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1. Introduction

This review covers the coordination chemistry of chromium published in 1996.
Although not comprehensive, this review aims to provide a broad and representative
survey of the literature of the period. Volumes 124-126 of Chemical Abstracts,
CARL UnCover Online, and the indices of major journals in the area were used to
obtain the citations included herein. In general, organometallic complexes are not
covered. The organization used is similar to that employed in previous years with
particular emphasis placed on the ligand systems.

2. Chromium(VI)

The crystal structures of the salts of a series of organic bases were determined
[1]. The salts 4,4-bipyridinium bis[chlorochromate(VI)], 4-methylquinolinium
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chlorochromate( VI), 6-methylquinolinium chlorochromate(VI), N, N'-ethylenedia-
minium chloride chlorochromate(VI), and (5-chloro-2-pyridyl)(2-pyridyl)-
ammonium chlorochromate(VI) display average Cr-O bond distances between
1.588(4) and 1.622(2) A. The observed Cr—Cl distances range from 2.158(1) to
2.189(1) A. The angles about the Cr are in the range 106.2(1) to 113.7°. N-H---O
hydrogen bonding is observed with N---O distances from 2.760(3) to 3.209(5)10\
and N-H---O angles from 119.2(2) to 161.1(4)".

The nitrido complex Cr(N)(O'Bu); was characterized by X-ray diffraction [2].
The complex is monomeric in the solid state and exhibits C3v symmetry. The Cr-N
distance is 1.538(5) A and the average Cr-O distance is 1.74 A. The average N-Cr-O
and O-Cr-O angles are 108.2 and 111.0°, respectively.

Ab initio procedures and density functional theory (DFT) were used to examine
the geometrical, vibrational and electronic structures of the series of complexes
CrO,X, (X=F, Cl, Br, I) [3]. It was found that DFT methods gave a more accurate
geometry than HF and post-HF methods for CrO,F,. Bond distances and angles
are reported for the Br and I analogues, for which experimentally determined
structural data are not available. The HOMO-LUMO transitions decrease from F
to I, which is as expected based on the electrochemical series. The results confirm
the relative instability of the Br and I analogues. The authors conclude that the
failure of VSEPR theory to predict the structure for CrO,F, results from the large
degree of ionic character in the Cr-F bond, leading to coulombic repulsion between
the fluoride ligands.

The reaction of potassium dichromate with y-glutamylcysteine, N-acetylcysteine,
and cysteine results in the formation of 1:1 Cr(VI) complexes with cysteinyl thiolate
ligands [4]. Multinuclear NMR spectroscopic studies showed that the coordination
mode is monodentate, forming complexes of the type RS-CrO5 . EPR spectroscopy
was used to show that formation of Cr(V) via a one-electron process is only a
minor reaction pathway.

Using kinetic data obtained for the reduction of CrQ%~ to Cr(III) by cysteine in
neutral aqueous solution, a mechanism was proposed [5]. The main product of
the reduction was determined to be N(cis),O(cis),S(trans)-bis(L-cysteinato)-
chromate(IIT) (1) from UV-vis and CD spectroscopies. The proposed mechanism
involves a sequential three-electron reduction, leading to the penultimate product
N,0,S8(1L-cysteinato)-N,S(L-cysteinato) (hydroxo)chromate (IIT), which undergoes an
intramolecular lactonization at the metal center to give the final product.
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3. Chromium(V)

The synthesis and structure of [Cr(N)(tacn)(acac)]ClO, was reported [6].
The complex was prepared by photolyzing a solid sample of
[Cr(N;)(tacn)(acac)]ClO,. The corresponding phen, pic, and 2,2,6,6-tetra-
methylheptane-3,5-dionate complexes were prepared in a like fashion. Photolysis of
solid Cr(N,)(tacn)(ox) resulted in the formation of a mixed oxidation state dinuclear
species (see Section 7). However, Cr(N)(tacn)(ox) was prepared by photolyzing a
dmso solution of Cr(Nj)(tacn)(acac). The structure of [Cr(N)(tacn)(acac)]ClO,
exhibits distorted octahedral geometry with a fac tacn ligand arrangement. A mirror
plane bisects the ox and tacn ligands. The Cr-N(nitride) distance is 1.575(9) A. The
Cr—N(amine) distance frans to the nitride ligand is substantially longer than the
symmetry equivalent cis Cr-N(amine) distances, 2.350(11) A and 2.069(9) A,
respectively. The (nitride)N-Cr-N(amine) angles are 96.4(3)° and 170.5(4)°. The
(amine)N-Cr-N(amine) angle is 76.6(3) A. The symmetry independent Cr-O dis-
tance is 1.938(6) A.

The oxidation of DNA model substrates 5,5-dimethylpyrroline N-oxide (DMPO)
and phenyl-N-tert-butylnitrone (PBN) by the complex anion [Cr(ehba),0]” (2) was
examined [7]. The reactions were found to be pH dependent and involve a radical
and a nonradical pathway. The nonradical pathway dominates at lower pH, but the
radical pathway is observed at physiological pH.
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In a second study, the reactions of (2) with pyrophosphate and with free phosphate
were carried out as models of didentate and monodentate phosphate linkages
between Cr(V) and deoxyribonucleotides [8]. Two Cr(V)-pyrophosphate species,
(3) and (4), were observed by EPR upon reaction with pyrophosphate. Reaction
with free phosphate resuited in the formation of the fuc and mer isomers (5) and
(6). The significance of these observations with respect to oxidation of DNA by
Cr(V) was dizscussed.

Complex (2) was shown to exhibit a pH dependent Cr(V/1V) redox couple at
0.44 V vs. NHE [9]. At pH 3.5 to 5, the couple is quasi-reversible. At pH 3.5 to 2.5,
the couple is shifted to 0.64 V vs. NHE. At pH<2.1, only a two-electron reduction
wave corresponding to Cr(V/III) is observed. Using a potentiometric titration of
(2) with hexacyanoferrate(II), the Cr(V/III) potential was determined to be 0.85V
vs. NHE. Evidence to support the argument that Cr(IV) complexes exist in an
equilibrium between mono and bis ehba®~ coordination was presented.

The reduction of the Cr(IIl) complex (H,0),(cyclam)CrOO?** by Cr’* was
examined [10]. The overall stoichiometry is as shown in Eq. (1). The reaction
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involves the initial one-electron process to yield (H,0),(cyclam)CrOOH?2*. Further
reduction by Cr?* yields the observed product. The initial one-electron step was
supported by reacting the peroxo complex with a stoichiometric amount of Fe?*
followed by titrating the resulting Fe** with Cr?*. The hydroperoxide complex
decomposes to form an intermediate Cr(V) complex. Based on the axial symmetry
of the ESR spectrum and the g values obtained, the formula of the intermediate
was assigned (cyclam)CrQ?*, The Cr(V) complex decomposes via an intramolecular
redox process to yield a Cr(III) complex with an oxidized cyclam ligand.

(H,0),(cyclam)CrO0?* +3Cr2* +4H* »(cyclam)Cr(H,0)3* +3Cr3** + H,0

(H

The reaction of [CrCp,Br,}, with two equivalents of Li(*BuNSPh) resulted in the
isolation of CrCp*(N'Bu)(SPh)? [11]. The authors suggest that the product results
from the N--S bond cleavage from an intermediate sulfenamido complex. The com-
plex exhibits a tetrahedral geometry with the Cp” ring occupying one of the sites,
two sites occupied by benzenethiolate ligands and the final site by the tert-butylamide.
The Cp” ring is coordinated in a symmetrical fashion with the Cr—C distances in
the range 2.244(5) to 2.286(5) A. The Cr-S distances are 2.301(2) and 2.327(2) A.
The Cr-N distance is 1.620(3) A. The complex is a paramagnetic d' species and
exhibits a temperature dependent ESR spectrum.

4. Chromium(IV)

The oxochromium porphyrin complexes Cr(IV)(tpp)(O)(pyR), where pyR is py,
2-methylpyridine, or 3,5-dimethylpyridine, were prepared by the chemical reduction
of Cr(tpp)Cl in the presence of the pyridine ligand followed by air oxidation [12].
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The complexes were characterized by NMR, ESR, UV-vis and IR spectroscopy.
Reaction of the complexes with cyclohexene or styrene produced 2-cyclohexene-1-ol
or styrene oxide, respectively.

The two-electron oxidation of [Cr(orpg)Li,(thf),] by N,O or O, results in the
formation of the Cr(IV) complex [(thf)(orpg)Cr(O)(thfLi),], where orpgH, is
octaalkylporphyrinogen (7) with R=Et or "Pr [13]. The complex has a
(thf YO-Cr-O(oxo0) angle of 177.4(3)° and average N-Cr-N angles of 89.35° and
177.2°. The Cr-O(oxo) and Cr—O(thf) distances are 1.990(6) A and 2.082(6) A,
respectively. The average Cr-N distance is 2.05 A. The Li cations are coordinated
to adjacent pyrrole rings on the same side of the macrocycle in 1’ fashion. They
are each coordinated to the oxo ligand and to different thf ligands. The Li-O-Li
group has an angle of 135.2(8)° and the Li-O(oxo) distances are 1.88(2) and
1.89(2) A.

Y]

5. Chromium(III)
5.1. Complexes with monodentate ligands

Cr[N(SiMe,),}; was synthesized in high yield from (Me;tac)CrCl;, where
Me,tac is the tridentate ligand N,N’, N"-trimethyl-1,3,5-triazacyclohexane [14]. The
complex was crystallized as the hemi-hexamethyldisiloxane derivative and the struc-
ture obtained. The Cr atom sits on a three-fold axis in the plane of the three nitrogen
atoms. The Cr-N distance is 1.889(2) A. The solvent is slightly disordered and
located in the large channels formed by the chromium complex.

The crystal structure of trans-[CrCl,(NH,R),]Cl, where R =Et, was determined
and kinetic studies of the Hg?* assisted chloride release of the complexes with R =
Et, Pr, Bu were performed [15]. The symmetry independent Cr—Cl distance is
2.323(1) A and Cr-N distances are 2.092(2) A and 2.098(2) A. The Cl-Cr-Cl angle
is 179.998(1)°. The alkyl arms of the coordinated EtNH, groups adopt the
+,+,—,— conformation. The displacement of the chlorides occurs in two discreet
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steps. The data suggest that the incoming water trajectory is the same for both steps
with the water molecule approaching the octahedral face comprised of two nitrogens
and adjacent to the Cr—Cl-Hg bridge formed in a fast encounter process.

Cr(NH;)s(py)** was isolated as the perchlorate salt from Cr(NH;)s(dmso)** in
pyridine [16]. In aqueous solution, two LF bands are observed at 467 and 352 nm.
A pyridine localized LL band is observed at 260 nm. The complex is luminescent at
room temperature. The 668 nm band was assigned to ?E,—*A,, phosphorescence.
Irradiation of the LF or LL bands results in loss of either the py or an ammonia
ligand to comparable extents, with the quantum yield for py loss slightly greater.
Thermal aquation rates indicate that py aquation is about three times faster than
NH; aquation.

The  crystal  structures of  [Cr(NH;)s(NH,'Bu)](ClO,);-2H,0 and
[Cr(NH,)s(NH,'Bu)] ZnCl,Cl- H,O were reported [17]. The perchlorate complex
was prepared by reacting [Cr(NH,)s(O3;SCF;))(CF1S0,), in neat NH,'Bu and pre-
cipitating the crude product from aqueous solution via addition of HCIO,. The
corresponding complexes with the ‘Bu group replaced by Me and "Pr were prepared
in analogous fashion using the appropriate amine. The 'Bu complex is stable in
aqueous solution for several hours. The stability is presumably the result of the
steric bulk of the ligand shielding the metal against incoming ligands. The structure
of the tetrachlorozincate salt exhibits an average Cr—NH, distance of 2.086 A and
a substantially elongated Cr-NH,'Bu distance of 2.132 A. The perchlorate salt has
an average Cr—NH, distance of 2.063 A and a Cr-NH,'Bu distance of 2.113 A.

The syntheses of [Cr(NH,)s(PhPO;H)}(C10,), and [Cr(NH,)s(PhHPO,)|(CIO,),
from [Cr(NH,)s(H,0))(ClO,); and phenylphosphonic acid and phenylphosphinic
acid, respectively, were reported [18]. An AOM analysis was performed. The authors
conclude that the ligand field of the ammines is decreased more for the oxyphosph-
orus complexes than for carboxylate complexes.

Reaction of fac-{Cr(NH;);(05SCF3)5] with LiX, X=Cl or Br, in thf resulted in
the formation of fac-[Cr(NH;)5(X),] [19]. UV-vis spectral properties were reported.
The complexes are monomeric and exhibit spectra and magnetic properties expected
for a d* system.

An EXAFS study was reported for the series of complexes
[CrClL(H;0)6_,]® ™", where n=1-3 [20]. The average Cr-O and Cr-Cl distances
are 2.00 and 2.30 A, respectively. Ordering beyond the first coordination sphere
between 3.9 and 4.5 A was observed for each species. The second sphere is composed
only of water for n=0 or 1. For n=2, there is a contraction of Cr-O to 3.88-3.89 A,
a decrease in coordination number for this second hydration shell, and outer-sphere
chloride ligands appear at 4.4 A. For n=3, the second coordination sphere is com-
posed of seven chloride anions at 4.3 A.

Variable temperature 170 NMR spectroscopic measurements and molecular mod-
eling experiments were used to examine the second coordination sphere water
exchange rate for hexaaquachromium(III) [21]. For molecular dynamics simula-
tions, the geometry of the cation was constrained to T, symmetry. The authors
conclude that a well-defined second coordination shell exists in aqueous solution
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with a coordination number of 12.94. The water dipoles point toward the ion with
a first sphere hydrogen to second sphere oxygen distance of only 1.42 A. The lifetime
of the water in the second coordination sphere of the chromium ion is 128 or 144 ps
as determined by NMR spectroscopy and molecular dynamics simulations,
respectively.

Mechanistic studies of the anation of [Cr(H,0),** and [Cr(H,0)s(OH)?* by
L-histidine were reported [22]. The anation proceeds by an outer-sphere process for
each reactant. The hexaaquachromium ion reacts via an I, mechanism, whereas the
hydroxo species reacts via an I, mechanism. The assignments are supported by
comparing isotopic water-exchange rate constants for the two cations and by results
of experiments carried out with solvent systems having varying dielectric constants.

The mechanism of formation of amino acid-Cr(III)-DNA complexes in vitro
and base specificity of the adduct formation were examined [23]. When DNA-bound
Cr(II1) was reacted with histidine or cysteine, no complexation of the amino acids
occurred. Reaction of preformed Cr(III) histidine or cysteine complexes with DNA
resulted in the formation of ternary DNA adducts. Further studies showed that
Cr(1IT)-histidine reacts to form ternary complexes with deoxynucleotides but not
deoxynucleosides. Because the histidine adduct reacts with all deoxynucleotides, the
authors conclude that there is little or no involvement of the base group in the
ternary complex formation. No base preference was observed with Cr(I11)-cysteine
adducts. The results suggest that the phosphate groups are the primary binding sites
on DNA for Cr(IIl)-amino acid complexes.

The complex [Cr(OH,)¢][Na]{tscs]- (acetone) - 10.5H,0 was prepared from the
sodium salt of calix[4]arenesulphonate, tscs*™, and Cr(NQ,); [24]. The complex
was characterized by IR and UV-vis spectroscopy. A magnetic moment of 4.96 ug
was determined. All data are consistent with a lack of coordinate of either the
phenolic or sulfonic acid residues of the tscs*”. Rather, the calixarene is in the
second coordination sphere with H-bonding between the sulfonic acid residues and
three-coordinated water ligands sharing a triangular face of the Cr(III) coordina-
tion sphere.

5.2. Complexes with didentate ligands

5.2.1. Oxygen donor ligand systems

The complexes [Cr(bpdoOR),]’*, where bpdoOR is 2,2"-bipyridine-1,1"-dioxide
(8) and R =Me or Et, were reported [25]. The complexes form two diastereomeric
pairs, A(AAL) and A(385); A(AAS) and A(33X), which were separated and resolved
by column chromatography. The isomers isomerized and racemized in water. The
rate of isomerization showed first order kinetics. The equilibrium constants for both
complexes are close to one. Activation parameters were also reported.

5.2.2. Nitrogen donor ligand systems
Reaction of CrBr;-3thf and lithium 2-(dimethylaminomethyl)pyrrolide,
LiDMAMP (9), resulted in the isolation of the complex fac-[Cr(DMAMP),] [26].
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The complex exhibits a magnetic moment of 3.86 pug. The complex exhibits a trigo-
nally distorted octahedral geometry with average Cr—N(pyrrolide) and Cr—N (amine)
distances of 1.968(15) A and 2.290(14) A. The average N(amine)-Cr—N(pyrrolide)
angle is 77.9(1)°. The chelate ring is decidedly nonplanar with the amine nitrogen
atom about 0.7 A out of the plane formed by the other four atoms.
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An examination of the Zeeman splittings of spin-forbidden transitions of
[Cr(bpy)s]" complexes was presented [27]. The splittings are consistent with AOM
calculations and o and n interactions were considered. The splittings result from
trigonal distortions and phase-coupling between the dn and bpy =n orbitals. The
larger splitting observed for the ClO; salt compared to the PFy salt was found to
result from the greater distortion in the ClO, salt. A comparison between bpy and
acac was also made.

Using high-pressure cyclic volumetric techniques, the redox reaction volume of
Cr(bpy);* was examined [28]. The formal potential for Cr(bpy)**/2* was found to
be —0.8951V vs. Ag/AgNO; at 0.1 MPa. The reaction volume determined was
only +8.1 cm® mol 7!, consistent with the small change in Cr-N distance accompa-
nying the change in oxidation state. The results are discussed with respect to the
larger values found for Co complexes.

The syntheses of the complexes [Cr(N;)(bpy)(H,0);]** and [Cr(bpy)(H,0).}*
were reported [29]. [Cr(bpy)(H,0),’* was synthesized from [Cr(bpy)(C,0,).]~
by Fe** induced aquation. The reaction mixture was purified via column chromatog-
raphy and the complex ion was isolated as the perchlorate salt. Anation of
[Cr(bpy)(H,0),* by HN; resulted in the formation of [Cr(N,)(bpy)(H,0)s)*",
which was isolated as the perchlorate salt. Resolution of the two geometrical
jsomers was not accomplished. A Cr?* catalyzed aquation study of
[Cr(N;)(bpy)(H,0),]** was performed. The products included [Cr(Ns)(H,0)s]**
(80%) and Cr®*(aq) (20%). In the absence of Cr?*, only slow azide substitution
occurs. Kinetic data support the formation of an inner-sphere electron transfer
process.
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5.2.3. Mixed donor ligand systems

The racemization kinetics between the A and A forms of the amino acid complex
fac-[Cr(val);] were studied in dmf [30]. The complexes undergo conversion to
complexes of the type [Cr(val),(val-N)(dmf )}, where val-N represents monodentate,
N-bound val, followed by a twist about the former C; axis leading to racemization.
Rate constants and activation parameters for the square-network reaction system
were reported.

CD and FAB-MS techniques were used to examine a series of Cr(IIl) (aa);
complexes, where aaH represents the amino acids valH, leuH, and isoleuH [31].
Only the ala complex was shown to be a single compound with a #ris-chelate
structure. The results suggest that the other samples were mixtures of #ris, bis, and
dimeric compounds. The authors conclude that FAB-MS has potential for use as a
technique for studying the nature of this type of compound and Cr(III) species
in general.

The complexes Cr(cys);, Cr(cyt);, Cr(dtnb)(cys),, CrCls(dbs);, and
(NH,)5[CrCl,(msa);], where cysH is cysteine, cytH is cystine, dtnbH is dithiobisnitro-
benzoic acid, dbs is dibenzydisulfide, and msaH is a-mercaptosuccinic acid, were
reported [32]. The complexes were synthesized from CrClypy, and an equimolar
amount or a three-fold excess of ligand. The products were characterized by IR,
UV-vis, and CD spectroscopy. The magnetic moments are close to the predicted
spin-only value for Cr(III). Cyclic voltammetric data are also reported. The data
are consistent with no coordination of sulfur for the cys, cyt, and msa complexes.
However, the dbs and dtnb complexes do exhibit sulfur coordination.

The crystal structure of Cr(mpo); was reported, where mpo~ is the didentate
ligand which is the conjugate base of 2-mercaptopyridine N-oxide (10) [33]. The
complex was isolated as the acetone solvate. The complex possesses a fac geometry
with average Cr-S and Cr-O distances of 2.363(1) A and 1.986(2) A, respectively.
The average ligand bite angle is 83.3(1)°. The average angle formed by trans ligands
is 170.2°.

(10)

5.3. Polydentate ligands

[Cr(HBpz,),),]ClO, was prepared and characterized [34]. The optical and NMR
spectroscopies were examined to determine ligand field parameters, which were
compared to hexam (m)ine complexes. The AOM was used to describe the absorption
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characteristics of the complex. The large energy separation between lower energy
doublet states and splitting between the first and second quartet bands is caused by
anisotropy in the metal-pyrazolyl n bonding.

The synthesis of [(tren)Cr(OH )(OH,)]ClO, was reported [35]. The complex was
formed by gentle heating of an aqueous solution of [(tren)CrCl,]Cl with NaOH,
followed by treatment with perchloric acid. Excessive heating results in the formation
of dinuclear species (see Section 7). The complex was used as the precursor to
hydroxo and acetato bridged species.

Gold electrodes were modified with a layer of [Cr(tpy-SH)]**, where tpy-SH is
the mercaptopentyl derivative of tpy (11) [36]. Under a nitrogen atmosphere, the
immobilized complex exhibits a reversible reduction wave at —0.29 V vs. Ag/AgCl.
With NO present, a dramatic increase in the cathodic current occurs, suggesting the
electrocatalytic reduction of NO.

{1

The complexes [Cr(npaa),] (12) were reported [37]. The structural assignment
was based on data from elemental analyses, electronic and infrared spectroscopy,
and molar conductance studies.

R
H
= N\C'r/O CH,
O/ | SN CH,CH,CHj;
\ O CH,OH
‘ H CH(CH;)CH,CH;
¢}

(12)
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Reaction of CrCl; - 3thf with nordesferriferrithiocin, ndfftH, (13), in the presence
of triethylamine results in the formation of a solid mixture of isomers of
Et,NH[Cr(ndfft),] - (CH,),CO [38]. The ligand coordinates in a tridentate fashion
employing the phenolic oxygen, a carboxyl oxygen, and the imine of the five-
membered ring. Five possible isomers exist, two meridional and three facial. The
two meridional isomers are diastereomers. Three fractions were collected upon per-
forming HPLC. Characterization of the fractions by UV-vis spectroscopy, CD, and
FAB-MS allowed the authors to conclude that two of the fractions were A isomers
and that the other was a C isomer.

==N S
DS
CO,H
OH
13)

The reduction of Cr(VI) with the thiols cysH, cysteine ethyl ester (cysOEtH),
and mercaptopropanediol (mpdH,) was used to prepare a number of Cr(II1) com-
plexes [39]. Reaction of K,CrO, with cysH resulted in the formation of
K[Cr(cys),]- 2H,O and K, [Cr(O)(cys)(cytH)]' 2H,0, where cytH, is cystine.
Reaction with cysOEtH results in the formation of a dinuclear complex (see
Section 7). Reaction with mpdH, gave a product with the formula
K[Cr(mpd)(mpd-ox)}- 2H,0, where mpd-ox represents the oxidized ligand. The
complexes were characterized by IR, NMR, and UV-vis spectroscopy. Voltammetry
and magnetic susceptibility experiments were also performed. The results of studies
involving the interaction of the complexes with DNA were discussed.

The acid dissociation constants for the complex fac-[Cr(tacn)(H,0);]** were
obtained [40]. The successive pK,s are 4.538(8), 6.784(8), and 8.883(10).
Thermodynamic parameters were also reported. AH” is essentially constant for the
successive processes, whereas AS°® displays a significant decrease from positive to
negative values and, hence, is responsible for the decrease in the consecutive K,
values. When compared to analogous complexes of other metals, the order of
decreasing acidity is Cr(I11)> Co(III)>Ir(1II) > Rh(III).

The synthesis of the complex Cr(L);, where L is (14), was accomplished by
reacting LH, with Cr,(acetate), - 4H,0 in the presence of base [41]. The absorption
spectrum displays d—d transitions at 460 and 591 nm. The Dg and B values of 1690
and 445 cm ™!, respectively, indicate considerable covalency of the Cr-S bonds.
Intense thiophenolate-to-metal charge-transfer bands were observed at 357 and
410 nm. The complex displays one irreversible oxidation process at 0.65V vs.
Ag/AgCl and two other oxidation steps above 1.00 V. An irreversible reduction step
is observed at about —0.6 V vs. Ag/AgCl.

The complexes Cr(L’) and Cr(L"), where L'H; is (15) and L"H,; is (16), were
reported [42]. Cyclic voltammetric analysis of the complexes reveals three successive
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one-electron, reversible, ligand-centered oxidations. Chemical oxidation of the com-
plexes allowed the isolation of the one-electron oxidized products, [Cr(L")]ClO,
and [Cr(L")]ClO,. Crystal structures of Cr(L") and [Cr(L")]ClO, were determined.
The neutral complex exhibits C; symmetry with three-coordinated phenoxide ligands.
The Cr-O and Cr-N bond distances are 1.920(3) and 2.100(4) A, respectively. In
the monocation, two-coordinated phenoxide ligands have an average Cr—O distance
of 1.920A. A coordinated phenoxyl radical has a Cr-O distance of 1.943 A.
Magnetic susceptibility data show that Cr(L’) and Cr(L") have temperature indepen-
dent magnetic moments of 3.87 pg. However, [Cr(L")]ClO, and [Cr(L")]ClO, have
temperature independent magnetic moments of 2.83 py, resulting from strong intra-
molecular antiferromagnetic interactions between the Cr(IIl) and the phenoxyl
radical. These results are supported by EPR data, suggesting that the electrogener-
ated [Cr(L")]*, [Cr(L"J** and [Cr(L")]** have S=1, 1,2, and 0 ground states,
respectively.

t-
‘Bu,  OH OMe gy  OH B
N N N N
MeO </N\> HO '‘Bu Bu' </ N\> HO 'Bu
OMe 'Bu
HO HO
Bu' Bu'
15) (16)

The synthesis and spectroscopic data were reported for the two Cr(I1I) complexes
formed by reaction of rhizoferrin (17) with CrCl;-3thf in dmso [43]. The two
products were separated using chromatography. The relative amounts of the two
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products formed were dependent on the strength of the base employed in the
synthesis, with a stronger base giving the more polar complex. The two complexes
could not be interconverted by changing the pH. However, the CD and optical
spectra of each species were pH dependent. Mass spectral data suggest that the
complexes are geometrical isomers. CD spectra were used to conjecture that both
isomers have a frans geometry. EPR spectra of both exhibit axial symmetry.

a P
N
\\\coz HOy,
-0,C
coz- -0,C

amn

An examination of the acid ionization of the protonated pendant arm
in Cr(edtaH)(H,0O) revealed an unusual positive molar volume change
(+5.14+0.6 cm® mol ~') [44]. The authors suggest that this results because the com-
plex enters into an equilibrium in which the quinquedentate ligand becomes sexiden-
tate with concomitant expulsion of the water ligand. An analysis of the NCS~
substitution on Cr(edtaH)(H,0) and [Cr(edta)(H,0)]™ supports a transient chela-
tion mechanism for substitution in Cr(III) edta complexes.

5.4. Macrocyclic ligands

Reaction of [Cr(H,0),(pc)]I, with (PPN)NQO, resulted in the isolation of the
PPN* salt of [Cr(pc)(NO,)] [45]. The nitrite ligands are monodentate
O-coordinated. The Cr atom sits on a crystallographically imposed inversion center.
The average Cr-O and Cr-N distances are 1.9898(14) and 1.981(2) A, respectively.
The Pc®~ exhibits a saddled geometry with the B-benzpyrrole atoms ranging from
0.07 A above to —0.08 A below the mean plane of the macrocycle. Spectroscopic
data including UV-vis, IR and RR are reported.

The crystal structure of [Cr(cyclam)(OH)(H,0)]Br,  H,O was reported [46].
Each of the axial O atoms possesses a clearly defined H atom and a second H atom
that has an occupancy of 50%. The Cr and N atoms are planar within 0.0091 A
The average Cr-O and Cr-N distances are 1.982(8) A and 2. 064(4) A,
respectively.

[Cr(orpg)(thf ),][Li(thf),], where orpgH, is octaalkylporphyrinogen (7), with
R =Et or Pr, was prepared from CrCl,- 3thf and orpg[Li(thf)], [47]. The salt was
also prepared by exposing [Cr(orpg)Li,(thf),] to N,O. A crystal structure of the
methyl analogue was obtained. The [Cr(orpg)(thf),]” ion displays average Cr—-N
and Cr-O distances of 2.046(7) and 2.040(11) A, respectively. The O—Cr-O angle
is 178.8(2)°. The porphyrinogen ligand adopts a saddle-shaped conformation.
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The mechanism of (salen)Cr(1II) catalyzed asymmetric epoxide ring opening by
trimethylsilyl azide, TMSN,, was investigated [48]. The system examined used the
salen derivative, salenR, catalyst represented by (18). The studies suggest that the
complex with X=Cl" is converted to X =N before the catalytic process and that
the [Cr(salenR)(Ns)] complex is the actual catalyst. The authors suggest that a
polymeric system with bridging azides is disrupted by coordination at the second
axial site of (18). This suggestion is supported by solubility data and the isolation
and crystal structure of [Cr(salenR)(N;)(thf)]. Reaction of [Cr(salenR)(Nj)] with
cyclopentene oxide in the absence of trimethylsilyl azide resulted in the stoichiometric
transfer of the azide and a new complex with an O-coordinated 1-azido-
2-cyclopentanoxide. The crystal structure of this complex revealed a monomeric
salenR complex with thf and the azidoalkoxide in the axial sites. A catalytic cycle
for the catalyzed ring-opening of epoxides by TMSN; was proposed.

Hilne

-

(18)

The new water soluble, dicationic salen derivative (19) was reported [49]. The
Cr(1II) complex was prepared by treatment with Cr(OAc);. Contrary to findings
with the Mn(III) derivative, the Cr(III) exhibits no DNA nicking ability.

>/: N :__
(CH2)3 (CHz)a
MC3N +NMC3

(19)

Two complexes with the formulas Nay[Cr(eddp)(pzdc)]-6H,O and
Na,[Cr(eddp)(pzdc)}- 4.5H,0, where pyrazole-3,5-dicarboxylate is pzdcH; (20) and
eddpH, is ethylenediamine-N, N'-dipropionate, were characterized [50]. Whereas
pzdc®~ is often a bridging ligand (see Section 7), ZH NMR spectra provide strong
evidence that these complexes are mononuclear. The complexes are likely geometrical
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isomers of unsym-cis corresponding to mer- and fac-[Cr(eddp)(pzdc))* . Failure to
form dinuclear complexes may be due to the close nonbonded contact that would
result.

0 0
\E N C//
Ho” W o
N—N,

\
H
20

The syntheses of the complexes [Cr(N3)(tacn)(ox)], [Cr(Ny)
(tacn)(phen)}(ClO,),, and [Cr(Nj)(tacn){LL)]CIO,, LL =acac, pic, and 2,2,6,6-
tetramethylheptane-3,5-dionate, were reported [51]. The complexes exhibit mag-
netic moments in the range 3.6-3.9 ug. Photolysis of all but the ox?>~ complex results
in the loss of N, yielding mononuclear Cr(V) nitrido species. Photolysis of the
ox?~ complex gives a mixed-valent, p-nitrido-bridge Cr™Cr"¥ complex (see Section 7).
The complexes exhibit strong v(N; ) asymmetric stretching bands in the range
20502084 cm ™.

6. Chromium (II') complexes

The synthesis of the silated phosphanimine CrCl,(Me;SiNPMe,), was reported
[52]. The complex was obtained by reacting CrCl,-2thf with Me;SiNPMe,; in
refluxing CH,Cl,. The complex exhibits a Cr—Cl stretching frequency of 401 cm ™1,
The crystal structure was determined. The square planar complex is in the trans
configuration with the Cr atom sitting on a_center of symmetry. The Cr-N and
Cr—Cl distances are 2.117(2) and 2.3594(9) A, respectively. The N-Cr-Cl angle is
90.45(8)°.

[Cr(orpg)Li,(thf),], where orpgH, is octaalkylporphyrinogen (7), with R=Et or
Pr, was prepared from CrCly(thf), and orpg[Li(thf)], [53]. The complexes are
extremely air sensitive. They exhibit magnetic data consistent with a high-spin d*
ground state. The crystal structure of the complex with R =Pr was obtained. The
porphyrinogen adopts a saddle-shaped geometry. The Cr atoms sit slightly above
the plane of the four pyrrole nitrogen atoms. The average Cr-N bond distance is
2.026(7) A. The Li atoms are bound in n° fashion to opposite pyrroles on the same
side of the macrocycle and each Li is further coordinated to two thf molecules.
Exposure of [Cr(orpg)Li,(thf),] to either N,O or O, results in the formation of the
Cr(IV) oxo species [(thf )(orpg)Cr(O)(thfLi),] (see Section 4).

7. Polynuclear complexes

Reaction of L®H, (21) and trans-[Cr(py)4F,]ClO, resulted in the formation of the
dinuclear complex [CrLEF], [54]. A structural analysis of the bis-2-methoxyethanol
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solvate was made. The two cis fluoride ligands bridge the metal centers. A crystallo-
graphically imposed center of symmetry is in the centroid of the Cr,F, ring. The
ligands adopt a cis,cis N,O, geometry. The Cr-N, Cr-O, and Cr-F distances are
2.065(1) and 2.039(1) A, 1.891(1) and 1.929(1) A, and 2.0172(8) and 1.9754(9) A,
respectively. The intramolecular Cr---Cr separation is 3.0787(4) A. The F-Cr-F
and Cr-F-Cr angles are 79.10(4)° and 100.90(4)°, respectively. Analysis of EPR,
field dependent magnetization and magnetic susceptibility data was used to conclude
that the Cr(IIl) centers are ferromagnetically coupled and that the complex has a
septet ground state.

H H
\ / N/
N N
‘Bu OH HO ‘Bu
'‘Bu ‘Bu

21

The synthesis and characterization of the dinuclear Cr(III) complexes
[Cr,(tmpa) (u-O) (u—X)]"*, where tmpa is tris(2-pyridylmethyl)amine and
X=CO0%", PhPO3", and HS~, were reported [55]. The crystal structure of
[(tmpa)Cr(p-0) (p-CO5)Cr(tmpa)](Cl0,), was determined. The degree of anti-
ferromagnetic coupling between Cr(III) centers is very dependent on the nature
of the X bridging group. A strong correlation between oxo group basicity and
degree of coupling was observed. The antiferromagnetic coupling constants
for the new compounds vary from —30.4 to —64 cm‘l. The structure of
[(tmpa)Cr(p-0)(p-CO;)Cr(tmpa))(ClO,), exhibits a --Cr separation of
3.289(4) A and an average Cr—N(py) bond distance of 2. 072 A. The Cr-N(amine),
Cr-O(oxide), and Cr-O(CO3) bond dlstances are 2.089(7) and 2.140(8) Al 818(6)
and 1.838(6) A, and 1.924(7) and 1.934(7) A. The Cr—O-Cr angle is 128.3(3)°.

A series of (diamine-N,N'-dicarboxylato)chromate(III) dinuclear complexes with
the bridging ligand pyrazole-3,5-dicarboxylate, pzdcH, (20), was reported [56].
The diamine-N, N'-dicarboxylato ligands employed were edda?™ and trimethylene-
diamine-N, N'-diacetate, trdda®*~. The crystal structures of Na[Cr,(edda)(p-pzdc)]:
5H,0 and Na[Cr,(trdda)(pu-pzdc)]- 3H,0 were obtained. The complexes exhibit a
Cr coordinated by the O,N,N,O tetradentate diaminedicarboxylate and N,O chelate
of the pzdc®~, which results in octahedral Cr(N);(0); geometry. The edda®” com-
plex has the structure shown in (22). The Cr-- -Cr distance is 4473(3)A The
Cr-O(pzdc) distances are 1.965(5) and 1. 991(6)A and the average Cr-O(edda)
distance is 1.956(12) A. The Cr—N(pzdc) distances are 2.051(7) and 2.030(6) A and
the average Cr-N(edda) distance is 2.063(17) A. Temperature dependent magnetic
susceptibility data reveal that the Cr(III) centers in Na[Cr,(edda)(p-pzdc)]- SH,O
exhibit weak ferromagnetic coupling (2J=1.21cm™"). A two-fold axis bisects the
bridging pzdc®~ ligand in Na[Cr,(trdda)(pu-pzdc)] - 3H,0, which displays a Cr---Cr
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distance of 4.560(4) A. The symmetry independent Cr—O(pzdc) distance is 1.933(9)

and the average Cr—Of(trdda) distance is 1.94(1) A. The Cr-N(pzdc) distance is
1.933(9) and the average Cr-N(trdda) distance is 2.055(7) A.
a
O//l,, f.‘\\\

—<
O//l; ‘\\\N N/I/
V A

S TS

(22) (23)

\\\\0

Three Cr(IIT) dimers bridged by hydroxide and acetate groups were synthesized and
subjected to magnetic characterization [57]. [(tren)Cr(p-OH)(p-O,CCH,)Cr(tren)]
(C10,), - 4H,0 and [(trenH )Cr(p-OH ) (n-0,CCH3),Cr(trenH)|(CIO,); - 6H,O were
synthesized by reacting [(tren)Cr(OH)(OH,)]CIO, with sodium acetate in a
Cr/acetate ratio of 2 and 1, respectively. In the bis p-acetato complex, the tren
ligands are didentate, with the third pendant protonated, trenH. The complexes
exhibit weak antiferromagnetic coupling with J=—19.9 and —15.7cm ™! for the
tren and trenH complexes, respectively. The synthesis and characterization was also
reported for [(H,0),Cr(u-OH)(p-0,CCH;)Cr(H,0),](MesSOs), - 8H,;0. The com-
plex was synthesized from glacial acetic acid, Cr(III) hydroxide dimer, and mesity-
lene-2-sulfonic acid The Cr(III) atoms are weakly antiferromagnetically coupled
with J=—7.7cm™ ! The crystal of the complex exhibits Cr—OH distances of 1.95(1)
and 1.92(1) A, Cr- Of(carboxylate) distances of 1.94(1) and 1.93(2) A, and
Cr-OH, distances in the range 1.98-2.02 A. The Cr-O-Cr angle is 133.1° and the
Cr---Cr separation is 3.55(1) A.

Reaction of potassium chromate with the ethyl ester of cysH, cysOEt, followed
by neutralization with NaOH allowed the isolation of a complex with the formula
Na,[Cr,(0),(OH ),(cysOEt) (cytOEt)Cl,] - H,O, where cytH, is the oxidized form of
cys, cystine [58]. The room temperature magnetic moment is 5.42 pg. The complex
exhibits a molar conductance of 99 cm? Q! mol ~*. Experimental evidence suggests
the absence of Cr-8 coordination, coordination of NH, and the presence of Cr=0.

Photolysis of [Cr(tacn)(ox)(N,)] was found to result in the loss of 0.5 equiv. N,
with the formation of mixed-valent, p-nitrido-bridge Cr™Cr¥ complex with the
formulation [Cr,(p-N)(tacn),(0x),J(N;) [59]. The complex exhibits a Cr¥=N
stretching band at 965 cm ™! and a Nj stretching band at 2073 cm ™. The authors
suggest a CrV=N-Cr™ linkage. Based on variable temperature magnetic susceptibil-
ity measurements, the complex exhibits an S=1 ground state resulting from intramo-
lecular antiferromagnetic coupling between Cr(V) (S=1/2, d') and Cr(III)
(§=3/2, d3.

[Cr,,S:6(PEt;),0] was synthesized and characterized by voltammetric and crystallo-
graphic techniques [60]. The dodecanuclear cluster was synthesized by reacting
sulfur with [CreSg(PEt,)]. The structure of the bis CH,Cl, solvate consists of two
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octahedral CrqSg cores linked by two Cr-S bonds. The Cr---Cr distance between
the CrgSg cores is 2.948(3) A. The average Cr—Cr distance between the Cr involved
in the inter-core link is 2.79 A, whereas the average of the other Cr—Cr distances
is 2.63 A. Cyclic voltammetry data for [CreSg(PEts)] exhibits an oxidation step
at —0.86V and reduction step at -—1.54V vs. ferrocene/ferrocenium.
[Cry5S:6(PEty);0] has two oxidation steps (—0.86 and —0.44 V) and two reduction
steps (—1.57 and —2.12 V). The authors conclude that these waves correspond to
a one-electron process occurring sequentially on the individual CrgSg cores.

The structure of the dihydrate of the 2,6-dihydroxybenzoate salt of the cation
[Cr3(p,-CH;CO,)6(13-0) (H,0)3]" was reported [61]. The complex has a triangular
Cr;0 array with Cr—O-Cr angles within 0.5° of 120°. The coordination sphere of
each octahedral Cr is comprised of the triply bridging oxygen and a trans water
ligand in the axial sites, with the remaining sites occupied by oxygen atoms from
the bridging acetates ligands. The Cr—(u;-0), Cr—OH,, and Cr—Of{acetato) distances
are in the ranges 1.88-1.89 A, 2.03-2.06 A, and 1.96-2.00 A, respectively. An exten-
sive H-bonding network between the coordinated water and acetate ligands, waters
of hydration and the counterion exists.

A study of the kinetics associated with the conversion of Cr(III) trimer to hexamer
and monomer and trimer to tetramer in aqueous solution was performed [62]. The
pH dependence studies were accounted for using a mechanism involving four and
three pathways, respectively. The results suggest that pathways involving species
with different nuclearities are preferred over those involving dimerization of indivi-
dual oligomers.

The complexes [Cr(cys),Cl],, [Cr(cyt),Cl], and (NH,),[CrCl,(dtnb),],, where
cysH is cysteine, cytH is cystine, and dtnbH is dithiobisnitrobenzoic acid, were
reported [63]. The complexes were synthesized from CrCl;py; and the ligand. The
products were characterized by IR, UV-vis, and spectroscopy. The magnetic
moments are in the range 3.6-3.8 ug. The data are consistent with a lack of coordina-
tion of sulfur for the amino acid complexes. However, the dtnb complex does exhibit
sulfur coordination. The authors suggest a structure with two bis(didentate
ligand ))Cr(III) ions bridged by two chloride ligands for the cys and cyt complexes.
The dtnb complex has a proposed structure with either bridging chloride ligands or
bridging dtnb ligands between the Cr(III) centers.

The hetero trinuclear dioxime complexes [Cr(salen)Pd(dmg),Cr(salen)],
[Cr(salen)Pd(dpg),Cr(salen)], and [Cr(salen)Pd(dfg),Cr(salen)], where dpgH, and
dfgH, are (24) and (25), respectively [64], were prepared by refluxing a solution of
[Cr(salen)(H,0),]NO;, HC(OEt),, and Pd(dmg),, Pd(dpg), or Pd(dfg),. The com-
plexes are nonelectrolytes and IR spectral analysis indicates that dioxime protons
have been removed. The authors conclude that the oxime oxygen atoms coordinate
to the Cr(salen) moiety, i.e. the Pd(oxime), behaves as a didentate ligand to each
of the Cr atoms, forming a bridge between the Cr centers. Magnetic data suggest
that the electronic structure is best described as a Cr(III)-Cr(III) system with a
small degree of antiferromagnetic coupling (/= — 3.38 cm ™ !), The room temperature
magnetic moment is 5.12 pg.
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The kinetics for the formation of [Cr(H,0),(OH)],Mo(CN); from
[Cr(OH)(H,0)s)** and [Mo(CN )¢]*~ were examined [65]. The product stoichiome-
try was determined using the method of continuous variations and the mole ratio
method. The bridging in the product is of the form Mo—C=N-Cr. Activation
parameters were reported. The rate of reaction is pH dependent, decreasing with a
decrease in pH. The proposed mechanism includes a slow addition of the first Cr
moiety with loss of a water ligand (outer-sphere association followed by an I,
process) and a fast addition of the second.

A detailed analysis was carried out of the Maossbauer spectra for the
complexes  [(tacn)Cr(p-OH)(u-CH;CO,),Fe(tacn))(ClO,),,  [(tacn)Cr(pu-O)(p-
CH;CO,),Fe(tacn)](PFg),, and [(tacd)Cr(u-O)(u-CH;CO,),Fe(tacd)|(PFs),, where
tacd is triazacyclododecane [66]. Spectra were analyzed as a function of field strength
and temperature. The u-OH complex has Fe?* (S=2) and Cr®* (S=3/2) ions which
exhibit antiferromagnetic coupling resulting in an effective $=1/2. The p-O com-
plexes have Fe** (§=5/2) and Cr3®* (S=3/2) ions which exhibit antiferromagnetic
coupling resulting in an effective §=1 state. The coupling between metal centers is
much greater for the p-O complexes than that observed in the p-OH complex. The
quadrupole splitting AEy= —2.00 mm/s at 4.2 K exhibited by the p-O complexes is
unusually large. The observed relaxation for the Fe**, Cr3* and Fe**, Cr3* pairs
is faster than that observed for diiron pairs.
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The crystal structures of the complexes resulting from the self-assembly of
[Cr(bpy)(0x),]~ with Ba(Il), Mn(II), Co(II) were reported [67]. The two Cr atoms
in [BaCr,(bpy),(p-0x),( H,0)], - nH,O are in different environments. The two oxalato
groups bonded to the first Cr exhibit different coordination modes, as shown in
(26). Each Ba atom is connected to two Crl units forming an infinite 2D sheet. The
sheets are linked together through a pillar formed by two Ba(II) connected by four
oxalato bridges coming from four Cr2 moieties, which together form an extended
2D sheet. Reaction of [BaCr,(bpy)a(p-ox),(H,0)], - nH,O0 with MnSO, 4H,0
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or CoSO,-7H,0 results in the formation of [MnCr,(bpy),(p-ox),), or
[CoCry(bpy)a(n-0x)2(0x)(H,0),] - H,O, respectively. [MnCr,(bpy)(p-0x)s], dis-
plays an asymmetric unit composed of MnCr,(bpy),(i-0x),. The Mn atom exhibits
a flattened, square-antiprism coordination geometry comprised of four bridging
ox?~ ligands. Each of the Cr atoms in the asymmetric unit possesses an octahedral
coordination geometry made up of a bpy and two didentate ox?~ ligands bridging
Mn(II) centers. The system consists of infinite heterobimetallic chains formed of
diamond-shaped units sharing the Mn atoms and with the Cr atoms in the other
two sites. The Cr---Mn distances range from 5.533 to 5.573 A. The average
Cr-O and Cr-N distances are 1.97(4) A and 2.05(1) A. The structure of
[CoCr,(bpy),(p-ox),(0x),( H,0),] - H,O is composed of discrete Cr,Co units. The
Co(1Il) ion is on an inversion center, coordinated to trans water ligands and two
bridging ox?~ ligands. The Cr(IIl) coordination geometry is octahedral with the
remainder of the coordination sphere comprised of the bpy and terminal oxalate
ligands. The Cr---Co distance is 5.288 A. The average Cr-Ox(bridge) and
Cr-Ox(terminal ) distances are 1.946(7) A and 1.99(18) A, respectively. The average
Cr-N distance is 2.056(4) A.

A similar approach, employing the reaction of [BaCr,(bpy),(p-0x),(H,0),]:
H,O0 or K[Cr(bpy)(ox),]-4H,0 and Cu(NO,),-4H,0 or Ag,S0,, resulted
in the formation of  [CuCr,(bpy),(p-0x),(0x),(H,0),]'1.5H,0 and
AgCr(bpy),(p-0x),(H,0), [68]. The Cu(ll) complex consists of discrete trinuclear
units. The coordination about Cu exhibits considerable tetragonal distortion. The
coordination sphere consists of two trans water ligands and two bridging oxalato
ligands. The Cr coordination sphere is similar to that found in the analogous
CoCr, complex (vide supra). The average Cr—Ox(terminal), Cr-Ox(bridge), Cr-N
distances are 1.946(1) A, 1.978(6) A, and 2.042(16) A, respectively. The complex
exhibits an $=5/2 ground state and an antiferromagnetic coupling constant of
J=—18.8cm™'. The structure of AgCr(bpy),(p-ox),(H,0), consists of discrete
Cr,Ag, units with the metal atoms linked by four bridging oxalate ligands. The
coordination, as seen in (27), is atypical: two of the oxalato ligands exhibit normal
tetradentate coordination, but the other two coordinate with three oxygen atoms.
The Ag atoms are five-coordinate (distorted trigonal bipyramidal ) with three oxygen
atoms from oxalate ligands and two water molecules making up the coordination
sphere. The coordination sphere of the Cr(Ill) is as described for
[CuCry(bpy)(p-0x),(0%),(H,0),]- 1.5H,O  with  average  Cr-Ox(terminal),
Cr-Ox(bridge), Cr-N distances of 1.950(7) A, 1.975(7) A, and 2.052(6) A, respec-
tively. The short Cr---Ag distances are 3.841 A and 3.886 A.
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The structure of the complex with the formula [Fe"(bpy);]2* [AgCr™(ox),]2"~ was
reported [69]. The polymeric anion is composed of a dimetal—oxalate network with
the cations in the voids of the framework. The anion subunits and the cations exhibit
the A configuration. All Cr(III) ions are coordinated to three oxalato ligands that
each bridge to a Ag(l) ion, which in turn exhibits tris(oxalato) coordination. The
result is a chiral polymeric decagon framework. The crystallographically unique
Cr-O distances are 1.936(5) A and 1.947(5) A.

Diffusion of [Cr(ox);]?~ and Mn?" into a solution of (TTF),(BF,),, where TTF is
the tetrathiafulvalene, resulted in the formation of the complex
(TTF),{ Mn(H,0),[Cr(ox)s3],} - 14H,0 [70]. The material crystallizes with linear
Cr-Mn-Cr trimers in which the Mn resides on an inversion center. The two
Cr(ox); units are bridged by the oxalato ligands. The coordination sphere of the
octahedral Mn is completed by water ligands. The trimers are linked via a H-bonding
network to form a 2D framework. The ground state of the system is S=11/2, with
a ferromagnetic coupling constant J=0.54 cm ™!,

A series of five complexes containing chelating or bridging cis-[Cr(OH ),(en),]*
units and zinc or cadmium was prepared and characterized by X-ray crystallography
[71]. [ZnCly(u-OH)Cr(en),(p-OH)][CIO,], forms chains. The tetrahedral
Zn(u-OH),Cl, units bridge Cr centers. The average Cr—O and Cr—N distances are
1.94 A and 2.10 A, respectively. The complex [{ZnCl,(u-OH)Cr(en),(p-OH)},]Cl,
exhibits a structure with discrete “squares” formed by diagonal Cr and Zn atoms.
The average Cr—-O and Cr-N distances are 1.958 A and 2.078 A, respectively.
[Cda(p-CNCl{Cr(p;-OH ) (1-OH ) (en), },] - 4H,O has three octahedral Cd atoms.
The central Cd resides on an inversion center and shares opposite triangular faces
with the two end Cd coordination spheres. The crystallographically unique Cr is
bridged to a terminal Cd by one of its OH ™ ligands. The other hydroxide ligand is
part of a triangular face shared by the central and terminal Cd atoms. The
Cr—(p-OH) and Cr—(p,-OH) distances are 1.925(2) A and 1.981(2) A, respectively.
The average Cr—N distance is 2.086 A. [[Cd(u-Cl)(H,0),{Cr(u-OH ),(en),} (ClO,)
crystallizes with infinite chains of octahedrally coordinated Cd atoms bridged by
chloride ligands. The coordinated Cr complex ligands are arranged in 2, fashion
along the chain. The average Cr—O and Cr—N distances are 1.967 A and 2.090 A.
The final compound, [Cd,(p-C1),Cl;(H,0);{Cr(p-OH ),(en),}],, also adopts a poly-
meric structure, However, in this compound, the cis-[Cr(OH),(en),]* ligands are
coordinated to every other Cd in a chain of octahedrally coordinated Cd atoms
bridged by chloride ligands. The average Cr-O and Cr-N distances are 1.91 A
and 2.06 A.

The complexes {M(II)[Cr(III){(ap)s),}Cl,, where M =Zn, Ni and Cu and ap is
3-amino-1-propanol, were reported [72]. Based on IR and UV-vis spectroscopy;
conductivity, magnetic and thermal differential analysis studies; and by X-ray powder
diffraction of hydrolysis products, the structures were assigned. The data are consis-
tent with the M(II) bridging the two Cr(III) ions via shared edges of the octahedra.

The reaction of CrCl; or CrBr,, Cr,0,, elemental Cr, and SiO, was used to isolate
the complexes Cr,(Si,0,)X,; (X=Cl, Br) [73]. The complexes crystallize with eight
crystallographically unique Cr(IT) ions. Two of the Cr(II) ions have a coordination
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sphere of CrOsX (distorted octahedral), one with CrO,X; (distorted mer-octahe-
dral), three with CrO;X, (distorted trigonal bipyramidal, axial halides, square plane
of oxygens with one corner missing) and two with CrO,X (square pyramidal, apical
halide). Jahn-Teller distortion is clearly visible in the observed coordination geome-
tries. The average Cr~O(short) and Cr-O(long), and Cr-X distances are 2.057 A,
2.527 A, and 2.694 A for the chloride complex and 2.068 A, 2.433 A, and 2.798 A
for the bromide complex.

A series of heterobimetallic p-nitrido porphyrin complexes was reported [74].
Reaction of NRe(OEP) and CICr(TPP) results in the formation of a nitrido bridge
species. The stoichiometry of the product is 1:1 and the equilibrium constant
was determined to be 3.8(0.2) x 10° M ~!. The NRe(OEP) and CICr(TTP) or
CICr(OEP) systems were also examined and gave similar results. The proposed
mechanism for bimetallic complex formation involves initial loss of the chloride
ligand.
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