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Novel monoallenylidenes of Ru and Re and homobimetallic Ru/Ru and heterobimetallic
Ru/Re complexes bridged by multiconjugated aromatic organic spacers such as bianthra-
cenylidene and biphenylene were obtained and characterized by conventional spectroscopic
techniques and elemental analysis. Electrochemical measurements coupled to spectroelec-
trochemistry and EPR spectroscopy proved that in the bis(allenylidene) complexes an
electronic communication is present between either the two allenylidene bridges or the two
metal centers, enticing extended intramolecular electronic mobility.

Introduction

The chemistry and reactivity of transition metal
allenylidenes!? and higher cumulenes?® is well docu-
mented and has received renewed interest due to the
many different applications, ranging from homogeneous
catalysis* to molecular materials, such as sensors and
wires® and liquid crystals.6—8

A major step forward in the synthesis of transition
metal allenylidenes was achieved by Selegue, who
showed that Ru(II) complexes readily react with prop-
argylic alcohols to yield, via a metal-mediated z-alkyne
to vinylidene tautomerization, a generally transient
hydroxyvinylidene. Intramolecular elimination of water
from the latter leaves the M=C(0)=C(5)=C(y) allen-
ylidene moiety.?® Many contributions to the chemistry
and reactivity of this class of organometallic compounds,
particularly of ruthenium, are reported in the literature,
for example through further functionalization of the
unsaturated chain which can undergo attack by both
nucleophiles on C(a) and C(y) and electrophiles on
C(p).21° Protection of C(a) is normally achieved by the
use of bulky monodentate ligands or diphosphines,
which shield this carbon atom against nucleophilic
attack and therefore increase the selectivity of the
organometallic reaction. Kinetic rather than thermo-
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dynamic preference for the attack at C(y) by nucleo-
philes, such as amines and phosphines, has been
documented, and a few examples of C(y) to C(a) rear-
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rangement have been reported for some rhenium(I)
allenylidene adducts of nucleophiles.!

Organoruthenium complexes with s-conjugated bridges
have great importance for building molecular scale
electronic devices that allow exchange of electrons
through bridges between remote terminal groups. The
redox aptitude of metallacumulenes,217 particularly of
ruthenium(II) allenylidenes, is well documented. Both
mononuclear'*~17 and dinuclear'? Ru=C=C=CR!R? as-
semblies have been investigated probably because,
contrary to most metal ions, the Ru(II) center seems to
favor intramolecular electronic mobility when inter-
posed between unsaturated carbon chains.!” In contrast,
rhenium complexes linked to sp-carbon chains are less
well studied.!® The extent of electron exchange between
metal centers is usually assessed by cyclic voltammetry
(CV)!8 or, in case of complexes undergoing one-electron
oxidation, by electron spin resonance (ESR) experi-
ments.192

A variety of conjugated bridges and different synthetic
methodologies have been used to connect two or more
Ru units. Chart 1 shows examples of coupling of
allenylidene and diynylmetal complexes to form a
bimetallic Ru system with a C; conjugated bridge (I),18
the use of bifunctionalized propargylic alcohols to
prepare bimetallic bis(allenylidene) derivatives (IT),19
their reversible deprotonation/protonation at the C(d)
atom to yield at first mixed allenylidene-alkenyl carbyne
complexes (ITT) and then bis(alkenylcarbyne) ruthenium
species (IV),19:20 and the insertion of 3-ene-1,5-diynes
into a Ru—H bond to give polyunsaturated (CH)s-
bimetallic complexes (V).23 Polymetallic vinylidene and
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reactivity of metal allenylidenes include: (a) Mantovani, N.; Marvelli,
L.; Rossi, R.; Bianchini, C.; de los Rios, I.; Romerosa, A.; Peruzzini, M.
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allenylidene ruthenium complexes were also obtained
by Dixneuf and co-workers via the Selegue protocol
using dendrimers bearing either conjugated or noncon-
jugated terminal polyalkynes, yielding trimetallic com-
plexes in the form of an organometallic “triskelion”
(VI).2425

Worth noting is also the recent result by Rigaut et
al., who were able to synthesize trans-[(dppe)eRu{C=
C=CPhy)2}1[B(C¢F'5)4l2 (1) by an oxidative pathway
encompassing the reaction of Ce(IV) ammonium nitrate
with trans-[(dppe)2Ru{ C=C=CPhg}{ C=CCHPhgy}][B-
(CgF5)4] (VII).17 Complex 1 represents the first docu-
mented example of a metal-centered bis(allenylidene)
species and is characterized by two one-electron revers-
ible reduction waves.

Recently, we have shown that rhenium(I) forms stable
vinylidenes and allenylidenes,?¢ which in part parallel
the chemistry and reactivity of the isoelectronic d®
ruthenium(II) carbenes but also exhibit unusual reac-
tivity patterns unknown for the related Ru(II) deriva-
tives.!! Dirhenium and mixed heterodimetallic bis-
(allenylidene) derivatives containing bridging unsaturated
carbenes are virtually unknown.?” Intrigued by the
possibility of using the highly versatile and stable
[(triphos)Re(CO)q]* synthon to generate homo- and
heteroconjugated bimetallic complexes with bridging
unsaturated carbenes, we decided to examine whether
bifunctional propargylic alcohols may be used to enter
this class of compounds by expanding the original
approach of Dixneuf and co-workers.19%

Hereby we report our first results in this area
describing the synthesis of monoallenylidenes of Ru and
Re and of the corresponding novel homobimetallic Ru/
Ru and heterobimetallic Ru/Re bis(allenylidenes) bridged
by multiconjugated aromatic organic spacers, which
were obtained by conversion of diketones such as [9,9']-
bianthracenylidenene-10,10'-dione and (4-benzoylphen-
yDphenyl methanone into their bis(propargylic) deriva-
tives L; and Lg, respectively. Electrochemical and
spectroelectrochemical measurements were carried out
on selected bis(allenylidene) derivatives in order to
highlight the presence of electronic communication
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organic chains.
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Results and Discussion
Synthesis and Characterization of Bis-a-alkynol O O O
Organic Spacers. The bis-a-alkynol ligands 10,10'-
diethynyl-10H,10'H-[9,9']bianthracenylidenene-10,10'- HO N
diol (Lj) and 1-[4-(1-hydroxy-1-phenylprop-2-ynyl)-
phenyl]-1-phenylprop-2-yn-1-ol (Lg), shown in Chart 2,
were prepared in excellent yields from the corresponding
commercially available diketones via reaction with 10,10"Diethynyl-10H,10°H-[9.9Tb 1-{4-(1-Hydroxy-1-phenyl-prop-2-ynyl)-ph
ethynylmagnesium chloride in THF at 60 °C. Addition fanthracenylidene-10,10"-diol enyl]-1-phenyl-prop-2-yn-1-ol
of magnesium acetylides on carbonyl groups is a well-
known procedure for obtaining propargylic alcohols, but Ly Ly

was never described before on this kind of substrates.
Early literature reports the synthesis of the related
trans-9,10-diethynyl-9,10-dihydroanthracene-9,10-diol
(L3)?® by addition of sodium acetylide although with
incomplete characterization, whereas the two bisprop-
argylic derivatives are unreported. Notably, compounds
L; and Lg were each obtained as a single diastereoiso-
mer, likely bearing the alkynyl ends in ¢rans configu-

(28) (a) Cognacq, J. C.; Guillerm, G.; Chodkiewicz, W.; Cadiot, P.
Bull. Soc. Chim. Fr. 1967, 4, 1190. (b) Madhavi, N. N. L.; Bilton, C.;
Howard, J. A. K,; Allen, F. H.; Nangia, A.; Desiraju, G. R. New <J. Chem.
2000, 24, 1.

(HC,)(OH)C-bianth-C(OH)(C,H) Ph(HC,)(HO)C-C4H,-C(OH)(C,H)Ph

ration in analogy with a ¢rans addition as observed for
Ls. The 'H NMR spectra in CDCl; are indeed consistent
with the proposed structures and show singlet reso-
nances typical for the C=CH proton at 2.86 and 2.85
ppm, respectively. In the same solvent the OH groups
resonate at 2.92 and 3.04 ppm. The 13C{1H} NMR
spectra in the same solvent show singlets around 68
ppm (L;) and 86 ppm (Lg) for CCOH)(C=C), 74 ppm (L,
Lg) for C=CH, and around 75 ppm for C=CH. Assign-
ment of the two alkyne carbons was possible from the
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Scheme 1
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analysis of the DEPT-135 spectra in which the quater-
nary carbons were nulled out. In the IR spectra, a weak
»(C=C) absorption band is observed at ca. 2130 cm1,
while strong absorptions assigned to »(OH) and v(=CH)
are evident at about 3550 and 3280 cm™!, for L; and
L,, respectively.

Synthesis and Characterization of the Mono-
nuclear Allenylidene Complexes of Ruthenium(II)
and Rhenium(I). The synthetic approach used to
prepare the metal allenylidenes incorporating organic
fragments derived from L; and Ly was based on Sele-
gue’s protocol involving activation of the propargyl
alcohols and intramolecular dehydration to give the
allenylidene moieties.? [(triphos)Re(CO)2(OTH)] (1) and
[RuCl(dppe)2l(OTY) (2) were used as metal precursors
in view of the well-known predisposition of both metal
synthons to generate allenylidene complexes when
reacted with propargylic alcohols [triphos = 1,1,1-tris-
(diphenylphosphinomethyl)ethane, dppe = 1,1-bis(diphe-
nylphosphino)ethane].?226 The use of the ruthenium
triflate complex 2 instead of the corresponding dichlo-
ride allows for direct synthesis of the allenylidenes from
the cis/trans isomeric mixture of [RuCly(dppe)q] without
the need for recrystallization to obtain the trans-[RuCls-
(dppe)s] complex in pure form.2 A similar approach was
recently used for Ru complexes using the related BFy
complex.?? Complex 2 was straightforwardly generated
by reaction of the dichloride complex with MeOTf in
CHyCl,, giving MeCl as volatile byproduct, which is
removed in vacuo in the workup.3° Complex 2 is an air
stable red-colored compound that is easily recrystallized
from CHyCly/Et2O mixtures.

Reactions of 1 with a slight excess of the alkynols L
and Ly in CHyCly at room temperature gave the corre-
sponding mononuclear allenylidene complexes [(triphos)-
Re(CO)o{ C=C=C(bianth) C(OH)(C=CH)}]OTf (bianth
= bianthracenylidenene) (3) and [(triphos)Re(CO)s-
{C=C=C(Ph){ u-(p-CcH4)} C(Ph)(OH)(C=CH)}]1OTf (4)
(Scheme 1).3! The reactions were completed in 3—5 h,
and the color of the solutions turned from yellow to deep
purple, diagnostic of the formation of the polyunsatu-

(29) Chin, B.; Luogh, A. J.; Morris, R. H.; Schweitzer, C. T,
D’Agostino, C. Inorg. Chem. 1994, 33, 6278.

(30) Bergamini, P.; Fabrizi De Biani, F.; Marvelli, L.; Mascellani,
N.; Peruzzini, M.; Rossi, R.; Zanello, P. New J. Chem. 1999, 207.

¢}

Q Q /;|OTf

[M]=Cc=c=C

OO”

= IM] = [(triphos)Re(CO),] (3)
[(dppe)2RuCl] (5)

—| oTf

[M] = [(triphos)Re(CO),] (4)
[(dppe),RuCl] (6)

HO” \

rated cumulenylidene ligand.?6 By monitoring the reac-
tion via 3'P{'H} NMR spectroscopy no m-alkyne or
hydroxyvinylidene intermediates were observed, which
is however not surprising in rhenium allenylidene
synthesis via the Selegue’s reaction.26¢d.32

The IR spectra of 3 and 4 show two v(CO) bands in
the range 2000—1920 ¢cm™!, while no »(C=C=C) band
of the allenylidene ligand is visible, most likely because
of overlapping with the more intense carbonyl stretching
bands. The 3'P{'H} NMR spectra consist of overlapping
second-order AXX' spin systems centered at —17.12 ppm
for 3 and —17.70 ppm for 4. These results are in line
with those reported for the known rhenium allen-
ylidenes [(triphos)(CO):Re{ C=C=C(R)Ph}(OTf) (R = H,
Me, Ph).26cd

Characteristic features of 3 and 4 in the *C{'H} NMR
spectra are the resonances of the allenylidene chain
carbons, which appear at ca. 290 (Ca), 210 (CpS), and
160 ppm (Cy), the first two signals as multiplets due to
C—P coupling and the third as a singlet, and the signals
of the free propargylic unit that are observed at ca. 86
ppm (C=CH), 78 ppm (C=CH), and 75 ppm (C(OH)-
(C=CH)). In the 'H NMR spectra, the free C=CH alkyne
proton appears at ca. 2.9 ppm as a singlet, while the
OH signal is not observed, probably due to the overlap-
ping with the CHy signals of the triphos ligand.

Under similar reaction conditions, the Ru(II) precur-
sor 2 reacts with L; and Lg to give the corresponding
mononuclear allenylidenes trans-[(dppe)e:RuCl{ C=C=
C(bianth)C(OH)(C=CH)}]OTf (5) and ¢trans-[(dppe)2RuCl-
{C=C=C(Ph){u-(p-C¢H4)} C(Ph)(OH)(C=CH)}1O0Tf (6)
(Scheme 2). These reactions are slower than those
observed for the rhenium precursor 1, being completed
in about 24 h, but also in this case no m-alkyne or
hydroxyvinylidene intermediates were observed via
NMR monitoring. The two novel ruthenium allen-
ylidenes exhibit a common geometry corresponding to

(31) Reactions of Lg with either 1 and 2 to yield monometallic Re
and Ru allenylidenes were successfully carried out in our laboratories.
Further reactions to afford the corresponding bimetallic derivatives
are still in progress, and the complete work will be described in detail
in a future paper (manuscript in preparation).

(32) The formation of m-alkyne and hydroxyvinylidene species
preceding the dehydration step in the Selegue’s method is well
documented for ruthenium complexes. See for example: Ciardi, C.;
Reginato, G.; Gonsalvi, L.; de los Rios, I.; Romerosa, A.; Peruzzini, M.
Organometallics 2004, 23, 2020, and references therein.
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the trans disposition of chlorine and allenylidene ligands,
as indicated in the 3'P{'H} NMR spectra (CDCl3) by the
equivalence of the four phosphorus nuclei, with singlets
at 38.07 and 38.48 ppm, respectively. The 13C{1H} NMR
spectra of 5 and 6 show the a and  carbon atoms of
the allenylidene unit as quintets at ca. 307 ppm (Jcp ~
14 Hz) and 215 ppm (Jcp ~ 3.5 Hz), while the C(y)
resonance appears at ca. 160 ppm as a singlet. The
carbon atoms of the free propargylic moiety are evident
as singlets at ca. 86, 77, and 75 ppm, attributed to C=
CH, C=CH, and C(OH)(C=CH), respectively. The two
latter assignments were supported by DEPT NMR
experiments. In the IR spectra the strong v(C=C=C)
absorption band is evident at 1917 cm™!. Related
allenylidene complexes of formula ¢rans-[(dppe):Cl1Ru-
{C=C=CR!R?}|PFy, synthesized by Dixneuf and co-
workers, show similar spectroscopic data and therefore
substantiate our assignment of trans geometry for 5 and
6.22,33

Synthesis and Characterization of Bimetallic
Bis(allenylidene) Complexes. The mononuclear rhe-

(33) Touchard, D.; Pirio, N.; Dixneuf, P. H. Organometallics 1995,
14, 4920.

[M]=Re

O

nium and ruthenium allenylidene complexes 3—6 bear
a free propargylic group amenable to react with a second
metal fragment to form bimetallic derivatives in which
two metal allenylidene units can be held together by
the organic spacer, either bianthracenylidenene or phen-
ylene. In contrast with expectations, the reaction of the
monorhenium allenylidenes 3 and 4 with a second
equivalent of 1 did not yield the homobimetallic Re/Re
species. It was possible instead to obtain homobimetallic
Ru/Ru and heterobimetallic Ru/Re bis(allenylidene)
complexes starting from the Ru monoallenylidenes 5
and 6 (Schemes 2, 3) as expected. Thus, reaction of 5
with 1 and 2 afforded in fairly good yield the bis-
(allenylidene) complexes trans,trans-[(dppe)sRu(CH{ C=
C=C(bianth)C=C=C)}(C))Ru(dppe)2l(OTf): (7) and trans-
[(dppe)2Ru(Cl) {C=C=C(bianth)C=C=C}(CO)sRe(tri-
phos)]|(OT), (8) as deep violet microcrystalline materi-
als. Similarly, treatment of 6 with the ruthenium and
rhenium synthons 1 and 2 yielded ¢rans,trans-[(dppe)2Ru-
(CI{ C=C=C(PhX u-(p-CsH4)} (Ph)C=C=C)} (CDRu(dppe)al-
(OTHy (9) and trans-[(dppe)eRu(Cl)}{ C=C=(Ph){u-(p-
CsHy)} (Ph)=C=C)}(CO)2Re(triphos)|(OTf)s (10). Alter-
natively, the two heterobimetalllic Ru/Re complexes 8
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and 10 may be synthesized also by reacting the rhenium
monoallenylidene 3 or 4 with the ruthenium precursor
2 under similar reaction conditions. A comparison of the
NMR data of the isolated reaction products confirms
that the heterobimetallic species 8 and 10 form ir-
respective of the monoallenylidene used as precursor.

The homonuclear diruthenium bis(allenylidenes) 7
and 9 are characterized in the 3'P NMR spectra by
singlets at about 38 ppm as a consequence of the
magnetic equivalence of the eight phosphorus atoms of
the two Ru(dppe)s units. In contrast, the heterobime-
tallic Ru/Re bis(allenylidenes) 8 and 10 show two set of
signals ascribable to the Ru(dppe): and Re(triphos)
cappings kept together by the bis(allenylidene) unit; the
former appears as a singlet at ca. 38 ppm, while the
latter exhibits the usual second-order AXX' multiplet
at ca. —17 ppm.26¢d The 3C{H} NMR spectra 7 and 9
show a single set of resonances for the a, 5, and y carbon
atoms in agreement with the equivalence of the two
Ru=C=C=C allenylidene ligands at ca. 310 ppm (quin-
tet, Jcp 14 Hz), 230 (quintet, Jcp 3 Hz), and 160 (s) ppm,
respectively.

In line with the proposed formulation, the heterobi-
metallic bis(allenylidene) compounds 8 and 10 allow
discrimination of both the signals of Ru=C=C=C and
Re=C=C=C units in their 13C{'H} NMR spectra. The
C(a) and C(p) signals can be unequivocally assigned on
the basis of their multiplicity: C(a) and C(S) of the Ru=
C=C=C unit appear as quintets at ca. 310 ppm (Jcp ~
14 Hz) and 230 ppm (Jcp ~ 3 Hz), while the C(a) and
C(p) of the Re=C=C=C unit appear as doublets of
triplets at 290 ppm (Jcpirans ~ 22 Hz, Jcpeis ~ 8 Hz) and
220 ppm (Jcpirans ~ 15 Hz, Jepis ~ 5 Hz). The C(y)
carbon atoms of both allenylidene units appear as
singlets near 160 ppm (see Table 1). Further details
about the NMR and IR characterization of all the mono-
and bis(allenylidene) species are summarized in Table
1.

In the IR spectra 7 and 9 give a very strong v(C=C=
C) band at 1917 ecm™!, while 8 and 10 have two strong
»(CO) bands in the range 1920—2000 cm™!, likely
overlapping with the v(C=C=C) stretching frequencies
falling in the same region.

Electrochemical Properties of the Allenylidene
Complexes. Complexes 7, 8, and 10 were studied using
cyclic voltammetry in order to verify whether the homo-
or heteroconjugated bis(allenylidene) moieties com-
municate electronic information between the two metal
ends. The mononuclear allenylidenes 4—6 were also
tested by electrochemical methods to compare how
electronic effects act upon passing from a monuclear
allenylidene to a dinuclear bis(allenylidene) complex. As
a representative example of these cooperative electronic
effects, Figure 1 compares the cyclic voltammetric
behavior of the monoruthenium complex ¢rans-[(dppe)s-
RuCl{ C=C=C(bianth)C(OH)(C=CH)}10Tf (5) with that
of the corresponding diruthenium complex trans,trans-
[(dppe)sRu(Cl){ C=C=C(bianth)C=C=C)} (C)Ru(dppe)z]-
(OTHs (7).

As in the case of the related monoallenylidene cation
trans-[(dppe)2RuCl{ C=C=CPhs}]" (11),* complex 5
exhibits a well-defined reduction process showing par-
tial chemical reversibility, which precedes a further
irreversible reduction at the borders of the cathodic
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Figure 1. Cyclic voltammetric responses recorded at a
platinum electrode in CHyCl; solution of (a) 5 (0.6 x 1073
mol dm™3); (b) 7 (0.5 x 1073 mol dm3). [NBuy][PFg] (0.2

mol dm~3) supporting electrolyte. Scan rate 0.2 V s71,

window. An oxidation process is also present, whose
chemical reversibility is only partially detectable be-
cause of the overlap with the solvent discharge. Notice-
ably, Osteryoung square wave voltammetry (OSQW)
displays a peak-height similar to that of the reduction
process.

Controlled potential coulometry corresponding to the
first reduction carried out at low temperature (—20 °C)
consumed about one electron/molecule.?* Hydrodynamic
and cyclic voltammetric tests?® on the reduced solution
show profiles quite complementary to the original ones,
thus confirming the chemical reversibility of the ca-
thodic step.

Analysis of the cyclic voltammetric responses with
scan rates varying from 0.02 to 2.00 V s~! shows that
the ip4/ipe ratio, which is 0.55 at the lowest scan rate,
increases only slightly to 0.64 at the highest scan rate.
Even if such a finding would support the occurrence of
side reactions accompanying the reduction process,35 in
view of the coulometric measurements, we are inclined
to assign this effect to the above-mentioned fast reoxi-
dation rather than to fragmentation processes.

When compared to 5, the dinuclear complex 7 dis-
plays, in addition to the above-mentioned processes
located at the extremities of the solvent window, a
rather rich sequence of electron transfers, which appear
to be chemically reversible in the cyclic voltammetric
time scale. As shown in Figure 2, the cyclic voltammo-
gram of 7 exhibits either a well-defined oxidation (peak
system D/D’) or two separated reductions (peak systems
A/A' and B/B', respectively), followed in turn by a
further two times higher reductions (peak system C/C').

Step-by-step coulometric measurements correspond-
ing to both the anodic process D and the two cathodic
processes A and B proved their monoelectronic nature.
Also in these cases hydrodynamic and cyclic voltam-

(34) Electrochemical tests at ambient temperature were discarded,
as fast reoxidation triggered by traces of air continuously regenerates
the original complex.

(35) Zanello, P. In Inorganic Electrochemistry. Theory, Practice and
Application; RSC: Cambridge, UK, 2003.
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'H
3 (ppm), J (Hz)

Complex

sip { IH}
3 (ppm), J (Hz)

IR (KBr,cm?)

B {IH}
8 (ppm), J (Hz)

1.67 (brs, 3H, CH,,, )

2.40 - 2.80 (m, 6H, CH.

2 mphos)

2.90 (s, 1H, C=CH)

3b

1.72 (brs, 3H, CH3 u-iphos)

OH 2.35-2 .90 (br m, 6H, CH,

2.96 (s, 1H, C=CH)

4°

2.60-3.30 (m, 8H, CH

Mppe)

2.97 (s, 1H, C=CH)

2 triphos)

-17.12 (m)

v(OH) 3500-3100 br
v(=CH) 3295

v(=CH _ )3057

arom:

v(CO) 1998

v(CO) + v(C=C=C)
1914

v(C=C) 1590

v(OTf) 1275

-17.70 (m)

v(OH) 3500-3200 br
V(=CH) 3288
V(=CH__) 3057

v(CO) 1998

v(CO) + v(C=C=0C)
1917

v(C=C) 1593, 1670

v(OTf) 1278

38.07 (s)

v(OH) + v(C=CH)
3600 - 3200 br
v(=CH,_) 3057
v(C=C=C) 1917
v(C=C) 1589,1575

v(OT) 1272

290.0 (m, Re=C=C=C)
211.2 (s, Re=C=C=C)
195.0 (m, CO)

161.0 (m, Re=C=C=C)
145-150 (C,,)

85.8 (s, C=CH)

748 (s, C=CH)

74.9 (s, C(OH)(C=CH) )

400 (m, CH
CHC,, )

3~ triphos:

3triphos

33-35(brm, CH

Zmphus)

290.5 (m, Re=C=C=C)

2096 d, T,
Re=C=C=C)

9.8,
192.0 (m, CO),
161.4 (s, Re=C=C=C)
144-150 (C,,)

85.8 (s, C=CH)

77.9 (s,C=CH)

74.9 (s, C(OH)(C=CH)

402 (@ J, 155,
CH}uiphns)

40.1 (5,CH,C,,,.)

33.0-34.8 (m, CH,,,,)

3074 (qu, J, 146,
Ru=C=C=C)

216.0 (s, Ru=C=C=C)
159.6 (s, Ru=C=C=C)
149.5- 1433 (C,.)

85.8 (s, C=CH)

76.3 (s, C =CH)

75.2 (s, C(OH)(C=CH))

26.9(qu, J, 12.2, CH

dew)
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Table 1 (Continued)
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SIP{IH}
1 13 1
Complex H 8 (ppm), J (Hz) C{H}
3 (ppm), J (Hz2) - 8 (ppm), J (Hz)
IR (KBr, cm™)
Torr 2.50 - 2.90 (m, 8H, CH,, ) 38.48 (s) 307.6 (qu, J, 140,
Q Ru:C:C:C)

OH

6b

2.96 (s, 1H, C=CH)

2.38 —2.95 (m, 16H, CH,

2dppe)

1.80(q, 3H,J, 9.6 CH, )
2.25 - 2.90 (br m, 14H, CH
+CH

2dppe)

riphos

v(OH) 3600-3200br
V(=CH) 3293
V(=CH__) 3052
v(C=C=C) 1917
v(C=C) 1589

v(OTf) 1278

38.12(s)

V(CH,_) 3053
v(C=C=C) 1917
v(C=C) 1589, 1670

v(OTf) 1269

37.52 (s, dppe)

-18.59 (m, triphos)

v(CH_ ) 3058

arom

v(CO + C=C=C)
1998, 1916

v(C=C) 1588, 1579

v(OTf) 1267

2156 (qu, J, 35,
Ru=C=C=C)

160.8 (s, Ru=C=C=C)
149.6 - 144.2 (C,)
85.8 (s, C=CH)
77.9 (s, C=CH)

74.6 (s,
C(OH)(C=CH))

281 (qu, J, 110,

Zdwe)

113 (qu, J, 140,
Ru=C=C=C)

229.1 (qu, J,
Ru=C=C=C)

3.0,
158.5 (s, Ru=C=C=C)
135.1-126.7 (C,.,.)

28.2 (qu, J, 11.6, CH,

dppe-

3109  (qu, J, 128,

Ru=C=C=C)
2840 (dt, J,,,, 20.1,
T 8.5, Re=C=C=C)
279 (qu, , Jg, 20,
Ru=C=C=C)

2068 (dt, Jop,, 128,
T 5.0, Re=C=C=C)
192.0 (m, CO)

159.1, 159.5 (all s,
Ru=C=C=C +
Re=C=C=C)

1445-1253(C_ )

‘arom-

40.1 (br, CH,C

o)

39.9 (g, J, 9.6, CH,

mphm)

33.5 (m, CHpP, )
347 - 307 (br m,
CHP,...)
282 (qu, J,

. 116,
Cszppc)
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31P{1H}
1 13 1
Complex H 3 (ppm), J (Hz) C{H}
8 (ppm), J (Hz) 8 (ppm), J (Hz)
IR (XBr,cm?)
2.25-2.85 (m, 16H, CH,, ) 38.10 (s) 307.9  (qu, J, 140,
O ~ 010 Ru=C=C=C)
P
—C— }\, | 229.1 (qu, J, 3.0,
— Q & V(CH,_) 3050 Ru=C=C=C)
P
C;QE —c—C— V(C=C=C) 1916 160.8 (s, Ru=C=C=C)
> D

N

1.76 (br s, 3H, CH

+ CH,

depe)

Zu-iphox)

2.20 - 3.00 (br m, 14H, CH,, ,

v(C=C) 1583, 1578 135.7-126.5 (C_,.)

v(OTf) 1276 28.1 (qu, J, 11.2,
CH,,.)

37.71 (s, dppe) 311.2 (qu, J, 139,
Ru=C=C=C)

- 18.28 (m, triphos)
292.4 (dt, J s 22.0, J s

8.2, Re=C=C=C)
v(CH,__ ) 3063

227.7 (q, , J, 28,
v(CO + C=C=C) 1998, Ru=C=C=C)
1913

2185 (dt, Jg,., 155, J,
v(C=C) 1588, 1579 4.7, Re=C=C=C)
v(OT) 1273 191.9 (m, CO)

161.0, 1595 (all s,

Ru=C=C=C + Re=C=C=C)
138.0-127.2(C,..)

40.1(q,J,, 2.5, CH,C

3 mphes)

39.7(q.J, 7.8, CH,,,,,.)
35.6 (dt, J, . 14.6, ], 24,
CHP,..)

20 ax triphos-

34.4 (br m, CH,-P

eq mphos)

28.1 (qu, J,, 11.3, CH

2 dppe)

@ All the NMR spectra were recorded in CDCls, at room temperature (20 °C) on a Bruker AC200 instrument. Key: d, doublet; t, triplet;
q, quartet; qu, quintet; m, multiplet; br, broad. ® OH proton not observed.

metric tests on the resulting solutions confirmed the
chemical reversibility of the processes even in the long
times required for macroelectrolysis. In contrast, the
subsequent exhaustive two-electron reduction corre-
sponding to peak C revealed partial degradation of the
original complex.

Tables 2 and 3 summarize the values of formal
electrode potentials for the electron transfer processes
of complexes 5 and 7, together with those of the other
mono- and bis(allenylidene) complexes investigated by
electrochemical methods.

A few data taken from the literature for other related
complexes are also reported in the tables for compara-
tive purposes. For example, the related bis(allenyli-
dene)diruthenium(II) complexes [Cl(dppe)eRu{C=C=
C(H)-X-(H)C=C=C}Ru(dppe)2Cl]?* (X = 1,4-CgHy4, 12;
2,5-C4HsS, 13) show two sequential, reversible, one-
electron reductions.!? Although the redox pattern ob-
served was more complicated, it was proposed that in

ruthenium-allenylidenes the reduction processes are
centered on the unsaturated ligand,'416:17 whereas the
oxidation processes are centered on the ruthenium
atom.!®16 Thus, we assign by comparison the peak
system D/D’ to the Ru(II)/Ru(IIl) oxidation of one metal
center, whereas the oxidation of the other Ru(II) center
is likely to be masked by the solvent discharge. The
mononuclear allenylidenes 6 and 4 and the heterodi-
nuclear complexes 8 and 10 exhibit voltammetric pat-
terns substantially similar to those described above for
the couple 5 and 7, the only significant difference being
that in 10 the anodic process is markedly shifted toward
positive potential values.

In summary, from the analysis of the electrochemical
data it is evident that the splitting of the cumulene-
centered reduction(s) on passing from mononuclear
allenylidenes to dinuclear bis(allenylidenes) is not af-
fected by the bianthracenylidenene spacer, which there-
fore does not inhibit the electronic communication
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E (V, vs. SCE)

-1I4O -0I.8 -0I.6 -0|.4 -OIA2 OTO + (I).2 + (I).4 + (1).6 + 6.8
Figure 2. Cyclic (—) and Osteryoung square wave (- - -)
voltammetric responses recorded at a platinum electrode
in CH3Cls solution of 7 (0.5 x 1073 mol dm™3). [NBuy] [PFg]
(0.2 mol dm~3) supporting electrolyte. Scan rates: (—) 0.2
Vs1(---)01VsL

Table 2. Formal Electrode Potentials (V, vs SCE)
and Peak-to-Peak Separations (mV) for the
Electron Transfer Processes Exhibited by the
Mononuclear Ru(Il) and Re(I) Allenylidenes in
CH;Cl; Solution

reduction processes

oxidation process

complex E°(2+/+) AE® E°(+/0) AEy©® E°(0/—) ref
4 +1.30 76 —0.46 74 —1.5° c
5 +1.36%¢ —0.60 60 -1.6° c
6 +1.40%¢ —-0.61 61 -1.7 c
11 —0.64 60 -1.72% 14

@ Measured at 0.1 V s71, ® Peak potential value for irreversible
processes. ¢ Present work. ¢ Potential value measured by OSQW.
¢ Peak height measured by OSQW.

between the two Ru=C=C=C fragments. The separa-
tion of 0.19 V for the sequence 2+/+/0 for 7, 8, and 10
gives a Ko value of 1.6 x 103, which suggests that the
positive charge is partially delocalized along the alle-
nylidene chain in the singly reduced species.?® The
eventual interaction between the two metal centers is
more difficult to assess, as the second oxidation is
partially overlapped by the solvent discharge. At any
scan rate a value for K., of 7 was roughly estimated
on the order of 1016, which suggests that the further
positive charge generated at the first oxidation is
completely delocalized between the two ruthenium
centers (Robin-Day Class III mixed-valent Rul!'Ru!l
species).?’> The unambiguous assignment of the two-
electron process C/C' is also problematic, as it could be
due either to the concomitant Ru(II)/Ru(I) reduction of
the two Ru(Il) centers or to the further reduction of the
unsaturated chain.36

UV-Vis and EPR Spectral Characterizations of
the Redox Processes of Allenylidene Complexes.
The UV—vis spectra recorded in a optically transparent
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Figure 3. UV—vis spectra recorded in an optically trans-

parent thin-layer electrode (OTTLE) cell during the step-
wise reduction of complex 5 in CH5Cl; solution.

thin-layer electrode (OTTLE) cell during the stepwise
reduction of complex 5 in CHCl; solution are illustrated
in Figure 3, showing (arrows) two intense absorptions
at Amax = 504 and 358 nm, respectively, and a weak
band at Amax = 850 nm. Two further shoulders are
present at 325 and 412 nm, respectively.

According to DFT calculations on model [(CO)sM(=
C),Hal (n =2, 9) complexes,3” the two low-energy bands
are assigned to the geometrically permitted LUMO —
HOMO-1 transition (Anax = 504 nm) and to the geo-
metrically forbidden weak LUMO <— HOMO transition
(Amax = 850 nm), respectively. On the basis of the
electrochemical results and on earlier theoretical cal-
culations, the LUMO <~ HOMO transition could be
described as a MLCT from a dw metal orbital to x*
orbital of the ligand.?® Both transitions display a ba-
thocromic shift with respect to the related Ru(Il) cu-
mulenes [CI(PR3)4sRu(=C),Rz]l*, where the weak peak
is detected around 600 nm, while the main absorption
band is around 400 nm.15:16:38 Syuch a shift is likely due
to the presence of the aromatic terminal groups in 5,
which strengthen the cumulene conjugation responsible
for the red shift.?® The shoulder present at 1 = 412 nm,
near the LUMO < HOMO-1 band, is a spin-forbidden
singlet—triplet transition. The two intense peaks present
in the high-energy region (Amax = 270 and 212 nm,
respectively) are typical of n/z* and s/7* transitions of
the phosphine groups.!® As far as the corresponding
dinuclear complex 7 is concerned, it displays a spectral
pattern qualitatively similar to that of 5, except for the
main absorption, which is shifted to Anmax = 545 nm
(Figure 4). The shift is due to the delocalization of the
LUMO on a longer conjugated carbon chain, whose
stabilizing effect decreases the LUMO — HOMO-1

Table 3. Formal Electrode Potentials (V, vs SCE) and Peak-to-Peak Separations (mV) for the Most
Significant Electron Transfer Processes Exhibited by the Dinuclear Ru/Ru and Ru/Re Allenylidenes in
CH,C]l; Solution

complex E°*'(3+/2+) AE E*'(2+/+) A E°'(+/0) AR, E°(0/2-) AR,
7 +0.46 59 —0.22 59 —0.41 59 ~0.62 57
8 +0.47 59 -0.15 76 —0.345 -0.44°
10 +1.07° -0.16 58 —0.35 -0.64°
12 ~0.08° 66¢ —0.28° 81¢
13 +0.10° 71¢ —0.18° 80

@ Measured at 0.1 V s71. ® Measured by OSWV. ¢ From ref 12.
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Figure 4. UV/vis spectra of 5 (—) and 7 (- - -) in CHyCl,
solution.

Table 4. Ap.x for the LUMO — HOMO and LUMO —
HOMO-1 Bands of Complexes 4—8 and 10

Amax (nm)
compound LUMO — HOMO LUMO — HOMO-1¢
4 865 504%*, 550
5 850 504
6 860 524
7 856 504%, 545
8 852 502%, 552
10 862 502%, 552

@ * = Shoulder.

gap.3637 Furthermore, partial overlapping of a few bands
is indicated by the broadness of the band at A,.x = 545
nm. The wavelengths for the most significant electronic
transitions of all complexes are listed in Table 4.

To confirm the cumulene-centered nature of the first
reduction of 7, EPR measurements were carried out on
the solution resulting from exhaustive one-electron
reduction at 253 K. Figure 5 shows the main X-band
EPR spectra.

Under glassy conditions (7' = 100 K), the line shape
analysis is suitably carried out in terms of the S = 1/2
anisotropic Hamiltonian resolved in rhombic structure.3?
The three broad signals are well separated and centered
at g; values typical of a paramagnetic species with the
unpaired electron basically centered on the ligand
framework, even if in the presence of some metallic
character (rhombic symmetry, g; # Zelectron = 2.0023).
In particular, the multiple derivative analysis strongly
supports that the electron spin density is localized inside
the C=C chain, as there is no evidence for any 3P
satellite splittings. In the limits of the experimental
anisotropic AH; line widths [ai(®*>19%Ru) < AH;. g =
2.047(5); gm = 2.023(5); gn = 2.002(5); [g0= 2.024(5).
AH, = 16(1) G, AH,, = 16(1) G, AH}, = 14(1) G]*° no
hyperfine (hpf) splittings due to Ru isotopes are detect-
able.

(36) Skibar, W.; Kopacka, H.; Wurst, K.; Salzmann, C.; Ongania,
K.-H.; Fabrizi de Biani, F.; Zanello, P.; Bildstein, B. Organometallics
2004, 23, 1024.

(37) Re, N.; Sgamellotti, A.; Floriani, C. Organometallics 2000, 19,
1115.

(38) Slageren, J.; Winter, R. F.; Klein, A.; Hartmann, S. J. Orga-
nomet. Chem. 2003, 670, 137.

(39) (a) Pilbrow, J. H. Transition Ion Electron Paramagnetic Reso-
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Figure 5. (a, b) First and second derivative spectra of the
exhaustively one-electron-reduced CH3Cl; solution of 7; (c)
first derivative spectrum of the solution at room temper-
ature.

Raising the temperature to the glassy—fluid transi-
tion (T' = 176 K) the anisotropic line shape collapses in
the corresponding isotropic signal. As shown in Figure
5c¢, in fluid solution (7' = 293 K) the reduced complex
displays two narrow signals, the low-field one being the
isotropic one (gisotropic = 2.023(8); AHjsotropic = 12(6) G).
Multiple derivative analysis does not evidentiate satel-
lite metal or ligand hpf and shpf signals. The [g0and
Zisotropic features are in perfect agreement, confirming
that the reduced complex maintains the primary geom-
etry under different experimental conditions.

Upon progressive one-electron reduction of 7, as
illustrated in Figure 6, the LUMO — HOMO transition
band increases markedly and a new band at A,.x = 1361
nm appears, which corresponds to the formation of a
mixed valence compound.

The one-electron reduction of complex 7 generates a
completely delocalized Robin-Day Class III mixed valent
species, as evidenced by the value Avia(experimental) of 1232
ecm ™! against Avisgheoretical) of 4114 cm~! predicted for
an intervalence band of Robin-Day Class II symmetric
complexes.*!

As a general trend, all the mononuclear complexes
exhibit upon one-electron reduction a progressive de-
crease of the bands associated with the LUMO —
HOMO-1 and LUMO — HOMO transitions. In con-
trast, in the binuclear compounds the former band
decreases, whereas the latter increases. In addition, as
happens for complex 7, all the binuclear complexes
display a broad band at Amax = 500 nm (LUMO —
HOMO-1 transition), which results from the presence
of overlapping peaks.

(40) Lozos, J. P.; Hoffman, B. M.; Franz, C. G. QCPE 1974, 11, 265.
(41) (a) Hush, N. S. In Progress in Inorganic Chemistry; Cotton, F.
A., Ed.; J. Wiley and Sons: New York, 1967; Vol. 8, p 391. (b) Dowling,
N.; Henry, P. M.; Lewis, N. A.; Taube, H. Inorg. Chem. 1981, 20, 2345.
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Figure 6. UV/vis spectra recorded in an OTTLE cell upon
stepwise reduction of 7 in CH;Cl; solution.
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Figure 7. UV/vis spectra recorded in an OTTLE cell upon
stepwise oxidation of 7 in CH5Cl; solution.

The CT band diagnostic for the formation of mixed
valence species as a consequence of the first reduction
was detected for complex 10 (in the range 1120—1411
nm), although we were unable to reveal it for complex
8. In the case of homodinuclear complex 7, the one-
electron oxidation product did not reveal detectable EPR
signals. The spectroelectrochemical trend shown in
Figure 7 matches essentially that illustrated in Figure
6 relative to the reduction process, but for a weaker
change of the LUMO — HOMO-—1 transition band.

Upon progressive oxidation, a new charge transfer
band appears at 1327 nm, which suggests the formation
of a mixed valence species. As in the case of the
reduction process, the experimental bandwidth (Avye =
1972 cm™!) strongly differs from the theoretical value
expected for a Class IT Robin-Day complex (Avye = 4166
cm™1), thus suggesting that, in agreement with the
electrochemical findings, the oxidation leads to a com-
pletely delocalized Robin-Day Class III trication.

Conclusions

In summary, novel mono- and bis(allenylidenes) of Ru
and Re bridged by multiconjugated aromatic organic
spacers were obtained and their electrochemical and

Mantovani et al.

spectroelectrochemical properties were measured in
detail. Both techniques highlighted the presence of
electronic communication between the metal centers
through the multiconjugated organic chains; in particu-
lar the bianthracenylidenene spacer brings about cu-
mulene-centered reversible reductions, which are not
interrupted on passing from mononuclear allenylidenes
to dinuclear bis(allenylidenes), accompanied by an
increase of LUMO — HOMO transition band corre-
sponding to the formation of a completely delocalized
Robin-Day Class IIT mixed valent tricationic species.

Experimental Section

General Procedures. All reactions and manipulations
were routinely performed under a dry nitrogen atmosphere
by using standard Schlenk-tube techniques. Tetrahydrofuran
(THF) was freshly distilled over LiAlH4; n-hexane was stored
over molecular sieves and purged with nitrogen prior to use;
dichloromethane and methanol were purified by distillation
over CaHj;, before use. The diketones, [9,9']bianthracenylidenene-
10,10'-dione and (4-benzoylphenyl)phenylmethanone, were
purchased from Aldrich and used without further purification.
The starting complexes [(triphos)(CO):Re(OTf)] (1)%° and [RuCls-
(dppe)s] (cis + trans)*? were prepared as reported in the
literature. All the other reagents and chemicals were com-
mercial products and, unless otherwise stated, were used as
received without further purification.

The solid complexes were collected on sintered glass frits
and washed with either diethyl ether or n-hexane before being
dried in a stream of nitrogen unless otherwise stated. IR
spectra were obtained as KBr pellets using a Nicolet 510P FT-
IR (4000—200 cm™1) spectrophotometer. UV—visible spectra
were carried out by use of a Perkin-Elmer LAMBQ 40 UV/vis
spectrophotometer in CH3Cl; using silica quartz cells (0.2 cm
path length). Deuterated solvents for NMR measurements
(Aldrich) were predried over molecular sieves (4 A). 'H and
1BC{H} NMR spectra were recorded at room temperature in
degassed CDCls on a Bruker AC200 spectrometer operating
at 200.13 MHz (*H) and 50.32 (13C), respectively. Peak posi-
tions are relative to tetramethylsilane and were calibrated
against the residual solvent resonance (‘H) or the deuterated
CDCI; solvent multiplet (13C). 3'P{'H} NMR spectra (CDCl3)
were recorded on the same instrument operating at 81.01
MHz. Chemical shifts were measured relative to external 85%
H;PO, with downfield values taken as positive. 3C{'H} DEPT-
135 NMR experiments were run on the Varian VXR300
spectrometer. Selected NMR and IR data for the mono- and
bis(allenylidene) complexes are given in Table 1. Mass spectra
(EI) were obtained at a 70 eV ionization potential and are
reported in the form m*/z (intensity relative to base = 100).
Elemental analyses (C, H, N, S) were performed at the
University of Ferrara using a Carlo Erba model 1106 elemen-
tal analyzer. Materials and apparatus for electrochemistry,
spectroelectrochemistry, and EPR spectroscopy have been
described elsewhere.*44> All the potential values are referenced
to the saturated calomel electrode (SCE). Under the present
experimental conditions, the one-electron oxidation of ferrocene
occurs at E° =+ 0.39 V.

Synthesis of Alkynol Precursors. The appropriate dike-
tone (10 mmol) was dissolved in THF (50 mL) under a nitrogen

(42) Chaudret, B.; Commenges, G.; Poilblanc, R. J. Chem. Soc.,
Dalton Trans. 1984, 1635.

(43) Chin, B.; Lough, A. J.; Morris, R. H.; Schweitzer, C. T,
D’Agostina, C. Inorg. Chem. 1994, 33, 6278.

(44) Fabrizi de Biani, F.; Corsini, M.; Zanello, P.; Yao, H.; Bluhm,
M. E.; Grimes, R. N. J. Am. Chem. Soc. 2004, 126, 11360.

(45) Ciani, G.; Sironi, A.; Martinengo, S.; Garlaschelli, L.; Della
Pergola, R.; Zanello, P.; Laschi, F.; Masciocchi, N. Inorg. Chem. 2001,
40, 3905.
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atmosphere. Ethynylmagnesium chloride (4 equiv, 0.5 M in
THF) was then slowly added under stirring within 12 h at
room temperature with formation of a pale yellow precipitate.
The reaction could be monitored by TLC (eluent: petroleum
ether/ethyl acetate, 5:1). After cooling to 0 °C and dilution with
diethyl ether (100 mL) the reaction mixture was hydrolyzed
with a NH4Cl-saturated aqueous solution (100 mL) and
extracted three times with diethyl ether (50 mL each). The
organic phase was washed with brine and dried over NasSOj.
The solvent was evaporated and the residue extracted with
CH;Cly, which was finally removed in vacuo to afford the final
compound.

10,10'-Diethynyl-10H,10'H-[9,9' ]bianthracenylidenene-
10,10'-diol. [9,9']Bianthracenylidenene-10,10'-dione (1.92 g,
5.0 mmol) was reacted with ethynylmagnesium chloride (40
mL, 0.5 M THF solution, 20 mmol) in THF (30 mL) to afford,
after workup as described above, 2.03 g of compound L; [L; =
(HC=C)(OH)C(bianth)C(OH)(C=CH)] as a yellow solid.
Yield: 93%. Anal. Found: C, 88.16; H, 4.28. C32Hg0O2 re-
quires: C, 88.05; H, 4.62. IR (KBr, v/em™!): 3391 (br, OH),
3283 (=CH), 3061 (C=C). 'H NMR (200 MHz, CDCl;): 6 7.63—
7.57 (m, 8H, CH arom); 7.34—7.26 (m, 8H, CH arom); 2.92 (2H,
br s, OH); 2.86 (s, 2H, CH). ¥C{'H} NMR (50.23 MHz,
CDCls): 6 144.11, 143.98 (C4 arom); 128.27; 127.87; 125.94;
125.91 (CH arom); 86.25 (Cy); 75.64 (=CH); 74.05 (C=CH);
67.83 (s, Cquat C(OH)C). GC/MS m/z: 436(22); 402(100).

1-[4-(1-Hydroxy-1-phenylprop-2-ynyl)phenyl]-1-
phenylprop-2-yn-1-ol. (4-Benzoylphenyl)phenyl methanone
(2.86 g) was reacted with ethynylmagnesium chloride as
described above to afford 3.21 g of compound Lg [Le = (HC=
C)(HO)(Ph)C{u-(p-C¢Ha)} C(Ph)(OH)(C=CH)] as a pale yellow
solid. Yield: 95%. Anal. Found: C, 85.91; H, 5.24. Cy4H;50.
requires: C, 85.18; H, 5.36. IR (KBr, v/em™'): 3554 (br OH),
3288 (=CH), 3052 (CH arom), 2115 (C=C). 'H NMR (200 MHz,
CDCls): 6 7.57—17.63 (m, 7TH, arom); 7.27—7.38 (m, 7TH arom);
3.04 (bs, 2H, OH); 2.85 (s, 2H, =C—H). C{'H} NMR (50.23
MHz, CDCls): 6 143.99 (s, Cq, arom), 125.91—-128.27 (all s,
CH, arom), 86.26 (s, C=CH), 75.52 (s, C=CH), 74.07 (s, C,,
C(OH)C). GC/MS m/z: 314(16).

Synthesis of [RuCl(dppe):1(OTY) (2). A mixture of [RuCls-
(dppe)ql (cis + trans) (100 mg, 0.103 mmol) in dichloromethane
(10 mL) was treated with CH3;OTf (29.5 uL, 0.258 mmol) and
stirred at room temperature for 2 h. The color changed from
yellow to red. The solution was concentrated to ca. 2 mL and,
by slow addition of diethyl ether, an orange-brown solid
precipitated. Yield: 90%. Anal. Found: C, 58.1; H, 4.20; S,
2.63. Cs3H4sP4sRuClIF5SO; requires: C, 58.7; H, 4.43; S, 2.95.
IR (KBr, v/em™): 1284 (OTY).1** The NMR characterization of
the complex cation of 2 is in line with the data reported*® for
the PF¢ and BF, analogues. 3'P{'H} NMR (81.01 MHz, CD,-
Cly): 0 83.67 (t), 56.21 (t), Jpp 12.7 Hz.

Synthesis of Mono- and Bis(allenylidene) Complexes.
[(triphos)Re(CO)2{ C=C=C(bianth) C(OH)(C=CH)} JOTf (3).
To a solution of 1 (200 mg, 0.197 mmol) in dichloromethane
(10 mL) was added an excess of L; (130 mg, 0.298 mmol).
Immediately the color turned from pale yellow to deep reddish
violet. After stirring 5 h at room temperature, the solution was
evaporated to dryness to leave a violet solid, which was washed
with diethyl ether and n-hexane. Yield: 86%. Anal. Found:
C,63.43; H, 4.14; S, 2.25. C7F3H5706PsReS requires: C, 63.64;
H, 4.00; S, 2.23. UV—visible: Ana/nm (CH3Clp) 561.32 (e/dm?
mol™! em™! 20015).

[(triphos)(CO):Re{ C=C=C(Ph){u-(p-Cs¢H4)} C(Ph)(OH)-
(C=CH)}1(OTf) (4). To a solution of 1 (200 mg, 0.197 mmol)
in dichloromethane (10 mL) was added an excess of Ly (100
mg, 0.295 mmol). Immediately the color turned from pale
yellow to deep reddish violet. After stirring 3 h at room
temperature, the solution was evaporated to dryness to leave
a violet solid, which was washed with diethyl ether and
n-hexane. Yield: 88%. Anal. Found: C, 61.43; H, 4.17; S, 2.58.

Organometallics, Vol. 24, No. 3, 2005 417

CesH55F306PsReS requires: C, 61.12; H, 4.15; S, 2.39. UV—
visible: Amax/nm (CH3Cly) 555.27 (¢/dm?® mol™! em™! 19709).

trans-[(dppe):CIRu{ C=C=C(bianth)C(OH)(C=CH)} ]-
(OTf) (5). To a solution of 2 (200 mg, 0.185 mmol) in
dichloromethane (10 mL) was added an excess of L; (161 mg,
0.369 mmol). Slowly the color turned from orange-red to dark
reddish violet. After stirring 24 h at room temperature, the
solution was evaporated to dryness to leave a violet solid,
which was washed with diethyl ether and n-hexane. Yield:
91%. Anal. Found: C, 68.00; H, 4.95; S, 2.21. CgsHesC1F304P4-
RuS requires: C, 68.04; H, 4.40; S, 2.13. UV—visible: Amay/
nm (CHCly) 511.98 (¢/dm?® mol™! em™! 18321).

trans-[(dppe):CIRu{ C=C=C(Ph)){ u-(p-CsH,)} C(Ph)(OH)-
(C=CH)} 1(OTY) (6). To a solution of 2 (200 mg, 0.185 mmol)
in dichloromethane (10 mL) was added an excess of Lg (125
mg, 0.369 mmol). Slowly the color turned from pale yellow to
deep purple. After stirring 24 h at room temperature, the
solution was evaporated to dryness to leave a violet solid,
which was washed with diethyl ether and n-hexane. Yield:
90%. Anal. Found: C, 65.44; H, 4.79; S, 2.55. C77He4C1F304P4-
RuS requires: C, 65.93; H, 4.56; S, 2.28. UV—visible: Amay/
nm (CH3Cly) 512.96 (¢/dm? mol~! cm~! 16998).

[(dppe)2CIRu{ C=C=C(bianth)C=C=C}RuCl(dppe):]-
(OTH)2 (7). To a solution of 5 (200 mg, 0.133 mmol) in
dichloromethane (10 mL) was added a stoichiometric amount
of 2 (144 mg, 0.133 mmol). After stirring 11 days at room
temperature the reaction was completed (*'P{*H} NMR moni-
toring). The solvent was evaporated to dryness in vacuo, and
the deep violet solid was washed with diethyl ether and
n-hexane Yield: 83%. Anal. Found: C, 64.87; H, 4.65; S, 2.56.
C138H112Cl; FeOPsRusS; requires: C, 64.60; H, 4.40; S, 2.49%.
UV-—visible: Ama/nm (CHyCly) 573.16 (¢/dm3 mol™! cm™!
24831).

[(dppe):Cl1Ru{C=C=C(bianth)C=C=C}Re(CO),-
(triphos)](OTf); (8). Method A. To a solution of 5 (200.0 mg,
0.133 mmol) in dichloromethane (10 mL) was added a sto-
ichiometric amount of 1 (135 mg, 0.133 mmol). After stirring
9 days at room temperature the reaction was completed (3'P
NMR monitoring). The solvent was evaporated in vacuo, and
the deep violet solid was washed with diethyl ether. Yield:
77%. Method B. To a solution of 3 (200.0 mg, 0.139 mmol) in
dichloromethane (10 mL) was added a stoichiometric amount
of 2 (150.9 mg, 0.139 mmol). After stirring 9 days at room
temperature the reaction was completed (*P NMR monitor-
ing). The solvent was evaporated in vacuo, and the deep violet
solid was washed with diethyl ether. Yield: 73%. Anal.
Found: C, 6217, H, 418, S, 2.61. 0129H103Cl F608P7R6‘RUSZ
requires: C, 62.01; H, 4.15; S, 2.56%. UV—visible: Apa/nm
(CH,Cly) 560.19 (e/dm? mol~! em™! 12190).

[(dppe):CIRu{ C=C=C(Ph){x-(p-Cs¢H,)} (Ph)C=C=C} -
RuCl(dppe)21(0OTf)2 (9). To a solution of 6 (200 mg, 0.142
mmol) in dichloromethane (10 mL) was added a stoichiometric
amount of 2 (154 mg, 0.142 mmol). After stirring 4 days at
room temperature the reaction was completed (*'P NMR
monitoring). The solvent was evaporated in vacuo, and the
deep violet solid was washed with diethyl ether and n-hexane.
Yield: 79%. Anal. Found: C, 64.87; H, 4.65; S, 2.56. C130H110-
CloFsO6PsRusSs requires: C, 64.60; H, 4.40; S, 2.49. UV—
visible: Amax/mm (CHoCly) 517.64 (e/dm3 mol™! em~! 24869).

[(dppe):CIRu{ C=C=C(Ph){x-(p-C¢H,)} (Ph)C=C=C} Re-
(CO)2(triphos)1(OTY), (10). Method A. To a solution of 6 (200
mg, 0.142 mmol) in dichloromethane (10 mL) was added a
stoichiometric amount of 1 (145 mg, 0.142 mmol). After stirring
6 days at room temperature the reaction was completed (°'P
NMR monitoring). The solvent was evaporated in vacuo, and
the deep violet solid was washed with diethyl ether. Yield:
78%. Method B. To a solution of 4 (200 mg, 0.150 mmol) in
dichloromethane (10 mL) was added a stoichiometric amount
of 2 (162 mg, 0.150 mmol). After stirring 6 days at room
temperature the reaction was completed (3P NMR monitor-
ing). The solvent was evaporated in vacuo, and the deep violet



418 Organometallics, Vol. 24, No. 3, 2005

solid was washed with diethyl ether and n-hexane. Yield: 75%.
Anal. Found: C, 6087, H, 455, S, 3.09. C121H101C1F608P7-
ReRuS; requires: C, 60.53; H, 4.24; S, 3.05%. UV—visible:
Amax/mm (CHoCls) 524.57 (e/dm3 mol™! em~! 20000).
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