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Hydrogenases comprise a fundamental group of bacterial O Qreen
enzymes that catalyze the reversible oxidation of dihydrogen to cys“s\"'-.,,‘ / \ ‘\»‘“"cgo
protons and, thus, play a key role in molecular bioenergétics. 'Ni,,,,,,xm“....Fe‘/
Interest in hydrogenases has intensified in recent years since cysms/ \ \cn
unequivocal structural information was obtained using X-ray Brsa

Crysta_lllo_graphy for the NiFehydrogenase extracted fro@e- Figure 1. Representation of the active site in the NiFe hydrogenase
sulfovibrio gigas? Numerous elegant synthefigpectroscopié, extracted fronD. gigasshowing a vacant coordination site (open square)
and theoretical studies have provided further insight into the and the additional bridging oxo or hydroxo ligand (X) present only in
structure and function of NiFe hydrogenases. It is now clear that the oxidized (inactive) form of the enzyme.

the active site consists of a dinuclear nickebn complex in a

sulfur-rich environment, with the nickel atom surrounded by four cal studies of a complex having structural features that closely
cysteine groups ina geometry that has been described as eithefesemble those of the nickel center in the active states (the SO-
square pyramidal with a missing basal ligand or octahedral with called “Ni—B” or “Ni —SI” forms)'° of NiFe hydrogenases.

two cis coordination vacancies (Figure®Ipespite these efforts, The yellow nickel(ll) complex Ni(Brtt°), was readily prepared
the exact nature of the catalytic cycle and the redox properties of (76% yield) by mixing aqueous or methanolic solutions of MCI
nickel (i.e., the factors affecting the stabilization of Ni(l) and Ni- 6H20 and the sodium salt of the bis(2-mercapto-1-methylimida-
(Il) species) remain uncertain. Seeking to investigate new ZOly)borate anion in a 1:2 ratio (eq 1).

structural and functional model compounds for nickel hydroge-

nases, we set out to apply the poly(mercaptoimidazolyl)borate MeN/B
ligand systerhto this endeavor. In this regard, bis(mercaptoimi-
dazolyl)borates (B are attractive soft donor ligands because { TNMe s :
of their coordinative flexibility and ease of preparation, and they Me N S, ‘ s\ N
have recently been used in zinc bioinorganic chendisand in NiCly® 6H,0 2 Na(Bm ) \ N A (1)
the design of potential radiopharmaceutical agém&e present H292°,;$OH ,B;H/ ‘\H’BQH
here the synthesis, characterization, and preliminary electrochemi- S s
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Figure 2. Molecular structure of Ni(BMe),. Selected bond lengths (A)
and angles (deg): NiS12.3616(13), NtS2 2.3896(13), NiH11 1.863-
(9); SI-Ni—S1A 172.92(1), SENi—S2 95.69(1), SENi—S2A 88.99-
(1), S2-Ni—S2A 97.31(1), H1£Ni1—H11A 77.4(4).

and is also manifested in solution by broad, contact-shifted
resonances in ittH NMR spectrum.

The molecular structure of Ni(BHS), was determined by
single-crystal X-ray diffraction (Figure 2¥.The six-coordinate
complex contains a [Nijl;] core that has never before been
observed in nickel chemistd.The distorted octahedral metal
center is surrounded by two tridentate [Bffr groups (i.e., a
«3-S,S,BHcoordination mode for each ligand), with the two- Ni
+«H—B interactions in mutually cis positions. The NH bond
lengths in Ni(Bn¥¢), [1.863(9) A] are within the range of
corresponding values observed in the only three other nickel

Inorganic Chemistry, Vol. 40, No. 23, 2005737

Current (uA)

Cc

T T T T T v T T T T
0.5 0.0 -0.5 -1.0 -1.5 -2.0 2.5

Potential (Volt vs. Cp,Fe/Cp,Fe")

Figure 3. Cyclic voltammogram of a 0.5 mM solution of Ni(BYf), in
acetonitrile containing TBAP§Fas the supporting electrolyte (0.1 M).
The scan was initiated in the negative potential direction, and a glassy
carbon disk working electrode was used; scan fat200 mV/s.

Cyclic voltammetry experiments established that Ni(B)n
is susceptible to both electrochemical reduction and oxidation
(Figure 3) In particular, a chemically irreversible reduction of
Ni(BmMe), (wave A, Ep. = —1.87 V) is followed by a homoge-
neous reaction after electron transfer, the ultimate product of
which undergoes a chemically irreversible oxidation (wave B,
Ep. = —0.34 V). Ni(Bm¢), also undergoes a chemically
irreversible oxidation (wave (Ep, = 0.04 V), the product(s) of
which can also be further oxidized (wave BEp, = 0.37 V). A
detailed study of the processes giving rise to the observed
electrochemical activity of this and related nickel complexes is
in progress.

In summary, we have prepared and characterized NY{m

complexes containing such bonds that have been structurallythe first bis(mercaptoimidazolyl)borate complex of nickel. X-ray

characterized’ but they are clearly longer than the typicalH\Hl
bond distances found in authentic nickel hydride complexes (ca.
1.46 A)18 Most significantly, the constrained geometry of the
four sulfur donor atoms (SNi—Syans~ 173, S—Ni—S;s ~ 89—

97°) is quite similar to that postulated for the nickel center in the
active form of NiFe hydrogenase (e.g., S&yNi—SCysz =
89°).25 Furthermore, the NiS bond lengths, 2.3616(13) and
2.3896(10) A, are within the range of NSCys bond distances
observed in the structure of NiFe hydrogenase+{2.5 A)2

(15) Crystal data for Ni(Bi¥¥),»2MeCN (at 150 K): orthorhombid®ccn(No.
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reflections [ > 3o(1)].
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crystallography confirmed the formation of a novel [hig]
species having two cis NtH—B interactions and an overall
distorted octahedral geometry, thereby providing a structural
model compound for the nickel center in the active form of NiFe
hydrogenases. The reactivity of Ni(BJa and the syntheses of
related tris(mercaptoimidazolyl)borate derivatives §J)RiX are
currently under investigation.
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