Topological Polymer Chemistry by 

Electrostatic Self-Assembly and Covalent Fixation

Yasuyuki Tezuka
Department of Organic and Polymeric Materials, Tokyo Institute of Technology,

O-okayama, Meguro-ku, Tokyo 152-8552, Japan

1. Introduction

The precise control in polymer architectures has been an ongoing challenge in synthetic polymer chemistry, since new polymer topologies will realize unprecedented properties and functions in polymeric materials.  In particular, topologically unique macromolecules comprising single cyclic and multicyclic polymer units have gained growing interests due to their distinctive behaviors from linear and branched counterparts [1-3].  A complete list from single to triple cyclic topologies is shown in Scheme 1.  A systematic classification of nonlinear polymer topologies consisting of cyclic and branched constructions is also formulated by reference to constitutional isomerism in a series of alkanes (CnH2n+2), monocycloalkanes (CnH2n) and polycycloalkanes (CnH2n-2, CnH2n-4, etc) [4].  
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Scheme 1  Ring families

2. Designing multicyclic polymer topologies  
We have developed an “electrostatic self-assembly and covalent fixation” technique, as a novel polymer cyclization process (Schemes 2) [6-9].  Thus, a linear or a branched polymer precursor having moderately strained onium salt groups, typically 5-membered cyclic ammonium or 6-membered bicyclic ammonium salt groups, carrying appropriately reactive counteranion like pluricarboxylate, was employed.  The cations and anions always balance the charges even under dilution, and the selective nucleophilic ring-opening reaction occurred at an appropriately elevated temperature, to convert the ionic interaction into the permanent covalent linkage. 
As shown in Scheme 1, there are three double cyclic polymer topologies, i.e., an 8-shaped, a -shaped and a manacle-shaped construction.  We have first applied an “electrostatic self-assembly and covalent fixation” process for the efficient synthesis of 8-shaped polymers [6,8].  A linear telechelic precursor having moderately strained cyclic ammonium salt groups carrying a tetrafunctional carboxylate counteranion was prepared and subjected to the covalent conversion through the ring opening reaction under appropriate dilution (Scheme 2).  Thus, 8-shaped poly(THF) and polystyrene were obtained in good yields.

The “electrostatic self-assembly and covalent fixation” process could afford cyclic polymer precursors having functional groups at the designated location of the ring polymer structure (kyklo-telechelics) [10].  The synthesis of 8-shaped polymers has subsequently been performed through the metathesis condensation of cyclic polymer precursors having allyl groups in the presence of a Grubbs catalyst [11].  Thus first, a cyclic polymer precursor having an allyl group was subjected to an intermolecular metathesis condensation.  Secondly, two types of cyclic polymer precursors, namely a twin-tailed tadpole, i.e., “a ring with two branches” structure, poly(THF) having tail-end allyl groups [12], and a kyklo-telechelic poly(THF) having two allyl groups at opposite positions [10], were applied for an intramolecular metathesis condensation.  It is remarkable that the intramolecular process was more effective than the intermolecular counterpart under dilution.  

[image: image2.emf]i


)


 


 


1


 


+


 


1


 


a


s


s


e


m


b


l


y


i


i


)


 


 


2


 


+


 


1


 


a


s


s


e


m


b


l


y


i


i


i


)


 


3


 


+


 


1


 


a


s


s


e


m


b


l


y


i


v


)


 


2


 


+


 


3


 


a


s


s


e


m


b


l


y


v


i


)


 


1


 


+


 


1


 


+


 


1


 


a


s


s


e


m


b


l


y


v


)


 


3


 


+


 


2


 


a


s


s


e


m


b


l


y


O


2


C


R


N


R


'


N


R


'


(


C


H


2


)


4


O


2


C


R


+


-


:


C


o


v


a


l


e


n


t


 


F


i


x


a


t


i


o


n




i)  1 + 1 assembly

ii)  2 + 1 assembly

iii) 3 + 1 assembly

iv) 2 + 3 assembly vi) 1 + 1 + 1 assembly

v) 3 + 2 assembly

O

2

CR

N

R'

N

R'

(CH

2

)

4

O

2

CR





:

Covalent 

Fixation


Scheme 2  Electrostatic self-assembly and covalent fixation

Besides the 8-shaped construction, additional dicyclic polymer topologies, i.e., -shaped and manacle-shaped polymer constructions have been constructed through the “electrostatic self-assembly and covalent fixation” process [6, 13].  Thus, a pair of -shaped and manacle-shaped polymers, are formed from an assembly comprised of bifunctional linear precursors and trifunctional carboxylates, or trifunctional star-shaped precursors and bifunctional carboxylates, in which cations and anions balance the charges (Scheme 2).  Each of the two topological isomers could be identified and subsequently isolated by means of reversed-phase chromatography (RPC).  They are identical in their molecular weights and in their chemical compositions but distinctive in their topological connectivity.  Hence, these are regarded as “topological isomers”.  It should be noted that such topological isomers are often produced through the　equimolar reaction between linear or branched polymer precursors and polyfunctional end-linking reagents [4].
Furthermore, the selective synthesis of a -shaped polymer has been achieved from a self-assembly composed of a trifunctional star-shaped polymer precursor having cyclic ammonium salt end groups carrying a tricarboxylate as a counteranion (Scheme 2) [14].  Remarkable solvent effects were observed on the covalent conversion process of the electrostatically self-assembled precursor.  The isolated -shaped polymer product was unequivocally characterized by NMR, IR, SEC as well as by reversed-phase liquid chromatography (RPC) and MALDI-TOF MASS techniques.  
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