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Key to the understanding of the reaction of oxygen sources
with nickel-activated thiolate sulfurs,!-3 a reaction of possible
significance to the deactivation of nickel-containing enzymes,? is
whether a nickel sulfenate (NiS(=O0)R) functionality has more
than a fleeting existence. The few well-characterized metallo-
sulfenates are limited primarily to Co(III) and Ir(III).4¢ Efforts
to prepare derivatives of other metals have been thwarted by
further reactivity with oxygen atom sources (eq 1) or dispro-
portionation (eq 2) producing the stable sulfinate ligand.’® Herein
we report a successful strategy for the isolation of the first nickel
sulfenate.

MS(=0)R + [O] = MSO,R 1
2MS(=0)R — MSO,R + MSR )

Sulfur oxygenates result from the reaction of [N,N"bis-
(mercaptoethyl)-1,5-diazacyclooctanato]nickel(II), 1, with both
molecular oxygen and hydrogen peroxide: a monosulfinate,
[N-(mercaptoethyl)- N"-(sulfinoethyl)-1,5-diazacycloocta-
nato]nickel(II), 2, and a bis(sulfinate), [V,N*-bis(sulfinoethyl)-
1,5-diazacyclooctanato]nickel(II), 3.12 Observations of column
chromatographic separations indicated that precursors might be
present, but reactions of substoichiometric amounts of single
O-atom sources were routinely unsuccessful in isolating the
expected sulfenatocomplex(es). With the expectation that steric
encumbrance about sulfur might inhibit addition of a second
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O-atom, the complex of nickel shown as 1* in Scheme I was
synthesized.’

The X-ray crystal structure of [N,N”"-bis(2-mercapto-2-
methylpropyl)-1,5-diazacyclooctanato]nickel(II), 1*, shows a
rigorously square planar array of N,S;Ni, with sulfur sites flanked
by methyl groups on the C atoms « to thiolate sulfur.® Complex
1* is much less reactive with molecular O, than is its non-
methylated analogue, 1. However reaction with H,O; is rapid
in CH;CN, producing mixtures of oxygenates which were
separated by silica gel flash chromatography, with MeOH as
eluant. With 4 equiv of H,0, at 22 °C, the major products had
IR spectra!® and X-ray crystal structures!! analogous to those
obtained for oxygenates of 1,!%12{.e., a mono(sulfinate), 2*, and
a bis(sulfinate), 3*.!4 By careful attention to temperature,
dilution, and stoichiometry, the yields of additional products,
including the title complex 4*, could be optimized.

Scheme I depicts the reaction of 2 equiv of HO, with 1* at
~78 °C and in high dilution where only two product fractions
were obtained; neither was a sulfinate. The first eluting, bright
yellow component, 4*, had an intense IR absorption at 909 cm-!
in MeOH, assignable to »(SO),*$ and displayed a '"H NMR
spectrum consisting of four singlets of equal intensity in the methyl
region.!? Orange component 5* had a similar band in the IR at
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Figure 1. Thermal ellipsoid plot (50% level) of [N-(2-mercapto-2-
methylpropyl)-/N’-(2-sulfeno-2-methylpropyl)-1,5-diazacyclooctanato]-
nickel(IT)-H,O, 4*. Selected bond lengths (A): Ni-S(1) = 2.148(3);
Ni-S(2) = 2.162(3); Ni-N(1) = 1.998(7); Ni-N(2) = 2.016(9); S(2)~
O(1) = 1.548(8); O(1)-0O(2) = 2.820(5). Selected bond angles (deg):
S(1)-Ni-S(2) = 88.3(1); N(1)-Ni-N(2) = 90.4(3); N(1)-Ni-8(1) =
91.3(3); N(1)-Ni-S(2) = 172.8(2); Ni-S(2)-0O(1) = 105.9(3).

920 cm-! but only two singlets in the methyl region of the 'H
NMR.!0 In contrast, both sulfinates, 2* and 3*, display »(SO)
bands of lower intensity in the 1030-1200-cm™! regionand NMR
patterns consistent with the symmetry of the complexes. That
is, both 3* and the parent dithiolate, 1*, show a single 'H NMR
resonance for four equivalent methyl groups,!% while two singlets
characterize 2*.

Elemental analysis!? and X-ray crystal structure analysis!!:14
confirmed 4* to be [N-(2-mercapto-2-methylpropyl)-N"(2-
sulfeno-2-methylpropyl)-1,5-diazacyclooctanato]nickel-
(I1)-H,O (Figure 1). In 4* as well as 2* and 3*,'4 the fused
nickelladiazacyclohexane rings are in the chair/boat conforma-
tion, with the boat conformer on the same side of the N,S; plane
as the axial methyl groups of the pendant thiolate arms. The
included water molecule of 4* is involved in weak H-bonding
interactions with sulfenato oxygens, bridging two adjacent
complexes in the solid state. Metric parameters of significance
in this series of sulfur oxygenates are given in Table I. The Ni-
SR distances in 1 and 1* suggest that the methyl substituents
have no effect on the S-binding ability and do not enlarge the
ligand cavity; indeed, there is a contraction of Ni-S bonds in
going from 2 to 2*. These data find that Ni-SO,R bonds are
shorter than Ni-SR bonds, accountable to the smaller size of S2+
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Table . Selected Bond Distances
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compd structure Ni-S (A) 5=0 (A) ref
1 NS 2.159(3) 15
S 2.159(3
'S (3)
1* __k 9
NS 2.152(1)
Sg 2.152(1)
4* this work
X
NS 2.162(3) 1.548(8)
S 2.148(3)
2+ 1.46(1) this work
—-k 1.47(1
LoS&e 2109(4) )
Ns 2.132(4)
2 Ng20 2.140(1) 1.463(2) la
NG O 1.456(3)
— 2.163(1)

in the sulfinate,! as well as the elimination of the destabilizing
effect of filled Ni-d# /S-lone pair interaction in the Ni-SR bond,
factors which apparently overwhelm the diminishing S-donor
ability on going from SR~ to SO,R-. Hence the observed
lengthening of the nickel-sulfur bond in the NiS(=O)R ligand
points to a combination of electronic factors which compromises
the Ni—S bond of NiS(==0)R, as compared toNiSR and NiSO,R.
The S-O distance in 4* is ca. 0.1 A longer than that for the
sulfinates, as is also seen in the sulfenato/sulfinato complexes of

Co(III) .44
he steric protection which evidently permits isolation of this

raresulfenatealsolimitsits reactivity. Sulfenate 4*is nonreactive
with Me,S and PPh;, expected to be O-atom abstracting agents.
Furthermore 4* is thermally stable in the absence of air,
withstanding long periods of reflux in CH;CN solvent. Compound
4* is however reactive with O, as well as H,O, yielding higher
oxygenates. With 1 equiv of H,0, at 22 °C, the predominant
product is 2*, whereas, at ~78 °C, the product has the same
spectral properties as compound 5*, Scheme I. That 5* is along

the reaction path to the fully oxygenated species is demonstrated
by further reactivity with either H,O; or molecular O,, yielding
the well-characterized 3*, Scheme I. This reactivity as well as
the IR and NMR datal0 lead to the presumption that 5* is yet
another sulfenato complex, a cis-disulfenate. Work continues to
establish its identity, unambiguously, as well as its role in
oxygenations by molecular O,.

Note Added in Proof. Complex 5* has recently been obtained
in crystalline form and its structure determined by X-ray
crystallography to be precisely as intimated above, a cis-
disulfenate, with oxygens syn to the NiN,S; plane. The average
Ni-S and S=O0 bond distances are 2.17 and 1.54 A, respectively.
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