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Introduction

Enthrallment wth macrocyclic chemistry over the past few decades has led to the synthesis of-iaoreasing
number of elegant and intricate functional structures with sizes that approach cyclizationmdatadycle
frameworks buitt on the principles of coordinatichemistrycombine the desirable properties of the individual
organic and inorganic components, having applications in vafields [1-11]. There is a growing interest in the
application of synthetic macrocycles to chemical biology, potentially leddimyug discovery. The techniques for

the macrocycle synthesis have advanced steadily since the bronze and iron ages; it can be argued that the nee:
accelerate the pace of development of new technologies for their synthesis and applicability haeseneyeater if

we are to respond to the rapidly increasing demand for medicines. Due to the diminishing supplies and tae pressu
governments worldwide are proposing policies to ensure that new technologies are developed in order to mainta
supplies of hese supramolecules that are becoming essential for world. A major goal of supramolecular chemistry i
to achieve a greater understanding of nature through synthetic mimicking of biological structures and processes in tt
laboratory [12,13]. As a consequen this structural type has now been successfully tested on most biological target
classes. The goal of this article is to put new perspectives into the current applications, opportunities, and challeng
associated with macrocycles [14].

To this end, asignificant amount of research has been conducted into supramolecular recognition motifs and their
assembly into functional constructs [15]. Because of their size and complexity, they can engage targets throug
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numerous and spatially distributed bindingeractions, thereby increasing both binding affinity and selectivity.
Furthermore, cyclization provides a degree of structural preorganization that may reduce the entropy egoof rec
binding compared to linear analogues [16,17]. A significant numberacrocyclic drugs are currently on the market,
predominantly of natural product origin with complex structures [18]. In general,-plagistent macrocycles were
found to have a wide range of applications such asasstmbly on surfaces or saligrejation into supramolecular
channels. Cyclization of a linear molecule into a macrocyclic ring constitutes a significant change in molecular shape
This transformation restricts the degrees of conformational freedom of the molecule and imposes structura
organization which was absent in the linear precursor [19]. A central tenet of supramolecular chemistry is
preorganisation [2@1] and it was Pederson and Cram-P& who clearly demonstrated the concept using
macrocyclic polyethers. The idea of macrocwtien as a means to preorganise a host and in turn effect stronger
binding has since been widely used in the field 3QJ.

The design and study of synchronized metal containing macrocycles is an interesting field of chemistry [31].
Macrocyclic complexesire of great importance due to their resemblance to many naturally occurring macrocycles,
such as porphyrins and cobalamines. A number of nitrogen donor macrocyclic derivatives have long been used
analytical, industrial and medical applications [32].dvayclic metal chelating agents are useful for detecting tumor
lesions [33]. Transition metal macrocyclc complexes have received much attention as an active part of
metalloenzymes as biomimic model compounds [34] due to its resemblance with natunad fiketdhemerythrin
and enzymes. The chemistry of macrocyclic complexes is also important due to their use as dyes and pigments [35]
This remarkable growth is due to the synthesis of a large number and variety of synthetic macrocycles, avigich beh
as cordinating agents for metal ions [36]. Template reactions have been widely used as the synthetic routes fc
macrocyclic complexes [37,38]. Nitrogen containing macrocycles have a strong tendencyto form stable complexe
with transition metals and received gieat attention because of their biological activities, including antiviral,
anticarcinogenic [39], as well as antifertile [40].

Tetraaza macrocyclic ligands and their substituted derivatives are involved in diverse applications such a:
catalysis, enzymenimics, chemical sensors, selective metal ion recovery, pharmacology and therapy [41]. Cyclams
(1,4,8,11tetraazacyclotetradecane) with- @nd/or Nalkyl substituents and their metal complexes have received
considerable attention because their structaral chemical properties can be quite different from those of the
unsubstituted parent cyclam (1,4,8tg#lraazacyclotetradecane) macrocycle-44p Macrocyclic complexes of the
transition metals have a number of unique properties offered by the macr@yaionment, such as metal-ion
selective reagents, the abilty to access unusual oxidation states of the metal center, models for metalloenzyme act
sites, applications in biology, medicine [45,46] and also as catalysts for the conversion of vgainizssoibstrates.

The basic reactions for synthesis of the macrocyclic compounds include the formation of thé czaidoon
bonds, heteroatomarbon bonds such asj O, S C, Ni C and NC and heteroatorheteroatom bonds such as®
[47]. The different typs of macrocyclic ligands are particularly exciting because of the importance in generating new
areas of fundamental chemistry and many opportunities of applied chemistry. The majority of macrocycled represer
creative and focused efforts to design molesulivhich wil have particular uses. The significance of macrocyclic
compounds extends from large number of lfe composing and naturaly occurring complexes with enormous
biological functions to vast numbers of syntheticaly made ones for diverse biolagaalorbiological functions
[48].

Diversity oriented synthesis
Template directed synthesis
Template directed synthesis is the organization of an assembly of atoms with respect to one or more geidmetric lo

achieve a particular linking of atoms [89]. The seminal [51,52] template macrocycle synthesis, as well as many
more exotic examples [53], utilize met al ions ngas t h
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technology previously developed for simple macrocycle synthedjs Sed a Cu2template to produce ethylene
side-bridged 15 membered macrobicycles from piperazine derivatives [55]. The advantages of this synthesis are the
ease and high yield of the reaction. In 1989, a fascinatingbsdiged ligand having a sulfutonor was described

[56]. Few crosbr i dged | igands have been made by these met|l
terms of rigidity.

Protection/deprotection synthesis

When the more facie direct syntheses or template directed methodsl fail were not feasible,
protection/deprotection of functional groups, a more sophisticated, synthetically challenging synthesis of smal
bridged azamacrocycles has been applied. Ligands, like the crowns and simple cryptands, have been used mostly
the complexation of alkali and alkaline earth metals [57], but have also been applied to complexation of‘the NH
cation [58]. The more sophisticated protection/deprotection strategy has been invoked in order to plaaggnthe brid
superstructures between nop&eént nitrogen donors. This method has been quite successful, producing the
prototypical cryptands and spherical cryptands, as well as several additional small azamacropolycycles that ar
complementary to transiton metal ions. These ligands are inyapattion sponges, an indication of their rigidity.
Directing and holding fixed multiple nitrogen lone pairs into -adbitricyclic cavity is responsible for this behavior,

one that is seemingly indicative of strong binding for complementary metal ionseksiIn conclusion, the
protection/deprotection methods appear to be more effective in terms of the range of bridges they cangmellice, a

as in their abilty to crossbridge the macrocycles. The latter characteristic is vital for synthesizing tinigidnost
ligands.

Condensation synthesis

Finally, the condensation reactions appear to simplfy azamacrocycle bridging, afthough through rather comple>
mechanisms. This technique has thus far been limited to producingoroh&ocarbon bridges between awddat,
nonadjacent, or sometimes both sets of nitrogen donors. But as these reactions become better understood, it is lik
that their benefits wil be retained while the range of macropolycycles they produce wil expand. This synthetic route
to bridged aamacrocycles is at once the most mechanistically complex and the easiest in terms of number of step:
physical labor, and yields. Reactions of formaldehyde with tetraazamacrocycles have yielded compoundsswith singl
carbon atom bridges between adjacenbgén atoms [5%2]. These macropolycycles have not been exploited for
transition metal coordination, since it is believed the-cadon bridges would prevent both aminal groups from
binding the same ion [63[Condensation of the dialdehyde glyoxal wiirbhazamacrocycles has been more widely
utiized to produce tetracyclic tetraamines varying in size and substitution pattern.

Medicinal Facets
Lessons from nature

Nature has evolved enzymes that are very efficient as oxidation catalysts. These widotdeome P450 and
peroxidases; enzymes that use an Iron(IV) oxoporphyrin radical cation intermediate to catalyze the oxidation o
various organic substrates selectively and efficiently [64]. In recent years, several metal complexes that gtivate H
or O, have been synthesized from biologically relevant transition metals and a myriad of electron donating ligands
[65-71]. The literature clearly shows that the study of this diverse ligand system is linked with  many of the key
advances made in inorganibemistry. Among these, metal complexes of porphyrins, sulfonated phthalocyanines and
Fe(lll) complexes based on a class of tetraamide macrocyclic ligandsA(#es) have been shown to be functional
mimics of peroxidases [724]. Designing metal complexebat activate KO, or O, but are themselves inert to
oxidation is the key to the synthesis of efficient transitiwtal oxidation catalysts [75]. An approach pursued by
many chemists to achieve this goal has been to mimic enzymes that function as oxalatiysts. An Fe(lll)
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complex of a biureamide based macrocyclic ligan@Ffigure 1) that exhibits both excellent reactivity for the
activation of HO, and high stabilty, especially at low pH and high ionic strength, is reported [76].

IV o

Figure 1 Molecular structure of Fe(lll) complexes.

The development of agents for selective modulation of piqigatein interactions (PPIs) constitutes a prominent
goal in drug discovery and chemical biology [73lnce PPIs are often mediated by vaelffined secatary structural
elements, a promising strategy in this area has involved the stabilization or mimicry of these motifs vida compac
molecular scaffolds [#80]. Reflecting their need, Jessica M. Smith anavodkers [81] reported the design of side
chainto-tail linked organepeptide hybrids incorporating -feelical proteirbinding motif. Using this strategy,
macrocyclic inhibitors interaction displaying increased proteolytic stabilty could be obt&igrae( 2).
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Figure 2 Macrocydic inhibitors dlsplaylng Figure3Low mol ecul ar weight 14
increased proteolytic stability membered macrocycles

Integrins are a family of adhesion molecules responsible for transmembrane signaling by undergoimz timredo
rearrangements. They are involved in a wide range of biological processes, e.g., angiogenesis, inflamrmation, can
and hemostasis, and are therefore highly interesting drug targets. The amino acid derived low molecular weigt
1 4 T-rheéBnbered maocycles Figure 3) tur ned out to be highl ygsiatbetlawv e t
nanomolar range. The conformation of the macrocycles was found to be highly important for the activity, and an X
ray crystal structure was obtained to clarifysthBubsequent docking into the madal dependent adhesion site

( MI DAS) of a bl wunit revealed a binding model indic
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There is a tremendous interest in exploring new ligand environments for transition and main group metal
chemistry as well as for developing synthetic mimics of biological systems [28]. The study of synthetic macrocyclic
compounds is an important area of chemistry in view of their presence in many biologically significant naturally
occurring metal complexes. adrocyclic complexes have received special attention because of their presence in
many important biological systems like metalloporphyrins (hemoglobin, myoglobin, cytochromes, chlorophylls),
corrins (vitamin B,) and antibiotics (valinomycin, nonactin) etcAntibiotic, antifungal, anticancer and
immunosuppressive activities as seen for erythromycin (1), [83,84], amphotericin B (2) [85,86], epithilon&B (3)

89] and rapamycin (4) [992] respectively Kigure 4).

Figure 4 Structures of naturally occag macrocytic drugs: erythromycin (1), aphotericin B (2),
epithilone B (3)and rapamycin (4)

CH

Figure 5 Tetraaza macrocycles.
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The design and synthesis of argglectivesensors have received considerable attention owing to the presence of
multiple and various anionic species in both inorganic applications and biological syste®6$. [98til recently, the
tetraaza macrocycles, such as (cyclam) (a) and related ligatidextensive varieties of modifications including
differing degrees of saturation and ring size (b), had been the most stidiace (5), primarily because of the
relationship of these molecules to naturally occurring tetraaza macrocycles, such asligenpoand corrins.
Currently, with interest in metaihetal interactions, increased activity has occurred in the area of larger macrocycles
capable of incorporatingiore than one metal ion [97].

A recent study de s c-dimiteeamtaining macracycles] Byiscerporatihg diffeneat rirg
sizes can be employed to moderate the degree of,(@gdjregation in the sold stat€igure 6). Reaction of an
excess of Cul with 1, 2 or 3 mcetonitrile followed by slow diffusion of ether into the respective solutions yielded
complexes [98]

Figure 6 U-Dimine-containing macrocycles

Xiao-huan Huang and eworkers [99] in their work, two anthrgppended macrocycles were synthesized, and their
binding abilties toward transitiermetal ions were studied. Both of them show selectivity for Zn(Il) over other metal
ions (Cd(ll), Co(ll), Nifl), and Cu(ll)) by observed changes in their fluorescent spectra. Especially, ligand 1 exhibits
a remarkable enhancement in excimer emission by coordination with Zn(ll), whereas for 2, no excimer emissior
evolved. So, Zn(Il) was chosen as an anion retmedo study its recognition abilty in neutral aqueous solution, as
the unique excimer behavior can be exploited during anion sensing. Coripféi)lwas chosen as a fluorescent
sensor for anion recognition, as it exhibits excellent selectivity for Tieutral aqueous solutiofFigure 7).

Figure 7 Anthryl-appended macrocycles
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To mimick the natural enzymes [FeHsjdrogenases, some new porphyrin and metalloporphyrin moiety containing
model complexes have been successfully prepared®pdémgSong et. al [LOO0]Kigure 8).

Figure 8 Porphyrin and metalloporphyrin moiety to mimick the natural enzymes [Heféedgenases.
Significant efforts have been made to explore the reaction mechanisms of the solvolytic cleavage of phteghate es
mediated by natural enzymes [1D06] and some metal complexes [10¥6]. The hydrolysis mechanisms of
phosphate monoester NPP promoted by unsymmetrical bivalent dinuclear complexes have been explored. The for

of the active catalyst has been verifiadd the metabound ion acts as the nucleophilic reagent. The binding modes
of the catalyst substrate complexes were also explored, by Xuepeng Zhangwaoréers [117] Figure 9).

| | | |
O—MNH
u—llll u—lu o-
Figure 9 Bivalent dinuclear complexes.
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Tools for chemical biolgy

The design of new methhsed cancer chemotherapeutic agents is in the forefront research area of inorganic
medicinal chemistry. It is well known that medicinal inorganic chemistry is a multidisciplinary field combining
elements of chemistry, pharmdagy, toxicology and biochemistry [118]. Phthalocyanines (Pcs) are-el8cpron
containing macrocyclic conjugated systems consisting of four isoindole units that attract huge interest due to the
diverse applications in medicinal and materials chemjgt9]. Metatfree and Co(IHphthalocyanines carrying eight
dodecaborate substituents (96 boron atoms) on the peripheral positions were synthesized in a multistep reacti
sequence [120Hgure 10).

Figure 10 Co(ll)-phthalocyanines.

As more advared chelator design is achieved by Benjamin P. Burke and Stephen J. Archibald [121]. Lanthanide(lII)
complexes of the tacn based ligand L1 have been shown to be the first fully characterised examples oftitimdrete f
complexes which can bind sulphur diex Encapsulation occurs with gaseous, aOroom temperature and the
coordination process was analysed using DFT calculations. The Uranium(lll) complex of the related hexadentat
chelator L2 can reduce G@ CO and CQusing KG as a reductant to engatie catalytic cycleRigure 11).

OH HO CMn
et ! Y
N K m_‘ihir
Chiley,
e, i_l_) 1 " W, OH
Me.C oH Ho
L1 L2

Figure 11 Tacn based ligand L1 and L2

Nickel(Il) and copper(ll) complexes of bisaza derivatives induce -Bo Z-DNA transition by tle formation of a

macrochelate compound between the dinuclear complexes and the DNA strand, properties which do not occur wil
the analogous mononuclear triazacyclododecane derivative. Studies of copper(ll) tacn derivatives such as L3 with
pendant guanide group show increased rates of DNA cleavage compared with those of the parent tacn complex
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Functionalisation of technetium(VIl) tacn complex of L4 through a (@%2Joaddition reaction of the technetium
oxide compound has been performed to forifd¥IR bonds Eigure 12).

ﬁf_\xlfr\\/ﬂ \f.“ .
(=) EEEDE

Figure 12 Copper(Il) tacnrcomplex ofL3 andtechnetium(VIIl) tacn complex of L4

L4

This opens up possibiities to form dual functional BFCs when combingéd macrocycle Nunctionalisation.
Trisphosphinic acid NOTA derivatives such as L5 have been prepared and their complexation properties witt
galium(lll) explored. Replacement of carboxylic acid arms with phosphinic arms increased selectivity fgr bindin
and forms complexes more efficiently. Iron(Il) complexes of L6 convert from low spin to high spin upon addition of
dithionite, the spin change operates in an aqueous solution altering from a diamagnetic solution to a parangagnet
with the associated chge in longitudinal relaxation of the water molecules that can be observed by MRI experiments
(Figure 13).

0 S
nonc | I_cnon ||

w ¥ ¥ - g .f—x /—"‘i-}
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o e

L5 L6

Figure 13 Trisphosphinic aciderivatives

The development of new pharmadealks has undergone a substantial change over the past decade and continues tc
change rapidlyHIV1 protease inhibitors (PIs) are essential components in highly active antiretroviral therapy
(HAART) but are associated with severe side effects such asidiysipa, hypersensitivity and lipodystrophy [122].
Considering the fast development of resistant viral strains in general [123], there is a need for new, unique structur
entities that could provide alternatives for use in futuretdiMti Series of potenHIV-1 Pls related to both atazanavir

and indinavir but encompassing a shielded tertiary alcohol as part of the trestai@mimicking scaffold and
different lengths of the central <carbon spacestate ( n
mimics in aspartyl Pls have been synthesized [1R2djufe 14).
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Figure 14 Generic structure of a (a) inear Y pr ot ease inhi bitor (n =- 171 3) .

alcoholcontaining HI\:1 protease inhibitors (n = 3).

Lack of noninvasive methods to track cells with whdledy and reatime capabilty is therefore an unmet clinical
needs. Super Paramagnetic Horide Nanoparticles (SPION) have been successfully used as Magnetic Resonance
Imaging (MRI) contrast agents for high resolution imaging of cells without substantiaitiopaell viabilty. While

MRI of SPIONlabeled cells have been used for investigatingigeetified site, e.g. engrafted tumor, it lacks the
sensitivity for systemically infused cells and whbledy assessment. 64®ased PET has been used to tracls egl

to 48 hrs.

Most of the compounds that entered into clinical practice as CAs drec@dplexes of poly(aminocarboxylate)
ligands. Indeed, increasing attention has been devoted recenti?tadinplexes of certain macrocyclic polyamines
and their acete, phosphonate, or phosphinate derivatives as possible substitute®' froraexes [125].

The synthesis of the lgand Hnompa-((6,4,*triazacyclononaii-yl)methyl)picolinic acid) and a detaied
characterization of the Mn2+ complexes formed by tigand and the related ligands Hdompa((&4,7,10
tetraazacyclododecahyl)methyl)picolinic acid) and Htempa {®1,4,8,1ktetraazacyclotetradecdnyl)methyl:-
picolinic acid) Figure 15) have been emerged by Eniko Molnar anevaokers [126].

Htempa Hdompa Hnompa

Figure 15 Mn2+ complexes formed Higands Hdompa §(1,4,7,16tetraazacyclododecalyl)methyl)picolinic
acid) and Htempa (§1,4,8,11tetraazacyclotetradecdnyl)methyl)-picolinic acid)

Naturally occurring azamacrocyclic metal complexes such as haems, chlorophyl, vitayramdBthe factor F430

carry pendent ring substituents andahxioligands that act as functional components in these important biological
systems. Design of related systems with structural features related to their natural counterparts has been report
recently. Tapashi G. Roy and-emrkers [127] and character@¢he copper complexes of these ligands Us, Lgz,

Lcz and L) (Figure 16). The compounds exhibit pronounced antimicrobial activity.
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Figure 16 Ligands (La, Lg, Lez, Lcz and Lezy).
Synthetic, structural and biological aspects of tetraazamacrocyoiiplexes of Tin(ll) have been describ&iylre
17). Ligand and their unsymmetrical complexes have been tested for their antimicrobial effects on several pathogen
fungi and bacteria. The testicular sperm density, testicular sperm morphology, spelity) deisity of cauda

epididymal spermatozoa and fertiity in mating trails anddhiemicals parameters of reproductive organs have been
examined in male albino rats in vivo [128]

;

s U sNs ety

Figure 17 Tetraazamacrocyclic complexes of Tin(ll).

A wide repertoire of Zn(ll) complexes have been utiized as radioprotective agents, tumor photosensitizers,
antidiabetic insulirmimetic, and antibacterial or antimicrobial agents. Also, certain Zn(ll) complexes, which strongly
bind and cleave DNA, exhibit promine anticancer activities and regulate apoptosis. A symmetrical macrocyclic
dizinc(Il) complex has been synthesized by using the ligand (L1) A series of unsymmetrical macrocyclic) dizinc(ll
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compl exes (271 6) hFgsre 18e &he ligang bl dire($l)i corepxes(1l, 3, and 6 showed
cytotoxicity in human hepatoma HepG2 cancer cells. The results demonstrated that 6, a dizinc(ll) complex witk
potent antiproliferative activity, is able to induce caspadesgendent apoptosis in human cancer cells. t@¥ity of

the complexes was further confirmed by the lactate dehydrogenase enzyme level in HepG2 cell lysate and conte

media [129].
II:-l_l:l' ““l_ln-
| I
o —. H—D ,__
[ e ] [ e _)
o-m M“1:||“'; “m-o — H"u"# N
I |
cH, CH,
1 -62
Where, Ligand R Complex
L® -(CHy).- 2
L -(CHy)s- 3
L4 -(CHy)4- 4
L
Figure 18 Dizinc(ll) complex with potehantiproliferative activity
An estimated 1% of the worldds popul at i onicinfllsnmaofyf | i c

disorder leading to the destruction of articular cartiage and ankylosis of the joints [130]. Herein, we desribe the
synthesis and SAR of a series of small molecule macrocycles that selectively inhibit JAK2 kinase within the JAK
family andFLT3 kinase has been described by Anthony D. Wiliam ardaders [131] Figure 19).

Figure 19 Structure of macrocycles that selectively inhibit JAK2 kinase within the JAK family and FLT3 kinase.
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Figure 20 Tetradentate macrocyclic ligand

A novel tetradentate macrocyclic ligand viz. 1,5,8d8aaza?,9-dimethyt4,11diphenyicyclotetradeca2,4,9,11
tetraene (L) and its complexes with Pd(ll), Pt(Il), RR(@nd Ir(lll) metal ions were synthesizeleigure 20).

Youla S. Tsantrizos and emorkers [132] have synthesized a novel class of inhibitors which could potentially provide
a therapeutic agent for the treatment of hepatitis C in humans.

Magnetic Resonamclimaging (MRI) has withessed enormous growth in the last few years and emerged as one of
the most powerful techniques in diagnostic clinical medicine and biomedical research [133]. Lanthanide complexe:
have recently received considerable attention infidld of therapeutic and diagnostic medicines. Among many
applications of lanthanides, gadolinium complexes are used as magnetic resonance imaging (MRI) contrast agents
clinical radiology and luminescent lanthanides for bioanalysis, imaging and s¢ti34jg Parker et al. reported
Eu(lll) and Thb(lll) complexes having tetraazatriphenylene chromophdfegiré 21) which show remarkable
properties for the ratiometric detection of-binalytes in living cells [13339].

(a) Thiaxanthone (b) Tetraazatriphylene

Figure 21 Eu(lll) and Tb(Ill) complexes having tetraazatriphenylene chromophores.

The biggest change in drug development, particicl ar!]
to moleclarly targeted agents, though related changes have occurred in most areas of drug development [140
Although highly effective in treating a variety of cancers, the cure widtplatin is still limited by dosdimiting side

effects and inherited or acqed resistance phenomena, only partially amended by employment of new platinum
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drugs. Therefore, attempts are being made to replace these phb#éisech drugs with suitable alternatives, and
numerous metal complexes are synthesized and screened for tibainaar activities [141].

The three globally approved complexesis-platin, oxaliplatih and carboplatipay a major role in cancer
chemotherapy [142]. However their effectiveness is still hindered by clinical problems, including acquired or intrinsic
resistance, a limited spectrum of activity, and high toxicity leading to side effectd48}3The search for anticancer
agents with improved properties has focused on the synthesis of a new generation of platihum compounds [14€
Apoptosis as a form of pgrammed cell death is one of the major mechanisms of cell death in response to cancer
therapies. Its deregulation, i.e. either loss of-goptotic signals or gain of aatpoptotic signals, can lead to a
variety of pathological conditions such as canotiation, promotion and progression or results in treatment failures
[150]. Lanhong Zheng et. al. [151] summarizes several marine peptides, based on their effects on apofgtic signa
pathways Figure 22).

Aplidine Didemin

Figure 22 Structure of marine peptides, based on their effects on apoptotic signaling pathways
Catalysis

The macrocycle types tend to form stable complexes with metal ions. Such complexes, which contsn speci
incorporated in the macrocyclc cavity. A series of molecular materials that are structuraly simiar to the
Ni(Il) macrocycle [Ni(cyclamf}(cyclam=1,4,8,1tetraazacyclotetradecane) have been used as electrocatalysts for
the reduction of C@at a merary pool working electrode in aqueous solutiéigUre 23). At pH 5, with an applied
potentialvsDNNHET Q096r Vpotenti al of 10.55 V), the com
constants and Faradaic efficiencies (F.E.s) for trectet reduction of Coto CO [152].

COz + 4H* CO + Hx + H:O
COz + 2H* CO + HzO

pH < 2
pH 5
COMH, = 0. sr/\\
:| \ / H
OR ,r’ \‘ ,-’
trans- K/ cis- |
e - e

Hg pool electrode: e

Figure 23 Ni(ll) macrocycle structurally similar to the [Ni(cyclaii)lised as electrocatalysts
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A series of monoand di[12]Jane N3 ligandsKigure 24), which contain different substituents on the coordinating
backone, different linkers between two [12]JaneN3 units and diffekemtethylation on the [12]aneN3 units, have
been synthesized and fuly characterized by-F£hiGuo and cevorkers. The catalytic activities of their metal
complexes on the cleavage of RNA rabghosphate-Bydroxypropylp-nitrophenyl phosphate (HPNPP) varied with

the structures of the ligands and metal ions. Click reactions afforded an efficient method to prepare a series ¢
[12]aneN3 ligands. The results clearly indicate that the structéitée énker between two [12]JaneN3 units play very
important role in their catalytic synergistic effects [153].

PPV TR RORE

UiV RV

Figure 24 Series of monoand di[12]ane N3 ligands.

Controlling the structure at the molecular level in a defined arersiéle way promises tremendous opportunities in

the area of molecular materials, for example as data storage devicelbfl5densors [157] or molecular machines
[158,159], but also for life science applications Fl@#]. Especially light induced molalar switches have gained

huge attention during the last decade due to their fast, selective and reversible switching properties [165;166]. We
known scaffoldsare for example diarylethenes, spiropyrans [168] or azobenzene$1269 he latter have engad

from classical dyes and have become powerful molecular switches due to their abilty to alter the geometry by
photochemical or thermal isomerization. Herein, an extensive isomerization study on a fully characterizegimacroc
containing four azo unitéFigure 25) is presented by Luca Schweighause andiokers [173]
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Figure 25 Macrocycle containing four azo units

Studies on complexes with synthetic macrocyclic ligands have received a new impetus since the discovery of th
naturd molecules. Omar S. M. Nasman [174] have synthesized a novel series-roéniiered diaza
dithiamacrocyclic complexes (MCL) and (MLCL) (M= Fe,Co, Ni, Cu, and Zn) by the template condensation
reaction of ethiosalicylic acid with aliphatic or aromatidiamines and diethyl malonate in the presence of transition
metal ions in alcoholic mediunfigure 26). The resultant complexes may have wide applicability. It should prove
useful for investigating complexes of a range of other ligand types, as well #isefstudy of metatontaining
biological molecules such as metadlozymes, in additon to their catalytic activity for important industrial
applications.
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Figure 26 15-membered dizadithiamacrocyclic complexes
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Figure 27 Schiff basedo extractthe heavy metal ions
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Schiff bases are widely studied and used in the fields of organic synthesis and metal ion complexationtder af num
reasons [175,176]A macrocyclic hydrazone Schiff bases were synthesized and used it as an organic chelating agen
to extract some metal cations from their aqueous to another organic pliage 7). The results have established

the feasibility of using simple and inexpensive extractants based on hydrazone Schiff bases to extractritetdieavy
ions like Cu(ll) bycontroling their structure from aqueous medium [177].

A new system made of Cerium ion(lll) and an-arawn ether ligand was constructed and used as catalyst or the
phosphate ester hydrolysis. An azawn ether ligand, 4,7,136traethoxycarbonylmeyhl,10dioxa4,7,13,16
tetraazal8-C-6, was synthesized and characterized in this work by Bingying Jiang amorkers [178] Figure 28).

Figure 28 Aza-crown ether ligand.

Transition metal complexes in which the ligands are able not onlylterncke the physicochemical properties,
the reactivity and the stability of the metal centre but also to exert a function in their own right have nowadays come
to the forefront of organometall i< naode dsteanrfodéxgnaple i o n
act as an electron relay toward the metal centre (radtixe ligands), take up an active role in a catalytic event
promoted by the metal complex (cooperative catalysis), or more simply provide a handle for the construotien of m
comgpicated structures such as higher nuclearity metal complexes and clusters, supramolecular systems, or me
organic frameworks [17283].

A new trilinked azacrown macrocycle (L2) was synthesized from mono macrocycle analogue (L1) by
Wiliamson etherificéion (Figure 29). This work is a good example of the design of multinuclear complexes for

artificial nucleases and DNA cleavage. The trinuclear zinc(ll) complex 5 displayed good hydrolytic activity for
phosphate diester [184]

O 0SS

L1

Figure 29 Tri-linked azacrown macrocycle (L2) was synthesized from mono macrocycle analogue (L1) by
Wiliamson etherification.
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A new fourthgeneration poly(propylene imine) dendrimer {k&% containing 32 to | e y n-membereéd
macrocycles on the surfaces has been reported. Using new dendrimers with triolefieimii&red macrocycles at
the end of the dendron as stabilizers for preparing metallic nanoparticles provides the advantage of rféieal sur
deactvation for catalytic applications [185].

A new macrocyclic complex DygLNs).4H,O (Figure 30a) has been prepared in which the Dy(lll) ion is
equatorially bound by an fonor macrocycle (LY. As susceptibiity data reveal slow relaxation of the
magnesation in zero fields below 15 K with a distribution of relaxation rates as reported by Emma L. Gavey and co
workers [186]. The metaémplated cyclecondensation reaction of diactetylpyridine with triethylenetetramine in the
presence of DyGI6H20 affordel the desired Ttembered jmacrocyle.
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Figure 30 (a) Macrocyclic complex DyGILNs).4H,O (b) Homedinuclear macrocyclic ligand can accommodate
both the lower, Ir(l), and higher, Ru(lll).

As reported by M. M. Khan [187], reactions of the macrocyclic ligangH@IO,] with the reactants
[I(CO)(PRPXLCl and [RuCi(AsPh),-CH;OH], produces bimetalic complexes with the stoichiometries
[Iro,L(PhP)LCI(CIO,)] (1) and [RuLCI(CIO,),] (II), respectively. Physicachemical and spectroscopic data of the
complexes confirms the encapsulation of two metal ions in the macrocyclic cavities via coordination thiayeym nitr
atoms of the unsymmetrical aza groups, which results in Jatimoolear macrocyclicomplexes. The macrocyclic
igand has accommodated both the lower, Ir(l) and higher, Ru(lll), oxidation states of metal ions, whickhehows t
flexible nature and capabilty of macrocycle to form stable compldxgsire 30 b).

Figure 31 Multistabke bisspiropyrancontaining crown ether-3P

Over the past few decades, mechanicaly interlocked moleculed$P8such as rotaxanes and catenanes, have
become typical candidates in the design of artificial molecular machines. Bistable rotaxar#35[,1@®ich can
change their shapes and properties in response to external stimuli, have important potential to function as molecul
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switches [115] molecular logic gates [196] and stirdisponsive materials when functional units are introduced into
the rotaxane molecule. Wei Zhou and-workers [197]reported the design, preparation, characterization, and
properties of a bisspiropyranontaining [2]rotaxane in which intercomponent transfer interactions, can be altered in
response to the combination dfemical and photochemical stimuli, along with remarkable UV/vis absorption and
fluorescence spectral changes. The chemical structures of the multistapiedpigrancontaining crown ether-3P
(Figure 31)

Qizhong Zhou et. al. [198] developed new ediiti method for synthesizing macrocyclic aryl ethers from
diodoarenes (dibromoarenes) and diphenols catalyzed by copper/ ironrdteprigecause such kind of macrocycles
may be used as new electnith receptors for molecular recognition or for assembimew interlocked
supramolecular architecturesigure 32). The new methodology has the advantages of higher yields, more
generalty, simpler, and cheaper catalyst system [199].
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Figure 32 Macrocyclic aryl ethers
Selectivity and Transport

Interest inthe smaller triaza macrocycles, such as ([9]aheid its variations, has also accelerated in recent
years. Added to the simple polyaza macrocycles has been the effort to achieve functionalized macrocyglés in orde
expand the chemistry of these ligaroy combining the rigid structural aspects of the macrocyclic ring with the more
flexible and kinetically labile properties of pendant chains. The design and development of artificial receptors able tc
recognise and sense selectively anionic speciesd@srie a prominent and active field of research within the realm
of 66supramolecular chemistry6d.

Selective macrocycle formation has been carried out by Reactiontaf-bltyl2,6-diformylphenol with
(1R,2R} or (1S,25)1,2-diaminocyclohexane in the pexice of 1 equivalent of Znhions leads to selective formation
of a chiral 2+2 macrocycle. Application of 0.5 equivalent of*Zons under the same conditions leads to selective
formation of a chiral 3+3 macrocycle, which forms a cavitainaped trinucleradoubledecker complex with Zn(ll)
[200] (Figure 33).

CheanSci Rev Let2014,3(11), 529556 Article CS27204406 547



Chemical Science Review and Letters ISSN 2278 - 6783

4o

Figure 33 Cavitandshaped trinuclear doubliecker ligands.

A new quinoline pendant arm derivative of [9]aneN3 and its optical response in the presence of transitish and po
transition méal ions has been studied. In particular ligand behaves as an efficienO8HRlorescent chemosensor
for Zinc(Il) in MeCN/H20 1 : 1 (v/v) and in pure H20 at pH 7.0 [2@iglre 34).

NH N

NH "N N ‘ T
n NH P
N

Figure 34 Triaza macrocycles.

The three dimensional dgar binding with the armed macrocycles is one of the important topics not only in the area
of the ion transport but also in the construction of new metallosupramolecules [51]. lonic macrocyclodimeric
paliadium(ll) complex, [(dppp)PdEpMps)L(CKSGs), (dppp= 1,3bis(diphenylphosphino)propane;-pmps= 1,3
bis(3pyridyl)-1,3-dimethyt1,3-diphenyldisioxane) FKigure 35), was synthesized. Metallacyclodimer was
constructed and it is sensitive to metallophilicity of the polyatomic anion. These results comtritwedelicate
modulation of metallacyclic receptors and armienognition, in addition to anion sensor, anion transport and
molecular switching [202].
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Figure 35 lonic macrocycloineric palladium(ll) complex.
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Sulekh Chandra and Dev Raj Singh [203] have used 1;iriy¥45,8-dioxo-3(4),9(10}dibenzoy1,12,14triene as
an excellent ion carrier to construct a highly selective electrode for determination of ziRtgiore (36).

Figure 36 1,12,14triaza5,8-dioxo-3(4),9(10ydibenzoyil,12,14triene.

Two new macrocyclic ligands, containing nitrogen and sulfur donor atoms were designed and synthesized in a mult
step reaction sequendeigure 37). The macrocycles with amide group were used in solvent extraction of picrates of
metals such as AgHg", Cd*, Zre*, Cw#*, Ni#*, Mr?*, Ca* and PB" from aqueous phase to the organic phase.
Ligand A and B showed high transfer of AdHg?* ions from the aqumus phase to the dichloromethane and
chloroform phase, when compared to the other ions. However, compound B shows higher selectivity than compour
A towards Ag, Hg* ion [204].

Ligand A Ligand B

Figure 37Macrocyclic ligands, containing nitrogen and sulfur donor atoms.

Recently, Bo Zheng and amorkers [205] have applied the concepts of socials®ling to pseudorotaxane
assemblies and supramolecular pseudorotaxane polymers based on the crdsecetitary ammonium ion binding
motifs. Four monomeric buiding blocks equipped with one crown ether and one secondary ammonium ion are
synthesized and studied with respect to their abilty to form daisy chain dimers. Two crown ethers with different
cavity sizes i.e. [21]crow4Y and [24]crowrB and two ammonium ions substituted with either a thin alkyl group or a
more bulky benzyl group are used as the binding mdtigute 38).
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Figure 38 Supramolecular pseudorotaxane polymers based omaa ether/secondary
ammonium ion binding motifs.

There is a growing interest in a large macrocyclic ligand system that can form binuclear complexes exhibiting
electron transport, charge transfer, and allosteric behavior. Therefore, design and syfntle@smacrocyclic ligand
systems capable of forming binuclear complexes have received considerable attentemefldied BNO,S,
macrocycle (E) and a 4émembered NO,S, macrocycle (B) obtained from the mixed products via respective [1:1]

and [2:2] cydization are employed (Figure 39) and a comparative investigation of the coordination behaviour of these
macrocyclic ligands with nickel(Il), cadmium(ll), and silver(l) is reported [206].

L? L?
Figure 39 A 20-membered NO,S, macrocycle (E) and a 4émembered NO,S, macrocycle (B).
Oxonium tetrahalogenaurate(lll) (Hal = Cl, Br) bermmown ether (BCE) complexes are prepared and reported by
Sergei M. RlzhnikGladyr and ceworkers [207]. All compounds form the laminated structures with alternation of

cationic and anionic layers. The robustness of the anionic sheets is sustained by théHaddogeminteractions and
makes crucial impact on extractionstbichiometric products in the case of tetrabromoaurate(lll) sagsre 40).
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