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The synthesis and physical properties of polymetallic ligand-

bridged molecular assemblies have been topics of intense

interestl motivated by their possible application to photochemi-
cal molecular devices. An aspect receiving limited (but

increasing) attention is the existence of stereocisomerism within
such assemblies and its influence on intramolecular energy and

electron transfer processés.
The ligand bridge 1,4,5,8,9,12-hexaazatriphenylene (HAT)

possesses three bidentate coordination sites, and a series of I

trimetallic species have been synthesized and stddidd¢lud-
ing homonuclear (Ri5 and heteronuclear (RuBfeand Ruy-
RHN) systems. In earlier studi@éshe stereochemical ambiguities

were addressed but no separation of the isomeric possibilities

was attempted. However, recent work in our laboratory has
elucidated the stereochemistry of di- and trinuclear ruthenium
complexes of this ligand, including investigations of the spatial
dependence of the photophysical properties.

In the present work, we report the synthesis of the hetero-

metallic complex{Ru(bpy}} { Os(bpy}} (u-HAT)]%+ and, most
significantly, the isolation of its stereoisomeric forms by a
strategy involving a combination of stereoselective synthetic
procedures and chromatographic technig(&sheme 1: chro-

matographic procedures are indicated by single arrows; synthetic
procedures, by double arrows). Previous stereochemical studies
of ligand-bridged polynuclear species have generally selectively
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targeted one specific isomeric form. The stereocisomers of the for the separation of diastereoisomeric oligomeric speties,

titte complex were characterized B NMR and CD spec-

separated thAAA'/AAA" and AAAN'TAAA" mixtures (SP-25

troscopy, and their electrochemical and electronic spectroscopicSephadex C-25; aqueous 0.3 M sodium toluene-4-sulfonate

properties were examined.

The stereoisomerically pure dinuclear complefés, AA-,
andAA-[{Ru(bpy}} 2(u-HAT)] 4t 4 were each reacted witlac-
[Os(bpy)Cl,]-H,08 in ethylene glycol/10% water at 12C for
11 h to form specifically the diastereoisomeric mixtufesA'/
AAA" and AAA'IAAA' (respectively) in the first two cases
and the enantiomeric pair of one diasterecisomaAn'/AAA’
in the final case{the configuration of the osmium center is

eluent). As the configurations of the two ruthenium centers in
the precursors were known, the CD (Figure 2) and NMR spectra
allowed the assignment of the absolute configurations of the
four forms. The chiral resolution of th& AA'/AAA' racemic
mixture by similar chromatographic methods is more difficult
than the previous separations of diasterecisomeric mixtures, but
at least partial separation has been achieved (aqueous 0.2 M
sodium toluoylp-tartrate solution eluent).

designated with a prime; the diastereocisomers are shown in The diastereoisomers have been studied in detail by NMR

Figure 1, and theirH NMR spectra are provided in the
Supporting Information, Figure S1). In all cases, the yields were
ca. 70%, and the ratio of the stereoisomers wasl:1. Using

spectroscopy (300 MHz), with the benefit of comparison with
their homometallic (Rg) analogued. However, because of the
complexity of the present systems, certain assignments are

cation exchange chromatographic techniques recently developedlifficult at this frequency and require pulse relay NMR
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techniques and/or a higher frequency spectrometer (500 MHz
measurements are currently in progress).

The AAATAAA" and AAA'/AAA' forms both possesS;
point group symmetry (Figure 1) and therefore may exhibit 27
nonequivalent proton environments (six AMJX and one AX
coupled systems). Because the former diastereocisomer possesses
a pseuddz; symmetry axis ¢f. the homometallic analogue
[{Ru(bpy)}s(u-HAT)]), a number of coincidental equiva-
lences occur. The six AMJX coupled systems were identified
by 'H COSY and'H decoupling experiments, although con-
nectivity between three pairs of AMJX coupled systems
(allowing differentiation of the three nonequivalent bpy ligands)
was not achievable at the frequency used (300 MHz).

The AAA'/AAA' diastereoisomer also possess®spoint
group symmetry, but its NMR spectrum was more complex (as
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Figure 1. CHEM 3D representations of the diastereoisomeric forms
of [{Ru(bpy)} A Os(bpy}} (u-HAT)]¢*. Hydrogen atoms are omitted
for clarity; bpy rings about the Os center are darkened to allow
identification.
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Figure 2. CD spectra (acetonitrile solution) f&tA A-[{ Ru(bpy}} s)u-
HAT)]®* (---) and stereoisomers dfiRu(bpy}} o Os(bpy}} (u-HAT)]&*:
AAA' (---), AAA' (= --- =), AAA" (7), andAAA' (— - —).

the pseuddz; symmetry axis is lacking), exhibiting six AMJX
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because of the well-dispersed proton resonances and the reduced
point group symmetry. The assignments were obtained using
IH COSY spectra (provided in the Supporting Information,
Figure S2), coupling constant values, and NOE effects.

The AAA'/AAA' diastereoisomer hds, symmetry, resulting
in a complicatedH NMR spectrum comprising 12 AMJX and
2 AX coupling systems and a singlet resonance (two protons
from an AB system on the HAT ligand which are accidentally
equivalent), totaling 53 magnetically nonequivalent proton
environments. A full assignment of these proton environments
by IH COSY spectra, decoupling effects, or NOE effects was
not achievable at 300 MHz, although integration confirmed 54
proton resonances.

The CD spectra for the separated forms are comparable with
those of the homometallic analoguesThe “heterochiral”
enantiomersAAA’'- and AAA’-[{Ru(bpy}} A Os(bpy}} (u-
HAT)]®t exhibit Ae values about one-third those of the
homochiralAAA'- and AAA’-enantiomers, presumably due to
attentuation betweeA and A centers.

Electrochemical studies were undertaken on the diastereo-
isomers of the RiOs trinuclear species. As suggested by
Kirsch-de Mesmaekegt al.,52 and confirmed in this study, the
one-electron reversible oxidation waves are directly correlated
with the number of coordinated metal centers, suggesting
significant metat-metal electonic communication which is a
characteristic of conjugated bridging ligarfd#\s expected (and
characteristic of osmium complexes), the first oxidation wave
of [{Ru(bpy}} { Os(bpy)} (u-HAT)] * occurred at-1.27 V (s
the saturated calomel electrode, SCE3CN solvent) compared
with +1.63 V for [Ru(bpy)}s(u-HAT)]®" as a result of the
raised dr level of Os compared to RY. The oxidations of the
two ruthenium centers (at 1.81 and 2.06%SCE) in the Ry
Os species are slightly cathodic of those for subsequent
oxidations in the Rglanalogue (1.86 and 2.09 ¥ SCE). The
electronic spectrum of {Ru(bpy)} A Os(bpy}} (u-HAT)]&*
{Amainm (/M~1 cm™2): 288 (104 000), 416 (15 750), 520
(21 000), 588 (27 00Q)shows a slight bathochromic shift in
the MLCT transitions in comparison with that glRu(bpy)} s-
(u-HAT)]&* for the same reasod. The electronic spectra of
the Ry and RyOs trinuclear species are provided in the
Supporting Information, Figure 3.

While the redox and electronic absorption spectral charac-
teristics of the diastereoisomeric forms ¢Ru(bpy)} o Os-
(bpy)} (u-HAT)]8+ were indistinguishable, we seek to study
photophysical characteristics in view of the differences observed
in the homometallic analoguéslt is our contention that the
variation of physical properties between stereoisomers of such
complexes will be magnified in larger polymetallic systems with
increased stereochemical differences.
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