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The achiral 4,6-bis(diphenylphosphino) phenoxazine (nixantphos) ligand was used to synthesize a gold(I) complex,
[Au2(nixantphos)2](NO3)2, containing a 16-membered [Au2(nixantphos)2]+2 cationic ring in a chiral figure-eight
conformation. The single crystal X-ray diffraction analysis of [Au2(nixantphos)2](NO3)2 · 3MeOH · H2O (1) and
[Au2(nixantphos)2](NO3)2 · 4MeCN (2) revealed a solvent-assisted spontaneous resolution of the
[Au2(nixantphos)2](NO3)2 complex. By changing the nature of the solvent, homochiral hydrogen bonded helices (1)
and heterochiral hydrogen bonded monomers (2) were obtained. Multinuclear NMR spectroscopy showed the evidence
of chemical exchange phenomenon related to the interconversion of the enantiomeric skeletons of the 16-membered
macrocycle in solution. The existence of the Au · · · Au aurophilic interaction was confirmed by the analysis of the
spin-system in the 31P NMR spectrum.

Introduction

The design and construction of chiral self-assembled
supermolecules are among the most challenging tasks of
supramolecular chemistry and crystal engineering, and the
resulting chiral compounds also are of great current interest
since their mechanical, optical, electric, magnetic properties
make them promising candidates for advanced materials.1

Chiral metal supermolecules are generally constructed by
stereoselectiVe synthesis using chiral species2 or spontaneous
resolution,3 which does not require any optically active
auxiliary agent since the separation of two enantiomers
occurs during the course of crystallization. The resulting
conglomerate is a mechanical mixture of enantiopure crystals,
and the enantiomers can often be obtained from the
conglomerate by sorting.4

The spontaneous resolution of metal supramolecules is still
a relatively rare phenomenon, since the factors determining
this process are not yet fully understood. Therefore, the
spontaneous resolution has only been observed occasionally
in the case of metal supramolecules including dinuclear
double5 and trinuclear triple helicates,6 helical coordination
polymers,7 as well as hydrogen-bonded helical chains8 and

sheets, respectively.9 In some of these examples, however
it was expected that the noncoValent intermolecular interac-
tions (coordination and hydrogen bonding,9a C-H · · ·π and
π · · ·π stacking,5,7d Ag · · ·Ag argentophilic interaction7h)
controlled the homochiral aggregation of the metal complexes
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and thus the spontaneous resolution of them upon crystal-
lization. It is known that in the process of crystallization these
noncovalent interactions also play a key role since they hold
together the assembly of molecules, which underlie nucle-
ation, and the structure of the resultant crystal.10 Owing to
the reversibility of noncovalent intermolecular interactions,
the different supramolecular assemblies are often in equi-
librium when their thermodynamic stabilities are comparable.
This equilibrium ratio between different supramolecular
assemblies largely depends on conditions (concentration,
temperature, etc.)11,12 and medium (solvent, template).13,14

A solvent, therefore, can control the stability of the supramo-
lecular assemblies, by acting as a template that selectively
binds to and stabilizes one particular assembly. Moreover,
there are cases where no obvious templating effects of the
solvent have been noted.13f The link between solVent-
mediated kinetic processes of molecular assembly in the
liquid phase and ultimate crystal packing, however, is also
not yet fully understood.10

As a continuance of our research work on gold(I)
complexes of xanthene-based diphosphine ligand, 9,9-
dimethyl-4,5-bis(diphenylphosphino)-xanthene (xantphos),
we focused our interest on spontaneous resolution of gold(I)

diphosphines.15 We reported the first example of crystal-
lization-induced spontaneous resolution of a binuclear gold(I)
metallacycle, [(AuNO3)2(xantphos)].15 In this case, the nitrate
anions played an important role in the homochiral C-H · · ·O
linking of the molecules into a 2D array, whereas short
Au · · ·π interactions have also been observed in the crystal.15

We also synthesized the [Au2(xantphos)2](NO3)2 molecule
in which two strands of xantphos are folded relative to each
other and held together by two Au(I) ions.15 As a result, the
[Au2(xantphos)2]2+ cation is in a figure-eight conformation,
where the 16-membered ring contains one short 2.858(1) Å
Au · · ·Au linkage.15 It is of interest to note that the figure-
eight motif is chiral since it could have a left or right dispo-
sition of the intercrossing helices.16 The [Au2(xantphos)2]-
(NO3)2 complex crystallized in centrosymmetric space group
C2/c, thus both right- and left-handed molecules were present
in the crystal.15 As we mentioned, spontaneous resolution
more likely occurs when strong, selective, and directional
hydrogen bonds are able to extend the neighboring chiral
molecules into multidimensional arrays. A successful ap-
proach for preparing metallosupramolecules that interact with
anions through hydrogen bonding (are hydrogen bonded with
anions) can be realized by adding hydrogen bond donor
function(s) to organic ligand.17 The family of diphosphine
ligands based on xanthene-type backbones is well developed
since they are effective catalyst especially in regioselective
hydroformylation reactions.18 We selected the 4,6-bis(diphe-
nylphosphino) phenoxazine (nixantphos) as a ligand that
owing to its NH function can be useful in the construction
of hydrogen-bonded gold(I) supramolecular assemblies. We
assembled the [Au2(nixantphos)2](NO3)2 molecule from gold
cations, nitrate anions, and achiral nixantphos ligands, and
the complex contains a 16-membered [Au2(nixantphos)2]2+

cationic ring in a chiral figure-eight conformation. Here we
report the solvent-assisted spontaneous resolution of the
[Au2(nixantphos)2](NO3)2 complex, where the chirality of
the [Au2(nixantphos)2]2+ building units by chirally discrimi-
native interactions is extended into homochiral assembly. We
also show that the homochiral versus heterochiral aggregation
of the [Au2(nixantphos)2](NO3)2 supramolecules can be tuned
by changing the solvent. To the best of our knowledge, this
represents the first example of crystallization induced
spontaneous resolution of a binuclear metallacycle showing
figure-eight conformation.

Experimental Section

Materials and General Methods. All chemicals and solvents
used for the syntheses were of reagent grade. The solvents for
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synthesis were used without further purification. All reactions were
carried out at room temperature.

Synthesis of [Au2(nixantphos)2](NO3)2. A suspension of
(Me2S)AuCl (0.2 g, 0.679 mmol) in 10 mL dichloromethane was
treated with a suspension of nixantphos (0.3742 g, 0.679 mmol) in
10 mL dichloromethane and with AgNO3 (0.1154 g, 0.679 mmol).
The mixture was stirred for 6 h, shielded from light. The suspension
was filtered off, washed with dichloromethane and diethyl ether.
The precipitate was dissolved in methanol, filtered through Celite
to remove the AgCl content, and then, the solvent was evaporated
to yield a yellow product. Yield: 0.36 g (65.4%). Diffraction quality
single crystals of [Au2(nixantphos)2](NO3)2 ·3MeOH ·H2O (1) were
obtained by slow diffusion of n-hexane into a CH3OH solution of
[Au2(nixantphos)2](NO3)2; mp > 300 °C. 1H NMR (399.9 MHz,
CD2Cl2, 25 °C): δ 5.50–5.61 (m, 2H), 6.64–6.76 (m, 4H), 6.81–7.58
(m, br, 18H), 7.60–7.71 (m, 2H), 9.89 (s, 1H); 1H NMR (599.9
MHz, CD2Cl2, -80 °C): 5.51 (dd, 3JHH ) 8.6 Hz, 3JPH ) 8.6 Hz,
1H), 5.14 (dd, 3JHH ) 8.8 Hz, 3JPH ) 8.8 Hz, 1H), 6.50 (tr, 3JHH )
7.4 Hz, 2H), 6.63 (tr, 3JHH ) 7.3 Hz, 1H), 6.67 (tr, 3JHH ) 7.6 Hz,
1H), 6.79 (m, 1H), 6.91–7.01 (m, 3H), 7.01–7.09 (m, 3H), 7.09–7.22
(br, m 1H), 7.25 (br, 1H), 7.29 (tr, 3JHH ) 7.4 Hz, 1H), 7.32–7.42
(m, 5H), 7.45 (tr, 3JHH ) 7.1 Hz, 1H), 7.54 (tr, 3JHH ) 7.1 Hz,
1H), 7.70 (tr, 3JHH ) 7.1 Hz, 1H), 7.79 (tr, 3JHH ) 7.4 Hz, 1H),
7.90–7.97 (m, 1H), 9.85 (br. 1H); 31P NMR (161.9 MHz, CD2Cl2,
25 °C): δ 32.2; 31P NMR (161.9 MHz, CD2Cl2, -80 °C): δ 33.1
(PA), 32.1 (PB).

Crystals of [Au2(nixantphos)2](NO3)2 ·4MeCN (2) were obtained
by slow diffusion of n-hexane into a CH3CN solution;
mp > 300 °C.

Single Crystal X-ray Diffraction. Crystal data and data
collection and refinement details for 1 and 2 are listed in Table
1. Crystals of 1 and 2 were mounted in Paratone-N oil within a
conventional cryo-loop, and intensity data were collected on a
Rigaku R-AXIS RAPID image plate diffractometer (λ(Mo KR
radiation) ) 0.71070 Å), fitted with an X-stream low temperature
attachment at 103 K. Several scans in the � and ω direction
were made to increase the number of redundant reflections, which
were averaged over the refinement cycles. The structures were
solved by direct method (SIR92)19 and refined by full-matrix
least-squares (SHELXL-97).20 All calculations were carried out
using the WinGX package of crystallographic programs.21 All
nonhydrogen atoms were refined anisotropically in F2 mode.
Hydrogen atomic positions were generated from assumed
geometries. The riding model was applied for the hydrogen
atoms. A value of -0.007(6) was obtained for the Flack
parameter of 1, which indicated that the correct configuration
had been obtained.

NMR Experiments. NMR experiments were carried out on a
Varian Inova (400 MHz for 1H) and Varian NMR System (600
MHz for 1H) spectrometers using switchable broadband X{1H}
probes (X ) 31P). Samples were placed into 5 mm NMR tubes. 1H
chemical shifts are referenced to the residual solvent signal (CD2Cl2:
5.32 ppm). 31P shifts are given relative to the external reference
85% H3PO4. Deuterated (99.98 atom%) solvents were purchased
from Merck GmBH, Germany. Phosphorus spectra were recorded
by recording 10240 scans with 5 s recycle delays and continuous

Table 1. Crystal Data and Structure Refinement Parameters for Complexes 1 and 2, Respectively

complex 1 2

empirical formula C72H54N2O2P4Au2, 2 (NO3) 3(CH4O) (H2O) C72H54N2O2P4Au2, 2 (NO3) 4(C2H3N)
formula mass 1735.16 1785.22
crystal size [mm] 0.15 × 0.29 × 0.30 0.18 × 0.21 × 0.35
color orange orange
crystal system orthorhombic monoclinic
space group P212121 C2/c
temp. (K) 103 103
θ range for data collection (°) 3.1 e θ e 25 3.1 e θ e 25
a [Å] 14.747(2) 21.985(5)
b [Å] 18.000(2) 15.655(3)
c [Å] 25.977(3) 22.109(4)
� [deg] 90 108.665(8)
V [Å3] 6895.5(14) 7209 (3)
Z 4 4
dcalc [Mg/m3] 1.671 1.645
µ [mm-1] 4.409 4.218
F(000) 3440 3536
index ranges -16 e h e 17 -26 e h e 26

-21 e k e 21 -18 e k e 18
-30 e l e 30 -26 e l e 26

no. of collected reflns. 83193 55823
no. of indep. reflns./Rint 12066/0.096 6358/0.130
no. of obsd. reflns. I > 2σ(I) 11143 5402
no. of parameters 871 463
GOOF 1.028 1.14
R1 (obsd. data) 0.0403 0.0555
wR2 (all data) 0.0904 0.1531
Flack parameter -0.007(6) -
largest diff. peak/ hole (e Å-3) 1.71/-1.03 1.38/-0.93

Scheme 1

Resolution of a 16-Membered Ring Containing Gold(I)
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WALTZ proton decoupling. Spectra were processed and simulated
by the standard spectrometer software package: VnmrJ 2.1B.

Results and Discussion

The reaction of (Me2S)AuCl with nixantphos and AgNO3

in a molar ratio of 1:1:1 in dichloromethane yields the
[Au2(nixantphos)2](NO3)2 complex (Scheme 1).

Crystallization of the chiral or the other racemic crystal
is simply determined by the solvent used to crystallization,
methanol or acetonitrile, respectively. The [Au2(nixantphos)2]-
(NO3)2 ·3MeOH ·H2O (1) obtained from hydrous methanol
crystallized in the noncentrosymmetric, orthorhombic space
group P212121, while the [Au2(nixantphos)2](NO3)2 ·4MeCN
(2) complex was obtained from acetonitrile and crystallized
in the centrosymmetric, monoclinic space group C2/c. The
crystals of 1 and 2 have apparently differentiable habits
(morphologies, Figure 1).

The X-ray structural data of both 1 and 2 indicate that
they consists of [Au2(nixantphos)2]2+ cations in which two
strands of nixantphos are folded relative to each other and
held together by two Au(I) ions (Figures 2 and 3). Selected
bond lengths and angles are given in Table 2. Each gold
atom in 1 is coordinated by two phosphorus atoms in a
nearly linear geometry, exhibiting P(1)-Au(1)-P(4) and
P(2)-Au(2)-P(3) angles of 160.4(1) and 160.9(1)°, respec-
tively. The coordination geometry at the gold atoms in 2 is

also nearly linear, with P(1)-Au(1)-P(2)i angle of 162.6(1)°.
The Au-P distances, which lie in the range 2.314(2)-2.326(2)
Å in 1(Table 2) are similar to those found in complex 2.
In complex 1, the ligand backbones are folded and tilted
by 84.1(1)° [P(1)-Au(1)-Au(2)-P(2)] and 81.7(1)°
[P(4)-Au(1)-Au(2)-P(3)] with respect to the Au · · ·Au
axis, and the two nixantphos ligands bridge the Au(I) ions
to form a short aurophilic attraction of 2.862(1) Å. This
backbone folding around the Au · · ·Au axis in 2 is 84.8(1)°
[P(1)-Au(1)-Au(1)i-P(2)], and the Au · · ·Au distance is
2.856(1) Å. With this short aurophilic Au · · ·Au attraction
taken into account, the molecules of 1 as well as 2 exist
in a figure-eight conformation, as shown in Figure 4. The
Au · · ·Au bond distance in complexes with aurophilic

(19) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, M. J. Appl. Cryst. 1994, 27, 435.
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Structures; University of Göttingen: Germany, 1997.

(21) Farrugia, L. J J. Appl. Cryst. 1999, 32, 837.

Figure 1. Microscopic images of the crystals of 1 and 2, respectively.

Figure 2. Ortep view of the cationic skeleton of 1 (the phenyl groups are
omitted for clarity), illustrating the 16-membered ring containing gold(I)
showing the figure-eight conformation. Ellipsoids are shown at the 50%
probability level.

Figure 3. Ortep view of the cationic skeleton of 2 (the phenyl groups are
omitted for clarity), illustrating the 16-membered ring showing the figure-
eight conformation [equivalent atoms generated by i ) (2 - x, y, 3/2 - z)].
Ellipsoids are shown at the 50% probability level.

Table 2. Selected Bond Lengths (Å) and Angles (deg) for 1 and 2,
Respectivelya

1 2

Au(1) · · ·Au(2) 2.862(1) Au(1) · · ·Au(1)i 2.856(1)
Au(1)-P(1) 2.314(2) Au(1)-P(1) 2.332(3)
Au(1)-P(4) 2.325(2) Au(1)-P(2)i 2.347(2)
Au(2)-P(2) 2.326(2)
Au(2)-P(3) 2.315(2)
P(1)-Au(1)-P(4) 160.4(1) P(1)-Au(1)-P(2)i 162.6(1)
P(2)-Au(2)-P(3) 160.9(1)

a Equivalent atoms are generated by i ) (2 - x, y, 3/2 - z).

Figure 4. Two enantiomers of the 16-membered ring containing gold(I)
showing a figure-eight conformation.

Tunyogi et al.

2052 Inorganic Chemistry, Vol. 47, No. 6, 2008



interaction ranges from 2.70 to 3.30 Å,22 and often governs
the organization of gold compounds into supramolecular
associations.23 The strengths of this aurophilic interactions
have been determined experimentally to be well beyond
that of conventional van der Waals interactions and to be
typically in the range of 7-12 kcal ·mol-1, which is
comparable to that of hydrogen bonding.24

As determined by single crystal X-ray diffraction, the
crystal of 1 contains only one of the two enantiomers, either
right- or left-handed in contrast to 2, which contains both
[Au2(nixantphos)2](NO3)2 enantiomers. Refinement of the
Flack parameter led to a value of ∼0, which confirms the
enantiomeric purity of the crystal of 1.

As shown in Figure 5, the molecules of 1 are linked
throughout N-H · · ·O and C-H · · ·O interactions into a 2D
helix. This is achieved in such a way that one of the nitrate
anions with its O(3) and O(4) atoms is involved as an
acceptor in the N-H · · ·O hydrogen bonding, and establishes
the connection between neighboring [Au2(nixantphos)2]2+

cations. These N-H · · ·O and additional C-H · · ·O interac-
tions link the [Au2(nixantphos)2]2+ cations and nitrate anions
into homochiral helices along the 21 axis (Table 3). The
second nitrate anion with its O(7) oxygen atom is involved
as an acceptor in the C-H · · ·O hydrogen bonding with a
methanol molecule, which is also C-H · · ·O linked with
another methanol. The O(9) oxygen atom of this methanol
acting as donor and acceptor establishes the O-H · · ·O
hydrogen bonding with water molecule (Figure 6, Table 3).
As observed in the spontaneous resolution of the [(AuNO3)2-
(xantphos)] complex,15 the role of the nitrate anion played
in the N-H · · ·O and C-H · · ·O linking of the molecules is
chirally discriminative and required that complex 1 exhibits
the same absolute configuration.

In contrast to 1, where only one of the two enantiomers,
either right- or left-handed is present, the crystal of 2 contains
both right- and left-handed molecules. In crystal of 2, the
N-H · · ·O hydrogen bond formed between the NH function
of the [Au2(nixantphos)2]2+ cation and O(3) and O(4) atoms
of the NO3

- anion is bifurcated, since the NH group straddles
these oxygen atoms of the nitrate. The remaining third
oxygen of the anion interacts with the MeCN solvent
molecule forming a short C-H · · ·O contact (Table 3). As
illustrated in Figure 7, both right- and left-handed enanti-
omers of [Au2(nixantphos)2]2+ cation are N-H · · ·O bonded
to NO3

- anions, which in their turn are C-H · · ·O bonded
to MeCN solvent molecules. Therefore, the solvent excludes

the intermolecular hydrogen-bonding between the enanti-
omers. The main difference between 1 and 2 arises from
different hydrogen bonding behavior of the nitrate anions.
In crystal of 1, one type of nitrate anions is involved in
N-H · · ·O and C-H · · ·O hydrogen-bonded homochiral helix
formation of [Au2(nixantphos)2]2+ cations, whereas the
second type of nitrate anions is part of the C-H · · ·O
hydrogen-bonding aggregation with solvent molecules. In
contrast to this, in the crystal of 2, the same nitrate anion is
linked to both [Au2(nixantphos)2]2+ cation and solvent
molecule by N-H · · ·O and C-H · · ·O contacts, respectively.
Recently, a 16-membered twisted C8NP4Au3 ring with a
Möbius topology has been reported, and in this case, the
right- and left-handed metallamacrocycles are linked into
dimers by C-H · · ·O interactions.25

The dissolved complexes 1 and 2 were characterized by
1H and 31P NMR spectroscopy. It is noted that low solubility
(<1 mM) of the samples was a major drawback of the
NMR analyses. Nevertheless, the NMR properties of the
[Au2(nixantphos)2]2+ cation are found to be rather similar

(22) (a) Schmidbaur, H.; Graf, W.; Müller, G. Angew. Chem., Int. Ed. Engl.
1988, 27, 417. (b) Schmidbaur, H. Gold Bull. 2000, 33, 3.

(23) (a) Schmidbaur, H. Nature 2001, 413, 31. (b) Brandys, M.-C.; Jennings,
M. C.; Puddephatt, R. J. J. Chem. Soc., Dalton Trans. 2000, 4601. (c)
Brandys, M.-C.; Jennings, M. C.; Puddephatt, R. J. J. Chem. Soc.,
Dalton Trans. 2000, 4601. (d) Irwin, M. J.; Vittal, J. J.; Yap, G. P. A.;
Puddephatt, R. J. J. Am. Chem. Soc. 1996, 118, 13101. (e) Wheaton,
C. A.; Eisler, D. J.; Jennings, M. C.; Puddephatt, R. J. J. Am. Chem.
Soc. 2006, 128, 15370. (f) Burchell, T. J.; Eisler, D. J.; Jennings, M. C.;
Puddephatt, R. P. Chem Commun. 2003, 2228. (g) Chen, J.; Mohamed,
A. A.; Abdou, H. E.; Krause Bauer, J. A., Jr.; Bruce, A. E.; Bruce,
M. R. M. Chem. Commun. 2005, 1575. (h) Deák, A.; Tunyogi, T.;
Tárkányi, G.; Király, P.; Pálinkás, G. CrystEngComm 2007, 9, 640.
(i) Lee, Y.-A.; Eisenberg, R. J. Am. Chem. Soc. 2003, 125, 7778.

(24) Hollatz, C.; Schier, A.; Schmidbaur, H Inorg. Chim. Acta 2000,
300–302, 191.

(25) Kui, S. C. F.; Huang, J.-S.; Wai-Yin Sun, R.; Zhu, N.; Che, C.-M
Angew. Chem., Int. Ed. 2006, 45, 4663.

Figure 5. View illustrating the N-H · · ·O and C-H · · ·O bonded homo-
chiral helices of [Au2(nixantphos)2]2+ cations and NO3

- anions in the crystal
structure of 1.
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to the [Au2(xantphos)2]2+ cation characterized previously.26

First, some resonances in the proton spectrum are broadened
at room temperature owing to the moderately fast chemical
exchange related to the interconversion of the enantiomeric
skeletons of the 16-membered macrocycle in solution (see
Supporting Information Figure S1). This conformational
process is achieved by the simultaneous changes in the
P1-Au1-Au2-P3 and P2-Au2-Au1-P4 torsions, which
interconverts the P1/P2 and P4/P3 phosphorus atoms (Figure
8). Although solution NMR spectroscopy (achiral) is unable
to distinguish the two enantiomers, the racemization process
is detected via the chemical exchange between P1 and P2
as well as between P4 and P3. A similar dynamic process
has also been described for a trinuclear double stranded
gold(I) helicate.27

This conformational motion becomes slow on the chemical
shift time scale when the system is cooled down in
dichloromethane, allowing a more practical spectral char-
acterization of the system (see Supporting Information Figure
S2). The low temperature 1H NMR spectra of 1 and 2
appeared to be identical within experimental error. Second,
the 31P NMR spectrum which is an averaged singlet at 25
°C (δ ) 32.2 ppm) becomes an AA′BB′ 31P-multiplet at -80
°C (Figure S3). The appearance of this particular spin-system
is the characteristics of the short aurophilic contact
[Au2(nixantphos)2]2+ within the figure-eight conformation of
the macrocyclic skeleton having C2 symmetry in solution.

We have performed spin-system analysis (Figure 9) on
the experimental low temperature 31P spectrum and assessed
the four 31P-31P scalar coupling constants (2J(PA,PB) ) 321.0
Hz, 3J(PA,PB′) ) 7.8 Hz, 3J(PB,PB′) ) 3.3 Hz, 3J(PA,PA′) )

Table 3. Selected Interatomic Distances (Å) and Angles (deg) for Complexes 1 and 2

complex D-H · · ·A symmetry code (i) H · · ·A (Å) D · · ·A (Å) D-H · · ·A (deg)

1 N(1)-H(1N) · · ·O(4)i 1 + x, y, z 2.39 3.07(1) 135
N(2)-H(2N) · · ·O(3)i 1 - x, ½ + y, 3/2 - z 2.26 2.88(1) 127
C(4)-H(4) · · ·O(5)i 1 + x, y, z 2.30 3.11(2) 143
C(16)-H(16) · · ·O(4)i 1 - x, ½ + y, 3/2 - z 2.47 3.34(2) 152
C(4A)-H(4A) · · ·O(3)i 3/2 - x, 2 - y, ½ + z 2.60 3.48(1) 155
O(9)-H(9A) · · ·O(12) 2.34 2.94(2) 129
O(12)-H(12A) · · ·O(9) 2.33 2.94(2) 129
C(26)-H(26A) · · ·O(9) 1.83 2.79(2) 164
C(26)-H(26B) · · ·O(7) 2.15 2.75(2) 118

2 N(1)-H(1) · · ·O(3)i 3/2 - x, -½ + y, 3/2 - z 2.59 3.14(2) 121
N(1)-H(1) · · ·O(4)i 3/2 - x, -½ + y, 3/2 - z 1.98 2.85(2) 168
C(15)-H(15A) · · ·O(2)i 2 - x, 1 - y, 2 - z 2.30 2.92(3) 121

Figure 6. O-H · · ·O and C-H · · ·O hydrogen-bonded aggregate of one
nitrate anion, two methanols, and a water molecule in the crystal structure
of 1.

Figure 7. View illustrating the N-H · · ·O bonded [Au2(nixantphos)2]2+

cation and NO3
- anions, where the anions are also C-H · · ·O bonded with

acetonitrile molecules in the crystal structure of 2.

Figure 8. Conformational exchange process in solution which interconverts
the arbitrarily labeled P1/P2 and P4/P3 phosphorus atoms of the 16-
membered macrocycle.

Figure 9. 31P NMR (161.9 MHz, CD2Cl2, 1 mM) spectrum of 1 measured
at -80 °C (bottom) and the spin-system simulation for the AA′BB′ system
(top).
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0.6 ( 0.4 Hz) and the two chemical shift values (δ(PA) )
33.1 ppm, δ(PB) ) 32.1 ppm). The large two-bond 2JAB

coupling, which is in good agreement with the roughly linear
geometry of the P-Au-P moiety, dominates the appearance
of the spin-system. With no electron lone-pairs on the phos-
phorus atoms the three-bond 31P-31P J-couplings are trans-
ferred only via the Au · · ·Au bond verifying the existence
of this latter.

Conclusion

The crystals of both the homochiral hydrogen bonded
helices (1) and heterochiral hydrogen bonded monomers (2)
of the [Au2(nixantphos)2](NO3)2 enantiomers were success-
fully obtained by changing the nature of the surrounding
solvent medium. It is conceivable that the triplex hydrogen
bonding acceptor motif of trigonal planar nitrate is suitable
for controlling the molecular alignment in well-defined
supramolecular architectures, and the chirality of the crystal
(homochiral versus heterochiral) can be tuned by subtle
changes in solvent system. In conclusion, we have found
that the triplex hydrogen bonding acceptor motif of nitrate
anion could work as a new type of supramolecular connecting

motif based on homochiral recognition. According to NMR
experiments, the 16-membered macrocycle retains its heli-
cally distorted conformation at -80 °C in solution. At this
temperature the aurophilic interaction has been proven via
31P NMR spin-system analysis of the AA′BB′ 31P-multiplet.
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