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Chiral Columnar Liquid Crystal

Supramolecular chiral columnar liquid crystals have been formed through one-dimensional self-assembly of pyrene-containing oligopeptides.
Supramolecular chirality is further tuned by cooperation of intermolecular hydrogen bonding and electron donor —acceptor interactions.

Self-assembly of columnar liquid crystals through specific functions® To achieve one-dimensional organization of
molecular interactions can be used for the development of pyrenes, the liquid-crystalline dendritic oligo(glutamic
one-dimensional dynamically functional nanomaterigls acid)gk2ab7can be used because of their self-assembling
these liquid-crystalline materials, chiral assemblies have beenbehavior and hierarchical molecular chirality.

studied to develop asymmetrically ordered dynamic super- Furthermore, it is of interest to tune chiral supramolecular
structures with attractive features such as chiral amplifi- structures where noncovalent interactions are involved such
cation, ferroelectricity, and nonlinear optical properfies.

Intensive work has focused on chiral organization of _ (1) (a) Kato, T.; Mizoshita, N.; Kishimoto, KAngew. Chem.Int. Ed.

. . . . . 2006, 45, 38. (b) Kato, T.Struct. Bonding2000, 96, 95. (c) Guillon, D.
m-conjugated molecules in the solution stat@ur intention Struct. Bondingl999,95, 41. (d) Bauer, S.. Plesnivy, T.. Ringsdorf, H.:

here is to achieve one-dimensional chiral organization of a Schuhmacher, AMiakromol. Chem.Macromol. Symp1992, 64, 19. (e)
_ ; ; Bushby, R. J.; Lozman, O. RCurr. Opin. Colloid Interface Sci2002,7,
mr-conjugated molecule in ordered bu!k states. In the .pre'sent343. (§ Simpson, C. D.. Wu, J.: Watson. M. D.. Miillen, K Mater. Chern.
study, we have chosen pyrene for this type of organization. 2004,14, 494. (g) Kato, TScience2002,295, 2414. (h) Kato, T.; Mizoshita,

Pyrene is known to form an electron domceptor N.; Kanie, K. Macromol. Rapid Commur2001,22, 797. (i) Yoshio, M.;

| ith el | | h Mukai, T.; Ohno, H.; Kato, TJ. Am. Chem. So004, 126, 994. (j)
complex with electron-acceptor molecules such as 2,4,7- sayamura, M.; Kawai, K.; Matsuo, Y. Kanie, K.; Kato, T.; Nakamura, E.

trinitrofluorenone (TNF) and already has been incorporated U‘a__tures 20&2,419%, 30%/.I () Kéﬂi& gaol;l,islhlii'2’\3%5Y6E3uga'h'Tk'; TakikT.;
H H HS iie, S.; Kato, T.J. ater. em y . ISnikawa, K.;
into self-assembled SySt(.-Z-rflSJnt.H I’)OW, Only a limited Njakahara, S.; Nishikawa, Y.; Kohmoto, S.; Yamamoto,MAm. Chem.
number of pyrene-containing liquid crystals have been soc.2005,127, 2565. (m) Balagurusamy, V. S. K.; Ungar, G.; Percec, V.;
reporteoﬁ. Johansson, Gl. Am. Chem. S0d 997,119, 1539. (n) Barbera, J.; Puig,
-, . . L.; Romero, P.; Serrano, J. L.; Sierra, J.. Am. Chem. So®005, 127,
We have recently reported that dendritic oligopeptides can 45g. (o) Gin, D. L.; Gu, W.: Pindzola, B. A.; Zhou, W.#cc. Chem. Res.
act as useful building blocks for chiral supramolecular liquid 2001,34, 973. (p) Xiao, S.; Myers, M.; Miao, Q.; Sanaur, S.; Pang, K.;

crystalst«2ab.’These dendritic architectures are intensively %f'%gﬁggféh'\iﬂ'\';:f ﬁ;ﬁ;ﬂ's%%ggﬁgéiﬁgfom]{;_t: £0. 2005 44 1290

studied to form designed nanostructures with a variety of Motoyoshiya, J.; Aoyama, HOrg. Lett.2003,5, 1677.
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Table 1. Thermal Properties and X-ray Resultsiof2, and Their Complexes with TNF

X-ray results

lattice activity on
compd? phase transition behavior® T (°C) phase parameter A CD spectra H-bond
1/TNF Cr -10 Coly, 57 Iso 30 Coly 60.4 ON ON
1 Cr 113 Iso
2/TNF G -5 Colget 50 Iso 25 Coltet 62.8 OFF OFF
2 Cr 76 Coly, 86 Iso 80 Coly 51.3 ON ON

aMolar ratio of TNF tol and2 is 1.0.° Transition temperatures (°C). Cr: crystalline. G: glassynChkxagonal columnar. Ggl tetragonal columnar.
Iso: isotropic.

as hydrogen bondint;*%1° z—x interactions'>42¢ and The addition of an equimolar amount of TNF to non-

electron donor—acceptor interactiothst mesomorphic compound results in the formation of an
Here we report on tuning of supramolecular chirality of a electron donor—acceptor complex of dark red color. A

mr-conjugated molecule through cooperative hydrogen bond-hexagonal columnar phase is induced for the complex of

ing and electron doneracceptor interactions. We prepared
compoundsl and 2 having molecular triblock structures:
pyrene moieties at focal points, glutamic acid and branche

(2) (a) Kato, T.; Matsuoka, T.; Nishii, M.; Kamikawa, Y.; Kanie, K;

dNishimura, T.; Yashima, E.; Ujiie, SAngew. Chem.Int. Ed. 2004, 43,

19609. (b) Kamikawa, Y.; Nishii, M.; Kato, TChem. Eur. J2004 10, 5942.

oligo(glutamic acid)s as chiral hydrogen-bonded parts, and (c) Maithéte, J.; Jacques, J.; Tinh, N. H.; DestradeN&ture 1982, 298,

lipophilic alkyl parts (Figure 1). These molecules were
expected to form cylindrical columns by nanosegregation
between the molecular block structures.

Thermal properties of compoundsnd2 are summarized
in Table 1. Compoun@ shows a hexagonal columnar phase
from 76 to 86°C, while compoundl is honmesomorphic
(Table 1).
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Figure 1. Molecular structures of oligo(glutamic acid)s derivatives
having pyrene moietie$ and 2.
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VUTNF. The thermal properties and self-assembled structure< NG

of compoundsl and2 and their complexes with TNF were
studied with use of differential scanning calorimetry and 2
X-ray diffraction (XRD) measurements (Table 1). The XRD 0
pattern of L/TNF shows two sharp peaks at 51.9 and 30.4
A, and a broad reflection at 3.4 A, respectively (Figure 2).
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20/ degrees electron donor—acceptor interactions should lead to the
induction of supramolecular chirality. In contrast, the spec-
trum of 2/TNF exhibits an NH stretching band at 3406 ¢m
and a CO stretching band at 1657 dmwhereas for the

The intercolumnar distance GfTNF is calculated to be 60 ~ SPectrum of compound alone the amide bands appear at
A. The peak at 3.4 A corresponds to the stacking distances3288 and 1633 cnit. It is evident that a hydrogen-bonded

between pyrene derivatives and TNF molecules, indicating &y of the amide groups @fis not formed in the electron

the formation of alternately stacked structures. The formation donqr—acceptor complex. For the CC_JmpW)TN'F, smaller
of the electron donor—acceptor complexes is further con- Peptide dendrons are not appropriate for inducing both
firmed by the UV—vis spectra. hydrogen-bonded and electron doraicceptor interactions.

The CD (circular dichroism) and UWvis spectra of the To confirm the role of hydrogen bonds in t_he chiral self-
complexes have been obtained to study their chiral structuresassembly process, the CD spectra of the single component
(Figure 3). CompleX/TNF induces a bisignate Cotton effect of c.ompound2 were measured n the bulk state (Flggre 5)
with a positive extreme at 296 nm and a negative extremeUntII now, several columnar liquid crystéls:c_mtalnmg

at 276 nm (Figure 3). The split-type CD spectrum indicating pyrenes have been reported. Of these materials, only one

chiral orientation of the pyrene chromophores is maintained pyrene-based compound was chfatiowever, no cb
after the intercalation of TNF molecules. On the other hand, spectrum was reported for this compound. A positive Cotton

2/TNF having one amino acid residue only shows an inactive

CD spectrum (Figure 3). Although both compouridsnd?2 _

form similar columnar liquid crystals in the presence of TNF,

the resulting chiral structures of the columns are apparently

different. L_B;
The hydrogen-bonded states of the peptide residues were { b

examined by IR measurements. In the LC state, the peaks =

of the amide group of comple¥TNF show significant shifts =

to 3288 (NH stretching band) and 1633 ¢n(CO stretching .

Figure 2. XRD profile of the complex ofl/TNF at 30°C.
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§ Elegtrbn Donor-Acceptor
H Interactions

band) from those observed in the isotropic state, due to the - - v Hydrogen Bondings
formation of intermolecular hydrogen bonds. These values ".;
of 1/TNF are comparable to those observed for compound ] o i

1 alone in the crystalline state. For compl&XTNF, a
hydrogen-bonded array of peptide groups stabilizes self- _. o ) )

. Figure 4. Schematic illustration of the cooperation of hydrogen
assembled inner ‘?O'Um” .structures formed through eIeCtronbondings and electron doneacceptor interactions for the chiral
donor—acceptor interactions between alternate moleculargsgif-assembly of complex/TNF.
stacks (Figure 4). The cooperation of hydrogen-bonding and
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s helical organization of the molecules, and the supramolecular

chirality is further enhanced by cooperative electron donor—

30 2 acceptor interactions.
80 °C (Col ) In summary, .pyrene-contqinin_g oligo(glutamic acid)s

derivatives exhibit thermotropic chiral columnar LC phases.
On using this kind of material design, the properties of the
functional moieties such as luminescence, electron conduc-
tivity, and ferroelectricity may be tuned by chiral supra-
molecular structures formed through several intermolecular
interactions.
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effect is observed foR in the LC state, and disappears in
the isotropic liquid state. The active CD spectra are induced
by the formation of hydrogen bonds. However, the intensities
of the Cotton effects o alone are far weaker than those
observed for the compleXTNF. In the columnar phase of
1/TNF, hydrogen bonds of the amide groups are formed in
parallel to the columnar axes of pyrene derivatives to induce OL060580Q
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