FULL PAPER

Synthesis and Properties of Silver(I) and Copper(I) Helicates with

Imine-Bridged Oligobipyridine Ligands
Regine Stiller'*! and Jean-Marie Lehn*

Institut Le Bel, Universite Louis Pasteur,
4, rue Blaise Pascal, F-67000 Strasbourg, France

Received February 12, 1998

Keywords: Helicates / Oligobipyridine ligands / Self-recognition / NMR titration / Self-assembly

Oligobipyridine ligands containing one or two imine bridges
were found to form double helicates by treatment with
copper(l) or silver(I). The properties of the complexes are
similar to those of oxapropylene-bridged oligobipyridines.

Titration of a mixture of the bis(bipyridine) and the
tris(bipyridine) ligands with silver(l) hexafluorophosphate
showed that helicates formed with strict self-recognition.

In recent years, the design and study of properties of
double and triple helical complexes organized by self-as-
sembly of two or three ligand strands and metal ions to the
so-called helicates have been subject to detailed investi-
gations. [NPIBIMIBIOITEL The architectural information is
found in the matching between the ligand binding sites and
the stereochemical preferences of the metal ion. Com-
plexation of oligo-bidentate strands with tetrahedrally or
octahedrally coordinating ions leads respectively to double
or triple helicesPIBIHMBIIIBIOI On the other hand, oligo-
tridentate strands give double or triple helices with octa-
hedrally or nine coordinated ionsPPIIOI The helicate
formation with oligobipyridine ligands was found to occur
with positive cooperativity['?, self-recognition and self/non-
self-discrimination.[1®) In the case of oligobipyridine li-
gands, spacers are introduced which separate the different
metal-binding centers and dispose them in a suitable way
for formation of multinuclear complexes. The features
(length, flexibility, constitution) of the spacer separating the
2,2'-bipyridines (bpy) should be such as to allow the helical
arrangement around metal ions but hinder the coordination
of several binding units to the same metal ion by back-
folding of the strand. Several spacers have been tested so
far, of which the oxapropylene bridge (CH,—O—CH,) was
the most studied.[MZB] The analogous bridge
(CH,—S—CH,) did not allow helicate formation perhaps
due to the competition of sulfur for Cu! binding.!'*! The
ethylene bridge (CH,—CH,) permits helicate formation
with Cu!l'415] whereas the unsaturated bridge (CH=CH)
does not because of its rigidity.['®! In continuation of these
studies, we report here on the syntheses of two novel oligo-
bipyridine strands 1 and 2 with imine bridges. These ligands
contain a rigid double bond and a nitrogen atom as poten-
tially competing binding site, so that it has first to be shown
whether helicate formation does occur. This —CH=N-
bridge can easily be formed from monomer bpy units bear-
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ing amine and aldehyde functional groups in a reversible
reaction, thus opening the way to the design of a system
which might display self-generation and self-replicating
properties.

Synthesis of the Oligobipyridine Ligands 1 and 2

The synthetic precursors for the formation of ligands 1
and 2 were all obtained from 6,6'-dimethyl-2,2'-bipyridine
3 (Scheme 1). After radical NBS bromination to 4 followed
by amination with hexamethylene tetramine!!71!8] the sym-
metrical diamine 5 was obtained. For the monosubstituted
precursors 10 and 11, another strategy proved to be more
practical. Compound 3 was unsymmetrically functionalized
by N-oxidation with meta-chloroperbenzoic acid!'®! fol-
lowed by rearrangement to acetate 6 and hydrolysis to
monoalcohol 7, which, after activation as monomesylate 8,
was converted into monobromide 9.1 The monobromide 9
was then converted into the monoamine 10 with hexameth-
ylene tetramine. Alcohol 7 was also oxidized to monoal-
dehyde 11 under Swern conditions. The ligand synthesis
was completed by Schiff base formation between the
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monoaldehyde 11 and either monoamine 10 or diamine 5
to form the dimer 1 or the trimer 2, respectively.

Scheme 1. Synthesis of the oligobipyridine ligands 1 and 2
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Formation of the Helicates 1-H and 2-H with Ag'

The helicate complexes of ligands 1 and 2 were formed in
situ by stoichiometric addition of the Ag! salt to the ligands
dissolved in CD,Cl, with a minimal amount of CD;CN.
Their helical structure was proved by 500-MHz NMR and
2-dimensional H,H-correlated 'H-NMR spectroscopy
(COSY). In line with earlier observations!1P! helicate for-
mation results in characteristic changes in the NMR spec-
trum compared to that of the free ligands 1 and 2. Shifts
to lower & values are observed for the methylene, imine, and
methyl protons in the range of 6 = 0.6—0.8. As a result of
helicate formation, the singlet for the methylene protons of
the free ligand is split into an AB system (J = 18 Hz) be-
cause these protons are no longer equivalent in the com-
plex. Furthermore, the singlet for the imine proton is also
shifted to smaller & values and now overlaps with the sig-
nals of the aromatic ring protons (compare Figure 3).

The self-assembly of the silver(I) helicates 1-H and 2-H
was investigated by NMR titration experiments, which were
performed by progressively adding a solution of AgPFg in
CD,Cl,/CDsCN (1:1) to a solution of the ligand in CD,Cl,
(spectra not shown, compare Figure 3). For trimer 2, the
following changes in the NMR spectrum were observed.
Immediately after addition of only 0.28 equiv. of Ag' with
respect to binding sites, the A, system of the methylene pro-
tons splits into an AB system typical for helicity. Also, the
aromatic peaks are significantly shifted up-field. With
further addition of Ag', the AB pattern is still present, and
even with an excess of Ag! the helix is not destroyed. The
dimer helicate is not as stable as the trimer helicate. Ti-
trations of dimer 1 with AgPF¢ solution show that in the
range of 0.2—0.9 equiv. of Ag' added, the spectrum only
consists of broad signals resulting from fast exchanges. The
AB system only appears after addition of exactly one equiv.
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of Agl. On further titration, this signal rapidly converges
into an A, signal which is shifted upfield (ca 0.7 ppm) com-
pared to the free ligand, indicating that a species different
from the helicate or the free ligand is formed. These obser-
vations can be explained by dissociation of the helicate
structure and fast ligand exchange with the complex(es)
formed. This agrees with the following observations: (1) in
the new species, the methylene protons give again only an
A, signal; (2) the imine proton is no longer shielded by the
pyridine rings of the second strand, indeed a singlet at 6 =
8.35 appears which can be assigned to the imine proton; (3)
on further addition of Ag' the spectrum does not change.

Spectral and Thermodynamic Properties of the Copper(I)
Helicates

The UV spectra of the colorless ligands 1 and 2 in di-
chloromethane as well as their monomers 5, 10, and 11 dis-
play two intense absorptions around 240 nm and 300 nm
attributed to my—mn* and m;—n* by comparison with 2,2'-
bipyridine.?) Upon complexation with Cu' ions, the
n,—7* band is split into several bands and the m;—n* band
is slightly red-shifted. Most significant is the appearance of
a new band near 450 nm, which is responsible for the red
color of the complexes. It can be assigned to MLCT
(Cu'—n*) transitions typical for pseudotetrahedral
[Cu(a,a’-diimine),] " chromophores.*!]

Figure 1. UV spectra for the titration of the bis(bipyridine) ligand
1 with [Cu(CH3CN)4](PFy) in dichloromethane; the amount of salt
added increases from 1 to 19
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Figure 1 displays the UV spectra of the titration of dimer
1 with [Cu(CH3CN)4](PFg). Two isosbestic points can be
distinguished at 299 nm and 273 nm. This indicates that
either only two main products exist in solution or that
eventual intermediates have the same molar extinction coef-
ficient €. With increasing Cu' concentration, the bands for
the m—n* transitions are red-shifted because of complex
formation. The absorbance diagram (not shown) for the
MLCT band indicates that the final level is reached at a
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ratio ¢p/cr. = 1, which corresponds to equivalency for helic-
ate formation.

The data obtained from the titration spectra were used
for the determination of the binding constants with the LE-
TAGROP-SPEFO program.[!?2l This program allows the
calculation of the binding constants f,,, for each species
M,,L; of a proposed model in a non-linear best fit of spec-
trophotometric data. For the dimer, the following equilibria
should be considered:

M+ L = ML
ML+L = ML,
ML, +M = ML,

The first equilibrium was neglected as its inclusion did
not yield satisfactory results. This is reasonable since the
formation of a 1:1 complex is unlikely for steric reasons.
The log B,y values calculated are in good agreement with
those determined for a 4,4’-substituted dimer: 2

log B2 = 9.1
log Bzz 13.05

M+ 2L =
2M +2L =

ML,
ML,

Titration spectra for the trimer 2 are given in Figure 2.
An isosbestic point is found at 273 nm. It should be noted
that the absorbance at 450 nm first increases with the con-
centration of Cu! as the trimer helicate is formed, but with
an excess of more than 1.35 equiv. of Cul, it sinks again
indicating the destruction of the helicate. This differs from
the results obtained for NMR titrations with Ag' (see
above) and may be related to the higher stability of Cu!
versus Ag! helicates. The ¢ value of the m;—n* transition
decreases much more than in the case of the dimer, and a
shoulder develops at 313 nm.

Figure 2. UV spectra for the titration of the tris(bipyridine) ligand
2 with [Cu(CH3;CN),](PFg) in dichloromethane; the amount of salt
added increases from 1 to 19
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Self-Recognition in the Self-Assembly of the Helicates 1-H
and 2-H

It has been found earlier that helicate formation from
mixtures of oligobipyridine ligands occurs with self-recog-

Eur. J. Inorg. Chem. 1998, 977—982

Figure 3. 200-MHz 'H-NMR spectra for the titration of ligands 1

and 2 in CD,Cl, with AgPFg in CD,Cl,/CDsCN (1:1); signals as-

cribed to the dimer are identified by 1, those of the trimer by 2;

the following equivalents of Ag' were added: A—E: 0, 0.2, 0.61,
0.75, 1 equiv. with respect to bipyridine binding sites
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nition, each strand assembling with an identical partner.[]
In order to investigate whether this was also the case with
the present ligands 1 and 2, we performed a competition
experiment by titrating mixtures of the two compounds. In
a vernier mechanism 23 two complementary components
differing in length aggregate to give linear side-by-side ad-
ducts; growth may then continue until the tips of the adjac-
ent aggregates are in register. According to this model, an
aggregate of 2 trimers, 3 dimers, and 6 Ag' ions would form,
whereas self-recognition of identical ligands leads to two
individual helicate species. A mixture of 1.5 equiv. of dimer
1 and 1 equiv. of trimer 2 in CD,Cl, was titrated with a
solution of AgPFy in CD,Cl,/CDs;CN (1:1) and the ti-
tration was followed by recording the 200-MHz 'H-NMR
spectra (Figure 3). In agreement with titrations of the indi-
vidual ligands, the singlet for the methylene protons col-
lapsed to a broad signal immediately after addition of Ag'.
At low salt concentration, all signals were broad and badly
resolved due to fast exchange. After addition of ca. 0.5
equiv. Ag' per binding site, helicate formation can be antici-
pated, and indeed with 0.6 equiv. Ag' added, two individual
AB systems corresponding to the dimer and trimer helicates
were clearly resolved. These titration NMR spectra (Figure
3) combine the features of the individual titration spectra
indicating strict self-recognition as no new species are
found. A polymer resulting from the vernier mechanism
would be destabilised by steric interaction in the center of
the structure between the methyl groups. On the other
hand, its formation is entropically disfavored as the number
of particles formed is smaller than in the case of a mixture
of helicates. This agrees with the previous results where self-
recognition in helicate formation with (CH,—O—CH,)-
bridged oligobipyridine ligands was observed.”! The ability
to form helicates as well as to perform self-recognition
make imine-bridged oligobipyridine strands potential can-
didates for setting up systems displaying self-generation and
self-replication processes. ]

We thank the Alexander von Humboldt Stiftung for a Feodor
Lynen stipend to R. S. as well as the CNRS (URA422) and the
College de France for financial support. We are also grateful to
Dr. Annie Marquis for her help in some experiments and measure-
ments and for the binding constants computations.

Experimental Section

General: All solvents were freshly distilled: chloroform from
CaCl,; acetonitrile and DMSO from CaH,; dichloromethane, CCl,
and TEA from P,Os; toluene from Na; THF from Na/benzo-
phenone. Ethyl acetate and solvents used for imine syntheses and
UV experiments were filtered through basic alumina before use.
Reagents were used without further purification unless otherwise
noted. AgPF4s was obtained from Merck. [Cu(CH3;CN),4]PFq,
[Cu(CH;CN),4]BF, and [Cu(CH;CN)4]ClO,4 were prepared accord-
ing to a literature procedure.”*! — M.p. (uncorrected): Digital melt-
ing-point apparatus (Electrothermal). — UV/Vis: Cary 13 spec-
trometer. — NMR: Bruker AC-200 and Bruker ARX 500; chemical
shifts in ppm rel. to TMS (8 = 0). — 6-Bromo-2-picoline!>], 6,6'-
dimethyl-2,2'-bipyridine[?! (3), 6,6’-bis(bromomethyl)-2,2’-bipyri-
dine (4)27, 6,6'-bis(aminomethyl)-2,2'-bipyridine  (5)1%1,  6-
(hydroxymethyl)-6'-methyl-2,2-bipyridine (7)), 6-(bromometh-
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yl)-6’-methyl-2,2'-bipyridine (9)/*%! were prepared according to lit-
erature procedures. Crude monoalcohol 7 was further purified by
chromatography [alumina; A: dichloromethane; B: dichlorometh-
ane/2% methanol; elution procedure: 700 ml of A, followed by 400
ml of A/B (3:1), followed by 300 ml of A/B (2:1)]. In some cases,
crude 7 was partitioned between water (pH = 2—3) and chloro-
form/hexane (1:1). The water phase containing 7 was neutralized
with NaHCO; and extracted with chloroform. The organic layer
was then dried with Na,SO, and concentrated.

Bis(bipyridine) Ligand 1: 30 mg (0.15 mmol) of monoamine 10
was suspended in 1 ml of acetonitrile. A solution of 30 mg (0.15
mmol) of monoaldehyde 11 in 1 ml of acetonitrile was added
slowly. Immediately, a white precipitate formed. The mixture was
stirred at room temp. under argon for 2 h. The white precipitate
was centrifuged off, washed with acetonitrile, again centrifuged,
and dried under vacuum yielding 46 mg of 1 (0.12 mmol, 80%) as
a white solid, m.p. 181—182°C. — C,4H, N5 (379.18): caled. C
75.97, H 5.58, N 18.46; found C 76.22, H 5.83. — FAB-MS: m/z
caled. for M™: 379.18; found for MH™: 380.1; EI-MS: M*: 379.2.
— TH NMR (500 MHz, CD,Cl,): § = 8.69 (s, 1 H, imine-H), 8.48
(d, 1 H, aromatic-3"), 8.33 (d, 1 H, aromatic-3'"), 8.30 (d, 1 H,
aromatic-3"), 8.26 (d, 1 H, aromatic-3'V) 8.11 (d, 1 H, aromatic-
5, 7.89 (t, 1 H, aromatic-4"), 7.82 (t, 1 H, aromatic-4'""), 7.73 (t,
1 H, aromatic-4"), 7.70 (t, 1 H, aromatic-4'V), 7.44 (d, 1 H, aro-
matic-5"""), 7.21 (d, 1 H, aromatic-5"), 7.18 (d, 1 H, aromatic-5'V),
5.09 (s, 2 H, CH,), 2.61 (s, 3 H, CH3), 2.60 (s, 3 H, CH'3). — 13C
NMR (50.3 MHz, CDCl;): 6 = 164.64 (imine-C), 158.38, 158.11,
157.95, 156.30, 156.12, 155.27, 154.13, (8 C-C); 137.55, 137.49,
137.21, 137.11, 123.55, 123.29, 122.41, 122.16, 121.02, 119.62,
118.40, 118.26 (12 C-H); 66.78 (CH,); 24.76 (CH3). — UV/Vis di-
chloromethane/acetonitrile (2:1)]: Apnax (Ig €) = 290 nm (4.55), 233
(4.46); shoulder (Ig €) = 301 nm (4.41), 246 nm (4.30).

Tris(bipyridine) Ligand 2: 50 mg (0.23 mmol) of diamine 5 was
suspended in 2 ml of acetonitrile. A solution of 93 mg (0.47 mmol)
of monoaldehyde 11, dissolved in 3 ml of acetonitrile, was added.
The mixture was stirred for 2 h under argon at room temp. The
white precipitate was centrifuged off, washed with acetonitrile,
again centrifuged and dried under vacuum yielding 96 mg of 2
(0.17 mmol, 72%) as a white solid, m.p. 186—188°C. — C35H3oNg
(574.69): caled. C 75.24, H 5.26, N 19.50; found C 74.21, H 5.25,
N 19.50. — FAB-MS: m/z calcd. for M™": 574.3; found for MH*:
575.1. — 'H NMR (500 MHz, CD,Cl,): § = 8.70 (s, 2 H, imine-
H), 8.49 (dd, 2 H, aromatic-3"), 8.39 (d, 2 H, aromatic-3'"), 8.31
(d, 2 H, aromatic-3"), 8.12 (dd, 2 H, aromatic-5'"), 7.90 (t, 2 H,
aromatic-4'"), 7.84 (t, 2 H, aromatic-4'"), 7.74 (t, 2 H, aromatic-
4h, 7.47 (d, 2 H, aromatic-5"""), 7.21 (d, 2 H, aromatic-5"), 5.11 (d,
4 H, CH,), 2.62 (s, 6 H, CH3). — '3C NMR (50.3 MHz, CDCl;):
§ = 164.67 (imine-C), 158.34 (C-C), 137.49, 137.18, 123.52, 122.41,
122.29, 121.00, 119.72, 118.25 (C-H), 66.74 (CH,), 24.72 (CH,).
UV/Vis (dichloromethane): L., (Ig €) = 291 nm (4.68); shoulder
(Ig &) = 303 nm (4.55), 247 (4.50).

6-Aminomethyl-6"-methyl-2,2'-bipyridine (10): 0.81 g (5.8 mmol)
of hexamethylenetetramine was stirred at 40°C in 12 ml of chloro-
form until everything was dissolved. A solution of 1.32 g (5.6
mmol) of 6-(bromomethyl)-6'-methyl-2,2’-bipyridine (9) in 10 ml
of chloroform was added slowly. A white precipitate formed im-
mediately. The addition funnel was washed with 3 ml of chloroform
and the mixture was refluxed for 2 h. After cooling to room temp.,
the precipitate was filtered and dried. The solid was refluxed for 2
h at 70°C with a mixture of 11 ml of ethanol, 1.5 ml of water, and
1.5 ml of conc. HCI. The solution was left in a refrigerator over-
night. The precipitate was filtered off, the filtrate was concentrated
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to give more precipitate. The solids were dried under vacuum, redis-
solved in a minimal amount of water and adjusted to pH = 13 with
6 N NaOH. The water phase was extracted with dichloromethane (3
X 50 ml), the organic phase was dried with Na,SO,, concentrated
and dried under vacuum yielding 0.33 g 10 (1.7 mmol, 30%) as a
yellow solid. — TLC (Al,O3; dichloromethane/2% methanol): Ry =
0.10. — 'H NMR (200 MHz, CDCl;): § = 8.28 (d, 1 H, aromatic
H), 8.24 (d, 1 H, aromatic H), 7.76 (t, 1 H, aromatic H), 7.69 (t, 1
H, aromatic H), 7.25 (d, 1 H, aromatic H) 7.16 (d, 1 H, aromatic
H), 4.04 (s, 2 H, CH,), 2.63 (s, 3 H, CH;), 1.73 (s, NH,). — UV/
Vis (dichloromethane): . (Ig €) = 239 nm (4.13), 292 (4.34);
shoulder (Ig €) = 245 nm (4.11), 283 (4.27), 301 (4.20).

6-Methyl-2,2'-bipyridine-6'-carbaldehyde (11): A solution of 2.5
ml of freshly distilled oxalyl chloride in 30 ml of dichloromethane
was cooled to —60°C. A mixture of 1.5 ml of DMSO in 6 ml of
dichloromethane was added in 10 min and it was stirred for another
10 min at —60°C. A solution of 1.48 g of highly purified 6-hydroxy-
methyl-6"-methyl-2,2"-bipyridine (7) in 12 ml of dichloromethane
was added slowly, keeping the temperature at —60°C. The mixture
was stirred for 30 min at that temperature. Then, 7.5 ml of TEA
was added slowly. After the addition was complete, the mixture was
warmed up to room temp. and 30 min later 60 ml of water was
added. The organic phase was separated and the water was ex-
tracted with dichloromethane (2 X 40 ml). The combined organic
phases were washed with 50 ml of brine, dried with Na,SO,, and
concentrated. The residue was chromatographed [silica gel (2 X 14
cm); A: dichloromethane; B: dichloromethane/2% TEA/2% meth-
anol; elution procedure: 300 ml of A followed by 200 ml of A/B
(9:1)]. Recrystallization from ethanol gave 0.31 g of 11 (1.56 mmol,
21%), cream colored solid, m.p. 135—136°C. — TLC (Al,O3; di-
chloromethane/1% methanol): Ry = 0.66. — 'H NMR (200 MHz,
CDCl3): 6 = 10.16 (s, 1 H, CHO), 8.68 (dd, 1 H, aromatic H), 8.34
(d, 1 H, aromatic H), 7.98 (m, 2 H, aromatic H), 7.75 (t, 1 H,
aromatic H), 7.22 (d, 1 H, aromatic H), 2.66 (s, 3 H, CH5). — UV/
Vis (dichloromethane): A, (Ig €) = 287 nm (4.08), 229 (4.15);
shoulder (Ig €) = 299 nm (3.92), 253 (3.86).

General Procedure for the Preparation of the Helicate Complexes:
Solvents were freshly distilled and filtered through a column of
basic alumina and molcular sieves (4 A) before use. Copper(I) salts
and silver(I) salts were dissolved in dichloromethane/acetonitrile
(1:1). They were stable in solution for several weeks. Complexes
were prepared by mixing a solution of the ligand in dichlorometh-
ane and adding the proper amount of salt solution (usually 0.5
equivalents per binding site). The complexes were characterized by
UV and NMR.

Complexes of the Bis(bipyridine) Ligand 1

[Cus(1),](ClO4),: UV/Vis (dichloromethane): L., (Ig €) = 450
nm (3.81), 302 (4.74), 263 (4.62); shoulder (Ig €) = 317 nm (4.62).
— FAB-MS: caled. for Cu4sH4»CICu,N;oOy4: 983.17; found for
{[Cu,(1),](ClO4} *: 985.2. — '"H NMR (200 MHz, CD,Cl,): 6 =
8.55 (d, 1 H, aromatic H), 8.47 (d, 1 H, aromatic H), 8.41 (d, 1 H,
aromatic H), 8.24 (d, 1 H, aromatic H), 8.19 (t, 1 H, aromatic H),
8.08 (t, 1 H, aromatic H), 7.96 (t, 1 H, aromatic H), 7.62 (m, 2 H,
aromatic H), 7.49 (t, 1 H, aromatic H), 7.36 (d, 1 H, aromatic H),
6.90 (d, 1 H, aromatic H), 4.57 (dd, 1 H, CH,), 4.32 (dd, 1 H,
CH'»), 2.15 (s, 3 H, CH3), 1.88 (s, 3 H, CH'5).

[Cu>(1),](PFs),: UV/Vis (dichloromethane): A, (Ig €) = 451
nm (4.01), 301 (4.84), 267 (4.68), 231 (4.77); shoulder (Ig &) = 317
nm (4.66).

[Ag>(1)5](PFy)>: "H NMR (500 MHz, CD5Cl,): & = 8.19 (d, 1
H, aromatic-3'V), 8.01 (s, 1 H, imine-H), ca. 8.01 (t, 1 H, aromatic-
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4y 7.99 (d, 1 H, aromatic-3"), ca. 7.90 (d, 1 H, aromatic-3"), ca.
7.87 (t, 1 H, aromatic-4'"), ca. 7.82 (d, 1 H, aromatic-3""), ca. 7.81
(t, 1 H, aromatic-4'), 7.52 (t, 1 H, aromatic-4""), 7.36 (d, 1 H,
aromatic-5"), 7.21 (d, 1 H, aromatic-5"), 7.16 (d, 1 H, aromatic-
51V), 6.84 (d, 1 H, aromatic-5"), 4.46 (d, 1 H, CH,), 4.17 (d, 1 H,
CH'»), 2.33 (s, 6 H, CH;). — FAB-MS: caled. for [Ag(1),](PF¢)*:
1117.1; found: 1118.7; calcd. for [Ag>(1)-]>": 972.1; found: 973.8.

[Ag>(1)5](Tf)>: "H NMR (200 MHz, CD,Cl,): § = 8.20 (d, 1
H, aromatic-3'Y), ca. 8.01 (m, 3 H, aromatic H/imine-H), ca. 7.87
(m, 4 H, aromatic H), 7.52 (t, 1 H, aromatic-4""), 7.42 (d, 1 H,
aromatic-5"), 7.20 (d, 1 H, aromatic-5"), 7.15 (d, 1 H, aromatic-
5V), 6.84 (d, 1 H, aromatic-5'""), 4.47 (d, 1 H, CHs,), 4.15 (d, 1 H,
CH'»), 2.34 (s, 6 H, CH53).

Complexes of the Tris(bipyridine) Ligand 2

[Cus(2),](ClO,)s: UV/Vis (dichloromethane): A, (Ig €) = 450
nm (3.78), 302 (4.71); shoulder (Ig €) = 313 nm (4.66), 260 (4.68).
— FAB-MS: calcd. for M™ (C7,HgoCl3Cu3N,40g): 1634.15; found
1638.2. — '"H NMR [200 MHz, CD,Cl,/CD;CN (1:1)]: 8 = ca. 8.49
(d, aromatic H), ca. 8.14 (m, aromatic H), ca. 8.00 (m, aromatic
H), ca. 7.88 (m, aromatic H), 7.62 (t, aromatic H) 7.51 (m, aromatic
H), 7.32 (t, aromatic H), 7.16 (d, aromatic H), 7.00 (d, aromatic H),
6.81 (d, aromatic H), 4.12 (d, CH>), 3.98 (d, CH';), 1.95 (s, CH3).

[Cus(2),]( PFs)s: UV/Vis (dichloromethane): A, (Ig €) = 451
nm (4.03)t 302 (4.80), 231 (4.87); shoulder (Ig €) = 313 nm (4.75),
260 (4.74).

[Ag5(2)5](PFs)5: "H NMR (500 MHz, CD,Cl,): 8.07 (d, 1 H,
aromatic-3"), 7.93 (s, 1 H, imine-H), ca. 7.88 (t, 1 H, aromatic-4'),
7.86 (d, 1 H, aromatic-3'), 7.65 (t, 1 H, aromatic-4"), ca. 7.61 (d,
1 H, aromatic-3""), 7.47 (t, 1 H, aromatic-4'""), 7.13 (d, 1 H, aro-
matic-5"), 7.02 (d, 1 H, aromatic-5'), 6.74 (d, 1 H, aromatic-5'),
4.44 (d, 1 H, CH,), 432 (dd, 1 H, CH"), ca. 1.96 (s, 6 H, CH.,).
— FAB-MS: caled. for [Ags(2),](PFe),": 1762.9, found: 1763.1;
caled. for {[Ags;(2),](PFg)}2*: 1614.2, found: 1617.2; calcd. for
[Ags(2),]>": 1469.2, found: 1471.2.

Titration of Ligand 1 with Ag': 2 mg of dimer 1 (5.3 umol) was
weighed into an NMR tube and dissolved in 0.5 ml of CD,Cl,.
The solution was then titrated with a 0.125 m AgPF¢ solution.
NMR spectra were recorded with 70 scans after addition of 7 pl
(0.17 equiv.), 14 pl (0.33 equiv.), 19 ul (0.45 equiv.), 24 ul (0.57
equiv.), 31 pl (0.74 equiv.), 37 pl (0.88 equiv.), 42 ul (1 equiv.), 47
ul (1.12 equiv.), 52 pl (1.24 equiv.), 57 pl (1.36 equiv.) 63 pl (1.5
equiv.), 70 pl (1.67 equiv.), 80 pl (1.91 equiv.), 90 pl (2.15 equiv.),
100 pl (2.39 equiv.), 110 pl (2.63 equiv.) and 130 pl (3.11 equiv.) of
the Ag' solution. Equivalents refer to mols of binding site.

Titration of Ligand 2 with Ag': 4.8 mg of trimer 2 (8.4 pmol) was
weighed into an NMR tube and dissolved in 0.5 ml CD,Cl, A
solution of AgTf in CD3;CN (78 mm) was prepared. NMR spectra
(200 MHz) were recorded with 50 scans after addition of 30 pl (0.28
equiv.), 45 ul (0.42 equiv.), 60 pl (0.56 equiv.), 75 pl (0.7 equiv.), 100
ul (0.84 equiv.), 130 pl (1.12 equiv.), 150 pl (1.31 equiv.), 170 pl
(1.50 equiv.), 185 pl (1.64 equiv.) and 205 ul (1.83 equiv.) of the
Ag' solution. Equivalents refer to mols of binding site.

Competition Experiment: 2 mg of dimer 1 (5.3 pmol) and 2 mg
of trimer 2 (3.5 pmol) corresponding to 21.1 pmol binding sites
were given into an NMR tube and dissolved in 0.75 ml of CD,Cl,.
The solution was then titrated with a 0.125 M AgPF; solution.
NMR spectra were recorded with 70 scans after addition of suc-
cessive amounts of Ag' solution from 7 pul (0.042 equiv.) to 207 ul
(1.23 equiv.) in 7—10 pl aliquots. Equivalents refer to mols of bind-
ing site, so helicity should be complete after addition of 0.5 equiv.
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UV Titration of Ligand 1 with Cu': A stock solution of 23.5 pm
dimer 1 in dichloromethane was prepared. 1 ml of this solution
containing 23.5 nmol of dimer was titrated with a 0.43 mwm solution
of [Cu(CH3CN)](PFg) in dichloromethane/acetonitrile (1:1). UV
spectra were recorded after addition of successive amounts of Cu'
solution from 10 pl (0.18 equiv.) to 260 pl (4.76 equiv.) in 10—15-
ul aliquots. Equivalents refer to mols of binding site. Absorption
values and spectra were automatically corrected for dilution by an
internal ADL program of the Cary spectrophotometer.

UV Titration of Ligand 2 with Cu': A stock solution of 28.7 pm
of trimer 2 in dichloromethane was prepared. 1 ml of this solution
containing 28.7 nmol of the trimer was titrated with a 0.43 mMm
solution of [Cu(CH3;CN)4(PFs) in dichloromethane/acetonitrile
(1:1). UV spectra were recorded after addition successive amounts
of Cu' solution from 10 pl (0.15 equiv.) to 180 pl (2.69 equiv.) in
10-pl aliquots. Equivalents refer to mols of binding site. Absorption
values and spectra were automatically corrected for dilution by an
internal ADL program of the Cary spectrophotometer.
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