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1. General information

All air-sensitive manipulations were carried out with standard Schlenk techniques under
nitrogen or argon. NMR spectra were recorded on Bruker AVANCE AV-400 spectrometer
(400 MHz for *H, 101 MHz for *C) or Bruker AVANCE AV-300 spectrometer (300 MHz for
1H, 75 MHz for 3C). Chemical shifts were reported in § (ppm) referenced to the residual
solvent peak of CDCl3 (6 7.26) for *H NMR and CDCls (5 77.0) for 1*C NMR, the residual
solvent peak of DMSO-ds (6 2.50) for 'TH NMR and DMSO-ds (6 40.0) for *C NMR.
Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet),
br (broad). Coupling constants were reported in Hertz (Hz). High resolution mass spectra
(HRMS) were obtained on Waters XEVO G2-S TOF (ESI). For thin layer chromatography
(TLC), Yantai pre-coated TLC plates (HSGF 254) were used, and compounds were visualized
with a UV light at 254 nm. Further visualization was achieved by staining with KMnOa
followed by heating. Column chromatography separations were performed on silica gel (300
400 mesh). Unless otherwise noted, all commercialized reagents were used as received without
further purification.

2. Materials

Toluene, 1,4-dioxane, THF, EtOAc, tBuOH and EtOH were purchased from commercial supplier
and degassed with N2 before use. Purified water was deoxygenated by bubbling with argon
before use. [Rh(OH)(cod)]. was prepared according to the reported procedurestl. 2,3-
Dihydrofuran and benzofuran were purchased from Energy Chemical. All the organoboronic

acids and Grignard reagents were purchased from commercial suppliers.
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3. A general procedure for Table 1

o)
g\ ) Rhodium Catalyst
[Rh(OH (cod)]2

1a
+ [Rh(OH)(cod)]Z/ngand /_/_/ Ph/—\_/OH

PhB(OH), or (PhBO); or PhMgBr Solvent, 60 °C, 12 h
2a E-3a Z-3a

The synthesis of E-3a and Z-3a: Rhodium catalyst (5.0 pmol, 5 mol% Rh), 1a (14.0
mg, 0.20 mmol) and 2a (0.30 mmol) were placed in an oven-dried Schlenk tube under
nitrogen. Solvent (1.0 mL) was added and the resulting mixture was stirred at 60 °C for
12 h. Upon completion, the reaction mixture was diluted with EtOAc (5 mL) and water
(3 mL). The layers were separated and the aqueous layer was extracted again with
EtOAc for two more times (5 mL x 2). The combined organic layers were then
concentrated in vacuo, and the residue was purified by silica gel chromatography

eluting with petroleum ether/EtOAcC to give E-3a and Z-3a.

4. Procedures for Scheme 2
o) [Rh(OH)(cod)],

o — OH
\ /] + (RBO), —(5m0l%Rh) AN

toluene, 60 °C, 12 h
1a 2 Z-3

The synthesis of Z-3: [Rh(OH)(cod)]2 (2.3 mg, 5.0 pmol, 5 mol% Rh), 1a (14.0 mg,

0.20 mmol) and 2 (0.10 mmol) were placed in an oven-dried Schlenk tube (25 mL)
under nitrogen. Anhydrous toluene (1.0 mL) was added and the resulting mixture was
stirred at 60 °C for 12 h. Upon completion, the reaction mixture was diluted with EtOACc
(5 mL) and water (3 mL). The layers were separated and the agqueous layer was
extracted again with EtOAc for two more times (5 mL x 2). The combined organic
layers were then concentrated in vacuo, and the residue was purified by silica gel

chromatography eluting with petroleum ether/EtOAc to give Z-3.
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5. A general procedure for Table 2

Rhodium Catalyst

[RhCl(cod)]»
or OH
o! [Rh(OH)(cod)], o
+ Ph-M >
Y THF, 60 °C, 12 h N
4a 5a

The synthesis of 5a: Rhodium catalysts (5.0 pmol, 5 mol% Rh), 4a (23.6 mg, 0.20
mmol) and Ph-M (0.40 mmol) were placed in an oven-dried Schlenk tube under nitrogen.
THF (1.0 mL) was added and the resulting mixture was stirred at 60 °C for 12 h. Upon
completion, the reaction mixture was diluted with EtOAc (5 mL) and water (3 mL).
The layers were separated and the aqueous layer was extracted again with EtOAc for
two more times (5 mL % 2). The combined organic layers was then concentrated in
vacuo, and the residue was purified by silica gel chromatography eluting with

petroleum ether/EtOAcC to give 5a.
6. Procedures for Scheme 3
[RhCl(cod)],

O
0,
Ja J + Ruos (5 mol % Rh) .
* THF, 60°C, 12h

4

The synthesis of 5: [RhCl(cod)]2 (2.5 mg, 5.0 pmol, 5 mol% Rh), 4 (0.20 mmol) and
RMgBr (0.40 mmol) were placed in an oven-dried Schlenk tube under nitrogen. THF
(1.0 mL) was added and the resulting mixture was stirred at 60 °C for 12 h. Upon
completion, the reaction mixture was diluted with EtOAc (5 mL) and water (3 mL).
The layers were separated and the aqueous layer was extracted again with EtOAc for
two more times (5 mL > 2). The combined organic layers was then concentrated in
vacuo, and the residue was purified by silica gel chromatography eluting with

petroleum ether/EtOAC to give 5.
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7. Procedures for Scheme 4

0]

§ /7 + PhB(OH), + Z-3a cat [Rh(OH)(COd)]2= E-3a
toluene/H50, 60 °C
1a 2a

The isomerization from Z-3a to E-3a: [Rh(OH)(cod)]2 (2.3 mg, 5.0 pmol, 5 mol%
Rh), 1a (14.0 mg, 0.20 mmol), 2a (36.6 mg, 0.30 mmol) and Z-3a (14.8 mg, 0.10 mmol)
were placed in an oven-dried Schlenk tube (25 mL) under nitrogen. PhMe (1.0 mL) and
H20 (6 mmol, 30 equiv) were added and the resulting mixture was stirred at 60 °C for
12 h. Upon completion, the reaction mixture was diluted with EtOAc (5 mL) and water
(3 mL). The layers were separated and the aqueous layer was extracted again with
EtOAc for two more times (5 mL x 2). The combined organic layers were then
concentrated in vacuo, and the residue was purified by silica gel chromatography

eluting with petroleum ether/EtOAC to give E-3a.

8. Characterization of the products

(2)-4-phenylbut-3-en-1-o0l (Z-3a)

_ on Colorless oil, 25.5 mg at 0.20 mmol scale, 86% yield. "H NMR
d_\_/ (300 MHz, CDCl3) 0 7.39 — 7.23 (m, 5H), 6.62 (dt, J=11.7, 1.9
Hz, 1H), 5.72 (dt, J = 11.7, 7.4 Hz, 1H), 3.78 (t, J= 6.5 Hz, 2H),
2.65(qd,J=6.5, 1.8 Hz, 2H). 3*C NMR (75 MHz, CDCl3) 6 137.3, 131.8, 128.9, 128 4,
126.9, 62.6, 32.1. HRMS-ESI (m/z): caled for CioHi30" [M+H]" 149.0961, found
149.0965.
(£)-4-(p-tolyDhbut-3-en-1-ol (Z-3b)

on Colorless oil, 29.5 mg at 0.20 mmol scale, 91% yield. '"H NMR
(400 MHz, CDCl3) ¢ 7.21 (d, J = 8.1 Hz, 2H), 7.15 (d, J= 8.0
Hz, 2H), 6.55 (dt, J=11.6, 1.9 Hz, 1H), 5.64 (dt, J = 11.6, 7.3
Hz, 1H), 3.75 (t, /= 6.5 Hz, 2H), 2.62 (qd, J = 6.6, 1.8 Hz, 2H),
2.35 (s, 3H). *C NMR (75 MHz, CDCl3) § 136.7, 134.4, 131.7, 129.1, 128.8, 127.6,
62.7, 32.2, 21.3. HRMS-ESI (m/z): caled for C;iH;sO" [M+H]" 163.1117, found
163.1136.
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(Z2)-4-(4-bromophenyl)but-3-en-1-ol (Z-3¢)

— OH Yellowish oil, 41.8 mg at 0.20 mmol scale, 92% yield. '"H NMR
(400 MHz, CDCl3) 0 7.46 — 7.43 (m, 2H), 7.18 — 7.16 (m, 2H),
Br 6.50 (dt, J=11.7, 1.9 Hz, 1H), 5.73 (dt, J = 11.7, 7.4 Hz, 1H),
3.75 (t,J = 6.4 Hz, 2H), 2.57 (qd, J = 6.5, 1.9 Hz, 2H)."*C NMR (75 MHz, CDCl3) ¢
136.2, 131. 5, 130.6, 130.5, 129.3, 120.8, 62.5, 32.0. HRMS-ESI (m/z): calcd for
CioH12”’BrO* [M+H]" 227.0066, found 227.0080.
(£)-4-(4-hydroxybut-1-en-1-yl)phenyl acetate (Z-3d)

— OH Yellowish oil, 33.8 mg at 0.20 mmol scale, 82% yield. 'H
NMR (400 MHz, Chloroform-d) ¢ 8.00 (d, J = 8.4 Hz, 2H),
MeO,C 7.37(d,J=8.2 Hz, 2H), 6.60 (dt, /= 11.7, 1.9 Hz, 1H), 5.81
(dt,J=11.7, 7.4 Hz, 1H), 3.92 (s, 3H), 3.81 — 3.74 (m, 2H), 2.62 (qd, J = 6.5, 1.8 Hz,
2H). 3C NMR (101 MHz, CDCI3) d 167.1, 142.0, 130.9, 130.7, 129.7, 128.8, 128.5,
62.5, 52.2, 32.2. HRMS-ESI (m/z): caled for Ci2His03" [M+H]" 207.1016, found
207.1021.
(£)-4-(3-chlorophenyl)but-3-en-1-0l (Z-3e)

— OH Yellowish oil, 28.1 mg at 0.20 mmol scale, 77% yield. '"H NMR
(300 MHz, CDCl3) 6 7.31 —7.27 (m, 2H), 7.24 —7.18 (m, 2H), 7.09
CI (d, J=8.0 Hz, 1H), 6.54 (dt, J = 11.7, 1.9 Hz, 1H), 5.77 (dt, J =
11.7, 7.4 Hz, 1H), 3.78 (t, J = 6.4 Hz, 2H), 2.61 (qd, J = 6.5, 1.8 Hz, 2H). *C NMR
(101 MHz, CDCl3) ¢ 139.1, 134.2, 130.4, 129.9, 129.6, 128.8, 127.0, 62.5, 32.1.
HRMS-ESI (m/z): calcd for C1oHiiCIOK' [M+K]"221.0130, found 221.0111.

(2)-4-(3-methoxyphenyl)but-3-en-1-ol (Z-3f)

— OH Colorless oil, 30.6 mg at 0.20 mmol scale, 86% yield. 'H NMR

(300 MHz, CDCl3) 6 7.28 —7.23 (m, 1H), 6.91 —6.77 (m, 3H), 6.57

OMe (d, J=11.7 Hz, 1H), 5.70 (dt, J=11.7, 7.3 Hz, 1H), 3.82 (s, 3H),

3.76 (t,J = 6.4 Hz, 2H), 2.63 (qd, J = 6.6, 1.8 Hz, 2H). 3C NMR (75 MHz, CDCls) ¢

159.6, 138.7, 131.7, 129.3, 128.7, 121.4, 114.5, 112.4, 62.6, 55.4, 32.2. HRMS-ESI
(m/z): caled for C1iH15O," [M+H]" 179.1067, found 179.1069.
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(2)-4-(o-tolyDbut-3-en-1-0l (Z-39)

__ oH Colorless oil, 30.1 mg at 0.20 mmol scale, 93% yield. 'H NMR
C;j,\;_/ (300 MHz, CDCI3) 0 7.22 — 7.15 (m, 4H), 6.61 (dt, /=114, 1.8
Hz, 1H), 5.75 (dt, J= 11.4, 7.4 Hz, 1H), 3.69 (t, J = 6.5 Hz, 2H),
2.45(qd, J= 6.6, 1.7 Hz, 2H), 2.26 (s, 3H). *C NMR (75 MHz, CDCls) 6 136.4, 136.4,
131.1, 130.0, 129.1, 128.2, 127.2, 125.5, 62.6, 32.0, 20.0. HRMS-ESI (m/z): calcd for
Ci1iHi4ONa" [M+Na]" 185.0937, found 185.0931.
(£)-4-(naphthalen-1-yl)but-3-en-1-0l (Z-3h)

- oH Yellowish oil, 36.8 mg at 0.20 mmol scale, 93% yield. 'H
NMR (300 MHz, CDCl3) 6 8.00 — 7.97 (m, 1H), 7.87 — 7.76
(m, 2H), 7.51 — 7.36 (m, 4H), 7.06 (d, J = 11.4 Hz, 1H), 5.98
(dt, J=11.4, 7.4 Hz, 1H), 3.69 (t, J = 6.5 Hz, 2H), 2.44 (qd, J = 6.6, 1.7 Hz, 2H). 13C
NMR (75 MHz, CDCls) 6 134.4, 133.6, 132.0, 130.1, 130.1, 128.5, 127.6, 126.5, 126.1,
125.9, 125.4, 125.0, 62.6, 32.3. HRMS-ESI (m/z): caled for Ci4sHisO" [M+H]"
199.1117, found 199.1128.
(£)-4-(cyclohex-1-en-1-yl)but-3-en-1-ol (Z-3i)

__ oH Yellowish oil, 25.3 mg at 0.20 mmol scale, 83% yield. '"H NMR

(400 MHz, CDCl3) 6 5.92 — 5.88 (m, 1H), 5.66 — 5.65 (m, 1H), 5.26

(dt, J=11.8, 7.5 Hz, 1H), 3.66 (t, J = 6.5 Hz, 2H), 2.53 (qd, J =

6.6,1.7Hz,2H), 2.16 —2.07 (m, 4H), 1.65 — 1.54 (m, 5H). *C NMR (101 MHz, CDCl;)

0135.3,134.9,128.2,124.5,62.9,32.5, 29.1, 25.7, 23.0, 22.2. HRMS-ESI (m/z): calcd
for C1oH;7O" [M+H]" 153.1274, found 153.1287.

(E)-2-styrviphenol (52)

OH Pale yellow solid, 33.4 mg at 0.20 mmol scale, 85% yield. '"H NMR

O X O (400 MHz, CDCl3) 6 7.56 — 7.54 (m, 3H), 7.41 —7.36 (m, 3H), 7.30

—7.27 (m, 1H), 7.19 — 7.12 (m, 2H), 7.00 — 6.95 (m, 1H), 6.83 —

6.81 (m, 1H), 5.10 (s, 1H). 3C NMR (101 MHz, CDCls) § 153.1, 137.7, 130.3, 128.8,

127.7, 127.4, 126.7, 124.8, 123.1, 121.3, 116.1. HRMS-ESI (m/z): calcd for
CisH12ONa" [M+Na]"219.0780, found 219.0796.
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(E)-2-(4-methoxystyryl)phenol (5b)

o ome Yellow brown solid, 39.8 mg at 0.20 mmol scale, 88% yield. 'H
X O NMR (300 MHz, CDCl3) 6 7.52 —7.46 (m, 3H), 7.20 — 6.79 (m,

7H), 5.03 (s, 1H), 3.84 (s, 3H). '*C NMR (75 MHz, CDCls) §
159.4,152.9,130.5,129.9, 128.4, 127.9, 127.2,125.1, 121.3, 120.9, 116.0, 114.2, 55.5.
HRMS-ESI (m/z): caled for CisHisO2" [M+H]"227.1067, found 227.1077.
(E)-2-(4-fluorostyryl)phenol (S¢)

o F  White solid, 35.1mg at 0.20 mmol scale, 82% yield. 'H NMR
X O (300 MHz, CDCl3) 6 7.47 — 7.41 (m, 3H), 7.21 — 7.20 (m, 1H),

7.12 - 6.87 (m, SH), 6.76 — 6.73 (m, 1H), 4.97 (s, 1H). 3C NMR
(75 MHz, CDCl3) 6 162.4 (d, J = 245.6 Hz), 153.1, 133.9 (d, J= 3.3 Hz), 129.0, 128.8,
128.1 (d, J=7.9 Hz), 127.3, 124.7, 122.9 (d, J=2.4 Hz), 121.3, 116.0 (d, J = 14.2 Hz),
115.6. ’F NMR (282 MHz, CDCls) 6 -114.33. HRMS-ESI (m/z): calcd for C14H12FO*
[M+H]" 215.0867, found 215.0885.
(E)-2-(3-methylstyryl)phenol (5d)

me Paleyellowsolid, 40.0 mgat 0.20 mmol scale, 95% yield. '"HNMR

(300 MHz, CDCls) d 7.58 — 7.54 (m, 1H), 7.42 — 7.37 (m, 3H),
7.31-7.28 (m, 1H), 7.21 — 7.10 (m, 3H), 7.01 — 6.96 (m, 1H), 6.85

(e
7

— 6.82 (m, 1H), 5.11 (s, 1H), 2.41 (s, 3H). *C NMR (75 MHz,
CDCls) 6 153.0, 138.3, 137.6, 130.4, 128.7, 128.7, 128.6, 127.3, 124.9, 123.9, 122.8,
121.3, 116.0, 21.6. HRMS-ESI (m/z): calcd for CisH;sO" [M+H]" 211.1117, found
211.1128.
(E)-2-(2-methylstyryl)phenol (5e)

Me Yellow brown solid, 37.0 mg at 0.20 mmol scale, 88% yield. 'H
OH

~ NMR (300 MHz, CDCl3) & 7.65 — 7.62 (m, 1H), 7.55 — 7.52 (m,

1H), 7.38 — 7.33 (m, 1H), 7.27 — 7.14 (m, SH), 7.00 — 6.95 (m, 1H),
6.84 — 6.81 (m, 1H), 4.98 (s, 1H), 2.43 (s, 3H). °C NMR (75 MHz, CDCls) 6 153.1,
136.7,135.9, 130.5, 128.8, 128.4, 127.7, 127.6, 126.3, 125.6, 125.1, 124.4, 121.3, 116.1,
20.1. HRMS-ESI (m/z): caled for C1sHisO" [M+H]"211.1117, found 211.1126.
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(E)-2-(prop-1-en-1-yl)phenol (51)

OH Yellowish oil, 24.4 mg at 0.20 mmol scale, 91% yield. 'H NMR (400
MHz, DMSO-dg) 0 9.45 (s, 1H), 7.33 — 7.30 (m, 1H), 7.01 — 6.97 (m,
1H), 6.79 — 6.70 (m, 2H), 6.61 — 6.57 (m, 1H), 6.24 — 6.15 (m, 1H),

1.84 — 1.82 (m, 3H). *C NMR (101 MHz, DMSO-de) 6 154.0, 127.6, 126.1, 126.0,
124.6, 124.2, 119.0, 115.5, 18.7. HRMS-ESI (m/z): caled for CoH;;O" [M+H]"
135.0804, found 135.0805.

(E)-2-(3-(trimethylsilyl)prop-1-en-1-yl)phenol (5g)

OH Yellowish oil, 34.2 mg at 0.20 mmol scale, 84% yield. '"H NMR
©/\/\S"\"es (400 MHz, CDCl3) 6 7.28 — 7.26 (m, 1H), 7.08 (td, /= 7.8 Hz, 1.6
Hz, 1H), 6.90 — 6.78 (m, 2H), 6.40 — 6.36 (m, 1H), 6.24 — 6.16
(m, 1H), 4.94 (s, 1H), 1.71 (dd, J = 8.2 Hz, 1.2 Hz, 2H), -0.06 (s, 9H). '*C NMR (75
MHz, CDCL) o 152.4, 130.7, 127.6, 127.2, 125.8, 122.4, 121.0, 115.7, 24.5, -1.7.
HRMS-ESI (m/z): calcd for C12H190Si" [M+H]*207.1200, found 207.1186.
(E)-2-(2-cyclopropylvinyl)phenol (Sh)

oH Brown oil, 27.9 mg at 0.20 mmol scale, 87% yield. 'H NMR (300 MHz,
w CDCls) § 7.31 — 7.28 (m, 1H), 7.10 (td, J = 7.7 Hz, 1.7 Hz, 1H), 6.92
— 6.87 (m, 1H), 6.82 — 6.79 (m, 1H), 6.66 (d, J = 15.8 Hz, 1H), 5.72
(dd, J = 15.8 Hz, 9.0 Hz, 1H), 4.94 (s, 1H), 1.69 — 1.57 (m, 1H), 0.89 — 0.83 (m, 2H),
0.57 — 0.52 (m, 2H). *C NMR (75 MHz, CDCl3) 6 152.3, 137.7, 127.9, 127.2, 125.1,
121.5,121.0, 115.8, 15.1, 7.5. HRMS-ESI (m/2): caled for C1;H;30* [M+H]* 161.0961,
found 161.0976.
(E)-2-(3.3-dimethylbut-1-en-1-yl)phenol (5i)

oH Yellowish oil, 17.6 mg at 0.20 mmol scale, 50% yield. "H NMR (300

@/\V‘B“ MHz, CDCl3) § 7.32 (d,J= 7.7 Hz, 1H), 7.10 (d, J= 7.9 Hz, 1H), 6.89

(d,J=7.7Hz, 1H), 6.79 (d, J= 8.1 Hz, 1H), 6.49 (d, J= 16.2 Hz, 1H),
6.22 (d, J = 16.3 Hz, 1H), 4.94 (s, 1H), 1.14 (s, 9H). *C NMR (75 MHz, CDCl;) ¢
152.6, 144.5, 128.1, 127.4, 125.2, 121.0, 118.8, 115.8, 33.9, 29.7. HRMS-ESI (m/z):
calcd for C12Hi160ONa' [M+Na]" 199.1093, found 199.1107.
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(E)-2-bromo-4-methvl-6-styrylphenol (5})

OH White solid, 49.2 mg at 0.20 mmol scale, 85% yield. "TH NMR (400
" T MHz, CDCl3) 6 7.54 (d, J = 7.3 Hz, 2H), 7.41 — 7.25 (m, 5H), 7.20

Me — 7.13 (m, 2H), 5.62 (s, 1H), 2.30 (s, 3H). '*C NMR (101 MHz,
CDCl3) 0 147.5,137.6, 131.2, 130.4, 128.8, 127.8, 126.84, 126.78, 125.4, 123.1, 111.0,
20.5. HRMS-ESI (m/z): caled for CisHi4”’BrO* [M+H]*289.0223, found 289.0235.

(E)-4-bromo-2-styrylphenol (5k)

OH Orange yellow solid, 51.7 mg at 0.20 mmol scale, 94% yield. 'TH NMR

el (300 MHz, CDCl3) 6 7.65 (d, J= 2.4 Hz, 1H), 7.55 — 7.52 (m, 2H), 7.40

Br —7.21 (m, 5H), 7.10 (d, J=16.4 Hz, 1H), 6.69 (d, J= 8.6 Hz, 1H), 5.19

(s, 1H). B*C NMR (101 MHz, CDCl3) 6 152.2,137.2,131.3,131.2, 129.7, 128.8, 128.1,

127.0, 126.8, 121.7, 117.7, 113.4. HRMS-ESI (m/z): calcd for Ci4H;1””BrONa*
[M+Na]"296.9885, found 296.9906.

(E)-2-(1-phenvylprop-1-en-2-y)phenol (51)

OH Yellowish solid, 40.4 mg at 0.20 mmol scale, 96% yield. "H NMR (400

(j)w " MHz, CDCl5) 5 9.43 (s, 1H), 7.39 — 7.38 (m, 4H), 7.26 — 7.22 (m, 1H),

7.18 —7.09 (m, 2H), 6.86 — 6.77 (m, 2H), 6.50 (s, /H), 2.19 (d,J=1.3

Hz, 3H). >*CNMR (101 MHz, CDCl3) 6 154.4,137.8,137.6,132.3,129.2, 128.9, 128.4,

128.22, 128.16, 126.4, 119.0, 115.6, 18.8. HRMS-ESI (m/z): calcd for CisH14OK"
[M+K]"249.0676, found 249.0678.

9. References
[1]R. Uson, L. A. Oro and J. A. Cabeza, Inorganic Syntheses. 1985, 23, 126.

S10



5609°7,

95192
[483°)r4
0£L£9°C
£0r9'e
9Z59'¢C

9559'Z
88597
£199°7
ELL9°T
zeg9'Z’
ZSSLE
muR,mv
v86L'E
BSL9°S,
£00£'S
IPLLS
6YZL'S
Z6EL'S
BEOL'S
9685'9
85659
1209'9
8299
hwmw.m_‘
60%9'9
SLETL-
L8€7L
86574
£1202 008 L
0£8ZL
L68Z'L
=184
8lZEL
SLES°L
PEREL
95pE YL
6£9€'L
€L9g'L

LeELe L
6L L]

10. NMR spectra of products

OH

Z-3a
"H NMR, CDCl3, 300 MHz

koo’

00'L|

Figs

EX)

a5

10.0

5

1.0

SLLLEZE—

SBr9'Z9—

£10020091°LL—

N
I
=
= o
o N~
£ZS6'9ZL |nm
PLSE8ZL c O
Emm,mﬁm ® N
8ELLLEL N

eoLgsL’ C,
4
=
P
O

[9p]

i0

&0 70 &0

a0
1 dppa)
S11

110

180 120

160

17




mhvaN
mmmmAN
¢L6SC
1609'C
9€19¢C
¢l29C
91€9¢C
9EV9'C
18v9C

80€L°€\
onvn,mw
2e9L'e

8609'G
08¢9'S
88€9'G
€9Y9'S
¢L59'S
GSL9'G
L7ES'9
88€G'9
GEVS'9
1€95°9
61959
92.S'9
LOELL
L9G1°L
0661°L-F
c6leL
€1000 009Z°L

OH

Z-3b

Me
"H NMR,CDCl;, 400 MHz

AL

=€0'¢
F60C

=0T

Feo'l

=100

#20C
00T

4.0

4.5
£1 (ppm)

7.5 7.0 6.5

8.0

8.5

60LE LT~

66F L ZE—

0£89'Z9

£10a20091°LL—

L£509°LELy
LLLL8BTLY
09v0'6Z1L
om:mu___m_u_\H
sLevrveL’f

mmmw.wm_.___

OH

Z-3b
3C NMR, CDCls;, 75 MHz

Me

B0

%
rpat
S12

T T T
130 120 110

140

150




POYSZ, e
LSPS'Z
£955°Z
01952
5£95°7
€7LST
15452
v6.5°Z
01652/
15652/
S0£L°€y
19v2°E FE0'T
£79L°E

CLZOEE—

£E5V'79— -

£1202009L°4LL—

-10

8269'S) ]
ZLLL'S i
0zTL'S .
L6TL'S
vovLS .||J_.|oo._
684G e
oot
4,502}

mqmw.m/‘.
86'L

OH

T
96879 o
Sr6b'9
Zr1s 9]

06 _.m.i _

SLE80TLA
OLLT6ZLy
£08Y 0L
1565051+

LETS9
BLOLL

S13

T T
120 1o

T
130

Z-3c
, CDClj, [400 MHz
J

_.vmw,_.m_.u_ﬁ

mmw_.,mm_.\

048174
BLLLL
6ZBLL
£1202 009Z°L
LSEV'L
rLvy'L
[4:14 2
LLSY L
SZovL’

Br Z-3c
3C NMR, CDCls, 75 MHz

SN E N

Br
TH NMR

140




L165C
2965C
8.09¢C
€219¢C
9€C9C
€929'C
¥0€9°C
[444°X4
89v9'C

mmmh.m/
Pmnhmﬂ
206L°€ /
€916'¢

108L°S
986.'G
¥608'S
0.18'G
6.28'G
yor8's

16859
66859
87659
rL99
06199
8€C9'9
€1000 009 L—
€89€°L
68.E°L

8066'L~
611087

—
wIM
T N
o) an
=
o
S
<t
= O
N g -
[a
QU =
Sz ,.
s &

=00¢C

FE0T
=e0¢

4.0

4.5
£1 (ppm)

T
5.0

k0L

0L

F€0'C

F86') [

OH

SvrlLeze—

90£2°ZS

BLST Z9—

Z-3d
13C NMR, CDCl3, 75 MHz

MeOzC

£0Z5'8Z 1
orLe'8zlL F,
£289°6ZL~
zevo-osL
s088'0£L’

8LEO ZPL—

o8O L91l—

PN Y AR 0 5 i s

=10

T
20

T T
130 1

140

150

gl

S14



vPZLS T
S8LS'T
res’e
B6665°C
LE0g9'e
Zs19'e
LBL9°T
Ldd4: 4
86£9°Z
mme.N__
9€8/L°¢E
0s hh.mv
S96L°E

NNNh.m._
LIvL'S
LL9L'S
CLLL’S
958L°S
_.o_fw,m\
LoLs's
g9 _.m.m#
6ZZ5°9
Z6vS'9
55559
61959
6ZBLL
L10TL
SL0T°L
SELTL
€0zTL
SPeETL
LOVE L
89vZ L
£1202 009T°L
[4:T44r
[44: T4
£48T°L
29674
0Zog'L
LBoL L
LLLe'L”

OH

Z-3e
"H NMR, CDCl;, 300 MHz

Cl

Floz

Fave

Foo'L

FoO'Lf

/66'L
1z

T
9.0

10,0 9.5

10.5

1.0

12.5

bl

11

12.0

120

g

£

6090°ZE—

5ZBy 79—

“E 00

£520°LZL

9£Z8'8Z14
665621
£7L8°67L
8Lr05L
svzzyst)

wwm_..mm_.___

I
)

Z-3e
13C NMR, CDCl3, 75 MHz

Cl

|

100

110

{rpa)

£

S15



SL6S'T,
9/65°C
SEL9°T
L6L9°Z
vZZ9'z
SPE9'T
0BE9'T
SEV9T
16592
15997/
E9EL 78
LLSLE f.
z6LL¢
vLL8'g!
8859°S)
££89°S
9/69°5
6L0L'S
szzL's
Love's’
BLVS9
69859
S6LL9
LTBLD
v88L°9
9L6L'9
LLOB'9
zol8'9
09189
L6L8'9
LLSB'9
BLSEB'9
95989
L6889
9£68°'9
L¥Le'9
BEBLE'9
8EE£TL
8657°L
£1202 0097°£
6592
£98z'¢’

OH

OMe
Z-3f
"H NMR, CDCl3, 300 MHz

=o'l

~00'L
~90'%
~5T'1

)

79812~

S0SE'S5—

SEF9'Z9

6Ly ZLL—
887 pLLY
S68ELZL—
8569'8ZL+
SLECBZL—
os£9°1gL”
v90.L 8EL~

SE856SL—

I
©®)

OMe

Z-3f
13C NMR, CDCl3, 75 MHz

=10

(o2
S16




s197°2,
r8OF'T
L¥LE
c0sP'Z
L5507
88stZ
LLSFET
0Sst'¢
£00¥'Z
soLrT
szt
S0L9°%
ZZe9°%
orLLs

e e ——

e

SB0L°S
LEEL'S
19VL°S
LLSE'S
SLLLS
096L°S
£985'9
mmmm,m.w
78659

7799
£0£9'9
¢9£9'9
09512
9591,
srLLL
6Ll L
SS8LL
ST6LL
£807°L
oLzzL

£13023 009Z° £

/

€02

w00’ L

=001

—— 0

\ / Me
Z-39
"H NMR, CDCl3, 300 MHz

Otv0°0Z—

£186°LE—

6Z£9°€9—

£1200 009+EE

m

fl (ppa)

£9£5°521
86 L LTL
mmMN.mN_L,M
SPLO6TL -
hnmm,mn_%
mnmo._.m_.h__
2657951
veLyogL’

OH

Me

Z-39g
13C NMR, CDClj3, 75 MHz

&
Fea
S17




290b°7,
zzIv'T
v8Tr'T
LEEVT
695b'Z
861z
zsst'zy
vBSP'Z
LrivT
zosv'z/
6£99°€
95895
srosg!

mowm.ma
9596°S
L6LE'S
£066°S
82009
3889,
EVLO LA
£1202 009T" &L~
959¢°L
os8g’ /L
0e8L°L
LEBE'L
LZEV'L
SSSPL
LESY L
£e8rs
LTBY L
BS6Y'L
BZOS'L
£905°L
SSLSL
£L9L°L
9LLL L
PreL L
BB6L L
LiveL
L858°L
L6LB'L
594674
6800°8°

OH

Z-3h
"H NMR, CDCl3, 300 MHz

=LBL

860

0oL
rS6°E
002
660

BELTZE—

LPSSZ9—

€12a2009L°£LL—

mMNO.MN_.._
696£'5ZL
BLZE'SZL
9£50'9Z1L4
BLEYF ' 9EL
S995°LEL—
SrLS'8ZLf
vevoostL
L8L0O0EL
LESELEL
6Ly EEL
962t vl

p—

OH

Z-3h
13C NMR, CDClj3, 75 MHz

100

110

120

518



L9bsL
8LSS'L
LSSS'L
a19s5’L
r99s5’L
6895°L
£9/5°L
SLes’'L
958571
L0Z9°L
8oL
r6Z9°L
06£9°L
rrro’L
SZTS9'L
£980°C
SL60°C
LSB0°T
ozolL'e
sLolL'e
gLLre
o8zL'e
[4%34 w4
£8EL'Z
LEVL'T
L8rL'e
ersLe
LBSL'T
BE9L'Z
[4 444
SLTST
LLVPS'E
BSYS'T
LLFO'E
FESO'E
9649°F
EEVT'S
BELET'S
SL59'S
9959'S
S099's
§599°S
0888'S
BZ6EB'S
£8L6'S
LEZIB'S
£1003 009Z°£°

]

OH

Z-3i
'"H NMR, CDCl;, 400 MHz

|

|

Fivs
LZev

Fzoz

80T

“oo'L
yE0'L
F00'L

95917721
SSPEZZ~
6522627
S Z.mmmﬂ
vLLvZE

B0Z6°79—

£1000003L°LL—

cwm_w.e.N_..%
L9LL'BEZL~
riBrEL
00sZ's£L

Z-3i
13C NMR, CDCl3, 101 MHz

BT ) WA SR P SRR S WA 17 SRVRBSr—

130

-10

S19

£l

110 100

120

140



6001°S—
oLL8'9,
75589
65569
05469
SL66'9
802Z1°L
pEPL L
vIvLL
L1Z9L"L
818LL/
8581,/

£1703 009Z°L
¥99Z°L
98.7'L
0L62'L
18s€°L
sLL°L
0965°L
'L
pLYSL
8095

OH

X

5a
"H NMR, CDClj;, 400 MHz

= 00'L

OH

mmg,mh/
£1200 Oom_..n_n..w
SLLVLL

mnmo.w:,
womN.Fﬁ,___
s0s1°sz1"
v528'bZLL
PrE9'9Z L
SLSELTL

L8YLLTL

6L 8T
L£8Z'0€ T___
(FAVIAE

j2-T4 318

X

a

5
13C NMR, CDCl;, 101 MHz

160

520



£8/b'SS—
I
zLs8's —= |sog| . Y9EL'IL
[+ £D02 009L°LL
, Ls@s L/
6620'S— © — ool
= N : 98zZ'plLL,
o I & £586'SLLY [
= ) 501602 | = N
o 2 08pzLZLY ©)] I
£V6L°9, ) Z580°5Z1Ly >
v068°9) ™ L 9551°LZL L O
6850°L) - R 968 L7117 ~
9£60°L+| o0 e Lo02) 2 8rlyezl’
Ly 20 T r90'L}2 . -
£20Z°L~ — | 6526'671 )
€120 0092°2” \ 0 N ) Jigel A, £05°0¢L’ O
o = 6T} o
ZL9vL @) v 0
LO6Y"L - | = Z0Z6'ZSL \ O
L T i ) SSOv'6SL— ;
o) = o o
=z i T >
T = o Z
Fa ®

60

521

00

110




£TLE'Y—

6L2L°9,
LLEL'D
9SL'9
845L°9
20£8'9)
£910°2)
LLSO'L}
$6LLL
v86L°L T
9502°L]
€102 009Z°L’
oLLyL
L62v'L
vOvt'L
L85b°L
9oLt

F
OH
NN

5c
"H NMR, CDCl;, 300 MHz

~00°LF

e — \‘No.—.

e /5

= *90°L

D FS0'EL -

0.0 (

0,

0

5.0

7.0

8.0

9.5

10.0

0LEL°9Ly
£1200009L°LL \,
9¢85°LL’

9595'SLL,
5Z58'SLL

9Ly0'9LL

98LE Lzl

L006'ZZL

61£6°2Z1L

9559'vZ 1"
L097°LZLA}
¥560'8Z1 -
600Z'8Z17
£918'8Z1
8556'8Z1
0206°S51 ]
SOv6'EEL
9vSO'ESL~
LL08°09L~
918091~

AR A A AN P

F
OH
NN

5¢c
13C NMR, CDCl3, 75 MHz

10

10

10

190 180 170 160 15¢

200

S22



F
OH
A

Sc
9F NMR,CDCl;, 282 MHz

—-114.3312

T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90

T
-100

£1 (ppm)

523

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

~200

T
-210



SLLY'C

o
=

62048,
8228'9
Z9v8'9
S6t8'9
v196'9
9986'9
6£10°L)
0£60°L7
pLSL L~
LSLLL
€120 009Z°L"
SLLT L
0s82°L
6605°L
0L95°L
1885°L
LzevL
SYYSL
v6vS L
L0LS°L
1sss°2’

0.0

X

5d
'"H NMR, CDCl3, 300 MHz

OH

o
=

L0457

£9EL°9L
€£1202 009L°LLF
Legs e/

ZZwo9lLL,
vz 1zl
LLo8ZZL

8/68'€7L

8v98'vZL,
zSTELTLY
8Z65°8ZL
9189'8ZLF
50z 8zL
Lg65°0gLf
7885 /5L
z9gs'gsl’
LSPO'ESL—

10

X

5d
13C NMR, CDCl3, 75 MHz

OH

[

524

120

110

150

170

180

200



7280°0Z—
-
SLev'Z— — Fso'gl=
v9EL'9L
I €102 009L°LL
- L£85°LL7
| & v€S0°9LLy
$6L6'7— S T vz8zT'LZL
08089, 558€'bZ1
£118'9 N I 66Z1°SZL
08£8'9 I §555°5Z1
Z9v6'9 = - LOE'9zZL
ZLL6'9 o y £855°LZ1
71669 o I 6SLLLTLA
S6ELL) ™ (60°L] ° 295£'8214
8591°L7 & — p0'L| . v808'8ZL .
Z961°L P o O - M ,0£°s - 7505051
6L22'L s \ - nDu = 0l 6Z16'SEL]
€102 009Z°Z = }o0'L[" czrL 95l
1992°L o oot 8660°€5L—
LOSEL - HS
8v8sL T o
£025°L O > L
1525°L prd
65Y5°L L=
8055°L ,m_n
LvZ9°L -
L0592’

10

525

X
5e
13C NMR, CDCl;, 75 MHz

Me
OH

70

180 1

190




| gzvL8l—

95181,
8618°L
tzge' L/

g9gg'L’
9pP-0SIWA 0005°Z— —

e

L2519,
85819
sZ61°9
060Z°9
LZvZ'9
S0L5°91
v0L9'9
voon.m._
88LL 9
8SE£L°9
089,'9+
906£°'9’
22L6'9’
£926'9
Zv66'9
S0LOL
SvL0'L
veosL
zL0g'L
L228°L
£925°L’
Z550°6— ~————— F00°LL

Me

. m:,m.m:._, o
.J hzo'L L5806LLY <
—) vL6°0f BZEC e_N_..___.
= €07 6719V Ly
~ZOLFE £520°971 \
660 88019z 1
4 L zsesLzL!

5f
"H NMR, DMSO-dj, 400 MHz

OH

X

T
‘ o

< LZE0PSL—

526

10

U]

1

130

5f
13C NMR, DMSO-dg, 101 MHz

"“"l".““"'""""'““”m

190




£/202

££90°0—

SL0L'Ly
SvOL Ly
61241
evzL L

cvrer—
04519,
SLL1°9
99619
891791
£/52°9
L5959
1sov's/
sigzof
Lb08'9’
8L.8'9
8868'9
9L50°L
£190°Z
LLLOL
£080°L
0960°Z
LooL'z
0097Z'z
6797'L
S8L2'L
vzezs

OH

SiMe;

X

59
"H NMR, CDCl;, 400 MHz

3
3 ~bL'6

— iz

-— *00°L

05

8seL’'L-—

0Z8r'vZ—

L9EL9L
€120 009L°LL
8zesLL’

06ZL'SLLy
¥0S6°0Z1
80TY'ZTTL|
£878'SZL~
7607 LTL
LesoezL
£6690£L’

8r8L'ZSL—

OH

SiMe3

X

g

5
13C NMR, CDCls;, 75 MHz

10

S27

160 B

]

190 180



59150
8LE50
78550
rivsS0
78950
64280
0zZv8'0
£8¥8°0
16980
8068°0
8LLS Ly
SSLY°Lf
wmwm,_g
8859'L
veg9oL’

LSE6F
88.9'S,
68045
S1EL'S
919s's’
ovr9'9,
8969'9
098£'9-;
z918'9
v698'9
689
12269
ovLOL
S6L0°L
000L°Z
0s0L°L
LszL'z
LOSL'L
28L7L
SV8TL
8805°L

X

OH
5h
"H NMR, CDClj, 300 MHz

LL M
uw
~
"

=, [00'L}

e /50

i |Il|u Hmmc v
3
i

rLO'L
log'L

_Bm.o

K0

10.5 100 9.5

S80S°L—
7960°SL—

OFLLSLLy

S0 _.N_.J____f
S9TS' LT~
SELO'STL~
mmnN.hN_.%
LB LEL

0L59°LEL—

£987°¢SL—

OH

5h
13C NMR, CDCl3, 75 MHz

-0

%
528

140

10 150

0




- Lo
L8ELL— M SET6|
[~ 90167
6988'55 -
B £952°9L
z £1902 009L°£L}
sessss/
Z856'r— N - H.co;.m_m
90619, W =
6vb2'9
- u I
oLov' @ o L89Sy
1515’9 nmUu c 0s9L/8LL+
v6LLS) == b0l [V66'0ZL~
£908°9, \ » — 1901l Z96L'STL~
6v98'9) -0 s 8TsY LTL]
mr_wwm.ww 5 =< = o] zzsoszL/
! - =
= Lyl
wmmwm. I S T RS0t S0ZS'phl
iy 5 R
£peLL o " 5865251 —
£207 00922 = =
SpLEL Z
g6gg L T
A -

10

{Bu
5i
13C NMR, CDCl;, 75 MHz
S29

OH

150

160




S£02°C—

S£29°'5—
682L°L,
00LL'L
1861°L
9L0Z'L
6252°L;

£1702 009Z°Z
L125°L-
vLYE L
r4V2 2
zs8s'L
LZI'L
LIES°L
0055°2

—

OH

Ph

Br

Me 5j
"H NMR, CDCl3, 400 MHz

FZLE]

=00°L| ©

»oLg|’

0.0 0.5

0.5

I6E’S| .,

=602

LSPST0Z—

OH

<
o

/

Br

Me 5j
13C NMR, CDCl3, 101 MHz

£1000 009L°LL

mNg.mhv
9LV LL

8656°0LL—
6060°EC L
£985°571
LLBLITLA:
oore9ZlL
£8ERLTLS
606L'BELY
296920l
oLsl'LE _.\__ﬁ
LEL9'LE _.L__
SEESLVL-

1o

20

3

B

150 150 170 160 150 140 130 13 1] 100 a0 =)

200

S30



Z06L°S—
88499,
£L0L9
£040°Ly
0sZlL’L
0z1LZ'L
SovZ'L
£120D0 009Z°L+
LyoZ'L
WLE L
SESE°L
0642°L’
STOov'L]
20zs’L
[44 42
S8vs’L
v8vo’L
£959°’

OH

Ph

N
I
=
o
(@)
™
- ~
4
s ]
(@)
f -
D
=
pd
I
J 160
860
lw /660
] —— Ry
— F00°L

0.5

0. §

0.0

9.0

10,0

€123 0091°LL

thm.whv
BLLYV LL

ozoL Ll
5959 _.N_.JH__.

0608971
5586'9¢ _.W
R

BLEV'EL J

L6L18zL
65b8'8ZL
6159621
LsoLLEL
mmmw.ﬁt\
SpBLLEL
£951°Z5L—

OH

Ph

5k
13C NMR, CDCl3, 101 MHz

Br

10

30

10

180 170 160 150 1o 130 120 1o 100 90 B0 70 60
(ppm)

190

200

S31



6561°2,
LL6L°Zy
va.m_,,
65612
9pP-0SWa ooom.m\v
vv0S'2]
68052’

Z561°'9:
8ZLL9
$68L'9
8608'9
88£8'9
88589,
7980°L
vSOL Ly
EIZ4 WA
€9L1°L ﬁ
002Z'L

9LbZ L
Z1sTL
2597L
RS.L
885,

9¢eV’6

w 66'Z ,
|
N
I
= !
o f
o
£ S |
- |
© |
/ 2 |
v » ‘h
M |
I
®) (@] ; 160
0y 90T
o ﬁmo.m
= = Lot
P — 0P}
T W
| ~00L

viLsl—

0v68'8%,
BZOL'6L
LLlEBeE

88765
LLE6'6E
zovL oy’

TEOaTTOoUTT Ch)N

Ph

X

I
£OV9'SLLy ©
SBE6'8BLL 4_5
S9L£'9ZLy
Z851'8ZLA|
cmNN,mﬁwM
oLegEszL

5|
8C NMR, DMSO-dg, 101 MH%

12488217
z961'621/
mmmm,wm;
§8£5°L51

09sLLsL’

85lypsL

&)

|60

18

2

532



