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Abstract: Due to the ubiquity of chirality in nature,
chiral self-assembly involving self-sorting behaviors has
remained as one of the most important research topics
of interests. Herein, starting from a racemic mixture of
SEG-based (SEG=SEGPHOS) chlorogold(I) precur-
sors, a unique chiral butterfly-shape hexadecanuclear
gold(I) cluster (Au,s) with different ratios of R¥¢ and
SSEG Jigands is obtained via homoleptic and heterochiral
self-sorting. More interestingly, by employing different
chlorogold(I) precursors of opposite chirality (such as
R*¢-Au, and S$®™-Au, (BIN=BINAP)), an unprece-
dented heteroleptic and heterochiral self-sorting strategy
has been developed to give a series of heteroleptic chiral
decanuclear gold(I) clusters (Au,,) with propellor-shape
structures. Heterochiral and heteroleptic self-sorting
have also been observed between enantiomers of
homoleptic chiral Au,, clusters to result in the hetero-
leptic chiral Au,, clusters via cluster-to-cluster trans-
formation. Incorporation of heteroleptic ligands is found
to decrease the symmetry from S, of homoleptic meso
Auy, to C, of heteroleptic chiral Au,, clusters. The
chirality has been transferred from the axial chiral
ligands and stored in the heteroleptic gold(I) clusters. )

Introduction

Self-assembly involving self-sorting behaviors in chiral
systems has attracted continuous research interests,['~!
because chirality is one of the fundamental features of life
systems. Development of artificial processes capable of a
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control of the handedness and recognition of a certain
enantiomer can help to provide an understanding of the
origin of chirality and provide insights into processes that
occur in nature.*”! In artificial systems, chiral self-sorting
mostly involves recognition and discrimination between the
homoleptic enantiomers to give homochiral or heterochiral
assemblies.[*"! However, in nature, chiral selectivity mainly
occurs between different species, such as the production of
proteins from L-amino acids using RNA with D-ribose,['*'"]
enzyme catalysis between enzyme hosts and specific
guests,”?!l therapeutics using chiral drugs,”**! and so on.
Therefore, an exploration into chirality-driven self-sorting
and an understanding of chiral selectivity behaviors in
heteroleptic chiral systems would represent areas of interest
and is of vital importance.

Among aurophilicity-supported gold(I) assemblie
gold(I) chalcogenido complexes of high stability and
synthetic accessibility have attracted considerable attention
in recent decades.”’?** Gold(I) cluster species possess
diverse configurations and attractive structure-dependent
photophysical ~behavior, showing promises towards
luminescence,?***%! catalysis,””! chemosensing,****! self-
assembly,®*! and so on. Moreover, the dynamic nature of
Au(I)~Au(I) (aurophilic) interactions in gold(I) species has
contributed to the success of their self-assembly and chiral
self-sorting in artificial gold(I) systems.P>*¥*#1=l The suc-
cess of aurophilicity-driven self-assembly has prompted
chemists to explore the full potential of these features in
driving directed assembly strategies.”?! Even though both
chiral self-sorting and heteroleptic self-sorting have been
independently proved to be highly efficient in the fine-
control of self-assembly in supramolecular coordination
systems,'*! to the best of our knowledge, utilization of
chiral self-sorting strategy to build novel structures in cluster
chemistry has rarely been developed in recent years®>!
since it is highly challenging to achieve both heterochiral
and heteroleptic self-sorting between chemically different
components in the cluster system.

Herein, by employing different axial chiral ligands
(Scheme 1) derived chlorogold(I) precursors or decanuclear
gold(I) (Au,,) clusters of opposite chirality, an unprece-
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Scheme 1. Axial chiral ligands involved in this work.
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dented heterochiral and heteroleptic self-sorting strategy
has been developed to give a series of heteroleptic chiral
propellor-shape Au, clusters (Scheme 2). Incorporation of
heterochiral and heteroleptic ligands renders the symmetry
of the propellor-shape Au,, clusters to be lowered from local
S, of the homoleptic clusters to chiral C, of the heteroleptic
clusters. Besides, a unique butterfly-shape chiral hexadeca-
nuclear gold(I) (Au,s) complex with different ratios of RS®¢
and S°"¢ ligands is obtained through heterochiral self-sorting
between enantiomers of SEGPHOS-supported chlorogold-
(I) precursors (SEGPHOS=5,5"-bis(diphenylphosphino)-
4,4'-bi-1,3-benzodioxole). The combinations of the chiral
ligands are anticipated to influence the chirality, composi-
tion, symmetry, and even Au(I)--Au(I) interactions of the
resulting gold(I) complexes, which may lead to structure-
dependent photophysical behaviors and circular dichroism
(CD) origins.

Results and Discussion

Reaction of the respective enantiopure chiral chlorogold(I)
precursors, [RS9(AuCl),] (R%*¢-Au,), [SE9(AuCl),] (S%¢-
Aw,), with Li,S in CH,Cl, gives the corresponding chiral
decanuclear gold(I) clusters, [Au;o(R%9),(us-S),]Cl, (RS“C-
Auyg) and [Auy(S%€),(u5-S),]Cl, ($°*¢-Auy) (see the Sup-
porting Information). The *'P{'"H} NMR spectra of these
chiral Au,, complexes reveal the adoption of a similar
structure as BINAP-protected chiral Au,, clusters (Figur-
es 1a and S1).”! Their identities are further established by
high-resolution electrospray-ionization mass spectrometry
(HR-ESI-MS) (Figures 1b and S2). The m/z value at 2269.56
in Figure 1b is assignable to the cluster dication of [Au,-
(SEGPHOS),(us-S),]*". The single crystal X-ray diffraction
(SCXRD) of $*¢¢-Au,, unambiguously establishes its four-
leaf-clover-shape Au,, structure (Figure 1c). The Tol-BI-
NAP-protected chiral clusters, [Au;o(R™),(us-S),]Cl, (R™-
Auy,) and [Auo(S™)y(us-S),]CL (S™-Au,,), were similarly
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Scheme 2. (a) Evolution of combinations of chiral ligands. (b) Chiral
self-assembly from homochiral assembly to heterochiral self-sorting
and heterochiral and heteroleptic self-sorting for the construction of
new types of chiral polynuclear gold(l) clusters.

Angew. Chem. Int. Ed. 2024, 63, €202316200 (2 of 8)

W E
p S
ﬁé% four-leaf-clover-shape

Chiral D,

Figure 1. (a) *'P{'"H} NMR and (b) ESI-TOF mass spectra of S$*-Au,,
with the inset showing the observed and simulated isotopic patterns of
dicationic cluster ion of Auy,. (c) Crystal structure of S°*¢-Au,, showing
the four-leaf-clover-shape structure (left) and the Au,,S, core sur-
rounded by four S** ligands (right). (The counteranions, hydrogen
atoms, and phenyl rings are omitted for clarity. Au, yellow; S, red; P,
orange; C, grey; O, blue.)

synthesized and have been fully characterized (see the
Supporting Information, Figures S3 and S4). With the
influence of the axial chiral ligands, both these clusters and
their Au,,S; cores possess a local chiral D, symmetry
(Figure 1c).

Surprisingly, reaction of the racemic mixture of RS-
Au, and $**¢-Au, and Li,S was found to afford pale yellow
crystals, which on dissolution in CDCIl;, gave rather
complicated NMR patterns (Figures 2a and b). In the *'P{'H}
NMR spectrum, seven sets of signals are observed, indicat-
ing seven different phosphorus chemical environments (Fig-
ure 2b). The cluster ion observed at m/z values of around
1904.32 in the ESI-mass spectrum corresponds to the
molecular formula of [Au,(SEGHPOS),(us-S)]'* (Fig-
ure 2¢). In sharp contrast, employment of the racemic
mixture of R™-Au, and S$™-Au, was found to give a
propellor-shape meso Auy, cluster (meso™-Auy) (see the
Supporting Information, Figures S5 and S6), which is
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Figure 2. (a) Synthetic route for rac™*¢-Au,,. (b) *'P{'"H} NMR spectrum
showing seven different phosphorus chemical environments. (c) ESI-
TOF mass spectrum of rac™™-Au,¢ with the inset showing the observed
and simulated isotopic patterns of the tetracationic cluster of Auyg. (d)
Crystal structure of one of the enantiomers of rac®*°-Au,¢ and the order
of the protecting chiral ligands. (The counter-anions, hydrogen atoms,
and phenyl rings are omitted for clarity. Au, yellow; S, red; P, orange; C,
grey; O, blue.) (e) Illustration of the relationship between different
extents of steric bulk, flexibility and P--P distances.

analogous to the previously reported meso Au,, with
BINAP ligands.””

The structure of Au;, has been confirmed by SCXRD
analysis as [Au;(R°),(S*);(13-8)s]Cly or [Auy(R*)s-
(S%59),(u5-S)s]Cly  (rac’®™©-Auy), an unprecedented Auy
cluster supported by both R%¥¢ and S°%C ligands (Figure 2d).
Different from other heterochiral assemblies, the 4:3 or 3:4
ratio of R%Y and S ligands is found in each Au
molecule, giving a chiral Auy,; complex. In other words, a
phenomenon of chiral self-discrimination has occurred
between RS and S°FC species during the self-assembly of
the Au,, complex. From the single crystal structure, the Au,
cluster crystallizes in a centrosymmetric space group P2,/c as
a racemic mixture and adopts a butterfly-shape structure
that can be viewed as two Aug motifs linked by a R or
SSEG ligand (Figure 2d). To our knowledge, it is the first time
to obtain gold(I)-chalcogenido complex of hexadecanuclear
cluster core. In addition, it represents the first case to have
chiral gold(I) clusters with unequal ratio of ligand enantiom-
ers.
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Attempts have been made to figure out why butterfly-
shape Auy, instead of propellor-shape Au,, involving the
SEG ligand was obtained. From the X-ray structure, the
dihedral angles between the benzodioxole planes of rac™°-
Au, are in the range of 78.79-106.65° while that between
the naphthalene planes in both meso®™™-Au,, and meso™'-
Auy, are almost around 90° (Figure2e). The higher
flexibility between the benzodioxole planes of the SEG
ligands gives rise to a more diverse range of dihedral angles
than that of the BINAP ligands (Figure 2e). To further
confirm the relatively large flexibility of SEGPHOS ligands
in gold(I) clusters, the single-point energy for each con-
former of R®™-Au, and RS®¢-Au, precursors (as model
complexes) was plotted against the dihedral angles (0) of the
respective benzodioxole planes and naphthalene planes by
density functional theory (DFT) calculations (Figure S7).
For both complexes, the global energetic minimum was
found with a 6 of 91.54° for R®™-Au, and 92.87° for RS*¢-
Au,. More significantly, the shape of the potential energy
surface differs between R®™ -Au, and R%*¢-Au,: whereas the
variation in energy with respect to 6 follows a roughly
parabolic curve in R®™-Au,, the potential energy surface of
R:6.Au, is much flatter in the low-0 region, making the
low-0 conformations accessible in the case of RS*¢-Au, but
not in R®™-Aw, (Figure S7). This results in the greater
flexibility observed in the case of RS*¢-Au,.

As a result, the PP distances in the SEGPHOS ligands
of rac®™®C-Auy, are from 4.4 to around 5.1 A, while those in
meso™-Au,, are around 4.3-4.4 A. The different P--P
distances have resulted in different Au--Au contacts as well
as distinct cluster structures. The dependence of the
structure on the P--P distances in diphosphine-protected
gold(I)-sulfido  clusters has also previously been
demonstrated.”>**# It is likely that the different extents of
steric bulk will have an impact on the P--P distances and
flexibility that determines the formation of such unusual
Au, complex.

It is interesting to understand what will happen if the
different ligands with opposite chirality are combined for
the synthesis of the gold(I)-sulfido clusters. To explore the
full potential of chiral self-sorting in this system, a mixture
of R®™™-Au, and S$°%¢-Au, with equal equivalents is
employed as reaction precursor to produce polynuclear
gold(I) complexes (Figure 3a). Isolation followed by ESI-
MS and SCXRD studies establishes the identity and
structure as RP™S%6-Auyy ([Auyo(R%™),(5%59),(15-S)4]CL), a
novel pseudo meso Auy, cluster supported by heteroleptic
R®™ and S$°F¢ ligands (Figures 3a and b). The enantiomer
RSEGSP™N.Au,, was synthesized and isolated through the
same procedures followed by ESI-MS and SCXRD charac-
terizations (Figures S8 and S9). R®™S%"¢.Au,, crystallizes in
chiral space group P2,2,2 and the crystal structure clearly
shows a propellor-shape Auy, cluster supported by alternat-
ing R®™ and S°FC ligands (RP™SSFORP™NSSES), Since the S,
symmetry is destroyed by the application of the different
ligands (R®™ and S°F9), only local C, symmetry is left for
R®™SSEC. Au, molecular ion to give an unprecedented chiral
heteroleptic Au,, cluster (Figure 3c). In other words, hetero-
chiral and heteroleptic self-sorting between the BINAP and

© 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH
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Figure 3. (a) Synthetic route and crystal structure of heteroleptic chiral
cluster R®™NSS¥C.Au,,. (The counter-anions, hydrogen atoms, and phenyl
rings are omitted for clarity. Au, yellow; S, red; P, orange; C, grey; O,
blue.) (b) High resolution ESI-TOF mass spectrum of R®™S%¥¢.Au,, with
the inset showing the observed and simulated isotopic patterns of
dicationic cluster ion. (c) lllustration of the symmetry lowering from
non-chiral meso®-Auj to chiral heteroleptic R*™S*-Au;,.

SEGPHOS ligands with opposite chirality have dominated
the assembly process. This represents the first report on the
isolation of chiral gold(I)-sulfido complexes with both
heterochiral and heteroleptic ligands.

To uncover the optimal and thermodynamic nature of
the propellor-shape Au,, structure, heterochiral and hetero-
leptic self-sorting between SEGPHOS and Tol-BINAP as
well as BINAP and Tol-BINAP ligands with opposite
chirality have been studied by employing the respective
chiral chlorogold(I) precursors. As expected, a series of
heteroleptic chiral Auy, clusters, RS*¢S™-Au,, R™SFC.
Auyy, RP™NS™-Au,, and R™'S®™-Au,, was successfully
obtained through similar synthetic approach. ESI-MS analy-
sis clearly identifies the formation of heteroleptic Au,
complexes (Figures S10-S13). Similarly, R*™S™-Au,, crys-
tallizes in chiral space group P2,2,2 and its crystal structure
reveals the adoption of the propellor-shape Au,, structure
(Figure S14). Therefore, the propellor-shape Auy, structure
is supposed to be more thermodynamically stable than the
four-leaf-clover-shape Auy, structure, and heterochiral and
heteroleptic self-discrimination probably occurs prior to
homochiral self-recognition in this chiral cluster system.

The four-leaf-clover-shape Au,, complexes absorb UV
light with wavelengths of less than 400 nm, giving rise to
colorless solutions. RS*¢-Au,, and $**¢-Au,, show absorp-
tion maxima at around 309 nm with a shoulder at ca. 332 nm
(Figure 4a). Even though rac’¢-Au, possesses a high
nuclearity cluster structure, absorption bands in the UV
region at ca. 306 and 343 (sh) are observed (Figure 4b). The
relatively open structure with less extensive Au(I)--Au(I)

Angew. Chem. Int. Ed. 2024, 63, €202316200 (4 of 8)
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Figure 4. (a) UV/Vis spectrum of R**“-Au,, and CD spectra of R°*®-Au,,
and S$€-Auy,. (b) UV/Vis spectra of rac**®-Au,s and meso™-Au,. (c)
UV/Vis spectrum of R¥™S¢.Au,, and CD spectra of R¥NS**.Au,, and
R¢S®™N.Au,,. (d) Normalized emission spectra of R¥NS%t¢-Au,,, RS-
Auyg, and rac®®-Auyg in the solid state.

interactions is probably responsible for the absorption of
UV light for rac®¢-Auy. In accordance with BINAP-based
Auy, complexes, R™-Au,, and S™-Au,, have an absorption
shoulder at about 337 nm (Figure S15). In contrast, the
solutions and crystalline solids of propellor-shape Au,
complexes (meso™-Auy, RSFCSP™-Auy,, RPNSSFC-Auy,,
RSEGSTOI'Aulo, RTOISSEG'AUW, RBINSTOI-AUI(., and RToIsBlN_
Auy) are both yellow in color with an absorption tail in the
visible region from 400 to 450 nm in the UV/Vis spectrum
(Figures 4b, ¢, S16 and S17). The above results clearly
indicate that their photophysical properties are different and
are highly dependent on their structural patterns.

The chiral configurations of polynuclear gold(I) com-
plexes have been explored by CD analysis. The CD spectra
of RS*¢-Auy,, $°¢-Auy, R™-Auy, and S™-Au,, display
intense Cotton effects and a mirror image relationship in the
range of 250-380 nm (Figures 4a and S15). For the hetero-
leptic propellor-shape Au, clusters, the Cotton effects and
mirror image relationship between enantiomers are found to
locate in the region of 250400 nm, corresponding to their
UV/Vis absorption (Figures4b, S16, and S17). The CD
spectra confirm the chiral nature of these heteroleptic
propellor-shape Auy, clusters (Figures4b, S16, and S17).
The butterfly-shape chiral Auq is crystallized as a racemic
mixture and is CD-silent in the CD spectra.

In order to further elucidate the origin of chirality in the
chiral gold(I) sulfido clusters, we have evaluated the
Hausdorff chirality measure!®! (HCM, see the Supporting
Information) values for both the clusters and their constitu-
ent fragments (Au—S core and chiral ligands). The HCM
value serves to quantify the degree of overlap between a
given moiety and its mirror image. Our findings demonstrate
that the HCM values for Au-S cores of R®*™$%¢.Au,, and
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R®™S™. Au,, are relatively small (Table 1), thereby suggest-
ing a negligible contribution to overall chirality. The primary
source of chirality stems from the spatial arrangement of the
chiral ligands. This observation is corroborated by the
comparatively weak CD signal exhibited by R®*™S™-Au,,
(Figure S17), which aligns with its possession of the smallest
overall HCM value among the four clusters under inves-
tigation. In contrast, both the Au—S core (HCM > 0.1) and
the peripheral ligand environment (HCM = 0.11) signifi-
cantly contribute to the overall chirality in $**¢-Au,, and
rac’C-Au,.

These newly formed gold(I) complexes emit weakly in
solution. Therefore, only solid-state emissions are reported
here. According to previous reports, the low-energy emis-
sion bands at around 600-800 nm are tentatively assigned as
triplet ligand-to-metal charge transfer excited state
(*(LMCT) modified by metal--metal interactions or alterna-
tively from the triplet ligand-to-metal — metal charge trans-
fer CLMMCT) excited state, while the high-energy emission
maxima in the range of 500-600 nm are assigned as triplet
metal-perturbed intraligand (*IL) phosphorescence (Fig-
ure 4d).P*'3 Their lifetimes in microsecond range confirm
the  phosphorescence  nature of the  emissions
(Table S7).7*) The heteroleptic Auy, clusters, R®™NSS¥¢.
Auy, and RS:6S®™.Au,,, show the highest photolumines-
cence quantum yields of 6.5% and 6.8% in this system
(Table S7), probably attributed to the rather rigid and
compact cluster structure with shorter Au(I)--Au(I) inter-
actions in this system (Tables S4 and S5). The structure and
symmetry as well as Au(I)--Au(I) interactions of the gold-
(I)-sulfido complexes are obviously influenced by altering
combinations of the chiral ligands, leading to different
photophysical behaviors and emission origins.

Besides the employment of heteroleptic precursors with
opposite chirality, attempts have been made to construct the
heteroleptic chiral Au;, complexes from cluster-to-cluster
transformation. Equal equivalents of R®™-Au,, and S$%¢¢-
Au,, were stirred in DCM under reflux for 2 h (Figure 5a).
The UV/Vis spectrum shows an absorbance growth in the
range of 354-425 nm and an absorbance drop at the maxima
of around 310 and 330 nm. These together with CD spectral
changes indicate the formation of a propellor-shape Au,
cluster, R®™S¢.Au,, (Figures5b, c, and S18). Further
evidence came from the ESI-MS studies. By mixing R®™-
Auy, and $*¢-Au,, at room temperature (r.t.) for 24 h, an
incomplete cluster-to-cluster transformation occurs with the
coexistence of Auy, clusters with ligand combinations of
(SSEG)4’ (SSEG)3(RBIN), (SSEG)Z(RBIN)Z, (SSEG)(RBIN)3’ and

Table 1: Hausdorff chirality measure values for S*¢-Au,,, R¥NSS¢-Au,y,
R¥NS™.Au,g and rac*™ -Auyg at their X-ray crystal structures.

Cluster Au-S core’ Chiral ligands Total
S Auy, 0.200 0.116 0.116
RENSSECAu,, 0.017 0.081 0.080
RENS™. Au,, 0.022 0.073 0.073
1acs=-Ausg 0.112 0.108 0.107

“AusoS, for Auyg clusters and AuqSe for rac™™-Auyg.
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Figure 5. (a) Schematic illustration showing the cluster-to-cluster trans-
formation from R®™-Au,o and S$%¢-Au,, to R*™S**©-Au,, via heterochiral
and heteroleptic self-sorting. (b) CD and (c) UV/Vis spectral changes
upon heating the reaction at 50°C for 2 h. (d) ESI-Mass spectral
changes by mixing R*™-Au,, and $**°-Auy at r.t. for 24 h and upon
heating the reaction at 50°C for 0.5 h, 1 h, 2 h, 4 h, and 6 h.

(R®™), (Figure 5d). Time-dependent ESI-MS analysis dem-
onstrates that this cluster-to-cluster transformation is accel-
erated under heating and the majority of Auy, clusters is
converted to heterochiral and heteroleptic R*™S*¢-Au,,
((RS9),(8®™),) upon heating at 50°C after 6 h (Figures 5d
and S19). In other words, the four-leaf-clover-shape Au,
mixture of R®™-Au,, and $°*¢-Au,, undergoes a heterochiral
and heteroleptic self-sorting and a structure rearrangement
in solution, leading to the formation of the propellor-shape
heteroleptic Auy,.

To further explore the heterochiral and heteroleptic self-
sorting phenomenon, we have conducted competition ex-
periments. A mixture of R%¢-Au,, $C-Auy, R™™-Au,
and $®™-Au,, in a mole ratio of 1:1:1:1 was stirred under
50°C for 6 hours (Figure 6). The growth in absorbance at
around 400 nm and the absorbance drop at around 310 and
330 nm in the UV/Vis spectra (Figure S20) as well as the
isolation of yellow crystals typical of the propellor-shape
structure from the reaction mixure (Figure S21) indicate the
formation of propellor-shape Auy, clusters. The existence of
Au,, clusters with ligand combinations of (SEGPHOS),,
(SEGPHOS);(BINAP), (SEGPHOS),(BINAP),,
(SEGPHOS)(BINAP);, and (BINAP), is revealed by ESI-
MS analysis. The heteroleptic Auy, cluster protected by
ligands of RSECSSEORBINGEIN js found to be the principal

© 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH
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Figure 6. Reaction of R**-Au,y, S**¢-Au,o, R®™-Au,,, and S¥N-Au,, in
equal equivalents is monitored by ESI-MS.

product (Figure 6). The co-existence of Auy, clusters with
different ligand compositions proves the facile ligand
exchange ability of these propellor-shape Auy, clusters in
this system. The absence of Au,, in this reaction system
suggests the formation of propellor-shape Au,y, cluster is
prior to that of SEGPHOS-based butterfly-shape Au
cluster. These results demonstrate that the heterochiral and
heteroleptic self-sorting dominates the self-assembly proc-
esses in this system.

To explore the full potential of the chiral self-sorting in
the chiral gold(I) sulfido cluster system, another type axial
chiral spiroketal-based diphosphine ligand ((S,S,S)-SKP,
SSKRYT protected Aug cluster ([Aug(S);(us-S),](PFe),,
S%F.Aug), which was newly synthesized and has been fully
characterized (Figures S22-S24), was utilized to react with
RS*¢-Au,, in a mole ratio of 4:3 under 50°C for 6 hours.
Seen from the ESI mass spectra (Figure S25), even though
RS"€.Au,, and $***-Au, remains to be the principal species
in the reaction mixture, the appearance of Au, and Auy,
clusters with respective ligand combinations of (SKP),-
(SEGPHOS) and (SKP)(SEGPHOS); still indicate the
existence of heterochiral and heteroleptic self-sorting be-
tween different types of axial chiral ligands (SKP and
SEGPHOS) protected gold(I) sulfido clusters of distinct
nuclearity and symmetry. This result could herald the
ubiquity of heterochiral and heteroleptic self-sorting in
gold(I) cluster system, and open up a new avenue for an
exploration to fully uncover the self-sorting behavior in
gold(I)-sulfido cluster systems.

Conclusion

In summary, employing different combinations of hetero-
chiral and heteroleptic ligands, novel heteroleptic chiral
propellor-shape Au,, clusters have been constructed through
an unprecedented heterochiral and heteroleptic self-sorting
strategy. Compared to the homoleptic meso ones, the
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incorporation of heteroleptic ligands has led to symmetry
lowering from S, to C,. The chirality has been transferred
from the chiral ligands and stored at the newly formed
heteroleptic Au,, species. Besides, a unique butterfly-shape
chiral Au;q complex with different ratios of RS and St
ligands is obtained via heterochiral self-sorting. The cluster-
to-cluster transformation experiments further identify the
propellor-shape Au,, cluster structures to be the optimal
structural pattern in this cluster system. The current work
would guide the future design of heteroleptic chiral gold
clusters and bi-functional artificial chiral species using
mixed-ligand strategy, especially for assembling water-
soluble chiral gold clusters with both chiral and hydrophilic
hetero-ligands for bimedical applications.”"! Our research
may also contribute to a better understanding of the
heterochiral and heteroleptic self-sorting and self-assembly
processes involved in nature.
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