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Solutions of the zinc hydroxide complex [TpBut,Me]ZnOH in alcohols
(ROH; R ) Me, Et, Pri) achieve hydride transfer to the NAD+

model, 10-methylacridinium perchlorate. Deuterium labeling studies,
however, demonstrate that the source of the hydride is not the
alcohol but, rather, the B−H group of the [TpBut,Me] ligand. A further
example in which a [TpBut,Me] ligand acts as a hydride donor is
provided by the reaction of the aqua complex {[TpBut,Me]Zn(OH2)}-
[HOB(C6F5)3] with MeOH to generate the zinc hydride complex
[TpBut,Me]ZnH. The present study therefore provides a caveat for
the often assumed inertness of the B−H group in tris(pyrazolyl)-
hydroborato ligands, especially in the presence of reactive cationic
species.

Liver alcohol dehydrogenase (LADH) is the zinc enzyme
that is responsible for the oxidation of alcohol in humans.1

The oxidation involves several components, which include
(i) displacement of an aqua ligand by an alcohol, (ii)
deprotonation of a coordinated alcohol, and (iii) formal
hydride transfer from the zinc alkoxide to the NAD+ cofactor.
In this paper, we focus on aspects of this chemistry in a
synthetic analogue system based on the tris(pyrazolyl)-
hydroborato ligand and demonstrate that while alcoholic
solutions of [TpBut,Me]ZnOH do indeed achieve hydride
transfer to a NAD+ mimic, namely 10-methylacridinium, the
transfer does not involve the alcohol but, rather, results from
cleavage of the B-H group of the tris(pyrazolyl)hydroborato
ligand.

We recently reported the first evidence that a series of
simple tetrahedral zinc alkoxide complexes may be obtained
by alcoholysis of a zinc hydroxide complex. Specifically,
the zinc alkoxide complexes [TpBut,Me]ZnOR (R ) Me, Et,
Pri) were generated by the reaction of [TpBut,Me]ZnOH with

corresponding aliphatic alcohol.2 We also demonstrated that
hydride transfer from a [TpBut,Me]ZnOR derivative is feasible
by the observation that [TpBut,Me]ZnOEt reacts with an
activated aldehyde, ArCHO (Ar) p-C6H4NO2), in benzene
to give [TpBut,Me]ZnOCH2Ar and MeCHO,2a via a Meer-
wein-Ponndorf-Verley type of reaction.3 Since an aldehyde
is a rather poor model for NAD+, we sought to obtain a more
realistic system by employing nicotinamide and acridinium
derivatives which conserve the pyridinium ring present in
NAD+ (Figure 1).4 1-Benzylnicotinamide chloride, (BNA)-
Cl, in particular, has previously been investigated as a
hydride acceptor in zinc chemistry but was found to be
inefficient.5 For example, Vahrenkamp recently reported that
hydride transfer from [TpCum,Me]ZnOPri to (BNA)Cl was
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rather ineffective, giving (BNA)H in only 14% yield, with
the zinc complex being converted to the inactive chloride
derivative [TpCum,Me]ZnCl.6 Kimura has examined the ability
of [(tacd)ZnOH]3(TfO)3‚TfOH (tacd) 1,5,9-triazacyclodode-
cane) as a reagent to mediate hydride transfer from PriOH
to (BNA)Cl but likewise observed only low conversion
(17%), and the fate of the zinc complex was not addressed.7

In an effort to obtain a system that models quantitatively
the hydride transfer step of the LADH catalytic cycle, we
sought to employ substrates for which (i) the pyridinium
nucleus is more susceptible to reduction and (ii) the coun-
teranion shows a reduced tendency to coordinate to zinc,
compared to that of chloride. Thus, we turned our attention
to 10-methylacridinium perchlorate,8 which would be ex-
pected to be more reactive than 1-benzylnicotinamide on the
basis of its reduction potential: 10-methylacridinium (-0.43
V) and 1-benzylnicotinamide (-1.08 V).9

Indeed, 10-methylacridinium perchlorate was efficiently
reduced to 10-methylacridan by solutions of [TpBut,Me]ZnOH
in ROH (R) Me, Et, Pri) at 80°C (Scheme 1).10 While the
formation of 10-methylacridan was encouraging,1H NMR
spectroscopy indicated that the equilibrium mixture of
[TpBut,Me]ZnOH and [TpBut,Me]ZnOR decomposed over the
course of the reaction. Despite this decomposition, the yield
of 10-methylacridan was ca. 85%, based on the amount of
[TpBut,Me]ZnOH originally present.

An unanticipated result, however, was the observation that
the reactions employing deuterated solvents, i.e.d4-methanol,
d6-ethanol, andd8-isopropanol, generate 10-methylacridan
that is devoid of deuterium. Such absence of deuterium
incorporation clearly calls into question the notion that the
reduction of 10-methylacridinium in this system could
involve hydride transfer via a zinc alkoxide complex with a
mechanism analogous to that employed by LADH. Since
[TpBut,Me]ZnOH and [TpBut,Me]ZnOR decomposed during the

reaction, it was postulated that the B-H group could be the
hydride source. Indeed, after this group was selectively
labeled with deuterium, the reaction of [DTpBut,Me]ZnOH with
10-methylacridinium perchlorate in protioethanol generated
10-methylacridan with deuterium located in the methylene
group (Scheme 1), as demonstrated by NMR spectroscopy.
Further evidence that the alcohol plays no significant role
in the reduction of 10-methylacridinium is provided by the
observation that treatment of 10-methylacridinium perchlo-
rate with [TpBut,Me]ZnOH in d8-THF also generates 10-
methylacridan. Likewise, evidence that the zinc plays no
significant role and that the reduction centers on the reactivity
of the B-H bond is provided by the observation that the
thallium complex [TpBut,Me]Tl is also able to perform the
hydride transfer under similar conditions (Scheme 1). We
therefore speculate that the mechanism involves hydride
transfer from the [TpBut,Me]- ligand11 to 10-methylacridinium
to generate 10-methylacridan and B(pzBut,Me)3; proteolytic
cleavage of B(pzBut,Me)3 with ROH would be expected to
release the pyrazole, HpzBut,Me.

While hydride transfer from the [TpR,R′] ligand is not of
relevance to the catalytic cycle of LADH, it is of interest
because it is an unprecedented form of reactivity for the
ubiquitous [TpR,R′] ligand system,12,13despite the well-known
ability of borohydride derivatives to act as reducing agents.14

Undoubtedly the observation that [TpR,R′] ligands do not
generally act as hydride donors is a result of the steric bulk
around boron in such species.15,16

A more dramatic illustration of the [TpBut,Me] ligand to
participate in hydride transfer reactions is provided by the
reactivity of {[TpBut,Me]Zn(OH2)}[HOB(C6F5)3]17 towards
alcohols. Specifically,1H NMR spectroscopy demonstrates
that dissolution of{[TpBut,Me]Zn(OH2)}[HOB(C6F5)3] in CD3-
OD results in the immediate generation of [TpBut,Me]ZnH18

and HpzBut,Me (Scheme 2).19 The formation of the zinc hydride
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complex [TpBut,Me]ZnH is most significant, especially con-
sidering that it is formed in a protic medium.20 Deuterium
labeling studies confirm that the source of the hydride ligand
attached to zinc is the B-H group. Thus, deuterium
incorporation into the zinc hydride site does not result when
{[TpBut,Me]Zn(OD2)}[DOB(C6F5)3] is dissolved in CD3OD,
whereas dissolution of [DTpBut,Me]Zn(OH2)}[HOB(C6F5)3]
yields [DTpBut,Me]ZnD, as demonstrated by both1H and2H
NMR spectroscopy.

Although sufficient data are not available to define a
mechanism for the formation of the zinc hydride complex,
we postulate that alcohol solvation disrupts the hydrogen-
bonding interaction within{[TpBut,Me]ZnOH2}[HOB(C6F5)3]
and the resulting cationic{[TpBut,Me]ZnOH2}+ species, or
possibly{[TpBut,Me]Zn}+, scavenges hydride from a [TpBut,Me]-

ligand,11 thereby resulting in the formation of [TpBut,Me]ZnH
with the sacrificial decomposition of a [TpBut,Me]- ligand.

In conclusion, solutions of the zinc hydroxide complex
[TpBut,Me]ZnOH in alcohols achieve hydride transfer to the
NAD+ model, 10-methylacridinium perchlorate. However,
the source of the hydride is not the alcohol but, rather, the
B-H group of the [TpBut,Me] ligand. A further example in
which a [TpBut,Me] ligand acts as a hydride donor is provided
by the reaction of the aqua complex{[TpBut,Me]Zn(OH2)}-
[HOB(C6F5)3] with methanol to generate the zinc hydride
complex [TpBut,Me]ZnH. The present study therefore provides
a caveat for the often assumed inertness of such ligands
towards hydride transfer, especially in the presence of
reactive cationic species, as exemplified by 10-methylacri-
dinium and{[TpBut,Me]Zn(OH2)}+. For this reason, alkyl-
substituted ligands of the type [RTpR,R′]21 are going to play
a more important role in studying the chemistry of highly
electrophilic systems.
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