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Lead poisoning, which is especially prevalent in children, is still Reinhoudt et at® have reported quenching of the dansyl fluores-
the most common environmentally caused disease nationally andcence by Pb(ll) on a self-assembled monolayer (SAM)-modified
worldwide! Development of extractants and fluorescent chemosen- glass surface. The X-ray crystal structure loshows the SO
sorg for Pb(Il) is of importance for monitoring EPA mandated groups located in an anti conformation with self-association via
levels and for a variety of applications related to lead toxicity, N—H---O=S hydrogen bonds, giving dimers, instead of the 1D
biodistribution, and removal. For such applications, it is essential chains observed before for analogous disulfonamities.
to achieve high selectivity for Pb(Il) against both alkaline earth Ligand 1 was shown to extract Pb(Il) from water into DCE via
and other common metal ions present in biological systems, suchion-exchange when used together with WR(). One clear
as Cu(ll) and Zn(lI® Exploiting the unique coordination properties advantage ofl over the analogous sulfonamide extractants, 1,2-
of Pb(l1)>4 provides opportunities for the design of selective sefisors  CgH4(NH,SO,CsHs), and 1,2-GH4(NH2SOxCeH-p-But),15, is that
and extractant$.Successful fluorescent Pb(ll) sensor designs are the formed binary complex, Pb[1,2:884(NSO,Ci0Hs-5-N(CHs)2)2]
based on complexation by peptiddsnizable chelatesDNAzymes? (3), is soluble in DCE, and therefore, there is no need for the use
or macrocycle® with covalently linked fluorophores. Macrocycles  of a co-ligand.?H NMR of the organic phases after extraction
can be tedious to synthesize and typically exhibit a wide variety of indicated the presence @&. The negative mode electrospray
polydentate Pb(ll) coordination patterns. On the other hand, ion jonization mass spectrum of a methanol solutior8 howed the
exchange extraction from water to an organic solvent by simpler formation of the3-CHsO~ ion atm/z = 811.
chelates can lead to improved selectivity by taking advantage of  The distribution ratiosBpy, = [Pbly/[Pbl.g) were determined by
the unique preference of Pb(ll) for low-coordinate hemidiretted inductively coupled plasma mass spectrometry GFS) of the
geometries with a stereochemically expressed lone pair. Moreover,aqueous phases after extraction (for [RAnd after stripping the
simpler chelates tend to be easier to synthesize, an advantage thaﬁrganic phases with 0.1 M HNGfor [Pb],). Double stripping of
could potentially be exploited for sensor discovery by using rapid the organic phases showed no increase inJRyecifically, when
screening methodd.As part of our effort to design low-coordinate 1 (3.5 mM) was used together with 2.2 equiv of NHR), it
Pb(ll) extractants and sensors, we now wish to report efficient and extracted 99.5% of Pb from a 3.5 mM Pb(§@solution. A plot
selective ion-exchange extraction of Pb(ll) from water into 1,2- of [Pb], versus 1]; showed saturation fod]; > 3.5 mM, indicating
dichloroethane (DCE) with concurrent fluorescence quenching using 1:1 complexation. Control experiments, usihgr NH(i-Pr), only,
as an ion-exchanger, the sulfonamide fluorophbré&his simple showed that the presence of both components is essential for ex-
system does not require a secondary co-ligand in order to extractiracted. The monodansylami@ did not extract any Pb(Il) under
Pb and shows remarkable extraction selectivity against other metalsthe same conditions. A comparisonbfiith the ion-pair extractant
with Dep > 130 Dcy and Dy > 1400 Dzp. 18-crown-6 under identical conditions gaveDa, = 0.950 for

extraction byl versusDpp, = 1.26 x 1073 by the crown ether, which
O N(CHj), is also higher than the extraction by synergistic combinations of

O N(CH,)
3\5, 2 %\s 2,2-bipy and analogous disulfonamide ion-exchangeisgand
0= O O_| O 1 was also shown to be effective in the extraction of micromolar
o L o®

Pb(Il) concentrations, withl]; = 2.97 mM, [NH{-Pr)]; = 6.53
NH S @N/Pb mM, and [Pb(ll)] between 3.75 and 28 ([ 1]¢/[Pb(ll)]; ranging
. H 0,
O=//\s Q o=//§ Q g%n;ﬂll\;))s to 792); ligandlL extracted 100% of Pb(ll) ([Pk] <
© Q N(CHz), N(CH © O N(CHz), The extraction of various dicationic metal nitrates was investi-
(CHs)2 gated at constant total metal concentration ([M(II3ind varying
1 2 3 ligand concentrations (0.6(2.99 mM). Ligand1 was found to
. . ) ) ) ) extract Pb(ll) selectively over Zn(ll), Co(ll), Cd(ll), Ni(ll), and
S.ulfonamldell is avallaple in good yields from-phenylenedl- Cu(ll) with DppgyDyay = 1410 (for Zn), 1380 (for Co), 829 (for
amine and 1-(dimethylamino)-5-naphthalene sulfonyl chloride (dan- Cd), 794 (for Ni), and 133 (for Cu) (Figure 1). Neither Ca(ll) nor
_syl chIqr_ide)%Z_The dan_syl 9r°“_p is awell-knqwn fluorophore that Na(l) were extracted to any appreciable extent. We ascribe the
is sensitive to its chemical environméftGodwin et af’ and Leray observed selectivity to the formation of the low-coordinate complex
et al% have reported elegant examples of Ph(ll) fluorescence 3, which is apparently disfavored for other competing metals. The
detection in aqueous matrices based on the dansyl quorophore.Crystal structure of the binary Pb complex of the analogous bis-
t Florida International University. (phenylsulfonyl) derivative of phenylenediamine, which is insoluble
* University of Miami. in DCE, has showed the formation of a coordination polymer via
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Figure 1. Plot of log [M(I)]; versus []i: [Pb} = 2.72 mM, [Ni}; = 2.72
mM, [Co]; = 2.67 mM, [Cu] = 2.80 mM, [Zn} = 2.53 mM, [Cd] = 2.59
mM.
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Figure 2. Fluorescence emission at 516 nm upon Pb coordination and
extraction byl: [1]; = 7.40 mM, [NH(-Pr)] = 16.30 mM; dexc = 340
nm.
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Figure 3. Fluorescence intensity difference at 516 nm Iddiisopropyl-
amine @) and2/diisopropylamine @) after contact with Pb(N€)»(aq) (),
compared to contact with blank:) versus [L]. [Pb} = 5.5 mM; Aexc =
340 nm.

S=0-—Pb axial coordination and a stereochemically active lone
pairl> The fact that the dansyl compleX is soluble in DCE
indicates that the =SO—Pb axial coordination is no longer signif-
icant and is most likely replaced by weak coordination from solvent
molecules or water. The formation of a low-coordinate complex
with a stereochemically active lone pair could possibly explain the
high extraction selectivity for Pb(ll) over other dicationic metals.
The extraction of Pb(Il) from water into DCE Hyor the control

by 2, and indicates that bidentate coordination is necessary for Ph(ll)
extraction, and that the observed quenching is a direct result of
Pb(ll) complexation byl. Overall, the Pb selectivity for this
remarkably simple extraction-based system could be considered
comparable, or even superior to previously reported degifis.
However, in our case, Pb sensing is based on quenching and not
on ratiometric fluorescence enhancement.

In conclusion, it has been demonstrated that a simple (bis)-
dansylamide ion-exchanger selectively extracts Pb(ll) from water
into DCE, with concurrent fluorescence quenching. We are planning
extensive structural and spectroscopic studies véhd analogous
chelates, as well as application of the ion-exchange extraction
methodology for rapid screening of potential extractants and sensors
for Pb(Il) and other toxic metals.
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