
Polyhedron 90 (2015) 154–164
Contents lists available at ScienceDirect

Polyhedron

journal homepage: www.elsevier .com/locate /poly
(Ferrocenylpyrazolyl)zinc(II) benzoates as catalysts for the ring opening
polymerization of e-caprolactone
http://dx.doi.org/10.1016/j.poly.2015.02.007
0277-5387/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author. Tel.: +27 115592838; fax: +27 115592819.
E-mail address: jdarkwa@uj.ac.za (J. Darkwa).

FOR
Collins Obuah a, Yemanlall Lochee a, Johan H.L. Jordaan b, Daniel P. Otto b, Tebello Nyokong c,
James Darkwa a,⇑
a Department of Chemistry, University of Johannesburg, Auckland Park Kingsway Campus, Auckland Park 2006, South Africa
b Focus Area Chemical Resource Beneficiation, Catalysis and Synthesis Group, North-West University, Potchefstroom, 2531, South Africa
c Department of Chemistry, Rhodes University, Grahamstown 6140, South Africa

a r t i c l e i n f o
 SITE
Article history:
Received 3 December 2014
Accepted 7 February 2015
Available online 16 February 2015

Keywords:
(Ferrocenylpyrazolyl)zinc(II) benzoates
e-Caprolactone
Ring opening polymerization
Catalysts
Electrophilicity
a b s t r a c t

The reaction of Zn(OAc)2 and C6H5COOH or 3,5-NO2-C6H3COOH with 3-ferrocenylpyrazolyl-methylene-
pyridine (L1), 3-ferrocenyl-5-methylpyrazolyl-methylenepyridine (L2), 3-ferrocenylpyrazolyl-ethy-
lamine (L3) and 3-ferrocenyl-5-pyrazolyl-ethylamine (L4) afford the corresponding complexes
[Zn(C6H5COO)2(L1)] (1), [Zn(C6H5COO)2(L2)] (2), [Zn(3,5-NO2-C6H3COO)2(L1)] (3), [Zn(3,5-NO2-C6H3

COO)2(L2)] (4), [Zn(C6H5COO)2(L3)] (5), [Zn(C6H5COO)2(L4)] (6), [Zn(3,5-NO2-C6H3COO)2(L3)] (7) and
[Zn(3,5-NO2-C6H3COO)2(L4)] (8). These complexes behave as catalysts for the ring opening polymeriza-
tion of e-caprolactone to produce polymers with molecular weight that range from 1480 to 7080 g mol�1

and exhibited moderate to broad PDIs. Evidence of these complexes acting as catalysts was obtained from
both the polymerization data and kinetic studies. The polymerization data show that variation of the
[CL]/[C] from 100 to 800 produced PCL with relatively the same molecular weight indicative of a catalyst
behavior. The appearance of induction period in kinetic plots strengthens the fact that these complexes
are catalysts rather than initiators. MALDI-TOF MS and 1H NMR data show di-hydroxy end groups, which
support the coordination mechanism rather than insertion mechanism.

To understand the broad PDIs obtained for some of the polymer, the electronic properties of the zinc
complexes were investigated using cyclic voltammetry. The results show that the zinc complexes con-
taining amine based ligands are highly electrophilic therefore making them unstable, hence the broad
PDIs observed for zinc complexes containing amine based ligands. Among the eight complexes investigat-
ed, complex 7 is the most active catalyst with kp value of 1.18 � 10�7 h�1 mol�1 at 110 �C.
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1. Introduction

One of the widely studied polymerization processes is ring
opening polymerization (ROP) of cyclic esters. Polyesters prepared
by the ROP process are used in a wide range of applications such as
sutures, bone fracture fixation devices, controlled drug release, tis-
sue engineering scaffolds, green plastic wrapping materials, dis-
posal containers and fibers [1]. As a result of these applications,
it is very important to synthesize polymers with targeted molecu-
lar weights for specific purposes.

Polycaprolactone is generally prepared via ROP of e-caprolac-
tone and initiated by compounds such as tin [2], aluminum [3],
and zinc alkoxides [4]. Among these metal alkoxides, zinc is
becoming the preferred choice due to its high Lewis acidity, low
cost, ease of synthesis and low toxicity [4]. In this regard, zinc-
based initiators have been extensively used and are among the
highly active metal-based initiators used to date for the controlled
polymerization of e-caprolactone. Most of these zinc initiators have
nitrogen donor ligands due to the good r-donor abilities to form
very stable complexes. For example several (b-diketinate)zinc(II)
complexes act either as initiators or catalysts for the ROP of
e-caprolactones and tuning of the donor ability of these ligands
lead to improve activities compounds [5]. Also a recent report on
b-diiminate zinc(II) complexes, has shown that these complexes
initiate ROP of lactides with both control of polymer stereo-
regularity and excellent activity [6]. This control of polymer
microstructure is largely influenced by the steric bulk of the ligand
used, and as such careful design of the ligand motif can result in
controlled ROP of the cyclic esters.

Despite such encouraging results issues such as controlling
polymer structure still remains a challenge. Therefore, the need
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