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1 General Information

All manipulations were carried out under an inert nitrogen atmosphere using a Schlenk
line. All solvents were distilled from the appropriate drying agents under argon before
use. All reagents were obtained from commercial suppliers and used without further
purification. The 'H and '3C NMR spectra were recorded on a Bruker Avance 400
spectrometer. The 'H NMR chemical shifts were referenced to the residual solvent as
determined relative to MesSi (8 0 ppm). The '*C {'H} chemical shifts were reported in
ppm relative to the carbon resonance of CDCI3 (77.0 ppm). Cyclic voltammograms (CV)
were collected using a VersaSTAT 3 Potentiostat Galvanostat from Princeton Applied
Research. UV-vis absorption spectra and emission spectra were taken at ambient
temperature using an Edinburgh FS5 spectrofluorometer. The HRMS were obtained
using a hybrid quadrupole-TOF or a Q Exactive Orbitrap mass spectrometer in ESI+
mode. The Kessil PR160 series (max = 456 nm, 40 W) was used as the blue LED light
source for reactions. For alkene substrates, 1a-1m, lo-1q, 1w, 1x, and lak were
obtained from commercial suppliers. Alkene substrates 1n,' 1r,%> 1s,> 1t,* 1u,’ 1v,% 1ab,’

1ad,® 1ae,” 1ah,” and 1ai,'” was were prepared according to the literature.
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2 General Procedure for Hydrotrichloromethylation

2.1 Typical Reaction Setup

Figure S1. Reaction setup under blue LED (40 w) irradiation

2.2 Gram Synthesis Typical Reaction Setup
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Figure S2. Reaction setup under blue LED (40 w) irradiation for gram synthesis
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2.3 Reaction Optimization

Supplementary Table S1. Screening of Other Conditions!?

Ir(ppy)2(dtbpy)PFg 1 mol%

Base 30 mol% CClI
X\ + CHCI N 2
Ph N 3 Blue LEDs, rt, 12h D

1a 3a
Ir(ppy),(dtbpy)PFg
Entry Deviation from above Yield (%)
1 DMAP 93
2 Et:N instead of DMAP 39
3 i-ProNH instead of DMAP 65
4 DBU instead of DMAP 69
5 i-PrNMe: instead of DMAP 52
60! NaH instead of DMAP 55
70l +-BuOK instead of DMAP 78
8 1-Methylpyrrolidine instead of DMAP 31
9 N,N,N',N'-Tetramethyl-1,4-phenylenediamine instead of DMAP trace
10 2 mL CHCIs instead of 1 mL CHCl3 91
11 4 mL CHCls instead of 1 mL CHCl3 86
12 10 eq. H20 was added 56

[a] Reaction conditions: 4-phenyl-1-butene (0.1 mmol), Ir(ppy)2(dtbpy)PFs (1 mol%), DMAP (30 mol%) in
CHCI3 (0.1 M) under irradiation with 40 W, 456 nm LED light at room temperature for 12 h under argon. Yield

was determined '"H NMR using CH2Br: as an internal standard. [b] with 1 eq. base.
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2.4 Synthesis of Alkene Substrates (1aa, l1ac, 1af, 1lag, 1aj)

O 0]

EDC, DMAP
1) R-OH + )J\/\/\/\/\/ : )J\/\/\/\/\/
@ HO DCM, rt RO
EDC, DMAP i
2) Xy ~_~_0OH + R-COOH : NN
@) DCM, r.t = 0" R

General Procedure for the Synthesis of Alkene Substrates: Alcohol (5 mmol, 1.0
equiv), carboxylic acid (5 mmol, 1.0 equiv), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDC) (7.5 mmol, 1.5 equiv, 1.44 @), and 4-
dimethylaminopyridine (DMAP) (5 mmol, 1.0 equiv, 0.61 g) were dissolved in 20 mL
DCM. The mixture was stirred under air at room temperature (26-29 <C) for 6 hours.
After washing with 10 mL water and reducing the solution in vacuo, the residue was
purified by chromatography on silica gel to give the alkene products (1laa, lac, laf,

lag, 1aj).

laa: (3aR,5R,5aR,8aR,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-
b:4',5'-d]pyran-5-yl undec-10-enoate: colorless oil (1.71 g, 83%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 5.85-5.75 (m, 1H), 5.53 (d,
J=6.8 Hz, 1H), 5.00-4.90 (m, 2H), 4.62-4.60 (m, 1H), 4.33-4.29 (m, 2H), 4.24-4.22 (m,
1H), 4.18-4.13 (m, 1H), 4.03-3.99 (m, 1H), 2.33 (t, J=7.6 Hz, 2H), 2.05-2.00 (m, 2H),
1.66-1.57 (m, 2H), 1.50 (s, 3H), 1.44 (s, 3H), 1.33-1.28 (m, 14H). '*C NMR (100 MHz,
CDCl): 173.8,139.2, 114.1, 109.6, 108.7,96.3, 71.1, 70.7, 70.5, 66.0, 63.2, 34.2, 33.8,
29.3, 29.2, 29.1, 28.9, 26.02, 25.96, 25.0, 24.5. HRMS (ESI): m/z [M+H]+ calcd for
C22H3707": 413.2534, found 413.2544.
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lac: hex-5-en-1-yl (R)-4-((3R,5R,8R,9S,108S,13R,14S,17R)-3-hydroxy-10,13-dimethy
-lhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate: colorless oil (1.70 g,
74%). Purification: 100% EtOAc. '"H NMR (400 MHz, CDCls, ppm): 5.80-5.70 (m,
1H), 4.99-4.86 (m, 2H), 4.02 (t, J=6.8 Hz, 2H), 3.61-3.53 (m, 1H), 2.34-2.26 (m, 1H),
2.21-2.13 (m, 2H), 2.07-2.01 (m, 2H), 1.92 (d, J/=12.8 Hz, 1H), 1.84-1.71 (m, 6H), 1.63-
1.56 (m, 3H), 1.45-1.19 (m, 15H), 1.09-0.96 (m, 5H), 0.87 (s, 6H), 0.60 (s, 3H). 1°C
NMR (100 MHz, CDCl3): 174.4, 138.3, 114.8, 74.1, 64.2, 56.5, 56.0, 42.7, 42.1, 40.4,
40.2, 36.4, 35.8, 35.4, 35.3, 34.6, 33.3, 31.3, 31.0, 30.5, 28.2, 28.1, 27.2, 26.4, 25.2,
24.2,23.4,20.8, 18.3, 12.0. HRMS (ESI): m/z [M+H]+ calcd for C30Hs103": 459.3833,

found 459.3838.
fl i

- O)J\/\/\/\/\/
PN

1af: (1R,2R,5R)-2-isopropyl-5-methylcyclohexyl undec-10-enoate: colorless oil (0.93
g, 58%). Purification: 10% EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCl3, ppm):
5.85-5.75 (m, 1H), 5.00-4.91 (m, 2H), 4.70-4.64 (m, 1H), 2.27 (t, J/=7.2 Hz, 2H), 2.06-
1.95 (m, 3H), 1.90-1.81 (m, 1H), 1.71-1.59 (m, 4H), 1.52-1.44 (m, 1H), 1.38-1.25 (m,
12H), 1.07-0.99 (m, 1H), 0.90-0.88 (m, 7H), 0.75 (d, J=6.8 Hz, 3H). '*C NMR (100
MHz, CDCl3): 173.5, 139.2, 114.2, 73.9, 47.0, 41.0, 34.8, 34.3, 33.8, 31.4, 29.3, 29.2,
29.12, 29.06, 28.9, 26.3, 25.1, 23.4, 22.0, 20.8, 16.3. HRMS (ESI): m/z [M+H]+ calcd
for C21H390,": 323.2945, found 323.2950.
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lag: (1R,2S,4R)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl undec-10-enoate: colorless
oil (1.23 g, 77%). Purification: 10% EtOAc/Petroleum ether. 'H NMR (400 MHz,
CDCl3, ppm): 5.85-5.75 (m, 1H), 5.01-4.86 (m, 3H), 2.39-2.29 (m, 3H), 2.06-2.00 (m,
2H), 1.97-1.90 (m, 1H), 1.78-1.70 (m, 1H), 1.68-1.59 (m, 3H), 1.40-1.24 (m, 12H), 0.87
(t,J=13.6 Hz, 10H). >*C NMR (100 MHz, CDCl5): 174.2,139.2, 114.2,79.6, 48.7, 47.8,
44.9,36.9, 34.7, 33.8, 29.3, 29.2, 29.14, 29.07, 28.9, 28.1, 27.1, 25.2, 19.7, 18.9, 13.5.
HRMS (ESI): m/z [M+H]+ caled for C21H370,": 321.2788, found 321.2792

O
o
H
Cl

laj: hex-5-en-1-yl 2-(4-(2-(4-chlorobenzamido)ethyl)phenoxy)-2-methylpropanoate:
colorless oil (1.55 mg, 70%). Purification: 50% EtOAc/Petroleum ether. 'H NMR (400
MHz, CDCl3, ppm): 7.61 (d, /=8.8 Hz, 2H), 7.37 (d, /=8.4 Hz, 2H), 7.08 (d, /=8.8 Hz,
2H), 6.80 (d, J=8.8 Hz, 2H), 6.08 (s, 1H), 5.78-5.67 (m, 1H), 4.95 (t, J/=15.6 Hz, 2H),
4.16 (t, J=6.8 Hz, 2H), 3.68-3.63 (m, 2H), 2.85 (t, J/=7.6 Hz, 2H), 2.04-1.98 (m, 2H),
1.67-1.59 (m, 8H), 1.40-1.32 (m, 2H). *C NMR (100 MHz, CDCl3): 174.4, 166.4,
154.2, 138.2, 137.7, 133.0, 132.3, 129.5, 128.8, 128.3, 119.4, 114.9, 79.2, 65.4, 41.2,
34.8, 33.2, 27.9, 25.4, 25.0. HRMS (ESI): m/z [M+H]+ caled for CasH3 CINO4":
444.1936, found 444.1949

2.5 Synthesis of Trichloromethyl Compounds

Ir(ppy)»(dtbpy)PFg 1 mol%

DMAP 30 mol% R
R _~+ CHCI N
N s Blue LEDs, rt. 12 h CCly
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Method A: A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with
alkene (0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFes (0.91 mg, 0.001 mmol, 0.01 equiv.),
DMAP (3.7 mg, 0.03 mmol, 0.3 equiv.), and chloroform (1 mL). The reactor was placed
under a blue LED (Kessil light, 40 W, 456 nm, Spectral output can be found on:
https://www.kessil.com/science/PR160L.php) and irradiated for 12 h under argon at
room temperature (26-29 °C). After reducing in vacuo, the residue was purified by

chromatography on silica gel to give the trichloromethyl products.

Ir(ppy),(dtbpy)PFg 2 mol%

K,CO4 100 mol% R
R _~+ CHCI 2C0; -~ RO~
~NF s Blue LEDs, rt., 18 h CCly

Method B: A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with
alkene (0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFe (1.82 mg, 0.002 mmol, 0.02 equiv.),
K2COs3 (13.8 mg, 0.1 mmol, 1.0 equiv.), and chloroform (1 mL). The reactor was placed
under a blue LED (Kessil light, 40 W, 456 nm, Spectral output can be found on:
https://www.kessil.com/science/PR160L.php) and irradiated for 18 h under argon at
room temperature (26-29 °C). The yield was determined by *H NMR using CH2Br; as

an internal standard.

©/\/\/CCI3

3a: (5,5,5-trichloropentyl) benzene: colorless oil (22.9 mg, 91%). Purification: 100%
Petroleum ether. '"H NMR (400 MHz, CDCls, ppm): 7.33-7.29 (m, 2H), 7.23-7.19 (m,
3H), 2.73-2.67 (m, 4H), 1.89-1.81 (m, 2H), 1.78-1.70 (m, 2H). '3C NMR (100 MHz,
CDCl): 141.8, 128.44, 128.39, 126.0, 100.0, 55.0, 35.6, 30.2, 26.1. HRMS (ESI): m/z
[M+Na]" calcd for C11Hi3sNaCls'™: 272.9975, found 272.9976.

/\/\/\/\CC|3

3b: 1,1,1-trichlorononane: colorless oil (20.4 mg, 88%). Purification: 100% Petroleum
ether. '"H NMR (400 MHz, CDCls, ppm): 2.67 (t, J = 8.0 Hz, 2H), 1.81-1.73 (m, 2H),
1.36-1.28 (m, 10H), 0.89 (t, J = 12.4 Hz, 3H). '3C NMR (100 MHz, CDCls): 100.3,
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55.2, 31.8, 29.7, 29.1, 28.4, 26.4, 22.6, 14.1. HRMS (ESI): m/z [M+Na]" calcd for
CoH7NaCl3": 253.0288, found 253.0285.

/\/\/\/\/\CCI3

3c: 1,1,1-trichloroundecane: colorless oil (23.4 mg, 90%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 2.67 (t, J = 8.0 Hz, 2H),
1.79-1.73 (m, 2H), 1.37-1.28 (m, 14H), 0.89 (t, J = 6.0 Hz, 3H). 3*C NMR (100 MHz,
CDCl3): 100.3, 55.2, 31.9, 29.6, 29.5, 29.4, 29.3, 28.4, 26.4, 22.7, 14.1. HRMS (ESI):
m/z [M+Na]" calcd for C11H21NaCls*: 281.0601, found 281.0612.

/\/\/\/\/\/\CCI3

3d: 1,1,1-trichlorotridecane: colorless oil (27.0 mg, 94%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 2.66 (t, J = 8.4 Hz, 2H),
1.81-1.73 (m, 2H), 1.39-1.27 (m, 18H), 0.89 (t, J = 6.0 Hz, 3H). 3*C NMR (100 MHz,
CDCl3): 100.3, 55.2, 31.9, 29.7, 29.6, 29.5, 29.4, 29.3, 28.4, 26.4, 22.7, 14.2. HRMS
(ESI): m/z [M+H]" calcd for C13H26Cl3": 287.1095, found 287.1093.

3e: (4,4,4-trichlorobutyl)cyclohexane: colorless oil (20.7 mg, 85%). Purification: 10%
EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 2.64 (t, J = 8.0 Hz, 2H),
1.82-1.64 (m, 8H), 1.30-1.19 (m, 7H). 3C NMR (100 MHz, CDCls): 100.3, 55.5, 37.4,
36.0, 33.2, 26.6, 26.3, 23.8. HRMS (ESI): m/z [M+H]" calcd for C10H1sCls": 243.0469,
found 243.0476.

HO\/\/\/\
CCl,

3f: 7,7,7-trichloroheptan-1-ol: colorless oil (18.9 mg, 86%). Purification: 10%
EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 3.68 (t, J = 6.4 Hz, 2H),
2.67 (t, J = 8.0 Hz, 2H), 1.83-1.76 (m, 2H), 1.63-1.56 (m, 2H), 1.45-1.42 (m, 4H). *C
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NMR (100 MHz, CDClz3): 100.2, 62.8, 55.1, 32.5, 28.1, 26.4, 25.5. HRMS (ESI): m/z
[M+H]* calcd for C7H140CI3*: 219.0105, found 219.0108.

cI” >~"">~""ccl,

3g: 1,1,1,6-tetrachlorohexane: colorless oil (20.2 mg, 90%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 3.57 (t, J = 6.4 Hz, 2H),
2.69 (t, J = 7.6 Hz, 2H), 1.86-1.80 (m, 4H), 1.61-1.55 (m, 2H). *C NMR (100 MHz,
CDCl3): 99.8, 54.9, 44.7, 32.2, 25.7, 25.6. HRMS (ESI): m/z [M+H]" calcd for
CeH11Cls": 222.9609, found 222.9611.

CCl
Br/\/\/\/ 3

3h: 7-bromo-1,1,1-trichloroheptane: colorless oil (23.7 mg, 84%). Purification: 10%
EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 3.43 (t, J = 7.2 Hz, 2H),
2.68 (t, J = 8.0 Hz, 2H), 1.93-1.76 (m, 4H), 1.55-1.41 (m, 4H). **C NMR (100 MHz,
CDCls): 100.0, 55.0, 33.7, 32.5, 27.8, 27.5, 26.2. HRMS (ESI): m/z [M+Na]* calcd for
C7H12NaClsBr*: 302.9080, found 302.9087.

O

©)J\O/\/\/\/CCI3

3i: 7,7,7-trichloroheptyl benzoate colorless oil (27.0 mg, 84%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 8.05 (d, J=8.4 Hz, 2H),
7.58-7.54 (m, 1H), 7.46-7.43 (m, 2H), 4.33 (t, J/=9.0 Hz, 2H), 2.70-2.66 (m, 2H), 1.84-
1.78 (m, 4H), 1.61-1.45 (m, 4H). '3C NMR (100 MHz, CDCls): 166.7, 132.9, 130.4,
129.6, 128.4,100.1, 64.8, 55.1, 28.6, 28.0, 26.3, 25.8. HRMS (ESI): m/z [M+H]" calcd
for C14H130,Cl3": 323.0367, found 323.0369.

O]

\O)WWCC|3

S9



3j: methyl 12,12,12-trichlorododecanoate: colorless oil (29.2 mg, 92%). Purification:
100% DCM. 'H NMR (400 MHz, CDCl3, ppm): 3.66 (s, 3H), 2.65 (t, J = 7.6 Hz, 2H),
2.30 (t,J=7.2 Hz, 2H), 1.77-1.72 (m, 2H), 1.68-1.59 (m, 2H), 1.38-1.25 (m, 12H). 13C
NMR (100 MHz, CDCls): 174.3, 100.3, 55.2, 51.5, 34.1, 29.34, 29.26, 29.2, 29.1, 28.3,
26.4, 24.9. HRMS (ESI): m/z [M+H]" caled for Ci3H240.Cl3": 317.0836, found
317.0848.

)

)J\/\/\CCL3

3k: 7,7,7-trichloroheptan-2-one: colorless oil (17.6 mg, 81%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 2.68 (t, J = 7.2 Hz, 2H),
2.52 (t,J=17.2 Hz, 2H), 2.16 (s, 3H), 1.81-1.66 (m, 4H). '*C NMR (100 MHz, CDCl;):
208.1, 99.8, 54.9, 43.1, 30.0, 26.0, 22.3. HRMS (ESI): m/z [M+H]" caled for
C7H120Cl13™: 216.9948, found 216.9948.

©/O\/\/CC|3

3l: (4,4,4-trichlorobutoxy)benzene: colorless oil (17.2 mg, 68%). Purification: 10%
EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 7.31-7.28 (m, 2H), 6.98-
6.95 (m, 1H), 6.91 (d, J =9.2 Hz, 2H), 4.08 (t, J = 5.6 Hz, 2H), 2.93 (t, J = 7.6 Hz, 2H),
2.31-2.24 (m, 2H). *C NMR (100 MHz, CDCls): 158.6, 129.5, 122.0, 114.5, 99.7, 66.0,
52.2, 26.7. HRMS (ESI): m/z [M+Na]* calcd for C10H11ONaCls™: 274.9768, found
274.9782.

0]

WCCb

3m: 2-(5,5,5-trichloropentyl)oxirane: colorless oil (18.3 mg, 84%). Purification: 100%
DCM. 'H NMR (400 MHz, CDCls, ppm): 2.93 (s, 1H), 2.78 (t, J = 4.4 Hz, 1H), 2.70 (t,
J = 8.4 Hz, 2H), 2.50-2.49 (m, 1H), 1.88-1.81 (m, 2H), 1.70-1.53 (m, 4H). *C NMR
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(100 MHz, CDCl3): 99.9, 55.0, 52.0, 47.1, 32.2, 26.2, 24.8. HRMS (ESI): m/z [M+H]"
caled for C7H120OCl5™: 216.9948, found 216.9953.

O
i

S\ /\/\/\/CCI3
IO
)ijo

3n: 7,7,7-trichloroheptyl 4-methylbenzenesulfonate: colorless oil (26.5 mg, 71%).
Purification: 10% EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 7.79 (d,
J=7.2Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.04 (t, J = 6.0 Hz, 2H), 2.61 (t, J = 8.0 Hz,
2H), 2.45 (s, 3H), 1.76-1.64 (m, 4H), 1.44-1.32 (m, 4H). 3C NMR (100 MHz, CDCl3):
144.8,133.1, 129.9, 127.9, 100.0, 70.3, 54.9, 28.6, 27.6, 26.2, 25.1, 21.7. HRMS (ESI):
m/z [M+H]" calcd for C14H20CI303S™: 373.0193, found 373.0192.

O
>‘\O)]\N/\/\/CCI3

H

3o: tert-butyl (5,5,5-trichloropentyl) carbamate: colorless oil (25.6 mg, 88%).
Purification: 10% EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 4.57 (s,
1H), 3.17 (d,J=4.8 Hz, 2H), 2.69 (t,J = 7.2 Hz, 2H), 1.84-1.76 (m, 2H), 1.63-1.55 (m,
2H), 1.44 (s, 9H). *C NMR (100 MHz, CDCIl3): 156.0, 99.8, 54.7, 40.1, 29.7, 28.9,
28.4, 23.7. HRMS (ESI): m/z [M+H]" calcd for CioHioNO2Cl3*: 290.0476, found
290.0475.

AE:\B/\/\/C%
i
o

3p: 4,4,5,5-tetramethyl-2-(5,5,5-trichloropentyl)-1,3,2-dioxaborolane: colorless oil
(23.8 mg, 79%). Purification: 100% DCM. '"H NMR (400 MHz, CDCls, ppm): 2.67 (t,
J=6.4Hz, 2H), 1.82-1.74 (m, 2H), 1.57-1.50 (m, 2H), 1.25 (s, 12H), 0.84 (t, J= 8.0
Hz, 2H). *C NMR (100 MHz, CDCls): 100.3, 83.1, 55.0, 28.9, 24.8, 22.9. HRMS (ESI):
m/z [M+H]" calcd for C11H210,CI3B*: 301.0695, found 301.0692.
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3q: 12,12,12-trichlorododecanal: colorless oil (25.3 mg, 88%). Purification: 100%
DCM. 'H NMR (400 MHz, CDCls, ppm): 9.76 (s, 1H), 2.66 (t,J = 7.6 Hz, 2H), 2.42 (t,
J=17.6 Hz, 2H), 1.80-1.73 (m, 2H), 1.62 (t, J = 6.4 Hz, 2H), 1.38-1.25 (m, 12H). 13C
NMR (100 MHz, CDCl3): 202.9, 100.3, 55.2, 43.9, 29.34, 29.32, 29.26, 29.1, 28.3, 26 4,
22.1. HRMS (ESI): m/z [M+H]" calcd for C12H2OCl3": 287.0731, found 287.0732.

CCl
O/\/\/\/ 3
Ox

3r: 7,7, 7-trichloroheptyl 4-formylbenzoate: colorless oil (27.1 mg, 77%). Purification:
10% EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 10.11 (s, 1H), 8.20 (d,
J=28.0Hz, 2H), 7.96 (d, J= 7.6 Hz, 2H), 4.37 (t, J = 5.2 Hz, 2H), 2.69 (t, J = 7.6 Hz,
2H), 1.85-1.78 (m, 4H),1.57-1.48 (m, 4H). 13C NMR (100 MHz, CDCl;): 191.7, 165.6,
139.1, 135.4, 130.2, 129.6, 100.0, 65.5, 55.1, 28.5, 28.0, 26.3, 25.8. HRMS (ESI): m/z
[M+H]" caled for CisH;s03Cls™: 351.0316, found 351.0316.

(@]
| X o/\/\/\/CC|3
_N

3s: 7,7,7-trichloroheptyl picolinate: colorless oil (26.0 mg, 80%). Purification: 50%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCl3, ppm): 8.77 (d, J = 3.6 Hz, 1H),
8.13(d,J=7.6 Hz, 1H), 7.87-7.83 (m, 1H), 7.49-7.46 (m, 1H), 4.43 (t,J= 6.8 Hz, 2H),
2.67 (t, J= 7.6 Hz, 2H), 1.88-1.78 (m, 4H), 1.57-1.41 (m, 4H). *C NMR (100 MHz,
CDCl): 165.3, 149.9, 148.2, 137.0, 126.9, 125.2, 100.1, 65.8, 55.1, 28.5, 28.0, 26.3,
25.7. HRMS (ESI): m/z [M+H]" caled for C13H17NO2Cl3™: 324.0319, found 324.0326.

O
= O/\/\/\/CC|3
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3t: 7,7,7-trichloroheptyl isonicotinate: colorless oil (27.6 mg, 85%). Purification: 50%
EtOAc/Petroleum ether. '"H NMR (400 MHz, CDCls, ppm): 8.79 (d, J = 4.8 Hz, 2H),
7.85(d,J=5.2 Hz, 2H), 4.37 (t,J = 6.8 Hz, 2H), 2.68 (t, /= 8.0 Hz, 2H), 1.85-1.80 (m,
4H), 1.59-1.43(m, 4H). 3*C NMR (100 MHz, CDCl5): 165.1, 150.6, 137.6, 122.9, 100.0,
65.7,55.0, 28.4, 28.0, 26.3, 25.7. HRMS (ESI): m/z [M+H]" caled for Ci13H17NO2Cl3™
324.0319, found 324.0331.

3u: 7,7,7-trichloroheptyl 5-methylthiophene-2-carboxylate: colorless oil (27.8 mg,
81%). Purification: 5% EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm):
7.61 (d,J=3.2 Hz, 1H), 6.77 (d, J=2.8 Hz, 1H), 4,27 (t,J = 6.8 Hz, 2H), 2.68 (t, J =
8.4 Hz, 2H), 2.52 (s, 3H), 1.84-1.73 (m, 4H), 1.56-1.39 (m, 4H). '*C NMR (100 MHz,
CDCl3): 162.3,147.9,133.8, 131.2,126.4, 100.1, 64.7, 55.1, 28.5, 28.0, 26.3, 25.8, 15.8.
HRMS (ESI): m/z [M+H]" calcd for C13H1302SCls": 343.0088, found 343.0089.

X 0 "> _-CCl3

3v: 7,7,7-trichloroheptyl benzo[b]thiophene-2-carboxylate: colorless oil (25.8 mg,
68%). Purification:10% EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm):
8.07 (s, 1H), 7.89-7.86 (m, 2H), 7.48-7.39 (m, 2H), 4.36 (t, J = 6.8 Hz, 2H), 2.70 (t, J
= 8.0 Hz, 2H), 1.86-1.79 (m, 4H), 1.54-1.45 (m, 4H). '3C NMR (100 MHz, CDCl;):
162.9, 142.2, 138.7, 134.0, 130.5, 127.0, 125.6, 124.9, 122.8, 100.1, 65.4, 55.1, 28.5,
28.0, 26.3, 25.8. HRMS (ESI): m/z [M+H]" calcd for C16H1302SCl3": 379.0088, found
379.0088.

O/CCI3
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3w: (trichloromethyl)cyclooctane: colorless oil (18.1 mg, 79%). Purification: 10%
EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCls, ppm): 2.60 (t, J = 3.6 Hz, 1H),
2.16-2.12 (m, 2H), 1.84-1.77 (m, 2H), 1.66-1.53 (m, 10H). *C NMR (100 MHz,
CDCl3): 107.6, 58.3, 30.7, 26.7, 26.2. HRMS (ESI): m/z [M+H]" calcd for CoH16Cl3":
229.0312, found 229.0322.

©0C|3

3x: 2-(trichloromethyl)bicyclo[2.2.1]heptane: colorless oil (18.8 mg, 88%).
Purification: 10% EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 2.64 (t,
J=7.6 Hz, 2H), 2.36 (s, 1H), 1.92 (d, J = 10.4 Hz, 1H), 1.73-1.66 (m, 2H), 1.34-1.14
(m, 5H). 3C NMR (100 MHz, CDCls): 104.1 64.2, 41.2, 37.2, 36.6, 36.2, 31.1, 27.7.
HRMS (ESI): m/z [M+H]" calcd for CgH12Cls™: 212.9999, found 212.9997.

olﬁ
o}
o)

Xoi:@

o 0O

CCly

3aa:(3aR,5R,5aR,8aR,8bR)-2,2,7,7-tetramethyltetranydro-5H-bis([1,3]dioxolo)[4,5-
b:4',5'-d]pyran-5-yl 12,12,12-trichlorododecanoate: colorless oil (43.6 mg, 82%).
Purification: 10% EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 5.53 (d,
J=4.8Hz, 1H), 4.60 (d, J = 8.4 Hz, 1H), 4.32-4.28 (m, 2H), 4.22 (d, J = 8.4 Hz, 1H),
4.18-4.13 (m, 1H), 4.01 (t, J = 6.0 Hz, 1H), 2.65 (t, J = 7.2 Hz, 2H), 2.33 (t, J = 8.0 Hz,
2H), 1.79-1.71 (m, 2H), 1.62-1.57 (m, 2H), 1.49 (s, 3H), 1.44 (s, 3H), 1.37-1.24 (m,
16H). 13C NMR (100 MHz, CDCls): 173.8, 109.6, 108.7, 100.3, 96.3, 71.1, 70.7, 70.5,
66.0, 63.2, 55.2, 34.2, 29.4, 29.33, 29.26, 29.2, 29.1, 28.3, 26.4, 26.02, 25.96, 24.99,
24.95, 24.5. HRMS (ESI): m/z [M+Na]* calcd for C22H3707NaCls™: 553.1497, found
553.1516.
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3ab:(3aR,58S,68S,6aR)-5-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydro
-furo[2,3-d][1,3]dioxol-6-yl 12,12,12-trichlorododecanoate: colorless oil (43.1 mg,
79%). Purification: 10% EtOAc/Petroleum ether. '"H NMR (400 MHz, CDCl3, ppm):
5.86 (d, J=3.6 Hz, 1H), 5.25 (s, 1H), 4.47 (d, /= 4.0 Hz, 1H), 4.20 (s, 2H), 4.09-3.99
(m, 2H), 2.66 (t,J = 8.4 Hz, 2H), 2.34 (t,J = 7.2 Hz, 2H), 1.79-1.72 (m, 2H), 1.66-1.59
(m, 3H), 1.51 (s, 3H), 1.40-1.29 (m, 20H). 3C NMR (100 MHz, CDCl;): 172.4, 112.3,
109.3,105.1, 100.2, 83.4,79.9, 75.8, 72.4, 67.3, 55.2,34.3,29.4,29.3, 29.2, 29.1, 28.3,
26.83,26.75,26.4,26.2,25.3,24.9. HRMS (ESI): m/z [M+H]" caled for C24H4007Cl3™:
545.1834, found 545.1846.

HO//,

3ac:7,7,7-trichloroheptyl(R)-4-((3R,5R,8R,9S,10S,13R,14S,17R)-3-hydroxy-10,13-
dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl)pentanoate: colorless oil
(48.0 mg, 83%). Purification: 100% EtOAc. 'H NMR (400 MHz, CDCls, ppm): 4.06 (t,
J=6.4 Hz, 2H), 3.70-3.58 (m, 1H), 2.66 (t, /= 7.2 Hz, 2H), 2.41-2.14 (m, 3H), 1.81-
1.04 (m, 34H), 0.90 (s, 6H), 0.63 (s, 3H). *C NMR (100 MHz, CDCls): 174.4, 100.1,
71.8, 64.1, 56.5, 56.0, 55.1, 42.7, 42.1, 40.4, 40.2, 36.4, 35.8, 35.4, 34.6, 31.3, 31.0,
30.5, 28.5, 28.2,28.0, 27.2,26.4, 26.3,25.7, 24.2, 23.4, 20.8, 18.3, 12.1. HRMS (ESI):
m/z [M+H]" calcd for C31Hs5203Cl3™: 577.2977, found 577.2993.
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3ad:(R)-2,5,7,8-tetramethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chroman-6-yl12,12,
12-trichlorododecanoate: colorless oil (52.3 mg, 73%). Purification: 5% EtOAc/
Petroleum ether. *H NMR (400 MHz, CDCls, ppm): 2.67 (t, J = 8.4 Hz, 2H), 2.59 (t, J
=7.2 Hz, 4H), 2.09 (s, 3H), 2.01 (s, 3H), 1.97 (s, 3H), 1.81-1.76 (m, 6H), 1.56-1.51 (m,
3H), 1.42-1.23 (m, 26H), 1.16-1.06 (m, 7H), 0.86 (s, 12H). *C NMR (100 MHz,
CDCl3): 172.4,149.4, 140.5, 126.7, 124.9, 123.0, 117.4, 100.3, 75.0, 55.2, 39.4, 37.5,
37.4,37.3, 34.2, 32.8, 32.7, 29.38, 29.36, 29.31, 29.26, 29.24, 28.3, 28.0, 26.4, 25.2,
24.8, 24.5, 22.7, 22.6, 21.0, 20.6, 19.8, 19.7, 13.0, 12.1, 11.8. HRMS (ESI): m/z
[M+Na]" calcd for C41HeeO3sNaCls™: 737.4205, found 737.4203.

3ae:(8R,9S,13S,14S)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-3-yl 12,12,12-trichlorododecanoate: colorless oil (47.3 mg,
85%). Purification: 20% EtOAc/Petroleum ether. *H NMR (400 MHz, CDCls, ppm):
7.28 (d, J = 12.4 Hz, 1H), 6.85-6.83 (m, 2H), 2.91-2.89 (m, 2H), 2.66 (t, J = 8.0 Hz,
2H), 2.55-2.47 (t, J = 7.2 Hz, 3H), 2.42-2.39 (m, 1H), 2.31-2.25 (m, 1H), 2.19-1.95 (m,
5H), 1.80-1.62 (m, 5H), 1.57-1.25 (m, 16H), 0.91 (s, 3H). *C NMR (100 MHz, CDCls):
172.6, 148.6, 138.0, 137.3,126.4, 121.6, 118.8, 100.3, 55.2, 50.4, 48.0, 44.2, 38.0, 35.9,
34.4, 31.6, 29.41, 29.35, 29.3, 29.2, 29.1, 28.3, 26.39, 26.36, 25.8, 25.0, 21.6, 13.8.
HRMS (ESI): m/z [M+Na]" calcd for C3H4103NaCls*: 577.2013, found 577.2006.

@0W00|3

PN

3af: (1R,2S,5R)-2-1sopropyl-5-methylcyclohexyl12,12,12-trichlorododecanoate:
colorless oil (38.4 mg, 87%). Purification: 100% DCM. 'H NMR (400 MHz, CDCls,
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ppm): 4.70-4.64 (m, 1H), 2.66 (t, J = 8.0 Hz, 2H), 2.27 (t, J = 6.8 Hz, 2H), 1.99-1.96
(m, 1H), 1.89-1.83 (m, 1H), 1.80-1.72 (m, 2H), 1.68-1.59 (m, SH), 1.40-1.25 (m, 16H),
0.90-0.88 (m, 6H), 0.75 (d, J= 9.6 Hz, 3H). '*C NMR (100 MHz, CDCL3): 173.5, 100.3,
73.9, 55.2, 47.0, 41.0, 34.8, 34.3, 31.4, 29.39, 29.36, 29.3, 29.2, 29.1, 28.3, 26.4, 26.3,
25.1, 23.4, 22.1, 20.8, 16.3. HRMS (ESI): m/z [M+Na]" calcd for C2H300;NaCls*:
463.1908, found 463.1927.

ol
"/O)K/\/\/\/\/\CCL3

3ag:(1S,2R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl 12,12,12-trichlorododecanoa
-te: colorless oil (34.8 mg, 79%). Purification: 10% EtOAc/Petroleum ether. *H NMR
(400 MHz, CDCl3, ppm): 4.88 (d, J = 7.2 Hz, 1H), 2.66 (t, J = 5.6 Hz, 2H), 2.30 (t,J =
7.6 Hz, 2H), 1.96-1.91 (m, 1H), 1.77-1.58 (m, 6H), 1.39-1.22 (m, 16H), 0.89-0.82 (m,
9H). *C NMR (100 MHz, CDCls): 174.2,100.3, 79.6, 55.2, 48.7, 47.8, 44.9, 36.9, 34.7,
29.39, 29.36, 29.3, 29.2, 29.1, 28.3, 28.1, 27.1, 26.4, 25.1, 19.7, 18.9, 13.5. HRMS
(ESI): m/z [M+H]" calcd for C22H3302Cls": 439.1932, found 439.1927.

\
cl o)
0
Nz AN CCl
4 0

3ah: 7,7,7-trichloroheptyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)
acetate: colorless oil (45.9 mg, 82%). Purification: 20% EtOAc/Petroleum ether. 'H
NMR (400 MHz, CDCls, ppm): 7.66 (d, J = 9.2 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 6.97
(s, 1H), 6.86 (d, J = 9.2 Hz, 1H), 6.67 (d, J = 9.6 Hz, 1H), 4.11 (t, J = 6.8 Hz, 2H), 3.84
(s, 3H), 3.66 (s, 2H), 2.62 (t, J = 10.0 Hz, 2H), 2.40 (s, 3H), 1.75-1.58 (m, 4H), 1.41-
1.31 (m, 4H). °C NMR (100 MHz, CDCls): 171.0, 168.3, 156.0, 139.3, 136.0, 133.9,
131.2, 130.8, 130.7, 129.2, 115.0, 112.7, 111.6, 101.4, 100.0, 64.9, 55.7, 55.0, 30.5,
28.5, 27.9, 26.3, 25.7, 13.4. HRMS (ESI): m/z [M+H]" calcd for CysH2sNO4Cls*:
558.0767, found 558.0768.
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3ai: 7,7,7-trichloroheptyl (S)-2-(6-methoxynaphthalen-2-yl)propanoate: colorless oil
(38.9 mg, 90%). Purification: 5% EtOAc/Petroleum ether. '"H NMR (400 MHz, CDCls,
ppm): 7.72-7.68 (m, 3H), 7.41 (d, J = 8.0 Hz, 1H), 7.15-7.12 (m, 2H), 4.12-4.05 (m,
2H), 3.91 (s, 3H), 3.88-3.83 (m, 1H), 2.55 (t, J = 8.8 Hz, 2H), 1.68-1.63 (m, 2H), 1.58
(d, J = 6.4 Hz,3H), 1.43-1.27 (m, 6H). *C NMR (100 MHz, CDCl5): 174.7, 157.6,
135.8, 133.7, 129.2, 128.9, 127.1, 126.3, 125.9, 119.1, 105.6, 100.1, 64.6, 55.3, 54.9,
45.5,28.4,27.8, 26.2, 25.6, 18.4. HRMS (ESI): m/z [M+H]" calcd for C21H2603Cl3":
431.0942, found 431.0947.

(@)
jon
H
Cl

3aj:7,7,7-trichloroheptyl2-(4-(2-(4-chlorobenzamido)ethyl)phenoxy)-2-methylpropan
-oate: colorless oil (37.7 mg, 67%). Purification: 50% EtOAc/Petroleum ether. 'H NMR
(400 MHz, CDCl3, ppm): 7.61 (d, J= 8.4 Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H), 7.08 (d, J
=7.2Hz,2H), 6.79 (d,J=7.2 Hz, 2H), 6.18 (s, 1H), 4.16 (t, /= 5.6 Hz, 2H), 3.70-3.61
(m, 2H), 2.84 (t, J = 6.4 Hz, 2H), 2.62 (t, /= 7.2 Hz, 2H), 1.67-1.62 (m, 2H), 1.59 (s,
6H), 1.38-1.25 (m, 6H). >*C NMR (100 MHz, CDCls): 174.4,166.4,154.2, 137.6, 133.0,
132.3,129.5,128.8,128.3,119.4, 119.3, 114.9, 100.0, 79.1, 65.3, 55.0, 41.3, 34.8, 28.3,
27.9, 26.3, 25.6, 25.4, 25.0. HRMS (ESI): m/z [M+H]" calcd for CasH32NO4Cls™:
562.1080, found 562.1093.

2.6 Synthesis of (3,5,5-Tribromopentyl)benzene

Ir(ppy)2(dtbpy)PFg 1 mol%

DMAP 30 mol% Ph
Ph _—~+ CHBr
NN s Blue LEDs, rt., 12 h V\(\CHBQ

CH,CN Br
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A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with 4-phenyl-1-
butene (13.2 mg, 0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001 mmol, 0.01
equiv.), DMAP (3.7 mg, 0.03 mmol, 0.3 equiv.), CHBr3 (75.8 mg, 0.3 mmol, 3.0 equiv.),
and CH3CN (1 mL). The reactor was placed under a blue LED (Kessil light, 40 W, 456
nm) and irradiated for 12 h under argon at room temperature. After reducing in vacuo,
the residue was purified by chromatography on silica gel to give (3,5,5-
tribromopentyl)benzene (3y) as colorless oil (30.4 mg, 79%). 'H NMR (400 MHz,
CDCls, ppm):'! 7.35-7.31 (m, 2H), 7.26-7.22 (m, 3H), 5.94-5.90 (dd, J; = 3.6 Hz, J> =
10.0 Hz, 1H), 4.16-4.09 (m, 1H), 2.98-2.77 (m, 4H), 2.23-2.16 (m, 2H).
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3 Gram Synthesis of (5,5,5-Trichloropentyl) benzene (3a)

Ir(ppy)2(dtbpy)PFg 1 mol%

DMAP30mol% o
Blue LEDs, r.t, 12 h NN "Ncel,

Ph._~~+ CHCl3

A 50 mL Schlenk tube equipped with a magnetic stir bar was charged with 4-phenyl-1-
butene (1.0 g, 7.6 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (69.2 mg, 0.076 mmol, 0.01
equiv.), DMAP (278.2 mg, 2.28 mmol, 0.3 equiv.), and chloroform (30 mL). The reactor
was placed under a blue LED (Kessil light, 40 W, 456 nm) and irradiated at 28 °C under
argon for 24 h. After reducing in vacuo, the residue was purified by flash column
chromatography to give the (5,5,5-trichloropentyl) benzene as colorless oil (1.43 g,
75%).

4 Gram Synthesis of the Key Intermediate in Haterumalides NA
and NC

Ir(ppy)o(dtbpy)PFg 1 mol%

AF DMAP 30 mol% HO  >"Ncg
HO * CHCl 5 e LEDs, rt., 121 3

A 50 mL Schlenk tube equipped with a magnetic stir bar was charged with prop-2-en-
1-ol (1.16 g, 20 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (183 mg, 0.2 mmol, 0.01 equiv.),
DMAP (732 mg, 6 mmol, 0.3 equiv.). and chloroform (30 mL). The reactor was placed
under a blue LED (Kessil light, 40 W, 456 nm) and irradiated at 28 °C under argon for
24 h. After reducing in vacuo, the residue was purified by column chromatography on
silica gel to give the 4,4,4-trichlorobutan-1-ol as colorless oil (2.83 g, 80%).
Purification: 20% EtOAc/Petroleum ether. 'H NMR (400 MHz, CDCl;, ppm):'? 3.78
(m, 2H), 2.84-2.81 (m, 2H), 2.07-2.02 (m, 2H).

5 Derivatization of the Trichloromethyl Compounds

5.1 Synthesis of 1,1-Dichlorotridec-1-ene
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of
Me ccl CH3CO,Na (2 eq.) Me\k\)\/\
AT BME©.2 M), refiux, 12 57 cl

3d, 1.0 mmol 4a, 90% yield

A 10 mL bottle equipped with a magnetic stir bar was charged with 1,1,1-
trichlorotridecane (288 mg, 1.0 mmol, 1.0 equiv.), CH3COONa (164 mg, 2.0 mmol, 2.0
equiv.) and DMF (2 mL). After refluxing under argon for 12 h, The mixture was reduced
in a in vacuo and the residue was purified by column chromatography on silica gel to
give the 1,1-dichlorotridec-1-ene as colorless oil (226 mg, 90%). Purification: 100%
Petroleum ether. 'H NMR (400 MHz, CDCls, ppm):!® 5.87 (t, J = 4.0 Hz, 1H), 2.20-
2.16 (m, 2H), 1.27-1.31 (m, 18H), 0.91 (t, /= 4.0 Hz, 3H).

5.2 Synthesis of n-Tridecane

Me CcCl AICl3 (3.2 eq.) Me Me
AN Et,SiH (4 eq.), AN

3d, 1.0 mmol DPCM(01M),rt, 12h  4p 499 yield

A 10 mL bottle equipped with a magnetic stir bar was charged with 1,1,1-
trichlorotridecane (288 mg, 1.0 mmol, 1.0 equiv.), AlCl; (426 mg, 3.2 mmol, 3.2 equiv.),
Et3SiH (465 mg, 4.0 mmol, 4.0 equiv.) and DCM (1 mL). The mixture was reacting at
28 °C under argon for 12 h. After reduced in vacuo, the residue was purified by column
chromatography on silica gel to give the n-tridecane as colorless oil (90 mg, 49%).
Purification: 100% Petroleum ether. '"H NMR (400 MHz, CDCls, ppm):'#1.27-1.31 (m,
22H), 0.91 (t, J=4.0 Hz, 6H).

5.3 Synthesis of Pent-4-yn-1-ylbenzene

CCly
©/\/\/ Cer (6 eq) ©/\/\
Et;N (10 eq.), rt. 12 h
THF(0.2 M)
3a, 1.0 mmol 4c, 72% yield

A 10 mL bottle equipped with a magnetic stir bar was charged with 1,1,1-
trichlorotridecane (288 mg, 1.0 mmol, 1.0 equiv.), CrCl; (737 mg, 6.0 mmol, 6.0 equiv.),
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EtsN (1.01 g, 10.0 mmol, 10.0 equiv.) and THF (2 mL). The mixture was reacting at 28
°C under argon for 12 h. After reduced in vacuo, the residue was purified by column
chromatography on silica gel to give the 5-phenyl-1-pentyne as colorless oil (104 mg,
72%). Purification: 100% Petroleum ether. 'H NMR (400 MHz, CDCls, ppm):'> 7.36-
7.32 (m, 2H), 7.28-7.25 (m, 3H), 2.79 (t, J = 8.0 Hz, 2H), 2.28-2.34 (m, 2H), 2.05 (t, J
=2.4 Hz, 1H), 1.94-1.87 (m, 2H).
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6 Mechanism Studies

6.1 Radical Inhibition Experiment

Ir(ppy)2(dtbpy)PFg 1 mol%

X . CCl,
+ CHCl; +TEMPO DMAP 30 mol%
Blue LEDs, r.t., 12 h

0.1 mmol 2 eq. n.d.

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with 4-phenyl-1-
butene (13.2 mg, 0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001 mmol, 0.01
equiv.), DMAP (3.7 mg, 0.03 mmol, 0.3 equiv.), TEMPO (31.2 mg, 0.2 mmol, 2.0
equiv.), and chloroform (1 mL). The reactor was placed under a blue LED (Kessil light,
40 W, 456 nm) and irradiated for 12 h under argon at room temperature. When TEMPO
was added into the reaction, no corresponding products were observed according to *H
NMR.

N Ir(ppy)2(dtbpy)PFe 1 mol% CClg CisC
+ CHCI, + J\ DMAP 30 mol% + j\
Ph” “Ph  Blue LEDs, r.t, 12 h Ph” “Ph

0.1 mmol 2 eq. n.d. detected by HRMS

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with 4-phenyl-1-
butene (13.2 mg, 0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001 mmol, 0.01
equiv.), DMAP (3.7 mg, 0.03 mmol, 0.3 equiv.), ethene-1,1-diyldibenzene (36 mg, 0.2
mmol, 2.0 equiv.) and chloroform (1 mL). The reactor was placed under a blue LED
(Kessil light, 40 W, 456 nm) and irradiated for 12 h under argon at room temperature.
When ethene-1,1-diyldibenzene was added into the reaction, no (5,5,5-trichloropentyl)
benzene was observed according 'H NMR. The mixture was then identified by HRMS
directly. As shown in Figure S3, (3,3,3-trichloroprop-1-ene-1,1-diyl)dibenzene could
be detected by HRMS. HRMS (ESI): m/z [M+K]" calcd for CisHi3C13K™: 336.9714,
found 336.9730.
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Single Mass Analysis

Tolerance =5.0mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for I-FIT = 3

Menoisotopic Mass, Even Electron lons
2691 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:

C:15-15 H:13-13 N:0-20 ©:0-100 Na:0-3 Cl:1-3 K:0-1

14

240104-15-1 27 (0.120) 1: TOF MS ES+

336.9054 2.00e+001
336.9730 337.1220

100 336.8670

T LA B e e s el 1114
336.600 336.700 336.800 336.900 337.000 337.100 337.200 337.300 337.400

Minimum: -1.5
Max i mum: 5.0 1.0 50.0

Figure S3. HRMS of (3,3,3-trichloroprop-1-ene-1,1-diyl)dibenzene

6.2 Radical Clock Experiment

N\, A/ Ir(ppy)(dtopy)PFs 1 mol% CCls
+  CHCl, DMAP 30 mol%
Blue LEDs, r.t.,, 12 h
EtOOC COOEt EtOOC COOEt

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with diethyl 2,2-
diallylmalonate (24.3 mg, 0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001
mmol, 0.01 equiv.), DMAP (3.7 mg, 0.03 mmol, 0.3 equiv.), and chloroform (1 mL).
The reactor was placed under a blue LED (Kessil light, 40 W, 456 nm) and irradiated
for 12 h under argon at room temperature. After reducing in vacuo, the residue was
purified by chromatography on silica gel to give the diethyl (3R,4R)-3-methyl-4-(2,2,2-
trichloroethyl)cyclopentane-1,1-dicarboxylate as colorless oil (338 mg, 94%, d.r. =
9.3:1). 'H NMR (400 MHz, CDCl3, ppm):'€ 4.24-4.18 (m, 4H), 2.93-2.88 (m, 1H), 2.75-
2.61 (m, 2H), 2.56-2.48 (m, 2H), 2.42-2.34 (m, 1H), 2.25 (t, J = 10.8 Hz, 1H), 2.06-
2.02 (m, 1H), 1.27 (t, J = 8.0 Hz, 6H), 0.93 (d, J = 8 Hz, 3H). 3C NMR (100 MHz,
CDCls): 172.7,172.6, 99.7, 61.6, 58.5, 55.1, 41.2, 40.9, 38.7, 36.6, 15.3, 14.0.

6.3 Stern-Volmer Fluorescence Quenching Experiments

In a typical experiment, a solution of photocatalyst Ir(ppy)2(dtbbpy)PFs in anhydrous

MeCN (1.25 x 10* M) was added with an appropriate amount of quencher in a quartz
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cuvette. Then the emission of the sample was collected. The emission intensity at 570

nm was collected with excited wavelength of 420 nm.

alkene-1a
—— CHCl,
1.25 - DMAP
DMAP+CHCI,
1.20 H
y = 14.5154*x + 1.0089
1.15 4
1.10 4
y = 6.7816*x + 0.9908
1.05 +

] - y = 2.4149*x + 0.9958
1.00 + g ] ]

y = 0.04586*x + 1.0000
T T T T T " T ) !
0.000 0.005 0.010 0.015 0.020

Quencher concentration (M)

Figure S4. Stern-Volmer fluorescence quenching studies

6.4 Cyclic Voltammetry (CV) Measurements

Cyclic Voltammograms were collected using a VersaSTAT 3 Potentiostat Galvanostat
from Princeton Applied Research. CHCI3 (0.1 M) and additives (K2COs, 0.01 M or
DMAP, 0.01 M) and tetrabutylammonium tetrafluoroborate 0.1 M in acetonitrile (5 mL)
was used for tests. Measurements were performed using glassy carbon working
electrode, platinum wire counter electrode, and 3.5 M NaCl silver-silver chloride
reference electrode in a scan rate of 0.1 V/s. Ferrocene (E12 = +0.42 V vs. SCE) was
added at the end of the measurements as an internal standard to determine the precise

potential scale. Potential values are given versus the saturated calomel electrode (SCE).
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—— CHCl,
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0.00003 -
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=
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E12°% (Trichloromethyl anion) = + 0.60V vs SCE in MeCN
Figure S5. The CV curves

6.5 Deuterium Labeling Experiment

S SO

1i, 0.1 mmol
base:

yield:

A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with 1i (20.4 mg,
0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001 mmol, 0.01 equiv.), base,
and CDCI; (1 mL). The reactor was placed under a blue LED (Kessil light, 40 W, 456
nm) and irradiated for 12 h under argon at room temperature. When CDCl; was used in

this reaction, no corresponding products were observed according to 'H NMR and

GCMS.

Q)ko/\/\/\

1i, 0.1 mmol

DMAP (0.3 eq.)

n.d

Ir(ppy)2(dtbbpy)PFg (1 mol%)
CDCl3 (0.1 M)
Blue LEDs, r.t., 12 h

K2003 (1 eq)

n.d

CDCl3 /CHCIj
Blue LEDs, r.t.,, 12 h

Ir(ppy),(dtbbpy)PFg (1 mol%) Q
DMAP (30 mol%) Q)ko/\/\/bCCls
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A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with 1i (20.4 mg,
0.1 mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001 mmol, 0.01 equiv.), DMAP
(3.7 mg, 0.03 mmol, 0.3 equiv.), CHCI3 (0.5 mL), and CDCl3 (0.5 mL). The reactor was
placed under a blue LED (Kessil light, 40 W, 456 nm) and irradiated for 12 h under
argon at room temperature. After reducing in vacuo, the residue was purified by
chromatography on silica gel to give 7,7,7-trichloroheptyl benzoate as colorless oil
(18.7 mg, 58%). The 'H NMR and >H NMR suggested no deuterated product was

formed.

6.6 Light On-off Experiments

Ir(ppy)2(dtbpy)PFg 1 mol%

PhN + CHCI DMAP 30 mol% Ph
s Blue LEDs, rit,, 12 h ~N"Nce,
70 7
60
50 [ ] L ]
J off
_c_,\_:“ 40
=
.2 on
> 30 -
p—
20 - : off :
10 1 on
1 @ ®
45 off
0 T T T T T T
0 100 200 300 400
Time/min

Figure S6. Light On-off Experiments

6.7 Determination of Photochemical Quantum Yields

Follow McMullen’s procedure for photon flux!’

The following solutions must be prepared ahead of time:
1. Ferrioxalate solution

A 0.15 M solution of potassium ferrioxolate was prepared by dissolving potassium
s27



ferrioxolate (K3Fe(C204)3*3H20) (1.842 g, 3.75 mmol) with the 0.05 M sulfuric acid
solution prepared in a 25 mL volumetric flask. Make every precaution to prepare and
store the solution in the dark.

2. Developer solution

67.8 g of sodium acetate was dissolved in 500 ml of 0.5 M sulfuric acid. 5 g of 1,10-
phenanthroline was added to this solution. Store in the dark.

To determine the photon flux of the Kessil lamp, 2.0 mL of the ferrioxalate solution
was placed in a 10 mL Schlenk tube and irradiated at A = 456 nm with an emission slit
width of 10.0 nm. After irradiation, 10 puL aliquots of the solution were taken at different
time points between 0.5 and 3 minutes of irradiation. This aliquot is immediately added
to 5 mL of the developer solution and the flask is wrapped in aluminum foil. A blank
sample is prepared by adding 10 pL of the ferrioxalate solution to 5 mL of developer
solution. The solutions were left in the dark for one hour, eventually becoming bright
red. Solutions were transferred to a separate cuvette and the absorbance spectrum of the
Fe(phen);>* complex was obtained. The absorbance at 510 nm (¢ = 11,100 M' cm™)

was measured for each sample. The conversion was calculated using eq 1.

_ V1-V3-AA

mol Fe?*
V2-:l-¢

eql
AA = the difference between the absorbance between the sample and the blank as

measured at 510 nm.
| = the path length of the cuvette (1 cm)

¢ = the extinction coefficient of Fe(phen);** complex at 510 nm (11,100 M cm™)

V1 = the total volume of the irradiated solution (2 mL; 2 x 103 L)

V2 = the volume of the aliquot removed from solution (10 pL; 1 x 10 L)

V3 = the volume that aliquots are diluted with (5 mL; 5 x 107 L)
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Figure S7. Compiled linear fits for the photon flux

A plot of moles Fe?" as a function of time yields a linear equation with an intercept at
zero. The value of the slopes collected is 2.49 x 107" mol ™! s

The photon flux can be calculated using eq 2.

mol Fe?*

Photon flux = o 1

eq 2
The documented quantum yield of the actinometer (¢ = 0.84 at 458 nm)'® and f
is the fraction of light absorbed at A = 456 nm (0.95, vide infra).!” The photon

flux in einsteins s'.

Photon flux = 249 x 1077 =3.12x 1077
otonfuX =084 x 095

Determination of the reaction quantum yield.

Ir(ppy)2(dtbpy)PFg 1 mol%
DMAP 30 mol%
Blue LEDs, r.t., 30 min

Ph_~~+ HCClj Ph\/\/\CCI
3

0.1 mmol 2mL
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A 10 mL Schlenk tube equipped with a magnetic stir bar was charged with alkene (0.1
mmol, 1.0 equiv.), Ir(ppy)2(dtbpy)PFe (0.91 mg, 0.001 mmol, 0.01 equiv.), DMAP (3.7
mg, 0.03 mmol, 0.3 equiv.), and chloroform (2 mL). The reactor was placed under a
blue LED (Kessil light, 40 W, 456 nm) and irradiated for 30 min under argon at room
temperature. The solvent was removed under vacuum. The yield of product formed was
determined by crude *H NMR based on a CH,Br; standard. The quantum yield was
determined using eq 3. Essentially, all incident light (f = 1, vide infra) is absorbed by
the Ir(ppy)2(dtbpy)PFs at the reaction conditions described above.

mol product

b =
flux-t-f

eq3
Experiment: alkene (0.1 mmol), Ir(ppy)2(dtbpy)PFs (0.91 mg, 0.001 mmol), DMAP

(0.03 mmol) in CHCI3 (2.0 mL) after 1800 s yielded 6% of 3a. ® =0.0107.

6x107°

3.12x 1077 x 1800 x 1.00 0.010
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6.8 Proposed Mechanism

CHClI;4 £
/\\ i CHCl,
Base
*ppll eH*
oxidant
g
photoredox catalytic
cIoc cycle
(1:|
It /é\
reductant cl cl
(I:I
Cl < R
el =% ’mw C'>(\/R
+ Cl CHCl,4 igh
Only product

Figure S8. Proposed Catalytic Cycle

When inorganic bases sodium hydride, potassium carbonate and potassium zert-
butoxide were employed as additives, the standard reaction consistently yielded the
product in moderate to high yields. CV measurements showed identical oxidation
signals in the presence of DMAP and potassium carbonate. Therefore, the process of
chloroform deprotonation followed by oxidation to generate the trichloromethyl radical

appears more feasible than the PCET process.

ci
c1” Dl

chain propagation

CHCl,

Y

Cl @ R
CIW
Cl

Figure S9. Chain Propagation

There was no significant yield change in the on/off light experiment and the ® =

0.0106 <<1, the chain propagation process may not exist.
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8 NMR Spectra
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Figure S31.13C NMR Spectrum of 3k

S45

g RYne L=y
o ced el ol gl o
| N e
I
[e]
I cl
HC A
¢l i
| [ ok
M, g
18- =
el el L
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 B.o 8.0 7.5 7.0 6.5 6.0 5.0 5.0 4.5 4.0 3.5 30 2.5 2.0 L5 Lo 0.5 0.0 -
Figure S30. 'H NMR Spectrum of 3k
-
=3 . — oy ol [~ 0
oo ] * — Q@ h A
= =t oy W el
& L= 5o
I o [
I_| cl
He A
Cl
1
|
Ziﬂ zﬁo léﬂ 18!0 1+0 léﬂ lél] 1&0 11‘10 léﬂ lf‘Ll] 160 9‘0 E‘l] 7‘0 ﬁ‘ﬂ 5‘0 4‘0 '.3‘!] Z‘ﬂ ll(l —iﬂ
£1 (ppm)



TYYV L =& 7 g
HHAN RN S S S8 Re M
l't m I~ 0 P j) - o o L Mo |
— S 7 (AN
a | | . f
] | ‘ ‘
P , | |
| [
Ll |
|
[ | |
l ' |
l | J ) J
il . h | A L
T w a i
8 5% 3 = 5
O] - — — —_

T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0
Figure S32. '"H NMR Spectrum of 3l

32} Uy = D
B Lohs i o | = .
o Ot o = £ 0
Lt} 1 O e = o el ™ o
i SpSpips S g o 5
| 7S
Cl
cl
(o]
@f c
. il . ) .
T T T T T T T T T T T T T T T T T
210 200 150 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 {(ppm)

Figure S33.3C NMR Spectrum of 3l

546



€571
0L 1%
1871
mw.ﬁ\.
67z
oere
L9t
6974
1424
Ra
6L
£6°2-

9T h

Cl
Cl

Cl

|
|
/
I
|
U

RN

f
.'\{ )‘"‘

tﬂljzl-d_‘h-i

\

oy
S0

F00°T
181
90°1
Lgo't

f1 (ppm)

Figure S34. '"H NMR Spectrum of 3m

B HT—
o0z9z7”
91 7E-—

S0 dF—
S6 TS~

00°§5—

LR G6—

Cl

al

Cl

T T T
180 180 170

T
200

f1 (ppm)

Figure S35.3C NMR Spectrum of 3m

S47



€1
i.HM
$9 1~
ot
She
mm.NM
S.n.ﬁ
£9'zd

20+,
POk
S0t

9z L
I
P
8Ll
0827

HyG

———— 1T

e | z
= 90

= - 0T

~

Figure S36. '"H NMR Spectrum of 3n

89°1T
[ARAN
Srrozt
TiTf
o

96" 66—

T T T
200 190 180 170

T
210

£1 {(ppm)

Figure S37.13C NMR Spectrum of 3n

548



100
1 (ppm)

549

110

120

130

140

Figure S39.3C NMR Spectrum of 30

150

cl
160

170

180

190

200

=
-
[=
o
[=
1 p E
b — 0L €T
um;/ w6 [, Tmmw
£9°1-= — Eeez ||~ ﬁ.me
E:Tm T ket || 2 146t
pgr1d | = 1 or
.m.f;_w e
. o™
monx L = 81 orve—
L2 - 8
w_.mN ~ — Fwz |~ )
e g
-
|m %
o
\ T w A
(Sh— il -
le: Z
jan)
Lo -
" .
0
o
Lo n
S
=
-
_ S5
- -
0T L— 5 - 67551
L2
IO
o
z L=
e
o
“A ;
- (=] [=
cQA L
PP B
L=

210

e o e X

A ST Pt MWMW& mnmu-ln




0
it
98'0-%
STl
0S'1
51
:.H\w
eg'1d
m@.ﬂ
[9T+
697

Cl
Cl

9T L—

cl

C
chrig\o
H,C

1
A

20T

F1 {nmm)

Figure S40. '"H NMR Spectrum of 3p

e

LTI~
€8T~

LHRT 3

E0EE—

L

01rEs—

£T00T—

Cl
cl

Cl

f1 (ppm)

Figure S41.13C NMR Spectrum of 3p

S50



9z L —

9L 6—

2

1

€671
07T
961

T 27T
T 081

101

Lol

Figure S42. '"H NMR Spectrum of 3q

02T

STO0T—

P6 T0T—
o

90

T T T
200 190 180

T
210

f1 (ppm)

Figure S43.3C NMR Spectrum of 3¢

S51



=]
3 =
o
S
=
wv.d/
£5° o A 62 ...nV
a_ . 6097 —
Bl == Fsot [ - —
cgd i mv.mm.\
L9, -
%.NN/ = oz [
12 >
- n_vuu goes— o=
o
D G
© O gre— —
=] m
9c = m
hm.ww ) ﬁe_.n - %
6] R =Y
© o
&
5 Z
T
= &
S .
<
F
=]
& ﬂ SST6TIA,
= (8ol
2 gy eesa— —
. o= =
9Tl — B 2 FIT6ET
S6° =
h&.hV 0T Lo
=3
0_.mﬂ e F-86°1
17 8 " weo— | B
H\M = _%e
- [&]
¢ . ¢
= otei— | { 3
= Jﬂ\o
101 — it | =
w M 3
=1
- p
ls

-10

ISII[I IB‘D 1"{0 ll‘iﬂ 1 é[l IAD lllll] 1 2‘0 1 i[l l(l)ﬂ 9‘0 Ell] T‘ﬂ ﬁlﬂ ﬁlﬂ dll] 3‘!] Zlﬂ I‘G
£1 (ppm)
Figure S45.13C NMR Spectrum of 3r
S52

T
200

T
210




O
=

&

e
— e 0 0O oo )
Tl
AT

= i o w0l o
el o e el e
bl o o o~ InliniinBn
R ! Vv
- 7
ol
| |
]
| |
|
|
]
2 -
|
| | |
| |
| | I
J | S

—

oo

T I T - Il
= ENL o ® o
= = = = < s
— o[ - ot [ — o =
r T T T T T T T T T T T T T T T T
.0 95 90 85 80 75 70 &5 60 55 50 45 40 35 30 25 20 L5 10 05 0.0
f1 (oom)
: 1
Figure S46. 'H NMR Spectrum of 3s
f=1 sy Bl o) o O o
o Cl r.’? e N :; :n — Q — wy — 0N OO 3‘:)
cl v o w6 [ G =] s = o g
/\/\\/\){ e = = e = 1w i P T !
a 0 — — — — — O iy [xEs Ex] l]\l
| c | N/ INY =4
N
T T T T T T T T T T T T T T T
15 0 130 120 10 100 9 8 70 60 50 40 30 2 W 0 -lo

210

T
200

T T T
190 180 170 160

£1 (ppm)

Figure S47.13C NMR Spectrum of 3s

S53



e
65T
08T~

e
99C
Y
89
otgd

[
LEr%
6er/

9T L—

gL
98°L

8L°8
mn.wv.

! EITT

— T TO0T

rm——— E-T0T

f1 (nnm)

Figure S48. '"H NMR Spectrum of 3t

LSty

EO0EE—

69°69—

BE 66—

SR CCI—

09°Le1—

9SS 0ST—

FIS9T—

Cl
Cl

o]}

f1 (ppm)

Figure S49.3C NMR Spectrum of 3t

S54



o
ik vl.m
o

94’9
nh.mv
9T L
192
192

Gl

cl

€t

=

-
0

—

gk
E8IF

ST'E
koee

Lsee

ot

10T

1 (ppm)

Figure S50. '"H NMR Spectrum of 3u

00—

o
bt
=]
=
/

¢
T igl~
8L ECT—

68 LTI —

PETIT—

e}

Cl

T T T
190 180 170

T
200

f1 (ppm)

Figure S51.13C NMR Spectrum of 3u

S55



!

mT;r =
#S 1= — =
6LT— | — L
98 1+ _
49T L
0LT—¢ —

1ed

[N
cm..va — —==

et/

=] - —

o

— =

E16°T

LL0T

Leoe

ro98°1
HﬁﬁD.ﬂ

1 (ppm)

Figure S52. '"H NMR Spectrum of 3v

uh

— D
Lo o B s

=K
B ]
@0 s o

G 00t —

mh.NN.T/
;‘WNHA
£CCTI+
beozi/.
i os1r
BaECTS
LRETN

1

1Tzrl

BRTIT—

cl

El

el

£1 (ppm)

Figure S53.3C NMR Spectrum of 3v

556



4 TREEDIRER
o NV NN

/
hoe

/TN
N

,
R,
=+
2| S8s
9‘ 5 9.‘0 S.I5 BIO 7.‘ 5 7.‘0 5.‘5 G.I o 5.I 5 5.‘0 4.‘5 4.‘ 4] 3.‘ 5 3.‘0 2.5 2.‘0 1.I5 l.IU 0.‘ 3 D.‘O
£1 (ppm)
Figure S54. '"H NMR Spectrum of 3w
A I @ o1 o
o " o Py =
= 5 K8
cl | | SN
-Cl
dha
1
N
. |
ZiO 2(‘1’) léU lSIO 1"(0 1!‘50 lél] 14‘0 1:‘30 1%0 liﬂ l(I)O !Il dﬂ T‘U ﬁIO 5‘0 4‘0 3‘0 2‘0 IIO 6 *IlU

£1 {(ppm)

Figure S55.13C NMR Spectrum of 3w

S57



PR,

Figure S57.13C NMR Spectrum of 3x

S58

i R
- I R A I B R R
T
i o
T /
U M )
o e
S8 &% 8
L Ri=] — -+
9,‘0 8.‘5 B,‘ 1] 7.5 7.‘0 5,‘5 ﬁ.l[! 5.I a 5.‘0 4.I g 'L‘U 3.‘5 3.‘0 2.‘5 2.‘0 l.‘5 IIU UAI 5 0.‘['
-] I Sy
Figure S56. '"H NMR Spectrum of 3x
s o o e ooy I
" = —AaRa3g
2 2 FHE8EN
| N
Ccl
cl
"
2:50 léﬂ lSIO llliﬂ lél] l"lU lllil) lé(l liU l(I)O * SIU 'I'IU ﬁIU 5‘0 4‘0 3‘0 2‘0 1‘0 ll) —i[!



¥To1,
LE7TH —
LAt
67T
..hm.L
.NW.A.A IIL C Q1
1T B B e e W pre
— C1°€
R.i" Il W w o€z
€T,
mm.ﬂw T
pez — —— T ©0T
£9°. f = Hv €L
mu.uM
n@.L
66°¢
0 .
n..sz 2 Hh__.wMo
o 3 it o
1z N —
mu.w% w 00T
8TF
e
65t = = 66
|
5S
ces] b
97" L— —
g =
N
m. o
&
vvﬂw

4.0

4.5

5.0

5.9

f1 (ppm)

Figure S58. 'TH NMR Spectrum of 3aa

R I )
-

e

ol
=

AT S

=+

Ci

EL

Hie_ o AL9 o

LS Cl
HiC 0" O’J‘r 'I\/‘\/\/\,f\/\['

160 lél] liﬂ llliﬂ lé(l lil] o l(é:pm)
Figure S59.13C NMR Spectrum of 3aa

T
170

T
180

S59



mm.;
or'1
N
15 :_Kw
65 _%
99715
1414
6414
1£T4F
cegd
mw.mkﬁ
Sozd
.S.l
66°¢
6 .wf_
oy
0T
o br
Lbbd

STS—

98°S

oTLL

cl e
cl

T

02
i xC

4
H o

|
il
i

90°T
g1'e

a0t

0t

Figure S60. '"H NMR Spectrum of 3ab

1€ —

C o
cl

il

TN

F=

Figure S61.13C NMR Spectrum of 3ab

S60



il

£9°0-
06°0-

A

£t

e

01~

N

18971+
F1°2+

W Ve WA

e,
¥97Z,

99°C~
89°C

T T

_

g57E

0L
YO

(i

90°F -
JORE

0T

9zl

R A

T T
5.0 4.5 4.0

T
5.5

F1 L)

Figure S62. '"H NMR Spectrum of 3ac

PC. o

cl

o

PFLl—

ROK

HO&..~" ™\ CH,

R
H

léU lSIO 1"(0 1&0 lél] llIO 1:‘10 léO 110 l(I)O
£1 (ppm)
Figure S63.1*C NMR Spectrum of 3ac
S61

T
200

T
210




7 PRI,
ARA L
86°214
£9°614
9261
Fa 79°07
£0° 17

[arih
€L T
[ g
7877
L1767
6£°974
6627
€87
[l
Eralne N
1£°67
9¢°67
25674

L

|

]
MU

/

T

W

ﬂﬁ U
!

=

2.5

2L

erred
[
668
Nu_m,.r__j
e
9T 00T
T~
et

%.&M
899717

Cl
0

08 0FT—

Cl
Cl
Figure S64. '"H NMR Spectrum of 3ad

o Ce'ekl—

= 6ETL]—
o

A

BN

l

|

S62

Cl
cr Cl

ILL

Figure S65.13C NMR Spectrum of 3ad

cHy

H4C.
CHy




-10

10

[

1 thoan AL

B~

1Tl
9TI—

LT,

£1

Figure S66. '"H NMR Spectrum of 3ae

v

£et

i d

L= =]

TLl—

SO USUNBY

e

o

20

30

40

L)

60

70

T
90 80

100
f1 (ppm)

Figure S67.1C NMR Spectrum of 3ae

S63

110

T
120

Ll

130

Cl
/YC |
cl
T
140

150

160

170

180

190

NP o)\/\/\/‘\/‘\.
T
200

210




SN

L

s

TANEER
il

oD
fraggst

e oed IARARARN

Jas

O
04"

Cl

cl

o

o

e

i

]
AN

I @61

T ac1

I e

Figure S68. 'H NMR Spectrum of 3af

0E 9T
647024
W
¥ el
[ ra
mm_i
6697+
U9y
ARTA
£767]
L2674
96674
66674
8¢ e
mm_i
sovedr
850+
0L
zsd

88'EL—

o[ U s s

=

STHH—

Cl
Cl

ct

SHELl—

Figure S69.3C NMR Spectrum of 3af

S64



[e]

ar

CHy
o

Ty

i

I

L)

o
AR,

A

I

7

f

i

0071

F1 Fommd

Figure S70. '"H NMR Spectrum of 3ag

€€l
98°8]
€261
FI'ST
659741
€127
1090
€80
6T
yT 6T
9767
9g°67|
6667
076
98'9e

ET00T—

I PLl—

Cl

i

al Cl

|
;

T T T T
200 190 180 170

T
210

f1 (ppm}

Figure S71.13C NMR Spectrum of 3ag

S65



60,

Y
NZ‘N

N Y

AL/

iaidl

iy

6l

61
Faorg
~107

e
=101
001

=167
9671

F1 frnm)

Figure S72. '"H NMR Spectrum of 3ah

8E1—
6976

8790
€6 LT
mw.%%

cpped

865~
74756

167F9—

£0°00T
0¥ 101"
L1111
LTI
s
6Tl

L9061
a.oﬁVn
0z g1
saeeidy
S6°¢1-
0¢'6e1d

ToesI—

17891~
96°0LT-"

f1 (ppm)

S66

Cl
Figure S73.13C NMR Spectrum of 3ah

T
180 170

190

200

210




A

Te E

L0
e

Fo61

yo
P67
Bpe1

60T
801
Hﬁmo €

Figure S74. '"H NMR Spectrum of 3ai

L 00T —

mm.mﬁ._,,_r
ST9T1A
-4
26821
F2671
19°¢5 1)
ogcetd

i

PO LET—

PLPLI—

il L LU LT

Z(IIU

T
210

Figure S75.13C NMR Spectrum of 3ai

S67



STl 7
RV N J
AY — =
881 - = —
917 T = =
91 \

L

L)

LA

Foa'l

96’1

60

L'l
E66°1
Hﬁ.wo“m

roe

Figure S76. '"H NMR Spectrum of 3aj

Plai—

PO —

16F11~,
67611

et
8T8~

Z.mﬁﬂ

876714

67991—

Q.
(o]
9 vil—
o

s

-4
3]
[

NH

W..LJ_LMWW

T
30

f1 {ppm)

Figure S77.13C NMR Spectrum of 3aj

S68



i
S
870 .
= esiot — Rk
&0’ - L =781
- 91"
W0 Dy | B -
ayed o N .
olio J = 1Y
(L=}
]
1872~ ~
=1
el = @
= M
Gy
. ©
L1476 = g
E.n‘v_ o m
6L ¢ e 154
-
5]
o
:.u\ S
g
o
w2
. B 3
Y o e | 5
- 5 mmmv ——t =001
< ﬁ 9g1eY
=
i
s B
[+
=
=
9T L+ 9elL— ]

T

O

Figure S79. '"H NMR Spectrum of 4a

S69



L9

0.92
91

129
089

l,_
Fa

&
(3]

1 S—

Figure S81. '"H NMR Spectrum of 4c¢

S70

"Io" ks
S 18
"o5 90 85 80 15 70 &5 60 55 50 45 40 a5 30 25 20 15 Lo 05 00
Figure S80. '"H NMR Spectrum of 4b
FHRSAA SRR
SR S sl e
[
T o
| ] [N
)
o ot hop
2 g TRE
ci e ci =R
a's 9o &5 80 75 10 65 60 &5 50 45 40 a5 30 25 20 15 Lo 05 0o



-0

f1 (oom)

Figure S82. '"H NMR Spectrum of 3z

P0IBT~
Sz~

85/9¢-
mc.wm//
18105
STTF

£1i5e-
6¥RE—
95119~

PLI66—

19774t
@@.NDHV.

]

o Q

T T T
190 180 170

00

9

f1 (ppm)

Figure S83.13C NMR Spectrum of 3z

S71



= L] [t e R - o e o Bl B~ I 0 = lﬂ‘—‘lﬂ@\Dle:Ft"‘.w
“ COANSSUSRASH2008 RaSSEERIAR
[ lr‘,wf]lhwf]ll’l‘T':l’“‘f‘VQ‘T"l‘\“l‘v‘"f'f‘;Y r‘L\tﬂr'Llﬁr\l—‘i—-—d—‘A-T

LSRNy 8. S S A i

I
\{!‘(_Jkl I/ |

] et ka

U it SN U
o ] N on o wd
=2 < hagaaq =9 Mooy
P} = = ejle = L ci ol il ol =
T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.3 8.0 7.5 7.0 6.5 6.0 5.9 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 Lo 0.5 0.0
F1 Frnmd

Figure S84. 'H NMR Spectrum of 1aa

< e} s M o —
[ — — O~ [ =R B~ ol [l B e B = B = s )
o o = i o g ooago o
[ L] - oo o — 0 O g oo Gy Oy Oy 00O W oo
— - —— - [=1 M~ I~ =~ O N\ r‘?_;tq\ir\\ir\]"\]r\lv|1r}l
| NS L e ]
ML
u'—\\’w’
"~F><um ?
HE o™ g oj\/‘\/\/’\/\/“*
T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 Q -10
f1 (nnm)

Figure S85. 3*C NMR Spectrum of 1aa

S72



ARt

9P
667

o
=

=]
7

#CHy

i

iRt o e

Ire]
=]
—

Il
o

001

1 (nnm)

Figure S86. 'H NMR Spectrum of 1ac

90FL—

eFII—

TERET—

€FPLl—

o}
I

T T T T
200 190 180 170

T
210

Figure S87. 1*C NMR Spectrum of 1ac

S73



u
T
L=
° 67917
- RI0TH
e 5070
W L = e zreed
o —1 T =— > 01Y|= PI°ST
3 ™ = & - o
L . 17 ST oz
N ' = _ Leaf 16°87F
o I~ < Bogriph o 62,
- — = b e
r ~ o ze6edf
; I = R r zeed
i - ! 177 867164
Lo og-gedl
T 0eped
<
IS
T3
=]
r:
=
l= ©
!
o
n
P R
obp— ~ 001 =
a.w.ﬂ . = L bogLs Z.
00's ,
T -
“
[ - %
cl¢ L i
e ~ == T 001 .o
€ 0
) = i
3 . BO BUEC— 3
e
=
(e
90 L— —
L
-
= 9F ELT—
[
[+ o
o =}
3 [[od
=~ . #
M, [a
@
[a

-10

{nnm}

Figure S89. 3C NMR Spectrum of 1af
S74

f1

200 190 180 170

210




S
SEG

8/

9TU—

i

P

ey

F so¢

F oo

Figure S90. 'H NMR Spectrum of 1ag

9e'6L—

SIEll—

glecl—

0TrLl—

]

10

20

T T
00 190

o)

T
210

A

Figure S91. 3C NMR Spectrum of 1ag

S75



'
OﬂAV — 00T
i — — s
! JM == F951
HO'T
mmmwv — IL F96'1
€9E~_ .
Ay —_— — Tl
Pl ¥ .
8rF FJJ —— BT
e — Foel
66F IJ
(95— o
S ,M. . i Fi60
T N — 60
6494
189 Au
A —
wet b = Ry
A — = Fes1
97 L~ 4 — 91
9g'LF — —_— T
[ —_— — T
%.h% w M

G

Figure S92. 'H NMR Spectrum of 1aj

A

A

LT

R =]

=

“o—

FII—

e

BT,

SCH,

Qe
Bel

wridf

1

gl
wer

FETS

BIT—

QAN

FLI—

T T T T T T T T T
200 190 180 170 160 150 140 130 120

T
210

Figure S93. 3C NMR Spectrum of 1aj

S76



H20

i

o9t

€T

4

-/

Ltoz

L

T

AN

Loy

60"

91

12

e

EITT

00T

‘—___"‘Z_'-J

38

T~

60'€

=

DI

Br

Br

Figure S94. 'H NMR Spectrum of 3y

S77



