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Photophysics of Tungsten and Molybdenum Arylcarbyne Complexes. Observation of the
Lowest Excited State by Laser Flash Photolysis
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The photophysics of the series of tungsten and molybdenum arylcarbyne complexes{&{@@8)%} M=C—Ar

(1a, M =W, Ar = phenyl;1b, M = Mo, Ar = phenyl;1c, M = W, Ar = o-tolyl; 1d, M = W, Ar = 2-naphthyl)

has been examined by using absorption, emission, and transient absorption spectroscopy. Extekeled Hu
calculations indicate that the lowest excited state of these arylcarbyne complexes is based on—a a{M)
(M=C—Ar) configuration. Consistent with this prediction, each of the complexes displays a weak, mid-visible
absorption band which is attributed to the-dz* transition. The tungsten complexas, 1c, and1d also exhibit

red luminescence with a lifetime in the 16Q00 ns regime. Nanosecond laser flash photolysis studies indicate
that the arylcarbyne complexes display a strong transient absorption with a maximum in +4500@m region.

Close correspondence between decay lifetimes obtained by luminescence and transient absorption indicate that
the transient absorption may be assigned to the g* excited state.

Introduction {P(OMe}}M=C—R, where M= Mo or W and R= aryl

complexesla—d).?2 These complexes display weak absorption
The photochemistry of low-valent metal carbyne complexes ( P ) P pay P
: \

has been of interest due to their unique photophysical properties
and excited state reactivity3 Although photolysis of orga-
nometallic compounds typically results in ligand loss as the M=C—Ar
primary photoprocess due to population of a met@ajand octd
antibonding orbital via excitation of the -l manifold? P(OMe)s
examples of metal carbyne photochemistry include transforma-
tions which convert the carbyne moiety to other organic lig&nds.
Photochemical electron transfer has been shown to activate
18 e complexes toward reactivifyand this strategy has proven  bands in the visible region and long-lived luminescence. The
effective for metal carbynes. In previous work, a photooxidation |ow-energy absorption and luminescence of the carbyne com-
reaction involving irreversible electron transfer from a series plexes involve an excited state manifold which derives from a
of tungsten and molybdenum aryl- and alkylcarbynes to d(M) — a*(M=C—R) excitation that was originally described
halogenated solvents was obser¢effollowing generation of  in the literature as MLCT although its characteristics are
the carbyne radical cation, both metal-centered reactions typicalconsistent with considerable—dl character #ide infra).1=3
of metal radicals and unusual ligand-centered processes énsueNanosecond laser flash photolysis studies of the@®4R
The present report describes continuation of the photophysicalcomplexes reveal that this excited state displays a strong mid-
studies of metal carbyne complexes of the type Cp(CO)- visible absorption, which provides a uniqgue means to study the
excited state dynamics and electronic structure of the carbyne

1a:M =W, Ar = phenyl 1c: M =W, Ar = o-tolyl

1b : M = Mo, Ar = phenyl 1d : M = W, Ar = 2-naphthyl
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L Figure 2. HOMO and LUMO of Cp(COJP(OMe}} W=C—Ph (La).

Figure 1. Orbital mixing diagram for Cp(CQP(OMe)} W=C—Ph Coefficients are derived from extended¢kel calculations. Hydrogens
(14). Orbital energies are derived from extendetckkl calculations. and —OMe groups are omitted for clarity. Key: (a, top) HOMO; (b,
bottom) LUMO.

{P(OMe}}M=C—Ph (W = 1a, Mo = 1b) and Cp(CO)-

{P(OMe)l}W=C(o-Tol) (1c) were prepared as described CPh’, calculated in the same manner &a. The orbital
previously28 Preparation of the naphthylcarbyne complex Cp- orderings are similar to those previously reported for the model
(COX P(OMe)} W=C(2-Np) (Ld) involved an analogous route. ~ compound CpP(OH)}Mo=CPh? although the energetic split-
The tris(phosphite) complex CI(COP(OMe)} sW=C(2-Np) tings are somewhat different. The HOMO of the complex
(2d) was prepared by the reaction of [(GRJ(CO{2-Np})]- (Figure 2) is comprised largely of the metgt-€,2 orbital but
[NMey] (3d) with oxalyl chloride, followed by addition of excess  is partially devoted to back-bonding into thé orbital of the
trimethyl phosphite to give the impure tris(phosphite) complex CO ligand. Below it are the two metatarbonz bonds, their
2d. Reaction oRd with fresh sodium cyclopentadienide (CopNa) degeneracy broken by conjugation of the lower one with the
led to displacement of the chloride anion and two P(OMe) Phenylring. The LUMO is the orbital identified as theshC
ligands to yieldld. The crudeld required more extensive 7* orbital that is conjugated into the phenytsystem. How-
purification than is necessary fdra—c, but was ultimately ~ €ver, inspection of Figure 2 reveals that it too is primarily
isolated in 20% yield. Spectroscopic data fat are given in composed of a metal d orbital delocalized into ttfeorbital

the Experimental Section. of the CO ligand. The NLUMO is a nearly pure=%C z*
Electronic Structure of 1a and 1b. As an aid to interpreting ~ ©Orbital. Extended Hekel calculations were also performed on
the spectra ofla—d, extended Hckel calculation$ were the molybdenum compourikb, and the frontier orbitals obtained

performed onla and 1b. Although the results of these one- Were very similar to those calculated fba.

electron calculations cannot provide energies for the spectro- Assignment of the HOMO as a metal d orbital that is
scopic transitions, they are useful in visualizing the coefficient nonbonding with respect to the carbyne ligand is consistent with
distributions in the frontier orbitals and providing a rough structural information obtained by X-ray crystallography on Br-
sequence of orbital energies. The geometry of the Cp(CO)- (dmpe}WW=C—Ph and its 1 e oxidized congener [Br-
{P(OMe}} M=C fragment was adapted from the X-ray structure (dmpe}W=C—Ph][PK].1° Oxidation results in only a slight

of 1c2 Due to conjugation of the phenyl ring with the metal shortening of the \WC(carbyne) and WBr bonds (0.024 and
carbonz-system, rotation of the phenyl ring about the C(car- 0.042 A) while the W-P bonds are lengthened somewhat. Upon
byne)-C(ipso) bond affects the calculated energies. For these this evidence, the HOMO is assigned as a nonbonding orbital
calculations, the plane of the phenyl ring is aligned with the thatis primarily g2—y2in character. Similar observations have
W—P bond so that the phenytsystem is parallel to the WCO been made for Cl(dppgylo=C(p-Tol) and [Cl(dppe;Mo=C-

axis, as it is in the crystal structure bé. (p-ToD][PFe].1*
Figure 1 shows a partial molecular orbital diagram for the  This picture of the electronic structure of carbyne complexes
formation oflafrom the fragments Cp(CQP(OMe)}} W~ and la and 1b suggests that the lowest energy transition involves

(9) Extended Hakel calculations odawere carried out using the CAChe  (10) Manna J.; Gilbert, T. M.; Dallinger, R. F.; Geib, S. J.; Hopkins, M.
WorkSystem Release 3.7, and iterative extendédkiducalculations D. J. Am. Chem. Sod992 114, 5870-5872.
on 1b were run using the contained ZINDO package. (11) Mortimer, M. D. Ph.D. Thesis, University of Bristol, 1991.
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Table 1. Absorption Spectra of Cp(COP(OMe)}} M=C—R in THF Solutio

structure M R Amadnm (1G cm™1) €ma/M~tcm™t assignment ref

la w Ph 329 (30.4) 8000 a(W=C—Ph)— 7*(W=C—Ph) 2
483 (20.7) 50 d(W)— 7*(W=C—Ph)

1b Mo Ph 328 (30.5) 4000 (Mo=C—Ar) — 7*(Mo=C—Ar) 2
477 (20.9) 60 d(Mo)—> 7*(Mo=C—Ph)

1c W o-Tol 331 (30.2) x(W=C—o-Tol) — #z*(W=C—o-Tol) 2
476 (21.0) d(W)— z*(W=C—o-Tol)

1d W 2-Np 348 (28.7) 6000 a(W=C—Np) — 7*(W=C—Np) b
490 (20.4) 70 d(W)~ z*(W=C—Ph)

2 Amax @aNd Tem Values forla—c are reported in ref 22 This work.

Table 2. Luminescence and Transient Absorption Data for CpEQPMe)} M=C—R2P

298 K° 77 Kd
structure M R Ama/nmE (1P cm™)  7en/nS Dem kis™t Knds™t 1alNS  Ama/nm (LG cm™)  Tenfus
1a W  Ph 747 (13.4) 141  6.910% 49x 10 7.8x 10° 129 741 (13.5) 3.2
1b Mo Ph f f <10 <2x10° 2.0x 1079 49 787 (12.7) 8.3
1c W  oTol 745 (13.4) 170 3. 107 21x10® 59x 100 735 (13.6) 3.6
1d W 2-Np >780 (<12.7) 66 1.5x 107 60

@ Amax = €Mission maximumzen = emission lifetime;®.m = emission quantum yield, = radiative decay ratek,, = nonradiative decay rate;
1A = transient absorption decay lifetimeEstimated errorszem, 5%; ®em, £15%;k;, +20%; knr 5% 714, 5%. ¢ Argon-degassed THF solutions.
d Argon-degassed 2-MeTHF glasse$maxandrem values forla—c are reported in ref 2. See tekiToo weak for accurate determinatictDetermined
from the decay rate of excited state absorption.

1eFT Tt T T T T T T 250 by inference inld) is underscored by previous studies from
- 1 our laboratory which demonstrated that the absorption band is
' ] 200 o, not solvatochromié. The more intense absorption at 330 nm
J 150 ; is assigned tac — sr* transitions of the M=C—Ar chromophore.
1 L While there is a significant energy gap between the visible and
1100 3 near-UV transitions, the extended ¢kel calculations are in
lso - gualitative agreement with these assignments. The slight red
- 1 shifts for the naphthylcarbyne can be attributed to mixing of
0'360 — 5% 50 =i 0 the Iargem system W|tr_1 the LUMO, lowering its energy. .
Wavelength/ nm Luminescence Studies. Detailed steady state and time

resolved luminescence studies were carried out on complexes
la—d. The fluorescence detection system was corrected for
monochromator and photomultiplier response to 800 nm, but

the frontier orbitals depicted in Figure 2. This is the transition OWing to the sharp decrease in the efficiency of the detector at
identified in prior literature as d(My> z*(M =C—Ar) MLCT wavelengths greater than 800 nm, we were unable to collect
in naturel=3 Although this transition does involve some charge USeful luminescence data beyond this wavelength. This point
transfer to the carbyne ligand, the earlier designation of “MLCT” i Significant, because the emission of the W and Mo carbyne
suggests a higher degree of charge transfer and higher ban@®mplexes extends well into the near-IR (vide infra).
intensity than is actually observedde infra). Boththe HOMO ~ Each of the tungsten carbyne complexes luminesces weakly
and the LUMO are primarily composed of the metal d orbitals in solution at 298 K. Table 2 provides a summary of the
and the carbonyk* orbitals. As a result, the lowest energy ~€mission parameters, including wavelength maxita for
transition has a considerable degree efddcharacter that is the corrected emission bands, and emission quantum efficiencies
consistent with its low extinction coefficient. and lifetimes (Pem and zem respectively). Where possible,
Electronic Absorption Spectra. Figure 3 illustrates the rad|at|v¢ and nonradiative decay rate cons_taktsa(ld ko
absorption spectrum of tungsten carbyiein THF solution, respectively) were calculated by the ex_pressﬂqns q)e”‘/re’“.
which is typical for the series of metal carbynes examined @"dKnr = (1/rem— ko). Note that by applying these expressions

herein, and Table 1 summarizes the data and assignments folV€ assume that the luminescent state is reached with unit
the entire set of complexes. The absorption spectra of the aryl-duantum efficiency. o
substituted carbyneda—c exhibit two primary UV/visible In fluid solution at 298 K the most pronounced emission is
absorption features: a strong band at approximately 330 nm©Pserved from tungsten complexisand1c. Emission from

and a weaker broad absorption at about 480 nm. The absorptiorf€S€ complexes is very similar, appearing as a broad, struc-

spectrum of naphthylcarbyrial showed slight red shifts of both  tureless band in the red withhax ~ 745 nm (Figure 4aj? In
bands, but otherwise was similar. each case the luminescence efficiency is rather low, Dith

~ 4 T 2
The low-energy absorptions are clearly related to those 5 x 10" (Table 2). Emission excitation spectra foa and

. . - 1c are also illustrated in Figure 4a and reveal that the red
assigned as d~ x* MLCT for the similar compounds luminescence is produced by excitation of the visible and near-
X(CO)L,W=C—R (R= Ph,'Bu; X = ClI, Br; L, = TMEDA, P y

2py, dppe)t As discussed above, these transititionslar-d UV absorption bqnd;;. Emission Ilfet!mes fa anql lcare
contain substantially more-¢ d character than the description comparable, and indicate that the luminescent excited state has

“MLCT” implies, but to maintain continuity with earlier a lifetime in the 106-200 ns range at room temperature.

literature we will use that assignment periodically while . : -
- . (12) These emission maxima are longer than previously regdrezhuse
emphasizing that the actual excited states are not pure MLCT. the earlier spectra were obtained without correcting for monochro-

The d—d character of the low-energy absorptionlia—c (and mator/detector response.

Figure 3. Absorption spectrum of Cp(COP(OMe}}W=C—Ph in
THF solution at room temperature.
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Figure 4. Emission and emission excitation spectra for tungsten
carbyne complexes in THF solution at room temperature. Emission
spectra are at right and excitation spectra at left. Key: (a) Cp(CO)-
{P(OMe}}W=C—Ph (solid line) and Cp(CQP(OMe}} W=C—o-tol
(dashed line); (b) Cp(CQP(OMe)} W=C—2-Np.

The emission ofla and 1c was also examined at 77 K in a
2-MTHF solvent glass, and the maxima and lifetimes for the 0.00
low temperature luminescence are listed in Table 2. The
emission of both complexes at low temperature appears as a
broad band which is similar in energy and bandshape to thatFigure 5. Transient absorption difference spectra following laser
observed in fluid solution at 298 K. Thus, luminescence excitation (355 nm, 10 ns fwhm, 10 mJ/pulse). Key: (a) Cp(CO)-
igdochromismr. which s wpcally abserved for charge ONCC P T o e S
transfer excited states, was not apparentiisand 1c Thls. (COX P(OMe}} Mo=C—Ph in THF scﬁution, where delay times' rangep
eﬁe_Ct underscorgs the small degree of MLCT character in the from O to 120 ns (inset: Transient absorption kinetics at 445 nm); (c)
luminescent excited state for the carbyne complexes. The 77cp(coyP(OMe)} W=C—2-Np in THF solution, where delay times
K emission lifetimes for the two tungsten complexes are similar, range from 0 to 160 ns (inset: Transient absorption kinetics at 460
and are comparable to the lifetimes observed at 77 K fed d ~ nm).
excited states in W(C@) complexes'3

At 298 K in fluid solution the 2-naphthylcarbyne complex ments were performed by using the third harmonic output of a
1d exhibits an emission which is substantially red-shifted relative Nd:YAG laser for excitation (355 nm, 10 ns fwhm, 10
to that of of the phenyl and-tolyl complexes. Owing to the =~ mJ/pulse). As described below, strongly absorbing transients
large red shift, our instrument is only capable of detecting the were observed for each complex, and the decay lifetimes for
blue edge of the band (Figure 4b), alighsfor 1d is apparently ~ the transient absorptions were determined by global kinetic
>800 nm. An emission excitation spectrumlafobtained with ~ analysis of the transient absorption decay a6 wavelengths?

Aem = 790 nm is also illustrated in Figure 4b. There is good  Figure 5a illustrates transient absorption difference spectra
agreement between the absorption and excitation specttafor of 1a at delay times ranging from 0 to 280 ns following laser
which confirms that the near-IR emission indeed emanates fromexcitation. The spectra are characterized by a broad absorption

) ] [l i o iiaiodialints |
400 450 500 550 600 650
Wavelength/ nm

the complex. The lifetime of the near-IR emissionlaf was band with Anax =~ 440 nm. There appears to be a hint of
determined to be 66 ns, which is slightly shorter than the structure on the absorption band, with distinct (and reproducible)
lifetimes for the phenyl and-tolyl complexes. shoulders at 395, 420, and 460 nm. Global analysis of the

Molybdenum carbynéb exhibits no detectable luminescence transient absorption data indicates that the transient decays with
at 298 K. However, at 77 K in 2-MTHF the complex features a lifetime of 129 ns, in good agreement with the previously
a broad, structureless emission band that is similar in bandshapeeported emission lifetimerén = 141 ns)!® The correspon-
but red-shifted compared to the emission of the tungsten analogdence of the transient absorption and emission lifetimes strongly
la(Table 2). The emission band decreases in intensity as theimplies that the transient absoption is due to the luminescent
temperature of the MTHF solution is increased above the glass-excited state. Under the assumption that the lowest excited state
to-fluid transition (106-120 K) at which point the luminescence
becomes too weak to detec®Pdy < 10°4). The emission  (14) (a) SPECFIT (v 1.17), Spectrum Software Associates, Chapel Hill,

lifetime of 1b at 77 K (8.3us) is slightly longer than that of NC, 1994. (b) Stultz, L. K.; Binstead, R. A.; Reynolds, M. S.; Meyer,
the tungsten analog T. J.J. Am. Chem. Sod995 114, 2520-2532.
) (15) The emission lifetime ofla which is listed in Table 2 and was

Transient Absorption Spectroscopy. Nanosecond laser previously reported in ref 2 was determined by using a pulsed laser
flash photolysis studies were carried out on carbyne complexes  technique. We have measured the emission lifetimbadfil THF by
1a, 1b, and1d in argon-degassed THF solutions. All experi- using time-correlated single photon counting (TCSPC), which is a more

precise and accurate method for obtaining emission lifetimes for

weakly emissive samples as compared to the pulsed laser technique

(13) (a) Lees, A. JJ. Am. Chem. S0d.982 104, 2038. (b) Lees, A. J,; used in the previous study. The emission lifetimelafdetermined
Adamson, A. W.J. Am. Chem. Sod.982 104, 3804. (c) Lees, A. J. by TCSPC is 129 ns, in excellent agreement with the transient
Chem. Re. 1987, 87, 711. absorption decay lifetime.
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of 1a is populated with unit efficiency following 355 nm state. The emission lifetime of these complexes ranges from
excitation, it is possible to determine the difference molar 50 to 250 ns, with quantum yields typically on the order of 5
absorptivity (\¢) of this state by using the relative actinometry x 104 The comparatively long excited state lifetimes coupled

method!® This experiment was accomplished by usiffac] with relatively low radiative ratesk{ ~ 10° s~1) strongly imply
(2,2-bipyridine)Re(COY4-benzylpyridine)f as an actinometer  that the luminescent state has triplet spin character. This
(Ae = 11 200 Mt cm™! at 370 nm)” and led to a value ohe assertion has been confirmed in several cases by the observation
= 3000 Mt cmt at 440 nm forla of triplet energy transfer from a carbyne excited state to organic

Figure 5b illustrates transient absorption difference spectra triplet state acceptof8:3 The triplet character of the luminescent
of 1b at delay times ranging from 0 to 120 ns following laser sState in the carbyne complexes explains the large Stokes shift
excitation. The spectrum of this complex is characterized by a of the emission relative to the low intensity absorption in the
moderately intense and broad absorption band fth ~ 445 mid-visible region, which is assigned to the spin-allowed
nm, with distinct (and reproducible) shoulders at 395 and 420 (singlet-singlet) absorption.
nm. Global analysis of the transient absorption data indicates Photophysics of W=C—Ar and Mo =C—Ph Complexes.
that the transient decays with a lifetime of 49 ns. The close Complexesla—d display absorption features (see Table 1) that
correspondence between the transient absorption spectea of bear a strong similarity to those described above for the
and1b points to a similar electronic structure for the absorbing structurally related arylcarbyne complexes. These features
excited states in both complexes. include a weak absorption withyax located between 475 and

Figure 5c illustrates the transient absorption difference spectra500 nm which is assigned to the parity-forbidden, spin-allowed
of naphthylcarbyne complekd at delay times ranging from O (i.e., singlet-singlet) d(M)— z*(M =C—Ar) transition as well
to 160 ns delay following excitation. The spectra are character- as a moderately intense absorption in the near-UV between 325
ized by an intense but featureless transient absorption band withand 350 nm which is assigned to the spin-allove¢el=C—Ar)
Amax~ 460 nm. Global analysis of the transient absorption data — 7*(M=C—Ar) transition.

indicates that the transient decays with a lifetime of 60 ns in The Juminescence features of the tungsten and molybdenum
very good agreement with the emission lifetime of the complex carbynes studied herein also are similar to those of related
(66 ns). The agreement betweent the transient absorption anchryicarbyne complexes. Thus, tungsten carbyteslc, and
emission decay lifetimes suggests that fiaf the transient 14 all display weak luminescence in the red, with emission

absorption arises from the luminescent excited state. lifetimes in fluid solution ranging from 60 to 170 ns. The
) . molybdenum phenylcarbyne complék is not luminescent at
Discussion room temperature in fluid solution; however, red luminescence
Photophysics of Metal Carbyne Complexes.During the is observed when the compound is frozen in a glassy matrix at

past decade there have been a number of photophysical studieé? K- BY analogy to the previously reported arylcarbyne
of complexes that contain the metairylcarbyne functionality, ~ ComPlexes, the luminescence observed fiamd is attributed
M=C—Ar, where M = W(IV), Mo(IV), and Os(IV)1-31018 to the d(M)— 7*(M EC—_Ar) tr_|plet state. The triplet assign-
This family of complexes displays remarkably similar absorption Ment has been substantiated aby previously reported triplet

and luminescence properties, despite having a rather wide variety2Nergy transfer studiés.The significant Stokes shift of the
of ancillary ligands in the coordination environmén#1© In emission fromla, 1c, and1d relative to the low-intensity visible

general, the absorption of #¥C—Ar complexes is characterized ~abSorption bandx7.0 x 10° cm™) is attributed to the fact that
by a weak band in the 406500 nm regiond ~ 102 M~ cm1) the absorption is due to the singlatinglet HOMO-LUMO

and a more intense band between 300 and 350 vm {0* transition, while the emission emanates from the triplet spin
M~1cm-Y). Theoretical and spectroscopic studies indicate that Manifold arising from the HOMELUMO transition. The

the low energy band is associated with the HOMOLUMO Stokes shift observed for these carbyne complexes is similar to
transition, which is dominated by the d(M} 7*(M =C—Ar) that reported fofd—d luminescence in tungsten and molybde-

configurationt=31019 The low intensity of the HOMO— num carbonyl complexes of the type M(GD)® Of further
LUMO transition indicates that it is forbidden; the transition is Interest is the fact that the luminescence data presented herein
likely parity forbidden but spin-allowed (i.e., a singtetinglet argues against the suggestion made earlier that the Ia}rge Sto_kes
transition). The transition is parity forbidden owing to signifi- Shift may be partly due to geometry changes associated with
cant degree of d-character in the HOMO and LUMO. The more €xcitation of the M=C—Ar functionality® The lack of a

intense near-UV band is associated with a spin-allowed significant difference in the emission energy or bandshape for
(M=C—Ar) — 7*(M=C—Ar) transition, which bears some laandlcin fluid solution compared to in rigid glass at 77 K

analogy to thex — =* transition of the Ph-C=C—Ph implies that there is no substantial inner- or outer-sphere
chromophore. reorganization associated with the optical excitation.

There are also several reports of luminescence from com- Despite the overall similarities of the absorption and lumi-
plexes that contain the #C—Ar functionalityl 3 For example, ~ nescence properties 4&—d, there are important distinctions
complexes of the type X(C@(L),W=C—Ph and [Ph-C=0s- that provide insight concerning the nature of the electronic states
(NH3)5]3+ exhibit weak luminescence in the 66650 nm region involved in the photophySiCS. First, the visible and near-UVv
which has been attributed to the d(M)z*(M =C—Ar) excited absorption bands and the luminescence of the 2-Np complex

1d are noticeably red-shifted compared to those for the phenyl
(16) Carmichael, I.; Hug, G. L1. Phys. Chem. Ref. Daf#86 15, 1—250. ando-tolyl analogs. The red-shift of both absorption bands and
(17) Lucia, L. A.; Schanze, K. Snorg. Chim. Actal994 225 41-49. the luminescence in the 2-Np complex is expected, since the

(18) These assignments of formal oxidation state follow the convention of naphthalene ring provides extended conjugation for sthe

counting the carbyne ligand as €Rwithout regard for the reactivity —r - s .
of the complex. The spectral data and reactivity.a#-d more closely (M=C—Ar) orbital, which is the LUMO of the complex and is

resemble the low-valent Fischer carbynes than higher valent alkylidyne the “acceptor” orbital for the visible and near-U¥,*

complexes. transitions.
(19) (a) Kostic, N. M.; Fenske, R. B. Am. Chem. S0d981, 103 4677~ d. th d molvbd henvicarb |
4685. (b) Kostic, N. M.; Fenske, R. Brganometallics1982 1, 489— Second, the tungsten and molybdenum phenylcarbyne analogs

496. laandlb display remarkably similar ground- and excited-state
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absorption spectra. This likeness points to a similarity in the obtained by absorbance with those observed by the emission
electronic structure of the two complexes. The one notable method provides assurance that the observed transients are in
difference in the photophysical properties of the two phenyl- fact the emissive states. Furthermore, by applying global
carbynes is the lack of observable luminescence ftbrim fluid analysis to the transient absorption data, it is in principle possible
solution at room temperature. Since the excited state lifetimesto obtain very reliable excited state decay rate dta.

of laandl1b are not significantly different (i.e., from transient

absorption 130 and 50 ns féaandib, respectively), the lower ~ Conclusion

emission yield ofLb in fluid solution indicates a lower radiative
decay rate. The lower radiative decay rateldf might be
attributed to lower spirorbit coupling (and therefore less
\s,\llnglr:a;;;plet mixing) in the Mo complex as compared to the literature. In this work, the complexes Cp(GBJOMe}} M=CR

S . . (M = Mo, W; R=Ph,o-Tol, 2-Np) (La—d) were examined in
A distinguishing feature of the present study is the observation ., «ffort to learn more about the excited states of these
of strong transient absorption by the d(M) 7*(M =C—Ar)

ted  th q Vbd lcarb molecules, as well as to provide some information relevant to
excited states of the tungsten and molybdenum arylcarbynes.i,o gy of photochemical reactions. Extendédhélicalcula-

To our knowledge, this is the first report of transient absorption ;i;s and absorbance spectra indicate fttd possess low-

spectra .Of photoexcite.d. Fispher carbyne complgxeS. Therg aM8ying excited states which can be populated directly via a parity-
several important ramifications of the observation of transient ¢ 14an singlet singlet optical transition in the mid-visible

absorption S|gnals for the exmteq states of this family _Of region. Emission is observed from the triplet manifold of these
complexes. First, as noted above, itis clear that the the excitedg, itaq states, and at room temperature in fluid solution the

state C?Tby“es ha.ve. comparati\_/ely large _difference r.“F"ar lifetimes of the triplet states range from 50 ns for the
absorptivities. This is in contrast with the low molar absorptivity molybdenum phenylcarbyngb to 170 ns for the tungsten
that is ;%E'Cal of d-d excited states of organometallic COM- " tolylcarbynelc. Transient absorbance measurements performed
plexes®?! The moderate to large difference molar absorptivity 3’5 4'in THF indicate that the triplet excited states can also
of the excited states of the arylcarbyne complexes is more in o getected and monitored by absorption, since the lifetimes

faccgrd with that of ¢(M) — s*(ligand) MLCT excited states  gpaineq in the absorbance experiments match those obtained
in d® metal diimine complexes such as Ru(bgy)and [(bpy)- through emission methods. The observation of strong excited

Re(COX(py)I'" (bpy= 2,2-bipyridine and py= pyridine):"22 state absorption provides an avenue for future work concerning

An important question concerns :he origin of the moderate the photophysics and photochemisry of arylcarbyne complexes.
to strong absorbance of the & #* excited states in the  gy,ch work may include studies of excited state electron transfer
arylcarbyne complexes. The absorption of MLCT excited states quenching by acceptors and excited state resonance Raman to

in d® metal diimine complexes has been assigned to spin-allowed yrqyide further information concerning the nature of the excited
a* — m* and & — x transitions of the diimine radical anion  giates.

chromophore that is produced by MLCT excitatfn.By
analogy, the absorption of the & n* excited state in the Experimental Section
arylcarbyne complexes may be associated with an allowted ) )
— 7 transition of the M=C—Ar chromophore. In this General Methods. Standard inert atmosphere techniques were used
connection, it is important to note that the the excited state fhroughout. EO, THF, and toluene were distilled from Na#ID.

. . . Hexane, CHG (ethanol free unless stated), and methylene chloride
absorption of phenylcarbyne complexga and 1b is quite

e . S . were distilled from Call CDCk was degassed by three freeze
similar, while that of naphthylcarbyrib is slightly red shifted pump-thaw cycles and stored ov@ A molecular sieves. All other

(and qualitatively appears to be more intense). The red shift in starting materials were purchased in reagent grade and used without

Low-valent carbyne complexes are well established com-
pounds in organometallic chemistry, yet relatively few photo-
physical studies on these complexes have appeared in the

the naphthyl system suggests the involvement ofstrer 7 further purification. The carbyne complex&a—c were synthesized
levels of the aryl unit in the optical transition detected in the by methods described previougl§.
transient absorption experiment. Equipment and Instrumental Methods. *H, 13C, and3'P NMR

Finally, the substantial difference absorptivity of the excited spectra were recorded on Varian XL-300 and VXR-300 NMR
state in the arylcarbyne complexes provides an exceedingly SPectrometers:H NMR spectra are referenced to the residual protons
useful means to track the excited state dynamics (and reactivity).gghzndde;irg:ifoioé‘;igtﬁ;g'dM *TRSFS’E‘;tC'rf‘r ;rﬁerger;igcrsg(jt%§5;4;> Zrkin
Th's.ls significant, beqause even though gmlssmn studies ha!veEImer 1600 spectrometer. A Hewlett-Packard 8452A diode array
provided an opportunity to study the excited states of certain

| b h hod h limitati E | spectrophotometer was used to obtain-txsible absorption spectra.
metal carbynes, the metho as_limitations. For example, corected emission and emission excitation spectra were obtained with

among la—d and re|at.ed Cp(CQM=C—R and Cp- a Spex Industries F-112A spectrophotometer. Emission correction
{P(OMe)s} 2'V|EC._R species, only the tUUQSten qrylcarbynqs factors were generated by using a 1000 W tungsten primary standard
with one phosphite ligand and one CO ligand display easily lamp. Emission quantum yields are reported relative to aqueous Ru-
observable luminescence. Even for these complexes, the(bpy)?" (Pem= 0.055)>* All room temperature measurements were
luminescence efficiency is low, as evidenced by the quantum carried out on argon-degassed THF solutions and studies at low
yield for emission forlaandlc. The bis(phosphite) arylcar-  temperature were conducted on argon-degassed 2-methyltetrahydrofuran
bynes are not emissive in solution at room temperawhile (MTHF) solutions. S

molybdenum complextb is nonluminescent under the same The instrumentation for the emission lifetime measuremenion

experimental conditions. Comparing the lifetime measurements "2 Peen described previousty. Other emission lifetimes were
measured on a Photochemical Research Associates time-correlated

single photon counting spectrophotometer, which relies on ageals-
filled spark gap for an excitation source. For emission decay experi-

(20) Creutz, C.; Chou, M.; Netzel, T. L.; Okumura, M.; Sutin, N.Am.
Chem. Soc198Q 102, 1309-1319.
(21) Langford, C. H.; Malkhasian, A. Y. S.; Sharma, D. KX.Am. Chem.

So0c.1984 106, 2727-2728. (24) Harriman, A.J. Chem. Soc., Chem. Commu®77, 777-778.
(22) Ohno, T.; Yoshimura, A.; Prasad, D. R.; Hoffman, M. Z.Phys. (25) (a) Tro, N. J.; Haynes, D. R.; Nishimura, A. M.; George, S.M.
Chem.199Q 94, 4871-4876. Chem. Phys1989,91, 5778-5785. (b) Haynes, D. R.; Helwig, K.

(23) Watts, R. JJ. Chem. Educl983 60, 834-842. R.; Tro, N. J.; George, S. Ml. Chem. Phys199Q 93, 2836-2847.
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ments excitation light was filtered using a colored glass filter (Schott, added (16.7 g, 135 mmol), and when it warmed to room temperature,
UG-11) and emission light was filtered using interference filters at 650, more effervescence occurred. The mixture was then refluxed for 24

700, or 750 nm. Emission decay analysis was carried out using the h, after which the solvent and excess P(OMsgre removed under

DECAN deconvolution softwaré. Laser flash photolysis experiments
were carried out on a system that has been described previdusly.

vacuum. The remaining red oily solid was dissolved igCEand passed
through a fritted funnel containing neutral alumina. TheCEtvas

Global analysis of the multiwavelength transient absorption data was removed under vacuum, leavi2g as a red oil in 58% yieldH NMR

effected using the SPECFIT factor analysis softwére.
[(CO)sWC(O)(2-naphthyl)][NMe 4] (3d). 2-Naphthyl bromide (4.0

g, 19 mmol) was dissolved in 60 mL of THF and cooled-@8 °C.

n-Butyllithium (2.0 M in pentane, 10 mL) was added under nitrogen,

(CDCLy): 6 7.4-7.9 (m, 7H), 3.6 (m, 27H).

Cp(CO){ P(OMe)s} W=C(2-naphthyl) (1d). Tris(phosphite) com-
plex2d (2.9 g, 3.8 mmol) was dissolved in 45 mL of THF, and CpNa
(2.0 M in THF, 4.0 mL) was added. The dark red solution was refluxed

and a yellow suspension was observed. After the solution was allowed for 24 h, after which THF and P(OMg)vere removed under vacuum.
to stir for 1 h, the entire solution was transferred by cannula to a flask The resulting dark oil was dissolved inBtand passed through a short

containing W(CO)(6.75 g, 19 mmol) in THF at-78°C. The resulting
red solution was allowed to stir for 2.5 h-&78 °C, and then the THF
was removed under vacuum, leaving a red oily-solid which was
recrystallized from EO/hexanes to yield a red crystalline solid. The
solid was dissolved in 30 mL of degassedCH and the mixture was
filtered through a fritted funnel into a solution containing Nj@e(7.4

alumina column to remove unreacted CpNa. After the solvent was
removed, the red oil was placed on a longer alumina column and washed
with hexane. The yellow eluent was discarded, and further elution
with 1:2 EtO/hexane gave a red solution which was concentrated to
give 1d as a red oil in 20% yield*H NMR (CDCk): ¢ 7.81 (s, 1H),

7.76 (d, 1H), 7.69 (d, 1H), 7.59 (d, 1H), 7.42 (m, 3H), 5.57 (s, 5H,

g, 48 mmol). The solution separated into two layers, and the top layer Cp), 3.61 (d Jup = 12.0 Hz, 9H, [P(OMej). 3C NMR (CDCk): 6
was removed via cannula. The remaining red oil was placed under 286.5 (d,Jcp = 18.2 Hz, W=C), 235.3 (d,Jcp = 9.7 Hz, CO), 150.0

vacuum to remove any additional,® and used without further
purification (9.3 g, 88%).2H NMR (CDCly): ¢ 7.4—8.0 (m, 7H), 2.25
(s, 12H).

CI(CO){ P(OMe)s} sW=C(2-naphthyl) (2d). Acyl complex3d (9.3
g, 17 mmol) was dissolved in 70 mL of GEI, and cooled to-95°C.
Oxalyl chloride (2.2 g, 17 mmol) was added, the solution was allowed
to warm to—20 °C, and evolution of gas was observed. After the
solution was cooled once more t095 °C, trimethyl phosphite was

(26) De Roeck, R.; Boens, N.; Dockx, J. DECAN (version 1.0), K. U.
Leuven, Belgium, 1990.
(27) Wang, Y.; Schanze, K. £hem. Phys1993 176, 305-319.

(s,=C—C), 133.0, 131.9 (bridge), 127.8, 127.7, 127.2, 126.9, 126.8,
126.4, 125.8 (Np), 90.0 (s, Cp), 52.4 (#p = 2.4 Hz, ROMe}3). 3P
NMR (CDCly): 6 173.0 Qwp = 662 Hz). IR (CHCl,): 1888 cmt!
(vweo). UV (THF): 348 ¢ = 6000), 490 ¢ = 70) nm. HRMS (FAB),
m/z calcd for M" (CaH2104.PW), 540.0687; found, 540.0619.
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