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Enantiopure dinuclear silver() double helicates were prepared in simple one-pot reactions from commercially
available starting materials and the pure complexes isolated as the hexafluorophosphate salts. The (R),(�) and
(S ),(�) enantiomers of 1,1�-binaphthalene-2,2�-diamine were used as spacer groups and reacted with pyridine-2-
carbaldehyde to form chiral didentate imine ligands. These chiral ligands predetermine the chirality of the helicates:
the R spacer gives a P helicate and the S spacer an M helicate. The dinuclear double helical structures are confirmed
by single crystal X-ray analysis and their persistence in solution is supported by inter-strand NOE data. Enantiopure
copper() dinuclear species were also prepared by similar one-pot procedures and analysed by 1H NMR, mass
spectrometry and circular dichroism.

Introduction
The supramolecular synthetic approach permits the design of
arrays with complex molecular architectures whose dimensions
are greater than those found in traditional covalent based chem-
istry.1,2 This ability to control architecture at the molecular level
is important as it offers a potential route to systematically
encode the properties of a molecule or material; indeed this is
a common theme in biological systems.3 Double-helical molec-
ular architectures have been influential in the development of
supramolecular chemistry, providing a forum for establishing
construction principles and retaining a unique fascination
because life itself is encoded within double-helical DNA
arrays.4

The molecular encoding required to generate metallo-helical
arrays is now reasonably well established 4 and requires ligands
which contain two or more discrete metal binding sites either
linked directly or via a spacer unit. On metal coordination the
position of the link or nature of the spacer must prevent mono-
nucleation (thereby promoting the formation of a multinuclear
array). The spacer must also give rise to a twisting in the ligand
strand which will result in the formation of a helical (rac-) array
rather than an alternative (meso-) metallo-cyclophane structure.
The helical chirality is a direct result of the twisting in the
ligand strands and controlling the twisting offers the oppor-
tunity to control the chirality.

We are interested in synthetic routes to prepare sophisticated
supramolecular architectures quickly and simply and to this
end have employed imine-based ligands, prepared readily from
commercial amines and aldehydes.5–10 Freed from the con-
straints of extensive ligand synthetic procedures, we have been
systematically exploring how ligand design can address the
challenge not only of defining the supramolecular architecture
or superstructure but also of defining the precise topography or
conformation of this superstructure. For example, we have
illustrated how spacer groups can be used to control the direc-
tionality of ligand strands within a helical array 7 and to give
distinct (major and minor) helical grooves.8 While these features
are reminiscent of features observed in B-DNA, B-DNA is
found as a single helical enantiomer. Herein we explore whether
defined helicity may also be imparted within our synthetic

imine-based helicates, and describe a system in which enantio-
pure P and M helicates can be prepared by mixing commercial
reagents.

Inducing metallo-helicate chirality requires introduction of
chirality into the structure of the organic ligand. Chirality in
organic chemistry is most frequently associated with tetra-
hedral carbon atoms bearing four non-equivalent substituents
and such groups have been the focus for most studies of chiral
induction in helicates.11,12 Induction of helical chirality has
followed two strategies: (i) Chiral groups may be attached to the
metal binding units, with the extent of chiral induction depend-
ing on the proximity of the chiral unit to the metal 13,14 (e.g. for
pyridines, substituents at the 6 position are much more effective
than at the 4 position).15 (ii) More effectively, helicity may be
induced by imparting the chirality into the spacer unit(s)
between the metal binding units.16 This relays the chirality
directly into the heart of the helical array and is consequently
our preferred strategy.

In addition to tetra-substituted sp3 centres, organic chiral
species may also result from twisting about bonds and restric-
tion to rotation (atropisomerism). For example, Scott and
co-workers have recently reported the implications of chiral
biarylamines on ligand and catalyst design.17 In these
biarylamine units the rotation around the 1,1� axis is restricted
by the presence of two methyl groups in the 2,2� position of the
rings thereby imparting chirality. Other examples of this type
of chiral species include 2,2�-substituted 1,1�-binaphthalenes
which have been widely explored for chiral catalysis. Given that
twisting in the ligand strand is a helicate design requirement
and that there is a direct link between the strand twisting and
the chirality of the helicate, units of this type seemed to us
ideally suited to control helicate chirality. For our chiral spacer
unit, we chose to use a binaphthalene unit. Herein we now
report the use of the commercially available (R),(�) and
(S ),(�) enantiomers of 1,1�-binaphthalene-2,2�-diamine to
prepare two pyridylimine-based dinuclear double helicates in
which the chirality at the metal centres is predetermined by
the chirality of the ligands. Racemic 1,1�-binaphthalene-2,2�-
diamine has been used as a ligand producing racemic mono-
nuclear complexes 18–21 and some mononuclear complexes
incorporating the enantiopure form have also been
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reported.22–24 A helical infinite polymer based on terpyridine
substituted binaphthalene units has recently been reported.25

Results and discussion

Silver(I) complexes

Ethanolic solutions containing two equivalents of pyridine-2-
carbaldehyde were treated with ethanolic suspensions of one
equivalent of R- or S-binaphthalene-diamine and heated under
reflux to afford clear pale yellow solutions. These solutions
were treated directly with one equivalent of silver() acetate to
afford yellow solutions from which yellow solids precipitated on
treatment with ethanolic ammonium hexafluorophosphate. The
complexes were isolated by filtration. Attempts to isolate the
free ligands (see Fig. 1) in both cases were unsuccessful, however

these one-pot procedures produced clean complexes with
further purification required only for X-ray analysis.

The infrared spectra of these salts exhibit peaks correspond-
ing to aromatic stretches in addition to weak imine stretches
at 1615 cm�1. Partial microanalytical data of the complexes
indicate a formulation {AgL(PF6)}n (L = C32H22N4). Positive
ion FAB mass spectra for both compounds display peaks (with
the correct isotopic distributions) corresponding to {AgL},
{AgL2}, {Ag2L2} and {Ag2L2PF6} indicating complexes with
the desired dinuclear formulation. No peaks corresponding to
higher aggregates (e.g. trimers etc.) are observed.

Fig. 1 The LR and LS ligands.

Crystallographic investigations. X-Ray quality crystals of
both complexes were obtained from nitromethane solutions by
slow diffusion of diethyl ether for the LR complex and benzene
for the LS complex. The X-ray structural analyses confirm that
the solid state structures of the two complexes are dinuclear
double helicates. The crystal structures demonstrate that, as
anticipated, the chiral twisting of the binaphthalene can be
used to control the helicity of the array. The coordination of
two LR ligands around two silver() tetrahedral ions results in
the formation of a P (right-handed) 4 double helix and that the
coordination of two LS ligands around two silver() tetrahedral
ions similarly results in the formation of an M (left-handed)
double helix (Fig. 2). (For the LS enantiomer, two very similar
but crystallographically distinct cations are present in the solid
state structure.)

Each silver() centre is four-coordinate pseudo-tetrahedral,
bound to two pyridylimine units, each of which is approxi-
mately planar (pyridyl–imine torsion angles in the range 3–11�).
The naphthalene units are twisted with respect to the imine
group (torsion angles in the range 38–44�) and a more dramatic
twisting is observed between the naphthalene rings which are
almost perpendicular to each other (torsion angles in the range
70–78�). The combination of these twistings gives rise to the
formation of the double helical structure, the chirality of the
helical arrays being prescribed by the chiral twist inherent in the
binaphthalene unit. The two silver() centres within the helical
dications are separated by 3.61–3.78 Å. Within the helical
arrays each pyridyl is stacked on top of a naphthalene unit.
Such extensive face–face π-stacking interactions are also
observed in polypyridyl helicates 4 and presumably contribute
to the stabilisation of the structure. Although the conditions
used to prepare the helicates were quite vigorous, the chirality
of the spacer groups and in consequence the ligands is pre-
served (steric hindrance in the binaphthalene units results in a
relatively high activation energy for inversion of configuration).

Solution structure. The 1H NMR chemical shift data and
coupling constants for the two complexes in CD3CN solution
are identical. This is consistent with formation of two enanti-

Fig. 2 The X-ray crystal structures of the silver() complexes of the LR and LS ligands confirming a solid state double helical structure for both
complexes (the hydrogen atoms are omitted for clarity). Left hand side Ag2L
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omers of the same compound. The spectra also indicate that
the complexes are symmetrical on the NMR timescale. The
pyridyl resonances can be readily assigned from their distinctive
splitting patterns and the binaphthyl resonances were fully
assigned from COSY and NOE experiments. The imine reson-
ances at δ 8.77 exist as doublets displaying distinctive coupling
to the silver() ion with 3JAg–H = 9.0 Hz and this confirms
coordination to the metal. We have previously reported that 1H
NMR spectra in deuterated dichloromethane of silver() imine
complexes show multiple resonances if more than one solution
species is present 8 (e.g. if a helicate and a non-helical dimer
structure are in equilibrium). The 1H NMR of these complexes
even at low temperature show no such splitting indicating only
one solution species.

Electrospray mass spectra of acetonitrile solutions of the two
enantiomers are dominated by two peaks corresponding to
{Ag2L2}

2� and {Ag2L2PF6}
�, indicating that a dinuclear formu-

lation is retained in solution. Peaks corresponding to species of
higher nuclearity are not observed. 1H NMR nuclear over-
hauser enhancements (NOEs) are observed between the reson-
ances corresponding to H9bi and Himine and between those
corresponding to H6py and H6bi (see Fig. 5 for numbering
scheme). The structure of the ligands means that these NOEs
must arise from inter-strand through-space contacts and indeed
in the solid state structures there are corresponding close inter-
strand contacts. This indicates that the solution structure is
similar to that observed in the solid state.

Addition of racemic mixtures of chiral anions or chiral shift
reagents did not reveal changes that conclusively confirm the
chiral nature of the solution species; Addition of the chiral
anion tris(tetrachlorobenzenediolato)phosphate (TRIS-
PHAT) 26 to the solution of the complexes did lead to some
broadening of some signals but these did not resolve conclu-
sively into two diastereoisomers. However treatment of
equimolar CD3OD solutions of the LR and LS silver() com-
plexes with equal aliquots of enantiopure-sodium antimonyl--
tartrate led to different observed chemical shifts for the reson-
ances of the two cations with a particularly dramatic difference
between the two cations observed for the naphthyl resonances
H3bi and H4bi adjacent to the imine functionality. This confirms
the enantiomeric nature of the cationic species in the two solu-
tions. Addition of the antimonyl tartrate solution to the two
enantiomeric cations causes changes in chemical shift to all
cation resonances with the most dramatic shifts on addition
being observed (for both cations) for the resonances corre-
sponding to Himine, H3py and H3bi. From these shifts it seems
likely that the antimonyl tartrate anion binds to the cations
either along the strand backbone in the region defined by H3py/
Himine/H3bi or across the groove of the helix from the H3py/Himine

region of one strand to the naphthyl region of the other strand.
On mixing the two solutions of the two enantiomeric cations
containing antimonyl--tartrate two distinct sets of resonances
were retained and no new resonances arose confirming the
expected integrity of the helical species towards diastereo-
isomer formation arising from ligand exchange.

The circular dichroism spectra of the two complexes in solu-
tion were recorded in acetonitrile solution. Equal and opposite
signals are observed for each species in solution. This is also
consistent with the two enantiomeric structures being retained
in solution, not just in the solid state (Fig. 3).

Copper(I) complexes

The formation of the two corresponding copper() complexes
was achieved by similar one pot methods. Ethanolic solutions
containing two equivalents of pyridine-2-carbaldehyde were
treated with ethanolic suspensions of one equivalent of R- or S-
binaphthalene-diamine and heated under reflux to afford clear
pale yellow solutions. These solutions were treated directly with
one equivalent of [Cu(MeCN)4][PF6] (suspended in ethanol) to

afford green solutions containing green-grey precipitates. Heat-
ing was maintained for a further 16 hours and the resulting
green-grey solid collected by vacuum filtration. Both the green
colour of the precipitate and broad signals in the 1H NMR
spectra of the compounds indicated the presence of copper()
species. In order to isolate the desired copper() species the
solids were dissolved in acetonitrile and the resulting red
solution heated to reflux for 24 hours. Red precipitates were
isolated by the concentration of the solutions in vacuo and
treatment with diethyl ether.

Partial microanalytical data for the complexes indicate a
formulation {CuL(PF6)}n. Positive ion electrospray ionisation
and FAB mass spectra for the LR complexes show peaks (with
the correct isotopic distributions) corresponding to {CuL},
{CuL2}, {Cu2L2} and {Cu2L2PF6}. For the LS complex only
peaks for {CuL} and {Cu2L2PF6} species are observed in
electrospray but the FAB mass spectrum is similar to that of
the LR complexes. In all the mass spectra no peaks corre-
sponding to higher aggregates (e.g. trimers etc.) are observed.
This indicates the complexes are again of dimeric dinuclear
formulation. The 1H NMR spectra for the two copper()
complexes in acetonitrile are again identical to each other
(as expected for enantiomers). Complete assignment of the
1H NMR spectra was accomplished through a combination of
COSY and NOE experiments. Weak NOE signals were also
observed between H9bi–Himine and H6bi–H6py. This is consistent
with the maintenance of a double helical conformation in
solution similar to that observed for the silver() helicates. An
additional weak NOE is observed between H9bi and H6py

indicating that the shorter metal–ligand bond lengths in the
copper complexes may lead to small changes in the relative
positions of the spacer units over the pyridyl rings. The
copper() complexes are unstable in most common organic
solvents and over time convert to green solutions indicating
oxidation to the copper() species. As a result crystals suitable
for X-ray analysis were not obtained. Circular dichroism
spectra of the two complexes were recorded in acetonitrile.
Equal and opposite signals are again observed for each
enantiomer in solution (Fig. 4).

Conclusion
We have shown that enantiopure helicates may readily be
prepared in one-pot reactions from commercial reagents by
using the spacer group to induce and control the chirality of
the array. The two enantiomers formed are P∆∆ LR double
helicates and MΛΛ LS double helicates and inter-strand NOE
data imply that these same structures are retained in solution.

We are currently examining further the use of spacer chirality
to control the chirality of metallo-supramolecular arrays and
the effect of the chirality on the properties.

Fig. 3 The circular dichroism spectra for the LR and LS silver()
complexes in acetonitrile solution. (The unbroken line corresponds to
the LR silver() complex and the dotted line to the LS silver() complex).
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Experimental

General

All starting materials were purchased from Aldrich and used
without further purification. NMR spectra (see Fig. 5 for the
numbering scheme used) were recorded on Bruker DPX300
and DRX500 instruments using standard Bruker software.
ESI mass spectra were recorded on a Micromass Quatro (II)
(low resolution triple quadrupole mass spectrometer) at the
EPSRC National Mass Spectrometry Service Centre,
Swansea. FAB mass spectra were recorded by the Warwick
mass spectrometry service on a Micromass Autospec spec-
trometer using 3-nitrobenzyl alcohol as matrix. Microanalyses
were conducted on a Leeman Labs CE44 CHN analyser by
the University of Warwick Analytical service. Infrared spectra
were recorded on a Bruker Vector 220 instrument fitted with
an ATR Golden Gate. Circular dichroism spectra were
recorded using a Jasco J-715 spectropolarimeter.

Syntheses

LS-[Ag2(C32H22N4)2][PF6]2. Pyridine-2-carbaldehyde (0.17
cm3, 1.76 mmol) was dissolved in ethanol (3 cm3) and heated
with a suspension of (S ),(�)-1,1�-binaphthalene-2,2�-diamine
(0.25 g, 0.89 mmol) in ethanol (3 cm3) to 79 �C for 18 hours.
A suspension of silver() acetate (0.15 g, 0.89 mmol) in ethanol
(3 cm3) was then added and heating maintained for a further
18 hours. The reaction mixture was then filtered through Celite
and ethanolic ammonium hexafluorophosphate added. The yel-
low precipitate was collected by vacuum filtration (0.35 g, 55%)
(Found: C, 51.9; H, 3.0; N, 7.7. [Ag2(C32H22N4)2][PF6]2�2.5H2O
requires C, 52.1; H, 3.3; N, 7.6%). 1H (300 MHz; CD3CN):
δ 8.77 [4 H, d, J(Himine–Ag) 9.0 Hz, Himine], 8.14 [4 H, td, J(H4py–

Fig. 4 The circular dichroism spectra for the LR and LS copper()
complexes in acetonitrile solution. (The unbroken line corresponds to
the LS copper() complex and the dotted line to the LR copper()
complex).

Fig. 5 The numbering scheme used for the protons in the ligand.

H3py) 7.7, (H4py–H5py) 7.7 Hz, H4py], 7.92 [4 H, d, J(H4py–H3py)
7.7 Hz, H3py], 7.54 [4 H, d, J(H6bi–H7bi) 8.1 Hz, H6bi], 7.41 [4 H,
ddd, J(H5py–H4py) 7.7, (H5py–H6py) 4.7 Hz, H5py], 7.37 [4 H, d,
J(H3bi–H4bi) 8.9 Hz, H3bi], 7.32 [4 H, ddd, J(H7bi–H6bi) 8.1,
(H7bi–H8bi) 6.8 Hz, H7bi], 7.15 [4 H, ddd, J(H8bi–H9bi) 8.3, (H8bi–
H7bi) 6.8 Hz, H8bi], 7.07 [4 H, d, J(H4bi–H3bi) 8.9 Hz, H4bi], 6.78
[4 H, dd, J(H9bi–H8bi) 8.3 Hz, H9bi], 6.72 [4 H, dd, J(H6py–H5py)
4.7 Hz, H6py]. 

13C(75.5 MHz; CD3CN): δ 162.2 (Cimine), 149.5
(C6py), 147.8 (C4�), 144.2 (C4�), 139.0 (C4py), 132.5 (C4�), 132.2
(C4�), 130.6 (C4bi), 128.9 (C3py), 128.5 (C6bi), 128.0 (C5py), 127.3
(C8bi), 126.1 (C7bi), 125.7 (C4�), 125.0 (C9bi), 118.6 (C3bi).
Positive-ion FAB, m/z 1286 ([Ag2(C32H22N4)2][PF6]

�, 93%),
1140 ([Ag2(C32H22N4)2]

�, 90%), 571 ([Ag(C32H22N4)]
�, 53%).

Positive-ion ESI, m/z 1285 ([Ag2(C32H22N4)2][PF6]
�), 1033

([Ag(C32H22N4)2]
�), 571 ([Ag2(C32H22N4)2]

2�). νmax/cm�1 3050–
2800w, 1615w, 1587m, 1568m, 1439m, 1305m, 1204m, 1006m,
837s, 776m, 750m, 692m, 672m, 651m, 633m, 585s, 556s, 527m,
511m. λmax/nm (MeCN) 229 (ε/mol�1 dm�3 cm�1 1.6 × 105), 279
(1.0 × 105), 322 (4.0 × 104), 360 (3.0 × 104).

LR-[Ag2(C32H22N4)2][PF6]2. Preparation as for the (S ),(�)
silver() salt except for the use of the (R),(�)-1,1�-
binaphthalene-2,2�-diamine spacer group, yield (0.40 g, 63%)
(Found: C, 51.4; H, 3.1; N, 7.4. [Ag2(C32H22N4)2][PF6]2�3.5H2O
requires C, 51.5; H, 3.4; N, 7.5%). 1H (300 MHz; CD3CN): δ
8.77 [4 H, d, J(Himine–Ag) 9.0 Hz, Himine], 8.14 [4 H, td, J(H4py–
H3py) 7.7, (H4py–H5py) 7.7 Hz, H4py], 7.92 [4 H, d, J(H4py–H3py)
7.7 Hz, H3py], 7.54 [4 H, d, J(H6bi–H7bi) 8.1 Hz, H6bi], 7.41 [4 H,
ddd, J(H5py–H4py) 7.7, (H5py–H6py) 4.7 Hz, H5py], 7.37 [4 H, d,
J(H3bi–H4bi) 8.9 Hz, H3bi], 7.32 [4 H, ddd, J(H7bi–H6bi) 8.1,
(H7bi–H8bi) 6.8 Hz, H7bi], 7.15 [4 H, ddd, J(H8bi–H9bi) 8.3, (H8bi–
H7bi) 6.8 Hz, H8bi], 7.07 [4 H, d, J(H4bi–H3bi) 8.9 Hz, H4bi], 6.78
[4 H, dd, J(H9bi–H8bi) 8.3 Hz, H9bi], 6.72 [4 H, dd, J(H6py–H5py)
4.7 Hz, H6py]. 

13C(75.5 MHz; CD3CN): δ 162.2 (Cimine), 149.5
(C6py), 147.8 (C4�), 144.2 (C4�), 139.0 (C4py), 132.5 (C4�), 132.2
(C4�), 130.6 (C4bi), 128.9 (C3py), 128.5 (C6bi), 128.0 (C5py), 127.3
(C8bi), 126.1 (C7bi), 125.7 (C4�), 125.0 (C9bi), 118.6 (C3bi).
Positive-ion FAB, m/z 1285 ([Ag2(C32H22N4)2][PF6]

�, 93%),
1140 ([Ag2(C32H22N4)2]

�, 90%), 571 ([Ag(C32H22N4)]
�, 53%).

Positive-ion ESI, m/z 1285 ([Ag2(C32H22N4)2][PF6]
�), 1033

([Ag(C32H22N4)2]
�), 571 ([Ag2(C32H22N4)2]

2�). νmax/cm�1 3050–
2800w, 1615w, 1567m, 1568w, 1504m, 1439m, 1304m, 1204m,
1005m, 831s, 777s, 757s, 747s, 739s, 693m, 673m, 651m, 651m,
632m, 621w, 555s, 523w, 509w. λmax/nm (MeCN) 229 (ε/mol�1

dm�3 cm�1 1.6 × 105), 279 (1.0 × 105), 322 (4.0 × 104), 360
(3.0 × 104).

LR-[Cu2(C32H22N4)2][PF6]2. Pyridine-2-carbaldehyde (0.17
cm3, 1.76 mmol) was dissolved in ethanol (3 cm3) and heated
with a suspension of (R),(�)-1,1�-binaphthalene-2,2�-diamine
(0.25 g, 0.89 mmol) in ethanol (3 cm3). The reaction was heated
to 80 �C for 16 hours. A suspension of copper() tetrakis-
(acetonitrile) hexafluorophosphate (0.33 g, 0.89 mmol) in
ethanol (3 cm3) was then added and heating continued for a
further 16 hours. The resulting green-grey solid was collected,
dissolved in acetonitrile (100 cm3) and the red solution heated
to reflux for 24 hours. The solution was then concentrated in
vacuo and treated with diethyl ether (10 cm3). The resulting red-
brown solid was collected by vacuum filtration (0.27 g, 45%)
(Found: C, 57.3; H, 3.3; N, 8.4. [Cu2(C32H22N4)2][PF6]2�0.3H2O
requires C, 57.0; H, 3.3; N, 8.3%). 1H(300 MHz; CD3CN): δ

8.89 [4 H, s, Himine], 7.84 [8 H, m, J(H4py–H3py) 7.7, (H4py–H5py)
8.7 Hz, 4H4py/H3py], 7.59 [4 H, d, J(H3bi–H4bi) 8.9 Hz, H3bi], 7.41
[4 H, d, J(H6bi–H7bi) 8.1 Hz, H6bi], 7.31 [4 H, d, J(H4bi–H3bi) 8.9
Hz, H4bi], 7.28 [4 H, ddd, J(H7bi–H6bi) 8.1, (H7bi–H8bi) 6.9 Hz,
H7bi], 7.16 [4 H, ddd, J(H8bi–H9bi) 8.5, (H8bi–H7bi) 6.9 Hz, H8bi],
6.84 [4 H, ddd, J(H5py–H4py) 8.7, (H5py–H6py) 4.8 Hz, H5py], 6.72
[4 H, d, J(H9bi–H8bi) 8.5 Hz, H9bi], 5.60 [4 H, d, J(H6py–H5py) 4.8
Hz, H6py]. 

13C(75.5 MHz; CD3CN): δ 162.4 (Cimine), 149.0 (C4�),
146.2 (C6py), 144.0 (C4�), 137.5 (C3py), 133.0 (C4�), 130.2 (C4bi),
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Table 1 Crystallographic data and structural refinements for the LR and LS silver() double helicates

Complex LR silver() helix LS silver() helix 
Empirical formula C65.50H48.50Ag2F12N9.50O3P2 C147.50H107Ag4F24N16P4

Formula weight 1522.32 3114.85
Temperature/K 180(2) 180(2)
Crystal system P31 P21

Space group Trigonal Monoclinic
a/Å 14.38840(10) 13.1740(2)
b/Å 14.38840(10) 32.1983(2)
c/Å 27.22160(10) 17.9687(3)
α/� 90 90
β/� 90 108.6280(10)
γ/� 120 90
V/Å3, Z 4880.55(5), 3 7222.67(17), 2
µ/mm�1 0.739 0.664 
Crystal size/mm 0.4 × 0.4 × 0.2 0.36 × 0.36 × 0.2
Reflections collected 31885 46496
Independent reflections 15474 (Rint = 0.0266) 31159 (Rint = 0.0766)
Data/restraints/parameters 15474/1/869 31159/1/1706
Goodness-of-fit on F 2 0.958 0.900
Final R indices[I > 2σ(I )] R1 = 0.0370, wR2 = 0.0749 R1 = 0.0662, wR2 = 0.1182
R indices (all data) R1 = 0.0593, wR2 = 0.0820 R1 = 0.2412, wR2 = 0.1700
Largest difference peak, hole/ e Å�3 0.506, �0.402 0.566, �0.477
Absolute structure parameter �0.010(14) 0.01(2)

128.5 (C6bi), 128.0 (C5py), 127.5 (C8bi), 127.3 (C4py), 126.0 (C7bi),
124.8 (C9bi), 119.6 (C3bi). Positive-ion ESI, m/z 1197 ([Cu2-
(C32H22N4)2][PF6]

�), 1094 ([Cu2(C32H22N4)2][CH3CN]�), 1052
([Cu2(C32H22N4)2]

�), 989 ([Cu(C32H22N4)2]
�), 525 ([Cu(C32-

H22N4)]
�). Positive-ion FAB, m/z 1197 ([Cu2(C32H22N4)2]-

[PF6]
�), 1052 ([Cu2(C32H22N4)2]

�), 525 ([Cu2(C32H22N4)2]
2�).

νmax/cm�1 3050–3070w, 1581m, 1557w, 1505w, 1471w, 1302w,
1268w, 1204w, 1157w, 1102w, 1011w, 969w, 901w, 830s, 749m,
693w, 673w, 612w, 584w. λmax/nm (MeCN) 227 (ε/mol�1 dm�3

cm�1 1.5 × 105), 281 (7.0 × 104), 324 (4.0 × 104), 374 (2.0 × 104),
518 (3.5 × 103).

LS-[Cu2(C32H22N4)2][PF6]2. Preparation as for the (R),(�)
copper() salt except for the use of (S ),(�)-1,1�-binaphthalene-
2,2�-diamine, yield (0.32 g, 53%) (Found: C, 55.9; H, 3.3; N, 8.1.
[Cu2(C32H22N4)2][PF6]2�2H2O requires C, 55.8; H, 3.5; N, 8.1%).
1H(300 MHz; CD3CN): δ 8.89 [4 H, s, Himine], 7.84 [8 H, m,
J(H4py–H3py) 7.7, (H4py–H5py) 8.7 Hz, 4H4py/H3py], 7.59 [4 H, d,
J(H3bi–H4bi) 8.9 Hz, H3bi], 7.41 [4 H, d, J(H6bi–H7bi) 8.1 Hz,
H6bi], 7.31 [4 H, d, J(H4bi–H3bi) 8.9 Hz, H4bi], 7.28 [4 H, ddd,
J(H7bi–H6bi) 8.1, (H7bi–H8bi) 6.9 Hz, H7bi], 7.16 [4 H, ddd,
J(H8bi–H9bi) 8.5, (H8bi–H7bi) 6.9 Hz, H8bi], 6.84 [4 H, ddd,
J(H5py–H4py) 8.7, (H5py–H6py) 4.8 Hz, H5py], 6.72 [4 H, d, J(H9bi–
H8bi) 8.5 Hz, H9bi], 5.60 [4 H, d, J(H6py–H5py) 4.8 Hz, H6py].
13C(75.5 MHz; CD3CN): δ 162.4 (Cimine), 149.0 (C4�), 146.2
(C6py), 144.0 (C4�), 137.5 (C3py), 133.0 (C4�), 130.2 (C4bi), 128.5
(C6bi), 128.0 (C5py), 127.5 (C8bi), 127.3 (C4py), 126.0 (C7bi), 124.8
(C9bi), 119.6 (C3bi). Positive-ion ESI, m/z 1197 ([Cu2(C32H22-
N4)2][PF6]

�), 525 ([Cu(C32H22N4)]
�). Positive-ion FAB, m/z 1197

([Cu2(C32H22N4)2][PF6]
�), 1052 ([Cu2(C32H22N4)2]

�), 525 ([Cu2-
(C32H22N4)2]

2�). νmax/cm�1 3050–3070w, 1581m, 1557w, 1505w,
1471w, 1302w, 1268w, 1204w, 1157w, 1102w, 1011w, 969w,
901w, 830s, 780m, 766m, 747m, 692w, 634w, 557w. λmax/nm
(MeCN) 227 (ε/mol�1 dm�3 cm�1 1.5 × 105), 281 (7.0 × 104), 324
(4.0 × 104), 374 (2.0 × 104), 518 (3.5 × 103).

X-Ray crystallography

Suitable crystals of LS-[Ag2(C32H22N4)2][PF6]2 were grown from
nitromethane–benzene and LR-[Ag2(C32H22N4)2][PF6]2 from
nitromethane–diethyl ether. Crystallographic data are collected
in Table 1. Data were measured on a Siemens SMART 27 three-
circle system with CCD area detector using the oil-mounting
method at 180(2) K (maintained with the Oxford Cryosystems
Cryostream Cooler).28 Absorption correction by ψ-scan. The
structures were solved by direct methods using SHELXS 29

(TREF).
CCDC reference numbers 166445 and 166446.

See http://www.rsc.org/suppdata/dt/b1/b106987j/ for crystal-
lographic data in CIF or other electronic format.
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