Lawrence Berkeley National Laboratory

LBL Publications

Title

Relativistic effects in metallocorroles: comparison of molybdenum and tungsten

biscorroles

Permalink

|https://escholarship.orgc/item/4064x90d

Journal

Chemical Communications, 53(43)

ISSN
1359-7345

Authors
Alemayehu, Abraham B

Vazquez-Lima, Hugo

MecCormick, Laura J

Publication Date
2017-05-30

DOI
10.1039/c7cc01549f

Peer reviewed

eScholarship.org Powered by the California Digital Library

University of California


https://escholarship.org/uc/item/4064x909
https://escholarship.org/uc/item/4064x909#author
https://escholarship.org
http://www.cdlib.org/

CREATED USING THE RSC COMMUNICATION TEMPLATE (VER. 3.1) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS

ARTICLE TYPE

WWW.rsc.org/xxxxxx | XXXXXXXX

Relativistic effects in
metallocorroles: Comparison of

molybdenum and tungsten
biscorroles

5 Abraham B. Alemayehu,” Hugo Vazquez-Lima,” Laura J. McCormick® and Abhik Ghosh**

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX

DOI: 10.1039/b000000x

The homoleptic sandwich compounds — Mo and W
biscorroles — have afforded a novel platform for
10 experimental studies of relativistic effects. A 200-mV
difference in reduction potential and a remarkable 130-nm
shift of a near-IR spectral feature have been identified as
manifestations of relativistic effects on the properties of
these complexes.
15
Detailed comparative studies of analogous 4d and 5d transition
metal complexes can potentially provide insights into the
importance of relativistic effects.">**>® Yet, there have been
relatively few such studies on typical inorganic and
20 organometallic complexes”®® and no more than a couple on
metalloporphyrins and related complexes.”® Important
opportunities in this regard are provided by recent syntheses of
several 5d metallocorroles,'>1*1#1>1617.18 which have garnered
attention as unique size-mismatched complexes combining a
25 large 5d transition metal and a sterically constrained corrole
ligand. Thus, in a recent study, we were able to attribute a ~28-
nm redshift in the Soret maxima of rhenium(V)-oxo corroles,
relative to analogous technetium(V)-oxo corroles, to relativistic
effects.” Molybdenum biscorroles, reported herein, and their
30 tungsten analogues, reported previously,”” now provide an
opportunity for experimental studies of relativistic effects in
these unique Group 6 sandwich compounds.
The synthetic coordination chemistry of Mo and W corroles
already points to significant chemical differences between the
35 two metals. Whereas the high-temperature interaction of
Mo(CO); and a free-base meso-tris(p-X-phenyl)corrole,
Hi[TpXPC], readily affords Mo'[TpXPC]O,** the
corresponding WYO complexes are unknown.? Instead, upon
refluxing in decalin in the presence of K,CO; W(CO)s and
40 H;[TpXPC] were found to yield W[TpXPC], (X = CFs, H, Me),
the only examples of homoleptic corrole sandwich compounds
reported to date." While the reason underlying the elusiveness
of WYO corroles remains unclear, we conjectured that the
interaction of Hs[TpXPC] and Mo(CO)s under strict exclusion
45 of oxygen might afford Mo biscorroles. Indeed, upon prolonged
heating (186 °C, 16 h) in decalin under anerobic conditions, the
interaction of Hi[TpXPC], Mo(CO)s, and K,COs afforded, after
work-up, 25-30% yields of Mo[TpXPC], along with 15-20%
yields of Mo'[TpXPC]O, where X = H, Me, OMe. As
50 delineated below,

Table 1. Soret and Q maxima (nm), redox
potentials (V), and electrochemical HOMO-
LUMO gaps (V) of M[TpXPC], (M = Mo, W)
as a function of X.

X | UV-vis | Evoz | Fvou | Euenr | Evew | DE
Molybdenum

H 356 908 | 0.72 | 023 | -0.83 | -1.78 | 1.06
Me 362 909 0.67 0.18 -0.88 -1.84 | 1.06
OMe 350 909 0.66 0.19 -0.89 -1.85 | 1.08
Tungsten

CF; 356 778 0.88 0.45 -0.88 -1.71 | 1.33
H 357 781 | 0.75| 025 ]| -1.07 | -1.79 | 1.32
Me 359 783 | 072 | 021 | -1.11 | -1.82 | 1.32

electrochemical and UV-vis measurements indeed reveal
muliple differences between Mo and W biscorroles that may be
ascribed to relativistic effects (Table 1).
As with the previously reported W biscorroles,™ the 'H NMR
60 spectra (including variable temperature experiments) of
Mo[TpXPC], exhibited strongly overlapping peaks in the
aromatic region, which defied assignment. For X = Me and
OMe, however, the aliphatic regions exhibited three equally
intense methyl signals, consistent with C; local symmetry of the
65 individual corroles and overall C, symmetry of the complexes.
Fortunately, one of the complexes, Mo[TpMePC],, proved
amenable to single-crystal X-ray diffraction analysis (Figure 1),
allowing a detailed structural comparison of the Mo and W
complexes.”® Thus, both metals exhibit square antiprism
70 coordination geometries and essentially identical M-N distances
of ~2.2 A and M-N, displacements of 1.18 A.

The Mo[TpXPC], derivatives exhibit two reversible
oxidations and one reversible reduction in CH,Cl, (Figure 2).
As shown in Table 1, for a given para substituent X, the first

75 oxidation potentials of Mo and W biscorroles are essentially
identical. The first reduction potentials of Mo biscorroles on the
other hand are some 200 mV higher than those of their W
counterparts. The more negative reduction potentials of the W
biscorroles relative to Mo raise the question whether the

80 difference arises, to a
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Figure 1. Thermal ellipsoid (50%) plots for Mo[TpMePCJ.: (a) side and (b) top views; (c) Mo-N distances (A).
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Figure 2. Cyclic voltammograms of Mo[TpXPC], (X = H, Me
and OMe).

10 significant extent, from relativistic effects. As described below,
DFT calculations were used to investigate the nature of this
difference.

Like their W congeners, the Mo biscorroles exhibit
distinctive UV-vis spectra, including both a hypsochromically

15 shifted Soret band at 356 + 6 nm and near-IR Q-like bands
(Figure 3). The two metals also exhibit key differences. The
Soret bands of all three Mo corroles synthesized exhibit a
second, sharp peak or shoulder at 424 + 4 nm; the analogous
peak for W biscorroles is much weaker. Also, the Mo

20 biscorroles exhibit two distinct near-IR features in the 750-1000
nm region; the lower-energy feature at 908-909 nm is
dramatically redshifted (by some 130 nm) relative to the near-
IR feature of W biscorroles.

The above differences between Mo and W corroles were

25 investigated with DFT and TDDFT calculations,* with
relativistic effects taken into account with the zeroth order
regular approximation (ZORA) to the two-component Dirac
equation applied as a scalar correction. Use of a nonrelativistic

Hamiltonian in all-electron B3LYP/STO-TZP calculations
30 resulted in nearly identical HOMO and LUMO orbital energies,

ionization potentials and electron affinities for Mo[TPC], and

WI[TPC],. Deploying the ZORA Hamiltonian upshifted the

LUMO orbital energy of W[TPC], by ~200 meV, relative to a

nonrelativistic Hamiltonian, but had a much smaller impact on
35 Mo[TPC],. The same effect was also reproduced with DSCF

calculations of electron affinities, where the ZORA

Hamiltonian decreased the electron affinity of W[TPC],,

relative to a nonrelativistic Hamiltonian, by ~170 meV.?*** For

both Mo[TPC], and W[TPC],, the LUMO has substantial
40 metal(d,,) character (Figure 4), which explains why it should be
relativistically destabilized in W case. Thus, the ~200 mV
difference in reduction potentials between the Mo[TpXPC], and
WI[TpXPC]; series is largely attributable to relativistic effects in
the W series.

Relativisic = ZORA  TDDFT (CAMY®*-B3LYP/STO-
TZP/COSMO; solvent = CH,Cl,) calculations readily assigned
the lowest-energy near-IR feature of both Mo[TPC], and
WI[TPC]; to a (HOMO - 1)[JLUMO transition (Figure 4).
Comparison with TDDFT calculations, which employed a
50 nonrelativistic Hamiltonian but an otherwise identical set of

computational parameters, clearly implicated relativistic

destabilization of the 5d, orbital of W as the major contributor
to the higher energy of this transition in the W case or,
equivalently,

45
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( a) 8- 10 to the dramatic redshift observed in the Mo case. The
calculations did not, however, provide an assignment for the
b second, higher-energy near-IR feature of the Mo biscorroles,
6 - which suggests that it may be a combination/vibronic band. No
= —H o L
¥ B significant relativistic effect was found for the Soret band
o N 15 position of Mo[TPC], and W[TPC],, in apparent agreement
4 with the near-identical Soret maxima observed experimentally
5 S for both compounds (Figure 3).
: .
2 1 Conclusions
Tl 20 As the sole representatives of homoleptic corrole sandwich
compounds, Mo and W biscorroles provide a novel platform for
0 T T T T T T T T experimental ~ studies of relativistic effects. = X-ray
250 350 450 550 650 750 850 950 1050 .
» (nm) crystallographic analyses have shown that the two metals
exhibit near-identical M-N distances (~2.2 A) and M-N,
(b) a 25 displacements (~1.18 A). The Mo complexes exhibit distinctly
8 4 higher reduction potentials (i.e., are easier to reduce), by a
margin of ~200 mV, than the analogous W complexes. The UV-
vis spectra of Mo biscorroles also exhibit a near-IR feature at
=6 4 908-909 nm, which is redshifted by some 130 nm relative to an
5 . | 30 analogous feature of W biscorroles. TDDFT calculations have
—g identified this feature as a (HOMO — 1)[JLUMO transition. For
34 both the Mo and W biscorroles, the LUMO has substantial
8 3 ] metal d,, character. Relativistic destabilization of the W(5d)
= orbitals thus explains both the higher reduction potentials and
2 1 35 the lower energy of the near-IR transition for the Mo
1 biscorroles.
0
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Figure 3. UV vis spectra of (a) Mo[TpXPC], (X = H, Me and
OMe) and of (b) Mo[TPC], (blue) and W[TPC], (orange).
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Figure 4. Selected frontier MOs and Mo[TPC], along with their
orbital energies (eV) and % d character.
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