
Relationship between conformational properties and
intramolecular weak interactions of dithia[3.3.1]metacyclo-
phanes carrying a nitro or an amino group on their inner posi-
tion was studied by 1H NMR, IR spectra and X-ray structural
analyses.  It was found out that intramolecular hydrogen-bond-
ing between hydroxy group and one of the methoxy groups or
NH–π interaction between amino protons and two opposite aro-
matic rings exerts a major influence on the conformations of
these cyclophanes.  

Conformations of medium-sized cyclophane compounds
have been attracting many interests to organic and organophysi-
cal chemists.1 [3.3.n]Metacyclophanes (MCPs) are known to
assume the "Folded-Inward" or "Cone" conformation depend-
ing on their molecular structures.2 We have reported prepara-
tive methods of various kinds of dithia[3.3.n]MCPs and related
compounds.3 We also studied the conformational behaviors by
1H NMR, however, detailed relationship between the conforma-
tion and the structure of dithia[3.3.n]MCP is still obscure.  In
this paper, we report the preparation of dithia[3.3.1]MCPs hav-
ing an electron-withdrawing or an electron-releasing substituent
on their internal positions on one aromatic ring and discuss
their conformational properties in terms of intramolecular weak
interactions.  

2,6-Bis(bromomethyl)nitrobenzene 1 and bis(5-t-butyl-3-
mercaptomethyl-2-methoxyphenyl)methane 2 were prepared
according to the previously outlined procedure.4

Nitro[3.3.1]MCPs 35 was prepared from 1 and 2 by using high-
dilution technique.  Nitro[3.3.1]MCP 3 was readily reduced
with hydrogen gas in the presence of 10% Pd/C as a catalyst to
give amino[3.3.1]MCP 46 in excellent yield (90%).
MCPdiazonium salt 5 was prepared and dediazoniated in aque-
ous media to afford MCP 67 in moderate yield (60%) (Scheme
1).  These MCPs prepared above were confirmed by MS and
elemental analyses and also characterized by the 1H NMR and
IR spectra.  

In the 1H NMR spectra, MCPs 3, 4 and 6 show quite broad
peak patterns at room temperature.  At 213 K in CDCl3, two
couples of two doublets for their bridge protons were appeared.
In detail, one of the coupling constant (J = 14.0 Hz)  in 3 is the
same as the constant in 6.  The other coupling constant (J =
13.7 Hz) has also a similar tendency.  On the contrary, MCP 4
exhibits different coupling pattern and coupling constants  from
those of 3 and 6.  Such differences of the peak patterns and the
coupling constants of their bridge protons  of MCPs could be
affected by the difference in their conformational properties.
Outer aryl proton (Ha) of aminoMCP 4 appeared in downfield
region (δ = 6.47 ppm) compared with that of nitroMCP 3 (δ =
6.12 ppm).  Furthermore, internal NH2 protons were observed

at 3.52 ppm.  These indicate that the outer aryl proton (Ha) of
MCP 4 is not affected by ring current effect of the two opposite
aromatic rings.  These results suggest that conformation of
MCP 4 does not assume the "Cone" structure.  

In order to confirm the conformation, we performed X-ray
structural analyses of MCPs 3, 4 and 6.  These molecular struc-
tures are shown in Figures 1, 2 and 3, respectively.
Intramolecular NH–π interaction between two amino protons
and opposite two aromatic rings are indicated from the X-ray
analyses, which are shown by dotted lines.  Conformation of
aminoMCP 4 is not "Cone" form but "Folded-Inward" form.
Lengths between amino protons and the two opposite aromatic
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carbon atoms in aminoMCP 4 are also shown in Figure 2.
Some of these values are smaller than the sum of van der Waals
radii of proton and carbon (2.90 Å).  This result strongly sug-
gests existence of two NH–π interaction between the two amino
protons and the two opposite aromatic rings in this system.  

Interestingly, conformation of hydroxyMCP 6 is "Cone"
form.  This can be explained by the intramolecular hydrogen-
bonding (ca. 1.92 Å) between the hydroxy proton and the oxy-
gen atom of the methoxy group in the opposite aromatic ring
restricting the ring inversion of the opposite aromatic ring.  

In the IR spectra, wavenumbers of symmetric and asym-
metric stretching vibrations of the amino group in aminoMCP 4
appeared at 3432 and 3363 cm–1, respectively.  The correspon-
ding vibrations of 2,6-dimethylaniline 7 were observed at 3484
and 3400 cm–1, respectively.  Values of MCP 4 are 52 and 37

cm–1 smaller than these of 7.  In MCP 6, vibrational absorption
of hydroxy group appeared in 3399 cm–1.  This value is also 10
cm–1 smaller than that of 2,6-dimethylphenol 8 (3409 cm–1).
These results strongly support that weak interactions exist in
these structures.  

It can therefore be presumed  that the conformations of
dithia[3.3.1]MCPs are affected by not only the steric hindrance
and the electronic properties of the internal substituent but also
the intramolecular weak interaction such as NH–π interaction
or hydrogen-bonding.  
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