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I. General remarks

NMR spectra were recorded on Bruker 400 NMR, Bruker 500 NMR, Bruker 600 NMR in either CDCl; or
DMSO-d,. Abbreviations for data quoted are s, singlet; brs, broad singlet; d, doublet; t, triplet; dd,
doublet of doublets; m, multiplet or unresolved. The residual solvent signals were used as references
and the chemical shifts converted to the TMS scale (CDCl;: 6H = 7.26 ppm, 6C = 77.16 ppm; DMSO-d,:
O6H = 2.50 ppm, 6C= 39.52 ppm). High-resolution mass spectra were recorded on a Bruker solariX 7T
mass spectrometer or Thermo LCQ Deca XP Max mass spectrometer. Silica gel 60 H (200-300 mesh) and
preparative TLC (200 x 200 mm, 0.2-0.25 mm in thickness) manufactured by Qingdao Haiyang Chemical
Group Co. (China) were used for general chromatography. All commercially available reagents and
solvents were used as received unless otherwise specified.

Il. General procedure for the synthesis of starting materials

1. General procedure for the synthesis of ethyl benzimidates'*

A~ -CN  R20H (12 equiv.), AcCI (8 equiv.) -

1L
R . | r.t., overnight RI— |

To a stirred solution of a nitrile (1 equiv.) and an alcohol (12 equiv.), AcCl was added (8 equiv.) dropwise
at 0 °C. The Schlenk tube was stoppered tightly, and the stirring was continued at 25 °C. After the
reaction was complete, the volatiles was removed under reduced pressure to isolate the benzimidate
hydrochloride. Then slowly mixed benzimidate hydrochloride and saturated aqueous NaHCOj3 solution
in an ice bath until gas evolution had ceased. The product was extracted into EtOAc, and the organic
solution was washed with H,O and brine and concentrated under reduced pressure to obtain the
benzimidates.

2. General procedure for the synthesis of oxa bicyclic alkenes®>”

R4
Br = o _ _
Nps R4\<_7/R4 n-BuLi (1.2 equiv.) @O 3
|
Br > THF, 78 °C - .
4
OMe

2b
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To a stirred solution of substituted 1,2-dibromobenzene (7.0 mmol) in anhydrous THF (15 mL) under Ar,
freshly distilled furan (15 mL) was added. Then n-Buli (2.5 M in hexane, 3.4 mL, 8.4 mmol, 1.2 equiv.)
was added dropwise at -78 °C. The solution was stirred at -78 °C for 2.0 h. Then, distilled water (20 mL)
was added to the reaction mixture, which was left to warm up to room temperature. Et,0 was added
to the reaction mixture, and the organic phase was separated. The aqueous solution was extracted with
Et,0 (20 mL x 3), and the combined organic solution was dried over MgSOa. The Et,0 was then removed
in vacuo, and the resulting mixture was purified by a flash silica gel column using a mixture of PE/EtOAc
as eluent to give the desired pure product. Note that freshly prepared lithium diisopropylamide (LDA)
was used rather than n-Buli for compound 2d, and anhydrous toluene was used as the solvent for
compound 2f.

3. General procedure for the synthesis of ethyl benzimidate-ds®°

D D D NH

D B .
" CuCN (1.16equiv) P CN' EtoH (12 equiv.), AcCI (8 equiv.) P OEt

D D DMF, 22 h, Ar D D r.t., overnight b b

A three-neck flask was charged with bromobenzene-ds (4.86 g, 30 mmol), CuCN (3.13 g, 35 mmol), and
4.5 mL of DMF. The mixture was heated to reflux for 22 h under argon. The reaction mixture was
extracted with Et,0. The organic layer was washed with 6 M HCl and water, dried over MgSQ,, and
concentrated. Purification of the crude material by distillation and then by silica gel column
chromatography (PE/EtOAc = 20/1) afforded benzonitrile-ds as a colorless oil (1.50 g, 46% vyield).

Ill. General procedure for the synthesis of compounds 3

NH R
(0]
) 5 [Cp*RNCl,], (2.5 mol%), AgSbFg (10 mol%)
. ORZ?, R )
R TFE (2 mL), 120 °C, 12 h, Ar
H Ré R1

1 (0.1 mmol) 2 (0.15 mmol)

A reaction tube with a magnetic stir bar was charged with 1 (0.10 mmol), 2 (0.15 mmol), [Cp*RhCl;],
(0.0025 mmol), AgSbFs (0.01 mmol) was evacuated and purged with argon gas five times. Then, TFE (2
mL) was added to the system, and the mixture was stirred at 120 °C (oil bath) for 12 h and monitored by
TLC. Upon completion, the solvent was removed under reduced pressure, and the residue was purified

by silica gel flash chromatography (PE/EtOAc) to afford the desired product 3.
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IV. Scale-up reaction and derivatization

1. Scale-up reaction

OEt [Cp*RhCl,], (2.5 mol%), AgSbFg (10 mol%) O OEt
.
TFE (2 mL), 120 °C, 12 h, Ar OO

1a (1.0 g) 2a (1.5 equiv.) 3aa, 75%

A reaction tube with a magnetic stir bar was charged with 1a (6.71 mmol, 1.0 g), 2a (10.07 mmol),
[Cp*RhCl,], (0.168 mmol), AgSbFs (0.671 mmol) was evacuated and purged with argon gas five times.
Then, TFE (20 mL) was added to the system, and the mixture was stirred at 120 °C(oil bath) for 12 hand
monitored by TLC. Upon completion, the solvent was removed under reduced pressure, and the residue
was purified by silica gel flash chromatography (PE/EtOAc = 20/1) to afford the desired product 3aa
(1.39g, 75%).

2. Derivatization of 3aal%15

O

COOH
O OFt NaOH (100 equiv.) - O
OO DMF/H,0= 1/1, 100 °C, 24 h, Air, OO

3aa (0.1 mmol) 4aa, 69%

A reaction tube with a magnetic stir bar was charged with 3aa (0.10 mmol), NaOH (100 equiv.) in
(DMF/H,0=1/1) (4.0 mL), and the mixture was stirred for 24 h at 100 °C. The reaction solution was then
cooled to room temperature. The reaction mixture was poured into water (3 x 20 mL) and extracted
with EtOAc (3 x 20 mL). The combined water layer was washed with water (2 x 20 mL), saturated HCI (2
x 20 mL), extracted with EtOAc (3 x 20 mL), brine, and dried over anhydrous MgSO,. The solvent was

removed under vacuum and got the desired product 4aa. (17.0 mg, 69%).

COOH
O [IrCp*Cly]5 (5.0 mol%), Ag,CO3 (3.0 equiv.) O o
OO HFIP (2 mL), 120 °C, 12 h, Ar ‘O

4aa 0.1 mmol 5aa, 90%

Areaction tube with a magnetic stir bar was charged with 4aa (0.10 mmol), [IrCp*Cl]2 (3.99 mg, 0.005
mmol), Ag,COs (82.70 mg, 0.30 mmol) and purged with argon gas five times. Then, HFIP (2 mL) was
added to the system, and the mixture was stirred at 120 °C (oil bath) for 12 h and monitored by TLC. Upon

completion, the solvent was removed under reduced pressure, and the residue was purified by silica
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gel flash chromatography to afford the desired product 5aa (22 mg, 90%).

CO,Me
COOH (0) o
O [Cp*RhCl2]2 (2.5 mol%), NaHCO5 (0.5 equiv.)
+ /\Cozhﬂe AcOH (0.7 equiv.) O
OO DCE (2 mL), 60 °C, 24 h, O, OQ
4aa (0.1 mmol) (2.5 equiv.) 6aa, 49%

Areaction tube with a magnetic stir bar was charged with 4aa (0.10 mmol), methyl acrylate (21.60 mg,
0.25 mmol), [Cp*RhCl], (0.0025 mmol), NaHCO; (0.05 mmol), AcOH (0.07 mmol) and purged with O,
five times. Then, DCE (2 mL) was added to the system, and the mixture was stirred at 60 °C (oil bath) for
24 h and monitored by TLC. Upon completion, the solvent was removed under reduced pressure, and
the residue was purified by silica gel flash chromatography to afford the desired product 6aa (16 mg,
49%).

V. Mechanistic studies

1. 180 Labeling experiment with H;'30 and TFE

016
NH
o [CP*RAC]z (2.5 mol%), AgSbF (10 mol%) O OEt
t . -
H,'80 (100 equiv.), TFE (2 mL),120 °C, 12 h, Ar OO
1a (0.1 mmol) 2a (1.5 equiv.) 3aa, 84%

1a (0.10 mmol), 2a (0.15 mmol, 1.5 equiv.), [Cp*RhCl;]; (0.0025 mmol, 2.5 mol %), AgSbFs (0.01 mmol,
10 mol %), TFE (2 mL) and H,*0 (100 equiv., 98% 80 incorporation) were charged into a reaction tube.
The reaction mixture was stirred for 12 h at 120 °C under Ar. Then the mixture was immediately cooled
down to room temperature. Upon completion, solvents were removed under reduced pressure, and
the residue was purified by silica gel flash chromatography (PE/EtOAc = 20/1) to afford 3aa (84%). HR-

MS (ESI)[M+H]* m/z calcd for C19H170, 277.1229, found 277.1220.

DidatsKuheng T! 100522 1140:43

Figure S1. HR-MS for the product of the reaction with H,'%0.
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2. 180 Labeling experiment with H,'30 and dry DCE

"°OH

NH
et [Cp*RhCla]z (2.5 mol%), AgSbFg (10 mol%)
' @‘ H,'80 (10 equiv.), dry DCE (2 mL), OO

120 °C, 12 h, Ar

1a (0.1 mmol) 2a (1.5 equiv.)

1a (0.10 mmol), 2a (0.15 mmol, 1.5 equiv.), [Cp*RhCl;]> (0.0025 mmol, 2.5 mol %), AgSbFs (0.01 mmaol,
10 mol %), dry DCE (2 mL) and H,'®0 (10 equiv., 98% 80 incorporation) were charged into a reaction
tube. The reaction mixture was stirred for 12 h at 120 °C under Ar. Then the mixture was immediately
cooled down to room temperature. Upon completion, solvents were removed under reduced pressure,
and the residue was purified by silica gel flash chromatography (PE/EtOAc = 5/1) to afford naphthol.

HR-MS (ESI)[M+H]* m/z calcd for C10HsO 145.0647, found 145.0648.

VL

ol

ToroTrow T

Figure S2. The HR-MS and *H NMR spectrum for the product of the reaction with dry DCE and H,20

3. Reaction with dry molecular sieves

o)
NH
OEt
OEt [Cp*RhCl2]2 (2.5 mol%), AgSbFg (10 mol%)
N
4A-MS (100 mg), TFE (2 mL), 120 °C, 12 h, Ar OO
1a (0.1 mmol) 2a (1.5 equiv.) 3aa, 87%

1a (0.10 mmol), 2a (0.15 mmol, 1.5 equiv.), [Cp*RhCl;]2 (0.0025 mmol, 2.5mol %), AgSbFs (0.01 mmaol,
10 mol %), TFE (2 mL) and dry molecular sieves (4A) (100 mg) were charged into a reaction tube. The
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reaction mixture was stirred for 12 h at 120 °C under Ar. Then the mixture was immediately cooled
down to room temperature. After the filtration, solvents were removed under reduced pressure, and
the residue was purified by silica gel flash chromatography (PE/EtOAc = 20/1) to afford 3aa (87 %).

4. Reaction of ethyl benzoate and oxa bicyclic alkene 2a

O
o
" OEt
OEt [Cp*RhCl2]2 (2.5 mol%), AgSbFg (10 mol%)
+
TFE (2 mL), 120 °C, 12 h, Ar OO
(0.1 mmol) 2a (1.5 equiv.) 3aa, 0%

Ethyl benzoate (0.10 mmol), 2a (0.15 mmol, 1.5 equiv.), [Cp*RhCl;]; (0.0025 mmol, 2.5mol %), AgSbFs
(0.01 mmol, 10 mol %), TFE (2 mL) were charged into a reaction tube. The reaction mixture was stirred
for 12 h at 120 °C under Ar. No desired naphthylated product 3aa was observed by the reaction
mixture's crude *H NMR and thin-layer chromatography (TLC).

5. The H/D exchange experiment

17%
NH N
H/D NH
OEt Ot
[Cp*RhCL]z (2.5 mol%), AgSbFg (10 mol%)

Ph TFE-d; (2 mL), 120 °C, 12 h, Ar, Ph H/D
179
1j (0.1 mmol) 1j/D -1 %

1j (0.1 mmol), [Cp*RhCl]2 (0.0025 mmol, 2.5 mol %), AgSbFe (0.01 mmol, 10 mol %), and TFE-d3 (2 mL)
were charged into a reaction tube. The reaction mixture was stirred for 12 h at 120 °C under Ar. Then
the mixture after the filtration, solvents were removed under reduced pressure, and the residue was

purified by silica gel flash chromatography (PE/EtOAc = 20/1) to afford 1j and D>-1j. The deuterium

incorporation was calculated using the 'H-NMR spectrum of 1j and D-1j.
eo'jii;o’r\'r~'r<r\'r~'r\'r\r<r~'r~'r\'r~'r\’r\rx'r\'r\'r\'r\'r\rx'r\'v'v'v'jr' —\—‘;
(
| |
| (
| |
[ | J/»( | |
17%
X
HD NH

-

Jl L*L lL‘C}Et

A )
Ph” H/D

X , 17%
1j/D,-1j
I JL . ( .
& s 3 3
© 5389 S S
- <+ N — N el
0o 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1

1 (ppm)
Figure S3. The 'H NMR spectrum of 1j/D,-1j.
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6. The measurement of kinetic isotope effect (KIE) value

(1) Two parallel reactions

okt “ [CP*RhCL]2 (2.5 mol%), AgSbFg (10 mol%) O OFt
N
TFE (2 mL), 120 °C, Ar

a (0.1 mmol) 2a (1.5 equiv.)

okt “ [Cp*RCIzl (2.5 mol%), AgSbFs (10 mol%) Q OEt
TFE (2 mL), 120 °C, Ar OO

Ds-1a (0.1 mmol) 2a (1.5 equiv.) D4-3aa
1a (0.1 mmol) or Ds-1a (0.1 mmol), 2a (0.15 mmol, 1.5 equiv.), [Cp*RhCl;]2 (2.5 mol %), AgSbFs(10
mol %), and TFE (2 mL) were added into a 25 mL Schlenk tube, and the tube was sealed. Then the
reaction mixture was stirred at 120 °C under Ar for 1.5 min, 3 min, 4.5 min, or 6 min, respectively. After
the corresponding reaction time, the mixture was immediately cooled down to room temperature with

cold water. The corresponding yields of 3aa or Ds-3aa were calculated as follows:

0 min 1.5 min 3.0 min 4.5 min 6 min
The yield of 3aa (%) 0 7 15 25 36

The yield of Ds-3aa (%) 0 4 7 11 14

407_ — 3aa

35 Ds-3aa y=60x-14 ™

30

25—-

20|

Time / min

KIE =ku/ ko =6.00/2.30=2.61

Figure S4. The kinetic investigation of the above two parallel reactions.
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(2) An intermolecular competition reaction

0
NH N
. OEt
N oE [Cp*RCLJz (2.5 mol%), AgSbFe (10 mol%)  p I P
Ds/Hs 1 TFE (2 mL), 120 °C, 10 min, Ar OO
1a/Ds-1a 2a (1.5 equiv.) ku/kp = 3.00 3aalD4-3aa

(0.05 mmol / 0.05 mmol)

1a (0.05 mmol), Ds-1a (0.05 mmol), 2a (0.15 mmol, 1.5 equiv.), [Cp*RhCl;]2 (0.0025 mmol, 2.5mol %),
AgSbFe (0.01 mmol, 10 mol %), and TFE (2 mL) were evacuated and purged with argon gas five times.
The reaction mixture was stirred for 10 minutes at 120 °C under Ar. Then the mixture was immediately
cooled down to room temperature with water. After the filtration, solvents were removed under
reduced pressure, and the residue was purified by silica gel flash chromatography (PE/EtOAc = 20/1) to

afford 3aa and Ds-3aa. The ratio of the compounds was determined by *H NMR integration to give an

0.91
0.89
0.87

|
|

J | w oo 08
AT RS
,,./,l:—"ki{,,.,;'il-l‘—l*f;* - 3aalD, daa
3.751.001.002.252.00
7.9 s 7.5 7
M (ppm)

2,001 =———-

3
S
©
1.0

<
.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 05 00 -05 -1
1 (ppm)

Figure S5. The 'H NMR spectrum of 3aa/Ds-3aa.
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VI. Characterization data of compounds
ethyl 2-(naphthalen-2-yl) benzoate (3aa)'®
According to the general procedure (PE/EtOAc=20/1), 3aa was obtained in 87%
OEt yield (24 mg). Light yellow oil. *H NMR (400 MHz, CDCls) 6 7.88 (m, 4H), 7.80 (s,
O OO 1H), 7.57 (m, 1H), 7.50 (m, 4H), 7.45 (m, 1H), 4.07 (q, J = 7.1 Hz, 2H), 0.90 (t, J =
7.1Hz, 3H). 3CNMR (101 MHz, CDCl3) § 168.9, 142.5,139.2, 133.3,132.6, 131.5,
131.4, 131.1, 130.0, 128.2, 127.8, 127.5, 127.4, 127.2, 127.0, 126.3, 126.1, 61.1, 13.8. HR-MS (ESI)
[M+H]* m/z calcd for C19H170, 277.1229, found 277.1224.

ethyl 4-methyl-2-(naphthalen-2-yl) benzoate (3ba)

According to the general procedure (PE/EtOAc = 20/1), 3ba was obtained in

87% vield (25 mg). Light yellow oil. *H NMR (400 MHz, CDCls) & 7.84 (m, 4H),
OO 7.79 (s, 1H), 7.50 (m, 2H), 7.45 (dd, J = 8.4, 1.4 Hz, 1H), 7.27 (m, 2H), 4.06 (q,
J=7.1Hz, 2H), 2.46 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, CDCl3)

6168.7,142.8,141.9,139.5,133.4,132.5, 131.9, 130.3, 128.5, 128.1, 128.1, 127.8, 127.4, 127.3, 126.9,
126.3, 126.0, 60.9, 21.6, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C0H1902 291.1385, found 291.1386.
ethyl 4-methoxy-2-(naphthalen-2-yl) benzoate (3ca)

According to the general procedure (PE/EtOAc = 20/1), 3ca was obtained

in 59% vyield (18 mg). Light yellow oil. *H NMR (500 MHz, CDCl5) § 7.95
MeO OO (d, J = 8.5 Hz, 1H), 7.86 (m, 3H), 7.78 (s, 1H), 7.49 (m, 2H), 7.44 (dd, J =

8.4,1.4 Hz, 2H), 6.96 (m, 2H), 4.04 (q, J = 7.1 Hz, 2H), 3.88 (s, 3H), 0.90 (t,
J=7.1Hz, 3H). 3CNMR (126 MHz, CDCl5) 6 168.0, 161.9, 145.4, 139.6, 133.3, 132.6, 132.6, 128.2, 127.8,
127.3, 127.2, 126.8, 126.3, 126.0, 123.3, 116.6, 112.8, 60.7, 55.6, 13.8. HR-MS (ESI) [M+H]* m/z calcd
for Cy0H1903 307.1334, found 307.1333.

ethyl 4-chloro-2-(naphthalen-2-yl) benzoate (3da)

According to the general procedure (PE/EtOAc = 20/1), 3da was obtained

0]
OEt in 78% yield (24 mg). Light yellow oil. 'H NMR (500 MHz, CDCl3) & 7.86 (m,
cl O OO 4H), 7.78 (s, 1H), 7.51 (m, 2H), 7.47 (d, J = 2.0 Hz, 1H), 7.42 (td, J = 8.2, 1.8
Hz, 2H), 4.06 (q, J = 7.1 Hz, 2H), 0.89 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz,

CDCl3) 6167.9, 144.4,137.9, 137.4,133.2,132.7, 131.6, 131.1, 129.7, 128.2, 127.8, 127.6, 127.5, 127.1,

126.8, 126.5, 126.4, 61.3, 13.8. HR-MS (ESI)[M+H]* m/z calcd for C19H16ClO; 311.0839, found 311.0835.
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ethyl 4-bromo-2-(naphthalen-2-yl) benzoate (3ea)?’

According to the general procedure (PE/EtOAc = 20/1), 3ea was obtained

]
OFt in 77% yield (27 mg). Light yellow oil. *H NMR (400 MHz, CDCl3) 6 7.87 (m,
Br O OO 3H), 7.77 (m, 2H), 7.64 (d, J = 1.7 Hz, 1H), 7.59 (m, 1H), 7.52 (m, 2H), 7.40
(m, 1H), 4.06 (g, J = 7.1 Hz, 2H), 0.89 (t, J = 7.1 Hz, 3H). 33C NMR (101 MHz,

CDCl;) 6 168.0, 144.5, 137.8, 134.0, 133.2,132.7, 131.7, 130.5, 130.2, 128.2, 127.8, 127.7,127.1, 126.9,
126.5,126.4,125.9, 61.3, 13.8. HR-MS (ESI) [M+H]*m/z calcd for C1gH16BrO, 355.0334, found 355.0329.
ethyl 4-iodo-2-(naphthalen-2-yl) benzoate (3fa)

According to the general procedure (PE/EtOAc = 20/1), 3fa was obtained in

0]
O OEt 53% yield (21 mg). Light yellow oil. *H NMR (500 MHz, CDCl3) & 7.86 (m, 4H),
| OO 7.80 (m, 1H), 7.77 (s, 1H), 7.61 (d, J = 8.2 Hz, 1H), 7.51 (m, 2H), 7.40 (dd, J =
8.4,1.6 Hz, 1H), 4.06 (q, J = 7.1 Hz, 2H), 0.89 (t, J = 7.1 Hz, 3H). 3C NMR (126

MHz, CDCls) 6 168.1, 144.3, 139.9, 137.7, 136.5, 133.2, 132.7, 131.5, 130.9, 128.2, 127.8, 127.6, 127.1,
126.9, 126.5, 126.3, 98.3, 61.3, 13.8. HR-MS (ESI) [M+H]" m/z calcd for CisH1610; 403.0195, found
403.0186.

ethyl 4-cyano-2-(naphthalen-2-yl) benzoate (3ga)

According to the general procedure (PE/EtOAc = 10/1), 3ga was obtained

in 67% yield (20 mg). Brown solid. *H NMR (500 MHz, CDCl3) § 7.93 (d, J =
O 8.0 Hz, 1H), 7.88 (m, 3H), 7.79 (s, 2H), 7.73 (m, 1H), 7.54 (m, 2H), 7.40 (m,
1H), 4.09 (g, J = 7.1 Hz, 2H), 0.90 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz,

CDCl3) 6 167.5, 143.3, 136.7, 135.7, 134.5, 133.3, 132.9, 130.8, 130.5, 128.3, 128.1, 127.9, 127.4, 126.8,

126.8, 126.4, 118.1, 115.0, 61.8, 13.7. HR-MS (ESI) [M+H]* m/z calcd for CH1sNO, 302.1181, found
302.1183.
ethyl 2-(naphthalen-2-yl)-4-(trifluoromethyl) benzoate (3ha)
According to the general procedure (PE/EtOAc = 20/1), 3ha was obtained
in 82% yield (28 mg). Light yellow oil. 'H NMR (400 MHz, CDClz) & 8.16 (s,
FsC 1H), 7.88 (m, 3H), 7.81 (m, 2H), 7.61 (m, 1H), 7.53 (m, 2H), 7.43 (dd, J =
OO 8.4, 1.5 Hz, 1H), 4.10 (q, J = 7.1 Hz, 2H), 0.93 (t, J = 7.1 Hz, 3H). 13C NMR
(101 MHz, CDCls) 6 167.6, 146.0, 137.7, 133.2, 132.8, 132.2, 131.7, 129.8 (q, J = 33.3 Hz), 128.2, 127.9,

1279 (q,J=4.0Hz), 127.9,127.8,127.2,127.1 (q, J = 3.0 Hz), 126.7, 126.6, 123.9 (q, J = 273.7 Hz), 61.6,

13.8. 1F NMR (471 MHz, CDCl3) & -62.90. HR-MS (ESI) [M+H]* m/z calcd for CxoH16F302 345.1102, found
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345.1101.

1-ethyl 4-methyl 2-(naphthalen-2-yl) terephthalate (3ia)

o According to the general procedure (PE/EtOAc = 10/1), 3ia was

O OEt obtained in 51% yield (17 mg). Light yellow oil. *H NMR (500 MHz, CDCls)

0 OO §8.17 (m, 1H), 8.10 (dd, J = 8.1, 1.6 Hz, 1H), 7.91 (m, 1H), 7.87 (m, 3H),
o 7.82 (s, 1H), 7.51 (m, 2H), 7.45 (dd, J = 8.4, 1.7 Hz, 1H), 4.08 (m, 2H),

3.96 (s, 3H), 0.91 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 168.3, 166.4, 142.5, 138.1,135.6, 133.4,
132.8, 132.5, 132.1, 123.0, 128.3, 128.2, 127.8, 127.8, 127.3, 126.9, 126.5, 126.3, 61.5, 52.6, 13.8. HR-
MS (ESI) [M+H]* m/z caled for Ca1H1504 335.1283, found 335.1285.

ethyl 3-(naphthalen-2-yl)-[1,1'-biphenyl]-4-carboxylate (3ja)

o According to the general procedure (PE/EtOAc = 20/1), 3ja was

O OEt obtained in 63% yield (22 mg). Light yellow oil. *H NMR (500 MHz, CDCls)

O OO §7.87 (d, J = 8.0 Hz, 1H), 7.74 (m, 4H), 7.55 (m, 4H), 7.38 (m, 3H), 7.33
(t,J = 7.6 Hz, 2H), 7.26 (m, 1H), 3.96 (q, J = 7.1 Hz, 2H), 0.79 (t, J = 7.1

Hz, 3H). 13C NMR (126 MHz, CDCls) § 168.5, 144.2, 143.3,140.0, 139.3, 133.4, 132.6, 130.8, 130.0, 129.9,
129.1, 128.2, 128.2, 127.8, 127.5, 127.4, 127.3, 127.1, 126.3, 126.1, 126.0, 61.0, 13.8. HR-MS (ESI)
[M+H]* m/z caled for CasH210; 353.1542, found 353.1545.
ethyl 5-methyl-2-(naphthalen-2-yl) benzoate (3ka)
0 According to the general procedure (PE/EtOAc = 20/1), 3ka was obtained in
OEt 80% yield (23 mg). Light yellow oil. *H NMR (400 MHz, CDCls) & 7.86 (m, 3H),
O 7.78 (s, 1H), 7.70 (s, 1H), 7.50 (m, 2H), 7.44 (dd, J = 8.4, 1.6 Hz, 1H), 7.38(m,
OO 2H), 4.07 (q,J = 7.1 Hz, 2H), 2.46 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H). 13C NMR (101
MHz, CDCl3) & 169.1, 139.6, 139.1, 137.3, 133.4, 132.5, 132.1, 131.3, 131.0, 130.5, 128.1, 127.8, 127.4,
127.4,127.0,126.3,125.9,61.1, 21.1, 13.8. HR-MS (ESI) [M+H]* m/z calcd for CyoH190; 291.1385, found
291.1386.
ethyl 5-fluoro-2-(naphthalen-2-yl) benzoate (3la)
0 According to the general procedure (PE/EtOAc = 20/1), 3la was obtained in
F O OEt 21% vyield (6 mg). Light yellow oil. *H NMR (500 MHz, CDCl3) 6 7.86 (m, 3H),
OO 7.75 (s, 1H), 7.60 (dd, J = 9.0, 2.7 Hz, 1H), 7.50 (m, 2H), 7.43 (m, 2H), 7.27 (m,
1H), 4.07 (q,J = 7.1 Hz, 2H), 0.91 (t, J = 7.1 Hz, 3H). *C NMR (126 MHz, CDCls)
8 167.5 (d, J = 2.5 Hz), 161.0 (d, J = 248.2 Hz), 138.7 (d, J = 3.8 Hz), 138.2, 133.3, 133.0 (d, J = 7.6 Hz),
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1329 (d,J=7.6 Hz), 132.6,128.1 127.8, 127.6, 127.2,127.2, 126.5, 126.2, 118.4 (d, J = 21.4 Hz), 116.9
(d, J = 23.9 Hz), 61.4, 13.8. 1°F NMR (471 MHz, CDCls) & -114.61. HR-MS (ESI) [M+H]* m/z calcd for
C19H16FO2 295.1134, found 295.1141.
ethyl 3-fluoro-2-(naphthalen-2-yl) benzoate (3la’)
o According to the general procedure (PE/EtOAc =20/1), 3la’ was obtained in 62%
OEt yield (18 mg). Light yellow oil. *H NMR (500 MHz, CDCl3) § 7.90 (m, 2H), 7.86 (m,
O 1H), 7.79 (s, 1H), 7.71 (d, J = 7.7 Hz, 1H), 7.52 (m, 2H), 7.44 (m, 2H), 7.33 (t, J =
F OO 8.7 Hz, 1H), 4.01 (q, J = 7.1 Hz, 2H), 0.82 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz,
CDCls) 167.5 (d, J = 3.8 Hz), 160.0 (d, J = 246.9 Hz), 134.1 (d, J = 2.5 Hz), 133.2, 132.8, 131.8, 129.9 (d, J
=18.9 Hz), 129.0, 128.9, 128.4, 128.2,127.8,127.9, 127.5, 126.3, 125.5 (d, J = 3.8 Hz), 118.9 (d, /= 23.9
Hz), 61.2, 13.6. F NMR (471 MHz, CDCls5) & -114.20. HR-MS (ESI) [M+H]* m/z calcd for CigH16FO>
295.1134, found 295.1131.
ethyl 2-(naphthalen-2-yl)-5-(trifluoromethyl) benzoate (3ma)
o According to the general procedure (PE/EtOAc = 20/1), 3ma was obtained
FsC OEt in 79% yield (27 mg). Light yellow oil. *H NMR (400 MHz, CDCls) § 7.97 (d,
O J=8.1Hz, 1H), 7.89 (m, 3H), 7.82 (m, 1H), 7.76 (s, 1H), 7.71 (m, 1H), 7.53
OO (m, 2H), 7.45 (dd, J = 8.4, 1.8 Hz, 1H), 4.09 (g, J = 7.1 Hz, 2H), 0.91 (t, J =
7.1 Hz, 3H). 13C NMR (126 MHz, CDCls) 6 167.6, 146.0, 137.8, 133.3, 132.9, 132.2, 131.7, 129.8 (g, / =
32.8 Hz), 128.3, 127.9, 127.9, 127.9 (q, /= 3.8 Hz), 127.9,127.3,127.1 (q, /= 3.8 Hz), 126.7, 126.6, 123.9
(9, J = 272.2 Hz), 61.6, 13.8. 1°F NMR (471 MHz, CDCl3) & -62.55. HR-MS (ESI) [M+H]* m/z calcd for
Ca0H16F302 345.1102, found 345.1097.
ethyl 2-fluoro-6-(naphthalen-2-yl) benzoate (3na)
F 0] According to the general procedure (PE/EtOAc =20/1), 3na was obtained in 58%
O OEt yield (17 mg). Light yellow oil. *H NMR (500 MHz, CDCls) & 7.87 (m, 4H), 7.51 (m,
OO 3H), 7.47 (m, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.16 (t, J = 8.8 Hz, 1H), 4.13 (g, /= 7.1
Hz, 2H), 0.97 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, CDCls) & 165.8, 159.9 (d, J =
252.0 Hz), 142.6 (d, J = 2.5 Hz), 137.0, 133.1, 132.9, 131.3, 131.2, 128.3, 128.2, 127.8, 127.5, 126.6,

126.5 (d, J = 3.8Hz), 125.9 (d, J = 2.5 Hz), 122.2 (d, J = 16.4 Hz), 114.9 (d, J = 21.4 Hz), 61.7, 13.9. 1°F NMR

(471 MHz, CDCl3) 6 -115.38. HR-MS (ESI) [M+H]* m/z calcd for Ci9H16FO, 295.1134, found 295.1127.
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ethyl 4-(naphthalen-2-yl) thiophene-3-carboxylate (30a)
o According to the general procedure (PE/EtOAc = 20/1), 30a was obtained in 64%

Vi OEt yield (18 mg). Light yellow oil. *H NMR (500 MHz, CDCls) 6 7.98 (s, 1H), 7.87 (m,
|

S 3H), 7.63 (dd, J = 8.5, 1.5 Hz, 1H), 7.59 (d, J = 5.4 Hz, 1H), 7.52 (m, 2H), 7.29 (d, J

OO = 5.4 Hz, 1H), 4.22 (q,J = 7.1 Hz, 2H), 1.17 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz,

CDCl3) 6 163.5, 150.8, 133.2, 133.0, 131.1, 130.3, 128.9, 128.6, 128.3, 128.1, 127.8, 127.4, 126.7, 126.5,
124.3, 60.6, 14.2. HR-MS (ESI) [M+H]* m/z calcd for C17H150,S 283.0793, found 283.0787.

ethyl [2,2'-binaphthalene]-3-carboxylate (3pa)

0 According to the general procedure (PE/EtOAc = 20/1), 3pa was obtained

O OEt in 74% yield (24 mg). Light yellow oil. 'H NMR (500 MHz, CDCl3) & 8.46 (s,
OO 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.93 (s, 1H), 7.90 (m, 5H), 7.60 (m, 2H), 7.53
(m, 3H),4.13 (q, J = 7.1 Hz, 2H), 0.95 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz,
CDCl3) 6 168.8, 139.4, 138.9, 134.5, 133.5, 132.6, 131.8, 131.2, 130.2, 129.7, 128.8, 128.4, 128.2, 130.0,
127.8,127.5, 127.5, 127.1, 126.9, 126.4, 126.0, 61.2, 13.9. HR-MS (ESI) [M+H]* m/z calcd for C23H150>
327.1385, found 327.1386.
methyl 2-(naphthalen-2-yl) benzoate (3qa)
o According to the general procedure (PE/EtOAc =20/1), 3qa was obtained in 73%
o~ yield (19 mg). Light yellow oil. *H NMR (400 MHz, CDCls) & 7.89 (m, 4H), 7.82 (s,
O 1H), 7.58 (m, 1H), 7.49 (m, 5H), 3.62 (d, J = 2.5 Hz, 3H). 13C NMR (101 MHz, CDCls)
OO 6 169.3, 142.6, 139.1, 133.4, 132.6, 131.5, 131.2, 131.1, 130.1, 128.2, 127.8,
127.5,127.4,127.1,127.0,126.3, 126.1, 52.1. HR-MS (ESI) [M+Na]* m/z calcd for C1sH1aNaO, 285.0892,
found 285.0890.
isopropyl 2-(naphthalen-2-yl) benzoate (3ra)
According to the general procedure (PE/EtOAc = 20/1), 3ra was obtained in 52%

0]
OJ\ yield (15 mg). Light yellow oil. *H NMR (600 MHz, CDCl3) § 7.86 (m, 4H), 7.78 (s,

131.2, 131.0, 129.8, 128.1, 127.8, 127.6, 127.4, 127.3, 127.2, 126.3, 126.0, 68.7, 21.5. HR-MS (ESI)

1H), 7.55 (m, 1H), 7.50 (m, 2H), 7.45 (m, 3H), 4.96 (p, J = 6.2 Hz, 1H), 0.93 (d, J =

6.3 Hz, 6H).13C NMR (151 MHz, CDCl3) § 168.5, 142.3,139.2, 133.3, 132.6, 132.1,

[M+H]* m/z calcd for CaoH190, 291.1385, found 291.1386.
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butyl 2-(naphthalen-2-yl) benzoate (3sa)
0 According to the general procedure (PE/EtOAc = 20/1), 3sa was obtained in

60% yield (18 mg). Light yellow oil. *H NMR (400 MHz, CDCls) 6 7.87 (m, 4H),

(9
3

7.79 (s, 1H), 7.57 (m, 1H), 7.47 (m, 5H), 4.01 (m, 2H), 1.21 (m, 2H), 0.88 (m,
2H), 0.57 (m, 3H). 13C NMR (101 MHz, CDCls) § 169.1, 142.5, 139.3, 133.4,
132.7,131.7,131.3,131.1,130.0, 128.2,127.8,127.6,127.4,127.2,127.0, 126.3, 126.1, 65.1, 30.4, 19.0,
13.5. HR-MS (ESI) [M+Na]* m/z calcd for C;1H20NaO, 327.1361, found 327.1358.
(2-(naphthalen-2-yl)phenyl)(phenyl)methanone (3ta)
O According to the general procedure (PE/EtOAc = 20/1), 3ta was obtained in 72%
O yield (22 mg). Brown solid. *H NMR (400 MHz, CDCl3) 6 7.74 (m, 3H), 7.68 (m,
O 3H), 7.60 (m, 3H), 7.51 (m, 1H), 7.43 (m, 3H), 7.34 (m, 1H), 7.22 (m, 2H). 3C NMR
0 (101 MHz, CDCl3) 6 198.9, 141.2, 139.3, 137.8, 137.5, 133.2, 132.9, 132.4, 130.5,

129.9,130.0,128.3,128.2,128.2,128.1,127.6,127.2,127.1,126.3, 126.1. HR-MS (ESI) [M+H]* m/z calcd

for C23H170 309.1279, found 309.1271.

ethyl 2-(6,7-dimethylnaphthalen-2-yl) benzoate (3ab)

0] According to the general procedure (PE/EtOAc = 20/1), 3ab was obtained in
OEt 86% vyield (26 mg). Light yellow oil. 'H NMR (400 MHz, CDCl3) 6 7.86 (d, J =

OO 7.7 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.69 (s, 1H), 7.61 (d, J = 7.9 Hz, 2H), 7.56

(m, 1H), 7.45 (m, 2H), 7.36 (dd, J = 8.4, 1.5 Hz, 1H), 4.06 (q, J = 7.1 Hz, 2H),

2.45 (d, J = 2.5 Hz, 6H), 0.88 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCls) & 169.2, 142.7, 138.2, 136.0,

135.8,132.3,131.6,131.5,131.2,131.0,129.9,127.6,127.3,127.2,126.5, 126.3,126.1, 61.1, 20.4, 13.8.
HR-MS (ESI) [M+H]* m/z calcd for C1H»10, 305.1542, found 305.1528.

ethyl 2-(6,7-dimethylnaphthalen-2-yl)-4-methylbenzoate (3bb)

e) According to the general procedure (PE/EtOAc = 20/1), 3bb was obtained

O OEt in 85% yield (27 mg). Light yellow oil. 'H NMR (500 MHz, CDCl3) § 7.79 (d,

OO J=7.9Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.65 (s, 1H), 7.59 (d, J = 9.9 Hz, 2H),

7.33(dd, J = 8.4, 1.6 Hz, 1H), 7.25 (d, J = 5.1 Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H),

4.03 (q,J = 7.1 Hz, 2H), 2.44 (s, 3H), 2.43 (s, 3H), 2.43 (s, 3H), 0.87 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz,

CDCls) 6 169.0, 143.0, 141.7, 138.6, 135.9, 135.7, 132.3,131.9, 131.5, 130.2, 128.7,127.9, 127.7, 127 .3,

126.5, 126.4, 126.0, 60.8, 21.6, 20.3, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C5,H»30, 319.1698, found

319.1699.
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ethyl 4-chloro-2-(6,7-dimethylnaphthalen-2-yl) benzoate (3db)

0 According to the general procedure (PE/EtOAc = 20/1), 3db was
O OFt obtained in 77% yield (26 mg). White solid. 'H NMR (500 MHz, CDCl3) &
Cl OO 7.81 (d, J = 8.3 Hz, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.65 (s, 1H), 7.61 (d, J =

10.9 Hz, 2H), 7.47 (d, J = 2.0 Hz, 1H), 7.40 (dd, J = 8.3, 2.1 Hz, 1H), 7.31
(dd, J = 8.4, 1.5 Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 2.45 (s, 3H), 2.44 (s, 3H), 0.88 (t, J = 7.1 Hz, 3H). 13C NMR
(126 MHz, CDCls) & 168.1, 144.7, 137.3, 137.0, 136.2, 136.2, 132.2, 131.7, 131.5, 131.1, 130.0, 127.7,
127.3, 126.7, 126.2, 126.0, 61.2, 20.3, 13.8. HR-MS (ESI) [M+H]* m/z calcd for Ca1H2oClO; 339.1152,
found 339.1158.

ethyl 4-bromo-2-(6,7-dimethylnaphthalen-2-yl) benzoate (3eb)

O According to the general procedure (PE/EtOAc = 20/1), 3eb was
O OFt obtained in 76% yield (29 mg). Light yellow solid. *H NMR (500 MHz,
Br OO CDCl3) 6 7.73 (dd, J = 8.3, 1.7 Hz, 2H), 7.63 (m, 4H), 7.56 (dd, J = 8.3, 2.0

Hz, 1H), 7.30 (dd, J = 8.4, 1.7 Hz, 1H), 4.04 (q, J = 7.1 Hz, 2H), 2.45 (s, 3H),
2.44 (s, 3H),0.87 (t,J= 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) § 168.3, 144.7, 136.9, 136.3, 136.2, 134.0,
132.2,131.7,131.5, 130.4, 130.3, 127.7,127.3, 126.7, 126.2, 126.0, 125.7, 61.3, 20.4, 13.8. HR-MS (ESI)
[M+H]* m/z calcd for C1H20BrO, 383.0647, found 383.0641.
ethyl 2-(6,7-dimethylnaphthalen-2-yl)-4-(trifluoromethyl) benzoate (3hb)

According to the general procedure (PE/EtOAc = 20/1), 3hb was

o)
O OEt obtained in 62% yield (23 mg). Light yellow solid. *H NMR (500 MHz,
FsC OO CDCls) 6 7.93 (d, J = 8.1 Hz, 1H), 7.76 (m, 2H), 7.68 (m, 2H), 7.62 (d, J =
7.8 Hz, 2H), 7.34 (dd, J = 8.4, 1.6 Hz, 1H), 4.07 (q, J = 7.1 Hz, 2H), 2.46

(s, 3H), 2.45 (s, 3H), 0.89 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, CDCl3) 6 168.1, 143.1, 136.5, 136.3, 136.2,
135.0,132.8 (d, J=32.8 Hz), 132.1, 131.7,130.1, 127.7 (q, J = 3.8 Hz), 127.6, 127.2, 126.8, 126.2, 125.7,
123.8 (q, J = 3.8 Hz), 123.7 (q, / = 273.4 Hz), 61.4, 20.2, 20.2, 13.6. °F NMR (471 MHz, CDCls) & -62.92.
HR-MS (ESI) [M+H]* m/z calcd for C2H20F30, 373.1415, found 373.1426.
ethyl 2-(6,7-dimethoxynaphthalen-2-yl) benzoate (3ac)
o According to the general procedure (PE/EtOAc = 5/1), 3ac was obtained
O OEt in 81% yield (27 mg). White solid. *H NMR (400 MHz, CDCl5) § 7.84 (m,
OO OMe 1H), 7.70 (d, J = 8.3 Hz, 1H), 7.64 (m, 1H), 7.54 (td, J = 7.6, 1.3 Hz, 1H),

OMe  7.44 (m, 2H), 7.30 (dd, J = 8.3, 1.7 Hz, 1H), 7.14 (d, J = 9.0 Hz, 2H), 4.07
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(m, 2H), 4.02 (s, 3H), 4.00 (s, 3H), 0.89 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, CDCls) § 169.2, 149.9, 149.7,
142.6, 137.5, 131.7, 131.2, 130.9, 129.8, 129.1, 128.3, 127.1, 126.0, 125.7, 125.4, 106.5, 106.2, 61.0,

56.0, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C,1H2104 337.1440, found 337.1439.

ethyl 2-(6,7-dimethoxynaphthalen-2-yl)-4-methylbenzoate (3bc)
0} According to the general procedure (PE/EtOAc = 5/1), 3bc was
O OEt obtained in 78% yield (27 mg). White solid. *H NMR (500 MHz, CDCls)
OO OMe §7.78 (d,J=7.9 Hz, 1H), 7.68 (d, J = 8.3 Hz, 1H), 7.63 (s, 1H), 7.29 (dd,
OMe =83, 1.7 Hz, 1H), 7.23 (d, J = 7.9 Hz, 1H), 7.15 (s, 1H), 7.13 (s, 1H),
4.05 (m, 2H), 4.01 (s, 3H), 4.00 (s, 3H), 2.43 (s, 3H), 0.89 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) &
169.0, 149.9, 149.7, 142.9, 141.6, 137.8, 131.8, 130.1, 129.1, 128.6, 128.3, 127.8, 125.8, 125.6, 125.6,
106.6, 106.3, 60.8, 56.0, 56.0, 21.6, 13.8. HR-MS (ESI) [M+H]* m/z calcd for Cy2H2304 351.1596, found

351.1599.

ethyl 4-bromo-2-(6,7-dimethoxynaphthalen-2-yl) benzoate (3ec)

0 According to the general procedure (PE/EtOAc = 5/1), 3ec was

O OEt obtained in 76% yield (32 mg). White solid. *H NMR (400 MHz, CDCls)

Br OO OMe 5772 (m, 2H), 7.64 (s, 2H), 7.56 (d, J = 8.2 Hz, 1H), 7.27 (d, J = 7.5
OMe Hz, 1H), 7.15 (d, J = 7.2 Hz, 2H), 4.08 (m, 2H), 4.03 (s, 3H), 4.02 (s,

3H), 0.90 (t, J = 7.1 Hz, 3H).3C NMR (126 MHz, CDCls) 6 168.3, 150.0, 149.9, 144.7, 136.1, 133.9, 131.5,
130.4,130.2,129.0, 128.6,126.1,125.7,125.7,125.1, 106.6, 106.2, 61.2, 56.0, 13.8. HR-MS (ESI) [M+H]*

m/z calcd for C1H20BrO4 415.0545, found 415.0549.

ethyl 2-(6,7-dimethoxynaphthalen-2-yl)-5-methylbenzoate (3kc)
Q According to the general procedure (PE/EtOAc = 5/1), 3kc was
O OFt OMe obtained in 78% yield (27 mg). White solid. 'H NMR (400 MHz, CDCls)
OO 67.67 (s, 1H), 7.64 (d, J = 11.7 Hz, 2H), 7.35 (s, 2H), 7.29 (d, / = 8.3 Hz,
OMe 1H), 7.13 (d, J = 8.8 Hz, 2H), 4.07 (m, 2H), 4.01 (s, 3H), 4.00 (s, 3H),
2.44 (s, 3H), 0.89 (t, J = 7.1 Hz, 3H).13C NMR (126 MHz, CDCls) & 169.4, 149.8, 149.6, 139.8, 137.4,137.0,
131.9,131.4,130.8, 130.3, 129.1, 128.2, 125.9, 125.9, 125.6, 125.5, 106.5, 106.2, 61.0, 56.0, 21.0, 13.8.

HR-MS (ESI) [M+H]* m/z calcd for C22H2304 351.1596, found 351.1603.
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ethyl 2-(5,8-dimethoxynaphthalen-2-yl) benzoate (3ad)
]

According to the general procedure (PE/EtOAc = 10/1), 3ad was obtained in 75%
O OEt OMe yield (25 mg). Light yellow oil. *H NMR (400 MHz, CDCls) § 8.23 (m, 1H), 8.18
OO (m, 1H),7.87 (dd, J = 7.7, 1.1 Hz, 1H), 7.55 (m, 1H), 7.49 (m, 2H), 7.44 (m, 1H),
OMe

6.72 (s, 2H), 4.07 (g, J = 7.1 Hz, 2H), 3.98 (s, 3H), 3.94 (s, 3H), 0.92 (t, J = 7.1 Hz,

3H). 3C NMR (101 MHz, CDCl5) 6 169.0, 149.8, 149.6, 142.8,139.1, 131.5, 131.3,
131.2,129.9,127.3,127.0, 126.3, 125.4, 121.5, 121.3, 103.6, 103.4, 61.1, 55.9, 55.8, 13.8. HR-MS (ESI)
[M+H]* m/z calcd for C21H2104 337.1440, found 337.1427.

ethyl 4-chloro-2-(5,8-dimethoxynaphthalen-2-yl) benzoate (3dd)

Q According to the general procedure (PE/EtOAc = 10/1), 3dd was obtained

O OEt OMe in 63% yield (23 mg). Light yellow solid. *H NMR (400 MHz, CDCls) & 8.21

cl OO (dd, J = 8.6, 0.6 Hz, 1H), 8.16 (dd, J = 1.9, 0.6 Hz, 1H), 7.83 (d, J = 8.3 Hz,
OMe 1H), 7.49 (d, J = 2.0 Hz, 1H), 7.41 (m, 2H), 6.73 (s, 2H), 4.05 (q, / = 7.1 Hz,

2H), 3.98 (s, 3H), 3.95 (s, 3H), 0.91 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz,
CDCl3) 6 168.0, 149.8, 149.5, 144.7,137.8, 137.3, 131.5, 131.2, 129.8, 127.4, 126.7, 126.2, 125.6, 121.7,
121.3,103.8,103.7, 61.3, 55.9, 55.8, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C21H20ClO4 371.1050, found
371.1049.
ethyl 4-(5,8-dimethoxynaphthalen-2-yl) thiophene-3-carboxylate (3od)

According to the general procedure (PE/EtOAc = 10/1), 3od was obtained in 71%

0
/ | OEt OMe Yvield (24 mg). Light yellow oil. 1H NMR (400 MHz, CDCls) 6 8.37-8.30 (m, 1H),
S OO 8.21 (m, 1H), 7.62 (dd, J = 8.7, 1.8 Hz, 1H), 7.56 (d, J = 5.4 Hz, 1H), 7.27 (d, J =
5.3 Hz, 1H), 6.73 (d, J = 1.3 Hz, 2H), 4.18 (q, J = 7.1 Hz, 2H), 3.97 (s, 3H), 3.95 (s,
OMe

3H), 1.13 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz, CDCls) & 163.7, 151.1, 149.8,
149.6,131.1, 130.2, 128.7, 127.9, 126.0, 125.9, 124.3, 123.1, 121.5, 104.2, 103.8, 60.7, 55.9, 55.8, 14.1.
HR-MS (ESI) [M+H]* m/z calcd for C19H1904S 343.1004, found 343.1002.
ethyl 2-(naphtho[2,3-d][1,3]dioxol-6-yl)benzoate (3ae)

0 According to the general procedure (PE/EtOAc = 10/1), 3ae was obtained

OEt in 82% vyield (26 mg). Light yellow oil. *H NMR (500 MHz, CDCl3) & 7.85 (d,
OO 0> J=7.6Hz, 1H), 7.67 (d, J = 8.3 Hz, 1H), 7.61 (s, 1H), 7.54 (t, J = 7.5 Hz, 1H),
O  7.43(m, 2H),7.29 (dd, J = 8.3, 1.6 Hz, 1H), 7.13 (d, J = 11.3 Hz, 2H), 6.04 (s,

2H), 4.07 (q, J = 7.1 Hz, 2H), 0.92 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl;) 6 169.1, 148.0, 147.9,
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1425, 137.7,131.7, 131.2, 131.0, 130.4, 129.9, 129.7, 127.2, 126.7, 126.4, 125.6, 104.2, 103.9, 101.2,

61.1, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C30H1704 321.1127, found 321.1121.

ethyl 4-methyl-2-(naphtho[2,3-d][1,3]dioxol-6-yl)benzoate (3be)

Hz, 2H), 2.44 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) & 168.9, 148.0, 147.8, 142.8,

e} According to the general procedure (PE/EtOAc = 10/1), 3be was

obtained in 78% yield (26 mg). Light yellow oil. *H NMR (500 MHz, CDCls)

OFEt
OO O> §7.79 (d, J = 7.9 Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H), 7.59 (s, 1H), 7.29 (m,
o

1H), 7.24 (m, 2H), 7.13 (d, J = 10.7 Hz, 2H), 6.04 (s, 2H), 4.06 (q, J = 7.1

141.7, 138.0, 131.8, 130.4, 130.2, 129.6, 128.6, 127.9, 126.5, 126.3, 125.7, 104.1, 103.9, 101.1, 60.8,

21.6, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C,1H1904 335.1283, found 335.1277.

ethyl 4-chloro-2-(naphtho[2,3-d][1,3]dioxol-6-yl)benzoate (3de)
0 According to the general procedure (PE/EtOAc = 10/1), 3de was
obtained in 63% yield (22 mg). White solid. *H NMR (500 MHz, CDCls)

O OEt
cl OO O> 57.80 (d, J = 8.3 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 1.7 Hz,
O 1HM),7.45(d, = 2.1 Hz, 1H), 7.39 (dd, J = 8.3, 2.1 Hz, 1H), 7.25 (dd, J =
8.4,1.9 Hz, 1H), 7.13 (d, J = 11.6 Hz, 2H), 6.05 (s, 2H), 4.06 (q, J = 7.1 Hz, 2H), 0.92 (t, J = 7.1 Hz, 3H). 13C
NMR (126 MHz, CDCls) 6 168.0, 148.2, 148.1, 144.4, 137.3, 136.5, 131.5, 131.0, 130.4, 129.9, 129.9,

127.3,126.8,126.4,125.3, 104.2, 103.9, 101.3, 61.2, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C20H16ClO04

355.0737, found 355.0731.

ethyl 5-methyl-2-(naphtho[2,3-d][1,3]dioxol-6-yl)benzoate (3ke)

(s, 3H), 0.91 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl5) 6 169.3, 148.0, 147.8, 139.7, 137.7, 137.1,

o) According to the general procedure (PE/EtOAc = 10/1), 3ke was

obtained in 69% yield (23 mg). Light yellow oil. *H NMR (500 MHz, CDCls)

OFEt
OO O> 8 7.66-7.63 (m, 2H), 7.59 (s, 1H), 7.34 (s, 2H), 7.27 (dd, J = 8.3, 1.8 Hz,
o

1H), 7.12 (d, J = 11.2 Hz, 2H), 6.04 (s, 2H), 4.06 (q, J = 7.1 Hz, 2H), 2.44

132.0, 131.4, 130.9, 130.4, 130.4, 129.6, 126.6, 126.4, 125.8, 104.1, 103.9, 101.2, 61.0, 21.1, 13.9. HR-

MS (ESI) [M+H]* m/z calcd for Co1H1904 335.1283, found 335.1281.
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ethyl 2-(naphtho[2,3-d][1,3]dioxol-6-yl)-5-(trifluoromethyl)benzoate (3me)

According to the general procedure (PE/EtOAc = 10/1), 3me was

(@]
FsC L . . -
O OEt obtained in 60% vyield (23 mg). Light yellow oil. *H NMR (400 MHz,
O O> CDCl3) 6 8.11 (s, 1H), 7.79 (m, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.59 (m,
O 2H), 7.27 (m, 1H), 7.14 (d, J = 10.0 Hz, 2H), 6.06 (s, 2H), 4.11 (q, J =

7.1Hz, 2H), 0.95 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 6 167.8, 148.3, 148.2, 146.0, 136.2, 132.3,
131.6,130.4, 130.1, 129.6 (d, J = 33.3 Hz), 127.7 (q,J = 3.0 Hz), 127.0 (g, / = 3.0 Hz), 126.9, 126.5, 125.1,
123.9 (g, J=272.7 Hz), 104.2, 103.9, 101.3, 61.6, 13.8.°F NMR (471 MHz, CDCl3) § -62.58. HR-MS (ESI)
[M+H]* m/z calcd for C21H16F304 389.1001, found 389.0993.

ethyl 2-(1,4-dimethylnaphthalen-2-yl) benzoate (3af)

(0] According to the general procedure (PE/EtOAc = 20/1), 3af was obtained in 40%

O OEt yield (12 mg). Light yellow oil. *H NMR (500 MHz, CDCls) & 8.08 (m, 1H), 8.04 (m,
O 1H), 7.99 (m, 1H), 7.55 (m, 3H), 7.46 (m, 1H), 7.30 (m, 1H), 7.13 (s, 1H), 3.98 (q, J =
O 7.1 Hz, 2H), 2.68 (s, 3H), 2.40 (s, 3H), 0.78 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz,

CDCl5) 6 168.0, 143.5, 138.3,132.9, 132.1, 131.4, 131.4,131.4, 131.2, 130.0, 128.9,
128.4, 127.2, 125.8, 125.2, 125.0, 124.7, 60.8, 19.4, 16.1, 13.6. HR-MS (ESI) [M+H]* m/z calcd for
C21H210; 305.1542, found 305.1532.
ethyl 2-(1,4-dimethylnaphthalen-2-yl)-5-fluorobenzoate (3If)

According to the general procedure (PE/EtOAc = 20/1), 3If was obtained in 38%

o)
F O OEt yield (12 mg). Light yellow oil. *H NMR (400 MHz, CDCl3) 6 8.17 (m, 2H), 7.78 (d,
O J=7.7 Hz, 1H), 7.58-7.53 (m, 2H), 7.45 (m, 1H), 7.32 (t, J = 8.5 Hz, 1H), 7.09 (s,
O 1H), 3.95 (q, J = 7.0 Hz, 2H), 2.67 (s, 3H), 2.43 (s, 3H), 0.74 (t, J = 7.1 Hz, 3H). 3C

NMR (126 MHz, CDCls) 6167.0 (d, J = 2.5 Hz), 160.0 (d, J = 244.4 Hz), 133.8 (d, J
=2.5Hz), 132.8,132.5, 131.6, 130.7 (d, / = 3.8 Hz), 130.5 (d, /= 8.8 Hz), 128.9 (d, /= 8.8 Hz), 128.2, 125.8,
125.7 (d, /= 3.8 Hz), 125.5, 125.1, 124.8, 119.0, 118.9, 61.1, 19.4, 16.1, 13.5. °F NMR (471 MHz, CDCls)
6 -112.34. HR-MS (ESI) [M+H]* m/z calcd for C21H20FO2 323.1447, found 323.1440.

ethyl 2-(anthracen-2-yl) benzoate (3ag)
]

According to the general procedure (PE/EtOAc = 20/1), 3ag was obtained
O OFt in 80% vyield (26 mg). Light yellow solid. *H NMR (400 MHz, CDCls) § 8.45
OOO (d, J=7.1 Hz, 2H), 8.03 (m, 3H), 7.96 (m, 2H), 7.59 (m, 1H), 7.54 (m, 1H),

7.47 (m, 4H), 4.09 (g, J = 7.1 Hz, 2H), 0.88 (t, J = 7.1 Hz, 3H). 13C NMR (101

520



MHz, CDCls) 6 168.9, 142.5, 138.7, 132.1, 131.9, 131.6, 131.5, 131.0, 130.8, 130.1, 128.3, 128.3, 127.7,
127.5, 127.3, 126.9, 126.6, 126.2, 125.6, 125.5, 61.1, 13.8. HR-MS (ESI) [M+H]* m/z calcd for C23H1902
327.1385, found 327.1381.

ethyl 2-(anthracen-2-yl)-4-methylbenzoate (3bg)
0O

(m, 1H), 4.03 (g, J = 7.1 Hz, 2H), 2.44 (s, 3H), 0.84 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCls) & 168.7,

According to the general procedure (PE/EtOAc = 20/1), 3bg was
obtained in 77% yield (26 mg). Light yellow solid. *H NMR (400 MHz,

OEt
OOO CDCls) 6 8.41 (d, J = 6.7 Hz, 2H), 7.98 (m, 3H), 7.91 (s, 1H), 7.84 (d, J =

7.9 Hz, 1H), 7.45 (m, 2H), 7.40 (dd, J = 8.7, 1.5 Hz, 1H), 7.30 (s, 1H), 7.25

142.8, 142.0, 139.1, 132.1, 131.9, 131.6, 130.8, 130.5, 128.4, 128.3, 128.3, 128.2, 127.5, 126.7, 126.5,
126.1, 125.5, 125.5, 60.9, 21.6, 13.8. HR-MS (ESI) [M+H]* m/z calcd for CyaH,10, 341.1542, found

341.1541.

ethyl 2-(anthracen-2-yl)-4-bromobenzoate (3eg)
o) According to the general procedure (PE/EtOAc = 20/1), 3eg was
O OEt obtained in 62% yield (25 mg). Light yellow solid. *H NMR (400 MHz,
Br OOO CDCl3) & 8.44 (d, J = 6.5 Hz, 2H), 8.02 (m, 3H), 7.93 (s, 1H), 7.80 (m,
1H), 7.70 (d, J = 1.9 Hz, 1H), 7.61 (dd, J = 8.3, 2.0 Hz, 1H), 7.49 (m, 2H),
7.39 (dd, J = 8.7, 1.6 Hz, 1H), 4.06 (q, J = 7.1 Hz, 2H), 0.86 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCls) &
168.0, 144.5, 137.4, 134.0, 132.2, 132.1, 131.8, 131.4, 130.9, 130.6, 130.2, 128.3, 127.9, 127.1, 126.8,
126.7, 126.3, 126.0, 125.7, 61.3, 13.7. HR-MS (ESI) [M+H]* m/z calcd for Cy3H1sBrO; 405.0490, found
405.0488.
ethyl 4-(anthracen-2-yl) thiophene-3-carboxylate (30g)
0 According to the general procedure (PE/EtOAc = 20/1), 30g was obtained
J | OEt in 76% yield (25 mg). Light yellow solid. 'H NMR (400 MHz, CDCls) 6 8.44
S OOO (d, J = 4.0 Hz, 2H), 8.13 (s, 1H), 8.01 (m, 3H), 7.60 (m, 2H), 7.49 (m, 2H),
7.30 (d, J = 5.4 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 1.17 (t, J = 7.1 Hz, 3H). 13C
NMR (101 MHz, CDCls) & 163.5, 150.9, 132.3, 132.1, 131.2, 131.1, 130.7, 130.4, 129.0, 128.7, 128.3,

128.3, 127.8, 127.6, 127.0, 126.2, 125.8, 125.7, 124.4, 60.7, 14.2. HR-MS (ESI) [M+H]* m/z calcd for

C21H170,S 333.0949, found 333.0948.
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2-(naphthalen-2-yl) benzoic acid (4aa)'’
COOH According to the general procedure (PE/(EtOAc/EtOH/AcOH=3/1/0.08) = 7/3),
O 4aa was obtained in 69% yield (17 mg). White solid. *H NMR (400 MHz, DMSO-
OO de) 67.94 (m, 3H), 7.87 (s, 1H), 7.80 (dd, J= 7.9, 1.2 Hz, 1H), 7.62 (td, /= 7.6, 1.3
Hz, 1H), 7.51 (m, 5H). *3C NMR (101 MHz, DMSO) 6 169.6, 141.2, 138.7, 132.9,
132.3,132.1, 131.1, 130.9, 129.4, 128.0, 127.5, 127.5, 127.3, 127.2, 126.7, 126.3, 126.1. HR-MS (ESI)
[M+H]* m/z calcd for C17H130, 249.0916, found 249.0906.
6H-dibenzo[c,h]Jchromen-6-one (5aa)'?
According to the general procedure (PE/EtOAc = 20/1), 5aa was obtained in 90%

0
O o yield (22 mg). White solid. *H NMR (400 MHz, CDCl3) 6§ 8.57 (m, 1H), 8.45 (m,

1H), 8.16 (d, J = 8.1 Hz, 1H), 8.03 (d, J = 8.8 Hz, 1H), 7.85 (m, 2H), 7.74 (d, J = 8.8

OO Hz, 1H), 7.63 (dd, J = 6.9, 1.5 Hz, 1H), 7.61-7.55 (m, 2H). 13C NMR (101 MHz,

CDCls) 6 161.3, 147.4, 135.5, 135.1, 134.4, 130.8, 128.7, 128.0, 127.8, 127.2, 124.6, 124.0, 122.4, 122.1,
121.3,119.3, 113.1. HR-MS (ESI) [M+H]* m/z calcd for C17H110, 247.0759, found 247.0754.

methyl 2-(4-(naphthalen-2-yl)-3-oxo-1,3-dihydroisobenzofuran-1-yl) acetate (6aa)'”

According to the general procedure (PE/EtOAc = 2/1), 6aa was obtained in

CO,Me
oo 49% yield (16 mg). Light yellow solid. *H NMR (400 MHz, CDCls) & 8.00 (m,
1H), 7.90 (m, 3H), 7.73 (t, J = 7.6 Hz, 1H), 7.67 (dd, J = 8.5, 1.8 Hz, 1H), 7.59
O O (d, J = 7.6 Hz, 1H), 7.51 (m, 2H), 7.48 (d, J = 7.6 Hz, 1H), 5.91 (t, J = 6.6 Hz,

1H), 3.79 (s, 3H), 2.96 (d, J = 6.6 Hz, 2H). 3C NMR (101 MHz, CDCls) § 169.9,
168.7, 150.1, 142.9, 134.2, 133.9, 133.2, 133.1, 131.7, 128.7, 128.4, 127.8, 127.5, 127.4, 126.5, 126.3,

122.1,120.8, 75.7, 52.3, 39.7. HR-MS (ESI) [M+H]* m/z calcd for C1H1704 333.1127, found 333.1133.
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VIIl. The 'H and 3C NMR spectra of compounds
'H NMR spectrum of 3aa, 400 MHz, CDCl,
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'H NMR spectrum of 3ba, 400 MHz, CDCl;
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'H NMR spectrum of 3ca, 500 MHz, CDCl,
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'H NMR spectrum of 3da, 500 MHz, CDCl;
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'H NMR spectrum of 3ea, 400 MHz, CDCl;,
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'H NMR spectrum of 3fa, 500 MHz, CDCl,
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'H NMR spectrum of 3ga, 500 MHz, CDCl,
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13C NMR spectrum of 3ga, 126 MHz, CDCls
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'H NMR spectrum of 3ha, 400 MHz, CDCl,
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13C NMR spectrum of 3ha, 101 MHz, CDCls
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19¢ NMR spectrum of 3ha, 471 MHz, CDCl3
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13C NMR spectrum of 3ia, 126 MHz, CDCls
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13C NMR spectrum of 3ja, 126 MHz, CDCl;
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13C NMR spectrum of 3ka, 101 MHz, CDCl;
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13C NMR spectrum of 3la, 126 MHz, CDCls
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'H NMR spectrum of 3la’, 500 MHz, CDCl,
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19F NMR spectrum of 3la’, 471 MHz, CDCl,
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13C NMR spectrum of 3ma, 126 MHz, CDCls
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'H NMR spectrum of 3na, 500 MHz, CDCl;
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13C NMR spectrum of 3na, 126 MHz, CDCls
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19¢ NMR spectrum of 3na, 471 MHz, CDCl3
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13C NMR spectrum of 30a, 126 MHz, CDCl3
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13C NMR spectrum of 3pa, 126 MHz, CDCl;
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'H NMR spectrum of 3ga, 400 MHz, CDCl;
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13C NMR spectrum of 3qa, 101 MHz, CDCl;
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13C NMR spectrum of 3ra, 151 MHz, CDCl3
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13C NMR spectrum of 3sa, 101 MHz, CDCl;
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'H NMR spectrum of 3ta, 400 MHz, CDCl;
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13C NMR spectrum of 3ta, 101 MHz, CDCls

ZL9zZh
12921 1
60221 1
2T 12L
292211
10821
Y18z
o1'8zi |

- —
JE—

16'82L7f
06'62Z1
1G0€l ]
Nv.mm;
16°2EL |
oz'eet

61°L€1 ]
92'/€1L
12°6€L ]
L1 Lyl ?

|

98'861 —

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

10 200

'H NMR spectrum of 3ab, 400 MHz, CDCl;

ow.o/

060 A

W
=

svey _UHA\ —
stz :
7

*00'¢€

— T00'9

F00'C

oo 8d'8s
[sEsR-R-E-R-¥s!
R Rl

-0.5 -1

0.0

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

8.0

8.5

S47



13C NMR spectrum of 3ab, 101 MHz, CDCl3

08'cl —

8€°0C —

9019 —

10'9¢L
Le'9cClL
1G'9¢CL
8l'lc)
gec'lcl
€9°2¢1
G8'6C)
Lo'LEL
veel
6vLEL
€o'lel
9c'eel
18°GEL
€0'9¢l
6L'8€l
99'¢vl

L2691 —

i

J

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

180

90

'H NMR spectrum of 3bb, 500 MHz, CDCl,

G8'0
N@.OW
88°0

€v'e
vv.Nv

(44
ve L
Gc'L
9¢'L
ce L
ce’ L
ve L
vaN
6572
092
G9'L
0LL
cL L
8L°L
611

.,, /
!
! ks —
M, (/
z )\
- Um, N _ -
7N
f|.,_”x
,
ALM
——

=00°¢

09
0'e

¥00°¢C

oo Q0QQ
=N - -

ood's &'z

-1

70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 (ppm)

7.5

8.0

8.5

S48



13C NMR spectrum of 3bb, 126 MHz, CDCl3

z8eL —
€€°02\
651z~

€8°09 —

66'G¢Cl
geoct
9v'9clt
8c'lcl
G9'/¢C)
06°Lcl
99'8¢1
ococlt
csLel
88°LEL
ogcel
19'G€1
¢6'SelL
9G'8€1L
69°'LYL
66'¢cvl

66'891 —

OFEt

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

90

'H NMR spectrum of 3db, 500 MHz, CDCl,

98°0
mw.ow
68°0

vv'e
mw.Nv

0€'L9
0€' L
ze L
(A
mm.hg
0v" L
Ly L
Ftn%
[T\
VAR
092
292
59/
212
vhm;
_‘w.N;
z8°.

=

-

=00°¢

0'€
0'€

*00°¢C

eeeoceQecQ
-+ N~ - -

soos'deo

-1

70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05
1 (ppm)

7.5

8.0

8.5

549



13C NMR spectrum of 3db, 126 MHz, CDCl3
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13C NMR spectrum of 3eb, 126 MHz, CDCl3
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13C NMR spectrum of 3hb, 126 MHz, CDCl3
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'H NMR spectrum of 3ac, 400 MHz, CDCl;
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'H NMR spectrum of 3bc, 500 MHz, CDCl,
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'H NMR spectrum of 3ec, 400 MHz, CDCl,
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13C NMR spectrum of 3ec, 126 MHz, CDCls
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'H NMR spectrum of 3ke, 400 MHz, CDCl,
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'H NMR spectrum of 3ad, 400 MHz, CDCl;
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'H NMR spectrum of 3dd, 400 MHz, CDCl,
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'H NMR spectrum of 3od, 400 MHz, CDCl,
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'H NMR spectrum of 3ae, 500 MHz, CDCl;,
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'H NMR spectrum of 3be, 500 MHz, CDCl,
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'H NMR spectrum of 3de, 500 MHz, CDCl,
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'H NMR spectrum of 3ke, 500 MHz, CDCl,

06°0
_‘m.oW
€6°0

vv'e—

¥0'9 —

(392
[

9¢'L
YAV
8¢'L

8¢'L
ve L
mmN\
Y9 L
G9'L
99

=00°¢

=00°¢

*00°¢C

-00'¢

00z
2001
~00'e
700'L

Toor

-0.5

0.0

60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

6.5

7.0

80 7.5

8.5

13C NMR spectrum of 3ke, 126 MHz, CDCls

g8'cl —

L0°Le—

0019 —

SLL0b
g8'e0l
€Lv0L
91521
9e'9zL
09'9Z1
95'62Z1
geoel
v ol
68°0€L
erLEl
66°LELE
obLELA
LLLIEL =
So'6EL
SLIPLN
16117

L2691 —

170 160 150 140 130 120 110 100 90 80 70
1 (ppm)

180

90

S63



'H NMR spectrum of 3me, 400 MHz, CDCl,
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19¢ NMR spectrum of 3me, 471 MHz, CDCl3
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13C NMR spectrum of 3af, 126 MHz, CDCls
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13C NMR spectrum of 3If, 126 MHz, CDCl3
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'H NMR spectrum of 3ag, 400 MHz, CDCl,
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'H NMR spectrum of 3bg, 400 MHz, CDCl,
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'H NMR spectrum of 3eg, 400 MHz, CDCl;

G8'0
@QOW
880

Y0¥y
S0'Y
VAR &
607 |
8e' L

8e' L

o'

o'

'L

8L

6t L

6t

052

r@mg
65°L ]
0921
1972
29/ 1
0LZ 1
0L LY
6L L1
1872
€6° 1
0081
10°8
208
208
€08
vo'g”
8~
srg”

0.0 -05 -1

0.5

L

60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

6.5

7.0

7.5

eoeecececceQoQ
N®O~+~+- N~
8.5 8.0

doBs oS

13C NMR spectrum of 3eg, 101 MHz, CDCl;

9L°¢€l —

PeL9 —

AR T
00921 1
9z'92Z1 1
v2'921 1
28'921 7
01221
68221
££'821 \
61°0EL ~
09°0€L 7
G8'0€L
zZrielL]
YR
oLzel
81°ZEL 1
86'cEl
1€72€1
PSPl -
86'291 —

A

=t

=

"

10

50 40 30 20

60

70

80

160 150 140 130 120 110 100 90
1 (ppm)
S70

170

180

90



'H NMR spectrum of 3og, 400 MHz, CDCl,
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13C NMR spectrum of 3og, 101 MHz, CDCl3
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IH NMR spectrum of 4aa, 400 MHz, DMSO-ds
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IH NMR spectrum of 5aa, 400 MHz, CDCl3
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13C NMR spectrum of 5aa, 101 MHz, CDCls
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IH NMR spectrum of 6aa, 400 MHz, CDCl3

10 05 00 -05 -1

1.5

69'6€ —

0€'¢s —

3.0

=00°¢
99'G. —

3.5

-00'€
€8°021 |
12zl
12921 |
¥5°921 |
ISTAR
25221
GL 2L
L8211
L8zl f
S9'LEL |
oLeeL |
glLeelL =+

mm.mmr%

PEERL -

71051 —

45 40
1 (ppm)

5.0

=001

7.0

027891~
066917

eeoQoeQoQ
-~ M+~ N«—

8.5

13C NMR spectrum of 6aa, 101 MHz, CDCl3
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