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comitant hydroxide oxidation that is responsible for cleavage.
With regard to applications, this photoactivated reaction should
make possible “footprinting™ as a function of time. Most im-
portantly, the differential cleavage of ColE1 DNA by enantiomers
of Co(DIP);** represents a clear example of a conformation-
specific DNA cleaving molecule. This molecule will be useful
in determining regions of Z-DNA conformation within long
segments of native DNA. Moreover the high level of recognition
of DNA conformation by these chiral inorganic complexes suggests
to us the powerful application of stereospecificity in DNA drug
design.
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A totally convincing interpretation of the electronic emission
spectra of quadruply bonded transition-metal dimers has not yet
been achieved.! This is in contrast to the increasingly detailed
understanding of the absorption spectra of these complexes that
has been realized in recent years.”® Conclusive assignment of
the emissive state and establishment of its geometry have been
hindered in these systems by the general observation of a lack of
mirror symmetry between the emission and lowest energy ab-
sorption band. The sole unambiguous example of prompt
fluorescence from the singlet 56* excited state to the 62 ground
state was observed for Mo,Cl,(P-n-Bu,), and was attributed to
the fact that the arrangement and steric bulk of the ligands
imposed a considerable barrier to certain geometrical distortions
generally available to this excited state.> Our interest in deter-
mining the extent of ligand participation in these formally met-
al-localized excited states has led us to examine the electronic
spectra of a number of derivatives of the M,X,(PR;), type.’

The electronic absorption spectrum of Mo,X,(PMe;), (X =
Cl, Br, I)!° exhibits a band attributable to the singlet §2 — 56*
(1B, < Ay; D,,) transition®"!! as its lowest energy feature. This
band both red shifts and increases in intensity according to Cl
<Br <I(X =Cl, Apsx = 585 nm, /= 0.026; X = Br, A\, =
598 nm, £ = 0.032; X =1, A\, = 636 nm, f = 0.040; 300 K,
2-methylpentane). Upon excitation of this transition, crystals and
hydrocarbon solutions of Mo,X,(PMe,), display an intense red
luminescence. The radiative efficiency of this luminescence is,
by an order of magnitude, the highest yet observed for a quadruply
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(10) The complexes were prepared by treating Mo,(O,CCH,), with excess
trimethylphosphine and halotrimethylsilane, following the route to Mo X;-
(PR3), (Ryan, T. R.; McCarley, R. E. Inorg. Chem. 1982, 21, 2072-2079).

(11) Spectroscopic studies on single crystals of Mo,Br,(PMe,), have been
performed (Miskowski, V. M., unpublished results). The 598-nm band is
found to be polarized parallel to the Mo—Mo axis, consistent with the 'B, «
A assignment.
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Figure 1. Absorption (—) and corrected emission (---) spectra of
Mo,X(PMe,), in 2-methylpentane at 77 K: (a) X = Cl; (b) X = Br;
)X =1

bonded system (X = Cl, A = 673 nm, ¢ = 0.26, 7 = 140 ns;
X =Br,A\p=671nm, ¢, =0.16,7=90ns; X =1, A\, =715
nm, ¢ = 0.12, 7 = 30 ns; 300 K, 2-methylpentane).'> The close
agreement of the radiative rate constant with that calculated from
the oscillator strength!? of the 'B, < 'A; transition, in addition
to the substantial overlap of the emission spectrum with this band,
strongly suggests assignment of the emission to !By — !A;
fluorescence for all three complexes.

Vibrational fine structure is resolved in both the !B, <~ !A; and
1B, — A, bands of M0,X,(PMe,), at low temperature. At 77
K the absorption and emission spectra (Figure 1) progress in a
single mode, with spacings corresponding to the metal-metal
stretching frequencies of the excited and ground states, respec-
tively.!# In the absorption spectra of all three complexes, the
Franck—Condon factors calculated from the relative intensities

(12) Tke origin of the unexpected increase of the emission lifetime and
quantum yield of Mo,Cly(PMe;), relative to the electronically similar
Mo,Cl,(P-n-Bu,),* has been investigated through variable-temperature life-
time measurements of the complexes Mo,Cl,(PR;), (R = Me, Et, n-Pr, n-Bu)®
(Hopkins, M. D.; Gray, H. B., unpublished results). The nonradiative rate
constants (k) of all complexes follow the expression

ko = ko + ky exp(-E,/kT)

and appear to have very similar values of £, and k;. The trimethylphosphine
complex differs from the other three by having a smaller value of k;. An
interpretation of the “phosphine sensitivity” of &, is not yet available.
(13) Strickler, S. J.; Berg, R, A. J. Chem. Phys. 1962, 37, 814-822.
(14) y,(MoMo) ('B,): X = Cl, 335 (10); X = Br, 340 (10); X = I, 320
(5) em™. y;(MoMo) ('A)): X =Cl, 358 (2); X = Br, 353 (2); X = I, 345
(2) ecm™ (Raman, A, = 514.5 nm, C(Hj, solution).
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Figure 2. Emission spectra of polycrystalline Mo,X,(PMe;) atca. 5K
(uncorrected for spectrometer response). The »,(MoMo) progression-
forming mode and the a,»,(MoX) subprogression are identified.
Fluorescence in the region of the electronic origin is strongly quenched
by self-absorption. (a) X =CL (b)) X =Br; (¢) X = L.

of the progression members are nearly identical, indicating a
similar excited-state distortion along the metal-metal axis in each
case. The intensity distribution in the emission spectra, however,
is a highly sensitive function of ligand. Progressive broadening
of the individual vibronic transitions of the bromo and chloro
complexes results in the striking deviation of their absorption and
emission spectra from the mirror-image relationship displayed by
the spectra of the iodo complex. Examination of the high-reso-
lution emission spectrum of Mo,X,(PMe,), at 5 K (Figure 2)
reveals that a remarkable number of other vibrational modes are
Franck—-Condon active and that the broadening observed for the
bromo and chloro complexes arises from an increasing redistri-
bution of intensity from the »;(MoMo) progression-forming mode
into these vibronic sidebands. Although assignment of these
additional vibrational modes is incomplete at present, each
spectrum displays a major subprogression corresponding to the
symmetric Mo—X stretching coordinate.!®

Significant deviations of electronic spectra from mirror sym-
metry have been observed previously in the octahalodimolybdate
and -dirhenate family of ions.!*#¢ This behavior was attributed
to a Duschinsky effect!6 originating from an excited-state distortion
that was large relative to that of a species exhibiting symmetric
spectra. In light of the above absorption spectroscopic and
photophysical evidence that all three Mo,X,(PMe;), derivatives
possess similar, relatively slightly distorted excited-state geometries,
the unprecedented “variable mirror symmetry” exhibited by their

(15) a;1,(MoX): X = Cl, 284 (5); X = Br, 165 (5); X = 1,143 (§) cm™..
(16) Ballhausen, C. J. “Molecular Electronic Structures of Transition
Metal Complexes”; McGraw-Hill: New York, 1979; Chapter 1.

spectra is thus quite surprising. We suggest that a large part of
the observed deviation in the spectral intensity profiles of these
species arises from the varying degrees of coupling present between
the »;(MoMo) and a,r,(MoX) vibrational modes in the ground
and excited states of each complex.!” Specifically, larger apparent
Huang-Rhys factors for the »,(MoX) subprogression would be
anticipated as the difference in frequency between the two modes
decreases. Accordingly, the asymmetric spectra of the chloro
complex indicate that these modes are strongly coupled to different
extents in the ground and excited states. In contrast, the sym-
metric spectra of the iodo complex show that the two modes are
largely decoupled.

We note in closing that Fraser and Peacock have found® that
the progression-forming mode is »,(MoCl) rather than »(MoMo)
in the emission spectrum of Mo,Clg*. As an alternative to the
proposed reassignment® of the 66* emission, we suggest that the
variation in the coupling of these two modes in the ground and
86* excited states of Mo,Clg* is even greater than that observed
here for Mo,Cl,(PMe,),.
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(17) Such coupling has been invoked to explain the electronic absorption
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Acyl sulfones 3 are an almost unknown class of compounds.'
Their potential as acylating agents led us to explore methods to
generate them that did not depend upon oxidation.2 The pos-
sibility that unmasking an alkoxybis(sulfonyl)methane such as
2 could generate 3 in situ and that alkylation of 1 should provide
an entry to 2 led us to propose that 1 could be a useful carbonyl
1,1-dipole synthon®* as summarized in eq 1. Of great importance

P TMS TMS R/&S
_é+ = I:O/ZR —_— Rgr? —_— ' O,R
O,R O,R (1)
2 1 2 2 3
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