
Coordination Chemistry Reviews 385 (2019) 1–19
Contents lists available at ScienceDirect

Coordination Chemistry Reviews

journal homepage: www.elsevier .com/ locate/ccr
Review
Terpyridine-metal complexes: Applications in catalysis and
supramolecular chemistry
https://doi.org/10.1016/j.ccr.2019.01.005
0010-8545/� 2019 Elsevier B.V. All rights reserved.

⇑ Corresponding authors at: Department of Chemistry, Jilin University, Changchun, Jilin 130021, China (X. Shi).
E-mail addresses: xmshi@usf.edu (X. Shi), szg@jlu.edu.cn (Z. Song).

1 Prof. Xiaodong Shi received his B.S. degree and M.S. degree of Chemistry from Nankai University, China in 1994 and in 1997.
Chiyu Wei b, Ying He b, Xiaodong Shi a,b,⇑,1, Zhiguang Song a,⇑
aDepartment of Chemistry, Jilin University, Changchun, Jilin 130021, China
bDepartment of Chemistry, University of South Florida, Tampa, 33620 FL, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 30 November 2018
Received in revised form 6 January 2019
Accepted 7 January 2019
Available online 28 January 2019

In celebration of the 100th anniversary of
Nankai University.

Keywords:
Terpyridine
Pincer ligand
Non-innocent ligand
Supermolecule
Iteration
As an NNN-tridentate ligand, the 2,20:60 ,200-terpyridine plays an important role in coordination chemistry.
With three coordination sites and low LUMO, terpyridine and its derivatives are one of the typical Pincer
ligand and/or non-innocent ligands in transition metal catalysis. Interesting catalytic reactivities have
been obtained with these tpy-metal complexes targeting some challenging transformations, such as
C–C bond formation and hydrofunctionalization. On the other hand, terpyridine ligands can form
‘‘closed-shell” octahedral <tpy-M2+-tpy> complexes, which provide a linear and stable linkage in
supramolecular chemistry. Numerous supramolecular architectures have been achieved using modified
terpyridine ligands including Sierpiński triangles, hexagonal gasket and supramolecular rosettes. This
review presents a summary of recent progress regarding transition metal-terpyridine complexes with
the focus on their applications in catalysis and supramolecular structure construction. Facile synthesis
of terpyridine derivatives is also described. We hope this article can serve to provide some general
perspectives of the terpyridine ligand and their applications in coordination chemistry.
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Scheme 1. Basic binding mode of terpyridine ligands.
Organometallic chemistry is the study of interaction between
metal cations and ligands. Ligands often play a crucial role in tun-
ing metal cation reactivity [1]. Often, some ‘‘prestigious” ligand
frameworks could be crucial and provide a strong impact that
can lead to the paradigm shift for coordination chemistry research
[2–5]. With inherent lone pair electrons, nitrogen can coordinate
with various transition metal cations. Thus, N-containing ligands
are a crucial component in coordination chemistry [6–8]. Based
on the binding pattern, these N-containing compounds can be cat-
egorized into mono-dentate and multi-dentate ligands, based on
the number of available coordination sites. Among those reported
nitrogen ligand systems, the 2,20:60,200-terpyridine is one fascinat-
ing ligand, which has caught great attentions over the past two
decades [9,10]. In this review, we would like to explore some
investigations reported recently regarding transition metal com-
plexes, based on this unique ligand system. Due to the fast pace
of research growth in this topic, we will focus on two areas: chem-
ical catalysis and supramolecular structure construction. It is our
hope that this article can provide some general perspectives of
the terpyridine ligands and their applications in coordination
chemistry.
1. Introduction

The 2,20:60,200-terpyridine here was simplified to terpyridine and
abbreviated as tpy. With three nitrogen coordination sites, ter-
pyridine is an NNN-type Pincer ligand, which can provide tight
chelation with various metal cations in a nearly planar geometry.
Depending on the number of coordination terpyridine applied,
there are two possible coordination modes, mono-tpy Pincer com-
plexes and bis-tpy {M(tpy)2} complexes (Scheme 1).

Before the metal coordination, nitrogens on 2-pyridine present
a trans–trans geometry to avoid lone-pair electron repulsion. Upon
coordination, a cis–cis geometry will be formed through metal
chelation [12,13]. As a result, three pyridines adopt perfect co-
planar conformation, allowing a good conjugation between the
aromatic rings and metal cation. This feature makes tpy a potential
‘‘non-innocent” ligand, with the capability to stabilize the low
valency metal, including nickel [14–23], iron [24,25], cobalt [26–
29] and manganese [30,31] etc. Interesting catalytic reactivity
has been obtained with these tpy-metal complexes targeting some
challenging transformations, such as C–C unsaturated bond hydro-
functionalization and C–C bond formation. Discussions on recent
examples of tpy-complexes catalytic reactivity is provided in
Section 3.

Another important binding mode of terpyridine ligand is the
formation of octahedral complexes {M(tpy)2} containing two tpy
ligands in a perpendicular geometry (Scheme 1). Comparing to
tri-bipyridine (bpy) metal complexes {M(bpy)3}, another class of
‘‘closed-shell” metal complexes [32], {M(tpy)2} offers a good bind-
ing ability and good stability with the tridentate association model.
Meanwhile, unlike {M(bpy)3} which can be chiral complexes (for-
mation of fac and mer isomers), {M(tpy)2} are achiral complexes
in most cases. This makes terpyridine a ligand system in
supramolecular structure construction by avoiding unnecessary
stereoselectivity issues. Similar to many other ligand systems, {M
(tpy)2} complex stability is strongly associated with the coordinat-
ing metal cations. According to literature [33], the binding affinity
of terpyridine towards transition metals has the following order:
Ru2+ > Os2+ > Fe2+ > Zn2+ > Cd2+. Both ruthenium and osmium form
stable tpy complexes with a very slow ligand exchange rate at
room temperature. In contrast, Zn2+ and Cd2+ exhibit weaker bind-
ing with tpy even under ambient conditions, making their {M
(tpy)2} complexes more dynamic. This feature allows the design
and application of terpyridine in the formation of complexed
supramolecular networks.

As a ‘‘closed-shell” organometallic complex, {M(tpy)2} can the-
oretically offer effective photo-electron interactions through
metal–ligand charge transfer process, similar to {M(bpy)3} com-
plexes [34,35]. However, unlike bpy ligand, tpy has a rather short
excited state life time [36]. Although some progress has been made
in improving the excited state life time using tpy derivatives, prac-
tical photo-electronic systems developed using {M(tpy)2} core
structures are rare. Currently, one of the most popular applications
of these type of tpy complexes is in the formation of metallo-
supramolecular structures by effectively using {M(tpy)2} as an
dynamic linker for linear geometry [13,37–40]. Over the past two
decades, interesting 2D and 3D supramolecular structures have
been reported based on this {M(tpy)2} linkage strategy [41–51].
Compared to other linear supramolecular linker, such as
organoplatinium, the ‘‘closed-shell” {M(tpy)2} offers an improved
structural stability and coordination reliability, which makes it a
popular motif in metallosupramolecular research. Notably, New-
kome and coworkers have recently published a comprehensive
review regarding the previously reported examples from several
well-established terpyridine modules and their application in
supramolecular construction [52]. As a very active research area,
new examples emerge rapidly. In this review, we summarized
some recent examples in the last 5 years with the focus on the
supramolecular shape iteration, hoping to provide a complemen-
tary prespective of terpyridine ligand in ongoing coordination
chemistry research.

2. Synthesis of terpyridine

The first synthesis of terpyridine was reported by Gilbert Mor-
gan in 1932 [11]. It was obtained as the byproduct from the oxida-
tive coupling between pyridines using FeCl3 catalyst. Treating 8 kg
pyridine at elevated temperature (340 �C) and in a sealed steel
autoclave, around 60 g of terpyridine was isolated along with bi-
pyridine (major product) and other poly-pyridines. With the inter-
est in obtaining this compound and its derivatives, new synthetic
routes have been developed. Currently, two general synthetic



Scheme 2. Functionalized terpyridine synthesis through a condensation reaction
[12,53,55-59].

Scheme 3. Terpyridine synthesis by Stille-coupling [61].
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routes are used in the preparation of terpyridine and its derivatives
[53,54]. The first and more prevalent method for terpyridine syn-
thesis is the condensation between dione and ammonium, as
shown in Scheme 2A.

As shown in Scheme 2A [12,53,55,57,58,60], reaction between
ethyl picolinate and acetone gave a triketone intermediate. Subse-
quent condensation with ammonium acetate followed by chlorina-
tion with PCl5 or POCl3 gave the 40-chloro(terpyridine). Notably, as
a versatile intermediate, 40-chloro(terpyridine) can be easily con-
verted into other terpyridine derivatives simply through a Wil-
liamson ether synthesis. This approach allows the incorporation
of various functional groups into the C-40 position of the central
pyridine ring, including hydroxy, thiol, carboxylic acid and amino
groups. Alternatively, switching pyridine ester to pyridine ketone
(acetopyridine) to react with a substituted aryl aldehyde can give
similar condensation products (Scheme 2B) [56,59]. Using this
method, various substituted aryl groups can be easily incorporated
at the tpy 40-position. This method has been widely applied for the
preparation of functional terpyridine for self-assembly studies.

Although this condensation strategy is easy to handle, it suf-
fered from limited reaction scope, especially for different substitu-
tions on the two side of pyridines. To overcome this problem, a
metal mediated coupling has been developed as shown in Scheme 3
[61]. Taking advantage of the well-developed palladium-catalyzed,
cross-coupling reactions, researchers developed various revised
conditions of effective Suzuki, Negishi and Stille couplings for the
construction of C–C bond. The main challenge for this coupling
strategy resulted in relatively low reactivity due to the competing
binding between terpyridine and palladium catalyst. Thus, Stille
coupling often gave optimal results (higher yields and good func-
tional group tolerability) with the faster transmetalation step using
aryl tin coupling partners. The reactions can be conducted by cou-
pling either 2,6-dihalopyridine with 2-stannylpyridines or 2,6-
distannylpyridine with 2-bromopyridine. The overall reaction is
clean with good functional group tolerability. According to litera-
ture, various functional groups have been successfully introduced
into the pyridine at 2,4,6-positions on the ring [54]. Representative
examples of symmetrical and unsymmetrical terpyridines are
shown in Scheme 3B with reported yields. Notably, this coupling
strategy has been successfully used for gram-scale synthesis,
assuring the accessibility of the desired substituted terpyridines.
The main drawback of this approach is the low atom economy
and requirement of toxic tin reagents.
3. Catalysis

3.1. Introduction

Based on the three nitrogen-based coordination sites and free-
rotatable r-bonds between pyridine rings, the 2,20:60,200-terpyri
dine can serve as tridentate Pincer ligand to stabilize various tran-
sition metal cations. Terpyridine contains three electron-deficient
pyridine heterocycles, which makes terpyridine not only a strong
r-donor but also a very good p-receptor [10]. This nature makes
tpy as a ‘‘non-innocent ligand”, due to delocalization of electron
from metal center to low-lying LUMO’s of pyridine rings under
redox chemistry conditions. On the other hand, the nucleophilicity
of the N-moiety (r-donor ability) is not simply due to the presence
of an electron pair on this atom, but also the geometrical/steric
advantages of the pyridine moiety. Therefore, Metal center at
lower oxidation state (with high electron density on the overall
complexes) benefit from these features with enhanced stability
and reactivity towards challenging transformations. For example,
diverse C–C bond formation was achieved by terpyridine-Ni com-
plexes catalyzed cross-coupling reactions [14–23].

Another important feature of terpyridine ligand is its ability to
assist single electron processes, allowing metal-promoted radical
processes in catalytic processes. This reactivity was observed with
tpy-Cu [62–64] and tpy-Pd [65–68] complexes. Similarly, the nat-
ure of Pincer complexes containing electron-deficient ligands will
exhibit interesting metal-hydride M–H reactivity. Some promising
examples were reported in the metal hydride chemistry including
by tpy-Ru [69–73] and tpy-Rh [74–76] complexes/catalysts. More
recently, tpy-Mn, tpy-Fe and tpy-Co complexes have been success-
fully identified for C–C multiple bond hydrofunctionalization and
cross-coupling [24–31]. These recent successes triggered great
excitement and enthusiasm in further exploring potential new
reactivity of this unique terpyridine. Some representative catalytic
reactivity recently developed with terpyridine complexes will be
discussed and summarized in the following section.



Scheme 4. Reductive dimerization of alkyl bromides. Figure was reproduced from
Ref. [21] with permission of the copyright holders.

Scheme 5. Nickel-catalyzed reductive conjugate addition [17,23].

Scheme 6. Esterification of aliphatic amides [16]
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3.2. Tpy-nickel catalysis

Low valence nickel (Ni0 and NiI) complexes have good reactivity
toward oxidative addition of carbon-halide bond [77]. A practical
concern was how to stabilize the highly reactive Ni center to facil-
itate effective catalytic turnover. With the ability to form Pincer
complexes with electron deficient p-receptor, terpyridine was
found to be effective in promoting these Ni catalyzed transforma-
tion. In 2010, Weix and co-workers used tert-butyl modified tpy to
assist the nickel catalyzed alkyl-halide reductive coupling [21]. In
their study, direct dimerization of primary and secondary alkyl
halides, alkyl pseudohalides, and allylic acetates were achieved
with high yield under mild conditions. Mn powder were used as
the reductant. Notably, this challenging C(sp3)–C(sp3) coupling
was efficiently achieved using terpyridine while other ligands gave
low yields. Some transformations have been also performed under
ambient conditions. Some challenging cross-couplings using less
active substrates, such as alkyl chloride, alkyl mesylates and alkyl
trifluoroacetates, was initially problematic. However, upon addi-
tion of catalytic sodium iodide (up to 50%), this problem was over-
come, highlighting the high efficiency of this new catalytic system
(Scheme 4).

When monitoring the reaction kinetics, researchers observed
that the secondary, tertiary and hindered primary haloalkanes gave
very slow reaction rate under these nickel catalyzed reductive cou-
pling conditions. Based on this result, the authors developed an
effective cross coupling method by tuning the substrate reaction
kinetics. Recently, Weix’s group further extended the reaction
scope to alkene substrates with the utilization of metal-alkane
migratory insertion. As shown in Scheme 5A [23], under previous
conditions (Scheme 4), the reaction between an alkyl halide and
cyclic enone resulted in a formal Michael addition with the assis-
tance of silanechloride, giving the desired silyl enol ethers in good
yields. Notably, in this case, sterically hindered alkane halides are
needed to prevent substrate dimerization.

Very recently, the same group further extended the reaction
scope to simple primary alkanes as shown in Scheme 5B [17]. To
prevent alkyl bromide dimerization, authors proposed the applica-
tion of sterically hindered 6,600-dibromo-2,20:60,200-terpyridine.
With this new ligand, successful addition using primary alkyl bro-
mide was achieved under mild conditions. Impressively, the C–Br
bond in tpy remained unreactive in this case. This result revealed
the possibility of applying this strategy for other challenging trans-
formations while the undesired dimerization was effectively
prevented.

When coordinating to nickel center with low oxidation state, Ni
(0) for example, terpyridine stabilized the metal cation as well
enriched the electron density, therefore, this Ni(0) complex can
be feasible towards oxidative insertion into challenging C–N bond.
Recently, the Grag group disclosed the nickel-catalyzed esterifica-
tion of aliphatic amides (Scheme 6) [16]. This reaction was initi-
ated with oxidative addition of nickel(0) to amide C–N bond.
Based on computational results, oxidative addition is the rate-
determine step with a higher oxidative addition barrier of aliphatic
amides over the aromatic ones. Authors suggested that tuning the
electronic nature of terpyridine plays a crucial role in the oxidative
addition of aliphatic amides. Only terpyridine gave satisfying
yields while all other tested monodentate or bidentate ligands
resulted in either no reaction or very low yields of the desired
products.

Similarly, the Han group later reported Ni-catalyzed amide C–N
bond activation, followed by the reductive cross-coupling with aryl
iodide. In this reaction, terpyridine was used as ligand with a cat-
alytic amount NiI2 (10%), and zinc powder as the reductant
(2.0 equiv, Scheme 7) [19]. This work presented the first example
using an amide as the electrophilic reagent to couple with another
electrophile with broad reaction scope under mild conditions.
Based on the control experiments, no transmetallation between
organozinc reagent and nickel intermediates was observed. The
radical oxidation to intermediate A followed by reductive elimina-
tion process was proposed. Interestingly, this reaction demon-
strated a good oxidative addition selectivity toward amide C–N



Scheme 7. Reductive cross-coupling of amides with electrophiles [20].

Scheme 8. Negishi coupling of alkylzinc and aryl iodides [18].

Scheme 9. Ni-catalyzed cyclization and Negishi cross-coupling [22].

Scheme 10. Synthesis of fluoro-containing compounds [14].

Scheme 11. Ni-catalyzed intermolecular carbosulfonylation of alkynes [15].
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bond over an aryl C–I bond, revealing the orthogonal reactivity
compared to the Pd catalyzed processes.

Inspired by Weix’s work, Biscoe and co-workers later developed
a Ni-catalyzed Negishi cross-coupling by reacting alkylzinc with
aryl iodides (Scheme 8) [18]. The desired coupling products were
obtained in good to modest yield under mild conditions. Impres-
sively, while Pd-catalyzed Negishi reaction often suffers from
undesired ‘‘chain-walking” isomerization products due to the com-
peting b-hydride elimination, this nickel catalyzed process showed
excellent selectivity with retention and isomerization products in a
ratio over 100:1. This work again highlighted that terpyridine was
crucial for both the reactivity and chemoselectivity.

Recently, the Giri group disclosed the combination of tpy-
nickel-catalyzed alkylhalide-olefin cyclization and Negishi
cross-coupling for the preparation of some lactone-based natural
products [22]. The reaction tolerates a wide range of functional
groups, giving the desired products with excellent regio- and
diastereo-selectivity. Some base-sensitive carbon stereogenic cen-
ters were tested without racemization, which highlighted the
broader reaction scope with mild reaction conditions. Six
ligands-based natural products were synthesized successfully in
gram-scale, which illustrated the strong potential of this method
in complex molecule synthesis (Scheme 9).

More recently, Zhang and co-workers further extended this ter-
pyridine nickel complex strategy into the synthesis of fluoro-
containing compounds [14]. The nickel catalyst was found to selec-
tively react with the C–Br bond in gem-difluoropropargyl bro-
mides. With the incorporation of unactivated alkylzinc reagents,
the desired difluoro compounds were prepared in good to excellent
yields with high efficiency. Similar to all other tpy-Ni promoted
transformations, a radical process was proposed, which was sup-
ported by radical trapping experiments. More mechanistic studies
suggested a Ni(I/III) catalytic cycle instead of a Ni(0/II) as stated by
the authors (Scheme 10).

Last year, Nevado and co-workers reported the Ni-catalyzed,
three-component, b,b-disubstituted vinyl sulfone formation
though sulfonyl radical under mild condition [15]. In these cat-
alytic systems, terpyridine was found to be crucial when compared
with other nitrogen-containing ligands. This reaction showed high
regioselectivity, giving trisubstituted vinyl sulfones as the major
product (Scheme 11).
3.3. Tpy-copper catalysis

Similar to nickel, copper could also initiate single electron pro-
cesses in the catalytic cycle with the existence of multiple inter-
convertible oxidation states (CuI, CuII and CuIII). Thus, the
catalytic cycle could be enhanced with stabilized ligands, such as



Scheme 13. Cu-catalyzed cyanotrifluoromethylation of isocyanides [62].

Scheme 14. Photoinduced Cu-catalyzed C–C coupling [63].

Scheme 15. Tpy-Ru catalyzed transfer hydrogenation nitro reduction [71].

Scheme 16. Modified terpyridine ligands and their activity [70,72].

Scheme 17. B2pin2-mediated tpy-Pd catalyzed alkene diacetoxylation [65].

Scheme 12. Copper-catalyzed difunctionalization of alkyne [64].
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terpyridine. Unlike the nickel cation, copper readily reacts with a
terminal alkyne to form the copper-acetylide intermediate. Thus,
it is plausible to extend metal terpyridine complex reactivity into
a potential new group of substrates. In 2015, Liang and co-
workers reported the Cu-catalyzed trifluoromethylcyanation of a
terminal alkyne using Togni’s reagents as the CF3 radical source
[64]. As stated by the authors, trapping vinyl copper intermediate
with TMSCN gave the b-trifluoromethylated acrylonitriles in one
pot with good yields. Alternatively, reacting the intermediate with
TMSN3 resulted in formation of trifluoromethyl-substituted 2H-
azirines (Scheme 12). Terpyridine was found as a crucial ligand
for these transformations, giving the best results comparing with
all other tested nitrogen-based ligands. Notably, reaction with
TMSN3 did not give the azidotrifluoromethylation products as
expected. The interesting 2H-azirines were obtained instead even
without tpy ligand. The yield was further improved with the addi-
tion of NaOAc and using higher temperature. A series of CF3-
containing pyridines and pyrazines were successfully synthesized
from the 2H-azirines with good yields.

Besides terminal alkyne, isocyanides (another sp carbon nucle-
ophile) can also be activated with the same strategy. The Liu group
recently reported the tpy-copper catalyzed CF3 radical addition to
isocyanide with the presence of TMSCN, giving CF3 and CN substi-
tuted imine in modest to good yields (Scheme 13) [62]. The pro-
duct could be reduced using borane to produce the highly valued
trifluoropropan-1,2-diamines. Control experiments with TEMPO
and EPR confirmed the formation of copper radical intermediate,
as expected.

Very recently, Lalic et al. achieved C(sp)–C(sp3) bond coupling
with photo-initiation [63]. As shown in Scheme 14, terpyridine
plays a crucial role, giving good yield of the coupling product while
other tested alternative ligands gave only poor overall perfor-
mance. Various substrates were suitable for this transformation,
including primary, secondary, tertiary iodides and alkyl, aryl and



Scheme 18. Pd-catayzed fluorination of arylboronic acid derivatives [66].

Scheme 19. Pd-catalyzed electrophilic aromatic C–H fluorination [68].

Scheme 20. Proposed tpy-Pd fluorination mechanism. Figure was reproduced from
Ref. [68] with permission of the copyright holders.
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heteroaryl alkyne. Authors believed that besides the stability
effect, terpyridine successfully prevented substrate polymeriza-
tion, leading to the observed good yields and diverse reaction
scope. Again, TEMPO control experiment confirmed the radical
process in this reaction.

3.4. Tpy-ruthenium catalysis

Metal hydride is one very important functional group in
organometallic chemistry and catalysis. Depending on metal elec-
tronegativity, metal hydride can react as proton, hydrogen radical
or hydride. With the interesting electronic nature, terpyridine
ligand could certainly assist catalytic process involving M–H.
Recently, the Beller group reported tpy-Ru catalyzed direct nitro
group reduction to form amines [71]. As shown in Scheme 15,
[tpy-RuH2], formed from isopropanol hydride transfer, could effec-
tively reduce an aryl nitro group to the amine in good to excellent
yields. This transformation was highly practical since it did not
require any sensitive and expensive phosphine ligands. Good
chemoselectivity was also observed with substrates containing
other reducible functional groups, such as esters, amides and
alkenes.

Encouraged by this tpy-Ru promoted transfer dehydrogenation,
Szymczak and co-workers developed selected enone reduction
using modified terpyridine ligands [72]. As shown in Scheme 16A,
the hydroxyl modified tpy produces an electron rich ruthenium
center under basic conditions. Selective carbonyl reduction (over
alkene) was then achieved due to H-bonding directing effect. This
substrate–ligand interaction not only gave rise to the observed
excellent chemoselectivity, but also greatly enhanced the reaction
kinetics by converting the key step into an intramolecular fashion.
More recently, the same group further extended the work and
developed NHMes modified tpy [70]. With the improved electron
density on the ligand, effective alcohol oxidation to carboxylic acid
was achieved at even low catalyst loading (0.2 mol%). This new
ligand also showed significantly improved stability, which allowed
effective catalyst recycling (three times) without significant reduc-
tion of catalyst reactivity (Scheme 16B).

3.5. Tpy-palladium catalysis

Palladium is one important metal in coupling reactions due to
its versatile reactivity. Usually, Pd(II) adopted four coordination
with square planar geometry. This limited the application of
tridentate ligands in catalysis; however, recently, Jiang and co-
workers reported a very interesting example using tpy-Pd in pro-
moting the oxidation of alkene to 1,2-diacetate (Scheme 17) [65].

In this case, Pd-catalyzed acetate addition to alkene gave the Pd
intermediate. B2pin2 was used for transmetalation to the Pd inter-
mediate to afford C-Bpin bond, which undergoes oxidative cleav-
age into the acetate product. O2 was considered as a sole oxidant
during the process, giving the desired products with wide func-
tional group tolerability and in moderate to excellent yields. Typi-
cally, a challenge in Pd-catalyzed olefin oxidation was the
regeneration of Pd(II) from Pd(0) due to palladium black precipita-
tion. In this transformation, B2pin2 was employed to assist the
reformation of Pd(II) under only 1 atm of oxygen. Interestingly,
while terpyridine ligand gave excellent yields, other tested biden-
tate and tri-dentate ligands gave significantly poorer results.

In 2016, Ritter’s group reported tpy-Pd catalyzed fluorination of
arylboronic acid derivatives [66]. Given the importance of fluorine
containing compounds in medicinal research, effective fluorination
is always welcome for the synthetic community. Fluorination using
Pd-catalyzed arylboronic acid derivatives via a cross-coupling reac-
tion generally suffered from slow transmetalation and undesired
protodeborylation. In this approach, fluorination occurred through
Pd (II-IV) cycle with selectfluor as both a fluoride source and oxi-
dant. This radical process could avoid the undesired boronic acid
homo-coupling pathway under traditional Pd(0/II) catalytic cycle.
Meanwhile, tridentate terpyridine is crucial in facilitating interme-
diate Pd cation stability. With this method, some of the fluorina-
tion products were prepared up to 10 g scale under mild
conditions (Scheme 18).

To further improve the reaction efficiency, the same research
group later developed a direct C–H fluorination as shown in
Scheme 19 [68]. In this case, a new tpy-Pd-phen palladium catalyst
was developed with combination of terpyridine and bidentate
phen ligand. With selectfluor as the fluoride source and oxidant,
the desired fluorination products were obtained in good yields
under very mild conditions.



Scheme 21. [Rh(tpy)]2 catalyzed alcohol oxidation and dehydrogenation [74,76].

Scheme 22. Fe-catalyzed hydrosilylation of alkene [24].

Scheme 23. Tpy-Mn catalyzed alkene and ketone hydroboration [31].

Scheme 24. Co-catalyzed alkene hydroboration [27,28].
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According to the authors, using the terpyridine ligand is key to
the successful transformation under this mild condition. Unlike
other typical Pd-catalyzed coupling mechanisms, the terpyridine
ligand prevents the formation of Pd-Ar intermediate. Instead, the
Pd(IV)-F intermediate was formed through a single electron trans-
fer (SET) process while treating tpy-Pd(II) with selectfluor
(Scheme 20). Interaction between the resulting Pd-F intermediate
with arene gave the final aromatic fluorination product. Consider-
ing the mild conditions and excellent functional group tolerability,
this method provides an effective new protocol for the preparation
of aromatic C–F bonds.
3.6. Tpy-rhodium catalysis

With the d9 electron configuration, Rh(II) is known to produce
di-Rh complexes through the formation of a Rh-Rh bond. For
example, complex [Rh(OAc)2]2 is one of the most effective catalyst
for diazo activation, opening a new era in carbene chemistry [78].

In 2016, the Wang and Xiao groups reported the preparation of
terpyridine coordinated di-rhodium complexes, as shown in
Scheme 21 [74,76]. Simply treating primary and secondary alco-
hols with the catalyst under basic condition gave carboxylic acid
(primary alcohol) or ketone (secondary) in gram scale. Further-
more, treating aldehyde with alcohol will yield ester product
through direct dehydrogenation. The overall transformation toler-
ated a wide group of substrates. Preliminary mechanistic study
showed that the dimeric Rh(tpy) catalyst was the active catalysts
which played an important role to achieve the cross-coupling.
Moreover, the catalyst was reusable. Even after 19 reaction cycles,
the catalyst could effectively promote the reaction with little
decrease of reactivity. These unique features made this tpy-Rh a
highly efficient catalytic system, which was operational under
green conditions.
3.7. Tpy-iron catalysis

With the d6 electron configuration, Fe2+ could form stable octa-
hedral complexes by coordinating with up to six coordination
ligands. Although it is expected that terpyridine will greatly
increase iron cation stability at a low oxidation state, application
of this ligand system in iron coordination suffered from a potential
problem on how to deal with formation of both mono-tpy (4 or 5
coordination) and bis-tpy (octahedral 6 coordination) complexes.
In 2012, the Nakazawa group reported the investigations on
hydrosilylation of alkenes using terpyridine coordinated Fe(II) cat-
alysts [24]. Nakazawa and coworkers evaluated various terpyridine
derivatives. As shown in Scheme 22, with no substitution on ter-
pyridine 6 and 60 positions, iron complexes with Cl or Br gave no
reaction, suggesting the formation of unreactive octahedral bis-
tpy-Fe complexes. To prevent this problem, ligands with bulky
substituted groups at the terpyridine 6,60 position were prepared
and provided positive results. Significantly improved results were
obtained with bromide iron salts, giving better yields than chloride
salts. Notably, anti-Markovnikov products were obtained exclu-
sively in all cases, which was consistent with previous reports [79].



Scheme 25. Tpy-Co catalyzed Suzuki-Miyaura cross-coupling [26].

Scheme 26. Equilibrium between square and triangle structure [81].
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3.8. Tpy-manganese catalysis

Encouraged by the interesting reactivity initiated by ter-
pyridine, other first row base metals have also been tested.
Recently, Zhang and coauthors successfully synthesized the ter-
pyridine coordinated Mn complexes [Mn(tpy)(CH2SiMe3)2] [31].
Using these new complexes, successful alkene hydroboration was
achieved under mild conditions (25 �C) with excellent yields and
high efficiency (1% loading). With aromatic alkene, typical Markov-
nikov products were observed with good yields and excellent
regioselectivity. For aliphatic alkenes, poor regioselectivity was
obtained, slightly favoring anti-Markovnikov products. These
results hinted at a radical nature of the overall transformation
instead of the typical BH/C@C four-member-ring transition state.
Aldehydes and ketones were also tested via this protocol and
excellent reactivity was observed. Competition experiments sug-
gested ketone reduction over alkene as expected for typical
hydroboration reactions (Scheme 23).
3.9. Tpy-cobalt catalysis

The Chirik group recently reported their investigations on
ligand effects for the Co(I)-catalyzed alkene isomerization-
hydroboration [28]. A series of bidentate and tridentate ligands
were evaluated toward various substituted alkenes. According to
the authors, most of the tested bidentate ligands could not pro-
mote this transformation with low conversion and yields (Sche-
me 24A). Terpyridine-Co(I) complexes successfully catalyzed this
transformation for less hindered alkenes with high efficiency (1%
loading). Notably, as a radical reaction pathway, hydrogen migra-
tion occurred, giving products with Bpin at the terminal carbon.
This is consistent with good steric hindrance provided by the ter-
pyridine ligand at the 6 and 60 position.

An air-stable [Co(tpy)(OAc)2] catalyst was later developed by
the same group and applied as pre-catalyst in promoting direct
aryl C–H borylation as shown in Scheme 24B [27]. The LiOMe addi-
tive was crucial for successful transformation by helping the
removal of HBPin byproduct, which was likely to cause deactiva-
tion of Co catalyst. The desired borylated products were formed
in moderate to good yield with good substrate scope.

Very recently, Teo reported the application of Co complexes in
promoting Suzuki-Miyaura coupling reaction [26]. Various biden-
tate and tridentate ligands were tested and modified terpyridine
gave the optimal results, which provided another example for
the unique reactivity offered by this Pincer NNN ligand. As shown
in Scheme 25, various halo-pyridines and analogues were suitable
for this transformation. The exact mechanism whether this reac-
tion undergoes Co(0/II) or Co (I/III) catalytic cycle is currently
unclear.

In summary, terpyridine, a Pincer ligand, provides three coordi-
nation sites with strong and stable r-donating and p-recepting
ability towards transition metal core. The low-lying LUMO of pyr-
idine rings allows the redox chemistry to occur on ligand instead of
metal core. Utilizing this advantage, the tpy ligand can serve as a
non-innocent ligand to stabilize low oxidation state of transition
metal. For example, tpy-Ru and tpy-Rh demonstrated metal-
hydride reactivity. In addition, tpy-Mn, tpy-Fe, and tpy-Co com-
plexes can catalyze the C–C multiple bond hydrofunctionalization
and cross-coupling. Furthermore, the tpy-Ni, tpy-Cu, and tpy-Co
show the ability to assist a single electron process. The tpy-Ni cat-
alysts have been employed to generate diverse C–C bond, while the
tpy-Cu complexes can assist sp carbon activation. Besides the
excellent performances that terpyridine has demonstrated in
organometallic chemistry, it also arouses great attention in the
application in designing and establishing sophisticated
supramolecular frameworks through hierarchical self-assembly,
which is summarized in the next section.
4. Supramolecular chemistry

In the last decades, appreciation of numerous supramolecular
architectures from artistic and mathematical point of view has
drawn increasing attentions. However, it remains a challenging
task to impose effective control over the self-assembly process to
obtain a well-defined giant supermolecule containing multiple
species through non-covalent interactions. Combination of the
highly directional transition metal with pre-organized ligand can
facilitate the precise formation of a desired supramolecular motif
under conformational control. Many research groups have success-
fully discovered novel coordination patterns to synthesis a variety
of representative structures, such as Star of David, Knock snow-
flake, Sierpiński triangle, etc.

Shapes of a supermolecule exhibit two crucial features: 1) to
mimic and simplify the biological system. As the biological struc-
ture is too sophisticated to be achieved by a linear synthesis, the
self-assembly offers a convenient pathway to reach that goal. 2)
The artificial shapes of supermolecules allow their applications in
chemical sensing, molecular imaging, drug delivery, metal extrac-
tion, etc [80]. Based on the ‘‘bottom-up” approach, chemists have
reported increasing numbers of complicated supramolecular struc-
tures to extend the borders of self-assembly area and explore their
potential applications.

To set up a vertex angle of supramolecular motif, two major
methods are employed. The first approach is to build the vertex
with metal core. By taking advantage of the geometry of transition
metal complexes, the vertex angle is determined by the binding
angle between two empty coordination sites. This approach is
straightforward and ubiquitously used, however the resulted
supermolecules could often suffer from isomerization. In
Scheme 26, as the orientation of Pd(II) complex was not fixed
(swaying between 60� and 90�), square and triangle supramolecu-
lar structures could be achieved, based on different conditions [81].



Scheme 27. The formation of metallopentacycles [82].
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It is reported that triangle structures could be obtained under ele-
vated temperature, whereas square structures were more favor-
able at a higher concentration. To set up a certain angle of the
supermolecule component to form a stable and discrete structure,
another method using a fixed covalent bond is necessary. This
method is utilizing the orientation of an organic framework such
as the bond angle between two substituents on an aromatic ring.
The more fixed vertex angle of a supramolecular structure, the
higher the selectivity of the shape of supermolecule will be. For
example, 4,400-bisterpyridine-carbazole has a firm corner angle
due to the rigid aromatic system. Connected by ‘‘closed-shell”
180� linker, terpyridne, a pure metallopentacycles could be exclu-
sively achieved (Scheme 27) [82].

As a tridentate ligand, terpyridine can form linear <tpy-M2+-
tpy> complexes, which serve as 180� linker for the supramolecular
structure. Comparing a pyridine and bipyridine ligand, the ter-
pyridine ligand contains more coordination sites, which results in
more rigid metal complexes. Based on different binding ability of
various transition metals, sequential self-assembly of modulated
tpy and metal can be realized to construct a range of remarkable
supramolecular architectures. Therefore, tpy components of
different sizes and shapes can be amalgated into complicated and
discrete structures through precisely controlled modular design.

Many excellent terpyridine-based supramolecular related
reviews have summarized this area and further offered valuable
understanding of the role of terpyridine in construction of complex
architectures [83–85]. For example, Newkome provided a compre-
Fig. 1. The first-generation Sierpiński triangle. Figure was reprodu
hensive review of the development of terpyridine-based supramo-
lecule very recently [52]. Series of well-established terpyridine
modules using <tpy-M-tpy> connectivity and their application in
supramolecular construction were clearly described. Many useful
strategies to build complicated supramolecular structures were
summarized, including triangle-based framework, hexagonal frac-
tal designs and flexible polyterpyridine linkers.

Herein, we sought to demonstrate a summary of the most
recent developments in the field of supramolecular chemistry with
conformational controlled self-assembly of terpyridine (tpy) with
emphasis on the iteration of terpyridine-based supramolecular
structure in 2D and 3D perspectives. So far, only triangle and hexa-
gon structures can be iterated to several different generations in
various directions on 2D level. Naturally, several interesting fractal
supramolecular architectures based on triangle and hexagon shape
will be included in this review. Similarly, only hexagon structures
have been observed and developed to 3D level. Thus, in the follow-
ing two sections, several selected systems of 2D and 3D
supramolecular shaped iteration will be herein described.
4.1. Iteration on 2D level

4.1.1. Three generations of Sierpiński triangles
As mentioned above, the terpyridine-based supermolecules

could be iterated on 2D level. In the last decade, three generations
of Sierpiński triangle have been achieved by utilizing the
coordination-driven self-assembly strategy. Based on fractal
geometry, the first-generation Sierpiński triangle have only one
triangle-shaped layer; the second generation is composed of four
small triangles; the third generation exhibits more complicated
structures containing more small triangles.

After the self-assembly of the predesigned terpyridine-based
‘‘V” type ligand and Ru2+ or Fe2+, the first-generation Sierpiński tri-
angle could be obtained (Fig. 1) [86]. In addition, the author found
these complexes showed unique photophysical properties and
ability to form the nanofibers.

In 2014, the Newkome group reported the self-assembly of the
second-generation Sierpiński triangle [87]. Through direct self-
assembly of ‘‘V” type ligand, ‘‘K” type ligand, and Cd2+ in ratio of
1:1:3, the second-generation Sierpiński triangle could be obtained
in nearly quantitative yield (Fig. 2)

Alternatively, the Li group very recently adopted another
method to achieve the second-generation Sierpiński triangle by
using modular strategy and step-wise synthesis to avoid the
ced from Ref. [86] with permission of the copyright holders.



Fig. 2. One step synthesis of the second-generation Sierpiński triangle. Figure was reproduced from Ref. [87] with permission of the copyright holders.
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formation of small metallocycles or supramolecular polymer
(Fig. 3) [88]. As the <tpy-Ru2+-tpy> complexes are stable towards
the palladium-catalyzed coupling reaction and can survive from
column chromatography, the author successfully synthesized the
key intermediate L6 after seven-step-synthesis. With the L6 ligand
in hand, the second-generation Sierpiński triangle was achieved by
the self-assembly of ligand L6 and Zn2+ in one pot reaction with
nearly quantitative yield.

After the successful synthesis of the second generation, the
author applied the same strategy towards the self-assembly of
the third generation [88]. The author divided the synthesis into
two steps as shown in Fig. 4: 1) Formation of ‘‘A” type Ru complex.
The ‘‘V” type of vertex corner was self-assembled with ‘‘K” type of
tetraterpyridine ligand treating with metal Ru(II) to form the
building block. 2) Formation of triangle 10. One star-shaped ligand
L9 and the three ‘‘A” type of complex were mixed together to gen-
erate the third-generation triangle 10 in high yield. This is an
inspiring example to achieve supramolecular structure though
self-assembly of three different ligands.

4.1.2. Four generations of hexagonal ring-in-ring structures
Like the Sierpiński triangle, researchers have developed four

generations terpyridine based hexagon supramolecular ring-in-
ring structure. The first-generation structure (one layer) is the
most common structure. In 1999, Newkome reported the synthesis
of one layer terpyridine based supramolecular hexagon structure
(Fig. 5) [89]. Through self-assembly of bisterpyridine ligand and
Ru3+ with N-ethylmorpholine as the reductant, the first-
generation hexagon supermolecule (G1) was achieved in 40% yield.

The second-generation hexagon ring-in-ring structures were
developed by Li’s group in 2016 (Fig. 6) [90]. As the self-
assembly of one layer structure always resulted in supramolecular
mixtures, the authors chose to increase the coordination sites of
ligand to precisely control the shape of supermolecule. Self-
assembly of various tetratertopic terpyridine ligands and zinc (II)
generated a series of second-generation supramolecular hexagonal
ring-in-ring structures (G2). Notably, these ligands were synthe-
sized through the condensation of pyridinium salts and primary
amines with good yields, providing a facile synthesis for tetratopic
terpyridine ligands. Self-assembly studies were carried out by mix-
ing terpyridine ligands and zinc salts in CHCl3/MeOH followed by
addition of NH4PF6 to form the precipitate with almost quantita-
tive yield. As long carbon chain improved the complex solubility
significantly, the structure was achieved and confirmed by
1H NMR and MALDI-TOF mass spectrometry. These terpyridine
ligands of varied carbon length have been shown to self-
assemble into organized nanoribbons at the solid/liquid interface,
which was further confirmed by STM imaging besides NMR and
MS.

Encouraged by previous success, the same group later disclosed
discrete third- and fourth-generation hexagon ring-in-ring struc-
ture through the self-assembly using a series of terpyridine-
based monomers, as the building blocks (Fig. 7) [91]. A similar
method (condensation between pyrylium salts and primary ami-
nes) was adopted for the synthesis of multitopic terpyridine
ligands. Employing these ligands plus highly directional and rigid
coordination into self-assembling, the third and fourth generation
(G3 and G4) of hexagons were achieved. In these self-assembly
studies, Cd(II) instead of previously used Zn(II) was chosen to coor-
dinate with terpyridine due to the higher reversibility of Cd(II)
complexes to ensure a thermodynamically favorable self-
assembly products though a dynamic equilibrium. In addition, they
found these hexagons tend to form a tubular-like structures due to
the p–p stacking in the solvent mixture, such as DMSO and H2O.
These supramolecular structures were confirmed by NMR, ESI-MS
and TWIM-MS, etc. Furthermore, these structures exhibited highly



Fig. 3. The formation of second-generation modular Sierpiński triangle using modular strategy and step-wise synthesis. Figure was reproduced from Ref. [88] with
permission of the copyright holders.

Fig. 4. Self-assembly of the third-generation Sierpiński triangle. Figure was reproduced from Ref. [88] with permission of the copyright holders.
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antimicrobial activity and negligible toxicity to eukaryotic cells. In
contrast, the corresponding ligands failed to show similar
properties.

4.1.3. Three generations of supramolecular rosettes
Other than ring-in-ring architectures, the hexagon can also be

iterated to form three generations rosette-like structures. The
first-, second- and third-generation structures have numbers of
corresponding layers. Recently, the Li group published three gener-
ations of supramolecular rosettes architectures utilizing
coordination-driven self-assembly with increasing complexity
(Fig. 8) [92]. In this work, by using the self-assembling of the dito-
pic terpyridine ligand and Cd2+, a mixture of macrocycles was
achieved. In contrast, the tetratopic and hexatopic terpyridine
ligands exhibited high geometric selectivity, giving only thermody-
namic product (double-layer and triple-layer rosettes respectively)
under precisely controlled self-assembly process, because of addi-
tional coordination sites provided by these ligands. Interestingly,
the hexatopic terpyridine ligand could form a very rare triple-
layer heptamer structure, owing to the geometry feature of the
hexatopic ligand. Furthermore, since tetraphenylethylene (TPE)
was introduced into these ligands, based on the aggregation-
induced emission (AIE), these complexes showed varied emissive
properties. Especially for second-generation structure (G2), it pre-
sented pure white light in different solvents.

4.1.4. From hexagon supermolecule to Sierpiński hexagonal gasket
After successful synthesis of the first-generation hexagon

supermolecule, Newkome and co-authors reported the formation
of Sierpiński hexagon gasket (Fig. 9) [46]. This structure was
achieved by self-assembly of six hexagon sub-supermolecule with
metal. As the bisterpyridine ligand provided a stable enough vertex
angle, the authors used this ligand along with Ru3+ and reductant
to generate the key module 28 by step-wise self-assembly. After



Fig. 5. Self-assembly of first-generation hexagon supermolecule. Figure was reproduced from Ref. [89] with permission of the copyright holders.

Fig. 6. Self-assembly of the second-generation of hexagon ring-in-ring super-
molecule. Figure was reproduced from Ref. [90] with permission of the copyright
holders.
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self-assembling with Fe2+, the self-similar fractal Sierpiński hexa-
gon gasket 29 was constructed with excellent inherent stability.

4.1.5. Five generations of fractal supermolecule
According to the definition, the ‘‘fractal structure” is a kind of

structure that could not be classified into any basic geometry but
shows self-similarity to some extend at different level. Very
recently, the Li group reported the self-assembly of five genera-
tions of fractal structures, based on the coordination-driven self-
assembly of terpyridine ligands (Fig. 10) [94]. By utilizing the
stable coordination of <tpy-M-tpy> complexes, modular strategy,
step-wise synthesis and high coordination sites density (CODs),
all the five generations structures were achieved in high yield with
increasing complexity. The first-generation structure was con-
structed by direct self-assembly of two bisterpyridine ligands with
Zn2+, and the fourth generation was obtained though the similar
method. While the second, third, and fifth generations were syn-
thesized by step-wise assembly. The key intermediates L31, L32
and L34 were obtained by coordination of Ru2+ and multitopic ter-
pyridine ligand. After self-assembly of corresponding intermedi-
ates with Zn2+, the second, third, and fifth generations could be
constructed. Geometrically, the first generation is the repeating
unit and all the other generations are constitutive of several
repeating units. What’s more, all the structures from the first to
the fourth generation can be found in the fifth generation as a part
of the structure.
4.2. Iteration on 3D level

The iteration of supramolecular shape occurs not only on the 2D
level, but also on the 3D level. For example, from the ring-in-ring to
sphere-in-sphere, 2D spoked wheel to double- and triple-decker
spoked wheel, and 2D spoked wheel to p–p stacking 3D molecular
wheel

In 2015, the Li group reported two 2D hexagon ring-in-ring
structures (Fig. 11) [94]. In this work, these architectures were
achieved by self-assembly of tetratopic terpyridine ligand L35
and 180� diplatinum (II) acceptors L36 or L37. As rigid organic
framework and high coordination sites density (CODs) strategy
were employed in this system, these architectures were formed
in good yield with excellent stability. In the same paper, the
authors also developed the 3D sphere-in-sphere supramolecular
architecture, by using the Pd(II) square planar geometry. In addi-
tion, the authors also proposed a method to calculate the density



Fig. 7. Self-assembly of the third and fourth hexagon ring-in-ring supermolecule [89].

Fig. 8. Three generations of rosettes [92].
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Fig. 9. Self-assembly of Sierpiński hexagon gasket. Figure was reproduced from Ref. [46] with permission of the copyright holders.

Fig. 10. Self-assembly of five generations fractal supermolecule. Figure was reproduced from Ref. [93] with permission of the copyright holders.
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of coordination sites to evaluate the stability of different
supramolecular structures [94]. Furthermore, the 2D structures
could self-assemble to the ordered nanostructures and
supramolecular metallogels.

The 2D spoked wheel, 3D double- and triple-decker spoked
wheel and p–p stacking 3D molecular wheel were successively
achieved afterwards. Hexaterpyridine core L9 with its inherent
hexagonal binding angles can be used as the star-shape core to
coordinate with tritopic terpyridine-type ligands L38 for the con-
struction of supramolecular wheel structures 39. In 2011, New-
kome and co-workers reported this novel supramolecular
achitecture by one-step self-assembly of the hexaterpyridine core
L9, rim L38 and metal Zn(II) or Cd(II) with 94% yield and high selec-
tivity (Fig. 12) [95].



Fig. 11. Self-assembly of 2D ring-in-ring and 3D sphere-in-sphere structures. Figure was reproduced from Ref. [94] with permission of the copyright holders.

Fig. 12. Self-assembly of 2D supramolecular spoked wheel. Figure was reproduced from Ref. [95] with permission of the copyright holders.
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Fig. 13. Self-assembly of triple-decker hexagon supramolecular structure. Figure was reproduced from Ref. [96] with permission of the copyright holders.

Fig. 14. Self-assembly of supramolecular 3D wheel. Figure was reproduced from Ref. [45] with permission of the copyright holders.
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Recently, Wang and co-workers disclosed a giant 3D
supramolecular double- and triple-decker hexagon structure by
using covalent link to vertically coordinate two or three layers of
plane spoked wheels together based on <tpy-M2+�tpy> connectiv-
ity (Fig. 13) [96]. The ligand was synthesized through several
Suzuki cross-coupling reaction. After coordinating with Cd2+ under
standard condition, supramolecular structure, which contained up
to 72+ ions pairs, was achieved in nearly quantitative yield. These
supramolecular structures were characterized by NMR, ESI-MS,
TWIM-MS, DOSY, TEM and AFM imaging.

Besides the covalent link strategy, another method towards the
synthesis of 3D spoked wheel is setting up a p-p stacking core for



18 C. Wei et al. / Coordination Chemistry Reviews 385 (2019) 1–19
the supermolecule. In 2014, inspired by the 2D terpyridine type
supramolecular ‘‘wheel”, the Newkome group reported the self-
assembly of the 3D spoked wheels by using 1,3,5-tristerpyridine
L46 (‘‘Y” tpye) or 1,2,3-triterpyridine L38 (‘‘W” type) as wheel cen-
ter to substitute for the hexaterpyridine core L9 (Fig. 14) [45].
When six of L38 ligands were used as rims and two of L46 ligands
were employed as the stacking center, 3D supramolecular ‘‘bicyclic
wheel” 47 was obtained. However, when treated with eight
equivalents of L38 ligands and twelve equivalents of Zn2+ in the
self-assembly system, a three-dimensional supermolecule 48 was
achieved in one step. It is noteworthy that ligand L38 was used
for two purposes: six of ligand L38 formed the outside rim and
two of ligand L38 staggered at 180� to generate the bis-
rhomboidal core.

5. Conclusions and outlook

In summary, 2,20:60,200-terpyridine has unique advantages as a
ligand including: 1) three strong nitrogen coordination sites, which
provide tight chelationwith variousmetal cations as an NNN Pincer
ligand; 2) three electron-deficient pyridine cycles make terpyridine
not only a strongr-donor but also a very goodp-receptor; 3) the low
LUMOof terpyridine ligand allows it to participate in the redox reac-
tion as a non-innocent ligand. Therefore, terpyridine and its deriva-
tives have been employed into various catalytic reactions. The
superior metal-binding ability of terpyridine ligands is also evi-
denced by its broad application in supramolecular construction.
Due to the formation of ‘‘closed-shell” <tpy-M2+-tpy> complexes, it
has beenwidely applied as a stable linear linkage in supramolecular
chemistry. By combining this linear linker with other rigid organic
frameworks, a series of attractive supramolecular architectures
have been achieved. However, some challenges, such as unsatisfac-
tory overall synthetic yield and low solubility of tpy ligand, still exist
and need to be solved.
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	4.1.5 Five generations of fractal supermolecule

	4.2 Iteration on 3D level

	5 Conclusions and outlook
	Acknowledgments
	References


