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1. General remarks

'"H NMR spectra were recorded on Agilent-400, Varian Mercury-400 and Bruker-400
spectrometer for solution in CDCl; with tetramethylsilane (TMS) as an internal standard; coupling
constants J are given in Hz. 13C NMR spectra were recorded on Agilent-400, Varian Mercury-400
and Bruker-400 spectrophotometers with complete proton decoupling spectrophotometers (CDCls:
77.0 ppm). The reference of '’F NMR (376 MHz) spectra is trichlorofluoromethane (8 ppm 0).
Mass and HRMS spectra were recorded by ESI, EI or FI method. Organic solvents used were dried
by standard methods when necessary. Infrared spectra were recorded on a Perkin-Elmer PE-983
spectrometer with absorption in cm!. Melting points were determined on a digital melting point
apparatus and temperatures were uncorrected. Commercially obtained reagents were used without
further purification. All these reactions were monitored by TLC with silica gel coated plates. Flash

column chromatography was carried out using silica gel at increased pressure.
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2. Optimization of reaction conditions

Table S1 Optimization of reaction conditions

o}
Ph o)ko/
DMDC (3.0 equiv), KosHPO4 (2.0 equiv)
fac-Ir(ppy)s (2 mol%), 1,4-dioxane
COOH 5w blue LEDs, rt, 24 h 2a o
1a
entry variations yield/2a?

1 none > 99%
2 DMF instead of 1,4-dioxane Trace
3 MeCN instead of 1,4-dioxane 23%
4 DCE instead of 1,4-dioxane 88%
5 K,COg3 instead of KoHPO,4 > 99%
6 Cs,COj instead of K,HPO, > 99%
7 no light 0%
8 no fac-Ir(ppy)s 0%
9 no K;HPO, >99%
10 no K;HPO,4 97%"

a 14 NMR yield using methyl benzoate as an internal standard. ? isolated yield.
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3. Procedures for preparation of reactants and transformations

General procedure for preparation of carboxylic acids tethered MCP groups:

R!
A
LY
COOH
S3

A solution of 3-bromopropyltriphenylphosphonium bromide (2.4 mmol, 1.2 equiv) and ‘BuOK (5.0

BrPPh3(CHy)3Br (1.2 equiv)
[©) BUOK (2.5 equiv), THF, 75 °C, reflux
COOMe

1) LiOH (3.0 equiv), MeOH/H,0 (5:1), 75 °C, reflux
2) HCI

mmol, 2.5 equiv) in 5 mL THF was stirred at 75 °C in oil bath under Ar for 30 min. Afterward, a
solution of compound S1 (2.0 mmol, 1.0 equiv) in 3 mL THF was added, and the reaction solution
was stirred at 75 °C in oil bath for 8 h. Upon completion, the reaction was cooled to room
temperature, and the mixture was filtered through a Celite. The filtrate was concentrated under
reduced pressure, and the residue was purified by a silica gel chromatography (EtOAc/hexane) to
afford the corresponding products (S2) in 40% to 80% yields.

A mixture of S2 (1.0 mmol) and LiOH (3.0 mmol, 3.0 equiv) in MeOH/H,O (5:1, 10 mL) was
heated at 75 °C for 8 h, followed by concentrating under reduced pressure. 10 mL EtOAc was added
to the residue, and the mixture was extracted with water (3 x 8 mL). The water layers were
combined, of which pH value was adjusted to 2 with 2 M HCI, and then extracted with DCM, dried

over anhydrous Na,SO,4, which afforded the products (S3) in high yields after removing the solvent.

General procedure A for preparation of methyl benzoylbenzoate:

MgBr
: =
R @ (1.2 equiv)
_: ol N o TMSCHN3, MeOH - o
THF, t, 3 h > DCM
COOH COOMe
S5 S6

then HCI

To a solution of phthalic anhydride (S4) (10 mmol, 1.0 equiv) in THF (20 mL) was added Grignard

reagent (12 mmol, 1.2 equiv) at 0 °C. The reaction solution was stirred at room temperature for 3 h,
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quenched with 2 M HCl (10 mL), extracted with EtOAc (3 x 8 mL), dried over Na,SO,4 and
concentrated. Purification by chromatography on silica gel (EtOAc/hexane) afforded S5.
To a solution of S§ (5 mmol, 1.0 equiv) in 20 mL DCM was added 1 mL MeOH, then
azidotrimethylsilane was added into the reaction solution dropwise until no obvious bubbles could
be observed. Purification by chromatography on silica gel (EtOAc/hexane) afforded Sé6.

This method was applied for substrates 1b, 1¢, 1d, 1e, 1f, 1g, 1j, 1k, 1m, 1u, 1v, 1w, and 1x.

General procedure B for preparation of methyl benzoylbenzoate:

Pd(OAc), (5 mol%)
Ag,0 (1.2 equiv)
TBHP (5.0 equiv)

R © H,0 ( 11 equiv)
+ R
80 °C

(1.0 equw) (4.0 equw)

S6 was prepared with the similar procedures according to the previous protocol.!

This method was applied for substrates 1h, 1i, 11, 1n, 1o, 1p, 1q, 1r, 1s, and 1t.

Procedure for preparation of 3:

0}

Ph 1.0 equiv

o ope 10 €M) |
X . . Ph

2,6-Iutidine (2.0 equiv)

0.0
COOH THF hig
1a (1.2 equiv) 3 0 0O

To a solution of 1a (2 mmol, 1.2 equiv) in THF, methylclhlorofonmate was added slowly (1.0
equiv). Afterward, 2,6-lutidine (2.0 equiv) was added slowly. After 10 min, Purification by

chromatography on silica gel (EtOAc/hexane = 1:10) afforded 3.

The preparation of 4 was according to the previous literature.?

The preparation of 10 was similar to the preparation of 1a, in which BrPh;(CH,);Br was changed to

BI‘Ph3(CH2)4BI‘.
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Procedures for the transformations of 2a:

\
o}
o}
Pth Ph

Nu
CF3COOH (20 mol%)
+ NuH
MeCN, 12 h

2a o) (1.2 equiv) 50r6 e}

5, Nu = indole 69% vyield
6, Nu = N-Me-pyrrole 40% yield

CF;COOH (0.04 mmol) was added into the stirred solution of 2a (0.2 mmol) and NuH (0.24 mmol)
in 2 mL MeCN. After 12 h, purification by a chromatography on silica gel (EtOAc/hexane = 1:4)

afforded 5 and 6 in 69% and 40% yields, respectively.

H
& N
1) DMDC (3.0 equiv), fac-Ir(ppy)s (2 mol%)

Ph |l
X 1,4-dioxane, 5 w blue LEDs, rt, 24 h 0’4 O
L v
COOH 5 e}

2) indole (1.2 equiv), CF3COOH (20 mol%), 12 h

1a
0%

N
NN
1) DMDC (3.0 equiv), fac-Ir(ppy)s (2 mol%) Ph I
S 1,4-dioxane, 5 w blue LEDs, rt, 24 h
O V 2) N-Me-pyrrole (1.2 equiv)
COOCH CF3COOH (20 mol%), 12 h 6 (0]

1a
0%

To a solution of 1 (0.2 mmol, 1.0 equiv) and dimethyl dicarbonate (0.6 mmol, 3.0 equiv) in dry 1,4-
dioxane, fac-Ir(ppy)3 (0.004 mmol, 2 mol%) was added. Afterward, the solution was sparged with
argon for 10 min, and stirred at room temperature for 24 h under the radiation of 5 w blue LEDs.
Indole or N-Me-pyrrole (1.2 equiv) and CF;COOH (20 mol%) were added to the reaction solution

respectively, and the mixture solution was stirred for 12 h. 5 and 6 could not be detected.

\
00
Ph & Ph
TsOHeH,0 (3.0 equiv) OTs
MeCN, 12 h
9a O yield = 80% ;7 O
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Toluenesulfonic acid monohydrate (0.6 mmol) and 2a (0.2 mmol) were dissolved in 2 mL MeCN,
and the reaction solution was stirred at room temperature for 12 h. Afterward, purification by a

chromatography on silica gel (EtOAc/hexane = 1:4) afforded 7 in 80% yield.

Procedure for photocatalyzed oxidized triphenylphosphine's deoxygenation:

| Ph

Ph  [Ir(dF-CF3-ppy)y(dtbpy)IPFg (2 mol%)
PPhs (1.2 equiv), K,HPO, (20 mol%)
COOH  DEM/H,O (4:1), blue LEDs, 12 h

8 O
yield = 67%

1a

1a (0.2 mmol, 1.0 equiv), Ir catalyst (2 mol%), PPh; (0.24 mmol, 1.2 equiv), K;HPO, (0.04 mmol,
20 mol%) and DCM/H,0 (4:1, 2 mL) was added into a Schlenk tube and degassed with argon for 5
minutes. The reaction solution was stirred for 12 h under 5 w blue LEDs. Afterward, purification by

a chromatography on silica gel (EtOAc/hexane = 1:10) afforded 8 in 67% yield.
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4. General procedure of cyclization reactions

R1
=
\ 0]
7 Ao
DMDC (3.0 equiv) - XN
fac-Ir(ppy)s (2 mol%), 1,4-dioxane R _
5w blue LEDs, rt, 24 h
2 0}

To a solution of 1 (0.2 mmol, 1.0 equiv) and dimethyl dicarbonate (0.6 mmol, 3.0 equiv) in dry 1,4-
dioxane, fac-Ir(ppy)s (0.004 mmol, 2 mol%) was added. Afterward, the solution was sparged with
argon for 10 min, and stirred at room temperature for 24 h under the radiation of 5 w blue LEDs.
The reaction solution was mixed with silica gel for 10 min. Purification by chromatography on

silica gel (EtOAc:hexane = 1:10) afforded the cyclized products.
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5. Emission quenching experiments

Emission intensities were recorded using an Agilent Cary Eclipse fluorescence spectrophotometer.
Solutions 0.001 M of fac-Ir(ppy); and different concentrations of quencher in anhydrous 1,4-

dioxane were degassed by sparging with argon for 10 minutes in 10 mm path length quartz cuvette,

irradiated at 375 nm and emission intensity collected at 513 nm.
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800 Fa |
i) 0.002 M {m\
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Figure S1. fac-Ir(ppy); emission quenching with 1a and 3.
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6. Reduction potential measurement

Determination of the reduction potential of 3 was performed by cyclic voltammetry which was
studied with a CHI 660C electrochemical workstation using a glassy carbon working electrode, a
platinum wire counter electrode and an Ag'/AgNO; reference electrode. Measurements were
performed on 25 mL samples prepared with a substrate concentration of 0.01 M in a 0.1 M solution
of tetrabutylammonium hexafluorophosphate in an acetonitrile electrolyte solution with a sweep
rate of 100 mV/s. Before each measurement, the samples were sparged with argon for 20 min.
Measured reduction potentials were converted to reference the saturated calomel electrode (SCE) by
adding 0.327 mV. The reduction potential of 3 was calculated considering an irreversible process

and gives and E,;*4 = -1.775 V vs SCE.

1.00E-04

-1 -08 -07 -05 -03 -01 | 021

-1.00E-04

-2.00E-04

-3.00E-04

-4.00E-04

Current (A)

-5.00E-04

-6.00E-04

-7.00E-04

-8.00E-04
Potential vs Ag/Ag*

Figure S2. cyclic voltammetry curve of 3.

S10



7. Characterization and spectra charts

AN
LY

COOH
Compound 1a: Yield: 0.9 g, 84%; A white solid; Mp: 141 - 143 °C; 'H NMR (400 MHz,
Chloroform-d) 6 9.10 (br, 1H), 8.02 — 7.90 (m, 1H), 7.62 — 7.50 (m, 1H), 7.49 — 7.34 (m, 4H), 7.34
—17.28 (m, 2H), 7.27 — 7.15 (m, 1H), 1.63 — 1.50 (m, 2H), 1.18 — 1.05 (m, 2H); 3C NMR (100
MHz, Chloroform-d) & 173.0, 143.0, 140.5, 132.2, 131.4, 130.6, 130.0, 129.3, 128.0, 127.0, 126.8,

126.6, 124.3, 5.4, 1.9; IR (neat): v 2979, 1694, 1677, 1299, 1263 cm’'; HRMS (EI) Calcd. for

C17H140, [M]": 250.0988, found: 250.0987.

NONOO—MOWOOMOONNODNOLOODPONNENNTDNT T O TCTNOODMOWLNAND©
COOORUVONOOHITOOXINORNNTCODPLOOOITITONT O CTONOINOTONNT O
TRV LVONIY YR OOQNOOMOAOINONNINNNNNNNN QLULWVY - T
ONNNNNNNNNNNNNNNNNNNKEINNNIENNNNNNNNN Srceoceocee oo
e oy B N — BRI N SR
\ e\ e N
O -
COOH
I
o
= I
S o
N o~
®
N 0
- I =]
o i
/O/'
\n

—
i

r T T T T T T T T T T T T T T T T T T T T T T T T T T
3.0 12.5 [12.0 |L11.5 11.0| 10.5 10.0 .5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5. p 5.0 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -
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OMe

Compound 1b: Yield: 1.87 g, 87%; A white solid; Mp: 170 - 172 °C; '"H NMR (400 MHz,
Chloroform-d) & 11.19 (br, 1H), 7.92 (dd, J = 7.7, 1.3 Hz, 1H), 7.51 (td, J = 7.5, 1.3 Hz, 1H), 7.37
(td, J= 7.6, 1.3 Hz, 1H), 7.34 — 7.28 (m, 3H), 6.84 — 6.78 (m, 2H), 3.75 (s, 3H), 1.51 — 1.46 (m,
2H), 1.09 — 1.03 (m, 2H); 13C NMR (100 MHz, Chloroform-d) & 173.3, 158.3, 143.2, 133.4, 132.1,
131.3, 130.5, 130.1, 128.7, 128.0, 126.9, 122.3, 113.4, 55.1, 5.2, 1.8; IR (neat): v 2989, 1612, 1240,

989, 750 cm’'; HRMS (EI) Calcd. For CgH403Na [M+Na]*: 303.0992, found: 303.0994.
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I OMe

X
\/

COOH

Compound 1c: Yield: 1.07 g, 75%; A white solid; Mp: 158 - 160 °C; 'H NMR (400 MHz,

Chloroform-d) & 10.26 (br, 1H), 7.86 — 7.77 (m, 1H), 7.42 (dd, J = 7.4, 1.7 Hz, 1H), 7.39 — 7.28 (m,

3H), 7.14 — 7.05 (m, 2H), 6.92 (d, J = 8.3 Hz, 1H), 3.62 (s, 3H), 1.33 — 1.27 (m, 4H); '*C NMR

(100 MHz, Chloroform-d) 6 170.9, 155.5, 141.3, 132.5, 132.0, 130.81, 130.76, 130.5, 130.2, 129.1,

128.4, 127.0, 124.9, 121.8, 111.6, 55.8, 4.4, 3.8; IR (neat): v 2980, 1690, 1601, 1293, 750 cm™;

HRMS (EI) Calcd. for C;sH;c05 [M]": 280.1094, found: 280.1101.
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AN
LY
COOH
Compound 1d: Yield: 0.87 g, 73%; A white solid; Mp: 168 - 170 °C; 'H NMR (400 MHz,
Chloroform-d) & 11.46 (br, 1H), 7.92 (dd, /= 7.8, 1.6 Hz, 1H), 7.51 (td, J= 7.5, 1.6 Hz, 1H), 7.42 —
7.33 (m, 1H), 7.33 — 7.20 (m, 3H), 7.07 (d, J = 7.8 Hz, 2H), 2.31 (s, 3H), 1.55 — 1.47 (m, 2H), 1.10
—1.02 (m, 2H); 3C NMR (100 MHz, Chloroform-d) & 173.3, 143.1, 137.7, 136.3, 132.1, 131.4,

130.5, 130.1, 129.1, 128.7, 126.9, 126.7, 123.4, 21.1, 5.3, 1.8; IR (neat): v 2974, 2531, 1690, 1510,

1294 cm'; HRMS (ESI) Caled. for CgH ¢0,Na [M+Na]*: 287.1043, found: 287.1040.
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LY

COOH
Compound 1le: Yield: 1.32 g, 72%; A white solid; Mp: 159 - 161 °C; 'H NMR (400 MHz,
Chloroform-d) & 10.70 (br, 1H), 7.92 (dd, J = 7.8, 1.4 Hz, 1H), 7.51 (td, J = 7.6, 1.5 Hz, 1H), 7.38
(td, J=17.6, 1.3 Hz, 1H), 7.30 (dd, J = 7.7, 1.3 Hz, 1H), 7.19 — 7.10 (m, 3H), 7.04 — 6.94 (m, 1H),
2.28 (s, 3H), 1.57 — 1.48 (m, 2H), 1.12 — 1.03 (m, 2H); 3C NMR (100 MHz, Chloroform-d) &
173.2, 143.1, 140.5, 137.4, 132.1, 131.4, 130.6, 130.1, 129.3, 127.9, 127.5, 127.4, 126.9, 124.2,

124.1, 21.5, 5.4, 1.9; IR (neat): v 2966, 1962, 1600, 1295, 1263 cm!'; HRMS (ESI) Calcd. for

CisHi60,Na [M+Na]*: 287.1043, found: 287.1044.
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AN
LY
COOH
Compound 1f: Yield: 0.7 g, 74%; A white solid; Mp: 163 - 165 °C; 'H NMR (400 MHz,
Chloroform-d) 6 11.03 (br, 1H), 7.80 (dd, /= 7.7, 1.5 Hz, 1H), 7.41 (td, J= 7.5, 1.5 Hz, 1H), 7.33 —
7.27 (m, 1H), 7.27 — 7.20 (m, 2H), 7.19 — 7.07 (m, 3H), 2.14 (s, 3H), 1.31 — 1.24 (m, 4H); 3C NMR
(100 MHz, Chloroform-d) 6 175.0, 143.3, 140.5, 136.5, 131.5, 130.5, 130.4, 130.2, 130.1, 129.9,

129.1, 128.3, 127.0, 126.5, 125.2, 20.6, 4.6, 4.5; IR (neat): v 3079, 2374, 2084, 1717, 746 cm’;

HRMS (FI) Calcd. for Ci3H160, [M]*: 264.1145, found: 264.1147.
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Compound 1g: Yield: 1.22 g, 95%; A white solid; Mp: 119 - 121 °C; 'H NMR (400 MHz,
Chloroform-d) & 10.43 (br, 1H), 8.00 — 7.92 (m, 1H), 7.59 — 7.50 (m, 1H), 7.45 — 7.36 (m, 1H), 7.30
(d, J=17.7 Hz, 1H), 7.26 — 7.14 (m, 1H), 7.14 — 7.04 (m, 2H), 6.92 — 6.82 (m, 1H), 1.59 — 1.50 (m,
2H), 1.14 — 1.05 (m, 2H); 3C NMR (100 MHz, Chloroform-d) & 172.9, 162.8 (d, J = 244.2 Hz),
1429 (d, J=7.6 Hz), 142.5, 132.5, 131.5, 130.8, 129.7, 129.3 (d, /= 8.4 Hz), 128.6 (d, J = 2.6 Hz),
127.3, 125.5, 122.3 (d, J = 2.7 Hz), 113.4 (d, J = 22.2 Hz), 113.3 (d, J = 21.4 Hz), 5.5, 1.9; °F

NMR (376 MHz, Chloroform-d) 8 -113.76 —-113.90 (m); IR (neat): v 3044, 2858, 1678, 1232, 787

em''; HRMS (EI) Caled. for C17H,30,F [M]*: 268.0894, found: 268.0901.
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Compound 1h: Yield: 1.18 g, 75%; A white solid; Mp: 102 - 104 °C; 'H NMR (400 MHz,
Chloroform-d) 6 11.42 (br, 1H), 7.97 (d, J = 7.7 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H), 7.43 — 7.36 (m,
2H), 7.32 — 7.26 (m, 1H), 7.22 — 7.10 (m, 3H), 1.60 — 1.49 (m, 2H), 1.13 — 1.04 (m, 2H); 13C NMR
(100 MHz, Chloroform-d) & 173.0, 142.4, 142.3, 133.9, 132.5, 131.4, 130.8, 129.7, 129.2, 128.4,

127.3, 126.6, 126.5, 125.7, 124.9, 5.5, 1.9; IR (neat): v 3005, 1748, 1716, 1285, 986 cm'!; HRMS

(EI) Calcd. for C,7H,3C1O, [M]": 284.0599, found: 284.0597.
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Compound 1i: Yield: 1.35 g, 82%; A white solid; Mp: 108 - 110 °C; 'H NMR (400 MHz,

Chloroform-d) & 9.66 (br, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.59 — 7.50 (m, 1H), 7.45 — 7.34 (m, 3H),
7.29 (d, J = 7.6 Hz, 1H), 7.26 — 7.19 (m, 2H), 1.56 — 1.47 (m, 2H), 1.13 — 1.04 (m, 2H); '*C NMR
(100 MHz, Chloroform-d) § 172.7, 142.4, 139.5, 132.5, 131.4, 131.1, 130.8, 129.7, 128.6, 128.3,
127.3, 125.0, 120.4, 5.5, 2.0; IR (neat): v 3372, 1717, 1652, 1338, 1145 cm'!; HRMS (EI) Calcd. for

C17H30,Br [M]*: 328.0093, found: 328.0097.
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Compound 1j: Yield: 1.36 g, 87%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz, Chloroform-

d) 8 10.96 (br, 1H), 7.97 (d, J = 7.7 Hz, 1H), 7.60 — 7.37 (m, 6H), 7.33 — 7.28 (m, 1H), 1.59 — 1.50

(m, 2H), 1.15 — 1.06 (m, 2H); 3C NMR (100 MHz, Chloroform-d) § 173.0, 144.1, 142.3, 132.6,

131.5,131.0, 129.6, 128.7, 128.3 (q, J = 32.4 Hz), 127.5, 126.9, 126.8, 124.9 (q, J = 3.4 Hz), 124.4

(q, J =272.3 Hz), 5.5, 1.9; 1F NMR (376 MHz, Chloroform-d) & -62.34; IR (neat): v 1758, 1326,

1270, 1125, 993 cm!'; HRMS (EI) Calcd. for C;sH;30,F; [M]*: 318.0862, found: 318.0861.
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Compound 1k: Yield: 1.34 g, 83%; A white solid; Mp: 171 - 173 °C; '"H NMR (400 MHz,
Chloroform-d) 6 10.90 (br, 1H), 7.96 — 7.88 (m, 1H), 7.54 — 7.45 (m, 1H), 7.39 — 7.33 (m, 1H), 7.33
—17.24 (m, 5H), 1.56 — 1.47 (m, 2H), 1.32 — 1.23 (m, 9H), 1.10 — 1.00 (m, 2H); 3C NMR (100
MHz, Chloroform-d) 6 173.3, 149.4, 143.2, 137.6, 132.1, 131.4, 130.6, 130.1, 129.0, 126.9, 126.5,
124.9, 123.4, 34.4, 31.3, 5.4, 1.8; IR (neat): v 2962, 1765, 1716, 1465, 1286, 1258, 760 cm™;

HRMS (ESI) Calcd. for C,;H»,0,Na [M+Na]*: 329.1512, found: 329.1516.
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Compound 11: Yield: 1.01 g, 95%; A white solid; Mp: 189 - 191 °C; 'H NMR (400 MHz,
Chloroform-d) ¢ 10.70 (br, 1H), 7.93 (dd, /= 7.9, 1.4 Hz, 1H), 7.58 — 7.51 (m, 3H), 7.50 — 7.39 (m,
5H), 7.39 — 7.34 (m, 2H), 7.34 — 7.22 (m, 2H), 1.59 — 1.50 (m, 2H), 1.12 — 1.03 (m, 2H); *C NMR
(100 MHz, Chloroform-d) 6 173.2, 142.9, 140.9, 139.6, 139.2, 132.2, 131.4, 130.7, 130.0, 129.0,

128.6, 127.15, 127.07, 127.0, 126.9, 126.7, 124.5, 5.5, 1.9; IR (neat): v 2965, 1765, 1465, 1289,

1250 cm'; HRMS (EI) Calcd. for Co3H 30, [M]*: 326.1301, found: 326.1303.
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Compound 1m: Yield: 1.29 g, 94%; A white solid; Mp: 190 - 192 °C; 'H NMR (400 MHz,
Chloroform-d) 6 11.18 (br, 1H), 7.94 (d, J = 7.7 Hz, 1H), 7.53 (t, /= 7.5 Hz, 1H), 7.39 (t, /= 7.6
Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.03 (s, 1H), 6.74 — 6.67 (m, 2H), 5.94 — 5.88 (m, 2H), 1.56 —
1.47 (m, 2H), 1.12 — 1.03 (m, 2H); '*C NMR (100 MHz, Chloroform-d) & 173.0, 147.5, 146.3,
143.0, 135.1, 132.2, 131.4, 130.6, 129.9, 128.9, 127.1, 122.8, 120.6, 107.8, 107.3, 100.9, 5.4, 1.9;

IR (neat): v 2910, 2840, 1750, 1265, 990 cm™'; HRMS (EI) Calcd. for CigH;404 [M]*: 294.0887,

found: 294.0889.
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Compound 1In: Yield: 0.53 g, 80%; A white solid; Mp: 172 - 174 °C; '"H NMR (400 MHz,
Chloroform-d) & 11.08 (br, 1H), 7.93 (dd, J = 7.8, 1.4 Hz, 1H), 7.53 (td, J = 7.5, 1.4 Hz, 1H), 7.39
(td, J = 7.6, 1.3 Hz, 1H), 7.35 — 7.29 (m, 1H), 7.11 (s, 1H), 6.80 — 6.70 (m, 2H), 3.84 (s, 3H), 3.82
(s, 3H), 1.57 — 1.48 (m, 2H), 1.14 — 1.05 (m, 2H); 3C NMR (100 MHz, Chloroform-d) & 173.0,
148.5, 147.9, 1429, 133.7, 132.1, 131.3, 130.5, 130.1, 128.9, 127.0, 122.5, 119.5, 110.5, 110.0,
55.8, 55.7, 5.3, 1.9; IR (neat): v 2911, 2845, 1753, 1265, 764 cm!; HRMS (ESI) Calcd. for

Ci9H;304Na [M+Na]*: 333.1097, found: 333.1098.
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Compound 1lo: Yield: 1.4 g, 71%; A white solid; Mp: 189 - 191 °C; 'H NMR (400 MHz,
Chloroform-d) 6 10.43 (br, 1H), 7.93 (dd, J = 7.8, 1.3 Hz, 1H), 7.53 (td, /= 7.5, 1.4 Hz, 1H), 7.40
(td, J=17.6,1.2 Hz, 1H), 7.33 (dd, J= 7.7, 1.2 Hz, 1H), 6.62 (s, 2H), 3.81 (s, 3H), 3.75 (s, 6H), 1.58
—1.50 (m, 2H), 1.17 — 1.08 (m, 2H); '3C NMR (100 MHz, Chloroform-d) & 173.1, 152.8, 142.5,
137.0, 136.3, 132.1, 131.3, 130.5, 130.2, 129.2, 127.1, 123.9, 104.4, 60.8, 55.9, 5.4, 2.0; IR (neat): v

3316, 1760, 1617, 1594, 1488 cm’'; HRMS (ESI) Calcd. for Cy0H,0OsNa [M+Na]*: 363.1203,

found: 363.1202.
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Compound 1p: Yield: 0.72 g, 83%; A white solid; Mp: 101 - 103 °C; '"H NMR (400 MHz,

Chloroform-d) & 10.04 (br, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.43 — 7.34 (m, 4H), 7.32 — 7.28 (m, 2H),

7.25—7.20 (m, 1H), 1.62 — 1.54 (m, 2H), 1.17 — 1.10 (m, 2H); 3C NMR (100 MHz, Chloroform-d)

6 171.9, 145.0, 139.9, 138.5, 132.2, 131.5, 128.5, 128.3, 128.1, 127.3, 126.8, 126.7, 125.1, 5.5, 1.9;

IR (neat): v 3052, 2974, 1706, 1588, 1278 cm'; HRMS (EI) Calcd. for C;7H;30,C1 [M]*: 284.0599,

found: 284.0596.
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Compound 1q: Yield: 1.45 g, 90%; A white solid; Mp: 137 - 139 °C; 'H NMR (400 MHz,
Chloroform-d) & 10.79 (br, 1H), 7.43 —7.33 (m, 3H), 7.30 — 7.16 (m, 3H), 7.13 — 7.03 (m, 2H), 1.55
—1.46 (m, 2H), 1.20 — 1.11 (m, 2H); *C NMR (100 MHz, Chloroform-d) 6 171.0, 160.2 (d, J =
253.7 Hz), 143.2 (d, J = 1.9 Hz), 139.8, 131.7 (d, /= 9.1 Hz), 128.1, 127.8 (d, J = 2.3 Hz), 127.3,
127.0, 126.3, 126.2 (d, J = 3.2 Hz), 120.9 (d, J = 14.3 Hz), 114.6 (d, J = 21.7 Hz), 5.2, 2.5; I°F
NMR (376 MHz, Chloroform-d) 6 -113.56 — -113.59 (m); IR (neat): v 2980, 1290, 1675, 1263, 768

cm'; HRMS (EI) Calcd. for Ci7H;30,F [M]*: 268.0894, found: 268.0897.
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Compound 1r: Yield: 1.26 g, 92%; A white solid; Mp: 170 - 172 °C; 'H NMR (400 MHz,
Chloroform-d) ¢ 11.20 (br, 1H), 7.74 (s, 1H), 7.39 — 7.29 (m, 3H), 7.29 — 7.12 (m, 4H), 2.40 (s,
3H), 1.56 — 1.47 (m, 2H), 1.11 — 1.03 (m, 2H); 3C NMR (100 MHz, Chloroform-d) 6 173.5, 140.7,
140.1, 136.8, 133.0, 131.3, 131.1, 129.8, 129.2, 127.9, 126.8, 126.5, 124.0, 21.0, 5.4, 1.8; IR (neat):
v 1689, 1494, 1298, 1255, 765 cm’!; HRMS (ESI) Caled. for CigH;s0,Na [M+Na]": 287.1043,

found: 287.1047.
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Compound 1s: Yield: 1.49 g, 74%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz, Chloroform-
d) 6 10.98 (br, 1H), 7.78 (s, 1H), 7.42 — 7.33 (m, 3H), 7.25 — 7.16 (m, 3H), 2.42 (s, 3H), 1.55 - 1.48
(m, 2H), 1.12 — 1.04 (m, 2H); '3C NMR (100 MHz, Chloroform-d) & 172.2, 139.7, 139.5, 137.2,
133.2, 131.36, 131.31, 131.0, 129.4, 128.4, 128.2, 124.7, 120.4, 20.9, 5.5, 1.9; IR (neat): v 3371,

1717, 1652, 1338, 1144 cm’!; HRMS (FI) Calcd. for CigH;50,Br [M]*: 342.0250, Found: 342.0245.

S39



290°
9.0
180
980°
00}"
494
S0S”
LLg
GG
0€s’

AU

€w'e —

€LV L
2617,
SLeL
0ce'L
L€T LY
9€2"L
eve 'L
LyeL A
z8e°L
09€°L
G9€°L
o\ym.h)w
92€" L

00'¢e

eLe

oL’z

0.5 0.

o

o0

5

4.0

5

7.

(ppm)

1

L16°L —
€059°G —

886'0C —

10

20

30

40

O

€89 9L /

000°2L —

1258

(ppm)

1

18€°L ]
Nwm.h\
LLLL—

186°0L —

Br

2

COOH

v

7.5

8.0

60¥'0C)
8cLvel /

98¢'8cl
88¥'8¢L /

L $°6Z1

110

cLo'Lel /r

clelel

130

HoeioL

& omaag

yozeel
y0T'LEL /
9€g'6€) \“
9LL'6el

T
140

09z°cLL —

Br

W

COOH

150

0

170

S40



™
\/
COOH
Compound 1t: Yield: 1.83 g, 81%; A white solid; Mp: 160 - 162 °C; 'H NMR (400 MHz,
Chloroform-d) 6 10.95 (br, 1H), 7.74 (s, 1H), 7.35 — 7.29 (m, 1H), 7.25 - 7.12 (m, 4H), 6.99 (d, J =
7.2 Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H), 1.55 — 1.45 (m, 2H), 1.10 — 1.01 (m, 2H); 13C NMR (100
MHz, Chloroform-d) & 173.4, 140.6, 140.1, 137.3, 136.7, 132.9, 131.3, 131.0, 129.8, 129.1, 127.8,
127.4, 127.3, 124.1, 123.8, 21.5, 20.9, 5.4, 1.8; IR (neat): v 2967, 1690, 1600, 1293, 750 cm!;

HRMS (FI) Caled. for Ci9H;30, [M]*: 278.1301, Found: 278.1303.
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Compound 1u: Yield: 1.8 g, 81%; A white solid; Mp: > 200 °C; '"H NMR (400 MHz, Chloroform-
d) 6 10.64 (br, 1H), 8.54 (s, 1H), 7.97 — 7.91 (m, 1H), 7.85 — 7.76 (m, 2H), 7.62 — 7.50 (m, 2H),
7.45 —7.36 (m, 2H), 7.30 — 7.23 (m, 2H), 7.18 (t, /= 7.2 Hz, 1H), 1.63 — 1.54 (m, 2H), 1.20 — 1.12
(m, 2H); 3C NMR (100 MHz, Chloroform-d) 6 172.8, 140.9, 138.5, 135.0, 132.3, 131.5, 130.4,

129.5, 128.8, 128.4, 128.1, 128.0, 127.6, 126.8, 126.6, 126.5, 124.2, 5.5, 1.9; IR (neat): v 2963,

1672, 1282, 919, 745 cm™'; HRMS (EI) Calcd. for C;;H;60, [M]*: 300.1145, Found: 300.1150.

542



6€L’
1
8G1°
el
LV
fejeich
€.L5
186"
65"

—_—

mwv.hg
18L°L 1
66171
6222 ]
0ve LA
652°L 1
11221
G6e2 |
€Ly L
8Ly L
0Ev'L
6vv L
CLS L
0€5°Z
8¥GL

6L

00c

[ -

i
{
!

(ppm)

1

§96°L —
90S8'G —

¢8I UL /

06044

000244

8LeLL

(pi

68¢'vel

66

H

9759Z1
€19°9Z1
8/8'9Z1

865 ZZ1

€6L°L~\
9092 /]

—~

10682+

828°L
€€6'L
€66
9€G'8 —

Ly9'0L —

N

S
COOH

660

60

[Zam 12

19¥°821 7 -

amm e

¥88'8¢1

8159’62}

297°0€L

w

cZG e

60eZEl -
620'GEL 7

I

\

G/G8El

W
OOH

Y60t

T

L

i g

€08'¢LL —

"

A

o

543



AN

LY

COOH
Compound 1v: Yield: 1.3 g, 88%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz, Chloroform-
d) 6 11.18 (br, 1H), 8.57 — 8.51 (m, 1H), 7.95 (d, J= 8.0 Hz, 1H), 7.85 — 7.76 (m, 2H), 7.62 — 7.49
(m, 2H), 7.27 — 7.21 (m, 2H), 7.16 (td, J = 7.6, 2.3 Hz, 1H), 7.01 (d, J = 7.4 Hz, 1H), 2.28 (s, 3H),
1.64 — 1.54 (m, 2H), 1.20 — 1.10 (m, 2H); '3C NMR (100 MHz, Chloroform-d) & 173.1, 140.8,
138.6, 137.4, 134.9, 132.2, 131.4, 130.4, 129.4, 128.8, 128.4, 128.2, 127.9, 127.6, 127.5, 127.4,

126.5, 124.1, 21.5, 5.5, 1.9; IR (neat): v 2972, 1695, 1279, 1208, 747 cm™'; HRMS (ESI) Calcd. for

CyH;30,Na [M+Na]*: 337.1199, found: 337.1197.
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Compound 1w: Yield: 1.23 g, 88%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz,
Chloroform-d) & 10.38 (br, 1H), 8.52 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.85 — 7.73 (m, 2H), 7.62 —
7.48 (m, 2H), 7.36 (d, J = 8.0 Hz, 2H), 6.91 — 6.78 (m, 2H), 3.78 — 3.73 (m, 3H), 1.60 — 1.51 (m,
2H), 1.18 — 1.09 (m, 2H); 3C NMR (100 MHz, Chloroform-d) & 172.8, 158.3, 138.7, 134.9, 133.8,
132.1, 131.4, 130.3, 128.88, 128.85, 128.4, 128.3, 128.0, 127.5, 126.5, 122.3, 113.4, 55.1, 5.3, 1.9;
IR (neat): v 2960, 1759, 1630, 1220, 989 cm!'; HRMS (ESI) Calcd. for C,,H;30sNa [M+Na]*:

353.1148, found: 353.1148.
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Compound 1x: Yield: 0.78 g, 70%; A white solid; Mp: > 200 °C; '"H NMR (400 MHz, Chloroform-
d) 8 10.72 (br, 1H), 8.53 (s, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.86 — 7.75 (m, 2H), 7.60 — 7.49 (m, 2H),
7.40 — 7.26 (m, 4H), 1.63 — 1.53 (m, 2H), 1.29 (s, 9H), 1.17 — 1.08 (m, 2H); *C NMR (100 MHz,
Chloroform-d) 6 172.8, 149.3, 138.7, 138.0, 134.9, 132.1, 131.4, 130.3, 129.1, 128.8, 128.4, 128.3,

127.6, 126.59, 126.53, 124.9, 123.4, 34.4, 31.3, 5.4, 1.8; IR (neat): v 2958, 1758, 1713, 1628, 1258

em''; HRMS (EI) Caled. for CosH405 [M]*: 356.1771, found: 356.1781.
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Compound 2a: Yield: 1.47 g, 83%; A white solid; Mp: 112 - 114 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.91 — 7.83 (m, 1H), 7.62 (td, J = 7.5, 1.4 Hz, 1H), 7.55 (td, J = 7.4, 1.2 Hz, 1H),
7.46 — 7.39 (m, 1H), 7.36 — 7.23 (m, 3H), 7.23 — 7.14 (m, 2H), 3.65 (s, 3H), 1.70 — 1.59 (m, 1H),
1.42 — 1.32 (m, 1H), 1.31 — 1.23 (m, 1H), 0.53 — 0.43 (m, 1H); 3C NMR (100 MHz, Chloroform-d)
0 202.7, 153.01, 152.96, 140.3, 137.8, 134.5, 129.8, 128.3, 127.7, 125.6, 125.5, 122.3, 88.3, 54.5,
41.0, 21.3, 16.0; IR (neat): v 2979, 2660, 1694, 1677, 1299, 1263 cm'!; HRMS (ESI) Calcd. for

Ci9H;604Na [M+Na]*: 331.0941, found: 331.0939.
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Compound 2b’: Yield: 50.4 mg, 90%; A colorless oil; 'H NMR (400 MHz, Chloroform-d) & 7.76
(d, J=7.6 Hz, 1H), 7.61 (td, J= 7.5, 1.3 Hz, 1H), 7.52 — 7.40 (m, 2H), 7.17 — 7.09 (m, 2H), 6.85 —
6.77 (m, 2H), 3.77 (s, 3H), 2.54 (br, 1H), 1.44 — 1.35 (m, 3H), 0.61 — 0.49 (m, 1H); '*C NMR (100

MHz, Chloroform-d) 6 204.5, 158.6, 158.5, 135.6, 135.3, 135.1, 129.2, 126.9, 125.3, 122.4, 113 .4,

79.5,55.2,43.8,19.7, 17.2; IR (neat): v 2983, 1680, 1659, 1287, 1265 cm’!; HRMS (FI) Calcd. for
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Compound 2c¢: Yield: 64.2 mg, 95%; A white solid; Mp: 149 - 151 °C; 'H NMR (400 MHz,

Chloroform-d) 6 7.87 — 7.78 (m, 2H), 7.53 — 7.44 (m, 2H), 7.35 — 7.26 (m, 2H), 7.07 — 7.00 (m,
1H), 6.76 (d, J = 8.2 Hz, 1H), 3.64 (s, 3H), 3.26 (s, 3H), 1.60 — 1.53 (m, 1H), 1.47 — 1.40 (m, 1H),
1.17 — 1.09 (m, 1H), 0.64 — 0.56 (m, 1H); '3C NMR (100 MHz, Chloroform-d) & 203.4, 155.4,
153.3, 152.6, 138.2, 133.6, 129.5, 128.9, 128.2, 125.9, 123.5, 121.7, 120.4, 112.0, 55.1, 54.5, 38.8,
19.7, 16.9; IR (neat): v 1690, 1626, 1245, 1161, 835 cm'; HRMS (ESI) Calcd. for CyoH;gOsNa

[M+Na]*: 361.1046, found: 361.1042.
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Me

Compound 2d: Yield: 56.0 mg, 87%; A white solid; Mp: 148 - 150 °C; 'H NMR (400 MHz,
Chloroform-d) 6 7.90 — 7.82 (m, 1H), 7.61 (td, J = 7.5, 1.3 Hz, 1H), 7.54 (td, J = 7.4, 1.1 Hz, 1H),
7.43 (d, J = 7.8 Hz, 1H), 7.13 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 3.65 (s, 3H), 2.32 (s,
3H), 1.69 — 1.58 (m, 1H), 1.40 — 1.32 (m, 1H), 1.30 — 1.24 (m, 1H), 0.55 — 0.45 (m, 1H); 3C NMR
(100 MHz, Chloroform-d) & 202.8, 153.1, 137.8, 137.5, 137.4, 134.5, 129.8, 129.0, 125.7, 125.4,
122.3, 88.4, 54.5, 41.0, 21.3, 21.0, 16.0; IR (neat): v 2919, 2856, 1755, 1718, 1254 cm’!; HRMS

(ESI) Calced. for C;0H;304Na [M+Na]*: 345.1097, found: 345.1091.
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Compound 2¢’: Yield: 47.5 mg, 90%; A colorless oil; 'H NMR (400 MHz, Chloroform-d) & 7.74

(d, J= 7.6 Hz, 1H), 7.60 (t, J = 7.5 Hz, 1H), 7.49 — 7.41 (m, 2H), 7.16 (t, J = 7.6 Hz, 1H), 7.06 —
7.00 (m, 2H), 6.96 (d, J = 7.7 Hz, 1H), 2.75 (br, 1H), 2.29 (s, 3H), 1.44 — 1.36 (m, 3H), 0.58 — 0.51
(m, 1H); 3C NMR (100 MHz, Chloroform-d) & 204.6, 158.5, 143.1, 137.7, 135.7, 135.1, 129.2,
128.0, 127.8, 126.2, 125.4, 122.9, 122.3, 79.6, 43.9, 21.5, 19.7, 17.5; IR (neat): v 3432, 1697, 1603,

1328, 1041 cm™'; HRMS (EI) Caled. for CisH;60, [M]*: 264.1145, found: 264.1151.
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Compound 2f: Yield: 37.0 mg, 70%; A colorless oil; '"H NMR (400 MHz, Chloroform-d)  7.93
(s, 1H), 7.82 (d, J= 7.7 Hz, 1H), 7.61 (t, J= 7.5 Hz, 1H), 7.50 (t, J= 7.4 Hz, 1H), 7.33 (d, J = 7.6
Hz, 1H), 7.28 — 7.19 (m, 2H), 7.05 (d, J = 7.4 Hz, 1H), 2.28 (br, 1H), 1.60 — 1.52 (m, 3H), 1.48 —
1.40 (m, 1H), 1.40 — 1.17 (m, 2H), 0.66 — 0.56 (m, 1H); 3C NMR (100 MHz, Chloroform-d)
204.8, 158.4, 139.1, 135.9, 135.1, 131.8, 129.2, 127.8, 126.3, 125.7, 124.8, 122.8, 42.0, 21.0, 20.8,

16.5; IR (neat): v 3430, 1710, 1600, 1329, 1040 cm™'; HRMS (EI) Calcd. for C3H;c0, [M]":
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Compound 2g: Yield: 60.0 mg, 92%; A white solid; Mp: 101 - 102 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.93 — 7.84 (m, 1H), 7.68 — 7.61 (m, 1H), 7.61 — 7.52 (m, 1H), 7.42 (d, /= 7.6 Hz,
1H), 7.33 — 7.23 (m, 1H), 7.03 — 6.84 (m, 3H), 3.66 (s, 3H), 1.69 — 1.60 (m, 1H), 1.46 — 1.35 (m,
1H), 1.29 — 1.23 (m, 1H), 0.56 — 0.45 (m, 1H); 3C NMR (100 MHz, Chloroform-d) 6 202.3, 162.6
(d, J =246.6 Hz), 152.9, 152.5, 143.1 (d, J = 7.3 Hz), 137.8, 134.7, 130.1, 130.0 (d, J = 8.2 Hz),
125.5,122.5,121.4 (d, J=3.0 Hz), 114.7 (d, J = 21.1 Hz), 112.9 (d, J = 23.8 Hz), 87.8, 54.7, 40.9,
21.2, 16.2; "F NMR (376 MHz, Chloroform-d) 6 -111.94 — -112.16 (m); IR (neat): v 3005, 2848,
1748, 1715, 1280, 986 cm!; HRMS (EI) Calcd. for C;oH;504FNa [M+Na]*: 349.0847, found:

349.0841.
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Compound 2h: Yield: 54.0 mg, 79%; A white solid; Mp: 73 - 75 °C; 'H NMR (400 MHz,

Chloroform-d) 6 7.88 (d, J= 7.5 Hz, 1H), 7.64 (t, J= 7.5 Hz, 1H), 7.57 (t, J= 7.5 Hz, 1H), 7.40 (d,
J=17.6 Hz, 1H), 7.31 — 7.20 (m, 3H), 7.05 — 6.95 (m, 1H), 3.66 (s, 3H), 1.70 — 1.59 (m, 1H), 1.46 —
1.37 (m, 1H), 1.31 — 1.24 (m, 1H), 0.57 — 0.46 (m, 1H); 3C NMR (100 MHz, Chloroform-d) &
202.2, 152.8, 152.5, 142.6, 137.7, 134.7, 134.4, 130.1, 129.6, 128.0, 125.6, 125.4, 124.0, 122.5,
87.7, 54.6, 40.9, 21.3, 16.3; IR (neat): v 1725, 1258, 1159, 980, 888 c¢cm'; HRMS (EI) Calcd. for

CioH;504Cl1 [M]": 342.0653, found: 342.0647.
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Compound 2i: Yield: 69.5 mg, 90%; A white solid; Mp: 77 - 79 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.87 (d, J= 7.5 Hz, 1H), 7.63 (t, J= 7.5 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (d,
J = 8.3 Hz, 2H), 7.39 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 8.2 Hz, 2H), 3.66 (s, 3H), 1.70 — 1.60 (m,
1H), 1.45 — 1.35 (m, 1H), 1.28 — 1.24 (m, 1H), 0.55 — 0.44 (m, 1H); B3C NMR (100 MHz,
Chloroform-d) 6 202.3, 152.8, 152.5, 139.6, 137.7, 134.7, 131.4, 130.0, 127.3, 125.4, 122.4, 121.8,
87.9, 54.6,40.8,21.2, 16.2; IR (neat): v 1754, 1720, 1271, 1250, 819 cm™'; HRMS (ESI) Calcd. for

Ci9H;504BrNa [M+Na]*: 409.0046, found: 409.0044.
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Compound 2j: Yield: 58.7 mg, 78%; A white solid; Mp: 159 - 161 °C; '"H NMR (400 MHz,
Chloroform-d) & 7.90 (dt, J= 7.5, 0.9 Hz, 1H), 7.64 (td, J= 7.5, 1.4 Hz, 1H), 7.61 — 7.55 (m, 3H),
7.38 (dt, J = 7.7, 1.0 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H), 3.68 (s, 3H), 1.71 — 1.62 (m, 1H), 1.47 -
1.38 (m, 1H), 1.32 — 1.24 (m, 1H), 0.52 — 0.42 (m, 1H); 3C NMR (100 MHz, Chloroform-d) 6
202.1, 152.8, 152.5, 144.6, 137.7, 134.8, 130.2, 130.0 (q, J = 32.6 Hz), 126.1, 125.4, 1253 (q, J =
3.8 Hz), 123.8 (q, J = 272.2 Hz), 122.6, 87.8, 54.7, 40.9, 21.2, 16.3; '"F NMR (376 MHz,

Chloroform-d) & -62.69; IR (neat): v 2849, 1750, 1720, 1231, 755 cm™'; HRMS (ESI) Calcd. for

CyH,504F3Na [M+Na]": 399.0815, found: 399.0818.
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Compound 2k: Yield: 72.1 mg, 99%; A white solid; Mp: 65 - 67 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.90 — 7.83 (m, 1H), 7.62 (td, J = 7.5, 1.3 Hz, 1H), 7.54 (td, J = 7.4, 1.2 Hz, 1H),
7.50 — 7.41 (m, 1H), 7.35 — 7.28 (m, 2H), 7.12 — 7.04 (m, 2H), 3.65 (s, 3H), 1.66 — 1.58 (m, 1H),
1.39 — 1.31 (m, 1H), 1.30 (s, 9H), 1.27 — 1.21 (m, 1H), 0.56 — 0.45 (m, 1H); 3C NMR (100 MHz,
Chloroform-d) & 203.0, 153.1, 153.0, 150.6, 137.8, 137.2, 134.5, 129.8, 125.7, 125.2, 125.1, 122.2,

88.4,54.5,41.0,34.4,31.2,21.4, 16.0; IR (neat): v 2960, 1756, 1719, 1269, 992 cm'!; HRMS (ESI)

Calcd. for Cy3H»4O4Na [M+Na]": 387.1567, found: 387.1568.
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Ph

Compound 21: Yield: 69.1 mg, 90%; A white solid; Mp: 70 - 72 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.89 (d, J= 7.6 Hz, 1H), 7.64 (td, /= 7.5, 1.5 Hz, 1H), 7.60 — 7.51 (m, 5H), 7.51 —
7.39 (m, 3H), 7.34 (t, J= 7.7 Hz, 1H), 7.26 — 7.22 (m, 2H), 3.67 (s, 3H), 1.72 — 1.62 (m, 1H), 1.47 —
1.36 (m, 1H), 1.34 — 1.27 (m, 1H), 0.63 — 0.53 (m, 1H); 3C NMR (100 MHz, Chloroform-d) &
202.7, 153.1, 153.0, 140.5, 140.2, 139.4, 137.8, 134.6, 129.9, 128.8, 127.5, 126.99, 126.96, 126.0,
125.7, 122.4, 88.3, 54.6, 41.1, 21.4, 16.2; IR (neat): v 1738, 1718, 1260, 1159, 889 cm'!; HRMS

(ESI) Calcd. for C,5H,004Na [M+Na]*: 407.1254, found: 407.12
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Compound 2p: Yield: 52.7 mg, 77%; A white solid; Mp: 78 - 80 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.80 (d, J = 8.1 Hz, 1H), 7.52 (dd, J = 8.1, 1.9 Hz, 1H), 7.39 (s, 1H), 7.37 — 7.27
(m, 3H), 7.17 (d, J = 7.4 Hz, 2H), 3.69 (s, 3H), 1.66 — 1.61 (m, 1H), 1.45 — 1.34 (m, 1H), 1.31 -
1.22 (m, 1H), 0.55 — 0.45 (m, 1H); '3C NMR (100 MHz, Chloroform-d) & 201.4, 154.6, 153.0,
141.0, 139.8, 136.2, 130.6, 128.5, 128.0, 125.9, 125.5, 123.5, 87.6, 54.7, 41.2, 21.6, 16.4; IR (neat):
v 2960, 1752, 1721, 1280, 986 cm'; HRMS (ESI) Calcd. for C;oH;504NaCl [M+Na]": 365.0551,

found: 365.0547.
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Compound 2q: Yield: 61.3 mg, 94%; A white solid; Mp: 134 - 136 °C; 'H NMR (400 MHz,

Chloroform-d) & 7.58 (td, J = 7.9, 4.8 Hz, 1H), 7.38 — 7.27 (m, 3H), 7.23 — 7.12 (m, 4H), 3.68 (s,

3H), 1.69 — 1.59 (m, 1H), 1.46 — 1.35 (m, 1H), 1.34 — 1.21 (m, 1H), 0.54 — 0.44 (m, 1H); 13C NMR

(100 MHz, Chloroform-d) 6 198.9, 157.3 (d, J = 264.0 Hz), 155.2, 153.0, 140.0, 136.3 (d, J = 8.0

Hz), 128.4, 127.9, 125.4, 125.3, 121.4 (d, J= 4.1 Hz), 117.0 (d, J = 19.3 Hz), 87.7, 54.7, 41.2, 21.5,

16.3; '9F NMR (376 MHz, Chloroform-d) & -114.75 — -114.94 (m); IR (neat): v 2998, 1756, 1723,
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Compound 2r: Yield: 59.2 mg, 92%; A white solid; Mp: 160 - 162 °C; 'H NMR (400 MHz,

Chloroform-d) 6 7.67 (s, 1H), 7.44 (d, J = 7.9 Hz, 1H), 7.35 — 7.24 (m, 4H), 7.17 (d, J = 7.3 Hz,

2H), 3.66 (s, 3H), 2.47 (s, 3H), 1.68 — 1.58 (m, 1H), 1.39 — 1.30 (m, 1H), 1.30 — 1.20 (m, 1H), 0.50

~0.40 (m, 1H); 3C NMR (100 MHz, Chloroform-d) & 202.8, 153.1, 150.3, 140.5, 140.2, 138.0,

135.7,128.2, 127.7, 125.5, 125.4, 122.4, 88.3, 54.5, 41.3, 21.4, 21.2, 15.9; IR (neat): v 1755, 1719,

1326, 1209, 987 cm'; HRMS (ESI) Calcd. for C,oH;304Na [M+Na]*: 345.1097, found: 345.1092.
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Compound 2s: Yield: 66.4 mg, 83%; A white solid; Mp: 79 - 81 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.67 (s, 1H), 7.47 — 7.40 (m, 3H), 7.30 — 7.26 (m, 1H), 7.06 (d, J = 8.2 Hz, 2H),
3.66 (s, 3H), 2.47 (s, 3H), 1.67 — 1.61 (m, 1H), 1.41 — 1.34 (m, 1H), 1.25 — 1.19 (m, 1H), 0.52 —
0.42 (m, 1H); BC NMR (100 MHz, Chloroform-d) 6 202.4, 152.9, 149.9, 140.5, 139.8, 137.9,
135.8, 131.4, 127.4, 125.2, 122.6, 121.8, 87.9, 54.6, 41.1, 21.4, 21.2, 16.0; IR (neat): v 1754, 1718,
1668, 1269, 816 cm!; HRMS (ESI) Calcd. for C,yH;;O4BrNa [M+Na]": 423.0202, found:

423.0206.
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Compound 2t: Yield: 53.1 mg, 79%; A white solid; Mp: 126 - 128 °C; 'H NMR (400 MHz,
Chloroform-d) 6 7.67 (s, 1H), 7.43 (dd, J = 7.9, 1.7 Hz, 1H), 7.32 (d, /= 7.9 Hz, 1H), 7.18 (t, J =
7.7 Hz, 1H), 7.07 (d, J = 7.6 Hz, 1H), 6.99 (s, 1H), 6.93 (d, J = 7.9 Hz, 1H), 3.65 (s, 3H), 2.46 (s,
3H), 2.32 (s, 3H), 1.67 — 1.57 (m, 1H), 1.38 — 1.31 (m, 1H), 1.28 — 1.20 (m, 1H), 0.52 — 0.42 (m,
1H); *C NMR (100 MHz, Chloroform-d) 4 202.9, 153.1, 150.4, 140.4, 140.1, 138.0, 137.9, 135.6,
128.4, 128.1, 125.9, 125.4, 122.7, 122.4, 88.3, 54.5, 41.2, 21.5, 21.4, 21.2, 15.9; IR (neat): v 1759,

1754, 1258, 1157, 869 cm'!; HRMS (ESI) Caled. for Cy;Hy004Na [M+Na]*: 359.1254, found:
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Compound 2u: Yield: 65.9 mg, 92%; A white solid; Mp: 169 - 171 °C; 'H NMR (400 MHz,
Chloroform-d) ¢ 8.42 (s, 1H), 8.11 — 8.02 (m, 1H), 7.91 — 7.78 (m, 2H), 7.63 — 7.50 (m, 2H), 7.33 —
7.20 (m, 5H), 3.62 (s, 3H), 1.78 — 1.69 (m, 1H), 1.48 — 1.40 (m, 1H), 1.38 — 1.29 (m, 1H), 0.56 —
0.47 (m, 1H); 3C NMR (100 MHz, Chloroform-d) & 202.9, 153.2, 147.2, 140.9, 136.6, 135.1,
133.6, 130.4, 128.7, 128.5, 128.2, 127.7, 127.2, 125.7, 125.2, 122.7, 88.4, 54.5, 41.9, 22.3, 16.1; IR
(neat): v 1757, 1718, 1259, 1207, 984 cm’'; HRMS (ESI) Caled. for Cy;H;s0O4Na [M+Na]*:

381.1097, found: 381.1102.
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Compound 2v: Yield: 73.7 mg, 99%; A white solid; Mp: 170 - 172 °C; 'H NMR (400 MHz,
Chloroform-d) & 8.42 (s, 1H), 8.10 — 8.03 (m, 1H), 7.90 — 7.80 (m, 2H), 7.62 — 7.51 (m, 2H), 7.25 —
7.15 (m, 1H), 7.15 — 7.03 (m, 2H), 7.03 — 6.93 (m, 1H), 3.62 (s, 3H), 2.31 (s, 3H), 1.78 — 1.67 (m,
1H), 1.49 — 1.39 (m, 1H), 1.38 — 1.27 (m, 1H), 0.60 — 0.49 (m, 1H); B3C NMR (100 MHz,
Chloroform-d) 6 203.0, 153.2, 147.3, 140.9, 137.9, 136.6, 135.1, 133.6, 130.4, 128.8, 128.5, 128.1,

127.2, 126.2, 125.2, 123.0, 122.7, 88.5, 54.5, 41.9, 22.3, 21.5, 16.3; IR (neat): v 1752, 1718, 1278,
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Compound 2w’: Yield: 59.4 mg, 90%; A white solid; Mp: 147 - 149 °C; 'H NMR (400 MHz,
Chloroform-d) ¢ 8.30 (s, 1H), 7.99 (d, J= 7.9 Hz, 1H), 7.87 (s, 1H), 7.81 (d, J= 8.0 Hz, 1H), 7.62 —
7.48 (m, 2H), 7.23 — 7.12 (m, 2H), 6.88 — 6.79 (m, 2H), 3.78 (s, 3H), 2.58 (br, s, 1H), 1.55 — 1.43
(m, 3H), 0.67 — 0.58 (m, 1H); 3C NMR (100 MHz, Chloroform-d) & 204.7, 158.6, 152.6, 137.1,
136.0, 133.3, 130.4, 128.63, 128.56, 127.1, 127.0, 124.3, 123.1, 113.6, 113.4, 79.5, 55.2, 44.8, 20.5,
17.4; IR (neat): v 3327, 1682, 1626, 1244, 1161 cm'; HRMS (ESI) Calcd. for CyH;30sNa

[M+Na]*: 353.1148, found: 353.1144.
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Compound 2x: Yield: 78.7 mg, 95%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz,
Chloroform-d) 6 8.47 (s, 1H), 8.16 — 8.05 (m, 1H), 7.94 (s, 1H), 7.92 — 7.83 (m, 1H), 7.68 — 7.54
(m, 2H), 7.38 (d, J = 8.1 Hz, 2H), 7.20 (d, J = 8.1 Hz, 2H), 3.66 (s, 3H), 1.84 — 1.73 (m, 1H), 1.53 —
1.44 (m, 1H), 1.42 — 1.29 (m, 10H), 0.65 — 0.55 (m, 1H); *C NMR (100 MHz, Chloroform-d) §
203.0, 153.2, 150.5, 147.2, 137.7, 136.5, 135.1, 133.5, 130.3, 128.7, 128.4, 127.1, 125.4, 125.3,

125.1, 122.6, 88.5, 54.5, 41.9, 34.4, 31.2, 22.3, 16.0; IR (neat): v 1759, 1719, 1263, 1208, 889 cm!;

HRMS (ESI) Calcd. for C,7H,604Na [M+Na]": 437.1723, found: 437.1722.
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Compound 3: Yield: 0.54 g, 90%; A white solid; Mp: 84 - 86 °C; 'H NMR (400 MHz, Chloroform-
d) 6795 (dd, J=17.9, 1.4 Hz, 1H), 7.55 (td, J = 7.6, 1.4 Hz, 1H), 7.45 — 7.36 (m, 3H), 7.35 — 7.25
(m, 3H), 7.23 — 7.19 (m, 1H), 3.73 (s, 3H), 1.61 — 1.52 (m, 2H), 1.18 — 1.10 (m, 2H); 3C NMR
(100 MHz, Chloroform-d) 6 161.9, 149.8, 143.8, 139.9, 133.0, 131.5, 131.1, 128.7, 128.3, 128.1,
127.2, 126.81, 126.76, 125.5, 55.7, 5.6, 1.8; IR (neat): v 2980, 1756, 1727, 1616, 759 cm'; HRMS

(FI) Calcd. for C;gH ;604 [M]*: 308.1043, found: 308.1048.
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Compound 7: Yield: 64.6 mg, 80%; A white solid; Mp: 171 - 173 °C; 'H NMR (400 MHz,

Chloroform-d) & 7.66 (d, J = 8.3 Hz, 2H), 7.55 — 7.44 (m, 5H), 7.39 (d, J = 7.0 Hz, 1H), 7.32 (td, J

=7.5,1.3 Hz, 1H), 7.23 (t, J= 7.4 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 7.2 Hz, 1H), 4.24

(t, J = 6.4 Hz, 2H), 2.67 (t, J = 6.4 Hz, 2H), 2.34 (s, 3H); '3C NMR (100 MHz, Chloroform-d) &

197.2, 158.3, 145.1, 144.6, 133.3, 132.7, 131.7, 130.6, 129.7, 129.6, 128.9, 128.7, 128.6, 127.8,

127.7, 122.5, 121.1, 68.2, 23.7, 21.6; IR (neat): v 2997, 2848, 1752, 1619, 750 cm™!'; HRMS (ESI)

Calcd. for Cy4H,;04S [M+H]": 405.1155, found: 405.1153.
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Compound 5: Yield: 48.2 mg, 69%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz,
Chloroform-d) & 8.14 (s, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.52 — 7.44 (m,
1H), 7.39 — 7.32 (m, 2H), 7.29 — 7.22 (m, 5H), 7.17 — 7.10 (m, 1H), 7.00 — 6.95 (m, 1H), 6.89 (t, J =
7.5 Hz, 1H), 6.83 (d, J = 8.1 Hz, 1H), 1.60 — 1.52 (m, 1H), 1.52 — 1.45 (m, 1H), 0.98 — 0.89 (m,
1H), 0.86 — 0.79 (m, 1H); 3C NMR (100 MHz, Chloroform-d) & 206.2, 161.1, 143.5, 136.8, 134.7,
134.2, 128.3, 128.2, 127.5, 126.6, 126.5, 126.2, 123.7, 123.0, 122.0, 121.2, 120.1, 119.3, 111.4,

55.1, 43.6, 20.2, 19.2; IR (neat): v 2980, 2872, 1735, 1620, 755 cm’!; HRMS (ESI) Calcd. for

C,sH,00ON [M+H]*: 350.1539, found: 350.1538.
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Compound 6: Yield: 25.0 mg, 40%; A white solid; Mp: > 200 °C; 'H NMR (400 MHz,
Chloroform-d) 6 7.77 (d, J= 7.6 Hz, 1H), 7.56 — 7.49 (m, 2H), 7.38 — 7.32 (m, 3H), 7.28 — 7.24 (m,
2H), 7.22 — 7.15 (m, 1H), 6.59 — 6.53 (m, 1H), 6.08 — 6.02 (m, 1H), 5.92 — 5.86 (m, 1H), 3.05 (s,
3H), 1.82 — 1.73 (m, 1H), 1.44 — 1.35 (m, 1H), 1.08 — 0.99 (m, 1H), 0.73 — 0.64 (m, 1H); 3C NMR
(100 MHz, Chloroform-d) & 205.1, 159.9, 144.2, 134.4, 134.3, 133.9, 128.4, 127.6, 127.5, 126.8,

126.7, 124.1, 123.1, 111.1, 106.3, 55.9, 42.4, 36.4, 20.0, 17.9; IR (neat): v 2989, 2875, 1753, 1625,
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Compound 8: Yield: 31.4 mg, 67%; A white solid; Mp: 67 - 69 °C; 'H NMR (400 MHz,
Chloroform-d) & 7.84 (d, J = 7.6 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.4 Hz, 1H), 7.31 —
7.23 (m, 4H), 7.03 — 6.92 (m, 2H), 4.43 (s, 1H), 1.58 — 1.51 (m, 1H), 1.38 — 1.31 (m, 1H), 1.24 —
1.18 (m, 1H), 0.56 — 0.49 (m, 1H); '*C NMR (100 MHz, Chloroform-d) & 206.1, 156.7, 141.3,
136.9, 134.3, 128.63, 128.61, 127.7, 127.0, 126.5, 122.8, 51.8, 37.0, 18.4, 17.5; IR (neat): v 1756,

1616, 1449, 1280, 888 cm'; HRMS (EI) Calcd. for C1;H 40 [M]*: 234.1039, found: 234.1040.
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Compound 4:3 yield: 2.0 g, 80%; A white solid; Mp: 130 - 131 °C; 'H NMR (400 MHz,
Chloroform-d) 6 7.91 (dd, J= 7.8, 1.4 Hz, 1H), 7.55 (td, J=7.5, 1.4 Hz, 1H), 7.41 (td, J= 7.6, 1.3

Hz, 1H), 7.36 (dd, J = 7.6, 1.3 Hz, 1H), 7.25 — 7.19 (m, 5H), 5.65 (d, J= 1.1 Hz, 1H), 5.21 (d, J =

1.1 Hz, 1H).
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Compound 9: Yield: 0.2 g, 89%; A white solid; Mp: 160 - 162 °C; 'H NMR (400 MHz,
Chloroform-d) & 8.00 (d, J = 7.8 Hz, 1H), 7.54 (t, J= 7.6 Hz, 1H), 7.37 (t, J= 7.7 Hz, 1H), 7.28 —

7.19 (m, 3H), 7.15 — 7.05 (m, 3H), 3.07 (t, J = 7.9 Hz, 2H), 2.56 (t, J = 7.8 Hz, 2H), 2.01 (p, J= 7.7

S89



Hz, 2H); *C NMR (100 MHz, Chloroform-d) & 172.0, 141.9, 140.7, 140.0, 132.6, 132.0, 131.9,
131.1, 129.6, 127.8, 127.6, 126.9, 125.8, 32.6, 31.4, 17.3; IR (neat): v 2919, 1671, 1595, 1289,

1258, 706, 694 cm'; HRMS (ESI) Calcd. for C;sH;50, [M-H]: 263.1067, found: 263.1066.
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