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Abbreviations: acacH, 2,4-pentanedione; OAc, acetate; Bipy-Biglyridyl; Bn, benzyl; B, a generical bis(pyrazolyl)borateBu, iso-butyl;"Bu, normal-
butyl; 'Bu, terz-butyl; camphpzH, 7,8,8-trimethyl-4,5,6,7-tetrahydromethano-2-indazole; COD, 1,5-cyclooctadiene; Cp, a generical cyclopenytadieny
clohexyl; dme, 1,2-dimethoxyethane; dmf, dimethylformmamide; dppe, 1,2-diphenylphosphinoethane; en, etilendiammina; Et;@{tdietyl ether;
EtOH, ethanol; Fo, formyl; Hin, indazole; hfacH, hexafluoroacetylaceton€(pt), bis(pyrazolyl)methane; $¥C(pZ‘)2, a generical bis(pyrazolyl)methane;
Ind, indenyl; Me, methyl; mim, 1-methylimidazol-2-yl; ox, oxalatpd, orthophenylendiammine; phen, 1,10-phenanthroline; pip, piperidine;*pzaTp
generical tetrakis(pyrazolyl)borates; py, pyridyl; pyr, pyridinez@% (pz¢), or RRC(pz), a generical bis(pyrazolyl),N'-alkane; tfo, trifluoroacetate; tfs,
triluoromethanesulfonate; thi, thienyl; Htz, 1,2,4-triazole; THF, tetrahydrofuran; Tmed, tetramethylethylendiamine; tpnm, tris(2¥mthidxymethane;
Tp, tris(pyrazolyl)borate

* Partlis Ref[1].
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Abstract

This review summarizes the literature concerning metal complexes of bis(pyrazolyl)alkane ligsd@=‘R and follows

a previous article describing the coordination chemistry of tris(pyrazolyl)alkanes [C. Pettinari, R. Pettinari, Coord. Chem.
Rev., in press]. A comprehensive survey of bis(pyrazolyl)alkanes coordination chemistry, based on the nature of the metal
is presented, together with the main synthetic methods and spectroscopic and structural features of this important class
ligands.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction a severe folding as in bis(3,5-dimethylpyrazolyl)borato-
N,N'](n3-cycloheptatrienyl)(dicarbonyl)molybdenum[4],
Bis(pyrazolyl)alkanes (FC)n(pZ*)2 (Fig. 1) constitute a or can be a distorted chair as in dimeric [bis(cyclopentadieny-
family of stable and flexible bidentate ligands, isoelectronic ltitanium)(u-pyrazolatoN,N')]> [5a] or dihydrobis(3,5-
and isosteric with the well-known bis(pyrazolyl)borates, dimethylpyrazolyl)borate{3-allyl)dicarbonylmolybdenum
also discovered by TrofimenK@]. These molecules form  [5b]. Related studies with pyrazaboles showed that energy
a variety of coordination compounds with main group and differences between chair, boat, or planar conformations of
transition metals. Their coordinating behaviour is often very a M—(N-N)—E (M = E =boron) are small, and that the solid
different from that shown by Bp (R.C)n(pZ*)2 being able state configuration is mainly determined by packing effects
to yield stable adducts containing six M—N-N—-C—N-N and [3].
seven M—N-N-C-C-N-N membered rindsd. 2), basic The (RC)n(pZ*)2 ligands can be readily prepared and var-
salts, mercuriated products, cleavage of the carbob«bp ious substituents may replace each hydrogen atom, so that
bond and “agostic” interaction M-H—C between the metal  electronic and steric effects can be varied nearly at will. A
center and protons of the bridging methylene groups. While steady stream of new derivatives was recently reported, how-
bipy or phen metal adducts are likely to contain an approxi- ever at this moment no complete and systematic review has
mately planar, five membered -M—-N—C—C—-N moiety, upon appeared. We report a comprehensive survey of the coordi-
coordination of (RC).(pZ)2 to a metal, a six- or a seven- nation chemistry of bis(pyrazolyl)alkanes (and related sys-
membered cycle is formed for which a boat conformation is tems containing only two pyrazolyl rings), based on the na-
forecast. Nevertheless, both the internal and external anglegure of the metal, together the principal synthetic methods
of the formally related M—(N-N)}-E moieties (where E is  and spectroscopic and structural properties of this class of
not carbon) are known to be able to undergo wide variations. ligands.
X-ray studies, carried out on severglpyrazolatoN,N'-
derivatives[3-5], showed that the six-membered ring is

not always in the boat conformation, but can undergo o Syntheses and properties of bis(pyrazolyl)alkanes

The synthesis of bC(pz) was first reported by Trofi-
menko [2]. This ligand can be prepared by reaction of
RS H‘\ /92 RS Hpz with CHCl, in an autoclave at 15@C. At 200°C
c this reaction leads to 44lipyrazolylmethane, which upon
R"’—@I}I ’}‘@,94 reaction with boranes, forms a pyrazabole polymer. Some
N N Ro.C(pZ)2 have also been prepared from the reaction
R3 R of potassium salts of the azole with methylene iodide.
The use of strong bases often has allowed higher yields
Fig. 1. General structure of bis(pyrazol-1-yl)alkane ligands. [6].

Elguero and co-workers improved the Trofimenko method
some years later. They showed thel'-pyrazolylmethanes

R can be prepared by reaction of azoles with JCi}

M / M TF* under phase transfer catalysis (PTC) conditiofn.

\\N_N 70\ ‘N_N il Substituted bis(pyrazolyl)methanes En(pz*)> (X =
Y . R % N/C\H H, NO,, 4-Br, 4-NG, NHp, 5-NH,) were prepared by

reaction of the correspondingly substituted pyrazoles

Fig. 2. Sixand seven-membered rings formed bybis(pyrazolyl)alkanesafterV;;Ith CHzCl2 or by direct attack on the pyraZOIyI rnngs

metal coordination.
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