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Supplementary Methods

General procedures. Commercially available chemicals, including substrates and anhydrous
dimethyl sulfoxide were purchased from Sigma-Aldrich, Thermo Fisher Scientific, or Tokyo
Chemical Industry and used without further purification. 2-Chloro-5-(trifluoromethyl)pyridine
(>97%), 3,4-dichlorobenzotrifluoride (97%), methyl 4-bromobenzoate (99%), methyl 5-bromo-2-
iodobenzoate (97%), 3,5-bis(trifluoromethyl)bromobenzene (99%), bromopentafluorobenzene
(99%), N-methylpyrrole (99%), N,N,N',N'-tetramethylethylenediamine (TMEDA, 99%),
potassium carbonate (99%), potassium phosphate tribasic (=98%), dimethyl sulfoxide (DMSO,
>99.9%), N,N-dimethylacetamide (DMA, 99.8%), tetrahydrofuran (THF, >99.9%),
dichloromethane (DCM, >99.9%), and acetonitrile (99.8%), were purchased from Sigma Aldrich.
2-Chloroquinoline (99%), 1-chloroisoquinoline (95%), 4-bromoacetophenone (98%), 4-
bromobenzaldehyde (99%), 2-bromopyridine (99%), 4-bromobenzotrifluoride (>98%), 4-
iodobenzotrifluoride (98%), 1-methylindole (98%), 3-methylindole (99%), triethylamine (99%),
1,8-diazabicyclo[5,4,0]undec-7-ene (99%), sodium acetate (99%), potassium acetate (99%), and
trifluoroethanol (TFE, 99+%) were purchased from Alfa Aesar. 2-Chloronaphthalene (>98%), 1-
bromo-4-iodobenzene (>98%), N,N-diisopropylethylamine (DIPEA, >99%), were purchased from
Tokyo Chemical Industry. 3-Bromoquinoline (98%), 8-bromoquinoline (98%), and 4-
bromoisoquinoline (97%) were purchased from Combi-blocks. 4-Chlorobenzonitrile (99%) was
purchased from Acros Organics. Sodium bicarbonate (>99%) was purchased from Duksan General
Science. The synthetic procedures of the Au(I) complexes, except for [Au(PPPI)(Cz)], were
reported in our previous study.'

Steady-State UV—Vis Absorption Measurements. UV—Vis absorption spectra were collected on
an Agilent, Cary 300 spectrophotometer at 298 K. Sample solutions were prepared prior to
measurements at a concentration of 50 uM [Au(BZI)(TMCz)] dissolved in Ar-saturated DMSO
and toluene, unless otherwise stated. The solution was delivered into a quartz cell (Hellma, beam
path length = 1.0 cm).

Steady-State Photoluminescence Measurements. Photoluminescence spectra were obtained at
298 K using a Photon Technology International, Quanta Master 400 scanning spectrofluorometer.
The solutions used for the steady-state UV—Vis absorption studies were also used for the
photoluminescence measurements. The excitation wavelength for the solution of
[Au(BZI)(TMCz)] were 380 nm, unless otherwise stated. All the solutions were deaerated by
bubbling Ar for 10 min prior to the measurements. A quartz cell (Hellma, beam path length = 1.0
cm) was used for solution samples.

Determination of Photoluminescence Lifetime. Photoluminescence decay traces were acquired
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on the basis of time-correlated single-photon counting (TCSPC) techniques, using a PicoQuant,
FluoTime 200 instrument after 377 nm pulsed laser excitation (pulse duration = 25 ps). A pico-
second pulsed diode laser that produced 377 nm (PicoQuant, LDH375) was driven by a PDL800-
D driver (PicoQuant). Transient photon signals were collected at the peak emission wavelength
for [Au(BZI)(TMCz)] through an automated motorized monochromator. The photon acquisition
was terminated when the accumulated photon count reached 10*. Photoluminescence decay traces
were fitted to a mono- or bi-exponential decay models embedded in the OriginLab, OriginPro
2022 software.
Determination of Relative Photoluminescence Quantum Yield. The photoluminescence
quantum yield (@) was determined for 50 uM [Au(BZI)(TMCz)] dissolved in Ar-saturated DMSO
and toluene. The @ was calculated using the equation @ = Drer X (I/lref) X (AretlA) X (n/nre)?,
where A4, I, and n are the absorbance at the excitation wavelength, the integrated
photoluminescence intensity, and the refractive index of the solvent, respectively. 9,10-
Diphenylanthracene (@rr= 1.00, toluene; Aex = 366 nm) was used as the reference material.? (Ref:
Photochem. 1974, 3, 315-320) Photoluminescence spectra were collected at 298 K in the emission
range 400-740 nm and were integrated using the OriginLab, OriginPro 2022 software.
Photoluminescence Quenching Experiments. Photoluminescence spectra were obtained at 298
K using a Photon Technology International, Quanta Master 400 scanning spectrofluorometer.
Stock solutions of 50 uM [Au(BZI)(TMCz)] and 500 mM and 5 M 1a were prepared in DMSO.
3.0 mL of [Au(BZI)(TMCz)] solution was added into a quartz cell (Hellma, beam path length =
1.0 cm). Photoluminescence spectra of the [Au(BZI)(TMCz)] solution, which had been previously
saturated with Ar, were taken (4ex = 380 nm) with the continuous addition of 3 uL. of 500 uM and
5 mM 1a. The final concentration of 1a was 100 mM.
Electrochemical Characterization. Cyclic and differential pulse voltammetry experiments were
conducted using a CH Instruments, CHI630 B potentiostat with a three-electrode cell assembly. A
Pt wire and a glassy carbon were used as the counter and working electrodes, respectively. An
Ag/AgNO; couple was used as the pseudo-reference electrode. Measurements were carried out in
Ar-saturated DMSO (3.0 mL) with 0.10 M TBAPFg as the supporting electrolyte at scan rates of
100 mV s (cyclic voltammetry) and 4.0 mV s™! (differential pulse voltammetry). A
ferrocenium/ferrocene couple was employed as the external reference. The excited-state oxidation
(E"ox) potentials were determined using the following relationship

Edy = Eox- AEg
In this equation, AE, was determined from the onset wavelength of photoluminescence spectrum:
2.72 eV.
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Determination of Photochemical Quantum Yields (PCQYs). The quantum yield for C—C cross
coupling was determined by conducting standard ferrioxalate actinometry following the method
reported before.> A 6 mM K;[Fe(C204)3] solution as chemical actinometer prepared and 1 mL of
solution was transferred to the same glassware used in the photoreaction (glass tube having
diameter of 1.5 cm), and the solution was photoirradiated with a beam of photoreaction at 405 nm
for 20 s. The same volume of 1 wt% 1,10-phenanthroline in sodium acetate buffer solution was
added and stored in the dark for 1 h. The absorbance changes at 510 nm was measured by UV—Vis
spectrophotometer (Agilent, Cary 300); inserting the value to the following equation returned light
intensities 8.31x10° einstein s™' at 405 nm:

light intensity (/o, einstein s™) = (AAbs(510 nm) x V) / (@ x 11050 M cm™ x Af)

where, AAbs(510 nm), V, @, and At are the absorbance change at 510 nm, volume (L), quantum
yield (1.15) of the ferrioxalate actinometer at 405 nm, and photoirradiation time (s), respectively.
Finally, the reaction yield for C—C cross coupling with the reaction condition utilizing 0.1 mol%
[Au(BZI)(TMCz)] as photoredoxcatalyst was quantified with GC-MS, and inserted into following
equation to afford PCQY:

PCQY = [product] x V

Iy X At
where, [product] is the molar concentration of the products calculated from GC-MS, At (s) is the
photoirradiated time, V is the volume of the solution (L), and /o is the light intensity obtained by
actinometry described above.
Spectroelectrochemical Measurements. UV—-vis—NIR absorption spectra of the radical species
were obtained on an Agilent, Cary 5000 spectrophotometer with applying the anodic potentials (—
0.45 V vs Ag/AgNQO;3) for [Au(BZI)(TMCz)], using the amperometric /—¢ curve method. A blank
spectrum was taken for a 0.10 M NBu4PFs solution (DMSO) in a spectroelectrochemical cell (path
length = 0.5 mm) equipped with a Pt mesh working electrode, a Pt wire counter electrode, and an
Ag/AgNO; pseudo reference electrode. 500 puL of a 2.0 mM sample solution was delivered into
the spectroelectrochemical cell for the measurement.
Quantum Chemical Calculations. Geometry optimization was performed using the Becke’s
three-parameter exchange-correlation functional (CAM-B3LYP) exchange correlation functional,
the “double-£” quality LANL2DZ basis set for the Au atom, and the 6-311+G(d) basis set for all
the other atoms using the Gaussian 09 program. A pseudo potential (LANL2DZ) was applied to
replace the inner core electrons of the Au(l) atom, leaving the outer core electrons and the valence
electrons. Time-dependent density functional theory (TD—DFT) calculations were carried out for

the optimized geometries using the same functional and basis sets.
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Supplementary Table 1. Chemical structures, photoexcitation wavelengths (Ae.s), excited-
state lifetime (zns), and excited-state oxidation potentials (E*,s) of reported

photoredoxcatalysts for organic transformations

structure condition Aex (nm) Tobs (1S) E*ox (V vs SCE) Ref.

1 CH3CN 650 1 -0.73 4
2 CH30H 437 4.2 -1.55 4
3 CH30H 520 2.1 -1.58 4
4 CH30H 549 0.50 -1.33 4
5 CH30H 550 2.45 -1.31 4
6 CH3;CN 530 4.13 -1.09 5
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bandgap energy energy obtained from onset wavelength of the photoluminescence spectrum.
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Supplementary Table 2. Oxidation potentials of chemical reducing agents

structure condition Eox (Vvs SCE) Ref.
/N
N Nn—
1 = DMF ~0.64¢ 51
N N—

Q2

2 = DMF —0.85¢ 51
o O
A

3 = DMF -0.594 51

OO

4 = DMF -0.62¢ 51

5 = DMF —0.38¢ 51
N N
o
NK\N
6 Sat DMF 1.22¢ 52
_N N—
N\ /
7 Co CH:Cl2 ~0.86" 53
p—g
8 Co CH3CN -1.53 50
9 Fe CH3CN 038 50
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0

10 Fe CH3CN ~0.13 50

11 Fe CH3CN -1.87 50

12 NoHq DMSO 0.02¢ 53

13 h CH:CN 0.9¢ 53
SN

‘ THF -1.71¢ 53

15 O . O THF —1.72¢ 53

16 Li NH3 —2.49 53

17 Li(Hg) H20 245 53

18 K NH3 —2.23/ 53

19 Na(Hg) Nonaqueous 221 53

20 Na NH3 -2.10" 53
H_

[K(erypt)'] C

21 CH3CN -1.0 54

CN

[K(erypt)'] Pro-
22 N 0 CH3CN -13 54

ol

aFPotential values referenced to the Fc*/Fc couple were converted to SCE by adding 0.470 (DMF), 0.475 (CH2Cly),?

0.435 (DMSO0),¢ 0.385 (CH3CN),? 0.547 (THF), and —0.160 (H20),” based on the previous report.3%3

S28



Supplementary Table 3. Photophysical and electrochemical parameters of [Au(BZI)(TMCz)]

ﬂabs /’iem DpL, Tobs ki ke Eox Ered Eox* Ered
solvent _

(nm)? (nm)® (%)° (ns)? (10°s™)e  (107sY  (vvsSCE)®  (VvsSCEY' (VvsSCE) (VvsSCEy

407
toluene 515 11 207 53 0.4

(6=0.94 x 10* M cm™)

380

DMSO 540 1.8 45 4.0 2.2 0.56 -2.26 -2.16 0.46

(e=15%x10*M"'cm™!

4Absorption peak wavelength. "Emission peak wavelength. ‘Photoluminescence quantum yield determined relatively, using the equation @pL = @pLrer X (/lref) X (Aret/A) %
(n/nref)?, where A, I, and n are the absorbance at the excitation wavelength, the integrated photoluminescence intensity, and the refractive index of the solvent, respectively.
9,10-Diphenylanthracene (@pr = 1.00, toluene; Aex = 366 nm) was used as the reference material. “Photoluminescence lifetime. ¢Radiative rate constant, kr = @pr / zobs. "Non-
radiative rate constant, knr = (1 — @pL) / 7obs. ‘Oxidation potential determined by cyclic and differential pulse voltammetry for Ar-saturated DMSO containing 2.0 mM
[Au(BZI)(TMCz)] and 0.10 M tetrabutylammonium hexafluorophosphate; A glassy carbon and a Pt wire for the working and counter electrodes, respectively; an Ag/AgNO3

pseudo reference electrode; scan rates = 0.10 V s7! and 0.004 V s7! for cyclic and differential pulse voltammetry, respectively.
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Supplementary Table 4. Optimization and control experiments

entry

© O N O O b~ W N =

A A A a o
A W N = O

24
25¢
26°
27°
28°

; [AUBZI(TMC2)] (1 mol%)
DIPEA (2.0 equiv)

cl
IOy
MeO,C E/) DMSO (0.1 M), r.t,, 12 h, Ar

Blue LEDs (18 W) MeO,C

2a

variations

none
[Au(BZI)(Cz)] instead of [Au(BZI)(TMCz)]
[Au(PPPI)(CZ)] instead of [Au(BZI)(TMCz)]
[Au(PPPBZI)(Cz)] instead of [Au(BZI)(TMCz)]
[Au(PPPBZI)(TMCz)] instead of [Au(BZI)(TMCz)]
DMA instead of DMSO
DCM instead of DMSO
THF instead of DMSO
TFE instead of DMSO
MeCN instead of DMSO
no DIPEA
NaOAc instead of DIPEA
NaHCOj; instead of DIPEA
KOAc instead of DIPEA
K,COj instead of DIPEA
K3PO, instead of DIPEA

TEA instead of DIPEA
TMEDA instead of DIPEA
DBU instead of DIPEA
DMSO (0.25 M)
DMSO (0.5 M)
DMSO (1.0 M)
neat

variations from optimal conditions (entry 21)

[Au(BZI)(TMC2)] (0.5 mol%)

[Au(BZI)(TMCZ)] (0.25 mol%)

[Au(BZI)(TMC2)] (0.1 mol%)
no [Au(BZI)(TMCz)]

no hv

N

N H
=
MeO,C

3aa 4

conversion (%)  3aa/4 (%)

100 82/ 11
100 67/8
100 62/22
40 34 / trace
40 33/ trace
N.R 0/0
N.R 0/0
100 41/49
100 0/0
100 55/38
trace 0/0
trace 0/0
10 6/ trace
trace 0/0
trace 0/0
21 15/3
86 63/16
100 741719
15 11 / trace
100 86/8
100 91/ trace
60 45/14
N.R 0/0
100 92 / trace
100 91/ trace
23 19/0
N.R 0/0
N.R 0/0

aReaction scale : 1a (0.05 mmol) and 2a (0.5 mmol). 2Yields were determined by "H NMR spectroscopy using bromoform as the
internal standard. ©24 h reaction time

=

[Au(BZI)(C2)]

Q/NYN\Q N/‘:;\N
A A

=

iPr iPr

\u iPr" i
“
[Au(BZI)(TMCz)] [Au(PP?I)(Cz)]
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Supplementary Table 5. Photoredoxcatalytic C—B bond formation reactions

[Au(BZI)(TMC2)] (0.1 mol%) . )Q
X o O ' B~
= A= LB o o DMSO (0.5 M), r.t., Ar, 24 h =
1

Blue LEDs (18 W)
9)§< o)§< O)§< )§<
B ~0

B 0
/©/ e QB\O Q ° /@B
MeO,C Fs;C
2 NC o 3

86% (X=CI) 79% (X=Cl) 91% (X=Br) 64% (X=I)

An oven-dried reaction vial equipped with a magnetic stir bar was charged with aryl halide 1 (0.30 mmol, 1.0 equiv),
[Au(BZI)(TMC2z)] (0.2 mg, 0.1 mol%), 4,4,4'4',5,5,5',5"-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (0.9 mmol, 3 equiv),
DIPEA (0.6 mmol, 2 equiv), and anhydrous DMSO (0.20 M, 1.5 mL). The vial was sealed with a silicon septum screw
cap and purged with argon via a balloon for 10 minutes. The setup was then exposed to a 405 nm lamp in a photoreactor
with continuous stirring. The reaction progress was monitored using thin-layer chromatography (TLC) or gas
chromatography (GC). Upon completion, the reaction was quenched by adding water. The reaction mixture was
extracted three times using dichloromethane. The combined organic phases were dried over MgSOs, concentrated under
reduced pressure using a rotary evaporator, and purified by silica gel flash column chromatography using a hexane-

ethyl acetate (20/1) as the eluent to give the corresponding product.
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15
| [Au(®®?1)(C2)]
& [Au(BZI)(C2)]
s [Au(PPPBZI)(Cz)]
I l [Au(BZI)(TMCz)]
S 10 [Au(PPPBZI)(TMCz)]
8 ] \
C
@®
2
5 ]
2 05+
@ i
g
o
= ]
0'0 T T T T T T T T T T T N 1 M T N N 1 N M M M
350 400 450 500 550

Wavelength (nm)

Supplementary Fig. 1 UV—Vis absorption spectra. a—e, UV—Vis absorption spectra (toluene) of 10 uM Au(l) complexes tested in this study.
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£ 10 M [ U( )( Z)] Uum a \m/ ——50 uM [AU(BZ')(TMCZ)] +1.0mM 2a = « 50 },J.M [AU(BZ')(TMCZ)] +1.0 mM 2a
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Supplementary Fig. 2 Effect of added substrate. a—c, UV—Vis absorption (a) and photoluminescence (b; A.x = 380 nm) spectra and
photoluminescence decay traces (¢; Aobs = 540 nm) of 50 uM [Au(BZI)(TMCz)] in the absence (blue curves) and presence (red curves) of 1.0
mM 2a. The black lines in ¢ are nonlinear least-squares fit of the decay traces to a mono-exponential decay model. The corresponding zops are

227 ns and 150 ns without and with 2a, respectively.
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—— 2.0 mM [Au(BZI)(TMCz)] ——20mM1a ——2.0 mM DIPEA
———blank —— blank —— blank

. 10 pA <l
Q 10 }lA /OY©/

T
1.0 0.5 0.0

0.5 0.0 2.0 2.5 -1.0 15 2.0
Potential (V vs SCE)

Potential (V vs SCE) Potential (V vs SCE)

Supplementary Fig. 3 Electrochemical potentials. a—c, Cyclic (CV, blue solid curves) and differential pulse voltammograms (DPV, blue
dashed lines) of Ar-saturated DMSO containing 0.10 M BuuNPFs and 2.0 mM sample: a, [Au(BZI)(TMCz)]; b, 1a; ¢, DIPEA. Grey lines are
signals recorded for an Ar-saturated DMSO containing 0.10 M BusNPF¢ blank. Conditions: a glassy carbon disc and a Pt wire as the working
and counter electrodes, respectively. An Ag/AnNO; pseudo reference electrode. Scan rate = 0.10 V s! for CV and 4 mV s™! for DPV. The

electrochemical potentials were corrected using a F¢*/Fc redox couple as an external standard.
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Supplementary Fig. 4 Electrochemical potentials. a, Cyclic (CV, blue solid curves) and differential pulse voltammograms (DPV, blue dashed
lines) of Ar-saturated DMSO containing 0.10 M BusNPFs and 2.0 mM aryl halide substrate. Conditions: a glassy carbon disc and a Pt wire as
the working and counter electrodes, respectively. An Ag/AgNO; pseudo reference electrode. Scan rate = 0.10 V s™! for CV and 4 mV s™! for
DPV. The electrochemical potentials were corrected using a Fc'/Fc redox couple as an external standard. b, Comparison of E*, of
[Au(BZI)(TMCz)]*, Ereq of substrates, and Er.q and Eox of [Au(BZI)(TMCz)].
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Supplementary Fig. 5 Examination of energy transfer. a, Overlays of the UV—vis absorption spectra of 10 uM 1a (red), 10 uM 2a (green),
and 10 uM DIPEA (blue), and the steady-state room-temperature photoluminescence (orange; Aex = 380 nm) and 78 K phosphorescence (cyan;

Aex =380 nm) spectra of 50 uM [Au(BZI)(TMCz)]. b, Energy level alignments of the lowest singlet (S;; grey) and the triplet (T;; purple) states
of [Au(BZI)(TMCz)] and 1a calculated the TD-CAM-B3LYP functional and the 6-311G(d) basis set.
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Supplementary Fig. 6 Charge recombination. a—d, Second-order kinetics analysis for charge
recombination between [Au(BZI)(TMCz)]*" and the substrate radical anion. (a, 4-trifluorophennyl
bromide; b, 4-trifluorophennyl iodide; ¢, 2-chlroquinoline; d, 3-bromoquiniline) The 870 nm
photoinduced absorption kinetic traces were recorded for 100 uM [Au(BZI)(TMCz)] and 50 mM
substrate, recorded after 355 nm pulsed laser photoexcitation (Ar-saturated DMSO).
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Supplementary Fig. 7 Fits of kcr values to Jortner electron-transfer theory. Plot of log kcr as
a function of —AGcr with five different aryl halide substrates. The red and blue lines correspond

to theoretical Jortner plots with 4 =4.6 and 4.8 eV, respectively.
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Supplementary Fig. 8 Catalyst recovery. a—d, Pseudo-first-order kinetics analysis for the
recovery of [Au(BZI)(TMCz)] through electron transfer from the radical adduct of 2a and the aryl
halide to [Au(BZI)(TMCz)]**: a, 50 mM trifluorophenyl bromide and 0—300 mM 2a; b, 50 mM
trifluorophenyl iodide and 0—-300 mM 2a; ¢, 50 mM 2-chloroquinoline and 0-250 mM 2a; d, 50
mM 3-boromoquinoline and 0-300 mM 2a.
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Supplementary Data. Analytical data for the synthesized compounds
\N Methyl 4-(1-methyl-1H-pyrrol-2-yl)benzoate, 3aa: pale yellow solid; 'H
\\ NMR (600 MHz, CDCl3) 6 8.06 (d, J=8.4 Hz, 2H), 7.48 (d, /= 8.4 Hz,
2H), 6.76 (dd, J= 1.8, 2.8 Hz, 1H), 6.34 (dd, /= 1.8, 3.7 Hz, 1H), 6.22
(dd,J=2.8,3.7 Hz, 1H), 3.93 (s, 3H), 3.71 (s, 3H); *C NMR (151 MHz,
CDCl3) 6 167.17, 137.96, 133.72, 129.95, 128.15, 128.08, 125.32,
110.25, 108.49, 52.29, 35.59; IR (neat): vmsx = 3111, 2953, 1712, 1607, 1275, 1114 cm™'; R;0.40

(hex/EtOAc 5/1).

_0

0]

\N 2-(1-Methyl-1H-pyrrol-2-yl)quinoline, 3ba: yellow solid; "TH NMR (600

N \\ MHz, CDCl;) 6 8.07 (d, J = 8.8 Hz, 1H), 8.06-8.02 (brs, 1H), 7.75 (d, J =

| h 8.0 Hz, 1H), 7.70 (d, J = 8.6 Hz, 1H), 7.67 (dd, J = 7.6, 8.8 Hz, 1H), 7.46
=

(dd, J=7.6, 8.6 Hz, 1H), 6.82-6.78 (m, 2H), 6.23 (dd, J= 2.6, 3.8 Hz, 1H),
4.21 (s, 3H); BC NMR (151 MHz, CDCls) § 152.46, 147.87, 136.02, 132.40, 129.53, 129.26,
127.82,127.63, 126.25, 125.66, 120.30, 112.51, 108.02, 37.88; IR (neat): vmax= 3055, 2924, 2854,
1465, 1322 cm’™'; R 0.38 (hex/EtOAc 10/1).

1-(1-methyl-1H-pyrrol-2-yl)isoquinoline, 3ca: yellow solid; '"H NMR (600
MHz, CDCl3) 6 9.04 (dd, J=1.8,4.2 Hz, 1H), 8.26 (dd, J= 1.8, 8.5 Hz, 1H),
7.89 —7.85 (d, J= 8.5 Hz, 1H), 7.76 (dd, J = 1.8, 7.2 Hz, 1H), 7.61 (dd, J =
7.2,8.5 Hz, 1H), 7.46 (dd, J=4.2, 8.2 Hz, 1H), 6.85 (dd, /= 1.8, 2.7 Hz, 1H),
6.33 (dd, J= 1.8, 3.7 Hz, 1H), 6.31 (dd, J= 2.7, 3.7 Hz, 1H), 3.48 (s, 3H); *C NMR (151 MHz,
CDCl) 6 150.58,147.13,136.48, 133.21, 132.33,132.23, 128.74, 128.14, 126.42, 123 .45, 121.17,
110.34, 107.98, 35.53; IR (neat): vimax = 3107, 2958, 1275, 1170, 1125 cm’™'; R;0.30 (hex/EtOAc
10/1).

\N \ 2-(1-methyl-1H-pyrrol-2-yl)-5-(trifluoromethyl)pyridine, 3da: pale yellow

N ~ solid; "H NMR (600 MHz, CDCl3) 5 8.79 (s, 1H), 7.83 (d, /= 8.4 Hz, 1H),
N

| P 7.63 (d, J=8.5 Hz, 1H), 6.80 (dd, /= 1.9, 2.7 Hz, 1H), 6.73 (dd, /= 1.9,

FsC 3.9 Hz, 1H), 621 (dd, J = 2.7, 3.9 Hz, 1H), 4.05 (s, 3H); 3C NMR (151
MHz, CDCL) § 155.66, 145.68 (q, J= 4.3 Hz), 133.45 (q,J = 3.5 Hz), 130.93, 128.47, 124.12 (q,
J=272.0 Hz), 122.59 (q, J = 33.0 Hz), 120.45, 113.08, 108.46 (d, J = 2.3 Hz), 37.80; °F NMR
(564 MHz, CDCl3) § -62.20; IR (neat): vamax = 3109, 2927, 2854, 1605, 1321, 1119, 1080 cm’';
R;0.32 (hex/EtOAc 7/1),
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2-(1-methyl-1H-pyrrol-2-yl)pyridine, 3ea: pale green oil; "H NMR (600 MHz,
CDCl) 6 8.57 (d,J=5.4 Hz, 1H), 7.64 (dd, J="7.5, 7.8 Hz, 1H), 7.54 (d, J=7.8
Hz, 1H), 7.07 (dd, J = 5.4, 7.5 Hz, 1H), 6.74 (dd, J = 1.8. 2.6 Hz, 1H), 6.59 (dd,
J=1.8,3.7 Hz, 1H), 6.19 (dd, J = 2.6, 3.7 Hz, 1H), 4.01 (s, 3H); *C NMR (151
MHz, CDCL) 6 152.84, 148.67, 136.47, 132.43, 126.61, 121.67, 120.41, 110.99, 107.87, 37.06;
IR (neat): vma = 3102, 2950, 2808, 1586, 1453 cm’'; R;0.45 (hex/EtOAc 10/1).

\N \ 3-(1-methyl-1H-pyrrol-2-yl)quinoline, 3fa: yellow solid; 'H NMR (600

N MHz, CDCl) 6 9.02 (d, /= 2.2 Hz, 1H), 8.14 — 8.10 (m, 2H), 7.83 (dd, J

P =14, 8.0 Hz, 1H), 7.71 (ddd, J= 1.4, 6.9, 8.4 Hz, 1H), 7.57 (ddd, J= 1.1,

N 6.9, 8.0 Hz, 1H), 6.82 (dd, J = 1.9, 2.7 Hz, 1H), 6.42 (dd, J = 1.9, 3.7 Hz,

1H), 6.28 (dd, J=2.7, 3.7 Hz, 1H), 3.75 (s, 3H); '*C NMR (151 MHz, CDCl;) 5 151.09, 146.80,

134.03, 131.17, 129.49, 129.39, 127.99, 127.98, 127.28, 126.72, 125.18, 110.48, 108.65, 35.45;
IR (neat): vima = 3051, 2987, 2932, 1608, 1464, 1238 cm™'; R0.30 (hex/EtOAc 10/1).

4-(1-methyl-1H-pyrrol-2-yl)isoquinoline, 3ga: pale yellow solid; '"H NMR
(600 MHz, CDCl) 6 8.57 (d, J = 5.6 Hz, 1H), 8.40 (dq, J = 1.0, 8.5 Hz, 1H),
7.84 (d, J=8.2 Hz, 1H), 7.68 (ddd, /= 1.2, 6.8, 8.1 Hz, 1H), 7.59 — 7.53 (m,
2H), 6.86 (dd, J=1.7, 2.7 Hz, 1H), 6.54 (dd, J= 1.8, 3.7 Hz, 1H), 6.29 (dd, J
= 2.6, 3.7 Hz, 1H), 3.80 (s, 3H); *C NMR (151 MHz, CDCl3) § 153.23, 141.90, 137.18, 130.24,
128.25, 127.97, 127.40, 127.01, 125.53, 119.21, 114.02, 107.78, 35.65; IR (neat): vma = 3047,
2926, 1591, 1273, 1066 cm™'; R;0.40 (hex/EtOAc 10/1).

8-(1-methyl-1H-pyrrol-2-yl)quinoline, 3ha: white solid; '"H NMR (600 MHz,
CDCl3) 6 9.04 (dd, J=1.8,4.2 Hz, 1H), 8.26 (dd, J= 1.8, 8.5 Hz, 1H), 7.87
(d, J=8.5 Hz, 1H), 7.76 (dd, J= 1.8, 7.2 Hz, 1H), 7.61 (dd, J= 7.2, 8.5 Hz,
1H), 7.46 (dd, J=4.2, 8.2 Hz, 1H), 6.85 (dd, J= 1.8, 2.7 Hz, 1H), 6.33 (dd, J
=1.8,3.7 Hz, 1H), 6.31 (dd, J = 2.7, 3.7 Hz, 1H), 3.48 (s, 3H); *C NMR (151 MHz, CDCl;) §
150.58, 147.13, 136.48, 133.21, 132.33, 132.23, 128.74, 128.14, 126.42, 123.45, 121.17, 110.34,
107.98, 35.53; IR (neat): vmsx = 3103, 3056, 2926, 2854, 1601, 1427, 1068 cm™; Ry 0.35
(hex/EtOAc 10/1).
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\N 1-(4-(1-methyl-1H-pyrrol-2-yl)phenyl)ethan-1-one, 3ia: white solid; "H
\ NMR (600 MHz, CDCl3) 6 7.99 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz,
2H), 6.77 (dd, J=1.7,2.9 Hz, 1H), 6.35 (dd, J=1.7, 3.8 Hz, 1H), 6.23 (dd,
J=2.9,3.8Hz, 1H), 3.72 (s, 3H), 2.62 (s, 3H); *C NMR (151 MHz, CDCl;)

0 8 197.71, 138.08, 135.09, 133.56, 128.75, 128.10, 125.49, 110.39, 108.53,
35.59,26.72; IR (neat): vmax= 3104, 2954, 2851, 1676, 1601, 1269 cm™'; R;0.35 (hex/EtOAc 7/1).

\N 4-(1-methyl-1H-pyrrol-2-yl)benzaldehyde, 3ja: pale yellow oil; "H NMR

\ (600 MHz, CDCl;) 6 10.02 (s, 1H), 7.90 (d, J= 8.4 Hz, 2H), 7.57 (d, J =

8.4 Hz, 2H), 6.79 (dd, J= 1.8, 2.7 Hz, 1H), 6.39 (dd, J= 1.8, 3.7 Hz, 1H),

6.24 (dd, J=2.7, 3.7 Hz, 1H), 3.74 (s, 3H); *C NMR (151 MHz, CDCl)

0 5 191.89, 139.44, 134.43,133.43, 130.15, 128.40, 125.97, 110.94, 108.73,

77.02, 35.73; IR (neat): vma = 3104, 2952, 2827, 2734, 1693, 1600, 1168 ¢cm; Ry 0.40
(hex/EtOAc 7/1).

\N \ 4-(1-methyl-1H-pyrrol-2-yl)benzonitrile, 3ka: white solid; "H NMR (600

~ MHz, CDCl3) 6 7.67 (d, J= 8.0 Hz, 2H), 7.50 (d, /= 8.0 Hz, 2H), 6.78 (dd,
J=1.8,2.7Hz, 1H), 6.37 - 6.33 (dd, J=1.8,3.9 1H), 6.23 (dd, /=2.7, 3.9

NC Hz, 1H), 3.72 (s, 3H); *C NMR (151 MHz, CDCL) § 132.83, 132.46,
128.48, 126.04, 110.95, 109.90, 108.79, 35.66; IR (neat): vm. = 3105, 2922, 2851, 2224, 1605,

1498 cm™'; R;0.30 (hex/EtOAc 10/1).

\N \ 1-methyl-2-(4-(trifluoromethyl)phenyl)-1H-pyrrole, 3la: colorless oil; 'H

~./ NMR (600 MHz, CDCl3) 6 7.65 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz,

2H), 6.77 (dd, J= 1.8, 2.7 Hz, 1H), 6.31 (dd, /= 1.8, 3.6 Hz, 1H), 6.23 (dd,

FsC J=2.7,3.6 Hz, 1H), 3.70 (s, 3H); *C NMR (151 MHz, CDCl) § 137.03,
133.32, 128.61, 125.58 (q, J = 3.8 Hz), 125.13, 124.48 (q, J = 272.0 Hz), 110.14, 108.46, 35.45;
F NMR (564 MHz, CDCl;) § -62.82; IR (neat): vimax= 3105, 2929, 1616, 1325, 1122, 1070 cm®

l: Rr0.40 (hex/EtOAc 10/1).

\N 2-(2-chloro-4-(trifluoromethyl)phenyl)-1-methyl-1H-pyrrole, 3ma: pale
\\ yellow solid; "TH NMR (600 MHz, CDCls) § 7.74 (s, 1H), 7.56 (d, J = 8.0
Hz, 1H), 7.48 (d, /= 8.0 Hz, 1H), 6.78 (dd, J = 1.8, 3.0 Hz, 1H), 6.25 (dd,

FaC Cl J=3.0,3.7 Hz, 1H), 6.22 (dd, J= 1.8, 3.7 Hz, 1H), 3.51 (s, 3H); 3C NMR

S42



(151 MHz, CDCL) & 136.51, 135.65, 133.30, 131.48 (q, J = 33.3 Hz), 129.99, 126.94 (q, J= 14.9
Hz), 126.25, 123.75, 123.60 (q, J = 14.9 Hz), 123.51 (q, J = 273.1 Hz), 110.62, 108.13, 34.75; 1F
NMR (564 MHz, CDCls) & -62.78; IR (neat): vmax = 2925, 2854, 1324, 1124 cm’'; Ry 0.25
(hex/EtOAc 7/1).

N 2-(3,5-bis(trifluoromethyl)phenyl)-1-methyl-1H-pyrrole, 3na: white solid;

FsC \\ 3ma: pale yellow solid; "H NMR (600 MHz, CDCl3) 5 7.84 (s, 2H), 7.79

(s, 1H), 6.80 (dd, J= 1.8, 2.7 Hz, 1H), 6.37 (dd, J = 1.8, 3.7 Hz, 1H), 6.25

(dd, J = 2.7, 3.7 Hz, 1H), 3.71 (s, 3H); *C NMR (151 MHz, CDCL) §

135.52, 132.05 (q, J = 33.3 Hz), 131.65, 128.18, 125.88, 123.47 (q, J =

272.8 Hz), 120.20 (sep, J=4.1 Hz), 111.00, 108.84, 35.38; ’F NMR (564 MHz, CDCl3) § -63.02;
IR (neat): s = 3106, 2927, 1362, 1277, 1129 cm™'; R;0.40 (hex/EtOAc 5/1).

CF;

1-methyl-2-(perfluorophenyl)-1H-pyrrole, 3o0a: white solid; "TH NMR (600
MHz, CDCl;) 6 6.86 (dd, J=1.8, 2.7 Hz, 1H), 6.32 (dd, J = 1.8, 3.8Hz, 1H),
6.29J=2.7,3.8 Hz, 1H), 3.55 (s, 3H); *C NMR (151 MHz, CDCl3) 5 144.84
(dm, J = 246.8 Hz), 140.97 (dm, J = 254.6 Hz), 138.03 (dm, J = 251.4 Hz),
125.22,116.89,113.08, 108.84, 108.63 (td,J=4.3, 18.2 Hz), 34.69; F NMR
(564 MHz, CDCl;) -139.51 (dd, J = 8.2, 23.8 Hz, 2F), -154.68 (t, J=20.9 Hz, 1F), -162.16 (ddd,
J =82, 2009, 23.8 Hz, 2F); IR (neat): vm.x = 2986, 2931, 2806, 1483, 1297 cm’'; Ry 0.45
(hex/EtOAc 10/1).

\N 1-methyl-2-(naphthalen-2-yl)-1H-pyrrole, 3pa: pale yellow solid; '"H NMR

\\ (600 MHz, CDCl3) 6 7.89 — 7.82 (m, 4H), 7.56 (dd, J = 1.8, 8.4 Hz, 1H),

OO 7.53 —7.45 (m, 2H), 6.77 (dd, J = 1.7, 2.7 Hz, 1H), 6.35 (dd, J= 1.7, 3.8

Hz, 1H), 6.26 (dd, J=2.7, 3.8 Hz, 1H), 3.75 (s, 3H); *C NMR (151 MHz,

CDCl) 6 134.78,133.59, 132.38, 130.98, 128.15, 128.11, 127.88, 127.33, 127.14, 126.51, 126.04,

124.17, 109.36, 108.18; IR (neat): vma = 3118, 2954, 2854, 1511, 1471, 979 ¢cm™'; Ry 0.45
(hex/EtOAc 10/1).

\N 2-(4-bromophenyl)-1-methyl-1H-pyrrole, 3qa: colorless oil; 1-methyl-2-
\\ (naphthalen-2-yl)-1H-pyrrole, 3pa: pale yellow solid; '"H NMR (600 MHz,
CDCL) 6 7.52 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.73 (dd, J =

Br 1.5, 2.7 Hz, 1H), 6.24 (dd, J = 1.5, 3.7 Hz, 1H), 6.21 (dd, J = 2.7, 3.7 Hz,
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1H), 3.66 (s, 3H); *C NMR (151 MHz, CDCl;) 6 133.55, 132.45,131.72, 130.27, 124.34, 120.99,
109.23, 108.20, 35.26; IR (neat): vmax = 3101, 2948, 2921, 1489, 1309, 1074 cm™; Ry 0.30
(hex/EtOAc 15/1).

\N \ methyl 4-bromo-2-(1-methyl-1H-pyrrol-2-yl)benzoate, 3ra: pale yellow

Br ~ solid; "H NMR (600 MHz, CDCl;) § 8.04 (d, J = 2.0 Hz, 1H), 7.65 (dd, J
=2.0, 8.2 Hz, 1H), 7.26 (d, J=8.2 Hz, 1H), 6.71 (dd, /= 1.9, 2.9 Hz, 1H),

COMe ¢ 19 (dd, J=2.9, 3.7 Hz, 1H), 6.06 (dd, ] = 1.9, 3.7 Hz 1H), 3.74 (s, 3H),

3.39 (s, 3H); *C NMR (151 MHz, CDCls) 5 166.83, 134.55, 134.05, 133.55, 133.01, 132.95,
131.55, 122.92, 121.89, 109.04, 107.89, 52.69, 34.39; IR (neat): vma = 3100, 2996, 2948, 2848,

1730, 1281, 1246, 1089 cm™'; R;0.40 (hex/EtOAc 5/1).

1-methyl-2-(naphthalen-1-yl)-1H-pyrrole, 3sa: pale yellow solid; 'H NMR
(600 MHz, CDCl3) 6 7.90 (d, J = 8.8 Hz, 1H), 7.88 (d, J= 8.2 Hz, 1H), 7.72
(d, J=8.8 Hz, 1H), 7.53 — 7.43 (m, 4H), 6.82 (dd, 1.9, 2.9 Hz, 1H), 6.31 (dd,
J=1.9,3.7 Hz, 1H), 6.27 (dd, J = 2.9, 3.7 Hz, 1H), 3.40 (s, 3H); *C NMR
(151 MHz, CDCl;) 6 133.85, 133.54, 132.41, 131.45, 128.95, 128.42, 128.39, 126.51, 126.48,
126.07, 125.42, 122.63, 110.21, 107.75, 34.72; IR (neat): vmax = 3053, 2923, 2852, 1504, 1305,
520 cm™'; R 0.40 (hex/EtOAc 15/1).

methyl 4-(1-methyl-1H-indol-2-yl)benzoate, 3ab: yellow solid; 'H
NMR (600 MHz, CDCl;) § 8.16 (d, J = 8.4 Hz, 2H), 7.68 (d, J =
7.8 Hz, 1H), 7.61 (d, J= 8.4 Hz, 2H), 7.40 (d, J= 8.0 Hz, 1H), 7.30
MeO,C (dd, J = 7.8, 8.6 Hz, 1H), 7.19 (dd, J = 8.0, 8.6 Hz, 1H), 6.67 (s,
1H), 3.98 (s, 3H), 3.78 (s, 3H); *C NMR (151 MHz, CDCl;) § 166.98, 140.50, 139.04, 137.46,
129.97, 129.41, 129.19, 128.04, 122.48, 120.95, 120.32, 109.93, 103.06, 52.41, 31.59; IR (neat):
Vimax = 3052, 2948, 2842, 1717, 1271, 1101 em™'; R;0.32 (hex/EtOAc 5/1).

O methyl 4-(3-methyl-1H-indol-2-yl)benzoate, 3ac: pale green solid;
HN\ "TH NMR (600 MHz, CDCl3) 6 8.14 (d, J = 8.3 Hz, 2H), 8.09 (brs,

O 1H), 7.66 (d, J = 8.3 Hz, 2H), 7.62 (d, /= 7.8 Hz, 1H), 7.39 (d, J
MeO,C =8.3 Hz, 1H), 7.24 (dd, J=7.8, 8.3 Hz, 1H), 7.16 (dd, /= 7.3, 8.3
Hz, 1H), 3.95 (s, 3H), 2.50 (s, 3H); *C NMR (151 MHz, CDCl;) § 167.06, 137.96, 136.42, 132.98,
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130.34, 130.19, 128.75, 127.44, 123.29, 120.03, 119.50, 111.05, 110.80, 52.41, 10.11; IR (neat):
Vmax= 3373, 3052, 2923, 2852, 1692, 1607, 1300 cm™'; R;0.25 (hex/EtOAc 5/1).

3-(1-methyl-1H-indol-2-yl)quinoline, 3fb: orange solid; 'H NMR
(600 MHz, CDCL3) 6 9.12 (s, 1H), 8.27 (s, 1H), 8.20 (d, J = 8.6 Hz,
1H), 7.91 (d, J= 8.0 Hz, 1H), 7.78 (dd, J = 6.8, 8.6 Hz, 1H), 7.69 (d,
J=82Hz 1H), 7.63 (dd, J = 6.8, 8.0 Hz, 1H), 7.42 (d, J = 8.2 Hz,
1H), 7.31 (dd, J = 7.0, 8.6 Hz, 1H), 7.20 (dd, J = 7.0, 8.2 Hz, 1H), 6.75 (s, 1H), 3.84 (s, 3H); *C
NMR (151 MHz, CDCl;) 6 150.99, 138.97, 137.98, 135.72, 130.18, 129.48, 128.19, 128.12,
127.59, 126.28, 125.29, 122.64, 121.00, 120.47, 109.97, 103.55, 101.75, 31.56; IR (neat): Vpax =
3063, 2934, 2861, 1581, 1476, 1330, 1284 cm™'; R;0.30 (hex/EtOAc 10/1).

3-(3-methyl-1H-indol-2-yl)quinoline, 3fc: yellow solid; 'H NMR
(600 MHz, CDCl3) 6 9.19 (s, 1H), 8.38 (s, 1H), 8.29 (s, 1H), 8.15 (d,
J=8.4Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.74 (dd, J = 7.6, 8.6 Hz,
1H), 7.65 (d, J= 8.0 Hz, 1H), 7.60 (dd, J = 8.0, 8.6 Hz, 1H), 7.44 (d,
J=8.0 Hz, 1H), 7.26 (dd, J = 7.6, 8.4 Hz, 1H), 7.19 (dd, J = 8.0, 8.6 Hz, 1H), 2.54 (s, 3H); *C
NMR (151 MHz, CDCl3) & 150.99, 138.97, 137.98, 135.72, 130.18, 129.48, 128.19, 128.12,
127.59, 126.28, 125.29, 122.64, 121.00, 120.47, 109.97, 103.55, 101.75, 31.56; IR (neat): viax =
3455,2922, 2853, 1452, 1330 cm™"; R 0.25 (hex/EtOAc 10/1).

Bpin methyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate, white
solid; "TH NMR (600 MHz, CDCl;) § 8.02 (d, J = 8.1 Hz, 2H), 7.87 (d, J
= 8.1 Hz, 2H), 3.92 (s, 3H), 1.35 (s, 12H); 1*C NMR (151 MHz, CDCl)

8 167.32, 134.86, 132.51, 128.79, 84.37, 77.44, 52.33, 25.08; IR (neat): vm.x = 2984, 1932, 1720,

1357, 1268, 1108 cm’'; R;0.25 (hex/EtOAc 10/1).

MeO,C

1-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethan-1-one,
white solid; "H NMR (600 MHz, CDCl3) § 7.93 (d, J = 8.4 Hz, 2H), 7.89 (d,
J=8.2Hz, 2H), 2.61 (s, 3H), 1.36 (s, 12H); *C NMR (151 MHz, CDCl3) §
198.74, 139.22, 135.14, 127.51, 84.44, 26.97, 25.09; IR (neat): vy = 2979,
2931, 1687, 1357, 1278, 1123 cm’'; Ry 0.40 (hex/EtOAc 10/1).

Bpin

o)
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Bpin 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile, white solid; 'H

/©/ NMR (600 MHz, CDCl3) 6 7.88 (d,J="7.8 Hz, 2H), 7.64 (d, J=7.8 Hz, 2H),

NC 1.35 (s, 12H); *C NMR (151 MHz, CDCl3) 5 135.31, 131.35, 119.09, 114.77,

84.71, 25.08; IR (neat): vma = 2982, 2933, 2228, 1395, 1356, 1141, 1086 c¢cm; R, 0.30
(hex/EtOAc 7/1).

Bpin 4,4,5,5-tetramethyl-2-(4-(trifluoromethyl)phenyl)-1,3,2-dioxaborolane,

colorless oil; 'TH NMR (600 MHz, CDCl3) § 7.92 (d, J = 7.8 Hz, 2H), 7.62

FsC (d, J = 7.8 Hz, 2H), 1.36 (s, 12H); *C NMR (151 MHz, CDCl;) § 135.23,

133.06 (q, J = 32.12 Hz), 124.53 (q, J = 3.76 Hz), 124.37 (q, J = 272.52 Hz), 84.49, 25.07; F

NMR (564 MHz, CDCls) § -63.06; IR (neat): vma = 2961, 2923, 2854, 1261, 1058 cm™'; R;0.40
(hex/EtOAc 20/1).
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