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INTRODUCTION

The response elicited when a metal species (electrophile) interacts with a
biological system is dependent upon a complex set of interrelationships involving
physical, chemical, biological, and pharmacological factors. To a first approximation,
physico-chemical factors associated with the intrinsic nature of both the metal system
and the type of biological ligands present are pnmary determinants (in a broad sense)
as to whether the interaction will be beneficial (e.g., as in the case of essential trace
elements and therapeutic agents), detimental (toxic agents), or innocuous to the
organism. In order to better understand the molecular basis of such a response, one
needs to characterize the metal-biological system interaction in terms of the nature of
the reacting species and the types of products (or lesions) formed. While the
cnaractenzalion o: species in a Simpie chemical system (wnerein one nas control £+ er
all the reaction parameters) is a relatively straight-forward task. the charactenzation of

metal species in a biological medium is an exceeding complex if not an intractable
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problem, Thus. one has to rely on basic chemicai-biclogical information. fundamental
concepts, and information obtained from simplified model systems to gain insight into
what might be happening in order to address the important questions conceming

(a) the nature of the active/toxic species and (b) the origin/mechanism of
activity/toxicity.

The purpose of this paper is to review selected physical and inorganic concepts
and factors which might be important in assessing and/or understanding the fate and
disposition of a metal system in a biological enviranment. Hopefully, such inquiries will
ultimately permit us to understand. rationalize, and predict differences and trends in
biological effects as a function of the hbasic nature of a metal system and, in optimal
cases, serve as input to a systern of guidelines for the notion of "Chemical Dosimetry."

The plan of this paper is to first review, in general tarms, the basic principles of the
Crystal Field Theory (CFT), a unifying theory of bonding in metal compiexes {1]. This
will provide the necessary theoretical background for the subsequent discussion of

selected concepts and factors (Tabie 1),

CRYSTAL FIELD THEORY (CFT)

The CFT is an extremely important theory of bonding in transition metal complexes
[2]. Although the CFT was derived strictly on the basis of electrostatic arguments. the
application of this theory forms the basis of predicting the structure. stability, redox
properues. and kineti. lability/reactivity of metal complexes as well as accecuntng tor
cenai~ trends in the physico-chemical prepernies of metal complexes [3). The following

is a brief description of the CFT using an octahedral complex as an example {4]: As



3
the negatively-charged liganas. L', approacn the positively-charged metat ion, M2*, in
tiie gas phase (Fig. 1), the five-fold degenerate d-orbitals become differentiated in the
presence of the electrostatic field of the ligands. Orbitals oriented in the direction of
thg incoming ligands (d2, dxz_yz) are preferentially raised in energy while those oriented
away from the ligands are iowered in energy (dxy, dyyr dyz; Fig. 2). The availability of d
electrons can stabilize the system by preferential rather than by random filling of the
low lying ievels (teg)~ The gain in bond energy by preferential filling is called the
"Crystal Field Stabiiization Energy" (CFSE). Referring to the crystal field splitting
diagram (Fig. 2). the order of filling (10e” occupancy) is such that the first three
electrons go into the lower levels (tzg). Addition of a fourth electron can go either into
the t, or into the upper levels (eg) depending on the energy required for pairing (in the
t29) relative to the magnitude of the difference in energy, a, between the upper and
lower levels. If the splitting (.e., &) is small as in a Weak Crystal Field, the electron
can occupy the &g leve! leading to a High Spin Complex or if a is too large (as in a
Strong Crystal Field) the electron will pair up in the tg level giving rise to a L.ow Spin
Complex. Thus, two general types of complexes invoiving different spin states can
resuit depending on the strength of the crystal field - the so-called High and Low Spin
Complexes. The magnitude of a (or 10 Dq) for divalent, M(HQO)GZ*, and trivalent,
M(H,0)¢>*, aqua ions (from spectral data) is ~10,000 cm’' (28.6 Kcal) and
~20,000 cm’”’ (57.2 Kcal), respectively. For first to third row transition metal complexes
of the same type (e.g.. MXGQ'), a increases in the relative order: 1, 1.5, ~2,
respectively. Tre energy splitting, «. is also a function of the type of donar-atom ligand

attached to the metal. The order for common liganas 5] is:
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"< Br < O ~ SCN" = Ny~ < (Et0),PS," < F < (NH,),C0 <
OH < C,0,% - HpO < NCS™ ~ H < CN' < NH,CH,CO,- < NH3

CsHgN < en ~ SO, < NH,OH < NO,™ < phen < CHy™ < CN’

(This series is known as the Spectrochemical or Fajans-Tsuchida Series; the
underiined atoms are the donor atoms.)

in general, the predicted order of decreasing tendency of donor-ligands to cause
spin-pairing is C > N > O > 8 > F > Cl > Br whereas the actual order found is: S> O

and Cl, Br> F.

GEOMETRY-STEREOQOCHEMISTRY OF METAL SYSTEMS (CFT Predictions)

Knowledge of the geometry of a metal system permits us to understand how
different metals can perform similar functions in processes wherein the stereochemistry
is critical to the selectivity/specificity of the reaction processes. Relevant examples

are.

(1) Metalloenzvmes (synthetases) containing Mg(il) or Mn(l1) acting in similar roles
wherein there are strict stereoselective requirements.

(2) Choice of Metal Systems for Optimal Antituror Activity for which most of the

useful complexes are square-planar PY(ll) complexes.
Based on the magnitude of a and the nature of the bound ligands. the geometries
predicted for the various metal systems [6] are tabulated in Table 2. The generalities

of these predictions are as 1ollows:
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(1) Geometries of metal complexes fall into four basic types of structures:
Tetrahedral, Octahedral, Square-Planar, and Tetragonal for which both High and Low-
Spin states are possible (see Table 2 and Fig. 2).

(2) All non-transition elements (d°, d'% ana d° systems (e.g., Mn®* and Mg2*) are
either tetrahedral (4 coordinate) or octahedral (6 coordinate).

(3) Substantially different geometries are predicted for High and Low Spin

complexes for the d® metal systemns (e.g., Ni(ll), Pd(ll), Pt(!), and Au(lil)).

KINETIC REACTIVITY/LABILITY

The intrinsic nature of the metal ion largely determines the reactivity of the metal
complex. This is espeéially relevant for the vuse of metal complexes as therapeutic
Vagents or to the reaction products of aquated cations with biological substrates
(ligands). Metai systems vary in lability from extremety labile to essehtially
substitutionally-inert systems. (A labile complex is one that undergoes a substitution
reaction within the time of mixing [7].)

Based on the contribution of the CFSE to the activation energy, Ea*, and
experimental measurements, one can make the following generalizations about the
lability of metal systems (Table 3) [8].

(1) Non-transition elements (d°, d1°) are extremely labile as judged, for example,
by the rate of exchange of bulk H,O for H,O bound in the first coordination sphere
(Fig. 3). To a first approximation, the exchange rate is a function of the charge on the
agua metal ion. In general, the aikali. aikaline eann (except. Be), M(lI) cauons ot the
lanthanide elements, and the divalent metal ions of the first-row transition elements are

all very labile with characteristic rate constants ranging from 10* to 10'° sec”’. The
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high lability of essential catioﬁs (Na*. K*. Ca%*, Mg?*) is consistent with the idea that
these ions are essentially "free" (unbound) in the body and are associated with
catalytic sites of enzymes but do not inhibit their activity. The very slow rates of
exchange of the aqua cations, Cr(H,0)¢>* and Rh(H,0)¢*, 3 x 10® and 4 x 10°
sec’', respectively, extends the spread in rates to at least 108,

(2) The classical reactivity order for first-row divalent cations is:

Mn > Fe > Co > Ni << Cu

(3) lnenﬁess to substitution increases from first to third row metals (as Z increases)
for metal oxidation states with the same electronic configuration (Table 4). This
periodic trend in inertness is reflected in the fact that Mo is the only "essential’
transition metal found in biological systems that is not a first-row transition metal.
While first-row metals are, for the most part, labile, second- and third-row transition
metals appear to be too strongly bonded and ‘inert to perform metabolic functions.
However, it is precisely the properties of stability and inertness that appear to make
Pt(l1) and may make other second- and third-row elements attractive and effective as
chemotherapeutic agents. Presumably, these same properties play a role in the
mutagenicity and mild carcinogenicity observed for cisplatin and the mutagenicity noted

for other substitutionally-inert complexes (e.g., Cr(ill), Rh(lil)) [9].

Optimal Lability/Window of Lability Concept

A prime example of the importance of lability is in the area of platinum antitumor
chemistry. Comparison of the activity and lability of a series of closely relatea cispiatn

analogs suppors the contention that there is a Window of Lability (Fig. 4) {10].

Compiexes exhibiting a lability falling within this window (which is centered on the
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lability of cisplatin) can be expected to exnibit optimal antitumor activity. For
complexes with labilities falling outside this window. either the complexes are too labile
(and presumabty are indiscriminately scavenged by a host of biomolecules) or are too
inert (i.e., either do not bind at the target site or at a rate sufficient to elicit an
observable response).

Metal systems (other than Pt(ll)) which appear to have labilities falling within this
window and therefore might be expected to give rise to antitumor active complexes are

. also tabulated in Table 3.

Lability of d® Square-Planar Complexes

Thé relative order of lability of the o8 square-planar M(ll) systems of Group VIIIA
is: Ni(5x 105 > Pd.(1 x 10°%) >> Pt (1.0). It is believed that the lack of antitumor
activity of the analogous Ni(ll) and Pd(ll) compiexes is directly related to the much
higher labilities of these systems. This exceedingly higher lability may transiate into
the fact that (1) either the complexes of Ni(l!) and Pd(ll) react so rapidly that they do
not retain their identity (and critical cis-geometry) in vivo or (2), if they manage to bind
to DNA intact (cisplatin is a DNA binder) the metal-DNA lesion formed is probably
unable to retain its integrity sufficiently long to allow the antitumor response to be

elicited (i.e., for the "lesion" to be expressed).

Tissue Distribution/Retention

3tudies of the aistributiorvretention of the series of cnioroamminepiatinum (1)

compiexes, [Pt(NHS)‘LXClX]Z'X. in the rodent reveal that tissue levels (as ug Pt/g tissue)

" generally increase in the order [11]: (A=NHg; X=1 through 4)
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[PHA 2+ < [PtALCI" < [PtA,CLY" < [PACI < [PACLL° < [PICI®

cis trans

This order more closely parallels trends in the kinetic rate constants, k,, rather
than the thermodynamic equilibium constants, Ked, (Fig. 5) for the first step in the
generalized aquation reaction (Eqn. 1):

Ky ‘

[PtA,yChIZ™ + H,O0 == [PtA, (Cly 4(H,0)%% + CF (1)

ko
wherein Kaq = k/Ky. The results indicate that kinetic factors, as might have been
expected a prion, play a dominant role in the binding/retention and potential
activity/toxicity of Pt(ll) (and perhaps other substitution-inert transition metal
complexes) in vivo. These results also suggest that the uptake/retention of labile metal
systems (excluding possibly those metal ions (e.g., K*, Na*) for Which the levels are
‘physiologically controlled) will be thermodynamically controlled and will be bound to

sites/substrates in incorporating the most stable metal-ligand (M-L) bonds (vide infra).

THERMODYNAMIC STABILITY OF METAL COMPLEXES

Considerations of the thermodynamic stability of metal complexes allows us to
understand/predict the (1) specific preferences of a metal ion system for a given type
of ligand and (2) the strength of the metal-ligand bonds. At least four major factors
contribute to the stability of a metal complex:

(1) Electron acceptor properties of the metal system (Lewis acid)

(2) Electron donor properties of the donor atom ligand (Lewis base)



(3) Electrostatic interaction

(4) m-donor acceptor capabilities (r vs o bonding)

The thermodynamic stability of a metal complex in so!utioh is measured in terms of
its stability (K) or formation (K,) constant. The formation (and dissociation) ot
complexes in soiution involves a series of step-wise equiiibria (Fig. 6) far which the
stepwise constants are designated as K, and the overall stability constants as B,
.Standard methods [12] are available for determining K, (of Bn) andllndeed an
enormous amount of stability‘constant data is available [13]). Knowiedge of the
appropriate stability data is essential in determining whether a particular figand
considered for use in figand (or chelate) therapy can selectively remove (or reduce the
toxic levels of) a given metal ion (e.g., Fe(!i), Pt(ll), actinides, etc.) in the body. [High
metal-ligand affinity and the capability of chelation are also important considerations in
this example (vide infra).]

Numerous investigations have shown that the natural order of stability of
complexes of first-row divalent metals is: Mn < Fe < Co < Ni < Cu < Zn. The CFT
predicts (in good agreement with experiment) that (1) the stability of a metal complex
increases as a increases and (2) transition metal compiexes will preferentially bond to
NH,, NH,R vs H,O or other O-donor atom ligands since the CFSE (for N-
donors) > CFSE (for O-donors) and (3) alkali, alkaline earth, and lanthanide metals

prefer to bind to O-donor ligands.

—ard-Soft Acid Base Theory (HSABT)

The HSABT of Pearson [14] qualitatively predicts the preference of a metal for a

ligand and the stability of M-L bonds. According to this concept metals fall into two
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categones‘(based on the Lewis acidity/basicity). Class (a) or "Hard" Metais bind to
basés which strongly bind H* (Mard Bases). These metals are characterized by high
charge/radius ratios and are non-polan‘zébte. By contrast, Class (b) or "Soft" Metals
have the highest affinity for highly polarizable (or unsaturated) bases. The basis of this
. classification is that the most stable complexes will form between ligands and metals of
the same type, i.e., hard bases have the highest affinity for hard acids, and conversely,
soft bases have the highest affinity for soft acids. The detalled classification of Hard
and Soft Metal lons is tabulated in Table 5. |

The ifnpiications and applications of the HSABT are that one can predict with

reaéonable certainty the thermodynamicalty stable M-L linkages. Examples of the
application are as follows:

(1) Fe(lll), a Class (a) or Hard Metal System, prefers the hard ligand, O.

Thus, it is understandable that Fe(lll) in the body is controlled by OH', 0%,

and RO", for example, as in (a) ferritin wherein Fe(lll) is bound by the
phenolate group, “OPh and (b) in the gréat tendency of Fe(lll) to deposit in
the tissues as hydrous ferric oxide, Fe,0,°XH,0, in cases of excessive Fe
uptake {15].

(2) Pt(ll), a Class (b) metal prefers N-donor ligands to O-donor ligands. Thus,
cisplatin binds preferentially at the N-7 of guanosine in DNA, the probable
putative binding site for Pt antitumor drugs, rather than at phosphate (O-donor)
sités.

Other examples of M-L speciicities (affinities) are included in Table 6.
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REDOX PROPERTIES

Metal sYstems capable of existing in more than one oxidation state may undergo
changes in oxidation state in a biological environment as a resutt of ericountering local
oxidizing and/or redﬁcing environments. In general, the moderate reduction potential
of a biological system would tend to convert metals to lower oxidation states; however,
oxidation (e.g., by O,; Eo1 = +0.82 mV at pH 7) could promote some metals to higher
oxidation states. Since the redox potential of a metal system is a function of both the
nature of the metal and the ligands attached to it (and potentia!vl'y a function of pi4 and
ionic strength) a priori it is difficutt to predict with absolute certainty the redex fate of a
m‘etal ion or complex in a biological system (unless, of course, the redox potential of a
given species is known under physiological/environmental conditions).

Redox changes producing new (or muttiple) spedies can have a pronounced
influenc;e on the 6verall toxicological (biological) response elicited by the metal system.
This is clearly evident in the case of mercury which can exist In two oxidation states
plus the free state. The individual Hg species exhibit marked differences in uptake,
distribution, and toxicological effects. A single redox change in vivo involving any one
of these species could lead to the production of all three forms as govermned by the

following disproportionation reaction (Egn 2):

2 Hg (1) = Hg® + Hag(l) (2)
Thus, redox reactions. as in this example, can compound the toxicological effects of an
otherwise sin,.e form or .1e metal system.
Redox changes in vivo can lead to changes in the intrinsic lability/reactivity of the

product(s) of the redox reaction. Specifically, an inert reactant can become a labile
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product (and vice-versa) which in tum can lead to further chemicai and/or biologicat
events. The classical redox reaction of Taube (Eqn 3) provides seme insignt into the

type of events which could accompany metal redox reactions in a biological system,

[CONHA)X* + Crre, + 5H* — [Cr(HyO)gX]2* + Cornyy + SNH," (3)
‘ 3/s T Wiag) 275 (aq) 4

~he two salient features of this reaction are: (1) reduction of the inen Co(lll)
species by labile Cr(ll) leads to labile Co(ll) and an inent Cr(lll) species as products
and, perhaps equally importantly, (2) the ligand, X, is transferred to and is retained in
the coordination sphere of the newly formed inert complex, {Cr(HZO)SX]‘?"‘. The
implication of the Taube reaction as regards metal-biological redox reactions is that
redox reactions which lead to a change in the lability of the metal system (i.e.,
formation of an inert product from a labile reactant) may result in critical biclogical
ligands/sites (e.g., nucieic acids, proteins) becoming strongly (if not irreversibly)
honded to subsitutionally-inert complexes. Depending on the strength and nature of
the M-L bonds. the metal may not be removed easily via the nor.nal substitution
reactions and/or even. perhaps, via repair processes. A case in point is, perhaps, the
biological fate of Cr(VI). The mutagenic and strong oxidant, Cr04'°" (or Cr2072’ under
acidic conditions), is uitimately reduced to the inert Cr(lll) system. Although the nature
of the resutting Cr(lil) complex is unknown, there is.lelzi’é;nce suggesting that DNA
binding could be involved. If true, this could account for the mutagenicity of Cr(Vi) but
the actual mutagenic agent might indeed be Cr(lll). A secona example of a regox
reaction progucing an inert product from a labile reactant is the potential in vivo
oxidation of less inert Ru(ll) to more inert Ru(lll), which couid have the effect of

strengthening a ootential Ru-DNA linkage.
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Potential in vivo redox reactions involving highly inert systems (e.g., Pt{(V) may
result in the formation of the less inert and. in specific ca§esmiologically active cis-
Pt(ll) complexes. For example, it has been shown recenﬂ{thét indeed cis-{Pt(i-
PrNH,),Cl,] is produced and can be detected in the urine of mice following
intraperitoneal administration of the Pt(IV) complex, cis-trans-[Pt(i-PrNH,),(OH),Cl,].
This lends some credence to the notion that antitumor active Pt(!V) complexes derive
their activity via a stereospecific reduction in vivo to the corresponding active Pt(11)

entities.

PHYSICAL PARAMETERS (Softness Parameters)

It has been the goal of several research groups to understand and identify the key
factors which contribute to the toxicity of various metal compounds and to try to
correlate the toxicity of these metal compounds with a suitable indicator of toxicity, i.e.,
either a single parameter or a multiparameter expression involving basic physical
(periodic) properties. This is being carried out with the expectation that at some point
one will be able to predict the toxicity of all potential metal toxicants of interest and in
so doing make valuable input into the notion of "Chemical Dosimetry." The most
successful correlations (i.e., highest correlation coefficients, ) are those involving the
so-called softness parameters. especially a.,. Pearson and Mawby (18] have defined
Cp for a metal ion in terms of the coordinate bond energiés of its metal fluoride,

CRE(F, and metal iodide. CZE/!!} by the expression
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For ions of a given charge, "softness” increases as ¢, decreases. Tight correlations
(high r values) are observed, essentially, only for the alkali metals since even within
the closely related alkaline earth tamity (Group IlA), Be(ll) persists as a serious outlier.
Thus, as yet, no set of parameters correlates adequately metal compourds of a
dissimilar nature. As an exampie of the best degree of correlation obtained thus far
with softness parameters, the LD, values for fifteen divalent metal ions are plotted
against o, in Fig. 7. The plot (correlation coefficient of 0.767) includes the data of
Williams et al [19] and Jones and Vaughn [20].

It is apparent that other parameters (or a combination of parameters) must be
sought in order to gain a better understanding of the toxicity of metals. Since many
basic factors contribute to the overali toxic response of metals, factors other than basic
physical parameters need to be taken into account such as those related to the basic
chemistry, nature of the potential metal-biological interaction. and pharmacokinetic

considerations.
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Table 1
Factors Which Contribute to the Binding, Toxicity, and

Activity of a Metal System in a Biological Environment

2)

Nature of Metal System

Kinetic reactivity/lability

Affinity and thermodynamic stability of metal-ligand bonds
. Metal-donor atom affinities (HSABT)

Speciation of Metal lon

Stereochemical considerations

Redox Properties

Periodic properties (physical-chemical)

* charge/radius ratio * jonization

+  polarizability + acid-base properties (Bronsted)

Nature of Biological System

Availability of ligands with high affinity for metal ions
+ S, N, O donor systems
Capability for chelation

* enhance stability of M-L bona




Table 2

Geometry of Metal Systems Predicted by the Crystal Field Theory

d System Example Four-Coordinate Six-Coordinate
| High-Spin
Non- 0 Mg?*, Ca®*
TM. 10 zn?*, Cd?* Tetrahedral Octahedral
5 Mn2*, Fed+
Sord4 Cu?*, Cre* Sq.-Planar Tetragonal
8 or3 Ni2*, Cri* Tetrahedral Octahedral
7or2 Co?*, Tid+ Tetrahedral Octahedral
6 or 1 Fe?*, Ti** Tetrahedral Octahedral
(almost) (almost)
Low-Spin
1or2 |
3 V2 CA*  Tefrahedral
(almost) |
4 Tetrahedral Octahedral
(almost)
g Tetrahedral Octahedral
; PR+ Sq.-Planar Tetragonal

From R. S. Nyholm, Proc. Chem. Soc., 1961. 273.




Table 3
Kinetic Predictions® of Lability/Reactivity Based on the
Contribution of Crystai Field Stabilization Energy (CFSE)

to the Activation Energy, Ea*

Labile:  d° d', d2 d® (high), d® (high), d” (high)

Inert: d® > d® > d* (low) > d° (low); d®

Transition Metal Systems Which Appear to Have Labilities/Reactivities Fatling V\ﬁthin.
the "Window of Lability"

1st Row:  only Co(lll)(d®-low spin); Cr(ll), d°

2nd &‘ 3rd Rows:
d8: RhIN, Ir(1), Ru(ll), Pt(IV)
d5: Ru(lll), Os(1)

d8: PH(1l), Au(lt), PA(l)

Remote Possibilities:

@3- Malil), w(ill), Re(IV)

2 |Independent of mechanism: SN,, SN, or Iintermediate



Table 4
Inertness to Substifution increases in Gbing From
1st to 3rd Row Transition Metais for Metal Oxidation
 tates with the Same Electronic Configuration

Relative Rates of Substitution, k, M"'sec™

Periodic K | VIlIlA VIIA k
Group:

1st Row 3x 104 Co(lil) Ni(ll) 5 x 10°
2nd Row 2 x 102 Rh(1tl) Pd(1l) 108
3rd Row 1.0 Ir(111) PY(11) 1.0

«  Lesser susceptibility to hydrolysis as the atomic number increases



Table 5
Order of Affinity of Donor Ligands for " lard" and "Soft"

Metal lons (Lewis Acids)

For Class (a) Metals ("Hard") | Class (a) Metals ("Hard")
FsCr>Brs>l ‘ Alkali, Alkaline earth
0>>5>8e>Te ~cr(lly, Co(lll)

N>> P > Ag > sb | Fe(lll), TI(IV), VO,*

+  For Class (b) Metais ("Soft") Class (b) Metals ("Soft")
F<Cr<Brel | Pd(ll), Pt(l1), Cd(li)
O<«<S _se ~ Te PY(IV), Cu(l), Ha(l!)
N<<P>As>Sb Ag(l), Au(l), Hg(l)

. Borderline Metals: Fe(ll), Co(ll), Ni(ll), Cu(li), Rh(lll), ir(ill),

Ru(ll), Os(Il), Zn(l1)

. General Order of Affinity for Class (b) Metals (reverse order for Class (a):

$S~C>I>Br>CI>N>O>F




Table 6

Preferred LigandBlnding Groups for Metal lons

Metal _ Ligand Groups
KT Singly-charged oxygen donors or neutral oxygen ligands
Mgz* Carboxylate, phosphate, nitrogen donors
Ca?* = Mg2+ but less affinity for nitrogen donors, phosphate and other
mutiidentate anions
Mn2* Similar to Mg2*
Fe?* -SH, NH, > carboxylates
Fe3* Carboxylate, tyrosme, -NH,, porphyrin (four 'hard’ nitrogen
donors)
co®* Simitar to Fe®*
Cu* .SH (cysteine)
cu?t Amines » carboxylates
Zne* Imidazole, cysteine
Mo?* -SH
Cd?* -SH
P -SH, N-donors (N-7 or guanosine)
Au(l)

-SH (cysteine)



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

FIGURE LEGENDS

Schematic representation of the formation of an octahedral complex ion
from the electrostatic interaction of a M2* cation and six L™ anions in the
gas phase. ‘

Crystal field splitting of the d orbitals of a central metal ion in regular
complexes as a function of geometry: tetrahedral, octahedral, tetragonal,
and square-pianar. The electrostatic field of the ligands causes the five-
fold degenerate d orbitals of the free ion to become differsntiated (split).
For regular octahedral geometry the splitting leads to two degonerate,
higher energy orbitals (e ) and three degenerate lower energy orbitals
tzg) The difference in energy between the (e ) and (L,g) Is designater as

Characteristic rate ¢anstants (sec™') for H,O substitution in the inner

coordination sphere of agua metal ions. The characteristic rate constant,
Ke

k. is associated with the reaction: M(H,0)s>*, H,O" - M(H,0)s(H,0")2*

+ H O (the conversion of an outer to inner sphere complex). Data of

M. Eigen Z. Elektrochem., 64 (1960) 118.

"Window of Lability* Concept. Active complexes lie within a window (or
range) of labilities centered between the extreme:” of complexes which are
too labile (toxic) and too inert (active). The windc w is thought to be

‘centered on the lability for cisplatin.

Comparison of the order of chloroammineplatinum(il) compound retention
(ug/g tissue) in the kidney with rate (k,) and equilibrium (K, ) constants for
aquation. For cis-Pt(NH,;),Cl,, the aquation reaction would be: cis-

Ky
Pt(NH,3),Cl, + HZO = cis[Pt(NH,),Cl(H,0)]" + CI" where Keg = Ke/Ko.

Equilibrium, rate, and retention data are norrnahzed relative to cis-
Pt(NH,),Cl,. Equimolar amounts of labeled (' 95mpy) complexes were
administered Lv. in obtaining the tissue data.

Overall function constants (8,) for the formation of complexes of the
general type. MA_, where n = 1 to n. These constants are a quantitative
measure of the stability of a metal complex in solution.



- Figure 7. LDgg values in mice for divalent metal ions as a function of the softness
parameter, o,. O data of Williams et al (ref.//); ® data from Jones and
Vaughn (ref. 2C) and Williams and Tumer (ref. =/_).



(1spoye1dG)

sy N\P.—v

EN\mEV
1T AdIXCL

-£ (181} iy
suen
J-uopusley YbIH
oxot

SIINSI]ON
2dwy Ajed)bojoig
£q pebusaeag sapiadold jeajwaysy-jedisiyd
ajeujwIsIpul uj spuaz] 1o} sjunoddy :saxajdwo) jo Ajjjqe]
1q87 0oL ‘Aljigels ‘einjonig Jo LORdIpeld ey} 10} siseq e

: sexsjdwicy W1 uj Supuog jo Kioeyl e

AHO3IHL @13id IVLSAHD

i

1288y EOES8ID &
YD 0 P93 8
2184 U] peesds »

‘sepy uopsuRIy
at

(mw

ve3 supeNly Vit

ey ‘vi
dnoisy Jipojied

o Thm =
HdS | -
iniusans (bB)®*) NVHL HIHIVH (D8)') NI SONIUL

F310VHVHD | g1371vdvd A13S010 JHOW NOILNILIH NVOHO

pmily ondy
g sxekg » . [ uG] 884 BPWRLeL
0
“r» == ~~
Lt J < \
3 4 *
4 \ . v weyety m
. s AN
. S N .
e ‘
LA =
’ ~
’ v !
s e aa 4 /II.I -
_ . P {3
» : ’
\ [
N L 7
AY ¢
P i
- o,
, {*s)
. e
L
rd - '
-
'y

SIHUNLONYLS SNOIHVA 40
S3X3TdWOD HY'IND3H NI NOI TVLIW TVHINZT V 40
STYLIGHO P 3HL 40 SONLLLITHS G314 TVISAHD

e i aac

R e



Py
e
L)
28
Q
Jr..wB
Moﬂuua
)
&

¢-€

008~ ai oe
o L
soid CE) :
¥4} poys-uopuedy Mo z/4y Bu
3jxb) -uoN .
s 9bmp [ AMiGST | :am
1@ piig 10N wnw dQ e

QADEBaIUN

weu] bog

ALV 40 MOGNI.

AP INC 0T < 84 < up (smiep Jusienia) Wps0 Ai
oReH shipey/-
£ o8 _oLxy | up! o1xg’ 40 Bumpiuoly ot) Of -

1-998 ‘vonaipeqng jO MY MWL)

®OL 30 40b L0 506 08
U R " aou 1w
4 1] d L
g A
PRl 1
B [
"y . <y
ofH + 3 "ouin u!n“.» 1Mo 1..I|nu 1

SNOJ VL3N ONLV 40 IH.
NOLLVNIGHOOD H3INNI 3HL NI NO
0%H HO4 SINVISNOD :lIVH DILSE

(Y e TER I TR T3

o W . . PRI " ' ,



e

| |
| .
|

I

"y

;“ ey H”MH””‘W I R TR (LT B LR [ I R TR L T T TR A e |

BT A T R TR







