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Pre-programmedSeltAssemby of PolynuclearClusters
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Received 00th January 29 This perspective reviews our recent efforts towards the-asfemb} of polynuclear clusters witllitopic and tritopic
Accepted 00th January 20 multidentate ligand HL* (2-phenyt4,5-bis{6(3,5-dimethylpyrazoll-yl)pyrid-2-yl}-1H-imidazole) andH:L? (2,6-bis[5-(2-
pyridinyl}1H-pyrazole3-yl]pyridine) both of which areplanar and rigid moleculesHL* was found to be an excellent support
for tetranuclear [Fel complexes, [F&(LY)4](BR)s ([F€'4]) and [F&Fe'x (L) (BR)s ([FE"2F€2]). The homovalent system was
www.rsc.org/ found to exhibitmultistep spin crossover (SC@}ile themixedvalence [F&:Fé] complex showsvavelengthdependent
tuneable lightinduced excited spin state trapping (LIESSHQr HL2, a varietyof polynuclear complexewere obtained
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through complexation with different transition metal igrsllowing the isolation ofings, grids, and helistrucdures. The
rigidity of the ligand, differencen its coordination sites, and &ffity for different metal ionsdictates its coordination
behaviour. In this paperywe summarise these ligand prerogrammed selassembled clusterand their diversephysical
properties.

many chemistsand a vast range of cluster shapes and sizes
1. Introduction have been isolated, from low nuclearity systems d@nt
th%uperstructures, such as thexo-bridged mangaese clusters
reported by G. Christou et .& The identification ofthe
appropriate synthetic conditions including the choice of
capping ligands, solvents, basicigtmosphere and counter
ions, is key to the discovery gfolynuclear complexesand
therefore trial and error approaches can be the most fruitful

Polynuclear coordination complexes have captured
imagination of chemistthanksto their potential applications as
molecular catalysts andnanomagnes. 1 Polynuclear
coordination compoundsre nanoscale system@sually less
than 3 nm) typically constructed froma fixed number of

transition metal ions and a combination of capping dmnidging | hi hibi | i
ligands This sets them apart fromano-particles which can Na_nosca earchitecturesexhibit a range o@tructura_ MOtits
cluding spheres 7 polyhedrag 8 cages® wires, 10 rings, 11

hawe similar sizes, but tend not to have fixed numbers of" . ) .
atoms? Polynuclear complexelsased on the combination of wheels!2and gridst3. Multinuclear clusters can also replicate
organic ligands and metal ionae usually synthesised tsglf structuralfeatures associated with homologous bulk materials

asembly. And whilethere often remains a substantial degreeFor example, oxo anq cyan_ldd)rldged _clusters tend _to
esemblefragmentsof inorganic metal oxid&€* and Prussian

of serendipity in the discovery of new polynuclear system%I .
molecular designapproaches have been employed in thé) ue_analogue§re§pectlvely. .
Ligand design is the key factor in the controlled synéses

development of clusters in the field of supramolecular N A o
chemistry.3 The use of direting, functional ligandscan coordination cqmpleges, bot.h |.n terms of backbone rigidity,
introduce a degree of control and predictability into thenumber and _orlentatlon of plndlng sites and nature pf d.onor
synthees of multinuclear complexes, anthove the area atoms Previously, we studleme synthe_ses of co_ordmanon
towards the targeted isolation of bespoke molecular systen%)mpounds supported by Schiffbase ligands with alkoxo
functional groups1® Polynuclear clusters, such as cubanes,

with desirable, tuneable physical properties. heel d i ¢ which sh d sinal | |
J.M. Lehnand ceworkers were pioneers in the modern areaV'€€!S, and rings, some ol which showed single molecuiar

a7 . : . .
of multinuclear transition metal cluster science, and showe'gﬂagne“sm’ were obtained and their magnetic properties

how polypyridinetype multidentate ligands can form were investigated. In th?s? 'eanrppIes, the synthesis was not
interesting polynuclear complexes with waligned metal ions
such as grids, racks, chaj and rings* Less prairected

assemblytechniques have also been extensivelystudied by

accident, but the conditions were optimised following a trial
and error approach.The use of rigid multidentate ligands can
facilitate the isolation of clusters with ordered arrays of metal
ions, and this can be coupled witlbrdrol over the electronic

- - - structure and valences of metal ions and the nature of the
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University of Tsukuba, Tennodaldl, Tsukuba 308571, Japan. electronic interactions between neighbouring ion%o further
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was found to stabiliséetranuclear [Fg] complexeswhile HyL2,
formed a range ofnultinuclear coordination copounds with
unigue regulararrays of metal ions. In this review, &
summarize and focus on theomplexation reactions othe
multidentate polypyridine ligarglHL! and H;L2 andthe physical
properties ofthe obtained cluster molecules.

2. Structural featues ofHL! and H,L2

HL! has two tridentate N coordination sites, whichlend

themselves to providing meridional coordination geometry

for metal ions. The panar, rigid nature of HL! regulatesthe
placement of bridged metal ionsThe similarity oHL! to the
ligands used by Lehn et al. to isola§ x 2] tetranuclear grid
compleX8led us to attempt to isolate similar systepmirsuing
redox active functional molecule®©n the other handiL2 acts
as a tritopic bridging ligand,with two bidentate pyridine-
pyrazole coordination sites and one tridentatgyrazole

H:L2 was obtained bythe ring closng reaction of H[ @ith
hydrazinemonohydrate20 2

3. Tetranuclear iron grid complexes: multistep
thermal- and tuneable photeinducedspin
crossover

The eaction ofthe multidentate ligand HLwith Fe(BE)>6HO
in acetonitrile yieldeda homovalent tetranuclear iron grid
complex [Féy(Lyl(BR)42CHCN ([Fé4]).1° Its mixedvalence
homologue, [Fe'aFelL(Ly](BR)s: 6 CHNG,: (GHs)20-4H0
([Fel;Fdl;]) wasobtained though oxidatioof [Féls] with AgBE.
The molecular structureof the homovalern andmixedvalerce
grids were determined by single crystatay structural analyses
at varioustemperature (Fig. 2) and their magnetic propeties
were investigatedin detail

pyridine-pyrazolecoordination sitegFig.1). The ligand is rigid ‘ ; 3‘
and flat but can twist alonghe single bonds between pyridine ol® 2 & | 2 3%7
4 . -2
and pyrazole groupgivingthe ligand moderate flexibilityThe aVF‘;J)O‘ ] "%‘Fe'(“) WF‘;(H‘I‘) ::e(”)i\a =
) " o d
Loy :
& o/
‘*93

4

ﬂfw

ligand Hl2, is a diacid basewith two acidic protons orthe
pyrazole moieties. Under acidic conditions, the ligand is :{Lf«»—%

therefore protonated, btiwhen synthesis is performed under A ‘ : ] e ‘
basic conditions, it can coordinate to three metal ions.In ,m”&:-ﬁilw}\gw oo t?,,r"f"" =9
addition, the two different coordination siteprovide different Fe(l® Fe(l) Felyd @ Fellh

coordination environments for metal ionsThis was expected ) & f 3
to be a key directing factor in theonstruction of heterometallic Fig 2 molecular structure offFely] at 293 K(left) and [Fé',Fel] at 100 K(right) Gric-

polynuclear complexes. type complexes. Colaur code: Cgrey, N, light blue;Fe'(HS), greenFée'(LS) orange

Fé!(LS)blue.

[Fel4] has a tetranuclear [ 2] gridlike core consisting of four
crystallographically independent iron iorend four mono-
deprotonated ligands Four tetrafluoroborate anions are
associated with the cluster, and thereforeharge balance
suggests that all iron ions are divalent. The ligands adopt bis
tridentate coordindgion modes, bridging the iron ions through
their central imidazolate moieties, ensuring that all four iron
ions are coordinated by two tridentate binding sites, resulting
in Ns coordination environments. The electrochemical
properties of [F&] were investigated by cyclic voltammetry.
Four quasreversible redox processes were observed (Fig. 3
inset). The large comproportionation constant (9.8 x*)10
suggests that the two electron oxidized species, which
corresponds to the [F&Fdl;] mixed valence stte, is relatively
stable. The existence of the mixedlence state in solution was
confirmed by the growth of an intevalence charge transfer
(IVCT) band during spectroelectrochemical analysis (Fig. 3).
[Fe'Fel;] hasa similar [2x 2] grid typestructure with six BF
counteranions. The oxidation and spin statestlod iron ions
were determined by structural analyses, dglsbauer
spectroscopyand SQUID magnetometry[Fel4y] has two low

tridentate site tridentate site

bidentate site

tridentate site

bidentate site
Fig 1 Ligand HL(top) and HL? (bottom); arrows indicate coordination directionsred
and blue for bidentate and tridentate, respectively

The ditopic bridging ligandHL: was synthesized from 2,6
dibromopyridine, 3,5dimethyt1H-pyrazole and benzaldehyde

by way ofan a-diketone precursor!? In the case of W2, the spin (LS) Fe(ll) ions atdo high-spin (HS) Fe(ll) iom 100 K,
precursor compound  #l QX -bisBR@yridine)1,3 4y four HeFe(Il) ions at 293.KOn the other hand, [FeFel)]
dioxopropyl]pyridine, of theligand H)l2 can be easily has two LS=e(ll) and two Fe(lll) ioms 100 K

synthesized bghe Claisen condensation ofatetylpyridine and 1o Pin crossovetSCOpehaviar of [Fe's] and [FéLFdl] was

diethyl 2,6-:pyridinedicarboxylate. The heptadentate ligah ¢,cidated by magneti susceptibility measurements While
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[F€'4] showed hysteretic mulstep thermal SCCbehaviour

Il

from its 2HS2LS state to a hightemperature 4HS phase 15 [Fe',] o
[Fe'>Fel] remained in itsALS state below 200, lindshowed b Cle:Itll:g &&mﬁmﬂm %m
little thermal SCO up to 300 (ig 4). In complementary 121~ 532 0m ggf/‘&'
research, Sato and Meyeand their respective cevorkers X - 808 nm ch* _m
reported SCective Fe(ll) grid complexes, in which the spin g 9k Y durf
state changed from 2HS/2LS to 4HS.The intermediate > &Aﬁ‘f‘ -
2HS/2LS state is thought to be stabilised in [2x2] grid systems i‘Ef f_ﬂ;;gss’»&*‘@ @.‘9
due to the favourable combination of struailly and — 6 A<é‘°‘ Fe' Fel |
geometrically rigid L-Se(ll) and more flexible H=(ll) centres NG & o Cooling
The photeswitching ofthe magnetic properties was studieay 3 _}Q"’ 8 Heating Fellfel
irradiating the systems with lasers at low temperature, and % A 532;% =0
monitoring their magnetic properties For [Fdy], the light- % @.@

1 1

excited state was trapped at low temperature bgth green 0 L ' . L

(532 nm) and red (808 nm) lasegivingthe four HSFe(ll) state 0 100 T/K 200 300
of [(LSFd"),(HSFé");,], called as lighinduced excited spin state _ ) )
trapping (LIESST). However, cryogenic ~photiradiation % M26neto daa of &) (empy markerdand (€72 (fled makers. Heatng
experiments to [F&:Fél;] proved the selective spin conversions

with different lights. The green light irradiation, an MLCT band

for el species, generated [(U,)(HSFEL)(LSFE)2] , while 4 - giry ctyral diversity of polynuclear compounds
the red light irradiataion, an LMCT band fot'Bpecies, lead to P

the formation of [(LS-els)(HSFEM su(HSFa,]. It should be SUPPOrted byHol:

noted that the incompleteness of the spin conversion was dug/e studiedthe complexation reactions of the ligartghl2 with

to the overlapped LMCT and MLCT bands. the first row transition metal ions, such as manganese, iron,
cobalt, nickel, copperand zincions, and cepending onthe
LS-Fe' synthetic conditions, a range of different polynuclear
\ " MLCT band 10,A complexes were obtained. h€se clusters can be categged
. 1 .40V into three types, ring, helices and grids. All obtained
S ’ complexes were summarized in Fag.
© —— 0.80V
® > Grid
8 120V [CUIIQ], [CU‘ZCU".,], [CO"SCO'”], [FBHAFGHICO"‘;]
1 1 1 | 1 | 1 |
8 (vs-5CE) 14 12 10 08 06 04 02 00 HL2 > Helix
— 2
S E(Vvs. SCE) [Fe. [Fe,], [Fe,,], Mn,], [Mn], [Fe" Co]
] 1
< LS-Fe IVCT band ~_ 7 L > Ring
. —
[0 ) = —— —r — Fig 5 Summary of obtained polynucleazompoundswith HL2
500 1000 1500 2000
Wavelength / nm The gid complexesconsist of six ligands and nine metal ions
Fig 3 Spectroelectrochemical analysiand cyclic voltammogram (insetpf [Fe'] and have [3x 3] type gridlike structures. The heliceshave
measured in acetonitrile at 293 K. pseudothree-fold symmetric structures with oxo or chloride

bridging atoms. The ringcomplex is composed of éio ligands
The integrationof multiple metal ions in different electronic and eight metal ions.
states isan important goal in thedevelopment of advanced
switching materials due tthe cooperativitybetween stuctures
and electronic statesediated byrigid frameworks This study 4-1. Gridcomplexes
onthe observation of multbistabilityin aniron grid compound Consideringts tritopic nature, one ligand can coordinate to
shows how many stable (spin and redox) states can be accesggde metal ions. If six ligands coordinate nine metal iona
reversiblyin polynuclear transition metal clusters anéhts at parallel fashiopa [3x 3] type grid complex can be constructed.
the future applications of such systemsnmlecular devices. A gchematic illustration of theluster topology islepicted in Fig.
6.
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Fig 6 Schematic drawing ofhe [3 x 3] Gridtype complexesbtained with HpL2.

Current

08 0.4 0.0 -0.4
E [V versus SCE

A [CU'g] grid complex pLJ'g(LZ)G](BE)B-SCHCNl- Fig 8 Cyclic voltammogram of [Cly] Grid-type complex (left). Top view of molecular
. . structure of [CpCU'] grid (right). Colar code: Cgrey; N, light blue; Cly blue; CYy
PTOH13HZO, was ;ynthesmed kiye reactl_orl ofCu(BE)z-nl—bO Khaki
with H;L2 and E%N in a tpropanol/acetonitrile solution (3:731
This [3x 3] gridlike structure is composed of six ligands and nine
copper ions (Figf). There are three kinds of coppeentrein

A [Cd'sCd" grid, [Cd'sCd'(L2)s](BR)7, was obtained by the

. . reaction of Co(Bf»6HO with Hyl2 and trimethylamine in
the nonanuclear grid complex, categorized as central, edge, ané1 (. : He . 2 . y
methanol/acetonitrile solution under ai?2 The molecular

corner ions.The central copper ion has alongatedoctahedral N . ]
. >nira’ copp gate structure is similar tahat of the [CUlg] grid complexwith a
geometry with six nitrogen atoms coordinating from two

. o . 8 regular square framework. Interestingtye cobalt ions in he
tridentate coordination sites of two deprotonated ligas(l2)> g q ) gty . .
. ) gridare found to possess three discrete spin statekichwere
The four copper ions on the edges have squpyeamidal

o . . . . assignedbased oncharge balancecoordinationbond length
coordination environments with one tridentate coordination 9 9 G ationbond lengths

. . . o . and magnetic data The cobaltion in the central coordination
site of the ligand and one bidentate coordination site. The fout . . .

. . . Site can be assigned agrivalent low spin $= 0)centre,dueto
copper ions located atthe corner sites have distorted

e . : itssh length &v.1.92 A).Th |
tetrahedral coordinaibn environments coordinated by two ts shortaveragebond length &v.1.92 A).The cobaltons atthe

- L . . edge and corner sites have slightly longeera rdination
bidentate coordination sitesAlthough from the topview, the 9 gntly fong! gecoordinatio

. bond lengths (1.95 and 1.99 A, respectivelydssumedto
cluster appears to be a perfect planar array of metal ions, the . .

. ] . correspond to divalent LS and HS states, respectively.
nine copper ions are nadbn the same plane.All copper ions

i . i i | th I " i

were found to bedivalent basedon chargebalanceand their Cryomagnetlc? studies reveal t atetk.[Cd eCO] grld cqmp.lex

L . . behaves as singlmolecule magnet witlan effective activation

coordination bond lengths.The dectrochemical properties of enerav ofE= 12.7 K. which is confirmed by alternaticarrent
the [CuU'] grid complex in acetonitrile solutionwere oy S y g

. ) . . magnetic susceptibility measurements.
investigatedand showedfour quasireversible redox processes . .
. . . . . In the case othe grid clusters there are threedifferent

(Fig. 8 left) suggesting the possible formation of mixed valence S . . .

. . coordination sites. If the metal ions are stable in tetrahedral
species. It should be noted that no intervalence band was . . .

. . coordnation environments, the selfassembly process will

observed in the spectroelectrochemical measurement.

promote the formation ofthis grid-type structure and integrate
nine metal ions int@n ordered array This system &very rare
example othe onepot selfassemblyof polynuclear complexes
with trangtion metals in thredifferent electronic states.

4-2. Helix complexes

The poducts of complexation reactiors with Hl2 vary
depending on synthetic calitions. It was found that the use of
iron or manganese sourcésvouredthe helicalstructure type
Threehelicaliron complexeswith three-fold rotation axes were
Fig 7 Molecular structureof the [Cu's] Grictype complex Top view (left) and e Obtained all of whichcan be synthesized selectively under
view (right). Colaur code: Cgrey; N, light blue; Cly blue. different conditions.22 The nolecular structure ofthe
pentanuclear iron complefFehFel], [FaLFel3(L2)s(>3-O)62-

A mixedvalence [CuCu] grid complex, OMe)(OAg)Chk-6MeOH-2kD, is shown in Fig9 left. Three
[CU.CU7(L2)6](PFs)24CHCN2MeOH2H,0, was synthesized bydoubly-deprotonated ligands coordinate five iron ions in a spiral
the reaction of [CYCHCN)](BR) with HL2, EEN and NHPR. manner. All iron ions have octahedral coordination
The[Cu.CUl7] grid hasa similar [3x 3] grid structure, buthe environments, but there are two distinct types of iron ions, one
overall grid shapés distorted relative tahat of the [CU'g] grid located in tle central triangular core and the other isolated at
(Fig. 8 right) the terminaltip of the helix. Th cluster hasa m-oxo bridge in
the central FgO core and the fon ionsof central triangulaunit
are coordinated by BOs; donor atoms from one tridentate
ligand, two acetate or methoxide oxygen ateandthe central

4| J. Name, 2012,00, 1-3 This journal i®© The Royal Society of Chemistryx0
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m-oxo ion. Theiron ions at the tip of helix havegioordination
environmensfrom three bidentate pyridypyrazole moieties of
the ligand. Consideringhe bond lengtts, bond valence sum w"AI

calculatiors (BVS) and charge balance, it is suggested ttiat ‘°*'AI

three central iron ions anadhe two terminal iron ions are

trivalent and divalent, respectivelyhich was confirmed by the

Mdssbauer spectrum Similar pentanudar [Fe] or [Msg]

clustershave beenreported, and have been found to show — T T — 1 . T T T )
interesting  catalytic  electrochemical and magnetic  ° £V versus SCE 0 e ersuesce O
properties. 24 A heptanuclear iron complex Fig 10 Electrochemical properties of the [P'gFe'y] (left) and [Fé,Fe'y] (right) helix-
[FelsFEl3(HL2) (HL2)s(>2-OH)(OH}](BR)4-8.5MeOH-8kD, type complexes.

[Fe'4Fd's], wasobtained using Fe(BJz6HOas the iron source

The moleculasstructure of [F&Fd's] is shown in Fig9 right. Reactionof HL2 with FeCGl4H:0 in the presence of triazole

The complex consists of six ligands and seven iron ions wahRd NHPFE in methanol/acetonitrile solution allows the
twelve hydroxide anions. The iron ions can be categorined isolation of a giant [Félh7] cluster, Fe'17(L?)s(/1-Ohs(/13-

their position in the cluster, sitting in eithem central OH](PR)s2HO8CHCN was obtained Tre [Fe'i7] cluster
pentanuclear unitor one of two terminal mononuclear consists ofeventeen iron ions, nine ligandsnd thirteen oxo
locations The central pentanuclear core hasa trigonal and one hydroxo bridgef=ig.11). There are five iron cluster
bipyramidal structure consistingof five iron ions and sixsoxo layers perpendicular tathree-fold axis, whicttan be classified
bridges The tiangular mixeevalence FéFél, core in the into three layertypes the central layer Athe middle layers B,
central sites was connected tovo Fe' ionsin the apical sites and the terminal layers C leading to an overallCBABC
through oxobridges The ironions inthe central sites have }, arrangement The centralayer A is a triangular trinuclear unit
donor sets fronthe two bidentate pyridinepyrazoleunitsand connected to layer B through oxo atomshe B layers have

the bridging oxygen atoms. In contrast the iron ionsin the triangular tetranuclearstructureswith a Wa A (i & dzo Aké K A Q
central coordination sites have gcoordination geometes Shape while the erminalClayersaretriangular trinuclear uni

from three hydroxo groupsand three bridgng oxygen atoms. bridged by one oxo or hydroxo groufhehelixis stabilised by

The erminal ron ions have Blcoordination environments from p©-p stacking between neighbouring ligandsll iron ions of

three bidentate pyridinepyrazoleligandmoieties. Considering [Fe'17] are intheir trivalent state(as confirmed byaordination

the charge balance and coordination bond lengthhe bond lengths) with distorted octahedral coordination
heptanuclear complex haa mixture of valencestates with geometies

protonated ligandsnteractingwith hydroxo grops throughthe
pyrazole moieties The structure is stabilized hy-p stacking @ ®
interactions between neighheing ligands. ' 2

Layer B

Fig 9 Molecular structure of [F&Fe'';] (left) and [Fé,Fe's] (right) helix-type complex.
Color code: Cgrey; N, lightblue; O, red F€', orange Fé', green

Electrochemical studies on [EEd'3] and [Fé4Féels] reveal )
these clusters to show three and five reversible redox Process&si1 The molecularstructure of the [Fe';7] helix-type complex. (a) Side view (b)
respectively (Fig. 11). These systems may have use in electa@nstructure (c) top view, and (d)Wa A (i & dzo Aikefsthage irf l&ya B (right)
sinktype applications. Colaurr code: C, ggy; N, light-blue; O, red Fé', orange

This journal i® TheRoyal Society of Chemistry 20xx J Name, 2013, 00, 1-3| 5
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The reaction ofHL2 with manganese sourceteads to
isolation of pentanuclearfMn'sMn'";] and octanuclear[Mn'lg]
complexes, [MtsMnly(12)3(/73-
O)(NQ)(OMe)}(MeOH)[(N@)-4MeOHH,O and [Mrig(L2)g(72-

Clp]Ch3GH.Ch60HO2DMF25 The pentanuclear manganese

helix[Mn'sMn'";] hasa similar core structureo the [FelFd!l;]

states were elucidated by detailed analysis wfagnetic
properties and the existence of Jafieller distortions

[Mn'sMn''s] cluster consists of five manganese ions, thre

deprotonated ligands,one m-oxo atom, two /m-methoxo
groups anda cappingmonodentate nitrateanion (Fig.12 left).

Considerig charge balance and coordination bond lengths, two

of three central manganes@ns in thetriangularcore can be
assignedas trivalent, the other is divalent. he terminal
manganese ion®xist in Ng donor environmentsfrom three
pyridine-pyrazole bidentate ligandsgroups andare in their
divalent state. Inthe octanuclear [MHg] cluster, doubly p-p
stacked ligands stabiliza threefold symmetric helix. This

[Mn'g] helix includes eight manganese ions, six ligands, and t

m- chloride ions (Fig. 12 right). There aretwo terminal
mononuclear moieties and two triangular MCl layers
perpendicularto the threefold axis. It is likely that the long

coordination bond lengths between manganese ions an

chloride anions allowthe formation of manganeseo-
manganese ion bridges by pyrazole moietiestaining the
trigonal symmetric metal assembly. Cyclic voltammetry
conductedin DMFshowed no reversible redox processes

4-3. Ringcomplexes

A [Cdg] ring complex, [C&(L2)4(OH}MeOH)d(BR)s, was
synthesized bythe reaction of Co(Bf»6HO with HL2 and
trimethylamine in methanolinder anaerobiconditions. In the
section 41, the Co grid [CeCd'l was presented Thesynthesis

helix. Howevertheir valence states are different and the spiﬁNaS performed under inert conditions, preventing the oxidation

of the Cd ions byoxygen. The octanuclear cobalt ring [Gb
consists of eight cobalt ions, four ligands and sixteen methanol
renolecules.There are two kinds of cobalt iontime ring (Fig.13).
Four ofthe eight cobalt ions have 40; donor environments
from one tridentate coordination siteof L2, two methanol
molecules, and one hydroxide iormheremaining four cobalt
ions have KO, coordination geometes coordinated by two
pyridylpyrazole bidentate coordination sites and two methanol
molecules. These two kinds of cdibéons are alternately
bridged by pyrazeite groups ofthe deprotonated ligands.
Previously reported ring complexes have very symmetric
structures!® The asymmetric ring complex is topologically
interesting in comparison to the previously reported syste

WO

The arrangemendf metal ionsappearsovalwhen viewed from
above the ring, but from the side it can be seen that tdobalt
ions are not located in the same plan&he[Cd'g] ring shows
irc]termolecular antiferromagnetic  interactioa between
neighbouring cobalt ions through pyrazolate groups. Many
examples of antiferromagnetic ring complexes have been
reported, but this asymmetric ring can be considered as a new
magnetic system due tothe difference in coordination
environments and electronistates of the constituent metal

In the iron and manganese heliype clustersthe systems |

lons

are stabilizedoy oxo- or hydroxo bridges and metal ions with :

distorted coordination environments. Trivalent iron and
divalent manganese ions aré ttansition metal ionsn the HS
state, with isotropic electronic cofigurations. The lack of

ligand field stabilization enerdyarriers allows both systems to

exist in highliy distorted coordination environmentslit is

proposed that this is one of the key determinants in the

formation and stabiliation of the helixtype clusters

Fig 12 Molecular structures of [Mn'"sMn';] (left) and [Mn'g] (right) helixtype
complexes Colar code: Cgrey; N, light blue;O, red; M, pink; Mn', olive.

6] J Name, 2012,00, 1-3

Preliminarystudiesreveal that [Clg], [Ni's], and [Mrlg] ring
clusters can be obtaineall of which have beenharacterized

by single crystal -kay structural analysesnd cryomagnetic
correlations  will

studies These magnetstructural be

publishedin due course

Fig 13 Structure of[Cq] ring. Side view (left) and Top view (rightColaur code: C,
grey; N, light blue; O, red; Coblue.

5. Heterometdlic cluster seHassemblywith Hol?

The seHassemby of polynuclear clusterwill be affected byhe
redox statesand coordination affinities othe metal ions. We
investigatedthe selfassembly of heterometallic systenis/
mixingiron and cobalsourceswith H;L, and monitored the self
assemblybehaviourby timeresolved ESVIS. Two structurally
characterized complexesa[Fé'>Cdls] helix anda [Fél4Fd'Cdl4]
oxo-bridged grid, [CHCd5(HL2)s(O(H:Ok](BR)4s and

This journal i®© The Royal Society of Chemistryx0



[Fel,FE'Cdla(HL2)s(OH) 2(H-O)X](BR)7, were obtained by the 6. Conclusions
reaction of Fe(BE)..6HO and Co(Bf>6H0O in a 1:8 or 1:1
Fe/Co ratiorespectively with HL2 and trimethylamine in a 2:1
mixture of MeOH and MeCH#.

Thisshort review hagliscussed the factors influencirige self

assemby of polynuclear clusters synthesized fratditopic and

o . . L (o .

The [F&-Cds] helix has a similar helical structure to thetr_ItOpIC multidentate I.|gan<$, HIT _(2 phenyta,5bis{6.(3,5
dimethylpyrazoll-yl)pyrid-2-yl}-1H-imidazole) andH:2 (2,6-

heptanuclear iron complex [Pg-€'3]. The locations and bis-15-(2-pvridinviy i le3-viTovridi Usi H
valence states of the metal ions were decided by coordinatiorlls'[ ~(2-pyridinyly1H-pyrazole3-yljpyridine). sing L

| i _ I
environments, total charge balance, ICP andssbauer data. tetranuclear homovalent[Fels) and mied-valence [FeFey]

The structure of th¢Fe'4Fe'Cdly] oxo-bridged grid is different grid systems wereynthesizedand were found to exhibinulti-

to the abovementioned gridtype structures (Fidl4). This oxe stable spin states based ahermal and photeinduced spin
. . . . . crossover phenomena. ForJ a range of polynuclear

bridged grid has a [3 x 3] grid structure and is comprised of SIX . ) . . .

. L . . . . complexeswere obtainedwith grid, helix, and ring structures

ligands coordinating five iron and four cobalt ions in a

. . . - . and extensive studies have been ad out on the electronic
bis(bidentate) manner via pyridiAgyrazole coordination sites.

The central, typically tridentate, \coordination sies remain ZF;;JCturf’ re:iox bghawour ar:g trpag?etg: pr_oi)e:::esdth(e_
non-interacting. All metal ions are bridged bwp-hydroxo erent systems From a synfhetic stand point, the driving

moieties, where the central ion has four bridges t(_;;orces of cluster formation correlate to the flexibility of the

neighbouring metal ions, the edge ions have three, and thl and, differences in available coordinatisites, and the

. . L nature of the donor atoms and their specific affinities for
corner ions two. The metal ions and bridging hydroxo oxygen . . .

. . - different metal ions. The setfssemby processes discussed in
atoms are almost cplanar, forming an ideal grid arrangement.

The hydroxagroups are stabilized by hydrogen bonds with th
protonated ligands.

éhis review provide useful information for the targeted
development of novel polynuclear complexes with unique
regula arrays of metal ions. In future studies, modification of
the coordination sites and flexibility of the bridging ligands will
afford previouslyunreported clusters, and this approach can be
considered preprogrammed selassembly. The combination

underpins the continued search farovel cluster molecules
with unique topologies antuneableelectronic statesowards
the development of functional molecular materialsfor
applications in future@chnologies.

Fig 14 The molecular structuref the oxo-bridged grid [Fé&,F"Cd'y]. Topview (left)
and side view (right). Colarr code: Cgrey; N, light blue; O, red; Co blue; Fé", Fé,
orange

Timeresolved ESUS experiments conducted on the Co ——l }
[Fel4 Fe'Cdly] reaction mixturesuggestedthat the [Fe!>,Cd's] / )

helix was formed irthe initial reaction period, andhat the W
expected[Fél4Fe'CdlY4] oxo-bridged gridonly appearedafter Fe
the oxidation of the system on exposure tair. Such . A Mn
complicated selassemby processes can be investigated by Fe, COl \C‘o \

time-resolved ESMS technique and related characterizatior

methods. This combination of reaction monitoringnd a trial

and errorsynthetic approach may be a key aspect of the sear( oxo-Grid Ring

for the next generation of functional molecular materials - APL &:e_“}%
The potential to combine different metal ionslieterometallic N/AEY
grid compoundss currently under investigation, motivated by T
the existence ofthe three different coordination sitesin d
systems Recently we have found that the combination iobn
and copper ions led to the isolation of mixed valence
[CU.CUlsF€e grid, which showéive reversible redoyprocesses . .
based orthe oxidation of @(l) andthe reduction of Fe(lll) ions. Conflicts of interest

Our studies on the system will be reported in due course Thee are no conflicts to declare.

Fig 15 Summary ofclusters obtained with the two planar multidentate ligands

This journal i®© TheRoyal Society of Chemistry 20xx J. Name, 2013, 00, 1-3| 7

of molecular design and exploration of experimental conditions
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