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Abstract

The stereoisomerically pure synthesis of a novel heptanuclear Ru(II)-Os(II) antenna bearing
multitopic terpyridine ligands is reported. An unambiguous structural characterization was
obtained by 'H NMR spectroscopy and ion mobility spectrometry (IMS-MS). The heptanuclear
complex exhibits large molar absorption coefficients (77,900 M 'cm™ at 497 nm) and
undergoes unitary, downhill, convergent energy transfer from the peripheral Ru(Il) subunits to
the central Os(II) that displays photoluminescence with a lifetime (t =161ns) competent for

diffusional excited-state electron transfer reactivity in solution.



Introduction

The development of photoluminescent and redox active dendrimers represents an active,
challenging subject of research. Dendrimers are prime candidates for artificial light-harvesting
antennae due to their ability to funnel energy to a desired location through a cascade of energy
transfer processes upon absorption by well-positioned chromophores.!: > The final energy
acceptor can then undergo excited-state electron transfer with relevant catalysts or molecules.?
The interest in these dendrimers has been revived by their ability to perform useful

+11 and catalysis.!> !* The antenna effect can

transformations relevant for solar fuel production
only be achieved in metal-based dendrimers with suitably organized subunits, in terms of
energy, position and deactivation rate constants.'* For dendrimers with equivalent peripheral
metal centers connected to a central metal unit, an antenna effect is obtained if a convergent
downhill energy transfer occurs.'® This implies favorable driving force between the energy
donor and acceptor moieties.'® !7 Such favorable energy transfers are commonly observed
between Ru(II) and Os(II) polypyridyl complexes.'* '8-22 The use of Ru(Il) peripheral subunits

23,24 that allow for fast and

connected to an Os(II) central unit by suitable bridging ligands
efficient converging energy transfer, qualifies these dendrimers as efficient molecular
antennae.”>?8 However, although attractive targets, dendrimer design remains challenging.
Increased light absorption can be achieved by introducing intermediate metal subunits between
the peripheral Ru(II) and central Os(II) and thereby increasing the nuclearity of the dendrimer.
However, crucially, the thermodynamics of the intermediate metal units must be in-between
those of the peripheral Ru(Il) subunits and the Os(II) center, or the convergent energy transfer
becomes inefficient or inoperative.?* *° Furthermore, most Ru(II)-Os(II) polynuclear complexes
reported to date were obtained using bidentate ligands that, unless stereospecific synthetic
approaches are used, do not allow for stereo (A and A) and geometric (mer and fac) control.3"”

3% Hence, mixtures of several diastereoisomers resulted, complicating structural

34-36

characterization and, in some rare case, impacting the excited-state properties and vectorial

energy transfer, or interaction with chiral molecules.*’*?

Complexes with tridentate ligands, such as 2,2°:6°,2” -terpyridine (tpy), do not yield such
isomers and can produce well-characterized geometric patterns.'® 45 In addition, tpy
complexes typically exhibit enhanced stability due to the chelate effect, compared to bpy
analogues. The use of tpy ligands was already reported for the synthesis of dendrimers.*® 4’
Unfortunately, tri- and pentanuclear Ru(I1)-Os(II) complexes as previously reported by

Constable ef al. solely underwent energy transfer at low temperatures.*



Herein, the synthesis of a stereoisomerically pure heptanuclear dendrimer 3, containing a
central Os(Il) core surrounded by six Ru(Il) centers is reported (Scheme 1). An efficient
convergent downhill energy transfer occurs from the four peripheral Ru(Il), via the two
intermediate Ru(Il), to the central Os(II) energy acceptor. Dendrimer 3 was fully characterized
by in depth 'H NMR analysis and mass spectrometry in concert to ion mobility spectrometry
coupled to mass spectrometry (IMS-MS). Finally, the redox and photophysical properties of 3

were also investigated.

Scheme 1. Synthesis pathway of dendrimer 3.
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Results and Discussion

Dendrimer 3 was prepared by a three-step synthesis (Scheme 1). Firstly, complex 2a was
synthesized at 90°C under microwave irradiation by complexation of [Ru(tpy)Cls] with the
brominated bridging ligand* in a water/isopropanol/hexafluoroisopropanol mixture in the
presence of N-ethylmorpholine as reducing agent. Secondly, the additional tpy coordination site
(2b) was generated by reacting 2a with (4-([2,2":6',2"-terpyridin]-4'-yl)phenyl)boronic acid in

the presence of Pd(0). Finally, the heptanuclear dendrimer 3 was obtained after reaction



between 2b and K>OsCls in ethylene glycol at 180 °C under microwave irradiations. Complexes

1 and 2 were synthesized as previously described.*
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Figure 1. Structures of the polynuclear complexes 1-3 and [Os(phtpy).]*" (top). ESI-MS
spectrum (a) with charged states assigned to all signals. 'H NMR spectrum (b) of 3 with the
corresponding peak assignment (NMR recorded in CD3CN at 295K at 500 MHz).

Dendrimer 3 and its precursors were unambiguously characterized by HRMS measurements
and "H NMR spectroscopy (Figures 1a and S1-S33). The use of terpyridine moieties resulted
in a stereoisomerically pure dendrimer 3. Consequently, the 'H NMR spectrum (Figure 1b)
was well-defined and could be fully assigned by combination of 'H-'H COSY and 'H-'H
NOESY 2D experiments (Figures S7-S17). 2D DOSY NMR of 2b and 3 confirmed that only

pure compounds were present in solution (Figures S18-S23). The hydrodynamic volume of 3



was determined by DOSY as 1.84 times larger than that of 2b (Tables S1-S3). The ESI mass
spectrum of 3 (positive mode -Figure 1a) featured a series of well-defined peaks corresponding
to adducts of 3 with PFs counterions, i.e. [3 + n PF¢]"*™* cations with charges that ranged
from 3+ to 14+ (Figures S29-S33). Further information was obtained by ion mobility
spectrometry (IMS-MS),>! which is an experimental technique that separates ions based on their
mobility in a cell filled with buffer gas (He or N>) under an applied electric field. The drift time
through the cell, i.e. the measured variable in IMS experiments, is directly proportional to the
ion collision cross section (CCS), which represents the effective interaction area between the
ion and the buffer gas and can be associated with the 3D structure.’! Narrow and unimodal
arrival time distributions (ATD) were measured for the highest charge state of 2b (6+) and 3
(14+), which is indicative of unique species (Figure S34). Average experimental CCS values
of 500 A2 and 981 A? were determined for the highest charge states of 2b and 3, respectively.
These agreed with the theoretically average values (493 A? and 950 A?) predicted by Molecular
Dynamics simulations (Figure S35). Understandably, the experimental CCS of 3 was almost

twice that of 2b, in agreement with DOSY experiments.

Cyclic and differential pulse voltammograms (DPV) of 3 are presented in Figures 2a and 2b,
while the corresponding electrochemical data are gathered in Table 1. Two reversible processes
were recorded, the first at +0.91 V vs Ag/AgCl, followed by the second at +1.31 V vs Ag/AgCl.
The first process was attributed to metal-centered Os™"D oxidation, consistent with the
oxidation potential of [Os(phtpy).]*" (Figures S36-S37). The second process was attributed to

the simultaneous one-electron Ru™™ oxidation of the six ruthenium centers of 3.
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Figure 2. Cyclic (a) and differential pulse (b) voltammograms of 3 recorded in 0.1M [n-
Bu4][PFs ] acetonitrile electrolyte.



Table 1. Electrochemical data of the indicated complexes in 0.1M [n-Bu4][PFs]
acetonitrile electrolyte at 293K.

Compound Ein™ E12"™¢
(V vs Ag/AgCl)
1 +1.30 -1.19; -1.41
2 +1.37 —0.90; -0.96; —1.25,-1.38
3 +0.91; +1.31 —0.93; -0.99; —-1.20; —1.40
[Os(phtpy)2]>* +0.94 C1.15: -1.42

The oxidation of both peripheral and intermediate Ru(Il) centers occurred at the same
potential, as observed for 2. Hence, limited electronic interaction was conferred by the bridging
ligand connecting the Ru(II) centers. In DPV, the intensity of the Ru™™D oxidation wave was
about six-fold that of the Os™V oxidation, in agreement with the metallic composition of 3.
The ligand-centered reductions of 3 were assigned by comparison with the corresponding
parent complexes (Figure S38). For compound 1, which behaves similarly to [Ru(tpy)2]**,%
the first reduction wave (—1.19 V) was attributed to the reduction of two terpyridine moieties
connected to two Ru(Il) and the second reduction wave (—1.41 V) to the two remaining
terpyridine moieties. The first (—0.90 V) and second (—0.96 V) reduction peaks of 2 were
attributed to two successive one-electron reductions of the bridging ligand,>® more precisely,
the part connecting the different Ru(Il) centers. The peak at —1.25 V was attributed to the
reduction of one of the three terpyridine ligands connected to the Ru(Il) centers and the peak at
—1.38 V was attributed to the reduction of the last two terpyridine ligands connected to the
Ru(II) centers. Finally, for 3 the first (—0.93 V) and second (—0.99 V) reduction peaks were
attributed to two successive reductions of both bridging ligands, in a similar way as observed
for 2. The peak at —1.20 V was attributed to the reduction of two of the six terpyridine ligands
connected to the Ru(Il) centers and to one of the two terpyridine moieties connected to the
Os(I), at similar potential than for [Os(phtpy):]*". The peak at —1.40 V was attributed to the
reduction of the last four terpyridine ligands connected to the Ru(Il) centers and the last

terpyridine connected to the Os(II).
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Figure 3. Absorption (solid) and photoluminescence (dash) spectra of the indicated complexes
recorded in acetonitrile at 293K.

The absorption and photoluminescence (PL) spectra of the different compounds are shown in
Figure 3 and the corresponding photophysical data are gathered in Table 2. The absorption
spectra are typical for Ru(Il) and Os(II) polypyridyl complexes, with bands in the UV region
attributed to ligand-centered transitions. The visible region is mostly dominated by metal-to-
ligand charge transfer (MLCT) transitions in Ru(II) and Os(II) subunits. The band around 500
nm was attributed to spin-allowed MLCT transitions for both metals, whereas the transition
around 670 nm was assigned to the spin-forbidden *MLCT transition in Os(II) derivatives.®
The absorption spectrum of 3 closely corresponded to the sum of the individual spectra of its
constituent units, highlighting once again their limited electronic interaction in the ground state.
For all complexes, the PL was typical for °"MLCT excited-state. The very weak PL of 1 at 293

K (Figure S39) was a consequence of the very fast and efficient non-radiative deactivation

through the triplet metal center (*MC) excited-state.*> The unusually long-lived PL of 2 arose

from an energy transfer from the two peripheral Ru(II) to the intermediate Ru(II) center, which
displayed significantly less non-radiative deactivation through the *MC excited-state.’® The PL
of 3 was characteristic of the Os(II) subunit, as confirmed by comparison with [Os(phtpy)2]*".
The absence of significant deactivation through the *MC at 293K in Os(Il) terpyridine

complexes led to longer excited-state lifetime and greater PL quantum yield (®pr) compared to

their Ru(Il) counterparts.® In 3, there was no residual photoluminescence of Ru(Il) subunits,

indicating that they were fully quenched by the Os(II) center.



Table 2 Spectroscopic and photophysical data for the indicated complexes

Absorption[® Photoluminescence®
Amax NM (g, Mtcm™) Amax ®p 9 o ler (490 I (650
(nm)®! (o) nm) - am)lea
1 483 (27,500) 639 W fal
2 497 (41,000) 682 0.0018 119
(0.0014) (101)
3 497 (77,900); 670 736 0.012 161 60 57
(4600) (0.0073) (98)
Os(phtpy)]** | 489 (21,600): 667 | 728  0.020 184 100 100
(5500) (0.011) (102)

& Acetonitrile solution, 293 K. [Pl Excitation at Amax 0f tMLCT. [l In argon purged acetonitrile
solution with values for air equilibrated solution in parenthesis. [ Isoabsorptive solution of 3
and [Os(phtpy)2]?* at the wavelength of excitation. ¢ Relative intensity with Aexc = 490 nm. At
this excitation wavelength both the Ru and Os subunits are excited. 1 Relative intensity with
lexc = 650 nm. At this excitation wavelength, only the Os subunit is excited. [ Luminescence
too weak to be quantified.

Isoabsorptive solution of 3 and [Os(phtpy)2]** were then excited at 650 nm or 490 nm (Figure
4). For 3, at 490 nm, the Os(II) center absorbed approximatively 1/7™ of the light, whereas the
remaining portion of light was absorbed by Ru(II) subunits. At 650 nm, both [Os(phtpy)2]*" and
the Os(II) in 3 were solely responsible for light absorption. In both cases, the Os(II) relative
emission intensities were identical within the experimental error (Table 2). This indicated that
in 3, the energy absorbed by the Ru(Il) subunits was quantitatively funneled to the Os(II)
center.'® This was also confirmed by the close match between the absorption and the excitation

spectra (Figure S41).
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Figure 4. Emission spectra for [Os(phtpy)2]*" and 3 in degassed acetonitrile solution at 293 K,
a) excitation at 490 nm and b) excitation at 650 nm. The solutions are isoabsorptive at the
wavelength of excitation.

The driving force for energy transfer (AGgar) between *MLCT excited-state from the
peripheral Ru(Il) to the intermediate Ru(Il) was estimated to be —0.13 eV based on the PL
maxima of 1-3 at 293 K. AGgatr = — 0.14 eV was determined for energy transfer from the
intermediate Ru(II) to the central Os(I). As a consequence, a unidirectional downhill
convergent energy transfer with unitary efficiency was observed (Figure 5). This observation
implied that the rate constants for energy transfer must largely exceed the intrinsic decay rate
constants of individual subunits. Interestingly, the increased number of metal centers was
accompanied by an increase of the excited-state lifetime and ®pr (3>2>1), concomitant with a
decrease in the energy of the "MLCT excited-state. This underlines that the PL properties are
mainly determined by the final energy acceptor in light-harvesting molecular antennae with

efficient energy transfer.

Figure 5. Schematic representation of the energy gradient in the light-harvesting dendrimer 3.



Conclusions

In conclusion, we successfully synthesized and characterized a new stereoisomerically pure
heptanuclear Ru(I1)-Os(Il) dendrimer templated by multitopic ligands with terpyridine binding
site. Collision cross section values of 500 A2 and 981 A? were determined by IMS-MS for the
highest charge states of 2b and 3, respectively, which agreed with in depth DOSY
measurements. The formation of dendrimer 3 was accompanied by a drastic increase in visible
light absorption (g = 77,900 M 'cm™" at 497 nm). Within 3, the energy stored from visible-light
excitation was efficiently funneled from the four peripheral Ru(Il) to the two intermediates
Ru(Il) and finally to the Os(II) center via energy transfer. This was made possible by the
judicious design of 3 in which the energy of the corresponding *MLCT excited-states induced
a convergent downhill energy transfer. As a consequence, 3 behaves as a light-harvesting
molecular antenna with unitary energy transfer efficiency in which the final acceptor has an
excited-state lifetime sufficiently long to perform diffusional excited-state electron transfer

reactivity in solution.>

Experimental

Materials. Acetonitrile > 99.9% (VWR), tetrahydrofuran > 99.9% (VWR), diethyl ether >
99% (VWR), isopropanol > 99.9% (VWR), anhydrous acetonitrile > 99.8% (Sigma-Aldrich),
anhydrous N, N-dimethylformamide > 99.8% (Sigma-Aldrich), ethylene glycol > 99% (Roth),
hexafluoisopropanol (HFIP) 99% (Fluorochem), [NH4][PFs] 99% (Fluorochem), [nBu4][PFs]
97% (Fluorochem), N-ethylmorpholine 99% (Sigma Aldrich), 2,2¢:6°,2”-terpyridine 97 %
(Alfa Aesar), 2,2°-bipyridine 98% (Fluorochem), triphenylphosphine 99% (Acros Organic), 2-
acetylpyridine 98% (Acros Organic), benzaldehyde 98+% (Acros Organic), 4-
formylphenylboronic acid 98% (Fluorochem), RuCl3.xH20 35-40% Ru (Acros Organic),
K20sCls.xH20 > 38.7% Os (Alfa Aesar), PACl2 99% (Fluorochem), KNO3 > 99% (Roth), SiO»
40-63 um (Rocc), Sephadex LH-20 (GE Healthcare), 0.45 um PTFE syringe filter (Rocc) were
used as received. [Ru(tpy)Cls],>* [Ru(bpy)s](PFs)2,%> [Os(bpy)s](PFs)2,°® [Os(phtpy)2](PFe)2,*
[Pd(PPh3)s]," 4'-phenyl-2,2":6',2"-terpyridine (phtpy)®® and (4-([2,2":6',2"-terpyridin]-4'-
yl)phenyl)boronic acid® were synthesized according to literature procedures. Water was
purified with a Millipore Milli-Q system. The precipitates were isolated by centrifugation at
6000 rpm for five minutes in a Hettich Universal 320 centrifuge.

Microwave synthesis. Microwave (MW) syntheses were performed on a Milestone

MicroSYNTH labstation under magnetic stirring. Typically, the conditions allowed the vessels

10



to reach the desired temperature in 5 minutes and the vessels were held at the desired
temperature for the indicated period of time.

Nuclear Magnetic Resonance. All NMR spectra were recorded at room temperature
(295 K) on a Bruker Avance 500 spectrometer using a BBO{*H,X} probehead with a z-gradient.
Calibrations were made using residual solvent peak as internal standard (for *H, § = 1.94 ppm
in CD3CN). NMR spectra were processed using MNOV A software. Chemical shifs (3) are
given in parts per million (ppm) and the coupling constants (J) in hertz (Hz). The following
abbreviations were used to designate the multiplicities: s = singlet, d = doublet, t = triplet and
m = multiplet. Standard zg programs were employed for 'H NMR experiments. Relaxation
delay (d1) was 10 s and the number of scans were from 16 to 256. *H,*H-COSY spectrum was
acquired with 4096 data points in f2 and with 300 increments in f1, using 24 scans for each
FID. The recycling delay was 2.0 s; acquisition mode was DQD; one time zero filling in f1;
pure sine bell window function in f1 dimension and n/2 shifted sine square window function in
f2 dimension were applied before Fourier Transformation. *H,'H-NOESY spectrum was
acquired with 4096 data points in f2 and with 256 increments in f1, using 24 scans for each
FID. The recycling delay was 3.5 s; pure phase line shapes were obtained by using time
proportional phase incrementation (TPPI) phase cycling, mixing time of 1.7 s was used; one
time zero filling in f1; 7/2 shifted sine square window functions were applied to 2 and f1
dimensions before Fourier Transformation.
'H DOSY NMR experiments were acquired in spin-off mode with the standard Bruker
ledbpgp2s program using 16 or 32 t1 increments of 16 to 128 transients. The acquisition time
was 2.0 s and the relaxation delay was 10 s (D1). Diffusion time was 0.3 s (D20) and rectangular
gradient pulse duration was 0.6 ms (P30). Gradient recovery delays of 150 ps followed the
application of each gradient pulse. Data were accumulated by linearly varying the diffusion
encoding gradients over a range from 2 to 95 % for 16 or 32 gradient increment values.
Processing of NMR data was performed using Topspin Program 3.1 and the diffusion
coefficient was measured by T1/T2 relaxation module of the constructor's program (Bruker).

Mass Spectrometry. ESI-IMS-MS data were acquired on a Waters Synapt G2-Si mass
spectrometer (Waters, UK) equipped with an Electrospray ionization source used in the positive
ion mode. Infusion samples were prepared in acetonitrile containing 5.10° mg mL* of 2b and
3. For the mass spectrometer parameters, the Electrospray ionization (ESI) conditions were
capillary voltage 3.1 kV; cone voltage 30 V; source temperature 100 °C; desolvation

temperature 200 °C. Dry nitrogen, the desolvation gas, is used as the ESI gas with a flow rate
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of 500 L h* for. For the HRMS (High Resolution Mass Spectrometry — Accurate Mass
Measurements) measurements, a solution of Nal is used to prepare reference ions (lock masses).
lon mobility experiments were performed using the TWIMS cell constituting the so-called Tri-
Wave setup, composed of three successive T-wave elements named the Trap cell, the IMS cell,
and the Transfer cell, in which the wave speed and amplitude are user-tunable. The trap and
transfer cells were filled with argon whereas the IMS cell was filled with nitrogen. A small rf-
only cell filled with helium is fitted between the trap and the IMS cell. Signal attenuation
(pDRE) down to 1% was used to limit ion diffusion in the traveling wave ion mobility cell, as
a way to avoid IMS signals broadening. The IMS cell conditions were N2 flow rate 80 mL min~
! wave velocity 750 m s and wave height 40 V. TWIMS data were analyzed using the Waters
MassLynx SCN 901 software. Arrival time distributions (ATDs) were recorded by selecting
the most abundant isotope for each ion composition to avoid unspecific selection. ATDs were
converted into collisional cross-section (CCS) distributions in helium by means of a polymer
calibration following a procedure detailed in the literature® using commercial PEG samples
with average molecular weights of 600, 1000, 2000 and 3350 g mol* and PLA samples with
average molecular weights of 4000, 5500 and 10 000 g mol™*. The CCSs are determined at the
APEX of the CCS distributions.

Molecular Dynamics Simulations of Gaseous lons. Simulations of the gas phase
behavior of 3 (14+) and 2b (6+) were performed with Materials Studio 18.0%! using the
DREIDING®? force field. The osmium atom was added with the same van der Waals parameters
as for ruthenium. Gasteiger partial charges were used. A first quenched dynamics (NVT) was
performed at 800 K for 25 ns, in vacuum. The most stable geometry among the 100 generated
structures was reinjected in a second quenches dynamics (NVT) at 200K for 25 ns. The most
stable structure was then used as a starting point for two consecutive MD simulations (NVT) at
298 K for 25 ns, in vacuum. 250 structures were extracted from the last MD simulation with
100 ps intervals, and further submitted to CCS calculations using the Trajectory Method as
implemented in Collidoscope.®

UV—Visible Absorption. UV—vis absorption spectra were recorded on a Shimadzu UV -
1700 with 1 cm path length quartz cell at 293 K.

Steady-State Photoluminescence. Fluorescence spectra were recorded on a
FluoroLog3 FL3-22 from Jobin Yvon equipped with an 18 V, 450 W xenon short arc lamp and
an R928P photomultiplier. Excitation and emission spectra are corrected for the instrument
response. The PL quantum yield, ®p., was measured by comparative actinometry using
[Ru(bpy)s]**.2PFs in acetonitrile®® (® = 0.018) as a quantum yield standard for Ru(II)

12



compounds (excitation at 450 nm) and [Os(bpy)s](PFs)2 in acetonitrile>® (® = 0.005) for Os(II)
compound (excitation at 490 nm).

Time-Resolved Photoluminescence. Luminescence lifetimes measurements were
performed after irradiation at A = 400 nm obtained by the second harmonic of a
titanium:sapphire laser (picosecond Tsunami laser spectra physics 3950-M1BB and 39868-03
pulse picker doubler) at a 0.8 MHz repetition rate. Fluotime 200 from AMS technologies was
used for the decay acquisition. It consists of a GaAs microchannel plate photomultiplier tube
(Hamamatsu model R3809U-50) followed by a time-correlated single-photon counting system
from Picoquant (PicoHarp300). The ultimate time resolution of the system is close to 30 ps.
Luminescence decays were analyzed with Fluofit software available from Picoquant.

Electrochemistry. Cyclic voltammetry (CV) and differential pulse voltammetry (DPV)
was performed with an Autolab PGSTAT 100 potentiostat using a standard three-electrode-
cell, i.e. a glassy carbon disk working electrode (approximate area = 0.03 cm?), a platinum wire
counter electrode and an aqueous Ag/AgCl reference electrode. Experiments were performed
in dry 0.1 M [nBus][PFs] acetonitrile solution. Before each measurement, the solutions were
purged by nitrogen. For cyclic voltammetry, a scan rate of 0.1 V/s was used. For differential
pulse voltammetry an amplitude of 0.05 V, pulse width of 0.05 s, sample width of 0.0167 s and
a pulse period of 0.2 s were used.

[Rus(L2a)(tpy)s](PFs)s (2a): To L2a (0.015 g, 0.0170 mmol, 1 equiv) and [Ru(tpy)Cls]
(0.0292 g, 0.0662 mmol, 3.9 equiv) was added a mixture of water/isopropanol/HFIP (14 mL,
4/3/1) and N-ethylmorpholine (0.5 mL). The reaction medium was heated to 90 °C in a
microwave reactor for 2 hours and cooled down to room temperature. An excess of aqueous
ammonium hexafluorophosphate was added to the solution and the resulting precipitate was
collected and washed with water. The solid was purified by flash chromatography on SiO»
(acetonitrile/saturated aqueous KNOz/water:7/1/0.75). The desired fractions were concentrated
and the product was precipitated by the addition of an excess of agueous ammonium
hexafluorophosphate. The precipitate was collected and washed three times with water to afford
2a (0.0180 g, 39%) as a dark red solid.

'H NMR (CD3CN, 500 MHz): & (ppm) 9.75-9.72 (m, 4H, H. and Hg), 9.25 (s, 4H, H3'
and Hs), 8.93 (d, Jus3 mss)-us+ = 8.4 Hz, 2H, Hg3° and Hgs), 8.80-8.76 (m, 8H, Hs, H3~, Has
and Has), 8.66 (d, Jua-+a = 8.4 Hz, 2H, Hgs and Hg3~,), 8.57 (t, Jus4- us3@ss) = 8.4 Hz, 1H,
Hgs), 8.51-8.48 (m, 6H, Hasz, Ha3» and He), 8.44 (t, Juas- Hazmas) = 8.2 Hz, 2H, Has’), 8.06-
8.03 (m, 4H, Hp, Hea and Hgs~), 7.98-7.95 (m, 6H, Hs, Hs and Hs»), 7.92 (t, JHas- HA3HAS) = 7.9
Hz, 4H, Has and Has»), 7.77 (d, JHa- 1o = 5.7 Hz, 2H, Ha), 7.70 (d, JxBs- HBs = 5.6 Hz, 2H, Hags
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and Hge»), 7.38 (d, JHe(HA6)- H5(HAS) = 5.4 Hz, 8H, He, He», Has and Hae>), 7.34-7.31 (m, 2H, Hes
and Hgs»), 7.21-7.19 (m, 4H, Hs and Hs~), 7.15-7.13 (m, 4H, Has and Has). HRMS (ESI): m/z
calculated for [CosHssN1sRu3]®*: 309.0332; found: 309.0337.

[Rusz(L2b)(tpy)3](PFe)s (2b): To 2a (0.0514 g, 0.0188 mmol, 1 equiv.), (4-([2,2":6',2"-
terpyridin]-4'-yl)phenyl)boronic acid (0.0199 g, 0.0566 mmol, 3 equiv.) and K2CO3 (0.0391 g,
0.286 mmol, 15 equiv.) was added a mixture of N,N-dimethylformamide/water (7 mL, 2.5/1).
The reaction mixture was degassed by four freeze-pump-thaw cycles. After the third cycle,
when the reaction mixture was frozen, [Pd(PPhs).] (0.0020 g, 0.00283 mmol, 0.15 equiv.) was
added and one more freeze-pump-thaw cycle was performed. The reaction mixture was heated
at 85°C during 4h under argon and cooled down to room temperature. An excess of aqueous
ammonium hexafluorophosphate was added to the solution and the resulting precipitate was
collected and washed with water. The resulting precipitate was partially dissolved in 1 mL of
tetrahydrofuran and re-precipitate by the addition of 15 ml of diethyl ether and collected by
centrifugation. This was repeated until no residual precursor was detected in the supernatant by
TLC on SiO,. The precipitate was dried under vacuum, dissolved in acetonitrile and filtered
through a 0.45 um PTFE syringe filter. The resulting solution was dried to afford 2b (0.0414
g, 74%) as a dark red solid.

'H NMR (CD3CN, 500 MHz): & (ppm) 9.54 (s, 2H, Hq), 9.42 (d, Jne-nb = 1.7 Hz, 2H,
Hc), 9.06 (s, 4H, Hs> and Hs), 8.93 (d, Juss'mss)-u4 = 8.3 Hz, 2H, Hg3- and Hegs'), 8.86 (s, 2H,
Hi), 8.77 (d, Juaszmasy-nas = 8.2 Hz, 4H, Has> and Has’), 8.75-8.72 (m, 4H, Hm and H;), 8.66
(d, JH3(HB3)-H4aHB4) = 8.1 Hz, 6H, H3, H3», Hgz and Hg3~), 8.61-8.56 (m, 3H, Hg4 and He), 8.50
(d, Jnaz-Has = 8.0 Hz, 4H, Has and Has»), 8.45 (t, Juas-naszas) = 8.2 Hz, 2H, Has), 8.21 (d,
Jut.He = 8.5 Hz, 2H, Hy), 8.13 (d, Jnun-Hg = 8.6 Hz, 2H, Hh or Hg), 8.10-8.08 (m, 2H, Hx or Hy),
8.08-8.05 (m, 2H, Hgs and Hg4>), 8.02-7.96 (m, 8H, Hy, Hx, Hs and Hy), 7.92 (td, JHa4-HA3(AS5)
= 8.0 Hz, Juaa-Has = 1.4 Hz, 4H, Hag and Has~), 7.79 (d, Jna-rn = 5.8 Hz, 2H, Ha), 7.70 (d, Jnse-
nes = 5.8 Hz, 2H, Hge and Hge~), 7.47 (ddd, Jni-im = 4.7 Hz, Jni-vk = 7.5 Hz, Jniwj= 1.2 Hz, 2H,
Hi), 7.39 (dd, Jxe-Hs = 5.5 Hz, Jne-na = 0.6 Hz, 4H, He and He>), 7.35-7.33 (M, 6H, Has, Has",
Hgs and Hgs>), 7.23-7.21 (m, 4H, Hs and Hs~), 7.16-7.13 (m, 4H, Has and Has»). HRMS (ESI):
m/z calculated for [C117H7oN21Ru3]®*: 347.0669; found: 347.0678.

[Os(Rus(L2b)(tpy)z)2](PFse)14 (3): To 2b (0.025 g, 0.00846 mmol, 2.66 equiv.) and
K20sCls (0.0015 g, 0.00317 mmol, 1 equiv.) was added ethylene glycol (4 mL) and N-
ethylmorpholine (0.2 mL). The reaction medium was heated at 180 °C in a microwave reactor
for 10 minutes and cooled down to room temperature. An excess of aqueous ammonium

hexafluorophosphate was added to the solution and the resulting precipitate was collected and
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washed with water. The solid was purified by a size exclusion chromatography on sephadex
LH-20 (methanol/acetonitrile/water/saturated aqueous KNO3:45/45/7.5/2.5). The desired
fractions were concentrated and precipitated by the addition of an excess of aqueous ammonium
hexafluorophosphate. The precipitate was collected and washed three times with water to afford
[Os(Ruz(L2b)(tpy)s)2](PFs)14 (0.0093 g, 46%) as a dark red solid.

'H NMR (CD3CN, 500 MHz): & (ppm) 9.60 (s, 4H, Ha), 9.49 (d, Juc-np = 1.4 Hz, 4H,
Hc), 9.12 (s, 4H, Hi), 9.09 (s, 8H, Hs> and Hs), 8.94 (d, Jus3'#ss)-uss = 8.3 Hz, 4H, Hgs> and
Hgs’), 8.77 (d, Juazymasy-nas = 8.2 Hz, 8H, Haz> and Has), 8.69-8.58 (m, 20H, He, Hj, Hs, H3»,
Hgs and Hgs»), 8.60 (t, Jus4:-uB3-@mssH) = 8.3 Hz, 2H, Hgs’), 8.51 (d, Juas-Has = 8.0 Hz, 8H, Has
and Has»), 8.45 (t, Juas-uazy@as) = 8.2 Hz, 4H, Has), 8.38 (d, Juh-Hg = 8.4 Hz, 4H, Hy), 8.30
(d, Jnt-He = 8.4 Hz, 4H, Hy), 8.26 (d, JHg-Hh = 8.4 Hz, 4H, Hg), 8.07 (td, JHsa-HB3HBS) = 8.0 Hz,
JHBa-HBs = 1.3 Hz, 4H, He4 and Hgs>), 8.00-7.97 (m, 12H, Ha, Hs» and Hy), 7.93 (td, JHas-HA3HAS)
= 8.0 Hz, Juas-nas = 1.4 Hz, 8H, Has and Has»), 7.83 (td, Jnk-rjHry = 8.0 Hz, JHk-hm = 1.3 Hz,
4H, Hy), 7.80 (d, JHa-Hb = 5.9 Hz, 4H, Ha), 7.73 (d, Jnes-Hes = 6.3 Hz, 4H, Hgs and Hge>), 7.40-
7.34 (m, 24H, Hm, He, He, Has, Has», Has and Hgs»), 7.23-7.21 (m, 8H, Hs and Hs»), 7.17-
7.14 (m, 12H, Hi, Has and Has). HRMS (ESI): m/z calculated for [CassH15sNs20sRUs]***:
311.0545; found: 311.0550.
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A novel stereoisomerically pure heptanuclear Ru(ll)-Os(Il) dendrimer is reported. This
dendrimer exhibits large molar absorption coefficient (¢ = 77,900 Mlcm™ at 497 nm). Visible
light excitation leads to unitary downhill energy transfer from the peripheral Ru(ll) subunits to

the Os(I1) center that displays photoluminescence with a lifetime (t =161ns) competent for
diffusional excited-state electron transfer reactivity in solution.
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