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closer to Fe2 than are the 5-H or the N-CH3, and the expected 
dipolar broadening leads to assignment of the relatively broad 
feature at -9 ppm to the unresolved cis and trans 4-CH3 reso- 
nances. We2I and othersz have previously shown that the bridging 
acetate chemical shifts in di- and trinuclear Fe(II1) complexes 
vary monotonically with solution magnetic moments per iron atom 
and wit! the pairyis,e antiferromagnetic coupling constants, -J, 
in the Hex = -USl*S2 formalism. Solution magnetic moments 
measured at -296 K in CD3CN by the Evans method2' gave 
effective magnetic moments of 4.00 pB/Fe for 1 and 4.01 pB/Fe 
for 2. These magnetic moments together with the bridging acetate 
chemical shift of 1 (52.4 ppm) at the same temperature indicate 
that the pairwise antiferromagnetic coupling between adjacent 
iron atoms in the cores of 1 and 2 is significantly stronger than 
that in the isostructural core of [Fe2(OH)(OAc)2(HB(pz)3)2]+ 
(4.42 pe/Fe, 68.7 ppm, -J = 17 cm-' M).23  On the other hand, 
comparisons of the same parameters indicate that the antiferro- 
magnetic coupling between adjacent iron atoms in the cores of 
1 and 2 is significantly weaker than that between the iron atom 
pairs in the 'basic iron acetate" cluster [Fe3(p3-o)(p-oAc)6(N- 
MeIm),]+ (3.34 pB/Fe,*' 30.7 ppm,2' -J = 30 cm-' 24). Thus, 
these comparisons indicate that the pairwise antiferromagnetic 
coupling strength between adjacent iron atoms in the cores of 1 
and 2 is within the range 17 cm-' < -J < 30 cm-I. 

The 57Fe Mbsbauer spectrum of solid 1 (not shown) at 250 
K shows a broadened but unresolved doublet with isomer shift 
(quadrupole splitting) of 0.41 (0.74) mm/s; these values indicate 
high-spin ferric iron and are close to those of two (p-hydroxo)- 
bisgl-acetato)diiron(III) comple~es.'~~ At 1.8 K in a weak applied 
field (2.2 kG), the Mbssbauer spectrum of 1 shows at least eight 
resolved components. Such a complex magnetic spectrum is 
indicative of a paramagnetic ground state. An X-band EPR 
spectrum at I5 K of a frozen solution of 1 in acetonitrile showed 
a strong firstderivative feature with zermossing at g = 4.29 and 
a much weaker feature at g = 9.46. This EPR spectrum is 
consistent with a S,, = 5/2 ground state for 1, as expected for 
a complex consisting of three paramagnetic centers with SI = S2 
= S3 = s/2 and antiferromagnetic coupling only between adjacent 
pairs of centers; i.e., J12 = J23, and J13 = 0." 

The new structure reported here adds to the small but growing 
list of triiron-carboxylate core types26 and further illustrates the 
recently recognized structural flexibility inherent in polynuclear 
ferric-carboxylate The trans configuration of the 
hydroxo bridges around the central iron atoms of 1 and 2 is 
unusual if not unique in discrete polynulear femc complexes. The 
synthetic procedure for 1 is completely analogous to that for 
[Fe20(0Ac)2(TMIP)2]2+, but we have detected no diiron(II1) 
complexes using T1,4DMIP. Examination of space-filling 
structures of [Fe20(0Ac)2(TMIP)2]2+ shows that steric overlap 
of methyl groups ortho to those coordinating nitrogens which are 
cis to the oxo bridge on adjacent iron atoms is likely to destabilize 
the analogous diiron complex with T1,4DMIP. Reactivities of 

k a f a ,  I. M.; Goff, H. M.; Davis, S. S.; Murch, B. P.; Que, L., Jr. Zwrg. 
Chem. 1987, 25, 2119. 
This difference is difficult to attribute to differences in bond distances 
and angles between 2 and [F~(OH)(OAc)2(HE(pz),),]+. The bridging 
hydroxide is believed to provide the main pathway for magnetic su- 
perexchange,' and in addition to the nearly identical Fe-(p-OH)-Fe 
angles in the two complexes noted above, the average Fe-p-OH bond 
distance in 2, 1.948 A, may not be significantly different from that in 
[Fe2(OH)(OAc)2(HB(pz)3)?]+, 1.956 (4) A.* Similarly, the average 
FtO(carboxy1ato) dlstance in 2, 1.994 A, is probably not significantly 
different from that in [F~,(OH)(OAC)~(HB(~Z)~)~]+, 1.999 A.2o 
Dzioblowski, C. T.; Wrobleski, J. T.; Brown, D. B. Inorg. Chem. 1981, 
20, 611. 
(a) Girerd, J.-J.; Papaefthymiou, G.  C.; Watson, A. D.; Garup, E.; 
Hagen, K.; Edelstein, N.; Frankel, R. B.; Holm, R. H. J.  Am. Chem. 
Soc. 1984, 106, 5941. (b) Cannon, R. D.; White, R. P. Prog. Inorg. 
Chem. 1988,36,264. 
The only other triironarboxylate complex of which we are aware that 
has a 'linear" iron atom geometry is [Fe,(OA~)~(biphme),]?' This 
complex contains Fe(I1) and three carboxylato bridges, one of which 
is monodentate, between adjacent iron atoms. 
Rardin, R. L.; Bmo, A.; Poganiuch, R.; Tolman, W. B.; Liu, S.; Lippard, 
S. J.  Angew. Chem., Int. Ed. Engl. 1990, 29, 812. 
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1 and 2 and synthetic routes to similar trimetal complexes are 
currently being explored. Preliminary results show that the mixed 
oxo/hydoxo-bridged complex [Fe3(p-O)(p-OH)(p-02CR)4- 
(T1,4DMIP)2J2+, whose triiron core is isostructural with that in 
1 and 2, is readily accessible.28 

Aclmowkdgment. This research was supported with funds made 
available by the University of Georgia as a result of an NIH 
Research Career Development Award to D.M.K. during 1988-93 
(HL 02207). We thank Peter G. Debrunner for obtaining the 
Mbsbauer spectra and Sonha C. Payne for assistance in syn- 
thesizing T1,4DMIP. 

Supplementary Material Available: Listings of X-ray experimental 
details (Table S1) and atomic coordinates and anisotropic thermal pa- 
rameters (Table SII) and distances (Table SIII) and angles (Table SIV) 
for non-hydrogen atoms and figures showing atom numbering and unit 
cell and packing diagrams (1 3 pages); a listing of observed and calculated 
structure factors (56 pages). Ordering information is given on any 
current masthead page. 

(28) Vankai, V. A.;Payne, S. C.; Newton, M. G.; Kurtz, D. M., Jr.; Hagen, 
K. S. Unpublished results. 

Department of Chemistry 
University of Georgia 
Athens, Georgia 30602 

Vivian A. VIlllui 
M. Gary Newton 

Donald M. Kurtz, Jr.* 

Received August 23, 1991 

Synthesis and Crystal Structure of a Vanadium(V) 
Complex with a 2-Hydroxy Acid Ligand, 
(NH4)~V(OC(CH2CH3)2C~)(0)2J~ A Structural Model 
of both Vanadium(V) Transferrin and Ribonuclease 
Complexes with Inhibitors 

Monomeric and polymeric vanadates are potent inhibitors for 
a variety of enzymes including ATPases, phosphatases, and nu- 
c lease~ .~-~  V(V) can bind tightly into the active sites of these 
enzymes in a trigonal-bipyramidal geometry. This interaction is 
thought to mimic the hydrolytic transition states of their enzymic 
 reaction^.^-^ Such a geometry has been established by X-ray 
crystallography6 in the complex formed when ribonuclease A is 
inhibited by vanadate and uridine. More recently, the first X-ray 
structure of a V(V) synthetic model that mimics this coordination 
geometry has been publi~hed.~ However, it contains a trigonal 
bipyramid of one chloride and four oxygen donors about the V 
center,3 unlike the vanadate/uridine/ribonuclease complex.6 In 
addition, it is unstable at room temperature, both in the solid state 
and in sol~t ion.~ We report here the first example of a trigo- 
nal-bipyramidal V(V) complex with five oxygen donors which is 
a good structural model for the vanadate/uridine/ribnuclease 
complex. It is remarkably stable both in the solid state and in 
aqueous solutions at room temperature. The complex is also the 
best structural model that has been reported for the proposed active 
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of the adjacent V center (V-0 = 1.984 (2) A). The structure 
is the only example of a trigonal-bipyramid geometry with a dioxo 
moiety and three other oxygen donors. When compared to those 
of other vanadium(V) alkoxides, bis(p-pinacolato)bis[chloroox- 
ovanadate( V) (11) ,3 VO( OCH2CH2CI) (111) , I  and [ (p-q3- 
CSMe,03)V(0)]2 (IV),lZ the V = O  bonds in I (V=O = 1.617, 
1.605 A) are longer than the same bonds in I1 ( V 4  = 1.576 
A), I11 (V=O = 1.584 A), and IV (V=O = 1.581 A). The 
V-O(alkanolate) distances in I (1.973, 1.984 A), where the 
oxygen bridges two vanadiums, are also longer than equivalent 
bonds in I1 (V-0 = 1.964,1.967 A) and in IV ( V - 0  = 1.957 

In aqueous solution, the I3C NMR spectrum shows that the 
plane of symmetry observed in the crystal structure is maintained 
in solution, with only four signals due to the four inequivalent 
carbons of the ligand being p re~en t .~  No signals were observed 
that could be attributed to monomers or other decomposition 
products. The ’H NMR spectrum also establishes that the ge- 
ometry is maintained in solution. The inequivalent protons of the 
methylene group, together with the methyl group, exhibit an ABX3 
coupling  att tern.^ The methyl groups are observed as a triplet 
because of rapid rotation on the NMR time scale relative to the 
rigid CH2 group. The inequivalence of the methylene protons on 
the same carbon is indicative of limited rotation about the C-C 
bond connecting the alkanolate group to the methylene group. 
This in turn mitigates against any rapid dynamic process being 
present in solution which could act to make two ethyl groups of 
the ligand equivalent on the I3C NMR time scale. The rigid 
dimeric structure is remarkably stable toward decomposition in 
aqueous solutions over a period of hours, since no decomposition 
products are observed in the NMR spectra over this period of time. 

The inhibition of ribonuclease activity occurs through strong 
binding of vanadium complexes to the uridine moiety of the en- 
zyme, as observed in the crystal structure of the vanadate/uri- 
dine/ribonuclease A structurea6 The geometry around the va- 
nadium atoms is trigonal bipyramidal, which probably simulates 
the transition ~ t a t e ~ , ~  in the phosphate ester hydrolyses that the 
enzyme catalyzes. Presumably, the enzyme is designed to stabilize 
this transition state in order to maximize the catalytic rate con- 
stant. The question of why such a geometry is so stable in the 
enzyme, when previous structural model complexes readily de- 
compose,3 is probably related to steric factors that protect the 
vanadium center when it binds to the protein. The current work 
offers strong support for this notion because in our structural 
model, the vanadium center is protected by the bulky ethyl groups 
to produce a very stable trigonal-bipy-ramidal geometry. The steric 
hindrance in this complex is shown by the limited rotation of the 
ethyl groups on the NMR time scale. 

This complex is the first example of a structural model for the 
proposed active site in vanadium(V) tran~ferrin.~ The notion that 
a trigonal-bipyramidal coordination of one carboxylate, two oxo, 
and two alcoholate (tyrosine) donors is stabilized by steric effects 
in this protein’ is strongly supported by the present results, where 
such a geometry has been shown to be very stable. The only 
difference between the donor groups of the structural model re- 
ported here and the proposed site in the enzyme is the replacement 
of two aromatic alcoholate donors by two aliphatic donors. 

Finally, it should be pointed out that this V(V) complex has 
very unusual thermodynamic stability compared to other V(V) 
complexes with oxygen donor ligands.I3*I4 Normally, such species 
exist in solution in equilibrium with substantial amounts of va- 
nadate and polyvanadate ions. Preliminary 5‘V NMR experiments 
(6 = 556 for I) establish that the equilibrium quantities of such 
complexes in aqueous solutions of I are very low (-3%). 
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Figure 1. ORTEP view of the anion in the structure of (NH4)2[(V(0)2- 
(12-0,0“-ehba-~O’~)2].Hz0, showing the atom-labeling scheme. Se- 
lected bond distances (A) and angles (deg): O( 1 1)-V( 1) = 1.605 (2), 
0(12)-V(l)  = 1.617 (2), 0(15)-V(1) = 1.973 ( l ) ,  C( l l ) -0(13)  = 
1.280 (3), 0(15)-V(l) i  = 1.984 (2), 0(13)-V(1) = 1.974 ( l ) ,  C(11)- 
O(14) = 1.232 (3), C(12)-0(15) = 1.437 (3), C ( 1 2 ) C ( l l )  = 1.526 (3); 
0(12)-V(1)-0(11) = 108.5 ( l ) ,  O( l5) -V( l ) -O( l l )  100.6 ( l ) ,  0- 
(t5)-V(I)-0(12) = 99.9 ( l ) ,  0(15)iV(t)-0(15) = 104.0 (2), C- 
(11)4(12)-0(15)  104.7 (2), V(1)-0(15)-V(1)i = 71.9 ( l ) ,  C- 
( 1 2 ) 4 ( 1 5 ) - V ( l )  = 131.2 ( l ) ,  0(13)-V(1)-0(15)’ = 148.2 (1). 

site of vanadium(V) transferrin. This complex has been implicated 
in the metabolism of vanadium both at the very low dietary level 
and at the toxic level.’ 

Aerial oxidation of an aqueous solution of (NH,) [V(O)(eh- 
baH)(ehba)]* resulted in yellow crystals of the vanadium dimer 
(NH4)2[(V(0)2(q2-0,0”-ehba-r-O’~J2]~H20 An ORTEP 
diagram of one of the symmetry-related independent dimers of 
the unit cell is given in Figure 1. The geometry about each of 
the vanadium atoms is 9 distorted trigonal bipyramid of oxygen 
atoms with the oxo oxygens occupying equatorial positions ( V - 0  
= 1.605 (2), 1.617 (2) A), together with the alkanolate donor of 
a chelating ehba ligand ( V - 0  = 1.973 (1) A). The axial positions 
are occupied by a terminal carboxylate (V-0 = 1.974 (1) A) 
and the bridging bond between vanadium and the alkanolate group 

(7) Butler, A.; Carrano, C. J. Coord. Chem. Reu. 1991, 109, 61-105. 
(8) Barr-David, G.; Hambley, T. W.; Irwin, J.  A.; Judd, R. J.; Lay, P. A.; 

Martin, B. D.; Dixon, N. E.; Hendry, P.; Baker, R. S. U.; Bonin, A. M. 
Inorg. Chem., submitted for publication. 

(9) um (KBr): 1598 (vs), 1482 (w), 1432 (w), 1400 (w), 1331 (w), 1296 
(w), 1189 (w), 1149 (w), 1059 (w), 963 (m), 940 (m), 847 (w), 680 (w) 
cm-I. aH (400 MHz, D20): 0.91, t, )J = 7.5 Hz, Me; 1.72, 1.85, dq, 
2J = 55.6 Hz, ’J = 7.5 Hz, C H A H ~ .  The coupling pattern was de- 
convoluted by selected decoupling experiments. Sc (50.329 MHz, D20): 
10.5, 4, J 121 Hz, CH?; 33.7, t, J 131 Hz, CHI; 95.8, S, CEt,; 
186.8,-s, C=O.  

(IO) (NH4)2[(V(0)2(q2-0,0”-ehba-r-O’~)2].H20: CI2H3,,N OllV2, M, = 
480.3. monoclinic. mace Prom P2,lc. a = 12.446 (21 A. b = 12.887 
(2) A,’c = 13.090 (2j A, 8-z 9i.590:‘v’= 2081.1 A’, &(Z = 4) = 1.482 
g cm-), F(OO0) = 912, pMo = 8.86 cm-I. Range of hkl: -14 to +13, 
0 to 9 , 0  to 15. R = 0.034 and R,  = 0.043. Residual extrema: 0.46, 
-0.23. Cell constants were determined by a least-squares fit to the 
setting parameters of 25 independent reflections. Data were measured 
on an Enraf-Nonius CAD4-F four-circle diffractometer employing Mo 
Ka radiation (0.7017 A) and a graphite monochromator and operating 
in the w-6‘ scan mode. Data were reduced, and Lorentz, polarization, 
and decomposition and absorption corrections were applied using the 
Enraf-Nonius Structure Determination Package. Of the 3423 collected 
independent reflections not systematically absent, 3082 with I > 2.5a(I) 
were considered observed and used in the solution of the structure. The 
structure was solved by direct methods and refined by a full-matrix 
least-squares analysis using SHELX 76 (Sheldrick, G. M. SHELX-76: A 
Program for X-Ray Crystal Structure Determination. University of 
Cambridge, England, 1976). Hydrogen atoms were included at calcu- 
lated sites (C-H = 0.97 A) refined with isotropic thermal parameters, 
and all other atom were refined anisotropically. Scattering factors and 
anomalous dispersion corrections for vanadium were taken from: 
Cromer, D. T.; Waber, J.  T. International Tables for X-Ray Crystal- 
lography; Kynoch Press: Birmingham, England, 1974; Vol IV. For all 
other atoms the values supplied in SHELX 76 were used. 

(11) Priebsch, W.; Rehder, D. Inorg. Chem. 1990, 29, 3013-3019. 
(1 2) Bottomley, F.; Magill, C. P.; White. P. S. J .  Am. Chem. Soc. 1989,111, 

3070-307 1. 
(13) Ehde, P. M.; Anderson, I.; Pettersson, L. Acta Chem. Scand. 1986, 

A40,489-499; 1989, A43, 136-143. 
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Kinetics and Mechanism of the Complex Formation Reactions of 
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The kinetics of the complex formation reactions of Pd(&en)(HzO),2+ (R = H, Et; en = ethylenediamine) with adenosine and 
inosine have been studied as a function of nucleoside concentration, temperature, and pressure in a weakly acidic aqueous solution. 
All systems exhibited two consecutive reaction steps, which each depended on the nucleoside concentration according to the rate 
law kh = k, + kb[Nu]. In the case of adenosine, both k, and kb increase significantly with increasing pH, which is ascribed 
to pronounced participation of the N( 1) coordination site. However the produced complex appears to be less stable than the 
corresponding inosine complex, presumably due to the interference by the exocyclic amine group. The effect of steric hindrance 
on the en ligand appeas to be more pronounced on the second complex formation reaction, i.e. where one nucleoside molecule is 
already coordinated to the metal center. The reported activation parameters (especially At") underline the operation of an 
associative ligand substitution mechanism. A detailed comparison with related systems reported in the literature is made. 

Introduction 
There is presently a significant interest in the interaction of 

cis-Pt"(diamine) and cis-Pd"(diamine) with DNA and its 
constitutents in an effort to improve our understanding of the 
antitumor activity of such complexes and their use in chemo- 

Many of the quoted studies3 involve the structural 

On leave from the Department of Chemistry, Hbgskolan, 1 Sunds- 
vall/H&rnkand, 85 124 Sundsvall, Sweden. 
For recent reviews on this topic see: (a) Lippard, S. J. Pure Appl. 
Chem. 1987,59,731. (b) Sherman, S. E.; Lippard, S. J. Chem. Rev. 
1987,87,1153. (c) Sundquist, W. I.; Lippard, S. J. Coord. Chem. Reu. 
1990,100,293. (d) Keppler, B. K. Nachr. Chem., Tech. Lab. 1987,35, 
1029. (e) Keppler, B. K. New J .  Chem. 1990, 14, 389. (f) Keppler, 
B. K.; Berger, M. R.; Klenner, Th.; Heim, M. E. Adu. Drug Res. 1990, 
19, 243. (g) Reedijk, J. Pure Appl. Chem. 1987.59, 181. (h) Reedijk, 
J.; Fichtinger-Schepman, A. M. J.; van Oosterom, A. T.; van de Putte, 
P. Strucr. Bonding 1987,67,53. (i) Umapathy, P. Coord. Chem. Rev. 
1989, 95, 129. 
For recent studies in this area, see: (a) van Garderen, C. J.; van den 
Elst, H.; van Boom, J. H.; Reedijk, J. J .  Am. Chem. SOC. 1989, 111, 
4123. (b) van Garderen, C. J.; Atona, C.; Reedijk, J. Inorg. Chem. 
1990,29,1481. (c) Lempen, E. L. M.; Reedijk, J. Inorg. Chem. 1990, 
29, 1880. (d) Inagaki, K.; Alink, M.; Nagai, A.; Kidani, Y.; Reedijk, 
J. Inorg. Chem. 1990, 29, 2183. (e) Krizanovic, 0.; Pesch, F. J.; 
Lippert, B. Inorg. Chim. Acta 1989, 165, 145. ( f )  Dieter, I.; Lippert, 
B.; Schdlhorn, H.; Thewalt, U. Z.  Narurforsch. 1990,458, 731. (8) 
Arplahti, J.; Lippert, B. Inorg. Chem. 1990,29, 104. (h) Micklitz, W.; 
Sheldrick, W. S.; Lippert, B. Inorg. Chem. 1990,29,211. (i) Frommer, 
G.; Sch6llhorn, H.; Thewalt, U.; Lippert, B. Inorg. Chem. 1990, 29, 
1417. 6) Micklitz, W.; Renn, 0.; Schbllhorn, H.; Thewalt, U.; Lippert, 
B. Inorg. Chem. 1990,29, 1836. (k) Frommer, G.; Lippert, E. Inorg. 
Chem. 1990, 29, 3259. (1) Appleton, T. G.; Hall, J. R.; Hambley, T. 
W.; Prenzler, P. D. Inorg. Chem. 1990,29,3562. (m) Appleton, T. G.; 
Connor, J. W.; Hall, J. R.; Prenzler, P. D. Inorg. Chem. 1989,28,2030. 
(n) Arpalahti, J.; Lehikoinen, P. Inorg. Chim. Acta 1989, 159, 115. (0 )  
Arpalahti, J.; Lehikoinen, P. Inorg. Chem. 1990,29,2564. (p) Uchida, 
K.; Toyaman, A.; Tamura, Y.; Sugimura. M.; Mitsumori, F.; Furukawa, 
Y.; Takeuchi, H.; Harada, I. Inorg. Chem. 1989,28, 2067. (q) Kas- 
selouri, S.; Laussac, J.-P.; Hadjiliadis, N. Inorg. Chim. Acta 1989,166, 
239. (r) Schwartz, A.; Sip, M.; Leng, M. J.  Am. Chem. Soc. 1990,112, 
3673. (8) Ratilla, E. M. A.; Scott. B. K.; Moxness, M. S.; Kostic, N. 
M. Inorg. Chem. 1990,29,918. (t) Yamauchi, 0.; Takani, M.; Toyoda, 
K.; Masuda, H. Inorg. Chem. 1990, 29, 1856. 
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identification of reaction products using NMR and X-ray tech- 
niques, such that a good understanding of the bonding modes has 
been achieved. This is to a lesser degree the case for the reactivity, 
i.e. kinetics, of the produced species. In our earlier work we have 
focused on the substitution behavior of diethylenetriamine (dien) 
and substituted diethylenetriamine complexes of Pd(I1) as labile 
model complexes for the corresponding, more inert Pt(I1) com- 
ple~es.~ In this work we also investigated the complex formation 
of Pd(dien)Cl+ and Pd(dien)H20Z+ with typical nucleic bases, 
nucleosides, and 5'-nu~leotides.~*~~ We have now extended this 
work to the ethylenediamine(en) and N-substituted tetraethyl- 
ethylenediamine (Et4en) dichloro complexes of Pd(I1). The Pd- 
(en)Clz complex exhibits aquation and subsequent acid dissociation 
equilibrium constants very similar to those cis-Pt(NH&C12 
species,S" although the ligand substitution rate constants (aquation 
and reverse anation steps) are 5 orders of magnitude larger for 

~ ~~ 

(4) Breet, E. L. J.; van Eldik, R.; Kelm, H. Polyhedron 1983,2, 1181. (b) 
van Eldik, R.; Breet, E. L. J.; Kotowski, M.; Palmer, D. A.; Kelm, H. 
Eer. Bunsen-Ges. Phys. Chem. 1983,87,904. (c) Breet, E. L. J.; van 
Eldik, R.; Kelm, H. Inorg. Chim. Acta 1984, 85, 151. (d) Kotowski, 
M.; van Eldik, R. Inorg. Chem. 1984,23,3310. ( e )  Kotowski, M.; van 
Eldik, R. Inorg. Chem. 1986, 25, 3896. (f) Mahal, 0.; van Eldik, R. 
J.  Chem. Soc., Chem. Commun. 1987, 328. (8) Breet, E. L. J.; van 
Eldik, R. J .  Chem. Soc., Chem. Commun. 1987,408. (h) Breet, E. L. 
J.; van Eldik, R. Inorg. Chem. 1987,26,2517. (i) Mahal, G.; van Eldik, 
R. Inorg. Chem. 1987,26,1837,2838. 6) Evans, D. J.; Green, M.; van 
Eldik, R. Inorg. Chim. Acta 1987, 128, 27. (k) Breet, E. L. J.; van 
Eldik, R. Inorg. Chem. 1987, 26, 4264. (1) Mahal, G.; van Eldik, R.; 
Roodt, A.; Leipoldt, J. G. Inorg. Chim. Acta 1987, 132, 165. (m) 
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