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Abstract The objective of this work is to synthesize the mussel-mimicking ionic polymers bearing

electron-rich 1,3,4-triphenoxy motifs of naturally occurring sesamol [3,4-(methylenedioxy)phenol] I.

To our knowledge, the work would represent, for the first time, the ring-opening reaction of epoxide

built upon the triphenoxy motifs of hydroxyhydroquinone. Sesamol I upon O-alkylation using epi-

bromohydrin has been converted to its epoxy monomer II in 77% yield. Monomer II under ring-

opening polymerization using basic Bu4NOH and Bu4NF as well as by Lewis acid initiator/catalyst

MePh3PBr/
iBu3Al led to polyether III in 80–99% yields. Monomer II and allyl glycidyl ether (i.e.

allyl 2,3-epoxypropyl ether) IV upon polymerization gave random copolymer V of number average

molar mass of 9570 g mol�1, which upon thiol-ene reaction with HSCH2CH2NH3
+Cl� and HSCH2-

CO2H afforded cationic (^^^NH3
+) VI and anionic (^^^CO2

�) VII copolymers, respectively. For

facile deprotection, the methylenedioxy (AOCH2OA) motifs in VI was activated by its conversion

to labile acetoxymethylenedioxy [AOCH(OAc)OA] unit to obtain VIII in 80% yields. The pendant

allyl groups in VIII upon elaboration via thiol-ene reaction using cysteamine hydrochloride and

subsequent hydrolysis of [AOCH(OAc)OA] under a mild condition led to a mussel-inspired cationic

copolymer IX (78%) having catechol motifs-embedded pendants of 3,4-dihydroxyphenoxy groups.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Many synthetic nano-structured epoxy-based adhesives have

been developed for surface coating (Jouyandeh et al., 2019;
Ahmadi, 2019; Jouyandeh et al., 2018a, b). Synthetic adhesive
polymers quite often do not perform well in aquatic environ-
ment owing to deleterious effects of hydrolysis, moisture-

wicking, swelling, etc. (Comyn, 1981; Lee et al., 2011).
Holdfast of marine mussels secrets different moisture-
resistant adhesive proteins, containing �1-28 mol% of 3,4-

dihydroxyphenyl-L-alanine (L-DOPA) which stick rapidly
and strongly to solid surfaces in the turbulent sea. (Comyn,
1981). The catecholic functionalities (i.e. 3,4-

dihydroxyphenyl) in DOPA-decorated proteins provide strong
covalent interfacial interactions. This has led researchers to
mimic the adhesive chemistry practiced by the mussels. Several
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reviews articulate the biomimetic design incorporating
catechol-functional motifs to replicate the natural adhesive
systems for various applications including anti-biofouling

and drug delivery (Basiri et al., 2018; Kaushik et al., 2015;
Wang et al., 2018; Zhang et al., 2017a,b). The DOPA-
containing mussel mimicking proteins having sizable propor-

tion of anionic phosphoserine residues have been utilized to
form complex coacervates with the corresponding proteins
containing cationic 4-hydroxyarginine residues. The phase-

separated coacervates is an essential feature for wet adhesion
(Lee et al., 2007; Shao and Stewart, 2010; Zhao et al., 2005).
Catechol-based monomers, like N-(3,4-dihydroxyphenethyl)
methacrylamide (Zhang et al., 2012), and 3,4-

dihydroxystyrene (Pan et al., 2010) have been polymerized to
obtain mussel mimetic adhesive polymers (Lee et al., 2004,
2007). The mussel-inspired chemistry has led to the surface

modification of membranes by depositing catecholamines to
improve their performance (Yang et al., 2015). Cross-linking
of graphene oxide- or carbon nanotube-decorated poly-

dopamine by polyethyleneimine (Guo et al., 2020) has broaden
the utilization of graphene (Tian et al., 2013). Novel polymeric
fluorescent organic nanoparticles have been fabricated via self-

polymerization of dopamine and polyethyleneimine and fur-
ther functionalized with other functional components for
potential biological imaging applications (Shi, et al., 2017;
Liu, et al., 2015). Several review articles discussed the

mussel-inspired polydopamine (PDA)-based functional mate-
rials for environmental, energy, catalytical, and biomedical
applications (Huang et al., 2020; Huang et al., 2018; Zhang

et al., 2017a,b; Liu et al., 2016). MoS2-PolyDOPA and other
related composites have been shown to exhibit much enhanced
adsorption capability towards methylene blue (Huang et al.,

2017) and toxic metal ions (Gan et al., 2020; Dou et al.,
2020), while MoS2-PDA-Ag nanocomposites have been uti-
lized as heterogeneous catalysts and antimicrobial agents

(Zeng et al., 2018).
The ring-opening polymerization of epoxides using a vari-

ety of catalysts has been detailed in several review articles,
which describe the synthesis of homo- and block copolymers

(Brocas et al., 2013; Herzberger et al., 2016; Sarazin and
Carpentier, 2015). It is our objective to use sesamol 1 as part
of an epoxide 3 which could be used to obtain ring-opened

mussel-inspired homo and copolymers (Scheme 1). Sesamol
Scheme 1 Base as well as Lewis acid catalysed
is chosen for two reasons: (i) it is a readily available natural
product and (ii) to explore new avenue to put electron-rich
triphenoxy motifs in a polymer chain. Sesamol 1 is a compo-

nent of sesame seeds and sesame oil. Sesamol has been found
to be an antioxidant (Kim et al., 2003; Toshiko, 1991), and can
act as an antifungal (Wynn et al., 1997). Sesamol is used as a

precursor in the industrial synthesis of the pharmaceutical
drug paroxetine (Paxil) (Li et al., 2004). Sesame oil is used in
Ayurvedic Medicine (Lahorkar et al., 2009). Chelation therapy

is administered for the management of heavy metal-induced
toxicity; a review article deals with the possible use and bene-
ficial effects of sesame oil and sesamol during heavy metal tox-
icity treatment (Chandrasekaran et al., 2014). The natural

edible sesame oil and the antioxidant sesamol are potently ben-
eficial for treating lead- and iron-induced hepatic and renal
toxicity and have no adverse effects (Chandrasekaran et al.,

2014).
From synthetic perspective, the current study is intended to

explore the chemistry of polymer chains embedded with highly

electron-rich 1,3,4-triphenoxy motifs. Herein we report the
ring-opening homopolymerization (Schemes 1 and 2) of
sesamol-glycidyl ether 3 and its copolymerization (Scheme 3)

with allyl glycidyl ether (AGE) 5. The allyl pendants in the
copolymer then could be elaborated to mussel-mimicking ionic
polymers. The polymers may find application in the fields of
adhesion, metal chelation, etc. The work would represent for

the first time the ring-opening reaction of epoxide built upon
the electron-rich motifs of hydroxyhydroquinone.
2. Experimental

2.1. Materials

tert-Butylammonium hydroxide (TBAH), iBu3Al solution
(25 wt% in Toluene, 1 M), 2-butanone, allyl alcohol, 2,2-dime

thoxy-2-phenylacetophenone (DMPA), cysteamine-HCl, thio-
glycolic acid and AGE were purchased from Aldrich Chemi-
cal. MePPh3Br from Fluka, 1 M tetrabutylammonium

fluoride (TBAF) in THF from ChemCruz, were used as
received. After drying over CaH2, AGE was distilled. All sol-
vents were of HPLC grade. Lead tetra acetate Pb(AcO)4 was
freshly prepared as described (Bailar et al., 1939). Membrane
polymerization of sesamol-based epoxide 3.



Scheme 2 Mechanism of base and acid catalyzed polymerization of monomer 3 using Bu4NF, Bu4NOH and MePh3PBr/
iBu3Al.
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(Spectra/Por, Spectrum Laboratories, Inc) with a MWCO of
6000–8000, was used for dialysis.

2.2. Physical methods

Atomic compositions were analysed in a Perkin Elmer (Series II
Model 2400), while IR spectra were recorded on an FTIR spec-

trometer (Perkin Elmer 16F PC). NMR spectra were recorded
in CDCl3 with internal standard of tetramethylsilane (TMS)
using a 500-MHz JEOL LA spectrometer. The TGA was carried

out under O2 by using an SDT analyser (Q600: TA Instru-
ments). Epibromohydrin 2 was synthesised as described
(Braun, 2003; Brunetto et al., 2002; Nelson et al., 1984).

3,4-methylenedioxy-1-oxyranylmethoxybenzene 3 was prepared
in 77% yield by reacting sesamol 1 with epibromohydrin 2 as
reported (Brizzi et al., 1999; Elzein et al., 2004; Wagner et al.,
2004). GPC analysis was carried at 30 �C using a PL-GPC
220 containing two columns (PL aquagel-OH 8 mm; 300 �
7.5 mm) with Refractive Index & Light Scattering detectors

(Agilent Technologies). [2,6-ditert-Butyl-4-methylphenol (BHT)]
(0.0125 wt%), an antioxidant, was added to polymer solution
in THF (5 mg/1.5 mL). Polystyrene standards were used to cal-

ibrate the instrument. A 100 ml polymer solution was used for
chromatographic data analyzed using software by Agilent.

2.3. Polymerization of 3 using tetrabutylammonium derivatives
(Eromosele and Pepper, 1989; Morinaga et al., 2011b, 2011a,

2007)

2.3.1. General procedure

Polymerization was carried out under conditions as described
in Table 1 (entries 1–6). TBAF (1 M in THF) was placed in a



Scheme 3 Lewis acid catalyzed copolymerization of monomer 3/allyl glycidyl ether 5 and thiol-ene and lead tetraacetate reaction of the

copolymer.
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flask, and the THF was removed under N2. Monomer 3 was
added and stirred at 50 �C until the reaction was complete as
indicated by 1H NMR spectrum. The reaction mixture was dis-

solved in CH2Cl2 and washed with water three times. After
drying with Na2SO4, the organic layer was concentrated to
obtain polymer 4.

2.4. Time versus percent conversion of monomer 3 to polymer 4

A specific reaction involved the use of TBAF (0.125 mmol
from 1 M in THF). The TBAF in THF was taken in a flask

and the solvent was removed under N2 followed by vacuum.
Monomer 3 (2.5 mmol) was then added and stirred at 50 �C.
1H NMR spectra were recorded at several intervals and

the results are given in Fig. 1. The percent conversion
was determined using area integration of non-overlapping
proton signals of polymer 4 and unreacted monomer 3

(Schemes 1 and 2).

2.5. Polymerization of 3 using MePPh3Br and
iBu3Al

The conditions of the polymerization are given in Table 1
(entry 7). Monomer 3 (550 mg, 2.83 mmol) and 1.5 mL of

dry toluene were injected under Ar through a rubber septum
into an RB flask containing MePPh3Br (12.0 mg, 0.033 mmol).
Then 1 M iBu3Al in toluene (0.4 mL, 0.4 mmol) was injected
under Ar as one portion to the reaction flask at 0 �C. After

quenching the polymerization (2 h) with 80 v% MeOH/H2O
mixture (5 mL), the crude mixture was extracted with CH2Cl2,
dried over anhydrous (Na2SO4), filtered over celite 545.and

evaporated to obtain 4 as a solid (530 mg, 96%). (Found: C
61.6; H 5.1%. C10H10O4 requires C 61.85; H 5.19%); mmax.



Fig. 1 Percent conversion of monomer 3 to polymer 4 under

TBAF catalyzed polymerization.
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KBr: 3527, 3086, 2879, 2778, 1633, 1510, 1287, 986, 922, 787,
738, 703, and 610 cm�1.

2.6. Random copolymerization of 3 and 5 by using MePPh3Br
and iBu3Al

The conditions for the polymerization are described in entry 8

(Table 1). Thus, monomer 3 (1.7 g, 8.6 mmol), AGE 5 (3.9 g,
33.8 mmol) were injected under Ar into an RB flask containing
MePPh3Br (100 mg, 0.28 mmol). Then 1 M iBu3Al in toluene
Table 1 Homo- and copolymerizationa of sesamol derived monome

allyl glycidyl ether (AGE) 5.

Entry I (mmol) [SD]/[I] Time (h)

Homopolymerization of monomer 3

1 TBAF (0.10) 25 6

26

2 TBAF (0.025) 100 6

24

32

69

93

117

141

3 TBAF (0.075) 33 6

24

46

4 TBAF (0.175) 14 18

5 TBAF (0.225) 11 6

6 TBAH (0.10) 25 6

7 MePPh3Br (0.033) 86 2

Copolymerization of monomers 3 and 5

8 MePPh3Br (0.28) 151e 6

a Homopolymerization of 3 (2.5 mmol) was carried out at 50 �C (entries

(entry 7) and monomer 3 (8.6 mmol), 7 (33.8 mmol) catalysed by iBu3Al
b Conversion as determined by 1H NMR. Isolated yield of all the poly
c Mn for entry 2 = [molar mass of SD] � [SD]/[I] � % conversion/100

SD � 0.20 + molar mass of allyl glycidyl ether (AGE)

[194.19 � 0.20 + 114.14 � 0.80] � [(8.6 + 33.8)/0.28] � 0.96 = 18,920.
d GPC with a light scattering detector.
e [SD 3 + AGE 5]/[I].
(4.2 mL, 4.2 mmol) was injected under Ar as one portion to
the reaction flask at 0 �C. When the 1H NMR spectrum of
the reaction mixture revealed the complete consumption of the

monomers (�6 h), the reaction was quenched by adding 80 v
% MeOH/H2O mixture (50 mL). The solvents were removed
from the mixture and the residue in CH2Cl2 (50 mL) was

filtered over celite 545. Drying (MgSO4) and removal of the
solvent afforded random copolymer 6 (5.36 g, 96%) having a
20:80 ratio of the incorporated monomers 3 and 5 (Scheme 2).

(Found: C 62.2; H 7.5%. Units of 3 and 5 in 20:80 requires C
62.75; H 7.74%); mmax. KBr: 3485, 3081, 3017, 2919, 2866,
1635, 1496, 1355, 1255, 1192, 1134, 991, 925, 846, 738, 697,
614, and 561 cm�1.

2.7. Thiol–ene reaction (Campos et al., 2008; Ly et al., 2017) of

cysteamine and vinyl bonds in 6

A mixture of cysteamine. HCl (2.0 g, 19 mmol), photoinitiator
DMPA (0.488 g, 1.9 mmol), were added to a solution of
copolymer 6 (625 mg, containing 0.96 mmol of repeating units

of 3 and 3.84 mmol repeating units 5) in 2:1 THF/MeOH
(4.5 mL) was irradiated under N2 with a 365 nm UV lamp
for 5 h. 1H NMR spectrum revealed the complete disappear-

ance of the alkene motifs of copolymer 6. After washing with
ether and dialysis of the residue against distilled water and
freeze-drying afforded polymer 7 (0.86 g, 81%). (Found:
C 44.7; H 7.6%. Repeat units 3 and cysteamine.

HCl-incorporated 5 in 20:80 requires C 45.65; H 7.48%); mmax.

KBr: 3585, 3414, 3083, 2963, 1490, 1406, 1260, 1189, 1099,
1017, 869, 798, and 677 cm�1.
r (SD) 3 using various initiators (I) and its copolymerization with

Conv.b (%) Mn,Theor
c Mn,Exp

d PDI

85

96 4,660 1532 1.2

1

7

11

89

93

95

98 19,030 1230 2.6

80

94

98 6,280 1529 1.2

99 2,690 1264 1.2

98 2,090 1169 1.3

98 4,760 2985 1.4

96 16,030 8,750 1.6

96 18,920 9,570 1.7

1–6), at 0 �C using 3 (2.83 mmol) catalysed by iBu3Al (C) (0.4 mmol)

(C) (4.2 mmol) (entry 8).

mers were > 90% in most cases.

= 194.19 � 100 � 0.98‘ = 19,030. Mn for entry 8 = [molar mass of

� 0.80] � [SD + AGE]/[I] � % conversion/100 =
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2.8. Lead tetraacetate oxidation (Lee et al., 2009; Nicolaou
et al., 2010) to activate O-CH2-O in copolymer 6

A solution of copolymer 6 (Entry 8, Table 1) (1.90 g, contain-
ing 2.92 mmol of repeating units of 3 and 11.68 mmol of

units of 5) in benzene (25 mL) was reacted with Pb(OAc)4
(2.0 g, 4.5 mmol) under stirring condition at 75 �C under
N2 for 24 h. After washing the crude mixture in EtOAc
(35 mL) with H2O (3 � 30 mL), and removal of the organic

solvents gave 8 (1.66 g, 80%). (Found: C 60.3; H 7.5%. Units
Fig. 2 1H NMR spectra in CDCl3 of (a) monomer 3; and polymer 4

and (d) iBu3Al/MePh3PBr.
of 3-OAc and 5 in 20:80 requires C 61.00; H 7.39%); mmax.

KBr: 3503, 3080, 3015, 2927, 2869, 1759, 1645, 1613, 1497,
1367, 1224, 1189, 917, 844, 789, 758, 711, 669, 615, and

560 cm�1.

2.9. Thiol–Ene reaction (Campos et al., 2008) of cysteamine to
vinyl double bonds in 8

To a solution of copolymer 8 (0.30 g, containing 0.42 mmol
of repeating units of 3-OAc and 1.69 mmol of units of 5) in
obtained using initiator (b) Bu4NOH (TBAH), (c) Bu4NF (TBAF)



Fig. 3 13C NMR spectra in CDCl3 of (a) monomer 3; and polymer 4 obtained using initiator (b) Bu4NOH (TBAH), (c) Bu4NF (TBAF)

and (d) iBu3Al/MePh3PBr.

Fig. 4 TGA curve of polymer 4.
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2:1 THF/MeOH (3.5 mL) was added cysteamine.HCl
(0.96 g, 8.4 mmol) and photoinitiator DMPA (0.215 g,

0.84 mmol). The mixture after purging with N2 was irradi-
ated with a 365 nm UV lamp for 6 h for complete reaction
of the double bonds in the polymer 8 as indicated by a 1H

NMR spectrum. The photoinitiator from the crude mixture
was removed by washing it with ether. The mixture upon
dialysis (against 0.1 M HCl followed by against distilled

water), and freeze-drying afforded polymer 9 (0.36 g, 78%)
as a solid. mmax. KBr: 3471, 3424, 3081, 2917, 2869, 1622,
1488, 1354, 1257, 1189, 1101, 1029, 928, 801, 678, and
554 cm�1.
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2.10. Thiol–Ene reaction (Campos et al., 2008) of thioglycolic
acid to vinyl double bonds in 6

A mixture of thioglycolic acid (1.75 g, 19 mmol), DMPA
(488 mg, 1.9 mmol), copolymer 6 (Entry 8, Table 1)
Fig. 5
1H NMR spectra in CDCl3 of copolymer (a) 6, a
(625 mg, containing 0.96 mmol of repeating units of 3 and
3.84 mmol of units 5) in THF (3 mL) was irradiated under
N2 as before (6 h). The crude product was repeatedly washed

with ether to remove the photoinitiator, thereafter transferred
to a dialysis bag with the help of methanol/THF and dialyzed
nd (b) 8; and in CD3OD of copolymer (c) 9 and (d) 7.
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against distilled water (24 h). After freeze-drying, the polymer
was obtained as a thick colorless liquid of 10 (805 mg, 82%).
The polymer was insoluble in water or methanol or CHCl3.

However, the polymer was readily soluble in 20:1 CHCl3/
MeOH mixture. mmax. (neat): 3500 (br), 2924, 2876, 1724,
1632, 1487, 1273, 1188, 1120, 1038, 923, 817, 788, 649 and

577 cm�1. (Found: C 49.0; H 6.7; S, 11.8%. Units of 3 and 5

(after thiol-ene reaction) in 20:80 requires C, 49.50; H, 6.53;
S, 12.58%).
3. Results and discussion

Epibromohydrin 2 was prepared as described in Scheme 1.

Sesamol 1 was alkylated using 2 to obtain epoxide monomer
3. The polymerization reaction was carried out using base or
Lewis acid catalysed ring-opening process to obtain polyether

4 having the pendants of sesamol residues. Polymerization
catalysed by Bu4NOH is expected have ‘OH’ groups on both
terminals, while catalysis by Bu4NF (TBAF) is expected to
insert ‘F’ on one end of the chain.

Conversion versus time profile for the polymerization reac-
tion cried out under TBAF catalysis is shown in Fig. 1. The
percent conversion after a time interval was determined by
1H NMR technique; at each interval, a small portion of the
reaction mixture was withdrawn and quenched to terminate
the propagation process. Fig. 1 reveals that 50% conversion

had occurred after 90 min.
The results of the polymerizations are given in (Table 1).

The Table includes polydispersity index (PDI) and molar

masses. The Mn

�
values were determined to be less than the the-

oretical values thereby suggesting chain transfer rection. The
polymerization reactions afforded polymer in excellent yield
(Table 1). The polymerization catalyzed by TBOH (entry 6,

Table 1) gave polymer with a higher molar mass than that of
the polymer obtained via TBAF-initiation (entries 1–5).

The F� or OH� or the propagating alkoxide ion ‘A’ (RO�)
may involve in nucleophilic ring-opening (red arrows) propa-
gation to ‘B’ as well as base catalysed proton abstraction (blue
arrows) to ‘C’ as depicted in Scheme 2. The chain transfer to
monomer 3 and subsequent re-initiation by species ‘C’ could
Scheme 4 Thiol-ene reaction of cop
lower the molar mass of the polymers as confirmed by the
GPC results whereby the observed molar masses are much less
as compared to theoretically expected values (entries 1–6,

Table 1). Note that: in alkali metal alkoxides catalysed poly-
merization of propylene oxide (PO) [CH3(CHCH2)O], the
highly basic macroanion RO� is known to abstract H from

CH3 group of the monomer causing a chain transfer to the
monomer (Boileau, 1989; Gagnon, 1985; Quirk and
Lizarraga, 2000).

The above findings have prompted us to carry out the poly-
merization under Lewis acid catalysis which may minimize the
chain transfer process (vide supra). The polymerization of 3

using Lewis acid catalyst iBu3Al and initiator (I) MePh3PBr

(Alhaffar et al., 2019; Billouard et al., 2004; Sakakibara
et al., 2007, 2006) gave polyether 4 in excellent yield (entry 7,
Table 1) (Scheme 1). For the successful polymerization

[iBu3Al]/[I] is kept �1, since the aluminate complex as depicted
by ‘D’ (Scheme 2) is not enough a reactive nucleophile to
initiate the polymerization. The process also requires the acti-

vation of monomer 3 in the presence of an excess of iBu3Al
thereby ensuring active participation of the enhanced elec-
trophilic complex species ‘E’. The experimental molar mass

of polymer 4 as obtained by GPC is less than the theoretical
value based on each Ph3MeP+Br� forming one polymer chain
(see Table 1). Thus, the polymerization of monomer 3 encoun-
ters chain transfer process involving complex ‘F’ whereby nor-

mal propagation as depicted by the red arrow leads to ‘G’,
while the transfer of iBu group to monomer complex ‘E’ as
indicated by the blue arrow gives ‘H’ which can re-initiate a

new polymer chain (Scheme 2). The initiation process as
depicted in species ‘D’ is known to involve nucleophilic attack
by Br� as well as by iBu� and hydride anion (Sakakibara et al.,

2007, 2006) thereby leading to three types of end groups
(Boireau et al., 1980; Eisch et al., 1992).

The 1H and 13C NMR spectra of monomer 3 and its corre-

sponding polymers using different initiators are shown in
Figs. 2 and 3, respectively. There are minor differences in the
1H spectrum of 4 obtained by base and Lewis acid catalyzed
polymerization (cf. Fig. 2b,c vs. d) in the region of

d3.5 ppm. Note that the CH2F protons attached at one end
of 4 is displayed at d4.6 ppm as a minor signal (Fig. 2c)
olymer 6 with thioglycolic acid.



Fig. 6
13C NMR spectra of (a) 10 in 20:1 CDCl3/CD3OD, and (b) 6 in CDCl3; and (c) 1H NMR spectrum of 10 in 20:1 CDCl3/CD3OD.
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(Morinaga et al., 2011b, 2007). End group analysis involving
area integration of CH2F protons versus the aromatic proton
signals (Fig. 2c) and assuming a CH2F group per polymer

chain h, the TBAF-initiated polymer sample 4 from entry 4

(Table 1) revealed its molar mass ( �Mn) as 4850 g mol�1. The

experimental �Mn value of 1264 (Table 1) therefore suggests
the involvement of extensive chain transfer and as such consid-
erable of number of polymer chains do not have CH2F
terminal. While the signal pattern of the aromatic carbons

remains similar in the monomer and polymer, there are some
differences in the complexity of the carbons attached to oxygen
as a result of differences in the microstructure of the polymers

obtained via base or Lewis acid catalyzed polymerization
(Fig. 3).
The thermogravimetric analysis (TGA) curve of polymer 4
is shown in Fig. 4. The first weight loss 9% up to 350 �C is
accounted for the removal of trapped solvent and moisture.

The second loss of about 34% in the range 350–413 �C could
be attributed to the removal of CH2CHCH2O motifs, calcu-
lated to constitute 30%, from the polymer backbone. Poly-

ethylene glycols are known to decompose in that range
(Kwon and Kim, 2006). The third loss of 56% in the range
423–594 �C is accounted by the loss of aromatic motifs con-
taining three oxygens. At 793 �C, the residual mass was found

to be 0.9%. The polymer is thus found to be very stable up to
350 �C.

Copolymerization of 3 and 5 under Lewis acid catalysis

afforded copolymer 6 in 96% yield (entry 8, Table 1); the
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polymer upon thiol-ene reaction (Campos et al., 2008) using
cysteamine.HCl gave 7 (Scheme 3). To mimic mussel-inspired
polymers, methylene acetal, a robust protective group that

could not be deprotected under acid, in the current polymers
must be deprotected to diol motifs. To circumvent the prob-
lem, the O-CH2-O motifs in 6 were activated using lead

tetraacetate (Lee et al., 2009; Nicolaou et al., 2010) to obtain
8 containing the labile acetoxy substituent. Polyether 8 was
then elaborated by thiol-ene reaction which converted it to 9;

during dialysis in the presence of 0.1 M HCl, the facile depro-
tection took place.

The 1H NMR spectra of 6–9 are shown in Fig. 5. Copoly-
mer 6 with a 20:80 ratio of repeating unit of sesamol-derived

monomer 3 and AGE 5 was used for its conversion to 7–9.
The ratio of the incorporated monomers was determined by
area integration of several signals such as three aromatic Hs

versus two alkene Hs marked ‘c’ (Fig. 5a). The presence of

acetyl proton marked ‘d’ in ACHOCOCH3 and acetal proton

ACHOCOCH3 marked ‘a’ in Fig. 5(b), confirms the formation
of 8 having a labile protection group. Alkenes protons disap-

peared after thiol-ene reaction in the spectra of 9 (Fig. 5c)
and 7 (Fig. 5d). The NMR spectra confirmed the incorpora-
tion cysteamine motifs.

Towards the end, copolymer 6 was elaborated via thiol-ene
reaction with thioglycolic acid to 10 having anioinic-CO2

�

groups (Scheme 4). Fig. 6 displays the NMR spectra of 6

and 10. The alkene C marked ‘o’ and ‘p’ in copolymer 6

(Fig. 6b) disappeared upon thiol-ene reaction as can be seen
from the of 13C spectrum of 10 in Fig. 6(a); the corresponding
1H spectrum in Fig. 6(c) also reveals the absence of alkene pro-

tons at � d 5.5 ppm.

4. Conclusions

Monomer 3 has been prepared in very good yield (77%) by
reacting naturally occurring sesamol 1 with epibromohydrin
2. To our knowledge, oxide 3 derived from naturally occur-

ring sesamol, has been homo- as well as copolymerized with
AGE 5 for the first time. Monomer 3 underwent ring-opening
polymerization using basic Bu4NOH and Bu4NF as well as

by Lewis acid initiator/catalyst to polyether 4 in 80–99%
yields. The random copolymer 6 was obtained via ring-
opening copolymerization of 3/5 pair using Lewis acid initia-
tor/catalyst in 96% yield. Copolymer 6 was elaborated by

incorporating cationic (NH3
+) and anionic (CO2

�) groups on
the pendants via photo-initiated thiol-ene reaction of copoly-
mer 6 with cysteamine.HCl and thioglycolic acid to give 7

(81% yield) and 10 (82% yield), respectively. The activation
of the O-CH2-O motifs in 6 using lead tetraacetate gave 8

containing the labile acetoxy substituent in 80% yield. Poly-

mer 8 upon thiol-ene reaction with cysteamine.HCl followed
by aqueous work up afforded 9 (90% yield) having depro-
tected catechol units in the macromolecule. The synthesised

polymers have an exciting feature of electron-rich hydroxyhy-
droquinone motifs which mimics mussel-inspired polymers
containing catechol units. Catechol motifs are known for
their efficacy in adsorption of metal ions from aqueous solu-

tion (Li et al., 2010). Currently we are investigating the
adsorption of metal ions in aqueous solution by theses poly-
mers as well as their performance for inhibition of the mild

steel corrosion.
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