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Both new methods of preparation fulfill our original goal
of producing the Mo'™(aq) species more quickly, but the second
reaction scheme has advantages over the first one. In the
second method, the reaction is run in the open and the reaction
time is shorter than in the first method, which must be run
under an inert atmosphere. Finally, the cost of the starting
materials is a factor. The only molybdenum-containing
reagent required for the second reaction scheme is Na,Mo-
0,2H,0 while the first scheme requires some relatively more
expensive intermediate (Mo,(O,CCH3),, K4M0,(SO,),) from
which to form the Mo'l(aq) species. Therefore, the second
method, described by reaction 2, provides the most practical
route now available to aqueous solutions of the [Mo;O,-
(H,0),]%* ion.
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In recent years, a number of cyclic and acyclic olefin com-
plexes of metal jons with d® configuration have been investi-
gated. Among these, the Pt(II) derivatives have been most
widely studied.! Because of our interest in the electronic
character of transition-metal complexes which may model
catalytic intermediates and interest in complexes such as
cis-Pt(NH,),Cl, and cis-Pt(en)Cl,, which exhibit antitumor
activity,? an accurate determination of the structure of a
complex of PtCl, and 1,5-cyclooctadiene (COD) was under-
taken at low temperature. Quite recently, the metal—-olefin
bonding in the (COD)PtCl, complex has been reported to be
unsymmetrical,’ suggesting an activation of the coordinated
ligand toward nucleophilic attack. This asymmetric com-
plexation is not confirmed in the present study.*

The stability of olefin complexes of Pt(II) is explained by
the Dewar—Chatt-Duncanson model.® The DCD model in-
volves a synergic relation between ligand-to-metal # — o
bonding and metal-to-ligand d= <— «* electron flow. Both
donation of w-electron density from the COD molecules to
Pt(II) and accumulation of electron density in the COD =*
orbitals are expected to lower the 7-bond order of the coor-
dinated COD ring. As a consequence, the coordinated olefinic
bond will be lengthened, as observed in the present study.

It has further been suggested that activation of coordinated
olefins to nucleophilic attack may result from asymmetric
complexation to the metal atom.5 However, neither the
bonding mode nor the relatively low reactivity of (COD)PtCl,
would appear to indicate unsymmetrical olefin-metal bonding
in the molecule. Nevertheless, in a recent room-temperature
structure determination,? one of the two double bonds was
reported to be “slipped” with respect to PtCl, (C-Pt bond
distances of 2.209 (21) and 2.156 (17) A), while the other
double bond was more symmetrically coordinated (2.215 (18)
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Table 1. Tractional Atomic Coordinates and Equivalent
Isotropic Thermal Parameters?®

atom x y z B, A?
Pt 0.83888 (3) 0.09928 (2) 0.62360(2) 0.604 (2)
Cll 1.1176 (2) 0.1038 (2) 0.7299 (1) 1.00 (2)
Cl2 0.7315(3) 0.2821 (2)  0.7039 (1) 1.13 (2)
Cl  0.5499 (9) 0.0545 (7) 0.5608 (6) 0.90 (9)
C2  0.6427 (9) 0.1354 (6) 0.4912(5) 0.87 (9
C3  0.7450 (10) 0.0994 (6) 0.3872(5) 1.12 (9)
C4 0.8728(9) -0.0189(7) 0.3975 (5) 0.93 9)
C5 0.9655(10) -0.0308(6) 0.5079 (6) 0.98 (9)
C6 0.8876 (9) —0.0993(6) 0.5927(5) 0.89(8)
C7 0.6897 (10) -0.1626 (7)  0.5912 (6) 1.09 9)
C8 0.5255(9) -0.0851 (6) 0.5418 (6) 1.05 9)

¢ Estimated standard deviation in the least significant digit is
given in parentheses. Hydrogen atom coordinates and anisotropic
thermal parameters are given in the supplementary material.

Table 11
Distances (A)
Pt-CI(1) 2.315 (1) C(8»C(1) 1.517 (8)
Pt-C1(2) 2.309 (1) C(1)-H(1) 0.949 (6)
Pt~C(1) 2.172 (6) C(2)>-H(2) 0.945 (6)
Pt-C(2) 2.154 (5) CB)»H@3) 0.951 (6)
Pt-C(5) 2.176 (6) C(3»H4) 0.960 (6)
Pt-C(6) 2.178 (6) C@)»H(S) 0.957 (5)
C(1)-C(2) 1.375 (8) C@4)-H(6) 0.949 (6)
C()-C(3) 1518 (8) C(5)-H(7) 0.965 (6)
C(3)-C) 1.538 (8) C(6)-H(8) 0.945 (6)
C4)-C(5) 1.516 (8) C(7)-H®) 0.962 (6)
C(5)-C(6) 1.387 (8) C(7)»H(10) 0.972 (6)
C(6)-C(7) 1.509 (8) C(8)-H(11) 0.964 (6)
C(T)-C(8) 1.521 9) C(8)-H(12) 0.940 (6)
Angles (deg)

Cl1-Pt-C12 89.78 (5) Cl2-Pt-C6 161.0 (2)
C1-Pt-C2 37.1(2) Cl1-Pt-C5 93.7 (2)
C5-Pt-C6 37.22) Cl1-Pt-Cé6 89.8 (2)
C1-Pt-C6 82.0 2) C12-Pt-C1 93.1 (2)
C2~Pt-C5 81.7 (2) Cl2-Pt-C2 89.0 2)
Pt-C1-C2 70.8 (2) C1-Pt-CS 89.0 (2)
Pt-C2-C1 72.2 (3) C2-Pt~C6 97.7 2)
Pt-C5-C6 71.5 (3) C1-C2-C3 126.0 (5)
Pt~-C6-C5 71.3 (3) C2-C3-C4 113.3 (5)
Pt-C1-C8 111.8 (4) C3-C4-C5 112.4 4)
Pt-C2-C3 108.6 (4) C4-C5-C6 124.9 (5)
Pt-C5-C4 1122 4) C5-C6-C7 124.7 (5)
Pt~C6-C7 107.5 4) C6-C7-C8 114.9 (§)
Cl1-Pt~C1 162.6 (2) C7-C8-C1 112.9 ()
Cl1-Pt-C2 160.3 (2) C8-C1-C2 124.6 (5)
C12-Pt-CS§ 161.7 (2)

Figure 1. Structure of dichloro(cycloocta-1,5-diene)platinum(II) at
110 K showing the atom-labeling scheme. Thermal ellipsoids show
90% probability surfaces.

and 2.203 (19) A). The estimated standard deviations are
sufficiently large, especially considering that X-ray esd’s are
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typically underestimated by a factor of 2, to cast doubt on the
significance of this feature (Tables I and II).

In the structure determination at 110 K reported here, the
esd’s are lower by a factor of 3, and the corresponding Pt—C
bond distances (2.172 (6), 2.154 (5), 2.176 (6), 2.178 (6) A)
are much closer to being equivalent. Again assuming that
X-ray standard deviations given by the refinement are un-
derestimated by a factor of 2, the possibility that the bond
distances are equivalent cannot be rejected on the basis of a
x? test at the 0.10 significance level.

An ORTEP drawing® of the molecule is shown in Figure 1.
The important features to note in the structure of (COD)PtCl,
are as follows: (i) The COD molecule is symmetrically co-
ordinated to the Pt atom. (ii) The ethylene portions of the
COD molecule are twisted to avoid eclipsing, which lowers
the point group symmetry of the molecule to C,. (iii) The
coordinated C=C double bonds are lengthened (1.375 (8) and
1.387 (8) A) by an amount comparable to that found in the
isomorphous palladium complex® and other similar systems. '
This is contrasted with a double-bond distance of 1.334 A in
the cyclooctatetraene molecule!! and 1.316 and 1.320 A bond
distances for the uncoordinated double bonds in dichloro(cy-
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clooctatetraene)palladium(II).!% The Pt~Cl bond distances
are in the range of those observed in similar structures.!?
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The central coordination units of microbial siderophore iron
transport compounds are chelate iron(III) complexes of hy-
droxamate or catecholate ligands.!® In important respects
the properties of “simple” (hydroxamato)- or (catecholato)-
iron(I1I) complexes can therefore be expected to represent
those of the biological iron compounds. In hydroxamato
siderophore complexes the iron coordination center is, however,
shielded from the external aqueous medium by a “shell”
constructed from the organic backbone of a multibasic ali-
phatic hydroxamato ligand system, the carboxylic acid con-
stituent of which is commonly the acetyl group and which
possesses on the outside a dipolar structure due to attachment
of strongly polar groups at the surface. These surface prop-
erties also lead to formation of a diffuse double layer around
the siderophore and in this way provide control for the access
of potential reactant molecules to the iron core.

The dipolar and double-layer effects are not reproduced by
simple hydroxamato complexes. On the other hand, we show
in the present work that iron(I1I) complexes of apolar hy-
droxamate ligands, represented here by tris(benz-
hydroxamato)iron(1II) (TBH), can be trapped in anionic
micelles. This compound has previously been forwarded as
a siderophore model compound.* 1t is a shortcoming of this
particular compound that the acid group is aromatic, whereas
those of real siderophores are acyclic and very commonly the
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