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Projection of the crystal structure of a P enantiomer of
[11]thiaheterohelicene (11TH) with a helical structure of one and
a half turns along the a axis revealed huge helical assemblies, in
which three crystallographically independentmolecules formed a
smaller right-handed helix, no similar helical assembly being
observed for the crystal structures of an 11TH racemate and a
[9]thiaheterohelicene enantiomer.

In the field of supramolecular chemistry, the self-assembly of
building blocks into a huge architecture possessing structural
similarity is an attractive phenomenon.1 So far, many investiga-
tions have been carried out on the crystal structures of
carbohelicene2 and heterohelicene,3 in particular, from the
standpoint of chiral habit in the stacks of molecules. One can
imagine that helicene molecules with the same winding manner
are one-dimensionally stacked upon each other in crystals to form
a huge helix. One can imagine also that a string is passed through
the central hole of the stacked homochiral helicene molecules.
However, to our knowledge, no one has reported the crystal
structures of the helicene family with such molecular stacking.
We describe herein the unique molecular assembly of enantio-
meric [11]thiaheterohelicene (11TH)4 composed of alternating
thiophene and benzene rings, and compare it with the assembly of
the racemic 11TH.

Figure 1 shows the crystal structure of a right-handed (P)
enantiomer5 of 11TH in a unit cell, as projected on a bc plane.6

One can recognize two huge helixes lying in a zigzag fashion
almost along the c axis in parallel to each other. Twelvemolecules
are involved in the unit cell in the space group of P212121, which
implies the existence of three kinds of mutually independent
molecules (A, B, and C) with different conformations; for
example, the dihedral angles between the terminal rings in a
molecule are 9.23, 10.48, and 7.69� for A, B and C molecules,
respectively. As illustrated in the simplified scheme of Figure 1,
the centers of these three molecules are aligned forward to and
backward from the plane on the page in the order of A, B and C
molecules, thereby drawing an arc of a right–handed screw. Since
these arcs appear to be linked to each other, the huge zigzag

helixes appear when viewed downward from the direction along
the a axis.

The projection of these three independent molecules on the
ac plane revealed that they are situated in the positions facing the
mutual terminal thiophene rings of A and B, and of B and C
molecules, respectively (Figure 2(a)). Although the central
molecule (B) crystallographically lost an intramolecular C2 axis,
its pseudo C2 axis is approximately parallel to the b axis.
Therefore, the relative locations ofA andCmolecules are roughly
correlated by turning around the pseudo C2 axis of B molecule.
The intermolecular dihedral angle between the nearby terminal
rings of A and Bmolecules is 144� and that of B and Cmolecules
is 147�. The shortest nonbonding atomic distance between those

Figure 1. Crystal structure of (P)11TH pro-
jected on the bc plane (right) and the
schematic drawing (left).

Figure 2. (a) Projection of three independent mole-
cules (A, B and C) on the ac plane. (b) Stereodiagram of
their overlapping holes by viewing them from the
direction as indicated by an arrow in (a). Sulfur atoms
are represented by black circles.

Scheme 1.
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terminal rings is 3.50 �A for A and B molecules, and 3.53 �A for B
and C molecules. From the similarity between these correspond-
ing values, it is understandable that these three molecules, on the
whole, form a larger right-handed helix. One can inspect the
overlapping of the central holes of the three molecular helixes by
viewing them from the [1 0 0.5] direction as indicated by an arrow
in Figure 2(a). Figure 2(b) demonstrates the stereodiagram of the
overlapping holes of the larger helix produced by stacking the
three molecules. The structures of individual 11TH molecules
possessing one and a half turns of the right-handed helix retain the
characteristics of the helicene family, as previously reported.7

The structural differences among the three independent mole-
cules were found to be rather small: the rough diameters of the
molecular skeleton are in the range of 7.9–8.0 �A and the
approximate pitches of the helix, 3.9–4.0 �A.

In order to infer the origin of the huge helix formation, the
crystal structures of racemic 11TH and enantiomeric [9]thiahet-
erohelicene (9TH)8 were examined. The packing diagram of
11TH racemate9 is illustrated in Figure 3(a) as projected on the bc
plane, and shows quite large differences from that of the
enantiomer. A unit cell is comprised of four molecules, that is,
two independent molecules and their corresponding enantiomers.
A pair of enantiomers is stacked with the closest nonbonding
atomic distance of 3.37 �A. No helical assembly of the molecules
was observed at all, regardless of the viewing direction of the
crystal lattice. Furthermore, Figure 3(b) shows the crystal
structure of a right-handed (P) enantiomer of 9TH,10 a lower
homolog of 11TH, as projected on the bc plane. Orthogonal
approaches between neighboring molecules were recognized at
once, and no formation of a helix larger than that of a molecule
could be found. The crystallographic C2 axis is maintained
through the central thiophene ring in a molecule. This axis is
parallel to the a axis, thereby resulting in such a packing fashion in
the unit cell.

The origin of the helical assembly in the crystal structure of
enantiomeric 11TH remains uncertain, and it may be inadver-
tently formed. However, the number of independent molecules in
the unit cell might provide a clue to solving this problem. The
number of enantiomeric 11TH is three, which is the largest value
among the carbohelicene and heterohelicene series reported thus
far.11 This suggests the diversity of the stable or metastable states
taken by the molecules with different conformations of similar
energies, namely, between these molecules, a weak interaction

such as the van der Waals attraction may be anticipated, in order
to select the helical array as their most stable arrangement in
crystals.
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Figure 3. (a) Crystal structure of racemic 11TH projected on
the bc plane. (b) Crystal structure of (P)9TH projected on the
bc plane. Sulfur atoms are represented by black circles.
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