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Abstract: The lithium complexes [(WCA-NHC)Li(toluene)] of
anionic N-heterocyclic carbenes with a weakly coordinating
borate moiety (WCA-NHC, WCA =B(C4F;);, NHC=IDipp=1,3-
bis(2,6-diisopropylphenyl)imidazolin-2-ylidene) were used for
the preparation of silver(l) or copper(l) WCA-NHC complexes.
While the reactions in THF with AgCl or CuCl afforded anionic
mono- and dicarbene complexes with solvated lithium
counterions [Li(THF),]" (n=3, 4), the reactions in toluene

proceeded with elimination of LiCl and formation of the
neutral phosphine and arene complexes [(WCA-NHC)M(PPh;,)]
and [(WCA-NHCQ)M(;*-toluene)] (M=Ag, Cu). The latter were
used for the preparation of chlorido- and iodido-bridged
heterobimetallic Ag/Ru and Cu/Ru complexes [(WCA-NHC)
M(u-X),Ru(PPh;)(37°-p-cymene)] (M=Ag, Cu, X=Cl; M=Ag,
X=I). Surprisingly, these complexes resisted the elimination
of CuCl, AgCl, or Agl, precluding WCA-NHC transmetalation.

Introduction

Anionic derivatives of N-heterocyclic carbenes (NHCs) have
become an important subclass of these ubiquitous and
indispensable carbon-donor ligands,™ with C—H metalation and
backbone functionalization of imidazolin-2-ylidenes being argu-
ably the most important strategy for the preparation of ditopic
carbenes of type | (Figure 1), for example, with X=BEt,,
AlMe,;,® CO," ZnR, (R=Et, tBu),”) M{N(SiMe,)}, (M=1Zn, Ge, Sn,
Pb).® Accordingly, most of these species were isolated as
lithium salts by deprotonation of 1,3-bis(2,6-diisopropylphenyl)-
imidazolin-2-ylidene (IDipp) with n-BuLi, followed by treatment
of the intermediate “viable anionic N-heterocyclic dicarbene”™
with the respective electrophile. Thus, addition of fluoroboranes
afforded so-called WCA-NHC systems with a weakly coordinat-
ing anionic (WCA) borate moiety such as X=B(C4F;);, and the
resulting solvated lithium salts [(WCA-NHC)Li(solv.),] (1) were
used as transmetalation reagents for the preparation of late
transition metal complexes, for example, Au(l),”’ Rh(1),® Ir(l),®*
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Figure 1. Anionic N-heterocyclic carbenes and potential transmetalation
reagents. It should be noted that formal charges are shown here to illustrate
the anionic nature of the N-heterocyclic carbene ligands; in the following,
however, formal charges will be omitted to avoid the assignment of
awkward charges in transition metal complexes.

Ni(I1),"% Pd(I1),"" which were preferably used as homogeneous
catalysts for applications in nonpolar solvents. Early transition
metal cyclopentadienyl-titanium(lV) and imido-vanadium(V)
complexes were also prepared and used as pre-catalysts for
ethylene copolymerization.'? Related anionic analogues of
NHCs in which the borate unit is attached to the heterocycle via
a methylene (CH,) spacer were also used in transition metal
chemistry."® Lately, the lithium salts 1 were employed for the
preparation of WCA-NHC complexes of the heavier p-block
elements, covering groups 13,'¥ 15, 16, and 17.1""

In search for alternative transmetalation reagents, sodium
and potassium salts of WCA-NHCs were recently introduced,
however, their synthesis through deprotonation of IDipp with
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Schlosser base combinations of sodium or potassium bis-
(trimethylsilyllamides and n-BulLi leaves room for further
optimisation.'® Therefore, we turned our attention to WCA-NHC
complexes of the lighter coinage metals, since silver(l) and as
well as copper(l) NHC complexes have become well-established
and widely used carbene transfer reagents.'” As a result, we
present, among other things, the synthesis and characterization
of Ag(l) and Cu(l) complexes such as [(WCA-NHC)M(i7*-toluene)]
(5, M=Ag, Cu) and their attempted use for the preparation of
ruthenium(ll) WCA-NHC complexes (Figure 1). To our surprise,
however, it was found that the anticipated transmetalation
reactions do not proceed with the elimination and precipitation
of silver(l) or copper(l) halides but can be used for the
controlled assembly of heterobimetallic Ag/Ru and Cu/Ru
complexes.

Results and Discussion

We first studied the reaction of the lithium carbene complex
1-toluene with one equivalent of silver(l) and copper(l) chloride
in THF solution, which afforded the ionic complexes 2-THF and
3 after filtration through Celite® and recrystallization from THF/
n-hexane solution (Scheme 1). Regardless of the 1:1 stoichiom-
etry, the reaction with AgCl proceeded with formation of the
anionic dicarbene silver complex with a linear C—Ag—C angle of
178.08(10)° and Ag—C bond lengths of 2.141(3) and 2.151(3) A,
which is reminiscent of the structural parameters repeatedly
established for the cationic analogues [(IDipp),Agl™?” and
[(IMes),Agl ™" (IMes = 1,3-bis(2,4,6-trimethylphenyl)imidazolin-
2-ylidene). The lithium counterion is solvated by four THF
molecules and resides in a slightly distorted tetrahedral
environment (Figure 2). It is interesting to note that the “C
NMR spectrum exhibits a nicely resolved doublet of doublets at
183.9 ppm, with coupling constants 1JC,Ag of 195 and 224 Hz for

Dipp Dipp - i +
) P g (CGF;] [L(THF),]
T)2a< T
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(CeFs)3B

/
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-LiCl, THF
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Scheme 1. Synthesis of silver(l) and copper(l) WCA-NHC complexes in THF
solution.
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Figure 2. Molecular structure of 2.THF with thermal displacement parame-
ters drawn at 50 % probability. All hydrogen atoms and one molecule THF
are omitted for clarity. Pertinent structural data are assembled in Table 1.

Ceamene bonding to the '“Ag and 'Ag nuclei. These values fall
in the range observed for other homoleptic silver(l)-dicarbene
complexes,'**?? for example, 5 =183.6 ppm, "Jc,,=188/209 Hz
for [(IMes),Ag][CF;S0,].2"

The copper complex 3 crystallized with two independent
molecular anions [(WCA-NHC)CuCl]™ in the asymmetric unit,
together with one [Li(THF),]* and another [Li(THF);]* unit that
interacts with one of the chlorido ligands (Figure 3). The copper
atoms have linear coordination spheres with C1—Cul-Cl1=

Figure 3. Molecular structure of 3 with thermal displacement parameters
drawn at 50 % probability level. The two independent molecules in the
asymmetric unit are shown. All hydrogen atoms are omitted for clarity.
Pertinent structural data are assembled in Table 1.
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carried out with chloro(triphenylphosphine)silver(l) and
-copper(l). Thus, suspending 1 in toluene and addition of
[(Ph;P)MCI] afforded the complexes [(WCA-NHC)M(PPh,)] (4) as
colorless (4a: M=Ag) and yellow (4b: M=Cu) crystalline solids
in 69% and 63 % vyield, respectively, after stirring for ca. 2 h,
filtration through Celite® and recrystallization from dichloro-
methane/n-hexane or THF/n-hexane solutions (Scheme 2). The
NMR spectroscopic characteristics are similar to those previ-
ously established for the corresponding gold(l) complex [(WCA-
NHC)Au(PPh.)], however, the *'P NMR resonances are found at
significantly higher field, i.e., at 18.3 ppm (4a) and 8.6 ppm (4 b)
in comparison with 40.5 ppm reported for the gold congener.”
For the silver complex 4a, this signal is observed as a doublet
of doublets with 'J,,,=462/533 Hz for phosphorus coupling
with the '“Ag/'®Ag nuclei. In contrast, the C NMR signal for
the carbene carbon atom in 4a could not be resolved, whereas
4b gave rise to doublet at 177.2 ppm with *J., =69 Hz.

The complexes 4 were further characterized by single-crystal
X-ray diffraction analysis; they are isotypic and crystallize in the
monoclinic space group P2,/n. The molecular structure of the
silver complex 4a is shown in Figure 4, whereas the molecular
structure of the copper complex 4b is presented in the
Supporting Information (Figure S4). Selected bond lengths and
angles are summarized in Table 1. The two-coordinate Ag and
Cu atoms display distorted linear environments with C1-M—P1
angles of 166.81(6)° (4a) and 166.23(4)° (4b). The metal-carbon
and metal-phosphorus bond lengths of 2.085(2)/2.3434(6) A
(Ag1—C1/Ag1—P1) and 1.9063(12)/2.1926(4) A (Cu1—C1/Cu1-P1)
fall in the expected ranges and are similar to those established
for cationic analogues such as [(IDipp)Ag(PCy,)I[PF,]** and
[(IDipp)Cu(PPh,)][PF,].%®

Encouraged by the successful chloride substitution and
carbene transfer from (WCA-NHC)Li-toluene (1-toluene) onto
[(PhsPIMCI] (M=Ag, Cu), the preparation of phosphine-free
WCA-NHC silver(l) and copper(l) complexes was attempted.

Chem. Eur. J. 2021, 27, 15218-15226 www.chemeurj.org
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175.59(9)° and C58—Cu-Cl2=179.18(10)°, and the copper- Dipp
carbon bond lengths of 1.877(3) A (Cul—C1) and 1.879(3) A (CeFs)sB 4a M= A

— i i t »—M—PPh; o V=19
(Cu2—C58) are in the same but slightly shorter range compared 3 4b:M=Cu
to the neutral analogues [(IDipp)CuCl®® and [(IMes)CuCl].*¥ D|pp
Related copper(l) chloride complexes bearing anionic malonate
or enolate functionalized anionic N-heterocyclic carbenes have (PhsP)MCI (1 eq.) | M= Ag: 69%
also been reported.” It should be noted that we also obtained -LiCl, toluene M = Cu: 63%
crystals of the complex [Li(THF)JH{(WCA-NHC)Cu},(u-Cl)], in 1-toluene
whi.ch. the chl.orido Iigahd is bridging two (WCA-NHC)Cu M = Ag: 82% | MX (1 eq.)
moieties; see Figure S11 in the Supporting Information for a M = Cu: 91% |-LiX, toluene
presentation of the crystal structure. These findings prompted
us to question our synthetic strategy, since carrying out the (CeFs)sB Dipp
reactions in THF solution prevented the formation and precip- \[ }—M 5a: M = Ag
itation of lithium chloride by solvation and resulted in ionic 5b: M = Cu
complexes of various, somewhat unreliable compositions. More- D|pp
over, transmetalation reactions consistently failed with 2 and 3,
and for instance, the reaction of 3 with [(#> p-cymene)RuCl,], M = Ag: 69% | [(p-cymene)RuCly(PPhz)]
afforded a bimetallic salt consisting of the non-interacting M=CU397%\ toluene
complex ions [{(57%p-cymene)Rub,(u-Cl);]" and [(WCA-NHQ) :
Cudl]” (see the Supporting Information, Figure S10).

Therefore, we turned our attention to WCA-NHC transfer (CeF5)3B . 6a M= A

. . . . . W a: M =
reactions in toluene solution, and initial experiments were \[ )—M u 6b:M=C%

3
D|pp

Scheme 2. Synthesis of silver(l) and copper(l) WCA-NHC complexes in
toluene solution; synthesis of heterobimetallic Ag/Ru and Cu/Ru complexes;
MX = AgOTf or CuCl.

Figure 4. Molecular structure of 4a with thermal displacement parameters
drawn at 50 % probability level. All hydrogen atoms are omitted for clarity.
Pertinent structural data are assembled in Table 1.

Hence, the reaction of 1-toluene with silver(l) trifluoromethane-
sulfonate (AgOTf) afforded the toluene solvate [(WCA-NHC)
Ag(toluene)] (5a) in 82% yield as a white crystalline solid after
stirring for 10 min, filtration through Celite® and recrystallization
from toluene/dichloromethane solution (Scheme 2). Longer
reaction times produced significantly lower yields, which could
tentatively be ascribed to ligand exchange and formation of
ionic dicarbene-silver complexes as side products.?” The
corresponding copper complex 5b could be isolated from the
reaction of 1-toluene with CuCl in toluene solution and was

15220 © 2021 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Table 1. Selected bond lengths [A] and angles [°] of compounds 2-7.

Complex M—C1 M—X C1-M—X
2(M=Ag, X=0  2.141(3) 2.151(3) 178.08(10)
3 (M=Cu, X=C)* 1.877(3), 2.1353(6), 175.59(9),
1.879(3) 2.1282(6) 179.18(10)
4a(M=Ag,X=P) 2.085(2) 2.3434(6) 166.81(6)
4b (M=Cu, X=P) 1.9063(12) 2.1926(4) 166.23(4)
5a (M=Ag,X=C) 2.0839(14) 2.3382(17), 164.94(7),
2.4056(17) 160.24(6)
5b(M=Cu, X=C) 1.9016(17) 2.2013(19), 163.53(8),
2.1220(19) 158.72(8)
6a (M=Ag,X=Cl) 2.0907(14) 2.5287(4), 147.85(4),
2.6727(4) 131.98(4)
6b (M=Cu, X=Cl) 1.898(3) 2.2606(9), 151.61(10),
2.5025(9) 123.34(10)
7 (M=Ag, X=1) 2.139(5) 2.8619(5), 132.64(13),
2.8310(5) 144.92(13)

[a] Two independent molecules in the asymmetric unit.

isolated as a colorless crystalline solid in 91 % yield after stirring
for 16 h, filtration through Celite® and recrystallization from
toluene/diethyl ether solution. Gratifyingly, the *C NMR spectra
of both complexes displayed the expected low-field signals for
the carbene carbon atoms at 182.1 ppm (5a, THF-d;) and
175.1 ppm (5b, CD,CL,). For the silver complex 5a, this signal
could be resolved as a doublet of doublets with 'J.,, =300/
347 Hz for coupling with the '”Ag/'®Ag nuclei. These coupling
constants are significantly larger than usually found for silver(l)
monocarbene complexes of the type ([((NHC)AgX], for
example,['**? 1, =253/271 Hz for [(IDipp)AgClI*", revealing
a strong carbon-silver interaction in the solvated [(WCA-NHC)
Ag] complex fragment of 5a.

The molecular structures of both complexes 5 could be
established by X-ray diffraction analysis (see Figure 5 for 5a and
Figure S6 in the Supporting Information for 5b); they are again
isotypic and crystallize in the monoclinic space group P2,/c. The
metal- carbon bond lengths of 2.0839(14) A (Ag1—C1 in 5a) and
1.9016(17) A (Cu1—C1 in 5b) are virtually identical with those
found in 4a and 4b (Table 1). In addition, both structures
confirm the presence of metal-arene interactions in the solid
state, and a toluene ligand is additionally bound to the metal

Figure 5. Molecular structure of 5a with thermal displacement parameters
drawn at 50% probability level. All hydrogen atoms are omitted for clarity.
Pertinent structural data are assembled in Table 1.
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atoms in a #’fashion with Ag1-C46/C47=2.3382(17)/
24056(17) A and Cu1-C46/C47=2.2013(19)/2.1220(19) A. This
interaction is best classified as charge-transfer bonding, with 7>
coordination typically observed for m-complexes of the late
transition metals.” Such interactions have been observed only
for a small number of cationic silver(l) and copper(l) NHC
complexes, which requires the presence of weakly coordinating
counterions. Accordingly, the complex [(ITr)Ag(17*-C4HsF)I[BAr,]
was isolated from a fluorobenzene solution of [(ITr)Ag(OTf)] in
the presence of Na[BAr",] (ITr=1,3-bis(triphenylmethyl)-imida-
zolin-2-ylidene, Ar" = 3,5-bis(trifluoromethyl)phenyl). With silver-
carbon distances of 2.115(3), 2.381(4) and 2.435(4) A, this
complex exhibits similar, but slightly longer Ag—C bond lengths
compared to 5a.”” Likewise, the copper(l) complexes [(IDipp)
Cu(arene)][SbF,] (arene=n*benzene, 7*-CiMe,, 1*-toluene, 7°-
m-xylene) were isolated by reaction of [(IDipp)CuBr] with
AgSbF, in CH,Cl,/arene solution and feature 7> or 7*-coordina-
tion modes in the solid state.®” Similar metal-arene interactions
were also observed for coinage metal complexes of N-
heterocyclic silylene ligands.®"

Originally, we envisaged that the silver(l) and copper(l)
toluene complexes 5 might be ideally suited for WCA-NHC
transfer to transition metals, with the ultimate goal to prepare
ruthenium(ll) WCA-NHC complexes for application in olefin
metathesis. Such systems could serve as anionic analogues of
recently developed and commercialized cationic ruthenium
olefin metathesis catalysts bearing ammonium tags.”? It was
found, however, that these complexes resisted the elimination
of silver(l) and copper(l) halides, presumably because of their
exceptionally strong metal-carbene bonds. Accordingly, the
reactions 5a and 5b with [(%p-cymene)RuCl,(PPh,)] in toluene
solution afforded the heterobimetallic complexes 6 as orange-
red crystalline solids in 69% (6a) and 97% (6b) yield after
filtration through Celite® and recrystallization from dichloro-
methane/n-hexane solutions (Scheme 2). The NMR spectra
show the presence of both the (WCA-NHC)M (M=Ag, Cu) and
the (y%-p-cymene)Ru units, with the carbene carbon atoms
giving rise to a doublet of doublets at 185.0 ppm with UC,AQ:
275/317 Hz and to a singlet at 180.9 ppm in the *C NMR
spectra of 6a and 6 b, respectively.

The heterobimetallic nature of the complexes 6 was
confirmed by X-ray diffraction analysis; 6a crystallized as the
solvate 6a-CH,Cl, in the monoclinic space group P1, whereas
6b-CH,Cl, crystallized in the orthorhombic space group Pbca.
The molecular structures are presented in Figure 6 (6a) and
Figure S8 (6b, see the Supporting Information). The silver and
copper atoms have strongly distorted trigonal-planar coordina-
tion spheres and are built into four-membered M(u-Cl),Ru rings
(M=Ag, Cu), which are folded along the CI-Cl diagonal with
dihedral angles between the MCl, and RuCl, planes of 35.19(2)°
(6a) and 35.99(5)° (6b). The WCA-NHC ligands adopt vertical
orientations with respect to the MCl, plane with the B(C4Fs),
and p-cymene units facing in opposite directions. The metal-
carbene bond lengths of 2.0907(14) A (Ag1—C1) and 1.898(3) A
(Cu1—C1) are almost identical to those of the corresponding
complexes 4 and 5 (Table1). The Ag1—Rul and Cul—Rul
distances are 3.5995(2) A (6a) and 3.3938(6) A (6b), ruling out

© 2021 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Figure 6. Molecular structure of 6a with thermal displacement parameters
drawn at 50 % probability level. All hydrogen atoms and a disordered CH,Cl,
molecule are omitted for clarity. Two PPh; phenyl rings are disordered over
two positions, and only one orientation is shown. Selected bond lengths [A]
and angles [°] in 6a/6b (M1=Ag1/Cul): Ru1—Cl1 2.4135(4)/2.4147(9),
Ru1—ClI2 2.4156(3)/2.4088(9), Ru1—P1 2.3897(4)/2.3624(9); CI1—-M1-CI2
78.629(12)/84.27(3), CI1—Ru1—Cl2 86.129(13)/83.14(3), M1—ClI1—Ru1
93.461(13)/93.03(3), M1—CI2—Ru1 89.901(12)/87.40(3). Other pertinent struc-
tural data are assembled in Table 1.

any significant metal-metal bonding as for instance found in
cyclopentadienyl (Cp) ruthenium complexes of the type [(IDipp)
MRuCp(CO),] (M=Ag, Ag—Ru=2.607 A; M=Cu, Cu—Ru=
2.439).5% It should be noted that examples of a controlled
construction of halide-bridged heterobimetallic ruthenium-
silver and ruthenium-copper complexes are rare, and we are
only aware of cyclopentadienone-ruthenium dicarbonyl com-
plexes containing bridging [(IDipp)MCIl] (M=Ag, Cu) units as
the only other examples of NHC-supported heterobimetallic Ru/
Ag and Ru/Cu systems.?¥

The resistance of complexes 6 to form a WCA-NHC-
ruthenium complexes by elimination of AgCl or CuCl prompted
us to study the reaction of the silver complex 5a with the
corresponding iodine complex [(3%-p-cymene)Rul,(PPh;)] in
dichloromethane, since the formation and precipitation of Agl
might favour the formation of a metal-carbene complex.
Surprisingly, however, the heterobimetallic Ag/Ru complex 7
was isolated as a red crystalline solid in 87 % yield after filtration
through Celite® and recrystallization from CH,Cl,/n-hexane
solution (Scheme 3). The presence of the (WCA-NHC)Ag moiety
is evident from the *C NMR signal at 182.8 ppm, which appears
as the characteristic doublet of doublets with slightly smaller
coupling constants of 1JC,Ag:254/290 Hz compared to the
chlorido-bridged analogue 6a.

The molecular structure of 7 was determined by X-ray
diffraction analysis, confirming the formation of a heterobime-
tallic Ag/Ru complex with bridging iodido ligands (Figure 7). In
contrast to 6a, the four-membered Ag(u-1),Ru ring is close to
planarity with a dihedral angle of 8.89(2)° between the Agl, and
Rul, planes, which results in a significantly longer Ag1—Rul
distance of 4.1057(5) A. In contrast to 6a and 6b, the WCA-NHC
ligand adopts a horizontal conformation and is almost perfectly
aligned with the Agl, plane. However, the NMR spectra indicate

Chem. Eur. J. 2021, 27, 15218-15226 www.chemeurj.org
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Scheme 3. Synthesis of the heterobimetallic Ag/Ru complex 7.

Figure 7. Molecular structure of 7 with thermal displacement parameters
drawn at 50 % probability level. All hydrogen atoms are omitted for clarity.
Selected bond lengths [A] and angles [°]: Ru1—I1 2.7263(4), Ru1—12 2.7236(4),
Ru1—P1 2.3677(12); 11-Ag1—12 82.429(12), I1-Ru1-12 86.986(12), Ag1—I1—Ru1
94.532(13), Ag1—12—Ru1 95.299(13). Other pertinent structural data are
assembled in Table 1.

fast rotation of the WCA-NHC ligand in solution on the NMR
timescale, in agreement with time-averaged Ci-symmetry. It
should be noted that, to the best of our knowledge, no other
crystal structure of an iodido-bridged Ag/Ru complex has been
reported to date.

Conclusion

With the synthesis and characterization of the complexes
[(WCA-NHCQ)M(;7*-toluene)] (5, M=Ag, Cu), we have again
successfully exploited this class of anionic N-heterocyclic
carbenes with a weakly coordinating borate moiety (WCA-NHC)
for the generation of neutral analogues of otherwise cationic
transition metal complexes for applications in nonpolar
solvents.” Accordingly, the high solubility of the complexes 5
in toluene and other aromatic hydrocarbons provides easy
access to these and potentially numerous other silver(l) and
copper(l) m-arene complexes. Attempts to use the complexes 5
as WCA-NHC transfer reagents were unsuccessful in the case of
ruthenium(ll); however, the observed transfer of the intact
(WCA-NHC)M units enabled the isolation of the chlorido- and
iodido-bridged heterobimetallic Ag/Ru and Cu/Ru complexes 6
and 7. While the latter complexes and related systems could
find application in cooperative heterobimetallic catalysis,® in
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view of the enormous importance of (NHC)Ag and (NHC)Cu in
catalysis,®® it appears particularly promising to further exploit
the potential of the complexes 5 to serve as homogeneous
catalysts, especially in nonpolar solvents.

Experimental Section

All operations with air- and moisture-sensitive compounds were
performed in a glove box under a dry argon atmosphere (MBraun
200B) or on a vacuum line using Schlenk techniques. All solvents
were distilled from Na/benzophenone or CaH,, degassed prior to
use and stored over molecular sieves (4 A). [(WCA-IDipp)
Li(toluene)]® and [(5°-p-cymene)RuCl,(PPh,)]®” were prepared
according to literature procedures. Full details of all analytical
methods and experimental procedures can be found in the
Supporting Information.

[Li(THF),I[(WCA-IDipp),Ad] (2): A brown vial is charged with [(WCA-
IDipp)Li(toluene)] (1, 100 mg, 0.1 mmol, 1equiv) and AgCl
(14.3 mg, 0.1 mmol, 1 equiv.) dissolved in THF (2 mL). The solution
is stirred overnight and then concentrated under high vacuum and
layered with n-hexane. After 24 h at —40°C the supernatant
solution is removed, and the crude product washed with n-hexane
(2x2 mL). The crude product is then recrystallized from THF/n-
hexane to obtain product 2 as colorless crystals (43 mg,
0.019 mmol, 39%). Elemental analysis (%) «calc. for:
Ci06H102AgB,F3LiIN,O,: C 57.81, H 4.67, N 2.54; found C 58.22, H
5.125, N 2.39. 'TH NMR (400 MHz, THF-dg): 6 [ppm]=7.29 (t, *Jyu=
7.51 Hz, 2 H, p-Dipp), 7.21 (t, *Jy4u=7.51Hz, 2 H, p-Dipp), 7.02 (d,
*Jun=7.76 Hz, 4 H, m-Dipp), 6.81 (d, *Jyy=7.76 Hz, 4 H, m-Dipp),
6.21 (s, 2 H, CH=CB), 3.64-3.59 (m, 12 H, THF), 2.72 (sept, *Jyu=
6.76 Hz, 4 H, CH(CH,),), 2.44 (sept, *Jy,;=6.68 Hz, 4 H, CH(CH,),),
1.79-1.74 (m, 12 H, THF), 0.88 (d, *}4;=6.76 Hz, 12 H, CH(CH,),),
0.79-0.74 (m, 24 H, CH(CH;),), 0.72 (d, *J4y=6.92 Hz, 12 H, CH(CH;),.
"B{'"H} NMR (160 MHz, THF-dg): 6 [ppm]=—15.23 (s). *C{'"H} NMR
(125 MHz, THF-dg): 6 [ppm]=183.9 (2xd, 1JC,Ag:224 Hz, 195 Hz,
NCN), 150.5 (m, aryl-CsFs ) 148.6 (m, 2xCB=CH), 146.9 (s, 4xo-
Dipp), 146.4 (s, 4xo0-Dipp), 140.0 (m, aryl-C¢Fs), 138.5 (s, 2% i-Dipp),
138.1 (m, aryl-C¢Fs), 136.9 (s, 2xi-Dipp),132.7 (s, 2xCH=CB), 130.0
(s, 2xp-Dipp), 129.4 (s, 2xp-Dipp), 124.6 (s, 4xm-Dipp), 124.0 (s,
4xm-Dipp), 68.0 (s, CH,-THF), 28.4 (s, 4xCH(CH,),), 28.0 (s, 4x
CH(CH,),), 27.8 (s, 4xCH(CHs),), 26.1 (s, CH,THF), 24.9 (s, 4X
CH(CH,),), 23.3 (s, 4xCH(CH,),), 21.8 (s, 4xCH(CH,),). °F{"H} NMR
(376 MHz, THF-dg): & [ppm]=—129.5 (br s, 6 F, o-F), —163.8 (t, J=
20.3 Hz, 3 F, p-F), —168.2 (t, J=18.7 Hz, 6 F, m-F).

[Li(THF),JI(WCA-IDipp)CuCl] (3): A one-neck flask is charged with
[(WCA-IDipp)Li(toluene)] (1, 150 mg, 0.15 mmol, 1.0 equiv.) and
dissolved in THF (4 mL). CuCl (15.0 mg, 0.15 mmol, 1.0 equiv.) is
added, and the solution is stirred for 2 h and then filtered through
a pad of Celite®. The solvent is removed under high vacuum and
the crude product recrystallized from THF/n-hexane to obtain
product 3 as colorless crystals (186.0 mg, 0.14 mmol, 96 %).
Elemental analysis (%) calc. for n=3: Cs,Hs,BCICuUF,sLiN,O5: C 56.35,
H 4.90, N 2.31; found C 56.17, H 4.63, N 2.30. '"H NMR (400 MHz,
dichloromethane-d,): ¢ [ppm]=7.39 (t, *Jyy=7.7 Hz, 1 H, p-Dipp),
7.28 (t, *Jyy=7.7 Hz, 1 H, p-Dipp), 7.19 (d, *Jy,=7.8Hz, 2 H, m-
Dipp), 6.97 (d, *y;=7.7 Hz, 2 H, m-Dipp), 6.27 (br s, 1 H, CH=CB),
3.69-3.54 (m, 12 H, THF), 2.85 (sept, *},;=6.5 Hz, 2 H, CH(CH,),),
2.64 (sept, *Jy;=6.8 Hz, 2 H, CH(CH,),), 1.90-1.78 (m, 11 H, THF),
1.16-1.02 (m, 18 H, CH(CH;),), 0.90 (d, *J4y=6.7 Hz, 6 H, CH(CH,),).
"B{'"H} NMR (128 MHz, dichloromethane-d,): 6 [ppm]=—16.18 (s).
BC{'H} NMR (101 MHz, dichloromethane-d,): & [ppm]=177.2 (s,
NCN), 150.4 (m, aryl-C4Fs), 148.0 (m, CH=CB), 147.7 (s, 2x0-Dipp),
146.7 (s, 2x0-Dipp), 140.3 (m, aryl-C4Fs), 138.2 (m, aryl-C4Fs), 137.5
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(s, 2xi-Dipp), 135.9 (m, aryl-C¢Fs), 135.8 (s, 2xi-Dipp), 130.4 (br s,
CH=CB), 130.1 (s, 2xp-Dipp), 129.6 (s, 2xp-Dipp), 124.1 (s, 2xm-
Dipp), 123.2 (s, 2xm-Dipp), 68.8 (s, CH,-THF), 28.5 (s, 2x CH(CH,),),
28.1 (s, 2x CH(CHs5),), 27.5 (s, 2Xx CH(CH,),), 25.9 (s, 2x CH(CH,),), 25.0
(s, 2XCH(CH,),), 24.1 (s, 2X CH(CH5),), 22.0 (s, 2X CH(CH5),). "*F{'H}
NMR (376 MHz, dichloromethane-d,): 6 [ppm]=—129.3 (brs, 6 F, o-
F), —162.8 (t, J/=20.4 Hz, 3 F, p-F), —167.5 (t, J=18.5 Hz, 6 F, m-F).
HRMS (ES—) m/z calcd for [(WCA-IDipp)CuCl]™ (C4sH3sBCuCIF;5N,):
997.1638, found 997.1628.

[(WCA-IDipp)Ag(PPh,)] (4a): A brown one-neck flask is charged
with [(WCA-IDipp)Li(toluene)] (1, 150 mg, 0.15 mmol, 1.0 equiv.)
and suspended in toluene (8 mL). Chloro(triphenylphosphine)silver
(1) (61.0 mg, 0.15 mmol, 1.0 equiv.) is added and the suspension is
stirred for 2 h and then filtered through a pad of Celite®. The
solvent is removed under high vacuum, and the crude product
recrystallized from DCM/n-hexane to obtain product 4a as colorless
crystals (130.0 mg, 0.10 mmol, 69%). Elemental analysis (%) calc.
for Cg3HspAGBF,sN,P: C 59.59, H 3.97, N 2.21; found C 59.71, H 4.00,
N 2.14. '"H NMR (400 MHz, dichloromethane-d,): & [ppm]=7.50-
7.43 (m, 4 H, PPh;), 7.41 (d, *4,=7.7 Hz, 1 H, p-Dipp) 7.36-7.27 (m,
6 H, PPh;+p-Dipp), 7.25 (d, *Jys=7.8 Hz, 2 H, m-Dipp), 7.08 (d,
3Jun="7.8Hz, 2 H, m-Dipp), 6.95-6.85 (m, 6 H, PPh;), 6.47 (br s, 1 H),
2.97 (sept, *Jy=6.7 Hz, 2 H, CH(CH,),), 2.73 (sept, *Jyy=6.5 Hz, 2 H,
CH(CHy),), 1.14 (d, ¥y, =6.8Hz, 6 H, CH(CH;),), 1.09 (m, 12 H,
CH(CH,),), 0.93 (d, 3JH,H=6.7 Hz, 6 H, CH(CH,),. "B{'"H} NMR
(128 MHz, dichloromethane-d,): 6 [ppm]=—16.12 (s). *C{'"H} NMR
(101 MHz, dichloromethane-d,): d [ppm]=150.5 (m, aryl-C¢F;), 148.2
(m, CH=CB), 147.9 (s, 2x 0-Dipp), 146.9 (s, 2x 0-Dipp), 140.4 (m, aryl-
CeFs), 1384 (m, aryl-C4Fs), 137.9 (s, 2xi-Dipp), 136.0 (m, aryl-C4Fs),
135.7 (s, 2xi-Dipp), 134.1 (dd, Yep=15.9, Jepy=2.6 Hz, 0-PPh;),
132.1 (d, ‘UC,P:Z.Z Hz, p-PPh;), 130.8 (br s, CH=CB), 130.5 (s, 2Xxp-
Dipp), 130.0 (s, 2xp-Dipp), 129.9 (d, *Jcp=10.9 Hz, m-PPh;), 129.0
(dd, Ycp=42.3, Jopg=3.3 Hz, i-PPh;), 124.4 (s, 2xm-Dipp), 123.7 (s,
2xm-Dipp), 28.6 (s, 2x CH(CH,),), 28.2 (s, 2X CH(CHs),), 28.0 (s, 2%
CH(CHs),), 25.1 (s, 2XCH(CH,),), 24.4 (s, 2XCH(CH,),), 22.1 (s, 2X
CH(CHs),). F{'H} NMR (376 MHz, dichloromethane-d,): 6 [ppm]=
—129.5 (brs, 6 F, o-F), —162.4 (t, J=20.3 Hz, 3 F, p-F), —167.3 (t, J=
18.6 Hz, 6 F, m-F). *P{"H} NMR (162 MHz, dichloromethane-d,): ¢
[ppm]=18.3 (dd, 'Jpps=532.9, 461.7 Hz). HRMS (ES—) m/z calcd for
[(WCA-IDipp)AgCll™  (CusHssBAQCIF,N,):  1041.1393,  found
1041.1398.

[(WCA-IDipp)Cu(PPh,)] (4b): A Schlenk flask is charged with chloro
(triphenylphosphine)copper(l) (36.17 mg, 0.1 mmol, 1 equiv.) and
[(WCA-IDipp)Li(toluene)] (1, 100.0 mg, 0.1 mmol, 1 equiv.) dissolved
in chlorobenzene (5 mL) under exclusion of light. The mixture is
stirred at room temperature for 2.5 h and then filtered through a
pad of Celite®. The solvent removed under high vacuum, and the
yellowish solid recrystallized from THF/DCM layered with n-hexane
to obtain product 4b as yellow crystals (77.0 mg, 0.063 mmol,
63 %). Elemental analysis (%) calc. for. Cg3HsoBCuFsN,P: C 61.75, H
4.11, N, 2.29; found C 62.09, H 4375, N 2.31. 'H NMR (500 MHz,
THF-dg): 0 [ppm]=7.46 (m, 5 H, PPh;), 7.32 (m, 8 H, PPh;+aryl-
Dipp), 7.16 (d, *Jy,4=6.80 Hz, 2 H, m-Dipp), 6.87 (m, 6 H, PPh, +aryl-
Dipp), 6.67 (5, 1 H, CH=CB), 3.04 (sept, *Jj,,=6.80 Hz, 2 H, CH(CH,),),
2.78 (sept, *Jyy=6.86 Hz, 2 H, CH(CH,),), 1.13 (d, *J,,=6.85 Hz, 6 H,
CH(CHs),), 1.08 (m, 12 H, CH(CH,),), 0.96 (d, *J,,=6.83 Hz, 6 H,
CH(CHs),). "B{'"H} NMR (160 MHz, THF-d,): 6 [ppm]=—15.58 (s). *C
{'H} NMR (125 MHz, THF-dg): 6 [ppm]=177.2 (d, Ycp=68.6 Hz,
NCN), 150.5 (m, aryl-C¢Fs), 148.6 (m, aryl-C4Fs + CH=CB), 148.1 (s, 2%
0-Dipp), 147.0 (s, 2xo0-Dipp), 140.3 (m, aryl-C¢Fs), 138.4 (m, aryl-
CsFs), 137.8 (s, i-Dipp), 136.3 (m, aryl-C,Fs), 135.7 (s, i-Dipp), 134.2 (d,
2Jep=14.8 Hz, 0-PPhy), 132.2 (s, p-PPhy), 131.2 (br s, CH=CB), 130.5
(d, Jep=42.4 Hz, i-PPh;), 130.0 (d *Jcp=10.6 Hz, m-PPh;), 129.1 (s, p-
Dipp), 128.7 (s, p-Dipp), 124.5 (s, 2xm-Dipp), 123.8 (s, 2xm-Dipp),
28.8 (s, 2x CH(CH,),), 28.4 (s, 2X CH(CH,),), 28.3 (s, 2x CH(CH,),), 24.7
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(s, 2XCH(CH,),), 24.4 (s, 2x CH(CH,),), 21.6 (s, 2x CH(CH,),). "F{'H}
NMR (470 MHz, THF-dy): 6 [ppm]=—128.5 (br s, 6 F, o-F), —162.6
(m, 3 F, p-F), —167.0 (s, 6 F, m-F). 3'P{"H} NMR (202 MHz, THF-dy): &
[ppm]=8.6 (s).

[(WCA-IDipp)Ag(n*-toluene)] (5a): A brown one-neck flask is
charged with [(WCA-IDipp)Li(toluene)] (1, 100 mg, 0.1 mmol,
1.0 equiv.) and suspended in toluene (5 mL). Silver(l) trifluorome-
thanesulfonate (25.7 mg, 0.1 mmol, 1.0 equiv.) is added and the
suspension is stirred for 10 minutes and then filtered through a pad
of Celite®. The solvent is removed under high vacuum and the
crude product recrystallized from toluene/DCM to obtain product
5a as colorless crystals (90.0 mg, 0.08 mmol, 82%). Elemental
analysis (%) calc. for Cs,H,3AgBF 5N, - '4CoHg: C 58.19, H 4.14, N 2.45;
found C 58.06, H 3.76, N 2.42. 'H NMR (400 MHz, THF-d,): 6 [ppm]=
7.44-7.38 (t, *Jyy=8.0 Hz, 1 H, p-Dipp), 7.32 (t, *Jyy=7.8 Hz, 2 H, p-
Dipp) 7.28 (d, *yy=7.7Hz, 2 H, m-Dipp), 7.21-7.17 (m, 2 H,
Toluene), 7.16-7.04 (m, 5 H, Toluene+m-Dipp), 6.58 (br s, 1 H,
CH=CB), 3.03 (sept, *Jyy=6.8 Hz, 2 H, CH(CH,),), 2.77 (sept, *Jyy=
6.9 Hz, 2 H, CH(CH,),), 2.31 (s, 4 H, Toluene), 1.22 (dd, *J,,=9.1,
6.8 Hz, 12 H, CH(CH5),), 1.14 (d, *Jy;,=6.8 Hz, 6 H, CH(CH5),), 0.97 (d,
3Jun=6.7 Hz, 6 H, CH(CH,),). "B{'H} NMR (128 MHz, dichlorome-
thane-d,): 0 [ppm]=—16.04 (s). *C{'"H} NMR (101 MHz, THF-d,):
[ppm]=182.1 (dd, 2cpy=299.9, 347.4 Hz, NCN), 151.2 (m, aryl-C¢Fs),
148.8 (m, 2xCB=CH), 148.4 (s, 2xo0-Dipp), 147.4 (s, 2xo0-Dipp),
140.9 (m, aryl-C¢Fs), 139.5 (s, i-Dipp), 138.7 (m, aryl-C4Fs), 138.6 (s,
C,-Tol), 137.5 (s, i-Dipp), 136.4 (m, aryl-CFs), 131.5 (br s, CH=CB),
130.6 (s, p-Dipp), 130.2 (s, p-Dipp), 129.8 (s, C,-Tol), 129.1 (s, Cy5-
Tol), 126.2 (s, C,-Tol), 124.8 (s, m-Dipp), 124.1 (s, m-Dipp), 29.0 (s, 2X
CH(CH,),), 28.6 (s, 2xCH(CH,),), 27.8 (s, 2xCH(CH,),), 25.1 (s, 2%
CH(CH,),), 24.4 (s, 2X CH(CH,),), 22.3 (s, 2x CH(CH,),), 21.6 (CH5-Tol).
F{'H} NMR (376 MHz, THF-d): 0 [ppm]l=—129.5 (br s, 6 F, o-F),
—163.8 (t, /=203 Hz, 3 F, p-F), —168.2 (t, J=18.7 Hz, 6 F, m-F).
HRMS (ES—) m/z calcd for [(WCA-IDipp)AgCI]™ (C,sH3sBAGCIF,sN,):
1041.1393, found 1041.1385.

[(WCA-IDipp)Cu(*toluene)] (5b): A one-neck flask is charged with
[(WCA-IDipp)Li(toluene)] (1, 120 mg, 0.12 mmol, 1.0 equiv.) and
suspended in toluene (5 mL). CuCl (24.0 mg, 0.24 mmol, 2.0 equiv.)
is added and the suspension is stirred for 16 h and then filtered
through a pad of Celite®. The solvent is removed under high
vacuum and the crude product recrystallized from toluene/diethyl
ether to obtain product 5b as colorless crystals (115.0 mg,
0.11 mmol, 91%). Elemental analysis (%) «calc. for
Cs,H4sBCUF,sN,C,Hg: C 61.76, H 4.48, N 2.44; found C 61.74, H 4.42,
N 2.67. '"H NMR (400 MHz, dichloromethane-d,): 6 [ppm]=7.47 (t,
*Jun=7.8 Hz, 1 H, p-Dipp), 7.41 (t, *Jyy=7.8 Hz, 1 H, p-Dipp), 7.26 (d,
*Jun=7.8 Hz, 2 H, m-Dipp), 7.10 (d, J=7.7 Hz, 2 H, m-Dipp), 7.04-
7.00 (m, 5 H, Toluene), 6.89-6.80 (m, 1 H, Toluene), 6.30 (brs, 1 H,
CH=CB), 2.75 (sept, *Jyy=6.8 Hz, 2 H, CH(CH;),), 2.41 (sept, *Jyu=
7.0 Hz, 2 H, CH(CH,),), 2.12 (s, 5 H, Toluene), 1.18 (d, *J,y=6.9 Hz, 6
H, CH(CH,),), 1.08 (d, *Jy4u=6.8 Hz, 6 H, CH(CH,),), 1.04 (d, *Jy =
6.8 Hz, 6 H, CH(CH,),), 0.88 (d, *J;;=6.7 Hz, 6 H, CH(CH,),). ""B{'H}
NMR (128 MHz, dichloromethane-d,): 6 [ppm]=—16.21 (s). *C{'H}
NMR (101 MHz, dichloromethane-d,): 6 [ppm] =175.1 (s, NCN),
150.4 (m, aryl-C¢Fs), 148.0 (s, CH=CB), 147.4 (s, 2x 0-Dipp), 146.5 (s,
2x0-Dipp), 140.4 (m, aryl-C¢Fs), 139.5 (s, i-Dipp), 138.3 (m, aryl-C4Fs),
138.1 (s, C;-Tol), 135.9 (m, aryl-C¢Fs), 135.4 (s, i-Dipp), 130.8 (CH=CB),
130.5 (s, p-Dipp), 130.0 (s, p-Dipp), 127.5 (s, C,¢-Tol), 125.1 (br s, C55-
Tol), 124.2 (s, m-Dipp), 123.6 (s, m-Dipp), 121.3 (s, C,-Tol), 28.5 (s, 2%
CH(CH,),), 28.1 (s, 2XCH(CH,),), 27.7 (s, 2XCH(CH5),), 24.9 (s, 2
CH(QHs)z), 244 (S, ZXCH(QH3)2), 22.1 (S, ZXCH(QH3)2), 21.6 (CH3-TO|).
"F{'H} NMR (376 MHz, dichloromethane-d,): 6 [ppm]=—129.6 (br s,
6 F, o-F), —163.4 (t, J=204Hz, 3 F, p-F), —167.3 (t, J=18.5Hz 6 F,
m-F). HRMS (ES—) m/z caled for [(WCA-IDipp)CuCl]”
(CasHsBCUCIF,5N,): 997.1638, found 997.1624.
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[(WCA-IDipp)Ag(u-Cl,)Ru(PPh;)(1°-p-cymene)] (6a): A brown one-
neck flask is charged with [(WCA-IDipp)Ag(toluene)] (5a, 55.0 mg,
0.05 mmol, 1.0 equiv.) and suspended in toluene (5 mL). [(%p-
cymene)RuCl,(PPh;)] (28.4 mg, 0.05 mmol, 1.0 equiv.) is added and
the mixture is stirred for 1 h and then filtered through a pad of
Celite®. The solvent is removed under high vacuum and the crude
product recrystallized at —37°C from DCM/n-hexane to obtain
product 6a as orange/red crystals (54.0 mg, 0.034 mmol, 69%).
Elemental analysis (%) calc. for: C,3Hg,AgBCI,F,sN,PRu-CH,Cl,: C
53.72, H 421, N1.67; found C 53.98, H 3.78, N 1.73. 'H NMR
(400 MHz, dichloromethane-d,):  [ppm]=7.55-7.34 (m, 11 H, PPh,
+p-Dipp), 7.33-7.21 (m, 8 H, PPh;+m-Dipp), 7.10 (d, *y=7.7 Hz,
2 H, m-Dipp), 6.39 (d, Jys=2.3 Hz, 1 H), 4.83 (d, *J;4=6.0Hz, 2 H,
CH-Cymene), 4.71 (d, *Jyy=6.1Hz, 2 H, CH-Cymene), 2.94 (sept,
*Jun=6.8 Hz, 2 H, CH(CH,),-Dipp), 2.73 (sept, *Jyy=6.6 Hz, 2 H,
CH(CH;),-Dipp), 2.28 (sept, *},,=6.8 Hz, 1 H, CH(CH;),-Cymene),
1.83 (s, 3 H), 1.29 (d, *Jyy=6.9 Hz, 6 H, CH(CH,),), 1.20 (d, *Jy =
6.8 Hz, 6 H, CH(CH5),), 1.12 (d, *J4,,=6.8 Hz, 6 H, CH(CH),), 0.98 (d,
*Jyn=6.9 Hz, 6 H, CH(CHs,),), 0.91 (d, >}, =6.7 Hz, 6 H, CH(CH,),). ''B
{'H} NMR (128 MHz, dichloromethane-d,): 6 [ppm]=—16.02 (s). "*C
{'"H} NMR (101 MHz, dichloromethane-d,): 0 [ppm]=185.0 (dd,
Ueng=317.1, 274.7 Hz, NCN) 150.5 (m, aryl-C¢Fs), 148.2 (m, CH=CB),
148.0 (s, 2x0-Dipp), 147.4 (s, 2x0-Dipp), 140.3 (m, aryl-C¢F;), 138.9
(s, 2% i-Dipp), 138.1 (m, aryl-C4Fs), 136.9 (s, 2 xi-Dipp), 135.8 (m, aryl-
CoFs), 134.2 (d, Yep=9.6 Hz, 0-PPh;), 132.8 (d, 'Jcp=46.7 Hz, i-PPh,),
131.4 (d, *Jcp=2.2 Hz, p-PPh,), 130.4 (br s, CH=CB), 129.9 (s, 2Xp-
Dipp), 129.3 (s, 2x p-Dipp), 128.8 (d, 3JC,P: 10.1 Hz, m-PPh;), 124.0 (s,
2xm-Dipp), 123.3 (s, 2xm-Dipp), 109.4 (s, C,-Cymene), 97.3 (s, Cxr-
Cymene), 90.9 (d, *Jcp=4.0 Hz, CH,-Cymene), 86.7 (d, Jo=5.1 Hz,
CH,-Cymene), 31.1 (s, CH(CH;),-Cymene), 28.6 (s, 2XCH(CH,),-
Dipp), 28.2 (s, 2 X CH(CH;),-Dipp), 27.6 (s, 2x CH(CH;),-Dipp), 24.8 (s,
2 X CH(CH,),-Dipp), 24.7 (s, 2xCH(CH,),-Dipp), 22.4 (s, 2x CH(CH,),-
Cymene), 22.4 (s, 2x CH(CH,),-Dipp), 18.4 (s, CH,-Cymene). "F{'H}
NMR (376 MHz, dichloromethane-d,): 6 [ppm]=—129.7 (brs, 6 F, o-
F), —162.8 (t, J/=20.4 Hz, 3 F, p-F), —167.5 (t, J=18.5Hz, 6 F, m-F).
P{'H} NMR (162 MHz, dichloromethane-d,): 0 [ppm]=25.6 (s).
HRMS (ES—) m/z calcd for [(WCA-IDipp)AgCI]™ (C,sHssBN,F,sCIAQ):
1041.1393, found 1041.1379. HRMS (ES +) m/z calcd for [(p-cymene)
Ru(PPh,)]* (CygH,6PRu): 497.0972, found 497.0971.

[(WCA-IDipp)Cu(i-Cl,)Ru(PPh,)(5%-p-cymene)] (6b): A brown one-
neck flask is charged with [(WCA-IDipp)Cu(toluene)] (5b, 39.0 mg,
0.037 mmol, 1.0 equiv.) and suspended in toluene (4 mL). [(3°p-
cymene)RuCl,(PPh;)] (21.0 mg, 0.037 mmol, 1.0 equiv.) is added and
the mixture is stirred for 16 h and then filtered through a pad of
Celite®. The solvent is removed under high vacuum and the crude
product recrystallized from DCM/n-hexane to obtain product 6b as
orange-red crystals (55.0 mg, 0.036 mmol, 97 %). Elemental analysis
(%) calc. for C;4HggBClLCuUF,sN,PRU-CH,Cl,: C 54.98, H 4.12, N 1.73;
found C 55.41, H 4.10, N 1.87. '"H NMR (400 MHz, dichloromethane-
d,): 6 [ppm]=7.51-7.36 (m, 11 H, PPh,+p-Dipp), 7.32 (d, *Jyy=
7.7 Hz, 2 H, m-Dipp), 7.26 (dt, *J,,,=8.0, 2.3 Hz, 6 H, PPh;), 7.10 (d,
3Jun=7.7 Hz, 2 H, m-Dipp), 632 (br s, 1 H, CH=CB), 4.77 (d, *Jyp =
6.0 Hz, 2 H, CH-Cymene), 4.66 (d, *J,;;=6.1 Hz, 2 H, CH-Cymene),
2.97 (sept, *Jyy=6.2Hz, 2 H, CH(CH,),-Dipp), 2.78 (sept, *Jyu=
6.3 Hz, 2 H, CH(CH,),-Dipp), 2.23 (sept, *J,y=6.9 Hz, 1 H, CH(CH,),-
Cymene), 1.81 (s, 3 H, CH;-Cymene), 1.34 (d, *J,,=6.8 Hz, 6 H,
CH(CH,),-Dipp), 1.24 (d, *Jy=6.8 Hz, 6 H, CH(CH5),-Dipp), 1.10 (d,
Juu=6.8Hz, 6 H, CH(CH,),-Dipp), 0.96 (d, *J,,=69Hz, 6 H,
CH(CH5),-Cymene), 0.89 (d, *J,=6.7 Hz, 6 H, CH(CHs),-Dipp). ""B{'H}
NMR (128 MHz, dichloromethane-d,): 6 [ppm]=—15.96 (s). *C{'H}
NMR (101 MHz, dichloromethane-d,): 6 [ppm]=180.9 (s, NCN),
150.5 (m, aryl-C4F5), 148.1 (m, CH=CB), 148.0 (s, 2 x 0-Dipp), 147.5 (s,
2x0-Dipp), 140.2 (m, aryl-C¢Fs), 138.9 (s, i-Dipp), 138.4-137.8 (m,
aryl-C¢Fs), 136.9 (s, i-Dipp), 135.8 (m, aryl-CsFs), 134.2 (d, *Jep=
9.7 Hz, 6X 0-PPh;), 132.8 (d, 'Jcp =47.0 Hz, 3xi-PPh;), 131.4 (d, Jcp=
2.6 Hz, 3xp-PPh;), 130.4 (br s, CH=CB), 129.8 (s, p-Dipp), 129.2 (s, p-
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Dipp), 128.9 (d, *Jcp=10.2 Hz, 6xm-PPh;), 124.0 (s, 2xm-Dipp),
123.2 (s, 2xm-Dipp), 108.3 (s, C,-Cymene), 97.5 (s, C,-Cymene),
90.8 (d, Jcp=4.8 Hz, 2x CHp-Cymene), 87.4 (d, Jcp=5.2 Hz, 2X CH,-
Cymene), 31.2 (s, CH(CH;),-Cymene), 28.7 (s, 2x CH(CH;),-Dipp), 28.3
(s, 2xCH(CH,),-Dipp), 27.5 (s, 2xCH(CH;),-Dipp), 25.2 (s, 2xCH-
(CH,),-Dipp), 24.3 (s, 2XxCH(CH;),-Dipp), 224 (s, 2xCH(CH;),-
Cymene), 22.4 (s, 2X CH(CH,),-Dipp), 18.3 (s, CH;-Cymene). "F{'H}
NMR (376 MHz, dichloromethane-d,): 6 [ppm]=—129.4 (brs, 6 F, o-
F), —162.9 (t, J=20.4 Hz, 3 F, p-F), —167.5 (m, 6 F, m-F). *'P{'"H} NMR
(162 MHz, dichloromethane-d.): 6 [ppm]=24.9 (s). HRMS (ES—) m/z
calcd for [(WCA-IDipp)CuCl]™ (C4sH;5BCICUF 5N,): 997.16383, found
997.16598. HRMS (ES—) m/z calcd for [((WCA-IDipp)Cu),(u-Cl)l~
(CooH7oB,CICU,F5N,): 1961.35700, found 1961.35881. HRMS (ES+)
m/z calcd for [(p-cymene)RuCl(PPh3)] " (C,gH,5PRu): 533.07389, found
533.07422.

[(WCA-IDipp)Ag(u-1,)Ru(PPh;)(5®-p-cymene)] (7): A brown one-
neck flask is charged with [(WCA-IDipp)Ag(toluene)] (5a, 33.0 mg,
0.03 mmol, 1.0 equiv.) and dissolved in DCM (1 mL). Ruthenium
complex [(%-p-cymene)Rul,(PPh,)] (22.5 mg, 0.03 mmol, 1.0 equiv.)
is added, and the mixture is stirred for 1 h and then filtered through
a pad of Celite®. The solvent is removed under high vacuum and
the crude product recrystallized from DCM/n-hexane at —37°C to
obtain product 7 as red crystals (46.0 mg, 0.026 mmol, 87 %).
Elemental analysis (%) calc. for: C;3HggAgBF,sI,N,PRu: C 49.85, H
3.67, N 1.59; found C 50.07, H 3.75, N 1.70. '"H NMR (400 MHz,
dichloromethane-d,): 6 [ppm]=7.47-7.34 (m, 10 H, PPh;+ p-Dipp),
7.31-7.26 (m, 7 H, PPhy+p-Dipp), 7.19 (d, *Jyu=7.7Hz, 2 H, m-
Dipp), 7.01 (d, *Jy,=7.7 Hz, 2 H, m-Dipp), 6.32 (d, *Jyz=2.2 Hz, 2 H,
CH=CB), 5.15 (d, *};4=6.1Hz, 2 H, CH-Cymene), 4.83 (d, *Jyu=
6.3Hz, 2 H, CH-Cymene), 2.98-2.82 (m, 3 H, CH(CH,),-Dipp+
CH(CH,),-Cymene), 2.65 (sept, 3JH,H:6.9 Hz, 2 H, CH(CH,),-Dipp),
1.88 (s, 3 H, CH;-Cymene), 1.22 (d, *J;;=6.9 Hz, 6 H, CH(CH,),-Dipp),
1.17 (d, *yy=6.8 Hz, 6 H, CH(CH.),-Dipp), 1.08 (d, *};,;=6.8 Hz, 12
H, CH(CH,),-Dipp), 0.89 (d, *Jy,;,=6.7 Hz, 6 H, CH(CH,),-Cymene). ''B
{"H} NMR (128 MHz, dichloromethane-d,): 0 [ppm]=—16.03 (s). "*C
{'"H} NMR (101 MHz, dichloromethane-d,): 6 [ppm]=182.8 (dd,
Uepg=289.9, 253.5 Hz, NCN), 150.5 (m, aryl-CFs), 148.1 (m, CH=CB),
147.5 (s, 2x 0-Dipp), 146.8 (s, 2x0-Dipp), 140.3 (m, aryl-C4Fs), 138.7
(s, i-Dipp), 138.1 (m, aryl-C4Fs), 136.5 (s, i-Dipp), 135.8 (m, aryl-C4Fs),
135.1 (d, 2Jcp=9.4 Hz, 6x0-PPh;), 135.0 (d, 'Jc, =48.0 Hz, 3xi-PPhy),
1313 (d, YJep=2.6 Hz, 3xp-PPh;), 130.3 (br s, CH=CB), 129.8 (s, p-
Dipp), 129.3 (s, p-Dipp), 128.5 (d, *Jcp=10.0 Hz, 6 xm-PPh;), 124.0 (s,
2xm-Dipp), 1233 (s, 2xm-Dipp), 1147 (d, *Jep=39Hz, C,
Cymene), 101.1 (s, Co-Cymene), 90.2 (d, *Jep=2.4Hz, 2XCHp-
Cymene), 88.4 (d, 2Jc,p:4.6 Hz, 2xCH,-Cymene), 32.0 (s, CH(CH;),-
Cymene), 28.5 (s, 2x CH(CH;),-Dipp), 28.3 (s, 2x CH(CH;),-Dipp), 28.2
(s, 2xCH(CH,),-Dipp), 25.0 (s, 2xCH(CH,),-Dipp), 24.8 (s, 2xCH-
(CH,),-Dipp), 23.0 (s, 2xCH(CH,),-Dipp), 223 (s, 2xCH(CH,),-
Cymene), 19.4 (s, CH;-Cymene). "F{'"H} NMR (376 MHz, dichloro-
methane-d,): 6 [ppm]=—129.4 (br s, 6 F, 0-F), —163.0 (t, /=20.4 Hz,
3 F, p-F), —167.6 (m, 6 F, m-F). *'P{"H} NMR (162 MHz, dichloro-
methane-d,): 6 [ppm]=25.4 (s). HRMS (ES—) m/z calcd for [(WCA-
IDipp)AgI]™ (C,sH3sAgBF,5IN,): 1135.07460, found 1135.07703. HRMS
(ES+) m/z calcd for [(p-cymene)Rul(PPh3)]* (CygH,5lPRu): 625.00950,
found 625.00955.

Crystal Structures: Crystallographic details and presentations of all
compounds can be found in the Supporting Information. ref=
“https://www.ccdc.cam.ac.uk/services/structures?id = doi:10.1002/

chem.202102553" > 2096235 (for 2-THF), 2096236 (for 3), 2096237
(for 4a), 2096238 (for 4b), 2096239 (for 5a-0.5 toluene), 2096240
(for 5b-0.5 toluene), 2096241 (for 6a-CH,Cl,), 2096242 (for
6b-CH,Cl,), 2096243 (for 7), 2096244 (for [Li(THF)J{(WCA-IDipp)
Cul,(u-CN1-1.5 CHsCl) contain the supplementary crystallographic
data for this paper. These data are provided free of charge by the
joint Cambridge Crystallographic Data Centre and Fachinforma-
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tionszentrum Karlsruhe http://www.ccdc.cam.ac.uk/structures “Ac-
cess Structures service.”
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