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Alcohol dehydrogenases (ADH) are a class of zinc enzymes
responsible for catalyzing the biological oxidation of primary
and secondary alcoholsVia the formal transfer of a hydride anion
to the oxidized form of nicotinamide adenine dinucleotide
(NAD+), coupled with the release of a proton (eq 1).1,2 Of these

enzymes, liver alcohol dehydrogenase (LADH) is the most
widely studied, with the structures of several forms having been
determined by X-ray diffraction.1 These studies demonstrate
that LADH consists of two similar subunits, each of which
contains two zinc sites. However, only one site within each
subunit is catalytically active, namely that in which the zinc is
coordinated in a distorted tetrahedral manner to a histidine and
two cysteine residues of a single polypeptide chain, with a water
molecule occupying the fourth coordination site. The essential
features of the catalytic cycle involve displacement of the water
molecule by alcohol and subsequent deprotonation giving a
zinc-alkoxide intermediate. Ensuing hydride transfer from the
alkoxide to NAD+ completes the dehydrogenation.1

The sulfur-rich composition of the active site of LADH is
quite distinct from that of most other zinc enzymes, such as
carbonic anhydrase and carboxypeptidase,3,4 in which the zinc
coordination environment consists solely of nitrogen and oxygen
donors. Indeed, the distinctive coordination sphere about the
catalytic zinc center in LADH has prompted the suggestion that
it is critical for the effective function of the enzyme. The
coordination environment of the catalytic site in LADH,
however, is atypical and not well-precedented in zinc chemistry.5

Therefore, in this paper, we describe an approach to model the
active site of LADH with the synthesis of a polyfunctional
tripodal ligand designed to emulate the means by which the
protein binds the catalytically active zinc center.
With one histidine and two cysteine residues responsible for

binding zinc at the active site of LADH, considerable attention
has duly been given to the design of polyfunctional ligands that

provide a [NSS] donor set capable of supporting a monomeric
tetrahedral zinc center;6-8 despite such endeavors, however,
none of these studies have yielded structurally characterized
mononuclear tetrahedral complexes that mimic the active site
of LADH.9 For example, due to the proclivity of thiolate groups
to act as bridging ligands,10 the bis(mercaptoalkyl)pyridine
ligand [(C5H3N)(CH2CPh2SH)2] yields adinuclearzinc complex
[{η3-(C5H3N)(CH2CPh2S)2}Zn]2.6ab,11,12 Related ligands, such
as [(C5H3N)(CH2SEt)2], are likewise unsuitable because they
bind in a meridional, “T-shaped”, fashion and thereby promote
the formation of five-coordinate complexes,e.g.[(C5H3N)(CH2-
SEt)2]ZnBr2.13

We recently utilized polyfunctional tripodal(pyrazolyl)hy-
droborato and imidazolylphosphine ligands for modeling the
active sites of carbonic anhydrase14,15 and thermolysin,16 zinc
enzymes that are closely related to LADH by virtue of a
common tetrahedral geometry.3 By analogy, we rationalized
that such an approach could be extended to synthetic analogues
of LADH by using a boron center to append a set of [NSS]
donors. The use of a tetrahedral center as a point of attachment
for the donor groups also serves to enforce a facial (rather than
“T-shaped”) array of nitrogen and sulfur donors, thereby
favoring a tetrahedral geometry at zinc. Indeed, a ligand
comprising the requisite facial [NSS] donor array may be
constructed by a sequence involving the initial synthesis of a
[SS] donor followed by elaboration into a [NSS] donor (Scheme
1). Specifically, the reaction of LiBH4 with 2 equivalents of
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methimazole (HtimMe)17 yields Li[H2B(timMe)2],18 from which
the desired [NSS] donor Li[HB(timMe)2pz] may be obtained by
reaction with pyrazole. Subsequent transfer of the [NSS] ligand
to zinc is readily achieved by treatment of Li[HB(timMe)2pz]
with ZnI2, thereby resulting in the formation of [HB(timMe)2-
pz]ZnI (Scheme 1). Alternatively, [HB(timMe)2pz]ZnI may be
obtainedVia reaction of the three-coordinate zinc complex [H2B-
(timMe)2]ZnI with pyrazole (Scheme 1).
The molecular structures of both [H2B(timMe)2]ZnI19 and

[HB(timMe)2pz]ZnI19 have been determined by X-ray diffraction,
with the latter shown in Figure 1. Most importantly, the
diffraction study demonstrates that [HB(timMe)2pz]ZnI does
indeed exist as a mononuclear complex with a distorted
tetrahedral coordination geometry about zinc (Table 1). Fur-
thermore, the Zn-N and Zn-S bond lengths in [HB(timMe)2-
pz]ZnI are comparable to those within the enzyme, clearly
supporting the notion that the [HB(timMe)2pz] ligand serves as
a model for the groups binding zinc at the active site of LADH
and its various derivatives. As an illustration, the coordination
geometry about zinc in [HB(timMe)2pz]ZnI is compared with
the active site of horse LADH-CNAD20 in Table 1. In addition
to LADH, the [HB(timMe)2pz] ligand also offers potential for

investigating synthetic analogues of other zinc enzymes that
utilize [NSS] coordination,e.g.spinach carbonic anhydrase and
cytidine deaminase.4

Finally, it is also of some interest to comment upon the fact
that the [SS] donor ligand [H2B(timMe)2] is capable of sustaining
a planar three-coordinate zinc center in [H2B(timMe)2]ZnI, a
relatively uncommon coordination environment for zinc com-
pared to four-coordination. The bonding at zinc is, however,
supplemented by a secondary Zn‚‚‚H-B interaction, with a
zinc-hydride separation of 2.06(5) Å; such a value is at the
long end of the range of Zn‚‚‚H-B interactions listed in the
Cambridge Structural database (1.78-1.98 Å)21 but is signifi-
cantly shorter than the sum of the van der Waals radii (2.59
Å).
In summary, the polyfunctional bis(thioimidazolyl)(pyra-

zolyl)hydroborato [NSS] donor ligand [HB(timMe)2pz]- has been
prepared by the sequential reaction of LiBH4 with methimazole
and pyrazole. Importantly, the structural characterization of
[HB(timMe)2pz]ZnI demonstrates that the ligand binds to zinc
Via its nitrogen and sulfur donors in a manner which resembles
the active site of LADH and thereby provides a useful means
for investigating fundamental aspects of the chemistry of the
catalytic site of the enzyme in a well-defined synthetic analogue
system.
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Scheme 1

Figure 1. Molecular structure of [HB(timMe)2pz]ZnI.

Table 1. Comparison of the Zinc Coordination Environment in
[HB(timMe)2pz]ZnI with That of the Active Site in LADH-CNAD

[HB(timMe)2pz]ZnIa LADH-CNAD b

d(Zn-S)/Å 2.320(2), 2.352(2) 2.3, 2.3
d(Zn-N)/Å 2.013(5) 2.0
d(Zn-X)/Å 2.5379(9) 2.2
S-Zn-S/deg 107.93(7) 125
S-Zn-N/deg 94.4(2), 109.2(2) 97, 106
S-Zn-X/deg 115.40(6), 117.82(5) 97, 98
N-Zn-X/deg 109.9(2) 136

a X ) I. b X ) N5N atom of the CNAD pyridine ring.
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