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Heteroheptanuclear ReMs (M = Cu 2, Ag 3) complexes of 5,5-diethynyl-2,2'-bipyridine were prepared by the
reaction of [M(«-dppm)2(MeCN),J** (dppm = bis(diphenylphosphino)methane) with the precursor compound Re-
(Me3SiC=ChpyC=CSiMe;3)(CO)sCl in the presence of potassium fluoride by fluoride-catalyzed desilylation. When
[Cua(u-dppm)2(MeCN),])?* reacts directly with Me;SIC=ChbpyC=CSiMe3, a binuclear Cu' complex [Cua(u-dppm)-
(SiMe;C=ChpyC=CSiMe3),]>* (4) was isolated. Further addition of [Cu,(«-dppm),(MeCN),J?* into a THF-MeOH
(3:1, v/v) solution of 4 in the presence of potassium fluoride induced isolation of a tetradecanuclear Cu'i4 complex
[Cus4(u-dppm)14(C=ChpyC=C),]***, which is composed of a hinuclear Cu(«-dppm), and four triangular trinuclear
Cus units. Both heteroheptanuclear Re'M's and tetradecanuclear Cu'y, complexes display luminescence in both
solid states and dichloromethane solutions at room temperature with emissive lifetimes in the range of microseconds.
The dual emissive feature for the ReMg and Cu'y, complexes is ascribed tentatively to originate from both MLCT
[d(Re/Cu) — a* (bpy)] and LMCT (acetylide — Mj) transitions.

Introduction incorporation of a metal alkynyl unit with another metal
component by self-assembiy.1®

To attain long-lived luminescent metal alkynyl materials
with high quantum efficiency, one of the feasible approaches
{s to design multicomponent systems that incorporate two

Recent interests in metal alkynyl complexes have been
stimulated by their rich spectroscopic and luminescent
properties and potential applications in molecular electrdnics.

In most cases, these compounds were prepared by direc
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types of organometallic emitte?d%2? It has been shown

Wei et al.

to d® d®, or d'° metal components is a well-knownelectron

that diyne can serve as an excellent bridging ligand to acceptor to afford emission originating from the MLCT

fabricate heterometallic or multicomponent arrays by intro-
ducing two different luminophores in a stepwise marfiét.
Another possible route is to design bipyridyl- or terpyridyl-
functionalized alkynyl ligands containing both alkynyl and
bipyridyl/terpyridyl capable of associating with two types
of organometallic chromophores or luminophoté%2225

It has been revealed that the triangular trinucleacMster
is one of the basic structural units in metal alkynyl
complexed:14r26.27Reaction of R&C with diphosphine-
bridged binuclear complexes Hid-PPhXPPh),(MeCN)]>*
(M = Cu, Ad'; X = CH,, NH) usually helps to isolate trinu-
clear complexes [Mu-PPhXPPh);(us-C=C—R), " (M=
1 or 2;n = 2 or 1) with triangular M cluster structures
capped with single or double bridging-C=C—R.2832 |t

excited staté®34 In view of the bifunctional character of
bipyridiyl-functionalized alkynyl ligand$? it is anticipated
that triangular trinuclear Mus-C=C) cluster and Réopy)

or Cu(bpy) units are likely introduced via ethynyl and 2,2
bipyridyl bonding, affording dual chromophores or emitters
originating from LMCT and MLCT transitions, respectively.
Aiming at designing heterometallic and multicomponent
materials of 5,5diethynyl-2,2-bipyridine with long-lived
luminescence, our synthetic strategy is first to introduce Re
or Cu organometallic chromophores via 2{8pyridyl che-
lation and then to associate two triangular trinucleay M
cluster units with two ethynyl groups inia-bonding mode.
We describe herein the preparation, characterization, and
photophysical properties of a series of multinuclear com-

is demonstrated that these trinuclear alkynyl complexes plexes of 5,5diethynyl-2,2-bipyridine capped with trian-
usually emit intense photoluminescence in both solid statesgular trinuclear CgfAgs cluster units.

and solutions with LMCT emissive parentage, modified by
M—M contacts*®? Alternately, 2,2-bipyridyl when bound
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Experimental Procedures

Materials and ReagentsThe operations were carried out under
an argon atmosphere using vacuum-line and Schlenk techniques.
The solvents were purified and distilled by standard procedures
prior to use. The reagents rhenium(l) pentacarbonyl chloride (Re-
(CO)XCI), silver hexafluoroantimonate (AgS§F and bis(diphe-
nylphosphino)methane (dppm) were available commercially. The
5,5-bis(trimethylsilylethynyl)-2,2bipyridine (MgSiC=CbpyG=
CSiMe;) was synthesized by the method described in the litera-
ture21-35The precursor compounds Fppmy(MeCN)]X, (M =
Cu, X = CIlO4; M = Ag, X = SbFk;) were prepared according to
the literature proceduré&3’ Caution: Perchlorate salts are
potentially explosie and should be handled carefully.

Re(Meg;SiC=CbpyC=CSiMe3)(CO);Cl (1). 5,5-Bis(trimethyl-
silylethynyl)-2,2-bipyridine (174.3 mg, 0.5 mmol) and rhenium
pentacarbonyl chloride (180.8 mg, 0.5 mmol) were dissolved in
toluene and heated at 6C for 5 h. The solvent was removed in
vacuo to leave an orange residue that was dissolved to 5 mL of
dichloromethane. The solution was layered with 30 mL of diethyl
ether and placed in a fridge. The product was precipitated as orange
needle crystals in a few hours. Yield: 96%. Anal. Calcd festG4-
CIN,OsReSp: C, 42.22; H, 3.70; N, 4.28. Found: C, 42.56; H,
3.55; N, 4.35. ESI-MSrV2): 654 [M], 581 [M-SiMej]*. IR (KBr,
cmY): v 2162 (w, G=C), 2023 (s, CO), 1933 (s, CO), 1913 (s,
CO), 1251 (m, SiMe). '"H NMR (CDClz, ppm): ¢ 9.1 (s, 2H,
H-6,6), 8.0 (d, 2H,J = 8.0 Hz,H-4,4), 7.3 (d, 2H,J = 8.0 Hz,
H-3,3), 0.32 (s, 18H, Si(El3)3).

[{ Cus(u-dppm)s} 2(C=CbpyC=C)}{Re(COXCI}](CIO4)s (2).
Potassium fluoride (23.2 mg, 0.40 mmol) ahd65.4 mg, 0.10
mmol) were added to 50 mL of dichloromethatmaethanol (2:1,

v:v) with stirring for 20 min. [Cu(dppm}(MeCN),](ClO,), (345.3
mg, 0.30 mmol) was then added to the solution that was stirred at
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Complexes of 5,5Diethynyl-2,2-bipyridine

room temperature for 2 days. The solvents were removed under

Table 1. Crystallographic Data for Complexes112CH.Cl,,

reduced pressure, and the red residue was dissolved in 2 mL of3:CHClz2CH,CN3H;0, and4

dichloromethane that was chromatographed on a silica gel column.
The product was collected as the second red band using dichlo-
romethane-ethanol (10:1, v:v) as an eluent. Yield: 49%. Anal.
Calcd for Q67H133C|5CU(3N2019P12REZ C, 55.82; H, 3.87; N, 0.78.
Found: C, 56.01; H, 3.77; N, 0.91. ESI-M3nfp): 799 [M-
(ClOg)4]**". IR (KBr, cm™%): v 2018 (s, CO), 1913 (s, CO), 1893
(s, CO), 1095 cmt (s, CIQy). *H NMR (CDCl;, ppm): 6 9.1 (s,

2H, H-6,6), 8.9 (d, 2H,J = 8.0 Hz,H-4,4), 7.7 (d, 2H,J = 8.0

Hz, H-3,3), 7.3-7.0 (m, 120H, GHs), 3.2 (M, 12H, PEi,P). 31P
NMR (CDClz, ppm): —7.4 (s).

[{ Ags(u-dppm)s} (C=ChpyC=C){ Re(COXCI}|(SbFe)4 (3). Po-

tassium fluoride (11.6 mg, 0.20 mmol) ah@32.7 mg, 0.05 mmol)
were added to 30 mL of dichloromethanmethanol (2:1, v/v) with
stirring for 20 min. To the solution was added an acetonitrile (20
mL) solution of [Ag(dppmp(MeCN)](SbFK;). (226.8 mg, 0.15
mmol), which was stirred at room temperature for 2 days. Diffusion
of diethyl ether onto the concentrated oranged solution in a
few days afforded the product as orarged crystals. Yield: 44%.
Anal. Calcd for stnggAgsClF24N203P12ReSh-CH2C|2-2CH3CN'
3H,0: C, 44.66; H, 3.31; N, 1.21. Found: C, 44.98; H, 3.47; N,
1.13. ESI-MS (WV2): 1232 [ Ags(u-dppm}} (C=CbpyC=C)Re-
(CO)sCI(SbRs)]3t, 876 [M-(Sbks)s+CHsCNJ**. IR (KBr, cm™Y):
v 2020 (s, CO), 1914 (s, CO), 1894 (s, CO), 659 (s, gpbfH
NMR (CDCls, ppm): 6 8.9 (s, 2H,H-6,6), 8.7 (d, 2H,J = 8.0
Hz, H-4,4), 7.6 (d, 2H,J = 8.0 Hz,H-3,3), 7.5-7.0 (m, 120H,
CeHs), 3.6 (M, 12H, PEI,P). 3P NMR (CDCE, ppm): 5.2 (dJag-P
= 397 Hz).

[Cuz(e-dppm)2(SiMe;C=CbpyC=CSiMe3),](ClO4), (4).5,5-
Bis(trimethylsilylethynyl)-2,2bipyridine (74.3 mg, 0.22 mmol) was
added to a dichloromethane solution (20 mL) of jEippm)-
(MeCN)](ClOy)2 (115.0 mg, 0.10 mmol) with stirring at room
temperature for 1 day to afford a clear orange solution. Diffusion
of diethyl ether into the concentrated dichloromethane solution gave
the product as orange crystals. Yield: 86%. Anal. Calcd f@Hg:-
ClL,CwN4OgP,Sig: C, 60.32; H, 5.17; N, 3.13. Found: C, 59.92;
H, 5.21; N, 3.14. ESI-MS1/z): 796 [M-(ClO4)5]?". IR (KB,
cmb): v 2163 (w, G=C), 1250 (m, SiMe), 1095 (s, CIQ). *H
NMR (CDCls, ppm): ¢ 8.5 (s, 4H,H-6,6), 8.2 (d, 4H,J = 8.0
Hz, H-4,4), 7.8 (d, 4H,J = 8.0 Hz,H-3,3), 7.4-7.0 (m, 40H,
CeHs), 3.3 (s, 4H, PE,P), 0.39 (s, 36H, Si(B3)3). 3P NMR
(CDClz, ppm): —9.6 (s).

[Cu4(-dppm)14(C=CbpyC=C),](CIO 4)10 (5). Potassium fluo-
ride (11.6 mg, 0.20 mmol) and (44.8 mg, 0.025 mmol) were
dissolved in 30 mL of THF-MeOH (3:1, v/v) with stirring for 20
min. To the solution was added [&dppm}(MeCN)](ClO,),
(172.5 mg, 0.15 mmol), which was stirred at room temperature for

3-CH.Cl:2CH;s

1-1/2CHCl, CN-3H,0O 4

empirical formula Gz H2sCl C172H152A06Cl3F24  CooHozC 12:Cup
N203RESE N405P12ReSh Na 03P4Si4

fw 696.74 4625.39 1791.9
space group Pca2(1) P1 P1
a(h) 17.319(1) 14.74(2) 12.907(3)
b (A) 15.226(1) 16.47(3) 17.048(4)
c(R) 21.5290(12)  19.92(4) 22.999(6)
o (deg) 86.46(11) 69.329(7)
B (deg) 83.96(10) 82.117(9)
y (deg) 82.76(7) 78.799(9)
V (A3) 5677.1(3) 4767(15) 4632(2)
z 8 1 2
Pealed (Q/CnT) 1.630 1.611 1.285
u (mm1) 4.580 2.007 0.692
radiation ¢, A) 0.71073 0.71073 0.71073
T(K) 130 130 130
R12 (Fo) 0.0299 0.0603 0.0496
WR2 (Fo?) 0.0761 0.1651 0.1210
GOF 1.048 1.042 1.064

aR1 = 3|F, — Fel/SFo. PWR2 = S[W(Fs2 — FAF/SW(F2)] Y2

correction by multiscan was applied to the intensity data. The
structures were solved by direct methods, and the heavy atoms were
located from the E-map. The remaining non-hydrogen atoms were
determined from the successive difference Fourier syntheses. The
non-hydrogen atoms were refined anisotropically, whereas the
hydrogen atoms were generated geometrically with isotropic thermal
parameters. The structures were refined=éiy full-matrix least-
squares methods using tH8HELXTL-97 program packagé.
Crystallographic data fot, 3, and4 are summarized in Table 1.

For 3, the Re(CO)CI chromophore and one (labeled Sb3) of
four hexafluoroantimonates (Sgf are disordered and located
alternately at each side of the dipyridyl with the statistical occupancy
factors of 0.50 for Re(CQEI and Sbk~ (labeled Sbh3), respectively.
When Re(COXI is located at one side of the dipyridyl, then
hexafluoroantimonate (labeled Sb3) is oriented at the other side of
the dipyridyl and vice versa. Furthermore, one of three carbonyls
(CO) and chloride (Cl) in Re(CQEI chromophores exhibits a
statistical distribution with the occupancy factors of 0.23 for C3,
03, and Cl and 0.27 for C3 O3, and Cl, respectively. For the
dipyridyl, a statistical distribution occurs between N1 and C15 and
between N2 and C17. The locations or coordinates of N1 (N2) are
the same as those of C15 (C17) with occupancy factors of 0.50,
respectively.

For 4, there exists two types of different oriented molecules in
the crystal packing. One of the trimethylsilyl groups (-SiEis
disordered with occupancy factors of 0.50 for Si4, SEB7—C39,

3 days. The red solution was evaporated in vacuo, and the residueand C37-C39, respectively. Additionally, one of the perchlorates

was dissolved in 3 mL of dichloromethane. Layerimgexane onto
the solution gave the product as red microcrystals. Yield: 46%.
Anal. Calcd for Q78H32()C|10CU14N4040P23: C, 59.19; H, 4.21; N,
0.73. Found: C, 59.33; H, 4.11; N, 0.76. ESI-M®/4): 667.5
[M-(ClO4)1q]*°". IR (KBr, cm™): » 1995 (w, G=C), 1095 (s,
ClOy). *H NMR (CDClg, ppm): 6 7.7 (s, 4HH-6,6), 7.5 (m, 4H,
H-4,4), 7.4 (m, 4H,H-3,3), 7.3-6.9 (m, 280H, GHs), 3.6 (s, 4H,
PCH,P), 3.2 (s, 24H, PH,P). 3P NMR (CDCk, ppm): —8.4 (s),
—14.9 (s).

Crystal Structural Determination. Crystals coated with epoxy
resin or sealed in capillaries with mother liqguors were measured
on a RIGAKU MERCURY CCD diffractometer. Reflection data
were collected at 130 K by a scan technique using graphite-
monochromated Me Ka (A = 0.71073 A) radiation. An absorption

is located by a statistical distribution with the occupancy factors
of 0.50 for O6-08 and O6-08, respectively.

Physical MeasurementsElemental analyses (C, H, and N) were
carried out on a Perkin-Elmer model 240C automatic instrument.
Electrospray mass spectra (ES-MS) were recorded on a Finnigan
LCQ mass spectrometer using dichloromethamethanol or
acetonitrile-methanol as a mobile phase. YVis absorption
spectra were measured on a Perkin-Elmer Lambda 25§/
spectrometer. Infrared spectra were recorded on a Magna750 FT-
IR spectrophotometer with a KBr pellét and3'P NMR spectra
were measured on a Varian UNITY-500 spectrometer with SiMe

(38) Sheldrick, G. MSHELXL-97 Program for the Refinement of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997.
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Scheme 1. Synthetic Routes to Compounds-5
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as the internal reference and 85%Pd), as external standard,

respectively. Emission and excitation spectra were recorded on a Ag1-Ag2

Perkin-Elmer LS 55 luminescence spectrometer with a red-sensitive
photomultiplier type R928. Emission lifetimes in the solid states
or degassed solutions were determined on an Edinburgh Analytical

Instrument (F900 fluorescence spectrometer) using a LED laser at

397 nm excitation, and the resulting emission was detected by a
thermoelectrically cooled Hamamatsu R3809 photomultiplier tube.

The instrument response function at the excitation wavelength was
deconvolved from the luminescence decay.

Results and Discussion

As indicated in Scheme 1, the reaction of J8&=
CbpyG=CSiMe; with Re(CO}Cl in toluene at 60°C gave
Re(MgSiC=CbpyG=CSiMe;)(COXCI (1). When1l reacted
with [My(u-dppmp(MeCN)]?" in the presence of KF,
heteroheptanuclear RgMomplexe2 (M = Cu) and3 (M
= Ag) were afforded. When M&iC=CbpyG=CSiMe;
reacted with [Ce(u-dppmh(MeCN)]?" in the absence of
KF, binuclear complexX was isolated in 86% vyield. Further
addition of [Cu(u-dppmy(MeCN)]?" to 4 in the presence
of KF induced isolation of tetradecanuclear'Giwomplex
5 by fluoride-catalyzed desilylation of M8IC=CbpyG=
CSiMes. Complex5s is also accessible by reaction of 7 equiv
of [Cux(u-dppmy(MeCN)]?" with 2 equiv of MeSIC=
CbpyG=CSiMe; in the presence of KF via a one step
reaction.

Compoundsl—5 were characterized by microanalyses,
ESI-MS spectrometry, antH and3'P NMR spectroscopy,
andl, 3, and4 were characterized by X-ray crystallography.
The ESI-MS revealed that the molecular ion fragme}s,[

[2 = (ClO4)4)*", [3 — (SbRs)4]*", and B — (ClO4),]?* occur

Table 2. Selected Bond Distances (A) and Angles (deg)Jor

3.038(5)  Agt-Ag3 3.053(4)
Ag2—Ag3 3.115(5)  Agt-Cll 2.277(7)
Agl-P1 2.469(4)  Ag:P5 2.425(4)
Ag2—C11 2277(7)  Ag2P2 2.476(4)
Ag2—P3 2.432(4)  Ag3Cll 2.279(6)
Ag3—P4 2.442(4)  Ag3P6 2.444(4)
Re-N1A 2.050(8) Re-N2 2.078(8)
Re-C1 1.954(14) ReC2 1.909(18)
Re-C3 1.926(9) ReCl 2.462(9)
C11-C12 1.215(7)  C12C13 1.423(7)
Ag2—-Agl-Ag3 61.52(10)  AgtAg2—Ag3  59.48(9)
Agl-Ag3—Ag2 59.01(10)  Cl+Agl-P5  128.62(16)
Cl1-Agl-P1 102.74(14)  P5Agl-P1 120.40(10)
C11-Ag2—P3 126.79(16)  CIl2Ag2—P2  102.81(16)
P3-Ag2—P2 123.08(11)  CI2Ag3-P4  113.77(17)
C11-Ag3—P6 116.12(17)  P4Ag3—P6 126.02(11)
C2-Re-C3 88(2) C2-Re-C1 86.0(6)
C3-Re-C1 84.9(19) C2Re-N1A 95.2(6)
C3-Re-N1A 95.1(19) CtRe-N1A 178.8(5)
C2-Re-N2 178.6(5) C3-Re-N2 90.5(19)
C1-Re-N2 94.3(5) N1A-Re-N2 84.5(4)
C2-Re-Cl 93.3(6) C3-Re-Cl 178.7(19)
C1-Re-Cl 95.3(5) N1A-Re—Cl 84.7(3)
N2—Re—Cl 88.1(3) Agl-Cll-Ag2  83.61(19)
Agl-Cl11-Ag3 84.05(18)  Ag2Cll-Ag3  86.3(2)

in the ESI-MS (Figure S1, Supporting Information). THe
NMR spectra show one signal ai7.4 (s), 5.2 (dJag-p =
397 Hz), and-9.6 (s) for2, 3, and4, respectively, indicating
the equivalence of the P atoms in these compounds. In the
3P NMR spectrum o5 (Figure S2, Supporting Information),
however, two singlets occur at8.4 and —14.9 ppm,
respectively, coinciding well with the presence of two sets
of inequivalent P atoms in the @ucomplex cation.

ORTEP drawings ol and the complex cations &and
4 with atom-labeling schemes are depicted in Figures 1, 2,

as the base peaks or the principal peaks with high abundancand 3, respectively. Fdk, the Ré center is six-coordinated

ratios. For5, the complex cation fragment [~ (ClO4)10] "
(m/z. 667.5) with perfect isotropic distribution was observed
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with C3CIN, donors to afford a distorted octahedral geometry
with three CO groups beindac-oriented. The relevant
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Figure 1. ORTEP drawing of oflL with atom labeling scheme showing
30% thermal ellipsoids.

) . Figure 2. ORTEP drawing of the complex cation 8fwith atom labeling
bonding lengths and angles around thé &mter are inthe  scheme showing 30% thermal ellipsoids. Phenyl rings on the phosphorus

normal ranges as observed in similar Re(N)(CO)CI atoms are omitted for clarity.
(N—N = diimine) complexe3**3°The C(10)-C(11) [1.197-
(8) A] and C(20y-C(21) [1.198(8) A] bonds are typical of
C=C triple bonding.

The heteroheptanuclear RefAassembly of3 consists of
two triangular trinuclear Agcluster units and one Re(C£Q)
fragment bound to the diacetylides and'Zhbyridyl in the
bridging ligand, respectively. The Agcluster is sym-
metrically capped by an acetylide inua#*-bonding mode,
contrasting to the asymmetrig-bridging fashion found in
most of the alkynyl complexes with triangular trinucleaizM
(M = Cu, Ag) cluster unitg€-32 The intracluster Ag-Ag
distances [3.038(5)3.115(5) A] are shorter than the sum
of the van der Waals radii (3.4 A) and lie within the ranges
found in other complexes with trinuclear Agluster units"
The Ag—C and Ag-P distances are comparable to those
found in other tri- and hexanuclear alkynyl complexes with Figure 3. ORTEP drawing of the complex cation 4fwith atom labeling

. . . . . scheme showing 30% thermal ellipsoids. Phenyl rings on the phosphorus
triangular trinuclear Ag cluster units described by Gimeno  atoms are omitted for clarity.
and Yam et at”-?32The bonding parameters in the fragment
fac-Re(bpy)(COJCI are similar to those observed in the The photophysical data df—5 are presented in Table 3.
precursor compleg. The Récenter is located in a distorted The UV—vis absorption spectra df-3 in dichloromethane
octahedral environment with;CIN, donors, and the Ag are characterized by intense high-energy absorption bands
center exhibits an approximately trigonal-planar geometry at 226-300 nm, medium energy bands at ca. 3800 nm,
composed of CPdonors. The &C length (1.217(7) A)is  and broad low-energy bands at 41860 nm, which are
slightly elongated as compared with that in the parent typical of ligand-centeredr—a* (diphosphine), metal-
complexl (1.197 (8) A) due to formation of the AgC bonds perturbedz—a* (C=C), and [d(Re)— x*(bpy)] MLCT
that weaken the €C bonding to some extent. The intramo- transitions}*® respectively. It is noteworthy that the absorp-
lecular Re-Ag separations are ca. %=8.7 A. The inter- tion bands due to metal-perturbed— 7* (C=C) and [d(Re)
cluster Ag-+Ag separations across the bridging'hyridyl- — m*(bpy)] MLCT transitions in2 and3 are distinctly red-
diacetylide are ca. 15:015.5 A. shifted to a lower energy as compared with those in the

Compound4 exhibits a binuclear structure with each'Cu  precursor complex (Figure 4). This phenomenon arises
center chelated by 2;Bipyridyl and bridged doubly by dppm  probably from the more extendedconjugation induced by
to form an eight-membered ring composed of twd &uod uz-nt-acetylide coordination upon the formation of the ReM
two dppm. The Clcenter is located in a distorted tetrahedral heteroheptanuclear cluster assembly, which would lower the
geometry built by NP, donors. The Cu-Cu separation  xz* orbital (LUMO) energy of 2,2bipyridyl-5,5-diacetylides
through doubly bridging dppm is 4.75 A, which is much and thus reduce the energy gap between HOMO and LUMO.
longer than that (3.76 A) found in the precursor complex  The electronic absorption spectrumfs dominated by
[Cux(u-dppmp(MeCN)]228 but close to those in the similar  high-energy bands below 280 nm and broad absorption bands
complexes [Ce(u-dppmh(N—N);]?" (N—N = diimine) 4041 in the vicinity of 356-400 nm. The former is due to dppm-

. — centered transitions, whereas the latter originates probably
O i i e o 2008 25 oo o) Wighwon, - f1om r — 7 (C=C) and [d(Cu)— (opy)] MLCT
Morse, D. L.J. Am. Chem. Sod974 96, 998. (c) Fredericks, 5. M.;  transitionst? Upon formation of the Cu complex5, the

I(.(;J)ogg, é. C, \Q/riglhtw_ Mh.t SJ. @ms.l CAhem.CﬁodSﬂSQ ég]fg?i%f broad absorption bands dueto— 7* (C=C) and [d(Cu)

iordano, P. J.; Wrighton, M. 9. Am. Chem. So e s e

2888. (¢) Caspar, J. V.. Sullivan, B. P.; Meyer, Tirbrg. Chem. 7*(bpy)] MLCT transitions shift significantly to 450 nm
1984 23, 2104.

(40) Kitagawa, S.; Maruyama, H.; Wada, S.; Munakata, M.; Nakamura, (41) Jin, D.-M.; Yang, R.-N.; Wang, D.-M.; Hu, X.-XChin. J. Inorg. Chem
M.; Masuda, H.Bull. Chem. Soc. Jpri991, 64, 2809. 2000 16, 335.
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Table 3. Photophysical Data for Compounds-5

Wei et al.

compound medium Aabs(Nm) (e/dm® mol~1 cn 1) Aem (NM) (Tenfusy (298 K) Aem (NM) (77 K)

1 Solid 598 (0.10) 508
CH.Cl, 295 (30650), 343 (45680), 363 (56310), 410 (4090) 387, 6801) 575

2 Solid 716 (0.60) 695, 605
CH.Cl, 260 (49270), 350 (16960), 460 (11650) 710 (0.45, 38.7) 709

3 Solid 620 (0.6, 5.8), 635 590, 636
CH.Cl, 260 (112160), 350 (24550), 396 (25650), 424 (20970) 570 (0.7, 2.6) 590, 639

609 (0.7, 2.6)

4 Solid 570 (4.0) 530, 572
CH.Cl, 274 (44320), 339 (43360), 354 (35140) 386, 640 (0.1) 535, 633

5 Solid 624 (0.9, 35.6) 606, 656
CH.Cl, 266 (182020), 349 (26980) 616 (8.0) 591, 550sh,

449 (16160) 634sh

aThe excitation wavelength in the lifetime measurement is 397 nm. The lifetimes were measured in solid states or degassed fluid solutions.

Emission Intensity

v T T T =
300 400 500 600 400 600 800
A (nm) A (nm)
Figure 5. Excitation (dash) and emission (solid: 3@04ex < 400 nm

Figure 4. UV —vis absorption spectra df (dot), 2 (dash), anc (solid) f on | )
and dot: Aex > 410 nm) spectra o8 in fluid dichloromethane solution.

in dichloromethane at room temperature.
from MLCT transition. Upon formation of the jRe

: . e complexes, ligand-centered emission with high energy is
n*-acetylide coordination. completely quenched probably due to an efficient energy

With excitations atiex > 350 nm, compoundd—5  transfer occurring from the ligand to the triangular trinuclear
luminesce in both solid states and degassed chloromethang, cluster centers.

at both 298 and 77 K. The lifetimes in solid states and in | excitation of the CsRe complex2 with Aex = 350 nm,
degassed dichloromethane at room temperature are in they proad emission band occurs with the maximum at ca. 716
microsecond ranges (Table 3), revealing that the emissionnm in the solid state and ca. 710 nm (Figure S6) in
is most likely associated with a spin-forbidden triplet gichloromethane at 298 K. The decay curves measured in
parentage. Vibronic-structured emission bands with vibra- gichloromethane, however, are best fitted by biexponential
tional progressional spacings of ca. 12A600 and 1906 functions with shorter (0.4Gs) and a longer lifetime (38.7
2150 cn* are observed at 77 K in some cases, which are ;) components, suggesting that two different lowest excited
typical of aromaticv(CH=CH) and »(C=C) stretching states are likely operative and that their energy is likely very
modes of 5,5diethynyl-2,2-bipyridine in the ground states.  close. Alternately, the AgRe complex3 distinctly shows a
The appearance of vibronic progressions suggests thegual emission. As depicted in Figure 5, the excitation
involvement of the transitions from 3:8iethynyl-2,2- spectrum of3 in the fluid chloromethane solution exhibits
bipyridine in the excited states. two maximum bands at 351 and 458 nm, respectively.
The mononuclear Reomplex1 displays emission at ca.  Although an emissive maximum occurs at 570 nm with
598 nm in solid states at both 298 and 77 K. The emission excitation at 300< Aex < 400 nm, irradiation of the solution
in dichloromethane at room temperature, however, is red- of 3 with 1ex > 410 nm affords a lower energy emission
shifted 2217 cm! as compared to that at 77 K (Table 3). with the maximum at 609 nm. As the excitation spectrum
This phenomenon is typical for the phosphorescence fromis close to the low-energy absorption features, the bands at
the [d(Re)— 7*(bpy)] MLCT excited state, which has been 351 and 458 nm probably arise from metal-perturbee-
reported in many rhenium(l) diimine tricarbonyl complexes x* (C=C) and [d(Re)— x*(bpy)] MLCT transitions,
in the literature®® In fluid dichloromethane solution, intense  respectively. Therefore, the emissive origin at 570 nm
5,5-diethynyl-2,2-bipyridine ligand-centered luminescence induced by excitation with 30& Aex < 400 nm is likely
is also observed at 387 nm besides the emission at 659 nminvolved in the acetylides, whereas the emission at 609 nm
(with Aex > 410 nm) is probably induced by the [d(Re)
a*(bpy)] MLCT transition2#*39 |t is noteworthy that both
the absorption and the emission band2 ofccur at a lower
energy than those @. A red-shift for the emission of

because of the more extendegtonjugation induced bys-

(42) (a) Cuttell, D. G.; Kuang, S.-M.; Fanwick, P. E.; McMillin, D. R;
Walton, R. A.J. Am. Chem. So2002 124 6. (b) Kuag, S.-M.; Cuttell,
D. G.; McMillin, D. R.; Fanwick, P. E.; Walton, R. Anorg. Chem
2002 41, 3313.

10376 Inorganic Chemistry, Vol. 45, No. 25, 2006



Complexes of 5,5Diethynyl-2,2-bipyridine

(Aem= 710 nm) relative to that & (Aem = 570 nm) is 0.43 Summary
eV in the fluid dichloromethane solution, comparable to the .
values in emission energy differences on going from tag Designed syntheses of heteroheptanucleaMRe¢M =
CU acetylide or chalcogenido cluster complexes, in which CU» Ag) and tetradecanuclear ‘Gucomplexes of 55
an admixture of d— s and LMCT emissive origin has been di€thynyl-2,2-bipyridine capped with triangular trinuclear
suggested by Yam et #2732 Another possible assignment M cluster units were achieved by reaction of[Mppm)-
involving the excited state derived from the MLCT [d(M) (MeCN)]|?" with diacetylides in the bridging ligand. These
— 7* (acetylide)] transition should induce a red-shift in hete_ronuclear or multlconjpo.nen.t cpmplgxes exr_ublt photo-
energy withAE > 1.0 eV from Ad to CU counterparts Igmmescer!ce with thg emissive Ilfetlmes in the microsecond
because the ionization energy for #g) is 10" cm™! larger time scale in both solid states and d|_ch!orometh_ane at room
than that for Cu(g)2’ Consequently, with reference to te_mperature._ They exh|b|_t _dua_l emission ascribed to two
previous spectroscopic and photophyical studies on the different 'ex0|ted states orlglna'glng from two types of orga-
mononuclear rhenium tricarbonyl compleXand trinuclear ~ Nometallic chromophores. This synthetic route opens a
coinage metal alkynyl complexé&2’32the dual emission feas!ble approach for.the d_eS|gn of heteror]uclear and/or
of 2 or 3is tentatively assigned to originate from both [d(Re) Multicomponent materials with long-lived luminescence by
— 7*(bpy)] MLCT transition and LMCT (acetylide~ M) introducing different types of emissive organometallic chro-
excited states modified by metametal interactions in view ~ Mophores using bipyridyl- or terpyridyl-functionalized alky-
of the short metat metal contacts in the triangular trinuclear NY! ligands. Further studies are underway in this laboratory.
M3 clusters.

Compound4 shows photoluminescence in both solid states
and dichloromethane at 298 and 77 K. With reference to
the literature work on related complex&sts emissive state
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ligand-centered luminescence is also observed at 386 nm in
a qu'ld dichloromethane solu.t|.0n besides the emission at 640  supporting Information Available: ESI-MS (Figure S1) and
nm mducec_j by MLCT transm_on: Upon formation of Gu 31Pp NMR spectrum (Figure S2) & ORTEP drawing (Figure S3)
complex5, ligand-centered emission is completely quenched, of the complex cation o8 showing the statistical distribution, UY
whereas the emission originating from the MLCT transition vis absorption spectra (Figure S4)4€#fnd5 in dichloromethane,

is broadened and enhanced significantly in intensity (ca. four emission spectra (Figure S5) Bfand 3 in solid states at 298 K,
times in dichloromethane) relative to the precursor compound excitation and emission spectra 2f(Figure S6) in fluid dichlo-

4 at 298 K. A biexponential fitting in the calculation of romethane solutions, and X-ray crystallographic files in CIF format
lifetime implies (Table 3) that the emissive state is probably fr the structure determination of compouril$, and4. This ma-
derived from the admixture of the MLCT [d(Ct} 7*(bpy)] terial is available free of charge via the Internet at http://pubs.acs.org.
and LMCT (acetylide—~ Cu) transitions. IC061448P
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