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Complexes of the form (Tp*)MoOCl(p-OCeH,X) and (Tp*)MoO(p-OCeH4X), (Tp* = hydrotris(3,5-dimethyl-1-pyrazolyl)-
borate and X = OEt, OMe, Et, Me, H, F, Cl, Br, I, and CN) were examined by electrochemical techniques and
gas-phase photoelectron spectroscopy to probe the effect of the remote substituent (X) on electron-transfer reactions
at the oxomolybdenum core. Cyclic voltammetry revealed that all of these neutral Mo(V) compounds undergo a
quasireversible one-electron oxidation (Mo"/Mo") and a quasireversible one-electron reduction (Mo"/Mo'") at potentials
that linearly depend on the electronic influence (Hammett o, parameter) of X. The first ionization energies for
(Tp*)MoO(p-OCeH4X), (X = OEt, OMe, H, F, and CN) were determined by photoelectron spectroscopy. A nearly
linear correlation was found for the Mo"/Mo" oxidation potentials in solution and the gas-phase ionization energies.
Calculated heterogeneous electron-transfer rate constants show a slight systematic dependence on the substituent.

Introduction two-electron oxidation or reduction of the substrate while
the molybdenum center undergoes an oxidation state change
between Mo(VI) and Mo(IV):2 Regeneration of the active
site is believed to proceed via two sequential one-electron
steps, generating a transient Mo(V) state. Understanding
electron transfer reactions at oxomolybdenum centers can
provide insight into the roles such centers play in catalytic
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Molybdenum is associated with about fifty enzymes, which
are essential to the metabolism of carbon, nitrogen, and sulfur
by animals, plants, and microorganiskend crystal struc-
tures have been obtained for several molybdenum-containing
enzymes: 12 Catalysis by these enzymes involves a formal
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ﬂ O reduction of the Mo(V) center. Because Mo enzymes
2 H i Mo(VI), Mo(V), and Mo(IV) states, it is important
“ /@—X ‘/j” /@_x experience , , ,

s O<O o

Mt M N Mo to investigate both the Mo(VI/V) and Mo(V/IV) couples. The
/N I cl /N ’ ~~o0 ..
/ N X volatility of the (Tp*)MoO(pP-OCsH4X), compounds allows
/B\ /N /B\ /N . . . . .
H N H NQ a comparison of solution phase oxidation potentials and gas-
phase ionization energies measured by photoelectron spec-

troscopy. Photoelectron spectroscopic measurements are free
from solvent complications and very fast relative to the
experimental time scale of electrochemical techniques. This
work shows that the electrochemical potentials are strongly

MoVO(X)(Y) compounds in which the X and Y ligands were dependent upon the nature of the remote substituent. The
systematically varied to probe the effect of ligand substitution €l€ctron-transfer kinetics show a small but systematic
on the Mo centets Cyclic voltammetry demonstrated that dependence upon the potential. The correlation between the

the complexes undergo reversible one-electron reductions,,resuns from electrochemistry and photoelectron spectroscopy
and reduction potentials depended significantly upon the IS Presented.
nature of the ligands.

Olson and Schultz performed electrochemical studies of
(Tp*)Moo(xAy) complexes, where XY is a bidentate Mate_rials. Reactions were conducted l_mder an a_tm_osphere of
ligand¢ Oxygen donor atoms were systematically replaced Pure nitrogen gas. Solvents were purified by distillation as
by sulfur donor atoms with the goal of correlating molecular Previously reportett and thoroughly degassed before use. Subse-
structures to the electron transfer rates of the Mo(V/lv) duent product workup was performed in air. The progress of
reaction. Complexes with ligands attached via sulfur atoms reactions and the purity of isolated compounds were monitored by

hibi d - ducti ial d f thin-layer chromatography. Potassium hydrotris(3,5-dimethyl-1-
ei( lbite mo;e pos't'vﬁ rehuctlon. r?Otent'aS an i as,ter pyrazolyl)borate (KTp*) and dichloro[hydrotris(3,5-dimethyl-1-
electron transfer rates t an_t ose with oxygen atom ligation. pyrazolyl)boratoJoxomolybdenum ((Tp*)MoOglwere prepared
They concluded that sulfur ligation of the oxMo(V) center  according to published procedurég? Acetonitrile used for

facilitates higher rates of electron transfer. However, since electrochemistry was purified by a triple distillation from GaH
the reduction potentials for complexes with sulfur donor Li,CO; and KMnQ, and ROs. Tetrabutylammonium tetrafluoro-
atoms are significantly larger than those for their oxygen borate (ByNBF;) and ferrocene were obtained from Aldrich
donor counterparts, it is unclear whether the rate of electron Chemical Co.

transfer is primarily controlled by the nature of the donor  Preparation of (Tp*)MoOCI( p-OCeéHsMe). A 0.31 g (2.2
atom or by other factors reflected in the electrochemical mmol) portion of freshly prepared potassium salt of 4-methylphenol
potentials of the system. Measuring heterogeneous electronas added to 1.0 g (2.1 mmol) of (Tp*)MoOLCh 200 mL of
transfer rates using electrochemical methods amplifies theP€nzene. The mixture was heated arSor 4 h. A color change

S . from green to dark purple signaled completion, and the reaction
effects of reorganization energy because the driving force _. ;
. . mixture was cooled to room temperature. Unreacted materials were
for electron transfer is zero under electrochemical con-

" 17220 - removed by filtration, and the filtrate was concentrated-®omL
ditions! Marcus theory predicts slower rates of electron ¢, absorption chromatography on silica gel. The purple product

transfer when large reorganization energies result from ywas eluted with benzene and evaporated to dryness in vacuo. The

molecular rearrangemertts?? yield was 45% based on Mo. The syntheses and characterization
In this study, a series of (Tp*)MoOGKOCsH,X) and of all other compounds have been reported previo¥fsty.

(Tp*)MoO(p-OCeH4X), complexes was investigated using Electrochemical Measurements.Electrochemistry was per-

electrochemistry and photoelectron spectroscopy (Figure 1)_formed on acetonitrile solutions {22 mM) over the potential range

Within each series, the compounds differ only by the identity +2-0 10 —1.8 V (vs Ag/AgCI) at a platinum-disk electrode (1.6

of the remotepara substituent (X). Ranging from the mm diameter) or platinum-disk microelectrode (108 diameter).

electron-donating ethoxy groups to the electron-withdrawing The plat'nu.m'd'Sk 6|e.Ctr°des were polished with alumina prior to
h use. Solutions contained0.1 M BwNBF, as the supporting
cyano groups, the substituents are separated from the Mo

) electrolyte, and a platinum-wire auxiliary electrode was used. Cyclic
core by an oxygen atom and a phenyl ring. All complexes qitammetry and chronocoulometry were conducted at room

exhibit reversible electrochemistry for both oxidation and emperature with a Bioanalytical Systems (BAS) CV-50W poten-
tiostat. Ferrocene was added to each solution upon completion of
(15) Cleland, W. E., Jr.; Barnhart, K. M.; Yamanouchi, K.; Collison, D.; the experiments, and potentials are reported with respect to the

X = OEt, OMe, Et, Me, H, F, Cl, Br, |, CN

Figure 1. Structures of (Tp*)MoOCI-OCsH4X) and (Tp*)MoO-
OCsH4X)2.

Experimental Section
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(20) Sutin, N.; Brunschwig, B. S.; Creutz, C.; Winkler, J. Rure Appl. (24) Chang, C. S. J.; Pecci, T.; Carducci, M.; Enemark, Jnbkg. Chem.
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detection control, and data collection methods that have been
previously describeé® lonization energy measurements were
calibrated by théE,, ionization of methyl iodide (9.538 eV), and
the argortP;; ionization (15.759 eV) was used as an internal energy
scale lock. The instrument resolution was 0.603025 eV. All
samples sublimed cleanly with no evidence of decomposition.
Sublimation temperature ranges were as follows: -1280 °C for
(Tp*)MoO(p-OCsH4OEt),, 198-201°C for (Tp*)MoO(p-OCsHy-
Et),, 185-190 °C for (Tp*)MoO(p-OCsHs),, 196-202 °C for
(Tp*)MoO(p-OCsH4F),, and 242-246°C for (Tp*)MoO(p-OCsH4-
CN),. The data were fit using asymmetric Gaussig&nsyith
positions reproducible te-0.02 eV 30 level).

Determination of Diffusion Coefficients and Heterogeneous
Electron-Transfer Rate Constants.Cyclic voltammetry was used
to determine electrochemical potentials for the oxidation and
reduction of each sample. Chronocoulometry was performed over
a range of pulse widths from 250 to 950 ms (in intervals of 100
ms) with the initial and final experimental potentials set on either
side of the redox potential of interest. The slopes of the resulting

Anson plots (charge versus square root of time) were averaged and

used to calculate diffusion coefficients upon application of the

these calculations (0.025 éywas determined using chronocoulo-
metric data for ferrocene and the known diffusion coefficient of
ferrocene in acetonitrilé&

For each redox reaction of interest, data from a series of cyclic
voltammograms were recorded at scan rates ranging from 50 to
2100 mV/s (in intervals of 100 mV/s, excluding the measurement
at 50 mV/s). As scan rates increase, the reaction is driven toward
irreversibility, making the distance between anodic and cathodic
peaks greater. Using the method developed by Nicholson, peak-
to-peak separations\E,) were converted to a kinetic parameter

(W), and heterogeneous electron-transfer rate constants were

calculatecf®3! Each experiment was repeated at least twice, and

replicate measurements were in agreement. Error values were

calculated by considering the error involved in very small mass

measurements of the samples and the peak potential values reporteBa

by the BAS program.

Results and Discussion

Electrochemistry. Electrochemical reversibility and re-
duction potentials for Mo(VI/V) and Mo(V/IV) of the (Tp*)-
MoOCI(p-OCsHX) and (Tp*)MoOp-OCsH4X), complexes
were measured by cyclic voltammetry (CV). Cyclic volta-
mmograms for all complexes displayed two well-resolved
sets of peaks within the potential rangté.5 V (vs Ag/AgCl)

Table 1. Reduction Potentials (vs Fc/P2

Graff et al.

Mo(VI/V) Mo(V/IV)

compound X E1/2, mV Ea, mV
(Tp*)MoOCI(p-OCsH4X) OEt 517.5 —1107.5
OMe 530.0 —1101.0

Et 702.0 —1092.0

Me 708.0 —1080.0

H 748.5 —1087.0

F 789.5 —1042.0

Cl 797.0 —1035.5

Br 833.5 —1012.5

| 837.5 —989.0

CN 986.5 —881.0
(Tp*MoO(p-OCsH4X)2 OEt 206.0 —1445.0
OMe 214.0 —1434.0

Et 301.0 —1429.0

Me 302.0 —1417.0

H 378.0 —1354.0

F 396.0 —1328.0

Cl 464.0 —1262.0

Br 476.0 —1242.0

| 485.0 —1225.0

CN 664.5 —1032.5

a Experimental conditions for cyclic voltammetry: Pt-disk electrode, 100
Cottrell equatior?® The value for the electrode area employed in mV/s, 1-2 mM solutions of sample in 0.1 M BNBF4/MeCN.
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Figure 2. Correlation of reduction potentials (vs Fc/fand the Hammett

rameterdp) of X, increasing in the order of X OEt, OMe, Et, Me, H,
Cl, Br, I, and CN. (Tp*)Md"V O(CI)(OGsH4X) (#); (Tp*)MoVV O-

(OCsHaX)2 (m); (Tp*)MoVV O(CI)(OGH4X) (A); (TP*)MOVN O(OGsH4X)
(®).

rate {p/v'?).2832 Data for the complexes in this study

approached theoretical values at slow scan rates (100 mV/
s). The reversibility of these reactions indicates the absence
of significant geometrical rearrangement within the com-
plexes during redox activity. Structural changes resulting in
irreversibility were observed by Schultz upon reduction of
several seven-coordinate oxiMo(VI1) systems® The redox

corresponding to one-electron redox processes (Table 1).potentials Ey, reported vs Fc/FQ represent the average
These reactions were determined to be quasireversible orpf Epa and Epe.

the basis of the following criteria for reversibility: anodic
and cathodic peak separationH,) ~ 0.059 V; ratio of
anodic and cathodic peak heights/(,c) ~ 1; and linear
dependence of current flow on the square root of the scan

(26) Westcott, B. L.; Gruhn, N. E.; Enemark, J.HAm. Chem. So4998
120, 3382-3386.

(27) Lichtenberger, D. L.; Copenhaver, A.B.Electron Spectrosc. Relat.
Phenom.199Q 50, 335-352.

(28) Bard, A. J.; Faulkner, L. RElectrochemical Methodslohn Wiley &
Sons: New York, 1980.

(29) Kadish, K. M.; Ding, J. Q.; Malinkski, TAnal. Chem1984 56, 1741~
1744.

(30) Nicholson, R. SAnal. Chem1965 37, 1351-1355.

(31) Nicholson, R. S.; Shain, Anal. Chem1964 36, 706-723.
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Varying the remotepara substituent on the phenoxide
ligand has a profound effect on the observed redox potentials.
Potentials increase linearly as a function of the Hammett
parameter ), which serves as a measure of electronic
influence of the substituent (Figure 2 and Supporting
Information). Similar trends were observed by Jones and co-
workers$* As a ligand becomes more electron-withdrawing,

(32) Sawyer, D. T.; Sobkowiak, A.; Roberts, J. Electrochemistry for
ChemistsJohn Wiley & Sons: New York, 1995.

(33) Schultz, F. A. InMolecular Electrochemistry of Inorganic, Bioinor-
ganic and Organometallic Compound3ombeiro, A. J. L., McClev-
erty, J. A., Eds.; Kluwer Academic Publishers: Netherlands, 1993;
pp 179-191.
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made by comparison to the spectra of previously studied
(Tp*)MoO(OR), compounds. For example, the spectrum of
(Tp*)MoO(OEt), contains a well-separated ionization at 6.58
eV attributed to a Hmetal-based orbital, specifically, the
highest occupied molecular orbital (HOMO) of the Mo(V)
complex3® (Tp*)MoO(OEt), and analogous alkoxides share
a common band structure from 11 to 8 eV that is associated
primarily with Tp* ligand-based orbitals.

The (Tp*)MoO(OGHSs), spectrum displays a leading
metal-based ionization at 6.45 eV and a ligand-based band
structure from 11 to 8 eV similar to that of (Tp*)MoO(OEt)

In addition, the spectrum also displays a band between the
metal-based and (Tp*) ligand-based ionizations. This band
is best modeled with two Gaussians located at 7.16 and 7.58
eV, which are assigned to ionizations from in-phase and out-
of-phase combinations of the highest occupied, primarily

phenyl-based borbitals of the phenoxide ligands.

Significant differences are observed in the spectra of
(Tp*)MoO(OCH4OEL), (Tp*)MoO(OCH,EL),, and (Tp*)-
MoO(OGHs), below 8 eV, while the shape of the ionization
profile above 8 eV remains relatively constant. The metal-
based and phenoxide-based ionizations merge together and
are observed at lower energies upon increased electron-
donating ability of the remote substituent. This occurs
because primarily phenyl-based ionizations are more influ-
enced by remote substituents and destabilized to a greater
extent than ionization of thetanetal-based orbital for each

complex.
10 9 8 7 6 The three ionization bands of interest are all stabilized for
lonization Energy (eV) (Tp*)MoO(OCsH4F).. Fluorine’s high electronegativity makes
Figure 3. He | photoelectron spectra of (Tp*)Mo@QCsH4X)2. the removal of an electron more difficult. This electron-

. withdrawing effect is offset, however, by thedonor ability
the decreased electron density at the Mo(V) center makesg¢ 1,orine 2° Thus, shifts to higher energy within the

the comple*x easier to reduce and more difficullt to_ oxidize. spectrum are smaller than would be predicted based on
For the (Tp*)MoOp-OCeH4X), complexes, the oxidation and  gjectronegativity alone. The spectrum for (Tp*)MoO (b1
reduction potentials increase by €:8.5 V as the remote ¢\, gisplays band shifts to even higher energies due to the
substituent is changed from OEt to CN. This sensitivity 10 qng electron-withdrawing ability of the cyano substituents,

the remote substituent is modest, howev_er,_comp*ared t0 theéynd the most stable of these three ionizations has been shifted
changes observed for the Mo(V/IV) potential in (Tp*)MO®Y nqer the Tp* ionizations and can no longer be observed.

complexes uponsvarlanon of the donor atom (¥), as reported Correlation of Electrochemistry and Photoelectron
by Cleland et ak - Spectroscopy. Results from both electrochemistry and
The (Tp*)MoOCIp-OCH4X) complexes exhibit more L I e
" . : . photoelectron spectroscopy indicate that it is more difficult
positive electrochemical potentials than the corresponding N
" ) to remove an electron from (Tp*)MoO(QH4X), com-
(Tp*)MoO(p-OCsH4X), complexes (Table 1 and Figure 2). ) ! .
: i . pounds as the electron-withdrawing ability of the remote
Previous work has shown that attaching a third row element : . . )
. substituent increases. Mo(VI/V) electrochemical potentials
to an oxo-Mo center in place of a second row element (such ST L . .
as substitution of Cl for O1,X in these systems) increases and gas-phase ionization energies increase in the following
¢ Y order: OEt< Et < H < F < CN. Unlike solution phase

the Mo reduction potential$:35-37 . .
electrochemistry, photoelectron spectroscopy provides gas-

Photoelectron SpectroscopyHe | photoelectron spectra o .
" i phase ionization data that are independent of solvent effects.
of (Tp")MoO(p-OCeHaX) complexes, where X OEL, Et, In addition, the relatively short time scale of the photoelec-

H, F, and CN, were obtained and are shown from 11 to 5.5 . T
. i T tron spectroscopy experiment inhibits ligand rearrangement.
eV (Figure 3). The assignments of ionization bands were . S .
Despite the significant differences between these two tech-
(34) Jones, C. J. Private communication. niques, the oxidation potentials and ionization energies
(35) Chang, C. S. J.; Enemark, J. IHorg. Chem.1991, 30, 683-688. correlate in a nearly linear manner (Figure 4 and Supporting
(36) Chang, C. S. J.; Collison, D.; Mabbs, F. E.; Enemark, Jindrg.
Chem.199Q 29, 2261-2267.
(37) Joshi, H. K.; Gruhn, N. E.; Lichtenberger, D. L.; Enemark, J. H. (38) Chang, C. S. J.; Rai-Chaudhuri, A.; Lichtenberger, D. L.; Enemark,

Abstracts National Meeting of the American Chemical Society, San J. H. Polyhedron199Q 9, 1965-1973.
Diego, CA, April, 2001; INOR 209. (39) Fagnou, K.; Lautens, MAngew. Chem., Int. EQ2002 41, 26—47.
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Table 2. Diffusion Coefficients Do) and Heterogeneous Electron Transfer Rate const&gtfo( Representative Complexes

Mo(VI/V) Do (x 10 5cn¥s); Mo(V/IV) Do (x10-5cn¥/s);
compound ks (cm/s) ks (cm/s)
(Tp*)MoOCI(p-OCsH4OEL) 3.464+ 0.90; 0.03%+ 0.015 2.04+ 0.20; 0.015+ 0.003
(TP*)MoOCI(p-OCsHs) 6.42+ 3.09; 0.043k 0.020 2.77+ 1.33; 0.03Qk 0.005
(Tp*)MoOCI(p-OCsH4CN) 9.64+ 2.83; 0.126+ 0.098 3.68+ 1.35; 0.067+ 0.026
(Tp*)MoO(p-OCsH4OEt), 1.994 0.50; 0.082+ 0.034 5.37+ 1.35; 0.038+ 0.011
(Tp*)MoO(p-OCsHs)2 4.10+ 1.40; 0.090+ 0.033 5.58+ 1.90; 0.044+ 0.013
(TP*)MoO(p-OCsH4CN), 3.484+ 0.61; 0.161+ 0.065 1.78+ 0.31; 0.124+ 0.052
074 CN 1014
7,; 1 0.12
0.6 CN
E, 1041
0.5 - £ + 0.08
3
17} 4
s 04 H . g H 0.06
g F ; N ¢ 1 0.04
w 0.3 E’( 2 OEt + 0.02
024 ¢ ; . - . . . 0
OFt -1500  -1400  -1300  -1200  -1100  -1000 -900
01 Potentials (mV)
0+ . . : . . - Figure 5. Correlation of representative (Tp*)M& O(p-OCsH4X)2 (X =
6.2 6.4 6.6 6.8 7 7.2 7.4 OEt, H, and CN) heterogeneous rate constants with the reduction potentials
lonization Energy (eV) (vs Fc/Fc).
Figure 4. Correlation of (Tp*)MoOp-OCsH4X), electrochemical poten- ) .
tials of Mo""V (vs Fc/F¢) and ionization energies. ated with a 3-fold larger apparent rate constant (Figure 5).

Information). This indicates that the presence of solvent doesThese dr%te t(;]onsltantt .dlfﬁeéencglas Iare muf;: h ?re;atther tl';antth(cj)se

not greatly influence the relative electrochemical measure- cause Oy € electrical double layer etiect at Ine electrode

ments of these systems. surface’® Thus, this work shows that electrochemical
Kinetics of Heterogeneous Electron Transfer.Using potential has a detectable effect on the kinetics of electron

cyclic voltammetric and chronocoulometric data collected ransfer for these closely related oxomolybdenum com-
for (Tp*)MoOCI(p-OCsHaX) and (Tp*)MoO@E-OCsH.X),,  Pounds.
where X= CN, H, and OEt, diffusion coefficients and rate ~ Several systems have been reported in which redox
constants were calculated for the Mo(VI/V) and Mo(V/IV) potentials and heterogeneous electron-transfer rates of metal-
reactions (Table 2). The compounds with=XOEt and X centered complexes are influenced in a parallel manner by
= CN bracket the extremes of the potentials for each series.donor atoms and substituent grodp$?4+43 For oxo—Mo-
The diffusion coefficients range from 1®to 105 cn¥/s, (catecholate) compounds (which have oxygen donor atoms),
similar to those of Olson and Schulzand appear to be the electrochemistry depends significantly on the substituents
independent of the nature of the remote substituent within of the catecholate ligant:** When the metal coordination
the precision of the measurements. The rate constants forenvironment is essentially constant, the inner-shell reorga-
heterogeneous electron transfer reactions of Mo(VI/V) and nization energy comprises the largest barrier to electron
Mo(V/IV) are consistently smaller for (Tp*)MoOGK transfer within the complex. Slow electron transfer rates
OCiH4X) compared to the corresponding (Tp*)Mag®( imply substantial rearrangement among the meighnd
OGsH4X)> compounds. Mo(VI/V) rate constants are all bonds during electron transfer. It has been proposed that
slightly larger than those for Mo(V/IV), but all of the values  electron-donating substituents create a more electrostatic
are within an order of magnitude of each other. Within each pond with the metal, making redox potentials more negative
series, the rate constants increase systematically Bith  and electron-transfer slower because of the increased activa-
(Figure 5 and Supporting Information). tion barrier344Qur electrochemical study of (Tp*)MoOCI-
Olson and Schultz previously observed that the Mo(V/ (p-OCsH.X) and (Tp*)MoOpE-OCsH.X), is consistent with
IV) process is faster (10-fold increase in apparent rate this suggestion. The complexes with more positive reduction
constant) and the reduction potential 4600 mV more  potentials have electron-withdrawing remote substituents and

positive upon substitution of sulfur donor atoms for oxygen exhipit faster heterogeneous electron-transfer rates for both
donor atoms in the 1,2-disubstituted benzene lig&ndle the Mo(VI/V) and Mo(V/IV) processes.

have further investigated the controlling factors in hetero-

geneous electro_n t_ranSfer Kinetics _by St_Udy_mg a SEries Of(40) Delahay, PDouble Layer and Electrode Kineticgohn Wiley &
compounds of similar shape and size with identical donor Sons: New York, 1965.
atoms, but whose reduction potentials vary significantly (41) Mondal, J. U.; Zamora, J. G.; Siew, S.; Garcia, G. T.; George, E. R.;

L. . Kinon, M. D.; Schultz, F. Alnorg. Chim. Acta2001, 321, 83—88.
because of the electronic influence of the remote substituents42) Lexa, D.; Saveant, J. Micc. Chem. Re<.983 16, 235-243.

More positive reduction potentials lead to mildly faster giig ECEultz, F. QJ'NEI'EC”Q?P&I:' CThemt%?< 27§a 169El7flr. Tabard. A

. H ukuzumi, S.; Nakanisnli, [.; Tanaka, K.; suenobu, |.; Tapbara, A.;
eIeCtror.] tr.anSfer' For example,a410 mV pot_ent!al dlﬁer'_ Guilard, R.; Van Caemelbecke, E.; Kadish, K. 31.Am. Chem. Soc.
ence within the (Tp*)Md" O(p-OCsH4X), series is associ- 1999 121, 785-790.
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Summary ample, the Mo(V/IV) couples of sulfite oxidase and plant
The remote substituent of the investigated (Tp*)MoOCI- nitrate reductase from eukaryotes, which both belong to the

(p-OCeHaX) and (Tp*)MoO@p-OCsH4X), complexes has a sulfite oxidase structural family, differ by200 mV at pH
significant effect on their electrochemistry and gas phase /- 1S, changes in the potentials of exido centers of
photoelectron spectroscopy. Electron-donating substituents€nZymes may have significant effects on the rates of electron
make the Mo(V) center more difficult to reduce by adding transfer that are an integral part of their catalytic cycles.
electron density to the metal. Compounds with electron- Additional quantitative studies of electron-transfer reactions
withdrawing substituents are easier to reduce, as shown byof molybdenum and tungsten centers with a variety of donor
their more positive reduction potentials. The mono-phenoxy atoms and remote substituents are in progress to further
complexes are easier to reduce and more difficult to oxidize elucidate this possibility.

than the corresponding bis-phenoxy complexes because of .
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