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ABSTRACT

We describe novel optically active double helices consisting of complementary strands stabilized by amidinium −carboxylate salt bridges. The
m-terphenyl groups of each strand are joined by trans -Pt(II) acetylide complexes with pendant PPh 3 ligands as the surrogate linker, which
converts to cis counterparts by a ligand exchange reaction with cis -1,2-bis(diphenylphosphino)ethylene, resulting in the formation of double
helices with different structures. Subsequent iodine-promoted reductive elimination on the Pt(II) atoms generates the fully organic, enantiomerically
pure double helices.

The helix, a central structural motif for biological macro-
molecules, has inspired synthetic chemists to synthesize
artificial helices.1 In particular, the double helix has attracted
significant attention, since the discovery of the double-

stranded structure of DNA.2 The metal-directed self-assembly
is the most widely used approach to build double-stranded
helices.3 On the other hand, only a few synthetic double
helices have been synthesized by utilizing hydrogen bonds,4

although the hydrogen-bond-driven self-assembly is a com-
mon approach to various kinds of supramolecules.5 We have
recently reported a novel strategy to build artificial double
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helices1‚2 using complementary amidinium-carboxylate
salt bridges to intertwine the two crescent-shaped strands
(Figure 1).6 In this system, the double helical structure and

its helical sense are determined by the crescent-shaped
m-terphenyl ligands and the chiral amidine groups, respec-
tively, so that the diacetylene linkers can be utilized as the
site for introducing new functional groups. In this paper, we
describe the synthesis and in situ structural transformations
of new artificial double helices using Pt(II) acetylide
complexes as surrogate linkers.

Platinum has long been one of the favorite metals in the
field of metal-directed self-assembly.7 In particular, the
Pt(II) acetylide complexes have been increasingly utilized
as building blocks for metal-containing materials because
of their well-defined geometry and photoproperties together
with their synthetic accessibility.8 Recently, Tykwinski and
co-workers reported the trans-to-cis isomerization of Pt(II)
acetylide complexes by ligand exchange reactions.9 In
addition, thecis-Pt(II) acetylide complexes undergo a 1,1-
reductive elimination to form diacetylenes.10 Hence, by
substituting Pt(II) acetylide complexes for the diacetylene
linkers, one can expect that new double helices with an
optical activity containing the organometallic linkers are
constructed and undergo transformations into other double
helices through ligand exchange reactions or reductive
eliminations on the Pt(II) atoms.

The chiral amidine dimers linked by the Pt(II) complexes
(R)- and (S)-3aand3b were prepared according to Scheme
1.11 The monosilylated amidine (R)-56 and its antipode
(S)-56 were allowed to react with PtCl2(PPh3)2 to afford the
trans-Pt(II)-PPh3 amidines (R)-3aand (S)-3a, respectively.

The ligand exchange of (R)-3aand (S)-3awith cis-bis(diphen-
ylphosphino)ethylene (dppee)9 gave the cis-Pt(II)-dppee
diamidine (R)-3b and (S)-3b, respectively. Similarly, the
achiral carboxylic acid dimers linked by Pt(II) complexes
4a and4b were synthesized in high yields starting from the
monosilylated carboxylic acid6.6

Duplex formation of thetrans-Pt(II)-PPh3 diamidine (R)-
or (S)-3aand thetrans-Pt(II)-PPh3 dicarboxylic acid4awas
easily carried out by mixing them in CHCl3 to give the
corresponding duplex (R)- or (S)-3a‚4a(Scheme 2).11 The
formation of the duplex (R)-3a‚4awas confirmed by ESI-
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Figure 1. Artificial double helices1‚2.

Scheme 1. Synthesis of the Strands3 and4

Scheme 2. Synthesis and In Situ Transformations of the
Double Helices3a‚4a,3b‚4b, and1‚2
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MS measurements; the ESI-MS spectrum of a CHCl3 solution
of (R)-3a‚4ashowed signals atm/z 3426.51 and 1713.77
corresponding to [3a‚4a+H]+ and [3a‚4a+2H]2+, respec-
tively. The1H NMR (500 MHz, CDCl3) spectra of (R)- and
(S)-3a‚4a showed that most of the signals were highly
broadened, suggesting that the molecular motion of the du-
plexes is highly restricted probably due to the steric repulsion
of the triphenylphosphine ligands.12 The resonances of the
NH protons were observed as two broad singlets at the low
magnetic field ofδ 12.9 and 12.2 ppm, indicating the forma-
tion of salt bridges.6 The CD spectra of the duplexes (R)-
and (S)-3a‚4ashow intense mirror image CD signals below
400 nm, whereas (R)- and (S)-3aexhibit weak Cotton effects
in this region (Figure 2B). The significant enhancement of

the Cotton effects for the complexes (R)- and (S)-3a‚4a,
especially in thetrans-Pt(II) acetylide complex region (ca.

300-390 nm), indicates that (R)- and (S)-3a‚4a likely adopt
an excess single-handed double helical structure as in the
case of the diacetylene analogues (R)- and (S)-1‚2.6,13

The cis-Pt(II)-dppee duplexes (R)- and (S)-3b‚4b were
similarly prepared from (R)- or (S)-3band 4b in CHCl3
(Scheme 2).11 The ESI-MS spectrum of (R)-3b‚4bshowed
signals atm/z 3170.39 ([3b‚4b+H]+) and 1585.66 ([3b‚
4b+2H]2+), indicating the formation of the duplex (R)-3b‚
4b. In the 1H NMR spectra (500 MHz, CDCl3) of (R)- or
(S)-3b‚4b, most signals are much less broadened than those
of (R)- or (S)-3a‚4a. The low-field signals of the N-H
groups observed atδ 13.2 and 12.9 ppm indicate the
formation of the salt bridges. The absorption spectrum of
the cis-duplex (R)-3b‚4b shows a blue shift of the absorption
in the longer wavelengths compared to that of the trans-
duplex (R)-3a‚4a(Figure 2A), as observed in the case of
thetrans- andcis-Pt(CtCPh)2(PPh3)2 complexes.14 The CD
signals of (R)- and (S)-3b‚4b in the cis-Pt(II) acetylide
complex region (ca. 300-360 nm) were significantly en-
hanced, when compared to the diamidines (R)- and (S)-3b,
suggesting that (R)- and (S)-3b‚4b also take an excess single-
handed double helical structure.13,15

Finally, the in situ structural transformations of the double
helices were investigated (Scheme 2). The (R)-trans-Pt(II)-
PPh3 duplex 3a‚4a was treated with an equimolar amount
of dppee in CDCl3 at ambient temperature, and the reaction
progress was monitored by1H NMR and CD. About 1 h
after the addition of dppee, the ligand exchange was
completed that nearly quantitatively formed the (R)-cis-Pt(II)-
dppee duplex3b‚4b.16 Furthermore, the reductive elimination
of the Pt(dppee) linkers was achieved by treatment with I2.10

Upon the addition of 2 equiv of iodine to a CDCl3 solution
of (R)-3b‚4b at ambient temperature, the reaction was almost
simultaneously completed and the formation of the C-C
coupled product (R)-1‚2 was confirmed by1H NMR and CD
measurements.17 For comparison, (R)-3a‚4awas treated with
iodine in CDCl3 at ambient temperature. However, the
reductive elimination did not proceed at all.18

In summary, we have constructed new artificial double
helices using the Pt(II) acetylide complexes as the surrogate
linkers of the strands. They underwent a nearly quantitative
in situ structural transformation through ligand exchange
reactions on the Pt(II) atoms. Furthermore, the Pt(II) linkers
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Figure 2. (A) UV/vis spectra (0.1 mM, 25°C) of (R)-3a,3a‚4a,
3b, and3b‚4b in CDCl3. (B) CD spectra (0.1 mM, 25°C) of (R)-
and (S)-3a,3a‚4a,3b, and3b‚4b in CDCl3.
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were removed by treatment with iodine to form the “original”
fully organic enantiomerically pure double helices. To the
best of our knowledge, this is the first example of double
helix-to-double helix transformations for artificial double

helices. Further studies to improve the reductive elimination
efficiency of thecis-Pt(II) linkers directed toward polymeric
systems are now in progress.
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