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Introduction

Butler’s cyclopolymerization protocol [1–3] involving dial-
lyl ammonium salts has led to a plethora of industrially sig-
nificant pyrrolidine ring-embedded cyclopolymers whose 
architecture is considered to be the eighth most impor-
tant structural type [4, 5]. Over one thousand publications 
and patents have been published on poly(diallyl dimethyl 
ammonium chloride), a Butler’s cyclopolymer, and over 
35 million pounds of this product alone are sold per year 
for water purification and personal care formulations [1]. 
Numerous diallyl ammonium monomers have also been 
copolymerized with SO2 to give value-added products [6–
8]. The work presented in this article describes for the first 
time the use of Butler’s cyclopolymerization protocol [1–3] 
for the formation of cyclopolymers 5 and 6 having residue 
of essential amino acid methionine in each repeating unit 
(Scheme 1).

One of our objectives is to investigate the efficacy of 
functional motifs of trivalent amine and sulfide in a poly-
mer backbone for inhibiting metal corrosion. Inhibition of 
metal corrosion by organic inhibitors is influenced by the 
presence of heteroatoms whose efficacies are known to 
increase in the order O < N < S < P [9]. The inhibitor mol-
ecules interfere with anodic or cathodic reactions occurring 
on the metal surfaces, and thus prevent or minimize corro-
sion process [10–12]. The greater polarizability of the lone 
pair of electrons in the third period elements makes them 
better inhibitors as a result of formation of coordinate-type 
bonds to cover and safeguard the metal surface. In addi-
tion to being available at low cost, the non-toxic amino acid 

Abstract Ethyl ester hydrochloride of essential amino 
acid methionine upon treatment with allyl bromide affords 
N,N-diallyl methionine ethyl ester (I) which after treat-
ment with HCl leads to a novel monomer N,N-diallyl 
methionine ethyl ester hydrochloride (II). Monomer II is 
cyclocopolymerized with sulfur dioxide in acetone or etha-
nol to obtain the corresponding water-insoluble alternate 
cocyclopolymer III (i.e., II-alt-SO2), while quite surpris-
ingly, the polymerization carried out in dimethyl sulfox-
ide (DMSO) affords a water-soluble terpolymer IV: (II{in 
sulfide form}-alt-SO2)-ran-(II{in sulfoxide form}-alt-SO2) 
in which half of the sulfide groups has been oxidized to sul-
foxide groups via oxygen exchange with solvent DMSO. 
Polymer IV containing the residues of methionine dem-
onstrates superior inhibition of mild steel corrosion in 1 M 
HCl at 60 °C; inhibition efficiency (IE) of 99 % is achieved 
at a concentration of 25 ppm. At a meager concentration 
of 1.25 ppm, the polymer leads to an astonishing IE of 
93 %, while its corresponding monomer II achieves an IE 
of 31 % at the same concentration. The adsorption of poly-
mer IV on the metal surface was found to obey the Lang-
muir adsorption isotherm. The high negative �G

◦

ads
 value of 

−57.7 kJ mol−1 ensured the favorability of the adsorption
process and indicated the prevalence of both electrostatic 
adsorption and chemisorption. The polymer having multi-
ple adsorption sites gave superior protection of mild steel 
surface than methionine or its ester derivative I or the mon-
omeric counterpart II.
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