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Multiple-stranded helical structures are ubiquitous in Nature,
particularly in biomacromolecules, such as DNA and collagen. A
They are constructed through the cooperative action of several ¢
noncovalent forces and are significantly linked to their elaborate
biological fur.]CtlonS' Inspired by t.he biopolymers with multiple- Figure 1. The synthesis of the double-stranded metallosupramolecular
stranded helical structures, chemists have exerted much effort to, Ju.-, polymers3R and 35, Rt = (R)-1-phenylethyl forR-2 and 3%; (S-
intertwine artificially designed oligo- or macromolecular strands 1-phenylethyl for1S-2 and 3.
to form multiple-stranded helical structures by utilizing noncovalent
interactionss We have recently reported the rational design and
synthesis of complementary double helices with optical activity,
of which the strands consist of crescent-shapeédrphenyl groups
bearing chiral amidine and achiral carboxyl grodpghe double
helix formation with a controlled helicity is driven by the chiral
amidinium—carboxylate salt bridges, which are tolerant to other
various functional groups, thereby making a wide range of designs
possiblet

Supramolecular polymerization has recently emerged as a new A 1 ]I
protocol to synthesize macromolecules by holding together small  ; . ;
molecules through noncovalent bonds, and a number of such '4¢ 120 80
supramolecular polymers have been reported to Uatewever, Figure 2. 'H NMR spectra of (A)is-PtP(DMSO), (1.0 mM), (B) 17-2
to the best of our knowledge, double-stranded supramolecular (Plt'F? mDN’\'/)l'Sg”d gcg a&olymfgéixjtlont ?gffé’re df-2 (1.0 mM) andcis-
helical polymers stable in solution are hitherto unkndwwith Q( ) (2.0 mM) in 28 '
the aim of constructing double-stranded metallosupramolecular
helical polymers with optical activity, we designed new ami-

dinium;carboxyslate d_uplexes bearing py_ridine groups at th_e four molecular polymesR was determined to bB = 6.0 x 10-1 m?
ends,1R-2 and 15-2 _(Flgure :_L). The pyridine groups are utilized 1, while a higher value ob = 1.6 x 10~ m? s~ was obtained
for the metgl coordlnqtlon S|t.e to form the metal!o§qpramolecular for the monometR-2. These values mean that the hydrodynamic
strands, W.h'Ch can b_e mt_ertwmed through the amidintaarboxy- volume of3R is ca. 20 times higher than that 8f-2.1° The average
late salt bridges to give rise to the double-stranded metaHOpOIVmershydrodynamic radius ofR derived from the DLS data wey =

3R and3S, as illustrated in Figure 1. In this paper, we describe the 9.5 nm? The DLS and DOSY experiments were also carried out
synthesis and characterization of the first double-stranded metal-a,'[ differ.ent ratios otis-PtPh(DMSO), to 15-2; the assembly size
Io_supramolecul_ar helical polymers with & co_ntroll_ed helicity along  eached its maximum at a ratio of 2.0, tha’t is, the stoichiometry
with their atomic force microscopy (AFM) visualization. used for the supramolecular polymerization (Figure Sid)contrast,

i i )§§327 S.27
iuprag)ollqecul;abr. pgllymer:lzlatlolr; ofghe (liuple H gndl 2 the light scattering signals fdR-2 were undetectable. Thus, these
with cis-diphenylbis(dimethyl sulfoxide)platinum(R)(cis-PtPh- results support the polymeric structure3%

(2D|\(IJSO)2) was fiiztzinvedst;gateq bﬂ;_ NPMI5 s%?\;l:tsr%chp)ll (1Fizg;re More information on the structures of the metallosupramolecular
)- Upon mixing and 2 equiv ofis-PtPhy( 2in11,22- polymers was obtained by absorption and CD spectroscopies (Figure

1 !
tetrachloroethand, (TCE-d,), the'H NMR spectrum of the mixture 3). The absorption spectrum 8k in TCE showed a typical metal-

g?\;:gge sigr;i;icantly _br(;)_adgnedhandhshowed a Tign?l duel to freeto-Iigand charge transfer (MLCT) band in the long wavelength
o r?t ' ppmd, |_rll_h|cat|ng that the ;suhpra’\rlnHo ecular polymer- dregions (376-450 nm), and a marked bathochromic shifi(=
Ization has occurred. The resonances o the . protons remainedg, 1 g nm) was observed for the absorption of ca. 320 nm when
at a low magnetic field of ca. 13.5 ppfrshowing that the salt

. . R compared to the monomé&R-2, providing strong evidence for the
bridges were retained after the polymerization. p P g g

= he hvdrod ic di . £ th lecul Pt—N coordination leading to the large-conjugation system of
0 assess the hydrodynamic dimensions of the supramolecularag 11, addition, 3R and 3% exhibited perfect mirror image Cotton

polymers, DQS.YlH NMR (dlﬁu3|on-9rdered SpECtrOS.COPy) and effects of each other, thus reflecting the absolute configurations of

?LS (dynar7n|c Ilght. scgtterlng) experlmelr:ts were Ffa.lmed out at 25 the ®- and ©-phenylethyl groups at the amidine residues,

C in TCE/ The diffusion constants fot™-2 and 3% in TCE-G, respectively. It should be mentioned that, in the CD specti@Rof
 ERATO. and 35, distinct Cotton effects were observed around the MLCT
#Nagoya University. band regions, suggesting that the chirality of the phenylethyl groups
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were measured by pulsed field gradient NMR experiments using
the BPPSTE pulse sequerfcghe diffusion constant for the supra-
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Figure 3. (A) Absorption and (B) CD spectra dft-2, 15-2, 3R, and3%in
TCE (1.0 mM) at ca. 25C.

Figure 4. AFM (A) height and (B) phase images 8t prepared by casting

a dilute solution (4ug mL™%) in TCE on HOPG. (C) The cross-section
profile along the yellow line in the image (A). (D) The magnified image
corresponding to the area indicated by the square in the image (B). (E) A
space-filling drawing of a possible right-handed double helical structure of
the trimer of3R obtained by MM calculatior.

is transferred to the Pt(Il) complex moieties, and accordingly, the
double-stranded metallopolyme38 and 35 adopt an excess one-
handed helical structure in solutiéf.

AFM provided direct evidence for the polymeric structure of
3R. Panels A-D of Figure 4 show typical tapping-mode AFM
images of3R cast from a dilute solution in TCEZF] = 2 uM) on
highly oriented pyrolytic graphite (HOPG). The AFM images
showed that the polymers self-assembled into regular two-
dimensional bundles with a constant height of 1.4'4in.the high-
resolution AFM image (Figure 4D), the bundle structures were
resolved into individual polymerigR chains packed parallel to each
other with a chair-chain spacing of ca. 2.6 nm. Although we could
not identify the helical structure @R, these AFM observations
are in good agreement with the molecular mechanics (MM)-
calculated structure @R (Figure 4E)}* The average length of the
polymers was approximately 100 nm, corresponding to ca. 40
repeating units.

In summary, we have successfully synthesized the first artificial
double-stranded metallosupramolecular helical polymers consisting
of two complementary metallopolymer strands that are intertwined
through chiral amidiniumcarboxylate salt bridges. We believe that
the combination of salt bridges and metal coordination used in this
study can be applied to the construction of a wide variety of
multiple-stranded supramolecules, which is now under investigation
in our laboratory.
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