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Experimental methodologies

General procedures: All operations were performed under dry dinitrogen atmosphere using
standard glovebox and Schlenk techniques unless otherwise noted. Dinitrogen gas used for all
operations (purity: <1 ppm O and H>O) was supplied by Air Liquide and further purified by
passage through 4 A molecular sieves. Solvents were pre-dried over activated 4 A molecular
sieves and distilled by heating under dinitrogen over suitable drying agents
(sodium/benzophenone for diethyl ether; CaH; for n-hexane and dichloromethane). Deuterated
solvents used were dried over activated 4 A molecular sieves and degassed by the
freeze-pump-thaw technique. Solvents and solutions were transferred using positive pressure
of dinitrogen through stainless steel cannulae and mixtures were filtered in a similar way using
modified cannulae that could be fitted with glass fiber filter disks. Elemental analyses were
obtained from the elemental analysis service of Instituto Superior Técnico (IST) on a Fisons
Instrument Mod EA-1108. Phenylacetylene and diisopropylethylamine (DIPEA) were dried
over CaH; and distilled under reduced pressure. The remaining reagents were used as received
from commercial sources (e.g. Acros, Alfa Aesar). Mesitylazide,! [Cu(NCMe)s]BFa,2
1,1'-(but-3-ene-1,1-diyl)bis(3,5-dimethylpyrazolyl) (La)? and
(9-borabicyclo[3.3.1]nonan-9-yl)butane-1,1-diyl)bis(3,5-dimethylpyrazolyl) ~ (Lb)*  were

prepared as described in the literature.

NMR spectroscopy measurements: NMR spectra were recorded on a Bruker “AVANCE 111"
300 MHz spectrometer at 299.995 MHz ('H), 75.4296 MHz ('*C), 96.2712 MHz (!'B), and
282.404 (°F). The spectra were referenced internally using the residual protio-resonances ('H)
and the solvent carbon ('*C) resonances of the corresponding solvents* to tetramethylsilane
(8 = 0), and referenced externally using 15% BF3-OEt, (5 = 0), for !'B, and CFCls (5 = 0) for
F. All solution samples, excluding those involving organic molecules devoid of boranes, were
prepared inside a glovebox and transferred to screw-capped or J. Young NMR tubes. All
chemical shifts are quoted in & (ppm) and coupling constants (J) in Hz with multiplicities
abbreviated as br (broad), s (singlet), d (doublet), t (triplet), q (quartet), h (heptet) and m
(multiplet).

X-ray diffraction: Crystallographic and experimental details of crystal structure

determinations are listed in Tables S1 and S2 of the ESI. The crystals were selected under an

inert atmosphere, covered with polyfluoroether oil and mounted on a nylon loop.
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Crystallographic data were collected using graphite monochromated Mo-Ko radiation
(L =0.71073 A) on a Bruker AXS-KAPPA APEX II diffractometer equipped with an Oxford
Cryosystem open-flow dinitrogen cryostat, at 150 K. Cell parameters were retrieved using
Bruker SMART® software and refined using Bruker SAINT® on all observed reflections.
Absorption corrections were applied using SADABS.” Structure solution and refinement were
performed using direct methods with the programs SIR2014% and SHELXL’ included in the
package of programs WINGX-Version 2014.1.!1° All non-hydrogen atoms were refined
anisotropically, and the hydrogen atoms were inserted in idealized positions and allowed to
refine riding on the parent carbon atom.

The CIF file corresponding to the molecular structure of complex 2az presented one
B-level alert, which was associated with a moderate Rin value (0.205), likely due to the poor
diffracting power/lack of unique data of the crystal. The CIF file corresponding to the molecular
structure of complex 3a presented several A-level alerts, likely associated with crystal centering
or poor crystal quality. Despite recollection attempts, obtaining better quality data was not
possible. Nevertheless, it was possible to undoubtedly solve their molecular structure. For this
reason, the molecular structure of complex 3a was only presented as proof of its molecular
connectivity in Figure S37. The tetrafluoroborate anions in the structures of 2az and 3a and half
of'a 3,5-dimethylpyrazolyl ligand in 3a presented positional disorder. Even though the inclusion
of disorder models was attempted, no satisfactory results were obtained, prompting us to not
include them in the final structure solution.

Graphic presentations were prepared with Mercury 2022.3.0.!! Data was deposited in
CCDC under the codes 2468989 for 1a, 2468990 for 2a2 and 2468991 for 3a.

Cyclic voltammetry measurements: Cyclic voltammetry experiments on ca. 2 to 4 mM
solutions of the complexes 1a, 1b, 2az, 2b, 3a and 4 in dichloromethane, using [N(n-Bu)4]BF4
(0.2 M) as a supporting electrolyte, were performed at a scanning rate of 200 mV s (unless
otherwise specified) with a three compartment electrochemical cell, under dinitrogen
atmosphere, at room temperature, using a Pt disc working electrode and a Pt wire counter
electrode, with a Ag pseudo-reference electrode connected to the main compartment by a
Luggin capillary. The redox potentials were calculated using the reference potential of the
ferrocene/ferrocenium couple measured under the same experimental conditions for each of the

complexes.
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Computational details: All calculations were performed using the Gaussian 09 software
package!? and the PBEO functional. This functional uses a hybrid generalized gradient
approximation (GGA), including 25% mixture of Hartree-Fock!? exchange with DFT
exchange-correlation, given by Perdew, Burke and Ernzerhof functional (PBE),'* and has
proven suitable for closed-shell systems, as shown in a previous publication using zinc as the
metal and the same ligand systems.? The geometry optimizations were accomplished without
symmetry constraints using a standard 6-31G** basis set'? for all atoms except for copper, that

used the SDD!® basis set with a f-polarization function!” for Cu (basis b1).

Synthesis of [(La)CuCl] (1a): Dichloromethane was added to a solid mixture of La (1.5 mmol,
0.37 g) and CuCl (1.6 mmol, 0.16 g) and the resulting cloudy solution was stirred at room
temperature for 16 h. All volatiles were removed under reduced pressure, the residue
redissolved in minimal dichloromethane and the solution was filtered onto three-fold n-hexane
under magnetic stirring, thus precipitating a white powder. The supernatant was filtered off and
the white powder was dried under vacuum. Crystals suitable for X-ray diffraction were obtained
from slow evaporation of a saturated dichloromethane solution into n-hexane. Yield: 0.49 g
(93%). Anal. Calc. for C14H20CICuN4, obtained (calculated): C 48.81 (48.98), H 5.78 (5.87), N
16.04 (16.32). '"H NMR (300 MHz, CDCl3): § 6.00 (1H, t, NCHN, *Jun = 9.0 Hz), 5.87 (2H, s,
CHpyrazoly1), 5.30 (1H, m, =CHay1), 5.08 (2H, m, =CHaany1), 3.28 (2H, t, CHaanyl, *Jun = 9.0 Hz),
2.39 (6H, s, CHzpyrazoly1), 2.35 (6H, s, CH3pyrazolyt). >C{'H} NMR (75 MHz, CDCl3): § 151.6
(CMepyrazolyl), 139.8 (CMepyrazolyl), 129.3 (=CHaiy1), 120.3 (=CHazaiiy1), 106.3 (CHpyrazoly1), 66.2
(NCHN), 40.7 (CHaatiy1), 14.0 (CH3pyrazoly1), 11.3 (CH3pyrazolyl).
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Synthesis of [(Lb)CuCl] (1b): Dichloromethane was added to a solid mixture of Lb (0.46
mmol, 0.17 g) and CuCl (0.5 mmol, 0.05 g) and the resulting solution was stirred at room
temperature for 16 h. All volatiles were removed under reduced pressure, the residue
redissolved in minimal dichloromethane and the solution was filtered onto three-fold n-hexane
under magnetic stirring, thus precipitating a white powder. The supernatant was filtered off and
the white powder was dried under vacuum. Yield: 0.17 g (80%). Anal. Calc. for
C22H35BCICuN420.33CH>Cly, obtained (calculated): C 54.02 (54.36), H 7.85 (7.29), N 11.14
(11.36). 'H NMR (300 MHz, CDCls): & 5.99 (1H, t, NCHN, *Jun = 9.0 Hz), 5.89 (2H, s,
CHpyrazolyl), 2.58 (2H, m, B-CH2CH>CH>-C), 2.42 (6H, s, CH3pyrazoly1), 2.36 (6H, s, CH3pyrazolyl),
1.88-1.74 (6H, m, CH>9.8BN), 1.66-1.53 (6H, m, CH>9.8N), 1.40-1.17 (6H, m, CHopn +
B-CH,CH,CH»-C + B-CH,CH,CH>-C). “C{'H} NMR (75 MHz, CDCl;): & 151.6
(CMepyrazolyl), 139.3 (CMepyrazoly1), 106.3 (CHpyrazoly1), 66.5 (NCHN), 39.8 (CHz9.88n), 33.3
(CH29-8BN), 31.1 (CHo-een), 23.2 (CH29-BBN), 20.3 (CH29-BN), 14.1 (CH3pyrazolyl), 11.2
(CHapyrazolyl). "B NMR (96 MHz, CDCls): § 87.5 (br, 9-BBN).
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Synthesis of [(La)Cu(NCMe)|2(BF4)2 (2a2): Dichloromethane was added to a solid mixture of
La (0.5 mmol, 0.12 g) and [Cu(NCMe)4]BF4 (0.5 mmol, 0.16 g) and the resulting solution was
stirred at room temperature for 16 h. All volatiles were removed under reduced pressure, the
residue redissolved in minimal dichloromethane and the solution was filtered onto three-fold
n-hexane under magnetic stirring, thus precipitating a white powder. The supernatant was
filtered off and the white powder was dried under vacuum. Crystals suitable for X-ray

diffraction were obtained from vapor diffusion of diethyl ether into a concentrated acetonitrile
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solution. Yield: 0.16 g (73%). Anal. Calc. for CisH23BCuF4Ns, obtained (calculated): C 44.47
(44.10), H5.12 (5.32), N 15.23 (16.07). 'H NMR (300 MHz, CD3CN): § 6.24 (2H, br, NCHN),
5.98 (4H, s, CHpyrazoly1), 5.47 (2H, m, =CHany1), 5.02 (4H, m, =CHazaiy1), 3.18 (4H, br, CHzauy1),
2.36 (12H, s, CH3pyrazoly1), 2.25 (12H, s, CH3pyrazoly1), 1.96 (6H, s, CH3CN). 1*C{'H} NMR (75
MHz, CD3CN): 6 151.4 (CMepyrazoly1), 142.6 (CMepyrazoly1), 130.8 (=CHaiy1), 120.1 (=CHazaiy1),
106.6 (CHpyrazoly), 66.7 (NCHN), 40.1 (CHazaiyt), 14.0 (CH3pyrazolyt), 11.3 (CHjpyrazoiy1), 1.9
(CH3CN). CH3CN resonance absent. !'B NMR (96 MHz, CD3CN): § -1.2 (BFs). PF{'H} (282
MHz, CD;CN): 6 -151.7 (BFy).
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Synthesis of [(Lb)Cu(NCMe):]BF4 (2b): Dichloromethane was added to a solid mixture of
Lb (0.5 mmol, 0.17 g) and [Cu(NCMe)4]BF4 (0.5 mmol, 0.16 g) and the resulting solution was
stirred at room temperature for 16 h. All volatiles were removed under reduced pressure, the
residue redissolved in minimal dichloromethane and the solution was filtered onto three-fold
n-hexane under magnetic stirring, thus precipitating a white powder. The supernatant was
filtered off and the white powder was dried under vacuum. Yield: 0.17 g (57%). Anal. Calc. for
C26H41B2CuF4Ng*0.75CH2Cla, obtained (calculated): C 48.82 (48.50), H 6.93 (6.47), N 11.75
(12.69). 'H NMR (300 MHz, CDCls): & 6.23 (1H, t, NCHN, *Jun = 6.0 Hz), 5.94 (2H, s,
CHpyrazoly1), 2.47-2.23 (20H, m, B-CH>CH>CH>-C + CH3pyrazolyt + CH3CN), 1.88-1.74 (6H, m,
CH>9-BBN), 1.67-1.50 (6H, m, CH>29-8BN), 1.32 (2H, m, B-CH>CH>CH-C), 1.26-1.13 (2H, m,
CHo.gen + B-CH,CH,CH>-C). 3C{'H} NMR (75 MHz, CDCls): § 151.4 (CMeépyrazolyl), 142.0
(CMepyrazolyl), 118.03 (CH3CN), 106.3 (CHpyrazolyl), 66.6 (NCHN), 40.4 (CHz98BN), 33.1
(CH29-8BN), 30.6 (CHo.een), 23.2 (CHz9BBN), 19.7 (CH29-BBN), 13.9 (CH3pyrazolyt), 11.0
(CH3pyrazolyl), 2.50 (CH3CN). "B NMR (96 MHz, CDCl3): § 86.2 (br, 9-BBN), -0.9 (BFy).
YF{'H} (282 MHz, CDCl3): § -153.2 (BFx).
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Synthesis of [(La)2Cu]BFs (3a): Phenylacetylene (2.94 mmol, 0.30 g) was added to a
suspension of complex 2az (0.11 mmol, 0.10 g) in dichloromethane and the mixture was stirred
for 16 h. All volatile materials were evaporated to dryness and the white powder was dried
under vacuum. Yield: 0.065 g (46%), based on Cu. Alternative method: Dichloromethane was
added to a solid mixture of La (1.0 mmol, 0.24 g) and [Cu(NCMe)s]BF4 (0.5 mmol, 0.16 g)
and the resulting solution was stirred at room temperature for 16 h. All volatiles were removed
under reduced pressure, the residue redissolved in minimal dichloromethane and the solution
was filtered onto three-fold n-hexane under magnetic stirring, thus precipitating a white
powder. The supernatant was filtered off and the white powder was dried under vacuum. Yield:
0.27 g (85%). Crystals suitable for X-ray diffraction were obtained from vapor diffusion of
diethyl ether into a concentrated acetonitrile solution. Anal. Calc. for C2sH40BCuF4Ng, obtained
(calculated): C 52.40 (52.63), H 6.53 (6.31), N 17.58 (17.54). '"H NMR (300 MHz, CDCls): &
6.30 (2H, t, NCHN, *Jun = 6.0 Hz), 5.83 (4H, s, CHyyrazoly1), 5.47 (2H, m, =CHauy1), 5.07 (4H,
m, =CHaaiy1), 3.42 (4H, br, CHaanyl), 2.43 (12H, s, CH3pyrazoly1), 2.07 (6H, vbr s, CH3pyrazolyl),
1.21 (6H, vbr s, CHpyrazotyi). *C{'H} NMR (75 MHz, CDCls): § 150.4 (CMepyrazoly1), 141.0
(CMepyrazolyl), 130.9 (=CHany1), 120.5 (=CHazaiy1), 106.3 (CHpyrazoly1), 66.4 (NCHN), 40.0
(CHaany1), 11.3 (CHapyrazolyl). ''B NMR (96 MHz, CDCl3): § -0.8 (BF4). YF{'H} (282 MHz,
CDCl3): 6 -153.1 (BFy).
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Synthesis of [(Lb)2Cu]BF4 (3b): Dichloromethane was added to a solid mixture of Lb (0.64
mmol, 0.23 g) and [Cu(NCMe)4]BF4 (0.32 mmol, 0.10 g) and the resulting solution was stirred
at room temperature for 16 h. All volatiles were removed under reduced pressure, the residue

redissolved in minimal dichloromethane and the solution was filtered onto three-fold n-hexane

under magnetic stirring, thus precipitating a white powder. The supernatant was filtered off and
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the white powder was dried under vacuum. Yield: 0.24 g (86%). Anal. Calc. for
Ca4H70B3CuFsNg+2.5CH,Cl,, obtained (calculated): C 51.29 (50.99), H 6.46 (6.90), N 10.68
(10.23). 'TH NMR (300 MHz, CDCl3): § 6.26 (2H, t, NCHN, *Jun = 9.0 Hz), 5.85 (4H, s,
CHpyrazolyl), 2.72 (4H, m, B-CH:CH>CH>-C), 2.45 (12H, s, CHpyrazolyl), 2.16 (6H, v br s,
CHipyrazolyl), 2.07 (6H, s, CHipyrazolyt), 1.90-1.20 (36H, m, CHaopsn + CHoppn +
B-CH>,CH,CH»-C + B-CH,CH,CH»-C). BC{'H} NMR (75 MHz, CDCl): & 149.9
(CMepyrazoty), 140.6 (CMepyrazotyl), 106.3 (CHpyrazolyt), 66.8 (NCHN), 39.1 (CHz9-88N), 33.1
(CH29.88N), 30.5 (CHo.ppn), 23.4 (CHa9.88N), 20.1 (CH29.88N). ''B NMR (96 MHz, CDCl5):
8 80.6 (br, 9-BBN), -0.9 (BF4). PF{!H} (282 MHz, CDCl3): § -153.6 (BFy).

Synthesis of [(Lb)Cu(n>-PhC=CH)|BF4 (4): Phenylacetylene (2.94 mmol, 0.30 g) was added
to a solution of complex 2b (0.17 mmol, 0.10 g) in dichloromethane and the mixture was stirred
for 16 h. All volatile materials were evaporated to dryness, the residue redissolved in minimal
dichloromethane, the solution filtered onto three-fold n-hexane under magnetic stirring, thus
precipitating a tan powder, which was dried under vacuum. Yield: 0.095 g (90%). Anal. Calc.
for C30H41B2CuF4N4+0.25CH>Cly, obtained (calculated): C 56.92 (56.76), H 7.23 (6.54), N 8.49
(8.75). 'H NMR (300 MHz, CDCls): § 7.55-7.31 (5H, m, PhC=CH), 6.65 (1H, t, NCHN,
3Jun = 9.0 Hz), 5.96 (2H, s, CHpyrazoly1), 5.29 (1H, s, PhAC=CH), 2.73 (2H, q, B-CH,CH>CH>-C,
3Jun = 6.0 Hz), 2.52 (6H, s, CH3pyrazoly1), 2.02 (6H, s, CH3pyrazolyl), 1.84-1.38 (16H, m, CHa,9-8BN
+ CHo.gen B-CH>CH>CH»-C), 1.15 (2H, m, B-CH,CH,CH,-C). C{'H} NMR (75 MHz,
CDCls): 6 151.7 (CMepyrazoly1), 143.6 (CMepyrazoly1), 131.7 (PhC=CH), 130.1 (PhC=CH), 129.0
(PhC=CH), 107.2 (CHpyrazoly1), 94.9 (PhC=CH), 81.1 (PhC=CH), 40.8 (CH29.8N), 33.2
(CH29-8BN), 30.9 (CHo-en), 23.3 (CHz9BBN), 19.7 (CH29-BBN), 13.9 (CHjpyrazoly), 11.3
(CHapyrazoly1). ''B NMR (96 MHz, CDCl;3): & 87.8 (br, 9-BBN), -0.8 (BFs). F{'H} (282 MHz,
CDCl): 6 -152.2 (BFy).
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General procedure for the catalytic cycloaddition of azides and phenylacetylene in several
conditions: A mixture of the desired benzyl or aryl bromide (0.33 mmol), NaN3 (0.33 mmol)
and the required amount of phenylacetylene (0.33 mmol, 0.4125 mmol or 0.495 mmol) was
prepared in dichloromethane (0.4 mL). To this mixture, the required amount of complex
(0.0033 mmol, 0.004125 mmol or 0.00495 mmol) and diisopropylethylamine (DIPEA) was
added. The solution was stirred at the specified temperature and time. After the designated time,
reactions cooled to room temperature, if required, and filtered the volatile materials were
carefully evaporated under vacuum. The products were extracted with CDCI3 (3x2 mL). The
resulting product was analyzed by 'H NMR spectroscopy, thereby allowing the determination
of the respecting conversion rates. The identity of the resulting triazole compounds was
assessed by comparison with literature data.'® The optimization data for the reactions catalyzed

by complexes 1a,b, 2az2 and 2b are presented in Tables S4-S7.
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Characterization data for all compounds
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Figure

S1 'H NMR spectrum (300 MHz, CDCI;) of complex 1a.
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Figure S2 3C APT NMR spectrum (75 MHz, CDCl;) of complex 1a.
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Figure S28 '3C APT NMR spectrum (75 MHz, CDCl;) of complex 3b.
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S27

1000

500




LA
SLL
€¥L
L4
Skl
091 1
29t
o'k
vLL
9L’
6L
08l ~
(30

c0e -

z5T
69
LT f

/
vz
e’

62S—

98'S

2997
599 7
8997
PE'LA
Ge'L|
SELE
e f
8E'L ]
ov'L
ev'L
£v'L
€L
L
Sv'L ]
ov'L ]
vl
L
052 ]
052 ]
1572
152

= 0|

= z03

F ooy

Fseg

9.0

95

10.0

S (ppm)

Figure S32 'H NMR spectrum (300 MHz, CDCl;) of complex 4.

L2 —
ogel —

9.6 —
62°€C —

¥60€ —
cTee

LL0F —

S0.9—

60°L8 —

6'v6 —

€T°L01 —

or'zel —

SL'BZL
6£'0EL —
99'LEL

LSEVL —

99°'LS1 —

iy

+

_BFq
Cu—||
T [ M

7

“ 3
IN=Noy
N—N
o

g

[s)

50

S (ppm)

Figure S33 C APT NMR spectrum (75 MHz, CDCl3) of complex 4.

S28



3 3
5 2
|
o
@
~
©
|
i
T T T T T
95 90 85 80 75
S (ppm)
!
T T T T T T T T T T T T T T
20 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90
5 (ppm)

Figure S34 ''B NMR spectrum (96 MHz, CDCl;) of complex 4. The inset corresponds to a magnification of the

zone of the spectrum between 70 and 100 ppm.

—-152.18

. . . . . . . . - e — T
0 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
S (ppm)

Figure S35 'F{'H} NMR spectrum (282 MHz, CDCl;) of complex 4.

S29



Transmittance [%)]

100

95

90

85

80

75

70

65

3500

I I I
3000 2500 2000 1500
Wavenumber cm-1

Figure S36 ATR-FTIR spectrum of complex 4.

S30

1000

500




Supplementary single-crystal X-ray diffraction data

Figure S37 Proof of the molecular connectivity of the cation of complex 3a determined by single-crystal X-ray

diffraction. All hydrogen atoms and tetrafluoroborate anion were omitted for clarity.
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Table S1 Selected bond distances (A) and bond angles (°) for complexes 1a, 2a2 and 3a.

la 2a; 3a
Lengths (4) Lengths (4) Lengths (4)
Cul-N3 2.010(4) Cul-Nl1 2.021(3) Cul-N3 1.995(6)
Cul-N1 2.032(4) Cul-N3 2.047(3) Cul-Nl1 2.162(6)
Cul-Cl1 2.1577(15) | Cul-N5 2.116(4) N3-C6 1.328(10)
N4-N3 1.375(5) Cul-Cl14 2.118(4) N3-N4 1.367(7)
N1-Cl1 1.333(6) Cul-C13 2.169(4) N2-C3 1.353(8)
NI1-N2 1.378(5) NI-C1 1.331(5) N2-N1 1.375(6)
N2-C3 1.352(6) N1-N2 1.372(4) N1-Cl1 1.323(9)
Cl-C2 1.411(7) N2-C3 1.358(5) Cl1-C2 1.378(9)
C1-C5 1.519(6) C3-C2 1.364(6) C1-C5 1.5119)
C2-C3 1.387(7) C3-C4 1.500(6) C2-C3 1.380(9)
C4-C3 1.492(6) Cl-C2 1.393(6) C3-C4 1.492(9)
C1-C5 1.492(7)
Angles (“) Angles (%)
N3—Cul-N1 93.06(16) Angles (°) N3—Cul-N7 146.1(2)
N3—Cul-Cll1 137.02(12) | NI1-Cul-N3 91.47(13) N3—Cul-N5 108.2(2)
N1-Cul-Cl1 129.91(12) |N1-Cul-N5 111.60(14) |N7-Cul-N5  94.2(3)
CI-N1-N2 104.3(4) N3—Cul-N5 106.90(17) | N3-Cul-Nl1 93.6(2)
N1-C1-C2 111.7(4) N1-Cul-C14 107.70(15) | N7-Cul-Nl1 106.2(3)
N1-C1-C5 119.5(5) N3-Cul-Cl14 134.46(14) | N5-Cul-NI1 102.6(3)
C2-C1-C5 128.8(5) N5-Cul-C14 103.65(18) | C3—-N2-N1 111.8(5)
C3-C2-C1 105.2(5) N1-Cul-C13 142.38(14) | CI-N1-N2 104.3(5)
N4-C11-N2 110.9(4) N3-Cul-C13 109.46(14) |NI1I-C1-C2 112.1(6)
N2-C3-C2 106.5(4) N5—Cul-C13 92.31(15) N1-C1-C5 120.3(6)
N2-C3-C4 124.4(4) C14—Cul-C13 36.07(16) C2-C1-C5 127.6(7)
C2-C3-C4 129.1(5) CI1-N1-N2 105.5(3) C3-C2-C1 106.0(6)
C3-N2-N1 111.2(3) C2-C3-N2 105.9(5)
N4-C11-N2 109.9(3) C2-C3-C4 130.4(6)
N2-C3-C2 106.1(4) N2-C3-C4 123.7(6)
N2-C3-C4 122.3(4)
C2-C3-C4 131.6(4)
N1-C1-C2 110.1(4)
N1-C1-C5 121.3(4)
C2-C1-C5 128.5(4)
C3-C2-C1 107.1(4)
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Table S2 Crystallographic data for complexes 1a, 2az and 3a.

la 2a; 3a
Formula Ci14H20CICuNy4 CisH23BCuFsNs  CagHaoBCuF4Ns
M 343.33 435.74 639.03
L (A) 0.71073 0.71073 0.71073
T (K) 150 150 150
Crystal system Monoclinic Monoclinic Triclinic
Space group Cc P2i/n P-1
a(A) 9.393(3) 13.002(4) 8.226(11)
b (A) 25.453(9) 8.038(2) 13.824(17)
c(A) 7.699(2) 18.973(7) 14.502(18)
o (A) 90 90 100.60(3)
B (A) 119.745(8) 92.813(10) 96.12(4)
Y (A) 90 90 97.88(3)
V (A% 1598.2 1980.4(11) 1591(3)
4 4 4 2
Peale (g.cm™) 1.427 1.461 1.334
p (mmt) 1.529 1.149 0.741
Crystal size (mm)  0.40x0.10x0.04  0.30x0.15x0.15  0.02x0.02x0.10
Omax (°) 26.444 27.534 26.768
Total data 4537 48292 12173
Unique data 2764 4287 6633
Rint 0.0340 0.2049 0.0482
R [I> 20(1)] 0.0352 0.0579 0.1131
Rw 0.0512 0.1007 0.1566
Goodness of fit 0.889 0.955 1.272
Pmin -0.304 -0.615 -0.924
Prmax 0.278 0.877 1.897
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Supplementary cyclic voltammetry data

Table S3 Electrochemical data for all complexes.

Complex E,™  Ep®  Eip™ LA/t

la 0.53  0.36 0.44 -4
1b 0.78  0.19 0.28 -4
2az 0.78  0.36 0.57 1.3
2b 0.60 -0.01 0.30 4
3a 036 0.24 0.30 1
4 0.92 - - b

Anodic and corresponding cathodic counterparts
potentials and current intensity ratio for the oxidation
of the various complexes. Potentials measured versus
ferrocene/ferrocenium couple in N(n-
Bu)4]BF4/CH,Cl, at 200 mV s!. ¢ Cathodic

counterpart intensities not measured. * Irreversible.
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Figure S38 Cyclic voltammograms of complexes 2az (a), 2b (b), 3a (c) and 4 (d) in [N(n-Bu)4]BF4/CH,Cl, at

200 mV s\,
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Results of the catalytic cycloaddition reactions

Table S4 Cycloaddition of benzyl azide and phenylacetylene catalyzed by complex 1a.

Cat. (mol%) T (°C) Time (h) Eq. DIPEA TON TOF (h') Conversion (%)“

1 40 25 20 99 40 99

1 RT 25 20 98 39 98
0.33 40 1 20 21 21 7
0.33 RT 1 20 9 9 3
0.33 RT 2.5 20 33 13 11
0.33 40 1 40 164 137 54
0.33 40 25 40 264 106 87

[phenylacetylene]soivent = 1.24 M (0.495 mmol in 0.4 mL of CH,Cl,), ratio azide/alkyne = 1:1.5,
benzyl azide was formed in situ by reaction of phenyl bromide and NaNj3 in a 1:1 ratio.

¢ Determined by "H NMR spectroscopy.

Table S5 Cycloaddition of benzyl azide and phenylacetylene catalyzed by the complex 1b.

Cat.(mol%) T (°C) Time(h) Eq.DIPEA TON TOF (h') Conversion (%)?

0.33 40 1 40 270 270 89
0.33 40 2.5 40 297 119 98
0.33 RT 1 40 42 42 14
0.33 RT 2.5 40 194 78 64

[phenylacetylene]soivent = 1.24 M (0.495 mmol in 0.4 mL of CH,Cl,), ratio azide/alkyne = 1:1.5,
benzyl azide was formed in situ by reaction of phenyl bromide and NaN3 in a 1:1 ratio.

¢ Determined by '"H NMR spectroscopy.
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Table S6 Cycloaddition of benzyl azide and phenylacetylene catalyzed by complex 2ax.

Cat. (mol% per
Azide/alkyne ratio T (°C) Time(h) Eq.DIPEA TON TOF (h') Conversion (%)*

Cu center)
1 1:1 40 2.5 - 10 4 10
1 1:1.5 40 2.5 - 55 22 55
1 1:1.5 40 2.5 20 98 39 98
1 1:1.5 RT 2.5 20 9 4 9
1 1:1.5 RT 2.5 40 94 38 94
0.33 1:1.5 40 2.5 20 273 109 90
0.33 1:1.5 40 1 40 46 46 15
0.33 1:1.5 40 2.5 40 294 118 97
0.33 1:1.5 RT 2.5 40 276 110 91

[phenylacetylene]soivent = 0.83 M (0.33 mmol in 0.4 mL of CH2Cl,), 1.03 M (0.4125 mmol in 0.4 mL of CH,Cl,), 1.24 M (0.495
mmol in 0.4 mL of CH,Cl,), benzyl azide was formed in situ by reaction of phenyl bromide and NaN3 in a 1:1 ratio.

¢ Determined by '"H NMR spectroscopy.

Table S7 Cycloaddition of benzyl azide and phenylacetylene catalyzed by complex 2b.
Cat. (mol%) Atmosphere T (°C) Time(h) Eq.DIPEA TON TOF (h') Conversion (%)"

1 N» 40 2.5 20 98 39 98

1 N» RT 2.5 20 91 36.4 91
0.33 N2 40 1 20 109 109 36
0.33 N RT 1 20 15 15 5
0.33 N RT 25 20 30 12 10
0.33 N 40 1 40 294 294 97
0.33 N 40 25 40 297 119 98
0.33 Air 40 1 40 276 276 91

[phenylacetylene]soivent = 1.24 M (0.495 mmol in 0.4 mL of CH,Cly, ratio azide/alkyne = 1:1.5, benzyl azide was
formed in situ by reaction of phenyl bromide and NaN3 in a 1:1 ratio.

¢ Determined by '"H NMR spectroscopy.
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Table S8 Monitoring of the cycloaddition of benzyl azide and phenylacetylene catalyzed by 2b with time.
Time (h) TON TOF (h')) Conversion (%)?

0.08 18 218 6
0.17 124 746 41
0.25 200 800 66
0.50 264 527 87
0.75 288 384 95

1.0 297 297 98

Conditions: 0.33 mol% 2b, 40 °C, 40 eq. DIPEA (0.132
mmol), [phenylacetylene]sowent = 1.24 M (0.495 mmol
in 0.4 mL of CH,Cl,), ratio azide/alkyne = 1:1.5, benzyl
azide was formed in situ by reaction of phenyl bromide
and NaN3; in a 1:1 ratio.

@ Determined by 'H NMR spectroscopy.
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Figure S39 Graphical representation of the monitoring of the cycloaddition of benzyl azide and phenylacetylene

catalyzed by 2b with time.
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Supplementary catalytic information
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Figure S40 Turnover frequency (TOF) as a function of half-wave oxidation potentials (E;»™) for complexes 1a,

1b, 2a; and 2b.

Table S9 Selection of CuAAC catalyst systems and respective catalytic results for the cycloaddition of

benzylazide and phenylacetylene.

Reference Copper catalyst system Temperature (°C) TOF (h)
Angew. Chem. Int. Ed., 2002, 41, 2596 CuSO4/sodium ascorbate 25 27
J. Am. Chem. Soc., 2002, 124, 14397 Cul/DIPEA 25 5
Chem. Commun., 2008, 4747 N-heterocyclic carbene complexes 25 950
Dalton Trans., 2019, 48, 8931 Mesoionic carbene complexes 20-22 99
Appl. Organomet. Chem., 2021, 35, e6401 Isocyanide complexes 25 98
Organometallics, 2022, 41, 3706 Silylene complexes 25 28
Organometallics, 2011, 30, 6225 Phosphinite/phosphonite complexes 25 313
Dalton Trans., 2012, 41, 5144 Diimine complexes 25 1920
This work Borane-tethered heteroscorpionate complexes 40 800
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NMR data of the products of the catalytic reactions
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Figure S41 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
azidobenzene, 1,4-diphenyl-1H-1,2,3-triazole.
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Figure S42 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
1-azido-4-isopropylbenzene, 1-(4-isopropylphenyl)-4-phenyl-1H-1,2,3-triazole.
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Figure S43 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
4-azidobenzonitrile, 4-(4-phenyl-1H-1,2,3-triazol-1-yl)benzonitrile.

.0

=]
~
L]

LLONNTDNDO~OOTTITODOXNSOW T T ~ o
OOV LTTLTTLTTTTTTOOOOONONOMNOO ™ (=}
R R R R e A A R N N N N N N N N T NS oo
Nap
\ |
N
4 b
<o
o ©
T v T T T T T N T T T T T T T T T T T T T T T T T T T T T T T
10.0 95 9.0 8.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

S (ppm)

Figure S44 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
2-azido-1,3,5-trimethylbenzene, 1-mesityl-4-phenyl-1H-1,2,3-triazole.
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Figure S45 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
(azidomethyl)benzene, 1-benzyl-4-phenyl-1H-1,2,3-triazole.
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Figure S46 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
(1-azidoethyl)benzene, 4-phenyl-1-(1-phenylethyl)-1H-1,2,3-triazole.
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Figure S47 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
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Figure S48 'H NMR spectrum (300 MHz, CDCl;) of the cycloaddition product of phenylacetylene and
ethyl 2-azidoacetate, ethyl 2-(4-phenyl-1H-1,2,3-triazol-1-yl)acetate.
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Stoichiometric experiments between complexes 1a, 1b, 2a; and 2b and

selected substrates

General procedure for the stoichiometric experiments between complexes 1a,b, 2a2 and
2b with selected substrates: The desired complex (typically 25 mg) and one equivalent of
mesitylazide or mesitylazide, phenylacetylene and DIPEA were dissolved in dichloromethane
and stirred for 1 h at room temperature. All volatile materials were evaporated under vacuum.
The resulting residues were redissolved in ca. 0.4 mL of CDCls, filtered and the solutions

analyzed by 'H and ''B NMR spectroscopy.

1b + MesN; LJM A )

1b

T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
5 (ppm)

Figure S49 Stacking of the '"H NMR spectra (300 MHz, CDCls) of the reaction of complex 1b with MesNj after

1 h (top spectrum) and of complex 1b (bottom spectrum).
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Figure S50 Stacking of the !'B NMR spectra (96 MHz, CDCls) of the reaction of complex 1b with MesNj3 after
1 h (top spectrum) and of complex 1b (bottom spectrum). Inset shows a magnification of the zone of the

spectrum close to 0 ppm.
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Figure S51 Stacking of the 'H NMR spectra (300 MHz, CDCl;) of the reaction of complex 2b with MesNj after

1 h (top spectrum) and of complex 2b (bottom spectrum).
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Figure S52 Stacking of the !'B NMR spectra (96 MHz, CDCls) of the reaction of complex 2b with MesNj3 after

1 h (top spectrum) and of complex 2b (bottom spectrum). Inset shows a magnification of the zone of the

spectrum close to 0 ppm.

2b + MesN, + PhCCH
|

2b N )UU\ —

MesN, J

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
8 (ppm)

Figure S53 Stacking of the '"H NMR spectra (300 MHz, CDCl5) of the reaction of complex 2b with MesNs,
phenylacetylene and DIPEA after 1 h, of complex 2b, of 1-mesityl-4-phenyl-1H-1,2,3-triazole and of MesN3,

from top to bottom.
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Figure S54 Stacking of the ''B NMR spectra (96 MHz, CDCls) of the reaction of complex 2b with MesN3,
phenylacetylene and DIPEA after 1 h (top spectrum) and of complex 2b (bottom spectrum).
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Atomic coordinates of the optimized geometries

1a c 1.606226000 10.041986000 3.761662000

H 1.331495000 10.959319000 3.261270000
Cu 1.447610000 15.310755000 2.406404000

c 1.676424000 6.864406000 6.908193000
Cl -0.319016000 15.283761000 1.123083000

H 1.345085000 5.919578000 7.355903000
N 3.160924000 14.072414000 4.578306000

H 2.771189000 6.827666000 6.861083000
N 3.210148000 16.319277000 2.649609000

c 0.741870000 9.075344000 4.232209000
N 2.043835000 13.863330000 3.848918000

C 2.870501000 4.272942000 3.908085000
c 2.566945000 18.716863000 5.469318000

c 1.224922000 8.047577000 7.755892000
H 1.897893000 18.751613000 4.612872000

H 0.126634000 8.108998000 7.746631000
H 2.932834000 19.665727000 5.850077000

H 1.593889000 8.972390000 7.296405000
N 4.053705000 16.105970000 3.680947000

c -0.745846000 9.015714000 4.201100000
c 2.925827000 11.899664000 4.480659000

H -1.111916000 8.144961000 3.645606000
H 3.072639000 10.836808000 4.607778000

H -1.131982000 9.907440000 3.704342000
c 4.964619000 12.826781000 5.809347000

H -1.180399000 8.983845000 5.206639000
H 5.825343000 13.278013000 5.302810000

B 1.101885000 6.842946000 10.145729000
H 5.208108000 11.780068000 5.999299000

N 2.837052000 8.415263000 4.693658000
H 4.847430000 13.318397000 6.781932000

c 1.720420000 7.934740000 9.197644000
c 1.888110000 12.544327000 3.773524000

H 1.536151000 8.885545000 9.728653000
c 3.881855000 17.039937000 1.754163000

H 2.818051000 7.851079000 9.215931000
c 2.913204000 17.560211000 6.029837000

c 4.178228000 3.683975000 3.507925000
H 3.583507000 17.562098000 6.891243000

H 4.328445000 2.708303000 3.980876000
c 2.444314000 16.221033000 5.550428000

H 4.996716000 4.348564000 3.801240000
H 1.618118000 16.327219000 4.840088000

H 4.224112000 3.537064000 2.424315000
H 2.079581000 15.610868000 6.385381000

c 4.224391000 10.221408000 3.784654000
c 3.248105000 17.433567000 0.465640000

H 4.342911000 11.145139000 4.360706000
H 3.791725000 17.005930000 -0.382737000

H 4.311581000 10.479903000 2.725033000
H 3.250877000 18.521480000 0.345657000

H 5.038115000 9.537360000 4.044796000
H 2.214596000 17.075446000 0.427971000

c 1.564882000 3.774388000 3.723860000
c 5.178459000 17.307333000 2.237260000

H 1.276122000 2.845582000 3.253678000
H 5.959171000 17.870870000 1.747443000

C 0.580370000 6.988241000 12.603374000
c 6.370405000 16.676976000 4.463987000

H 0.490155000 8.083676000 12.566176000
H 6.098429000 17.187328000 5.394578000

H 0.910198000 6.753859000 13.625253000
H 7.237293000 17.191190000 4.045629000

¢ 1.672766000 6.572132000 11.588976000
H 6.681522000 15.656260000 4.713086000

H 2.567168000 7.172169000 11.806101000
c 3.571209000 15.427829000 4.870836000

¢ -0.173968000 5.956526000 9.870578000
H 4.426707000 15.355285000 5.545884000

H -0.602423000 6.108018000 8.869133000
c 5.257162000 16.703994000 3.475609000

C -0.805971000 6.376903000 12.362314000
c 0.744509000 11.954924000 3.023171000

H -1.544557000 6.922878000 12.962690000
H 0.210972000 12.734560000 2.470760000

H -0.830710000 5.351320000 12.739616000
H 0.042679000 11.464435000 3.705900000

¢ -1.250420000 6.397659000 10.894248000
H 1.094766000 11.200682000 2.312142000

H -2.150495000 5.777570000 10.776289000
c 3.727363000 12.902515000 4.984028000

H -1.559552000 7.421345000 10.636595000

C 2.086371000 5.083243000 11.657782000
1b H 2.444641000 4.841369000 12.668135000
cu 4.287615000 6.872551000 4.712856000 H 2.953508000 4.944726000 10.996039000
N 2.817461000 5.447201000 4.532724000 ¢ 0.996842000 4.083278000 11.251461000
c 2.906720000 9.586849000 4.066707000 H 1.456464000 3.097911000 11.104753000
N 1.510647000 5715028000 4.736001000 H 0.289707000 3.950563000 12.074636000
N 1.525576000 8.108903000 4.783526000 ¢ 0.239955000 4.469116000 9.973864000
c 1.130088000 6.902743000 5. 481654000 H -0.645582000 3.826633000 9.865635000
H 0.038061000 6.908687000 5.510498000 i 0.881163000 4.237773000 9.110215000
c 0.715197000 4.717189000 4.265814000 Cl 6.465644000 7.036634000 4.638045000
¢} -0.770143000 4.725211000 4.375838000
H -1.107808000 4.741033000 5.418357000 2a
H -1.170492000 3.820881000 3.914487000

Cu 4.307512000 6.767789000 4.689457000
H -1.218475000 5.583020000 3.862203000
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