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Supplementary Methods

General Information

General remarks

Unless otherwise noted, all reactions were carried out under an atmosphere of argon in flame-dried
glassware. Reaction temperatures are referred to the ones of the heating/cooling media (heating
block, cryogenic bath), unless otherwise stated. Dry solvents were either purchased from ACROS
Organics (H>O < 50 ppm), stored under activated molecular sieves, withdrawn under positive argon
pressure or purified using a custom-made SPS purification system (activated alumina columns) and
transferred under argon.

Solvents for flash column chromatography (n-pentane, EtOAc, CH»Cl) were purchased of
technical grade and purified by atmospheric pressure distillation or purchased of reagent grade
(MeOH, acetone, Et20) and used without additional purification. Reagents were purchased from
Sigma-Aldrich, ACROS Organics, TCI, Combiblocks, Fluorochem, Merck and used without
additional purification, unless otherwise stated.

Photochemical set-up

Photochemical reactions were performed in a Hepatochem EvoluChem™ PhotoRedOx Box Duo
device and irradiated with two EvoluChem™ P303-30-1 LEDs (30 W, Amax = 450 nm). The reaction

temperature was measured not to exceed room temperature more than 9 °C, using this setup.

a) PhotoRedOx Box Duo b) Emission spectrum of the light source

Intensity 1 AU
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Supplementary Figure 1. Photoreaction setup. a) Image showing the Hepatochem EvoluChem™
PhotoRedOx Box Duo (without light sources and vial holders). Courtesy of Hepatochem. b)
Measured emission spectrum of the EvoluChem™ P303-30-1 LEDs light.



Purification techniques

Flash chromatography was performed on Merck silica gel (40-63 mesh) under a slight positive
pressure, according to the procedure by Still and co-workers. Thin layer chromatography (TLC) as
carried out on Merck silica gel 60F2s4 pre-coated aluminum sheets and were visualized using UV
light (254 nm) and stained with basic aqueous potassium permanganate (2 g KMnOg4, 10 g K2COs3,
0.3 g of NaOH in 200 ml of deionized water) or alcoholic solution of phosphomolybdic acid (10 g
of PMA in 100 ml of absolute EtOH) dips.

Analytical techniques

NMR-spectra were recorded on a Bruker DPX 300, Avance II 300, Avance 11 400 MHz, NEO 400
MHz, Agilent DD2 500 or DD2 600 spectrometers. Chemicals shifts (3) are quoted in ppm
downfield of tetramethylsilane (0.00 ppm). The residual solvent signals were used as references for
'H and '3C NMR spectra (CDCls: 8 = 7.26 ppm, 8¢ = 77.16 ppm; DMSO-ds: u = 2.50 ppm, 8¢ =
39.52 ppm; CD30D: o = 4.87 ppm, dc = 49.00 ppm; acetone-ds: o = 2.05 ppm, dc = 206.26 ppm).
9F NMR spectra were calibrated using absolute referencing to the '"H NMR spectrum, as suggested
by IUPAC.! Coupling constants (J) are quoted in Hz and rounded to the nearest 0.1 Hz. The
multiplicity abbreviations used (or combinations thereof) are: s = singlet, d = doublet, t = triplet, q =
quartet, hept = heptet, m = multiplet.

High-resolution mass spectra (HRMS) were obtained by the MS service of the
Organisch-Chemisches Institut, Westfdlische Wilhelms - Universitdt Miinster, using electrospray
ionisation (ESI) on a Bruker Daltonics, MicroToF spectrometeror Thermo-Fisher Scientific Orbitrap
LTQ XL spectrometer.

Absorption spectra were recorded on a JASCO V-730 two-beam UV/Vis spectrometer using the
following parameter set: spectral bandwith 1.0 nm, response time 0.06 s, data interval 0.5 nm,
baseline correction. All samples were measured in Hellma fluorescence QS quartz cuvettes

(chamber volume 1.4 mL, dimension: 46 mm x 12.5 mm x 12.5 mm) fitted with a PTFE stopper.



Sensitivity Screening

The sensitivity assessment was performed according to Glorius and co-workers.? The following

reactions were set-up in order to assess the influence of different reaction parameters:

Supplementary Table 1. Entries for condition-based sensitivity screening.

Entry Note
1 Standard
2 Standard jacketed Jacketed, still water
3 Low concentration (-10%)
4 High concentration (-10%)
5 High intensity (ca. 16x) d=0.5cm
6 Low intensity (ca. 1/16) d=8.8cm
7 High temperature Wrapped with aluminium foil
8 High H20 (10* ppm) 5 pl of H20 added
9 Medium Oz Only argon filling the vessel
10 High Oz 5 ml of air injected in solution
1 Low temperature Jacketed, water flowing
12 Large scale (30x) Isolated yield

Step 1. Preparation of the stock solution (for 12 reactions)

In an oven-dried round-bottom flask equipped with a PTFE-coated stirring bar, 6-chloroquinoline
(196.3 mg, 0.10 mmol for each reaction), Ir-F (26.9 mg, 2 mol% for each reaction) were dissolved
in HFIP (4.8 ml) and 2-bromopropene (213 pl, 0.20 mmol for each reaction) was added and the
yellow clear solution was thoroughly stirred.

Step 2. Preparation of the reactions (except large scale reaction)

In an oven-dried Schlenk tube equipped with a PTFE-coated stirring bar (one for each reaction),
400 pl of stock solution were added under air, followed by the appropriate amount of HFIP (50 pl
for all the reactions except #3 — 100 pl and #4 — none added) and HC1 4M in 1,4-dioxane (50 pl,

0.20 mmol for each reaction). In case further addition of substances or treatments to be performed



these were carried out at this stage. The reactions, except the ones at higher oxygen concentrations,
were degassed by freezing the solutions with liquid nitrogen, followed by vacuum-argon exchange
(five times).

For reactions #1, 3, 4, 8-11, the standard photobox set-up was used for irradiation, while #2, 5-7, 11

were irradiated as shown in Supplementary Figure 2.

a) Lower temperature experiment b) Higher temperature experiment c) Low and high intensity experiments

Supplementary Figure 2. Photoreaction setup for sensitivity screening. a) Lower temperature
experiment. The jacketed Schlenk tubes were filled either with still water or flowing water from the
cooling system and irradiated with a Kessil light H150 blue (34W 455 nm). b) Higher temperature
experiment. The reaction was wrapped with aluminium foil to reduce the extent of heat dissipation. c)
Low and high intensity experiments. The Schlenk tubes were placed either at 0.5 or 8.8 cm away from
the light source and irradiated with a Kessil light H150 blue (34W 455 nm). A cooling fan was

installed to provide increased heat dissipation.

After 24 hours of irradiation, the reactions were transferred to a separating funnel with CH>Cl> (10
ml), neutralized with saturated NaHCO3 (5 ml) and the layers were separated. The aqueous layer
was extracted twice with CH2Clz (5 ml), then the combined extracts were dried over MgSO4 and the
solvent was removed in vacuo. The residue was dissolved in CDCl; and analysed by 'H NMR,
using dibromomethane as internal standard (d1 = 30 s). The resonance at 2.93 ppm was chosen as it

minimizes overlap with by-products (Supplementary Figure 3).
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Supplementary Figure 3. Overlay of 'H NMR spectra (400 MHz, CDCls) of the crude reactions,

with d1 = 30 seconds.



Supplementary Table 2. Results for condition-based sensitivity screening

Entry Yield % Deviation %
1 Standard 78 --
2 Standard jacketed 77 --
3 Low concentration (-10%) 78 0
4 High concentration (-10%) 77 -1
5 High intensity (ca. 16x) 77 -1
6 Low intensity (ca. 1/16) 65 -13
7 High temperature 66 -12
8 High H20 (104 ppm) 77 -1
9 Medium Oz 79 +1
10 High O2 59 -19
1" Low temperature 77 0
12 Large scale (6 mmol, isolated yields) 73 +1
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Supplemmentary Figure 4. Radar diagram showing the sensitivity assessment results.

Comment on the results. As detailed in Supplementary Table 2 and Supplemmentary Figure 4,
the reaction proved compatible with moderate positive and negative concentration variations, wet

solvent, scaling up, high light intensity and reduced temperature, as well as less effective degassing
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(sparging instead of freeze-pump-thaw). We observed a moderate reduction of the yield in the case
of low irradiation intensity (-13%), as well as with increased temperatures (-12%) and under aerobic

conditions (-19%).



Mechanistic investigation

Ruling-out of single-electron transfer pathways

In order to exclude the possibility of single-electron oxidation or reduction of the quinoline

substrate, cyclovoltammetry experiments were carried in order to assess the redox potentials.

Preparation of 1a-HCI. In a round-bottom flask equipped with a PTFE-coated stirring bar, 1a (1.0

equiv.) was dissolved in CH>Cl> (0.2 M), then HC1 4 M in 1,4-dioxane (2.0 equiv.) was added under
vigorous stirring. The reaction was stirred at room temperature for 2 hours, then the volatiles were

removed in vacuo and the corresponding white solid was dried under high vacuum.

Measurement of the redox potential of 1a and 1a-HCI in HFIP. a standard three-electrode cell

configuration was used to collect cyclic voltammograms (CVs) at room temperature with a
CHI600e electrochemical workstation (CHI Instruments, Austin, Texas, USA). A 3 mm glassy
carbon disc electrode, a Ag/AgCl (3 M KCl) electrode, and a platinum wire were used as the
working electrode, reference electrode, and counter electrode, respectively. The scan rate was set to
100 mV/s. The electrolyte solution contains 0.1 M tetrabutylammonium hexafluorophosphate
(TBAPFg) and 5 mM 1la or l1la-HCl in HFIP, which was preliminarily degassed by
freeze-pump-thaw. For comparison with reported redox potentials of the photosensitizers, the
reference electrode potential was converted to the saturated calomel electrode (SCE) scale. Argon
gas protection was applied during the test to avoid the interference of atmospheric oxygen. A sharp
reduction peak with a half peak potential of -1.18 V and -1.12 vs. Ag/AgCl were observed in the
cathodic reduction scan (Supplementary Figures 5 and 6) for 1a and 1a-HCI, respectively. This
peak was not observed in blank electrolyte solution, thus is attributed to the reduction of the analyte.
The analytes itself are free of oxidation at least at 1.80 V vs. Ag/AgCl, as no oxidation process was
observed below this potential in the anodic oxidation scan. The current wave beyond 1.80 V vs.

Ag/AgCl is either due to the oxidation of the analyte or the solvent.
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Supplementary Figure 5. Supplementary Figure 6.

Cyclovoltammogram of 1a (5 mM) in 0.1 M Cyclovoltammogram of 1a-HCI (5§ mM) in 0.1

TBAPF HFIP solution (0.1 M). M TBAPFs HFIP solution (0.1 M).
Erea (1a) = -1.18 V vs Ag/AgCl Ereda (1a) = -1.22 V vs SCE
Erea(12-HCI) = -1.12 V vs Ag/AgCl Erea(12-HCI) = -1.16 V vs SCE

Comment on the results. Given the redox potentials of the employed photocatalyst Ir-F (E;,2"¢"P¢*

= -0.89 V vs SCE; E1,"“”?C = +1.21 V vs SCE) in comparison with 1a and 1a-HCI, neither a
reductive nor an oxidative quenching towards 1a or 1a-HCI appears possible, therefore ruling-out

the operativity of a single-electron transfer pathway (see Supplementary Figures 5 and 6).

Evidence of a cascade energy transfer

Experimental set-up. A dried 5 mL Schlenk tube was charged with the 6-fluoroquinoline (29.4
mmol, 0.2 mmol, 1.0 equiv.), 1,1-dichloroethene (80 pl 1.0 mmol, 5.0 equiv.), HCl (4 M in
1,4-dioxane, 100 pl, 0.4 mmol, 2.0 equiv.) and [Ir(dF(CF3)ppy2)(dtbbpy)][PFs] (4.4 mg, 0.004
mmol, 2 mol%) in 1,1,1,3,3,3-hexafluoro-2-propanol (1 ml). The reaction mixture was degassed via
freeze-pump-thaw for two cycles. After the mixture was thoroughly degassed and filled with argon,
the Schlenk tube was sealed tightly and stirred under irradiation with 30 W blue LEDS (Amax = 450
nm) for 24 hours. The reaction was subsequently quenched by saturated aqueous NaHCO3 and
extracted with CH2Cl, (10 mL x 3). The organic phases were combined and concentrated under
reduced pressure. 'H NMR analysis of this crude reaction mixture gave the d.r. values. Finally, the
product was obtained by flash chromatography on silica gel (n-pentane/EtOAc = 8/1), affording 3b

(25.9 mg, 0.076 mmol, 38%) as a mixture (60:40) of diastereoisomers.
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"H NMR (400 MHz, CDCls, mixture of two diastereomers) & 8.65 (dd, J = 5.0, 1.6 Hz, 1H, major),
8.54 (dd, /= 4.9, 1.6 Hz, 1H, minor), 7.48 (dt, J = 7.8, 1.3 Hz, 1H, major), 7.36 (ddd, J = 7.8, 1.7,
0.8 Hz, 1H, minor), 7.29-7.26 (m, 1H, major), 7.19 (ddd, J = 7.8, 4.9, 0.9 Hz, 1H, minor), 4.60 (dp,
J=9.1, 1.5 Hz, 1H, major), 3.99 (d, J = 12.9 Hz, 1H, minor), 3.90-3.79 (m, 1H, mixture of major
and minor), 3.68 (tdd, /= 9.2, 8.0, 1.3 Hz, 1H, major), 3.59 (ddd, /= 13.2, 10.3, 1.8 Hz, 1H, major),
3.34-3.23 (m, 1H, mixture of major and minor), 3.23 — 3.16 (m, 1H, minor), 3.07 (dd, /= 11.4, 6.7
Hz, 1H, minor), 2.98 (ddd, J = 14.0, 8.1, 1.3 Hz, 1H, major), 2.84-2.66 (m, 1H, mixture of major
and minor), 2.44 (ddd, J = 13.0, 9.8, 0.8 Hz, 1H, minor).

13C NMR (151 MHz, CDCl;, mixture of two diastereomers) {'H, °F} & 146.64, 142.85, 136.89,
132.48, 125.83, 124.51, 98.07, 94.81, 83.41, 83.18, 82.68, 55.82, 49.48, 45.59, 45.07, 40.81, 37.94,
37.89, 37.02, 29.76.

HRMS (ESI, m/z) calcd for C13H10NCIsFNa * [M+Na]": 363.9414, found: 363.9414.

cl
[Ir-F] (2 mol%) N ¢
F = 0
| X \[/C' > | 3b, 38% yield, 60:40 d.r.
— + ¢ HCI (2 equiv.), HFIP "N
N 25-30°C
CI
¢ 1St EnT c

[2+2]

S
—

4 Cl /

F [2+2 nd CI —> | “
N 4 [2+2] N 4 Cl 2 EnT - N Cl
| — | 'F " " SH

N/ _ No C- F bond E
N

cleavage possible

Not detected

Supplementary Figure 7. 6-Fluoroquinoline led to a twofold [2+2] cycloadditions product which

is an evidence for cascade energy transfer process.

Comment on the results. The twofold [2+2] cycloaddition, which arises from the impossibility of
C—F bond cleavage upon the second photoexcitation process, suggests the operability of the cascade

energy transfer mechanism (Supplementary Figure 7).
Detection of the reaction intermediate 1

Experimental procedure. In a scintillation vial equipped with a PTFE-coated stirring bar and a
PTFE septum, 1a (8.2 mg, 0.05 mmol, 1.00 equiv.) and Ir-F (1.1 mg, 0.001 mmol, 2 mol%) were

charged, then the vessel was evacuated and back-filled with argon (three times). HFIP (0.25 ml) was
12



added, then 1,1-dichloroethene (20 ul, 0.25 mmol, 5.0 equiv.) and HCI 4 M in 1,4-dioxane (25 pl,
0.1 mmol, 2.00 equiv.) were added and the reaction was irradiated at 450 nm with a single blue
LED. After 30 minutes, the irradiation was interrupted and the reaction was diluted with CH>Cl> (5
ml) and washed with saturated aqueous NaHCO3 (5 ml). The aqueous layer was extracted twice
with CH2Cl, (5 ml each time), then the combined organic extracts were concentrated in vacuo. The
crude was analyzed by '"H NMR, using dibromomethane as internal standard.

H‘—, Cl
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O Y = e
iv.), HFIP H™ N
\N ; Me HCI (2 equiv.), o H

s 25-30°C
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"""Me
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Supplementary Figure 8. 'H NMR (400 MHz, CDCls) spectrum of the reaction after 30 minutes.

CH1Br; used as internal standard.

13



693
693
6591
591
~272
~269

|‘| H

I | Y | “'U\ |
L LJ \ L W / J \ S

T T T ” R T v T — . ey - '
6.8 8.5 6.4 35 34 332 32 a1 L0 2.9 2.8
£1 (ppm)

| H | h ‘\ |
I"l.w\rr'v"' Jl ' mwwan’

|
Il \ I

oy

T L e
6.9 8.8 6.7
£l (ppm)

Supplementary Figure 9. Close-up of the 'H NMR (400 MHz, CDCls) spectrum of the reaction after

30 minutes, with regards of the olefin protons and the cyclobutane ring system.

Comment on the results. By means of 'H NMR analysis on the reaction mixture before reaction
completion allowed to monitor the presence of the intermediate I (after neutralization), which
shows typical 'H NMR signals (Supplementary Figures 8 and 9). In addition, the ratio of
product/intermediate increases overtime, further corroborating the proposed intermediacy of such

[2+2]-cycloaddition species in the catalytic manifold (see Supplementary Table 3).
Initial-rate Kkinetic analysis of the reaction

In order to achieve more controllable irradiation conditions, a single-LED set-up was used in
combination with scintillation vials equipped with PTFE septa. The distance between the light
source and the flat bottom of the vial was measured to be 4 cm.

Set-up procedure. In an oven-dried Schlenk tube equipped with a PTFE-coated stirring bar,
6-chloroquinoline (0.05 mmol for each reaction) and Ir-F (2 mol% for each reaction) were weighted
under air, then the vessel was evacuated and back-filled with argon (three times). HFIP (250 pl) for
each reaction, followed by HC1 4 M in 1,4-dioxane (0.1 mmol for each reaction) were consecutively

added, then the solution was stirred for 30 seconds and degassed by freeze-pump-thaw (three times).

14



Individual aliquots were transferred to argon filled scintillation vials equipped with a PTFE-coated
stirring bars, then 1,1-dichloroethene (20 pl for each reaction) was added through the septum and
the reactions were irradiated with the custom setup for the indicated amount of time. Upon
completion of the irradiation, the reaction was partitioned between CH>Cly/saturated NaHCOs3 (1:1,
10 ml), then the aqueous layer was extracted twice with CH>Cl, (5 ml each time) and the combined
organic layers were removed in vacuo. The residue was dissolved in CDCls and analyzed by 'H

NMR, using dibromomethane as internal standard.

Supplementary Table 3. Experimental data for the initial rate kinetic measurement.

Time / min Integral STD / Integral Int 1/ Integral 3a/ Yield Intl | Yield 3a Ratio
A.U. A.U. A.U. (%) (%) 3alInt |
30 150042943 2237946.6 293848.56 6.0 08 175
60 131171420 2829765.8 812021.54 8.6 25 1-3 44
90 111314892 2645769.3 1393971.4 95 50 119
120 138428547 3970594.2 2525472.9 11.5 7.3 1:1.57
180 137021683 4176383.7 3749370.7 122 10.9 1.12:1
Slope 0.069+0.003
Intercept 1.4+0.4
R? 0.996
30
O Intermediate
25 o Product
Linear (Product)
20
2
=)
3 15
>
10 © 8
o 2 o
5 o o)
o
0 (@)
0 50 100 150 200
Time / min

Supplementary Figure 10. Initial-rate kinetic profile of the reaction.
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Use of different Bronsted/Lewis acids

[Ir-F] (2 mol%)

o . Cl
X Cl ﬁ’Me Bransted/Lewis acid (2 equiv.) -~ | AN ,’Me
| + 450 nm LEDs z
Z Cl N —H
N HFIP, 25-30°C, 24 h N

In an oven-dried Schlenk tube equipped with a PTFE-coated stirring bar, 6-chloroquinoline (0.05
mmol for each reaction) and Ir-F (2 mol% for each reaction) were weighted under air, then the
vessel was evacuated and back-filled with argon (three times). HFIP (250 pl for each reaction) and
2-chloropropene (0.1 mmol for each reaction) were consecutively added, then the solution was
stirred for 30 seconds and degassed by freeze-pump-thaw (three times). Individual aliquots were
transferred to argon filled oven-dried Schlenk tube equipped with a PTFE-coated stirring bar, then
the appropriate Bronsted/Lewis acid (0.1 mmol for each reaction) was added and the reactions were
irradiated 24 hours at 450 nm with the standard setup. Upon completion of the irradiation, the
reaction was partitioned between CH>Clo/saturated NaHCO;3 (1:1, 10 ml), then the aqueous layer
was extracted twice with CH2Cl> (5 ml each time) and the combined organic layers were removed
in vacuo. The residue was dissolved in CDCl; and analyzed by '"H NMR, using dibromomethane as
internal standard.

Supplementary Table 4. Yields upon addition of acid additives.

Acid additive Yield %
HBr 33% w/w in AcOH (2 equiv.) 70
HBr 48% w/w in H20 (2 equiv.) 66
BFs-OEt (2 equiv.) 8
AICI3 (2 equiv.) <5
TiCls (2 equiv.) 62

Comment on the results. Pleasingly, we observed that HBr afforded significant levels of reactivity,
as well as TiCls. In the former case, we believe that the HFIP/TiCls mixture can generate HCI in situ
(see, for instance %), this being the active species in the quinoline activation. On the other hand,

AICI3 and BF3-OEt failed at providing substantial drive for the process (Supplementary Table 4).
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Synthesis of Starting Materials

. S S S« NS Je !
& Yo N"o a Yo Br
Cl Cl Cl
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Cl F N~
E cl N o CFs Y Me
Cl oo
S5 S6 s7 s8
0
o) 0
Y\O O Y\FCOOEt H
N N
Cl Me O IS )J\/
O Cl CooEt T\ | P T\O 5
s9 $10 s11 © s12

General procedure for the synthesis of alkenes (GP1)

1. KOH (1.3 equiv.)
j\ MeOH (0.5 M), RT, 30 min

> M
(1.3 equiv.) )\/CI (1.0 equiv.)

Nal (1.0 equiv.)
DMF (0.5 M), RT, overnight

In an oven-dried round-bottom flask equipped with a PTFE-coated stirring bar, powdered KOH

(1.30 equiv.) was dissolved in MeOH (0.5 M), then the appropriate carboxylic acid (1.30 equiv.)

was added in one portion and the reaction was stirred for 30 minutes at room temperature. The

volatiles were removed in vacuo to afford the crude carboxylate, which was suspended in dry DMF

(0.5 M). After addition of Nal (1.00 equiv.), 2,3-dichloroprop-1-ene (1.00 equiv.) was added in one

portion and the reaction was stirred at room temperature overnight, then diluted with water (50 ml)

and extracted twice with EtOAc (50 ml each time). The combined organic layers were washed once

with water (50 ml) and twice with brine (50 ml each time), then were dried over MgSO4 and the

solvent was removed in vacuo. The crude residue was purified by flash column chromatography on

silica using the eluent system indicated in the individual entries, affording analytically pure S1-S5,

S7-S9, S11-12.
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Cl

2-Chloroallyl 2-propylpentanoate (S1). Compound S1 was synthesized according to GPI1,
purified by flash column chromatography (n-pentane/EtOAc = 50/1) to afford a colourless liquid.
"H NMR (400 MHz, CDCls) § 5.46 (p, J = 1.3 Hz, 1H), 5.41 — 5.38 (m, 1H), 4.65 (s, 2H), 2.44 (ttd,
J=8.9,52,1.1 Hz, 1H), 1.68 — 1.56 (m, 2H), 1.50 — 1.39 (m, 2H), 1.37 — 1.24 (m, 4H), 0.90 (t, J =
7.3 Hz, 6H).

3C NMR (101 MHz, CDCl3) & 175.8, 136.4, 115.0, 65.8, 45.3, 34.7, 20.7, 14.1.

No molecular ion could be obtained under the available experimental conditions.

AT

Cl
2-Chloroallyl 2-(4-fluorophenyl)acetate (S2). Compound S2 was synthesized according to GP1,

purified by flash column chromatography (n-pentane/EtOAc = 40/1) to afford a colourless liquid.
"H NMR (400 MHz, CDCl3) § 7.30 — 7.23 (m, 2H), 7.06 — 6.99 (m, 2H), 5.39 — 5.36 (m, 2H), 4.67
(t, J=1.0 Hz, 2H), 3.67 (s, 2H).

3C NMR (101 MHz, CDCl3) § 170.7, 162.2 (d, J = 245.7 Hz), 135.7, 131.0 (d, J = 8.1 Hz), 129.3
(d,J=3.4Hz), 115.7 (d, J=21.5 Hz), 115.2, 66.5, 40.4.

YF{'H} NMR (377 MHz, CDCl3)  -115.37.

HRMS (ESI, m/z) caled for C11H100,*CIFNa [M+Na]": 251.0246, found: 251.0246.

PG\
"o cl
Cl
2-Chloroallyl 2-(3-chlorophenyl)acetate (S3). Compound S3 was synthesized according to GP1,
purified by flash column chromatography (n-pentane/EtOAc = 40/1) to afford a colourless liquid.
'"H NMR (400 MHz, CDCl3) § 7.33 — 7.30 (m, 1H), 7.29 — 7.24 (m, 2H), 7.22 — 7.16 (m, 1H), 5.40

—5.38 (m, 2H), 4.68 (t, J = 1.0 Hz, 2H), 3.67 (s, 2H).
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3C NMR (101 MHz, CDCls) & 170.1, 135.7, 135.4, 134.5, 130.0, 129.6, 127.7, 115.3, 66.5, 40.8.
One aromatic signal missing, likely due to overlap.

HRMS (ESI, m/z) caled for C11H1002Cl.Na [M+Na]*: 266.9950, found: 266.9951.

3L
Y\o Br

Cl
2-Chloroallyl 2-(3-bromophenyl)acetate (S4). Compound S4 was synthesized according to GP1,
purified by flash column chromatography (n-pentane/EtOAc = 40/1) to afford a colourless liquid.
"H NMR (400 MHz, CDCls) & 7.48 — 7.46 (m, 1H), 7.42 (dt, J= 7.1, 1.9 Hz, 1H), 7.25 — 7.18 (m,
2H), 5.41 — 5.38 (m, 2H), 4.68 (t, /= 1.0 Hz, 2H), 3.66 (s, 2H).
BC NMR (101 MHz, CDCls) § 170.1, 135.7, 132.5, 130.6, 130.3, 128.1, 122.7, 115.4, 66.6, 40.7.
HRMS (ESI, m/z) caled for C11H1002*>C1”’BrNa [M+Na]": 310.9445, found: 310.9446.

Cl F
F

2-Chloroallyl 4,4-difluorocyclohexane-1-carboxylate (S5). Compound S5 was synthesized
according to GP1, purified by flash column chromatography (n-pentane/EtOAc = 20/1) to afford a
colourless liquid.

'"H NMR (400 MHz, CDCl3) & 5.47 — 5.44 (m, 1H), 5.43 — 5.40 (m, 1H), 4.68 (s, 2H), 2.54 — 2.44
(m, 1H), 2.18 — 1.96 (m, 4H), 1.95 — 1.69 (m, 4H).

3C NMR (101 MHz, CDCl3) & 173.4, 136.0, 122.7 (t, J = 241.1 Hz), 115.5, 66.3, 40.5, 32.6 (t, J =
24.6 Hz), 25.1 (d, J=10.3 Hz).

F NMR (377 MHz, CDCls) § -94.51 (d, J = 237.4 Hz), -99.63 (d, J = 237.7 Hz).

HRMS (ESI, m/z) calcd for C1oH1302°°CIF2Na [M+Na]*: 261.0464, found: 261.0463.
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Cl
2-((2-Chloroallyl)oxy)-1,4-difluorobenzene (S6).

In an oven-dried Schlenk tube equipped with a PTFE-coated stirring bar, 2,5-difluorophenol (520
mg, 4.00 mmol, 1.00 equiv.), KoCO3 (663 mg, 4.80 mmol, 1.20 equiv.) were suspended in acetone
(8 ml), then 2,3-dichloroprop-1-ene (369 pl, 4.00 mmol, 1.00 equiv.) was added and the reaction
was heated at reflux overnight. Upon cooling at room temperature, the suspension was filtered over
a short pad of silica (1 cm), rinsing thoroughly with CH2Cl>. The organic filtrate was dried in vacuo,
then the residue was purified by flash column chromatography on silica (rn-pentane/EtOAc = 50/1),
affording S6 (482 mg, 2.36 mmol, 59%) as a colourless oil.

"H NMR (599 MHz, CDCls) § 7.04 (ddd, J = 10.6, 9.0, 5.2 Hz, 1H), 6.71 (ddd, J = 9.6, 6.7, 3.0 Hz,
1H), 6.65 (ddt, J=9.0, 7.7, 3.1 Hz, 1H), 5.60 (q, /= 1.6 Hz, 1H), 5.48 (dt, J=2.1, 1.1 Hz, 1H), 4.63
(t,J=1.3 Hz, 2H).

BCNMR (151 MHz, CDCl3) 6 159.0 (dd, J=242.9, 2.5 Hz), 149.0 (dd, J=241.9, 3.5 Hz), 146.5 (dd,
J=12.8,10.4 Hz), 135.5, 116.8 (dd, /=20.8, 10.0 Hz), 114.7, 108.2 (dd, /= 23.7, 7.0 Hz), 104.2 (dd,
J=274,18Hz),71.7(d,J=1.1 Hz).

F NMR (564 MHz, CDCl3) § -116.42 —-116.51 (m), -139.19 (dddd, J = 14.6, 10.3, 6.7, 3.4 Hz).

The compound does not ionize under the available conditions.

et

Cl

3

2-Chloroallyl 2-(3,5-bis(trifluoromethyl)phenyl)acetate (S7). Compound S7 was synthesized
according to GP1, purified by flash column chromatography (n-pentane/EtOAc = 20/1) to afford a
colourless liquid.

"H NMR (400 MHz, CDCls) § 7.82 (s, 1H), 7.78 (s, 2H), 5.46 — 5.41 (m, 2H), 4.72 (s, 2H), 3.84 (s,
2H).

3C NMR (101 MHz, CDCl3) § 169.3, 135.9, 135.5, 132.1 (q, J = 33.3 Hz), 130.0 — 129.8 (m), 123.3

(q,J=272.7 Hz), 121.7 — 121.5 (m), 116.1, 67.1, 40.6.
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F NMR (377 MHz, CDCl3) § -62.91.
HRMS (ESI, m/z) calcd for C13H902*>CIFsNa [M+Na]*: 369.0088, found: 369.0089.

oLl

// [\

2-Chloroallyl 4-(NV,N-dipropylsulfamoyl)benzoate (S8). Compound S8 was synthesized according
to GP1, purified by flash column chromatography (n-pentane/EtOAc = 12/1) to afford a colourless
sticky gum.

"H NMR (400 MHz, CDCl3) § 8.20 — 8.14 (m, 2H), 7.90 — 7.84 (m, 2H), 5.56 (q,J= 1.4 Hz, 1H), 5.47
(q, /=19 Hz, 1H), 4.92 — 4.89 (m, 2H), 3.11 — 3.03 (m, 4H), 1.59 — 1.47 (m, 4H), 0.87 — 0.81 (m,
6H).

3C NMR (101 MHz, CDCl3) § 164.4, 144.7, 135.6, 132.8, 130.5, 127.2, 115.9, 67.0, 50.0, 22.0, 11.2.
HRMS (ESI, m/z) calcd for C16H22NO4*CISNa* [M+Na]": 382.0850, found: 382.0848.

O
YT
Cl O
2-Chloroallyl [1,1'-biphenyl]-4-carboxylate (S9). Compound S9 was synthesized according to
GP1, purified by flash column chromatography (n-pentane/EtOAc = 35/1) to afford a white waxy
solid.
'H NMR (400 MHz, CDCls) § 8.18 — 8.14 (m, 2H), 7.72 — 7.67 (m, 2H), 7.66 — 7.61 (m, 2H), 7.51 —
7.45 (m, 2H), 7.41 (tt,J=7.2, 1.3 Hz, 1H), 5.59 (q, /= 1.3 Hz, 1H), 5.50 — 5.46 (m, 1H), 4.95 -4.91
(m, 2H).
3C NMR (101 MHz, CDCI3) § 165.7, 146.2, 140.0, 136.1, 130.5, 129.1, 128.4, 128.3, 127.4, 127.3,
115.1, 66.5.
HRMS (ESI, m/z) calcd for C16H1302°°CINa [M+Na]": 295.0496, found: 295.0498.
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Diethyl 2-(2-chloroallyl)-2-methylmalonate (S10). In an oven-dried Schlenk tube equipped with a
PTFE-coated stirring bar, 2-methyldiethylmalonate (794 ul, 4.60 mmol, 1.15 equiv.) was dissolved
in dry MeCN (13 ml), then the solution was cooled to 0°C and NaH 60% in mineral oil (200 mg,
5.00 mmol, 1.25 equiv.) was added in one portion and the mixture was stirred at room temperature
for 30 minutes. 2,3-dichloroprop-1-ene (369 pl, 4.00 mmol, 1.00 equiv.) was added dropwise and
the reaction was stirred at room temperature for 20 hours, then quenched by carefully adding
saturated aqueous NH4Cl. The suspension was partitioned between EtOAc/H>O (1:1, 70 ml), then
the aqueous layer was extracted twice with EtOAc (30 ml each time) and the combined organic
layers were dried over MgSO4 and the solvent was removed in vacuo. The crude residue was
purified by flash column chromatography on silica (n-pentane/EtOAc = 20/1), affording S10 (905
mg, 3.64 mmol, 91%) as a colourless oil.

'H NMR (400 MHz, CDCls3) § 5.30 (d, J= 1.3 Hz, 1H), 5.21 (q, J= 0.9 Hz, 1H), 4.19 (q, J= 7.1 Hz,
4H), 3.03 (d, J = 0.8 Hz, 2H), 1.47 (s, 3H), 1.26 (t, J = 7.1 Hz, 6H). The experimental data are in

agreement with the literature report.*

2-Chloroallyl 4-chloropicolinate (S11). Compound S11 was synthesized according to GPI,
purified by flash column chromatography (n-pentane/EtOAc = 4/1) to afford a yellow thick oil.

'H NMR (400 MHz, CDCl3) 6 8.67 (d,J=5.2 Hz, 1H), 8.14 (d, J=2.1 Hz, 1H), 7.51 (dd, J=5.2,2.0
Hz, 1H), 5.59 — 5.56 (m, 1H), 5.49 — 5.46 (m, 1H), 4.98 (s, 2H).

3C NMR (101 MHz, CDCls) 6 163.4, 151.0, 148.9, 145.6, 135.3, 127.5, 126.0, 116.0, 67.5.

HRMS (ESI, m/z) calcd for CoH70,*C1,Na [M+Na]*: 253.9746, found: 253.9744.
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Cl 0]
2-Chloroallyl benzoylglycinate (S12). Compound S12 was synthesized according to GP1, purified
by flash column chromatography (n-pentane/EtOAc = 3/2) to afford a white waxy solid.
"H NMR (400 MHz, CDCl3) & 7.84 —7.77 (m, 2H), 7.52 (tt, J= 7.4, 1.2 Hz, 1H), 7.47 — 7.40 (m, 2H),
6.77 (t,J = 5.4 Hz, 1H), 5.52 - 5.50 (m, 1H), 5.45 — 5.43 (m, 1H), 4.76 (s, 2H), 4.31 (d, /= 5.3 Hz,
2H).
3C NMR (101 MHz, CDCls) 6 169.5, 167.7, 135.2, 133.6, 132.0, 128.8, 127.2, 115.9, 66.9, 41.8.
HRMS (ESI, m/z) calcd for C12Hi12NO5**CINa [M+Na]": 276.0398, found: 276.0396.
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H X
i C R HCI (5 mol%) R'=
=
NH, © DMSO, 60°C, 6 h N
_ _ under air X R
(1.0 equiv.) (2.5 equiv.) R?

General procedure 2 for the synthesis of quinolines (GP2)

To a mixture of aniline (1.0 equiv.) and the corresponding aldehyde (2.50 equiv.) in DMSO (2 mL)
was added HCI (4 M in dioxane) (5 mol%). After stirring for 6 h at 60 °C, the reaction mixture was
poured into aqueous NaHCO;3 (10 mL) and water (20 mL). The solution was extracted with EtOAc
(10 mL x 3) and the combined organic layers were dried over MgSO4 and the solvent was removed
in vacuo. The crude residue was purified by flash column chromatography (n-pentane/EtOAc
mixtures) to afford the desired quinolines S13, S15-18, S20-22. The analytical data of S13°, S15°,

S177, 8208, S21° and S22'° are consistent with the previous reports.

Me

»
Et N

6-chloro-2-ethyl-4-methylquinoline (S14). In an oven-dried Schlenk tube equipped with a
PTFE-coated stirring bar, 4-cloroaniline (255 mg, 2.00 mmol, 1.00 equiv.), I-nitropropane (8 ml),
FeCls (65 mg, 0.40 mmol, 20 mol%) and propanal (722 pl, 10.0 mmol, 5.00 equiv.) were charged,
then the reaction was heated at 90 °C overnight. The reaction was cooled at room temperature, then
partitioned between EtOAc/H>O (1:1, 60 ml), the layers were separated and the aqueous layer was
extracted twice with EtOAc (20 ml each time). The combined organic extracts were dried over
MgSOs4, then the solvent was removed in vacuo and residual 1-nitropropane was removed under
high vacuum. The crude residue was purified by flash column chromatography on silica
(pentane/EtOAc = 50/1 to 40/1), affording the desired quinoline (134 mg, 0.65 mmol, 33%) as a
yellow-orange waxy solid.

'H NMR (400 MHz, CDCls) § 8.00 (br d, J = 8.9 Hz, 1H), 7.78 (br s, 1H), 7.69 (d, J = 2.4 Hz, 1H),
7.56 (dd, J = 8.9, 2.3 Hz, 1H), 3.01 (q, J = 7.6 Hz, 2H), 2.49 (s, 3H), 1.38 (t, /= 7.5 Hz, 3H). The

experimental data are in agreement with the literature reports.'!
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3-Butyl-6-chloro-2-pentylquinoline (S16). Compound S16 was synthesized according to GP2.
'H NMR (400 MHz, CDCl3) § 7.94 (d, J = 8.9 Hz, 1H), 7.74 (s, 1H), 7.68 (d, J = 2.4 Hz, 1H), 7.53
(dd, /= 8.9, 2.3 Hz, 1H), 2.96 — 2.92 (m, 2H), 2.79 — 2.75 (m, 2H), 1.82 — 1.74 (m, 2H), 1.70 — 1.62
(m, 2H), 1.50 — 1.34 (m, 6H), 0.99 (t, /= 7.3 Hz, 3H), 0.92 (t, J = 7.0 Hz, 3H).
3C NMR (101 MHz, CDCl3) § 162.8, 144.8, 135.3, 133.9, 131.2, 130.1, 129.3, 127.9, 125.6, 35.9,

32.6,32.2,32.1,29.3,22.7,22.7, 14.2, 14.0.
HRMS (ESI, m/z) caled for Ci1sH2sNCI1F [M+H]": 290.1670, found: 290.1670.

Cl

\

6-Chloro-2-isobutyl-3-isopropylquinoline (S18). Compound S18 was synthesized according to
GP2.

"H NMR (400 MHz, CDCl3) § 7.94 (d, J = 9.0 Hz, 1H), 7.85 (s, 1H), 7.72 (d, J = 2.3 Hz, 1H), 7.53
(dd, J=9.0,2.3 Hz, 1H), 3.36 — 3.26 (m, 1H), 2.90 (d, /= 7.3 Hz, 2H), 2.31 - 2.19 (m, 1H), 1.32 (d,
J=6.9 Hz, 6H), 0.99 (d, /= 6.7 Hz, 6H).

3C NMR (101 MHz, CDCl3) § 161.2, 144.6, 141.9, 131.2, 130.8, 130.2, 129.3, 128.0, 125.8, 44.16,
29.4,28.9,23.9,22.7.

HRMS (ESI, m/z) calcd for C1¢H2NCI" [M+H]": 262.1357, found: 262.1356.

CCL

»

N F

6-Chloro-7-fluoroquinoline (S23). Compound S23 was synthesized according to GP2.

"H NMR (599 MHz, CDCl3) § 9.00 — 8.86 (m, 1H), 8.25 — 8.07 (m, 1H), 7.91 (d, J= 7.8 Hz, 1H),
7.86 (d,J=9.8 Hz, 1H), 7.43 (dd, J= 8.3, 4.3 Hz, 1H).

BCNMR (151 MHz, CDCl3) § 158.3 (d, J=253.4 Hz), 151.4, 147.4 (d, J= 11.5 Hz), 135.4, 128.9
(d,/J=14Hz), 125.7,122.6 (d, J=21.1 Hz), 121.4 (d, J= 2.7 Hz), 114.5 (d, J = 20.5 Hz).
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19F NMR (376 MHz, CDCl3) & -111.6 (br).
HRMS (ESI, m/z) calcd for CoH¢NCIF * [M+H]": 182.0167, found: 182.0166.

O
P
N F

6-Chloro-5,7-difluoroquinoline (S24). In a Schlenk tube equipped with a PTFE-coated stirring bar,
4-chloro-3,5-difluoroaniline (500 mg, 3.06 mmol, 1.00 equiv.), I (38 mg, 0.15 mmol, 5 mol%) and
H2S04 96% (1 ml), were charged, then glycerol (340 pl, 4.59 mmol, 1.50 equiv.) was added and the
reaction was heated at 140 °C for 4 hours. The reaction was cooled to room temperature, poured in
iced water (150 ml) and brought to pH 12 using NaOH pallets, then the aqueous layer was extracted
three times with Et2O (70 ml each time). The combined organic extracts were dried over MgSOs,
then the solvent was removed in vacuo and the residue was purified by flash column
chromatography on silica (n-pentane/EtOAc = 5/1), affording S24 as light yellow crystalline solid
(242 mg, 1.21 mmol, 40%).

"H NMR (400 MHz, CDCls) § 8.95 (d, J= 4.4 Hz, 1H), 8.36 (d, J = 8.6 Hz, 1H), 7.68 (d, J= 9.7 Hz,
1H), 7.47 (dd, J = 8.5, 4.3 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 158.2 (dd, J = 252.7, 4.3 Hz), 154.3 (dd, J = 258.3, 5.2 Hz), 152.5,
146.3 (dd, J=13.2, 4.1 Hz), 129.1 (dd, J = 4.0, 2.3 Hz), 121.4 (t, J = 2.9 Hz), 116.5 (dd, J = 15.8,
1.6 Hz), 110.2 (dd, J=21.0, 4.7 Hz), 108.8 (dd, J = 24.3, 19.8 Hz).

9F NMR (376 MHz, CDCl3) & -111.41 (br), -120.63 (d, J = 3.2 Hz).

HRMS (ESI, m/z) calcd for CoHsN*>CIF," [M+H]": 198.9995, found: 198.9996.

3-MQOCGH4COZ
X

Z
N

6-Chloroquinolin-4-yl 3-methoxybenzoate (S19). In an oven-dried Schlenk tube equipped with a

Cl

PTFE-coated stirring bar, In an oven-dried Schlenk tube equipped with a PTFE-coated stirring bar,
the appropriate 6-chloro-quinol-4-ol (359 mg, 2.00 mmol, 1.00 equiv.) and N-Me-morpholine (1.20
equiv.) were dissolved in dry DMA (0.4 M), then 3-methoxybenzoyl chloride (309 pl, 2.20 mmol,
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1.10 equiv.) was added dropwise under stirring and the reaction was left overnight at room
temperature. The reaction was carefully quenched with distilled water (approx. 5 ml/mmol) and
vigorously stirred for 10 minutes, then neutralized with saturated NaHCO3 partitioned between
CH2CL:H20 (1:1). The aqueous layer was extracted twice with CH>Cl (approx. 5 ml/mmol), then
the combined organic layers were washed three times with deionized water (approx. 5 ml/mmol
each time), dried over MgSO4 and the solvent was removed in vacuo. The crude residue was
purified by flash column chromatography (CH2CL/EtOAc = 100/0 to 7/1), affording S19 as a white
solid (552 mg, 1.76 mmol, 88%).

"H NMR (400 MHz, CDCl;3) § 8.93 (d, J= 5.0 Hz, 1H), 8.09 (d, J=9.0 Hz, 1H), 7.97 (d, J= 2.4 Hz,
1H), 7.89 (dt, J="7.7, 1.3 Hz, 1H), 7.76 (t, J= 1.8 Hz, 1H), 7.67 (dd, J= 9.0, 2.4 Hz, 1H), 7.48 (t, J
=8.0 Hz, 1H), 7.44 (d, J=4.9 Hz, 1H), 7.24 (dd, J= 8.4, 2.7 Hz, 1H), 3.89 (s, 3H).

3C NMR (101 MHz, CDCl3) § 163.7, 160.0, 153.5, 151.1, 148.5, 133.2, 131.4, 131.2, 130.1, 129.7,
123.3,122.8, 121.0, 120.4, 115.0, 113.9, 55.7.

HRMS (ESI, m/z) calcd for C17H12NO5*CINa [M+Na]": 336.0409, found: 336.0398.

General procedure 3 for the synthesis of 8-carboxylate quinolines

0]
@\)J\OH HO I, (5 mol%)
>
R + \J\ o ;
P NH, HO OH H,SO4 (3 M),140°C, overnight

(1.0 equiv.) (1.2 equiv.)
1. oxalyl chloride (2.0 equiv.) Q
DMF cat., CH,Cl, (0.5 M), RT, 2 h OR'
> R
2. alcohol (1.0-10 equiv.) N

EtsN (2.0-3.0 equiv.), CH,Cl, (0.2 M), RT,overnight I

(1.0-1.25 equiv.)

Step I. In a round-bottom flask equipped with a PTFE-coated stirring bar, the appropriate
anthranilic acid (1.00 equiv.), iodine (5 mol %) and sulfuric acid 96% (3 M) were charged, the
under vigorous stirring glycerol (1.20 equiv.) was carefully added (Warning: the reaction could be
very exothermic), then the reaction was heated at 140 °C overnight. The reaction was cooled to
room temperature, diluted with deionized water (approx. 5 ml/mmol), then cooled to 0 °C and
carefully quenched until neutrality with solid NaOH. The dark slurry was brought to room

temperature, then CH2ClLz (approx. 5 ml/mmol) was added and the biphasic mixture was filtered
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twice over Celite® to remove the carbonized byproducts (if residual amounts of carbonized
byproducts remain, separation between layers can become challenging), rinsing thoroughly with
water and CH>Cl,. The biphasic mixture was transferred to a separating funnel and the layers were
separated, then the aqueous layer was extracted twice with CH2Clz (approx. 5 ml/mmol each time).
The combined extracts were dried over MgSQOs, then the solvent was removed in vacuo. The residue
was either judged to be pure enough for the next step or was purified by re-crystallization from

boiling ethanol, as specified in the individual entries.

Step 2. In an oven-dried round bottom flask equipped with a PTFE-coated stirring bar, the
appropriate carboxylic acid (1.00-1.25 equiv.) was suspended/dissolved in dry CH2Clz (0.5 M), then
one drop of DMF was added. Oxalyl chloride (2.00 equiv.) was added dropwise (WARNING: Strong
evolution of HCI and CO, perform the reaction in a well-ventilated fume hood) and the reaction was
stirred at room temperature until gas evolution ceased (usually within two hours). The volatiles
were removed in vacuo, then the residue was re-dissolved in dry CH2Cl, (0.20 M) and the
appropriate alcohol (1.00-10.0 equiv.), followed by Et:N (2.00-3.00 equiv.) were added. The
reaction was stirred at room temperature for 2 hours. The reaction was quenched with water (approx.
5 ml/mmol) and stirred for 10 minutes, then the layers were separated and the aqueous layer was
extracted twice with CH>Cl, (approx. 5 ml/mmol each time), then the combined organic layers were
dried over MgSO4 and the solvent was removed in vacuo. The residue was purified by flash column

chromatography on silica.

\

0) OMe

Methyl 5-methylquinoline-8-carboxylate (S25). Compound S25 was synthesized according to
GP3, purified by flash column chromatography (n-pentane/acetone = 5/1) to afford a red thick oil.
'H NMR (400 MHz, CDCl3) § 9.04 (dd, J = 4.2, 1.6 Hz, 1H), 8.33 (d, J = 8.5 Hz, 1H), 7.93 (d, J =
7.4 Hz, 1H), 7.46 (dd, J=8.5,4.2 Hz, 1H), 7.37 (d, /= 7.3 Hz, 1H), 4.03 (s, 3H), 2.70 (s, 3H).

3C NMR (101 MHz, CDCl3) § 168.4, 151.1, 145.9, 139.0, 132.6, 130.5, 129.8, 127.8, 126.2, 121.2,
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52.6, 19.1.
HRMS (ESI, m/z) calcd for C12H11NO2Na [M+Na]": 224.0682, found: 224.0677.

07 “OMe

Methyl S-(trifluoromethyl)quinoline-8-carboxylate (S26). Compound S26 was synthesized
according to GP3, purified by flash column chromatography (n-pentane/acetone = 6/1) to afford a
red thick oil.

'"H NMR (400 MHz, CDCl3) § 9.09 (d, J = 4.1 Hz, 1H), 8.51 (d, J = 8.9 Hz, 1H), 7.98 — 7.90 (m,
3H), 7.58 (dd, J = 8.8, 4.2 Hz, 1H), 4.07 (s, 3H).

3C NMR (101 MHz, CDCl3) § 167.8, 151.9, 145.6, 136.9, 132.7 (q, J = 2.6 Hz), 128.8 (q, J = 30.8
Hz), 127.8,124.7, 124.4 (q, J= 5.7 Hz), 123.7 (q, /= 274.0 Hz), 122.9, 53.1.

YF{TH} NMR (377 MHz, CDCI3) & -59.45

HRMS (ESI, m/z) calcd for C12HsNO,F3Na [M+Na]": 278.0399, found: 278.0397.
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Methyl 5-chloroquinoline-8-carboxylate (S27). Compound S27 was synthesized according to
GP3, purified by flash column chromatography (n-pentane/acetone = 11/2) to afford a red thick
gum.

"H NMR (400 MHz, CDCl3) § 9.10 (d, J = 4.2 Hz, 1H), 8.62 (d, J= 8.6 Hz, 1H), 7.96 (d, J= 7.9 Hz,
1H), 7.66 (d, J= 7.9 Hz, 1H), 7.57 (dd, J = 8.5, 3.9 Hz, 1H), 4.05 (s, 3H).

3C NMR (101 MHz, CDCl5) § 167.7, 152.1, 146.3, 135.0, 133.2, 130.9, 130.3, 126.6, 125.9, 122.5,
52.9.

HRMS (ESI, m/z) calcd for C11HsNO>*CINa [M+Na]*: 244.0136, found: 244.0133.
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Methyl 2,5-dimethylquinoline-8-carboxylate (S28). Compound S28 was synthesized according to
GP3, purified by flash column chromatography (n-pentane/acetone = 13/2 to 6/1) to afford a red
low melting solid.
'H NMR (400 MHz, CDCl3) § 8.19 (d, J = 8.7 Hz, 1H), 7.87 (d, J = 7.3 Hz, 1H), 7.34 — 7.28 (m,
2H), 4.02 (s, 3H), 2.76 (s, 3H), 2.67 (s, 3H).
3C NMR (101 MHz, CDCl3) § 168.8, 159.8, 145.6, 138.5, 132.5, 130.1, 129.4, 126.0, 125.3, 122.1,
52.4,25.9,19.1.
HRMS (ESI, m/z) calcd for C13H;3NO2Na [M+Na]": 238.0839, found: 238.0835.
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Methyl 3-methylquinoline-8-carboxylate (S29). Compound S29 was synthesized according to
GP3, purified by flash column chromatography (n-pentane/acetone = 6/1 to 11/2) to afford an
orange low-melting solid.
"H NMR (400 MHz, CDCI3) & 8.89 (d, J = 2.3 Hz, 1H), 7.96 (dd, J= 7.1, 1.5 Hz, 1H), 7.92 (dd, J =
2.3, 1.1 Hz, 1H), 7.86 (dd, /= 8.3, 1.5 Hz, 1H), 7.52 (dd, /= 8.2, 7.1 Hz, 1H), 4.04 (s, 3H), 2.51 (s,
3H).
3C NMR (101 MHz, CDCl3) § 168.5, 153.7, 143.9, 134.9, 131.4, 131.3, 130.9, 129.7, 128.5, 125.7,
52.7,18.8.
HRMS (ESI, m/z) calcd for C12H11NO2Na [M+Na]": 224.0682, found: 224.0677.
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Methyl 4-methylquinoline-8-carboxylate (S30). Compound S30 was synthesized according to
GP3, purified by flash column chromatography (n-pentane/acetone = 5/1) to afford an orange thick
oil.

'H NMR (400 MHz, CDCl3) & 8.88 (d, J = 4.4 Hz, 1H), 8.12 (dd, J = 8.4, 1.4 Hz, 1H), 7.97 (dd, J =
7.1, 1.5 Hz, 1H), 7.56 (dd, J = 8.4, 7.1 Hz, 1H), 7.29 — 7.24 (m, 1H), 4.04 (s, 3H), 2.70 (d, /= 1.0
Hz, 3H).

3C NMR (101 MHz, CDCI3) 5 168.8, 151.3, 145.4, 144.5, 132.5, 129.8, 128.6, 127.2, 125.4, 122.5,
52.8, 19.0.

HRMS (ESI, m/z) calcd for C12Hi1NO2Na [M+Na]": 224.0682, found: 224.0680.
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Methyl 4-ethylquinoline-8-carboxylate (S31). Compound S31 was synthesized according to GP3,
purified by flash column chromatography (n-pentane/acetone = 5/1) to afford an orange thick oil.
"H NMR (400 MHz, CDCI3) 6 8.93 (d, J = 4.4 Hz, 1H), 8.18 (dd, J= 8.5, 1.4 Hz, 1H), 7.96 (dd, J =
7.1, 1.5 Hz, 1H), 7.57 (dd, J = 8.5, 7.1 Hz, 1H), 7.30 (d, /= 4.4 Hz, 1H), 4.05 (s, 3H), 3.13 (qd, J =
7.5,0.8 Hz, 2H), 1.39 (t, J= 7.5 Hz, 3H).
3C NMR (101 MHz, CDCl3) § 168.9, 151.5, 150.1, 145.6, 132.8, 129.6, 127.8, 126.8, 125.4, 120.4,
52.8,25.3,14.2.
HRMS (ESI, m/z) calcd for C13H;3NO2Na [M+Na]": 238.0839, found: 238.0832.

Allyl quinoline-8-carboxylate (S32). Compound S32 was synthesized according to GP3, purified
by flash column chromatography (n-pentane/acetone = 8/1) to afford an orange thick oil.

'"H NMR (400 MHz, CDCl3) § 9.05 (dd, J = 4.2, 1.8 Hz, 1H), 8.17 (dd, J = 8.3, 1.8 Hz, 1H), 8.05
(dd, J=7.2, 1.5 Hz, 1H), 7.93 (dd, J= 8.2, 1.5 Hz, 1H), 7.55 (dd, /= 8.2, 7.2 Hz, 1H), 7.44 (dd, J =
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8.3, 4.2 Hz, 1H), 6.09 (ddt, J = 17.2, 10.5, 5.7 Hz, 1H), 5.49 (dq, J = 17.2, 1.6 Hz, 1H), 5.30 (dq, J
=10.4, 1.4 Hz, 1H), 4.97 (dt, J= 5.7, 1.4 Hz, 2H).

13C NMR (101 MHz, CDCLs) & 167.4, 151.6, 145.7, 136.3, 132.3, 131.6, 131.5, 130.5, 128.5, 125.7,
121.7, 118.6, 66.2.

HRMS (ESI, m/z) caled for C13Hi NO,Na [M+Na]': 236.0682, found: 236.0677.
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But-3-yn-1-yl quinoline-8-carboxylate (S33). Compound S33 was synthesized according to GP3.
'"H NMR (400 MHz, CDCl3) § 9.06 (dt, J=4.2, 1.6 Hz, 1H), 8.18 (dt, J= 8.3, 1.7 Hz, 1H), 8.08 (dt,
J=17.1,1.4 Hz, 1H), 7.95 (dt, J= 8.2, 1.5 Hz, 1H), 7.57 (ddd, /= 8.4, 7.1, 1.3 Hz, 1H), 7.45 (ddd, J
=8.3,4.2, 1.4 Hz, 1H), 4.58 (td, /= 6.9, 0.9 Hz, 2H), 2.74 (tdd, /= 6.9, 2.7, 0.9 Hz, 2H), 2.05 (t, J
=2.7 Hz, 1H).

3C NMR (101 MHz, CDCl3) § 167.2, 151.6, 145.6, 136.4, 131.6, 131.2, 130.7, 128.5, 125.7, 121.7,
80.2, 70.1, 63.0, 19.2.

HRMS (ESI, m/z) calcd for C14H;1NO2Na" [M+Na]": 248.0682, found: 248.0676.
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4-Chlorophenethyl quinoline-8-carboxylate (S34). Compound S34 was synthesized according to
GP3, purified by flash column chromatography (n-pentane/acetone = 4/1) to afford an orange thick
oil.

"H NMR (400 MHz, CDCls) § 9.05 (dd, J = 4.2, 1.8 Hz, 1H), 8.18 (dd, J = 8.3, 1.8 Hz, 1H), 7.97 —
7.90 (m, 2H), 7.55 (dd, J = 8.1, 7.2 Hz, 1H), 7.46 (dd, J = 8.3, 4.2 Hz, 1H), 7.31 — 7.23 (m, 4H),
4.66 (t,J=6.9 Hz, 2H), 3.11 (t, J = 6.9 Hz, 2H).

3C NMR (101 MHz, CDCl3) § 167.6, 151.6, 145.7, 136.6, 136.4, 132.5, 131.6, 131.5, 130.6, 130.5,
128.7, 128.6, 125.7, 121.8, 65.7, 34.7.

HRMS (ESI, m/z) caled for C1sH14aNO>**CINa [M+Na]*: 334.0611, found: 334.0605.
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2,2,3,3,4,4,5,5-Octafluoropentyl quinoline-8-carboxylate (S35). Compound S35 was synthesized
according to GP3, purified by flash column chromatography (n-pentane/acetone = 6/1) to afford an
orange thick oil.

"H NMR (599 MHz, CDCI3) § 9.07 (dd, J = 4.2, 1.8 Hz, 1H), 8.21 (dd, J = 8.3, 1.8 Hz, 1H), 8.14
(dd, J=7.2, 1.5 Hz, 1H), 8.01 (dd, J= 8.2, 1.5 Hz, 1H), 7.60 (dd, J= 8.2, 7.2 Hz, 1H), 7.49 (dd, J =
8.3,4.2 Hz, 1H), 6.10 (tt, J=51.9, 5.2 Hz, 1H), 4.95 (t, /= 13.8 Hz, 2H).

'H{!F} NMR (599 MHz, CDCl3) § 9.07 (dd, J = 4.2, 1.8 Hz, 1H), 8.21 (dd, J = 8.3, 1.8 Hz, 1H),
8.14 (dd, J = 7.2, 1.5 Hz, 1H), 8.01 (dd, J = 8.2, 1.5 Hz, 1H), 7.60 (dd, J = 8.2, 7.2 Hz, 1H), 7.49
(dd, J=8.3,4.2 Hz, 1H), 6.10 (s. 1H), 4.95 (s, 2H).

BC{'H, F} NMR (151 MHz, CDCl5) § 165.3, 152.0, 145.9, 136.5, 132.8, 131.6, 129.1, 128.7,
125.7,122.0, 114.9, 111.0, 110.3, 107.8, 60.3.

F NMR (564 MHz, CDCls) § -119.29 — -119.43 (m), -125.24 (t, J = 8.7 Hz), -129.99 (dq, J = 11.4,
5.8 Hz), -137.21 (dddt, J = 51.9, 8.6, 5.4, 2.8 Hz).

YF{TH} NMR (564 MHz, CDCl3) § -119.32 — -119.40 (m), -125.24 (td, J = 8.5, 2.5 Hz), -129.94 —
-130.04 (m), -137.21 (tp, /= 8.7, 3.2 Hz).

HRMS (ESI, m/z) calcd for C1sHoNO>FsNa [M+Na]*: 410.0403, found: 410.0396.
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General Experimental Procedure and Graphical Step-by-Step Reaction Set-up

General Procedure

A dried 5 mL Schlenk tube was charged with the quinoline, the alkene (2 or 5 equivalent), HCI (2
equivalent, 4 M in 1,4-dioxane, as indicated) and [Ir(dF(CF3)ppy2)(dtbbpy)][PFs] (2 mol%) in
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP, 0.2 M). The reaction mixture was degassed via
freeze-pump-thaw for two cycles. After the mixture was thoroughly degassed and filled with argon,
the Schlenk tube was sealed tightly and stirred under irradiation with 30 W blue LEDS (Amax = 450
nm) for the indicated time (monitored by TLC, 14 to 48 hours). Ambient temperature around the
Schlenk tube was kept at ~30 °C due to the heating effect of blue LEDs. Afterwards, the reaction
was quenched by saturated aqueous NaHCO3 and extracted with CH2Cl (10 mL x 3) in case HCI
used. The organic phases were combined and concentrated under reduced pressure. 'H NMR
analysis of this crude reaction mixture gave the d.r. values. Finally, the product was obtained by

flash chromatography on silica gel (n-pentane/EtOAc, n-pentane/Et2O or CH2Clo/MeOH as eluent).
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Graphical Step-by-Step Reaction Set-up

a) Weighting of quinoline b) Weighting of Ir-F photocatalyst ¢) Vessel connection to the vacuum manifold

d) Addition of HFIP f) Freeze-pump-thaw
Ve :

h) Irradiation in the photobox

Supplementary Figure 11. Graphical reaction setup. a) The appropriate quinoline was weighted
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under air. b) The appropriate amount of [Ir-F] photocatalyst was weighted under air. ¢) The reaction
components were charged in a Schlenk tube, which was connected to the argon-vacuum hose. d)
HFIP was added under air. €) The appropriate alkene, followed by further additives (e.g. HCI) if
necessary, was added under air. f) The solution was frozen using liquid nitrogen, followed by
vacuum-argon exchange (five times). g) The solution was brought to room temperature under argon,
and repeated the freeze-pump-thaw one more time. Then the vessel was tightly sealed. h) The reaction

was irradiated using the standard set-up.
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Characterization Data of Fused Rings Products
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3, 78% yield, 92:8 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol, 1.0
equiv.), 2-chloroprop-1-ene (34.0 pL, 0.40 mmol, 2.0 equiv.), HCI (100 pL, 0.4 mmol, 4 M in
1,4-dioxane) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under
argon atmosphere for 14 hours under irradiation with blue LEDs to afford 3 as a white solid (37.5
mg, 78% yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave 92:8 d.r.
Purification conditions: n-pentane/EtOAc = 10:1 to 4:1.

Ry=0.50 in n-pentane/EtOAc (6:1).

'H NMR (400 MHz, CDCl3) § 8.39 (dd, J = 5.0, 1.6 Hz, 1H), 7.42 (dd, J = 7.7, 1.6 Hz, 1H), 7.09
(dd, J=17.6, 5.0 Hz, 1H), 3.88 (dd, /= 8.0, 0.6 Hz, 1H), 3.71 (td, J = 8.0, 2.0 Hz, 1H), 3.25 (dd, J =
8.0,2.1 Hz, 1H), 2.84 (dd, J=11.7, 8.1 Hz, 1H), 2.59 (ddd, /= 11.8, 7.8, 0.8 Hz, 1H), 1.94 (s, 2H).
3C NMR (101 MHz, CDCl3) § 161.9, 148.5, 141.9, 131.8, 122.0, 66.6, 48.9, 46.3, 39.4, 38.2, 38.07,
28.8.

HRMS (ESI, m/z) calcd for C12HiiNCLNa" [M+Na]*: 262.0160, found: 262.0160.

5, 84% yield, 92:8 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol, 1.0
equiv.), 2,3-dichloroprop-1-ene (92.0 pL, 1.00 mmol, 5.0 equiv.), HCI (100 pL, 0.4 mmol, 4 M in
1,4-dioxane) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under
argon atmosphere for 14 hours under irradiation with blue LEDs to afford 5 as a white solid (46.0
mg, 84% yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave 92:8 d.r.

Purification conditions: n-pentane/EtOAc = 10:1 to 4:1.
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Ry=0.50 in n-pentane/EtOAc (6:1).

'"H NMR (599 MHz, CDCls) § 8.42 (dd, J= 5.1, 1.6 Hz, 1H), 7.52 — 7.40 (m, 1H), 7.12 (dd, J = 7.7,
5.0 Hz, 1H), 4.04 (s, 2H), 4.01 (dd, /= 8.1, 0.7 Hz, 1H), 3.84 — 3.70 (m, 1H), 3.27 (dd, J= 8.1, 2.0
Hz, 1H), 3.08 (dd, J=12.4, 8.4 Hz, 1H), 2.62 (dd, J=12.4, 7.7 Hz, 1H).

3C NMR (151 MHz, CDCls) § 161.3, 148.7, 141.7, 132.0, 122.2, 69.2, 50.6, 46.7, 42.7, 39.8, 38.1,
37.9.

HRMS (ESI, m/z) calcd for C12HoNCIsNa* [M+Na]": 297.9742, found: 297.9742.
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6, 80% vyield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol, 1.0
equiv.), 2-chloroprop-2-en-1-ol (80.0 puL, 1.00 mmol, 5.0 equiv.), HCI (100 pL, 0.4 mmol, 4 M in
1,4-dioxane) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under
argon atmosphere for 14 hours under irradiation with blue LEDs to afford 6 as a white solid (41.1
mg, 80% yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.
Purification conditions: n-pentane/EtOAc = 2:1 to 1:1.
Ry=0.30 in n-pentane/EtOAc (1:1).
'H NMR (599 MHz, CD;0D) § 8.32 (dd, J = 5.1, 1.5 Hz, 1H), 7.73 — 7.56 (m, 1H), 7.25 (dd, J =
7.7, 5.0 Hz, 1H), 4.15 (dd, J= 7.9, 0.7 Hz, 1H), 4.08 — 3.92 (m, 2H), 3.79 (td, J = 8.0, 2.0 Hz, 1H),
3.14(dd,J=17.9, 2.0 Hz, 1H), 3.06 (dd, J = 12.1, 8.4 Hz, 1H), 2.42 (dd, J=12.1, 7.6 Hz, 1H).
3C NMR (151 MHz, CDs0D) § 162.6, 148.4, 144.7, 134.0, 123.7, 71.7, 68.2, 47.6, 42.6, 41.0, 38.9,
37.5.
HRMS (ESI, m/z) calcd for C12H12CLLNO™ [M+H]": 256.0290, found: 256.0290.
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7,78% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 2-propylpentanoate (87.5 mg, 0.40 mmol, 2.00 equiv.), HC1 4M in 1,4-dioxane (100 pl,
0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred
under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 7 as a light yellow
gum (60.0 mg, 0.157 mmol, 78% yield, >95:5 d.r.).
Purification conditions: n-pentane/EtOAc = 5:1.
Ry=0.60 in n-pentane/EtOAc (4:1).
'H NMR (400 MHz, CDCl3) § 8.41 (dd, J = 5.0, 1.6 Hz, 1H), 7.43 (dd, J = 7.7, 1.6 Hz, 1H), 7.11
(dd, J=17.7, 5.0 Hz, 1H), 4.55 (d, /= 11.8 Hz, 1H), 4.46 (d, J = 11.8 Hz, 1H), 3.91 (d, J = 8.0 Hz,
1H), 3.73 (td, J= 7.9, 2.0 Hz, 1H), 3.25 (dd, J = 8.0, 2.0 Hz, 1H), 2.56 (dd, J = 12.2, 7.7 Hz, 1H),
2.48 (tt, J = 8.9, 5.3 Hz, 1H), 1.71 — 1.60 (m, 2H), 1.53 — 1.43 (m, 2H), 1.40 — 1.28 (m, 4H), 0.91
(apttd, J=7.3, 1.9 Hz, 6H).
3C NMR (101 MHz, CDCl3) § 176.1, 161.6, 148.7, 141.8, 131.9, 122.2, 68.2, 67.0, 46.2, 45.5, 42.1,
39.8,38.1,37.4,34.7,20.8, 14.1.
HRMS (ESI, m/z) calcd for C2oH26NO2*°Cl," [M+H]": 382.1335, found: 382.1335.
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8, 96% yield, >95:5 d.r.

|

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 3-fluorobenzoate (91.5 mg, 0.40 mmol, 2.00 equiv.), HCI 4M in 1,4-dioxane (100 pl,
0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred
under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 8 as a light yellow
gum (75.6 mg, 0.193 mmol, 96% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 13:4.
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Ry=0.35 in n-pentane/EtOAc (4:1).

'H NMR (400 MHz, CDCls) 6 8.40 (dd, J = 5.0, 1.6 Hz, 1H), 7.38 (dd, J= 7.7, 1.5 Hz, 1H), 7.32 —
7.27 (m, 2H), 7.10 (dd, J= 7.7, 5.0 Hz, 1H), 7.06 — 6.99 (m, 2H), 4.63 (d, J= 11.7 Hz, 1H), 4.46 (d,
J=11.7 Hz, 1H), 3.72 (s, 2H), 3.71 (d, J = 8.0 Hz, 1H), 3.50 (td, J = 8.0, 2.0 Hz, 1H), 3.20 (dd, J =
8.0,2.0 Hz, 1H), 2.89 (dd, J=12.3, 8.4 Hz, 1H), 2.52 (dd, J = 12.3, 7.7 Hz, 1H).

3C NMR (101 MHz, CDCl3) 6 170.8 (d, J = 1.4 Hz), 162.2 (d, J = 245.7 Hz), 161.5, 148.7, 141.7,
131.9, 131.2 (d, J = 8.1 Hz), 129.3 (d, J = 3.4 Hz), 122.2, 115.7 (d, J = 21.4 Hz), 68.3, 67.0, 45.9,
42.1,40.5,39.7, 38.1, 37.5.

9F NMR (377 MHz, CDCl3) & -115.13.

HRMS (ESI, m/z) caled for C2oH17NO2**CLF* [M+H]": 392.0615, found: 392.0614.

H
P Cl

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 3-chlorobenzoate (98.0 mg, 0.40 mmol, 2.00 equiv.), HCI 4M in 1,4-dioxane (100 pl,
0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred
under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 9 as a faint yellow
gum (77.6 mg, 0.190 mmol, 95% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 4:1 to 7:2.

Ry=0.25 in n-pentane/EtOAc (5:1).

"H NMR (400 MHz, CDCls) & 8.38 (dd, J = 5.0, 1.6 Hz, 1H), 7.37 (dd, J = 7.7, 1.6 Hz, 1H), 7.34 —
7.31 (m, 1H), 7.27 — 7.16 (m, 3H), 7.08 (dd, /= 7.6, 5.0 Hz, 1H), 4.62 (d, /= 11.7 Hz, 1H), 4.45 (d,
J=11.7 Hz, 1H), 3.71 (s, 2H), 3.66 (d, J = 8.0 Hz, 1H), 3.49 (td, /= 8.0, 2.0 Hz, 1H), 3.18 (dd, J =
8.0,2.0 Hz, 1H), 2.88 (dd, J=12.3, 8.3 Hz, 1H), 2.51 (dd, /= 12.3, 7.7 Hz, 1H).

3C NMR (101 MHz, CDCl5) § 170.2, 161.4, 148.7, 141.7, 135.4, 134.5, 131.9, 130.0, 129.7, 127.8,
127.7, 122.2, 68.4, 67.0, 45.9, 42.0, 41.0, 39.6, 38.1, 37.5.

HRMS (ESI, m/z) caled for C2oHi17NO2**Cl3" [M+H]": 408.0319, found: 408.0318.
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According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 3-bromobenzoate (115.8 mg, 0.40 mmol, 2.00 equiv.), HC1 4M in 1,4-dioxane (100 pl,
0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred
under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 10 as a light yellow
gum (83.7 mg, 0.185 mmol, 92% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 7:2.

Ry=0.40 in n-pentane/EtOAc (4:1).

'H NMR (400 MHz, CDCl3) & 8.40 (dd, J= 5.1, 1.6 Hz, 1H), 7.50 (t, J = 1.9 Hz, 1H), 7.42 (dt, J =
7.8, 1.4 Hz, 1H), 7.39 (dd, J = 7.7, 1.6 Hz, 1H), 7.27 — 7.24 (m, 1H), 7.20 (t, /= 7.7 Hz, 1H), 7.10
(dd, J=17.6,4.9 Hz, 1H), 4.63 (d, /= 11.7 Hz, 1H), 4.46 (d, /= 11.7 Hz, 1H), 3.72 (s, 2H), 3.67 (d,
J=28.1 Hz, 1H), 3.50 (td, /= 8.0, 2.0 Hz, 1H), 3.19 (dd, J = 8.0, 2.0 Hz, 1H), 2.89 (dd, /= 12.3, 8.3
Hz, 1H), 2.53 (dd, J=12.3, 7.7 Hz, 1H).

3C NMR (101 MHz, CDCl5) § 170.2, 161.5, 148.7, 141.7, 135.7, 132.7, 131.9, 130.6, 130.3, 128.3,
122.7,122.2, 68.4, 67.0,45.9, 42.1, 40.9, 39.6, 38.1, 37.6.

HRMS (ESI, m/z) caled for C2o0Hi7NO2*>CL"Br* [M+H]": 451.9814, found: 451.9815.
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11, 93% yield, >95:5d.r. F :

0

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 4,4-difluorocyclohexane-1-carboxylate (95.5 mg, 0.40 mmol, 2.00 equiv.), HCl 4M in
1,4-dioxane (100 pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 14 hours under irradiation with blue LEDs to afford
11 as a faint yellow gum (74.6 mg, 0.186 mmol, 93% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 4:1 to 7:2.
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Ry=0.40 in n-pentane/EtOAc (4:1).

'H{!F} NMR (599 MHz, CDCl3) § 8.41 (dd, J = 4.9, 1.6 Hz, 1H), 7.44 (dd, J = 7.8, 1.5 Hz, 1H),
7.11 (dd, J=17.6,4.9 Hz, 1H), 4.65 (d, /= 11.8 Hz, 1H), 4.45 (d, J=11.8 Hz, 1H), 3.88 (dd, J = 8.0,
0.6 Hz, 1H), 3.71 (td, /= 8.0, 2.0 Hz, 1H), 3.26 (dd, J = 8.0, 2.0 Hz, 1H), 2.99 (dd, J=12.3, 8.3 Hz,
1H), 2.58 (dd, J=12.4, 7.8 Hz, 1H), 2.55 —2.51 (m, 1H), 2.15 — 2.09 (m, 2H), 2.09 — 2.03 (m, 2H),
1.95 - 1.88 (m, 2H), 1.83 — 1.77 (m, 2H).

BC{'H, F} NMR (151 MHz, CDCl3) § 173.7, 161.4, 148.8, 141.7, 131.9, 122.6 (br), 122.2, 68.3,
67.1,46.0,42.2, 40.6, 39.8, 38.2, 37.5, 32.62, 32.61, 25.2.

F NMR (564 MHz, CDCls) § -94.38 (d, J = 237.8 Hz), -99.74 (d, J = 238.5 Hz).

HRMS (ESI, m/z) calcd for C19H20NO2*CLF," [M+H]": 402.0834, found: 402.0835.

H
= cl
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12, 75% vyield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-((2-chloroallyl)oxy)-1,4-difluorobenzene (205 mg, 1.0 mmol, 5.00 equiv.), HCl 4M in
1,4-dioxane (100 pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 14 hours under irradiation with blue LEDs to afford
12 as a colorless gum (55.2 mg, 75% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 25:6 to 9:2.

Ry=0.37 in n-pentane/EtOAc (5:1).

"H NMR (599 MHz, CDCl3) § 8.42 (dd, J = 5.0, 1.6 Hz, 1H), 7.46 (dd, J = 7.6, 1.5 Hz, 1H), 7.12
(dd, J=17.6, 5.0 Hz, 1H), 7.06 (ddd, J = 10.5, 9.0, 5.2 Hz, 1H), 6.80 (ddd, J = 9.5, 6.6, 3.0 Hz, 1H),
6.69 — 6.64 (m, 1H), 4.41 (s, 2H), 3.97 (dd, J = 8.0, 0.7 Hz, 1H), 3.88 (td, J = 8.0, 2.0 Hz, 1H), 3.30
(dd, J= 8.0, 2.0 Hz, 1H), 3.15 (dd, /= 12.3, 8.4 Hz, 1H), 2.64 (dd, J=12.3, 7.7 Hz, 1H).

"H{"”F} NMR (599 MHz, CDCl3) § 8.42 (dd, J= 5.0, 1.6 Hz, 1H), 7.51 — 7.40 (m, 1H), 7.12 (dd, J
=17.7,4.9 Hz, 1H), 7.06 (d, J= 9.0 Hz, 1H), 6.80 (d, /= 3.0 Hz, 1H), 6.66 (dd, /= 9.0, 3.0 Hz, 1H),
441 (s, 2H), 3.97 (d, J= 8.0 Hz, 1H), 3.88 (td, /= 8.1, 2.0 Hz, 1H), 3.30 (dd, J = 8.0, 2.0 Hz, 1H),
3.15(dd, J=12.3, 8.4 Hz, 1H), 2.64 (dd, J=12.3, 7.7 Hz, 1H).
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13C{'H} NMR (101 MHz, CDCls) 5 161.6, 158.7 (dd, J = 243.0, 2.6 Hz), 149.3 (dd, ] = 242.4, 3.3
Hz), 148.7, 147.0 (dd, J = 12.8, 10.5 Hz), 142.1, 132.0, 122.2, 116.8 (dd, J = 20.6, 10.0 Hz), 108.2
(dd, J=23.7, 6.9 Hz), 104.0 (dd, J = 27.2, 1.7 Hz), 74.2, 67.4, 46.2, 42.1, 39.9, 38.2, 37.7.

13C{'H, "F} NMR (151 MHz, CDCls) 5 161.6, 158.7, 149.4, 148.7, 147.0, 142.1, 132.0, 122.2,
116.8, 108.2, 104.0, 74.3, 67.4, 46.2, 42.1, 40.0, 38.2, 37.7.

19F NMR (377 MHz, CDCl3) § -116.31 (d, J = 15.2 Hz), -139.03 (d, J = 15.2 Hz).

HRMS (ESI, m/z) caled for CisHisNO*CLF," [M+H]": 368.0415, found: 368.0415.
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13, >99% yield, >95:5d.r. ~ CFs

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 3,5-bis(trifluoromethyl)benzoate (138.7 mg, 0.40 mmol, 2.00 equiv.), HCI 4M in
1,4-dioxane (100 pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 14 hours under irradiation with blue LEDs to afford
13 as a light yellow gum (103.0 mg, 0.200 mmol, >99% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 4:1.

Ry=0.45 in n-pentane/EtOAc (4:1).

'H NMR (599 MHz, CDCls) § 8.40 (dd, J = 5.0, 1.6 Hz, 1H), 7.82 (s, 1H), 7.81 (s, 2H), 7.39 (dd, J
=17.8, 1.5 Hz, 1H), 7.10 (dd, J = 7.6, 5.0 Hz, 1H), 4.71 (d, J = 11.8 Hz, 1H), 4.47 (d, J = 11.7 Hz,
1H), 3.93 — 3.87 (m, 2H), 3.72 (d, J = 8.0 Hz, 1H), 3.55 (td, J = 8.0, 2.0 Hz, 1H), 3.22 (dd, J = 8.0,
2.0 Hz, 1H), 2.93 (dd, J=12.4, 8.3 Hz, 1H), 2.55 (dd, J=12.4, 7.7 Hz, 1H).

BC{'H, F} NMR (151 MHz, CDCL) § 169.3, 161.3, 148.8, 141.6, 135.9, 132.1, 131.9, 130.0,
123.3,122.2, 121.6, 68.8, 66.9, 45.8, 42.1, 40.7, 39.7, 38.0, 37.6.

9F NMR (564 MHz, CDCl3) & -62.92.

HRMS (ESI, m/z) calcd for C22HisNO2**CLFs" [M+H]": 510.0457, found: 510.0456.
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14, >99% yield, >95:5d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 4-(N,N-dipropylsulfamoyl)benzoate (143.9 mg, 0.40 mmol, 2.00 equiv.), HCI 4M in
1,4-dioxane (100 pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 14 hours under irradiation with blue LEDs to afford
14 as a light yellow gum (104.6 mg, 0.200 mmol, >99% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 5:3.

Ry=0.55 in n-pentane/EtOAc (17:10).

'H NMR (400 MHz, CDCI;3) & 8.40 (dd, J = 5.0, 1.6 Hz, 1H), 8.22 (d, J = 8.5 Hz, 2H), 7.90 (d, J =
8.5 Hz, 2H), 7.43 (dd, J = 7.7, 1.6 Hz, 1H), 7.11 (dd, J = 7.6, 5.0 Hz, 1H), 4.81 (apt dd, J = 20.3,
11.8 Hz, 2H), 3.93 (d, /= 8.0 Hz, 1H), 3.75 (td, /= 7.9, 2.0 Hz, 1H), 3.29 (dd, J = 8.0, 2.0 Hz, 1H),
3.14-3.02 (m, 5H), 2.63 (dd, J=12.4, 7.7 Hz, 1H), 1.58 — 1.48 (m, 4H), 0.84 (t, /= 7.4 Hz, 6H).
3C NMR (101 MHz, CDCl3) § 164.7, 161.3, 148.8, 144.8, 141.6, 132.7, 132.0, 130.5, 127.3, 122.2,
68.8, 67.1, 50.0, 46.0, 42.2, 39.8, 38.2, 37.6, 22.0, 11.2.

HRMS (ESI, m/z) caled for C2sH2sN>04S*CloNa*™ [M+Na]': 545.1039, found: 545.1037.

15, 88% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl [1,1'-biphenyl]-4-carboxylate (109.1 mg, 0.40 mmol, 2.00 equiv.), HCl 4M in
1,4-dioxane (100 pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 14 hours under irradiation with blue LEDs to afford
15 as a faint yellow gum (77.0 mg, 0.176 mmol, 88% yield, >95:5 d.r.).
Purification conditions: n-pentane/EtOAc = 4:1.

Ry=0.25 in n-pentane/EtOAc (5:1).
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"H NMR (400 MHz, CDCls) § 8.43 (dd, J = 5.0, 1.6 Hz, 1H), 8.23 — 8.18 (m, 2H), 7.73 — 7.69 (m,
2H), 7.66 — 7.61 (m, 2H), 7.50 — 7.43 (m, 3H), 7.40 (tt, J = 7.3, 1.2 Hz, 1H), 7.12 (dd, J = 7.6, 5.0
Hz, 1H), 4.83 (s, 2H), 3.99 (d, J = 8.0 Hz, 1H), 3.81 (td, J = 8.0, 2.0 Hz, 1H), 3.33 (dd, /= 8.0, 2.0
Hz, 1H), 3.12 (dd, J=12.3, 8.3 Hz, 1H), 2.66 (dd, J = 12.3, 7.7 Hz, 1H).

3C NMR (101 MHz, CDCl3) § 166.0, 161.5, 148.7, 146.3, 141.9, 139.9, 132.0, 130.5, 129.1, 128.4,
128.2, 127.4, 122.2, 68.3, 67.4, 46.1, 42.3, 39.9, 38.3, 37.7. One aromatic signal missing due to
overlap.

HRMS (ESI, m/z) caled for C2sHaoNO2>Cly" [M+H]': 436.0866, found: 436.0865.
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16, 58% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
1-((2-chloroallyl)sulfonyl)-4-methylbenzene (231 mg, 1.00 mmol, 5.00 equiv.), HCl 4M in
1,4-dioxane (100 pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to afford
16 as a light yellow foam (45.6 mg, 0.116 mmol, 58% yield, >95:5 d.r.).
Purification conditions: n-pentane/acetone = 9:2 to 4:1.
R/=0.55 in CH2CL/EtOAc (4:1).
"H NMR (400 MHz, CDCI3) & 8.40 (dd, J = 5.0, 1.6 Hz, 1H), 7.85 (d, J = 8.3 Hz, 2H), 7.44 (dd, J =
7.7, 1.6 Hz, 1H), 7.39 — 7.34 (m, 2H), 7.11 (dd, J = 7.7, 5.0 Hz, 1H), 4.05 (d, J = 8.2 Hz, 1H), 3.98
(d,J=14.9 Hz, 1H), 3.88 (dd, /= 14.9, 1.0 Hz, 1H), 3.86 — 3.80 (m, 1H), 3.47 (dd, J=12.5, 8.3 Hz,
1H), 3.32 (dd, /= 8.1, 2.0 Hz, 1H), 2.61 (ddd, J = 12.5, 8.0, 1.0 Hz, 1H), 2.45 (s, 3H).
3C NMR (101 MHz, CDCl3) § 161.3, 148.7, 145.3, 141.5, 137.6, 132.0, 130.1, 128.4, 122.3, 64.24,
64.22,48.2,44.4,39.1, 38.8, 38.4, 21.8.
HRMS (ESI, m/z) calcd for C19H17NO2**CL,.SNa" [M+Na]*: 416.0249, found: 416.0249.
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17, 91% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol), diethyl
2-(2-chloroallyl)-2-methylmalonate (99.5 mg, 0.40 mmol, 2.00 equiv.), HC1 4M in 1,4-dioxane (100
pl, 0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was
stirred under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 17 as a faint
yellow gum (, >95:5 d.r.).
Purification conditions: n-pentane/EtOAc = 4:1 to 7:2.
Ry=0.42 in n-pentane/EtOAc (4:1).
'H NMR (400 MHz, CDCl3) § 8.37 (dd, J = 5.0, 1.6 Hz, 1H), 7.39 (dd, J = 7.6, 1.5 Hz, 1H), 7.07
(dd, J=17.6,5.0 Hz, 1H), 4.19 (apt qt, J = 7.1, 3.2 Hz, 4H), 3.92 (dd, J = 8.1, 0.6 Hz, 1H), 3.76 (td,
J=28.1,2.0 Hz, 1H), 3.25 (dd, /= 8.1, 2.0 Hz, 1H), 3.09 — 3.02 (m, 2H), 2.89 (dd, /= 15.5, 1.2 Hz,
1H), 2.49 (ddd, J=12.0, 7.9, 1.2 Hz, 1H), 1.57 (s, 3H), 1.25 (t, /= 7.1 Hz, 6H).
3C NMR (101 MHz, CDCls) § 171.9, 171.8, 161.7, 148.5, 141.8, 131.7, 122.1, 68.6 — 68.5 (m),
62.0, 61.8, 53.4,49.0,46.2, 44.0, 39.4, 38.6, 38.4, 20.8, 14.0.
HRMS (ESI, m/z) caled for C20H23NO4**Cl,Na* [M+Na]': 434.0896, found: 434.0896.
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18, 94% yield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl 4-chloropicolinate (92.8 mg, 0.40 mmol, 2.00 equiv.), HCI 4M in 1,4-dioxane (100 pl,
0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred
under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 18 as a light yellow
gum (74.7 mg, 0.189 mmol, 94% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 3:2 to 6:5.

Ry=0.30 in n-pentane/EtOAc (9:5).
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'H NMR (400 MHz, CDCls) & 8.68 (dd, J = 5.2, 0.6 Hz, 1H), 8.39 (dd, J = 5.0, 1.6 Hz, 1H), 8.16
(dd, J=2.0, 0.6 Hz, 1H), 7.50 (dd, J = 5.2, 2.0 Hz, 1H), 7.42 (dd, J= 7.7, 1.6 Hz, 1H), 7.09 (dd, J =
7.7,5.0 Hz, 1H), 4.97 (d, J= 11.6 Hz, 1H), 4.76 (d, J= 11.6 Hz, 1H), 3.97 (dd, J = 8.0, 0.6 Hz, 1H),
3.78 (td, J = 8.0, 2.0 Hz, 1H), 3.29 (dd, J = 8.0, 2.0 Hz, 1H), 3.14 (dd, J = 12.3, 8.3 Hz, 1H), 2.63
(dd, J=12.3,7.7 Hz, 1H).

13C NMR (101 MHz, CDCl3) & 163.7, 161.4, 151.1, 148.9, 148.7, 145.5, 141.8, 131.9, 127.5, 126.0,
122.1, 69.1, 67.1, 45.9, 42.4, 39.8, 38.3, 37.7.

HRMS (ESL, m/z) caled for C1sH13N20,°5CLNa” [M+Na]': 416.9935, found: 416.9934.
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19, 86% yield, >95:5d.r.

|

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-chloroallyl benzoylglycinate (101.5 mg, 0.40 mmol, 2.00 equiv.), HCI 4M in 1,4-dioxane (100 pl,
0.40 mmol, 2.0 equiv.) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred
under argon atmosphere for 14 hours under irradiation with blue LEDs to afford 19 as a white foam
(71.8 mg, 0.172 mmol, 86% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 1:1.

R/=0.40 in CH2CL/EtOAc (2:1).

"H NMR (400 MHz, CDCls) § 8.39 (dd, J = 5.0, 1.6 Hz, 1H), 7.86 — 7.79 (m, 2H), 7.50 (tt, J = 7.4,
1.2 Hz, 1H), 7.45 — 7.37 (m, 3H), 7.09 (dd, /= 7.7, 5.0 Hz, 1H), 7.05 (t, /= 5.3 Hz, 1H), 4.74 (d, J
=11.6 Hz, 1H), 4.51 (d, J=11.6 Hz, 1H), 4.35 (dd, J = 5.4, 1.4 Hz, 2H), 3.89 (d, J = 8.1 Hz, 1H),
3.70 (td, J = 8.0, 2.0 Hz, 1H), 3.23 (dd, J = 8.0, 2.0 Hz, 1H), 3.01 (dd, J = 12.4, 8.3 Hz, 1H), 2.56
(dd, J=12.4,7.7 Hz, 1H).

3C NMR (101 MHz, CDCl3) § 169.7, 167.8, 161.3, 148.7, 141.7, 133.6, 132.0, 128.7, 127.2, 122.2,
68.6, 66.9,45.8,42.2,41.9, 39.8, 38.2, 37.6. One aromatic signal missing due to overlap.

HRMS (ESI, m/z) calcd for C21H1sN203*CL1SNa" [M+Na]*: 439.0587, found: 439.0585.
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20, 72% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
1,1-dichloethene (80 pL, 1.0 mmol), HCI (50 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4 mg,
2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 20 as a colorless gum (37.4 mg, 72% yield, >95:5 d.r.).
The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.
Purification conditions: n-pentane/EtOAc = 9:1 to 6:1.
Ry=0.35 in n-pentane/EtOAc (9:1).
'H NMR (599 MHz, CDCls) & 8.43 (dd, J = 4.9, 1.6 Hz, 1H), 7.47 (dd, J = 7.7, 1.6 Hz, 1H), 7.14
(dd, J=7.7,5.0 Hz, 1H), 4.10 (d, /= 8.3 Hz, 1H), 4.06 (t, /= 7.9 Hz, 1H), 3.47 (dd, /= 8.2, 2.0 Hz,
1H), 3.43 (dd, /= 12.7, 8.1 Hz, 1H), 2.95 (dd, /= 12.7, 7.9 Hz, 1H).
3C NMR (151 MHz, CDCls) § 160.8, 149.1, 140.5, 132.3, 122.5, 84.1, 52.9, 52.8, 41.5, 39.6, 39.1.

HRMS (ESI, m/z) calcd for C11HsN**CIsNa" [M+Na]*: 259.9795, found: 259.9794.

21, 88% yield, 94:6 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
trichloroethylene (90 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4 mg,
2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 21 as a white solid (58.0 mg, 88% yield, 94:6 d.r.).
Purification conditions: n-pentane/EtO=20:1 to 10:1.

Ry=0.60 in n-pentane/Et;O (10:1).

'H NMR (599 MHz, CDCl;3) § 7.45 (dd, J = 8.1, 0.6 Hz, 1H), 7.25 (d, J= 8.1 Hz, 1H), 5.10 (d, J =
6.9 Hz, 1H), 4.50 (ddd, /=6.9, 1.7, 1.0 Hz, 1H), 4.08 (d, J = 8.2 Hz, 1H), 3.42 (dd, J = 8.2, 2.1 Hz,
1H).
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BCNMR (151 MHz, CDCl3) § 162.5, 151.7, 136.0, 134.9, 123.2, 86.9, 69.6, 52.0, 45.8, 41.8, 38.0.
HRMS (ESI, m/z) caled for C19HisNO2FNa' [M+Na]": 332.1057, found: 332.1056.

22, 71% yield, 91:9 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-bromoprop-1-ene (88 uL, 1.0 mmol), HCI (100 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4
mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 22 as a colorless gum (40.5 mg, 71% yield, 91:9 d.r.).
The 'H NMR analysis of the crude reaction mixture gave 91:9 d.r.
Purification conditions: n-pentane/EtOAc = 9:1 to 6:1.
Ry=0.40 in n-pentane/EtOAc (5:1).
"H NMR (599 MHz, CDCl3) § 8.40 (ddd, J = 5.0, 1.6, 0.5 Hz, 1H), 7.41 (ddd, J = 7.6, 1.5, 0.7 Hz,
1H), 7.10 (dd, J = 7.6, 5.0 Hz, 1H), 3.90 (dd, J = 8.1, 0.6 Hz, 1H), 3.87 — 3.73 (m, 1H), 3.19 (dd, J
= 8.0, 2.0 Hz, 1H), 2.92 (dd, J = 11.8, 8.1 Hz, 1H), 2.77 (ddd, J=11.8, 7.7, 0.7 Hz, 1H), 2.14 (d, J
=0.7 Hz, 3H).
3C NMR (151 MHz, CDCls) § 161.8, 148.5, 141.8, 131.8, 122.1, 60.1, 49.9, 47.3, 40.7, 40.6, 38.0,
30.7.
HRMS (ESI, m/z) calcd for Ci2HiiNBrCl™ [M+H]": 285.9814, found: 285.9813.

/

I \V, _Br

N
ci H
23, 70% yield, 92:8 d.r.
According to the general procedure, a mixture of 6-chloroquinoline (65.4 mg, 0.40 mmol),
2,3-dibromoprop-1-ene (78 pL, 0.8 mmol), HCI (200 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F
(8.8 mg, 2 mol%, 0.008 mmol) in HFIP (2 mL, 0.2 M) was stirred under argon atmosphere for 14

hours under irradiation with blue LEDs to afford 23 as a colorless gum (101.0 mg, 70% yield, 92:8
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d.r.). The 'H NMR analysis of the crude reaction mixture gave 92:8 d.r.

Purification conditions: n-pentane/EtOAc = 9:1 to 6:1.

Ry=0.40 in n-pentane/EtOAc (5:1).

'H NMR (599 MHz, CDCl3) § 8.42 (ddd, J = 5.0, 1.6, 0.5 Hz, 1H), 7.44 (ddt, J= 7.7, 1.4, 0.6 Hz,
1H), 7.13 (dd, J= 7.7, 5.0 Hz, 1H), 4.05 — 4.03 (m, 3H), 3.96 — 3.93 (m, 1H), 3.23 — 3.18 (m, 2H),
2.85(dd, J=12.6, 7.6 Hz, 1H).

3C NMR (151 MHz, CDCl5) § 161.3, 148.7, 141.7, 132.09 122.3, 62.6, 47.9, 44.5, 41.5, 41.2, 39.7,
38.4.

HRMS (ESI, m/z) calcd for C12HiiNBr2Cl* [M+H]": 363.8920, found: 363.8920.

24, 55% yield, >95:5d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
2-bromoprop-2-en-1-ol (33 uL, 0.4 mmol), HCI (100 uL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F
(4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14
hours under irradiation with blue LEDs to afford 24 as a white solid (35.2 mg, 55% yield, >95:5
d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtOAc = 3:1 to 1:1.

Ry=0.40 in n-pentane/EtOAc (1:1).

'H NMR (300 MHz, CD;0D) § 8.32 (dd, J = 5.1, 1.5 Hz, 1H), 7.62 (ddd, J = 7.7, 1.5, 0.7 Hz, 1H),
7.25(dd, J=7.7,5.1 Hz, 1H), 4.17 (dd, J= 7.9, 0.7 Hz, 1H), 4.04 (d, J = 1.8 Hz, 2H), 3.95 — 3.83
(m, 1H), 3.14 (dd, J = 12.2, 8.4 Hz, 1H), 3.08 (dd, /= 7.9, 2.0 Hz, 1H), 2.61 (dd, J = 12.2, 7.5 Hz,
1H).

3C NMR (151 MHz, CD3;0D) § 162.5, 148.5, 144.7, 134.0, 123.7, 69.1, 66.6, 48.2, 43.5, 42.5, 40.0,
38.9.

HRMS (ESI, m/z) caled for C12H12NOBr C1 * [M+H]": 301.9763, found: 301.9762.
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c”
25, 39% yield, 88:12 d.r.

According to the general procedure, a mixture of 6-chloroquinoline (32.7 mg, 0.20 mmol),
1,1,2-tribromoethene (33 pL, 0.4 mmol), HCI (100 uL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4
mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 25 as a white solid (35.2 mg, 55% yield, 90:10 d.r.). The
"H NMR analysis of the crude reaction mixture gave 88:12 d.r.

Purification conditions: n-pentane/EtOAc = 3:1 to 1:1.

Ry=0.40 in n-pentane/EtOAc (1:1).

'H NMR (599 MHz, CDCls) § 8.48 (ddd, J=4.9, 1.5, 0.5 Hz, 1H), 7.63 — 7.40 (m, 1H), 7.20 (dd, J
=17.7, 5.0 Hz, 1H), 5.48 (d, J = 6.9 Hz, 1H), 4.67 — 4.54 (m, 1H), 4.03 (dd, J = 8.2, 0.6 Hz, 1H),
3.47 (dd, J=8.2, 1.9 Hz, 1H).

3C NMR (151 MHz, CDCls3) § 162.1, 149.6, 137.5, 133.7, 122.5, 63.2, 61.7, 53.4, 46.8, 45.1, 39.7.
HRMS (ESI, m/z) calcd for C1iHsNBr3CI™ [M+H]": 429.7847, found: 429.7847.

H

-
-

S cl
ci T H

26, 74% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloro-2-methylquinoline (35.5 mg, 0.20 mmol),
1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4
mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 26 as a white solid (40.6 mg, 74% yield, >95:5 d.r.).
Purification conditions: n-pentane/Et20 = 20:1 to 10:1.
Ry=0.60 in n-pentane/Et;0O (10:1).
'H NMR (400 MHz, CDCI3) & 7.36 (d, J = 7.8 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 4.08 (dd, J = 8.2,
0.6 Hz, 1H), 4.02 (td, J = 7.9, 2.0 Hz, 1H), 3.52 — 3.33 (m, 2H), 2.91 (dd, J = 12.6, 7.7 Hz, 1H),
2.54 (s, 3H).
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3C NMR (101 MHz, CDCl3) § 160.1, 158.1, 137.4, 132.4, 122.0, 84.2, 53.1, 53.0, 41.5, 39.3, 39.2,
24.3.
HRMS (ESI, m/z) caled for C1oHiNCl3* [M+Na]*: 273.99516, found: 273.99519.

HZ
c H

27, 77% yield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloro-2-ethyl-3-methylquinoline (40.2 mg,
0.20 mmol), 1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 uL, 0.4 mmol, 4 M in 1,4-dioxane)
and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere
for 14 hours under irradiation with blue LEDs to afford 27 as a white solid (46.4 mg, 77%
yield, >95:5 d.r.). The 'H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/Et20O=20:1 to 10:1.

Ry=0.60 in n-pentane/Et;0O (10:1).

'H NMR (400 MHz, CDCl3) § 7.21 (s, 1H), 4.29 — 4.03 (m, 1H), 4.00 (td, J = 7.9, 2.0 Hz, 1H), 3.49
—3.21 (m, 2H), 2.92 (dd, J = 12.6, 7.7 Hz, 1H), 2.79 (q, J = 7.6 Hz, 2H), 2.28 (s, 3H), 1.27 (t, J =
7.6 Hz, 3H).

3C NMR (101 MHz, CDCls) § 161.3, 157.4, 137.9, 134.0, 129.7, 84.4, 53.1, 53.0, 41.4, 39.4, 39.3,
28.7,18.9, 13.0.

HRMS (ESI, m/z) calcd for C14HisNCls™ [M+ H]*: 302.02646, found: 302.02645.

ci o H

28, 73% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloro-2-ethyl-4-methylquinoline (41.1 mg,
0.20 mmol), 1,1-dichloethene (80 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and
Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for

14 hours under irradiation with blue LEDs to afford 28 as a white waxy solid (44.2 mg, 73%
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yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtOAc = 35:1 to 25:1.

Ry=0.30 in n-pentane/EtOAc (35:1).

'H NMR (400 MHz, CDCl3) § 7.20 (s, 1H), 4.05 (d, J = 8.0 Hz, 1H), 3.99 (td, J = 7.8, 2.0 Hz, 1H),
3.42 (dd, /= 8.0, 1.8 Hz, 1H), 3.40 (dd, /= 12.8, 8.0 Hz, 1H), 2.91 (dd, J = 12.6, 7.8 Hz, 1H), 2.78
(q,J=7.5Hz, 2H), 2.27 (s, 3H), 1.27 (t, /= 7.6 Hz, 3H).

3C NMR (101 MHz, CDCls) § 161.4, 157.4, 137.9, 134.0, 129.6, 84.4, 53.10, 53.05, 41.5, 39.5,
39.4,28.8, 18.9, 13.0.

HRMS (ESI, m/z) caled for C14HisN*>Cl3* [M+H]": 302.0265, found: 302.0266.

S cl
=z Cl
ci* T H

29, 95% yield, >95:5 d.r.

H

According to the general procedure, a mixture of 6-chloro-3-ethyl-2-propylquinoline (46.7 mg, 0.20
mmol), 1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and
Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for
14 hours under irradiation with blue LEDs to afford 29 as a white solid (63.0 mg, 95% yield, >95:5
d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtO=20:1 to 10:1.

Ry=0.60 in n-pentane/Et;0O (15:1).

'H NMR (400 MHz, CDCl3) § 7.23 (s, 1H), 4.05 (d, J = 8.1 Hz, 1H), 4.00 (td, J = 7.9, 2.0 Hz, 1H),
3.46 — 3.36 (m, 2H), 2.93 (dd, J = 12.6, 7.7 Hz, 1H), 2.74 (t, J = 7.9 Hz, 2H), 2.62 (q, J = 7.5 Hz,
2H), 1.83 — 1.64 (m, 2H), 1.20 (t, /= 7.5 Hz, 3H), 1.00 (t, /= 7.4 Hz, 3H).

3C NMR (101 MHz, CDCls) § 159.8, 157.2, 138.0, 135.6, 132.1, 84.4, 53.1, 53.0, 41.4, 39.5, 39.4,
37.1,25.2,23.1, 14.8, 14.4.

HRMS (ESI, m/z) calcd for Ci16HioNCls™ [M+ H]*: 330.05776, found: 330.0578]1.
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30, 77% yield, >95:5 d.r.
According to the general procedure, a mixture of 2,6-dichloroquinoline (39.6 mg, 0.20 mmol),
1,1-dichloroethylene (81 uL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4
mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 30 as a white solid (45.6 mg, 77% yield, >95:5 d.r.). The
"H NMR analysis of the crude reaction mixture gave >95:5 d.r.
Purification conditions: n-pentane/Et20 = 20:1 to 10:1.
Ry=0.60 in n-pentane/Et;O (10:1).
'H NMR (599 MHz, CDCl3) § 7.44 (dt, J = 8.1, 0.6 Hz, 1H), 7.22 — 7.07 (m, 1H), 4.09 (dd, J = 8.2,
0.7 Hz, 1H), 4.04 (tdt, J = 8.0, 2.2, 0.7 Hz, 1H), 3.54 — 3.34 (m, 2H), 2.95 (dd, J = 12.7, 7.8 Hz,
1H).
3C NMR (151 MHz, CDCls) § 161.3, 150.9, 139.3, 134.6, 123.0, 83.7, 53.4, 52.9, 41.1, 38.9, 38.8.
HRMS (ESI, m/z) calcd for C11H7NCILsNa" [M+Na]": 317.9195, found: 317.9194.

, H
BUI\' Cl

n-Pentyl N/H cl
c H

31, 92% yield, >95:5 d.r.
According to the general procedure, a mixture of 3-butyl-6-chloro-2-pentylquinoline (58.0 mg, 0.20
mmol), 1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and
Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for
14 hours under irradiation with blue LEDs to afford 31 as a white solid (71.0 mg, 92% yield, >95:5
d.r.). The 'H NMR analysis of the crude reaction mixture gave >95:5 d.r.
Purification conditions: n-pentane/Et,O= 20:1 to 10:1.
Ry=0.60 in n-pentane/Et2O (15:1).
"H NMR (400 MHz, CDCls) § 7.21 (s, 1H), 4.05 (dd, J = 8.1, 0.6 Hz, 1H), 3.99 (td, J= 7.9, 2.0 Hz,
1H), 3.55 — 3.34 (m, 2H), 2.93 (dd, J = 12.6, 7.7 Hz, 1H), 2.75 (t, J = 8.1 Hz, 1H), 2.63 — 2.48 (m,
2H), 1.74 — 1.62 (m, 2H), 1.57 — 1.49 (m, 2H), 1.43 — 1.33 (m, 6H), 0.96 — 0.89 (m, 6H).
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3C NMR (101 MHz, CDCl3) § 160.1, 157.3, 137.8, 134.4, 132.9, 84.4, 53.1, 53.0, 41.4, 39.5, 39.4,
35.2,33.0,32.2,32.1,29.7,22.8, 22.7, 14.2, 14.0.
HRMS (ESI, m/z) caled for CooH27NiCl3" [M+ H]™: 386.12036, found: 386.12035.
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32, 83% yield, >95:5 d.r.
According to the general procedure, a mixture of 3-benzyl-6-chloro-2-phenethylquinoline (71.6 mg,
0.20 mmol), 1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 uL, 0.4 mmol, 4 M in 1,4-dioxane)
and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere
for 14 hours under irradiation with blue LEDs to afford 32 as a white solid (75.7 mg, 83%
yield, >95:5 d.r.). The 'H NMR analysis of the crude reaction mixture gave >95:5 d.r.
Purification conditions: n-pentane/Et20 = 20:1 to 10:1.
Ry=0.60 in n-pentane/Et;0O (15:1).
'"H NMR (400 MHz, CDCl3) § 7.33 — 7.24 (m, 5H), 7.21 — 7.18 (m, 1H), 7.13 — 7.11 (m, 3H), 7.04 —
7.03 (m, 2H), 4.11 (d, /= 8.1 Hz, 1H), 4.00 (td, /= 7.8, 2.0 Hz, 1H), 3.92 — 3.75 (m, 2H), 3.49 (dd,
J=28.1,2.0 Hz, 1H), 3.41 (dd, J=12.7, 8.0 Hz, 1H), 3.10 — 2.88 (m, 5H).
3C NMR (101 MHz, CDCl5) § 159.3, 158.2, 141.8, 139.3, 138.3, 133.8, 133.0, 128.9, 128.8, 128.6,
128.4, 126.6, 126.0, 84.3, 53.2, 53.1, 41.4, 39.4, 38.3, 37.2, 35.6.

HRMS (ESI, m/z) caled for CosH23N i Clz* [M+ H]': 456.08649, found: 456.08611.

Pr B mO

= Cl

" c H

33, 95% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloro-2-isobutyl-3-isopropylquinoline (52.2 mg,
0.20 mmol), 1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 uL, 0.4 mmol, 4 M in 1,4-dioxane)
and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere
for 14 hours under irradiation with blue LEDs to afford 33 as a colorless gum (68.2 mg, 95%

yield, >95:5 d.r.). The 'H NMR analysis of the crude reaction mixture gave >95:5 d.r.
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Purification conditions: n-pentane/Et,O = 20:1 to 10:1.

Ry=0.60 in n-pentane/Et2O (15:1).

"H NMR (400 MHz, CDCls) § 7.32 (s, 1H), 4.05 (dd, J = 8.1, 0.6 Hz, 1H), 4.00 (td, J= 7.9, 2.0 Hz,
1H), 3.44 — 3.39 (m, 2H), 3.15 (p, J = 6.8 Hz, 1H), 2.96 (dd, J = 12.6, 7.7 Hz, 1H), 2.75 — 2.64 (m,
2H), 2.15-2.04 (m, 1H), 1.19 (t,J= 6.7 Hz, 6H), 0.94 (dd, /= 12.8, 6.6 Hz, 6H).

3C NMR (101 MHz, CDCl3) § 158.2, 156.9, 140.8, 138.1, 129.2, 84.4, 53.0, 43.6, 41.4, 39.5, 29.6,
28.7,24.0,23.6,22.7,22.5.

HRMS (ESI, m/z) calcd for C1sH22NCl3Na * [M+ Na]': 380.0710, found: 380.0710.

S*MQOC(J i4COZ H

i A Cl
= Cl

N
HZ
civ T H
34, 72% yield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloroquinolin-4-yl 3-methoxybenzoate (62.7
mg, 0.20 mmol), 1,1-dichloethene (80 uL, 1.0 mmol), HCI (50 pL, 0.2 mmol, 4 M in 1,4-dioxane)
and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere
for 14 hours under irradiation with blue LEDs to afford 34 as a white waxy solid (58.9 mg, 72%
yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtOAc = 6:1 to 5:1.

Ry=0.35 in n-pentane/EtOAc (6:1).

"H NMR (400 MHz, CDCls) § 8.49 (d, J= 5.5 Hz, 1H), 7.75 (dt, J = 7.6, 1.2 Hz, 1H), 7.64 (dd, J =
2.7,1.6 Hz, 1H), 7.44 (t, J= 8.0 Hz, 1H), 7.22 (ddd, J = 8.4, 2.7, 1.0 Hz, 1H), 7.10 (d, J = 5.6 Hz,
1H), 4.10 (d, J = 8.3 Hz, 1H), 4.05 (td, /= 7.9, 2.1 Hz, 1H), 3.89 (s, 3H), 3.56 (dd, /= 8.2, 2.1 Hz,
1H), 3.36 (dd, /= 13.0, 8.0 Hz, 1H), 3.11 (dd, J=13.0, 7.9 Hz, 1H).

3C NMR (101 MHz, CDCls) § 163.5, 163.2, 160.0, 154.3, 151.2, 132.7, 130.0, 129.5, 122.8, 121.0,
116.2, 114.9, 83.9, 55.7, 52.9, 52.3, 41.8, 38.9, 37.9.

HRMS (ESI, m/z) calcd for C19H;sNO3Cl3" [M+H]*: 410.0112, found: 410.0112.
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35, 47% yield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloroquinolin-4-yl acetate (44.3 mg, 0.20
mmol), 1,1-dichloethene (80 pL, 1.0 mmol), HCI (100 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F
(4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14
hours under irradiation with blue LEDs to afford 35 as a white waxy solid (29.7 mg, 47%
yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtOAc = 6:1 to 5:1.

Ry=0.40 in n-pentane/EtOAc (6:1).

'H NMR (599 MHz, CDCl3) § 8.54 — 8.27 (m, 1H), 6.98 (d, J = 5.5 Hz, 1H), 4.09 (dd, J = 8.2, 0.7
Hz, 1H), 4.01 (td, J = 7.9, 2.1 Hz, 1H), 3.52 (dd, J = 8.2, 2.0 Hz, 1H), 3.38 (dd, J = 13.0, 8.0 Hz,
1H), 3.04 (dd, /= 13.0, 7.9 Hz, 1H), 2.32 (s, 3H).

3C NMR (151 MHz, CDCl3) 6 167.4, 163.4, 153.9, 151.0, 132.4, 116.0, 83.8, 52.8, 52.3, 41.7, 38.8,
37.9,21.0.

HRMS (ESI, m/z) calcd for C1iHoCIzNO" [M+2H —OAc]": 275.9744, found: 275.9742.

OH H
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36, 98% yield, >95:5 d.r.

According to the general procedure, a mixture of 6-chloroquinolin-4-ol (35.9 mg, 0.20 mmol),
1,1-dichloethene (80 pL, 1.0 mmol), HCI (100 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4 mg,
2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 24 hours
under irradiation with blue LEDs to afford 36 as a pale yellow oil (54.1 mg, 98% yield, >95:5 d.r.).
The 'H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtOAc = 4:1 to 1:1.

Ry=0.40 in n-pentane/EtOAc (2:1).

'H NMR (599 MHz, CDCls) & 7.67 (d, J = 6.9 Hz, 1H), 6.52 (d, J = 6.8 Hz, 1H), 4.10 (td, J = 7.8,
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2.5 Hz, 1H), 4.02 (dd, J = 8.0, 0.7 Hz, 1H), 3.42 (dd, J = 12.9, 7.9 Hz, 1H), 3.35 (dd, J= 7.9, 2.5 Hz,
1H), 2.97 (dd, J=12.8, 7.7 Hz, 1H).

13C NMR (151 MHz, CDCls) § 174.5, 152.2, 139.9, 132.5, 116.3, 83.5, 53.3, 53.2, 39.1, 38.5, 38.0.
HRMS (ESI, m/z) caled for CiiHsNOCI3Na" [M+Na]*: 297.9562, found: 297.9562.
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37, 86% yield, >95:5 d.r.

According to the general procedure, a mixture of 7-chloro-9-phenyl-1,2,3,4-tetrahydroacridine (58.8
mg, 0.20 mmol), 1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in
1,4-dioxane) and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under
argon atmosphere for 14 hours under irradiation with blue LEDs to afford 37 as a colorless gum
(67.3 mg, 86% yield, >95:5 d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5
d.r.

Purification conditions: n-pentane/Et0O=20:1 to 10:1.

Ry=0.50 in n-pentane/Et;0O (15:1).

'H NMR (400 MHz, CDCl3) § 7.56 — 7.39 (m, 3H), 7.24 — 6.98 (m, 2H), 4.08 (d, J = 8.0 Hz, 1H),
3.73 (td, J=17.9, 2.0 Hz, 1H), 3.48 (dd, /= 8.1, 2.0 Hz, 1H), 3.17 (dd, /= 12.5, 8.0 Hz, 1H), 3.05 —
2.95 (m, 3H), 2.61 —2.52 (m, 1H), 2.40 (dt, J=17.2, 5.9 Hz, 1H), 1.92 — 1.61 (m, 4H).

3C NMR (101 MHz, CDCl3) § 157.5, 157.0, 146.8, 137.1, 137.1, 129.0, 128.8, 128.1, 127.9, 84.2,
53.6,52.7,41.8,39.4,39.1,33.2,27.3, 22.9, 22.8.

HRMS (ESI, m/z) caled for C2iHisNCI3Na " [M+Na]™: 412.0397, found: 412.0397.

Ph H
N cl
I > Cl
H W
c™ H

38, 99% yield, >95:5 d.r.
According to the general procedure, a mixture of
2-chloro-11-phenyl-7,8,9,10-tetrahydro-6H-cyclohepta[]quinoline  (61.6 mg, 0.20 mmol),
1,1-dichloroethylene (81 pL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4
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mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 38 as a pale yellow solid (80.1 mg, 99% yield, >95:5
d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/Et20 = 20:1 to 10:1.

Ry=0.50 in n-pentane/Et;0O (15:1).

'H NMR (599 MHz, CDCls) § 7.46 — 7.38 (m, 3H), 7.12 (d, J = 7.5 Hz, 1H), 7.01 (d, J = 7.2 Hz,
1H), 4.04 (dd, J = 8.1, 0.7 Hz, 1H), 3.67 (td, J = 7.9, 2.1 Hz, 1H), 3.46 (dd, J = 8.1, 2.1 Hz, 1H),
3.13-3.10 (m, 3H), 2.96 (dd, J = 12.6, 7.9 Hz, 1H), 2.63 — 2.55 (m, 2H), 1.88 — 1.69 (m, 4H), 1.61
—1.55 (m, 1H), 1.52 — 1.46 (m, 1H).

3C NMR (151 MHz, CDCl3) § 164.0, 155.9, 146.2, 137.7, 137.5, 134.8, 128.7, 128.6, 128.4, 128.0,
84.3,53.6,52.7,41.9,39.5,39.4,39.3,32.3,29.7, 27.6, 26 .4.

HRMS (ESI, m/z) calcd for C2oH2oNCl3Na* [M+Na]*: 426.0553, found: 426.0553.

Ph H

N Cl
O >t

H W
clrr
39, 90% yield, >95:5d.r.

According to the general procedure, a mixture of
2-chloro-12-phenyl-6,7,8,9,10,11-hexahydrocycloocta[b]quinoline  (64.4 mg, 0.20 mmol),
1,1-dichloroethylene (81 uL, 1.0 mmol), HCI (100 pL, 0.4 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4
mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 39 as a pale yellow solid (75.2 mg, 90% yield, >95:5
d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/Et20 = 20:1 to 10:1.

Ry=0.50 in n-pentane/Et;0O (15:1).

'H NMR (400 MHz, CDCl3) § 7.40 (m, 3H), 7.15 — 7.02 (m, 2H), 4.04 (d, J = 8.0 Hz, 1H), 3.62 (td,
J=179, 2.1 Hz, 1H), 3.46 (dd, J = 8.0, 2.1 Hz, 1H), 3.07 (dd, J = 12.6, 8.0 Hz, 1H), 3.01 (t,J=6.2
Hz, 2H), 2.92 (dd, J = 12.5, 7.9 Hz, 1H), 2.69 — 2.54 (m, 2H), 1.92 — 1.75 (m, 2H), 1.44 — 1.29 (m,
6H).

3C NMR (101 MHz, CDCl3) § 161.8, 156.8, 146.8, 137.8, 137.7, 132.3, 128.7, 128.5, 127.9, 84.3,
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53.3,52.7,41.8,39.3,39.2,35.7,31.1, 30.9, 27.3, 26.6, 25.8.
HRMS (ESI, m/z) caled for C23HasNCl3" [M+H]"™: 420.0864, found: 420.0860.

40, 70% yield, >95:5 d.r.
According to the general procedure, a mixture of 6-chloro-8-methylquinoline (35.5 mg, 0.20 mmol),
1,1-dichloethene (80 puL, 1.0 mmol), HCI1 (100 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4 mg,
2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours
under irradiation with blue LEDs to afford 40 as a pale yellow solid (38.4 mg, 70% yield, >95:5
d.r.). The '"H NMR analysis of the crude reaction mixture gave >95:5 d.r.
Purification conditions: n-pentane/EtOAc = 10:1 to 5:1.
Ry=0.50 in n-pentane/EtOAc (5:1).
"H NMR (599 MHz, CDCls) & 8.47 (dd, J = 4.9, 1.6 Hz, 1H), 7.49 (ddd, J = 7.6, 1.5, 0.8 Hz, 1H),
7.15(dd, J=17.6,4.9 Hz, 1H), 4.01 (t, J= 8.1 Hz, 1H), 3.94 (s, 1H), 3.44 (dd, /= 12.4, 8.0 Hz, 1H),
2.92 (dd,J=12.4,8.3 Hz, 1H), 1.93 (s, 3H).
3C NMR (151 MHz, CDCl3) § 163.3, 148.9, 139.1, 132.1, 122.5, 84.7, 54.9, 53.0, 49.2, 44.3, 39.4,
15.3.

HRMS (ESI, m/z) caled for CioHiNCl3™ [M+H]": 273.9951, found: 273.9951.

Hﬂ
o Cl
AN
%, OH
HY &~F

S

cr
41, 75% yield, 91:9 d.r.

According to the general procedure, a mixture of 6-chloro-7-fluoroquinoline (36.3 mg, 0.20 mmol),
2-chloroprop-2-en-1-ol (48 puL, 0.6 mmol), HCI (100 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F

(4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 24
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hours under irradiation with blue LEDs to afford 41 as a pale yellow solid (41.4 mg, 75% yield,
91:9 d.r.). The 'H NMR analysis of the crude reaction mixture gave 91:9 d.r.

Purification conditions: n-pentane/EtOAc =4:1 to 1:1.

Ry=0.50 in n-pentane/EtOAc (1:1).

"H NMR (599 MHz, CDs;0D) § 8.36 (dd, J = 5.0, 1.5 Hz, 1H), 7.74 — 7.62 (m, 1H), 7.29 (dd, J =
7.7, 5.0 Hz, 1H), 4.05 (d, J=11.7 Hz, 1H), 3.94 (d, /= 11.7 Hz, 1H), 3.84 (td, /= 8.0, 7.5, 1.8 Hz,
1H), 3.50 (dd, J = 15.9, 1.8 Hz, 1H), 3.15 (dd, J = 12.2, 8.6 Hz, 1H), 2.44 (dd, J = 12.2, 7.5 Hz,
1H).

3C NMR (151 MHz, CDs;OD) & 161.7, 149.0, 143.7 (d, J = 5.8 Hz), 134.9 (d, J = 2.2 Hz), 124.3,
95.1 (d, J=288.5 Hz), 70.5 (d, J = 2.0 Hz), 67.8, 50.0 (d, /= 10.2 Hz), 43.4 (d, /= 13.7 Hz), 43.0
(d, J=2.3 Hz), 42.68.

9F NMR (564 MHz, CD;0D) & -136.70 (m).

HRMS (ESI, m/z) calcd for CoHeNCIF™ [M+H]": 182.0167, found: 182.0166.

F

g Cl
X
[ OH
%l/
HY SF

~

cr
42, 57% yield, 95:5 d.r.

According to the general procedure, a mixture of 6-chloro-5,7-difluoroquinoline (40.0 mg, 0.20
mmol), xx (32 pl, 0.40 mmol, 2.00 equiv.), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to afford
42 as a white solid (33.4 mg, 0.114 mmol, 57% yield, >95:5 d.r.). The '"H NMR analysis of the
crude reaction mixture gave 95:5 d.r. Note. The compound is only sparingly soluble in CDClI;.
Traces of the solvent can be detected even after prolonged drying under high vacuum.

Purification conditions: n-pentane/EtOAc = 2:1.

Ry=0.40 in n-pentane/EtOAc (2:1).

"H NMR (599 MHz, CD;0D) & 8.54 (ddd, J = 5.0, 1.5, 0.9 Hz, 1H), 7.82 (dt, J= 7.7, 1.4 Hz, 1H),
7.44 (dd, J=17.8, 5.0 Hz, 1H), 4.24 (d, /= 12.4 Hz, 1H), 4.11 (dt, J=12.3, 1.2 Hz, 1H), 3.65 (dd, J
=15.3, 7.2 Hz, 1H), 3.41 (dd, J=17.5, 14.3 Hz, 1H), 3.01 (ddd, J = 20.6, 14.4, 1.4 Hz, 1H).

'H{!°F} NMR (599 MHz, CD;0D) § 8.54 (dd, J = 5.0, 1.6 Hz, 1H), 7.82 (dd, J = 7.8, 1.5 Hz, 1H),
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7.44 (dd, J = 7.8, 5.0 Hz, 1H), 4.24 (d, J = 12.3 Hz, 1H), 4.11 (dd, J = 12.3, 1.4 Hz, 1H), 3.65 (s,
1H), 3.41 (d, J=14.4 Hz, 1H), 3.03 — 2.98 (m, 1H).

BC{'H} NMR (151 MHz, CD;0D) & 159.8 (d, J = 4.4 Hz), 151.8 (d, J = 2.1 Hz), 139.1 (dd, J =
24.8,5.7Hz), 134.7 (d, J=2.0 Hz), 125.2 (d, /= 1.4 Hz), 103.9 (dd, J = 224.2, 2.3 Hz), 96.1 (d, J =
289.4 Hz), 70.6 (d, J= 1.5 Hz), 68.2, 49.8 (d, J=29.4 Hz), 47.7 (dd, J=21.4, 12.0 Hz), 44.1 (d, J =
13.3 Hz).

BC{'H, F} NMR (151 MHz, CDs0D) & 159.8, 151.8, 139.1, 134.7, 125.2, 103.9, 96.1, 70.6, 68.2,
49.8,47.7,44.1.

YF NMR (564 MHz, CDsOD) § -131.28 (dd, J = 15.3, 4.3 Hz), -170.78 (ddd, J = 20.3, 17.5, 7.2
Hz).

YF{TH} NMR (564 MHz, CDs0D) & -131.28 (dd, J= 4.3, 1.3 Hz), -170.78 (d, J= 1.2 Hz).

HRMS (ESI, m/z) caled for Ci2HioNO**CLF," [M+H]": 292.0102, found: 292.0101; caled for
C12HoNO*CI,FNa* [M+Na]*: 313.9922, found: 313.9921.

H
H \\I‘Cl

-Cl

N el
H N

P

N
43, 87% yield, >95:5 d.r.

According to the general procedure, a mixture of 7-chloroquinoline (32.7 mg, 0.20 mmol),

1,1-dichloethene (80 pL, 1.0 mmol), HCI (100 pL, 0.2 mmol, 4 M in 1,4-dioxane) and Ir-F (4.4 mg,

2 mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 14 hours

under irradiation with blue LEDs to afford 43 as a pale yellow solid (45.0 mg, 87% yield, >95:5

d.r.). The 'H NMR analysis of the crude reaction mixture gave >95:5 d.r.

Purification conditions: n-pentane/EtOAc = 10:1 to 5:1.

Ry=0.50 in n-pentane/EtOAc (5:1).

'H NMR (599 MHz, CDCl3) § 8.41 (dd, J = 5.0, 1.6 Hz, 1H), 7.68 (dd, J = 7.7, 1.6 Hz, 1H), 7.14

(dd, J=7.7,5.0 Hz, 1H), 4.09 (td, J = 8.0, 2.0 Hz, 1H), 4.02 (dd, /= 7.8, 0.6 Hz, 1H), 3.48 (dd, J =

12.9, 8.4 Hz, 1H), 3.27 (dd, /= 7.8, 2.0 Hz, 1H), 3.04 (dd, J=12.9, 7.7 Hz, 1H).
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13C NMR (151 MHz, CDCl3) § 167.8, 149.0, 134.5, 134.2, 122.1, 84.2,51.9, 51.5, 42.8, 39.3, 37.9.
HRMS (ESI, m/z) calcd for CiiHoNCl3" [M+H]": 261.9766, found: 261.9765.

Me
72

X
N OAc
MeO,C

4, 97% yield, >95:5 d.r.

According to the general procedure, a mixture of methyl 5-methylquinoline-8-carboxylate (40.2 mg,
0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1
mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 4 as a light yellow gum (55.9 mg, 0.195 mmol, 97%, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 1:1.

Ry=0.25 in n-pentane/EtOAc (3:2).

'H NMR (599 MHz, CDCl3) § 8.45 (dd, J = 5.2, 1.5 Hz, 1H), 7.24 (dd, J = 7.4, 1.5 Hz, 1H), 7.12
(dd, J = 7.4, 53 Hz, 1H), 5.92 (dd, J = 10.5, 2.6 Hz, 1H), 5.74 (dt, J = 10.5, 1.2 Hz, 1H), 4.70 —
4.65 (m, 1H), 3.68 (s, 3H), 2.76 (dd, J = 13.0, 5.6 Hz, 1H), 2.31 (dd, J=12.9, 11.6 Hz, 1H), 2.02 (s,
3H), 1.44 (s, 3H).

3C NMR (151 MHz, CDCl3) § 172.5, 170.3, 160.3, 150.4, 144.5, 133.5, 130.8, 127.9, 124.9, 67.0,
63.1,52.4,49.6,33.3,21.5,21.2.

HRMS (ESI, m/z) calcd for C1¢H17NO4sNa" [M+Na]": 310.1050, found: 310.1052.

N OAc
MeO,C

44, 75% yield, >95:5 d.r.

According to the general procedure, a mixture of methyl 5-(trifluoromethyl)quinoline-8-carboxylate
(51.0 mg, 0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in
HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue
LEDs to afford 44 as a light yellow gum (51.2 mg, 0.150 mmol, 75%, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 11:9.
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Ry=0.30 in n-pentane/EtOAc (3:2).

'H NMR (599 MHz, CDCl3) § 8.60 (dd, J = 5.2, 1.5 Hz, 1H), 7.38 (dd, J = 7.5, 1.5 Hz, 1H), 7.25
(dd, J=17.7, 5.4 Hz, 1H), 6.22 (dd, J=10.7, 2.6 Hz, 1H), 6.03 (d, J = 10.7 Hz, 1H), 4.69 — 4.64 (m,
1H), 3.75 (s, 3H), 2.84 (dd, J=13.0, 5.5 Hz, 1H), 2.32 (dd, /= 13.0, 11.7 Hz, 1H), 2.04 (s, 3H).
BC{H, F} NMR (151 MHz, CDCI5) § 170.2, 170.1, 160.4, 152.5, 136.3, 134.5, 129.3, 125.8,
125.1, 124.0, 66.1, 62.1, 56.4, 53.3, 34.3, 21.1.

F NMR (564 MHz, CDCls) 6 -71.35.

HRMS (ESI, m/z) caled for C1sHi14NO4F3Na" [M+Na]': 364.0767, found: 364.0761.

Cl
z \
|
N OAc
MeOzC

45, 60% yield, >95:5

According to the general procedure, a mixture of methyl 5-chloroquinoline-8-carboxylate (44.3 mg,
0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1
mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 45 as a white low melting white solid (37.0 mg, 60%, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 3:2.

Ry=0.35 in n-pentane/EtOAc (3:2).

'H NMR (599 MHz, CDCl3) § 8.59 (dd, J = 5.2, 1.4 Hz, 1H), 7.46 (dd, J = 7.6, 1.5 Hz, 1H), 7.27
(dd, J =17.5, 5.3 Hz, 1H), 6.24 (dd, J = 10.6, 2.6 Hz, 1H), 5.79 (dt, J = 10.6, 1.5 Hz, 1H), 4.71 —
4.66 (m, 1H), 3.73 (s, 3H), 2.80 (ddd, J = 13.3, 5.9, 1.4 Hz, 1H), 2.50 (dd, J = 13.4, 11.8 Hz, 1H),
2.05 (s, 3H).

3C NMR (151 MHz, CDCl3) § 170.5, 170.2, 158.6, 153.1, 141.6, 131.5, 131.3, 128.7, 125.9, 68.1,
66.0, 64.7,52.9,31.8, 21.1.

HRMS (ESI, m/z) calcd for C1sHisNO4*>CINa* [M+Na]*: 330.0504, found: 330.0501.
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Me N OAc
M602C

46, 68% yield, >95:5d.r.

According to the general procedure, a mixture of methyl 2,5-dimethylquinoline-8-carboxylate (43.1
mg, 0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP
(1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 46 as a light yellow waxy solid (40.7 mg, 0.135 mmol, 68%, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 11:9.

Ry=0.30 in n-pentane/EtOAc (3:2).

"H NMR (599 MHz, CDCl3) 6 7.13 (d, J = 7.7 Hz, 1H), 6.99 (dd, J = 7.6, 0.6 Hz, 1H), 5.91 (dd, J =
10.5, 2.6 Hz, 1H), 5.71 (dt, /= 10.4, 1.5 Hz, 1H), 4.72 — 4.68 (m, 1H), 3.68 (s, 3H), 2.74 (ddd, J =
12.9, 5.6, 1.2 Hz, 1H), 2.55 (s, 3H), 2.31 (dd, J = 12.9, 11.7 Hz, 1H), 2.02 (s, 3H), 1.41 (s, 3H).

3C NMR (151 MHz, CDCl3) § 172.7, 170.4, 159.5, 159.3, 141.4, 133.8, 130.6, 128.1, 124.5, 67.2,
62.9,52.3,49.0,33.3,24.8,21.5,21.2.

HRMS (ESI, m/z) calcd for C17H;9NO4sNa" [M+Na]": 324.1206, found: 324.1205.

H
z AN
|
Me N OAc
MeO,C

47, 62% yield, >95:5 d.r.

According to the general procedure, a mixture of methyl 2-methylquinoline-8-carboxylate (40.2 mg,
0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1
mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 47 as a colourless gum (35.9 mg, 62%, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 3:2.

Ry=0.35 in n-pentane/EtOAc (3:2).

'H NMR (599 MHz, CDCl3) § 7.19 (d, J = 7.5 Hz, 1H), 7.01 (d, J = 7.6 Hz, 1H), 6.17 (ddd, J =
10.3, 5.6, 2.3 Hz, 1H), 5.84 (ddd, J = 10.4, 2.0, 1.1 Hz, 1H), 491 — 4.86 (m, 1H), 4.19 (d, J = 5.6

Hz, 1H), 3.72 (s, 3H), 2.76 (dd, J = 13.2, 5.1 Hz, 1H), 2.53 (s, 3H), 2.25 (dd, J= 13.2, 10.3 Hz, 1H),
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2.02 (s, 3H).

3C NMR (151 MHz, CDCl;) § 172.6, 170.4, 161.1, 159.3, 137.8, 131.1, 129.7, 128.3, 124.7, 66.9,
58.1,52.8,43.6, 33.0, 24.8, 21.2.

HRMS (ESI, m/z) calcd for C1¢H;7NO4Na" [M+Na]": 310.0150, found: 310.0149.

H
Me % X
|
N OAc
MeO,C

48, 58% yield, 94:6 d.r.

According to the general procedure, a mixture of methyl 3-methylquinoline-8-carboxylate (40.2 mg,
0.20 mmol), vinyl acetate (93 uL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1
mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 48 as a colourless gum (33.4 mg, 0.116 mmol, 58% yield, 94:6 d.r.), which contains
approximately 4% of inseparable remaining starting material.
Purification conditions: n-pentane/EtOAc = 11:9.
Ry=0.35 in n-pentane/EtOAc (3:2).
"H NMR (599 MHz, CDCl3, major isomer) § 8.25 — 8.23 (m, 1H), 7.15 — 7.13 (m, 1H), 6.17 (ddd, J
=10.3, 5.6, 2.3 Hz, 1H), 5.85 (ddt, /= 10.3, 2.0, 0.9 Hz, 1H), 4.90 — 4.84 (m, 1H), 4.23 (d,J=5.6
Hz, 1H), 3.72 (s, 3H), 2.76 (dd, J=13.0, 5.1 Hz, 1H), 2.30 (s, 3H), 2.23 (dd, /= 13.1, 10.3 Hz, 1H),
2.02 (s, 3H).
"H NMR (599 MHz, CDCl3, minor isomer — diagnostic peaks) & 8.18 — 8.17 (m, 1H), 7.30 (d, J =
2.0 Hz, 1H), 6.69 (dd, J=17.8, 6.1 Hz, 1H), 6.50 (dd, J= 7.7, 1.6 Hz, 1H), 5.50 (dd, J = 8.6, 2.3 Hz,
1H), 3.93 (s, 3H), 1.87 (s, 3H).
3C NMR (151 MHz, CDCl3, major isomer) § 172.7, 170.3, 158.9, 150.5, 140.3, 135.0, 131.3, 130.2,
128.0, 66.8, 57.8, 52.8,43.7,33.1,21.2, 19.5.
3C NMR (151 MHz, CDCls, minor isomer — diagnostic peaks) & 146.3, 138.2, 132.4, 131.1, 71.1,
52.6,38.7,37.0, 18.4.

HRMS (ESI, m/z) calcd for C17H19NO4sNa" [M+Na]": 324.1206, found: 324.1205.

66



N OACc
MeO,C

49, 82% yield, 89:11 d.r.
According to the general procedure, a mixture of methyl 4-methylquinoline-8-carboxylate (40.2 mg,
0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1
mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 49 as a light yellow gum (47.2 mg, 0.164 mmol, 82%, 89:11 d.r.).
Purification conditions: n-pentane/EtOAc = 1:1.
Ry=0.30 in n-pentane/EtOAc (1:1).
"H NMR (599 MHz, CDCl3, major isomer) & 8.26 (d, J = 5.4 Hz, 1H), 6.93 (d, J = 5.4 Hz, 1H,
overlaps with minor isomer), 6.20 (ddd, J = 10.4, 5.6, 2.3 Hz, 1H), 5.85 (ddt, J = 10.3, 2.0, 0.9 Hz,
1H), 4.88 — 4.83 (m, 1H), 4.24 (d, J = 5.6 Hz, 1H), 3.72 (s, 3H), 2.77 (dd, J = 13.2, 5.1 Hz, 1H),
2.23 (dd,J=13.1, 10.3 Hz, 1H), 2.19 (s, 3H), 2.02 (s, 3H).
"H NMR (599 MHz, CDCls, minor isomer — diagnostic peaks) & 8.20 (d, J = 5.1 Hz, 1H), 6.68 (dd,
J=17.7,6.2 Hz, 1H), 6.51 (dd, J= 7.7, 1.6 Hz, 1H), 5.51 (dd, J = 8.6, 2.3 Hz, 1H), 4.20 — 4.16 (m,
1H), 3.92 (s, 3H), 2.36 (s, 3H), 2.40 — 2.34 (m, 1H), 1.86 (s, 3H).
3C NMR (151 MHz, CDCl3, major isomer) § 172.6, 170.3, 161.3, 150.1, 141.4, 140.1, 131.4, 127.4,
126.4, 66.8, 57.8, 52.8, 43.5, 33.0, 21.15, 16.9.
13C NMR (151 MHz, CDCls, minor isomer) & 171.2, 170.8, 158.8, 145.5, 139.8, 138.1, 134.1, 132.5,
123.0, 70.9, 59.3, 52.6, 36.5, 34.8, 21.17, 18.0.
HRMS (ESI, m/z) calcd for C1¢H17NO4Na" [M+Na]": 310.1050, found: 310.1047.

Et
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50, 70% yield, 90:10 d.r.
According to the general procedure, a mixture of methyl 4-ethylquinoline-8-carboxylate (43.1 mg,
0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1

mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
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afford xx as a light yellow gum (42.3 mg, 0.140 mmol, 70%, 90:10 d.r.).

Purification conditions: n-pentane/EtOAc = 10:9.

Ry=0.35 in n-pentane/EtOAc (1:1).

'"H NMR (599 MHz, CDCl;, major isomer) & 8.29 (d, J = 5.5 Hz, 1H), 6.95 (d, J = 5.4 Hz, 1H,
overlaps with minor isomer), 6.21 (ddd, J=10.4, 5.6, 2.4 Hz, 1H), 5.85 (d, /= 10.4 Hz, 1H), 4.90 —
4.85 (m, 1H), 4.26 (d, J= 5.6 Hz, 1H), 3.72 (s, 3H), 2.79 (dd, /= 13.2, 5.2 Hz, 1H), 2.61 — 2.50 (m,
2H, overlaps with minor isomer), 2.22 (dd, J=13.1, 10.4 Hz, 1H), 2.02 (s, 3H), 1.23 (t, /= 7.6 Hz,
3H).

"H NMR (599 MHz, CDCl3;, minor isomer — diagnostic peaks) & 8.24 (d, J= 5.2 Hz, 1H), 6.69 (dd,
J=17.7,6.2Hz, 1H), 6.53 (dd, J= 7.7, 1.6 Hz, 1H), 5.52 (dd, J = 8.6, 2.3 Hz, 1H), 4.20 (dd, /= 6.2,
1.7 Hz, OH), 3.92 (s, 3H), 2.74 — 2.68 (m, 2H), 2.39 (ddd, J = 13.0, 8.6, 2.7 Hz, 1H), 1.87 (s, 3H),
1.22 (t,J=17.6 Hz, 3H).

3C NMR (151 MHz, CDCls, major isomer) § 172.6, 170.3, 161.4, 150.2, 147.2, 139.3, 131.4, 127.8,
124.8, 66.9, 57.9, 52.8, 43.7,33.2, 24.8, 21.17, 13.2.

3C NMR (151 MHz, CDCls, minor isomer) & 171.3, 170.9, 158.9, 145.9, 145.7, 138.1, 133.6, 132.7,
121.2,71.0, 59.3, 52.6, 36.7, 34.5, 25.1, 21.19, 14.8.

HRMS (ESI, m/z) calcd for C17H19NOsNa" [M+Na]*: 324.1206, found: 324.1205.

H
= X
|
N OAc
0% ~OoMe

51, 62% yield, >95:5 d.r.

According to the general procedure, a mixture of methyl quinoline-8-carboxylate (37.4 mg, 0.20
mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to afford
51 as a light yellow gum (33.5 mg, 62%, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 3:2.

Ry=0.35 in n-pentane/EtOAc (3:2).

"H NMR (500 MHz, CDCl3) & 8.44 — 8.38 (m, 1H), 7.31 (d, J = 7.4 Hz, 1H), 7.14 (dd, J= 7.4, 5.2

Hz, 1H), 6.19 (ddd, J=10.3, 5.6, 2.2 Hz, 1H), 5.87 (ddd, J = 10.4, 2.3, 0.9 Hz, 1H), 4.90 — 4.84 (m,
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1H), 4.28 (d, J = 5.6 Hz, 1H), 3.73 (s, 3H), 2.77 (dd, J = 13.2, 5.1 Hz, 1H), 2.26 (dd, J=13.2, 10.2
Hz, 1H), 2.02 (s, 3H).

13C NMR (126 MHz, CDCl3) § 172.4, 170.3, 162.1, 150.1, 141.0, 131.3, 129.6, 128.0, 125.2, 66.7,
58.4,52.9,44.1,33.1,21.2.

HRMS (ESI, m/z) caled for CisHisNOsNa* [M+Na]*: 296.2772, found: 296.2773.

H
=z A
|
N OAc
0~ o
O

52, 66% yield, >95:5 d.r.
According to the general procedure, a mixture of allyl quinoline-8-carboxylate (42.6 mg, 0.20
mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1 mL,
0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to afford
52 as a colorless gum (39.4 mg, 66%, >95:5 d.r.).
Purification conditions: n-pentane/acetone = 7:1.
Ry=0.35 in n-pentane/acetone (7:1).
"H NMR (500 MHz, CDCl3) § 8.42 (ddd, J = 5.3, 1.5, 0.8 Hz, 1H), 7.34 (ddd, J = 7.4, 1.4, 0.8 Hz,
1H), 7.16 (dd, J= 7.4, 5.3 Hz, 1H), 6.20 (ddd, J = 10.3, 5.6, 2.3 Hz, 1H), 5.92 — 5.83 (m, 2H), 5.24
(dq,J=17.2, 1.6 Hz, 1H), 5.19 (dq, J=10.5, 1.3 Hz, 1H), 4.92 — 4.87 (m, 1H), 4.68 — 4.60 (m, 2H),
4.31 (dt,J=15.5,1.0 Hz, 1H), 2.80 (dd, J=13.2, 5.0 Hz, 1H), 2.30 (dd, /= 13.2, 10.1 Hz, 1H), 2.03
(s, 3H).
3C NMR (126 MHz, CDCl3) § 171.5, 170.4, 162.0, 149.9, 141.1, 131.8, 131.3, 129.8, 128.0, 125.2,
118.4, 66.7, 66.1, 58.4,44.2,32.9, 21.2.
HRMS (ESI, m/z) calcd for C17H;7NO4Na" [M+Na]": 322.3152, found: 322.3150.

69



N OAc
0~ o

N

63, 59% yield, 93:7 d.r.

According to the general procedure, a mixture of but-3-yn-1-yl quinoline-8-carboxylate (45.0 mg,
0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP (1
mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 53 as a pale yellow gum (36.6mg, 59% yield, 93:7 d.r.).

Purification conditions: n-pentane/acetone = 7:1.

Ry=0.35 in n-pentane/acetone (7:1).

"H NMR (599 MHz, CDCls) & 8.40 (ddt, J = 5.3, 1.4, 0.7 Hz, 1H), 7.32 (dddd, J = 7.4, 1.4, 0.4 Hz,
1H), 7.14 (ddd, J = 7.4, 5.3, 0.5 Hz, 1H), 6.19 (dddd, J = 10.3, 5.6, 2.3, 0.5 Hz, 1H), 5.87 (ddq, J =
10.3, 2.3, 0.8 Hz, 1H), 4.91 — 4.87 (m, 1H), 4.31 (dd, /= 5.5, 1.3 Hz, 1H), 4.24 (m, 2H), 2.77 (dddd,
J=13.3,5.0,1.0, 0.5 Hz, 1H), 2.55 — 2.46 (m, 2H), 2.29 (dd, J = 13.3, 10.1 Hz, 1H), 2.03 (s, 3H),
1.94 (m, 1H).

3C NMR (151 MHz, CDCl3) § 171.6, 170.3, 162.0, 150.0, 141.0, 131.2, 129.6, 127.9, 125.1, 79.6,
70.1, 66.6, 63.0, 58.3,44.1, 32.8, 21.1, 18.9.

HRMS (ESI, m/z) calcd for C1sH;7NO4sNa" [M+Na]": 334.1049, found: 334.1045.

54, 70% yield, >95:5 d.r.

According to the general procedure, a mixture of 4-chlorophenethyl quinoline-8-carboxylate (62.4
mg, 0.20 mmol), vinyl acetate (93 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in HFIP
(1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue LEDs to
afford 54 as a faint yellow gum (55.7 mg, 70% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 3:2.
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Ry=0.40 in n-pentane/EtOAc (3:2).

'H NMR (599 MHz, CDCls) § 8.42 (ddd, J = 5.3, 1.5, 0.8 Hz, 1H), 7.30 (ddd, J = 7.4, 1.5, 0.8 Hz,
1H), 7.19 — 7.14 (m, 3H), 7.00 — 6.97 (m, 2H), 6.16 (ddd, J = 10.3, 5.6, 2.3 Hz, 1H), 5.85 (ddt, J =
10.3, 2.0, 0.9 Hz, 1H), 4.89 — 4.84 (m, 1H), 4.35 — 4.25 (m, 2H), 4.13 (d, J = 5.7 Hz, 1H), 2.90 —
2.82 (m, 2H), 2.74 (dd, J=13.2, 5.2 Hz, 1H), 2.19 (dd, J=13.2, 10.3 Hz, 1H), 2.02 (s, 3H).

3C NMR (151 MHz, CDCl3) § 171.8, 170.3, 162.0, 150.1, 141.1, 136.1, 132.4, 131.3, 130.4, 129.5,
128.6, 127.8, 125.1, 66.7, 65.6, 58.4, 44.2,34.4,32.8, 21.2.

HRMS (ESI, m/z) caled for C220H20NO4**CINa™ [M+Na]™: 420.0984, found: 420.0971.

N OAc
0o R F F

F FF F
55, 53% yield, >95:5 d.r.

According to the general procedure, a mixture of 2,2,3,3,4,4,55-octafluoropentyl
quinoline-8-carboxylate (77.4 mg, 0.20 mmol), vinyl acetate (93 puL, 1.0 mmol), and Ir-F (4.4 mg, 2
mol%, 0.004 mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under
irradiation with blue LEDs to afford 55 as a light yellow gum (49.9 mg, 53%, >95:5 d.r.).
Purification conditions: n-pentane/EtOAc = 8:3 to 7:3.

Ry=0.40 in n-pentane/EtOAc (7:3).

'H{!°F} NMR (599 MHz, CDCls) § 8.42 (d, J = 5.1 Hz, 1H), 7.35 (ddd, J = 7.4, 1.4, 0.8 Hz, 1H),
7.18 (dd, J= 7.4, 5.3 Hz, 1H), 6.20 (ddd, /= 10.3, 5.5, 2.2 Hz, 1H), 6.02 (s, 1H), 5.91 (ddt, /= 10.3,
2.5,0.9 Hz, 1H), 4.94 — 4.89 (m, 1H), 4.67 — 4.61 (m, 2H), 4.30 (dt, J= 5.5, 1.0 Hz, 1H), 2.76 (dd,
J=13.4,49 Hz, 1H), 2.33 (dd, J=13.3, 9.9 Hz, 1H), 2.03 (s, 3H).

BC{'H, F} NMR (151 MHz, CDCL) § 170.6, 170.4, 161.2, 150.3, 140.9, 131.3, 129.8, 127.7,
125.5, 114.5,110.8, 110.1, 107.7, 66.3, 60.2, 58.1, 44.2, 32.5, 21.1.

PF{'H} NMR (564 MHz, CDCl3) § -119.62 (td, J = 10.9, 3.0 Hz), -125.45 (dtd, J = 8.0, 5.6, 2.6
Hz), -129.95 — -130.13 (m), -137.26 (ddt, J=11.8, 5.4, 2.6 Hz).

HRMS (ESI, m/z) caled for C1oHisNO4sFgNa" [M+Na]": 496.0766, found: 496.0770.
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MeO,C

56, 84% yield, >95:5 d.r.
According to the general procedure, a mixture of methyl 2,5-dimethylquinoline-8-carboxylate (40.2
mg, 0.20 mmol), vinyl butyrate (127 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in
HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue
LEDs to afford 56 as a light yellow gum (52.7 mg, 0.16 mmol, 84% yield, >95:5 d.r.).
Purification conditions: n-pentane/EtOAc = 3:2.
Ry= 0. 50 in n-pentane/EtOAc (3:2).
'"H NMR (400 MHz, CDCI3) § 8.45 (dd, J = 5.2, 1.5 Hz, 1H), 7.24 (dd, J = 7.5, 1.5 Hz, 1H), 7.13
(dd, J =74, 5.2 Hz, 1H), 592 (dd, J = 10.5, 2.6 Hz, 1H), 5.73 (dt, J = 10.5, 1.4 Hz, 1H), 4.73 —
4.66 (m, 1H), 3.68 (s, 3H), 2.76 (ddd, J = 13.0, 5.6, 1.3 Hz, 1H), 2.31 (dd, J = 12.9, 11.7 Hz, 1H),
2.25(t,J=17.4 Hz, 2H), 1.60 (h, J= 7.4 Hz, 2H), 1.44 (s, 3H), 0.90 (t, /= 7.4 Hz, 3H).
3C NMR (101 MHz, CDCl3) § 172.9, 172.5, 160.3, 150.4, 144.5, 133.3, 131.0, 127.9, 124.9, 66.7,
63.1,52.4,49.6, 36.3,33.4,21.5, 18.5, 13.7.
HRMS (ESI, m/z) calcd for C1sH2i1NOsNa" [M+Na]": 338.1363, found: 38.1357.

% | XN o
N
Me” N O)l\/\Mo
MeO,C
57, 85% yield, >95:5 d.r.

According to the general procedure, a mixture of methyl 2,5-dimethylquinoline-8-carboxylate (40.2
mg, 0.20 mmol), vinyl crotonate (119 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in
HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue
LEDs to afford 57 as a light yellow gum (53.2 mg, 0.170 mmol, 85% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 3:2.

Ry=0.45 in n-pentane/EtOAc (3:2).

"H NMR (400 MHz, CDCl3) § 8.46 (dd, J= 5.2, 1.5 Hz, 1H), 7.27 — 7.23 (m, 1H), 7.13 (dd, J = 7.5,
5.2 Hz, 1H), 6.95 (dq, J = 15.5, 6.9 Hz, 1H), 5.93 (dd, J = 10.4, 2.6 Hz, 1H), 5.84 — 5.74 (m, 2H),
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4.78 — 4.71 (m, 1H), 3.69 (s, 3H), 2.79 (ddd, J = 13.0, 5.6, 1.2 Hz, 1H), 2.35 (dd, J = 12.9, 11.6 Hz,
1H), 1.85 (dd, J = 7.0, 1.7 Hz, 3H), 1.45 (s, 3H).

13C NMR (101 MHz, CDCls) § 172.6, 165.7, 160.3, 150.4, 145.3, 144.5, 133.3, 131.0, 127.9, 124.9,
122.6, 66.7, 63.2, 52.4, 49.6, 33.4, 21.5, 18.1.

HRMS (ESI, m/z) caled for CisHisNOsNa* [M+Na]*: 336.1206, found: 336.1201.

58, 81% yield, 92:8 d.r.

According to the general procedure, a mixture of methyl 2,5-dimethylquinoline-8-carboxylate (40.2
mg, 0.20 mmol), vinyl 4-(tert-butyl)benzoate (204 pL, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004
mmol) in HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation
with blue LEDs to afford 58 as a light yellow gum (65.5 mg, 0.162 mmol, 81% yield, 92:8 d.r.).
Purification conditions: n-pentane/EtOAc = 2:1.

Ry=0.60 in n-pentane/EtOAc (3:2).

'"H NMR (599 MHz, CDCls, major isomer) & 8.50 (dd, J = 5.3, 1.5 Hz, 1H), 7.96 — 7.93 (m, 2H),
7.45 —7.42 (m, 2H), 7.29 (dd, J= 7.4, 1.5 Hz, 1H), 7.17 (dd, J = 7.4, 5.3 Hz, 1H), 5.99 (dd, J = 10.5,
2.6 Hz, 1H), 5.88 (dt, /= 10.4, 1.4 Hz, 1H), 4.98 — 4.93 (m, 1H), 3.72 (s, 3H), 2.91 (ddd, J = 12.8,
5.5, 1.2 Hz, 1H), 2.51 (dd, J=12.9, 11.6 Hz, 1H), 1.49 (s, 3H), 1.32 (s, 9H).
3C NMR (151 MHz, CDCls, major isomer) & 172.6, 165.9, 160.33, 156.9, 150.4, 144.6, 133.5,
131.0, 129.6, 128.0, 127.4, 125.4, 124.97, 67.3, 63.2, 52.42, 49.7, 35.18, 33.5, 31.21, 21.6.

'"H NMR (599 MHz, CDCls, minor isomer — diagnostic signals) & 8.02 — 8.00 (m, 2H), 7.54 — 7.51
(m, 2H), 7.32 — 7.30 (m, 1H), 7.10 (dd, J = 7.4, 5.3 Hz, 1H), 6.17 — 6.11 (m, 2H), 5.66 (q, J = 4.5
Hz, 1H), 3.73 (s, 3H), 2.75 (dd, J = 14.8, 4.4 Hz, 1H), 2.70 (dd, J = 14.8, 4.4 Hz, 1H), 1.33 (s, 9H).
3C NMR (151 MHz, CDCls, minor isomer) & 172.8, 166.0, 162.5, 156.5, 150.0, 136.5, 130.0, 127.9,
127.2,126.4, 125.3, 125.01, 124.2, 66.1, 62.6, 52.39, 49.5, 35.15, 33.0, 31.24, 22.1.

HRMS (ESI, m/z) calcd for C2sH27NOsNa™ [M+Na]*: 428.1832, found: 428.1828.
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59, 78% yield, >95:5 d.r.

According to the general procedure, a mixture of methyl 2,5-dimethylquinoline-8-carboxylate (40.2
mg, 0.20 mmol), divinyl adipate (198 mg, 1.0 mmol), and Ir-F (4.4 mg, 2 mol%, 0.004 mmol) in
HFIP (1 mL, 0.2 M) was stirred under argon atmosphere for 48 hours under irradiation with blue
LEDs to afford 59 as a light yellow gum (62.3 mg, 0.156 mmol, 78% yield, >95:5 d.r.).

Purification conditions: n-pentane/EtOAc = 1:1.

Ry=0.30 in n-pentane/EtOAc (3:2).

"H NMR (400 MHz, CDCl3) § 8.40 (dd, J= 5.3, 1.5 Hz, 1H), 7.23 — 7.16 (m, 2H), 7.08 (dd, J = 7.4,
5.2 Hz, 1H), 5.88 (dd, /= 10.5, 2.6 Hz, 1H), 5.68 (dt, /= 10.4, 1.5 Hz, 1H), 4.80 (dd, /= 13.9, 1.6
Hz, 1H), 4.67 — 4.60 (m, 1H), 4.49 (dd, J = 6.4, 1.6 Hz, 1H), 3.64 (s, 3H), 2.71 (ddd, J = 12.9, 5.6,
1.3 Hz, 1H), 2.37 - 2.30 (m, 2H), 2.30 - 2.21 (m, 3H), 1.66 — 1.54 (m, 4H), 1.39 (s, 3H).

3C NMR (101 MHz, CDCls) & 172.49, 172.45, 170.4, 160.2, 150.4, 144.5, 141.2, 133.5, 130.8,
127.9, 124.9,97.7, 67.0, 63.1, 52.4, 49.6, 34.0, 33.6, 33.4, 24.3, 24.0, 21.5.

HRMS (ESI, m/z) calcd for C22HasNOgNa™ [M+Na]*: 422.1574, found: 422.1569.
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Synthetic Application

1) Pd(PPhg)y, hv

| A Me
y/
PPh,, KOtBu N
iPrOH 60, 54% yield

To a solution of substrate 22 (56.9 mg, 0.20 mmol, 1.00 equiv.), Pd(PPh3)4 (11.1 mg, 0.001 mmol, 5
mol%) and PPh3 (5.2 mg, 0.002 mmol, 10 mol%) in iPrOH (2 mL) was added rBuOK (44.9 mg, 0.4
mmol) in one portion. The reaction mixture was stirred at room temperature for 14 hours under the
irradiation of 30 W blue LEDs until the substrate 22 fully consumed (check by TLC). Then the
reaction was quenched by the addition of water (1 ml) and the layers were separated. The aqueous
layer was extracted twice with CH>Cl> (5 ml each time), and the combined organic layers were
dried in vacuo. The residue was purified by flash column chromatography on silica (pentane/EtOAc
=10/1), affording 60 (18.3 mg, 54% yield) as a colourless oil.

"H NMR (599 MHz, CDCls) § 8.88 (s, 1H), 8.30 — 8.12 (m, 1H), 8.09 — 8.00 (m, 1H), 7.91 (dd, J =
8.8,2.1 Hz, 1H), 7.81 (d, J= 2.1 Hz, 1H), 7.39 (dd, /= 8.3, 4.2 Hz, 1H), 5.56 (p, /= 0.8 Hz, 1H),
5.25 (p,J=1.4 Hz, 1H), 2.27 (dd, J= 1.5, 0.8 Hz, 3H).

3BC NMR (151 MHz, CDCl;) & 150.2, 147.9, 142.4, 139.3, 136.4, 129.2, 128.3, 127.7, 124.0, 121.4,
114.1, 21.9.

HRMS (ESI, m/z) calcd for C12H;1NNa" [M+Na]": 192.0783, found: 192.0782.

H X
~ Br 2) nBuLi | Me
| ‘., morpholine N/
= Me —m——
NTHN N
cH THF, 0°C [ j
0

61, 60% yield
To a solution of morpholine (34.8 uL, 0.40 mmol, 2.00 equiv.) in THF (1 mL) was added nBuLi
(0.40 mmol, 0.25 mL, 1.6 M in n-hexane) dropwise at 0 °C. The resulted mixture was stirred for 30
min under this temperature. Compound 22 (56.9 mg, 0.20 mmol, 1.00 equiv.) in THF (1 mL) was
added to the mixture and then stirred for another 5 hours. Then the reaction was quenched by the

addition of water (1 ml) and was extracted twice with CH>Cl, (5 ml each time). The combined
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organic layers were dried in vacuo and the residue was purified by flash column chromatography on
silica (pentane/EtOAc = 10/1), affording 61 (30.7 mg, 60% yield) as a pale yellow oil.

"H NMR (599 MHz, CDCls) § 8.84 (dd, J=4.2, 1.8 Hz, 1H), 8.11 (dd, J = 8.2, 1.8 Hz, 1H), 7.46 (d,
J=19Hz, 1H), 7.37 (dd, J= 8.2, 4.2 Hz, 1H), 7.31 (s, 1H), 5.52 (t, J = 1.0 Hz, 1H), 5.23 (p, J =

1.5 Hz, 1H), 4.13 —4.01 (m, 4H), 3.44 (t, /= 4.6 Hz, 4H), 2.26 (dd, J= 1.5, 0.7 Hz, 3H).

BC NMR (151 MHz, CDCl3) & 148.7, 148.0, 142.9, 142.2, 139.2, 136.9, 129.4, 121.1, 118.5, 114.0,
113.7,67.1,52.5, 21.8.

HRMS (ESI, m/z) calcd for C1¢H19N>O" [M+H]": 255.1491, found: 255.1490.

H //\NH

) A Me
’ BN = / Br Bn’N | —
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KN H
cl ( 3
22
N

62, 58%2 Bn

Synthesis of 1-benzyl-1,4-diazepane.

Step 1. In an oven-dried round-bottom flask equipped with a PTFE-coated stirring bar, diazepane
(2.11 ml, 20.0 mmol, 4.00 equiv.) was dissolved in dry CH>Cl, (33 ml), then the solution was
cooled at 0 °C and Boc2O (1.15 ml, 5.00 mmol, 1.00 equiv.) in dry CH>Cl, (14 ml) was added
dropwise over 5 minutes, then the reaction was gently warmed to room temperature. After stirring
for 4 hours, then reaction was quenched with water (50 ml), then the mixture was brought to pH 12
using saturated aqueous NaHCOs. The layers were separated, the aqueous layer was extracted twice
with CH2Cl> (15 ml each time), the combined organic layers were washed once with brine, then
were dried over MgSOs4 and the solvent was removed in vacuo, affording the crude Boc-protected
azepane (955 mg, 4.77 mmol) as a light yellow oil.

Step 2. In a round-bottom flask equipped with a PTFE-coated stirring bar, the intermediate
Boc-protected azepane (955 mg, 4.77 mmol, 1.00 equiv.) was dissolved in DMF (10 ml) with
K>COs (1.32 g, 9.54 mmol, 2.00 equiv.) and vigorously stirred. Benzyl bromide (736 pl, 6.20 mmol,
1.30 equiv.) was added dropwise, then the reaction was stirred at room temperature for 22 hours,
filtered over a short pad of Celite®, rinsing with CH>Cly, then most DMF was removed in vacuo.

The residue was partitioned between AcOEt/H>O (1/1, 40 ml), then the aqueous layer was extracted
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twice with EtOAc (15 ml each time). The combined organic layers were washed twice with water
(30 ml each time), then once with brine (30 ml), dried over MgSO4 and the volatiles were removed
in vacuo. The residue was purified by flash column chromatography on silica (pentane/EtOAc =
5/2), affording tert-butyl 4-benzyl-1,4-diazepane-1-carboxylate (702 mg, 2.42 mmol, 51%) as a
colourless thick oil.

Step 3. In a round-bottom flask equipped with a PTFE-coated stirring bar, tert-butyl
4-benzyl-1,4-diazepane-1-carboxylate (702 mg, 2.42 mmol, 1.00 equiv.) was dissolved in MeOH (3
ml), then cooled to 0 °C and HCI 4 M in 1,4-dioxane (1.8 ml, 7.25 mmol, 3.00 equiv.) was added
dropwise, then the reaction was warmed to room temperature and stirred overnight. The solvent was
removed in vacuo, affording 1-benzyl-1,4-diazepane bis-hydrochloride as a foamy white solid (636
mg, 2.42 mmol, quantitative yield). '"H NMR (400 MHz, CDs0D) & 7.65 — 7.59 (m, 2H), 7.55 — 7.46
(m, 3H), 4.49 (s, 2H), 3.84 — 3.71 (m, 4H), 3.54 — 3.36 (m, 3H), 2.32 (p, J = 5.7 Hz, 2H). The
experimental data are consistent with the literature report.'?

The bis-hydrochloride salt was freebased by partitioning between CH2Cl> and saturated NaHCO:s.
The organic layer was dried over MgSO4 and the solvent was removed in vacuo, affording the
freebase amine as a colourless gum.

Formal cross-electrophilic coupling towards a CXCR7 chemokine antagonist.

In a flame-dried Schlenk tube equipped with a PTFE-coated stirring bar, 1-benzyl-1,4-diazepane
(38.1 mg, 0.20 mmol, 2.00 equiv.) in dry THF (1 mL) was cooled to 0 °C, then nBuLi (1.6 M in
hexanes, 125 ul, 0.200 mmol, 2.00 equiv.) was added dropwise at 0 °C. The resulted mixture was
stirred for 30 min under this temperature, then compound 22 (28.4 mg, 0.10 mmol, 1.00 equiv.) in
THF (1 mL) was added to the mixture and then stirred for another 5 hours. The reaction was
quenched by the addition of two drops of water, then dried in vacuo and the residue was purified by
flash column chromatography on silica (CH2Cl,/MeOH = 16/1 — 13/1), affording 62 (20.7 mg, 58%
yield, containing approx. 15% of an inseparable isomer) as a yellow gum.

R/=0.50 in CH2Cl,/MeOH (12:1).

"HNMR (599 MHz, CDCls) 6 8.72 (dd, J=4.1, 1.8 Hz, 1H), 8.07 (dd, J= 8.3, 1.8 Hz, 1H), 7.63 (d, J
=7.2 Hz, 2H), 7.42 (t,J=7.3 Hz, 2H), 7.39 (d, /= 7.3 Hz, 1H), 7.36 — 7.33 (m, 2H), 7.20 (d, /= 2.0
Hz, 1H), 5.47 (s, 1H), 5.20 (t, /= 1.3 Hz, 1H), 4.23 — 4.01 (br, 2H), 3.90 (t, /= 4.6 Hz, 2H), 3.66 —
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3.43 (br, 3H), 3.36 — 3.14 (br, 2H), 2.92 — 2.74 (br, 1H), 2.23 (s, 3H). The diazepane ring protons
show broadening due to conformation flexibility.

3C NMR (151 MHz, CDCl5) § 150.3, 148.9, 147.3, 143.2, 142.1, 139.4, 136.9, 135.4, 130.9, 129.8,
129.1, 121.3, 116.8, 113.8, 112.7, 62.7, 61.9, 57.7, 55.2, 53.0 — 52.0 (br m), 50.8 — 49.8 (br m), 22.0.
Signal broadening was observed due to conformation flexibility of the diazepane fragment and

unambiguous assignment can be performed by 2D NMR techniques.

HRMS (ESI, m/z) caled for C24HgN3™ [M+H]"™: 358.2278, found: 358.2277.

Br tl_ o
", OH 3) tBUOK (jﬁ/ |
— g
HY 40° N 3

o ~H THF, -40 °C H S~H

63, 82% vyield
>95:5d.r.

To a solution of 24 (500 mg, 1.66 mmol, 1.00 equiv.) in THF (10 mL) was added rtBuOK (374 mg,

\\‘I

3.33 mmol) portionwise at —40 °C. The resulted mixture was stirred for 4 hours under this
temperature. Then the reaction was quenched by the addition of water (10 ml) and was extracted
twice with CH>Cl> (20 ml each time). The combined organic layers were dried in vacuo and the
residue was purified by flash column chromatography on silica (pentane/EtOAc = 10/1), affording
63 (299.0 mg, 82% yield) as a pale yellow solid.

"H NMR (400 MHz, CDCls) § 8.41 (dd, J=4.9, 1.6 Hz, 1H), 7.53 (dt, J= 7.7, 1.1 Hz, 1H), 7.13
(dd, J=17.6,5.0 Hz, 1H), 4.13 (ddd, J=9.2, 7.1, 2.0 Hz, 1H), 3.80 (d, /= 7.8 Hz, 1H), 3.08 (dd, J =
7.9,2.1 Hz, 1H), 2.83 - 2.71 (m, 3H), 2.62 (d, /= 4.0 Hz, 1H).

3C NMR (101 MHz, CDCl3) & 161.1, 148.6, 142.3, 132.3, 122.0, 65.3, 48.2, 42.2, 40.6, 39.0, 38.7,
37.4.

HRMS (ESI, m/z) calcd for C1oHiiN1O:CI™ [M+H]": 220.0523, found: 220.0520.

F
FWF F Fj F
B mCPBA (3.0 equiv.) | Ej\ )OL
N7 A =W 0" “Me
OAc CH,CI, (0.1 M), RT, 14 h . L
0% “OMe O 07 ~OMe
44 64
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In a flat-bottom vial equipped with a PTFE-coated stirring bar, substrate 44 (46.7 mg, 0.137 mmol,
1.00 equiv.) was dissolved in CH>Cl> (1.3 ml) under air, then mCPBA 70% (101 mg, 0.41 mmol,
3.00 equiv.) was added portionwise and the reaction was stirred at room temperature for 14 hours,
then the reaction was directly loaded on silica and purified by flash column chromatography over
silica gel (CH2Cl/MeOH/AcOH = 100/2/0.3 to 100/4/0.3), affording 64 (42.8 mg, 0.120 mmol,
87%) as a white foam.

Note. Acidification of the silica column and eluent allows improved separation of the excess reagent
and byproduct.

Ry=0.45 in CH2Clo/MeOH (95:5).

'H{"F} NMR (599 MHz, CDCl3) § 8.12 (d, J= 6.7 Hz, 1H), 7.28 (t,J=7.1 Hz, 1H), 6.98 (d, J= 7.4
Hz, 1H), 6.13 (dd,J=10.7,2.2 Hz, 1H), 6.10 (dt, J=10.7, 1.3 Hz, 1H), 4.77 (ddt,J=11.9, 5.6, 1.8 Hz,
1H), 3.78 (s, 3H), 3.04 (ddd, J=13.4,5.7, 1.1 Hz, 1H), 2.35 (dd, /= 13.3, 11.9 Hz, 1H), 2.05 (s, 3H).
BC{'H, F} NMR (151 MHz, CDCI5) § 170.1, 168.4, 143.8, 141.4, 139.7, 135.8, 128.4, 124.4,
122.2, 118.5, 66.1, 59.2, 56.0, 53.7, 31.5, 21.0.

BC NMR (151 MHz, CDCl3) § 170.1, 168.4, 143.8, 141.4, 139.7 (q, J = 2.6 Hz), 135.8, 128.4, 124 .4
(q,/=280.8 Hz), 122.2, 118.5, 66.1, 59.2, 56.0 (q, J = 30.7 Hz), 53.7, 31.5, 21.0.

YF{TH} NMR (564 MHz, CDCl3) & -71.4.

HRMS (ESI, m/z) caled for C16Hi4aNOsF3Na" [M+Na]": 380.0716, found: 380.0713.

F FW F
N TMSCN (3.0 equiv.) A O
Benzoy! chloride (2.0 equiv.) |
OAc > // N OAC
OMe CH,Cl, (0.1 M), 0°C to RT, 22 h N 0P oMo
65

In an oven-dried Schlenk tube equipped with a PTFE-coated stirring bar, substrate 64 (42 mg, 0.118
mmol, 1.00 equiv.) was dissolved in dry CH>Cl, (1.1 ml) under argon, then the solution was cooled
to 0°C and TMSCN (44 pl, 0.354 mmol, 3.00 equiv.) was added, followed by the dropwise addition
of benzoyl chloride (28 ul, 0.236 mmol, 2.00 equiv.). The reaction was warmed at room
temperature and stirred for 22 hours, then quenched by the addition of water (1 ml) and the layers
were separated. The aqueous layer was extracted twice with CH2Cly (5 ml each time), then the

combined layers were dried in vacuo. The residue was purified by flash column chromatography on
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silica (pentane/EtOAc = 4/1), affording 65 (35.3 mg, 0.096 mmol, 82%) as a colourless gum.

'H NMR (599 MHz, CDCl3) § 7.69 (d, J = 7.7 Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 6.21 (dd, J = 10.7,
2.6 Hz, 1H), 6.10 (d, /= 10.7 Hz, 1H), 4.67 (dddd, J=11.7, 5.6, 2.6, 1.6 Hz, 1H), 3.77 (s, 3H), 2.86
(dd, J=13.2,5.6 Hz, 1H), 2.36 (dd, J=13.2, 11.8 Hz, 1H), 2.07 (s, 3H).

BC{H, F} NMR (151 MHz, CDCI5) § 170.1, 169.0, 162.2, 139.9, 136.0, 135.7, 131.0, 130.4,
124.5,122.9, 116.9, 65.6, 62.7, 56.7, 53.6, 33.8, 21.0.

BC{'H} NMR (151 MHz, CDCl3) § 170.1, 169.0, 162.2, 139.9, 136.0, 135.7, 131.0, 130.4, 124.5 (q,
J=280.8 Hz), 122.9 (q, J=2.9 Hz), 116.9, 65.6, 62.7, 56.7 (q, J = 30.7 Hz), 53.6, 33.8, 21.0.
YF{TH} NMR (564 MHz, CDCl3) 6 -71.06.

HRMS (ESI, m/z) caled for C17H13N204F3Na* [M+Na]": 389.0720, found: 389.0715.

H
H
(ﬁ: X o0 NaOH (5.0 equiv.) N X
~ )j\ - l =
N ) 0" Me MeOH:H,0 (4:1),50 °C, overnight N )L OH
7
07 ~0oMe 0P oH
51 66

In a flat-bottom scintillation vial equipped with a PTFE-coated stirring bar, 51 (98.7 mg, 0.361
mmol, 1.00 equiv.) and NaOH (72.4 mg, 1.81 mmol, 5.00 equiv.) were dissolved in MeOH:H»O 4:1
(3.5 ml), then stirred at 50°C overnight. After cooling to room temperature, the reaction was diluted
with water (20 ml), then washed once with Et,O (20 ml). The aqueous layer was neutralized with
acetic acid, then the aqueous layer was washed twice with EtOAc (15 ml each time), then the water
was removed in vacuo. The residue was purified by flash column chromatography on silica
(CH2Cl/MeOH/HCO2H = 9/1/0.005), affording 66 (61.2 mg, 0.281 mmol, 78%) as a white solid.
"H NMR (400 MHz, DMSO-ds) 6 8.34 (d, J=5.2 Hz, 1H), 7.43 (d, J=7.3 Hz, 1H), 7.20 (dd, J= 7.4,
5.2 Hz, 1H), 6.07 (ddd, J=10.2, 6.0, 2.6 Hz, 1H), 5.85 (d, /= 10.2 Hz, 1H), 4.09 (d, J= 6.0 Hz, 1H),
3.52-3.43 (m, 1H), 2.57 (dd, J=12.9, 5.1 Hz, 1H), 1.78 (dd, /= 12.9, 11.0 Hz, 1H).

3C NMR (101 MHz, DMSO-ds) § 173.6, 162.9, 149.1, 141.1, 136.8, 129.3, 125.6, 124.8, 62.7, 59.1,
43.8,37.1.

HRMS (ESI, m/z) caled for C12H10NO3™ [M-H]: 216.0666, found: 216.0665.
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DFT Calculations

Computational Methods

All calculations were performed with Gaussian 16.!* Molecular geometries were optimized using
the ®B97X-D'* functional, using the def2-SVP basis set for all atoms. Frequency calculations were
performed at the same level of theory as that used for geometry optimization in order to characterize
the stationary points as either minima (zero imaginary frequencies) or saddle points (one imaginary
frequency) on the potential energy surface. Thermal contributions to free energies were calculated
from the vibrational frequencies using the quasi-rigid rotor-harmonic oscillator (RRHO) approach
by Grimme.'3 Intrinsic Reaction Coordinate (IRC) calculations were performed to confirm the
saddle points as real transition states connecting the expected reactants and products. Single point
energies were calculated with the ®B97X-D functional using the def2-TZVPP basis set for all atoms.
For modeling reactions conducted in solvent, solvation effects were incorporated using the SMD!®
model in geometry optimization, frequency analysis and single-point energy calculations. Implicit
HFIP solvent was modeled using the parameters “solvent = generic, eps = 16.7, epsinf = 1.625>."
Molecular visualizations were created using CYLview.'® Conformational searches were performed
with the MMFF force field as implemented in Spartan ’18' to ensure that the lowest-energy
conformers are presented in the manuscript. Minimum energy crossing points (MECPs) between
triplet and closed-shell singlet surfaces were located using the EasyMECP?° python wrapper

around the original MECP Fortran routine from Harvey.?!

Potential Energy Surfaces

For the formal [2+2] cycloaddition between 6-chloroquinoline and 2-chloropropene, we calculated
the shape of the potential energy surfaces in three spin states: the triplet (T), the open-shell singlet
(OSS), and the closed-shell singlet (CSS). For the first C—C formation event, constrained
geometries optimizations were performed in the triplet state, and single-point energies were
obtained based on these geometries in all three spin states. For the second C—C formation event,
constrained optimizations were performed in the open-shell singlet state, and single-point energies

were obtained based on these geometries in all three spin states. The keyword guess=mix was used
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to break the o/f symmetry in open-shell singlet calculations, and the wavefunctions obtained were
checked for their stability using the stable=opt keyword.
The three potential energy surfaces are plotted in Supplementary Figure 12 with the horizontal

axis corresponding to the forming C—C bond lengths.

|<— 1st C-C Formation > I - 2nd C-C Formation —— I
-1439.32

-1439.34

-1439.36

-1439.38

-1439.4

-1439.42

-1439.44

E (Hartrees) —8—-CSS —e—-0SS T

Supplementary Figure 12. Calculated potential energy surfaces for the reaction between
6-chloroquinoline and 2-chloropropene at the ®B97X-D/def2-TZVPP,
SMD(HFIP)//®B97X-D/def2-SVP, SMD(HFIP) level of theory. Forming C—C bond lengths (A)
corresponding to each point of the horizontal axis are denoted in italic text. Dashed orange line
indicates portions of the OSS surface that are not computationally accessible due to being higher in

energy than the CSS.
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Calculated Structures

3Ts-1 3c D D-alt

D 3TS-2 3Ts-3 3E

1F-alt

MECP-1 MECP-2 MECP-3

Supplementary Figure 13. Calculated structures of intermediates, TSs and MECPs. Interatomic

distances are in dngstromes.
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Calculated Energies

Supplementary Table 5. Calculated energies in Hartrees. AG = thermal corrections to free energies
calculated at the wB97X-D/def2-SVP, SMD (HFIP) level of theory and corrected using the
quasi-rigid rotor-harmonic oscillator (RRHO) approach by Grimme.!* E = single-point electronic
energies calculated at the ®B97X-D/def2-TZVPP, SMD (HFIP). G = overall free energies calculated
as the sum of AG and E. For MECPs, only electronic energies can be calculated, and free energies are

therefore not provided.

AG E Imaginary
Structure | [0B97X-D/def2-SVP, | [oB97X-D/6-def2-TZVPP, © Frequency
SMD (HFIP)] SMD (HFIP)] (AGHE) (cm™)
1A 0.108105 -862.016087 -861.907982 -
A 0.101778 -861.918801 -861.817023 -
B 0.043340 -577.535518 -577.492178 -
3C 0.170773 -1439.494721 -1439.323948 -
D 0.178940 -1439.557599 -1439.378659 -
ID-alt 0.178423 -1439.554822 -1439.376399 -
D 0.172341 -1439.462000 -1439.289659 -
E 0.171914 -1439.471922 -1439.300008 -
SE-alt 0.173004 -1439.464876 -1439.291872 -
If 0.177539 -1439.530215 -1439.352676 -
TF-alt 0.177996 -1439.527717 -1439.349721 -
3F 0.169250 -1439.405549 -1439.236299 -
MECP-1 - -1439.400698 - -
MECP-2 - -1439.396847 - -
MECP-3 - -1439.466613 - -
3TS-1 0.166868 -1439.456885 -1439.290017 | -362.29
3TS-2 0.171134 -1439.441032 -1439.269898 | -844.94
3TS-3 0.172422 -1439.453363 -1439.280941 | -312.36
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8.5 Cartesian Coordinates of Calculated Structures
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1.53052700
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-0.84152200
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-0.87717700
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Limitation of the Methods

a) Unsuccessful alkenes of Reaction A

cl [Ir-F] (2 mol%) o

B X =
| — * ﬁ: HCI (2 equiv.), HFIP
N 25-30°C
F | o
}\/Cl )\/Cl \)\

Products not detected

b) Unsuccessful quinolines of Reaction A

- 0,
A YCI I-Fl@mo%)
| 7 JX 4 HCI (2 equiv.), HFIP

Z
Me 25.30°C

cl Cl
A
| A X | N Br N Cl
P | I~ | |
N Cl NG N NG Nz
Cl
Limited conversion Products not detected

¢) Unsuccessful quinolines of Reaction B

= [Ir-F] (2 mol%) L7
« * Z0Ac ) > R |
N HCI (2 equiv.), HFIP N OAc
X 25-30°C X
z z z
NS N NS
N N N
N02 CN SO3Me

Products not detected

¢) Unsuccessful alkenes of Reaction B

AN R [Ir-F] (2 mol%) X
| + / >
N HCI (2 equiv.), 450 nm LEDs N R
CO;Me HFIP, 25-30°C, 24 h CO,Me
o~ Ot OY Ve
/\n/ /\/OH Z0Me
o} AN
=z
no conversion little converted little no conversion
(SM > 95%) conversion (two species) conversion (messy) (SM > 95%)
o}
Me (?Me
/\\\N /\)\ /\/Si\’OMe A ’\é
Me OMe

no conversion conversion

(SM > 95%) (two species) no conversion messy

Supplementary Figure 14. Substrates which did not lead to detectable products or showed limited

reactivity.
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For the reaction type B, attempts were performed in order to reduce the excess of the alkene partner,

generally obtaining lower yields, as summarized below:

O OAc [Ir-F] (2 mol%) A
| - _ > ]
N HCI (y equiv.), 450 nm LEDs N/ OAc
CO,Me X equiv. solvent, 25-30°C, 24 h CO,Me
vinyl acetate HCI solvent yield%
1.5 equiv. 20 mol% HFIP (0.2 M) 20
1.5 equiv. 1.0 equiv. HFIP (0.2 M) <5

1.5 equiv. 20 mol% CH,Cl, (0.2 M) <5

Supplementary Figure 15. Attempts to lower the amount of required enol-esters for reaction B.
When the equivalents of vinyl acetate were lowered, little conversion was observed with

sub-stoichiometric amounts of HCI, while absence of conversion occurred upon stoichiometric

addition. This might be primarily imputed to the unavoidable reaction of the acid with vinyl acetate.
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X-ray Analysis

X-Ray diffraction: Data sets for compounds 30, 26, 29, 66, 6 and 41 were collected with a Bruker
D8 Venture PHOTON III diffractometer. Programs used: data collection: APEX3 V2019.1-0%
(Bruker AXS Inc., 2019); cell refinement: SAINT V8.40A (Bruker AXS Inc., 2019); data reduction:
SAINT V8.40A (Bruker AXS Inc., 2019); absorption correction, SADABS V2016/2 (Bruker AXS
Inc., 2019); structure solution SHELXT-2015%° (Sheldrick, G. M. Acta Cryst., 2015, A71, 3-8);
structure refinement SHELXL-2015%* (Sheldrick, G. M. Acta Cryst., 2015, C71 (1), 3-8) and
graphics, XP?* (Version 5.1, Bruker AXS Inc., Madison, Wisconsin, USA, 1998). R-values are
given for observed reflections, and wR2 values are given for all reflections.

X-ray crystal structure analysis of 6: A colourless plate-like specimen of C12H11CIbNO, approximate
dimensions 0.046 mm x 0.062 mm x 0.159 mm, was used for the X-ray crystallographic analysis.
The X-ray intensity data were measured on a Bruker D8 Venture Photon III Diffractometer system
equipped with a micro focus tube MoK, (MoKg, A = 0.71073 A) and a MX mirror monochromator.
A total of 924 frames were collected. The total exposure time was 7.70 hours. The frames were
integrated with the Bruker SAINT software package using a narrow-frame algorithm. The
integration of the data using a triclinic unit cell yielded a total of 18691 reflections to a maximum 0
angle of 26.76° (0.79 A resolution), of which 2493 were independent (average redundancy 7.497,
completeness = 99.8%, Rint = 5.59%, Rsig = 2.99%) and 2167 (86.92%) were greater than 2c(F?).
The final cell constants of a = 8.1542(7) A, b = 8.2166(7) A, ¢ = 9.4579(8) A, o= 97.803(3)°, B =
107.499(3)°, v = 99.212(3)°, volume = 585.06(9) A3, are based upon the refinement of the
XYZ-centroids of 7290 reflections above 20 o(I) with 4.604° < 20 < 53.42°. Data were corrected
for absorption effects using the multi-scan method (SADABS). The ratio of minimum to maximum
apparent transmission was 0.868. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.9200 and 0.9760. The structure was solved and refined using the
Bruker SHELXTL Software Package, using the space group P-1, with Z = 2 for the formula unit,
C12H11CIoNO. The final anisotropic full-matrix least-squares refinement on F?> with 146 variables
converged at Ri = 3.05%, for the observed data and wR? = 7.18% for all data. The goodness-of-fit
was 1.072. The largest peak in the final difference electron density synthesis was 0.357 e/A3 and
the largest hole was -0.212 e/A® with an RMS deviation of 0.052 e¢/A>. On the basis of the final
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model, the calculated density was 1.454 g/cm® and F(000), 264 e. CCDC Nr.: 2088365.
: ‘N/ c10 o
o1 /
I / \ } Cc12
C4 / @
\CS
\ / I \ / cif
CG\
NS

Wi Cl2

Supplementary Figure 16. Crystal structure of compound 6. Thermal ellipsoids are shown at 30%

probability.

X-ray crystal structure analysis of 41: A colorless prism-like specimen of Ci2HioCLFNO,
approximate dimensions 0.058 mm x 0.084 mm x 0.130 mm, was used for the X-ray
crystallographic analysis. The X-ray intensity data were measured on a Bruker D8 Venture Photon
I1II Diffractometer system equipped with a micro focus tube MoK, (MoK, A = 0.71073 A) and a
MX mirror monochromator. A total of 537 frames were collected. The total exposure time was 4.47
hours. The frames were integrated with the Bruker SAINT software package using a narrow-frame
algorithm. The integration of the data using a monoclinic unit cell yielded a total of 23976
reflections to a maximum 0 angle of 26.74° (0.79 A resolution), of which 2459 were independent
(average redundancy 9.750, completeness = 99.6%, Rint = 4.15%, Rsig = 1.84%) and 2211 (89.91%)
were greater than 20(F?). The final cell constants of a = 10.9603(2) A, b = 7.9484(2) A, ¢ =
13.6654(2) A, B = 101.3960(10)°, volume = 1167.02(4) A>, are based upon the refinement of the
XY Z-centroids of 8754 reflections above 20 o(I) with 5.96° < 20 < 53.45°. Data were corrected for
absorption effects using the multi-scan method (SADABS). The ratio of minimum to maximum
apparent transmission was 0.957. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.9320 and 0.9690. The structure was solved and refined using the
Bruker SHELXTL Software Package, using the space group P2i/c, with Z = 4 for the formula unit,
C12H10CL,FNO. The final anisotropic full-matrix least-squares refinement on F? with 158 variables

converged at Ry = 2.53%, for the observed data and wR? = 6.34% for all data. The goodness-of-fit
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was 1.057. The largest peak in the final difference electron density synthesis was 0.330 e/A3 and
the largest hole was -0.194 ¢/A® with an RMS deviation of 0.045 e¢/A>. On the basis of the final
model, the calculated density was 1.560 g/cm® and F(000), 560 e". The hydrogen at Ol atom was
refined freely. CCDC Nr.: 2088370.
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Supplementary Figure 17. Crystal structure of compound 41. Thermal ellipsoids are shown at 30%

probability.

X-ray crystal structure analysis of 66: A colorless plate-like specimen of Ci2H11NO3, approximate
dimensions 0.041 mm x 0.100 mm x 0.178 mm, was used for the X-ray crystallographic analysis.
The X-ray intensity data were measured on a Bruker D8 Venture Photon III Diffractometer system
equipped with a micro focus tube CuK, (CuKg, A = 1.54178 A) and a MX mirror monochromator. A
total of 1209 frames were collected. The total exposure time was 6.03 hours. The frames were
integrated with the Bruker SAINT software package using a wide-frame algorithm. The integration
of the data using an orthorhombic unit cell yielded a total of 16198 reflections to a maximum 0
angle of 68.23° (0.83 A resolution), of which 1790 were independent (average redundancy 9.049,
completeness = 99.0%, Rint = 5.54%, Rsig = 2.99%) and 1539 (85.98%) were greater than 2c(F?).
The final cell constants of a = 11.8624(4) A, b = 7.8733(2) A, ¢ = 21.1293(6) A, volume =
1973.40(10) A3, are based upon the refinement of the XYZ-centroids of 7323 reflections above 20
o(I) with 8.369° < 26 < 136.3°. Data were corrected for absorption effects using the Multi-Scan
method (SADABS). The ratio of minimum to maximum apparent transmission was 0.822. The
calculated minimum and maximum transmission coefficients (based on crystal size) are 0.8590 and

0.9650. The structure was solved and refined using the Bruker SHELXTL Software Package, using

100



the space group Pbca, with Z = 8 for the formula unit, C12H11NO3. The final anisotropic full-matrix
least-squares refinement on F? with 153 variables converged at Ry = 3.53%, for the observed data
and wR? = 8.88% for all data. The goodness-of-fit was 1.054. The largest peak in the final
difference electron density synthesis was 0.285 e”/A> and the largest hole was -0.213 /A3 with an
RMS deviation of 0.043 e/A3. On the basis of the final model, the calculated density was 1.462
g/cm® and F(000), 912 e. The hydrogen at O2 and O3 atoms were refined freely. CCDC Nr.:
2088371.
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Supplementary Figure 18. Crystal structure of compound 66. Thermal ellipsoids are shown at 30%

probability.

X-ray crystal structure analysis of 30: A colorless plate-like specimen of C11H7ClsN, approximate
dimensions 0.068 mm x 0.215 mm x 0.357 mm, was used for the X-ray crystallographic analysis.
The X-ray intensity data were measured on a Bruker D8 Venture PHOTON III Diffractometer
system equipped with a micro focus tube Mo Ims (MoK, A = 0.71073 A) and a MX mirror
monochromator. A total of 508 frames were collected. The total exposure time was 2.12 hours. The
frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm.
The integration of the data using a triclinic unit cell yielded a total of 18842 reflections to a
maximum 0 angle of 26.74° (0.79 A resolution), of which 4954 were independent (average

redundancy 3.803, completeness = 98.4%, Rint = 2.75%, Rsig = 2.43%) and 4692 (94.71%) were
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greater than 26(F2). The final cell constants of a=9.2279(2) A, b=11.0020(2) A, ¢ = 13.0685(2) A,
o = 104.5330(10)°, B = 93.4840(10)°, y = 111.1750(10)°, volume = 1180.65(4) A3, are based upon
the refinement of the XYZ-centroids of 9995 reflections above 20 o(I) with 4.467° < 20 < 53.47°.
Data were corrected for absorption effects using the Multi-Scan method (SADABS). The ratio of
minimum to maximum apparent transmission was 0.898. The calculated minimum and maximum
transmission coefficients (based on crystal size) are 0.7230 and 0.9370. The structure was solved
and refined using the Bruker SHELXTL Software Package, using the space group P-1, with Z = 4
for the formula unit, C11H7CLuN. The final anisotropic full-matrix least-squares refinement on F?
with 289 variables converged at Ry = 2.15%, for the observed data and wR? = 5.45% for all data.
The goodness-of-fit was 1.050. The largest peak in the final difference electron density synthesis
was 0.402 /A and the largest hole was -0.233 e¢/A* with an RMS deviation of 0.048 e/A>. On the
basis of the final model, the calculated density was 1.659 g/cm® and F(000), 592 ¢. CCDC Nr.:
2088369.
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Supplementary Figure 19. Crystal structure of compound 30. Thermal ellipsoids are shown at 30%

probability. Only one molecule (molecule A) of two found in the asymmetric unit is shown.

X-ray crystal structure analysis of 26: A colorless prism-like specimen of C12H1oCI3N, approximate
dimensions 0.091 mm x 0.152 mm x 0.298 mm, was used for the X-ray crystallographic analysis.
The X-ray intensity data were measured on a Bruker D8 Venture PHOTON III Diffractometer

system equipped with a micro focus tube Mo Ims (MoK, A = 0.71073 A) and a MX mirror
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monochromator. A total of 510 frames were collected. The total exposure time was 3.54 hours. The
frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm.
The integration of the data using a triclinic unit cell yielded a total of 25115 reflections to a
maximum 0 angle of 27.50° (0.77 A resolution), of which 5429 were independent (average
redundancy 4.626, completeness = 98.8%, Rint = 3.30%, Rsig = 2.47%) and 5070 (93.39%) were
greater than 26(F?). The final cell constants of a = 9.3016(2) A, b=10.9291(2) A, ¢ = 13.1956(3) A,
o = 104.2540(10)°, B = 93.7080(10)°, y = 111.1590(10)°, volume = 1194.87(4) A3, are based upon
the refinement of the XYZ-centroids of 9898 reflections above 20 o(I) with 4.479° < 26 < 54.98°.
Data were corrected for absorption effects using the Multi-Scan method (SADABS). The ratio of
minimum to maximum apparent transmission was 0.949. The calculated minimum and maximum
transmission coefficients (based on crystal size) are 0.8110 and 0.9360. The structure was solved
and refined using the Bruker SHELXTL Software Package, using the space group P-1, with Z = 4
for the formula unit, C12H1oCIzN. The final anisotropic full-matrix least-squares refinement on F?
with 291 variables converged at R; = 2.38%, for the observed data and wR? = 6.01% for all data.
The goodness-of-fit was 1.039. The largest peak in the final difference electron density synthesis
was 0.393 e/A® and the largest hole was -0.241 ¢/A* with an RMS deviation of 0.049 e/A>. On the
basis of the final model, the calculated density was 1.526 g/cm® and F(000), 560 e. CCDC Nr.:
2088367.

Cl2

Supplementary Figure 20. Crystal structure of compound 26. Thermal ellipsoids are shown at 30%

probability. Only one molecule (molecule A) of two found in the asymmetric unit is shown.

X-ray crystal structure analysis of 29: A colorless prism-like specimen of CisHisCI3N, approximate
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dimensions 0.061 mm x 0.101 mm x 0.183 mm, was used for the X-ray crystallographic analysis.
The X-ray intensity data were measured on a Bruker D8 Venture PHOTON III Diffractometer
system equipped with a micro focus tube Mo Ims (MoK, A = 0.71073 A) and a MX mirror
monochromator. A total of 510 frames were collected. The total exposure time was 3.54 hours. The
frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm.
The integration of the data using a monoclinic unit cell yielded a total of 32975 reflections to a
maximum 0 angle of 27.48° (0.77 A resolution), of which 3625 were independent (average
redundancy 9.097, completeness = 99.8%, Rint = 7.48%, Rsig = 3.43%) and 3095 (85.38%) were
greater than 26(F2). The final cell constants of a = 10.7010(2) A, b= 10.7590(2) A, ¢ = 14.3255(3)
A, B = 106.1770(10)°, volume = 1584.02(5) A* are based upon the refinement of the
XYZ-centroids of 7039 reflections above 20 o(I) with 4.806° < 20 < 54.93°. Data were corrected
for absorption effects using the Multi-Scan method (SADABS). The ratio of minimum to maximum
apparent transmission was 0.951. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.9030 and 0.9660. The structure was solved and refined using the
Bruker SHELXTL Software Package, using the space group P2i/c, with Z = 4 for the formula unit,
Ci6Hi1sCIsN. The final anisotropic full-matrix least-squares refinement on F?> with 183 variables
converged at Ry = 3.18%, for the observed data and wR? = 7.86% for all data. The goodness-of-fit
was 1.044. The largest peak in the final difference electron density synthesis was 0.354 ¢/A°® and
the largest hole was -0.226 e¢/A® with an RMS deviation of 0.052 e/A3. On the basis of the final
model, the calculated density was 1.387 g/cm?® and F(000), 688 e". CCDC Nr.: 2088368.
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Supplementary Figure 21. Crystal structure of compound 29. Thermal ellipsoids are shown at 30%

probability.
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29, 95% yield, >95:5 d.r.
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33, 95% yield, >95:5 d.r.
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37, 86% yield, >95:5 d.r.
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38, 99% yield, >95:5 d.r.
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