnham melting point apparatus and are un-
corrected . Intrinsic viscosities were measured by
standard procedure using a Cannon Fensk Routine
viscometer.

Thermal gravimetric analysis (TGA) data for
copolymers were taken on a Stanton-6511 TGA by
Polymer Research Center of Iran.

Elemental analyses were performed by
Research Institute of Petroleum Industry. Tehran,
I .R .lrn and Microanalvtical Laboratory of the
Institute for Organic Chemistry, Johannes Giiten-
berg University of Maine., Germany.

Thin layer chromatography (TLC) on com-
mercial plates of silica gel 60 F254 on aluminium
was used to find a number of adducts in the reac-
tion mixture . Column chromatography was carried
out using silica gel 60.

Model Compounds Synthesis
Reaction of 4-Phenyl-1, 2, 4-triazoline-3, 5-drone
(PhTD) with TSB
Intra a 250 mL round bottom flask equipped with a
magnetic stirring bar was placed 0.75 g (4 .23 X

10 mol) of PhTD and 551 mL of methylene
chloride . To this solution was added a solution of
0.38 g (2 .23 X 10- 3 mol) of TSB in 20 mL of

methylene chloride at once . The solution develop-
ed a light pink colour, which changed to a pale
yellow solution in about 2 h . The mixture was then
stirred for an additional 30 min . The solvent was
removed under vacuum to give 1 .13 g (i 00°%) of
pale yellow solid . This solid (0.80 g) was chroinato-
graphed on a silica gel column with a mixture of
ethyl acetate and cyclohexane (60 :40 v/v).

Fraction one, 0 .36 g (46%) was recrystallized
from methanol and n-hexane (1 :1 by volume) to
give white crystals, nip 214 'C.

Fraction two, 11.43 g (54%) was recrystallized
from ethyl acetate to give white crystals : alp
238 ' C (dec).
Characterization of the First Fraction
IR (KBr) : 3050 (w), 1770 (m), 1710 (s), 1681) On),
1490 (m), 1410 (s), 125[1 (m), 1310 (w), 1180 (w).
1140 (m), 760 (m), 720 (m), 690 (m) . 640 (w), 580
(w) .

1 H-NMR (400 MHz) r in ppm : 4 .51) (m. 1H),
5.70 On, 1H), 5 .83 (m, 1H), 6 .13 (m, IH), 6 .43 (m,
IH), 6 .80—6 .88 (m, 2H) . 7.30—7.51 (m, 15H).

0 C.-NMR (401) MHz) r5 in ppm : 53 .22, 53 .57,
54 .98, 58 .42, 125 .41, 125 .72, 125 .83, 126 .11, 126 .75,
128 .07, 128 .21, 128 .33, 128 .81, 128 .87, 128 .94,
129 .68, 129 .86, 130.90, 131 .06, 138 .09, 149 .26,
153 .91, 155.37, 155.44.

Mass for C55 1-h N (,,0 4 , required : 530.17, and
it is found : 530 .30.

The elemental analysis results obtained as
follows:

C,c,H22 N 5 O, %C %II `kN

Calculated 67 .91 4 .18 15 .84

Found 67 .50 4 .20 16 .40

Characterization of the Second Fraction
IR (KBr) : 31711 (m), 3070 (m,sh), 1785 (m,sh),
1770 (s), 1720 (s), 1690 (s), 1590 (m) . 1500 (s).
1460 (m), 143(1 (s), 1410 (s), 1360 (w), 1340 (w).
1320 (w), 1141) (m), 1020 (w), 800 (m), 760 (m).
740 (m) . 690 (m) . 650 (w) . 6311 (w), fill) (s) , 60(1
(m,sh).
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'H-NMR (40(1 MHz), r) in ppm : 5 .81 ( .s, IH),
6 .16 (s, 1H), 7 .2]—7.58 (m, 18H), 8.23—8.25 (d,
IH, J= 8 .35 Hz) . 10.95 (s, br, 1H).

'`C:-NMR (4(0 MHz) r) in ppm : 55 .76, 56 .69,
115 .93, 11 6 .37, 124 .66, 125 .92, 126.12, 126 .60,
128 .03, 128 .49, 128 .51, 128.84, 129.01, 129 .05.
130 .52, 1311 .93, 131 .00, 131 .41, 133 .57, 135 .40,
147 .22, 148.15, 152.46. 153 .03.

Mass for C,0 H„Nt,O ti requires : 530.17, and it
is found : 530 .30.

The elemental analysis results obtained as
follows :

%H

	

%N

Calculated

	

67 .91

	

4 .18

	

15.84

Found

	

67 .60

	

4 .30

	

16.00

Reaction of 4-F: thvl-1 .2, 4-triazoline-3, 5-dione
(ETD) with TSB
ETD (0.705 g . 2.77X I0- 3 mol) in 50 mL of
methylene chloride was reacted with TSB (0 .50 g,
2.77X 10 -3 mol) . A pale yellow solution was
formed in about 4 h . The mixture was slirred at
room temperature for another 30 min . The methyl-
ene chloride was stripped away to leave 1 .35g
(100%) of pale yellow solid.

Copolymers Syntheses
Reaction of Bi .s-(p-3 . .5-dioxo-1,2,4-triazaline-
4 ylphenyl) Methane (BPMTD) with TSB
Method A: BPM - 1D (0 .25 g, 6 .9X 10 ° mol) was
dissolved in 2181 mL of methylene chloride . The
stirrer was started and 0 .124 g (6 .9X 10 - ; mol) of
TSB was added at once . After about 30 min a
yellow precipitate was formed and the solution
turned to pale brownish colour in 3 h . The solvent
was removed and the solid was dissolved in 20 nil,
of dimethylfnrmamicie (DMF) . A pale yellow solu-
tion was obtained which was poured slowly into
400 mL of dicthylether, dried, to give 0 .37 g
(100%), 'tip 2511 ' C ((lee).
C.'haructetization
IR (KBr) : 3400 (tri), 3100 (w), 2950 (w), 1785 (m) .

I720 (s, hr), 1580 (in) . 1510 (s), 1495 (m), 1410 (s,
hr) . 1120 (m) . 1000 (m), 770 (m), 700 (w).

I II-NMR (400 MHz), r] in ppm : 4.02 (s, hr),
4.46 (s, hr), 5 .63 (s . hr), 5 .78 (m. hr) . 6 .10 (s, br),
6.39 (s, hr), 6 .81 (s, br), 7.31—7 .50 (In, hr), 8.22 (d,
J=7 .75 Hz), 10.4 (s), 10 .85 (s, br).

The elemental analysis results obtained as
follows:

C„H„N,,O 4 %C'

	

%H CIN

Calculated 68 .61 4 .09 15.50

Found 65 .29 4.33 15.34

Method B : The above procedure was repeated in
DMF and the resulted polymer was soluble in
DMF. The yield was 100%, m-p .>250 ` C (dcc).
Ciwractetization
'H-NMR (411(1 MHz) . r] in ppm, 4 .02 (s, hr), 4.45
(s, hr) . 5 .63 (s . br), 5 .77 (nn, hr), 6 .10 (s, hr), 6 .39 (s,
hr), 6 .80 (s, br), 7 .31—7 .50 (m, hr), 8 .22 (d, J=7 .75
Hz), 10 .4 (s), 10.85 (s, hr).

The elemental analysis results obtained as
follows:

C3L H„N,,0 4 %C %II %N

Calculated 68.61 4 .09 15 .50

Found 66.23

	

4 .39 15 .02

Reaction of ] . 6-Bi .c-{3,5-dinxn-1,2.4 tricszoline-4-vl)
hexane (IfMTD) with. TSB
Method A: HMTD (0 .25 g, 8 .92X 10 d mol) in 125
mL of methylene chloride was reacted with 0 .16 g
(8.88x 10-' mol) of TSB . The reaction was comple-
ted in about 2.5 h . A pale yellow solid, 0.41g,
(100%), mp g 160 ' C (dec) was obtained.
Method B : The above procedure was repeated, but
6 mL of DMP was used . The resulted pale yellow
solution was poured into 300 mL of dicthylether.

The white solid 0 .33 g (80%), mp g 190 'C
(dec.) was obtained.
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Churncteiization
1R (KBr) : 3400 (m), 3200 (w), 3085 (w), 2950 (m),
1765 (s, hr), 1700 (s, hr), 1600 (w), 1580 (m), 1495
(m), 1450 (s, hr), 1420 (s, hr), 1370 (m, br), 760 (s),
680 (m).

'H-NMR (90 MHz, CDCI 3, TMS), o in ppm:
0 .80—2 .10 (m, hr), 3 .15—3 .80 (m, hr) . 4.10 (s, hr),
5 .20 (m, hr), 5 .50 (s, br) . 5 .80 (m, hr), 6 .25 (m, br),
6.60 (In, hr), 7 .00—7 .70 (m, hr), 8 .35 (m, Ur).

RESULTS AND DISCUSSION

Model Compounds Studies
The reaction of PhTD 1 and ETD 2 with TSB 3
were performed in methylene chloride at room
temperature (Scheme I) . The reaction of PhTD
with TSB is completed about 2 h. The solution was

examined by thin layer chromatography which
indicates the presence of two spots . Two fractions
were isolated by column chromatography . Fraction
one, with R f = 0.76 is about 46% and the
elemental analysis and mass spectra are in
agreement with the 2 :1 adduct 5 . The IR spectrum
of compound 5 showed two peaks for the carbonyl
groups . These are characteristic patterns for the
urazole moiety. The 1 H-NMR (Figure 1) spectrum
of compound 5 does not show N—H peak and the
other peaks are consistent with the assigned
structure of 5 . The "C-NMR spectrum of com-
pound 5 shows four peaks at 53 .22, 53 .57, 54 .98,
and 58 .42 ppm which belong to the aliphatic
carbons, the other peaks are in agreement with the
assigned structure of 5.

The first step of the reaction is a Dicls-Alder
reaction between PhTD and TSB which leads to
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Figure 1 . I H-NMR (400 MHz) spectrum of compound 5 in DMSO-d 5 at room temperature.

90

	

frames I'rriyrrmr Journal / Volume 5 Number 2 (1996)



Mallakpour S .E. el nl.

+

R

TSB

3
R=Ph=1

R=Et=2

	

RT CH 2Cl2

4

Iranian Pohmer Journal 1 Volume. 5 Number 2 (1945)

	

9I

Scheme I

5



[ l.,poiym rrrr:niun of nrvnaaahuediunus with T,-1:~ Stilbene

the formation or intermediate 4. This intermediate
is not stable and it reacts further with another
mole or PhTD to give the first fraction 5 - Fraction
two, with R f = il•35 is about 54% and the
elemental analysis, IR and mass spectra are in
aoreernent with the structure of 6. The I H-NMR
(Figure 2) shows N—H peak as well as other peaks
which are consistent with the assigned structure of
6 . The ' 3 C-NMR spectrum or the compound 6
shows only two peaks for the aliphatic carbons.
This compound has been termed via the ene
reaction of PhTD with the intermediate 4_ This
reaction also leads to the rcaromatization of the
benzene ring.

The reaction of ETD with TSB is even slow-
er and the reaction is finished in about 4 h.

This reaction also gives two isomers, but all
attempts to isolate two fractions by chromate-

graphy failed. The ' H-NMR of crude product
shows the existence of two isomers 5 and 6 (R=-Et)
in ratio of 1 :1 .22.

Polymerization Reactions
The reaction of BPMTD with TSB was performed
in methylene chloride and DMF (Scheme II).
When methylene chloride was used as solv ent the
resulted polymer was precipitated in early time at
the reaction whereas in the case of DMF the resul-
ted polymer was soluble . The copolymer 7 has
lower intrinsic viscosity, this could he explained in
terms of lower solubility of the resulted polymer in
the reaction media which leads to the formation of
lower mass of polymeric materials . But in the case
of copolymer Fl this problem is removed by using
DMF as a solvent and higher mass of polymer is
obtained . When HMTD was used as a monomer in
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Figure 2. 'H-NMR (400 MHz) spectrum of compound 6 in DMSO•dr, at room temperature.
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R= –C6H5 CH 2C6HS -

R=

R= BPMTD - 7 in CH2C12
8 in DMF

R= HMTD - 9 in CH2(-1,
10 in DMF
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Table 1 . Reaction conditions and some physical properties

for copolymers 7 . 8, 9,

	

10.

Copolymer

assignment

7 8

	

9

	

10

Reaction time
(min) 180 150 390 300
Solvent CH,Cl 2 DMF CH-SCh DMF
Non-solvent ether water water ether
Yield, % by wt -100 -100 -100 80
[II]DMF, 25 'C 0.106 0 .322 0 .071 0.147
Flip 'C (dec) X250 X250 > 160 > 190

both methylene chloride and DMF, copolymers
with low intrinsic viscosities were obtained, this
could he due to the cvclication reactions which give
macrocyclie compounds - The reaction conditions
and sonic physical properties for these new copoly-
mers are summarizccl in Table 1 . The IR and
1-1-NMR spectra or polymer; 7. 8, 9, and 10

resemble to the spectra of model compounds 5,
and 6. The 'H-NMR spectrum of copolymer 7
(Figure .) shows peaks at 111 .85, 10 .65 and 10.45
ppm for N—H, the first peak is I'or normal N—11
bond, and the second peak is due to the inter-
molecular hydrogen bonding. The third peak could
he due to the urozole end groups or decomposition
nr the triazolincdiones . The other peaks are in
consistence with the assigned structure of 7.

The qualitative solubilities of the copolymers
7—1(1, in various solvents are shown in Table 2 . All
copolymers are soluble in most polar solvents such
as DMSO. DMF . concentrated sulphuric acid, and
are insoluble in solvents like acetone, cyclohexane
and toluene.

Thermal Properties
The thermal stability of copolymer 7—10 was eval-
uated by thermogravimetric analysis (TGA) at a
heating rale or 20 ' C/min in nitrogen atmosphere.
An examination of the data reveals that all of the
above copolymers are thermally stable . This tact
may he attributed to the rigidity of the cyclic and
.lromalic rings lis well ts strong intermolecular
hydrogen bonding. The copolymers 7•--10 show 5%

Table 2 . Solubilities of copolymers 7,8,9, and 10 in
different solvents.

Solubility : (• soluble at room temperature

	

±} lightly soluble or

swelling :

	

] insoluble.

weight loss at 252. 237, 222, and 225 'C respectively
and 10% weight loss at 298, 280, 285 and 310 ' C
respectively . The residual weight for these poly-
mers at 747 'C are 29 .5, 24.2, 16.16 and 12 .13%.

CONCLUSION

From this investigation it is clear that triaaol-
inediones can readily react with TSB in a 2 :1 molar
ratio, therefore TSB can act as a difunctional
monomer AA in which the second functionality
will he produced during the course or reaction.
The reaction of TSB with histriazolinediones gives
new copolymers via double Diels-Alder and Diels-
Alderteise reactions.

ACKNOWLEDGEMENTS

Financial support or this work by the Research
Affairs Division . lsfahan University of Technology,
Isfahan, l .R .lrrin, is gratefully acknowledged . We
are indebted to Professor R . Stadler, institute of
Organic Chemistry . Johannes Gutenberg Univer-
sity of MainL. Germany, for mass spectra and 400

Solvents

	

7

	

8

	

1

	

9

	

10

DMSO

DMF

H 2SO 4 (conc .) :
THF

CHCI;
Ethyl acetate

Acetic acid
CH2Ch

Acetone
n-Hexane

Cyclohexane

Toluene

+

+

-

94

	

llU7rrUrl Prrll'rNCU luxrvml 1 (5110,' 1 ,'SwnIn v 2 l/9115)



Mallakpour S .F . et al.

Figure 3, l H-NMFI (400 MHz) spectrum of compound 7 in DMSO-d 6 at room temperature.
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