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Abstract
The oxygen atom transfer reactivity of Tp*MoO2(SPh) (1) (where Tp* = hydrotris-(3,5-
dimethylpyrazol-1-yl)borate) with trimethyl phosphine (PMe3) has been investigated. The reaction
proceed through a diamagnetic phosphoryl intermediate complex, Tp*MoO(SPh)(OPMe3) (2),
which has been isolated and characterized by IR, NMR, UV-visible spectroscopy, and mass
spectrometry. The molecular structure of 2 has been determined by X-ray crystallography. The
complex crystallizes in monoclinic (P21/n) space group, a = 19.81 (1) Å, b = 11.1 (4) Å, c = 18.416
(5) Å, β= 121.2 (3)°, V = 3463.8(25) Å3 with Z = 4. In acetonitrile, complex 2 exchanges its
phosphoryl ligand with a solvent molecule resulting in Tp*MoO(SPh)(MeCN) (3), which has been
isolated and also characterized spectroscopically and by X-ray crystallography. Compound 3
crystallizes in triclinic (P-1) space group, a = 10.159 (6) Å, b = 18.563 (5) Å, c = 7.986 (3) Å, α =
96.22(3)°, β = 121.2 (3)°, γ = 84.64(3)°, V = 1452.4(11) Å3 with Z = 2. The electronic structures of
the complexes have been investigated by density functional theory and the redox chemistry has been
investigated by cyclic and differential pulse voltammetry. In acetonitrile, complex 2 spontaneously
transforms to complex, 3 at a rate of 5.6 × 10−4 s−1.

Introduction
The functional unit of sulfite oxidase (SO) and eukaryotic nitrate reductase (Euk-NR) has a
cysteinato sulfur coordinated to a dioxo-molybdenum center [1,2,3,4]. It is generally accepted
that these two enzymes catalyze the substrate redox via oxygen atom transfer (OAT) reactions,
whereby the molybdenum center shuttles between a [MoVIO2]2+ and a [MoIVO]2+ core. The
crystal structure of chicken liver SO has demonstrated that the equatorial oxo-group is placed
at the bottom of a channel that is approachable by the substrate. Three other equatorial positions
are occupied by a cysteinato sulfur and ene-dithiolato sulfur donors. The proposed catalytic
cycle for the oxidation of sulfite involves the binding of the substrate to the oxidized-Mo(VI)
site, transfer of a terminal oxo-group to the substrate with concomitant reduction of the metal
center, and release of the product from the reduced Mo(IV)-center [5]. The vacant coordination
site at the metal center is then occupied by a solvent (i.e., water) molecule.

Studies from several laboratories have demonstrated that a variety of discrete oxo-molybdenum
(VI) complexes can carry out the atom transfer chemistry when reacted with oxygen atom
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abstractors producing oxidized species such as tertiary phosphines oxides, sulfoxides, N-
oxides, tertiary arsine-oxide, or sulfate [6,7,8,9,10,11,12,13,14,15,16,17]. Using tertiary
phosphines (PR3), we have demonstrated that OAT reactions from [MoVIO2]2+ cores proceed
in steps involving the formation of a phosphoryl coordinated Mo(IV) center which losses the
phosphoryl ligand, and the vacant site is occupied by a solvent molecule [18,19,20,21].
However, the properties of the individual components i.e., the parent dioxo-Mo(VI) complex,
the monooxo-Mo(IV) phosphoryl-intermediate complex or the monooxo-Mo(IV) solvent
coordinated in a single molecular system have not been fully understood. Herein we describe
structural, spectroscopic, and electrochemical properties of a dioxo-Mo(VI), Tp*MoVIO2(SPh)
(1) [22], and monooxo-Mo(IV) complexes, Tp*MoIVO(SPh)(OPMe3) (2), and Tp*MoIVO
(SPh)(MeCN) (3), respectively (where Tp* = hydrotris(3,5-dimethylpyrazol-1-yl)borate). The
latter two complexes are the intermediate and the product of OAT reaction of 1 with trimethyl
phosphine, respectively (Scheme 1), which provides an opportunity of direct comparison of
the spectroscopic and structural parameters in the same molecular system. We also report the
redox properties of 2 and 3 and the rate of conversion of 2 to 3, which follows a first order
process in acetonitrile.

Experimental Section
All syntheses were conducted using standard Schlenk techniques under dry Ar-atmosphere or
inside an inert atmosphere (dry) box under N2 atmosphere. Solvents were purchased from
commercial sources such as the Aldrich Chemical Co and the Acros Chemical Co and purified
as follows: toluene and hexane from Na-benzophenone; acetonitrile (MeCN) over P2O5.
Compound 1 was synthesized using the published procedure [23]. Reactions and workups of
compounds 2 and 3 were carried out inside the dry box.

Synthesis of Tp*MoO(SPh)(OPMe3) [2]
To a solution of Tp*MoO2(SPh) (100 mg, 0.19 mmol) in toluene (15 mL), PMe3 (78 µL 0.76
mmol) was added and the reaction mixture was stirred for 45 min. Partial evaporation of the
solvent (to 5 mL) followed by addition of hexane (~ 50 mL) yielded a green precipitate, which
was filtered, washed with hexane several times, and dried under nitrogen to yield the target
compound as a light green powder (75 mg, 65%). 1H NMR (500 MHz, acetonitrile-d3, s, 1.92
ppm, 3H, Me; d, 1.97 ppm, 9H, J = 13.2Hz, OPMe3; s, 2.35 ppm, 3H, Me; s, 2.42 ppm, 3H,
Me; s, 2.54 ppm, 3H, Me; s, 2.58 ppm, 3H, Me; s, 2.64 ppm, 3H, Me; s, 5.67, 5.78, 5.96 ppm,
1H, pyrazole CH; d, 6.59 ppm, 2H, J = 8 Hz, arom. CH; t, 6.73 ppm, 2H, J = 7 Hz, arom. CH;
t, 6.79 ppm, 1H, J = 7 Hz, arom. CH. 31P NMR (121.5 MHz, benzene-d6): 62.88. IR (KBr-
pellet): 945 cm−1(νMo=O), 1120 cm−1 (νO=PMe3), 2526 cm−1 (νB-H). Positive mode electrospray
ionization mass spectrum, ESI+MS in CH3CN: m/z: 611.3, [M]+, 560.4 [M-
OPMe3+CH3CN]+; [M]+ (M=C24H36N6O2SPMoB, 612.1).

Synthesis of Tp*MoO(SPh)(MeCN) (3) [24]
To the solution of Tp*MoO2(SPh) (100 mg, 0.19 mmol) in MeCN (15 mL), a solution of
PPh3 (200 mg, 0.76 mmol) in MeCN (5 mL) was added and the mixture was stirred for 1h.
Solvent was partially evaporated (to nearly 2 mL) and small amount of toluene (1 mL) was
added to it. The mixture was layered with excess hexane (nearly 25 mL) and kept inside a
refrigerator for 2h. A cyan colored precipitate formed, which was filtered, washed with hexane
several times, and dried under nitrogen to yield 50% (55 mg) a cyan powder which was the
target compound. 1H NMR (500 MHz, acetonitrile-d3, s 2.25 ppm, 3H, CH3; s, 2.29 ppm, 3H,
CH3; s, 2.44 ppm, 3H, CH3; s, 2.56 ppm, 3H, CH3; s, 2.58 ppm, 3H, CH3CN; s, 2.65 ppm, 6H,
2CH3); s, 5.64 ppm, 1H, pyrazole CH; s, 6.03 ppm, 1H, pyrazole CH; s, 6.12 ppm, 1H, pyrazole
CH; t, 7.06 ppm, 1H, J = 7 Hz, arom. CH; t, 7.20 ppm, 2H, J = 7 Hz, arom. CH; d, 7.40 ppm,
2H, J = 7 Hz, arom. CH. IR (KBr-pellet): 944 cm−1(νMo=O); 2262 cm−1(νC=N), 2547
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cm−1(νB-H). Positive mode electrospray ionization mass spectrum, ESI+MS in CH3CN: m/z:
560.4 [M+H]+ (M=C23H30N7OSMoB, 559.6). While we were preparing this manuscript,
synthesis of this compound was reported. See ref [25]

Physical Measurements—NMR spectra were recorded in deuterated solvents obtained
from Cambridge Isotope laboratories in sealed ampoules and passed through an alumina
column prior to use. Infrared spectra were recorded on a Perkin-Elmer FT-IR 1760X
spectrometer in KBr pellets. Low resolution electrospray ionization mass spectra (ESIMS)
were collected on a Micromass ZMD mass spectrometer using both negative and positive
ionization modes. Acetonitrile solutions of the samples were injected via a syringe pump with
a flow rate of 0.1 – 0.2 mL/min. Electronic spectra of complexes were recorded in Cary 3 or
Cary 14 spectrophotometers. Cyclic voltammograms (CVs) of complexes were recorded in a
Bioanalytical systems (BAS) model CV-50W using a standard three electrode system
consisting of Pt-disk working and reference electrodes and a Pt-wire auxiliary electrode.
Measurements were performed under nitrogen atmosphere in dry degassed MeCN using 0.1M
Bu4NClO4 of supporting electrolyte. The potentials were internally calibrated with, and
presented with respect to the Fc+/Fc couple. Electrochemical measurements of compound 2
were completed in less then two min (during this time conversion of 2 to 3 is ~7%), where the
first scan (rate: 100 mV/s) was recorded in less then 30s (~1% conversion to 3) after the
dissolution of the complex in MeCN.

X-ray Crystallography—X-ray quality single crystals were selected under the microscope,
coated with the epoxy resin, and mounted on glass fibers. X-ray intensities were measured on
a Rigaku AFC7R four-circle diffractometer using graphite-monochromatized Mo Kα radiation
(λ = 0.71069Å) at room temperature using the ω–2θ scan technique. The cut off limit of the
reflection was I>3σ(I). Three standard reflections were measured every 150 reflections; a linear
correction factor was applied. The structures of complexes were initially solved by Patterson
method using TeXsan crystallographic software package of Molecular Structure Corporation
[26] then they were refined using Crystals for Windows package [27]. A benzene molecule
was found in the crystal lattice of compound 2, which was modeled using the following
parameters: distance (C-C) = 1.39 (±0.02) and bond angle (∠C-C-C) = 120.00 (±0.02). Selected
crystal data for 2 and 3 are presented in Table 1.

Computational Methods—All calculations were carried out using Gaussian 03W software
package [28]. For the electronic structure calculations, the starting geometries were obtained
from X-ray crystal structures and used as obtained. Becke’s three-parameter hybrid exchange
functional [29] and Lee-Yang-Parr non-local correlation functional [30] (B3P86) was used
with DGDZVP basis set for molybdenum, 6-311G(d) basis set [31] for the atoms involved in
the first coordination sphere, and 6-31G(d) basis set applied for all other atoms. The percentages
of atomic orbital contributions to their respective molecular orbitals were calculated by using
the VMOdes program [32].

Results and Discussion
Synthesis and Spectroscopy

An incomplete OAT reaction between compound 1 and trimethyl phosphine (PMe3) in toluene
has been used to synthesize phosphine oxide coordinated complex, 2 (Scheme 1). Upon
addition of PMe3, the brown colored solution of 1, changes to dark green from which 2 has
been isolated in a good yield. In contrary, 3 has been isolated in moderate yields from 1 by
reacting it with PPh3 in MeCN. Compound 3 (Scheme 1) can also be synthesized by dissolving
2 in MeCN, which changes green color of 2 into cyan. In methyl sulfoxide, 2 and 3 react to
generate parent dioxo-compound, 1.
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Solution 1H NMR spectra of 1 exhibit four singlet resonances due to the six methyl groups
indicating a local Cs symmetry. In 2 and 3 these methyl protons appear as six separate
resonances indicating lowering in symmetry to C1 (Figure S1, supporting information) [21,
33]. The NMR spectrum of 1. Three C-H (methine) protons of the pyrazole rings also appear
as three distinct single peaks in 2 and 3. Compared to 2, the aromatic protons in 3 exhibit a
shift towards the higher fields, albeit the magnitude of the shift is smaller, suggesting stronger
electron withdrawing effect of MeCN ligand. In addition, a characteristic sharp doublet at
δ=1.97 ppm (J = 13 Hz), due to the coordinated OPMe3, has been observed in 2 at a higher
frequency than that observed for free OPMe3 (δ = 1.41 ppm). Room temperature 1H NMR
spectrum of 3, exhibits a resonance at δ =2.55 ppm due to the methyl protons of the coordinated
MeCN ligand, which disappears with time as it exchanges with the bulk solvent molecules.
This methyl resonance and the methyl resonances from the pyrazole ring exhibit a temperature
dependent chemical shift and line widths (Figure 1). At a low temperature, the methyl
resonances move towards the lower fields. The methyl resonance from the coordinated MeCN
(peak e, ~2.50 ppm at 235 K) appears as a broad peak and sharpens at a higher temperature (at
302 K, 2.58 ppm). Similarly protons of the thiophenol group and the methyl resonances (Figure
1, peaks a and f) from the pyrazole ring appear as broad peaks at lower temperatures, which
sharpen with increasing the temperature. In addition, the methine-proton of pyrazole at 6.13
ppm at 235 K show a temperature dependent broadening. Such temperature dependent changes
suggest a chemical exchange, which we propose is due to the exchange of the coordinated
MeCN ligand with bulk solvent. Interestingly, this exchange also influences pyrazole and
thiophenol proton resonances, although they move in the opposite direction to that of the methyl
groups. No such temperature dependent movements of the methyl or methyne resonances have
been observed for compound 2. The 31P NMR spectrum of 2 in benzene-d6 shows a peak for
coordinated OPMe3 at 62.0 ppm, which is deshielded by ~26 ppm relative to the free
OPMe3 (36.2 ppm).

Infrared spectrum of 1 exhibits characteristic cis-dioxo vibrations (900 and 930 cm−1) that
changes to a sharp vibration at ~ 945 cm−1 due to a terminal Mo=O unit in 2, similar to other
phosphoryl complexes [19,21,33]. Interestingly, the position of this band in 3 does not change
when the OPMe3 is replaced with MeCN. The ν(B-H) vibration from the scorpionate ligand
has been observed at ca. 2526 cm−1 in 1 and 2, however, it is shifted ~20 cm−1 higher in energy
in 3 (2547 cm−1). In addition, a sharp ν(O=P) stretch for coordinated OPMe3 has been observed
in 2 at 1120 cm−1, which is slightly higher than that observed for Tp*MoOCl(OPR3) complexes
[21].

The UV-visible spectra of 2 and 3 have been recorded in freshly prepared solutions in MeCN
at 285 K (Figure 2, Table 2). The electronic spectra of the three compounds are distinctly
different. For example, 1 has a shoulder ~500 nm (ε ~ 750 M−1 cm−1), and a band at 367 nm
(ε ~ 3800 M−1 cm−1), the former is likely to be a S→ Mo charge transfer transition. In 2, two
major bands can be observed, one at 411 nm (ε ~ 720 M−1 cm−1) and another one at 760 nm
(ε ~ 160 M−1 cm−1). These features are consistent with other phosphoryl intermediate
complexes whose electronic transitions have been discussed previously [21,33]. In 3, there are
two low energy transitions at 643 nm and at 762 nm. The ligand field theory suggests that the
d-orbitals in oxo-molybdenum complexes are to follow the order dxy<dxz~dyz<dx2-y2<dz2.
Accordingly, the lowest energy dxy → dxz transition is lose in energy to the dxy → dyz transition.
In 2, these two transitions are sufficiently close in energy such that they are not resolved. In
3, however, the two dπ orbitals (dxz and dyz) are energetically apart resulting in two distinct
bands. This description is consistent with the density functional calculation described later.
Another interesting point in these molecules, is that the extinction coefficients are larger than
the corresponding chloro complexes, Tp*MoO2Cl and Tp*MoOCl(OPMe3) [21], which
suggests that the sulfur orbitals contribute to the frontier orbitals significantly and that the
contribution from sulfur increases the intensity.
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X-ray Crystallography
Suitable crystals for single crystal diffractometry have been obtained from benzene/hexane
solution of 2 and MeCN/benzene/hexane solution of 3. The crystal structures of 2 and 3 show
that ligands are arranged in a distorted-octahedral geometry with a local C1 geometry about
the Mo-center (Figure 3 and Figure 4). The tridentate scorpionate ligand occupies a face of the
octahedron, and other positions are occupied by terminal oxo group, thiolato sulfur and
OPMe3 in 2 and MeCN in 3. Selected metric parameters of 1, 2 and 3 are listed in Table 3. The
Mo=O(1) bond is shorter in 2 and 3 as compared to 1. The Mo-O(P) bond length in 2 is
indicative of a single bond while the P=O distance of 1.504(6) Å is slightly longer than the
P=O bond distance of 1.4763 Å in free OPH3 determined by microwave spectroscopy [34]
Also, it is significantly shorter than the O-P single bond found in P4O10 (1.6 Å) [35]. Similar
Mo-O(P) distances were observed in other phosphoryl intermediate complexes [21,33]. There
is no noticeable change in the Mo-S bond length in 2, although it is slightly longer in 3. The
Mo-N(n1) (n = 1–3, pyrazole) distances are in accord with the normal trans influence of the
coligands and follow trans effect order oxo > thiolato > OPMe3 ~ MeCN. Bond angles O(P)-
Mo-N(n1) (n = 1–3, pyrazole) approached to the ideal octahedral arrangement (~90°) for n =
2 and 3 but for n = 1, the values are still obtuse (by about 10–15°). A shorter O-Mo-O angle
in 2 (~99°) compared to 1 indicates a decrease in the π-electron interactions between two
oxygen ligands in 2. The O(1)-Mo-S angle is slightly larger in 2 (by ~ 4°), compared to 1, but
the O(2)-Mo-S angle is decreased by ~15°. Further, the Mo-S-C bond angle expands from 106°
to 118° in going from 1 to 2. Similarly, the O(1)-Mo-S bond angle and O(1)-Mo-S-C(Ph)
torsion angle expands indicating substantial structural change due to the introduction of
PMe3 molecule. The O1=Mo-N(1) bond angle (99.5°) is similar to the intermediate O=Mo-O
(2) bond angle.

In the crystal structure of 3, the MeCN ligand coordinates to the metal in a linear fashion. The
Mo-N(MeCN) bond length (2.124(18) Å) is longer than the reported Mo=N (~1.715 Å) for
Mo-imido complexes [36], and consistent with other reported MeCN coordinated complexes
[37]. The C=N (1.15 (3) Å) bond length also agrees with the reported distances [38]. The Mo-
N(1)-C(1) bond angle (176.5°) deviates slightly from ideal 180°. Like in 2, the O(1)-Mo-S
angle also expands to 102° in 3. Similarly, compared to 1, O(1)-Mo-S and O(1)-Mo-S -C(Ph)
angles also increases, however, the magnitude of these changes are smaller than those observed
for 2. The orientational change in thiophenolato ligand is described by Mo-S-C(41)-C(42/46)
torsion angle, which also shows a large change in 2 and 3 compared to 1. Interestingly, no such
structural reorganization has been observed in an analogous system where the thiophenol group
is replaced with a phenol [39].

Electrochemistry
The electrochemical properties of 2 and 3 have been investigated by cyclic voltammetry (Figure
5) and differential pulse voltammetry (Figure 6) in MeCN, and results are summarized in Table
2. Both complexes exhibit a reversible, one electron Mo(V/IV) redox couple with the redox
potentials (E1/2) at −0.446 V for 2 and −0.07 V for 3, respectively. Compound 2, however, also
exhibit a response due to the formation of 3 as shown in Figure 5. The linear dependence of
the peak currents (ic and ip) with square root of scan rate (ν1/2) and a reverse-to-forward peak
current ratio close to unity indicate a diffusion controlled process. The peak-to-peak separation
(ΔEp) values are close to a typical one electron redox process. The reversible nature of the
voltammograms indicates that the compounds are electrochemically stable. A higher positive
redox potential of 3 compared to 2, making 3 easier to oxidize, is due to the higher π-donating
ability of the OPMe3 as opposed to MeCN, which reduces the electron density at the metal
center resulting in a higher oxidation potential.
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As mentioned, 2 exhibited a new redox wave due to its spontaneous conversion to 3. This
conversion has been probed as a function of time by differential pulse voltammetry as shown
in Figure 6. Because the redox peaks of the two compounds are separated by more than 375
mV, the area under the each peak could be integrated to provide quantitative information about
the chemical transformation as a function of time. An individual fitting of each DPV response
with two Gaussian functions yielded the area underneath individual peaks for 2 and 3
respectively (Figure S2, supporting information). The calculated areas follow, with time,
exponential decay for 2 and growth for 3, respectively. Because the concentration of bulk
solvent is practically invariable during transformation of 2 to 3, the experimental data have
been modeled for first order processes with a single exponential function. This approach
resulted in the rate of decay for 2 as 5.4 (±0.11) ×10−4 s−1 and the rate of growth of 3 as 5.8
(±0.06) ×10−4 s−1. These two values are very close indicating the internal consistency of the
approach. Thus, electrochemical analysis not only provides a means to understand their redox
potency but also the chemical transformation in solution.

Electronic Structure
Electronic structures of 1–3 have been probed using density functional theory, where
crystallographically determined geometries were used for computation. The atomic orbital
contributions to the selected molecular orbitals are summarized in Table S1 (supporting
information). The highest occupied molecular orbital (HOMO) in dioxo-MoVI complex (1) is
mainly ligand based in nature (Figure 7) and dominated by the contribution from the
thiophenolato ligand. The lowest unoccupied molecular orbital (LUMO) is the redox active
orbital (Figure 7) that has a significant contribution from the metal 4d orbitals. The contribution
from the O1 and O2 ligands in the metal based LUMO differ by ca. 2–3%, which supports their
inequivalence as seen in the crystal structures.

In monooxo-MoIV complexes such as 2 and 3, as expected, the ligand field was dominated by
the terminal oxo-ligand, therefore, z-axis is considered along the Mo=O bond. In each case,
the HOMO orbital has major contributions from the metal dxy orbital. In 2, total contribution
of the thiophenolato ligand to the HOMO is only 8.5%, and is similar to LUMO and LUMO
+1 orbitals. However, the thiophenolato ligand contributes significantly, up to 79%, to the
HOMO-1 and HOMO-2 orbitals. The calculated energy gap between HOMO (dxy) and LUMO
(dxz) orbitals is ~ 3.16 eV and LUMO and LUMO+1 (dyz) is ~ 0.29 eV. Consistent with this
description of the energy levels, the low energy band ~760 nm, is attributed to dxy → dxz or
dyz transition.

The electronic structure description of 3 is similar to that of the intermediate complex, 2, except
a few differences. The energy of HOMO (dxy orbital, Figure 7) is lowered by 0.47 eV than 2.
The lower energy of the HOMO makes it easier to oxidize, which is consistent with its redox
potential. Similarly, the LUMO is lowered by 0.58 eV, decreasing a HOMO-LUMO gap by
about 0.10 eV. Contribution of MeCN ligand to HOMO is similar to that of OPMe3 in 2,
however the LUMO has a significantly higher contribution from the MeCN ligand. The LUMO
and LUMO+1 oribitals are separated by 0.467 eV, which is much higher than 0.29 eV
separation for 2. As a consequence, two distinct bands are observed in the electronic spectrum
of 3.

Summary
Reaction of a thiophenol coordinated dioxo-molybdenum(VI) complex with a small tertiary
phosphine (PMe3) resulted in formation of a phosphoryl intermediate complex, Tp*MoO(SPh)
(OPMe3) (2). In acetonitrile this complex exchanges its phosphoryl ligand with a solvent
molecule resulting in Tp*MoO(SPh)(MeCN) (3). Both complexes have been isolated in solid
state and their molecular structures have been defined by X-ray crystallography. The later
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represents a rare example of a solvent coordinated species upon complete oxygen atom transfer
reaction. These structures are compared with that of the parent dioxo-molybdenum(VI)
complex, Tp*MoO2(SPh) (1). The solid state structures of these molecules revealed distinct
geometric reorganizations, however Mo=O vibration does not show any effect in changing the
coordination from 2 to 3. In solution, 3, exchanges its coordinated solvent molecule with that
of the bulk ones. The effect of this chemical exchange is observable in the NMR resonances
of the protons of pyrazole ring, which act as sensitive reporters. The electronic spectra reveals
strong low energy metal based transitions in both 2 and 3. The electronic structure calculations
show that the small contribution of the thiophenol ligand into HOMO of 2 as well as 3. Both
2 and 3 are redox active, exhibiting well defined Mo(V/IV) redox couples that are 375 mV
apart. This separation in the redox potential allowed us to investigate ligand exchange using
differential pulse voltammetry. From the voltammetic measurements, the rate of exchange at
room temperature was found to be 5.6 (±0.2) × 10−4 s−1. This approach provides a means to
investigate atom transfer reactions. The detailed kinetic measurements as a function of
substituents on the thiophenol ring will appear in a forthcoming paper.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Variable temperature 1H NMR spectra of 3 in acetonitrile-d3. Note than signals at ~2.4 ppm
due to small impurity are also temperature dependent
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Figure 2.
Electronic spectra of 1 (thin line), 2 (bold line), and 3 (dotted line) recorded at 285 K in MeCN.
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Figure 3.
ORTEP diagram of 2 shown at 30% probability level. Hydrogen atoms have been omitted for
clarity
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Figure 4.
ORTEP diagram of 3 shown at 30% probability level. Hydrogen atoms have been omitted for
clarity.
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Figure 5.
Room temperature cyclic voltammograms of acetonitrile solutions of 2 (thin line) and 3 (bold
line). Conditions: reference electrode, Pt-wire, working electrode Pt-disk, auxiliary electrode,
Pt-disk) and supporting electrode 0.2 M Bu4NClO4, scan rate 100 mV/s.
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Figure 6.
Left panel: Time dependent room temperature differential pulse voltammograms showing the
conversion of 2 to 3. Conditions are the same as described in the cyclic voltammetric
experiments with scan rate of 25 mV/s. The direction of the arrows indicates the direction of
the change as a function of time. Right panel: triangles represent decay of 2 as a function of
time and circles represent growth of 3. The solid line represents the exponential fit of the data
(R2>99.9%), which results in time constants as ~30.94 (±0.63) min for the decay and ~28.53
(±0.29) min for the growth, respectively.
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Figure 7.
Pictorial representation of the HOMO and LUMO of 1, 2, and 3. Line diagrams schematically
represent the orientation of the molecule.
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Table 1
Crystallographic Data

2 3

Formula C24H36B1Mo1N6O2P1S1 C25H33N8O1S1B1Mo1
Fw 688.49 600.41
Crystal system Monoclinic Triclinic
Space group P21/n P-1
a, Å 19.81(1) 10.159 (6)
b, Å 11.1 (4) 18.563 (5)
c, Å 18.416 (5) 7.986 (3)
α, deg 96.22 (3)
β, deg 121.2 (3) 103.44 (4)
γ, deg 84.64 (3)
V, Å3 3463.8 (25) 1452.4 (11)
Z 4 2
ρcalcd (g cm−1) 1.32 1.373
Data colleted 7944 6679
R(F2) 0.076 0.1024
wR(F2) 0.099 0.2338
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Table 2
UV-visible spectral and cyclic voltammetric data in freshly prepared MeCN solutions.

Complex
UV-visible Spectraa Electrochemistryb

λ, nm (ε, M−1cm−1) E1/2 (V) ΔEp (mV)

2 411 (716), 760 (165) −0.446 67
3 375sh (785), 643 (96), 762 (96) −0.070 75

a
Recorded at 285K

b
Measured at 100 mV s−1 in dry and degassed MeCN at 295 K, the potentials are expressed with respect to Fc+/Fc couple with same scan rate, sh –

shoulder.
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Table 3
Selected Bond Distances (Å) and Angles (deg)

distance/angle 1a 2 3

Mo-O(1) 1.702(4) 1.686(5) 1.670(10)
Mo-O(2) 1.696 (4) 2.153(6)

Mo-S 2.402(2) 2.404(3) 2.421(4)
P=O(2) 1.504(6)

Mo-N(1) 2.124(18)
Mo-N(11) 2.301(4) 2.367(6) 2.418(12)
Mo-N(21) 2.302(4) 2.144(6) 2.121(15)
Mo-N(31) 2.169(4) 2.234(7) 2.201(11)

O(1)-Mo-O(2)/N(1) 102.6(2) 99.3(2) 99.5(3)
O(1)-Mo-S 99.4(1) 103.9(2) 102.2(4)
O(2)-Mo-S 100.4(1) 84.0(2)
Mo-S-C(41) 105.8(2) 118.4(3) 110.7(6)

Mo-S-C(41)-C(42) −28.3 34.8 −59.3
O(1)-Mo-S-C(41) 61.6, −43.2 104.6 78.3

a
Data taken from reference 22
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