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Reactions of diphenyllead(IV) chloride with benzil bis(thiosemicarbazone) (L'Hs) and benzil bis(4-methyl-3-
thiosemicarbazone) (L'Me,H,) afforded the first complexes containing the diphenyllead(lV) moiety with bis-
(thiosemicarbazone) ligands. The new complexes show diverse structural characteristics depending on the ligand
and the working conditions. Complexes [PbPh,CI(L'Hs)]-3H,0 (1) and [PbPh,Cl(L'Me,Hs)] (3) are mononuclear
species in which the ligands are partially deprotonated and the lead atom has a C,N,S,Cl environment in a distorted
pentagonal hipyramid coordination geometry. Complex [PbPh(L'Me,H,)],-2H,0 (4) was also obtained, which contains
two lead atoms in a binuclear structure with a C,;N,S; coordination sphere for each lead atom, since both
dideprotonated ligands act as N,S, chelate and as sulfur bridge. Reaction from L'Hs, in the same conditions in
which complex 4 was prepared, gave a mixture of products: the lead (Il) complex [Pb(L'Hy)], (2) and [PbPhCl],.
Reactions with the cyclic molecules 5-methoxy-5,6-diphenyl-4,5-dihydro-2H-[1,2,4]-triazine-3-thione (L2H,OCHs) and
5-methoxy-4-methyl-5,6-diphenyl-4,5-dihydro-2H-[1,2 4]-triazine-3-thione (L>’MeHOCHj;) were also explored. In all
the complexes, the ligands are deprotonated. The complexes [PbPhy(L?),] (5) and [PbPh,(L2MeOCHs),] (7) present
the same characteristics. The X-ray structure of 5 shows a distorted octahedral geometry around the lead atom,
with the ligand molecules acting as NS chelates, but the nitrogen bonded to the metal is different; one of the
triazines shows a novel behavior, since the nitrogen atom of the new imine group formed is the one that is bonded
to the lead center, being a good example of linkage isomerism. The complex [PbPh,CI(L?)] (6), which was also
isolated, could not be crystallized. All the complexes were characterized by elemental analysis, mass spectrometry,
IR and 'H, 13C, and ?7Pb NMR spectroscopy and some of them by X-ray diffraction studies.

Introduction compound in nature from inorganic lead has been described.
On the other hand, there is no therapy for organolead
poisoning, the chelating agents used to reduce the burden of
other heavy metals are not effective against organdl€adk

to its environmental relevance, a renaissance of interest in
the coordination chemistry of lead has been observed in
recent year$:** The Pb-C bonds are rather weak, conse-
qguently, organolead(lV) halides decompose at room tem-

The coordination chemistry of diorganolead derivatives
has long been known. However, today only a limited number
of structures of these complexes have been identifiéd.
Lead is one of the most common and important trace metals
in the environment; the past massive use of organolead
compounds in fuel as antiknock agents and the use of
inorganic lead in battery production, have caused a dramatic
increase in the presence of this element in the environtent. (s) Hewitt, C. N.; Metcalfe, P. JSci. Total Eniron. 1989 84, 211.
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perature, especially when exposed to light, although aryl atom provided by one terminal amine in a coordination
derivatives are somewhat more stable than alkyl deriva- polymer!”'8In the methylmercury derivative, it shows an
tives*®The decomposition of dialkyllead dihalides involves original behavior, because it is only bonded to the metal ions
a redistribution reaction, through the sulfur atoms in a binuclear structtfrelowever,

the cyclic molecule BH,OCH; always acts as a monoanion;

in most of the complexes, it acts as an NS chelate and even
as bridge through the sulfur atoi¥! As monodentate
through the sulfur atom has only been observed in the
mercury complexe® Moreover, the cyclic ligands are
unsymmetrical ambidentate system and can therefore, give
rise to linkage isomerism when they are coordinated in some

These reactions hinder the synthesis of diorganolead(lv) °f the mezntioned ways, butin the dimethyltin(lV) complex
complexes with anionic ligands; reactions with soft anionic [SMe(L")2], both ligands are bonded by the sulfur and

ligands lead very often to Pb(ll) andsRb(IV) complexes amine nitrogen aton¥.In this paper we report the structural
instead of to the diorganolead(IV) derivatit&s characterization of compounds formed by reaction of thio-

Following our interest in the coordination chemistry of semicarbazone and 4-methyl-3-thiosemicarbazone derivatives

ligands derived from thiosemicarbazides with toxic metals °f Penzil with diphenyllead(1V) chloride.
ions, we have explored the interaction of diphenyliead(lv)  AS far as we know, the reactions between PAithand
chloride with ligands derived from thiosemicarbazide and thiosemicarbazones have only been previously investigated

) i 12 .

4-methyl-3-thiosemicarbazide with benzil: The bis(thiosemi- USing those [#1] condensation products:*We present in

carbazones) 1Hg and L!Me,H, and the cyclic molecules this work the first complexes derived from bis(thiosemicar-

L2H,0CH; and l2MeHOCH; (Schemes 1 and 2). In previous bazones). The new complexes were characterized by el-
. . :

works, we have established the versatile behaviorfsL Zeor7nental analysis, mass spectrometry, IR &dd**C, and

which depends on the working conditions and the coordina- - P NMR spectroscopy and some of them by X-ray

tion preferences of the metal ions. In particulaftisacts, ~ diffraction studies.

at least, as a p§; che!ate and the complexgs show different Experimental Section

grade of d?pmtonat'on’ as We", as a variety of structures. Physical MeasurementsMicroanalyses were carried out using

l\/.lore'over, !t can also act as bridge thro“gh a §ulfur. atom a Perkin-Elmer 2400 II| CHNS/O Elemental Analyzer. IR spectra

yielding a dimer and even as chelate and bridge via a nitrogeni, the 4006-400 cn? range were recorded as KBr pellets on a

2R,PbX, — R,PbX + RPbX,

followed by reductive elimination of RX from the unstable
monoorganolead derivative:

RPbX, — PbX, + RX
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(13) Casas, J. S.; Castellano, E. E.; Ellena, J.; @afesende, M. S;
Sanchez, A.; Sordo, J.; Touceda, &. Anorg. Allg. Chen2005 631,
2247.
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45, 3103 and references therein.

(21) Calatayud, D. G.; Lpez-Torres, E.; Mendiola, M. A.; Procopio, J. R.
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Jasco FT/IR-410 spectrophotometer. Fast atom bombardment mass Benzil Bis(4-methyl-3-thiosemicarbazonej® L Me,H 4. A solu-
spectra were recorded on a VG Auto Spec instrument using Cs astion of benzil (Bz) (1.503 g, 7.15 mmol) and 10 drops of HCI
the fast atom andrnitrobenzylalcohol fiNBA) as the matrixH (concd) in dry methanol (75 mL) was added to a solution of
and *C NMR spectra were recorded on a spectrometer Bruker 4-methyl-3-thiosemicarbazide (4-MeTSC) (1.504 g, 14.30 mmol)
AMX-300 using CDC}, CD,Cl,, and DMSOds as solvents and in dry methanol (125 mL) and HCI (concd) (1 mL). The solution
TMS as internal referenc@Pb NMR spectra were recorded in  was stirred under reflux for 45 min. After cooling to room
the same spectrometer using Ch&hd DMSO#d; as solvents and temperature, the pale yellow precipitate formed was filtered off,
using absolutes referenc&s1®C CP/MAS NMR spectra were  washed (cold dry methanol), and dried in vacuo. Yield 60%. Mp
recorded at 298 K in a Bruker AV400WB spectrometer equipped 224°C. FAB* (m/z): 385.2 ([M+ 1]*, 80%), 769.6 ([2M+ 1]*,
with a 4 mm MAS NMRprobe (magic-angle spinning) and obtained 10%).'H NMR (DMSO-ds, 300 MHz, 25°C): ¢ 9.8 (2H, NH, s),
using cross-polarization pulse sequence. The external magnetic field3.9 (2H, NH, q), 7.7 (4H, Ph, m), 7.4 (6H, Ph, m), 3.0 (6H,£H
was 9.4 T, and the sample was spun at18 kHz, spectrometer  d)!H NMR (CDCl;, 300 MHz, 25°C): 6 8.5 (2H, NH, s), 7.8
frequencies were set to 100.61 MHz. For the recorded spectra a(2H, NH, q), 7.7 (4H, Ph, m), 7.3 (6H, Ph, m), 3.3 (6H, £Hd).
contact time of 4 ms were used and recycle delayd e were 13C NMR (DMSO-ds, 300 MHz, 25°C): 6 178.6 (CS), 140.4 (CN),
used. Chemical shifts are reported relative to TMS, using the CH 133.2, 130.3, 129.1, 126.8 (Ph), 31.5 (§H3C CP/MAS NMR
group of adamantano as a secondary reference (29.5%95pm). (300 MHz, 25°C): ¢ 177.2 (CS), 139.8 (CN), 130.6, 128.1, 124.7
Synthesis All reagents were obtained from standard commercial (Ph), 32.1 (CH). IR (KBr, cm2): 3435, 3335(s)f(NH)], 1601(w)
sources and were used as received. Methanol, dried Scharlau (maxv(CN)], 1546(s) p(HNC)], 845(w) [»(CS)].
0.005% HO), and dried dichloromethane by refluxing with GaH 5-Methoxy-5,6-diphenyl-4,5-dihydro-H-[1,2,4]-triazine-3-
were used as solvents. thione, L2H,0OCH3.2728 Selected spectroscopic data: FABW
Benzil Bis(thiosemicarbazone), EHe. It was prepared following 2): 266 ([M — OCHg] ™, 10%), 298 ([M+ 1]*, 35%).H NMR
the procedure previously report€dSelected spectroscopic data: (CDCls, 300 MHz 25°C): 6 9.5 (1H, NH, s), 7.6 (2H, Ph, m), 7.4
FAB* (m/2): 357 (M + 1]%, 100%), 714 ([2M+ 1]*, 25%).H (2H, Ph, m), 7.3-7.1 (6H, Ph, m), 6.9 (1H, NH, s), 3.4 (3H, OGH
NMR (DMSO-ds, 300 MHz, 25°C): 6 9.8 (2H, NH, s), 8.6 (2H, s).13C NMR (CDCk, 300 MHz, 25°C): 6 169.7 (CS), 142.4 (CN),
NH,, s), 8.3 (2H, NH, s), 7.7 (4H, Ph, m), 7.4 (6H, Ph, nmi 141.7, 133.7, 129.3, 126.5 (Ph), 83.2 (CNQF0.7 (OCH). 1°C
NMR (CDCls, 300 MHz, 25°C): 6 8.8 (2H, NH, s), 7.6 (6H, Ph, CP/MAS NMR (300 MHz, 25°C): ¢ 168.4 (CS), 146.0 143.4
m), 7.4 (4H, Ph, m), 6.6 (2H, NAis), 6.0 (2H, NH s). 3C NMR (CN), 132.4,131.3, 129.8. 127.0 (Ph), 85.4 (CN{DR3.4 (OCH).
(DMSO-ds, 300 MHz, 25°C): 6 179.1 (CS), 140.5 (CN), 133.1, IR (KBr,cm™%): 3184(s) and 3131(sp(NH)], 1608(w) [(CN)],

130.1, 128.9, 126.8 (Ph}3C CP/MAS NMR (300 MHz, 25°C): 1550(s) P(NCS)], 846(w) p(CS)].
0 181.1 (CS), 142.9 (CN), 133.3, 132.4 130.1 (Ph). IR (KBr; &m 5-Methoxy-4-methyl-5,6-diphenyl-4,5-dihydro-2-[1,2,4]-tri-
3420, 3386, 3342, 3330, 3210, 3151¢g)NH)], 1608(w) [»(CN)], azine-3-thione, 1’MeHOCH 3.2 A solution of 4-MeTSC (1.05 g,

1581(s) P(NH.)] and 848(w) p(CS)].

(26) Calatayud, D. G.; Escolar, F. J.; pez-Torres, E.; Mendiola, M. A.

(24) Harris, R. K.; Becker, E. D.; Cabral De Menezes, S. M.; Goodfellow, Helv. Chim. Actain press.
R.; Granger, PPure Appl. Chem2001, 73, 1795. (27) Arquero, A.; Caadas, M.; Marfmez-Ripoll, M.; Mendiola, M. A.;.
(25) Bryce, D. L.; Bernard, G. M.; Gee, M.; Lumsden, M. D.; Eichele, K.; Rodrguez, A.Tetrahedron1998 11271.
Wasylishen, R. ECan. J. Anal. Sci. Spe@001, 2, 46 and references (28) Franco, E.; Lpez-Torres, E.; Mendiola, M. A.; Sevilla, M. T.
therein. Polyhedron200Q 19, 441.
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10 mml) in methanol (40 mL), a solution of 2M HCI (40 mL),
HCI (concd) (1 mL), and a solution of Bz (2.10 g, 10 mmol) in
methanol (200 mL) were added dropwise with strong stirring to
150 mL of methanol. After the completion of the addition of all

[v(CS)]. Data for[PbPhsCl],: IR (KBr, cm=1) 3057(m) p(CH)],
1597, 1576, 1496, 1486 1476, 1434CC)], 757, 750, 731,720,
699, 691, P(CH)oyl.

[PbPh,CI(L *Me,H3)] (3). A solution of LIMe,H4 (89 mg, 0.23

the reagents, the mixture was stirred for 4 days. The solution was mmol) and LiOHH,O (10 mg, 0.23 mmol) in methanol (25 mL)
concentrated and a crystalline white solid was formed. The was added over a suspension of diphenyllead(IV) chloride (100

precipitate was filtered off and dried in vacuo. Yield 80%. Mp 136
°C. FAB*(m/z): 280.2 (M — OCHy]*, 13%), 312.2 ([M+ 1],
100%), 622.5 ([2M+ 1]*, 10%)H NMR (DMSO-ds. 300 MHz,
25°C): 0 12.3 (1H, NH, s), 7.57.2 (10H, Ph, m), 3.2 (3H, OC#
s), 2.9 (3H, NCH, s).*H NMR (CDCls, 300 MHz, 25°C): ¢ 9.5
(1H, NH, s), 7.6-7.1 (10H, Ph, m), 3.4 (3H, OG4ls). 3.1 (3H,
NCHj, s).3C NMR (DMSO-ds, 300 MHz, 25°C): 6 171.7 (CS),

mg, 0.23 mmol) in the same solvent (10 mL). The mixture was
stirred for 4 h, and then the yellow solid was filtered off and dried
in vacuo. Yield 77%. Mp 184C. Anal. Calcd for PbgyH»gNsS,-

Cl: C,46.20H, 3.74; N, 10.80; S, 8.20. Found: C, 45.94; H, 3.72;
N, 10.68; S, 8.14. FAB(mY2): 590.9 ([Pb(tMe,H3)]*, 30%), 667.0
([PbPh(I*MesHs)], 20%), 745 ([PbPKLIMe;Hs)], 25%), 781.1 ([M

+ 1]*, 5%).H NMR (300 MHz, CD,Cl,, 25°C): 6 8.3 (1H, NH,

141.4 (CN), 139.9, 133.7, 129.3, 128.8, 128.3, 127.9, 126.8, 126.4s), 7.8-6.9 (22H, PA-NH, m), 3.2 (6H, CH, d). 13C CP/MAS

(Ph), 87.1 (CNOR), 51.1 (OCH)), 33.3 (NCH). 13C CP/MAS NMR
(300 MHz, 25°C): ¢ 173.1 (CS), 146.1 (CN), 140.4, 135.1, 129.4,
1268.6, 126.6 (Ph), 87.8 (CNGQR52.0 (OCH), 37.1 (CH). IR
(KBr, cm™1): 3229(s) p(NH)], 1612(w) /(CN)], 1511(s) p(NCS)],
845(w) (CS)].

Synthesis of the ComplexesThe complexes were obtained by
reacting PbPJCl, and each ligand in dry methanol or dried
dichloromethane and in the presence of Li&kD. In every case,

a 1:1 mole ratio was used. In the reactions with the bis-
(thiosemicarbazones), 1:1 and 1:2 ligand/LBKD mole ratios
were used.

Caution! Lead is a highly toxic cumulate poison, and lead
compounds should be handled caref@lly.

[PbPh,CI(L *Hs)]-3H,0 (1). To a solution of tHg (75 mg, 0.21
mmol) and LiIOHH,O (9 mg, 0.21 mmol) in methanol (20 mL)

NMR (300 MHz, 25°C): 6 177.8, 175.3 (CS), 167.3, 166.1 (PbPh),
146.4 and 145.6 (CN), 134.2, 132.8, 130.7, 129.9, 127.5 (Ph), 31.7
(CHg). 27Ph NMR (300 MHz, DMSOdg, 25°C): ¢ —196.9. IR-
(KBr, cm™1): 3386, 3340, 3271(s)v[NH)], 1543 and 1475(vs)
[thioamide 1], 847(w) p(CS)].

[PbPhy(L*MeyH,)]»2H20 (4). A solution of L*Me,H,4 (89 mg,
0.23 mmol) and LiOFH,0 (20 mg, 0.48 mmol) in methanol (60
mL) was added over a suspension of diphenyllead(IV) chloride (100
mg, 0.23 mmol) in the same solvent (20 mL). Immediately, an
orange solution was formed, and then the solution was stirred for
6 h. An orange solid was separated by slow evaporation of the
solvent. Yield 53%. Mp 188C (dec). Anal. Calcd for PiCso
HeoN125,02: C, 47.29 H, 3.97; N, 11.03; S, 8.42. Found: C, 47.18;
H, 3.60; N, 10.92; S, 8.39. FAB(m/2): 591.2 ([Pb(tMe,H3)]™,
70%), 667.1 ([PbPhiMeH,)+1]", 60%), 745.1 ([PbPAL!-

was added a suspension of diphenyllead(IV) chloride (91 mg, 0.21 Me;H3)] T, 100%), 951.2 ([PH#Php(LMeHz)] ™, 13%), 1104.4 ([Ph

mmol) in methanol (10 mL). The mixture was stirred for 4 h, and

Phy(LIMe;H)]+, 17%).13C CP/MAS NMR (300 MHz, 25°C): &

then the scarce solid was filtered off and dried in vacuo. From the 176.9, 174.2, 171.3 (CS), 152.6, 146.3 (CN), 135.3, 132.8, 128.7,

filtrate, yellow crystals suitable for X-ray analysis were obtained.
Yield 74%. Mp 197°C. Anal. Calcd for PbgH3iNeS,ClOs: C,
41.70 H, 3.72; N, 10.42; S, 7.94. Found: C, 42.03; H, 3.76; N,
10.47; S, 7.87. FAB(m/2): 563.1 ([Pb(lHs)]*, 75%), 639.1
([PbPh(L2Hs)]*, 25%). 717.2 ([PbPHLHs)]*, 20%), 753.1 (M

+ 1]*, 5%).H NMR (300 MHz, DMSOds, 25 °C): ¢ 9.1 (1H,
NH, s), 8.2-6.9 (20H, Ph, m), 6.3 (4H, NH, s)C NMR (DMSO-

ds, 300 MHz, 25°C): ¢ 179.5 (CS), 141.0 (CN), 134.3, 133.6,
130.7, 129.3, 127.2 (Ph§°"Pb NMR (300 MHz, DMSOds, 25
°C): 0 —193.3.13C CP/MAS NMR (300 MHz, 25°C): ¢ 172.2

127.7, 124.7, 121.8 (Ph), 28.5 (@H2Pb NMR (300 MHz,
DMSO-ds, 25°C): 6 —610.8. IR (KBr, cnit) 3424, 3384(s)y(NH);
1560, 1518(s) 1f(CN)] + [thioamide II], 844, 816(w) }(CS)].
Brown-yellow crystals suitable for X-ray diffraction were obtained
from the mother liquor.

[PbPhy(L?);] (5). To a solution of BH,OCH; (100 mg, 0.33
mmol) and LiOHH,0 (14 mg, 0.33 mmol) in methanol (10 mL)
was added a suspension of diphenyllead(IV) chloride (145 mg, 0.33
mmol) in methanol (20 mL). The mixture was stirred # h at
room temperature. The yellow solid formed was filtered off, washed

(CS), 167.1, 162.5 (PhPb), 157.8, 152.2 (CN), 137.8, 133.9, 132.8, with methanol and acetone, and dried in vacuo. Yield 70%. Mp

130.9, 129.4, 12.6 (Ph). IR (KBr, crf): 3420, 3365, 3343, 3330,
3244, 3151(s))f(NH)], 1698, 1607(w) F(CN)], 1564, 1507, 1466,
1446(s) [thioamide II], 764(w)1[(CS)].

202°C. Anal. Calcd for PbGH3NeS,: C, 56.68; H, 3.37; N, 9.44;
S, 7.19. Found: C, 56.54; H, 3.36; N, 9.34; S, 7.12. EABV2):
266.0 (L2 + 1]*, 15%), 470.9 ([Pb(B]*, 25%), 626 ([PbPHL?)]",

This complex was also obtained using DCM as solvent under 58%), 813 ([M— Phl", 5%), 891.0 ((M+ 1], 10%).'H NMR

reflux for 6 h. The yellow solid was collected by filtration and
dried in vacuo.

[Pb(L*H4)] (2). A solution of L'Hg (75 mg, 0.21 mmol) and
LiOH-H,0 (18 mg, 0.42 mmol) in methanol (25 mL) was added

(CDCls, 300 MHz, 25°C): ¢ 7.98 (4H, Ph, d), 7.34 (26H, Ph, m),
3)(207Pp—1H) = 159.49.13C NMR (CDCk, 300 MHz, 25°C): 6
175.1 (CS), 152.9, 156.2 (CN), 134.3, 131.4, 130.4, 129.7, 128.4
(Ph), 2J(?Pb—13C) = 109.50.27Pb NMR (300 MHz, CDGJ, 25

over a suspension of diphenyllead(IV) chloride (91 mg, 0.21 mmol) °C) 6 —211.58.20Pb NMR (DMSO#dg, 300 MHz, 25°C): o

in the same solvent (10 mL). The mixture was stirred at room —315.30. IR (KBr, cm®): 1578, 1565(w) #(CN)], 1499, 1486(s),
temperature for 4 h. The scarce yellow solid was filtered off and [0(NCS)], 846, 819(w) #(CS)]. Recrystallization in acetone gave
the orange filtrate was partially concentrated until an orange-brown yellow crystals suitable for X-ray analysis.

solid (2) was formed. Finally, from the mother liquor afforded a
small amount of yellow crystals suitable for X-ray study that turned
out to be[PbPhsCl] .. Data for complex: Mp 199°C (dec). Anal.
Calcd for PbGgH14NeS,: C, 34.21; H, 2.49; N, 14.97; S, 11.40.
Found: C, 34.45; H, 2.69; N, 14.64; S, 11.20. FAB/2): 563
([Pb(L'Hs)] *, 5%).13C CP/MAS NMR (300 MHz, 25C): 6 175.9
(CS), 154.7, 150.6 (CN), 138.2, 129.5 (Ph). IR (KBr, ¢jn3443,
33I3(s) (N—H)], 1565, 1468, 1437(s) [thioamide 1], 768(w)

[PbPh,CI(L 2)] (6). To a suspension ofdH,0CH; (100 mg, 0.33
mmol) and LiOHH,O (14 mg, 0.33 mmol) in CECl, (20 mL)
was added a suspension of diphenyllead(IV) chloride (145 mg, 0.33
mmol) in the same solvent (20 mL). The mixture was stirred under
reflux for 12 h. Then, the mixture was filtered off and the filtrate
was partially evaporated until a yellow solid was formed. Yield
41%. Mp 105°C. Anal. Calcd for PbgH,oN3;SCI: C, 49.04; H,
3.03; N, 6.36; S, 4.84. Found: C, 49.47; H, 3.21; N, 6.43; S, 4.90.
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Table 1. Crystallographic Data for Complexes

compound 1 4 5
empiriCa' formula GgH31C|NGO3PbS CGQH60N1202Pb254 C42H30N6Pb3
fw 806.35 1523.88 890.03
T (K) 298(2) 150 100(2)
cryst syst orthorhombic monoclinic monoclinic
space group Pbca P2;/c P2i/c
a(A) 17.3952(2) 12.8952(2) 14.0427(9)
b (A) 18.4260(2) 9.6592(2) 9.7998(6)
c(A) 18.8946(2) 24.3891(5) 26.4633(18)
o (%) 90 90 90
B() 90 103.1671(8) 94.238(2)

v (©) 90 90 90

V (A3) 6056.17(12) 2957.98(10) 3631.8(4)

z 8 2 4

Deaica(Mg/m3)  1.769 1.711 1.628

abs coeff (mm?) 13.271 5.879 10.416

F(000) 3168 1496 1752

cryst size (m) 0.11x 0.07x 0.04 0.12x 0.12x 0.28 0.12x 0.08 x 0.05
GOF onF? 1.026 1.0618 1.052

reflns collected 56642 33974 34438
independent 5853 7100 6951

reflns [R(int) = 0.0602] [R(int) =0.049] [R(int) = 0.0406]
final Rindices R1=0.0308 R1=0.0313 R1=0.0243
[I > 20(1)] wR2=0.0714 wR2=0.0357 wR2=0.0588
Rindices R1=0.0452 R1=0.0528 R1=0.0257

(all data) wR2=0.0793 WR2=0.0462 wR2 = 0.0596

largest diff. peak 1.544 and-0.660 1.270 ane-1.340 1.275and-0.773
and hole (e.A3)

FAB* (m/2): 266.0 ([L2+ 1]*, 30%), 472.1 ([Pb(B)]*, 25%), 626.1
([PbPh(L?)]*, 40%), 662.1 ([M+ 1], 5%).'H NMR (CDCls, 300
MHz, 25°C): ¢ 8.1 (4H, Ph, d), 7.5 (16H, Ph, m}J(?**"Pb—1H)
= 162.1.5C NMR (CDCk, 300 MHz, 25°C): 6 176.4 (CS), 158.5,
153.9 (CN), 136.3, 134.4, 131.9, 131.4, 130.9, 129.8, 28.5 (Ph),
2J(?°Pb—13C) = 113.92.13C CP/MAS NMR (300 MHz, 25°C):
0 173.6 (CS), 157.5, 153.2 (CN), 133.6, 128.9 (PAPb NMR
(CDCl;, 300 MHz 25°C): 6 —122.49. IR (KBr, cm?): 1597,
1563(w) p(CN)], 1486, 1472 §(NCS)], 843, 817(w) §(CS)].
[PbPhy(L2MeOCH3);] (7). A solution of L“lMeHOCH; (143 mg,
0.46 mmol) and LiOFH,O (20 mg, 0.48 mmol) in CkCl, (10
mL) was added over a suspension of diphenyllead(IV) chloride (100
mg, 0.23 mmol) in the same solvent (20 mL). The mixture was
stirred for 72 h. Then, the solid was filtered off and the filtrate
was partially evaporated until a yellow oil was formed. After
freezing at—195 °C, a yellow solid was formed. Yield 48%. Mp
106 °C. Anal. Calcd for PbgsH4NeS,0,: C, 56.25; H, 4.31; N,
8.56; S, 6.53. Found: C, 56.51; H, 4.43; N, 8.66; S, 6.59. FAB
(m/2): 312.0 ([L°MeHOCH; + 1], 85%), 518.0 ([Pb(EMeOCHy)]*,
10%), 672 ([PbPh(L2MeOCH;)]*, 100%), 905.0 (IM— Ph]t,
10%), 983.1.0 ([M+ 1]T, 2%).13C CP/MAS NMR (300 MHz, 25
°C): 6 172.3 (CS), 140.5 (CN), 134.9, 128.5 (Ph), 87.8 (CNPR
51.3 (OCH), 34.1 (NCH). 2°Pb NMR (300 MHz, DMSO, 25
°C): 0 —771.56. IR (KBr, cm?) 1615(w) p(CN)], 1564(m)
[6(NCS)], 849(w) p(CS)].

Calatayud et al.

empirical absorption corrections (SADABS}o be applied using
multiple measurements of symmetry-equivalent reflections (ratio
of minimum to maximum apparent transmission: 0.534941 for
complex1 and 0.270617 for compleX). The unit cell parameters
were obtained by full-matrix least-squares refinements of 6865
reflections for complexl, and 7488 for compleXs. The raw
intensity data frames were integrated with the SAINT program,
which also applied corrections for Lorentz and polarization effécts.

The software package SHELXTL version 6.10 was used for space
group determination, structure solution, and refineniénthe
structures were solved by direct methods (SHELXS%tom-
pleted with difference Fourier syntheses, and refined with full-matrix
least-squares using SHELXL-97 minimizing(Fe? — Fc2).234
WeightedR factors R,) and all goodness of fitS, are based on
F2; conventionaR factors R) are based off.33 All non-hydrogen
atoms were refined with anisotropic displacement parameters. All
scattering factors and anomalous dispersions factors are contained
in the SHELXTL 6.10 program library. The high quality of the
data set allowed that all hydrogen atoms were located by difference
maps and refined isotropically in all complexes. The crystal of
complex4 was mounted on a glass fiber using perfluoropolyether
oil and cooled rapidly to 150 K in a stream of cold MNsing an
Oxford Cryosystem CRYOSTREAM unit. Diffraction data were
measured using an Enraf-Nonius Kappa CCD difractometer (graphite-
monocromated Mo K radiation A = 0.71073 A). Intensity data
were processed using the DENZO-SMN packége.

The structure of compleg was solved using the direct-methods
program SIR92b, which located all non-hydrogen atoms of the
complex3®> Subsequent full-matrix least-squares refinement was
carried out using the CRYSTALS program siit€Coordinates and
anisotropic thermal parameters of all non-hydrogen atoms were
refined. Examination of a difference Fourier map showed an isolated
peak of electron density, assumed to be the O atom of a molecule
of water. The NH hydrogen atoms were located in a difference
Fourier map and their coordinates and isotropic thermal parameters
subsequently refined. CH hydrogen atoms were positioned geo-
metrically after each cycle refinement. The hydrogen atoms of the
molecule of water could not be located, presumably as a result of
disorder. They have been omitted from the model but included in
calculations of the formula weight, etc.

CCDC 631459 for complek, 631460 for complex, and 631458
for complex5 contain the supplementary crystallographic data for
this paper. These data can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, U.K.; fax (international) +44—123/336-033; e-mail:
deposit@ccdc.cam.ac.uk].

The reaction was carried out in the same conditions described (29) Sheldrick, G. M.SADABSversion 2.03, Program for Empirical

above but in methanol at room temperature and under reflux. In

Absorption CorrectiondJniversitd Gaéttingen: Gitingen, Germany,
1997-2001.

both cases, there was not reaction and the reagents were recoveregsp) sheldrick, G. M.SAINT-NT (version 6.04) SAX Area-Detector

X-ray Crystallography. Crystal data, experimental details, and

refinement results are listed in Table 1. Single crystals of complexes (CX)

1 and4 were isolated from the mother liquor of the reactions, and
crystals of5 were obtained by recrystallization in acetone.

The crystals of compounds and5 were mounted on a glass
fiber and transferred to a Bruker SMART 6K CCD area-detector
three-circle diffractometer with a MAC Science Co., Ltd. rotating
anode (Cu kK radiation,2 = 1.54178 A) generator equipped with
Goebel mirrors at settings of 50 kV and 110 mA. X-ray data were
collected with a combination of six runs at differeptand 2

angles, 3600 frames. The substantial redundancy in data allows
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Integration Program Bruker AXS: Madison, WI, 19972001.

Sheldrick, G. MSHELXTL ¢ersion 6.10) Structure Determination

Package Bruker AXS: Madison, WI, 2000.

Sheldrick, G. MSHELXS-97, Program for Structure Solution, Acta

Crystallogr. Sect. AL99Q 46, 467—473.

(33) Sheldrick, G. MSHELXL-97, Program for Crystal Structure Refine-
ment Universita Gottingen: Gadtingen, Germany, 1997.

(34) Otwinowski, Z.; Monor, W.Processing of X-ray Diffraction data

Collected in Oscillating ModeCarter, C. W., Sweet, R. M., Eds.;

Academic Press: New York, 1997; Vol. 276.

Altomare, A.; Cascarano, C.; Giacovasco, G.;. Guagliarde, A.; Burla,

M. C.; Polidsri, G.; Camalli, MJ. Appl. Crystallogr 1994 27, 435.

(36) Betteridge, P. W.; Cooper, J. R.; Cooper, R. I.; Prout, K.; Watkin, D.
J. CRYSTALS issue 12]. Appl. Crystallogr 2003 36, 1487.

(32

(35)



Diphenyllead(lV) Chloride Complexes

Results and Discussion and some additional peaks corresponding to different frag-
ments. The spectrum & only shows peaks corresponding
to fragments containing lead and the thiosemicarbazone,
: N : . which confirms the absence of phenyl rings on the coordina-
solution of the corresponding ligand in the same solvent in . T .

P g'g tion sphere of lead and indicates the reduction to lead(ll).

a 1:1 ratio, except the reaction witdiMeHOCH;, in which h i1 of lexdsand3 show th ¢ ;
a 1:2 ratio was necessary. Reactions were carried out in dry € Speclra of complexésand.s show the same fragmenta-

methanol or DCM previously dried due to the presence of tion pa’Ftern., so they might. present similar structures. The
water in the solvents leading to the partial decomposition of S&Me situation is observed in the spectra of compl&xesl

the complexes. The best results were obtained working in /+ SO Very close structures are expected. The FAlass

the presence of basic media. The variation of the ratio ligand/ SPECtrum of4 shows a different fragmentation pattern and
lithium hydroxide, gave two kind of complexes: working the molecular mass peak is not observed, but a peak qt 1104.4
in a 1:1 ratio, complexe$ and3 are obtained, in which the ~ UMa appears corresponding to {Phy(L'Me;H)]*, which
monodeprotonated ligand has displaced one of the twoSuggests a binuclear structure.

chlorides from the coordination sphere of the metal. How- IR Spectroscopy.The Experimental Section lists the main
ever, complexd, with the ligands acting as dianion by the IR bands of the ligands and their complexes. The absence
loss of the two hydrogens of the acidic amine group, is of any bands in the 2602800 cnt? region in all complexes
isolated working in a 1:2 ratio. Complexésand4 are the suggests the absence of any thiol tautoffiéthe spectra
first diphenyllead(IV) complexes containing a bis(thiosemi- also show the bands corresponding to the BbRbieties,
carbazone) ligand that have been structurally characterized.except in complex.

The reaction of PbREI, with LHg in the presence of 2 In the spectra of complexes from the open-chain ligands
mol of LiOH-H,O gave several compounds. In the first (1—4), the number of bands corresponding #(N—H)
compound formed2), the dideprotonated ligand has dis- vibrations has decreased owing to deprotonation and dis-
placed both chlorides and the phenyl groups from the placement, probably due to the intermolecular hydrogen
coordination sphere of the metal, giving a complex whose ponding having been modified. The shifts observed in the
empirical formula corresponds to [PBHL)]. Its analytical bands assigned (CN) andv(CS) are consistent with both
data and spectroscopic characteristics correspond to theyoups bonded to the lead atom in all the complexes.
complex obtained by reaction of lead (l1) nitrate with benzil In the complexes from the triazine ligands—7), there
bis(thiosemicarbazone), whose MALDI spectru+m373howed @ are no bands in the 3088300 cnt? region, indicating the
peak at 770.2 amu corresponding to {@BH,)]".*" The absence of NH bonds. In all the complexes, the coordina-

E%Stizriii:zltrfuocrxﬁalaoz:cfz:isctzdcl)?Ig%isgg]g;(ixc;vrﬁh otSﬁ ds\;avri?r? tion through the sulfur atom can be observed in a decrease
P P of thev(CS) frequency. In addition, in complexes frorfHa-

the ligand acting as , chelate and sulfur bridge. CH; (5 and®6), a new signal attributable to a CN double
Therefore, the same structure could be expected for the lea : )
ond, due to the loss of a methanol molecule in each ligand,

complex. From the mother liquor, an unexpected compound. .
without L*Hg [PbCIPR], is isolated. The former seems likely is observed in the IR spectra.
to have been originated from a phenyl transfer, since it is NMR Spectroscopy. The *H NMR spectra of all the
known that the organolead(IV) compounds undergo dispro- complexes indicate that the ligands are deprotonated. Spectra
portionation reactions and transfer of the organic group °f complexesl and3 show the loss of one hydrogen atom
yielding Pb(ll) complexe&33The phenyl transfer reactions from one of the acidic amine groups. However, the spe_:ctrum
seem to be favored in the presence of basic media and wherPf complex4 agrees with both #Me;H, molecules being
terminal NH groups are present in the thiosemicarbazone dideprotonated and they have displaced the two chloride
ligand. atoms from the coordination sphere_ of ea(_:h metal. In the
In the reactions with the cyclic molecules, the solvent used e .’\!MR spec_:trum of compl;aox, the signals lie a'F the same
is an important factor: the analytical data of the two position than in the free Hs. 7F_’b NMR spectra in DMSO
complexes from BH,OCH; indicate the loss of a methanol of complexesl and3 show one signal at 193.3 and-196.9

molecule, although they show different formula depending ppm, respectively. These values suggest that both complexes
' . . ; have the same coordination number in DMSO solution and
on the solvent. In methanol, a 1:2 compléy (s obtained,

while working in DCM onlv one deprotonated ligand has they agree with a coordination number lower than38ix.
. 9 y one dep gand Therefore, some PL bonds could break in DMSO solution.
displaced one of the two chlorides from the coordination

. o However, the spectrum of compléxshows a signal in the
sphere of the metal, giving a complex whose empirical

range expected for a coordination number of48ix.
formula is [PbPBCI(L?)] (6). An even greater importance is d P

1
observed in the reaction witifMeHOCH;, which progresses .In the *H NMR s_pectrum of compleX, there are no
S L signals corresponding to the methoxy group and theHN
only working in DCM giving complex7.

The FAB" mass spectra of comp!exes 3,5 6, and7 . (38) Fenton, D. E.; Cook, D. H. Xhem. Soc., Chem. Commui®77,
show the molecular mass peaks, which show the appropriate ~ 714.
isotope distribution patterns, confirming the proposed formula (39) Schimerman, M.; Huber, FJ. Organomet. Cheni997 530 121~

Synthesis of the ComplexesAll the reactions were
performed by mixing a suspension of Pbh with a

130.
(40) Weber, D.; Hausner, S. H.; Eiseilgea-Pabst, A.; Yun, S.; Krause-
(37) Lopez-Torres, E.; Ph.D. Thesis, Universidad Adma de Madrid, Bauer, J. A.; Zimmer, Hlnorg. Chim. Acta2004 357, 125 and
Spain, 2004. references therein.
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Figure 1. Molecular structure of complex [PbRBI(LHs)]-3H,0 (1), with thermal ellipsoids shown at 50% probability. Selected bond lengths (A) and
angles (deg): Pb(1C(17) 2.190(4), Pb(1)C(23) 2.193(4), Pb(H)N(3) 2.584(4), Pb(1Cl(1) 2.6645(11), Pb(1)S(1) 2.7056(11), Ph(BN(4) 2.757(4),
Pb(1)-S(2) 2.9810(11), C(HN(2) 1.330(6), C(13N(1) 1.335(6), C(1)}S(1) 1.743(5), C(2}N(3) 1.304(6), C(2)-C(3) 1.488(6), C(3yN(4) 1.294(6),
C(4)-N(6) 1.322(6), C(4¥N(5) 1.362(6), C(4}S(2) 1.693(4), N(2}N(3) 1.375(5), N(4)-N(5) 1.365(5). C(17Pb(1)-C(23) 168.25(17), C(17Pb(1)~

N(3) 94.40(14), C(23yPb(1)-N(3) 83.12(14), C(17yPb(1)-Cl(1) 92.16(12), C(23)}Ph(1)-Cl(1) 94.97(13), N(3)- Pb(1)-CI(1), 154.45(9), C(1 7y Pb(1)-

S(1) 96.31(12), C(23)Pb(1)-S(1) 93.49(12), N(3yPb(1)-S(1) 68.74(8), CI(1)}Pb(1)-S(1) 86.01(4), C(1APb(1)-N(4) 75.76(14), C(23)Pb(1)-N(4)
93.09(14), N(3)-Pb(1)-N(4) 61.13(11), CI(1}-Pb(1)-N(4), 144.30(8), S(BPb(1)-N(4) 128.12(8), C(17yPh(1)-S(2) 87.42(12), C(23)Pb(1)-S(2)
84.46(4), S(1)Pb(1)-S(2) 169.90(3), N(4yPb(1)-S(2) 61.89(8).

in agreement with the deprotonation of the ligand. The complex6 in CDCl; shows a signal at122.5 ppm, which
spectrum of comples is very similar to that of complek, is in the range of a coordination number of four. These NMR
so the ligand has also lost the methoxy group and the aminedata indicate that one of the Ph bonds must be broken in
nitrogen atom. The coupling constants corresponding to thesolution, as happened in the organotin derivatives with this
organometallic moietyJ(*°Pb—'H) are 159 and 162.1 MHz,  ligand? The signal in the spectrum of compl@x—771.6
respectively. These values are smaller than those for appm) is the highest observed in our compounds and agrees
coordination number of six, suggesting that in solution the with the solvent being coordinated to the lead atom.
coordination number is five or even fotir.'* The 2°Pb 13C CP/MAS NMR spectra were also recorded for all the
chemical shifts are also coherent with a coordination number complexes. The shifts observed confirm thgSNcoordina-
smaller than siX? suggesting that some bonds have been tion for both open-chain ligands. In addition, the number of
broken in solution. signals agrees with the asymmetry proposed in compléxes
The changes observed in théC NMR spectra of and3, in which the ligands has only displaced one chloride
complexes and6 with respect to the freeH,OCH; agree ion, or in those in which the ligands also act as bridge through
with a NS coordination of the ligand; the presence of several the sulfur atoms, complexeésand4.
signals in the range of the imine carbons in the spectrum of The spectra of all 8H,OCHs derivatives support the loss
complex5 suggests two kinds of coordination modes for the of a methanol molecule. In all the complexes obtained from
ligands. The values ofJ(?*"Pb—13C) are 109.5 and 113.9 the cyclic ligands, the shifts observed in the thioamide carbon
MHz, respectively, close to those observed in a coordination confirm that the sulfur atom is bonded to the lead.
number of five. The?®”Pb NMR shift for complex5s was Solid-State Structures. Crystallographic data for the
observed at-211 or at—315 ppm in CDC} or DMSO structures solved are given in Table 1. The structures of
solution, respectively. These values are also coherent with acomplexesl and3 are, as far as we know, the first examples
coordination number smaller than six and with the DMSO of organolead(lV) complexes containing a bis(thiosemicar-
coordinated to the lead atom. THEPb NMR spectrum of  bazone), and they state the importance of the substitution in
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Diphenyllead(lV) Chloride Complexes

the terminal amine group. The structure Bfis the first
complex containing two triazine thione ligands showing
linkage isomerism.

The crystal structure of complekis made up of [PbPh
CI(L*Hs)] units with three molecules of water held together
in the crystal packing by hydrogen bonds. The molecular
structure ofl is shown together with the numbering scheme
and selected bond lengths and angles in Figure 1. The
coordination sphere of the lead atom is formed by the two
sulfur atoms and the two imine nitrogen atoms from the
benzil bis(thiosemicarbazonate) ligand, one CI, and two
phenyl groups. The geometry around the metal can be
described as a distorted pentagonal bipyramid with the phenyl
groups being axial, whose Pb—C angle, 168.27(17)
differs from the ideal 1890 and the lead atom on the
equatorial plane defined by S, N, N, S, and ClI. In all the
complexes previously published, this ligand can be consid-
ered planat/ but in this complex is strongly twisted, with
one sulfur atom above the least-squares plane and the other
under, which could be induced by the presence of chloride
and phenyls bonded to the lead atom. The pseudomacrocyclic
coordination mode of the ligand affords three five-membered
chelate rings. The asymmetric behavior of the thiosemicar-
bazone branches, due to the presence of the hydrogen atom
of a secondary amine in only one thiosemicarbazone moiety,
is reflected on the values of the bond distances of the ligand
backbone. In addition, two different Pi5 distances are
observed. The one corresponding to the neutral branch,
2.9810(11) A is longer than the anionic one, 2.7056(11) A,
suggesting that the neutral is less basic than the deprotonated L
one or the presence of an additional electrostatic attractionrigure 2. Plot including the hydrogen bonds in complex
in the anionic part of the ligand. Similar differences between
both arms are observed in the-PK bonds; one distance in

Table 2. Hydrogen Bonds (A, deg) in Complebe

the neutral one is 0.173 A longer than in the anionic one. D—H---A d(D—-H) d(H---A) d(D---A) [O(DHA)
The C(1)-S(1) distance in the deprotonated thiosemicarba- N(1)-H(1A)---S(2)#1 0.86 2.52 3.380(4) 173.6
zone is 0.05 A larger than in the non-deprotonated one and N(1)—H(1B)--O(1)#1  0.86 2.36 3.080(6)  142.0

is consistent with a bond order close to one. This difference Hgggiﬂgﬁ?ﬁg’(ﬁfgﬁz 82222(19) 22..244(.)(3) 33'_017130((57)) 11%(54)

is the greatest observed in complexes frofHd™® The a Symmetry transformations used to generate equivalent atoms:x#1
C(3)—N(4) and C(2)-N(3) distances show the same differ- 3,233, _ 1,%/, Z #2 —x+ 312,y + 1,2,2 #3% + 1,qzvy, —7 412
ences. These data confirm there is extensive conjugation
within the ligand, which is greater in the deprotonated the metal may be regarded as a distorted pentagonal
thiosemicarbazone branch. The-Rbl distance, 2.6645(11)  bipyramid in which the axial positions are occupied by the
A, is shorter than in other thiosemicarbazones complex with pheny! ligands with a deviation from the linearity of the
close geometry! Remaining bond distances and angles are C—Pb—C angle of only 8. As in complexl, the ligand is
similar to those found in related complexes and do not twisted, although the distortion in this case is much smaller
deserve further comments. Finally, the molecules are heldsince there is no chloride bonded to the metal. The 8b
together in the crystal packing through an extended network bonds, 2.8040(12) and 2.8006(12) A, are intermediate
of intermolecular hydrogen bonds involving the primary between those observed in the thiosemicarbazone and thi-
amine groups, S(2) and N(2) atoms, and the oxygen atomosemicarbazonate branches in complexthe C(1)-S(1)
from the water molecules (see Figure 2 and Table 2) and distance (sulfur bridge) is longer than the corresponding to
throughz— interactions between the phenyl groups. the monodentate sulfur atom and both are larger than in the
Figure 3 shows the molecular structure, numbering, and free ligand (1.676(3) A3¢ The weakening of this bond allows
selected bond lengths and angles of the adaductThe an additional bond with another lead atom to form the
compound is a centrosymmetric dimer in which each lead dimeric unit. The G-N distances are longer than in'-L
atom is coordinated to two sulfur and two nitrogen atoms of Me,H4?® and similar to that distance observed in the
the benzil bis(thiosemicarbazonate), two phenyl carbon thiosemicarbazonate branch in compléx Bond lengths
atoms, and also to one of the sulfur atoms of a second bis-agree with a considerable electronic delocalization through
(thiosemicarbazonate) ligand. The coordination geometry of the 4-methyl-3-thiosemicarbazonate backbones, which is
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Figure 3. Molecular structure of complex [PbRhMe;H,)]»2H,0 (4), with thermal ellipsoids shown at 40% probability. Selected bond lengths (A) and
angles (deg): Pb(1)S(1) 2.8046(12), Pb(1)S(1)#1 3.2577(11), Pb(E)N(2) 2.443(4), Pb(1yN(3) 2.429(4), Pb(1)S(2) 2.8006(12), Pb()C(19) 2.185(5),
Pb(1)}-C(25) 2.199(5), S(})C(1) 1.740(5), C(1)N(1) 1.323(6), C(1)}N(5) 1.355(6), C(2)-C(3) 1.496(6), C(3yN(3) 1.309(6), C(4)rN(4) 1.339(6),
C(4)—S(2) 1.721(5), C(4yN(6) 1.354(6), C(5rN(5) 1.452(7), C(18yN(6) 1.449(7), N(1}N(2) 1.375(5), N(3)-N(4) 1.357(5). S(1yPb(1)y-S(1)# 67.27(4),
S(1)-Pb(1)-N(2) 69.31(9), S(1)yPb(1)-N(2) 136.26(9), S(XyPb(1)-N(3) 137.08(9), S(1)#Pb(1)-N(3) 155.40(9), N(2)-Pb(1)-N(3) 68.34(12), S(Xy
Pb(1)-S(2) 151.95(3), S(1)#Pb(1)-S(2) 84.87(3), N(2yPb(1)-S(2) 138.73(9), N(3)Pb(1)-S(2), 70.58(9), S(1)Pb(1)-C(19) 87.37(11), S(1)#Pb(1)-
C(19) 88.77(12), N(2yPb(1)-C(19) 94.29(15), N(3)yPb(1)- C(19) 89.11(14), S(2)Pb(1)-C(19) 88.83(12), S(1)Pb(1)-C(25) 93.89(12), S(1#Pb(1)-
C(25) 86.94(12). Symmetry transformations used to generate equivalent atomsx #11, -y + 1, —z+ 1.

Figure 4. Molecular structure of complex [Pbgh?);] (5), with thermal ellipsoids shown at 50% probability. Selected bond lengths (&) and angles (deg):
Pb(1)-C(37) 2.189(2), Pb(1)C(31) 2.194(2), Pb(1)S(1) 2.5763(6), Pb(1)S(2) 2.5868(6), Pb(H)N(1) 2.795(2), Pb(1)yN(4) 2.805(2), C(1)}N(2) 1.342(3),
C(1)-N(1) 1.348(3), C(1)S(1) 1.751(3), C(2yN(1) 1.331(3), C(2} C(3) 1.412(3), C(3}N(3) 1.345(3), N(2}-N(3) 1.337(3), N(4)-N(5) 1.337(3). C(37r
Pb(1)-C(31) 120.13(9), C(3APb(1)-S(1) 116.11(6), C(3H)Pb(1)-S(1) 104.01(7), C(3APb(1)-S(2) 110.81(6), C(3H)Pb(1)-S(2) 113.63(6), S(H)
Pb(1)-S(2) 87.447(18), C(3APb(1)-N(1) 84.29(7), C(31}Pb(1)-N(1) 80.46(8, S(1}Pb(1)-N(1) 58.85(5), S(2)}Pb(1)-N(1) 146.16(5), C(37Pb(1)-

N(4) 88.56(7), C(313Pb(1)-N(4) 82.74(8), S(13Pb(1)-N(4) 143.95(4), S(2}Pb(1)-N(4) 58.20(5), N(1}-Pb(1)-N(4) 155.20(6).

enhanced upon deprotonation. Thereristacking between  two remaining positions in the octahedral geometry are
the aromatic rings, as well as an-@®l---S hydrogen bond  occupied by two phenyl groups with a-®b—C angle of
between the oxygen atom and one of the sulfur atoms, 120.13(9j. This value is intermediate between the ideal value
O(1)*+S(2) at 3.302(7) A, while the NH group does not for the cis (90) and the trans isomer (180 a similar
appear to participate in this kind of interaction. situation to that found in similar tin complexes (12255),

The crystal structure of compleXx consists of discrete  which suggests that the geometry of the complex can be
molecules of [PbPiL?),]. A perspective view of the  described as a distorted trapezoidal bipyrafiidwhich the
complex together with the atom labeling scheme and selectedequatorial plane is formed by the sulfur and nitrogen atoms
bond angles and distances are given in Figure 4. Within the and the axial position are occupied by the two phenyl groups.
complex, the lead(lV) ion is hexacoordinated in a strongly Another possibility is to consider the compound as a bicapped
distorted octahedral arrangement, four of the coordination ,; Ng, S. W.; Wei, C.; Das, V. G. K.. Mak, T. C. W, Organomet.
positions belonging to the NS deprotonated ligands and the ~ Chem 1987, 334, 295.
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tetrahedron defined by the carbon and sulfur atoms, with Cl, in the presence of basic medium. In all the complexes
four tetrahedral angles close to the ideal value anglesthe ligands act as anions. In the complexes containing the
distorted by the influence of the capping atoth&’ open-chain ligands, these act at least as g Bhelate. In
The four positions occupied by the ligand are through the complexesl and3, the lead atom is heptacoordinated with
amine nitrogen atom N(4), the new imine nitrogen N(1), and a GN,S,Cl environment in a monomeric structure. Moreover,
the sulfur atoms S(1) and S(2). This behavior is a good complex4 shows a binuclear structure in which each lead
example of linkage isomerism and it is observed for the first atom has a €N»S; environment with the ligand acting as a
time in 1,2,4-triazine-3-thione ligands. The coordination N,S, chelate and sulfur bridge. The data of com@esuggest
mode of the ligands gives rise to two four-membered chelate a binuclear structure with the dideprotonated ligand acting
rings. Each triazine, including the sulfur atom, can be as NS, chelate and sulfur bridge. The cyclic ligand deriva-
considered planar, with maximun deviations of 0.019 and tives are mononuclear complexes with the ligand acting as
0.015 A for N(2) and C(18), respectively. Bond lengths in pidentate NS. Complexes—7 show that the ligands are
the complex agree well with an imirghione form of the  deprotonated with a distorted octahedral geometry around
ligand, as does the NMR spectroscopy, but with considerablethe lead atom. In addition, comple% shows linkage
electronic delocalization through the triazine ring, owing to jsomerism since one of the ligands is bonded through the
the deprotonation of the ligand. As a consequence of this gmine nitrogen, while in the other one, the nitrogen involved
delocalization, all the €N bonds have almost the same n the coordination is the new imine group, behavior observed
length (Figure 4). The thione bonds are longer than in the for the first time in this ligand. In the absence of crystal-
precursor molecule (1.628 A in?H,OCH) and are inter-  |ographic data for comple6, its analytical data and

mediate between the theoretica-6 single and double  spectroscopic characteristics are consistent with a five-
bonds* as is also the case with the-M bonds. Both  ¢qordinate lead atom in a monomeric structure.
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