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The synthesis and structural characterization of a variety of N-heterocyclic carbene (NHC)- and cyclic (alkyl)
(amino)carbene (cAAC)-ligated cationic copper() complexes, featuring the weakly coordinating tris(pen-
tafluoroethyl)trifluorophosphate counteranion (FAP~ anion, [(C,Fs)sPF3]™) are reported. Starting with the
complex [(IDipp)Cu(CeMeg)*FAP™ (lla) reported previously, (S. A. Féhrenbacher, M. J. Krahfuss, L. Zapf,
A. Friedrich, N. V. Ignat'ev, M. Finze and U. Radius, Chem. — Eur. J., 2021, 27, 3504-3516) a series of mono-
nuclear complexes [(IDipp)Cu(LB)I*FAP~ (IDipp = 1,3-bis(2,6-di-iso-propylphenyl)-imidazolin-2-ylidene) were
obtained via ligand exchange of CgMeg with neutral two valence electron (2 VE) donor molecules (LB = NHs,
1; CgHioN, = DABCO, 2; C;HioN, = DMAP, 3; C4H4N, = pyrazine, 4; Ci13HgN = acridine, 5; I’]l'O:C:BHgN =
acridone, 6; C4H10S = SEt,, 7; C4HgS = THT, 8; PCys, 9), alongside the dinuclear species [{(IDipp)
Cu}o(CoN3sH=),12*2FAP™ (10) with 1,2,4-triazole. In a parallel strategy, [(CAACM®)Cu(CsMeg)l*FAP™ (llb) was
employed as precursor for Cu() complex formation, leading to [(CAACM®)CU(LB)I*FAP™ (LB = C;HioN,, 13;
C4H1S, 14) and the dinuclear complexes [(CAACM)CUL(CeH1NL)I?"2FAP™ (11) and  [{(cAACM)
Cu}o(C4HANL)Z 2FAP™ (12). Additionally, the reaction of [(carbene)CuF] with (C,Fs)sPF, in the presence of
different 2 VE donor ligands induced fluoride replacement with a 2 VE donor ligand (LB). This strategy facili-
tated the isolation of a broad range of complexes of the type [(carbene)Cu(LB)]*FAP™, including [(IDipp)Cu
(LB)I*FAP™ (LB = (N=CMe),, 16; N=CPh, 17; NH,Ph, 18; NHPh,, 21; NCsHs, 22; NCsH3F5, 24; NCsH,Fs, 25;
n'-O=CPh,, 27), [(SIDipp)Cu(NH,Ph)I*FAP~ (19) (SIDipp = 1,3-bis(2,6-di-iso-propylphenyl)-imidazolidin-2-
ylidene) and [(cAACM®)Cu(LB)I*FAP™ (cAACM® = 1-(2,6-di-iso-propylphenyl)-3,3,5,5-tetramethyl-pyrrolidin-2-
ylidene; LB = N=CMe, 15; NH,Ph, 20; NCsHs, 23; THF, 28). Additionally, the dinuclear complex [{(IDipp)Cu
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ligand stayed intact and the formation of Lewis acid/base pairs of the 2 VE ligand and (C,Fs)sPF, was never
observed. As a result, mixtures of [(carbene)CuF] and (C,Fs)sPF, may serve as synthons for [(carbene)Cul”, as

rsc.li/dalton demonstrated in this work.

Introduction

Lewis acids (LAs) were originally defined by Gilbert N. Lewis as
electron pair acceptors that exhibit a strong propensity to form
bonds with electronegative electron pair donors, known as
Lewis bases (LBs).” The combination of a LA and a LB with
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both low to moderate steric demand typically results in the for-
mation of classical Lewis acid/base adducts, characterized by
stable covalent bonding interactions. However, when sterically
more hindered LA/LB entities are combined, such as PPh;
with B(CgFs)s, intramolecular interactions are reduced, leading
to the formation of weakly bound adducts. These systems
often exhibit elongated bond distances, equilibria between the
free acid and base, or structural rearrangement, as exemplified

This journal is © The Royal Society of Chemistry 2025
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by the zwitterionic species Ph;PH-C¢F4~BF(CcFs),.> Such
systems are classified as Frustrated Lewis Pairs (FLPs), where
steric constraints prevent complete Lewis acid/base adduct for-
mation, resulting in highly reactive centers with unique chemi-
cal properties. This phenomenon enables the activation of
otherwise inert small molecules, including H,,* CO,> CO,,*’
N,O0,”® or SO,.° To further rationalize the formation of Lewis
acid/base adducts while accounting for steric effects, we
recently developed a novel and, to date, the first generalizable
and experimentally accessible approach.'® The Lewis Acid/Base
Repulsion (LAB-Rep) model utilizes the percent buried volume
(%Vy,,) as a quantitative measure of steric hindrance and
relies on readily available structural data, such as crystallo-
graphic information or computationally derived structures.
This model enables the estimation of steric constraints that
may impede Lewis acid/base interactions, providing valuable
insights, particularly in the context of FLP chemistry.

The chemistry of Lewis acid/base combinations involving
N-heterocyclic carbenes (NHCs) has been extensively studied,
particularly in the context of classical adduct-type complexes
with p-block elements. To date, numerous well-characterized
examples exist, most of them with group 13 and 15 Lewis acids,
such as BF;, AlCl;, PF5, AsFs5, and SbFs. However, Lewis acid/
base adducts of phosphoranes (PR;) with NHCs remain com-
paratively rare, and only a limited number exhibit FLP behav-
or."* In 2021, we expanded the scope of such systems by isolat-
ing a series of NHC-phosphorane adducts (C,Fs);PF,-NHC via
the straightforward reaction of free (small) NHCs with the
readily available and highly Lewis-acidic tris(pentafluoroethyl)
difluorophosphorane, (C,Fs);PF,, in Et,O. Furthermore, mix-
tures of (C,Fs);PF, with sterically demanding NHCs, such as
ItBu (ItBu = 1,3-di-tert-butylimidazolin-2-ylidene), IDipp, and
SIDipp, exhibited FLP reactivity, facilitating the deprotonation
of acetonitrile and other C-H acidic compounds (e.g., acetone,
ethyl acetate) to form the corresponding imidazolium salts and
[(C,F5)sPF,(R)]” (R = CH,CN, OC(=CH,)CH3, CH,CO,Et)."

Recently, we reported on the reaction of (C,Fs);PF, with the
copper fluoride complexes [(IDipp)CuF] (Ia), [(SIDipp)CuF] (Ib)
and [(cAACM®)CuF] (Ic¢) in the presence of various carbon-
based ligands LB, such as alkynes and benzenes.'® This reac-
tion facilitated fluoride transfer, yielding the corresponding
tris( pentafluoroethyl)trifluorophosphate (FAP™, [(C,Fs);PF;]7)
salts of the copper complex cations [(carbene)Cu(LB)]". Due to
the relatively weak interaction between the neutral carbon co-
ligand and the metal center, these complexes serve as isolable
synthons for cationic [(carbene)Cu]". Furthermore, the hexa-
methylbenzene complexes [(IDipp)Cu(C¢Meg)]'FAP™ (IIa) and
[(cAACM®)Cu(CeMe,)]'FAP™ (IIb) were evaluated for their cata-
lytic performance and demonstrated high efficacy as copper(1)
catalysts in the cycloaddition reaction of benzyl azide and
various terminal alkynes, yielding 1,4-disubstituted 1,2,3-tri-
azoles."® These findings indicate that the phosphorane
(C,Fs5);PF, exhibits sufficient Lewis acidity to abstract fluoride
from transition metal complexes, thereby serving as a viable
precursor for the synthesis of cationic transition metal species
incorporating the FAP™ counteranion.' Herein, we report the
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reactivity of Ila and IIb with selected different Lewis bases,
focusing on the synthesis and characterization of
N-heterocyclic carbene (NHC)- and cyclic (Alkyl)(amino)
carbene (cAAC)-ligated copper cations featuring the weakly
coordinating FAP™ counteranion.

Results and discussion

The use of [(carbene)Cu(C¢Meg)]* as synthon for [(carbene)
Cu]

As our recent investigations already revealed that the hexa-
methylbenzene ligand of [(IDipp)Cu(C¢Meg)] ' FAP™ (IIa) can be
exchanged easily by other 2 VE (valence electron) donors, such
as THF," we became interested in studying this behavior in
more detail. Thus, we reacted Ila with selected nitrogen,
oxygen, sulfur as well as phosphorus 2 VE donor ligands to
probe their ability to replace CsMeg. Using this strategy, we iso-
lated and fully characterized the copper FAP™ salts [(IDipp)Cu
(LB)]'FAP~ (LB = NHj, 1; CgHy,N, = DABCO, 2; C,H;oN, =
DMAP, 3; C4,H,N, = pyrazine, 4; C;3HoN = acridine, 5; n’-
0O=C,3HyxN = acridone, 6; C,;H,,S = SEt,, 7; C,HgS = THT, 8;
PCy;, 9) as well as the dinuclear complex [{(IDipp)
Cu},(C,N3H3),* 2FAP™ (10) (C,NsH; = 1,2,4-triazole). All reac-
tions occur at room temperature in dichloromethane or chloro-
form in yields of 40-87% (Scheme 1).

The most straight forward probe to confirm the formation of
the complexes presented in Scheme 1 is a shift of the methyl
resonances of the coordinated hexamethylbenzene in the 'H
NMR spectra of the reaction mixtures. After work-up, the 'H
NMR signal of hexamethylbenzene is absent. In the "H NMR
spectrum of [(IDipp)Cu(NH;)]'FAP™ (1) the four iPr methyl
groups of the Dipp ligand gave rise to two doublets at 1.24 and
1.25 ppm in CDCl; and the corresponding methine protons were
observed as a septet at 2.49 ppm. The signals of both phenyl
groups were split into doublets (CH,e;) and triplets (CH,qr,) and
were detected at 7.34 and 7.56 ppm, respectively. Additionally,
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Scheme 1 Synthesis of [(IDipp)Cu(LB)]*FAP™ (LB = NHs, 1; CgHoN, =
DABCO, 2; C;HoN, = DMAP, 3; C4H4N, = pyrazine, 4; Cy3HgN = acri-
dine, 5; T]l'o:C13HgN = acridone, 6; C4H;0S = SEt,, 7; C4HgS = THT, 8;
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the signals of the olefinic protons of the backbone were observed
at 7.24 ppm. Besides the typical signals of the NHC ligand, the
three protons of the ammine ligand in 1 gave rise to a broad
resonance at 2.05 ppm in CDCls, which is similar to §("H) of
[(IDipp)Cu(NH;)|[BF,4] with 2.26 ppm."* There are neither signifi-
cant differences in the '°F and *'P NMR spectra of the mer-FAP~
anion nor in the 'H and "C{'"H} NMR spectra of the IDipp
ligand in any of these compounds. Likewise, there is no men-
tionable variation in the chemical shifts in dependence of
whether nitrogen, sulfur or phosphorous binds towards the
copper center. Table 1 summarizes selected chemical shifts of
the "H and "*C{"H} NMR spectra of the carbene ligand in the
complex cations of [(IDipp)Cu(LB)] FAP™.

In addition to multinuclear NMR spectroscopy, the NHC
copper FAP™ salts were characterized by using IR spectroscopy,
HRMS, as well as elemental analysis (see ESI}). Furthermore,
single crystals of 1, 3, 5, 6, 7, and 10 suitable for X-ray diffrac-
tion (XRD) were obtained (Fig. 1, 2 and Table 2). The central
copper atom in the complexes 1, 3, 5, and 7 is linearly co-
ordinated by the IDipp ligand and the nitrogen or sulfur atom
of the neutral donor ligand with C1-Cu-N1 angles of 177.19
(15)° (1), 175.45(9)° (3), and 179.62(7)° (5) and a C1-Cu-S
angle of 176.49(8)° (7). Interestingly, the acridone ligand in 6
coordinates via the oxygen atom. The C1-Cu-O angle of 169.58
(9)° is slightly distorted from a linear arrangement and the
Cu-O distance amounts to 1.8313(16) A. In 1, 3, 5, 6, and 7 the
distances between the carbenic carbon atom and the copper
atom are very close (<36) (1: 1.882(3) A, 3: 1.875(2) A, 5: 1.8789
(18) A, 6: 1.863(2) A, 7: 1.887(3) A) and similar to d(Cu-C) in
other copper NHC complexes reported by Nolan et al. (1.884
(2)-1.956(10) A)." The Cu-N1 bond distances in 1 (1.908(3) A)
and 5 (1.9038(15) A) are slightly longer than d(Cu-N1) found
in 3 (1.8785(19) A), but within the standard range of precedent
Cu-N bonds in NHC complexes.'®"”

The Cu-S bond distance of the central copper atom to
sulfur in 7 of 2.1705(8) A is similar to values observed for
[(IMes)Cu(SSi(iPr);)] (2.1336(4) A) or [(IMes)Cu(SC(O)CH,)]
(2.1483(9) A).*® The dinuclear complex 10 crystallizes in the
monoclinic space group P2,/m with one dinuclear dicationic
complex [{(IDipp)Cu},(C,N3H3),]**, two mer-isomer FAP~ coun-
teranions, and three solvent molecules in the unit cell. Thus, a
crystallographically imposed mirror plane is located perpen-
dicular through the atoms N5 and N6. The Cu-C1 distance of

View Article Online

Dalton Transactions

Fig. 1 Molecular structures of the complex cations of [(IDipp)Cu
(NH3)I*FAP~ (1, top left), [(IDipp)Cu(C;H1oN)I*FAP™ (3, top right),
[(IDipp)Cu(C13HoN)I"FAP~ (5, middle left), [(IDipp)Cufy’-
O=C;3HoN)I*FAP~ (6, middle right) and [(IDipp)Cu(C4H10S)I*FAP™ (7,
bottom) in the solid state (ellipsoids set at the 50% probability level;
Dipp substituents are shown as wire-and-stick models). Hydrogen
atoms (except the ones of NHs in 1) and co-crystallized solvent mole-
cules in the crystal structures of 1, 3, and 6 are omitted for clarity. Only
one of two independent molecules in the asymmetric unit of 1 and 3 are
shown. Selected bond length and angles are given in Table 2 and
Fig. S1-S5 in the ESL

1.937(6) A is slightly longer than the distances observed in the
related mononuclear compounds discussed before (Table 2).
Both [(IDipp)Cu]” moieties are bridged by two 1,2,4-triazole
ligands with angles of C1-Cu1-N3 128.50(19)° and C1-Cul-N4
132.12(19)°, respectively, and bond distances of 2.038(5) and

Table 1 Selected *H and **C{*H} NMR chemical shifts [ppm] of the IDipp ligands of 1-10 in CDCls

5 (VC{'"H}) N-C-N 8 (*H) aryl-CHyr,

s (1H) aryl'CHmeta

6 (*H) N-CH-CH-N 6 (*H) iPr-CH 6 (*H) iPr-CH,

1 177.5 7.56 7.34
2 176.6 7.56 7.34
3 178.3 7.57 7.36
4 177.2 7.60 7.35
5 177.5 7.57 7.54
6 177.9 7.59 7.38
7 176.2 7.56 7.35
8 176.3 7.58 7.36
9 178.0 7.53 7.34
10 181.8 7.65 7.35

9312 | Dalton Trans., 2025, 54, 9310-9328

7.24 2.49 1.24/1.25
7.28 2.44 1.21/1.26
7.29 2.55 1.24/1.27
7.29 2.51 1.07/1.25
7.50 2.67 1.17/1.33
7.31 2.62 1.26/1.28
7.32 2.50 1.22/1.27
7.32 2.49 1.21/1.27
7.32 2.54 1.24/1.26
7.23 2.52 0.94-1.06/1.22

This journal is © The Royal Society of Chemistry 2025


https://doi.org/10.1039/d5dt00904a

Published on 15 2025. Downloaded on 27/07/25 20:59:11.

Dalton Transactions

Fig. 2 Molecular structure of the complex cation of [{(IDipp)
Cu},(C,N3H3),12"2FAP™ (10) in the solid state (ellipsoids set at the 50%
probability level; Dipp substituents are shown as wire-and-stick models).
Hydrogen atoms except for the ones bound to N5 and N6 and a co-
crystallized solvent molecule are omitted for clarity. Selected bond
length and angles are collected in Table 2 and Fig. S6 in the ESI.{

Table 2 Selected bond lengths [A] and angles [°] of the copper
carbene-complexes 1, 3, 5, 6, 7, 10, 11, and 12

Cu-C1 Cu-N/O/S C1-Cu-N/O/S

1 1.882(3) 1.908(3) 177.19(15)

3 1.875(2) 1.8785(19) 175.45(9)

5 1.8789(18) 1.9038(15) 179.62(7)

6 1.863(2) 1.8313(16) 169.58(9)

7 1.887(3) 2.1705(8) 176.49(8)

10 1.937(6) 2.038(5) 128.50(19)
2.035(4) 132.12(19)

11 1.900(4) 1.927(3) 176.68(15)

12 1.890(3) 1.906(2) 170.45(12)

2.035(4) A between Cu and N3 or N4. These distances are
longer compared to d(Cu-N) in 1, 3, and 5 (1.88-1.91 A) due to
the higher steric demand and the increased coordination
number at copper in 10.

As the hexamethylbenzene ligand in the IDipp complex Ila
is easily replaced by various 2 VE donor ligands, we expanded
our study to the related cAAC-ligated complex [(cAAC™)Cu
(CeMeg)]'FAP™ (IIb). The reaction of IIb with DABCO or pyra-
zine resulted in the formation of dinuclear complexes
[{(cAACM®)Cu},(CeH1,N,) P 2FAP™  (11) and  [{(cAACM®)Cu},
(C4H4N,)P2FAP™ (12) in 62% (11) and 68% (12) yield, respect-
ively. The reaction of IIb with DMAP or SEt, afforded the
mononuclear complexes [(cAACM®)Cu(C,H;,N,)]'FAP~ (13) and
[(cAACM®)Cu(C,H,0S)['FAP™ (14) in 57% (13) and 74% (14)
yield (Scheme 2).

The complexes 11-14 were characterized by multinuclear
NMR spectroscopy, elemental analysis, IR spectroscopy, and
HRMS (13, 14). In analogy to the IDipp copper complexes 1-10
introduced above, the *°F and *'P NMR chemical shifts of mer-
FAP™ and the 'H and “C{"H} chemical shifts of the cAAC™*
ligand of these compounds did not reveal significant differ-
ences. In case of 11 and 12, the signals for the carbene ligand
were observed with a relative intensity of 2 with respect to the
signals of DABCO or pyrazine. These findings match the
results of the elemental analysis and X-ray diffraction, which
are in accordance with dinuclear structures in solution and in

This journal is © The Royal Society of Chemistry 2025
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Scheme 2 Synthesis  of  [{(cAACM®)Cu},(CgH1NL)I2T2FAP~  (11),
H(CAACM)Cu},(C4H4NL)I?*2FAP™ (12), [(cAACM®)CU(C;H1oN,)IFAP (13),
and [(cCAACM®)Cu(C4H1oS)I*FAP~ (14) via hexamethylbenzene substi-
tution of [(CAACM®)Cu(CeMeg)*FAP™ (llb).

the solid state. Single crystals of 11 and 12 suitable for XRD
were obtained by diffusion of n-hexane into solutions of 11 or
12 in dichloromethane (Fig. 3 and Table 2). Both complexes 11
and 12 crystallize in the monoclinic space group P2,/n and are
located on an inversion center. Besides the coordination of the
carbene ligand, the copper atom is coordinated to the nitrogen
atom N1 of the DABCO or pyrazine ligand, respectively, with
almost linear C1-Cu-N1 angles of 176.68(15)° (11) and 170.45
(12)° (12). A comparison of both closely related structures
shows that the Cu-C1 bond lengths (11: 1.900(4) A; 12: 1.890
(3) A) and the Cu-N1 distances (11: 1.927(3) A; 12: 1.906(2) A)
differ only marginally.

Fluoride abstraction in the presence of neutral N- and O-donor
ligands

Previous studies demonstrated that the percent buried volume
model (%V3,,), developed by Cavallo and colleagues, serves as
a powerful descriptor for evaluating the steric properties of

Fig. 3 Molecular structures of the complex cations of [{(cAACM®)
Culo{CsH12N}P*2FAP™ (11; left) and [{(CAACM)Cu}{C4HAN}?*2FAP~
(12; right) in the solid state (ellipsoids set at the 50% probability level;
Dipp ligands are shown as wire-and-stick models). Hydrogen atoms are
omitted for clarity. Selected bond length and angles are collected in
Table 2 and Fig. S7, S8 in the ESI.{
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N-heterocyclic carbenes, phosphines, and related ligands in
transition metal chemistry.'® Building on this approach, we
introduced the LAB-Rep model, designed to assess steric repul-
sion between specific Lewis acid and base pairs."® According
to this model, the favored mer-trans isomer of (C,Fs);PF,-LB,
with a percent buried volume of 67.7%Vy,,, is considered to be
very bulky, rendering the formation of LA/LB adducts with
sterically hindered Lewis bases unlikely. Building on our pre-
vious studies," we employed the phosphorane (C,F;);PF, for
the fluoride abstraction from fluoride complexes [(carbene)
CuF], featuring IDipp, SIDipp, and cAAC™® as carbene ligands,
in the presence of a nucleophile. In the following we explore
the question whether (C,Fs);PF, can assist fluoride exchange
reactions in complexes [(carbene)CuF] with 2 VE ligands, or if
(i) a replacement of the neutral carbene ligand with the 2 VE
ligand or (ii) the formation of Lewis acid/base pair of the 2 VE
ligand and (C,F;);PF, prevails.

The reaction of [(cAACM®)CuF] (Ic) with (C,Fs);PF, in a
solvent mixture of acetonitrile and dichloromethane afforded
the acetonitrile adduct [(cAACM®)Cu(N=CMe)['FAP~ (15),
whereas the reaction of [(IDipp)CuF] (Ia) under similar con-
ditions led to the three-coordinated complex [(IDipp)Cu
(N=CMe),]'FAP™ (16) (Scheme 3). This observation may seem
contradictory to the assumption of the LAB-Rep model, as aceto-
nitrile is considered a sterically non-demanding LB, and the for-
mation of a phosphorane-acetonitrile adduct would be expected.
However, the pronounced fluoride ion affinity of the phosphor-
ane (405.5 k] mol™")" seemingly favors fluoride abstraction over
adduct formation, thus leading to the generation of [(IDipp)Cu
(N=CMe),]" and the weakly coordinating FAP~ anion.

The sterically more demanding benzonitrile yielded the di-
coordinated copper(i) complex [(IDipp)Cu(N=CPh)]'FAP~ (17).
All reactions proceeded in good yields of 69% (15), 81% (16)
and 82% (17), respectively (Scheme 3). Compounds 15-17 were

+
Pr ’Pr/Q\’Pr
Cu—F + (CoFs)PF MeC " Cu—NCM "
—| —_— u—
u 2Fs)3F M2 DCM e

v

P

e

Ic 15
— -+
’Pr/©\’Pr
N CMe
_MeCN [ >—cu FAP ~
DCM N CMe
Pr- 'Pr
'Pr Pr
N L _
[ >—Cu—F +  (C2Fs)sPFy — 16
N +
'Pr- 'Pr
EC—@ iPr Pr

N
L =, s -
la oo [N>—Cu _c@ FAP

Pr. Pr
17

Scheme 3 Synthesis of [(carbene)Cu(LB)]*FAP~ complexes 15-17 via
fluoride ion abstraction from [(carbene)CuF] using (C,Fs)sPF; in the pres-
ence of N-donor ligands.
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fully characterized by 'H, *C{'H}, '°F, and *'P NMR spec-
troscopy, IR spectroscopy, HRMS, and elemental analysis. The
'9F and *'P NMR spectra confirm the formation of the mer-
isomer of the FAP™ anion, consistent with other previously
reported FAP~ complex salts.*°

The IR spectrum of 17 displays a characteristic band at
2275 em™" for the N=C stretching vibration, which is shifted
40 cm™" to higher wavenumbers compared to non-coordinated
benzonitrile (2234 cm™").*" This shift can be rationalized by
coordination to a Lewis-acidic center in conjunction with neg-
ligible n-back-bonding from copper to benzonitrile. Significant
n-back-bonding would lead to a decrease in §(C=N). Higher
wavenumbers for the C=N stretch have been reported for
other end-on coordinated Cu(i) complexes, previously.>* We dis-
cussed these phenomena for other cationic copper complexes
previously. For example, the related complex [(IDipp)Cu
(PhC=CPh)]'FAP~ shows a lack of n-back-bonding from the
cationic [(IDipp)Cu]’" complex fragment to the alkyne, which
was evident from very similar §(**C) shifts of the C=C unit of
the free and coordinated alkyne (Ad,jiyne ~0.5 ppm), which
indicates a rather weak copper-alkyne interaction."?

Single crystals suitable for XRD were obtained for com-
pounds 16 and 17, and selected bonding parameters of the
molecular structures (Fig. 4) are summarized in Table 3. The
cationic complex [(IDipp)Cu(N=CMe),]" in 16 exhibits a dis-
torted trigonal-planar geometry at the metal atom with angels
of 121.11(9)° (C1-Cu-N1), 131.08(10)° (C1-Cu-N2), and 107.71
(9)° (N1-Cu-N2). In contrast, the copper atom in 17 adopts a
linear environment with a C1-Cu-N1 angle of 178.03(7)°. Due
to the reduced coordination number of copper in 17, the Cu-
N1 distance of 1.8453(14) A is significantly shorter than those
observed in the tri-coordinated complex 16 (1.967(2) and 1.938
(2) A). The Cu-C1 bond length, however, is less sensitive to the
coordination number, with 1.909(2) and 1.8848(15) A in 16
and 17, respectively.

Additionally, we explored the reaction of fluoride complexes
Ia with (C,F5);PF, in the presence of aniline, and for Ic, with
(C,Fs5)3PF, in the presence of diphenylamine and the cationic
copper complexes [(carbene)Cu(NH,Ph)]'FAP™ (carbene =

Fig. 4 Molecular structures of the complex cations of [(IDipp)Cu
(N=CMe),I*FAP~ (16; left) and [(IDipp)Cu(N=CPh)]*FAP~ (17; right) in
the solid state (ellipsoids set at the 50% probability level; Dipp substitu-
ents are shown as wire-and-stick models). Hydrogen atoms are omitted
for clarity. Selected bond lengths and angles are collected in Table 3
and Fig. S9, S10 in the ESL
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Table 3 Selected bond lengths [A] and angles [°] of the copper
carbene-complexes 16, 17, 19-21, 23, 24, 26, and 27

Cu-C1 N/O C1-Cu-N/O
16 1.909(2) 1.967(2) 121.11(9)
1.938(2) 131.08(10)
17 1.8848(15) 1.8453(14) 178.03(7)
19 1.893(3) 1.935(3) 171.88(13)
20 1.882(3) 1.942(3) 175.47(12)
21 1.8716(17) 1.9492(15) 175.97(7)
23 1.8853(17) 1.9038(15) 174.25(6)
24 1.878(2) 1.916(2) 172.2(1)
26 1.873(3) 2.054(2) 142.16(11)
1.876(3) 2.027(2) 145.85(11)
144.71(12)
143.59(11)
27 1.866(3) 1.8624(19) 167.61(9)
IDipp, 18; SIDipp, 19; cAAC™¢, 20) and [(IDipp)Cu

(NHPh,)]'FAP~ (21) were isolated in moderate to good yields
(Scheme 4). The '"H NMR spectra of complexes 18-21 show
characteristic broad singlets for the NH protons (18: 4.74 ppm,
19: 4.24 ppm, 20: 4.58 ppm, 21: 6.36 ppm), compared to free
aniline (3.69 ppm)** and diphenylamine (5.69 ppm).>* Further
characterization was carried out using NMR and IR spec-
troscopy, HRMS and elemental analysis. SC-XRD confirmed
the molecular structures of 19-21 (Fig. 5 and Table 3). The
complex cations adopt linear structures in which copper is co-
ordinated by both the carbene and the amino ligand, with C1-
Cu-N1 angles of 171.88(13)° (19), 175.47(12)° (20), and 175.97
(7)° (21). In 19 and 20, the Cu-N1 bond length (19: 1.935(3) A;
20: 1.942(3) A) is significantly shorter than d(Cu-N) reported
for related aniline complexes [(dtbpe)Cu(NH,Ph)]'[BF,]™ (2.010
(2) A; dtbpe = 1,2-bis(di-tertbutyl-phosphino)ethane)* and
[(JohnPhos)Cu (NH,Ph)][PF,] (1.964(2) A; JohnPhos = 2-(di-tert-
butyl-phosphino)-1,1"-biphenyle).®

This difference may be attributed to the lower coordination
number of copper in 19 and 20. The Cu-C1 distances in 19
(1.893(3) A) and 20 (1.882(3) A) are nearly identical within
experimental error. Compound 21 displays slightly different
bond lengths (Cu-N1: 1.9492(15) A, Cu-C1: 1.8716(17) A).

y-N
Ii )—Cu—F + (CoF9PF, + HXNPh —— It
Y~N DCM Y~

Y
N
_ X
Pr. Pr X=H,Ph Pra i Pr
Y=CH la Y=CH X=H 18
Y=CH, Ib

Y=CHy X=H 19
Y=CH X=Ph 21

N H -
N FAP
—F + (CoFgPF, + HNPh ———> /
\\EKCu F (CoF9)PFy 2 bom t'&—c:u— LPh
H

Scheme 4 Synthesis of [(carbene)Cu(LB)I*FAP~ complexes 18—-20 via
fluoride ion abstraction from [(carbene)CuF] using (C,Fs)sPF; in the pres-
ence of amines.
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19 20 21

Fig. 5 Molecular structures of the complex cations of [(SIDipp)Cu
(NHoPh)I*FAP~ (19, left), [(cAACM®)Cu(NH,Ph)I*FAP~ (20, middle) and
[(IDipp)Cu(NHPh,)I*FAP™ (21, right) in the solid state (ellipsoids set at the
50% probability level; Dipp substituents are shown as wire-and-stick
models). Hydrogen atoms except for those of the N atom of the aniline
and diphenylamine ligands and a solvent molecule in the crystal struc-
ture of 19 are omitted for clarity. Only one of two independent cations
in the asymmetric unit of 19 is shown. Selected bond lengths and angles
are collected in Table 2 and Fig. S11-S13 in the ESI.}

Moreover, the reactivity of the fluoride complexes [(IDipp)
CuF] (1a) and [(cAACM®)CuF] (Ic) towards (C,Fs);PF, in the pres-
ence of one equivalent of pyridine or fluorinated pyridine deri-
vates was investigated. Fluoride abstraction followed by pyri-
dine coordination led to isolation and full characterization of
the cationic complexes [(IDipp)Cu(NCsH;s)|'FAP™  (22),
[(cAACM®)Cu(NCsH;)|['FAP™ (23), [(IDipp)Cu(NCsH;F,)]'FAP™
(24), and [(IDipp)Cu(NCsH,F;)]" FAP~ (25) in yields of 68-80%
(Scheme 5). The reaction of the highly fluorinated 2,3,5,6-tetra-
fluoropyridine with Ia in the presence of (C,Fs);PF, did not
result in [(IDipp)Cu(NCsHF,)]'FAP™ but [{(IDipp)Cu},]**2FAP~
was obtained. The low basicity and thus poor coordination
ability of tetrafluoropyridine favors the coordination of the
IDipp substituent of the carbene ligand, resulting in the
dimeric dicationic complex [{(IDipp)Cu},]*"." The formation of
22-25 was confirmed by 'H, "*C{"H}, "°F, and *'P NMR spec-
troscopy. A decreasing resonance frequency of the hydrogen
and carbon nuclei in meta-position of pyridine with an increas-
ing number of fluorine substituents was observed (5(*H): 22:
7.77/7.50 ppm, 24: 7.03 ppm; 25: 6.75 ppm; 5(**C): 22: 147.5/

N —
—an [ >—Cu—| /\:/? FAP~

n=0 n 3 — .
’PV/Q\’Pr ’PYQ\'PT
N —
Cu—F + (CFshPFy + /> _—
\ DCM

Scheme 5 Synthesis of [(carbene)Cu(LB)]*FAP~ complexes 22-25 via
fluoride ion abstraction from [(carbene)CuF] using (C,Fs)sPF; in the pres-
ence of (partially fluorinated) pyridine.
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126.8 ppm; 24: 108.3 ppm; 25: 98.1 ppm). In addition, single
crystals of 23 and 24 suitable for XRD studies were obtained
(Fig. 6).

The solid-state structures of 23 and 24 confirm the coordi-
nation of pyridine and the linear geometry at copper, with C1-
Cu-N1 angles of 174.25(6)° (23) and 172.2(1)° (24). The Cu-C1
distances in 23 (1.8853(17) A) and 24 (1.878(2) A) are within
the typical range compared to related complexes."*” In con-
trast, the Cu-N1 bond in 23 (1.9038(15) A) is slightly shorter
than in 24 (1.916(2) A), which mirrors the reduced basicity of
2,6-difluoropyridine relative to pyridine. The Cu-C1 and Cu-
N1 bond lengths in 23 are slightly longer than those reported
by Steffen et al. for the related pyridine complex [(IDipp)Cu
(NC5H;5)][BF,] (Cu-C1: 1.872(2) A; Cu-N1: 1.8900(18) A).>’

The stabilization of the carbene copper cations [(IDipp)Cu]"
by oxygen donor ligands is demonstrated by the formation of
[{(1Dipp)Cu(-ONC5Hs)},]* 2FAP™ (26), [(IDipp)Cu
(n'O=CPh,)]" FAP~ (27), and [(cAAC“)Cu(THF)]'FAP~ (28)
depicted in Scheme 6. Fluoride abstraction from [(IDipp)CuF]
(Ia) with (C,F;5);PF, in the presence of pyridine-N-oxide yielded
the dinuclear pyridine-N-oxide-bridged complex 26 in 81%
yield. The reaction of Ia with (C,F5);PF, in the presence of ben-
zophenone afforded the mononuclear complex 27 in 79% yield
and the reaction of [(cAACY®)CuF] (Ic) with the phosphorane
in Et,O/THF afforded 28 in 68% yield. The "H NMR analysis of
26 revealed broadening of the pyridine-N-oxide resonances at
room temperature. However, at —36.5 °C, three well resolved
resonances were observed at 7.71 (pyridine-aryl-C,q.H), 7.47
(pyridine-aryl-C,.s4,H), and 7.38 ppm (pyridine-aryl-C,e;.H)
(see Fig. S118 in the ESIt). SC-XRD confirmed the dinuclear
structure of 26 in the solid state, revealing a central Cu,0O,
core, in which two [(IDipp)Cu]’ cations are bridged by two pyri-
dine-N-oxide ligands (Fig. 7). These extended bond distances
indicate the absence of significant Cu---Cu bonding inter-
actions. The Cu-O-Cu angles in 26 are 108.47(11)° and 107.84
(10)°, respectively. The benzophenone ligand in [(IDipp)Cu(n'-
O=—CPh,)]'FAP~ (27) adopts an end-on n'-coordination mode
in the solid state and in solution. Such a shift in §(**C) is a
hallmark of benzophenone ligands coordinated via the oxygen
atom in an end-on n'-fashion.?®

23

24

Fig. 6 Molecular structures of the complex cations of [(cAACMe)Cu
(NCsHs)I*FAP~ (23; left) and [(IDipp)Cu(NCsH3Fo)I*FAP™ (24; right) in the
solid state (ellipsoids set at the 50% probability level; Dipp substituents
are shown as wire-and-stick models). Hydrogen atoms are omitted for
clarity. Selected bond lengths and angles are collected in Table 3 and
Fig. S14, S15 in the ESL}
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Scheme 6 Synthesis of complexes 26—-28 via fluoride ion abstraction
from [(carbene)CuF] using (C;Fs)sPF, in the presence of O-donor
ligands.

Fig. 7 Molecular structures of the complex cations of [{(IDipp)Cu(u-
ONCsHs)},]>*2FAP~ (26; left) and [(IDipp)Cu(n-O=CPh,)I*FAP~ (27;
right) in the solid state (ellipsoids set at the 50% probability level; Dipp
substituents are shown as wire-and-stick models). Hydrogen atoms and
two co-crystallized solvent molecules in the crystal structure of 26 are
omitted for clarity. Selected bond lengths and angles are collected in
Table 3 and Fig. S16, S17 in the ESI.}

In contrast, a side-on n’>-coordination of the O=C moiety
would induce a shift to lower resonance frequency,>**° as pre-
viously observed for the nickel complexes [(NHC),Ni(n>-
0=CPh,)] (NHC = I;Pr, IMes) which we have reported earlier.*®
In these nickel complexes, the [(NHC),Ni] unit exhibits strong
n-back-donation, favoring side-on coordination. SC-XRD experi-
ments of 27 further confirm the end-on n'-coordination mode
in the solid state (Fig. 7). The n'-hapticity of the oxygen atom
suggests minimal or no z-back-donation from the [(IDipp)Cu]"
cation, which is consistent with the contracted and energeti-
cally low-lying d-orbitals characteristic for the closed-shell
copper(1) center. The O-C2 bond length in 27 (1.246(3) A)
remains nearly unchanged compared to free benzophenone
(¢f distances of benzophenone: 1.23(1) A),*! indicating negli-
gible electron density donation from copper to the carbonyl
moiety. The Cu-O bond distance of 1.8624(19) A is slightly
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longer than those observed in the alkoxide complexes [(IDipp)
Cu(OX)] (X = Et: 1.799(3) A;® tBu: 1.8104(13) A;** CH(Me)Ph:
1.794(3) A (ref. 33)) or carboxylato complexes [(IDipp)Cu(OX)]
(X = C(—O)H: 1.848(2) A;** C(—0)Me:1.850(3) A (ref. 35)), as
expected for a ketone ligand. The Cu-O-C2 bond angle of
133.48(18)° is consistent with oxygen lone-pair coordination to
the [(IDipp)Cu]" center.

Conclusions

Ligand exchange reactions of [(IDipp)Cu(CsMes)] FAP™ (IIa)
were studied in some detail leading to the copper FAP™ salts
[(IDipp)Cu(LB)]'FAP~ (LB = NHj;, 1; C¢Hy,N, = DABCO, 2;
C,H,(N, = DMAP, 3; C,H,N, = pyrazine, 4; C;3HoN = acridine,
5; n'-O=C,3;HoN = acridone, 6; C,H;,S = SEt,, 7; C4HgS = THT,
8; PCy;, 9) as well as the dinuclear 1,2,4-triazole complex
[{(IDipp)Cu},(C,N3H;),]* 2FAP™ (10). Similarly, [(cAACY¢)Cu
(CeMe,)]'FAP™ (1Ib) was used for the synthesis of [(cAACY¢)Cu
(LB)]'FAP™ (LB = C,;H,,N,, 13; C,H,,S, 14) via replacement of
the C¢Meg ligand. The reactions of DABCO or pyrazine with IIa
afforded [{(cAAC™®)Cu},(CeH1,N,)[P*2FAP™ (11) and [{(cAACM®)
Cu},(C4H,N,)2FAP™ (12). In all cases the cationic copper(i)
complexes [(carbene)Cu(LB)]" were stabilized by the weakly
coordinating tris(pentafluoroethyl)trifluorophosphate anion
(FAP™ anion, [(C,F5);PF;]7). Furthermore, we extended the use
of the readily available Lewis acid tris(pentafluoroethyl)
difluorophosphorane (C,F5);PF, as fluoride abstraction
reagent for the generation of cationic copper(i) complexes. The
reactions of (C,Fs);PF, with [(IDipp)CuF] (Ia), [(SIDipp)CuF]
(Ib), or [(cAACM)CuF] (Ic) in the presence of different Lewis
bases (LB), ie. nitriles, amines, fluorinated and non-fluori-
nated pyridines, and oxygen donor ligands, were studied. The
complex salts [(IDipp)Cu(LB)]'FAP~ (LB = (N=CMe),, 16;
N=CPh, 17; NH,Ph, 18; NHPh,, 21; NC5Hs, 22; NCsH,F,, 24;
NCsH,F;, 25; n'-O—CPh,, 27), [(SIDipp) Cu(NH,Ph)]'FAP™
(19), and [(cAACM®)Cu(LB)]'FAP™ (LB = N=CMe, 15; NH,Ph,
20; NCsH;, 23; THF, 28) were isolated and characterized. In
addition, the dinuclear complex [{(1Dipp)Cu(p-
ONC;H;)},]"2FAP™ (26) was isolated. This approach was inves-
tigated for different 2 VE nitrogen and oxygen donor ligands.
In none of these cases the carbene ligand was replaced with
the 2 VE ligand employed, the formation of Lewis acid/base
pair of the 2 VE ligand and (C,F5);PF, was never observed in
the presence of the copper fluoride, and the FAP™ anion co-
ordinated in none of these cases to the copper cations. Hence,
mixtures of [(carbene)CuF] and (C,Fs);PF, serve as synthon for
[(carbene)Cu]".

Experimental
General considerations

All reactions and subsequent manipulations involving organo-
metallic reagents were carried out under an argon atmosphere by
using standard Schlenk techniques or in a Glovebox (Innovative
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Technology Inc., and MBraun Uni Lab).>® All reactions were per-
formed in oven-dried glassware. Elemental analyses were per-
formed in the microanalytical laboratory of the Institute of
Inorganic Chemistry of the University Wiirzburg with an
Elementar vario micro cube. High-resolution mass spectroscopy
(HRMS) was performed on a Thermo Scientific Exactive Plus
mass spectrometer, equipped with an Orbitrap Mass Analyzer.
NMR spectra were recorded on a Bruker Avance 400 (‘H,
400.1 MHz; *C, 100.6 MHz; °F, 376.8 MHz; *'P, 162.0 MHz), a
Bruker Avance 500 (‘H, 500.1 MHz; “C, 125.8 MHz; 'F,
470.5 MHz; *'P, 202.4 MHz) and a Bruker Avance 600 (‘H,
600.2 MHz; '*C, 150.9 MHz; '°F, 564.7 MHz; °'P, 242.9 MHz)
spectrometer using CD,Cl, or CDCl; as solvent. Assighment of
the "H NMR and *C{"H} NMR data was supported by 'H, "H and
BC{'"H},'H correlation experiments. >C NMR spectra were
recorded broad-band proton-decoupled (“*C{'H}) at 298 K, if not
otherwise noted. Chemical shifts are listed in parts per million
(ppm), reported relative to TMS and were calibrated against
residual solvent signals (§(*H): CDHCI, 5.32, CHCl; 7.26; §("*C):
CD,Cl, 53.84, CDCl; 77.16)*” or external CFCl; (8(*°F): 0) and 85%
H3PO, (5(3'P): 0). If not otherwise noted *°F and *'P NMR spectra
were not proton decoupled. Coupling constants are quoted in
Hertz. Infrared spectra were recorded under an argon atmosphere
on solid samples on a Bruker Alpha FT-IR spectrometer by using
an ATR unit at room temperature. Values are given in cm ™. All
solvents for synthetic reactions were HPLC grade, further treated
to remove traces of water using an Innovative Technology Inc.
Pure-Solv Solvent Purification System. CD,Cl, and CDCl; were
purchased from Sigma-Aldrich and stored over molecular sieve.
The compounds [(IDipp)CuF] (Ia),*® [(SIDipp)CuF] (Ib),"*
[(cAACM)CuF]  (Ic),"® [(IDipp)Cu(CeMeg)] FAP~  (la)' and
[(cAACM®)Cu(CeMe,) FAP™ (1Ib)"? were prepared according to lit-
erature procedures. Commercially available (C,Fs);PF, was used
or the phosphorane was synthesized via electrochemical fluorina-
tion (ECF) starting from triethyl phosphine as reported in the lit-
erature.®® All other starting materials were purchased from com-
mercial sources and used without further purification.

Preparation of compounds

[(IDipp)Cu(NH;)|'FAP™ (1). At room temperature and under
atmospheric pressure anhydrous gaseous NH; was passed
through a solution of IIa (100 mg, 94.4 pumol) in CHCl;
(15 mL) over a period of 1 h. The reaction mixture was stirred
for another 2 h at room temperature. All volatiles were
removed under reduced pressure and the remaining solid was
suspended in n-hexane (10 mL) and the product was filtered
off. The product was washed with n-hexane (2 x 10 mL) and
dried in vacuo to yield 1 (50 mg, 54.7 pmol, 58%) as a colorless
solid. Single crystals of 1 suitable for X-ray diffraction were
obtained by diffusion of n-hexane into a solution of 1 in
chloroform. "H NMR (500.1 MHz, CDCls, 298 K): § [ppm] =
1.24 (d, 12 H, *Jyyy = 7.0 Hz, iPr-CHj), 1.25 (d, 12 H, *Jyyp; = 7.0
Hz, iPr-CHj), 2.05 (Spr, 3 H, NH;), 2.49 (sept, 4 H, *Jyy = 6.9
Hz, iPr-CH), 7.24 (s, 2 H, N-CH-CH-N), 7.34 (d, 4 H, *Jy; = 7.8
Hz, IDipp-aryl-C e .H), 7.56 (t, 2 H, *Jyy = 7.8 Hz, IDipp-aryl-
CparcH); "*C{'"H} NMR (125.8 MHz, CDCl;, 298 K): § [ppm] =
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24.0 (iPr-CHj), 25.0 (iPr-CHj), 28.9 (iPr-CH), 124.1 (N-CH-
CH-N), 124.7 (IDipp-aryl-Cy,es), 131.4 (IDipp-aryl-Cp.,), 133.8
(IDipp-aryl-Cyso), 145.5 (IDipp-aryl-Corno), 177.5 (N-C-N); *F
NMR (470.5 MHz, CDCl;, 298 K): 6§ [ppm] = —44.9 (dm, 1 F,
Ypr = 888 Hz, PF), —80.3 (m, 3 F, CF;), —81.9 (m, 6 F, CF),
—88.8 (dm, 2 F, YJpr = 903 Hz, PF,), —115.8 (dm, 2 F, *Jpp = 85
Hz, CF,), —-116.2 (dm, 4 F, *Jpr = 98 Hz, CF,); *'P NMR
(202.4 MHz, CDCl;, 298 K): § [ppm] = —146.6 (tdm, “Jpp = 903
Hz, YJpr = 888 Hz); IR ([cm™']): 3370 (w), 3300 (w), 3174 (vw),
3074 (vw), 2967 (s), 2929 (m), 2875 (m), 1666 (W), 1594 (W),
1551 (w), 1469 (m), 1413 (w), 1388 (w), 1366 (w), 1295 (m),
1271 (m), 1212 (s), 1183 (s), 1140 (s), 1126 (s), 1099 (s), 1060
(m), 963 (m), 936 (w), 875 (vw), 862 (vw), 804 (m), 759 (m), 724
(m), 706 (m), 673 (m), 618 (vs), 581 (m), 533 (m), 504 (w), 494
(m), 466 (w), 439 (m), 430 (m); HRMS (ESI) m/z [M]" calcd for
C,7H39CuN;: 468.2440, found: 468.2427; m/z FAP™ calcd for
CeF1gP: 444.9450, found: 444.9447; elemental analysis calcd
(%) for C;3HsoCuF gN;P: C 43.36, H 4.30, N 4.60; found: C
43.35, H 4.01, N 4.73.

[(IDipp)Cu(C¢H1,N,)['FAP™ (2). A solution of Ila (100 mg,
94.4 pumol) and DABCO (10.6 mg, 94.4 pmol) in dichloro
methane (5 mL) was stirred for 6 h at room temperature. All
volatiles were removed under reduced pressure and the
remaining solid was suspended in n-hexane (7 mL) and
product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 2 (62.0 mg,
61.4 umol, 65%) as a colorless solid. "H NMR (400.1 MHz,
CDCl3, 298 K): § [ppm] = 1.21 (d, 12 H, *Juy; = 6.9 Hz, iPr-CH,),
1.26 (d, 12 H, *Jyy = 6.9 Hz, iPr-CH;), 2.44 (sept, 4 H, *Jyy =
6.9 Hz, iPr-CH), 2.66 (s, 12 H, DABCO-CH,), 7.28 (s, 2 H, N-
CH-CH-N), 7.34 (d, 4 H, *Jyy; = 7.8 Hz, IDipp-aryl-C,,.,.H), 7.56
(t, 2 H, *uu = 7.8 Hz, IDipp-aryl-C,..H); “C{'H} NMR
(100.6 MHz, CDCl;, 298 K): 6 [ppm] = 23.7 (iPr-CHz), 25.3 (iPr-
CH3), 28.9 (iPr-CH), 124.3 (N-CH-CH-N), 124.7 (IDipp-aryl-
Cineta)y 131.5 (IDipp-aryl-Cpgr), 133.7 (IDipp-aryl-Cy,,), 145.6
(IDipp-aryl-Cyreno), 176.6 (N-C-N); the signal for the DABCO-
CH,-group was not detected; ">’F NMR (470.5 MHz, CDCl;,
298 K): & [ppm] = —45.3 (dm, 1 F, “Jpr = 891 Hz, PF), —80.2 (m,
3 F, CF3), —81.8 (m, 6 F, CF;), —88.5 (dm, 2 F, “Jpr = 903 Hz,
PF,), —115.9 (dm, 2 F, *Jpr = 83 Hz, CF,), —116.4 (dm, 4 F, */pp
= 98 Hz, CF,); *'P NMR (202.4 MHz, CDCl;, 298 K): § [ppm] =
-147.3 (tdm, Ypp = 903 Hz, Ypp = 891 Hz); IR ([em™']): 3172
(vw), 3144 (vw), 3073 (vw), 2957 (m), 2928 (w), 2875 (w), 1593
(vw), 1568 (vw), 1552 (vw), 1463 (m), 1415 (w), 1387 (w), 1367
(w), 1350 (vw), 1311 (m), 1295 (m), 1273 (vw), 1258 (vw), 1211
(vs), 1179 (s), 1140 (s), 1125 (s), 1099 (s), 1058 (m), 1015 (W),
973 (m), 962 (m), 937 (w), 905 (vw), 809 (s), 761 (m), 746 (W),
723 (m), 700 (w), 636 (W), 618 (s), 581 (W), 533 (w), 505 (vw),
495 (w), 439 (W), 429 (w); HRMS (ESI) m/z [M]" caled for
C;33H,5CuN,: 563.3175, found: 563.3159; m/z FAP™ calcd for
CeF1gP: 444.9450, found: 444.9446; elemental analysis calcd
(%) for C;oH,3CuF gN,P: C 46.41, H 4.79, N 5.55; found: C
46.05, H 4.31, N 5.40.

[(IDipp)Cu(C,H;,N,)['FAP™ (3). A solution of Ila (150 mg,
142 pmol) and DMAP (17.3 mg, 142 pmol) in dichloro
methane (5 mL) was stirred for 3 h at room temperature. All
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volatiles were removed under reduced pressure and the
remaining solid was suspended in n-hexane (10 mL) and the
product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 3 (106 mg,
104 pmol, 73%) as a colorless solid. Single crystals of 3 suit-
able for X-ray diffraction were obtained by diffusion of
n-hexane into a solution of 3 in chloroform. 'H NMR
(400.1 MHz, CDCl;, 298 K): 6 [ppm] = 1.24 (d, 12 H, %/ = 6.9
Hz, iPr-CH3), 1.27 (d, 12 H, *Juu = 6.9 Hz, iPr-CHj), 2.55 (sept,
4 H, *Jun = 6.9 Hz, iPr-CH), 2.93 (Spr, 6 H, DMAP-CH;), 6.36
(Sbrs 2 H, DMAP-aryl-C,,,10H), 7.17 (Spr, 2 H, DMAP-aryl-C,,4;,H),
7.29 (s, 2 H, N-CH-CH-N), 7.36 (d, 4 H, Juy = 7.9 Hz, IDipp-
aryl-CpeeoH), 7.57 (t, 2 H, *Jun = 7.9 Hz, IDipp-aryl-Cpu,H); 1*C
{'*H} NMR (100.6 MHz, CDCl;, 298 K): § [ppm] = 23.8 (i{Pr-
CHj;), 25.1 (iPr-CH3), 28.9 (iPr-CH), 39.4 (DMAP-CH3;), 124.2
(N-CH-CH-N), 124.6 (IDipp-aryl-Cpes,), 131.3 (IDipp-aryl-
Cpara); 134.1 (IDipp-aryl-Cyps,), 145.8 (IDipp-aryl-Co.o), 178.3
(N-C-N); the signals for the DMAP-aryl-Cy¢0, DMAP-aryl-Cesq
and DMAP-aryl-Cy,, carbon atoms were not detected; '’F NMR
(470.5 MHz, CDCl;, 298 K): § [ppm] = —45.3 (dm, 1 F, YJpp =
893 Hz, PF), —80.2 (m, 3 F, CF;), —81.8 (m, 6 F, CF;), —88.6
(dm, 2 F, Ypr = 903 Hz, PF,), —115.9 (dm, 2 F, ¥/p = 81 Hz,
CF,), —116.5 (dm, 4 F, *Jpr = 94 Hz, CF,); *'P NMR (202.4 MHz,
CDCl;, 298 K): 6 [ppm] = —147.3 (tdm, YJpp = 903 Hz, “Jpr = 893
Hz); IR ([em™']): 3172 (vw), 3146 (vw), 3076 (vw), 2963 (m),
2952 (m), 2924 (w), 2876 (W), 2865 (W), 1715 (vw), 1623 (s),
1549 (m), 1464 (m), 1447 (m), 1410 (w), 1397 (w), 1365 (w),
1347 (w), 1313 (W), 1296 (m), 1256 (vw), 1213 (vs), 1178 (vs),
1125 (s), 1098 (s), 1075 (m), 1029 (m), 971 (m), 949 (w), 936
(w), 885 (vw), 832 (vw), 805 (s), 761 (m), 740 (w), 728 (m), 699
(w), 661 (vw), 637 (W), 618 (s), 581 (m), 549 (w), 530 (m), 505
(w), 494 (m), 438 (m), 429 (m); HRMS (ESI) m/z [M]" calcd for
C34H46CuN,: 573.3019, found: 573.3002; m/z FAP™ caled for
CeF1P: 444.9450, found: 444.9437; elemental analysis calcd
(%) for C4oHueCuFgN,P: C 47.13, H 4.55, N 5.50; found: C
47.64, H 4.12, N 5.83.

[(IDipp)Cu(C4H,N,)]'FAP™ (4). A solution of Ila (150 mg,
142 pmol) and pyrazine (11.3 mg, 142 pmol) in dichloro
methane (5 mL) was stirred for 2 h at room temperature. All
volatiles were removed under reduced pressure and the
remaining solid was suspended in n-hexane (10 mL) and the
product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 4 (108 mg,
110 pmol, 78%) as a yellow solid. "H NMR (400.1 MHz, CDCl;,
298 K): 6 [ppm] = 1.07 (d, 12 H, *Juy = 6.9 Hz, iPr-CHz), 1.25
(d, 12 H, *Jyy = 6.9 Hz, iPr-CH3), 2.51 (sept, 4 H, *Juy; = 6.8 Hz,
iPr-CH), 7.29 (s, 2 H, N-CH-CH-N), 7.35 (d, 4 H, *J;;; = 7.8 Hz,
IDipp-aryl-CppeH), 7.60 (t, 2 H, *Jjuy = 7.8 Hz, IDipp-aryl-
CparcH), 7.93 (s, 4 H, pyrazine-aryl-CH); “C{'H} NMR
(100.6 MHz, CDCl3, 298 K): & [ppm] = 23.8 (iPr-CHj,), 24.8 (iPr-
CHj;3), 28.9 (iPr-CH), 124.1 (N-CH-CH-N), 124.8 (IDipp-aryl-
Cineta); 131.3 (IDipp-aryl-Char,), 134.6 (IDipp-aryl-Cy,,), 145.3
(IDipp-aryl-C,0), 145.9 (pyrazine-aryl-CH), 177.2 (N-C-N); *°F
NMR (470.5 MHz, CDCl;, 298 K): 6 [ppm] = —44.9 (dm, 1 F,
Ypr = 889 Hz, PF), —80.2 (m, 3 F, CF3), —81.9 (m, 6 F, CFj),
—88.6 (dm, 2 F, “Jpr = 903 Hz, PF,), —115.8 (dm, 2 F, *Jpr = 80
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Hz, CF,), —-116.3 (dm, 4 F, *Jpr = 98 Hz, CF,); *'P NMR
(202.4 MHz, CDCly, 298 K): § [ppm] = —147.2 (tdm, Jpp = 904
Hz, Jpp = 890 Hz); IR ([cm™]): 3166 (vw), 3139 (vw), 3082 (vw),
2967 (m), 2929 (w), 2874 (w), 1591 (vw), 1554 (vw), 1468 (m),
1419 (m), 1388 (w), 1366 (w), 1294 (m), 1212 (vs), 1180 (s), 1136
(s), 1124 (s), 1098 (s), 1070 (m), 1060 (m), 1042 (w), 961 (m),
936 (W), 864 (vw), 805 (s), 759 (s), 721 (s), 637 (W), 618 (s), 580
(m), 549 (w), 533 (m), 505 (w), 494 (m), 458 (m), 437 (W), 429
(w); HRMS (ESI) m/z [M]" caled for CsHaoeCuN,: 531.2549,
found: 531.2533; m/z FAP™ calcd for CgF,gP: 444.9450, found:
444.9445; elemental analysis caled (%) for Cs,H,oCuF;gN,P: C
45.48, H 4.13, N 5.73; found: C 46.08, H 4.23, N 5.47.
[(IDipp)Cu(C,3HoN)['FAP™ (5). A solution of Ila (100 mg,
94.4 pmol) and acridine (16.9 mg, 94.4 pmol) in dichloro
methane (5 mL) was stirred for 4 h at room temperature. All
volatiles were removed under reduced pressure and the
remaining solid was suspended in n-hexane (10 mL) and the
product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 5 (84 mg,
78.0 pmol, 83%) as a yellow solid. Single crystals of 5 suitable
for X-ray diffraction were obtained by diffusion of n-hexane
into a solution of 5 in chloroform. "H NMR (500.1 MHz,
CDCl3, 298 K): § [ppm] = 1.17 (d, 12 H, *Juy = 6.7 Hz, iPr-CH),
1.33 (d, 12 H, *Juy = 6.7 Hz, iPr-CHj), 2.67 (sept, 4 H, *Jyy =
6.1 Hz, iPr-CH), 6.77 (dy, 2 H, acridine-CH), 7.46 (t, 2 H, *Jyy
= 7.4 Hz, acridine-CH), 7.50 (s, 2 H, N-CH-CH-N), 7.54 (d, 4
H, *Juu = 7.9 Hz, IDipp-aryl-C e H), 7.57 (t, 2 H, *Juy = 7.7 Hz,
IDipp-aryl-CproH), 7.83 (t, 2 H, *Juu = 7.8 Hz, acridine-CH),
8.06 (d, 2 H, *Jyy = 8.3 Hz, acridine-CH), 9.05 (s, 1 H, acri-
dine-CH); "*C{*H} NMR (125.8 MHz, CDCl;, 298 K): § [ppm] =
24.0 (iPr-CHj), 25.3 (iPr-CHj), 29.1 (iPr-CH), 124.5 (N-CH-
CH-N), 124.9 (IDipp-aryl-Cyerq), 127.15 (acridine-C), 127.21
(IDipp-aryl-Cpers), 129.6 (acridine-CH), 131.4 (acridine-CH),
134.27 (IDipp-aryl-Cy,), 134.32 (acridine-CH), 142.3 (acri-
dine-CH), 146.7 (IDipp-aryl-Cy,), 148.0 (acridine-C), 177.5
(N-C-N); "°F NMR (470.5 MHz, CDCl;, 298 K): § [ppm] = —45.2
(dm, 1 F, Jpp = 890 Hz, PF), —80.2 (m, 3 F, CF;), —81.8 (m, 6 F,
CF;), —88.6 (dm, 2 F, Jpr = 904 Hz, PF,), —115.9 (dm, 2 F, *Jpp
= 81 Hz, CF,), —116.3 (dm, 4 F, *Jpr = 96 Hz, CF,); *'P NMR
(202.4 MHz, CDCl3, 298 K): § [ppm] = —147.2 (tdm, Ypr = 905
Hz, Jpp = 891 Hz); IR ([em™]): 3173 (vw), 3147 (vw), 3076 (vw),
2963 (m), 2927 (w), 2873 (vw), 1671 (vw), 1620 (w), 1591 (vw),
1577 (w), 1546 (vw), 1521 (W), 1464 (w), 1414 (m), 1399 (W),
1388 (vw), 1365 (vw), 1349 (vw), 1313 (m), 1258 (vw), 1212 (vs),
1182 (s), 1130 (s), 1115 (w), 1099 (s), 1070 (m), 1010 (vw), 998
(vw), 963 (m), 935 (w), 851 (vw), 803 (s), 784 (w), 759 (m), 738
(m), 719 (m), 703 (m), 671 (W), 636 (W), 619 (s), 581 (w), 535
(m), 504 (W), 494 (W), 486 (W), 443 (W), 430 (W), 421 (W), 407 (W);
HRMS (ESI) m/z [M]" caled for C,4oH,5CuN;: 630.2910, found:
630.2896; m/z FAP~ calcd for CgFgP: 444.9450, found:
444.9457; elemental analysis caled (%) for C,6H,5CuF;gN3P: C
51.33, H 4.21, N 3.90; found: C 51.09, H 4.21, N 3.92.
[(IDipp)Cu(n'-0=C3HyN)|'FAP~ (6). A solution of Ila
(120 mg, 113 pmol) and acridone (22.1 mg, 113 pumol) in
dichloro methane (5 mL) was stirred for 4 h at room tempera-
ture. All volatiles were removed under reduced pressure and
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the remaining solid was suspended in n-hexane (10 mL) and
the product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 6 (108 mg,
98.9 pmol, 87%) as a green solid. Single crystals of 6 suitable
for X-ray diffraction were obtained by diffusion of n-hexane
into a solution of 6 in chloroform. 'H NMR (400.1 MHz,
CDCl;, 298 K): § [ppm] = 1.26 (d, 12 H, *Jyyyy = 7.7 Hz, iPr-CH;),
1.28 (d, 12 H, *Jyy = 7.7 Hz, iPr-CH,), 2.62 (sept, 4 H, *Juy =
6.2 Hz, iPr-CH), 7.13 (t, 2 H, *Jy; = 6.5 Hz, acridone-CH), 7.32
(s, 2 H, N-CH-CH-N), 7.38 (d, 4 H, *Jyy = 7.8 Hz, IDipp-aryl-
ConetaH), 7.59 (t, 2 H, *Jun = 7.6 Hz, IDipp-aryl-Cpu.H), 7.67 (d,
2 H, acridone-CH), 7.76 (t, 3 H, acridone-CH), 8.00 (d, 2 H,
Jun = 6.2 Hz, acridone-CH), 9.71 (s, 1 H, acridone-NH); **C
{'*H} NMR (125.8 MHz, CDCl;, 298 K): § [ppm] = 24.0 (i{Pr-
CH3), 25.0 (iPr-CHj3), 29.0 (iPr-CH), 118.9 (acridone-CH),
123.5 (acridone-CH), 124.3 (N-CH-CH-N), 124.7 (IDipp-aryl-
Cineta)y 131.3 (IDipp-aryl-C,qy), 134.2 (IDipp-aryl-Cy,,), 135.5
(acridone-CH), 140.9 (acridone-C), 145.8 (IDipp-aryl-Cpno),
177.9 (N-C-N); one out of four signals for the acridone-CH-
groups, one out of two signals for the quaternary carbon
atoms as well as the signal for the carbonyl carbon atom were
not detected; "’F NMR (376.8 MHz, CDCl;, 298 K): § [ppm] =
—43.5 (dm, 1 F, YJpr = 889 Hz, PF), —80.1 (m, 3 F, CF;), —81.8
(m, 6 F, CF;), —87.9 (dm, 2 F, Jp; = 902 Hz, PF,), —115.6 (dm, 2
F, YJpp = 78 Hz, CF,), —115.8 (dm, 4 F, %Jpx = 98 Hz, CF,); *'P
NMR (202.4 MHz, CDCl;, 298 K): 6 [ppm] = —145.8 (tdm, “Jpp =
902 Hz, YJpr = 889 Hz); IR ([cm™']): 3390 (w), 3179 (vw), 3076
(vw), 2965 (w), 2929 (w), 2872 (vw), 1629 (m), 1593 (w), 1531
(m), 1468 (m), 1414 (w), 1386 (vw), 1365 (vw), 1351 (w), 1311
(m), 1297 (m), 1261 (w), 1216 (vs), 1184 (s), 1162 (s), 1137 (s),
1098 (s), 1087 (s), 1062 (m), 1027 (vw), 968 (m), 937 (w), 862
(vw), 812 (s), 801 (s), 757 (m), 744 (m), 719 (m), 670 (W), 660
(w), 636 (m), 617 (s), 580 (m), 549 (m), 535 (m), 505 (w), 493
(w), 440 (w), 429 (w), 421 (vw); HRMS (ESI) m/z [M]" calcd for
C40H45CuN;0: 646.2859, found: 646.2843; m/z FAP™ calcd for
CeF1gP: 444.9450, found: 444.9451; elemental analysis calcd
(%) for C,6H45CuF;gN;0P: C 50.58, H 4.15, N 3.85; found: C
50.13, H 4.38, N 3.29.

[(IDipp)Cu(C4H4,S)]'FAP™ (7). SEt, (10.1 pL, 94.4 umol) was
added to a solution of Ila (100 mg, 94.4 pumol) in dichloro
methane (8 mL). The reaction mixture was stirred for 4 h at
room temperature. All volatiles were removed under reduced
pressure and the remaining solid was suspended in n-hexane
(10 mL) and the product was filtered off. The product was
washed with n-hexane (2 x 5 mL) and dried in vacuo to yield 7
(69.0 mg, 69.9 umol, 74%) as a colorless solid. Single crystals
of 7 suitable for X-ray diffraction were obtained by diffusion of
n-hexane into a solution of 7 in chloroform. 'H NMR
(600.2 MHz, CDCl3, 298 K): § [ppm] = 0.83 (t, 6 H, S-CH,~CHj,
*Jin = 7.4 Hz), 1.22 (d, 12 H, *Jyy = 6.8 Hz, iPr-CH3), 1.27 (12
H, d, *Juy = 6.8 Hz, iPr-CH;), 2.50 (sept, 4 H, *Juy = 6.8 Hz,
iPr-CH), overlap with 2.46-2.53 (m, 4 H, S-CH,-CH3), 7.32 (s,
2 H, N-CH-CH-N), 7.35 (d, 4 H, *uy = 7.8 Hz, IDipp-aryl-
CretaH), 7.56 (t, 2 H, *Juy = 7.8 Hz, IDipp-aryl-Cp.H); “*C{'H}
NMR (150.9 MHz, CDCl;, 298 K): § [ppm] = 14.1 (S-CH,~CH3),
23.8 (iPr-CHj), 25.4 (iPr-CHj), 28.5 (S-CH,~CHj), 28.9 (iPr-
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CH), 124.5 (N-CH-CH-N), 124.7 (IDipp-aryl-Cpew), 131.5
(IDipp-aryl-Cpqr,), 133.7 (IDipp-aryl-Cy,,), 145.8 (IDipp-aryl-
Cortho) 176.3 (N-C-N); "°F NMR (470.5, CDCl3, 298 K): § [ppm]
=—45.3 (dm, 1 F, YJpr = 891 Hz, PF), —80.2 (m, 3 F, CF3), —81.9
(m, 6 F, CF3), —88.6 (dm, 2 F, Jpr = 904 Hz, PF,), =115.9 (dm, 2
F, *Jpr = 82 Hz, CF,), —116.4 (dm, 4 F, *Jpr = 97 Hz, CF,); *'P
NMR (202.4 MHz, CDCl;, 298 K): § [ppm] = —147.2 (tdm, “Jpr =
904 Hz, YJpr = 891 Hz); IR ([cm™']): 3166 (vw), 3142 (vw), 3075
(vw), 2959 (w), 2929 (w), 2876 (vw), 1665 (vw), 1593 (vw), 1548
(vw), 1462 (m), 1415 (w), 1387 (w), 1366 (w), 1310 (m), 1295
(m), 1257 (w), 1212 (vs), 1179 (s), 1135 (s), 1125 (s), 1097 (s),
1061 (m), 972 (m), 962 (m), 936 (w), 806 (s), 783 (vw), 762 (m),
743 (m), 723 (m), 700 (s), 676 (vw), 637 (m), 618 (s), 580 (m),
534 (w), 505 (vw), 493 (w), 465 (vw), 439 (w), 429 (W), 422(w);
HRMS (ESI) m/z [M]" caled for C3;H,6CuN,S: 541.2678, found:
541.26665; m/z FAP~ calcd for CgF;gP: 444.9450, found:
444.9462; elemental analysis calcd (%) for C;,H,6CuF;gN,PS: C
45.01, H 4.70, N 2.84, S 3.25; found: C 46.17, H 4.77, H 2.83, S
2.95.

[(IDipp)Cu(C4HS)|'FAP™ (8). THT (12.5 pL, 142 pmol) was
added to a solution of Ia (150 mg, 142 pmol) in dichloro
methane (5 mL). The reaction mixture was stirred for 4 h at
room temperature. All volatiles were removed under reduced
pressure and the remaining solid was suspended in n-hexane
(7 mL) and the product was filtered off. The product was
washed with n-hexane (2 x 5 mL) and dried in vacuo to yield 8
(106 mg, 108 pmol, 76%) as a colorless solid. 'H NMR
(500.1 MHz, CDClj, 298 K): § [ppm] = 1.21 (d, 12 H, ¥y = 6.9
Hz, iPr-CHs), 1.27 (d, 12 H, *Jgy = 6.9 Hz, iPr-CHj), 1.72-1.76
(m, 4 H, S-CH,-CH,), 2.49 (sept, 4 H, *J;y = 6.9 Hz, iPr-CH),
2.62-2.66 (m, 4 H, S-CH,-CH,) 7.32 (s, 2 H, N-CH-CH-N),
7.36 (d, 4 H, *Jyyy = 7.8 Hz, IDipp-atyl-C,eeH), 7.58 (t, 2 H, *Jin
= 7.8 Hz, IDipp-aryl-C,,,H); >*C{'H} NMR (100.6 MHz, CDCl;,
298 K): 6 [ppm] = 23.7 (iPr-CH3), 25.4 (iPr-CH3), 28.9 (iPr-CH),
30.9 (S-CH,-CH,), 35.4 (S-CH,~CH,), 124.6 (N-CH-CH-N),
124.8 (IDipp-aryl-Cpes), 131.5 (IDipp-aryl-Cper), 133.8 (IDipp-
aryl-Cyps,), 145.7 (IDipp-aryl-Coqno), 176.3 (N-C-N); 'F NMR
(470.5 MHz, CDCl;, 298 K): 6 [ppm] = —45.3 (dm, 1 F, “Jpp =
891 Hz, PF), —80.2 (m, 3 F, CF;), —81.8 (m, 6 F, CF;), —88.6
(dm, 2 F, YJpp = 904 Hz, PF,), —115.9 (dm, 2 F, *Jpr = 82 Hz,
CF,), —116.4 (dm, 4 F, *Jpr = 98 Hz, CF,); *'P NMR (202.4 MHz,
CDCl3, 298 K): 6 [ppm] = —147.3 (tdm, “Jpp = 904 Hz, “Jpp = 890
Hz); IR (Jem™]): 3167 (vw), 3142 (vw), 3076 (vw), 2967 (w), 2931
(w), 2874 (vw), 1721 (vw), 1593 (vw), 1575 (vw), 1548 (vw), 1468
(w), 1412 (w), 1388 (vw), 1364 (vw), 1295 (m), 1258 (vw), 1212
(vs), 1179 (s), 1144 (s), 1134 (s), 1125 (s), 1097 (s), 1060 (m),
972 (m), 962 (m), 936 (w), 883 (vw), 807 (s), 782 (m), 762 (s),
741 (m), 724 (m), 699 (m), 637 (vw), 618 (vs), 580 (m), 533 (m),
505 (m), 495 (m), 438 (m), 429 (m); HRMS (ESI) m/z [M]" calcd
for C3;H44,CuN,S: 539.2521, found: 539.2505; m/z FAP~ calcd
for: 444.9450, found: 444.9438; elemental analysis calcd (%)
for C3,H,,CuF,;gN,PS: C 45.10, H 4.50, N 2.84, S 3.25; found: C
46.63, H 4.58, N 2.77, S 2.25.

[(IDipp)Cu(PCy;)] 'FAP~ (9). A solution of Ha (150 mg,
142 pmol) and PCy; (39.7 mg, 142 pmol) in dichloro methane
(7 mL) was stirred for 5 h at room temperature. All volatiles
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were removed under reduced pressure and the remaining solid
was suspended in n-hexane (10 mL) and the product was fil-
tered off. The product was washed with n-hexane (2 x 10 mL)
and dried in vacuo to yield 9 (142 mg, 121 pmol, 85%) as a
colorless solid. "H NMR (500.1 MHz, CDCl, 298 K): § [ppm] =
0.79-1.66 (m, 33 H, PCy;), 1.24 (d, 12 H, *Juyy = 7.3 Hz, iPr-
CH3), 1.26 (d, 12 H, *Jyy = 7.3 Hz, iPr-CH3), 2.54 (sept, 4 H,
3Juu = 6.9 Hz, iPr-CH), 7.32 (s, 2 H, N-CH-CH-N), 7.34 (d, 4
H, *Juy = 7.8 Hz, IDipp-atyl-C e.H), 7.53 (t, 2 H, *Juy = 7.8 Hz,
IDipp-aryl-CpuroH); *C{*H} NMR (125.8 MHz, CDCl;, 298 K): 6
[ppm] = 24.1 (iPr-CHj), 24.9 (iPr-CHj;), 25.58 (PCys), 25.59
(PCys), 26.9 (PCys), 27.0 (PCy;), 29.0 (iPr-CH), 30.85 (PCys),
30.86 (PCys), 31.2 (PCys), 31.3 (PCys), 124.3 (N-CH-CH-N),
124.4 (IDipp-aryl-Cpe,), 131.1 (IDipp-aryl-C,q,,), 134.0 (IDipp-
aryl-Cpps,), 145.8 (IDipp-aryl-Cono), 178.0 (N-C-N); '’F NMR
(470.5 MHz, CDCl;, 298 K): 6 [ppm] = —45.3 (dm, 1 F, Jpp =
891 Hz, PF), —80.2 (m, 3 F, CF;), —81.8 (m, 6 F, CF;), —88.5
(dm, 2 F, Jpr = 903 Hz, PF,), —115.9 (dm, 2 F, >/,; = 83 Hz,
CF,), —116.4 (dm, 4 F, *Jpp = 98 Hz, CF,); >'P NMR (202.4 MHz,
CDCl;, 298 K): § [ppm] = —147.3 (tdm, “Jpp = 904 Hz, Jpp = 891
Hz), 27.2 (PCy;); IR ([em™']): 3171 (vw), 3144 (vw), 3078 (vw),
2931 (m), 2854 (m), 1717 (vw), 1592 (vw), 1549 (vw), 1464 (vw),
1448 (m), 1411 (m), 1387 (w), 1364 (w), 1294 (m), 1272 (vw),
1213 (vs), 1175 (s), 1135 (s), 1124 (s), 1098 (s), 1070 (m), 1061
(w), 1004 (vw), 970 (m), 959 (w), 937 (w), 920 (w), 890 (W), 851
(vw), 816 (s), 784 (vw), 762 (m), 742 (m), 725 (m), 700 (w), 636
(w), 618 (vs), 580 (m), 533 (w), 516 (w), 505 (m), 493 (m), 475
(w), 466 (w), 438 (m), 430 (w); HRMS (ESI) m/z [M]" calcd for
C45HgoCuN,P: 731.4494, found: 731.4475; m/z FAP™ calcd for
CeF1gP: 444.9450, found: 444.9443; elemental analysis calcd
(%) for CsyHgoCuFgN,P,: C 52.02, H 5.91, N 2.38; found: C
52.31, H 5.70, N 2.67.

[{(1Dipp)Cu},(C,NsH;),]*2FAP~ (10). A solution of Ila
(150 mg, 142 pmol) and 1,2,4-triazole (9.78 mg, 142 pmol) in
dichloro methane (7 mL) was stirred for 4 h at room tempera-
ture. All volatiles were removed under reduced pressure and
the remaining solid was suspended in n-hexane (10 mL) and
the product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 10 (109 mg,
56.4 umol, 40%) as a colorless solid. Single crystals of 10 suit-
able for X-ray diffraction were obtained by diffusion of
n-hexane into a solution of 10 in chloroform. '"H NMR
(400.1 MHz, CDCl;, 298 K): § [ppm] = 0.94-1.06 (m, 24 H, iPr-
CH,), 1.22 (d, 24 H, *Jyy = 6.9 Hz, iPr-CH3), 2.52 (sept, 8 H,
3Jun = 6.9 Hz, iPr-CH), 5.88 (Spr, 4 H, triazole-CH), 7.23 (s, 4 H,
N-CH-CH-N), 7.35 (d, 8 H, *Juy = 7.8 Hz, IDipp-aryl-Cp,eH),
7.65 (t, 4 H, *Juu = 7.8 Hz, IDipp-aryl-Cpu,H), 10.65 (Spr, 2 H,
triazole-NH); “C{'H} NMR (125.8 MHz, CDCl;, 298 K): &
[ppm] = 23.8 (iPr-CH3;), 24.6 (iPr-CHy3), 28.8 (iPr-CH), 123.8
(N-CH-CH-N), 125.0 (IDipp-aryl-Cpes,), 131.9 (IDipp-aryl-
Cpara); 135.3 (IDipp-aryl-Cps), 146.0 (IDipp-aryl-Cor,), 182.0
(N-C-N); the signal for the triazol-CH-groups were not
detected; "°F NMR (470.5 MHz, CDCl;, 298 K): § [ppm] = —43.8
(dm, 1 F, “Jpr = 881 Hz, PF), =80.1 (m, 3 F, CF3), —=81.7 (m, 6 F,
CF3), —88.5 (dm, 2 F, YJpp = 902 Hz, PF,), —115.5 (dm, 2 F, *Jpp
= 80 Hz, CF,), —115.6 (dm, 4 F, */pr = 98 Hz, CF,); >'P NMR
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(202.4 MHz, CDCl;, 298 K): § [ppm] = —145.0 (tdm, “Jpp = 899
Hz, YJpr = 881 Hz); IR ([cm™"]): 3386 (vw), 3147 (w), 3075 (vw),
2968 (w), 2933 (w), 2875 (vw), 1723 (vw), 1592 (vw), 1544 (vw),
1504 (vw), 1463 (w), 1419 (w), 1405 (vw), 1390 (vw), 1370 (vw),
1352 (vw), 1296 (m), 1258 (vw), 1212 (vs), 1185 (s), 1137 (s),
1125 (s), 1098 (s), 1061 (m), 964 (m), 937 (w), 863 (vw), 805 (m),
758 (vw), 743 (m), 720 (m), 679 (w), 667 (W), 637 (W), 618 (vs),
581 (w), 551 (vw), 534 (W), 505 (vw), 494 (W), 465 (vw), 438 (W),
430 (w); HRMS (ESI) m/z [M]" caled for 520.2502, found:
520.2484; m/z FAP~ caled for CgFgP: 444.9450, found:
444.9445; elemental analysis caled (%) for C;oH,3Cu,F36N;0P,:
C 43.51, H 4.07, N 7.25; found: C 43.99, H 4.35, N 7.20.
[{(cAAC™*)Cu},{CsH;,N,}**2FAP~ (11). A suspension of IIb
(100 mg, 105 pmol) and DABCO (11.7 mg, 105 pmol) in
dichloro methane (5 mL) was stirred for 6 h at room tempera-
ture and the suspension was filtered over a plug of Celite. All
volatiles of the filtrate were removed under reduced pressure
and the remaining solid was suspended in n-hexane (10 mL)
and the product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 11 (55.0 mg,
53.2 pmol, 62%) as a colorless solid. Single crystals of 11 suit-
able for X-ray diffraction were obtained by diffusion of
n-hexane into a solution of 11 in dichloro methane. "H NMR
(500.1 MHz, CD,Cl,, 298 K): § [ppm] = 1.18 (d, 12 H, *Jiyy = 6.7
Hz, iPr-CH3), 1.33 (d, 12 H, *Jyy = 6.7 Hz, iPr-CHj,), 1.37 (s, 12
H, Cu-C-C(CH;),), 1.41 (s, 12 H, N-C(CH;),), 2.12 (s, 4 H,
CH,), 2.78 (sept, 4 H, *Jyy = 6.8 Hz, iPr-CH), 2.86 (su, 12 H,
DABCO-CH,), 7.33 (d, 4 H, *Jy = 7.8 Hz, cAACM -aryl-C e H),
7.48 (t, 2 H, *Juy = 7.8 Hz, cAACY-aryl-C,,,.H); “*C{'"H} NMR
(125.8 MHz, CD,Cl,, 298 K): § [ppm] = 22.3 ({Pr-CH3), 27.4
(iPr-CH;), 28.1 (Cu-C-C(CHj),), 29.41 (N-C(CHS3),/iPr-CH),
29.47 (N-C(CHs;),/iPr-CH), 47.8 (DABCO-CHy,), 49.4 (CH,), 54.1
(Cu-C-C(CH,),), 83.7 (N-C(CHjy),), 125.7 (cAACM®-aryl-Conera),
131.2  (cAACMS-aryl-Cpyry), 134.7 (cAACMC-aryl-Cy), 145.1
(cAACM®-aryl-C,pp0) 246.1 (N-C-Cu); >F NMR (470.5 MHz,
CD,Cl,, 298 K): § [ppm] = —45.2 (dm, 1 F, Jpp = 890 Hz, PF),
—80.5 (m, 3 F, CF;), —82.1 (m, 6 F, CF;), —88.6 (dm, 2 F, “Jpp =
903 Hz, PF,), —115.9 (dm, 2 F, ’Jpr = 84 Hz, CF,), —116.4 (dm, 4
F, *Jpr = 98 Hz, CF,); *'P NMR (202.4 MHz, CD,Cl,, 298 K): §
[ppm] = —147.3 (tdm, Jpr = 902 Hz, “Jpr = 890 Hz); IR ([cm™']):
2965 (m), 2942 (m), 2875 (w), 1588 (vw), 1530 (m), 1461 (m),
1387 (vw), 1374 (vw), 1364 (vw), 1312 (w), 1293 (w), 1207 (m),
1184 (m), 1136 (m), 1125 (m), 1100 (m), 1069 (m), 1054 (m),
1023 (w), 974 (m), 959 (m), 898 (vw), 814 (m), 779 (W), 759 (W),
720 (m), 637 (w), 618 (m), 580 (W), 532 (W), 496 (m), 467 (W),
439 (w); elemental analysis calcd (%) for CsgH;4Cu,F36N,Py: C
40.97, H 4.39, N 3.30; found: C 41.38, H 4.36, N 3.61.
[{(cAAC™*)Cu},{C,H,N,}*"2FAP~ (12). A suspension IIb
(100 mg, 105 pmol) and pyrazine (8.34 mg, 105 pmol) in
dichloro methane (5 mL) was stirred for 3 h at room tempera-
ture and the suspension was filtered over a plug of Celite. All
volatiles of the filtrate were removed under reduced pressure
and the remaining solid was suspended in n-hexane (10 mL)
and the product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 12 (59.0 mg,
35.4 pmol, 68%) as an off-white solid. Single crystals of 12 suit-
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able for X-ray diffraction were obtained by diffusion of
n-hexane into a solution of 12 in dichloro methane. *H NMR
(500.1 MHz, CDCl;, 298 K): § [ppm] = 1.16 (d, 12 H, */yyy = 6.8
Hz, iPr-CH3), 1.36 (d, 12 H, *Jyy = 6.8 Hz, iPr-CHj), 1.44 (s, 12
H, N-C(CH;),), 1.47 (s, 12 H, Cu-C-C(CH,),), 2.18 (s, 4 H,
CH,), 2.84 (sept, 4 H, *Jyy = 6.8 Hz, iPr-CH), 7.37 (d, 4 H, *Juy
= 7.8 Hz, cAACM®-aryl-C . H), 7.53 (t, 2 H, *Jyy = 7.8 Hz,
cAACM-aryl-CpyroH), 8.27 (S, 4 H, pyrazine-aryl-CH); “*C{'H}
NMR (125.8 MHz, CD,Cl,, 298 K): § [ppm] = 22.3 (iPr-CHj3),
27.6 (iPr-CHj3), 28.1 (Cu-C-C(CHj),), 29.45 (N-C(CHj),/iPr-
CH), 29.47 (N-C(CHj),/iPr-CH), 49.5 (CH,), 54.3 (Cu-C-
C(CH3),), 83.8 (N-C(CH3),), 125.8 (cAACMC-aryl-Cpr), 131.3
(cAACMC-aryl-Cpyrg), 134.6 (CAACMS-aryl-Cpys), 145.4 (AACM®-
aryl-Cyrino), 147.0 (pyrazine-aryl-CH), 245.5 (N-C-Cu); *°F NMR
(470.5 MHz, CD,Cl,, 298 K): § [ppm] = —45.0 (dm, 1 F, “Jpg =
890 Hz, PF), —80.5 (m, 3 F, CF3), —82.1 (m, 6 F, CF3), —88.6
(dm, 2 F, Ypp = 902 Hz, PF,), —115.9 (dm, 2 F, ¥z = 88 Hz,
CF,), —116.4 (dm, 4 F, *Jpp = 98 Hz, CF,); >'P NMR (202.4 MHz,
CD,Cl,, 298 K): 6 [ppm] = —147.2 (tdm, “Jpr = 902 Hz, Jpy =
888 Hz); IR ([em ™ ']): 3146 (vw), 3112 (vw), 3079 (vw), 3061 (vw),
2969 (m), 2945 (m), 2875 (m), 1587 (vw), 1534 (m), 1460 (m),
1432 (m), 1388 (w), 1373 (w), 1365 (w), 1295 (m), 1268 (vw),
1205 (s), 1183 (s), 1137 (s), 1124 (m), 1101 (m), 1070 (m), 1053
(w), 1023 (vw), 975 (m), 932 (w), 899 (vw), 833 (vw), 805 (s), 781
(m), 766 (m), 757 (m), 715 (s), 637 (m), 618 (vs), 600 (m), 580
(m), 553 (w), 532 (m), 494 (m), 468 (w), 437 (m), 428 (m);
elemental analysis calcd (%) for Cs¢HesCu,F36N,Py: C 40.32, H
3.99, N 3.36; found: C 39.72, H 3.47, N 4.12.
[(cAACM®)Cu(C,H,oN,)|['FAP~ (13). A suspension of IIb
(100 mg, 105 pmol) and DMAP (11.7 mg, 105 umol) in dichloro
methane (5 mL) was stirred for 4 h at room temperature and
the suspension was filtered over a plug of Celite. All volatiles of
the filtrate were removed under reduced pressure and the
remaining solid was suspended in n-hexane (10 mL) and the
product was filtered off. The product was washed with
n-hexane (2 x 5 mL) and dried in vacuo to yield 27 (55.0 mg,
60.0 umol, 57%) as a colorless solid. "H NMR (500.1 MHz,
CDCl;, 298 K): § [ppm] = 1.20 (d, 6 H, *Juyy = 6.8 Hz, iPr-CHj),
1.35 (d, 6 H, *Juy = 6.8 Hz, iPr-CHj), 1.43 (s, 6 H, N-C(CHj),),
1.49 (s, 6 H, Cu-C-C(CH,),), 2.15 (s, 2 H, CH,), 2.84 (sept, 2 H,
3Jun = 6.8 Hz, iPr-CH), 3.02 (s, 6 H, DMAP-CH;), 6.43 (d, 2 H,
DMAP-C,,1H), 7.31-7.39 (m, 2 H, DMAP-C,,.;,,H) 7.34 (d, 2 H,
Jun = 7.8 Hz, cAACM®-aryl-C,neH), 7.51 (t, 1 H, *Jyy = 7.8 Hz,
cAACM-aryl-Cpy,H); *C{"H} NMR (125.8 MHz, CDCl;, 298 K):
6 [ppm] = 22.4 (iPr-CHj3), 26.9 (iPr-CHj), 28.2 (Cu-C-C(CHj3),),
29.10 (iPr-CH, N-C(CHjs),), 29.15 (iPr-CH, N-C(CH3),), 39.1
(DMAP-CH;), 49.3 (CH,), 82.5 (N-C(CHj),), 107.4 (DMAP-
CretaH), 125.2 (cAACM-aryl-Cpners), 130.5 (cAACM-aryl-Cparg),
134.3 (cAACM-aryl-Cy), 145.0 (cAACMS-aryl-Corpo), 147.9
(DMAP-CyipoH), 155.5 (DMAP-Cpyy,), 247.7 (N-C—-Cu); “F
NMR (470.5 MHz, CDCl;, 298 K): § [ppm] = —45.3 (dm, 1 F,
Ypr = 889 Hz, PF), —80.2 (m, 3 F, CF3), —81.8 (m, 6 F, CFj),
—88.9 (dm, 2 F, “Jpr = 904 Hz, PF,), —115.8 (dm, 2 F, *Jpr = 84
Hz, CF,), —116.3 (dm, 4 F, *Jpy = 98 Hz, CF,); *'P NMR
(202.4 MHz, CDCl3, 298 K): 5 [ppm] = —147.0 (tdm, Jpr = 904
Hz, YJpr = 889 Hz); IR ([em™']): 3395 (vw), 2969 (m), 2953 (m),

Dalton Trans., 2025, 54, 9310-9328 | 9321


https://doi.org/10.1039/d5dt00904a

Published on 15 2025. Downloaded on 27/07/25 20:59:11.

Paper

2926 (m), 2875 (m), 2863 (m), 1791 (vw), 1619 (s), 1590 (w),
1549 (m), 1529 (m), 1458 (w), 1447 (w), 1397 (m), 1374 (w),
1346 (vw), 1312 (m), 1295 (m), 1206 (s), 1178 (s), 1136 (s), 1123
(s), 1097 (m), 1070 (m), 1027 (m), 960 (m), 897 (vw), 810 (vs),
782 (m), 761 (m), 722 (s), 637 (m), 617 (s), 580 (m), 556 (W), 529
(m), 505 (w), 494 (m), 467 (w), 438 (m), 428 (m); HRMS (ESI)
miz [M]" caled for C,,H,;CuN;: 470.2597, found: 470.2579; m/z
FAP™ caled for CgFygP: 444.9450, found: 444.9441; elemental
analysis calcd (%) for Cz3H4CuFigN3P: C 43.26, H 4.51, N
4.59; found: C 43.06, H 4.00, N 5.39.
[(cAACM®)Cu(C4H,(S)] 'FAP™ (14). SEt, (11.2 pL, 105 pmol)
was added to a suspension of IIb (100 mg, 105 pmol) in
dichloro methane (5 mL). The reaction mixture was stirred for
2 h at room temperature and the suspension was filtered over
a plug of Celite. All volatiles of the filtrate were removed under
reduced pressure and the remaining solid was suspended in
n-hexane (10 mL) and the product was filtered off. The product
was washed with n-hexane (2 x 5 mL) and dried in vacuo to
yield 14 (178 mg, 201 pmol, 74%) as a black solid. "H NMR
(400.1 MHz, CDCl;, 298 K): § [ppm] = 1.07-1.18 (m, 6 H, S-
CH,-CHj;), 1.20 (d, 6 H, *Juy = 6.8 Hz, iPr-CH;), 1.35 (d, 6 H,
*Jun = 6.8 Hz, iPr-CH3), 1.43 (s, 6 H, N-C(CHj;),), 1.44 (s, 6 H,
Cu-C-C(CH,),), 2.15 (s, 2 H, CH,), 2.63-2.77 (m, 4 H, S-CH,~
CH3), 2.81 (sept, 2 H, *Juy = 6.3 Hz, iPr-CH), 7.33 (d, 2 H, *Juy
= 7.8 Hz, cAACM®-aryl-C,. H), 7.48 (t, 1 H, *Jyy = 7.8 Hz,
cAACM-aryl-C,,H); >C{'H} NMR (100.6 MHz, CDCl;, 298 K):
§ [ppm] = 14.5 (S-CH,-CHz), 22.3 (iPr-CH3;), 27.4 (iPr-CHj3),
28.1 (Cu-C-C(CH,),), 28.4 (S-CH,—CHj;), 29.23 (iPr-CH, N-C
(CH;)), 29.25 (iPr-CH, N-C(CH,),), 49.2 (CH,), 54.2 (Cu-C-
C(CH3),), 83.4 (N-C(CH,3),), 125.5 (cAACM®-aryl-Cper), 130.9
(cAACMC-aryl-Cpyrg), 134.2 (cAACMC-aryl-Cpy,), 145.1 (cAACMS-
aryl-Co0) 245.3 (N-C-Cu); F NMR (470.5 MHz, CDCl;,
298 K): 6 [ppm] = —45.2 (dm, 1 F, “Jpr = 891 Hz, PF), —80.1 (m,
3 F, CF3), —81.8 (m, 6 F, CF;), —88.5 (dm, 2 F, “Jpr = 904 Hz,
PF,), —115.8 (dm, 2 F, *Jpr = 84 Hz, CF,), —116.3 (dm, 4 F, *Jpp
= 98 Hz, CF,); *'P NMR (202.4 MHz, CDCl;, 298 K): § [ppm] =
-147.2 (tdm, YJpp = 904 Hz, YJpp = 890 Hz); IR ([cm™']): 3066
(vw), 2969 (m), 2948 (m), 2873 (m), 1721(vw), 1588 (vw), 1542
(m), 1459 (m), 1388 (w), 1373 (W), 1366 (W), 1344 (vw), 1310
(m), 1296 (m), 1267 (w), 1211 (s), 1178 (vs), 1126 (s), 1090 (s),
1068 (m), 1013 (vw), 972 (m), 963 (m), 933 (vw), 914 (vw), 896
(vw), 885 (vw), 809 (s), 779 (m), 761 (m), 742 (w), 721 (s), 675
(vw), 636 (m), 616 (vs), 580 (m), 552 (vw), 533 (m), 506 (W), 495
(m), 467 (vw), 439 (w), 428 (w); HRMS (ESI) m/z [M]" calcd for
C,,H,4;,CuNS: 438.2256, found: 438.2240; m/z FAP~ calcd for
CoF1gP: 444.9450, found: 444.9435; elemental analysis caled
(%) for Cz;oH4;CuF;sNPS: C 40.75, H 4.67, N 1.58, S 3.63;
found: C 40.60, H 4.62, N 1.67, S 3.16.
[(cAACM®)Cu(N=CMe)|'FAP~ (15). The phosphorane
(C,F5)3PF, (77.0 pL, 327 pmol) was added at room temperature
to a solution of Ic (120 mg, 326 umol) in acetonitrile (5 mL).
The reaction mixture was stirred for 2 h at room temperature.
All volatiles were removed under reduced pressure and the
remaining solid was suspended in n-hexane (5 mL) and the
product was filtered off. The product was washed with
n-hexane (5 mL) and dried in vacuo to yield 15 (188 mg,
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225 pmol, 69%) as a colorless solid. "H NMR (500.1 MHz,
CDCl;, 298 K): & [ppm] = 1.19 (d, 6 H, *Juyy = 6.8 Hz, iPr-CHj),
1.34 (d, 6 H, *Juy = 6.8 Hz, iPr-CHj), 1.38 (s, 6 H, N-C(CHj),),
1.42 (s, 6 H, Cu-C-C(CHj3),), 2.10 (s, 2 H, CH,), 2.22 (s, 3 H,
N=C-CHj), 2.75 (sept, 2 H, *Jun = 6.8 Hz, iPr-CH), 7.31 (d, 2
H, *Juu = 7.8 Hz, cAACY -aryl-C e H), 7.48 (t, 1 H, *Jyy = 7.8
Hz, cAACM“-aryl-Cp.H); C{'H}-NMR (125.8 MHz, CDCl,,
298 K): 6 [ppm] = 2.1 (N=C-CHj,), 22.3 (iPr-CH3), 27.3 (iPr-
CH3;), 28.0 (Cu-C-C(CHj),), 29.18 (iPr-CH/N-C(CHj3),), 29.20
(iPr-CH/N-C(CH3),), 49.2 (CH,), 54.2 (Cu-C-C(CH3),), 83.1 (N-
C(CH,),), 118.2 (N=C), 125.2 (cAACM®-aryl-Cpen), 130.7
(cAACMC-aryl-Cpyrg), 133.7 (cAACMC-aryl-Cpys), 145.0 (cAACM®-
aryl-Corino), 245.5 (N-C-Cu); ’F-NMR (470.5 MHz, CDCl,,
298 K): § [ppm] = —45.0 (dm, 1 F, ‘Jpr = 892 Hz, PF), —80.1 (m,
3 F, CF;), —-81.8 (m, 6 F, CF;), —88.4 (dm, 2 F, “Jpr = 903 Hz,
PF,), —115.8 (dm, 2 F, *Jpr = 83 Hz, CF,), —116.3 (dm, 4 F, *Jpp
= 98 Hz, CF,); *'P-NMR (202.4 MHz, CDCl;, 298 K): § [ppm] =
-147.3 (tdm, Jpp = 903 Hz, Jpr = 892 Hz); IR (ATR [cm™']):
2975 (w), 2948 (w), 2873 (vw), 2323 (vw), 2297 (vw), 1588 (vw),
1524 (vw), 1460 (w), 1388 (vw), 1372 (vw), 1364 (vw), 1309 (w),
1296 (w), 1210 (s), 1180 (s), 1135 (s), 1124 (s), 1097 (m), 1068
(m), 962 (m), 932 (vw), 808 (s), 762 (m), 722 (s), 618 (vs), 580
(m), 533 (m), 494 (W), 467 (vw), 438 (vw), 428 (w); HRMS (ESI)
m/z [M]" caled for Cy,H34CuN,: 389.2018, found: 389.2002; m/z
FAP™ calcd for CgFqgP: 444.9450, found: 444.9444; elemental
analysis caled (%) for C,gH;,CuFgN,P: (gefunden): C 40.27, H
4.10, N 3.35; found: C 40.81, H 4.26, N 3.51.
[(IDipp)Cu(N=CMe),]'FAP~  (16). The phosphorane
(C,Fs5)3PF, (46.5 pL, 197 pmol) was added at room temperature
to a solution of Ia (93.0 mg, 197 umol) in acetonitrile (3 mL).
The reaction mixture was stirred for 1.5 h at room temperature.
All volatiles were removed under reduced pressure and the
product was dried in vacuo to yield 16 (157 mg, 160 pmol,
81%) as a colorless solid. Single crystals of 16 suitable for X-ray
diffraction were obtained by vapor diffusion of n-pentane into
a solution of 16 in toluene. 'H NMR (500.1 MHz, CDCl,,
298 K): 5 [ppm] = 1.23 (d, 12 H, *Juu = 6.9 Hz, iPr-CH;) overlap
with 1.25 (d, 12 H, *Jyy = 6.9 Hz, iPr-CH;), 1.99 (s, 6 H,
N=C-CH,;), 2.51 (sept, 4 H, *Jyy = 6.9 Hz, iPr-CH), 7.27 (s, 2 H,
N-CH-CH-N), 7.36 (d, 4 H, *Jyy = 7.8 Hz, IDipp-aryl-Cp,eH),
7.55 (t, 2 H, *Juu = 7.8 Hz, IDipp-aryl-C,.H); "*C{'H} NMR
(125.8 MHz, CD,Cl,, 298 K): § [ppm] = 2.3 (N=C-CH3;), 24.0
(iPr-CHs), 24.9 (iPr-CHj), 29.1 (iPr-CH), 117.3 (N=C), 124.4
(N-CH-CH-N), 124.6 (IDipp-aryl-Cp.,), 131.1 (IDipp-aryl-
Cpara); 134.6 (IDipp-aryl-Cips), 146.2 (IDipp-aryl-Corso), 178.3
(N-C-N); F NMR (470.5 MHz, CD,Cl,, 298 K): § [ppm] =
—45.1 (dm, 1 F, YJpr = 889 Hz, PF), —80.6 (m, 3 F, CF;), —82.3
(m, 6 F, CF;), —88.6 (dm, 2 F, “Jpp = 902 Hz, PF,), —116.1 (dm, 2
F, 2Jpp = 83 Hz, CF,), —116.7 (dm, 4 F, *Jpr = 98 Hz, CF,); *'P
NMR (202.4 MHz, CD,Cl,, 298 K): 6 [ppm] = —147.7 (tdm, YJpp
=902 Hz, YJpp = 889 Hz); IR ([cm™']): 3186 (vw), 3151 (vw), 2967
(m), 2931 (w), 2871 (w), 2314 (vw), 1681 (vw), 1580 (vw), 1552
(vw), 1471 (m), 1408 (w), 1385 (w), 1365 (w), 1329 (w), 1310
(m), 1258 (vw), 1213 (vs), 1189 (vs), 1138 (s), 1127 (s), 1088 (s),
1061 (m), 967 (m), 949 (w), 937 (W), 806 (s), 763 (s), 742 (m),
724 (vs), 695 (W), 636 (m), 617 (vs), 602 (m), 580 (m), 560 (vw),
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534 (w), 506 (w), 495 (w), 443 (w), 429 (w), 422 (w); HRMS (ESI)
m/z [M — CH3CN]" caled for. C,oHzoCuN;: 492.2440, found:
492.2427; m/z FAP™ calcd for Cg¢F.gP: 444.9450, found:
444.9458; elemental analysis calcd (%) for Cs;H,,CuF;gN,P: C
45.38, H 4.32, N 5.72; found: C 45.75, H 4.38, N 5.12.
[(IDipp)Cu(N=CPh)]'’FAP~  (17). The phosphorane
(C5Fs5)3PF, (75.0 pL, 319 pmol) was added at room temperature
to a solution of Ia (150 mg, 318 pmol) and benzonitrile
(32.6 pL, 319 pmol) in dichloro methane (5 mL). The reaction
mixture was stirred for 3 h at room temperature. All volatiles
were removed under reduced pressure and the remaining solid
was suspended in n-hexane (5 mL) and the product was filtered
off. The product was washed with n-hexane (2 x 5 mL) and
dried in vacuo to yield 17 (235 mg, 262 pmol, 82%) as a color-
less solid. Single crystals of 17 suitable for X-ray diffraction
were obtained by vapor diffusion of n-pentane into a saturated
solution of 17 in toluene. *H NMR (500.1 MHz, CDCl;, 298 K):
8 [ppm] = 1.26 (d, 12 H, *J4 = 6.9 Hz, iPr-CH3), 1.27 (d, 12 H,
et = 6.9 Hz, iPr-CH,), 2.51 (sept, 4 H, *Jyyy; = 6.9 Hz, iPr-CH),
7.30 (s, N-~CH-CH-N), 7.37 (d, 4 H, *J;;; = 7.8 Hz, IDipp-aryl-
CrnetaH), 7.54 (tor, 2 H, *Juu = 7.6 Hz, benzonitrile-aryl-C,,,q;oH),
7.58 (t, 2 H, *Juu = 7.8 Hz, IDipp-aryl-Cyu.H), 7.65 (dbr, 2 H,
*Juu = 7.6 Hz, benzonitrile-aryl-ConoH), 7.77 (tor, 1 H, *Jyy =
7.6 Hz, benzonitrile-aryl-C,..H); "*C{'"H} NMR (125.8 MHz,
CDCl;, 298 K): § [ppm] = 23.8 (iPr-CHj;), 25.2 (iPr-CH,), 28.9
(iPr-CH), 106.9 (benzonitrile-aryl-C,,), 118.3 (N=C), 124.71
(N-CH-CH-N), 124.74 (IDipp-aryl-Cps,), 130.0 (benzonitrile-
aryl-Cpere), 131.4 (IDipp-aryl-Cher), 133.6 (benzonitrile-aryl-
Cortno)y 133.7 (IDipp-aryl-Cy,,), 136.3 (benzonitrile-aryl-C,,,,),
145.7 (IDipp-aryl-Cypi0), 175.5 (N-C-N); °F NMR (470.5 MHz,
CDCl;, 298 K): § [ppm] = —45.3 (dm, 1 F, Jpp = 892 Hz, PF),
—80.2 (m, 3 F, CF;), —81.8 (m, 6 F, CF;), —88.6 (dm, 2 F, YJpp =
903 Hz, PF,), —115.9 (dm, 2 F, *Jpp = 82 Hz, CF,), —116.4 (dm, 4
F, *Jpr = 98 Hz, CF,); *'P NMR (202.4 MHz, CDCl;, 298 K): §
[ppm] = —147.3 (tdm, “Jpp = 903 Hz, YJpp = 892 Hz); IR ([cm ™ ']):
3186 (vw), 3134 (vw), 2967 (w), 2927 (w), 2874 (w), 2275 (w),
1597 (w), 1547 (vw), 1468 (w), 1414 (w), 1389 (vw), 1367 (vw),
1312 (m), 1215 (vs), 1184 (s), 1138 (s), 1125 (m), 1111 (w), 1089
(m), 1061 (w), 963 (m), 934 (w), 805 (s), 758 (s), 743 (m), 716
(vs), 702 (w), 681 (w), 636 (W), 618 (vs), 601 (w), 581 (w), 551
(w), 534 (w), 505 (W), 494 (vw), 441 (w), 429 (w), 420 (w); HRMS
(ESI) mfz [M]" caled for Cs;4H,CuNjz: 554.2597, found:
554.2583; m/z FAP~ calcd for CgFgP: 444.9450, found:
444.9426; elemental analysis caled (%) for C,0Hy;CuF;gN3P: C
48.03, H 4.13, N 4.20; found: C 48.23, H 4.07, N 4.42.
[(IDipp)Cu(NH,Ph)]'FAP~ (18). The phosphorane (C,Fs);PF,
(75.0 pL, 319 pmol) was added at room temperature to a solu-
tion of Ia (150 mg, 318 umol) and aniline (29.2 pL, 320 pmol)
in dichloro methane (5 mL). The reaction mixture was stirred
for 1.5 h at room temperature. All volatiles were removed
under reduced pressure and the remaining solid was sus-
pended in n-hexane (5 mL) and the product was filtered off.
The product was washed with n-hexane (2 x 5 mL) and dried in
vacuo to yield 18 (197 mg, 199 pmol, 62%) as a colorless solid.
'H NMR (500.1 MHz, CD,Cl,, 298 K): § [ppm] = 1.11 (d, 12 H,
3Juu = 6.9 Hz, iPr-CH;), 1.22 (d, 12 H, *Jyy = 6.9 Hz, iPr-CH,),
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2.45 (sept, 4 H, *Jyy = 6.9 Hz, iPr-CH), 4.74 (s, 2 H, NH,), 6.51
(m, 2 H, aniline-aryl-C,,,,H), 7.16 (m, 3 H, overlap of aniline-
aryl-C,ue;H and aniline-aryl-Cp,..H), 7.28 (s, 2 H, N-CH-CH-
N), 7.33 (d, 4 H, *Jyy = 7.8 Hz, IDipp-atyl-CpeeH), 7.57 (t, 2 H,
*Juu = 7.8 Hz, IDipp-aryl-C,q.H); >C{'"H} NMR (125.8 MHz,
CD,Cl,, 298 K): 6 [ppm] = 23.9 (iPr-CHj), 25.0 (iPr-CHj), 29.1
(iPr-CH), 120.5 (aniline-aryl-Cy,), 124.7 (N-CH-CH-N), 124.9
(IDipp-aryl-Cpeq), 126.5 (aniline-aryl-C,,,,), 130.6 (aniline-aryl-
Cineta); 131.4 (IDipp-aryl-Cpar,), 134.3 (IDipp-aryl-Cy,,), 136.3
(aniline-aryl-Cy,,), 146.0 (IDipp-aryl-Coro), 176.9 (N-C-N); *°F
NMR (470.5 MHz, CD,Cl,, 298 K): § [ppm] = —45.0 (dm, 1 F,
Ypr = 889 Hz, PF), —80.6 (m, 3 F, CF;), —82.2 (m, 6 F, CF;),
—88.6 (dm, 2 F, “Jpr = 904 Hz, PF,), —116.0 (dm, 2 F, *Jpp = 84
Hz, CF,), —116.5 (dm, 4 F, */pr = 99 Hz, CF,); *'P NMR
(202.4 MHz, CD,Cl,, 298 K): 6 [ppm] = —147.1 (tdm, Jpp = 904
Hz, Jpr = 889 Hz); IR ([em™']): 3325 (w), 3264 (W), 2967 (w),
2874 (w), 1597 (w), 1577 (w), 1550 (vw), 1494 (w), 1462 (w),
1414 (w), 1387 (vw), 1367 (vw), 1295 (m), 1211 (vs), 1186 (s),
1137 (m), 1125 (s), 1098 (m), 971 (m), 937 (vw), 807 (s), 759 (s),
722 (s), 693 (m), 637 (w), 617 (vs), 580 (w), 532 (m), 495 (W),
467 (vw), 438 (w), 429 (w); HRMS (ESI) m/z [M]" caled for
C33H,3CuN;: 544.2753, found: 544.2734; m/z FAP™ calcd for
CeF1gP: 444.9450, found: 444.9431; elemental analysis calcd
(%) for Cs;oH,3CuF gN;P: C 47.30, H 4.38, N 4.24; found: C
46.99, H 4.31, N 4.39.

[(SIDipp)Cu(NH,Ph)]'FAP~  (19). The phosphorane
(CyF5)3PF; (27.1 pL, 297 pmol) was added at room temperature
to a solution of Ib (140 mg, 296 pmol) and aniline (70.0 pL,
297 pmol) in dichloro methane (5 mL). The reaction mixture
was stirred for 2 h at room temperature. All volatiles were
removed under reduced pressure and the remaining solid was
suspended in n-hexane (5 mL) and the product was filtered off.
The product was washed with n-hexane (2 x 5 mL) and dried in
vacuo to yield 19 (222 mg, 224 umol, 76%) as a colorless solid.
Single crystals of 19 suitable for X-ray diffraction were obtained
by diffusion of n-hexane into a solution of 19 in toluene. 'H
NMR (500.1 MHz, CD,Cl,, 298 K): § [ppm] = 1.16 (d, 12 H, *Jun
= 6.9 Hz, iPr-CHj3), 1.33 (d, 12 H, *Juy = 6.9 Hz, iPr-CHj,), 2.98
(sept, 4 H, *Juy = 6.9 Hz, iPr-CH), 4.10 (s, 4 H, N-CH,~CH,-N),
4.24 (br, 2 H, NH,), 6.35 (m, 2 H, aniline-aryl-C,,,,H), 7.08 (m,
3 H, overlap of aniline-aryl-C,.,H and aniline-aryl-C,.H),
7.27 (d, 4 H, *Jgy = 7.8 Hz, SIDipp-aryl-C,....H), 7.48 (t, 2 H,
*Jun = 7.8 Hz, SIDipp-aryl-Cpu,H); "*C{'H} NMR (125.8 MHz,
CD,Cl,, 298 K): 6 [ppm] = 23.9 (iPr-CHj), 25.7 (iPr-CH3), 29.2
(iPr-CH), 54.4 (N-CH,-CH,-N), 119.9 (aniline-aryl-Cpyp,),
125.2 (SIDipp-aryl-Cye), 125.7 (aniline-aryl-Che), 130.5
(aniline-aryl-C,,eq), 130.7 (SIDipp-aryl-C,qr), 134.1 (SIDipp-
aryl-Cps,), 137.5 (aniline-aryl-Cjys,), 147.1 (SIDipp-aryl-Coro),
200.4 (N-C-N); ">F NMR (470.5 MHz, CD,Cl,, 298 K): § [ppm]
= —45.1 (dm, 1 F, YJpp = 891 Hz, PF), —80.6 (m, 3 F, CF;), —82.3
(m, 6 F, CF;), —88.6 (dm, 2 F, “Jpr = 902 Hz, PF,), —116.1 (dm, 2
F, 2Jpp = 83 Hz, CF,), —116.6 (dm, 4 F, >Jpr = 98 Hz, CF,); *'P
NMR (202.4 MHz, CD,Cl,, 298 K): § [ppm] = —147.4 (tdm, “Jpp
=902 Hz, “Jpr = 891 Hz); IR ([em™"]): 3324 (vw), 3267 (W), 2964
(w), 2926 (w), 2875 (w), 1601 (w), 1579 (W), 1493 (m), 1464 (m),
1388 (vw), 1367 (vw), 1310 (m), 1296 (m), 1276 (m), 1212 (vs),
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1179 (s), 1137 (m), 1126 (m), 1100 (m), 1057 (w), 1016 (vw), 972
(w), 935 (vw), 806 (m), 760 (m), 724 (m), 692 (w), 637 (w), 618
(vs), 581 (w), 548 (vw), 532 (W), 505 (vw), 495 (vw), 439 (W);
HRMS (ESI) m/z [M]" caled for C33H,5CuN;: 546.2910, found:
546.2893; m/z FAP~ caled for CgF,gP: 444.9450, found:
444.9429; elemental analysis caled (%) for C3oH,5CuF;gN;P: C
47.21, H 4.57, N 4.23; found: C 47.36, H 4.72, N 4.34.

[(cAACM®)Cu(NH,Ph)]'FAP~  (20). The  phosphorane
(C,F5)3PF, (24.8 pL, 272 pmol) was added at room temperature
to a solution of Ic (100 mg, 272 umol) and aniline (64.0 pL,
272 pmol) in dichloro methane (5 mL). The reaction mixture
was stirred for 2 h at room temperature. All volatiles were
removed under reduced pressure and the remaining solid was
suspended in n-hexane (5 mL) and the product was filtered off.
The product was washed with n-hexane (2 x 5 mL) and dried in
vacuo to yield 20 (110 mg, 124 pmol, 46%) as a colorless solid.
Single crystals of 20 suitable for X-ray diffraction were obtained
by diffusion of n-hexane into a solution of 20 in toluene. 'H
NMR (500.1 MHz, CD,Cl,, 298 K): § [ppm] = 0.99 (d, 6 H, *Jup
= 6.8 Hz, iPr-CH,), 1.29 (d, 6 H, [y = 6.8 Hz, iPr-CHj;), 1.39
(s, 6 H, N-C(CH3),), 1.41 (s, 6 H, Cu-C-C(CHj3),), 2.11 (s, 2 H,
CH,), 2.75 (sept, 2 H, *Juy = 6.8 Hz, iPr-CH), 4.58 (br, 2 H,
NH,), 6.56 (br, 2 H, aniline-aryl-C,,;,H), 7.16 (m, 3 H, overlap
of aniline-aryl-C,,...H and aniline-aryl-C,,.H), 7.26 (d, 2 H,
Jun = 7.8 Hz, cAACY®-aryl-C, e H), 7.48 (t, 1 H, *Jyy = 7.8 Hz,
cACCM¢-aryl-CproH); *C{'H} NMR (125.8 MHz, CD,Cl,, 298 K):
§ [ppm] = 22.5 (iPr-CH3), 27.1 (iPr-CH3), 28.1 (Cu-C-C(CHj3),),
29.35 (iPr-CH), 29.41 (N-C(CH3),), 49.6 (CH,), 54.3 (Cu-C-
C(CHa),), 83.3 (N-C(CHj),), 120.9 (aniline-aryl-Cppo), 125.7
(cAACM®-aryl-Cyners), 126.5 (aniline-aryl-Cpgp,), 130.4 (aniline-
aryl-Crerq), 130.7 (CAACMS-aryl-Cpyrg), 134.9 (cAACM -aryl-Cyys,),
137.2 (aniline-aryl-Cy,s,), 145.2 (cAACMe-aryl-C, o), 246.7 (N-
C-Cu); °F NMR (470.5 MHz, CD,Cl,, 298 K): § [ppm] = —44.8
(dm, 1 F, Jpp = 889 Hz, PF), —=80.5 (m, 3 F, CF;), —82.1 (m, 6 F,
CF;), —88.5 (dm, 2 F, Jpr = 901 Hz, PF,), —115.9 (dm, 2 F, *Jpp
= 84 Hz, CF,), —116.3 (dm, 4 F, *Jpr = 98 Hz, CF,); >'P NMR
(202.4 MHz, CD,Cl,, 298 K): 6 [ppm] = —147.1 (tdm, "Jpp = 901
Hz, Vo = 889 Hz); IR ([cm™"]): 3347 (w), 3296 (w), 2963 (W),
2874 (vw), 1605 (w), 1580 (w), 1535 (vw), 1497 (w), 1463 (w),
1391 (vw), 1373 (vw), 1366 (vw), 1311 (m), 1298 (m), 1214 (vs),
1182 (vs), 1123 (s), 1099 (s), 1085 (w), 1017 (vw), 967 (m), 933
(w), 897 (w), 810 (s), 780 (w), 750 (m), 714 (s), 690 (m), 636 (W),
617 (vs), 580 (m), 532 (m), 505 (w), 494 (W), 466 (vw), 439 (vw),
428 (w), 422 (w); HRMS (ESI) m/z [M]" caled for C,gH35CuN,:
441.2331, found: 441.2316; m/z FAP~ caled for CgFygP:
444.9450, found: 444.9425; elemental analysis caled (%) for
C3,H;35CuFgN,P: C 43.32, H 4.32, N 3.16; found: C 43.22, H
4.43, N 3.20.

[(IDipp)Cu(NHPh,)]'FAP~ (21). The phosphorane (C,Fs);PF,
(75.0 pL, 319 pmol) was added at room temperature to a solu-
tion of Ia (150 mg, 318 pmol) and diphenylamine (53.8 mg,
318 pmol) in dichloro methane (5 mL). The reaction mixture
was stirred for 2 h at room temperature. All volatiles were
removed under reduced pressure and the remaining solid was
suspended in n-hexane (5 mL) and the product was filtered off.
The product was washed with n-hexane (2 x 5 mL) and dried in
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vacuo to yield 21 (289 mg, 271 umol, 85%) as a colorless solid.
Single crystals of 21 suitable for X-ray diffraction were obtained
by diffusion of n-hexane into a solution of 21 in chloroform.
'H NMR (500.1 MHz, CDCl;, 298 K): 6 [ppm] = 1.02 (d, 12 H,
*Jiu = 6.9 Hz, iPr-CH;), 1.20 (d, 12 H, *Jyy = 6.9 Hz, iPr-CH;),
2.42 (sept, 4 H, *Jyy; = 6.9 Hz, iPr-CH), 6.36 (br, 1 H, NH), 6.74
(br, 4 H, diphenylamine-aryl-Co,40H), 7.10 (t, 2 H, *Jyy = 7.6
Hz, diphenylamine-aryl-C,.H), 7.18 (t, 4 H, *Juy = 7.6 Hz,
diphenylamine-aryl-C,,¢,.H), 7.27 (s, 2 H, N-CH-CH-N), 7.33
(d, 4 H, *Jyy = 7.8 Hz, IDipp-aryl-CypeeH), 7.60 (t, 2 H, *Juyy =
7.8 Hz, IDipp-aryl-Cpu.H); “*C{*"H} NMR (125.8 MHz, CDCl,,
298 K): 8 [ppm] = 24.0 (iPr-CH3), 24.7 (iPr-CHj3), 28.9 (iPr-CH),
121.1 (diphenylamine-aryl-C,,), 124.4 (N-CH-CH-N), 124.6
(IDipp-aryl-Cpers), 125.4 (diphenylamine-aryl-Cp,.,), 130.0
(diphenylamine-aryl-C,e,,), 131.3 (IDipp-aryl-Cpgr), 134.0
(IDipp-aryl-Cjpso), 141.8  (diphenylamine-aryl-Cy,,), 145.7
(IDipp-atyl-Cyp0), 176.8 (N-C-N); *°F NMR (470.5 MHz, CDCl,
298 K): § [ppm] = —44.9 (dm, 1 F, ‘Jpr = 891 Hz, PF), —80.2 (m,
3 F, CF3), —81.8 (m, 6 F, CF;), —88.5 (dm, 2 F, Jpr = 904 Hz,
PF,), —115.7 (dm, 2 F, */pr = 82 Hz, CF,), —116.1 (dm, 4 F, *Jpp
= 98 Hz, CF,); *'P NMR (202.4 MHz, CDCl;, 298 K): § [ppm] =
-146.8 (tdm, ‘Jpr = 904 Hz, 'Jpr = 891 Hz); IR ([em™']): 3270
(vw), 3202 (vw), 3141 (vw), 2964 (w), 2927 (vw), 2874 (w), 1592
(w), 1510 (w), 1491 (w), 1469 (w), 1414 (w), 1387 (vw), 1366
(vw), 1310 (m), 1295 (m), 1212 (vs), 1182 (s), 1136 (m), 1124
(m), 1095 (m), 1069 (vw), 1060 (vw), 1026 (vw), 1005 (vw), 973
(m), 936 (w), 805 (m), 751 (m), 724 (m), 690 (m), 637 (w), 618
(vs), 580 (w), 533 (w), 495 (W), 483 (vw), 466 (vw), 438 (W), 429
(w); HRMS (ESI) m/z [M]" caled for CzoH,,CuN;: 620.3066,
found: 620.3049; m/z FAP™ calcd for C¢F,gP: 444.9450, found:
444.9433; elemental analysis caled (%) for Cy45H,,CuFgN3P: C
50.68, H 4.44, N 3.94; found: C 51.61, H 4.49, N 4.26.
[(IDipp)Cu(NC5H;)] 'FAP™ (22). The phosphorane (C,Fs);PF,
(75.0 pL, 319 pmol) was added at room temperature to a solu-
tion of Ia (150 mg, 318 umol) and pyridine (26.0 pL, 322 pmol)
in dichloro methane (5 mL). The reaction mixture was stirred
for 2 h at room temperature. All volatiles were removed under
reduced pressure and the remaining solid was suspended in
n-hexane (5 mL) and the product was filtered off. The product
was washed with n-hexane (5 mL) and dried in vacuo to yield
22 (215 mg, 216 pmol, 68%) as a colorless solid. "H NMR
(500.1 MHz, CDClj, 298 K): § [ppm] = 1.22 (d, 12 H, *Jyy = 6.9
Hz, iPr-CH3), 1.28 (d, 12 H, *Juu = 6.9 Hz, iPr-CHj), 2.56 (sept,
4 H, *Jyy = 6.9 Hz, iPr-CH), 7.32 (s, 2 H, N-CH-CH-N), 7.37
(d, 4 H, *Jyy = 7.8 Hz, IDipp-aryl-CpeH), 7.59 (t, 2 H, *Juy =
7.8 Hz, IDipp-aryl-C,q.H), 7.50 (br, 2 H, pyridine-aryl-
Corthoimetatd), 7.77 (br, 2 H, pyridine-aryl-Co,sn0/metaH), 8-02 (br, 1
H, pyridine-aryl-CpuH); “*C{'H} NMR (125.8 MHz, CDCl,,
298 K): & [ppm] = 23.8 (iPr-CHj), 25.2 (iPr-CHj), 28.9 (iPr-CH),
124.4 (N-CH-CH-N), 124.7 (IDipp-aryl-C,,e,), 126.8 (pyridine-
aryl-Corenometa), 131.3 (IDipp-aryl-Cparq), 134.1 (IDipp-aryl-Cypso),
142.1 (pyridine-aryl-C,4rq), 145.8 (IDipp-aryl-Cyr,), 147.5 (pyri-
dine-aryl-Coreno/meta)y 177.6 (N-C-N); >F NMR (470.5 MHz,
CDCl;, 298 K): 6 [ppm] = —45.1 (dm, 1 F, “Jpp = 890 Hz, PF),
—80.2 (m, 3 F, CF;), —81.8 (m, 6 F, CF;), —88.6 (dm, 2 F, Jpp =
905 Hz, PF,), —115.8 (dm, 2 F, *Jpr = 84 Hz, CF,), —116.3 (dm, 4
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F, *Jpr = 98 Hz, CF,); *'P NMR (202.4 MHz, CDCl;, 298 K): §
[ppm] = —146.9 (tdm, “Jpp = 905 Hz, YJpp = 890 Hz); IR ([cm ™ ']):
2963 (w), 2928 (w), 2874 (w), 1640 (vw), 1611 (w), 1600 (w),
1544 (w), 1491 (w), 1469 (w), 1450 (w), 1414 (w), 1388 (vw),
1366 (vw), 1294 (m), 1209 (vs), 1182 (vs), 1136 (s), 1124 (s),
1098 (s), 1070 (m), 972 (m), 961 (m), 936 (vw), 810 (s), 758 (m),
741 (vw), 720 (s), 699 (m), 674 (w), 637 (w), 617 (vs), 581 (m),
532 (w), 495 (w), 467 (vw), 438 (w), 428 (w); HRMS (ESI) m/z
[M]" caled for C;,H4CuNj: 530.2597, found: 530.2577; m/z
FAP™ caled for CgFqgP: 444.9450, found: 444.9424; elemental
analysis calcd (%) for CzgH4CuFgN;P: C 46.75, H 4.23, N
4.30; found: C 45.03, H 3.38, N 4.57.
[(cAACM®)Cu(NCsH;)]['FAP~  (23). The  phosphorane
(C,F5)3PF, (84.6 pL, 359 pmol) was added at room temperature
to a solution of Ic (132 mg, 359 pmol) and pyridine (29.0 pL,
359 umol) in dichloro methane (5 mL). The reaction mixture
was stirred for 2 h at room temperature. All volatiles were
removed under reduced pressure and the remaining solid was
suspended in n-hexane (5 mL) and the product was filtered off.
The product was washed with n-hexane (2 x 5 mL) and dried in
vacuo to yield 23 (233 mg, 267 umol, 74%) as a colourless
solid. Single crystals of 23 suitable for X-ray diffraction were
obtained by diffusion of n-hexane into a solution of 23 in 1,2-
difluorbenzene. "H NMR (500.1 MHz, CDCl;, 298 K): § [ppm] =
1.20 (d, 12 H, *Jyyy = 6.8 Hz, iPr-CH3), 1.36 (d, 12 H, *Jyyy; = 6.8
Hz, iPr-CH,), 1.45 (s, 6 H, N-C(CH,),), 1.50 (s, 6 H, Cu-C-C
(CH3),), 2.17 (s, 2 H, CH,), 2.86 (sept, 2 H, Jyy; = 6.8 Hz, iPr-
CH), 7.36 (d, 2 H, *Jay = 7.6 Hz, cAACM®-aryl-C,,...H), 7.50 (br,
2 H, pyridine-aryl-Co.mo/metaH), 7-53 (t, 1 H, *Jy = 7.6 Hz,
cAACM-aryl-CpqeH), 7.97 (br, 3 H, overlap of pyridine-aryl-
CparcH and  pyridine-aryl-CornomeraH);  °C{'H} ~NMR
(125.8 MHz, CDCl,, 298 K): 6 = 22.4 (iPr-CH;), 27.2 (iPr-CHj,),
28.2 (Cu-C-C(CH,),), 29.26 (iPr-CH), 29.30 (N-C(CH,),), 49.4
(CH,), 54.1 (Cu-C-C(CHj),), 83.1 (N-C(CH3),), 125.5 (cAACM®-
aryl-Cynerq), 126.7 (pyridine-aryl-Copno/meta), 130.8 (CAACMS-aryl-
Cpara)y 134.5 (cAACMC-aryl-C,), 141.4 (pyridine-aryl-Cpgr),
145.2  (cAACM®-aryl-Coro), 149.3  (pyridine-aryl-Copnojmeta)s
247.1 (N-C-Cu); °F NMR (470.5 MHz, CDCl;, 298 K): § [ppm]
= —45.1 (dm, 1 F, “Jpr = 891 Hz, PF), —80.1 (m, 3 F, CF;), —81.8
(m, 6 F, CF;), —88.5 (dm, 2 F, “Jpy = 903 Hz, PF,), —115.8 (dm, 2
F, *Jpr = 83 Hz, CF,), —116.3 (dm, 4 F, */pr = 98 Hz, CF,); *'P
NMR (202.4 MHz, CDCl;, 298 K): 6 [ppm] = —147.4 (tdm, “Jpp =
903 Hz, Jpr = 891 Hz); IR ([cm™']): 2969 (w), 2937 (W), 2875
(w), 1610 (w), 1585 (vw), 1524 (w), 1491 (vw), 1451 (m), 1389
(vw), 1373 (vw), 1311 (m), 1262 (vw), 1201 (vs), 1178 (vs), 1133
(vs), 1098 (s), 1071 (m), 1052 (vw), 1018 (vw), 964 (s), 930 (W),
897 (vw), 883 (vw), 806 (vs), 781 (m), 755 (m), 717 (vs), 698 (s),
636 (w), 617 (vs), 579 (m), 533 (m), 504 (w), 473 (vw), 443 (vw),
421 (m); HRMS (ESI) m/z [M]" caled for CpsHz6CuN,: 427.2175,
found: 427.2161; m/z FAP™ calcd for CgF,gP: 444.9450, found:
444.9427; elemental analysis caled (%) for Cs33H36CuF;gN,P: C
42.64, H 4.16, N 3.21; found: C 43.04, H 4.16, N 3.40.
[(IDipp)Cu(NCsH;F,)]'"FAP~  (24). The phosphorane
(C,F5)3PF, (74.0 pL, 314 pmol) was added at room temperature
to a solution of Ia (148 mg, 314 pmol) and 2,6-difluoropyridine
(28.6 pL, 315 pumol) in dichloro methane (5 mL). The reaction
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mixture was stirred for 2 h at room temperature and the sus-
pension was filtered over a plug of Celite. All volatiles of the fil-
trate were removed under reduced pressure and the remaining
solid was suspended in n-hexane (5 mL) and the product was
filtered off. The product was washed with n-hexane (3 x 5 mL)
and dried in vacuo to yield 24 (255 mg, 252 umol, 80%) as a
colorless solid. Single crystals of 24 suitable for X-ray diffrac-
tion were obtained by diffusion of n-hexane into a solution of
24 in chloroform. "H NMR (500.1 MHz, CDCl;, 298 K): § [ppm]
=1.22 (d, 12 H, *Jyy = 6.9 Hz, iPr-CH;), 1.27 (d, 12 H, *Jyy =
6.9 Hz, iPr-CHj3), 2.54 (sept, 4 H, *Jyy = 6.9 Hz, iPr-CH), 7.03
(d, 2 H, *Juy = 8.2 Hz, pyridine-aryl-CyoH), 7.32 (s, 2 H, N-
CH-CH-N), 7.34 (d, 4 H, *J;4 = 7.8 Hz, IDipp-atyl-C,.;cH), 7.55
(t, 2 H, *Jun = 7.8 Hz, IDipp-aryl-Cpu,H), 8.20 (tt, 1 H, Juy =
8.2 Hz, gy = 7.5 Hz, pyridine-aryl-C,..H); *C{'"H} NMR
(125.8 MHz, CDCly, 298 K): 6 [ppm] = 24.0 (iPr-CHj), 24.9 (iPr-
CHj3;), 29.0 (iPr-CH), 108.3 (m, pyridine-aryl-C,.,), 124.56 (N-
CH-CH-N/IDipp-aryl-Cyerq), 124.60 (N-CH-CH-N/IDipp-aryl-
Cineta); 131.4 (IDipp-aryl-Cpgr,), 133.8 (IDipp-aryl-Ci,), 145.7
(IDipp-aryl-Coreno), 150.9 (t, *Jec = 9.3 Hz, pyridine-aryl-Cpy,),
160.5 (dd, Jpc = 262 Hz, Jzc = 7.1 Hz, pyridine-aryl-C,.,),
176.3 (N-C-N); "F NMR (470.5 MHz, CDCl3, 298 K): § [ppm] =
—45.3 (dm, 1 F, “Jpp = 890 Hz, PF), —64.5 (d, 2 F, *Jz; = 7.5 Hz,
pyridine-aryl-C,,;F), —80.3 (m, 3 F, CF;3), —81.9 (m, 6 F, CF3),
-88.6 (dm, 2 F, YJpp = 903 Hz, PF,), —115.9 (dm, 2 F, *Jpp = 83
Hz, CF,), —116.5 (dm, 4 F, %/pr = 98 Hz, CF,); *'P NMR
(202.4 MHz, CDCl;, 298 K): 5 [ppm] = —147.3 (tdm, Jpy = 903
Hz, YJor = 890 Hz); IR ([em™']): 3178 (vw), 2962 (w), 2929 (W),
2875 (w), 1637 (m), 1621 (vw), 1591 (vw), 1571 (vw), 1548 (vw),
1473 (m), 1415 (w), 1388 (vw), 1367 (vw), 1326 (vw), 1319 (w),
1295 (w), 1272 (w), 1258 (w), 1213 (s), 1180 (s), 1137 (m), 1124
(m), 1098 (m), 1060 (w), 1010 (m), 974 (m), 960 (m), 936 (W),
852 (vw), 809 (m), 800 (m), 761 (m), 722 (s), 703 (vw), 637 (w),
618 (vs), 580 (w), 533 (w), 496 (w), 438 (w), 429 (w); HRMS (ESI)
m/z [M]" caled for C3,H3oCuF,N;: 566.2408, found: 566.2390;
m/z FAP™ calcd for CgFqgP: 444.9450, found: 444.9434; elemen-
tal analysis calcd (%) for C3gH39CuF,oN3P: C 45.09, H 3.88, N
4.15; found: C 45.49, H 3.85, N 4.20.
[(IDipp)Cu(NCsH,F;)]'"FAP~  (25). The phosphorane
(C3Fs5)3PF; (75.0 pL, 319 pmol) was added at room temperature
to a solution of Ia (150 mg, 318 pmol) and 2,4,6-trifluoropyri-
dine (30.8 pL, 320 pmol) in dichloro methane (5 mL). The reac-
tion mixture was stirred for 3 h at room temperature. All vola-
tiles were removed under reduced pressure and the remaining
solid was suspended in n-hexane (5 mL) and the product was
filtered off. The product was washed with n-hexane (2 x 5 mL)
and dried in vacuo to yield 25 (232 mg, 225 pmol, 71%) as a
colorless solid. "H NMR (500.1 MHz, CDCl;, 298 K): § [ppm] =
1.21 (d, 12 H, *Jyyy = 6.8 Hz, iPr-CH3), 1.26 (d, 12 H, *Jyyy; = 6.8
Hz, iPr-CHj), 2.52 (sept, 4 H, °Juy; = 6.8 Hz, iPr-CH), 6.75 (d, 2
H, [y = 6.8 Hz, pyridine-aryl-C,...H), 7.32 (s, 2 H, N-CH-CH-
N), 7.33 (d, 4 H, *Jyy = 7.9 Hz, IDipp-atyl-C,ueeH), 7.55 (t, 2 H,
*Juu = 7.9 Hz, IDipp-aryl-C,q.H); >C{'"H} NMR (125.8 MHz,
CDCl;, 298 K): § [ppm] = 24.0 (iPr-CH3), 24.9 (iPr-CHj), 29.0
(iPr-CH), 98.1 (m, pyridine-aryl-Cy,zs,), 124.5 (N-CH-CH-N/
IDipp-aryl-Cpesq), 124.6 (N-CH-CH-N/IDipp-aryl-C ), 131.4
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(IDipp-aryl-Cpr,), 133.7 (IDipp-aryl-Cy,), 145.6 (IDipp-aryl-
Cortho)y 162.0 (pyridine-aryl-Cyyp0), 175.9 (pyridine-aryl-C,,),
176.2 (N-C-N); *°F NMR (470.5 MHz, CDCls, 298 K): § [ppm] =
—45.4 (dm, 1 F, YJpp = 891 Hz, PF), —61.0 (d, 2 F, ¥ = 22.6 Hz,
pyridine-aryl-C,.0F), —76.0 (tt, 1 F, gz = 22.6 Hz, *Jzy = 6.8
Hz, pyridine-aryl-C,q.F), —80.3 (m, 3 F, CF;), —82.0 (m, 6 F,
CF3), —88.7 (dm, 2 F, YJpr = 904 Hz, PF,), —116.1 (dm, 2 F, */pp
= 83 Hz, CF,), —116.6 (dm, 4 F, *Jpr = 98 Hz, CF,); *'P NMR
(202.4 MHz, CDCl, 298 K): 5 [ppm] = —147.5 (tdm, Ypp = 904
Hz, Jpr = 891 Hz); IR ([em™']): 3085 (vw), 2965 (w), 2930 (w),
2874 (w), 1674 (vw), 1650 (m), 1593 (m), 1552 (vw), 1523 (vw),
1462 (m), 1413 (w), 1388 (vw), 1367 (vw), 1294 (w), 1213 (vs),
1179 (vs), 1148 (s), 1138 (m), 1125 (s), 1101 (m), 1071 (w), 1060
(w), 1043 (w), 1005 (w), 973 (m), 959 (m), 936 (vw), 854 (w), 815
(m), 807 (m), 761 (m), 726 (s), 702 (vw), 638 (w), 618 (vs), 580
(w), 560 (vw), 533 (w), 517 (w), 495 (w), 465 (vw), 438 (w), 429
(w); HRMS (ESI) m/z [M]" caled for C;,HzsCuF;N;: 584.2314,
found: 584.2299; m/z FAP™ calcd for C¢F,gP: 444.9450, found:
444.9423; elemental analysis calcd (%) for C3gH33CuF,;N;P: C
44.30, H 3.72, N 4.08; found: C 44.81, H 3.80, H 4.15.
[{(1Dipp)Cu(u-ONC;H;)},]**2FAP™ (26). The phosphorane
(C,Fs5)3PF, (71.6 pL, 304 pmol) was added at room temperature
to a solution of Ia (150 mg, 318 pmol) and pyridine-N-oxide
(29.0 mg, 305 pmol) in dichloro methane (5 mL). The reaction
mixture was stirred for 2 h at room temperature. All volatiles
were removed under reduced pressure and the remaining solid
was suspended in n-hexane (5 mL) and the product was filtered
off. The product was washed with n-hexane (2 x 5 mL) and
dried in vacuo to yield 26 (243 mg, 122 pmol, 81%) as a color-
less solid. Single crystals of 26 suitable for X-ray diffraction
were obtained by diffusion of n-hexane into a solution of 26 in
1,2-difluorobenzene. 'H NMR (400.1 MHz, CDCl;, 236.5 K): 6
[ppm] = 1.18 (d, 24 H, Juy = 6.9 Hz, iPr-CH;), 1.25 (d, 24 H,
3w = 6.9 Hz, iPr-CHy), 2.46 (sept, 8 H, *Juy = 6.9 Hz, (Pr-CH),
7.32 (s, 4 H, N-CH-CH-N), overlap with 7.37 (d, 8 H, *J;;; = 7.8
Hz, IDipp-aryl-C,..H), 7.38 (br, 4 H, pyridine-aryl-C,,..,H),
7.47 (br, 4 H, pyridine-aryl-Co.noH), 7.62 (t, 4 H, *Jyy = 7.8 Hz,
IDipp-aryl-CperoH), 7.71 (t, 2 H, *Jyy = 7.2 Hz, pyridine-aryl-
CpareH); *C{'H} NMR (100.6 MHz, CDCl;, 236.5 K): § [ppm] =
23.5 (iPr-CHs), 25.4 (iPr-CHj;), 28.7 (iPr-CH), 124.0 (N-CH-
CH-N), 124.6 (IDipp-aryl-Cpes), 127.7(pyridine-aryl-Cyer),
131.1 (IDipp-aryl-Cpar,), 133.9 (IDipp-aryl-Cp,), 134.3 (pyri-
dine-aryl-Cpq,), 138.3 (pyridine-aryl-Cyp,), 145.8 (IDipp-aryl-
Cortho), 176.3 (N-C-N); >F NMR (470.5 MHz, CD,Cl,, 298 K): §
[ppm] = —45.1 (dm, 1 F, /5 = 890 Hz, PF), —80.6 (m, 3 F, CF3),
—82.3 (m, 6 F, CF;), —88.5 (dm, 2 F, YJpr = 903 Hz, PF,), —116.1
(dm, 2 F, >Jpr = 83 Hz, CF,), —=116.9 (dm, 4 F, ¥/ = 98 Hz, CF,);
3'p NMR (202.4 MHz, CD,Cl,, 298 K): § [ppm] = —147.5 (tdm,
Yor = 903 Hz, Jpp = 890 Hz); IR ([em™]): 3191 (vw), 3124 (vw),
2962 (w), 2926 (w), 2872 (w), 1593 (vw), 1556 (vw), 1469 (m),
1413 (w), 1387 (w), 1365 (W), 1293 (m), 1258 (vw), 1207 (vs),
1181 (vs), 1135 (s), 1124 (s), 1100 (s), 1070 (m), 1027 (w), 975
(m), 961 (m), 937 (W), 835 (w), 814 (s), 806 (s), 761 (s), 744 (m),
715 (s), 668 (m), 637 (w), 617 (vs), 581 (m), 549 (vw), 532 (m),
496 (w), 467 (vw), 452 (vw), 438 (w), 429 (w); HRMS (ESI) m/z
[M],"" caled for [C3,Hy;CuN;O],: 546.2546, found: 546.2533;
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m/z FAP™ calcd for CgFqgP: 444.9450, found: 444.9429; elemen-
tal analysis caled (%) for C;¢Hg,Cu,F3NO,P,: C 46.00, H 4.17,
N 4.23; found: C 46.14, H 4.13, N 4.52.

[(IDipp)Cu(n'-0=CPh,)]'FAP~ (27). The phosphorane
(C5F5)3PF, (75.0 pL, 319 pmol) was added at room temperature
to a solution of Ia (150 mg, 318 pmol) and benzophenone
(58.0 mg, 318 pmol) in dichloro methane (5 mL). The reaction
mixture was stirred for 2 h at room temperature. All volatiles
were removed under reduced pressure and the remaining solid
was suspended in n-hexane (5 mL) and the product was filtered
off. The product was washed with n-hexane (2 x 5 mL) and
dried in vacuo to yield 27 (272 mg, 252 pmol, 79%) as an off-
white solid. Single crystals of 27 suitable for X-ray diffraction
were obtained by diffusion of n-hexane into a solution of 27 in
1,2-difluorobenzene. "H NMR (500.1 MHz, CDCl;, 298 K): §
[ppm] = 1.13 (d, 12 H, *Jyy = 6.8 Hz, iPr-CH;), 1.24 (d, 12 H,
*Jin = 6.8 Hz, iPr-CH;), 2.50 (sept, 4 H, *Jyy = 6.8 Hz, iPr-CH),
7.28 (s, 2 H, N-CH-CH-N), 7.34 (d, 4 H, *Jyyy = 7.8 Hz, IDipp-
aryl-C,erH), 7.39 (m, 4 H, benzophenone-aryl-C,,.;.H), 7.52
(dd, 4 H, *Jygy = 8.4 Hz, Yy = 1.2 Hz, benzophenone-aryl-
CornoH), 7.59 (t, 2 H, *Juy = 7.8 Hz, IDipp-aryl-CpyoH), 7.70 (tt,
2 H, *Juyu = 7.5 Hz, YJuu = 1.2 Hz, benzophenone-aryl-Cpg,,H);
BC{'H} NMR (125.8 MHz, CDCl;, 298 K): § [ppm] = 23.8 (iPr-
CH3;), 25.0 (iPr-CH3), 28.9 (iPr-CH), 124.7 (N-CH-CH-N/IDipp-
aryl-Crerq), 124.8 (N-CH-CH-N/IDipp-aryl-Cyeq,), 129.4 (benzo-
phenone-aryl-C,,ers), 131.1 (benzophenone-aryl-C,,,), 131.3
(IDipp-aryl-Cpure), 134.0 (IDipp-aryl-Cys), 135.6 (benzophe-
none-aryl-Cy,s,), 136.0 (benzophenone-aryl-C,,), 145.7 (IDipp-
aryl-Cypu0), 175.7 (N-C-N), 206.3 (0=C); '°F NMR (470.5 MHz,
CDCl;, 298 K): 6 [ppm] = —45.3 (dm, 1 F, “Jpp = 891 Hz, PF),
-80.2 (m, 3 F, CF;), —81.8 (m, 6 F, CF3), —88.7 (dm, 2 F, Jpp =
903 Hz, PF,), —115.9 (dm, 2 F, *Jpr = 83 Hz, CF,), —116.4 (dm, 4
F, *Jpr = 98 Hz, CF,); >'P NMR (202.4 MHz, CDCl;, 298 K): §
[ppm] = —147.2 (tdm, “Jpr = 903 Hz, "Jpr = 891 Hz); IR ([em™"]):
3137 (vw), 2964 (w), 2927 (w), 2872 (w), 1591 (w), 1558 (m),
1493 (vw), 1461 (w), 1451 (w), 1416 (w), 1388 (vw), 1366 (vw),
1333 (m), 1293 (m), 1212 (vs), 1177 (vs), 1142 (s), 1126 (s), 1098
(s), 1061 (m), 1026 (vw), 999 (vw), 972 (m), 958 (m), 926 (W),
850 (vw), 817 (s), 810 (s), 761 (s), 746 (m), 721 (s), 706 (s), 681
(w), 651 (W), 637 (w), 617 (vs), 580 (m), 532 (w), 496 (w), 438
(w), 429 (w), 411 (vw); HRMS (ESI) m/z [M]" caled for
C40H46CuN,O: 633.2906, found: 633.2888; m/z FAP~ calcd for
CeF1P: 444.9450, found: 444.9430; elemental analysis calcd
(%) for C,qH,CuF;4N,OP: C 51.19, H 4.30, N 2.60; found: C
51.79, H 4.30, N 2.88.

[(cAAC™)Cu(THF)]'FAP~ (28). The phosphorane (C,F;);PF,
(77.0 pL, 327 pmol) was added at room temperature to a solu-
tion of Ic (120 mg, 326 pmol) in Et,O (3 mL) and THF (3 mL).
The reaction mixture was stirred for 2 h at room temperature.
All volatiles were removed under reduced pressure and the
remaining solid was suspended in n-hexane (5 mL) and the
product was filtered off. The product was washed with
n-hexane (5 mL) and dried in vacuo to yield 28 (192 mg,
222 pumol, 68%) as an off-white solid. "H NMR (500.1 MHz,
CDCl;, 298 K): § [ppm] = 1.21 (d, 6 H, *Juy3; = 6.8 Hz, iPr-CH;),
1.35 (d, 6 H, *J,y = 6.8 Hz, iPr-CH,), 1.42 (s, 6 H, N-C(CH,),),
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1.43 (s, 6 H, Cu-C-C(CH3;),), 1.90 (m, 4 H, THF-C; ,H,), 2.14
(s, 2 H, CH,), 2.80 (sept, 2 H, *Jyy; = 6.8 Hz, iPr-CH), 3.72 (m, 4
H, THF-C,sH,), 7.34 (d, 2 H, *Jgu = 7.8 Hz, cAAC“-aryl-
CretaH), 7.50 (t, 1 H, *Juu = 7.8 Hz, cAACY -aryl-C,y,H); °C
{'H} NMR (125.8 MHz, CDCl;, 298 K): § [ppm] = 22.4 (iPr-
CH;), 24.8 (THF-C;,4), 27.0 (iPr-CHj3), 28.1 (Cu-C-C(CHz),),
29.20 (iPr-CH), 29.24 (N-C(CHj3),), 49.3 (CH,), 53.9 (Cu-C-C
(CH3),), 73.5 (THF-C, 5), 83.1 (N-C(CH3),), 125.4 (cAACM-aryl-
Crmeta)y 130.9 (CAACMS-aryl-Cpyry), 134.5 (cAACM-aryl-Cyy,),
145.1  (cAACM®-aryl-Cprpo), 245.6 (N-C-Cu); 'F NMR
(470.5 MHz, CDCly, 298 K): § [ppm] = —45.3 (dm, 1 F, Jpp =
891 Hz, PF), —80.1 (m, 3 F, CF;), —81.8 (m, 6 F, CF;), —88.6
(dm, 2 F, YJpp = 904 Hz, PF,), —115.9 (dm, 2 F, *Jpr = 83 Hz,
CF,), —116.4 (dm, 4 F, *Jpr = 98 Hz, CF,); *'P NMR (202.4 MHz,
CDCl3, 298 K): § [ppm] = —147.4 (tdm, YJpp = 904 Hz, “Jpp = 891
Hz); IR ([em™']): 2973 (w), 2942 (w), 1589 (vw), 1532 (w), 1388
(vw), 1373 (vw), 1310 (w), 1294 (w), 1265 (vw), 1208 (vs), 1179
(vs), 1134 (s), 1125 (s), 1098 (s), 1069 (m), 1010 (W), 960 (m),
869 (w), 815 (s), 777 (W), 760 (m), 719 (vs), 636 (W), 617 (vs),
580 (m), 532 (m), 495 (w), 468 (vw), 438 (vw), 428 (w); HRMS
(EST) m/z [M]" caled for C,4H3;sCuNO: 420.2328, found:
420.2313; m/z FAP~ caled for CgFgP: 444.9450, found:
444.9443; elemental analysis calcd (%) for C3oH3oCuF;sNOP: C
41.60, H 4.54, N 1.62; found: C 41.89, H 4.51, N 1.77.

Crystallographic details

Crystal data were collected on a Bruker X8 Apex-2 diffract-
ometer with a CCD area detector and graphite monochro-
mated Mo-Ka radiation or a Rigaku XtaLAB Synergy-DW diffr-
actometer with an Hy-Pix-6000HE detector and monochro-
mated Cu-Ka radiation equipped with an Oxford Cryo 800
cooling unit. Crystals were immersed in a film of perfluoro-
polyether oil on a glass fiber MicroMount™ (MiTeGen) and
data were collected at 100 K. Images were processed with
Bruker or CrySalis software packages and equivalent reflec-
tions were merged. Corrections for Lorentz-polarization effects
and absorption were performed if necessary and the structures
were solved by direct methods. Subsequent difference Fourier
syntheses revealed the positions of all other non-hydrogen
atoms. Structures were solved by using the ShelXTL software
package.”® All non-hydrogen atoms were refined anisotropi-
cally. All hydrogen atoms were assigned to idealized geometric
positions and were included in structure factors calculations.
Crystallographic data for the structures reported in this
paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication no.
CCDC 2444352 (1), 2444336 (3), 2444351 (5), 2444348 (6),
2444349 (7), 2444343 (10), 2444350 (11), 2444347 (12), 2444346
(16), 2444340 (17), 2444345 (19), 2444342 (20), 2444338 (21),
2444341 (23), 2444344 (24), 2444339 (26), 2444337 (27).

Data availability

The data supporting this article have been included as part of
the manuscript and the ESL{ Crystallographic data are also de-

This journal is © The Royal Society of Chemistry 2025

View Article Online

Paper

posited in the form of CIF files at the Cambridge
Crystallographic Data Centre with reference number CCDC
2444352 (1), 2444336 (3), 2444351 (5), 2444348 (6), 2444349
(7), 2444343 (10), 2444350 (11), 2444347 (12), 2444346 (16),
2444340 (17), 2444345 (19), 2444342 (20), 2444338 (21),
2444341 (23), 2444344 (24), 2444339 (26), 2444337 (27).
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