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Hypercoordinated eka-tin materials with dangling
aryl-methoxy and -methylthio ligands exhibiting
intramolecular secondary bonding and aryl bond
stabilization in reactions with organotin chlorides†

Alfredo Ornelas, Renzo Arias-Ugarte, Alejandro J. Metta-Magaña,
Hemant K. Sharma and Keith H. Pannell *

The syntheses of [2-(CH3ECH2)C6H4]PbPh3−nCln, (n = 0, E = O (4), E = S (5); n = 1, E = O (6), E = S (7);

n = 2, E = O (8), are described. NMR and single crystal data illustrate significant Pb⋯E interactions increas-

ing as n progresses from 0 to 2. The Pb⋯E interactions stabilize the Pb–aryl bonding to the extent that

the reactions of 4 and 5 with Me2SnCl2 result in interchange of a Ph group and Cl to produce 6 and 7,

respectively, together with Me2PhSnCl.

Introduction

The study and development of organolead chemistry can be
thought to begin with the report of a series of ethyllead
materials by Lowig in 1853,1,2 and perhaps the most signifi-
cant discovery in the field was that of Midgley and Boyd in
1922 revealing the excellent “anti-knock” properties of tetra-
ethyllead, PbEt4.

3 However, following the widespread distri-
bution of lead materials from automobile exhausts, and its
incorporation into the human body and the resulting negative
health impacts, tetraethyllead has been phased out and
banned in most countries.

The majority of organolead compounds studied are in the
form of R4Pb, R3PbX, R2PbX2 or RPbX3 where R is an organic
moiety and X an electronegative species.4 Such systems exhibit
interesting chemistry, including group transfer from R4Pb to
aldehydes,5,6 stereoselective reactions,7,8 carbon–carbon bond
forming reactions,9–11 and aryl/alkyl transfer reactions to tin
and related main group elements.12

Whereas the homoleptic lead(IV) halides, PbX4 (X = F, Cl, Br,
I), are unstable and transform to the corresponding lead(II)
halides; the organolead halides R4−nPbXn (R = alkyl or aryl, n =
0–3) exhibit enhanced stability.13 Aryllead halides are more
stable than their alkyl counterparts.14

A characteristic of many of the main group elements that
provides enhanced chemical reactivity is their capacity to act
as Lewis acids. This is particularly interesting within the
elements of group 14, with a classic example being the hydro-
lytic reactivity of chlorosilanes when compared to their carbon
analogs. Despite the significantly greater Si–Cl bond strength
(calculated bond dissociation energy Si–Cl = 448.4, C–Cl =
338.1 kJ mol−1),15 the chlorosilanes can be explosively reactive
with water whereas related carbon materials are insoluble and
effectively non-reactive. This latter property is responsible for
the environmental accumulation of organohalides in fatty
tissue of marine animals and further up the food chain.16 The
presence of low energy reaction pathways involving the direct
formation of penta(hexa)coordinate transients that result in
ready displacement of the chloride ion is responsible for such
displacement reactions. The interaction between an electron-
pair donating moiety and a group 14 metal or metalloid acting
as a Lewis acid has been defined as a tetrel bond.17a,b

An excellent review of hypercoordinate group 14 com-
pounds has been published,18a and many examples of such
organotin compounds, formed by strong inter- and intra-mole-
cular acid–base interactions both in the solid state and in solu-
tion, have been reported.18 Some examples relevant to our
study are illustrated in Fig. 1.19–23

Intramolecular secondary bonding can impact both the
chemical and biological activity of the resulting materials. For
example, (CH3SCH2CH2CH2)2SnCl2, 3b, is relatively inert
toward human natural killer cells when compared to the
related di(n-butyl)tin dichloride, (CH3CH2CH2CH2)2SnCl2, but
maintains the capacity to act as an efficient esterification cata-
lyst.23a The same material has also been demonstrated as an
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excellent therapeutic reagent against Trypanosoma cruzi
infection.23b

To date, there are relatively few examples of the corres-
ponding lead-based analogs exhibiting such intramolecular
secondary bonding. The most notable examples are those
reported by the Silvestru group, [2-(Me2NCH2)C6H4]PbPh2R, R
= Ph, Cl,24 and ourselves, [2-(MeO)C6H4CH2]PbPh2R, R = Ph,
Cl.25 We now report the synthesis and structural characteriz-
ation of simple organoleads containing dangling donor atoms
(E): [2-(CH3ECH2)C6H4]PbPh3, E = O (4), E = S (5); their chloro-
substituted derivatives, [2-(CH3ECH2)C6H4]PbPh2Cl (E = O, (6),
E = S, (7) and [2-(CH3ECH2)C6H4]PbPhCl2, E = O, (8). Structural
characterization of the new materials demonstrates significant
E⋯Pb intramolecular bonding and treatment of 4, 5, 6 and 7
with HCl, or Me2SnCl2, results in cleavage of the unsubstituted
Pb–Ph bond, demonstrating the relative stability of the
[2-(CH3ECH2)C6H4] aryl–lead bond (Fig. 2).

Experimental
Materials and methods

All manipulations were carried out under a nitrogen or argon
atmosphere using Schlenk or vacuum line techniques.
Solvents were used subsequent to drying by normal tech-
niques. NMR spectra were recorded on a 300 MHz Bruker
spectrometer in CDCl3 (Cambridge Isotopes Laboratory Inc.)
or (CD3)2CO (Aldrich). Mass spectrometry was performed on a
high resolution JEOL Accu TOF mass spectrometer using an
electrospray ionization (ESI) source and direct analysis in real
time (DART). Sodium methoxide and n-BuLi were purchased
from Aldrich; 2-bromobenzyl bromide and HCl/Et2O were pur-

chased from Sigma-Aldrich; Ph3PbCl was obtained from
CHEM Cruz; Me2SnCl2 was purchased from Gelest Inc.;
elemental analyses were performed by Galbraith Laboratories.
Single crystal X-ray data were collected using three different
diffractometers: Bruker Apex CCD, Bruker Quest Photon, and
Bruker Venture Duo Photon, using APEX3 for the refinement
and solution of the crystal structures. All solutions containing
Pb materials were appropriately disposed of via the University
Environmental Health and Safety Division.

Synthesis of [2-(methoxymethyl)phenyl]triphenylplumbane (4)

To a hexane (80 mL) solution of 1-bromo-2-(methoxymethyl)
benzene (1.00 g, 4.98 mmol) in a 250 mL Schlenk flask cooled
to −78 °C, was added dropwise a solution of n-BuLi (3.11 mL,
1.6 M, 5.0 mmol).18e The stirred reaction mixture was per-
mitted to warm to room temperature, and after ∼30 min a
white precipitate was clearly observed. The reaction was cooled
once again to −78 °C and a 25 mL THF solution of triphenyl-
lead chloride 12 (2.12 g, 4.5 mmol, assuming 90% initial
lithiation) was added dropwise. The reaction was stirred over-
night at room temperature. The resulting solution was concen-
trated under vacuum to about 50 mL and then filtered using a
fritted funnel to remove unwanted insoluble by-products.
Removal of the solvent resulted in an oily compound which
was precipitated by addition of 50 mL of anhydrous hexanes
under sonication to form a white precipitate. The hexanes
were removed by decantation and the process was repeated to
wash the resulting precipitate. The resulting white solid com-
pound was dried completely under vacuum and single crystals
were obtained from a hexanes/dichloromethane solution,
1.92 g, 3.44 mmol, 77% yield based upon Ph3PbCl used.

1H
NMR (300 MHz, CDCl3, δ, ppm) 7.75–7.21 (m, 19H, Ar–H), 4.30

Fig. 1 Typical intramolecular hypercoordinated organotin chlorides: 1, E = O (a);19 E = MeN (b);20 2, E = O (a),21 E = S (b);21 3, E = O (a),22 E = S (b).23

Fig. 2 New organoleads containing dangling O and S ligands.
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(CH2), 2.85 (CH3).
13C NMR (75.4 MHz, CDCl3, δ, ppm) 152.0,

145.1, 138.5, 137.7, 130.0, 129.4, 128.7, 128.6, 128.4, 128.2,
76.4, 57.7. 207Pb NMR (63 MHz, CDCl3, δ, ppm) −176.3.
Elemental analysis (%) calcd for C26H24OPb (559.68): C 55.80,
H 4.32. Found: C 55.71, H 4.19; ESI-DART-MS m/z [M − C6H5]

+

calcd 483.1202 obs. 483.1209 (100%). m/z [M − C8H9O]
+ calcd

439.0940 obs. 439.0999 (32%).

Synthesis of [2-(methylthiomethyl)phenyl]triphenylplumbane
(5)

This synthesis was carried out following the same procedure
and ratios as the production of 4, but using 1-bromo-2-(methyl-
thiomethyl)benzene.19 This reaction is slower than that with
the oxygen analog, taking approximately 3 h. The crystalline
product was obtained from a hexanes/dichloromethane solu-
tion in 70% yield. 1H NMR (300 MHz, CDCl3, δ, ppm)
7.77–7.17, 3.58, 1.62. 13C NMR (75.4 MHz, CDCl3, δ, ppm)
151.7, 145.2, 138.7, 137.7, 131.0, 130.6, 129.5, 128.7, 128.5,
127.8, 41.8, 14.9. 207Pb NMR (63 MHz, CDCl3, δ, ppm) −191.3.
Elemental analysis, (%) calcd for C26H24SPb (575.73): C 54.24,
H 4.20. Found: C 53.34, H 4.10. Found: C 53.34, H 4.10;
ESI-DART-MS m/z [M − C6H5]

+ calcd 499.0974 obs. 499.0972
(100%). m/z [M − C8H9S]

+ calcd 439.0940 obs. 439.0997 (21%).

Synthesis of chloro[2-(methoxymethyl)phenyl]
diphenylplumbane (6)

An NMR tube was charged with 4 (0.25 g, 0.45 mmol) dissolved
in CDCl3 (0.60 mL) and flushed with nitrogen. The tube was
placed in an acetone/liquid nitrogen bath at −25 °C for
30 minutes and a solution of HCl/Et2O (1 M, 0.45 ml) (pre-
viously cooled to −25 °C) was added dropwise and mixed manu-
ally whence the solution immediately turns pale yellow. The
mixture was left to react at −25 °C for a total of 3 h and monitor-
ing by 207Pb NMR spectroscopy demonstrated that the starting
material (−176.3 ppm) was completely consumed and a new
resonance had appeared at −49.5 ppm. The NMR tube was
opened, and the solution was filtered through a acrodisc filter,
and concentrated under vacuum to obtain an off-yellow crude
solid which was dissolved in dichloromethane and crystallized
by liquid–liquid diffusion using hexanes as the precipitating
solvent. After filtration the product was recrystallized from a
hexanes/dichloromethane solution to yield 6 in 90% yield
(0.21 g). 1H NMR (300 MHz, CDCl3, δ, ppm) 8.42, 7.78,
7.59–7.26, 4.69, 3.22. 13C NMR (75.4 MHz, CDCl3, δ, ppm) 158.2,
152.2, 142.7, 137.9, 136.0, 130.2, 129.7, 129.6, 129.4, 127.0, 75.2,
58.9. 207Pb NMR (63 MHz, CDCl3, δ, ppm) −49.5. ESI-DART-MS
m/z [M − Cl]+ calcd 483.1202 obs. 483.1054 (75%).

Synthesis of chloro[2-(methylthiomethyl)phenyl]
diphenylplumbane (7)

This reaction was carried out using the above procedure and
ratios as for the synthesis of 6. Chlorination of the thio-plum-
bane derivative 5 was relatively slower than its oxygen analog,
5 h at −25 °C. After filtering and removal of the solvent, a
white solid was obtained and recrystallized as described pre-
viously to yield 7 in 87% (0.24 g) yield. 1H NMR (300 MHz,

CDCl3, δ, ppm) 8.50, 7.90, 7.72–7.31, 3.80, 1.66. 13C NMR
(75.4 MHz, CDCl3, δ, ppm) 157.8, 156.8, 141.5, 138.6, 136.2,
131.6, 130.3, 129.6, 129.5, 129.4, 38.9, 13.74. 207Pb NMR
(63 MHz, CDCl3, δ, ppm) −46.5. ESI-DART-MS m/z [M − Cl]+

calcd 499.0974 obs. 499.0822 (100%). m/z [M − Ph]+ calcd
457.0271 obs. 457.0164 (23%). Elemental analysis, (%) calcd
for C20H19ClSPb (534.08): C 45.0, 3.39. Found: C 44.91, H 3.58.

Synthesis of dichloro[2-(methoxymethyl)phenyl]
phenylplumbane (8)

An NMR tube was charged with a 0.6 mL CDCl3 solution of 6
(0.10 g, 0.19 mmol). The solution was cooled to −25 °C for
30 min and a previously cooled solution of HCl in Et2O (1 M,
0.19 mL) was added slowly. A pale-yellow precipitate was
observed immediately. The reaction was left at −25 °C for 2 h
when the starting material was finally consumed as indicated
by 207Pb NMR spectroscopy. No new 207Pb resonances were
observed in the CDCl3 solution of the crude reaction, therefore
the precipitate was filtered and washed with a cold CHCl3/
hexanes 2/1 solution followed by drying under vacuum to yield
a pale yellow solid compound. Single crystals were produced
from a boiling solution of acetone slowly cooled to 4 °C to
yield 8 in 75% yield (0.07 g). 1H NMR (300 MHz, CDCl3, δ,
ppm); 8.06 1H, 7.71–7.26, 4.82, 3.80; 13C NMR (75.4 MHz,
(CD3)2CO, δ, ppm) 164.36, 140.44, 134.26, 134.09, 133.84,
130.54, 130.45, 130.11, 129.68, 128.07, 73.06, 58.61; 207Pb NMR
(63 MHz, (CD3)2CO, δ, ppm) −66.0.

Reaction between [2-(methoxymethyl)phenyl]
triphenylplumbane (4) and Me2SnCl2

An NMR tube was charged with a 0.6 mL CDCl3 solution of 4
(0.05 g, 0.09 mmol) and Me2SnCl2 (0.02 g, 0.09 mmol). The
tube was flushed with argon and sealed, covered with alumi-
num foil to protect it from light and placed in a 50 °C oil bath.
Progress of the reaction was monitored by 207Pb and 119Sn NMR
spectroscopy where the starting materials (−176.3 ppm, 207Pb
and +141 ppm, 119Sn NMR) slowly disappeared to give new data
(−48.9 ppm, 207Pb, and 98.5 ppm, 119Sn). These NMR data are
consistent with products obtained by selective transfer of one
phenyl group from lead to tin and a chlorine from tin to lead,
i.e. 6 and the previously reported Me2PhSnCl.

12,26a An alterna-
tive possible product, chlorotriphenyllead 12, is known to have
a 207Pb chemical shift of +33 ppm in CDCl3.

26b The reaction was
slow, and it took a total of 90 h for all the starting materials to
be transformed to give a quantitative yield by NMR.

Reaction between [2-(methylthiomethyl)phenyl]
triphenylplumbane (5) and Me2SnCl2

This reaction was carried out following the same procedure
and molar ratios as the reaction between Me2SnCl2 and 4 pre-
sented above. The reaction was monitored by 207Pb NMR spec-
troscopy and a clean transformation from the starting material
5 −191.3 ppm was observed to yield the product 7 at
−46.5 ppm along with the expected coproduct Me2PhSnCl over
a period of 108 h. The reaction was quantitative based upon
the NMR spectral analysis.
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Results and discussion
Synthesis and characterization of [2-(MeOECH2)C6H4]Ph3Pb,
E = O (4), E = S (5)

The methoxy- and methylthio- derivatives 4 and 5 were syn-
thesized in good yield (>70%) from the reaction of 1-bromo-2-
(methoxymethyl)benzene or 1-bromo-2-(methylthiomethyl)
benzene with n-BuLi, to make the transient aryllithium (ArLi)
in situ, followed by the addition of triphenyllead chloride (eqn
(1)). This is the same methodology used by the Silvestru group
for the formation of the closely related NMe2 dangling arm
organolead product [2-(Me2NCH2)C6H4]PbPh3.

24 Both pro-
ducts were isolated as air-stable, mildly light sensitive solids,
soluble in dichloromethane, chloroform, ethyl acetate, and
THF.

ð1Þ

The 1H and 13C NMR spectral properties of both 4 and 5,
presented in the Experimental section, are in accord with their
structural assignment, and the substituted aryl group data are
similar to those of the parent PhCH2EMe compounds.
However, the CH2 and CH3

1H resonances at 4.30 & 2.85 ppm
(4) and 3.58 & 1.62 ppm (5) while similar to the parent 1H reso-
nances at 4.4 ppm & 3.3 ppm (E = O) and 3.6 ppm & 2.0 ppm

(E = S), do exhibit an upfield shift of the CH3 resonances.
Inspection of the 13C NMR data reflect a similar pattern.

The 207Pb resonances at −176.3 ppm (4) and −191.3 ppm
(5) are comparable to that of Ph4Pb, a similar tetra-aryl substi-
tuted material without the dangling ligand moiety, which is
reported to occur at −179.0 ppm.26 The absence of any distinct
chemical shift change suggesting little or no Pb⋯E inter-
actions in solution, although it appear that the S atom have a
larger impact.

The solid state single crystal structures of 4 and 5 are pre-
sented in Fig. 3. Both molecules crystallized in P1̄, with two
independent molecules present in the crystal structure. The
intramolecular Pb⋯E distances are 2.998(2) & 3.151(5) Å (E =
O, 4), and 3.681(2) & 3.787(2) Å (E = S, 5) representing 85 and
89% of the ΣvdW(Pb + O) radii, and 96 and 99% of the ΣvdW
(Pb + S) radii. These data suggest a greater oxo-philicity of the
central Pb metal, and indeed represent an unexpectedly strong
Pb⋯O interaction in the relatively non-polarized lead(IV)
species. However, this interaction does not reflect itself in the
207Pb NMR data noted above and is thus a predominantly solid
state phenomenon. Additionally, the disorder in the orien-
tation of O in the structure of 4 in which one conformation
exhibits a long Pb⋯O of 4.572(6) Å (129% of ΣvdW(Pb⋯O))
suggests that these data may also be impacted by some crystal
packing issues.

The interactions of Pb with O and S do have a clear impact
on both 4 and 5 with respect to the tetrahedral geometry that
may be expected for a tetra-aryl lead material. In the case of 4,
we found two conformers in the asymmetric unit, with one of
them having the oxygen disordered over two positions. These
two conformers have different Td% (83% and 65%), while the
conformer with the shortest contact has a 72% Td character,
resulting in a weighted average of 73%. For the corresponding

Fig. 3 Crystal structure of 4 (left, CCDC = 2087429†) and 5 (right, CCDC = 2087428†); only the conformer with the shortest contact is being
shown at 50% of probability level for each one. Selected bond lengths (Å) and angles (°): 4, Pb1–O1 = 2.998(2), O1–Pb1–C21 = 168.1(1), Pb1–O1–C7
= 96.5(2); 5, S1–Pb1 = 3.681(2); S1–Pb1–C15 = 163.7(2), Pb1–S1–C7 = 69.7(2).
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conformers of 5 the values are 58 and 74%, with a weighted
average of 66%.

Synthesis and characterization of [2-(Me2ECH2)C6H4]PbPh2Cl,
E = O (6), E = S (7)

The initial syntheses of the mono-chloro-substituted lead com-
pounds 6 and 7 were accomplished by simple treatment of the
triphenyllead compounds 4 and 5 with an equimolar amount
of HCl/Et2O (Scheme 1).24 At room temperature the reactions
were almost instantaneous as observed by the consumption of
the starting material by 207Pb NMR spectroscopic monitoring.
We observed the formation of two products in each reaction,
the desired compounds 6 or 7 and Ph3PbCl, in the ratio of
70 : 30. However, performing these reactions at −25 °C resulted
in the cleavage of the phenyl group exclusively and 6 and 7
were obtained in high yield, ∼90%. These results indicate that,
however weak the Pb⋯E intramolecular interaction in 4 and 5,
it is significant enough to have an impact upon their chemistry
and imparts a stability to the dangling-arm aryl–Pb bond.

The 1H NMR spectra of 6 and 7, for both the CH2 and CH3

groups at 4.69 ppm & 3.22 ppm (E = O) and 3.80 & 1.66 ppm
(E = S), respectively, exhibit downfield shifts compared to 4
and 5, a direct result of the introduction of the electronegative
Cl atom bonded to lead. The related data for 13C NMR, reported
in the Experimental section, demonstrate no significant
pattern. The 207Pb NMR resonances for 6 and 7 at −49.5 ppm
(6) and −46.5 ppm (7) exhibit a significant downfield shift
compared to both 4 and 5 respectively (126.8 and 144.8 ppm)
but a pronounced upfield shift ∼80 ppm when compared to
Ph3PbCl (33.0 ppm). Such data indicate a significant intra-
molecular Pb⋯E interaction in solution, as expected by the
increased Lewis acidity at the metal center due to replacement
of a phenyl group by a halogen. For example, the 5-coordinate
Ph3PbCl·pyridine complex reported to exhibits a 207Pb reso-
nance at −174.0 ppm,26 or −200 ppm,27 dependent upon the
ratios of the organolead and pyridine. The augmentation of
the Pb⋯E secondary bonding is seen by the single crystal
structures of 6 and 7 (Fig. 4).

Scheme 1 Synthesis of 6 and 7 illustrating the impact of temperature on aryl substitution.

Fig. 4 ORTEP rendering of structures for 6 (CCDC = 2087430†) and 7 (CCDC = 2087426†) at 50% and 35% of probability level, respectively.
Selected bond lengths (Å) and angles (°): 6, O1–Pb1 = 2.618(3); Pb1–Cl1 = 2.555(1), O1–Pb1–Cl1 = 167.2(1), O1–Pb1–C1 = 70.8(2), O1–Pb1–C15 =
86.6(2), O1–Pb1–C9 = 88.9(1); 7, S(1)–Pb(1) = 3.039(2); Pb(1)–Cl(1) = 2.599(2); S1–Pb1–Cl1 = 169.5(1), C7–S1–Pb1 = 85.5(3), S1–Pb1–C1 = 74.8(2),
S1–Pb1–C9 = 85.1(2), S1–Pb1–C15 = 90.7(2).
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In both compounds there is a significant Pb⋯E bonding
with a trans type orientation with respect to the chlorine atom.
The Pb⋯E contact distances are reduced significantly to 2.614(4)
and 3.039(2) Å for 6 and 7, respectively, representing 74%
and 80% of corresponding ΣvdW radii. Relatedly, the TBP
character is increased as expected to 82 and 87% of the TBP
character.

The trans-effect, as exhibited by the impact of the O and S
bonding on the Pb–Cl bond distance is notable;4 with values
of 2.552(1) Å (6) and 2.599(2) Å (7), both significantly shorter
than the Pb–Cl bond of 2.612(5) Å reported for the tetrahedral
monomeric Mes3PbCl,

28 and for the distorted TBP polymeric
structures of Ph3PbCl, 2.71 Å,29 and Me3PbCl, 2.814 and
2.764 Å.30 Similar shortening of the Sn–Cl bond has been
observed for the organotin compounds RSnPh2Cl, R = 2-(MeE)
C6H4CH2 (E = O, S)21 and the isomeric R = 2-(MeOCH2)C6H4

(E = O).18e Interestingly no significant shortening of the Pb–Cl
bond length was observed for [2-(Me2NCH2)C6H4]PbPh2Cl.

24

Synthesis and characterization of [2-(MeOCH2)C6H4]PbPhCl2, (8)

The dichloro-lead compound 8 was readily obtained by treat-
ment of 6 with the HCl/Et2O reagent, again using the low
temperature route (reaction (2)). Attempts to directly convert 4
to 8 using 2 equivalents of HCl/Et2O were unsuccessful and
led to an insoluble solid product. Also in this chemistry, in our
hands, attempts to transform the thio material 7 to a dichloro
product failed.

ð2Þ
Once again, the HCl conversion of 6 to 8 illustrates the

extra resistance to cleavage of the aryl group containing the
dangling arm O atom. The 1H and 13C NMR data associated
with 8 are in accord with the structure observed. The 207Pb
NMR exhibits a resonance at −66 ppm and represents a
further modest upfield shift of ∼16 ppm compared to the
monochloro analog 6, diagnostic of a pentacoordinate Pb
complex with a stronger Pb⋯O interaction.

The crystal structure of 8 illustrates it to be a coordination
polymer via intermolecular Cl–Pb⋯Cl units, along with intra-
molecular Pb⋯O interaction trans to the other, dangling, Cl
atom (Fig. 5).

The two independent moieties in the asymmetric unit cell
exhibit a slightly distorted octahedral geometry. The inter-
molecular chain-producing Cl–Pb⋯Cl interaction exhibits dis-
tinctive Pb⋯Cl bond lengths of 2.676(3) Å for Pb1–Cl2 and
2.944(3) Å for Pb2–Cl2 (and Pb1–Cl4). The presence of two sig-
nificantly differing Pb–Cl internuclear distances are similar,
albeit with significantly greater differences, to those noted

above in the distorted TBP structure of Me3PbCl, 2.814 and
2.764 Å.30 The bulkier Ph3PbCl with a similar TBP polymeric
structure has the two Pb–Cl internuclear distances equivalent
at 2.71 Å,29 and the published structure of Ph2PbCl2,

29 also a
coordination polymer, but in which both Cl atoms form inter-
molecular interactions with Pb, with equivalent Cl–Pb⋯Cl dis-
tances of 2.795 Å. In the structure of 8 an intramolecular
Pb⋯O bond replaces one the bridging Pb–Cl bonds of
Ph2PbCl2. The two intramolecular Pb⋯O bond distances
(2.520(6) and 2.563(6) Å) are both shorter than in 6 (2.618(4) Å)
as expected due to increasing Lewis acidity of the Pb atom
bonded to two chlorine atoms. The trans dangling Pb–Cl bond
distances of 2.523(3) and 2.521(3) Å, respectively are also corre-
spondingly shorter than in 6 (2.555(1) Å).

Chemical studies on dangling arm materials

We have reported the selective alkyl and aryl group transfer
from organolead compounds to tin compounds, specifically to
tin chlorides.12 Such reactions can result in an exchange of
aryl/alkyl group on Pb for a chlorine on tin, as illustrated in
eqn (3):

Ph3PbClþMe3SnCl ! Ph2PbCl2 þMe3SnPh ð3Þ
In a preliminary study we have synthesized the chlorinated

organolead compounds 6 and 7 described above using this
chemistry. Compounds 4 and 5 were dissolved in CDCl3 and

Fig. 5 ORTEP description of the asymmetric unit for 8 (CCDC =
2087427†). Selected bond lengths (Å) and angles (°): O1–Pb1 = 2.520(6),
O2–Pb2 = 2.563(6), Pb1–Cl1 = 2.523(3), Pb1–Cl2 = 2.676(3), Pb2–Cl3 =
2.521(3), Pb2–Cl4 = 2.655(3), Pb2–Cl2 = 2.944(3), Pb1–Cl41 = 2.944(3),
O1–Pb1–Cl1 = 164.5(2), Pb1–O1–C7 = 113.3(6), O2–Pb2–Cl3 = 165.6(2),
Pb2–O2–C21 = 112.5(5), Cl2–Pb1–Cl41 = 178.8(1), Cl2–Pb2–Cl4 = 178.1(1),
Pb1–Cl2–Pb2 = 126.6(1), Pb2–Cl4–Pb12 = 128.7(1). References: 1 = x, y + 1,
z; 2 = x, y − 1, z.
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mixed with an equimolar amount of Me2SnCl2 in a sealed
NMR tube and monitored via NMR spectroscopy. The reac-
tions, although slower that those involving Ph4Pb, produced
the expected chlorinated compounds 6 and 7 quantitatively,
and selectively, together with the corresponding PhMe2SnCl
(eqn (4)). Typical monitoring of the reaction of 4 and 5 with
Me2SnCl2 can be observed in the ESI.†

ð4Þ
No evidence for the transfer of the dangling arm aryl group

was observed and furthermore, if an excess of Me2SnCl2 was
added to the reaction no further progression to the di-chloro
Pb derivatives was observed.

The slowing of the transfer reaction compared to that of
Ph4Pb supports our prior suggestion that a plausible mecha-
nism involves a bridging transition state/intermediate where
the Pb atom exhibits Lewis acid character with respect to an
initial interaction with a lone pair of electrons on the chlorine
atom bonded to tin, (Scheme 2A). The Lewis acidity of the Pb
atom in 4 and 5 is significantly reduced compared to Ph4Pb,
and furthermore a possible a six-coordinate species
(Scheme 2B) will have a steric constraint slowing the
chemistry.

We have no experimental evidence to back up this mechan-
istic suggestion but are in the process of applying some
quantum mechanical approaches to tease out this or other
possibilities.

Conclusions

The new organolead materials reported, [2-(CH3ECH2)C6H4]
PbPh3−nCln, (n = 0, E = O (4), E = S (5); n = 1, E = O (6), E = S
(7); n = 2, E = O (8), are the first to involve intramolecular Pb⋯
O(S) secondary bonding. These interactions significantly
impact the structure of the compounds, with progressive trigo-

nal bipyramidal geometry observed as the chlorine content
increases the Lewis acidity of Pb. The presence of the intra-
molecular Pb⋯ O(S) bonding has a clear stabilization of the
aryl group as noted by the preferential cleavage of the unsub-
stituted phenyl groups by treatment with HCl, and specific
unsubstituted phenyl group transfers to organotin chlorides.
We are currently collaborating with Professor Balazs Pinter in
performing quantum chemical calculations on these products
with respect to their structures, NMR characteristics, and in
ascertaining plausible mechanisms for the organic group
transfer reaction of organoleads to organotin chlorides. At the
suggestion of a referee we also anticipate examining the reac-
tivity of Ph4−nClnPb with various RCH2EMe materials to poss-
ibly observe related intermolecular interactions leading to
hypercoordinated materials.
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