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Multistranded helices are ubiquitous in nature, such as polypep- helical aggregate of porphyrins
tides! DNA,2 and polysaccharidésThey have been fascinating / . )
chemists for many years because of their beautiful three-dimensional / ‘1 L B

structures and functions as entities of biological information, basic "WT? S 3 *
structural motifs for proteins, and structural materials in living sys- y \'\‘f:? --..~__,e'l Hydrogen-bonding
tems? With respect to the fruitful functions related to their struc- " \3 |

tures, folding into multistranded helices of synthetic polymers and
oligomers is still one of the synthetic challenges in organic, inor- -
ganic, and supramolecular chemistries. The most facile approach Double-stranded helix

is complementary complexation of a few oligomers or polymers Figure 1. Schematic illustration of the strategy for the construction of the
that have both the controlled helical molecular shapes and the mu-artificial double-helix.

tual recognition sites between the two oligomers or polymers to

(CFSSOT)ZGN

1
achiral synthetic polymer

from multistranded helices such as metal helicatB8yA ana-
logues? aromatic amides foldermefs;rescent-shaperterphenyl
oligomers?® and covalently cross-linked synthetic polyméfts.

However, these molecular designs, except the DNA analogues, are N
o] complex that extension to po_lymgrlc double helices toward 7 Lo T OW (:z\/\)oﬂ
nanodevices and structural materials is not so easy. Thus, a new g n
strategy for constructing the multistranded helices using a wide sP Ar=®—ocunu (CF3SOLN n-130
range of synthetic polymers has been awaited. Herein, we report PTMI
construction of a double-stranded helix by twisting a polymeric Fgure 2. Chemical structure o8P, PTMI, and1N.
supramolecular ladder as shown in Figure 1. To our best knowledge, a5 - 576 -
this is the first report on the formation of a double helix composed 3, P g 30 ™ ges
of achiral synthetic organic polymers. § 28 g o A L 25 g::

We previously demonstrated the well-defined supramolecular §20 2o §20 £
ladders constructed by complexation between the oligomers havingg 1s T ™ §15 CRERENCRCI O
two or three secondary dialkylammonium cations as the rails for “ 10 “10

- - 0.5 0.5

the ladder and BisPYBOX (2,6-bis(2-oxazolyl)pyridine (PYBOX)) N AN

ligands, dimers of PYBOX bridged by a porphyrin ring, as the bars %5200 500 e 700 80 %0 200 500  se0 700 500
for the laddei! The stable supramolecular ladder was ascribed to Wawelength./ nm Wavelength/nm

stacking of the bridging porphyrins in the BisPYBOX ligands and 8%86’;ng,\it?)pfl\?tzglihgggrfhsllﬁ; glgg‘z/'\éB-i:lcpﬁln(jgidll;g?;;’g?);—rl]—gelt)
the complementary hydrogen bonds between two nitrogen atomspjots of the absorption changes at 455 nm.

of the PYBOX and two protons of the secondary dialkylammon-
ium cation? More recently, we demonstrated the supramolecular

organogel of poly(trimethylene iminiumpPTMI ), a linear polymer

and induced no apparent shift in the absorption maximum. The
decrease in the absorption is attributed to the stacking of the porphy-
rin rings of sP in the presence dPTMI .11150On the other hand,

\ll.wtkh gnbe sticogqiigg;l?murg;ﬁfn in the rltepeatlngturélt, cr:)ss- the addition ofLN as a monomeric reference induced a slight de-
Inked by the BIS Igands: These results promptéd us 10 - aaq0 in the absorption accompanied by a red-shift of the Soret

co_nst_ruct a dOl_JbIe-strand_ed helix b_y introducing chi_ral and bulky band (458 nm). Moreover, the titration curve was saturated at a
units into the B'SPYBOX. ligand t'hat Is expected t'o twist the supra- nearly 2:1 ratio of the concentration of the secondary ammonium
mqleculgr ladder by steric reP”'S'O“- The porphyrin was U,Sed OWING ¢ation unit inPTMI to that ofsP, suggesting that the stoichiometric
to its ability of self-aggregation and as a detector function of the amount of PYBOX sites was complexed with the secondary
s_,upramolecular assembly and ch!raM}Ihe C2 chiral B'SPYBOX ammonium sites ifPTMI . The results strongly suggest formation
ligand (SH. was preparc_ed acgordmg to the m(_ethod previously re- of the supramolecular ladders by complexatiorsBfand PTMI .
ported: First of all, we investigated the formation of the SUpramo- 1 reyeq| the three-dimensional structure and supramolecular
lecular Iadder_ betweesP and PT_M_I by UV—vis absorptlor! chirality, we investigated the CD spectral changes®induced
spectroscopy in chloroformacetonitrile (40/1, v/v), as shown in by PTMI, as shown in Figure 4. Witho®TMI, sP exhibited a
Flgur? 3. Th(ljsds.célvent.mlxtfure ha.dhh'r?h SO|Ub:I'ty fqr METhPT'\gId. . positive Cotton effect in the Soret band. This Cotton effect should
C?E?&T an dl CTOt (ljnter _erz with the ¢ O'Ep gxatlog, de a45|;|on be ascribed to dipole coupling between the porphyrin ring and chiral
° provided a drastic decrease In the Soret band at M pyBOX ligands at the terminals through the acetylene groups but

* Department of Chemistry and Biochemistry. not by inducing the CD by the aggregations®. This was con-

# Center for Future Chemistry. firmed by the linearity in the LamberBeer plot under these con-
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In conclusion, we demonstrated that the chiralitysBftwisted
the supramolecular ladder &#TMI —sP complex to yield the
double-stranded helix dPTMI . It is regarded as the secondary
- structure ofPTMI induced bysP. This is a quite rare example of
controlling the secondary structure of the common organic synthetic
polymers that generally forms a random coil in solufibWariations

3 in the numbers of the binding sites and the size of the bridging
2 [ groups would provide the multistranded helices with various
1A diameters and pitches. Since a large number of organogelators are
o~ 0 known to form helical fibrous aggregat¥shey have the potential
300 400 500 600 700 800 to be cores of such helical structures by association with polymers.
Wavelength / nm Finally, the close-packed stacking of the bridging groups in the
Figure 4. CD spectral changes eP (100.M) upon addition of (aPTMI core is quite interesting as the method to place functional groups
(0~700 uM), (b) 1N (0~1.4 mM) in CHCE/CHsCN (40:1) at 25°C; sP in a one-dimensional array toward nanowires wrapped by the

only (blue line); PTMIJ/[sF] = 7, [INJ/[sF] = 14 (red line). polymers. Therefore, we believe that this strategy would be a

powerful tool for the construction of multistranded helices and well-
ordered one-dimensional supramolecular assemblies.
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