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The electronic structure of (GhReQ; was reanalyzed by means of DFT calculations (ADF and
Gaussian03 programs). TD-DFT calculations were carried out, using the DFT-optimized structure and
several functionals, to assign the electronic excitations and interpret the dissociative behavior under
irradiation. The agreement between calculated and experimental wavelengths was very good and could
not be improved when using highly correlated methods (CASSCF/MS-CASPT2). The lowest energy
transition at 260 nm was assigned to a LMCTnfrgp O to Re d £* Re—0), correcting the earlier
empirical assignment. The second transition, experimentally observed at 240 nm, is assigned to a charge
transfer from C and O to Re in TD-DFT, but the weight of the C participation drops significantly in the
CASSCF/MS-CASPT?2 approach. A&s)ReC; exhibits a similar behavior. On the other hand, fogH6)-

Re(; and{ CsH3(CHs3)3} ReQ; the strong low-energy absorption results from a LMCT from the phenyl
a* to d Re (t* Re—0), reproducing the experimental trends.

Introduction in the solid staté. Other related RRemolecules are well
known, but they differ in their behavior and properties, including
catalytic and photochemical activifySeveral theoretical studies
have addressed different aspects of the chemistry of MITO,
namely, the homolysis of the Re&C bond? but to our knowl-
edge, none have addressed the photochemistry of MTO and

The photochemistry of organometallic compounds has be-
come an important field of chemistry, and the family of carbonyl
derivatives, to which most initial studies were devoteslas
soon joined by other types of complexes characterized by the
presence of metals in high formal oxidation states. Among many . .
oxide derivatives, methyltrioxorhenium (MTO), (GfReQs, has other _trloxorhenlm complexes by means of modern quantum-
attracted much attention and has been the object of severafchemical calculations.
studies? This remarkable molecule catalyzes a wide number of  In this work, we analyze the UW¥vis spectra and the
reactions involving alkenes and alkynes, such as olefin metath-photochemical reactivity of the (GReG; molecule, using TD-
esis, oxidation, and aldehyde olefinatibh.displays different DFT methods (ADE and Gaussian 33 and highly correlated
photochemical reactivity in solutidrand in frozen matri%,as CASSCF and MS-CASPT2 approaches (MOLCAS The
has been shown recently. Instead of generating methyl radicalsresults from all the methods are discussed and compared with
by Re-C bond homolysis, a carbene tautomer is formed in experimental data. The study was extended to species containing
frozen matrix (although the tautomerization mechanism most |arger R groups than GHC,Hs, CsHs, and GH3(CHs)3).
likely proceeds through the formation of methyl and ReO
radicals), which may play a relevant role in olefin metathesis. =g, \ > 55 “pibeiro Claro, P. 3. /ur. J. Inorg. Chem2005 1836
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Computational Details

Costa et al.

Table 1. Distances (A) and Angles (deg) in MTO

Density functional theory calculatiotfswere carried out with H

the Amsterdam Density Functional program (ADF 2004:0ahd __Re

Gaussian08 packages. Within the ADF package, the local spin O/// \o

density (LSD) exchange correlation potential was used with the o

local density approximation of the correlation energy (Vosko, Wilk, ED neutro®  ADF (PW91)  GO3 (B3LYP)

and Nusair}#* Gradient-corrected geometry optimizati&hsnder

Cs, symmetry were performed using the generalized gradient Reé-C 2.060 2.063 2.098 2.069
Lo : Re-0O 1.709 1.702 1.715 1.693

approximation (Perdew\Wang nonlocal exchange and correlation C_Re-O 106 106 107 105

corrections, PW91% A triple-¢ Slater-type orbital (STO) basisset  g_re-0 113 113 113 112

augmented by two polarization functions was used for Re, O, C, H—-C—Re 112 108 109 109

and H. Relativistic effects were treated with the ZORA approxima- (CDg)ReG:.

tion.'” A frozen core approximation was used to treat the core
electrons: (1s) for C and O, (f#4]s, [2—4]p, [3—4]d) for Re. Time-
dependent DFT calculations (TD-DF¥)n the ADF implementa-

(0.869)?" The 6-311G** basis sétwas used for the other atoms
(C, O, H). TD-DFT calculations were also performed using the

tion were used to determine the excitation energies asking for the 5 ,ssian03 implementati®hon the B3LYP-optimized structure

lowest 10 singletsinglet and singlettriplet excitation energies
on the PW91l-optimized geometry. In the TD-DFT calculations,
PW91, Becke exchangfeplus Perdew correlatiGh (BP) GGA

The CASSCF/MS-CASPT?2 calculations were performed using
MOLCAS!? on the B3LYP-optimized structure. The CASSCF
calculations were performed correlating 14 electrons in 10 active

functionals, the shape-corrected XC functional of van Leeuwen and o pta)s. Averaged CASSCF calculations over 6 roots kee@ing
Baerends (LB943! and the gradient-regulated asymptotic corrected symmetry, using supersymmetry and cleaning orbital coefficients,
potential GACLB?were used. The latter one requires the ionization \ere performed for a given spin. The CASSCF wave functions
potential of the molecule (experimental value 11.63%V were used as references in subsequent CASPT2 calculations using
Within Gaussian03, geometry optimizations were performed at thelevel shiftcorrected perturbation meth®dvith a value of 0.3.

the DFT/B3LYP425 |evel usingCs, symmetry. This functional
includes a mixture of Hartreg~ock exchange with DFT exchange
correlation, given by Becke’s three-parameter functi&naith the
Lee, Yang, and Parr correlation functiodélhich includes both
local and nonlocal terms. The standard LANL2DZ basis set was
used with the associated E€Ror Re plus an f polarization function
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The Re atom was described by the Dolg ECP<25.0) with an
associated (8s,7p,6d) valence basis®séthe following atomic
natural orbitals (ANO% basis sets have been used for the C, O,
and H atoms in the all-electron scheme: for the C and O atoms a
(10s, 6p, 3d) set contracted to [4s, 3p, 2d]; for the H atoms a (7s,
3p) set contracted to [3s, 2p].

The solvent effects were included using the Conductor-like
Screening Model (COSM®) implemented in ADF.

Results and Discussion

MTO: Geometry and Properties. The geometry of MTO
is well known, having been determined in the gas phase by
electron diffraction (ED in Table I MTO decomposes under
the X-ray irradiation at low temperatures. Single-crystal dif-
fraction data are available for the deuterated analogueg)(CD
ReQ; (neutron column in Table 1), or for the MTO polyniér.
The geometry was fully optimized, und&s, symmetry, by
means of DFT calculation's,using both ADFY and Gaussi-
an031 (see Computational Details). In the ADF calculation, it
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Photochemistry of Methyltrioxorhenium Rsited

Table 2. Calculated (G03, ADF) and Experimental IR
Frequencies

calculated experimental
ADF G03 Ar CeHe CCly
symmetry (PW91) (B3LYP) matrixX® solutior?* solutior?® assignment
A, 189 171 230 ChHltorsion
Aq 265 258 324 235 O ReGs
565 563 565 575 567 vRe-C
1003 1050 1001 998 1000 vRe-Os
1194 1249 1210 1205 1205 6 CHszs
2975 3037 2926 2899 2909 vC—Hs
E 208 213 248 OReCOa
325 329 253 262 pReGa
715 757 735 739 736 pCHs
974 1011 970 947 965 vRe-Oa
1378 1428 1377 1363 1372 0 CHsza
3069 3134 3013 2989 2994 vC—Ha

was checked that the staggered conformation was stabilized
relative to the eclipsed one, by 2 kcal mal

The agreement with the experimental structure is good in the

two cases, for both the distances and the angles, as can be see
from the data in Table 1 and as has been reported in previous

calculations performed on the same moleculEhe largest,
though small, deviations are found for the-8—Re angle.

Since the GO3/B3LYP geometry is slightly better, namely,
the Re-C bond length (2.069 A), which is closer to the
experimental one (2.060 A), than the ADF value (2.098 A), we
subsequently used it in all CASSCF calculations.

In MTO, rhenium is formally 8. The metal is more electron
rich than it may seem, as the oxide ligands ardonors and
thereby contribute to increase the electronic density at the
rhenium. A qualitative bonding picture shows tlee and
m-donation from the oxides and-donation from the methyl
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Figure 1. Energy of the frontier orbitals of MTO, calculated using
HF (G03) (left) and PW91 (ADF) (right), as well as representation
of the PW91 orbitals (only one of each degenerate orbitals of e
symmetry).

ory) orbitals. The Re gparticipates in an antibonding interaction
with in-phase combination of the oxygen grbital and the
methyl lone pair in orbital 9a which is mainly p Qp C in
character ¢ Re—C concerning ReC interaction). The other
occupied relevant orbital ofyassymmetry is 8a This is ac
Re—C and Re-O bonding orbital, mostly localized in the
ligands (also p O, p C), with Rezand high 6s character. The

group to the metal, as has been described in detail in an earlier;g gt is mainly a Re—O orbital with significant contribution

publication?
The quality of the computational approach was checked by
the calculation of some other properties of MTO, namely, the

of the methyl * Re—C). In the unoccupied orbitals, Re d
contributes mostly to 1Qa(which is & antibonding toward
oxygen ando antibonding to the methyl carbon) and to 9e,

IR spectra (GO3 and ADF). There is a good agreement betweenyhich is 7 Re—O.
the calculated and the experimental values, as can be seen in \ye also calculated the energy levels at the Hartfegck

Table 2.

level of theory (see Figure 1). The results are different from

One should notice that these values are not scaled. Thethe ones obtained at the DFT level of theory regarding the

application of a scaling factor would lead to a better numerical

relative order of the orbitals. In the HF calculations, the HOMO

agreement. The major discrepancy observed in the assignmentss 244 (equivalent to 9ain PW91), while the gorbital is only

concerns the two lowest energy asymmetric vibrational modes,
0 ReCO ando ReG;.

Frontier Orbitals. The frontier orbitals of MTO are depicted
in Figure 1, and their composition and character are shown in
Table 3, as calculated with the PW91 functional (ADF). The
DFT calculations with different functionals yield very similar
results concerning the MO compositions (see Tables SI-1 to
SI-4 in the Supporting Information) and their relative positions.
MO levels with the same composition follow the same order.
The HOMO-LUMO gap obtained with the hybrid B3LYP
functional (6.14 eV), however, is considerably larger than the
HOMO-LUMO gaps obtained with the GGA funtionals (ca. 4
eV). As expected from a’cpecies, the LUMOs are essentially
Re d orbitals, while the HOMOs consist of combinations of
oxygen lone pairs, followed, at lower energies, d¥ponding
Re—C levels, mostly localized on the methyl group.

The HOMO is the antibonding combination of p lone pairs
from the three oxygen atoms @alt remains Re-O nonbond-
ing, since there is no d Re orbital of suitable symmetry to interact
with it. Immediately below comes the 8e pair, consisting mainly
of oxygen p lone pairs (two bonding and one antibonding
interactions), with a small antibonding contribution of Rexp (

HOMO-—3. These changes in the occupied orbitals, as well as
some changes in the virtual ones, could lead to wrong assign-
ments of the absorption spectra based on qualitative MO
diagrams in which the MOs have a different order (vide infra).
The same was already shown for the assignment of PES
spectreid

TD-DFT Calculations and UV—Vis Spectra. The summary
of the results for the PW91 calculations (ADF), including some
experimental data for comparison, is given in Table 4. For
detailed information, see Table SI-5 in the Supporting Informa-
tion.

The experimental electronic spectra of MTO rirhexane
consist of three absorption bands, with maxima at 260, 231,
and 205 nnf? These maxima are solvent dependent and should
correspond to LMCT since no MC or MLCT are available (Re
is formally d).

Our TD-DFT gas-phase results show three sets of electronic
transitions. The first, centered on thkAj state (also involving
alE and BE states) should correspond to the experimentally
observed band at 260 nm. The wavelength used for irradiation
in many experiments (254 nfdPwhere Re-C bond homolysis
is observed corresponds to this transition energy. All these
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Table 3. Nature, Energies (eV), and Main Compositions (%) of the Relevant Frontier Orbitals of MTO (ADFPW91)
composition (%)

orbital E (eV) symmetry Re O C character
LUMO+2 —1.985 10a 42 dz, 6, 20 23 d Reg* Re—C)
LUMO? —3.932 9e 47 ¢, 3 dy 23p, 10p, 7 d Ref* Re—0)
HOMO —8.089 2a 97 p O lone pairs
HOMO—12 —8.409 8e 2p 45, 41 p p O lone pairs
HOMO-3 —8.716 9a 6 p, 42, 18 22 p pO,pC¢* rec)
HOMO—-4 —9.827 8a 5dz9s 54 p 19p pO,pCEORec)
HOMO-5?2 —10.319 7e 16g 27p, 12 p 15p dRe, pO, pCf Re-0O, n* Re—C)

a20nly one set of the e orbitals.

Table 4. Calculated (PW91) Excitation Energies (eV, nm), Oscillator Strengthsf), Composition (w), and Nature of the
Transitions for MTO (the A , states are omitted), in the Gas-Phase and in-Hexane (COSMO model)

one-electron excitation in

state E/leV E/nm f the main configuration w (%) Amast?
Gas-Phase

aE 23— 9e 4.34685 285 0.0025 p© dRe @* Re—0) 94.4

b'E 8e—9e 4.65267 266 0.0036 p©dRe @* Re—0) 74.6
93 — 9e p O, p C¢* Re—C)—d Re t* Re—0) 21.3

b'A, 8e— 9e 4.72109 262 0.0054 p© dRe @* Re—0) 994 260

cE 9a — 9e 5.30887 234 0.0063 p.@ C (0* Re—C)—d Re (=* Re—0) 70.9 231
8e—9e p O—d Re @@* Re—0) 14.9

d'E 8a — 9e 6.14128 202 0.0037 p,® C (c Re-C)—d Re (* Re—0) 90.1 205

Solvent f-hexane)

aE 23— 9e 4.5021 275 0.0024 p© dRe @* Re—0) 92.2

blE 8e— 9e 4.7248 262 0.0021 p© dRe @* Re—0) 49.3
9a— 9e p O, p C¢* Re—C)—d Re (t* Re—0) 47.3

b'A; 8e— e 4.8714 255 0.0055 p © d Re @* Re—0) 99.3 260

clE 9a— 9e 5.2302 237 0.0088 p,® C (0* Re—C)—d Re (t* Re—0) 46.8 231
8e—9e p O—d Re @@* Re—0) 35.6

d'E 8a— 9e 6.0867 204 0.0045 p,@ C (0 Re—C)—d Re @z* Re—0) 73.2 205
7e—9e 7 Re—0O, 7* Re—C — d Re (z* Re—0) 20.1

transitions correspond to excitations to the LUMO (9e), which important. The calculated oscillator strength is very similar for
is mainly Re d in charactertf concerning Re-O interaction), gas phase (0.0054) amehexane (0.0055). The next maximum
starting from several of the highest occupied levels, which are is calculated at 237 nm and corresponds to the observed band
characterized as oxygen lone pairs, with a small contribution at 231 nm (234 nm in the gas phase). The weight of the~9a
(21%) from the 9aorbital. This allows us to assign the observed 9e transition is now much smaller than in the gas phase, but
maxima at 260 nm to a LMCT p G- d Re @@* Re—0) this excitation can still be assigned as a LMCT from C and O
transition. This assignment is in agreement with the vibrational p centered orbitals to the Re d orbitals*(Re—0).The
progression of this absorption, but disagrees with the previous calculated oscillator strength (0.0088) is higher than the one
assignment made in the literature Re—C — 7* Re—0Q)Ab calculated in the gas phase (0.0066) for this transition. The last
This previous assignment assumed that the lowest energy bandet is also composed of théE and remaining higher states
was originated from the HOMO, which based on qualitative (not shown). This transition has slightly higher oscillator strength
MO diagrams was the;assymmetry orbital, corresponding to  in n-hexane, and the character is essentially the same.
the Re-C o bonding interaction. The calculations in the gas phase and solvent provide
The second set corresponds to tHe state and is responsible  essentially the same results, the agreement with experimental
for the observed band at 231 nm. This transition is assigned tovalues being even better for the gas-phase calculation, especially
a LMCT from C ard O p centered orbitals to the Re d orbitals if we consider the two lowest energy bands. The PW91-
(7 Re—0). The last set, with ¥ and remaining higher states  calculated oscillator strengths provide the correct intensity of
(not shown), corresponds to the observed maxima at 205 nm,the two lowest experimental bands but give a value that is too
which are also assigned to a LMCT. low for the experimental 205 nm. Nevertheless, since the main
Since the energies and assignments of transitions are in manyinterest is on the lowest energy bands and the TD-DFT (PW91)
cases very sensitive to the presence of sol¥ente also gas-phase calculations are in excellent agreement with the
performed TD-DFT calculations using the COSMO solvation experiment, all the subsequent calculations will refer to the gas
model to mimic then-hexane solvent used in the WWis phase.
experimental measurements. The results, also given in Table 4, We also performed TD-DFT calculations using ADF and
do not significantly differ from the gas-phase ones. The first other functionals (GRAC, BP, LB94) besides PW91, as well
set of excitations is also centered on tH&pat 255 nm and  as B3LYP in Gaussian03, to test the stability and the functional
corresponds to a LMCT p ©- d Re z* Re—O) transition. A dependence of the TD-DFT calculations. Summarized results
small change occurs in the'b state, where the 9a— 9e are shown in Table 5. For detailed information, see Tables SI-6
contribution, which involves the ReC level, becomes more o SI-9 in the Supporting Information.

. — . The results obtained for PW91, BP, and GRAC are very
ACt(S?)Qgéllnlé'O‘k: ggg%szmry’ G.; Stirling, A.; Herrmann, W. 8pectrochim. gjmjlar, concerning the energies, oscillator strengths, and nature
(37) (a) VIeek, A., Jr.; Z4i§, S.J. Phys. Chem. 2005 109, 2991. (b) of the transitions. The GRAC functional is an asymptotic

Fantacci, S.; Angelis, F.; Selloni, A. Am. Chem SoQ003 125, 4381. corrected potential, but no substantial changes are observed in
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Table 5. Summary of the TD-DFT Lowest Excitation Energies (nm), Oscillator Strengthsf), and Nature of the Low-Lying
Electronic Transitions for MTO

energy f)

energy f)

state main character PW91 GRAC

BP

main character B3LYP LB94 Ama®

aE pO—dRe @* Re—0) 285(0.0025) 285 (0.0021) 285 (0.0023) p-€d Re ¥ Re—0) 277(0.0001) 304 (0.0018)
blE  pO—dRe {r* Re—0) 266 (0.0036) 266 (0.0036) 267 (0.0036) p O, p-@ Re (r* Re—0) 249 (0.0023) 291 (0.0019)
b!A; pO—dRe (r* Re—0) 262 (0.0054) 263 (0.0052) 263 (0.0044) p-€d Re (r* Re—0) 254 (0.0074) 283 (0.0032) 260
clE  pO,pC—dRe@*Re—0) 234(0.0063) 234 (0.0061) 234 (0.0061) p O, p-Q Re (r* Re—0) 224 (0.0067) 261 (0.0058) 231
dlE  pO,pC—dRe@*Re—0) 202(0.0037) 202(0.0037) 202 (0.0037) pO,p-@ Re (r*Re—0) 197 (0.0094) 221(0.0042) 205

Table 6. Calculated (CASSCF/MS-CASPT2) Excitation Energies (eV, nm), Oscillator Strengthg)( Composition (@), and
Nature of the Transitions for MTO

one-electron excitation in

state E/leVv E/nm f the main configuration (%) Amast®

b'A1 154 — 174 4381 257 0.0066 p 6> d Re (t* Re—0) 44.1 260
7d' —9d' 26.4

clE 164 — 174 5.16 240 0.0059 p O, d Re d Re (7* Re—0) 43.6 231
74" — 9d’ 16.9

d'E 154 — 184 5.84 212 0.0320 p 6~ d Re p* Re—C) 40.4 205
16d — 174 p O d Re—d Re t* Re—0) 12.7

these results, and all three give excellent agreement with theThey are all very similar to the KoknSham orbitals 8e and 9e

experimental values. The use of the hybrid functional B3LYP
(Gaussian03) introduces some changes; for instance'fe b
state is lower in energy tharb. Another change is the character
of the BE transition, also observed for the LB94 functional, in
which the participation of the methyl group becomes more
important. The excitation is no longer mainly from the oxygen
lone pairs, but a mixture of the p,® C (¢* Re—C) orbital.
Also, the excitation calculated to appear at 285 nm with BP,
GRAC, and PW91lfunctionals is obtained at 277 nm in the
calculations with the hybrid B3LYP, but the oscillator strength

depicted in Figure 1.

Some differences are however observed for the calculated
excitation at 240 nm. The TD-DFT calculations suggest that
this transition has significant participation of the methyl group,
being p O, p C—d Re (#* Re—0) in nature. The MS-CASPT2
calculations show that the methyl participation is overestimated
and the Re participation is underestimated. The transition is
mainly p O, d Re— d Re (#* Re—0).

CASSCF/MS-CASPT?2 results show an excitation at 287 nm
(not shown in Table 6), with a very small oscillator strength

is close to zero (0.0001). Since the experimental band at 260(0.0003), which compares very well with the B3LYP result (277

nm is broad, it is likely that the excitations at 285 nm calculated
with the GGA functionals also contribute to the broadening of
this band. We shall come back to this point when discussing
the CAS calculations (see below). In general, however, all

nm, 0.0001). All the other TD-DFT calculations (BP, GRAC,
and PW91) led to a value of 285 nm with non-negligible
oscillator strengths. Despite the very good results given by BP,
GRAC, and PW91 funtionals, the hybrid B3LYP functional

functionals performed quite well since the agreement between provides a better agreement with both the experimentat-UV
the experimental and calculated energies is very good. The LB94vis spectra and the CASSCF/MS-CASPT2 calculations.

functional seems to be the worst in this case.
CAS Calculations. We performed CASSCF/MS-CASPT2

Homolysis of the Re-C Bond. DFT calculations (PW91),
starting from the fully optimized geometry, were performed at

calculations in order to compare the values with the TD-DFT several Re-C distances, and the evolution of the energy of each
ones. The calculated transition energies of the low-lying singlet orbital was followed, as is shown in the Walsh diagram of Figure
excited states of MTO are reported in Table 6. The values are 3,

also in excellent agreement with the experiment and with the  As the Re-C distance is increased, the 1Qabital, which
ones obtained at the TD-DFT level of theory. The absorption waso*ge ¢ in character (see Table 3), is stabilized, by loss of
observed experimentally at 260 nm is calculated at 257 nm andthe Re-C antibonding character. On the other hand, the energy
corresponds to a charge transfer from the oxygen lone pairs toof 9a increases. This result is apparently anomalous, as this
a metal d centered orbitakrf Re—0), in agreement with the  orbital was classified as ReC antibonding. However, as the
aSSignment made by the TD-DFT results, thus confirming that Re—C distance becomes |0nger,lgases its Re p character,
the empirical assignment of this transition as Re-C — z* responsible for the antibonding nature, becoming mor8 &
Re-O excitatiot? was wrong. The orbitals involved in the  character and bonding. This may be seen as mixing of several
calculated transition are depicted in Figure 2. Only the a&d a levels (8a starts as a stdhybrid, Re-C bonding, though
174 are represented. The'7and 94 orbitals are similar and  mostly localized in the ligands; 19 a d level). As 10ais
correspond to the second element of the E s&€sirsymmetry. stabilized along the reaction coordinate, it loses d character.

It is interesting to notice that this diagram very closely
matches the qualitative diagram obtained from extendazkéiu
calculations in an earlier calculati@riThese results are insuf-
ficient to extract definitive conclusions about the dynamics of
the photoprocess, but can, nevertheless, indicate the importance
of the o/o* re—c levels on the excitations when the R€ bond
is stretched.

Other Related Molecules RReQ@ (R = C;Hs, CgH5,CeH3-
Figure 2. Representation of the molecular orbitals (1&é, 174 (CHg)a). Since the TD-DFT results were satisfactory for MTO,
right) corresponding to the one-electron excitation responsible for we also performed TD-DFT (PW91) calculations on related
the 254 nm transition calculated for MTO (CASSCF/MS-CASPT2). species containing larger R groups£RC,Hs, CeHs, and GH3-
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Figure 3. Walsh diagram for the evolution of the frontier orbitals of MTO, as the-Ralistance is stretched. Orbitals 108a, and 8a
are represented at R€ distances of 2.02 A (left) and 4.88 A (right).

Table 7. Calculated (PW91) Excitation Energies (eV, nm),

Oscillator Strengths (f), and Nature of the Transitions for
RReO3 260 nm
one-electron excitation in . : ‘
state E/eV E/nm f the main configuration — Ama@
R= C2H5
atA” 428 289 0.0022 p©-dRe @*Re—0)
N 433 286 0.0022 p©-dRe @*Re—0) 262
ClA’ 4.41 281 0.0020 pO, pE-dRe @*Re—0) )
dtA” 4.83 257 0.0056 pO,p€ dRe @*Re—0) 240 221 nm
etA’ 4.86 255 0.0046 p©-dRe @*Re—0) ‘
fIA! 5.67 218 0.00477*C—C—dRe @*Re—0) 210 _
R = CoHs %’8"
CIA 3.86 321 0.1566 7 Ph—d Re (r* Re—0) 334
R = CgH3(CHg)s
CIA! 3.56 348 0.1726 x Ph—d Re (z* Re—0) 334
aValue for GH3(CHs)s.
© 248 nm
(CHa)3). All of them exhibit the same behavior as MTO, namely, .
Re—C homolytic cleavage upon irradiatiéf Table 7 shows N
the summary of TD-DFT results on the PW91-optimized g\

geome}nes usingCs symmetry.(detalled |nf0rmat|on can be Figure 4. Representation of the orbitals corresponding to the
found in Tables SI-9 to SI-11 in the Supporting Information).  excitations responsible for the RE homolytic cleavage for
Complex (QHs)ReQ, shows a behavior similar to that of complexes (gHs)ReQ; (top), (GHs)ReQ; (center), and{ CeHs-
MTO. Three UV-vis bands were reported, centered at 262, 240, (CHs)s} ReQ; (bottom).
and 210 nm in CHCN.#? The TD-DFT results also show three
sets of excitations. The first is centered at 286 nAf\(pand i ) i
corresponds to a LMCT from the oxygen lone pairs to a Re d R€, one absorption band with a maximum at 334 nm was
orbital (z* concerning Re-O interaction). The other excitations ~Measured in CkCN, and irradiation at 333 nm induces
of the first set, calculated at 289 and 281 nm, should also Photolysis!® The TD-DFT results show the same behavior for
contribute to the observed maxima at 262 nm and are also(CeHs)ReQ; and {CsHs(CHg)s}ReQs. One intense peak is
assigned as LMCT. Like for MTO, these results contradict the calculated at 321 and 348 nm, respectively, corresponding to a
previous assignments made for this band aRe—C — d Re LMCT from x orbitals on the phenyl ringota d Reorbital (z*
transition?® concerning Re O interaction). This situation is very different
The second maximum is centered at 257 nm, which comparesfrom the previous complexes where the R group{RHs and
quite well with the experimental value (240 nm) and corresponds C,Hg;) was not involved in the lowest energy excitations

to a LMCT from p Q p C to d Re £* Re—0). Finally, the corresponding to the wavelength used for irradiation.
observed band at 210 nm, calculated at 218 nm, is assigned to

a LMCT from z* orbitals on the GHs to the d Re orbital#* The orbitals involved in the lowest energy excitations
Re—0). responsible for the ReC homolytic cleavage for complexes
For complex (GHs)ReQ;, no experimental UVvis results (CoHs)ReG;, (CeHs)ReQ;, and{ CeH3(CHs)s} ReQ; are depicted

are available. However, for the related comp{€gH3(CHs)s} - in Figure 4.
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Conclusions and { CeH3(CHzs)s} ReG;, the strong low-energy absorption is
. . dominated by a LMCT from the phenyd* to d Re (7* Re—

DFT. cglcular?ons (ADF and fGaus&anOS prgg(rjams)_gverehused 0), the calculated energy being very close to the experimental
to optimize the geometry of (GhReQs and describe the one found fof CgH3(CHs)s} ReGs. The dynamics of the ReC

e|ECtr°niC.St.rUCture' TD-DFT (PW91) cal_cu_lations carrie_d out hond homolysis is under study and will be addressed in another
on the optimized structures led to a description of the excitation ublication. It is expected that the dynamical processes wil

energies in close agreement to the experimental data. The lowes volve excitation to the ¥\, absorbing state, followed by

energy transition at 260 nm was a53|gned to a LMCT )‘rom PO intersystem crossing to @™ dissociative state, leading to the
to Re d t* Re—0), correcting the earlier empirical assignment photoproducts

aso Re—C tos* Re—0. The second transition, experimentally
observed at 240 nm, is assigned to a charge transfer from C
and O to Re, as well as the third one (231 nm). Other functionals
were tested (BP, GRAC, LB94, B3LYP), with only minor
changes in outcome. The excitation energies obtained from
highly correlated methods (CASSCF/MS-CASPT?2) were very
similar, the only significant difference being the nature of the
second transition, which lost the C character, becoming LMCT
from p O to d Re.Other analogues of (CGHReQ; were also
studied by TD-DFT. The behavior of (Hs5)ReG; is very
similar, with three main absorption bands, both calculated and
observed in solution. More interestingly, in bothgkG)ReGs OMO0603868
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