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ABSTRACT: A collection of recent developments in topological polymer chemistry is presented. First,
topological isomerism occurring on randomly coiled, flexible polymer molecules having cyclic and
linear structures is discussed. Second, an electrostatic self-assembly and covalent fixation strategy has
been developed for the synthesis of polymeric topological isomers. These isomers have double cyclic,
manacle-, and q-shaped constructions, and are prepared by using either linear or star telechelic
polymer precursors having moderately strained cyclic ammonium salt groups, which carry multi-
functional carboxylate counteranions. A technique of reversed-phase chromatography (RPC) is
demonstrated as an effective means to separate polymers with different topologies, especially poly-
meric topological isomers. A further extension of topological polymer chemistry has been observed by
dynamic selection from electrostatic polymer self-assembly to enable the effective formation of
tadpole-shaped, cyclic-linear hybrid topologies.  © 2005 The Japan Chemical Journal Forum and
Wiley Periodicals, Inc. Chem Rec 5: 17–26; 2005: Published online in Wiley InterScience
(www.interscience.wiley.com) DOI 10.1002/tcr.20029
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Introduction

Polymer topologies are characterized by their principal geo-
metric parameters, i.e., the absence or presence (and the
number) of terminuses (end groups) and junctions (branch
points), and are classified systematically by reference to 
the constitutional isomerism in alkanes (CnH2n+2) and in
mono- and polycycloalkanes (CnH2n, CnH2n-2, etc).1,2 It is
remarkable that long-chain polymer segments are able to
undertake a hypothetical continuous transformation. There-
fore, the topology of a flexible ring polymer molecule, defined
by the absence of a terminus and a junction, is regarded as an
equivalent of a triangle or square, but is distinct from an open-
chain linear polymer molecule having two terminuses. Such a
topological graph representation of flexible polymer molecules

is in contrast with that of small (or shape-persistent) molecules,
in which each bond length and bond angle is considered as an
invariant Euclidean geometric parameter.

Precise control of polymer topologies has been an ongoing
challenge in synthetic polymer chemistry, since new polymer
architectures realize unprecedented properties and functions in
polymeric materials.3 In addition to a variety of branched
polymer structures, cyclic, multicyclic, and cyclic–linear
hybrid polymers have recently gained increased interest.4 A
series of multicyclic constructions without free branches is
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thetic challenge is intriguing both from scientific and practi-
cal perspectives as a means of obtaining new insights for mate-
rial design using flexible polymers having cyclic and linear 
structures.

Here, we first discuss topological isomerism occurring in
randomly coiled, flexible polymer molecules having cyclic and
linear structures based on geometrical considerations of differ-

� Yasuyuki Tezuka, born in 1953, is a graduate of The University of Tokyo. In 1982, he received
his doctorate degree from Ghent University (Belgium) with a thesis on poly(THF)-based telechelic
polymers. He then joined Nagaoka University of Technology (Japan) as an assistant professor.
In 1991, he was promoted to associate professor and, in 1994, moved to the Tokyo Institute of
Technology. He is currently a professor in the Department of Organic and Polymeric Materials,
Tokyo Institute of Technology. Dr. Tezuka has co-authored three books and published about 150
original papers and review articles. He serves as an associate editor of Polymer Journal, pub-
lished by The Society of Polymer Science, Japan. His current research is focused on topological
polymer chemistry, in particular on the design of topologically unique macromolecular architec-
tures by developing a new process of electrostatic self-assembly and covalent fixation. �

shown as a ring family (Figure 1).5 Starting from a single ring,
three double-cyclic and 15 triple-cyclic structures are pro-
duced. Additionally, a number of topologically significant
structures, such as a K3,3 topology, are included in quadruple-
cyclic constructions.6,7 Despite impressive progress in synthetic
polymer chemistry, it is surprising to note that most multi-
cyclic polymer structures remain elusive. Therefore, the syn-
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Fig. 1. Ring family from monocyclic to tetracyclic constructions.
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ent polymer constructions.1,7 It is remarkable that polymer
topologies are distinguished not only by terminus/junction
numbers, i.e., the first order topological parameters, but also by
the connectivity or by the combination of flexible polymer
segment components, i.e., the second-order topological parame-
ters. Accordingly, one can identify a pair of topological isomers
occurring on randomly coiled, flexible polymer molecules
having cyclic and linear structures.

Second, an electrostatic self-assembly and covalent fixation
strategy5,8 has been introduced for the synthesis of polymeric
topological isomers having double-cyclic, manacle-shaped, and
q-constructions8–10 by the use of either linear or star telechelic
polymer precursors containing moderately strained cyclic
ammonium salt groups carrying multifunctional carboxylate
counteranions.11,12 The unique self-assembly, formed exclu-
sively in a dilute solution, has been converted into the 
covalent form through a ring-opening reaction by heating to
produce a pair of polymeric topological isomers in high effi-
ciency. A reversed-phase chromatography (RPC) technique is
demonstrated as an effective means to separate polymers
having different topologies, especially polymeric topological
isomers.

A further extension of topological polymer chemistry has
been achieved by dynamic selection from electrostatic polymer
self-assembly to allow effective formation of tadpole-shaped,
cyclic–linear hybrid copolymers.13

Topological Isomerism

The concept of isomerism,14 from the Greek isos (equal) and
meros (part), has been a fundamental idea in chemistry since
its introduction by Berzelius in 1830.15 Isomers are a set of
compounds having the same chemical constitution (thus,
molar mass) but different properties. The evolution of consti-
tutional (structural) isomerism by Kekulé16 has remarkably
extended rational understanding of both the static and
dynamic structures of organic substances, in which non-
interconvertible three-dimensional structures of the isomers
bring about distinctive properties. The term “constitutional
(structural) isomers” refers to those isomers with distinctive
connectivity of atoms or atomic groups. The term “stereoiso-
mers” refers to isomers with indistinguishable connectivity
but which are distinctive from each other in terms of the
Euclidean geometric rigidity of the molecules, such as restric-
tion of bond angle bending and bond rotation.

Moreover, in flexible polymer molecules, a pair of isomeric
products can be formed from an identical set of telechelic (end-
reactive) polymer precursors and end-linking reagents, such as
three units of a bifunctional polymer precursor and two units
of a trifunctional end-linking reagent, or two units of a tri-
functional star polymer precursor and three units of a bifunc-

tional end-linking reagent (Figure 2).8–10 These isomers are
identified as topological isomers possessing identical terminuses
and junction numbers as well as branch numbers at each junc-
tion, referring to manacle- and q-shaped polymers. It is note-
worthy that these isomers are formed from the least common
combination of the functionalities of the two components. The
self-assembly synthesis of this particular type of topological
isomer is discussed in the following section.

It is also noteworthy that a pair of star polymers having
the same arm numbers and same total arm length but hav-
ing different sets of arm length composition is defined as a 
different class of constitutional isomers from a topological 
perspective (Figure 3).

Thus, polymer topologies are not only distinguished by
their terminus/junction numbers, i.e., the first-order topologi-
cal parameters, but also by their connectivity or by their com-
bination of flexible polymer segment components. The former,
such as a pair of a manacle- and a q-shaped polymer, corre-
sponds to constitutional isomers having topologically distinc-
tive molecular graphs, while the latter, such as a pair of star
polymers having the same arm numbers but having different
sets of arms, corresponds to constitutional isomers having
topologically equivalent molecular graph. Topological isomers
based on such second-order topological parameters uniquely
occur for randomly coiled, flexible polymer molecules.

Additionally, topological isomerism involving three
double-cyclic polymers having q-, manacle-, and intertwined
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3 + 2 assembly with linear polymer precursor

2 + 3 assembly with star polymer precursor

Fig. 2. Topological constructions produced from bifunctional polymer pre-
cursors with trifunctional end-linking reagents and from trifunctional polymer
precursors with bifunctional end-linking reagents.
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Fig. 3. Constitutional isomers having topologically equivalent molecular
graphs.
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pretzel-shaped constructions is worthy of discussion (Figure 4).
A pair of manacle- and q-shaped polymers and also a pair of
q- and pretzel-shaped polymers are identified as constitutional
isomers with distinctive connectivity of segment components
because these pairs are interconvertible with each other only
by applying chain breaking at the appropriate TWO positions
to rearrange the chain connectivity. In contrast, a pair of
manacle- and pretzel-shaped polymers are interconvertible
with each other by applying chain breaking at the appropriate
SINGLE position to rearrange the chain conformation but not
the chain connectivity. This isomerism corresponds exactly to
a pair of a ring and a knot (Figure 5), and is traditionally
referred as topological stereoisomers.7,17

In general, the interconversion process in the molecular
graph expression corresponds to isomerization in actual mole-
cules and is distinctive between constitutional isomers and
stereoisomers. Since constitutional isomers are distinguishable
in terms of their connectivity, chain breaking with at least
TWO appropriate positions is required to rearrange the
segment connectivity to complete the interconversion process.
In contrast, for a pair of stereoisomers, the hypothetical defor-
mation of bond angles and the freedom of bond rotation are
sufficient to complete the interconversion process, and the
chain breaking process is not required. Thus, a single ring com-
pound is a stereoisomer of a triangle, a square, or a randomly
folded ring compound since a ring and a triangle (and a square,
etc.) are topologically equivalent to each other, interconvertible
through the conceptual continuous chain deformation while
retaining the total chain length, but without the chain break-
ing process (Figure 6).

In contrast, a ring and a knot can only be interconvert-
ible with each other by applying the chain breaking process.
Significantly, chain breaking at a SINGLE position and the
subsequent conformational rearrangement of the chain is
required to complete interconversion of this isomer pair
(Figure 5). This is in contrast to the classical constitutional
isomers, where chain breaking with at least TWO (appropri-
ately chosen) positions is required to complete the process. By
this distinction, a ring and a knot are traditionally assigned as
topologically distinctive stereoisomers or, more specifically, since
they are not mirror images of each other, as topologically dis-
tinctive diastereomers, in contrast to a ring and a triangle (or a
square, etc.) as topologically equivalent diastereomers.

In addition, it is worth mentioning that a trefoil knot con-
sists of right- and left-handed mirror image constructions; both
isomers were resolved experimentally into two enantiomeric
isomers (Figure 7).18 These isomers are interconvertible only
by applying the chain-breaking process with a SINGLE posi-
tion, in contrast to the classical enantiomeric isomers, where
the molecular graphs are interconvertible simply by the hypo-
thetical chain deformation but without employing the chain-
breaking process. Thus, a right- and a left-handed knot are
referred to as topologically distinctive enantiomers in contrast to
other relevant isomers such as right- and left-handed open
helix chain compounds, which are referred to as topologically
equivalent enantiomers (Figure 7).

Finally, a critical remark should be made on isomerism in
a catenane (more precisely [2]-catenane) and two separated
rings occasionally described in the literature.19,20 This notation
is apparently irrelevant since the isomerism is only concerned
with a set of compounds possessing the same chemical formula
(Figure 8). An example is a [2]-catenane molecule consisting
of two rings of 30 methylene units and a simple ring molecule
of 60 methylene units. These are constitutional isomers
because the interconversion requires chain breaking at TWO
positions. However, neither one is an isomer, but rather a
product, of two ring molecules of 30 methylene units. This
confusion might be accounted for because a [2]-catenane is
interconvertible to two rings by applying chain breaking with
a SINGLE position, just as in the isomerization between a ring

pretzel-shapeq-shape manacle-shape

Fig. 4. Three topological isomers having a double-cyclic construction.

ring knot

Fig. 5. Ring and knot as topological stereoisomers.

ring triangle square folded ring

Fig. 6. Ring, triangle, square, and folded ring as topologically equivalent
diastereomers.
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and a knot. Nevertheless, this process-based analogy is not
chemically relevant for an isomerism involving a catenane.
Similarly, a rotaxane molecule is regarded as a product, not an
isomer of a separated axle and a ring component.

© 2005 The Japan Chemical Journal Forum and Wiley Periodicals, Inc.

Fig. 7. Right- and left-handed knot as topologically distinctive enantiomers, and
right- and left-handed helix as topologically equivalent enantiomers.

+

Fig. 8. Ring and [2]-catenane as topologically distinctive constitutional isomers,
but not as isomers of two separate rings.
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Fig. 9. Electrostatic self-assembly and covalent fixation for the preparation of cyclic and multicyclic polymers.

Preparation of Topological Isomers by
Electrostatic Polymer Self-Assembly

An electrostatic self-assembly and covalent fixation process5,8,21–23

has recently been developed by the use of specifically designed
linear and star telechelic polymer precursors having moderately
strained cyclic ammonium salt end groups, carrying appropri-
ately nucleophilic counteranions such as carboxylates (Figures
9 and 10). A variety of single-cyclic and multicyclic, e.g.,
double cyclics such as 8-shaped, q-shaped, and triple cyclic
trefoil-shaped, polymer constructions have been produced by
this methodology.
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When an electrostatic polymer assembly consisting of
three units of a linear bifunctional polymer precursor and two
units of a trifunctional carboxylate, or another of two units of
a star-shaped trifunctional polymer precursor and three units
of a bifunctional carboxylate (Figure 10), is employed to
balance the charges between cations and anions, two of the
three double-cyclic topologies will be formed. These are a pair
of constitutional isomers of manacle- and q-shaped polymers
(Figure 2).8–10 The manacle- and q-shaped structures obtain-
able from the linear and from the star precursors are distinc-
tive from each other with respect to the position of linking
groups (amino ester groups) within their identical polymer
framework (Figure 2). Moreover, the selective synthesis of 
q-shaped polymers has been achieved by a trifunctional 
star-shaped polymer precursor carrying a trifunctional 
counteranion (Figure 9).24

An assembly consisting of three units of linear bifunc-
tional poly(THF) precursor having pyrrolidinium salt groups
carrying two units of trifunctional carboxylate counteranions
(Figure 10) was prepared by an ion-exchange reaction through
the precipitation of the polymer precursor into an aqueous
solution containing the trifunctional trimesate anions.8,9 The
subsequent covalent conversion was conducted by a heat 
treatment under reflux in a diluted THF solution, typically
0.2–1.0g/L. 1H NMR of the purified product showed a quan-
titative and selective ring-opening reaction of pyrrolidinium
salt groups at the polymer precursor chain ends by carboxylate
counteranions irrespective of dilution. SEC showed that the

size (hydrodynamic volume) of the product obtained under
dilution reached between two and three times the starting
linear polymer precursor, indicating the formation of the con-
strained cyclic product. In addition, RPC revealed that the
product contained two components, each of which was iso-
lated by preparative fractionation. Subsequent SEC examina-
tion showed that a major component is larger in its size than
the other, thus assignable to a manacle-shaped isomer. The
other is assignable as a q-shaped isomer.

Figure 11 schematically shows the combination process of
the chain ends of the linear bifunctional polymer precursor
with trifunctional counteranions. Both manacle- and q-shaped
products are formed through four intermolecular and two
intramolecular reactions within the assembly consisting of
three polymer precursors and two carboxylate anions. The
random linking process produces the two isomers in a ratio of
3 :2. Indeed, the manacle-shaped isomer was observed as a
major component (80–90%), even higher than the 60% 
estimated for the random combination. The intramolecular
process involving the two chain ends in the same polymer mol-
ecule tends to proceed preferentially over that of the inter-
molecular process within the assembly. In contrast, a q-shaped
isomer is formed when four intermolecular reactions proceed,
as shown in Figure 11.

An alternative polymer assembly consisting of two units of
a star-shaped trifunctional polymer precursor carrying three
units of a bifunctional carboxylate counteranion was prepared
by the relevant ion-exchange reaction of a star-shaped trifunc-
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Fig. 10. Linear and star-shaped polymer precursors and carboxylate counteranions employed for the electrostatic self-
assembly and covalent fixation process.
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tional poly(THF) having pyrrolidinium salt groups by precipi-
tation into aqueous solution containing a terephthalate anion
(Figures 2 and 10).10 The subsequent covalent conversion was
conducted by heating under dilution. 1H NMR again showed a
quantitative and selective ring-opening reaction of the pyrroli-
dinium salt groups at the star poly(THF) chain ends by the
terephthalate counteranions. SEC confirmed the presence of
two components in the product by a principal unimodal peak
with a minor shoulder at a smaller hydrodynamic volume

region. Moreover, the hydrodynamic volume of the principal
peak was notably smaller than that of the linear polymer having
the same molecular weight. This also agrees with the formation
of the cyclization products of manacle- and q-shaped polymers
having contracted hydrodynamic volumes. RPC indicated the
presence of two components in the product, as in the linear
bifunctional precursor system. The larger and the smaller hydro-
dynamic volume fractions separated by SEC corresponded to
the major and minor components observed by RPC and could
be assigned as a manacle- and a q-shaped polymer, respectively.

As in the linear precursor system, the manacle- and q-
isomers were produced in the ratio of 3 : 2 by random linking
through covalent conversion of the cationic star polymer 
precursor chain ends by the bifunctional counteranions. The
larger hydrodynamic volume component, i.e., a manacle-
shaped isomer, was observed as the major component (>70%,
even greater than the statistic 60%) over a q-shaped isomer
having a smaller hydrodynamic volume. The intramolecular
polymer cyclization tended to proceed preferentially under
dilution to give the manacle-shaped product over the q-shaped
product formed through intermolecular polymer combination
within the assembly.

Finally, we compared the RPC elution property of the
three different types of q-shaped polymers and the two 
distinctive types of manacle-shaped polymers, which were
obtained from the different polymer assemblies (Figure 12).
These two sets of the manacle- and q-shaped polymer prod-
ucts were identical in their topologies but were distinctive from
each other either in the numbers or location of the functional
(amino ester) groups.

The RPC elution volume is taken as a measure of inter-
action between the column surface and the substrates of dif-
ferent polarities, which depend on the total number of polar
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Fig. 11. Reaction pathway to produce manacle- and q-shaped polymeric
isomers from an assembly consisting of linear bifunctional telechelic precur-
sors carrying trifunctional counteranions.

Fig. 12. Relationships between molecular weight and RPC elution volume for q-shaped poly(THF)s (left) and for
manacle-shaped poly(THF)s (right) obtained from different precursors. (�) trifunctional poly(THF) with tereph-
thalate counteranion, (�) bifunctional poly(THF) with trimesate counteranion, and (�) trifunctional poly(THF)
with trimesate counteranion. (TSK ODS-80TS, eluent: THF/CH3CN (50/50 in v/v), isocratic; 0.75mL/min for �
and 1.0mL/min for � and �).
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amino ester groups of a polymer molecule. Indeed, the RPC
elution profiles of the two types of q-shaped polymers having
the same number of amino ester groups obtained either from
linear or star polymer precursors were nearly superimposed on
each other. In contrast, another profile for a q-shaped polymer
having half of the functional amino ester groups was posi-
tioned far away from the other two.

Furthermore, the RPC elution profiles of the two
manacle-shaped polymers obtained from the linear and from
the star-shaped polymer precursor were noticeably separated
from each other. The manacle-shaped isomer from the linear
polymer precursor contains two sets of three amino ester
groups at the junction positions. The locations of the polar
amino ester groups are distinctive from the others having three
sets of functional groups at the middle of the three linking seg-
ments within the same manacle-shaped framework (Figure 2).

These RPC results imply that the spatial positioning of
the polar amino ester groups in the same manacle-shaped
polymer framework could determine their dipolar properties.
Such new synthetic polymer materials having functional
groups at the precise position within a topologically unique
polymer framework could be considered as prototypes of 
relevant biological macromolecules having diverse and specific
functions.

Dynamic Selection from Electrostatic 
Polymer Self-Assembly

The electrostatic self-assembly and covalent fixation process
involves the reversible dynamic equilibrium of electrostatic
polymer assembly, which is subsequently subjected to an 
irreversible covalent conversion (chemical) reaction.5,8,25

Therefore, this process can be coupled with the dynamic 
combinatorial library (DCL) system26 to extract specific or 
targeted species from an equilibrium product mixture in 
a reversible non-covalent interactions. A supramolecular
polymer system27 is also considered a closely related process, in
which a mixture of non-covalent polymeric products is formed
under dynamic equilibrium. This system is applicable for 
adaptive polymer materials.

Thus, by simply mixing two telechelic poly(THF) pre-
cursors having pyrrolidinium salt groups, carrying benzoate
and 4,4¢-biphenyldicarboxylate, an electrostatic polymer self-
assembly carrying randomly distributed monofunctional and
bifunctional counteranions (1/1 in mol/mol for the coun-
teranions) was prepared (Figures 10 and 13). In THF solution,
the cation–anion reshuffling occurred under thermodynamic
equilibrium. The THF solution of the polymer self-assembly
was subsequently heated at different polymer concentrations

N
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+
Ar CO2 (CH2)4 N

Ph

covalent fixation

ionic precursor 
aggregates

unimeric 
precursor

dilution

covalent 
fixation

+
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cyclic
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+

Fig. 13. Dynamic selection of mono- and dicarboxylates from electrostatic polymer self assembly.
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to cause the quantitative ring-opening reactions of the pyrro-
lidinium salt end groups. In comparison with the correspond-
ing model polymers, SEC and RPC confirmed the exclusive
formation of a mixture of the linear and the cyclic poly(THF),
both consisting of a single polymer precursor unit.13

These results indicate a remarkable dynamic selection in
the mono- and bifunctional counteranions of the relevant
structures from electrostatic polymer self-assembly involving a
polymeric precursor having pyrrolidinium salt groups (Figure
13).13 The dynamic selection proceeds in such a way that the
polymer chain ends combine with either two benzoates or with
one 4,4¢-biphenyldicarboxylate counteranion. It should be
noted that this process is capable of discriminating different
molecules by the plurality of functional groups but not by the
reactivity, with the use of polymeric self-assembly even in the
absence of an additional template component. This phenom-
enon is in contrast to the formation of a mixture of linear 
and cyclic products of various chain lengths from kinetic 
or random selection in bifunctional polymer precursors
(telechelics) with coexisting monofunctional and bifunctional
reagents. This dynamic selection from a mixture of relevant
mono- and bifunctional counteranions was directed by the
balance of the charges between the cations and anions during
the de-assembly of the ionic random aggregates consisting of
the multiple polymer precursors carrying a mixture of car-
boxylate counterions.

Further, for the selective synthesis of tadpole polymers,
dynamic selection from the electrostatic polymer self-assembly
was applied with a star-shaped trifunctional polymer precur-
sor carrying a mixture of mono- and bifunctional carboxylate
counteranions (Figure 14).13 Thus, as in the case of the linear
polymer precursor system, a star telechelic poly(THF) having
pyrrolidinium salt groups carrying a mixture of mono- and
dicarboxylate (1/1 in mol/mol for counteranions) was prepared
by reshuffling the two corresponding star precursors carrying

the mono- and dicarboxylate counteranions. The subsequent
heat treatment of the polymer self-assembly proceeded homo-
geneously under dilution while the gelation occurred in bulk
or at a higher concentration. The quantitative ring-opening
reaction of the pyrrolidinium salt end groups with benzoate or
with the terephthalate anions was again confirmed by 1H-
NMR and IR analyses.

SEC showed the exclusive formation of a tadpole polymer
from a unique assembly consisting of a single star polymer pre-
cursor carrying a pair of a benzoate and a terephthalate anion,
in which cations and anions balance the charges (Figures 10 and
14). The obtained tadpole polymer was significantly smaller in
hydrodynamic volume than the relevant star polymer of equal
molecular weight (thus, total chain length), since the tadpole
polymer is formed through the intramolecular cyclization of the
star polymer precursor. It should also be noted that the size of a
tadpole polymer is notably larger than that of the q-shaped
polymer, since the former is a singly cyclized but the later is a
doubly cyclized product from the star polymer precursor.

In addition, site-specific functionalization of the tadpole
polymer has been achieved by dynamic selection from the elec-
trostatic polymer self-assembly.13 Thus, a star-shaped telechelic
poly(THF) carrying a mixture of 4-hydroxybenzoate and
terephthalate anions, and another carrying a mixture of ben-
zoate and 5-hydroxyisophthalate anions were prepared (Figures
10 and 14). The subsequent heat treatment under dilution
produced the corresponding functional tadpole polymers
having a hydroxyl group either at the tail-end position or at
the head-top position.

Future Perspectives

Continuing progress has been observed in topological polymer
chemistry; numerous future opportunities are anticipated. A
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Fig. 14. Synthesis of tadpole polymers by dynamic selection in mono- and dicarboxylates from electrostatic self-
assembly of the star polymer precursor.



© 2005 The Japan Chemical Journal Forum and Wiley Periodicals, Inc.

T H E  C H E M I C A L  R E C O R D

26

new concept of topological isomerism is now established, and
a pair of topological isomers uniquely occurring in flexible,
non-linear polymer architectures have been synthesized by an
electrostatic self-assembly and covalent fixation process with pur-
posely designed telechelic polymer precursors having moder-
ately strained cyclic ammonium salt groups. Further synthetic
challenges include such significant polymer topologies as tri-
cyclic a, b, g, and d constructions as well as a tetracyclic K3,3

construction (Figure 1).
In addition, topological polymer chemistry is expected to

reveal unique topological effects in static and dynamic polymer
properties that rely, in particular, on the second-order topologi-
cal parameters. These effects will offer unique opportunities for
flexible polymer molecules to achieve unprecedented control
of functions and properties. Future research efforts are
expected in theoretics and simulations,28 which are now ready
for experimental verification by using topologically defined
model polymers.

Finally, by coupling with the dynamic selection from
polymer self-assembly, topological polymer chemistry will
provide various flexible polymeric nano-frameworks such as
manacle- and q-shaped polymers as well as tadpole polymers,
having specific functionalities at the designated positions. Such
nano-sized functional polymer frameworks will be utilized as
adaptable hosts for both small and large guest components,
and will show unique recognition properties as in non-
covalent supramolecular chemistry, but within covalently con-
structed structures.
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