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The structures of the starting material 2a-2m
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The structures of the starting material 6a-6h
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General method

All melting points were determined on a Yanaco melting point apparatus and are
uncorrected. IR spectra were recorded as KBr pellets on a Nicolet FT-IR 5DX
spectrometer. All '"H NMR (400 MHz) and °C NMR (100 MHz) spectra were
recorded in CDCls. TMS was used as an internal reference and J values are given in
Hz. HR-MS were obtained on a Bruker micrOTOF-Q II spectrometer. PE is
petroleum ether (60-90 °C). All a-keto acids!'"! (2a-2m) and 1-iodoalkynes!”! (6a-6h)
are known compounds. They were purchased directly or were prepared according to

the reported procedures.
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Synthesis of 3-phenyl-4-iodo-5-(4-methylphenyl)-5-hydroxy furan-2(5H)-
one (7a). A mixture of 1-iodo-2-(4-methylphenyl)-ethyne (6a, 0.6 mmol, 145 mg),
2-ox0-2-phenylacetic acid (2a, 0.5 mmol, 75 mg) and BF;-Et,O (0.1 mmol, 14 mg)
in toluene (2 mL) was stirred at 40 °C for 1 h (monitored by TLC). After the
reaction was cooled down to room temperature, it was quenched by addition of
brine (15 mL) and the resultant mixture was extracted with EtOAc (3 x 15 mL).
The combined organic layers were washed with brine (2 x 15 mL) and dried over
MgSO,. The solvent was removed by vacuum and the residue was purified by
flash chromatography (silica gel, 25% EtOAc in PE) to give 186 mg (95%) of the
desired product 7a as a white solid, mp 152—154 °C. IR (KBr) v 3264, 1744 cm™;
'H NMR (400 MHz, CDCl3) d 7.70-7.63 (m, 2H), 7.46-7.38 (m, 5H), 7.25-7.20
(m, 2H), 4.64 (s, 1H), 2.37 (s, 3H); *C NMR (100 MHz, CDCl5) 6 168.5, 139.9,
136.6, 132.8, 129.8, 129.3 (2C), 129.0, 128.9 (2C), 128.4 (2C), 126.3 (2C), 125.7,
106.0, 21.3. HRMS m/z (ESI) calcd for C;7H 3103, (M+Na)+ 414.9802; found,
414.9803.
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1-(4-Methylphenyl)-3-phenylprop-2-yn-1-one  (la). A  mixture  of
1-iodo-2-(4-methylphenyl)-ethyne (6a, 0.6 mmol, 145 mg), 2-oxo-2-phenylacetic acid
(2a, 0.5 mmol, 75 mg) and BF3-Et,0 (0.1 mmol, 14 mg) in toluene (2 mL) was stirred
at 40 °C for 1 h (monitored by TLC). After it was cooled down to room temperature,
powder K,CO; (1 mmol, 138 mg) and DMSO (1 mL) were added. The resultant
mixture was stirred at 60 °C for another 20 min and was then cooled down to room
temperature. The mixture was poured into water (15 mL) and was extracted with
EtOAc (3 x 15 mL). The combined organic layers were washed with brine (2 x 15 mL)
and dried over MgSO,. The solvent was removed by vacuum and the residue was
purified by a flash chromatography (silica gel, 5% EtOAc in PE) to give 102 mg (93%)
of 1a as a yellow solid, mp 64—66 °C (lit.*! 68—70 °C). '"H NMR (400 MHz, CDCl;) &
8.11 (d, J = 8.1 Hz, 2H), 7.68-7.66 (m, 2H), 7.50-7.44 (m, 1H), 7.44-7.38 (m, 2H),
7.31-7.29 (m, 2H), 2.43 (s, 3H); °C NMR (100 MHz, CDCl;) 6 177.6, 145.2, 134.5,
132.9 (2C), 130.6, 129.6 (2C), 129.3 (2C), 128.6 (2C), 120.1, 92.5, 86.9, 21.8.

The ynones 1b-1z were synthesized by the similar procedure.
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1-(3-Methylphenyl)-3-phenylprop-2-yn-1-one (1b). 99 mg (90%), yellow oil.1*
"H NMR (400 MHz, CDCls) 6 8.06-8.00 (m, 2H), 7.69 (d, J = 7.3 Hz, 2H), 7.50—7.47
(m, 1H), 7.45-7.39 (m, 4H), 2.45 (s, 3H); °C NMR (100 MHz, CDCl3) §178.2, 138.5,
136.8, 135.0, 133.0 (2C), 130.7, 129.7, 128.6 (2C), 128.5, 127.1, 120.1, 92.8, 87.0,
21.3.

S4



O

Ph)\

1c Ph

A typical procedure for synthesis of 1,3-diphenylprop-2-yn-1-one (1c). 96 mg
(93%), yellow solid, mp 45-47 °C (lit.”! 46-48 °C). 'H NMR (400 MHz, CDCl3) ¢
8.25-8.19 (m, 2H), 7.71-7.65 (m, 2H), 7.65-7.58 (m, 1H), 7.55-7.45 (m, 3H),
7.44-7.37 (m, 2H); *C NMR (100 MHz, CDCls) 6 177.9, 136.8, 134.1, 133.0 (2C),
130.7, 129.5 (2C), 128.6 (2C), 128.5 (2C), 120.0, 93.1, 86.8.
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1-(3-Methoxyphenyl)-3-phenylprop-2-yn-1-one (1d). 95 mg (80%), yellow
solid, mp 56-58 °C (lit.*! 59-61 °C). '"H NMR (400 MHz, CDCls) & 7.88-7.84 (m,
1H), 7.70-7.67 (m, 3H), 7.51-7.47 (m, 1H), 7.45-7.40 (m, 3H), 7.20-7.16 (m, 1H),
3.88 (s, 3H); >C NMR (100 MHz, CDCls) d 177.7, 159.7, 138.2, 133.0 (2C), 130.8,
129.6, 128.6 (2C), 122.8, 120.9, 120.0, 112.7, 92.9, 86.9, 55.4.
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1-(4-Fluorophenyl)-3-phenylprop-2-yn-1-one (1e). 98 mg (87%), yellow solid,
mp 56-58 °C (lit." 4749 °C). '"H NMR (400 MHz, CDCl;) 6 8.29-8.21 (m, 2H),
7.72-7.65 (m, 2H), 7.51-7.47 (m, 1H), 7.45-7.41 (m, 2H), 7.22-7.16 (m, 2H); “C
NMR (100 MHz, CDCl3) ¢ 176.3, 166.4 (d, Jor = 251.7 Hz), 133.3 (d, Jer = 0.95
Hz), 133.0 (2C), 132.2 (d, Je.r = 10.5 Hz, 2C), 130.9, 128.7 (2C), 119.9, 115.8 (d, Jc.r

O
Cl

1f

=21.9 Hz, 2C), 93.3, 86.5.
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1-(4-Chlorophenyl)-3-phenylprop-2-yn-1-one (1f). 111 mg (92%), yellow solid,
mp 97-99 °C (lit.*! 103-105 °C). "H NMR (400 MHz, CDCl;) 6 8.17-8.12 (m, 2H),
7.70-7.64 (m, 2H), 7.52-7.45 (m, 3H), 7.45-7.39 (m, 2H); *C NMR (100 MHz,
CDCly) 6 176.5, 140.6, 135.2, 133.0 (2C), 130.9, 130.8 (2C), 128.9 (2C), 128.7 (2C),
119.8, 93.6, 86.5.
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1-(4-Bromophenyl)-3-phenylprop-2-yn-1-one (1g). 120 mg (84%), yellow solid,
mp 106-108 °C (1it.™ 110-111 °C). '"H NMR (400 MHz, CDCl3), & 8.07 (d, J = 8.5,
2H), 7.69-7.64 (m, 4H), 7.53-7.47 (m, 1H), 7.44-7.41 (m, 2H); *C NMR (100 MHz,
CDCl3) 6 176.8, 135.6, 133.1 (2C), 131.9 (2C), 131.0, 130.9 (2C), 129.5, 128.7 (2C),
119.8, 93.6, 86.5.

1-Phenylnon-1-yn-3-one (1h). 46 mg (43%), coroless oil.”) "H NMR (400 MHz,
CDCly) 6 7.58-7.56 (m, 2H), 7.49-7.42 (m, 1H), 7.41-7.35 (m, 2H), 2.66 (t, J = 7.4
Hz, 2H), 1.78-1.70 (m, 2H), 1.39-1.27 (m, 6H), 0.95-0.85 (m, 3H); *C NMR (100
MHz, CDCl3) § 188.3, 133.0 (2C), 130.6, 128.6 (2C), 120.0, 90.5, 87.8, 45.5, 31.5,
28.6,24.1,22.4, 14.0.

Ph %
1i
OMe
1-Phenyl-3-(4-methoxyphenyl)prop-2-yn-1-one (1i). 100 mg (85%), yellow
solid, mp 79-80 °C (lit.”! 80-81 °C). "H NMR (400 MHz, CDCl;) 6 8.22 (d, J= 7.6
Hz, 2H), 7.67-7.58 (m, 3H), 7.52-7.49 (m, 2H), 6.92 (d, J = 8.7, 2H), 3.84 (s, 3H);
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3C NMR (100 MHz, CDCl3) 6 177.9, 161.7, 136.9, 135.1 (2C), 133.8, 129.4 (2C),
128.5 (2C), 114.3 (2C), 111.8, 94.3, 86.8, 55.3.
(@)
Ph Me
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1-Phenyl-3-(2-Methylphenyl)prop-2-yn-1-one (1j). 96 mg (87%), yellow oil.”*
'H NMR (400 MHz, CDCl;) §8.25-8.23 (m, 2H), 7.66-7.61 (m, 2H), 7.54-7.50 (m,
2H), 7.39-7.35 (m, 1H), 7.29-7.21 (m, 2H), 2.59 (s, 3H); *C NMR (100 MHz,
CDCly) § 178.0, 142.1, 137.0, 134.0, 133.6, 130.8, 129.8, 129.5 (2C), 128.6 (2C),
125.9, 119.9, 92.1, 90.7, 20.8.

Ph % Me

1k

1-Phenyl-3-(3-Methylphenyl)prop-2-yn-1-one (1Kk). 99 mg (90%), yellow oil [
'"H NMR (400 MHz, CDCl3) 68.24-8.21 (m, 2H), 7.64—7.60 (m, 1H), 7.53—7.48 (m,
4H), 7.32-7.29 (m, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3) § 178.0, 138.5,
136.9, 134.0, 133.5, 131.7, 130.2, 129.5 (2C), 128.6 (3C), 119.8, 93.5, 86.6, 21.1.

O
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1-Phenyl-3-(4-methylphenyl)prop-2-yn-1-one (11). 105 mg (95%), yellow solid,
mp 68-70 °C (lit™! 69-71 °C). '"H NMR (400 MHz, CDCl;) é 8.22 (m, 2H),
7.64-7.60 (m, 1H), 7.60-7.57 (m, 2H), 7.52—7.49 (m, 2H), 7.23-7.21 (m, 2H), 2.39 (s,
3H); °C NMR (100 MHz, CDCl3) § 178.0, 141.5, 136.9, 134.0, 133.1 (2C), 129.5
(20), 129.4 (2C), 128.5 (2C), 116.9, 93.8, 86.7, 21.7.
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1-Phenyl-3-(naphthalen-2-yl)prop-2-yn-1-one (1m). 96 mg (75%), white solid,
mp 86-88 °C (lit..”) 81-83 °C). '"H NMR (400 MHz, CDCl;) 6 8.29-8.20 (m, 3H),
7.88-7.81 (m, 3H), 7.68-7.60 (m, 2H), 7.59-7.49 (m, 4H); *C NMR (100 MHz,
CDCl3) 6 177.9, 136.8, 134.3, 134.1, 133.8, 132.6, 129.5 (2C), 128.6 (2C), 128.4,
128.3, 128.1, 127.9, 127.8, 127.0, 117.2, 93.6, 87.1.

(0]
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1-Phenyl-3-(4-fluorophenyl)-prop-2-yn-1-one (1n). 100 mg (89%), white solid,
mp 70-72 °C (lit."™ 73-75 °C). '"H NMR (400 MHz, CDCls) 6 8.22-8.20 (m, 2H),
7.71-7.62 (m, 3H), 7.54-7.50 (m, 2H), 7.15-7.09 (m, 2H); *C NMR (100 MHz,
CDCl3) § 177.8, 163.9 (d, Jer = 254.7 Hz), 136.7, 135.3 (d, Jer = 9.0 Hz, 2C), 134.2,
129.5 (2C), 128.6 (2C), 116.3 (d, Je.r = 22.4 Hz, 2C), 116.2 (d, Jor = 3.5 Hz), 91.9,
86.8.

Ph
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1-Phenyl-3-(4-chlorophenyl)prop-2-yn-1-one (10). 95 mg (80%), pale yellow
solid, mp 104-106 °C (1it.l 106-107 °C). '"H NMR (400 MHz, CDCls) 6 8.21-8.19
(m, 2H), 7.66-7.60 (m, 3H), 7.54-7.50 (m, 2H), 7.42-7.39 (m, 2H); °C NMR (100
MHz, CDCl;) § 177.8, 137.2, 137.0, 134.2 (3C), 129.5 (2C), 129.1 (2C), 128.6 (2C),
118.6,91.6, 87.5.
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1-Phenyl-3-(4-bromophenyl)prop-2-yn-1-one (1p). 135 mg (95%), white solid,
mp 110-112 °C (1it.”? 115-116 °C). '"H NMR (400 MHz, CDCl;) 6§ 8.23-8.18 (m, 2H),
7.67-7.61 (m, 1H), 7.60—7.49 (m, 6H); >C NMR (100 MHz, CDCl3) 6 177.8, 136.7,
134.3 (2C), 134.2, 132.1 (2C), 129.6 (2C), 128.7 (2C), 125.6, 119.0, 91.6, 87.7.
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1-Phenyl-3-(4-iodophenyl)prop-2-yn-1-one (1q). 128 mg (77%), yellow solid,
mp 56-58 °C (1it.”) 118-120 °C). '"H NMR (400 MHz, CDCl;) 6 8.20-8.18 (m, 2H),
7.77-7.75 (m, 2H), 7.65-7.61 (m, 1H), 7.53-7.49 (m, 2H), 7.39-7.37 (m, 2H); “C
NMR (100 MHz, CDCl3) 6 177.7, 137.9 (2C), 136.6, 134.2, 134.1 (2C), 129.5 (2C),
128.6 (2C), 119.4,97.7,91.7, 87.8.

1-Phenyl-3-(thiophen-2-yl)prop-2-yn-1-one (1r). 88 mg (83%), yellow oil.[""
'H NMR (400 MHz, CDCl3) 68.22-8.16 (m, 2H), 7.65-7.62 (m, 1H), 7.60~7.59 (m,
1H), 7.54-7.51 (m, 3H), 7.12-7.10 (m, 1H): 3C NMR (100 MHz, CDCl3) & 177.5,
136.7, 136.6, 134.1, 131.7, 129.4 (2C), 128.6 (2C), 127.8, 119.8, 91.6, 87.0.
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1-Phenylbut-2-yn-1-one (1s). 47 mg (65%), colorless oil.!'"! "H NMR (400 MHz,
CDCls) §8.15 (d, J = 7.8 Hz, 2H), 7.60 (t, J = 7.3 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H),
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2.17 (s, 3H); '*C NMR (100 MHz, CDCl3) 6 178.3, 136.8, 133.9, 129.6 (2C), 128.5
(2C), 92.5, 78.9, 4.3.
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Ph)\ t
1t Bu

1-Phenyl-4,4-dimethylpent-2-yn-1-one (1t). 68 mg (73%), coroless oil.l"¥ 'H
NMR (400 MHz, CDCls) 6 8.12 (d, J = 7.7 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.46 (t, J
= 7.6 Hz, 2H), 1.38 (s, 9H); 13C NMR (100 MHz, CDCl3) § 178.1, 136.8, 133.7, 129.3
(20), 128.3 (2C), 103.7, 77.9, 30.0 (3C), 27.8.

1-(4-Methylphenyl)-3-(4-iodophenyl)-prop-2-yn-1-one (1u). 130 mg (75%),
yellow solid, mp 120-122 °C. IR (KBr) v 2214, 1636 cm'; '"H NMR (400 MHz,
CDCl3) 6 8.10-8.04 (m, 2H), 7.78-7.72 (m, 2H), 7.38-7.33 (m, 2H), 7.28 (m, 2H),
2.43 (s, 3H); >C NMR (100 MHz, CDCLs) d 177.4, 145.3, 137.9 (2C), 134.3, 134.1
(2C), 129.6 (2C), 129.3 (2C), 119.6, 97.5,91.2, 87.9, 21.8. HRMS m/z (ESI) calcd for
Ci6H 10", (M+H)" 346.9927; found 346.9925.

1v

|O A
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|

1-(4-Chlorophenyl)-3-(4-iodophenyl)prop-2-yn-1-one (1v). 84 mg (46%),
white solid, mp 183-185 °C. IR (KBr) v 2219, 1643 cm™; "H NMR (400 MHz, CDCl5)
§ 8.16-8.10 (m, 2H), 7.82-7.76 (m, 2H), 7.52—7.47 (m, 2H), 7.42-7.36 (m, 2H); °C
NMR (100 MHz, CDCl3) § 176.4, 140.9, 138.0 (2C), 135.1, 134.2 (2C), 130.8 (2C),

129.1 (2C), 119.3, 97.9, 92.3, 87.5. HRMS m/z (ESI) calcd for CisHoCIIO", (M+H)"
366.9381; found 366.9383.

S10



1w

O A
cl O
Br

1-(4-Chlorophenyl)-3-(4-bromophenyl)-prop-2-yn-1-one (1w). 116 mg (73%),
white solid, mp 175-177 °C. IR (KBr) v 2200, 1626 cm™; "H NMR (400 MHz, CDCl5)
5 8.08-8.02 (m, 2H), 7.69-7.64 (m, 2H), 7.64—7.58 (m, 2H), 7.45-7.39 (m, 2H); *C
NMR (100 MHz, CDCl3) 6 176.6, 137.4, 135.5, 134.3 (2C), 132.0 (2C), 130.9 (2C),
129.7, 129.2 (2C), 118.3, 92.2, 87.2. HRMS m/z (ESI) calecd for C;sHoBrClO",
(M+H)" 318.9520; found, 318.9521.

|O A
Br O
Br

1x

1,3-Bis(4-bromophenyl)prop-2-yn-1-one (1x). 138 mg (76%), yellow solid, mp
187-189 °C (lit.!"*! 187-188 °C). '"H NMR (400 MHz, CDCl;) 6 8.08-8.01 (m, 2H),
7.70-7.63 (m, 2H), 7.60—7.50 (m, 4H); >C NMR (100 MHz, CDCl3) 6 176.6, 135.5,
134.3 (2C), 132.1 (2C), 132.0 (2C), 130.9 (2C), 129.7, 125.8, 118.7,92.2, 87.3.

S
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1-(4-Fluorophenyl)-3-(4-bromophenyl)prop-2-yn-1-one (ly). 118 mg (78%),
white solid, mp 138-140 °C. IR (KBr) v 2199, 1624 cm™; "H NMR (400 MHz, CDCl5)
5 8.09-8.02 (m, 2H), 7.72-7.64 (m, 4H), 7.17-7.09 (m, 2H); >C NMR (100 MHz,
CDCl) o 176.7, 164.1 (d, Jcr = 253 Hz), 135.6, 135.4 (d, Jcr = 9 Hz, 2C), 132.0
(2C), 130.9 (2C), 129.6, 116.3 (d, Jcr = 23 Hz, 2C), 116.0 (d, Jcr = 4 Hz), 92.5, 86.5.
HRMS m/z (ESI) caled for C;sHoBrFO', (M+H)™ 302.9815; found, 302.9817.
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1-(4-Methylphenyl)but-2-yn-1-one (1z). 52 mg (66%), yellow oil. IR (KBr) v
2243, 1643 cm™; "H NMR (400 MHz, CDCl3) 6 8.03 (d, J = 8.2 Hz, 2H), 7.26 (d, J =
8.0 Hz, 2H), 2.42 (s, 3H), 2.14 (s, 3H); °*C NMR (100 MHz, CDCl;) § 177.9, 144.9,
134.5, 129.7 (2C), 129.2 (2C), 91.9, 79.0, 21.8, 4.3. HRMS m/z (ESI) calcd for
C; H;;0", (M+H)" 159.0804; found 159.0802.

Preparation and isolation of 3-hydroxy-3,5-diphenyl-4-iodo-furan-2(3H)-one
(8¢c). A mixture of I-iodo-2-phenylethyne (6¢, 0.6 mmol, 137 mg),
2-0x0-2-phenylacetic acid (2a, 0.5 mmol, 75 mg) and BF;-Et,O (0.1 mmol, 14 mg) in
toluene (2 mL) was stirred at 25 °C for 1 h (monitored by TLC). After the reaction
was quenched by addition of brine (15 mL), the resultant mixture was extracted with
EtOAc (3 x 15 mL). The combined organic layers were washed with brine (2 x 15 mL)
and dried over MgSQO,. The solvent was removed by vacuum and the residue was
purified by flash chromatography (silica gel, 10% EtOAc in PE) to give 40 mg (21%)
of the desired product 8¢ as a white solid, mp 107-109 °C (lit.'*! 109-110 °C); 'H
NMR (400 MHz, CDCls) ¢ 8.08 (dd, J = 7.8, 1.7 Hz, 2H), 7.53-7.45 (m, 5H),
7.45-7.38 (m, 3H), 3.23 (s, 1H); °C NMR (100 MHz, CDCl3) 6 173.5, 151.8, 137.0,
131.2,129.3, 128.9 (2C), 128.5 (2C), 127.8 (2C), 127.5, 125.4 (2C), 81.5, 73.5.

S12



References

[1]
[2]

[3]
[4]
[5]
[6]

[7]

[8]
[9]

Xu, W.; Chen, Q.-Y. J. Org. Chem. 2002, 67, 9421-9427.

Kuldeep, W.; Yang, C.; West, P. R.; Deming, K. C.; Chemburkar, S. R.; Reddy,
R. E. Synth. Commun. 2008, 38, 44344444,

Liu, J.; Peng, X.; Sun, W.; Zhao, Y.; Xia, C. Org. Lett. 2008, 10, 3933-3936.
Tan, H.; Li, H.; Ji, W.; Wang, L. Angew. Chem. Int. Ed. 2015, 54, 8374-8377.
Liu, X.; Yu, L.; Luo, M.; Zhu, J.; Wei, W. Chem. Eur. J. 2015, 21, 8745-8749.
Gandeepan, P.; Parthasarathy, K.; Su, T.-H.; Cheng, C.-H. Adv. Synth. Catal.
2012, 354, 457-468.

Chen, J.-Y.; Lin, T.-.C.; Chen, S.-C.; Chen, A.-J.; Mou, C.-Y.; Tsai, F.-Y.
Tetrahedron 2009, 65, 10134-10141.

Geden, J. V.; Pancholi, A. K.; Shipman, M. J. Org. Chem. 2013, 78, 4158—4164.
Dermenci, A.; Whittaker, R. E.; Gao, Y.; Cruz, F. A.; Yu, Z.-X.; Dong, G. Chem.
Sci. 2015, 6, 3201-3210.

[10] Negishi, E.-L.; Qian, M.; Zeng, F.; Anastasia, L.; Babinski, D. Org. Lett. 2003, 5,

1597-1600.

[11] Suffert, J.; Toussaint, D. J. Org. Chem. 1995, 60, 3550-3553.

[12] Ahmed, M. S. M.; Mori, A. Org. Lett. 2003, 5, 3057-3060.

[13] Kim, W.; Park, K.; Park, A.; Choe, J.; Lee, S. Org. Lett. 2013, 15, 1654-1657.

[14] Just, Z. W.; Larock, R. C. J. Org. Chem. 2008, 73, 2662-2667.

S13



30 40 S50 60 70 80 90 100 110 12.0 13.0 1

2.0

1.0

O

Ho_©
ZPh
Me 1
| 7a, HNMR (400 MHz, CDCl;)
] = “ &
— S AN | PO, e
/ N ER A AR EEENER A R EEEN A A EEEN R L AL G AL TR d [ F ER ERE R AT IF BREEERELELT IF TR EL L&D [ B E T RE R T8 & &L
10.0 9.0 8.0 %\ l\\T.O 6.0 5.0 4.0 3.0 ‘ 2.0 1.0 T
=
BREGES e £ =
339552 2 & =
- - - (o ] |

S14



0.4

0.3

02

0.1

0
Ho_©
ZPh

Me I 7a, *C NMR (100 MHz, CDCL;)

T
1300 lz[n

-
b
g
2
=

X : paxts pex Millien ‘T3 ¢

29 3067
28 £400

=
£
=

1130111
1283628

WWMWWWMWMMWMWWM

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 I?D/QS))R{ 120.0 110.0 ‘ 100.0 90.0 80.0/\ 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

-r Q0 Q0 90 W) [~ D Q0 £ Q© e o w L]
o Cecdeaaw o1 M el
o I th o o o T T D e pr i w
) S8 b & oo o e = : o
o8 S AS el & o 00 00\ & (gl S =
1 000 0 01 61 eY ] 0 = L o
— vy oy o o ] -

S15



13.(

8.0 9.0

7.0

4.0 5.0 6.0

30

1.0

1.0 120

10.0

2.0

Qsl%
Me 1a, 'H NMR (400 MHz, CDCl)

3.06

g =

1

1

110 10.0 9.0 /K&O /f "“N 7.0 6.0 5.0 4.0 3.0 2.0 L0 T
BHRLNEESS & g

SR =S =S ] =

bl b b e 2

Q0 I~ - I~ - I~ - - 2] =

S16



0.3 0.4 0.5 0.6 0.7 0.8

0.2

0.1

% Ph
Me 1a, *C NMR (100 MHz, CDCl5)

T T T T
1310 1300 123 0 1240

06119
29 6118
10 2686

128 5725

XT'parts perMiflien : 1

-

A AN

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 ISKKIZT.O 110.0 100.0 ‘90.0 80.0/\ 70.0 60.0 50.0 40.0 30.0 TJ.O 10.0 0

—T

= o =t 90 &n 0\ M, T bl st o o)
- — - S ) 00 ) W (] - b =N 1] ¥-]
~ ] - A = =S &1 - — S &
L= - o OGN e woow mew 1=
- Wi TS oKD ] [l =
[ =T LR Ra RS RS RS 8§ & [l e I
-] o ]y

S17



30 40 S50 60 70 80 90 100 110 120 130 140

2.0

1.0

Me

PR 1b, 'H NMR (400 MHz, CDCl)
£ -
AT ”
LL_A ,JM i A Jl
we 108 %o g0 e 6 s w0 Y ST

ry

S18

2.4479

-0.0000 —=



03 0.4 0.5

0.2

0.1

Me

A
Ph

o

1b, *C NMR (100 MHz, CDCls)

W

Wiy

220.0  210.0  200.0 190.0 IS&T 170.0 160.0 150.0 14i;y) FWTEéSQiitf 110.0 100.0

178.1905

4599
8390
9607
0061
7083
7358
6393
4772
0851
1344

138
136
134
133
130
129
128
128
127
120,

S19

20.0

92.8465

86.9541

80fy$\ 70.0 60.0 50.0 40.0 30.0 T&O 10.0 0
e T W
= @
NS =
S0 =
= -
[ 3]



4

Ph

1c, '"H NMR (400 MHz, CDCl5)

Ph

i

2.0

o

0t

0'C

0T

1.0

3.0

4.0

50

6.0

9.0

10.0

11.0

000070

STIV'L
6Itr 'L
1ZIs°L
6.99°L
STLY'L
LOBY'L

0TIT8
9917’8
8¢€T'8

S20



02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.(

0.1

Ph %
Ph  1c, *C NMR (100 MHz, CDCl;)

b A AN MM A A

220.0 210.0 200.0 190.0 ISO.T 170.0 160.0 150.0 140.0 J ) (30K2T.0 110.0 100.0 ‘ 90.0 ‘ 80.0/}\ 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
b= T M) =TT MG o I SIS
= RN I = = -+ S W
3 ®ESET8nS £ 8 {28
e i i s o i = g
— N ®b [ S
—

136
134
133
130
129
128
128
120,

S21



100 11.0 12,0 13.0 140 150

9.0

30 40 S50 60 7.0 80

2.0

1.0

MeO
X
Ph 1
1d, 'H NMR (400 MHz, CDCl3)
2 (3 2
e |l en o
-
s T/ =0 =
Jl R |
11.0 10.0 9.0 8.0%\ lw?.o 6.0 50 4.0 3.0 2.0 1.0 T
00 o QO CN N \D [*.s] =
00 ) v Q0 v &n (=2} -
=2 Th [ B ) el — 2
Eedee % s
Ll il A el el i et [+r] (=]

S22



0.3 0.4
P S S S S S S (N S S S (SR S S S SRR

02

01

0

MeO
A

Ph
1d, *C NMR (100 MHz, CDCls)
2200 210.0 200.0 190.0 180.(1 170.0 lﬁTO 150.0 140.T /ISTO\ )1710 (10.0 100.0 90.0 80.0/‘\ T0.0 60.0 20,0 40.0 30.0 20.0 10.0 0

® - = Rk e K B - b - o = w0
] = ST S i - b =] I
2 z 22EEEREE ¢ 5 = d3g 3
[ (=2 W Mmoo No o (o]

& & & 8238 888 £ & ¥ EEE i

S23



X

1le, '"H NMR (400 MHz, CDCl5)

Ph

s ==f
i/

/

"

1.0

2.0

4.0

10.0

11.0

0L

09

s

or

e

O

Le 000070~

wWeT'L
0TIT L
FPLTV L
89t L
WYL
LY L
8069°L

SIET8
ErT8
€€5T'8

S24



le%
F 1le, >C NMR (100 MHz, CDCls)

WM oo ooy

220.0 210.0 200.0 190.0 180.0‘ 170.0‘ ‘ 160.0 150.0 140.0 /ﬁ\:’g\uio )\ 110.0 100.0 ‘90.0 80.0 ‘\ 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

‘\_

] - o TSNS D NS o = o= =T
=] e - L R = =R b} I T W
+ B FTEHEA F-WOR - b .o 4=s8
“ g = e S el =S & ok, : : :
b=l [Ty henen ol ol o Q0 S W W e - [l g4
[ -] L e R R B R RS B R Sl @0 Ll o
— — ]y ]y ]

S25



3.0 40 50 6.0 7.0 8.0 920 100 11.0 12.0 13.0

2.0

1.0

T

Cl

388

J

Syl

A

1f, '"H NMR (400 MHz, CDCl;)

P

—

—
11.0

10.0

9.0

8.1559
8.1399
8.1341

6.0

S26

5.0

4.0

3.0

2.0

1.0

=0.0000 —=



0.3 0.4 0.5 0.6 0.7 0.8

0.2

0.1

A
Cl

1f, >C NMR (100 MHz, CDCls)

S27

Baama ol AN Agrulmi P o La -.,‘“-“-“MJ'HJ" oy RN sty B A 4 .‘—-‘J AP bt M A AR A Y oot e o e iy
_IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII\I\II‘I\\I\I\\I‘\\\I\\\\I‘\\\I\\I\I‘\I\II\I\IlIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII‘IIII\II\I‘I\\I\\\\I‘\\\\\\\\\‘\I\I\\I\Il\I\II\I\I|\IIIIIIII|IIIIIIIII|IIIIIIIII|IIII\IIII‘II\I\II\I‘\\\I
210.0 200.0 190.0 180.0 170.0 160.0 150.0 IT).O//I 0\0\ 120.0 110.0 100.0 90.0 80.0/\ 70,0 60.0 50.0 40.0 30.0 20.0 10.0 0
1] - o2 ST =) R -t & ot
= = = T 00 My MG 0D o vy e =g 1]
v g22sizt £ g 3 a3t
& FHEEmga o 5 &  ©oke
—] vy —]



1g, '"H NMR (400 MHz, CDCl)

Ph

A

Br

—d e 00000

1.0

2.0

\
6.0

ISTF L
sPrF L
8LLV'L
TLoF'L
0EryL
sr99°L
FL89'L
£850°8
£080°8

/3E
T

—
—

FEs |

I
9.0

10.0

11.0

0ot 06 08 0L 09 s 0¥ e 0T 01 0

S28



0.6

0.5

03 04

02

01

% Ph
Br 1g, >C NMR (100 MHz, CDCl5)

I it A

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 j /IQO\\\IZTO 110.0 100.0 90.0 ‘ 80.0/\ 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
= ST S ol =t oo
&= =R - E=R- Ny | - -] - oW
> L ¢S 3 R3E
e R naeana £ € FEERE
- ey oy ]y p— ]

S29



Me

A

2.12
2.16

7.39

391

o U

11.0

10.0

9.0

Ph  1h, '"H NMR (400 MHz, CDCl;)
ek
A._M_H-J " s
8.0 Y Hllﬁ.lo‘Hllllls.‘ollllll ‘4.‘0HHI 3.0

A

7.5797
7.5625
7.550M
7.4010
7.3804

S30

2.0

AN A

= = 0D [ =
=y en 00 o =
W0 o = L |
828 ISR
[a Rala] —

1.3299

1.3139
09118
0.8946
0.8774

=0.0000 —=



Me
5 %

Ph  1h, ”C NMR (100 MHz, CDCls)

WmmmwwwwwwWme

2200 210.0 200.0 IQO.T 180.0 170.0 160.0 150.0 140.0 }13}0.{) IZT.O 110.0 100.0 9T.0‘ 80.0/\ 700 60.0 S0.0 ‘ 40,0 T)T } rﬂ.‘] ‘ 10,0 0
— Wion o LT¢] (=0 E=R—N- =] = Lo D =
- [ el s N or] - o] - o W) p= — [3e] =
2 X 88 =28 7 23 €8 8
% dagd 2 E g A% 4 o
- o -]

S31



1.0 2.0 3.0 40 50 60 70 8.0 90 100 11.0 12.0 13.0 14.0 150 16.0 17.40

0

Ph %
=1
OMe 1i, 'H NMR (400 MHz, CDCL)

= =2 2 J:

fa [?F’N /& o
| o il NI I
11.0 10.0 9.0 /\ SO/A\\“\TOJ\ 6.0 5.0 4.0 3.0 2.0 1.0 T
@I A0 w0 W) w0 wy =
Wi = -2 00 =F =F -~ 00 e [*s] =
[ E=R B s BB B iR e B N ot B | [ =
NREIEEEaNERES & 2
[ B ol el el el el el Y =T Y] ~ [—]

S32



Ph %

OMe 1j, *C NMR (100 MHz, CDCl5)

T—

220.0 210.0 200.0 190.0 180.([ 170.0 IF0.0 150.0 140.0 \137.E 120.0 ‘110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20,0 10.0 0

A

e PO

- ¢l =B BN = - [ et oo 00 hi)
[} - mmmg\a - = = T oW g
't 7] ~ - =f @© - e [ = - 1]
= r-) AS W0t [N o o e e
L - B en o o - = =f & ol v
- =) e e o ) —— = @ Lo A
- b o v e o

S33



3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0  11.0

2.0

1.0

Ph Me
X
1j, "H NMR (400 MHz, CDCl5)

] o e =3

] =] -o oM -

] 7 e Soiel el [

1 L _J bl [N 1

7I"II NREEER LA EEN EEE EERELE T EEEERD I AT EET L P LAE B EREEEAA LA I DE BT O OO B ) i R EEEEENN R

11.0 10.0 9.0 /ks.o )" K” {lk 7.0 6.0 5.0 4.0 3.0 2.0 1.0 T

=

IRg RBRRSS £ g
SHY  CEREAN 7 =
Q0 Q0 Q0 [l all el i (o] |

S34



Me
Ph

V4

1j, *C NMR (100 MHz, CDCls)

WL oni A s o s oA

220.0 210.0 200.0 190.0 ISO.T 170.0 160.0 150.0 TI0.0 /\ISMQ 110.0 100.0 )91(0 80.0/‘\ 70.0 60.0 50.0 40.0 30.0 ZI].O 10.0 0
en -1 = e L R R v Bt L 00 - =R ] %)
= - Q0N M) = 08 o e e - + W s
3 S §EcERLRES 88 &gl 2
e § SewaIATLT a& N NS a
- i vy ey oy ey

S35



30 40 50 60 70 80 90 100 110 13.0 14.
ol b b e b b b e b b b bl

2.0

1.0

Ph %

Me
1k, "H NMR (400 MHz, CDCl5)

oo 2

/e /%‘Un‘ Jg
L o M 5 1

[EA=dss kLT TR E L IR SN W e = A S s A e TERE RS LA ke LA ERRA A LAE ®E B NEREEEE: ) DA TI I O S RN B A

11.0 10.0 9.0 A\SO y/f }K 7.0 6.0 50 4.0 3.0 2.0 1.0 T
(=]
288 S5R¥BY 2 £
N iGN T AN e S
Q20D Q0 [l el el (o] |

S36



0.3

0.2

0.1

Ph NN
X Me
13
1k, 3C NMR (100 MHz, CDCls)
Phaiyira iy Wl gy Aol tlsmn ot Aoyl W T'JW Fel - e A Pl P g W ;J L L e YEN T R e L T iy oy gl
200 2100 2000 1900  180.0 1700  160.0  150.0 140.})\ KIQQ\KHTO 110.0 1000 90.0 so.o/‘\ 700 600 500 400 300 200 100 0

2] SN W T T en T WG T [ = (s =g -
£ CPEEEREYE 2 8§ J2% 5
= 00 S V[ o 0D =T = m ol -
I WS Ff el == oo s e [ =
L e R R R R K B =3 ® - - - P
- ey ]y oy ] p—

S37



30 40 s0 60 70 80 90 100 110 120 130
PRI EFRTATENEN RPN RSN AATATII AATAI AU RS i AT S ararl ErArr R S

2.0

1.0

Ph %
Me 1], '"H NMR (400 MHz, CDCls)

3 20 z

s S B S Je
J J |

|11I.0H|HH10|.0HHH9.|0H/Hs.lo////\\”\(mloHllllﬁ.lolllllllls.oll'l'l4.0HH3.0HHIIz.lollllllllll.lollllIHTI

SRl o =
SRR CEEERE 3 2
(] [—]

S38



0.2 03 04 0.5 0.6

0.1

Ph %

Me 1], °C NMR (100 MHz, CDCl5)

—

i wmmwmwwwwm

220.0 210.0 200.0 190.0 ISO.T 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 T].O 10.0 0

IARN LA

7/_‘
T b

@ S D00 e — ] [ e o =
=3 — 0D Shen 0 e 7T o] = b= T = =
=3 - NS S e -] - = p—d =
=N VP B = ] o [y L3N oo e L3
s e - R L R ] -] o) L - ™
- A L LR RS R — & @® - - s}
—] -] oy oy oy —

S39



5.0

4.0

3.0

1.0

2.0

Ph %

OO 1m, '"H NMR (400 MHz, CDCl;)

/° J¥ES

u L /

11.0 10.0 9.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

®
=

-0.0000 —=

8.2773
8.2750
8.2567

S40



Ph %

OO 1m, *C NMR (100 MHz, CDCls)

Nt _|
= 4
] |
] 4]
v
= |
] o]
] s
1 o]
=
= |
] g =
] -M:.N“’JLN*NJ w
e ] B0 o in =N
T )} T \
] g gz88ag £
- ey e =
E o PP 2
] g S3RIEY E
] X “parts per Million - 13
=
-
=
. i L L s L L

220.0 210.0 200.0 190.0 180.([ 170.0 160.0 150.0 140.0

177.9330

134.3028
134.0835
133.8356
129.5260
128.5821
128.4391
128.3246
128.1339
127.9719
127.8479
126.9898

N
/

120.0|

110.0

S41

100.0

03.5902

90.0

87.1067

80.0

A

77.3146
77.0000
76.6758

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0



5.0 4.0 3.0 2.0 1.0

F 1n, '"H NMR (400 MHz, CDCls)

6.0

Ph

G

9.0

10.0

11.0

000070

FOTL'L
1ZFT°L
0615°L
S8EF°L
1699°L
8789°L
8069°L

IL61°8
ro61’8
8LIT'S

S42



0.3

0.1

Ph %

F 1n, ®C NMR (100 MHz, CDCl5)

220.0 210.0 200.0 190.0 ISO.T 170.0 ‘ fﬁﬂ.ﬂ 150.0 140.0 130.0\ 120.0 110.0 100.0 T0.0 80.0 70.0 60.0 50.0 40.0 30.0 20,0 10.0 0

N \

ey
>—
:>—
T |

I8 Wy o [ e ] & en oo o o0
[ oL [ E=N: E—R-2=] = - = ) ]
et T o T -0 W ol No W - e
o ol o b B e % % N
- Wi =R R e - ] == = L [
E- & [ L R — LA Lt
— — vy —

S43



4

Ph

10, '"H NMR (400 MHz, CDCl3)

Cl

ijti_

[T

10.0

0L

09

s

or

e

0T

01 0

1.0

2.0

3.0

4.0

5.0

6.0

2.0

11.0

0000°0—

FO6E"L
WBIFL
9TEL
1909°L
'L
8LT9°L

LEGLS
1618
trPI1T8

S44



Ph

-

Cl

10, *C NMR (100 MHz, CDCl5)

ety et s A S e A

120.r 110.0 100.0 90.0

220.0 210.0

200.0

190.0

180.0

177.7710

170.0

160.0

150.0

140.0 130,0

WA

P 8

oS —®
D 0GB
& o o o
e el e
Il
o 0% e O &1 0]
]y

118.5517

S45

91.5784
§7.5452

80.0/ 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

)
-+
—
o
-
|l

\

77.0000
76.6854



2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 11.0 120 13.0
PRI NSRS EA R A AN ARI N I ARSI A A STy ST R R

1.0

Ph %

Br 1p, '"H NMR (400 MHz, CDCls)

\.\
108
6.14

JJ'N

”U
| J

11.0 10.0 9.0 / .0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

N

7@

=
oo e S oG G o e =
o -Tal L E-E=L R =
— O B 2 WD SE R el D =
[ Mt g WU ) S
Q0 08 [ S G Gulf S S |

S46



Ph
X
13
Br1p, “C NMR (100 MHz, CDCl;)
2200 210.0 200.0 190.0 ISO.T 170.0 160.0 150.0 140.0/A‘\3[KO\\1270 110.0 100.0 TJ.O 80.0/‘\ 70.0 60.0 50.0 40.0 30.0 20,0 10.0 0
= ShCh -t ch Wi o< =
= N2 v SF el ST QO QO o] i —] T = W
£ eHa2een 2 g =g
= SSARA_S & 3 5% EEE
i Ll B R B i

S47



7.0
Ll

6.0
L

5.0
L

4.0
i

1.0

3.0
Ll

20
Ll

J JJ JLL,

I 1, "H NMR (400 MHz, CDCl5)

11.0

10.0 9.0

/)\ s

WWWWWWWWWW
mmmmmmmm

mmmmmmmmmm

bbbbbbbbbb

S48

5.0

~0.0000 —= -



0.

0.8

07

0.6

0.5

0.4

0.3

02

0.1

Ph
X
13
| 1g, *C NMR (100 MHz, CDCl5)

oot g et pmitnid i s W At ol AN P N A P
7‘\I\I\I\\I‘I\\I\I\\I‘I\\I\I\\\‘I\\\\I\\\‘I\I\\I\I\‘\\I\\\\I\‘\\I\\\\I\‘\\\\\\\\\l\\\\I\\\\l\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\I‘\\\I\\\\I‘\\\\\\\\\‘I\\\\I\\\‘I\\\\I\\\‘I\I\\\\I\‘\\I\\\\I\l\\I\I\\I\l\\l\l\\l\l\l\\
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 141]?} KS[}R 120.0 110.0 100.0 90.0 80.0/\ 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

=4 Q2T - th D T =r o ol [ =2y

=1 vl 00 S QO v -] by - ey = = W

< Fho258 & g E & 838

= R L . 5 2 ® S

- — v = -

S49



1r, '"H NMR (400 MHz, CDCl5)

Ph

— L= 000070

1.0

2.0

seIlL
6578°L
WBIEL
rrEL
LL8S'L
i
6965°L
85¢9°L
S9LT'S
00818
r661'8

1
JJL_

e

f :

10.0

11.0

S50



0.4

0.3

02

0.1

Ph

o

1r, >*C NMR (100 MHz, CDCls)

110.0 100.0 TJ.O

220.0 210.0

200.0

190.0

180.0

177.5517

170.0

160.0

150.0

140.0

\\

el
fi

00 0 6 &1 018 &
RRACISE R
FHESC T A
T A ea i L
G 8 o = e 08 S
N e (Ol e
vy oy

S51

91.6165

§7.0208

80.0

.

\

77.3242
77.0000
76.6854

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0



A

Ph

1s, '"H NMR (400 MHz, CDCl5)

Me

80'¢

2.0

KN

9.0

10.0

11.0

00T

001

L= 0000°0-

0591°T

LFOTL
679 L
€I8F L
8T0SL
985" L
1909°L
ww'L
LBET'S
8518

S52



O

Ph)\

Me 1s, *C NMR (100 MHz, CDCl5)

220.0 210.0 200.0 190.0 ISO.T 170.0 160.0 150.0 140.0 ‘ ‘ 131;.E 120.0 110.0 100.0 90.0 80))/\\ 70.0 60.0 50.0 40,0 30.0 20.0 10.0 0
- oo eI k-] ] e
o o = =T =S o
; L5 e ;A
E 5 8 a a & [ N

S53



1t, "H NMR (400 MHz, CDCl5)
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8¢, '"H NMR (400 MHz, CDCls)
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