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a  b  s t  r a  c t

A  series  of ruthenium(II)  complexes  with  the  general  formula [Ru(h5­C5H5) (h6­substituted

arene)]+[PF6]− (substituted  arene =  2­phenylpyridine  (1), dibenzosuberone  (2) and toluene  (3)),  in  com­

bination  with  isopropyl  alcohol were  used  for  the  polymerization of «­caprolactone.  The polymerization

was found to be  quantitative  and  controlled,  with  PDI in the  range 1.1–1.3.  By means  of MALDI­ToF analy­

ses,  functionalization  studies  with  d,l­lactide  and NMR  monitoring  techniques,  it has  been  found that  the

polymerization  proceeds  via  a living Activated Monomer  mechanism (AM)  involving  an  h6–h4 change of

the  coordination  mode of the  arene.  These experimental  results  were  corroborated by  DFT studies.  The

growth of  several polymer  chains  per  ruthenium  atom  highlights  interesting  potentialities for  molecular

weight control and  catalyst economy.  The  stability  of the  ruthenium  complexes  allows their  recovery  at

the  end  of the  polymerization,  which  can be  viewed  as  a further  advance in a green chemistry  frame.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Ring­opening polymerization (ROP) of polar monomers has
an important impact in modern polymer chemistry due to the
widespread medical applications, biocompatibility and biodegrad­
ability of the final polymers [1].  The catalysts used more often in
this type of polymerization are mainly based on oxophilic metal
derivatives, containing tin [2],  aluminum [3,4], lithium [5],  tita­
nium [6] and rare earths [4,7].  Their activity relies on their ability
to form active species, which depends on the involved mechanism.
While in classical living ROP  one initiator leads to the growth of
one polymer chain, via Coordination Insertion (CI) [4,8] and Acti­
vated Monomer (AM) [1a,9−17] based ROP several macromolecular
chains can be generated per initiator. In this case the initiator
becomes a true “catalyst”. This is achieved via introduction of pro­
tic compounds in addition to the catalyst, mostly alcohols. Transfer
reactions are then occurring, as reported in the pioneering work
of Inoue et  al. [18]. Chain­end functionalization and catalyst econ­
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omy  can thus be achieved via these pathways. Although ruthenium
based catalysts are nowadays very well established [19],  their use
in ring­opening polymerization of lactones is  still an emerging
field [20].  It is  known that ruthenium complexes display a  great
variety of properties, such as high electron transfer ability, high
Lewis acid properties and stability of  reactive metallic species
which make this metal a good candidate to this chemistry. The
ability for transfer reactions to  alcohols in «­caprolactone poly­
merization was  observed using the RuCl2(PPh3)3/1,3­propanediol
system (T = 150 ◦C; 30 h)  via a  Coordination­Insertion mecha­
nism [20a]. The same authors also studied the ligand influence
in  the ruthenium sphere of coordination using TpRuCl(L)(L′)
complexes (Tp  =  HB(pz)3 =  hydrotris(pyrazolyl)borate, L  =  L′ =  PPh3,
L =  PPh3 and L′ =  PHPh2,  L =  L′ =  PMe2Ph,  L = PPh3 and L′ =  PMe2Ph)
[20b]. Better catalytic activities were obtained using these catalysts
instead of RuCl2(PPh3)3, together with the occurrence of trans­
fer reactions to  alcohols. Finally, another research group studied
a more simple catalytic system based on  ruthenium(III) chloride in
bulk, which suggested an Activated Monomer mechanism [20c].

In this paper  we  have performed the ring­opening polymeriza­
tion of  «­caprolactone using  three Ru(II) cationic complexes of the
general formula [Ru(h5­C5H5)(h6­substituted arene)]+[PF6]− (sub­
stituted arene =  2­phenylpyridine (1), dibenzosuberone (2), and

1381­1169/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.

doi:10.1016/j.molcata.2011.06.015


