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Abstract

The electronic-absorption and -emission spectroscopy and photophysical properties of metal—alkylidyne (—carbyne) complexes are reviewe
Emission has been observed in fluid solution at room temperature from compounds of a variety of different metals (Mo, W, Re, Os) and
electron configurations fddt, d?). The emissive excited states are of the typgs-d=", m — =", m — dyy, and MLCT. This compositional
and electronic diversity enables the luminescence properties of metal-alkylidyne complexes to be broadly tuned.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Nearly 20 years ago, Bocarsly et al. reported the first ex-
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class of luminescent metal—-alkylidyne complexes has grown MLg MLjg M(CH)Ls CH
to nearly 50 member2—-16]. Although this class of com- On Cav Cay Cov
plexes is still relatively smallin size, itis remarkably diverse: 2a,[¢*(MC)]
itincludes derivatives of several different metals (Mo, W, Re, S
Os), with three different d-electron configuration$ @, o?), Ao

and bearing ancillary ligands that span the spectrochemical --------w—"’z----.'i-?w".
series (e.g., CO, PRH>0, and OR). Moreover, emissive &g .
excited states with four different orbital configurations and \
) N : - 5 / 2e[r*(MC)] %
spin-multiplicities have been identified. N Up2 s il |
The fact that emissive metal-alkylidyne complexes ex- 4 =
hibit such a wide range of electronic characteristics suggests Voo K
that their excited-state properties might be especially broadly dyy v g
tunable. This is of interest both from a fundamental stand- = . bt/ (ML)] %
point and in terms of the design of new types of photoredox taog F\‘ iy
catalysts and electronic materials, particularkgonjugated i
systems in which [hM=C] fragments are used as electron- L ' :
ically tunable, function-rich (photo- and redox-active) re- v Py Py)
placements for €C bonds. Several preliminary studies along 2 Y% |
these latter lines suggest that this is a promising area of de- i
velopment. | v 1e[m(MC)] \
The aim of this review is to discuss the electronic-spectro- c )

scopic and photophysical data for emissive metal—-alkylidyne L_|M o | o a'(spz)
complexes in the context of a basic theoretical description of X ” | y 3
their orbitals and electronic states. The ground-state chem- v !

L
istry and properties of metal-alkylidyne complexes have been
the subject of regular revieW$7,18]

L

-
-

Fig. 1. Molecular orbital diagram for M(CHY- The coordinate system is
shown in the inset.
2. Electronic structures and spectra

metal-oxo and —nitrido complexes tlhé(MC) orbitals are
2.1. Molecular orbitals

labeled as being principally of d orbital parentage, although
this is an oversimplification (vide infra). Mid gap between
Luminescent metal—alkylidyne complexes share a num- M=C = and«" orbitals lies the g, orbital (kp), which is
ber of structural and electronic features, which allows their nonbonding with respect to the CH ligand and, thus, un-
spectroscopic and photophysical properties to be considerecchanged in energy relative to the Mlfragment (to a first
within a common theoretical framework. Specifically, all approximation). The g and d orbitals are destabilized rel-
derivatives reported to date possess pseudo-octahedral (oative to the gy orbital by an energy denotefiw. For second-
pseudo-tetragonal) structures; their emissive excited statesand third-transition-series metal—alkylidyne complexes,

with one minor exception, are largely or exclusively derived is anticipated to be of similar magnitude to that for mono-
from orbitals localized within the MIC—R moiety; and the

oxo and -nitrido metal complexes (>20,000chj19]), due
alkylidyne R group is phenyl or a substituted aryl group. Thus, to strong M-C m-bonding. A formal metal—carbon bond or-

the relevant molecular orbitals and electronic states for this der of three is maintained with electronic configurations of
discussion are those of@&, symmetry M(CPh)k complex.

[o(MC)]2[m(MC)]* (*A1), [o(MC)]?[m(MC)]*[dxy]* (°B2),
These are most easily thought of in terms of their relation- and [(MC)]?[w(MC)]*[dx,]? (*A1). These correspond to
ship to the orbitals and states of an idealifg symmetry formal d-electron counts of% d, and &, respectively, if
M(CH)Ls complex. the alkylidyne ligand is counted as a trianion, i.e., thgdj,

The molecular orbital diagram of a M(CHjlcomplex is orbitals are “assigned” to the" (MC) orbital (vide infra).
shown inFig. 1 This picture is qualitatively similar to that de- All luminescent metal—alkylidyne complexes reported to
veloped many years ago for analogous Mdand MNLs)

date bear a phenyl (or aryl) alkylidyne R group, rather than
complexes, which have been discussed in detail elsewherehe cylindrically symmetric R group (e.g., R =H) for which
[19]. The M=C ¢-bonding andr-antibonding molecular or-

Fig. 1 is appropriate. This substitution reduces the molec-
bitals (1a[c(MC)] and 2a[¢” (MC)]) are formed from com-

ular symmetry fromCyy to Cyy and lifts the degeneracies
binations of the Mls d,. and CH sp (o) orbitals, and the MC of the m(MC) and =" (MC) orbitals. The molecular orbital
m-bonding (1eff(MC)]) and m-antibonding (2ef" (MC)]) diagram for M(CPh)k complexes is shown ifrig. 2 The
molecular orbitals are formed from combinations of the mw-conjugation between the phenyl ané=M moieties desta-
ML s dx,,dy, orbitals and CH ppy orbitals. By analogy to

bilizes thew(MC) orbital perpendicular to the phenyl plane
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Fig. 2. Molecular orbital diagram for M(CPh3LA ground-state Yelectronic configuration is shown. Fot dnd & configurations, the g orbital (2g) is
occupied by one and two electrons, respectively.

(2by, which is C—Phrr-antibonding) relative to ther(MC) 2.2. Comparisons to metal-oxo complexes

orbital parallel to the phenyl plane () and stabilizes the

out-of-planer” (MC) orbital (3, which is C—Phr-bonding) Itis intuitively reasonable to draw electronic analogies be-
relative to the in-planer” (MC) orbital (2kp). The orbital tween metal-alkylidyne and metal-oxo (and —nitrido) com-
splitting arising from MC—Phr conjugation is denoted. plexes, such as those noted above, in view of the fact

The loss ofr orbital degeneracy does not affect the relation- that there are isostructural families of complexes involving
ship between metal—carbon bond order and d-electron countithese triply bonded ligands; examples include the pairs of
formal metal—carbon triple bonds are maintained witdi, complexes W(CH)(PMg4Cl and [W(O)(PMe)4Cl]*, and
and & electronic configurations. The ground-state configura- W(CR)(OBU)3 and W(N)(OBU)3. However, there are elec-
tions and symmetries foPdd!, and & M(CPh)Ls complexes tronic differences between these multiply bonded ligands that
are set out ifmable 1 have implications for the qualitative description of their or-
Deeper insights into the nature of the metal—carbon triple bitals and states.
bond may be gleaned, of course, from theoretical calculations  One electronic difference between metal-alkylidyne and
[20]. However, the symmetry-based arguments provided heremetal-oxo complexes is that CR valence orbitals are con-
are sufficientto interpret the spectroscopic and photophysicalsiderably higher in energy than are those of oxygen — the
data for metal—alkylidyne complexes. 2p valence orbital ionization energies of the elements dif-
fer by ca. 5eV — and, so, lie closer to thg-parentage or-
bitals of a given Mls fragment than do the p orbitals of oxy-
gen. While it is reasonable to designatgMO) orbitals as
being mainly of g0y, parentagg19], this description is
not generally valid for ther' (MC) orbitals; they may be
largely carbon or CR in character. (Similark(MC) or-
s dy (b > 2) 2B b?tals possess more d orbital character tham@MO) or-
T (2o —30)  2As %A, bitals.) The fact that the metal and CR orbitals are close in
@  [w(MCPh)R, A, = Oy (20 — 23) 1B,, 3B, energy has led to the use of two different electron-counting
m—m (2b—3b) 1AL, %A formalisms for the CR ligand in the literature. At one limit
2 SeeFig. 2 are complexes bearing multiple anionic ancillary ligands, of

Table 1
Electronic transitions and states®©f, symmetry M(CPh)k complexe8

d" Ground state Orbital transition Excited states

& [m(MCPh)FPdy]? A1 dy— 7" (22— 3b) !By, °B;
m—a (b —>3b) 1AL SA;

dt [m(MCPh)FPdy]!, 2A;  dy— 7" (22— 3b) 2B,
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which Schrock’s M(CR)X% complexes (M=Mo, W; X=R, of band shifts upon ligand substitution, quantum—-chemical

OR, SR, NR) are the archetypal examples. For these com- calculations, and/or comparisons to analogous, well studied

pounds, the alkylidyne ligand is counted as’CRoy analogy metal-oxo and —nitrido complexes. In this section, a few

to the nitrido ligand. At the other limit are the classic Fis- general points about these transitions and excited states are

cher complexes of the form M(CR)(C&3 (M =Cr, Mo, W, made with reference to experimental data for M(CRh)L

X =halide) and other compounds wittracceptor ligands,  (and, more broadly, M(CAr)t) complexes.

for which the alkylidyne ligand is typically counted as €R

On the basis of these descriptions, the alkylidyne ligand has2.3.1. = — 7" Transitions and states

been described, in different publications, as being a stronger The electric-dipole-allowed 2pm(MCAr)] — 3by[w"

m-donor than the nitrido ligand and a strongeacceptorthan ~ (MCAr)] transition (hereafter denoteel— =) is common

carbon monoxide! Fortunately, these semantic distinctionsto o®, d*, and & M(CAr)Ls complexes. For nearly all lu-

(which simply describe the limits E[Mi(t25)] > E[C(px.py)] minescent complexes, a strong (0* M~1cm™1) band is

and E[MLs(t2g)] < E[C(px,py)]) are of no consequence with  observed in the electronic-absorption spectrum in the re-

regard to the assignment of the electronic spectra and emis-gion 290—-360 nmTable 2; this band is typically assigned

sive states of the compounds because the orbital symmetriego the spin-allowedr — «" transition tA; — 1A for d°

do not depend on the orbital parentage. For consistency withand &, 2A, — 2A, for d*; Table J). Although this region of

the spectroscopic literature for metal—oxo and —nitrido com- the electronic spectrum is often congested with other bands

plexes, we will refer throughout to%dd!, or i? electron arising from charge-transfer and intraligand transitions, the

counts (i.e., the CR convention), without regard to whether  relatively modest sensitivity of the band position and inten-

these designations are strictly appropriate for the specific sity to the nature of the ancillary ligands on the metal, but

complex in question. Thesé donfigurations becomé'tt if stronger dependence on the donor—acceptor character of aryl

one switches from the CR to CR* convention. substituents, are fully consistent with this assignment. Per-
A second electronic difference between metal-alkylidyne haps the simplest chromophore in this regard is théod

and metal-oxo complexes is that the former can support[Os(CPh)(NH)s]3* [9]; it exhibits a strong band at 292 nm

multiple w-acceptor ancillary ligands (e.g., M(CR)(C), (¢, 14300 M1 cm™1) for which the only logical assignment

whereas this is uncommon for metal-oxo compounds. Theis to 1[w — "]. Theoretical support for the appearance of

convention in the spectroscopic and photophysical literature the }[7 — «'] band in this region comes from a Cl-singles

for MOLs and MNLs compounds is to denote thgyarbital calculation by Che and co-workers on the hypothetical d

(b2, Fig. 1; 2&, Fig. 2) as “nonbonding”; electronic tran-  ion [Re(CPh)(HPCHCHPH),CI]*; the band was predicted

sitions of metal—oxo and —nitrido complexes involving this to lie at 290 nm, in reasonable agreement with the observed

orbital are denoted, for example, “a " [19]. The non- band for [Re(CAN)(PhoPCsH4-2-PPh),CIl* (318 nm)[13].

bonding designation is only strictly correct with respect to The electronic-absorption spectrum i\ (CPh)(depe)Cl

the oxo andransL ligands, not the equatorial ligands, butit (depe: 1,2-bis(diethylphosphino)ethane), showFign 3, ex-

is a reasonable approximation in the latter case because théibits a representativfw — "] band at 336 nnj21]. The

dyy orbital energy is not strongly sensitive to the nature of the weak shoulder on the red flank, ca. 1300¢rfrom the band

equatorial ligands typically found for these compounds. For

metal—alkylidyne complexes with ancillary carbonyl ligands,

however, the “nonbonding” description is clearly vitiated due n—on]

to strong an* (CO) interactions. Theyg orbital is labeled '[d,, "]

[w/="(ML)] in Figs. 1 and 2o reflect this fact, and the non-

bonding “n” designation is not used here even though it may

be applicable in specific cases.

T T T T T T T T T T T T
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2.3. Electronic transitions and states

Absorbance

The electronic transitions of M(CPhgL complexes
that involve exclusively the frontier 2pm(MCPh)],
3 [w"(MCPh)], and 2g[dyy] orbitals (Fig. 2 are the
w— 7 transition, which will be observed foPdd!, and &
complexes; ther — dxy transition, for § and d complexes;
and the ¢,— =" transition, for ¢ and & complexes.
The symmetries of the excited states produced by these
transitions are set out iffable 1 There have been no
polarized single-crystal spectroscopic studies to definitively
assign the electronic spectra of metal-alkylidyne complexes.rig. 3. Electronic-absorption spectrum of W(CPh)(dept)(2-methyl-
Instead, assignments typically have been made on the basigentane solution, 300K).

o]

T B | I } A o 2
300 350 400 450 500 550 600 650

Wavelength (nm)
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Table 2
Electronic-spectroscopic and photophysical data for luminescent metal-alkylidyne corfiplexes
Compound Absorption Emission Refs.
Amaxs NM Transition Amax T ¢ ke Knr Solvent
(e,M~tem™ (nm) ash @aksh
d? Compounds
W(CPh)(CO)(tmeda)Cl 448 (393) Hdyy— 7] 640 285ns 6% 104 22 35 Toluene [1,2]
330 (5500) Um— n']
W(CPh)(CO3}(tmeda)Br 450 (400) 1[dxya '] 630 180ns 5% 10* 29 5.6 Toluene [1,2]
327 (13000) l[mw— 7]
W(CPh)(CO)(tmeda)l 454 (560) Hdyy— 7] 630 220ns 1.5 10* 0.68 4.6 Toluene [1,2]
W(CPh)(CO}(py)2Cl 460sh (1064) Y[dyy — '] 625 440ns 7.810* 1.8 23 Toluene [1,2]
340 (17000) 1w — 7]
W(CPh)(CO)(py)2Br 460sh (1086) 1[dyy — '] 630 Toluene [1,2]
350sh Um— ']
W(CPh)(CO)(dppe)Cl 435 (368) Hdyy — 7] 660° 232ns 2.% 104 0.95 4.3 Toluene [1,2]
360 (10000) Y[m— =]
W(C-2-Cy1oH7)(CO)(py)2Cl 475 Hdyy — 7] 660 Toluene [1,2]
354 Um— 7]
W(CCsH4-4-NC)(CO)(tmeda)Cl 476 (560) Hdyy— 7] 656 0.5ps  1.60x 1072 3.2 2.0 CHCl, [10]
W(CCsH4-4-NC)(CO)(dppe)Cl 456 (590) Hdyy— 7] 664 0.2us CHCl, [10]
W(CCgH4-4-CCGsHy-4- 462 (950) Hdyy— 7] 680 0.7us  1.14x 1073 1.6 1.4 CHCl, [10]
NC)(CO)(dppe)ClI
fac-[W(CCgHg-4- 490 (1640)  Ydyy— 7] 670 0.3us  1.98x10°° 6.6 3.3 CHCl, [10]
NC)(CO)(tmeda)Cl}-ReCI(CO}
Cis-[W(CCgHg-4- 500 (1760)  Ydyy — 7] 682 0.2us  1.47x 1073 7.4 5.0 CHCl, [10]
NC)(CO)x(tmeda)Cl}-Ptl,
fac-[W(CCgH4-4-CCGH4-4- 464 (2980)  Ydyy— '] 686 0.6us 9.4x10* 1.6 1.7 CHCl, [10]
NC)(CO)(dppe)CIbReCI(CO}
Cis-[W(CCgHs-4-CCGsH4-4- 470 (3050) Hdyy— 7] 685 0.1pus 1.9x10% 1.9 10.0 CHCIl, [10]
NC)(CO)x(dppe)ClpPdk
Cis-[W(CCgHs-4-CCGsH4-4- 470 (3130) Hdyy— 7] 685 0.6us 9.0x10% 15 1.7 CHCl, [10]
NC)(CO)(dppe)ClpPtl,
W(CPh)(dppe)Cl 525 sh Hdyy — 7] 675 303ns 1.x102 33.0 33 Toluene [11]
340 Um— n']
CpW(CPh)(CO}JP(OMe)} 483 (50) Hdyy — 7] 747 141n§ 6.9x10* 4.9 7.1 THF  [3,4]
329 (8000) Um— n'] 741 3.2us
CpMo(CPh)(COJP(OMe)} 477 (60) Hdyy— '] 787  49nd <10 <2.0 20.4 THF  [3,4]
328 (4000)  Ym— 7] 8.3ps’
CpW(C-o-Tol)(CO){P(OMe}} 476 Hdyy — 7] 745 170ns 3.610% 2.1 5.9 THF  [3,4]
331 UIm— 7] 735 3.6ps’
CpW(C-2-Np)(COJP(OMe}} 490 (70) Udyy— 7] >780  66ns THF  [4]
348 (6000)  [m— 7]
CpW(CPh)(CO}JP(OPh}} 458 (200) Hdyy — 7] 710 192ns MeCN [5]
322(9000)  Ym— 7]
[(Me3TACN)W(CPh)(CO}]* 462 (240) Hdyy— 7] 630 83ns 1.6¢10% 1.9 12.0 MeCN [6]
328(7950)  m— 7]
[(m3-Ppys)W(CPh)(CO}]* 420 (5500) Hdyy— 7] 633 250ns 2.%10* 0.92 4.0 CHCIy [7]
342 (10200) [w—7']
[(m3-HCpys)W(CPh)(CO}]* 488 (890) Hdyy— 7] 626 210ns 3.%10* 1.6 4.8 CHCl, [7]
339 (12900) Y[m— 7]
[(m3-Ppys)Mo(CPh)(CO}]* 496 (1820) Hdyy— 7] 614 110ns 2.10* 1.8 9.1 CHCl, [7]
350 (4900)  Ym— 7]
[{m3-MeC(CH,PPI)3}W(CPh)(CO)]* 488 (1480) Hdyy — 7] 669 9ns 1.1x 1074 122 111 CHCly [7]
336 (7400)  m— 7]
[Os(CPh)(NH)s]3* 462 (200) Hdyy — 7] 632 55ns  3.5¢10°% 63.4 18.1 MeCN [9]
292 (14300) [w—7']
[Os(CPh)(ND)s]3* 62ns 4.2 10°% 67.8 16.1 MeCN [9]
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Table 2 Continued

Compound Absorption Emission Refs.
Amax, NM Transition Amax T ¢ ke Knr Solvent
(e, M~tecm™h) (nm) 10’s) (@Psh
[Re(CAr)(pdppRCIl* 410 (450) S[m—7'] 573 2.08us 4.2x 1072 20.2 0.46 CHCl, [12,13]
318(13900) [w— @]
[Re(CAYr)(PPh)2(CO)(H.0)CII* 410 (13809 8[m— 7] 580 2.25us 2.0x10°% 0.89 0.44 CHCl, [12,13]
321(13900) [w— @]
[Re(CAr){P(CsH4-4- 420 (3208 S[m— 7] 588 1.76us 6.7x 103 3.8 0.57 CHCl, [12,13]
OMe)}2(CO)(H0)CIl
320 (13100 w— 7]
[Re(CAr)(PMePh),(CO)(H,O)CI* 410 (4709 S[m— '] 611 0.95us 4.6x10°° 4.8 1.1 CHCly [12,13]
320(12100) [w— @]
[Re(CAr)(dppe)(COXCIT* 430 (400 3w — 7] 567 3.35us 3.5x10°° 1.1 0.30 CHCl, [12,13]
330 (7290) U — o]
[Re(CAr)(Tp')(CO)]* 425 (970) 8w — 7] 585 1.481s 2.7x1073 1.8 0.67 CHCl, [13]
354 (15400) [w— 7]
[Re(CGsHs-4- 351(25200) [w— 7] 520 20ns 1510 75 50.0 CHCl> [13]
OMe)(pdpp)(CONOTAH]* .
[Re(CGsH4-4- 425 (300) S[m—7'] 527 220ns 1.&10°° 8.2 4.5 CHCl, [13]
Me)(pdpp)(COY(OTH)]* X
326 (18700) [w— 7]
[Re(CPh)(pdpp)(CQYOTH]* 425 (380) 3w — ] 530 530ns 2.6¢10°° 4.9 1.9 ChCl, [13]
310 (14800) [w— 7]
[Re(CGsH4-4-Cl)(pdpp)(CO}OTH]* 370 (1440)  3[m— '] 536 2.18us 1.2x 1072 55 0.45 CHCl, [13]
325(19200) [w— 7]
[Re(CGsH4-4-Br)(pdpp)(COMOTH]* 375 (3170) 8[m— '] 537 2.42us 1.1x 1072 4.6 0.41 CHCl, [13]
329 (23200) [w— 7]
[Re(CGsH4-4- 380 (860) S[m— '] 559 4.84us 1.6x102 3.3 0.20 CHCl, [13]
CN)(pdpp)(COX(OTH)]* X
313(18900) [m— @]
[Re(CAr)(bpy)(CORCI* 340 (16400)  d» 7 (bpy) 555 430ns 2.5%10* 0.58 2.3 CHCl, [13]
[Re(CAr)(bpy-Ch)(CO)CI* 346 (15800)  d- w (bpy) 575 70ns  1.x10% 1.7 14.3 CHCl, [13]
[Re(CAr){bpy-(CO:Me),}(CO)LCI]* 390 (9560) d- 7 (bpy) 580 610ns 2.810°° 4.6 1.6 ChCl, [13]
d! Compounds
Re(CAF)(PPh)(H20)Clz 658 (60) 2[dyy— 7] 696 490ns K104 1.4 2.0 ChCl, [14]
550 (80)
Re(CAr)(PPh)(H20)Br3 696 (90) 2dyy— '] 728 410ns 6¢10°° 146 2.4 CHCl> [14]
558 (180)
d® Compounds
[Na][W(CPh)(OBU)4] ~450sh SIm—>='] or 673 33us  2.1x10* 0.07 0.30 THF  [15]
3" — dyy]
323 U — o]
[Na(15-crown-5)][W(CPh)(OBY)4]  ~450sh 8lm—>m"] or 658 3.7us  1.4x107* 0.04 0.27 THF  [15]
[ — dyy)
323 U — 7]
[Na(crypt-2,2,2)][W(CPh)(OBY4] ~450sh SIm—>='] or 676 2.8us 7x10° 0.03 0.36 THF  [15]
S[m" — dyy]
332 Um— o]

a8 Measurements are at 300 K unless otherwise noted. In cases, where different values for a particular datum are reported in two different papecgthe mos
value is listed. Ligand abbreviations: tmedl&lN,N’,N'-tetramethylethylenediamine; dppe: 1,2-bis(diphenylphosphino)ethane; Np: naphtbyAGN: 1,4,7-
trimethyl-1,4,7-triazacyclononane; Ppyris(2-pyridyl)phosphine; HCpy tris(2-pyridyl)methane; pdpm-phenylenebis(diphenylphosphine); AEsH,Mes-
2,4,6; Tp: tris(3,5-dimethyl-1-pyrazolyl)borohydride; bpy-X4,4-X-2,2'-bipyridine.

b Different value reported in the earlier paper.

¢ Measurement at 77 K.

d Lifetime measured by transient-kinetic spectroscopy.
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maximum, is vibronic structure arising from a WCPh mode. energy absorption bands of some of the compounds may, in

(The vibrational spectra of metal-alkylidyne complexes have fact, arise from other electronic transitions. THe — ']

been discussed in detail elsewhf22—24]) band has not been assigned for other metal-alkylidyne com-
Itis interesting to compare tHgmr — '] transition ener- pounds.

gies of & and @ M(CPh)Ls complexes with that of pheny-

lacetylene, which also possesses, symmetry and, thus,  2.3.2. dy— 7" andw — dyy transitions and states

m and 7 orbitals andw — =" states that correspond to The characteristics of the Zayy] — 3 [ (MCPh)] (d,

those of M(CPh)k. Phenylacetylene exhibits the analogous d?) and 2@[w(MCPh)]— 2g[dx,] (d°, d') transitions of

Um — =] band at ca. 235 nif25], which is >1 eV higher in metal—-alkylidyne compoundsTdble 1 hereafter denoted

energy than for the metal-alkylidyne complexes. The red shift d,, — w and w— dxy, respectively) depend strongly on

for M(CPh)Ls complexes is a reflection of the strong con- the ancillary ligands, aryl substituents, and particulars of

tribution of the metal g,dy; orbitals to the 2ip[w(MCAr)] spin—orbit coupling for the compound in question. Essen-
and 3a[w" (MCA)] orbitals; the corresponding orbitals of tially all of the available experimental data are fér@bm-
phenylacetylene, in contrast, have relatively litte@Cchar- plexes, so the following discussion focuses on thgire 7
acter[26]. transitions.

An electronic-absorption band arising from the spin- For & complexesl[dxy—> 7] and 3[dxy—> '] transi-
forbidden m— =" transition may also be observed for tions are possible, although only the former have been re-
M(CPh)Ls complexes{[w — =] for d? and &, 4|7 — =] ported. Thet[dy, — 7] band maxima for luminescent com-

for d'). Comparisons to second- and third-transition se- plexes are set out ifable 2 The band is typically rela-
ries oxo complexes suggest that this band should lie tively weak ¢ <500) despite the fact that tHdy, — 7]
ca. 3000-5000cm to lower energy of the spin-allowed transition is both spin- and electric-dipole allowed; this is
m— m band; itwill also be substantially weaker inintensity. consistent with its formal d—d parentage (vide supra). The
The electronic-absorption spectrum of W(CPh)(defé) transition was first assigned by Bocarsly et [l,2] and
(Fig. 3 exhibits a weak tail at the base of tHer — =" ] band, McElwee-White and co-workef8,4] for compounds of the
centered at ca. 395 nm, that is resolved into a distinct shouldertypes W(CPh)(CQ)L X (L = py, 1/2 tmeda, 1/2 dppe; X =Cl,
at 77 K. This band is a plausible candidate for assignment asBr, 1) and CpM(CPh)P(OMe}}L (M=Mo, W; L=CO,
3[m — '], based on its intensity and singlet—triplet splitting P(OMe)) on the basis of molecular orbital calculations on
of 4500 cntt, model systems, which providedydand =" as the HOMO
Che and co-workers have assigned the lowest energy ab-and LUMO, respectively. Experimental support for this as-
sorption bands of a variety of [Re(CAB]" complexes as  signment was provided by Manna et {27]. X-ray crys-
3[m — =] (Table 2, on the basis of theoretical calculations tallographic studies of the?ccompound W(CPh)(dmpgr
[13]. Given this assignment, the singlet—triplet splittings for and its d congener [W(CPh)(dmpgr]* revealed that their
these compounds span the range 3500-8500 cAithough W=C, W-Br, and W-P bond distances differ only slightly, as
this has not been noted in the literature, the singlet-triplet shown inFig. 4, indicating that the redox orbital is essentially
splittings depend on aryl substituent and ancillary ligand in nonbonding; this is consistent with g HOMO. The lowest
a manner that is difficult to rationalize and those at the upper energy absorption band of the electronically similar complex
end of the range are unexpectedly large. Also surprising areW(CPh)(PMe)4Br exhibits a 1150 cm! vibronic progres-
the high intensitiess( 10%) of some of thé[m — w'] bands.  sion at 77K that arises from the WCPh oscillatBig(, 4);
These observations may reflect strong mixing between thealthough, it is not trivial to associate this frequency with a
3[w— =] state and other state(s); alternatively, the lowest specific local mode, due to the fact that many of the WCPh

1150

[0
2
g
+0.53[5] A +0.24[13]A 3
NI <
pall p
(p"AN“'p)
B -0.422] A

T T T T T
15000 16000 17000 18000 19000 20000 21000
Wavenumber / cm™

Fig. 4. Left: bond-distance changes of W(CPh)(dmpe)upon one-electron oxidation; values in square brackets are the arithmetic mean of the estimated
standard deviations of the bond distances in the two compounds. P{w:» "] electronic-absorption band of W(CPh)(PJgBr in 2-methylpentane at
77 K. Adapted from Ref[27].
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modes are of mixed WC and CPh charactg22—-24] the
vibronic structure is indicative of an excited-state structural
distortion withinthe WCPh fragment. Thus, the structural and

1403

depending on the magnitude ofj@and¢ and being strongest
for a third-row metal ion. One manifestation of this mixing
is that the formally spin-forbidden &A1) — E(E) transi-

spectroscopic data are fully consistent with the assignmenttion steals intensity from the spin-allowed &A1) — E(*E)

of the lowest energy absorption band'ft, — 7'].

The Ydxy— 7] transition energy of M(CPh}. com-
plexes is affected by the nature of the ancillary lig-
ands. The equatorial ligands influence the transition en-
ergy principally viam interactions with the g orbital (vide
supra). This is nicely illustrated by the following series
of W(CPh)LyCl compounds, for which the band red shifts
with decreasingr-acceptor character of the equatorial lig-
ands: W(CPh)(CQ)dppe)Cl, 435nm; W(CPh)(dpp}l,

525 nm; W(CPh)(depell, 532 nm {Table 3. The axial lig-

and does not interact with thgydorbital, by symmetry, but
can affect the energy of the=C «" orbitals. For lumines-
cent compoundsTable 2, the range of axial ligands em-
ployed is fairly narrow and so large effects have not been ob-
served. For example, thﬁdxy—> ' ] band maximum shifts
300cnT?! (448-454 nm) with halide substitution within the
series of compounds W(CPh)(C@meda)X (X=Cl, Br, I)
[1,2]. Larger band shifts have been observed for derivatives
with unsaturated axial ligands, although emission from these

transition. This mixing is undoubtedly also of importance in
determining the rate and efficiency of intersystem crossing,
although there are no experimental measurements of these
parameters for metal—alkylidyne complexes.

For a Cyy symmetry M(CPh)k complex, the degener-
acy of thewr” orbitals (and E states) is lifted. There are two
dxgv — 7" transitions13dx, — 7 (MCPh)] (2& — 3by) and
L3dyy — 7" (MC)] (222 — 2Ip, Fig. 2), which give rise to
six spin—orbit levels. The extent of the interactions among
these states is governed not onlylyy and¢, but also by the
magnitude ofr conjugation between the MC and Ph moi-
eties (measured by the splitting, shown inFig. 2) relative
to these energies. Depicted on the right-hand sidiégbare
the results of a ligand-field calculation that quantifies the en-
ergies ofthe ¢, — 7 excited states as a function\dfusing
a value ofz appropriate for a third-row transition metal. The
mixings among states are strongest néar2Kyy, at which
there is an avoided crossing between $pin—orbit states,
but the picture progressively simplifies fof> 2Ky,. In the

compounds has not been observed. An example is providedV > 2K,y limit, the 1B1/3B; [dxy— 7" (MC)] and 'B,/°B;

by the series of compounds of type W(CH)(dmg€CR),
for which thel[dyxy— "] band red shifts with extension
of alkynyl R groupm conjugation (R=H, 449 nm; SiMg
458 nm; Ph, 470 nm; §44,CCBU’, 494 nm)[28].

There is a well developed theoretical framework for inter-
preting the'[dyxy — 7] and 3[dxy — =] transition energies
of tetragonally symmetridisn, Cav) metal—-oxo and —nitrido
complexeg19]. This treatment cannot be directly applied to
M(CPh)Ls compounds, however, because their lower sym-
metry (Coy) introduces potential complexities with respect
to the effects of spin—orbit coupling. We recently described
[29] the theoretical implications fdr[dyy — =] transitions
of distortions fromCyy to Cp, symmetry in the course of
interpreting the electronic spectra of ibns of the type
[MoOL4CI]* (L=PMes, 1/2 MePCH,CH,PMe, (dmpe));
for these complexes, th&,, symmetry is enforced by the
phosphine ligands rather than by the multiply bonded ligand,
but this difference is irrelevant with respect to the theoretical
description of these states. What follows is an adaptation of
that treatment to M(CPhY_.complexes.

Consider first the § — 7" excited states of an idealized
C4v symmetry M(CH)Ls complex Fig. 1), which are strictly
analogous to those of a M@lor MNLs compound of iden-
tical symmetry[19]. The[dyy, — =] and®3[dxy — =] tran-
sitions producéE and3E excited states, respectively; these
are separated in energy by the two-electron teyy Avhere
Kxy =3B+ Cforthe (ligg)2 configuration. Spin—orbit coupling
splits the3E state into three sublevels {#(3E), ECE), and
B1,B>(3E), in order of decreasing energy) that are dispersed
in energy byz, the spin—orbit coupling constant. These lev-
els are shown on the left-hand sidefof). 5. The ELE) and
ECE) spin—orbit states are mixed, with the extent of mixing

[dyy — «" (MCPh)] pairs of states derived frofELE are

well separated; mixing between like-symmetry spin—orbit
states is small due to the large energy gaps between them
[29].
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Fig. 5. Effects of spin—orbit coupling)and the splitting¥) of thew" (MC)
andm” (MCPh) orbitals on the energies of the and®E parentage,g — ="
excited states (R =4000cnT and¢ =2000cnt?). Left: Cay Symmetry
and right:C,, symmetry.



1404

The electronic-absorption spectra of t@g, symmetry
[MoOL4CI]* ions indicate they reside ne®t= 2Kyy; their

R.E. Da Re, M.D. Hopkins / Coordination Chemistry Reviews 249 (2005) 1396—1409

with the red tail of thé[dyy — 7 ] absorption band; as noted
above, the’[dyy, — 7] absorption band has not been ob-

dyy— 7 bands exhibit unusual energies and intensities as served. The spin-triplet character of the emissive state has
a result of the strong mixing among spin—orbit states in been established through energy-transfer quenching studies

this region[29]. Metal-benzylidyne complexes, in contrast,
appear to lie toward the limiV > 2K,,. Experimentally,
this is manifested by the fact that tI%EeiXy—> 7' ] bands of
M(CPh)Ls compounds are strongly red shifted from those of
analogues with cylindrically symmetric alkylidyne R groups.
For example, the[dxy,— 7] band of W(CPh)(depeLl
(Amax=532 nm,Fig. 3 is red shifted 6000 cm' relative to
that of W(CH)(dmpe)Cl (403 nm[28,30), while between
W(CPh)(CO)(tmeda)Cl and W(CBY(CO)(tmeda)Cl a red
shift of 5200 cnt is observed1,2]. Taking the compounds
W(CH)(dmpe)Cl and W(CBU)(CO)(tmeda)Cl to represent
the Cy4y limit, these shifts are experimental measure¥ at
the level of approximation dfig. 2 Theoretical calculations
on Cr(CPh)(COJCI [31] and CpW(CPh)(CQP(OMe)k}

[4] suggest thaV is even larger (>10,000 cm). Conse-
quently, mixing between th&{dyy — '] and 3[dxy— 7]
states of M(CPh)k. complexes is anticipated to be small.
One manifestation of this is that tAgl, — 7] band should
be very weak due to the limited intensity stealing from
dyy— 7']. Indeed, thé’[dxy— "] band has not been ob-
served for any metal-alkylidyne complex. Examination of
the red flank of thé[dxy—> 7] band of W(CPh)(depelL!

of compounds of typd (W(CPh)(CO}(py)2Br [2]) and4
(CpW(CAr)(COYXP(OMe}} [3]); these measurements place
the energy of the state in the region of overlap between the
absorption and emission bands. The very similar radiative
rate constants observed for all derivatives of tyfe4 (ca.
103s1, Table 9 strongly suggests that the emissive states
of these species are also spin-triplets. At 77 K, the emission
lifetimes of compounds of typd lengthen to several mi-
croseconds, which points strongly to the luminescent transi-
tion being spin-forbiddei¥].

C
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There is little quantitative information concerning the
molecular structures of these compounds in tFeliy, — 7]

(F|g 3) shows On'y a feature'eSS, Gaussian decay into the excited states. Vibronica”y structured emission SpeCtra have

baseline in the region in which tﬁ{zdxy—> 7] band should
be found.

The above treatment also applies tpr — dyy] and
3[m — dy] excited states of tM(CPh)Ls complexes; from a
symmetry standpoint, these are identical to the-d T ex-

not been observed; Franck—Condon analysis would be dif-
ficult, in any case, due to the complicated parentage of
MCPh vibrational modef22—24] On simple molecular or-
bital grounds Fig. 2), it is anticipated that the metal—-carbon
bond will be elongated in the excited state because the for-

cited states of theirtanalogues. To date, however, there have Mal bond order is reduced from 3 to 2.5. There has also
been no detailed spectroscopic studies of these chromophoreBeen speculation that the=MC—Ph linkage will bend2,3],

(although § M(NAr)L 5 metal-imido complexes have been
described[32]). For d* complexes, bottf[dx,— 7'] and
2[m — dy] transitions A, — 2B;) are possible Table J.

These bands should exhibit similar (weak) intensities and,

based on a suggestion by Vogler et [@3]. On the other
hand, the absence of a significant difference in emission
energy and band shape for compounds of tdeetween
room temperature and 77K has been interpreted as indi-

thus, might be difficult to distinguish. Data have been re- cating that inner-sphere (and outer-sphere) reorganization

ported for only two compound4d4], so detailed conclusions
are not possible.

3. Photophysical properties of & complexes

3.1. Emissiveg— 7~ excited states

A variety of & molybdenum-— and tungsten—alkylidyne

in the excited state is smgi]. Recently, Chen probed the
structure of thé¥[dyy, — 7] excited state for the compound
W(CPh)(dppe)Cl (2) through time-resolved XAFS measure-
ments[34]. Although the question of WCPh bending could
not be resolved, it was found that the® bond is ca. 0.0&
longer in the excited state than in the ground state. This dis-
tortion is similar in magnitude to that found for the related
metal-oxo ions of the type [MoQICI]* for the[dy, — 7]
excited stateAd(MoO) = 0.09&) via Franck—Condon anal-

complexes luminesce in solution from what has been as-Yysis of the vibronically structured absorption ba2d]. It

signed as &[dxy— 7 ] excited state[1-8,10,11] These
compounds are of the general types} below. Electronic-

may not be reasonable to assume that this is a representa-
tive distortion for all emissive W(CPh}L.compounds, how-

spectroscopic and photophysical data for these complexesever, because W(CPh)(dpp€) has the smallest Stokes’

are set out iriTable 2 At room temperature, luminescence
lifetimes and quantum yields lie in the ranges 10-500 ns
and$=10"* to 102, respectively. The assignment of the

shift of any of these compounds (4200¢hy, other deriva-
tives exhibit shifts of up to 8000cnt (Table 2, indica-
tive of larger excited-state distortions and/or singlet—triplet

emissive state is based on the overlap of the emission bandsplittings.
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The emissiv&[dxy—> '] has been probed by transient- plete recovery of the ground state of the chromophore, sug-
absorption spectroscopy for CpM(CR)L(CO) (M=Mo, gestingthatthe 17-eand 19-€ radical species that are gen-
W) complexes of typed4 by Schanze and McElwee- erated undergo subsequent thermal reactions. Schanze and
White and co-workerg4,5]. For the tungsten complexes McElwee-White and co-workers carried out a detailed in-
CpW(CPhJP(OMe}}(CO), CpW(CPHP(OPh}}(CO), vestigation of the oxidative quenching of the emissive state
and CpW(C-2-NpjP(OMe}}(CO), which luminesce in  of CpW(CPh)(CO}P(OPh}} (4) with pyridinium and ni-
solution, kinetic analysis of the transient spectra yields troaromatic acceptof$]. Here too, the electron-transfer re-
excited-state lifetimes in close agreement with the emis- actions are irreversible. An analysis of the data using Mar-
sion lifetimes, confirming that they correspond to the cus theory allowed determination of the excited-state ox-
emissive state. These spectra, and that of the nonemisidation potential of the compound (EM//WY)=—-1.7V
sive molybdenum analogue CpMo(CRPR{OMe}}(CO), versus SCE) and indicated that the reorganization energy is
exhibit very similar features, the dominant one being a relatively small £ <0.40eV). Torraca and McElwee-White

strong absorption at 425-460 ni{= 3000 M1 cm~1 for and have extensively studied the photochemical reactions of
CpW(CPhYP(OMe}}(CO0)) that is tentatively assigned to CpM(CR)L, compounds in halocarbon solution, in which
an allowed (triplet-tripletyr — =" transition. excited-state electron transfer to the solvent initiates a rich

Despite the growing body of photophysical data for group thermal reaction chemistry. This work has been reviewed
6 complexes, there has not been a detailed investigation of theelsewherg35].
nonradiative decay mechanisms of the emisﬁdga),e ]

state. The W(CPh)}.compounds of type§—4 do not col- [M(CPh)Ls]* + A — [M(CPh)Ls]" + A (1)
lectively follow the energy-gap law; a plot (not shown) of [\M(CPh)Ls]* + D — [M(CPh)Ls]~ + D* 2)

In (kar) versus E (approximated bymax) exhibits a high de-

gree of scatter. Examination of the daféaljle 9 reveals In addition to the group 6 metal-alkylidyne derivatives,

that variation of the metal, ancillary ligands, and alkyli- the & ion [OS(CF’h)('\*”'é)S]3+ (5) also exhibits lumines-
dyne R groups can all strongly affect the luminescence ef- cence from &[dyy— 7] excited statg9]. The spin-triplet
ficiency, suggesting that it may be difficult to pinpoint spe- character of the emissive state was established by energy-
cific decay pathways. Generally speaking, neutral W(CPh)L transfer quenching. This chromophore is simple enough to
Compounds 1’2) exhibit |Onger lifetimes and h|gher quan- allow the nonradiative decay pathW&yS of the emissive state
tum vyields than cationic derivative8)(and the Cp deriva-  to be probed. Isotopic substitution of Ntgands with NI

tives (), although the variations are not large for the most increases the emission lifetime and quantum yield, princi-
part. Other substitutions, though, lead to complete quenchingpally affectingkar (Table 3, thus implicating these ligands in

of emission. It has been noted for both W(CPh)(&QLI the deactivation of the emissive state. Curiously, t*he quantum
[1,2] and CpW(CPh)(CQP(OMe)} [3] that replacement yield is wavelength dependent within tﬁmxy—> w | band

of the phenyl alkylidyne R group with an alkyl group €nvelope, complicating this interpretation. The emission is
leads to loss of emission. Replacement of tungsten with quenched by substituted pyridines; the quenching rate con-
molybdenum in the compounds CpM(CPh)(GBjOMe)} stant correlates with the{p, of the pyridine and also exhibits

(4) [4] and [(M&TACN)M(CPh)(CO}]* (3) [6] also a modest NH/ND3 isotope effect, which is strongly sugges-
leads to nonemissive Compounds (a|th0ugh fOf]3'[( tive Ofaproton'tranSfer quenChing mechanism.
Ppys)M(CPh)(CO}]* (3) both the molybdenum and tung- B mEa

sten compounds are luminesce). Interestingly, for
compounds of typetl, only the mixed carbonyl/phosphite
derivatives CpW(CPh)(CQP(OR}} luminesce; the com-
pounds CpW(CPh)(C@)and CpW(CPh)P(OR}}» do not.
Che and co-workers reported that while several deriva- Il
tives fac-LW(CPh)(COY]*™ (3; L=Ppys, MesTACN) lu- HaN--. 0. NHs

: ) : o g HaN™ 1" “¥NH;
minesce in solution, the TTCN derivative (TTCN: 1,4,7- 'LH
3

C

trithiacyclononane) is not emissiyé]. Clearly, understand- | ]
ing the electronic origins of these effects will require addi- 5
tional study. Emissive d metal-alkylidyne complexes have also be-

The emissivé[dxy—> '] states of M(CPh)k complexes gun to be used as building blocks for materials in which
can be quenched via bimolecular electron-transfer reactionsthe luminescence properties could impart electronic func-
that result in one-electron oxidation or reduction of the com- tionality. Mayr et al. described an interesting series of mul-
plex (Egs.(1) and (2)). Bocarsly et al. reported that ex- timetallic complexes in which an isonitrile substituent in-
cited W(CPh)(COj(tmeda) () is reductively quenched by corporated onto the alkylidyne R grouf) (allows assem-
N,N,N',N'-tetramethylp-phenylenediamine and oxidatively bly of extended structureg) [10]. Relative to the parent
guenched by,N’-dimethyl-4,4-bipyridinium[2]. These re- W(CPh)(CO3}L,Cl compounds X), the emission band of
actions are only patrtially reversible, as indicated by incom- the monometallic compounds§)(red shifts as the conjuga-
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tion is extended and, interestingly, the emission lifetimes in- 3.2. Emissiver — 7" excited states
crease, despite the smaller energy gap between ground and

excited state. Coordination of these compoundsst&dCb, In contrast to luminescenfdnolybdenum and tungsten
cis-Pdb, cis-Ptl;, andfac-ReCI(CO} fragments results in  M(CAr)Ls complexes, the analogous rhenium-alkylidyne
trimetallic complexes¥). All of these compounds excepb compounds luminesce from an excited state assigned as

andc are luminescent; the emission bands are red shifted*[w — w'] [12,13] The compounds, of type3-13 below,
from those of the building blocks$) and the emission life-  are diverse in composition, allowing the effects of both the
times are slightly reduced. The emissive state was assigned aancillary ligands and alkylidyne R group on the excited-state
3[dxy—> '] on the basis of the similar transition energies of energies and properties to be systematically probed; com-
6 and7 and the fact that model Mi(CNAr), compounds are  plexes9-12 bear a common mesityl alkylidyne R group but
not luminescent. The quenching of the emission in thePdX different ancillary ligands, whild3 contains a constant set
derivatives7b andc was attributed to excited-state W Pd of ancillary ligands but different R group substituents. The
electron transfer, which should be energetically favorable; emission was initially assigned as arising froﬁ[@y—> ]
energy-transfer quenching was excluded specifically7/for ~ excited stat¢l2]; however, subsequent HF-SCF calculations
due to the absence of sufficiently low-lying excited states on the model compounds [Re(CPhYCHCHPH),CI*

for the palladium fragment. The emission of the extended (9), [Re(CPh)(PH)2(CO)(H,0)CI]* (11), and [Re(CPh)(K
palladium compoundf is weaker than the other lumines- PCHCHPH)(CO)(OH)]* (13) yielded am(ReCAr) HOMO
cent trimetallic complexes, suggesting that the emission of andw" (ReCAr) LUMO, and a Cl-singles calculations on the
this compound may be only partially quenched by electron model for9 provided®[w — =] as the lowest energy excited
transfer. state[13]. On this basis, the emissive state was assigned as
8[m— 7).
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Recently, Cohen et al. have investigated the tungsten— Re~co erlewco
alkylidyne/zinc-porphyrin dya8 [11]. Preliminary evidence B P | om
suggests that selective excitation into the porphyrin absorp- 12 13

tion bands in polar solvents initiates intramolecular electron ~ The emission spectra of the rhenium compounds ex-
transfer to rapidly produce a [W}[Pzn]~ charge-separated hibit several characteristics that point to the parent-
species. In nonpolar solvent, the dyad exhibits unusual phos-age of the emissive state being derived, at least in
phorescence due to an equilibrium between the close lyingpart, from ReCAr w symmetry orbitals. The emis-
3[dyxy — 7] and3[Pz,] excited states. sion bands of [Re(C§H4CN)(pdpp)(COYOTH]* (13),
[Re(CAr)(pdpp)Cll* (9), and [Re(CAfR)(PMePhk),(CO)
(H20)CI* (11) exhibit vibronic structure at 77K in the
solid state and glassy solutions, consisting of a prominent
1100 cnt ! progression and hints of weaker, lower frequency

Phérwpg@(: c featureg§12,13] The 1100 cm® mode is certainly associated
ond’ bph with the ReCAr moiety, indicating that there is a structural
2 2

distortion within this fragmentin the emissive excited state. In
addition, for the [Re(CgH4X)(pdpp)(COY(OTH)]* deriva-
tives of typel3 (X=H, Me, OMe, Cl, Br, CN), the emission
band energy varies linearly with both the Hammetpa-
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rameter of the aryl substituent X and the reduction potential X substituent on the bipyridine ligand, decreasing in energy
associated with the alkylidyne R gro{s]. These findings  with increasing electron-withdrawing ability of X, consis-
are consistent with thfw — "] assignment of the emissive  tent with assignment to §d — =" (bpy)] transition. These
state, but not uniquely so; they would also be consistent with complexes also luminesce in fluid solution; the emissive state
an emissivé[dy, — 7] excited state. is tentatively ascribed to the MLCT excited state, although
The emission lifetimes and quantum yields of these the shift of the emission band with XAE =800cnT?) is
compounds vary by two orders of magnitude=@R0 ns to substantially less than that of the lowest absorption band
5us,¢=10"*to 10-2); these are much broader ranges than (AE=3800cnTl). The lifetimes and quantum vyields of
seen for analogous group 6 complexes. Also in contrast to thethe emission Table 2 are less than those of the related
group 6 complexes is the fact that the nonradiative-decay rateshenium—phosphine derivatives(), which luminesce from
for the compounds [Re(CA(pdppyCl]* (9), [Re(CAr) a’[w — '] excited state.
(PPH)2(CO)(HO)CI*  (11), [Re(CAr)(PMePh)z(CO)-
(H20)CI" (12), [Re(CAr){P(GsHaOMe)s}2(CO)(H0)CI]*
(11, and [Re(CAf)(dppe)(COXCI" (10) decrease with 4. photophysical properties of & complexes
increasing excited-state energy according to the energy-gap
law, suggesting that their excited-states share common deac- Many f octahedral metal-alkylidyne complexes undergo
tivating mode(s) and have similar excited-state distortions. electrochemically reversible one-electron oxidations to d
The emissive excited states of rhenium-alkylidyne congeners, several of which have been isolated and character-
complexes can participate in electron-transfer reactionsized. There is a single report, by Che and co-workers, of the
(Egs. (1) and (2)) [12]. Both oxidative and reduc- photophysical properties ofdnetal—alkylidyne compounds
tive quenching has been demonstrated, though not in[14]. The octahedral complexes Re(CHPPH)(H20)X3
the same compound. The emission of the compound (14; Ar' =2,4,6-M&CgH>; X = Cl, Br) each exhibit two weak
[Re(CAr)(pdpp)CI]* (9) is oxidatively quenched by pyri- (¢~ 100) electronic-absorption bands as the lowest energy
dinium acceptors; a Marcus analysis of the quenching ratefeatures Table 9. These bands were noted to have ener-
constants provides E(Re/Re’')=—-0.85V versus SCE. gies and intensities appropriate fiidy, — '] transitions,
The compounds [Re(CA(PPI3)(CO)(H0)CI]* (11) and as judged by comparison to emissivéMoOLn ions [36];
[Re(CAr)(dppe)(COXCI]™ (10) undergo reductive quench-  only one of the two bands can be so assigned, however. Long-
ing with various amine donors; a similar analysis provides lived (ca. 400 ns) luminescence is observed from these com-
E(Re”"/RéV)=+0.89 and +0.88 V versus SCE, respectively. pounds in dichloromethane solution, which was tentatively
These excited-state potentials are consistent with estimatesissigned to fluorescence from ﬂ{dxy—> '] excited state.
derived from the emission energies and ground-state elec-The X— Re CT character of these transitions was inferred
trode potentials of the complexes. Transient-absorption sig-to be small due to the fact that the absorption and emis-
nals due to the oxidized donor and reduced acceptor weresjon bands shift only slightly (<1000 cm) as a function
described as being long lived, suggesting that these are irreof X. The emissive state of Re(CA{PPh)(H20)Cl is ox-
versible processes. idatively quenched bi,N'-dimethyl-4,4-bipyridinium.

3.3. MLCT excited states B 1

The & M(CArLs complexes described above ex-
hibit weak [dyy— 7'] and 3[w — «"] bands as the low-
est energy features. If conjugated diimine ligands such

as 1,10-phenanthroline or 2-Ripyridine are incorpo- o o

rated as ancillary ligands, however, an intense low-lying C N

band assignable to §d — =" (diimine)] transition is ob- x-.,lgl_.-x x'TLLx

served and the photophysical properties of the compounds PhsP™” | X '—"'| X

change significantly. Bocarsly et al. reported that the com- L OH, L

pound W(CPh)(CQ)bpy)CI does not luminesce and that 14 15
W(CPh)(CO3}(phen)Cl exhibits an emission band whose po- It is interesting to note the parallels between the photo-

sition is sensitive to the polarity of the solvdiit2]. These physical and spectroscopic properties of these compounds
observations contrast with those for the related compoundand those of structurally related @¢omplexes of the type
W(CPh)(CO}(py)2Cl, which exhibits a solvent-insensitive cismerM(NR)L2X3 (15 M=Nb, Ta; R=2,6'Pr-CgH3,
emission band arising from tr?édxy—> m'] state. Che and  t-Bu, adamantyl; k=MeOCHCH,OMe, tmeda, (py),
co-workers have reported that the bipyridine derivatives (thf)) studied by our grou32,37] and by Williams et al.
[Re(CAr)(bpy-X2)(COXCI* (X = H, CI, COMe) exhibit [38]. The luminescent metal-arylimido derivatives exhibit a
an intensed, 10%) band as the lowest lying absorption band weak ¢ ~ 100) absorption band between ca. 450-520 nm that
[13]. The position of this band is strongly sensitive to the is assigned to th&[w(M=NAr) — dxy] transition[32]. The
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shift of this band as a function of X is similar to that seen for from each other (NB7, 6.8us; [Na(15-crown-5117, 10.2ps;

the bands of the Re(CA(PPh)(H,0)X3 complexes; forthe  [Na(crypt-2,2,2)17, ~300ns). The lifetimes and emission
imido complexes, though, theyd— m (M=NAr) assignment maxima of the various salts &f7 are also observed to differ

is precluded by the Yconfiguration. Given these similari- in solution (Table 9 and, furthermore, are solvent depen-
ties, it would appear that the assignment of the emissive statedent; for example, the lifetime of [N&Y is 7.7 and 1.s in

of the d rhenium complexes &w(M=CAr) — dyy] cannot 1,2-dimethoxyethane and acetonitrile solution, respectively.
be excluded; indeed, the observation of two weak absorptionThese observations suggest that Na—O interactions persist
bands for the rhenium compounds could be an indication thatin organic solvents. Interestingly, these interactions enhance
the?[w(M=CAr) — Cy] andz[dxy—> m (M=CAr)]statesare  the photophysical properties df7; the emission lifetimes

close in energy. and quantum yield of [Na(crypt-2,2,2)] are smaller than
those of the salts compounds with more strongly coordinat-
ing cations.
5. Photophysical properties of  complexes The nonemissive W(CR)(OB)4 chromophore can also
serve as a building block for coordination polymers that
The reaction Chemistry of Schrock’s M(CR)(Qgcom- luminesce in the solid state and SOlUti¢h6,40]. Pol-

plexes (M = Mo, W) has been extensively investigated due to !agi et al. discovered that W(C—pyridyl)(OBw compounds
their ability to catalyze alkyne-metathesis reactifir@j. The self-assemble to give solid materials composed of one-
only study of the excited-state properties of these complexesdimensional [pyr—CW(OBis] ., chains that are connected
was undertaken by Pollagi, who found that W(CPh)(®Bu  in a head-to-tail fashion via W-N bond&6]. The coor-
(16) exhibits strong, highly vibronically structured lumines- dination geometries of the polymers depend on the sub-
cence in the solid state at temperatures below 100K but isstitution pattern at the pyridyl ligand: the polymer com-

not emissive in either the solid state or solution at room tem- Posed of meta-substituted W(C—3+4N)(OBU)3 build-
peraturg39]. ing blocks exhibits pseudo trigonal-bipyramidal coordina-

tion at tungsten (8]~), whereagara-substituted W(C—4-
CsHoMe,N)(OBU)3 forms a polymer in which the coordi-
nation at tungsten is pseudo square pyramidad| (). The
photophysical properties of the polymers in solution are com-
plex, due to the fact that they dissolve to give a distribu-

c C tion of oligomers. In the solid state, they exhibit emission
If oo Il opy bands with similar maxima~640 nm). Although the emis-
sulo—"-oBut | putor™ VN opyt sive state has not been assigned, simple molecular orbital con-
OBU! — - siderations suggest it almost certainly contat(8/=C—pyr)
16 17 and/orm” (W=C—pyr) orbital character; consistent with this,

the emission band ofLB], at 77 K exhibits a vibronic pro-
Addition of either a neutral or an anionic lig- gression of ca. 1000 cth which arises from modes associ-
and to W(CAr)(OBU)s provides five-coordinate deriva- ated with the VesC—pyr backbone.

tives that luminesce in solution. Simpson discovered that \
W(CPh)(OBUi)3 reacts with the-butoxide anion to give the 7 N= RO OR
square-pyramidal ion [W(CPh)(OBy]~ (17), which ex- @\ . RO PR \ / 4)/\'/
hibits long-lived {vs) luminescence in solution at room tem- -~ \\W'EOR AN 7z raN
perature Table 2 [15]. The long emission lifetime and ex- FONTN OR W |

. g @ 1 . RO | W
tremely small radiative decay rate (<19 ) are consistent (8], & ROR/S (9],

with the emissive state being of triplet spin-parentage. The

electronic configuration of the emissive state could not be

definitively assigned because the electronic-absorption spec-

trum does not display distinct features below the typical 6. Concluding remarks

m— m absorption bandinthe UV region. ReferencEig. 2

suggests that eithéfmr — dxy] Or 3[w — ='] states are logi- The variety of luminescent metal—-alkylidyne complexes

cal candidates for the emissive state. is striking: emission is observed from complexes with for-
The spectroscopic and photophysical properties of themal &, dt, and @ electron counts, with ancillary lig-

[W(CPh)(OBU)4]~ ion are cation and solvent dependent. ands ranging from strong acceptors to strongr donors,

X-ray crystallographic studies of the Na[Na(15-crown- and from gy — T, T, T dyy, and MLCT excited

5)1*, and [Na(crypt-2,2,2)] salts of17 indicate that the for-  states. It seems likely that the present class of lumines-

mer two compounds possess strong Na—O interactions. Incent metal-alkylidyne complexes is just the tip of the ice-

the solid state, the emission maxima of these salts rangeberg, based on the fact that only a small fraction of known

from ca. 600-700 nm and the lifetimes differ significantly metal-alkylidyne complexes have been screened for emis-
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