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Chiral oligomeric diimides prepared from pyromellitic
dianhydride, (R,R)-1,2-diaminocyclohexane and phthalic
anhydride fold into M or P helical conformers; trimer 1 folds
into the P conformer in the crystal but the M conformer
dominates in solution; longer chain oligomers 2 and 3 form
preferentially P conformers in solution, as a result of
intermolecular interactions.

Chiral oligomeric structures of defined M or P (left or right
handed) helicity exist either due to the presence of center(s) of
chirality in the monomer or due to the commanding effect of a
chiral auxiliary strategically placed in the oligomer chain. The
latter case, referred to as Bmajority ruleB situation (Green1),
represents a macromolecular route to dynamic chiral amplifica-
tion and has been thoroughly discussed in the current literature.2
The former case recognised early by Farina in chiral isotactic
polyolefins,3 is the essential one for chirality of biopolymers,
such as polynucleotides and polypeptides, where hydrogen
bonding is crucial for stabilizing the helical structure. Sig-
nificantly, helical structure is not restricted to a-peptides; b-
peptides4 are also capable of forming helical foldamers
(Seebach,5 Gellman6), as are other synthetic oligomeric carbox-
amides (Hamilton, Lehn7). Helical programming of molecular
architecture is of current interest in supramolecular and
materials science chemistry.8–13

Polyimides have been the subject of extensive studies, in part
due to their industrial applications.14 Polyimides made of
achiral components, even if helical, do not show discrimination
for either P or M helices.

We reasoned that the use of chiral C2-symmetrical (R,R)-
1,2-diaminocyclohexane and D2h-symmetrical 1,2,4,5-benze-
netetracarboxylic dianhydride (pyromellitic dianhydride) for
oligomerisation would lead to two different chiral diaster-
eomeric conformers taking either C shape (here M helicity) or S
shape (here P helicity). At the imide triad level these conformers
are visualised in Fig. 1 (see also ESI†).

Referring to imide triad 115 we detect both conformers by 1H
NMR spectra in CDCl3 solution. At 293 K the pyromellitic
diimide protons slowly exchange, whereas at 233 K separate
signals are observed (Fig. 2), with the integrated ratio C+S =
3+2. It is evident from the NMR data that the more compact,
better solvated structure C is the prevailing one in solution.

Similar conclusion could be drawn from the analysis of the
CD spectrum of 1 in dioxane (Fig. 3). The CD of 1 is a hybrid

of exciton Cotton effects due to interactions of all pairs of the
chromophores. After deduction of the contributions due to two
negative vicinal imide–imide exciton Cotton effects, which are
represented by the CD of 6, we obtain the differential spectrum
(3–2 3 6) which reflects the exciton interaction of the two
terminal phthalimide chromophores.16 The negative exciton
Cotton effect (De = 263 at 222 nm and +22 at 211 nm) is
evidently due to the dominant C shaped conformer, with the
amplitude over half of that measured for 5.17

By contrast, X-ray structure analysis of 118 reveals the S
shaped conformer (Fig. 4), readily forming inclusion complexes
with various donor molecules, such as pyridine, benzene,

† Electronic supplementary information (ESI) available: CD spectra and
experimental details. See http://www.rsc.org/suppdata/cc/b1/b110446b/

Fig. 1 Conformers of the chiral imide triad.

Fig. 2 Pyromellitic diimide proton signals of 1 at 233 K

Fig. 3 CD spectra of oligoimides in dioxane (left panel) and the
corresponding differential CD spectra (right panel).
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dioxane, in a host to guest ratio of 1+2.19 The stabilizing
interactions involve face-to-face stacking between host and
guest molecules in a sequence H+G+G+H+G+G… etc. and C–
H/p interactions between the cyclohexane and phthalimide
fragments (both operating within the xz layer, Fig. 4) as well as
C–H (cyclohexane)…ONC (pyromellitic diimide) hydrogen
bonds in between the layers.

Furthermore, the soluble homologues of 1, i.e. 2 and 3 also
show significant discrimination in favour of S shaped con-
formers. While the aromatic region of the 1H NMR spectra of 3
is too complex for analysis due to contributions from up to six
conformers, in the case of 2 the signals of pyromellitic protons
in conformers CC, CS and SS at 233 K are resolved, with those
due to S of ca. 25% higher intensity. The CD spectra reveal
strong contributions from chromophores in P (S shaped)
conformers. These are obtained by the subtraction procedure
(Fig. 3) which eliminates the contributions from vicinal (1,2)
chromophoric couplings. P conformers are characterised by
positive exciton Cotton effects, mainly due to interactions of the
chromophores in 1,3 positions (Fig. 1), as is in fact observed in
the differential CD spectra. This effect appears co-operative,
judging from the increasing magnitudes of the differential
Cotton effect of 1–3. The unsymmetrical imide triad 7 also
shows preference for the P conformer on the basis of a positive
differential Cotton effect.

The presented data demonstrate for the first time that despite
the fixed R,R configuration of the cyclohexane spacer oligoi-
mides 2, 3 and 7 fold in solution preferentially into S shaped
conformers of P helicity, as does 1 in the solid state. On the
other hand, 1 shows a preference for a C shaped conformation
of M helicity in solution. We conclude that oligomers composed
of monomers of appropriately high symmetry and stable
chirality can still fold into dynamic structures of either M or P
helicity. Folding preference is not due to intramolecular forces
(such as hydrogen bonding) but rather due to intermolecular
interactions.
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Fig. 4 View of the (101) layer of the 1–pyridine (1+2) complex.
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