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Many metal complexes have groups capabe of forming hydrogen bonds, whose strength
rangeswidely and canbe asstrong as 155 kJmol.** The combined properties of metals and
hydrogen bonds have beenexploited extersively in the chemistry of biological systems For
exampde, the positive charge of the metal increasesthe acidity of coordinated ligands that bear
protons, leadng to stronger hydrogen bonds.® In turn the hydrogen bonds araund the acive
sitesof metalloerzymescan fine-tune or erharcethe catalytic acitivity.**

Hydrogen bond donors and acepors fall into threetypes metal-bound (1), ligand based (2),
and external to the complex (3). By combining thes three types of donors and accepors, a
hydrogen bond in a metal complex canbe formedin five ways. types1bl, 1ER, 188, 2ER and
2EB (Scheme 1) 2
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Scheme 1 Typesof hydrogen bonding involving metal complexes

To undertand the mechanism of proton coupled electron transfer (PCET), which is a
fundamernal function of mary erzymes in biology, Nocera and coworkers carried out a
comparative study of electron transfer through an asymmetric interface formed from a 1:1
association of an amidinium to a carloxylate via two hydrogen bonds. The rate of electron
trarsfer through the donor-amidinium-carboxylate-acceptor assembly is ~40 timesslower than
that for the pair when the interface is switched to donor-carkoxylate-amidinium-accegor,
inferring that the type of hydrogen bonding bridge significartly influences the kinetics of
proton coupledelecton transfer. *

Another importart function of hydrogen bonding in metalloerzymes is orierting substrates
in an appropriate way to erhance caftalytic activity or achieve high catalytic rego- and
sterecelectvities A remarkable example is the dimargarese catalyst developed by Craliree
and coworkers*® This dimanganese complex, [H,O(L)Mn(p-O),Mn(L)OH,](NOs); (L is
2,2".6',2"-terpyridine) is modified by introducing a ligand-based hydrogen bonding group
(BCOOH) at an appropriate position on L to acheve molecuar recaynition. Oxidation of
ibuprofen canoccur at either of two bereylic sites but owing to its bonding interactons with
BCOOH group on the catlyst (Fig. 1), only one of these two sitesis oxidized on the Mn
complex with aregoselectivity ashigh as>98%.
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Fig. 1 Type 2-3 H-bonding positioning an ibuprofen
molecule for selective C-H bond oxygenation by a
dimanganese catalyst

Hydrogen bonding with external molecules or ions can also influence chemistry at metl
sites For instarce, a key feature of zinc-containing erzymes such as metallonucleags
proteagsand carbonic anhydrasesis the protonation state of the agquahydroxo ligand: [ZnOH]
vs [Zn-OH,]* The ZnBO bond in [Tp®*,Me]-ZnOH is |engthened through a hydrogen bonding
interacton with a (CsFs)3B(OH,) malecule to form {[Tp®*,Me]Zn-(OH,)} [HOB(CsFs)s]. This
hydrogenbonding interacton is suggegedto be analogous to that betweenthe aqua ligand and
Thr-199 atthe acive site of cartonic arhydrase.”

A challerge in invedigating cailytic mechanism of metlloproteins is to isolate and
charecterize the catalytically actve speciesor intermediates Metal complexes with hydrogen
bonding groups have been extremely useful in meeting this challenge by mimicking the
protein framework and protecting the acive site from the surrounding ervironmert. For
instarnce, Masuda and coworkers have reported that the stahility imparted by hydrogen
bonding allowed the isolation and first spectroscopic and structural charactkrizaion of a
mononuclear copper-hydroperaxo species which is a postulated intermedate and/or active
species in catalytic oxygeration reactons.® Their later work has shown that the themal
stahility of (u-peroxo)dicopper complexes can be regulated with intramdecdar hydrogen
bonding interactons.” By empoying a tris(2-pyridylmethyl)amine (TPA) ligand with
attached pivalamido and amino groups, they obtained hydroperaxo and alkylperaxo species
that showed high thermal stahility.

In recert yeas much attertion hasbeengivento the design of synthetic metllonucleags
for the cleavage of RNA or DNA due to their potertial applicaions as therapeuic agerts.
Mareque-Rivas has quartified the relative contributions of hydrogen bonding, the
hydrophobic environmert and coordinating groups to the acidity of the zinc(Il)-water group
and found that the hydrogen bonding is far more importart than the other two factors.? They
succesfully syntheszed both mononucleaf®® ard dinuclear Zn(ll) complexes® that are
remarkably acive for phosphodieder cleavage by introducing type 1-2 hydrogen bonding
interactons.

Metal complexes with type 2-2 or type 1-1 hydrogen bonding groups have also been
studied in the context of dioxygen acivation and hydrolysis reactons. Monometallic Zn(ll)
complexes of terpyridine-based ligands deweloped by Anslyn and co-workers bearng
ammonium and guanidinium groups capabe of hydrogen bonding to a phosphodieder
accekrate the hydrolysis of the RNA dimer adenylyl phosphoaderine (ApA) by as much as
3300-fold comparedto the parert complex without the hydrogen bonding groups.” A possible



rea®n for the erhancedreactvity is double activation of the phosphate by coordination to the
zinc center and to one of the guandinium fragmerts, followed by ZnBOH
gereralbase-promoted delivery of the 2-OH group.

An examgde of the application of the type 1-1 interaction canbe found in efforts to create
[M(Hs0,)M]?* cores in which a metal-bound water molecule is hydrogen bonded to an
adacen metl-hydroxide. [M (H;0,)M]*" cores have been proposed to be acive species of
some multinuclear metalloereymes and is believed to be importat in the
gereraion/actvation of the nuclegphile in hydrolysis reactons. Meyer and co-workers have
exploited pyrazdate-based bridging ligands to create these functions and found that the
reactvity of these hydrogenbonded [Zn(H3;0,)Zn]* coresis erhancedcomparedto that of the
more frequertly observed [ZnBOHEZN]*" unit.™
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