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Abstract: By taking advantage of self-complementary p–p

stacking and CH–p interactions, a series of discrete quadru-
ple stacks were constructed through the self-aggregation of

U-shaped dirhodium metallotweezer complexes featuring

various planar polyaromatic ligands. By altering the conju-
gate stacking strength and bridging ligands, assemblies with

a range of topologies were obtained, including a binuclear

D-shaped macrocycle, tetranuclear open-ended cagelike
frameworks, and duplex metallotweezer stacking structures.

Furthermore, a rare stacking interaction resulting in selective

C@H activation was observed during the self-assembly pro-
cess of these elaborate architectures.

Introduction

Noncovalent intra- and intermolecular interactions occur fre-

quently in programmed biological and chemical processes,[1–4]

such as protein folding, (bio)catalysis, and molecular recogni-

tion, and are a major research focus in the field of artificial
supramolecular chemistry. These interactions are always weak

but specific, and play significant roles in product assembly by

controlling the ordered combination of building blocks. Based
on this principle, numerous examples of this type of precise

control over product assembly have been reported over the
past few decades,[5–7] such as the construction of molecular

knots, links, shuttles, and stacked aromatics, and this has great-
ly extended the available libraries of programmed topological
structures. In addition, important processes such as recogni-

tion, chemical transport, and catalysis have also been ex-
pressed in these structures. Therefore, the ability to utilize and
modulate noncovalent interactions in a rational manner has
been a significant goal in the design of supramolecular archi-

tectures.
In an effort to mimic complex biological processes, the syn-

thesis of molecular machines with specific functionalities has

attracted wide attention. Therein, molecular tweezers play a
key role due to their interesting recognition properties, in

which their open cavities allow guest binding through a varie-

ty of noncovalent interactions, such as p–p stacking, hydrogen
bonding, and electrostatic effects. The term “molecular twee-

zers” was introduced in 1978 by Whitlock and Chen, and such
species are characterized by two identical flat arms in a syn

conformation linked by a significantly rigid tether.[4] The aver-
age separation between two arms of about 7 a facilitates com-

plexation with aromatic substrates through p–p interactions

and endows the tweezers with diverse properties.
In addition to specific noncovalent interactions, metal–

ligand coordination has also played a leading role in the pro-
grammed design of metallasupramolecules. These dynamic

bonds provide the possibility of predefining a product assem-
bly due to the often predictable coordination geometries of

the applied metal units. However, whereas the majority of the

reported tweezers feature purely organic structures,[8, 9] metal-
lotweezer structures are limited.[10, 11] Nevertheless, metal-based

tweezers have gradually attracted attention throughout the
last two decades, mainly due to their mild and concise synthe-

sis relative to traditional organic receptors.
Half-sandwich [Cp*M] (M = Ir, Rh)[12, 13] units have proven to

be excellent building blocks for the construction of supramole-
cules. Although a variety of topological structures based on
these units have been assembled by following well-established

design principles, the preparation of molecular tweezers based
on [Cp*M] fragments remains a gap in this research field. Fur-

thermore, although we and others have demonstrated that
products formed by C@H activation are usually unique assem-

blies and structurally stable due to the robust M@C bonds

formed,[14] the self-assembly of metallasupramolecules involv-
ing C@H activation has in general been ignored, has thus far

resulted in structures with relatively conventional topologies,
and hence is in need of expansion.

Herein, by taking advantage of controllable, selective C@H
activation of conjugate proligands, a series of discrete quadru-
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ple stacks featuring RhCp* units were constructed by noncova-
lent self-aggregation of rare U-shaped dirhodium metallo-

tweezer complexes. Four similar conjugated polycyclic proli-
gands (L1, L2, L3, L4) with gradually enlarged p systems

(Scheme 1) were investigated and compared in subsequent C@
H-activation-directed self-assembly, in which they had distinct

effects on the final supramolecular architectures. Firstly, the

rigid building block [Cp*MCl]2B1 (M = Rh, Ir) (Scheme 1), with a
metal–metal separation of about. 7 a was selected.[15] With the

different polycyclic proligands employed, tetranuclear rectan-
gle or duplex metallotweezer structures were assembled, in

which the proligands underwent bilateral (L1, L2) or unilateral
(L3, L4) C@H activation. The assembly process was also at-

tempted with longer and more flexible bridging ligand B2
(Scheme 2), unlocking the bilateral C@H activation of proligand
L3, and thus D-shaped binuclear macrocycles were formed.

As a result of selective C@H activation, D-shaped macrocy-
cles, open-ended cagelike rectangles, and unprecedented

quadruple stacks based on metallotweezers were obtained
simply by selection of bidentate bridging ligands with different

lengths and flexibilities or polyaromatic proligands with differ-

ent sizes of p systems in the assembly process.

Results and Discussion

Four similar, conjugated, heterocyclic proligands (L1–L4) with
different sizes of p systems were selected (Scheme 1). Bridges

B1 and B2, of different length and flexibility, were employed in
subsequent assemblies (Scheme 2). NMR spectra, ESI-MS, and

elemental analysis were used to characterize the obtained
compounds.

The binuclear [Cp*MCl2]2B1 (M = Rh, Ir) building block was
obtained by the reaction of [{Cp*MCl2}2] with pyrazine at room
temperature, followed by treatment with Ag(CF3SO3) for 12 h.

Subsequently, the smallest conjugated polyaromatic ligand, L1,
was added to the mixture with sodium acetate under a nitro-
gen atmosphere. The color change of the solution from yellow
to dark red indicated progress of the base-promoted C@H acti-

vation reaction. After stirring for 12 h, the solution was filtered
and concentrated, and red products 1 a and 1 b were obtained

in 85 and 87 % yield, respectively, after extraction with diethyl

ether. Single crystals of complex 1 a were obtained by slow
liquid-phase diffusion of n-hexane into its saturated dichloro-

methane solution at ambient temperature, and single crystals
of 1 b were obtained by vapor diffusion of diethyl ether into

its concentrated acetonitrile solution. Structural analysis of
crystals of 1 a and 1 b revealed the formation of tetranuclear

open-ended cagelike frameworks (Figure 1 and Figure S1 in

the Supporting Information), in which two pyrazine bridging li-
gands support two roughly parallel L1 planes with bilateral C@
H bonds undergoing activation. The cagelike frameworks of 1 a
and 1 b encapsulate one molecule of dichloromethane or ace-

tonitrile, respectively, in their cavities during the crystallization
processes. However, as determined by NMR spectroscopy, the

Scheme 1. Synthesis of tetranuclear rectangles 1 and 2 and duplex metallotweezer stacks 3 and 4. Novel stacking interactions resulting from selective unilat-
eral C@H activations of L3 and L4 were observed due to the formation of duplex metallotweezer stacks structures in 3 and 4. i) AgOTf, 12 h; ii) L, NaOAc,
12 h.
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guest molecules captured in the crystalline state are released
from the host frameworks on dissolution due to weak host–

guest interactions in solution.
An additional fused benzene ring was introduced to form

polyaromatic ligand L2 with larger p system. A synthetic pro-
cedure similar to that used to prepare complex 1 a was carried

out for the assembly of complex 2 with L2 instead of L1.
Thereby, 2 was obtained as a red solid in 83 % yield, and was

also determined to have an open-ended cagelike structure

(Figure 1). Compared with 1, the capacity for encapsulation of
the resulting framework has been improved due to the ex-

tended ligand L2, and two different solvent molecules (one
acetonitrile and one dichloromethane) are encapsulated con-

currently during the crystallization process. Similarly, the guest
molecules of 2 are also released on dissolution.

To explore the potential of such proligands with large conju-

gated systems in subsequent assemblies, ligand L2 was further
extended in the synthesis of ligand L3, with a length of

10.82 a, which we predicted might enable stronger noncova-
lent interactions. By following the synthetic procedures and re-
actant molar ratios applied above and employing L3 instead of
L1/L2, red product 3 was obtained in an uncharacteristically

low yield. Moreover, its NMR spectra are much more complex

than those of the aforementioned macrocycles 1 and 2. The
1H NMR spectra of 3 exhibited two similar sets of signals in

CDCl3, which were attributed to a single diffusion coefficient
(D = 3.6 V 10@10 m2 s@1) by means of 1H DOSY NMR spectrosco-

py.
Single crystals of 3 were obtained by diffusion of diethyl

ether into a concentrated solution in acetonitrile/dichloro-

methane and analyzed by XRD. Unexpectedly, in the solid-state
structure of 3, discrete quadruple stacks were formed by the

intercalation of two U-shaped dirhodium metallotweezers
(Figure 2). Each tweezer component is composed of two iden-

tical, parallel arms derived from proligand L3 in a syn confor-
mation and one rigid bridging pyrazine ligand with a distance

Scheme 2. Skeleton representation of tweezer dimer 3 and macrocycle 5.
Utilization of longer and more flexible bridging ligand B2 instead of B1 un-
locked the bilateral C@H activation of proligand L3 in the assembly process
to form binuclear macrocycle 5. i) NaOAc, 12 h; ii) B, 12 h.

Figure 1. Crystallographically derived structures of a) 1 a and b) 2. All hydro-
gen atoms and counterions are omitted for clarity. Color code: N blue, C
gray, Rh violet, Cl cyan; red: additional p systems of proligand L2.

Figure 2. a) Crystal structure of 3. b) Side view. c) Top view. d) Space-filling
mode. All counterions and other hydrogen atoms are omitted for clarity.
Color code: N blue, C gray, Rh violet, H orange.
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of about 7 a between metal centers. This separation provides
the perfect distance for each metallotweezer to engage the

other by way of p–p stacking interactions. The edge-to-face
CH–p interactions between certain hydrogen atoms of the

inner L3 units and the bridging ligands B1 further stabilize this
quadruple stack.

In contrast to the bilateral C@H activation of proligands L1/
L2 in assemblies 1 and 2, the larger polyaromatic proligand L3
undergoes only single C@H activation in the construction of 3.

Blocking of the C@H site through the noncovalent interactions
in the quadruple stack 3 is assumed to protect the second acti-

vation site from further activation, despite the presence of
excess reactant and ample reaction time. Furthermore, modifi-

cation of the reactant molar ratios (ratio of [Cp*RhCl]2B1 to
L3 = 1:2) led to improved yields of 3 (79 %).

The unusual behavior of L3 in the assembly of 3 was further

investigated. In place of short and rigid bridge B1, the long
and flexible bridge B2 was introduced in a subsequent assem-

bly. The [{Cp*IrCl2}2]B2 building block was prepared by the re-
action of [{Cp*IrCl2}2] with bridge B2 and further employed in

the construction of the binuclear D-shaped macrocycle 5
(Scheme 3). The skeletal structure of 5 is provided in Figure S2

in the Supporting Information, derived from imperfect crystal

data recorded by XRD. A similar construct could be also ob-
tained when Rh centers were used instead of Ir centers.

Whereas one reaction site of L3 remained inactive to further
activation in 3, ligand L3 plays a more conventional bilateral

C@H activation role in the assembly of 5. This contrast further
highlights the shielding of a potential C@H activation site of L3
by noncovalent interactions observed in the formation of dis-

crete quadruple stack 3, and also demonstrates a rare stacking
interaction directed by selective C@H activation to assemble

supramolecular stacks based on duplex metallotweezer struc-
tures.

To confirm the effect of noncovalent interactions on these
assembly processes, this study was further extended by re-

placement of ligand L3 with the longer polyaromatic ligand

L4. A similar synthetic procedure to that used to prepare 3
was followed in the synthesis of 4, but by using L4 in the

place of L3. In the 1H DOSY NMR spectrum of 4, a single diffu-
sion coefficient (D = 5.5 V 10@10 m2 s@1) corresponding to the
two distinct sets of signals was observed in CD3CN. As expect-
ed, discrete quadruple-stack structure 4 was constructed by

noncovalent stacking of two dirhodium metallotweezer com-

plexes, the solid-state structure of which was determined by
XRD (Figure 3).

Conclusion

Through simple alteration of planar polyaromatic proligands

L1–L4 with gradually enlarged p systems, a series of discrete
supramolecular architectures with different topologies has

been rationally constructed due to the different strengths of
stacking interactions, including a binuclear D-shaped macrocy-

cle, tetranuclear open-ended cagelike frameworks, and rare
duplex metallotweezer stacked structures. The construction of

the duplex assemblies can be attributed to noncovalent inter-

molecular interactions inducing self-complementarity. More-
over, selective C@H activation has been observed in these as-

semblies. In the case of proligands L1/L2 with smaller fused
conjugate systems, tetranuclear frameworks were obtained

through bilateral self-assembly directed by C@H activation. In
contrast, by employing the larger conjugated proligands L3/

L4, exclusive formation of duplex metallotweezer structures

through unilateral activation of each ligand was observed,
thanks to noncovalent interactions favoring the discrete quad-

ruple-stack structures. Overall, this contribution has demon-
strated a self-assembly approach to stacking interactions di-

rected by selective C@H activation and thus provides a founda-
tion for the design and construction of molecular tweezers

and discrete aromatic stacks.

Experimental Section

General considerations

All manipulations were performed under a nitrogen atmosphere
by using standard Schlenk techniques. Solvents were freshly dis-

Scheme 3. Synthesis of binuclear macrocycle 5 by bilateral C@H activation of
proligand L3. i) NaOAc, 12 h; ii) B, 12 h.

Figure 3. a) Crystal structure of 4. b) Side view. c) Top view. d) Space-filling
mode. All counterions and other hydrogen atoms are omitted for clarity.
Color code: N blue, C gray, Rh violet, H orange.
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tilled by standard procedures prior to use. Once the reactions were
finished, the obtained compounds were air-stable and were subse-
quently handled without precautions. [{Cp*IrCl2}2] (M = Rh, Ir, Cp* =
h5-pentamethylcyclopentadienyl),[16] proligands L1–L4,[17, 18] and
bridging ligand B2[19] (Scheme 3) were prepared according to pre-
viously reported literature methods. Other reagents were pur-
chased from commercial sources and used without further purifica-
tion. 1H, 1H-1H COSY, and 1H DOSY NMR spectra were measured
with a Bruker AVANCE III HD spectrometer at room temperature.
ESI mass spectra were recorded with a Micro TOF II mass spec-
trometer. Elemental analysis was performed with an Elementar
Vario EL III analyzer after drying samples at 328 K under vacuum
for 24 h.

Preparation of 1 a

Bridging ligand B1 (8.0 mg, 0.1 mmol) was added to a solution of
[{Cp*RhCl2}2] (62.2 mg, 0.1 mmol) in CH2Cl2 (20 mL) at room tem-
perature. After vigorous stirring for 6 h, Ag(CF3SO3) (102.8 mg,
0.4 mmol) was added. The mixture was stirred in the dark at room
temperature overnight, and then L1 (23.0 mg, 0.1 mmol) and
NaOAc (41.0 mg, 0.5 mmol) were added to the solution, and the
mixture was again stirred for 12 h. The solution was then filtered
and concentrated in a rotary evaporator. After extraction with di-
ethyl ether, the red product was separated by centrifugation and
dried under vacuum (85 % yield). 1H NMR (400 MHz, CD3CN, ppm):
9.16 (s, 4 H, L1-H), 8.17 (s, 8 H, pyrazine-H), 8.13 (d, J = 4.0 Hz, 4 H,
L1-H), 8.10 (d, J = 8.0 Hz, 4 H, L1-H), 7.74 (t, J = 8.0 Hz, 4 H, L1-H),
1.62 (s, 60 H, Cp*-H); ESI-MS: m/z = 2015.1595 (calcd for
[C84H84F12Rh4N8O12S4@OTf]+ : 2015.1594) ; elemental analysis (%)
calcd for elemental analysis (%) calcd for C84H84F12Rh4N8O12S4 (M =
2165.48): C 46.59, H 3.91, N 5.17; found: C 46.54, H 3.87, N 5.20.

Preparation of 1 b

The synthesis of 1 b was carried out similarly to that of 1 a, with
the use of [{Cp*IrCl2}2] (80.0 mg, 0.1 mmol) instead of [{Cp*RhCl2}2] ,
which was obtained as a red solid in 87 % yield. 1H NMR (400 MHz,
CDCl3, ppm): 9.24 (s, 4 H, L1-H), 8.46 (s, 8 H, pyrazine-H), 8.20 (d, J =
4.0 Hz, 4 H, L1-H), 8.08 (d, J = 8.0 Hz, 4 H, L1-H), 7.77 (t, J = 8.0 Hz,
4 H, L1-H), 1.71 (s, 60 H, Cp*-H); ESI-MS: m/z = 2373.3883 (calcd for
[C84H84F12Ir4N8O12S4@OTf]+ : 2373.3873); elemental analysis (%) calcd
for C84H84F12Ir4N8O12S4 (M = 2522.72): C 39.99, H 3.36, N 4.44; found:
C 39.95, H 3.41, N 4.49.

Preparation of 2

The synthesis of 2 was carried out similarly to that of 1 a, with the
use of L2 (28.0 mg, 0.1 mmol) instead of L1 (23.1 mg, 0.1 mmol),
and 2 was obtained as a red solid in 83 % yield. 1H NMR (400 MHz,
CD3CN, ppm): 8.68 (m, 4 H, L2-H), 8.41 (m, 4 H, L2-H), 8.22 (d, J =
8.0 Hz, 4 H, L2-H), 8.08 (d, J = 8.0 Hz, 4 H, L2-H), 7.82 (s, 8 H, pyra-
zine-H), 7.73 (t, J = 8.0 Hz, 4 H, L2-H), 1.61 (s, 60 H, Cp*-H); elemen-
tal analysis (%) calcd for C92H88F12Rh4N8O12S4 (M = 2265.59): C 48.77,
H 3.92, N 4.95; found: C 48.80, H 3.87, N 4.91.

Preparation of 3

Pyrazine (8.0 mg, 0.1 mmol) was added to a solution of
[{Cp*RhCl2}2] (62.2 mg, 0.1 mmol) in CH2Cl2 (20 mL) at room tem-
perature. After vigorous stirring for 6 h, Ag(CF3SO3) (102.8 mg,
0.4 mmol) was added. The mixture was stirred in the dark at room
temperature overnight, and then L3 (66.0 mg, 0.2 mmol) and
NaOAc (82.0 mg, 1.0 mmol) were added to the solution and the

mixture was again stirred for 12 h. The solution was then filtered
and concentrated with a rotary evaporator. The red product 3 was
separated by centrifugation and dried under vacuum, after extrac-
tion with diethyl ether, in 79 % yield. 1H NMR (400 MHz, CDCl3,
ppm): 9.27 (d, J = 4.0 Hz, 4 H, pyrazine-H), 9.13 (s, 2 H, L3-H), 9.04
(d, J = 4.0 Hz, 4 H, pyrazine-H), 8.88 (s, 2 H, L3-H), 8.62 (d, J =
12.0 Hz, 2 H, L3-H), 8.44 (d, J = 4.0 Hz, 2 H, L3-H), 8.37 (d, J = 8.0 Hz,
2 H, L3-H), 8.31 (d, J = 12.0 Hz, 2 H, L3-H), 7.71 (t, J = 8.0 Hz, 2 H, L3-
H), 7.59–7.55 (m, 4 H, L3-H), 7.48 (d, J = 8.0 Hz, 2 H, L3-H), 7.43 (t,
J = 8.0 Hz, 2 H, L3-H), 7.32 (t, J = 8.0 Hz, 2 H, L3-H), 7.25 (d, J =
8.0 Hz, 2 H, L3-H), 7.09 (t, J = 8.0 Hz, 2 H, L3-H), 6.93 (d, J = 8.0 Hz,
2 H, L3-H), 6.81 (t, J = 8.0 Hz, 2 H, L3-H), 6.78 (s, 2 H, L3-H), 6.71 (d,
J = 8.0 Hz, 2 H, L3-H), 6.55 (d, J = 8.0 Hz, 2 H, L3-H), 6.47 (t, J =
8.0 Hz, 2 H, L3-H), 6.31 (t, J = 8.0 Hz, 2 H, L3-H), 6.29 (d, J = 8.0 Hz,
2 H, L3-H), 6.22 (d, J = 8.0 Hz, 2 H, L3-H), 5.37 (s, 2 H, L3-H), 4.13 (t,
J = 8.0 Hz, 2 H, L3-H), 3.33 (d, J = 8.0 Hz, 2 H, L3-H), 1.99 (s, 30 H,
Cp*-H), 1.57 (s, 30 H, Cp*-H); 1H NMR (400 MHz, [D6]DMSO, ppm):
9.31 (s, 2 H, pyrazine-H), 9.28 (d, J = 8.0 Hz, 2 H, L3-H), 8.84 (s, 2 H,
pyrazine-H), 8.77 (d, J = 8.0 Hz, 2 H, L3-H), 8.66 (s, 2 H, L3-H), 8.55
(d, J = 8.0 Hz, 2 H, L3-H), 8.52 (d, J = 8.0 Hz, 2 H, L3-H), 8.48 (d, J =
8.0 Hz, 2 H, L3-H), 8.15 (d, J = 8.0 Hz, 2 H, L3-H), 7.97 (d, J = 8.0 Hz,
2 H, L3-H), 7.91–7.82 (m, 10 H, L3-H), 1.63 (s, 30 H, Cp*-H); elemental
analysis (%) calcd for C148H120F12Rh4N12O12S4 (M = 3026.47): C 58.73,
H 4.00, N 5.55; found: C 58.77, H 3.98, N 5.49.

Preparation of 5

The synthesis of 5 was carried out similarly to that of 1 b, with the
use of B2 (42.0 mg, 0.1 mmol) instead of B1 (8.0 mg, 0.1 mmol),
and L3 (33.0 mg, 0.1 mmol) instead of L1 (23.0 mg, 0.1 mmol).
Compound 5 was obtained as a red solid in 74 % yield. 1H NMR
(400 MHz, CDCl3, ppm): 9.57 (s, J = 8.0 Hz, 2 H, L3-H), 8.69 (d, J =
4.0 Hz, 2 H, L3-H), 8.41 (d, J = 8.0 Hz, 2 H, L3-H), 8.25 (d, J = 4.0 Hz,
4 H, pyridyl-H), 8.16 (d, J = 8.0 Hz, 2 H, L3-H), 8.06 (d, J = 8.0 Hz, 2 H,
L3-H), 7.86 (t, J = 8.0 Hz, 2 H, L3-H), 7.47 (d, J = 4.0 Hz, 4 H, pyridyl-
H), 4.46 (d, J = 8.0 Hz, 2 H, B2), 4.21 (d, J = 8.0 Hz, 2 H, B2), 1.97 (s,
30 H, Cp*-H); ESI-MS: m/z = 1553.2847 (calcd for
[C66H54F10Ir2N4O10S2@OTf]+ : 1553.2856), 702.1659 (calcd for
[C66H54F10Ir2N4O10S2@2 OTf]2 + : 702.1666); Elemental analysis (%)
calcd for C66H54F10Ir2N4O10S2 (M = 1701.70): C 46.58, H 3.20, N 3.29;
found: C 46.62, H 3.17, N 3.35.

Preparation of 4

The synthesis of 4 was carried out similarly to that of 3, with the
use of L4 (70.8 mg, 0.2 mmol) instead of L3 (66.0 mg, 0.2 mmol).
Compound 4 was obtained as a red solid in 82 % yield. 1H NMR
(400 MHz, CD3CN, ppm): 9.00 (d, J = 4.0 Hz, 4 H, pyrazine-H), 8.91 (s,
2 H, L4-H), 8.82 (s, 2 H, L4-H), 8.78 (d, J = 4.0 Hz, 4 H, pyrazine-H),
8.51–8.47 (m, 5 H, L4-H), 8.41 (d, J = 8.0 Hz, 2 H, L4-H), 8.28 (d, J =
8.0 Hz, 2 H, L4-H), 8.04 (d, J = 8.0 Hz, 2 H, L4-H), 7.96 (d, J = 8.0 Hz,
2 H, L4-H), 7.62 (d, J = 8.0 Hz, 2 H, L4-H), 7.53–7.44 (m, 5 H, L4-H),
7.38 (d, J = 8.0 Hz, 2 H, L4-H), 7.22 (d, J = 8.0 Hz, 2 H, L4-H), 7.13 (d,
J = 8.0 Hz, 2 H, L4-H), 6.93–6.85 (m, 7 H, L4-H), 6.75 (d, J = 8.0 Hz,
2 H, L4-H), 6.62 (d, J = 8.0 Hz, 2 H, L4-H), 6.54 (t, J = 8.0 Hz, 2 H, L4-
H), 5.99–5.91 (m, 5 H, L4-H), 5.39 (d, J = 8.0 Hz, 2 H, L4-H), 5.16 (s,
2 H, L4-H), 2.04 (s, 30 H, Cp*-H) 1.54 (s, 30 H, Cp*-H); 1H NMR
(400 MHz, DMSO, ppm): 9.43 (d, J = 8.0 Hz, 2 H, L4-H), 9.33 (s, 2 H,
pyrazine-H), 8.83 (s, 2 H, pyrazine-H), 8.66 (s, 3 H, L4-H), 8.53–8.49
(m, 9 H, L4-H), 8.43 (d, J = 12.0 Hz, 2 H, L4-H), 8.25–8.12 (m, 6 H, L4-
H), 7.92–7.83 (m, 4 H, L4-H), 1.67 (s, 30 H, Cp*-H); elemental analysis
(%) calcd for C156H120F12Rh4N12O12S4 (M = 3122.56): C 60.00, H 3.87, N
5.38; found: C 60.02, H 3.81, N 5.43.
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X-ray crystal structure determinations

The X-ray intensity data for the complexes were collected with a
Bruker D8 Venture system at 203 K with the w-scan technique. The
structures were solved and refined with SHELXTL.[20, 21]

CCDC 1957680 (1a), 1957681 (1b), 1957682 (2), 1957683 (3), and
1957684 (4) contain the supplementary crystallographic data for
this paper. These data are provided free of charge by The Cam-
bridge Crystallographic Data Centre.
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