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The C;-symmetrical complex [Ru(bpy).(ieil)][PFe], exhibits unique
electrochemical and photophysical properties, and forms discrete
dimers in solution and in the solid state held by weak sz— stacking
interactions via its isoeilatin ligand, preferentially from one of its
faces and in a specific orientation.

Eilatin Isoeilatin, 1
Figure 1. Structures of eilatin (left) and isoeilatir)(

Group VIII polypyridyl complexes have attracted consid-
erable attention due to their photophysical behavfor.
Employing extended fused aromatic ligands may, on one
hand, allow the fine-tuning of this behavior and, on the other
hand, lead to aggregation of these complexes mwiar
stacking interactions. Recently, we explored Ru(ll) and Os-
(I complexes of eilatin-type ligands, all of which possess . :
a large fused aromatic surfad&.These complexes were nuclear (see Supporting Information).

found to exhibit interesting electrochemical and photophysi- 1€ absorption spectrum @fin acetonitrile is similar3 EO
cal properties, formation of discrete dimers in solution and that of the related eilatin complex [Ru(bpigil)][PFe]. (3),*

in the solid state held together by-x stacking interaction;? the most prominent featur<_a being an exceptio_ne_llly low energy
as well as anti-HIV activity, and interaction with DN/, band around 593 nm, assigned to{Rli) — sr*(ieil) MLCT

Isoeilatin (L) is a structural isomer of eilatin (Figure®that ~ @psorption. The redox behavior @& in acetonitrile also
has never been studied as a ligand before. In this work we€Sembles that 08,° namely, a reversible RU" oxidation
aimed to reveal the effect of this skeletal rearrangement onWave appearing at 1.42 V vs SCE, and a highly facile
the properties of the complex and, especially, compare its rev_er5|ble first reduction wave atO.40_V vs S_CE,_whlch is
stacking behavior to that of the eilatin complex that features attributed to the reduction of the isoeilatin ligand (see
the same aromatic surface area. Supporting Information).

We synthesized according to the methodology developed ~ We expected that the isoeilatin compl2xvould exhibit

by Kashman and Co_Workérand prepared the Comp|ex [Ru_ StaCking similar to that of the analogOUS eilatin Comribx
namely, formation of discrete dimers with roughly the same

* Author to whom correspondence should be addressed. Fax: 972-3- 4; i At 1
6409203 Tel: 972-3-6407392. E-mail: moshekol@post.tau.ac.i. dimerization constarft.Indeed, the’H NMR spectra of

(1) (a) Juris, A.; Balzani, V.; Barigelletti, F.; Campagna, S.; Belser, P.; complex2 in CD3CN change as a function of concentration

(bpy)(ieil)][PFe]2 (2) in its racemic form by reactingac-
cis-[Ru(bpy)Cl;] with 1 equiv of 1 in ethylene glycol at
100 °C for 8 h. The dark green complex was purified by
chromatography and isolated as the;Pgalt in an overall
yield of 51%. The NMR spectrum in GGN, FAB-MS, and
elemental analysis all indicated that compwas mono-

von Zelewsky, A.Coord. Chem. Re 1988 84, 85. (b) Balzani, V. and temperature due to this phenomenon, and the isoeilatin
Juris, A.; Venturi, M.; Campagna, S.; Serroni,Ghem. Re. 1996 . . . .
96, 759. protons exhibit downfield shifts reaching up to 0.81 ppm
2 SLeeﬁi, J. W.; Atwood, J. LSupramolecular ChemistryWiley: upon dilution in the concentration range-10 mM. How-
Chichester, 2000. : o : - .
(3) Rudi, A Kashman, Y.; Gut, D.; Lellouche, F.. Kol, MChem. ever, this shifting corresponds to ad|m_er|z_at|on constant of
Commun1997, 17. only 34 +£ 5 Mt at 297.3+ 0.1 K, which is an order of

(4) (a) Bergman, S. D.; Reshef, D.; Groysman, S.; Goldberg, I.; Kol, M. i

Chem. Commun2002 2374. (b) Bergman, S. D.; Goldberg, |.; magthde lower than t_hat observed Bﬁ_

Barbieri, A.; Barigelletti, F.; Kol, M.Inorg. Chem 2004 43, 2355. To further support this unexpected discrepancy between
(5) Gut, D.; Rudi, A.; Kopilov, J.; Goldberg, I.; Kol, MJ. Am. Chem.  the eilatin and the isoeilatin complexes we conducted

S0c.2002 124, 5449, o . .
6) Gut. D_;2Go|dberg, I: Kol, Minorg. Chem 2003 42, 3483. diffusion NMR experiment§—2 of these two complexes in

(7) Luedtke, N. W.; Hwang, J. S.; Glazer, E. C.; Gut, D.; Kol, M.; Tor,  the concentration range of :00.0 mM (see Supporting
Y. ChemBioChen2002 3, 766.

(8) Luetdke, N. W.: Tor, YAngew. Chem., Int. E@00Q 39, 1788. Information), which led to the following findings: (a) The
(9) Gellerman, G.; Rudi, A.; Kashman, Yetrahedron1994 50, 12959. diffusion coefficients of bott2 and3 increase upon dilution
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Figure 2. Schematic representation of the various dimers that may form
as a result ofr-stacking via the isoeilatin moiety. Upper row: heterochiral
dimers, composed of two complex molecules of opposite chiraiti)(
Bottom row: homochiral dimers, composed of two complex molecules of
identical chirality AA or AA). The red and blue colors represent the two
different faces of the complexed isoeilatin.
o . Figure 3. Variation of the chemical shifts of the four bpy?tgrotons of
as expected for systems exhibiting self-aggregation phenom-[Ru(bpy(ieil][PFg]2 (2) as a function of concentration. Only one proton

ena. (b) Although these complexes are of the same molecularexhibits a marked shift.
weight and similar shape, the diffusion coefficient®fs
lower than that of2 in each concentration, supporting a
weaker aggregation d&. (c) The diffusion data best fit a
dimerization process rather than higher order aggregéation.
(d) The dimerization constant @ is estimated to be ca. 1
order of magnitude lower than that 8f These results are in
good agreement with the results obtained by the chemical
shift variation method.
Complex2 can form six different dimers in solution as
illustrated in Figure 2. The different forms arise from both
the homo-/heterochiral variation and the two different faces
of the complexed isoeilatin ligands, 2ss of C; symmetry.
Notably, half of these forms lead to enhanced long axis vis-
avis long axis overlap, and half to reduced long axis vis-
avis short axis overlap (the long axis corresponds to the
fl\_/e ring diagonal, and the short ,aXIS to the three ring Figure 4. Crystal packing of [Ru(bpyfieil)][PFe]- (2), exhibitingz-stack-
diagonal). Of the four bpy MHprotons in comple®2, two are ing between isoeilatin ligands in the two distinct dimer units, and between
outside the effective overlap area, so their chemical shifts the dimers and toluene molecules. Counterions and acetonitrile solvent
are not expected to be affected by stacking. The remaining™°'ecules omitted for clarity.

(10) (a) Stejskal, O. E.; Tanner, J. E.Chem. Phys1965 42, 288. (b)
Gibbs, S. J.; Johnson, C. S., Jr.Magn. Reson1991, 93, 395. For
an early review on the application of diffusion NMR for chemical
systems see: (c) Stilbs, Prog. NMR Spectrosd.987, 19, 1.

(11) For more recent applications of diffusion NMR see: (a) Cohen, Y.;
Ayalon, A. Angew. Chem., Int. Ed. Endll995 34, 816. (b) Frish, L.;
Vysotsky, M. O.; Banmer, V.; Cohen, YOrg. Biomol. Chem2003
1, 2011. (c) Valentini, M.; Ragger, H.; Pregosin, P. Slelv. Chim.

Acta 2001, 84, 2833.

(12) Characterization of self-association processes by diffusion NMR is
qualitative since both monomer and aggregate exist in each concentra-
tion, thus it is nearly impossible to measure the diffusion coefficient
of the isolated monomer. See, for example: (a) Proudfoot, E. M.; Figure 5. Crystal packing of [Ru(bpyfieil)]Cl2 (4), exhibitingzz-stacking

Mackay, J. P.; Karuso, MDalton Trans 2003 165. (b) Macchioni, between isoeilatin ligands in the dimer. Counterions and solvent molecules

A.; Romani, A.; Zuccaccia, C.; Guglielmetti, G.; Querci, @rgano- omitted for clarity.
metallics2003 22, 1526.

(13) The ratio between the diffusion coefficient of a 1.0 mM solutio2 of . . .
(presumably mostly monomers) and 10.0 mM solutio gbresum- two are close to the isoeilatin surface, each pointing toward
ably m(;lsltcly aggregates) is 1.250.03, consistent with a dimerization g different face. Significantly, only one of thosé protons
process: i PR e : :

(14) Two distinct dimers are apparent in the unit cell, in which the nearly exhibits con.centratlon mQuced shifting (Figure 3), Su_g_geStlng
planar aromatic frameworks of the isoeilatin partly overlap each other. thatsr-stacking preferentially occurs through a specific face.

The mean distances between the overlapping delocalized segmentsThese observations are Supported by NOE correlations (see

are 3.42 and 3.36 A, indicating significant interaction between them. . .
Two types of toluene molecules are apparent in the crystal lattice. SUPPOrting Information).

The paired complexes and one of the toluene species parallel stack in - T gain further information on the preferred dimerization
an alternating manner, the intercalated toluene lying at an average

distance of 3.55 A from the molecular surface of one pair and 3.60 A Mode, we grew single crystals @ffrom a CHCN/toluene
from the other pair, suggesting further stabilization of the structure mixture and solved its X-ray structure. The crystal lattice

by stacking interactions. The second toluene species is located between - . . .
adjacent columns approaching in a nearly perpendicular fashion to consists of discrete heterochiral dimersptheld terther

one of the isoeilatin frameworks. by significant face-to-facer-stacking interactions via the
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isoeilatin moiety* (Figure 4). In the dimer, the isoeilatin  are probably in fast equilibrium in solution, only one of them

ligands are oriented long axis visvés long axis, and is strongly favored, i.e., the isoeilatin ligand exhiti¢se-

dimerization occurs through only one particular isoeilatin selectve dimerization.

face. Significantly, this stacked-dimer pattern persists even In conclusion, we have demonstrated that the electronic

upon changing the counterion to Gind the crystallization ~ properties of isoeilatin are closely related to those of eilatin,

solvent system to MeOH/ether (compléxFigure 5)'° whereas, unexpectedly, the stacking tendencies diverge
On the basis of the repeating pattern in the solid state, significantly. We are currently exploring the source of this

and the assumption thatstacking preferentially occurs over  discrepancy and its possible application.

the largest possible area, we propose that, in solution, the

complex formsz-stacked dimers arranged long axis vis-a ~Acknowledgment. We thank Dalia Gut for valuable
vis long axis via their isoeilatin units. NMR data has discussions. This research was supported by the Israel

indicated that dimerization occurs via a specific face. An Sciénce Foundation founded by the Israel Academy of
examination of Figure 2 leads to the conclusion that the Scieénces and Humanities.
preferred dimer is a heterochiral one, as homochiral dimers Supporting Information Available: CIFs of 2 and4, experi-

do not allow a combination of long axis viswes long axis  mental preparations, and full characterization of the compounds.
via a specific face. Thus, although all six possible dimers This material is available free of charge via the Internet at

ttp://pubs.acs.org.
(15) The mean distance between the overlapping delocalized segments OP P-iip 9
the isoeilatin ind is 3.36 A, indicating significant interaction between
them. 1C049806G
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