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Abstract:

The interplay between two extended tetrathiafulvese wes trans-{Ru(C=COTTFAQ);(dppe)] SMte
Mes{ O O /S\&srvb

connected, either from the dithiole rings or the .\ PhR,  PPh, /‘

anthraquinodimethane moieties, through a e 7

bis(acetylide) ruthenium linker has been studiethiwi

the novel complexes trans

[RU(C=CDTTFAQ)(dppe}] and trans

trans-[Ru(C=C TTFAQ),(dppe),]

[Ru(C=CATTFAQ).(dppe}]. Cyclic voltammetry and spectro-electrochemicaleastigations
evidence that the organic and inorganic electrogghare electronically coupled within these
complexes. Moreover, the electronic communicatietwieen the two organic electrophores
depends on the localization of the anchoring sitethe organometallic bis(acetylide)

ruthenium linker on the organic electrophores.
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Extended tetrathiafulvalenes, where two 1,3-dithiohgs are connected in 2-position by
an anthraquinodimethane core (TTFAQSs), have focusddt of the attention as building
blocks for the design of molecular materials fdifiaial photosynthesis and photovoltaits,
molecular receptorsmolecular tweezers forgg”* or metal ions. The TTFAQ is a redox
active moiety which exhibits pronounced structudlanges associated with electron
transfer®’ Indeed, in the neutral state, due to steric himcka the molecule adopts a
saddle/butterfly shape, while in the dicationictestahe generated anthracene central part
becomes planar with the two dithiole moieties laeal in perpendicular planésThis
molecular motion concerted with the electron trandkads to pseudo reversible cyclic
voltammogram where the compound oxidizes into tiwatidn with potential inversioh:°
TTFAQ dimers have also been synthetized either agrawyclic receptors for &
recognitiot™*?or as positive electrode materials for rechargehhbtteries? In order to form
TTFAQ dimers, different strategies have been usdther the two redox active cores are
directly connected to each other, or a spacer grewsed. Moreover, the link between the
two TTFAQ moieties can be localized either betwéan dithiole rings or between two
anthraquinodimethane cores. Two different redoxabihs are observed: dimers where both
TTFAQ are oxidized simultaneously and dimers wheseh electroactive core is oxidized
sequentially. This second case is scat¢éOn the one hand, when the two donor moieties
are covalently attached by the anthracene cords avispacer (A in chart 1), such as an
oxygen atont’ an ethen®, alkyné’*® or more recently a Pt bis(acetylide) linkémoth
TTFAQ are oxidized simultaneously and no electranterplay has been evidenced. On the
other hand , when the TTFAQs are linkéidectly through the dithiole moieties (B and C
chart 1), two closely spaced redox processes asereed, indicating intramolecular

electronic interactions between the donor ufits.
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Recently, we reported the synthesis of TTF dimenere the two redox active cores are
connected by an organometallic linker thens-Ru-bis(acetylide) and we demonstrated that
electronic communication occurs between the theglex active cores, i.e. the two TTF and
the Ru centre withinrans[Ru(C=CMesTTF),(dppe}].*® The bis(acetylide)ruthenium linker
is indeed known to promote the electronic intemadiin both the B& and TTR® series.
Thus, we decided to investigate similar TTFAQ disperans[Ru(C=CTTFAQ)(dppe}]
(Chart 2). In order to analyze the effect of thehaing site of the organometallic fragment
on the electronic interplay, we prepared two typéssomplex, either the one where the
bis(acetylide)ruthenium linker is covalently attadito the dithiole ring of each dontrans
[RU(C=CDTTFAQ)(dppe}] noted as D-Ru-D, or to the anthraquinodimetheme of the

donor,trans[Ru(C=CATTFAQ).(dppe}] noted as A-Ru-A (Chart 2).
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Herein, we report the synthesis of the two types TafFAQ dimers and their
electrochemical and spectroelectrochemical invastigs, in order to characterize the
electronic interactions between the TTFAQ unitsadidition, to gain a better insight into the
possible interaction between Ru and the TTFAQ, i8e aynthetized and characterized the
mono substituted complex, where only one donor t®monnected to the Ru atowa an

alkyne bridgetrans[RuCI(C=CDTTFAQ)(dppe}] noted as D-Ru (chart 2).

Results and Discussion

The target alkyne derivative3a-b were prepared starting from the iodo-TTFARR-b
according to the chemical route described in Sch&m®onogashira type reaction between
1a*b and trimethylsilylacetylene catalyzed by Cul andiCB(PPh), in the presence of
diisopropylamine afforde®a-b in good yields. Deprotection of the alkyne, perémmby

adding KF into a solution dfa-b in MeOH, afforded TTFA@@a-b in quantitative yields.



1aR=Me 2aR=Me
1b R = SMe 2b R =SMe

i) TMSA, Cul,PdCly(PPhs),, HNCH(CHa),
ii) KF, MeOH

Scheme 1. Synthesis of the TTFAQ-ethyi3a-b.
Crystals of3a suitable for X-ray diffraction study were grown Isjow concentration of
chloroform solution. TTFA(Ba crystallizes with one molecule of CHCAnd the molecular
structure of3a is represented in Figure 1. The TTFAQ exhibitaddée like shape with bond
lengths and bond angles of the TTFAQ core itsethi usual range for such derivativés.
The C=C distance irBa (1.151(7) A) is comparable with that of M&F-ethyne (1.152(8)
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Figure 1. Molecular structure da (a) showing thermal ellipsoids at 50 % probabiltyel (b) side

view.



The synthesis drans[RuCI(C=CDTTFAQ)(dppe)] 5a-b, D-Ru, is based on the reaction of
TTFAQ-ethyne3a-b with [CIRu(dppe)][OTf] in dichloromethane at room temperature under
inert atmosphere (scheme 2). The progress of teioa was monitored by/P NMR: the
two triplets of [CIRu(dppe)[OTf] at 84.9 and 57.1 ppm gradualllisappear, and a new
singlet appears at46.5 and 46.6 ppm faka and4b respectively. This singlet is assigned to a
vinylidene intermediatda-b that could be isolated as a greenish powder. achréhe desired
complex, deprotonation of the vinylidene was achdbxa the addition of triethylamine under
inert atmosphere. After the addition of base, amadiate change of color from green to
yellow was observed, and the complexemns|[RUuCI(C=CDTTFAQ)(dppe)] 5a-b were
obtained as yellowish solid (scheme 3% NMR showed the presence of two close
multiplets até 50.7 and 50.1 ppm fdsa (Figure S1) and 49.7 and 48.6 ppm fdb. This
result might be explained by the adoption of a fadoposition in space for the TTFAQ

molecule which results in the slight break of syrmmbetween the phosphorus atoms.
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Scheme 2. Synthesis ofrans[RUCI(CECDTTFAQ)(dppe)] 5a-b (a: R = Me,b: R = SMe).

The dimeric TTFAQ complexes D-Ru-6a-b were synthesized by the reaction of TTFAQ

alkyne3a-b with cis-Cl,Ru(dppe) in the presence of NaP&nd NEt under inert atmosphere



at room temperature in dichloromethane (Schem€®8mnplex6a was obtained as a yellow
powder, insoluble in common organic solvents, withie presence of the SMe groups on the
TTFAQ cores slightly increases the solubility@hf. *'P NMR spectrum of the later complex
shows one singlet & 51.8 ppm indicating equivalent phosphorus surrounénd atrans

arrangement of the acetylide ligands around thaltreetenter.
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Scheme 3. Synthesis ofrans[RuU(C=CDTTFAQ).(dppe)] 6a-b (a: R = Me,b: R = SMe).

In order to analyze the effect of the localizat@fnthe connection on the donor core on the
electronic properties of the complex, we also preghahe reference complex A-Ru-&
where the two TTFAQs are linked by the organomietltidge connected to the anthracene
core. This was carried out using similar conditi@ssthe one described above @arb but
using TTFAQ-ethyn& with cis-Cl,Ru(dppe) in the presence of NaP&nd NEt (Scheme 4).
3P NMR spectrum of this complex shows one singleé &3.9 ppm, confirming drans
arrangement as observed for the previous compl&ui> 6b. Nevertheless, this signal is
observed at lower field than for D-Ru4b due to the localization of the anchoring site loa t
anthraquinone moiety which exerts a less electeeasing effect than the dithiole ring.

Complex8 was obtained in 45 % yield as an orange powder.
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Scheme 4. Synthesis ofrans[RUu(C=CATTFAQ).(dppe}] 8.
IR spectroscopy
The stretching frequency of the alkyne bond meaksungth IR spectroscopy gives
preliminary insights on the degree of conjugatietmizen the redox active moities. TTFAQ-
ethyne 3a-b exhibit IR stretching vibration bands localized \&-c = 2095-2096 c
respectively. In complexes D-Ria and D-Ru-D6a-b, the vc_c stretching frequency is found
at 2044 crit, close to the one found for thEns[Ru(C=CMe;TTF),(dppe}]*® andtrans
[RUCI(C=CMe;TTF)(dppe)]? complexes (2033 and 2029 ¢mespectively). This indicates a
high degree of conjugation in all these Ru com@ex®Rub5a-b and D-Ru-D6a-b. The IR
spectrum of A-Ru-A8 reveals a stretching vibration band at 2053crcharacteristic of
aromatics linked to the ruthenium atown an acetylide bridg& The vec stretching
frequencies of complexes D-Ruéa-b where the connection occurs through the dithiolg, r
is lower by 10cm™, due to a higher electron donor character of theialé ring than the
anthraquinodimethane moiety. Similar influences evafready observed on tH& NMR
spectra of these complexes (see above).
Single crystals of complex D-Ru-Bb were obtained by slow diffusion of pentane into a
concentrated solution 06b in chloroform and carbon disulfide (3/1) under arert
atmosphere. The molecular structure6bf presented in Figure 2, shows that two TTFAQ-
acetylide ligands are coordinated to the ruthenaemter in atrans arrangement. The Ru-

bis(acetylide) spacer is almost linear with anglas Co—-Ru-Ca, Ru-Gx=C(p and

8



Ca=CB-CTTF of 180.00°, 174.33° and 175.27° respectiv€he Ru-C distance of 2.065(4)
A and the &C bond length of 1.212 (5) A fdb are similar to those observed fivans-
[Ru(C=CMesTTF),(dppe}] (2.069(3) A and 1.203(3) A respectively)As already noticed
for other Ru bis(acetylide) complexes, the alkyomadin the D-Ru-D complegb is much
longer than in TTAFa (1.151(7) A). As observed in Figure 2 both TTFAQes exhibit

the classical saddle like shape.
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Figure 2. Two views of the molecular structuretadns[Ru(C=CDTTFAQ)(dppe}] 6b. The

phenyl substituants of the two dppe ligands haen lmenitted for clarity.

Electrochemical properties

The redox properties of the TTFAQ derivativigsb, 3a-b, 7 and the complexes D-Raa-b,
D-Ru-D 6b and A-Ru-A8 were studied by cyclic voltammetry (CV), performadCH,Cl,

containing 0.1 M of BiNPFs as supporting electrolyte. The redox potentia¢ésgaven in VVvs



Fc/F¢ and are collected in Table 1. The CVs of the isigrT TFAQs 1-3 and 7 exhibit a
single two-electron, quasi-reversible oxidation wasorresponding to the oxidation of the
TTFAQ from the neutral state to the dication (Feu) which is the typical behavior
observed for such TTFAQ donds® The differences between the anodic and the cathodi
peak potentialsAE,= Epa— B amount to 290-210 mV for the different TTFAQsditd at
100mV/s. The large separation between the anodiccathodic peaks is generated by the
major conformational change that accompanies tbetrein-transfer process. It is a typical
example of inverted potentials in a two-electrongess, where it is easier to remove the
second electron than the first ch&he redox potentials do not vary significantly for
compoundsl to 3 indicating the similar influence of the iodo sutugnt (1) and the alkyne
one @-3). Between the two seriea,andb, the thiomethyl substituents decrease slightly the
overall donating ability, as the redox potentiaks shift towards anodic potentials by 20 to 50
mV. For7, with the ethyne arm on the anthraquinodimethaneemaubstituted bywo Me

groups and two SMe groups, the redox propertieslased to the one observed 8a.

Table 1 Redox potentials in C4€l,, Epa/Epc in V vs Fc/F¢AEpin mV

compound R =Mea R =SMeb
I-TTFAQ 1 0.03/-0.26 (290) 0.05/-0.16 (210)
MesSiC=C-TTFAQ?2 0.02/-0.27(290) 0.06/-0.17 (230)
H-C=C-TTFAQ3 0.03/-0.24 (270) 0.08/-0.16 (240)
H-C=C-TTFAQ?7 0.02/-0.22 (240)

D-Ru5a -0.20/-0.50 (300), 0.52/0.45 (70)

D-Ru5a -0.12/-0.37 (250), 0.53/0.46 (70)

D-Ru-D 6b -0.14/-0.26 (120), -0.08/-0.18 (100), 0.70/0.65)(50
A-Ru-A 8 -0.11/-0.16 (50), 0.22/0.29 (70)
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For complex D-Ruba-b, with one single TTFAQ moiety, two redox systems abserved on
the CVs, one pseudo reversible bielectronic systey = 300 and 250 mV foba-b) and a
fully reversible monoelectronic procesalF, 70 mV), (Figure 3). Both processes are
tentatively assigned respectively to the redox atigre of the TTFAQ core and the Ru
organometallic fragment. The pseudo reversibleesyss observed at a lower potential than
the one observed for the starting TTFAQwith a potential shift of 200-230 mV. The second
process at 0.49 V is thus viewed as involving esa@nthe RU/RU" couple. This process is
anodically shifted by 430 mV compared to the oneeobed fortrans[RuClh(dppe}]
analyzed in the same conditions (0.06 V). Thisdats that the oxidation of the metal center
is strongly affected by the presence of the TTFAQatibn in its close proximity. These
observations are reminiscent to those realizetienTiTF series where the two electrophores,

the TTF and the Ru, were strongly electronicallyed®®
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Figure 3. Cyclic voltammograms in Ci€l, with 0.1 M of BuNPFR; at 0.1 V & of complex

5a (black solid line) an@a (red dashed line), V vs Fc/Fc

Due to solubility problems, we did not investigatbd redox behavior of D-Ru-Ba, but we
analyzed the thiomethyl substituted D-RWD and the CV is presented in Figure 4 together
with the CV of the non metallated TTFAQ-ethy8iein the same experimental conditions for

comparison. For D-Ru-Bb, three clear oxidation peaks are observed indigatie stepwise
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formation of four redox states from the neutratesta the pentacation. The two first oxidation
peaks are assigned to the sequential oxidatioheofwo TTAFQ cores to TTFAQ dications
with a potential difference of 60 mV, and finalllget third oxidation peaks at 0.67 V is

attributed to the RWRU" couple.
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Figure 4. Cyclic voltammograms in C€l, with 0.1 M of BuNPR; at 0.1 V &, V vs Fc/Fé,
of a) complex D-Ru-D6b (black solid line) and@b (red dashed line), b) complex A-Ru&\

(black solid line) and the starting TTFAQ ethyhéed dashed line).

As previously observed for D-Raa-b, the oxidation of the two TTFAQ moieties within D-
Ru-D 6b occurs at a lower potential (by 200 mV) than ttagtsng TTFAQ alkyne3b (Figure
4a). This can be ascribed to an increase of treretedensity on the TTFAQ moiety thanks

to the presence of the electron rich organometfligment. The existence of two close
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oxidation waves for the two TTFAQ moieties suggestsizeable electronic interaction
between the two moieties through the rutheniumabestylide) linker. The last oxidation
process is then assigned to the oxidation of tieenium, which is anodically shifted by 610
mV compared with the redox potentials observedrimis[RuCly(dppe}]. This larger shift is

due to the existence of two TTFAQ, each under thatidnic state, in the close proximity of
the Ru atom, which are acting as strong electrate@ors. Their effect is efficiently

transmitted to the metal centea the acetylide linkers.

For complex A-Ru-A8, where the site of connection to the rutheniunosated on the
anthraquinodimethane ring, a fully different CVnhthose obtained for complexes D-Baib
and D-Ru-D6b is observed (Figure 4b). Two reversible oxidatizaves at E= -0.13 V and
E? = 0.25 V are attributed to the simultaneous oxiaabf the two TTFAQ cores into the
TTFAQ?", with the exchange of 4,dollowed by the oxidation of the Ru center. Thisult
was confirmed by a DPV study where the two peak®aged with a ratio of 4:1 (Figure S2).
Thus, the connection through the central anthraglimethane ring of the TTFAQ does not
allow, at the CV scale, the observation of inteypbeetween the two TTFAQ cores, but it
leads to a highly reversible redox process in @sttto the precursat. Another interesting
feature is the influence of the organometallic parthe redox potentials of the TTFAQ cores.
Indeed the oxidation peak potential of the TTFAQesowithin complex A-Ru-A8 is only
cathodically shifted by 100 mV while for the pressocomplexes D-R& and D-Ru-D6b the
shift was more pronounced (200 mV). The smallehadit shift observed for the redox
process assigned to the TTFAQ cores indicatestlieaglectron donating effect of the Ru is
less efficiently transmitted through the anthragdimethane moiety. This can be easily
explained by the fact that in TTFAQ, the HOMO isintylocated on the dithiole rings and
the LUMO on the anthraquinodimethane dfiitn the same vein, the oxidation potential of

the RU/RU" couple is only anodically shifted by 190 mV conmgsamwith the one observed
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for trans[RuCl,(dppe}] (0.06 V) while for complex D-Ru-Bb an anodic shift of 610 mV
was observed. The generation of the TTEA@duces the aromatization of the dithiolium
rings together with that of the central anthraceséch lies in a plane perpendicular to the
planes of the dithiolium rings. Therefore the dithim rings act now as acceptor whose effect

is weakly transmittedia the anthracene acetylide to the Ru center.

Spectroelectrochemical UV-vis-NIR investigatidhg-vis-NIR spectra of the neutral starting
alkyne 3a-b and 7 carried out on dichloromethane solutitm~ 5.10° M) are reported in
Figure 5. The TTFA(Ba-b exhibit two absorption bands in the UV-vis rangé g.x = 436
nm € = 27000 Lmofcm?) and 368 nm (16000 Lmdtm?) for 3a, typical for TTFAQ
derivatives and only a small hypsochromic shift fnm is observed foBb on each
absorption bands (432 and 364 rfhConcerning TTFAQ?, the presence of the ethyne
fragment on the anthraquinodimethane moiety leadsred shift of the energy transitions of
14 and 10 nm respectively for the two absorptiondsaat 450 nme(= 26000 Lmofcm™)
and 378 nm g = 15500 Lmofcm™). Upon oxidation to the dicationic state, the two
absorption bands observed in the neutral stataughgddecrease in intensity, whereas a broad
absorption band centered at 500 nm increases witls@sbestic point at 460 nm. This
absorption band is characteristic of the TTEA@bsorptiorf® Very similar evolution of the

spectra was already observed upon oxidation of AT derivative*
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Figure 5 a) UV-vis-NIR spectra of TTFAQ-ethyrga, 3b, and7, b) UV-vis-NIR monitoring
of the electrochemical oxidation 8b in CH,CI, containing 0.2 M ByNPF; , potentials are

guotedvs SCE.

Spectroelectrochemical UV-vis-NIR investigationsrevalso carried out on metal complexes
D-Ru 5a, D-Ru-D 6b and A-Ru-A 8 in the same experimental conditions. The neutral
complex D-Ru5a, involving one single TTFAQ, exhibits three absap bands in the UV-
vis region at 464 nme(= 16640 Lmofcm?), 394 nm ¢ = 12360 Lmofcm™) and 330 nmg(

= 13300 Lmof'cm™) . The latter is ascribed to a metal-to-liganérge transfer transition
(MLCT) while the lowest energy absorption is assigjiio ar—1t* transition which is red
shifted by 28 nm compared to the TTFAQ alkydge (436 nm). Upon gradual oxidation to
5a%" , D**-Ru, a decrease of the absorption bands at 4682Mdim and the increase of the

band at 394 nm bands occur together with the appearof a broad absorption band at 660
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nm (Figure 6). A clear isobsestic point emerges1& nm. The evolution of the UV-vis-NIR
spectra of D-Riba upon gradual oxidation strongly differs from thgestra obtained foBa
since for3a* there is no absorption beyond 600 nm. The broad baserved for D-RGa*",
TTFAQ*-Ru, at 660 nm is reminiscent to what was obsewitkl the TTF complexrans
[RUCI(C=CMe;TTF)(dppe)]?* where such a broad band was observed at an evesr lo
energy (1399 nm) and was then ascribed to a SOM®KDUransition. Herein, it suggests
that electronic interactions take place betweenTThHEAQ®" and the Ru center along the
acetylide linker. The TTFAQ dication acts as a gaodeptor and the Ru center as an electron
donor, thus the band observed at 660 nnb&F can be viewed as an intramolecular charge
transfer (ICT) band’ In accordance, upon oxidation to the tricatiorimtes5a>*, TTFAQ?"-
RU", this band disappears (Figure S3). The spectruba & fully recovered upon reduction
of 5a°". It is worth mentioning that compared with all thepectroelectrochemical
investigations reported on TTFAQs up to now, noh¢hem exhibit upon oxidation to the

dicationic state such a broad absorption bandvatlzergy.

Absorbance

T T T T T T 1
300 400 500 600 700 800 900
Wavelength (nm)

Figure 6. UV-vis-NIR monitoring of the electrochemical oxtdm of 5a in CH,CI,

containing 0.2 M ByNPF;, potentials are quoteds SCE.
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Let us consider now the metal complexes involvimg fTTFAQ linked through the Ru
bis(acetylide) linker anchored on the dithiole ring@>-Ru-D 6b, or on the
anthraquinodimethane moiety, A-Ru-&, of the organic electrophores. The UV-vis
absorption spectrum of complé&b shows two absorption band at low energies at 46B a
372 nm which are red shifted by 36 nm for the lavwessergy one compared to the TTFAQ-
ethyne 3b (Figure 7a). This shift is more important than tbee observed for the

monosubstituted complex D-Faa.
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Figure 7. a) UV-vis-NIR spectra of D-Ru-Bb (black line) andb (red line), b) UV-vis-NIR
monitoring of the electrochemical oxidation @ in CH,Cl, containing 0.2 M ByNPF;,

potentials are quoteds SCE.

Upon gradual oxidation of the bis-acetylide compBxRu-D 6b to the first oxidation

potential corresponding to the oxidation of one ATFmoiety a broad band centered at 630
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nm appears (Figure 7b, Figure S4). This is remamsto what was observed for the mono
acetylide complex D-RBa and can be attributed to an Intramolecular Chargasfer (ICT)
from the Ru towards the TTFAQwhich behaves as an acceptor. Oxidation to thadation
induces a further increase of this absorption ldagdther with a shift towards higher energy
as the maximum wavelengths reaches 580 nm. Thisb&id at 580 nm collapses upon
oxidation of the metallic center (Figure S5). ®pectrum of the neutral specie is recovered

after sequential reduction of the pentacation.

The UV-vis-NIR spectrum of complex A-Ru-&is similar to that of TTFAQ-ethyn@ with
two absorption bands at 450 nm and 382 nm (Figuag. Spectroelectrochemical
investigations carried out on complex A-RuAesults in the decrease of the absorption band
at 450 nm and the appearance of a broad band an®80f we compare now the two
complexes D-Ru-Dbb and A-Ru-A8, a different evolution of the spectra upon oxidatto
the tetracation is observed. For the comieRu-D 6b, upon oxidatiorto the dicatiorsb?*
the intensity of the lowest energy band graduatigréeases and shift of 50 nm towards
higher energies was detected while oxidizing theatihn 6b* to the tetracationsb™".
Whereas the oxidation of complex A-Ru8&o the tetracatio®** the oxidation leads only to
the growth of the band centered at 580 nm. Thewehabserved fo6b is similar to that
observed for the TTF compleians[Ru(C=CMesTTF),(dppe}],*® and consistent with the
existence of electronic interplay between the twid-AQ in 6b across the organometallic

linker.

18



0,8 4

b)

—0oV
—— 280 mV
0,6 — 300 mV

Absorbance
Absorbance

T ) T . T J T X T \ T ¥ 1 T ¥ T T T T 1
300 400 500 600 700 800 900 300 400 500 600 700 800 900
Wavelength (nm) Wavelenght (nm)

Figure 8. a) UV-vis-NIR spectra of A-Ru-A8 in red and7 in black, b) UV-vis-NIR
monitoring of the electrochemical oxidation 8fin CH,CI, containing 0.2 M ByNPF;

potentials are quoteds SCE.

Conclusion

In summary, we have reported here the synthestbree types of electroactive ruthenium
complexes bearing either one or two extended heafalvalene, TTFAQ, connected to a Ru
center by an acetylide linker. The influence of &mehoring site of the linker on the TTFAQ
core on the electronic coupling between the dffieelectrophores has been investigated by a
combination of electrochemical and spectroelecadbal investigations. In all three
complexes (D-Ru, D-Ru-D and A-Ru-A) electronic natetions between the TTFAQ and the
Ru have been evidenced. However intramolecularaot®ns between two TTFAQs are only
observed when a Ru bis(acetylide) linker is lo@ion the dithiole rings of the TTFAQ
moieties (D-Ru-D). These results demonstrate hopomant is the localization of the linker
between two TTFAQ units for allowing intramolecutectronic coupling between these two

electrophores.
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Experimental section

General. NMR spectra were recorded at room temperature uSiDfClk unless
otherwise noted. Chemical shifts are reported im ppd*H NMR spectra were referenced to
residual CHGJ (7.26 ppm).**C NMR spectra were referenced to CE(17.2 ppm) and'P
NMR to HPQO,. Mass spectra were recorded with Agilent 6510rumsent for organics
compounds, and with Thermo-fisher Q-Exactive insignt for complexedy the Centre
Régional de Mesures Physiques de I'Ouest, Rennés.wre carried out on a TOM
solution of complex in CkCl>-[NBug][PFs] 0.1 M. CVs were recorded on a Biologic SP-50
Instruments at 0.1 Vison a platinum disk electrode. Potentials were meab/ersusKCl
Saturated Calomel Electrode (SCE), calibrated usiiigernal ferrocene. The
spectroelectrochemical setup was performed inGIHHNBu4][PFg] 0.2 M using a Pt grid as
the working electrode, a Pt wire as the countectedde and SCE reference electrode. A
Shimatzu 3600 spectrophotometer was employed twddbe UV-vis-NIR spectraColumn
chromatography was performed using silica gel Me&6k(70-260 mesh)All other
reagents and materials from commercial sources wsd without further purification. The
complexes were synthetized under an argon atmospls#ng standard Schlenk techniques.
The solvents were purified and dried by standardhous. Thecis-[RuCh(dppe)]*® and
TTFAQ 1a'* and7*° were synthesized according to literature procedTine synthesis afb

is described in supporting information.

Trimethylsilylethynyl-TTFAQ 2(a-b). In a Schlenk tube, the iodo-TTFAQ (550 mg far

and 650 mg foflb, 1 mmol) together with PdgtPPh), (74 mg, 0.1 mmol) and Cul (20 mg,
0.1 mmol) were placed under vacuum for 5 hoursnThe solids were solubilized in 40 mL
of dry THF and 0.5 mL of diisopropylamine and tritmgsilylacetylene (0.25 mL, 1.75
mmol) were quickly added. The reaction mixture vgésred at room temperature for 48
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hours. The solvent was evaporated and the resulsiolgd was purified by flash
chromatography on silica gel using dichloromethpeebleum ether (2:8) as eluent. TTFAQ

2a-b were obtained as yellow solid in 70 and 80% yrekpectively.

2a mp > 220C: 'HNMR & 7.64 (m, 2H), 7.56 (m, 2H), 7.26 (m, 4H), 2.1038l), 1.93 (s,
6H), 0.20 (s, 9H).13C NMR 136.7, 126.0, 125.6, 125.3, 120.8, 108.2,4034.6, 15.2, 13.1,
0.2; HRMR calcd for GgH264Si : 518.0681. Found : 518.0677; Anal. calcd. fegHz35S4Si:

C, 64.82; H, 5.05; S, 24.72%. Found C, 64.52; H]15S, 24.25%.

2b mp > 220C; HNMR: § 7.6 (m, 2H), 7.54 (m, 2H), 7.29 (m, 4H), 2.396sl, 2(SMe)),

2.12 (s, 3H, Me), 0.20 (s, 9H, Si(ME)*°C NMR 136.7, 134.8, 134.7, 134.6, 134.5, 132.1,
130.9, 126.2, 126.2, 126.1, 125.9, 125.6, 125.84,412125.4, 123.8, 122.9, 108.3, 101.9,
94.4, 19.2, 15.2; HRMR calcd forg265Si : 582.0123. Found : 582.0127; Anal. calcd. for

CagH26S6SI: C, 57.69; H, 4.50%. Found C, 58.05; H, 4.25%.

TTFAQ-ethyne 3a-b To a solution of (1 mmol, 520 mg foRa and 580 mg fo2b) in 100
mL of methanol KF (100 mg, 1.7 mmol) was added. fidection mixture was stirred for 15
h under argon at room temperature. The solventrem®ved in vacuo and the residue was
purified by column chromatography on silica gelngsdichloromethan/petroleum ether (1/9)
as eluent. TTFAQ-ethyne 3a-b were obtained as weppowder in 98 and 94 % yield

respectively.

3a mp > 220C; 'H NMR: § 7.65 (m, 2H), 7.56 (m, 2H), 7.27 (m, 4H), 3.291()), 2.12 (s,
3H), 1.93 (s, 6H):*C NMR § 137.64, 135.27, 134.72, 133.86, 131.05, 126.15,.72
125.64, 125.42, 125.33, 125.24, 123.48, 120.89,980®83.54, 74.36, 15.12, 13.09; IR (KBr):
vec = 2095 cn; HRMS calcd for GsH1gSs : 446.0286. Found : 446.0281; Anal. calcd. for

CosHisSa: C, 67.23; H, 4.06; S, 28.71%. Found C, 66.574 48; S, 28.69%.
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3b mp > 220C; *HNMR: & 7.57 (m, 4H), 7.3 (m, 4H), 3.31(s, 1BCH), 2.39 (s, 6H,
2(SMe)), 2.13 (s, 3H; Me)**CNMR: & 137.6, 134.7, 134.7, 134.6, 134.6, 131.8, 131.1,
126.3, 126.2, 125.9, 125.6, 125.5, 125.4, 125.3,71223.0, 107.1, 83.7, 74.1, 19.2, 15.1,
IR (KBr): ve—c = 2096 crit; HRMS calcd for GsH1sSs : 509.9727. Found : 509.9727; Anal.

calcd. for GsH1sS6: C, 58.78; H, 3.55; S, 37.66%. Found C, 58.423H7; S, 38.13%

Complexesba-b: A solution of TTFAQ3 (0.6 mmol, 270 mg foBa and 310 mg foBb) in 15
mL of CH,Cl, was added to a solution of [CIRu(dpgE)Tf] (480 mg, 0.48 mmol) in 15 mL
of CH,Cl,. After 24 h of stirring at room temperature, tlsdvent was removed in vacuo and
the precipitate was washed with diethyl ether. Taek green precipitate, the vinylidene
derivative B][TfO] was used in the next step without furtherification. 3P NMR (121
MHz, CDCk) 0 46.5 (s, 4P) forda and 46.5 (s, 4P) fodb. The vinylidene derivative
[4][TfO] was dissolved in 30 mL of Cil,and NEt (1 mL) was added an immediate change
of color from green to yellow was observed. Thectiea mixture was stirred at room
temperature for 2 h and the solvent was removecruadcuo. The resulting powder was
washed with distilled water (3x 20 mL) and penté@e20 mL). CompleXsa was obtained as
a yellow powder in 40 % yieldH NMR: & 7.80 (m, 8H), 7.67 (m, 4H), 7.30-7.24 (m, 9H),
7.13 (m, 12H), 6.91 (m, 15H), 2.78 (m, 4H), 2.54, @nl), 1.95 (s, 6H), 1.28 (s, 3H}'P
NMR: & 50.7 (m, 2P), 50.1 (m, 2PY*C NMR & 136.5, 135.7, 135.4, 135.3, 134.9, 134.8,
133.9, 132.1, 129.5, 128.4, 127.5, 126.7, 125.5.6,.2125.5, 125.3, 125.2, 125.1, 121.8,
120.8, 120.8, 120.1, 114.0, 104.8, 34.1, 30.8,,2P43), 13.5, 13.1. IR (KBr)c=c = 2044

cm‘l; HRMS calcd for G;HgsCIP4RUS;: 1378.1646; Found : 1378.1654.

5b 'H NMR (CD,Cl,) § 7.75-7.00 (m, 48H); 2.84 (m, 4H): 2.66 (m, 4HBR(s, 3H); 2.43 (s,

3H); 1.32 (s, 3H)?'P NMR (CD:Cl) & 49.7 (m, 2P); 48.6 (m, 2PY*C NMR (CD,Cl,) &
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136.7, 136.4, 136.3, 135.8, 135.2, 135.2, 134.4.8.3134.7, 134.6, 134.5, 134.23, 134.2,
134.1, 134.0, 133.9, 129.8, 129.4, 128.7, 128.6,5,2127.4, 126.83, 126.8, 126.2, 125.8,
125.7,125.4, 125.3, 124.5, 119.5, 114.0, 104.17,38.9, 13.4; IR (KBr)vc=c = 2044 crit ;

HRMS calcd for GiHgsCIPsRUSs: 1442.1087; Found : 1442.1102.

Complexessa-b and8: To a solution of TTFAQ-ethyne (0.87 mmol, 390 fog3a, 440 mg
for 3b and 460 mg for7), cis-[RuCh(dppe}] (0.35 mmol, 338 mg) and NaPF6 (1.74 mmol,
300 mg) in CHCI, (40 mL), freshly distilled NEt(1 mL) was added and the solution was
stirred at room temperature for 15 hours. The reachixture was filtered and the precipitate
was washed with distilled water (4 x 40 mL) and BBO (3 x 40 mL). Complexe8a-b and

8 were isolated as yellow powders in 55% yield, 6@8d 45% yields respectively. Complex
6a was insoluble in common organic solvent. Combxvas crystallized by slow diffusion

of pentane into a solution 6b in CHCk and carbon disulfide (3/1).

6a IR (KBr): ve—c = 2044 crit; HRMS calcd for GoHsPsRuS : 1788.2170; Found
:1788.2168; Anal. calcd. for fgeHsP4sRUS, +9sCHCl,]: C, 67.21; H, 4.57. Found C, 67.34;
H, 4.45.

6b HNMR (CD,Cl,) & 7.64 (m, 5H), 7.49 (m, 5H), 7.31(m, 21H), 7.15 @Hl), 7.00 (m, 6H),
2.62 (m, 8H, (dppe), 2.43 (s, 6H, 2(SMe)), 2.39 (s, 6H, 2(SMe)), 1s246H, 2(Me));*'P
NMR (CD,Cl,) & 51.8 (s, 4P)**C NMR (CD.Cl,): & (ppm) 136.0, 135.7, 135.3, 134.5,
134.1, 134.0, 129.7, 129.0, 127.3, 126.1, 126.6,7,2125.6, 125.5, 125.3, 121.4, 119.5,
114.4, 106.3, 31.5, 19.2, 14.1; IR (KBuv)=c = 2044 crit; HRMS calcd for GosHgPsRUS2:
1916.1053. Found : 1916.1062; Anal. calcd. fapddsPsRuS,: C, 63.89; H, 4.31; S,

20.06%. Found C, 63.74; H, 4.38; S, 19.51%.

8 3P NMR 5 53.9 (s, 4P); IR (KBr)vec = 2053 crit; HRMS calcd for GosHgePsRUS: :
1944.13667. Found : 1944.1366. Anal. calcd. fojoJdssPsRUS, + CH.Cly): C, 62.11; H,

4.37; S, 18.95%. Found C, 62.57; H, 4.36; S, 19.24%
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Crystallography. Single-crystal diffraction data were collected @8 VENTURE Bruker
AXS diffractometer (Mo- K radiation,A = 0.71073 A). The structure were solved by dual-
space algorithm using the SHELXT prograhand then refined with full-matrix least-square
methods based on F2 (SHELXL-20F4)All non-hydrogen atoms were refined with
anisotropic atomic displacement parameters. H atwers finally included in their calculated

positions. Details of the final refinements areegivn Table 2.
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Table 2 Crystallographic data for TTFAQa andtrans[Ru(C=CDTTFAQ).(dppe}] 6b.

Compound 3a 6b
Formulae CysH1Ss, CHCh CioHg2PsRUS 5, 3(CHCE)
FW (g.mol") 566.00 2275.45
System triclinic triclinic
Space group P-1 P-1

a (A 8.9594(10) 10.7345(8)

b (A) 9.6392(11) 13.9086(11)

c (A) 15.5389(16) 18.0123(15)

a (deg) 76.139(4) 99.254(3)

B (deg) 83.939(4) 103.778(3)

v (deg) 79.428(4) 93.974(3)

V (A3 1278.1(2) 2561.6(4)

T (K) 150(2) 150(2)

Z 2 1

Deac (g.cm?) 1.471 1.475

i (mm?) 0.700 0.743

Total refls 24694 55584

Abs corr multiscan multiscan
Uniq refls (Ry) 58690.0500) 11719(0.0430)
Uniq refls (1 > (1)) 4793 9646

Ry WR, 0.0583, 0.1376 0.0741, 0.2008
R;, WR; (all data) 0.0732, 0.1465 0.0907, 0.2226
GOF 1.075 1.031
Notes

The authors declare no competing financial interest

Supporting Information Available. Experimental procedure for the synthesis1bf 3'P
NMR spectrum of comple®a. Additional UV-vis-NIR figures for complexesa and6b and
DPV for complex8. X-ray crystallographic files in CIF format. This teaal is available free

of charge on the ACS Publications website at DOI:
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