Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2022

Supporting information

Reagent-Free Intramolecular Hydrofunctionalization: A
Regioselective 6-endo-dig Cyclization of o-Alkynoylphenols

Chanhyun Jung, ' Siyuan Li,2 Kwanghee Lee,? Mayavan Viji,? Heesoon Lee,? Soonsil Hyun,?
Kiho Lee,? Young Kee Kang,*® Chhabi Lal Chaudhary,*? Jae-Kyung Jung*@

@ Mr. Chanhyun Jung, Dr. Siyuan Li, Mr. Kwanghee Lee, Prof. Mayavan Viji, Prof. Heesoon Lee, Prof. Soonsil Hyun, Dr. Chhabi Lal Chaudhary,
Prof. Jae-Kyung Jung

College of Pharmacy and Medicinal Research Center (MRC)

Chungbuk National University, Cheongju 28160, Republic of Korea

Tel: +82-43-261-2635, fax: +82-43-268-2732, E-mail: orgjkjung@chungbuk.ac.kr (J.-K. Jung);
chhabichaudhary319@gmail.com (C. L. Chaudhary)

b Prof. Kiho Lee

College of Pharmacy

Korea University, Sejong 30019, Republic of Korea

°¢Prof. em. Young Kee Kang

Department of Chemistry

Chungbuk National University, Cheongju 28644, Republic of Korea, E-mail: ykkang@chungbuk.ac.kr

t These authors equally contributed to this work.
* Correspondence

Contents Page
L. General Information 1
II. Experimental section 1

1. General procedure for o-alkynoylphenols 1 1

2. General procedure for synthesis of y-benzopyranone 2 (cyclization) 9

3. Preparation of chalcone substrate 4d 19

4. Preparation of amine substrate 7 19

5. Preparation of Ts-amine substrate 9 20

6. Preparation of thiol substrate 8 21

7. Preparation of natural products 23
II1L. Evaluation of green chemistry metrics for the synthesis 33
Iv. Computational Details 34
V. References 50
VI NMR Spectra of o-alkynoylphenols 1 52
VIIL. NMR Spectra of y-benzopyranone 2 (flavone) 85
VIII. Comparison between proton vs deuterium labeled "H NMR spectra 117

Ratio of 6-endo- : 5-exo- cyclized product in EtOH reaction (analysis of crude '"H NMR

IX. spectra)

119

X. DMSO recycle using Biotage® V-10 Touch system 122



I. General Information

Unless noted otherwise, all reagents were purchased from commercial sources and used as received.
Air or moisture labile reactions were conducted in oven-dried glassware under argon atmosphere.
Reaction progress was monitored by thin layer-chromatography (TLC) using silica gel F2s4 plates.
Products were purified by flash column chromatography using silica gel 60 (70-230 mesh) or by
using the Biotage ‘Isolera One’ system with indicated solvents. High-resolution mass spectrometry
was performed with LCQ Fleet-Thermo Scientifics recorded in positive ion mode with
electrospray ionization (ESI) source. DMSO recycle or DMSO direct evaporation was performed
in Biotage® V-10 Touch, Walk-up, Walk-away Evaporation System at 56 °C. NMR spectra were
recorded on a Jeol RESONANCE ECZ 400S (400 MHz for '"H NMR and 100 MHz for 1*C NMR).
Chemical shifts were reported in ppm from tetramethylsilane (TMS) with the solvent resonance
resulting from incomplete deuteration as the internal reference (CDCls: 7.26 ppm, CD30D: 3.31
ppm, DMSO: 2.5 ppm, 3.33 ppm of water peak) or relative to TMS (d 0.0). Data are reported as
follows: chemical shift 6, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, dd =
doublet of doublet, td = triplet of doublet, ddd = doublet of doublets of doublets, ddt = doublet of
doublet of triplets), coupling constants (Hz), number of protons. *C NMR spectra were recorded
on a Jeol RESONANCE ECZ 400S (100 MHz) with complete proton decoupling. Chemical shifts
are reported in ppm from tetramethyl silane with the solvent as the internal reference (CDCls:
77.16 ppm).

II. Experimental sections

1. General procedure for o-alkynoylphenols 1.1:2
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To a solution of aryl acetylene or alkyl acetylene derivative (2.5 mmol, 2.5 eq) in anhydrous THF
(2 mL) was dropwise added n-BuLi (2 mmol, 2 eq, 2.5 M in THF) at -78 °C under nitrogen
atmosphere. After 1 h stirring, a solution of corresponding salicylaldehyde (1 mmol in 2 mL
anhydrous THF) was dropwise added at -40 °C. The reaction mixture was stirred at -40 °C for 2 h
and heated up to 0 °C then quenched with ice water. The THF was removed by rotary evaporator
and extracted with EtOAc twice. The collected EtOAc layer was washed with brine, dried over
magnesium sulfate, filtered, and concentrated. The afforded crude was used for the next step
without further purification (purified by flash column chromatography, if needed).
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To a solution of ynol in DCM was added MnO2 (400.0 mg, 4.6 mmol, 4.6 eq) at room temperature.
The reaction mixture was stirred till all ynol consumed (monitored by silica gel TLC plate). The
reaction mixture was filtered through a pad of celite, and the filtrate was concentrated. Then,
residue was purified by flash column chromatography (petroleum ether/EtOAc (5~10%, gradient
elution)) on silica gel to afford ynone derivatives (o-alkynoylphenols 1).

1-(2-Hydroxyphenyl)-3-phenylprop-2-yn-1-one (1a)?
"H NMR (400 MHz, CDCl3) 6 11.74 (s, 1H), 8.13 (ddd, J=7.7, 1.7, 0.6

° Hz, 1H), 7.76 — 7.67 (m, 2H), 7.53 (ddt, J = 14.5, 7.0, 1.6 Hz, 2H), 7.45

O X (ddd, J=8.4, 4.3, 1.0 Hz, 2H), 7.04 — 6.96 (m, 2H); 13C NMR (100 MHz,
OH O CDCls) 6 182.40, 162.95, 137.28, 133.26 (2C), 133.15, 131.31, 128.91

1a (2C), 120.93, 119.84, 119.54, 118.28, 96.15, 85.83; HRMS-ESI m/z

calculated for Ci5sH1002 [M+H]"223.0754, found 223.0747.

'H NMR (400 MHz, CDCls) 6 12.03 (s, 1H), 7.99 (ddd, J = 8.0, 1.7, 0.5

o Hz, 1H), 7.73 — 7.67 (m, 2H), 7.50 (dd, J = 5.2, 3.7 Hz, 1H), 7.44 (ddd, J

o =8.4,4.4,1.1 Hz, 2H), 7.42 — 7.37 (m, 1H), 6.93 — 6.87 (m, 1H), 2.29 (s,

O h 3H); 3C NMR (100 MHz, CDCl3) 6 182.48, 161.39, 137.99, 133.17 (2C),

131.15, 130.71, 128.81 (2C), 127.29, 120.22, 119.90, 118.87, 95.77,

86.02, 15.37; HRMS-ESI m/z calculated for C16H1202 [M+H]*237.0910,
found 237.0908.

OH

Me
1b

1-(2-Hydroxy-4-methylphenyl)-3-phenylprop-2-yn-1-one (1¢)°

'H NMR (400 MHz, CDCl3) § 7.99 (d, J = 7.9 Hz, 1H), 7.69 (ddd, J =
9 7.2,2.9, 1.7 Hz, 2H), 7.54 — 7.48 (m, 1H), 7.48 — 7.40 (m, 2H), 6.84 —
O X 6.77 (m, 2H), 2.39 (s, 3H); '3C NMR (100 MHz, CDCls) ¢ 181.77,
Me OH O 163.04, 149.29, 133.22 (2C), 133.03, 131.18, 128.88 (2C), 120.95,
1c 119.97,118.91, 118.30, 95.54, 85.85, 22.32; HRMS-ESI m/z calculated
for C16H1202 [M+H]* 237.0910, found 237.0906.



1-(2-Hydroxy-5-methylphenyl)-3-phenylprop-2-yn-1-one (1d)*

(0]
Me
LS
OH
1d

'"H NMR (400 MHz, CDCl3) 6 11.59 (s, 1H), 7.88 (dd, J = 1.6, 0.6 Hz,
1H), 7.73 — 7.67 (m, 2H), 7.55 — 7.49 (m, 1H), 7.48 — 7.42 (m, 2H), 7.35
(ddd, J=8.5,2.3, 0.4 Hz, 1H), 6.91 (d, = 8.5 Hz, 1H), 2.37 (s, 3H); 1’C
NMR (100 MHz, CDCl3) ¢ 182.33, 160.96, 138.48, 133.21 (2C), 132.66,
131.23, 128.90 (2C), 128.73, 120.55, 119.94, 118.06, 95.91, 85.90, 20.68;
HRMS-ESI m/z calculated for CicHi202 [M+H]" 237.0910, found
237.0902.

1-(3,5-Di-tert-butyl-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1e)’

(e}
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OH

1e
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LS
e
OMe
f
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'H NMR (400 MHz, CDCl3) & 12.46 (s, 1H), 8.04 (d, J = 2.5 Hz, 1H),
7.71 = 7.66 (m, 2H), 7.61 (d, J = 2.4 Hz, 1H), 7.54 — 7.49 (m, 1H), 7.46
(dt, J= 8.5, 3.9 Hz, 2H), 1.44 (s, 9H), 1.37 (s, 9H); *C NMR (100 MHz,
CDCls)o 183.12, 160.79, 140.90, 138.03, 133.27 (2C), 132.44, 131.19,
128.96 (2C), 127.03, 120.17, 120.10, 95.77, 86.30, 35.28, 34.43, 31.43
(3C), 29.48 (3C); HRMS-ESI m/z calculated for C23H2602 [M+H]"
335.2006, found 335.1996.

'H NMR (400 MHz, CDCls) 6 12.02 (s, 1H), 7.74 (dd, J= 8.1, 1.4 Hz,
1H), 7.72 — 7.68 (m, 2H), 7.55 — 7.49 (m, 1H), 7.47 — 7.42 (m, 2H),
7.12 (dd, J= 7.9, 1.0 Hz, 1H), 6.94 (t, J = 8.0 Hz, 1H), 3.93 (s, 3H);
13C NMR (100 MHz, CDClz)s 182.58, 153.38, 148.81, 133.27 (2C),
131.32, 128.89 (2C), 124.18, 120.98, 119.81, 118.89, 117.93, 96.24,
86.09, 56.42; HRMS-ESI m/z calculated for CisHi203 [M+H]*
253.0859, found 253.0853.

1-(2-Hydroxy-5-methoxyphenyl)-3-phenylprop-2-yn-1-one (1g)°

(0]
MeO
LS
o
1g

'"H NMR (400 MHz, CDCl3) 6 11.39 (s, 1H), 7.73 — 7.66 (m, 2H),
7.59 (d,J=3.1 Hz, 1H), 7.55-7.50 (m, 1H), 7.45 (ddd, J= 8.3, 4.4,
1.0 Hz, 2H), 7.17 (dd, /= 9.1, 3.1 Hz, 1H), 6.96 (d, /= 9.0 Hz, 1H),
3.86 (s, 3H); 3*C NMR (100 MHz, CDCl3) § 181.93, 157.59, 152.25,
133.25 (2C), 131.36, 128.97 (2C), 125.63, 120.45, 119.86, 119.31,
114.87,96.19, 85.88, 56.04; HRMS-ESI m/z calculated for C1sH1203
[M+H]"253.0859, found 253.0855



1-(3-Chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1h)°
"H NMR (400 MHz, CDCl3) 6 12.30 (s, 1H), 8.08 (dd, J = 8.0, 1.6 Hz, 1H),

0]

181.99, 158.53, 137.13, 133.38 (2C), 131.62 (2C), 128.98 (2C), 122.82,
121.78, 119.62, 119.51, 97.23, 85.69; HRMS-ESI m/z calculated for
C15HoClO2 [M+H]"257.0364, found 257.0356.

7.73 - 7.69 (m, 2H), 7.63 (ddd, J= 7.8, 1.6, 0.5 Hz, 1H), 7.57 — 7.51 (m, 1H),
7.48 —7.43 (m, 2H), 6.97 (t, J = 7.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) §
OH
|
1h

1-(4-Chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1i)'

(0]
LS
@ Foon )
1i

'HNMR (400 MHz, CDCl3) § 11.88 (s, 1H), 8.03 (d, /= 8.5 Hz, 1H), 7.74
—7.66 (m, 2H), 7.51 (dd, J= 5.2, 3.8 Hz, 1H), 7.44 (ddd, J= 8.3, 4.3, 0.9
Hz, 2H), 7.02 (d,J= 1.9 Hz, 1H), 6.96 (dd, J=8.5, 2.0 Hz, 1H); '*C NMR
(100 MHz, CDCl3) 6 181.45, 163.39, 143.31, 134.06, 133.30 (2C), 131.50,
128.94 (3C), 120.31, 119.56, 118.39, 96.69, 85.59; HRMS-ESI m/z
calculated for C1sHoC102 [M+H]* 257.0364, found 257.0353.

1-(5-Chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1j)°

o]
cl
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oH O
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S
o
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'H NMR (400 MHz, CDCl3) 6 11.67 (s, 1H), 8.07 (d, J = 2.6 Hz, 1H),
7.75 - 7.69 (m, 2H), 7.57 — 7.52 (m, 1H), 7.50 — 7.44 (m, 3H), 6.98 (d,
J=18.9 Hz, 1H); 13C NMR (100 MHz, CDCls) § 181.38, 161.43, 137.16,
133.44 (2C), 131.97, 131.66, 129.01 (2C), 124.22, 121.45, 120.05,
119.45,97.22, 85.47; HRMS-ESI m/z calculated for C1sHyC102 [M+H]*
257.0364, found 257.0352.

'H NMR (400 MHz, CDCls) § 11.69 (s, 1H), 8.21 (d, J = 2.5 Hz,
1H), 7.76 — 7.66 (m, 2H), 7.60 (dd, J = 8.9, 2.5 Hz, 1H), 7.57 — 7.51
(m, 1H), 7.50 — 7.43 (m, 2H), 6.92 (d, J = 8.9 Hz, 1H); 3C NMR
(100 MHz, CDCls) ¢ 181.26, 161.86, 139.87, 135.05, 133.43 (20),
131.64, 129.00 (2C), 122.07, 120.40, 119.44, 111.04, 97.28, 85.46;
HRMS-ESI m/z calculated for C1sHoBrO2 [M+H]" 300.9859, found
300.9845.

1-(5-Fluoro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (11)’

(6]
F
x
OH
11

'H NMR (400 MHz, CDCl3) 5 11.52 (s, 1H), 7.79 (dd, J= 8.5, 3.1 Hz, 1H),
7.74 — 7.68 (m, 2H), 7.54 (ddd, J = 6.6, 3.9, 1.4 Hz, 1H), 7.49 — 7.42 (m,
2H), 7.31 — 7.25 (m, 1H), 6.98 (dd, J= 9.1, 4.3 Hz, 1H); '3C NMR (100
MHz, CDCls) 6 181.45, 159.17 (d, J = 1.5 Hz), 156.41, 154.03, 133.41

-4 -



(20), 131.62, 129.00 (2C), 125.01 (d, J=23.9 Hz), 119.77 (d, J= 7.3 Hz),
119.47, 117.55 (d, J = 23.7 Hz), 96.91, 85.51; HRMS-ESI m/z calculated
for C1sHoFO2 [M+H]* 241.0660, found 241.0647.

1-(3,5-Dichloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1m)
Obtained as yellow solid, 92% yield. "H NMR (400 MHz, CDCl3) 6 12.22

0 (s, 1H), 8.01 (d, J=2.5 Hz, 1H), 7.73 (dt, J= 2.6, 0.9 Hz, 1H), 7.71 (d, J
cl O § = 1.5 Hz, 1H), 7.62 (d, J = 2.5 Hz, 1H), 7.59 — 7.53 (m, 1H), 7.50 — 7.45
OH O (m, 2H); *C NMR (100 MHz, CDCl3) ¢ 180.96, 157.28, 136.64, 133.53

! (20), 131.93, 130.61, 129.07 (2C), 124.01, 124.00, 121.86, 119.16, 98.28,
85.37, HRMS-ESI m/z calculated for CisHsCl202 [M+H]" 290.9974,
found 290.9964.

1-(2-Hydroxy-4-nitrophenyl)-3-phenylprop-2-yn-1-one (1n)

Obtained as yellow solid, 87% yield. '"H NMR (400 MHz, CDCl3) 6
o) 11.87 (s, 1H), 8.41 — 8.24 (m, 1H), 7.84 (d, J=2.0 Hz, 1H), 7.80 (dd,
O N J=28.7,2.2Hz, 1H), 7.73 (dd, J = 8.2, 1.2 Hz, 2H), 7.60 — 7.54 (m,
O,N OH O 1H), 7.48 (dd, J = 11.7, 4.4 Hz, 2H); *C NMR (100 MHz, CDCl3) 6
181.51, 163.06, 152.53, 134.26, 133.55 (2C), 132.06, 129.11 (2C),
124.27, 119.08, 113.95, 113.79, 98.76, 85.69; HRMS-ESI m/z
calculated for C1sHoNO4 [M+Na]"290.0424, found 290.0410.

Methyl 4-hydroxy-3-(3-phenylpropioloyl)benzoate (10)

Obtained as yellow solid, 91% yield. '"H NMR (400 MHz, CDCl3) 6
12.14 (s, 1H), 8.89 (d,J= 2.1 Hz, 1H), 8.18 (dd, J = 8.8, 2.1 Hz, 1H),
7.79 - 7.71 (m, 2H), 7.54 (ddd, J = 6.7, 3.9, 1.4 Hz, 1H), 7.46 (ddd, J
MeQ O X = 6.9, 4.4, 1.3 Hz, 2H), 7.05 (d, J = 8.8 Hz, 1H), 3.95 (s, 3H); 1*C
on O NMR (100 MHz, CDCl3) 6 182.12, 166.25, 165.92, 137.77, 135.73,
1o 133.55 (20), 131.66, 128.98 (2C), 121.77, 120.37, 119.51, 118.54,
97.68, 85.54, 52.39; HRMS-ESI m/z calculated for Ci7Hi12NOg4
[M-+H]"281.0809, found 281.0808.



1-(2-Hydroxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-3-phenylprop-2-yn-1-
one (1p)

Obtained as yellow solid, 86% yield. '"H NMR (400 MHz, CDCl3) ¢
11.57 (s, 1H), 8.09 (d, J= 7.8 Hz, 1H), 7.70 (dd, J = 5.2, 3.3 Hz, 2H),

(0]
O § 7.55 —7.49 (m, 1H), 7.44 (dd, J=11.3, 4.7 Hz, 3H), 7.37 (d, J = 8.1
>§;‘§ OH O Hz, 1H), 1.36 (s, 12H); '3C NMR (100 MHz, CDCl3) & 182.56,
161.95, 133.31 (2C), 131.97, 131.33, 128.93 (3C), 124.98, 124.67,
e 122.39, 119.90, 96.25, 86.04, 84.55 (2C), 25.02 (4C); HRMS-ESI m/z

calculated for C21H21BO4 [M+H]" 349.1606, found 349.1606.

1-(2-Hydroxy-5-(piperidin-1-ylsulfonyl)phenyl)-3-phenylprop-2-yn-1-one (1q)

Obtained as yellow solid, 82% yield. 'H NMR (400 MHz, CDCl3) 6
12.12 (s, 1H), 8.58 (d, /= 2.3 Hz, 1H), 7.86 (dd, J= 8.8, 2.3 Hz, 1H),

0l 9 7.72 (dt, J= 8.6, 1.7 Hz, 2H), 7.59 — 7.52 (m, 1H), 7.46 (ddd, J = 6.8,
N T 4.5, 1.1 Hz, 2H), 7.13 (d, J = 8.8 Hz, 1H), 3.08 — 3.01 (m, 4H), 1.66
) OH O (dt, J=11.3, 5.8 Hz, 4H), 1.48 — 1.41 (m, 2H); 3C NMR (100 MHz,

CDCl3) ¢ 181.65, 165.64, 135.40, 133.69 (2C), 133.51, 132.01,

1a 129.13 (2C), 127.72, 120.31, 119.37, 119.15, 98.68, 85.32, 47.09
(2C), 25.30 (2C), 23.60; HRMS-ESI m/z calculated for C20Hi19NO4S
[M+H]"370.1108, found 370.1108.

3-(2-Fluorophenyl)-1-(2-hydroxyphenyl)prop-2-yn-1-one (1r)
Obtained as yellow solid, 94% yield. '"H NMR (400 MHz, CDCl3) 6 11.68 (s,

o 1H), 8.18 (dd, J = 8.2, 1.8 Hz, 1H), 7.67 (ddd, J= 7.9, 7.3, 1.8 Hz, 1H), 7.56
 F —748(m, 2H), 7.25 - 7.16 (m, 2H), 7.03 ~ 6.98 (m, 2H); *C NMR (100

O o O MHz, CDCls) 6 181.99, 163.92 (d, J = 255.9 Hz), 162.89, 137.37, 134.80,
. 133.36 (d,J= 8.4 Hz), 133.27, 124.59 (d,J= 3.8 Hz), 120.78, 119.67, 118.14,

116.06 (d, J=20.4 Hz), 108.72 (d, J= 15.2 Hz), 90.19 (d, J= 3.2 Hz), 89.20;
HRMS-ESI m/z calculated for CisHoFO2 [M+H]" 241.0660, found 241.0650.

1-(2-Hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-yn-1-one (1s)!!

'H NMR (400 MHz, CDCL3) & 11.83 (s, 1H), 8.12 (ddd, J=7.8, 1.7, 0.8

o Hz, 1H), 7.69 — 7.64 (m, 2H), 7.55 — 7.48 (m, 1H), 7.02 — 6.92 (m, 4H),

o 3.87 (s, 3H); '*C NMR (100 MHz, CDCls) J 182.44, 162.88, 162.20,

O o O 137.02, 135.41 (2C), 133.07, 120.97, 119.44, 118.24, 114.67 (2C),

oMe 111.59, 97.54, 85.92, 55.63; HRMS-ESI m/z calculated for CisH1203
[M+H]"253.0859, found 253.0857.

1s



3-(4-Fluorophenyl)-1-(2-hydroxyphenyl)prop-2-yn-1-one (1t)’

x

OH
F

1t

"H NMR (400 MHz, CDCl3) 6 11.71 (s, 1H), 8.17 — 8.04 (m, 1H), 7.76 —
7.67 (m, 2H), 7.60 — 7.47 (m, 1H), 7.21 — 7.11 (m, 2H), 7.06 — 6.96 (m,
2H); 13C NMR (100 MHz, CDCIz) J 182.22, 165.65, 163.04 (d, J = 14.8
Hz), 137.32, 135.63, 135.54, 133.03, 120.85, 119.54, 118.32, 116.61,
116.38, 115.98 (d, J = 3.3 Hz), 94.97, 85.76; HRMS-ESI m/z calculated
for C1sHoFO2 [M+H]" 241.0660, found 241.0650.

1-(2-Hydroxyphenyl)-3-(m-tolyl)prop-2-yn-1-one (1u)’

O x Me
OH O

"H NMR (400 MHz, CDCl3) 6 11.77 (s, 1H), 8.17 — 8.11 (m, 1H), 7.56 —
7.48 (m, 3H), 7.35 — 7.32 (m, 2H), 7.03 — 6.97 (m, 2H), 2.40 (s, 3H); 1*C
NMR (100 MHz, CDCIl3) ¢ 182.46, 162.95, 138.79, 137.23, 133.74,
133.17, 132.28, 130.45, 128.81, 120.98, 119.65, 119.52, 118.27, 96.58,
85.63, 21.34; HRMS-ESI m/z calculated for C16H1202 [M+H]"237.0910,
found 237.0904.

1-(2-Hydroxyphenyl)-3-(p-tolyl)prop-2-yn-1-one (1v)3

'HNMR (400 MHz, CDCl3) 5 11.79 (s, 1H), 8.17 — 8.10 (m, 1H), 7.60 (d,
J=28.1Hz, 2H), 7.55 - 7.50 (m, 1H), 7.28 — 7.26 (m, 1H), 7.25 — 7.23 (m,
1H), 6.99 (t, J = 7.5 Hz, 2H), 2.42 (s, 3H); '*C NMR (100 MHz, CDCls)
5 182.47, 162.92, 142.19, 137.15, 133.34 (2C), 133.15, 129.72 (2C),
120.96, 119.49, 118.25, 116.72, 96.95, 85.77, 21.96; HRMS-ESI m/z
calculated for C16H1202 [M+H]*237.0910, found 237.0902.

1-(2-Hydroxyphenyl)-3-(3-methoxyphenyl)prop-2-yn-1-one (1w)°

A OMe

OH

1w

"H NMR (400 MHz, CDCl3) 6 11.73 (s, 1H), 8.12 (ddd, J= 7.5, 1.7, 0.7
Hz, 1H), 7.58 — 7.49 (m, 1H), 7.38 — 7.32 (m, 1H), 7.29 (dt, J=7.6, 1.3
Hz, 1H), 7.19 (dd, J = 2.6, 1.4 Hz, 1H), 7.06 (ddd, J = 8.2, 2.7, 1.2 Hz,
1H), 6.99 (td, J = 7.8, 0.8 Hz, 2H), 3.85 (s, 3H); '*C NMR (100 MHz,
CDCls) o 182.38, 162.99, 159.68, 137.31, 133.17, 130.03, 125.79,
120.96, 120.79, 119.56, 118.31, 118.06, 117.79, 96.05, 85.53, 55.62;
HRMS-ESI m/z calculated for CisH1203 [M+H]" 253.0859, found
253.0854.



3-(3-Fluorophenyl)-1-(2-hydroxyphenyl)prop-2-yn-1-one (1x)'2

"H NMR (400 MHz, CDCl3) § 11.70 — 11.60 (m, 1H), 8.15 — 8.04 (m, 1H),
7.55(ddd, J=7.7, 7.2, 1.7 Hz, 1H), 7.49 (ddd, J = 7.3, 1.9, 0.8 Hz, 1H),
o 7.46 —7.41 (m, 1H), 7.41 — 7.36 (m, 1H), 7.25 - 7.19 (m, 1H), 7.06 — 6.96
O X F(m, 2H); *C NMR (100 MHz, CDCls) 6 182.04, 163.00, 162.44 (d, J =
OH O 248.6 Hz), 137.47, 133.05, 130.66 (d, J = 8.5 Hz), 129.10 (d, /= 3.3 Hz),
x 121.63 (d, J=9.3 Hz), 120.82, 119.83 (d, /= 23.2 Hz), 119.61, 118.72 (d,
J = 21.2 Hz), 118.34, 93.96 (d, J = 3.4 Hz), 86.01; HRMS-ESI m/z
calculated for C1sHoFO2 [M+H]" 241.0660, found 241.0650.

1-(2-Hydroxyphenyl)prop-2-yn-1-one (1y)'?

° 'H NMR (400 MHz, CDCls) 5 11.44 (s, 1H), 8.05 (dd, J= 7.8, 1.6 Hz, 1H),

@\)\H 7.61 — 7.48 (m, 1H), 6.98 (dd, J = 12.0, 4.7 Hz, 2H), 3.59 (s, 1H); 13C NMR
OH (100 MHz, CDCl3) 6 181.71, 163.01, 137.78, 133.38, 120.50, 119.75, 118.29,
1y 83.52, 79.13.

1-(2-Hydroxyphenyl)hex-2-yn-1-one (1z)
Obtained as yellow semi-solid, 82% yield. '"H NMR (400 MHz, CDCl3) ¢

2 11.73 (s, 1H), 8.02 (dd, J= 7.9, 1.7 Hz, 1H), 7.55 — 7.43 (m, 1H), 7.02 — 6.91
@\)\A (m, 2H), 2.52 (t, J = 7.0 Hz, 2H), 1.73 (h, J= 7.2 Hz, 2H), 1.09 (t, J= 7.4 Hz,
OH 3H); '*C NMR (100 MHz, CDCl3) 6 182.76, 162.86, 137.01, 133.30, 120.85,
1z 119.38, 118.12,99.92, 78.79, 21.42, 21.39, 13.74; HRMS-ESI m/z calculated

for C12H12FO2 [M+H]" 189.0911, found 189.0910.

3-Cyclopropyl-1-(2-hydroxyphenyl)prop-2-yn-1-one (1aa)’

o 'H NMR (400 MHz, CDCl3) 6 11.74 (s, 1H), 7.98 — 7.92 (m, 1H), 7.52 — 7.45
o (m, 1H), 6.98 — 6.89 (m, 2H), 1.61 — 1.52 (m, 1H), 1.12 — 1.02 (m, 4H); 3C
o NMR (100 MHz, CDCl3) & 182.37, 162.77, 136.85, 133.18, 120.81, 119.33,

118.09, 104.37, 74.44, 10.27 (2C), 0.27; HRMS-ESI m/z calculated for
C12H1002 [M+H]" 187.0754, found 187.0745.

1aa

1-(5-Chloro-2-hydroxyphenyl)-3-(thiophen-2-yl)prop-2-yn-1-one (1cc)

o Obtained as yellow solid, 92% yield. '"H NMR (400 MHz, CDCl3) J 11.66
cl (s, 1H), 7.99 (d, J= 2.6 Hz, 1H), 7.66 (dd, J= 3.7, 1.1 Hz, 1H), 7.61 (dd,
o ) J=15.1, 1.1 Hz, 1H), 7.47 (dd, J = 8.9, 2.6 Hz, 1H), 7.15 (dd, J= 5.1, 3.7
Hz, 1H), 6.97 (d, J = 8.9 Hz, 1H); '*C NMR (100 MHz, CDCl3) 6 180.76,
161.36, 137.75, 137.06, 132.95, 131.70, 128.18, 124.21, 121.23, 120.04,



119.18, 91.29, 90.26; HRMS-ESI m/z calculated for C13H7C102S [M+H]"
262.9929, found 262.9928.

1-(2-Hdroxyphenyl)-3-(pyridin-3-yl)prop-2-yn-1-one (1dd)

Obtained as yellow solid, 30% yield. 'H NMR (400 MHz, CDCl3) 6 11.53
(s, 1H), 8.94 (s, 1H), 8.74 (d, J = 4.1 Hz, 1H), 8.09 — 7.95 (m, 2H), 7.50

N 0 (dd, J=18.9,2.6 Hz, 1H), 7.43 (dd, /= 7.9, 4.9 Hz, 1H), 6.99 (d, J=9.0
A “ Hz, 1H); *C NMR (100 MHz, CDCl3) 6 180.80, 161.55, 153.37, 151.29,
OH \ P 140.33, 137.56, 131.80, 124.43 , 123.64, 121.21, 120.20, 117.03, 92.71,
1dd 87.89; HRMS-ESI m/z calculated for CisHsCINO2 [M+H]" 258.0317,
found 258.0315.

2. General procedure for synthesis of y-benzopyranone 2 (cyclization).

To the precursors (1a—1dd) was added pure DMSO (1.0 mL) at room temperature and stirred until
complete cyclization. The reaction mixture was quenched with water and extracted with EtOAc.
Combined organic layer was washed with saturated aqueous NH4Cl, dried over sodium sulfate,
filtered, and evaporated. The residue was purified by column chromatography (in case of poor
regioselective cyclization) on silica gel column chromatography (eluent, indicated ratio of
petroleum ether/EtOAc mixture) or direct concentrated (in case of reaction with >99:1/endo:exo
ratio) to afford the final y-benzopyranone 2 (i.e., flavone) derivatives.

2-Phenyl-4H-chromen-4-one (2a)'#

To 1-(2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1la, 11.1 mg, 0.05
mmol) was added DMSO (1 mL) and stirred for 2 h at room temperature.
The reaction mixture was quenched with water and extracted with EtOAc.
Combined EtOAc layer was dried over MgSOs, filtered, and concentrated
to afford compound 2a (9.9 mg, yield 89%) as a white solid. 'H NMR
(400MHz, CDCIs) 6 8.27 — 8.21 (m, 1H), 7.97 — 7.91 (m, 2H), 7.75 — 7.68
(m, 1H), 7.61 — 7.56 (m, 1H), 7.56 — 7.50 (m, 3H), 7.43 (ddd, J = 8.1, 7.1,
1.1 Hz, 1H), 6.84 (s, 1H); '*C NMR (100 MHz, CDCl3) 6 178.62, 163.56,
156.38, 133.95, 131.87, 131.77, 129.19 (2C), 126.43 (2C), 125.83, 125.38,
124.04, 118.23, 107.69; HRMS-ESI m/z calculated for CisH1002 [M+H]"
223.0754, found 223.0747.




8-Methyl-2-phenyl-4 H-chromen-4-one (2b)'3

To 1-(2-hydroxy-3-methylphenyl)-3-phenylprop-2-yn-1-one (1b, 11.8 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 2.5 h at room
temperature. The reaction mixture was quenched with water and extracted
with EtOAc. Combined EtOAc layer was dried over MgSOs, filtered, and
concentrated then purified using silica gel column chromatography
(petroleum ether/EtOAc = 5/1) to afford compound 2b (10.3 mg, yield
87%) as a white solid.

"H NMR (400 MHz, CDCl3) 6 8.09 (ddd, J = 7.9, 1.3, 0.5 Hz, 1H), 7.99 —
7.91 (m, 2H), 7.60 — 7.51 (m, 4H), 7.37 — 7.29 (m, 1H), 6.87 (s, 1H), 2.63
(s, 3H); '*C NMR (100 MHz, CDCl3) J 178.96, 163.06, 154.82, 134.84,
132.15, 131.67, 129.20 (3C), 127.62, 126.31 (2C), 124.88, 123.42, 107.40,
15.93; HRMS-ESI m/z calculated for CisH1202 [M+H]" 237.0910, found
237.0906.

7-Methyl-2-phenyl-4 H-chromen-4-one (2¢)'3

To 1-(2-hydroxy-4-methylphenyl)-3-phenylprop-2-yn-1-one (1¢, 11.8 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 2.5 h at room
temperature. The reaction mixture was quenched with water and extracted
with EtOAc. Combined EtOAc layer was dried over MgSO4, filtered, and
concentrated then purified using silica gel column chromatography
(petroleum ether/EtOAc = 5/1) to afford compound 2¢ (10.2 mg, yield
86%) as a white solid. 'H NMR (400 MHz, CDCl3) ¢ 8.12 (d, J = 8.1 Hz,
1H), 7.96 — 7.91 (m, 2H), 7.56 — 7.51 (m, 3H), 7.39 (s, 1H), 7.26 — 7.23
(m, 1H), 6.82 (s, 1H), 2.52 (s, 3H); *C NMR (100 MHz, CDCl3) § 178.54,
163.28, 156.56, 145.26, 132.07, 131.62, 129.16 (2C), 126.87, 126.38 (2C),
125.59, 121.85, 118.00, 107.67, 21.99; HRMS-ESI m/z calculated for
Ci6H1202 [M+H]"237.0910, found 237.0903.

6-Methyl-2-phenyl-4 H-chromen-4-one (2d)'*

To 1-(2-hydroxy-5-methylphenyl)-3-phenylprop-2-yn-1-one (1d, 11.8
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 3 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOx,
filtered, and concentrated then purified using silica gel column
chromatography (petroleum ether/EtOAc = 5/1) to afford compound 2d
(9.1 mg, yield 77%) as a white solid. 'H NMR (400 MHz, CDCl3) §
8.05 - 8.01 (m, 1H), 7.98 — 7.91 (m, 2H), 7.57 — 7.46 (m, 5H), 6.86 (s,
1H), 2.48 (s, 3H); '*C NMR (100 MHz, CDCl3) 178.75, 163.48, 154.74,
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135.39, 135.16, 132.11, 131.67, 129.18 (2C), 126.45 (2C), 125.24,
123.78, 118.00, 107.62, 21.10; HRMS-ESI m/z calculated for Ci¢H1202
[M+H]"237.0910, found 237.0901.

6,8-Di-tert-butyl-2-phenyl-4 H-chromen-4-one (2e)

To  1-(3,5-di-tert-butyl-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one
(1e, 16.7 mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2.5
h at room temperature. The reaction mixture was quenched with water
and extracted with EtOAc. Combined EtOAc layer was dried over
MgSO4, filtered, and concentrated then purified using silica gel column
chromatography (petroleum ether/EtOAc = 10/1) to afford compound
2e (14 mg, yield 79%) as a white solid. 'H NMR (400 MHz, CDCI3) ¢
8.15(d,J=2.4 Hz, 1H), 8.01 — 7.94 (m, 2H), 7.75 (d, J = 2.4 Hz, 1H),
7.64 —7.50 (m, 3H), 6.86 (s, 1H), 1.60 (s, 9H), 1.40 (s, 9H); *C NMR
(100 MHz, CDCl3) ¢ 179.33, 163.50, 153.53, 147.93, 138.60, 132.40,
131.65,129.37(2C), 129.32,126.62 (2C), 119.91, 107.37, 35.44, 35.19,
31.51 (3C), 30.44 (3C); HRMS-ESI m/z calculated for C23H260:2
[M+H]" 335.2006, found 335.2000.

8-Methoxy-2-phenyl-4H-chromen-4-one (2)'°

To 1-(2-hydroxy-3-methoxyphenyl)-3-phenylprop-2-yn-1-one (1f, 12.6 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 8 h at room
temperature. The reaction mixture was quenched with water and extracted
with EtOAc. Combined EtOAc layer was dried over MgSOs, filtered, and
concentrated then purified using silica gel column chromatography
(petroleum ether/EtOAc = 5/1) to afford compound 2f (11.6 mg, yield 92%)
as a light-yellow solid. '"H NMR (400 MHz, CDCl3) 6 8.01 — 7.94 (m, 2H),
7.77 (dd, J= 8.1, 1.5 Hz, 1H), 7.56 — 7.49 (m, 3H), 7.33 (t, /= 8.0 Hz, 1H),
7.19(dd,J=8.0, 1.4 Hz, 1H), 6.84 (s, 1H), 4.03 (s, 3H); 3*C NMR (100MHz,
CDCl3) 0 178.68, 149.29, 146.84, 132.00, 131.73, 129.20 (3C), 126.54 (20),
125.13, 125.00, 116.61, 114.60, 107.52, 56.54; HRMS-ESI m/z calculated
for C16H1203 [M+H]" 253.0859, found 253.0853.

6-Methoxy-2-phenyl-4H-chromen-4-one (2g)'°

To 1-(2-hydroxy-5-methoxyphenyl)-3-phenylprop-2-yn-1-one (1g,
12.6 mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 5 h at
room temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated then purified using silica gel column

-11 -



chromatography (petroleum ether/EtOAc = 5/1) to afford compound 2g
(11.7 mg, yield 93%) as a light-yellow solid. '"H NMR (400 MHz,
CDCl3) 6 7.98 — 7.89 (m, 2H), 7.61 (d, J= 3.1 Hz, 1H), 7.58 — 7.50 (m,
4H), 7.31 (dd, J=9.1, 3.1 Hz, 1H), 6.86 (s, 1H), 3.92 (s, 3H); *C NMR
(100 MHz, CDCl3) 0 178.44, 163.37, 157.14, 151.22, 131.97, 131.62,
129.13 (2C), 126.36 (2C), 124.62, 123.98, 119.61, 106.91, 104.94,
56.05; HRMS-ESI m/z calculated for CisHi1203 [M+H]" 253.0859,
found 253.0849.

8-Chloro-2-phenyl-4 H-chromen-4-one (2h)'s

To 1-(3-chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1h, 12.8 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and extracted
with EtOAc. Combined EtOAc layer was dried over MgSOs, filtered, and
concentrated to afford compound 2h (12.3 mg, yield 96%) as a white solid.
"H NMR (400 MHz, CDCI3) 6 8.14 (dd, J = 8.0, 1.6 Hz, 1H), 8.02 (dd, J =
7.6, 2.2 Hz, 2H), 7.77 (dd, J = 7.8, 1.6 Hz, 1H), 7.62 — 7.51 (m, 3H), 7.36
(t, J = 7.9 Hz, 1H), 6.88 (s, 1H); *C NMR (100 MHz, CDCl3) § 177.95,
163.42, 152.05, 134.13, 132.12, 131.41, 129.32 (2C), 126.58 (2C), 125.49,
125.39, 124.46, 123.53, 107.47; HRMS-ESI m/z calculated for Ci1sHoClO2
[M+H]"257.0364, found 257.0356.

7-Chloro-2-phenyl-4 H-chromen-4-one (2i)'

To 1-(4-chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1i, 12.8
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated to afford compound 2i (12.2 mg, yield 95%)
as a white solid. "H NMR (400 MHz, CDCl3) 6 8.17 (d, J = 8.5 Hz, 1H),
791 (dd, J=17.9, 1.8 Hz, 2H), 7.62 (d, J= 1.9 Hz, 1H), 7.59 — 7.51 (m,
3H), 7.40 (dd, J = 8.5, 1.9 Hz, 1H), 6.82 (s, 1H); *C NMR (100 MHz,
CDCl3) 6 177.68, 163.73, 156.50, 139.92, 131.99, 131.51, 129.27 (2C),
127.24, 126.43 (2C), 126.24, 122.65, 118.33, 107.92; HRMS-ESI m/z
calculated for C1sHoClO2 [M+H]"257.0364, found 257.0354.
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6-Chloro-2-phenyl-4 H-chromen-4-one (2j)'°

To 1-(5-chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1j, 12.8
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated to afford compound 2j (10.6 mg, yield 94%)
as a white solid. "TH NMR (400 MHz, CDCI3) 6 8.21 (d, J=2.6 Hz, 1H),
7.98 —7.86 (m, 2H), 7.65 (dd, J = 8.8, 2.7 Hz, 1H), 7.60 — 7.50 (m, 4H),
6.84 (s, 1H); 3*C NMR (100 MHz, CDCl3) § 177.30, 163.83, 154.71,
134.09, 132.00, 131.54, 131.34, 129.25 (2C), 126.46 (2C), 125.31,
125.04, 119.94, 107.60; HRMS-ESI m/z calculated for CisHoClO2
[M+H]"257.0364, found 257.0353.

6-Bromo-2-phenyl-4 H-chromen-4-one (2k)'3

To 1-(5-bromo-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1k, 15.1
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOa,
filtered, and concentrated to afford compound 2k (13.8 mg, yield 92%)
as a white solid. "H NMR (400 MHz, CDCl3) 6 8.37 (d, J = 2.5 Hz, 1H),
7.96 —7.88 (m, 2H), 7.79 (dd, J=8.9, 2.5 Hz, 1H), 7.61 — 7.51 (m, 3H),
7.48 (d, J = 8.9 Hz, 1H), 6.84 (s, 1H); *C NMR (100 MHz, CDCl3) ¢
177.20, 163.86, 155.18, 136.89, 132.04, 131.56, 129.28 (2C), 128.56,
126.49 (2C), 125.45, 120.20, 118.84, 107.74; HRMS-ESI m/z calculated
for C1sHoBrO2 [M+H]" 300.9859, found 300.9847.

6-Fluoro-2-phenyl-4 H-chromen-4-one (21)'3

To 1-(5-fluoro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (11, 12 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs4,
filtered, and concentrated to afford compound 21 (10.3 mg, yield 86%) as
a white solid. '"H NMR (400 MHz, CDCl3) 6 7.96 — 7.91 (m, 2H), 7.88
(dd, J=8.1,3.0 Hz, 1H), 7.63 — 7.51 (m, 4H), 7.47 — 7.40 (m, 1H), 6.83
(s, 1H); *C NMR (100 MHz, CDCl3) § 177.76, 163.84, 160.97, 158.52,
152.60 (d,J=1.8 Hz), 131.80 (d, J=27.3 Hz), 129.24 (2C), 126.46 (2C),
125.31 (d, J=7.3 Hz), 122.05 (d, J = 25.5 Hz), 120.31 (d, J = 8.0 Hz),
110.79 (d, J=23.6 Hz), 107.03; HRMS-ESI m/z calculated for C1sHoFO2
[M+H]"241.0660, found 241.0646.
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6,8-Dichloro-2-phenyl-4 H-chromen-4-one (2m)!’

To 1-(3,5-dichloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1m,
14.6 mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 5 minutes
at room temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated to afford compound 2m (13.8 mg, yield 95%)
as a white solid. 'TH NMR (400 MHz, CDCl3) 6 8.11 (d, J=2.5 Hz, 1H),
8.02 —7.96 (m, 2H), 7.75 (d, J = 2.5 Hz, 1H), 7.61 — 7.53 (m, 3H), 6.87
(s, 1H); *C NMR (100 MHz, CDCl3) § 176.69, 163.69, 150.68, 133.97,
132.37, 131.09, 131.06, 129.40 (2C), 126.61 (2C), 125.92, 124.68,
124.08, 107.40; HRMS-ESI m/z calculated for CisHsCl2O2 [M+H]"
290.9974, found 290.9960.

7-Nitro-2-phenyl-4 H-chromen-4-one (2n)'®

To 1-(2-hydroxy-4-nitrophenyl)-3-phenylprop-2-yn-1-one (In, 13.4
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 5 minutes at
room temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated to afford compound 2n (12.9 mg, yield 97%)
as a white solid. '"H NMR (400MHz, CDCl3) 6 8.49 (d, J=2.1 Hz, 1H),
8.41 (d, J=8.7 Hz, 1H), 8.24 (dd, J=8.7, 2.1 Hz, 1H), 8.00 — 7.92 (m,
2H), 7.65 — 7.54 (m, 3H), 6.92 (s, 1H); 3*C NMR (100 MHz, CDCl3) ¢
176.97, 164.94, 155.76, 150.81, 132.54, 130.94, 129.45 (2C), 127.95,
127.85, 126.59 (2C), 119.63, 114.66, 108.41; HRMS-ESI m/z
calculated for C1sHoNO4 [M+Na]"290.0424, found 290.0415.

Methyl 4-o0xo0-2-phenyl-4H-chromene-6-carboxylate (20)"

To methyl 4-hydroxy-3-(3-phenylpropioloyl)benzoate (1o, 14.0 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 5 minutes at room
temperature. The DMSO was evaporated to afford compound 20
(quantitative yield) as a white solid. 'TH NMR (400MHz, CDCls) 6 8.93
(d,J=2.1Hz, 1H), 8.37 (dd, J=8.8,2.2 Hz, 1H), 7.94 (dd, /= 7.7, 1.8
Hz, 2H), 7.64 (d, J = 8.8 Hz, 1H), 7.60 — 7.52 (m, 3H), 6.87 (s, 1H),
3.97 (s, 3H).
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2-Phenyl-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4 H-chromen-4-one (2p)*’

To 1-(2-Hydroxy-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)-3-phenylprop-2-yn-1-one (1p, 17.4 mg, 0.05 mmol) was
added DMSO (1 mL) and stirred for 24 h at 120 °C. The DMSO was
evaporated to afford compound 2n (quantitative yield) as a white solid.
'H NMR (400MHz, CDCl3) 6 8.21 (d, J = 7.8 Hz, 1H), 8.05 (s, 1H),
7.97-7.93 (m, 2H), 7.82 (d, /= 7.8 Hz, 1H), 7.52 (dd, J=9.1, 3.6 Hz,
3H), 6.94 (s, 1H), 1.38 (s, 12H).

O‘B
s

2-Phenyl-6-(piperidin-1-ylsulfonyl)-4 H-chromen-4-one (2q)

To  1-(2-hydroxy-5-(piperidin-1-ylsulfonyl)phenyl)-3-phenylprop-2-
yn-1-one (1q, 18.5 mg, 0.05 mmol) was added DMSO (1 mL) and
stirred for 6 h at room temperature. The DMSO was evaporated to
0.0 0 afford compound 2q ( quantitative yield) as a white solid. 'H NMR
" O | (400MHz, CDCls) ¢ 8.61 (d, J=2.2 Hz, 1H), 8.07 (dd, J= 8.7, 2.3 Hz,
Q 0 O 1H), 7.97 - 7.90 (m, 2H), 7.72 (d, /= 8.8 Hz, 1H), 7.61 — 7.53 (m, 3H),
2 6.89 (s, 1H), 3.09 — 3.02 (m, 4H), 1.69 — 1.63 (m, 4H), 1.46 — 1.40 (m,
2H).; *C NMR (100 MHz, CDCI3) § § 177.26, 164.16, 158.20, 134.05,
132.53, 132.34, 131.18, 129.39 (2C), 126.56 (2C), 126.36, 124.10,
119.49, 108.11, 47.18 (2C), 25.26 (2C), 23.60; HRMS-ESI m/z
calculated for C20H19NO4S [M+H]"370.1108, found 370.1108.

2-(2-Fluorophenyl)-4 H-chromen-4-one (2r)*!

To 3-(2-fluorophenyl)-1-(2-hydroxyphenyl)prop-2-yn-1-one (1r, 12.0 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and extracted
with EtOAc. Combined EtOAc layer was dried over MgSOs, filtered, and
concentrated to afford compound 2r (10.7 mg, yield 89%) as a white solid.
'"H NMR (400 MHz, CDCl3) 6 8.41 — 8.18 (m, 1H), 8.03 — 7.90 (m, 1H),
7.83 —7.68 (m, 1H), 7.62 — 7.50 (m, 2H), 7.50 — 7.41 (m, 1H), 7.39 — 7.31
(m, 1H), 7.26 — 7.20 (m, 1H), 6.94 (s, 1H); '*C NMR (100 MHz, CDCl3) ¢
178.51, 161.93, 159.38, 158.94, 156.47, 134.00, 133.01 (d, J = 8.8 Hz),
129.16, 125.84, 125.40, 124.75 (d, J = 3.8 Hz), 123.93, 118.19, 117.08 (d,
J = 23.1 Hz), 112.52 (d, J = 12.0 Hz); HRMS-ESI m/z calculated for
C15sHoFO2 [M+H]"241.0660, found 241.0651.
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2-(4-Methoxyphenyl)-4H-chromen-4-one (2s)'4 22

To 1-(2-hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-yn-1-one (1s,
12.6 mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at
room temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSO4,
filtered, and concentrated to afford compound 2s (11.1 mg, yield 88%)
as a light-yellow solid. 'H NMR (400 MHz, CDCI3) § 8.28 — 8.20 (m,
1H), 7.95 — 7.87 (m, 2H), 7.74 — 7.66 (m, 1H), 7.61 — 7.53 (m, 1H),
7.42 (ddd, J=8.1, 7.1, 1.1 Hz, 1H), 7.08 — 7.00 (m, 2H), 6.79 (s, 1H),
3.90 (s, 3H); '*C NMR (100 MHz, CDCl3) § 178.52, 163.63, 162.60,
156.35, 133.73, 128.18 (2C), 125.82, 125.24, 124.16, 124.05, 118.10,
114.63 (2C), 106.30, 55.65; HRMS-ESI m/z calculated for CicH1203
[M+H]"253.0859, found 253.0854.

2-(4-Fluorophenyl)-4 H-chromen-4-one (2t)*?

To 3-(4-fluorophenyl)-1-(2-hydroxyphenyl)prop-2-yn-1-one (1t, 12.0
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated to afford compound 2t (11.2 mg, yield 93%) as

) a white solid. 'H NMR (400 MHz, CDCls) & 8.24 (dd, J = 7.9, 1.7 Hz,
) 1H),7.99-7.90 (m, 2H), 7.71 (ddd, J = 8.6, 7.2, 1.7 Hz, 1H), 7.60 - 7.54
2 " (m, 1H), 7.44 (td, J = 7.6, 0.9 Hz, 1H), 7.22 (t, J = 8.6 Hz, 2H), 6.80 (s,

1H); *C NMR (100 MHz, CDCl3) 6 178.43, 166.18, 163.66, 162.58,
156.34, 134.00, 128.66 (d, J = 8.9 Hz), 128.14 (d, J = 3.3 Hz), 125.90,
125.48, 124.01, 118.15, 116.56, 116.34, 107.52 (d, J = 1.4 Hz); HRMS-
ESI m/z calculated for C1sHoFO2 [M+H]"241.0660, found 241.0648.

2-(m-Tolyl)-4H-chromen-4-one (2u)*?

To 1-(2-hydroxyphenyl)-3-(m-tolyl)prop-2-yn-1-one (1u, 11.8 mg, 0.05
mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOu,
filtered, and concentrated to afford compound 2u (10.6 mg, yield 90%)
as a white solid. 'H NMR (400 MHz, CDCls) 6 8.27 — 8.22 (m, 1H),
7.76 — 7.67 (m, 3H), 7.58 (ddd, J = 8.5, 1.1, 0.4 Hz, 1H), 7.46 — 7.39
(m, 2H), 7.39 — 7.33 (m, 1H), 6.82 (s, 1H), 2.47 (s, 3H); 3C NMR (100
MHz, CDCls) ¢ 178.62, 163.83, 156.46, 139.01, 133.88, 132.58,
131.91, 129.10, 127.03, 125.86, 125.35, 124.12, 123.69, 118.24,
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107.70, 21.66; HRMS-ESI m/z calculated for CisH1202 [M+H]"
237.0910, found 237.0906.

2-(p-Tolyl)-4H-chromen-4-one (2v)*

To 1-(2-hydroxyphenyl)-3-(p-tolyl)prop-2-yn-1-one (1v, 11.8 mg, 0.05
mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated to afford compound 2v (10.8 mg, yield 91%)
as a white solid. "H NMR (400 MHz, CDCI3) ¢ 8.23 (dd, J = 8.0, 1.6
Hz, 1H), 7.86 — 7.80 (m, 2H), 7.72 — 7.66 (m, 1H), 7.57 (dd, J= 8.4, 0.7
Hz, 1H), 7.42 (ddd, J=8.1, 7.1, 1.1 Hz, 1H), 7.37 — 7.31 (m, 2H), 6.82
(s, 1H), 2.44 (s, 3H); '*C NMR (400 MHz, CDCl3) J 178.62, 163.84,
156.40, 142.44, 133.83, 129.92 (2C), 129.09, 126.40 (2C), 125.83,
125.30, 124.09, 118.20, 107.09, 21.68; HRMS-ESI m/z calculated for
C16H1202 [M+H]" 237.0910, found 237.0901.

2-(3-Methoxyphenyl)-4 H-chromen-4-one (2w)'6

To 1-(2-hydroxyphenyl)-3-(3-methoxyphenyl)prop-2-yn-1-one (1w,
12.6 mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at
room temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOx,
filtered, and concentrated then purified using silica gel column
chromatography (petroleum ether/EtOAc = 4/1) to afford compound
2w (10.7 mg, yield 85%) as a light-yellow solid. "H NMR (400 MHz,
CDCl) 0 8.24 (dd, J=8.0, 1.7 Hz, 1H), 7.71 (ddd, J=8.5, 7.1, 1.7 Hz,
1H), 7.60 — 7.56 (m, 1H), 7.53 (ddd, J= 7.7, 1.6, 0.7 Hz, 1H), 7.48 —
7.40 (m, 3H), 7.09 (ddd, J=8.2, 2.6, 0.9 Hz, 1H), 6.84 (s, 1H), 3.90 (s,
3H); *C NMR (100 MHz, CDCI3) 6 178.63, 163.46, 160.19, 156.42,
133.97, 133.30, 130.30, 125.87, 125.42, 124.10, 118.92, 118.26,
117.37,111.94,107.95, 55.64; HRMS-ESI m/z calculated for C16H1203
[M+H]"253.0859, found253.0854.

2-(3-Fluorophenyl)-4 H-chromen-4-one (2x)'*

(0]

|O\
o

2x

F

To 3-(3-fluorophenyl)-1-(2-hydroxyphenyl)prop-2-yn-1-one (1x, 12.0
mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and
extracted with EtOAc. Combined EtOAc layer was dried over MgSOs,
filtered, and concentrated then purified using silica gel column
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chromatography (petroleum ether/EtOAc = 5/1) to afford compound 2x
(10.9 mg, yield 91%) as a white solid. 'H NMR (400 MHz, CDCl3) § 8.27
—8.21 (m, 1H), 7.75 - 7.69 (m, 2H), 7.65 (ddd, J=9.7, 2.5, 1.7 Hz, 1H),
7.58 (ddd, J = 8.5, 1.0, 0.5 Hz, 1H), 7.51 (td, J = 8.1, 5.7 Hz, 1H), 7.44
(ddd, J = 8.1, 7.1, 1.1 Hz, 1H), 7.28 — 7.22 (m, 1H), 6.83 (s, 1H); 13C
NMR (100 MHz, CDCls) ¢ 178.43, 164.42, 162.04 (d, J = 2.9 Hz),
161.96, 156.32, 134.14, 130.89 (d, J = 8.2 Hz), 125.92, 125.58, 124.09,
122.13 (d, J = 3.3 Hz), 118.66 (d, J = 21.3 Hz), 118.24, 113.51 (d, J =
23.9 Hz), 108.30; HRMS-ESI m/z calculated for CisHoFO2 [M+H]"
241.0660, found 241.0649.

4H-Chromen-4-one (2y)?

CLL,

2y

To 1-(2-hydroxyphenyl)prop-2-yn-1-one (1ly, 7.3 mg, 0.05 mmol) was
added DMSO (1 mL) and stirred for 30 minutes at room temperature. The
reaction mixture (DMSO) was concentrated to afford compound 2y
(quantitative yield) as a white solid. 'H NMR (400 MHz, CDCl3) & 8.22
(dd, J=8.0, 1.7 Hz, 1H), 7.86 (d, J= 6.0 Hz, 1H), 7.68 (ddd, J=8.7, 7.1,
1.7 Hz, 1H), 7.43 (ddd, J = 15.2, 8.3, 0.8 Hz, 2H), 6.35 (d, J = 6.1 Hz,
1H).

2-Propyl-4H-chromen-4-one (2z)}

)

Cl

2z

2-Cyclopropyl-

To 1-(2-hydroxyphenyl)hex-2-yn-1-one (1z, 9.4 mg, 0.05 mmol) was
added DMSO (1 mL) and stirred for 5 minutes at room temperature. The
reaction mixture (DMSO) was concentrated to afford compound 2z
(quantitative yield) as a white solid. 'H NMR (400 MHz, CDCl3) 6 8.19
(dd,J=8.0, 1.6 Hz, 1H), 7.64 (ddd, J=8.7,7.1, 1.7 Hz, 1H), 7.46 — 7.35
(m, 2H), 6.20 (s, 1H), 2.63 — 2.58 (m, 2H), 1.78 (dt, /= 14.7, 7.4 Hz, 2H),
1.03 (t, J= 7.4 Hz, 3H).

4H-chromen-4-one (2aa)?

To 3-cyclopropyl-1-(2-hydroxyphenyl)prop-2-yn-1-one (1aa, 9.3 mg, 0.05
mmol) was added DMSO (1 mL) and stirred for 2 h at room temperature. The
reaction mixture was quenched with water and extracted with EtOAc.
Combined EtOAc layer was dried over MgSOs, filtered, and concentrated to
afford compound 2aa (8.4 mg, yield 90%) as a white solid. '"H NMR (400
MHz, CDCl3) ¢ 8.17 (dd, J = 8.3, 1.7 Hz, 1H), 7.65 — 7.58 (m, 1H), 7.39 —
7.33 (m, 2H), 6.21 (s, 1H), 1.90 (tt, /= 8.3, 5.0 Hz, 1H), 1.20 — 1.07 (m, 4H);
3C NMR (100 MHz, CDCl3) 6 177.82, 170.37, 156.20, 133.33, 125.81,
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125.01, 124.06, 117.68, 107.97, 14.67, 8.67 (2C); HRMS-ESI m/z calculated
for C12H1002 [M+H]" 187.0754, found 187.746.

2-Phenyl-4H-pyrano[2,3-b]pyridin-4-one (2bb)>*

To 1-(2-hydroxypyridin-3-yl)-3-phenylprop-2-yn-1-one (1bb, 11.2 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 2 h at room
temperature. The reaction mixture was quenched with water and extracted
with EtOAc. Combined EtOAc layer was dried over MgSOs, filtered, and
concentrated to afford compound 2bb (9.8 mg, yield 88%) as a white solid.
"H NMR (400 MHz, CDCI3) 6 8.71 (dd, J = 4.6, 2.0 Hz, 1H), 8.59 (dd, J =
7.7,2.0 Hz, 1H), 8.05 — 7.94 (m, 2H), 7.60 — 7.42 (m, 4H), 6.86 (s, 1H).

6-Chloro-2-(thiophen-2-yl)-4 H-chromen-4-one (2cc)

To 1-(5-chloro-2-hydroxyphenyl)-3-(thiophen-2-yl)prop-2-yn-1-one (1cec,

13.1 mg, 0.05 mmol) was added DMSO (1 mL) and stirred for 5 minutes at
room temperature. The reaction solvent was evaporated to afford compound

2cc (13 mg, yield 99%) as a white solid. 'H NMR (400 MHz, CDCl3) 6 8.16
(d,J=2.6 Hz, 1H), 7.72 (dd, J=3.8, 1.1 Hz, 1H), 7.64 — 7.57 (m, 2H), 7.48
(d, J=8.9 Hz, 1H), 7.19 (dd, J = 5.0, 3.8 Hz, 1H), 6.69 (s, 1H). 1*C NMR
(100 MHz, CDClIs) 6 176.73, 159.46, 154.33, 134.84, 134.05, 131.40,

130.85, 128.95, 128.75, 125.31, 125.02, 119.77, 106.11; HRMS-ESI m/z

calculated for C13H7CI1O2S [M+H]"262.9929, found 262.9928.

6-Chloro-2-(pyridin-3-yl)-4H-chromen-4-one (2dd)

Cl

To 1-(2-hdroxyphenyl)-3-(pyridin-3-yl)prop-2-yn-1-one (1dd, 19.9 mg,
0.05 mmol) was added DMSO (1 mL) and stirred for 7 h at 80 °C. The
reaction mixture was quenched with water and extracted with EtOAc.
Combined EtOAc layer was dried over MgSOs, filtered, and concentrated
then purified using silica gel column chromatography (petroleum
ether/EtOAc = 3/1) to afford compound 2dd (9.8 mg, yield 76%) as a white

solid. "H NMR (400 MHz, DMSO-ds) § 9.33 (dd, J= 2.3, 0.6 Hz, 1H), 8.80

(dd, J=4.8, 1.6 Hz, 1H), 8.53 (ddd, J= 8.1, 2.3, 1.6 Hz, 1H), 7.98 (dd, J =
2.0, 1.1 Hz, 1H), 7.93 — 7.88 (m, 2H), 7.65 (ddd, J = 8.1, 4.9, 0.8 Hz, 1H),

7.25 (d, J = 2.0 Hz, 1H). 13C NMR (100 MHz, DMSO-ds)  175.95, 160.99,

154.36, 152.21, 147.38, 134.39, 134.28, 130.14, 127.14, 124.51, 124.08,
123.84, 121.26, 107.86; HRMS-ESI m/z calculated for CisHsCINO:2

[M+H]*258.0317, found 258.0316.
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3. Preparation of chalcone substrate 4d.2°

(0] O OH o
c 1 NaOH cl H cl _
Ny e | LT O e TCLTC
o )K@ S o 3 M HCI (aqu.) OH
| 48 h | |
18 4d (Chalcone)

To a stirring solution of 3,5-dichloro-2-hydroxyacetophenone (18) (4.9 mmol) in EtOH (16.0 mL)
was added benzaldehyde (4.9 mmol) at room temperature. After 5 min of stirring, the pallets of
NaOH (14.6 mmol) were added then stirring continued for 48 h. The pH of the reaction mixture
was adjusted to 5 using 3M HCI aqueous solution. The yellow precipitate obtained was collected
by simple filtration, washed with EtOH and vacuum dried. Thus, obtained crude product was
further dissolved in Et2O then insoluble matters were filtered off. Filtrate was concentrated to
afford the 3,5-dichloro-2-hydroxychalcone (4d) as yellow solid (73% yield).

4. Preparation of amine substrate 7.2

| S Pd(OAc)2; PPhs
N CsOH.H,0, CHCl3
Cl, * o S
NH, Toluene, 80 C, 12 h NH, O

19 7

To a stirring solution of 2-iodoaniline (19) (0.5 mmol) in toluene (5.0 mL) was added
phenylacetylene (0.6 mmol), Pd(OAc)2 (0.013 mmol), PPh3 (0.05 mmol), CsOH-H20 and CHCl3
(1.5 mmol) at room temperature. The resulting mixture was stirred at 80 °C for 12 h. The reaction
mixture was cooled to room temperature, filtered through a pad of celite and then the filtrate was
concentrated. The crude residue was purified by silica gel column chromatography (eluent,
Hex/EtOAc: 10/1) to afford the aniline substrate 7 as a yellow solid (61% yield).

1-(2-aminophenyl)-3-phenylprop-2-yn-1-one (7)*’
o)

O S 'H NMR (400 MHz, CDCl3) 6 8.19 (dd, J = 8.1, 1.4 Hz, 1H), 7.67 (dd, J =
NH, O 8.1, 1.3 Hz, 2H), 7.56 — 7.38 (m, 3H), 7.38 — 7.29 (m, 1H), 6.80 — 6.70 (m,
, 1H), 6.67 (d, J = 8.3 Hz, 1H), 6.33 (Br s, 1H).

5. Preparation of Ts-amine substrate 9

o O
1. TsCl, Pyridine

N
OH CH4Cl, Tt ©\/\O 4 X
NH — A
NH, 2. PCC, DCM, r.t. o-alkynolphenol's NH O

fs procedure Ts
20 21 9
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N-(2-Formylphenyl)-4-methylbenzenesulfonamide (21) was first prepared by reported method 2
then Ts-amide substrate 9 was obtained similar to o-alkynoylphenols.

4-Methyl-N-(2-(3-phenylpropioloyl)phenyl)benzenesulfonamide (9)*
9 'H NMR (400 MHz, DMSO-ds) 6 10.99 (s, 1H), 8.32 (d, J = 7.9 Hz, 1H),
O D 7.86 —7.79 (m, 2H), 7.78 — 7.72 (m, 2H), 7.69 — 7.60 (m, 2H), 7.54 (ddd,
g O J=6.7,4.5,12 Hz, 2H), 7.48 (d, J = 7.9 Hz, 1H), 7.38 (d, J = 8.1 Hz,

Ts
9 2H), 7.30 (t, J=7.6 Hz, 1H), 2.33 (s, 3H).
o] o o
> $:\\ @ > 0 e e

9 10 11
The substrate 9 (0.05 mmol) obtained from the previous step was dissolved in DMSO (1.0 mL)
then stirred at 60 °C for 12 h to obtain 69% of 6-endo-dig product 10 along with 5-exo-dig product
11.

2-Phenyl-1-tosylquinolin-4(1H)-one (10)*

(o]
O ‘ 'H NMR (400 MHz, CDCls) 6 8.33 (d, J= 8.1 Hz, 1H), 7.94 (dd, J= 7.8,
) O 1.6 Hz, 1H), 7.76 — 7.71 (m, 2H), 7.71 — 7.66 (m, 1H), 7.55 — 7.48 (m,

S

3H), 7.47 — 7.42 (m, 1H), 7.10 — 7.02 (m, 4H), 6.45 (s, 1H), 2.31 (s, 3H).

(E)-2-Benzylidene-1-tosylindolin-3-one (11)*

'H NMR (400 MHz, CDCl3) 6 8.15 (dt, J= 8.4, 0.7 Hz, 1H), 8.00 (s, 1H),
7.90 — 7.85 (m, 2H), 7.73 — 7.60 (m, 2H), 7.47 — 7.41 (m, SH), 7.14 (dd,
J=1.5,6.9 Hz, 2H), 2.33 (s, 3H).

6. Preparation of thiol substrate 8

1. Preparation of 2-mercaptobenzaldehyde 25.3!-3
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e O e (T
/
THF, 0 °C-rt. SH DCM 0°c MeOH H20:DMF

SH 35h (2:1:2),rt, 1 h SH
23 24 25

To methylthiosalicylate (22) (3.0 mmol) in THF (5.0 mL) was added LAH (9.0 mmol) portion
wise over 30 min. at 0 °C and stirred at room temperature for 3 h. The mixture was quenched with
NH4Cl solution at 0 °C and allowed to stir for 30 min. The solid precipitate formed was filtered
off using a pad of celite. Filtrate was extracted with DCM. Combined organic layer was dried over
MgSOs, filtered and concentrated to afford (2-mercaptophenyl)methanol (23) as a white solid
(crude product).

The crude 23 obtained from the first step was further dissolved in DCM (5.0 mL) then added DMP
(2.1 mmol) portion wise at 0 °C. The resulting mixture was stirred at room temperature for 1 h
followed by dilution with DCM and NaHCO3 solution. The mixture was extracted with DCM,
dried over MgSOs4, filtered and concentrated. The concentrated crude product was purified gel
silica gel column chromatography (eluent, Hex/EtOAc: 5/1) to afford 2-mercaptobenzaldehyde
dimmer 24 as a pale-yellow solid (56% yield for two steps).

2,2'-Disulfanediyldibenzaldehyde (24)°

@ff; 'H NMR (400 MHz, CDCls) 6 10.23 — 10.21 (m, 2H), 7.87 (dd, J= 7.5, 1.6
o;@ Hz, 1H), 7.81 — 7.74 (m, 2H), 7.49 (ddd, J = 8.1, 7.4, 1.6 Hz, 2H), 7.39 (td, J
” = 7.4, 1.1 Hz, 2H).

The dimmer 24 (0.4 mmol) was further treated with PPh3 (1.0 mmol) in a solvent mixture of
MeOH:H20:DMF (2:1:2, 5.0 mL) at room temperature for 1 h. The reaction mixture was extracted
with DCM then the combined organic layer was dried over MgSOs, filtered and concentrated.
Concentrated crude was purified by silica gel column chromatography (eluent, Hex/EtOAc : 4/1)
to afford 2-mercaptobenzaldehyde (25) as a pale-yellow semi solid (82% yield).

2-Mercaptobenzaldehyde (25)*

0
@? 'H NMR (400 MHz, CDCls) & 10.06 (s, 1H), 7.73 (dd, J = 7.6, 1.6 Hz, 1H), 7.42 —

SH
o 736(m, 1H),7.34-7.27 (m, 2H), 5.52 (s, 1H).
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2. Thiol substrate 8.%3!

0}
o PPhy
X
o- alkynolphenol S MeOH H20:DMF SH
procedure (2:1:2),rt., 1h
8

2-Mercaptobenzaldehyde dimmer 25 (0.7 mmol) as an aldehyde substrate was treated with
phenylacetylene (2.2 mmol) in THF (5.0 mL) solution. The reaction mixture after workup was
further oxidized with MnO:z like the procedure used in o-alkynoylphenols preparation to afford A.
Then compound A treating with PPhs gave thiol substrate 8.

1,1'-(Disulfanediylbis(2,1-phenylene))bis(3-phenylprop-2-yn-1-one) (26)

'H NMR (400 MHz, CDCl3) § 8.50 — 8.43 (m, 2H), 7.85 (dd,
J=8.2,0.8 Hz, 2H), 7.74 — 7.69 (m, 4H), 7.55 — 7.42 (m, 8H),
7.36 (dd, J=4.1, 3.6 Hz, 2H).

1-(2-Mercaptophenyl)-3-phenylprop-2-yn-1-one (8)°
0
O [ 'H NMR (400 MHz, CDCl3) § 7.98 (s, 1H), 7.95 (ddd, J = 7.7, 1.3, 0.6
SH O Hz, 1H), 7.75 - 7.70 (m, 2H), 7.58 (dd, J= 7.1, 1.3 Hz, 1H), 7.51 (ddd, J
=12.4,4.7,3.5 Hz, 3H), 7.44 (d, J="7.3 Hz, 1H), 7.35 - 7.29 (m, 1H).

7. Preparation of natural products

A) Preparation of 5,7-dihydroxyflavone (14)

OH O MOMO O
DIPEA, MOMCI
H H
DCM 0 °C-r.t.
HO OH 3h MOMO OH
27 28

Following the literature procedure,*® to a solution of compound 27 (6.5 mmol) in DCM (20 mL)
was added DIPEA (16.2 mmol). After stirring the mixture at 0 °C for 10 min. under nitrogen
atmosphere was added MOMCI (14.3 mmol) dropwise then stirred at r.t. for 3 h. The reaction
mixture was concentrated, diluted with EtOAc, and washed with H20 for three times. The organic

-23-



layer was dried over MgSOa, filtered and concentrated. The residue was purified by silica gel
column  chromatography (Hex/EtOAc : 10/1) to afford  2-hydroxy-2,6-

bis(methoxymethoxy)benzaldehyde (28)* as a pale-yellow solid (73% yield).
VoMo O MOMO O
T
Jealmei=——"
-alkynolphenol'
MOMO OH ’ apchZdFLri . MOMO on O
28 12

Compound 12 was prepared using the general procedure used for o-alkynoylphenol preparation
from compound 28.

1-(2-Hydroxy-4,6-bis(methoxymethoxy)phenyl)-3-phenylprop-2-yn-1-one (12)
MOMO O
O N "H NMR (400 MHz, CDCl3) 6 13.29 (s, 1H), 7.66 — 7.60 (m, 2H),
MOMO oH O 7.42 (ddd, J = 13.0, 11.7, 7.2 Hz, 3H), 6.27 (dd, J = 9.4, 2.3 Hz,

2H), 5.30 (s, 2H), 5.20 (s, 2H), 3.52 (s, 3H), 3.49 (s, 3H).
12

MOMO O
-TsOH
O % DMiO p-1s
rt,2h reflux, MeOH, 2 h
MOMO OH O 72% 98% HO
12 13 14

Compound 12 (0.1 mmol) obtained from the previous step was simply dissolved in DMSO (2.0
mL) which led to full cyclization to compound 13 in 2 h with 72% isolated yield. The compound
13 (0.05 mmol) further refluxed with p-TsOH (0.1 mmol) in MeOH (2.0 mL) afforded 5,7-
dihydroxyflavone (14) as a pale-yellow solid (98% yield).

5,7-bis(Methoxymethoxy)-2-phenyl-4H-chromen-4-one (13)*
MOMO O

'H NMR (400 MHz, CDCl3) 6 7.88 (dd, J = 5.2, 3.4 Hz, 2H), 7.48
—7.40 (m, 2H), 7.38 (dd, J=4.9, 3.6 Hz, 1H), 6.77 (s, 1H), 6.64 (d,
J=1.8Hz, 1H), 6.52 (d,J= 1.8 Hz, 1H), 5.37 (s, 2H), 5.25 (s, 2H),
. 3.54 (s, 3H), 3.52 (s, 3H).
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5,7-Dihydroxy-2-phenyl-4H-chromen-4-one (14)*

HO (o]
OO 'H NMR (400 MHz, MeOH-ds)  7.87 (d, J = 7.3 Hz, 2H), 7.44 (t, J =
oI 7.4 Hz, 2H), 7.38 (d, J = 7.2 Hz, 1H), 6.66 (s, 1H), 6.22 (s, 1H), 6.04 (s,
1H).

14

B) Preparation of flavone acetic acid (FAA, 17)

o (0]
H
. X & O D
OH OH
o-alkynolphenol's
‘ procedure ‘
29 15

Compound 15 was prepared by using general procedure of o-alkynoylphenols. 3-Allyl-2-
hydroxybenzaldehyde (29) (0.6 mmol) was treated with phenylacetylene (1.9 mmol) which was
further oxidized with MnO2 to afford compound 15 as white solid (65% yield).

1-(3-Allyl-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (15)

- 'H NMR (400 MHz, CDCl3) § 12.08 (d, J = 0.5 Hz, 1H), 8.02 (dd, J =
O o O 8.0, 1.7 Hz, 1H), 7.74 — 7.64 (m, 2H), 7.57 — 7.49 (m, 1H), 7.48 — 7.36
(m, 3H), 7.03 — 6.87 (m, 1H), 6.11 — 5.95 (m, 1H), 5.11 (dt, J=12.6, 1.6

. Hz, 2H), 3.45 (d, J = 6.6 Hz, 2H).

(0]
KMnO,, AcOH ‘
Acetone, water, 0 °C, 4 h o
85% O
COOH

17

93%

DMSO
A —
oH O 60°C, 3h

Compound 15 (0.1 mmol) obtained from the previous step was simply dissolved in DMSO (2.0
mL) which led to full cyclization to compound 16 in 2 h with 93% isolated yield. Compound 16
(0.04 mmol) was further treated with KMnOs (2.8 mmol) as described in literature* to afford FAA
(17) as a white solid (85% yield).
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8-Allyl-2-phenyl-4H-chromen-4-one (16)*!

'H NMR (400 MHz, CDCls) § 8.13 (dd, J = 7.9, 1.7 Hz, 1H), 8.04 — 7.87
(m, 2H), 7.66 — 7.49 (m, 4H), 7.37 (t, J = 7.6 Hz, 1H), 6.90 (s, 1H), 6.19
~6.01 (m, 1H), 5.25—5.11 (m, 2H), 3.78 (d, J = 6.5 Hz, 2H).

2-(4-Oxo0-2-phenyl-4H-chromen-8-yl)acetic acid (17)*!
o
O | "HNMR (400 MHz, DMSO-ds) J 88.16 — 8.04 (m, 2H), 7.98 (dd, J=17.9,
O O 1.7 Hz, 1H), 7.76 (dd, J = 7.3, 1.7 Hz, 1H), 7.67 — 7.54 (m, 3H), 7.52 —
7.40 (m, 1H), 7.06 (s, 1H), 4.01 (s, 2H).

COOH
17
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Real-time, reaction progress monitoring
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Fig. S1. Real-time reaction progress, monitored by '"H NMR spectrometer (0.05M in DMSO-d6)
(A) 0 min.; (B) 10 min.; (C) 30 min.; (D) 60 min.
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Table S1. Determination of role of DMSO in o-hydroalkoxylation.”
o o)

N DMSO (0-100%)
\ . >
oH O Dichloromethane (0.5 mL)

Ny, r.t.

1a

Entry DMSO (v/v %) Conv. (%)’ / time
1 0 0/72h
2 0/72h
3 10 trace/ 72 h
4 20 trace /5 h
5 50 50/72h
6 67 90/72h
7 83 90/72h
8 90 90/72h
9 100 100/2h

2 DMSO (%) was calculated based on dichloromethane solvent volume (0.5 mL, 0.05 M).
b Conversion (%) was estimated by silica gel TLC and crude (reaction mixture) 'H NMR
observation based on 1a consumption.
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Evaluation of the water effect in DMSO reaction system
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Fig. S2 All reactions were carried out using 0.15 mL of solvent in concentration of < 0.05 M where
water was used as an additive in DMSO reaction mixture. (A) DMSO(100%), 2 h, r.t., 100%
conversion, 6-endo- : 5-exo- (>99:1). (B) DMSO(75%+water), 2 h, r.t., 100% conversion, 6-endo- :
5-exo- (6:1). (C) DMSO(50%+water), 24 h, r.t., 100% conversion, 6-endo- : 5-exo- (5:1). (D)
DMSO(25%+water), 24 h, rt, 60% conversion, 6-endo- : 5-exo- (5:1). (E)
DMSO(0%)+water(100%), 24 h, r.t., trace conversion, 6-endo- : 5-exo- (not determined).
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III. Evaluation of green chemistry metrics for the synthesis

\
(0]
DMSO
\
O S O rt.2h
OH
1j
1.10g 1.03 g
C15HeCIO, C15HCIO,
256.69 256.69

Yield of desired product (2j) _ 94%

mass of desired product 256.69
Atom Economy (%) = x 10 = ——— x 100 = 100%

total mass of all reactants 256.69
Atom Efficiency (%) = (% yield of product x % atom economy) x 100 = (94% x 100%) x 100 = 94%

amount of carbon in desired product 15

Carbon Efficiency (%) = . x 100 = — x 100 = 100%

total amount of carbon presented in all reactants 15

mass of isolated product - 1.03 _ o
Reaction Mass Efficiency (%) = x 100 = _~* x 100 = 93.6%
mass of all reactants 1.10

Reactant 1-(5-chloro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (1j) 1.10g 4.29 mmol FW 256.69
Solvent dimethyl sulfoxide 282 mL 49.9 mmol FW78.13
Product 6-chloro-2-phenyl-4H-chromen-4-one (2j) 1.03g 4.01 mmol FW 256.69

DMSO recovered, 276.4 mL (based on solvent reclamation efficacy of Biotage® Y-{ %Wh system)
Actual amount of solvent used = (282 -276.4) mL=5.6 mL[6.1g (d

total waste (Kg) _ i} _ 647 _
Efactor= — ~— % (1.10+6.1)-1.03 = = 6.0 Kg/Kg product

total product (kg) 1.03 1.03 (based on DMSO recovered)
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IV.Computational Details
Details of DFT calculations
To understand the factors controlling the selectivity of 6-endo-dig and 5-exo-dig cyclizations, we
performed density functional theory (DFT) calculations for three cyclization reactions of 1a, Im
(with di-chloro substitutions in the phenolic ring), and 8 (with the thiol substitution in the phenolic
ring) in DMSO.

GaussView*? was used to build all initial structures. All DFT calculations were carried out at
the M06-2X/def2-TZVP//PCM M06-2X/6-31+G(d) level of theory using the M06-2X functional*’
and the polarizable continuum model (PCM)* for solvation free energies in DMSO implemented

in the Gaussian 09 program.* The M06-2X is a hybrid-meta-GGA functional with an improved
medium-range correlation energy. For all structures of the reactant complex (RC), the transition
state (ts), and the product complex (PC) optimized at the PCM M06-2X/6-31+G(d) level of theory
in DMSO, the relative energies (AEs) of each structure in DMSO were calculated as the sum of the
relative single-point energy (AEo.drz) at the M06-2X/def2-TZVP level of theory and the relative
solvation free energies (AAGs) obtained at the PCM M06-2X/6-31+G(d) level of theory in DMSO.
The intrinsic reaction coordinate (IRC) method*® was often used to verify a transition state whether
it connects the reactants and products. However, as in most cases, the IRC calculation did not step
all the way to the minimum on either side of the path, especially for large molecules studied in the
present work and further optimizations were followed.

Vibrational frequencies were calculated for all RC, ts, and PC at the PCM M06-2X/6-31+G(d)
level of theory in DMSO at 25 °C and 1 atm. The scale factor used is 0.9440 that was chosen to
reproduce experimental frequency of 1707 cm™! for the amide I band of N-methylacetamide in Ar
and N2 matrixes.*’ This is because its unscaled frequency was calculated to be 1808 cm™! at the
MO06-2X/6-31+G(d) level of theory. The zero-point energy correction and the thermal energy
corrections were employed in calculating the Gibbs free energy of each structure at 25 °C in DMSO.
Each transition state was also confirmed by checking whether it has one imaginary frequency after
frequency calculations in DMSO. Here, the ideal gas, rigid rotor, and harmonic oscillator
approximations were used for the translational, rotational, and vibrational contributions to the
Gibbs free energy, respectively.*®

The relative acidity of the phenolic H atom and the strength of O—H--*Opmso H-bond of the
optimized RC for 1a, 1m, and 8 was analyzed using the natural bond orbital (NBO) method* at
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the M06-2X/def2-TZVP level of theory. The relative acidity of the phenolic H atom can be
described in terms of the Wiberg index.’® The strength of the O-H--Opmso H-bond can be
described by the second-order perturbation energy (AE2) of the lone pair orbitals of the DMSO
oxygen with the phenolic O—H antibonding orbital, which is called the hyperconjugation due to
the charge transfer.’

The RC of 1a can have a few possible conformations depending on the orientation of the
phenolic OH group. First, we built an intramolecular H-bonded structure and the non-H-bonded
structure. For the latter structure, initial structures with three orientations of trans, gauche—, and
gauche+ for the C1-C2—0O2-H sequence were built and followed by optimization at the PCM
MO06-2X/6-31+G(d) level of theory in DMSO. The three structures finally optimized in DMSO are
shown in Fig. S3. The atomic numberings of 1a are shown in Fig. S3a. At the M06-2X/def2-
TZVP//PCM M06-2X/6-31+G(d) level of theory in DMSO, the most preferred conformation (Fig.
S3a) was 0.44 kcal mmol ' more stable in free energy than the conformation with an intramolecular
H-bond in o-alkynophenol (Fig. S3b). The most preferred structure of RC for 1a (Fig. S3a) had an
intermolecular H-bond between the phenolic OH group and the oxygen of DMSO with a short
distance d(OH--Opmso) = 1.62 A. The third conformation (Fig. S3c) was 1.18 kcal mmol ™! less
stable in free energy than the most preferred conformation. The thermodynamic properties of these
three structures are listed in Table S2, whose Cartesian coordinates are listed at the bottom of the
Supporting Information. The corresponding absolute values of thermodynamic properties are listed
in Table S3.

Using the most preferred conformation of RC for 1a (Fig. S3a) in DMSO, the initial structures
of transition states for 6-endo-dig and 5-exo-dig cyclizations were generated and optimized at the
PCM M06-2X/6-31+G(d) level of theory in DMSO. In each initial structure of ts, the phenolic
oxygen O2 atom was positioned at equal distances from the alkyno C9 (o) and C10 () atoms for
both the 6-endo-dig and 5-exo-dig cyclizations. Then, the IRC calculations for ts of 1a were
performed and followed by further optimizations to obtain RC and PC for 1a in DMSO. The
optimized structures of RC, ts, and PC for 1a are shown in Fig. S4, in which the essential H-bonds
are represented by broken lines. The initial structures of ts for Im and 8 were generated from the
optimized ts structures of 1a at the PCM M06-2X/6-31+G(d) level of theory in DMSO and
optimized at the same level of theory in DMSO. In addition, the IRC-optimization procedure was

applied to each optimized ts structure of 1m and 8 to obtain the corresponding RC and PC at the
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same level of theory in DMSO. The optimized structures of RC, ts, and PC for 1m and 8 are shown
in Fig. S5 and S6, respectively, in which the essential H-bonds are represented by broken lines.
The thermodynamic properties of optimized structures of RC, ts, and PC for 1a, 1m, and 8 are
listed in Table S4, whose Cartesian coordinates are listed at the bottom of the Supporting
Information. The corresponding absolute values of thermodynamic properties are listed in Table
S5. Each barrier (AG*) to ts was calculated using corresponding relative free energies (AG) of RC
and ts.

The most preferred structure of RC for 1a had an intermolecular H-bond between the phenolic
O-H group and the oxygen of DMSO, as described above (Fig. S3a). In the structures of ts for
competing cyclization pathways (Fig. S4), there were a nucleophilic attack of the phenolic oxygen
to the alkyno C10 (B) atom with a distance of 1.81 A for the 6-endo-dig approach (or the alkyno
C9 (o) atom with a distance of 1.73 A for the 5-exo-dig approach) and a partially dissociated
phenolic proton located between the phenolic oxygen and the oxygen of DMSO (Fig. S4). Then,
the protonated DM SO migrated to the alkyno (o) atom (or the alkyno () atom) and the cyclization
was completed to yield the 6-endo-dig (or 5-exo-dig) product complex (PC). Finally, DMSO was
located to form H-bonds with the lactone oxygen and the hydrogen atoms of alkeno and phenyl
groups in both PCs.

The optimized structures of RC, ts, and PC for 1m with di-chloro substitutions in the phenolic
ring were quite similar to those of 1a, although there are some differences in molecular geometries
(see Fig. S4 and S5). In particular, the lengths of the phenolic O-H were 1.52 and 1.59 A for ts of
6-endo-dig and 5-exo-dig pathways of 1m, which are about 0.1 A longer than those of 1a, which
indicates the increase of the acidity of the phenolic proton due to the EWG substitutions by ClI
atoms.

The relative acidity of the phenolic H atom and the strength of O—H---*Opmso H-bond of the
optimized RC for 1a, 1m, and 8 was analyzed using the natural bond orbital (NBO) method* at
the M06-2X/def2-TZVP level of theory. The relative acidity of the phenolic H atom can be
described in terms of the Wiberg index.’® We can say that the acidity of the phenolic H atom
increased when the Wiberg index became smaller, i.e., the O—H bond become weaker. The strength
of O(S)-H---Opmso H-bond can be described by the second-order perturbation energy (AE2) of the
lone pair orbitals of the DMSO oxygen with the phenolic O(S)-H antibonding orbital, which is

called the hyperconjugation due to the charge transfer.* The values of the Wiberg index were
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calculated as 0.615, 0.580, and 0.906 e for RC for 1a, 1m, and 8, respectively. This indicates that
the acidity of the phenolic H atom increased due to the EWG substitutions by CI atoms for 1m
parallel to the increase of the O—H bond length (1.005 to 1.016 A). Although the S—H bond length
of RC for 8 was 1.36 A and longer than those of RC for 1m and 8, its Wiberg index was calculated
to be greater than those of RC for 1a and 1m, which might be ascribed to the donation of 34 orbital
of the S atom to the S—H bond. The 4E> values of the O(S)-H--Opmso H-bond were calculated as
38.2, 45.2, and 11.97 kcal mmol™' for RC for 1a, 1m, and 8, respectively. The stronger O—
H---Opmso H-bond was formed for RS of 1m than that of 1a and the weakest H-bond was found
for RS of 8, which is parallel to the H-bond lengths of 1.59, 1.63, and 1.95 A for RC of 1m, 1a,

and 8, respectively.

Fig. S3 Three feasible structures of RC for 1a optimized at the PCM M06-2X/6-31+G(d) level of
theory in DMSO. The essential H-bonds (A) are represented by broken lines.
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Table S2. Relative thermodynamic properties (kcal mmol ™) of three feasible
structures of RC for 1a at the M06-2X/def2-TZVP//PCM M06-2X/6-31+G(d) level

of theory in DMSO
Conformer” AE? AH? AG?
a 0.30 0.00 0.00
b 0.00 0.12 0.44
c 1.57 1.59 1.18

¢ Conformers as shown in Fig. S3. ? E, H, and G stand for electronic energies,
enthalpies, and Gibbs free energies calculated at the PCM MO06-2X/6-31+G(d)
level of theory in DMSO. The H and G values were obtained by scaling the
vibrational frequencies with a factor of 0.9440. Each AE value was calculated by
the sum of the single-point energy (AEesp2) at the M06-2X/def2-TZVP level of
theory and the solvation free energy (AGs) at the M06-2X/def2-TZVP level of
theory in DMSO.

Table S3. Absolute electronic energies, enthalpies, and Gibbs free energies (hartree) of RC for 1a
at the M06-2X/def2-TZVP//PCM M06-2X/6-31+G(d) level of theory in DMSO

Conformer? Eo? H? G? Eosp1€ Eo.arz¢
a -1280.840430 -1280.544523 -1280.622278 -1280.820612 -1281.189461
b -1280.841327 -1280.544746 -1280.621986 -1280.820248 -1281.188685
C -1280.838030 -1280.541606 -1280.620010 -1280.820321 -1281.189551

¢ Conformers as shown in Fig. S3. ? Ee, H, and G stand for electronic energies, enthalpies, and
Gibbs free energies calculated at the PCM M06-2X/6-31+G(d) level of theory in DMSO. The H
and G values were obtained by scaling the vibrational frequencies with a factor of 0.9440. ¢
Single-point energies calculated at the M06-2X/6-31+G(d) level of theory. The solvation free
energy (AGs) was calculated from the difference between Eo and Eospi. ¢ Single-point energies
calculated at the M06-2X/def2-TZVP level of theory.
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Fig. S4 The structures of RC, ts, and PC for 1a optimized at the PCM M06-2X/6-31+G(d) level
of theory in DMSO. The essential H-bonds (A) are represented by broken lines.
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Table S4. Relative thermodynamic properties (kcal mmol ™) of of RC, ts, and
PC for 1a, 1m, and 8 at the M06-2X/def2-TZVP//PCM M06-2X/6-31+G(d)

level of theory in DMSO
Conformer” AE? AHP AG?
la 6-endo-dig RC 0.00 0.00 0.00
tsl 34.61 32.83 35.63
PC -35.52 -34.15 -32.32
5-exo-dig RC 0.00 0.00 0.00
ts2 34.51 32.75 36.42
PC -23.00 -22.07 -20.07
1m 6-endo-dig RC 0.00 0.00 0.00
tsl 32.15 30.86 33.39
PC -35.28 -33.89 -33.56
5-exo-dig RC 0.00 0.00 0.00
ts2 33.85 32.75 35.89
PC -22.46 -21.43 -20.21
8 6-endo-dig RC 0.00 0.00 0.00
tsl 23.75 23.42 28.98
PC 20.36 21.00 25.11
5-exo-dig RC 0.00 0.00 0.00
ts2 20.41 19.95 24.89
PC 17.22 17.44 22.44

¢ Conformers as shown in Fig. S3. ? E, H, and G stand for electronic energies,
enthalpies, and Gibbs free energies calculated at the PCM M06-2X/6-31+G(d)
level of theory in DMSO. The H and G values were obtained by scaling the
vibrational frequencies with a factor of 0.9440. Each AF value was calculated by
the sum of the single-point energy (AFesp2) at the M06-2X/def2-TZVP level of
theory and the solvation free energy (AGs) at the M06-2X/def2-TZVP level of

theory in DMSO.
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Table S5. Absolute electronic energies, enthalpies, and Gibbs free energies (hartree) of RC, ts, and PC for 1a, 1m, and
8 at the M06-2X/def2-TZVP//PCM M06-2X/6-31+G(d) level of theory in DMSO

Conformers® Eo’ H? G?b Eosp1€ FEoarz?
1a 6-endo-dig RC -1280.840430 -1280.544523 -1280.622278 -1280.820612 -1281.189461
tsl -1280.790510 -1280.497443 -1280.570724 -1280.753031 -1281.116650
PC -1280.901935 -1280.603839 -1280.678688 -1280.887189 -1281.251137
5-exo-dig RC -1280.840430 -1280.544523 -1280.622278 -1280.820612 -1281.189461
ts2 -1280.790482 -1280.497395 -1280.569299 -1280.752838 -1281.116631
PC -1280.882202 -1280.584808 -1280.659384 -1280.867690 -1281.231423
Im 6-endo-dig RC -2199.972843  -2199.692966 -2199.776641 -2199.953872 -2200.391078
tsl -2199.927555 -2199.649741 -2199.729380 -2199.893143 -2200.324396
PC -2200.033809 -2199.751715 -2199.834873 -2200.020490 -2200.452949
5-exo-dig RC -2199.972843 -2199.692966 -2199.776641 -2199.953872 -2200.391078
ts2 -2199.924846 -2199.646726 -2199.725404 -2199.889228 -2200.320482
PC -2200.013842 -2199.732323 -2199.814050 -2200.000620 -2200.432620
8 6-endo-dig RC -1603.782180 -1603.489769 -1603.572015 -1603.763024 -1604.134015
tsl -1603.749261 -1603.457383 -1603.530772 -1603.708645 -1604.074701
PC -1603.754011 -1603.460580 -1603.536262 -1603.697649 -1604.064370
5-exo-dig RC -1603.782180 -1603.489769 -1603.572015 -1603.763024 -1604.134015
ts2 -1603.754641 -1603.462959 -1603.537336 -1603.716857 -1604.082857
PC -1603.758431 -1603.465669 -1603.539948 -1603.709368 -1604.076671

¢ Conformers as shown in Fig. S4-S6. ? E., H, and G stand for electronic energies, enthalpies, and Gibbs free energies
calculated at the PCM MO06-2X/6-31+G(d) level of theory in DMSO. The H and G values were obtained by scaling
the vibrational frequencies with a factor of 0.9440. ¢ Single-point energies calculated at the M06-2X/6-31+G(d) level
of theory. The solvation free energy (AGs) was calculated from the difference between Eo and Eospi. ¢ Single-point
energies calculated at the M06-2X/def2-TZVP level of theory.
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Cartesian coordinates of (1) three feasible structures of RC for 1a and (2) RC, ts, and PC for
1a, 1m, and 8 optimized at the PCM M06-2X/6-31+G(d) level of theory in DMSO

(1) RC for 1a

Conformer a

TIZITOQOITIZTOQOOVIITITOZOZOOOOOOOOOOQO0OOQOTIOI I I T OO0

-2.171064
-2.210861
-3.459002
-4.639646
-4.586039
-3.371081
-3.468921
-5.59174
-5.502222
-3.322835
-0.995659
-1.085864
-1.010862
-1.115811
0.3265
1.488304
2.837817
3.848989
3.149982
5.153805
3.602755
4.458323
2.363673
5.459824
5.933333
4.696721
6.479477
-0.471398
-1.077606
1.07255
1.495513
0.862929
1.752426
-1.409846
-1.362399
-0.983672
-2.440348

Conformer b

C

1.972653

-0.282222
-1.582096
-2.145301
-1.447278
-0.147828
0.427974
-3.148789
-1.898081
0.417139
1.433366
0.262667
1.256609
-2.402539
-3.557244
-1.847335
-1.50383
-1.035846
-1.597549
-0.006403
-1.125282
-2.396917
0.455713
0.416616
-0.100007
-1.559177
1.25071
0.265129
3.267941
2.867055
2.339907
2.492249
1.281146
2.735404
2.343885
1.275927
2.54724
2.700781

2.335621

-0.638364
-0.092375
0.229331
0.042706
-0.478606
-0.8165
0.643051
0.302507
-0.6263
-1.22607
-0.990881
-1.107885
0.210302
0.614807
0.075158
0.013273
-0.090744
0.704272
-0.993532
0.601587
1.396669
-1.093477
-1.612644
-0.294955
1.220302
-1.793551
-0.373401
0.472115
-0.892871
0.597071
1.592842
0.415768
-0.159574
1.706856
1.477018
2.692245
1.664725

-0.01926
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0.623909
-0.401647
-0.120762

1.219235

2.246402
-1.43346
-0.924582

1.458912

3.286522

3.043247

2.849283

0.292077

1.151719
-1.110688
-2.26939
-3.643092
-4.654525
-3.981052
-5.989567
-4.384383
-5.319308
-3.19325
-6.322772
-6.770914
-5.580088
-7.366073

3.348607

4.002986

2.73704

2.383673

3.547084

1.911803

4.731051

5.267913

5.383713

4.345142

Conformer ¢

C
C
C
C
C
C

-1.99853

-2.126976
-3.225519
-4.151969
-3.986488
-2.927305

1.905433
2.87128
4.223853
4.639062
3.713072
2.531583
4.951048
5.697977
4.023965
1.533638
0.567019
0.474006
-0.40738
0.095877
-0.263561
-0.666277
0.306821
-2.028604
-0.082958
1.358367
-2.408338
-2.775197
-1.438503
0.670196
-3.461875
-1.73963
-2.361205
-0.978392
-2.747297
-3.780946
-2.594416
-2.061614
-3.523302
-3.376323
-3.306688
-4.54423

-1.456814
-0.906152
-1.268844
-2.203177
-2.783427
-2.408828

-0.013635
0.039261
0.085501
0.080044
0.028731
0.043198
0.126424
0.115828
0.023483

-0.067551

-0.114512

-0.058187

-0.098461

-0.053453

-0.050024
-0.04435

-0.006048

-0.075843
0.000838
0.017833

-0.068474

-0.106339

-0.030168

0.03131

-0.092424

-0.024544
-0.33687

-0.218867
1.316727
1.338878
2.034437
1.512781

-0.354449

-1.293019

0.49485

-0.302516

-0.746894
0.543432
1.338254
0.898254

-0.364448

-1.181259
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-3.314696
-4.986856
-4.698165
-2.808945
-1.016435
-0.753563
-1.114635
-1.411379
0.282716
1.458048
2.843142
3.224883
3.821404
4.5726
2.461852
5.166643
3.517478
5.543038
4.866968
5.922009
6.593988
-0.704552
-1.123224
0.676918
0.948869
0.38188
1.509421
-1.952974
-2.895803
-2.028193
-1.665085

-2.171064
-2.210861
-3.459002
-4.639646
-4.586039
-3.371081
-3.468921
-5.59174

-5.502222
-3.322835
-0.995659
-1.085864

-0.820572
-2.487389
-3.52262
-2.825213
-1.111983
-0.174093
-0.00739
0.83935
-0.251659
-0.461059
-0.69159
-1.735289
0.129577
-1.951798
-2.365876
-0.094283
0.935357
-1.133597
-2.760361
0.541968
-1.306901
2.987154
1.520151
2.99189
4.031718
2.478921
2.474409
3.670747
3.689354
3.020298
4.686552

-0.282222
-1.582096
-2.145301
-1.447278
-0.147828
0.427974
-3.148789
-1.898081
0.417139
1.433366
0.262667
1.256609

2.323807
1.530238
-0.720763
-2.176952
-1.612343
-1.467682
1.158148
1.992093
0.838681
0.624636
0.348413
-0.509715
0.93165
-0.777979
-0.956335
0.656357
1.593382
-0.196328
-1.439887
1.10715
-0.407686
-1.047889
-1.231993
0.115804
0.313879
1.034301
-0.364602
0.060697
-0.488242
0.93584
0.341498

-0.638364
-0.092375
0.229331
0.042706
-0.478606
-0.8165
0.643051
0.302507
-0.6263
-1.22607
-0.990881
-1.107885
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-1.010862
-1.115811
0.3265
1.488304
2.837817
3.848989
3.149982
5.153805
3.602755
4.458323
2.363673
5.459824
5.933333
4.696721
6.479477
-0.471398
-1.077606
1.07255
1.495513
0.862929
1.752426
-1.409846
-1.362399
-0.983672
-2.440348

(b) 6-endo-dig tsl

OO00OO0000OITOoOIIITTTOOOOOAO

-1.740771
-2.538486
-3.935062
-4.548966
-3.752272
-2.370745
-4.525057
-5.630005
-4.215751
-1.754093
-0.40414
0.285232
-1.93916
-2.622444
-0.531825
0.291469
1.701439
2.120725
2.66373
3.478374

-2.402539
-3.557244
-1.847335
-1.50383
-1.035846
-1.597549
-0.006403
-1.125282
-2.396917
0.455713
0.416616
-0.100007
-1.559177
1.25071
0.265129
3.267941
2.867055
2.339907
2.492249
1.281146
2.735404
2.343885
1.275927
2.54724
2.700781

0.044813
-0.989966
-0.906192

0.16273

1.188988

1.134852
-1.713492

0.206768

2.035961

1.928307

0.035098

1.227903
-2.143672
-2.815199
-2.427
-1.583162
-1.371917
-0.67159
-1.886076
-0.475472

0.210302
0.614807
0.075158
0.013273
-0.090744
0.704272
-0.993532
0.601587
1.396669
-1.093477
-1.612644
-0.294955
1.220302
-1.793551
-0.373401
0.472115
-0.892871
0.597071
1.592842
0.415768
-0.159574
1.706856
1.477018
2.692245
1.664725

-0.500198
0.041789
-0.076539
-0.709322
-1.235288
-1.133002
0.348898
-0.795916
-1.733688
-1.547549
-0.409381
-0.680825
0.763516
1.540029
0.503671
0.013922
-0.296048
-1.435006
0.586356
-1.676857



TIZITZTOQOINITITZOQOOYVNITI T TOTOT

1.381918
4.019793
2.334442
4.430594
3.792312
4.755437
5.488091
1.149424
0.804019
1.965222
2.281515
1.275453
2.836568
-0.434178
-1.071934
-0.868613
-0.25507

(¢) 6-endo-dig PC

2psiicsiicsfi@oRes NN HoNONONORONONONPR:sNoR::RuRR O NONONONONS!

-2.726455
-2.170526
-3.029779
-4.400651
-4.937058
-4.108769
-2.587336
-5.062378
-6.012583
-4.502619
-1.951262
1.115049
-0.705457
-0.153191
0.030496
-0.604494
0.05431
-0.715139
1.454198
-0.094957
-1.797644
2.065863
2.071461
1.296004
-0.701503
3.149912
1.779256
3.842884

-0.284394
-1.688568
-2.425668
-0.976819
0.070677
-2.082822
-0.815941
2.785623
2.157969
1.451434
1.847753
0.613794
1.16012
2.822635
3.525136
1.820086
3.182784

-0.074773
-1.353796
-2.463725
-2.288404
-0.991213
0.119408
-3.453585
-3.148314
-0.85309
1.129069
1.046645
-0.295565
-1.497667
-2.602178
-0.250404
0.947605
2.270262
3.441614
2.365163
4.688674
3.377443
3.614653
1.470548
4.779641
5.589165
3.678683
5.752278
-1.806448

-2.129119
0.340718
1.469515

-0.788084

-2.561443
1.035377

-0.975588
0.640323
-0.78124
1.525621
2.493624
1.647911
0.933847
1.490673
0.952004
1.500811
2.506192

0.025523
-0.045852
-0.050645

0.016092

0.089371

0.094274
-0.109271

0.012071

0.142333

0.149876

0.032444
-0.163422
-0.115038

-0.17517
-0.108071
-0.036146
-0.024257
-0.017893
-0.020428
-0.010254
-0.020656
-0.012206
-0.021727
-0.007403
-0.006861
-0.008166

-0.00073

0.081017
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3.296728
3.092698
3.372186
2.006703
3.492769
2.907064
3.162248
1.839077
3.206956

(d) 5-exo-dig ts2

TTOQOZI T TQOOYnID I IOQOIZIOITOOOOO0O00OTDIO I T T OO0

2.056639
2.764417
4.159611
4.846701
4.131896
2.740325
4.684432
5.931629
4.679009
2.201227
0.724075
-0.130125
1.829179
2.136165
0.437265
-0.746561
-2.027924
-3.137049
-2.209277
-4.362408
-3.020568
-3.44531
-1.366806
-4.525828
-5.197242
-3.561639
-5.485153
-1.124678
-0.654045
-1.925211
-2.230056
-1.229933
-2.803201
0.390234
1.026143
0.874944

-0.38572

-2.795208
-3.842467
-2.671091
-2.429187
-2.505738
-1.92553

-2.434021
-3.547698

0.089894
-1.04337
-1.063317

0.069369

1.201415

1.232598
-1.957602

0.08368

2.079303

2.109595
-0.043183

1.088686
-2.10987
-3.223192
-1.669998
-2.175337
-1.60254
-1.739855
-0.903536
-1.157193
-2.297415
-0.353504
-0.795517
-0.463627
-1.256306

0.17881
-0.021294

2.695034

1.958475

1.401867

1.842181

0.571812

1.086383

2.909669

3.599879

1.941639

-0.110843
-1.232119
-1.091313
-1.18544
-2.179317
1.460375
2.348828
1.235108
1.599022

0.34084
-0.077171
-0.085936

0.332487
0.759682
0.773289
-0.411877
0.337598
1.092176
1.119998
0.280519
0.756117
-0.442101
-0.860211
-0.221385
-0.268381
0.091402
-0.764511
1.301927
-0.448852
-1.690185
1.631578
1.980473
0.752754
-1.137366
2.571976
1.004861
-0.371625

0.96613
-1.322753
-2.275667
-1.471285
-0.754842
-1.315335
-0.759422
-1.458523
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0.112442

(e) 5-exo-dig PC

TTZITOITIZTOQOOUVITZTTOTOIZOOOOOOQO0OOTOTI I T T OO0

2.968332
2.780128
3.875809
5.147921
5.312868
4.227264
3.72759
6.023895
6.31732
4.353558
1.790203
-1.217402
1.32927
0.697692
0.758699
-0.548058
-1.196593
-0.500009
-2.603004
-1.199334
0.583675
-3.29592
-3.136811
-2.595934
-0.651498
-4.38202
-3.135065
-3.238435
-3.217727
-2.155295
-2.038206
-1.191521
-2.640579
-2.154726
-2.637952
-1.190104
-2.03977

-1.466708
-1.627193

3.352834

0.565195
-0.815581
-1.681294
-1.122036

0.274573

1.148623
-2.757192
-1.762021

0.687316

2.225733

1.266168
-0.216932
-1.034305
-2.082186

0.342616

0.646331

1.955965

3.178417

1.974885

4.381645

3.186845

3.181789

1.026976

4.38897

5.319447

3.181573

5.331888
-2.781131
-1.248631
-3.326577
-4.411958
-2.821325
-3.05305
-3.225565
-2.880145
-2.731787
-4.311983

0.069255
-1.181321

-2.274757

-0.00172
0.0059
0.006086
-0.00139
-0.008998
-0.00929
0.012035
-0.00143
-0.014905
-0.015171
-0.000708
0.020091
0.012302
0.01888
0.008061
0.011797
0.006961
-0.000055
0.009374
-0.004522
-0.001879
0.004727
0.014956
-0.002241
-0.009884
0.006567
-0.005881
-0.011351
0.044998
1.327104
1.272846
1.220763
2.265713
-1.385926
-2.3016

-1.240215
-1.414782

-0.392708
0.238466
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-2.898859
-4.00842
-3.882059
-2.623297
-2.992177
-5.589958
-4.750719
-2.46199
-0.250506
-0.233193
-0.497553
-0.716846
0.866841
2.034228
3.391995
4.436321
3.678349
5.751966
4.207241
4.996592
2.863361
6.03302
6.559299
5.216416
7.061427
1.046142
0.155227
2.4065
3.010964
1.984297
3.006002
0.185221
0.02785
0.788589
-0.769163

(b) 6-endo-dig tsl

C

—

C
C
C
C
C
H
C
H
C

1

-1.029979
-1.673367
-3.069528
-3.837389
-3.239197
-1.858467
-3.52983

-5.580983
-3.840016
-1.103841

-1.754212
-1.099895
0.133091
0.698507
-2.714801
-1.818619
0.64417
2.221516
0.607189
1.621557
-1.963884
-2.861606
-1.703693
-1.594062
-1.392151
-2.074827
-0.49397
-1.855928
-2.767406
-0.28399
0.027669
-0.962777
-2.382244
0.409149
-0.795425
3.111751
3.091951
1.983502
1.852964
1.031078
2.439074
2.079934
1.084169
2.026899
2.564128

-0.148932
-1.265463
-1.361548
-0.366262
0.752231
0.847102
-2.227876
-0.490644
1.535829
2.238367

0.367202
-0.132794
-0.770098
-0.895474

0.86259

0.021644
-1.172181
-1.719635
-0.512275
-0.459943

0.82554

1.629226

0.413615

0.101624
-0.301088

0.342736
-1.342769
-0.052623

1.146906
-1.732716
-1.836638
-1.088212

0.44691
-2.538841
-1.394349

1.272744

0.007958

0.908691

1.809877

0.576536

0.118567

2.478561

2.05598

3.387653

2.691876

-0.362373
0.224591
0.227988

-0.345266

-0.927199

-0.928872
0.693149

-0.343959

-1.377307

-1.657507
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0.286049
1.064595
-0.883862
-1.409984
0.496424
1.17932
2.513773
2.730797
3.616071
4.02845
1.880749
4.910986
3.441571
5.120395
4.187411
5.756617
6.131124
1.551903
1.643558
2.017247
1.952344
1.347741
3.049796
-0.213225
-0.637278
-0.66342
-0.337535

(¢) 6-endo-dig PC

[S—y
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-1.784714
-1.539426
-2.608859
-3.899712
-4.161903
-3.103694
-2.399737
-5.245627
-5.181742
-3.39415
-0.790304
1.905939
-0.137029
0.144619
0.857688
0.506395
1.434683
0.935535

-0.004063
1.285023
-2.34541
-3.049732
-2.497676
-1.572476
-1.218429
-0.372753
-1.774659
-0.090448
0.056801
-1.48903
-2.425287
-0.644592
0.564144
-1.922179
-0.419152
2.293792
2.081779
0.702291
0.792101
-0.076719
0.513247
2.302499
3.16082
1.366286
2.422459

0.508553
-0.863772
-1.766905
-1.279407

0.096505

0.986292
-2.831237
-2.385677

0.465307

2.693657

1.424703
-0.5702
-1.333313
-2.533312
-0.282134

1.027945

2.174411

3.484074

-0.378901
-0.146277
0.887986
1.74899
0.45549
-0.097331
-0.56352
-1.660727
0.104473
-2.078781
-2.180897
-0.318185
0.95667
-1.40965
-2.930655
0.207745
-1.736944
1.74034
0.160021
2.430524
3.517789
2.05766
2.130378
2.077242
1.553341
1.739773
3.155852

-0.009986
-0.043085
-0.040048
-0.00418
0.028475
0.025212
-0.065881
0.000875
0.056067
0.063102
-0.009264
-0.097139
-0.081412
-0.114793
-0.074525
-0.038386
-0.027271
-0.01949
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2.821591
1.812066
-0.135813
3.689604
3.228769
3.18982
1.416374
4.761659
3.872032
4.226494
3.986992
3.299868
3.357696
2.262397
3.772456
3.153411
3.517883
2.126427
3.225587

(d) 5-exo-dig ts2

—

—

TTTOIZDOTZTOOO0O0O00co0cOmoQIIaoTmaoacannn

1.309175
1.894075
3.27037
4.068496
3.517307
2.1415
3.693433
5.803452
4.161883
1.445154
-0.019541
-0.971432
0.836431
1.016303
-0.480416
-1.710859
-2.912411
-4.112058
-2.929937
-5.269039
-4.118547
-4.098986
-2.013727
-5.26966
-6.177696
-4.093055

1.961362
4.566087
3.654998
3.048334
0.953511
4.352048
5.577107
2.875922
5.196896
-2.653066
-1.140465
-3.376278
-4.465624
-3.035047
-3.036153
-3.230644
-2.778804
-2.92037
-4.319282

0.155591
1.310772
1.449327
0.386923
-0.783098
-0.900516
2.359851
0.494754
-1.600758
-2.340614
0.180868
-1.082642
2.277328
3.385168
1.71939
2.115704
1.446169
1.569132
0.681802
0.910153
2.178643
0.060898
0.583152
0.158235
0.99864
-0.517905

-0.024304
-0.010352
-0.021016
-0.015197
-0.026974
-0.008507
-0.004707
-0.0126
-0.001372
0.077773
-0.018044
-1.294447
-1.227546
-1.233551
-2.217597
1.411642
2.335837
1.198295
1.47818

-0.41858
0.111403
0.264168
-0.130747
-0.666764
-0.812171
0.677336
0.03441
-0.973182
-1.489164
-0.492735
-0.310047
0.446834
0.939774
0.095686
0.106657
-0.361858
0.363422
-1.546276
-0.045442
1.263596
-1.97758
-2.122698
-1.221971
0.543823
-2.897193
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-6.176548
-1.570217
-1.519427
-2.367911
-2.406945
-1.803338
-3.377678
0.121068
0.744443
0.435007
0.139807

(e) 5-exo-dig PC

[S—y

[S—y

(@RrRcslissioNORZRuRuNoloRnNoRololoNoNoNoNoNoNoR oo NoR-NONONONONONQ!

-2.008562
-1.87949
-2.992616
-4.237184
-4.380734
-3.258814
-2.888122
-5.678243
-5.370625
-3.39482
-0.821319
2.141485
-0.429547
0.155565
0.183204
1.497675
2.183299
1.524658
3.589682
2.26246
0.441556
4.320705
4.09353
3.658745
1.745507
5.406128
4.227501
4.056947
4.049795
2.962942
2.837091
2.004187
3.44622
2.976637

-0.340382
-2.227831
-1.913476
-0.785772
-0.933364
0.11418
-0.747404
-1.992007
-2.70262
-0.960783
-2.224367

0.573582
-0.811138
-1.648264
-1.035199

0.359902

1.180005
-2.728317
-2.014492

0.804494

2.904481

1.236058
-0.339294
-1.078629
-2.149918

0.275799

0.543756

1.832753

3.076405

1.805938

4.256157

3.121308

2.989992

0.841749

4.218161

5.211251

2.95542

5.143422
-2.977263
-1.44458
-3.51425
-4.598535
-3.000432
-3.245664
-3.411162

-1.551696
1.468879
-0.099383
2.174574
3.256664
1.915794
1.760957
2.027786
1.481778
1.852394
3.095132

-0.000661
-0.00511
-0.005716
-0.001822
0.002598
0.003194
-0.009274
-0.002489
0.005575
0.008226
-0.00085
-0.015929
-0.00852
-0.01181
-0.006304
-0.009535
-0.006789
0.003128
-0.013948
0.00591
0.008839
-0.01118
-0.021859
-0.001186
0.013922
-0.016789
0.001114
0.008939
-0.048049
-1.324069
-1.268224
-1.214749
-2.265119
1.389413
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3.469946
2.017855
2.847957

1.145163
0.679181
1.403759
2.564805
3.024914
2.327679
1.022799
3.103299
3.93373
2.711257
0.340089
1.41115
-0.554066
-0.643816
-1.686702
-2.666981
-3.783877
-4.932896
-3.721622
-6.006544
-4.971713
-4.801454
-2.828054
-5.94219
-6.894583
-4.754589
-6.78326
4.009368
3.151115
2.962581
3.473972
2.008486
2.807032
4.002227
2.96972
4.5148
4.54239

(b) 6-endo-dig tsl

-3.074219
-2.904075
-4.496045

0.986248
2.173159
3.364436
3.405569
2.22948
1.038263
4.262527
4.339117
2.235595
0.123539
-0.590544
-1.311643
2.295308
3.145797
1.439217
0.764227
-0.074602
-0.049693
-0.93428
-0.880446
0.61717
-1.760161
-0.944762
-1.734637
-0.86259
-2.42374
-2.380583
-2.395769
-2.13785
-3.355241
-3.474864
-2.83713
-4.33128
-0.848459
-0.526413
-1.009768
-0.108063

2.302856
1.251907
1.416416

-0.529552
0.072616
-0.093609
-0.850118
-1.445799
-1.284641
0.382618
-0.976725
-2.040616
-1.72827
-0.322879
-0.747444
0.90712
1.782932
0.618558
0.38154
0.076227
0.882924
-1.032713
0.580282
1.738696
-1.327236
-1.649559
-0.522437
1.204241
-2.185041
-0.755863
0.225217
-1.022732
1.340767
2.298694
1.469567
0.878521
1.158493
1.322025
2.109938
0.565664
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-2.106743
-2.752974
-4.036752
-4.689041
-4.056692
-2.791272
-4.513502
-5.677934
-4.549519
-2.311902
-0.494145
0.209617
-2.172682
-2.905576
-0.749905
0.208217
1.6624
2.378849
2.358108
3.7698
1.836731
3.749071
1.805124
4.459105
4.315057
4.278059
5.542889
1.516605
0.515078
2.7539
3.48882
2.284163
3.223421
0.605
0.320263
1.255308
-0.272303

(¢c) 6-endo-dig PC

TIT OO0

2.195484
3.07299

4.398923
4.846124
3.967618
2.648082
5.073026
5.874412

0.187423
-0.861269
-0.657199

0.561017

1.598215

1.407687
-1.486245

0.701284

2.55906

2.215594

0.063097

0.945674
-2.23255
-3.218054
-2.325255
-1.670422
-1.543168
-1.57475
-1.42098
-1.490671
-1.66277
-1.338748
-1.396138
-1.373527
-1.512076
-1.247955
-1.30617

2.615238

1.399543

1.898358

2.677579

1.535725

1.08106

3.664265

3.089927

4.501456

4.028173

0.576085
-0.516708
-0.340714

0.894738

1.98298

1.830278
-1.191643

1.017947

0.594542
-0.096813
-0.625694
-0.499344

0.191699

0.733249
-1.141544
-0.924805

0.310329

1.279796

1.333185
-0.278756
-0.271033
-0.205604
-0.517933
-0.011167

0.031493
-1.174129

1.240715
-1.164601
-2.111174

1.244998

2.175863

0.04393
-2.103626

2.189104

0.049025
-0.865868
-1.153876

0.220789

0.435442

1.136991
-0.332123

0.273136

1.157268

0.538023
-0.264072

0.012378
-0.036369
0.375076
0.828546
0.849427
0.437138
0.322666
1.154679
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4.310255
1.965105
0.517243
-0.906153
2.613215
3.392115
1.294881
0.292544
-1.121801
-1.66052
-1.935261
-2.978098
-1.033977
-3.260153
-1.52173
-3.784737
-3.375512
-3.88219
-4.814986
-2.747025
-1.690618
-3.059188
-3.814004
-2.146553
-3.458889
-1.767001
-0.918649
-2.425306
-1.438913

(d) 5-exo-dig ts2

ao0ocaOnmITITTOOOO0O00

-2.360226
-2.819841
-4.162762
-5.054388
-4.597249
-3.262793
-4.484344
-6.098328
-5.292456
-2.91915
-0.658907
-1.828819
-2.134018
-0.426761
0.739219
2.058031

2.953236
2.675576
0.391076
1.503903
-1.823511
-2.436576
-2.287689
-1.413579
-1.696272
-1.197492
-2.469875
-1.476449
-0.601968
-2.737635
-2.856174
-2.242569
-1.094142
-3.333968
-2.453122
2.442425
2.000611
0.954923
1.223263
0.606284
0.204702
3.410573
2.823653
3.688233
4.303416

0.128186
-0.926568
-1.002775
-0.021975

1.03311

1.113102
-1.833917
-0.069782

1.801563

1.931314

0.097971
-1.933118
-2.920609
-1.651673
-2.083067
-1.658536

1.196577
0.457984
-0.528308
0.653057
-0.623388
-1.36866
-0.263174
-0.19215
0.17848
1.372895
-0.657087
1.731016
2.033521
-0.308521
-1.584936
0.886043
2.666944
-0.9699

1.157848
-0.097587
1.031657
-1.054656
-1.798291
-1.541895
-0.367792
-1.248131
-1.606114
-2.074577
-0.714565

0.679538
-0.122191
-0.504292

-0.09003

0.710914

1.098697
-1.126142
-0.383467

1.037477

1.725466

1.133798
-0.560911
-1.221101
-0.190099
-0.498424
-0.091388
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2.364998
3.069429
3.63996
1.597824
4.33373
2.848787
4.628419
3.860009
5.096985
5.619662
0.125825
1.361766
0.553447
242319
3.028428
1.820147
3.062008
0.149047
-0.249868
0.658296
-0.634128

(e) 5-exo-dig PC

TIT OO0

-2.358731
-2.917772
-4.283551
-5.083096
-4.51553

-3.154469
-4.69767

-6.146516

-1.475235
-1.418699
-1.071831
-1.665845
-0.992246
-1.570356
-0.822768
-0.945421
-0.803499
-0.504852
0.802026
2.547627
1.212005
2.04945
2.919021
1.713357
1.245888
3.568849
3.028996
4.484691
3.800864

0.174923
-0.840849
-0.840958

0.182622

1.197575

1.20382
-1.64093

0.199097

1.272081
-1.04168
1.665779
2.017983
-0.644216
-2.094888
0.711948
2.722446
-1.394106
1.021234
-0.578185
-1.042545
-1.411419
0.318467
0.585944
1.164151
-0.057183
-0.196895
0.664369
0.111436
-0.920214

0.616908
-0.162749
-0.451826

0.042933

0.826469

1.12329
-1.059981
-0.173973
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-5.146108
-2.72339
-0.628052
-1.949108
-2.273825
-0.561303
0.552917
1.863382
2.186782
2.890464
3.474117
1.421284
4.167801
2.671333
4.473095
3.696671
4.935305
5.474924
0.254393
1.676916
0.780296
2.50088
3.141271
1.76882
3.110094
0.482836
-0.083405
1.045358
-0.168248

1.994099
1.990233
-0.020882
-1.860668
-2.832445
-1.547189
-2.17247
-1.745971
-1.698051
-1.441236
-1.375041
-1.94374
-1.094106
-1.492619
-1.067
-1.360539
-0.858108
-0.814471
0.944589
2.596363
1.384094
1.919113
2.711941
1.600132
1.079807
3.703903
3.177677
4.535902
4.065544

1.210837
1.736211
0.90169
-0.631044
-1.306303
-0.206929
-0.588938
-0.116779
1.256989
-1.036002
1.684847
1.98983
-0.605315
-2.099886
0.759552
2.748803
-1.338153
1.09411
-0.747783
-0.927003
-1.484216
0.517834
0.912129
1.261716
0.174272
-0.173263
0.597829
0.257432
-0.970095
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VI. NMR Spectra of o-alkynoylphenols 1.
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VIL.NMR Spectra of y-benzopyranone 2 (flavone).

L

#N“m;

=00}

0.5

1.0

1.5

5.0 45 4.0 35 3.0 25
1 (ppm)

T
55

69°20L—

€c8ll—
Yo'yl
wm.mNrW
£€8'62l
mv.omr\
61°621
LLLEL
18°LEL
g6eel

8€°9GL —

95°€9L —

c9'8LL—

2a

10

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

85



€9¢C—

CDCls

0.5

1.0

25

S Flo¢e

3.0

T
55 5.0 45 4.0 35
1 (ppm)

6.0

6.5

7.0

HTO.F |

J-J 201

7.5

ooy

Fzoz |
Fooy

8.5 8.0

9.0

0697

(CRUDE) - CDCls

3b

(79:1)

2b

00

0O 89 88 87 86 85 84 83

70 69 68 67 66 65 64 63 62 6.1 6

73 72 71

80 79 78 77 76 75 74

82 841

1 (ppm)

0’20l —

Zvezt
mm.«mr%
LE'9ZL"
29121
om.mﬁw
19'1EL \
sLzel \
vevEL

8PS —

90°€9L—

96'8/L—

2b

CDCls

el

10

20

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

86



Lw
o
o Lo
C ~
[m)]
O
) Lw
Lo
o~
wn
25T == vl'e [
Lo
P
Te}
Mo
o
r<
le}
r<
Lo
wn
Lw©
Te}
o
o
Te}
ro
839 =00’}
B Lo
%s/ ~
25/ .
R —
vS'L 660 L
=0 [~
26,
¢6'L LT 2
26, 00'L
€6'L
€62 Lo
v6'L @
6L
118
. o
€L'g FS
le}
Mo
[
& Lg

1 (ppm)

+£9°9

1897

9IC L

[2¢ (cruDE) - cDClI,

3c

(74:1)

2c

70 69 68 67 66 65 64 63

0O 89 88 87 86 85 84 83 82 81

6

62 6.1

75 74 73 72 741

1 (ppm)

80 79 78 77 76

19720V —

00811

g8 vw—/
mm.mmr/
8€9¢)

nm.mNrV
9LeCt—
29LELT
ho.Nm—\

9C'GYL—
9G9'9G1—

82'€9L—

vS'8LL—

2c

CDCls

.

10

20

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

87



8y e—

9

CDCls

=cle

1=-00'}L

om.n/
€5°.

vS'L

§§°L

€6'L
€6°L
€6'L
6°L
§6°L
S6°L
€0'8
€0'8
€0'8
€0'8
€0'8
08

2d

Fzes

Y02
*66'0

0.5

1.0

1.5

T
6.0 55 5.0 45 4.0 35 3.0 25
1 (ppm)

6.5

7.0

7.5

L@
Lo
N
Lo 0L
4 heet o
Lo
el
L@
™
Lo
<
Lo
<
o
3
Lo
w
=
T o
* Mo
Lo
o ©
N
Lo
©
_—
Lo
N
E[A
L@
N
Lo
©
o
[=]
o
|
— wn
a [
2
o
e
kg
N

1 (ppm)

oLle—

CDCls

290l —

008LL—
8.°¢€CL

vN.mN_‘V
SvogL—
8l'6cL—
L9VEVT
3 _‘.Nm—\
w_..mm_.\
6€'GeL

YLySL—

8¥'€9l—

GL8LL—

2d

o

10

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

88



1.0

urt

=.0'6

1.5

091

989

9z'L
¥G'L
vG'L
S5
§5'1
95°27
95,
952
161
sLL
Sl

96/ ]
1627
16'21
161
86'L
86'L
66'L

——

v1'8
m_‘.w;

CDCls

=¥0'6

N

T
5.0 45

1 (ppm)

55

Fveo

7.0

7.5

10€
5501
7907 |
00}

8.0

).0

6¢'cc
00°}L

98'9™,

6.80

_ M

f1 (ppm)

8897

9L

2e (cRUDE) - cDCI,

70"

6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

6.5

75

8.0

8.5

9.0

9.5

24N
1§'1e—
61°G¢

E\mmv

CDCls

1€°/0L—

16'6LL—
2992k

Nm.mva
Le'62)

SOLELT
ov.Nm_‘\
098¢l —

€6°LYL—

€5°€SL—

0§°€9L—

€e6LL—

2e

10

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

89



CDCls

iy

gz L

=g0'¢

=00}

—s

S.NN
Y
A

Nm\.;

wm.ﬁ

€0’}
H/mo.r
60°¢
¥66°0
m\mo.w

0.5

1.0

15

20

25

3.5

4.0

5.0 45

1 (ppm)

T
5.5

6.5

7.0

8.5

9.0

3f

(47:1)

—
o
L. ©
b
n
— L
| o
B
Q
&
o«
ls=
©
£6'9— Foeot
Yo}
LS
©
590
€69~
9z
or]
o
a
9
o
T
=]
2
e
b
N

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

9.5

696 —

25 L0L—

09vLL~
L99LL—

00°6ZL
€1'geh
5921
ON.mN_‘w
€L el
oo.Nm_‘\

¥8'9vL—

6C°6vL—

veegl—

8981 —

2f

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

)0

90



2g

CDCls
30 20 70

40

50

)
2
ko
19} ©
ko
e
© S =
3 =
9 o
fe) el
o =
o "l e
— g
=
=} - N
2 -
]
©
2 ko
el [N
2 _
=1 o
= ° 2 & 50'95
o
|2 >
[
e e © &
z6°c 10 &
Yo}
% 2
£ o 3
=3 ve'e9 oy
g o e
= o3 - ~
: T b onme
o o ©
S 2 LBLL"
Fo 86621\
00k 18 29veL-"
" © ko 9€°92Zh
o o €162
zoieL/
~ .
- = il - ‘ 16'1€1
889 © 689 00k R
152
5L = .
5L 0 o e K
veL =5ty = ™ e
bo'L zz1s)
MM.M 0z 8 = viiS)
MM”M 1€°€91
G6'L o k2
o —_
> & an
= o
© o>
g 0 s | <

100 90 80
1 (ppm)
91

110

120

180 170 160 150 140 130

190

.

200



CDCls

o

9g Lt
8e'L
ssuf
854
95°L
9621 ﬁ
15724
6L
9,11
1271
8.,
0084
10'8
20'8
£0'8
c1'8]
m_.&
GL'g

qsie

0L

Roo't
£9L'E
H\No.r

80
Yool

0’5

20

470 35 310 2'5

475

670 55 510
f1 (ppm)

6'5

70

75

815

90

9’5

10.0

CDCl;

PA

£5ET
9&&/
ee5zl >

6v'521/
85921/,

Nm.mwr\
;.Fmv\
cleel
elvel

§S0°¢sh

cregl

G6°LLL

Wi memmmww

50 40 30 20 10

60

T80 170 160 150 140 T30 120 110 100 90
1 (ppm)

190

0

92



Nm.m;
N@N;

=00}

#86'0
790€
€60
=207

G660

75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

8.0

¢6°L0L—

€8l
§9¢CL

ok

m#.@ﬁ/
e lgl~
PRI
ls'LeL 7
66 _‘mv\
c6'6EL—

05961 —

€L°€9—

8921

2i

10

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

93



CDCls

I\ A

L

0.5

1.0

1.5

T
6.0 55 5.0 45 4.0 35 3.0 25
1 (ppm)

6.5

Fo0't

7.0

»8.«

1oL
Rooz L
060

8.0

09'20L—

6611
yoSzin
E.mﬁ/
or9ziL

SZ'6ZL\
PELELN

vm.rmr\
0o'zel
mo.vmr\

LLYSL—

€8°€9L—

0e°LLL—

2j

CDCls

ol

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

200

94



)

67,

CDCls

¥S'L
mm.m%
§S°L
16°L
—m.nw
€6°L

mm.wv.

€8

2k

L

£00'L

Wnoé

€L'e
FvoL
Faoz

960

0.5

1.0

1.5

5.0 45 4.0 35 3.0 25
1 (ppm)

T
5.5

YL L0V —

¥8'8LL
oNdNFV
1414
67°9CI~\-
95°821~

81651 —

98'€9l —

0C'LLV—

2k

CDCls;

10

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

95



CDCls

1

8.0

=00}

EE0'L
Feov

160
mmm.r

6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

7.0

7.5

£0°L01~
19011
060} rv
12021
ge'0z)
261z
11TV

CDCls

2TETHT

14 .uo_\\
w#.ww_‘\‘“
deN:
hm._.m:
¥6'1LEL

65°CSL

_‘m.Nm_‘v
25851 —
16°09L—
¥8'€9L—

9L L1V —

21

|

10

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

96



CDCls

00°}L

€0
260
66'L
06°0

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

9.5

).0

CDCls;

00¥°20L—

6,02l
9.9'v2l /
816°GZL
80992} V

€0¥'62L—
150°LEL

nwo.rm_‘\

€Le7cel
y.6°€€lL
289°0G1 —

889°€9L—

889921 —

2m

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

)0

97



w9

65

CDCl;

Foo0't

65°L
092
09°L

6°L
§6°L
96°L
96°L
1671
€28
€C'8
§2'8
9¢'8
ov'8
[44]
678
67'8

2n

Fore

Fl02

ool

J,LJ |

yrol

o001

T
2.0

1.0 0.5

CDCls

1.5

25

3.0

35

45 4.0

T
5.0
1 (ppm)

L¥'80L—

T
5.5

99PLL—
2 €961 —

65°9¢L
mwNN_‘W
G6°LCL

60l \

¥§'zel

18051 — 1
9/°6GL— 2

Y69l —

16°9LL— —3

0
2n

Q
© ﬁ.mﬁ\ _ —=

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

200

98



16'€—

689
mm.m/
95,
8G°L
€9°L
LA

mm.m/

S6'L~~
ge'8
wm.wV.
8€'8
8€'8

Nm.wv.

€6'8

20

. o
= =z0¢ -3

4.5

T
5.5

=00}

cDCl,

Lw
WN_‘.m ~
€0’}
=l0c L2

@
20h |
[
260 | o
o
©
[
<

f1 (ppm)

V69—
etV

=eoch

MW 00'}

vu.

25°L
€5°L
S
§§°L
182
€8°L
€6°L
6°L
6°L
§6°L
96°L
§S0'8
0c'8
28

2p

o

05 L0

"0

(CDCla)

2p

T
0
<
©

€0’}
80°C
96°0
66°0

[

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5
1 (ppm)

9.5

).0

99



Ll
ev'l
lad’
s
L
€9
S9'L
99'}L
191

e

LN

S0'€
wo.m\

1.0

oz |
=Ly

1.5

2.0

3.0

Eezy

_JL

T
5.0 45

1 (ppm)

T
5.5

8891

mm.n/
A
[ YAV
mm&/

6°L
€6°L

¥6°L
mm&N
90'8

2q
Oy
5

7.0

wwmoe |

(CDCls)

—_— H\OO.—

sze
oL
vELT
790'L

).0

09°€C~
9z'6T

8L Ly —

L1801 —

676l
ov.vmr/

mm.wmr/

95°9¢)
6€°6C)L
wv._‘m_‘y
#m.wmrw

mm.mﬁ\

SOveEL

02851 —

9Ly9l—

9CLLL—

2q

(CDCl3)

ST 1 S

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

)0

100



69
X
€C’L
€C’L
Vel
Vel
Vel
9C'L
9C'L
9C'L
9C'L
9C'L
9C'L
9C'L
LeL
127
LeL
pxayA
8¢'L
39
39
€€°L
€e'L
ve'L
g€
[a A
ev'.
eVl
vl
Sv'.L

£6'L
v6'L
S6'2
9L
€28
€28
€28
sz'8
S8
Nsz'g

S

Ev20
oL
il
102

Rzt
90'L
1oL

0'0

0’5

20

40 " 36 T30 " 26

655 ' 60 ' 55 ' 50 ' 45
f1 (ppm)

70

5

7

810

110 7165 " 10.0 " 9%5 "~ 90 " 8

115

12.0

2r

orziL
85°ZiL
9691 F/
6LLLL
6L'8LIT
mm‘mﬁ/
IR
12V2L
ov'szh

¥8'a2l
9l'62h
16¢eL

90°eel
00'veEL

15961
96851
8€°651 /"
€619l

l8LL

bbbk M.l Mol IA.‘A...‘L JILL‘MUM A isirebebnadhal ;;I:A..A:JLI‘A“I.L PR TI R T RS WY vkt it ik

50 40 30 20 10

60

180 170 ~ 160 ' 150 ' 140 ' 130 ' 120 110 100 90 80
1 (ppm)

790

200

101



2s

[}
=
O

896
20,
£0'L
0L
v0'L
9L
or'L
L
'l
L
'L

5Lk
192

Al
16,

[
f4a]
[
'8
'8

SL'e

o
0L
Le
0L
Reo'L
10}
H\NF.N

00}

0'0

0’5

20

470 35 310 2'5

475

670 55 510
f1 (ppm)

6'5

70

75

815

90

9’5

10.0

2s

§G9'GS

0€°904

€ovLl__
oLl
s0vzL >
oLvzL
vZ'szL
86zl
g1gzL./
eLeel

Ge9SL

~
09291~
€991

zs8LL

OMe

2s
CDCI;

.__@__MM___.LM__W

50 40 30 20 10

60

180 170 ~ 160 ' 150 ' 140 ' 130 ' 120 110 100 90 80
1 (ppm)

790

200

102



859

el
Sc¢'L

9T’ L)
V'L
L]
Sv'L
954
954
86/
0,724
VAR
€6°L4
v6°L
v6°L4
S6°L
962
cz'ed

e ]

£z'8]
L resl
NGZ8

cocl,

J

_J
00}

66'L
00}
660

20t
H\mo.m

96°0

0’5

20

55 510 ' 45 ' 40 315 30 255
f1 (ppm)

6'0

6'5

70

815

90

9’5

10.0

2t

z5201>
€501

¥E€'9L FV
95911/

SLgLL
LObTh
8v'5zL/;
06'GZL
z1'8zL

91'821
19'821
0,821

00'veEL

€961
~
85929l

99°€9L~
81991

ev'8LL

50 40 30 20 10

60

180 170 ~ 160 ' 150 ' 140 ' 130 ' 120 110 100 90 80
1 (ppm)

790

200

103



Lve

mm.h/
€L
L

vLL
YL

€28
€28
€28
A}
A
§¢'8

2’8

10'¢

1oL

Wro.r
£€0C
KoL

s0€

96°0

[ 515 510 75 210 35 310 275 210 15 10 0’5
1 (ppm)

6'5

7

810

8’5

9’0

9’5

1.0

020}

AN

m@.mﬁ/
el

ceszL X
9852/

021/
o_.mm@
16'LEL \
8g°zel
gocel )
L0°6EL

orosl

eggol

2981

50 40 30 20 10

60

180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

190

0

104



2v

[
=
= o
o o >0
N Q
O °
ww
vz ze
—_ =
689 o'l
€.
L
i/ 3
el =
YA RE0L
v8'L RGOl
€1z
zz8 ) T
mm.m\ 00t
28
578

0'0

0’5

20

470 35 310 2'5

475

670 55 510
f1 (ppm)

6'5

70

815

90

9’5

10.0

2v

Me

891z —

2v
CDCI;

60201

0zl
60721\
0£'5ZLF
8’5zl
S.wﬁ\
6062}
266zl
egeet
vreyl

orost

¥8'€9L

zo8LL

|
130

50 40 30 20 10

60

110 100 90 80
1 (ppm)

120

T80 170 160 150 140

790

200

105



0.5

1.0

25

3.0

35

_J

60°L
oL’

65 LY

=.0¢

5.0 45 4.0

1 (ppm)

T
5.5

=00}

onoe

2w

[N
Mmm.o "

20

—1,50

s v
WA\.o.mN

3w

(7.5:1)

2w (crRUDE) - cDCI;

6.5 6.0 55 5.0 45 4.0 35 3.0 25
1 (ppm)

7.0

7.5

8.0

8.5

OMe

Y9'66—

S6°201\
ve'LLL

hm.t_ﬂ
9z'8LL

AIPAS
oLzl

N..q.mﬁM
18621
0E0EL~
0E'EEL™
16€5L”

[44° 1
61091 —
eI~

€981 —

2w

cocl,

10

20

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

T
200

106



2zl
vz L
6221
Ve L
evz'L
SvZ'L
621
25T L
09Z'L
€9Z'L
99Z'L
0/Z'L
2zl
€zv'L
9zv'L
Wbl
SviL
ovv'L
Lov'L
vov'L
18v'L
6L
1052
GIGL
1252
Geg'L
052
LS.
€15,
vIGL
1652
265°L
652
G652
1892
Ge9'L
1892
9L
§59°L
659'L
199°2
699'21
669'21
10221
€042

GoL .

CDCl,

80/°L1
YN
12.L

|

MNN.T
mNn.hm
6cL'L
(4270
DRN\
§ce8
9¢e'8
62¢'8
0€C'8
Sve8
9ve'8
6vC'8
05¢'8

2x

=00}

¥S'b
H\oo._.
€0’}
=660
H/FQ_‘

60°C

860

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

).0

£8°Q

4.5

5.0

6897

2X (CRUDE) - CDCl;

0

7

(ppm)

f1

CcDCl,

0€'80}

orel _./
€9eLl
vZ8LL
§6'8lL _‘W
92°8LL

cleeh
mF.NN_.V

60721
wm.mﬁ\
Z6'52L
mm.oﬁ\
€6'0EL \
vLvEL

Ze951
96’19l
mo.mﬁw
90°Z0L
zrvoL”

eV8LL—

2x

1

T
140

10

50

T T T
110 100 90
1 (ppm)

T
120

T
130

T T T T
180 170 160 150

T
190

T
200

107



2y

O

CDCl,

660

(444
H\No._‘

Yeot

00}

0'0

075

170

470 35 310 275 0

45

510
f1 (ppm)

575

670

710

75

80

815

970

9’5

10.0

2z

2z
CDCls

1 (ppm)

108



2aa

2aa
CDCI;

0

[1%4

20

00}

i
0'C
€0

86°0

0’5

20

470 35 310 2'5

475

510
f1 (ppm)

6'0 55

6'5

75 70

810

8’5

90

9’5

10.0

2aa

198

L9VL

16701

89 /Ll

wo.vN_.V
Lo'szL/
L8'scl

ge'eel

0c'951L

8000

28’ LLL

2aa
CDCI;

I | |1 —

200

30

40

70~ 160 ~ 150 ' 140 ' 130 ' 120 ' 110 100 ~ 90 ' 80 ~ 70 ' 60
f1 (ppm)

180

190

109



2bb N~ OO0 O ®aw © o <t M M v« Qo O
KNRROONOL 960 LW
00 00 00 CO 0 O O O @ N~ M~ N~ NN~ NS NO
N B B N
| T
N O
2bb
CDCl,
WL A \_L/%.
T T T T
owm (2] ~ N~
So > S >
— O -~ <t o
T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

2bb (CRUDE) - cDCI;

{47.007

T T T T T
0 89 88 87 86 85

T T T
84 83 82

8.1

T T T T T T T
77 76 75 74 73 72 741

1 (ppm)

T T T
80 79 78

T T
70 6.9

J4.00 5

T T T T T T T
68 67 66 65 64 63 62 6.1 6

110



892
VAP
mv.n/
65°L
09°L
09°Z
192

VoL

mr.wv

91’8

2cc

Cl

G601

=60'1

=0}
102
5-80'1

o001

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

9.5

).0

1190 —

12611
No.mﬁ/
S.mﬁ/
61821
g6'8Z)
G8°0EL~
or' S_W
SOVEL \
y8vEL

€eYSL—
9651 —

€L9LL—

2cc

Cl

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

)0

111



0§c—

6ve—

b ZAVA

L

4
Ex%
162

86°L™

6.8
6.8
08'8
088

2€e'6
€6
€e'6

£€e'6

2dd

Cl

(DMSO-de)

o'l
50l

J16'1
=680

0L
Foo't

001

11.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5
1 (ppm)

1.5

.0

98°/0L—

mm.vw—
‘vm.mNrW
wo.vwv\
Fm.vwr\
w_w.\.Nv\
vioelL

mgﬁ\

8E YL
leesin
9 PGl —

66091 —

G6°GLL—

2dd

Cl

(DMSO-de)

PHEEIANIR

iy

T
-20

-10

10

40

60

T
180

T
190

1 (ppm)

112



60€°C—

CDCl;

=

R

)

10

=10¢

=00}

Egoy

¥l0'}
z0e
590')

10z
5660

Foo'L

9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5
1 (ppm)

9.5

).0

113



€eCc—

4w
4 A
¢_H\V

CcDCl,

— =00¢

Fo00C

V'L
Nv.nW
€117

'L
ov 2
0y
2oz
19'L

98'L
181
18°2]
88°/]
88'L
88°/]
68'L

68'L]
00'8

vi'g]
o'

S —— T

AL

0TS
Feez

61
%mm.o

H\mm.o

es'e

o]

MOMO

CDCls

v5e”

G
186

259
259
997
997
é¢9
181
rws%

ev'L—
mw.n/

88°L
ww.nw

88

13

0°€
wmmm.m

02
B0z

960
G560
160

Wro._‘

0'C

Fooz

0.5

35 3.0 25 2.0 15 1.0

4.0

85 8.0 75 7.0 6.5 6.0 55 5.0 45
1 (ppm)

9.0

9.5

).0

114



Le'e

187

v09_
zz9

99'9

»ms/
6e 2\
s
w2
9’2
982
892

I

E .
Wmm 0
160

00'}L
160
yi'e

.02

[ 515 510 75 210 35 310 275 210 15 10 0’5
1 (ppm)

70 6'5

75

815

9’0

9’5

1.0

16

e
6L€

L
9L's
s
s
mr.mN
0z's
%8
209
80'9
609
o9
)
)
719

899
9.
Es%
5gL
55L

€6'L
€6,
€6'L
¥6'L
¥6'L
G6°L
G6°L
4%
cL'8
718
¥1'8

CDCls

L

00¢C

§6°L

0lo

0’5

10

15

210

2’5

310

[ 515 510 75 20 35
1 (ppm)

65

810 75 70

8’5

9’0

9’5

10.0

115



0SCc—

Loy —

0L'8

002

0.5

1.0

1.5

6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0
1 (ppm)

7.0

7.5

116



VIII. Comparison between proton vs deuterium labeled '"H NMR spectra

The 'H NMR of compound la was initially acquired in CDCl3The same sample was
concentrated and acquired '"H NMR in MeOD-d..
Again, the MeOD-d/ solution after concentration was acquired 'H NMR in DMSO-ds.
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Compound 1m was initially treated with MeOD-d..
The same sample was concentrated and acquired "H NMR in DMSO-d5
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IX. Ratio of 6-endo- : 5-exo- cyclized product in EtOH reaction (analysis of
crude 'H NMR spectra)

All the reactions were conducted using 1 mL of EtOH in concentration of < 0.05 M in indicated

temperature. The reaction mixtures were concentrated and dried after completion then 'H
NMRs were monitored with crude sample.
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X. DMSO recycle using Biotage® V-10 Touch system
1-(5-Fluoro-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (11, 120 mg, 0.05 mmol) was added
in DMSO (10 mL) and stirred for 3 h at room temperature. The reaction mixture (DMSO) was
evaporated at 56 °C in and collected (recycled, 7.3 mL) in Biotage® V-10 Touch system. Dried
crude was obtained as a product 2l (quantitative yield).

The recycled DMSO was used as a reaction solvent in another batch where compound 11 (12.0
mg, 0.05 mmol) was dissolved in 1 mL of DMSO. After completion of reaction, the DMSO
was evaporated to afford 21 (quantitative yield) and "H NMR was monitored in CDCl3 with

crude sample.
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