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Self-assembly of Silver(i) Helicates
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Treatment of the oligobipyridine ligands containing three, four, and five bipyridine units with silver triflate
(trifluoromethanesulphonate) yields the trinuclear, tetranuclear, and pentanuclear silver helicates.

Self-assembly is a process by which organized supramolecular
structures are spontaneously generated from their component
molecular parts in high yield and specificity. Prominent
biological examples! are double-helix formation of nucleic
acids? and self-assembly of viral protein coats.3 A system
based on oligobipyridine ligands has been designed, where
co-ordination of copper(1) ions spontaneously produces com-
plexes of double helical geometry, the helicates.*5 In order to
delineate the features of the driving force leading to helicate
self-assembly, it is of importance to determine whether all
metal ions that tetrahedrally co-ordinate two bipyridines will
act as templates.

We have now found that complexation of the silver(1) ion
functions perfectly in helix self-assembly. This is interesting in
that silver(1) binding to bipyridine (bipy) is much less strong
and selective than that of Cul. The formation constant for
Ag(bipy),* is approximately one-half¢ that for Cu(bipy),* and
the 60% larger Ag! ion’ is known to prefer two over four
co-ordination, often producing polymers with chelating
ligands.® It has been reported that related ligands did not
produce double-helices when they were allowed to react with
Agl, but rather formed mononuclear, near-planar com-
plexes.®

The present complexes were synthesized in one step in the
following manner: to an acetonitrile suspension of the
bipyridine ligand (1), (2), or (3),45 in the dark, was added a
10% excess of silver(1) triflate (trifluoromethanesulphonate)
in acetonitrile. After all the ligand had dissolved, the product
was precipitated with ether, yielding a white powder. Three
compounds have been obtained, trinuclear [Ag;(BP3),]Xs,
tetranuclear [Ag4(BP4),]Xs, and pentanuclear
[Ags(BPs),]Xs, (X = CF3SOs3).% In all three cases similar
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t Selected spectroscopic data: for [Ags(BPs3),](CF3S03);: 'TH NMR
(CD;CN): & 2.35 (s, CH3), 3.90—4.15 (m, CH,~-O-CHy), 6.81 (d,
bipy), 6.95 (d, bipy), 7.40—8.05 (m, bipy). FAB MS: m/z 1783.1
{[Ag3(BP3)2 (CF3S03)2]*}, isotope pattern consistent.

For [Ag4(BP4);](CF3S03),: 'H NMR (CD;CN): 6 2.30 (s, CH3),
3.75—4.10 (m, CH,-O-CH,), 6.75 (t, bipy), 6.92 (d, bipy), 7.35—
8.05 (m, bipy). FAB MS: m/z 2435.2 {[Ags(BP,)(CF3503);]*},
isotope pattern consistent.

For [Ags(BPs),;](CF3SO3)s: 'H NMR (CD;CN): 6 2.30 (s, CH3),
3.70—4.15 (m, CH,-O-CH,), 6.70 (t, bipy), 6.90 (d, bipy), 7.40—
8.05 (m, bipy). FAB MS: m/z 3089.9 {[Ags(BPs),(CF3SO3)4]*},
isotope pattern consistent.

characteristic proton NMR patterns are observed upon
complexation that, by analogy with the Cu! results,5 point to
double helical structures in which two molecular strands are
wrapped around three, four, and five metal ions respectively.
A schematic representation of the trihelicate is given in Figure
2(a). The TH NMR spectrum of [Ags(BPs),]Xs is shown in
Figure 1. The signals of the methylene groups « to the ether
oxygen shift upfield by about 1 ppm and split into overlapping
AB patterns, which unlike the Cu! case are not fully resolved.
The CHj; signal also shifts upfield by about 0.3 ppm. The
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Figure 1. 'H NMR (400 MHz) spectra of (a) BPs in [2HgJacetone +
10% CF3C02D, and (b) [AgS(BPS)z] (CF}SOg)S in CDgCN The CH3
signals at 2.6 and 2.3, respectively, are not shown.
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Figure 2. Views from the structural study of [Ags;(BP3),)(CF3S0s)s:
(a) schematic representation of a trinuclear double helicate;
(b) ORTEP plot, the spheres represent 20% probability;
(c) MOLDRAW plot with radii criteria, giving a space filling model.

pyridine resonances give a complicated overlapping pattern,
from 6.6 to 8.1 ppm.

X-Ray quality crystals of [Agi(BP3),](CF3;S0;3); were
obtained by vapour diffusion of diethyl ether into acetonitrile
solutions. The structure analysis,§ of which two views are
shown in Figure 2, clearly demonstrates a trinuclear double
helix 9.8 A wide and 20 A long. The Ag-N distances vary from
2.26(1) to 2.42(1) A with a distorted tetrahedral geometry
around Agl. The intrapyridine N-Ag-N angles vary from

§ Crystal data: C;sHeyAgsFgN1,015S3, M = 1932.2, triclinic, space
group P1, a = 17.125(6), b = 17.654(6), ¢ = 13.522(4) A, o =
102.39(2), B = 98.59(2), y = 91.59(2)°, U = 3940.3 A3, Z =2, D, =
1.63 g cm~3, monochromated Cu-K, radiation, A = 1.5405 A, =
75.464 cm~!. Data were collected on a Philips PW 1100/16 diffrac-
tometer. A total of 9003 reflections were measured in the range 3 < 6
< 52.5°and * h + k + [, and 5880 reflections with 7 > 30 were used in
the refinement. An empirical absorption correction was made 0.58
min., 1.21 max. There was no crystal decay. The structure was solved
by the Patterson method and refined by full-matrix least-squares and
AF map techniques. The weighting scheme was w = 4F.2/02(F.2),
0%(Fo?) = 0%0ums + (PI)?, p = 0.08 and the final residuals were R =
0.070, Ry, = 0.097, G.O.F. = 1.88. Atomic co-ordinates, bond lengths
and angles, and thermal parameters have been deposited at the
Cambridge Crystallographic Data Centre. See Notice to Authors,
Issue No. 1.
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70.3(3) to 72.6(4)° and the interpyridine N-Ag-N angles from
114.8(3) to 138.7(4)°. The bipyridines themselves are not
planar and dihedral angles between the pyridine moieties
range from 4.6—21.4°. These variations produce a helix that is
not regular, but bent. The Ag-Ag-Ag angle is 141.82(2)° and
the two silver to silver distances differ by 0.485 A.

Physicochemical studies on these compounds have yielded
interesting preliminary results. Formation of the helices is
apparently a co-operative reaction as the product is uniquely
formed when silver is titrated into ligand solutions. No
by-products are found. Further, when the silver double helix is
heated with excess ligand, the NMR peak corresponding to
the complex disappears and the free ligand peak increases,
before coalescence is reached. This indicates that dissociation
occurs while ligand exchange is still slow on the NMR time
scale. Further studies are in progress in order to gain more
insight into the thermodynamic and kinetic features of the
self-assembly process.

We thank Raymond Hueber for the FAB spectra, and
Patrick Maltese and Roland Graff for help with the NMR
studies. We gratefully acknowledge postdoctoral support from
the National Science Foundation (grant number INT-8809307
to T. M. G.), and the Fonds der Chemischen Industrie (to
U. K)).

Received, 6th December 1989; Com. 9/05205D

References

1 B. Alberts, D. Bray, J. Lewis, M. Raff, K. Roberts, and J. D.
Watson, ‘Molecular Biology of the Cell,” Garland, New York, 1983,
pp. 121—127.

2 W. Saenger, ‘Principles of Nucleic Acid Structure,” Springer-
Verlag, New York, 1984, pp. 141—143.

3 H. Fraenkel-Conrat and R. C. Williams, Proc. Natl. Acad. Sci.
USA, 1955, 41, 690; A. Klug, Angew. Chem., Int. Ed. Engl., 1983,
22, 565.

4 J.-M. Lehn, A. Rigault, J. Siegel, J. Harrowfield, B. Chevrier, and
D. Moras, Proc. Natl. Acad. Sci. USA, 1987, 84, 2565.

5 J.-M. Lehn and A. Rigault, Angew. Chem., Int. Ed. Engl., 1988,
27, 1095.

6 A. E. Martell and R. M. Smith, ‘Critical Stability Constants,’
Plenum, New York, 1982, vol. II, p. 236.

7 R. D. Shannon, Acta Crystallogr., Sect. A, 1976, 32, 751.

8 F. A. Cotton and G. Wilkinson, ‘Advanced Inorganic Chemistry,’
4th edn., Wiley, New York, 1980, p. 970; N. N. Greenwood and A.
Earnshaw, ‘Chemistry of the Elements,” Pergamon, Oxford, 1986,
p. 1389.

9 E. C. Constable, M. G. B. Drew, G. Forsyth, and M. D. Ward,
J. Chem. Soc., Chem. Commun., 1988, 1450.






