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Raman spectroscopy has been widely utilized to investigate
the metat-metal stretching vibrationgy=y in tetragonally
substituted, metaimetal quadruply bonded Mg transition
metal dimers:3 Assignments ofy=y are generally straight-
forward for such compounds based on a combination of

resonance Raman techniques, ligand substitution, and compari-

sons among homologous series of compounds.

By contrast, the identification ofy=yv for the class of
trigonally substituted, triply bonded compoundsX (M =
Mo, W), has been problematic. The only Raman study of
X3sM=MX; dimers in the literature involved the hexaamides
M2[N(CHs)s]l6 (M = Mo, W) and the corresponding perdeuter-
ated analogues HNN(CD3)zle.*® In that work, Chisholm,
Cotton, and co-workers concluded that extensive coupling of
low-frequency ligand vibrational modes withy=y made
assignment of the latter impossible.

In this communication, we report the results of Raman studies
of a series of hexaalkyl compounds(@H;R)s [M = Mo, W,
R = C(CHg)3, Si(CHg)3] and hexaalkoxide compounds,({DR)s
[M = Mo, W; R = C(CHg);, C(CD3)3, C(CHs),CFs;, 1-ada-
mantyl). The vibrational coupling ofu=u with low-frequency
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Figure 1. Raman spectra of MECH,SiMes)s and W(CH.,SiMe3)s at
298 K. Laser: dexe = 632.8 nm, power at samples 7 mW.
Monochromator: spectral slit widths 4 cm?, step increments= 1

cm%; photon counting fol s intervals; 4 and 10 co-added scans for
Mo and W compounds, respectively.

ligand modes is weaker than in the hexaamide dimers, becauserable 1. vy=u (cm™?) for MXs Compounds

these compounds display bands which can be confidently
assigned tay=um.

The MpXs complexes were prepared by standard metfots,
and their Raman spectra were obtained using low-power red
(632.8 nm) continuous-wave excitation. The spectra of the
homologous pair of MCH,Si(CHs)3]s (M = Mo, W) com-
pounds appear in Figure 1; they are strikingly similar save for
one band which shifts dramatically between the Mo and the W
dimers. This situation contrasts with that observed in the M
[N(CHa)2]6 Raman experiments, where all of the low-frequency

X M = Mo M=W VMo=Mo/Vw=w?
OC(CHs)s 386 303 127
OC(CDy)3 363 285 1.27
OC(CHs).CFs 360 280 1.29
O-1-adamantyl 369 274 1.35
CHC(CHy)s 361 292 1.24
CHSi(CHs)s 369 299 1.24

aFor diatomic Me and W, with the same force constantyo=mo/
Pw=w — 1.38.

bands shifted when the metal was changed. The metal-sensitive The Raman spectra of several other pairs of molybdenum

band is located at 369 crhfor Mo,[CH,Si(CHz)s]s and at 299
cm! for the W analogue. The ratio of these frequencies
(YMo=mo/vw=w = 1.23) compares well to the ratio of 1.38
expected for the hypothetical bare metal diatomics {dind

W,) with equal force constants. We therefore assign these
features as the metaimetal stretching frequencieg=u.
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and tungsten alkoxide and alkyl compounds show behavior
similar to that of the trimethylsilylmethyl dimers (Table 1),
namely very similar low-frequency spectra for each pair except
for one dramatically shifted band. The assigned matatal
frequencies for the Mpocompounds cluster in a narrow range
around 368+ 10 cnT?, while the assigneaw=w frequencies
cluster around 289 10 cnt . One would not expect this sort

of consistency invy=u or in the ratio of the dimolybdenum

to ditungsten frequencies over the range of compounds studied
if ligand vibrational modes were mixing substantially with the
metal-metal stretching coordinate. Only the harat-butoxide
dimers M[OC(CHg)3]¢ exhibit bands significantly outside the
ranges, which may arise from slight mixing of a low-frequency
ligand mode (corresponding to the 349cnband intert-butyl
alcohol) withvy=nm. The shifts invy=m in the spectra of the
perdeuterated analogues;C(CDs)s]s as compared to the
parenttert-butoxides (23 and 18 cm for the Mo, and W,
species, respectively; Table 1) bear out this hypothesis in that
they are too large to explain by any application of a simple
harmonic oscillator modétt The other ligands do not have
normal modes (as judged by the Raman spectra of the free
alcohols or alkanes) close enough in frequency to mix signifi-
cantly with vy=u. For example, the hexakis(1l-adamantoxy)
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compounds display bands clearly attributableye, reflecting which can be directly correlated with bands in the Raman
the absence of Raman bands between 100 and 400 itm spectrum ofert-butyl alcohol display ratios of 1.8 0.1. We
1-adamantanol. attribute the significant intensity increase of the 303¢imand

The assignedy=y frequencies in this study compare well in the 632.8 nm spectrum relative to the 1064 nm spectrum to
with the limited data found in the literature. In the bridged, Ppreresonance Raman intensity enhancement involving the
tetragonally-substituted, triply-bonded [MBIPOy)4]2~ ion 12 metal-metal-centered electronic transition at 378 nm in-W
Ymo=mo appears at 360 cm, in agreement with our observed [OC(CHg)sls.%” The observed intensity increase is within 10%
Vmo=mo Values. Additionally, an empirical bond distance/force of the value calculated from a theoretical expresSidor the
constant correlation for fifth period diatomi@predictsyyo=wo excitation frequency dependence of preresonance Raman in-
= 363 cnt! (in the diatomic approximation) with a force tensities in the case of a single electronic transition (the Albrecht
constantk = 3.72 mdyn/A for Mo[CH,Si(CHs)s]s, from the A term).
crystallographically determined MeMo distance of 2.167 A4 Not every sample for which we have recorded Raman spectra
this predicted frequency agrees quite well with the observed exhibits a clearly assignable metahetal stretching band. For
value of 369 cm?. The analogous correlation for sixth period €xample, the spectra of the hexakis(cyclohexoxideg)oM-
diatomics predictaw=w = 270 cntl, k = 3.93 mdyn/A for CeH11]s resemble those of the hexakis(dimethylamides) in that
W,[CH,Si(CHa)als (W=W bond distance of 2.254 A} still in most of the low-frequency bands shift when the metal is
reasonable agreement with the observed 299agiven the changed. We are undertaking crystallographic and spectroscopic
assumptions in the correlation. These force constants are largestudies to determine which parameters correlate with our ability

than those reported for the quadruply bondedb:Xio(ca. 3.3- to assignvu=w in the Raman spectra. Preliminary data suggest,
3.5 mdyn/A) and WXs (ca. 3.6 mdyn/A) compounds.Fur-  unsurprisingly, that compounds in which the=#l—X angle
thermore, the bands we have assigned vgsw for the approaches 90(at which angle the ligand-based and metal

hexaalkyls are absent in the IR speéfaonsistent with the metal modes are essentially orthogonal) function better in this
expected mutual exclusion of IR and Raman bands for an A regard. However, this cannot be the only important factor, as
metalmetal stretching mode in a molecule with a center of Some compounds with #M—X angles greater than those in

inversion (the approximate crystallographic symmetry of the the My(NMey)e dimers exhibit assignable spectra, while others

M,Cs core in the dimers i©3).6:1415 with angles near 90do not. The presence or absence of low-
One further observation strengthens opey assignments. frequency ligand vibrational modes also appears a contributing
When our Raman spectrum of YDC(CHs)als (Aexc = 632.8 issue, but again not a determining one; cyclohexanol exhibits

nm) is compared with a spectrum of the same compound N0 bands in the regions where we obseriey, yet the spectra
recorded using 1064 nm excitation on a Fourier transform Of the dimetal hexakis(cyclohexoxides) are unusablghese
Raman spectrometét the band at 303 cnd (which we have  Studies will be reported in due course.

assigned asw=w) shows five times greater intensity for 632.8  Acknowledgment. T.M.G. acknowledges the donors of The
nm excitation as for 1064 nm excitation, when scaled to the Petroleum Research Fund, administered by the American
intensity of a pure ligand mode at 793 chand corrected for ~ Chemical Society, and the Graduate School Research and
the »* dependence of the scattered intensity. No other band Artistry Fund, Northern lllinois University, for partial support
exhibits an intensity ratid {s2/l1069 greater than 2, and all bands  of this research. R.F.D., J.C.L., and C.E.T. acknowledge support
from the Wabash College Haines Research Fund and from the

(11) Two limiting ways to predict the shift afy=v upon deuteration are =~ Dow Chemical Co. Foundation.
to treat the vibrational motion as that of a pure metal diatomic (for

which the frequency shift is zero), and as that of two M[OC{EH 1C9608049
units. For the latter, the calculated “diatomic” harmonic oscillator
frequency shifts are 16 cmh for the Mo, compound and 10 cnd for (17) Chisholm, M. H.; Clark, D. L.; Kober, E. M.; Sluys, W. G. V. D.
the W, compound, based solely on the mass change resulting from Polyhedron1987, 6, 723-727.
deuteration of theert-butoxide ligands. (18) Albrecht, A. C.; Hutley, M. CJ. Chem. Physl971, 55, 4438-4443.
(12) Hopkins, M. D.; Miskowski, V. M.; Gray, H. BJ. Am. Chem. Soc. (19) A reviewer commented that the physical separation of Gidups
1986 108 959-963. from the dimetal core might be a crucial determinant. This intriguing
(13) Miskowski, V. M.; Dallinger, R. F.; Christoph, G. G.; Morris, D. E.; hypothesis unfortunately cannot be tested easily; triply bondged M
Spies, G. H.; Woodruff, W. Hinorg. Chem.1987, 26, 2127-2132. (CHg)s and M(OCHg)s compounds are unknown and unlikely to be
(14) Hugq, F.; Mowat, W.; Shortland, A.; Skapski, A. C.; Wilkinson, &. preparable. However, the fact that the hexakis(cyclohexoxides), which
Chem. Soc., Chem. Commu®71, 1079. represent species with physically separatedRCgroups, do not give
(15) Chisholm, M. H.; Cotton, F. A.; Extine, M.; Stults, B. Rorg. Chem. assignable spectra, while the hexaneopentyl and hexakis(trimethyl-
1976 15, 2252-2257. silylmethyl) dimers (representing adjacent §Rygroups) do, suggests

(16) Hopkins, M. D. Personal communication. that this view is incorrect.





