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INTRODUCTION

N-[(Furan-2-yl)methyl]acrylamide (FMA) is a prominent
monomer containing both reactive amide and furfuryl group
as the reactive diene functionality in the pendent group. In parti-
cular, thermoreversible and mendable materials can achievable
through the Diels-Alder reaction utilizing a suitable dienophile
with monomers consisting furan group [1-3]. Apart from the
aforementioned peculiarities, these materials find usage area
widely in biomedical applications [4-6].

 Polymers having specific functionalities can be obtained
by synthesizing novel monomers bearing the functional groups
and thus desired objectives can be fulfilled [7-11]. The synthesis
of polymers possessing well-defined compositions, functiona-
lities and architectures has become a substantial topic in terms
of polymer science. To that end, the use of acrylamide polymers
and derivatives has rapidly increased especially during the last
two decades. Poly(acrylamide) and derivatives have a good
deal of applications such as adsorbent in the removal of heavy
metal ion/dye from wastewater [12,13], as polymeric mediator
for electrochemical biosensors [14], as fluid loss agent for oil
well cement [15], as gene delivery vector [16] and as drug-
delivery agent [17,18].

The preparation methods for novel functional acrylamide
derivatives by the reaction between acryloyl chloride and
corresponding amides has been reported [8,19-22]. This study
deals mainly with the preparation of a novel acrylamide deriva-
tives comprising a furan moiety. In this article, synthesis and
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characterization of the new monomer and its free radical poly-
merization will be discussed in detail. Moreover, the influence
of monomer and initiator concentrations and polymerization
temperature on the rate of polymerization (Rp) were investi-
gated.

EXPERIMENTAL

Furfurylamine (Merck, 98 %), triethylamine (Aldrich, 99 %),
acryloyl chloride (Merck, 99 %) and toluene (Merck, 99 %)
were used without further purification. Dichloromethane
(Fluka, 99 %) was distilled in the presence of CaH2. Benzoyl
peroxide (Merck) was purified by recrystallization from
chloroform. The monomer synthesis was monitored by TLC
and UV-Lamp. The monomer was purified by flash column
chromatography with Merck silica gel 5554.

IR spectra were recorded with JASCO FT-IR 480 plus
spectrometer and selective peaks were reported. 1H NMR and
13C NMR were recorded with Bruker Spectroscopin Avance
PDX 400 MHz using tetramethysilane (TMS) as standard.

Preparation of N-[(furan-2-yl)methyl]acrylamide: 1.51 g
(1.55 × 10-2 mol) furfurylamine and 2.35 g (2.32 × 10-2 mol)
triethylamine were dissolved in dry dichloromethane (20 mL)
and to this solution acryloyl chloride 1.40 g (1.55 × 10-2 mol)
was added slowly at 0 °C (Fig. 1). The reaction mixture was
stirred at room temperature for 20 h and the mixture was quen-
ched with saturated solution of NH4Cl and extracted 3 times
with CH2Cl2 (total 50 mL). The combined organic phase was



dried with Na2SO4 and concentrated under reduced pressure.
Upon purification with flash column (hexane:ethyl acetate,
5:1), the product was isolated (1.64 g, 70 % yield). 1H NMR
(δ, TMS): 7.32-7.23 (m, 1H), 6.31-6.19 (m, 2H), 6.16 (d, J =
3.2 Hz, 1H), 6.09-5.89 (m, 2H), 5.62-5.54 (m, 1H), 4.42 (d, J
= 5.6 Hz, 2H). 13C NMR (δ, TMS): 162.95, 149.41, 140.28,
128.25, 125.08, 108.70, 105.80, 34.70. FTIR (KBr, cm-1): 3341
(N–H stretching); 3114 and 3070 (=C–H stretching); 2951
and 2919 (C–H stretching); 1658 (C=O stretching); 1620 (C=C
stretching); 1549, 1407, 1309, 1241, 1197, 1146, 1073, 987,
968, 920, 875, 753, 596.

Polymerization technique: A typical polymerization
procedure is as follows; N-[(furan-2-yl)methyl]acrylamide (0.2
g, 20.7 × 10-2 mol) and benzoyl peroxide (0.05 g, 1.43 × 10-2

mol) were dissolved 10 mL of toluene in a 25 mL double-
neck round bottom flask. After nitrogen was filled into the
flask, the polymerization was initiated by heating at 90 °C in
an oil bath with a magnetic stirrer. During heating, insoluble
part of polymer was precipitated and thereafter collected by
filtration. The soluble part was precipated in hexane. The reaction
products were partly soluble in common organic solvents
(chloroform, dimethyl sulfoxide, tetrahydrofuran etc.). The
obtained polymers were dried under vacuum at room tempe-
rature for an overnight. The conversion of monomer to polymer
was measured by gravimetry.

RESULTS AND DISCUSSION

A novel acrylamide monomer of N-[(furan-2-yl)methyl]-
acrylamide was prepared starting from furfurylamine (Scheme-
I) and structure was confirmed by 1H NMR (Fig. 1a), 13C NMR
and FTIR (Fig. 2a) analyses. In 1H NMR, olefinic and aromatic
protons were appeared in down fields (5.54-7.32 ppm) as
expected. The methylene signals were observed at 4.42 ppm
as multiplet. The existence of carbonyl group was detected at
162 ppm in 13C NMR and 1658 cm-1 in FTIR spectrum. The
NMR spectrum of the poly N-[(furan-2-yl)methyl]acrylamide
(Fig. 1b) shows clearly furan protons between the range of
6.7-7.1 ppm, where there is no any other signal corresponding
to olefinic protons. The methylene signals were appeared in
4.42 ppm similar to the NMR of monomer (Fig. 1a).
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Scheme-I: Preparation of N-[(furan-2-yl)methyl]acrylamide monomer

The polymerization of N-[(furan-2-yl)methyl]acrylamide
in toluene, using benzoyl peroxide as an initiator was carried
out under an inert atmosphere of nitrogen in polymerization
tubes. The precipitated polymer was collected by filtration and
the soluble part of the polymer was precipitated in non-polar
organic solvents.
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Fig. 1. 1H NMR spectra of: (a) N-[(furan-2-yl)methyl]acrylamide (FMA),
(b) polyN-[(furan-2-yl)methyl]acrylamide (PFMA)
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Fig. 2. FT-IR spectra of: (a) N-[(furan-2-yl)methyl]acrylamide (FMA), (b)
poly N-[(furan-2-yl)methyl]acrylamide (PFMA)

The IR spectra confirmed the chemical structures,
exhibiting all the absorption bands attributable to the func-
tional groups comprising the polymer. The FTIR spectra of
the prepared polymer reveals disappearance of the band at
1620 cm-1 due to being the olefinic C=C stretching, verifying
the polymerization of N-[(furan-2-yl)methyl]acrylamide. FTIR
absorption bands resulting from C=O stretching of amide was
conspicuously occurred at 1681 cm-1 in poly N-[(furan-2-yl)-
methyl]acrylamide (PFMA). In polymer spectrum, the band
appearing at 3294 cm-1 is clearly belongs to N-H stretching. On
the basis of the analyses conducted, the structure of polymer
was accepted as given in Scheme-II.

O

H2C

NH

CO

HC

BPO

Toluene

CH2

O

H2C

NH

CO

CH CH2 n

Scheme-II: Polymerization of N-[(furan-2-yl)methyl]acrylamide

Kinetics of polymerization of N-[(furan-2-yl)methyl]acryl-
amide

Effect of initiator and monomer concentration on the
rate of polymerization of N-[(furan-2-yl)methyl]acrylamide:
Polymer unable to obtain under experimental when benzoyl
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peroxide concentration was less than 3.4 × 10-3 mol L-1. There-
fore, the effect of initiator concentration on the polymerization
rate was studied for initiator concentrations of 3.4 × 10-3,
6.9 × 10-3, 1.38 × 10-2 and 2.07 × 10-2 mol L-1 with monomer
concentration constant at 4.42 × 10-1 mol L-1 (Table-1). The
polymerization starts without any induction period. The rate of
polymerization (Rp) was calculated from the slope of percen-
tage conversion versus time plots, at low conversion. The data
demonstrates that the Rp increases with the increase in benzoyl
peroxide concentration and this explains the increase in the
radical concentration in the reaction media. The initiator
exponent, calculated from the slope of ln Rp versus ln [BPO],
is 0.51 (Fig. 3).

TABLE-1 
EFFECT OF [BPO] ON POLYMERIZATION 

S. No. [BPO] × 103 
(mol/L) 

Conversion (%) Rp × 104 
(mol/Ls) 

1 
2 
3 
4 

3.4 
6.9 

13.8 
20.7 

6.0 
7.9 
9.4 
14.7 

3.6 
5.2 
7.1 
9.0 

[FMAA] = 4.42 × 10–1 mol/L, temperature = 90 °C, time = 4 h 
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Fig. 3. Variation of ln Rp with ln [BPO] and fixed [FMA] = 4.42 × 10-1

mol/L at 90 °C

The effect of N-[(furan-2-yl)methyl]acrylamide concen-
tration on the polymerization rate was studied for monomer
concentrations of 8.8 × 10-2, 11.0 × 10-2, 11.9 × 10-2 and 13.2
× 10-2 mol L-1 (Table-2). The initiator concentration was held
at constant value, being 2.07 × 10-2 mol L-1. Fig. 4 demons-
trates the conversion versus polymerization time in different
monomer concentration. The polymerization rate for each
initial monomer concentration, Rp, was obtained from the
slopes of the linear part of conversion versus time plots. The
rate of polymerization (Rp) increases linearly with the initial
monomer concentration (Fig. 5). The polymerization rate
is faster at the first hour and the conversion increases with
increasing monomer concentrations (Fig. 4). The monomer
exponent, calculated from the slope of ln Rp versus ln [FMA],
is 1.69 (Fig. 5). Consequently, the polymerization rate equation
is Rp = k[M]0.51[I]1.69. This result indicates that termination
occurs through bimolecular interaction of growing chain
radicals [23,24].

TABLE-2 
EFFECT OF [FMA] ON POLYMERIZATION 

S. No. [FMA] × 102 
(mol/L) 

Conversion (%) Rp × 104 
(mol/Ls) 

1 
2 
3 
4 

8.8 
11.0 
11.9 
13.2 

37.3 
40.1 
43.2 
45.7 

10.4 
14.2 
16.5 
21.0 

[BPO] = 20.7 × 10–3 mol/L, temperature = 90 °C, time = 4 h 
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Fig. 4. Effect of the monomer concentration on the conversion. [BPO] =
20.7 × 10-3 mol/L at 90°C
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Fig. 5. Variation of ln Rp with ln [FMA] and fixed [BPO] = 20.7 × 10-3

mol/L at 90 °C

Effect of polymerization temperature: The polymeri-
zation reactions were carried out at different temperatures (70,
80 and 90 °C) at fixed concentrations of benzoyl peroxide
(2.07 × 10-2 mol L-1) and N-[(furan-2-yl)methyl]acrylamide
(1.32 × 10-1 mol L-1). Figs. 6 and 7 illustrate that the polymeri-
zation rate is strongly dependent on the polymerization tempe-
rature. The polymerization rate increases with rising tempe-
rature (Fig. 6). Arrhenius activation energy, calculated from
the slope of the plot ln Rp vs. 1/T(Fig. 7), is 84 kJ mol-1.

Conclusion

New acrylamide monomer containing a furan side group
was synthesized and polymerized by means of free radical
polymerization. The dependence of initiator and monomer
concentration on polymerization rate pursued the classical
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Fig. 6. Effect of the polymerization temperature on the conversion of N-
[(furan-2-yl)methyl]acrylamide. [FMA] = 4.42 × 10-1 mol/L and
[BPO] = 20.7 × 10-3 mol/L
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Fig. 7. Plot of ln Rp versus 1/T. [FMA]= 4.42 × 10-1 mol/L and [BPO]=
20.7 × 10-3 mol/L

kinetic theory. Due to the fact that the polymer obtained
incorporates several functional groups (i.e. carbonyl, furan and
amide) in modified polymers is attainable. The biological

activity studies of poly N-[(furan-2-yl)methyl]acrylamide are
in progress and will be reported in due course.
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