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Figure 13. Structure drawing of [Pd{SC(O)dmpz}.], 247. [Based on data from (181).]
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Figure 14. Unit cell diagram of {Pd(dmpz),(Hdmpz),]- COS, 248, showing clathrated, uncoor-
dinated, COS molecules. [Based on data from (181).]

tributed to the still elusive 1'-S coordination mode of the COS molecule. A
structural characterization of 248 was performed by X-ray powder diffraction
(XRPD) methods (181). This study showed that in 248 the identity of the
[Pd(dmpz),(Hdmpz),], molecules is essentially retained, while, unexpectedly,
COS molecules are hosted in the crystal lattice as nonbonded fragments (Fig.
14).

VI. COMPLEXES CONTAINING THE M(p-pz*);M OR
M(p-pz*)M CORE

Only a few examples of these unusual species have been reported. Recently,
the synthesis and structural characterization of the hydroperoxo complex
[(CsMes)Ir(u-pz);Rh(OOH)(dppe)](BF,), 249, were described (182). This
complex was obtained by protonation of the heterodinuclear complex
[(CsMes)(pz)Ir(u-pz),Rh(dppe)] (96) in the presence of dioxygen. An interest-
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TABLE XIII
List of Structurally Characterized Transition Metal Complexes Containing Monodentate pz*
Ligands
Complex Formula Reference

31 [Zn(dmpz),(Hdmpz)], 42

44 [Co(dmpz),(Hdmpz)], 72

78 [(CsMes)(pz)lr(pu-pz),Ag(PPh;)] 96
218 cis-[Pt(dppz)(PPh;),Cl] 14
222 trans-[Ir((dfmpz)(CO)(PPh,), 168
227 [(dppe)Pt(dmpz),] 173
229 [Cu(dempz),(py).] 40
230 [{Rh(CsMes)(pz) }(u-pz)2] 52
233 K{{HB(dmpz),}VCl,(dmpz)] 177
234 [(CsMes)Ir(dmpz),(Hdmpz)] 95
237 {Ru( p-cymene)(pz)(Hpz),] 7
242 [Pd(CcFs),(pz)(Hpz)|(NBu,) 180
243 [PUC¢Fs),(pz)(Hpz)](NBuy) 180
244 [Pt(pz),(Hpz),], 44
246 [Pd(dmpz),(Hdmpz),], 45

ing feature of Complex 249 is the existence of a triply pyrazolate bridge con-
necting the two transition metal atoms. This structural feature is usual in the
chemistry of tris(pyrazolyl)borato transition metal complexes, but extremely
rare in bi- or polynuclear pyrazolate bridged transition metal compounds
4,5, 12).

In 1969 Trofimenko (183) prepared the triply bridged anionic complex
[(CO)sMn(p-pz)sMn(CO);] 7, from BrMn(CO)s and Na(pz). The structure was
assigned on the basis of IR and NMR data. The nickel nitrosyl complex
{(NO)Ni(p-dmpz);Ni(NO)] ™ had been reported 10 years later (184). The two
Ni(NO) moieties are bridged by three dmpz ligands, with the nickel atom ex-
isting in a distorted tetrahedral coordination geometry.

In 1985, it was reported that the direct reaction of Rh,(O,CCHs), with
Na(dmpz) in MeCN afforded the quadruply bridged pyrazolate complex [Rhy(u-
dmpz),(MeCN),], 250 (185). The formulation of this unprecedented compound
was supported by an X-ray crystal structure analysis (185). The MeCN ligands
can be removed by heating under vacuum to give [Rhy(dmpz),], which in turn
formed adducts with different neutral monodentate ligands yielding species of
the general formula [Rh,(dmpz),(L),] (L = py or Hdmpz).

VII. COMPLEXES CONTAINING endo-BIDENTATE
PYRAZOLATE LIGANDS

In 1981, the synthesis and the first structure analysis of a compound with an
endo-bidentate pyrazolate anion, [U(C5H5)3(n2-pz)], 251, were reported (186).
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Figure 15. Structure drawing of [U(CSHs)g(nz»pz)], 251. [Based on data from (186).]

This compound was readily prepared from [U(CsH;),Cl] and Na(pz). The U—N
distances are 2.40 and 2.36 A. The reason for such a 0.04-A difference ap-
peared unclear. The molecular structure consists of discrete U(C5Hs);(pz) mol-
ecules in which the U™ jon is coordinated by three 1°«(CsHs) rings and by the
two nitrogens of the pyrazolate group (Fig. 15).

In 1982, the same authors reported on other examples of the endo-bidentate
pz* ligand. The reaction between [U(CsMes),Cl,] and stoichiometric amounts
of Na(pz) afforded [U(CsMes),Cl(n*-pz)], 252, or [U(CsMes),(n*-pz),], 253
(187). These compounds were characterized by IR, 'H NMR, vis and mass
spectra, and by single-crystal X-ray diffraction.

Recently, the synthesis and X-ray crystal structure analysis of a cationic zir-
conocene complex containing an endo-bidentate pyrazolate, were reported (188)
(Fig. 16). The complex [(C5H5)22r(thf)(n2—pz)](BF4), 254, was obtained by
treating dimethylzirconocene with one molar equivalent of Hpz and, subse-
quently, with (Bu;NH)(BPh,). Complex 254 contains a n2—pyrazolate(N,N "y li-
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Figure 16. Structure drawing of the [(C5H5)ZZr(thf)(112—pz)]+ cation 255, [Based on data from
(188).]

gand bonded to zirconium. Both nitrogen centers are nearly equidistant from
zirconium. The preparation of a related zirconium endo-bidentate pyrazolate
complex, [(CsHs),Zr(Hpz)(n*-pz)}(BPh,), 255, was also reported. Its structure
was proposed by means of 'H NMR evidences (188).

The reaction of [O(CH,CH,CsH,),MCI] (M = Y or Lu) with Na(dmpz)
gave the species [O(CH,CH,CsH,),M(dmpz)] (M = Y, 256; Lu, 257) probably
containing the dmpz group as an endo-bidentate ligand (189). Complexes 256
and 257 were shown to be highly sensitive toward air and water. Their partial
hydrolysis gave the mixed-bridged complexes 258 and 259, whose X-ray crystal
structures were determined.

Complexes of the formula Nd(pz);, or [Nd(dmpz),(thf)],, were obtained in
poor yields by the reaction of neodynium metal with Hg(C4Fs), and either Hpz
or Hdmpz in THF at room temperature. The X-ray crystal structure of the dmpz
derivative showed that the compound is a centrosymmetric dimer with two
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bridging dmpz ligands and two symmetrically bridging thf ligands. Each neo-
dymium atom is eight-coordinate with four nitrogen atoms from terminal 5°-
dmpz ligands, one nitrogen from each bridging dmpz ligand and two oxygens
from bridging thf molecules (190).

Monomeric tris-(y*-pyrazolate)-lanthanoid complexes with the bulky 3,5-di(z-
butyl)pyrazolate ligand, of general formula [M(z-Bu,pz);(thf),] (M = La, Nd,
Gd, or Er), were obtained by reaction of Hg(C¢Fs), and 3,5-r-BupzH with an
excess of lanthanoid metal in THF at room temperature. The X-ray crystal
structure of the neodymium derivative was also reported (191).

Reaction of lanthanoid trichlorides, MCl; (M = Y, Ho, Yb, or Lu), with
Na(dmpz) yielded complexes of the formula [M;(p-dmpz)s(n>-dmpz);(us-
O)Na,(thf),] and [M3(u-dmpz)(,(nz-dmpz)3(u3—O)Na2(HdmpZ)2]. The X-ray
crystal structures of [Yb;(u-dmpz)g(n>-dmpz);(pu;-O)Na,(thf),] and [Hos(u-
dmpz)e(7*-dmpz);(u;-0)Na,(Hdmpz),] revealed trigonal bipyramids containing
an oxygen atom at the center, three lanthanoid atoms at the equatorial positions,
and two sodium atoms at the apical vertices. Holmium and ytterbium each are
heptacoordinated by four nitrogen atoms of the bridging pyrazolate ligands, two
nitrogen of the endo-bidentate pyrazolate ligand, and the central oxygen atom
(192).

Transition metal complexes containing the pyrazolate group as anionic non-
coordinating ligand, although rare, have been reported (5). They are undoubt-
edly of lesser importance and will not be further discussed.

VHI. COMPLEXES CONTAINING DINUCLEATING
FUNCTIONALIZED PYRAZOLATE LIGANDS

The synthesis, characterization, and properties of a large series of metal
complexes built by pyrazole based dinucleating ligands possessing two chelat-
ing arms attached to the 3- and 5-positions of the pyrazole ring were reported.
Such ligands were designed with the aim of preparing dinuclear complexes with
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an appropriate metal-metal separation that is very important in studies on func-
tional models for some bimetallic biosites (Fig. 17).

The ability of the trianion of pyrazole-3,5-dicarboxylic acid (H;PZ') to form
dinuclear complexes was utilized in the preparation of a family of anionic com-
plexes of rhodium(l) and iridium(I), using cod, CO, and PPh, as ancillary li-
gands (193). The X-ray crystal structure of the complex [Rh,(CO),-
(PZHI(NBu,), 260, was determined. Stacking interactions in some of the rho-
dium and iridium anionic carbonyl complexes in the solid state have been in-
ferred from the dramatic change of color with changes in the countercation. The
electrochemical oxidation of 260 produced a red solid analyzing as the mixed-
valence compound [Rhy(CO),(PZ')]. Bulk magnetic measurements on the red
solid showed that it is diamagnetic, indicating either a strong spin-spin coupling
or a metal-metal bond between the formally Rh(II) centers from two different
molecules.

The same electrochemical oxidation, carried out on the iridium complexes
[Irz(CO)4(PZ')](R4N) (R = Bu or Pr), gave dark conducting materials that ana-
lyzed as [Ir,(CO),(PZ")(R4N), 5 (193). Conductivity measurements for the lat-
ter species gave values that are 1000 times higher than the values found for the
most conducting unoxidized precursor (the Me,N* salt of the iridium complex).

Divalent metal complexes of the general formula (BuyN),[My(PZ'),] M =
Pt, Pd, Ni, and Cu) were prepared by reacting H,PtCl,, PdCl,, Ni(NOs),, and
Cu(NO;), with HyPZ' in the presence of BuyNOH (194). The structure of both
copper and palladium complexes were determined as tetrabutylammonium salts
(194) (Fig. 18).

Dicopper(Il) complexes of the general formula [Cu,(PZ)(N;)(H,0)]-H,0
were obtained from all the ligands HyPZ'-H,PZ*, with deprotonation of both
the pyrazole and amide taking place (195). It is presumed that both the pyra-
zolate and azide groups function as bridges to two copper ions. The end-to-end
mode of coordination seems the most plausible for the bridging azide ion in the
present complexes. The corresponding complex with an acetate group was iso-
lated only with HyPZ*, [Cu,(PZ*)(0,CMe)]-2MeOH. Infrared data support the
presence of MeCOO™ ion as a bridging group (195).

Two types of dinuclear complexes of the general formula
[M,(PZ)(X)1(BPh,), (Type A) and [M,(PZ),](BPh,), (Type B) were obtained
by using ligands HPZ’-HPZ® (196-198) (Table XIV).

X-ray crystal structures of the manganese(I) derivatives (PZ’ or PZ%) and
of the copper(Il)-PZ> ‘complex were determined (196-198). All manganese(Il)
compounds showed catalytic activity toward disproportionation of H,O, in DMF
at 0°C. A probable mechanism for this reaction has also been proposed.

The reaction of H;PZ'" with CuCl,-2H,0 gave, according to the tem-
perature, two different isomeric dinuclear compounds of the formula
[Cuy(H,PZ'%),Cl,]-2H,0. The molecular structures of the two isomers are
closely related, differing only in hydrogen bonding (199).
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®

Figure 18.  Structure drawing of the [Pd,(PZ'),]*~ anion. [Based on data from (194).]

A manganese(IIl) complex, [Mn,(PZ' ')Z(MeO)4(MeOH)4](CIO4)2, has been
obtained from the dinucleating ligand H,PZ'" and its crystal structure has been
reported (200). The ligand H;PZ'' may incorporate a pair of manganese ions
by using its two tridentate coordination sites, that is, pyrazolate N and salicy-
lideneaminate N and O. The bridge by the endogeneous pyrazolate group pro-
vides the Mn- - - Mn separation of about 3.48 A . In DMF solutions, the com-
plex exhibits a high catalase-like activity. The absorption spectrum in this
solvent suggests that the complex structure differs from the tetranuclear struc-
ture found in the solid state.

TABLE XIV

Dinuclear Complexes of the General Formula [M(PZ)(X)(BPhy), (Type A) and
IM,(PZ),](BPh,), (Type B)

Type A Type B
Metal PZ X Metal PZ
Mn pz? MeCOO~ Cu Pz’

pz° PhCOO~ | Ad
Co, Cu pz? Ny Mn Pz’
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Reaction of 3,5-bis(pyridin-2-yl)pyrazole (HPZ??) with metal nitrates,
perchlorate, chlorides and bromides, yielded compounds of the general formula
[M(PZ'%]X-nH,0 (X = NO;, M = Co, Cd, Ni, Zn, Cu; X = ClO4, M =
Cu; X = CI, M = Mn, Ni, Co, Zn; X = Br, M = Ni, Co, Zn) (201, 202).
The nickel(I) derivative containing the NO; anion has been known since 1969
and on the basis of spectroscopic and magnetic data was described as possessing
a dinuclear structure (203). A tentative dinuclear structure was assigned to the
other complexes of the type [M(PZ'z)]X'nHZO as well.

The crystal and molecular structure of [Niz(PZ'Z)z(M<:OH)4]C12 were deter-
mined (201), which confirms the previous assignment. More recently (204), the
X-ray crystal structure of the Cu'"/NO; complex was solved; it revealed a
tetranuclear arrangement, that is, [Cu4(PZ'2)4(H20)4](NO3)4 (204). However,
this compound can be considered as composed of two weakly associated pairs
of dimers, with 7(5°) interdinuclear interactions.

Dinuclear copper(Il) complexes, [Cuy(PZ'*)](ClO,), and [Cu(PZ'%](CIO,),.
were obtained from the 26-membered macrocycles containing two pyrazole
rings, H,PZ'? and H,PZ'* (205). The X-ray crystallographic analysis of the
PZ' derivative demonstrates that inside the macrocyclic cavity, the two pyra-
zolate rings are simultaneously acting as exo-bidentate ligands linking both metal
cations, with the Cu- - - Cu separation being 3.9 A.

With the use of '*C NMR techniques, the formation of the related zinc(Il)
dinuclear complexes of the formula [Zn,(PZ)J**, has been recently evidenced
by treatment of ZnCl, with the ligands H,PZ", H,PZ'>, and H,PZ'® (206,
207).

The PNNHP molecule, when deprotonated, behaves as a planar tetradentate
ligand consisting of a central pyrazolate unit with symmetrically disposed meth-
ylenediphenylphosphine arms (PNNP). Its geometry provides for two metals to
reside within a cooperative distance but does not allow for metal-metal bond
formation (208).

H

rd

N—N
PhyP / PPh,
yZ

PNNHP

Two distinct classes of planar bimetallic complexes containing the PNNP
ligand were isolated and characterized: the neutral [M,(PNNP)(u-X)L,] and the
cationic [M,(PNNP)(L),]* (208).
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Particular attention has been devoted to oxidative addition and reductive
elimination reactions of [M,(PNNP)(u-X)L,] with acyl and alkyl halides. De-
pending on the electron richness of the metals, a complete spectrum of possi-
bilities was observed: from reversible single oxidative addition on one of the
metals to irreversible double oxidative addition on both metals (2) (Scheme 12).

Oxidative addition to one metal leads to deactivation of the other one despite
the fact that no metal-metal bonds are formed. The crystal structure of the
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Scheme 12. Oxidative-addition reactions on complexes containing the functionalized pyrazolate
ligand PNNP. Depending on the electron richness of the metals, reversible or irreversible addition
takes place. [Adapted from (2).]
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thodium(I)/rhodium(IIT) complex [Rh,(u-PPh,(CO),(PNNP)(Me)(I)] was also
determined (2). The bis(diene)species of rhodium and iridium are precursors
for catalytic hydrogenation of alkenes and alkynes.

IX. CATALYTIC ACTIVITY OF HOMO- AND HETEROBRIDGED
PYRAZOLATE COMPLEXES

Several studies were carried out in the last decade to test the catalytic activity
of mononuclear pyrazole complexes as well as dinuclear and polynuclear spe-
cies containing bridging pyrazolate groups. Particularly investigated were the
pyrazolate complexes in which the M(u-pz*),M (Type A) or the “M(p-pz*)(p-
X)M"” (Type B) framework is present.

—_ N—N
/ 0\ /

L.M ML, L.M ML,
\ / x”
@

Type A Type B

Some evidence has been presented that the dinuclear structure is retained
during the catalytic cycle in the case of homobridged Type A complexes. In-
deed, studies on (u-pz*), complexes demonstrated the stability and flexibility
of the six-membered cyclic core M—[N—N],—M. Such compounds generally
exist in boat conformations, which thereby facilitate the interactions between
the two metal centers, a factor that has important consequences on catalytic
activity. In fact, pz* is an extremely versatile ligand in that it is able to bridge
an unusually wide range of intermetallic separations. It was suggested that the
shorter metal-metal distances generally lead to higher reactivity (209). Accord-
ingly, [Ir(u-dmpz)(CO),], evidenced catalytic activity in hydrogenation reac-
tions. The related compounds [Ir(u-mpz)(CO),], and [Ir(u-pz)(CO),),, which
possess a longer metal-metal separation, were shown to be inert for the same
catalytic reactions (210). However, [Ir(u-dfmpz)(cod)],, which exhibits a metal-
metal distance much shorter than the related dmpz derivative, [Ir(u-
dmpz)(cod)],, was found to be inert as a hydrogenation catalyst (211). Photo-
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electron spectroscopy studies carried out on a series of representative iridium
dimer complexes, having a variety of metal-metal distances, led to believe that
electronic interactions are of primary importance in determining the Ir, chem-
istry (211). The catalytic reactions that have been investigated to date can be
referred to as (a) hydroformylation reactions, (b) hydrogen-transfer reactions,
and (c) oxidation or oxygenation reactions. Moreover, it was found that some
rhodium-pyrazolate complexes are able to promote the polymerization of mon-
oaryl acetylenes.

A. Hydroformylation Reactions

The catalytic activity of the mixed-bridged dinuclear complex [Rh,(u-pz)(u-
S-1-Bu)(CO),{P(OMe);},], 111, in the selective hydroformylation of 1-hexene
to afford the corresponding aldehydes was explored and the results were com-
pared with those observed for the symmetrical pyrazolate-free precursor
[Rhy(CO),(p-S-1-Bu),{P(OMe);},] (117, 212). Very mild conditions (5 bar,
80°C) were chosen in both cases. Complex 111 exhibits lower activity; how-
ever, the selectivity is about the same as for the symmetrical precursor (~ 80%
heptanal and 20% 2-methylhexanal). Complex 111 does not give rise to a de-
tectable dismutation and was found to be practically unchanged after reaction.
A catalytic cycle in which all the intermediate species remain dinuclear was
proposed for the hydroformylation of 1-hexene catalyzed by the symmetrical
complexes [Rh,(CO),(u-S-t-Bu),L,] [L = P(OMe);, PPh;, P(OPh);] (213). This
proposal is based mainly on the results obtained by varying the phosphorus
ligands and on extended Hiickel calculations carried out for several proposed
intermediates. It is possible that Complex 111 could follow such a cycle (117).

It was also reported (214) that the same hydroformylation reaction can be
achieved by various rhodium(I) double bridged pyrazolate complexes of the
general formula [Rhy(u-pz*),(CO),L,] (L = P(OMe),, P(OPh),;, PPh;; Hpz*
= Hpz, Hmpz, or Hdmpz). Good catalytic activity was found. The latter de-
creases in the sequence P(OPh); > P(OMe); > PPh; (214). The effect of the
bridging pyrazolate ligand was also studied (215, 216).

Recently, the hydroformylation of 1-dodecene and cyclohexene by the di-
nuclear doubly bridged pyrazolate complexes [(PR;)(CO)Rh(u-pz*)],, 46-49,
was reported (75). Thus, at 120°C and at a CO and H, pressure of 28 atm,
these two olefins were transformed into the corresponding aldehydes with greater
than 95% yield. All four complexes catalyze the transformation of 1-dodecene
to 1-undecane-carboxaldheyde in preference to the iso compound, although this
regioselectivity is rather poor (75).

Recently, it has been shown that Complexes 47 and 49 are able to catalyze
the polymerization of Ph—C=CH and the substituted arylacetylenes
4-HC,H,—C=CH (X = MeO, Me, or Cl) at 25°C in a stereoregular manner
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(74). The cis-oriented poly(arylacetylenes) so formed, were found to depoly-
merize selectively at 200-225°C to the corresponding 1,3,5-triaryl-benzenes
derivatives.

B. Hydrogen-Transfer Reactions

Some pyrazolate complexes were found to possess high catalytic activity for
various hydrogen-transfer processes and to be of considerable value in synthe-
sis. The heterodinuclear complexes [(CO)(H)(PPh3)2Ru(u-pz)(;z,-Cl)M(dioleﬁn)]
(M = Rh or Ir; diolefin = cod or tfbb) catalyze the hydrogen transfer from
isopropanol to cyclohexanone (101). The heterodinuclear complexes were
shown to be more active catalysts than the mononuclear pyrazole compounds
[Ru(H)(Cl)(Hpz)(PPh,),] and [M(H)(Cl)(Hpz)(diolefin)] (101).

Various hydrogenation catalysts based on (CsMes)Rh complexes with pyra-
zole-type ligands have been studied (217). Olefins such as cyclohexene and
1-hexene are hydrogenated under ambient conditions with [{Rh(CsMes)Cl},(u-
C1),] in the presence of Hpz* and NEt; (Hpz* = Hpz, Hmpz, or Hdmpz). The
catalytic activities are affected mainly by the pyrazole-type ligand. The activity
decreases in the order Hdmpz > Hmpz > Hpz, and is highest for the combi-
nation [{Rh(CsMes)Cl},(u-Cl),] + 2 Hdmpz + 2E;N.

C. Oxidation or Oxygenation Reactions

Recently, it has been found that the copper(I) homoleptic pyrazolate com-
plexes [Cu(dmpz)],, 6, and [Cu(dppz)l,, 8, are catalytically active in the oxi-
dative coupling of primary aromatic amines to give the corresponding azoben-
zenes in the presence of O, at atmospheric pressure (17, 137).

The reaction proceeds with a selectivity of 100%. In the case of [Cu(dppz)],,
the oxidative coupling of a series of different para-substituted aromatic amines
was investigated in order to study the influence of the para substitution on the
activity of the catalytic system (137).

Complex 6 also exhibits catalytic activity in the oxidation reaction of various
other substrates such as PPh;, dibenzylamine, and CO, with formation of tri-
phenylphosphine oxide, N-benzylidenebemzylamine, and CO,, respectively.

The octanuclear copper(Il) hydroxo complex [Cug(dmpz)s(OH),], 182, has
been identified as the active intermediate species when [Cu(dmpz)]; is used
(137). In the case of [Cu(dppz)],, the intermediacy of a copper(Il) imido species
(17) has been proposed on the basis of chemical and spectroscopic evi-
dences.
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X. CONCLUSIONS

The pyrazolate group has been recognized as a particularly useful ligand that
is capable of holding two or more metal ions in close proximity with formation
of multimetallic transition metal systems. The increasing interest in this area is
due to the high relevance of such complexes for multimetal-centered catalysis,
biological mimicry, multielectron-transfer reactions, and metal-metal interac-
tions. The extent of such interactions can be controlled by varying the metal-
metal distance and the charge and w-donor/acceptor properties of the ligand
used to bridge the metals.

The purpose of this review was to emphasize the remarkable progress in the
coordination chemistry of the pyrazolate ligand in the last decade. Quite a lot
of interesting and unhoped-for results were attained. These results are summa-
rized below.

1. The metal-pyrazolate saga has been known since the pioneering work of
Biichner in the nineteenth century. In the last few years, a definitive char-
acterization of several binary complexes has been possible due to the
advent of the recent method of ab initio structure determination from X-ray
powder diffraction data. In this respect, it is likely that a number of new
molecules and/or crystalline phases, which have so far escaped a com-
plete characterization, will be structurally analyzed, thus confirming the
variability of the coordination modes and stoichiometries attributable to
“‘simple’” pyrazolato complexes.

2. It is now widely accepted that the nuclearity of binary pyrazolate com-
plexes, [M(pz*),],,, is dependent not only on the nature of the substit-
uents present in the heterocyclic ring, but also on the synthetic strategy
used. This important observation allows these systems to be prepared in
a selective way.

3. As suggested by Trofimenko in his review articles, controlled extension
of the ““M(pz*),M"’ core to form polynuclear compounds may constitute
an interesting area of research. In these last few years, many elegant
examples of homo- and heteropolynuclear systems containing such frag-
ment as well as mixed-bridging (u-pz*)(u-X) groups have been de-
scribed. The synthesis and chemical and physical behavior of such com-
pounds in larger sequences may represent a fascinating objective in the
future. In particular, heteronuclear complexes are of crucial interest be-
cause of the special features of the reactivity, which might result from
the presence of adjacent metals having different chemical properties
(complexes containing electron-rich and electron-deficient metal centers).
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4. The monodentate mode of coordination of the pz* group has been now
found in many structurally characterized transition metal compounds.
Thus, complexes of the type M(pz*), cis-M(pz*),, and trans-M(pz*),
have been described. The utility of some of these species as building
blocks for the preparation of heteronuclear complexes is well docu-
mented, although further studies are necessary in order to gain more in-
sight into the properties of these systems.

acac
cod
cyclop
p-cymene
dapm
debd

DMF
dmso
DMSO
dpae
dpam
dppb
dppe
dppm
dppp
ET
Hdbpz
Hdempz
Hdfmpz
Hdmepz
Hdmpz
Hdppz
Hmpz
Hpz
Hpz*
Htmpz
IR

nbd
NMR
phen

ABBREVIATIONS

Acetylacetonate

Cycloocta-1,5-diene

(18,28)-(+)-1 ,2-Bis(diphebylphosphinomethyl)cyclohexane
p-Isopropyl-methylbenzene
(Diphenylarsino)(diphenylphosphino)methane
1,6-Bis-(3,5-dimethylpyrazol-1 -yD)-2,5-dimethyl-2,5-
diazahexane

N,N-Dimethylformamide

Dimethyl sulfoxide (ligand)

Dimethyl sulfoxide (solvent)
1,2-Bis(diphenylarsino)ethane
Bis(diphenylarsino)methane
1,4-Bis(diphenylphosphino)butane
1,2-Bis(diphenylphosphino)ethane
Bis(diphenylphosphino)methane
1,3-Bis(diphenylphosphino)propane
Electron transfer

3,5-Di-tert-butylpyrazole
3,5-Dicarbomethoxypyrazole
3,5-Bis(trifluoromethyl)pyrazole
3(5),4-Dimethyl-5(3)-ethylpyrazole
3,5-Dimethylpyrazole
3,5-Diphenylpyrazole

3(5)-Methylpyrazole

Pyrazole

A general pyrazole

3,4,5-Trimethylpyrazole

Infrared spectroscopy

Norbornadiene (bicyclo-[2.2.1 .J-heptadiene)
Nuclear magnetic resonance
1,10-Phenanthroline
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py Pyridine

py”" Pyridinium or substituted pyridinium

pz* A general pyrazolate anion

tfbb Tetrafluorobenzobarrelene (5,6,7,8-tetrafluoro-1,4-Dihydro-
1,4-ethenonaphthalene)

tht Tetrahydrothiophene

tmpz Trimethylpyrazolate

XPS X-ray photoelectron spectroscopy

XRPD X-ray powder diffraction

4-XdmpzH 4-Substituted 3,5-dimethylpyrazole

4-XdppzH 4-Substituted 3,5-diphenylpyrazole

4-XpzH 4-Substituted pyrazole
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