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Abstract: The reaction between the previously reported site-differentiated cluster solvate [Res(us-Se)s-
(PEt3)s(MeCN)](SbFe)2 (1) with pyridyl-based ditopic ligands 4,4'-trimethylenedipyridine (2), 1,2-bis(4-pyridyl)-
ethane (3), and (E)-1,2-bis(4-pyridyl)ethene (4) afforded cluster complexes of the general formula [Reg(us-
Se)s(PEts)s(L)](SbFe)2 (5—7), where L represents one of the pyridyl-based ligands. Reacting these cluster
complex-based ligands with the fully solvated cluster complex [Res(us-Se)s(MeCN)g](SbFe). (8) produced
dendritic arrays of the general formula { Reg(us-Se)s[Res(us-Se)s(PEts)s(L)]s} (SbFe)14 (9—11), each featuring
six circumjacent [Reg(us-Se)s(PEts)s]?™ units bridged to a [Regs(uz-Se)g]?" core cluster by the pyridyl-based
ligands. Electrochemical studies using a thin-layer electrochemical cell revealed cluster-based redox events
in these cluster arrays. For 9 (L = 2), one reversible oxidation event corresponding to the removal of 7
electrons was observed, indicating noninteraction or extremely weak interactions between the clusters.
For 10 (L = 3), two poorly resolved oxidation waves were found. For 11 (L = 4), two reversible oxidation
events, corresponding respectively to the removal of 1 and 6 electrons, were observed with the 1-electron
oxidation event occurring at a potential 150 mV more positive than the 6-electron oxidation. These
electrochemical studies suggest intercluster coupling in 11 via through-bond electronic delocalization, which
is consistent with electronic spectroscopic studies of this same molecule.

Introduction construction of dendritic molecules to the realization of func-
Dendrimers are highly branched, monodisperse macromol- tional materials. This may be achieved t_aither by making use of
ecules emanating from a central céfeA dendritic architecture  the overall globular structutend the voidsformed between
features three distinct structural components, the core or focal € Pranching units or, more straightforwardly, by introducing
point, the branching units, and the periphery. The unique functional groups into a dendritic arc_h_ltecture. By_c_o_r?trollm.g
structure, combined with the possibility of incorporating func- Where the functional groups are positioned, possibilities arise
tional groups into each of these structural modules, offers greatfOr structure manipulation and property modification, possibly
potential for making useful new materiddnderstandably, ~ '€2ding to new substances with useful applications.
tremendous interest has been generated ever since the genesis One strategy in this context is incorporation of metallic units
of this novel class of macromolecules. Earlier efforts have [0 generate metal-containing dendrimers, that is, metalloden-
focused on the development of synthetic methodologies, mostdrimers’ The combination of the inherently interesting elec-
notably the now well-established divergent and convergent tronic, .magnetlc, or catalytic propertles o_f .metal glements with
synthesed.Although interest in seeking creative synthesis of the unique and often nanoscopic dendritic architecture offers

dendrimers remains. the focus has shifted from the mere 9réatprospects of discovering novel functional materials. A large
number of metallodendrimers have thus been synthesized, some

(1) Selected books on dendrimers: (a) d¢fret, J. M. J.; Tomalia, D. A. i i i i
Dendrimers and Other Dendritic Polymerdohn Wiley & Sons Ltd.: of which promise to be useful in cataly§|sensor deveIOpmeﬁt’

Hoboken, 2001. (b) Newkome, G. R.; Moorefield, C. N.'gfle, F. nanoelectronic$} nanooptics} and biomedical imaging:
Dendrimers 2nd ed.; Wiley: Chichester, 2001.

(2) Selected reviews on general aspects of dendrimers: (a) Grayson, S. M.; (5) (a) Tomalia, D. A.; Huang, B.; Swanson, D. R.; Brothers, H. M.; Klimash,
Frechet, J. M. JChem. Re. 2001, 101, 3819. (b) Bosman, A. W.; Janssen, J. W.Tetrahedror2003 59, 3799. (b) Dandliker, P. J.; Diederich, F.; Zingg,
H. M.; Meijer, E. W.Chem. Re. 1999 99, 1665. (c) Fischer, M.; Vagtle, A.; Gisselbrecht, J. P.; Gross, M.; Louati, A.; SanfordHglv. Chim. Acta
F. Angew. Chem., Int. EA.999 38, 884. (d) Matthews, O. A.; Shipway, 1997 80, 1773.
A. N.; Stoddart, J. F.Prog. Polym. Sci.1998 23 1. (e) Zeng, F.; (6) (a) Majoral, J.-P.; Larre, C.; Laurent, R.; Caminade, A.@bord. Chem.
Zimmerman, S. CChem. Re. 1997, 97, 1681. Rev. 1999 190 3. (b) Liu, M.; Frehet, J. M. JPharm. Sci. Technol. Today
(3) Selected reviews on functional dendrimers: (a) Smith, D. K.; Diederich, 1999 2, 393. (c) Newkome, G. RPure Appl. Chem1998 70, 2337.
F. Chem.-Eur. J.1998 4, 1353. (b) Archut, A.; Vgtle, F. Chem. Soc. (7) Selected reviews on metallodendrimers: (a) Stoddart, F. J.; Welton, T.
Rev. 1998 27, 233. (c) Ffehet, J. M. JSciencel 994 263 1710. (d) Hecht, Polyhedron1999 18, 3575. (b) Constable, E. @hem. Commurl997,
S.; Frehet, J. M. JAngew. Chem., Int. EQ001, 40, 65. (e) Luo, J.; Ma, 12,1073. (c) Gorman, CAdv. Mater.1998 10, 295. (d) Newkome, G. R,;
H.; Jen, A. K.-Y.C. R. Chim2003 6, 895. (f) Tully, D. C.; Ffehet, J. M. He, E.; Moorefield, C. NChem. Re. 1999 99, 1689. (e) Hearchaw, M.
J.Chem. Commurk001, 14, 1229. (g) Hecht, S.; Fohet, J. M. JAngew. A.; Moss, J. RChem. Communl999 1.
Chem., Int. Ed2001, 40, 74. (8) (a) Astruc, D.; Chardac, FChem. Re. 2001, 101, 2991. (b) van Koten,
(4) (a) thre, H.; Padilla De Jesus, O. L.;'Ehet, J. M. J.J. Am. Chem. Soc. G.; Kleij, A. W.; van de Coevering, R.; Albrecht, M.; Hovestad, N. J.;
2001 123 5908. (b) Hawker, C. J.; Febet, J. M. J.J. Am. Chem. Soc. Boersma, J.; Klein Gebbink, R. J. NPolym. Mater. Sci. Eng2001, 84,
199Q 112 7638. 154,
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The synthesis of metallodendrimers has been dominated by
the use of mononuclear metal units. However, many of the
synthetic methodologies should be readily extendable to metal
clusters. These unique chemical species have in most cases
predictable and well-defined coordination geometries. They
display inherently interesting physical properties as a result of
metal-metal bonding interactions. As such, metal cluster-
containing dendrimers represent a distinct subgroup of metal-
lodendrimers, likely offering fascinating research challenges with
potentially important ramifications.

The first cluster-containing metallodendrimers, sinalol den-
drimers featuring dinuclear cluster motifs on their peripheries,

were reported in 1995 by Seyferth and co-workér$lore
examples have since appeared in the litera&#&among which

are the first cluster-cored metallodendrimers, reported by

Gorman and co-workers, featuring a biologically significant

Figure 1. Structure of the Rgus-Q)s (Q = S, Se) cluster core shown with
terminal ligands (L).

high-yield synthesig? facile chemical transformatior?$2>and

[FesSy)2* cluster encapsulated by dendron-functionalized aro- interesting electrochemical and luminescent propeffie®.

matic thiolato ligand4® The dendritic ligands are shown to

The iodide-terminated cluster [Ras-Se}l¢]*~, prepared by

regulate both the kinetics and the potential of the cluster-basedhigh-temperature solid-state synthesSisias been used in our
redox processes, a property possibly useful for applications of work as the starting material. Substitution of the terminal ligands

such materials in information storaéf.

Our efforts in this vein utilize the hexarhenium cluster {Re
(us-Q)sgl?", whose structure is shown in Figure 1 with the
terminal ligands (L). The cluster core is an octahedron of metal

is facile, and a variety of cluster derivatives have been produced,
wherein L is triethylphosphine, acetonitrile, a pyridyl-based
ligand, or a mixed set of triethylphosphine and one of the other
two ligand type$22425Phosphine ligands are particularly useful

metal bonded Re atoms face-capped with chalcogen atoms dn stabilizing the Re sites, affording a set of site-differentiated

(S or Se)t” Recognized first in extended solids, this cluster
system has generated significant recent intéteZtdue to its

(9) (a) Albrecht, M.; van Koten, GAngew. Chem., Int. EQ001, 40, 3750.
(b) Albrecht, M.; Van Koten, GAdv. Mater. 1999 11, 171.

(10) Astruc, D.; Blais, J.-C.; Daniel, M.-C.; Gatard, S.; Nlate, S.; RuUig.R.
Chim. 2003 6, 1117.

(11) (a) Le Bozec, H.; Le Bouder, T.; Maury, O.; Ledoux, |.; Zyss].Dpt. A:
Pure Appl. Opt2002 4, S189. (b) Balzani, V.; Campagna, S.; Denti, G.;
Juris, A.; Serroni, S.; Venturi, MAcc. Chem. Red.998 31, 26. (c) Ma,
H.; Jen, A. K.-Y.Adv. Mater. 2001, 13, 1201.

(12) Toth, E.; Pubanz, D.; Vauthey, S.; Helm, L.; Merbach, ACBem.-Eur.

J. 1996 2, 1607.

(13) (a)The Chemistry of Metal Cluster Complex&ériver, D. F., Kaesz, H.
D., Adams, R. D., Eds.; VCH: Weinheim, 1990. @arly Transition Metal
Clusters withr-Donor Ligands Chisholm, M. H., Ed.; VCH: New York,
1995. (c)Metal Clusters in ChemistnBraunstein, P., Oro, L. A., Raithby,
P. R., Eds.; Wiley: Weinheim, 1999; Vols—B.

(14) Seyferth, D.; Kugita, T.; Rheingold, A. L.; Yap, G. P. @rganometallics
1995 14, 5362.

(15) (a) Chessa, G.; Canovese, L.; Visentin, F.; Santo, C.; Seragtimhedron
2005 61, 1755. (b) Albinati, A.; Leoni, P.; Marchetti, L.; Rizzato, Sagew.
Chem., Int. Ed2003 42, 5990. (c) Benito, M.; Rossell, O.; Seco, M.;
Segales, G. DOrganometallics1999 18, 5191. (d) Mey, D.; Ornelas, C.;
Daniel, M.-C.; Ruiz, J.; Rodrigues, J.; Astruc, D.; Cordier, S.; Kirakci, K.;
Perrin, C.C. R. Chim2005 8, 1789. (e) Constable, E. C.; Eich, O.; Fenske,
D.; Housecroft, C. E.; Johnston, L. Zhem.-Eur. J200Q 6, 4364. (f)
Liwporncharoenvong, T.; Luck, R. 1. Am. Chem. So2001, 123 3615.
(g) Feeder, N.; Geng, J.; Goh, P. G.; Johnson, B. F. G.; Martin, C. M.;
Shephard, D. S.; Zhou, WAngew. Chem., Int. EQR00Q 39, 1661. (h)
Chaioux, F.; Thomas, C. M.; Therrien, B.;"Ss-Fink, G.Chem.-Eur. J.
2002 8, 4377.

(16) (a) Gorman, C. B.; Parkhurust, B. L.; Su, W. Y.; ChenJKAm. Chem.
Soc.1997, 119 1141. (b) Gorman, C. B.; Parkhurst, B. L.; Su, W. Y.;
Chen, K.-Y.; Hager, M. WPolym. Mater. Sci. Engl997 77, 122. (c)
Gorman, C. B.; Smith, J. G\cc. Chem. Re2001, 34, 60. (d) Gorman, C.
B.; Su, W. Y.; Jiang, H.; Watson, C. M.; Boyle, hem. CommuriL999
10, 877. (e) Cameron, C. S.; Gorman, C.ABlv. Funct. Mater.2002 12,
17. (f) Chasse, T. L.; Yohannan, J. C.; Kim, N.; Li, Q.; Li, Z.; Gorman, C.
B. Tetrahedron2003 59, 3853.

(17) (a) Gabriel, J. C. P.; Boubekeur, K.; Uriel, S.; BatailOhem. Re. 2001,
101, 2037. (b) Saito, TJ. Chem. Soc., Dalton Tran£999 97. (c) Welch,

E. J.,; Long, J. RProg. Inorg. Chem2005 54, 1.

(18) (a) Bennett, M. V.; Beauvais, L. G.; Shores, M. P.; Long, JJRAmM.
Chem. Soc2001, 123 8022. (b) Bennett, M. V.; Shores, M. P.; Beauvais,
L. G.; Long, J. RJ. Am. Chem. So@00Q 122, 6664. (c) Shores, M. P.;
Beauvais, L. G.; Long, J. Rnorg. Chem.1999 38, 1648. (d) Beauvais,
L. G.; Shores, M. P.; Long, J. R. Am. Chem. So@00Q 122, 2763. (e)
Shores, M. P.; Beauvais, L. G.; Long, J. RAmM. Chem. S0d.999 121,
775. (f) Beauvais, L. G.; Shores, M. P.; Long, J.Ghem. Mater1998
10, 3783.

clusters available for further chemical transformations at the
remaining metal sites.

The superior synthetic utility of these clusters has been
demonstrated through the realization of a great variety of super/

(19) (a) Naumov, N. G.; Virovets, A. V.; Sokolov, N. S.; Artemkina, S. B.;
Fedorov, V. E.Angew. Chem., Int. EAL998 37, 1943. (b) Naumov, N.
G.; Virovets, A. V.; Fedorov, V. EJ. Struct. Chem200Q 41, 499. (c)
Naumov, N. G.; Virovets, A. V.; Artemkina, S. B.; Naumov, D. Yu.;
Howard, J. A. K.; Fedorov, V. EJ. Solid State Chen2004 177, 1896.
(d) Naumov, N. G.; Virovets, A. V.; Fedorov, V. Ehorg. Chem. Commun.
200Q 3, 71. (e) Naumoyv, N. G.; Artemkina, S. B.; Virovets, A. V.; Fedorov,
V. E. Solid State Scil999 1, 473.

(20) (a) Baudron, S. A.; Batail, P.; Coulon, C.; Clerac, R.; Canadell, E.; Laukhin,
V.; Melzi, R.; Wzietek, P.; Jerome, D.; Auban-Senzier, P.; RavyJ.S.
Am. Chem. So@005 127, 11785. (b) Baudron, S. A.; Batail, P.; Rovira,
C.; Canadell, E.; Clerac, RChem. Commur2003 1820. (c) Perruchas,
S.; Avarvari, N.; Rondeau, D.; Levillain, E.; Batail, Porg. Chem2005
44, 3459.

(21) (a) Kim, Y.; Park, S. M.; Nam, W.; Kim, S. £hem. Commun2001,
1470. (b) Kim, Y.; Park, S. M.; Kim, S. dnorg. Chem. Commur2002
5, 592. (c) Kim, Y.; Choi, S. K.; Park, S. M.; Nam, W.; Kim, S.ldorg.
Chem. Commurk002 5, 612.

(22) (a) Zheng, Z.; Holm, R. Hinorg. Chem.1997, 36, 5173. (b) Zheng, Z.;
Gray, T.; Holm, R. H.Inorg. Chem.1999 38, 4888. (c) Selby, H. D.;
Zheng, Z.; Gray, T. G.; Holm, R. Hnorg. Chim. Acta2001, 312 205.
(d) Roland, B. K.; Selby, H. D.; Carducci, M. D.; Zheng,Z.Am. Chem.
So0c.2002 124, 3222. (e) Selby, H. D.; Orto, P.; Carducci, M. D.; Zheng,
Z. Inorg. Chem2002 41, 6175. (f) Selby, H. D.; Roland, B. K.; Carducci,
M. D.; Zheng, Z.Inorg. Chem.2003 42, 1656. (g) Zheng, Z.; Selby, H.
D.; Orto, P.Polyhedron2003 22, 2999. (h) Roland, B. K.; Selby, H. D.;
Cole, J. R.; Zheng, ZDalton Trans.2003 4307. (i) Roland, B. K.; Flora,
W. H.; Armstrong, N. R.; Zheng, ZC. R. Chim.2005 8, 1798.

(23) (a) Long, J. R.; McCarty, L. S.; Holm, R. H. Am. Chem. S0d996 118
4603. (b) Long, J. R.; Williamson, A. S.; Holm, R. Angew. Chem., Int.
Ed. Engl.1995 34, 226.

(24) Zheng, Z.; Long, J. R.; Holm, R. H. Am. Chem. Sod.997 119 2163.

(25) (a) Chen, Z.-N.; Yoshimura, T.; Abe, M.; Sasaki, Y.; Ishizaka, S.; Kim,
H.-B.; Kitamura, N.Angew. Chem., Int. EQ001, 40, 239. (b) Chen, Z.-
N.; Yoshimura, T.; Abe, M.; Tsuge, K.; Sasaki, Y.; Ishizaka, S.; Kim, H.-
B.; Kitamura, N.Chem.-Eur. J2001, 7, 4447.

(26) Yoshimura, T.; Ishizaka, S.; Sasaki, Y.; Kim, H.-B.; Kitamura, N.; Naumov,
N. G.; Sokolov, M. N.; Fedorov, V. EChem. Lett1999 1121.

(27) (a) Arratia-Peez, R.; Hernadez-Acevedo, LJ. Chem. Phys1999 111,
168. (b) Arratia-Peez, R.; Hernadez-Acevedo, LJ. Chem. Phys2003
118 74.

(28) (a) Gray, T. G.; Rudzinski, C. M.; Meyer, E. E.; Holm, R. H.; Nocera, D.
G.J. Am. Chem. So@003 125, 4755. (b) Gray, T. G.; Rudzinski, C. M.;
Nocera, D. G.; Holm, R. Hinorg. Chem1999 38, 5932. (c) Gray, T. G.;
Rudzinski, C. M.; Meyer, E. E.; Nocera, D. G@. Phys. Chem. 2004
108 3238.
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supramolecular constructsincluding metallodendrimers cored  ligands 6—7) all show similar featureless absorbances in the
by this octahedral clusté?.It has been shown that the electronic UV region, attributable to ligand-to-metal cluster charge transfer
structure of the cluster can be modulated with the use ‘afete (a, Figure 3). The electronic spectra of the corresponding
type dendrons featuring different focal cluster-coordinating metallodendrimers are also shown (b, Figure 3). The cluster
moieties; dramatic color changes have been observed for thedendrimersd and 10 have absorbance spectra nearly identical
resulting cluster-core metallodendrimers. to their respective cluster complex ligan&safid6), suggesting
Encouraged by these initial findings, we extended our efforts that attachment of these cluster-ligand “arms” to the central
to the synthesis and property investigation of even more cluster has virtually no influence on the electronic energies of
sophisticated metallodendrimefsOur synthetic goal is to  the cluster-ligand pairs. Dendriméf, however, exhibits new
generate the first bona fide metal cluster dendrimers that aregng substantially “red-shifted” bands in the UV, presumably
characterized by the presence of clusters at the core, within thegye to the presence of a conjugated system, with which electrical
branches, and on the periphery. In terms of interesting and charges are delocalized and the energy of the excited electronic
potentially useful properties, the cluster is redox-active with a gtate is lowered The possibility of electronic communications
potential tunable by its coordination environment. Furthermore, patween the peripheral and core clusters arises, a suggestion

the parent and oxidized forms of the cluster exhibit drastically f, ther supported by electrochemical studies detailed below.
different absorption characteristics, which occur in the UV

region, and both states are luminescent (broad emissiorn; 600
1200 nmy8 Thus, generating dendritic arrays with multiple such
cluster units is expected to be of fundamental scientific interest

as well as practical significance in developing molecular . . . .
electronic and optical devicédIn this report, we discuss the provides the opportunity to voltammetrically characterize small

details of the synthesis, characterization, and spectroscopic andluantities of material and voltammetrically resolve sequential

electrochemical studies of these uniquely designed metalloden-€lectron-transfer events with better resolution and sensitivity
drimers. than conventional linear sweep or pulse voltammetries.

Dendrimer9, with its nonconjugated propyl linkers, gives a
response comparable to those observed for the oligomers of the
For convenience of discussion, pertinent compounds aresame cluster typ&P<iall clusters on the molecule (even the

Electrochemical StudiesVoltammetric studies of the oxida-
tion/reduction behavior for molecule8—11 (ca. 0.2 mM
solutions) were carried out using a special thin-layer electro-
chemical cell (TLE, see Supporting Informatic)This cell

Results and Discussion

designated as follows: [R@:s-Sel(PEt)s(MeCN)](Sbk)z, 1; core cluster) are rapidly oxidized at nearly the same potential,
4,4-trimethylenedipyridine2; 1,2-bis(4-pyridyl)ethanes; (E)- yielding a measured value of 7.1 gFigure 4). Such a
1,2-bis(4-pyridyl)ethened; [Res(us-Sel(PEL)s(2)](SbFs)z, 5; voltammetric response suggests that all clusters sit in essentially
[Res(us-Sep(PE)s(3)1(SbFs)2, 6; [Res(us-Sep(PEL)s(4)](SbFs)z, energy-equivalent environments, both with respect to the loss
7; [Res(uz-Sep(MeCN)](SbFs)2, 8; { Res(us-Sep[Res(us-Sey- of an electron and with respect to the ability of the solution
(PEB)s(2)]6} (SbFs)14, 9; { Res(us-Sep[Res(us-Sep(PE)s(3)]e} - counterions to compensate the change in charge density of the
(SbFs)14, 10; and{ Res(us-Se}[Res(us-Sep(PEt)s(4)] 6} (SbFs)14, whole moleculé39

11. The heptacluster arrays, having the general forniRe:- For moleculel0, the first voltammetric oxidation wave is
(uz-Sel[Res(us-Sep(PEE)s(L)] 6} (SbFs)14 (9, L = 2; 10, L = extended over a larger potential window, and a second and much

3; 11, L = 4), were synthesized by reacting the previously
reported acetonitrile solvated complex fRe-Sel(MeCN)]-
(Sbk), (8)%* with 6 equiv of one of the site-differentiated cluster
complexes of the general formula [iRe:-Se}(PE)s(L)](SbFs)2

(5 L=2;6,L=3;7 L =4 (Figure 2); the cluster complex
ligands 6—7) were prepared by reacting the previously reported
mononitrile complex [Refus-Sel(PEt)s(MeCN)](Sbk), (1)%4
with one of the pyridyl-based bridging ligands B, (3, or 4).

All new compounds §—7 and 9—11) were characterized by

broader oxidation process is barely resolved above the back-
ground current (Figure 4). Upon scan reversal, the reduction
wave is better defined and coulometric analysis of this wave
shows a 6.6-eprocess. These results suggest that oxidation of
the first few peripheral clusters {% clusters) causes the
oxidation of the final clusters to become energetically more
difficult. What is not clear from these measurements, however,
is whether this change in electrochemical behavior is due to a
. > through-space interaction between closely spaced, but noncon-
multinuclear tH, 3P, and’’Se) NMR and elemental analysis . gn-sp OSEly Sp '

- . jugated clusters (e.g., coulomb repulsion effects) and/or whether
(CHN). In addition, the molecular structure ®fvas established . . . L .

counterion compensation during the oxidation event, which,

by single-crystal X-ray diffraction. Details of the syntheses, because of the close spacing of these redox centers, slows the
spectroscopic characterization, and crystallographic studies can P 9 ’

be found in the Supporting Information. attainment of a stable, fully oxidized state for this molecule.
It is worth noting that the reaction betwe&rand [Re(us-

I . 33) Gaus, P. L.; Boncella, J. M.; R , K. S.; Funk, Min@rg. Chem.
Se}(PEb)s(4,4-dipyridyl)](SbRy),22 failed to produce an analo- 33 Fas. P2 Boncella osengren un 'g- Lhem
gous heptacluster dendrimer. (34) Flora, W. Ph.D. Dissertation, University of Arizona, 2005.
. . . . . (35) Flanagan, J. B.; Margel, S.; Bard, A. J.; Anson, FJCAm. Chem. Soc.
Electronic Spectroscopic StudiesSpectroscopic studies of 1978 100, 4248.

the cluster complex ligands and corresponding dendrimers were(36) Saji, T.. Pasch, N. F.; Webber, S. E.; Bard, Al.Phys. Cheml978 82,

carried out to probe the effect(s) of bridging ligand on the (37) Molina, K.; Lopez-Tenes, M.; Serna, C.; Moreno, M. M.; Rueda, M.

R _ Electrochem. Commur2005 7, 751.
electronic structure of the cluster arrays. The mono-cluster (38) Molina, A.: Serna, C.: Lopez.Tenes, M. Moreno, M. B.Electroanal.

Chem.2005 576, 9.

(29) Selby, H. D.; Roland, B. K.; Zheng, Acc. Chem. Re2003 36, 933. (39) Mezza, T. M.; Armstrong, N. R.; Ritter, G. W., II; lafalice, J. P.; Kenney,
(30) Wang, R.; Zheng, ZJ. Am. Chem. S0d.999 121, 3549. M. E. J. Electroanal. Chem. Interfacial Electroche982 137, 227.

(31) Roland, B. K.; Carter, C.; Zheng, 4. Am. Chem. So@002 124, 6234. (40) Bard, A. J.; Faulkner, L. RElectrochemical Methods: Fundamentals and
(32) Kohler, A.; Wilson, J. S.; Friend, R. HAdv. Mater. 2002 14, 701. Applications 2nd ed.; John Wiley & Sons: New York, 2001.
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A7
I

-

5-7 CICgHs, N2 8
reflux, 3 hrs

PEy N &
PEt A
e~ P\ PEts
.J‘%;iil )2 LI ZRPEL;
LK N N2
,._.-_‘v't PEt, PEt; W A
H‘ P 13 !)"I'
PEt;  PEts PEt,

| mm = CH,CH,CH, (9), CH,CH, (10), CH=CH (11)]

Figure 2. Synthesis of cluster dendrime®s-11.

Once full oxidation has been completed, att&.0 V, it appears The coulometric analysis of each voltammetric wave showed
that reduction of all seven oxidized centers occurs at a singlea total of 7-electron oxidation for each molecule, but the
potential. uncertainty in these calculations was larger X0y because the
For 11, two resolved voltammetric oxidation events are second oxidation wave was too broad. Cluster oxidation
observed, where the areas correspond to 5.8oe the first potentials, collected in Table 1, were determined from the
oxidation at a midpoint potential of 0.73 V and 1.1 fr the midpoint potentials in these voltammograms (the mean of anodic

second oxidation at a midpoint potential of 0.88 V (Figure 4). and cathodic peak potentials). Careful characterization of these
The stepwise oxidation is more conspicuous when shown in a molecules by normal cyclic voltammetry, and by differential
more expanded form (Figure 5). Both peaks remain separatedpulse voltammetry, did not indicate any additional spurious
on the reverse sweep and, after correction for background electrochemical processes, such as surface adsorption of either
charging currents, show the same charge on the oxidation sweepeactant or product, which would have complicated the thin-
as on the reduction sweep. This observation suggests thafayer voltammetric characterizatigh.

oxidation of the core cluster is made energetically more costly  The electrochemical properties of molecular and supramo-
once the six outer clusters have been oxidized, as expected folecular systems containing multiple redox centers have been a
truly interacting redox centef8:38 Although the coulomb  topic of great interest, largely due to their potential use in
repulsion effects and the kinetics of counterion compensation designing new molecular electronic materi&s?é4-43 When

may still be effective, as in the case, the distinct stepwise
redox events observed suggest strongly through-bond electronid4?)

(a) Jiao, J.; Long, G. L.; Grandjean, F.; Beatty, A. M.; Fehlner, TJ.P.
Am. Chem. SoQ003 125, 7522. (b) Wollmann, R. G.; Hendrickson, D.

delocalization, which is consistent with the shifts in the N. Inorg. Chem.1977, 16, 3079. (c) Kadish, K. M.; Xu, Q. Y.; Barbe, J.
; M. Inorg. Chem.1987, 26, 2565. (d) Adeyemi, S. A.; Braddock, J. N.;
absorbance band dil versus those seen férand10 (Figure Brown, G. M.; Ferguson, J. A; Miller, F. J.; Meyer, T.J1l. Am. Chem.

3). So0c.1972 94, 300.
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Table 1. Oxidation Potentials and the Number of Electrons
Transferred for 9—112
Egua VS electrode
Fc*lFc volume QIC
dendrimer (V) (mL) (mC/mM) n
9 0.69 0.373 255 7.1
10 0.71 0.373 237 6.6 (cathodic)
11 0.73,0.88 0.373 207, 39 5.8,1.1

aThe total amount of charge passe@) (in exhaustively oxidizing/
reducing the contents of such a thin-layer cell can be related to the number
of electrons transferred per redox evemtlfy formalismQ = nFCV, where
F is Faraday's constang€ is the bulk analyte concentration, akds the
cell volume?©

bond interaction, for which superexchange theory provides a
theoretical basi4® Such interactions may also be through-space
whereby the bridging ligands control the distance and orientation
of the metal-containing units.

Molecules9, 10, and11 appear to span the aforementioned
range of interactions, and, at first glance, the observations seem
to be consistent with what one would expect on the basis of
the ligand structure. Specifically, clustersdrare well-spaced,
not linked through conjugation, and provide additional space
for counterions to enter/exit and compensate the change in
cluster charge during redox events. Extremely weak interactions
between the component clusters are expected. The change of
electrochemical behavior 10, while certainly not due to
conjugation in the linker units, may result from steric hindrance
to oxidation (and counterion incorporation) in the central cluster.
Strong interactions id1 can be rationalized by the conjugation

interaction between centers is weak, oxidation/reduction occursin the linker, in addition to coulomb repulsion effects and the
for all of the redox-active centers at the same potential, whereaskinetics of counterion compensation.

when such interaction is strong, oxidation or reduction of these

The above rationalization of electrochemical behavior in terms

centers leads to resolved voltammetric peaks; that is, oxidationof ligand structure (length, conjugation, or lack  thereof),
or reduction of one class of centers alters the oxidation or although intuitive and seemingly reasonable, is inadequate as
reduction potential of nearby centers. The importance of the it fails to reconcile with our previous observations made for

bridging ligand in determining such interactions is well recog-

nized. Electronic communications may be mediated by through-

(42) (a) Alvarez, J.; Ren, T.; Kaifer, A. ©organometallic2001, 20, 3543. (b)
Schmidt, E. S.; Calderwood, T. S.; Bruice, T.I@org. Chem.1986 25,
3718. (c) Jin, Z.; Nolan, K.; McArthur, C. R.; Lever, A. B. P.; Leznoff, C.
C. J. Organomet. Chenl994 468 205. (d) Araki, K.; Dovidauskas, S.;
Winnischofer, H.; Alexiou, A. D. P.; Toma, H. B. Electroanal. Chem.
2001, 498 152.

(43) (a) Campagna, S.; Giuffrida, @oord. Chem. Re 1994 135/136 517.

(b) Serroni, S.; Campagna, S.; Puntoriero, F.; Pietro, C. D.; McClenaghan,
N. D.; Loiseau, FChem. Soc. Re 2001, 30, 367 and references therein.
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oligomeric cluster arrays composed of two, three, or four clusters
of this same type bridged by conjugated ligands; these cluster
arrays show no evidence of coupled cluster oxidations or
increased/decreased oxidation potenfi#l§! On the basis of

these previous findings, it can be concluded that the({Re

Se}]?" cluster is predominantly capable of sustaining the charge
associated with an oxidized state without substantially polarizing
neighboring moieties/clusters even when conjugated linkers
exist. Nevertheless, coupled oxidations are displayed by a
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dicluster featuring two [Reéus-Se}]?" units intimately fused another within the same dendritic structure when adequately
via a rhombic RgSe bridge??2suggesting that the cluster may long nonconjugated bridging ligands are utilized, whereas in
not be entirely efficient in sustaining charge buildup and that the case of a conjugated linking group, the clusters are
the additive effect of this may still result in appreciable appreciably coupled. The coupled oxidation is attributable to
polarization of neighboring moieties/clusters, depending on how the additive effects of the polarization of the core cluster by
compact is a cluster array’s structure. In the present case, it isthe oxidized peripheral clusters. Both through-space and though-
the unique dendritic architecture that provides a structural and bond interactions are possible, and the kinetics of counterion
functional platform where various effects possibly influencing compensation during the redox processes may have also played
the intercluster electronic interactions, the electronic properties an important role, depending on the size and nature of the
of the cluster, the bulk (length) and degree of conjugation of bridging ligands. However, on the basis of our previous and
the bridging ligand, and the overall compactness of the present findings, it is clear that the dendritic architecture is
multicluster array, intertwine. An analogous cluster dendrimer critically important for the unique electrochemical behavior to
featuring 4,4bypyridyl, a shorter conjugated bridging ligand, be observed. On the basis of the response of the materials
if realized, should display a more pronounced intercluster presented here, it is anticipated that sequential increases in
coupling thanll However, although sterically feasible, this dendrimer generation, especially with the use of conjugated
dendrimer failed to materialize, suggesting an energetically ligands, would result in further splitting of the oxidative waves.
insurmountable charge buildup as a result of the highly compact If this strategy were viable, it would suggest that the electro-
structure, and further manifesting the critical role of the dendritic chemical properties of these materials might be controlled by
architecture in subtly disposing the redox-active clusters for the controlling the supramolecular structure.

intriguing electrochemical properties to be observed. )
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