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. ) tioned active site of ALAD are not common. Nevertheless, we

_ Lead is the most commonly encountered toxic metal pollutant have recently reported a series of complexes with the requisite
in the enV”‘Onment. as a I’eSL_llt of its Cu_rl’en'[ and p_l’eVIOU_S use In, motif’ which incorporates Sterica”y demanding tris(mercap_
for example, batteries, gasoline, plumbing, and pdiftensider-  toarylimidazolyl)borate ligands, [T# (Ar = Ph, Mes), to model
able effort is, therefore, being directed toward solving this the binding of the zinc center to the three cysteine residues, for
environmental problerfin this regard, the toxicological properties example, [TrMNZnX (X = I, NOs) and [Tm*eznX (X = CI,
of lead® are associated with its interactions with proteins and, in |y 15 The availability of such complexes has allowed us to explore
particular, 5-aminolevulinate dehydratase (ALAD).The influ-  the potential for lead to replace zinc in a synthetic system for
ence of lead on the latter enzyme is particularly harmful because which the coordination environment mimics that in” ALAD.
ALAD is responsible for the asymmetric dimerization of 5-ami- - gignificantly, we have observed that lead readily displaces the
nolevulinic acid (ALA) to porphobilinogen, a monopyrrole which  zinc in [TnP]ZnX derivatives. For example, both [TH#znI5
is essential for heme synthesi8.Thus, not only does inactivation  and {[TmPZn(NCMe)} (ClO,)'¢ react rapidly with Pb(CIG),-
of ALAD result in anemia because it inhibits the formation of 1,0 to give yellow{[TmPPb}(CIO,) (Scheme 1). The latter
heme, and hence hemoglobin, but it also results in a build-up of compound may also be obtained independently by reaction of
ALA, a neuropathogenic ageht. ALAD is a zinc-dependent  [TmPLj with Pb(CIO,),.
e_nzymel,0 and, in th_ls paper, we address aspects of lead inactiva- - The molecular structure dfTmPPb} (ClO,) has been deter-
tion of ALAD by investigating the reactivity of a synthetic  mined by X-ray diffraction (Figure 1), illustrating the monomeric
analogue towards Pb , trigonal pyramidal nature of tif TmP"Pb} + cation with lead at

Recent crystallographic studies have demonstrated that thegg apex: thus, other than coordination to the three sulfur donors
catalytic site of yeast ALAD possesses the composition [(Zyt) [d(Pb—S) = 2.693(2) A] the next closest interaction is with a
(OH,)]."*+12Such a composition must be regarded as truly unusual gigordered perchlorate counteranion at a distadg@bf--OCIO,)
since the active sites (as opposed to structural sites) of most zincy, 5 g4 A] which is substantially greater than the sum of the
enzymes include at least one histidine ligaht. Furthermore, ¢\ lent radii of lead and oxygéhOf particular relevance, the
due to the proclivity of sulfur containing ligands to bridge more gcture of [TmPPb} * is very similar to the active site of b
than one zinc center, mononuclear tetrahedral zinc complexes withy| Ap 7 Specifically, neither water nor acetonitrile coordinates

sulfur-rich coordination environments that mimic the aforemen- to the lead centers f{TMPPH} + or Pb—~ALAD, both of which
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An understanding of the debilitating effects of lead also requires
a comprehension of the factors that distinguish the coordination
chemistry of zinc and lead. In particular, it is essential to quantify
the ability of lead to replace zinc in an environment which
resembles that of ALAD. For this reason, we have determined
the preference of [THA] to bind lead over zinc. Specifically, the
reaction betweed [TmPTPb}(CIO,) and Zn(ClQ), in MeCN
(equation 1) may be conveniently monitored By NMR
spectroscopy, thereby allowing determination of the equilibrium
constant (K).

K
{Tm"MPo}* + Zn?* + MeCN > {Tm""Mzn(NCMe)}* + Pb>* (1)

The study indicates that the preference of [Tjnto coordinate
PO' over zd' in this system is~500:12% a value that is
substantially greater than the25:1 relative affinity of these
metals to reside at the active site of human erythrocyte AZAD.
_ Most interestingly, even though the preference for Pfnto

' ) coordinate Phis substantially greater than that for'Zzinc may
Figure 1. Molecular structure of the catiof{Tm™]Pb}. be readily induced to replace lead{iTmP"Pb} * by addition of
comparison to zinc, trigonal pyramidal lead centers have a reducedNal. Thus,"H NMR spectroscopy demonstrates that addition of
tendency to bind an additional ligand. In this regard, it should be Nal to a mixture of{ [TmPk} (CIO,) and Zn(ClQ). in aceto-
noted that MeCN is present as a solvent of crystallization in nitrile results in the formation of [Tm"Zn(NCMe)}*, ac-
{[TmPPL} (CIO,), but doesotbind to the three-coordinate lead  companied by the deposition of yellow Bbin essence, the
center. Consideration of the structures of other zinc and lead equilibrium represented by eq 1 is shifted to the right by
complexes reinforces this notion that lead complexes have precipitation of Pb as Pbj. The ability to sequester lead by this
significantly different structural preferences with respect to simple method is of some importance in view of the fact that a
tetrahedral and trigonal pyramidal coordination. Thus, whereas completely effective means to ameliorating the toxic effects of
tetrahedral coordination is most common for zinc in the solid lead in the human body is not yet known, despite efforts to
state?* there are no examples of tetrahedrall Bbmplexes listed ~ develop lead complexing agerits.
in the CSD; in preference four-coordinate'Pomplexes typically In summary, the use of the [T ligand has enabled the
have “hemidirected® geometries, with a “saw-horse” structufe. replacement of zinc by lead to be studied in a synthetic analogue
Furthermore, calculations on a variety of four-coordinatd Pb system. Of particular relevance, a quantitative study demonstrates
complexes indicates that this geometry is favored over tetrahe-that coordination of [Tii] to PW' is a factor of~500 greater
dral 1826 than that for ZH, and that the trigonal pyramidal geometry of

The reduced Lewis acidity of a trigonal pyramidal'Riersus the lead center in the catiddTmPPb}* is very similar to the

Zn'" center is presumably associated with the stereochemically active site of Pb—ALAD. Finally, despite the fact that Ptshows
active PH lone pair which tempers its electrophilicity, and we & greater preference to bind to [Ffjy Zn" may be induced to
postulate that this is of significance to the inactivity of'Pb displace Pb from {[TmP"MPb}  in the presence of iodide.
ALAD. Specifically, of the two m(_achanisms -Of e_lction that have Acknowledgment. We thank the National Institutes of Health (Grant
_been p_roposed for ALAD, both .mV0|V|e aCtlvatégn of ALA by GM46502) fo?support of this research, and also the NationaI(Science
interaction of the ketone group with the Zcenter>®*The degree 4 ngation and the U.S. Department of Energy for support via the
of such activation is clearly a function of the Lewis acidity of  Environmental Molecular Sciences Institute at Columbia University (NSF
the metal centet, which is considerably greater for a trigonal CHE-98-10367).

pyramidal Z# center than for a corresponding 'Pbenter. As ) ) ) )
such, the formation of a tetrahedral species of the type [(Bs); Supporting Information Available:  Experimental and crystal-
ALA], a required intermediate in the proposed mechanisms of Io_graphlc information <PDF). This material is available free of charge
action of ALAD, would be inhibited. via the Internet at http://pubs.acs.org.

(24) Bock, C. W.; Katz, A. K.; Glusker, J. B. Am. Chem. Sod995 JAO01530Y
117, 3754-3763. (28) The equilibrium constanK| as defined for eq 1, including MeCN as
(25) “Hemidirected” geometries are those in which the ligands are a reagent, is 1.1(4x 10 ML If Kz, andKpy, are the respective binding
distributed over only a portion of the coordination sphere, while “holodirected” constants for coordination of [T#{~ to Zn' and PH (neglecting MeCN as
geometries are those in which the ligands are distributed more evenly abouta reagent), the equilibrium constant for eq 1 may be express&d=a¥z,/

the whole surface of the coordination sphere. See ref 18. {KedMeCN]}, thereby allowing the rati&py/Kz, to be determined.
(26) For example, the “hemidirected” geometry of [Pb¢RH" is 9.5 kcal (29) Simons, T. J. BEur. J. Biochem1995 234, 178-183.
mol~* higher in energy than the tetrahedral structure. See ref 18. (30) See, for example: Abudari, K.; Karpishin, T. B.; Raymond, K. N.

(27) vallee, B. L.; Auld, D. SAcc. Chem. Red993 26, 543-551. Inorg. Chem.1993 32, 3052-3055.



