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Materials and methods

All reactions were carried out under an atmosploéngitrogen in an flame-dried glassware with
magnetic stirring unless otherwise indicated. Conaialy obtained reagents were used as
received. Solvents were dried by Innovative TecbgylSolvent Purification System. Liquids and
solutions were transferred via syringe. All reaasiavere monitored by thin-layer chromatography.
GC-MS data were recorded on Thermo 1SQ &).*F, and**C NMR spectra were recorded on
Bruker-BioSpin AVANCE Il HD and JEOL ECZ600S. Dater *"H NMR spectra are reported
relative to TMS as an internal standard (0.00 ppng are reported as follows: chemical shift
(ppm), multiplicity, coupling constant (Hz), andtégration. Data for>C NMR spectra are
reported relative to chloroform as an internal gtad (77.16 ppm) and are reported in terms of
chemical shift (ppm). HRMS data were recorded oerifo Fisher Scientific LTQ FTICR-MS,
Waters Micromass GCT Premier or Thermo Finnigan BEG0000 LCQ Deca XP.



Synthesis of 1,3-enynes

R® R
0 , n-BuLi MsCl, TEA |
3t R= ——_ - HO
R1JJ\/R THF Ry X , DCM (0.5 M) RiT ,
R 0 °C, 30 min R
1, 1,3-enyne

To a 50 mL round bottomed flask was charged witimieal alkyne (5 mmol, 1
equiv) and 10 mL of THF. The solution was cooled®8 °C andh-BuLi (2.5 M in
THF, 2 mL, 5 mmol, 1 equiv) was added. The resglsolution was stirred for 20
minutes at room temperature and then cooled to°€7&gain. Ketone (5 mmol, 1
equiv) in THF solution was added dropwise. The tieacmixture was then allowed
to warm to room temperature and was monitored by Tior completion. On
completion the reaction was quenched with saturatpeeous NECI (40 mL). The
agueous layer was extracted with ethyl acetatetEmdombined organic layers were
washed with brine (30 mL), dried over Mg$éand filtered. Then concentrated under
reduced pressure to afford the crude propargyhalCo

The resulting crude propargyl alcohol was dissolvedry DCM (40 mL), and the
mixture was cooled to 0 °C with a cooling bath.this solution was added TEA (25
mmol, 5 equiv) and methylsulfonyl chloride (12.5 wim2.5 equiv) sequentially.
After 30 min the reaction was monitored by TLC @mmpletion. Once completion
the reaction was quenched with saturated aqueou€INBO mL). The aqueous layer
was extracted with ethyl acetate and the combingdmc layers were washed with
brine (30 mL), dried over MgSQfiltered, and concentrated under reduced pressure
The crude material was purified by flash chromatpby to yield the 1,3-enyhe



Characterization data for 1,3-enynes

=
cl 1a
'H NMR (400 MHz, Chloroformd) & 7.49 (d,J = 8.0 Hz, 2H), 7.15 (d] = 7.9 Hz, 2H), 5.82 (s,
1H), 5.54 (s, 1H), 3.70 (8 = 6.4 Hz, 2H), 2.61 () = 6.8 Hz, 2H), 2.35 (s, 3H), 2.05 (b= 6.6
Hz, 2H).2*C NMR (100 MHz, Chlorofornd) & 138.15, 134.78, 130.47, 129.05, 125.91, 119.14,
89.42, 80.90, 43.81, 31.43, 21.20, 16B&MS (El+) calcd for [GH1sCl]* (IM]*): 218.0862, found:
218.0867.

/LQ\
CeH13
1b

'H NMR (400 MHz, Chlorofornd) & 7.55 (d,J = 8.2 Hz, 2H), 7.14 (d] = 7.9 Hz, 2H), 5.79 (s, 1H),
5.52 (s, 1H), 2.40 () = 7.1 Hz, 2H), 2.35 (s, 3H), 1.66 — 1.54 (m, 2Hp1 — 1.39 (m, 2H), 1.37 —
1.27 (m, 4H), 0.94 — 0.86 (m, 3HJC NMR (100 MHz, Chlorofornd ) & 137.98, 135.03, 130.77,
128.96, 125.97, 118.47, 91.88, 79.88, 31.39, 282848, 22.61, 21.18, 19.44, 14.10. HRMS (El+)
calcd for [G/Hx]" ([M]7): 226.1722, found: 226.1730.

%Q\
Cetis™ 4 F

'H NMR (600 MHz, Chlorofornd) § 7.66 — 7.57 (m, 2H), 7.06 — 6.97 (m, 2H), 5.76L), 5.54
(s, 1H), 2.40 (tJ = 7.1 Hz, 2H), 1.64 — 1.54 (m, 2H), 1.48 — 1.41 PH), 1.35 — 1.29 (m, 4H),
0.91 — 0.88 (m, 3H}C NMR (150 MHz, Chlorofornd) 5 162.81 (d,) = 247.5 Hz), 134.01 (d,

= 3.0 Hz), 130.01, 127.86 (d,= 8.1 Hz), 119.10, 115.16 (d,= 21.5 Hz), 92.42, 79.67, 31.42,
28.76, 28.73, 22.66, 19.47, 14.18RMS (EI+) calcd for [GHioF]® ((M]*): 230.1471, found:
230.1474.

/‘\Q\
CeH1a™ g Br

'H NMR (600 MHz, Chloroformd) 8 7.55 — 7.50 (m, 2H), 7.48 — 7.43 (m, 2H), 5.821¢3), 5.59
(s, 1H), 2.41 (tJ = 7.2 Hz, 2H), 1.64 — 1.56 (m, 2H), 1.48 — 1.41 PH), 1.36 — 1.30 (m, 4H),
0.91 (t,J = 6.9 Hz, 3H)~C NMR (150 MHz, Chlorofornd) & 136.85, 131.44, 130.11, 127.80,
122.28, 119.80, 92.68, 79.39, 31.46, 28.77, 2219(0, 14.18HRMS (EI+) calcd for [GH1Br]*
(IM]*): 290.0670, found: 290.0675.

~ 0
CeHiz™ 4o Ph

'H NMR (400 MHz, Chloroforns) § 7.76 — 7.69 (m, 2H), 7.63 — 7.54 (m, 4H), 7.46.397(m,
2H), 7.37 — 7.30 (m, 1H), 5.88 (s, 1H), 5.60 (s), 1442 (t,J = 7.1 Hz, 2H), 1.67 — 1.57 (m, 2H),
1.52 — 1.42 (m, 2H), 1.37 — 1.29 (m, 4H), 0.9586Qm, 3H)3C NMR (100 MHz, Chlorofornd)



6 140.92, 140.68, 136.83, 130.59, 128.81, 127.41,062 126.99, 126.53, 119.25, 92.24, 79.75,
31.40, 28.76, 28.71, 22.63, 19.48, 14 THe spectrum data matches previously reported salue

Cl
FZ
CeHiz™  1f

'H NMR (400 MHz, Chlorofornd) & 7.63 (s, 1H), 7.55 — 7.48 (m, 1H), 7.27 — 7.23 %), 5.83

(s, 1H), 5.60 (s, 1H), 2.40 @,= 7.1 Hz, 2H), 1.63 — 1.56 (m, 2H), 1.48 — 1.41 pH), 1.35 —
1.30 (m, 4H), 0.90 (tJ = 6.8 Hz, 3H)*C NMR (100 MHz, Chlorofornd) § 139.67, 134.31,
129.87, 129.47, 128.09, 126.37, 124.15, 120.37,09279.19, 31.40, 28.70, 28.67, 22.63, 19.42,
14.10.HRMS (El+) calcd for [GeH1oCl]* ([M]1): 246.1175, found: 246.1185.

/U
CeHis™ 19

'H NMR (600 MHz, Chloroforrd) § 7.57 — 7.39 (m, 2H), 7.26 — 7.21 (m, 1H), 7.14.697(m,
1H), 5.83 (dJ = 1.3 Hz, 1H), 5.57 (d] = 1.2 Hz, 1H), 2.42 (t) = 7.1 Hz, 2H), 2.38 (s, 3H), 1.65
—1.59 (m, 2H), 1.51 — 1.45 (m, 2H), 1.36 — 1.304i), 0.92 (tJ = 7.0 Hz, 3H)*C NMR (150
MHz, Chloroformed) & 137.91, 137.89, 131.15, 128.96, 128.26, 126.98,3I2 119.32, 92.04,
79.98, 31.48, 28.81, 28.76, 22.70, 21.57, 19.53]7LHRMS (El+) calcd for [GHoo]* (IM]Y):
226.1722, found: 226.1719.

A
CeHis™  4p

'H NMR (600 MHz, Chlorofornd) & 7.29 — 7.23 (m, 1H), 7.23 — 7.16 (m, 3H), 5.69)d, 1.9
Hz, 1H), 5.39 (dJ = 2.0 Hz, 1H), 2.45 (s, 3H), 2.34 {t= 7.1 Hz, 2H), 1.58 — 1.53 (m, 2H), 1.44
—1.38 (m, 2H), 1.33 — 1.28 (m, 4H), 0.90)(% 6.9 Hz, 3H)*C NMR (150 MHz, Chlorofornd)

6 140.10, 135.52, 132.36, 130.39, 128.76, 127.75,88 123.91, 92.07, 80.71, 31.44, 28.74,
22.65, 20.28, 19.56, 14.18RMS (EI+) calcd for [GH,5] " (IM]7): 226.1722, found: 226.1729.

2 U0
CeH13 .
1i

'H NMR (400 MHz, Chlorofornd) & 8.14 (s, 1H), 7.90 — 7.72 (m, 4H), 7.46 (m, 2HY85(s, 1H),
5.67 (s, 1H), 2.47 () = 7.0 Hz, 2H), 1.72 — 1.59 (m, 2H), 1.55 — 1.47 BH), 1.40 — 1.31 (m,
4H), 0.91 (t,J = 7.0 Hz, 3H)*C NMR (100 MHz, Chlorofornd) 5 135.08, 133.28, 133.15,
130.91, 128.42, 127.82, 127.55, 126.22, 126.16,9125123.46, 119.69, 92.31, 79.78, 31.41,
28.76, 28.71, 22.63, 19.51, 14.10. The spectrum mhatches previously reported vafties

Z
Ph

1j
'H NMR (600 MHz, Chlorofornd) & 7.53 — 7.43 (m, 2H), 7.36 — 7.32 (m, 2H), 7.30.247(m,
3H), 7.16 — 7.11 (m, 2H), 5.82 (d= 1.2 Hz, 1H), 5.54 (d] = 1.2 Hz, 1H), 2.95 () = 7.5 Hz,
2H), 2.74 (tJ = 7.5 Hz, 2H), 2.37 (s, 3H)'C NMR (150 MHz, Chlorofornd) 5 140.76, 138.09,
134.89, 130.73, 129.05, 128.69, 128.53, 126.44,0026.18.79, 90.88, 80.77, 35.18, 21.69, 21.27.
HRMS (El+) calcd for [GoH1g ™ ([M] ¥): 246.1409, found: 246.1413.



§

1k

'H NMR (400 MHz, Chlorofornmd) & 7.71 — 7.59 (m, 2H), 7.36 — 7.26 (m, 3H), 5.83)d, 1.2
Hz, 1H), 5.58 (d,) = 1.1 Hz, 1H), 2.31 (d] = 6.6 Hz, 2H), 1.90 — 1.84 (m, 2H), 1.77 — 1.64 (m
4H), 1.31 — 1.10 (m, 5H}*C NMR (100 MHz, Chlorofornd) & 137.87, 131.04, 128.26, 128.08,
126.08, 119.32, 90.97, 80.61, 37.52, 32.84, 272B&31, 26.18HRMS (EI+) calcd for [GHad®
(IM]™): 224.1565, found: 224.1574.

o)
~ Z
Y 1

'H NMR (600 MHz, Chloroforrd) & 7.66 — 7.61 (m, 2H), 7.35 — 7.32 (m, 2H), 7.30.277(m,
1H), 5.85 (dJ = 1.1 Hz, 1H), 5.59 (d] = 1.1 Hz, 1H), 3.67 (s, 3H), 2.51 — 2.47 (m, 4HY5 —
1.90 (m, 2H)**C NMR (150 MHz, Chlorofornd) 5 173.69, 137.68, 130.83, 128.41, 128.28,
126.11, 119.93, 90.51, 80.71, 51.70, 33.01, 2418M6. HRMS (ESI) calcd for [gH,c0,Na]
(IM+Na]"): 251.1043, found: 251.1042.

'H NMR (400 MHz, Chlorofornd) & 7.70 — 7.55 (m, 2H), 7.36 — 7.24 (m, 3H), 5.851(3), 5.61
(s, 1H), 3.82 — 3.69 (m, 2H), 2.83 — 2.73 (m, 1M§3 (t,J = 6.5 Hz, 2H)*C NMR (100 MHz,
Chloroformd) & 137.49, 130.60, 128.43, 128.34, 126.08, 120.34308831.46, 61.13, 23.75.
HRMS (El+) calcd for [G:H1,0]" ([M] 7): 172.0888, found: 172.0894.

A
Cl

1q

'H NMR (400 MHz, Chlorofornd) & 7.60 — 7.45 (m, 4H), 7.38 — 7.23 (m, 5H), 6.46)g, 6.9
Hz, 1H), 2.12 (dJ = 7.2 Hz, 3H)*C NMR (100 MHz, Chlorofornd) & 136.81, 133.70, 133.23,
131.60, 128.55, 128.48, 128.44, 127.24, 123.51,37236.02, 86.26, 17.18{RMS (El+) calcd
for [C17H1:Cl* (IM]): 252.0706, found: 252.0698.

\
Ao
CeH13 1r

'H NMR (400 MHz, Chloroforrd) & 7.66 — 7.49 (m, 2H), 7.35 — 7.27 (m, 2H), 7.26.297(m,
1H), 6.39 (qJ = 6.9 Hz, 1H), 2.46 (t) = 7.0 Hz, 2H), 2.04 (d] = 6.9 Hz, 3H), 1.66 — 1.57 (m,
2H), 1.53 — 1.46 (m, 2H), 1.35 — 1.29 (m, 4H), 0:9%.88 (m, 3H)*C NMR (100 MHz,
Chloroformd) § 138.94, 131.52, 128.21, 127.14, 125.87, 124.7783677.71, 31.38, 28.95,
28.64, 22.61, 19.64, 16.78, 14.07. The spectrum mhatches previously reported vafties

=
1s

'H NMR (400 MHz, Chloroforrd) § 7.76 — 7.69 (m, 2H), 7.58 — 7.50 (m, 2H), 7.41.317(m,
6H), 5.98 (s, 1H), 5.76 (s, 1HYC NMR (100 MHz, Chlorofornd) 5 137.28, 131.68, 130.62,



128.42, 128.36, 126.11, 123.11, 120.68, 90.78,838he spectrum data matches previously
reported valué’s

=Z
12

'H NMR (400 MHz, Chlorofornd) & 7.70 — 7.55 (m, 2H), 7.39 — 7.25 (m, 3H), 5.81)d; 1.1
Hz, 1H), 5.55 (dJ = 1.2 Hz, 1H), 1.53 — 1.33 (m, 1H), 0.87 — 0.77 4id).**C NMR (100 MHz,
Chloroformd) 6 137.89, 130.96, 128.36, 128.21, 126.14, 119.55200%5.10, 8.77, 0.30. The
spectrum data matches previously reported values

Ph

Lt

'H NMR (400 MHz, Chloroforrd) & 7.86 — 7.47 (m, 2H), 7.39 — 7.23 (m, 7H), 7.22.357(m,
1H), 6.43 (d,J = 16.0 Hz, 1H), 6.22 (dfl = 15.9, 7.0 Hz, 1H), 5.85 (s, 1H), 5.60 (s, 1H}62(t,J

= 7.1 Hz, 2H), 2.41 — 2.33 (m, 2H), 1.84 — 1.73 2H)."*C NMR (100 MHz, Chlorofornd) &
137.79, 137.70, 130.94, 130.80, 129.75, 128.58,312828.22, 127.04, 126.13, 126.05, 119.64,
91.58, 80.26, 32.23, 28.41, 18.965S (El+) calcd for [GHxCl]* ([M]F): 272.1, found: 272.3.

0
O 18
'H NMR (600 MHz, Chlorofornd) 8 7.64 — 7.61 (m, 2H), 7.45 — 7.41 (m, 2H), 7.19)(d,7.9 Hz,
2H), 7.15 (dJ = 7.8 Hz, 2H), 5.92 (d] = 1.1 Hz, 1H), 5.69 (d] = 1.3 Hz, 1H), 2.37 (s, 3H), 2.36 (s,
3H). *C NMR (150 MHz, Chlorofornd) 5 138.62, 138.32, 134.70, 131.68, 130.62, 129.22 1R

126.12, 120.19, 119.57, 90.89, 88.20, 21.63, 21 B@. spectrum data matches previously reported
values.



Synthesis of alkyl diacyl peroxides

Alkyl diacyl peroxides have potentials to explode. Any alkyl diacyl
peroxides involved reaction (as product or substrate) should be

carried out with precautions!

Lauroyl peroxide (LPO2a was purchased from Admas. Other peroxides wengaped according
to our previous work

0
0 DMAP, DCC )J\
0

AIkyI)J\OH H,0, DCM,0°C Wm0 \for
A solution of DMAP (0.6 mmol), 30% hydrogen peraxiB mmol), and acid (6 mmol) in DCM
(8 mL) was cooled to -1%C for about 10 min, then DCC (6.72 mmol) was adddter stirring at
-15~-10°C for 1.5 h, DCM (15 mL) was added into the reactsmlution and the solution was
filtered through a short pad of silica gel. Thershwad the pad of silica gel by additional 40 mL of
DCM. The combined solution was concentrated ortaryevaporator under vacuum at 10°C5
and then purified by flash column chromatographitina gel to give the alkyl diacyl peroxide.

Alkyl




Characterization data for diacyl peroxides

'H NMR (400 MHz, Chlorofornd) § 2.42 (t,J = 7.5 Hz, 4H), 1.76 — 1.66 (m, 4H), 1.41 — 1.24 (m
16H), 0.93 — 0.83 (m, 6H}*C NMR (100 MHz, Chlorofornt) 5 169.25, 31.54, 30.00, 28.87,
28.75, 24.81, 22.55, 14.00. The spectrum data matgteviously reported values

(e}
G/\)’LO/OT]/\/O
2c O
H NMR (400 MHz, Chloroformd) 5 2.49 — 2.40 (m, 4H), 1.87 — 1.69 (m, 10H), 1.65.48 (m,
8H), 1.19 — 1.02 (m, 4H}’C NMR (100 MHz, Chlorofornd) 5 169.40, 39.47, 32.29, 30.94,

29.36, 25.10. The spectrum data matches previoeptyrted value’s
0
2d O
'H NMR (400 MHz, Chlorofornd) § 7.36 — 7.26 (m, 4H), 7.26 — 7.17 (m, 6H), 3.02 &,7.8 Hz,
4H), 2.80 — 2.68 (m, 4H3*C NMR (100 MHz, Chlorofornd) & 168.42, 139.33, 128.71, 128.29,
126.71, 31.70, 30.70. The spectrum data matche#psdy reported valués

'H NMR (400 MHz, Chlorofornd) & 3.67 — 3.47 (m, 4H), 2.57 — 2.45 (m, 4H), 1.95.811(m,
8H).™*C NMR (100 MHz, Chlorofornt) & 168.77, 44.23, 31.42, 29.20, 22.15. The spectrata d
matches previously reported valfies

o

BrM O/OWBr

2f O

'H NMR (400 MHz, Chlorofornd) 5 3.68 — 3.30 (m, 4H), 2.73 — 2.50 (m, 4H), 2.36.3:12m,
4H). °C NMR (100 MHz, Chlorofornd) & 168.19, 31.80, 28.39, 27.60. The spectrum data
matches previously reported valfies

2g O (¢}

'H NMR (400 MHz, Chlorofornd) § 2.60 (t,J = 7.0 Hz, 4H), 2.49 (&) = 7.0 Hz, 4H), 2.16 (s,
6H), 1.97 (pJ = 6.9 Hz, 4H)**C NMR (100 MHz, Chlorofornd) & 207.44, 168.76, 41.60, 29.95,
28.88, 18.64. The spectrum data matches previoeplyrted value’s

10



'H NMR (400 MHz, Chlorofornd) & 3.72 (s, 6H), 2.81 — 2.69 (m, 8H5C NMR (100 MHz,
Chloroforms) 6 171.80, 168.21, 52.25, 28.72, 25.34. The spectfatan matches previously
reported valués

'H NMR (400 MHz, Chlorofornd) § 5.89 — 5.72 (m, 2H), 5.06 — 4.88 (m, 4H), 2.42 &,7.4 Hz,
4H), 2.07 — 2.00 (m, 4H), 1.75 — 1.67 (m, 4H), 1-40.29 (m, 16H)**C NMR (100 MHz,
Chloroformd) 8 169.30, 139.09, 114.33, 33.81, 30.07, 29.02, 288400, 28.88, 24.88. The
spectrum data matches previously reported vilues

@i
O/O
2i (0]

'H NMR (400 MHz, Chlorofornd) § 2.19 (s, 4H), 2.00 (s, 6H), 1.74 — 1.63 (m, 24fQ.NMR
(100 MHz, Chlorofornd) 6 166.72, 44.46, 42.11, 36.53, 32.99, 28.55. Thetapm data matches
previously reported valués

11



Optimization of the reaction conditions

General procedure for Table S1: in a flame-dried Schlenk tube, Cat. (0.01

mmol, 5 mol%) and Py-Box ligan@)-L 16 (0.014 mmol, 7 mol%) were dissolved in THF (1 mL)

under a nitrogen atmosphere, and the mixture wagdtat room temperature for 30 minutes.
Then 1,3-enynda (0.2 mmol, 1.0 equiv), peroxidga (0.3 mmol, 1.5 equiv), PhB(OK)0.6
mmol, 3 equiv) and base (0.6 mmol, 3 equiv) werusatially added. The reaction mixture was
stirred at rt for 5 h. Upon completion of the réatas monitored by TLC, the solvent was
concentrated under vacuum. The crude residue wégepduwy flash column chromatography on
silica gel to give the product.

Table S1. Optimized reaction conditions?

Cat, 5 mol % Friftas Ph
(£)-L16, 7 mol % c=<
/QJ\/\/C' R e equiv Colie
1a 22 3a Solvent, rt, N, 4a
entry cat. solvent base yield (%)
1 CuTc THF DIPEA 69%
2 Cu(OAc) THF DIPEA 67%
3 Cu(OTfy THF DIPEA  51%
4 Cu(TFA) THF DIPEA  66%
5 Pd(OAc) THF DIPEA  trace
6 NiCl, THF DIPEA  trace
7 CoC} THF DIPEA trace
8 Cu(CHCN),BF, THF DIPEA 70%
9  Cu(CHCN)BF, DCM DIPEA  50%
10 Cu(CHCN)BF, TBME DIPEA  21%
11 Cu(CHCN)BF,; 1,4-dioxane DIPEA 18%
12 Cu(CHCN);BF4 DMF DIPEA  Trace
13  Cu(CHCN)BF, DME DIPEA  47%
14  Cu(CHCN)BF, THF KF 18%
15 Cu(CHCN)sBF4 THF DMAP trace
16 Cu(CHCN)BF, THF K.COs trace
17  Cu(CHCN)BF, THF EgN 65%
18  Cu(CHCN)BF, THF DIEPA  53%
19 Cu(CHCN),BF, THF DIEPA trace

12



#Reaction conditionsta (0.2 mmol, 1 equiv)2a (0.3 mmol, 1.5 equiv)3a (0.6 mmol, 3 equiv),
Cat. (5 mol%), (+£)-L16 (7 mol%), base (0.6 mmol, 3 equiv), solvent (1 mig.

®2.4,6-Triphenyloroxin instead of PhB(OHJPhBpin instead of PhB(OK) Isolated yield.

General procedure for 1,4-alkylarylation of

1,3-enynes

General procedure A\ In a flame-dried Schlenk tube, Cu(gEN),BF, (0.01 mmol,

5 mol%) and Py-Box ligant)-L 16 (0.014 mmol, 7 mol%) were dissolved in THF (1 nuinder

a nitrogen atmosphere, and the mixture was stiatetbom temperature for 30 minutes. Then
1,3-enyne (0.2 mmol, 1.0 equiv), peroxide (0.3 mridd equiv), PhB(OH)(0.6 mmol, 3 equiv)
and DIPEA (0.6 mmol, 3 equiv) were sequentiallyedidrhe reaction mixture was stirred at rt for
5 h. Upon completion of the reaction as monitorgdlhC, the solvent was concentrated under
vacuum. The crude residue was purified by flashirool chromatography on silica gel to give the
product.

General procedure B: In a flame-dried Schienk tube, Cu(€EN),BF, (0.01 mmol,

5 mol%) and Py-Box ligant)-L 16 (0.014 mmol, 7 mol%) were dissolved in THF (1 nuinder

a nitrogen atmosphere, and the mixture was stiatetbom temperature for 30 minutes. Then
1,3-enyne (0.2 mmol, 1.0 equiv), peroxide (0.3 mridd equiv), PhB(OH)(0.6 mmol, 3 equiv)
and DMF (1 mL) were sequentially added. The reactioxture was stirred at rt for 5 h. Upon
completion of the reaction as monitored by TLC, dblvent was concentrated under vacuum. The
crude residue was purified by flash column chromaphy on silica gel to give the product.
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Characterization data for products

Cq1Hzs3

4a

Cl

Following the general procedufe 4a was obtained as a liquid (63 mg, 70% yielt) NMR (600
MHz, Chloroformd) & 7.47 (d,J = 8.2 Hz, 2H), 7.38 — 7.30 (m, 4H), 7.28 — 7.21 {id), 7.15 (d,
J=28.0 Hz, 2H), 3.63 (] = 6.4 Hz, 2H), 2.74 () = 7.5 Hz, 2H), 2.56 (1] = 7.6 Hz, 2H), 2.36 (s,
3H), 2.15 - 2.01 (m, 2H), 1.66 — 1.54 (m, 2H), g0 = 7.6, 7.1 Hz, 2H), 1.37 — 1.22 (m, 16H),
0.91 (t,J = 6.9 Hz, 3H)"*C NMR (150 MHz, Chlorofornd) & 204.80, 136.79, 133.71, 129.38,
128.63, 126.95, 125.95, 110.04, 107.78, 45.06,73230.10, 30.58, 29.88, 29.82, 29.78, 29.68,
29.51, 28.30, 27.65, 22.85, 21.22, 14.28. HRMS (DARalcd for [GiH4Cl (M+H]™):
451.3126, found: 451.3123.

CqqH23
Phe__+
Y

CgHqz 4b

Following the general procedure Ab was obtained as a liquid (58 mg, 63% vyiel#j. NMR
(600 MHz, Chlorofornd) & 7.46 (d,J = 8.1 Hz, 2H), 7.36 (d] = 8.1 Hz, 2H), 7.32 (} = 7.6 Hz,
2H), 7.21 (dJ = 7.8 Hz, 1H), 7.14 (d] = 8.3 Hz, 2H), 2.56 (q] = 7.2 Hz, 4H), 2.35 (s, 3H), 1.67
— 1.57 (m, 4H), 1.45 — 1.39 (m, 4H), 1.32 — 1.25 26H), 0.92 — 0.87 (m, 6H)’C NMR (150
MHz, Chloroformd) & 205.15, 137.36, 136.42, 134.18, 129.25, 128.46,612 126.03, 125.95,
109.00, 32.07, 31.93, 30.53, 29.88, 29.82, 29.9%12 29.58, 29.51, 28.28, 28.26, 22.84, 21.20,
14.27, 14.22. HRMS (DART) calcd for §s1]" ([M+H]"): 459.3985, found: 459.3981.
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Ph. s C11Hzs

\C’Z‘Hs 4c
Following the general procedure 4c was obtained as a liquid (43 mg, 46% yielt) NMR (400
MHz, Chloroformd) 4 7.42 (d,J = 7.7 Hz, 2H), 7.40 — 7.34 (m, 2H), 7.31)% 7.6 Hz, 2H), 7.20
(t, J=7.3 Hz, 1H), 6.99 (1) = 8.7 Hz, 2H), 2.72 — 2.38 (m, 4H), 1.63 — 1.51 4id), 1.42 — 1.34
(m, 4H), 1.30 — 1.21 (m, 20H), 0.90 — 0.83 (m, 6£¢.NMR (100 MHz, Chlorofornd) § 204.98
(d,J=1.9 Hz), 161.78 (d] = 245.7 Hz), 133.04 (dl = 3.2 Hz), 128.45, 127.38 (d,= 7.8 Hz),
126.71, 125.91, 115.23 (d~ 21.3 Hz), 109.23, 108.26, 31.96, 31.80, 30.9%4@® 29.73, 29.71,
29.70, 29.67, 29.58, 29.44, 29.40, 28.13, 28.08/214.16, 14.11. HRMS (DART) calcd for
[CaaHagF]" (IM+H]™): 463.3735, found: 463.3731.

Br

Ph. s C11Hzs

\C’Z‘Hs 4d
Following the general procedure Agd was obtained as a liquid (68 mg, 65% yiefty. NMR
(600 MHz, Chlorofornd) & 7.45 — 7.41 (m, 4H), 7.34 — 7.29 (m, 4H), 7.242010m, 1H), 2.56 (t,
J=7.6 Hz, 2H), 2.52 () = 7.6 Hz, 2H), 1.64 — 1.53 (m, 4H), 1.43 — 1.36 4id), 1.32 — 1.24 (m,
20H), 0.92 — 0.87 (m, 6H)’C NMR (150 MHz, Chlorofornd) 5 205.39, 136.80, 136.23, 131.54,
128.57, 127.62, 126.90, 126.02, 120.46, 109.63.48082.03, 31.87, 30.43, 30.38, 29.78, 29.75,
29.64, 29.51, 29.48, 28.19, 28.14, 22.80, 14.231814HRMS (DART) calcd for [GH4dBr]"
(IM+H]"): 523.2934, found: 523.2931.

Ph

Ph. s C11Hzs
\C’Z‘Hs de
Following the general procedure #e was obtained as a liquid (76 mg, 73% yielt) NMR (600
MHz, Chloroforme) & 7.64 (d,J = 7.6 Hz, 2H), 7.60 (dl = 8.1 Hz, 2H), 7.56 (d] = 8.5 Hz, 2H),
7.51 (d,J = 7.8 Hz, 2H), 7.47 (1) = 7.6 Hz, 2H), 7.37 (1} = 7.6 Hz, 3H), 7.26 (f] = 7.5 Hz, 1H),
2.74 - 2.37 (m, 4H), 1.72 — 1.62 (m, 4H), 1.50421(m, 4H), 1.36 — 1.28 (m, 20H), 0.95 — 0.90
(m, 6H)."*C NMR (150 MHz, Chlorofornd) & 205.71, 141.03, 139.56, 137.16, 136.22, 128.91,
128.58, 127.28, 127.15, 127.08, 126.81, 126.47,1026109.36, 108.95, 32.10, 31.96, 30.57,
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30.53, 29.93, 29.87, 29.83, 29.75, 29.63, 29.583428.30, 22.88, 14.31, 14.26. HRMS (DART)
caled for [GoHsg " (M+H]): 521.4142, found: 521.4136.

Cl

CqqH23
Phe__+
Y

CoHiz 4f

Following the general procedure 4, was obtained as a liquid (53 mg, 55% vielth) NMR (600
MHz, Chloroformd) 6 7.43 — 7.39 (m, 2H), 7.39 — 7.36 (m, 1H), 7.34287Am, 3H), 7.24 — 7.18
(m, 2H), 7.18 — 7.14 (m, 1H), 2.54 §t= 8.4 Hz, 2H), 2.50 (J = 7.8 Hz, 2H), 1.60 — 1.52 (m,
4H), 1.42 — 1.36 (m, 4H), 1.27 — 1.22 (m, 20H),80-80.85 (m, 6H)*C NMR (150 MHz,
Chloroformd) 6 205.51, 139.37, 136.72, 134.51, 129.63, 128.56,982 126.66, 126.06, 125.95,
124.19, 109.73, 108.35, 32.03, 31.87, 30.44, 32389, 29.76, 29.74, 29.63, 29.51, 29.47, 28.16,
28.10, 22.80, 14.24, 14.18. HRMS (DART) calcd f@aH4eCl]" ([M+H]™): 479.3439, found:
479.3435.

Ph. s Cy1Has

\Cin 49
Following the general procedure 4g was obtained as a liquid (65 mg, 71% yielt) NMR (400
MHz, Chloroformd) 6 7.46 — 7.41 (m, 2H), 7.30 @,= 7.6 Hz, 2H), 7.26 — 7.16 (m, 4H), 7.01 (d,
J=7.3 Hz, 1H), 2.65 — 2.42 (m, 4H), 2.33 (s, 3HHE6 — 1.53 (m, 4H), 1.45 — 1.34 (m, 4H), 1.30
—1.19 (m, 20H), 0.91 — 0.83 (m, 6HC NMR (100 MHz, CDGJ)) & 205.30, 137.96, 137.20,
137.05, 128.42, 128.34, 127.47, 126.63, 126.58,9725123.11, 109.09, 108.89, 32.00, 31.86,
30.48, 30.42, 29.80, 29.76, 29.72, 29.63, 29.5442%28.19, 28.17, 22.78, 21.65, 14.21, 14.16.
HRMS (DART) calcd for [G4Hs1]" ([M+H]"): 459.3985, found: 459.3981.

CqqHz3
Ph\’%'
CeHyz 4h
Following the general procedure Ah was obtained as a liquid (50 mg, 54% vyiel#j. NMR
(400 MHz, Chloroformd) & 7.47 — 7.39 (m, 2H), 7.31 @,= 7.6 Hz, 2H), 7.27 — 7.24 (m, 1H),
7.21 —7.11 (m, 4H), 2.50 — 2.38 (m, 4H), 2.333(3), 1.61 — 1.47 (m, 4H), 1.42 — 1.33 (m, 4H),
1.31 —1.23 (m, 20H), 0.91 — 0.86 (m, 6HE NMR (100 MHz, CDG)) § 202.77, 138.50, 137.67,
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135.78, 130.39, 128.35, 128.25, 126.73, 126.34,1526125.68, 108.21, 106.00, 34.50, 31.97,
31.88, 30.55, 29.73, 29.69, 29.67, 29.59, 29.413928.30, 28.15, 22.75, 20.71, 14.18, 14.16.
HRMS (DART) calcd for [GHs,]" ([M+H]"): 459.3985, found: 459.3982.

Ph. s C1qHzs

CeHqz 4i
Following the general procedure 4i,was obtained as a liquid (53 mg, 54% vielt) NMR (400
MHz, Chloroformd) 6 7.83 — 7.76 (m, 3H), 7.71 (d,= 8.7 Hz, 1H), 7.59 (dd] = 8.6, 1.8 Hz,
1H), 7.48 — 7.39 (m, 4H), 7.32 (t= 7.6 Hz, 2H), 7.21 (t) = 7.3 Hz, 1H), 2.67 (t] = 7.6 Hz, 2H),
2.58 (t,J = 7.6 Hz, 2H), 1.71 — 1.57 (m, 4H), 1.46 — 1.38 4H), 1.32 — 1.23 (m, 20H), 0.89 —
0.82 (m, 6H)C NMR (100 MHz, CDGJ)) & 206.04, 137.05, 134.51, 133.73, 132.46, 128.46,
128.01, 127.78, 127.56, 126.69, 126.05, 125.99,5525125.43, 123.39, 109.38, 31.96, 31.81,
30.45, 30.35, 29.82, 29.73, 29.69, 29.62, 29.4811298.17, 22.74, 22.72, 14.17, 14.11. HRMS
(DART) calcd for [G/Hs1]" ([M+H]"): 495.3985, found: 495.3980.

CyH
Ph. s 11M23

4j
Ph
Following the general procedure 4, was obtained as a liquid (43 mg, 45% vielt) NMR (600
MHz, Chloroformel) & 7.49 — 7.44 (m, 2H), 7.35 — 7.31 (m, 2H), 7.312771m, 4H), 7.24 — 7.19
(m, 4H), 7.13 (d,J = 8.4 Hz, 2H), 2.96 — 2.86 (m, 4H), 2.56 — 2.45 @), 2.35 (s, 3H), 1.55 —
1.50 (m, 2H), 1.41 — 1.24 (m, 18H), 0.92 — 0.89 8i).**C NMR (150 MHz, Chlorofornd) &
205.11, 142.19, 137.05, 136.56, 133.93, 129.28,5828 28.46, 126.79, 126.01, 125.98, 109.68,
108.41, 34.42, 32.33, 32.05, 30.54, 29.87, 29.82[72 29.68, 29.50, 28.22, 22.83, 21.21, 14.27.
HRMS (DART) calcd for [GeHa7]™ ([M+H]"): 479.3672, found: 479.3669.

Ph Cq1Ha3

4k

Following the general procedure, 4k was obtained as a liquid (61 mg, 67% yief#y. NMR
(400 MHz, Chloroformd) 6 7.46 — 7.40 (m, 4H), 7.30 @,= 7.6 Hz, 4H), 7.22 — 7.15 (m, 2H),
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2.54 (t,J = 7.6 Hz, 2H), 2.44 (d] = 6.9 Hz, 2H), 1.90 — 1.74 (m, 3H), 1.71 — 1.56 6ir), 1.31 —
1.19 (m, 22H), 0.89 (t) = 6.4 Hz, 3H)"*C NMR (100 MHz, Chloroforntd) & 205.96, 137.22,
137.10, 128.41, 126.58, 126.17, 126.07, 107.97,18)B8.54, 36.41, 33.73, 33.68, 31.98, 30.63,
29.80, 29.74, 29.72, 29.70, 29.59, 29.42, 28.3G2®6.32, 26.27, 22.76, 14.20. HRMS (DART)
calcd for [GaHag ™ (M+H]™): 457.3829, found: 457.3826.

CyH
Ph 1123

4

)
e

Following the general procedure 4,was obtained as a liquid (64 mg, 69% vielt) NMR (600
MHz, Chloroformd) 6 7.49 — 7.43 (m, 4H), 7.36 — 7.30 (m, 4H), 7.23187m, 2H), 3.66 (s, 3H),
2.61 (t,J = 7.7 Hz, 2H), 2.57 (t) = 7.6 Hz, 2H), 2.43 (t) = 7.4 Hz, 2H), 1.99 — 1.89 (m, 2H),
1.64 — 1.54 (m, 2H), 1.42 — 1.36 (m, 2H), 1.31241(m, 16H), 0.90 (t) = 7.0 Hz, 3H)"C NMR

(150 MHz, Chloroformd) & 205.21, 174.04, 136.90, 136.74, 128.60, 128.58,91? 126.06,
125.98, 109.85, 108.37, 51.61, 33.91, 32.05, 3@8R7, 29.80, 29.77, 29.67, 29.49, 28.28, 23.48,
22.83, 14.26. HRMS (DART) calcd for §@.50,]" ([M+H]"): 461.3414, found: 461.3411.

Cy1H23
4m

OH
Following the general procedufe 4m was obtained as a liquid (26 mg, 32% vielt#). NMR
(400 MHz, Chloroformd) & 7.44 (d,J = 7.7 Hz, 4H), 7.34 — 7.26 (m, 4H), 7.23 — 7.17 2H),
3.87 (t,J = 6.5 Hz, 2H), 2.94 — 2.74 (m, 2H), 2.55J& 7.6 Hz, 2H), 2.31 () = 7.5 Hz, 1H),
1.64 — 1.53 (m, 2H), 1.43 — 1.34 (m, 2H), 1.32241(m, 16H), 0.88 (1] = 6.8 Hz, 3H)**C NMR
(100 MHz, Chloroformd) & 204.82, 136.34, 136.28, 128.67, 128.60, 127.10,062 125.90,
125.84,110.19, 105.80, 61.39, 33.47, 31.95, 3@415, 29.69, 29.66, 29.63, 29.55, 29.39, 28.18,
22.73, 14.17. HRMS (DART) calcd for jg4,0]" ([M+H]"): 405.3152, found: 405.3149.

Ph.__*
f 4n

HO

Following the general procedufe 4n was obtained as a liquid (33 mg, 42% yield).

'H NMR (600 MHz, Chloroformd) § 7.47 — 7.42 (m, 4H), 7.36 — 7.31 (m, 4H), 7.27.227(m, 2H),
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4.72 — 4.61 (m, 2H), 2.64 — 2.55 (m, 2H), 1.62 551(m, 2H), 1.42 — 1.36 (m, 2H), 1.32 — 1.21 (m,
17H), 0.88 (tJ = 7.1 Hz, 3H)*C NMR (150 MHz, Chlorofornd) § 203.57, 136.15, 134.54, 128.82,
128.70, 127.43, 127.40, 126.23, 126.12, 112.40,071®1.86, 32.03, 30.53, 29.77, 29.74, 29.72,29.6
29.47, 28.20, 22.81, 14.25. HRMS (El+) calcd fosefG:0]" ([M]*): 390.2923, found: 390.2931.

Ph. s Ci1Hzs

40

Following the general procedure 49 was obtained as a liquid (38 mg, 49% yielH) NMR (400
MHz, Chloroformel) 6 7.34 — 7.27 (m, 4H), 7.25 — 7.20 (m, 3H), 7.13)(d,7.9 Hz, 2H), 2.35 (s,
3H), 2.12 (tJ = 7.5 Hz, 2H), 1.85 (s, 3H), 1.55 - 1.47 (m, 2HP9 — 1.18 (m, 18H), 0.88 @,=

6.8 Hz, 3H).*C NMR (100 MHz, Chlorofornd) & 203.08, 138.38, 136.39, 135.23, 128.96,
128.37, 128.33, 128.19, 126.62, 108.57, 102.842381.98, 29.75, 29.72, 29.70, 29.68, 29.58,
29.48, 29.43, 27.66, 22.76, 21.19, 19.08, 14.19M8RDART) calcd for [GdH4]" ([M+H]™):
389.3203, found: 389.3200.

Ph .)\/\/\/Cl
p

Following the general procedure Ap was obtained as a liquid3 mg, 27% vyield). *H NMR
(400 MHz, Chlorofornd) & 7.40 — 7.35 (m, 2H), 7.32 — 7.27 (m, 2H), 7.1915qm, 1H), 3.47 (t,
J = 6.8 Hz, 2H), 2.41 (q] = 7.3 Hz, 2H), 2.14 — 2.04 (m, 2H), 1.80 (s, 3HY,7 — 1.71 (m, 2H),
1.52 — 1.43 (m, 4H), 1.10 (§ = 7.3 Hz, 3H)XC NMR (100 MHz, Chlorofornd) & 200.98,
138.38, 128.23, 126.11, 125.78, 106.70, 103.39,5484.17, 32.54, 26.97, 26.74, 23.18, 19.12,
12.77.HRMS (El+) calcd for [GH2CI]" (IM]1): 262.1488, found: 262.1485.

Cl

Ph J cl

4q

Following the general procedure Ag was obtained as a liquid (27 mg, 32% yief#j. NMR
(400 MHz, Chloroformd) 6 7.43 — 7.26 (m, 14H), 3.37 — 3.22 (m, 2H), 2.8474 (m, 1H), 1.71

— 1.54 (m, 4H), 1.52 — 1.38 (m, 2H), 1.36 — 1.22 8iH).*C NMR (100 MHz, Chlorofornd) &
206.11, 136.68, 136.49, 134.78, 132.76, 128.81,5428 28.53, 128.25, 128.15, 127.77, 127.49,
127.45, 114.30, 114.14, 44.93, 35.59, 34.45, 3225100, 20.61. HRMS (DART) calcd for
[CoHoCly] " (IM+H]): 421.1484, found: 421.1481.
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Cl
Ph\’%
CeH13
4r

Following the general procedure 4, was obtained as a liquid (16 mg, 20% yielt) NMR (400
MHz, Chloroformel) & 7.48 — 7.38 (m, 4H), 7.35 — 7.26 (m, 4H), 7.24167m, 2H), 3.51 (t) =

6.7 Hz, 1.5 H), 3.35 (1] = 6.7, Hz, 0.5H), 2.88 — 2.74 (m, 1H), 2.54)(t 7.6 Hz, 2H), 1.77 (m,
1.5H), 1.61 — 1.54 (m, 3.5H), 1.43 — 1.36 (m, 3HP9 — 1.24 (m, 6H), 1.19 (dd= 6.8, 1.8 Hz,
3H), 0.87 — 0.84 (m, 3H}C NMR (100 MHz, Chlorofornd) & 204.53, 136.98, 136.83, 128.51,
128.45, 126.70, 126.66, 126.40, 125.77, 45.11,983534.13, 32.89, 31.80, 30.50, 29.55, 28.41,
24.96, 22.72, 20.25, 14.12. HRMS (DART) calcd f@7HsCl]" ([M+H]™"): 395.2500, found:
395.2497.

Ph g cl

4s

Following the general procedure #s was obtained as a liquid (34 mg, 46% vyielt) NMR (400
MHz, Chloroforme) & 7.53 — 7.46 (m, 2H), 7.44 — 7.37 (m, 4H), 7.37.3074m, 6H), 7.30 — 7.20
(m, 3H), 3.36 (tJ = 6.8 Hz, 2H), 2.64 (t) = 7.4 Hz, 2H), 1.82 — 1.60 (m, 4H), 1.52 — 1.41 (m
2H). ¥*C NMR (100 MHz, Chloroforntd) & 206.99, 136.85, 136.11, 128.65, 128.51, 128.32,
127.38, 127.17, 126.05, 113.12, 108.77, 45.05,73236.18, 27.23, 26.87. HRMS (DART) calcd
for [CagH2eCll" (M+H]"): 373.1718, found: 373.1714.

Ph . cl

Following the general procedufe 4t was obtained as a liquid (19 mg, 32% vielt) NMR (400
MHz, Chloroformel) & 7.48 — 7.41 (m, 2H), 7.36 — 7.29 (m, 6H), 7.24187m, 2H), 6.54 (1) =
3.2 Hz, 1H), 3.48 (t) = 6.7 Hz, 2H), 2.65 — 2.52 (m, 2H), 1.84 — 1.72 BH), 1.69 — 1.51 (m,
4H). **C NMR (100 MHz, CDG)) & 206.42, 136.06, 134.54, 128.78, 128.57, 127.15,1%2
126.79, 126.10, 109.65, 98.15, 45.11, 32.49, 2929317, 26.81. HRMS (DART) calcd for
[CaoH2:Cl (IM+H]™): 297.1405, found: 297.1403.
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Ph C7Hqs

5a

Cl
Following the general procedure Bg was obtained as a liquid (50 mg, 63% yielt) NMR (400

MHz, Chloroformel) 6 7.48 — 7.40 (m, 2H), 7.37 — 7.25 (m, 4H), 7.20J(d,7.2 Hz, 1H), 7.12 (d,
J=8.0 Hz, 2H), 3.60 (1] = 6.4 Hz, 2H), 2.71 (] = 7.5 Hz, 2H), 2.52 (d] = 8.0 Hz, 2H), 2.33 (s,
3H), 2.11 — 1.97 (m, 2H), 1.63 — 1.49 (m, 2H), 1-4B.33 (m, 2H), 1.32 — 1.19 (m, 8H), 0.861(t,
= 6.8 Hz, 3H)*C NMR (100 MHz, Chlorofornd) & 204.71, 136.70, 133.62, 129.29, 128.54,
126.86, 125.86, 109.94, 107.69, 44.99, 31.89, 313050, 29.79, 29.55, 29.39, 28.22, 27.56,
22.72,21.14, 14.17. HRMS (DART) calcd forj83CI]" ((M+H]"): 395.2500, found: 395.2498.

5b

Cl
Following the general procedure, 5b was obtained as a liquid (48 mg, 61% yief#j. NMR

(400 MHz, Chloroformd) & 7.50 — 7.40 (m, 2H), 7.36 — 7.26 (m, 4H), 7.21)g, 7.5 Hz, 1H),
7.12 (d,J = 7.9 Hz, 2H), 3.60 (t] = 6.5 Hz, 2H), 2.71 () = 7.5 Hz, 2H), 2.53 (] = 7.6 Hz, 2H),
2.32 (s, 3H), 2.10 — 1.98 (m, 2H), 1.79 — 1.63 %), 1.62 — 1.43 (m, 6H), 1.41 — 1.35 (m, 2H),
1.09 — 0.94 (m, 2H)**C NMR (100 MHz, Chlorofornd) & 204.74, 136.70, 133.63, 129.30,
128.55, 126.87, 125.88, 125.87, 109.92, 107.70%®89.98, 36.27, 32.75, 32.71, 31.03, 30.72,
27.58, 27.32, 25.22, 21.15. HRMS (DART) calcd f@/Hs,Cll" (IM+H]"): 393.2344, found:
393.2341.

Ph.__+

5¢c

Cl
Following the general procedure B¢ was obtained as a liquid (41 mg, 51% yielt) NMR (600

MHz, Chloroformel) & 7.49 — 7.44 (m, 2H), 7.36 — 7.29 (m, 4H), 7.29257m, 2H), 7.25 - 7.21

(m, 1H), 7.18 (tJ = 6.8 Hz, 1H), 7.16 — 7.10 (m, 4H), 3.60Jt 6.4 Hz, 2H), 2.79 — 2.67 (m,

4H), 2.60 (t,J = 7.6 Hz, 2H), 2.34 (s, 3H), 2.11 — 2.01 (m, 2HP8 — 1.87 (m, 2H}*C NMR

(150 MHz, Chloroformd) & 204.72, 142.29, 136.89, 136.64, 133.54, 129.48,682 128.58,
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128.43, 127.06, 125.96, 125.90, 109.70, 108.19)2435.92, 31.08, 30.04, 29.88, 27.66, 21.20.
HRMS (DART) calcd for [GaH3Cl]™ ((M+H]"): 401.2031, found: 401.2027.

Cl
Ph.__s

5d

Cl
Following the general procedure Bg was obtained as a liquid (56 mg, 72% yief#y. NMR

(400 MHz, Chloroformd) & 7.48 — 7.38 (m, 2H), 7.37 — 7.26 (m, 4H), 7.2 7.5 Hz, 1H),
7.13 (d,J = 8.0 Hz, 2H), 3.61 (t] = 6.4 Hz, 2H), 3.46 (] = 6.7 Hz, 2H), 2.70 (] = 7.6 Hz, 2H),
2.56 (t,J = 7.2 Hz, 2H), 2.33 (s, 3H), 2.13 — 1.98 (m, 2HBO — 1.70 (m, 2H), 1.65 — 1.47 (m,
5H). **C NMR (100 MHz, Chloroforntd) & 204.62, 136.86, 136.55, 133.39, 129.35, 128.60,
126.98, 125.85, 125.81, 109.56, 107.99, 45.13,64439.55, 31.01, 30.30, 27.57, 27.42, 27.00,
21.15. HRMS (DART) calcd for [GH»sClo] " ([M+H]"): 387.1641, found: 387.1638.

Ph ¢ Br
5e

Cl
Following the general procedufe 5e was obtained as a liquid (51 mg, 54% yielt) NMR (400

MHz, Chloroforme) & 7.47 — 7.39 (m, 2H), 7.37 — 7.27 (m, 4H), 7.22 &,7.3 Hz, 1H), 7.13 (d,
J=8.0 Hz, 2H), 3.61 () = 6.4 Hz, 2H), 3.37 () = 6.8 Hz, 2H), 2.72 (] = 7.5 Hz, 2H), 2.57 (t,
J = 7.6 Hz, 2H), 2.33 (s, 3H), 2.11 — 2.00 (m, 2HY9 — 1.90 (M, 2H), 1.79 — 1.65 (m, 2HL
NMR (100 MHz, Chloroformd) 6 204.60, 136.94, 136.44, 133.24, 129.39, 128.64,062 125.88,
125.81, 109.25, 108.22, 44.94, 33.57, 32.64, 3POAK7, 27.63, 26.65, 21.1ARMS (El+) calcd
for [CoaH26CIBI]™ ([M]1): 416.0906, found: 416.0904.

Ph.__+
5f

Cl
Following the general procedure &, was obtained as a liquid (40 mg, 52% viel#) NMR (600

MHz, Chloroformel) 6 7.45 — 7.42 (m, 2H), 7.34 — 7.29 (m, 4H), 7.242070m, 1H), 7.13 (d] =
8.1 Hz, 2H), 3.61 (1) = 6.4 Hz, 2H), 2.72 () = 7.5 Hz, 2H), 2.56 (t] = 7.5 Hz, 2H), 2.41 (1] =
7.5 Hz, 2H), 2.34 (s, 3H), 2.08 — 2.01 (m, 5H),11-71.65 (m, 2H), 1.62 — 1.51 (m, 2 NMR
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(150 MHz, Chloroformd) & 209.10, 204.67, 136.93, 136.61, 133.41, 129.48,68 127.06,
125.91, 125.88, 109.58, 108.06, 45.02, 43.69, 3130636, 29.92, 27.69, 27.63, 23.89, 21.20.
HRMS (DART) calcd for [GsH3cOCI]" ([M+H]"): 381.1980, found: 381.1977.

Ph s O
5g

Cl
Following the general procedufe 5g was obtained as a liquid (46 mg, 60% yielt) NMR (600

MHz, Chloroformel) 6 7.46 — 7.43 (m, 2H), 7.35 — 7.31 (m, 4H), 7.25217m, 1H), 7.14 (d] =
8.2 Hz, 2H), 3.65 (s, 3H), 3.62 (= 6.5 Hz, 2H), 2.73 (] = 7.5 Hz, 2H), 2.60 (t] = 7.7 Hz, 2H),
2.42 (t,J = 7.3 Hz, 2H), 2.34 (s, 3H), 2.11 — 2.02 (m, 2HP6 — 1.87 (m, 2H}C NMR (150
MHz, Chloroforme) & 204.62, 173.99, 137.01, 136.47, 133.25, 129.48,68 127.12, 125.96,
125.88, 109.21, 108.44, 51.67, 45.01, 33.88, 312084, 27.68, 23.49, 21.21. HRMS (DART)
calcd for [GaH.50,Cl]" ((M+H]M): 383.1772, found: 383.1769.

Ph.__
5h

Cl
Following the general procedure, 5h was obtained as a liquid (53 mg, 63% yieftj. NMR

(600 MHz, Chloroformd) & 7.48 — 7.44 (m, 2H), 7.35 — 7.31 (m, 4H), 7.2524qm, 1H), 7.17 —
7.11 (m, 2H), 5.86 — 5.77 (m, 1H), 5.04 — 4.97 (i), 4.97 — 4.90 (m, 1H), 3.63 (= 6.5 Hz,
2H), 2.73 (tJ = 7.5 Hz, 2H), 2.55 (d] = 7.8 Hz, 2H), 2.35 (s, 3H), 2.14 — 1.99 (m, 4H}5 —
1.50 (m, 2H), 1.42 — 1.34 (m, 4H), 1.31 — 1.24 @H).*C NMR (150 MHz, Chlorofornd) &
204.79, 139.39, 139.37, 136.80, 136.77, 133.68,382428.63, 126.95, 125.94, 114.24, 110.01,
107.79, 45.06, 33.92, 31.09, 30.56, 29.83, 29.60212 29.03, 28.27, 27.63, 21.21. HRMS
(DART) calcd for [GeHssCl]* ([M+H]¥): 421.2657, found: 421.2654.

5i

Cl
Following the general procedufe 5i was obtained as a liquid (44 mg, 49% vielt) NMR (400

MHz, Chloroformel) 6 7.49 — 7.40 (m, 2H), 7.36 — 7.26 (m, 4H), 7.231871m, 1H), 7.12 (d] =
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7.9 Hz, 2H), 3.61 (t) = 6.4 Hz, 2H), 2.72 () = 7.2 Hz, 2H), 2.55 — 2.47 (m, 2H), 2.33 (s, 3H),
2.12 — 2.00 (m, 2H), 1.96 (s, 3H), 1.76 — 1.60 Gi), 1.58 -1.48 (m, 6H), 1.39 — 1.33 (m, 2H).
13 NMR (100 MHz, Chlorofornd) & 204.59, 136.72, 136.68, 133.58, 129.28, 128.56,8%2
125.88, 125.85, 110.41, 107.54, 44.98, 42.89, 423427, 32.43, 30.96, 28.77, 27.46, 23.77,
21.14. HRMS (DART) calcd for [GHaCl]" (IM+H]"): 445.2657, found: 445.2654.

Ph.__+
5j

Cl
Following the general procedure 8}, was obtained as a liquid (45 mg, 60% yielt) NMR (600

MHz, Chloroformel) & 7.47 — 7.41 (m, 2H), 7.37 — 7.28 (m, 4H), 7.242071m, 1H), 7.18 — 7.09
(m, 2H), 3.61 (tJ = 6.5 Hz, 2H), 2.80 — 2.66 (m, 2H), 2.52 — 2.39 ), 2.35 (s, 3H), 2.15 —
2.02 (m, 2H), 1.88 — 1.78 (m, 2H), 1.72 — 1.65 2i), 1.64 — 1.53 (m, 2H), 1.23 — 1.10 (m, 3H),
1.03 — 0.89 (m, 2H)**C NMR (150 MHz, Chlorofornd) & 205.50, 136.80, 136.75, 133.83,
129.36, 128.60, 126.89, 126.16, 126.05, 108.12,580@5.05, 38.73, 36.49, 33.78, 33.73, 31.20,
27.86, 26.60, 26.35, 26.33, 21.21. HRMS (DART) dallor [CoH3,Cl" (IM+H]"): 379.2187,
found: 379.2184.

oS

5k

Cl
Following the general procedure Bk was obtained as a liquid (14 mg, 19% yief#j. NMR

(400 MHz, Chlorofornd) 6 7.49 — 7.41 (m, 2H), 7.37 — 7.29 (m, 4H), 7.24197m, 1H), 7.13
(d, J = 8.0 Hz, 2H), 5.69 — 5.56 (m, 2H), 3.61J& 6.5 Hz, 2H), 2.72 (t) = 7.6 Hz, 2H), 2.67 —
2.60 (m, 2H), 2.59 — 2.41 (m, 3H), 2.33 (s, 3H172- 1.99 (m, 4H)"*C NMR (100 MHz,
Chloroformd) & 205.29, 136.80, 136.46, 133.69, 129.90, 129.79,3IR 128.54, 126.89, 125.88,
125.81, 109.15, 107.65, 45.01, 39.59, 39.56, 313661, 31.02, 27.68, 21.12. HRMS (DART)
calcd for [GsHoeCll™ ([M+H]™): 363.1874, found: 363.1871.
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Ph
CqqHa3

6a

Cl
Following the general procedue 6a was obtained as a liquid (63 mg, 60% yielt) NMR (600
MHz, Chloroforme) & 7.64 — 7.61 (m, 2H), 7.60 — 7.57 (m, 2H), 7.57.5271m, 2H), 7.47 — 7.43
(m, 2H), 7.39 — 7.33 (m, 3H), 7.17 @= 7.9 Hz, 2H), 3.66 (t] = 6.4 Hz, 2H), 2.78 (] = 7.5 Hz,
2H), 2.62 — 2.55 (m, 2H), 2.37 (s, 3H), 2.17 — 28if 2H), 1.68 — 1.58 (m, 2H), 1.46 — 1.40 (m,
2H), 1.34 — 1.26 (m, 16H), 0.91 &= 7.1 Hz, 3H)"*C NMR (150 MHz, Chlorofornd) § 205.09,
140.90, 139.78, 136.86, 135.78, 133.68, 129.44,912827.35, 127.06, 126.36, 126.01, 110.20,
107.55, 45.05, 32.06, 31.15, 30.63, 29.90, 29.88® 29.70, 29.52, 28.34, 27.69, 22.85, 21.23,
14.27. HRMS (DART) calcd for [GH4sCI]* ([M+H]"): 527.3439, found: 727.3434.

CqqHa3

6b

Cl
Following the general procedure 8 was obtained as a liquid (64 mg, 69% yiele) NMR (400
MHz, Chloroformd) & 7.31 (d,J = 8.0 Hz, 2H), 7.27 — 7.17 (m, 3H), 7.12 {d= 7.9 Hz, 2H),
7.03 (d,J = 7.2 Hz, 1H), 3.60 () = 6.5 Hz, 2H), 2.70 () = 7.5 Hz, 2H), 2.59 — 2.47 (m, 2H),
2.33 (s, 6H), 2.09 — 1.98 (m, 2H), 1.62 — 1.502), 1.43 — 1.34 (m, 2H), 1.30 — 1.21 (m, 16H),
0.88 (t,J = 6.8 Hz, 3H).**C NMR (100 MHz, Chlorofornd) & 204.70, 138.09, 136.64, 136.63,
133.71, 129.28, 128.45, 127.69, 126.52, 125.88,0P23109.74, 107.69, 45.01, 31.99, 31.04,
30.49, 29.81, 29.75, 29.71, 29.62, 29.44, 28.282822.77, 21.65, 21.14, 14.21. HRMS (DART)
calcd for [GHaeCll" ([M+H]™): 465.3283, found: 465.3279.

Cq1H23

6¢c
Cl
Following the general procedufe 6¢ was obtained as a liquid (53 mg, 55% yielt) NMR (400
MHz, Chloroformd) 6 7.30 (d,J = 8.1 Hz, 2H), 7.15 (dl = 7.6 Hz, 1H), 7.12 (d] = 8.0 Hz, 2H),
7.04 — 6.92 (m, 2H), 3.58 @,= 6.5 Hz, 2H), 2.56 (d] = 7.6 Hz, 2H), 2.43 (d] = 7.6 Hz, 2H),
2.33 (s, 3H), 2.29 (s, 6H), 2.04 — 1.94 (m, 2H%91= 1.49 (m, 2H), 1.38 — 1.23 (m, 18H), 0.88 (1,
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J = 6.8 Hz, 3H)**C NMR (100 MHz, Chlorofornd) & 202.53, 136.57, 136.27, 135.64, 135.01,
134.30, 131.37, 129.09, 128.16, 126.54, 126.08,58)8.06.53, 44.86, 32.00, 31.62, 31.02, 30.68,
29.77, 29.73, 29.72, 29.65, 29.44, 28.34, 22.77,2121.04, 20.69, 14.21. HRMS (DART) calcd

for [CaaHasCll" (M+H]"): 479.3439, found: 479.3434.

Bu
CqqHa3

6d

Cl
Following the general proceduie 6d was obtained as a liquid (35 mg, 35% vyielt) NMR (400
MHz, Chloroformd) 6 7.34 — 7.21 (m, 6H), 7.03 (d= 7.7 Hz, 2H), 3.52 ({] = 6.4 Hz, 2H), 2.62
(t, J = 7.4 Hz, 2H), 2.49 — 2.40 (m, 2H), 2.24 (s, 3802 — 1.91 (m, 2H), 1.53 — 1.45 (m, 2H),
1.36 — 1.26 (m, 2H), 1.23 (s, 9H), 1.21 — 1.14 16H), 0.80 (tJ = 6.7 Hz, 3H)C NMR (100
MHz, Chloroformd) § 204.57, 149.85, 136.59, 133.76, 133.66, 129.25,862 125.54, 125.48,
109.85, 107.37, 45.03, 34.52, 31.99, 31.36, 3B0%4, 29.84, 29.75, 29.71, 29.61, 29.43, 28.26,
27.53, 22.77, 21.14, 14.20. HRMS (DART) calcd f6gsHsCl]* ([M+H]"): 507.3752, found:
507.3748.

Cq1H23

6e

Cl
Following the general procedulBe 6e was obtained as a liquid (34 mg, 36% yielt) NMR (400
MHz, Chloroformel) 6 7.34 — 7.28 (m, 2H), 7.22 — 7.15 (m, 2H), 7.11J(d,7.9 Hz, 2H), 7.08 (d,
J = 7.9 Hz, 1H), 3.60 (tJ = 6.5 Hz, 2H), 2.68 (tJ = 7.5 Hz, 2H), 2.57 — 2.48 (m, 2H), 2.33 (s,
3H), 2.24 (s, 6H), 2.09 — 1.98 (m, 2H), 1.60 — 1% 3H), 1.41 — 1.34 (m, 2H), 1.30 — 1.21 (m,
16H), 0.88 (t,J = 6.8 Hz, 3H)*C NMR (100 MHz, Chlorofornd) § 204.41, 136.65, 136.53,
135.34, 133.86, 129.83, 129.23, 127.08, 125.85,2923109.57, 107.50, 45.03, 31.98, 31.05,
30.49, 29.80, 29.74, 29.70, 29.61, 29.42, 28.2(L22.75, 21.12, 20.01, 19.47, 14.19. HRMS
(DART) calcd for [GaHasCl]* ([M+H]¥): 479.3439, found: 479.3434.
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Cy1H23

6f
Cl

Following the general procedure &, was obtained as a liquid (58 mg, 62% yielt) NMR (400
MHz, Chloroformd) 6 7.44 — 7.35 (m, 2H), 7.30 (d,= 8.0 Hz, 2H), 7.13 (d) = 8.0 Hz, 2H),
6.99 (t,J = 8.7 Hz, 2H), 3.60 () = 6.4 Hz, 2H), 2.68 (1] = 7.5 Hz, 2H), 2.53 (] = 7.6 Hz, 2H),
2.33 (s, 3H), 2.09 — 1.97 (m, 2H), 1.61 — 1.482h), 1.41 — 1.33 (m, 2H), 1.31 — 1.21 (m, 16H),
0.88 (t,J = 6.7 Hz, 3H)°C NMR (100 MHz, Chlorofornd) § 204.39 (d,) = 2.0 Hz), 161.92 (d]

= 246.1 Hz), 136.82, 133.47, 132.69, 132.65, 1291227.32 (d,J = 7.9 Hz), 125.83, 115.38 (d,

= 21.4 Hz), 110.15, 106.93, 44.91, 31.97, 30.93%4&029.76, 29.73, 29.70, 29.68, 29.58, 29.42,
28.20, 27.73, 22.75, 21.13, 14.19. HRMS (DART) ddiar [CsH4:CIF]" ((M+H]"): 469.3032,
found: 469.3028.

Cl
Cq1H23

6g

Cl
Following the general proceduBe 6g was obtained as a liquid (42 mg, 43% yielt) NMR (600
MHz, Chloroforme) & 7.38 — 7.33 (m, 2H), 7.32 — 7.25 (m, 4H), 7.16 E1qm, 2H), 3.61 (t) =
6.4 Hz, 2H), 2.68 (t) = 7.5 Hz, 2H), 2.53 (t) = 7.6 Hz, 2H), 2.34 (s, 3H), 2.10 — 1.97 (m, 2H),
1.62 — 1.49 (m, 2H), 1.40 — 1.34 (m, 2H), 1.31221(m, 16H), 0.88 (t) = 7.1 Hz, 3H)"C NMR
(150 MHz, Chloroformd) & 204.79, 137.00, 135.33, 133.35, 132.61, 129.48,712 127.15,
125.92,110.47, 107.04, 44.92, 32.04, 30.97, 3@8381, 29.79, 29.77, 29.75, 29.63, 29.48, 28.24,
27.59, 22.82, 21.20, 14.25. HRMS (DART) calcd 65;H43Cly]" ([M+H]"): 485.2736, found:
485.2732.

Cy1H23

6h

Cl
Following the general proceduie 6h was obtained as a liquid (75 mg, 77% yielt) NMR (600
MHz, Chloroforme) 6 7.36 — 7.27 (m, 3H), 7.15 (d,= 7.9 Hz, 2H), 6.88 — 6.76 (m, 2H), 3.59 (t,
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J = 6.5 Hz, 2H), 2.67 (d] = 7.2 Hz, 2H), 2.49 (t) = 7.8 Hz, 2H), 2.35 (s, 3H), 2.06 — 1.93 (m,
2H), 1.63 — 1.51 (m, 2H), 1.39 — 1.24 (m, 18H),00(8 J = 7.0 Hz, 3H)**C NMR (150 MHz,
Chloroformd) & 204.91, 161.93 (dd}, = 267.5, 11.5 Hz), 160.28 (dd= 270.9, 12.2 Hz), 136.82,
133.56, 130.26 (dd} = 8.8, 5.3 Hz), 129.33, 126.07, 121.82 (@, 12.9, 2.9 Hz), 121.82 (dd=
12.9, 2.9 Hz), 108.11, 104.47 {= 25.9 Hz), 102.58, 44.71, 32.05, 31.11, 30.4592929.80,
29.77, 29.72, 29.66, 29.49, 28.12, 22.82, 21.1R41HRMS (DART) calcd for [GH4.CIF]*
(IM+H]"): 487.2938, found: 487.2932.

O . C11Hz3

6i

Cl
Following the general proceduBe 6i was obtained as a liquid (61 mg, 61% yielt) NMR (600
MHz, Chloroformd) 6 7.86 — 7.83 (m, 2H), 7.80 (d,= 7.9 Hz, 1H), 7.74 (d) = 8.6 Hz, 1H),
7.62 (dd,J = 8.6, 1.9 Hz, 1H), 7.49 — 7.43 (m, 2H), 7.38 367(m, 2H), 7.16 (dJ = 8.0 Hz, 2H),
3.67 (t,J = 6.4 Hz, 2H), 2.87 (1) = 7.5 Hz, 2H), 2.61 (f] = 7.2 Hz, 2H), 2.36 (s, 3H), 2.19 — 2.11
(m, 2H), 1.67 — 1.57 (m, 2H), 1.45 — 1.39 (m, 2HR1 — 1.23 (m, 16H), 0.90 (= 7.1 Hz, 3H).
%C NMR (150 MHz, Chloroforntd) & 205.54, 136.88, 134.20, 133.83, 133.67, 132.69,452
129.40, 128.14, 128.03, 127.67, 126.26, 126.03,982925.81, 125.33, 123.47, 110.33, 108.12,
45.11, 32.05, 31.14, 30.62, 29.87, 29.79, 29.768929.49, 28.31, 27.63, 22.83, 21.22, 14.26.
HRMS (DART) calcd for [GsH46Cl]" ([M+H] "): 501.3283, found: 501.3278.

o
/| . C11Ha3
S

6j

Cl
Following the general proceduBe 6j was obtained as a liquid (69 mg, 69% vielt) NMR (600
MHz, Chloroformd) & 7.57 (d,J = 4.0 Hz, 1H), 7.31 — 7.25 (m, 2H), 7.12 {d= 8.0 Hz, 2H),
7.00 (d,J = 4.0 Hz, 1H), 3.59 (1] = 6.4 Hz, 2H), 2.70 — 2.64 (m, 2H), 2.56 — 2.52 2id), 2.50 (s,
3H), 2.33 (s, 3H), 2.09 — 2.01 (m, 2H), 1.58 — 1(BR 2H), 1.41 — 1.36 (m, 2H), 1.29 — 1.23 (m,
16H), 0.87 (tJ = 7.0 Hz, 3H).*C NMR (150 MHz, Chlorofornd) & 205.25, 190.63, 151.59,
142.28, 137.49, 133.38, 132.60, 129.46, 126.27,6223111.90, 103.73, 44.60, 32.03, 30.92,
30.76, 29.78, 29.76, 29.61, 29.48, 28.43, 28.15(68®2.81, 21.23, 14.24. HRMS (DART) calcd
for [C31H4OCIST ([M+H]™): 499.2796, found: 499.2792.
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Synthetic applications

a) Synthesis of indenyl iodide 7 with NIS

cl
NIS (3 equiv) Ca1Has
CqiHas
- - O

CH4CN, 80°C

Ph Cl

Cq1Has
7b
7

Cl a
1a

75% (Ta+7b)

ratio 1:0.86
In a flame-dried Schlenk tube was charged withnall@la, 0.2 mmol), NIS (0.6 mmol) and
CH4CN (1 mL). The resulting suspension was stirre8tC for 10 h. Upon completion of the
reaction as monitored by TLC, the solvent was cotraged under vacuum. The crude residue was
purified by flash column chromatography on silied @ give the productga and7b as a mixture
in 75% yield.

Cl
Cq1H23
O‘ | :
Ph Cl
Cq1H23 -
7

a
'H NMR (400 MHz, Chloroforns) § 7.37 — 7.18 (m, 3H), 7.14 — 6.78 (m, 5H), 3.70.343m,
2H), 2.88 — 2.53 (m, 2H), 2.51 — 2.00 (m, 6H), 1-77.55 (m, 1H), 1.46 — 1.05 (m, 20H), 0.89 —
0.85 (m, 3H)3C NMR (100 MHz, Chlorofornd) § 152.40, 151.95, 148.43, 146.03, 143.01,
141.73, 140.75, 138.66, 136.45, 135.74, 129.20,412827.59, 126.90, 126.69, 126.65, 126.55,
125.82, 124.13, 123.33, 118.79, 118.74, 116.58,65153.58, 62.88, 45.58, 44.62, 34.55, 32.01,
31.99, 31.96, 31.15, 29.92, 29.90, 29.76, 29.7Z/1299.68, 29.66, 29.62, 29.60, 29.44, 29.42,
20.39, 28.16, 27.20, 26.30, 22.78, 22.70, 21.56112114.23. HRMS (DART) calcd for
[CaiHaCl* ((M+H]*): 576.2014, found: 576.2008.
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b) Synthesis of 1A-indene 8

C11H23
F D
H,S0, (1 mL
P C11H23 2 4 ( ) cl
EtOH (0.2 mL) F
F rt
6h £ 8,60%

Cl

In a flame-dried Schlenk tube was charged withnallgi, 0.1 mmol), HSO, (1 mL) and
CH;CH,0OH (0.2 mL). The resulting suspension was stirredoam temperature for 1 h. Upon
completion of the reaction as monitored by TLC, sbkvent was concentrated under vacuum. The
crude residue was purified by flash column chromaphy on silica gel to give the prodin
60% yield.

C11H23

CD
F

£ 8
'H NMR (400 MHz, Chlorofornd) & 7.22 (s, 1H), 7.22 — 7.15 (m, 2H), 7.12 J& 8.0 Hz, 1H),
6.85 — 6.75 (m, 1H), 6.72 — 6.60 (m, 1H), 6.251¢4), 3.40 (t,J = 6.7 Hz, 2H), 2.58 — 2.43 (m,
3H), 2.41 (s, 3H), 2.22 — 2.07 (m, 1H), 1.70 — 1056 3H), 1.42 — 1.23 (m, 19H), 0.88 Jt= 6.7
Hz, 3H)."*C NMR (100 MHz, Chlorofornd) § 162.17 (dd,) = 250.2, 11.5 Hz), 161.80 (dd=
247.8, 12.3 Hz), 149.40, 143.33, 142.02, 134.14 &43.0 Hz), 134.12, 129.00 (dd= 9.1, 6.7
Hz), 127.90, 125.81 (dd, = 12.3, 3.8 Hz), 124.59 (d,= 2.8 Hz), 119.60, 110.61 (dd= 20.3,
3.4 Hz), 104.68 (dd) = 28.0, 25.0 Hz), 57.28 (d,= 3.2 Hz), 45.50, 33.87, 33.81, 31.96, 29.72,
29.69, 29.67, 29.53, 29.40, 28.17, 27.90, 27.52{L21.72, 14.17. HRMS (DART) calcd for
[C31H4:CIF,]" ((M+H]M): 487.2938, found: 487.2934.

Cl
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c) Synthesis of 2H-pyran 9

o. Ph
Pho e CiiHaz  CF,COOH (2 equiv) ~  CqqHas
DCM, rt Ph 9,51%

4m
OH

In a flame-dried Schlenk tube was charged withnall@m, 0.1 mmol), CECOOH (2 equiv) and
DCM (0.2 mL). The resulting suspension was stiredroom temperature for 1 h. Upon
completion of the reaction as monitored by TLC, sblvent was concentrated under vacuum. The
crude residue was purified by flash column chromaphy on silica gel to give the prodi&cin
51% vyield.

oPh

2 CqqH23
Ph 9

'H NMR (400 MHz, Chlorofornd) & 7.39 (d,J = 7.3 Hz, 4H), 7.33 — 7.24 (m, 4H), 7.24 — 7.20
(m, 1H), 7.20 — 7.15 (m, 1H), 6.44 (s, 1H), 3.99.86 (m, 1H), 3.57 (td) = 11.1, 3.6 Hz, 1H),
2.75 — 2.56 (m, 1H), 2.23 — 2.14 (m, 1H), 1.87661(m, 2H), 1.24 — 1.12 (m, 20H), 0.80Jt

6.8 Hz, 3H).*C NMR (100 MHz, Chlorofornd) & 145.95, 140.62, 134.90, 128.48, 128.21,
127.46, 126.74, 126.19, 125.10, 78.34, 60.47, 433M5, 30.03, 29.67, 29.60, 29.39, 27.25,
23.90, 22.73, 14.17. HRMS (DART) calcd for§84,0]" ((M+H]"): 405.3152, found: 405.3149.

d) Synthesis of 2+-pyran 10

Ph
Ph. s Ci1Hazs  NIS (2 equiv) O
CH4CN, 80 °C N Cq1Hz3
4m
Ph 10, 56%
OH °

In a flame-dried Schlenk tube was charged withall@m, 0.1 mmol), NIS (2 equiv) and GBN

(0.2 mL). The resulting suspension was stirrecbatr temperature for 10 h. Upon completion of
the reaction as monitored by TLC, the solvent waxentrated under vacuum. The crude residue
was purified by flash column chromatography orcailjel to give the produ in 56% yield.
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OPh

N C11Hz23
Ph 10

'H NMR (400 MHz, Chloroforrd) § 7.67 — 7.60 (m, 2H), 7.44 — 7.31 (m, 6H), 7.25.207(m,
2H), 3.78 — 3.68 (m, 1H), 3.67 — 3.58 (m, 1H), 2-88.74 (m, 1H), 2.43 — 2.33 (m, 2H), 2.27 —
2.18 (m, 1H), 1.76 — 1.63 (m, 1H), 1.61 — 1.50 {ir), 1.42 — 1.26 (m, 18H), 0.88 {t= 6.7 Hz,
3H). ¥*C NMR (100 MHz, Chloroforntd) & 146.25, 146.24, 142.31, 128.50, 128.33, 128.00,
127.85, 127.80, 127.56, 105.63, 81.80, 58.73, 4(B833, 31.98, 30.00, 29.79, 29.76, 29.74,
29.72, 29.69, 29.42, 23.36, 22.75, 14.19. HRMS (DARalcd for [GeHacOIl" (IM+H]™Y):
531.2118, found: 531.2114.
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Preliminary mechanism study

a) Radical trapping experiment

1a 2a 3a :
0.2 mmol 0.3 mmol 0.6 mmol 4a + detected by GC-MS

standard conditions o CiqHas : >(Nj<
cl Z + LPO + Ph—B(OH), Jj ! S
TEMPEO (3 equiv) : 1 “Cy1Hag
cl not observed
In a flame-dried Schlenk tube, Cu(€EN);BF; (0.01 mmol, 5 mol %) and Py-Box ligand
(£)-L 16 (0.014 mmol, 7 mol %) were dissolved in THF (1 nuoder a nitrogen atmosphere, and

the mixture was stirred at room temperature fon@utes. Then 1,3-enyne (0.2 mmol, 1.0 equiv),
peroxide (0.3 mmol, 1.5 equiv), PhB(QHP.6 mmol, 3 equiv), DIPEA (0.6 mmol, 3 equiv) and
TEMPO (3 mmol) were sequentially added. The reaatiixture was stirred at rt for 5 hours. The
solution was filtrated with ethyl acetate on siligal, and then detected by GC-MS. No desired
coupling product was detected, but compolihd/as detected by GC-MS analysis.

b) Radical clock experiments

Ring-opening reaction:

%HCI
= 3

h ~ N
not observed

13, 52%

standard conditions Cl .
/LQ + Clwot + Ph—B(OH); ———————> Ph: j 3
P

In a flame-dried Schlenk tube, Cu(€EN);BF; (0.01 mmol, 5 mol %) and Py-Box ligand
(£)-L 16 (0.014 mmol, 7 mol %) were dissolved in THF (1 nunder a nitrogen atmosphere, and

the mixture was stirred at room temperature fom80utes. Then 1,3-enyn¥ (0.2 mmol, 1.0
equiv), peroxide&e (0.3 mmol, 1.5 equiv), PhB(OKJ0.6 mmol, 3 equiv) and DIPEA (0.6 mmol,
3 equiv) were sequentially added. The reaction umétwas stirred at rt for 5 hours. Upon
completion of the reaction as monitored by TLC, 4bkvent was concentrated under vacuum. The
crude residue was purified by flash column chromaphy on silica gel to give the prodd&in
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52% yield.

Ph._* ¢l

'H NMR (400 MHz, Chlorofornd) & 7.60 (d,J = 7.7 Hz, 2H), 7.46 — 7.26 (m, 6H), 7.26 — 7.17
(m, 2H), 3.46 (tJ = 6.7 Hz, 2H), 2.55 () = 6.8 Hz, 2H), 1.82 — 1.67 (m, 3H), 1.59 — 1.49 (m
4H), 0.89 — 0.85 (m, 2H), 0.64 — 0.40 (m, 2HE NMR (100 MHz, Chlorofornd) & 204.22,
137.23, 136.54, 128.54, 128.44, 126.95, 126.93,1726125.80, 112.60, 110.03, 45.10, 32.56,
30.09, 27.28, 26.90, 11.33, 6.96, 6.90. HRMS (DARAIEd for [GaH26Cl]" ((M+H]"): 337.1718,

found: 337.1715.
Ring closing reaction

Ph

standard conditions . J
)< =4 + 2+ 3a Ph 3 3
Ph 5 Ph
| 15, 58% Ph not observed

Ph

In a flame-dried Schlenk tube, Cu(€EN);BF; (0.01 mmol, 5 mol %) and Py-Box ligand
(£)-L 16 (0.014 mmol, 7 mol %) were dissolved in THF (1 nunder a nitrogen atmosphere, and

the mixture was stirred at room temperature fom80utes. Then 1,3-enyn&! (0.2 mmol, 1.0
equiv), peroxide&e (0.3 mmol, 1.5 equiv), PhB(OKJ0.6 mmol, 3 equiv) and DIPEA (0.6 mmol,
3 equiv) were sequentially added. The reaction umétwas stirred at rt for 5 hours. Upon
completion of the reaction as monitored by TLC, 4bkvent was concentrated under vacuum. The
crude residue was purified by flash column chromaphy on silica gel to give the proddé&tin
58% vyield.

Cl
Ph._*

| 15
Ph
'H NMR (400 MHz, Chloroformd) § 7.52 — 7.41 (m, 4H), 7.34 — 7.15 (m, 11H), 6.32)(d 15.9
Hz, 1H), 6.20 (dtJ = 15.8, 6.8 Hz, 1H), 3.43 @,= 6.7 Hz, 2H), 2.67 — 2.53 (m, 4H), 2.30 J&5
6.9 Hz, 2H), 1.82 — 1.69 (m, 4H), 1.65 — 1.47 (iH).4°C NMR (100 MHz, Chlorofornd) &
205.21, 137.78, 136.86, 136.82, 130.50, 130.33,612828.58, 128.56, 126.95, 126.92, 126.01,
125.97, 109.21, 109.12, 45.16, 33.07, 32.61, 3@AA0, 27.92, 27.45, 27.03. HRMS (DART)
calcd for [GiH34.Cl]" ((M+H]™): 441.2344, found: 441.2340.
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standard conditions Ph * N pp ‘
1a + \/\/\)J\O_]_ + 3a 3 .
2
16 0
cl 17a, 28% 17b, 15%
Cl

In a flame-dried Schlenk tube, Cu(€EN);BF; (0.01 mmol, 5 mol %) and Py-Box ligand
(£)-L 16 (0.014 mmol, 7 mol %) were dissolved in THF (1 nunder a nitrogen atmosphere, and

the mixture was stirred at room temperature fom80utes. Then 1,3-enynta (0.2 mmol, 1.0
equiv), peroxidel6 (0.3 mmol, 1.5 equiv), PhB(OK}0.6 mmol, 3 equiv) and DIPEA (0.6 mmol,
3 equiv) were sequentially added. The reaction umixtwas stirred at rt for 5 hours. Upon
completion of the reaction as monitored by TLC, sblvent was concentrated under vacuum. The
crude residue was purified by flash column chromphy on silica gel to give the produdi
and17b in 28% and 15% yields.

Ph._* N

17a
Cl
'H NMR (400 MHz, Chloroformd) § 7.46 — 7.41 (m, 2H), 7.35 — 7.28 (m, 4H), 7.24.297(m,
1H), 7.13 (dJ = 8.0 Hz, 2H), 5.85 — 5.68 (m, 1H), 5.02 — 4.85 2id), 3.61 (tJ = 6.4 Hz, 2H),
2.70 (tJ=7.4 Hz, 2H), 2.53 ({] = 7.6 Hz, 2H), 2.33 (s, 3H), 2.11 — 1.96 (m, 4HH2 — 1.56 (m,
2H), 1.45 — 1.36 (m, 4H}°C NMR (100 MHz, Chlorofornd) & 204.66, 139.07, 136.73, 136.64,
133.53, 129.28, 128.54, 126.87, 125.83, 114.29,.8409.07.74, 44.98, 33.82, 30.98, 30.42, 29.23,
28.81, 28.01, 27.53, 21.18RMS (EI+) calcd for [GH3.Cll™ ([M]F): 378.2114, found: 378.2108.

Ph._

17b
cl

'H NMR (400 MHz, Chloroforns) § 7.48 — 7.39 (m, 2H), 7.37 — 7.26 (m, 4H), 7.2 &,7.2 Hz,
1H), 7.13 (d,J = 8.0 Hz, 2H), 3.61 (t) = 6.4 Hz, 2H), 2.71 () = 7.5 Hz, 2H), 2.60 — 2.44 (m,
2H), 2.33 (s, 3H), 2.11 — 1.99 (m, 2H), 1.90 — (0 3H), 1.58 (td) = 11.4, 10.3, 3.3 Hz, 4H),
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1.53 — 1.40 (m, 2H), 1.17 — 1.03 (m, 24 NMR (100 MHz, Chlorofornd) & 204.65, 136.70,
133.56, 129.27, 128.52, 126.83, 125.84, 125.82021007.60, 44.99, 40.21, 34.58, 32.73, 32.67,
30.97, 29.74, 27.51, 25.20, 21.13RMS (EI+) calcd for [GeHs:CIl™ ([M]): 378.2114, found:
378.2110.

c) Radical dimerization

; 0 :

o] CU(CH3CN)4BF4 (5 mol%) i O O -

_ o L10 (7 mol%) Q X 0

Z + 7 of ¢33 ———— . o :

O ) 2 DIPEA (3 equiv) Ph_* o | ;
THF (1mL), rt : = :

18 2h 19, 6% ; Z o

\ | o

d ‘ 3

imers, 60% : 20

In a flame-dried Schlenk tube, Cu(€EN);BF,; (0.01 mmol, 5 mol%) and Py-Box ligandlO
(0.014 mmol, 7 mol%) were dissolved in THF (1 ml)der a nitrogen atmosphere, and the
mixture was stirred at room temperature for 30 ri@auThen 1,3-enynE (0.2 mmol, 1.0 equiv),
peroxide2h (0.3 mmol, 1.5 equiv), PhB(OK}0.6 mmol, 3 equiv) and DIPEA (0.6 mmol, 3 equiv)
were sequentially added. The reaction mixture viiaed at rt for 5 h. Upon completion of the
reaction as monitored by TLC, the solvent was cotraged under vacuum. The crude residue was
purified by flash column chromatography on silied @ give the product! in 28% yields, and a
mixture of homocoupling dimers in 60% yield.

'H NMR (400 MHz, Chloroformd) & 7.35 — 7.27 (m, 4H), 7.29 — 7.15 (m, 6H), 7.06, (tid 8.1, 4.1
Hz, 4H), 3.55 (s, 3H), 2.57 (§,= 7.6 Hz, 2H), 2.34 — 2.21 (m, 8H), 2.02 — 1.83 gH). 1*C NMR
(100 MHz, Chloroformd) & 206.46, 173.96, 137.10, 137.03, 136.93, 133.82,9173 129.35, 129.19,
128.43, 128.32, 128.22, 127.25, 125.92, 113.07,08)81.55, 33.70, 29.83, 23.27, 21.23, 21.16.
HRMS (ESI) calcd for [GgHos0,Na]” ([M+Na]*): 419.1982, found: 419.1981.

SWAE
O/
A

=

O\
O 4

20
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'H NMR (400 MHz, Chlorofornd) & 7.62 (d,J = 7.8 Hz, 4H), 7.36 (d] = 7.9 Hz, 4H), 7.14 () = 8.9
Hz, 8H), 3.54 (s, 6H), 2.60 — 2.44 (m, 2H), 2.376(d), 2.36 (s, 6H), 2.24 — 2.14 (m, 4H), 1.65571.
(m, 4H), 1.43 — 1.32 (m, 2HYC NMR (100 MHz, Chlorofornd) & 173.99, 137.97, 136.52, 136.00,
131.32, 129.08, 127.80, 120.65, 91.79, 87.88, 54686, 35.65, 34.31, 21.52, 21.12, 21.BIRMS
(ESI) calcd for [GsH4604Na]” ([M+Na]"): 661.3288, found: 661.3289.

Single crystal data of 20

Table S2. Crystal data and structure refinemantddta.

Identification code Compound-20

Empirical formula C44 H46 04

Formula weight 638.81

Temperature 99.99(10) K

Wavelength 1.3405 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=10.8484(4) A a= 76.980(4)°.
b =11.0591(5) A B=84.293(3)°.
c = 15.2489(6) A y = 86.909(3)°.

Volume 1772.66(13) A

z 2

Density (calculated) 1.197 Mghm

Absorption coefficient 0.374 nn

F(000) 684

Crystal size 0.15 x 0.08 x 0.07 min

Theta range for data collection 2.596 to 60.549°.

Index ranges -13<=h<=14, -14<=k<=14, -18<=I<=19

Reflections collected 24617

Independent reflections 7932 [R(int) = 0.0281]

Completeness to theta = 53.543° 99.9 %

Absorption correction Semi-empirical from equivaten

Max. and min. transmission 1.00000 and 0.81422

Refinement method Full-matrix least-squares &n F

Data / restraints / parameters 7932/0/439

Goodness-of-fit on+ 1.085
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Final R indices [I>2sigma(l)] R1 = 0.0449, wR2 4234

R indices (all data) R1 =0.0516, wR2 =0.1283
Extinction coefficient n/a
Largest diff. peak and hole 0.401 and -0.291%.A

1. X.-R. Song, Y.-P. Han, Y.-F. Qiu, Z.-H. Qiu, X.-Mu, P.-F. Xu, Y.-M. LiangChem. Eur. J.
2014,20, 12046.
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Bao,J. Am. Chem. Soc. 2019,141, 548.
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