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Abstract

The reaction of 1,3,5-tribromo- or 1,2,4,5-tetrabromobenzene with trimethylstannyl sodium in tetraglyme gave the correspond-
ing polystannylated benzene derivatives 2 and 4, respectively, in high yield. They were converted with mercuric chloride to the
corresponding tris- and tetrakis(chloromercurio)benzenes 5 and 6, respectively. The structure of 5 was confirmed by X-ray
crystallography. Some spectral properties of the new compounds are discussed. The (partial) conversion of 2 to 1,3,5-trilithioben-
zene (8) was also investigated. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

The field of polymetallated aromatic compounds in-
volving main-group elements comprises areas which
have been extensively explored, while others are clearly
underdeveloped. This is particularly true for derivatives
of Groups 1–3 and 12 with the exception of certain
metallocenes; ferrocenes polysubstituted by lithium,
sodium, or potassium [1–3] and ruthenocenes polysub-
stituted by lithium, magnesium, or zinc have been
reported [1b,4,5]. In contrast, benzene derivatives carry-
ing three or more of such metals have rarely been
prepared [6] or claimed [7]. Recently, we described the
synthesis of 1,3,5-trilithiobenzene from 1,3,5-tribro-
mobenzene and lithium 4,4%-di-tert-butylbiphenyl
(LiDBB) [8].

Polymercurated aromatics have mostly been synthe-
sized by electrophilic aromatic substitution. From the
highly reactive Hg(O2CCF3)2 and (substituted) benzene

or naphthalene, even permercurated products were ob-
tained [9]. However, severe problems were encountered
when partially mercurated products are desired because
usually non-separable mixtures were formed [10]1.

Scheme 1. TG= tetraglyme.

1 We could not reproduce the reported results; mixtures of poly-
mercurated products were obtained.* Corresponding author.
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Scheme 2.

Among derivatives of Group 14, polysilylated
aromatic compounds are rather well known; even
several persilylated benzene derivatives have been re-
ported [11]. However, only two compounds of this type
involving the heavier Group 14 elements germanium
and tin have been prepared: hexakis(trimethylgermyl)-
benzene [12] and 1-trimethylsilyl-3-trimethylgermyl-5-
trimethylstannylbenzene [13]. From 1,3,5-trilithioben-
zene and chlorotrimethylstannane, we obtained 1,3,5-
tris(trimethylstannyl)benzene which was, however, con-
taminated by its 1,3-di- and its monosubstituted analog
[8].

The formation of product mixtures instead of a single
pure product is a general problem in the preparation of
polymetallated compounds. In the synthesis of main-
group polymetallated compounds, this is often due to
the use of (inevitably) impure mercurated starting mate-
rials or to drastic synthetic procedures such as halo-
gen–metal exchange or metallation which frequently
are not sufficiently specific.

Here, we report the first successful synthesis of pure
tri- and tetrametallated benzene derivatives with tin and
mercury substituents. Both bear promise as potential
precursors for other polymetallated derivatives.

2. Results and discussion

2.1. Polystannylated benzene deri6ati6es

Reaction of 1,3,5-tribromobenzene (1) with an excess
of freshly prepared trimethylstannyl sodium (Me3SnNa)
in tetraglyme (TG) [14] gave almost pure 1,3,5-
tris(trimethylstannyl)benzene (2) in an isolated yield of
89% (Scheme 1); GC–MS measurements showed traces
of 1,3-bis(trimethylstannyl)benzene. Compound 2 was
purified by crystallization from methanol. Unfortu-
nately, the crystals were disordered and unsuitable for
X-ray crystal structure determination. However, a gas
phase electron diffraction study on 2 has been reported
[15].

The tetrasubstituted derivative 1,2,4,5-tetrak-
is(trimethylstannyl)benzene (4) was prepared analo-
gously from 1,2,4,5-tetrabromobenzene (3) (89% yield,
Scheme 1); it contained traces of the 1,2,4-trisubstituted
product. Pure 4 crystallized upon slow evaporation of a
hexane–ethanol solution, but an X-ray crystal structure
determination showed that it too was disordered, so
accurate data could not be obtained.

2.2. Polymercurated benzene deri6ati6es

Addition of the tin compounds 2 or 4 in Et2O to an
excess of HgCl2 in THF at room temperature gave
1,3,5-tris(chloromercurio)benzene (5) (90% isolated
yield) or 1,2,4,5-tetrakis(chloromercurio)benzene (6)
(90% total yield), respectively (Scheme 2). 199Hg-NMR
spectroscopy revealed 6 to be accompanied by a minor
side-product (about 6%). This species is assumed to be
7 because one low-field shift (d= −871.4) indicates the
presence of a C�Hg�C unit (Ph2Hg, d= −821.95 ppm
in DMSO), while three signals (d= −1208, −1301,
and −1315 ppm) suggest three different C�HgCl
groups (PhHgCl, d= −1187 ppm [16]; 6, d= −1311
ppm). By washing with DMSO, pentane, and Et2O, 7
was removed and pure 6 remained as a white powder
(84% isolated yield).

Thus, the approach via the tin compounds 2 and 4 is
at present the best route to prepare well-defined poly-
mercurated benzene derivatives such as 5 and 6 in pure
form and in high yield. Note that the reaction of
1,3,5-trilithiobenzene (8) with mercury dibromide gave
the tris-bromomercurio analogue of 5 in lower yield
and in an inseparable 3:1 mixture with the 1,3-disubsti-
tuted derivative [8].

2.3. X-ray crystal structure of 5 ·DMSO

Evaporation of a solution of 5 in DMSO over several
months gave colorless needles, suitable for X-ray crystal
structure determination (R=0.0543). The solid state
structure is depicted in Fig. 1. Selected bond distances
and angles are summarized in Table 1.
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Fig. 1. ORTEP drawing of 5·DMSO with displacement ellipsoids
drawn at the 50% probability level.

Fig. 2. Intermolecular coordination of oxygen to mercury atoms in
5·DMSO which bind the title molecule into an infinite chain.One equivalent of DMSO is incorporated in the

crystal lattice of 5. The solvent molecule coordinates
directly to one HgCl group via the oxygen atom (- - -
bond, Fig. 2) as indicated by the distance
Hg(1)�O(1)=2.659(11) A, which is smaller than the
sum of their van der Waals radii (2.9–3.13 A, ) but
longer than a covalent bond (2.01–2.16 A, ) [17]. In
addition, DMSO coordinates more weakly to a mer-
cury atom of a neighboring molecule (e.g.
Hg(2)�O(1a)=2.958 (10) A, , — bond, Fig. 2)). The
third HgCl group is not involved in coordination to
oxygen. The Hg(1)�O(1) bond is only slightly shorter
than that in other DMSO-complexes (C(HgCl)4·
DMSO, 2.777–2.793 A, [18]; 1,8-naphthalenediyl bis(-

mercury chloride)·DMSO, 2.793–2.804 A, [19a]; 1,2-
bis(chloromercurio)benzene·DMF, Hg�O 2.681(13) and
2.777(13) A, ) [20]; for obvious reasons, it is much
shorter in the cationic complex methylmercury te-
trafluoroborate: 2.066(8) A, . The different mode of co-
ordination of DMSO to the three HgCl-groups leads to
different C�Hg�Cl angles. Although mercury tends to
have a linear coordination geometry, the C�Hg�X an-
gle often deviates slightly from 180° depending on the
type of secondary interactions [21]. The smallest angle
corresponds to the strongest coordination (Hg(1),
173.0(4)°), the largest one to the ‘free’ non-coordinated
Hg(3)-atom (175.4(5)°). The C�Hg (2.049(12)–
2.061(15) A, ) and Hg�Cl bond lengths (2.310(5)–
2.324(4)A, ) are comparable to those reported [17] (e.g.
p-tolylmercury chloride [22a] 2.09(2) and 2.331(9) A, ,
respectively, and 1,2-bis(chloromercurio)benzene:
2.047(16), 2.044(16) and 2.334(5), 2.346(4) A, , respec-
tively) [23].

As expected, the angles at the ipso-carbon atoms
C(6)�C(1)�C(2) (119.5(12)) and C(2)�C(3)�C(4)
(117.2(13)) are smaller than 120° due to the inductive
effect of the HgCl substituent which is slightly electron-
donating towards the Cipso-atom [24]. Unexpectedly, the
angle C(4)�C(5)�C(6) (121.1(14)°) is slightly larger than
120°; larger angles were also observed in some 1,2-
dimercurated benzene derivatives [25,26]. On average,
the intra-annular angles at Cipso are slightly larger for
mercury (5·DMSO, 119.2(13)°) compared to tin (2,
117.7(1.7)° [15]), which is in line with tin being slightly
more electropositive.

Several intermolecular Hg�Cl distances (3.378(4)–
3.600(4) A, ) are shorter than the sum of the van der

Table 1
Selected bond lengths (A, ) and bond angles (°) of 5·DMSO

Bond lengths
C(1)�Hg(1) 2.049(12)
C(3)�Hg(2) 2.036(14)
C(5)�Hg(3) 2.061(15)

2.324(4)Hg(1)�Cl(1)
Hg(2)�Cl(2) 2.310(5)
Hg(3)�Cl(3) 2.322(5)
O(1)�Hg(1) 2.659(11)

2.958(10)O(2)�Hg(2)

Bond angles
C(6)�C(1)�C(2) 119.5(12)
C(1)�C(2)�C(3) 121.3(13)

117.2(13)C(2)�C(3)�C(4)
C(3)�C(4)�C(5) 121.3(14)
C(4)�C(5)�C(6) 121.1(14)

119.3(13)C(5)�C(6)�C(1)
173.0(4)C(1)�Hg(1)�Cl(1)

C(3)�Hg(2)�Cl(2) 173.7(4)
175.4(5)C(5)�Hg(3)�Cl(3)
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Waals radii (4.25 A, ), indicating a tendency towards
intermolecular interaction under the formation of a
continuous Hg�Cl network as shown in Fig. 3 [18,22].

2.4. NMR spectroscopic studies

Comparison of the chemical shifts (1H, 119Sn and
13C) and coupling constants of 2 and 4 with those of
1,2-bis(trimethylstannyl)benzene (9) and trimethylstan-
nylbenzene (10) (Table 2) shows a remarkable analogy
between the 1- and 1,3,5-substituted benzene (10 and 2,
respectively) on the one hand and the ortho-substituted
systems 9 (1,2-disubstituted) and 4 on the other. The
differences are expressed, in particular, by the increased
1J(Sn,Cipso) couplings of 4 and 9; they indicate a change
of hybridization around the ipso-C atom with more
s-character in the Sn�Cipso bond. As a consequence,
more p-character will remain for the Sn�Me bonds
which explains the smaller 1J(Sn,CMe) couplings. Simi-
larly, the other NMR data show differences between
the crowded (4, 9) and uncrowded (2, 10) compounds.

Analogous effects were observed for the NMR data
of 5 and 6 on comparison with those of (chloromercu-
rio)benzene (11) and 1,2-bis(chloromercurio)benzene
(12), respectively (Table 3). Again, the ortho-substituted
systems 6 and 12 show remarkable similarity. Their
199Hg nuclei are more shielded than those of 11 and 5,
and those of the 1,2,4,5-tetrasubstituted 6 are more

shielded than those of the disubstituted 12. Also similar
to the stannyl analogues, 13Cipso is more deshielded in
the hindered systems 12 and 6 and 2J(Hg,13C) is larger.

Undoubtedly, both steric congestion and electronic
effects due to the close proximity of the substituents
must contribute to these phenomena. Similar observa-
tions have been reported for 9 [32,33] and for ortho-
substituted trimethylsilyl analogues [34] and several
explanations have been offered. However, we feel that
at present, a satisfactory rationalization is lacking, in
particular if one considers that the qualitatively similar
trend can be observed for fluorobenzene (d(19F)= −
106.3 ppm [35], 1J(F,C)=244.7 Hz [36]) and 1,2-difl-
uorobenzene (d(19F)= −138.62 ppm, 1J(F,C)=247.1
Hz [37]), while the fluoro substituent is electronically
completely different and steric effects can hardly be of
importance.

2.5. Attempted synthesis of 1,3,5-trilithiobenzene (8)
from 2

In view of the cumbersome by-product DBB which is
inevitable in the synthesis of 8 from 1 [8], it seemed
attractive to attempt the preparation of 8 in an alterna-
tive fashion by metal–metal exchange from 2 with
MeLi. Several experiments were performed (Table 4).
The course of the reaction was followed by analysis of
the products obtained after quenching with Me2SO4 or

Fig. 3. Illustration of the short intermolecular HgCl contacts in 5·DMSO.
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Table 2
Selected chemical shifts and coupling constants of Me3Sn-substituted benzene derivatives a

2 c 9 bCompound 4 c10 b

(1,3,5) (1,2)(1) (1,2,4,5)(substitution pattern)

d(CH3)1H 0.27 0.29 0.31 0.36
−30.3 −32.0 −33.8 −34.7119Sn d(Sn)
141.5 142.2d(Cipso) 150.713C 151.0

d(CH3) −9.8 −9.7 −7.2 −7.2
474.4 449.7 528.6 d1J(Sn,Cipso)
347.5 343.4 337.51J(Sn,CMe) 334.3

a Chemical shifts (d) in ppm, coupling constants (J) in Hz.
b In CCl4: (119Sn) [27]; (1H,13C) [28].
c In C6D6.
d Not determined.

MeSSMe. They were identified by GC–MS analysis; in
some cases, absolute yields were determined by GC
using hexamethylbenzene as an internal standard.

Depending on the reaction conditions, two to six
different products (18–26) were observed in different
amounts (Scheme 3, Table 4), which is taken to indicate
the formation of the organolithium compounds 8 and
13–17 in the reaction mixture.

In the presence of three equivalents of MeLi (small
excess, see Table 4, entry 1), all six products were
observed (Me2SO4-quench, 18–23). The presence of
Me3Sn-substituents in compounds 21–23 indicates in-
complete conversion. However, the ‘desired’ product
18, presumably corresponding to 8, is also observed,
although in low yield (23%). The reduction products 19,
20 and 22 were presumably formed through hydrogen
abstraction from the solvent by intermediates. In order
to enforce complete conversion, the amount of the
MeLi reagent was increased (entries 3–7), which
seemed successful at first sight: the yield of 18 and 24
increased as if more 8 had been formed. In one experi-
ment (entry 6), a yield even higher (84%) than by the
LiDBB procedure (70–80%) [8] was found. However, a
closer examination shows some inconsistencies: the
yields fluctuate under seemingly identical conditions
(entry 6 and 7) or the product distribution differs for
the same quench reagent depending on the quench
procedure (entry 1 and 2).

These observations might be explained by the step-
wise formation of products via sequential lithiation-
derivatization-lithiation-derivatization etc. which can
proceed in the presence of excess MeLi and of less
reactive quenching reagents.

In view of these varying quenching results, direct
identification of 8 was attempted by NMR spec-
troscopy. At −50°C, the presence of Me4Sn
(d(119Sn)=0 ppm) in a reaction mixture of 2 and four
or six equivalents of MeLi proved that Sn�Li exchange
did occur. However, the reaction was obviously incom-
plete as indicated by resonances at d(119Sn)= −42.9

ppm which must be due to benzene derivatives still
containing one or two trimethylstannyl substituents.
Obviously, the reaction did not go to completion; prob-
ably 17 and/or 15 were still present. Additional evi-
dence for the presence of reactive (C�Li) bonds in the
product(s) was obtained by quenching the reaction
mixture with MeOD upon which the broad 119Sn-NMR
signal at d= −42.9 ppm disappeared and a new sharp
line came up at d= −30.7 ppm.

The difficulty of achieving the third tin–lithium ex-
change in 15 is probably due to the accumulation of
negative charge associated with the first two organo-
lithium functions which counteracts the introduction of
a third negative charge; apparently, the energy of the
intermediate tin ate-complex [38] will be prohibitive.

3. Conclusions

The successful synthesis of 2, 4, 5 and 6 has for the
first time given access to well-defined benzene deriva-
tives which are tri- or tetrasubstituted by tin or mer-
cury. Although the attempted conversion of 2 with
methyllithium to 1,3,5-trilithiobenzene (8) did not go to
completion, the four new compounds may prove useful
for the preparation of other metallated benzene deriva-
tives with a 1,3,5- or 1,2,4,5-substitution pattern, or in
coupling reactions with organic halides catalyzed by
palladium(0) complexes such as Stille-type reactions.

4. Experimental

4.1. General

1,3,5-Tribromobenzene (1) was recrystallized from
methanol and dried under vacuum prior to use. All
reactions were carried out under a nitrogen atmosphere
unless noted otherwise. Syringes and other glass ware
were dried in an oven at 120°C for at least 24 h or
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Table 3
Selected chemical shifts and coupling constants in HgCl-substituted benzene derivatives a

11 5 12 b 6Compound
(1) (1,3,5) (1,2) (1,2,4,5)(substitution pattern)

199Hg d(Hg)−1192 c −1191 −1291 d/−1299 −1311 e

13C d(Cipso) 150.5 c/150.9 152.7 163.1 161.5 f

117 c/119 110.42J(Hg,C) 151.8 146.4 f

a Chemical shifts (d) in ppm, couplings (J) in Hz, in DMSO-d6 unless otherwise noted.
b Prepared from ortho-phenylene mercury and HgCl2 in acetone [29].
c In DMF+DMSO-d6 (20%) at 340 K [30].
d Ref. [31].
e At 353 K.
f At 328 K.

flame-dried prior to use. The solvents Et2O and THF
were distilled from LiAlH4 (predried on NaOH and
KOH, respectively) and kept on sodium wire under
nitrogen. THF-d8 was dried on molecular sieves and
kept under argon. Tetraglyme (tetraethylene glycol
dimethylether, Fluka) was distilled from sodium under
reduced pressure and kept on sodium wire under nitro-
gen and protected against light. 1H- and 13C-NMR
spectra were measured at 25°C on a Bruker AC 200 or
on a Bruker MSL 400 spectrometer. 119Sn-, 199Hg- and
6/7Li-NMR spectra were measured on a Bruker MSL
400 spectrometer. 1J(Hg,C) could not be determined
due to noise. Sometimes, the coupling between a nu-
cleus (X=H,13C) and tin was discernible, but the sig-
nals of 117Sn and 119Sn overlapped; in these cases the Sn
nucleus is not specified (i.e. J(Sn,X)). GC–MS mea-
surements were performed on a HP 5890 II GC/5971
MS combination (70 eV, Chrompack BP 1 (QSGE) 50
m×0.25 mm column) or on a HP 5890 GC/5970 MS
combination (70 eV, CP-Sil-30 25 m×0.22 mm
column). HRMS measurements were performed on a
Finnigan MAT 90 mass spectrometer. GC measure-
ments were performed on an Intersmat gas chro-
matograph GC 120, equipped with a chrompack
column (2 m×4 mm, 10% OV-101 Chromosorb WHP
80/100) and a thermal conductivity detector. Melting
points (uncorrected) were measured in a sealed capil-
lary. Elemental analyses were carried out by Mikroana-
lytisches Labor Pascher (Remagen, Germany).

4.2. Synthesis of trimethylstannylsodium (Me3SnNa)

4.2.1. Method I ( from Me3SnCl in tetraglyme)
To a solution of Me3SnCl (25.03 g, 125.64 mmol) in

tetraglyme (230 ml), were added small pieces of sodium
(90.5 cm3) (8.08 g, 351.41 mmol). After 8 h stirring at
r.t., the green reaction mixture was left to stand
overnight. After careful decanting through a P4 filter
(under Ar or N2), the molarity of the reagent was
determined by acid–base-titration (HCl/NaOH) after
quenching an aliquot with water (0.373 M, 68.3%
yield).

4.2.2. Method II ( from Me3SnSnMe3)
To a solution of hexamethyldistannane (1.178 g,

3.595 mmol) in tetraglyme (5 ml), small pieces sodium
(9 0.5 cm3) (0.5 g, 21.7 mmol) were added. After 8 h
stirring at r.t., the yellow–green reaction mixture was
left to stand overnight. After careful decanting through
a P4 filter (under Ar or N2), the reagent was used
without further purification (0.615 M, 55.9%, deter-
mined by titration, vide supra) [14b].

4.3. Synthesis of 1,3,5-tris(trimethylstannyl)benzene (2)

A solution of trimethylstannylsodium in tetraglyme
(200 ml, 0.373 M, 74.6 mmol, four equivalents) was
added drop-wise over 1.5 h at 0°C to a solution of 1
(5.8241 g, 18.5 mmol) in tetraglyme (100 ml); a cloudy-
yellow solution was formed. After stirring for 4 h at
0°C, the reaction mixture was allowed to warm to r.t.
overnight to yield a dark-yellow solution. A saturated
NH4Cl solution was added and the reaction mixture
was extracted with diethyl ether. After washing the
organic layer with water and drying on MgSO4, the

Table 4
Yields (%) of products from the reaction of 2 and MeLi in THF at
−70�−50°C as derived from quenching reactions

178 13 14 15Entry 16MeLi (eq.)

83.31 a 23 29 3 29 3
–3.32 b 53 21 3 – –
––––3 a,c 5694.4

4.4 62 10 – – –4 a,c –
4.4 60 –5 d – 40−x e – 40−x e

–6.6 –6 a ––884
–––7 –656.67 a

a Me2SO4 quench, yields were determined relative to hexamethyl-
benzene (internal standard) by GC.

b Inverse addition of the reaction mixture to Me2SO4; yields are
relative.

c Addition of THF to pure MeLi and 2.
d MeSSMe quench by inverse addition; yields are relative.
e As 25 and 26 showed overlapping signals in the GC spectrum,

only the total yield of 15 and 17 could be determined.
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Scheme 3. (a) Me2SO4. (b) MeSSMe, see Table 4.

solvent was evaporated in vacuo to yield a yellow oil of
nearly pure 2 (9.34 g, 16.49 mmol, 89%). GC–MS
analysis of this product revealed the presence of traces
of 1,3-bis(trimethylstannyl)benzene. MS (EI, m/z, rel.
int.): 404 (1, M+�, Sn2-pattern), 387 (100, [M−CH3]+,
Sn2-pattern), 359 (18, [M−3CH3]+, Sn2-pattern), 342
(4, [M−4CH3]+, Sn2-pattern), 329 (12, [M−5CH3]+,
Sn2-pattern), 312 (5, [M−6CH3]+, Sn2-pattern), 240 (2,
Sn-pattern), 223 (2, Sn-pattern), 209 (4, Sn-pattern),
187 (5, Sn-pattern), 165 (5, Sn-pattern), 135 (8, Sn-pat-
tern), 120 (5, Sn-pattern). Pure 2 (NMR) was obtained
by recrystallization from MeOH (yellow needles, m.p.
54–55°C). Sublimation gave white needles (95°C, 4 mm
Hg). 1H-NMR (400.1 MHz, THF-d8, −50°C): d 7.55
(s, 4J(H,H)=1.1 Hz, 3J(119Sn,H)=44.1 Hz,
5J(Sn,H)=8.9 Hz; Har), 0.27 (s, 2J(119Sn,H)=54.8 Hz;
CH3). 1H-NMR (400.1 MHz, THF-d8): d 7.53 (s,
4J(H,H)=0.9 Hz, 3J(119Sn,H)=44.4 Hz, 5J(Sn,H)=
9.6 Hz; Har), 0.28 (s, 1J(C,H)=128.5 Hz,
3J(119Sn,H)=54.8 Hz; CH3). 1H-NMR (200.1 MHz,
C6D6): d 7.87 (s, 4J(H,H)=1.0 Hz, 3J(119Sn,H)=44.0
Hz, 5J(119Sn,H)=9.5 Hz, CH), 0.29 (s, 1J(C,H)=128.6
Hz, 2J(119Sn,H)=54.3 Hz, CH3). 13C{1H}-NMR (100.6
MHz, THF-d8, −50°C): d 143.8 (2J(Sn,C)=33.4 Hz,
4J(Sn,C)=9.3 Hz; C(2,4,6)), 142.2 (1J(119Sn,C)=455.2
Hz, 3J(Sn,C)=33.1 Hz; Cq), −9.6 (1J(119Sn,C)=344.2
Hz; CH3). 13C{1H}-NMR (100.6 MHz, THF-d8): d

143.7 (2J(Sn,C)=33.4 Hz, 4J(Sn,C)=9.3 Hz;
C(2,4,6)), 142.4 (1J(119Sn,C)=455.2 Hz, 3J(Sn,C)=
33.1 Hz; Cq), −9.5 (1J(119Sn,C)=344.3 Hz; CH3).
13C{1H}-NMR (100.6 MHz, C6D6): d 143.4
(2J(Sn,C)=33.2 Hz, 4J(Sn,C)=9.4 Hz; C(2,4,6)),
142.2 (3J(Sn,C)=32.8 Hz, 1J(119Sn,C)=449.7 Hz; Cq),
−9.7 (1J(119Sn,C)=343.4 Hz; CH3). 119Sn-NMR
(149.2 MHz, THF-d8, 30°C): d= −25.4. 119Sn-NMR
(149.2 MHz, THF-d8, −50°C): d= −30.0. 119Sn-

NMR (149.2 MHz, C6D6): d −32.0 (1J(Sn,Cq)=449.8
Hz, 1J(Sn,CH3)=343.4 Hz, 4J(119Sn,117Sn)=38.2 Hz,
J(Sn,C)=73.5 Hz, J(Sn,C)=33.5 Hz, J(Sn,C)=9.7
Hz). MS (EI, m/z, rel. int.): 566 (1, M+�, Sn3 pattern),
551 (100, [M−CH3]+, Sn3 pattern), 521 (9, [M−
3CH3]+, Sn3 pattern), 491 (6, [M−5CH3]+, Sn3 pat-
tern), 389 (5.5, [C6H3Sn2(CH3)5]+, Sn2 pattern) 31.
HRMS (EI): Anal. Calc. for C14H27

118Sn2
120Sn] ([M−

CH3]+): 550.9176. Found 550.91890.001. Anal. Calc.
(%) for C15H30Sn3: C, 31.80; H, 5.34; Sn, 62.85. Found:
C, 31.86; H, 5.30; Sn, 62.5.

4.4. Synthesis of
1,2,4,5-tetrakis(trimethylstannyl)benzene (4)

To a suspension of 3 (3.1588 g, 8.023 mmol) in
tetraglyme (5 ml), a solution of trimethylstannylsodium
in tetraglyme (55 ml, 0.79 M, 43.5 mmol) was added
drop-wise at 0°C giving a cloudy-yellow solution. After
stirring for 5 h at 0°C, the reaction mixture was allowed
to warm to r.t. overnight. A saturated NH4Cl solution
was added and the reaction mixture was extracted with
pentane–CH2Cl2. After washing the organic layer with
water and drying on MgSO4, the solvent was evapo-
rated in vacuo. The resulting yellow oil consisted of 4
and traces of 1,2,4-tris(trimethylstannyl)benzene (GC–
MS): MS (EI, m/z, rel. int.): 550 (9, [M−CH3]+, Sn3

pattern), 402 (10, Sn3 pattern), 389 (3,
[C6H3Sn2(CH3)5]+, Sn2 pattern), 371 (14, Sn2 pattern),
341 (16, Sn2 pattern), 165 (100 ([CH3)3Sn]+), 161 (50).
Recrystallization by slow evaporation of a solution in
hexane–ethanol gave colorless prisms of nearly pure 4
(5.19 g, 7.12 mmol, 89%) which still contained traces of
1,2,4-tris(trimethylstannyl)benzene; for that reason, an
elemental analysis was not attempted. M.p. 161°C.
1H-NMR (400.1 MHz, C6D6): d 7.88 (s, 3J(Sn,H)=
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46.4 Hz, 4J(Sn,H)=13.4 Hz; CarH), 0.36 (s,
1J(13C,H)=128.5 Hz, 2J(119Sn,H)=53.0 Hz; CH3).
13C{1H}-NMR (100.6 MHz, C6D6): d 151.0 (Cq), 145.5
(2J(119Sn,C)=57.4 Hz; Car), −7.24 (1J(119Sn,C)=
334.3 Hz; CH3). 13C-NMR (50.3 MHz, C6D6): d 151.0
(s,Cq), 145.7 (dd, 1J(C,H)=133.1 Hz, 4J(C,H)=1.0
Hz, J(Sn,C)=57.4 Hz, J(Sn,C)=44.0 Hz; CH), −7.3
(q, 1J(C,H)=128.5 Hz; CH3). 119Sn-NMR (149.2
MHz, C6D6): d −34.7. MS (EI, m/z, rel. int.): 730 (11,
M+�, Sn4 pattern), 715 (100, M+�−CH3, Sn4 pattern),
565 (13, [M−Sn(CH3)3]+, Sn4 pattern), 550 (12, [M−
Sn(CH3)3−CH3]+, Sn3 pattern), 535 (8.2, [C6H2Sn3-
(CH3)7]+, Sn3 pattern), 387 (20.5, [C6H2Sn2(CH3)5]+,
Sn2 pattern), 357 (20.6, [C6H2Sn2(CH3)3]+, Sn2 pattern).
HRMS (EI): Anal. Calc. for [C17H35

116Sn2
120Sn2

]+:
710.8824 [C17H35

116Sn118Sn2
120Sn]+: 710.8817 ([M+�−

CH3]+). Found (for m/z : 711 signal): 710.885.

4.5. Synthesis of 1,3,5-tris(chloromercurio)benzene (5)

To a solution of HgCl2 (4.5758 g, 16.85 mmol) in
THF (20 ml), 2 (2.3855 g, 4.21 mmol) dissolved in Et2O
(20 ml) was added (under nitrogen) drop-wise at r.t.
Almost immediately, a white precipitate formed. After
stirring overnight, the solvent was evaporated in vacuo
and the resulting powder was boiled three times with
water and filtered. The residue was washed with Et2O
and dried in vacuo (2.9805 g, mmol, 90% of pure 5
(NMR)). Slow evaporation of a solution of 5 in
DMSO-d6 gave colorless needles. 5·DMSO: m.p.\
330°C. 1H-NMR (200.1 MHz, DMSO-d6): d 7.25
(3J(Hg,H)=197.4 Hz; CH). 13C{1H}-NMR (100.6
MHz, DMSO-d6): d 152.7 (3J(Hg,C)=216.8 Hz; Cq),
144.4 (2J(Hg,C)=110.4 Hz; CH). 13C-NMR (50.3
MHz, DMSO-d6): d 152.5 (Cq), 144.2 (dt, 1J(C,H)=
166.6 Hz, 3J(C,H)=8.3 Hz; CH). 199Hg-NMR (72
MHz, DMSO-d6): d −1190.76. Anal. Calc. for
C6H3Hg3Cl3. C2D6OS: C, 11.08; H, 0.35; O, 1.84; S, 3.70.
Found: C, 11.15; H, 0.32; O, 1.89; S, 3.27.

4.6. Synthesis of
1,2,4,5-tetrakis(chloromercurio)benzene (6)

To a solution of HgCl2 (0.8905 g, 3.28 mmol) in THF
(10 ml), 4 (0.2969 g, 0.41 mmol) dissolved in Et2O (10
ml) was added (under nitrogen) over 40 min at r.t. A
white precipitate was formed. After stirring overnight,
the solvent was evaporated in vacuo and the resulting
powder was boiled with water and filtered three times.
Subsequently, the residue was washed with Et2O and
dried in vacuo to yield a mixture of 6 and 7 (199Hg-
NMR). 6. 1H-NMR (400.1 MHz, DMSO-d6, 55°C): d

7.22 (s, 3J(Hg,H)=195.9 Hz, 4J(Hg,H)=48.3 Hz;
CH). 1H-NMR (200.1 MHz, DMSO-d6): d 7.17 (s,
3J(Hg,H)=200.4 Hz, 4J(Hg,H)=50.5 Hz; CH).
13C{1H}-NMR (100.6 MHz, DMSO-d6, 80°C): d 161.5

(4J(Hg,C)=46.4 Hz; Cq), 145.6 (2J(Hg,C)=146.4 Hz,
3J(C,Hg)=239.3 Hz; CH). 13C-NMR (100.6 MHz,
DMSO-d6): d 161.5 (d, 3J(C,H)=9.7 Hz; Cq), 145.6 (d,
1J(C,H)=145.6 Hz; CH). 199Hg-NMR (72 MHz,
DMSO-d6, 55°C): d −1310.98. 7: 199Hg-NMR (72
MHz, DMSO-d6): d −871.4 (Hgsymm), −1208.4 (2-
Hg), −1301.0 (4/5-Hg), −1315.2 (4/5-Hg).

This mixture was washed consecutively with DMSO
(3 ml), Et2O (100 ml), pentane and Et2O again to give
pure 6 (0.3522 g, 0.346 mmol, 84%). Partial evaporation
of the combined washing layers gave a white precipitate
consisting of pure 6 (199Hg-NMR), which was washed
with water and dried on P2O5 in vacuo to give another
0.0251 g of 6 (0.025 mmol, 6%), so that the total
isolated yield of 6 was 90%. Addition of water to the
supernatant from the precipitate gave a second precipi-
tate which after washing with water and drying on P2O5

in vacuo gave 0.097 g of a white powder containing,
according to 199Hg-NMR, some 6 and 7 in a ratio of
about 2:1. As 6 was difficult to crystallize and could
only be obtained as an amorphous powder, an elemen-
tal analysis was not performed.

4.7. Reactions of 2 with methyllithium

4.7.1. Reaction of 2 with three equi6alents MeLi,
Me2SO4 quench

Under argon, a solution of MeLi in Et2O (0.4 ml,
1.69 M, 0.676 mmol) was added drop-wise to 2 (0.1132
g, 0.2 mmol) in THF (10 ml) at −70°C. Subsequently,
the yellow reaction mixture was warmed to −50°C and
stirred for 30 min. Pure Me2SO4 (0.4 ml, 4.23 mmol)
was then added drop-wise. The reaction mixture decol-
orized within a few minutes and was stirred for another
0.5 h. After adding MeOD (0.1 ml), the reaction mix-
ture was allowed to warm to r.t. Water and hexam-
ethylbenzene (0.032 g, 0.2027 mmol) were added and
the reaction mixture was extracted with Et2O, washed
with water and brine, and dried (MgSO4). The products
were identified by GC–MS, and the yields were deter-
mined by GC relative to the internal standard (see
Table 2, entry 1); the responses with regard to the
internal standard were assumed to be 1:1, with the
exception of 18 and 19, which are response-corrected.
18. MS (EI, m/z, rel. int.): 120 (56, M+�), 105 (100,
[M−CH3]+), 91 (10, [C7H7]+), 77 (12, [C7H5]+). 19.
MS (EI, m/z, rel. int.): 106 (66, M+�), 91 (100, [M−
CH3]+), 77 (17, [C7H5]+), 65 (10, [C5H5]+), 51 (16), 39
(17). 20. MS (EI, m/z, rel. int.): 92 (67, M+�), 91 (100,
[M−H]+), 65 (11, [C5H5]+), 63 (9), 51 (6). 21. MS (EI,
m/z, rel. int.): 270 (2, M+�, Sn pattern), 255 (100,
[M−CH3]+, Sn pattern), 225 (25, Sn pattern), 135 (5,
Sn pattern), 120 (6, Sn pattern). 22. MS (EI, m/z, rel.
int.): 256 (1, M+�), 241 (100, [M−CH3]+, Sn pattern),
226 (3, [M−2 CH3]+, Sn pattern), 211 (27, [M−3
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CH3]+, Sn pattern), 135 (6, Sn pattern), 120 (11, Sn
pattern). 23. MS (EI, m/z, rel. int.): 418 (56, M+�, Sn2

pattern), 403 (100, [M−CH3]+, Sn2 pattern), 373 (13,
[M−3CH3]+, Sn2 pattern), 343 (9, [M−5CH3]+, Sn2

pattern), 327 (4, Sn2 pattern), 194 (6, Sn pattern).

4.7.2. Reaction of 2 with three equi6alents of MeLi,
in6erse Me2SO4 quench

The reaction was performed in a reaction vessel
connected to five other vessels via glass capillaries.
During the reaction, all vessels and capillaries were
continuously immersed into the cooling liquid (pen-
tane–liquid nitrogen). Under argon, a solution of MeLi
in Et2O (0.7 ml, 1.69 M, 1.183 mmol) was added
drop-wise to a solution of 2 (0.2025 g, 0.357 mmol) in
THF (19 ml; in the central vessel) at −70°C. Subse-
quently, the yellow reaction mixture was warmed to
−50°C. At different times, samples of about 2 ml were
pressed into one of the side vessels containing Me2SO4

(0.1 ml). After quenching the last sample, all vessels
were allowed to warm to r.t. The work-up and analysis
were performed as described above; all aliquots showed
the same composition. The results are presented in
Table 2.

4.7.3. Reaction of 2 with four equi6alents of MeLi,
Me2SO4 quench

In vacuo, all solvent was evaporated from a solution
of MeLi in Et2O (1.69 M; 0.35 ml (0.5915 mmol) and
0.25 ml (0.4225 mmol), respectively). After addition of
2 (0.0845 g (0.1491 mmol) and 0.0582 g (0.1027 mmol),
respectively), the reaction vessel was cooled to −70°C
and THF (3 ml) was added drop-wise. The reaction
mixture became yellow instantaneously and was stirred
for another 0.5 h at −50°C. After adding Me2SO4 (0.1
ml) followed after by the addition of MeOD over 30
min (0.1 ml), the mixture was allowed to warm to r.t.
After adding water and hexamethylbenzene (0.0246 g
(0.1516 mmol) and 0.0162 g (0.0998 mmol), respec-
tively) the reaction mixture was worked-up and ana-
lyzed as described above (entry 1). The results are
presented in Table 2.

4.7.4. Reaction of 2 with four equi6alents MeLi,
MeSSMe quench

Under argon, a solution of MeLi in Et2O (0.142 ml,
1.69 M, 0.2399 mmol) was added drop-wise to 2
(0.0338 g, 0.0597 mmol) in THF (3 ml) at −70°C.
Subsequently, the yellow reaction mixture was warmed
to −50°C and stirred for 30 min. Then pure MeSSMe
was added drop-wise to the solution. The reaction
mixture decolorized within a few minutes and was
stirred for another 0.5 h. After adding MeOD (0.1 ml),
the reaction mixture was allowed to warm to r.t. The
work-up was performed as described above (entry 1).
The products were identified by GC–MS, and the

Table 5
Crystal data and details of the structure determination for 5·DMSO

C8H9Cl3Hg3OSEmpirical formula
Formula weight 861.34
Crystal system Monoclinic
Space group P21/c (No. 14)

9.0870(9)a (A, )
20.560(2)b (A, )
7.8914(9)c (A, )
92.166(6)b (°)
1473.3(3)V (A, 3)

Z 4
Dcalc (g cm−3) 3.883

1488F(000)
m (Mo�Ka) (mm−1) 31.8

0.05×0.05×0.50Crystal size (mm)
250Temperature (K)
0.71073Radiation (A, )
2.0 and 27.5Theta min and max (°)

Scan (type and range) 0.80+0.35 tan(U)
Dataset −11:11; −26:0;

−8:10
5182, 3377, 0.046Total uniq. Data, Rint

Observed data [I\2s(I)] 2024
Nref, Npar 3377, 147
R, a wR, S 0.0543, 0.0831, 0.99

0.00/0.00Max. and av. Shift/error
Largest difference peak and hole (e A, −3) −2.00 and 1.50

a w=1/[s2(Fo
2)+(0.0213P)2].

relative yields were determined by GC (see Table 2). 24.
MS (EI, m/z, rel. int.): 216 (100, M+�), 200 (5), 183
(49), 171 (8), 168 (9), 154 (24), 139 (13), 125 (12), 121
(10), 108 (8), 95 (10), 82 (6), 69 (12), 63 (16), 45 (22). 25.
MS (EI, m/z, rel. int.): 334 (31, M+�, Sn pattern), 319
(100, [M−CH3]+, Sn pattern), 289 (22, [M−3CH3]+,
Sn pattern), 274 (4, [M−4CH3]+, Sn pattern), 259 (3,
[M−5CH3]+, Sn pattern). 26. MS (EI, m/z, rel. int.):
450 (16, M+�, Sn2 pattern), 435 (100, [M−CH3]+, Sn2

pattern), 405 (16, [M−3CH3]+, Sn2 pattern), 375 (11,
[M−5CH3]+, Sn2 pattern), 165 (29, [SnMe3]+, Sn
pattern).

4.7.5. Reaction of 2 with six equi6alents of MeLi,
Me2SO4 quench

The reaction was performed analogous to that of
entry 1, using a solution of 2 (0.1133 g (0.2 mmol) and
0.0561 g (0.099 mmol), respectively) in THF (10 ml and
5 ml, respectively) and a MeLi solution in Et2O (1.69
M; 0.8 ml (1.35 mmol) and 0.385 ml (0.651 mmol),
respectively). Yields were determined relative to hexam-
ethylbenzene (GC, 0.0319 g (0.1966 mmol) and 0.0172 g
(0.1060 mmol), respectively). The results are presented
in Table 2.

4.8. Crystal structure determination of 5·DMSO

X-ray data were collected at 250 K on an Enraf–No-
nius CAD4-T diffractometer (rotating anode) for a
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needle-shaped colorless crystal. Unit cell dimensions
were derived from the SET4 setting angles of 25 reflec-
tions in the range 10.55BUB13.85°. Data were cor-
rected for absorption following the semi-empirical
psi-scan correction technique [39] (transmission range
0.674–0.966) using PLATON/ABSP [40].

The structure was solved by automated Patterson
techniques using DIRDIF96 [41] and refined on F2 using
SHELXL96 [42]. Hydrogen atoms were taken into ac-
count at calculated positions and refined riding on their
carrier atoms. A final Fourier difference map showed
no significant features other than some residual absorp-
tion artifacts near Hg. Numerical details have been
collected in Table 5. All geometrical calculations and
the illustrations were done with PLATON [40].

Full details of the analysis are available from one of
the authors (ALS).
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J. Dunoguès, P. Bourgeois, J. Organomet. Chem. 120 (1976)
41.

[35] W. Wray, D.N. Lincoln, J. Magn. Reson. 18 (1975) 374.
[36] W. Wray, L. Ernst, E. Lustig, J. Magn. Reson. 27 (1977) 1.
[37] S.L. Manalt, M.A. Cooper, J. Am. Chem. Soc. 99 (1977) 4561.
[38] (a) H.J. Reich, N.H. Phillips, Pure Appl. Chem. 59 (1987) 1021. (b)

H.J. Reich, J.P. Borst, M.B. Coplien, N.H. Phillips, J. Am. Chem.
Soc. 114 (1992) 6577.

[39] A.C.T. North, D.C. Phillips, F.S. Matthews, Acta Crystallogr. A
24 (1968) 351.

[40] A.L. Spek, Acta Crystallogr. A 46 (1990) C34.
[41] P.T. Beurskens, G. Admiraal, G. Beurskens, W.P. Bosman, S. Gar-

cı́a-Granda, R.O. Gould, J.M.M. Smits, C. Smykalla, The
DIRDIF96 program system, Technical report of the Crystallographic
Laboratory, University of Nijmegen, The Netherlands (1992).

[42] G.M. Sheldrick, SHELXL96: Program for Crystal Structure Refine-
ment, University of Göttingen, Göttingen, Germany, 1996.

.


