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A.  General Information

The NMR spectra were recorded at 300 MHz, 400 MHz and 500 MHz for 'H or at 75 MHz, 101
MHz and 126 MHz for *C, 376 MHz for 1°F, 162 MHz for 3P, respectively. The chemical shifts
() for *H and BC{*H} are given in ppm relative to residual signals of the solvents (CHCl; @ 7.26
ppm H NMR, 77.00 ppm C NMR). Coupling constants are given in Hz. The following
abbreviations are used to indicate the multiplicity: s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; br s, broad signal.

High-resolution mass spectra (HRMS) were obtained from the ICIQ High-Resolution Mass
Spectrometry Unit on MicroTOF Focus and Maxis Impact (Bruker Daltonics) with electrospray
ionization or atmospheric pressure chemical ionization. UV-vis measurements were carried out
on a Shimadzu UV-2401PC spectrophotometer equipped with photomultiplier detector, double
beam optics and D2 and W light sources.

The authors are indebted to the team of the Research Support Area at ICIQ, particularly to the
X-ray, the NMR, and the High-Resolution Mass Spectrometry Units. Grace Fox is thanked for
proofreading the manuscript.

General Procedures. All reactions were set up under an argon atmosphere in oven-dried
glassware using standard Schlenk techniques, unless otherwise stated. Synthesis grade solvents
were used as purchased. Anhydrous solvents were taken from a commercial SPS solvent
dispenser. Chromatographic purification of products was accomplished using flash column
chromatography (FC) on silica gel (35-70 mesh). For thin layer chromatography (TLC) analysis
throughout this work, Merck precoated TLC plates (silica gel 60 GFzs4, 0.25 mm) were used,
using UV light as the visualizing agent and either phosphomolybdic acid in EtOH,
dinitrophenylhydrazine in EtOH/H,0, p-anisaldehyde or basic aqueous potassium permanganate
(KMnOQg), and heat as developing agents. Organic solutions were concentrated under reduced
pressure on a Biichi rotary evaporator (in vacuo at 40 °C, ~5 mbar).

Determination of Diastereomeric Ratio. The diastereomeric ratio was determined by *H NMR
analysis of the crude reaction mixture through integration of diagnostic signals.

Materials: Commercial grade reagents and solvents were purchased at the highest commercial
quality from Sigma Aldrich, Fluka, Acros Organics, Fluorochem, or Alfa Aesar and used as
received, unless otherwise stated. Thiol catalysts C1, C2 and C3 are commercially available. The
thiophosphoric acid C4 was prepared according to a reported procedure.’
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B.  Moderately Successful and Unsuccessful Substrates

R? C5 (20 mol%)
~a blue LEDs \/\
.—R7 + 1 NP\SH
NayHPO,4 (20 mol%)
acetone, 35°C, 18 h
1 2
RA: redox
auxiliary
allylic precursors radical precursors

> i Ph ©><C tetrachloro-phtalimide esters

20% yield B°C ,
15% vyield
BPin NPhth
‘><‘ \ @\@

n.d.
20% yield 3C nd.

Figure S1. Moderately successful and unsuccessful substrates in the direct allylic benzylation. n.d.: not detected.

C.  Synthesis of the Substrates
C.1 Synthesis of Catalysts C5-7

Catalysts C5-7 were prepared foIIowing a reported procedure,? as described below.

D oH 0-pZ
OH P,S5 (0.5 eq.) SH
m-xylene (0.4 M)
150°C, 2h

C5 (R=H)
cé (R Ph)
C7 (R=2,4,6-PryCqHy)

(11bS)-4-mercaptodinaphtho[2,1-d:1",2'-f][1,3,2]dioxaphosphepine 4-sulfide (C5): A flame
dried flask was charged with (S)-1,1’-bi-2-naphtol (2.29 g, 8.0 mmol, 1.0 equiv), P.Ss (889 mg,
4.0 mmol, 0.5 equiv), and anhydrous m-xylene (20 mL). The flask was equipped with a condenser
and placed in an oil-bath preheated to 150 °C. The progress of the reaction was monitored by
disappearance of the phenolic protons, as inferred by *H NMR analysis of the crude mixture. After
2 h, the reaction was completed and the mixture was cooled to ambient temperature. The solution
was decanted into a flame-dried 100 mL flask and the solvent was evaporated in vacuo. The crude
product was dissolved in anhydrous CH.Cl, (5 mL) and treated with hexanes (50 mL). At this
point, a fine precipitate was observed. The solvent was then partially evaporated until about 2 to
3 mL solvent was left. The precipitate was then collected by filtration and washed with ice-cold
hexanes to afford C5 (2.23g, 5.86 mmol, 73% yield) as a white powder that displayed
spectroscopic data consistent with those reported previously.?

'H NMR (400 MHz, CDCls) § 8.13 — 8.07 (m, 2H), 8.00 (dd, J = 8.1, 1.2 Hz, 2H), 7.60 (dd, J =
8.8, 1.4 Hz, 2H), 7.54 (ddt, J = 8.0, 6.8, 1.1 Hz, 2H), 7.48 — 7.42 (m, 2H), 7.36 (ddd, J = 8.4, 6.7,
1.3 Hz, 2H).

13C NMR (75 MHz, CDCls) § 147.2, 132.4, 132.0, 131.1, 128.6, 127.2, 126.9, 126.1, 122.6, 121.1.
1P NMR (162 MHz, CDCls) 5 100.24.
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(11bS)-4-mercapto-2,6-diphenyldinaphtho[2,1-d:1",2'-
f][1,3,2]dioxaphosphepine 4-sulfide (C6)

Prepared according to the reported procedure using (S)-3,3'-diphenyl-[1,1'-
binaphthalene]-2,2'-diol.

'H NMR (500 MHz, CDCls) & 8.14 (s, 2H), 8.06 — 8.02 (m, 2H), 7.75 - 7.71
(m, 4H), 7.58 (dt, J =7.0, 1.0 Hz, 2H), 7.52 — 7.42 (m, 8H), 7.38 (ddd, J = 8.5, 6.8, 1.3 Hz, 3H).
3C NMR (101 MHz, CDCls) § 137.2, 131.4, 130.2, 129.6, 128.9, 128.6, 128.3, 127.8, 127.1,
126.7, 126.3.

%P NMR (202 MHz, CDCl3) 6 96.2.

AT (2r,11bS)-4-mercapto-2,6-bis(2,4,6-triisopropylphenyl)dinaphtho[2,1-
QD ij”\SSH d:1',2'-f][1,3,2]dioxaphosphepine 4-sulfide (C7)
o A Prepared according to the reported procedure using (1'S,3r)-3,3'-bis(2,4,6-
C triisopropylphenyl)-[1,1'-binaphthalene]-2,2'-diol.
(Ar=2,4,§_,.7pr306H2) 'H NMR (500 MHz, CDCls) 8 7.90 — 7.84 (m, 4H), 7.45 (t, J = 7.5 Hz, 2H),
7.25(ddd, J=8.2, 6.8, 1.3 Hz, 2H), 7.20 — 7.12 (m, 4H), 7.04 (d, J = 1.8 Hz,
2H), 3.18 (s, 2H), 2.87 (p, J = 6.9 Hz, 2H), 2.72 (p, J = 6.7 Hz, 2H), 1.33 (d, J = 6.7 Hz, 6H), 1.26
—1.23 (m, 12H), 1.21 - 1.16 (m, 12H), 0.87 (d, J = 6.8 Hz, 6H).
3C NMR (101 MHz, CDCls) & 149.0, 148.4, 148.1, 133.0, 132.3, 132.1, 130.6, 128.1, 127.2,
125.8, 125.1, 123.5, 121.6, 120.1, 34.2, 30.9, 30.8, 27.3, 24.9, 24.1, 24.1, 24.0, 23.6.
3P NMR (202 MHz, CDCl3) 6 128.0.

C.2 Synthesis of Tetrachloro-Phthalimide Esters 1
C.2.1 Synthesis of 1k

Tetrachloro-phthalimide ester 1k was synthesized from N-hydroxytetrachlorophthalimide S1,*
following reported procedures,® as depicted in Scheme S1.

cl o cl o c o o
Cl NH,OH.HCI (2 eq.) Cl Ac,0 (5 eq.) Cl >—Me
o) > N—OH N—O
pyridine (1M) rt, 24h
cl \ 560G 4h cl \ cl \
Cl Cl cl
1 eq. S1 (ref.4) 1K (ref. 5)

Scheme S1. Synthesis of S1 and 1k.

C.2.2 General Procedure for the Synthesis of 1

Tetrachloro-phthalimide esters 1a-j, and 1l-s were prepared from S1, using a typical procedure
described below. Figure S2 depicts the general synthesis of 1, and the substrates that were
previously reported. 578910

A round-bottom flask was charged with carboxylic acid (1.0 equiv), N-hydroxy-
tetrachlorophthalimide S1 (1.0 equiv.) and DMAP (0.1 equiv.). Dichloromethane was added
(0.1M), and the mixture was stirred vigorously. DIC (1.1 equiv.) was then added slowly, and the
mixture was allowed to stir overnight, or until the acid was fully consumed as determined by
TLC. The mixture was filtered over Celite and rinsed with additional CH>Cl,. The solvent was
removed under reduced pressure, and purification by column chromatography (and
recrystallization, if necessary) afforded the corresponding tetrachloro-phthalimide esters 1.
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cl o RCO,H (1 eq.) Cl

0 0o
DMAP (10 mol%)
cl DIC (1.1 eq.) cl >_R
N—OH > N—C
a CH,Cl (0.1 M) al
0 0

cl r 12h cl
$1(1eq.)
Cl
: YO FR PO
Cl CI4NPhth C/4NPhth CI4NPhth
ca ©
N J 1c (ref. 10) 1h (ref. 6) 1i (ref. 6) 1j (ref. 8)
CI4NPhth
CI4NPhth CI4NPhth C/4NPhth CI4NPhth C/4NPhth
11 (ref. 7) 1m (ref. 4) 1n (ref. 6) 1p (ref. 7) 1q (ref. 6)

O,

OMe
CI4NPhth—O y

N

Cl4NPhth—0O

1r (ref. 7) OH o 1s (ref. 6) 1e (ref. 9)

Figure S2. Previously reported tetrachloro-phthalimide esters 1.

o o 4,5,6,7-tetrachloro-2-(2-(4-
:@:(«N{Q (trifluoromethyl)phenyl)acetyl)isoindoline-1,3-dione (1a)
“ Lo o Prepared according to the general procedure using 4-
b (Trifluoromethyl)phenylacetic acid (612 mg, 3.0 mmol). The crude

mixture was purified by column chromatography (SiO, 95:5 hexanes/EtOAc) to afford product
1a as a white solid (728 mg, 50% vyield).

'H NMR (400 MHz, CDCls) & 7.66 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 4.06 (s, 2H).
C NMR (101 MHz, CDCl3) 6 166.5, 157.3, 141.2, 135.1, 130.6, 129.7, 125.9 (q, J = 3.8 Hz),
124.6, 123.9 (g, J = 272.3 Hz), 37.4. *°F NMR (376 MHz, CDCl3) 6 -62.8.

HRMS (ESI) Calculated for C1sH10ClsFsNNaOs [M+MeOH+Na]*: 539.9157, found: 539.9148.

4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl 2-(1,3-dioxoisoindolin-

) A/ 2-y1)-2-phenylacetate (1b)
) N_(?_b Prepared according to the general procedure using 2-(1,3-

dioxoisoindolin-2-yl)-2-phenylacetic acid (1.40 g, 5.00 mmol). The
crude mixture was purified by washing with cold acetone to afford product 1b as a white
solid (1.80 g, 64% yield).
'H NMR (400 MHz, CDCls) 6 7.89 (dd, J = 5.5, 3.0 Hz, 2H), 7.76 — 7.70 (m, 4H), 7.46 — 7.38
(m, 3H), 6.47 (s, 1H).
3C NMR (101 MHz, CDCl3) 6 166.3, 164.8, 134.5, 132.4, 131.6, 129.9, 129.4, 128.9, 128.6,

123.9, 123.7, 54.0.HRMS (ESI) Calculated for C2sH14ClsN2NaO7 [M+MeOH+Na]*: 616.9447,
found: 616.9444.
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N—G phenylpropanoate (1d)

Prepared according to the general procedure using 2-methyl-2-
phenylpropanoic acid (500 mg, 3.05 mmol). The crude mixture was
purified by column chromatography (SiO», 98:2 hexanes/EtOAc) to afford product 1d as a white
solid (728 mg, 54% vyield).

'H NMR (400 MHz, CDCls3) 6 7.50 — 7.39 (m, 4H), 7.36 — 7.30 (m, 1H), 1.78 (s, 6H).

BC NMR (101 MHz, CDCl3) 6 157.6, 130.4, 128.8, 127.5, 125.7, 124.8, 46.3, 26.8.

HRMS (ESI) Calculated for C19H15ClsNNaOs [M+MeOH+Na]*: 499.9597, found: 499.9598.

o ¢ o o 4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl 2-methyl-2-

¢ O 1d

o ¢ o o 4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl 2-(4-((2-
I;QN_O oxocyclopentyl)methyl)phenyl)propanoate (1f)

iy Prepared according to the general procedure using Loxoprofen (985
mg, 4.0 mmol). The crude mixture was purified by column
chromatography (SiO;, 98:2 hexanes/EtOAc) to afford product 1e as a white solid (1.22 g, 58%
yield).
'H NMR (400 MHz, CDCls3) 8 7.34 —7.30 (m, 2H), 7.25 - 7.20 (m, 2H), 4.12 (g, J = 7.3 Hz, 1H),
3.18 (dd, J=13.9, 4.1 Hz, 1H), 2.56 (ddd, J = 14.0, 9.5, 1.5 Hz, 1H), 2.43 — 2.32 (m, 2H), 2.21 -
hb2.09 (m, 2H), 2.00 (dddd, J = 12.6, 9.0, 6.4, 2.9 Hz, 1H), 1.85 - 1.72 (m, 1H), 1.68 (d, J=7.2
Hz, 3H), 1.64 — 1.53 (m, 1H).
3C NMR (101 MHz, CDCls) 6 170.4, 141.0, 139.8, 135.8, 130.5, 129.5, 127.6, 124.7, 50.9, 42.5,
38.2,35.2,29.2, 20.5, 18.9, 18.9.
HRMS (ESI) Calculated for C24H2:ClsNNaOs [M+MeOH+Na]*: 582.0015, found: 582.0025.

4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl 2-(2-fluoro-[1,1'-

Cl o o

C'mN_o biphenyl]-4-yl)propanoate (1g)

c Lod Q Prepared according to the general procedure using Flurbiprofen (366
19 F mg, 1.5 mmol). The crude mixture was purified by column

chromatography (SiO2, 95:5 hexanes/EtOAC) to afford product 1f as

a white solid (416 mg, 53% vyield).

IH NMR (400 MHz, CDCls) § 7.58 (dt, J = 8.2, 1.5 Hz, 2H), 7.54 — 7.45 (m, 3H), 7.44 — 7.38 (m,

1H), 7.31 -7.20 (m, 3H), 4.18 (9, J = 7.0 Hz, 1H), 1.74 (d, J = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCls) & 169.9, 141.1, 139.0, 138.9, 135.2, 131.3, 131.3, 130.5, 129.0,

129.0, 128.8, 128.5, 127.8, 124.7, 123.6, 123.5, 115.6, 115.3, 42.4, 18.8.

F NMR (376 MHz, CDCls3) 6 -116.8.

HRMS (ESI) Calculated for C2sH16ClsFNNaOs [M+MeOH+Na]*: 579.9659, found: 579.9668.

¢ o o nHBoc  4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl 3-((tert-
cl >_/_ .
N=G butoxycarbonyl)amino)propanoate (10)
ji;:lé 10 Prepared according to the general procedure using NBoc-Alanine (568
mg, 3.00 mmol). The crude mixture was purified by washing with cold

acetone to afford product 10 as a yellow solid (841 g, 59% yield).
'H NMR (400 MHz, CDCl3) § 5.06 (s, 1H).3.55 (g, J = 6.1 Hz, 2H), 2.92 (t, J = 6.0 Hz, 2H),
1.45 (s, 9H).
3C NMR (101 MHz, CDCl3) 6 157.4, 155.8, 141.1, 130.6, 124.6, 36.1, 32.0, 28.4, 28.3.
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HRMS (ESI) Calculated for C17H1sClsN2NaO; [M+MeOH+Na]": 524.9760, found: 524.9755.

C.3 Synthesis of Pyridinium Salts 4
Pyridinium salts 4 were synthesized following reported procedures (Figure S3).1112131415

Ph Ph
ﬁ NH, HCI EtsN (1.2 eq.) ﬁsﬂ'
+ —_— .
Ph o* “Ph I\R EtOH (1.0M) Ph N*" “Ph
reflux, 4h k
BF4 R
1.0 equiv. 1.2 equiv. 4

Ph
Ph N*" “Ph
N
COzEt COzEt coan Kﬁ A
N ~

4a (ref. 11) 4b (ref. 12) 4c (ref. 13) 4d (ref. 14) 4e (ref. 15)

Figure S3. Pyridinium salts 4 synthetized according to reported procedures.

C.4 Synthesis of Styrene Derivatives 5

C.4.1 General Procedure for the Wittig Reaction

Alkenes 5b, 5h-i, and 5k-1 were prepared from the corresponding ketones, using Wittig reactions
as detailed below. The spectroscopic data of 5b, 5h, 5i, and 5k were persistent with those reported
previously (Figure S4).1617.1819

MePPh3*Br- (1.1 eq.)

Ar NaH or n-BuLi (1.1 eq.) Ar
O)\O THF (0.1M) )\O
reflux 5

An oven-dried round-bottomed flask placed under an atmosphere of argon was charged with
methyltriphenylphosphonium bromide (1.1 equiv) in dry THF (0.1 M). The suspension was
cooled down to 0°C and sodium hydride (1.1 equiv, 60% dispersion in mineral oil) or n-
butyllithium (1.1 equiv., 2.5 M in hexanes) was added slowly. The resulting mixture was stirred
at 0°C for 30 min before adding dropwise a solution of the ketone (1.0 equiv) in dry THF. The
reaction was stirred under reflux until complete conversion of the ketone was observed by TLC
(typically overnight). The reaction was quenched by addition of water, and the organic phase
extracted with ethyl acetate three times. The combined organic layers were washed with brine,
dried over magnesium sulfate, filtered, and concentrated under reduced pressure to afford the
crude compounds. The pure alkenes 5 were obtained by column chromatography on silica gel.

fogelegelogehe¥ogel

(ref. 16) (ref. 17) k (ref. 18) (ref. 19)

Figure S4. Previously reported alkenes 5 prepared using a Wittig reaction.

Tert-butyl 4-(1-phenylvinyl)piperidine-1-carboxylate (5I)
QXQB Prepared according to the General Procedure using tert-butyl 4-
5 benzoylpiperidine-1-carboxylate (579 mg, 2.0 mmol), sodium hydride (88.0
S8



mg, 2.2 mmol), and methyltriphenylphosphonium bromide (786 mg, 2.2 mmol) overnight. The
crude mixture was purified by column chromatography (SiO2, 90:10 pentane/Et,O) to afford
product 51 as a colorless oil (246 mg, 43% vyield).

'H NMR (300 MHz, CDCls3) & 7.38 — 7.29 (m, 5H), 5.19 (d, J = 0.9 Hz, 1H), 5.03 (t, J = 1.3 Hz,
1H), 4.14 (q, J = 7.1 Hz, 2H), 2.76 (t, J = 12.8 Hz, 2H), 2.58 (t, J = 11.8 Hz, 1H), 1.79 (d, J =
13.4 Hz, 2H), 1.47 (s, 9H), 1.44 — 1.33 (m, 2H).

BC NMR (75 MHz, CDCls) & 154.84, 153.05, 142.18, 128.29, 127.31, 126.65, 111.28, 79.36,
40.81, 31.46, 28.48.

HRMS (ESI) Calculated for C1sH2sNNaO, [M+Na]*: 310.1777, found: 310.1776.

C.4.2 Synthesis of Alkenes 5c-g
Alkenes 5¢-g were prepared following a reported procedure,® as depicted in Figure S5.

o-phenanthroline (10 mol%)
. CuBr (10 mol%)
P(o-tolyl); (5 mol%)
o} Pd(acac); (2 mol%)
Ar—Br + > Ar
NMP/quinoline (1:1, 0.3M)

170°C, 16h

1.0 mmol 1.2eq.

% dﬁs

Figure S5. Alkenes 5 synthetized according to a reported procedure.

C.4.3 Synthesis of 2h
2h was synthesized adapting a procedure from the literature.

O (o]

O _— N
DMF, 155°C

O 12h o

1eq. 1.5 eq. 2h: 86% yield

Phthalic anhydride (1.78 g, 1.5 equiv.) was added to a solution of 2-(1-Cyclohexenyl)ethylamine
(1.0 mL, 8.0 mmol, 1.0 equiv.) in DMF (0.5 M) and refluxed at 155° C for 12 hours. The reaction
was cooled to room temperature and poured into 50 mL of 1M HCI and extracted with Et,O. The
crude mixture was purified by column chromatography (SiO2, 90:10 pentane/Et,O) to afford
product 2h as white-off flakes (1.76 g, 86% yield).

'H NMR (500 MHz, CDCls)  7.84 (dd, J = 5.4, 3.0 Hz, 2H), 7.73 — 7.68 (m, 2H), 5.38 (tdd, J =
4.8, 2.6, 1.4 Hz, 1H), 3.79 (dd, J = 7.5, 6.7 Hz, 2H), 2.31 (td, J = 7.0, 1.3 Hz, 2H), 2.05 (ddt, J =
8.5, 6.0, 2.1 Hz, 2H), 1.88 (ddt, J = 7.4, 3.6, 1.3 Hz, 2H), 1.68 — 1.60 (m, 2H), 1.52 (ddt, J = 8.7,
6.2, 2.8 Hz, 2H).
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3C NMR (126 MHz, CDCls) & 168.27, 134.25, 133.78, 132.19, 123.94, 123.07, 36.70, 36.62,
27.91, 25.30, 22.85, 22.21.

D. Photochemical Reactions
D.1 Experimental Set-up

The photoreactor used in this study consisted of a 12.5 cm diameter jar fitted with 4 standard B29
size quickfit-glass joints arranged around a central B29 size joint (Figure S6). A commercial 1-
meter LED strip was wrapped around the jar, followed by a layer of aluminium foil and cotton
for insulation.

Figure S6. Photoreactor used in this study - pictures taken at different stages of the set-up assembly.

An inlet/outlet system provided circulation of liquid (ethylene glycol/water mixture) from a Huber
Minichiller 300 inside the jar. This setup allowed the performance of reactions at temperatures
ranging from —20 °C to 80 °C with accurate control of the reaction temperature (£ 1°C, Figure
S7).
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Intensity

0,4
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380 430 480 530 580
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Figure S7. Fully assembled temperature-controlled photoreactor in operation (left). Emission spectrum of the 465 nm
LED strip used in this reactor (right).

In order to maintain consistent illumination between different experiments, only the four external
positions were used to perform reactions. The central position was used to monitor the
temperature using a thermometer inside an inserted Schlenk tube, ensuring that the reaction
mixtures were at the desired temperature.

D.2 Direct C-H Allylic Benzylation
D.2.1 General Procedure A

Ph
C o o Ar ) C5 (20 mol%) Ar
cl >—/ | Xy BF4 NayHPO, (20 mol%)
- or + >
N-0 Ph N*/ Ph nt acetone (0.1 M)
Cl R blue LEDs nt
c © kA, 35°C, 18h R
1 4 2 3

To an argon-purged glass vial, containing the dithiophosphoric acid catalyst C5 (0.2 equiv.),
tetrachloro-phthalimide ester 1 or pyridinium salt 4 (1 equiv.), and Na;HPO, (0.2 equiv.), was
added the allylic precursor 2 (20 equiv.) followed by argon-sparged HPLC grade acetone (0.1M).
The vial was sealed with Parafilm, and placed in the irradiation setup, maintained at a temperature
of 35 °C. The reaction was stirred for 18h, then the solvent was evaporated and the crude mixture
purified by flash column chromatography on silica gel to furnish the product 3.
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D.2.2 Characterization of Products 3

1-(cyclohex-2-en-1-ylmethyl)-4-(trifluoromethyl)benzene (3a)
F5C

Prepared according to General Procedure A using the radical precursor 1a (97.4
mg, 0.2 mmol) and cyclohexene 2a (406 uL, 4.0 mmol). The crude mixture
was purified by column chromatography (SiO», 100% pentane) to afford product 3a as a colorless
oil (19.8 mg, 41% yield, average of two runs).
'H NMR (400 MHz, CDCls3) 6 7.53 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 5.71 (dtd, J =
9.8, 3.5, 2.2 Hz, 1H), 5.53 (dg, J = 10.1, 2.4 Hz, 1H), 2.69 (dd, J = 13.3, 7.2 Hz, 1H), 2.60 (dd, J
=13.3, 8.0 Hz, 1H), 2.39 (ddtq, J = 10.4, 7.6, 5.0, 2.7 Hz, 1H), 1.99 (dtt, J = 7.4,5.2, 2.7 Hz,
2H), 1.71 (tdt, J = 12.6, 8.7, 4.3 Hz, 2H), 1.60 — 1.48 (m, 1H), 1.40 — 1.26 (m, 1H).
3C NMR (101 MHz, CDCl3) 6 145.0, 130.6, 129.4, 129.1 (q, J = 275.1 Hz), 127.9, 125.1 (q, J =
3.8 Hz), 425, 40.1, 37.0, 28.8, 26.0, 25.4, 25.3, 22.2, 21.2.
F NMR (376 MHz, CDCl3) & -62.4.

HRMS (APCI) Calculated for Ci4H14F3 [M-H]: 239.1042, found: 239.1052.

NPhth 2-(cyclohex-2-en-1-yl(phenyl)methyl)isoindoline-1,3-dione (3b)

O ’ Prepared according to General Procedure A using the radical precursor 1b (56.4

mg, 0.1 mmol), and cyclohexene 2a (203 pL, 2.0 mmol). The crude mixture was
purlfled by column chromatography (SiO, 20:1 Hexane/EtOAc ) to afford product 3b as a white
solid (7.9 mg, 25% vyield, 1.1:1 dr., average of two runs).

'H NMR (500 MHz, CDCl3) 1.1:1 mixture of diastereoiomers & 7.79 (ddd, J = 5.4, 3.8, 3.0 Hz,
2H), 7.67 (dd, J=5.5, 3.0 Hz, 2H), 7.63 (tt, J = 8.1, 1.3 Hz, 2H), 7.37 — 7.30 (m, 2H), 7.29 - 7.24
(m, 1H), 5.78 (dtd, J = 9.8, 3.7, 2.0 Hz, 0.5H), 5.71 (dtd, J = 9.9, 3.7, 2.2 Hz, 0.5H), 5.56 — 5.50
(m, 0.5H), 5.33 - 5.26 (m, 0.5H), 5.00 (d, J = 12.3 Hz, 0.5H), 4.98 (d, J = 12.1 Hz, 0.5H), 3.83 -
3.71 (m, 0.5H), 2.05 — 1.99 (m, 2H), 1.83 — 1.68 (m, 0.5H), 1.68 — 1.48 (m, 0.5H), 1.37 — 1.27
(m, 0.5H), 1.16 (dddd, J=12.9, 10.4, 7.9, 2.9 Hz, 0.5H).

13C NMR (126 MHz, CDCI3) 1.1:1 mixture of diastereciomers § 168.4, 168.4, 138.8, 138.4,
133.9, 131.8, 131.8, 129.9, 129.4, 129.1, 129.1, 128.6, 128.0, 127.9, 127.5, 127.0, 127.0, 123.2,
123.2, 60.6, 60.0, 34.7, 34.1, 27.1, 26.6, 25.3, 25.2, 20.7, 20.5.

HRMS (ESI) Calculated for C21H1sNNaO, [M+Na]*: 340.1308, found: 340.1304

eh (cyclohex-2-en-1-yImethylene)dibenzene (3c)
Prepared according to General Procedure A using the radical precursor 1c (49.5
3¢ mg, 0.1 mmol), and cyclohexene 2a (203 pL, 2.0 mmol). The crude mixture was

purified by column chromatography (SiO2, 99:1 pentane/CHCl; ) to afford product 3c as a white
solid (12.4 mg, 50% yield, average of two runs).

'H NMR (400 MHz, CDCl3) & 7.34 — 7.29 (m, 2H), 7.29 — 7.22 (m, 6H), 7.17 — 7.10 (m, 2H),
5.66 (dtd, J = 9.9, 3.5, 2.0 Hz, 1H), 5.45 (dqd, J = 10.3, 2.2, 1.0 Hz, 1H), 3.59 (d, J = 11.4 Hz,
1H), 2.98 (dddp, J = 10.9, 8.0, 5.4, 2.7 Hz, 1H), 1.98 (qt, J = 5.1, 3.1 Hz, 2H), 1.76 — 1.66 (m,
1H), 1.65 — 1.56 (m, 1H), 1.56 — 1.44 (m, 1H), 1.19 (dddd, J = 12.8, 11.2, 8.6, 2.8 Hz, 1H).
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3C NMR (101 MHz, CDCl3) & 144.2, 143.9, 130.0, 128.5, 128.4, 128.3, 128.2, 128.0, 126.1,
126.1, 58.1, 38.9, 28.3, 25.4, 21.5. Analytical data are in agreement with the one reported in
literature.?

(2-(cyclohex-2-en-1-yl)propan-2-yl)benzene (3d)
O ’ Prepared according to General Procedure A using the radical precursor 1d (89.4
* mg, 0.2 mmol), and cyclohexene 2a (406 pL, 4.0 mmol). The crude mixture was

purified by column chromatography (SiO», 100% pentane) to afford product 3d as a colorless oil
(18.0 mg, 45% vyield, average of two runs).

'H NMR (500 MHz, CDCls) & 7.37 — 7.34 (m, 2H), 7.33 — 7.28 (m, 2H), 7.20 — 7.16 (m, 1H),
5.73 - 5.66 (m, 1H), 5.49 (dp, J = 10.3, 2.0 Hz, 1H), 2.46 (dddt, J = 10.2, 8.0, 5.2, 2.6 Hz, 1H),
1.92 (dddd, J = 9.0, 4.4, 3.3, 2.0 Hz, 2H), 1.77 — 1.69 (m, 1H),1.50 — 1.40 (m, 1H), 1.30 (s, 3H),
1.26 (s, 3H), 1.20 (tdd, J = 12.7, 10.7, 2.9 Hz, 2H).

13C NMR (126 MHz, CDCls) & 149.8, 129.0, 128.4, 127.9, 126.2, 125.4, 46.5, 40.2, 30.3 29.7,
25.3, 25.2, 25.0, 24.7, 22.8.

HRMS (APCI) Calculated for CisH21 [M+H]": 201.1638, found: 201.1633.

(2-(3-(tert-butyl)cyclohex-2-en-1-yl)propan-2-yl)benzene (3e)
O , Prepared according to General Procedure A using the radical precursor 1d (49.7
% mg, 0.1 mmol), and 1-tert-Butyl-1-cyclohexene 2b (170 pL, 1.0 mmol). The crude
mixture was purified by column chromatography (SiO,, 100% pentane) to afford
product 3e as a colorless oil (10 mg, single regioisomer, 39% vyield, average of two runs).

'H NMR (400 MHz, CDClg) 6 7.40 — 7.29 (m, 4H), 7.22 — 7.17 (m, 1H), 5.33 (tt, J = 2.2, 0.9 Hz,
1H), 2.43 (dddd, J = 10.5, 5.9, 4.0, 2.2 Hz, 1H), 2.06 — 1.98 (m, 1H), 1.91 — 1.82 (m, 1H), 1.82 —
1.73 (m, 1H), 1.54 — 1.46 (m, 1H), 1.41 — 1.33 (m, 1H), 1.31 (s, 3H), 1.27 (s, 3H), 1.09 (ddd, J =
12.6, 10.6, 3.2 Hz, 1H), 1.00 (s, 9H).

13C NMR (101 MHz, CDCls) & 150.0, 147.0, 127.8, 126.3, 125.3, 119.2, 46.7, 40.7, 35.5, 29.1,
25.3, 25.0, 24.8, 24.6, 23.5.

HRMS (APCI) Calculated for CigHze [M+H]*: 257.2264, found: 257.2256.

C|\©\(° (4-chlorophenyl)(3-(cyclohex-2-en-1-ylmethyl)-5-methoxy-2-methyl-
N \ 1H-indol-1-yl)methanone (3f)
3f O Prepared according to General Procedure A using the radical precursor le

ed ‘ (64.1 mg, 0.1 mmol), and cyclohexene 2a (203 pL, 2.0 mmol). The crude
mixture was purified by column chromatography (SiO,, 98:2
hexanes/EtOAC) to afford product 3f as a yellowish oil (12.6 mg, 32% yield, average of two runs).

'H NMR (500 MHz, CDCls) & 7.68 — 7.64 (m, 2H), 7.52 — 7.47 (m, 2H), 6.96 — 6.86 (m, 2H),
6.67 (dd, J =9.0, 2.6 Hz, 1H), 5.73 (td, J = 6.0, 2.9 Hz, 1H), 5.63 (dd, J = 10.1, 2.3 Hz, 1H), 3.85
(s, 3H), 2.68 (dd, J = 14.0, 7.3 Hz, 1H), 2.60 (dd, J = 14.0, 8.2 Hz, 1H), 2.47 (s, 1H), 2.34 (s, 3H),
2.03 (d, J=5.7 Hz, 2H), 1.79 (dq, J = 10.1, 6.2, 5.4 Hz, 2H), 1.55 (s, 1H), 1.34 (td, J = 10.9, 8.5
Hz, 1H).

BC NMR (126 MHz, CDCls) § 206.9, 168.3, 155.8, 139.0, 134.7, 134.3, 131.6, 131.3, 131.1,
131.0, 129.1, 127.6, 118.6, 114.9, 110.8, 101.9, 55.8, 35.8, 30.9, 30.7, 29.3, 25.4, 21.3, 13.6.
HRMS (ESI) Calculated for C24H24CINNaO, [M+Na]*: 416.1388, found: 416.1399.
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q 2-(4-(1-(cyclohex-2-en-1-yl)ethyl)benzyl)cyclopentan-1-one (3g)

. O Prepared according to General Procedure A using the radical precursor 1f (52.9
mg, 0.1 mmol), and cyclohexene 2a (203 pL, 2.0 mmol). The crude mixture

‘ was purified by column chromatography (SiO2, 98:2 hexanes/EtOAC) to afford
product 3g as a colorless oil (12.4 mg, 44% yield, 1.1:1 dr, average of two

39

runs).

'H NMR (400 MHz, CDCls) 1.1:1 mixture of diastereoiomers & 7.11 (s, 4H), 5.84 —5.72 (m, 1H),
5.64 (dg, J = 10.1, 3.4 Hz, 0.5H), 5.38 (dd, J = 10.2, 2.3 Hz, 0.5H), 3.14 (dt, J = 13.9, 3.8 Hz,
1H), 2.68 — 2.48 (m, 2H), 2.43 — 2.32 (m, 2H), 2.30 — 2.21 (m, 1H), 2.19 — 2.06 (m, 2H), 1.97
(dtt, J=8.4,6.1, 3.3 Hz, 3H), 1.87 — 1.65 (m, 2H), 1.64 — 1.54 (m, 1H), 1.53 — 1.39 (m, 1H), 1.33
—1.27 (m, 2H), 1.27 - 1.22 (m, 2H), 1.21 — 1.11 (m, 0.5H), 0.97 — 0.78 (m, 0.5H).

3C NMR (101 MHz, CDCl3) 1.1:1 mixture of diastereoiomers & 144.5, 144.3, 137.4, 130.8,
129.6, 128.8, 128.6, 128.2, 127.9, 127.8, 127.5, 127.5, 51.1, 44.6, 44.2, 41.9, 41.9, 41.8, 38.3,
35.2,35.2,29.3, 27.6, 26.5, 25.4, 25.3, 22.0, 21.4, 20.6, 18.7, 18.7, 18.5, 15.6, -18.5.

HRMS (APCI) Calculated for CxH270 [M+H]*: 283.2056, found: 283.2051.

4-(1-(cyclohex-2-en-1-yl)ethyl)-2-fluoro-1,1'-biphenyl (3h)

Prepared according to General Procedure A using the radical precursor 1g (52.7
mg, 0.1 mmol), and cyclohexene 2a (203 uL, 2.0 mmol). The crude mixture was
purified by column chromatography (SiO,, hexanes) to afford product 3h as a
colorless oil (13.8 mg, 49% yield, 1.1:1 dr, average of two runs).

'H NMR (400 MHz, CDCls) 1.1:1 mixture of diastereoiomers & 7.61 — 7.55 (m, 2H), 7.50 — 7.44
(m, 2H), 7.41 - 7.35 (m, 2H), 7.09 — 6.98 (m, 2H), 5.87 — 5.77 (m, 1H), 5.75 — 5.67 (m, 0.5H),
5.46 (ddd, J = 10.2, 2.3, 1.2 Hz, 0.5H), 2.67 (ddt, J = 14.5, 11.3, 7.4 Hz, 1H), 2.34 (ddddd, J =
18.5,11.5, 8.1, 5.3, 2.8 Hz, 1H), 2.00 (ddt, J = 6.0, 4.0, 2.1 Hz, 2H), 1.91 - 1.78 (m, 1H), 1.78 —
1.68 (m, 1H), 1.62 — 1.46 (m, 1H), 1.37 — 1.28 (m, 3H), 1.28 — 1.20 (m, 0.5H), 0.96 — 0.81 (m,
0.5H).

13C NMR (101 MHz, CDCI3) 1.1:1 mixture of diastereociomers & 160.9, 158.4, 148.5, 135.9,
130.3, 130.3, 130.2, 129.2, 129.0, 128.9, 128.6, 128.4, 128.0, 127.4, 126.3, 123.8, 123.6, 115.3,
115.1,114.8, 44.6, 44.3, 41.8, 41.7, 27.6, 26.5, 25.4, 25.3, 21.9, 21.4, 18.6, 18.4.

F NMR (376 MHz, CDCl3) 6 -118.8.

HRMS (APCI) Calculated for CxH2:F [M+H]*: 281.1700, found: 281.1701.

4-(1-(cyclopent-2-en-1-yl)ethyl)-2-fluoro-1,1'-biphenyl (3i)

Prepared according to General Procedure A using the radical precursor 1g (52.7
mg, 0.1 mmol) and cyclopentene 2¢ (176 pL, 2.0 mmol). The crude mixture was
purified by column chromatography (SiO,, 30:1 hexanes/CH.Cl,) to afford
product 3i as a colorless oil (12.1 mg, 45% yield, 1.1:1 dr, average of two runs).

'H NMR (500 MHz, CDCl3) 1.1:1 mixture of diastereoisomers § 7.56 (dt, J = 7.9, 1.5 Hz, 2H),
7.48 — 7.40 (m, 2H), 7.39 — 7.32 (m, 2H), 7.04 (dd, J = 7.9, 1.7 Hz, 1H), 7.00 (dt, J = 12.1, 1.8
Hz, 1H), 5.87 — 5.80 (m, 1H), 5.73 (dg, J = 5.8, 2.3 Hz, 0.5H), 5.45 (dqg, J = 6.0, 2.1 Hz, 0.5H),
2.95 - 2.84 (m, 1H), 2.64 — 2.54 (m, 1H), 2.35 — 2.20 (m, 2H), 2.10 (dtd, J = 12.7, 8.1, 4.5 Hz,
0.5H), 1.85 (dtd, J = 13.4, 8.6, 5.0 Hz, 0.5H), 1.62 — 1.53 (m, 0.5H), 1.45 (ddt, J = 12.9, 9.0, 6.3
Hz, 0.5H), 1.31 (d, J = 6.9 Hz, 1.5H), 1.28 (d, J = 7.0 Hz, 1.5H), 1. 29 — 1.26 (m, 1H).
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C NMR (126 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 160.6, 158.7, 148.8 (d, J=7.1
Hz), 148.7 (d, J = 7.3 Hz), 135.9, 133.6, 132.8, 132.0, 131.2, 130.3 (d, J = 3.4 Hz), 130.2 (d, J =
3.4 Hz),128.9 (d, J=3.1 Hz), 128.4, 127.4, 126.3 (d, J = 4.0 Hz), 126.2 (d, J = 3.7 HZz), 123.6 (d,
J=3.3Hz),1235(d, J=3.4 Hz), 115.0 (d, J =4.4 Hz), 114.8 (d, J = 4.3 Hz), 52.8, 52.5, 45.1,
449, 32.3, 31.9, 28.6, 28.2, 19.8, 19.8.

F NMR (376 MHz, CDCl3) 6 -118.7.

HRMS (APCI) Calculated for CigHzoF [M+H]*: 267.1544, found: 267.1541.

4-(1-(3-(tert-butyl)cyclohex-2-en-1-yl)ethyl)-2-fluoro-1,1'-biphenyl (3j)
Prepared according to General Procedure A using the radical precursor 1g (52.7
mg, 0.1 mmol) and 1-tert-Butyl-1-cyclohexene 2b (170 pL, 1.0 mmol). The
crude mixture was purified by column chromatography (SiO, hexanes) to afford
product 3j as a colorless oil (16 mg, 48% yield, 1.1:1 dr, single regioisomer,
average of two runs).

'H NMR (400 MHz, CDCl3) 1.1:1 mixture of diastereoisomers & 7.62 — 7.55 (m, 2H), 7.46 (ddt,
J=28.2,6.1, 0.9 Hz, 2H), 7.41 — 7.35 (m, 2H), 7.08 — 6.98 (m, 2H), 5.60 (d, J = 2.6 Hz, 0.5H),
5.29 - 5.26 (m, 0.5H), 2.77 — 2.61 (m, 1H), 2.32 (dtq, J = 10.8, 5.5, 2.5 Hz, 1H), 2.05 (dd, J =
17.1, 4.7 Hz, 1H), 1.99 — 1.85 (m, 1H), 1.84 — 1.70 (m, 1H), 1.54 - 1.39 (m, 2H), 1.35(d, J=7.0
Hz, 1.5H), 1.30 — 1.28 (m, 1.5H), 1.07 (s, 4.5H), 1.00 (s, 4.5H), 0.92 (d, J = 3.6 Hz, 1H).

13C NMR (101 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 160.83, 158.37, 148.68 (d, J =
7.2 Hz), 148.47 (d, J = 7.1 Hz), 136.01, 130.06 (dd, J = 7.9, 4.0 Hz), 128.96 (d, J = 3.0 Hz),
128.38, 127.35, 123.98 (d, J = 3.0 Hz), 123.68 (d, J = 3.2 Hz), 120.81, 119.56, 115.36, 115.15 (d,
J=3.2Hz), 114.94, 44.87, 44.66, 42.27, 41.98, 35.53, 35.39, 29.15, 29.06, 27.37, 26.06, 24.75,
24.68, 22.77, 22.32, 18.53, 17.61.

F NMR (376 MHz, CDCl3) 6 -119.0.

HRMS (APCI) Calculated for CaHsoF [M+H]*: 337.2326, found: 337.2324.
2-fluoro-4-(1-(3-methylcyclohex-2-en-1-yl)ethyl)-1,1"-
biphenyl (3k)

Prepared according to General Procedure A using the radical
precursor 1g (52.7 mg, 0.1 mmol) and 1-Methyl-1-
cyclohexene 2d (237 L, 2.0 mmol). The crude mixture was
purified by column chromatography (SiO2, hexanes) to afford product 3k as a colorless oil (12.8
mg, 44% yield, 1.5:1 r.r.; major regioisomer (3k) 1.4:1 d.r., minor regioisomer (3k’) 1.5:1 d.r.,
average of two runs). Product 3k was isolated together with an unidentified isomeric product.

'H NMR (400 MHz, CDCIs) major regioisomer (3k) 1.4:1 mixture of diastereoiomers & 7.56
(ddddd, J=7.2,5.8, 4.3, 2.7, 1.6 Hz), 7.48 — 7.39 (m), 7.39 — 7.30 (m), 7.06 — 6.94 (m), 5.54 —
5.48 (m, 1.4H), 5.15 (dd, J = 2.8, 1.4 Hz, 1H), 2.59 (p, J = 7.2 Hz, 2.4H), 2.40 — 2.18 (m, 2.4H),
1.99 — 1.84 (m), 1.84 — 1.75 (m), 1.69 (dt, J = 2.3, 1.1 Hz, 3H), 1.62 (dt, J = 2.4, 1.2 Hz, 3H),
1.72—1.60 (m), 1.47 (dddd, J = 15.0, 10.4, 5.5, 2.7 Hz), 1.32 (d, J = 6.9 Hz, 3H), 1.25 (d, J = 7.0
Hz, 3H), 1.37 — 1.24 (m).

'H NMR (400 MHz, CDCls) minor regioisomer (3k°) 1.5:1 mixture of diastereoiomers & 7.56
(ddddd, J=7.2,5.8, 4.3, 2.7, 1.6 Hz), 7.48 — 7.39 (m), 7.39 — 7.30 (m), 7.06 — 6.94 (m),5.66 (s,
1.5H), 5.58 (s, 1H), 2.79 (g, J = 7.2 Hz, 1H), 2.69 (qd, J = 7.4, 3.8 Hz, 1.5H), 1.99 — 1.84 (m),
1.84 - 1.75 (m),1.71 (s, 3H), 1.72— 1.60 (m), 1.54 (s, 4.5H), 1.47 (dddd, J = 15.0, 10.4, 5.5, 2.7
Hz), 1.31 (d, J =7.1 Hz, 3H), 1.28 (d, J = 7.3 Hz, 4.5H) 1.37 — 1.24 (m).
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BC NMR (126 MHz, CDCls) mixture of regioisomers and diasteroisomers & 160.6, 158.7, 136.0,
135.8, 135.0, 130.2, 130.2, 128.9, 128.9, 128.4, 128.4, 127.4, 127.3, 124.4, 123.8, 123.8, 123.6,
123.6,123.2,115.3, 115.1, 115.0, 114.8, 49.3, 47.8, 45.3, 45.0, 44.8, 44.5, 42.0, 42.0, 33.6, 31.8,
30.2,30.1, 27.4, 26.2, 25.4, 25.1, 25.1, 24.5, 24.1, 23.9, 22.3, 21.7, 19.1, 18.7, 18.5, 15.9, 15.6,
14.1,12.8.

°F NMR (376 MHz, CDCls) § -118.9, -119.0, -119.1, -119.4.

HRMS (APCI) Calculated for Ca1HzsF [M+H]*: 295.1857, found: 295.1858.

¢o:Me  methyl 2-(cyclohex-2-en-1-yl)-2-phenylacetate (31)

O ’ Prepared according to General Procedure A using the radical precursor 4a (109

mg, 0.2 mmol), and cyclohexene 2a (203 L, 2.0 mmol). The crude mixture was
purified by column chromatography (SiO,, 50:50 hexanes/toluene) to afford product 3l as a
colorless oil (14.6 mg, 32% vyield, 1.1:1 dr, average of two runs).

'H NMR (500 MHz, CDCl3)1.1:1 mixture of diastereoiomers & 7.37 — 7.30 (m, 4H), 7.29 — 7.24
(m, 1H), 5.79 (dtd, J = 9.8, 3.7, 2.0 Hz, 0.5H), 5.67 — 5.60 (m, 1H), 5.18 — 5.13 (m, 0.5H), 3.67
(s, 3H), 3.66 (s, 3H), 3.32 (dd, J = 11.2, 1.1 Hz, 1H), 2.86 (dtdt, J = 18.8, 8.0, 5.2, 2.6 Hz, 1H),
1.98 (tt, J = 5.7, 4.0, 2.0 Hz, 2H), 1.93 - 1.86 (m, 1H), 1.82 — 1.71 (m, 1H), 1.67 — 1.54 (m, 1H),
1.46 (dtt, J = 13.3, 6.5, 3.0 Hz, 1H), 1.42 — 1.27 (m, 1H), 1.06 (dddd, J = 13.3, 10.7, 8.0, 2.9 Hz,
1H).

13C NMR (126 MHz, CDCI3)1.1:1 mixture of diastereoiomers § 174.0, 174.0, 137.6, 137.4,
129.2,128.9, 128.8, 128.7, 128.6, 128.5, 128.4, 127.9, 127.3, 57.5, 57.4, 51.8, 51.8, 38.5, 38.4,
29.7,27.9, 26.3, 25.3, 25.2, 21.1, 20.7.

Analytical data are in agreement with the one reported in literature.?

D.3 Three-component C-H Allylic Benzylation
D.3.1 Optimization Data

To an argon-purged glass vial, containing the thiol catalyst, the radical precursor 4b (48.1 mg, 0.1
mmol), and Na;HPO, (2.8 mg, 0.02 mmol, 0.2 equiv.), was added the radical trap 5a (17.7 uL,
0.1 mmol, 1 equiv.) and cyclohexene 2a. Then, 800 uL of argon-sparged HPLC grade acetone
were added. The vial was sealed with Parafilm, and then placed in the irradiation setup,
maintained at the defined temperature. The reaction was stirred for the stated amount of time,
then the solvent was evaporated and the crude mixture purified by flash column chromatography
on silica gel to furnish the product 6a.

Ph

. catalyst
X, BF4 Ph Na,HPO, (20 mol%) Ph, Ph
| P + O + )\ > EtO,C
Ph

Ph N* “Ph acetone (0.1 M)

k blue LEDs
CO,Et Temperature, Time
4b 0.1 mmol 2a 5a 1 eq. 6a
entry loading 2a catalyst (loading) T (°C) time (h) conversion (%)? yield 6a (%)?
1 20 equiv. C5 (20 mol%) 35 18 75 56
2 20 equiv. C5 (20 mol%) 35 48 100 75 (65)°
3 10 equiv. C5 (20 mol%) 35 24 100 85
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4 20 equiv. C5 (10 mol%) 35 24 100 88

5 10 equiv. C5 (10 mol%) 35 24 80 67
6 10 equiv. C5 (10 mol%) 35 28 100 85 (78)°
7 10 equiv. C5 (10 mol%) 60 8 100 96 (95)°
8 5 equiv. C5 (10 mol%) 60 14 90 70
9 10 equiv. C6 (10 mol%) 60 8 100 88
10 10 equiv. C7 (10 mol%) 60 14 35 30
11 10 equiv. C4 (10 mol%) 35 28 100 40
122 10 equiv. C5 (10 mol%) 60 28
13 10 equiv. - 60 28

Table S1. Optimization studies for the three-component C-H allylic benzylation. 2 Yield determined by 'H NMR
analysis. ° Yield of the isolated 6a.

D.3.2 General Procedure B

¢ o o Ph C5 (10 mol%) R B
-~ ===
Cl >—R N BFe Ar Na,HPO, (20 mol%) R r A
N—O or | o + » b
2 Ry acetone (0.1 M) -
cl Ph” “N*" “Ph n blue LEDs i
ca © R 60°C, 14h
1 4 2 5 6

To an argon-purged glass vial, containing the catalyst C5 (3.8 mg, 0.01 mmol, 0.1 equiv.),
tetrachloro-phthalimide ester 1 or pyridinium salt 4 (0.1 mmol, 1 equiv.), and Na;HPO4 (2.8 mg,
0.02 mmol, 0.2 equiv.), was added the alkene 5 (0.1 mmol, 1 equiv.) and the allylic precursor 2
(12 mmol, 10 equiv.). Then, 800 puL of argon-sparged HPLC grade acetone were added. The vial
was sealed with Parafilm, and then placed in the irradiation setup, maintained at a temperature of
60 °C. The reaction was stirred for 14h, then the solvent was evaporated and the crude mixture
purified by flash column chromatography on silica gel to furnish the product 6.

D.3.3 Characterization of Products 6

S Ethyl 4-(cyclohex-2-en-1-yl)-4,4-diphenylbutanoate (6a)
EtO,C Prepared according to General Procedure B using the radical precursor 4b
6a (48.1 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-
diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column
chromatography (SiO2, 50:50 hexanes/toluene) to afford product 6a as a colorless oil (33.0 mg,
95% vyield, average of two runs).
'H NMR (400 MHz, CDCls) § 7.33 — 7.20 (m, 10H), 5.81 (dt, J = 10.4, 2.1 Hz, 1H), 5.62 (dddd,
J=9.8,5.1, 2.7, 1.3 Hz, 1H), 4.07 (q, J = 7.2 Hz, 2H), 3.19 (ddt, J = 9.3, 6.9, 2.4 Hz, 1H), 2.59
(ddd, J=13.9, 11.8, 4.6 Hz, 1H), 2.48 — 2.37 (m, 1H), 2.07 (ddd, J = 16.3, 11.7, 4.6 Hz, 1H), 1.98
—1.82 (m, 3H), 1.76 — 1.49 (m, 3H), 1.22 (t, J = 7.1 Hz, 3H), 0.94 (tdd, J = 12.5, 10.4, 3.6 Hz,
1H).
BC NMR (126 MHz, CDCls) § 173.9, 145.2, 142.9, 129.7, 129.3, 129.0, 128.9, 127.7, 127.1,
126.0, 125.9, 60.3, 53.7, 41.6, 33.9, 30.1, 25.0, 24.7, 22.4, 14.2.
HRMS (APCI) Calculated for C24H290, [M+H]*: 349.2162, found: 349.2164.
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Ph 1 Benzyl 4-(cyclohex-2-en-1-yl)-4,4-diphenylbutanoate (6b)
Fno:e 6b Prepared according to General Procedure B using the radical precursor 4c
(54.3 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-
diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column
chromatography (SiO,, 70:30 hexanes/toluene) to afford product 6b as a colorless oil (27.7 mg,
68% vyield, average of two runs). Multiple purifications by column chromatography resulted in
poor separation from several unidentified byproducts. The yield (75%, average of two runs) of 6b
was inferred by *H NMR analysis of the crude reaction mixture using trichloroethylene as the
internal standard. An analytical amount of pure compound was isolated by preparative TLC
(80:20 hexanes/toluene) to obtain a colorless oil.

'H NMR (400 MHz, CDCls) § 7.42 — 7.19 (m, 15H), 5.82 (dq, J = 10.4, 2.0 Hz, 1H), 5.62 (ddt, J
=10.2, 4.9, 2.4 Hz, 1H), 5.06 (s, 2H), 3.25 — 3.16 (m, 1H), 2.63 (ddd, J = 13.9, 11.7, 4.6 Hz, 1H),
2.46 (ddd, J = 13.9, 11.6, 5.3 Hz, 1H), 2.22 — 2.10 (m, 1H), 2.02 (ddd, J = 16.5, 11.7, 5.3 Hz, 1H),
1.90 (tt, J = 15.0, 2.9 Hz, 2H), 1.77 — 1.49 (m, 3H), 0.98 (tdd, J = 12.3, 10.3, 3.7 Hz, 1H).

3C NMR (101 MHz, CDCls) 6 173.7, 145.2, 142.8, 135.9, 129.7, 129.3, 129.0, 128.9, 128.5,
128.2, 128.2, 127.8, 127.7, 127.1, 127.1, 126.0, 125.9, 66.2, 53.8, 41.6, 33.9, 30.1, 25.0, 24.7,
22.4. HRMS (ESI) Calculated for C9H3oNaO, [M+Na]*: 433.2138, found: 433.2129.

- 4-(cyclohex-2-en-1-yl)-4,4-diphenylbutanenitrile (6¢)
NC Prepared according to General Procedure B using the radical precursor 4d (43.4

6c mg, 0.1 mmol), cyclohexene 2a (101 pyL, 1.0 mmol), and 1,1-diphenylethylene
5a (17.7 uL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO,, 50:50

hexanes/toluene) to afford product 6c¢ as a colorless oil (28.1 mg, 93% vyield, average of two runs).

'H NMR (400 MHz, CDCls) & 7.37 — 7.24 (m, 6H), 7.21 (ddd, J = 7.1, 3.2, 1.8 Hz, 4H), 5.76 (dt,
J=10.5, 2.0 Hz, 1H), 5.69 — 5.61 (M, 1H), 3.23 — 3.12 (m, 1H), 2.65 (ddd, J = 14.0, 11.8, 4.6 Hz,
1H), 2.47 (ddd, J = 13.9, 11.7, 5.5 Hz, 1H), 2.08 (ddd, J = 16.4, 11.7, 4.5 Hz, 1H), 1.96 — 1.82 (m,
3H), 1.75 — 1.52 (m, 3H), 0.98 (tdd, J = 12.1, 10.3, 3.7 Hz, 1H).

BC NMR (101 MHz, CDCls)  143.97, 141.62, 129.58, 129.42, 129.09, 128.23, 128.14, 127.51,
126.56, 126.52, 120.07, 53.97, 41.54, 35.09, 24.93, 24.73, 22.23, 13.25, 1.03.

HRMS (APCI) Calculated for C2:H24N [M+H]*: 302.1903, found: 302.1902.

on ph 2-(3-(cyclohex-2-en-1-yl)-3,3-diphenylpropyl)pyrimidine (6d)

EN/\ Prepared according to General Procedure B using the radical precursor 4e
N ed (48.7 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-

diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column

chromatography (SiO., 80:20 hexanes/EtOAc) to afford product 6d as a white solid (14.5 mg,

41% vyield, average of two runs).

'H NMR (400 MHz, CDCls) 8 8.63 (d, J = 4.9 Hz, 2H), 7.37 — 7.27 (m, 8H), 7.26 — 7.18 (m, 2H),
7.09 (t, J = 4.9 Hz, 1H), 5.88 (dt, J = 10.4, 2.1 Hz, 1H), 5.66 — 5.58 (m, 1H), 3.32 (ddd, J = 11.0,
5.5, 3.0 Hz, 1H), 2.80 — 2.67 (m, 2H), 2.66 — 2.57 (m, 2H), 1.98 (dd, J = 12.5, 3.7 Hz, 1H), 1.84
(s, 1H), 1.74 — 1.64 (m, 1H), 1.56 (ddt, J = 13.7, 10.7, 5.5 Hz, 2H), 1.04 — 0.96 (m, 1H).

3C NMR (101 MHz, CDCl3) & 171.7, 156.9, 145.7, 143.4, 129.9, 129.4, 129.4, 128.7, 127.7,
127.0, 125.8, 125.8, 118.3, 54.2, 41.6, 37.8, 35.0, 25.0, 24.7, 22.4.

HRMS (ESI) Calculated for CosH2sNaN2 [M+Na]*: 355.2169, found: 355.2175.
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Ph_ Ph (1-(cyclohex-2-en-1-yl)-2-cyclohexylethane-1,1-diyl)dibenzene (6e)
Prepared according to General Procedure B using the radical precursor 1h (49.3
mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-diphenylethylene
5a (17.7 uL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO.,
pentane) to afford product 6e as a colorless oil (24.2 mg, 70% yield, average of two runs).

IH NMR (400 MHz, CDCls) § 7.30 — 7.19 (m, 10H), 5.94 — 5.88 (m, 1H), 5.60 (ddt, J = 10.1, 5.0,
2.5Hz, 1H), 3.22 (ddqg, J =9.7, 4.7, 2.3 Hz, 1H), 2.08 (dd, J = 14.1, 3.9 Hz, 1H), 2.01 — 1.96 (m,
1H), 1.93 - 1.83 (m, 1H), 1.74 — 1.61 (m, 2H), 1.48 (ddd, J = 12.3, 8.2, 5.1 Hz, 3H), 1.17 (dtd, J
=14.8, 6.8, 3.8 Hz, 2H), 1.11 — 0.98 (m, 4H), 0.91 (tdd, J = 10.1, 5.6, 2.2 Hz, 3H), 0.85 — 0.69
(m, 2H).

13C NMR (101 MHz, CDCls) & 146.2, 144.7, 129.9, 129.8, 129.6, 128.6, 127.3, 126.8, 125.7,
125.6, 54.9, 46.7,41.4, 3.5, 35.2, 33.7, 33.3, 26.6, 26.5, 26.3, 25.1, 22.5.

HRMS (APCI) Calculated for CosHss [M+H]*: 345.2577, found: 345.2578.

6e

Ph_Ph 1-(2-(cyclohex-2-en-1-yl)-2,2-diphenylethyl)adamantane (6f)

Prepared according to General Procedure B using the radical precursor 1i (55.6
mg, 0.12 mmol), cyclohexene 2a (101 L, 1.0 mmol), and 1,1-diphenylethylene
5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO,,
pentane) to afford product 6f as a colorless oil (23.0 mg, 58% yield, average of two runs).

'H NMR (500 MHz, CDCls) § 7.38 — 7.14 (m, 10H), 5.89 (dt, J = 10.6, 2.1 Hz, 1H), 5.51 (ddt, J
= 10.3, 5.0, 2.5 Hz, 1H), 3.46 (ddh, J = 9.5, 4.8, 2.5 Hz, 1H), 2.18 (d, J = 14.8 Hz, 1H), 2.07 (d,
J=15.2 Hz, 1H), 2.05 - 2.01 (m, 2H), 1.88 — 1.78 (m, 1H), 1.71 (p, J = 3.2 Hz, 3H), 1.67 — 1.49
(m, 7H), 1.43 (dg, J = 12.2, 2.1 Hz, 3H), 1.30 — 1.23 (m, 2H), 1.16 (dg, J = 12.3, 2.7 Hz, 3H).

13C NMR (126 MHz, CDCls) & 146.2, 145.6, 130.4, 130.2, 129.7, 128.0, 127.9, 127.6, 127.1,
126.8, 126.3, 125.7, 125.5, 54.0, 52.4, 43.5, 43.1, 41.2, 36.8, 36.7, 34.7, 29.7, 28.9, 28.5, 25.4,
25.0, 22.4.

HRMS (APCI) Calculated for CsoHss [M+H]*: 397.2890, found: 397.2887.

Ph Ph (1-(cyclohex-2-en-1-yl)-2-(1-methylcyclohexyl)ethane-1,1-diyl)dibenzene
(69)
69

Prepared according to General Procedure B using the radical precursor 1j (51.0
mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-diphenylethylene 5a (17.7 L, 0.1
mmol). The crude mixture was purified by column chromatography (SiO., pentane) to afford
product 6g as a colorless oil (21.9 mg, 58% vyield, average of two runs).

'H NMR (400 MHz, CDCls) § 7.37 — 7.30 (m, 2H), 7.31 — 7.14 (m, 8H), 5.86 (dt, J = 10.5, 2.0
Hz, 1H), 5.51 (ddt, J = 10.3, 5.1, 2.5 Hz, 1H), 3.57 — 3.38 (m, 1H), 2.31 (d, J = 14.8 Hz, 1H), 2.26
(d, J = 15.0 Hz, 1H), 2.10 — 1.97 (m, 1H), 1.82 (dt, J = 19.3, 3.2 Hz, 1H), 1.67 — 1.47 (m, 4H),
1.33 (tdd, J = 9.5, 6.8, 3.8 Hz, 3H), 1.24 — 1.05 (m, 4H), 0.96 (dd, J = 7.2, 3.8 Hz, 2H), 0.93 —
0.86 (m, 2H), 0.83 (t, J = 5.9 Hz, 2H), 0.65 (s, 3H).

13C NMR (101 MHz, CDCls)  145.8, 145.5, 130.2, 129.6, 128.0, 127.0, 126.2, 125.6, 125.5, 54.2,
41.5,39.8, 39.8, 34.7, 29.6, 26.2, 25.3, 25.0, 22.4, 21.9, 21.9.

HRMS (APCI) Calculated for Co7Hss [M+H]*: 359.2733, found: 359.2730.

6f
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Ph Ph (1-(cyclohex-2-en-1-yl)propane-1,1-diyl)dibenzene (6h)

Prepared according to General Procedure B using the radical precursor 1k (41.2
mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-diphenylethylene
5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO.,
pentane) to afford product 6h as a colorless oil (17.8 mg, 64% yield, average of two runs).

'H NMR (400 MHz, CDCls) § 7.31 — 7.21 (m, 10H), 5.90 — 5.84 (m, 1H), 5.64 — 5.58 (m, 1H),
3.22 (ddg, J = 9.8, 4.8, 2.4 Hz, 1H), 2.22 — 2.16 (m, 2H), 1.88 (dddd, J = 14.0, 5.8, 2.7, 1.4 Hz,
2H), 1.74 — 1.62 (m, 1H), 1.03 — 0.84 (m, 3H), 0.64 (t, J = 7.3 Hz, 3H).

13C NMR (101 MHz, CDCl3) & 146.0, 144.2, 129.9, 129.6, 129.6, 128.5, 127.3, 126.8, 125.6,
125.4, 54.5, 40.3, 31.6, 25.0, 24.6, 22.5, 8.9.

HRMS (APCI) Calculated for Ca1Hzs [M+H]*: 277.1951, found: 277.1948.

6h

Ph PP (1-(cyclohex-2-en-1-yl)pentane-1,1,5-triyl)tribenzene (6i)
6i Prepared according to General Procedure B using the radical precursor 1l
(53.7 mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-
diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column
chromatography (SiOz, 95:5 hexanes/CH.ClI,) to afford product 6i as a colorless oil (17.2 mg,
45% yield, average of two runs).

'H NMR (500 MHz, CDCls) § 7.31 — 7.20 (m, 13H), 7.13 — 7.09 (m, 2H), 5.85 (dp, J = 10.5, 1.8
Hz, 1H), 5.64 — 5.58 (m, 1H), 3.21 (ddh, J = 9.3, 4.6, 2.4 Hz, 1H), 2.54 — 2.49 (m, 2H), 2.19 —
2.14 (m, 2H), 1.92 — 1.83 (m, 2H), 1.72 — 1.64 (m, 1H), 1.61 — 1.51 (m, 4H), 1.14 — 1.03 (m, 2H),
0.97 (tdd, J = 12.1, 10.3, 3.8 Hz, 1H).

13C NMR (101 MHz, CDCls) & 146.3, 144.3, 142.7, 129.8, 129.5, 129.5, 128.5, 128.2, 128.2,
127.4,126.9, 125.7, 125.5, 125.5, 54.3, 40.9, 39.1, 35.7, 32.2, 25.0, 24.7, 24.1, 22.5.

HRMS (APCI) Calculated for Co9Hss [M+H]*: 381.2577, found: 381.2577.

Ph

Ph P (6-chloro-1-(cyclohex-2-en-1-yl)hexane-1,1-diyl)dibenzene (6j)

6 Prepared according to General Procedure B using the radical precursor 1m
(50.3 mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-

diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column

chromatography (SiO2, pentane) to afford product 6i as a colorless oil (25 mg, 71% yield, average

of two runs).

IH NMR (500 MHz, CDCls) § 7.31 — 7.26 (m, 4H), 7.26 — 7.19 (m, 6H), 5.84 (dd, J = 10.5, 2.2
Hz, 1H), 5.61 (ddt, J = 10.3, 5.1, 2.6 Hz, 1H), 3.44 (t, J = 6.7 Hz, 2H), 3.21 (ddd, J = 10.2, 4.7,
2.3 Hz, 1H), 2.17 - 2.09 (m, 2H), 1.92 — 1.84 (m, 2H), 1.73 — 1.63 (m, 3H), 1.57 (dt, J = 8.9, 3.1
Hz, 2H), 1.36 (dq, J = 9.4, 7.5 Hz, 2H), 1.07 — 0.92 (m, 3H).

BC NMR (126 MHz, CDCl3) § 146.3, 144.1, 129.8, 129.4, 128.6, 127.4,126.9, 125.8, 125.6, 54.3,
45.1,41.1,39.1, 32.4, 27.6, 25.1, 24.8, 23.7, 22.5.

HRMS (APCI) Calculated for C24H30Cl [M+H]*: 353.2031, found: 353.2021.

Cl

] Ph._ Ph 3-(4-(cyclohex-2-en-1-yl)-4,4-diphenylbutyl)pyridine (6k)
Prepared according to General Procedure B using the radical precursor 1n
(43.4 mg, 0.1 mmol), cyclohexene 2a (101 uL, 1.0 mmol), and 1,1-
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diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by preparative TLC
(SiO2, 90:10 toluene/acetone) to afford product 6k as a colorless oil (15.3 mg, 42% yield, average
of two runs).

'H NMR (500 MHz, CDCls) & 8.42 (dd, J = 4.8, 1.7 Hz, 1H), 8.36 — 8.32 (m, 1H), 7.34 — 7.30
(m, 1H), 7.27 — 7.24 (m, 3H), 7.24 — 7.20 (m, 2H), 7.20 — 7.15 (m, 5H), 5.80 (dp, J = 10.5, 1.8
Hz, 1H), 5.62 — 5.56 (m, 1H), 3.22 — 3.13 (m, 1H), 2.49 (t, J = 7.5 Hz, 2H), 2.22 — 2.07 (m, 2H),
1.90 — 1.77 (m, 2H), 1.72 — 1.64 (m, 2H), 1.60 — 1.46 (m, 2H), 1.41 — 1.29 (m, 2H), 0.98 — 0.89
(m, 1H).

BC NMR (101 MHz, CDCls) & 149.9, 147.2, 146.0, 143.8, 137.3, 135.7, 129.7, 129.4, 129.2,
128.6, 127.5, 126.9, 125.8, 125.7, 123.2, 54.2, 41.1, 38.4, 33.3, 25.6, 25.0, 24.7, 22.4.

HRMS (ESI) Calculated for Ca7HsoN [M+H]*: 368.2373, found: 368.2374.

Ph PR Tert-butyl (4-(cyclohex-2-en-1-yl)-4,4-diphenylbutyl)carbamate (61)
6l Prepared according to General Procedure B using the radical precursor 10
(47.2 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-
diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column
chromatography (SiO», 80:20 hexanes/EtOAc) to afford product 61 as a colorless oil (19.7 mg,
49% vyield, average of two runs).

'H NMR (500 MHz, CDCl3) 6 7.30 — 7.19 (m, 10H), 5.82 (dt, J = 10.3, 2.2 Hz, 1H), 5.65 — 5.57
(m, 1H), 4.35 (s, 1H), 3.23 — 3.16 (m, 1H), 3.02 (d, J = 7.1 Hz, 2H), 2.19 — 2.07 (m, 2H), 1.90 -
1.83 (m, 2H), 1.68 (dtd, J = 13.6, 7.5, 6.8, 4.2 Hz, 1H), 1.55 (dtt, J = 13.4, 7.7, 3.3 Hz, 2H), 1.44
(s, 9H), 1.20 - 1.09 (m, 2H), 1.00 — 0.95 (m, 1H).

3C NMR (101 MHz, CDCls) § 155.8, 146.0, 143.8, 129.7, 129.3, 129.2, 128.7, 127.5, 126.9,
125.8, 125.7, 54.0, 41.0, 36.3, 28.4, 25.0, 24.7, 22.4.

HRMS (ESI) Calculated for C2;H3sNNaO, [M+Na]*: 428.2560, found: 428.2552.

Q—\ Ph Ph 3-(2-(cyclohex-2-en-1-yl)-2,2-diphenylethyl)-3-methyloxetane (6m)
om Prepared according to General Procedure B using the radical precursor 1p (47.9
mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-diphenylethylene

5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO2, 20:1
hexanes/Et,0) to afford product 6m as a white solid (28.2 mg, 85% vyield, average of two runs).

'H NMR (400 MHz, CDCls) & 7.37 — 7.15 (m, 10H), 5.75 (dp, J = 10.4, 1.8 Hz, 1H), 5.54 (ddt,
J=10.3,5.0, 2.4 Hz, 1H), 3.85 (d, J = 5.7 Hz, 1H), 3.80 (d, J = 5.7 Hz, 1H), 3.65 (d, J = 5.7 Hz,
1H), 3.62 (d, J = 5.7 Hz, 1H), 3.37 — 3.27 (m, 1H), 2.69 (d, J = 14.6 Hz, 1H), 2.46 (d, J = 14.6
Hz, 1H), 1.98 — 1.89 (m, 1H), 1.88 — 1.77 (m, 1H), 1.62 (dddd, J = 12.8, 6.2, 4.5, 2.5 Hz, 1H),
1.58 — 1.48 (m, 2H), 1.33 (s, 3H), 0.98 — 0.81 (m, 1H).

13C NMR (101 MHz, CDCls) 5 144.1, 142.9, 129.9, 129.7, 128.8, 128.7, 127.6, 126.7, 126.3,
126.0, 83.9, 83.3, 54.2, 46.8, 42.9, 39.7, 25.4, 25.0, 24.9, 22.3.

HRMS (APCI) Calculated for CosHz90 [M+H]*: 333.2213, found: 333.2207.

TsN—\ Phy Ph 3-(2-(cyclohex-2-en-1-yl)-2,2-diphenylethyl)-1-tosylazetidine (6n)
on Prepared according to General Procedure B using the radical precursor 1q (64.4

mg, 0.12 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-diphenylethylene

BocHN
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5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO,, 95:5
hexanes/EtOAC) to afford product 6n as a colorless oil (28.9 mg, 61% yield, average of two runs).

'H NMR (500 MHz, CDCl3) & 7.58 — 7.54 (m, 2H), 7.35 — 7.30 (m, 2H), 7.25 — 7.19 (m, 6H),
7.05 (ddd, J = 7.7, 3.5, 1.6 Hz, 4H), 5.70 (dp, J = 10.4, 1.8 Hz, 1H), 5.56 (ddg, J = 10.3, 4.9, 2.4
Hz, 1H), 3.41 (t, J = 8.1 Hz, 1H), 3.25 (t, J = 8.1 Hz, 1H), 3.03 (ddt, J = 6.9, 4.6, 2.5 Hz, 1H),
2.83 (dd, J = 8.1, 7.0 Hz, 1H), 2.71 (dd, J = 8.1, 6.9 Hz, 1H), 2.45 (s, 3H), 2.44 — 2.34 (m, 1H),
2.21 - 2.14 (m, 2H), 2.00 (dd, J = 14.2, 7.3 Hz, 1H), 1.82 (d, J = 17.9 Hz, 1H), 1.76 — 1.67 (m,
1H), 1.55 — 1.41 (m, 1H), 0.79 (tdd, J = 12.3, 10.2, 3.4 Hz, 1H).

13C NMR (126 MHz, CDCls) & 144.6, 143.8, 142.7, 131.5, 129.5, 129.4, 129.2, 129.1, 128.4,
128.3,127.9, 127.1, 126.3, 126.2, 56.4, 56.2, 53.7, 43.5, 41.3, 25.5, 24.9, 24.6, 22.3, 21.6.
HRMS (ESI) Calculated for CsHssNNaO,S [M+Na]*: 494.2124, found: 494.2117

(3S,4aR,6aR,6bS,12aR,14aR,14bR)-8a-(2-(cyclohex-2-en-1-yl)-
2,2-diphenylethyl)-4,4,6a,6b,11,11,14b-heptamethyl
1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,14a,14b-
icosahydropicen-3-ol (60)

Prepared according to General Procedure B using the radical
precursor 1r (74.0 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), and 1,1-diphenylethylene
5a (17.7 pL, 0.1 mmol). Multiple purifications by column chromatography resulted in poor
separation from the simple decarboxylation product. The yield (49%, 1.5:1 dr, average of two
runs) of 60 was inferred by *H NMR analysis of the crude reaction mixture using trichloroethylene
as the internal standard. An analytical amount of 86% pure compound (containing 14% of the
simple decarboxylation product as estimated by *H NMR) was isolated by preparative TLC (90:10
hexanes/EtOAC) to obtain a colorless oil.

'H NMR (500 MHz, CDCl3) 1.5:1 mixture of diastereoiomers § 7.46 — 7.13 (m, 10H), 5.84 (d, J
= 10.6 Hz, 0.5H), 5.71 (d, J = 11.0 Hz, 0.5H), 5.55 — 5.45 (m, 1H), 5.09 — 5.05 (m, 0.5H), 4.96
(t, J = 3.6 Hz, 0.5H), 3.57 — 3.37 (m, 1H), 3.28 — 3.20 (m, 1H), 2.49 (d, J = 15.2 Hz, 0.5H), 2.43
—2.32(m, 1H), 2.21 (d, J = 11.5 Hz, 0.5H), 2.07 - 1.93 (m, 2H), 1.92 — 1.73 (m, 5H), 1.69 — 1.53
(m, 14H), 1.44 (qd, J = 12.5, 3.2 Hz, 5H), 1.08 (d, J = 4.6 Hz, 2H), 1.04 — 1.00 (m, 6H), 0.98 (d,
J = 4.1 Hz, 4H), 0.95 — 0.89 (m, 4H), 0.81 (d, J = 2.3 Hz, 3H), 0.75 (d, J = 1.6 Hz, 4H), 0.54 (d,
J=6.2 Hz, 2H).

13C NMR (126 MHz, CDCI3) 1.5:1 mixture of diastereoiomers & 145.4, 145.1, 129.7, 129.5,
128.3, 127.1, 127.0, 126.2, 126.1, 125.6, 125.5, 125.4, 122.2, 122.0, 79.0, 55.2, 55.1, 54.6, 54.2,
47.7, 47.6, 47.5, 46.7, 46.6, 44.9, 44.1, 43.9, 41.8, 40.9, 40.8, 39.9, 38.7, 38.5, 38.4, 37.2, 37.1,
36.9, 36.8, 35.7, 34.4, 34.3, 33.6, 33.3, 33.0, 32.3, 32.1, 31.1, 30.9, 30.6, 30.3, 30.2, 29.2, 28.0,
28.0, 27.2, 26.9, 26.9, 26.2, 26.1, 25.4, 25.0, 23.9, 23.8, 23.7, 23.6, 23.6, 22.7, 22.2, 18.3, 16.9,
16.8, 15.6, 15.5, 15.5, 15.5, 15.3.

HRMS (APCI) Calculated for Cs9HeeO [M+H]*: 673.5343, found: 673.5337.

(5S,8R,9S,10S,13R,14S,17R)-17-(6-(cyclohex-2-en-1-yl) 6,6-
diphenylhexan-2-yl)-10,13-dimethyldodecahydro-3H-

h  cyclopenta[a]phenanthrene-3,7,12(2H,4H)-trione (6p)

" Prepared according to General Procedure B using the radical
precursor 1s (68.5 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0
mmol), and 1,1-diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by
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column chromatography (SiO2, 90:10 toluene/EtOAC) to afford product 6p as a white solid (40.7
mg, 66% yield, 1.1:1 d.r., average of two runs).

'H NMR (500 MHz, CDCls) 1.1:1 mixture of diastereoiomers & 7.31 — 7.17 (m, 10H), 5.83 (t, J
= 8.7 Hz, 1H), 5.63 — 5.55 (m, 1H), 3.20 (s, 1H), 2.96 — 2.79 (m, 3H), 2.38 — 2.21 (m, 6H), 2.17
—2.02 (m, 5H), 2.01 — 1.79 (m, 6H), 1.71 — 1.52 (m, 5H), 1.25 (d, J = 24.8 Hz, 6H), 1.16 — 1.06
(m, 2H), 1.03 (d, J = 2.4 Hz, 3H), 0.89 — 0.74 (m, 2H), 0.66 (dd, J = 9.3, 6.5 Hz, 3H).

13C NMR (126 MHz, CDCl3) 1.1:1 mixture of diastereociomers & 212.0, 209.0, 208.8, 146.4,
144.6, 144.1, 129.8, 129.8, 129.5, 129.5, 129.4, 128.5, 128.4, 127.3, 126.9, 126.8, 125.6, 125.6,
125.4,56.9, 54.5, 54.3, 51.7, 49.0, 46.8, 46.0, 46.0, 45.5, 45.0, 42.8, 41.4, 40.7, 39.7, 39.5, 38.6,
36.5, 36.2, 36.0, 35.9, 35.8, 35.3, 29.7, 29.2, 27.7, 27.7, 25.1, 25.0, 24.8, 24.7, 22.5, 22.4, 21.9,
21.4,21.3,18.9,11.8.

HRMS (ESI) Calculated for C43sHs4sNaO3; [M+Na]*: 641.3965, found: 641.3964.

o Ph P (4-chlorophenyl)(3-(3-(cyclohex-2-en-1-yI)-3,3-diphenylpropyl)-
N ‘ 5-methoxy-2-methyl-1H-indol-1-yl)methanone (6q)
O 6q Prepared according to General Procedure B using the radical
Cl OMe

precursor le (64.1 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0
mmol), 1,1-diphenylethylene 5a (35.3 pL, 0.2 mmol), and catalyst C5 (7.6 mg, 0.2 mmol). The
crude mixture was purified by column chromatography (SiO,, 98:2 hexanes/EtOAC) to afford
product 6q as a yellowish oil (20.8 mg, 36% yield, average of two runs).

'H NMR (500 MHz, CDCls) & 7.66 — 7.63 (m, 2H), 7.49 — 7.45 (m, 2H), 7.38 — 7.29 (m, 8H),
7.28 —7.22 (m, 2H), 6.86 (d, J = 9.0 Hz, 1H), 6.63 (dd, J = 9.0, 2.6 Hz, 1H), 6.47 (d, J = 2.5 Hz,
1H), 5.95 (d, J = 10.4 Hz, 1H), 5.67 (ddd, J = 10.4, 4.8, 2.5 Hz, 1H), 3.78 (s, 3H), 3.38 (s, 1H),
2.45-2.37 (m, 1H), 2.36 — 2.25 (m, 3H), 2.18 (s, 3H), 2.01 — 1.87 (m, 2H), 1.77 — 1.66 (m, 1H),
1.34 (d, J = 24.8 Hz, 1H), 1.15 - 1.03 (m, 1H), 0.96 — 0.84 (m, 1H).

3C NMR (101 MHz, CDCIs) & 168.3, 155.8, 146.2, 144.0, 138.9, 134.3, 133.5, 131.0, 131.0,
130.9, 129.9, 129.6, 129.1, 129.0, 129.0, 127.7, 127.1, 126.0, 125.9, 120.2, 115.1, 111.4, 100.6,
55.7,54.5,40.3, 39.3, 25.1, 24.9, 22.5, 18.9, 13.1.

HRMS (ESI) Calculated for CssH3sCINNaO, [M+Na]*": 596.2327, found: 596.2336.

Ph PR Ethyl 4-(cyclopent-2-en-1-yl)-4,4-diphenylbutanoate (6s)

Prepared according to General Procedure B using the radical precursor 4b (48.1
mg, 0.1 mmol), cyclopentene 2¢ (110 pL, 1.0 mmol), and 1,1-diphenylethylene
5a (17.7 uL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO., 70:30
hexanes/toluene) to afford product 6s as a colorless oil (25.0 mg, 75% yield, average of two runs).

'H NMR (500 MHz, CDCls) 6 7.29 — 7.19 (m, 10H), 5.83 (dq, J = 6.0, 2.0 Hz, 1H), 5.64 (dq, J =
5.8, 2.3 Hz, 1H), 4.07 (q, J = 7.2 Hz, 2H), 3.76 (ddt, J = 8.5, 6.0, 2.5 Hz, 1H), 2.53 (ddd, J = 13.9,
11.7, 4.8 Hz, 1H), 2.39 (ddd, J = 13.8, 11.6, 5.2 Hz, 1H), 2.12 (ddd, J = 16.4, 11.7, 4.8 Hz, 1H),
2.07 - 1.98 (m, 3H), 1.54 — 1.46 (m, 1H), 1.22 (t, J = 7.2 Hz, 3H), 0.94 — 0.84 (m, 1H).

C NMR (126 MHz, CDCls) § 173.9, 145.9, 144.1, 133.3, 131.8, 129.8, 129.2, 127.4, 127.2,
125.9, 125.8, 60.3, 53.5, 51.3, 34.8, 31.6, 30.0, 25.7, 14.1.

HRMS (ESI) Calculated for C2sH2sNaO, [M+Na]*: 357.1825, found: 357.1818.

EtO,C
6s
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Ph PP Ethyl (2)-4-(cyclooct-2-en-1-yl)-4,4-diphenylbutanoate (6t)

Prepared according to General Procedure B using the radical precursor 4b

(48.1 mg, 0.1 mmol), Z-cyclooctene 2e (130 pL, 1.0 mmol), and 1,1-
diphenylethylene 5a (17.7 pL, 0.1 mmol). Multiple purifications by column chromatography
resulted in poor separation from several unidentified byproducts. The yield (39%, average of two
runs) of 6t was inferred by *H NMR analysis of the crude reaction mixture using trichloroethylene
as the internal standard. An analytical amount of pure compound was isolated by preparative TLC
(50:50 hexanes/toluene) to obtain a colorless oil.

'H NMR (400 MHz, CDCl3) 4 7.32 — 7.25 (m, 4H), 7.25 - 7.18 (m, 6H), 5.66 (td, J = 9.6, 7.0 Hz,
1H), 5.27 (ddd, J = 10.8, 9.5, 1.4 Hz, 1H), 4.01 (q, J = 7.1 Hz, 2H), 3.50 — 3.40 (m, 1H), 2.38 (dd,
J=9.0,7.7 Hz, 2H), 2.14 (ddd, J = 13.4, 7.3, 3.7 Hz, 1H), 1.93 (td, J = 7.9, 6.3 Hz, 2H), 1.90 —
1.81 (m, 1H), 1.74 (ddd, J = 13.6, 7.5, 3.7 Hz, 1H), 1.66 — 1.46 (m, 4H), 1.45-1.29 (m, 2H), 1.17
(t, J=7.1Hz, 3H), 0.76 (tt, J = 12.7, 5.0 Hz, 1H).

3C NMR (101 MHz, CDClg) & 173.8, 145.3, 144.0, 130.6, 130.3, 129.5, 127.6, 127.1, 126.1,
125.9, 60.2, 53.1, 39.6, 35.7, 31.1, 29.8, 29.6, 26.7, 26.7, 25.9, 14.1.

HRMS (ESI) Calculated for CsH32NaO, [M+Na]*: 399.22875 found: 399.2287.

EtO,C
6t

Ph Ph Ethyl 4-(3-methylcyclohex-2-en-1-yl)-4,4-diphenylbutanoate (6u)
Prepared according to General Procedure B using the radical precursor 4b
(48.1 mg, 0.1 mmol), 1-methylcyclohexene 2d (118 uL, 1.0 mmol), and 1,1-
Etozc% diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by
6u column chromatography (SiO2, 70:30 hexanes/toluene) to afford product 6u

as a colorless oil (24.3 mg, 67% vyield, 5:1 r.r., average of two runs).

'H NMR (400 MHz, CDCls) 5:1 mixture of regioisomers § 7.33 — 7.15 (m, 12H), 5.47
(brs, 1H), 5.46 — 5.42 (m, 0.2H), 4.09 — 3.99 (m, 2.4H), 3.19 — 3.08 (m, 1.2H), 2.55 (ddd, J =
13.9, 11.8, 4.5 Hz, 1H), 2.48 — 2.41 (m, 0.2H), 2.36 (ddd, J = 14.0, 11.8, 5.3 Hz, 1H), 2.24 (td, J
= 15.3, 14.6, 3.2 Hz, 0.2H), 2.06 — 1.98 (m, 1.2H), 1.96 — 1.90 (m, 1H), 1.90 — 1.85 (m, 0.2H),
1.86 —1.76 (m, 1.2H), 1.70 (dd, J = 15.9, 5.5 Hz, 1.2H), 1.57 (s, 0.8H), 1.52 (dd, J = 2.3, 1.3 Hz,
3H), 1.23 - 1.15 (m, 3.6H), 0.85 — 0.79 (m, 1.2H).

13C NMR (101 MHz, CDCls) major regioisomer & 173.9, 145.5, 143.0, 135.8, 129.7, 129.3,
127.6, 127.6, 126.9, 125.8, 125.8, 123.0, 60.2, 53.9, 41.7, 33.9, 30.1, 29.8, 24.4, 23.9, 22.5,
14.1.

HRMS (ESI) Calculated for C2sH3oNaO, [M+Na]*: 385.2138 found: 385.2139.

EtO,C
6u

Phy Ph o, Ethyl 4,4-diphenyl-4-(3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-

E0,C yl)butanoate (6v)
6v

Prepared according to General Procedure B using the radical precursor 4b
(48.1 mg, 0.1 mmol), 1-phenylcyclohexene 2f (160 pL, 1.0 mmol), and 1,1-diphenylethylene 5a
(17.7 pL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO, 70:30
hexanes/toluene) to afford product 6v as a colorless oil (22.0 mg, 52% yield, average of two runs).
'H NMR (400 MHz, CDCl3) § 7.32 —7.29 (m, 5H), 7.28 — 7.17 (m, 9H), 6.17 (dt, J = 2.6, 1.4 Hz,
1H), 4.08 (g, J = 7.2 Hz, 2H), 3.37 (d, J = 9.5 Hz, 1H), 2.62 (ddd, J = 14.0, 11.6, 4.8 Hz, 1H),
2.49 (ddd, J = 14.0, 11.5, 5.6 Hz, 1H), 2.38 — 2.29 (m, 1H), 2.12 — 1.93 (m, 5H), 1.81 — 1.74 (m,
1H), 1.72 - 1.64 (m, 1H), 1.23 (t, J = 7.1 Hz, 3H), 1.03 (tdd, J = 12.7, 10.2, 3.3 Hz, 1H).
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3C NMR (101 MHz, CDCls) § 173.8, 145.1, 142.9, 142.8, 138.4, 129.7, 129.3, 128.1, 127.8,
126.7, 126.6, 126.1, 126.0, 125.3, 60.3, 54.2, 42.1, 34.1, 30.1, 27.4, 24.2, 22.7, 14.1.
HRMS (ESI) Calculated for CsoH32NaO, [M+Na]*: 447.2295 found: 447.2293.

o PhPh (1S,5R)-4-(2-cyclohexyl-1,1-diphenylethyl)-2,6,6-
f&@L trimethylbicyclo[3.1.1]hept-2-ene (6w)
Prepared according to General Procedure B using the radical precursor 1h (49.3
mg, 0.12 mmol), a-pinene 2g (158 pL, 1.0 mmol), and 1,1-diphenylethylene 5a (17.7 pL, 0.1

mmol). The crude mixture was purified by column chromatography (SiO2, cyclohexane) to afford
product 6w as a colorless oil (19.4 mg, 49% yield, >10:1 d.r., average of two runs).

'H NMR (500 MHz, CDCls) § 7.28 — 7.19 (m, 10H), 5.49 (p, J = 1.8 Hz, 1H), 3.33 (g, J = 2.3 Hz,
1H), 2.21 (tt, = 5.8, 1.9 Hz, 1H), 2.14 (dd, J = 14.1, 3.5 Hz, 1H), 1.87 (dd, J = 14.1, 5.2 Hz, 1H),
1.66 (td, J = 5.4, 1.3 Hz, 1H), 1.59 (dd, J = 2.5, 1.6 Hz, 3H), 1.55 — 1.41 (m, 6H), 1.23 (s, 3H),
1.03 (td, J = 11.3, 4.4 Hz, 3H), 0.97 (s, 3H), 0.95 — 0.84 (m, 3H), 0.72 — 0.63 (m, 1H).

13C NMR (101 MHz, CDCls) § 147.0, 145.5, 129.6, 129.4, 127.2, 126.9, 125.5, 125.4, 116.8, 54.0,
46.9, 46.2, 44.8, 42.0, 41.3, 35.6, 35.1, 33.6, 26.6, 26.4, 26.3, 25.4, 23.2, 20.7.

HRMS (APCI) Calculated for CaoHas [M+H]*: 399.3046 found: 399.3036.

Ph P ethyl 4-(3-(2-(1,3-dioxoisoindolin-2-yl)ethyl)cyclohex-2-en-1-yl)-4,4-
|- diphenylbutanoate (6x)

BT e Prepared according to General Procedure B using the radical precursor
Ph. Ph NPhth 4P (48.1 mg, 0.1 mmol), 2-(2-(cyclohex-1-en-1-yl)ethyl)isoindoline-1,3-
fﬁ dione 2h (128 mg, 5.0 mmol), and 1,1-diphenylethylene 5a (17.7 uL, 0.1

E0,C7 g mmol). The crude mixture was purified by column chromatography

(SiO2, 90:10 hexanes/EtOAC) to afford product 6x as a colorless oil (32.3
mg, 62% yield, 5:1 r.r., average of two runs). When using catalyst C7, 6x was obtained as a
colorless oil (25 mg, 48% yield, 10:1 r.r.).

'H NMR (500 MHz, CDClIs) 5:1 mixture of regioisomers & 7.88 (dd, J = 5.4, 3.1 Hz, 2H), 7.79
(td, J = 5.4, 2.3 Hz, 2H), 7.22 — 7.11 (m, 6H), 7.11 — 7.06 (m, 2H), 7.03 — 6.98 (m, 2H), 5.47 (s,
1H), 5.26 (m, 0.2H), 4.04 (g, J = 7.2 Hz, 2H), 3.70 — 3.63 (m, 1H), 3.60 (ddd, J = 13.4, 7.8, 5.3
Hz, 1H), 3.02 (d, J = 9.2 Hz, 1H), 2.46 (ddd, J = 14.0, 11.2, 5.2 Hz, 1H), 2.35 (ddd, J = 13.9,
11.1,5.9 Hz, 1H), 2.20 (dt, J = 15.0, 7.6 Hz, 1H), 2.13 (dt, J = 12.8, 6.2 Hz, 1H), 1.97 — 1.90 (m,
2H), 1.86 (dt, J = 13.5, 4.1 Hz, 2H), 1.70 — 1.61 (m, 2H), 1.58 — 1.49 (m, 1H), 1.20 (t, J = 7.2 Hz,
3H), 0.90 - 0.81 (m, 1H).

13C NMR (126 MHz, CDCl3) major regioisomer § 173.8, 168.1, 145.1, 142.8, 135.9, 133.8, 132.2,
129.7, 129.1, 127.6, 126.9, 126.0, 125.9, 125.8, 123.1, 60.2, 53.7, 41.3, 36.9, 36.4, 33.9, 29.9,
27.6,24.2,22.5,14.1.

HRMS (ESI) Calculated for CssH3sNNaOs [M+Na]*: 544.2458 found: 544.2469.
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Ph_Ph Bpin ethyl 4,4-diphenyl-4-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
EtO,C yl)cyclohex-2-en-1-yl)butanoate (6y)
> Prepared according to General Procedure B using the radical precursor 4b
gpin  (48.1 mg, 0.1 mmol), 2-(cyclohex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane 2i (110 pL, 0.5 mmol), and 1,1-diphenylethylene 5a (17.7
pL, 0.1 mmol). The crude mixture was purified by column
chromatography (SiO2, 50:50 hexanes/toluene) to afford product 6y as a colorless oil (21.3 mg,
45% yield, 1.2:1 r.r., average of two runs). When using catalyst C6, the yield (50% yield, 1:4 r.r.)
of 6y’ was inferred by 'H NMR analysis of the crude reaction mixture using trichloroethylene as
the internal standard.

'H NMR (500 MHz, CDCls) 1.2:1 mixture of regioisomers § 7.43 — 7.39 (m, 1H), 7.36 — 7.29 (m,
3H), 7.27 — 7.20 (m, 6H), 6.68 (d, J = 2.6 Hz, 0.5H), 6.61 (ddd, J = 4.9, 3.4, 1.2 Hz, 0.5H), 4.06
(9, J=7.1Hz, H), 3.99 (qd, J = 7.1, 0.9 Hz, 1H), 3.60 — 3.55 (m, 1H), 2.56 — 2.44 (m, 1H), 2.43
—2.32 (m, 1H), 2.20 (ddd, J = 15.1, 11.6, 5.3 Hz, 1H), 1.98 (dd, J = 9.3, 7.4 Hz, 1H), 1.75 (qd, J
= 6.1, 3.0 Hz, 1H), 1.70 - 1.63 (m, 1H), 1.28 (d, J = 2.2 Hz, 1H), 1.26 (s, 4H), 1.24 (s, 3H), 1.21
(d, J =2.0 Hz, 3H), 1.20 — 1.19 (m, 3H), 1.17 (d, J = 7.1 Hz, 1H), 1.07 — 0.99 (m, 1H), 0.95 —
0.82 (m, 2H), 0.73 — 0.64 (m, 0.5H).

3C NMR (101 MHz, CDCl3) 1.2:1 mixture of regioisomers & 174.0, 173.9, 146.9, 143.8, 143.3,
143.0, 130.6, 130.4, 129.8, 129.4, 127.8, 127.4, 127.0, 126.0, 125.9, 83.2, 82.9, 60.3, 60.0, 56.7,
53.9, 41.9, 40.1, 36.3, 33.9, 30.7, 30.0, 26.3, 25.1, 25.0, 24.9, 24.4, 24.3, 22.5, 19.4, 14.1.
HRMS (ESI) Calculated for CsH3gNaO4°B [M+Na]*: 496.2870 found: 496.2864.

Ph  Ph

EtO,C
6y’

(3S,8S,9S,10R,13R,14S,17R)-7-(2-cyclohexyl-1,1-
diphenylethyl)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-ol (6z)

Prepared according to General Procedure B using the radical
precursor 1h (49.3 mg, 0.12 mmol), cholesterol 2j (193 mL, 0.5 mmol), and 1,1-diphenylethylene
5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column chromatography (SiO,, 95:5
hexanesEtOAC) to afford product 6y as a white solid. The yield (48% vyield, 5:1 d.r., average of
two runs) of 6z was inferred by 'H NMR analysis of the crude reaction mixture using
trichloroethylene as the internal standard.

'H NMR (500 MHz, CDCls) 5:1 mixture of diastereoisomers 8 7.63 —6.97 (m, 10H), 5.61 - 5.35
(m, 1H), 3.58 — 3.40 (m, 1H), 3.25 (d, J = 71.6 Hz, 1H), 2.37 (d, J = 14.0 Hz, 1H), 2.25 — 2.14
(m, 1H), 2.02 — 1.95 (m, 1H), 1.90 (td, J = 11.5, 7.5 Hz, 2H), 1.86 — 1.74 (m, 3H), 1.72 (d, J =
3.5 Hz, 2H), 1.64 — 1.49 (m, 7H), 1.39 (ddt, J = 33.2, 17.5, 7.1 Hz, 9H), 1.25 — 1.12 (m, 10H),
1.11 - 0.99 (m, 4H), 0.94 (d, J = 6.5 Hz, 3H), 0.90 (dt, J = 6.6, 2.6 Hz, 7H), 0.74 — 0.58 (m, 1H),
0.16 (g, J = 12.0, 10.8 Hz, 1H), -0.21 (d, J = 12.5 Hz, 1H), -0.57 (s, 2H).

13C NMR (126 MHz, CDCls) 5:1 mixture of diastereoisomers § 146.9, 142.2, 140.9, 129.1, 126.1,
126.1, 125.6, 125.4, 71.1, 60.4, 59.0, 56.7, 56.4, 49.7, 46.3, 44.8, 43.1, 42.3, 41.8, 39.5, 38.5,
37.6, 37.4, 36.2, 36.1, 34.8, 34.7, 34.3, 31.6, 28.8, 28.1, 28.0, 26.8, 26.4, 26.0, 24.1, 24.0, 22.8,
22.6,19.1,19.0, 155, 13.2, 11.1.

HRMS (APCI) Calculated for C47HgO [M+H]*: 649.5186, found: 649.5180.
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Ph._ Ph Ethyl 4,4-diphenyl-4-(1,2,3,4-tetrahydronaphthalen-1-yl)butanoate
EtO,C (6aa)

baa Prepared according to General Procedure B using the radical precursor 4b
(48.1 mg, 0.1 mmol), tetralin 2k (136 uL, 1.0 mmol), and 1,1-diphenylethylene 5a (17.7 uL, 0.1
mmol). Multiple purifications by column chromatography resulted in poor separation from
several unidentified byproducts. The yield (60%, average of two runs) of 6aa was inferred by *H
NMR analysis of the crude reaction mixture using trichloroethylene as the internal standard. An
analytical amount of pure compound was isolated by preparative TLC (50:50 hexanes/toluene) to
obtain a colorless oil.

'H NMR (500 MHz, CDCls) & 7.30 — 7.16 (m, 7H), 7.16 — 7.10 (m, 3H), 7.09 — 7.02 (m, 4H),
6.81 (d, J = 7.3 Hz, 1H), 4.06 (qd, J = 7.2, 3.0 Hz, 2H), 2.67 (ddd, J = 14.0, 11.6, 4.1 Hz, 1H),
2.37 (ddd, J = 14.1, 12.1, 5.3 Hz, 1H), 2.28 — 2.20 (m, 1H), 2.16 (ddd, J = 16.1, 12.1, 4.0 Hz, 1H),
2.05-1.96 (M, 1H), 1.88 (ddt, J = 14.3, 11.8, 5.9 Hz, 1H), 1.67 (ddd, J = 16.1, 11.7, 5.3 Hz, 1H),
1.57 — 1.50 (m, 1H), 1.22 (t, J = 7.1 Hz, 3H), 1.15 (dddd, J = 16.7, 10.3, 6.1, 3.0 Hz, 1H), 0.80 —
0.70 (m, 1H).

13C NMR (126 MHz, CDCls) & 173.8, 143.5, 137.0, 130.8, 130.3, 130.2, 128.5, 127.8, 127.8,
127.4,127.2,126.3, 126.0, 125.9, 124.7, 60.2, 57.4, 44.2, 35.5, 30.7, 29.1, 25.1, 23.2, 14.2, 14.2.

HRMS (ESI) Calculated for CsHzoNaO, [M+Na]*: 421.2138, found: 421.2138.

/\PB{'@ Ethyl 4-(1,3-dihydroisobenzofuran-1-yl)-4,4-diphenylbutanoate (6bb)
EtO,C
6bb O

Prepared according to General Procedure B using the radical precursor 4b

(48.1 mg, 0.1 mmol), 1,3-dihydrobenzofuran 21 (109 uL, 1.0 mmol), and
1,1-diphenylethylene 5a (17.7 pL, 0.1 mmol). The crude mixture was purified by column
chromatography (SiO., 60:40 hexanes/toluene) to afford product 6bb as a colorless oil (21.4 mg,
55% yield, average of two runs).

'H NMR (400 MHz, CDCls) & 7.39 — 7.33 (m, 2H), 7.27 — 7.13 (m, 9H), 7.08 — 6.97 (m, 2H),
6.44 (d, J = 7.7 Hz, 1H), 6.20 (d, J = 3.0 Hz, 1H), 4.88 (d, J = 12.1 Hz, 1H), 4.48 (dd, J = 12.2,
3.1 Hz, 1H), 4.07 (q, J = 7.1 Hz, 2H), 2.78 (ddd, J = 14.0, 11.5, 4.9 Hz, 1H), 2.45 (ddd, J = 14.0,
11.4, 5.7 Hz, 1H), 2.28 — 2.13 (m, 2H), 1.22 (t, J = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) 5 173.8, 144.1, 142.8, 140.8, 138.6, 129.7, 129.5, 127.6, 127.5,
126.4, 126.3, 126.2, 123.6, 120.4, 88.9, 72.9, 60.2, 56.3, 31.6, 30.5, 14.1, 1.0.

HRMS (ESI) Calculated for CasHsNaOs [M+Na]*: 409.1774 found: 409.1776.

F P 4,4'-(1-(cyclohex-2-en-1-yl)-2-cyclohexylethane-1,1-diyl)bis(fluorobenzene)

L) e
Cy ‘ Prepared according to General Procedure B using the radical precursor 1h (49.3
Bee mg, 0.12 mmol), cyclohexene 2a (101 L, 1.0 mmol), and 4,4'-(ethene-1,1-
diyhbis(fluorobenzene) 5b (21.6 mg, 0.1 mmol). The crude mixture was purified by column
chromatography (SiO, pentane) to afford product 6cc as a colorless oil (25.8 mg, 68% vyield,

average of two runs).
'H NMR (500 MHz, CDCl3) 6 7.17 (pd, J = 6.6, 6.2, 3.1 Hz, 4H), 6.96 (td, J = 8.8, 6.3 Hz, 4H),
5.81 (dt, J = 10.4, 2.2 Hz, 1H), 5.62 (ddt, J = 10.3, 5.1, 2.6 Hz, 1H), 3.15 (ddq, J = 9.6, 4.7, 2.3
Hz, 1H), 2.03 — 1.82 (m, 4H), 1.66 (dddd, J = 19.4, 8.8, 4.4, 2.2 Hz, 1H), 1.52 — 1.47 (m, 3H),

1.11 (tt, J=7.5, 3.4 Hz, 1H), 1.07 — 0.96 (m, 5H), 0.93 — 0.86 (m, 2H), 0.85 - 0.74 (m, 3H).
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3C NMR (126 MHz, CDCls) 6 162.0 (d, J = 16.2 Hz), 160.0 (d, J = 16.3 Hz), 141.7 (d, J = 3.4
Hz), 140.1 (d, J = 3.3 Hz), 131.2 (d, J = 7.5 Hz), 131.0 (d, J= 7.6 Hz), & 129.2, 128.8, 114.1 (d,
J=20.8 Hz), 113.5(d, J = 20.6 Hz), 54.0, 46.9, 41.4, 35.4, 35.2, 33.7, 26.5 (d, J = 8.6 Hz), 26.2,
25.0 (d, J =3.9 Hz), 22.3.

F NMR (376 MHz, CDCl3) 6 -117.7

HRMS (APCI) Calculated for CxHaziF, [M+H]*: 381.2388, found: 381.2380.

07 Ethyl 4-(benzo[d][1,3]dioxol-5-yI)-4-(cyclohex-2-en-1-yl)-4-
O O ° phenylbutanoate (6dd)
EtOC ‘ Prepared according to General Procedure B using the radical precursor 4b
bad (48.1 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), 5-(1-
phenylvinyl)benzo[d][1,3]dioxole 5¢ (22.4 mg, 0.1 mmol), and catalyst C5 (7.6 mg, 0.02 mmol).
The crude mixture was purified by column chromatography (SiO., 60:40 hexanes/toluene) to
afford product 6dd as a colorless oil (29.5 mg, 73% vyield, 1.1:1 dr, average of two runs).

'H NMR (400 MHz, CDCls) 1.1:1 mixture of diastereoisomers § 7.32 — 7.19 (m, 5H), 6.79 — 6.66
(m, 3H), 5.98 —5.94 (m, 2H), 5.85 - 5.73 (m, 1H), 5.67 — 5.61 (m, 1H), 4.07 (dg, J = 9.3, 7.1 Hz,
2H), 3.13 (d, J = 8.5 Hz, 1H), 2.50 (ddd, J = 13.8, 11.8, 4.7 Hz, 1H), 2.36 (ddd, J = 11.6, 7.8, 5.8
Hz, 1H), 2.04 (ddd, J = 16.3, 11.6, 4.7 Hz, 1H), 1.99 — 1.91 (m, 1H), 1.90 (d, J = 5.2 Hz, 2H),
1.80 - 1.68 (m, 1H), 1.58 — 1.48 (m, 1H), 1.23 (g, J = 7.0 Hz, 3H), 1.07 — 0.95 (m, 1H), 0.93 —
0.84 (m, 1H).

13C NMR (101 MHz, CDCIls3) 1.1:1 mixture of diastereoisomers & 173.9, 173.8, 147.3, 146.7,
145.6, 145.3, 143.0, 139.3, 137.0, 129.7, 129.3, 129.1, 129.0, 129.0, 127.8, 127.2, 126.0, 126.0,
122.7, 122.4, 110.6, 110.0, 107.3, 106.8, 100.9, 100.8, 60.3, 53.6, 42.0, 41.7, 34.3, 34.1, 30.2,
30.1,25.1, 25.0, 24.8, 24.7,22.4, 14.2.

HRMS (ESI) Calculated for CsH2sNaOs [M+Na]*: 415.1880, found: 415.1882.

NHAc  Ethyl 4-(4-acetamidophenyl)-4-(cyclohex-2-en-1-yl)-4-
O O phenylbutanoate (6ee)

EtO.C ‘ Prepared according to General Procedure B using the radical precursor 4b

Bee (48.1 mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), N-(4-(1-
phenylvinyl)phenyl)acetamide 5d (23.7 mg, 0.1 mmol), and catalyst C5 (7.6 mg, 0.02 mmol).
Multiple purifications by column chromatography resulted in poor separation from several
unidentified byproducts. The yield (83%,1.1:1 dr, average of two runs) of 6ee was inferred by *H
NMR analysis of the crude reaction mixture using trichloroethylene as the internal standard. An
analytical amount of the pure compound was isolated by preparative TLC (90:10 hexanes/EtOAC)
to obtain a colorless oil.

'H NMR (400 MHz, CDCls) 1.1:1 mixture of diastereoisomers § 7.43 (d, J = 8.6 Hz, 2H), 7.31 —
7.27 (m, 1H), 7.25 — 7.14 (m, 6H), 5.77 (d, J = 10.8 Hz, 1H), 5.60 (d, J = 10.8 Hz, 1H), 4.06 (qd,
J=7.2,2.2Hz, 2H), 3.15 (s, 1H), 2.54 (ddd, J = 13.9, 11.7, 4.5 Hz, 1H), 2.45 — 2.33 (m, 1H),
2.20 (s, 3H), 2.10 - 1.99 (m, 1H), 1.97 — 1.82 (m, 3H), 1.61 (s, 4H), 1.22 (td, J = 7.1, 1.3 Hz, 3H),
0.95 (dd, J = 24.8, 12.4 Hz, 1H).

C NMR (101 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 173.8, 168.1, 145.1, 138.9,
135.8, 130.3, 129.9, 129.6, 129.2, 129.0, 128.9, 127.7, 127.1, 126.0, 125.9, 119.0, 118.4, 60.3,
53.4, 41.6, 34.0, 30.0, 25.0, 24.6, 22.3, 14.1, 1.0.

HRMS (ESI) Calculated for CosH3z1NaNO3s [M+Na]*: 428.2196, found: 428.2184.
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CHO  4-(1-(cyclohex-2-en-1-yl)-2-cyclohexyl-1-phenylethyl)benzaldehyde
(2§D @m
EtO,C ‘ Prepared according to General Procedure B using the radical precursor 1h
o (49.3 mg, 0.12 mmol), cyclohexene 2a (101 uL, 1.0 mmol), 4-(1-
phenylvinyl)benzaldehyde 5e (20.8 mg, 0.1 mmol), and catalyst C5 (7.6 mg, 0.02 mmol). The
crude mixture was purified by column chromatography (SiO,, 95:5 hexanes/CHCl,) to afford
product 6ff as a colorless oil (23 mg, 62% vyield,1.1:1 dr, average of two runs).

'H NMR (500 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 10.02 (d, J = 3.3 Hz, 1H), 7.83
—7.77 (m, 2H), 7.44 (dd, J = 8.6, 7.0 Hz, 2H), 7.31 — 7.18 (m, 5H), 5.89 (dqg, J = 10.3, 2.0 Hz,
0.5H),5.82 (dp, J = 10.4, 1.8 Hz, 0.5H), 5.62 (ddt, J = 10.3, 4.9, 2.5 Hz, 1H), 3.32 — 3.22 (m,
1H), 2.09 (ddd, J = 14.0, 8.0, 3.9 Hz, 1H), 2.03 (ddd, J = 14.2, 4.9, 2.7 Hz, 1H), 1.99 — 1.92 (m,
1H), 1.87 (d, J = 17.3 Hz, 1H), 1.56 (qdd, J = 10.6, 4.6, 2.5 Hz, 3H), 1.51 — 1.44 (m, 3H), 1.13
(tt, J=7.0, 3.9 Hz, 1H), 1.08 — 0.94 (m, 5H), 0.88 (dddd, J = 11.1, 7.4, 5.4, 1.9 Hz, 1H), 0.84 —
0.74 (m, 2H).

3C NMR (101 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 192.2, 192.1, 154.1, 152.4,
145.3, 143.7, 134.1, 134.0, 130.5, 130.4, 129.7, 129.5, 129.3, 129.2, 128.8, 128.7, 128.2, 127.6,
127.0, 126.0, 126.0, 55.6, 46.5, 41.4, 41.2, 35.4, 35.4, 35.2, 35.2, 33.7, 33.6, 26.5, 26.5, 26.4,
26.2, 26.1, 25.0, 25.0, 22.4, 22.3.

HRMS (ESI) Calculated for C27H32NaO [M+Na]*: 395.2345, found: 395.2348.

O Ethyl 4-(cyclohex-2-en-1-yl)-4-(2-ethylphenyl)-4-phenylbutanoate (6gg)
Prepared according to General Procedure B using the radical precursor 4b (48.1
B0:C 609 ‘ mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), 1-ethyl-2-(1-
phenylvinyl)benzene 5f (20.8 mg, 0.1 mmol), and catalyst C5 (7.6 mg, 0.02
mmol). Multiple purifications by column chromatography resulted in poor separation from
several unidentified byproducts. The yield (76%, 1.5:1 d.r., average of two runs) of 6gg was
inferred by *H NMR analysis of the crude reaction mixture using trichloroethylene as the internal
standard. An analytical amount of the pure compound was isolated by preparative TLC (20:80
hexanes/toluene) to obtain a colorless oil.

'H NMR (400 MHz, CDCls) Major diastereoisomer & 7.48 (t, J = 7.0 Hz,), 7.32 - 7.01 (m), 5.97
(d, J = 10.5 Hz, 1H), 5.77 (dq, J = 10.3, 3.4 Hz, 1H), 4.11 — 4.04 (g, 2H), 3.13 (m, J = 2.8 Hz,
1H), 2.87 (ddd, J = 20.8, 11.6, 5.2 Hz), 2.47 — 2.22 (m), 2.09 (ddt, J = 26.8, 14.7, 7.3 Hz), 1.92 -
1.74 (m), 1.71 - 1.61 (m), 1.22 (t, J = 7.1, 3H), 1.18 — 1.00 (m), 0.87 (t, J = 7.5 Hz, 3H). Minor
diastereoisomer 6 7.48 (t, J = 7.0 Hz,), 7.32 — 7.01 (m), 5.86 (s, 1H), 5.54 (dd, J = 10.4, 3.5 Hz,
1H), 4.11 — 4.04 (q, 2H), 3.24 (s, 1H), 2.87 (ddd, J = 20.8, 11.6, 5.2 Hz), 2.47 — 2.22 (m), 2.09
(ddt, J = 26.8, 14.7, 7.3 Hz), 1.92 — 1.74 (m), 1.71 — 1.61 (m), 1.22 (t, J = 7.1, 3H), 1.18 — 1.00
(m), 0.87 (t, J = 7.5, 3H).

13C NMR (101 MHz, CDCls) 1.5:1 mixture of diastereoisomers & 173.9, 144.3, 141.9, 141.8,
131.6, 131.3, 130.0, 129.4, 129.0, 128.7, 128.5, 127.6, 127.3, 127.0, 126.4, 125.6, 125.6, 124.6,
124.5, 60.3, 60.2, 52.8, 52.5, 30.9, 30.5, 30.1, 30.0, 29.7, 26.7, 26.2, 25.9, 25.1, 25.0, 24.0, 22.9,
21.5,15.3,15.1, 14.1, 1.0.

HRMS (ESI) Calculated for C2sH3z2NaO2 [M+Na]*: 399.2295, found: 399.2281.

Ph
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O \ S/ Ethyl 4-(cyclohex-2-en-1-yl)-4-phenyl-4-(thiophen-3-yl)butanoate (6hh)

Prepared according to General Procedure B using the radical precursor 4b (48.1

6hh mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), 3-(1-

phenylvinyl)thiophene 5g (18.6 mg, 0.1 mmol), and catalyst C5 (7.6 mg, 0.02

mmol). Multiple purifications by column chromatography resulted in poor separation from

several unidentified byproducts. The yield (69%, 1.1:1 dr, average of two runs) of 6hh was

inferred by *H NMR analysis of the crude reaction mixture using trichloroethylene as the internal

standard. An analytical amount of the pure compound was isolated by preparative TLC (70:30
hexanes/toluene) to obtain a colorless oil.

!H NMR (400 MHz, CDCl3) 1.1:1 mixture of diastereoisomers & 7.32 — 7.19 (m, 6H), 7.13 (dd, J
= 2.9, 1.4 Hz, 0.5H), 6.99 (dd, J = 3.0, 1.4 Hz, 0.5H), 6.87 (dt, J =5.1, 1.1 Hz, 1H), 5.79 (d, J =
10.5 Hz, 0.5H), 5.72 (d, J = 10.4 Hz, 0.5H), 5.62 (tq, J = 7.7, 2.4 Hz, 1H), 4.12 — 4.04 (m, 2H),
3.16 — 3.00 (m, 1H), 2.56 (dddd, J = 14.3, 11.8, 10.0, 4.6 Hz, 1H), 2.43 — 2.32 (m, 1H), 2.19 —
2.05 (m, 1H), 2.03 -1.84 (m, 3H), 1.79 — 1.46 (m, 3H), 1.23 (td, J = 7.1, 4.1 Hz, 3H), 1.11 - 0.96
(m, 1H).

13C NMR (101 MHz, CDCIls3) 1.1:1 mixture of diastereoisomers & 173.8, 146.5, 144.8, 144.4,
142.5,129.7, 129.2, 129.1, 128.9, 128.9, 128.8, 128.7, 128.5, 127.9, 127.2, 126.1, 126.1, 124.5,
123.4, 122.4, 122.4, 60.3, 52.0, 51.9, 43.3, 42.5, 34.9, 33.7, 30.2, 30.2, 29.7, 25.0, 25.0, 24.6,
24.6,22.3,22.2,14.1.

HRMS (ESI) Calculated for C2:H26NaO,S [M+Na]*: 377.1546, found: 377.1547.

Et0,C

2-(1-(cyclohex-2-en-1-yl)-2-cyclohexyl-1-phenylethyl)pyridine (6ii)
Prepared according to General Procedure B using the radical precursor 1h (41.1
mg, 0.1 mmol), cyclohexene 2a (101 pL, 1.0 mmol), 2-(1-phenylvinyl)pyridine 5h
(21.7 mg, 0.12 mmol), and sodium hydrogen phosphate (14.2 mg, 0.1 mmol). The
crude mixture was purified by column chromatography (SiO,, 98:2 hexanes/EtOAC) to afford
product 6ii as a pale-yellow oil (21.7 mg, 63% yield, 1.3:1 d.r., average of two runs).

'H NMR (400 MHz, CDCls) Major diastereoisomer & 8.66 (ddd, J = 4.8, 2.0, 0.9 Hz, 1H), 7.50
(td, J = 7.7, 1.9 Hz), 7.32 — 7.18 (m), 7.14 — 7.10 (m), 7.06 (ddt, J = 15.3, 8.1, 1.1 Hz), 5.78 (dlt,
J =10.4, 2.0 Hz, 1H), 5.58 (dddt, J = 15.2, 10.3, 5.2, 2.5 Hz), 3.65 — 3.55 (m, 1H), 2.13 - 2.09
(m, 2H), 2.00 — 1.81 (m, 4H), 1.67 — 1.42 (m, 12H), 1.23 (it, J = 11.1, 3.9 Hz, 1H), 1.17 — 1.09
(m, 2H), 1.01 (tdd, J = 14.0, 9.6, 6.0 Hz), 0.92 — 0.83 (m), 0.76 (td, J = 11.8, 5.6 Hz). Minor
diastereoisomer 6 8.63 (ddd, J=4.8, 2.0, 0.9 Hz, 1H), 7.50 (td, J = 7.7, 1.9 Hz), 7.32 — 7.18 (m),
7.14 - 7.10 (m), 7.06 (ddt, J = 15.3, 8.1, 1.1 Hz), 5.93 (dp, J = 10.4, 1.8 Hz, 1H), 5.58 (dddt, J =
15.2, 10.3, 5.2, 2.5 Hz), 3.43 — 3.34 (m, 1H), 2.20 (d, J = 4.4 Hz), 2.00 — 1.81 (m), 1.67 — 1.42
(m), 1.23 (tt, J = 11.1, 3.9 Hz), 1.17 — 1.09 (m), 1.01 (tdd, J = 14.0, 9.6, 6.0 Hz), 0.92 — 0.83 (m),
0.76 (td, J = 11.8, 5.6 Hz).

13C NMR (126 MHz, CDCI3) 1.3:1 mixture of diastereciomers § 166.1, 164.7, 147.9, 147.4,
145.5, 143.6, 135.0, 134.3, 130.2, 129.8, 129.5, 129.4, 128.6, 128.1, 127.3, 126.8, 125.9, 125.7,
125.5, 125.4, 120.8, 120.7, 57.1, 57.0, 45.9, 45.8, 41.7, 40.9, 35.3, 35.3, 35.1, 35.0, 33.7, 33.4,
26.7, 26.6, 26.4, 26.3, 26.2, 25.1, 25.1, 24.9, 24.7, 22.5, 22.4.

HRMS (APCI) Calculated for CosHsoN [M+H]*: 346.2529 found: 346.2530.
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o . O\H\ 2-(4-(1-(4-Chlorophenyl)-1-(cyclohex-2-en-1-yl)-2-
O Q 7< L cyclohexylethyl)phenoxy)propan-2-yl isobutyrate (6jj)
. Prepared according to General Procedure B using the radical precursor
’ ‘ 6 1h (61.7 mg, 0.15 mmol), cyclohexene 2a (101 pL, 2.0 mmol), and 2-

(4-(1-(4-chlorophenyl)vinyl)phenoxy)propan-2-yl isobutyrate 5i (35.9
mg, 0.1 mmol). The crude mixture was purified by column chromatography (SiO,, 80:1
hexanes/EtOAC) to afford product 6jj as a colorless oil (38.2 mg, 73% yield,1.1:1 dr, average of
two runs).

'H NMR (500 MHz, CDCls3) 1.1:1 mixture of diasteroisomers § 7.22 —7.18 (m, 2H), 7.16 — 7.11
(m, 2H), 7.04 — 7.01 (m, 2H), 6.76 — 6.69 (m, 2H), 5.76 (dd, J = 20.8, 10.5 Hz, 1H), 5.58 — 5.52
(m, 1H), 5.08 (dtd, J = 12.5, 6.3, 2.3 Hz, 2H), 3.15 — 3.03 (m, 1H), 1.95 (ddd, J = 14.1, 6.4, 3.8
Hz, 1H), 1.90 — 1.78 (m, 3H), 1.59 (s, 3H), 1.56 (s, 3H), 1.52 — 1.39 (m, 5H), 1.22 (dd, J = 6.3,
0.9 Hz, 3H), 1.20 (dd, J = 6.2, 1.9 Hz, 3H), 1.05 (d, J = 12.6 Hz, 2H), 1.02 — 0.91 (m, 4H), 0.87
—0.80 (m, 1H), 0.80 — 0.64 (m, 2H).

C NMR (126 MHz, CDCls3) 1.1:1 mixture of diasteroisomers § 173.9, 173.8, 153.5, 153.3, 144.9,
143.2, 139.3, 137.4, 131.4, 131.3, 131.1, 131.1, 130.3, 130.1, 129.1, 129.0, 129.0, 128.9, 128.5,
128.3, 128.0, 127.7, 127.3, 126.8, 118.5, 118.3, 118.2, 117.1, 79.0, 78.9, 68.8, 68.8, 54.1, 54.0,
46.7, 46.6, 41.4, 41.3, 35.5, 35.4, 35.2, 35.2, 33.7, 33.6, 33.3, 26.6, 26.5, 26.5, 26.2, 26.2, 25.4,
25.3,25.3,25.2,25.1, 25.0, 25.0, 25.0, 22.4, 22.3, 21.6, 21.5.

HRMS (ESI) Calculated for CasHaaCINaOs [M+Na]*: 545.2793, found: 545.2787.

O Ethyl 4-(cyclohex-2-en-1-yl)-4-phenylpentanoate (6kk)
e Prepared according to General Procedure B using the radical precursor 4b (48.1
F102C ok ‘ mg, 0.1 mmol), cyclohexene 2a (202 pL, 2.0 mmol), a-methyl styrene 5j (15.6
pL, 0.12 mmol), sodium hydrogen phosphate (14.2 mg, 0.1 mmol.), and
catalyst C5 (7.6 mg, 0.02 mmol). The crude mixture was purified by column chromatography
(SiO., 75:25 hexanes/toluene) to afford product 6kk as a colorless oil (13.7 mg, 42% vyield, 1.1:1
d.r., average of two runs).

1H NMR (500 MHz, CDClI3) 1.1:1 mixture of diastereoisomers & 7.30 (dt, J = 6.9, 4.5 Hz, 3H),
7.27—-7.24 (m, 1H), 7.20 — 7.16 (m, 1H), 5.78 (s, 1H), 5.65 — 5.59 (m, 0.5H), 5.14 (dp, J = 10.4,
2.0 Hz, 0.5H), 4.05 (qdd, J = 6.9, 4.1, 2.4 Hz, 2H), 2.52 (dq, J = 8.4, 2.7 Hz, 0.5H), 2.46 (ddd, J
=8.8,6.7,4.7 Hz, 0.5H), 2.20 — 2.10 (m, 2H), 2.10 — 2.04 (m, 1H), 2.03 — 1.95 (m, 0.5H), 1.95 —
1.77 (m, 3H), 1.64 (ddd, J = 12.3, 6.0, 3.0 Hz, 0.5H), 1.50 (dddd, J = 19.9, 12.9, 7.9, 2.7 Hz,
0.5H), 1.45 — 1.30 (m, 1.5H), 1.29 — 1.22 (m, 2H), 1.25 (s, 3H) 1.22 — 1.17 (m, 3H), 1.07 (tdd, J
=13.1,10.7, 3.1 Hz, 1H).

13C NMR (126 MHz, CDCl3) 1.1:1 mixture of diastereoisomers & 174.2, 146.3, 146.0, 129.1,
128.9, 128.6, 128.3, 128.1, 126.9, 126.6, 125.7, 125.6, 60.2, 46.8, 46.7, 43.3, 34.6, 34.5, 29.9,
29.9,29.7,25.3,25.3, 24.8, 24.3, 22.8, 22.7, 18.6, 14.2.

HRMS (ESI) Calculated for C19H26NaO, [M+Na]*: 309.1825, found: 309.1829.

. Q Ethyl 4-(cyclohex-2-en-1-yl)-4-cyclohexyl-4-phenylbutanoate (611)
o Prepared according to General Procedure B using the radical precursor 4b (48.1
’ ol ‘ mg, 0.1 mmol), cyclohexene 2a (202 pL, 2.0 mmol), (1-
cyclohexylvinyl)benzene 5k (18.6 mg, 0.1 mmol), sodium hydrogen phosphate
(14.2 mg, 0.1 mmol.), and catalyst C5 (7.6 mg, 0.02 mmol). The crude mixture was purified by
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preparative TLC (SiO2, 50:50 hexanes/toluene) to afford product 6ll as a colorless oil (16.7 mg,
47% yield, 1.1:1 d.r., average of two runs).

'H NMR (500 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 7.34 — 7.24 (m, 4H), 7.21 - 7.16
(m, 1H), 5.85 (d, J = 10.4 Hz, 0.5H), 5.69 — 5.64 (M, 0.5H), 5.51 — 5.44 (m, 0.5H), 5.34 (d, J =
10.5 Hz, 0.5H), 4.17 — 4.10 (m, 2H), 3.22 — 3.13 (m, 0.5H), 3.09 — 2.98 (m, 0.5H), 2.62 (t, J =
13.9 Hz, 0.5H), 2.59 — 2.48 (m, 1H), 2.44 — 2.39 (m, 0.5H), 2.39 — 2.25 (m, 1H), 2.21 — 2.07 (m,
1H), 2.04 — 1.94 (m, 2H), 1.94 — 1.87 (m, 1H), 1.86 — 1.79 (m, 2H), 1.79 — 1.45 (m, 4H), 1.31 —
1.23 (m, 3H), 1.04 — 0.91 (m, 2H), 0.91 — 0.80 (m, 2H), 0.80 — 0.69 (m, 1H), 0.57 — 0.46 (m,
0.5H), 0.28 (g, J = 12.3 Hz, 0.5H).

13C NMR (126 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 174.5, 174.4, 143.6, 132.1,
129.8,128.8, 128.0, 127.5, 127.4, 126.3, 125.5, 125.4, 60.3, 60.2, 49.2, 48.1, 45.6, 42.2, 40.3,
38.6, 30.9, 30.6, 30.3, 29.7, 28.6, 28.5, 28.3, 28.1, 28.0, 27.5, 27.4, 27.3, 26.6, 26.4, 25.6, 25.5,
25.4,24.1, 23.5, 23.3, 14.3.

HRMS (ESI) Calculated for C2sHsNaO; [M+Na]*: 377.2451, found: 377.2455.

O NBee  Ethyl 4-(benzo[d][1,3]dioxol-5-yl)-4-(cyclohex-2-en-1-yl)-4-

phenylbutanoate (6mm)

EtO,C . . i

6mm ‘ Prepared according to General Procedure B using the radical precursor 4b

(72.2 mg, 0.15 mmol), cyclohexene 2a (101 pL, 1.0 mmol), tert-butyl 4-(1-

phenylvinyl)piperidine-1-carboxylate 51 (28.7 mg, 0.1 mmol), sodium hydrogen phosphate (14.2

mg, 0.1 mmol.), and catalyst C5 (7.6 mg, 0.02 mmol). The crude mixture was purified by column

chromatography (SiO2, 90:10 hexanes/Et,0) to afford product 6mm as a colorless oil (20.0 mg,

44% vyield, 1.1:1 d.r., average of two runs).

'H NMR (500 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 7.36 — 7.29 (m, 3H), 7.27 —
7.20 (m, 2H), 5.86 (d, J = 10.6 Hz, 0.5H), 5.73 (dd, J = 10.5, 3.4 Hz, 0.5H), 5.52 (dd, J = 10.4,
3.4 Hz, 0.5H),5.34 (d, J = 11.1 Hz, 0.5H), 4.20 — 4.01 (m, 4H), 3.11 (d, J = 51.5 Hz, 1H), 2.68
—2.52 (m, 4H), 2.37 (td, J = 14.8, 14.1, 10.2 Hz, 1H), 2.23 — 2.13 (m, 1H), 2.08 — 1.90 (m, 5H),
1.75 (dd, J = 9.9, 5.6 Hz, 3H), 1.40 (d, J = 10.8 Hz, 9H), 1.31 — 1.27 (m, 4H), 0.91 — 0.84 (m,
1H).

13C NMR (101 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 174.3, 174.1, 154.7, 154.6,
142.6, 140.0, 131.6, 129.1, 128.7, 128.2, 127.9, 127.8, 127.7, 126.7, 125.9, 125.7, 79.2, 79.2,
60.4, 60.3, 48.6, 47.6, 44.2, 41.2, 40.0, 38.5, 31.5, 30.6, 30.5, 28.4, 28.3, 28.3, 27.9, 25.6, 25.4,
25.4,24.1,23.4,23.2,22.6,14.2,14.1.

HRMS (ESI) Calculated for CosHs:NNaO4 [M+Na]*: 478.2928, found: 478.2927.

& Ethyl 4-(cyclohex-2-en-1-yl)-4-phenyl-4-(4,4,5,5-tetramethyl-1,3,2-
O 1.J~ dioxaborolan-2-yl)butanoate (6nn)
EtO,C ‘ Prepared according to General Procedure B using the radical precursor 4b
Gnn (48.1 mg, 0.1 mmol), cyclohexene 2a (101 uL, 1.0 mmol), 4,4,55-
tetramethyl-2-(1-phenylvinyl)-1,3,2-dioxaborolane 5m (23.0 mg, 0.1 mmol), and catalyst C5 (7.6
mg, 0.02 mmol). The crude mixture was purified by two successive separations on column
chromatography (SiO-, 90:10 hexanes:CHCl, and then 50:50 hexanes/toluene) to afford product
6nn as a colorless oil (19.8 mg, 50% vyield, 1.1:1 dr, average of two runs).

'H NMR (500 MHz, CDCls) 1.1:1 mixture of diastereoisomers 6 7.37 — 7.33 (m, 4H), 7.31 - 7.27
(m, 4H), 7.20 — 7.15 (m, 2H), 5.81 (dp, J = 10.3, 1.7 Hz, 1H), 5.74 — 5.68 (m, 1H), 5.66 — 5.59
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(m, 2H), 4.08 (qd, J = 7.1, 1.1 Hz, 4H), 2.82 — 2.74 (m, 1H), 2.70 — 2.62 (m, 1H), 2.45 (ddd, J =
14.6, 12.5, 4.7 Hz, 1H), 2.40 — 2.27 (m, 2H), 2.25 — 2.17 (m, 1H), 2.17 — 2.08 (m, 2H), 2.06 —
1.98 (M, 2H), 1.97 — 1.88 (m, 4H), 1.77 (dd, J = 4.6, 2.5 Hz, 1H), 1.74 — 1.65 (m, 2H), 1.58 — 1.46
(m, 1H), 1.45 — 1.38 (m, 2H), 1.30 (s, 12H), 1.27 (d, J = 3.7 Hz, 12H), 1.23 (td, J = 7.1, 2.1 Hz,
6H), 0.93 — 0.82 (m, 2H).

13C NMR (101 MHz, CDCIls3) 1.1:1 mixture of diastereoisomers & 174.4, 143.8, 143.1, 130.7,
129.5, 128.8, 128.7, 128.6, 128.0, 127.9, 127.3, 125.4, 125.4, 83.5, 83.4, 60.1, 60.0, 43.9, 42.5,
31.5, 31.1, 30.6, 29.1, 26.0, 25.4, 25.3, 25.3, 25.0, 25.0, 24.8, 24.8, 24.6, 23.0, 22.8, 14.2.
HRMS (ESI) Calculated for C2sHasNaBO, [M+Na]*: 420.2557, found: 420.2551.

O Ethyl 4-(cyclohex-2-en-1-yl)-4-phenylbutanoate (600)
Prepared according to General Procedure B using the radical precursor 4b (48.1
EtO,C mg, 0.1 mmol), cyclohexene 2a (202 yL, 2.0 mmol), styrene 5n (14 uL, 0.12
Goo mmol), sodium hydrogen phosphate (14.2 mg, 0.1 mmol.), and catalyst C5 (7.6
mg, 0.02 mmol). The crude mixture was purified by column chromatography (SiO2, 75:25
hexanes/toluene) to afford product 600 as a colorless oil (12.6 mg, 42% yield, 1.1:1 d.r., average
of two runs).

'H NMR (500 MHz, CDCls) ) 1.1:1 mixture of diastereoisomers & 7.28 (t, J = 7.6 Hz, 2H), 7.22
—7.17 (m, 1H), 7.13 (td, J = 8.0, 7.6, 1.3 Hz, 2H), 5.89 (dd, J = 10.3, 2.5 Hz, 0.5H), 5.78 - 5.71
(m, 0.5H), 5.66 — 5.58 (m, 0.5H), 5.35 (d, J = 10.2 Hz, 0.5H), 4.09 — 4.03 (m, 2H), 2.45 - 2.33
(m, 1H), 2.27 (dtd, J = 16.8, 8.1, 3.5 Hz, 1H), 2.21 — 2.13 (m, 0.5H), 2.09 — 2.04 (m, 2H), 1.97 —
1.83 (m, 3H), 1.77 — 1.68 (m, 0.5H), 1.62 (dq, J = 11.2, 4.3, 3.7 Hz, 0.5H), 1.53 — 1.37 (m, 1H),
1.36 - 1.27 (m, 1H), 1.20 (td, J = 7.0, 1.8 Hz, 3H), 1.14 — 1.06 (m, 0.5H).

13C NMR (126 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 173.8, 173.7, 143.2, 143.1,
130.2, 129.6, 128.5, 128.4, 128.3, 128.3, 128.3, 127.9, 127.5, 126.2, 60.1, 50.8, 50.7, 41.1, 40.6,
32.8, 32.6, 28.0, 27.6, 27.3, 27.0, 25.4, 25.3, 21.9, 21.1, 14.2.

HRMS (ESI) Calculated for C1sH24NaO, [M+Na]*: 295.1669, found: 295.1672.

OMe Ethyl 4-(cyclohex-2-en-1-yl)-4-(4-methoxyphenyl)butanoate (6pp)
O Prepared according to General Procedure B using the radical precursor 4b (48.1
mg, 0.1 mmol), cyclohexene 2a (202 pL, 2.0 mmol), 1-methoxy-4-
Et0:C ‘ vinylbenzene 50 (16.2 pL, 0.12 mmol), sodium hydrogen phosphate (14.2 mg,
PP 0.1 mmol.), and catalyst C5 (7.6 mg, 0.02 mmol). The crude mixture was
purified by column chromatography (SiO., 33:66 hexanes/toluene) to afford product 6pp as a
colorless oil (11.8 mg, 40% vyield, 1.1:1 d.r., average of two runs).

'H NMR (500 MHz, CDCls) 1.1:1 mixture of diastereoisomers § 7.06 — 7.01 (m, 2H), 6.85 — 6.80
(m, 2H), 5.86 (dd, J = 10.2, 2.5 Hz, 0.5H), 5.77 — 5.69 (m, 0.5H), 5.62 (dg, J = 10.0, 3.3, 2.9 Hz,
0.5H), 5.36 (ddd, J = 10.3, 2.3, 1.2 Hz, 0.5H), 4.06 (qd, J = 7.2, 1.5 Hz, 2H), 3.79 (s, 6H), 2.39 —
2.29 (M, 1H), 2.24 (dddd, J = 13.1, 8.9, 7.2, 3.7 Hz, 1H), 2.17 — 2.09 (m, 0.5H), 2.09 — 2.03 (m,
2H), 1.93 (dp, J = 7.4, 1.7 Hz, 2H), 1.88 — 1.78 (m, 1H), 1.71 (dg, J = 9.0, 4.6 Hz, 0.5H), 1.67 —
1.55 (m, 2H), 1.54 — 1.45 (m, 0.5H), 1.41 (tdd, J = 11.7, 6.1, 2.9 Hz, 1H), 1.34 — 1.24 (m, 3H),
1.20(td,J=7.1,1.7 Hz, 3H), 1.10 (dddd, J = 13.1, 10.4, 7.6, 2.5 Hz, 0.5H), 0.91 - 0.79 (m, 0.5H).
C NMR (126 MHz, CDCls) 1.1:1 mixture of diastereoisomers & 173.9, 173.8, 158.0, 158.0,
135.2, 135.1, 130.2, 129.8, 129.4, 129.3, 129.1, 128.3, 127.8, 113.8, 113.6, 113.6, 60.1, 55.2,
49.9,49.8,41.2,40.7, 32.8, 32.6, 29.7, 28.2, 27.7, 27.2, 27.1, 25.4, 25.3, 21.9, 21.1, 14.2.
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HRMS (ESI) Calculated for C1gH2NaOs [M+Na]*: 325.1774, found: 325.1778.
D.3.3 Telescoped Three-component C-H Allylic benzylation

Ph

)\ 5a
Ph (0.1 mmol)

S1(1.2eq.) 2a (10 eq.)
Q DIC (1.5 eq.) C5 (10 mol%)
oH DMAP (10 mol%) Na,HPO, (20 mol%) Ph_ Ph
CH,Cl, 25°C acetone (0.1 M)
14h blue LEDs
1.2 eq. GODC, 14h 6e

An oven-dried glass vial, was charged with cyclohexanecarboxylic acid (15.4 mg, 1.2 equiv.), S1
(36.1 mg, 1.2 equiv.), and DMAP (1.2 mg, 0.1 equiv.). The vial was purged with argon before
adding 1 mL of degassed acetone, followed by dropwise addition of DIC (23.5 pL, 1.5 equiv.).
The vial was sealed with parafilm and the reaction stirred at 25°C for 14 h. CH,Cl,was evaporated
under reduced pressure. C5 (3.8 mg, 0.01 mmol, 0.1 equiv.) and Na;HPO, (2.8 mg, 0.02 mmol,
0.2 equiv.) were sequentially added and the vial purged with argon. 1,1-diphenylethylene 5a (17.7
pL, 0.1 mmol) and cyclohexene 2a (101 pL, 1 mmol, 10 equiv.) were finally added, followed by
800 uL of argon-sparged HPLC grade acetone. The vial was sealed with Parafilm, and then placed
in the irradiation setup, maintained at a temperature of 60 °C. The reaction was stirred for 14 h,
then the solvent was evaporated and the crude mixture purified by column chromatography (SiOz,
pentane) to afford product 6e as a colorless oil (19.3 mg, 56% yield).

Ph o

) )\ 5a >\\
NH
>\\NH Ph (0.1 mmol)  HN H
HN H S1(1.2eq.) 2a (10 eq.) .
H DIC (1.5eq.) C5 (10 mol%) an
o DMAP (10 mol%) Nas,HPO, (20 mol%) S Ph
S o] > >
DMF, 60°C acetone (0.1 M) Ph
1.2 on 24h blue LEDs 6r
o 60°C, 14h

An oven-dried glass vial, was charged with D-biotin (29.3 mg, 1.2 equiv.), S1 (36.1 mg, 1.2
equiv.), and DMAP (1.2 mg, 0.1 equiv.). The vial was purged with argon before adding 1 mL
degassed DMF, followed by dropwise addition of DIC (23.5 uL, 1.5 equiv.). The vial was sealed
with parafilm and the reaction stirred at 60°C for 24h. DMF was then removed at 60°C under high
vacuum. C5 (3.8 mg, 0.01 mmol, 0.1 equiv.), and NazHPO4 (2.8 mg, 0.02 mmol, 0.2 equiv.), were
added and the vial purged with argon again. 1,1-diphenylethylene 5a (17.7 pL, 0.1 mmol) and
cyclohexene 2a (101 pL, 1 mmol, 10 equiv.) were finally added, followed by 800 uL of argon-
sparged HPLC grade acetone. The vial was sealed with Parafilm, and then placed in the irradiation
setup, maintained at a temperature of 60 °C. The reaction was stirred for 14h, then the solvent was
evaporated and the crude mixture purified by flash column chromatography. Multiple
purifications by column chromatography resulted in poor separation from several unidentified
byproducts. The yield (37%, average of two runs, 1.1:1 d.r.) of 6r was inferred by 'H NMR
analysis of the crude reaction mixture using trichloroethylene as the internal standard. An
analytical amount of the pure compound was isolated by preparative TLC (70:30 hexanes/toluene)
to obtain a colorless oil.
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3\\ (3aS,4S,6aR)-4-(6-(cyclohex-2-en-1-yl)-6,6-diphenylhexyl)tetrahydro-
WV )oh 1H-thieno[3,4-d]imidazol-2(3H)-one (6r)

fg ! 'H NMR (400 MHz, MeOD) § 7.36 — 7.29 (m, 6H), 7.26 (dd, J = 7.9, 4.1 Hz,
4H), 5.88 (d, J = 10.6 Hz, 1H), 5.67 — 5.56 (m, 1H), 4.53 (ddd, J = 7.9, 5.0,
1.0 Hz, 1H), 4.30 (dd, J = 7.9, 4.5 Hz, 1H), 3.30 (s, 1H), 3.18 (dt, J = 8.7, 5.3
Hz, 1H), 3.01 — 2.94 (m, 1H), 2.76 (d, J = 12.7 Hz, 1H), 2.19 (dd, J = 10.7,
5.9 Hz, 1H), 1.94 (t, J = 18.0 Hz, 2H), 1.74 — 1.59 (m, 4H), 1.57 — 1.48 (m, 1H), 1.35 (d, J = 15.3
Hz, 6H), 1.15 - 0.95 (m, 4H).
C NMR (101 MHz, MeOD) & 163.2, 144.7, 142.6, 128.1, 127.8, 127.7, 126.3, 125.5, 125.0,
123.9,123.8, 60.4,58.7, 54.2, 52.6, 39.4, 39.3, 38.1, 37.5, 28.2, 27.8, 27.2, 26.7, 26.6, 23.2, 23.0,
22.4, 20.6.
HRMS (ESI) Calculated for C2sH3zsN2NaOS [M+Na]*: 483.2441, found: 483.2433.

E. Mechanistic Studies
E.1 UV-Vis Measurements

0,20 cs
0,18—- \ —— C5 + base
] —1a
0,16 ——1a + C5 + base
_. 0,14 4
m: J
2 0,12 {
ol |
< 0,10 1 )
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Wavelength (nm)

Figure S8. Optical absorption spectra, recorded in acetone in 1 mm path quartz cuvettes using a Shimadzu 2401PC
UV-—vis spectrophotometer, and visual appearance of the separate reaction components and of the colored EDA
complex between catalyst C5 and 1a. [1a] = 0.10 M, [C5] =0.02 M, [Na2HPO4] = 0.02 M.
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Figure S9. Optical absorption spectra, recorded in acetone in 1 mm path quartz cuvettes using a Shimadzu 2401PC
UV-vis spectrophotometer of the colored EDA complex between catalyst C5 and 4b. [4b] = 0.10 M, [C5] = 0.01 M,

[NazHPO4] = 0.02 M.
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Figure S10. Optical absorption spectra, recorded in acetone in 1 mm path quartz cuvettes using a Shimadzu 2401PC
UV-vis spectrophotometer of the colored EDA complex between catalyst C2 and la. [1a] = 0.10 M, [C2] = 0.02 M,

[NazHPO4] = 0.02 M.
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Figure S11. Optical absorption spectra, recorded in acetone in 1 mm path quartz cuvettes using a Shimadzu 2401PC
UV-vis spectrophotometer of the colored EDA complex between catalyst C3 and la. [1a] = 0.10 M, [C3] = 0.02 M,
[NazHPO4] = 0.02 M.

E.2 Cyclic Voltammetry Measurements
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Figure S12. Cyclic voltammogram for catalyst C5 [0.02M] in [0.1 M] TBAPFs in CH3CN. Measurement started by
oxidation from 0 to +2.0 V and finishing at 0 V. Platinum disk working electrode, Ag/AgCl (NaCl 3 M) reference
electrode, Pt wire auxiliary electrode. Sweep rate: 500 mV/s. One irreversible oxidation observed at +1.28 V.
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E.3 Regioselectivity Study

Non-symmetrical cyclohexene derivatives 2d, 2h and 2i were submitted to the reaction conditions
following the General Procedure B, using thiol catalysts with different steric hindrance: catalysts
C5, C6, and C7 were tested. The yields of products and ratio of regioisomers for each combination

are reported in Table S2.

Ph Ph
Ph R
BE R catalyst (10 mol%) EtO,C
| X 4 Ph NayHPO, (20 mol%) 6
> + + > +
Ph”” “N* “Ph )\ph acetone (0.1 M)
blue LEDs Ph Ph R
COEt  2u:R=Me 5a 60°C, 14h Et0,C
4b 0.1 mmol 2x: R = C,H NPhth .
2y: R = Bpin
thiol catalysts
Ph Ar
S
Y O I  O
QQ o‘,P\SH Q O\,F’\SH Q g °SH
o) (- »
& o O
c7
cs cé Ar = 2,4,6-iPraCgHy
entry R catalyst yield 6 + 6’ (%) 6:6""
1 C5 67 5:1 (6u:6u’)
2 Me (2d) c6 37 5:1 (6u:6u’)
3 c7 262 4:1 (6u:6w’)
4 C5 62 6:1 (6x:6x’)
5 C,H4NPhth (2h) C6 54 7:1 (6x:6x’)
6 C7 48 10:1 (6x:6x’)
7 C5 45 1:1.2 (6y’:6y)
8 Bpin (2i) C6 502 4:1 (6y’:6y)
9 C7 192 4:1 (6y’:6y)

Table S2. Regioselectivity studies using non-symmetrical cyclohexene derivatives. 2 Yield determined by 'H NMR
analysis. ® Regioisomers ratio determined by *H NMR analysis.
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Figure S13. Regioselectivity study of 6x and 6x’ using catalysts C5 and C7.
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Figure S14. Regioselectivity study of 6y and 6y’ using catalysts C5 and C6.
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Figure S15. NMR spectrum of purified 6y/6y’, after column chromatography; reaction performed with catalyst C6.

E.4 DFT calculations
Computational Methods

Calculations were performed using the Gaussian 09 suite of programs.?* DFT was applied using B3LYP
functional.?® The 6-31G(d,p) basis set?® was employed for all atoms (C, H, O, S and P). Full geometry
optimizations were carried out in acetone, through an implicit solvent SMD.?” The stationary points were
characterized by vibrational analysis. Minima were identified by the presence of a full set of real
frequencies. Reported energies are potential energies (E), enthalpies (H) and free energies (G) in solution,
computed at 298 K and 1 atm. Homolytic bond dissociation enthalpies (BDE) were also calculated at the
same level of theory.

Bond Dissociation Enthalpies

75D, za

BDE (S-H): 83.3 kcal-mol! BDE (C-H): 82.2 kcal-mol™’
Figure S15. Bond dissociation enthalpies (BDE) calculated for C5 and 2a. DFT Method: B3LYP/6-31G(d,p).
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Computed Structures and Energies
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G. NMR Spectra
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IH NMR (400 MHz, CDCl3) of 1g
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F NMR (376 MHz, CDCls) of 1g
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'H NMR (400 MHz, CDCls) of 1n
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F NMR (376 MHz, CDCls) of 3a
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'H NMR (500 MHz, CDCls) of 3b
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'H NMR (400 MHz, CDCls) of 3c
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IH NMR (500 MHz, CDCls) of 3f
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IH NMR (400 MHz, CDCls) of 3g
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IH NMR (400 MHz, CDCls) of 3h
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F NMR (376 MHz, CDCls) of 3h

-118.8

T T T T T T T T T T T T T T T T T
-! - - - - - -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1

f1 (ppm)

S64



IH NMR (500 MHz, CDCl5) of 3i
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1E NMR (376 MHz, CDCls) of 3i
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IH NMR (400 MHz, CDCls) of 3j
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E NMR (376 MHz, CDCls) of 3
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IH NMR (500 MHz, CDCl5) of 3k
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F NMR (376 MHz, CDCls) of 3k

-118.9
-119.0

119.1
-119.4

T T T T
-30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -1
f1 (ppm)

S70



IH NMR (500 MHz, CDCl5) of 3
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13C NMR (101 MHz, CDCls) of 6e
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13C NMR (126 MHz, CDCls) of 6f

CELEER
NP
Ph  Ph
NN N
6f FUTREE
[/
W
£
VY
|
T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1

f1 (ppm)

IH NMR (400 MHz, CDCls) of 6g

S78



Ph_ Ph

6g

S8'T 1
1021

€€

bb'e
SP'E
SP'E
9p'E
LrE =
8b'e
8b'E
6b'E
0s'e

"

s
8b'S

6v°S

6v°S

0s°'S

15

15°S

s _
€55 %

€SS
S8'S
S8'S F =
98's
L8'S
88'S
88'S

Feot

Frss

Fore

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 “ ?;',im) 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
13C NMR (101 MHz, CDCls) of 6g

9.0

Ph_ Ph

6g

§'sTT
n.mNﬁH/
€921

e,
'8¢t %

n.mNﬁ\
T'0ET

190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10
f1 (ppm)

200

IH NMR (400 MHz, CDCls) of 6h

S79



. vy
@01 99T
$9°0 4 .

. 91
99°0 1 .

. 91
8801 o1
68°0 T
68°0 .

. 89T
06°0 .

. 69T
060 .

. 69T
160 o0
160
160 -
260 wiy

e A 81
€60~ 1

07 98T
¥6°0 .

0/ 87
60 .
oo 87

o0 (8T
560 88T
96°0 4 .
%0 88T
260 .

o 68T
86'0 Pl 5
mm.i o1z o614
660 ] 81T 61
07 0zz -

. 06T
0ze et
we

oze
e
TTe
we
a3
e
vee

0TL

122

17

2T

€24 A

v

STl

STLA

974 J

9TL =

rze

L

87

8z,

8z

87,

67' ]

67 |

182

Ph_ Ph

Me

6h

o8¢

W 097 |

Fert
Fret

Fs6'T

oot

v60

160

Ben

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 1.5 1.0
f1 (ppm)

2.5

13C NMR (101 MHz, CDCls) of 6h

Ph_ Ph

Me

6h

06—

STT~C

YT~

sz
91 —

€0 ——

9P —

§'sTT
£L'STT
6921 / 3

SN e
S'8TT —

o621 -
L'6TT

0°0€T

E£bpT ———
TP — T

T T T T
150

180

130

140

160

170

190

00

f1 (ppm)

IH NMR (500 MHz, CDCl5) of 6i

S80



Ph Ph

6i

Ph

Foot

oot

60

= $0'T

Fsvor

. 4.0
f1 (ppm)

5.0

Ph_ Ph

13C NMR (101 MHz, CDCls) of 6i

sz
ﬁéNUM -
8YT 7 —
1se \
R
e~
L'SE~
TEE~N.
0Th ~ _.
£ps ——
S'STT
9°sZT
Y148
6921
vLzr
oot [
P Wm
b —
S6ZT
9'62T
L'62T
6621
0°0€T VAT 2 N
EbbT — — 3
YopT

6i

Ph

S81

f1 (ppm)

180 170 160 150 140 130 120 110 100

190

IH NMR (500 MHz, CDCl5) of 6j

00



6T°E
6T'E
oz’e
oz’e
1€
TTe

Ph_ Ph

Cl

6j

€67
PE'T
SE'T
SE'T
9€'T
9T
LET
8€°T
65°T 1
95T
95°T
£5°T
45T
85T
85T
S9'T
99'T
£9°T
£9'T N
291}
89'1
89'7
69T
69'T
121
s8'T
98T
98'T
287

887 ]
881
681
06T
1T

we
we J
[423
e
SP'E

TTC
354
€1T

i4%4
54

85'S
65'S
65°S
09's
19'S
19's
9's

€9°S
£8'S
£8°'S
S8'S
98'S

660

ht 29

Sy

4.5
f1 (ppm)

T
6.5 5.0

7.5

8.0

13C NMR (126 MHz, CDCls) of 6j

w2

8T~

T6E "

IS
TSt

9'sZ1
8'sZT /.
6921\
YLz —_
9'821
b'6CT
8'6ZT
TobT —
€91 —
-
o
T
—
©
o

T
160

170

180

140 130 120 110

150

190

f1 (ppm)

IH NMR (500 MHz, CDCls) of 6k

S82



Ph_ Ph

4

6k

€L J

8b'T
6+°C W\
18C

L5°S
85'S
85'S
65°S
65°S
65'S
09°S
09°s
09's
19'6
6L°S
6L'S
08's
8'S
18's
w's

Fort

Reze
Feoz
e
peoe
Froz

F98'T

oot

60

=160
€60

1.5 1.0

2.0

3.5

4.5
f1 (ppm)

13C NMR (101 MHz, CDCls) of 6

Ph_ Ph

Teer
rser
8'eZT
(x4
[Waas
JA:149
£'62T
6T
8'6ZT

6k

\ \

f

T
130

140

110

120

190 180 170 160 150

00

f1 (ppm)

IH NMR (500 MHz, CDCl5) of 6l

S83



607
$6'0 1
S6'0
T 5
£S'T L6°0
€51 1604
bS'T 86'0
bS'T 66'0
51 [
551 €T ﬁ
95°T €17
95°T iy
£5°T JESA
45T st
85°T oT'T
85T T
SO~ LTT =
9o1-f
291 7 =
£9'T % ﬁ.NW
L9 e\
89'T e
69°T b1z
mo.ﬁ 91z
69'T
81 ] 10°€
mm.i €0°€
S8 (e
981 8T'€ L=
811 8T°€E
881 6T'E
61'€
oze
oze
SEp ——
85’
65'
65'
65'
65'
61 09°s
6T, am.m
o0zL 198
e 1S
1L s
72 I
@] s
2] e
Ly a8's
R B
cory 88
YR
gz P8
E.Tﬁ
9L~ \M
oNN\ﬁ 2
9zt
. 7L
L
o el
mN.ﬁ
8T'L
mm mNNg
—_ 8T'L
© 6TL
6T'L
67'L
0€'L
og'L
4
I
O
o
[11]

Feet
Feoz

88

Bygo

po0z
Froe

Fest

Feco

F00'T

=879
6t

f1 (ppm)

13C NMR (101 MHz, CDCls) of 6l

£9€— —

Ty ——

0°ps —

Ph_ Ph

BocHN

6l

£L'STT
8'SZT
oLzt
szt

L8281~

€621
v'6TT
8621

8621

T
150

160

130 120 110

140

190 180 170

00

f1 (ppm)

S84



IH NMR (400 MHz, CDCls) of 6m

€T
18T
ST
[4-m"
ST
¥S'T
¥S'T
SS'T
95°T |
95°T |
L5
LS°T
8S°T
65T
65°T

09°T
19T
TOT~
791
29'T u
€9°T

€97
€97
9T
RE
8.1
64T
60T ]
08'1
8T
8T
v8'T
v8'T
s8'T
06'T
06'T
16T
16T
6T
€6°T
€6°T
€6°T
v6'T
b6'T

S6'T

Ph_ Ph

(o)

6m

w9e

€9°€

S9°€

99°¢

LLE~

6L°€

8°€

¥8'€

S8°€
18°S
Ts's
s's
€SS
¥S'S
¥S'S
SS'S
95'S
95°'S o~
€L°S
LS P
vL'S
vL'S
SL'S
SL'S
9L'S
9's
LS
LS

_

F st

A v0'E
1154
60

€60
WNDA

Evot
1ot

Feot

Feoz
o0z

660

Foot

Ferot

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 o (4.5 ) 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
13C NMR (101 MHz, CDCls) of 6m

9.5

€
m.VNW
0°'sT
'St =

6"
62k
89 ~_

TPSs —

Ph_ Ph

(o)

6m

£€8
6€8 "

0921
€921
921

9zt

L'8TT “
8821
L'621
6°6CT
6°THT ~—.
e T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

00

S85



'H NMR (500 MHz, CDClIs) of 6n

Ph Ph

TsN

6n

Feot

LTE

H/wm“a
Reeo
%ﬁ

660
00T

et
€09
1T

e
=]

S86

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

7.5

8.5

9.0

13C NMR (126 MHz, CDCls) of 6n

9.5



Ph Ph
6n

TsN

3 %
“ - ©
vS5'0q
2 S5°0
[~ S CJ
920
180
Nm.fﬁ
wAN/ FR 6870
e 26'0
e ———— 50~
6v2 7 160~
— 0]
s'sz = | o Pl
E " 00T ;”
10T
S.&
2 S 207
X r mo.i
S — 60°T
SEp—
; LS
€S~
795~ ]
vos~ g
0614 17e
067 4 we °
pogl €zE Fa
R . ve
3 r~ 66T :
107 ] vTe E6CT
1 20z} st m\“
0z gve, F oot Lo
] vz ] e =
I - 0s°e
3 434 )
3 vz 19E
sz 15€ | o
= oz e <+
| & 9z
g LE'T
= 66 "
o . L
8% 66T <
3 [ w 8b'C 56'p
15T wm.vk
9%t . o
S 905\ Zreo 2
re= 90's £5°0
M - L0
80'S o
ozt 3 ° . e
€921 L& wer B
: €1 = .
TLer DN
621 Mm.m\ .
€821 = ° ° s
v'8zT Wm LA .
o o1,
1621 3 E.L
7621 i | .
seer 2 o 8T°L | ro
g . [~ 6T,
R | =
s QO 0z .
vt o oz | o
F = [\ _
] h Q 0z f= se'8
e >
O Tl E 7|
e L=
2 0 ., ~
3 ra N i
- [
H NN.ﬁ
£TL Lo
R M vzs ] ©
= o 9z
m o mNNH“
L e n
3 e ~ 8L Fo
[ w €L
R ve'L
£t °
s =
Lo
- Z
n
- [
e —

S87

f1 (ppm)

13C NMR (126 MHz, CDCls) of 60



su
s'sT #
95T
6911
€81
rez
rez
0'sZ
+'ST
6'92
(3
1'8Z 4
7€
£0€
bEe
6'9€
6'9€
TLE
9'8€
g8\l
666\
80y —
89y

9Ly W

9Ly

aausas

o~

0'6L—

T T T
110

130

120

190 180 170 160 150 140

200

f1 (ppm)

IH NMR (500 MHz, CDCls) of 6p

W

291
§9'07 €97
99°0 €81
290 v8'T
80 €67
98'0 7 S6'T
98'0 S6'T
88°0 r S6'T
68°0 S0 =
68'0 ;w 90T
06'0 — 207
€01 L
€1 £rey
60°T 7 v1'ey
011 ST'T
T 9T |
1714 sz
[<a% STT
A% Viad
[XAE 822
A 0£°7
serd €67
e
ez
¥8'T
87
687\
67— =
85's
65’
65’
65’
- 09's
= ol
0L # 19'S o
:
%] s8's
17
T2
174
s
L
7L
€L
€L
PTLN f _
[
seL
sTL]
s
9zt
9L
97,
172
e
ze]
e
8Tt %
8zL ]
8Tt

660

f1 (ppm)

13C NMR (126 MHz, CDCls) of 6p

S88



0T —-
6'TT ——
681
6'1C
9ez /
AN
TSt
87— i
€56~
6s€
ese e
09 =
£oc
s ff =
oge i —
e -
26€ ]
2ov ﬁ
STt 3
82v
0y ]
o5t ]
T
oy
69 =
U3
8’18 -
€5 3
SbS
695 H
szt
sz
P48 3
6921
6921
vz —— 4
coe1 f ¥
v6et 3
S'6CT
9621
= 6621 .
o 6621 RN 3
9brT T _
vop1 3
8807~
160~

oziz " T

150

130 120 110

140

200 190 180 170 160

210

f1 (ppm)

S89



IH NMR (500 MHz, CDCls) of 6q
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'H NMR (400 MHz, CDCls) of 6r
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'H NMR (500 MHz, CDCls) of 6s
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IH NMR (400 MHz, CDCls) of 6t
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'H NMR (400 MHz, CDCls) of 6u
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IH NMR (400 MHz, CDCls) of 6v
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IH NMR (500 MHz, CDCls) of 6w
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IH NMR (500 MHz, CDCls) of 6x
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IH NMR (500 MHz, CDCls) of 6y
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IH NMR (500 MHz, CDCls) of 6z
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'H NMR (500 MHz, CDCl;) of 6aa
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'H NMR (400 MHz, CDCls) of 6bb
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'H NMR (500 MHz, CDCls) of 6cc
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19F NMR (376 MHz, CDCls) of 6cc
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'H NMR (400 MHz, CDCls) of 6ee
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IH NMR (500 MHz, CDCls) of 6ff
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13C NMR (101 MHz, CDCls) of 6gg
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13C NMR (101 MHz, CDCls) of 6hh
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13C NMR (126 MHz, CDCls) of 6ii
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13C NMR (126 MHz, CDCls) of 6jj
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'H NMR (500 MHz, CDCl5) of 6kk
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13C NMR (101 MHz, CDCls) of 6mm
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13C NMR (101 MHz, CDCls) of 6nn
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13C NMR (126 MHz, CDCls) of 600
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13C NMR (126 MHz, CDCls) of 6pp
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