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A Bifunctional Lewis Acidic Spacer in Self-
Assembled Molecular Stairs and Ladders**
François P. Gabbaï,* Annette Schier, and Jürgen Riede

Neutral polyfunctional Lewis acids are becoming a well-
established class of compounds which serve as anion recep-
tors[1] and catalysts.[2] An emerging field of application
concerns their use as electrophilic spacers in molecular self-
assembly. Whereas a great number of self-assembled coordi-
nation macromolecules have been obtained by linking met-
allic centers with polyfunctional Lewis bases,[3] the use of
organometallic polyfunctional Lewis acids as linker unit
between nucleophiles has been only scarcely examined. For
example, bis(stannyl)methanes[4a] and mercury crown com-
pounds[4b, c] can form polymers or oligomers. More recently,
palladium- and platinum-based cationic linkers were used as
building blocks for the synthesis of coordination dendri-
mers[5a] and molecular hexagons.[5b] Considering the growing
interest in coordination macromolecules[6] as microporous
solids[7] and catalysts,[8] Lewis acidic spacers constitute an
appealing novelty which greatly broadens the scope of the
possible assembly sets. Here we report our findings on the use
of a neutral bifunctional Lewis acidic spacer in the synthesis of
self-assembled molecular stairs and ladders.

The synthesis and structure of the first ortho-phenylenein-
dium complexes were reported in 1996 and 1997.[9] ortho-
Phenyleneindium bromide is dimeric (1) and was isolated as
the tetrakis(THF) adduct 2.[9a] This simple molecule contains
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two electrophilic indium centers positioned at the opposite
apexes of a flat six-membered ring. Since the vacant indium p
orbitals are oriented orthogonal to the plane containing the
diindacycle, 1 appears to be well suited for the formation of
coordination macromolecules with building blocks assembled
at 908 angles.[10]

To assess the lability of the coordinated THF molecules, a
solution of 2 in THF was treated with an excess of pyridine.
Crystals of 3 formed instantaneously at 25 8C (Scheme 1). The
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Scheme 1. Reaction of 2 with pyridine (py) and pyrazine in THF at 25 8C.
a) Excess pyridine; b) 2 equiv of pyrazine.

solid-state structure of 3[11] is very similar to that of 2,
however, the axial positions of the indium coordination
sphere in 3 are occupied with pyridine instead of THF ligands.

The isolation of 3 gave us a clue as to which type of
nucleophile to combine with 1 for synthesizing a coordination
polymer. Addition of one or two equivalents of pyrazine to a
solution of 2 in [D8]THF did not result in the formation of a
precipitate. Moreover, as suggested by the fact that the
chemical shifts of the aromatic proton of 2 and pyrazine are
the same,[12] there is no strong association in solution. Pyrazine
remains essentially unligated, and 1 still exists as its tetra-
kis(THF) adduct 2. However, upon slow cooling of a solution
of 2 in THF with one or two equivalents of pyrazine, crystals
of a new compound (4 ´ 2 THF) formed (Scheme 1). The 1H
NMR spectrum indicated the presence of one molecule of
pyrazine and four molecules of THF per molecule of 1.[12]

Upon exposure to a dry, inert atmosphere, crystals of 4
become brittle through partial loss of THF, as indicated by
elemental analysis. Compound 4 crystallizes with two inter-

poration, 1985 and 1992). Crystal data for cis-trans-2a : C16H12S4Se8,
M� 964.19, red columnar crystal (0.25� 0.13� 0.06 mm3), monoclin-
ic, space group P21/n, a� 8.304(3), b� 22.611(3), c� 13.678(2) �, b�
103.71(2)8, V� 2494.9(8) �3, Z� 4, 1calcd� 2.567 g cmÿ3, m�
168.70 cmÿ1, R� 0.060, Rw� 0.051, 4214 measured reflections, 3903
independent reflections, 2459 observed reflections [I> 3.0s(I)], 253
refined parameters. Crystal data for cis-cis-2 b : C18H16S4Se8, M�
992.24, red prismatic crystal (0.42� 0.42� 0.30 mm3), monoclinic,
space group P21/a, a� 10.378(2), b� 13.198(2), c� 10.683(2) �, b�
113.78(1)8, V� 1339.1(4) �3, Z� 2, 1calcd� 2.461 g cmÿ3, m�
157.43 cmÿ1, R� 0.059, Rw� 0.070, 4197 measured reflections, 2671
independent reflections, 2300 observed reflections [I> 3.0s(I)], 136
refined parameters. Crystallographic data (excluding structure fac-
tors) for the structures reported in this paper have been deposited with
the Cambridge Crystallographic Data Center as supplementary
publication no. CCDC-100 683. Copies of the data can be obtained
free of charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ (fax: int. code� (44) 1223-336 033; e-mail : deposit@ccdc.ca-
m.ac.uk).
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stitial THF molecules and consists of polymeric [1-(THF)2-
pyrazine]n.[11] Figure 1 shows a portion of a polymeric chain.
The diindacycle is planar within experimental error, and the
bromine atoms are displaced by 0.274 � out of the plane
containing the phenylene rings and the indium atoms. Each
indium atom is in a trigonal-bipyramidal coordination geom-
etry which does not exhibit any noteworthy angular distor-
tion. The two phenylene rings and the bromine atom are at the
equatorial sites. The axial positions are unsymmetrically
occupied by one THF and one pyrazine molecule. The InÿC,
InÿBr, and InÿO(1) bond lengths fall within the expected
range and are similar to those in 2.[9a] The InÿN distance of
2.478(5) � is almost equal to the mean InÿN distance in 3
(2.477 �).

Examination of the cell-packing diagram reveals the
polymeric nature of 4. The ªinfinite chainsº run parallel to
one another and do not form any short interchain contacts.
The monomeric units 1-(THF)2-pyrazine are linked through a
single InÿN linkage. All diindacycles are parallel to one
another, and the In''-In-In' angle of 94.88 approaches normal-
ity (Figure 1). Thus, chains of 4 are reminiscent of stairs in
which the diindacycles constitute the steps. The solvate THF
molecules occupy the void space between the chains and are
not involved in intermolecular contacts.

Figure 1. View of two monomeric units of polymer 4 ; ORTEP drawing at
the 30 % probability level. Selected bond lengths [�] and angles [8]:
InÿC(1) 2.156(3), InÿC(2)' 2.151(3), InÿBr 2.542(1), InÿO(1) 2.463(4),
InÿN 2.478(3); C(1)-In-C(2)' 124.0(1), C(1)-In-Br 113.1(1), C(2)'-In-Br
122.7(1), N-In-O(1) 177.6(1).

Stoichiometric control of the assembly of 1 with pyrazine
was our next aim. When the ratio of pyrazine to 1 in THF was
increased to four, crystals of a novel compound (5 ´ 2 THF)
precipitated spontaneously (Scheme 1). The pale yellow
needles obtained have strongly anisotropic mechanical prop-
erties and are easily cleaved along the direction of growth axis.
The 1H NMR spectrum revealed the presence of two
molecules of pyrazine and two molecule of THF per molecule
of 1.[12] However, as observed for 4 ´ 2 THF, loss of THF occurs
rapidly at 25 8C when the crystals are exposed to a dry, inert

atmosphere. Definitive structural insights were gained from
an X-ray study.[11] Compound 5 crystallizes with two inter-
stitial THF molecules and consists of polymeric [1-(pyrazi-
ne)2]n. The structure of the monomeric unit can be derived
from that of 3 by replacing the four axial pyridine ligands by
two bridging pyrazine ligands (Figure 2).

Figure 2. View of two monomeric units of polymer 5 with the interstitial
THF molecules; ORTEP drawing at the 30% probability level. The
disordered pyrazine molecules are represented by dotted lines in their
average positions. Selected bond lengths [�] and angles [8]: InÿC(1)
2.159(3), InÿBr 2.523(1), InÿN(1) 2.528(4), InÿN(2)'' 2.540(4); C(1)-In-
C(1)' 122.4(2), C(1)-In-Br 118.8(1), N(1)-In-N(2)'' 176.5(1).

All distances and angles in 5 are similar to those in 3 and 4
with the exception of the appreciably longer InÿN distances
(2.528(4) ± 2.540(4) �). As in 4, the infinite chains run parallel
to one another and do not form any short interchain contacts.
In contrast to 4, the monomeric units of 5 are assembled
through two InÿN linkages. Thus, chains of 5 ressemble a
ladder in which the diindacycles constitute the rungs, and the
[In-pyrazine]n sequences the legs. With In'-In-In'' and In-In' ±
In''' angles of 88.6 and 91.48, respectively, the cavity generated
between the indiviual rungs of the ladder approximately
resembles a rectangular space of 7.8� 3.6 � (InÿIn'�
N1'ÿN2''). The THF molecules are position halfway between
the rungs and do not penetrate the cavity deeply enough to be
involved in short intermolecular contacts.

Polymers 4 and 5 are insoluble in nonpolar sovents.
However, upon being heated in their THF mother liquors
for a short time at reflux, the polymers dissolve completely.
This process is reversible, and both polymers spontaneously
reform upon cooling. When heated in the solid state, 4 and 5
first become brittle (0 ± 50 8C) and then decompose at 380 and
300 8C, respectively.

The present results demonstrate that bifunctional Lewis
acids are useful building blocks for coordination macromole-
cules, and that they can be regarded as electrophilic spacers.
The system 1/pyrazine/THF is versatile, and the stoichiometry
and composition of the assembly can be controlled.
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Experimental Section

3 : Compound 3 spontaneously crystallized from a solution of 1-(THF)2

(40 mg, 58 mmol) in THF (0.5 mL) upon addition of pyridine (25 mL,
310 mmol). Yield: 79 % (40 mg); m.p. 235 8C (decomp); elemental analysis
calcd for C32H28Br2In2N4: C 44.7, H 3.3, N 6.5; found: C 44.3, H 3.3, N 6.2.

4 ´ 2THF and 5 ´ 2 THF: 1-(THF)2 (69 mg, 100 mmol) and pyrazine (16 mg,
200 mmol for 4 ´ 2THF and 32 mg, 400 mmol for 5 ´ 2 THF) were mixed in
Schlenck tubes, and THF (2 mL) was added. The resulting solutions were
slowly concentrated until crystalline material started to appear on the sides
of the tubes. All solids were then redissolved by heating the solutions at
reflux for a short time. Upon slow cooling of the solutions from 60 to
ÿ15 8C, 4 ´ 2 THF and 5 ´ 2THF were obtained as crystals in 67% (80 mg)
and 60% yields (50 mg), respectively. Compounds 4 ´ 2THF and 5 ´ 2THF
spontaneously loose THF at 25 8C. Elemental analysis carried out on
ªwitheredº samples indicated a THF depletion of 78 % for 4 ´ 2 THF and
34% for 5 ´ 2THF after one week at 25 8C under atmospheric pressure.
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