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S1. General experimental information

Chemicals and Solvents

The solvents were dried according to standard methods and stored over activated 3 A molecular
sieves prior to use. Column chromatography was performed on silica gel 60 (230-400 mesh,
Merck). The glassware was dried at 120 °C in an oven for at least 3 h before use. NHC proligands
IMes HCl,* IMesSPh*HCI,2 IMes(Me)py-HCl,2 and complexes DMS-AuCl,? Ph;PCuCl,* IMesCuCl,® and
[IMesH][CuCl,]® were synthesized as described in the literature. The X-Ray structures of these
complexes PhsPAuCI,” Ph3sPCuCl,3° IMesAuCl,1° IMesCuCl*tand the complex salt [IMesH][CuCl,]®
were described in literature. All other chemicals were obtained from commercial sources.

Physical measurements and instrumentation

NMR study. NMR spectra were recorded on Bruker Avance-NEO 300, Bruker Fourier 300HD. The
spectrometers operated at the following frequencies: 300.1 MHz for 1H, 76 MHz for 13C, and
282.4 MHz for 19F. 'H and ™C NMR chemical shifts were reported relative to the residual signals
as internal standards: 7.26 ppm/77.2 ppm for CDCls, and 5.32 ppm/54.0 ppm for CD,Cl,. *F NMR
chemical shifts were reported relative to CsFs used as internal standard (6'°F = -162.9 ppm with
respect to CFCl3). All the measurements were performed at room temperature.

ESI-HRMS study. High-resolution mass spectra (HRMS) were recorded using a Bruker maXis QTOF
(tandem quadrupole/time-of-flight) mass analyzer equipped with an electrospray ionization (ESI)
source. The m/z scanning range was 50—-3000. Measurements were carried out in both positive
(+) and negative (-) ion modes. In positive ion mode, the grounded spray needle was set to -4500
V, the high-voltage capillary was set to 500 V, and the HV End Plate was set to 0 V. In negative
ion mode, the grounded spray needle was set to +4000 V, the high-voltage capillary was set to -
500V, and the HV End Plate Offset was set to 0 V. The mass scale was externally calibrated using
a low-concentration calibration solution, "Tuning Mix" (Agilent Technologies). The samples were
injected using a 500-pL Hamilton RN 1750 syringe (Switzerland). The flow rate during injection
was controlled with a syringe pump at 3 pL/min. Nitrogen was used as the nebulizer gas at 1.0
bar, and dry gas was used at 4.0 L/min and 200 °C. The data were processed via Bruker Data
Analysis 4.0 software. The samples used for the ESI-TOF-HRMS experiments were prepared in
1.8-mL glass vials with screw-top caps fitted with Teflon-lined septa (Agilent Technologies).

GC-MS measurements were carried out with an Agilent 7890A GC system equipped with an
Agilent 5977A mass-selective detector (electron ionization, 70 eV) and an HP-5MS column (30
m/0.25 mm/0.25 um film) using helium as the carrier gas at a flow rate of 1.0 ml min. All the
samples were dissolved in HPLC-grade MeCN or HPLC-grade DCM. The yields of the model
reaction products were determined from the imine peak intensity via an appropriate calibration
plot.
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TEM analysis. The sample morphology was studied via a Hitachi SU8000 (Hitachi High-
Technologies Corporation, Hitachinaka-shi, Japan) scanning electron microscope and a
Regulus8230 (Hitachi High-Technologies Corporation, Hitachinaka-shi, Japan) scanning electron
microscope at a 2-10 kV accelerating voltage. DFSTEM images were acquired in annular dark-
field mode at a 30 kV accelerating voltage using a Regulus 8230 (Hitachi) scanning electron
microscope. Energy-dispersive X-ray spectroscopy (EDX) studies were carried out using an Oxford
Instruments X-max EDX system (Oxford Instruments plc, Abingdon, UK).

X-ray crystallographic data and refinement details. X-ray diffraction data were collected at 100K
on a four-circle Rigaku Synergy S diffractometer equipped with a HyPix6000HE area-detector
(kappa geometry, shutterless w-scan technique), using monochromatized Cu K,-radiation. The
intensity data were integrated and corrected for absorption and decay by the CrysAlisPro
program (Version 1.171.41. Rigaku Oxford Diffraction, 2021). The structure was solved by direct
methods using SHELXT2 and refined on F? using SHELXL-2018%3 in the OLEX2 program.* All non-
hydrogen atoms were refined with individual anisotropic displacement parameters. All hydrogen
atoms were placed in ideal calculated positions and refined as riding atoms with relative isotropic
displacement parameters. A rotating group model was applied for methyl groups.

Crystal data, data collection and structure refinement details for [IMesH][AuCl,], 6e, 6f, and 6k
are presented in Section S6. The structures have been deposited at the Cambridge
Crystallographic Data Center with the reference CCDC numbers 2530447 (6l) 2530448 (6f)
2530449 (6e) 2530450 ([IMesH][AuCl,]); they also contain the supplementary crystallographic
data. These data «can be obtained free of charge from the CCDC Vvia
https://www.ccdc.cam.ac.uk/structures/
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S2. Synthetic procedures and characterization of synthesized compounds

Chloro(triphenylphosphine)gold(l) (PhsPAuCl). The synthesis was conducted according to a
slightly modified procedure described in the literature.’ Triphenylphosphine (1.54 g, 5.87 mmol)
was added slowly over 30 min to a magnetically stirred solution of HAuCl,-3H,0 (1.02 g, 2.59
mmol) in ethanol (30 mL) at room temperature. The resulting mixture was stirred for an
additional 15 min. The white precipitate that formed was collected by filtration, washed
successively with cold ethanol (15 mL) and diethyl ether (10 mL), and dried under vacuum
overnight at room temperature to afford PhsPAuCI (1.35 g, 99% yield) as a white powder.

'H NMR (300 MHz, CDCl3) 6 7.57 — 7.44 (m, 15H).

1,3-Bis(2,4,6-trimethylphenyl)-1,3-dihydro-2H-imidazol-2-ylidene](chloro)gold(l) (IMesAucCl).
The synthesis was conducted according to a previously described procedure.®

1H NMR (CD,Cl,, 300 MHz) & 7.15 (s, 2H), 7.08 — 7.07 (m, 4H), 2.38 (s, 6H), 2.13 (s, 12H), 1.54 (s,
6H).

1,3-Bis[2,4,6-trimethylphenyl]-1H-imidazolium dichloroaurate ([IMesH][AuCl,]). The synthesis
was conducted according to a slightly modified procedure described in the literature.'” IMes-HCI
(0.140 g, 0.41 mmol) and DMS-AuCI (0.120 g, 0.41 mmol) were dissolved in acetone (4 mL). Then
acetone was rotary evaporated under reduced pressure. The resulting residue was dissolved in
dichloromethane (4 mL) and filtered through a syringe filter. n-Hexane (15 mL) was then added
to the filtrate, and the resulting precipitate was collected by filtration and dried under vacuum
to give [IMesH][AuCl,] (0,206 g, 90% vyield) as a pale beige powder.

1H NMR (CDCls, 300 MHz) & 9.33 (s, 1H), 7.60 (d, J = 1.4 Hz, 2H), 7.10 (s, 4H), 2.39 (s, 6H), 2.19 (s,
12H).

Investigation of Copper and Gold Precatalysts in the Chan-Evans—-Lam Reaction (General
B(OH), H,oN catalyst, Et;N
+ >
©/ \O CH,Cly, 25 °C, 18 h O/ \O
All experiments were conducted under an air atmosphere in 4 mL screw-capped glass vials

equipped with a magnetic stir bar. A solution of the corresponding precatalyst (0.025 mmol,
Table 1) in dichloromethane (0.5 mL) was mixed with aniline (23 mg, 0.25 mmol), phenylboronic

Procedure)
H
N

1

acid (30 mg, 0.25 mmol), triethylamine (51 mg, 0.5 mmol), CS, (if used for poisoning experiments,
0.2 mg, 0.0025 mmol). The resulting mixture was stirred at 25 °C for 18 h. An aliquot (100 L) of
the reaction mixture was then diluted with CDCl; (600 pL) containing CH,Br; (4 mg/mL) as an
internal standard. The solution was analyzed by 'H NMR spectroscopy. The yield of compound 1
(Table 1) was determined by integrating the characteristic signal of the aromatic CH group (6 =
7.24 ppm) relative to the integral intensity of the internal standard (CH,Br,, § 4.93 ppm).
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Investigation of Copper and Gold Precatalysts in the Azide-Alkyne Cycloaddition Reaction
(General Procedure)

N=N
|
=z N3 catalyst N\/)Nph
+ .
\©\ neat, 40 °C, 18 h /©/ 2

All experiments were conducted under an air atmosphere in 1.5 mL screw-capped glass vials

equipped with a magnetic stir bar. The corresponding precatalyst (0.012 mmol, Table 1) was
placed in a vial, followed by the addition of phenylacetylene (25 mg, 0.25 mmol), 4-azidotoluene
(25 mg, 0.25 mmol) and CS, (if used for poisoning experiments, 0.1 mg, 0.0012 mmol). The
resulting mixture was stirred at 40 °C for 18 h, then cooled to room temperature. The resulting
mixture was dissolved in CDClsz (600 pL) containing CH,Br; (4 mg/mL) as an internal standard. The
solution was analyzed by 'H NMR spectroscopy. The yield of compound 2 (Table 1) was
determined by integrating the characteristic signal of the CH group (& = 8.20 ppm) relative to the
internal standard (CH,Br,, 6 4.93 ppm).

Investigation of Copper and Gold Precatalysts in the Ullmann-type coupling (General

Procedure)
I HS catalyst, K,CO; S
+ >
\©/ \© DMF, 120 °C, 18 h \©/ \©

3

All experiments were conducted under an argon atmosphere in 1.5 mL screw-capped glass vials
equipped with a magnetic stir bar. A mixture of 3-iodotoluene (66 mg, 0.3 mmol), thiophenol (33
mg, 0.3 mmol), potassium carbonate (52 mg, 0.375 mmol), the corresponding precatalyst (0.015
mmol, Table 1), and CS, (if used for poisoning experiments, 0.1 mg, 0.0015 mmol) in dry DMF
(1.0 mL) was heated at 120 °C while stirring for 18 h, then cooled to room temperature. An aliquot
(1 uL) of the reaction mixture was taken with a syringe and diluted with methanol (1.5 mL),
followed by the addition of 100 uL of an internal standard solution (diphenylamine, 0.1 mg/mL
in methanol) and analyzed by GC—MS. The yield of compound 3 (Table 1) was determined relative
to the internal standard (diphenylamine).

Investigation of Copper and Gold Precatalysts in the A® (Aldehyde—Amine—Alkyne) Coupling
Reaction (General Procedure)

; ()
o
catalyst N
/©) * [ j ¥ /// -
~o N Ph H,0, 90 °C, 18 h Vi
H Ph o

All experiments were conducted under an argon atmosphere in 1.5 mL screw-capped glass vials
equipped with a magnetic stir bar. A mixture of 4-methoxybenzaldehyde (68 mg, 0.5 mmol),
morpholine (48 mg 0.55 mmol), and phenylacetylene (76 mg, 0.75 mmol), the corresponding
precatalyst (0.01 mmol, Table 1), and CS, (if used for poisoning experiments, 0.1 mg, 0.001 mmol)
in water (0.5 mL) was heated at 90 °C or 18 h while vigorous stirring. The reaction mixture was
then cooled to room temperature and extracted with CHCl; (3x2 mL). The combined organic

extracts were dried over anhydrous Na,SO,4 and evaporated to dryness under reduced pressure.
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The residue was dissolved in of CDCl; (600 uL) containing CH,Br, (4 mg/mL) as an internal
standard and analyzed by 'H NMR spectroscopy. The yield of compound 4 was determined by
integrating the characteristic signal of the tertiary CH group (6 = 4.85 ppm) relative to the internal
standard (CH2Br,, 6 4.93 ppm).

Investigation of Copper and Gold Precatalysts in the Hydration of Phenylacetylene (General

Procedure)
0
// catalyst
+ HZO >
MeOH, 25 °C, 48 h
5

All experiments were conducted under an air atmosphere in 1.5 mL screw-capped glass vials
equipped with a magnetic stir bar. Water (18 mg, 1 mmol) was added to a solution of
phenylacetylene (25.5 mg, 0.25 mmol), the corresponding precatalyst (0.012 mmol, Table 1), and
CS, (if used for poisoning experiments, 0.1 mg, 0.0012 mmol) in methanol (0.5 mL). The resulting
mixture was stirred at 25 °C for 48 h. An aliquot (100 pL) of the reaction mixture was taken,
dissolved in 600 puL of CDCls containing CH,Br, (4 mg/mL) and analyzed by *H NMR. The yield of
compound 5 was determined by integrating the characteristic signal of the CH; group (6 = 2.61
ppm) relative to the internal standard (CH;Br,, 6 4.93 ppm).

Investigation of Copper and Gold Precatalysts in the Hydroamination of Phenyl Acetylene with
Aniline (General Procedure)

P>
©// H2N\© catalyst ©)\ /©
+
neat, 65 °C, 18 h

All experiments were conducted under an argon atmosphere in 1.5 mL screw-capped glass vials
equipped with a magnetic stir bar. A mixture of aniline (224 mg, 2.4 mmol), phenylacetylene (24.5
mg, 0.24 mmol), the corresponding precatalyst (0.0048 mmol, Table 1), and CS, (if used for
poisoning experiments, 0.04 mg, 0.00048 mmol) was stirred at 65 °C for 18 h, then cooled to
room temperature. An aliquot (25 pL) of the reaction mixture was taken, dissolved in CDCl; (600
uL) containing CH,Br; (4 mg/mL) as an internal standard and analyzed by 'H NMR spectroscopy.
Theyield of imine 6 was determined by integrating the characteristic signal of CH; group (6 = 2.30
ppm) relative to the internal standard (CH,Br», 6 4.93 ppm).

Synthesis of Compounds 6a-t (General Procedure)

IMes+HCI (2 mol.%) . /@—Rz
\@_ DMS-AuCI (2 mol.%) . N
[ 1

65 °C, 18 h, neat
7 (1 equiv.) (10 equiv.) 6

All the experiments were conducted under an argon atmosphere in 1.5 mL screw-capped glass
vials equipped with a magnetic stir bar. A mixture of alkyne (0.4 mmol), the corresponding

aromatic amine (0.4 mmol), IMes-HCI (2.7 mg, 0.008 mmol, 2 mol%), and DMS-AuCl (2.4 mg,
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0.008 mmol, 2 mol%) was heated at 65 °C for 18 h with stirring and then cooled to room
temperature. The resulting crude product obtained was purified via column chromatography on

silica gel using a gradient elution by petroleum ether and ethyl acetate (EA:PE = 1:100 - 1:70 =
1:50 - 1:20).

(E)-N-(1-Phenylethylidene)aniline (6a)

The product was obtained as a light brown liquid, yield 77 mg (99%).1H NMR (CDCl;, 300 MHz) §
8.00-7.95 (m, 2H), 7.45-7.41 (m, 3H), 7.35 (dd, J = 8.0 Hz, 7.6 Hz, 2H), 7.08 (t, J = 7.6 Hz, 1H), 6.81-
6.79 (m, 2H), 2.23 (s, 3H). 3C{H} NMR (CDCl;, 100 MHz) § 165.7, 151.9, 139.6, 130.7, 129.1,

128.6, 127.4, 123.4, 119.6, 17.6. The spectral data are consistent with those reported in the
literature.!®

(E)-1-(4-ethoxyphenyl)-N-mesitylethan-1-imine (6b):

NS

)

A

The product was obtained as a light brown liquid, yield 110 mg (98%). *H NMR (CDCl3, 300 MHz)
5 8.05 —7.98 (m, 2H), 7.02 — 6.95 (m, 2H), 6.90 (s, 2H), 4.12 (g, J = 7.0 Hz, 2H), 2.31 (s, 3H), 2.06
(s, 3H), 2.02 (s, 6H), 1.48 (t, J = 7.0 Hz, 3H). 3C{*H} NMR (CDCls, 76 MHz) 5 164.57, 160.93, 146.68,
131.85, 131.74, 128.75, 128.52, 125.88, 114.15, 63.65, 20.83, 18.03, 17.25, 14.88. ESI-(+)HRMS,
m/z: 282.1849, calcd for C;9H,3NO = 282.1852 [M+H]*, (A = 1.06 ppm).
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(E)-N-(2,6-diisopropylphenyl)-1-(4-ethoxyphenyl)ethan-1-imine (6c):

NS

0]

)

The product was obtained as a light brown liquid, yield 123 mg (95%). *H NMR (CDCl3, 300 MHz)
5 8.05—7.98 (m, 2H), 7.17 (d, J = 1.8 Hz, 1H), 7.15 (s, 1H), 7.08 (dd, J = 8.8, 6.3 Hz, 1H), 7.04 —
6.96 (m, 2H), 4.13 (g, J = 7.0 Hz, 2H), 2.78 (p, J = 6.9 Hz, 2H), 2.08 (s, 3H), 1.48 (t, J = 7.0 Hz, 3H),
1.16 (dd, J = 6.9, 5.1 Hz, 12H). 3C{*H} NMR (CDCl;, 76 MHz) 6 163.87, 161.02, 147.09, 136.42,
131.87, 128.86, 123.20, 123.01, 114.27, 63.74, 28.32, 23.35, 23.11, 18.00, 14.93. ESI-(+)HRMS,
m/z: 324.2322, calcd for C;,H,gNO = 324.2322 [M+H]*, (A = 0 ppm).

(E)-N,N-dimethyl-4-(1-((4-(methylthio)phenyl)imino)ethyl)aniline (6d):

S/

N

7 N

The product was obtained as a brown oil, yield 105 mg (92%). *H NMR (CDCl;, 300 MHz) 6 7.96 —
7.82 (m, 2H), 7.33=7.21 (m, 2H), 6.83 — 6.64 (m, 4H), 3.03 (s, 6H), 2.49 (s, 3H), 2.18 (s, 3H). 13C{*H}
NMR (CDCl;, 76 MHz) 6 165.02, 152.08, 150.40, 131.35, 128.70, 127.28, 120.83, 111.41, 40.35,

17.37, 17.06. ESI-(+)HRMS, m/z: 285.1430, calcd for Ci7H»oN,S = 285.1420 [M+H]*, (A = 3.51
ppm).
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(E)-4-(1-((4-bromonaphthalen-1-yl)imino)ethyl)-N,N-dimethylaniline (6e):

Br

99

Na

/N\

The product was obtained as a light brown solid, yield 132 mg (90%). *H NMR (CDCl;, 300 MHz)
58.24 (d, J = 8.3 Hz, 1H), 8.06 — 8.00 (m, 2H), 7.84 (d, J = 8.4 Hz, 1H), 7.73 (d, J = 7.9 Hz, 1H), 7.60
(ddd, J = 8.3, 6.8, 1.2 Hz, 1H), 7.45 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H), 6.81 — 6.74 (m, 2H), 6.67 (d, J =
7.9 Hz, 1H), 3.07 (s, 6H), 2.15 (s, 3H). 3C{*H} NMR (CDCl5,76 MHz) § 166.08, 152.27, 148.85,
132.44, 129.96, 128.94, 127.90, 127.51, 127.23, 126.74, 126.05, 124.55, 116.11, 114.61, 111.40,
40.36, 17.43. ESI-(+)HRMS, m/z: 367.0804, calcd CpoH15BrN, = 367.0804 [M+H]*, (A = 0 ppm).

(E)-N-(4-bromonaphthalen-1-yl)-1-(4-ethoxyphenyl)ethan-1-imine (6f):

Br

99

Na

O

]

The product was obtained as a yellow solid, yield 126 mg (86%). *H NMR (CD,Cl,, 300 MHz) &
8.23(d, /=8.5Hz, 1H), 8.07 (d, J=8.8 Hz, 2H), 7.81 (d, /= 8.3 Hz, 1H), 7.75 (d, J = 7.9 Hz, 1H), 7.66
—7.58 (m, 1H), 7.52 — 7.44 (m, 1H), 7.00 (d, J = 8.8 Hz, 2H), 6.66 (d, J = 7.9 Hz, 1H), 4.12 (q,J = 7.0
Hz, 2H), 2.17 (s, 3H), 1.45 (t, J = 7.0 Hz, 3H). 3C{*H} NMR (CD,Cl,, 76 MHz) § 166.54, 161.89,
148.99, 132.85, 132.10, 130.43, 129.60, 128.10, 127.56, 126.63, 124.86, 116.63, 114.72, 64.28,
17.85, 15.14. ESI-(+)HRMS, m/z: 368.0645, calcd for C,oH1gNOBr = 368.0645 [M+H]*, (A = 0 ppm).
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(E)-4-(1-((4-bromophenyl)imino)ethyl)-N,N-dimethylaniline (6g):

Br

/N\

The product was obtained as a yellow solid, yield 101 mg (80%). *H NMR (CDCl3, 300 MHz) 6 7.92
—7.79 (m, 2H), 7.48 — 7.38 (m, 2H), 6.81 — 6.55 (m, 4H), 3.04 (s, 6H), 2.17 (s, 4H). 3C{*H} NMR
(CDCl3, 76 MHz) 6 165.24, 152.14, 151.49, 131.90, 128.73, 126.93, 121.90, 115.58, 111.35, 40.30,
17.04. ESI-(+)HRMS, m/z: 317.0645, calcd for C;4H17N,Br = 317.0648 [M+H]*, (A = 0.95 ppm).

(E)-1-(4-ethoxyphenyl)-N-(4-methoxyphenyl)ethan-1-imine (6h):

o

NS

O

]

The product was obtained as a pale-yellow crystals, yield 86 mg (80%). *H NMR (CDCl;, 300 MHz)
57.95 - 7.89 (m, 2H), 7.02 — 6.83 (m, 4H), 6.79 — 6.70 (m, 2H), 4.09 (g, J = 7.0 Hz, 2H), 3.81 (s,
3H), 2.21 (s, 3H), 1.44 (t, J = 7.0 Hz, 3H)..13C{*H} NMR (CDCl;, 76 MHz) 5 164.92, 160.91, 155.85,
145.17, 132.38, 128.82, 120.98, 114.29, 114.16, 63.64, 55.56, 17.15, 14.87. ESI-(+)HRMS, m/z:
270.1489, calcd for C17H19NO, = 270.1502 [M+H]*, (A = 4.81 ppm).
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(E)-N-(4-bromophenyl)-1-(4-ethoxyphenyl)ethan-1-imine (6i):

Br

The product was obtained as a yellow crystalline powder, yield 99 mg (78%). *H NMR (CDCl;, 300
MHz) 5 7.91 (d, J = 8.8 Hz, 2H), 7.44 (d, J = 8.5 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 8.5 Hz,
2H), 4.10 (g, J = 7.0 Hz, 2H), 2.19 (s, 2H), 1.45 (t, J = 7.0 Hz, 3H). 3C{*H} NMR (CDCl;, 76 MHz) &
165.33, 161.24, 151.05, 132.03, 131.80, 129.00, 121.60, 116.01, 114.27, 63.73, 17.32, 14.89. ESI-
(+)HRMS, m/z: 318.0491, calcd for Ci6H16NBr = 318.0488 [M+H]*, (A = 0.94 ppm).

(E)-1-(4-fluorophenyl)-N-mesitylethan-1-imine (6j):

F

The product was obtained as a light brown solid, yield 76 mg (75%). *H NMR (CDCl;, 300 MHz) 6
8.08 —7.99 (m, 2H), 7.19 - 7.10 (m, 2H), 6.91 — 6.87 (m, 2H), 2.30 (s, 3H), 2.06 (s, 3H), 2.00 (s, 6H).
13C{1H} NMR (CDCl3, 76 MHz) 6 164.40 (d, Yo = 250.4 Hz), 164.22, 146.43, 135.56 (d, *Jcr = 3.1
Hz), 132.11, 129.23 (d, 3Jcr = 8.5 Hz), 128.65, 125.67, 115.38 (d, 2Jcr = 21.5 Hz), 20.85, 18.00,
17.44. 9F{1H} NMR (CDCl;, 282 MHz) & -113.85. ESI-(+)HRMS, m/z: 256.1500, calcd for
CooH16NO,Br = 256.1496 [M+H]*, (A = 1.63 ppm).
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(E)-N,N-dimethyl-4-(1-((4-(trifluoromethyl)phenyl)imino)ethyl)aniline (6k):

CF3

/N\

The product was obtained as a yellow solid, yield 84 mg (69%). *H NMR (CDCl;, 300 MHz): 6 7.95
—7.84 (m, 2H), 7.58 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.79 — 6.67 (m, 2H), 3.05 (s, 6H),
2.18 (s, 3H). 3C{*H} NMR (CDCls, 76 MHz): 6 165.09, 155.67 (q, “Jcr = 1.2 Hz), 152.18, 128.76,
126.53, 126.48, 126.13 (q, 3Jc/= 3.8 Hz), 124.68 (d, Yer = 271.1 Hz, CF3), 124.67 (q, Yer = 32.4
Hz), 119.99, 111.26, 40.19, 17.10. *F{*H} NMR (CDCl;, 282 MHz): 6 -64.78. ESI-(+)HRMS, m/z:
307.1422, calcd for Cy7H1gN,F3 = 1.76 ppm [M+H]*, (A = 1.06 ppm).

(E)-N-(4-bromonaphthalen-1-yl)-1-(4-propylphenyl)ethan-1-imine (61):

Br

99

NS

The product was obtained as a light brown solid, yield 96 mg (66%). *H NMR (CDCl;, 300 MHz) §
8.24 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 8.3 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.64
—7.56 (m, 1H), 7.50 — 7.41 (m, 1H), 7.32 (d, J = 8.2 Hz, 2H), 6.65 (d, J = 7.8 Hz, 1H), 2.69 (t, 2H),
2.19(s, 3H), 1.71 (h, J = 7.4 Hz, 2H), 0.99 (t, J = 7.3 Hz, 3H). 13C{*H} NMR (CDCl;, 76 MHz) & 166.95,
148.29, 146.18, 136.68, 132.50, 129.94, 128.79, 127.66, 127.48, 127.37, 126.27, 124.34, 116.71,

114.20, 38.06, 24.59, 17.86, 13.95. ESI-(+)HRMS, m/z: 366.0854, calcd for C,1H,oNBr = 366.0852
[M+H]*, (A = 0.55 ppm).
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(E)-N-(4-bromonaphthalen-1-yl)-1-(4-bromophenyl)ethan-1-imine (6m):

Br

99

NS

Br

The product was obtained as a yellow solid, yield 97 mg (60%). *H NMR (CDCl;, 300 MHz) 6 8.26
(d,J = 8.4 Hz, 1H), 8.02 — 7.93 (m, 2H), 7.75 (dd, J = 8.1, 2.7 Hz, 2H), 7.70 — 7.55 (m, 3H), 7.48 (ddd,
J=83,6.8, 1.3 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 2.19 (s, 3H). 3C{'H} NMR (CDCls, 76 MHz) &
165.97, 147.71, 137.89, 132.48, 131.82, 129.87, 129.05, 127.76, 127.43, 127.31, 126.42, 125.74,

124.13, 117.14, 114.02, 17.71. ESI-(+)HRMS, m/z: 403.9464, calcd for CisH13NBr, = 403.9468
[M+H]*, (A =0.99 ppm).

(E)-N-(4-bromonaphthalen-1-yl)-1-phenylethan-1-imine (6n):

Br

99

NS

The product was obtained as a light brown solid, yield 76 mg (59%). *H NMR (CDCl;, 300 MHz) §
8.27 (d, J = 8.4 Hz, 1H), 8.15 — 8.10 (m, 2H), 7.81 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 7.9 Hz, 1H), 7.62
(ddd, J = 8.4, 6.9, 1.3 Hz, 1H), 7.56 — 7.45 (m, 4H), 6.68 (d, J = 7.9 Hz, 1H), 2.22 (s, 3H). 3C{'H}
NMR (CDCl3, 76 MHz) 6 167.11, 148.05, 139.04, 132.44, 131.04, 129.90, 128.64, 127.69, 127.45,
127.36, 126.32, 124.24, 121.36, 116.86, 114.11, 110.26, 17.91. ESI-(+)HRMS, m/z: 324.0392,
calcd for C;gH14NBr = 324.0382 [M+H]*, (A = 3.09 ppm).
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(E)-1-(4-ethoxyphenyl)-N-(4-(trifluoromethyl)phenyl)ethan-1-imine (60):

CF3

NS

O

)

The product was obtained as a yellow crystalline powder, yield 71 mg (58%). *H NMR (CDCl3, 300
MHz) 6 7.94 (d, J = 8.8 Hz, 2H), 7.59 (d, J = 8.3 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.2 Hz,
2H), 4.10 (g, J = 7.0 Hz, 2H), 2.20 (s, 3H), 1.46 (t, J = 7.0 Hz, 3H). 3C{*H} NMR (CDCl, 76 MHz) &
165.31, 161.36, 155.22 (d, *Jcr= 1.2 Hz), 131.42, 129.08, 127.08, 126.32 (q, 3Jc.-= 3.7 Hz), 125.13
(9, Yer = 32.5 Hz), 124.67 (CF3, q, Jor = 271.3 Hz), 119.77, 114.27, 63.72, 17.46, 14.85. ¥F{'H}
NMR (CDCl;, 282 MHz) 6 -64.87. ESI-(+)HRMS, m/z: 308.1263, calcd for C;;HsNOF;3 = 308.1257
[M+H]*, (A =1.95 ppm).

(E)-N-(4-bromonaphthalen-1-yl)-1-(4-(trifluoromethyl)phenyl)ethan-1-imine (6p):

Br

99

NS

CF3

The product was obtained as a light brown liquid, yield 48 mg (30%). 'H NMR (CDCl;, 300 MHz)
68.26 (d,/=8.4 Hz, 1H), 8.22 (d, /= 8.1 Hz, 2H), 7.79 - 7.76 (m, 2H), 7.74 (d, J = 4.9 Hz, 2H), 7.63
(ddd, J = 8.4, 6.9, 1.3 Hz, 1H), 7.48 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 2.25 (s,
3H). 3C{*H} NMR (CDCls, 76 MHz) 6 165.94, 147.48, 142.20, 132.66 (d, 2/ = 32.5 Hz), 132.53,
129.87,127.85,127.51, 127.22, 126.55, 125.64 (q, 3Jc.r = 3.8 Hz), 124.11 (CF5, d, Ycr = 272.3 Hz),
124.05, 117.45, 113.93, 17.97. *F{*H} NMR (CDCl;, 282 MHz) & -65.96. ESI-(+)HRMS, m/z:
392.0260, calcd for C1gH13NBrF3; = 392.0256 [M+H]*, (A = 1.02 ppm).
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(E)-N-(2,5-di-tert-butylphenyl)-1-phenylethan-1-imine (6q):

The product was obtained as a yellow solid, yield 37 mg (30%). *H NMR (CDCl3,300 MHz) 6 8.08
—8.00 (m, 2H), 7.51 — 7.43 (m, 3H), 7.33 (d, J = 8.3 Hz, 1H), 7.06 (dd, J = 8.3, 2.3 Hz, 1H), 6.49 (d,
J = 2.2 Hz, 1H), 2.23 (s, 3H), 1.34 (s, 9H), 1.30 (s, 9H). 3C{*H} NMR (CDCl;, 76 MHz) § 163.17,
149.76, 149.34, 139.75, 136.92, 130.41, 128.56, 127.37, 126.06, 120.09, 117.55, 34.88, 34.39,
31.44, 29.78, 18.02. ESI-(+)HRMS, m/z: 308.2370, calcd for C,,H,9N = 308.2373 [M+H]*, (A = 0.97
ppm).

Methyl (E)-4-(1-((4-bromonaphthalen-1-yl)imino)ethyl)benzoate (6r):

Br

99

NS

e

o~ ©

The product was obtained as a brown solid, yield 42 mg (28%). 'H NMR (CDCl;, 300 MHz) 6 8.26
(d, J = 8.2 Hz, 1H), 8.16 (s, 4H), 7.80 — 7.73 (m, 2H), 7.62 (ddd, J = 8.4, 6.9, 1.3 Hz, 1H), 7.48 (ddd,
J=8.2,6.9,1.2 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H), 3.98 (s, 3H), 2.25 (s, 3H). 13C{*H} NMR (CDCl;, 76
MHz) 6 166.80, 166.45, 147.64, 142.96, 132.52, 132.18, 129.90, 129.88, 127.82, 127.48, 127.25,

126.51,124.13, 117.35, 113.94, 52.50, 18.07. ESI-(+)HRMS, m/z: 382.0436, calcd for C,oH;NO,Br
= 382.0437 [M+H]", (A = 0.26 ppm).
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$3. TEM investigation of Cu and Au nanoparticles

o0 -.1.V'l : . ¢ V. Sl i k o : ‘ I
. 100nm
ween

Figure S1. TEM image of Cu NPs obtained in Chan-Evans-Lam type reaction bet
phenylboronic acid and aniline catalyzed with PhsPCuCl complex.
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Figure S2. TEM image of Cu NPs obtained in Chan-Evans-Lam type reaction between
phenylboronic acid and aniline catalyzed with IMesCuCl complex.
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Figure S3. TEM image of Cu NPs obtained in Chan-Evans-Lam type reaction between

phenylboronic acid and aniline catalyzed with [IMesH][CuCl,] complex.
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Figure S4. TEM image of Cu NPs obtained in Chan-Evans-Lam type reaction between
phenylboronic acid and aniline catalyzed with CuCl salt.
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Hitachi TEM system. 200nm

Figure S5. TEM image of Cu NPs obtained in Chan-Evans-Lam type reaction between
phenylboronic acid and aniline catalyzed with Cu(OAc), salt.
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Figure S6. TEM image of Cu NPs obtained in “click” azide-alkyne coupling reaction between
4-azidotoluene and phenylacetylene catalyzed with PhsPCuCl complex.
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x50.0k Zoom-1 HR-1 100.0kV 2024/06/15 16:09:01

Hitachi TEM system.
Figure S7. TEM image of Cu NPs obtained in “click” azide-alkyne coupling reaction between

4-azidotoluene and phenylacetylene catalyzed with IMesCuCl complex.
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Figure S8. TEM image of Cu NPs obtained in “click” azide-alkyne coupling reaction between
4-azidotoluene and phenylacetylene catalyzed with [IMesH][CuCl,] complex.
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Hitachi TEM system.
Figure S9. TEM image of Cu NPs obtained in “click” azide-alkyne coupling reaction between

4-azidotoluene and phenylacetylene catalyzed with CuCl salt.
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200nm

Hitachi TEM system.
Figure S10 TEM image of Au NPs obtained in Ullmann type C-S coupling reaction between

phenyliodide and aniline catalyzed with CuCl salt.
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Figure S11. TEM image of Au NPs obtained in Ullmann type C-S coupling reaction between
phenyliodide and aniline catalyzed with PhsPAuCl complex.
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Figure S12. TEM image of Au NPs obtained in Ullmann type C-S coupling reaction between
phenyliodide and aniline catalyzed with IMesAuCl complex.
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Figure S13. TEM image of Au NPs obtained in Ullmann type C-S coupling reaction between
phenyliodide and aniline catalyzed with [IMesH][AuCl,] complex.
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Hitachi TEM system.

Figure S14. TEM image of Au NPs obtained in Ullmann type C-S coupling reaction between
phenyliodide and aniline catalyzed with AuCl salt.
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Hitachi TEM system. 100nm

Figure S15. TEM image of Au NPs obtained in A3 (aldehyde-alkyne-amine) coupling reaction
between 4-methoxybenzaldehyde, phenylacetylene and morpholine catalyzed with PhsPAuCI
complex.
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Figure S16. TEM image of Au NPs obtained in A3 (aldehyde-alkyne-amine) coupling reaction
between 4-methoxybenzaldehyde, phenylacetylene and morpholine catalyzed with IMesAuCl
complex.
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Figur S17. TEM image of Au NPs obtained in A3 (aldehyde-alkyne-amine) coupling reaction
between 4-methoxybenzaldehyde, phenylacetylene and morpholine catalyzed with
[IMesH][AuCl,] complex.
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x50.0k Zoom-1 HR-1 100.0kV 2026/02/12 13:49:19
Hitachi TEM system.

Figure S18. TEM image of Au NPs obtained in A3 (aldehyde-alkyne-amine) coupling reaction
between 4-methoxybenzaldehyde, phenylacetylene and morpholine catalyzed with AuCl salt.
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Figure S19. TEM image of Au NPs obtained in hydration of phenylacetylene reaction with
Ph3PAuCl complex.
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Figure S20. TEM image of Au NPs obtained in hydration of phenylacetylene reaction catalyzed
with IMesAuCl complex.
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Figure S21. TEM image of Au NPs obtained in hydration of phenylacetylene reaction catalyzed
with [IMesH][AuCl,] complex.
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Hitachi TEM system.
Figure $22. TEM image of Au NPs obtained in hydration of phenylacetylene reaction catalyzed
with AuCl salt.
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Figure $23. TEM image of Au NPs obtained in nucleophilic addition of aniline to phenylacetylene
reaction catalyzed with PhsPAuCl complex.
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Figure S24. TEM image of Au NPs obtained in nucleophilic addition of aniline to phenylacetylene
reaction catalyzed with IMesAuCl complex.
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Figure S25. TEM image of Au NPs obtained in nucleophilic addition of aniline to phenylacetylene
reaction catalyzed with [IMesH][AuCl,] complex.
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Hitachi TEM system.
Figure S26. TEM image of Au NPs obtained in nucleophilic addition of aniline to phenylacetylene

reaction catalyzed with AuCl salt.
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$4. ESI-HRMS spectra
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Figure S29. Experimental and theoretical ESI-(+)HRMS spectrum of 6d in CH3CN solution:
experimental peak [M+H]* = 285.1430 Da, calculated for
C17H20N,S = 285.1420, A = 3.51 ppm.
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Figure S30. Experimental and theoretical ESI-(+)HRMS spectrum of 6e in CH3;CN solution:
experimental peak [M+H]* = 367.0804 Da, calculated for
C,0H18BrN, = 367.0804, A =0 ppm.
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gure S31. Experimental and theoretical ESI-(+)HRMS spectrum of 6f in CH3CN solution:
experimental peak [M+H]* = 368.0645 Da, calculated for
CyoH1sNOBr = 368.0645, A =0 ppm.
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gure S32. Experimental and theoretical ESI-(+)HRMS spectrum of 6g in CH3CN solution:
experimental peak [M+H]* = 317.0645 Da, calculated for
Ci6H17N,Br =317.0648, A = 0.95 ppm.
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Figure S33. Experimental and theoretical ESI-(+)HRMS spectrum of 6h in CH3;CN solution:
experimental peak [M+H]* = 270.1489 Da, calculated for

C17H19NO, = 270.1502, A = 4.81 ppm.
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Figure S34. Experimental and theoretical ESI-(+)HRMS spectrum of 6i in CH;CN solution:
experimental peak [M+H]* = 318.0491 Da, calculated for
Ci6H1gNBr =318.0488, A = 0.94 ppm.
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Figure S35. Experimental and theoretical ESI-(+)HRMS spectrum of 6j in CHsCN solution:
experimental peak [M+H]* = 256.1500 Da, calculated for CyoH1sNO,Br = 256.1496, A = 1.63 ppm.
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Figure S36. Experimental and theoretical ESI-(+)HRMS spectrum of 6k in CH3CN solution:
experimental peak [M+H]* = 307.1422 Da, calculated for C;7H7N,F3 =307.1422, A =1.76 ppm.
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Figure S38. Experimental and theoretical ESI-(+)HRMS spectrum of 6m in CH3CN solution:

experimental

peak [M+H]* =

CigH13NBr; = 403.9468, A = 0.99 ppm.
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e S42. Experimental and theoretical ESI-(+)HRMS spectrum of 6q in CH3CN solution: experimental
peak [M+H]* = 308.2370 Da, calculated for

CyoHa9N =308.2373, A =0.97 ppm.
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Figure S43. Experimental and theoretical ESI-(+)HRMS spectrum of 6r in CH;CN solution:
experimental peak [M+H]* = 382.0436 Da, calculated for

C20H15NOZBr = 3820437, A=0.26 ppm.
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S5. NMR spectra of synthesized compounds
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Figure S44. 'H NMR spectrum of Ph3PCuCl (CDClz, 300 MHz).

S52



7.26 CcoCl3

-

598 =

1193 =

T o
oo
™~
e V.
/
HyC (\N CHy
N\<
Cu H3C
CH,
HaC R
1
A
£2
T T T T T
15 14 13 12 11 10 9 8 7

T T
6 5 4
ppm

Figure S45. 'H NMR spectrum of IMesCuCl (CDClz, 300 MHz).

S53

[



—7.26 CDCI3

— o~y = feal-]
& CoN= iRl
(=2 [ ™~ o~ ™~
N b
HaC
=
HsC
o r\w CH,
Nw
HsC
CH,
H,C c—C
=
|
|
b L
f it iy
g 0 &2
T T T T T T — T T T T T T T
15 14 13 12 11 10 9 8 7 6 5 2 -1
ppm

Figure S46. 'H NMR spectrum of [IMesH][CuCl,] (CDCls, 300 MHz).

S54



€000 $2'L
L]
L
St'L
9L
A
'L
fi s
b i
B L
6L
05'£
15 £
15
54
254
Z5'L
£5'/
¥5'L

$5'2 ]
g5/
55 ¢
a5

wm.h._
hm_h_

_.,

ppm

Figure S47. 'H NMR spectrum of Ph3zPAuCl (CDCl;, 300 MHz).

S55



33.18

—— ———-_.\.
/ \\ﬂ .// W
/ /Y |
N )
P s P"-w\
P \.a'-\u\
‘ Cl
~
1
T T T T T T T T T T T T T L T T | T LB | T T T T T T T T T T T T T
190 170 130 130 110 a0 70 30 30 10 -10 -30 -30 -70 -90 -110 -130 -150 -170 -190

Figure S48. 31P {1H} NMR spectrum of Ph3PAuCl (CDCl;, 121.5 MHz, 85% H3PO, was used as external reference).

S56



—5.32 ChaCl2

18588 3
[ rd i
e 11
HiC
_—
H,C (\N CH,
N\<
s
CHy
HyC Cl
|
M Y
= o]
a0 =]
LR 3 o
e T T B T T — T T
15 14 13 12 11 10 9 8 7 3 4 2 =2 =3
ppm

Figure S49. 'H NMR spectrum of IMesAuCl (CD,Cl,, 300 MHz).

S57



—~7.26 CDCI3

—2.39
—~2.19

505 —x

1193-T

m oo o
o D D ol A
a L
S
CH, H,C
+
I"\I\\\\\//N
H.C CH,
CHs H-C
Cl—Au—CI
|
|
; | l
f A =
T T o T T T T - T T = r\ﬂl T
15 14 13 12 11 10 9 8 7 6

ppm

Figure S50. 'H NMR spectrum of [IMesH][AuCl,] (CDCl;, 300 MHz).

S58




Epads

CHa

ary

065
96'9
£6'9
86'9
669
0oL

10
mm.h\.

m_u.m_
078

CHy

Hal

ST
S 1—
051"

B0k,
T~
ETp—
arp -’

z0'8-7
£0°84

CHy

414 405

2. LS L4
ppm ppm

2.05

2.3

ppm

2.35

ppm

6.9
Ppm

7.0

.04 8.00
Ppm

. —

TR

o9
a2y

“eaez |

=00z |

= GGT
oz

0o

ppm

14 13 12 11 10

15

Figure S51. 'H NMR spectrum of compound 6b (CDCl;, 300 MHz).

S59



BE'PT~
S2 T~
£0°8T-
£8'0E

CHq

S9°E9—

EPODOT Li—

ST#IT—

B8'SZTY
=N A AR
5871
beTETT
sa1e1”

B9 OpT—

£6'091—
£STF9T—

CHa
3

N; ;CH

HaC

CS'8CT—

SLT8ET

BLTET—
S IET-—

CHg

—

120

J | M

128.4

132.0 131.7

1288

ppm

ppm

170

30 10 -10

30

60

100 90 a0
ppm

110

150 140 130

160

180

150

210

Figure S52. 13C {*H} NMR spectrum of compound 6b (CDCl;, 76 MHz).

S60



PT'TH
91T+
91T
B8T'TH
Sb'TH
Br'TH
0s' T
80'Y
bLT
o'z
BL'ZH
824
£8'2
0T 't
AR
R
9T'p
£6'9
86'91
86'91
00'£1
0L
20°£
50°£
80'L
80°£
0T £+
ST'L
(Ui
8TL—7

epas sz
B6'L
00’8
108
z0'8
£0'8
b0'8

e

—

PTT
9T T~
ar' T~
g1

SP T~
81—
05'1T—

80—

85'9~_
85'9~"
00 L4
e

S0~
80'L—
g0
ot
ST'i~
YN
8T L—

BE'L

Do.m.;ﬁ
Toe—
c0a -
mo.m\.

CH,

CHs

7.15 7.0 7.05 7.00

1.10

1.20

1.54 1.47

2.16 2.07

4.16 4.08

CHy

ppm

ppm

ppm

ppm

ppm

ppm

ppm

)
|.w
uu\ GE'E

— —— T {>(]' T

EDE
kOT
50T
£9'0

ppm

Figure $53. 'H NMR spectrum of compound 6c (CDClz, 300 MHz).

Sé61



E6'PT—
008T—
T1EZ
5 EZ
2k BE—

bLES—

E202 9T LL—

LE'PIT—

TO'EST—
0Z'gzT
98'82T~"
[BT1ET
ZhosT—

B0 EPT—

cOT9T—
LB'EST—

CHy

TlEg—
SEEZ—

CHq
CHq

CH,y

-
24.0 232

123.6123.0

ppm

ppm

-10

90 80 70 60 50 40 30 20 10

100
ppm

200 190 léD 170 160 150 140 130 120 110
Figure S54. 13C {*H} NMR spectrum of compound 6c (CDCl;, 76 MHz).

210

S62



\S
(]
=
81z
&'z
ED'E,
69'91
0£°9
149
zLo
£0'o
£09
bro
509
5009
mn.mé
ST
9L
£10a3 82°L e
oz L} Hn_TM
L2l ﬁ €L'9
= £ro—
mn..h._ Gf'Q—
DE'L apal
58'L
98"/
8]
mm.&
ol
opg) EPA2STL
9L
{2
8z L
e
SBL~,
98~
8L~
88—
68 L~
68"
05~

o
i
L8]

7.30 7.28 7.26

ppm

ppm

FO0E
=i’ L

=009

=10y

=—£0e

e

- oo

12

14

ppm

Figure S55. 'H NMR spectrum of compound 6d (CDCls, 300 MHz).

S63



77.16 CDCI3

I o0 o 1N O o —
[=] = Ol ] =+ 0 [t
Ty] rl o o e o — [y m o
o L I TSR] — o ™o
H C — — — R B B | — - — —
P \V |t e
S
M W0
=]
r
— —
|
Ns -CHs
9 = e
e 18.0 17.1
H.C CH4 ppm
| i |
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0 -10

ppm

Figure S56. 13C {*H} NMR spectrum of compound 6d (CDCl;, 76 MHz).

S64



S65

STZ— —t [
o~
© ©
o 8] <
/ F
: O /Fv rnm
) FrNE
T a
© a
o
F e
L0°€ — —
o
F e
STz — Teoe
L0°€ — feoo
9991
89'9 in
. w1 [ ©
5£°97 99'9 — —— ©
L9 89'9 — — o
8/°9 1 ) F S
6479 =
08°9 9 S/'9 n S
€100 97 9/'9 M \|||\M\ F
g 79— = £
i 89— —_— 9 &
(2 649 = F® .
. ~ o — =101
Sb'L 089 / | =20t
Sb'L
e == Zoo
. e g1
(S°L S a2
(5L MIPMS.N
6S°L 20'T
8.&
092 .
Nw.ﬁ MH.M o
29'L ] oA ) F
WL cbs e I =
s/l Vi - n =
v Sh'L F
i (L __ A ,
J0 L VAN —— L=
008 Lv'L —| N .
o LS, =
10'8 Py N
20'8 1 oy _ — F N
b0'8 ] 09°2 @ N
+0'8 1 097 ] rN g
56781 297 — oa
'8 29/ N ™
sz'g- I o
WL °
YAV —] F o
8L \J B
S8/ - o A
10'8
208 L
oo}
+0'8 \ | ™ -
(4} @
sz'8

Figure S57. 'H NMR spectrum of compound 6e (CDCl;, 300 MHz).



-10

= =
1ra - | o
Ob'TTT ~
i ! i m
< 3
- LT — - S
19'%1T — —_— Q
r.m Lw
1T°91T — -—— rz - I
3 )
X
— 4 o
9" 0 — ?
o =
o~
— 3 °
3 wn
o~
u -
-3
< i
S
SSbeT — —— Lo
S0°92T ~ 8 i
—_——
$£'92T ~ 1| €1DAD 9T°'2L —
= [ee]
€C°L2T — = © 2
15021 /f -—Ity ks
06°£21 | L
vegz1 7 S &
96°62T ~~ — 9 1
_ QE
[ = 2 m W
Oa £
PbZeT — -— a £
> | S
« b TTT ~ i Fo
a T9°bTT ~
11911 = 9
O . 3 N
0 SS'bTT 5
- 50°92T M ~
® AL TAR - — )
] €/2T a
16221 i
° 06°£2T 3le
A ¥6°'8Z1T E B
96°621T -
N bY'ZET — —3\.%
- S8'8tT oz
/T°CST g
g BN
80°99T — . L |
o o
A > N
i
© 2 .
- t
S8'8vT — —— le3 th3 1.M
Q -
4] N\ E m
9 ) /C m
LTTST — —d = P £ 18
& | S
— k =
- o

Figure S58. 13C {*H} NMR spectrum of compound 6e (CDCl;, 76 MHz).

S66



L B _R_J
ST~ = Ic
ST — —_— 8
iatd \AI/J
by Ly
-
[ ™
S _
N
L(re— —] g
n [ o~
L _
60" ~\_ \.ﬂ-\\ - L
Hr———7 | [§
P — oy
o1y J N
- | o
- -
T\ g
ST =6
b1 /
L N
(17— — =] =00'¢
5 5
/ = oM
|
m )
1T L rYE
= —=====— E()('¢
3«\ g
9Tt
L n
7D2ad 7€'s — o ]
$9'9 ©
MNM/ v9'9~ p—— me
199~ - )
102 L
mv.h/ —— =860
N%NW ee———— =g - D
0SL . 0'T
05 LA I =0t |

. \m 104~ — ~ e 60
6627 IU— A
09°¢ w SbL - ——T 96T
292 . o1 |
597 1 Ly'L
o'/ 052 L o

9/ )
ol ] 05’2
6S/ VK =
ONNL 09/ m ——— T”W
08’2 ) o

a1 A\ | ) 2
€8 h_ v9°/ —_—1 |
508 7] 59/ 7 )
80°'8 ., i ——

ol YLl — — —-
ez8 ] or s JF —= =
sz'8 . \ )

08z

€8’/ | ©

908~ — © | o

8os~~ —

T8~ —_— .

sz'8 —1 -9
L =

Figure $59. 'H NMR spectrum of compound 6f (CD,Cl,, 300 MHz).

S67



54 00-CD2CI2

T o QD momogduoumoma
n © A 0= OANO@ON © L <
G = B NANSAGNS|F S« N @« =
0 © T MmN NNNN—A < § N 1
—~ ™ o A | (=) — -
] | =l \/ i1

Br

22| |2 8 |289 3 5

N o [~ 0N ¢ <

N ™M n N NN A N

~— ~— — ~— — —

[ [ e Y

L’-"M«‘v"\} e

L A L L e L

134 133 132 131 130 129 (128 127 126 125 124

T T Tl
210 200 190 180 170 160 150 140 130

Figure $60. 13C {{H} NMR spectrum of compound 6f (CD,Cl,, 76 MHz).

S68



£re—

POE—

5997
99'91
£9'91
89'91
530
09
T£'9
z2'o
mn_mg__
L9

1000 922
ov.nw
TH'L
zbe
£
bbL
T
53¢
992
(86
88t
6321
06'¢d

—_—

Br

S84~
98'L—
£8e-"
28 L~
68 L
0g6'L—

T T T
6.75 6.70 6.65
ppm

T
7.40

7.44

ppm

ppm

=00 E

= iS5

10y

=10Z

=10

ppm

Figure S61. 'H NMR spectrum of compound 6g (CDCl;, 300 MHz).

S69



77.16 CDCI3

N = o M O oo
(o] Ll i o = v 0 LN [ =] o
[} o~ =0 o =
Br . NN 2 5
\/ A s NS
Nx. _-CHs
N
/ \‘\
H3C CH;
! |
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 -10

ppm

Figure $62. 13C {{H} NMR spectrum of compound 6g (CDCl;, 76 MHz).

S70



9£'9
(69
88'9
68'9
06'9
169
26'9
£6'9
69
56'9
969

gpa ezt
06'¢
16°¢
'L
g6t
6L
s6'L

CHa

—

CHy

N

E-S0E

=—00E

=00E
FE0E

002
-y

=Ine

ppm

Figure $S63. 'H NMR spectrum of compound 6h (CDCls;, 300 MHz).

S71



77.16 CDCI3

INE=Rn] r~ oo ol s s Y}
o O 6 — M o a0 < o] 1N~
+ g i N ol od o T T D i =
o D N = [l £ o] 0] M~ %
= - - - o~ - w L i
2 o N [ I~ [ N
: H.C
o o e, %)
= o 0
|
Ma  -CHy
OW
T T T CH3
1143 1142 1141
ppm
i
|
" L " L
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10 i -10
ppm

Figure S64. 13C {{H} NMR spectrum of compound 6h (CDCl;, 76 MHz).

S72



1.40

o B n
SH1— - mm
LF T i
B
o'l
m_lv.
b1
[
90y
60'b
e
ET'b 0
i = s
BUb— - oE
he— - b
ETb~
99'9 m
89'0
Z6'g
S6'D
EPAD 9T i—
mtm.._ﬂ.
op'¢
08¢
W
| o
9 g @
8g'9-"
L w®
e
69~
569" L o
o
d
s m
£DaD 9T 4 e
[=
£F £ g
op ¢~
o
[
w
-~
06~ |M
64" =
(2]

SASACes

TLET -

= OrE

!IIMHIHD.N

TLET

FRET

=00 -

00

-1

8
ppm

16 15 14 13 12 11 10

17

Figure $65. 'H NMR spectrum of compound 6i (CDCl;, 300 MHz).

S73



1208 2 e
ZELT

ELTE9—

EROD 9T Ll

LTI
1oar1”

09121~
06T,

08 TET

E0'ZET

50°151—

bz 19—
EE'59T—

0a 1eT—

1318 1317
PRmM

132.1

170 140

200

30 10 -10

50

60

110 100 90 80
ppm

120

130

150

160

1580

150

210

Figure S66. 13C {{H} NMR spectrum of compound 6i (CDCl;, 76 MHz).

S74



CHgq
CHg

CH,
N\
F

HaC

002~

e |
80'c B _ ] e [

oez” e

cggy 00—
68'91 op'z—
£8'91
68'91
01'£
TT'£7
ZT' 4
£/
b1 i OEE—
bT' L
ST'LY
ST'Lq
FANA
FANA
8Tt

€000 9Z'¢
008~
S_mtﬁ
z0'8
£0's

08 i e
=N
el s 3
689~
=8
mo_m_ 6297 P 5
90'8] gag ! =
£0'g
—
— =
—

L
b

g s A L
F=p0 L

g

e 40T [ o2

6.90 6.88
pPpm

T
7.10

ppm

T
7.15

T
7.20

T
8.00

pPpm

T
8.05

S75

ppm

Figure S67. 'H NMR spectrum of compound 6j (CDCl;, 300 MHz).



P LT
00'8T~
sg027”

E12a0 9T LL—

bEZITA,
ZZHaT—
50991

PrET—

00'8T— -

PTSIT—
ZS8'5TT—

PS'SET~
BS'SET~

3

CH

18.0 17.5

ppm

CH,
H;C i CH,
N\; ;
F

1

116

i

i}

T

T

1294

115

ppm

129.0

1353

135.9

ppm

ppm

T
-10

20

40

60

70

80

T
120

T
140

T T
200 190

T
210

ppm

Figure S68. 13C {*H} NMR spectrum of compound 6j (CDCl;, 76 MHz).

S76



-164.90 CEFE

Ty}
@
0
CH, 5
:
H4C CH,
N _-CHs
F
I
|
T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -1000  -110  -120 -130 -140 -150 -160 -170 -180 -190 200 -210 220

ppm

Figure $69. ©°F {*H} NMR spectrum of compound 6j (CDCl;, 282 MHz). Standard CgF¢ with respect to CFCls.

S77



arz—

S0'E—

0L'9
L9
zL'9
kL9
509
9,'9
58'9-
889"

€000 92 F—~
95'z
mm_mu.
8
88'L
68'L
T6'L
T6'L
Z6'L

0L'9
:_@,//
zL9—
bL'9—

SL'9
wm.w.\.

§8'9—
2g'9—

95 L=
BSL—

8
88 nM
68 L—
16 L—
6L

6/

6.90 6.85

7.90  7.85

7.95

ppm

ppm

ppm

ppm

F=00E

EFora

=861
T10e

e
ForE

Fm

13

15

ppm

Figure $70. *H NMR spectrum of compound 6k (CDCls, 300 MHz).

S78



0E'6TT— =

Cmpa iy o

L0'0ET— =

L955T— =

130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5 125.0 124.5 124.0 123.5 123.0 1225 122.0 121.5 121.0 120.5 120.0 119.5

155.7 155.6

oTiT—

6T'0F—

ppm

9ZTIT—
0EBTT

8E6TT

BEEZT~.
ZOPET-E
syveT-f
agveT
1521
SO'9ZT
or9ct
51921
0Z'92T-
8F92T
£592T
94821
LODET-
8TZsT

E_mmH\

60'59T

ppm
F3

o

i

J N\

W,

CHy
“CH,

_

()

4 \_/

H,C

-10

200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 30 40 30 20 10
ppm

210

Figure S71. 13C {*H} NMR spectrum of compound 6k (CDCls, 76 MHz).

S79



-164.90 CEF6

re]
e
CFz b

Nx _-Chs

N
g
HiC CH,
]
T T T T T T T 4 T T T T T T T T T T T T T T T T
10 1] -10 -20 -30 40 -50 -60 -70 -80 -a0 -io0 -110  -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

ppm

Figure S72. °F {*H} NMR spectrum of compound 6k (CDCls, 282 MHz). Standard CgFg with respect to CFCls.

S&0



#99-_
£9'9

E1202 92/ £~
0L

EE'L
k'L
k'L

o'
o'
8k £
85 £
85/
09'£4
g9
9/
ELL
5¢'¢A
8£'¢1
19L
708
0’8
£z'g
9z'g-

960~
66'0—
10T

39—
L9'9—

TO'8—~
P08

£2'8~—
9za—

2.702.64

0.9

1.0

1.1

1.7 1.6
ppm

1.8

6.66 6.60
ppm

8.0 7.9 7.8 77 76 7.5 7.4 7.3
ppm

8.1

ppm

ppm

%k\iﬁvi, F ,Y

/|\«

T-ED'E

Fore
FhE'E

Fo00E

=60

ST
Zr9gn
=101

w,_r.S.H
560
461
u_rof

10

13

15

17

ppm

Figure S73. 'H NMR spectrum of compound 6l (CDCl;, 300 MHz).

S81



st
oa'£1-"
65 e,

a0'8E—

Epadarii—

0z b1~
reart—
bEREIN
el B\

1E7421

2k 4ZT

99 LT
A _..

mh.mml_
PE6T1
05'ZE1]
aa'og]f
aropr
628k

56991 —

FERTT—

EZ9ZT—

LEETTA,
8 LET—

izt m
68zl wm

=0T

129 125 127 1% 125 124
ppm

130

200

-10

30

&0

180 170 160 150 140 130 120 110 100 90 80
ppm

190

210

Figure S74. 13C {*H} NMR spectrum of compound 6l (CDCl;, 76 MHz).

S82



£9'9
99'9

€000 9Z' £~
Sb'L
Sb'L
e
gb'L
gb'ed
0521
051
651
65
197
79
£9'¢1
v
S9'L
bl
bl
9L
i
56 L
9L
£6'(
86/
66'L
00'8
be'e
'8

EQ Qe

99'9—

Sk'L
mv.n%
N
8b'—
mv.n%.
05'Z

om_h\

654~
65—
19U~
za' L~
g9~
paL—
soe”

PLL
vh.hV
@h.h“

S6'L
wm.hM
L5 L—

6.63

T
7.45

T
7.50

T
7.60

T
7.65

776 7.68

ppm

ppm

ppm

ppm

ppm

ppm

F=00E

F-007

T
10

11

T
12

13

T
14

15

16

T
17

ppm

Figure S75. *H NMR spectrum of compound 6m (CDCls, 300 MHz).

S&3



132.48
131.82
129.87
129.05
—127.76
—127.43
—127.31
125.74
124,13

. . | \

E: T T % T T T T T T T T T
132.5 132.0 131.5 131.0 130.5

T T T T T T T T T T T
130.0 128.5 128.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5 125.0 124.5 124.0

ppm
m
[w]
[a]
Br ™~ e el R N o Rl B o B | 3
a ~OTOMOMTMTET MO It —
[T} Iy B R AR R B it [
[re} o000 O N DN ™~ ™~
— A A A A A A4 A A A M~ —
| e |
Nx_ _-CHa
M !
| |
] I ' 1 | i
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 L] 50 40 30 20 10 1] -10
ppm

Figure S76. 13C {*H} NMR spectrum of compound 6m (CDCl;, 76 MHz).
S84



S8&5

o
T
C 1
m 1
wwe— =/6'C
<
(o}
L S
. -
99'9 — o E
)| Lss
I o
699 — —
J m
Q
(=1
99'9 J\/ R s == !
€10ad wwm
8L 3 JIov
8t/ - E— 160
. - 60
0S°, b
0s'L l.*ullﬂwmq
Hm.hL 50
Nm.h; 5
¢S, 8b'/ <
€571 8b'L N
mm.nu 0S'Z R L
*um.hp ﬁm.h/ —— L ” S
bSL ] SLE ~ — |
mm.n; r4-WA \nlfA,. ©
09°L €5°L _= N .
09°2 7 €S/ -] I =
9L S/ | __H
€9/ 1 S/ B IL |
S/, 797, [ ~ ” ~
8L/ S = <t
08/ wm.n\ - { | g
€8°/ 08, | M .
TT°8 1 €8/ | —
1’87 11°8 °
18 Z1°8 g
<187 Z1°8 L <
[A% N Z1°8 | M
€18 ] 21°8 ~¥ ——
v1'87 v1'8 \ — . -
+1°8 v1°'8 g r o —
ST'81 ST'8~L 3 |
8¢'8- 87'8 — - o | m

Figure S77. 'H NMR spectrum of compound 6n (CDCl;, 300 MHz).
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Figure S78. 13C {*H} NMR spectrum of compound 6n (CDCl;, 76 MHz).
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S6. Single crystal X-ray diffraction data

Figure S89. Crystal structures of [IMesH][AuCl,]. Thermal ellipsoids are set to a 50% probability
level. Disorder is omitted.
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Table S1. Crystal data and structure refinement for [IMesH][AuCl,].

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Completeness to B¢, = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>20(l)]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole
CCDC number

[IMesH][AuCl,]

C21 H25 Au CI2 N2

573.29

100(2) K

0.71073 A

Monoclinic

P2,/c

a=8.5969(2) A a=90°.
b =16.0302(3) A B =98.3750(10)".
c=15.7911(3) A y = 90°.
2152.97(8) A3

4

1.769 g:cm™3

7.088 mm

1112

0.177 x0.174 x 0.145 mm

2.395 to 33.173".
-13<h<13,-24<k<24,-24<1<24
115164

8228 [R(int) = 0.0404]

7232

99.9 %

Semi-empirical from equivalents
0.4353 and 0.3490

Full-matrix least-squares on F2
8228 /0/ 255

1.129

R; =0.0207, wR, = 0.0405

R; =0.0270, wR, = 0.0425
0.00031(4)

0.903 and -1.304 e-A3

2530450
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Figure S90. The structure of 6e. Thermal ellipsoids are shown at a 50% probability level. Hydrogen
atoms are drawn as fixed-size spheres. Disorder is omitted.
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Table S2. Crystal data and structure refinement for 6e.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
CCDC number

mg-479-1

C20 H19 Br N2

367.28

100.00(10) K

1.54184 A

Triclinic

P-1

a=6.39790(10) A a=92.979(2)°.
b=15.6118(3) A b=92.396(2)°.
c=16.6250(4) A g =90.863(2)".
1656.61(6) A3

4

1.473 Mg/m3

3.370 mm-1

752

0.342x0.228 x 0.17 mm3

2.664 to 80.214°.

-8<=h<=8, -19<=k<=19, -21<=I<=20
13001

13001

99.8 %

Gaussian

0.981 and 0.964

Full-matrix least-squares on F2

13001/ 0/ 422

1.068

R1=0.0396, wR2 = 0.1125

R1=0.0416, wR2 = 0.1148

0.923 and -0.483 e.A-3

2530449
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Figure S91. Crystal structures of 6f. Thermal ellipsoids are set to a 50% probability level. Disorder
is omitted.
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Table S3. Crystal data and structure refinement for 6f.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole
CCDC number

6f

C20H18BrN O
368.26
100.01(10) K
1.54184 A
Triclinic

P-1
a=6.38260(10) A
b =16.2140(3) A
c=16.7920(2) A
1674.84(5) A3

4

1.460 Mg/m3
3.364 mm-1

752

0.48 x 0.28 x 0.12 mm3
2.825 to 80.178°.

a=74.904(2)°.
b= 87.595(2)°.
g = 87.054(2)°.

-7<=h<=6, -20<=k<=20, -21<=I<=21

43252

7183 [R(int) = 0.0744]
99.7 %

Gaussian

1.000 and 0.309

Full-matrix least-squares on F2

7183 /0/419
1.074

R1=0.0570, wR2 =0.1663
R1=0.0594, wR2 = 0.1688

0.914 and -1.435 e.A-3
2530448
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Figure S92. Crystal structures of 6k. Thermal ellipsoids are set to a 50% probability level. Disorder
is omitted.
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Table S4. Crystal data and structure refinement for 6k.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter
Largest diff. peak and hole
CCDC number

mg-566

C17 H17 F3 N2
306.32

99.99(10) K
1.54184 A
Monoclinic

la
a=5.76250(10) A
b =7.97390(10) A
c = 32.0048(5) A
1469.91(4) A3

4

1.384 Mg/m3
0.920 mm-1

640

0.28 x0.21x 0.13 mm3
2.763 to 80.102°.

a=90°.
b=91.769(2)°.
g =90°.

-7<=h<=7, -10<=k<=10, -40<=1<=40

9879

2543 [R(int) = 0.0329]
99.8 %

Gaussian

1.000 and 0.531

Full-matrix least-squares on F2

2543 /2 /202
1.114

R1=0.0368, wR2 =0.1031
R1=0.0374, wR2 = 0.1036

-0.09(10)
0.156 and -0.203 e.A-3
2530447
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