5986

Oxidation of a Vanadium(V)—Dithiolate Complex to
a Vanadium(V)—n2n?-Disulfenate Complex

Charles R. Cornman,* Thad C. Stauffer, and Paul D. Boyle

Department of Chemistry
North Carolina State Uniersity
Raleigh, North Carolina 27695-8204

Receied March 31, 1997

Vanadium-associated inhibition of protein tyrosine phos-
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Figure 1. ORTEP drawing (50% probability) of. Important bond

phatase (PTP) may be responsible for the insulin-mimetic effect distances (A) and angles (deg):—01 1.596(2), V-S1 2.2558(11),

observed for vanadiurh. It has recently been shown that
vanadium(V) can inhibit PTP either by coordinating to the active
site thiolate (cysteiné)or by oxidation of the thiolateyia
peroxovanadium complexes, to form an inactive sulfonate
derivative of the enzyme.Peroxovanadium(V) complexes have
been shown to oxidize thidlsand dialkylsulfides; however,
the coordination and reaction chemistry of th&-ASR unit,
which is involved in PTP inhibition, is poorly understood due
to the tendency of vanadium(V) to oxidize coordinated thiolate
ligands®’ Herein we report the synthesis and structure YOV
(btap) @), a trigonal bipyramidal (tbp) complex that has mixed
oxygen/sulfur/nitrogen ligatiof. Oxidation of1 with peroxides

or mCPBA yields the corresponding monosulfenate complex,
VVO(stap) ), and an unprecedented ;?-disulfenate complex,
VVO(bsap) B).
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The ligand Hbtap was prepared from ethylene sulfide and
2-amino-4-methylphenol. Addition of 1 equiv ofsbtap to
VVO(04-Pr) yields 1 in 60% yield. Figure 1 presents the
molecular structure ofl as determined by X-ray crystal-
lography? Similar to the only other structurally characterized
VV—thiolate comple& and to five-coordinate V—alkoxide
complexed? this tbp complex has an oxo ligand as one of the
axial ligands of the molecule. The phenolate oxygen and two
thiolate sulfur ligands comprise the equatorial plane of the
molecule and the amine nitrogen is coordinateghs to the
oxo group. The vanadiumrheteroatom distances and angles
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V-S2 2.2386(12), V02 1.855(2), VN 2.313(3); OLV—N
175.52(10), O+V—02 104.90(11), O+V—S1 94.13(10), OV —
S2 96.84(10), S:V—S2 121.00(4), StV—02 118.50(8), S2V—
02 114.01(8).
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Figure 2. *H NMR monitoring of them-CPBA oxidation ofl at —70
°C (only the ethyl region is shown): (A)in CD.Cl,, (B) after addition
of approximately 1.2 equiv ot-CPBA, and (C) after addition of
approximately 3 equiv ofm-CPBA.

are within the ranges expected for these bond typeShe
average V-S distance of 2.247 A is identical (within error) to
that previously reported (¥Sy = 2.248 A)5

Complex 1 is readily soluble in many organic solvents to
yield a red solution that is stable for days. Addition of aqueous
H>0, (30%) orm-CPBA (dilute in CHCI,) to a CHClI, solution
of 1yields first a purple solution and then, with excess peroxide,
a pale yellow-green/brown solution. These changes were
monitored by?'V NMR at —70°C.*2 Complex1 has a chemical
shift at & = +338 ppm (vs VOGJ). This chemical shift is
entirely consistent with the coordination of two, relatively soft,
thiolate ligand$3 Addition of ~1.2 equiv ofm-CPBA yields
complex 2, which has a chemical shift ai = —186 ppm.
Addition of another 2 equiv oft-CPBA provides a solution of
complex3, which resonates ai = —666 ppm. The similar
upfield shifts on converting from to 2 and then ta3 (502 +
22 ppm) suggest that similar electronic/structural changes are
occurring at each step.

The symmetry of complexek—3 can be determined biH
NMR (CD.Clz, —70°C) as shown in Figure 2. Compléxhas
nearly Cs symmetry in the solid state, and this is also the case
in solution. As shown in Figure 2A, the ethyl groupsidiave
a pattern consistent with four inequivalent methylene proton
magnetic environments, the maximum allowed@symmetry.
Oxidation of1 to 2 yields a solution with six methylene proton
resonances (Figure 2B), indicating that the symmetry of the
complex has been decreased fr@to C;. Oxidation of2 to
3 yields a solution with four methylene resonances, again
consistent withCs symmetry.
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Figure 3. ORTEP drawing (50% probability) d3. Important bond
distances (A) and angles (deg):—®1 1.900(3), \-S1 2.3575(14),
V—S22.3720(16), V02 1.9543(3), 03 1.960(3), 04 1.966(3),
V—N 2.369(4); O+V—N 175.52(10), O+V—02 104.90(11), O%
V—S1 94.13(10), O1V—S2 96.84(10), StV—S2 121.00(4), St
V—02 118.50(8), S2V—02 114.01(8).

The changes in chemical shift and symmetry on going from
1 to 2 and then to3 suggest that the soft thiolate ligands are
being sequentially replaced by (or converted to) harder ddfors.
By analogy to the peroxide-based oxidation chemistry of nickel-
(I)- and palladium(ll}-thiolate complexes, it is likely that the
thiolate ligands irl are being sequentially oxidized to sulfenate
ligands!4 The first oxidation takes th€s-symmetric complex
1 to theC;-symmetric, monosulfenate complgxand the second
oxidation yields theCs-symmetric disulfenat8. This oxidation
chemistry has been confirmed by X-ray crystallographys.of

Hexane precipitation of a dilute solution dfand m-CPBA
(CH.CI,) yields a dark solid that contains a mixture2&nd3,
as evidenced bV andH NMR. Recystallization of this solid
by slow diffusion of hexane into a Gigl, solution of this
mixture yields X-ray quality crystals of the disulfenate complex
3. The molecular structure &, presented in Figure 3, is best
described as a pentagonal bipyrarffidBoth thiolate ligands
of 1 have been converted to sulfenate ligand3.irRemarkably,
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S—0 distance in3 (1.598 A) is also longer than the corre-
sponding distance in nickel sulfenate complexes (1.545 A). The
average bite-angle for thg-sulfenate (SV—0O) is 42.08. For
comparison, the bite-angle in an alkylperoxo complexY OV
(7>-O0R), is 43.4,17 and the bite-angles in peroxovanadium
complexes, LYO(®?-0,), are around 45'® The average
distance between the vanadium and the sulfenate oxyg8n in
(1.963 A) is considerably longer than the-Dperoxo distance
(terminal, 1.872 A) in the alkylperoxo complex mentioned
above. This may be a result of the long-8 distance i3
(2.365 A) relative to the internal ¥Operoxo distance(1.992 A).
The balance of the coordination spher&iis slightly expanded
compared td: the V—02 (phenolate oxygen) distance is 0.099
A longer, while the VN distance is 0.056 A longer. The
V—01 (oxo) distance is unchanged. On the basis of the NMR
data, we believe that the structure2is analogous t@ except
that it has asingle p?-sulfenate ligand. The IR spectra af
and 3 (Figure S4, Supporting Information) do not show any
peaks that can be assigned to arGs vibration. For»?-
sulfenatesy(S—0) is usually between 900 and 1000 ¢hd*
Vibrational spectroscopic studies witfD-substituted complexes
are in progress.

In summary, we have prepared and structurally characterized
a rare vanadium(\Adithiolate complex that has O, S, and N
coordination. This complex is a structural analog of the
interaction of vanadium with the active site thiol of PTPs.
Oxidation of this dithiolate complex yields a uniqug,;?
disulfenate complex that has also been structurally characterized.
We are currently examining the spectroscopy and reactivity of
these and related compounds to better understand the biochem-
istry of vanadium.
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an unprecedentegf-coordination modé® The average VS
distance in3, 2.365 A, is 0.116 A longer than in the
corresponding thiol complex) and is considerably longer than
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(14) (a) Buonomo, R. M.; Font, I.; Maguire, M. J.; Reibenspies, J. H.;
Tuntulani, T.; Darensbourg, M. YJ. Am. Chem. Sod995 117, 963~
973. (b) Tuntulani, T.; Musie, G.; Reibenspies, J. H.; Darensbourg,
Inorg. Chem.1995 34, 6279-6286.

(15) Crystal data foB: orthorhombic, space groupbca crystal color
= brown/dark yellow,a = 7.6495(14) Ab = 12.384(6) A,c = 27.867-

(12) A, vV = 2639.9(18) & Z = 8, Rr = 0.046,R, = 0.047 for 1627
reflections withlpet > 1.00(lne), GOF = 1.15.

(16) A search of the Cambridge Structural Data Base turned up no
structures with a transition metal coordinated to ghalkylsulfenate
group: Allen, F. H.; Kennard, GChem. Des. Automat. NeW9893 8, 31—

37.

M.Y.

(CHE-9509532). T.C.S. was supported by a Glaxo Fellowship.

Supporting Information Available: Synthesis ofl, Figure S1
showing the’®V NMR spectra ofl—3, Figure S4 showing IR spectra
for 1—-3, Figures S2 and S3 showing full numbering schemeslfor
and3, and tables of crystal data, positional parameters, bond distances
and angles, anisotropic displacement parameters, and hydrogen atom
coordinates (16 pages). See any current masthead page for ordering
and Internet access instructions.

JA971007S

(17) Mimoun, H.; Chaumette, P.; Mignard, M.; Saussine, L.; Fischer,
J.; Weiss, RNow. J. Chim.1983 7, 467—475.

(18) Colpas, G. J.; Hamstra, B. J.; Kampf, J. W.; Pecoraro, \J. Am.
Chem. Soc1996 118 3469-3478 and references therein.



