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1. General information 

Unless otherwise noted, all experiments were carried out under an atmosphere of nitrogen 

using standard Schlenk techniques or in a nitrogen-filled glovebox. All NMR spectra were 

recorded on Bruker AV600, and AV400; 1H and 13C chemical shifts (δ) are given in ppm 

relative to TMS, using the solvent signals as references and converting the chemical shifts to 

the TMS scale. 31P and 19F chemical shifts (δ) are given in ppm relative to H3PO4 and CFCl3 

respectively (external standard). Coupling constants (J) are given in Hz. All high resolution 

mass spectra were obtained on Finnigan MAT 95 (70 eV, EI), Finnigan LCQ (ESI) and APEX 

IV 7T FTICR, Bruker Daltonic (HRMS). For thin layer chromatography (TLC), Merck silica 

gel 60 F254 TLC plates were used, and compounds were visualized with a UV light at 254 

nm. Chiral HPLC: the enantiomeric excesses of the products in catalysis reactions was 

determined using either a Shimadzu Nexera-i LC 2040 3D with integrated downstream 

UV/Vis PDA detector. Optical rotations were measured using Perkin Elmer 343 or Jasco 

P-2000 polarimeters at the stated temperature under a Na/Hg lamp, λ = 589 nm (c in g/100 

ml). Dry and degassed solvents were obtained by distillation over the appropriate drying 

agents and stored under nitrogen. Alternatively, dry solvents were obtained using an MBraun 

MB-SPS-800 solvent purification system (tetrahydrofuran, diethyl ether, toluene, pentane, 

dichloromethane, acetonitrile). All other chemicals were used as received from Aldrich or 

Acros without further purification. The catalysts were prepared according to the published 

method.[1] All substrates of alkynones were synthesized according to modified literature 

method.[2,3] 
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2. Optimization of reaction conditions  

Table S1: Preliminary Experiments[a] 
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Entry Solvent [Au] T (oC) yield (%)[b] ee (%)[c] 

1 DCE 5d 40 90 -11 

2 DCE 6b 40 87 19 

3 DCE 6e 40 75 11 

4[d] DCM 5d -20 85 -20 

5[d] DCM 6b -20 80 41 

6[d] DCM 6e -20 67 24 

[a] Reaction conditions: substrate (0.025 mmol) in solvent (0.5 mL), [Au]-catalyst (5 mol%), AgSbF6 (5 mol%), 
stirred for 6 h. [b] Yield of isolated product. [c] The enantiomeric excesses were determined by chiral HPLC. [d] 
stirred for 12 h. 
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Table S2: Evaluation of Different Catalysts[a] 

 

[Au]-Cat.

5a

5 mol% [Au], 5 mol% AgSbF6

DCM, -20 oC, 12h.

OBn

O

OBn

OH

O

O

Ar

O
O

P
N

N
Ar

Mes

Mes

Ar Ar
SbF6Au

Cl

S
S

Ar =

5c

Ar = CF3

5b

Ar =

5d

Ar =

MeO

MeO

Ar

O
O

P
N

N

Ar

Mes

Mes

Ar Ar
SbF6Au

Cl

R
R

6a

Ar =

6b

Ar = CF3

MeO

MeO

O
O

P
N

N

Mes

Mes

SbF6
Au
Cl

F3C
CF3

CF3
F3C

6d

Cl

Cl

MeO

MeO

O
O

P
N

N

Mes

Mes

SbF6
Au
Cl

F3C
CF3

CF3
F3C

6c 6e

R
R R

R O
O

P
N

N

Mes

Mes

SbF6Au
Cl

R

1 3

 
 

Entry [Au]-Cat. Solvent Conv.[%] [b] Yield [%][c] ee [%][c] 

1 none DCM 0 0 - 

2 5a DCM > 95 90 -2 

3 5b DCM > 95 93 0 

4 5c DCM > 95 91 -30 

5 5d DCM > 95 87 -3 

6 6a DCM > 95 85 38 

7 6b DCM > 95 83 50 

8 6c DCM > 95 90 95 

9 6d DCM > 95 86 88 

10 6e DCM > 95 90 0 

[a] Reaction conditions: substrate (0.025 mmol) in DCM (0.5 mL), [Au]-catalyst (5.0 mol%), AgSbF6 (5.0 
mol%), stirred at -20 oC for 12 h. [b] The conversions were determined by 1H-NMR spectroscopy of the crude 
reaction mixture. [c] Yield of isolated product. [d] The enantiomeric excesses were determined by HPLC with a 
chiral column.  
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Table S3: Evaluation of Different Protecting Groups[a] 
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Entry R [Au] T (oC) Conv. (%)[b] Yield (%)[c] ee (%)[d] 

1 CH3 6b -20 >95 90 41 

2 benzyl 6b -20 >95 83 50 

3 2-naphthylmethyl 6b -20 >95 92 57 

4 benzyl 6c -20 >95 90 95 

5[e] 2-naphthylmethyl 6c -30 >95 90 97 

6[e] 2-naphthylmethyl 6d -30 >95 87 95 

 [a] Reaction conditions: substrate (0.025 mmol) in DCM (0.5 mL), [Au]-catalyst (5.0 mol%), AgSbF6 (5.0 
mol%), stirred for 12 h. [b] The conversions were determined by 1H-NMR spectroscopy of the crude reaction 
mixture. [c] Yield of isolated product. [d] The enantiomeric excesses were determined by HPLC with a chiral 
column. [e] stirred for 18 h. 
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3. General procedure for the synthesis of alkynones 
 

General procedure for the synthesis of 2a-b and 2e-t [2] 
 

1.0 mol% Pd(PPh3)4,
 

2.0 mol% CuI

MeOH/THF,
RT, 1 h.

 PdCl
2(PPh3)2,

 Et
3N, CO

1.4-dioxane, 40 oC, 15 h.

TMS

i-Pr2NH, RT, overnight

KOH aq.

Cl
O

O

OH OH
I

O
I

Br

K2CO3, Acetone,
RT, overnight

KI, H2O2
,

H2SO4, MeOH,
0 oC, 3 h.

O

TMS

O

R1 R1 R1

R1
R1

R1
R2

R2

S1 S2 S3

S4 S5

S6

2a-b, 2e-t

 

2-naphthol S1 (20.6 mmol, 1.00 eq.) and KI (20.6 mmol, 1.00 eq.) were added to a 

solution of conc. H2SO4 (1.60 mL, 30.9 mmol, 1.50 eq.) in MeOH (100 mL) at 0 °C. After 

this, 35% aq. H2O2 solution (41.2 mmol, 2.00 eq.) was added and the mixture stirred for 80 

min. After this, the reaction mixture was poured into CH2Cl2 (100 mL) and subsequently 

washed with 0.1 M NaHSO3 solution (100 mL) and H2O (100 mL). The organic phase was 

dried over MgSO4 and the solvent evaporated. Finally, the crude product was submitted to 

flash column chromatography (SiO2, hexanes/EtOAc 50:1) to yield the pure products S2. 

K2CO3 (3.11 g, 22.5 mmol, 1.50 eq.) was added to a solution of 1-iodonaphthalenes S2 

(15 mmol, 1.00 eq.) and 2-naphtylmethyl bromide (22.5 mmol, 1.50 eq.) in acetone (100 mL). 

The resulting mixture was stirred at room temperature for 13 h. After filtration, the solvents 

were concentrated and the residue was purified by a silica gel column chromatography 

(hexane/acetone = 50:1, v/v) to give products S3. 

Pd(PPh3)4 (0.13 mmol, 0.01 eq.) was added to a solution of S3 (13.3 mmol, 1.00 eq.) and 

trimethylsilyl acetylene (19.9 mmol, 1.50 eq.) in i-Pr2NH (80 mL). The mixture thus obtained 
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was stirred for 5 min, and finally CuI (0.26 mmol, 0.02 eq.) was added. The resulting mixture 

was stirred at room temperature for 15 h and subsequently concentrated to afford the 

corresponding crude S4, which was used for the next step without further purification. 

A solution of KOH (ca. 0.1 g) in distilled water (5 mL) was added to a solution of crude 

S4 in MeOH (60 mL) and THF (15 mL). The mixture obtained was stirred at RT for 30 min. 

and subsequently diluted with water (30 mL) and extracted with ether. After separation of the 

phases, the organic one was washed with brine, dried over Na2SO4, and concentrated. The 

residue obtained was purified by silica gel column chromatography (hexane:acetone = 30:1, 

v/v) to afford the desired 1-ethynyl-2-(naphthalen-2-ylmethoxy)naphthalene S5 as a yellow 

solid. 

Finally, PdCl2(PPh3)2 (0.13 mmol, 0.05 eq.), the desired 2-(chloromethyl)naphthalene S6 

(2.6 mmol, 1.00 eq.), S5 (2.9 mmol, 1.10 eq.) and Et3N (3.9 mmol, 1.50 eq.), were suspended 

in 1,4-dioxane (10 mL) under a N2 atmosphere. The flask was purged with CO (1 atm) three 

times, and heated to 40 °C for 15 h. After cooling the reaction mixture to room temperature, 

the remaining CO was vented, the reaction was quenched with water and finally extracted 

with CH2Cl2. The organic layer was washed with brine, dried over Na2SO4, and concentrated 

in vacuo affording a residue that was purified by silica gel column chromatography 

(CH2Cl2/MeOH = 150:1, v/v) to give the alkynone products 2a-b and 2e-t. 
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Characterization data of 2a-b and 2e-t. 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.96 (s, 1H), 

7.90 – 7.85 (m, 2H), 7.85 – 7.74 (m, 7H), 7.69 (d, J = 8.1 Hz, 1H), 

7.66 – 7.61 (m, 1H), 7.55 (dd, J = 8.5, 1.7 Hz, 1H), 7.50 – 7.45 (m, 

5H), 7.33 – 7.27 (m, 1H), 7.22 (d, J = 9.2 Hz, 1H), 7.11 – 7.07 (m, 1H),  5.44 (s, 2H), 4.16 (s, 

2H); 13C NMR (101 MHz, CDCl3): δ (ppm) 185.4, 161.2, 134.9, 134.0, 133.8, 133.5, 133.4, 

133.2, 132.8, 131.4, 129.1, 128.6, 128.6, 128.5, 128.3, 128.2, 128.2, 128.1, 127.9, 127.9, 

126.5, 126.3, 126.3, 126.0, 126.0, 125.0, 124.9, 124.7, 114.2, 103.9, 98.0, 89.1, 71.4, 52.5. IR 

(neat) 439, 475, 549, 667, 736, 751, 761, 773, 812, 824, 856, 949, 1019, 1044, 1137, 1149, 

1227, 1277, 1650, 2177 cm-1. HRMS-ESI exact mass calcd. for C35H24O2Na ([M+Na]+) 

requires m/z 499.1669, found m/z 499.1656. 

 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.99 (s, 1H), 

7.96 – 7.90 (m, 1H), 7.90 – 7.83 (m, 3H), 7.80 (dd, J = 8.7, 3.0 Hz, 

3H), 7.74 – 7.62 (m, 2H), 7.60 – 7.36 (m, 6H), 7.32 – 7.26 (m, 1H), 

7.21 (d, J = 9.1 Hz, 1H), 6.91 (dd, J = 8.5, 6.9 Hz, 1H), 5.42 (s, 2H), 

4.20 (s, 2H), 2.54 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 185.7, 161.3, 135.7, 134.9, 

134.0, 133.5, 133.5, 133.4, 133.2, 132.5, 131.7, 130.2, 128.7, 128.6, 128.4, 128.2, 128.2, 

128.2, 127.8, 127.6, 127.2, 126.5, 126.2, 126.1, 125.9, 125.5, 124.9, 124.8, 124.6, 114.1, 

103.9, 97.9, 88.8, 71.3, 50.7, 20.5. IR (neat) 421, 439, 449, 560, 570, 675, 761, 775, 805, 888, 

1048, 1077, 1122, 1148, 1217, 1229, 1276, 1349, 1375, 1508, 1642, 1739, 2175 cm-1. 

HRMS-ESI exact mass calcd. for C36H26O2Na ([M+Na]+)  requires m/z 513.1825, found 

O

O
2a

O

O

2b
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m/z 513.1817. 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.08 (d, J = 8.5 

Hz, 1H), 7.97 (s, 1H), 7.91 – 7.76 (m, 7H), 7.61 – 7.59 (m, 2H), 7.55 

(dd, J = 8.5, 1.7 Hz, 1H), 7.51 – 7.43 (m, 5H), 7.40 – 7.36 (m, 1H), 

7.09 – 7.05 (m, 1H), 5.41 (s, 2H), 4.13 (s, 2H); 13C NMR (101 MHz, 

CDCl3): δ (ppm) 185.3, 160.2, 135.2, 133.8, 133.5, 133.4, 133.3, 132.8, 131.2, 129.1, 129.0, 

128.7, 128.7, 128.5, 128.3, 128.0, 127.9, 127.9, 127.6, 127.5, 126.6, 126.4, 126.4, 126.2, 

126.1, 125.4, 124.7, 118.7, 104.2, 98.5, 88.2, 71.7, 52.5. IR (neat) 413, 445, 617, 679, 776, 

801, 812, 822, 834, 902, 1048, 1089, 1227, 1257, 1274, 1325, 1497, 1646 cm-1. HRMS-ESI 

exact mass calcd. for C35H23BrO2Na ([M+Na]+) requires m/z 577.0774, found m/z 577.0760. 

 

White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.98 (s, 1H), 7.93 – 

7.70 (m, 8H), 7.68 (d, J = 8.3 Hz, 1H), 7.57 (dd, J = 8.5, 1.7 Hz, 1H), 

7.50 – 7.44 (m, 5H), 7.50 – 7.44 (m, 5H),  7.35 – 7.31 (m, 1H), 7.11 – 

7.07 (m, 2H), 5.43 (s, 2H), 4.15 (s, 2H), 2.64 (s, 3H); 13C NMR (101 

MHz, CDCl3): δ (ppm) 185.3, 161.0, 141.5, 135.0, 134.2, 133.8, 133.5, 133.2, 132.8, 131.5, 

129.0, 128.6, 128.6, 128.2, 128.1, 128.0, 127.9, 127.9, 126.5, 126.3, 126.2, 126.0, 126.0, 

125.6, 124.8, 124.5, 115.3, 102.1, 98.1, 89.9, 52.5, 20.5. IR (neat) 418, 619, 681, 812, 836, 

860, 901, 1049, 1095, 1130, 1214, 1234, 1264, 1275, 1340, 1353, 1508, 1641, 2164 cm-1. 

HRMS-ESI exact mass calcd. for C36H26O2Na ([M+Na]+) requires m/z 513.1825, found m/z 

513.1815. 

 

O

O

2e

Br

O

O

2f

Me
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Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.04 (s, 1H), 7.95 

– 7.93 (m, 1H), 7.91 – 7.81 (m, 6H), 7.79 – 7.72 (m, 2H), 7.61 (dd, J = 

8.5, 1.8 Hz, 1H), 7.55 – 7.48 (m, 8H), 7.41 (dt, J = 7.1, 2.0 Hz, 2H), 

7.30 – 7.26 (m, 1H), 7.15 – 7.11 (m, 1H), 5.48 (s, 2H), 4.21 (s, 2H); 

13C NMR (101 MHz, CDCl3): δ (ppm) 185.3, 160.5, 146.1, 139.7, 135.4, 133.9, 133.8, 133.5, 

133.2, 132.8, 131.4, 129.8, 129.0, 128.6, 128.6, 128.2, 128.1, 128.1, 127.9, 127.9, 127.9, 

127.1, 126.7, 126.5, 126.3, 126.3, 126.2, 126.0, 125.4, 124.9, 124.9, 115.3, 103.4, 98.4, 89.3, 

71.4, 52.5. IR (neat) 420, 437, 451, 617, 639, 689, 858, 1026, 1046, 1089, 1229, 1153, 1215, 

1342, 1359, 1560, 1575, 1650, 2172 cm-1. HRMS-ESI exact mass calcd. for C41H28O2Na 

([M+Na]+) requires m/z 575.1982, found m/z 575.1966. 

 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.21 (d, J = 9.4 

Hz, 1H), 7.95 (d, J = 1.6 Hz, 1H), 7.91 – 7.72 (m, 7H), 7.58 – 7.42 (m, 

8H), 7.29 (d, J = 9.4 Hz, 1H), 6.81 (dd, J = 8.5, 7.4 Hz, 1H), 5.44 (s, 

2H), 4.15 (s, 2H); 13C NMR (101 MHz, CDCl3): δ (ppm) 185.3, 161.5, 

136.2, 133.8, 133.7, 133.4, 133.3, 132.8, 132.6, 131.3, 129.1, 128.9, 128.7, 128.7, 128.5, 

128.2, 128.0, 127.9, 127.9, 127.0, 126.6, 126.4, 126.4, 126.1, 126.1, 124.9, 124.6, 123.2, 

115.1, 104.3, 98.1, 88.3, 71.3, 52.5. IR (neat) 420, 572, 668, 688, 707, 759, 776, 794, 814, 

824, 857, 1052, 1086, 1124, 1144, 1233, 1259, 1271, 1650, 2176 cm-1. HRMS-ESI exact 

mass calcd. for C35H23BrO2Na ([M+Na]+) requires m/z 577.0774, found m/z 577.0755. 

 

O

O

2g

Ph

O

O
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Br
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White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.97 (dt, J = 10.9, 

1.2 Hz, 2H), 7.91 – 7.68 (m, 7H), 7.55 (dd, J = 8.5, 1.8 Hz, 2H), 7.52 

– 7.40 (m, 5H), 7.22 (dt, J = 9.4, 1.2 Hz, 1H), 7.12 (dt, J = 6.9, 1.1 Hz, 

1H), 6.99 (dd, J = 8.5, 7.0 Hz, 1H), 5.43 (s, 2H), 4.16 (s, 2H), 2.58 (s, 

3H). 13C NMR (101 MHz, CDCl3): δ (ppm) 185.4, 160.9, 135.3, 135.0, 134.1, 133.8, 133.5, 

133.2, 132.8, 131.4, 129.7, 129.0, 128.6, 128.6, 128.2, 128.1, 128.1, 127.9, 127.9, 127.7, 

126.5, 126.3, 126.3, 126.0, 126.0, 125.8, 124.7, 123.4, 113.6, 104.4, 98.0, 89.4, 71.3, 52.6, 

19.4. IR (neat) 413, 441, 666, 775, 802, 855, 950, 1055, 1093, 1117, 1143, 1171, 1237, 1265, 

1497, 1506, 1575, 1588, 1652, 2183 cm-1. HRMS-ESI exact mass calcd. for C36H26O2Na 

([M+Na]+) requires m/z 513.1825, found m/z 513.1814. 

 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.94 (d, J = 1.6 

Hz, 1H), 7.91 – 7.73 (m, 8H), 7.67 (dt, J = 8.5, 1.0 Hz, 1H), 7.54 (dd, 

J = 8.5, 1.8 Hz, 1H), 7.51 – 7.38 (m, 8H), 7.36 (dd, J = 7.8, 1.8 Hz, 

2H), 7.23 (dd, J = 7.1, 1.2 Hz, 1H), 7.17 – 7.01 (m, 2H), 5.42 (s, 2H), 

4.18 (s, 2H). 13C NMR (101 MHz, CDCl3): δ (ppm) 185.4, 161.0, 140.9, 140.2, 135.4, 134.0, 

133.8, 133.5, 133.2, 132.8, 131.8, 131.4, 130.1, 129.1, 128.7, 128.6, 128.4, 128.2, 128.1, 

128.0, 127.9, 127.9, 127.8, 127.6, 126.7, 126.5, 126.4, 126.3, 126.1, 126.0, 126.0, 124.7, 

124.6, 113.9, 104.0, 98.1, 89.4, 71.2, 52.6. IR (neat) 413, 539, 547, 571, 603, 626, 667, 776, 

857, 1018, 1044, 1057, 1086, 1114, 1126, 1136, 1233, 1257, 1275, 1507, 1634, 1645 cm-1. 

HRMS-ESI exact mass calcd. for C41H28O2Na ([M+Na]+) requires m/z 575.1982, found m/z 

O

O
2i

Me

O

O

2j

Ph
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575.1963. 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.94 (d, J = 1.6 

Hz, 1H), 7.91 – 7.74 (m, 8H), 7.68 (d, J = 9.2 Hz, 1H), 7.56 – 7.42 

(m, 6H), 7.36 (d, J = 8.9 Hz, 1H), 7.22 (d, J = 9.2 Hz, 1H), 7.01 (dd, 

J = 8.9, 2.0 Hz, 1H), 5.41 (s, 2H), 4.14 (s, 2H); 13C NMR (101 MHz, 

CDCl3): δ (ppm) 185.3, 161.2, 133.8, 133.4, 133.4, 133.2, 132.8, 132.2, 131.4, 131.3, 130.1, 

129.4, 129.1, 128.7, 128.7, 128.2, 128.0, 127.9, 127.9, 127.9, 126.7, 126.6, 126.5, 126.4, 

126.2, 126.0, 124.7, 118.7, 115.2, 104.2, 98.0, 88.2, 71.4, 52.5. IR (neat) 439, 476, 655, 671, 

739, 760, 775, 824, 857, 882, 953, 1038, 1066, 1144, 1144, 1162, 1228, 1272, 1327, 1495, 

1580, 1646, 2185 cm-1. HRMS-ESI exact mass calcd. for C35H23BrO2Na ([M+Na]+) requires 

m/z 577.0774, found m/z 577.0757. 

 

Light yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.96 (s, 

1H), 7.91 – 7.75 (m, 7H), 7.71 (d, J = 9.1 Hz, 1H), 7.61 – 7.51 (m, 

2H), 7.50 – 7.45 (m, 6H), 7.17 (d, J = 9.1 Hz, 1H), 6.95 (dd, J = 8.5, 

1.6 Hz, 1H), 5.39 (s, 2H), 4.16 (s, 2H), 2.41 (s, 3H); 13C NMR (101 

MHz, CDCl3): δ (ppm) 185.3, 160.6, 134.5, 134.2, 133.8, 133.5, 133.2, 133.0, 132.8, 131.3, 

130.5, 129.0, 128.7, 128.6, 128.2, 128.0, 127.9, 127.9, 127.2, 126.5, 126.3, 126.3, 126.0, 

126.0, 124.8, 124.8, 114.2, 103.8, 97.9, 89.4, 71.4, 52.5, 21.4. IR (neat) 440, 476, 544, 667, 

676, 687, 738, 757, 775, 823, 856, 883, 1035, 1044, 1144, 1229, 1278, 1647, 2180 cm-1. 

HRMS-ESI exact mass calcd. for C36H26O2Na ([M+Na]+) requires m/z 513.1825, found m/z 

513.1813. 

O

O
2k

Br

O

O

Me

2l
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Yellow solid; 1H NMR (600 MHz, CDCl3, 323 K): δ (ppm) 8.01 – 

7.95 (m, 1H), 7.93 – 7.78 (m, 9H), 7.67 – 7.56 (m, 4H), 7.52 – 7.47 

(m, 7H), 7.43 – 7.34 (m, 1H), 7.30 (dd, J = 8.7, 1.9 Hz, 1H), 7.28 (s, 

2H), 5.47 (s, 2H), 4.18 (s, 2H); 13C NMR (151 MHz, CDCl3, 323 K): 

δ (ppm) 185.2, 161.3, 140.7, 137.8, 134.2, 134.2, 134.0, 133.6, 133.6, 133.4, 133.0, 131.6, 

129.2, 129.0, 129.0, 128.7, 128.7, 128.3, 128.2, 128.1, 128.0, 127.9, 127.9, 127.6, 127.4, 

126.5, 126.4, 126.4, 126.2, 126.1, 126.0, 125.6, 124.9, 115.0, 104.3, 98.1, 89.0, 71.8, 52.6. IR 

(neat) 434, 475, 546, 601, 669, 688, 741, 756, 775, 802, 824, 836, 1055, 1145, 1232, 1272, 

1287, 1496, 1654, 2181 cm-1. HRMS-ESI exact mass calcd. for C41H28O2Na ([M+Na]+) 

requires m/z 575.1982, found m/z 575.1966. 

 

White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.93 (d, J = 

9.5 Hz, 2H), 7.84 (dd, J = 11.1, 6.9 Hz, 4H), 7.73 (q, J = 8.3 Hz, 

3H), 7.65 (d, J = 8.4 Hz, 1H), 7.62 – 7.53 (m, 2H), 7.53 – 7.42 

(m, 4H), 7.36 – 7.32 (m, 1H), 7.23 (td, J = 7.9, 7.0, 1.3 Hz, 2H), 

5.43 (s, 2H), 4.13 (s, 2H); 13C NMR (101 MHz, CDCl3): δ (ppm) 184.9, 161.3, 134.9, 134.0, 

133.8, 133.6, 133.4, 133.2, 132.1, 131.9, 129.9, 129.7, 129.5, 129.1, 128.9, 128.7, 128.5, 

128.4, 128.3, 128.2, 127.9, 127.6, 126.6, 126.4, 126.0, 125.0, 124.9, 124.7, 119.9, 114.1, 

103.8, 98.0, 89.3, 71.4, 52.4. IR (neat) 440, 475, 550, 674, 742, 768, 803, 826, 855, 882, 1049, 

1137, 1147, 1229, 1276, 1506, 1587, 1652, 2178 cm-1. HRMS-ESI exact mass calcd. for 

C35H23BrO2Na ([M+Na]+) requires m/z 577.0774, found m/z 577.0756. 

 

O

O
2m

Ph

O

O

2n

Br
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White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.94 (s, 1H), 

7.90 – 7.73 (m, 6H), 7.74 – 7.63 (m, 4H), 7.59 – 7.51 (m, 2H), 

7.51 – 7.46 (m, 2H), 7.43 (dd, J = 8.3, 1.8 Hz, 1H), 7.32 – 7.27 (m, 

2H), 7.21 (d, J = 9.1 Hz, 1H), 7.16 – 7.13 (m, 1H), 5.43 (s, 2H), 4.14 (s, 2H), 2.48 (s, 3H); 13C 

NMR (101 MHz, CDCl3): δ (ppm) 185.5, 161.2, 135.7, 134.9, 134.1, 133.5, 133.4, 133.2, 

133.0, 132.0, 130.4, 128.8, 128.6, 128.6, 128.5, 128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 

126.8, 126.5, 126.3, 126.0, 125.0, 124.9, 124.7, 114.2, 104.0, 98.1, 89.0, 71.4, 52.5, 21.8. IR 

(neat) 421, 441, 472, 553, 666, 711, 740, 749, 771, 802, 815, 825, 852, 884, 1048, 1136, 1147, 

1219, 1227, 1276, 1506, 1652, 2180 cm-1. HRMS-ESI exact mass calcd. for C36H26O2Na 

([M+Na]+) requires m/z 513.1825, found m/z 513.1814. 

 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.98 – 7.94 

(m, 2H), 7.91 – 7.77 (m, 7H), 7.73 – 7.66 (m, 5H), 7.54 (dd, J = 

8.4, 1.8 Hz, 1H), 7.51 – 7.43 (m, 5H), 7.43 – 7.34 (m, 1H), 7.31 – 

7.27 (m, 1H), 7.21 (d, J = 9.2 Hz, 1H), 7.13 – 7.17 (m, 1H), 5.43 (s, 

2H), 4.17 (s, 2H). 13C NMR (101 MHz, CDCl3): δ (ppm) 185.3, 161.2, 141.2, 138.7, 134.9, 

134.1, 133.5, 133.4, 133.2, 133.0, 132.9, 131.5, 129.0, 128.9, 128.8, 128.6, 128.5, 128.5, 

128.5, 128.3, 128.2, 127.9, 127.5, 127.5, 126.5, 126.3, 126.1, 126.0, 125.8, 125.0, 124.9, 

124.7, 114.2, 103.9, 98.1, 89.2, 71.4, 52.6. IR (neat) 413, 440, 473, 517, 549, 623, 651, 672, 

696, 741, 751, 814, 826, 855, 1048, 1137, 1147, 1229, 1277, 1506, 1652, 2180 cm-1. 

HRMS-ESI exact mass calcd. for C41H28O2Na ([M+Na]+) requires m/z 575.1982, found m/z 

575.1975. 

O

O

2o

Me

O

O

2p

Ph
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Light yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.00 

– 7.91 (m, 2H), 7.90 – 7.84 (m, 2H), 7.82 (d, J = 7.8 Hz, 5H), 

7.78 (s, 1H), 7.74 – 7.64 (m, 3H), 7.61 – 7.56 (m, 2H), 7.54 (dd, 

J = 8.5, 1.8 Hz, 1H), 7.51 – 7.43 (m, 3H), 7.34 – 7.27 (m, 3H), 

7.20 (d, J = 8.8 Hz, 1H), 7. 16 – 7.14 (m, 1H), 5.41 (s, 2H), 4.17 (s, 2H), 2.44 (s, 3H); 13C 

NMR (101 MHz, CDCl3): δ (ppm) 185.4, 161.2, 138.7, 138.2, 137.3, 134.9, 134.0, 133.5, 

133.4, 133.2, 133.1, 132.8, 131.3, 129.7, 128.8, 128.8, 128.6, 128.5, 128.4, 128.3, 128.2, 

127.9, 127.3, 126.5, 126.3, 126.0, 126.0, 125.4, 125.0, 124.9, 124.7, 114.1, 103.9, 98.1, 89.2, 

71.3, 52.5, 21.3. IR (neat) 412, 439, 475, 660, 688, 741, 750, 776, 802, 811, 825, 1048, 1137, 

1147, 1226, 1254, 1278, 1497, 1506, 1656, 2181 cm-1. HRMS-ESI exact mass calcd. for 

C42H30O2Na ([M+Na]+) requires m/z 589.2138, found m/z 589.2126. 

 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.96 (d, J = 

1.8 Hz, 1H), 7.92 (d, J = 1.6 Hz, 1H), 7.89 – 7.77 (m, 8H), 7.77 

– 7.63 (m, 7H), 7.54 – 7.50 (m, 2H), 7.49 – 7.43 (m, 2H), 7.31 – 

7.28 (m, 1H), 7.24 – 7.15 (m, 2H), 5.42 (s, 2H), 4.18 (s, 2H); 13C 

NMR (101 MHz, CDCl3): δ (ppm) 185.1, 161.2, 144.6, 137.2, 134.9, 134.0, 133.5, 133.4, 

133.3, 133.2, 132.9, 132.1, 129.7, 129.4, 129.0, 128.8, 128.8, 128.8, 128.6, 128.5, 128.3, 

128.3, 128.2, 127.9, 127.7, 126.5, 126.3, 126.3, 126.0, 125.9, 125.9, 125.8, 125.6, 125.0, 

124.9, 124.7, 114.1, 103.9, 98.1, 89.2, 71.3, 52.5. 19F NMR (376 MHz, CDCl3) δ (ppm) -62.4. 

IR (neat) 419, 445, 476, 549, 600, 726, 744, 777, 808, 827, 849, 861, 896, 1012, 1025, 1054, 

O

O

2q

Me

O

O

2r

F3C
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1072, 1108, 1154, 1227, 1254, 1275, 1331, 1656, 2175. cm-1 HRMS-ESI exact mass calcd. 

for C42H27F3O2Na ([M+Na]+) requires m/z 643.1855, found m/z 643.1840. 

 

White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.98 – 7.90 

(m, 2H), 7.90 – 7.77 (m, 7H), 7.69 (td, J = 8.8, 8.4, 1.4 Hz, 3H), 

7.65 – 7.58 (m, 2H), 7.53 (dd, J = 8.5, 1.7 Hz, 1H), 7.51 – 7.42 

(m, 3H), 7.33 – 7.27 (m, 1H), 7.21 (d, J = 9.2 Hz, 1H), 7. 17 – 7.17 (m, 1H), 7.05 – 6.95 (m, 

2H), 5.42 (s, 2H), 4.16 (s, 2H), 3.88 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 185.4, 

161.2, 159.4, 138.3, 134.9, 134.1, 133.7, 133.5, 133.4, 133.2, 133.1, 132.6, 131.2, 128.8, 

128.8, 128.6, 128.5, 128.5, 128.4, 128.3, 128.2, 127.9, 126.5, 126.3, 126.0, 125.9, 125.0, 

124.9, 124.7, 114.5, 114.2, 103.9, 98.1, 89.1, 71.3, 55.5, 52.6. IR (neat) 411, 420, 439, 475, 

741, 752, 812, 825, 1048, 1139, 1148, 1218, 1227, 1278, 1364, 1507, 1654, 1738, 2181, 2359 

cm-1. HRMS-ESI exact mass calcd. for C42H30O3Na ([M+Na]+) requires m/z 605.2087, found 

m/z 605.2075. 

 

White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.00 – 7.91 (m, 

2H), 7.91 – 7.78 (m, 6H), 7.78 – 7.63 (m, 4H), 7.54 (dd, J = 8.5, 1.3 

Hz, 2H), 7.51 – 7.43 (m, 6H), 7.43 – 7.33 (m, 1H), 7.17 (d, J = 9.1 

Hz, 1H), 6.93 (dd, J = 8.6, 1.7 Hz, 1H), 5.40 (s, 2H), 4.16 (s, 2H), 

2.37 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 185.4, 160.7, 141.2, 138.8, 134.5, 134.2, 

133.5, 133.2, 133.1, 133.0, 133.0, 132.8, 131.5, 130.5, 129.0, 128.9, 128.8, 128.7, 128.6, 

128.6, 128.5, 128.2, 127.9, 127.5, 127.5, 127.2, 126.5, 126.3, 126.1, 126.0, 125.8, 124.8, 

O

O

2s

MeO

O

O

2t

Ph

Me
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124.8, 114.2, 103.8, 97.9, 89.5, 71.4, 52.5, 21.5. IR (neat) 418, 440, 544, 676, 694, 750, 764, 

855, 881, 1041, 1044, 1228, 1279, 1333, 1373, 1497, 1591, 1738, 2182 cm-1. HRMS-ESI 

exact mass calcd. for C42H31O2Na ([M+H]+) requires m/z 567.2319, found m/z 567.2302. 

 
 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.00 – 7.91 

(m, 2H), 7.91 – 7.80 (m, 4H), 7.74 (d, J = 8.1 Hz, 1H), 7.58 (dd, J 

= 8.5, 1.7 Hz, 1H), 7.55 – 7.43 (m, 3H), 7.41 – 7.37 (m, 1H),  

7.24 (s, 1H), 6.55 (d, J = 2.2 Hz, 2H), 6.40 (s, 1H), 5.51 (s, 2H), 

3.95 (s, 2H), 3.72 (s, 6H); 13C NMR (101 MHz, CDCl3): δ (ppm) 185.0, 161.2, 161.2, 135.7, 

135.0, 134.1, 133.5, 133.4, 133.2, 128.6, 128.6, 128.4, 128.4, 128.2, 127.9, 126.5, 126.3, 

126.0, 125.1, 125.0, 124.7, 114.3, 108.1, 104.1, 99.7, 97.9, 88.7, 71.4, 55.4, 52.7. IR (neat) 

478, 592, 664, 741, 773, 801, 812, 1046, 1064, 1083, 1122, 1148, 1203, 1234, 1274, 1592, 

1635. HRMS-ESI exact mass calcd. for C36H27O4 ([M+H]+)  requires m/z 487.1904, found 

m/z 487.1892. 

 

 

 

 

 

 

 

 

O

O

OMe

MeO

2u
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General procedure for the synthesis of 2c and 2d[3] 

 

 PdCl
2(PPh3)2,

 Et
3N, CO

1.4-dioxane, 40 oC, 15 h.

Cl

O

O

OH OH
CHO

O
CHO

Br

K2CO3, Acetone,
RT, overnight

TiCl4
 /

DCM, 0 oC to rt, overnight

O

2c   R = MeO
2d   R = Ph

R

OCl
Cl

R

R = Ph, MeO

R

R = Ph, MeO R =  Ph, MeO

O
P

N2

OMe
OMe

O

K2CO3, MeOH,
RT, 2 d

R

R = Ph, MeO

R

Bestmann-ohira reagent

S7 S8 S9

S10

 

A solution of TiCl4 (15.4 mmol, 2.0 eq.) and dichloromethyl methylether (7.7 mmol, 1.0 

eq.) in anhydrous CH2Cl2 (10mL) was stirred at 0 °C for 15 min. After this, a solution of the 

corresponding substituted naphthol S7 (7.7 mmol, 1.0 eq.) in CH2Cl2 (20 mL) was added 

dropwise, and the reaction allowed to warm to room temperature. The mixture obtained was 

stirred overnight and subsequently, it was quenched by adding 1 N HCl (10 mL). The aqueous 

layer was extracted with CH2Cl2 (3 × 10 mL), and the combined organic phases dried with 

Na2SO4, and evaporated to afford a residue which was further purified by column 

chromatography (hexanes/acetone = 10:1, v/v) to yield the corresponding aldehydes S8. 

After this, K2CO3 (455 mg, 3.3 mmol, 1.10 eq.) was added to a solution of S8 (3.0 mmol, 

1.00 eq.) and 2-naphtylmethyl bromide (3.3 mmol, 1.10 eq.) in acetone (30 mL) and the 

resulting mixture stirred at room temperature for 13 h . Filtration of the reaction mixture 

produced a transparent organic phase that was concentrated in vacuo. The residue thus 

obtained was purified by a silica gel column chromatography (hexane/acetone = 40:1, v/v) 

affording S9. 

To a flame dried, argon purged round bottom flask was added the aldehyde S9 (0.7 mmol, 
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1.00 eq.) dissolved in anhydrous methanol (10 mL) and K2CO3 (1.4 mmol, 2.00 eq.). Then, 

Bestmann-Ohira reagent (0.84 mmol, 1.20 eq.) was added slowly via a syringe and the 

reaction mixture thus obtained was stirred at room temperature for 2 days. After that, the 

solvent was removed under reduced pressure, water (10 mL) was added and the suspension 

obtained was extracted with ethyl acetate (15 mL) three times. Concentration of the organic 

phases was under reduced pressure afforded a residue, which was purified by a silica gel flash 

column chromatography (hexane/acetone = 20:1, v/v) to obtain the desired product S10. 

Finally, PdCl2(PPh3)2 (0.13 mmol, 0.05 eq.), 2-(chloromethyl)naphthalene (0.56 mmol, 

1.00 eq.), S10 (0.62 mmol, 1.10 eq.) and Et3N (0.84 mmol, 1.50 eq.) were suspended in 

1,4-dioxane (5 mL) under a N2 atmosphere, the flask purged with CO (1 atm) three times, and 

heated to 40 °C for 15 h. After this the flask was allowed to cool to room temperature and the 

remaining CO was vented. The reaction was quenched with water and extracted with CH2Cl2. 

After washing the organic layer with brine, it was dried over Na2SO4 and concentrated. The 

residue was purified by a silica gel column chromatography (CH2Cl2/MeOH = 150:1, v/v) to 

give the desired alkynone products 2c and 2d. 

 

White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.98 (d, J = 1.6 

Hz, 1H), 7.90 – 7.74 (m, 6H), 7.72 (d, J = 1.7 Hz, 1H), 7.68 (dd, J = 

8.4, 1.7 Hz, 1H), 7.64 (d, J = 8.1 Hz, 1H), 7.50 – 7.46 (m, 5H), 7.39 

– 7.34 (m, 1H), 7.24 (s, 1H), 6.96 – 6.91 (m, 1H), 5.38 (s, 2H), 4.02 

(s, 2H), 3.98 (s, 3H). 13C NMR (101 MHz, CDCl3): δ (ppm) 185.1, 153.4, 151.8, 134.5, 133.7, 

133.4, 133.4, 132.8, 131.0, 130.6, 129.3, 129.0, 128.6, 128.3, 128.3, 127.9, 127.9, 127.8, 

O

O

2c

O
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127.7, 126.8, 126.6, 126.4, 126.2, 126.2, 126.1, 125.5, 125.2, 111.1, 110.7, 96.7, 88.1, 76.4, 

56.0, 52.4. IR (neat) 4768, 664, 745, 829, 853, 950, 1001, 1012, 1151, 1165, 1203, 1215, 

1227, 1255, 1339, 1366, 1425, 1456, 1650, 2181 cm-1. HRMS-ESI exact mass calcd. for 

C26H36O3Na ([M+Na]+) requires m/z 529.1774, found m/z 529.1761. 

 

White solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.89 (s, 1H), 

7.87 – 7.75 (m, 7H), 7.73 (d, J = 8.4 Hz, 1H), 7.67 – 7.58 (m, 3H), 

7.54 (d, J = 8.4 Hz, 1H), 7.52 – 7.34 (m, 9H), 7.32 – 7.26 (m, 1H), 

7.05 – 7.03 (m, 1H), 4.90 (s, 2H), 4.09 (s, 2H); 13C NMR (101 MHz, 

CDCl3): δ (ppm) 185.1, 159.9, 137.5, 135.4, 134.0, 133.8, 133.8, 133.7, 133.3, 132.8, 131.1, 

130.3, 129.7, 129.1, 128.7, 128.6, 128.3, 128.3, 128.1, 128.1, 128.0, 128.0, 128.0, 127.9, 

127.8, 127.8, 126.7, 126.4, 126.3, 126.2, 126.1, 125.2, 110.4, 110.1, 97.1, 88.6, 52.4. IR (neat) 

420, 478, 517, 667, 696, 751, 828, 991, 1202, 1216, 1227, 1365, 1426, 1457, 1490, 1507, 

1649, 2181, 2342, 2359 cm-1. HRMS-ESI exact mass calcd. for C41H28O2Na ([M+Na]+) 

requires m/z 575.1982, found m/z 575.1964. 

 

 

 

 

 

 

 

 

O

O

2d

Ph
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4. General procedure for gold-catalyzed atroposelective intramolecular 

hydroarylation of alkynones 
 

5 mol% 6c, 5 mol% AgSbF6

DCM [0.05 M], -30 oC.

O

O

O

OH

MeO

MeO

O

O
P

N

N

Mes

Mes

SbF6
Au

Cl

F3C

F3C

CH3

CH3

6c

2a-t 4a-tCF3

CF3

R R

R' R'

 

To a dried Schlenk flask equipped with magnetic stirrer substrate 2 (1.0 equiv.) and gold 

precatalyst 6c (5 mol%) were added. A septum was fitted to the flask and the content was 

dried under high vacuum for 30 minutes. Then dichloromethane (0.05M) was added via 

syringe and the reaction mixture was allowed to stir at room temperature for 2 minutes before 

transferring it to a pre-cooled isopropanol bath at -30 oC. After this, a solution of AgSbF6 (5 

mol%, 0.05M solution in dichloromethane) was added through the septum, the septum was 

exchanged for a greased glass stopper and the reaction mixture was allowed to stir at -30 oC 

for the indicated time. Once the starting material was consumed, the reaction mixture was 

filtered through a short pad of silica eluting with dichloromethane, and the solvent was 

removed in vacuo. The obtained residue was purified by column chromatography on silica gel 

(n-hexanes/acetone =7:1, v/v) to afford the desired product 4a-t. 
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Yellow solid; isolated yield 90%, 97% ee. [α]D
20 = -64.1 (c = 1.1, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.97 (d, J = 9.0 Hz, 

1H), 7.89 (d, J = 8.2 Hz, 1H), 7.77-7.67 (m, 4H), 7.53 (q, J = 7.4, 6.7 

Hz, 3H), 7.47-7.34 (m, 6H), 7.28 (dd, J = 12.7, 3.9 Hz, 3H), 7.19 (s, 

1H), 6.94 (d, J = 2.7 Hz, 1H), 6.88 (t, J = 8.1 Hz, 2H), 5.16 (d, J = 12.6 Hz, 1H), 5.02 (d, J = 

12.5 Hz, 1H), 4.94 (s, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.2, 152.5, 136.4, 135.5, 

134.6, 133.4, 133.2, 132.9, 132.3, 131.3, 129.9, 129.5, 128.6, 128.3, 128.0, 127.9, 127.6, 

127.3, 126.9, 126.1, 126.0, 125.9, 125.8, 125.7, 125.6, 125.2, 125.0, 124.9, 124.3, 121.6, 

116.2, 112.6, 71.3. . IR (neat) 413, 473, 504, 580, 720, 745, 809, 857, 996, 1070, 1146, 1174, 

1220, 1267, 1327, 1600 cm-1. HRMS-ESI exact mass calcd. for C35H24O2Na ([M+Na]+) 

requires m/z 499.1669, found m/z 499.1665. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

9.0 min (minor), tR2 = 10.1 min (major). 

 

White solid; isolated yield 92%, 96% ee. [α]D
20 = -59 (c = 1.1, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.95 (d, J = 8.9 Hz, 

1H), 7.88 (d, J = 8.2 Hz, 1H), 7.80 – 7.63 (m, 2H), 7.63 – 7.30 (m, 

11H), 7.26 – 7.19 (m, 2H), 6.95 (d, J = 2.9 Hz, 1H), 6.91 – 6.73 (m, 

2H), 5.14 (d, J = 12.7 Hz, 1H), 5.00 (d, J = 12.5 Hz, 1H), 4.94 (s, 1H), 2.75 (s, 3H); 13C NMR 

(101MHz, CDCl3): δ (ppm) 153.2, 152.4, 136.7, 135.6, 134.7, 133.3, 133.2, 132.8, 132.1, 

131.9, 130.6, 129.9, 129.4, 129.0, 128.5, 128.0, 127.9, 127.9, 127.6, 126.9, 126.0, 125.9, 

O

OH

4a

O

OH

4b
Me
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125.7, 125.7, 125.6, 125.3, 125.3, 125.2, 124.9, 124.3, 121.1, 116.2, 109.0, 71.2, 21.0. IR 

(neat) 418, 450, 473, 519, 578, 729, 746, 809, 855, 885, 951, 1003, 1048, 1183, 1222, 1267, 

1328, 1599 cm-1. HRMS-ESI exact mass calcd. for C36H26O2 ([M+H]+) requires m/z 

490.1927, found m/z 490.1925. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 80 : 20, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

5.2 min (major), tR2 = 9.0 min (minor). 

 

Yellow solid; isolated yield 92%, 86% ee. [α]D
20 = -104 (c = 1.6, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.84 (d, J = 8.3 Hz, 

1H), 7.76 – 7.60 (m, 4H), 7.50 (q, J = 9.2 Hz, 3H), 7.43 – 7.34 (m, 

4H), 7.34 – 7.27 (m, 2H), 7.14 – 7.10 (m, 1H), 7.05 (s, 1H), 6.95 – 

6.81 (m, 2H), 6.76 (dd, J = 8.4, 1.6 Hz, 1H), 5.02 (d, J = 11.1 Hz, 1H), 4.75 (s, 1H), 4.72 (d, J 

= 11.1 Hz, 1H), 4.10 (s, 3H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.0, 153.0, 144.8, 

135.8, 135.5, 134.9, 134.7, 133.1, 132.9, 132.3, 131.9, 130.9, 128.7, 128.4, 128.3, 128.1, 

127.6, 127.5, 127.1, 126.8, 126.7, 126.1, 125.9, 125.8, 125.8, 125.8, 125.2, 124.8, 124.6, 

121.5, 112.8, 107.3, 74.5, 55.9. IR (neat) 413, 433, 444, 472, 503, 580, 630, 721, 743, 812, 

857, 997, 1045, 1113, 1150, 1174, 1194, 1245, 1423, 1459, 1599 cm-1. HRMS-ESI exact 

mass calcd. for C36H26O3 ([M+H]+) requires m/z 506.1876, found m/z 499.1872. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 70 : 30, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

4.1 min (minor), tR2 = 13.1 min (major). 
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White solid; isolated yield 87%, 97% ee. [α]D
20 = -195 (c = 1.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.06 (s, 1H), 7.97 (d, 

J = 8.3 Hz, 1H), 7.84 – 7.53 (m, 7H), 7.51 – 7.26 (m, 12H), 7.02 (t, J 

= 2.1 Hz, 1H), 6.96 (dd, J = 8.8, 7.0 Hz, 1H), 6.62 (s, 1H), 6.35 (dd, J 

= 8.5, 1.9 Hz, 1H), 4.90 (s, 1H), 4.31 (d, J = 10.5 Hz, 1H), 4.22 (d, J = 10.5 Hz, 1H); 13C 

NMR (101MHz, CDCl3): δ (ppm) 153.1, 151.1, 138.9, 136.3, 136.0, 135.6, 134.2, 134.1, 

133.0, 132.8, 132.8, 132.4, 131.4, 131.1, 130.4, 129.7, 128.8, 128.5, 128.5, 128.2, 128.0, 

127.6, 127.5, 127.5, 127.2, 127.2, 126.8, 126.1, 126.1, 125.9, 125.8, 125.7, 125.7, 125.3, 

124.9, 121.7, 112.8, 74.4. IR (neat) 410, 434, 472, 504, 556, 580, 634, 699, 718, 746, 812, 

855, 893, 994, 1149, 1189, 1255, 1560 cm-1. HRMS-ESI exact mass calcd. for C41H28O2Na 

([M+Na]+) requires m/z 575.1982, found m/z 575.1982. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 98 : 2, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

6.6 min (minor), tR2 = 8.7 min (major). 

 

White solid; isolated yield 90%, 97% ee. [α]D
20 = -88 (c = 1.7, CHCl3); 

1H NMR (400 MHz, CDCl3): δ (ppm) 8.33 – 8.21 (m, 1H), 7.82 (s, 

1H), 7.79 – 7.65 (m, 4H), 7.61 – 7.43 (m, 6H), 7.40 (dt, J = 6.5, 3.5 

Hz, 2H), 7.36 – 7.27 (m, 3H), 7.15 (s, 1H), 6.98 – 6.86 (m, 2H), 6.82 

(d, J = 8.5 Hz, 1H), 5.14 (d, J = 12.3 Hz, 1H), 5.00 (d, J = 12.2 Hz, 1H), 4.85 (s, 1H); 13C 

NMR (101MHz, CDCl3): δ (ppm) 153.1, 152.2, 135.5, 135.5, 134.0, 134.0, 133.1, 132.9, 

132.3, 131.1, 128.9, 128.7, 128.5, 128.5, 128.1, 128.0, 127.7, 127.7, 127.3, 127.2, 126.3, 

126.1, 126.0, 125.9, 125.8, 125.4, 125.4, 124.9, 124.8, 123.4, 121.6, 120.5, 112.9, 71.6. IR 
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(neat) 473, 506, 580, 719, 744, 813, 855, 912, 995, 1158, 1174, 1219, 1261, 1312, 1372, 1579, 

1600, 1739 cm-1. HRMS-ESI exact mass calcd. for C35H23BrO2 ([M+H]+) requires m/z 

554.0876, found m/z 554.0870. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 80 : 20, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

4.5 min (minor), tR2 = 14.4 min (major). 

 

White solid; isolated yield 90%, 93% ee. [α]D
20 = -105 (c = 0.8, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.05 (d, J = 8.5 Hz, 

1H), 7.76 (dd, J = 7.7, 1.5 Hz, 1H), 7.67 (dt, J = 25.5, 8.6 Hz, 4H), 

7.57 – 7.44 (m, 3H), 7.44 – 7.35 (m, 3H), 7.35 – 7.25 (m, 4H), 7.16 (s, 

1H), 6.94 – 6.80 (m, 3H), 5.14 (d, J = 12.4 Hz, 1H), 4.99 (d, J = 12.4 Hz, 1H), 4.89 (s, 1H), 

2.83 (s, 3H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.1, 152.0, 136.6, 136.3, 135.5, 134.7, 

133.5, 133.2, 132.9, 132.3, 131.4, 129.2, 128.6, 128.2, 128.0, 127.9, 127.6, 127.3, 126.9, 

126.7, 126.4, 126.1, 126.0, 125.9, 125.6, 125.2, 125.1, 125.0, 124.3, 124.2, 121.9, 117.3, 

112.5, 71.4, 20.2. IR (neat) 412, 422, 474, 510, 720, 746, 812, 857, 996, 1123, 1175, 1200, 

1217, 1228, 1337, 1365, 1597, 1739 cm-1. HRMS-ESI exact mass calcd. for C36H26O2 

([M+H]+) requires m/z 490.1927, found m/z 490.1926. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 80 : 20, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

6.5 min (major), tR2 = 12.5 min (minor). 
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White solid; isolated yield 93%, 96% ee. [α]D
20 = -97 (c = 1.7, CHCl3); 

1H NMR (400 MHz, CDCl3): δ (ppm) 7.95 (d, J = 8.3 Hz, 1H), 7.82 – 

7.66 (m, 5H), 7.65 – 7.47 (m, 8H), 7.45 (s, 1H), 7.43 – 7.35 (m, 2H), 

7.35 – 7.27 (m, 4H), 7.15 (s, 1H), 7.00 (d, J = 2.7 Hz, 1H), 6.97 – 6.88 

(m, 1H), 6.83 (dd, J = 8.4, 1.6 Hz, 1H), 5.17 (d, J = 12.2 Hz, 1H), 5.02 (d, J = 12.3 Hz, 1H), 

4.86 (s, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.2, 151.9, 142.0, 140.7, 136.4, 135.5, 

134.5, 133.8, 133.2, 132.9, 132.3, 131.4, 130.4, 128.7, 128.6, 128.3, 128.2, 128.0, 127.9, 

127.7, 127.6, 127.3, 126.9, 126.3, 126.2, 126.0, 125.9, 125.6, 125.3, 125.1, 125.1, 124.4, 

121.8, 117.3, 112.6, 71.4. IR (neat) 403, 429, 443, 473, 582, 702, 721, 745, 811, 857, 996, 

1149, 1174, 1197, 1335, 1600 cm-1. HRMS-ESI exact mass calcd. for C41H28O2 ([M+H]+) 

requires m/z 552.2084, found m/z 552.2084. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 80 : 20, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

5.3 min (major), tR2 = 8.6 min (minor). 

 

White solid; isolated yield 87%, 95% ee. [α]D
20 = -131 (c = 1.0, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) δ 8.39 (d, J = 9.4 Hz, 

1H), 7.81 – 7.60 (m, 5H), 7.60 – 7.43 (m, 4H), 7.43 – 7.34 (m, 3H), 

7.34 – 7.27 (m, 2H), 7.20 (s, 1H), 7.06 (dd, J = 8.5, 7.4 Hz, 1H), 6.92 

– 6.85 (m, 3H), 5.19 (d, J = 12.6 Hz, 1H), 5.06 (d, J = 12.6 Hz, 1H), 4.93 (s, 1H); 13C NMR 

(101MHz, CDCl3): δ (ppm) 153.2, 153.1, 135.9, 135.5, 134.6, 134.3, 133.1, 132.9, 132.3, 

131.2, 128.9, 128.8, 128.7, 128.4, 128.4, 128.2, 128.0, 127.7, 127.3, 127.2, 126.3, 126.1, 

126.0, 125.9, 125.8, 125.4, 124.8, 124.8, 123.0, 121.6, 117.0, 112.8, 71.2. IR (neat) 408, 474, 
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580, 687, 723, 744, 803, 856, 996, 1043, 1118, 1175, 1198, 1228, 1262, 1600, 1611 cm-1. 

HRMS-ESI exact mass calcd. for C35H23BrO2 ([M+H]+) requires m/z 554.0876, found m/z 

554.0872. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 98 : 2, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

15.4 min (minor), tR2 = 17.6 min (major). 

 

White solid; isolated yield 92%, 92% ee. [α]D
20 = -125 (c = 2.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.12 (d, J = 9.3 Hz, 

1H), 7.77 (dd, J = 7.9, 1.5 Hz, 1H), 7.73 – 7.66 (m, 2H), 7.61 (d, J = 

8.8 Hz, 1H), 7.57 – 7.43 (m, 4H), 7.43 – 7.36 (m, 2H), 7.30 (td, J = 

8.1, 3.6 Hz, 2H), 7.23 – 7.06 (m, 4H), 6.95 – 6.77 (m, 3H), 5.16 (d, J = 12.4 Hz, 1H), 5.01 (d, 

J = 12.4 Hz, 1H), 4.95 (s, 1H), 2.77 (s, 3H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.2, 

152.3, 136.7, 135.4, 134.6, 134.4, 133.6, 133.2, 132.9, 132.3, 131.4, 129.1, 128.6, 128.2, 

128.0, 127.9, 127.7, 127.3, 126.7, 126.1, 126.0, 125.9, 125.7, 125.6, 125.3, 125.2, 125.0, 

124.9, 124.3, 121.7, 115.6, 112.5, 71.3, 19.9. IR (neat) 422, 433, 474, 504, 518, 527, 745, 806, 

857, 1178, 1217, 1228, 1365, 1452, 1598, 1739 cm-1. HRMS-ESI exact mass calcd. for 

C36H26O2 ([M+H]+) requires m/z 490.1927, found m/z 490.1926. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 97 : 3, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

16.1 min (minor), tR2 = 24.8 min (major). 
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Yellow solid; isolated yield 90%, 90% ee. [α]D
20 = -118 (c = 1.0, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.02 (d, J = 9.3 Hz, 

1H), 7.79 (dd, J = 7.9, 1.3 Hz, 1H), 7.76 – 7.67 (m, 2H), 7.67 – 7.42 

(m, 10H), 7.38 (dd, J = 9.5, 5.8 Hz, 3H), 7.35 – 7.27 (m, 3H), 7.23 (t, 

J = 2.0 Hz, 1H), 7.17 (s, 1H), 7.01 – 6.89 (m, 2H), 6.85 (dd, J = 8.4, 1.6 Hz, 1H), 5.15 (d, J = 

12.6 Hz, 1H), 5.01 (d, J = 12.6 Hz, 1H), 4.93 (s, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 

153.2, 152.3, 141.1, 140.4, 136.6, 135.5, 134.6, 133.8, 133.2, 132.9, 132.3, 131.4, 130.3, 

128.7, 128.6, 128.4, 128.3, 128.0, 128.0, 128.0, 127.8, 127.7, 127.4, 127.3, 126.5, 126.2, 

126.0, 125.9, 125.9, 125.6, 125.5, 125.4, 125.3, 124.9, 121.8, 115.8, 112.6, 71.2. IR (neat) 

422, 434, 474, 504, 528, 702, 745, 808, 856, 1174, 1217, 1227, 1365, 1452, 1600, 1739. 

HRMS-ESI exact mass calcd. for C41H28O2 ([M+H]+) requires m/z 552.2084, found m/z 

552.2082. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 98 : 2, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

18.6 min (major), tR2 = 21.8 min (minor). 

 

White solid; isolated yield 87%, 97% ee. [α]D
20 = -53.8 (c = 1.0, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.85 (d, J = 9.0 Hz, 

1H), 7.78 (d, J = 7.8 Hz, 1H), 7.74 – 7.66 (m, 2H), 7.62 (d, J = 8.8 

Hz, 1H), 7.56 – 7.43 (m, 4H), 7.40 (dd, J = 6.3, 3.2 Hz, 2H), 7.30 (d, 

J = 13.0 Hz, 3H), 7.24 – 7.12 (m, 2H), 6.94 – 6.78 (m, 3H), 5.15 (d, J = 12.5 Hz, 1H), 5.06 (s, 

1H), 5.01 (d, J = 12.5 Hz, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.2, 152.7, 135.6, 
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135.5, 134.3, 133.1, 132.9, 132.3, 131.9, 131.1, 130.8, 130.2, 130.0, 128.8, 128.7, 128.6, 

128.4, 128.0, 127.7, 127.5, 127.3, 126.2, 126.1, 126.0, 125.9, 125.3, 124.9, 124.7, 121.6, 

118.2, 117.1, 112.8, 71.3. IR (neat) 418, 428, 444, 473, 498, 576, 718, 744, 812, 868, 900, 

1068, 1175, 1264, 1324, 1493, 1583, 1600 cm-1. HRMS-ESI exact mass calcd. for 

C35H23BrO2Na ([M+Na]+) requires m/z 577.0774, found m/z 577.0754. 

The enantiomeric excess was determined by HPLC on Chiralcel OD-3 column (hexane : 

isopropanol = 90 : 10, flowing rate = 1.1 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

7.0 min (major), tR2 = 9.6 min (minor). 

 

White solid; isolated yield 90%, 94% ee. [α]D
20 = -88.0 (c = 1.4, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.87 (d, J = 9.0 Hz, 

1H), 7.78 (dd, J = 8.0, 1.5 Hz, 1H), 7.75 – 7.62 (m, 3H), 7.62 – 7.47 

(m, 4H), 7.47 – 7.28 (m, 5H), 7.13 (s, 1H), 7.09 (dd, J = 8.7, 1.8 Hz, 

1H), 7.05 – 6.97 (m, 1H), 6.94 – 6.87 (m, 2H), 6.85 (dd, J = 8.5, 1.7 Hz, 1H), 5.13 (d, J = 12.2 

Hz, 1H), 4.99 (s, 1H), 4.95 (d, J = 12.2 Hz, 1H), 2.46 (s, 3H); 13C NMR (101MHz, CDCl3): δ 

(ppm) 153.1, 151.8, 136.3, 135.4, 134.5, 133.9, 133.2, 132.9, 132.3, 131.5, 131.4, 130.2, 

129.2, 128.8, 128.7, 128.6, 128.1, 128.0, 127.9, 127.6, 127.3, 127.0, 126.1, 126.0, 126.0, 

125.9, 125.6, 125.6, 125.2, 125.2, 124.8, 121.7, 116.3, 112.5, 71.6, 21.6. IR (neat) 423, 433, 

473, 503, 529, 579, 617, 674, 703, 719, 744, 817, 856, 995, 1054, 1175, 1219, 1269, 1332, 

1454, 1598 cm-1. HRMS-ESI exact mass calcd. for C36H26O2Na ([M+Na]+) requires m/z 

513.1825, found m/z 513.1814. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 
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isopropanol = 95 : 5, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

9.1 min (minor), tR2 = 11.3 min (major). 

 

Yellow solid; isolated yield 85%, 93% ee. [α]D
20 = -67.0 (c = 1.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.09 (s, 1H), 8.01 (d, J 

= 9.0 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.75 – 7.58 (m, 6H), 7.55 – 

7.29 (m, 11H), 7.22 – 7.14 (m, 2H), 6.99 – 6.90 (m, 2H), 6.86 (d, J = 

8.4 Hz, 1H), 5.15 (d, J = 12.5 Hz, 1H), 5.11 (s, 1H), 5.01 (d, J = 12.4 Hz, 1H); 13C NMR 

(101MHz, CDCl3): δ (ppm) 153.2, 152.6, 141.0, 136.9, 136.2, 135.5, 134.5, 133.2, 132.9, 

132.5, 132.3, 131.3, 130.1, 129.8, 129.0, 128.7, 128.6, 128.2, 128.0, 128.0, 127.7, 127.3, 

126.6, 126.3, 126.1, 126.0, 125.9, 125.9, 125.6, 125.3, 125.0, 124.8, 121.7, 116.5, 112.7, 71.4. 

IR (neat) 418, 426, 473, 504, 580, 696, 719, 744, 811, 856, 995, 1175, 1222, 1270, 1493, 

1593. HRMS-ESI exact mass calcd. for C41H28O2Na ([M+Na]+) requires m/z 575.1982, 

found m/z 575.1965. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 92 : 8, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

6.3 min (minor), tR2 = 13.9 min (major). 

 

White solid; isolated yield 92%, 94% ee. [α]D
20 = -90 (c = 0.8, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.96 (d, J = 9.0 Hz, 

1H), 7.92 – 7.84 (m, 2H), 7.76 – 7.68 (m, 2H), 7.60 (d, J = 8.9 Hz, 

1H), 7.51 (dd, J = 15.7, 6.9 Hz, 2H), 7.46 (s, 1H), 7.45 – 7.31 (m, 

7H), 7.21 (s, 1H), 6.96 (d, J = 2.8 Hz, 1H), 6.89 (td, J = 9.2, 2.0 Hz, 2H), 5.18 (d, J = 12.7 Hz, 
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1H), 5.07 (d, J = 12.7 Hz, 1H), 4.95 (s, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.5, 

152.4, 136.4, 135.4, 134.5, 133.8, 133.2, 133.1, 132.9, 130.6, 129.9, 129.8, 129.0, 128.5, 

128.1, 128.0, 128.0, 127.9, 127.7, 127.3, 127.2, 127.1, 126.2, 126.0, 125.8, 125.4, 124.8, 

124.6, 124.4, 122.0, 119.2, 116.0, 112.7, 71.2. IR (neat) 433, 473, 504, 716, 747, 779, 804, 

861, 877, 994, 1174, 1217, 1268, 1370, 1452, 1605, 1738, 2918 cm-1. HRMS-ESI exact mass 

calcd. for C35H23BrO2 ([M+H]+) requires m/z 554.0876, found m/z 554.0873. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 97 : 3, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

14.3 min (minor), tR2 = 16.4 min (major). 

 

White solid; isolated yield 89%, 94% ee. [α]D
20 = -131 (c = 1.1, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.95 (d, J = 9.0 

Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 7.74 – 7.57 (m, 4H), 7.57 – 

7.31 (m, 11H), 7.25 – 7.14 (m, 3H), 6.92 (d, J = 2.8 Hz, 1H), 6.89 

(dd, J = 8.4, 1.8 Hz, 1H), 6.70 (dd, J = 8.8, 2.1 Hz, 1H), 5.16 (d, J = 12.5 Hz, 1H), 5.03 (d, J = 

12.5 Hz, 1H), 4.87 (s, 1H), 2.34 (s, 3H); 13C NMR (101MHz, CDCl3): δ (ppm) 152.9, 152.4, 

136.0, 135.1, 134.7, 134.6, 133.4, 133.2, 132.9, 132.5, 129.9, 129.5, 129.1, 128.7, 128.3, 

128.1, 128.0, 128.0, 127.9, 127.9, 127.6, 127.3, 126.9, 126.0, 126.0, 125.9, 125.9, 125.7, 

125.4, 125.0, 124.9, 124.3, 121.5, 116.2, 112.6, 71.3, 21.1. IR (neat) 404, 429, 473, 503, 535, 

718, 746, 783, 808, 856, 885, 998, 1146, 1158, 1174, 1222, 1266, 1591, 1602 cm-1. 

HRMS-ESI exact mass calcd. for C36H26O2Na ([M+Na]+) requires m/z 513.1825, found m/z 

513.1816. 
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The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 70 : 30, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

5.5 min (major), tR2 = 8.2 min (minor). 

 

Yellow solid; isolated yield 93%, 95% ee. [α]D
20 = -110 (c = 1.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.04 – 7.93 (m, 

2H), 7.93 – 7.84 (m, 1H), 7.84 – 7.70 (m, 2H), 7.66 (dd, J = 8.1, 

3.2 Hz, 1H), 7.62 – 7.50 (m, 4H), 7.49 – 7.45 (m, 3H), 7.41 – 7.26 

(m, 9H), 7.19 – 7.03 (m, 1H), 6.97 (q, J = 3.3, 2.9 Hz, 1H), 6.93 – 6.83 (m, 1H), 5.24 – 5.13 

(m, 1H), 5.13 – 5.02 (m, 1H), 4.89 (s, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.3, 

152.5, 140.6, 137.5, 136.5, 135.6, 134.7, 133.4, 133.2, 132.9, 132.7, 130.5, 129.8, 129.6, 

128.8, 128.6, 128.4, 128.1, 128.0, 128.0, 127.7, 127.6, 127.3, 127.2, 127.0, 126.4, 126.1, 

126.0, 125.9, 125.8, 125.6, 125.2, 124.9, 124.8, 124.4, 121.7, 116.1, 112.7, 71.2. IR (neat) 

414, 472, 501, 675, 696, 721, 756, 811, 856, 890, 996, 1052, 1173, 1220, 1265, 1328, 1459, 

1600. HRMS-ESI exact mass calcd. for C41H28O2 ([M+H]+) requires m/z 552.2084, found 

m/z 552.2084. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 75 : 25, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

6.1 min (major), tR2 = 9.1 min (minor). 
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White solid; isolated yield 93%, 96% ee. [α]D
20 = -111 (c = 1.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) δ 8.01 – 7.93 (m, 

2H), 7.89 (d, J = 8.1 Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.71 – 

7.61 (m, 2H), 7.61 – 7.41 (m, 7H), 7.39 – 7.30 (m, 3H), 7.29 – 

7.17 (m, 6H), 7.13 (dd, J = 9.0, 2.1 Hz, 1H), 6.95 (d, J = 2.9 Hz, 1H), 6.89 (dd, J = 8.4, 1.7 Hz, 

1H), 5.18 (d, J = 12.6 Hz, 1H), 5.06 (d, J = 12.6 Hz, 1H), 4.90 (s, 1H), 2.37 (s, 3H); 13C NMR 

(101MHz, CDCl3): δ (ppm) 153.2, 152.5, 137.7, 137.4, 137.0, 136.3, 135.5, 134.6, 133.4, 

133.2, 132.9, 132.7, 130.3, 129.8, 129.6, 128.5, 128.5, 128.0, 128.0, 127.6, 127.0, 127.0, 

126.1, 126.0, 126.0, 125.9, 125.9, 125.7, 125.1, 125.0, 124.8, 124.4, 121.7, 116.1, 112.7, 71.3, 

21.2. IR (neat) 403, 418, 473, 502, 520, 722, 747, 785, 813, 856, 891, 996, 1052, 1147, 1174, 

1221, 1265, 1601 cm-1. HRMS-ESI exact mass calcd. for C42H30O2Na ([M+Na]+) requires 

m/z 589.2138, found m/z 589.2129. 

The enantiomeric excess was determined by HPLC on Chiralcel IA-3 column (hexane : 

isopropanol = 80 : 20, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

9.1 min (major), tR2 = 13.2 min (minor). 

 

Yellow solid; isolated yield 89%, 90% ee. [α]D
20 = -68 (c = 

1.5, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.98 (dd, 

J = 5.7, 3.5 Hz, 2H), 7.90 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 

2.7 Hz, 2H), 7.71 – 7.59 (m, 5H), 7.57 (d, J = 9.0 Hz, 1H), 

7.51 – 7.41 (m, 4H), 7.39 – 7.27 (m, 5H), 7.23 (d, J = 6.0 Hz, 1H), 7.09 (dd, J = 9.0, 2.2 Hz, 

1H), 6.98 (d, J = 2.8 Hz, 1H), 6.89 (dd, J = 8.4, 1.7 Hz, 1H), 5.19 (d, J = 12.7 Hz, 1H), 5.09 
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(d, J = 12.7 Hz, 1H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.5, 152.5, 144.1, 136.6, 135.8, 

135.8, 134.6, 133.4, 133.1, 132.8, 132.6, 131.1, 129.8, 129.7, 128.4, 128.3, 128.1, 128.0, 

128.0, 127.9, 127.6, 127.4, 127.1, 126.8, 126.3, 126.1, 125.9, 125.8, 125.8, 125.8, 125.7, 

125.7, 125.5, 125.0, 124.9, 124.6, 124.4, 121.9, 116.1, 112.7, 71.2. 19F NMR (376 MHz, 

CDCl3) δ -62.4. IR (neat) 474, 503, 610, 722, 747, 789, 814, 849, 893, 1014, 1070, 1119, 

1165, 1217, 1266, 1600 cm-1. HRMS-ESI exact mass calcd. for C42H27O2F3Na ([M+Na]+) 

requires m/z 643.1855, found m/z 643.1847. 

The enantiomeric excess was determined by HPLC on Chiralcel IB-3 column (hexane : 

isopropanol = 90 : 10, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

9.4 min (major), tR2 = 11.3 min (minor). 

 

White solid; isolated yield 90%, 91% ee. [α]D
20 = -57 (c = 2.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.97 (s, 1H), 

7.96 – 7.91 (m, 1H), 7.91 – 7.84 (m, 1H), 7.76 (d, J = 8.8 Hz, 

1H), 7.73 – 7.62 (m, 2H), 7.52 (dd, J = 8.6, 5.6 Hz, 4H), 7.45 

(dt, J = 8.8, 2.2 Hz, 3H), 7.40 – 7.26 (m, 5H), 7.23 (d, J = 6.6 Hz, 1H), 7.09 (dd, J = 9.0, 2.2 

Hz, 1H), 6.99 – 6.81 (m, 4H), 5.17 (d, J = 12.8 Hz, 1H), 5.06 (d, J = 12.8 Hz, 1H), 4.94 (s, 

1H), 3.83 (s, 3H); 13C NMR (101MHz, CDCl3): δ (ppm) 159.2, 153.2, 152.5, 137.1, 136.3, 

135.4, 134.7, 133.4, 133.1, 133.1, 132.8, 132.7, 130.0, 129.8, 129.5, 128.5, 128.5, 128.2, 

128.0, 127.9, 127.6, 127.0, 126.0, 126.0, 125.9, 125.8, 125.8, 125.7, 124.9, 124.9, 124.8, 

124.3, 121.6, 116.1, 114.3, 112.7, 71.2, 55.5. IR (neat) 417, 472, 507, 529, 650, 720, 746, 787, 

812, 856, 996, 1018, 1052, 1146, 1173, 1220, 1245, 1458, 1508 . cm-1 HRMS-ESI exact mass 

4s

O

OH
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calcd. for C42H30O3Na ([M+Na]+) requires m/z 605.2087, found m/z 605.2075. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 90 : 10, flowing rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 

4.7 min (minor), tR2 = 5.4 min (major). 

 

White solid; isolated yield 90%, 94% ee. [α]D
20 = -27 (c = 1.2, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.99 (d, J = 2.1 

Hz, 1H), 7.88 (d, J = 9.0 Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.72 

– 7.63 (m, 3H), 7.58 (t, J = 8.4 Hz, 3H), 7.51 (d, J = 8.5 Hz, 1H), 

7.49 – 7.27 (m, 9H), 7.21 (s, 1H), 7.16 – 7.09 (m, 2H), 6.94 (d, J = 2.8 Hz, 1H), 6.88 (dd, J = 

8.5, 1.7 Hz, 1H), 5.15 (d, J = 12.6 Hz, 1H), 5.04 (d, J = 12.7 Hz, 1H), 4.96 (s, 1H), 2.46 (s, 

3H); 13C NMR (101MHz, CDCl3): δ (ppm) 153.2, 151.9, 140.6, 137.4, 136.6, 135.5, 134.7, 

133.9, 133.1, 132.8, 132.7, 131.6, 130.5, 130.1, 129.3, 128.8, 128.5, 128.4, 128.0, 127.9, 

127.7, 127.6, 127.3, 127.2, 127.0, 126.4, 126.1, 126.0, 125.9, 125.9, 125.5, 125.2, 125.0, 

124.8, 121.7, 116.3, 112.6, 71.3, 21.6. IR (neat) 411, 472, 499, 520, 675, 696, 720, 757, 819, 

857, 888, 995, 1054, 1172, 1219, 1268, 1332, 1459, 1599. HRMS-ESI exact mass calcd. for 

C42H30O2 ([M+H]+) requires m/z 566.2240, found m/z 566.2235. 

The enantiomeric excess was determined by HPLC on Chiralcel IC-3 column (hexane : 

isopropanol = 75 : 25, flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 

5.5 min (minor), tR2 = 6.6 min (major). 
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White solid; isolated yield 89%, 23% ee. [α]D
20 = +6.6 (c = 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.80 (dd, J = 8.6, 

2.5 Hz, 2H), 7.74 (dd, J = 6.1, 3.4 Hz, 1H), 7.65 (d, J = 8.5 Hz, 

1H), 7.60 (dd, J = 6.1, 3.4 Hz, 1H), 7.46 – 7.35 (m, 4H), 7.31 – 

7.22 (m, 3H), 7.14 (dd, J = 6.9, 2.1 Hz, 2H), 6.73 (d, J = 2.3 Hz, 1H), 6.67 (d, J = 2.4 Hz, 1H), 

6.18 (d, J = 2.4 Hz, 1H), 5.25 – 5.12 (m, 2H), 4.83 (s, 1H), 3.91 (s, 3H), 3.04 (s, 3H); 13C 

NMR (101MHz, CDCl3): δ (ppm) 158.7, 158.5, 153.7, 152.0, 138.3, 135.2, 135.1, 134.0, 

133.3, 132.9, 129.8, 129.1, 128.1, 127.9, 127.9, 127.7, 127.6, 126.0, 126.0, 125.9, 125.2, 

123.5, 118.7, 117.0, 116.2, 109.3, 98.2, 97.1, 71.8, 55.4. IR (neat) 747, 813, 855, 1157, 1205, 

1352, 1507, 1618, 1739, 2360. HRMS-ESI exact mass calcd. for C36H27O4 ([M+H]+) requires 

m/z 487.1904, found m/z 487.1896. 

The ee was determined by HPLC on Chiralcel IC-3 column (hexane : isopropanol = 90 : 10, 

flowing rate = 1.0 mL/min, 30 oC, UV detection at λ = 254 nm), tR1 = 8.4 min (major), tR2 = 

9.6 min (minor). 
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5. Transformation of 4a into 12.[4] 

 

 

4a (69 mg, 0.14 mmol) and K2CO3 (60 mg, 0.43 mmol) were 

dissolved in 10 mL of acetonitrile. Then, MeI (27 uL, 0.43 mmol) 

was added and the reaction heated to 80°C in a sealed flask for 12 

hours. After this time, the reaction mixture was cooled and 5 mL of water were added. The 

desired product was then extracted with ethylacetate and the organic layer was dried over 

anhydrous Mg2SO4 and evaporated under reduced pressure. Compound 7 (64 mg, 93%) was 

obtained as a light yellow oil. 91% ee. [α]D
20 = -173 (c = 1.2, CHCl3); 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.96 (d, J = 9.0 Hz, 1H), 7.93 – 7.86 (m, 1H), 7.79 (dt, J = 15.2, 8.8 Hz, 3H), 

7.73 – 7.64 (m, 1H), 7.61 – 7.48 (m, 3H), 7.48 – 7.32 (m, 6H), 7.32 – 7.25 (m, 2H), 7.20 (s, 

1H), 7.13 (d, J = 2.9 Hz, 1H), 6.94 – 6.82 (m, 2H), 5.16 (d, J = 12.7 Hz, 1H), 5.04 (d, J = 12.7 
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Hz, 1H), 3.95 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 157.3, 152.6, 136.1, 135.4, 

134.8, 133.4, 133.2, 132.8, 132.3, 131.4, 129.8, 129.5, 128.7, 128.6, 128.2, 128.0, 128.0, 

127.9, 127.6, 127.6, 126.9, 126.0, 126.0, 125.8, 125.8, 125.6, 125.2, 124.9, 124.8, 124.2, 

121.7, 116.0, 109.7, 71.1, 55.5. IR (neat) 696, 719, 741, 805, 853, 1016, 1042, 1057, 1173, 

1217, 1227, 1265, 1372, 1455, 1507, 1595, 1739 cm-1. HRMS-ESI exact mass calcd. for 

C36H27O2 ([M+H]+) requires m/z 491.2006, found m/z 491.1991. The enantiomeric excess 

was determined by HPLC on Chiralcel IA-3 column (hexane : isopropanol = 97 : 3, flowing 

rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 4.5 min (major), tR2 = 5.6 min 

(minor).  

 

To a stirred solution of compound 7 (64 mg, 0.13 mmol) in EtOH (10 mL), 10% 

Pd/C (15 mg) was added and H2 (1 atm) was bubbled through the reaction 

mixture. After stirring the reaction for 12h under H2 atmosphere, the reaction 

was filtered through celite, all solvents was evaporated under reduced pressure and the 

remaining oil purified by column chromatography on silica gel (4% Acetone/hexanes as 

eluent). Compound 8 (40 mg, 88% yield) was obtained as a yellow foam. 92% ee. [α]D
20 = 

+76 (c = 0.8, CHCl3). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.95 (d, J = 8.9 Hz, 1H), 7.89 (dt, 

J = 8.3, 1.0 Hz, 1H), 7.78 (d, J = 2.9 Hz, 3H), 7.58 (d, J = 8.7 Hz, 1H), 7.46 (dd, J = 2.8, 0.8 

Hz, 1H), 7.38 – 7.28 (m, 3H), 7.23 (dt, J = 5.9, 1.2 Hz, 2H), 7.18 (d, J = 2.8 Hz, 1H), 7.00 – 

6.89 (m, 1H), 4.94 (s, 1H), 3.98 (d, J = 1.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 

157.8, 149.8, 136.1, 133.0, 132.9, 132.3, 130.6, 130.0, 129.5, 129.0, 128.7, 128.2, 127.3, 

127.0, 126.7, 125.7, 125.1, 125.0, 124.5, 123.8, 123.5, 122.4, 118.0, 111.2, 55.6. IR (neat) 

OH

O
8
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697, 719, 811, 854, 1030, 1057, 1136, 1158, 1171, 1199, 1216, 1230, 1256, 1340, 1381, 1454, 

1595, 1738 cm-1. HRMS-ESI exact mass calcd. for C25H19O2 ([M+H]+) requires m/z 

351.1380, found m/z 351.1373. The enantiomeric excess was determined by HPLC on 

Chiralcel IG-K column (hexane : isopropanol = 90 : 10, flowing rate = 0.4 mL/min, 25 oC, 

UV detection at λ = 254 nm), tR1 = 4.2 min (major), tR2 = 5.3 min (minor). 

 

Trifluoromethanesulfonic anhydride (25 µL, 0.15 mmol) was added dropwise 

at 0 °C to a stirred dichloromethane (4.0 mL) solution of 8 (40 mg, 0.11 mmol) 

and pyridine (18 uL, 0.22 mmol). The mixture was allowed to warm to rt and 

stirred for additional 3 h. Then, a 10% aqueous HCl solution was added, and the quenched 

mixture was extracted by dichloromethane. The organic phases were washed with saturated 

NaHCO3, dried over Na2SO4, and concentrated under a vacuum. Column chromatography on 

SiO2 (eluent, 2% Acetone/hexanes) allowed the obtention of the desired triflate 9 as a yellow 

oil (32 mg, 60% yield). 92% ee. [α]D
20 = +21 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): 

δ (ppm) 8.10 (d, J = 9.1 Hz, 1H), 8.01 (dd, J = 8.3, 1.1 Hz, 1H), 7.83 – 7.71 (m, 3H), 7.62 – 

7.50 (m, 3H), 7.47 (d, J = 2.8 Hz, 1H), 7.38 – 7.29 (m, 2H), 7.18 – 7.15 (m, 2H), 6.91 – 6.87 

(m, 1H), 3.99 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 157.0, 144.0, 135.5, 134.8, 

133.1, 132.9, 132.4, 131.8, 130.5, 130.3, 128.9, 128.6, 128.3, 128.1, 127.5, 127.4, 127.1, 

126.1, 125.4, 125.2, 124.2, 121.8, 120.1, 119.9, 116.7, 111.2, 55.7. 19F NMR (376 MHz, 

CDCl3) δ (ppm) -74.6. IR (neat) 768, 781, 855, 895, 1029, 1112, 1273, 1304, 1323, 1343, 

1380, 1456, 1507, 1738 cm-1. HRMS-ESI exact mass calcd. for C26H18F3O4S ([M+H]+) 

requires m/z 483.0872, found m/z 483.0869. The enantiomeric excess was determined by 

OTf

O
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HPLC on Chiralcel IG-K column (hexane : isopropanol = 95 : 5, flowing rate = 0.4 mL/min, 

25 oC, UV detection at λ = 254 nm), tR1 = 2.0 min (major), tR2 = 3.3 min (minor). 

 

Triflate 9 (32 mg, 0.066 mmol, 91% ee) was dissolved in DMSO (4 mL, 

pre-deoxygenized by ultrasonic) and Ph2P(O)H (54 mg, 0.27 mmol), 

Pd(OAc)2 (1.5 mg, 0.0066 mmol), and dppb (3.4 mg, 0.008 mmol) were 

added to the solution. Then, NEt3 (33 µL) was added and the reaction mixture was heated to 

110 oC for 10 h. After completion of the reaction, dichloromethane was added and the reaction 

quenched by hydrochloric acid (1 M). The resulting mixture was extracted with 

dichloromethane and the organic layer successively washed by saturated NaHCO3 aqueous 

solution and saturated NaCl aqueous solution, and finally dried with anhydrous Na2SO4. 

Solvents were removed in vacuo and the remaining oil purified by flash column 

chromatography (eluent: hexanes/Acetone = 3:1, v/v) to afford compound 10 as a white solid 

(27 mg, 78% yield). 91% ee. [α]D
20 = -23 (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.13 – 8.00 (m, 2H), 7.94 (d, J = 8.2 Hz, 1H), 7.66 (dd, J = 7.9, 1.4 Hz, 1H), 7.56 – 

7.37 (m, 5H), 7.26 – 7.20 (m, 3H), 7.18 – 7.11 (m, 4H), 7.10 (d, J = 2.9 Hz, 1H), 7.06 (d, J = 

8.7 Hz, 1H), 7.04 – 6.98 (m, 3H), 6.87 – 6.75 (m, 3H), 3.82 (s, 3H); 13C NMR (101 MHz, 

CDCl3): δ (ppm) 156.5, 147.9, 147.8, 136.6, 136.6, 135.0, 135.0, 134.8, 133.1, 132.9, 132.8, 

132.7, 132.3, 132.1, 132.0, 131.9, 131.2, 131.1, 131.0, 131.0, 130.7, 130.7, 129.5, 129.4, 

128.9, 128.6, 128.4, 128.1, 128.1, 128.1, 128.0, 127.9, 127.7, 127.5, 127.5, 127.4, 127.4, 

127.3, 127.1, 126.2, 125.7, 124.9, 124.1, 121.2, 121.2, 112.0, 55.6. 31P NMR (162 MHz, 

CDCl3) δ (ppm) 28.3. IR (neat) 719, 746, 865, 1061, 1111, 1157, 1204, 1217, 1365, 1395, 

PPh2

O
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1437, 1457, 1599, 1738, 2342, 2359 cm-1. HRMS-ESI exact mass calcd. for C37H28O2P 

([M+H]+) requires m/z 534.1743, found m/z 534.1743. The enantiomeric excess was 

determined by HPLC on Chiralcel IA-3 column (hexane : isopropanol = 70 : 30, flowing rate 

= 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 6.0 min (major), tR2 = 7.3 min 

(minor). 

 

To a dried Schlenk flask charged with the compound 10 (27 mg, 0.05 mmol) 

in dry toluene (100 mL), Et3N (35.7 mg, 49 µL, 0.35 mmol) and HSiCl3 

(34.5 mg, 25 µL, 0.25 mmol) were added successively under argon at 0 oC 

and the resulting mixture stirred at 100 oC for 18 h. After this, the reaction was diluted with 

Et2O (10 mL), quenched with saturated Na2CO3 solution and the mixture filtered by a short 

Celite column. Concentration of the ethereal phase afforded an oil that was purified by flash 

chromatography on silica gel (hexanes/Acetone = 30:1, v/v) to afford t 11 as a white solid (23 

mg, 87% yield). 92% ee. [α]D
20 = -78 (c = 0.6, CHCl3); 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.92 (t, J = 8.6 Hz, 2H), 7.84 – 7.70 (m, 3H), 7.47 (ddd, J = 8.2, 6.7, 1.3 Hz, 1H), 7.40 (td, J = 

4.2, 2.8 Hz, 2H), 7.35 (d, J = 8.7 Hz, 1H), 7.30 (q, J = 7.4, 6.1 Hz, 5H), 7.26 – 7.10 (m, 6H), 

6.98 (td, J = 7.7, 7.2, 1.5 Hz, 2H), 6.89 (ddd, J = 8.6, 6.9, 1.5 Hz, 1H), 6.73 (d, J = 2.8 Hz, 

1H), 3.59 (s, 3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 156.5, 149.6, 149.3, 139.0, 138.9, 

138.2, 138.1, 137.4, 137.3, 135.2, 134.1, 134.0, 133.9, 133.6, 133.5, 133.5, 133.3, 132.5, 

132.4, 131.1, 130.8, 130.7, 128.7, 128.5, 128.5, 128.4, 128.3, 128.2, 128.2, 128.0, 127.6, 

127.1, 127.0, 127.0, 126.8, 126.2, 126.0, 125.0, 124.1, 124.1, 120.8, 120.8, 111.4, 55.2. 31P 

NMR (162 MHz, CDCl3) δ (ppm) -13.4. IR (neat) 423, 433, 487, 502, 515, 670, 694, 741, 

PPh2

O
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811, 868, 1200, 1216, 1228, 1342, 1364, 1739, 2359 cm-1. HRMS-ESI exact mass calcd. for 

C37H28OP ([M+H]+) requires m/z 519.1872, found m/z 519.1864. The enantiomeric excess 

was determined by HPLC on Chiralcel IA-3 column (hexane : isopropanol = 95 : 5, flowing 

rate = 1.0 mL/min, 25 oC, UV detection at λ = 254 nm), tR1 = 3.1 min (major), tR2 = 4.1 min 

(minor). 

 

Compound 11 (23 mg, 0.044 mmol) and AuCl·S(Me)2 (13 mg, 0.044 mmol) 

were stirred in dichloromethane (3 mL) overnight at rt. After this, all 

volatiles were removed under reduced pressure, and the residue was purified 

by silica gel flash column chromatography to afford gold-complex 12 (29.7 mg) in 90% yield 

as a white solid. Crystals of complex 12 were grown from in a saturated solution of 

EtOAc/pentane. 1H NMR (400 MHz, CDCl3): δ (ppm) 8.05 – 7.90 (m, 2H), 7.78 (d, J = 8.8 

Hz, 1H), 7.74 – 7.64 (m, 2H), 7.62 – 7.52 (m, 1H), 7.50 – 7.29 (m, 8H), 7.28 – 7.14 (m, 5H), 

7.10 (td, J = 7.7, 2.6 Hz, 2H), 6.94 (d, J = 8.6 Hz, 1H), 6.80 – 6.67 (m, 2H), 3.80 (s, 3H); 13C 

NMR (101 MHz, CDCl3): δ (ppm) δ 156.9, 149.9, 149.8, 136.2, 136.1, 135.9, 134.7, 134.6, 

134.4, 134.3, 134.2, 134.1, 133.2, 133.1, 132.6, 131.6, 131.6, 131.3, 131.2, 130.5, 130.5, 

129.9, 129.2, 129.1, 129.1, 129.0, 129.0, 128.8, 128.7, 128.6, 128.6, 128.5, 128.3, 128.1, 

127.8, 127.8, 127.6, 127.6, 125.9, 125.3, 125.1, 124.4, 124.4, 123.8, 121.5, 111.8, 55.4. 31P 

NMR (162 MHz, CDCl3) δ (ppm) 25.8. IR (neat) 420, 495, 520, 549, 657, 669, 691, 741, 754, 

820, 1061, 1217, 1227, 1342, 1365, 1437, 1738, 2359 cm-1. HRMS-ESI exact mass calcd. for 

C37H27AuClOP ([M+Na]+) requires m/z 773.1046, found m/z 773.1027. 
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6. Crystal Structure of 12 

 

12

PPh2

O

Au
Cl

       
Basic information pertaining to crystal parameters and structure refinement is summarized in 
Table 1.  
 
Table 1.  Crystal data and structure refinement for 12. 

Identification code  12 

Empirical formula  C37H27AuClOP  
Formula weight  750.97  
Temperature/K  100.0  
Crystal system  monoclinic  
Space group  P21  
a/Å  10.3807(6)  
b/Å  17.0354(10)  
c/Å  16.6056(10)  
α/°  90  
β/°  90.131(2)  
γ/°  90  
Volume/Å3  2936.5(3)  
Z  4  
ρcalcg/cm3  1.699  
μ/mm-1  5.185  
F(000)  1472.0  
Crystal size/mm3  0.31 × 0.11 × 0.086  
Radiation  MoKα (λ = 0.71073)  
2Θ range for data collection/°  3.924 to 69.564  
Index ranges  -15 ≤ h ≤ 16, -26 ≤ k ≤ 27, -26 ≤ l ≤ 26  
Reflections collected  168361  
Independent reflections  22935 [Rint = 0.0423, Rsigma = 0.0310]  
Data/restraints/parameters  22935/4/761  
Goodness-of-fit on F2  1.200  
Final R indexes [I>=2σ (I)]  R1 = 0.0339, wR2 = 0.0679  
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Final R indexes [all data]  R1 = 0.0373, wR2 = 0.0696  
Largest diff. peak/hole / e Å-3  2.50/-4.05  
Flack parameter 0.0000(14) 
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8.  NMR spectra  
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Compound 2b 
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Compound 2c 
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Compound 2f 
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9.  HPLC spectra  
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