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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(ll) 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-his(diphenylphosphino)ethylene, resulting in the formation of double
helices with different structures. Subsequent iodine-promoted reductive elimination on the Pt(Il) atoms generates the fully organic, enantiomerically

pure double helices.

The helix, a central structural motif for biological macro- stranded structure of DNAThe metal-directed self-assembly

molecules, has inspired synthetic chemists to synthesizeis the most widely used approach to build double-stranded

artificial helicest In particular, the double helix has attracted helices® On the other hand, only a few synthetic double

significant attention, since the discovery of the double- helices have been synthesized by utilizing hydrogen bénds,
T ERATO although the hydrog(_an—bopd—driven self-assembly is a com-
* Nagoya University. mon approach to various kinds of supramolectld& have
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helices1-2 using complementary amidiniurcarboxylate || A

salt bridges to intertwine the two crescent-shaped strands Scheme 1. Synthesis of the Strandsand4
(Figure 1) In this system, the double helical structure and )
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Figure 1. Artificial double helicesl-2. thp\ ’pphz
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its helical sense are determined by the crescent-shaped CHzC'e

m-terphenyl ligands and the chiral amidine groups, respec- R2 ;"I'\’(')Sr (es‘;‘?‘;'Lenylethyl
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(ll) acetylide
complexes as surrogate linkers.

Platinum has long been one of the favorite metals in the
field of metal-directed self-assemblyln particular, the
Pt(ll) 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 accessibilityRecently, Tykwinski and
co-workers reported the trans-to-cis isomerization of Pt(ll)
acetylide complexes by ligand exchange reactforis.
addition, thecis-Pt(ll) acetylide complexes undergo a 1,1-
reductive elimination to form diacetylen&sHence, by
substituting Pt(Il) acetylide complexes for the diacetylene
linkers, one can expect that new double helices with an  Scheme 2. Synthesis and In Situ Transformations of the

The ligand exchange oR}-3aand §)-3awith cis-bis(diphen-
ylphosphino)ethylene (dppéepave the cis-Pt(ll)-dppee
diamidine R)-3b and (S)-3b, respectively. Similarly, the
achiral carboxylic acid dimers linked by Pt(ll) complexes
4a and4b were synthesized in high yields starting from the
monosilylated carboxylic aci@.’

Duplex formation of thaérans-Pt(I)-PPh diamidine (R)-
or (S)3aand thetrans-Pt(I)-PPh dicarboxylic aciddawas
easily carried out by mixing them in CHL to give the
corresponding duplexR)- or (S)-3a-4a(Scheme 2}! The
formation of the duplexR)-3a-4awas confirmed by ESI-

optical activity containing the organometallic linkers are Double Helices3a-4a,3b-4b, and1-2
constructed and undergo transformations into other double 3a+4a

helices through ligand exchange reactions or reductive ¢

eliminations on the Pt(ll) atoms.

The chiral amidine dimers linked by the Pt(Il) complexes ’/,\:P PPha
030

(R)- and (S)-3and3b were prepared according to Scheme H bl

111 The monosilylated amidineRj-5° and its antipode Php PPha vo ab 4 ab
(S)-3 were allowed to react with Pt&PPh), to afford the ; "
trans-Pt(I1)-PPh amidines (R)-3and (S)-3a, respectively. ada dppee ¢
Peh” X ) O
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MS measurements; the ESI-MS spectrum of a GHGlution 300—390 nm), indicates that {Rand ($-3a-4alikely adopt
of (R)-3a-4ashowed signals ain/z 3426.51 and 1713.77 an excess single-handed double helical structure as in the
corresponding toJa-4a+H]" and [3a-4a+2H]", respec- case of the diacetylene analogues (R)- and (S}£-2.
tively. The’H NMR (500 MHz, CDC}) spectra of R)- and The cis-Pt(ll)-dppee duplexes (R)- an&)¢3b-4bwere
(S)-3a-4ashowed that most of the signals were highly similarly prepared from (R)- or (S)-3bnd 4b in CHCl;
broadened, suggesting that the molecular motion of the du-(Scheme 23}! The ESI-MS spectrum ofR)-3b-4b showed
plexes is highly restricted probably due to the steric repulsion signals atm/z 3170.39 ([3b-4b+H]) and 1585.66 ([3b-
of the triphenylphosphine ligand$The resonances of the  4b+2HJ?"), indicating the formation of the dupleR}-3b-
NH protons were observed as two broad singlets at the low 4b. In the'H NMR spectra (500 MHz, CDG) of (R)- or
magnetic field o 12.9 and 12.2 ppm, indicating the forma-  (S)-3b-4b, most signals are much less broadened than those
tion of salt bridge$. The CD spectra of the duplexeR)¢ of (R)- or (S)-3a-4a. The low-field signals of the N—H
and (S)-3a-4ahow intense mirror image CD signals below groups observed ad 13.2 and 12.9 ppm indicate the
400 nm, whereaRR)- and ($-3aexhibit weak Cotton effects  formation of the salt bridges. The absorption spectrum of
in this region (Figure 2B). The significant enhancement of the cis-duplexR)-3b-4b shows a blue shift of the absorption
in the longer wavelengths compared to that of the trans-
_ duplex (R)-3a-4aFigure 2A), as observed in the case of
thetrans andcis-Pt(G=CPh)(PPh), complexes? The CD
* 20 signals of R)- and §)-3b-4bin the cis-Pt(ll) acetylide
{fH304b complex region (ca. 300—360 nm) were significantly en-
/(F?)-3b

hanced, when compared to the diamidin@$- (and (S)-3b,
suggesting thalR)- and §)-3b-4b also take an excess single-
handed double helical structur&'®

Finally, the in situ structural transformations of the double
Py helices were investigated (Scheme 2). TRg-{fans-Pt(Il)-

- PPh duplex3a-4awas treated with an equimolar amount
ai | ka8 - of dppee in CDG at ambient temperature, and the reaction
e :"~_-~.._ e progress was monitored By4 NMR and CD. About 1 h

) after the addition of dppee, the ligand exchange was
0 . - = completed that nearly quantitatively formed tBh-€is-Pt(I1)-
e o o A dppee dupleBb-4b.16 Furthermore, the reductive elimination

Winceghiomn of the Pt(dppee) linkers was achieved by treatment with |

Upon the addition of 2 equiv of iodine to a CDGolution
of (R)-3b-4b at ambient temperature, the reaction was almost
simultaneously completed and the formation of the@
coupled productR)-1-2 was confirmed byH NMR and CD
measurements.For comparison,R)-3a-4awas treated with
iodine in CDC} at ambient temperature. However, the
reductive elimination did not proceed at #ll.

In summary, we have constructed new artificial double
helices using the Pt(Il) 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(ll) atoms. Furthermore, the Pt(ll) linkers
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(13) The Cotton effect intensities 8a-4aand3b-4bin CHCI; showed
almost no temperature dependency betwe&s and—10 °C. In theH
. . NMR spectra of3a-4a and 3b-4b, all the signals did not show splits
Figure 2. (A) UV/is spectra (0.1 mM, 25C) of (R)-3a,3a-4a, attributable to the diastereomeric pairs within the temperature rangs®f
3b, and3b-4bin CDCL. (B) CD spectra (0.1 mM, 25C) of (R)- to —40 °C and thereby it is not possible to quantify the diastereomeric
and (S)-3a3a-4a,3b, and3b-4bin CDCls. excesses of the chiral helices. For the double-stranded helical structures of
3a-4a and 3b-4b optimized by MM calculations, see the Supporting
Information.

(14) (a) Furlani, A.; Licoccia, S.; Russo, M. V.; Chiesi Villa, A.; Guastini,
the Cotton effects for the complexeR)¢ and §)-3a-4a, C. J. Chem. Sog.Dalton Trans.1984, 2197—2206. (b) D’Amato, R.;

; ; _ ; ; Furlani, A.; Colapietro, M.; Portalone, G.; Casalboni, M.; Falconieri, M.;

especially in thetrans-Pt(ll) acetylide complex region (ca. Russo, M. V.J. Organomet. Chen2001,627. 13-22.

(15) However, the CD spectra could not rule out the possibility of
(11) See the Supporting Information for details of the synthesis, a side-on complexation @b-4b, i.e., a mesocate-like duplex formati¥n.

Wavelength / nm

characterization, and structural transformations of the compo8ad3b, (16) The second-order rate constants for the ligand exchange reactions
4a, 4b, 3a-4a, and3b-4b. of 3a,4a, and3a-4awere determined to be 148 1, 180+ 2, and 3.27
(12) The'H NMR spectra of R)-3a-4arecorded in CDGJ showed no 0.01 s*-M~1, respectively. Considering the large decrease in the reaction

concentration dependence from 1.0 down to 0.01 mM. Therefore, it seemsrate for 3a-4atogether with the observation that boBa-4a and 3b-4b
unlikely that the broadening of the spectra comes from the monomeric quantitatively form the duplexes in CH& It seems probable that the ligand
strand—duplex equilibrium of the system. exchange reaction occurs without decomplexation.
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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

(17) The vyield of (R)-1-2was estimated to be 34% B4 NMR and
37% by CD!! These values correspond to ca. 60% yield of the reductive
elimination for each strand.

(18) Itis reported that the cis isomers of some Pt(Il) acetylide complexes
undergo oxidatively induced reductive elimination, whereas the trans isomers
do not. Sato, M.; Mogi, E.; Kumakura, SrganometallicsL995 14, 3157~
3159.

2586

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

Supporting Information Available: The experimental
procedures and the MM calculations of the duple3asta
and3b-4b. This material is available free of charge via the
Internet at http://pubs.acs.org.
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