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T
he synthesis and radical polymerization of methacrylamide having Gabapentin

(GBP) moieties were examined. The monomer was prepared by reaction of

methyl-1-aminomethyl-1-cyclohexane acetic acid salt with methacryloyl chloride

in presence of triethylamine in moderate yields. Radical polymerizations of the

monomer were carried out in presence of AIBN (3 mol%) in DMF in moderate yield.

The thermal behaviour of the polymers was investigated by thermogravimetric analy-

sis (TGA) and differential scanning calorimeter (DSC) to determine the thermal degra-

dation pattern and glass transition temperature (Tg). The resulting polymer showed a

thermal stability up to ~ 400ºC. We found the molecular weight of the polymer to be

4340 g/mol (Mw/Mn=1.33) and poly[N-[(1-1-methoxyformoyl-1'-methyl) cyclohexyl-

methyl] methacrylamide] (poly[MFCHM])  were soluble in common solvents.

INTRODUCTION

In recent times, synthesis of acryl-

amide containing a functional moi-

ety is an interesting field of

research for their wide range of

applications which include poly-

mer supported catalysts, control

drug release systems, chelating

ion-exchange resins, bioreactors,

permselective materials, etc.

Hydrophobically modified acryl-

amide/substituted acrylamide co-

polymers are associative in nature

and are finding applications in oil

recovery, drilling fluids coatings,

and cosmetic applications [1].

Many researchers are working on

copolymerization of acrylamide

with ionic [2], zwitterionic [3],

Available online at: http://journal.ippi.ac.ir

 



neutral [4] acrylamide monomers by different syn-

thetic routes such as grafting, free radical copolymer-

ization, or living radical polymerization to obtain nar-

row molecular weight distribution.

Some interesting studies have been reported in the

past few years. Xue et al. [5] synthesized hydrophobi-

cally modified copolymers of acrylamide and iso-

propylacrylamide copolymers with di-n-octylacryl-

amide, di-n-dodecylylacrylamide, and di-n-dodecyly-

lactylamide by free-radical/micellar copolymerization

and swelling behaviour and response kinetics of the

copolymers were investigated. 

Gabapentin [1-(aminomethyl)cyclohexane acetic

acid] (GBP) which is a antiepileptic drug currently

being introduced in therapy worldwide [6-9] is a syn-

thetic α-γ amino acid. If the properties of aminoacids

are taken into account, Gabapentin can be a useful

tool for modification of acrylic acids or copolymer-

ization of acrylamide polymers. In this goal, we have

developed a new polymer having GBP moieties as

synthetic functional polymer, which are prepared by

the radical polymerization method. Radical polymer-

ization of acrylamides having drug moieties have

been the focus on much attention, and many articles

have also been reported by other groups [10].

In previous works we have synthesized and inves-

tigated the incorporated Gabapentin moiety into

acrylic acid monomer in order to obtain new poly-

mers. Their properties have been evaluated [11-12]. In

this study, the synthesis and characterization of poly

(MFCHM) containing GBP units are described. The

polymer which can be used in many applications [13]

were obtained by radical polymerization of N-[(1-1-

methoxyformoyl-1'-methyl)cyclohexylmethyl]

methacrylamide.

EXPERIMENTAL

Materials

Methacryloyl chloride (Merck) 98%, 1-

(aminomethyl)cyclohexane acetic acid (abcr) 97%,

hexane (Merck) 97%, methanol (Reidel de Haen)

99%, acetone (Symras) 99.5%, dimethyl sulphoxide

(Reidel de Haen) 99%, dimethylformamide (Merck)

99%, ethylacetate 99%, triethylamine (Reidel de

Haen) 99%, tetrahydrofuran (Reidel de Haen) 99%,

chloroform (Across) 99% were used as received.

Measurements
1H and 13C NMR spectra were recorded on Varian

AS-400 spectrometers in deuterated chloroform

(CDCl3). FTIR Spectra were obtained with a Perkin

Elmer spectrophotometer. Molecular weights and

polydispersities of the polymers were determined by

gel permeation chromatography (GPC) consisting of a

Waters 410 Differential Refractometer detector, a

Waters 515 HPLC pump, and Waters Styragel

columns (HR series 2, 3, 5E) with THF as the eluent

at a flow rate of 0.3 mL/min. Thermal analyses were

performed using a Pyris 6 TGA thermogravimetric

analyzer and a Pyris 6 DSC differential scanning

calorimeter instruments. The glass transition tempera-

ture (Tg) determined by differential scanning

calorimetry (DSC) was taken as an inflection point on

a trace at a heating rate of 10ºC/min. The 10% weight

loss temperature (Td10) and Tm were determined by

thermogravimetric analysis (TGA) at a heating rate of

15ºC/min under a nitrogen atmosphere.

Synthesis of Methyl-1-aminomethyl-1-cyclohexane

Acetic Acid Salt

Methyl-1-aminomethyl-1-cyclohexane acetate hydro-

chloride was synthesized and purified according to a

procedure previously described [14].

Synthesis of Monomer

N-[(1-1-Methoxyformoyl-1'-methyl)cyclohexyl-
methyl] Methacrylamide (MFCHM)
To a mixture of (1-aminomethyl-cyclohexyl)-acetic

acid methyl ester hydrochloride (2.20 g, 10 mmol)

and triethylamine (2.92 mL, 21 mmol) in dichloro-

methane (20 mL), methacryloyl chloride (0.85 mL,

10.5 mmol) was added at 0ºC. The resulting mixture

was stirred at room temperature overnight under

nitrogen. The reaction mixture was washed with 1 M

HCl (20 mL 1×2), saturated solution of NaHCO3

(20 mL 1×1) and a saturated solution of NaCl (20 mL

1×1) [15]. The organic layer was dried over anhy-

drous MgSO4 and it was concentrated by rotary evap-

Synthesis and Characterization of Polymethacryl- ... Akat H. et al.

Iranian Polymer Journal / Volume 16 Number 11 (2007)770

 
NH2

O

OH

SOCI2

MeOH

NH2

O

O
CH3

HCI



oration. Residue is obtained as a pure product. Yield

76%, 1H NMR δ (CDCl3) 6.44 (broad d, 1H, -NH),

5.71 (s, 2H, -CH=CH2), 5.30 (s, 1H, -CH=CH2), 3.67

(s, 3H, -CO2CH3), 3.31-3.32 (d, 2H, -NH-CH2), 2.31

(s, 2H, -CH2-C=0), 1.96 (s, 3H, CH3-CH=CH2-) -(m,

10H, -C6H10) ppm, 13C NMR δ (CDCl3) 173.8

(CO2CH3), 168.6 (-CONH-), 140.3 (CH-CH2),

119.51 (CH-CH2), 51.8 (-CO2CH3-), 46.54 (-NH-

CH2-), 42.4 (-CH2-C=O), 38.1-34.6-26.0-21.6- -18.6

(-C6H10), ppm. FTIR (NaCI) 3337 (N-H), 2929 (C-

H), 1733 (C=O (ester)), 1663 (C=O (amide)), 1625

(C=C), 1529, 1207, 1157 cm-1.

Radical Polymerization

To the monomer (5 mmol) in a polymerization tube

was introduced a radical initiator, and subsequently a

dry solvent. The tube was cooled, degassed, sealed

off, and heated at 60ºC for 20 h. The resulting mixture

was diluted with chloroform (3 mL) and poured into

hexane (100 mL) to precipitate the polymer. The sol-

vent-insoluble polymer was filtered and dried at 50ºC

overnight in vacuo.

RESULTS AND DISCUSSION

The monomers were prepared by reactions of the cor-

responding amino acid ester hydrochloride with

methacryloyl chloride in presence of triethylamine in

Figure 1. 1H NMR Spectrum of MFCHM.

Figure 2. 13C NMR Spectrum of MFCHM.

moderate yield. The structures of the monomer were

determined by 1H NMR (Figure 1) 13C NMR (Figure

2) and FTIR (Figure 3). FTIR Spectrum of poly

(MFCHM) is given in Figure 3.

Radical polymerizations of N-[(1-1-hydroxyfor-

moyl-1'-methyl)cyclohexylmethyl] methacrylamide

were carried out in the presence of AIBN (1 mol%) at

60ºC for 20 h in DMF, polymer was isolated by  repre-

cipitation with hexane. The structures of the polymer

were determined by 1H NMR (Figure 4), 13C NMR

(Figure 5) and FTIR. The thermal behaviour of the

polymers was investigated by thermogravimetric

analysis (TGA) under N2 atmosphere and air atmos-

phere. Differential scanning calorimeter (DSC) is

used to determine the thermal degradation pattern and

glass transition temperature (Tg). The resulting 

polymer showed a thermal stability up to 400ºC under

N2 atmosphere. We acquired polymer, which is

Figure 3. FTIR Spectra of MFCHM and poly(MFCHM).
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Figure 4. 1H NMR Spectrum of poly(MFCHM).

Figure 5. 13C NMR Spectrum of poly(MFCHM).

4340 g/mol (Mw/Mn= 1.33). 

Poly(MFCHM): 1H NMR δ (CDCl3) 6.79 (br,

1H), 3.64 (br, s, 3H), 3.05-3.4 (br, 2H), 2.23-2.40 (br,

2H), 1.8-1.12 (br, 15H) ppm.

DSC and TG (DTG) measurements were made to

study the thermal behaviour and thermal stability of

the prepared polyacrylamide containing GBP units.

Investigation of DSC curve (Figure 6) showed that Tg

of polymethacrylamide as a second order transition

was 38.5ºC. TG and differential TG (DTG) thermo-

grams (Figure 7) under N2 atmosphere revealed that

polyacrylamide degradation takes place in two stages,

Figure 6. DSC Thermogram of poly(MFCHM).

Figure 7. TG/DTG Thermograms of poly(MFCHM) under N2

atmosphere.

the first being at a temperature around 220ºC that cor-

responds to a very small mass loss of about 5%; the

second occurs at about 370ºC and is the main degra-

dation stage. The 10% weight loss of the polymers as

a criterion of thermal stability occurred in the range of

190-320ºC which indicated good thermal stability of

the prepared polymethacrylamide. TG (DTG) thermo-

grams (Figure 8) under air atmosphere revealed that 
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Monomer Yield (%) Mn Mw/Mn Tg(ºC) Td10(ºC)

MFCHM 720 4340 1.33 35.8 220

Table 1. Radical polymerization of N-[(1-1-hydroxyformoyl-1'-methyl)cyclohexylmethyl] methacrylamide.



polymethacrylamide degradation takes place in three

stages, the first and second step are similar to N2

atmosphere degradation but the third degradation

stage which is different from N2 atmosphere occurs at

460ºC.

The first- and second-stage decompositions of

poly(MFCHM)  might correspond to the abstraction

of the methyl group and subsequent cross-linking

between the residual char. The third stage decompo-

sition of poly(MFCHM)  corresponds to major pyro-

lysis of the polymer main chain. The higher char

value is obtained in air (9.5%) rather than in nitrogen

(4%). This could be attributable to the stabilization of

oxidation from the oxygen in the air. In conclusion,

the multiple steps of the thermal degradation process

of the polymer suggest the multiplicity of the macro-

molecular chain structures.

Solubility

For rigid thermally stable polymer, solubility in com-

mon organic solvents is a very important factor,

determining their processability. Therefore, the solu-

Figure 8. TG/DTG Thermograms of poly(MFCHM) under

air atmosphere.

bility behaviour of the polymethacrylamide was

examined in different solvents. As shown in Table 2,

these polymers were readily soluble in polar aprotic

solvents except for DMSO and they were also soluble

in chloroform, dichloromethane and tetrahydrofuran,

etc. 

CONCLUSION

In this article, the synthesis and radical polymeriza-

tions of methacrylamide having GBP moieties were

examined. The monomers were prepared by the reac-

tions of methacryloyl chloride with GBP acid ester

hydrochlorides in satisfactory yields. We obtained

polymers which have molecular weight of 4340

g/mol. The thermal behaviour of the polymer was

investigated by thermogravimetric analysis (TGA)

and differential scanning calorimeter (DSC). The Tg

of polymer from DSC thermograms was 38.5ºC.

Investigation of thermal stability of polymethacryl-

amide by TG (DTG) showed that the polymers start-

ed to lose weight, due to thermal degradation, at

about 250ºC. The polymers were soluble in chloro-

form, THF, DMF, and dichloromethane, but were not

soluble in DMSO and hexane. Polyacrylamide hav-

ing GBP moieties may have potential applications as

polymer supported catalysts, control drug release sys-

tems, etc.
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Code Dimethyl-

sulphoxide

Dimethyl-
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acetate

Tetrahydro-

furan

Dichloro-

methane

Chloroform Water Acetone
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Table 2. Solubilty of polymethacrylamide in common organic solvents.
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