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Polydentate Lewis acids constitute a rapidly growing class
of molecular compounds made up of simple bidentate

derivatives[1±8] as well as more elaborate polydentate macro-
cycles.[9±11] The importance of these derivatives is coming to
light in several aspects of chemistry including activation of
organic reactions,[1] organometallic catalysis,[2] and molecu-
lar[3, 5±10] and anion recognition.[6±11] It occurred to us that the
incorporation of polydentate Lewis acid functionalities in
supramolecular nanoporous structures[12] could also be of
interest for the design of new materials with unusual guest
affinity[13] or catalytic activity.[14] We now report that 1,2-
bis(chloromercurio)tetrafluorobenzene (1), a rigid bifunc-
tional Lewis acid,[15] assembles into a micro-
porous solid with internal Lewis acidic sites
while retaining the integrity of its bidentate
character. In addition, we report that guest
exchange is readily observed within the host
lattice. This work is part of our current
interest in the chemistry of bifunctional
Lewis acids as supramolecular synthons.[16]

Slow evaporation of a solution of 1 in DMSO affords
crystals of composition 1 ´ (DMSO)3 (2), as determined by
elemental analysis.[17] The IR spectrum of this novel com-
pound revealed an unresolved broad absorption in the S�O
stretching frequency region, suggesting the presence of
chemically nonequivalent DMSO molecules.[17] Solid-state
MAS NMR spectroscopy confirmed this view, as two sets of
methyl resonances could be detected in the 13C NMR
spectrum.[17]

As determined by single-crystal X-ray diffraction analy-
sis,[18] the asymmetric unit of 2 consists of one molecule of
1 ´ (m2-DMSO)2 and one noncoordinating solvate DMSO
molecule (Figure 1). Each of the coordinated DMSO mole-
cules is chelated by the bidentate Lewis acidic pincer. The
resulting HgÿO bonds (av 2.70 �) are shorter than the sum of

Figure 1. Ball-and-stick diagram showing the structure of 2. The Hg ´´´ Cl
and p ± p contacts are evident from this view. Selected bond lengths [�] and
angles [8]: Hg1ÿC1 2.063(7), Hg1ÿCl1 2.315(2), Hg1ÿO1 2.689(6), Hg1ÿO2
2.785(5), Hg2ÿC6 2.050(6), Hg2ÿCl2 2.319(2), Hg2ÿO1 2.623(5), Hg2ÿO2
2.686(5), S1ÿO1 1.497(6), S2ÿO2 1.521(2); C1-Hg1-Cl1 173.6(2), C1-Hg1-
O1 89.9(2), Cl1-Hg1-O1 94.67(13), C1-Hg1-O2 87.2(2), Cl1-Hg1-O2
98.28(11), O1-Hg1-O2 73.6(2), C6-Hg2-Cl2 174.9(2), C6-Hg2-O1 91.6(2),
Cl2-Hg2-O1 91.10(13), C6-Hg2-O2 89.3(2), Cl2-Hg2-O2 95.53(11).

S. V. Ley, Tetrahedron 1991, 47, 1311; T. Shono, Y. Matsumura, T.
Fujita, Tetrahedron Lett. 1991, 32, 6723.

[9] The structure of each isomer was confirmed by comparison of the
spectral data with those of 7 synthesized from 8 by an alternative route
(Scheme 4). K. Takao, Y. Nigawara, E. Nishino, I. Takagi, K. Maeda,
K. Tadano, S. Ogawa, Tetrahedron 1994, 50, 5681.
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Scheme 4. Alternative synthetic route to intermediate 7. a) nBu4NI, NaH,
[Pd(Ph3P)4], THF; b) CF3CO2H, CH2Cl2; c) (CH3CH2CO)2O, Et3N,
CH2Cl2.

[10] For related examples, see M. J. Fisher, L. E. Overman, J. Org. Chem.
1990, 55, 1447; T. Hosaka, Y. Torisawa, M. Nakagawa, Tetrahedron
Lett. 1997, 38, 3535.

[11] M. Narisada, I. Horibe, F. Watanabe, K. Takeda, J. Org. Chem. 1989,
54, 5308.

[12] D. A. Evans, T. C. Britton, J. A. Ellman, Tetrahedron Lett. 1987, 28,
6141.

[13] L. Kisfaludy, M. Löw, O. Nyeki, T. Szirtes, I. Schön, Justus Liebigs
Ann. Chem. 1973, 1421. This process was superior to other lactamiza-
tions in terms of both yield and convenience.

[14] The structure of the synthetic fluvirucinine A1 was also confirmed by
comparison of the spectral data of the methoxy(trifluoromethyl)phe-
nylacetic acid (MTPA) esters of synthetic and natural fluvirucini-
ne A1.[1c] We thank Professor Takenori Kusumi of Tokushima
University and Professor Hiroshi Kakisawa of the University of
Tsukuba for kindly providing spectral data of the fluvirucins.
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the van der Waals radii of oxygen (1.54 �)[19] and mercury
(1.73 ± 2.00 �),[20] and can be compared to the HgÿO distances
of 2.793 and 2.804 � in the DMSO chelate complex 1,8-
bis(chloromercurio)-naphthalene ´ m2-DMSO.[4]

Examination of the cell-packing diagram reveals the
existence of infinite two-dimensional sheets. The cohesion
within each sheet results from the interplay of two types of
interactions. The formation of chains along the y axis can be
recognized. In these chains, molecules of 1 are linked by
formation of Hg2Cl2 bridges (Hg1ÿCl2' 3.261, Hg2'ÿCl1
3.555 �; van der Waals radius of Cl: 1.58 ± 1.78 �,[19] Hg:
1.73 ± 2.00 �),[20] as often encountered for organomercurio
halides in the solid state.[21] These chains are parallel and
interact with one another through p ± p contacts of 3.54 �
involving pairs of juxtaposed phenylene rings.[22] In this pairs,
the polar molecules of 1 adopt a slightly offset[23] and
antiparallel arrangement similar to that observed for other
1,2-substituted tetrafluorobenzene derivatives.[24, 25] In the
crystal, the successive sheets are parallel to one another and
form a layered structure. The shortest interlayer distance is
3.116 � and occurs between the fluorine atoms at the 3- and
4-positions of proximate monomers belonging to different
sheets. This overall arrangement leads to the formation of
channels along the x axis (Figure 2). The cross-section of the
channels adopts the shape of a parallelogram whose effective
diagonals are 10 and 7 �.

Figure 2. Space-filling model of the lattice of 2. The DMSO molecules are
omitted for clarity.

Compound 1 is insoluble in water. In water, single crystals
of 2 become rapidly opaque. The opaque crystals (3) can be
recovered and physically dried. Gravimetric analysis reveals
that 3 undergoes a weight loss of 17.0(�0.5)% at room
temperature to yield 4, which was identified as 1 ´ DMSO ´
H2O by elemental analysis as well as IR and 1H NMR
spectroscopy.[26] When this experiment is run in D2O, analysis
of the supernatant by 1H NMR spectroscopy indicates the
presence of two equivalents of dissolved DMSO (internal
standard: 3-trimethylsilyl 1-propanesulfonic acid, sodium salt

(TSP)), while 19F NMR confirms the absence of dissolved 1.
Finally, an overall weight loss of 16.5(�0.5) % is observed in
going from 2 to 4, which supports the loss of two equivalents
of DMSO and addition of one equivalent of water.

These data indicate that when 2 is placed in water,
displacement of two DMSO molecules by nine water mole-
cules occurs to provide 3 (Scheme 1). When 3 is taken out of
the aqueous solution, part of the water components sponta-
neously desorbs to yield 4. This hydration ± dehydration

Scheme 1. 2 is converted into 3 by immersion in water. In air, at 25 8C,
3 loses water to yield 4. 4 can be converted back into 3 by addition of water
or back into 1 by heating.

process is reversible, as 3 can be regenerated when 4 is
immersed in water. Assuming that the pores in 3 are saturated
with liquid water, the effective pore volume of 4 is
0.20 cm3 gÿ1. The X-ray powder pattern of 4, which indicates
high crystallinity, suggests that significant structural changes
occur on going from 2 to 4.[27] Finally, as shown by
thermogravimetric analysis (TGA), 4 undergoes successive
dehydration (40 ± 80 8C) and DMSO loss (110 ± 160 8C) ac-
companied by melting at 143 ± 144 8C. We are currently
investigating the structure of 4 by X-ray powder methods.
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Dilithiomethane and some of its heteroatom-stabilized
analogues have been the subject of intensive research during
recent years. On the one hand the elucidation of the nature
and the structures of the compounds were pursued, whilst on
the other hand several investigations addressed the synthetic
utility of these reagents.[1] The structure of dilithiomethane,
the simplest polylithiated compound, has been determined in
the solid state by X-ray analysis and NMR spectroscopy,
whereas in solution no experimental data are available.[2]

Some experimental evidence for the existence of a dimeric
species in the gas phase has been reported.[3] Computational
studies suggest that dilithiomethane and its higher aggregates
have tetrahedral and planar structures, respectively.[4] The
structures of heteroatom-stabilized geminal dianions, includ-
ing dilithiated phosphonates,[5] phosphinimines,[6] sulfones,
and nitriles[7] have been determined in the solid state, in
solution, and theoretically. The a,o-dilithiated intermediates
known for structurally related sulfones and sulfoximines
mimic the reactivity of an a,a-dianion in trapping reactions
with electrophiles.[8] This is also the case for the so called
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