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General methods: Most of the reagents and starting materials used were purchased from
commercial sources and used as such. All the p-Quinone methides were prepared by following a
known literature procedure.' All the substituted allyltrimethylsilanes were prepared by following
a literature method.” Melting points were recorded on SMP20 Melting point apparatus and are
uncorrected. 'H, °C and "F spectra were recorded in CDCl; (400, 100, 376 MHz respectively)
on Brucker FT-NMR spectrometer. Chemical shifts values are reported in parts per million
relative to TMS (for 'H and °C), BF3.Et,O (for '°F). High resolution mass spectra were recorded
on Waters Q-TOF Premier-HAB213 spectrometer. FT-IR spectra were recorded on a Perkin —
Elmer FT-IR spectrometer. Thin layer chromatography was performed on Merck silica gel 60
Fas4 TLC plates using EtOAc/Haxane as an eluent. column chromatography was carried out
through silica gel (100-200 mesh) using ethyl acetate/hexane mixture as an eluent.

General procedure for the allylation of p-quinone methides: Allyltrimethisilane (0.15 mmol)
was added to a solution of p-quinone methide (0.1 mmol) and B(C¢Fs)3 (0.01 mmol) in 1.5 ml of
CH,Cl, and the resultant mixture was stirred at room temperature until the p-quinone methide
was completely consumed (by T.L.C.). The reaction mixture was then quenched with
tetrabutylammoniumfluoride (0.15 mmol) at rt. The solvent was removed under reduced pressure
and the residue was directly loaded on a silica gel column and purified using 0.5-1% ethyl
acetate/hexane mixture as an eluent to get the pure allyl diarymethane.
2,6-Di-tert-butyl-4-(1-(4-methoxyphenyl)but-3-en-1-yl)phenol (3): Yellow oil; yield 98%
(35.4 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3641, 2958, 2915, 2873 cm™'; 'H NMR (400
MHz, CDCl;) 6 =7.18 (d, J = 8.6 Hz, 2H), 7.03 (s, 2H), 6.85 (d, J = 8.7 Hz, 2H), 5.73 (ddt, J =
17.0, 10.2, 6.9 Hz, 1H), 5.07-5.02(m, 1H), 5.05 (s, 1H), 4.97-4.94 (m, 1H), 3.91-3.87 (m, 1H),

3.79 (s, 3H), 2.79-2.75 (m, 2H), 1.42 (s, 18H); °C NMR (100 MHz, CDCL3) § = 157.9, 152.0,
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137.6, 137.3, 135.7, 135.6, 129.0, 124.3, 116.0, 113.8, 55.3, 50.6, 41.0, 34.5, 30.5; HRMS (ESI):
m/z caled for Co5H330, [M-H]": 365.2480; found: 365.2471.
2,6-Di-tert-butyl-4-(1-(4-(tert-butyl)phenyl)but-3-en-1-yl)phenol (3a): Yellow oil; yield 88%
(34.5 mg); Ry = 0.6 (5% EtOAc in hexane); FT-IR 3646, 2958, 2911, 2873 cm™'; 'H NMR (400
MHz, CDCl;) 6 =7.30 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.3 Hz, 2H), 7.04 (s, 2H), 5.72 (ddt, J =
17.0, 10.2, 6.9 Hz, 1H), 5.06-5.01(m, 1H), 5.03 (s, 1H), 4.95-4.92 (m, 1H), 3.88 (t, /= 7.8 Hz,
1H), 2.80-2.75 (m, 2H), 1.41 (s, 18H), 1.30 (s, 9H); °C NMR (100 MHz, CDCl3) § = 152.1,
148.7, 142.2, 137.7, 135.5, 135.4, 127.5, 125.3, 124.5, 115.9, 51.1, 41.0, 34.5, 34.4, 31.5, 30.5;
HRMS (ESI): m/z caled for CogHy O [M+H]™: 393.3158; found: 393.3150.
2,6-Di-tert-butyl-4-(1-(4-ethylphenyl)but-3-en-1-yl)phenol (3b): Yellow oil; yield 98% (35.7
mg); Ry = 0.8 (5% EtOAc in hexane); FT-IR 3644, 2961, 2927, 2872 cm'l; "H NMR (400 MHz,
CDCls) 6 =17.20 (d, J = 8.1 Hz, 2H), 7.14 (d, J = 8.1 Hz, 2H), 7.07 (s, 2H), 5.75 (ddt, J =17.0,
10.2, 6.9 Hz, 1H), 5.08-5.04 (m, 1H), 5.05 (s, 1H), 4.98-4.95 (m, 1H), 3.91 (t, /= 7.8 Hz, 1H),
2.86-2.76 (m, 2H), 2.64 (q, J = 7.6 Hz, 2H), 1.44 (s, 18H), 1.24 (t, J= 7.6 Hz, 3H); °C NMR
(100 MHz, CDCl3) 6 = 152.1, 142.4, 141.8, 137.7, 135.6, 135.5, 127.92, 127.90, 124.4, 115.9,
51.2,40.9, 34.5,30.5, 28.5, 15.7; HRMS (ESI): m/z calcd for C,6H3s0 [M-H]'": 363.2687; found:
363.2677.

2,6-Di-tert-butyl-4-(1-(2,3-dimethoxyphenyl)but-3-en-1-yl)phenol (3¢): Yellow solid; yield
80% (31.7 mg); Ry = 0.2 (5% EtOAc in hexane); M.P. 88-90 °C; FT-IR 3642, 3077, 2958, 2915,
2877 cm™; '"H NMR (400 MHz, CDCls) & = 7.08 (s, 2H), 7.00 (t, J = 8.0 Hz, 1H), 6.88 (dd, J =
7.9, 1.4 Hz, 1H), 6.75 (dd, J = 8.1, 1.4 Hz, 1H), 5.72 (ddt, /= 17.0, 10.2, 6.8 Hz 1H), 5.04-4.99
(m, 1H), 5.00 (s, 1H), 4.93-4.90 (m, 1H), 4.43 (t, J = 8.0 Hz, 1H), 3.84 (s, 3H), 3.68 (s, 3H),

2.77-2.73 (m, 2H), 1.40 (s, 18H); °*C NMR (100 MHz, CDCl;) § = 152.8, 152.0, 146.9, 139.1,

S3



137.6, 135.5, 135.3, 124.6, 123.9, 120.1, 115.9, 109.9, 60.7, 55.7, 43.4, 40.2, 34.5, 30.5; HRMS
(ESI): m/z calcd for Co6H3s05 [M-H]": 395.2585; found: 395.2575.
4-(1-(2-(Allyloxy)phenyl)but-3-en-1-yl)-2,6-di-tert-butylphenol (3d): Yellow oil; yield 85%
(33.3 mg); Ry = 0.3 (5% EtOAc in hexane); FT-IR 3646, 2965, 2915, 2877 cm™'; 'H NMR (400
MHz, CDCl3) 6 = 7.22 (dd, J = 7.6, 1.6 Hz, 1H), 7.14-7.10 (m, 1H), 7.08 (s, 2H), 6.91 (td, J =
7.4, 0.9 Hz, 1H), 6.82-6.80 (m, 1H), 6.02 (ddt, J=17.2, 12.3, 3.2 Hz, 1H), 5.74 (ddt, 17.0, 10.2,
6.8 Hz, 1H), 5.38 (dq, /= 17.3, 1.7 Hz, 1H), 5.24 (dq, J = 10.6, 1.5 Hz, 1H), 5.05-4.99 (m, 1H),
4.99 (s, 1H), 4.93-4.90 (m, 1H), 4.56-4.44 (m, 3H), 2.86-2.70 (m, 2H), 1.40 (s, 18H); °C NMR
(100 MHz, CDCl3) 6 = 156.0, 151.9, 137.9, 135.3, 135.0, 134.0, 133.7, 128.1, 126.8, 124.8,
120.8, 116.9, 115.7, 112.0, 68.9, 43.3, 39.6, 34.5, 30.5; HRMS (ESI): m/z calcd for C,;H350;
[M-H]": 391.2636; found: 391.2623.

2,6-Di-tert-butyl-4-(1-phenylbut-3-en-1-yl)phenol (3e): Yellow semi solid; yield 94% (31.6
mg); Ry = 0.8 (5% EtOAc in hexane); FT-IR 3646, 2954, 2923, 2858 cm'l; "H NMR (400 MHz,
CDCls) 6="7.31-7.25 (m, 4H), 7.20-7.15 (m, 1H), 7.04 (s, 2H), 5.76 (ddt, J = 17.0, 10.2, 6.9 Hz,
1H), 5.06-5.01 (m, 1H), 5.04 (s, 1H), 4.96-4.93 (m, 1H), 3.93 (t, /= 7.8 Hz, 1H), 2.85-2.74 (m,
2H), 1.42 ppm (s, 18H); °C NMR (100 MHz, CDCl3) § = 152.1, 145.1, 137.5, 135.6, 135.3,
128.4, 128.1, 126.1, 124.5, 116.0, 51.4, 40.8, 34.5, 30.5; HRMS (ESI): m/z caled for C»4H3,0
[M-H]": 335.2374; found: 335.2362.
2,6-Di-tert-butyl-4-(1-(2-fluorophenyl)but-3-en-1-yl)phenol (3f): Yellow oil; yield 70% (24.8
mg); Ry = 0.6 (5% EtOAc in hexane); FT-IR 3646, 2958, 2919, 2873 cm'l; "H NMR (400 MHz,
CDCls) 6 =17.26 (td, J= 7.5, 1.8 Hz, 1H), 7.18-7.13 (m, 1H), 7.10-7.06 (m, 1H), 7.08 (s, 2H),
7.03-6.98 (m, 1H), 5.74 (ddt, /= 17.0, 10.2, 6.8 Hz, 1H), 5.07 (s, 1H), 5.07-5.02 (m, 1H), 4.97-

4.94 (m, 2H), 4.31 (t, J = 7.9 Hz, 1H), 2.87-2.75 (m, 2H), 1.42 (s, 18H); °C NMR (100 MHz,
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CDCls) 6=160.8 (d, J = 244.0 Hz), 152.2, 137.0, 135.7, 134.0, 132.0 (d, J = 15.0 Hz), 129.1 (d,
J=15.0 Hz), 127.5 (d, J = 9.0 Hz), 124.6, 124.1 (d, J = 4.0 Hz), 116.3, 115.5 (d, J = 22.0 Hz),
43.6 (d, J = 2.0 Hz), 39.6, 34.5, 30.5; '°’F NMR (376 MHz, CDCl;), & = -117.7; HRMS (ESI):
m/z caled for Co4H3oFO [M-H]": 353.2280; found: 353.2272.
4-(1-(2-Bromophenyl)but-3-en-1-yl)-2,6-di-tert-butylphenol (3g): Yellow oil; yield 60% (24.8
mg); Ry = 0.6 (5% EtOAc in hexane); FT-IR 3638, 2958, 2931, 2869 cm™'; "H NMR (400 MHz,
CDCls) 6 =17.53 (d, J = 7.8 Hz, 1H), 7.25-7.24 (m, 2H), 7.09 (s, 2H), 7.04-7.00 (m, 1H), 5.73
(ddt, J=17.0, 10.2, 6.8 Hz, 1H), 5.07-5.02(m, 1H), 5.05 (s, 1H), 4.96-4.93 (m, 1H), 4.52 (t, J =
7.8 Hz, 1H), 2.79-2.75 (m, 2H), 1.41 ppm (s, 18H); >C NMR (100 MHz, CDCl3) § = 152.2,
144.3, 136.8, 135.6, 133.7, 133.0, 129.0, 127.6, 127.5, 125.3, 124.8, 116.4, 48.9, 40.0, 34.5,
30.5; HRMS (ESI): m/z caled for C,4H30BrO [M-H]": 413.1479; found: 413.1470.
2,6-Di-tert-butyl-4-(1-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)phenol (3h): Colourless oil;
yield 65% (26.3 mg); R; = 0.8 (5% EtOAc in hexane); FT-IR 3646, 2958, 2927, 2858 cm™'; 'H
NMR (400 MHz, CDCl3) 6 = 7.54 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 7.02 (s, 2H),
5.70 (ddt, J = 17.0, 10.2, 6.9 Hz, 1H), 5.09 (s, 1H), 5.06-5.02 (m, 1H), 4.98-4.95 (m, 1H), 3.99
(t, J = 7.9 Hz, 1H), 2.82-2.78 (m, 2H), 1.42 (s, 18H); °C NMR (100 MHz, CDCls) & = 152.4,
149.3 (d, J = 1,2 Hz), 136.8, 135.9, 134.2, 128.4, 128.3 (q, J = 32.0 Hz), 125.4 (q, J = 3.7 Hz),
124.5 (q, J = 270.0 Hz), 124.4, 116.6, 51.2, 40.4, 34.5, 30.4; "°F NMR (376 MHz, CDCl;), 6 = -
62.3 ppm; HRMS (ESI): m/z caled for CosH3oF30 [M-H]': 403.2248; found: 403.2234.
2,6-Di-tert-butyl-4-(1-(4-(trifluoromethoxy)phenyl)but-3-en-1-yl)phenol (3i): Yellow color
semi solid; yield 85% (35.7 mg); Ry = 0.8 (5% EtOAc in hexane); FT-IR 3646, 2958, 2927, 2858
cm™; '"H NMR (400 MHz, CDCls) 6 = 7.26-7.23 (m, 2H), 7.14-7.11 (m, 2H), 7.0 (s, 2H), 5.69

(ddt, J=17.0, 10.2, 6.9 Hz, 1H), 5.1 (s, 1H), 5.06-5.00 (m, 1H), 4.97-4.94 (m, 1H), 3.93 (t, J =
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8.0 Hz, 1H), 2.78-2.74 (m, 2H), 1.41 (s, 18H); >C NMR (100 MHz, CDCls) § = 152.3, 147.5 (q,
J = 1.5 Hz), 143.9, 137.0, 135.8, 134.7, 129.3, 124.4, 120.9, 120.6 (q, J = 257.8 Hz,), 116.4,
50.7, 40.8, 34.5, 30.5 ppm; '°F NMR (376 MHz, CDCl3) & = -57.9; HRMS (ESI): m/z calcd for
C,sH30F30, [M-H]": 419.2197; found: 419.2184.
2-(1-(3,5-Di-tert-butyl-4-hydroxyphenyl)but-3-en-1-yl)phenyl acetate (3j): Yellow oil; yield
86% (33.9 mg); R, = 0.4 (5% EtOAc in hexane); FT-IR 3642, 2961, 2923, 2873, 1761 cm™; 'H
NMR (400 MHz, CDCl;) § = 7.33-7.30 (m, 1H), 7.24-7.18 (m, 2H), 7.05-7.01 (m, 1H), 6.98 (s,
2H), 5.73 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.07-5.02 (m, 1H), 5.05 (s, 1H), 4.98-4.95 (m, 1H),
411 (t, J = 7.9 Hz, 1H), 2.76 (t, J = 7.1 Hz, 2H), 2.21 (s, 3H), 1.40 (s, 18H); >C NMR (100
MHz, CDCl3) & = 169.2, 152.1, 148.7, 137.1, 136.8, 135.6, 134.1, 128.7, 127.0, 126.1, 124.5,
122.8, 116.2, 44.3, 39.6, 34.5, 30.4, 21.1; HRMS (ESI): m/z caled for CasH3303Na [M + Na]':
417.2408; found: 417.2400.
4-(1-(2-Bromo-5-fluorophenyl)but-3-en-1-yl)-2,6-di-tert-butylphenol (3k): Yellow colour
solid; yield 63% (27.2 mg); Ry = 0.6 (5% EtOAc in hexane); M.P. 83-85 °C; FT-IR 3646, 2958,
2927, 2858 cm™; '"H NMR (400 MHz, CDCls) § = 7.48 (dd, J= 8.8, 5.5 Hz, 1H), 7.07 (s, 2H),
6.94 (dd, J=10.0, 3.0 Hz, 1H), 6.78-6.74 (m, 1H), 5.71 (ddt, J = 16.9, 10.2, 6.8 Hz, 1H), 5.08 (s,
1H), 5.07-5.03 (m, 1H), 4.98-4.95 (m, 1H), 4.48 (t, J = 7.7 Hz, 1H), 2.76-2.72 (m, 2H), 1.41 (s,
18H); °C NMR (100 MHz, CDCl3) § 162.3 (d, J = 245.0 Hz), 152.5, 146.7 (d, J = 6.0 Hz),
136.3, 135.8, 134.0 (d, J = 8.0 Hz), 132.9, 124.7, 119.1 (d, J = 3.0 Hz), 116.8, 116.0 (d, J = 23.0
Hz), 114.8 (d, J=23.0 Hz), 49.1 (d, J = 1.0 Hz), 39.8, 34.5, 30.5; '’F NMR (376 MHz, CDCl;) &
= -114.4; HRMS (ESI): m/z calcd for C4H,oBrFO [M-H]": 431.1385; found: 431.1372.
4-(1-(6-Bromobenzo[d][1,3]dioxol-5-yl)but-3-en-1-yl)-2,6-di-tert-butylphenol (31): Yellow

oil; yield 70% (32.2 mg); Ry = 0.4 (5% EtOAc in hexane); FT-IR 3641, 2957, 2914, 2872 em™:
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'H NMR (400 MHz, CDCl3) § = 7.09 (s, 2H), 6.99 (s, 1H), 6.69 (s, 1H), 5.92 (dd, J = 10.6, 1.2
Hz, 2H), 5.73 (ddt, J = 16.9, 10.2, 6.8 Hz, 1H), 5.10 (s, 1H), 5.08-5.03 (m, 1H), 4.98-4.95 (m,
1H), 4.48 (t, J = 7.9 Hz, 1H), 2.78-2.66 (m, 2H), 1.42 (s, 18H); >C NMR (100 MHz, CDCl;) § =
152.3, 147.6, 146.4, 137.9, 136.7, 135.7, 133.8, 124.5, 116.4, 114.9, 112.6, 108.5, 101.7, 48.6,
39.8, 34.5, 30.5; HRMS (ESI): m/z calcd for C,5H3oBrO; [M-H]": 457.1378; found: 457.1369.
2,6-Di-tert-butyl-4-(1-(4-(phenylethynyl)phenyl)but-3-en-1-yl)phenol (3m): Yellow oil; yield
80% (35 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3634, 2958, 2923, 2873 cm™'; '"H NMR
(400 MHz, CDCl3) 6 = 7.53-7.51 (m, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.37-7.31 (m, 3H), 7.23 (d,
J=28.2 Hz, 2H), 7.02 (s, 2H), 5.72 (ddt, /= 17.0, 10.2, 6.9 Hz, 1H), 5.06 (s, 1H), 5.06-5.01 (m,
1H), 4.97-4.94 (m, 1H), 3.94 (t, J = 7.8 Hz, 1H), 2.78 (t, J = 7.2 Hz, 2H), 1.41 (s, 18H); °C
NMR (100 MHz, CDCl;) 6 = 152.2, 145.6, 137.2, 135.7, 134.8, 131.8, 131.7, 128.5, 128.3,
128.2, 124.4, 123.6, 120.9, 116.3, 89.7, 89.0, 51.2, 40.6, 34.5, 30.5; HRMS (ESI): m/z calcd for
C32H370 [M+H]": 437.2845; found: 437.2829.
2,6-Di-tert-butyl-4-(1-(pyren-1-yl)but-3-en-1-yl)phenol (3n): Yellow soild; yield 72% (33.1
mg); Ry = 0.5 (5% EtOAc in hexane); M.P. 129-131°C; FT-IR 3634, 2958, 2916, 2872 cm'l; 'H
NMR (400 MHz, CDCl;) 6= 8.50 (d, /= 9.4 Hz, 1H), 8.17 (d, J= 8.0 Hz, 1H), 8.16 (d,J=7.6
Hz, 1H), 8.11 (d, J = 9.4 Hz, 1H), 8.03 (s, 2H), 8.00-7.97 (m, 2H), 7.18 (s, 2H), 5.81 (ddt, J =
16.9, 10.2, 6.8 Hz, 1H), 5.16-5.08 (m, 2H), 5.04 (s, 1H), 4.964.92 (m, 1H), 3.14-3.03 (m, 2H),
1.38 (s, 18H); °C NMR (100 MHz, CDCl;) § = 152.1, 139.2, 137.4, 135.7, 135.2, 131.6, 130.9,
129.7, 128.9, 127.7, 127.4, 126.9, 125.9, 125.4, 125.3, 125.2, 125.1, 125.0, 124.8, 124.7, 123 .4,
116.3, 46.0, 41.2, 34.5, 30.5; HRMS (ESI): m/z calcd for C34H3s0 [M-H]": 459.2687; found:

459.2681.
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4-(1-(3,5-Di-tert-butyl-4-hydroxyphenyl)but-3-en-1-yl)-2-methoxyphenyl = acetate  (30):
Yellow soild; yield 93% (39.4 mg); Ry = 0.2 (5% EtOAc in hexane); FT-IR 3638, 2958, 2915,
2873, 1765 cm™'; '"H NMR (400 MHz, CDCl3) 5= 7.03 (s, 2H), 6.94 (d, J = 7.9 Hz, 1H), 6.83 (s,
1H) 6.83-6.81 (m, 1H), 5.73 (ddt, J = 16.9, 10.2, 6.8 Hz, 1H), 5.06 (s, 1H), 5.06-5.02 (m, 1H),
4.97-4.94 (m, 1H), 3.89 (t, J = 7.8 Hz, 1H), 3.79 (s, 3H), 2.78-2.74 (m, 2H), 2.30 (s, 3H), 1.41
(s, 18H); °C NMR (100 MHz, CDCL) & = 169.3, 152.2, 150.8, 144.1, 137.9, 137.3, 135.7,
134.7, 124.4, 122.5, 120.1, 116.2, 112.4, 55.9, 51.4, 41.0, 34.5, 30.5, 20.9; HRMS (ESI): m/z
caled for Co7H3,04 [M+H]': 425.2693; found: 425.2680.
Cyclopentyl(2-[1-{3,5-di-tert-butyl-4-hydroxyphenyl}but-3-en-1-yl]cyclopentyl)iron  (3p):
Yellow oil; yield 76% (33.7 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3642, 3084, 2958, 2915
cm™; 'H NMR (400 MHz, CDCl3) § = 6.99 (s, 2H), 5.72 (ddt, J = 17.1, 9.8, 7.1 Hz, 1H), 5.03 (s,
1H), 5.02-4.97 (m, 1H), 4.94-4.91 (m, 1H), 4.11-4.03 (m, 3H), 4.0 (s, 5H), 3.92 (bs, 1H), 3.55
(dd, J = 9.3, 5.8 Hz, 1H), 2.75-2.69 (m, 1H), 2.63-2.55 (m,1H), 1.43 (s, 18H); *C NMR (100
MHz, CDCl;) 6 = 152.0, 137.9, 135.4, 135.3, 124.6, 115.6, 94.9, 68.6, 67.54, 67.48, 67.4, 66.9,
46.0, 42.2, 34.5, 30.6; HRMS (ESI): m/z calcd for C,sH3;FeO [M+H]™: 445.2195; found:
445.2180.

4-(1-([1,1'-Biphenyl]-4-yl)but-3-en-1-yl)-2,6-di-tert-butylphenol (3q): Yellow semi soild;
yield 85% (35 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3642, 2956, 2924, 2855 cm™'; 'H
NMR (400 MHz, CDCl3) 6 = 7.60-7.58 (m, 4H), 7.53 (d, J = 8.2 Hz, 1H), 7.43 (t, J = 7.4 Hz,
2H), 7.34-7.31 (m, 3H), 7.08 (s, 2H), 5.77 (ddt, J = 17.0, 10.2, 6.9 Hz, 1H), 5.10-5.05 (m, 1H),
5.06 (s, 1H), 4.99-4.96 (m, 1H), 3.97 (t, J = 7.8 Hz, 1H), 2.89-2.77 (m, 2H), 1.43 (s, 18H); °C

NMR (100 MHz, CDCl;) 6 = 152.2, 144.3, 141.2, 138.9, 137.5, 135.7, 135.2, 128.8, 128.5,
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127.2, 127.12, 127.10, 124.5, 116.2, 51.2, 40.8, 34.5, 30.5; HRMS (ESI): m/z calcd for C3pH3s0
[M-H]": 411.2687; found: 411.2676.
4-(1-(Anthracen-9-yl)but-3-en-1-yl)-2,6-di-tert-butylphenol (3r): Yellow semi soild; yield
62% (27 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3627, 2958, 2931, 2865 cm™; 'H NMR
(400 MHz, CDCly) § = 7.74-7.72 (m, 1H), 7.43-7.41 (m, 1H), 7.31-7.19 (m, 8H), 7.17-7.13 (m,
1H), 6.99 (td, J = 7.6, 1.3 Hz, 1H), 6.94 (s, 1H), 5.78 (ddt, J = 17.2, 10.0, 7.0 Hz, 1H), 5.21 (s,
1H), 4.96-4.94 (m, 1H), 4.91-4.87 (m, 1H), 3.92 (t, J = 7.4 Hz, 1H), 2.50 (t, J = 7.2 Hz, 2H),
1.34 (s, 18H); *C NMR (100 MHz, CDCL3) § = 153.2, 141.1, 139.5, 139.4, 136.5, 135.5, 135.0,
133.8, 128.8, 128.4, 128.3, 127.4, 127.2, 126.8, 126.63, 126.59, 126.5, 125.2, 123.7, 116.8, 48.6,
43.6, 34.4, 30.3; HRMS (ESI): m/z caled for C3,H370 [M+H]": 437.2845; found: 437.2831.
2,6-Di-tert-butyl-4-(1-(naphthalen-2-yl)but-3-en-1-yl)phenol (3s): Yellow oil; yield 89%
(34.3 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3640, 2957, 2925, 2872 cm™'; 'H NMR (400
MHz, CDCly) 6 = 8.21 (d, J = 8.5 Hz, 1H); 7.86-7.84 (m, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.52—
7.41 (m, 4H), 7.10 (s, 2H), 5.80 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.11-5.05 (m, 1H), 5.03 (s,
1H), 4.96-4.93 (m, 1H), 4.79 (t, J = 7.7 Hz, 1H), 2.99-2.84 (m, 2H), 1.39 (s, 18H); °C NMR
(100 MHz, CDCl;) § = 152.1, 140.9, 137.6, 135.6, 134.7, 134.2, 132.1, 129.0, 126.8, 125.9,
125.6, 125.3, 124.8, 124.7, 123.9, 116.1, 46.0, 41.0, 34.5, 30.5; HRMS (ESI): m/z calcd for
CasH330 [M-H]": 385.2531; found: 385.2515.
2,6-Di-tert-butyl-4-(1-(4-nitrophenyl)but-3-en-1-yl)phenol (3u): Yellow oil; yield 97% (37
mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3642, 2954, 2927, 2854 cm™'; "H NMR (400 MHz,
CDCls) § = 8.15 (d, J = 8.7 Hz, 2H), 7.39 (d, J = 8.8 Hz, 2H), 6.99 (s, 2H), 5.68 (ddt, J = 17.0,
10.2, 6.8 Hz, 1H), 5.11 (s, 1H), 5.05-5.01 (m, 1H), 4.99-4.96 (m, 1H), 4.04 (t, J = 8.2 Hz, 1H),

2.87-2.74 (m, 2H), 1.41 (s, 18H); °C NMR (100 MHz, CDCl;) § = 153.0, 152.6, 146.4, 136.3,
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136.1, 133.5, 129.0, 124.3, 123.8, 117.0, 51.2, 40.3, 34.5, 30.4; HRMS (ESI): m/z calcd for
Ca4H30NOs [M-H]": 380.2225; found: 380.2218.

Methyl 4-(1-(3,5-di-tert-butyl-4-hydroxyphenyl)but-3-en-1-yl)benzoate (3v): Yellow oil;
yield 89% (35.1 mg); Ry = 0.4 (5% EtOAc in hexane); FT-IR 3642, 2954, 2923, 2873, 1723 cm’
. 'TH NMR (400 MHz, CDCl;) & = 7.96 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 7.01 (s,
2H), 5.69 (ddt, J = 17.0, 10.2, 6.9 Hz, 1H), 5.07 (s, 1H), 5.05-5.00 (m, 1H), 4.96-4.93 (m, 1H),
3.98 (t, J = 7.8 Hz, 1H), 3.89 (s, 3H), 2.79 (t, J = 7.0 Hz, 2H), 1.40 (s, 18H); °C NMR (100
MHz, CDCl;) 6 = 167.3, 152.3, 150.6, 136.9, 135.8, 134.4, 129.8, 128.2, 128.0, 124.4, 116.5,
52.1,51.3, 40,4, 34.5, 30.4; HRMS (ESI): m/z calcd for CyHss03 [M+H]": 395.2587; found:
395.2575.

2,6-Diisopropyl-4-(1-phenylbut-3-en-1-yl)phenol (3w): Yellow oil; yield 65% (20 mg); Ry =
0.4 (10% EtOAc in hexane); FT-IR 3584, 2961, 2931, 2869 cm™; '"H NMR (400 MHz, CDCl3) &
= 7.29-7.22 (m, 4H), 7.18-7.14 (m,1H), 6.91 (s, 2H), 5.72 (ddt, J = 17.0, 10.2, 6.9 Hz, 1H),
5.05-5.00 (m, 1H), 4.95-4.92 (m, 1H), 4.64 (s, 1H), 3.93 (t, /= 7.9 Hz, 1H), 3.11 (sept, J = 6.8
Hz, 2H), 2.80-2.76 (m, 2H), 1.24 (d, J = 2.9 Hz, 6H), 1.22 (d, J = 2.8 Hz, 6H); °C NMR (100
MHz, CDCL3) ¢ = 148.4, 145.3, 137.4, 136.4, 133.5, 128.4, 128.0, 126.1, 123.0, 116.1, 51.2,
40.7,27.5, 22.9; HRMS (ESI): m/z calcd for C2HaoO [M+H]": 309.2219; found: 309.2207.
2,6-Dimethyl-4-(1-phenylbut-3-en-1-yl)phenol (3x): Yellow oil; yield 50% (12.6 mg); R, = 0.2
(5% EtOAc in hexane); FT-IR 3569, 3027, 2923, 2854 cm™; '"H NMR (400 MHz, CDCL;) & =
7.29-7.21 (m, 5H), 7.18-7.14 (m, 1H), 6.84 (s, 2H), 5.71 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.02
(dq, J=17.1, 1.9 Hz, 1H), 4.954.92 (m, 1H), 4.47 (s, 1H), 3.89-3.85 (m , 1H), 2.78-2.74 (m,

2H), 2.2 (s, 6H); °C NMR (100 MHz, CDCl;) & = 150.6, 145.2, 137.3, 136.3, 128.5, 128.1,
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127.9, 126.1, 122.9, 116.2, 50.7, 40.3, 16.2; HRMS (ESI): m/z calced for C1sH;9ONa [M+Na]':
275.1414; found: 275.1405.
2,6-Di-tert-butyl-4-(1-(4-methoxyphenyl)-3-(4-(2-phenylpropan-2-yl)phenyl)but-3-en-1-
yDphenol (4a): Yellow oil; yield 72% (40.3 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3642,
2961, 2915, 2881 cm™; 'H NMR (400 MHz, CDCls) 6 = 7.32-7.17 (m, 9H), 7.12 (d, J = 8.5 Hz,
2H), 6.94 (s, 2H), 6.81 (d, J = 8.6 Hz, 2H), 5.13 (s, 1H), 5.02 (s, 1H), 4.80 (s, 1H), 3.98 (t, J =
7.8 Hz, 1H), 3.78 (s, 3H), 3.18 (d, J = 7.8 Hz, 2H), 1.71 (s, 6H), 1.40 (s, 18H); *C NMR (100
MHz, CDCl;) 6 = 157.8, 151.9, 150.7, 149.8, 146.5, 138.6, 137.3, 135.6, 135.4, 129.1, 128.1,
126.9, 126.8, 126.1, 125.8, 124.6, 114.2, 113.6, 55.3, 48.7, 42.9, 42.5, 34.5, 30.9, 30.5; HRMS
(ESI): m/z caled for C40H470, [M-H]": 559.3575; found: 559.3553.
2,6-Di-tert-butyl-4-(1-(4-methoxyphenyl)-3-(2-(phenylethynyl)phenyl)but-3-en-1-yl)phenol
(4b): Yellow oil; yield 85% (46.1 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3641, 2957, 2914,
2880 cm™; 'H NMR (400 MHz, CDCl3) § = 7.55-7.52 (m, 1H), 7.40-7.37 (m, 2H), 7.33-7.31
(m, 3H), 7.25-7.18 (m, 2H), 7.13 (d, J = 8.6 Hz, 2H), 6.95 (s, 2H), 6.91-6.89 (m, 1H), 6.76 (d, J
= 8.6 Hz, 2H), 5.16 (s, 1H), 5.07 (s, 1H), 4.99 (s, 1H), 3.86 (t, J = 7.8 Hz, 1H), 3.73 (s, 3H),
3.50-3.37 (m, 2H), 1.36 (s, 18H); °C NMR (100 MHz, CDCl3) § = 157.7, 151.9, 148.0, 144.9,
137.2, 135.39, 135.36, 132.6, 131.6, 129.2, 129.1, 128.4, 128.2, 128.1, 126.8, 124.6, 123.7,
121.1,117.4, 113.6, 92.8, 89.3, 55.2, 49.2, 43.7, 34.4, 30.4; HRMS (ESI): m/z calcd for C39H4,0,
[M-H]": 541.3106; found: 541.3120.
4-(3-([1,1'-Biphenyl]-4-yl)-1-(4-methoxyphenyl)but-3-en-1-yl)-2,6-di-tert-butylphenol (4c):
Yellow oil; yield 77% (39.9 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3638, 2961, 2923, 2877
cm™; '"H NMR (400 MHz, CDCL3) 6 = 7.63-7.61 (m, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.47-7.44

(m, 2H), 7.39-7.33 (m, 3H), 7.11 (d, J = 8.6 Hz, 2H), 6.96 (s, 2H), 6.83—6.79 (m, 2H), 5.18 (d, J
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= 1.2 Hz, 1H), 5.02 (s, 1H), 4.86 (s, 1H), 3.96 (t, J = 8.0 Hz, 1H), 3.78 (s, 3H), 3.27-3.16 (m,
2H), 1.39 (s, 18H); °C NMR (100 MHz, CDCl;) § = 157.8, 152.0, 146.5, 140.9, 140.4, 140.1,
137.3, 135.6, 135.5, 129.1, 128.9, 127.4, 127.1, 127.04, 127.02, 124.5, 114.9, 113.7, 55.3, 48.8,
42.6, 34.5, 30.5; HRMS (ESI): m/z calcd for C37H410, [M-H]": 517.3106; found: 517.3085.
2,6-Di-tert-butyl-4-(1-(4-methoxyphenyl)-2-phenylbut-3-en-1-yl)phenol (4d): Yellow oil;
yield 79% (34.9 mg); R; = 0.6 (5% EtOAc in hexane); FT-IR 3642, 2961, 2919, 2873 cm™'; 'H
NMR (400 MHz, CDCl3) 6 = 7.27 (d, J = 9.2 Hz, 2H major), 7.18-6.98 (m, 9H major & minor),
6.86 (d, J = 8.7 Hz, 2H major), 6.74 (s, 2H major), 6.63 (d, J = 8.8 Hz, 1H minor), 6.02—5.88 (m,
1.5H major & minor), 5.01 (s, 0.5H minor), 4.97—4.89 (m, 2.5H major & minor), 4.86—4.81 (m,
0.5H minor), 4.85 (s, IH major), 4.15-3.93 (m, 3H major & minor), 3.79 (s, 3H major), 3.68 (s,
1.5H minor), 1.42 (s, 9H minor), 1.27 (s, 18H major); ?C NMR (100 MHz, CDCl;) § = 157.9
(major), 157.4 (minor), 152.0 (minor), 151.6 (major), 143.7 (major), 143.5 (minor), 141.5
(minor), 141.0 (major), 136.5 (minor), 135.9 (major), 135.4 (minor), 135.0 (major), 133.9
(major), 132.4 (minor), 129.8 (major), 129.2 (minor), 128.6 (minor) 128.5 (major), 128.2 (minor),
128.1 (major), 126.0 (minor), 125.9 (major), 125.3 (minor), 125.1 (major), 116.0 (major), 115.6
(minor), 113.7 (major), 113.4 (minor), 56.7 (major), 56.5 (minor), 55.8 (major), 55.5 (minor),
55.3 (major), 55.2 (minor), 34.5 (minor), 34.3 (major), 30.5 (minor), 30.3 (major); HRMS (ESI):
m/z caled for C3;H370, [M-H]": 441.2793; found: 441.2776.
2,6-Di-tert-butyl-4-(1-(4-methoxyphenyl)-3-(naphthalen-2-yl)but-3-en-1-yl)phenol (4e):
Yellow oil; yield 71% (36.9 mg); Ry = 0.5 (5% EtOAc in hexane); FT-IR 3638, 2961, 2873,
3061; 'H NMR (400 MHz, CDCls) 6 = 7.84-7.78 (m, 3H), 7.73 (s, 1H), 7.49-7.44 (m, 3H), 7.09
(d, J= 8.6 Hz, 2H), 6.95 (s, 2H), 6.80 (d, J = 8.6 Hz), 5.24 (d, /= 1.1 Hz, 1H), 5.02 (s, 1H), 4.93

(s,1H), 3.96 (t, J = 8.2 Hz, 1H), 3.77 (s, 3H), 3.36-3.23 (m, 2H), 1.38 (s, 18H); *C NMR (100
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MHz, CDCl;) 6 = 157.8, 152.0, 146.9, 138.8, 137.2, 135.6, 135.5, 133.5, 132.9, 129.1, 128.3,
127.9,127.7, 126.2, 125.9, 125.3, 125.2, 124.5, 115.5, 113.7, 55.3, 48.8, 42.8, 34.5, 30.5; HRMS
(ESI): m/z calcd for C3sH300, [M-H]": 491.2949; found: 491.2932.
2,6-Di-tert-butyl-4-(1-(4-methoxyphenyl)-3-(quinolin-6-yl)but-3-en-1-yl)phenol (4f): Yellow
oil; yield 20% (9.8 mg); Ry = 0.2 (20% EtOAc in hexane); FT-IR 3638, 2961, 2927, 2858 em™:
'H NMR (400 MHz, CDCl;) 5= 8.89 (d, J = 3.0 Hz, 1H), 8.11 (d, J = 8.2 Hz, 1H), 8.05 (d, J =
8.7 Hz, 1H), 7.70-7.67 (m, 2H), 7.40 (dd, J = 8.2, 4.2 Hz, 1H), 7.08 (d, J = 8.6 Hz, 2H), 6.94 (s,
2H), 6.79 (d, J = 8.5 Hz, 2H), 5.27 (s, 1H), 5.02 (s, 1H), 5.00 (s, 1H), 3.93 (t, J = 7.9 Hz, 1H),
3.77 (s, 3H), 3.35-3.24 (m, 2H), 1.36 (s, 18H); °C NMR (100 MHz, CDCl3) § = 157.9, 152.1,
150.2, 147.7, 146.4, 139.7, 137.1, 136.5, 135.6, 135.4, 129.2, 129.0, 128.9, 128.3, 124.9, 124.5,
121.4,116.4,113.7, 55.3, 49.0, 42.7, 34.5, 30.5; HRMS (ESI): m/z calcd for C34H4NO, [M+H]':
494.3060; found: 494.3042.

Methyl 3-(4-(3,5-di-tert-butyl-4-hydroxyphenyl)-4-(4-methoxyphenyl)but-1-en-2-yl)-2-
naphthoate (4g): Yellow soild; yield 80% (43.8 mg); Ry = 0.2 (10% EtOAc in hexane); M.P.
148-150°C; FT-IR 3634, 2955, 2873, 2834 cm™'; '"H NMR (400 MHz, CDCl3) § = 8.41 (s, 1H),
7.89 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.56-7.48 (m, 2H), 7.15 (s, 1H), 7.10 (d, J =
8.6 Hz, 2H), 6.91 (s, 2H), 6.77 (d, J = 8.7 Hz, 2H), 5.13 (d, /= 1.2 Hz, 1H), 5.00 (d, /= 1.7 Hz,
1H), 4.96 (s, 1H), 3.89 (s, 3H), 3.78 (t, J = 8.0 Hz, 1H), 3.74 (s, 3H), 3.16 (d, J = 8.0 Hz, 2H),
1.34 (s, 18H); °C NMR (100 MHz, CDCl;) 5= 168.2, 157.8, 151.9, 149.7, 140.4, 137.3, 135.4,
135.2, 134.6, 131.6, 131.4, 129.7, 129.0, 128.8, 128.2, 127.8, 127.4, 126.5, 124.5, 115.5, 113.7,
55.3, 52.3, 50.0, 44.2, 34.4, 30.4; HRMS (ESI): m/z caled for C3;H4104 [M-H]": 549.3004;

found: 549.2984.
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4-(1-(2-Bromophenyl)-3-(4-(tert-butyl)phenyl)but-3-en-1-yl)-2,6-di-tert-butylphenol  (4h):
Yellow oil; yield 72% (39.3 mg); Ry = 0.6 (5% EtOAc in hexane); FT-IR 3641, 2961, 2911,
2872.0 cm™; "H NMR (400 MHz, CDCl3) § = 7.50 (dd, J = 7.9, 0.8 Hz, 1H), 7.36-7.29 (m, 3H),
7.26-7.22 (m, 3H), 7.04 (s, 2H), 7.04-6.99 (m, 1H), 5.17 (s, 1H), 5.03 (s, 1H), 4.90 (s, 1H), 4.66
(t, J = 7.8 Hz, 1H), 3.27-3.15 (m, 2H), 1.39 (s, 18H), 1.33 (s, 9H); °C NMR (100 MHz, CDCl;)
0=152.1, 150.3, 146.4, 144.1, 138.7, 135.4, 133.7, 133.0, 128.9, 127.51, 127.50, 126.1, 125.4,
125.1, 125.0, 114.0, 47.7, 41.3, 34.6, 34.5, 31.5, 30.5; HRMS (ESI): m/z calcd for Cs4H4,BrO
[M-H]": 545.2418; found: 545.2402.

2,6-Di-tert-butyl-4-(5,6-dihydro-2H-benzo[b]oxocin-6-yl)phenol (5): The second generation
Grubbs catalyst (9 mg, 0.01 mmol) was added to a solution of 3d (40 mg, 0.1 mmol) in CH,Cl,
(1.5 mL) under inert atmosphere and the resultant mixture was stirred at 40 °C until 3d was
completely consumed (by T.L.C.). The solvent was removed under reduced pressure and the
residue was directly loaded on a silica gel column and purified using 0.5-1% ethyl
acetate/hexane mixture as an eluent to get the pure product 5. Yellow oil; yield 54% (19.7 mg);
Ry = 0.2 (5% EtOAc in hexane); FT-IR 3638, 2958, 2926, 2873 cm™'; '"H NMR (400 MHz,
CDCl3) 6 = 7.20-7.15 (m, 1H), 7.08-7.05 (m, 2H), 7.07 (s, 2H), 7.03—6.99 (m, 1H), 5.92-5.84
(m, 1H), 5.42-5.38 (m, 1H), 5.05-5.01 (m, 1H), 5.02 (s, 1H), 4.45 (dd, J = 15.6, 4.6 Hz, 1H);
4.07 (dd, J = 12.3, 5.9 Hz, 1H), 3.56-3.47 (m, 1H), 2.49-2.43 (m, 1H), 1.39 (s, 18H); °C NMR
(100 MHz, CDCl3) 6 = 157.0, 152.1, 137.5, 137.4, 135.8, 132.1, 131.9, 127.8, 126.8, 124.8,
124.4, 123.3, 73.5, 52.2, 37.0, 34.5, 30.5 ppm; HRMS (ESI): m/z caled for CysH3,0, [M-H]":

363.2323; found: 363.2311.
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'H NMR Spectrum of 3a
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'H NMR Spectrum of 3b

W't
qum._w
12921

1/

6609°C
8829'C
84h9°C
8999°Z
LT
V8L T

1684
0008°Z
2808°C
5928°C
EWE'T
9298°C

ET68°E
::..mW
90E6°E:

966"}
05£6°F
LLE0'S
ETWD'S
$0S0°S:
9080°S
8E80'S

18695
1L
PELLS:
TLELS
W0PLS
BSLS

0994
BVLLS
£€8LS
£008'S

0890°¢:
TOET'L:
pOST £
£981°L
5902 .NM

5002°¢:

A

1.5

E SI'E
=90'81

sz
€re

Fooor

w
we

oot
ST

e
we

T
0.0

0.5

1.0

T T
2.5 2.0

3.0

T T
4.5 4.0 3.5

T T T T
7.0 6.5 6.0 5.5

75

T
8.0

8.5

9.0

5.0
f1 (ppm)

9.5

10.0

BC NMR Spectrum of 3b

59'§1—

€582
o' 0E"
05 bE~—

16'0p—

9 I§—

894
ar .R./
8 is

06°'51T—

HETiEN
Llyaas
N@.NQV.

9'SET
£5'5E1

8o¢er"
TR~
et

90251~

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S18



"H NMR Spectrum of 3¢

BSOE'T—

90ELT-
bLbLT
£0S£T
949£T

0189'€—
£0pB'E—

95066
95t b—s
s

s
Zhb6'p-
Z200°5-
69ED’S:
v —vc.mv.
2999°S:
(4303
S169°G:
20045
£80£'G:
8STLG
E1SLS

9ELY
1bL9
B6LSEY
£19£9-

:mmdw
1489
5£88°9
6068°9-
5686'9-
$600°L
P6Z0°L:

96£0°¢
2097¢

e AL_LJ\A-LpL

EE081

T

R

@®e
EVE

€01
S0'C

w0
w0
£0'T
861

T

0.0

0.5

1.0

1.5

2.0

2.5

3.0

35

4.0

T

4.5

T
5.0
f1 (ppm)

T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5

8.5

9.0

9.5

10.0

BC NMR Spectrum of 3¢

05" 0e—
B pE—

81" 0b—
9€" Eb—

L ss—

89'09—

Vm.mn./.

L
3.&“.

PoH0T—

68'5TT—
L0021~

L8ET
vobr V

8T'SEl
Sb'SET
PILETL
PUBET 7

S8'9pT—

9615~
g~

190 180 170 160 150 140 130 120 110 100 _ 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S19



'H NMR Spectrum of 3d

£96€'T4
ez
68ELT
6450
vheLT
€68
1408°T
6608'C
9£28'C
8TK8'T
£5h8'T
Wb
0E% b
8T8Y'b
656b b
8660
905}
La0s'h
6115}
8515'Y
L615'Y

OH

‘Bu

Bu

Ju A

FUNTN

Epeen

T (L4

Foae
W 101
are

o0l
ot

oot
oot

o 160
oS0
61
01
B oo

95 90 85 80 75 70 65 60 55 S50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.0

BC NMR Spectrum of 3d

15 06—
8 pE—
55 6E—
TEEp—

88'89—

894
n:.RW
8 LL

6E'TIT—
S9GTI~
Pe9aTT—"
LLE0T~
1821
mm.wmqwﬂ
90821~
TLEETD
ZO'PET
PO'SET

8T'SET
LBLET .\

£8'161—
10951 —

OH

‘Bu

‘Bu

"

|

-

el IM

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S20



"H NMR Spectrum of 3e

9§TP T —

TobLET
89547
908
wheT
24844
SP18'Z
TEEB'T
£0S8°C

5906°€
NaNa.m/
[J3
LPEB'
biS6'Y
1096
5910°S
£610°S
9EPD'S
P6S0°S
£290°S
99£9'S
9€69°S
020£'S
L01LS
16146
E9EL'S
81946

61P0°L
6bSI'L
T651°E
BEIT'L
POLTE
E€941°L
E181°L
6881°L
BEGT 'L
LL61°E

9SHT'L:
£092°¢
8beT'L
616Z°L
9TIE'L:

OH

‘Bu

Bu

]| O Y

=—pEBT

F ooz

17
8re

™

E0'Z
vo'T
89'b

™y

1.0 0.5 0.0

1.5

4.5 4.0 3.5 3.0 25 2.0

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
BC NMR Spectrum of 3e

10.0

8 0e—
05 bE—

18 0p—

P IS—

b89L
EARW
8L

£091T—

SYpEr
S.EM
£r'8er
zvser

STSEI~_
29561
561

PUSH—

orzsi—

OH

‘Bu

Bu

190 180 170 160 150 140 130 120 110 100 _ 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S21



'"H NMR Spectrum of 3f
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F NMR Spectrum of 3f
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C NMR Spectrum of 3g
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'H NMR Spectrum of 3r
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'H NMR Spectrum of 3u

£90p'T—

LWL
L2394
UULLT
0964

PEIS'T
6628°C
88p8'T
£598°C
8020°b
momo.vW
6650°b

PEID'
6886°b-
6800°S:
9zI0's

91505
£550°S \.
82115
52695
56695
64595
9999°5
05295
12695
90045
£60£°5
9414
HEES

066'9—

8657~
ESLEL~
[

SPET "B~
€951°'8"

OH

'Bu

Bu

NO,|

JJK_

M

JL;JJ e

Fuooe

ot

560
907
g0

Foor

e

Feoe

Foz

T

T T T
1.0 0.5 0.0

15

T

T T
2.5 2.0

3.0

T

T T
4.5 4.0 3.5

T

T

T T
6.0 5.5

6.5

T

T T T
8.0 7.5 7.0

8.5

T

9.0

5.0
f1 (ppm)

BC NMR Spectrum of 3u

9.5

10.0

o 0E—

bSPE—

52 0b—

15—

b8 9L
v

e

waT—

08'ETT—
vevar/
96821 —
vamﬂ/

0T'9€ET
oN.aﬂV.

EPIPT—

85251~
fidise

OH

'Bu

Bu

NO,|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S38



S39

R Spectrum of 3v

VAN g 1
s N
OH
Bu Bu
/
COzMe
A\ J
i LU T P 'y i :
L
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 .5 1.0 0.5 0.0
f1 (ppm)
13
C NMR Spectrum of 3v
g 4% g23axse 3 223 9% % 3 %
2 nin nmeoNoNy I RER Sa 2 58
\ PRSP N T T
s N
OH
Bu Bu
/
‘ COZMe
A\ J
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)



'H NMR Spectrum of 3w
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'H NMR Spectrum of 3x
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'H NMR Spectrum of 4a
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'H NMR Spectrum of 4b
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"H NMR Spectrum of 4¢
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'H NMR Spectrum of 4d
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"H NMR Spectrum of 4f
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'H NMR Spectrum of 4g

E6EET—

0SST'E~
05¢1°E"

SEPLE
vzn.mHV
[
PbO8'E
mm.m.m\.

9E96 P
28,«/
ozos>
:eay .mN.
BeEL-47
6£9£94
150494

mmwwx\

$90p'8—

OMe

w_JL______,_*_‘__J_uU L&;,A____...L___A

-~ _,uuulbh l ﬂ

T

T
0.0

0.5

1.0

=281

1.5

T

T
2.0

2.5

3.0

oo

g o1
€1
oot

= o0l

3.5

C NMR Spectrum of 4g

W oE—
BE'PE—

&b
66" 6b—

EE' IS
0€ 55—

b8 9L
S,RW
8L

SOETT~—

dFets

5921
6LeTl
[24:145
S£821
S6'821
oadﬂ*
LETET
;.mﬂN
EELET
99°6bT—

OIS

9£¢ST—

61891 —

OMe

| }M |

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S48



'H NMR Spectrum of 4h
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'H NMR Spectrum of 5
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