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A stack and an offset stack geometrical arrangements based
on the columnar structure have been confirmed for the molecular
packing of novel pyrenophanes consisting of aniline unit or
nitrobenzene unit, respectively, in contrast to a herringbone
arrangement identified for the pyrenophane having benzene unit.
Such a columnar stack arrangement is probably due to weak
intermolecular interaction between the pyrene and the opposite
aromatic component.

Small-sized cyclophane compounds can be characterized by
aromatic components existing in close proximity each other.1 By
virtue of the�-system, the pyrene framework has been the subject
of considerable experimental and theoretical interests. A number
of the small-sized cyclophanes2 consisting of the pyrene unit
(pyrenophanes) have been investigated in terms of trans-annular
�-electronic interaction of excimer fluorescence and charge-
transfer interaction of donor-acceptor systems. During the past
two decades intriguing noncovalent forces such as hydrogen-
bonding,3 CH-� interaction4 and cation-� interaction5 have been
increasingly recognized to be important in chemistry and bio-
chemistry. Inter- and intramolecular weak interactions based on
these forces have been studied by our group, employing cyclo-
phane systems aswell-defined structures.6;7 This could allowus to
explore the nature of weak interactions involving the�-system of
the pyrene component.

Thus, we report here the preparation of novel pyrenophanes
having the nitro or the amino group on one aromatic ring and
discuss their molecular packings in terms of weak interactions.

Bis(chloromethyl)pyrene 1 was prepared according to the
reported method.8 Cyclization of 1 and mercaptomethyl com-
pound 2a using Cs2CO3 as a base under highly dilute condition
afforded the corresponding dithiapyrenophane 3a9 in 28% yield.
The dithiapyrenophane 3b8 was also prepared by the similar

method. 3awas reducedwith hydrogen gas in the presence of 10%
Pd/C to give the amino compound 410 in 15% yield. The reason
for this low yield might be due to the steric hindrance of the
pyrene ring for the nitro group.

In the NMR spectrum of 3a the AB system for the protons of
each methylene bridge and six kinds of singlets for the protons of
the pyrene unit were observed. These results suggest that 3a is
fixed in an unsymmetrical conformation. On the contrary it has
been reported8 that the NMR spectrum of 3b shows the pyrene
unit as three kinds of singlets and the both methylene bridges as
two AB systems, indicating that the benzene ring is fixed
perpendicular to the pyrene unit at least in the solution. 4 exhibits
NMR patterns very similar to those of 3a.

The X-ray structural analysis of 3a11 is shown in Figure 1. As
expected the nitrobenzene unit is almost parallel to the pyrene unit
coinciding with the unsymmetrical patterns in the NMR
spectrum. The nitro substituent is tilted against the aromatic
plane probably due to the steric hindrance of bridging methylene
neighboring to the aromatic ring. A similar conformation was
obtained for 412 as shown in Figure 2. Interestingly 3b was also
confirmed to assume the conformation similar to that of 3a
contrary to the conformation predicted by its NMR spectrum.

In spite of the similar conformation for 3a, 3b, and 4
characterized by the parallel orientation of two aromatic
components, quite interestingly the modes of their molecular
packings are distinct from each other. Figure 3 shows the
molecular packings of 3a and 4. Themolecular arrangement of 3a
can be considered as laterally shifted overlap which is known as a

Figure 1. X-ray structure of 3a.

Figure 2. X-ray structure of 4.
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‘‘offset stacking’’. And a ‘‘stacking’’ arrangement resulted from
face-to-face overlap of molecules was confirmed for 4. On the
contrary the molecules of 3b13 assembled into T-shaped
‘‘herringbone arrangement’’ as shown in Figure 4.

In order to clarify the mode of their molecular packings the
schematic illustrations of 3a, 3b, and 4 were depicted in Scheme
1. It is known14 that the preponderance of the herringbone
arrangement in a very large majority of aromatic hydrocarbons
might be attributed to edge-face interactions based on C(��) and
H(�þ) nature. It also might be asserted that van der Waals forces
are not solely to determine the packing arrangement, thus, some
long-range interactions should be taken into account, which has to
be related to the nature of the nitro and the amino group on the
aromatic ring.

Concerning 3a an intermolecular electrostatic interaction
between the electron-deficient aromatic ring and electron-rich
pyrene unit can be expected to promote the formation of the
stacking arrangement with the distance between the molecules of
ca. 3.6 �A. The slightly twisted nitro group might well predispose
the face-to-face stacking toward inclined offset stacking owing to
its steric hindrance. On the other hand, for 4 NH-� hydrogen
bonding is supposed to work intermoleculary to prompt the face-
to-face stacking. Such a hydrogen bonding is supported by the
fact that the wavenumbers of the amino group in 4 observed at
3439 and 3369 cm�1 are lower than the corresponding wave-
numbers of 3484 and 3400 cm�1 in 2,6-dimethylaniline. The

distance between the molecules of 3.5 �A also implies attractive
forces work in 4.

These results obtained here therefore elucidate that the small-
sized cyclophane system could provide unique facet in crystal
engineering.
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Figure 3. Molecular packings of 3a and 4.

Figure 4. Molecular packing of 3b.

Scheme 1. Packing arrangements of pyrenophanes.
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