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1. Table S1: Optimization of Reaction Conditions.

o OH Ph__ co,Me
Ho N, catalyst (5 mol%) OH Ph o
CLy. x| comranen Gty 0 COzMe +
Ph™ "COMe  solvent, r.t.
1a 2a Ph” COMe  4aa O
3aa 5aa
Entry Catalyst Counteranion Solvent Yield(%)?
3aa/4aal5aa
1 PhsPAuCI AgSbFe CH:Cl, 57/24/0
2 IPrAuCI AgSbFs CH:Cl 32/43/0
3 (2,4-'Bu2CsH30)3PAUCI AgSbFs CH:Cl 43/15/0
4 (CeFs)sPAUCI AgSbFs CH.Cl, 14/14/0
5 (4-CF3CgHa)3PAUCI AgSbFs CH:Cl 52/18/0
6 JohnphosAuCl AgSbFs CH2Cl, 53/19/0
7 X-PhosAuCl AgSbFe CH2Cl, 50/31/0
8 ‘BuXPhosAuCl AgSbFe CH2Cl, 49/27/0
9 PicAuCl: AgSbFs CH2Cl, NR/NR/NR
10 JohnphosAuCl AgBF4 CH2Cl, 68/8/0
11 JohnphosAuCl AgOTf CHCl 70/0/0
12 JohnphosAuCl AgNTT, CH2Cl, 71/25/0
13 JohnphosAuCl NaBArr CH2Cl, 26/54/0
14 JohnphosAuCl AgOTf DCE 73/7/0
15 JohnphosAuCl AgOTf Toluene 67/0/0
16 JohnphosAuCl AgOTf THF 90 (87)/0/0
17 JohnphosAuCl AgOTf CHsCN 54/0/0
18 JohnphosAuCl AgOTf Ether 80/0/0
19 JohnphosAuCl AgOTf 1,4-dioxane 47/21/0
20 JohnphosAuCl - CH2Cl, NR/NR/NR
21 - AgOTf CH2Cl, 0/0/0
22 SIPrAuCI AgSbFe CH2Cl: 32/48/0
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IBU'AuCl AgSbFs
IMesAuCl AgSbFs
IPrAuCl AgOTf
IPrAuCI AgBF4
IPrAuCl AgNTT,
IPrAuCl NaBArr
IPrAuCl NaBAre
IPrAuCI NaBAre
IPrAuCI NaBArr
IPrAuClI -
- NaBArr
PhsPAUCI AgOTf
(2,4-'BuCeH30)sPAUCI AgOTf
PhsPAuCI NaBAre
(2,4-'Bu2CsH30)3PAUCI NaBArg
Cu(CH3CN)4PFs -
Cu(OTf)2 -
Rh(OAC)2 -
Pd(OAC), -
(CeFs)3B -

R R
IPr, R = Pr,
IMes, R = Me

CHCl
CHCl
CHCl
CHCl
CHCl
CHCl
DCE
Toluene
CHsCN
CHCl,
CHCl,
CHCl,
CH2Cl;
CH2Cl;
CH2Cl;
CH2Cl,
CH2Cl;
CH2Cl;
CH2Cl;
CH2Cl;

42/30/0
30/26/0
52/18/0
45/28/0
25/49/0

13/90(82) /0
28/64/0
28/65/0

NR/NR/NR

NR/NR/NR

NR/NR/NR
66/16/0
60/12/0
4214210
19/14/0
0/12°/0
0/48°/0
0/54° /9

NR/NR/NR

0/24/0

[\ p—
N\/N N
M But"N_N~pyt
IBut

SIPr

Reaction Conditions: 1a (0.6 mmol), 2a (0.4 mmol), catalyst (5 mol%), solvent

(5mL), rt, 15 min. ®NMR vyield, the number in parenthesis is isolated yield.

Corresponding lactone was obtained.




2. General Information:

All air- and moisture-sensitive manipulations were carried out with standard Schlenk
techniques under nitrogen or in a glove box under nitrogen. *H NMR, 3C NMR spectra
were measured at 400 MHz and 100 MHz in CDCls. Data for *H NMR spectra are
reported as follows: chemical shift (ppm, referenced to TMS; s = singlet, d = doublet, t
= triplet, dd = doublet of doublets, dt = doublet of triplets, m = multiplet), coupling
constant (Hz), and integration. Data for 3C NMR are reported in terms of chemical
shift (ppm) relative to residual solvent peak (CDCls: 77.0 ppm). THF, Toluene, 1,4-
dioxne, Ether were distilled from sodium and benzophenone prior to be used. CH2Cly,

CH3CN were distilled from CaH. prior to be used.

3. General procedure for synthesis of a-aryl-a-diazoesters

O
d-Ns N2
A R N DBU (1.5 equiv.
AGHN CH4CN, rit. L
S-2 p-ABSA 2

The arylacetate was dissolved in CH3sCN (10 mL/g) and p-ABSA (1.5 equiv) and DBU
(1.5 equiv.) was added at r.t. The reaction was stirred at r.t. for 12 h. The reaction was
diluted with water extracted with ether and dried over Na>SO4. The reaction was
concentrated and purified by silica chromatography (PE/EA = 200:1) to obtain the

desired diazo compound.



4. General procedure for the C-H bond functionalization of naphthalenols.

OH
L1AUCI L2AuC| QR A

X
i
R AgOTf {\/O NaBArg N CO,R!
- ' oo gt r{_
y
Ar CO5R Ar C02R1 L2 = IPr
L1 = Johnphos L2AuCl
NaBAr,: OH
|

X
CH,Cl, RU

In a dried glass tube, a mixture of LAUCI (0.02 mmol), AgOTf or NaBAre (5 mol%)
in solvent (4 mL) was stirred at room temperature for 15 mins. Subsequently,
naphthalenol (0.6 mmol) was added to the reaction mixture at room temperature. Then
a solution of diazo compounds (0.4 mmol) in solvent (1 mL) was introduced into the
reaction mixture by a syringe in 15 mins. The mixture was concentrated under reduced
pressure and the residue was purified by column chromatography on silica gel (PE/EA
= 10:1to 5:1 or PE/EA = 20:1) to afford the desired product.

1) The synthesis of 3aa

OH

Ph COZMe
3aa

3aa, light red oil, (102.1 mg, 87% vyield). *H-NMR (400 MHz, CDCl3) § 8.24 (d, J =
7.6 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.45-7.55 (m, 2H), 7.27-7.38 (m, 5H), 7.05 (d, J
= 8.0 Hz, 1H), 6.57 (d, J = 7.6 Hz, 1H), 6.14 (bs, 1H), 5.73 (s, 1H), 3.79 (s, 3H); 3C-
NMR (100 MHz, CDCls) ¢ 52.58, 53.17, 107.93, 122.67, 122.89, 124.91, 124.95,
126.39, 126.56, 126.99, 127.33, 128.64, 128.91, 132.61, 138.02, 151.45, 174.14.
MS(EI): miz (%): 292 (M*, 17.19), 231 (100); HRMS (EI) calcd. for CioH160s:
292.1099, found: 292.1096.

2) The synthesis of 3ab



OH

Ph CO,Et
3ab

3ab, light red oil, (106.2 mg, 87% yield). *H-NMR (400 MHz, CDCls) § 8.23 (dd, J =
8.0 Hz, 1.2 Hz, 1H), 7.94 (d, J = 8.0 Hz, 1H), 7.45-7.55 (m, 2H), 7.25-7.35 (m, 5H),
7.05 (d, J = 8.0 Hz, 1H ), 6.54 (d, J = 8.0 Hz, 1H ), 6.21 (bs, 1H), 5.71 (s, 1H), 4.25-
4.30 (m, 2H), 1.27 (d, J = 7.2 Hz, 3H ); 3C-NMR (100 MHz, CDCls) § 14.10, 53.29,
61.50, 107.96, 122.66, 122.95, 124.85, 124.96, 126.50, 126.55, 126.87, 127.26, 128.60,
128.93, 132.64, 138.12, 151.41, 173.72. MS(EI): m/z (%): 306 (M*, 27.00), 233 (100);
HRMS (EI) calcd. for C2oH1803: 306.1256, found: 306.1259.

3) The synthesis of 3ac

OH

Ph™ ~CO,Pr
3ac

3ac, colorless oil, (117.1 mg, 91% yield). *H-NMR (400 MHz, CDCls) § 8.22 (d, J =
8.0 Hz, 1H ), 7.95 (d, J = 8.0 Hz, 1H), 7.25-7.55 (m, 7H), 7.03 (d, J = 7.6 Hz, 1H), 6.53
(d, J = 8.0 Hz, 1H), 5.85-5.95 (m, 1H), 5.66 (s, 1H), 5.14 (hept, J = 6.4 Hz, 1H), 1.26
(d, J = 6.4 Hz, 3H), 1.23 (d, J = 6.4 Hz, 3H); 3 C-NMR (100 MHz, CDCl3) & 21.64,
53.47, 68.93, 107.98, 122.61, 123.05, 124.84, 126.51, 126.81, 127.20, 128.57, 128.94,
132.71, 138.22, 151.29. MS(EI): m/z (%): 320 (M*, 22.79), 233 (100); HRMS (EI)
calcd. for C21H2003: 320.1412, found: 320.1407.

4) The synthesis of 3ad



OH

Ph” ~CO,Bu!
3ad

3ad, white solid, (99.5 mg, 74% vyield). *H-NMR (400 MHz, CDCls) § 8.21 (d, J =
8.0 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H ), 7.45-7.55 (m, 2H), 7.25-7.40 (m, 5H), 6.98 (d,
J=8.0Hz 1H), 6.49 (d, J =8.0 Hz, 1H), 6.02 (s, 1H), 5.60 (s, 1H), 1.47 (s, 9H); 1*C-
NMR (100 MHz, CDCls) 6 27.95, 54.23, 81.71, 108.02, 122.60, 123.09, 124.77, 124.93,
126.47, 126.69, 127.09, 127.20, 128.54, 128.96, 132.75, 138.48, 151.18, 172.91.
MS(EI): miz (%): 334 (M*, 12.89), 233 (100); HRMS (EI) calcd. for CasHzOs:
334.1569, found: 334.1575.

5) The synthesis of 3ae
OH

O CO,Prf
cl

3ae

3ae, colorlessoil, (134.5mg, 95% vyield). *H-NMR (400 MHz, CDCls) § 8.21 (d, J =
7.6 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.40-7.50 (m, 2H), 7.20-7.30 (m, 4H), 7.00 (d, J
= 7.6 Hz, 1H), 6.51 (d, J = 7.6 Hz, 1H), 6.19 (s, 1H), 5.61 (s, 1H), 5.13 (hept, J = 6.4
Hz, 1H), 1.23(d, J = 6.4 Hz, 3H), 1.22 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz,
CDCl3) 6 21.60, 21.63, 52.86, 69.21, 107.89, 122.69, 122.91, 124.96, 124.99, 126.16,
126.33, 126.92, 128.73, 130.28, 132.53, 133.12, 136.75, 151.51, 172.89. MS(EI): m/z
(%): 354 (M*, 21.99), 356 ([M+2]*, 6.88), 267 (100); HRMS (EI) calcd. for C21H1903Cl:
354.1023, found: 354.1024.

6) The synthesis of 3af



OH

O COLPF
Br

3af

3af, colorless oil, (150.0 mg, 94% yield). *H-NMR (400 MHz, CDCls) § 8.20-8.25 (m,
1H), 7.87 (d, J = 8.0 Hz, 1H), 7.42-7.52 (m, 4H), 7.20 (d, J = 8.4 Hz, 2H), 7.02 (d, J =
7.6 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 6.10 (s, 1H), 5.60 (s, 1H), 5.14 (hept, J = 6.4 Hz,
1H), 1.25 (d, J = 6.4 Hz, 3H), 1.24 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) 5
21.61, 21.64, 52.93, 69.23, 107.90, 121.28, 122.69, 122.90, 124.98, 126.11, 126.35,
126.94, 130.64, 131.68, 132.52, 137.27, 151.48, 172.80. MS(EI): m/z (%): 398 (M",
21.50), 400 ([M+2]*, 21.42), 231 (100); HRMS (EI) calcd. for C21H1903Br: 398.0518,
found: 398.0520.

7) The synthesis of 3ag
OH

O CO,Pr
Me

3ag

3ag, white solid, (112.9 mg, 84% vyield). *H-NMR (400 MHz, CDCl3) § 8.21 (d, J =
8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.40-7.55 (m, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.16
(d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.0 Hz, 1H), 6.47 (d, J = 8.0 Hz, 1H), 6.21 (s, 1H), 5.64
(s, 1H), 5.15 (hept, J = 6.4 Hz, 1H), 2.35 (s, 3H), 1.27 (d, J = 6.4 Hz, 3H), 1.24 (d, J =
6.4 Hz, 3H); *C-NMR (100 MHz, CDCls) 6 21.05, 21.63, 21.65, 53.11, 68.92, 108.02,
122.63, 123.00, 124.75, 124.95, 126.46, 126.73, 126.83, 128.80, 129.30, 132.68,
135.10, 136.83, 151.27, 173.48. MS(EI): m/z (%): 334 (M*, 20.02), 247 (100); HRMS

(El) calcd. for C22H2203: 334.1569, found: 334.1573.



8) The synthesis of 3a0
OH

O CO,Pr
MeO

3ao

3a0, yellow oil, (112.9 mg, 84% yield). *H-NMR (500 MHz, CDCls) § 8.20 (d, J =
8.0 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.40-7.50 (m, 2H), 7.24 (d, J = 8.5 Hz, 2H), 7.00
(d, J =7.5Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H), 6.50 (d, J = 8.0 Hz, 1H), 5.58 (s, 1H), 5.12
(hept, J = 6.0 Hz, 1H), 3.77 (s, 3H), 1.24 (d, J = 6.0 Hz, 3H), 1.21 (d, J = 6.0 Hz, 3H);
13C-NMR (100 MHz, CDCl3) § 21.64, 52.68, 55.20, 68.88, 107.92, 113.96, 122.64,
123.00, 124.77, 124.94, 126.30, 126.73, 126.88, 129.97, 130.19, 132.61, 151.31,

158.61, 173.52. HRMS (EI) calcd. for [C22H2204+Na]": 373.1410, found: 373.1401.

9) The synthesis of 3ap
OH

O CO,Pri
FsC

3ap

3ap, yellow oil, (125.9 mg, 81% vyield). *H-NMR (500 MHz, CDCls) § 8.25 (d, J =
8.5 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.40-7.65 (m, 6H), 7.01 (d, J = 8.0 Hz, 1H), 6.60-
6.70 (m, 1H), 6.50 (d, J = 8.0 Hz, 1H), 5.74 (s, 1H), 5.19 (hept, J = 6.5 Hz, 1H), 1.28
(d, J = 6.5 Hz, 3H), 1.27 (d, J = 6.5 Hz, 3H); 3 C-NMR (125 MHz, CDCl3) & 21.54,
21.59, 53.25, 69.58, 107.87, 122.74, 122.80, 124.08 (q, J = 268.8 Hz, 1C), 124.99,
125.05, 125.41 (g, J = 3.8 Hz, 1C), 125.51 (q, J = 3.8 Hz, 1C), 126.48, 126.73, 129.29,
129.47 (q, J = 32.5 Hz, 1C), 132.47, 142.20, 151.77, 172.91. HRMS (ESI) calcd. for
[C22H19F303+Na]*: 411.1178, found: 411.1177.
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10) The synthesis of 3ah
OH

cl .
O CO,Pr!

3ah

3ah, white solid, (120.3 mg, 85% yield). *H-NMR (400 MHz, CDCls) & 8.20-8.25 (m,
1H), 7.87 (d, J = 7.6 Hz, 1H), 7.45-7.55 (m, 2H), 7.15-7.35 (m, 4H), 7.05 (d, J = 7.6
Hz, 1H), 6.57 (d, J = 7.6 Hz, 1H), 5.83 (s, 1H), 5.61 (s, 1H), 5.13 (hept, J = 6.4 Hz, 1H),
1.24 (d, J = 6.4 Hz, 6H); *C-NMR (100 MHz, CDCls) & 21.60, 21.66, 53.06, 69.22,
107.95, 122.67, 122.92, 124.95, 125.03, 126.08, 126.38, 127.01, 127.13, 127.50,
129.08, 129.76, 132.56, 134.43, 140.29, 151.43, 172.52. MS(EIl): m/z (%): 354 (M",
23.69), 356 ([M+2]*, 8.41), 267 (100); HRMS (EI) calcd. for C21H1s03Cl: 354.1023,
found: 354.1028.

11) The synthesis of 3ai
OH

Br .
O CO,Pr!

3ai

3ai, white solid, (136.1 mg, 85% yield). *H-NMR (400 MHz, CDCls) § 8.22-8.26 (m,
1H), 7.87 (d, J = 8.0 Hz, 1H), 7.45-7.55 (m, 3H), 7.40 (d, J = 8.0 Hz, 1H), 7.16-7.26
(m, 2H), 7.07 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 5.87 (bs, 1H), 5.60 (s, 1H),
5.12 (hept, J = 6.4 Hz, 1H), 1.23 (d, J = 6.4 Hz, 6H). 3C-NMR (100 MHz, CDCls) &
21.60, 21.67, 53.03, 69.14, 107.96, 122.66, 122.98, 124.99, 125.06, 126.19, 126.40,
127.03, 127.59, 130.05, 130.41, 131.96, 132.60, 140.67, 151.45, 172.32. MS(EI): m/z

(%): 398 (M*, 17.19), 400 ([M+2]*, 16.89), 231 (100); HRMS (EI) calcd. for

10



C21H1903Br: 398.0518, found: 398.0521.

12) The synthesis of 3aj
OH

MeO |
© O COPr

3aj

3aj, white solid, (122.6 mg, 88% vield). *H-NMR (400 MHz, CDCls) § 8.19 (d, J =
8.0 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.40-7.50 (m, 2H), 7.21-7.25 (m, 1H), 6.99 (d, J
= 8.0 Hz, 1H), 6.85-6.95 (m, 2H), 6.81 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 6.45 (d, J = 8.0
Hz, 1H), 6.22 (s, 1H), 5.61 (s, 1H), 5.12 (hept, J = 6.4 Hz, 1H), 3.74 (s, 3H), 1.24 (d, J
= 6.4 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H); *C-NMR (100 MHz, CDCls) & 21.63, 21.65,
53.44, 55.16, 69.01, 107.97, 112.59, 114.86, 121.43, 122.66, 122.92, 124.77, 124.93,
126.43, 126.52, 126.77, 129.53, 132.67, 139.67, 151.38, 159.67, 173.13. MS(EI): m/z
(%): 350 (M*, 23.36), 263 (100); HRMS (EI) calcd. for C22H2204: 350.1518, found:
350.1524.

13) The synthesis of 3ak
OH

FaC .
3 O CO,Pr!

3ak

3ak, colorless oil, (136.5 mg, 88% yield). *H-NMR (400 MHz, CDCls) & 8.24 (d, J
= 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.64 (s, 1H), 7.40-7.58 (m, 5H), 7.02 (dd, J =
8.0 Hz, 5.2 Hz, 1H), 6.52-6.58 (m, 1H), 6.15 (bs, 1H), 5.72 (s, 1H), 5.16 (hept, J = 6.0
Hz, 1H), 1.25 (d, J = 6.0 Hz, 3H), 1.24 (d, J = 6.0 Hz, 3H); 3C-NMR (100 MHz, CDCl5)

0 172.62, 151.61, 139.25, 132.53, 132.34, 130.88 (q, J = 32 Hz, 1C), 129.02, 127.06,

11



126.47, 125.84, 125.70 (q, J = 4 Hz, 1C), 125.05, 125.01, 124.19 (g, J = 3 Hz, 1C),
124.04 (g, J = 271 Hz, 1C), 122.80, 122.75, 107.93, 69.42, 53.20, 21.59, 21.56. MS(EI):
m/z (%): 388 (M*, 20.94), 301 (100); HRMS (El) calcd. for C22H1903F3: 388.1286,
found: 388.1280.

14) The synthesis of 3al
OH

O COLPY
F

3al

3al, whitesolid, (122.7 mg, 91% yield). *H-NMR (400 MHz, CDCls) § 8.20-8.25 (m,
1H), 7.85-7.90 (m, 1H), 7.45-7.52 (m, 2H), 7.20-7.28 (m, 1H), 6.95-7.15 (m, 4H), 6.60-
6.68 (M, 1H), 5.90-6.10 (m, 1H), 5.93 (s, 1H), 5.16 (m, 1H), 1.26 (d, J = 6.0 Hz, 3H),
1.24 (d, J = 6.0 Hz, 3H); *C-NMR (100 MHz, CDCls) & 21.53, 21.62, 46.30 (d, J = 3.0
Hz, 1C), 69.28, 107.94, 115.16 (d, J = 22 Hz, 1C), 122.81 (d, J = 32 Hz, 1C), 124.06,
124.09, 124.95, 125.00 (d, J = 8 Hz, 1C), 125.75 (d, J = 14 Hz, 1C), 126.16, 126.93,
128.98 (d, J = 8 Hz, 1C), 130.29, 130.32, 132.62, 151.66, 160.54 (d, J = 45 Hz, 1C),
172.76. MS(EI): m/z (%): 338 (M*, 23.17), 251 (100); HRMS (EI) calcd. for
Co1H1903F: 338.1318, found:338.1323.

15) The synthesis of 3am
OH

O CO,Pr
cl

3am

3am, white solid, (105.6 mg, 75% vyield). *H-NMR (400 MHz, CDCls) § 8.20-8.25

(m, 1H), 7.70-7.80 (m, 1H), 7.40-7.50 (m, 3H), 7.19 (dd J = 7.6 Hz, 1.6 Hz, 1H), 7.07-

12



7.13 (m, 2H), 6.98-7.03 (m, 1H) 6.65-6.75 (m, 1H), 6.03 (s, 1H), 5.60-5.90 (m, 1H),
5.18 (hept, J = 6.4 Hz, 1H), 1.28 (d, J = 6.4 Hz, 3H), 1.24 (d, J = 6.4 Hz, 3H); 2*C-
NMR (100 MHz, CDCls) 5 21.56, 21.69, 50.80, 69.27, 107.91, 122.61, 123.14, 125.01,
125.13, 125.18, 126.12, 126.87, 126.99, 128.58, 129.42, 130.32, 132.62, 134.20,
136.43, 151.66, 172.75. MS(EI): m/z (%): 354 (M*, 26.77), 356 ([M+2]", 8.84), 267
(100); HRMS (EI) calcd. for C21H190sCl: 354.1023, found: 354.1023.

16) The synthesis of 3an
OH

O CO,Pr
Br

3an

3an, white solid, (115.0 mg, 72% yield). *H-NMR (400 MHz, CDCls) § 8.17-8.23 (m,
1H), 7.68-7.74 (m, 1H), 7.60 (dd, J =7.6 Hz, 1.6 Hz, 1H), 7.40-7.46 (m, 2H), 7.00-7.15
(m, 4H), 6.64 (d, J = 8.0 Hz, 1H), 6.24 (s, 1H), 6.02 (s, 1H), 5.20 (hept, J = 6.4 Hz, 1H),
1.30 (d, J = 6.4 Hz, 3H), 1.25 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 21.57,
21.73, 53.49, 69.21, 107.88, 122.60, 123.23, 125.01, 125.05, 125.14, 125.45, 126.10,
127.00, 127.49, 128.83, 130.53, 132.62, 132.78, 138.15, 151.67, 172.56. MS(EI): m/z
(%): 398 (M*, 26.76), 400 ([M+2]", 27.02), 231 (100); HRMS (EI) calcd. for
Co1H1903Br: 398.0518, found: 398.0521.

17) The synthesis of 3ao
OH

O e

3ao

3a0, whitesolid, (146.2 mg, 99% yield). 'H-NMR (400 MHz, CDCl3) § 8.20-8.25 (m,
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1H), 8.00 (d, J = 8.4 Hz, 1H), 7.75-7.85 (M, 4H), 7.40-7.50 (m, 5H), 7.00-7.05 (m, 1H),
6.45-6.55 (m, 1H), 6.03 (bs, 1H), 5.83 (s, 1H), 5.19 (hept, J = 6.4 Hz, 1H), 1.29 (d, J =
6.4 Hz, 3H), 1.25 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 21.64, 21.65,
53.61, 69.17, 108.03, 122.70, 122.90, 124.78, 124.99, 125.92, 126.10, 126.38, 126.79,
126.82, 127.19, 127.55, 127.58, 127.93, 128.25, 132.55, 132.69, 133.38, 135.60,
151.46, 173.43. MS(EIl): m/z (%): 370 (M", 23.62), 283 (100); HRMS (EI) calcd. for
CasH2203: 370.1569, found: 370.1571

18) The synthesis of 3ba
OH

SO

Ph CO,Me
3ba

3ba, colorless oil, (71.5 mg, 58% yield). *H-NMR (400 MHz, CDsOD) § 8.11 (dd, J
= 8.4 Hz, 0.8 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 7.26-7.33 (m, 3H), 7.11-7.23 (m, 4H),
6.63 (s, 1H), 5.65 (s, 1H), 3.65 (s, 3H), 2.12 (s, 2H); 3C-NMR (100 MHz, CDCls) &
30.66, 52.54, 101.28, 110.19, 122.23, 122.31, 123.59, 123.74, 127.50, 127.78, 128.90,
130.38, 135.31, 140.27, 154.26, 155.25, 177.27. MS(EI): m/z (%): 308 (M*, 3.12), 247
(100); HRMS (EI) calcd. for C19H1604: 308.1049, found: 308.1047.

19) The synthesis of 3ca

OH

MeO I I

Ph” ~CO,Me

3ca
3ca, colorlessoil, (120.3 mg, 93% vyield). *H-NMR (400 MHz, CDCls) § 8.14 (d, J =
9.2 Hz, 1H), 7.25-7.38 (m, 5H), 7.17 (d, J = 2.4 Hz, 1H), 7.12 (dd, J = 9.2 Hz, 2.4 Hz,
1H), 7.03 (d, J = 8.0 Hz, 1H), 6.48 (d, J = 7.6 Hz, 1H), 5.93 (bs, 1H), 5.60 (s, 1H), 3.83
(s, 3H), 3.79 (s, 3H); ¥C-NMR (100 MHz, CDCls) & 52.49, 53.74, 55.13, 102.35,
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106.03, 116.95, 120.03, 124.38, 125.49, 127.21, 127.34, 128.63, 128.94, 134.06, 137.89,
151.55, 158.41, 173.89. MS(EI): m/z (%): 322 (M*, 6.61), 195 (100); HRMS (EI) calcd.
for CooH1804: 322.1205, found: 322.1207.

20) The synthesis of 3da

OH

MeO E O

Ph” “CO,Me
3da
3da, colorless oil, (124.6 mg, 97% yield). *H-NMR (400 MHz, CDCls) § 7.82 (d, J
= 9.2 Hz, 1H), 7.50 (d, J = 2.8 Hz, 1H), 7.25-7.38 (m, 5H), 7.16 (dd, J = 9.2 Hz, 2.4
Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.54 (d, J = 8.0 Hz, 1H), 6.32 (s, 1H), 5.70 (s, 1H),
3.90 (s, 3H), 3.80 (s, 3H); 3C-NMR (100 MHz, CDCls) & 52.61, 53.31, 55.28, 101.06,
108.51, 119.42,124.07,124.61, 126.08, 126.33, 127.30, 127.99, 128.61, 128.88, 138.00,
150.52, 156.87, 174.30. MS(E1): m/z (%): 322 (M*, 39.31), 84 (100); HRMS (EI) calcd.
for C20H1804: 322.1205, found: 322.1210.

21) The synthesis of 3ea

OH

MeOZC O E

Ph” ~CO,Me
3ea
3ea, colorlessoil, (112.4 mg, 80% yield). *H-NMR (400 MHz, CDCls) & 8.98 (s, 1H),
8.06 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 8.8 Hz, 1H), 7.25-7.40 (m, 5H), 7.13 (d, J = 8.0
Hz, 1H), 6.97 (s, 1H), 6.66 (d, J = 8.0 Hz, 1H), 5.71 (s, 1H), 3.97 (s, 3H), 3.80 (s, 3H);
13C-NMR (100 MHz, CDCls) § 52.29, 52.72, 53.11, 108.80, 123.13, 124.29, 125.99,
126.10, 126.27, 127.48, 128.75, 128.87, 129.41, 134.66, 137.58, 152.90, 167.48,
174.09. MS(EI): m/z (%): 350 (M*, 32.26), 43 (100); HRMS (EI) calcd. for C21H150s:
350.1154, found: 350.1156.
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22) The synthesis of 3fa

O

Ph” ~CO,Me
3fa

3fa, colorless oil, (130.1 mg, 88% yield). *H-NMR (400 MHz, CDCls) & 8.34 (d, J =
2.0 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.55 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 7.28-7.38 (m,
5H), 6.99 (d, J = 8.0 Hz, 1H), 6.50 (d, J = 8.0 Hz, 1H), 6.14 (s, 1H), 5.65 (s, 1H), 3.80
(s, 3H); 3C-NMR (100 MHz, CDCls) & 52.78, 53.18, 108.96, 119.22, 124.67, 125.27,
126.14, 126.43, 127.04, 127.52, 128.76, 128.85, 130.24, 131.02, 137.49, 150.57,
174.15. MS(EI): m/z (%): 370 (M*, 34.87), 372 ([M+2]*, 35.18), 311 (100); HRMS (EI)
calcd. for C19H1503Br: 370.0205, found: 370.0202.

23) The synthesis of 3ga

OH OH

Ph™ ~CO,Pr'
3ga
3ga, colorlessoil, (70.2 mg, 52% yield). *H-NMR (400 MHz, CDCls) § 7.20-7.40 (m,
8H), 6.81 (d, J = 8.0 Hz, 1H), 6.65 (d, J = 7.6 Hz, 1H), 6.41 (d, J = 8.0 Hz, 1H), 5.56
(s, 1H), 5.17 (hept, J = 6.0 Hz, 1H), 1.31 (d, J = 6.0 Hz, 3H), 1.24 (d, J = 6.0 Hz, 3H);
13C-NMR (100 MHz, CDCl3) § 21.52, 21.67, 54.15, 69.61, 108.21, 109.53, 114.70,
114.94,125.83,127.39,127.42,127.64,128.72, 128.96, 134.74, 137.53, 153.16, 154.26,
174.60. MS(EI): m/z (%): 336 (M", 1.62), 84 (100); HRMS (EI) calcd. for Ca1H2004:
336.1362, found: 336.13609.

24) The synthesis of 3ha
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Ph OH

Ph CO,Me
3ha

3ha, colorless oil, (130.2 mg, 88% vyield). *H-NMR (400 MHz, CDCl3) § 8.03 (d, J =
8.4 Hz, 1H), 7.45-7.56 (m, 6H), 7.25-7.40 (m, 6H), 7.23 (dd, J = 7.2 Hz, 1.2 Hz, 1H),
6.88 (d, J = 8.0 Hz, 1H), 5.78 (s, 1H), 5.49 (s, 1H), 3.80 (s, 3H); *C-NMR (100 MHz,
CDCls) 6 52.46,53.77, 111.19, 121.82, 123.68, 125.47, 126.69, 127.35, 127.72, 128.50,
128.60, 128.65, 128.94, 129.35, 129.40, 133.45, 137.02, 138.12, 141.23, 152.83,
173.56. MS(EI): m/z (%): 368 (M*, 38.32), 309 (100); HRMS (EI) calcd. for C25H200s:
368.1412, found: 368.1411.

25) The synthesis of 3ia

OH

A

Ph” “CO,Me
3ia
3ia, yellowsolid, (136.6 mg, 91% yield). *H-NMR (400 MHz, Acetone-ds) 5 9.40 (s,
1H), 8.48 (s, 1H), 8.03 (d, J = 8.8 Hz, 1H), 7.70-7.80 (m, 2H), 7.25-7.40 (m, 6H), 6.95
(d, J=7.6 Hz, 1H), 6.64 (d, J = 16.0 Hz, 1H), 5.79 (s, 1H), 3.77 (s, 3H), 3.72 (s, 3H);
1BC-NMR (100 MHz, Acetone-ds) & 51.76, 52.52, 53.55, 109.28, 118.73, 125.15,
126.17, 127.02, 127.98, 129.04, 129.30, 129.84, 131.57, 134.33, 139.68, 145.31,
154.37, 167.57, 173.79. HRMS (ESI) calcd. for Co3H210s [M+1]*: 377.1384, found:
377.1389.

26) The synthesis of 3ja
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Ac/N_>—\ CO,Me
8 Ph
3ja

3ja, colorless oil, (184.2 mg, 94% yield, d.r. = 3:1). *H-NMR (400 MHz, CDCls) §
8.25-8.35 (m, 1H), 7.85-8.00 (m,1H), 7.45-7.60 (m, 2H), 7.20-7.40 (m, 6H), 6.70-6.80
(m, 1H), [5.72 (s, 0.27), 5.70 (s, 0.73)], [5.60-5.65 (M, 0.73), 5.45-5.55 (s, 0.27)], [4.45-
4.55 (m, 0.27), 4.00-4.10 (s, 0.73)], 4.20-4.35 (m, 2H), [3.80-3.90 (m, 0.73), 3.60-3.70
(s, 0.27)], [3.80-3.90 (m, 0.27), 3.35-3.45 (s, 0.73)], 3.75 (s, 3H), [2.24 (s, 0.81H), 2.16
(s, 2.19)], [2.11 (s, 0.81H), 2.08 (s, 2.19)], 1.20-1.35 (m, 6H); C-NMR (100 MHz,
CDCls) 5 [20.09, 20.86], [20.51, 21.00], 21.61, [21.95, 22.63], [41.33, 45.42], [47.21,
49.40], 52.27, 53.10, [66.91, 68.33], [70.79, 71.44], 104.17, [122.17, 122.58], [122.90,
123.07], [125.07, 125.36], [125.74, 125.93], [126.20, 126.33], [126.83, 126.93],
[127.18, 127.27], [128.49, 128.54], 128.79, [132.38, 132.47], 138.06, [153.33, 153.88],
[170.05, 170.38], 171.21, [173.24, 173.34]. MS(EI): m/z (%): 491 (M*, 0.25), 200 (100);
HRMS (EI) calcd. for C29H33NOs: 491.2308, found: 491.2303.

27) The synthesis of 4aa
OH Ph

4aa

4aa, colorless oil, (95.6 mg, 82% yield). *H-NMR (400 MHz, CDCls) § 8.77 (s, 1H),
8.25-8.35 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.15-7.30 (m, 6H), 5.21 (s,
1H), 3.84 (s, 3H); 3C-NMR (100 MHz, CDCl) & 53.26, 55.86, 116.04, 120.28, 122.55,
125.39, 126.32, 126.61, 127.23, 127.52, 128.74, 129.03, 134.42, 136.62, 151.35,
176.55. MS(EI): m/z (%): 292 (M*, 15.46), 231 (100); HRMS (EI) calcd. for C1oH1603:
292.1099, found: 292.1108.
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28) The synthesis of 4ab
OH Ph

4ab

4ab, colorless oil, (105.8 mg, 87% yield). 'H-NMR (400 MHz, CDCls) § 9.04 (s, 1H),
8.25-8.35 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.15-7.30 (m, 6H), 5.17 (s,
1H), 4.20-4.40 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H); *C-NMR (100 MHz, CDCl3) & 14.04,
56.29, 62.59, 115.96, 120.16, 122.69, 125.33, 126.41, 126.59, 127.18, 127.44, 127.47,
128.71, 129.20, 134.44, 136.75, 151.55, 176.25. MS(EI): m/z (%): 306 (M*, 14.98),
231 (100); HRMS (ElI) calcd. for C2oH1803: 306.1256, found: 306.1262.

29) The synthesis of 4ac
OH Ph

COZPri

4ac

4ac, colorless oil, (117.2 mg, 91% vyield). *H-NMR (400 MHz, CDCl3) § 9.26 (s, 1H),
8.30-8.40 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.15-7.30 (m, 6H), 5.15 (hept,
J = 6.4 Hz, 1H), 5.12 (s, 1H), 1.35 (d, J = 6.4 Hz, 3H), 1.27 (d, J = 6.4 Hz, 3H); 13C-
NMR (100 MHz, CDCls) 6 21.59, 21.69, 56.68, 70.60, 115.89, 120.07, 122.78, 125.28,
126.48, 126.57, 127.15, 127.36, 127.42, 128.69, 129.34, 134.45, 136.87, 151.69,
175.88. MS(EI): m/z (%): 320 (M*, 15.59), 231 (100); HRMS (EI) calcd. for C21H200s:
320.1412, found: 320.1415.

30) The synthesis of 4ad
OH Ph

4ad

4ad, colorless oil, (120.7 mg, 90% yield). *H-NMR (400 MHz, CDCls) § 9.43 (s, 1H),
8.30-8.40 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.15-7.30 (m, 6H), 5.05 (s,
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1H), 1.52 (s, 9H); 3C-NMR (100 MHz, CDCls) 5 27.94, 57.61, 83.94, 116.12, 119.92,
122.84,125.20, 126.51, 127.11, 127.30, 128.63, 129.48, 134.41, 137.17, 151.78, 175.85.
MS(EI): m/z (%): 334 (M*, 6.23), 231 (100); HRMS (EI) calcd. for C22H2203: 334.1569,
found: 334.1576.

31) The synthesis of 4ae
Cl

OH I
O o

4ae

4ae, light yellow oil, (125.2 mg, 88% yield). *H-NMR (400 MHz, CDCls) § 9.18 (s,
1H), 8.30-8.40 (m, 1H), 7.80-7.85 (m, 1H), 7.40-7.55 (m, 3H), 7.15-7.30 (m, 5H), 5.21
(hept, J = 6.4 Hz, 1H), 5.13 (s, 1H), 1.39 (d, J = 6.4 Hz, 3H), 1.31 (d, J = 6.4 Hz, 3H);
13C-NMR (100 MHz, CDCl) § 21.53, 21.66, 55.89, 70.82, 115.66, 120.30, 122.65,
125.42, 126.41, 126.70, 127.20, 128.80, 128.82, 129.00, 133.33, 134.47, 135.40,
151.53, 175.49. MS(EI): m/z (%): 354 (M*, 14.58), 356 ([M+2]*, 5.02), 231 (100);
HRMS (EI) calcd. for C21H1903ClI: 354.1023, found: 354.1018.

32) The synthesis of 4af
Br

OH O
(L

4af
4af, colorless oil, (130.0 mg, 82% yield). *H-NMR (400 MHz, CDCls) § 9.15 (s, 1H),
8.32-8.38 (m, 1H), 7.78-7.84 (m, 1H), 7.48-7.55 (m, 2H), 7.40-7.46 (m, 3H), 7.23 (d, J
= 8.4 Hz, 1H), 7.15 (d, J = 8.4 Hz, 2H), 5.20 (hept, J = 6.4 Hz, 1H), 5.10 (s, 1H), 1.39

(d, J = 6.4 Hz, 3H), 1.30 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 21.54,
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21.67, 55.96, 70.85, 115.58, 120.31, 121.48, 122.65, 125.43, 126.41, 126.72, 127.20,
129.00, 129.17, 131.76, 134.48, 135.94, 151.53, 175.42. MS(El): m/z (%): 398 (M*,
7.77), 400 ([M+2]"*, 7.90), 231 (100); HRMS (El) calcd. for C21H103Br: 398.0518,
found: 398.0532.

33) The synthesis of 4ag
Me

OH O
LY o

4ag

4ag, colorless oil, (117.7 mg, 88% yield). *H-NMR (400 MHz, CDCls) § 9.25 (s, 1H),
8.25-8.35 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.15-7.30 (m, 5H), 5.15 (hept,
J=6.4 Hz, 1H), 5.08 (s, 1H), 2.28 (s, 3H), 1.34 (d, J = 6.4 Hz, 3H), 1.27 (d, J = 6.4 Hz,
3H); *C-NMR (100 MHz, CDCls) & 20.97, 21.58, 21.68, 56.34, 70.51, 116.07, 120.00,
122.79, 125.22, 126.47, 126.51, 127.12, 127.21, 129.33, 129.38, 133.84, 134.40,
137.09, 151.64, 176.03. MS(EI): m/z (%): 334 (M*, 16.49), 231 (100); HRMS (EI)
calcd. for C22H2203: 334.1569, found: 334.1563.

34) The synthesis of 4a0
OMe

OH O
L oo

4ao

430, yellow oil, (73.8 mg, 53% vyield). *H-NMR (500 MHz, CDCls) § 9.31 (s, 1H),
8.32-8.36 (M, 1H), 7.75-7.82 (m, 1H), 7.45-7.52 (m, 2H), 7.40 (d, J = 8.5 Hz, 1H), 7.21
(d, J = 8.5 Hz, 1H), 7.16 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 5.17 (hept, J =
6.5 Hz, 1H), 5.06 (s, 1H), 3.76 (s, 3H), 1.36 (d, J = 6.5 Hz, 3H), 1.28 (d, J = 6.5 Hz,
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3H); *C-NMR (125 MHz, CDCls) & 21.61, 21.72, 55.22, 55.99, 70.56, 114.05, 116.06
120.02, 122.79, 125.26, 126.44, 126.55, 127.13, 128.47, 128.80, 129.32, 134.38,
151.62, 158.79, 176.17. HRMS (ESI) calcd. for [C22H2204 + Na]*: 373.1410, found:
373.1416.

35) The synthesis of 4ap
CF;

OH O
OO CO,Pri

4ap

4ap, yellow oil, (80.2 mg, 52% yield). *H-NMR (500 MHz, CDCl3) § 9.17 (s, 1H),
8.45-8.52 (m, 1H), 7.30-7.35 (m, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.50-7.58 (m, 2H), 7.49
(d, J = 8.5 Hz, 1H), 7.40 (d, J = 8.5 Hz, 2H), 7.26 (d, J = 8.5 Hz, 1H), 5.23 (hept, J =
6.0 Hz, 1H), 5.21 (s, 1H), 1.41 (d, J = 6.0 Hz, 3H), 1.32 (d, J = 6.0 Hz, 3H); 3C-NMR
(100 MHz, CDCls) 6 21.52, 21.65, 56.21, 71.06, 115.41, 120.47, 122.60, 123.98 (q, J
= 270 Hz, 1C), 125.53, 125.61 (q, J = 3.8 Hz, 1C), 126.40, 126.82, 127.26, 127.83,
128.95, 129.65 (g, J =32.5 Hz, 1C), 134.53, 140.89, 151.56, 175.30; HRMS (ESI) calcd.
for [C22H19F303+Na]™: 411.1178, found: 411.1189.

36) The synthesis of 4ah

l Cl
OH
(I e

4ah

4ah, colorless oil, (116.9 mg, 79% yield). *H-NMR (400 MHz, CDCls) § 9.26 (s, 1H),
8.25-8.35 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.10-7.25 (m, 5H), 5.01 (s,

1H), 1.52 (s, 9H); *C-NMR (100 MHz, CDCls) § 27.91, 57.04, 84.33, 115.66, 120.19,
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122.77, 125.35, 125.56, 126.50, 126.67, 127.18, 127.55, 127.64, 129.17, 129.83,
134.48, 134.50, 139.25, 151.68, 175.20. MS(EI): m/z (%): 368 (M*, 0.93), 370 ([M+2]*,
1.29), 231 (100); HRMS (EI) calcd. for C2;H2105Cl: 368.1179, found:368.1182.

37) The synthesis of 4ai

O Br
OH
(L oo

4ai

4ai, colorless oil, (133.2 mg, 81% yield). *H-NMR (400 MHz, CDCls) § 9.27 (s, 1H),
8.30-8.40 (m, 1H), 7.75-7.85 (m, 1H), 7.35-7.55 (m, 5H), 7.10-7.25 (m, 3H), 5.03 (s,
1H), 1.55 (s, 9H); 3C-NMR (100 MHz, CDCls) § 27.92, 56.99, 84.35, 115.65, 120.20

122.70, 122.77, 125.36, 126.02, 126.50, 126.68, 127.18, 129.15, 130.13, 130.49,
130.53, 134.48, 139.51, 151.66, 175.17. MS(EI): m/z (%): 412 (M*, 2.00), 414 ([M+2]*,
1.84), 231 (100); HRMS (EI) calcd. for C22H»103Br: 412.0674, found:412.0668.

38) The synthesis of 4aj

l OMe
OH
LY e

4aj

4aj, colorless oil, (105.6 mg, 75% yield). *H-NMR (400 MHz, CDCls) § 9.23 (s, 1H),
8.30-8.35 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.15-7.25 (m, 2H), 6.70-6.85
(m, 3H), 5.16 (hept, J = 6.4 Hz, 1H), 5.09 (s, 1H), 3.70 (s, 3H), 1.35 (d, J = 6.4 Hz, 3H),
1.27 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCl3) & 21.56, 21.67, 55.09, 56.51,
70.58, 112.44, 113.63, 115.88, 119.71, 120.06, 122.74, 125.25, 126.43, 126.54, 127.13,
129.26, 129.64, 134.43, 138.40, 151.63, 159.77, 175.67. MS(EI): m/z (%): 350 (M",
29.71), 231 (100); HRMS (EI) calcd. for C22H2,04: 350.1518, found: 350.1526.
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39) The synthesis of 4ak

OH F
DO S

4ak

4ak, colorless oil, (103.3 mg, 76% yield). *H-NMR (400 MHz, CDCls) § 8.75 (s, 1H),
8.25-8.35 (m, 1H), 7.70-7.80 (m, 1H), 7.35-7.50 (m, 3H), 7.20-7.30 (m, 2H), 6.95-7.15
(m, 3H), 5.24 (s, 1H), 5.13 (hept, J = 6.4 Hz, 1H), 1.33 (d, J = 6.4 Hz, 3H), 1.21 (d, J =
6.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 21.37,21.47, 50.82, 70.62, 113.79, [115.36,
J =22 Hz, 1C], 120.43, 122.63, [123.65, J = 15 Hz, 1C], [124.22, J = 4 Hz, 1C], 125.40,
126.20, 126.71, 127.25, [129.32, J = 25 Hz, 1C], 129.37, 134.53, 151.85, 159.46,
161.91, 174.94.

40) The synthesis of 4al

OH I Cl
(Y o

4al

4al, colorless oil, (110.1 mg, 75% yield). *H-NMR (400 MHz, CDCls) § 8.25-8.35 (m,
1H), 8.26 (s, 1H), 7.75-7.85 (m, 1H), 7.40-7.50 (m, 4H), 7.10-7.30 (m, 4H), 5.34 (s,
1H), 1.46 (s, 9H); *C-NMR (100 MHz, CDCls) § 27.76, 54.98, 83.61, 114.63, 120.44,
122.52, 125.37, 126.03, 126.64, 127.00, 127.29, 128.89, 129.17, 129.81, 130.00,
134.18, 134.31, 134.39, 151.58, 174.03. MS(EI): m/z (%): 368 (M", 2.63), 370 ([M+2]",
0.96), 231 (100); HRMS (EI) calcd. for C22H2104Cl: 368.1179, found: 368.1187.

41) The synthesis of 4am
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OH O Br
(L) e

4am

4am, yellow oil, (113.3 mg, 69% yield). *H-NMR (400 MHz, CDCls) & 8.25-8.35 (m,
1H), 8.07 (s, 1H), 7.75-7.85 (m, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.45-7.55 (m, 2H), 7.41
(d, J = 8.4 Hz, 1H), 7.10-7.30 (m, 4H), 5.39 (s, 1H), 1.47 (s, 9H); 3C-NMR (100 MHz,
CDCls) 6 27.80, 56.85, 83.58, 115.26, 120.47, 122.42, 124.78, 125.40, 125.97, 126.62
127.33, 127.66, 128.96, 129.12, 130.32, 133.22, 134.34, 136.22, 151.28, 173.69.
MS(EI): m/z (%): 412 (M*, 1.49), 414 ([M+2]*, 1.50), 231 (100); HRMS (EI) calcd.
for C22H2103Br: 412.0674, found:412.0677.

42) The synthesis of 4an

OHI

=

4an

4an, colorless oil, (123.5 mg, 83% vyield). *H-NMR (400 MHz, CDCls) § 9.25 (s, 1H),
7.35-7.45 (m, 1H), 7.70-7.90 (m, 5H), 7.45-7.55 (m, 5H), 7.41 (d, J = 8.4 Hz, 1H), 7.34
(d, J = 8.4 Hz, 1H), 5.35 (s, 1H), 5.26 (hept, J = 6.4 Hz, 1H), 1.43 (d, J = 6.4 Hz, 3H),
1.35 (d, J = 6.4 Hz, 3H); *C-NMR (100 MHz, CDCls) & 21.59, 21.72, 56.66, 70.64,
115.96, 120.14, 122.77, 125.30, 125.56, 126.07, 126.11, 126.21, 126.46, 126.60, 127.18,
127.49, 128.06, 128.48, 129.29, 132.55, 133.26, 134.22, 134.46, 151.71, 175.65.
MS(EI): miz (%): 370 (M*, 11.25), 281 (100); HRMS (EI) calcd. for CsH220s:
370.1569, found: 370.1561.

43) The synthesis of 4bd
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OH Ph

OH

4bd

4bd, colorless oil, (104.4 mg, 75% yield). *H-NMR (400 MHz, CDCls) & 8.98 (s, 1H),
8.17 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.8 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.31 (t, J =
7.6 Hz, 1H), 7.15-7.25 (m, 5H), 6.52 (s, 2H), 5.80 (s, 1H), 1.50 (s, 9H); *C-NMR (100
MHz, CDCls) 6 27.94, 49.43, 83.77, 103.12, 107.63, 120.96, 121.63, 122.31, 122.71,
127.03, 127.37, 127.60, 128.48, 134.23, 137.51, 153.07, 154.33, 176.32. MS(EI): m/z
(%): 350 (M*, 0.83), 247 (100); HRMS (EI) calcd. for C22H2204: 350.1518, found:
350.1511.

44) The synthesis of 4cd
OH Ph

(oo

Br 4cd

4cd, yellow oil, (137.5 mg, 83% vyield). *H-NMR (400 MHz, CDCls) § 9.71(s, 1H),
8.34 (d, J = 8.4 Hz, 1H), 7.70-7.80 (m, 2H), 7.20-7.35 (m, 7H), 5.06 (s, 1H), 1.52 (s,
9H); 3C-NMR (100 MHz, CDCl3) & 27.92, 57.65, 84.28, 117.04, 119.06, 122.08,
122.93, 125.39, 127.19, 127.43, 127.91, 128.71, 130.56, 130.78, 132.95, 136.83,
151.97, 175.89. MS(EI): m/z (%): 412 (M", 3.90), 414 ([M+2]*, 4.03), 311 (100);
HRMS (EI) calcd. for C22H2103Br: 412.0674, found: 412.0668.

45) The synthesis of 4dd

OH Ph

MeO

4dd

4dd, colorless oil, (124.9 mg, 86% yield). *H-NMR (400 MHz, CDCl3) § 9.46 (s, 1H),
8.30 (d, J = 9.2 Hz, 1H), 7.10-7.40 (m, 9H), 5.07 (s, 1H), 3.94 (s, 3H), 1.57 (s, 9H);
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13C-NMR (100 MHz, CDCl3) § 27.93, 55.24, 57.50, 83.87, 105.26, 114.24, 117.65,
118.81, 121.76, 124.64, 127.26, 128.60, 130.26, 135.86, 137.36, 152.00, 158.31, 176.01.
MS(EI): m/z (%): 364 (M*, 8.73), 261 (100); HRMS (EI) calcd. for C23H2404: 364.1675,
found:364.1680.

46) The synthesis of 4ed
OH Ph

MeO

4ed

4ed, colorless oil, (126.8 mg, 86% yield). *H-NMR (400 MHz, CDCls) § 9.46 (s, 1H),
7.60-7.70 (m, 2H), 7.05-7.40 (m, 8H), 5.03 (s, 1H), 3.91 (s, 3H), 1.53 (s, 9H); 3C-NMR
(100 MHz, CDCl3) 6 27.94, 55.28,57.71, 83.96, 100.81, 116.77, 119.50, 119.75, 127.11,
127.23, 127.27, 127.52, 128.62, 128.70, 129.90, 137.22, 150.73, 157.45, 176.05.
MS(EI): m/z (%): 364 (M*, 8.02), 261 (100); HRMS (EI) calcd. for C23Ho404: 364.1675,
found: 364.1671.

47) The synthesis of 4fd
OH Ph

MeO,C

4fd

4-4fd, light yellow oil, (133.3 mg, 85% yield). *H-NMR (400 MHz, CDCls) § 9.76 (s,
1H), 9.12 (s, 1H), 8.06 (dd, J = 8.4 Hz, 1.6 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.40 (d,
J = 8.4 Hz, 1H), 7.20-7.35 (m, 6H), 5.07 (s, 1H), 3.94 (s, 3H), 1.53 (s, 9H); 3C-NMR
(100 MHz, CDCls) 6 27.90, 52.04, 57.52, 84.21, 117.10, 119.61, 125.70, 125.94, 126.34,
126.68, 127.26, 127.37, 127.42, 128.70, 132.05, 136.41, 136.89, 152.99, 167.37,
175.72. MS(EI): m/z (%): 392 (M*, 3.96), 289 (100); HRMS (EI) calcd. for C24H240s:
392.1624, found: 392.1628.

48) The synthesis of 4gd
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OH Ph

B

4gd
4gd, colorless oil, (138.5 mg, 84% yield). *H-NMR (400 MHz, CDCl3) § 9.57 (s, 1H),
8.43 (s, 1H), 7.53 (d, J = 8.8 Hz, 1H), 7.44 (dd, J = 8.8 Hz, 1.6 Hz, 1H), 7.10-7.30 (m,
7H), 4.95 (s, 1H), 1.44 (s, 9H); 3C-NMR (100 MHz, CDCls) & 27.92, 57.73, 84.27,
117.16, 119.37,119.74, 125.48, 127.20, 127.43,127.71, 128.71, 128.77, 129.86, 129.96,
132.78, 136.86, 151.05, 175.85. MS(EI): m/z (%): 412 (M*, 4.17), 414 ([M+2]*, 4.08),
311 (100); HRMS (EI) calcd. for C22H2103Br: 412.0674, found: 412.0666.

49) The synthesis of 4hd
OH OH Ph

4hd

4hd, colorless oil, (92.7 mg, 66% yield). *H-NMR (400 MHz, CDCls) § 10.97 (s, 1H),
9.81 (s, 1H), 7.20-7.35 (m, 8H), 7.11 (d, J = 8.4 Hz, 1H), 6.77 (dd, J = 6.8 Hz, 1.6 Hz,
1H), 5.08 (s, 1H),1.54 (s, 9H); 3C-NMR (100 MHz, CDCls) & 27.92, 56.74, 84.46,
109.87, 115.96, 116.68, 118.77, 120.72, 127.35, 127.38, 127.50, 128.66, 129.09, 136.57,
136.97, 152.06, 154.84, 176.72. MS(E1): m/z (%): 350 (M*, 6.39), 247 (100); HRMS
(EI) calcd. for C22H2204: 350.1518, found: 350.1514.

50) The synthesis of 7a

Ph CO,Et
CLr
7a

7a, colorless oil, (117.0 mg, 95% yield). *H-NMR (400 MHz, CDCls) § 8.45 (s, 1H),
8.01 (d, J=8.4 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.8 Hz, 1H), 7.49 (t, J =
7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.10-7.30 (m, 6H), 5.99 (s, 1H), 4.36 (9, J = 7.2
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Hz, 1H), 4.23 (q, J = 7.2 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H); 1*C-NMR (100 MHz, CDCl)
0 14.05, 48.51, 62.49, 114.62, 120.53, 121.70, 123.20, 127.12, 127.30, 127.48, 128.58,
128.91, 129.39, 130.34, 133.30, 136.61, 154.08, 176.22. MS(EI): m/z (%): 306 (M",
5.40), 231 (100); HRMS (EI) calcd. for C2H1803: 306.1256, found: 306.1258.

51) The synthesis of 7b

Ph.__CO,Pr'

C

7b

7b, colorless oil, (121.3 mg, 95% yield). *H-NMR (400 MHz, CDCls) § 8.75 (s, 1H),
8.02 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 9.2 Hz, 1H), 7.49 (t, J =
8.4 Hz, 1H), 7.35 (t, J = 7.2 Hz, 1H), 7.10-7.30 (m, 6H), 5.96 (s, 1H), 5.17 (hept, J =
6.4 Hz, 1H), 1.37 (d, J = 6.4 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz,
CDCls) 6 21.51, 21.77, 48.81, 70.52, 114.47, 120.69, 121.65, 123.14, 127.07, 127.26,
127.33, 128.58, 128.90, 129.36, 130.31, 133.37, 136.72, 154.29, 175.88. MS(EI): m/z
(%): 320 (M*, 26.30), 233 (100); HRMS (EI) calcd. for Ca1H200s: 320.1412, found:
320.1416.

52) The synthesis of 7c

Me
O CO2PI’J
Oy

7c

7¢, colorless oil, (107.7 mg, 81% vyield). *H-NMR (400 MHz, CDCls) & 8.80 (s, 1H),
8.05 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.53 (t, J =
8.4 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.00-7.10 (m, 4H), 5.96
(s, 1H), 5.20 (hept, J = 6.4 Hz, 1H), 2.32 (s, 3H), 1.41 (d, J = 6.4 Hz, 3H), 1.24 (d, J =
6.4 Hz, 3H); *C-NMR (100 MHz, CDCls) § 20.98, 21.52, 21.78, 48.52, 70.46, 114.57,
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120.76, 121.66, 123.10, 127.04, 127.18, 128.89, 129.32, 129.36, 130.24, 133.39,
133.66, 136.94, 154.33, 176.03. MS(EI): m/z (%): 334 (M*, 11.86), 231 (100); HRMS
(El) calcd. for C22H2203: 334.1569, found: 334.1563.

53) The synthesis of 7d

cl
O CO,Pr
c

7d

7d, colorless oil, (140.2 mg, 99% yield). *H-NMR (400 MHz, CDCls) § 8.49 (s, 1H),
7.96 (d, J = 8.8 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.8 Hz, 1H), 7.49 (t, J =
8.4 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H), 7.10-7.25 (m, 5H), 5.88 (s, 1H), 5.16 (hept, J =
6.4 Hz, 1H), 1.35 (d, J = 6.4 Hz, 3H), 1.19 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz,
CDCls) 6 21.47, 21.75, 48.25, 70.65, 114.47, 120.45, 121.60, 123.28, 127.19, 128.68,
128.96, 129.41, 130.47, 133.10, 133.18, 135.37, 153.94, 175.42. MS(EI): m/z (%): 354
(M*, 6.74), 231 (100); HRMS (EI) calcd. for Co1H1905Cl: 354.1023, found: 354.1019.
54) The synthesis of 7e

Br
O CO,Pr
soN

Te

7e, colorless oil, (159.5 mg, 99% vyield). *H-NMR (400 MHz, CDCls) & 8.50 (s, 1H),
7.99 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.50-7.55
(m, 1H), 7.35-7.40 (m, 3H), 7.18 (d, J = 8.8 Hz, 1H), 7.09 (d, J = 8.4 Hz, 2H), 5.89 (s,
1H), 5.19 (hept, J = 6.4 Hz, 1H), 1.38 (d, J = 6.4 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H); 13C-
NMR (100 MHz, CDCl) 6 21.46, 21.75, 48.32, 70.65, 114.42, 120.43, 121.23, 121.59,
123.29, 127.19, 128.96, 129.32, 129.41, 130.48, 131.62, 133.17, 135.92, 153.92,

175.31. MS(EI): m/z (%): 398 (M*, 5.08), 400 ([M+2]*, 5.56), 231 (100); HRMS (EI)
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calcd. for C21H1903Br: 398.0518, found: 398.0517.

55) The synthesis of 7f
Br

7f, colorless oil, (130.9 mg, 82% vyield). *H-NMR (400 MHz, CDCls) & 8.47 (s, 1H),
7.98 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.8 Hz, 1H), 7.50-7.55
(m, 1H), 7.30-7.40 (m, 3H), 7.10-7.20 (m, 3H), 5.91 (s, 1H), 5.19 (hept, J = 6.4 Hz,
1H), 1.38 (d, J = 6.4 Hz, 3H), 1.22 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCl3) &
21.46, 21.76, 48.44, 70.70, 114.22, 120.42, 121.58, 122.65, 123.30, 126.28, 127.22,
128.97, 129.42, 130.08, 130.43, 130.55, 130.66, 133.17, 139.19, 153.93, 175.13.
MS(EI): m/z (%): 398 (M*, 7.14), 400 ([M+2]*, 7.35), 231 (100); HRMS (EI) calcd.
for C21H1903Br: 398.0518, found: 398.0514.

56) The synthesis of 7g
OMe

O CO,PY’
oo8

79
79, colorless oil, (116.7 mg, 83% yield). *H-NMR (400 MHz, CDCls) § 8.78 (s, 1H),
8.04 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.8 Hz, 1H), 7.45-7.55
(m, 1H), 7.37 (t, J = 7.2 Hz, 1H), 7.15-7.25 (m, 2H), 6.70-6.85 (m, 3H), 5.96 (s, 1H),
5.19 (hept, J = 6.4 Hz, 1H), 3.72 (s, 3H), 1.40 (d, J = 6.4 Hz, 3H), 1.24 (d, J = 6.4 Hz,
3H); *C-NMR (100 MHz, CDCls) 6 21.51, 21.77, 48.81, 55.07, 70.53, 112.17, 113.71,

114.33, 119.72, 120.69, 121.62, 123.12, 127.06, 128.89, 129.37, 129.55, 130.34, 133.38,
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138.31, 154.36, 159.71, 175.69. MS(EI): m/z (%): 350 (M*, 10.68), 231 (100); HRMS
(El) calcd. for C22H2204: 350.1518, found: 350.1515.

57) The synthesis of 7h

F
‘ CO,PY
son

7h

7h, white solid, (127.1 mg, 94% yield). *H-NMR (400 MHz, CDCls) § 8.15 (s, 1H),
7.96 (d, J = 8.8 Hz, 1H), 7.70-7.85 (m, 2H), 7.40-7.50 (m, 1H), 7.30-7.35 (m, 1H), 6.90-
7.25 (m, 5H), 6.02 (s, 1H), 5.13 (hept, J = 6.4 Hz, 1H), 1.33 (d, J = 6.4 Hz, 3H), 1.15
(d, J =6.4 Hz, 3H); *C-NMR (100 MHz, CDCl3) & 21.40, 21.43, 43.63, 70.46, 112.26,
[115.22, =22 Hz, 1C], 120.07, 121.85, 123.30, [124.14, J =4 Hz, 1C], 127.13, 128.87,
[129.31,J =8 Hz, 1C], [129.55, J =9 Hz, 1C], 129.63, 130.53, 133.21, 154.24, 159.93,
162.38, 174.92. MS(EI): m/z (%): 338 (M*, 9.61), 249 (100); HRMS (EI) calcd. for
Co1H1903F: 338.1318, found: 338.1320.

58) The synthesis of 7i

Ph.__CO,Pr

I
Br

7i

7i, colorless oil, (123.4 mg, 77% vyield). *H-NMR (400 MHz, CDCls) § 8.74 (s, 1H),
7.94 (d, 3 = 2.0 Hz, 1H), 7.87 (d, J = 9.2 Hz, 1H), 7.65 (d, J = 8.8 Hz, 1H), 7.54 (dd, J
= 9.2 Hz, 2 Hz, 1H), 7.10-7.30 (m, 6H), 5.88 (s, 1H), 5.17 (hept, J = 6.4 Hz, 1H), 1.37
(d, J = 6.4 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H); 3 C-NMR (100 MHz, CDCl3) & 21.50,
21.75, 48.90, 70.69, 114.83, 116.79, 121.82, 123.65, 127.31, 127.40, 128.66, 129.36,
130.17, 130.58, 130.72, 131.97, 136.39, 154.53, 175.56. MS(EI): m/z (%): 398 (M",
1.86), 400 ([M+2]*, 1.91), 222 (100); HRMS (EI) calcd. for C21H1903Br: 398.0518,
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found: 398.0523.
59) The synthesis of 7j

Ph.__CO,Pr

o
Ph

7j

7j, colorless oil, (157.0 mg, 99% yield). *H-NMR (400 MHz, CDCls) § 8.76 (s, 1H),
8.00-8.10 (m, 1H), 7.81 (s, 1H), 7.60-7.80 (m, 4H), 7.10-7.50 (m, 9H), 5.98 (s, 1H),
5.18 (hept, J = 6.4 Hz, 1H), 1.37 (d, J = 6.4 Hz, 3H), 1.21 (d, J = 6.4 Hz, 3H); *C-
NMR (100 MHz, CDCls) 6 21.51,21.77, 48.96, 70.55, 114.52, 121.11, 122.35, 126.58,
126.69, 127.09, 127.15, 127.29, 127.40, 128.61, 128.82, 129.64, 130.59, 132.58,
135.84, 136.70, 140.63, 154.36, 175.80. MS(El): m/z (%): 396 (M*, 9.76), 307 (100);
HRMS (EI) calcd. for C27H2403: 396.1725, found: 396.1713.

60) The synthesis of 7k
CO,Me
Ph CO,Me
MeO OQ Me
7k

7K, colorless oil, (131.0 mg, 87% vyield). *H-NMR (400 MHz, CDCls) § 7.75-7.85 (m,
2H), 7.69 (s, 1H), 7.15-7.40 (m, 7H), 5.73 (s, 1H), 3.92 (s, 3H), 3.82 (g, J = 7.2 Hz,
1H), 3.69 (s, 3H), 3.63 (s, 3H), 1.54 (d, J = 7.2 Hz, 3H); 3C-NMR (100 MHz, CDCl5)
0 18.41, 45.06, 48.39, 51.99, 52.10, 56.54, 113.95, 120.53, 123.61, 126.86, 128.18,
129.12, 129.57, 131.84, 135.54, 135.57, 137.77, 154.45, 173.89, 174.90. MS(EI): m/z
(%): 392 (M*, 17.56), 84 (100); HRMS (EI) calcd. for C24H240s: 392.1624, found:
392.1626.
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5. The transformations of products

1) the synthesis of 8a
oH OTf

Tf,0 (1.5 eq.)
Py (1.5 eq.) OO

CH20|2, 0 OC tor.t.

Ph™ "COZPr Ph” > CO,Pr

3ac 8a

To a solution of 3ac (64 mg, 0.2 mmol), pyridine (24 uL, 0.3 mmol) in CH.Cl; (4
mL) was added Tf,0 (42 uL, 0.3 mmol) at 0 °C. The reaction was warmed to room
temperature after 5 mins and stirred for another 10 mins. The reaction was extracted
with ethyl acetate and dried with Na>SO4 and filtered. The filtrate was concentrated and
purified by silica chromatography (PE/EA = 20:1) to obtain the desired product 8a (90.4
mg, 99%) as a colorless oil. tH-NMR (400 MHz, CDCls) § 8.05-8.15 (m, 2H), 7.60-
7.70 (m, 2H), 7.20-7.45 (m, 7H), 5.71 (s, 1H), 5.12 (hept, J = 6.4 Hz, 1H), 1.25 (d, J =
6.4 Hz, 3 H), 1.21 (d, J = 6.4 Hz, 3 H); *C-NMR (100 MHz, CDCls) & 21.57, 21.63,
53.71,69.14,117.13,118.71 [q, J= 18 Hz, 1C], 121.64, 123.74,125.77, 126.65, 127.54,
127.67, 127.87, 128.85, 128.89, 133.10, 135.80, 137.22, 145.20, 171.53. MS(EI): m/z
(%): 452 (M*, 22.74), 365 (100); HRMS (EI) calcd. for C22H1905SF3: 452.0905, found:
452.0900.

2) the synthesis of 8b

OTf Ph

K3PO4 (1.5 eq.)
OO . PhB(OH), _PA(PPha)s (0.1 eq. OO

1,4-dioxne, 110 °C

Ph COZ’Pr Ph Cozipr
8a 8b
The mixture of 8a (90 mg, 0.2 mmol), benzeneboronic (37 mg, 0.3 mmol), KsPO4
(64 mg, 0.3 mmol), Pd(PPhs)4 (23 mg, 0.02 mmol) in 1,4-dioxne (4 mL) was heated to
110 °C for 8 hours. The reaction was cooled to room temperature and extracted with

ethyl acetate and dried with Na>,SQO4. The filtrate was concentrated and the residue was
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purified by silica chromatography (PE/EA = 20:1) to obtain the desired product 8b (65.3
mg, 86%) as a colorless oil. H-NMR (400 MHz, CDCls) § 8.12 (d, J = 8.4 Hz, 1H),
7.96 (d, J = 8.4 Hz, 1H), 7.25-7.60 (m, 14H), 5.83 (s, 1H), 5.19 (hept, J = 6.4 Hz, 1H),
1.30 (d, J = 6.4 Hz, 3H), 1.28 (d, J = 6.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 21.67,
53.90, 68.79, 123.46, 125.65, 125.76, 126.20, 126.42, 127.06, 127.22, 127.31, 128.19,
128.63, 129.01, 130.10, 131.91, 132.15, 134.23, 138.07, 140.09, 140.66, 172.27.
MS(EI): m/z (%): 380 (M*, 39.27), 293 (100); HRMS (EI) calcd. for CarHaOy:
380.1776, found: 380.1774.

3) the synthesis of 8¢

TMS
OTf

Pd(PPh3)4 (0.1 eq.) | |

™S Cul (0.1 eq.)

+ % NEt; (1.5 eq.)

THF, 80 °C
Ph™ ~CO,Pr .
Ph CO,'Pr

8a 8c

The mixture of 8a (90 mg, 0.2 mmol), trimethylsilylacetylene (29 uL, 0.3 mmol),
Cul (3.8 mg, 0.02 mmol), Pd(PPhs)s4 (23 mg, 0.02 mmol), NEts (43 uL, 0.3 mmol) in
THF (4 mL) was heated to 80 °C for 12 hours. The reaction was cooled to room
temperature and extracted with ethyl acetate and dried with Na SOa. The filtrate was
concentrated and the residue was purified by silica chromatography (PE/EA = 20:1) to
obtain the desired product 8c (73.1 mg, 91%) as a colorless oil. *H-NMR (400 MHz,
CDCls) 6 8.26 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 7.2 Hz, 1H),
7.30-7.45 (m, 2H), 7.00-7.40 (m, 6H), 5.57 (s, 1H), 4.96 (hept, J = 6.4 Hz, 1H ), 1.05
(d, J = 6.4 Hz, 3H), 1.04 (d, J = 6.4 Hz, 3H), 0.18 (s, 9H); 3 C-NMR (100 MHz, CDCls)
o 0.06, 21.57, 21.62, 53.92, 68.83, 99.79, 102.98, 120.70, 123.60, 125.54, 126.52,
126.84, 127.17, 127.37, 128.63, 128.91, 130.33, 131.41, 133.77, 135.86, 137.78,
171.89. MS(EI): miz (%): 400 (M*, 35.88), 313 (100); HRMS (EI) calcd. for
Ca6H2802Si: 400.1859, found: 400.1861.
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4) the synthesis of 8d

OTf COsMe
dppp (0.1 eq.)

OO Pd(OAc), (0.1 eq.) OO
NEt; (1.5 eq.
+ CO (balloon) s(15eq)

DMF/MeOH = 1:1, 90 °C
Ph™ ~CO,Pr Ph™ ~CO,Pr

8a 8d

The mixture of 8a (90 mg, 0.2 mmol), Pd(OACc)2 (4.5 mg, 0.02 mmol), dppp (8.2 mg,
0.02 mmol), NEts (43 pL, 0.3 mmol) in DMF (2 mL) and MeOH (2 mL) was heated to
90 °C under CO atmosphere (balloon) for 12 hours. The reaction was cooled to room
temperature and extracted with ethyl acetate and dried with Na>SOa. The filtrate was
concentrated and the residue was purified by silica chromatography (PE/EA = 20:1) to
obtain the desired product 8d (54.0 mg, 74%) as a colorless oil. *H-NMR (400 MHz,
CDCls) & 8.95-9.00 (m, 1H), 8.10-8.20 (m, 2H), 7.55-7.65 (m, 2H), 7.25-7.45 (m, 6H),
5.79 (s, 1H), 5.14 (hept, J = 6.4 Hz, 1H), 4.00 (s. 3H), 1.24 (d, J = 6.4 Hz, 3H), 1.21 (d,
J = 6.4 Hz, 3H); ®C-NMR (100 MHz, CDCls) & 21.57, 52.15, 52.19, 54.13, 68.99,
123.58, 125.04, 126.57, 126.68, 127.01, 127.30, 127.49, 128.70, 128.91, 129.46,
131.68, 131.97, 137.46, 139.95, 167.91, 171.69. MS(EI): m/z (%): 362 (M*, 37.84),
275 (100); HRMS (EI) calcd. for C23H2204: 362.1518, found: 362.1514.

5) the synthesis of 8e

OH OH
Br
OO NBS (1.5 eq.) - OO
CH,Cl,, 0 °C
Ph™ “CO,Pr Ph™ “CO,Pr
3ac 8e

To a solution of 7a (64 mg, 0.2 mmol) in CH2Cl> (4 mL) was added NBS (53 mg,
0.3 mmol) at 0 °C. The reaction was stirred at 0 °C for 15 min and quenched with
saturated Na»S»0s solution and extracted with ethyl acetate, dried with Na>SOa4. The
filtrate was concentrated and the residue was purified by silica chromatography (PE/EA

= 10:1) to obtain the desired product 8e (77.2 mg, 97%) as a white solid. *H-NMR (400
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MHz, CDCls) & 8.25-8.35 (m, 1H), 7.90-8.00 (m, 1H), 7.50-7.60 (m, 2H), 7.25-7.40 (m,
6H), 6.00 (s, 1H), 5.63 (s, 1H), 5.14 (hept, J = 6.4 Hz, 1H), 1.26 (d, J = 6.4 Hz, 3H),
1.23 (d, J = 6.4 Hz, 3H); *C-NMR (100 MHz, CDCls) § 21.60, 21.62, 53.16, 68.90,
103.55, 123.12, 123.34, 124.80, 125.94, 127.22, 127.46, 128.49, 128.72, 128.83,
131.90, 137.60, 147.88, 171.99. MS(EI): m/z (%): 398 (M*, 28.52), 400 ([M+2]*,
28.84), 311 (100); HRMS (EI) calcd. for C21H1903Br: 398.0518, found: 398.0522.

6) the synthesis of 8f

OH OH
OO LiAIH, (2.0 eq.) OO
THF, 0 °C to rt.
Ph™ ~CO,Pr Ph”” >CH,OH
3ac 8f

To a solution of 8f (64 mg, 0.2 mmol) in THF (4 mL) was added LiAIH4 (15 mg, 0.4
mmol) at 0 °C. The reaction was warmed to room temperature after 15 min and stirred
for another 1 hour. The reaction was quenched with saturated NaHCO3 solution and
extracted with ethyl acetate, dried with Na2SOs. The filtrate was concentrated and the
residue was purified by silica chromatography (PE/EA = 2:1) to obtain the desired
product 8f (51.3 mg, 97%) as a white solid. *H-NMR (400 MHz, Acetone-ds) & 8.94 (s,
1H), 8.25-8.35 (m, 1H), 8.05-8.10 (M, 1H), 7.10-7.45 (m, 8H), 6.93 (d, J = 8.0 Hz, 1H),
4.88 (t, J = 7.2 Hz, 1H), 4.10-4.30 (m, 2H), 3.75-3.85 (m, 1H); 3C-NMR (100 MHz,
Acetone-ds) 6 49.65, 66.54, 108.30, 123.55, 124.52, 124.96, 126.05, 126.46, 126.90,
129.00, 129.41, 129.69, 134.26, 144.40, 152.84. MS(EI): m/z (%): 264 (M*, 17.79),
233 (100); HRMS (ElI) calcd. for C1sH1602: 264.1150, found: 264.1159.

7) the synthesis of 9

(@]
OH Ph 0O
, TFA (0.1 eq.) Ph
CO,Pr -
toluene, 90 °C
4ac 9

The solution of 4ac (64 mg, 0.2 mmol) and TFA (2 uL, 0.02 mmol) in toluene (4 mL)
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was heated to 90 °C for 12 h. Then the reaction was cooled to room temperature and
purified by silica chromatography (PE/EA = 20:1) directly to obtain the desired product
9 (51.5 mg, 99%) as a white solid. *H-NMR (400 MHz, CDCls) & 8.00 (d, J = 8.0 Hz,
1H), 7.80 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.45-7.55 (m, 2H), 7.10-7.30
(m, 6H), 4.96 (s, 1H); 3C-NMR (100 MHz, CDCls) & 50.73, 119.79, 121.17, 121.54,
124.40, 126.93, 128.21, 128.24, 128.31, 129.13, 134.14, 135.05, 149.58, 175.58.
MS(El): m/z (%): 360 (M*, 27.90), 231 (100); HRMS (EI) calcd. for CigH1,0z:
260.0837, found: 260.0841.
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6. Preliminary mechanism studies

We performed a series of control experiments to confirm ortho selectivity stemed
from the coordination between hydroxyl group and gold. First, the reaction between 1-
methoxynaphthalene and diazo compound under standard condition was conducted,
delivering the para C-H bond functionalization product in 92% yield (scheme 1, eq 1).
The structure was confirmed by additional experiment (scheme 1, eq 2, eq 3). In order
to exclude the para selectivity arise from steric hindrance, we switch diazo compound
to methyl 2-diazo-2-phenylacetate with less steric hindrance, affording only para C-H
bond functionalization product (scheme 1, eq 4). These results indicated that the weak
interaction between naphthol and gold catalyst played a key role in the ortho-selectivity.

The date of 10 was illustrated as following:
'H-NMR (400 MHz, CDCl3) & 8.31 (d, J = 7.6 Hz, 1H), 7.93 (d, J = 7.6 Hz, 1H), 7.40-
7.55 (m, 2H), 7.20-7.35 (m, 6H), 6.74 (d, J = 8.4 Hz, 1H), 5.64 (s, 1H), 5.11 (hept, J =
6.4 Hz, 1H), 3.96 (s, 3H), 1.21 (t, J = 6.8 Hz, 6H); 3C-NMR (100 MHz, CDCls) § 21.66,
53.43, 55.41, 55.44, 68.56, 103.15, 122.70, 123.08, 124.94, 126.03, 126.31, 126.81,
127.12, 128.50, 128.91, 132.54, 138.49, 154.98, 172.52. MS(EIl): m/z (%): 334 (M",
24.12), 247 (100); HRMS (EI) calcd. for C22H2203: 334.1569, found: 334.1566.
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OMe
OMe IPrAuCl (5 mol%)

N
)]i NaBArs (5 mol%)
. . )
1) Ph COZ’Pr CH2C|2, r.t.

2c
8a (3.0 eq.) Ph” >CO,Pr
10, 92%
OH OMe
2) OO + TMSCHN,  CH2Clo/MeOH = 1/1 OO
8c (5.0 eq.) r.t.
Ph™ "CO,Pr Ph”™ ~CO,Pr
3ac 10, 99%
OMe OMe
N JohnphosAuClI (5 mol%)
) AgOTf (5 mol%
2 (0 - oo e (]
THF, r.t.
2c
8a (3.0eq.) Ph™ ~CO,Pr
10, 72%
oMe N, IPrAuCI (5 mol%)
PR NaBArg (5 mol%) O
+
4) Ph™ "CO.Me CH,Cly, rt.
2a
8a (3.0 eq.) Ph CO,Me

11, 96 % NMR yield

Scheme 1 Weak interaction study

Subsequently, we further conducted a series of related control experiments to identify
the type of weak interaction. First, 3P-NMR experiment shown that the coordination

between gold catalyst and hydroxyl group was indeed existed (scheme 2).
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PPh;AuOTf/ 1-Naphthol = 1/5

CD,Cl,
=) u Ll"'-_lt (" i
y2z-5-PPH3AUOTIR10.fid
yz2-5-PEH3ALOTRD
PPh;AuOTf (CD,Cl,)
4 e —
100 50 %0 70 &0 s a0 30 2 10 0 10 20 30 a0
f1 (ppm)

Scheme 2 3P-NMR experiments

Meanwhile, NMR titration disclosed that no hydrogen bonding interaction was
existed between naphthol and gold catalyst (scheme 3).

Allowing for the fact the tetrasubstituted boron compounds could undergo SN2
reaction (Organometallics 1998, 17, 4155; J. Fluor. Chem. 2014, 168, 111; Inorg. Chem.
2004, 43, 5789) and has certain lewis acidity (Chem. Eur. J. 2017, 23, 5219), we wanted
to know whether the interaction between hydroxyl group and boron was the key for
ortho-selectivity. **F-NMR experiment shown that no new compound was generated
when 1-naphthol, IPrAuCl and NaBAre were mixed. Meanwhile, the "B-NMR
experiment revealed that no coordination interaction between hydroxyl group and
boron atom. Based on these results, the possibility that the ortho-selectivity stem from

the interaction between hydroxyl group and boron atom could be excluded (scheme 6).
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1-Maphthel ! NaBAr. = 71

1-Naphthol [ NaBArE = &1

1-MNaphthal { NaBArg = 31

1-Maphthal / NaBArg = 111

1-Naphthal 7 MaBArg = 0/1

—T - 1 * 1 -~ 1 - T T~ T 1 - 1 * Tr * T * T "~ 1 ~ T * T * T
O -39.5 -80.0 —60.5 -61.0 —61.5 -62.0 —62.5 —63.0 —63.5 -64.0 —64 5 -6€5.0 655 -66.0 -66.3 —6T.0 -6

Scheme 3. Titration experiments
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I-Naphthol + IPrAuBAr: (5 mol%) in CD,Cl,

IPrAuBArg in CD,Cl,

Scheme 4. *F-NMR experiments

IPrAuBArg (5 mol%) + 1-Naphthol in CD,Cl,

IPrAuBArg in CD,Cl,

Scheme 5. 'B-NMR experiments
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A F
) Elii Arf
o AfF @
Ph AulL

O
COzMe

or
©
F
H.o-BAL @

Ph AulL
ot
CO,Me

ion-pair intermediate

OH Ph

——>¢—>

Scheme 6. Impossible mechanism for ortho-selectivity

In order to confirm our conclusion that the ortho C-H bond functionalization is an

intramolecular reaction and para C-H bond functionalization is an intermolecular

reaction, we performed the reactions under different concentration. As we know that

the low concentration is good for the intramolecular reaction while high concentration

would facilitate the intermolecular reaction. Thus, the para C-H bond functionalization

product should become more with increasing of concentration under standard

conditions. To my excitement, the reactions were indeed proceeded as our expection

(scheme 7).
OH OH OH Ph
N, IPrAuCI (5 mol%)
+ NaBArg (5 mol%) CO,Me
OO Ph)J\COZMe "
CH20|2, r.t.
2a
1a 4aa
1.5 eq. Ph COzMe
3aa
Concentration (mol/L) 4aa/3aa
0.02 7.91
0.04 7.31
0.08 6.7:1
0.2 3.2:1
1 1.4:1

Scheme 7. Concentration experiments

Based on above results, we could conclude that the coordination between hydroxyl
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group and gold was the key for the ortho-selectivity. The proposed mechanism was

illustrated as following (scheme 8).

---RAU  BAr
OH prauCl o) F N
NaBArg )Ji
—_——
CO ™ 01 (o
OH Ar l-a
CO,R
©
EF@BArF
1-Naphthol Hio-™ —co,R

IPr )
| ®0O Ar
AU BAr
Ho '
0] Ar
I-c

Scheme 8. Proposed mechanism for ortho-selectivity

Besides, related deuterium labeling experiments were also conducted to get more
insights into mechanism (scheme 9). The results indicated that the reaction did not
proceeded via a [1,2]-H shift but a possible water assisted hydrogen. The results of

control experiments also demonstrated that no enolization took place in our reaction.
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1) OH (70% D) OH Ph

o)
5 N, IPrAUCI (5 mol%) n 7 0%D
+ )J\ NaBArg (5 mol%) CO,Me
Ph” >CO,Me
2a CH20|2, r.t.

d1-1a (1.5eq.) 4aa
2) JohnphosAuCl
OH Ph IPrAUCI (5 mol%) > 5 mol%)
coypr NaBATE(Bmol%) 26 AGOTH (5 mol%)
+ 0,
\ D,O (2.0 eq.) D,0 (2.0 eq.) 7 2T%D
999 D CH,Cly, rt. 1a(1.5eq.) THF rt. Ph COZ’Pr
d1-4ac ° d1-3ac
5 OH
OH Ph IPrAUCI (5 mol%) e
co,Pr NaBArg (5 mol%)  3acor AgOTf (5 mol%)
o,
\ Dég ((2:|.0 e?.) 4ac " p 0 (2.0eq) e O'A’ D
2Cly, rt. THF, r.t. Ph™ "CO,'Pr
4ac  0%D 3ac
/4 0% D
o,
4) b (75% D) Ph_/.CO,Pr

IPrAuClI (5 mol%)

OH N,
OO " Ph)J\CO iPr NabAre (5 molth)_ o
2 CH2C|2, r.t.

7b
20% D
5) Ph / CO,Pr
OH N, IPrAuClI (5 mol%)
9 OH
" Ph)J\CO iPr NaBAre (6 mo%)
1c 2 D,0 (2.0 eq.)
6a (1.5eq.) CH,Cl,, r.t. 417h
6) 0% D

IPrAuCl (5 mol%)

OH
OO NaBArg (5 mol%) OH
D,O (2.0 eq.) OO
CH20|2, r.t.
7b 7b

Scheme 9. Deuterium labeling experiments

Finally, we studied the silver effect, the results disclosed that no silver effect in para

C-H bond functionalization (scheme 10).
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OH OH Ph
N, JohnphosAuCl (5 mol%) OH
+ )J\ AgOTf (5 mol%) .\ Cone
Ph CO,Me THF. rt -
2a
1a 4aa
1.5 eq. Ph COsMe

3aa
1) with AgCl in reaction system, 3aa (90% NMR yield) , 4aa (0% NMR yield)
2) without AgCl in reaction system, 3aa (86% NMR yield) , 4aa (0% NMR yield)

Scheme 10. Silver effect studies
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7. X-ray crystal date for 3ah, 4al, 7i and 9

Cl1

3ah

O1
03

Br1

7i

8. NMR Spectra of new compounds
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