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1. General experimental procedure

All non-aqueous reactions were carried out in dried glassware under an atmosphere of dry argon unless
otherwise noted. THF, Et,0, toluene and CH,Cl, (anhydrous; Kanto Chemical Co., Inc.) were used as receive.
CH3;CN was distilled prior to use according to the standard protocols. KF, CsF, 18-crown-6, Cs,COs, and
K>COs; were dried with heating under reduced pressure prior to use. The other reagents were purchased and
used without further purifications. Analytical TLC was performed on pre-coated silica gel plate (Wako
Silicagel 70 F254). Flash column chromatography was performed on Wakogel 60N. Preparative thin-layer
chromatography (PTLC) was performed using plates prepared from Wakogel® B5-F. HPLC was performed
on a YMC LC-forte/R using YMC-GPC T4000® and YMC-GPC T2000® columns. Melting points (mp) were
determined on YANACO micro melting point apparatus. 'H and *C NMR spectra were recorded on a JEOL
JNM-LA 500 or a JEOL JNM ECZ 600R in the solvent indicated; Chemical shifts (3) are expressed in parts
per million (ppm), and coupling constants are reported as hertz (Hz). Tetramethylsilane (6 0.00 ppm) was
used as an internal standard for "TH NMR. Chloroform-D (8 77.0 ppm) was used as an internal standard for
13C NMR. Multiplicities are indicated as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) and br
(broad). Attenuated total reflectance Fourier transform infrared (ATR-IR) spectra were recorded on a
Shimadzu IRAffinity-1 with a ATR measurement attachment (MIRacle 10), and the wave numbers of
maximum absorption peaks are reported in cm™'. High-resolution mass spectra (HRMS) were recorded on a
JEOL MS700 spectrometer for FAB mass spectrometry or a SHIMADZU LCMS-IT-TOF for ESI mass

spectrometry.



2. Experimental procedure and characterization data

2-1. Preparation of cycloaddition precursors

Synthesis of phenol 3a
1) NaH (1.2 eq.)
Br Me;SiCl (1.1 eq.) Br
OH THF, rt.,2h OH
2) n-BuLi (1.05 eq.) _
Br THF, =78 °C, 30 min SiMe;
2a 3a
95%

To a solution of 2,6-dibromophenol (2a) (7.60 g, 30.2 mmol) in THF (90 mL) was added NaH (60%
dispersion in mineral oil, 1.45 g, 36.2 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3SiCl
(4.19 mL, 33.2 mmol) was added dropwise and the mixture was stirred for 2 h at room temperature. The
reaction mixture was cooled to —78 °C, to which was added dropwise a solution of #-BuLi (1.60 M) in hexane
(19.8 mL, 31.7 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na,SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, hexane) to afford phenol 3a (6.99 g, 95%) as colorless oil.

3a: Ry 0.44 (hexane); Spectral data matched those reported in the literature.'

Synthesis of phenol 4a

1) NaH (1.2 eq.)

Br i-Pr,SiHCI (1.1 eq.)  Pr2SiH
OH THF, r.t, 3 h OH
2) n-BuLi (1.1 eq.)
SiMe;  THF, -78 °C, 30 min SiMeg
3a 4a
99%

To a solution of 3a (6.99 g, 28.6 mmol) in THF (85 mL) was added NaH (60% dispersion in mineral oil, 1.37
g, 34.3 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr.SiHCI (5.33 mL, 31.5 mmol) was
added, and the mixture was stirred for 3 h at room temperature. The reaction mixture was cooled to —78 °C,
to which was added dropwise a solution of n-BuLi (1.60 M) in hexane (19.7 mL, 31.5 mmol) over 5 min.
After stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and the
mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na2SOs),
and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford phenol 4a (8.03 g, 99%) as colorless oil.

4a: R; 0.52 (hexane); '"H NMR (500 MHz, CDCls): § 0.30 (s, 9H), 1.00 (d, 6H, J = 7.5 Hz), 1.10 (d, 6H, J =



7.5 Hz), 1.29 (qqd, 2H, J=1.5,7.5, 3.4 Hz), 4.13 (t, IH, J= 3.4 Hz), 5.50 (s, 1H), 6.92 (dd, 1H, J=7.5,7.2
Hz),7.31(dd, 1H,J=17.5, 1.7 Hz), 7.40 (dd, IH J= 7.2, 1.7 Hz); *C NMR (125 MHz, CDCl3): § 1.4, 10.3,
18.1, 18.4, 116.8, 120.2, 125.0, 137.4, 137.6, 166.2; IR (neat): 3549, 2951, 2866, 2059, 1392, 906, 840, 732
cm'; HRMS (ESI): calcd. for C1sH,708Si, [M—H]™: 279.1606; found: 279.1602.

Synthesis of triflate Sa

I-PraSiH n-BuLi (1.3eq.) I-PraSiH
OH Tf,0 (1.3 eq.) OTf
Et,0,-78°Ctor.t, 3 h
SiMes SiMe;
4a 5a
85%

To a solution of 4a (17.5 g, 62.5 mmol) in Et;O (400 mL) was added was added n-BuLi (2.3 M) in hexane
(35.3 mL, 81.3 mmol) at —78 °C. After stirring for 30 min at this temperature, Tf20 (13.7 mL, 81.3 mmol)
was added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring was
continued for 3 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was
extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na,SO4), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford triflate 5a (22.0 g, 85%) as colorless oil.

5a: R 0.50 (hexane); "TH NMR (500 MHz, CDCls): § 0.37 (s, 9H), 0.95 (d, 6H, J = 7.5 Hz), 1.06 (d, 6H, J =
7.5 Hz), 1.21-1.29 (m, 2H), 4.19-4.21 (m, 1H), 7.36 (dd, 1H, J="7.2, 7.2 Hz), 7.49 (dd, 1H, J="7.2, 1.5 Hz),
7.61 (dd, 1H J = 7.2, 1.5 Hz); *C NMR (125 MHz, CDCl3): § —0.2, 10.5, 18.2, 118.8 (q, Jcr = 320 Hz),
127.5,130.4, 135.3, 138.0, 138.7, 156.3; IR (neat): 2954, 2866, 2179, 1400, 1219, 1138, 910, 875, 848, 736
cm™'; HRMS (ESI): caled. for C6Ha6F3035Si> [M—H]: 411.1099; found: 411.1087.

Synthesis of silyl chloride 1a

i-PrySiH i-Pr,SiCl
oTf TCCA (0.4 eq.) OTf
CH2C|2, r.t., 1h
SiMe, SiMe;
5a 1a
99%

To a solution of 5a (22.0 g, 53.3 mmol) in CH,Cl, (400 mL) was added trichloroisocyanuric acid®> (TCCA,
4.95 g, 21.3 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered through a
Celite ® pad (washed with hexane). The filtrate was concentrated in vacuo to afford silyl chloride 1a (23.7 g,
99%) as colorless oil, which solidified at 5 °C to give colorless crystals.

1a: mp: 45-51 °C; 'H NMR (500 MHz, CDCls): § 0.36 (s, 9H), 0.97 (d, 6H, J = 7.5 Hz), 1.18 (d, 6H, J =
7.2 Hz), 1.64 (qq, 2H, J=17.5, 7.2 Hz), 7.43 (dd, 1H, J="17.5, 7.5 Hz), 7.66 (dd, 1H, J=17.5, 2.0 Hz), 7.88
(dd, 1H, J = 7.5, 2.0 Hz); *C NMR (125 MHz, CDCl5): § 0.2, 15.1, 17.9, 118.4 (q, Jcr = 318 Hz), 127.4,
128.9, 135.0, 139.4, 140.4, 153.9; IR (neat): 2954, 2870, 2252, 1396, 1219, 906, 729 cm™!; HRMS (FAB):



calcd. for C16Hz7CIF303SSi; [M+H]": 447.0855; found: 447.0849.

Synthesis of silyl ether 7a

| o
i-Pr,SiCl i-Pr,Si”
OTf HO imidazole (2.0 eq,l OTf
* CH,Cl,, r.t., 24 h

SiMe3 SiMe3

1a 6 7a
(1.2 eq.) 82%

To a solution of 1a (1.88 g, 4.20 mmol) in CH,Cl, (42 mL) were added imidazole (572 mg, 8.40 mmol) and
alcohol 63 (555 mg, 5.04 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction was quenched
by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl; (x3). The combined organic
layer was washed with brine, dried (Na>2SOj4), and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, EtOAc/hexane = 1/50) to afford silyl ether 7a (1.80 g, 82%) as colorless
oil.

7a: Ry 0.48 (EtOAc/hexane = 1/10); "H NMR (600 MHz, CDCl3): § 0.36 (s, 9H), 1.01 (d, 6H, J = 7.6 Hz),
1.15 (d, 6H, J= 6.9 Hz), 1.40 (qq, 2H, J = 7.6, 6.9 Hz), 2.09 (brt, 2H, J=9.7 Hz), 2.18-2.23 (m, 2H), 4.14
(s, 2H), 5.71-5.75 (m, 1H), 5.93-5.97 (m, 2H), 7.38 (dd, 1H, J=6.9, 6.8 Hz), 7.61 (dd, 1H, J= 6.8, 2.1 Hz),
7.65 (dd, 1H,J= 6.9, 2.1 Hz); *C NMR (150 MHz, CDCl5): § -0.2, 13.4, 17.5, 18.0, 22.3, 22.9, 66.4, 118.0,
118.6 (q, Jcr =319 Hz), 124.6, 125.2, 127.4, 130.4, 135.1, 138.2, 139.0, 139.3, 155.7; IR (neat): 2951, 2866,
2252, 1396, 1215, 1141, 1095, 910, 721 cm™'; HRMS (ESI): calcd. for C3H3sF3sNaO4SSi; [M+Na]*:
543.1639; found: 543.1641.

Synthesis of phenol 3b
1) NaH (1.2 eq.)
Br Me;SiCl (1.1 eq.) Br
OH THF, rt., 4 h OH
2) n-BuLi (1.1 eq.) .
Me Br THF, -78 °C, 30 min  Me SiMe;
2b 3b
75%

To a solution of 2,6-dibromo-4-methylphenol (2b) (726 mg, 2.73 mmol) in THF (15 mL) was added NaH
(60% dispersion in mineral oil, 131 mg, 3.28 mmol) at 0 °C. After stirring for 30 min at this temperature,
MesSiCl (379 pL, 3.00 mmol) was added and the mixture was stirred for 4 h at room temperature. The
reaction mixture was cooled to —78 °C, to which was added dropwise a solution of n-BuLi (1.6 M) in hexane
(1.88 mL, 3.00 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was

washed with brine, dried (Na»SO4), and concentrated in vacuo. The residue was purified by flash column



chromatography (silica gel, EtOAc/hexane = 1/100) to afford phenol 3b (531 mg, 75%) as colorless oil.

3b: R;0.71 (EtOAc/hexane = 1/10); "H NMR (500 MHz, CDCl;): § 0.29 (s, 9H), 2.66 (dd, 3H, J= 0.9, 0.9
Hz), 5.53 (s, 1H), 7.07 (dq, 1H, J=2.0, 0.9 Hz), 7.28 (dq, 1H, J=2.0, 0.9 Hz); *C NMR (125 MHz, CDCl;):
§-1.1,20.2, 110.1, 126.6, 130.9, 133.1, 135.0, 153.9; IR (neat): 3522, 2954, 1450, 1392, 1246, 1176, 906,
837, 744 cm™'; HRMS (ESI): calcd. for C1oH14BrOSi [M—H]: 257.0003; found: 257.0003.

Synthesis of phenol 4b
1) NaH (1.2 eq.) _
Br i-Pr,SiHCI (1.1 eq.) i-PraSiH
OH THF, rt, 4 h OH
. 2) n-BuLi (1.1 eq.)

Me SiMe;  THF, -78 °C, 30 min Me SiMe;

3b 4b

79%

To a solution of 3b (444 mg, 1.71 mmol) in THF (10 mL) was added NaH (60% dispersion in mineral oil,
82.0 mg, 2.05 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI (318 pL, 1.88 mmol)
was added and the mixture was stirred for 4 h at room temperature. The reaction mixture was cooled to —
78 °C, to which was added dropwise a solution of n-BuLi (1.6 M) in hexane (1.17 mL, 31.5 mmol) over 5
min. After stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and
the mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried
(NayS0s4), and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
hexane) to afford phenol 4b (395 mg, 79%) as colorless oil.

4b: R 0.45 (hexane); '"H NMR (600 MHz, CDCl3): 6 0.30 (s, 9H), 1.00 (d, 6H, J = 6.8 Hz), 1.09 (d, 6H, J =
6.9 Hz), 1.28 (qqd, 2H, J=6.9, 6.8, 3.5 Hz), 2.27 (s, 3H), 4.09 (t, 1H, J=3.5 Hz), 5.33 (s, 1H), 7.08 (d, 1H,
J=2.1Hz), 7.18 (d, 1H, J = 2.1 Hz); 3C NMR (150 MHz, CDCl3): 6 —1.4, 10.3, 18.2, 18.4, 20.3, 116.7,
124.7,128.8,137.9, 164.2 (several signals overlapped); IR (neat): 3549, 2947, 2862, 2059, 1573, 1246, 1176,
906, 837, 729 cm™'; HRMS (ESI): caled. For C16H29Osi» [M—H]™: 293.1762; found: 293.1760.

Synthesis of triflate Sb

I-PrySiH n-BuLi (1.5 eq.) i-PrySiH
OH THO (1.5 eq.) OTf
Et,0,-78°Ctor.t.,4h
Me SiMes Me SiMes
4b 5b
74%

To a solution of 4b (191 mg, 0.649 mmol) in Et,O (6.5 mL) was added was added n-BuLi (1.6 M) in hexane
(610 pL, 0.974 mmol) at —78 °C. After stirring for 30 min at this temperature, T£,0 (165 pL, 0.974 mmol)
was added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring was
continued for 4 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was

extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na>SOjs), and



concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford triflate Sb (206 mg, 74%) as colorless oil.

5b: Ry 0.34 (hexane); "H NMR (500 MHz, CDCl3): § 0.36 (s, 9H), 0.95 (d, 6H, J= 7.2 Hz), 1.06 (d, 6H, J =
7.5 Hz), 1.19-1.29 (m, 2H), 2.37 (s, 3H), 4.144.18 (m, 1H), 7.25 (d, 1H, J=2.3 Hz), 7.36 (d, 1H, J=2.3
Hz); *C NMR (125 MHz, CDCl3): § 0.2, 10.9, 18.5, 18.6, 20.9, 118.5 (q, Jcr= 318 Hz), 129.6, 134.4, 136.6,
138.2, 138.9, 153.8; IR (neat): 2947, 2866, 2175, 1396, 1249, 1138, 1053, 910, 844 cm™'; HRMS (FAB):
calcd. for C17H30F303SSiz [M+H]™: 427.1401; found: 427.1403.

Synthesis of silyl ether 7b

. 1) TCCA (0.4 eq.) O\Q
i-PrySiH i-Pr,Si”

CH20|2, r.t., 1h

OTf > oTf
2) imidazole (2.0 eq.)

Me SiMe, HO/\O (12eq.) Me SiMe;
5b 7b

6
CH,Cly, r.t., 24 h 58% (2 steps)

1) To a solution of 5b (145 mg, 0.339 mmol) in CH>Cl, (3.5 mL) was added trichloroisocyanuric acid*
(TCCA, 31.5 mg, 0.136 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered
through a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the
corresponding silyl chloride as colorless oil. This material was employed in the next reaction without further
purification.

2) To a solution of the crude material (vide supra) in CH>Cl, (3.5 mL) were added imidazole (46.4 mg, 0.678
mmol) and alcohol 6° (44.8 mg, 0.407 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHCl; (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane) to afford silyl ether 7b (104 mg, 58% in 2 steps)
as colorless oil.

7b: R¢ 0.52; (EtOAc/hexane = 1/20); "TH NMR (600 MHz, CDCl5): § 0.35 (s, 9H), 1.01 (d, 6H, J = 7.6 Hz),
1.15 (d, 6H, J= 7.6 Hz), 1.39 (qq, 2H, J = 7.6, 7.6 Hz), 2.09 (brt, 2H, J = 8.9 Hz), 2.18-2.23 (m, 2H), 2.34
(s, 3H), 4.13 (s, 2H), 5.72-5.76 (m, 1H), 5.93-5.98 (m, 2H), 7.37 (d, 1H, J = 2.3 Hz), 7.43 (d, 1H, J=2.3
Hz); 3C NMR (150 MHz, CDCl;): 6 -0.2, 13.5, 17.6, 18.1, 20.5,22.3,22.9, 66.4, 118.1, 118.6 (q, Jcr = 321
Hz), 124.6, 125.2, 129.9, 134.6, 136.9, 138.3, 139.6, 139.9, 153.7; IR (neat): 2947, 2866, 2360, 1396, 1249,
1211, 1138, 1045, 914, 810 cm™!; HRMS (ESI): calcd. for Co4H37F3NaO4SSi> [M+Na]™: 557.1795; found:
557.1798.



Synthesis of phenol 3¢’

1) imidazole (2.0 eq.)

Br i-Pr,SiHCI (1.2 eq.) I-Pr,SiH
OH CH20|2, r.t., 4 h OH
2) n-BulLi (1.5 eq.)
MeO Br THF, -78 °C, 30 min MeO Br
2c 3c’
45%

To a solution of 2,6-dibromo-4-methoxyphenol (2¢) (2.53 g, 8.98 mmol) in CH,Cl, (30 ml) were added
imidazole (1.22 g, 18.0 mmol) and i-Pr,SiHCI (1.83 mL, 10.8 mmol). After stirring for 3 h at room
temperature, the reaction was quenched by adding phenol (169 mg, 1.80 mmol) and hexane (20 mL) was
added. CH2Cl> was removed by concentration (ca. 300 mbar, 30 °C). The resulting suspension was filtered
through a Celite® pad (wash with hexane), and the filtrate was concentrated in vacuo. The crude material was
dissolved in THF (30 mL), to which was added n-BuLi (1.6 M in hexane, 8.42 mL, 13.5 mmol) dropwise at
—78 °C, and the stirring was continued for 30 min at this temperature. The reaction was quenched by adding
saturated aqueous NH4Cl, and the reaction mixture was extracted with EtOAc (x3). The combined organic
layer was washed with brine, dried (Na>SOs), and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, hexane/EtOAc = 1/30) to afford phenol 3¢’ (1.28 g, 45%) as red oil.
3¢’: R 0.53 (EtOAc/hexane = 1/5); "TH NMR (500 MHz, CDCls): § 0.98 (d, 6H, J= 7.2 Hz), 1.07 (d, 6H, J
=7.2 Hz), 1.33 (qqd, 2H, J=7.2, 7.2, 3.8 Hz), 3.76 (s, 3H), 3.89 (t, 1H, J= 3.8 Hz), 5.33 (s, 1H), 6.93 (d,
1H, J = 3.2 Hz), 7.02 (d, 1H, J = 3.2 Hz); *C NMR (125 MHz, CDCl3): § 10.9, 18.9, 55.9, 109.7, 117.9,
122.5,123.0, 150.0, 153.1; IR (neat): 3529, 2043, 2098, 1562, 1458, 1400, 1284, 1068, 1045, 1002, 906, 790
cm'; HRMS (ESI): calcd. for C13H20BrO,Si [M—H] : 315.0421; found: 315.0410.

Synthesis of phenol 4¢
1) NaH (1.2 eq.)

i-PraSiH MesSiCl (1.2 eq.) i-PraSiH
OH THF, rt., 4 h X OH
2) n-BuLi (1.2 eq.)
MeO Br THF, -78 °C, 30 min  MeO SiMes
3c' 4c
85%

To a solution of 3¢’ (1.26 g, 3.96 mmol) in THF (12 mL) was added NaH (60% dispersion in mineral oil,
190 mg, 4.75 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3SiCl (600 pL, 4.75 mmol) was
added and the mixture was stirred for 4 h at room temperature. The reaction mixture was cooled to —78 °C,
to which was added dropwise a solution of #-BuLi (1.6 M) in hexane (2.97 mL, 4.75 mmol) over 5 min. After
stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and the mixture
was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na>SOs), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc/hexane

= 1/30) to afford phenol 4c¢ (1.04 g, 85%) as colorless oil.



4c¢: Ry 0.50 (EtOAc/hexane = 1/10); 'TH NMR (500 MHz, CDCls): § 0.30 (s, 9H), 1.01 (d, 6H, J = 7.5 Hz),
1.10 (d, 6H, J=7.2 Hz), 1.28 (qqd, 2H, J = 7.5, 7.2, 3.5 Hz), 3.77 (s, 3H), 4.08 (t, 1H, J= 3.5 Hz), 5.13 (s,
1H), 6.83 (d, 1H, J = 3.2 Hz), 6.94 (d, 1H, J = 3.2 Hz); *3C NMR (125 MHz, CDCl;): § 1.0, 10.7, 18.5,
18.7, 55.7, 118.0, 121.6, 122.2, 126.2, 152.7, 159.7; IR (neat): 3521, 2947, 2063, 2098, 1577, 1396, 1246,
1207, 1049, 1006, 906, 837, 791 cm™'; HRMS (ESI): caled. For Ci3H290,Si> [M—H]: 309.1712; found:
309.1715.

Synthesis of triflate 5¢

i-PrySiH n-BuLi (1.2 eq.) i-Pr,SiH
OH Tf0 (1.2 eq.) OTf
Et,0,-78 °Ctor.t.,4h
MeO SiMe; MeO SiMe;
4c 5¢c
86%

To a solution of phenol 4¢ (780 mg, 2.51 mmol) in Et:O (25 mL) was added was added »-BuLi (1.6 M) in
hexane (1.89 mL, 3.01 mmol) at —78 °C. After stirring for 30 min at this temperature, Tf,0 (507 pL, 3.01
mmol) was added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring
was continued for 4 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture
was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na;SOs), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc/hexane
= 1/50) to afford triflate 5¢ (955 mg, 86%) as colorless oil.

5c¢: Ry 0.64 (EtOAc/hexane = 1/5); "TH NMR (500 MHz, CDCls): § 0.37 (s, 9H), 0.96 (d, 6H, J = 7.5 Hz),
1.07 (d, 6H, J = 7.2 Hz), 1.21-1.28 (m, 2H), 3.83 (s, 3H), 4.17 (brs, 1H), 6.95 (d, 1H, J = 3.2 Hz), 7.04 (d,
1H, J= 3.2 Hz); *C NMR (125 MHz, CDCl3): § 0.2, 10.9, 18.5, 18.6, 55.5, 118.5 (q, Jcr = 320 Hz), 122.2,
122.5. 131.5, 136.3, 148.7 157.5; IR (neat) 2951, 1570, 1396, 1246, 1215, 1145, 1037, 910, 844, 732 cm™';
HRMS (FAB): calcd. For Ci17H30F304Ssi> [M+H]": 443.1350; found 443.1351.

Synthesis of silyl ether 7¢

, 1) TCCA (0.4 eq.) o\/©
i-PraSiH i-PrySi”

CH,Cly, r.t., 30 min

oTf > OoTf
2) imidazole (2.0 eq.)

MeO SiMes Ho/\© (1.3 eq) MeO SiMe;
5c 7c

6
CH,Cly, rt., 24 h 81% (2 steps)

1) To a solution of 5¢ (164 mg, 0.371 mmol) in CH>Cl, (4 mL) was added trichloroisocyanuric acid* (TCCA,
34.5 mg, 0.148 mmol). After stirring for 30 min at room temperature, the reaction mixture was filtered
through a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the

corresponding silyl chloride as colorless oil. This material was employed in the next reaction without further



purification.

2) To a solution of the crude material (vide supra) in CH>Cl, (4 mL) were added imidazole (50.5 mg, 0.742
mmol) and alcohol 6° (53.1 mg, 0.482 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCI3 (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, EtOAc/hexane = 1/100) to afford silyl ether 7¢ (143 mg,
81% in 2 steps) as colorless oil.

7c: Ry 0.67 (EtOAc/hexane = 1/10); 'H NMR (600 MHz, CDCls): § 0.35 (s, 9H), 1.03 (d, 6H, J = 6.8 Hz),
1.17 (d, 6H, J = 6.9 Hz), 1.40 (qq, 2H, J = 6.9, 6.8 Hz), 2.07 (brt, 2H, J=9.7 Hz), 2.16-2.23 (m, 2H), 3.77
(s, 3H), 4.15 (s, 2H), 5.71-5.74 (m, 1H), 5.93-5.96 (m, 1H), 5.99-6.01 (m, 1H), 7.07 (d, 1H, J = 2.8 Hz),
7.12(d, 1H, J=2.8 Hz); *C NMR (150 MHz, CDCl5): § -0.3, 13.5, 17.6, 18.2,22.2,22.9, 55.4, 66.3, 117.9,
118.6 (q, Jcr =319 Hz), 122.3, 124.5, 124.6, 125.2, 131.8, 136.6, 138.2, 148.4, 158.2 ; IR (neat) 2947, 1566,
1396, 1246, 1215, 1145, 906, 844, 732 cm™; HRMS (ESI): caled. for CasH37F3NaOsSSi, [M+Na]':
573.1745; found: 573.1753.

Synthesis of phenol 3d
1) NaH (1.2 eq.)
Br Me;SiCl (1.1 eq.) Br
OH THF, r.t, 3 h OH
2) n-BuLi (1.1 eq.) .
F3C Br THF, -78 °C, 30 min  F3C SiMe;
2d 3d
91%

To a solution of 2,6-dibromo-4-trifluoromethylphenol (2d) (2.05 g, 6.41 mmol) in THF (30 mL) was added
NaH (60% dispersion in mineral oil, 308 mg, 7.70 mmol) at 0 °C. After stirring for 30 min at this temperature,
MesSiCl (891 pL, 7.06 mmol) was added and the mixture was stirred for 3 h at room temperature. The
reaction mixture was cooled to —78 °C, to which was added dropwise a solution of n-BuLi (1.6 M) in hexane
(4.41 mL, 7.06 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na;SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, EtOAc/hexane = 1/20) to afford phenol 3d (1.82 g, 91%) as colorless oil.

3d: R¢0.57 (EtOAc/hexane = 1/5); "TH NMR (500 MHz, CDCl5): 6 0.33 (s, 9H), 6.03 (s, 1H), 7.51 (d, 1H, J
=2.1 Hz), 7.73 (d, 1H, J = 2.1 Hz); *C NMR (125 MHz, CDCl;): § —1.5, 110.1, 123.6 (q, Jcr = 271 Hz),
123.9 (q, Jcr = 32 Hz), 128.0, 130.2 (q, Jcr = 3.6 Hz), 131.5 (q, Jcr = 3.6 Hz), 158.7; IR (neat): 3514, 2958,
1597, 1311, 1246, 1122, 906, 840, 732 cm™'; HRMS (ESI): calcd. for CioH1BrF30Si [M-H]: 310.9720;
found: 310.9726.



Synthesis of phenol 4d

1) NaH (1.3 eq.)

Br i-Pr,SiHCI (1.2 eq.) i-PraSiH
OH THF, rt,2h OH
2) n-BuLi (1.2 eq.)
FsC SiMe;  THF,-78°C,30min  F3C SiMes
3d ad
77%

To a solution of 3d (578 mg, 1.84 mmol) in THF (10 mL) was added NaH (60% dispersion in mineral oil,
96 mg, 2.40 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI (375 pL, 2.21 mmol)
was added and the mixture was stirred for 2 h at room temperature. The reaction mixture was cooled to —
78 °C, to which was added dropwise a solution of #-BuLi (1.60 M) in hexane (1.38 mL, 2.21 mmol) over 5
min. After stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and
the mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried
(NazSOs4), and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
EtOAc/hexane = 1/100) to afford phenol 4d (496 mg, 77%) as colorless oil.

4d: R; 0.64 (EtOAc/hexane = 1/20); 'TH NMR (500 MHz, CDCl3): § 0.33 (s, 9H), 1.00 (d, 6H, J = 7.5 Hz),
1.10 (d, 6H, J=7.5 Hz), 1.32 (qqd, 2H, J=17.5, 7.5, 3.4 Hz), 4.15 (t, 1H, J = 3.4 Hz), 5.86 (s, 1H), 7.52 (d,
1H,J=2.3 Hz), 7.60 (d, 1HJ= 2.3 Hz); ®C NMR (125 MHz, CDCl3): 6 -1.7, 10.1, 18.0, 18.2, 117.4, 122.5
(q, Jcr = 31 Hz), 125.1 (q, Jcr = 272 Hz), 125.9, 134.34 (q, Jcr = 2.4 Hz), 134.43 (q, Jcr = 3.6 Hz), 168.6;
IR (neat): 3529, 2954, 2866, 2013, 1577, 1315, 1149, 1122, 940, 844, 736 cm™'; HRMS (ESI): calcd. for
Ci6H26F308i, [M—H]™: 347.1480; found: 347.1488.

Synthesis of triflate 5d

i-PrySiH n-BuLi (1.3 eq.) i-PraSiH
OH T,0 (1.3 eq.) oTf
Et,O,-78°Ctort.,4h
FyC SiMes FaC SiMes
4d 5d
88%

To a solution of 4d (446 mg, 1.28 mmol) in Et;O (13 mL) was added was added »n-BuLi (1.6 M) in hexane
(1.04 mL, 1.66 mmol) at —78 °C. After stirring for 30 min at this temperature, T£20 (280 pL, 1.66 mmol)
was added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring was
continued for 4 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was
extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na;SO4), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford triflate 5d (540 mg, 88%) as colorless oil.

5d: R 0.48 (hexane); '"H NMR (500 MHz, CDCl5): 6 0.41 (s, 9H), 0.95 (d, 6H, J= 7.2 Hz), 1.07 (d, 6H, J =
7.4 Hz), 1.24-1.34 (m, 2H), 4.21-4.24 (m, 1H), 7.70 (d, 1H, J = 2.0 Hz), 7.82 (d, 1H, J = 2.0 Hz); *C NMR
(125 MHz, CDCl3): 6 0.1, 10.7, 18.4, 118.5 (q, Jcr =318 Hz), 123.7 (q, Jcr = 272 Hz), 129.4 (q, Jcr = 32 Hz),



131.9,134.3 (q, Jcr=3.6 Hz), 135.1 (q, Jcr= 3.6 Hz), 136.6, 157.6; IR (neat): 2951, 2866, 2183, 1400, 1319,
1215, 1161, 1134, 1099, 1060, 883, 833, 725 cm'; HRMS (FAB): calcd. for Ci7H27F603SSi>, [M+H]":
481.1118; found: 481.1121.

Synthesis of silyl ether 7d

. 1) TCCA (0.4 eq.) O\/@
i-PraSiH i-PrySi”

CH,Cly, rt., 1.5h

OTf — oTf
2) imidazole (2.0 eq.)

FaC SiMes HO/\O (12eq) FsC SiMes
5d 7d

6
CH,Cly, r.t., 24 h 68% (2 steps)

1) To a solution of 5d (282 mg, 0.586 mmol) in CH>Cl, (6 mL) was added trichloroisocyanuric acid? (TCCA,
54.4 mg, 0.234 mmol). After stirring for 1.5 h at room temperature, the reaction mixture was filtered through
a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the corresponding
silyl chloride as colorless oil. This material was employed in the next reaction without further purification.
2) To a solution of the crude material (vide supra) in CH>Cl, (6 mL) were added imidazole (79.8 mg, 1.17
mmol) and alcohol 6° (77.5 mg, 0.703 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl3 (x3). The
combined organic layer was washed with brine, dried (Na,SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane) to afford silyl ether 7d (236 mg, 68% in 2 steps)
as colorless oil.

7d: Ry 0.45 (EtOAc/hexane = 1/20); '"H NMR (600 MHz, CDCls): § 0.40 (s, 9H), 1.01 (d, 6H, J = 7.6 Hz),
1.16 (d, 6H, J= 7.6 Hz), 1.42 (qq, 2H, J = 7.6, 7.6 Hz), 2.09 (brt, 2H, J = 8.9 Hz), 2.18-2.24 (m, 2H), 4.15
(s, 2H), 5.73-5.76 (m, 1H), 5.92-5.97 (m, 2H), 7.82 (d, 1H, J=2.1 Hz), 7.91 (d, 1H, J= 2.1 Hz); *C NMR
(150 MHz, CDCl3): 6 0.4, 13.3,17.4, 17.9,22.2, 22.8, 66.7, 118.57, 118.60 (q, Jcr = 321 Hz), 124.1 (q, Jcr
=273 Hz), 124.4, 125.5,129.7 (q, Jcr = 32 Hz), 132.3, 135.7 (q, Jcr = 2.9 Hz), 136.3 (q, Jcr = 2.9 Hz), 136.7,
137.5, 157.6; IR (neat) 2951, 2870, 1404, 1319, 1215, 1134, 1099, 883, 833, 729 cm™'; HRMS (ESI): calcd.
for C24H34F¢Na04SSi, [M+Na]": 611.1513; found: 611.1524.

Synthesis of phenol 3e’
1) NaH (1.2 eq.) . )
Br i-Pr,SiHCI (1.1 eq.) -PraSiH
OH THF, rt, 3 h - OH
2) n-BuLi (1.1 eq.)
F Br THF, -78 °C, 30 min F Br
2e 3e’
60%

To a solution of 2,6-dibromo-4-fluorophenol (2e) (1.56 g, 5.78 mmol) in THF (20 mL) was added NaH (60%



dispersion in mineral oil, 277 mg, 6.93 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI
(1.08 mL, 6.35 mmol) was added and the mixture was stirred for 3 h at room temperature. The reaction
mixture was cooled to —78 °C, to which was added dropwise a solution of #n-BuLi (1.6 M) in hexane (3.97
mL, 6.35 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, hexane) to afford phenol 3e’ (1.06 g, 60%) as colorless oil.

3e’: Ry 0.63 (EtOAc/hexane = 1/10); "H NMR (500 MHz, CDCls): § 0.98 (d, 6H, J = 7.4 Hz), 1.07 (d, 6H, J
=7.5Hz), 1.33 (qqd, 2H, J=17.5,7.4,3.7 Hz), 3.89 (t, 1H, J= 3.7 Hz), 5.52 (s, 1H), 7.08 (dd, 1H, Jur = 7.7,
J=3.2Hz),7.22 (dd, 1H, Jur = 7.5, J = 3.2 Hz); *C NMR (125 MHz, CDCl): § 10.8, 18.8, 109.3 (d, Jcr =
8.4 Hz), 119.8 (d, Jcr = 26 Hz), 123.1 (d, Jcr = 20 Hz), 152.2, 155.8 (d, Jcr = 244 Hz) (several signals
overlapped); IR (neat): 3525, 2943, 2862, 2102, 1446, 1400, 1195, 906 cm™'; HRMS (ESI): calcd. for
Ci12H7BrFOSi [M-H]: 303.0222; found 303.0219.

Synthesis of phenol 4e

1) NaH (1.2 eq.)

i-PrySiH Me;SiCl (1.2 eq.) i-PrySiH
OH THF, rt., 2 h OH
2) n-BuLi (1.2 eq.)
F Br THF, -78 °C, 30 min F SiMe;
3¢’ 4e
67%

To a solution of 3¢’ (665 mg, 2.18 mmol) in THF (8 mL) was added NaH (60% dispersion in mineral oil,
105 mg, 2.61 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3SiCl (330 pL, 2.61 mmol) was
added and the mixture was stirred for 2 h at room temperature. The reaction mixture was cooled to —78 °C,
to which was added dropwise a solution of n-BuLi (1.60 M) in hexane (1.63 mL, 2.61 mmol) over 5 min.
After stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and the
mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na2SO4),
and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford phenol 4e (435 mg, 67%) as colorless oil.

de: Ry 0.39 (hexane); '"H NMR (500 MHz, CDCls): § 0.30 (s, 9H), 1.00 (d, 6H, J = 7.5 Hz), 1.10 (d, 6H, J =
7.2 Hz), 1.28 (qqd, 2H, J=17.5,7.2, 3.2 Hz), 4.08 (t, 1H, J= 3.2 Hz), 5.32 (s, 1H), 6.94 (dd, 1H, Jur = 8.0, J
=2.9 Hz), 7.04 (dd, 1H, Jur = 8.3, = 2.9 Hz); *C NMR (125 MHz, CDCl3): § -1.1, 10.5, 18.4, 18.6, 118.7
(d, Jer =2.4 Hz), 122.2 (d, Jcr = 20 Hz), 122.8 (d, Jcr = 20 Hz), 127.3 (d, Jcr = 3.6 Hz), 156.9 (d, Jcr = 240
Hz), 161.3; IR (neat): 3552, 2951, 2866, 2067, 1396, 1195, 906, 840 cm™!; HRMS (ESI): caled. for
Ci15sHasFOSi2 [M-H]: 297.1512; found: 297.15009.



Synthesis of triflate Se

i-PrySiH n-BuLi (1.2 eq.) i-PrySiH
OH Tf0 (1.2 eq.) oTf
Et,0,-78 °Ctor.t., 4 h
F SiMe, F SiMe;
4e Se
84%

To a solution of 4e (552 mg, 1.85 mmol) in Et;O (20 mL) was added was added n-BuLi (1.6 M) in hexane
(1.38 mL, 2.22 mmol) at —78 °C. After stirring for 30 min at this temperature, T£,0 (373 pL, 2.22 mmol)
was added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring was
continued for 4 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was
extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na,SO4), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford triflate Se (671 mg, 84%) as colorless oil.

5e: Ry 0.47 (hexane); "H NMR (500 MHz, CDCl3): § 0.38 (s, 9H), 0.96 (d, 6H, J = 7.5 Hz), 1.07 (d, 6H, J =
7.2 Hz), 1.20-1.28 (m, 2H), 4.17 (brs, 1H), 7.13 (dd, 1H, Jur = 7.5, J=3.2 Hz), 7.24 (dd, 1H, Jur =8.1,J =
3.2 Hz); ¥C NMR (125 MHz, CDCl3): § 0.1, 10.8, 18.5, 118.5 (q, Jcr = 317 Hz), 123.5 (d, Jcr = 22 Hz),
124.2 (d, Jcr = 22 Hz), 133.4 (d, Jcr = 4.8 Hz), 138.3 (d, Jcr = 3.6 Hz), 150.5, 160.9 (d, Jcr = 251 Hz); IR
(neat): 2954, 2183, 1400, 1219, 1141, 906, 848 cm™'; HRMS (FAB): calcd. for Ci6H26F4NaO3Si, [M+Na]™:
453.0970; found: 453.0969.

Synthesis of silyl ether 7e

1) TCCA (0.4 eq.)

FPraSiH CH,Cly, rt, 1h /Pr28|
oTf
) imidazole (2.0 eq.)
F SiMe, /\O 1.2 6q) SiMe,
5e (-]

0,
CH,Cly, .t., 24 h 71% (2 steps)

1) To a solution of 5e (420 mg, 0.975 mmol) in CH>Cl, (10 mL) was added trichloroisocyanuric acid* (TCCA,
90.7 mg, 0.390 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered through
a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the corresponding
silyl chloride as colorless oil. This material was employed in the next reaction without further purification.

2) To a solution of the crude material (vide supra) in CH>Cl, (10 mL) were added imidazole (133 mg, 1.95
mmol) and alcohol 6° (129 mg, 1.17 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHCl; (x3). The
combined organic layer was washed with brine, dried (Na2S0O4), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane) to afford silyl ether 7e (372 mg, 71% in 2 steps)

as colorless oil.



7e: Ry 0.30 (hexane); '"H NMR (600 MHz, CDCls): § 0.36 (s, 9H), 1.02 (d, 6H, J = 7.6 Hz), 1.15 (d, 6H, J =
7.6 Hz), 1.39 (qq, 2H, J=17.6, 7.6 Hz), 2.11 (brt, 2H, J= 8.9 Hz), 2.19-2.24 (m, 2H), 4.18 (s, 2H), 5.73-5.77
(m, 1H), 5.93-5.97 (m, 2H), 7.25 (dd, 1H, Jur = 7.6, J = 2.8 Hz), 7.33 (dd, 1H, Jur = 7.6, J = 2.8 Hz); 1*C
NMR (150 MHz, CDCl3): 6 0.4, 13.3, 17.5, 17.9, 22.3, 22.9, 66.7, 118.4, 118.6 (q, Jcr = 319 Hz), 124.5,
124.8 (d, Jcr =22 Hz), 125.2 (d, Jcr = 22 Hz), 125.4, 134.1 (d, Jcr = 2.9 Hz), 137.8, 138.5 (d, Jcr = 2.9 Hz),
150.3, 161.6 (d, Jcr = 253 Hz); IR (neat): 2951, 2870, 1566, 1400, 1365, 1215, 1141, 1053, 906, 840, 732
cm'; HRMS (ESI): calcd. for C23H34F4sNaO4SSi> [M+Na]™: 561.1545; found: 561.1552.

Synthesis of phenol 3f
1) NaH (1.2 eq.)
Br Me3SiCl (1.1 eq.) Br
OH THF, rt., 1.5h OH
2) n-BuLi (1.05 eq.)
Cl Br —78 °C, 30 min Cl SiMej
2f 3f
78%

To a solution of 2,6-dibromo-4-chlorophenol (2f) (2.99 g, 10.4 mmol) in THF (30 mL) was added NaH (60%
dispersion in mineral oil, 501 mg, 12.5 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3SiCl
(1.45 mL, 11.49 mmol) was added dropwise and the mixture was stirred for 1.5 h at room temperature. The
reaction mixture was cooled to —78 °C, to which was added dropwise a solution of n-BuLi (2.30 M) in hexane
(4.77 mL, 11.0 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, hexane) to afford phenol 3f (2.29 g, 78%) as a white solid.

3f: R 0.50 (hexane); Spectral data matched those reported in the literature.*

Synthesis of triflate 5f
1) NaH (1.5 eq.)

Br i-Pr,SiHCI (1.5 eq.) -PraSiH
OH Et,0, r.t, 1.5 h OTf
2) n-BuLi (1.5 eq.)
3f 3) TH,0 (2.0 eq.) St
rt,3h 78%

To a solution of 3f (537 mg, 1.92 mmol) in Et,O (20 mL) was added NaH (60% dispersion in mineral oil,
115 mg, 2.88 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI (488 pL, 2.88 mmol)
was added and the mixture was stirred for 1.5 h at room temperature. The reaction mixture was cooled to —
78 °C, to which was added dropwise a solution of n-BuLi (1.60 M) in hexane (1.80 mL, 2.88 mmol) over 5
min. After stirring for 30 min at—78 °C, Tf,0 (647 ul, 3.84 mmol) was added and the the mixture was warmed

to room temperature and stirred for 3 h. The reaction was quenched by adding saturated aqueous NaHCOs,



and the mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried
(NazSOg), and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
hexane) to afford triflate 5f (672 mg, 78%) as colorless oil.

5f: R; 0.50 (hexane); "TH NMR (500 MHz, CDCls): § 0.38 (s, 9H), 0.96 (d, 6H, J = 7.5 Hz), 1.07 (d, 6H, J =
7.2 Hz), 1.21-1.29 (m, 2H), 4.15-4.18 (m, 1H), 7.40 (d, 1H, J=2.9 Hz), 7.51 (d, 1H, J= 2.9 Hz); *C NMR
(125 MHz, CDCl3): 6 0.1, 10.8, 18.4, 118.5 (q, Jcr = 318 Hz), 130.0, 133.9, 136.8, 137.69, 137.73, 153.6;
IR (neat): 2951, 2866, 2183, 1400, 1365, 1211, 1138, 1060, 879, 732 cm'; HRMS (FAB): calcd. for
C16H27CIF303SSi, [M+H]": 447.0855; found: 447.0865.

Synthesis of silyl ether 7f

1) TCCA (0.4 eq.) 0\/©
i-PraSiH i-PrySi”

CH2C|2, r.t., 1h

OH . oTf
2) imidazole (2.0 eq.)

cl SiMes HO/\O (12eq) C SiMes
5 7f

6
CH,Cly, r.t., 24 h 73% (2 steps)

1) To a solution of 5f (127 mg, 0.284 mmol) in CH,Cl, (3 mL) was added trichloroisocyanuric acid’* (TCCA,
26.4 mg, 0.113 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered through
a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the corresponding
silyl chloride as colorless oil. This material was employed in the next reaction without further purification.
2) To a solution of the crude material (vide supra) in CH>Cls (3 mL) were added imidazole (38.7 mg, 0.568
mmol) and alcohol 6° (37.5 mg, 0.341 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHCl; (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane) to afford silyl ether 7f (114 mg, 73% in 2 steps)
as colorless oil.

7f: R; 0.27 (EtOAc/hexane = 1/100); "H NMR (600 MHz, CDCl3): § 0.37 (s, 9H), 1.01 (d, 6H, J = 7.6 Hz),
1.15 (d, 6H, J= 7.6 Hz), 1.39 (qq, 2H, J = 7.6, 7.6 Hz), 2.11 (brt, 2H, J = 9.6 Hz), 2.20-2.24 (m, 2H), 4.16
(s, 2H), 5.73-5.77 (m, 1H), 5.92-5.97 (m, 2H), 7.51 (d, 1H, J = 2.8 Hz), 7.59 (d, 1H, J = 2.8 Hz); *C NMR
(150 MHz, CDCl3): 6 0.4, 13.4, 17.4, 18.0, 22.3, 22.9, 66.7, 118.58, 118.59 (q, Jcr = 319 Hz), 124.5, 125.4,
133.4,134.3,137.7,137.9, 138.3, 138.6, 153.6; IR (neat) 2951, 2870, 1400, 1211, 1138, 1049, 875, 840, 732
cm'; HRMS (ESI): calcd. for Co3H34CIF3KO4Ssia [M+K]': 593.0989; found: 593.0987.



Synthesis of phenol 3g

Br 1) HMDS (2.0 eq.) Br
OH THF, reflux, 9 h OH
2) n-BuLi (1.1 eq.)
NC Br THF,-78 °C,30min  NC SiMe3
2g 39
65%

1) To a solution of 2,6-dibromo-4-cyanophenol (2g) (1.48 g, 5.45 mmol) in THF (6 mL) was added
1,1,1,3,3,3-hexamethyldisilazane (HMDS, 2.28 mL, 10.9 mmol) at room temperature and the mixture was
refluxed for 9 h. After cooling to room temperature, the solvent and HMDS were removed under reduced
pressure to afford the corresponding silyl ether as colorless oil. This material was employed in the next
reaction without further purification.

2) To a stirred solution of the crude material (vide supra) in THF (27 mL) was added dropwise n-BuLi (1.60
M in hexanes, 3.74 mL, 5.99 mmol) at —78 °C. After stirring for 30 min at —78 °C, the reaction was quenched
by adding saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic
layer was washed with brine, dried (Na>SQOj4), and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, EtOAc/hexane = 1/10) to afford phenol 3g (1.01 g, 65%) as a white solid.
3g: mp: 113-120 °C; Ry 0.38 (EtOAc/hexane = 1/5); '"H NMR (500 MHz, CDCl3): § 0.32 (s, 9H), 6.20 (s,
1H), 7.57 (d, 1H, J= 1.6 Hz), 7.78 (d, 1H, J = 1.6 Hz); *C NMR (125 MHz, CDCls): § 1.5, 105.4, 110.4,
118.0, 128.9, 136.4, 138.7, 159.6; IR (neat): 3402, 2958, 2225, 1577, 1442, 1242, 1138, 1080, 902, 840, 729
cm'; HRMS (ESI): calcd. for C1oH;iBrNOSi [M—H]: 267.9799; found: 267.9795.

Synthesis of phenol 4g
1) NaH (1.3 eq.) _
Br i-Pr,SiHCI (1.2 eq.) i-PraSiH
OH THF, rt, 3 h OH
. 2) n-BuLi (1.2 eq.) .

NC SiMe;  THF, -78 °C, 30 min NC SiMe;

39 49

71%

To a solution of 3g (502 mg, 1.86 mmol) in THF (10 mL) was added NaH (60% dispersion in mineral oil, 97
mg, 2.42 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr.SiHCI (390 pL, 2.23 mmol) was
added and the mixture was stirred for 3 h at room temperature. The reaction mixture was cooled to —78 °C,
to which was added dropwise a solution of #-BuLi (1.60 M) in hexane (1.39 mL, 2.23 mmol) over 5 min.
After stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and the
mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na,SOy),
and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
EtOAc/hexane = 1/50) to afford phenol 4g (402 mg, 71%) as colorless oil.

4g: R 0.58 (EtOAc/hexane = 1/20); '"H NMR (500 MHz, CDCl3): § 0.32 (s, 9H), 0.99 (d, 6H, J = 7.5 Hz),
1.10 (d, 6H, J=7.4 Hz), 1.31 (qqd, 2H, J="7.5, 7.4, 3.5 Hz), 4.14 (t, 1H, J= 3.5 Hz), 6.04 (s, 1H), 7.58 (d,



1H, J=2.1 Hz), 7.65 (d, 1HJ=2.1 Hz); '3C NMR (125 MHz, CDCl3): § 1.8, 9.9, 17.8, 18.1, 104.2, 118.6,
120.1, 127.1, 141.3, 141.5, 169.0; IR (neat): 3525, 2951, 2866, 2222, 2067, 1562, 1404, 1246, 1006, 906,
840, 729 cm™'; HRMS (ESI): calcd. for C16H26NOSi, [M—H]™: 304.1558; found: 304.1567.

Synthesis of triflate Sg

i-PraSiH n-BuLi (1.5 eq.) i-PrySiH
OH Tf,0 (1.5 eq.) OTf
Et,0,-78 °Ctort, 4 h
NC SiMe; NC SiMe;
49 59
37%

To a solution of 4g (222 mg, 0.725 mmol) in Et,O (8 mL) was added was added n-BuLi (1.6 M) in hexane
(473 pL, 1.09 mmol) at —78 °C. After stirring for 30 min at this temperature, T£,0 (183 pL, 1.09 mmol) was
added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring was continued
for 4 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted
with EtOAc (x3). The combined organic layer was washed with brine, dried (Na>SOs), and concentrated in
vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/30) and gel-
permeation chromatography [YMC-GPC T4000® (2.0 cm ¢x60 cm) + T2000® (2.0 cm ¢ x 60 cm), CHCl3,
flow rate 8.0 mL/min] to afford triflate 5g (117 mg, 37%) as colorless oil.

5g: Rr 0.19 (EtOAc/hexane = 1/20); 'H NMR (600 MHz, CDCls): § 0.40 (s, 9H), 0.95 (d, 6H, J = 7.6 Hz),
1.07 (d, 6H, J= 7.6 Hz), 1.24-1.30 (m, 2H), 4.19-4.22 (m, 1H), 7.74 (d, 1H, /= 2.8 Hz), 7.87 (d, 1H, J =
2.8 Hz); *C NMR (150 MHz, CDCl5): 6 0.5, 10.2, 17.9, 18.0, 112.5, 118.2, 118.6 (q, Jcr = 319 Hz), 133.1,
137.9, 141.1, 142.2, 158.2; IR (neat): 2954, 2866, 2233, 1400, 1219, 1138, 1064, 906, 844, 732 cm™'; HRMS
(FAB): calcd. for C17H27F3NO3SSi, [M+H] ™: 438.1202; found: 438.1211.

Synthesis of silyl ether 7g

1) TCCA (0.4 eq.) O\/O
i-PrySiH i-Pr,Si”

CH,Cly, rt., 1 h

OTf . > oTf
2) imidazole (2.0 eq.)

NC SiMes HO/\O (12eq) NC SiMes,
59 79

6
CH,Cly, r.t., 24 h 37% (2 steps)

1) To a solution of 5g (79.5 mg, 0.182 mmol) in CH>Cl, (2 mL) was added trichloroisocyanuric acid? (TCCA,
16.9 mg, 0.0727 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered through
a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the corresponding
silyl chloride as colorless oil. This material was employed in the next reaction without further purification.

2) To a solution of the crude material (vide supra) in CH>Cl, (2 mL) were added imidazole (24.8 mg, 0.364
mmol) and alcohol 6° (24.1 mg, 0.218 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction



was quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHCl; (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, EtOAc/hexane = 1/30) and further purified by PTLC
(hexane/EtOAc = 1/50 x2) to afford silyl ether 7g (37.0 mg, 37% in 2 steps) as colorless oil.

7g: Rt 0.63 (EtOAc/hexane = 1/5); 'TH NMR (600 MHz, CDCl5): § 0.39 (s, 9H), 1.00 (d, 6H, J = 7.6 Hz),
1.15 (d, 6H, J=7.6 Hz), 1.40 (qq, 2H, J = 7.6, 7.6 Hz), 2.12 (brt, 2H, J = 8.9 Hz), 2.21-2.25 (m, 2H), 4.18
(s, 2H), 5.74-5.78 (m, 1H), 5.90-5.97 (m, 2H), 7.87 (d, 1H, J=2.7 Hz), 7.93 (d, 1H, J= 2.7 Hz); *C NMR
(150 MHz, CDCls): 6 0.4, 13.2, 17.3, 17.8, 22.2, 22.9, 66.9, 112.4, 118.2, 118.6 (q, Jcr = 319 Hz), 118.9,
124.4,125.7,133.3, 137.3, 137.6, 142.4, 142.6, 157.9; IR (neat) 2951, 2870, 2233, 1404, 1369, 1215, 1138,
1053, 906, 841, 733 cm™'; HRMS (ESI): calcd. for Co4H34F3KNO4SSi> [M+K]": 584.1331; found 584.1357.

Synthesis of phenol 3h’
1) NaH (1.2 eq.) _ _
Br i-Pr,SiHCI (1.1 eq.) i-PraSiH
OH THF, rt, 3 h OH
0 2) n-BuLi (1.1 eq.) o
i Br THF, —78 °C, 30 min & Br
O 2h 0 3h'

85%

To a solution of 2h (1.51 g, 4.67 mmol) in THF (12 mL) was added NaH (60% dispersion in mineral oil, 244
mg, 5.60 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI (1.08 mL, 6.35 mmol) was
added and the mixture was stirred for 3 h at room temperature. The reaction mixture was cooled to —78 °C,
to which was added dropwise a solution of #-BuLi (1.6 M) in hexane (3.19 mL, 5.11 mmol) over 5 min. After
stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and the mixture
was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na>SOs), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc/hexane
= 1/10) to afford phenol 3h’ (1.45 g, 85%) as a white solid.

3h’: mp: 61-63 °C; R; 0.35 (EtOAc/hexane = 1/5); 'TH NMR (500 MHz, CDCl3): § 0.97 (d, 6H, J = 7.5 Hz),
1.07 (d, 6H, J= 7.5 Hz), 1.33 (qqd, 2H, J = 7.5, 7.5, 3.7 Hz), 3.92 (t, 1H, J = 3.7 Hz), 4.01-4.04 (m, 2H),
4.12-4.15 (m, 2H), 5.71 (s, 1H), 5.79 (s, 1H), 7.43 (d, 1H, J = 2.0 Hz), 7.63 (d, 1H, J = 2.0 Hz); *C NMR
(125 MHz, CDCls): 6 10.8, 18.9, 65.2, 102.9, 110.3, 121.8, 131.2, 131.6, 135.9, 156.6; IR (neat): 3514, 2943,
2862, 2012, 1361, 1238, 1087, 906, 790 cm™'; HRMS (ESI): caled. for C1sH22BrOsSi [M—-H]: 357.0522;
found: 357.0520.



Synthesis of phenol 4h
1) NaH (1.2 eq.)

-PraSiH Me3SiCl (1.2 eq.) -PraSiH
OH THF,rt,3h OH
0 2) n-BuLi (1.2 eq.) e )
i Br THF, 78 °C, 30 min i SiMes
O 3w O 4n
92%

To a solution of 3h’ (1.41 g, 3.93 mmol) in THF (12 mL) was added NaH (60% dispersion in mineral oil,
105 mg, 2.61 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3;SiCl (596 pL, 4.71 mmol) was
added and the mixture was stirred for 3 h at room temperature. The reaction mixture was cooled to —78 °C,
to which was added dropwise a solution of #-BuLi (1.6 M) in hexane (2.95 mL, 4.71 mmol) over 5 min. After
stirring for 30 min at —78 °C, the reaction was quenched by adding saturated aqueous NH4Cl, and the mixture
was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (Na,SO4), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc/hexane
= 1/20) to afford phenol 4h (1.28 g, 92%) as colorless oil.

4h: Ry 0.44 (EtOAc/hexane = 1/5); "H NMR (500 MHz, CDCls): § 0.30 (s, 9H), 0.99 (d, 6H, J = 7.5 Hz),
1.09 (d, 6H, J = 7.2 Hz), 1.25-1.32 (m, 2H), 4.01-4.03 (m, 2H), 4.11-4.16 (m, 3H), 5.60 (s, 1H), 5.72 (s,
1H), 7.38 (d, 1H, J = 2.3 Hz), 7.50 (d, 1H, J = 2.3 Hz); *C NMR (125 MHz, CDCl;): § —1.0, 10.6, 18.5,
18.7,65.2, 104.1, 116.4, 124.9, 128.6, 135.3, 135.8, 166.6; IR (neat): 3537, 2951, 2866, 2059, 1577, 1411,
1365, 1246, 1087, 906, 837, 790 cm™!; HRMS (ESI): caled. for Ci1sH3103Si> [M—H]™: 351.1812; found:
351.1809.

Synthesis of triflate Sh

i-PrySiH NaH (1.6 eq.) I-PrySiH
OH PhNTf, (1.2 eq.) OTf
DMF, r.t, 10 h
{ SiMes { SiMes
O 4nh O s5h
51%

To a solution of 4h (652 mg, 1.85 mmol) in DMF (12 ml) was added NaH (60% dispersion in mineral oil,
118 mg, 2.96 mmol) at 0 °C and the mixture was then stirred for 30 min. PANT; (793 mg, 2.22 mmol) was
added and the mixture was warmed to room temperature. After stirring for 10 h, the reaction was quenched
by adding water, and the reaction mixture was extracted with EtOAc/Hexane = 1/4 (x3). The combined
organic layer was washed with water (x3), brine, dried (Na,SOjs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane/EtOAc = 1/50) to afford triflate 5h (454 mg,
51%) as colorless oil.

5h: Ry 0.44 (EtOAc/hexane = 1/5); '"H NMR (500 MHz, CDCls): § 0.38 (s, 9H), 0.95 (d, 6H, J = 7.5 Hz),
1.06 (d, 6H, J= 7.2 Hz), 1.23-1.29 (m, 2H), 4.04—4.14 (m, 4H), 4.20 (brs, 1H), 5.84 (s, 1H), 7.57 (d, 1H, J
=2.0 Hz), 7.69 (d, 1H, J = 2.0 Hz); 3C NMR (125 MHz, CDCl5): § 0.2, 10.9, 18.5, 18.6, 63.1, 102.8, 118.5



(q, Jcr = 318 Hz), 130.2, 135.0, 135.7, 136.4, 136.5, 156.1; IR (neat): 2954, 2886, 1396, 1215, 1138, 906,
844 cm™'; HRMS (FAB): calcd. for C1oH32F305SSi, [M+H]": 485.1456; found: 485.1467.

Synthesis of silyl ether 7h

, 1) TCCA (0.4 eq.) o\/©
i-PrySiH i-PrySi”

CHQC|2, r.t., 1h
oTf — > OTf
2) imidazole (2.0 eq.)
0] .
</ SiMe; HO/\O (12 q) <Ci SiMes
O 51 6 O 7n

CH,Cl,, rt., 24 h 64% (2 steps)

1) To a solution of 5h (246 mg, 0.508 mmol) in CH,Cl, (5 mL) was added trichloroisocyanuric acid’* (TCCA,
47.2 mg, 0.203 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered through
a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the corresponding
silyl chloride as colorless oil. This material was employed in the next reaction without further purification.
2) To a solution of the crude material (vide supra) in CH>Cl, (5 mL) were added imidazole (67.2 mg, 1.02
mmol) and alcohol 6° (69.2 mg, 0.610 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCOj3, and the mixture was extracted with CHCI3 (x3). The
combined organic layer was washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, EtOAc/hexane = 1/20) to afford silyl ether 7h (192 mg,
64% 1in 2 steps) as colorless oil.

7h: R; 0.38 (EtOAc/hexane = 1/10); 'TH NMR (600 MHz, CDCls): § 0.36 (s, 9H), 1.01 (d, 6H, J = 7.6 Hz),
1.16 (d, 6H, J=7.6 Hz), 1.40 (qq, 2H, J=17.6, 7.6 Hz), 2.08 (brt, 2H, J=10.3 Hz), 2.18-2.23 (m, 2H), 4.00—
4.07 (m, 2H), 4.10-4.14 (m, 4H), 5.72-5.75 (m, 1H), 5.80 (s, 1H), 5.94-6.00 (m, 2H), 7.69 (d, 1H, J=2.8
Hz), 7.76 (d, 1H, J = 2.8 Hz); 3C NMR (150 MHz, CDCl3): 5 0.3, 13.5, 17.6, 18.1, 22.3, 22.9, 65.4, 66.4,
103.2,118.0, 118.6 (q, Jcr = 321 Hz), 124.6, 125.1, 130.6, 135.3, 136.9, 137.2, 137.8, 138.2, 156.2; IR (neat)
2951, 2870, 1573, 1400, 1357, 1249, 1215, 1138, 1091, 906, 840, 732 cm'; HRMS (ESI): calcd. for
Ca6H39F3KO06SSis [M+K]™: 631.1590; found: 631.1604.

Synthesis of phenol 37’

1) NaH (1.2 eq.)
Me,SiCl (1.1 eq.)
MeO OH THF, r.t, 3 h MeO OH
\©[ 2) n-BuLi (1.1 eq.) \@
Br THF, =78 °C, 30 min SiMe;
2i 3i'
80%

To a solution of 2-bromo-5-methoxyphenol (2i) (1.53 g, 7.53 mmol) in THF (23 mL) was added NaH (60%

dispersion in mineral oil, 391 mg, 9.78 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3SiCl



(1.14 mL, 9.03 mmol) was added and the mixture was stirred for 3 h at room temperature. The reaction
mixture was cooled to —78 °C, to which was added dropwise a solution of #n-BuLi (1.60 M) in hexane (5.64
mL, 9.03 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na;SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, EtOAc/hexane = 1/4) to afford phenol 3i’ (1.18 g, 80%) as a white solid.

3i’: mp: 81-85 °C; Rr 0.45 (EtOAc/hexane = 1/3); '"H NMR (600 MHz, CDCls): § 0.28 (s, 9H), 3.78 (s, 3H),
4.86 (s, 1H), 6.27 (d, 1H, J=2.0 Hz), 6.50 (dd, 1H, J = 8.3, 2.0 Hz), 7.25 (d, 1H J = 8.3 Hz); *C NMR (150
MHz, CDCls): 8 —1.3, 55.0, 101.3, 106.0, 116.9, 136.5, 162.1, 162.5; IR (neat): 3375, 2954, 1600, 1504,
1404, 1269, 1199, 1161, 1080, 906, 840, 732 cm™'; HRMS (FAB): calcd. for C1oH170,Si [M+H]": 197.0992;
found: 197.0994.

Synthesis of phenol 4i
1) NaH (1.3 eq.)

i-PrySiHCI (1.2 eq.) i-PraSiH
MeO OH THF, rt, 2h MeO OH
\©: 2) LDA (4.0 eq.), THF
SiMe; —-7810 60 °C, 1 h SiMe3
3i' 4
62%

To a solution of 3i’ (496 mg, 2.53 mmol) in THF (13 mL) was added NaH (60% dispersion in mineral oil,
131 mg, 3.28 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI1 (513 pL, 3.03 mmol)
was added and the mixture was stirred for 2 h at room temperature. The reaction mixture was cooled to —
78 °C, to which was added dropwise a solution of LDA (1.00 M) in THF (10.1 mL, 10.1 mmol) over 5 min.
The mixture was warmed to 60 °C and stirred for 1 h. The reaction was quenched by adding saturated aqueous
NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine,
dried (Na>S0Os), and concentrated in vacuo. The residue was purified by flash column chromatography (silica
gel, EtOAc/hexane = 1/100) to afford phenol 4i (487 mg, 62%) as colorless oil.

4i: R; 0.72 (EtOAc/hexane = 1/10); 'TH NMR (600 MHz, CDCl3): § 0.26 (s, 9H), 0.95 (d, 6H, J = 7.6 Hz),
1.08 (d, 6H, J= 7.6 Hz), 1.35 (qqd, 2H, J = 7.6, 7.6, 3.4 Hz), 3.75 (s, 3H), 4.04 (t, 1H, J= 3.4 Hz), 6.17 (s,
1H), 6.39 (d, 1H, J = 8.2 Hz), 7.34 (d, 1H, J = 8.2 Hz); *C NMR (150 MHz, CDCl;): § —1.3, 10.6, 18.7,
19.0, 54.7,101.4, 104.8, 117.4, 138.6, 166.6, 167.8; IR (neat): 3518, 2943, 2862, 2040, 1562, 1462, 1373,
1273, 1203, 1118, 1080, 1010, 906, 837, 794, 732 cm™'; HRMS (ESI): calcd. for Ci6H200,Si> [M-H]:
309.1712; found: 309.1706.



Synthesis of triflate Si

i-Pr2SiH NaH (2.0 eq.) i-PraSiH
MeO OH PhNTf, (1.5 eq.) MeO OTf
DMF, rt., 1h _
SiMej SiMej
4i 5i
61%

To a solution of 4i (487 mg, 1.57 mmol) in DMF (16 ml) was added NaH (60% dispersion in mineral oil,
125 mg, 3.13 mmol) at 0 °C and the mixture was then stirred for 30 min. PANTf; (840 mg, 2.35 mmol) was
added and the mixture was warmed to room temperature. After stirring for 1 h. The reaction was quenched
by adding water, and the reaction mixture was extracted with EtOAc/Hexane = 1/4 (x3). The combined
organic layer was washed with water (x3), brine, dried (Na,SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane/EtOAc = 1/30) to afford triflate 5i (419 mg
61%) as a white solid.

5i: mp: 34-37 °C; R¢ 0.45 (EtOAc/hexane = 1/10); '"H NMR (600 MHz, CDCls): § 0.33 (s, 9H), 0.89 (d, 6H,
J=17.6 Hz), 1.08 (d, 6H, J= 7.6 Hz), 1.25-1.32 (m, 2H), 3.82 (s, 3H), 4.02-4.04 (m, 1H), 6.86 (d, 1H, J =
8.2), 7.54 (d, 1H, J = 8.2 Hz); 3C NMR (150 MHz, CDCL): § -0.1, 11.1, 18.97, 19.05, 55.2, 109.4, 118.8
(q, Jcr = 319 Hz), 120.1, 126.2, 139.9, 156.6, 166.3; IR (neat): 2947, 2164, 1581, 1458, 1396, 1350, 1249,
1211, 1138, 1045, 916, 844, 736 cm™'; HRMS (FAB): caled. for C17H30F304SSi> [M+H]*: 443.1350; found:
443.1354.

Synthesis of silyl ether 7i

1) TCCA (0.4 eq.) O\/@
i-PraSiH i-Pr,Si”

CH,Cl,, r.t., 15 min

MeO oTf > MeO oTf
2) imidazole (2.0 eq.) ©

SiMe; HO/\O (1.2 eq.) SiMe;
5i 6 7i

CH,Cl,, r.t., 24 h 62% (2 steps)

1) To a solution of 5i (173 mg, 0.392 mmol) in CH>Cl, (4 mL) was added trichloroisocyanuric acid® (TCCA,
36.4 mg, 0.157 mmol). After stirring for 15 min at room temperature, the reaction mixture was filtered
through a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the
corresponding silyl chloride as colorless oil. This material was employed in the next reaction without further
purification.

2) To a solution of the crude material (vide supra) in CH>Cl, (4 mL) were added imidazole (53.3 mg, 0.784
mmol) and alcohol 6° (52.0 mg, 0.470 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHCl; (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was

purified by flash column chromatography (silica gel, EtOAc/hexane = 1/30) to afford silyl ether 7i (134 mg,



62% in 2 steps) as colorless oil.

7i: Ry 0.52 (EtOAc/hexane = 1/20); 'TH NMR (600 MHz, CDCl3): § 0.33 (s, 9H), 0.98 (d, 6H, J = 7.6 Hz),
1.06 (d, 6H, J= 7.6 Hz), 1.42 (qq, 2H, J = 7.6, 7.6 Hz), 2.11 (brt, 2H, J = 9.0 Hz), 2.17-2.22 (m, 2H), 3.79
(s, 3H), 4.22 (s, 2H), 5.69-5.72 (m, 1H), 5.89-5.94 (m, 2H), 6.85 (d, 1H, J = 8.3 Hz), 7.53 (d, 1H, J = 8.3
Hz); 3C NMR (150 MHz, CDCl3): § 0.0, 14.0, 17.6, 18.2, 22.3, 22.8, 55.0, 66.3, 109.1, 117.9, 118.7 (q, Jcr
=321 Hz), 119.5, 124.7, 124.8, 126.2, 138.4, 139.7, 157.4, 166.3; IR (neat) 2947, 2866, 1577, 1396, 1203,
1138, 1091, 1045, 906, 837, 810, 779 cm™'; HRMS (ESI): calced. for C24H37F3Na0sSSi> [M+Na]*: 573.1745;
found: 573.1731.

Synthesis of phenol 3j’

1) NaH (1.3 eq.)
Me3SiCl (1.2 eq.)
F OH THF, rt,2.5h F OH
\@ 2) n-BuLi (1.2 eq.) \@
Br THF, =78 °C, 30 min SiMe3
2j 3j'
97%

To a solution of 2-bromo-5-fluorophenol (2j) (2.0 ml, 18.0 mmol) in THF (54 mL) was added NaH (60%
dispersion in mineral oil, 935 mg, 23.4 mmol) at 0 °C. After stirring for 30 min at this temperature, Me3SiCl
(2.73 mL, 21.6 mmol) was added and the mixture was stirred for 2.5 h at room temperature. The reaction
mixture was cooled to —78 °C, to which was added dropwise a solution of n-BuLi (1.60 M) in hexane (13.5
mL, 21.6 mmol) over 5 min. After stirring for 30 min at —78 °C, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, EtOAc/hexane = 1/10) to afford phenol 3j” (3.20 g, 97%) as colorless oil.

3j’: Rt 0.43 (EtOAc/hexane = 1/5); 'TH NMR (600 MHz, CDCls): § 0.29 (s, 9H), 5.07 (s, 1H), 6.41 (dd, 1H,
Jur =10.3,J=2.0 Hz), 6.63 (ddd, 1H, Jur = 8.2, J= 8.2, 2.0 Hz), 6.41 (dd, 1H, J = 8.2, Jur = 7.6 Hz); *C
NMR (150 MHz, CDClL): 6 —1.5, 102.4 (d, Jcr = 23 Hz), 107.6 (d, Jcr = 19 Hz), 121.3, 136.8 (d, Jcr = 8.7
Hz), 162.1 (d, Jcr = 10 Hz), 165.1 (d, Jcr = 247 Hz); IR (neat): 3595, 2954, 1593, 1500, 1400, 1284, 1246,
1184, 1068, 972, 833, 759 cm™'; HRMS (FAB): calcd. for CoH14FOSi [M+H]": 185.0792; found: 185.0801.

Synthesis of phenol 4j

1) NaH (1.3 eq.)
i-Pr,SiHCI (1.2 eq.) I-PraSiH
F OH THF,rt, 2h F OH
\©[ 2) LDA (4.0 eq.), THF
SiMe;  _78t060°C,1h SiMe;
3’ 4j
51%

To a solution of 3j’ (783 mg, 4.25 mmol) in THF (20 mL) was added NaH (60% dispersion in mineral oil,



221 mg, 5.52 mmol) at 0 °C. After stirring for 30 min at this temperature, i-Pr,SiHCI (899 pL, 5.31 mmol)
was added and the mixture was stirred for 2 h at room temperature. The reaction mixture was cooled to —
78 °C, to which was added dropwise a solution of LDA (1.00 M) in THF (17.0 mL, 17.0 mmol) over 5 min.
The mixture was warmed to 60 °C and stirred for 1 h. The reaction was quenched by adding saturated aqueous
NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine,
dried (Na2S0Oys), and concentrated in vacuo. The residue was purified by flash column chromatography (silica
gel, EtOAc/hexane = 1/100) to afford phenol 4j (647 mg, 51%) as colorless oil.

4j: R 0.57 (EtOAc/hexane = 1/100); "H NMR (600 MHz, CDCI;): § 0.28 (s, 9H), 1.00 (d, 6H, J = 7.6 Hz),
1.10 (d, 6H, J = 6.8 Hz), 1.35-1.43 (m, 2H), 4.10 (dt, Jur = 3.4, J = 3.4 Hz), 6.00 (s, 1H), 6.58 (dd, Jur = 7.6,
J=17.6 Hz), 7.35 (dd, Jur = 7.6, J = 7.6 Hz); *C NMR (150 MHz, CDCl;): § —1.5, 10.4, 18.2, 18.6, 104.0
(d, Jcr =35 Hz), 106.5 (d, Jcr = 25 Hz), 120.9, 138.9 (d, Jcr = 10 Hz), 167.3 (d, Jcr = 13 Hz), 169.1 (d, Jcr
= 241 Hz); IR (neat): 3529, 2947, 2866, 2506, 1593, 1558, 1462, 1365, 1246, 1188, 991, 837, 736 cm™';
HRMS (ESI): calcd. for CisHxFOSi> [M—H]™: 297.1512; found: 297.1507.

Synthesis of triflate 5j

i-PrySiH n-Buli (1.3 eq.) i-PrySiH
F OH Tf,0 (1.3 eq.) F OTf
Et,O0,-78 °Ctor.t.,2h
SiMe, SiMe,
4 5j
79%

To a solution of 4j (554 mg, 1.86 mmol) in Et,O (20 mL) was added was added n-BuLi (1.6 M) in hexane
(1.51 mL, 2.41 mmol) at —78 °C. After stirring for 30 min at this temperature, T£,0 (406 pL, 2.41 mmol)
was added dropwise to the mixture. The mixture was warmed to room temperature, and the stirring was
continued for 2 h. The reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was
extracted with EtOAc (x3). The combined organic layer was washed with brine, dried (NaxSOjs), and
concentrated in vacuo. The residue was purified by flash column chromatography (silica gel, hexane) to
afford triflate 5j (632 mg, 79%) as colorless oil.

5j: Ry 0.50 (hexane); "TH NMR (600 MHz, CDCls): § 0.36 (s, 9H), 0.95 (d, 6H, J = 6.8 Hz), 1.09 (d, 6H, J =
6.8 Hz), 1.31-1.37 (m, 2H), 4.10-4.13 (m, 1H), 7.08 (dd, 1H, Jur= 7.6, J= 7.6 Hz), 7.60 (dd, 1H, Jur=7.6,
J=17.6 Hz); BC NMR (150 MHz, CDCl;): 0.2, 10.8, 18.6, 115.0 (d, Jcr= 25 Hz), 118.7 (q, Jcr = 321 Hz),
118.9 (d, Jcr= 36 Hz), 131.2, 140.0 (d, Jcr = 8.7 Hz), 155.6 (d, Jcr = 14 Hz), 168.1 (d, Jcr = 244 Hz); IR
(neat): 2954, 1400, 1219, 1138, 945, 910, 844, 732 cm™'; HRMS (FAB): calcd. for C16H27F403SSi, [M+H]™:
431.1150; found: 431.1164.



Synthesis of silyl ether 7j

] 1) TCCA (0.4 eq.) O\/@
i-PrySiH i-PrySi”

CH,Cl,, r.t., 1 h

F OoTf F oTf
2) imidazole (2.0 eq.)

SiMe; HO/\© (12 eq.) SiMe;
5 6 7]

CH,Cly, r.t., 24 h 64% (2 steps)

1) To a solution of 5j (135 mg, 0.314 mmol) in CH>Cl, (3 mL) was added trichloroisocyanuric acid* (TCCA,
29.2 mg, 0.126 mmol). After stirring for 1 h at room temperature, the reaction mixture was filtered through
a Celite® pad (washed with hexane), and the filtrate was concentrated in vacuo to afford the corresponding
silyl chloride as colorless oil. This material was employed in the next reaction without further purification.
2) To a solution of the crude material (vide supra) in CH>Cl, (3 mL) were added imidazole (42.8 mg, 0.628
mmol) and alcohol 6° (41.5 mg, 0.377 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction
was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCI3 (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, hexane) to afford silyl ether 7j (109 mg, 64% in 2 steps)
as colorless oil.

7j: Rs 0.26 (EtOAc/hexane = 1/100); "TH NMR (600 MHz, CDCls): & 0.36 (s, 9H), 1.03 (d, 6H, J = 7.6 Hz),
1.09 (d, 6H, J=17.6 Hz), 1.45 (qqd, 2H, J= 7.6, 7.6, Jur = 2.1 Hz), 2.12 (brt, 2H, J=10.3 Hz), 2.18-2.22 (m,
2H), 4.24 (s, 2H), 5.70-5.73 (m, 1H), 5.88-5.94 (m, 2H), 7.07 (dd, 1H, Jur = 7.6, J= 7.6 Hz), 7.59 (dd, 1H,
Jur = 7.6, J=17.6 Hz); *C NMR (150 MHz, CDCl;): § 0.1, 13.8, 17.1, 17.8, 22.3, 22.8, 66.6, 115.0 (d, Jcr
=26 Hz), 118.4, 118.68 (q, Jcr = 321 Hz), 118.72 (d, Jcr = 35 Hz), 124.6, 125.1, 131.1 (d, Jcr = 4.3 Hz),
137.8, 139.9 (d, Jcr = 8.9 Hz), 156.2 (d, Jcr = 14 Hz), 168.0 (d, Jcr = 246 Hz); IR (neat) 2951, 2870, 1518,
1400, 1270, 1134, 1099, 937, 840, 733 cm™'; HRMS (ESI): calcd. for C3H34F4NaO4SSi> [M+Na]':
561.1545; found: 561.1539.

Synthesis of silyl ether 7k

i-Pr,SiCl -Prysi” O NN
oTf HO™ AN\ imidazole (2.0 eq.) oTf
* CH,Cly, rt., 24 h
SiMes SiMes
1a s1 7k
(1.2eq) 86%

To a solution of 1a (270 mg, 0.604 mmol) in CH>Cl» (6 mL) were added imidazole (82.2 mg, 1.21 mmol)
and alcohol S1° (71.2 mg, 0.726 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction was
quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCI3 (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was

purified by flash column chromatography (silica gel, EtOAc/hexane = 1/100) to afford silyl ether 7k (264



mg, 86%) as colorless oil.

7k: R 0.64 (EtOAc/hexane = 1/20); '"H NMR (500 MHz, CDCls): § 0.36 (s, 9H), 1.01 (d, 6H, J = 7.5 Hz),
1.12 (d, 6H, J= 7.5 Hz), 1.39 (qq, 2H, J= 7.5, 7.5 Hz), 1.76 (d, 3H, J = 6.6 Hz), 4.24 (d, 2H, J = 4.9 Hz),
5.62-5.72 (m, 2H), 6.05-6.11 (m, 1H), 6.24 (dd, 1H, J=15.2,10.6 Hz), 7.37 (dd, 1H, J=17.5, 7.2 Hz), 7.60-
7.63 (m, 2H); *C NMR (125 MHz, CDCl3): § 0.3, 13.7, 17.8, 18.1, 18.3, 64.2, 118.5 (q, Jcr = 318 Hz),
127.0, 129.0, 129.4, 130.1, 131.0, 134.8, 138.6, 138.7, 155.5 (several signals overlapped); IR (neat) 2951,
2870, 1400, 1215, 1138, 991, 871, 844, 736 cm™'; HRMS (ESI): calcd. for C2,H3sF3NaO4SSi> [M+Na]':
531.1639; found: 531.1642.

Synthesis of silyl ether 71

2™
i-Pr3SiCl i-PrZSi/O =
OTf HO (@) imidazole (2.0 eq.) OTf
* /\L/) CH,Cly, r.t,, 24 h
SiMej SiMej
1a S2 71
(1.2 eq.) 80%

To a solution of 1a (226 mg, 0.505 mmol) in CH2Cl; (5§ mL) were added imidazole (68.8 mg, 1.01 mmol)
and 2-furfuryl alcohol (S2) (52.5 pL, 0.606 mmol) at 0 °C. After stirring for 24 h at room temperature, the
reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl3
(x3). The combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/50) to afford silyl ether
71 (205 mg, 80%) as colorless oil.

71: Ry 0.50 (EtOAc/hexane = 1/10); 'TH NMR (600 MHz, CDCl3): § 0.36 (s, 9H), 1.02 (d, 6H, J = 6.9 Hz),
1.11 (d, 6H, J=17.6 Hz), 1.42 (qq, 2H, J= 7.6, 6.9 Hz), 4.68 (s, 2H), 6.26 (d, 1H, J= 3.3 Hz), 6.33 (dd, 1H,
J=3.3,2.0 Hz), 7.36-7.39 (m, 2H), 7.62 (dd, 1H, J= 7.6, 2.1 Hz), 7.66 (dd, 1H, J = 6.8, 2.1 Hz); *C NMR
(150 MHz, CDCl3): 6 0.2, 13.2, 17.3,17.8, 58.6, 107.4, 110.3, 118.2 (q, Jcr = 319 Hz), 127.4, 130.1, 135.2,
139.1,139.2, 142.4, 154.4,155.9; IR (neat) 2951, 2870, 1396, 1215, 910, 844, 733 cm™'; HRMS (ESI): calcd.
for C21H31F3NaOsSSi, [M+Na]*: 531.1275; found: 531.1284.

Synthesis of silyl ether 7m

2N
I-Pr3SiCl i—PrQSi/O a
OTf HO o) imidazole (2.0 eq.) OTf Br
* /I/) CH,Cly, rt., 24 h
SiMe; Br SiMe;
1a S3 m

(1.3 eq.) 79%



To a solution of 1a (232 mg, 0.518 mmol) in CH>Cl, (5§ mL) were added imidazole (70.5 mg, 1.04 mmol)
and alcohol S3° (119 mg, 0.673 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction was
quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHClz (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, EtOAc/hexane = 1/30) to afford silyl ether 7m (241 mg,
79%) as colorless oil.

7m: Ry 0.48 (EtOAc/hexane = 1/10); "TH NMR (600 MHz, CDCls): § 0.36 (s, 9H), 1.03 (d, 6H, J = 7.6 Hz),
1.12 (d, 6H, J= 6.9 Hz), 1.43 (qq, 2H, J= 7.6, 6.9 Hz), 4.69 (s, 2H), 6.40 (d, 1H, J=2.0 Hz), 7.37 (d, 1H, J
=2.0 Hz), 7.39 (dd, 1H, J= 7.6, 7.6 Hz), 7.62 (dd, 1H, J= 7.6, 2.1 Hz), 7.68 (dd, 1H, J = 7.6, 2.1 Hz); *C
NMR (150 MHz, CDCl3): 6 0.2, 13.2, 17.3, 17.8, 56.2, 98.4, 114.0, 118.7 (q, Jcr = 321 Hz), 127.5, 129.9,
135.2,139.1, 139.2, 142.9, 150.9, 155.8; IR (neat) 2951, 2870, 1396, 1215, 1138, 867, 844, 733 cm™'; HRMS
(ESI): caled. for C21H30BrF;KOsSSix" [M+K]*: 625.0120; found: 625.0124.

Synthesis of silyl ether 7n

TsN \

. o] S
i-Pr;SiCl Ts i-Pr,Si”

OTf HO N imidazole (2.0 eq.z OTf

* /I/) CH2C|2, r.t., 24 h
SiMej SiMey
1a S4 7n
(1.2 eq.) 99%

To a solution of 1a (234 mg, 0.524 mmol) in CH2Cl» (5§ mL) were added imidazole (71.3 mg, 1.05 mmol)
and alcohol S47 (158.1 mg, 0.629 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction was
quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCI3 (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, EtOAc/hexane = 1/20) to afford silyl ether 7n (343 mg,
99%) as colorless oil.

Tn: R; 0.31 (EtOAc/hexane = 1/10); 'TH NMR (600 MHz, CDCl3): & 0.38 (s, 9H), 0.98 (d, 6H, J = 7.6 Hz),
1.08 (d, 6H, J=17.6 Hz), 1.39 (qq, 2H, J= 7.6, 7.6 Hz), 2.39 (s, 3H), 4.82 (s, 2H), 6.27 (dd, 1H, J=3.4,3.4
Hz), 6.37 (brs, 1H), 7.20-7.23 (m, 3H), 7.30 (dd, 1H, J = 7.6, 7.6 Hz), 7.56-7.64 (m, 4H); 3*C NMR (150
MHz, CDCl3) 6 -0.2,13.3,17.4,17.9,21.2,59.4,112.1, 112.8, 118.6 (q, Jcr = 321 Hz), 122.7, 126.9, 127.5,
129.9, 130.2, 134.7, 135.3, 136.4, 139.1, 139.2, 145.2, 155.5; IR (neat) 2951, 2870, 1396, 1361, 1215, 1138,
1076, 867, 840, 729 cm'; HRMS (ESI): caled. for CagH3sF3sNNaOsS:Si> [M+Na]™: 684.1523; found:
684.1526.



Synthesis of silyl ether 70

OH <:>
. o) OH
i-Pr;SiCl i-Pry,Si”

oTf imidazole (2.0 eq.) OTf
' DMF, r.t., 20 h
SiMe3 OH SiMe3
1a S5 7o
(4.0 eq.) 67%

To a solution of 1a (643 mg, 1.46 mmol) in DMF (15 mL) were added imidazole (199 mg, 2.92 mmol) and
hydroquinone (S5) (643 mg, 5.84 mmol) at 0 °C. After stirring for 20 h at room temperature, the reaction was
quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with EtOAc/hexane =1/2
(x3). The combined organic layer was washed with water (x3), brine, dried (Na,SO4), and concentrated in
vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/5) to afford
silyl ether 70 (507 mg, 67%) as pale yellow oil.

70: Rt 0.34 (EtOAc/hexane = 1/5); 'TH NMR (500 MHz, CDCl3): § 0.37 (s, 9H), 1.02 (d, 6H, J = 7.8 Hz),
1.09 (d, 6H, J= 7.5 Hz), 1.49 (qq, 2H, J= 7.8, 7.5Hz), 4.36 (s, 1H, OH), 6.62—6.69 (m, 4H), 7.40 (dd, 1H, J
=17.5,7.2 Hz), 7.65-7.70 (m, 2H); *C NMR (125 MHz, CDCl3): § 0.3, 13.9, 17.6, 18.1, 115.7, 118.4 (q, Jcr
=318 Hz), 120.6, 127.1, 130.0, 135.2, 138.6, 138.9, 149.2, 149.7, 155.0; IR (neat): 3387, 2951, 1508, 1215,
1138, 906, 729 cm™'; HRMS (ESI): calcd. for C22H31F3NaOsSSi> [M+Na]™: 543.1275; found: 543.1271.

Synthesis of silyl ether 19a

OH
HO o\/©/
i-Pr3SiCl i-PrpSi”

OTf imidazole (2.0 eq.) OTf
¥ DMF, r.t., 16 h
SiMes OH SiMe3
1a S6 7p
(2.0 eq.) 57%

To a solution of 1a (246 mg, 0.550 mmol) in DMF (5.5 mL) were added imidazole (75 mg, 1.10 mmol) and
p-hydroxy benzylalcohol (S6) (133 mg, 1.10 mmol) at 0 °C. After stirring for 16 h at room temperature, the
reaction was quenched by adding saturated aqueous NaHCOs, and the mixture was extracted with
EtOAc/hexane =1/2 (x3). The combined organic layer was washed with water (x3), brine, dried (Na2SOs),
and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
EtOAc/hexane = 1/10) to afford silyl ether 7p (166 mg, 57%) as pale yellow oil.

7p: R; 0.25 (EtOAc/hexane = 1/5); 'TH NMR (500 MHz, CDCl5): § 0.37 (s, 9H), 1.03 (d, 6H, J = 7.5 Hz),
1.13 (d, 6H, J=7.5 Hz), 1.43 (qq, 2H, J=7.5, 7.5 Hz), 3.75 (s, 1H), 4.71 (s, 2H), 6.82 (d, 2H, J = 8.6 Hz),
7.23 (d, 2H, J=8.6 Hz), 7.35 (dd, 1H, J= 7.5, 7.2 Hz), 7.61-7.63 (m, 2H); *C NMR (150 MHz, CDCl5): &
-0.2,13.3, 17.5, 18.0, 65.0, 115.2, 118.6 (q, Jcr = 319 Hz), 127.4, 127.7, 130.3, 133.6, 135.2, 139.0, 139.2,
155.0, 155.8; IR (neat): 3394, 2951, 2870, 1512, 1396, 1215, 1138, 910, 871, 844, 736 cm™'; HRMS (ESI):



calcd. for C23H33F3NaOsSSi, [M+Na]™: 557.1432; found: 557.1433.

Synthesis of silyl ether 9a

. o) Ph
i-Pr,Sicl -Pr,Si” O

oTf imidazole (2.0 eq.) OTf

/\/\ >
*OHOT ™FTUPh o oLrt, 24 h
SiMe3 SiMe3
1a S7 9a
(1.2 eq.) 76%

To a solution of 1a (432 mg, 0.966 mmol) in CH>Cl» (10 mL) were added imidazole (132 mg, 1.93 mmol)
and cinnamyl alcohol (S7) (156 mg, 1.16 mmol) at 0 °C. After stirring for 24 h at room temperature, the
reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl3
(x3). The combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/50) to afford silyl ether
9a (402 mg, 76%) as colorless oil.

9a: R 0.59 (EtOAc/hexane = 1/10); '"H NMR (500 MHz, CDCl): § 0.37 (s, 9H), 1.04 (d, 6H, J = 7.8 Hz),
1.16 (d, 6H, J=17.5 Hz), 1.43 (qq, 2H, J=17.8, 7.5 Hz), 4.40 (dd, 2H, J=4.9, 1.7 Hz), 6.31 (dt, 1H, J=15.8,
4.9 Hz), 6.66 (dt, 1H, J=15.8, 1.7 Hz), 7.23 (tt, 1H, J=17.5, 2.0 Hz), 7.30-7.34 (m, 2H), 7.37-7.40 (m, 3H),
7.63 (dd, 1H,J=7.2, 2.0 Hz), 7.65 (dd, 1H, J = 7.2, 2.0Hz); *C NMR (125 MHz, CDCl3): § 0.3, 13.7, 17.9,
18.3, 64.4, 118.5 (q, Jcr = 318 Hz), 126.4, 127.1, 127.3, 128.5, 128.7, 129.4, 130.0, 134.9, 137.1, 138.66,
138.67, 155.5; IR (neat): 2951, 1396, 1215, 1138, 964, 906, 871, 841, 779 cm™'; HRMS (ESI): calcd. for
CasH35F3NaO4SSi; [M+Na]*: 567.1639; found: 567.1657.

Synthesis of silyl ether 9b

; (0] Ph
i-PrySiCl Pr,Si” —~ X

OTs imidazole (2.0 eq.) OTs

AN -
* HO ~ Ph CH2C|2, r.t., 24 h
Br Br
1-Br S7 9b
(1.2eq.) 76%

To a solution of 1-Br® (309 mg, 0.651 mmol) in CH,Cl, (6.5 mL) were added imidazole (88.6 mg, 1.30
mmol) and cinnamyl alcohol (S7) (105 mg, 0.781 mmol) at 0 °C. After stirring for 24 h at room temperature,
the reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl3
(x3). The combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/20) to afford silyl ether
9b (263 mg, 70%) as a white solid.

9b: mp: 74-79 °C; R¢0.53 (EtOAc/hexane = 1/5); '"H NMR (600 MHz, CDCl5): & 1.09 (d, 6H, J = 7.6 Hz),
1.21 (d, 6H, J= 6.9 Hz), 1.65 (qq, 2H, J= 7.6, 6.9 Hz), 2.46 (s, 3H), 4.45 (dd, 2H, J=4.1, 1.4 Hz), 6.33 (dt,



1H, J=15.8, 4.1 Hz), 6.69 (brd, 1H, J=15.8 Hz), 7.15 (dd, 1H, J=17.6, 7.6 Hz), 7.23 (t, 1H, J = 6.9 Hz),
7.30-7.35 (m, 4H), 7.40 (d, 2H, J = 7.6 Hz), 7.56 (dd, 1H, J= 7.6, 1.4 Hz), 7.62 (dd, 1H, J= 7.6, 1.4 Hz),
7.85 (d, 2H, J = 7.6 Hz); *3C NMR (150 MHz, CDCl3): § 13.4, 17.6, 18,1, 21.4, 64.4, 117.8, 126.7, 127.6,
128.0, 128.8, 128.9, 129.2, 129.5, 129.8, 134.3, 134.8, 135.8, 136.7, 137.4,145.6, 150.7; IR (neat): 2943,
2866, 1373, 1168, 1072, 964, 856, 718 cm™'; HRMS (ESI): calcd. for C2sH33BrNaO4SSi [M+Na]': 595.0944;
found: 595.0958.

Synthesis of silyl ether 11a

/ Ph
) O\/
i-Pr3SiCl i-PrySi”
OTf imidazole (2.0 eq.) OTf
+ HO/\ >
Ph CH,Cly, r.t., 24 h
SiMe3 SiMe3
1a S8 11a
(1.2 eq.) 63%

To a solution of 1a (240 mg, 0.537 mmol) in CH>Cl, (5§ mL) were added imidazole (73.1 mg, 1.07 mmol)
and 3-phenyl-2-propyn-1-ol (S8) (80.3 uL, 0.644 mmol) at 0 °C. After stirring for 24 h at room temperature,
the reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl3
(x3). The combined organic layer was washed with brine, dried (Na2SO4), and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/50) to afford silyl ether
11a (184 mg, 63%) as colorless oil.

11a: R, 0.57 (EtOAc/hexane = 1/10); '"H NMR (500 MHz, CDCls): § 0.35 (s, 9H), 1.07 (d, 6H, J = 7.5 Hz),
1.17 (d, 6H, J=7.5 Hz), 1.46 (qq, 2H, J= 7.5, 7.5 Hz), 4.60 (s, 2H), 7.28-7.32 (m, 3H), 7.35-7.41 (m, 3H),
7.62 (dd, 1H,J=17.2, 1.8 Hz), 7.69 (dd, 1H, J=7.5, 1.8 Hz); '*C NMR (125 MHz, CDCl5): § 0.3, 13.6, 17.7,
18.1,52.9, 85.1, 87.5, 118.5 (q, Jcr = 318 Hz), 122.9, 127.1, 128.2, 129.7, 131.5, 134.9, 138.6, 138.7, 155.6
(several signals overlapped); IR (neat): 2951, 2870, 1396, 1219, 1138, 906, 732 cm™!; HRMS (ESI): calcd.
for C2sH35F3Na04SSi, [M+Na]™: 565.1482; found: 565.1493.

Synthesis of silyl ether 11b

P Ph
. o0 F
I-Pr3SiCl i-PrySi
OTs imidazole (2.0 eq.) OTs
* HO/\ g
Ph CH2C|2, r.t., 24 h
Br Br
1-Br S8 11b
(1.2 eq.) 94%

To a solution of 1-Br® (192 mg, 0.404 mmol) in CH,Cl, (4 mL) were added imidazole (55.0 mg, 0.808 mmol)
and 3-phenyl-2-propyn-1-ol (S8) (60.5 uL, 0.485 mmol) at 0 °C. After stirring for 24 h at room temperature,



the reaction was quenched by adding saturated aqueous NaHCO3, and the mixture was extracted with CHCl3
(x3). The combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, EtOAc/hexane = 1/20) to afford 11b (217
mg, 94%) as a white solid.

11b: mp: 110-113 °C; R;0.42 (EtOAc/hexane = 1/10); "H NMR (600 MHz, CDCl3): § 1.11 (d, 6H, J = 7.6
Hz), 1.22 (d, 6H, J=17.6 Hz), 1.65 (qq, 2H, J=17.6, 7.6 Hz), 2.47 (s, 3H), 4.64 (s, 2H), 7.17 (dd, 1H, J="7.6,
7.6 Hz), 7.28-7.32 (m, 3H), 7.33 (d, 2H, J = 8.3 Hz), 7.38-7.42 (m, 2H), 7.55 (dd, 1H, J=7.6, 2.1 Hz), 7.70
(dd, 1H, J = 7.6, 2.1 Hz), 7.85 (d, 2H, J = 8.3 Hz); ®C NMR (150 MHz, CDCl3): § 13.3, 17.5, 17.9, 21.4,
53.0, 85.0, 87.8, 117.8, 123.2, 128.0, 128.5, 128.9, 129.8, 131.9, 134.0, 134.8, 135.9, 136.8, 145.6, 150.8
(several signals overlapped); IR (neat): 2947, 2866, 1369, 1168, 1072, 910, 856, 713 cm™'; HRMS (ESI):
calcd. for CosH31BrNaO4SSi [M+Na]": 593.0788; found: 593.0800.

Synthesis of ester S11

OH HO.__O 0.0
DCC (1.5eq.)
l . ll DMAP (20 mol%) [l
b CHCly, r.t,, 10 h b
THPO THPO
s9 s10 s11
(1.5eq.) 76%

To a solution of S9 (2.01 g, 11.8 mmol) and phenylpropiolic acid (S10) (1.15g, 7.87 mmol) in CH,Cl, (30
mL) were added DCC (2.43 g, 11.8 mmol) and DMAP (192 mg, 1.57 mmol) at 0 °C. After stirring for 10 h
at room temperature, the reaction was quenched by water, and the mixture was extracted with CHCl3 (x3).
The combined organic layer was washed with 5% HCI (x1), saturated aqueous NaHCO3 (x1) and brine (x1),
dried (Na>S0Oys), and concentrated in vacuo. The residue was purified by flash column chromatography (silica
gel, EtOAc/hexane = 1/10) to afford ester S11 (1.79 g, 76%) as colorless oil.

S11: R; 0.31 (EtOAc/hexane = 1/5); '"H NMR (600 MHz, CDCl3): § 1.50-1.67 (m, 4H), 1.73-1.78 (m, 1H),
1.80-1.87 (m, 1H), 3.52-3.57 (m, 1H), 3.81-3.86 (m, 1H), 4.28 (dt, 1H, J=16.5, 2.0 Hz), 4.36 (dt, 1H, J=
16.5,2.0 Hz), 4.81 (t, 1H, J=3.4 Hz), 4.88 (t, 2H, J = 1.4 Hz), 7.38 (dd, 2H, J= 7.6, 7.6 Hz), 7.46 (t, 1H, J
=7.6 Hz), 7.59 (d, 2H, J = 7.6 Hz); 3C NMR (150 MHz, CDCl3): § 18.5, 24.9, 29.8, 53.4, 53.9, 61.7, 78.9,
79.8,83.8,87.4,96.9,119.4,128.8,131.1, 133.3, 153.5; IR (neat): 2943, 2854,2218, 1712, 1280, 1161, 1022,
902, 744 cm™'; HRMS (ESI): calcd. for C1sH;sNaO4 [M+Na]*: 321.1097; found: 321.1082.



Synthesis of alcohol 13
0.__0O 0.0

| | | | TsOH « H,0 (10 mol%) | | | |

MeOH, rt,15h

Ph Ph
THPO HO

S11 13
95%

To a solution of 13 (1.34 g, 4.69 mmol) in MeOH (10 mL) was added TsOH * H,O (89.2 mg, 0.469 mmol)
at 0 °C. After stirring for 1.5 h at room temperature, the reaction was quenched by saturated aqueous NaHCO3,
and the mixture was extracted with EtOAc(x3). The combined organic layer was washed with brine, dried
(NazS0g4), and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
EtOAc/hexane = 1/2) to afford alcohol 13 (0.956 g, 95%) as colorless oil.

13: Ry: 0.45 (EtOAc/hexane = 1/1); 'TH NMR (600 MHz, CDCl;): § 1.65 (brs, 1H), 4.34 (d, 2H, J = 5.6 Hz),
4.87 (s, 2H), 7.38 (dd, 2H, J= 7.6, 7.6 Hz), 7.47 (t, 1H, J= 7.6 Hz), 7.59 (d, 2H, J = 7.6 Hz); *C NMR (150
MHz, CDCl3): 8 50.4, 54.4, 78.4, 79.7, 86.0, 87.6, 119.2, 128.8, 131.1, 133.2, 153.6; IR (neat): 3383, 2218,
1708, 1280, 1165, 1018, 968, 906, 729 cm™'; HRMS (ESI): calcd. for Ci3HioNaOs [M+Na]": 237.0522;
found: 237.0525.

Synthesis of silyl ether 14

0._0
i-Pr,SiCl 0/\
OT# (1| imidazole (2.0 eq.) OTf
¥ Ph CH.Cly, r.t.,, 24 h Onp©
SiMes HO SiMes I
1a 13 14
(1.1 eq.) 85% Ph

To a solution of 1a (401 mg, 0.899 mmol) in CH>Cl, (9 mL) were added imidazole (122 mg, 1.80 mmol) and
alcohol 13 (212 mg, 0.989 mmol) at 0 °C. After stirring for 24 h at room temperature, the reaction was
quenched by adding saturated aqueous NaHCOs3, and the mixture was extracted with CHClz (x3). The
combined organic layer was washed with brine, dried (Na;SOs), and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, EtOAc/hexane = 1/100) to afford 14 (478 mg, 85%) as
colorless oil.

14: Ry 0.48 (EtOAc/hexane = 1/5); "TH NMR (500 MHz, CDCls): § 0.36 (s, 9H), 1.04 (d, 6H, J = 7.5 Hz),
1.14 (d, 6H, J = 7.5 Hz), 1.43 (qq, 2H, J=17.5, 7.5 Hz), 4.12 (t, 2H, J = 1.7 Hz), 4.85 (t, 2H, J = 1.7 Hz),
7.37-7.43 (m, 3H), 7.47 (tt, 1H, J= 7.5, 1.5 Hz), 7.58-7.66 (m, 4H); 3C NMR (125 MHz, CDCl3): § —0.2,
13.1,17.3,17.7,52.2,53.4,78.1,79.9, 86.0, 87.4, 118.7 (q, Jcr = 320 Hz), 119.6, 127.5, 128.9, 129.7, 131.2,
133.4,135.3, 138.9, 139.2, 153.6, 155.9; IR (neat) 2966, 1716, 1396, 1219, 1138, 910, 871, 844, 733 cm™!;
HRMS (ESI): caled. for C2oH35F3NaOgSSi, [M+Na]™: 647.1543; found: 647.1545.



2-2. Synthesis of cycloadducts
Typical procedure: Synthesis of cycloadduct 8a

O\/@ 18-crown-6 (2.0 eq.) 0
i-PrySi” i-PraSi”

Cs,CO3 (2.0 eq.)
OoTf

THF, rt, 8h O"
SiMe3

7a 8a
80%

A flame-dried two-necked flask charged with 18-crown-6 (89.1 mg, 0.337 mmol) was evacuated (1 mmHg)
at room temperature for 1 h, to which were added 6a (87.8 mg, 0.168 mmol) and THF (3 mL). To the mixture
was added Cs,COs (110 mg, 0.337 mmol) and stirred for 8 h at room temperature. The reaction was quenched
by adding saturated aqueous NH4Cl and the mixture was extracted with EtOAc (x3). The combined organic
layers were washed with brine, dried (Na,SO4), and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, EtOAc/hexane = 1/100) to afford cycloadduct 8a (40.0 mg, 80%) as
colorless oil.

8a: Ry 0.43 (EtOAc/hexane = 1/10); Spectral data matched those reported in the literature.®

Synthesis of cycloadduct 8b

O\/@ 18-crown-6 (2.0 eq.) 0
i-Pr,Si” i-Pr,Si”

CSZCO3 (20 eq)
OTf

THF, rt, 9h O"
Me SiMej Me

7b 8b
81%

According to the typical procedure, 8b was prepared from the reaction of 18-crown-6 (96.2 mg, 0.364 mmol),
7b (97.3 mg, 0.182 mmol) in THF (3 mL) and Cs2CO3 (119 mg, 0.364 mmol) at room temperature for 9 h.
Purification by flash column chromatography (silica gel, EtOAc/hexane = 1/100) afforded cycloadduct 8b
(46.2 mg, 81%) as colorless oil.

8b: Ry 0.48 (EtOAc/hexane = 1/20); '"H NMR (600 MHz, CDCls): § 0.96 (d, 3H, J= 7.6 Hz), 1.00 (d, 3H, J
=17.6 Hz), 1.10 (d, 3H, J= 7.6 Hz), 1.13 (d, 3H, J = 7.6 Hz), 1.15-1.20 (m, 1H), 1.29 (qq, 1H, J=7.6, 7.6
Hz), 1.36(ddd, 1H, J=10.3, 10.3, 4.9 Hz), 1.43-1.50 (m, 1H), 1.62—1.72 (m, 2H), 2.31 (s, 3H), 3.83-3.86
(m, 1H), 4.28 (d, 1H, J=11.7 Hz), 4.57 (d, 1H, J=11.7 Hz), 6.05 (d, 1H, J= 7.6 Hz), 6.55 (dd, 1H, J=17.6,
7.6 Hz), 7.00 (s, 1H), 7.02 (s, 1H); 3C NMR (150 MHz, CDCl;): § 12.2, 12.9, 16.9, 17.0, 17.2, 17.6, 21.0,
27.2,29.9, 40.7, 44.6, 68.2, 124.9, 126.4, 130.2, 133.6, 136.1, 136.2, 144.4, 148.5; IR (neat): 2947, 2866,
2337, 1462, 1207, 906, 779, 733 cm™'; HRMS (ESI): caled. for CaH20Si [M+H]": 313.1982; found:
313.1963.



Synthesis of cycloadduct 8¢

O\/O 18-crown-6 (2.0 eq.) o)
i-Pr,Si” i-PraSi”

CSQCO3 (20 eq )

oTf -
THF. rt, 6 h O‘,
MeO SiMej MeO

7c 8c
83%

According to the typical procedure, 8¢ was prepared from the reaction of 18-crown-6 (131 mg, 0.495 mmol),
7c¢ (136 mg, 0.247 mmol) in THF (4 mL) and Cs,COs (161 mg, 0.495 mmol) at room temperature for 6 h.
Purification by flash column chromatography (EtOAc/hexane = 1/50) afforded cycloadduct 8¢ (67.4 mg,
83%) as colorless oil.

8c: R; 0.52 (EtOAc/hexane = 1/10); Spectral data matched those reported in the literature.®

Synthesis of cycloadduct 8d

O\/@ 18-crown-6 (2.0 eq.) 0
i-Pr,Si” i-PrySi”

Cs,CO3 (2.0 eq.)

OTf -
THF, r.t, 8 h O"
F3C SiMe3 F3C

7d 8d
74%

According to the typical procedure, 8d was prepared from the reaction of 18-crown-6 (129 mg, 0.489 mmol),
7d (144 mg, 0.244 mmol) in THF (4 mL) and Cs2CO3 (159 mg, 0.489 mmol) at room temperature for § h.
Purification by flash column chromatography (silica gel, EtOAc/hexane = 1/50) afforded cycloadduct 8d
(66.1 mg, 74%) as colorless oil.

8d: R¢ 0.47 (EtOAc/hexane = 1/20); "H NMR (600 MHz, CDCls): § 0.95 (d, 3H, J= 6.9 Hz), 1.01 (d, 3H, J
=7.6 Hz), 1.10 (d, 3H, J="7.6 Hz), 1.14 (d, 3H, J = 7.6 Hz), 1.20 (qq, 1H, J= 7.6, 6.9 Hz), 1.32 (qq, 1H, J
=7.6,7.6 Hz), 1.42 (ddd, 1H, J=10.3, 10.3, 4.1 Hz), 1.46-1.52 (m, 1H), 1.66—-1.73 (m, 2H), 3.97-4.01 (m,
1H), 4.32 (d, 1H, J=11.6 Hz), 4.60 (d, 1H, J=11.6 Hz), 6.06 (d, 1H, J= 6.9 Hz), 6.59 (dd, 1H, J=6.9, 6.2
Hz), 7.42 (s, 1H), 7.43 (s, 1H); *C NMR (150 MHz, CDCl;): § 12.1, 12.8, 16.8, 16.9, 17.1, 17.5, 26.8, 29.4,
40.7,45.1, 67.9, 120.3 (q, Jcr = 4.3 Hz), 125.0 (q, Jcr = 273 Hz), 126.5 (q, Jcr = 2.9 Hz), 126.6 (q, Jcr = 32
Hz), 127.7, 135.5, 136.1, 144.8, 155.3; IR (neat): 2947, 2866, 2360, 1334, 1311, 1122, 1053, 906, 729 cm™';
HRMS (ESI): calcd. for CooHa6F30Si [M+H]": 367.1700; found: 367.1713.



Synthesis of cycloadduct 8e

O\Q 18-crown-6 (2.0 eq.) ')
i-Pr,Si” i-PrySi”

Cs,CO3 (2.0 eq.)

OTf
THF, rt, 7 h O"
F SiMes F

Te 8e
79%

According to the typical procedure, 8e was prepared from the reaction of 18-crown-6 (235 mg, 0.889 mmol),
7e (240 mg, 0.445 mmol) in THF (7.5 mL) and Cs,CO3 (290 mg, 0.889 mmol) at room temperature for 7 h.
Purification by flash column chromatography (EtOAc/hexane = 1/50) afforded cycloadduct 8e (111 mg,
79%) as colorless oil.

8e: R; 0.60 (EtOAc/hexane = 1/20); Spectral data matched those reported in the literature.®

Synthesis of cycloadduct 8f

O\/@ 18-crown-6 (2.0 eq.) o
i-Pr,Si” i-Pr,Si”

CSzCO3 (20 eq)

OTf -
THF, rt., 8 h O‘,
cl SiMes cl

7f 8f
81%

According to the typical procedure, 8f was prepared from the reaction of 18-crown-6 (86.3 mg, 0.326 mmol),
7f (90.6 mg, 0.163 mmol) in THF (3 mL) and Cs,COs3 (106.2 mg, 0.326 mmol) at room temperature for 8 h.
Purification by flash column chromatography (silica gel, EtOAc/hexane = 1/50) to afford cycloadduct 8f
(44.1 mg, 81%) as colorless oil.

8f: R; 0.59 (EtOAc/hexane = 1/10); 'TH NMR (600 MHz, CDCl): § 0.95 (d, 3H, J = 7.6 Hz), 1.01 (d, 3H, J
=7.6 Hz), 1.10 (d, 3H, J="7.6 Hz), 1.13 (d, 3H, J= 6.8 Hz), 1.17 (qq, 1H, J= 7.6, 7.6 Hz), 1.29 (qq, 1H, J
=7.6, 6.8 Hz), 1.37 (ddd, 1H, J=10.3, 10.3, 5.5 Hz), 1.44-1.50 (m, 1H), 1.64-1.70 (m, 2H), 3.87-3.90 (m,
1H), 4.28 (d, 1H, J=11.7 Hz), 4.56 (d, 1H, J=11.7 Hz), 6.04 (d, 1H, J= 6.9 Hz), 6.55 (dd, 1H, J=6.9, 6.2
Hz), 7.14 (d, 1H, J = 2.0 Hz), 7.17 (d, 1H, J = 2.0 Hz); *C NMR (150 MHz, CDCl3): § 12.1, 12.8, 16.8,
16.9, 17.1, 17.5, 26.9, 29.6, 40.5, 44.7, 68.0, 124.1, 128.97, 129.01, 130.7, 135.8, 136.0, 146.5, 149.6; IR
(neat): 2943, 2866, 1462, 1196, 1138, 1056, 991, 883, 779 cm™'; HRMS (ESI): calcd. for CoH26ClOSi
[M+H]": 333.1436; found: 333.1450.



Synthesis of cycloadduct 8g

O\/O 18-crown-6 (2.0 eq.) 0
i-Pr,Si” -PraSi”

Cs,CO3 (2.0 eq.)

OTf
THF, rt, 13 h O‘,
NC SiMes NC

79 8g
33%

According to the typical procedure, 8 was prepared from the reaction of 18-crown-6 ether (34.9 mg, 0.132
mmol), 7g (36.0 mg, 0.0660 mmol) in THF (1.1 mL) and Cs>COs (43.0 mg, 0.132 mmol) at room temperature
for 13 h. Purification by PTLC (EtOAc/hexane = 1/30 x3) afforded cycloadduct 8¢g (7.0 mg, 33%) as colorless
oil.

8g: R 0.50 (EtOAc/hexane = 1/5); "TH NMR (600 MHz, CDCls): § 0.94 (d, 3H, J= 7.6 Hz), 1.01 (d, 3H, J =
7.6 Hz), 1.09 (d, 3H, J= 7.6 Hz), 1.13 (d, 3H, J= 7.6 Hz), 1.20 (qq, 1H, J= 7.6, 7.6 Hz), 1.31 (qq, 1H, /=
7.6, 7.6 Hz), 1.40-1.50 (m, 2H), 1.64-1.73 (m, 2H), 3.96-3.99 (m, 1H), 4.30 (d, 1H, J = 12.4 Hz), 4.57 (d,
1H, J=12.4 Hz), 6.05 (d, 1H, J= 6.9 Hz), 6.58 (dd, 1H, J= 6.9, 6.2 Hz), 7.44 (d, 1H, J= 1.4 Hz), 7.50 (d,
1H, J = 1.4 Hz); *C NMR (150 MHz, CDCl): § 12.0, 12.7, 16.7, 16.9, 17.0, 17.4, 26.6, 29.2, 40.4, 45.2,
67.7,108.2, 120.1, 126.5, 128.7,134.2, 135.4, 136.0, 145.1, 156.5; IR (neat): 2943, 2866, 2225, 1462, 1384,
1118, 1057, 991, 964, 883, 783 cm™'; HRMS (ESI): calcd. for C20H2sNNaO3Si [M+Na]": 346.1598; found:
346.1601.

Synthesis of cycloadduct 8h

O\/O 18-crown-6 (2.0 eq.) ')
i-PrySi” i-Pr,Si”

Cs,CO3 (2.0 eq.)
OTf

THF, rt., 6 h
)

(Y e C

(@] (@]

7h 8h
73%

According to the typical procedure, 8h was prepared from the reaction of 18-crown-6 (41.2 mg, 0.156 mmol),
7h (46.2 mg, 0.0779 mmol) in THF (1.5 mL) and Cs,COs3 (50.8 mg, 0.156 mmol) at room temperature for 6
h. Purification by column chromatography (EtOAc/hexane = 1/20) afforded cycloadduct 8h (20.9 mg, 73%)
as colorless oil.

8h: R; 0.35 (EtOAc/hexane = 1/10); "H NMR (600 MHz, CDCls): § 0.95 (d, 3H, J= 6.9 Hz), 1.00 (d, 3H, J
=7.6 Hz), 1.09 (d, 3H, J=7.6 Hz), 1.13 (d, 3H, J= 7.6 Hz), 1.18 (qq, 1H, J= 7.6, 6.9 Hz), 1.30 (qq, 1H, J
=17.6,7.6 Hz), 1.37 (ddd, 1H, J=12.1, 12.1, 6.9 Hz), 1.46-1.52 (m, 1H), 1.62-1.69 (m, 2H), 3.91-3.94 (m,
1H), 4.01-4.06 (m, 2H), 4.12-4.17 (m, 2H), 4.29 (d, 1H, J = 11.7 Hz), 4.58 (d, 1H, J = 11.7 Hz), 5.78 (s,
1H), 6.04 (d, 1H, J= 7.6 Hz), 6.56 (dd, 1H, J=17.6, 6.2 Hz), 7.27 (d, 1H, J= 2.0 Hz), 7.34 (d, 1H, J=2.0



Hz); *C NMR (150 MHz, CDCl3): § 12.2, 12.8, 16.8, 17.0, 17.2, 17.6, 26.9, 29.7, 40.8, 44.9, 65.2, 68.2,
104.4,121.6, 126.5, 128.3, 133.5, 135.7, 136.2, 144.6, 152.8; IR (neat): 2947, 2866, 1462, 1369, 1087, 906,
725 cm™!; HRMS (ESI): caled. for C22H3,03Si [M+H]™: 371.2037; found: 371.2038.

Synthesis of cycloadduct 8i

O\/O 18-crown-6 (2.0 eq.)
i-Pr,Si”

: e
Cs,CO5 (2.0 eq.) i-PrySi”
MeO oTf > MeO
THF, rt, 15 h O"
SiMe;
7i 8i

72%

According to the typical procedure, 8i was prepared from the reaction of 18-crown-6 ether (89.5 mg, 0.339
mmol), 7i (93.3 mg, 0.169 mmol) in THF (3 mL) and Cs,CO3 (111 mg, 0.339 mmol) at room temperature
for 15 h. Purification by flash column chromatography (silica gel, EtOAc/hexane = 1/50) to afford
cycloadduct 8i (39.8 mg, 72%) as colorless oil.

8i: R 0.62 (EtOAc/hexane = 1/10); "TH NMR (600 MHz, CDCls): § 0.90 (d, 3H, J = 7.6 Hz), 1.02 (d, 3H, J
=7.6 Hz), 1.06 (d, 3H, J="7.6 Hz), 1.12 (d, 3H, J = 7.6 Hz), 1.23 (qq, 1H, J= 7.6, 7.6 Hz), 1.30 (qq, 1H, J
=7.6,7.6 Hz), 1.35 (ddd, 1H, J=11.0, 11.0, 4.1 Hz), 1.44-1.50 (m, 1H), 1.60-1.70 (m, 2H), 3.73 (s, 3H),
3.84-3.87 (m, 1H), 4.24 (d, 1H, J=11.7 Hz), 4.51 (d, 1H, J = 11.7 Hz), 6.03 (d, 1H, J= 7.6 Hz), 6.50 (d,
1H, J = 8.2 Hz), 6.57 (dd, 1H, J =7.6, 6.2 Hz), 7.11 (d, 1H, J = 8.2 Hz); *C NMR (150 MHz, CDCl3): §
12.2,13.2,17.0,17.2,17.6, 18.2,27.4, 29.6, 39.9, 44.6, 54.7, 68.1, 104.8, 116.4, 124.5, 135.7, 136.8, 137.0,
152.9, 161.5; IR (neat): 2943, 2862, 1573, 1454, 1238, 1056, 991, 883, 771 cm™'; HRMS (ESI): Calcd. for
C20H200,Si [M+H]": 329.1931; found: 329.1922.

Synthesis of cycloadduct 8j

O\/Q 18-crown-6 (2.0 eq.)
i-PrySi”

. O
Cs,CO; (2.0 eq.) i-PrySi”
F OTf ~ F
THF, rt, 13 h O"
SiMes
7j 8j

42%

According to the typical procedure, 8j was prepared from the reaction of 18-crown-6 (104 mg, 0.395 mmol),
7j (106 mg, 0.197 mmol) in THF (3.5 mL) and Cs,CO3 (129 mg, 0.395 mmol) at room temperature for 13 h.
Purification by flash column chromatography (silica gel, EtOAc/hexane = 1/50) afford cycloadduct 8j (26.2
mg, 42%) as colorless oil.

8j: Rr 0.47 (EtOAc/hexane = 1/10); "H NMR (600 MHz, CDCL): § 0.93 (d, 3H, J = 7.6 Hz), 1.05 (d, 3H, J



=7.6 Hz), 1.09 (d, 3H, J= 7.6 Hz), 1.14 (d, 3H, J= 7.6 Hz), 1.26 (qq, 1H, J=7.6, 7.6 Hz), 1.31-1.39 (m,
2H) 1.44-1.49 (m, 1H), 1.61-1.69 (m, 2H), 3.90-3.93 (m, 1H), 4.27 (d, 1H, J=11.7 Hz), 4.55 (d, 1H, J =
11.7 Hz), 6.04 (d, 1H, J = 8.2 Hz), 6.58 (dd, 1H, J= 8.2, 6.8 Hz), 6.71 (dd, 1H, Jur = 8.2, J=8.2 Hz), 7.13
(dd, 1H,J=8.2, Jur = 6.2 Hz) ; *C NMR (150 MHz, CDCl5): § 12.1, 13.0, 16.8, 16.9, 17.1, 17.6, 27.1, 29.5,
40.1, 44.8, 67.9, 110.2 (d, Jcr = 26 Hz), 114.3 (d, Jcr = 38 Hz), 125.3 (d, Jcr = 8.7 Hz), 135.6, 136.6, 140.3,
152.8 (d, Jcr = 13 Hz), 164.4 (d, Jcr = 236 Hz); IR (neat): 2951, 2866, 1782, 1570, 1442, 1276, 1060, 964,
883, 736 cm'; HRMS (ESI): calcd. for C19H2cFOSi [M+H]": 317.1731; found: 317.1728.

Synthesis of cycloadduct 8k

(0]
. .
i—PrZSi/OM 18-crown-6 (2.0 eq.) -PrSi H
OTf Cs,CO3 (2.0 eq.) N “
THF, r.t.,5h
SiMe; H
7k 8k
68%

According to the typical procedure, 8k was prepared from the reaction of 18-crown-6 (121 mg, 0.458 mmol),
7k (117 mg, 0.229 mmol) in THF (4 mL) and Cs>CO3 (149 mg, 0.458 mmol) at room temperature for 5 h.
Purification by column chromatography (EtOAc/hexane = 1/50) afforded cycloadduct 8k (44.6 mg, 68%) as
colorless oil.

8k: R 0.31 (EtOAc/hexane = 1/20); Spectral data matched those reported in the literature.®

Synthesis of cycloadduct 81

2R
' o) ~ 18-crown-6 (2.0 eq.) ' 0
I-PI‘ZSI/ Cs,CO; (2.0 eq.) I-PI’ZSI/
oTf
THF, rt., 6 h Ow
SiMe3
71 8l

86%

According to the typical procedure, 81 was prepared from the reaction of 18-crown-6 (210 mg, 0.795 mmol),
71 (202 mg, 0.397 mmol) in THF (7 mL) and Cs>CO3 (259 mg, 0.795 mmol) at room temperature for 6 h.
Purification by flash column chromatography (EtOAc/hexane = 1/30) afforded cycloadduct 81 (97.7 mg,
86%) as colorless oil.

12a: Ry: 0.33 (EtOAc/hexane = 1/10); Spectral data matched those reported in the literature.®



Synthesis of cycloadduct 8m

2
' 0 ~ 18-crown-6 (2.0 eq.) . e
i-Pr,Si” Cs,CO; (2.0 eq.) -Pry,Si”
OTf Br > Br
THF, rt, 8 h O(’
SiMes
7m 8m

80%

According to the typical procedure, 8m was prepared from the reaction of 18-crown-6 (167 mg, 0.632 mmol),
7m (186 mg, 0.316 mmol) in THF (5 mL) and Cs>CO3 (206 mg, 0.632 mmol) at room temperature for 8 h.
Purification by flash column chromatography (EtOAc/hexane = 1/30) afforded cycloadduct 8m (92.0 mg,
80%) as colorless oil.

8m: R;0.30 (EtOAc/hexane = 1/10); "TH NMR (600 MHz, CDCl5): § 1.03-1.12 (m, 12H), 1.19-1.26 (m, 2H),
4.35(d, 1H, J=10.3 Hz), 4.70 (d, 1H, J=10.3 Hz), 5.67 (d, 1H, J=2.1 Hz), 7.01 (brs, 1H), 7.03 (dd, 1H, J
=17.6, 6.8 Hz), 7.11 (d, 1H, J = 7.6 Hz), 7.29 (d, 1H, J = 6.8 Hz); 3*C NMR (150 MHz, CDCl;): § 16.88,
16.98, 17.02, 17.4, 62.9, 83.3, 88.1, 121.4, 125.3, 126.4, 128.8, 138.7, 141.0, 146.5, 155.4; IR (neat): 2943,
2862, 1570, 1462, 1083, 1006, 968, 883, 756 cm™'; HRMS (ESI): caled. for C17H2BrO,Si [M+H]":
365.0567; found: 365.0583.

Synthesis of cycloadduct 8n

TsN \
. 0 ~ 18-crown-6 (2.0 eq.) ' e
i-PrpSi” Cs,CO; (2.0 eq.) i-PrSi”
oTf
THF, rt, 5 h O@
SiMe;
7n 8n

77%
According to the typical procedure, 8n was prepared from the reaction of 18-crown-6 (272 mg, 1.030 mmol),
7n (341 mg, 0.515 mmol) in THF (9 mL) and Cs>COs3 (336 mg, 1.030 mmol) at room temperature for 5 h.
Purification by flash column chromatography (EtOAc/hexane = 1/5) afforded cycloadduct 8n (174 mg, 77%)
as a white solid.

8n: R 0.50 (EtOAc/hexane = 1/3); Spectral data matched those reported in the literature.®



Synthesis of cycloadduct 8o

. . OOOH 18-crown-6 (2.0 eq.) ) )
I-PFZSI/ cho3 (20 eq.) I-PI’ZSI_O
OTf

THF, r.t, 24 h O‘)

SiMe3
OH

70 8o
32%

According to the typical procedure, 80 was prepared from the reaction of 18-crown-6 (102 mg, 0.387 mmol),
70 (101 mg, 0.193 mmol) in THF (3.5 mL) and K>CO3 (53.5 mg, 0.387 mmol) at room temperature for 24 h.
Purification by column chromatography (EtOAc/hexane = 1/5) afforded cycloadduct 8o (18.4 mg, 32%) as
colorless oil along with starting material 70 (15.9 mg, 16%).

80: R; 0.26 (EtOAc/hexane = 1/3); Spectral data matched those reported in the literature.’

Synthesis of cycloadduct 8p

OH
O\/©/ 18-crown-6 (2.0 eq.) o
i-Pr,Si” i-Pr,Si”

032C03 (2.0 eq.)

OTf
THF, rt, 4 h O‘)
SiM93

OH

7p 8p
48%

According to the typical procedure, 8p was prepared from the reaction of 18-crown-6 (106 mg, 0.401 mmol),
7p (107 mg, 0.200 mmol) in THF (3.5 mL) and Cs,COs3 (131 mg, 0.401 mmol) at room temperature for 4 h.
Purification by column chromatography (EtOAc/hexane = 1/5) afforded cycloadduct 8p (30.2 mg, 48%) as
colorless oil.

8p: R 0.31 (EtOAc/hexane = 1/3); Spectral data matched those reported in the literature.’

Synthesis of dihydrophenanthrene 10

0]
O\/\/© 18-crown-6 (2.0 eq.) i-Pr,Si”
i-Pr,Si” ~

Cs,CO3 (2.0 eq.)

OTf >
THF, r.t., 8 h

SiMe3

9a 10
75%

According to the typical procedure, 10 was prepared from the reaction of 18-crown-6 (93.5 mg, 0.354 mmol),
9a (96.4 mg, 0.177 mmol) in THF (3 mL) and Cs2COs3 (115 mg, 0.354 mmol) at room temperature for 8 h.



Purification by column chromatography (EtOAc/hexane = 1/50) afforded dihydrophenanthrene 10 (43.0 mg,
75%) as a white solid.

10: mp: 80-83 °C; Ry 0.43 (EtOAc/hexane = 1/20); "H NMR (500 MHz, CDCl5): § 0.89 (d, 3H, J= 7.5 Hz),
0.92 (d, 3H,J=7.0 Hz), 1.11 (qq, 1H, J=7.5, 7.0 Hz), 1.16 (d, 3H, J= 7.5 Hz), 1.20 (d, 3H, J= 7.5 Hz),
1.34 (qq, 1H, J=17.5, 7.5 Hz), 2.48 (dd, 1H, J = 14.9, 14.6 Hz), 2.65 (dd, 1H, J= 14.6, 4.9 Hz), 3.18 (dddd,
1H, J=14.9,10.9, 4.9, 4.6 Hz), 3.93 (dd, 1H, J=10.9, 10.9 Hz), 4.24 (dd, 1H, J=10.9, 4.6 Hz), 7.21-7.25
(m, 2H), 7.31-7.40 (m, 3H), 7.72 (d, 1H, J = 7.8 Hz), 7.83 (dd, 1H, J = 7.8, 1.4 Hz); *C NMR (125 MHz,
CDClz):012.8,13.3,16.8,17.1, 18.1,31.2,37.4,68.5, 123.9, 125.0, 126.3, 127.1, 127.4, 127.8, 130.3, 132.8,
133.4,134.4,135.5, 146.2; IR (neat): 2943, 2862, 1462, 1099, 1080, 995, 910, 883, 736 cm™'; HRMS (ESI):
calcd. for C21H270Si [M+H]": 323.1826; found: 323.1831.

Reaction with o-bromoaryl tosylate 9b

0
, i-PrySi”
o\/\/© PhsMgLi 2
Prysi” NN ;

-Pr,si” O PN

(1.2 eq.)
OTs Et,0, 0 ] *
30 min
Br Ph
9b 10 17

13% 6%

To a solution of PhLi (1.76 M in Bu,O, 424 pL, 0.746 mmol) in Et,O (3 mL) was added PhMgBr (2.93 M
in Et,0, 138 pL, 0.404 mmol) at 0 °C, and the mixture was stirred for 30 min at this temperature. The resulting
solution of Ph3MgLi was used in the following experiment.

To a solution of bromoaryl tosylate 9b (178 mg, 0.311 mmol) in Et;O (6 mL) was added dropwise PhsMgLi
(vide supra) at 0 °C. After stirring for 30 min at this temperature, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na>SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (EtOAc/hexane = 1/30 to 1/10) followed by PTLC (CHCls/hexane = 1/3 x2) to afford
dihydrophenanthrene 10 (13.1 mg, 13%) and biaryl 17 (7.8 mg, 6%, colorless oil) along with 9b (84.3 mg,
47%).

17: R; 0.52 (CHCls/hexane = 1/2); '"H NMR (600 MHz, CDCls): & 1.08 (d, 6H, J= 7.6 Hz), 1.13 (d, 6H, J =
7.6 Hz), 1.38 (qq, 2H, J = 7.6, 7.6 Hz), 4.52 (dd, 2H, J = 4.8, 1.4 Hz), 6.36 (td, 1H, J = 15.8, 4.8 Hz), 6.72
(brd, 1H, J=15.8 Hz), 7.23 (d, 1H, J= 6.8 Hz), 7.29-7.34 (m, 3H), 7.36-7.42 (m, 4H), 7.45 (dd, 1H, J=17.6,
6.8 Hz), 7.54-7.60 (m, 3H), 7.62 (d, 1H, J = 7.6 Hz), 7.82 (s, 1H); *C NMR (150 MHz, CDCl5): § 11.7,
17.0, 17.2, 64.4, 126.7, 127.4, 127.5, 127.6, 128.4, 128.5, 128.8, 129.0, 129.2, 129.8, 133.7, 134.0, 135.0,
137.4, 140.6, 141.8; IR (neat): 2943, 2866, 1462, 1384, 1122, 906, 733 cm™'; HRMS (ESI): calcd. for
C27H3:NaOSi [M+Na]™: 423.2115; found: 423.2125.



Synthesis of phenanthrene 12

o F 18-crown-6 (2.0 eq.) -Pr,si”
-PraSi Cs,CO;5 (2.0 eq.)
oTf -
THF, rt, 8 h
SiMe3
11a 12

52%

According to the typical procedure, 12 was prepared from the reaction of 18-crown-6 (91.5 mg, 0.346 mmol),
11a (93.8 mg, 0.173 mmol) in THF (3 mL) and Cs,COs3 (113 mg, 0.346 mmol) at room temperature for 8 h.
Purification by column chromatography (EtOAc/hexane = 1/10) afforded phenanthrene 12 (28.8 mg, 52%)
as a white solid.

12: mp: 48-51 °C; R 0.53 (EtOAc/hexane = 1/10); "H NMR (500 MHz, CDCl5): § 1.06 (d, 6H, J= 7.4 Hz),
1.08 (d, 6H, J=17.5 Hz), 1.34 (qq, 2H, J=17.5, 7.4 Hz), 5.32 (s, 2H), 7.53 (s, 1H), 7.59 (ddd, IHJ = 7.8, 7.8,
1.5 Hz), 7.64 (ddd, 1H, J=17.8, 7.2, 1.5 Hz), 7.69 (dd, 1H J = 8.6, 8.0 Hz), 7.74 (dd, 1H, J= 7.2, 1.5 Hz),
7.84(dd, 1H,J=17.8, 1.5 Hz), 8.68 (brd, 1H, J= 8.0 Hz), 8.80 (dd, 1HJ= 8.6, 1.5 Hz); '*C NMR (125 MHz,
CDCl):613.3,17.2,17.7,67.6,122.5,123.3,124.4,125.7, 126.4, 126.8, 128.3, 129.97, 130.00, 130.4, 131.2,
132.1, 133.9, 135.5; IR (neat): 2943, 2866, 1462, 1408, 1103, 1045, 906, 732 cm™'; HRMS (ESI): calcd. for
C21H,508i [M+H]": 321.1669; found: 321.1670.

Reaction with o-bromoaryl tosylate 11b

Ph
o F PhsMgLi _ ,/o\/
i-PrySi (1.2 eq.) i-PrySi

OTs E,0,0 [ *
30 min
Br Ph
11b 18
0% 29%

To a solution of PhLi (1.76 M in Bu,O, 349 pL, 0.614 mmol) in Et,O (2 mL) was added PhMgBr (2.93 M
in Et,O, 114 pL, 0.333 mmol) at 0 °C, and the mixture was stirred for 30 min at this temperature. The resulting
solution of Ph3MgLi was used in the following experiment.

To a solution of bromoaryl tosylate 11b (146 mg, 0.256 mmol) in Et,O (5 mL) was added dropwise PhsMgLi
(vide supra) at 0 °C. After stirring for 30 min at this temperature, the reaction was quenched by adding
saturated aqueous NH4Cl, and the mixture was extracted with EtOAc (x3). The combined organic layer was
washed with brine, dried (Na>SO4), and concentrated in vacuo. The residue was purified by flash column

chromatography (EtOAc/hexane = 1/20) to afford biaryl 18 (29.1 mg, 29%) as colorless oil along with 11b



(91.8 mg, 63%)

18: R; 0.45 (EtOAc/hexane = 1/5); "TH NMR (600 MHz, CDCl): § 1.09 (d, 6H, J= 6.9 Hz), 1.15 (d, 6H, J =
7.6 Hz), 1.40 (qq, 2H, J=17.6, 6.9 Hz), 4.69 (s, 2H), 7.27-7.34 (m, 4H), 7.37-7.40 (m, 4H), 7.46(dd, IHJ
=17.6,7.6 Hz), 7.57-7.64 (m, 4H), 7.86 (s, 1H); *C NMR (150 MHz, CDCl3): § 11.7, 16.9, 17.0, 52.9, 85.1,
87.7,123.2,127.5,127.6,128.4,128.5, 128.7, 129.0, 132.0, 133.8, 134.0, 134.5, 140.8, 141.8 (several signals
overlapped); IR (neat): 2943, 2862, 1462, 1369, 1083, 756 cm™'; HRMS (ESI): calcd. for Co7H30KOSi
[M+K]*: 437.1698; found: 437.1705.



2-3. Pd-catalyzed (2+2+2) cycloaddition

Optimization study for (2+2+2) cycloaddition of 14
18-crown-6 (3.0 eq.)

(0]
i- PrZS| Cs,CO;5 (3.0 eq.) i-PrySi”
Pd,(dba);*CHCI3 (x mol%)
P(o-tol)s (y mol%) OO 0
SiMes solvent, r.t., o)
Ph
15
entry X y solvent concentration yield?
1 5b 40 THF 0.025 M 28%
2 5b 40 MeCN 0.025 M 15%
3 5 40 THF 0.025 M 38%
4 10 80 THF 0.025 M 46%
5 10 80 THF 0.125 M 24%
6 10 80 THF 0.01 M 44%
2 isolated yield, ? Pd,(dba); instead of Pd,(dba);*CHCI,
18-crown-6 (3.0 eq.)
' 0 X Cs,CO3 (3.0 eq.) ' e}
i-Pr,Si” /\ Pd,(dba)s*CHCl5 (10 mol%) -Pr2Si”
OTf o o P(o-tol); (80 mol%) OO
> 0]
SiMe3 | | THF, I'.t., 14 h
Ph O
14 Ph 15
46%

Pd,(dba);-CHCI3 (19.5 mg, 0.0188 mmol) and P(o-tol); (45.8 mg, 0.150 mmol) were dissolved in THF (1.5
mL), and the mixture was stirred at room temperature for 15 min. The catalyst solution was added through a
cannula to a solution of 18-crown-6 (149 mg, 0.563 mmol), Cs2CO;3 (183 mg, 0.563 mmol), and 14 (117 mg,
0.188 mmol) in THF (4 mL) at room temperature. More THF (1.5 mL) was used to wash the catalyst through.
After stirring for 14 h at room temperature, the reaction was quenched by adding saturated aqueous NH4Cl,
and the mixture was extracted with EtOAc (x3). The combined organic layer was washed with brine, dried
(Na2S04), and concentrated in vacuo. The residue was purified by flash column chromatography (silica gel,
EtOAc/hexane = 1/5) to afford naphthalene 15 (35.0 mg, 46%) as pale yellow oil.

15: R; 0.38 (EtOAc/hexane = 1/3); "TH NMR (600 MHz, CDCl3): § 1.07 (d, 6H, J= 7.6 Hz), 1.11 (d, 6H, J =
6.8 Hz), 1.36 (qq, 2H, J = 7.6, 6.8 Hz), 5.36 (s, 2H), 5.37 (s, 2H), 7.36-7.40 (m, 2H), 7.49-7.56 (m, 4H),
7,76 (dd, 1H, J = 6.2, 1.4 Hz), 7,89 (dd, 1H, J = 8.2, 1.4 Hz); 3C NMR (150 MHz, CDCl;): § 12.8, 16.7,



17.2,63.1, 67.1, 119.2, 125.9, 128.3, 128.5, 129.1, 129.4, 130.41, 130.43, 133.0, 134.3, 134.8, 135.7, 138.2,
141.7, 170.2; IR (neat): 2966, 1716, 1396, 1219, 1138, 910, 871, 844, 733 cm™'; HRMS (ESI): calcd. for
C2sH2703Si [M+H]": 403.1724; found: 403.1733.

Protodesilylation of 15

o) HO
-PraSi” TBAF (2.5 eq.)
OO MS4A (300 wt%) OO
0 0
THF, 0 (J, 30 min
Ph O Ph O
15 16
78%

To a solution of 15 (22.3 mg, 0.0554 mmol) and MS4A (66.9 mg) in THF (2 mL) was added
tetrabutylammonium fluoride (TBAF, 1.0 M in THF, 138 uL, 0.138 mmol). After stirring for 30 minat 0 C,
the reaction was quenched by adding saturated aqueous NH4Cl. The resulting suspension was filtered through
a Celite® pad (washed with EtOAc) and extracted with EtOAc (x3). The combined organic layer was washed
with brine, dried (Na;SO4), and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, EtOAc/hexane = 1/1) to afford alcohol 16 (12.5 mg, 78%) as a white solid.

16: mp: 150-155 °C; Ry 0.42 (EtOAc/hexane = 2/1); 'TH NMR (600 MHz, CDCls): § 2.26 (brs, 1H), 5.30 (s,
2H), 5.60 (s, 2H), 7.26-7.32 (m, 2H), 7.47-7.52 (m, 4H), 7,69 (t, 1H, J=7.6 Hz), 7,80 (brd, 1H, J= 8.9 Hz),
8.16 (brd, 1H, J = 8.2 Hz); *C NMR (150 MHz, CDCl3): § 60.0, 68.6, 119.9, 123.7, 126.8, 128.3, 128.5,
129.2,129.3,129.4,130.2, 133.4, 134.0, 134.8, 138.9, 142.5, 170.5; IR (neat): 3394, 1747, 1620, 1442, 1342,
1207, 1122, 1060, 1022, 910, 767, 732 cm™'; HRMS (ESI): calcd. for C19H1sNaO; [M+H]": 313.0835; found:
313.0841.
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Acquisition Time (sec) 3.4918 Date 24 Jun 2021 20:16:08
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Acquisition Time (sec) 0.6921 Comment single pulse decoupled gated NOE ‘ Date 07 Jul 2020 13:56:48 ‘ File Name FANMR CE tH \tawatari\TT0044-13C carbon-1,a|s‘
Frequency (MHz) 150.00 Number of Transients 333 Original Points Count 26214 ‘ Points Count 26214 ‘ Pulse Sequence carbon_cool.jxp ‘ Solvent CHLOROFORM-D
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Frequency (MHz) 150.00 Number of Transients 256 Original Points Count 26214 ‘ Points Count 26214 ‘ Pulse S carbon_cool.jxp ‘ Solvent CHLOROFORM-D
Sweep Width (Hz) 37876.77 Temperature (degree C) 21.000
~
~
)
©
N
. . /O / [}
FPrySi g
-
=~
OTs ST
~
-
Br
<
(e}
D
@
8 8
§ g
®
- ® chloroform-d
o N
@ * )
®Q p
&y N
\ o
o ©
o ©
o~
N
-
2 ©
2 3 5
0 4
< 8 S S
2 3
© ~
h [N
@ ;
o
[Ye]
N~
2 2 0 5 3
o Qe 28 - ~ ©
g T g5 = N
~ X © - ©
o el ™ N <
e} T < A <
T B g
%)
o
e LmJu » o W‘A

L e e e L . e e e e e e L R e
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
ppm



Acquisition Time (sec) 1.8153 Comment single_pulse | Date 10 Mar 2021 19:14:24 ‘File Name FANMR CE tH \tawatari\TT0746-1H_proton-1-1.als
Frequency (MHz) 600.17 Nucleus 1H Number of Transients 8 ‘Original Points Count 16384 ‘Points Count 13120 ‘Pulse q proton.jxp TSOIvent CHLOROFORM-D
Sweep Width (Hz) 9025.27 Temperature (degree C) 20.700
TMS
o
o
o
o
S}
o
~
wn
N
~
T 5
>
J/ Ph E
THPO T
o
N
oo}
™
~
o«
<
oo}
0
~
s ©
3 o B
~ )
v g <
~
N
g
g 38
@ T%
) 3 <~ o
@ D
g i 8
N~ | -
NE |
3] [
> 2
~ - I3
82 E o o) \“_.
< ol |= 5 I’
\ < |~ 8 -
i1 By Io 5
2 / 'S ,850 B
S T L0 —
N 5T -
N ©
\ [32]
L , A l e
2.04 2.08 2.09 2.14 1.06 1.07 1.095.77
d gy =] [ [ = [y —]
L B LA B B L L o B B L e B L o A B L L e B B B R e
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

ppm



Acquisition Time (sec) 0.6921 Comment single pulse decoupled gated NOE ‘Date 10 Mar 2021 19:13:34 ‘File Name FANMR CE tH \tawatari\TT0746-13C carbon-t#
Frequency (MHz) 150.00 Number of Transients 256 Original Points Count 26214 ‘Points Count 26214 ‘ Pulse S carbon_cool.jxp ‘Solvent CHLOROFORM-D
Sweep Width (Hz) 37876.77 Temperature (degree C) 20.900
(o2}
e}
N
ce}
©
N
(52
S11 g
«
(2]
(32
<
w
N~
< «©
[o2] <
el N ~
5 8
& <
©
o <
(23
o
®
o
=~
. «
g © 85
@© - [
§ 5 3
b3 A
chloroform-d
-
~ %:
5 X°N38%
LC o~NoO®
5 TRSS
® NN
8
~
g 3
< ~
> |
g < <
(=2} <
(o2}
& o
2 ©
LA ‘ ‘ i -
B e e B A e B B L AL BL AL 1 L L B B  ELLAUR B B i e
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

ppm



Acquisition Time (sec) 1.8153 Comment single_pulse | Date 13 Mar 2021 21:19:18 ‘File Name FANMR CE tH \tawatari\TT0747-1H_proton-1-1.als
Frequency (MHz) 600.17 Nucleus 1H Number of Transients 8 ‘Original Points Count 16384 ‘Points Count 13120 ‘Pulse q proton.jxp TSolvent CHLOROFORM-D
Sweep Width (Hz) 9025.27 Temperature (degree C) 20.900
TMS
o
o
o
o
S}
©o
~
©
| | 7
o
~
wn
N
~
)
@
[32]
~
g
<
0N ) >
~ & 5
= +Q <
| o
«
<
)
~
Yol
(2]
(3]
NS
N
©
© "
«
<
=
I8
5
~
2
1
(o2}
<
<l".
g
| gy
\\\
L—J L«Jl«- L AJL@U o
2.06 2.09 212 2.07 0.86
H dd H 3] [
L B LA B B LA e B LA B o L L B L o LA B B B e LA
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

ppm



Acquisition Time (sec) 0.6921 Comment single pulse decoupled gated NOE ‘ Date 13 Mar 2021 21:19:00 ‘ File Name FANMR CE tH \tawatari\TT0747-13C carbon-t#
Frequency (MHz) 150.00 Number of Transients 128 Original Points Count 26214 ‘ Points Count 26214 ‘ Pulse S carbon_cool.jxp ‘ Solvent CHLOROFORM-D
Sweep Width (Hz) 37876.77 Temperature (degree C) 20.700

128.7585

Ph
13

HO

133.2283

53.3701

131.0993

chlorqform-d

50.3838

153.6215
79.6876

119.1736
—87.5675
77.2119

77.0000
76.7881

5

—-78.3583

°
g
8
7
ULJ } I ) . I,

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
ppm




Acquisition Time (sec) 3.4919 Date 18 Jun 2020 22:49:08 ‘FiIeName FANMR CE t H \tawatari\TT0467-1H.als "r': q y (MHz) 500.00 Nucl 1H
Number of Transients 8 Original Points Count 26214 Points Count 26214 ‘Pulse“ single pulse.ex2 ‘Solvent CHLOROFORM-D
Sweep Width (Hz) 7507.11 Temperature (degree C) 22.000
g -~
2 2
- =]
/LPr28|
o
3
@[ 5 T™S
N \
o
SIMeS g
S}
2
s 2
- 3
< o
AP
|
~
2 8
3 -
d <
N ~
N ~w -
Vo wo 1) -
31\@9’%;8 & < &S
BIRTRTY T : ~&e o
BeoN I~ 5 b &
[N e TP I3 S
T gIR TIT 8 s
il Je S <
I UM i .
) I " . J I J
4.13 3.09 2.02 2.00 2.24 6.01 9.08
= g 3] 3] [ du u
T T T T T T T T T T T T T T e T T T e T e T T T e T e T T T e e T e e e T e T e e
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

ppm



18 Jun 2020 22:49:38 \tawatari\TT0467-13C.als

Acquisition Time (sec) 0.8336 Date

quency (MHz) 125.00 Nucl

Number of Transients 256

/LPr28|
SIMe3

14

Original Points Count

CHLOROFORM-D

Sweep Width (Hz) 31444.86 Temperature (degree C) 22.600

—77.0000 -

[77,2591

"\-76.7409

128.9183

133.3999

139.1772
_~53.4304
—52.1829

38.9277
—131.1831

i

—127.4500

135.3385
119.5903
85.9825

—155.9235
—153.6394
—129.7052

—87.4316

~119.9741
—117.4118

—122.5364

Aot

17.2988

17.6731

L ————

220 210 200 190 180

50 40 30 20

-0.1768

13.0954




Acquisition Time (sec) 1.8153 Comment single_pulse | Date 05 Feb 2021 21:14:56 ‘File Name FANMR CE tH \tawatari\TT0705-1H_proton-1-1.als
Frequency (MHz) 600.17 Nucleus 1H Number of Transients 8 ‘OriginaIPoints Count 16384 ‘Points Count 13120 ‘Pulse q proton.jxp TSOIvent CHLOROFORM-D
Sweep Width (Hz) 9025.27 Temperature (degree C) 20.100
[o2]
o
& S
q 8
. e
FProSi ~
<
Yol
N
~
Me
N
«©
™
Ty
38 &
=3
/73
J
@
o
rel
(s>}
|| o
J
TMS
o
o
o
o
S}
(o2}
I
o
"8 2
(2]
© @ I}
B & g
A5 vI
@Q | | &
Qi 2 q
2 &3 =~ A o
~ © O D
SSR e 8| _o
g13 - B S EL:
3D Nl @
® o SIS T
- o8l
=V1E
T
ik M .J, Ll l ) ,‘Lm
1.99 1.00 1.02 1.03 1.04 1.03 3.06 2.05 1.05 4.50 3.12
=] =] H H = H u = g ey
L LA B L e B A B L L e B BLL  wam n B  BL AL AL e B e
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

ppm



Acquisition Time (sec) 0.6921 Comment single pulse decoupled gated NOE ‘Date 05 Feb 2021 21:14:40 ‘FiIeName FANMR CE tH \tawatari\TT0705-13C carbon-t#
Frequency (MHz) 150.00 Number of Transients 256 Original Points Count 26214 ‘Points Count 26214 ‘Pulse“ carbon_cool.jxp ‘Solvent CHLOROFORM-D
Sweep Width (Hz) 37876.77 Temperature (degree C) 20.200
chlorqform-d
@
&
~
~
o
o
o
O 2
. i ~
FProSi u
©
O
~
©
~
»
Me
©
2 o & g _
o] S © T N
=] : <)) =] =8 ¢
8 3 S F | < @
- A © Ay T N
8] o ot T o
3 N 1838 I3
= [t} < 2N& !
. (3] < © "G) N
o < ~ D — |92 —
e 3 2 g e |/
© N |
<
v
©
e
<
<
N
@
N
hs ©
8 8
<
NS -
< | &
® Il
< ©
T &
. i N l e O L) S 9 ) ' L L RPN ST X B Y sl sonall | ”
B e e B A e B B L AL BL AL 1 L L B B  ELLAUR B B i e
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

ppm



Acquisition Time (sec) 1.8153 Comment single_pulse Date 26 Apr 2021 14:38:00 ‘File Name FANMR CE tH \tawatari\TT0678-1H-retake_proton-1-1.als
Frequency (MHz) 600.17 Nucleus 1H Number of Transients 8 ‘ Original Points Count 16384 ‘ Points Count 13120 ‘ Pulse Sequence proton.jxp ‘ Solvent CHLOROFORM-D
Sweep Width (Hz) 9025.27 Temperature (degree C) 20.600
TMS
o
o
o
o
S}
) O
FPrsSi
FsC
~
<t
Yo}
N
~ ®
=53
75
T
&
S
o <
[ @
o
T
i
|
oN
303
['ed
0
o
©
y 9
) 5o ¥
S o0 l'o
N T8
<~ N
~ = @
~| o b
©o <
~ o ©
S g8 25
SR S35 D o Lo
e LY ‘/ K9 ©©
© > o=
~ [elped L,Q
| o
<y
4 J
- A ‘ .. A
1.99 0.97 1.00 1.00 1.02 1.00 1.99 1.09 3.16
[ = =] = = = = Bl dy
T T T T T T T T T T T T T T T T T T e T e T T T T T e T e T e e e T T e e e e T T T e
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

ppm



Acquisition Time (sec) 0.6921 ‘ Comment single pulse decoupled gated NOE Date 26 Apr 2021 14:37:10
File Name FANMR CE tH \tawatari\TT0678-13C-retake carbon copy2-1.als Freq 'y (MHz) 150.00 ‘NumberofTransients 53 Original Points Count 26214
Points Count 26214 ‘ Pulse Seq carbon_cool.jxp Solvent CHLOROFORM-D | Sweep Width (Hz) 37876.77 ‘ Temperature (degree C) 20.700
chloroform-d
I o
2 N
= ~
N ©
N <
N
E
(¢}
o) - o g
: s I ) ~ ? Q
FPrySi 5 S 5 By
I 5 oo
7o
J
29
® M
F3C s€ 8
8d T8 N
L =
N
N
o
<
o0
@ 15
<8
S|
(52}
-
N
<
o
[t}
<~
o
w0
©
«©
3 3
T &
© 2
[ &
S -
©
N
)
~
~
N
©
~
(o2}
N
[t}
©
©
©
0w~
59
35
[ ‘H_
!
0
©
N
o
N
J‘ T

220 210 200 190

180

170

160

150

140

130

120 110 100 90 80
ppm

70

60

50

40

30

20

10

-10
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Acquisition Time (sec) 0.6921 Comment single pulse decoupled gated NOE ‘ Date 15 Dec 2020 00:10:24 ‘ File Name FANMR CE tH \tawatari\TT0664_carbon-1.als
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