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Synthesis and Characterization
of Coumarin — Trioxane — Thiourea
Copolymers

D. 1. BRAHMBHATT*, B. R. HIRANI and SHASHIBALA SINGH

Department of Chemistry, Sardar Patel University, Vallabh
Vidyanagar-388120, Gujarat state, India

{Received 27 January 1998)

4-Methyl-7-hydroxy coumarin—trioxane - thiourea (MHCTTU) copolymers were pre-
pared by copolycondensation of 4-methyl-7-hydroxy coumarin (MHC), trioxane (T) and
thiourea (TU) in the presence of 2M HCI/H,S80; as a catalyst with different molar ratios
of reacting monomers. The copolymers were characterized by elemental analysis, IR
spectral and TGA studies. Number average molecular weight (Mn) of all the copolymers
were determined by non-aqueous conductometry titration. The electrical conductivity of
all copolymers was measured at various temperatures.

Keywords: 4-Methyl-7-hydroxy coumarin; trioxane; thiourea; TGA; electrical conduc-
tivity

INTRODUCTION

Coumarins (2H-1-benzopyran-2-ones) are important oxygen contain-
ing heterocycles and possess variety of functions including various
physiological activities. A survey of the literature reveals that although
a huge amount of work has been carried out on monomeric coumarin
derivatives, a little attention has been given to coumarin polymers.
Though the reports related to coumarin polymers are few, they are of
very much interest. Yen et al., have reported coumarin polymers with
anticlotting and antithaemorrhagic properties [1]. Copolymers derived
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from coumarin and N-vinylpyrrolidine have been reported to decrease
blood pressure in cats [2]. Coumarin—acrylonitrile copolymers are
used in synthetic fibres [3]. Coumarin-N-vinylindole copolymer is
reported to have photoconducting properties [4]. Patel and Patel have
reported some poly(3-phenoxycoumarin methylene)s possessing anti-
fungal activities [5]. Coumarin—formaldehyde polymers are reported
to have good thermal stability [6].

Looking to these interesting properties [1—-6] of coumarin polymers
and with a view to exploring the field of coumarin polymers we here
by report the synthesis of some novel coumarin—trioxane—thiourea
copolymers. The copolymers (MHCTTUs) were prepared by the con-
densation of 4-methyl-7-hydroxy coumarin (MHC) with trioxane (T)
and thiourea (TU) in the presence of 2M HCI/H,SO, as a catalyst with
different molar ratios of the reacting monomers. The resultant
copolymers were duly characterized.

RESULTS AND DISCUSSION

The produced copolymers are based on the phenol-formaldehyde and
thiourea-formaldehyde condensation type reaction. For the removal
of the homopolymers formed during the copolymer synthesis, separate
polymerization of coumarin-formaldehyde and thiourea-formalde-
hyde were carried out under the similar experimental conditions and
solubility of the polymers was checked. As these homo polymers were
soluble in THF, the product was repeatedly washed with hot THF to
remove homopolymers. The resultant copolymers were pale yellow
powders and were obtained in 60—80% yield. The elemental analysis
C, H, N and S are furnished in Table 1.

Typical IR spectra of copolymers are shown in Figure 1. All the
copolymers give rise to essentially similar IR spectra. IR spectra of
all copolymers comprise a broad band at 3500-3300cm ' with a
maximum at around 3400cm™ ' due to —OH and — NH stretching
vibrations. A weak absorption band around 2950-2850cm ™'
appeared in the spectra of all copolymers was attributed to C—H
stretching of the — CH, — linkage. The copolymers also show strong
band at 1730cm™' due to the coumarin lactone carbonyl. This
indicates that the coumarin ring has remained intact throughout
the copolymer formation. In addition, a band corresponding to the
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FIGURE 1 IR spectra of MHCTU-1,3,5 and 7.
i
—C—NH—group of thiourea moiety appeared between 1610 and
1620cm™". A band appeared around 1270cm™ ' was due to —C=S§
stretching vibration. The multiple bands observed near 1600-
1400cm ™! (were attributed to aromatic stretching. The band due to
tertiary — N— group (i.e., formed through crosslinking) did not appear
in the spectra. This indicated that crosslinking did not occur under
the usual experimental condition for copolymerization. On the basis

of these IR spectral data and the bifunctionality of coumarin (MHC)
nucleus, the following structure of all the copolymers can be predicted.

— — n
OH ] S

1
— CHj NH—C —NH— CHp——
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The copolymer composition was calculated on the basis of percentage
of N in the respective copolymer (Tab. II). On the basis of percentage
of N, the total number of moles of thiourea repeating unit (X)) in
100 gm of copolymer is given by,

X = Percentage of N/28.013
For example for MHCTTU,,
X = 11.00/28.013 = 0.39mole

Hence the weight percentage of thiourea repeating unit in the
copolymer is X x (molecular mass of thiourea repeating unit) i.e.,
X x 88

0.39 x 88 = 34.32 gm in 100 gm of copolymer

and the weight percentage of the comonomer repeating unit in the
copolymer is [100 — (X x 88)] = 100 — 34.32 = 65.68 gm in 100 gm of
copolymer

From this it follows that

Number of moles of coumarin repeating unit (Y) is

B 100 — (X — 88)
" molecular mass of coumarin repeating unit
= éé?— = 0.38 mole

174

Therefore, the copolymer composition in 100 gm of copolymer will
be given by the molar ratio

thiourea units : coumarin units
X:Y
Thus in MHCTTU;, it s,
0.39:0.38

Thus the copolymer composition of sample MHCTTU, is
0.39:0.38.

So 0.39 mole of thiourea repeating units and 0.38 mole of coumarin
repeating units are present in a total of 0.77 mole of copolymer
sample. For the consideration of molecular weight of the repeating
unit, this composition is extended for two units.



‘q Ul PAUOTIUSW JN{RA Y1 WO POIRINdE)) |
"JUSIUOD N% UO PIseq aIB $19OBIQ Ul anfea

L9C1 SY4 26°0:80°1 L6V (z99)8L€ 9L 9¢'0:Cy 0 SNLLOHW
80T vLT 171980 £€'8 (91+) 00¥ 14 I7'0-1€°0 ‘ALIDHIW
LOSE S0t 0S°1:05°0 0S°11 (06%) v8¥ [44 6¥°0:91°0 NLLOHW
S6LE 00¢ SY 16570 $9°TI (€81) 89p L€ 8t°0:81°0 ‘NLIOHW
81tE 96¢ 0F'1:090 1711 (8L¥) 1Ly [47 Ly'0:0C°0 YNLIOHW
SPLI 98¢ 8T'1:TL0 019 (Svp) €9v 9L Py 0:$T°0 NLIDOHIW
696€ SIg T9T8E0 091 (z19)sos or 1S°0:71°0 ‘NLIOHIN
856 197 66'0°10'1 LYE (08€) $8¢ s01 8€'0:6€°0 'NLIDHI

DHW NI

z DHW'NL 3001 w
dd xZ = L Jun GSHUn 0y » (awdjodoo (1awidjodos JUDTUOD N Yy WOLT

(%STF) uW Sunpvadat 10f uor1soduiod Jo B001/jomuty  fo 3001/10ui i) uo11S0doo

M IO Jo i o tauidjodo)y Jda ¥vauq pul] WaAq 1S4 Jaudjodo)) 12wAjodo)

UOTIBIIL) OLIDWIIONPUOD Aq UONBUINIINAD 1YFiom IR[NOJ[OA

1102 Alenuer 6T ST:TT

v pspeo [umog

11 3T1dVL



11: 15 19 January 2011

Downl oaded At:

COUMARIN-TRIOXANE-THIOUREA 255
Hence the copolymer composition for two units of copolymer
sample would be

0.39x2 0.38x2
077 = 077

.. 1.01 : 0.99.
Therefore the molecular weight of the repeating unit (Z) of

MHCTTU, = (1.01 x 88) + (0.99 x 174)
=261

Similarly molecular weights of repeating units (Z) for other co-
polymers were calculated and are shown in Table II.

The results of non-aqueous conductometry titration in pyridine of
all copolymers showed that the neutralization point of the polymer is
consistent with the millimoles of — OH group obtained in copoly-
mer composition calculated from the % nitrogen content. Thus, this
break in the conductometric titration curve was considered as a final
break (i.e., complete neutralization of — OH group) and the DP of
all copolymers was calculated. From the copolymer composition the
molecular weight of the repeating unit (Z) of each copolymer was
obtained and thus the Mn values have been calculated. The results are
furnished in Table II. As the value of Mn depends upon the nature of
copolymer and copolymerization condition, no further conclusion was
made regarding Min. As the copolymer showed poor solubility in N, V-
dimethylformamide and insolubility in other common organic solvents
their viscosity studies were not carried out.

Thermogravimetric analysis data of all the copolymers are furnished
in Table I. Typical thermograms are shown in Figure 2. The TGA
shows that the produced copolymer samples exhibited less than 4.5%
loss at 100°C, probably corresponding to residual solvent. Degrada-
tion began around 200°C depending upon the nature of copolymer.
The degradation is about 50% at the temperature of 450°C and the
copolymer suffers complete degradation at 600°C. Complete weight
loss, i.e., around 85-96% was observed at 600°C. However, in the
absence of any other information about the nature of degradation
products and the relative proportions thereof, it is not possible to draw
any further conclusion about the mechanism of degradation reaction
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FIGURE 2 TG thermogram of: (1) --- MHCTU; (2) - - - MHCTU3; 3) —-~-—
MHCTUs; (4) — x—x— MHCTU,.

of the copolymers. The electrical conductivites (o) of all the co-
polymers were measured at temperature (T') between 303 to 403K.
The plots of log o — 1/T were made according to the exponential
relation,

o= 0y e ERT

Typical plots are shown in Figure 3 and the values of the activation
energies (E) are included in Table I1I. Examination of Figure 3 (plots
of log o — 1/T) for the electrical conductivity reveals that the con-
ductivity increases with increase in the temperature. The values of
electrical conductivity of all the copolymers at 303K varied from
6.91 x 102 to 1.65x 10" " ohm™'ecm™'. The energy of activation
(E) for the electrical conductivity (o) of all the copolymers ranged
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FIGURE 3 I-MHCTTU,; II-MHCTTU3;; HI-MHCTTUs; IV-MHCTTU,. Plot
of log o 1T (for electrical conductivity).

TABLE II1  Electrical conductivity data of copolymers

Copolymer Electrical conductivity — Intrinsic electrical ~ Activation energy for
(o) at 303K conductivity (op)  electrical conductivity E
(ohm™Yem™Y) (ohn™ ' em™ 1) (KJ mote™ )
MHCTTU, 1.64 x107 1! 1.26 x1078 46.95
MHCTTU, 6.91 x107 "2 1.0x1077 76.57
MHCTTU, 116 x107 ! 1.12x107° 30.36
MHCTTU, 9.29 x107 12 339 %1071 26.79
MHCTTUj; 921 x107 12 1.58 x1078 46.20
MHCTTUj, 733 x107 "2 436 x1071° 31.32
MHCTTU, 1.65x10 ' 5.00x1077 70.00
MHCTTUj; 9.39x10° 2 251 %1071 66.03

from 26.79 to 76.57 KJmole ™ '. This shows that the copolymers have
semiconducting properties.

EXPERIMENTAL

Materials

The required 4-methyl-7-hydroxy coumarin was prepared by a reported
procedure [7]. The trioxane and thiourea used were of laboratory
grade. The acids HCI and H,SO, used were of A. R. grade.
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Synthesis of Copolymers (MHCTTUSs)

All the copolymers (MHCTTUs) were prepared by condensing 4-
methyl-7-hydroxycoumarin with trioxane and thiourea of different
molar ratios in the presence of either 2M HCI or 2M H,SQO,. A typical
copolymer synthesis is described as follows:

A mixture of 4-methyl-7-hydroxycoumarin (0.01 mole), trioxane
(0.02 mole) and thiourea (0.01 mole) was heated in the presence of 2M
HCI (100 ml) at 110°C for four hours. The solution was cooled and the
separated solid polymer was filtered out and was washed with hot
water and then with ethanol to remove the monomers.

The possibly formed homopolymers of coumarin—formaldehyde
and thiourea-formaldehyde were removed by repeated wash of the
copolymer with hot tetrahydrofuran. The copolymer was dried and
powdered. The copolymer (MHCTTU, g) produced are listed in
Tabie 1.

Measurements

The C, H and N contents of all the polymers were estimated by means
of a Heracus C, H, N, S clemental analyser (West Germany). The
sulfur contents were obtained by Carius method [8]. IR spectra were
taken in KBr using a Perkin Elmer 983 spectrophotometer. The
number average molecular weight (Mn) was determined by non-
aqueous conductometric titration in pyridine. Metrohm Konducto-
scope 365 instrument was used for the conductometric titration. The
titration was carried out by taking 50 mg sample in 50 ml dry pyridine
against standard 0.1 N sodium methanolate in pyridine. The degree
of polymerization (DP) of copolymer samples were calculated by the
formula reported earlier [9].

No. of millimoles at final break of the titration curve

P (i.e., neutralization of all —OH groups)
" No. of millimoles at first break of the titration curve

(i.e., neutralization of first —OH group)

Thermogravimetric analysis of all the copolymers were carried out in
air at a heating rate of 10°C min~ ' on Du pont 950 thermogravimetric
analyser.
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Prior to measurement of the electrical conductivity of the copolymer
samples, all the samples were heated twice to 100°C and subsequently
cooled to room temperature. This treatment was employed to stabilize
the structure of the sample and to remove impurities such as water,
organic solvents etc. For the electrical conductivity measurement, a
pellet (1.3 cm diameter and 0.2 cm thickness) of copolymer under study
was prepared by pressing a finely powdered and dried sample under
hydrostatic pressure at 20,000 psi for 2 minutes.

A uniform thin layer of silver paste was applied to both the sides of
the pellet providing electrical contacts. The pellet was firmly pressed
between two circular metal discs functioning as electrodes. The other
ends of the electrodes were passed through the pellet holder connec-
tions. The entire assembly was placed in a furnace. It was heated at a
uniform heating rate. The electrical resistivities of the samples were
measured by a Hewlett Packard 4329A high resistance meter.

CONCLUSIONS

1) 4-Methyl-7-hydroxy coumarin, trioxane and thiourea reacts
smoothly to give the copolymers in good yields.

2) The copolymers showed thermal stability upto 200°C and degraded
almost completely at 600°C.

3) The electrical conductivity data reveals that the copolymers have
semiconducting properties.
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