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The macrocycles L*-L2 incorporating N,Ss-, N»S,0-, and N,S,-donor sets, respectively, and containing the 1,10-
phenanthroline unit interact in acetonitrile solution with heavy metal ions such as Ph", Cd", and Hg" to give 1:1 ML,
1:2 MLy, and 2:1 M,L complex species, which specifically modulate the photochemical properties of the ligands.
The stoichiometry of the complex species formed during spectrofluorometric titrations and their formation constants
in MeCN at 25 °C were determined from fluorescence vs M"/L molar ratio data. The complexes [Ph(LY)][CIO4],*
,H,0 (1), [Pb(LH][CIO4Jo*MeNO; (1a), [Pb(L3),][ClO4],-2MeCN (1b), and [Cd(L?)]INO3], (2b) were also characterized
by X-ray diffraction studies. The conformation adopted by L'-L® in these species reveals the aliphatic portion of
the rings folded over the plane containing the heteroaromatic moiety with the ligands trying to encapsulate the
metal center within their cavity. In 1, 1a, and 2b the metal ion completes the coordination sphere by interacting
with counteranion units and solvent molecules. On the contrary, the 1:2 complex 1b shows Pb" sandwiched between
two symmetry-related molecules of L2 reaching an overall [4N + 4S] eight-coordination.

Introduction of these environmentally important metal ions and as sensors
for their detection in solutio.” With regard to molecular
recognition and selective binding, macrocyclic ligands are
extensively studief 8 In fact, by changing some structural

features of the macrocyclic framework such as number and

The sustained interest in the coordination chemistry of
lead(ll), cadmium(ll), and mercury(ll) stems not only from
the widespread agricultural and industrial use of their
compounds but also from their inherent toxicity and hazard-
ous effects to human healtf.In this respect, of crucial (3) (a) Macrocyclic Compounds in Analytical ChemistZolotov, Yu.
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: ; M. Coord. Chem. Re 1998 170, 93.
complexing agents that may be used as selective extractants( 4) (a) Yamini, .: Alizadeh, N.: Shamsipur, Minal. Chim. Acta1997,
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disposition of donor atoms, cavity size, and conformational L*and L? of thioether donors makes these ligands particularly
flexibility, it is possible to design highly preorganized ligands attractive as potential fluorescent chemosensors for soft metal
capable of recognizing and binding selectively to certain centers, in particular second and third row transition metal
metal ion guests. On the other hand, one of the most attractiveions and post-transition heavy metals. The main aim of this
and sensitive methods for signaling the hegtiest recogni-  paper was to investigate the coordination chemistry of the
tion event is based on the use of fluorescent receptors, whichmacrocycles £ L? and the new Etoward the toxic Ph
undergo a specific emission spectral change upon selectiveCd', and Hd metal ions to test the potentiality of these
binding to the guestMany selective sensors and switches phenanthroline derivatives as specific fluorophores for the

of fluorescence have been synthesized in the past few yearsnentioned metal ions.
/7 \N_(
%QQ/
S S
|\/\)

as a signaling site, either connected to a macrocyclic unit as
sidearms or inserted as nonpendant integral part of a
macrocyclic structure. Recently, we reported the synthesis
and coordination properties toward some platinum-group

which comprise fluorophores such as anthracéfé,
/7 N /7 \_(
g—NQQ/ g—NQQ/

8-hydroxyquinoline'®¢ dansylamidé® or phenanthroling:1?
S S S S
K/S\) K/O\)

transition metal ions (N Pd', Pt', Rh", RU') of the mixed-
donor crowns E and L2 containing the 1,10-phenanthroline
unit as an integral part of the macrocyclic structti&hese

macrocycles, analogously to those reported by Bencini et

al 5212 which contain polyamine chains linking the 2,9-
phenanthroline positions, can be consideir@dnsic fluo-

rescent chemosensors with the thioether linkers functioning

L! L? L

Experimental Section

All melting points are uncorrected. Microanalytical data were
obtained by using a Fisons EA CHNS-O instrumeht=f 1000
°C). El mass spectra were obtained on a Fisons QMD 1000 mass
spectrometer (70 eV, 200 mA, ion-source temperature’@)O0FAB

exclusively as binding sites and the phenanthroline unit nasg spectra were recorded at the InstitiGuganische Chemie
playing both a signaling and a binding role. The presence in ger Technischen UniverétiaBraunschweig *C and *H NMR
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spectra were recorded on a Varian VXR300 spectrometer (operating
at 75.4 MHz). The spectrophotometric measurements were carried
out at 28C using a Varian model Cary 5 UWis—NIR spectro-
photometer. All fluorescence spectra were recorded on a Perkin-
Elmer LS-30 luminescence spectrometer, equipped with a xenon
lamp. Conductance measurements were carried out with a Metrohm
712 conductivity meter. A dip-type conductivity cell made of
platinum black was used. In all measurements, the cell was
thermostated at 25.& 0.1 °C using a MLW thermostat.

The analytical grade nitrate salts of lead, cadmium, and mercury
(all from Merck) used in the solution studies were of the highest
purity available and were used without any further purification
except for vacuum-drying over,@s. Reagent grade acetonitrile
(Merck) was used as received. Reagent perchlorate salts of lead
and mercury for the complex synthesis were purchased by Aldrich
and used without any further purification.

Caution! The PH and Hd' complexes of L—L3 were isolated
in the solid state as ClQ salts. We worked with these complexes
on a small scale without any incident. Despite these observations,
the unpredictable behavior of CJOsalts necessitates extreme care
in handling.

The dmf was dried with MgSQand freshly distilled under
vacuum. 2,9-Dimethyl-1,10-phenanthroline and 1,5-pentamethylene
disulfide were commercially available.

L1 and L2 were synthesized and purified as described elsewfere.
L3 was prepared by following a similar procedure.

Synthesis of 2,8-Dithia[9](2,9)-1,10-phenanthrolinophane ().

A solution of 2,9-bis(chloromethyl)-1,10-phenanthrofihé.5 g,

1.80 mmol) and 1,5-pentamethylene disulfide (0.25 g, 1.80 mmol)
in dmf (40 cn?) was added, over 15 h, to a well-stirred suspension
of C$CO; (1.18 g, 3.61 mmol) in dmf (80 cfhmaintained at 55

°C under N. The resulting mixture was stirredrfd h at 55°C

and for 24 h at room temperature and subsequently concentrated
under reduced pressure. The obtained deep-yellow residue was
purified by flash chromatography on silica gel using a mixture of
CH,Cl,—MeCGEt—EtOH (5:1:0.25 v/v/v ratio) as eluent to give
0.27 g (43.7% vyield) of B as a pale white product, mp 185.
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Anal. Found (calcd for @H,oN,S;): C, 66.7 (67.0); H, 5.7 (5.9);

N, 8.0 (8.2); S, 18.5 (18.8). NMRH (CDCl), oy 8.15 (d, 2H,
J=18.7),7.70 (s, 2H), 7.53 (d, 2H,= 8.1 Hz), 4.11 (s, 4H), 2.65

(m, 4H), 1.95 (m, 4H), 1.35 (m, 2H}3C (CDCk), 6c 159.9, 145.0,
136.9, 127.2, 125.5, 122.7, 36.6, 30.7, 28.9, 28.4. Mass spectrum
(electronic impact, El):mvz 340 (L3), 178 (Phen) with the correct
isotopic distribution. Electronic spectrum (@El,): A = 235

(e = 44800), 272 (21300), 288 (19 100), 306 nm (10 060
dm?-mol~t-cm™1).

Synthesis of [Pb(LY)][CIO 4]2:1/2H,0 (1), [Pb(L?)][CIO 4],
MeNO, (1a), and [Pb(L3)2][CIO 4]>:2MeCN (1b). A mixture of
the appropriate ligand (20 mg) and Pb(GJ&8H,0 (1:1 molar
ratio) in MeOH (20 crd) was refluxed under Nfor 1 h.1: Slow
evaporation at room temperature of the reaction mixture gave well-
shaped white crystals of [PB{}[CIO 4],+Y/,H,O (48% vyield). Mp:
220 °C (dec). Anal. Found (calcd for 1gH;oCIoN,Og sPbS): C,
27.7 (27.9); H, 2.6 (2.5); N, 3.6 (3.6); S, 12.4 (12.4n Slow
evaporation at room temperature of the reaction mixture gave a
yellow solid which was recrystallized from MeNGCby slow
diffusion of E£O. Well-shaped white crystals of [PRI[CIO ],
MeNO, were obtained (66% yield). Mp: 22 (dec). Anal. Found
(calcd for GgH21CIoN304,PbS): C, 28.4 (28.2); H, 2.2 (2.6); N,
5.6 (5.2); S, 8.1 (7.9)1b: The reaction mixture was concentrated
under vacuum, and the resulting white product was recrystallized
from MeCN—-MeNO, by EtO diffusion to give well-shaped white
crystals of [Pb(E),][ClO4]2r2MeCN (53% yield). Mp: 235C (dec).
Anal. Found (calcd for gH4sCloNgOgPbS): C, 43.2 (43.1); H,
3.7 (4.0); N, 6.8 (7.2); S, 10.9 (11.0). Fab mass spectrunifor
m/z 665, 565; calcd fordPb(LY)CIO4 ™ and BOPb(LY)]+, m/z 665
and 566, respectively. Fab mass spectrumlfar m/z 649, 549;
calcd for POPb(L2)CIO4" and BPb(L?)]*, mVz 648 and 549,
respectively. Fab mass spectrum fidr. m/z 647, 547; calcd for
[2°Pb(L3)CIO4] ™ and BOPb(L3)]*, m/z 647 and 548, respectively.

Synthesis of [Cd(LY)][NO 3], (2), [Cd(L?][NO 3], (2a), and [Cd-
(L3)]INO3]2 (2b). A mixture of the appropriate ligand (20 mg) and
Cd(NG;)2*4H,0 (1:1 molar ratio) in MeOH (20 c was refluxed
under N for 1 h. On cooling, a white microcrystalline solid formed
having formulation [Cd(L)][NQ]. (vield (%): 48 @); 64 (2a); 51
(2b)). Crystals of good quality were obtained only f2iv by slow
diffusion of ELO in a MeCN solution of the microcrystalline
product. Mp ¢C): 240 @), 260 Qa), 235 b) (with decomposition).
Anal. Found (calcd for @H1sCdN4O6S;, 2): C, 36.3 (36.3); H,
3.1 (3.0); N, 9.2 (9.4); S, 15.7 (16.2). Found (calcd fagHGgs
CdN,O7S;, 2a): C, 37.4 (37.4); H, 2.9 (3.1); N, 9.5 (9.7); S, 11.2
(11.1). Found (calcd for fgH0CdN;sOsS,, 2b): C, 39.5 (39.6); H,
3.5(3.5); N, 9.6 (9.7); S, 10.7 (11.1). Fab mass spectrun2for
m/z 534, 471; calcd forl2Cd(LYNO;]+ and F12Cd(LY)]*, mVz 533
and 471, respectively. Fab mass spectrum2far m/z 518, 455;
calcd for [12Cd(L)NOs] ™ and [2Cd(L?)]™, 517 and 455, respec-
tively. Fab mass spectrum f@b: nvz 516, 453; calcd forlf2Cd-
(L3NOs]* and 12Cd(L3)]*, 515 and 453, respectively.

Synthesis of [Hg(LY)][CIO 4]2 (3), [Hg(L3)][CIO 4]» (3a), and
[Hg(L3)][CIO 4]z (3b). A mixture of the appropriate ligand (20 mg)
and Hg(ClQ)2*3H,O (1:1 molar ratio) in MeOH (30 cB) was
refluxed under Mfor 5 h. The white product obtained had the [Hg-
(L)I[CIO 4], formulation (yield (%): 32 B); 54 (3a); 47 (3b)).
Crystals of good quality were not obtained upon recrystallization.
Mp (°C): 240 @), 245 @a), 245 @b) (with decomposition). Anal.
Found (calcd for GH1sClLHgNLOgS;, 3): C, 28.4 (28.5); H, 2.0
(2.4); N, 3.2 (3.7); S, 12.4 (12.7). Found (calcd forgtdgCl-
HgN,OeS,, 3a): C, 29.4 (29.1); H, 2.3 (2.4); N, 3.8 (3.8); S, 8.5
(8.6). Found (calcd for ¢H»0Cl,HgN,OsS,, 3b): C, 30.6 (30.8);
H, 2.8 (2.7); N, 4.3 (3.8); S, 8.5 (8.7). Fab mass spectrun8for
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Figure 1. Excitation (A) and emission (B) spectra for 10 107> M
solutions of the ligands1=L3 in acetonitrile at 25C: dex = 275 nm for
L! and L2, 285 nm for L3; Aem = 365 nm for L* and L2, 355 nm for L3.
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m/z 658, 558; calcd forPHg(LY)CIO, ™ and BOHg(LY)]*, 658
and 559, respectively. Fab mass spectrum3far nvVz 643, 542;
calcd for PPHg(L?)CIO4] ™ and BPHg(L?)] ", 642 and 543, respec-
tively. Fab mass spectrum f8b: m/z 641, 540; calcd forHg-
(L3)CIO4 ™ and PO™Hg(L3)], 641 and 540, respectively.
Onusinga 1.2 ML (M"=PH', Cd', Hd"; L = L1-L3) reaction
molar ratio, the compounds reported above were always isolated.
Spectrofluorometric Titrations and Calculations. The experi-
mental procedure for the spectrofluorometric titrations was as
follow: A standard stock 1.0< 10~3 M solution of each ligand
was prepared by dissolving an appropriate amount of the ligand in
a 50.0 mL precalibrated volumetric flask and diluting to the mark
with MeCN. The titration solutions (1.8 107> M) were prepared
by appropriate dilution of the stock solution. Titration of the ligand
solutions was then carried out by addition of microliter amounts
of a concentrated standard solution of the metal ion of interest in
MeCN using a precalibrated micropipet, followed by fluorescence
intensity reading at 23C (14—23 data points) at the corresponding
Aex @ndAem Aex = 275 nm for I and L2, 285 nm for 13; Aem =
365 nm for L and L2, 355 nm for 3 (see Figure 1). The stock
solution of each cation (6.8 1074—5.0 x 1072 M) was prepared
by direct exact weighing (with an accuracy of 0.000 01 g) of the
pure nitrate salt vacuum-dried oves@2 in a precalibrated 50 mL
volumetric flask and dilution to the mark with the solvent.

When a ligand, L, reacts with a metal ion?M it may form a
1:1 ML (model 1), both 1:1 and 1:2 ML(model Il), or both 1:1
and 2:1 ML complexes (model Ill). The mass balances of the three
possible models in solution can be solved to obtain equations for
the free ligand [L] or free metal concentration [M]. The expected
fluorescence intensity of solution is given'by?Fr = Zio;Fi, where
o; andF; are the molar fraction and fluorescence intensity of the
involved species, respectively. For evaluation of the stepwise
stability constants from the fluorescence intensity V§lMmolar
ratio data, the nonlinear least-squares curve-fitting program KINFIT
was used® The program is based on the iterative adjustment of
calculated values of fluorescence intensity to the observed values
by using the Wentworth matrix technigeor the Pawell proce-
durel8 Adjustable parameters are the stepwise stability constants

(14) Pistolis, G.; Malliaris, AJ. Phys. Chem1996 100, 15562.

(15) Eddaoudi, M.; Coleman, A. W.; Prognon, P.; Lopez-Mabia,.P.
Chem. Soc., Perkin Trans.1896 955.

(16) Nicely, V. A.; Dye, J. LJ. Chem. Educl971, 48, 443.

(17) Wentworth, W. EJ. Chem. Educl962 42,96 and 162.

(18) Pawell, M. J. DComput. J.1964 7, 155.
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of the complexes present in solution and the corresponding
fluorescence intensities depending on the model adopted.

The free metal ion, [M] (for models | and lIl), or free ligand
concentrations, [L] (for model Il), were calculated by means of a
Newton—Raphson procedure. Once the values of either [M] or [L]
had been obtained, the value of fluorescence intensity was calculate
from the corresponding equations B¢, by using the estimated
values of the stability constants at the current iteration step of the

program. Refinement of the parameters was continued until the sum-

Aragoni et al.

To evaluate whether=L3 could be used as fluorescent
chemosensors for Pp Cd', and Hd, we recorded the
fluorescence spectra variations that occur upon addition of
increasing amounts of each of these three metals to an

OIacetonitrile solution of L, L? or L3 at 25°C. The shape

and position of the fluorescence emission bands do not
change in the presence of'NM = Pb, Cd, or Hg) compared
to those of free E-L2, whereas the emission intensities

of-squares of the residuals between calculated and observed value§hange as a function of the L (L = L%, L? L°) molar

of the fluorescence intensity for all experimental points were
minimized. The output of the program KINFIT comprises the

ratio according to the curves reported in Figure 2. It should
be noted that because of the very short fluorescence lifetimes

refined parameters, the sum-of-squares, and the standard deviatiomeported for polypyridine ligands and their complexes<10

of the data.

Crystallography. Single-crystal data collection for [Pb{)l-
[ClO4)2*Y2H,O (1) was performed on a Bruker SMART CCD
diffractometer usingn scans. For [Pb®][CIO42*MeNGO; (14),
[Pb(L3),][CIO4]2:2MeCN (1b), and [Cd(L3)][NO3], (2b) data were
acquired on an Enraf Nonius CAD4 diffractometer usingcans.

All data sets were corrected for Lorentgolarization effects and

for absorption. The structures were solved by direct methods using
SHELXS 86% and full-matrix least-squares refinementsiérwere
performed using SHELXL 9% All non-H atoms were refined
anisotropically, and H atoms were placed at geometrical positions
and thereafter allowed to ride on their parent atomslbrone of

the two CIQ~ counteranions was found to be disordered for three
of its oxygen atoms across a mirror plane. The disorder was
modeled setting the occupancy of each disordered site to 0.5. In
1b, atoms C(15) and C(16) display slightly high displacement
parameters which might be indicative of partial disorder due to the
presence of similar but different conformations for the aliphatic
portion of the macrocyclic ligand. However, any attempt to split
these atoms into two components offered no advantage. The H
atoms of the water molecule ihand of the acetonitrile molecules

in 1b could not be positioned reliably.

Results and Discussion

Solution Studies.As with other phenanthroline derivatives
used as fluorescent chemosengbdréhe absorption and
fluorescence emission spectra dfHL2 in MeCN show an

100 ns)*® and the low concentration conditions used in this
study, the effect of concentration quenching should be
negligible.

A chelation enhancement of quenching of the fluorescence
(CHEQ effect) is observed for all three ligands on addition
of increasing quantities of Plor Hg'. In the case of &, the
CHEQ effect due to addition of Phis remarkably pro-
nounced compared to that observed on adding. Figom
the inflection points in the fluorescence intensity/molar ratio
plots (Figure 2a,b), it can be inferred that 1:1 [Pb{t)hnd
[Hg(L)]?" (L = L%, L? complex cations are formed in
acetonitrile solution. The formation of [M(E]" species
appears to take place only witt¥ for M = PH' (Figure 2c;
in this case it appears that the [PBd?>" species is the only
one formed upon addition of Pko L3 and with both L
and L? (Figure 2a,b) for M= Hg" (in some cases the
inflection points are not neat, but the stoichiometry of the
corresponding complex species has also been confirmed by
the best fitting of the experimental data with the appropriate
complexation models and by conductometric measurements;
see later). The trend of the fluorescence intensity variation
observed upon addition of ¢do acetonitrile solutions of
LY, L2, or L3is quite different from that recorded in the case
of Pb' and Hd'. In fact, a CHEQ effect is observed witH L
and L2 up to Cd/L molar ratios of 1 and 0.5, respectively

absorption band at about 280 nm and a fluorescent band(the CHEQ effect recorded in the case of ik very low

around 360 nm (Figure 1). Generally, the Lewis baaseid
interaction of the phenanthroline nitrogen atoms with posi-
tively charged species (Hor metal ions) decreases the

compared to that observed on addind' PBigure 2c). For
higher molar ratios a chelation enhancement of fluorescence
(CHEF effect) is then observed until a Zd molar ratio of

intensity of the fluorescence emission due to a consequent2 and 1 is reached forlland L3, respectively (Figure 2a,c).

stabilization of the weak emissivax* singlet excited state
with respect to the strong emissivasa* one?!? However,
for some 2,9-dialkylated 1,10-phenanthroline derivatives, a

The shape of the spectrofluorometric titration curves suggests
formation of the species [Cdf)]?>" and [Cd(L")]*" during
addition of Cdl to L' and the species [Cdf)]?" and [Cd-

marked and selective increase in the fluorescence emissior(L®)2]?" during titration of L%. The spectrofluorometric

intensity was observed in the presence of lithium i&rEhis
effect was concluded to be a consequence of the rigidity
imposed on the fluorophore by strong complexation with a
consequent decrease in the nonradiative rate corfdtant.

(19) Sheldrick, G. M. SHELXS 86Acta Crystallogr., Sect. A99Q 46,
467.

(20) Sheldrick, G. M.SHELXL 93 University of Gdtingen: Gitingen,
Germany, 1993.

(21) Armaroli, N.; De Cola, L.; Balzani, V.; Sauvage, J.-P.; Dietrich-
Buchecker, C. O.; Kern, J.-Ml. Chem. Soc., Faraday Tran992
553.

(22) (a) Hiratani, K.; Nomoto, M.; Sugihara, H.; Okada,Analyst1992
117, 1491. (b) Hiratani, K.; Nomoto, M.; Sugihara, H.; Okada, T.
Chem. Lett199Q 43.
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titration curve of 12 with Cd" in acetonitrile solution shows
a CHEF effect throughout the whole range of'@d molar
ratios explored with inflection points at @4l? values of
0.5 and 1, which indicate the formation in solution of the
species [Cd(B)]?>" and [Cd(1?),]?".

To further investigate the stoichiometry of the complex
species formed during the spectrofluorometric titrations, the
molar conductance of acetonitrile solutions of' PHg", or
Cd' was monitored at 25 0.1 °C while adding increasing
amounts of the macrocyclic ligands. The resulting molar

(23) Creutz, C.; Chou, M.; Netzel, T. L.; Okamura, M.; Sutin, NAm.
Chem. Soc198Q 102, 1309.
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Figure 2. Fluorescence intensitymolar ratio plots for L (a), L2 (b), and
L3(c) (1.0x 1075 M, MeCN, 25°C) in the presence of increasing amounts
of PH', Hg', and Cd. Inset to (c): Enlargement of the fluorescence
intensity-molar ratio plot for the titration of £with Cd'.

conductance/molar ratio plots are shown in Figure 3 for the
PH' and Cd cases. While L-L® solutions possess a
negligible conductance, their addition to both metal ion
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295 - L3
z o—o!
2 290 — 5
g
o
S 285
<
280
275 T T T
0 1 2 3 4
[LY/[PbY
1 2 3 4
b 450 9 T T T
4 3
400 —
= 2
5 ! 2
=
(o]
§ 350 ¥ Ll
E
<
300
250 T T T
0.0 0.5 1.0 1.5 2.0
[Ly[Cd™]
Figure 3. (a) Molar conductance vs [L)/[Phin acetonitrile at 25°C:

L=L!(Pb']=45x 105M);L = L2([Pb'] =7.75x 105M); L =
L3 ([Pb'] = 7.0 x 1075 M). (b) Molar conductance vs [L]/[C] in
acetonitrile at 25C: L = L1 ([Cd']= 3.6 x 10°M); L = L2 ([Cd"] =
7.2 x 105 M); L = L3 ([Cd'] = 7.2 x 1075 M). Arrows indicate the
abscissa to which the plots refer.

the initial solution of the metal salt.From Figure 3 it is
clear that the molar conductance/molar ratio plots possess
distinct inflection points at molar ratios that exactly confirm
the formation of the aforementioned'Pénd Cd complex
species with the three ligands (in Figure 3b, a change in the
slope can be recognized on a careful look at the conductance/
molar ratio plot at the #Cd' molar ratio of 1). The
conductometric data in the case of'Pind L3 (Figure 3a)
also indicate presence of the 1:1 [PB[E" species whose
formation was not highlighted by the spectrofluorometric data
(Figure 2c). However, in the case of Hghe change in molar
conductance with the ligand-to-cation molar ratio revealed
some unexpected and unreproducible fluctuations with no
clear-cut evidence for the exact stoichiometry of the mac-
rocycle-Hg" complexes.

The stepwise formation constants of the complex species
resulting from the spectrofluorometric titrations were evalu-

solutions causes a rather large continuous increase in molaf24) (a) Amini, M. K.; Shamsipur, Minorg. Chim. Actal991, 183 65.

conductance. This could be due to a lower mobility of the
solvated metal ion and/or to the existence of ion pairing in

(b) Pourghobadi, Z.; Seyyed-Majidi, F.; Daghighi-Asli, M.; Parsa, F.;
Moghimi, A.; Ganjali, M. R.; Aghabozorg, H.; Shamsipur, Fol. J.
Chem.200Q 74, 837.
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Table 1. Stepwise Formation Constafisf Pb!, Cd', and Hd
Complexes with E—L2 in Acetonitrile at 25°C Calculated by Fitting
the Fluorescence/Molar Ratio Data

ligand metal ion loKs° log Kz¢
Lt PY! 7.5(0.2)
cd' 5.53(0.02) 2.62(0.03)
Hg" 5.95(0.16) 2.93(0.12)
L2 PH! 6.24(0.05)
cd' 6.40(0.09) 3.00(0.09)
Hg' 5.34(0.15) 2.69(0.12)
L3 P! 6.07(0.06) 2.22(0.08)
Ccd' 5.86(0.04) 2.91(0.03)
Hg' 5.56(0.04)

aValue in parentheses indicate standard deviatibivs.+ L = ML.
CML + L = ML,. 9This value refers to the formation constant of the
[Cda(LY)]* complex: ML+ M = ML. ¢ Using only a 1:2 complexation
model to fit the experimental data (M 2L == ML ), we calculated a value
of 7.8+ 0.6 for logK with a considerable increase of the sum of the squared
errors in the fitting of the experimental data (from 56.9 to 891.3).

600

500 —

400

Fluorescence intensity

300 T T T T
0.0 1.0 1.5 2.0
cdllyL2

Figure 4. Computer fit of the fluorescence intensity/molar ratio data
obtained from the titration of4with Cd' in MeCN solution: () calculated
points; ©) experimental points;=f) experimental and calculated points
the same within the resolution of the plot.

2.5

ated by fitting the fluorescence/molar ratio data to the proper

models using a nonlinear least-squares curve-fitting program

(see Experimental Section), and the results are summarize
in Table 1. All computer fits of the fluorescence intensity/

molar ratio data have been deposited as Supporting Informa-

tion; an example is shown in Figure 4. The data related to
the spectrofluorometric titration of3lwith P4' were fitted
according to both 1:2 (Mt 2L = ML,) and 1:1+ 1:2

(M + L = ML; ML + L = ML,) complexation models.
The results clearly indicate the latter to be the best model
(Table 1) with formation of the [Pb@]?" intermediate

Aragoni et al.

in the literature; for example, they are reported to form in
MeOH solution between Pkand Cd and the macrocyclic
ligands [15]ane®D; (4,7,13-trioxa-1,10-diazacyclopentadec-
anef>2and [18]aneMO, (4,7,13,16-tetraoxa-1,10-diazacyclo-
octadecane¥®”

The investigation of structurefunction relationships in

the interaction of transition and post-transition metal ions
with structural related macrocycles incorporating mixed
donor atoms is of paramount importance for the design of
new ligands with increased selectivity. In this respect Table
2 shows the O,N,S-mixed donor [15]ane pentadentate mac-
rocycles for which, to the best of our knowledge, the complex
formation with lead(ll), cadmium(ll), or mercury(ll) has been
investigated. The following discussion will be restricted to
PH' since only for this metal ion has the formation constant
been calculated for the 1:1 complex with all the ligands
(Table 2). As expected, the stability constants are strongly
affected by the donor atom set. In particular, a strong
dependence of loi for PB' 1:1 complexes on the number

of nitrogen atoms present in the macrocyclic frameworks is
observed. The substitution of a nitrogen atom with either
oxygen or sulfur in the ring cavity causes a dramatic decrease
in the stability constant compared to [15]anehis is in
agreement with the “borderline” classification of'Ph the
scale of “hard” and “soft” acids. A similar trend, finely tuned
by ring-size factors, was observed by Lindoy et al. on
studying an extended range of 16- to 19-membered dibenzo-
substituted pentadentate macrocycles containing oxygen,
nitrogen, and sulfur donor atorf& Interestingly, the stability
constant for the 1:1 Pbcomplex with the N-donor ring
containing a polyamine chain linking the 2,9-phenanthroline
positions is significantly higher than that of the complex with
[15]aneN containing the same number of nitrogen donors.
According to Bencini et aP2the reason for this enhancement
in thermodynamic stability is a better coordination ability

f the heteroaromatic nitrogens of the phenanthroline subunit
toward lead(ll). The same effect though is not observed on
passing from both the [15]angl$; ligands to 2. At the
moment no hypothesis can be made to explain this behavior
considering that the stability constants for'Ruith L1—L3
and the ligands reported in Table 2, in particular the two
[15]aneNOS; macrocycles, have been determined in dif-
ferent solvents (MeCN for the former and water for the

species according to the conductometric data. The stability (25) (a) Spiess, B.; Amaud-Neu, F.; Schwing-Weill, Nelv. Chim. Acta

constants for the 1.1 complexes of the three metal ions with

198Q 63, 2287. (b) Kulstad, S.; Malmsten, l. Inorg. Nucl. Chem.
198Q 42, 1193.

the three ligands are of the same order of magnitude. In the(26) Buschmann, H.-Jnorg. Chim. Actal985 98, 43.

case of Pb a slight decrease iK; is observed on passing
from L to L3, while a similar trend is not observed for €d
and Hd'. The formation constanti, for [ML ;]?>* species
M=Hg',L=LL,LZM=PH,L=LEM=Cd, L=

L2 L% are much lower than those calculated for the 1:1
complexes with logK; ranging from 3.00(9) to 2.22(6). In
the case of Ctland only with X the 2:1 [Cd(L1)]*" species
seems to form in solution with log, = 2.62(3). Two-to-
one M,L complexes with macrocyclic ligands are quite rare

6628 Inorganic Chemistry, Vol. 41, No. 25, 2002

(27) Byriel, K.; Dunster, K. R.; Gahan, L. R.; Kennard, C. H. L.; Latten,
J. L.; Swann, I. L.Polyhedron1992 11, 1205.

(28) Byriel, K.; Dunster, K. R.; Gahan, L. Riorg. Chim. Actal993 205
191.

(29) Hancock, R.; Bhavan, R.; Wade, IRorg. Chem.1989 28, 187.

(30) Kodama, M.; Kimura, EJ. Chem. Soc., Dalton Trang978 1081.

(31) Arnaud-Neu, F.; Schwing-Weill, M.-J.; Louis, R.; Weiss, IRorg.
Chem.1979 18, 2956.

(32) (a) Davis, C. A,; Leong, A. J.; Lindoy, L. F.; Kim, J.; Lee, S.-H.
Aust. J. Chem1998 51, 189. (b) Adam, K. R.; Arshad, S. P. H,;
Baldwin, D. S.; Duckworth, P. A.; Leong, A. J.; Lindoy, L. F.;
McCool, B. J.; McPartlin, M.; Tailor, B. A.; Tasker, P. forg. Chem.
1994 33, 1194.
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Table 2. Formation Constants for 1:1 Complexes betweeh, Flof', and Hd with Mixed-Donor [15]ane Pentadentate Macrocyeles

[15]aneOs [15]aneNO; [15]aneN,0;
0O O o O o O
GG T G
(O NS NS
Pb 3.92(MeOH)* 6.0(MeOH)*’ 7.87(MeOH)>*
cd 8.72(MeOH)>®
Hg 10.3(MeOH)*
[15]aneN;0, [15]aneNs [15]ane(phen)Ns [15]aneN,0S,° [15]aneN,0S,°
0O O NH HN NH HN S S
CO Oty Oy D)
NH HN NH HN =N N= S S NH o HN
N N o)
K/H\) H\) NH HN k/ \) K/ \)
N
k/H\)
Pb 10.07(H,0)? 17.3(H,0)* 18.70(H,0)** 6.78(H,0)°! 5.67(H,0)!
cd 10.05(H,0)% 19.2(H,0)*° 7.13(H,0)*! 6.53(H,0)"!
Hg 28.5(H0)"

aSolvent used in parenthesésThe same notation [15]ane®@S; has been used for the two macrocycles 1-oxa-4,13-dithia-7,10-diazacyclopentadecane
and 1-oxa-4,13-diaza-7,10-dithiacyclopentadecane characterized by a different arrangement of the donor atoms in the macrocyclic framework.

latter). Unfortunately, for solubility reasons, it was not
possible to study in water the complexation reactions of
L1-Ls.

Crystal Structures of [Pb(LY)][CIO 4]»+1/2H,0 (1), [Pb-
(LA][CIO 4]2*MeNO; (1a), [Ph(L3),][CIO 4]2-2MeCN (1b),
and [Cd(L®)][NO3z]. (2b). The complexation ability of
L'—L®toward PH, Cd', and Hd has also been investigated
in the solid state. Whatever the M/L molar ratio used (1:1
or 1:2), the reaction betweer+L2 and Cd and Hd always
resulted in 1:1 complexes, as demonstrated by elemental
analysis and FAB mass spectroscopy (see Experimental
Section). In the case of Pp1:1 complexes were always
isolated with Lt and L2, whereas the only compound obtained
with L3 in the solid state had a formulation corresponding
to a 1:2 Pb/B stoichiometry. Crystals suitable for X-ray
sructural analysis were btaned forthe complexes (AR TS5, encfie PHOICIOL o Wi e dmare ot
[CIO4]2+">H0 (1), [Pb(L)][CIO4]2MeNO; (1a), [Pb(L%)]- probabil?ty, and hydroggen atoms are%mitted for clgrity (X, y,Yo—2). ’
[ClO4]2:2MeCN (1b), and [Cd(LZ)][NO3], (2b).

In 1 two perchlorate ions and a water molecule bridge of the Pb-S distances in comparison with those observed
two symmetry-related [Pb@]?" units to form a binuclear  in the macrocyclic lead(ll) complexes containing- Rhioether
species, as shown in Figure 5. EacH Rixthe dimer interacts  bonds located in the files of the Cambridge Crystallographic
with a further perchlorate ion acting as a monodentate ligand data Centré23334 The Pb-O distances are significantly
so to reach an overall nine-coordination. The bonds to the longer than those normally found for O-donating counter-
donor atoms are evenly distributed about the coordination anions coordinated to lead(ll), and they should be better
sphere; but some are significantly longer than others (Tableconsidered as long contacts’®34in fact, except for Pb
3). In particular, the two N-donors from the phenanthroline O(5), they are also longer than the estimated sum of the
unit of the macrocyclic ligand are more strongly coordinated Shannon ionic radius of nine-coordinate lead(ll) (1.35°A)
to the metal centers with bond lengths of 2.582(3) and 2.572-and the van der Waals radius of oxygen (1.503Rn this
(3) A, respectively, while the three S-donors from the L
molecule and the four O-donors from the perchlorate ions (33) (a) Bashall, A.; McPartlin, M.; Murphy, B. P.; Fenton, D. E.; Kitchen,

. . S. J.; Tasker, P. AJ. Chem. Soc., Dalton Trand99Q 505. (b)
and the water molecule are at rather longer distances ranging  constable, E. C.: Sacht, C.: Palo, G.: Tocher, D. A.: Truter, MJ.R.

from 2.852(3) [Pb-O(5)] to 3.105(5) A [Pb-O(6)] (Table Chem. Soc., Dalton Tran2993 1307 and references therein.
3). The Pb-N bond lengths are comparable to the usually &% g!fclf?'DgltjthTegsnksel’g%é"éb\évl'fs" Lippolis, V.; Scker, M.J. Chem.

observed PbNpyridine distances®33and the same can be said (35) Shannon, R. DActa Crystallogr., Sect. A976 32, 751.
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Table 3. Selected Bond Lengths (A) and Angles (deg) for
[Pb(LY][CIO 4] Y/2H0 (1)2

Pb—N(1) 2.582(3) Pb-N(2) 2.572(3) o8 om o
Pb—S(1) 3.0156(10) PbS(2) 3.0185(10)
Pb-S(3) 2.9832(9)  PbOw 2.995(3)
Pb—O(5) 2.852(3) Pb-O(2) 2.967(4)
Pb—O(6) 3.105(5)
S(1)-Pb-N(1) 67.23(7) S(IyPb-N(2)  126.70(7)
S(1-Pb-S(2)  130.60(3) S(HPb-S(3) 69.39(3)
S(1)-Pb-Ow 124.04(3) S(1yPb-0O(5)  115.99(7)
S(1)y-Pb-0(2) 70.84(8) S(1yPb—0O(6) 61.37(8)
S(2-Pb-N(1)  126.83(7) S(2yPb-N(2) 67.38(7)
S(2)-Pbh-S(3) 70.08(3) S(2)Pb-Ow 71.98(9)
S(2-Pb-O(5)  112.93(7) S(2YPb-0(2) 73.44(9)
S(2-Pb-0(6)  150.53(7) S(3yPb—N(1) 76.07(6)
S(3-Pb—N(2) 76.47(7) S(3yPb—Ow 135.49(10)
S(3-Pb-0O(5)  138.21(8) S(3YPb—-0(2) 76.81(8)
S(3)-Pb-0O(6)  130.63(8) N(1)-Pb-N(2) 65.61(9) Figure 6. View of the [Pb(1?)]?+ cation with the adopted numbering
N(1)—Pb-Ow 147.60(11) N(LyPb-0O(5) 69.82(9) scheme, interacting at the metal center with two £l@nions and a
N(1)-Pb-O(2)  135.81(10) N(LyPb-O(6)  81.99(9) nitromethane molecule (double dashed lines). Displacement ellipsoids are
N(2)—Pb-Ow  109.08(7) N(2)Pb-0(5) 67.97(10) drawn at 30% probability, and hydrogen atoms are omitted for clarity.
N(2)-Pb-0(2)  138.10(11) N(2YPb-O(6)  131.74(10)
O(5)-Pb-Ow 78.56(11) O(5)Pb-0(2) 144.97(11) Table 4. Selected Bond Lengths (A) and Angles (deg) for
O(5)—-Pb-0(6) 67.70(11) O(2)-Pb-0(6) 90.06(13) [Pb(L?)][CIO4]2*MeNO; (13)
O(2)-Pb—Ow 70.77(11) O(5—Pb—Ow 79.64(11)
_ , _ Pb—N(1) 2.540(8) Pb-N(2) 2.546(9)
a Symmetry transformation used to generate equivalent atoms: i) 1 Pb-S(1) 2.981(3) PbS(2) 2.955(3)
X, Yo~z Pb-0(1) 2.589(8) PbO(2) 3.186(13)
Pb—0(3) 2.853(9) PB-O(9) 3.16(2)
1 i imi Pb—0(10) 3.208(14)
structure,.L adopts a conformapon very similar _to that S(L)-PboN() 68.2(2) S(13Pb-NE) 125.5(2)
observed in related complexes withtchnsition metal ion's S(1)-Pb-S(2) 12854(10)  S(HPb-0(1) 67.32)
while trying to encapsulate the metal ion within a cavity S(1)-Pb—-0(2) 159.5(3) S(BPb-0(3) 125.2(2)

: ) ; e i- S(1-Pb—0(9) 75.7(3) S(1)Pb—0(10) 69.7(2)
havmg a square based pyramidal stereochemlstry. .the ali S@-Pb-N(1) 129.8(2) SBPb-NQ) 69.2(2)
phatic chain is folded over the phenanthroline unit with the S(2)-Pb-0(1) 68.6(2) S(2yPb-0(2) 65.2(2)
planes containing the aromatic and the aliphatic moieties, S(2)-Pb-0(3) 106.2(2) S(2yPb—0(9) 63.6(3)

; ; ; S(2-Pb-0O(10)  155.6(2) N(1Pb-N(2) 65.6(3)
defined by the three_ S d(_)nors, forrr_ung a dihedral angle of N)-Pb-O@2)  1169(3) N(L)Pb-O(3) 78.8(3)
65.9(1F. However, in this case Lis not able to fully N(1)—Pb-0(9) 139.8(4) N(1}-Pb—0(10) 68.8(3)
accommodate lead(ll) into its square-based pyramidal cavity. N(2)-Pb-0(2) 71.4(3) N(2}-Pb—0O(3) 71.2(3)
Each PB in the dimer is displaced 0.92 A from the mean N(-Pb-0O(9)  129.3(4) N(2yPb-O(10)  116.1(3)

. O(1)-Pb-N(1 82.8(3 O(1}Pb—N(2 79.7(3
plane defined by the atoms N(1), N(2), S(1), and S(2) toward Oglg_Pb_O((zg 131.6((3)) o((gpb_o(@)) 150.0((3))
the O-donor manifold of the perchlorate ions and the water O(1)-Pb-0(9) 67.1(4) O(1yPb-0(10)  134.8(3)
molecule with an interatomic metaimetal distance of ~ ©O@2)~Pb-0(@3)  44.0(3) O(2yPb-0(9)  103.2(4)
5.3796(5) A. A similar conformational behavior of the ligand 8%:5;":888; 23%83 8%?;882)) ﬁi'.g((jg

and arrangement of the donor atoms around the metal center
has been observed by Bencini et al. for the lead(ll) complex distances involving the two CIO ligands and the MeN©
of the L! structural analogue, which has three secondary Mmolecule still are considerably longer than those usually
nitrogens instead of the sulfur dondfsin this case both ~ expected for oxygen-donating counteranions interacting with
mononuclear and dinuclear seven-coordinate lead(ll) species”?'.’*%*"**This structural feature, common to both the [Pb-
were present in the asymmetric unit with a singiBr bridge ~ (L)I[ClO4]2-"/2Hz0 (1) and [Pb(E)][CIO4]MeNO; (1)
between the two metal centers of the dinuclear species instructures, might be indicating the presence in the two
order to reach a PbPb interatomic distance of 5.618(1) A. compounds of a stereochemically active® @sne pair

On passage fromito L2 a mononuclear lead(ll) complex posmoneq in the coordination hen_usphere Ieft free by the
is obtained in which a nine coordination at the metal center Macrocyclic ligands. The conformational behavior étipon
is apparently achieved via the five donor atoms of the coordination to Pbis similar to that observed fori.and
macrocylic ligand and four O-donors, three of the latter &S0 in [PB(E)J[CIO.]"MeNC;, (Figure 6) the Pbion is
deriving respectively from one terminal bidentate and one Perching” above the macrocyclic cavity of lrather than
monodentate CIQ) ion and the fourth from a nitromethane  N€Sting” within it: it is displaced 0.91 A out of the main
molecule (Figure 6; Table 4). The PN and Pb-S bond ~ Plane defined by the atoms N(1), N(2), S(1), and S(2) in the
lengths are comparable to those observed in the [jB(L  OPPosite direction of the PEO(1) vector. _
unit of the dimeric complex described above (Figure 5), 3The reaction of Pb(CI€),+4H,0 with 0.5 molar equiv of
whereas the PbO(1) distance [2.589(8) A] is rather shorter L~ In refluxing MeOH fa 1 h gave well-shaped colorless

than the corresponding PiS(3) one. The other PHO crystals after removal of the solvent and recrystallization of
the resulting white product from MeCN/MeN®y diffusion

(36) Pauling, LThe Nature of Chemical Bon8rd ed.; Cornell University of E,0. Elemental analySiS SqueSteq the formulatiqn [Pb'
Press: Ithaca, NY, 1960. (L3)2][ClO4]22MeCN (1b) for the obtained crystals with a
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Figure 7. View of the [Pb(L3);]2" cation with the numbering scheme
adopted. Displacement ellipsoids are drawn at 30% probability, and

hydrogen atoms are omitted for clarity (i,-L, y,Y>—2). Figure 8. View of the [Cd(L3)][NO3]2 (2b) complex with the adopted

numbering scheme. Displacement ellipsoids are drawn at 30% probability,

Table 5. Selected Bond Lengths (A) and Angles (deg) for and hydrogen atoms are omitted for clarity.
3 .
[PO{L)2A[CIOA]~2MeCN (1b)* Table 6. Selected Bond Lengths (A) and Angles (deg) for

Pb-N(1) 2.607(4)  PBN(2) 2.695(4) [CA(L3)]INO3]2 (2b)
Pb-S(1) 3.193(2) PbS(2) 3.251(2) —
S(1)-Ph-N(1) 62.42(10)  S(Pb-N(2)  108.58(9) gg_gg)) 22'3;3;(52()10) Ccig((g 22'23%%2()11)
S(1-Pb-5S(2) 105.25(5) S(2YPb—N(1) 113.52(9) Ca-o) 5.474(3) Ca02) 5.451(2)
S(2y-Pb-N(2) 62.46(10)  N(1}Pb-N(2) 62.41(12) Cd-0(4) 5.560(3) Ce0(6) 5.450(2)
N(D)—Pb-N(1) — 74.4(2) N(L)-Pb-N(2)  83.14(12) S(1)-Cd-N(1)  70.90(5) S(YCA-N(2)  129.00(5)
N(1)-Pb-S()  119.95(10)  N(1}Pb-S(2)  130.20(9) SU-ChS@)  11331(3) SN 124.36(3)
N(@2)-Pb-N(2)  137.1(2) N(2)-Pb-S(1) 72.42(9) SO-CANG)  690005) NILCONZ)  6855(7)
N@-Pb-S@)  160.40(10)  S(BPb-S(I)  177.40(7) N(1)-Cd-O(1)  81.72(8) N(1}Cd-0(2)  84.78(9)
S(1)-Pb=S(2) 72.98(5)  S(2yPb-S(2) 98.06(6) N(1)-Cd-O(4)  157.63(8) N(1YCd-O(6)  144.41(8)
a Symmetry transformation used to generate equivalent atoms: -{i) 1 “g;—gg—ggg 12)2217-((8 Ng?}'gg—ggg ﬁgégg;
Y, l/ —Z. — — . — .
Xy e S(1)-Cd-0(1)  125.77(7) S(BHCd-0(2)  80.43(6)
1:2 PH/L® stoichiometric ratio. Interestingly, the same Sg)tggiggig i%:;%%% g%ggiggg 1;8'_%);((%
product was obtained using 1 molar equiv of in the S(2)-Cd-0(4) 67.83(6) S(2yCd—0(6) 79.02(7)
complexation reaction; therefore, a single-crystal structure O(1)-Cd-0(2)  50.54(8) O(1yCd-0O(4)  75.98(9)
determination was undertaken to ascertain the stereochem-gggiggigggg 1%8_288)) 8((42383:853 23:‘7%%

istry and ligation of this complex. The structure confirms
the formation of the [Pb®),]2* cation (Figure 7; Table 5)  nitrate groups. The metal center is displaced out of the mean
in which the metal center is sandwiched between two plane defined by the atoms N(1), N(2), S(1), and S(2) toward
symmetry-related molecules of.LAn overall [4N + 4S] the N&~ ligands. The conformation adopted by in this
eight-coordination at lead(ll) results with Pbl bond complex is very similar to that observed in the sandwich
distances longer than those observed in the 1:1 complexesomplex with PB. This confirms the general conformational
with L and L2 but still typical of the interaction of lead characteristic of this type of macrocycles of having the
with imine and pyridine nitrogen%:* The Pb-S bond aliphatic portion of the ring folded over the phenanthroline
distances also are slightly longer than those seehand unit.® In the case of pentadentate ligands such’aard 12
laand locate themselves on the upper end of the range ofthe donor atoms are preorganized to impose a square-based
variability for the lead-thioether distances reported in the pyramidal coordination sphere dttdansition metal centers.
literature’®33034These structural features are in agreement However, the ring cavity is not large enough to fully
with the fact that Pbin 1b is by far the most displaced encapsulate largettimetal ions such as ¢and PH. Crystal
(1.55 A) from the mean p, coordination plane compared data and details of all four structure determinations appear
to the complexes with Land L3. The [Pb(L%),]?" cation in Table 7.
represents a rare example of a sandwich complex for lead-
(I with macrocyclic ligands and nicely supports the
formation of 1:2 M/L (M = PW', Hg', Cd'; L = L*-L3) The results reported in this paper clearly demonstrate the
species in solution (see Table 1). ability of the mixed donor macrocycles L2 containing a
Figure 8 shows the structure of the complex [COIL phenanthroline subunit to coordinate not onfytidnsition
[NO3]. (2b) obtained from the reaction of cadmium nitrate metal ions but also ' and main group metal ions. Since
with 1 molar equiv of E. Selected bond distances and angles the phenanthroline group has fluorescence emission proper-
are given in Table 6. The Cdon resides in a distorted cubic  ties, these new macrocycles could be used as chemosensors
N.S;0, environment, bound by the four donors of the for heavy metal ions by exploiting the quenching or
macrocyclic ligand and by two almost symmetrical bidentate enhancement effects on the fluorescence emission of the

Conclusions
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Table 7. Crystallographic Data

Aragoni et al.

{[Pb(LY][CIO 42} 2-H20 (1)

[Pb(L?)][CIO4)2*MeNO, (14)

[Pb(L3)2][CIO4]2:2MeCN (1b)

[CA(L%)][NO3]2 (2b)

formula

M

cryst system
space group
alA

b/A

c/A

pldeg

VIA3

Z

TIK

DJg cm3

u(Mo Ka)/mm~1
reflens colled
unique reflcns
reflcns withl > 20(1)
abs corr

Trniny Tmax

R

WR; (all datap

GaeH3gClaN4O17PSs
1547.24
monoclinic
C2/c (No. 15)
19.396(2)
18.412(2)
13.785(1)
94.36(1)
4908.6(8)
4

293(2)
2.094
7.397
21835
7155
5657
SADABS
0.62-1.00
0.0286
0.0721

C19H21CI2N3011 PbS
809.60
monoclinic

P2:/n (No. 14)
13.584(3)
13.993(2)
14.648(3)
107.58(2)
2654.3(9)

4
293(2)
2.026
6.777

5062
4864
3217
yp-scans
0.48-1.00
0.0545
0.1631

4Ry = 3||Fo| — |Fell/SIFol. PWRz = {S[W(Fe2 — FAA/S[W(FoA?} 12

heteroaromatic moiety upon interaction with metal centers.
Our results with P, Cd', and Hd show that E—L2 can be

C42H46CloNsOsPbS

1169.18
monoclinic

C2/c (No. 15)
15.081(5)
22.270(6)
13.862(9)
97.56(3)
4615.1(4)

4

293(2)
1.683
4.011
4293
4042
3312
p-scans
0.58-1.00
0.0329
0.0818

used in this respect, though their selectivity of binding needs for financial support.
to be improved by changing the structural and donor

characteristics of the aliphatic portion of the rings. Remark-
ably, L® seems to be already quite selective fot' Ris the

C1gH20CdN4O6S,
576.91
monoclinic
P2:/n (No. 14)
8.545(2)
18.578(6)
14.269(4)
103.85(2)
2199.1(1)
4
293(2)
1.742
1.227
4151
3851
3322
1-scans
0.93-1.00
0.0225
0.0626
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Supporting Information Available: Tables for mass-balance
equations for the three complexation models adopted, solution of

CHEQ effect recorded in the presence of this metal iQn IS the mass-balance equations in terms of the metal ion [M] or free
much more pronounced, compgred to that observed in thejigand concentrations [L], and the equations Fag tables giving
presence of Cdor Hg'. Interestingly, the effect recorded details of the X-ray crystal structure analyses and crystallographic

on the fluorescence emission of upon addition of Clis
markedly different from that observed on addind BbHg',

data in CIF format, and computer fits of fluorescence intensity/
molar ratio data obtained from the complexation éfL3 with

and this already represents a significant starting point in the Pd', Cd', and Hd. This material is available free of charge via
design of specific fluorometric chemosensors on the basisthe Internet at http://pubs.acs.org.
of mixed-donor macrocycles containing the phenanthroline

moiety.
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