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Reversible Carbon Monoxide Photodissociation from Cu(l) Coordination Compounds
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The “phototriggered” release of molecules has been a powerful nm, not present in the free TMPA ligand, that is assigned to a
mechanistic tool for the characterization of excited states, reactive copper-to-pyridine MLCT transition, ¢d)(*)° — (d#°)(z*) ™.
intermediates, and small molecule activation and trandpbithis The MLCT assignment is based on the molar extinction
phenomenon also has practical applications in catalysis and drugcoefficient, 5600 M* cm™, and comparisons to related com-
delivery® Inorganic coordination compounds are attractive chro- poundst? A quasi-reversible wave is observed with cyclic
mophoric molecular donors in that after photodissociation, they voltammetry atE°(Cu"') = —0.40 V versus Ft/Fc!® For
often bind a second molecule that can regenerate the initial [Cu'(TMPA)(CO)]*, the MLCT absorption band is blue shifted
compound, thereby making the process reversible for potential and overlaps with the TMPA ligand electronic transitions. The
catalytic applications. The inorganic compounds that undergo suchcoordinated CO stretch is observed at 2@92 cntt in CHs-
processes are relatively few and are predominately metallopor-CN. The spectral properties are very similar in THF angOEt
phyrinic compounds that photorelease £€00,,5 or NO.” Here (Table 1).
we report compelling and unprecedented evidence for CO Pulsed 355 nm light excitation (fwhm-8.0 ns; 5 mJ/pulse)
photodissociation from copper(l) coordination compounds. The of [Cu(TMPA)(CO)]* under 1 atm of CO in THF generates the
results stand as a novel example of dissociative metal-to-ligandimmediate appearance of the absorption difference spectrum
charge-transfer (MLCT) excited statesd may be exploited for ~ shown in Figure 4 Measurements at wavelengths below 325
small molecule activation and coordination studies of synthetic nm were not made due to the strong— 7* absorption of the
and naturally occurring copper systems. TMPA ligand.

The compounds of interest, [ETMPA)(X)](CIO,4), where X ] ] - ] ] ]
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The photodissociation of CO reported here is not complicated by the

presence of low-lying ligand field states since the copper(l) center is

d'°. Photochemistry that occurs upon MLCT excitation of many inorganic
compounds often occurs from dissociative ligand field states. For a recent

review of this see: Vogler, Kunkle€oord. Chem. Re 1998 177, 81.
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A derivative of TMPA where methoxy substitutents are present
in the para position of each pyridine, MeOMPA, was also
studied. The UV-vis absorbance spectrum for [CTMPA)(CHs-
CN)]* in acetonitrile displays an absorption band centered at 350
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Table 1. Spectroscopic Data for [(TMPA)(CO)]*"

solvent Kobs S22 v (CO), cnt anior? 0.0
THF 1.74£0.2x 107 2092 BArF AA
CHsCN 1.0£05x 10° 2091 Clo~

Et,O 1.440.4x 10 2091 BArF -5.0x10™ 7

aData acquired by time-resolved absorption spectroscopy under 1
atm of CO after pulsed, 355 nm, laser excitation. The error given is 1 ox10°
the standard deviation from at least three separate measurefmants. e -
in-situ metathesis reaction with NaBArF (BArE tetrakis(3,5-
trifluoromethyl)phenyl)borate) was necessary for the ether solvents.
Additional details are given in the Supporting Information.
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Figure 2. TRIR difference spectra observed from 0 ted (squares);
1-2 us (triangles); and 24 us (diamonds) following laser photolysis
(355 nm, fwhm 90 ns, 0.4 mJ/pulse) of [CIMPA)(CO)]" in CHsCN.
The inset shows a kinetic trace observed at 2088 cwith a
superimposed first-order fit to a nonzero baselkgs= 1.5 x 1¥ s%

0.02

AA (01 Additional evidence for CO photodissocation was obtained with
time-resolved infrared (TRIR) spectroscoiyA bleach of the
coordinated CO stretch was observed at 2088%caifter pulsed
355 nm light excitation of C{TMPA)(CO)" in CH;CN under 1
atm of CO, Figure 2. The recovery of the bleach is well described
300 350 400 450 500 550 by a first-order kinetic model with a nonzero baselikgs= 1.5
Wavelength, nm + 0.9 x 10° s7%, in reasonable agreement with the time-resolved
Figure 1. Difference spectra recorded after pulsed 355 nm excitation uv measurement.s.. Some sample decomposm.on was observed
(8-10 ns fwhm, 5 mJ/pulse) of [GTMPA)CO)J* in THF at 25°C under these conditions, presumably due to the intense IR source
under 1 atm of CO. The spectra were recorded at the following delay and/or _the significant number of laser flashes required for signal
times: 0 ns (squares); 50 ns (diamonds); and 200 ns (stars). Foraveraging.
comparative purposes, the spectra calculated as AHSIIBRA)(THF)* Taken together, the spectroscopic data provides compelling
— AbS[CU(TMPA)(CO)]" is shown (open circles). The insetis a single  gyidence for CO photodissociation in a copper coordination
‘(')Vr?j\glz?gki: k!‘elt'g ira;:grggmtored at 330 nm with a superimposed first- compound for the first time. The time-resolved IR and UV spectra
vebs ' are completely consistent with CO photodissociation. Excited state

Absorbance measurements before and after pulsed laser excitadissociation might be expected since Cu(ll) complexes, like those

tion gave no evidence for photochemical products. Excitation of Ig;ma;%tﬁgngﬁgg :nag/(ljt(é; e;féﬁguztﬁgfke?;ehgeg l?ggr\gv dnt:lc;t
the solvento complexes in the absence of CO did not yield y ’

nanosecond difference spectra. The transient spectra shown hav%?nmns;(ccgg'?ggcig d Csct)gt%ir(c:?r aﬂlm::r;gagg?:]pt%l;ngos rgrszgirclj?na-
a positive absorption bandimax = 333 nm, and are within PP

i 12,16 i iati i
experimental error of that calculated from (Abs[TIMPA)- tion numbert2!® An advantage of the photodissociative behavior

. IO : reported here is that it is amenable to the “flash and trap”
g(—el:lz]ate dAaSt([eCr:rl:l(eT d'\i/lalzeA)(igOg%g)dr'gd'fait;n%gﬁ;% (t.:_?s)'?f ty techniques that have been so powerful for characterizing hétnes.

Absorption difference spectra generated for [TMPA)(CO)J* Here we in fact show that the kinetics for carbon monoxide

in CH,CN and E£O also show positive absorption changes in coordination to the “trapped” solvento compound can be quanti-

. . . . fied. In the future, this approach will be extended to study copper
g:ﬁ d%\é tr(t)a%l]c;n,cﬁ%r;s{gsr:ent with CO loss and transient solvent reactivity with Q,, NO, and organohalides. Studies of this type

The formation of the transient intermediate occurs within the '€ currently underway in our laboratories.
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