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Studies on Construction and Functionality of Metal-

Hydrazone Compléxes with Controllable Protons
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Substituted hydrazones, which are a class of organic compounds with the structure R'HC=NNHR?
(R', R? = alkyl, aryl, acyl etc.), are interesting ligands, because of their versatility in coordinating to
metals, flexibility to form different conformations, and the complexation with various metal ions has
been investigated. In particular, metal-hydrazone complexes have attracted much attention from the
viewpoint of the acid-base indicators, chromic sensors, catalytic properties, and biological applications.
The key feature of metal-hydrazone complexes is the existence of the active proton in the ligand which
can be controlled in the coordination environments. In this study, novel metal-hydrazone complexes
were constructed to develop new proton-controlled functional systerms.

First, a new series of mononuclear metal-hydrazone complexes, [Cu(Hpbph)l] (1),
[Cu(Hpbph)PPh;]PF; (2), [NiCl(Hpbph)]Cl (3), [PtC1(Hpbph)]ClO, (4), and [PtCl(pbph)] (5) (Hpbph =
2-(diphenylphosphino)benzaldehyde-2-pyridylhydrazone) have been synthesized and their protonation
/deprotonaion reaction and the acidity constants have been investigated. The coordination geometries
of copper(l) complexes were found to be pseudo-tetrahedron, while those of the nickel(ll) and

platinum(Il) complexes provide square planar o o
forms. These metal-hydrazone complexes exhibited Y "1\.\7\‘-\5./?" ) \_f“p a )
distinctive color changes by the protonation A S LIV
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acid-base behavior (Scheme 1). Scheme 1

Second, a new copper(I)-hydrazone complex [Cu(paph)CI(CH;OH)] (6) (Hpaph = pyridine-2

-aldehyde-2’-pyridyhydrazone) has a
been synthesized and characterized NN %ﬁaﬁ . wc'zlcot:ulms !
by the single crystal X-ray diffraction . k. ’

and UV-Vis spectroscopy. This u-r“ " Righ MLOW
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hydrazone moiety (Scheme 2). ' Scheme 2
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Third, new mixed-valence copper clusters [Cu”,Cu'y(L-L),CL] (8), [Cu,Cu'y(L-L),L] (9) (L-L =
C-C coupled dimer of pbph), and [Cu™,Cu'y(L'-L"),1,] (10) (L'-L’ = the phosphoryl analogue of L-L)
have been synthesized from the compounds [Cu"(Hpbph)Cl] (7) and [Cu'(Hpbph)I] (1) and
characterized them by various spectroscopic measurements. X-ray structure analysis revealed that
obtained copper clusters were constructed from six (8) and four (9 and 10) copper ions with two
dimerized hydrazone ligands (L-L and L'-L) (Scheme 3). Interestingly, not only new carbon-carbon
bond formation between two hydrazone ligands, but also the redox reaction on the copper center was
involved in these reactions. The coordination mode of the hydrazone ligand changed dramatically from
the tridentate PNN coordination to the multiple (monodentate, bidentate and bridging) coordination
modes. In the clusterization process from the monovalent copper complex [Cu'(HL)I] (1) in THF
solvent, the phosphine part in Hpbph ligand was oxidized only in the synthesis of the cluster 10. These
cluster formation reactions were never observed in the absence of KOH in the formation of 8 and in the
Ar atmosphere in the formation of 9 and 10, suggesting that the oxidation copper(I) ions by O, in the
airand the deprotonation of the imine nitrogen in the hydrazone are essential to these reactions.

[CuCulL-UCl] 8 [CuCulL-L)ds) 9 [CUCUAL A1 10
Scheme 3

Finally, novel assemblies using a bis(hydrazone)iron(Il) complex in protonated [Fe(Hpbph),]Cl,
(11) and deprotonated [Fe(pbph),] (12) forms are described. The bis(thydrazone)iron(Il) of complex 11
can act as a diprotic acid, and the acid-dissociation constants were determined to be 7.6 and 10.3 in
methanol solution. Several hydrogen-bonded proton- transfer (HBPT) assemblies having different
dimensionalities of hydrogen-bonded network structures, [Fe(Hpbph),J(CA)-2CH;OH (13),
[Fe(Hpbph);J(HCA),-2THF (14), and [Fe(Hpbph),](CA)(H,CA),2CH;CN (15) were constructed
which consist of a deprotonated iron(II)-hydrazone complex (12) as a proton acceptor (A) and
chloranilic acid (H,CA) as a proton donor (D). HBPT assemblies 13-15 were obtained from the
CH;OH, THEF, and CH;CN solutions, respectively, with the same D:A ratio of H,CA:[Fe(pbph),] =
10:1. These assemblies were found to have one-dimensional (1-D), two -dimensional (2-D), and
three-dimensional (3-D) hydrogen-bonded networks with D:A ratios of 1:1, 2:1, and 3:1 for 13, 14, and
15, respectively (Scheme 4). These HBPT assemblies revealed that the dimensionality of the

hydrogen-bonded network o - ,,}
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lattice rigidity and vapor
adsorption  properties: The
HBPT assembly with 2-D
bydrogen-bonded network for
14 showed an interesting
vapochromic  behavior in
response to the protic/aprotic
character of the vapor
molecule.

Scheme 4
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