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The six multichromophoric specids-6, containing the potentially luminescent Ru(ll) polypyridine subunits

and 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene fluorophores (dipyrrometB&aelyes, herein after called
bodipy), have been prepared and their absorption spectra, luminescence properties (both at room temperature
in fluid solution and at 77 K in rigid matrix), and redox properties have been investi¢fatethe structural

formulas of all the compounds, see Figure Eor comparison purposes, also the same properties of the
bodipy-based free ligands have been examined. Three of the multichromophoric spe@gare based on

the Ru(bpy}-type metal subunit, whereak-6 are based on the Ru(tergytype metal subunit. Transient
absorption spectroscopy at room temperature of all the compounds has also been performed. The absorption
spectra of all the metal complexes show features that can be assigned to the Ru(ll) polypyridine subunits and
to the bodipy centers. In particular, the lowest energy spin-allowed* transition of the bodipy groups
dominates the visible region, peaking at about 530 nm. All the new complexes exhibit a rich redox behavior,
with reversible processes attributed to specific sites, indicating a small perturbation of each redox center and
therefore highlighting the supramolecular nature of the multichromophoric assemblies. Despite the good
luminescence properties of the separated componéni§, do not exhibit any luminescence at room
temperature; however, transient absorption spectroscopy evidences that for all of them a long-lived (microsecond
time scale) excited state is formed, which is identified as the bodipy-based triplet state-puaioe transient
absorption spectroscopy suggests that such a triplet state is formed from the promptly prepared bodipy-based
In—m* state in most cases by the intervention of a charge-separated level. At 77 K, all the complexes except
complexl exhibit the bodipy-based fluorescence, although with a slightly shortened lifetime compared to the
corresponding free ligand(s), a6 also exhibit a phosphorescence assigned to the bodipy subunits.
Phosphorescence of bodipy species had never been reported in the literature to the best of our knowledge:
in the present cases we propose that it is an effective decay process thanks to the presence of the ruthenium
heavy atom and of the closely lyifyILCT state of the Ru(terpytype subunits.

Introduction This barrier can be imposed by twisting the molecular axis such
| that the donor and acceptor units are no longer coplanar, because

Multichromophoric species are quite interesting from several © > X
P B q d this has the effect of preventing the system from forming

viewpoints. For example, they can exhibit photoinduced inter- .
component electron and/or energy transfer processes, possibiFXtended orbitals.

leading to valuable functions such as charge separation and/or Among the many stable and strongly luminescent dyes
energy migratiort. The study of such processes and functions available, 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene derivatives
has been and continues to be fruitful in terms of both (trade name bodify appear to be particularly well suited for
fundamental knowledge (e.g., for experimental verification of the design of new dual-dye systefis particular, the fluores-
electron and energy transfer theorfeaid applicative reasons  cence properties of bodipy chromophores can be tailored and
(e.g., for the development of synthetic systems for artificial tuned by a variety of different substitution patterns both on the
photosynthesis). pseudo-meso position and on the pyrrole finY. The avail-

A potential way to design molecules suitable for such ability of sophisticated bodipy-based structures offers the
applications is to connect a donor component, having strong possibility to tackle specific problems linked to (i) sensing of
absorbance at the excitation wavelength, to an acceptor thatprotond? or other cation 15 by optoelectronic switching, (ii)
displays good emissive properties. An added requirement is thatlight-harvesting in porphyrin-based arr&§and (jii) Stokes’ shift
some type of internal barrier has to be inserted to prevent the dgiscrimination in energy transfer based on molecular moddles.
donor-acceptor structure acting as a single “large molectile”. o the other hand ruthenium(ll) tris-bipyridine and ruthenium-

P . (I bis-terpyridine complexes exhibit well-established redox and
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Figure 1. Structural formulas of free ligands and metal complexes. The ruthenium complexes are dications and for each complex two
hexafluorophosphate anions are present.

Here we report the synthesis, the absorption spectra, theintercomponent processes are expected. The structural formulas
photophysical properties (both at room temperature in fluid of the species studied are shown in Figure 1, together with the
solution and at 77 K in rigid matrix), and the redox behavior of abbreviations used. The same properties of the free ligands are
six new ruthenium(ll) polypyridine complexes covalently linked also reported, for comparison purposes. The presence of two
to pyrromethene BF, (bodipy) chromophores. In these species, methyl groups on the bodipy core and in close proximity with
two well-known classes of luminophores, the Ru(ll) polypyri- the chelating platform induces a twist of the bodipy subunits
dine family and the pyrromethen®F, dyes, are therefore  with respect to the fragments carrying the metal-based chro-
linked by a covalent bond so that interesting photoinduced mophores and prevents a complete conjugation between the
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TABLE 1: Spectroscopic and Photophysical Data

luminescence

298 K 77K
compound absorptioknax, NM (€, M~cm™1) Amax, NM 7, NS P 0 Amax NM T

1 238 (34100); 288 (69400) Bs
453 (13400); 532 (36100)

2 242 (39390); 287 (76750) 15 536 5ns
396 (12240); 455 (14710)
523 (61340)

3 235 (74300); 286 (81100) 5 535 6 ns
370 (70600); 523 (86700)

4 273 (34800); 307 (43250) 15 540 6 ns
489 (17100); 531 (24900) 795 12 ms

5 276 (52800); 310 (73100) @5 536 5ns
494 (47700); 523 (66100) 774 50 ms

6 272 (71700); 337 (67200) 30 540 4ns
372 (58000); 523 (89600) 774 50 ms

L1 292 (13200): 376 (3600) 544 4 0%9 547 8ns
529 (39800)

L2 241 (22760); 322 (55220) 540 4 0570 536 7ns
396 (7970); 527 (87904)

L3 359 (81500); 522 (133400) 536 5 087 536 7ns

L4 280 (24500); 378 (7800) 546 6 048 540 8ns
529 (62700)

L5 278 (199800); 371 (8300) 540 4 0¢70 536 7ns
527 (64700)

L6 284 (37500); 336 (70800) 542 4 099 535 6 ns

527 (114700)

a For the absorption, the maxima (or shoulders) of the spin-allowed ligand-centered and/or MLCT bands are given. The absorption and the room
temperature emission data are in £t for L1—L6 and in CHCN for 1—6. The 77 K luminescence data are in butyronitrile solutfofihese data
refer to the lifetime of the lowest, nonemissive excited state, measured by transient absorption spectroscopy (deattekt)m ref 21.

various subunits. Preliminary information dealing with some : Tem (a.u)
properties of a few compounds reported here has already been_ 10|
communicated? T

Results

Synthesis and some properties of the free ligabtls L6
have been recently describ®dhe already published properties
(redox, absorption and room temperature luminescence data)
are included here in the various tables (see later) for comparison
purposes, as well as the free ligands properties investigated here . o » o .
for the first time, such as the 77 K luminescence properties and ::i:?ltj){;e 2. AtplsorgtloR ((ljnl_acetonltntle, g(;hd line) and 77 K emission
the transient absorption data. Ligands built from a bipyridine tyronitrile, dashed line) spectra
unit (L1, L2 andL 3) were complexed using a classical procedure 12
with stoichiometric amounts of [Ru(bipy3l,]-2H,0?? as a metall
precursor. For the terpyridine based ligands, L5 andLg), a
suitable synthetic route usess-Cl—[Ru(terpy)(DMSO)C}]%3
as a metal salt. To ensure a good yield, the metal precursors
was previously dehalogenated with AgB[.2 equiv) and the
resulting methanol solution was allowed to react with the free 41
ligand under anhydrous and anaerobic conditions. All complexes
were isolated as the hexafluorophosphate salts by column
chromatography and recrystallization from adequate solvents. 90
Their molecular structures were unambiguously assigned by
NMR, FT-IR, electrospray mass spectroscopy, and elemental
analysis.

The new compound$—6 exhibit a quite intense absorption undergo several oxidation and reduction processes, generally
in the visible, dominated by a sharp band with a maximum reversible. Table 2 collects the redox data, and Figure 5 shows
between 520 and 535 nm and by a broader band with a lowerthe cyclic voltammograms of complex&sand 6.
intensity with a maximum between 450 and 500 rurof the Whereas the free ligandsl—L6 exhibit fluorescence both
band maxima in the range £ 10* to 2 x 1P Mt cm™?). at room temperature in fluid solution and at 77 K in rigid matrix,
Intense absorption bands are also present in the UV region ( in all the cases with lifetimes between 1 and 10 ns, not one of
in the range 1x 10*to 1 x 10° M~1 cm™1). The relevant the metal complexes is luminescent at room temperature in fluid
absorption data are collected in Table 1. Figured 2how the solution. However, nanosecond transient absorption spectros-
absorption spectra of compounglss, and6, respectively. The copy indicates that an excited state with a relatively long lifetime
redox behavior ofl—6 is quite rich: the compounds indeed (in the microsecond time scale in deoxygenated acetonitrile) is

Iem (a.u.)

101

4, Mlem!

8

Ex10

Figure 3. Absorption (in acetonitrile, solid line) and 77 K emission
(in butyronitrile, dashed line) spectra 6f
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Figure 4. Absorption (in acetonitrile, solid line) and 77 K emission I
(in butyronitrile, dashed line) spectra 6f 5
Fct/Fc b)
TABLE 2: Redox Data?
compound Ei1/20%V VS SCE Ei/orea V VS SCE
1 +1.08;+1.40 —1.07;-1.15 fal ' , ‘
—1.38;-1.63 150 00 300 ( -500 -1B40%£1500 -2000
2 +1.01;+1.38 —1.16;-1.37 [2];
—1.56
3 +0.99 [2;+1.43  —1.00;—1.14; mV vs SCE
—1.35[2];—1.55 ) ) - ) o
4 +1.07;+1.41 —1.02;—1.30; Figure 5. Cyclic voltamogramm measured in anhydrous acetonitrile
—1.65 using tetrabutylammonium hexafluorophosphate as supporting electro-
5 +0.99:+1.34 —1.14;—1.36;—1.55 lyte: (a) complex5; (b) complex6. Fc accounts for ferrocene and a
6 +0.99 [2]; +1.44, —1.06;—-1.33 [2]; scanning rate of 200 mV/s was used.
—1.48;-1.60
[Ru(bpy)]2* +1.27 —1.34;—1.54;-1.79 |'
[Ru(terpy)]>* +1.30 —1.27;,-1.52 )
L1 +1.08 ~1.33 a |
L2 +1.05 -1.34 | ‘ \ b
L3 +1.00 [2] -1.34[2];-1.73 M J‘ \'.F If h
L4 +1.12 (irrev) ~1.27 ' HfJ L.fl ll'ﬁ.. }
L5 +1.08 (irrev) -135 A LTV W
6 +1.00 2] ~1372] et o v rm o M M N N E e
9.0 85 8.0 7 7.0

@ Potentials determined by cyclic voltammetry in deoxygenated

anhydrous CHCN for the metal complexes—6 and in deoxygenated
anhydrous CKLCl, for the free ligandsL1—L6, containing 0.1 M
TBAPF, at a solute concentration range of 5103 M, at 20 °C.

Potentials were standardized using ferrocene (Fc) as an internal

reference and converted to SCE assuming EaafFc/Fc) = +0.38
V (AE, = 70 mV) vs SCE. The error in half-wave potentialst40
mV. When the redox process is irreversible, the peak poterigbf

E.p) are quoted. The numbers in parentheses refer to the number of
exchanged electrons; when not specified, the process involves one

electron. Data for the free ligands are from ref 21.

{ppm)
b) |

| | i
.

9.0 8.5 8.0 7.3 7.0
(ppm)

formed for all the complexes in these conditions. At 77 K in
rigid matrix, all the metal complexes excebexhibit a short-
lived luminescence (nanosecond time scale) quite similar to that
exhibited by the correspondiid. —L6 free ligands. Compounds
4—6 also exhibit an additional long-lived, red-shifted lumines-
cence (ms time scale) in these conditions. All the luminescence
data are gathered in Table 1, which also shows the lifetime of
the lowest, nonemissive long-lived excited state measured by
transient absorption spectroscopy; Figures42show the
luminescence spectra of compour8ls, and6, respectively.
Time-resolved pumpprobe transient absorption spectros- Figure 6. (a) Proton NMR of complex. (b) Proton NMR of complex
copy, performed at room temperature on the metal complexes,3. (¢) Proton NMR of comple. For the sake of clarity only the
evidenced fo2—6 two successive fast decay processes leading aromatic r(_egion of the spectrum are shown. All spectra have been
to a long-lived excited-state whose spectroscopic signature isMeasured in acetorts-at room temperature.
equivalent to that found by nanosecond flash photolysis (see
above). Forl, only a single fast decay is evidenced by pump
probe spectroscopy.

(ppm)

prototypic examples are given in Figure 6. The spectra reveal
the expected number of aromatic patterns without any overlap-
ping. The most interesting features are given by comglex
whose NMR spectrum displays a splitting of the methyl and
ethyl signals located in close proximity to the prochiral metal
Molecular Characterization. The fingerprint of the proton center. When the distance between the chiral Ru-center and the
NMR spectra of the complexes is the well-defined pattern bodipy core such as iis increased, this splitting is no longer
corresponding to each fragment present in the molecule; observed. The absence of chirality in the case of theterpy

Discussion
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center such as id also resulted in the absence of the methyl those of the bodipy subunits Gfand4, which do not contain
and ethyl splitting. As might be expected in the case of phenylethynyl linkages (Table 2). This suggests that the
complexes2 and 5, the complexation of, respectively, the phenylethynyl group can stabilize the radical cation formed upon
bipyridine and terpyridine fragments resulted in an upfield shift oxidation, making the oxidation process easfer.
of one of the doublet of the AB quartet by ca. 0.2 ppm. The  Finally, it is noteworthy that the metal-centered oxidation in
second doublet belonging to the protons in close proximity to 1—6 occurs in all the cases at more positive potentials than in
the bOdey core is not affected. It is interesting to note that when the model Compounds [Ru(b@ﬁ* and [Ru(terpy3]2+ (See
two bodipy groups are present on the ligands, the proton NMR Taple 2). This effect can be attributed to the interaction between
spectra remain remarkably symmetric, probably due to the the two types of redox-active sites (the bodipy- and metal-
presence of & axis bisecting the central bipyridine fragment centered ones) present in each complex. Such an interaction is
in the case o8 and the central pyridine ring of the terpyridine  probably due to a combination of Coulombic and electronic
moiety in the case 06. contributions. Indeed, the shift of the metal-centered oxidation
It is worth noting that all complexes display well-resolved potential to more positive values compared to the corresponding
carbon NMR spectra, but the most interesting features rely on model compound (i.e., [Ru(bpg§" for 1—3; [Ru(terpy}]?" for
the sp-carbons, which are well resolved as singlets at 96.4 and4—6) is somewhat larger fat (130 mV) and4 (110 mV), where
86.0 ppm for comple® and at 96.7 and 88.4 ppm for complex there is a direct connection between the two redox-active sites,
5. In particular, by complexation of the free ligands with the compared to2 (110 mV) and5 (40 mV), which contain a
metal center, the sp-carbon in close proximity with the chelating phenylethynyl spacer (Table 2). Obviously, the larger positive
bipyridine or terpyridine is the most affected and upfield shifted shifts in the two series of complexes based on bidentate and

by ca. 4 ppm compared to the complexed ligands. tridentate polypyridine ligands are exhibited by the potentials
FT-IR confirms that complexation of the free donor site by of the metal-centered oxidation processe8 ¢160 mV) andé

a cationic Ru center induces a significant shift of the-c (140 mV); in these metal complexes there @ bodipy

stretching vibration from the 2262210 cnt!range in the free  subunits peone metal center.

ligand to the 22172223 cn1! range in the complexes. No Reduction ProcesseEven for the attribution of the various

change in thesg—¢ stretching frequency around 1115 chis reduction processes &f-6 to specific components, a compari-

found by complexation. son with the reduction processes of the free ligabtls-L6

Finally, all complexes analyzed by electrospray mass spec-and of the model compounds [Ru(bgl) and [Ru(terpyj]? is
troscopy gave an intense molecular peak with the expectedquite useful (see Table 2). From such a comparison, it can be
isotopic profile corresponding to the loss of onesPEounter- noted that the first reduction process of each compounds of the
anion. Also present is a weaker peak, corresponding to a doublyl—6 series takes place at less negative potentials compared to
charged species, likely formed by the release of botg PF the first reduction of its own corresponding isolated parent. This
anions. indicates that a nonnegligible interaction takes place between

Absorption Spectra. The UV absorption bands of—6 the bodipy-centered and the metal complexes (i.e., the polypy-
(Table 1, Figures 24) can be assigned to spin-allowed ligand- ndme-cen_tered) reduction sites. A good h|n_t for the _attnbutlon
centered (LC) transitions. In particular, the bands within the Of the various processes comes from the bielectronic nature of
270-300 nm range should receive a dominant contribution from the second reduction process ®&nd 6 (Table 2, Figure 5).

a—m* transitions involving the polypyridine moietid82 Both these complexes indeed bear two bodipy centers that, as
whereas the weak absorption around 360 nm is attributed toindicated by the oxidation behavior (see above), are noninter-
7—a* transitions involving the pyrromether@F, dyes? acting one another. As a consequence, they are expected to be

Absorption bands in the visible region are expected to include "educed simultaneously. Such a line of reasoning allows us to
contributions from spin-allowed metal-to-ligand charge-transfer identify the bielectronic reduction process3#t —1.35 V and
(MLCT) transitions. Actually, such transitions contribute to the ©Of 6at—1.33 V as bodipy-centered processes. As a consequence,
absorption feautures in the region 43810 nm (Table 1, Figures ~ the other reduction processes of the two complexes are
2—4). Finally, the narrow bands that maximize around 530 nm Straightforwardly attributed to the one-electron successive
are assigned to the lowest-energy spin-allowed:* transitions reductions of the polypyridine ligands.
involving the bodipy moietied! To further confirm our attribu- On the basis of the above-mentioned attributions for the
tion, it can be noted that the molar absorbance of the about-reduction processes @fand6, the reduction processes of the
530 nm band in the various compounds strongly depends onother metal complexes can be assigned. In general, the process
the number of appended bodipy subunits (Table 1). occurring at a potential close t61.35 V is assigned to the
Redox Behavior. Oxidation ProcessesAll the new metal ~ bodipy subunits, and the other processes to the polypyridine
complexes undergo two reversible oxidation processes in theligands. The reduction patterns of complex2snd 6 need
potential window examined+1.80/2.00 V vs SCE). On the  further clarifications: for comples, the last reduction process
basis of the potentials of the oxidation processes exhibited by at —1.60 V is probably due to the second reduction of a terpy-
the free |igands and by the model Compounds [Ru(ﬂﬁyhnd like Iigand, in particular of the Ilgand whose first reduction
[Ru(terpy}]?* (see Table 2), the process occurring arotid00 occurs at-1.06 V. However, the potential separation between
V can be attributed to the oxidation of the bodipy subunit(s) Such potentials, 540 mV, cannot be related to the electron pairing
and the one occurring at more positive potentials to the metal- €nergy in coordinated polypyridine ligan#fs® As far as
centered oxidation. Interestingly, the first oxidation process of complex2 is concerned, the reduction process-at.37 V
3 and6 involves two electrons: this is in full agreement with  involves two electrons: we suggest that the two electrons are
the above attribution, because these complexestivedodipy not added to two noninteracting, identical sites, but reduction
subunits, which evidently behave independently of one another. 0f bodipy and of one bpy ligand casually occurs at the same
It also can be noted that the oxidation potentials of bodipy Potential.
subunits connected to the metal-coordinated polypyridine moiety  As far as the origin of the shift of the reduction potential of
via a phenylethynyl group (i.e2, 3, 6) are less positive than  the first, polypyridine-centered reduction process Iof6
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compared to the first reduction of the model metal complexes 4
(Table 2) is concerned, it is probably due to the acceptor ability -
of the bodipy ligands, which stabilizes the LUMO of the metal-
based subunits. This effect obviously is more effective on the
polypyridine ligands directly connected to the bodipy moieties, IMLCT
S0 the.se ligands §hou|d also be the ones involved in the first ——
reduction process in all the complexes, with the other, peripheral
polypyridine ligands being the sites of the successive reductions. _ lp—r*
Photophysical Properties.Luminescence Spectra and Life-
times.Bodipy dyes are well-known and efficient fluorophofe®®
Ru(ll) polypyridine complexes, on the other hand, are probably -
the most investigated inorganic luminophot&2® However,
compoundsl—6, made of Ru(ll) polypyridine and bodipy
subunits, do not show any luminescence in fluid solution at room SMLCT —
temperature (Table 1): in particular, both the fluorescence of
the L1-L6 free ligands and the (formal) phosphorescence of K
Ru(ll) polypyridine complexes are absent in these experimental
conditions. By using a nanosecond transient absorption spectra
apparatus, anyway, we found that in all the metal complexes a il
relatively long-lived (microsecond time scale) excited state was il
formed (see later).

At 77 K in rigid matrix, fluorescence of the bodipy subunits
is present also in the metal complexes, although with lifetimes

slightly reduced compared to those of the corresponding free f is indicated to include all th !

ligands (see Table 1). The fluorescence energy was roughl state, a range of energy is indicated to include all the species (see text).
g e ) ay 9N on the left are represented metal-based levels, whereas bodipy-centered
constant on passing from the free ligands to the metal |evels are represented on the right. In the middle is shown the charge-
complexes, so indicating that the effect of the metal-based separated state (CS), which is a multicomponent (supramolecular) state.
chromophores on the energy levels of the bodipy subunits is GS is the ground state. The deactivation processes between the states
small. The long-lived emission at about 770 nm exhibited by are discussed in the main text.

4—6 cannot be thMLCT emission, on the ba}5|s pf the energy TABLE 3: Driving Force AGcs and “Lifetime” 7cs of the

and lifetime (see Table 1). From model species, in fagt,.CT Quenching of the bodipy-Centered Singlet State at Room
emission forl—6 at 77 K would be expected at wavelengths Temperature Leading to Charge Separation (CS) and

shorter than 720 nm and with a lifetime in the microsecond ‘Lifetime” 7cg of the Charge Recombination Processes

time scale!8293 The millisecond lifetime of the emission Le€ading to bodipy-Centered Triplet State (See Text)

strongly indicates that its origin is an organic triplet state, so it compound AGcs, eV Tcs, PS Tcrs PS

Cs

GS
Figure 7. Estimated energy level diagram ©f6. For each excited

can be safely assigned to phosphorescence originating from the 1 —0.16 &
bodipy-centeredzz* level. 2 -0.13 30 200
From the literature daté2°-30and the experimental results, 3 —0.31 3 96
the energy level diagram shown in Figure 7 can be drawn (in g :8'% 5'5 Zg
such a diagram, only the lowest energy states are represented). 6 —0.25 11 100
On the basis of the experimental results, the lowest-RinigCT L ) ) . .
aThis figure most likely refers to direct intersystem crossing (see

state should be located between 2.75 and 2.50 eV (the energy
is approximated from the spin-allowed MLCT bands in the
absorption spectra of—6, also in agreement with literature
data). The lowest-lying bodipy-centeréa—s* should be in a centers. Intersystem crossing is indeed an effective decay
rather narrow range between 2.32 and 2.28 eV (energy estimateghathway, as indicated by the 77 K luminescence properties of
from literature datt#23%and the fluorescence spectra reported 4—6 (see discussion later). However, if enhanced intersystem
here). Still from literature dat&*?and taking into account the  crossing was the main reason for bodipy fluorescence quenching
structures ofl—6, the lowest-energyMLCT states ofL—6 are in 1—6 at room temperature, fluorescence should be quenched
located between 2.00 and 1.72 eV. Finally, the lowest-energy (ioa)ly or at least largely) also at 77 K. On the contrary, in this

. He * . e .
level in all the complexes should be a bodipy-centéved:z latter experimental condition such a quenching process does not

2223 ’Iz;zgl's?azglc?;?g Z)C/Cr;inn(isti?gg tliani'ggtﬁgrizré);ﬁ:edg]fgppear to be so efficient (according to the moderate shortening
: g Phosp of the 77 K fluorescence lifetimes df~6 compared to those

4—6, this state should imately lie bet 1.65and 1.55 . . i
1S State sholl'd approximately ie between an of the corresponding free ligands, see Table 1) to justify the

eV in this series of metal complexes. total ab ¢ bodi rored f ¢ ¢
N . otal absence of bodipy-centered fluorescence at room temper-
The sch F 7 for th h f MLCT ) .
€ scheme In Figure 7 accounts for the guenching o c ature. TheéMLCT level can hardly play the role of intermediate

emission in1—6: the triplet MLCT state indeed would decay for the | . b bodi d
to the bodipy-centeredi—z* level by intercomponent energy or the intersystem crossing process, because bodipy-centere

transfer, and such a process should be effective both at 77 Kfluorescence cannot be fastly quenched via intercomponent
and at room temperature. The bodipy fluorescence quenchingenergy transfer to populate tALCT level: in fact, the Foster
is less straightforward to explain: in fact, such a fluorescence €quation for Coulombic energy transfeyields values lower
in 1—6 could be quenched by an intersystem crossing processthan 1x 10° s™* for this process irl—6, mainly due to the
that should be enhanced (compared to the free ligands, wherenegligible absorption of the metal subunitsiat 510 nm, and
it is poorly efficient) in1—6 by the presence of the heavy metal these values cannot compete with intrinsic deactivation of the

xt).
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bodipy singlet. Electron exchange (DexBrenergy transfer 0.05
appears also unlikely, because it would be a spin-forbidden AOD
process? L

Another process (requiring the presence of another excited 00 A% i N
state) can be considered to account for the quenching of the ) -
bodipy-centered fluorescence 1r-6 at room temperature and S
could have the effect of mediating the intersystem crossing '
between bodipy-centered singlet and triplet excited states: such
a process is typical of the multicomponent nature of the new .0.10
1-6 complexes and involves a charge-separated state, produced
from the bodipy-centeredr—x* level by oxidative electron = Lk
transfer to the metal-based chromophore(s). Actually, in all the -0.15 ——— 10 ps
complexes, by using the eq 1 for calculating the driving force 1000 ps
of the proces$3* the oxidative electron transfer is thermody- :
namically allowed. Driving forces in the various cases are -020
between—0.13 and—0.31 eV and are collected in Table 3. Figure 8. Femtosecond transient absorption spectiaiofacetonitrile

at room temperature.

— * —
AG=el EOX(bOd'py) ErEd(RL& ) photolysis apparatus and a femtosecond ptupipbe equip-

The moderate exoergonicity of the oxidative electron-transfer Mment. Excitation wavelength was 450 nm for the femtosecond
process could explain why such a process is efficient at room @Pparatus and 352 nm for the nanosecond equipfieTtie
temperature, whereas it is less efficient at 77 K in rigid matrix, transient absorption spectra of the free ligahds-L6, which
where bodipy fluorescence takes place (exceptijoModer-  ©nly have been investigated by the nanosecond appafedus,
ately exoergonic electron transfer processes are in fact rarelyVery similar one another, and display a single feature, which is
efficient at low temperature in rigid matrix, because of the Pleaching of the absorption band at about 525 nm. Recovery of
presence of nuclear barrié¥& At 77 K, the oxidative electron  the bleaching cannot be measured, because it is on the same
transfer from the bodipy-centeréd—s* level would therefore time scale of laser pulse (8 ns), but such a result is in agreement
be inefficient, allowing for bodipy-centered fluorescence to With the luminescence lifetime data and suggests that the
compete with direct intersystem crossing to the bodipy-centered transient absorption spectra actually correspond to the singlet
triplet. t?odlpy-basgd fluorescent state;. .Recpvery on the nanosgcpnd

The room temperature decay process warrants some othefime scale is more than 90% efficient in all t_he cases, but it is
comments: from the estimation given above of the bodipy- NOt complete_. Thls suggests that some triplet is formed, although
centerediz—x* level, the charge-separated states should lie With poor efficiency.
between 2.19 and 1.97 eV. Therefore, back electron transfer (a The transient spectra and decays are much more complicated
charge recombination process) from the charge-separated statéor the metal complexe$—6. These species (bd) displaced
to directly produce the ground state would deeply be in the qualitatively similar spectral and decay evolutions. After 1 ps
Marcus inverted region and should be rather sléwCharge ~ from laser pulse, a typical spectrum (see Figure 8 for complex
recombination to produce the triplet bodipy-centeredr* level 5) shows a strong bleach in the 530 nm region and a comparably
could be preferred, and indeed this latter process seems toweak and broad absorption at wavelength longer than 570 nm.
dominate the decay df—6, as testified by transient absorption ~ Interestingly, although the excitation wavelength is 450 nm,
data (see later). It could be curiously noted that€e6, which which is mainly centered in the MLCT band, the bleach of the
exhibit luminescence from such a triplet state at 77 K, the charge Singlet MLCT band is less pronounced compared to that of the

recombination from the charge-separated state and successivBodipy-centered singlet state, even considering the different
emission is equivalent to a chemiluminescent process. molar absorbance values (cfr. Figures 3 and 8). The transient

Finally, we would like to highlight that—6 are the first spectrum evolves, with rate constants between 3 and 15 ps for
species, to the best of our knowledge, displaying phosphores-the various complexes, showing a slight recovery of the 530
cence from bodipy subunits. In fact, although these latter nm bleach and the rising of a strong absorption in the-540
chromophores have been extensively studiéd,radiative 700 nm region. This relatively fast process is followed by a
deactivation from the triplet state has never been reported. Weslower process (rate constants between 30 and 200 ps), leading
propose that the 77 K phosphorescence of the bodipy subunitsto an increased bleach at 530 nm and to modification of the
in 4—6 is due to the presence of the heavy ruthenium metal, absorption profiles in the 546700 nm region (Figure 8). The
which would allow intensity to be stolen from spin-allowed transient spectra finally obtained for all the complexes are
radiative decays by enhanced sparbit coupling. In particular, constant on the nanosecond time scale, and indeed their decays
it is probably the interaction between the bodfayr* state and ~ can be appreciated only with a slower apparatus, which show
the closely lying metal-basedMLCT level (for which lumi- that the decay rate constants are in the tens of microseconds
nescence decay is highly efficient at 77 K) that provides a time scale (Table 1 and Figure S1, Supporting Information).
channel to gain bodipy-based phosphorescence in the presenfhe exception here is compléx for this species, the spectrum
systems. Why bodipy phosphorescence is an effective decayrecorded after 1 ps from laser pulse decays directly to the final
process iMd—6, containing terpy-type ligands, and apparently transient spectrum.
is not effective inl—3, based on bpy-type ligands, has not been  The transient absorption spectroscopy can be rationalized on
clarified. looking at the energy level diagram in Figure 7: laser excitation

Transient Absorption Spectroscopyo further clarify the producesMLCT and the bodipy-centeréa—z* levels. Several
photophysical properties df—6, we performed room temper-  indications are in favor of an ultrafast transfer of energy from
ature transient absorption spectroscopy of the complexes as weltMLCT to bodipy-centered levels as the dominant deactivation
as of the free ligands. We employed both a nanosecond flash-route of the!MLCT state3” so we can assume that after 1 ps



Ru(ll) Polypyridine with DipyrrometheneBF; J. Phys. Chem. A, Vol. 110, No. 13, 2006355

the only singlet state in which excitation resides is the-z* At 77 K, all the complexes except compl&xexhibit the bodipy-
level. This state at room temperature deactivates by oxidative based fluorescence, although with a slightly shortened lifetime
electron transfer to the charge-separated state. Such a processompared to the corresponding free ligand(s), drd also

is the first process evidenced by transient absorption spectros-exhibit a phosphorescence assigned to the bodipy subunits. To
copy, which is the process occurring in theb ps time scale.  the best of our knowledge, phosphorescence of bodipy species
The slower, successive process (time scale-ZI ps) is had never been reported in the literatét@ the present cases
assigned to the charge recombination process leading to thewe propose that it can be an effective decay process thanks to
bodipy-centeredz—z* level. This state should be long-lived, the presence of the ruthenium heavy atom and of the closely
as expected for an organic triplet state, so justifying the lying SMLCT state of the Ru(terpy)type subunits.

microsecond time scale of the decay of the “final” transient

spectra (see Table 1). Table 3 collects rate constants andeExperimental Section

calculated driving forces for the various processes oflthé
series.

As mentioned above, exhibits a single fast decay process.
In fact, the initially formed transient spectrum evolves to the
one assigned to the triplet state with no evidence of formation
of the intermediate charge-separated species. Once formed, thi
“final” transient spectrum, which is very close to the “final”
transient spectra &—6, also decays to the ground state in the
microsecond regime. Furthermotiealso does not exhibit any
fluorescence at 77 K. This could suggest that (i) the charge °. . . .
recombination process is extremely fast for this species and th ields hlave been calculat_ed by using the optlcally_ d|_Iute
charge-separated species cannot accumulate, (ii) the nucleaWethOd‘} Nanosecond transient absorptlon spectra and lifetimes
barriers for charge separation and charge recombination pro-Were measured with an Applied Photophysics laser flash
cesses irl are significantly smaller than f&—5, so allowing photply5|s apparatus, with frequency doubleq, (532 nm, :_”30 mJ)
efficient electron-transfer quenching of the bodifpy—m* or tripled, (3.55 nm, 160 mJ) Surel_lte_ Continuum 1l Nd:YAG
level—and successive formation of the corresponding triplet Ia_lser (haltwidth 4-6 ns), photomultiplier (Hamamatsu R928)
state-even at 77 K, and (iii) intersystem crossing between signals were procgssed by means of a LeQroy 9360 (600 MHZ.’
bodipy-centered singlet and triplet states could be faster than5 Gs/s) digital oscnloscop_e. Femtosecond time-resolved experi-
in the other species (in this case, the 6 ps decay of the initially ments were performz_ed using a pum?robe spectrometer based
formedLr—x* level at room temperature could just be due to on the Spectra-Physics Hurricane Tl.sapph|r_e system as the laser
the direct intersystem crossing populating the corresponding source. The pump pullse was generated' either by a frequency
triplet state, rather than the oxidative electron-transfer populating _doubler (400 nm) or with a Spectra Physics 800 OPA _(tunable
the charge-separated state). Case (i) alone cannot justify the" th_e range 488600 nm). The p_robe pulse was obtained by
absence of fluorescence at 77 K, so it should be at |eastcont|nuum generatlor! ongsapphlre plate (useful spectral range,
combined with one of the other reasons. Although it can be 450-800 nm). Effective time resolution ca. 300 fs, temporal

noted thatl is the species characterized by the smaller distance chirp over the white-light 458750 nm range ca. 200 fs,

between the bodipy subunit and the metal center in the seriestemporal window of the optical delay stage-D000 ps.

. . . . . 1 1
(slightly smaller even in comparison wi#), this fact can have The 400.1, 200.1'tH) and 100.6, 50-6_30) NMR spectra
an effect both on the intersystem crossing rate (proximity of Were recorded at room temperature using residual proton or
the heavy Ru center can affect the extent of the intersystem carbon signals, respectively, of the deuterated solvents as internal
crossing) and on electron transfer nuclear barrier (mainly acting ¢férences. A fast-atom bombardment ZAB-HF-VB-analytical

on the reorganization energy). Therefore, we have no simple @PParatus in positive mode was used witmmenitrobenzyl

way to discriminate between the above hypotheses and some?cohol (ANBA) as the matrix. FT-IR spectra were recorded
of the properties of. remain unclear. on the neat liquids or as thin films, prepared with a drop of

dichloromethane and evaporated to dryness on KBr pellets.
Chromatographic purification was conducted using-88 um
silica gel or aluminum oxide 90 standardized. Thin-layer
Six new multichromophoric specie4-6) containing Ru- chromatography (TLC) was performed on silica gel or aluminum
(1) polypyridine and bodipy subunits have been prepared and oxide plates coated with fluorescent indicator. All mixtures of
their absorption spectra, luminescence properties (both at roomsolvents are given in v/v ratio. The experimental procedures
temperature in fluid solution and at 77 K in rigid matrix), and for each reaction were tested several times to optimize condi-
redox properties have been investigated. Transient absorptiontions.
spectroscopy have also been performed at room temperature. Electrochemical studies employed cyclic voltammetry with
Absorption spectra and redox behavior indicate the supramo-a conventional three-electrode system using a BAS CV-50W
lecular nature of the multichromophoric assemblies, allowing voltammetric analyzer equipped with a Pt microdisk (2 $hm
us to assign the various absorption features and the several redoworking electrode and a platinum wire counter-electrode.
processes to specific subunits. Despite the good luminescencd-errocene was used as an internal standard and was calibrated
properties of the separated componehts$ do not exhibit any against a saturated calomel reference electrode (SCE) separated
luminescence at room temperature. However, transient absorpfrom the electrolysis cell by a glass frit presoaked with
tion spectroscopy evidences that for all of them a long-lived electrolyte solution. Solutions contained the electro-active
(microsecond time scale) excited state is formed, which is substrate (ca. 5.& 103 M) in deoxygenated and anhydrous
identified as the bodipy-based triplet state. It is proposed that nitrogen with tetraa-butylammonium hexafluorophosphate (0.1
such a triplet state is formed in most cases by the intervening M) as supporting electrolyte. The quoted half-wave potentials
of a charge-separated level from the bodipy-bdsedr* state. were reproducible withirt10 mV.

Materials and Methods. Absorption spectra were recorded
with a JASCO 560 spectrophotometer. Luminescence spectra
were performed with a Spex-Jobin Yvon Fluoromax-P spec-
trofluorometer equipped with a Hamamatsu R3896 photomul-
giplier, and were corrected for photomultiplier response using a
program purchased with the fluorometer. Emission lifetimes
were measured with an Edinburgh OB-900 single-photon
counting spectrometer equipped with a Hamamatsu PLP-2 laser
diode (pulse width at 408 nm, 59 ps). Luminescence quantum

Conclusions
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Experimental uncertainties are as follows: absorption maxima, IR (KBr), cm% 3083 (m), 2967 (m), 2926 (m), 2870 (m),
+2 nm; molar absorption coefficient, 10%; emission maxima, 1711 (m), 1603 (m), 1547 (s), 1466 (s), 1446 (s), 1320 (s), 1272
+5 nm; excited-state lifetimes, 10%; luminescence quantum (m), 1191 (s), 1067 (m), 978 (s), 839 (s), 763 (m), 730 (s).
yields, 20%. ES—-MS in acetonitrile atV, = 100 V, m/z (%) [peak

Synthesis and Characterization of Complexes46. Gen- attribution]: 1031.2 (100) [M— PRg]*, 443.1 (40) [M —
eral Procedure for the Preparation of the Ruthenium Bipyridine 2PFe]*".

Complexes.In a Schlenk flask, a stirred dichloromethane  Anal. Calcd for GgHaNsBRURF14: C, 49.03; H, 4.03; N,
solution containing one equivalent of the ligand was treated with 9.53. Found: C, 48.77; H, 3.83; N, 9.41.

an ethanol solution containing one equivalent of [Ru(bipy) Ruthenium Bis(2,2bipyridine)(5{ ethynylphenyl-4-[4"",4"'-
Cl»2H,0 and heated at 60C overnight. After complete  difluoro-8"-(1",3",5",7"-tetramethyl-2',6"-diethyl-4"-bora-
consumption of starting material (determined by TLC), an 3"'a,4"a-diaza-s-indacene}}2,2-bipyridine) Bis(hexafluoro-
aqueous solution (5 equiv) of KRRvas added, the organic ~ Phosphate) Z). Isolated yield: 86%H NMR (200.1 MHz,
solvent was then removed under vacuum. The precipitates wereacetonege): 6 0.98 (t, 6H,%) = 7.5 Hz), 1.33 (s, 6H), 2.34 (q,
washed by centrifugation with water until the solution was 4H,%)=7.5Hz),2.49 (s, 6H), 7.48 (d, 2R) = 8.5 Hz), 7.57
colorless. The target complexes were purified by chromatog- 7-60 (9 lines m, 4H), 7.58 (ABsys, 4Hap = 8.4 Hz,v00 =
raphy on alumina eluting with dichloromethane using a gradient 76-3 Hz), 8.02-8.12 (10 lines m, 4H), 8.118.27 (m, 6H), 8.37

of methanol. The pure red complexes were obtained by double(‘id' 1H,%) = 8.5 Hz,%J = 2.0 Hz), 8.82-8.90 (m, 6H).**C-
recrystallization in acetone/hexane. {H} NMR (50.1 MHz, acetonel): 6 12.1, 12.6, 14.9, 17.5,

86.0 (G=C), 96.4 (G=C), 123.0, 124.5, 125.0, 125.4, 125.4,
1255, 125.5, 125.9, 128.8, 128.9, 129.0, 130.1, 138.1, 138.8,
139.5, 141.0, 152.6, 152.8, 152.9, 153.1, 154.4, 154.9, 157.5,
157.7, 158.1, 158.2.

IR (KBr), cm™1: 3118 (m), 3083 (m), 2962 (m), 2926 (m),
2870 (m), 2222 #c=c), 1714 (m), 1603 (m), 1537 (s), 1464
(s), 1317 (s), 1272 (m), 1241 (m), 1191 (s), 1160 (m), 1064
(m), 978 (s), 837 (s), 761 (M), 731 (s).

UV—vis (CHCN, 23 °C): Amax (6, M7 cm™1) 523 nm
(61 340). See other data in Table 1.

ES—MS in acetonitrile atV, = 100 V, m/z (%) [peak
attribution]: 1117.2 (100) [M— PFRs]*, 486.2 (20) [M —
2PRg)2+.

Anal. Calcd for GsHseBRUPF14Ng: C, 52.35; H, 3.91; N,
8.88. Found: C, 52.17; H, 3.73; N, 9.04.

Ruthenium Bis(2;2bipyridine)(5,3-{ bis-ethynylphenyl-4
[4",4"-difluoro-8"-(1",3" 5", 7"-tetramethyl-2',6"'-diethyl-
4'"'-bora-3'"a,4"'a-diaza-s-indacene)}2,2-bipyridine) Bis-
(hexafluorophosphate3). Isolated yield: 75%H NMR (400.1
MHz, acetoneds): 6 0.98 (t, 12H.2J = 7.5 Hz), 1.33 (s, 12H),

General Procedure for the Preparation of the Ruthenium
Terpyridine ComplexesA stirred solution ofcis-[Ru(terpy)-
(DMSO)ChL] and AgBF; (2.2 equiv respectively) in argon
degassed methanol was heated at@0for 6 h in aSchlenk
round-bottom flask. After cooling to ambient temperature, the
precipitate (AgCl) was separated by filtration under argon over
cotton-wool and the deep-red solution quantitatively transferred
via cannula to a methanol (20 mL) solution containing the
corresponding ligand (100 mg, 1 equiv). The progression of
the complexation reaction was followed by thin-layer chroma-
tography (TLC), which clearly showed the consumption of the
free ligand and the formation of the desired complexes. After a
15 h, the clear red solution was cooled to ambient temperature
and filtered over Celite and an aqueous solution (2 mL) of
NH4PF (10 equiv) was added. Slow evaporation of the
organic solvent led to the precipitation of a deep-red solid,
which is recovered by centrifugation and washed three times
with water (3x 20 mL) and diethyl ether (% 10 mL). The
crude material was dried under high vacuum and ultimately

purified by chromatography over alumina using dichloromethane 31—

as solvent and an increasing gradient of methanell(8%). 1.3845(q|_,|28 ':(;] _ ;655H§)2’)2'$ %‘(13(’815: e)’s7r;1594|(_|'6582y8é8(ghz|_|
Finally, the purified complexes were recrystallized from a 1/1 3 _ 5.0 I-,|z()) 8.7 ('11 Iinés m 8H), 8.40 (dd 2#' _ 85 I-’|z '
mixture of acetonitrile/toluene affording the analytically pure 4= 1'5 Hz), 8. 85 (It, 4H3] :’7 5 Hz) 8.94 &d 2,H3J = 85’

complexes. Hz). 13C{*H} NMR (100.6 MHz, acetonek): 6 12.1 (CH),

Ruthenium  Bis(2;2bipyridine)[4,4-difluoro-8-(5-methyl- 12.7 (CH), 14.9 (CH), 17.5 (CH), 86.1, 96.8, 123.0, 124.7,
2',2"-bipyridin-5-y)-1,3,5,7-tetramethyl-2,6-diethyl-4-bora- 125.5, 125.6, 128.9, 128.9, 130.2, 131.1, 133.3, 133.9, 138.2,
3a,4a-diaza-s-indacene] Bis(hexafluorophosphat)isolated 138.8, 139.2, 140.2, 141.0, 152.8, 153.2, 154.6, 154.9, 156.9,
yield: 42%."H NMR (400.1 MHz, acetoneks): 6 0.64 (s, 3H), 158.2, 158.3.

0.97 (t, 3H,3] = 7.0 Hz), 1.05 (t, 3H3J = 7.0 Hz), 1.74 (s, UV—vis (CH,CN, 23 °C): Amax (€, M~ cmr %) 523 nm
3H), 2.19 (q, 2H} = 7.0 Hz), 2.24 (s, 3H), 2.34 (q, 2H) = (86 700). See other data in Table 1.

7.0 Hz), 2.39 (s, 3H), 2.38 (s, 3H), 6.98 (td, 1H,= 6.2 Hz, IR (KBr), cm~1: 2963 (m), 2928 (m), 2864 (M), 2228d=
“J=1.0Hz), 7.18 (td, IH}) = 6.5 Hz,") = 1.2 Hz), 7.24 (td, ) 1723 (m), 1604 (m), 1538 (s), 1473 (s), 1446 (M), 1320 (s),
1H,3)=6.5Hz,") = 1.2 Hz), 7.29 (td, 2H}) = 6.5 Hz,*) = 1270 (m), 1192 (s), 1160 (m), 1115 (m), 1066 (m), 977 (s),
1.2 Hz), 7.49 (d, 1H3) = 5.4 Hz), 7.55 (s, 1H), 7.59 (td, 1H, 840 (s), 76 (m).

%) =7.3Hz,Y)= 1.3 Hz), 7.70 (d, 2H} = 5.1 Hz), 7.80 (q, ES-MS in acetonitrile atVe = 100 V, m/z (%) [peak

2H,3) = 6.5 Hz,*J = 1.2 Hz), 7.88 (m, 2H), 8.00 (d, 1H4) attribution]: 1519.3 (100) [M— PR+, 687.2 (30) [M —

= 1.3 Hz), 8.19 (d, 1H3J = 7.3 Hz), 8.36 (m, 5H), 8.55 (d,  2PR]?*, 668.2 (<5) [M — 2PR — 2F].

1H, 3 = 7.3 Hz)."3C{*H} NMR (100.6 MHz, acetonek): o Anal. Calcd for GoH74BaF16N10RUR: C, 57.74; H, 4.48; N,

11.6,12.6,12.7,13.6,14.9,15.0,17.3,17.4,125.2,125.3,125.48 42. Found: C, 57.48: H, 4.23: N, 8.18.

125.6, 125.7, 128.6, 128.7, 128.8, 128.8, 134.0, 134.4, 135.8, Ruthenium (2/26',2"-Terpyridine)[4,4-difluoro-8-(22':6""

138.8, 139.1, 139.2, 139.3, 139.5, 139.7, 140.3, 152.0, 152.7, 2 terpyridin-4'-yl)-1,3,5, 7-tetramethyl-2,4-diethyl-4-bora-

158.3, 158.4, 159.0. yield: 63%.1H NMR (200.1 MHz, acetonek): ¢ 1.05 (t, 6H,
UV —Vis (CH:CN): Amax (6, M~* cm1) 532 nm (36 100). See 3] = 7.3 Hz), 1.93 (s, 6H), 2.46 (q, 4R) = 7.3 Hz), 2.62 (s,

other data in Table 1. 6H), 7.38 (m, 5H), 7.57 (d, 2HJ = 5.1 Hz), 7.77 (d, 2H3J
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= 5.1 Hz), 8.10 (t, 2H3J = 8.0 Hz), 8.62 (t, 2H3J = 8.0 Hz),

8.84 (d, 2H,2J = 8.0 Hz), 8.95 (d, 2H3J = 8.0 Hz), 9.11 (d,

2H, 3] = 8.0 Hz), 9.28 (s, 2H)13C{H} NMR (50.6 MHz,
acetonedg): 0 12.9 (CH), 13.3 (CH), 15.1 (CH), 17.5 (CH),
125.0, 125.1, 125.6, 125.7, 126.4, 126.5, 128.6, 129.1, 139.1,
152.8, 153.5, 153.8, 156.2, 157.7, 158.9, 159.3.

UV—vis (CHCN, 23 °C): Amax (¢, M7t cm™) 531 nm
(24 900). See other data in Table 1.

IR (KBr), cmm™1: 2963 (m), 2923 (m), 2873 (m), 1713 (m),
1602 (m), 1540 (s), 1448 (s), 1387 (s), 1288 (m), 1189 (s), 1058
(m), 1028 (m), 974 (s), 838 (s), 769 (m).

ES—MS in acetonitrile atV; 100 V, nm/z (%) [peak
attribution]: 1015.2 (100) [M— PR]*, 435.1 (20) [M —
2PFRs)%", 426.1 (5) [M— 2PR — FJ?".

Anal. Calcd for G7H4aNsBRURF14. C, 48.68; H, 3.74; N,
9.66. Found: C, 48.37; H, 3.43; N, 9.84.

Ruthenium (2,26',2"-Terpyridine)(4-{ ethynylphenyl-4'-
(4", 4" -difluoro-8""-(1"",3"" 5", 7" -tetramethyl-2" ,6""'-
diethyl-4'"-bora-3""a,4""a-diaza-s-indacene)}2:2';6'":2" terpy-
ridine) Bis(hexafluorophosphate})( Isolated yield: 68%'H
NMR (200.1 MHz, acetonég): 6 1.02 (t, 6H,3] = 7.4 Hz),
1.46 (s, 6H), 2.37 (q, 4HJ = 7.4 Hz), 2.53 (s, 6H), 7.34 (9
lines m, 4H), 7.64 (5 lines m, 2H), 7.77 (5 lines m, 4H), ~97
8.11 (m, 6H), 8.60 (6 lines m, 1H), 8.78.95 (8 lines m, 4H),
9.08 (4 lines m, 2H), 9.25 (d = 4.0 Hz, 2H).13C{'H} NMR
(50.6 MHz, acetonek): 6 12.1 (CH), 12.7 (CH), 14.9 (CH),

17.5 (CH), 88.5 (G=C), 96.8 (G=C), 123.2, 125.6, 125.8,
125.9, 126.1, 126.3, 128.2, 128.5, 128.7, 128.9, 129.0, 130.9,
133.6, 133.7, 133.8, 134.0, 138.9, 139.3, 139.4, 139.5, 139.7,
139.9, 153.7, 153.8, 153.9, 154.0, 154.9, 156.3, 156.7, 158.8
159.3.

UV —vis (CHCN, 23 °C): Amax (¢, M7t cm™) 523 nm
(66 100). See other data in Table 1.

IR (KBr), cmm™: 3114 (m), 3078 (m), 2967 (m), 2931 (m),
2871 (m), 22181c=c), 1603 (M), 1537 (s), 1477 (s), 1449 (s),
1320 (s), 1272 (m), 1194 (s), 1161 (m), 1052 (m), 979 (s), 837
(s), 766 (m) cm™.

ES—-MS in acetonitrile atV, = 100 V, m/z (%) [peak
attribution]: 1115.2 (100) [M— PR]*, 485.2 (25) [M —
2PFg)2*, 476.0 <10) [M — 2PR; — FJ2*.

Anal. Calcd for GsHs7/NgBRUPRF14: C, 52.44; H, 3.76; N,
8.89. Found: C, 52.63; H, 3.97; N, 9.02.

Ruthenium (2,26',2"'-Terpyridine)(5,3-{ bis-ethynylphenyl-
4[4 4" -difluoro-8""-(1"",3"" 5", 7" -tetramethyl-2",6""'-
diethyl-4'""-bora-3'"'a,4'"a-diaza-s-indacene)}2:2';6":2"'-
terpyridine) Bis(hexafluorophosphate) (Isolated yield: 73%.

IH NMR (200.1 MHz, acetonég): 6 0.96 (t, 12H,3J = 7.4
Hz), 1.30 (s, 12H), 2.33 (q, 8H) = 7.4 Hz), 2.48 (s, 12H),
7.37 (td, 2H,3) = 6.0 Hz,%) = 1.1 Hz, 7.53 (AB sys, 8H,
Jag= 8.4 Hz,v00 = 87.9 Hz), 7.77 (d, 2H3] = 4.8 Hz), 7.93

(d, 2H,4) = 1.4 Hz), 8.10 (td, 2H3J = 7.9 Hz,4) = 1.4 Hz),
8.23 (dd, 2H3) = 8.4 Hz,*J = 1.8 Hz), 8.62 (td, 2H3J = 8.2

Hz, 4) = 2.3 Hz), 8.82 (d, 2H3J = 8.1 Hz), 8.88 (d, 2H3J =

8.4 Hz), 9.09 (d, 2H3J = 8.4 Hz), 9.14 (d, 2H3J = 8.4 Hz).
13C{1H} NMR (50.6 MHz, acetonek): 6 = 12.1 (CH), 12.6
(CHg), 14.9 (CH), 17.5 (CH), 85.7 (CG=C), 96.4 (G=C), 122.9,
1245, 125.0, 125.1, 125.5, 125.7, 128.7, 130.1, 131.1, 133.3,
133.9, 137.1, 137.5, 138.1, 138.8, 139.4, 140.2, 141.3, 153.8,
154.9, 155.3, 156.2, 156.7, 158.4, 159.5.

UV—vis (CH:CN, 23 °C): Amax (¢, M7t cm™1) 523 nm
(89 600). See other data in Table 1.

IR (KBr), cm™% 3113 (m), 3073 (m), 2962 (m), 2926 (m),
2871 (m), 2223 1c=c), 1717 (m), 1598 (m), 1537 (s), 1477
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(s), 1449 (m), 1320 (s), 1276 (m), 1194 (s), 1160 (m), 1115
(s), 1067 (m), 979 (s), 834 (s), 761 (m) cin

ES—-MS in acetonitrile atV, = 100 V, m/z (%) [peak
attribution]: 1517.3 (100) [M— PR]*, 686.2 (35) [M —
2PRj]?t, 667.2 (15) [M— 2PR — 2F]", 648.2 (<5) [M —
2PR — 4F]?T.

Anal. Calcd for GoH72BoF16N1oRUP: C, 57.81; H, 4.37; N,
8.43. Found: C, 57.55; H, 4.53; N, 8.63.
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