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1. General information 

Reagents were purchased from Sigma-Aldrich, Combi-Blocks, Alfa Aeser, or Acros Organics and 

used without further purifications. Palladium acetate was supplied generously by Johnson Matthey. 
1H and 13C NMR spectra were recorded on either a Varian Unity Inova 400 MHz (400 MHz for 
1H, 100 MHz for 13C), a Varian Unity Inova 500 MHz (500 MHz for 1H, 125 MHz for 13C) or on 

a Varian Unity Inova 600 MHz spectrometer (600 MHz for 1H); d6-DMSO, CD3OD, CD3CN and 

CDCl3 were used as a solvent. Residual peaks for CHCl3 in CDCl3 (1 H = 7.26 ppm, 13C = 77.20 

ppm), (CH3)2SO in (CD3)2SO (1 H = 2.50 ppm, 13C = 39.52 ppm), CH3CN in CD3CN (1H = 1.98 

ppm, 13C = 0.49 and 117.47 ppm) or MeOH in MeOD (1H = 4.78 ppm, 13C = 49.00 ppm) have 

been assigned. The chemical shifts are reported in ppm, the coupling constants J are given in Hz. 

The peak patterns are indicated as follows: bs, broad singlet; s, singlet; d, doublet; t, triplet; q, 

quartet; p, pentate; m, multiplet. Thin layer chromatography (TLC) was performed using Silica 

Gel 60 F254 plates (Merck, 0.25 mm thick). Flash chromatography was done in glass columns 

using Silica Gel 60 (EMD, 40-63 μm). GCMS data were recorded on a 5975C Mass Selective 

Detector, coupled with a 7890A Gas Chromatograph (Agilent Technologies). Cryo-electron 

microscopy was performed at material research laboratory (MRL-UCSB) using FEI Tecnai G2 

Sphera Microscope with CCD camera (Gatan Ultrascan 1000 2Kx2K). TPGS-750-M is either 

prepared or supplied by PHT International (it is also available from Sigma-Aldrich, catalog 

#733857). The desired 2 wt% TPGS-750-M solution in HPLC water (which was degassed with 

argon prior to use) was prepared by dissolving 2 g of TPGS-750-M solid to 98 g of HPLC water 

and stored under argon.   

Compounds 3,1 4, 2 6, 3 21, 4 27, 5 29, 6 30, 7 52, 8 54, 9 60, 10 67, 11 68,12 were confirmed by comparing 

with literature NMR. All other new compounds were characterized by 1H-, 13C-, 19F-, 31P-NMR 

and HRMS.  

 

 

 

 



S3 
 

2. Preparation of pre-catalysts:  general procedure 

a. Synthesis of biarylamines (59a- 59e) 

 

Scheme S1. Synthesis of substituted biarylamines. 

In a 25 mL round bottom flask containing Teflon coated magnet were added 4.0 mmol of 

Ar-Br (57), 5.0 mmol of Ar-B(OH)2 (58), 1 mol % Pd(OAc)2, 2 mol % SPhos and 8.0 mmol 

of K3PO4•H2O. The flask was degassed and backfilled with argon (this procedure was 

repeated 3 times). Finally, 7.2 mL of aqueous 2 wt % TPGS-750-M solution and 0.8 mL 

of THF were added and the reaction mixture was stirred at 45 oC for 24 h. After completion, 

the reaction mixture was extracted with EtOAc, the combined organic layers were washed 

with brine and then dried over anhydrous MgSO4, and then the solvent was evaporated in 

vacuo. The crude product was purified by flash chromatography on silica gel using 

hexanes/EtOAc as eluent to afford compounds 59a- 59e. 

b. Preparation of mesylate salts from biarylamines (60a- 60e) 

 

Scheme S2. Synthesis of mesylate salts of substituted biarylamines. 

In a 25 mL round bottom flask containing Teflon coated magnet was dissolved 3.0 mmol 

of biarylamine (59) in dry Et2O. The flask is then cooled to 0 oC. Methanesulfonic acid (3.0 

mmol) was added dropwise at 0 oC, and after complete addition, the reaction mixture was 

stirred at rt until a white precipitate forms (generally, 1-2 h). The white precipitate was 

filtered, washed with Et2O and dried under vacuum overnight to give the corresponding 

mesylate salts, 60a- 60e as white solids. 
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c. Preparation of Pd dimers from mesylate salts (61a- 61e) 

 

Scheme S3. Synthesis of Pd dimers from mesylate salts of substituted biarylamines. 

To a 10 mL round bottom flask containing a Teflon-coated magnet were added 2.0 mmol 

of mesylate salt (60a- 60e), 2.0 mmol of Pd(OAc)2 and the flask was degassed and refilled 

with argon (repeated 3 times). Finally, 6 mL dry toluene was added under argon and the 

reaction mixture was stirred at 60 oC for 2-5 h until a clear solution formed. The reaction 

mixture was cooled to rt, and at this point, in some cases product precipitated out. It was 

filtered and washed with toluene, and dried under vacuum, while in some cases, where 

product remained soluble in toluene, the toluene was evaporated to 90% of its volume and 

dry hexanes was added to precipitate product. This product was then filtered and dried 

under vacuum to give the desired dimers of palladium as 61a- 61e. 

d. Preparation of palladacycle pre-catalysts (P1- P12) from Pd dimers  

 
Scheme S4. Synthesis of palladacycle pre-catalysts. 

To a 10 mL round bottom flask containing Teflon coated magnet were added 1.0 mmol of 

Pd dimer (61a- 61e), 2.0 mmol of ligand (L) and the flask was degassed and refilled with 

argon (repeated 3 times). Finally, 4 mL dry DCM was added under argon and the reaction 

mixture was stirred at rt for 2-7 h until the solution becomes clear. The DCM was 

evaporated to 90% of its volume and dry pentanes was added to triturate the resulting oil. 
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The solvent was again evaporated to give a free flowing solid (more pentane triturations 

were repeated until a free flowing solid has been obtained). The solid was then filtered, 

washed with pentanes, and dried under vacuum overnight to give the desired palladacycles 

P1- P12. 

3. Optimization study: 

 

 
Scheme S5. Comparison of reactivity of palladacycles (300 ppm Pd in water). 
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4. Base screenings 

 

Scheme S6. Suzuki-Miyaura couplings in different bases. 

5. Surfactant study: 

 

Scheme S7. Suzuki-Miyaura couplings in different surfactant solutions. 

6. Couplings in water and aqueous organic solvents: 

 

 
Scheme S8. Couplings in water and in aqueous organic solvents 
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7. Preparation of a stock solution: 

In total 10,000 ppm of Pd catalyst solution was prepared by dissolving the corresponding pre-

catalyst or Pd(OAc)2/HandaPhos in 3.3 mL dry and degassed THF. This stock solution was used 

to carry out several (~30) reactions (stock solution can either be used freshly or can be stored up 

to a few weeks under argon in a freezer). For 300 ppm catalyst loading, 100 µL of this stock 

solution was used. 

 

8. General procedure for Suzuki-Miyaura couplings of aryl iodides and bromides: 

From the stock solution above, the desired amount (e.g., 100 µL for 300 ppm Pd) of solution was 

added to a Teflon coated magnet containing 1-dram screw cap vial and covered with a rubber 

septum. The THF from this solution was evacuated under low pressure (~20 min). The aryl/vinyl 

halide (0.5 mmol; if solid or added after an evacuation/backfill sequence if liquid), 0.6 mmol 

boronic acid were added to this vial. The vial was evacuated and backfilled with argon (this 

procedure was repeated three times). Aqueous 2 wt % TPGS-750-M solution (1.0 mL) followed 

by Et3N (1.0 mmol) were added under argon. The vial was quickly replaced with the screw cap 

and stirred at 45 oC until completion (as monitored by TLC or GC-MS). The products were then 

separated by either filtration, decantation of the aqueous layer, or extraction with a minimum 

amount of MTBE or EtOAc. The organic layer was adsorbed on silica and purified using flash 

column chromatography.  

9. General procedure for Suzuki-Miyaura couplings of aryl chlorides: 

The similar stock solution as noted above was prepared in which 100 µL corresponds to 500 ppm 

Pd. An aryl chloride (0.5 mmol, if solid or added after evacuation/backfill sequence if liquid) and 

boronic acid (0.6 mmol) were added to a 1-dram screw cap vial containing Teflon coated magnet. 

The vial was evacuated and backfilled with argon (this procedure was repeated three times). From 

the stock solution, 100 µL were added, along with aqueous 2 wt % TPGS-750-M (0.9 mL) and 

Et3N (1.0 mmol) sequentially under argon. The vial was quickly replaced with the screw cap and 

stirred at 45 oC until completion (as monitored by TLC or GC-MS). The products were then 

separated by either filtration, decantation of the aqueous layer, or extraction with a minimum 
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amount of MTBE or EtOAc. The organic layer was adsorbed on silica and purified using flash 

column chromatography. 

10. General procedure for the synthesis of boscalid: 

From the stock solution above, the desired amount (e.g., 166 µL for 500 ppm Pd) of solution was 

added to a 1-dram screw cap vial containing a Teflon coated magnet and covered with a rubber 

septum. The THF from this solution was evacuated under low pressure (~20 min). Compound 42 

(1-chloro-2-nitrobenzene, 1.0 mmol, 157.5 mg) and compound 43 (4-chlorophenylboronic acid, 

1.2 mmol, 187.6 mg) were added to this vial. The vial was evacuated and backfilled with argon 

(this procedure was repeated three times). Aqueous 2 wt % TPGS-750-M solution (2.0 mL) and 

Et3N (2.0 equiv, 2.0 mmol, 279 µL) were added sequentially under argon. The vial was quickly 

replaced with the screw cap and stirred at 45 oC for 24 h (24 h were required for the completion as 

monitored by GC-MS analysis of a separate reaction). After 24 h, CIP (carbonyl iron powder, 5 

equiv, 5.0 mmol, 279 mg) and NH4Cl (3 equiv, 3.0 mmol, 160 mg), was added and the reaction 

was stirred for 12 h at 45 oC. Subsequently, 2-chloronicotynyl chloride (1.2 equiv, 1.2 mmol, 211.1 

mg) was added in two portions with a 1.5 h break in between, after which the reaction was stirred 

at 45 oC for 8 h. The product was then separated by extraction with a minimum amount of EtOAc. 

The organic layer was adsorbed on silica and purified using flash column chromatography to afford 

80% (275 mg) overall yield of boscalid. 
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11. ICP-MS data (12, 24 and 36 synthesized using current conditions and literature 

conditions): 
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13. Compound characterization data 

 

1H NMR (500 MHz, chloroform-d) δ 8.42 (s, 1H), 8.34 (d, J = 7.9 Hz, 1H), 7.90 – 7.83 (m, 3H), 

7.62 (t, J = 7.8 Hz, 1H), 7.53 (d, J = 7.5 Hz, 1H), 7.48 – 7.43 (m, 1H), 7.28 – 7.21 (m, 3H), 7.19 – 

7.16 (m, 2H), 6.97 (d, J = 0.9 Hz, 1H). 

13C NMR (126 MHz, chloroform-d) δ 163.76, 155.02, 154.95, 150.70, 133.40, 130.32, 130.23, 

130.20, 129.36, 128.68, 127.13, 127.10, 126.20, 124.45, 123.05, 122.03, 120.99, 111.21, 101.61. 

HRMS:  C22H13F3O3 ESI-MS [M+] calcd:  382.0817; found:  382.0813.   
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1H NMR (500 MHz, chloroform-d) δ 10.09 (s, 1H), 8.28 (dt, J = 4.8, 1.5 Hz, 1H), 8.00 (d, J = 8.3 

Hz, 2H), 7.94 (ddd, J = 9.7, 7.3, 1.9 Hz, 1H), 7.79 – 7.73 (m, 2H), 7.35 (ddd, J = 7.2, 4.8, 1.7 Hz, 

1H). 
13C NMR (126 MHz, chloroform-d) δ 191.62, 161.22, 159.30, 147.53, 147.41, 140.74, 140.71, 

139.87, 139.83, 135.98, 129.99, 129.49, 129.46, 122.75, 122.53, 122.02, 121.99. 
19F NMR (376 MHz, chloroform-d) δ -70.32. 

HRMS:  C12H8NO ESI-MS [M+] calcd:  201.0590; found:  201.0585.  

 

1H NMR (500 MHz, chloroform-d) δ 10.15 (s, 1H), 8.04 (dt, J = 6.6, 2.2 Hz, 1H), 8.01 – 7.95 (m, 

2H), 7.91 – 7.86 (m, 1H), 7.30 – 7.24 (m, 2H). 
13C NMR (126 MHz, chloroform-d): δ 193.40, 152.87, 137.74, 128.50, 128.42, 125.55 (m), 124.42 

(m), 120.50, 118.16, 118.02. 
19F NMR (376 MHz, chloroform-d): δ -137.86 - 137.91 (m), -142.91-142.97 (m). 

HRMS:  C12H7F2NO ESI-MS [M+] calcd:  219.0496; found:  219.0496.   

  

1H NMR (500 MHz, chloroform-d) δ 8.19 (d, J = 8.4 Hz, 1H), 7.76 (s, 1H), 7.70 (s, 2H), 7.57 (t, 

J = 7.6 Hz, 1H), 7.44 (t, J = 7.7 Hz, 1H), 7.36 (d, J = 8.1 Hz, 1H), 7.27 (d, J = 7.1 Hz, 1H), 7.19 
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(dd, J = 7.8, 4.4 Hz, 2H), 7.14 (dd, J = 8.1, 2.0 Hz, 1H), 7.00 (d, J = 1.8 Hz, 1H), 5.14 (d, J = 14.7 

Hz, 1H), 4.99 (d, J = 14.6 Hz, 1H), 2.03 (s, 3H), 1.57 (m, 2H), 1.18 – 1.02 (m, 2H), 0.73 (m, 3H).  

13C NMR (126 MHz, chloroform-d) δ 173.95, 159.45, 157.44, 141.24, 140.30, 139.46, 137.30, 

134.13 (d, J = 4.3 Hz), 132.92, 132.88, 131.51, 131.40, 131.31 – 131.18 (m), 130.16, 128.93 – 

128.87 (m), 128.87, 128.82, 127.26, 127.24, 126.28, 126.26, 126.24, 126.21, 125.26, 125.24, 

124.30, 123.82, 123.69, 122.13, 121.44, 121.41, 121.38, 121.35, 121.32, 121.01, 120.97, 109.01, 

108.85, 52.38, 19.63, 12.86, 8.97, 8.90.  

19F NMR (376 MHz, chloroform-d) δ -62.85, -123.29. 

HRMS: cC30H23F7NO ESI-MS [M+H] calcd:  546.1668; found:  546.1669.   

 

  

1H NMR (500 MHz, chloroform-d) δ 7.86 (td, J = 8.6, 1.7 Hz, 2H), 7.80 – 7.74 (m, 4H), 7.72 (d, J 
= 8.3 Hz, 2H), 3.77 (t, 4H), 3.06 (t, 4H). 
13C NMR (126 MHz, chloroform-d) δ 144.46, 142.68, 134.75, 130.75, 130.49, 128.56, 127.99, 
127.74, 126.10, 126.07, 126.04, 126.01, 125.11, 122.94, 66.10, 46.00. 
19F NMR (376 MHz, chloroform-d) δ -62.63. 

HRMS:  C17H16F3NO3S ESI-MS [M+] calcd:  371.0803; found:  371.0805.  

 

 

1H NMR (500 MHz, chloroform-d) δ 8.18 (s, 1H), 8.08 (d, J = 7.7 Hz, 1H), 7.51 (s, 4H), 7.45 – 

7.37 (m, 3H), 7.37 – 7.29 (m, 2H), 7.26 – 7.19 (m, 2H), 6.97 (s, 2H). 
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13C NMR (126 MHz, chloroform-d) δ 161.33, 159.41, 141.25, 140.58, 137.54, 129.92, 128.36, 

128.28, 128.20, 128.10, 127.61, 127.14, 126.18, 123.37, 123.27, 122.35, 120.47, 120.42, 120.15, 

111.72, 111.67, 111.56, 111.51, 109.90, 109.59. 
19F NMR (376 MHz, chloroform-d) δ -114.62. 

HRMS:  C24H15F2N ESI-MS [M+] calcd:  355.1172; found:  355.1165.   

 
 1H NMR (500 MHz, chloroform-d) δ 7.90 (s, 1H), 7.78 (d, J = 1.6 Hz, 2H), 7.75 – 7.68 (m, 4H), 

7.65 – 7.61 (m, 2H), 7.48 – 7.43 (m, 2H), 5.70 (d, J = 8.1 Hz, 1H), 4.97 (d, J = 15.2 Hz, 1H), 4.16 

(d, J = 15.3 Hz, 1H), 4.11 – 4.04 (m, 1H), 0.80 (d, J = 6.6 Hz, 3H). 
13C NMR (126 MHz, chloroform-d) δ 156.84, 143.89, 139.77, 137.89, 135.59, 132.39, 132.12, 

129.81, 128.75, 127.87, 127.35, 126.35, 126.35, 126.33, 125.84, 125.81, 125.78, 124.04, 122.69, 

122.66, 122.63, 122.59, 53.95, 45.79, 14.45. 
19F NMR (376 MHz, chloroform-d) δ -62.51, -62.98. 

HRMS:  C26H18F9NO2Na ESI-MS [M+Na] calcd:  570.1091; found:  570.1091. 

 

1H NMR (500 MHz, chloroform-d) δ 8.67 (s, 1H), 8.30 (s, 1H), 8.25 (s, 1H), 8.17 (d, J = 7.8 Hz, 

1H), 7.90 (d, J = 1.7 Hz, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.78 (dd, J= 8.8, 1.7 Hz, 1H), 7.64 (t, J = 

7.8 Hz, 1H), 7.55 (dd, J = 8.5, 1.8 Hz, 1H), 7.44 – 7.36 (m, 2H), 7.09 (d, J = 3.1 Hz, 1H), 6.54 (dd, 

J = 3.1, 0.8 Hz, 1H), 4.02 (s, 3H), 3.84 (s, 3H). 
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13C NMR (126 MHz, chloroform-d): δ 140.68, 138.62, 136.10, 135.60, 134.84, 132.90, 130.63, 

129.40 (d), 128.98, 128.63 (m), 128.06, 124.61 (m), 121.80, 120.64 (m), 119.64, 117.37, 109.37, 

109.02, 101.28, 35.47, 32.93. 

19F NMR (376 MHz, chloroform-d):  δ -62.72 

HRMS:  C25H19F3N4ONa ESI-MS [M+Na] calcd:  471.1409; found:  471.1415.  

  

1H NMR (500 MHz, chloroform-d) δ 7.81 (d, J = 8.1 Hz, 1H), 7.54 (t, J = 7.5 Hz, 1H), 7.47 (d, J 

= 7.6 Hz, 1H), 7.41 – 7.32 (m, 3H), 7.19 (t, J = 7.1 Hz, 1H), 7.11 (t, J = 9.2 Hz, 1H), 7.05 (dd, J = 

8.9, 1.7 Hz, 1H), 6.93 – 6.88 (m, 2H), 5.19 (s, 2H), 2.35 (s, 3H).  

13C NMR (126 MHz, chloroform-d) δ 161.46, 159.50, 158.47, 151.23, 144.66, 141.43, 133.72, 

130.12, 129.88, 129.82, 129.74, 129.71, 129.60, 126.13, 124.33, 124.30, 123.96, 123.85, 123.15, 

122.10, 115.90, 115.51, 115.34, 114.16, 63.86, 63.82, 16.87.  

19F NMR (376 MHz, chloroform-d) δ -118.48. 

HRMS:  C20H16FNO3 ESI-MS [M+] calcd:  337.1114; found:  337.1113.  

 

1H NMR (500 MHz, Chloroform-d) δ 7.19 (t, J = 7.2 Hz, 1H), 6.97 (d, J = 9.9 Hz, 1H), 6.93 (d, J 

= 7.5 Hz, 3H), 3.74 (s, 2H), 2.31 (s, 3H), 2.27 (s, 6H). 
13C NMR (126 MHz, chloroform-d) δ 162.55, 160.61, 141.50, 138.23, 138.20, 137.77, 137.70, 

131.30, 131.23, 130.88, 130.60, 129.19, 121.52, 116.63, 116.46, 112.36, 112.20, 20.83, 17.74, 

17.45. 

19F NMR (376 MHz, chloroform-d) δ -117.20.  
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HRMS:  C16H16FN ESI-MS [M+H] calcd:  230.1345; found:  230.1342.   

  

1H NMR (500 MHz, chloroform-d) δ 8.16 (dd, J = 8.3, 1.2 Hz, 1H), 7.64 (d, J = 7.5 Hz, 1H), 7.40 

(t, J = 7.9 Hz, 1H), 7.27 (d, J = 8.3 Hz, 2H), 7.18 (t, J = 7.7 Hz, 1H), 7.06 – 6.86 (m, 4H), 5.00 (s, 

2H), 2.71 (s, 3H).  

13C NMR (126 MHz, chloroform-d) δ 163.85, 162.81, 161.89, 155.24, 150.18, 144.85, 139.18, 

139.12, 132.18, 130.89, 130.57, 130.01, 129.94, 127.44, 122.41, 122.39, 122.05, 121.98, 114.75, 

114.58, 113.96, 113.79, 112.27, 69.82, 69.81, 24.81. 

19F NMR (376 MHz, chloroform-d) δ -112.94.  

HRMS:  C19H16FN2O3 ESI-MS [M+H] calcd:  339.1145; found:  339.1142.   

 

 

1H NMR (500 MHz, chloroform-d) δ 7.48 – 7.38 (m, 3H), 7.30 (d, J = 7.3 Hz, 1H), 7.20 (s, 5H), 

6.87 (d, J = 7.6 Hz, 1H), 6.57 (d, J = 9.1 Hz, 2H), 3.52 (s, 2H), 1.78 (s, 3H).  
13C NMR (126 MHz, chloroform-d) δ 143.14, 142.12, 141.45, 140.81, 140.43, 130.66, 130.52, 

129.92, 129.37, 127.71, 127.46, 127.00, 126.47, 126.43, 117.84, 114.55, 19.01. 

HRMS:   C19H18N ESI-MS [M+H] calcd: 260.1439; found:  260.1447.   
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1H NMR (500 MHz, chloroform-d) δ 9.99 (s, 1H), 7.96 (s, 1H), 7.94 (s, 1H), 7.75 (t, J = 7.7 Hz, 

1H), 7.68 (d, J = 7.6 Hz, 1H), 7.58 (s, 1H), 3.92 (s, 3H). 
13C NMR (126 MHz, chloroform-d) δ 193.84, 152.68, 152.65, 137.67, 137.51, 129.27, 123.39, 

122.75, 118.81, 39.27. 

HRMS:  C10H9N3O ESI-MS [M+] calcd:  187.0746; found:  187.0746.  

 

1H NMR (500 MHz, chloroform-d) δ 7.58 (d, J = 6.7 Hz, 2H), 7.40 – 7.26 (m, 9H), 7.19 (s, 1H), 

6.16 (t, J = 3.3 Hz, 1H), 6.09 (dd, J = 3.3, 1.8 Hz, 1H), 5.19 (s, 2H), 4.97 (s, 2H), 1.39 (s, 9H). 
 13C NMR (126 MHz, chloroform-d) δ 161.98, 151.66, 148.81, 138.44, 136.82, 135.49, 129.52, 

129.09, 128.56, 128.46, 128.31, 128.03, 127.59, 126.98, 125.43, 123.09, 115.01, 110.39, 110.16, 

83.66, 65.37, 52.28, 44.93, 27.66. 

HRMS:  C27H27N3O4Na ESI-MS [M+] calcd:  480.1899; found:  480.1889.  

 

1H NMR (500 MHz, chloroform-d) δ 8.08 (d, J = 8.3 Hz, 1H), 7.83 (d, J = 8.4 Hz, 2H), 7.74 – 

7.66 (m, 2H), 7.40 (ddd, J = 8.4, 7.1, 1.3 Hz, 1H), 7.36 – 7.29 (m, 3H), 7.29 – 7.24 (m, 2H), 7.16 

(dd, J = 7.8, 0.9 Hz, 1H), 2.37 (s, 3H). 
13C NMR (126 MHz, chloroform-d) δ 145.20, 144.24, 143.15, 135.38, 135.13, 133.71, 131.67, 

130.00, 129.84, 129.64, 129.25, 128.89, 126.91, 126.80, 125.16, 123.74, 123.25, 123.11, 122.69, 

119.93, 113.93, 113.53, 109.83, 109.18, 21.58. 
19F NMR (376 MHz, chloroform-d) δ -50.68. 

HRMS:  C22H15F2NO4SESI-MS [M+] calcd:  427.0690; found:  427.0707.  
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1H NMR (500 MHz, chloroform-d) δ 8.12 (dd, J = 8.0, 1.1 Hz, 1H), 7.78 (dd, J = 7.7, 1.4 Hz, 1H), 

7.74 – 7.66 (m, 3H), 7.56 (dd, J = 8.3, 0.9 Hz, 1H), 7.44 (ddd, J = 7.5, 3.9, 1.4 Hz, 1H), 7.40 – 

7.35 (m, 1H), 7.32 – 7.25 (m, 1H). 
13C NMR (126 MHz, chloroform-d): δ 134.40, 134.31, 133.84, 133.19, 133.03, 128.74, 128.15, 

127.59, 127.03, 125.70, 123.37, 121.93, 118.84, 11.27, 106.78. 

HRMS:  C15H9NO ESI-MS [M+] calcd:  219.0684; found:  219.0692.  

 

1H NMR (500 MHz, chloroform-d) δ 8.55 (s, 1H), 8.44 (d, J = 1.6 Hz, 2H), 8.10 – 8.06 (m, 2H), 

7.79 (dt, J = 8.8, 1.1 Hz, 2H), 7.51 (ddd, J = 8.3, 6.6, 1.2 Hz, 2H), 7.44 (ddd, J = 8.7, 6.5, 1.4 Hz, 

2H), 3.98 (dd, J = 5.7, 4.0 Hz, 4H), 3.92 – 3.88 (m, 4H). 
13C NMR (126 MHz, chloroform-d) δ 159.52, 131.41, 131.06, 130.08, 128.61, 127.50, 125.96, 

125.94, 125.30, 120.57, 66.91, 44.37. 

HRMS:  C22H20N3OH ESI-MS [M+H] calcd:  342.1606; found:  342.1615.  

 

1H NMR (500 MHz, chloroform-d) δ 7.50 (d, J = 8.6 Hz, 2H), 7.44 (d, J = 8.6 Hz, 2H), 6.83 (d, J 

= 1.1 Hz, 1H), 6.60 (d, J = 1.1 Hz, 1H), 3.86 – 3.81 (m, 4H), 3.62 – 3.57 (m, 4H). 
13C NMR (126 MHz, chloroform-d): δ 159.59, 151.65, 150.29, 136.80, 135.35, 129.21, 128.28, 

114.11, 111.16, 102.46, 66.59, 45.41. 

HRMS:  C15H14Cl2N2O ESI-MS [M+] calcd:  308.0483; found:  308.0487.  
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1H NMR (500 MHz, chloroform-d) δ 7.90 (d, J = 1.7 Hz, 1H), 7.74 (d, J = 7.7 Hz, 1H), 7.67 (d, J 

= 7.8 Hz, 1H), 7.54 (dd, J = 8.5, 1.8 Hz, 1H), 7.44 – 7.42 (m, 1H), 7.30 – 7.16 (m, 4H), 7.00 (d, J 

= 3.0 Hz, 1H), 6.46 (d, J = 3.1 Hz, 1H), 3.74 (s, 3H). 
13C NMR (126 MHz, chloroform-d): δ 146.16, 141.09, 139.24, 129.85, 128.84, 125.88, 124.30, 

123.90, 123.63, 123.10, 122.13, 120.69, 119.17, 117.97, 109.61, 101.56, 32.97.  

HRMS:  C17H13NS ESI-MS [M+] calcd:  263.0769; found:  263.0772.  

 

1H NMR (500 MHz, chloroform-d) δ 8.25 – 8.16 (m, 4H), 8.11 (d, J = 1.1 Hz, 2H), 8.06 – 7.98 

(m, 3H), 7.29 – 7.27 (m, 2H), 7.17 – 7.14 (m, 1H), 2.48 (s, 6H). 
13C NMR (126 MHz, chloroform-d): δ 141.13, 138.10, 137.85, 131.50, 131.02, 130.44, 128.86, 

128.51, 128.44, 127.55, 127.44, 127.29, 127.27, 125.94, 125.52, 124.989, 124.95, 124.73, 124.58, 

21.46. 

HRMS:  C24H18 ESI-MS [M+] calcd:  306.1409; found:  306.1410.  

 

1H NMR (500 MHz, chloroform-d) δ 8.64 (d, J = 1.8 Hz, 1H), 8.12 – 8.06 (m, 2H), 8.03 (d, J = 

8.6 Hz, 1H), 7.94 (d, J = 8.6 Hz, 1H), 7.83 (dd, J = 8.6, 1.9 Hz, 1H), 7.69 (dd, J = 8.6, 2.3 Hz, 2H), 

7.58 – 7.52 (m, 2H), 7.28 (s, 1H), 4.01 (s, 3H), 1.41 (s, 9H). 
13C NMR (126 MHz, chloroform-d): δ 167.26, 150.98, 140.82, 137.60, 135.86, 131.53, 130.81, 

129.78, 128.33, 127.20, 127.11, 126.38, 125.93, 125.63, 125.25, 52.22, 34.63, 31.35. 

HRMS:  C22H22O2 ESI-MS [M+] calcd:  318.1620; found:  318.1615.  
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1H NMR (500 MHz, chloroform-d) δ 7.78 (d, J = 7.8 Hz, 1H), 7.64 – 7.59 (m, 2H), 7.58 – 7.52 

(m, 2H), 7.48 – 7.43 (m, 2H), 2.09 – 2.01 (m, 2H), 1.17 – 1.01 (m, 6H), 0.77 (t, J = 7.0 Hz, 3H), 

0.72 (dd, J = 10.3, 5.8 Hz, 2H). 
13C NMR (126 MHz, chloroform-d): δ 151.79, 140.20, 140.07, 138.94, 133.20, 128.90, 128.41, 

125.96, 121.31, 120.16, 55.34, 40.39, 31.44, 29.66, 23.79, 22.55, 13.98. 

HRMS:  C37H40Cl2 ESI-MS [M+] calcd:  554.2507; found:  554.2494.  

 

1H NMR (500 MHz, chloroform-d) δ 7.65 (d, J = 6.1 Hz, 8H), 7.32 (d, J = 8.3 Hz, 4H). 
13C NMR (126 MHz, chloroform-d): δ 148.80, 139.17 (d), 128.34, 127.57, 121.54, 121.30, 119.50. 
19F NMR (376 MHz, chloroform-d) δ -57.73. 

HRMS:  C20H12F6O2 ESI-MS [M+] calcd:  398.0741; found:  398.0753.  

 

1H NMR (500 MHz, chloroform-d) δ 8.15 (s, 1H), 7.88 (s, 1H), 7.56 (tt, J = 7.8, 1.8 Hz, 1H), 7.46 

(d, J = 1.9 Hz, 2H), 7.36 – 7.30 (m, 1H), 7.28 – 7.19 (m, 3H), 6.65 (p, J = 1.6 Hz, 1H). 
13C NMR (126 MHz, chloroform-d) δ 160.91, 158.95, 135.31, 131.26, 131.23, 130.37, 130.27, 

128.14, 128.08, 127.60, 124.84, 124.27, 124.24, 123.47, 123.45, 121.38, 121.36, 116.10, 115.91, 

110.95, 103.05. 
19F NMR (376 MHz, chloroform-d) δ -118.18. 

HRMS:  C14H10FN ESI-MS [M+] calcd:  211.0797; found:  211.0799  
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1H NMR (500 MHz, chloroform-d) δ 8.54 (d, J = 5.7 Hz, 1H), 7.54 (dd, J = 7.5, 1.8 Hz, 1H), 7.52 

(d, J = 2.2 Hz, 1H), 7.37 (dd, J = 5.7, 1.0 Hz, 1H), 7.34 (ddd, J = 8.2, 7.4, 1.8 Hz, 1H), 7.15 – 7.06 

(m, 2H), 7.01 (dd, J = 8.3, 1.0 Hz, 1H), 6.88 – 6.77 (m, 3H), 6.67 (dd, J = 2.2, 1.0 Hz, 1H), 4.98 

(s, 2H). 
13C NMR (126 MHz, chloroform-d) δ 163.76, 161.80, 159.40, 155.74, 151.81, 144.72, 144.26, 

139.50, 131.61, 130.19, 129.80, 129.74, 124.33, 122.15, 122.12, 121.79, 114.52, 114.35, 113.86, 

113.68, 113.57, 106.95, 105.98, 70.05. 
19F NMR (376 MHz, chloroform-d) δ -113.14. 

HRMS:  C20H14FNO2Na ESI-MS [M+Na] calcd:  342.0906; found:  342.0919  

 

1H NMR (500 MHz, chloroform-d) δ 7.82 (t, J = 7.7 Hz, 4H), 7.43 (d, J = 7.9 Hz, 2H), 7.20 – 7.08 

(m, 3H), 6.90 (d, J = 8.3 Hz, 2H), 5.15 – 5.06 (m, 1H), 2.39 (s, 3H), 2.29 (s, 3H), 1.69 (s, 6H), 

1.23 (d, J = 6.2 Hz, 6H). 
13C NMR (126 MHz, chloroform-d): δ 195.28, 173.18, 159.50, 1456.91, 138.06, 137.56, 136.32, 

135.04, 132.01, 131.29, 130.76, 129.68, 129.56, 129.15, 126.64, 117.20, 79.38, 69.38, 69.31, 

25.39, 21.54, 21.08, 20.38. 

HRMS:  C28H30O4Na ESI-MS [M+Na] calcd:  453.2042; found:  453.2032 
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1H NMR (500 MHz, chloroform-d) δ 8.34 – 8.31 (m, 1H), 8.22 – 8.17 (m, 2H), 7.75 (dd, J = 7.2, 

1.3 Hz, 1H), 7.67 – 7.59 (m, 6H), 7.52 – 7.43 (m, 4H), 7.34 – 7.30 (m, 1H), 7.04 (ddd, J = 7.4, 4.9, 

1.3 Hz, 1H), 4.03 (s, 3H). 
13C NMR (126 MHz, chloroform-d) δ 161.09, 145.11, 141.28, 140.34, 138.76, 137.64, 129.90, 

128.56, 127.53, 127.32, 127.10, 126.06, 125.48, 123.41, 121.01, 120.36, 120.04, 117.15, 109.87, 

109.47, 53.58. 

HRMS:  C24H19N2O ESI-MS [M+H] calcd:  351.1497; found:  351.1509 

 

1H NMR (500 MHz, chloroform-d) δ 8.43 (s, 1H), 7.80 (s, 1H), 7.47 (d, J = 7.4 Hz, 2H), 7.28 (d, 

J = 7.8 Hz, 2H), 4.04 (s, 3H), 2.43 (s, 3H). 
13C NMR (126 MHz, chloroform-d) δ 162.96, 143.08, 143.05, 143.01, 138.23, 135.10, 135.08, 

132.29, 129.15, 128.96, 124.92, 120.56, 54.24, 21.24. 
19F NMR (376 MHz, chloroform-d) δ -61.44. 

HRMS:  C14H12F3NO ESI-MS [M+N] calcd:  267.0871; found:  267.0867. 

 

1H NMR (500 MHz, chloroform-d) δ 7.91 (s, 1H), 7.54 (d, J = 6.8 Hz, 1H), 7.25 (d, J = 7.9 Hz, 

1H), 6.96 (d, J = 8.6 Hz, 1H), 6.66 (d, J = 12.1 Hz, 1H), 3.71 (s, 3H), 3.21 (p, J = 6.9 Hz, 1H), 

1.24 (d, J = 6.9 Hz, 6H), 0.90 (s, 9H), -0.00 (s, 6H). 
13C NMR (126 MHz, chloroform-d) δ 167.19, 165.24, 160.68, 160.60, 146.53, 144.74, 135.91, 

135.22, 134.96, 134.35, 134.29, 132.47, 132.35, 130.97, 129.15, 128.81, 128.68, 128.67, 128.64, 

128.63, 104.64, 104.42, 67.71, 61.10, 32.05, 31.29, 28.26, 23.78, -0.00. 
19F NMR (376 MHz, chloroform-d) δ -62.57, -116.72. 

HRMS:  C20H23F4O2Si ESI-MS [M-C4H9] calcd:  399.1404; found:  399.1424. 
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1H NMR (500 MHz, chloroform-d) δ 7.84 (dd, J = 7.7, 1.6 Hz, 1H), 7.35 (dd, J = 7.6, 1.6 Hz, 1H), 
7.34 – 7.31 (m, 3H), 7.31 – 7.28 (m, 2H), 7.28 (s, 1H), 3.94 (s, 3H), 2.42 (s, 3H). 
13C NMR (126 MHz, chloroform-d) δ 168.66, 142.34, 140.18, 136.59, 133.13, 131.57, 130.73, 
129.55, 125.38, 120.66, 52.05, 18.40. 
19F NMR (376 MHz, chloroform-d) δ -57.82. 

HRMS:  C16H13F3O3 ESI-MS [M+]+ calcd:  310.0817; found:  310.0814.  

 

1H NMR (500 MHz, chloroform-d) δ 8.56 (s, 1H), 8.26 (d, J = 5.6 Hz, 1H), 8.11 (d, J = 8.5 Hz, 

1H), 8.00 (s, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.68 – 7.58 (m, 2H), 7.46 (d, J = 8.4 Hz, 1H), 7.14 (d, 

J = 2.9 Hz, 1H), 6.61 (d, J = 2.9 Hz, 1H), 3.86 (s, 3H). 

13C NMR (126 MHz, chloroform-d) δ 151.59, 143.01, 140.91, 136.68, 136.36, 131.48, 131.35, 

129.94, 129.16, 127.48, 127.30, 123.57, 121.45, 120.59, 120.05, 109.87, 101.62, 33.01. 

HRMS:  C18H13ClN2 ESI-MS [M+] calcd:  292.0767; found:  292.0773. 

 

1H NMR (500 MHz, chloroform-d) δ 8.19 (dt, J = 4.8, 1.5 Hz, 1H), 7.87 (ddd, J = 9.5, 7.4, 1.9 Hz, 

1H), 7.51 (dd, J = 8.2, 1.7 Hz, 2H), 7.30 (dd, J = 8.8, 2.1 Hz, 2H), 7.28 – 7.26 (m, 1H), 4.15 (q, J 

= 7.1 Hz, 2H), 2.79 – 2.66 (m, 2H), 2.37 (t, J = 7.4 Hz, 2H), 2.01 (p, J = 7.5 Hz, 2H), 1.27 (t, J = 

7.1 Hz, 3H). 

13C NMR (126 MHz, chloroform-d) δ 173.37, 161.42, 146.12, 146.00, 141.96, 140.49, 140.46, 

128.88, 128.82, 128.80, 121.79, 121.75, 60.32, 34.85, 33.66, 26.39, 14.25. 

19F NMR (376 MHz, chloroform-d) δ -71.14 (d, J = 9.4 Hz). 
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HRMS:  C17H18FNO2 ESI-MS [M+] calcd:  287.1322; found:  287.1312.  

 

1H NMR (500 MHz, Chloroform-d) δ 7.70 (t, J = 7.3 Hz, 1H), 7.41 (dd, J = 15.3, 9.0 Hz, 2H), 

7.23 (t, J = 7.7 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 6.87 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 

3.80 (s, 2H). 
13C NMR (126 MHz, chloroform-d) δ 164.37, 162.30, 147.50, 147.44, 143.21, 133.75, 130.11, 

125.52, 125.49, 124.24, 119.13, 117.03, 116.88, 116.32, 113.99, 99.85, 99.73. 
19F NMR (376 MHz, chloroform-d) δ -105.85. 

HRMS:  C13H9FN2 ESI-MS [M+] calcd:  212.0750; found:  212.0752.  

 

1H NMR (500 MHz, chloroform-d) δ 7.78 (t, J = 1.3 Hz, 1H), 7.40 (d, J = 1.3 Hz, 2H), 7.34 (dt, J 

= 6.9, 1.4 Hz, 2H), 7.12 (ddd, J = 6.7, 2.9, 1.1 Hz, 2H), 6.56 (dd, J = 3.2, 1.0 Hz, 1H), 3.85 (s, 3H). 
13C NMR (126 MHz, chloroform-d): δ 144.19, 142.49, 139.33, 136.34, 131.74, 131.64, 129.79, 

128.97, 122.47, 121.18, 119.42, 109.60, 109.35, 108.70, 101.36, 32.95. 
19F NMR (376 MHz, chloroform-d): δ -49.96. 

HRMS:  C16H11F2NO2 ESI-MS [M+] calcd:  287.0785; found:  287.0785.  
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1H NMR (500 MHz, chloroform-d) δ 7.38 – 7.31 (m, 3H), 7.16 – 7.07 (m, 4H), 7.07 – 6.99 (m, 

3H), 6.81 (tt, J = 9.0, 2.4 Hz, 1H), 5.12 (s, 2H). 
13C NMR (126 MHz, chloroform-d) δ 163.93, 163.65, 163.55, 161.97, 161.69, 161.59, 155.13, 

141.60, 141.52, 141.44, 139.41, 139.35, 130.70, 130.15, 130.09, 129.65, 129.55, 122.21, 122.19, 

121.66, 114.79, 114.62, 113.85, 113.67, 113.29, 112.61, 112.56, 112.45, 112.40, 102.52, 102.32, 

102.12, 69.79, 69.77. 
19F NMR (376 MHz, chloroform-d) δ -111.02 – -111.23 (m), -112.64 – -112.83 (m). 

HRMS:  C19H13F3O ESI-MS [M+] calcd:  314.0919; found:  314.0921. 

 

1H NMR (500 MHz, chloroform-d) δ 7.51 – 7.47 (m, 2H), 7.43 – 7.40 (m, 2H), 7.19 – 7.14 (m, 

2H), 6.85 (td, J = 7.4, 1.2 Hz, 1H), 6.79 (dd, J = 8.5, 1.3 Hz, 1H), 3.75 (s, 2H), 1.39 (s, 9H). 
13C NMR (126 MHz, chloroform-d) δ 150.01, 143.57, 136.46, 130.47, 128.69, 128.26, 127.63, 

125.70, 118.63, 115.55, 34.59, 31.39. 

HRMS:  C16H19NH ESI-MS [M+H] calcd:  226.1596; found:  226.1598.  

  

1H NMR (500 MHz, chloroform-d) δ 7.51 – 7.40 (m, 4H), 7.27 (d, J = 1.5 Hz, 1H), 7.25 – 7.15 

(m, 2H), 6.81 (d, J = 8.2 Hz, 1H), 4.01 (s, 2H), 1.37 (d, J = 1.4 Hz, 9H), 1.32 (d, J = 1.4 Hz, 9H).  
13C NMR (126 MHz, chloroform-d) δ 149.99, 136.82, 128.81, 127.50, 125.66, 125.18, 115.88, 

34.57, 34.04, 31.56, 31.38. 

HRMS:  C20H28N ESI-MS [M+H] calcd:  282.2222; found:  282.2220.  
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1H NMR (500 MHz, chloroform-d) δ 7.45 – 7.39 (m, 2H), 7.37 – 7.33 (m, 2H), 7.21 – 7.15 (m, 

2H), 6.86 (td, J = 7.4, 1.2 Hz, 1H), 6.81 – 6.77 (m, 1H), 3.79 (s, 2H), 3.00 (p, J = 6.9 Hz, 1H), 1.35 

(d, J = 6.9 Hz, 6H). 
13C NMR (126 MHz, chloroform-d) δ 147.76, 143.64, 136.90, 130.49, 129.00, 128.29, 127.69, 

126.87, 118.61, 115.55, 33.90, 24.05. 

HRMS:  C15H17NH ESI-MS [M+H] calcd:  212.1439; found:  212.1439.  

 

1H NMR (500 MHz, Chloroform-d) δ 7.47 (d, J = 5.5 Hz, 2H), 7.37 (d, J = 6.0 Hz, 2H), 7.16 (dd, 

J = 7.7, 2.7 Hz, 1H), 6.79 (d, J = 7.7 Hz, 1H), 6.72 (s, 1H), 3.74 (s, 2H), 3.03 (dt, J = 13.5, 6.7 Hz, 

1H), 2.93 (dt, J = 13.4, 6.6 Hz, 1H), 1.39 (d, J = 2.8 Hz, 3H), 1.38 (d, J = 2.8 Hz, 3H), 1.36 (d, J 

= 2.8 Hz, 3H), 1.35 (d, J = 2.8 Hz, 3H). 
13C NMR (126 MHz, Chloroform-d) δ 149.26, 147.53, 143.50, 137.04, 130.49, 129.11, 126.85, 

125.42, 116.98, 113.76, 33.95, 33.93, 24.11, 24.05. 

HRMS:  C18H23NH ESI-MS [M+H] calcd:  254.1909; found:  254.1907. 

 

1H NMR (500 MHz, Methanol-d4) δ 7.62 (d, J = 8.2 Hz, 2H), 7.58 – 7.51 (m, 3H), 7.48 (d, J = 7.7 

Hz, 1H), 7.42 (d, J = 8.3 Hz, 2H), 4.90 (s, 3H), 2.68 (s, 3H), 1.40 (s, 9H). 
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13C NMR (126 MHz, Methanol-d4) δ 151.64, 137.03, 133.36, 131.60, 129.20, 128.71, 128.54, 

127.69, 125.93, 123.67, 38.17, 34.21, 30.35. 

HRMS:  C16H20N ESI-MS [M-OMs] calcd:  226.1596; found:  226.1591.  

 

1H NMR (500 MHz, methanol-d4) δ 7.60 (m, 3H), 7.48 (s, 1H), 7.45 – 7.36 (m, 3H), 2.71 (s, 3H), 

1.39 (d, J = 8.0 Hz, 18H). 
13C NMR (126 MHz, methanol-d4) δ 152.73, 152.67, 151.59, 151.55, 136.57, 133.83, 133.82, 

128.54, 128.51, 125.90, 125.74, 125.00, 123.34, 38.14, 34.30, 34.19, 30.36, 30.24. 

HRMS:  C20H28N ESI-MS [M-OMs] calcd:  282.2222; found:  282.2217 

 

 

1H NMR (500 MHz, methanol-d4) δ 7.59 – 7.43 (m, 6H), 7.42 – 7.36 (m, 2H), 2.98 (d, J = 6.9 

Hz, 1H), 2.69 (d, J = 0.8 Hz, 3H), 1.32 (d, J = 6.9 Hz, 6H). 
13C NMR (126 MHz, methanol-d4) δ 149.53, 137.10, 133.70, 131.63, 129.19, 128.76, 128.69, 

127.66, 127.01, 123.48, 38.09, 33.82, 22.93. 

HRMS:  C15H17NH ESI-MS [M-OMs] calcd:  212.1439; found:  212.1440. 
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1H NMR (500 MHz, methanol-d4) δ 7.47 – 7.39 (m, 4H), 7.38 – 7.34 (m, 3H), 3.08 – 2.95 (m, 

2H), 2.70 (s, 3H), 1.32 (dd, J = 8.7, 6.9 Hz, 12H). 
13C NMR (126 MHz, methanol-d4) δ 150.29, 149.30, 134.48, 133.73, 131.56, 128.79, 127.44, 

127.30, 126.95, 121.40, 38.11, 33.81, 33.55, 22.96, 22.75. 

HRMS:  C18H24N ESI-MS [M-OMs] calcd:  254.1909; found:  254.1913. 

 

1H NMR (500 MHz, acetonitrile-d3) δ 7.61 (d, J = 7.4 Hz, 1H), 7.44 – 7.36 (m, 2H), 7.33 – 7.18 

(m, 4H), 6.30 (s, 2H), 2.59 (s, 3H), 1.36 (s, 9H). 
13C NMR (126 MHz, acetonitrile-d3) δ 150.40, 138.71, 135.49, 134.15, 133.32, 127.84, 127.74, 

126.30, 124.80, 123.56, 120.62, 98.61, 39.25, 34.32, 30.80. 

HRMS:  C33H39N2O3Pd2S ESI-MS [M-OMs] calcd:  757.0769; found:  757.0763.  

 

1H NMR (500 MHz, acetonitrile-d3) δ 7.64 (s, 2H), 7.44 (d, J = 8.0 Hz, 2H), 7.31 (q, J = 8.2 Hz, 

4H), 7.27 – 7.19 (m, 4H), 6.10 (s, 4H), 2.66 (s, 6H), 2.66 (s, 6H), 1.39 (dd, J = 12.3, 1.0 Hz, 36H).  
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13C NMR (126 MHz, acetonitrile-d3) δ 150.39, 149.55, 138.24, 134.52, 133.21, 132.77, 125.07, 

124.94, 124.69, 123.58, 120.08, 39.10, 34.42 (d, J = 23.9 Hz), 30.80, 30.77. 

HRMS:  C41H55N2O3Pd2S ESI-MS [M-OMs] calcd:  867.2003; found:  867.2000. 

 

1H NMR (500 MHz, acetonitrile-d3) δ 7.61 (dt, J = 7.4, 1.3 Hz, 1H), 7.40 (dd, J = 9.9, 7.5 Hz, 

2H), 7.28 (dtd, J = 8.7, 7.4, 6.1 Hz, 2H), 7.08 (d, J = 7.8 Hz, 2H), 6.30 (s, 2H), 2.92 (p, J = 6.9 Hz, 

1H), 2.60 (s, 3H), 1.30 (d, J = 6.9 Hz, 6H). 
13C NMR (126 MHz, acetonitrile-d3) δ 148.19, 139.28, 138.85, 135.59, 134.55, 127.79, 127.68, 

126.23, 125.12, 124.52, 120.66, 39.26, 33.61, 23.48. 

HRMS:  C31H35N2O3Pd2S ESI-MS [M-OMs] calcd:  727.0455; found:  727.0451. 

 

1H NMR (500 MHz, acetonitrile-d3) δ 7.52 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 7.7 Hz, 1H), 7.30 (s, 

1H), 7.17 (dd, J = 8.0, 1.9 Hz, 1H), 7.09 – 7.01 (m, 2H), 6.28 (s, 2H), 3.00 – 2.87 (m, 2H), 2.60 

(s, 3H), 1.29 (d, J = 6.9 Hz, 12H). 
13C NMR (126 MHz, acetonitrile-d3) δ 149.06, 147.94, 143.61, 136.32, 135.38, 134.57, 134.48, 

127.75, 124.87, 124.48, 124.18, 118.75, 117.47, 39.28, 33.65, 33.61, 23.49, 23.34. 

HRMS:  C37H47N2O3Pd2S ESI-MS [M-OMs] calcd:  811.1377; found:  811.1372. 
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1H NMR (500 MHz, chloroform-d): d 7.64 (d, J = 9.5 Hz, 1H), 7.37-7.29 (m, 3H), 7.26-7.25 (m, 

1H, 7.19-7.35 (m, 2H), 7.02-6.99 (m, 2H), 6.88-6.85 (m, 2H), 6.77 (d, J = 8.5 Hz, 1H), 6.60 (t,  J 

= 7.5 Hz, 1H), 6.55-6.52 (m, 2H), 6.43 (t, J = 7.5 Hz, 1H), 4.57 (m, 1H), 4.20 (m, 1H), 3.97 (s, 

3H), 3.62 (m, 3H), 2.76 (m, 1H), 2.62 (m, 3H), 2.02 (t, J = 4.0 Hz, 2H), 1.93-1.15 (m, 9H), 1.05-

0.955 (m, 10H), 0.86-0.79 (m, 8H). 
13C NMR (126 MHz, chloroform-d): δ 158.36, 157.40, 146.71, 139.58, 139.36, 135.82, 135.44, 

132.74, 130.09, 128.47, 127.26, 126.75, 126.24, 126.17, 125.96, 125.37, 121.39, 120.09, 111.14, 

104.49, 103.79, 81.32, 81.16, 55.94, 55.51, 40.07, 33.96, 33.85, 32.51, 30.91, 29.70, 28.98, 26.79, 

23.96, 23.77. 
31P NMR (162 MHz, chloroform-d) δ 59.40. 

HRMS:  C47H57NO3PPd ESI-MS [M-OMs] calcd:  820.3128; found:  820.3129.  

 

1H NMR (500 MHz, chloroform-d) δ 7.99 (d, J = 5.2 Hz, 1H), 7.85 – 7.76 (m, 2H), 7.68 – 7.58 

(m, 2H), 7.54 – 7.44 (m, 3H), 7.40 – 7.27 (m, 4H), 7.03 (dd, J = 18.7, 8.3 Hz, 2H), 5.05 (d, J = 

11.5 Hz, 1H), 4.71 – 4.63 (m, 1H), 4.51 (s, 3H), 4.10 (s, 3H), 3.25 (p, J = 6.9 Hz, 1H), 3.08 (s, 

3H), 2.89 (dd, J = 15.6, 4.8 Hz, 1H), 2.78 – 2.65 (m, 2H), 1.82 (d, J = 27.1 Hz, 3H), 1.69 – 1.64 

(m, 9H), 1.40 (s, 9H), 1.32 – 1.24 (m, 9H). 
13C NMR (126 MHz, chloroform-d) δ 164.31, 164.25, 158.55, 157.22, 150.96, 150.93, 150.03, 

146.66, 139.61, 138.86, 138.80, 138.63, 138.60, 136.83, 135.57, 135.55, 132.94, 132.87, 132.41, 

129.98, 129.87, 129.77, 128.80, 128.12, 127.10, 127.04, 126.97, 126.31, 126.02, 125.14, 123.52, 

119.90, 119.89, 118.81, 114.71, 114.42, 111.66, 111.63, 104.53, 103.82, 77.27, 77.01, 76.76, 
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55.60, 55.51, 40.01, 34.81, 34.66, 34.33, 34.10, 33.87, 33.38, 33.31, 32.10, 31.93, 31.44, 31.38, 

31.11, 30.33, 29.97, 29.70, 28.72, 27.98, 27.84, 25.88, 23.95, 23.83, 22.69, 22.44, 20.86, 14.12. 
31P NMR (162 MHz, chloroform-d) δ 56.64. 

HRMS:  C51H65NO3PPd ESI-MS [M-OMs] calcd:  876.3755; found:  876.3751.  

 

1H NMR (500 MHz, chloroform-d) δ 7.41 (d, J = 8.8 Hz, 1H), 7.33 – 7.21 (m, 3H), 7.16 (s, 1H), 

7.11 (d, J = 8.1 Hz, 1H), 7.02 (d, J = 21.9 Hz, 3H), 6.91 – 6.87 (m, 1H), 6.81 (d, J = 7.7 Hz, 2H), 

6.54 (d, J = 8.1 Hz, 2H), 4.61 (d, J = 11.3 Hz, 1H), 4.10 (s, 1H), 4.06 (s, 3H), 3.71 (s, 1H), 3.62 

(s, 3H), 2.81 – 2.70 (m, 2H), 2.65 (s, 3H), 2.51 (d, J = 11.4 Hz, 1H), 1.31 – 1.17 (m, 8H), 1.14 (d, 

J = 6.0 Hz, 6H), 1.08 (s, 3H), 1.02 (s, 9H), 0.90 (s, 9H), 0.81 (s, 9H), 0.64 (d, J = 14.1 Hz, 1H). 
13C NMR (126 MHz, chloroform-d) δ 158.48, 157.33, 147.97, 146.81, 139.23, 138.46, 137.00, 

132.80, 132.79, 132.72, 132.28, 130.07, 127.17, 127.10, 126.38, 124.86, 124.14, 123.33, 121.32, 

119.33, 118.86, 111.67, 111.64, 104.49, 103.86, 81.97, 81.82, 55.66, 55.56, 39.94, 34.50, 34.39, 

34.15, 34.09, 33.99, 33.76, 33.68, 31.20, 31.16, 30.92, 29.69, 29.44, 29.34, 27.59, 24.05, 23.86, 

23.56. 
31P NMR (162 MHz, chloroform-d) δ 57.76 (d, J = 8.3 Hz). 
 
HRMS:  C57H73NO3PPd ESI-MS [M-OMs] calcd:  932.4363; found:  932.4361.  
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1H NMR (500 MHz, chloroform-d): δ 7.56 (d, J = 8.0 Hz, 1H), 7.35-7.29 (m, 2H), 7.19-7.17 (m, 

2H), 7.12 (dt, J = 7.5, 1.5 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.99-6.94 (m, 1H), 6.89-6.84 (m, 3H), 

6.79 (d, J = 8.5 Hz, 1H), 6.62 (dd, J = 6.0,  2.0 Hz, 1H), 6.58-6.52 (m, 2H), 4.57 (d, J = 11.0 Hz, 

1H), 4.19 (q, J = 4.0 Hz, 1H), 3.97 (s, 3H), 3.62 (s, 3H), 2.76 (m, 1H), 2.62 (s, 3H), 2.46-2.42 (m, 

1H), 2.38-2.33 (m, 1H), 2.21 (m, 1H), 1.22-1.13 (m, 10H), 0.99-0.90 (m, 10H), 0.87-0.79 (m, 

10H). 
13C NMR (126 MHz, chloroform-d): δ 164.31, 158.48, 157.35, 148.43, 146.67, 139.53, 138.94, 

138.09, 136.93, 135.47, 134.84, 134.76, 132.35, 130.04, 128.07, 127.06, 126.46, 125.22, 123.67, 

121.26, 119.96, 111.26, 104.46, 103.77, 81.81, 81.66, 55.61, 55.50, 40.00, 34.29, 34.15, 33.85, 

33.59, 33.19, 33.12, 30.91, 29.69, 29.35, 26.57, 24.53, 23.94, 23.80, 23.58, 22.40. 
31P NMR (162 MHz, chloroform-d): δ 58.65 

HRMS:  C50H63NO3PPd ESI-MS [M-OMs] calcd:  862.3599; found:  862.3594.  

 

1H NMR (500 MHz, chloroform-d): δ 7.50 (dd, J = 8.0, 3.5 Hz, 1H), 7.31 (t, J = 8.0 Hz, 2H), 7.18 

(s, 1H), 7.09 (d, J = 8.0 Hz, 1H), 7.03 (d, J = 7.5 Hz, 1H), 6.88-6.78 (m, 5 H), 6.63-6.52 (m, 3H), 

4.56 (d, J = 6.0 Hz, 1H), 4.18 (q, J = 4.0 Hz, 1H), 3.98 (s, 3H), 3.72-3.65 (m, 1H), 3.61 (s, 3H), 

2.85-2.73 (m, 2H), 2.61 (s, 3H), 2.45 (dd, J = 15.5, 4.5 Hz, 1H), 2.38-2.32 (m, 1H), 2.20-2.15 (m, 

1H), 1.17-0.08 (m, 39 H)   
13C NMR (126 MHz, chloroform-d): δ 164.36, 164.30, 158.50, 157.35, 149.10, 148.19, 148.17, 

146.66, 138.96, 138.90, 137.91, 137.00, 135.21, 135.18, 134.86, 134.79, 132.33, 130.07, 129.96, 

129.85, 127.09, 126.52, 126.46, 126.25, 123.59, 122.84, 121.23, 121.08, 118.86, 118.49, 114.81, 

114.51, 111.29, 111.26, 104.07, 103.79, 81.86, 81.71, 55.65, 55.51, 40.06, 34.25, 34.10, 33.87, 

33.69, 33.64, 33.54, 33.46, 29.70, 26.60, 24.65, 24.31, 23.97, 23.84, 23.33, 22.41. 
31P NMR (162 MHz, chloroform-d):  δ 59.06 

HRMS:  C53H69NO3PPd ESI-MS [M-OMs] calcd:  904.4069; found:  904.4070. 
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1H NMR (500 MHz, chloroform-d): δ 7.52-7.45 (m, 2H), 7.42-7.38 (m, 2H), 7.23-7.21 (m, 2H), 

7.07 (d, J = 7.5 Hz, 1H), 6.98-6.90 (m, 3H), 6.82 (d, J = 7.0 Hz, 2H), 6.61 (d, J = 8.5 Hz, 1H), 4.35 

(d, J = 12.5 Hz, 1H), 4.25 (s, 1H), 4.40 (s, 3H), 3.70 (s, 3H), 2.94 (t, J = 7.0 Hz, 1H), 2.59 (s, 3H), 

2.48 (t, J = 7.0 Hz, 1H), 1.29-1.25 (m, 6 H), 0.98-095 (m, 6 H), 0.91-0.87 (m, 9 H).  
13C NMR (126 MHz, chloroform-d): δ 164.93, 158.00, 157.37, 149.16, 149.02, 136.36, 135.17, 

134.79, 134.07, 133.98, 132.65, 130.02, 126.87, 126.21, 126.15, 125.97, 124.18, 122.96, 119.10, 

110.86, 104.78, 103.52, 68.68, 68.50, 56.03, 55.31, 39.81, 34.43, 34.29, 33.65, 33.55, 25.73, 25.68, 

23.94, 23.81, 23.67, 22.94. 
31P NMR (162 MHz, chloroform-d): δ 37.89. 

HRMS:  C37H45NO3PPd ESI-MS [M-OMs] calcd:  688.2186; found:  688.2159.  

 

1H NMR (500 MHz, chloroform-d): δ 7.79 (m, 1H), 7.69 (s, 1H), 7.55 (t, J = 4.5 Hz, 1H), 7.38 (d, 

J = 8.0 Hz, 1H), 7.15 (d, J = 8.0 Hz, 1H), 7.06-7.02 (m, 2H), 6.98-6.91 (m, 2H), 6.70 (s, 1H), 6.45 

(dd, J =  11.5, 4.5 Hz, 1H), 3.56-3.51 (m, 1H), 2.97-2.81 (m, 3H), 2.65-2.61 (m, 1H), 2.46 (s, 3H), 

2.42-2.38 (m, 1H), 2.18-2.02 (m, 3H), 1.97 (d, J = 7.0 Hz, 2H), 1.92-1.79 (m, 5 H), 1.68 (d, J = 

7.0 Hz, 3H), 1.60 (d, J = 7.0 Hz, 3H), 1.52-1.46 (m, 3H), 1.37-1.26 (m, 15H), 1.19-1.01 (m, 10 H), 

0.95 (t, J = 7.0 HZ, 1H), 0.89 (d, J = 7.0 Hz, 3H), 0.66 (d, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, chloroform-d) δ 154.81, 154.62, 149.53, 148.71, 148.52, 145.65, 145.49, 

138.90, 136.99, 136.41, 136.03, 134.47, 134.19, 133.99, 133.93, 132.92, 132.83, 132.03, 131.27, 

127.85, 127.16, 126.58, 125.45, 125.34, 125.31, 124.47, 123.71, 123.35, 120.28, 119.26, 39.13, 
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36.05, 35.82, 34.41, 33.96, 33.81, 32.75, 31.72, 31.54, 31.05, 29.45, 29.41, 29.15, 28.10, 28.03, 

27.82, 27.76, 27.50, 27.39, 26.74, 26.65, 26.43, 26.32, 25.99, 25.90, 25.79, 25.59, 24.46, 24.27, 

24.22, 23.98, 23.95, 23.66, 23.20. 
31P NMR (162 MHz, chloroform-d) δ 35.40. 

HRMS:  C51H17NPPd ESI-MS [M-OMs] calcd:  833.4377; found:  833.4357.  

 

1H NMR (500 MHz, chloroform-d) δ 8.77 (s, 1H), 7.87 (s, 1H), 7.77 (t, J = 7.6 Hz, 1H), 7.69 (t, J 

= 7.6 Hz, 1H), 7.62 (d, J = 7.9 Hz, 1H), 7.56 (d, J = 2.8 Hz, 1H), 7.49 (s, 1H), 7.36 (d, J = 7.7 Hz, 

1H), 7.26 (dd, J = 15.0, 7.6 Hz, 2H), 7.10 (dd, J = 30.7, 10.7 Hz, 3H), 4.26 (s, 3H), 3.48 (s, 3H), 

3.33 – 3.20 (m, 2H), 3.13 (s, 1H), 2.97 (s, 3H), 2.80 (s, 1H), 2.59 (s, 1H), 2.34 – 2.03 (m, 7H), 

1.82 (d, J = 12.4 Hz, 3H), 1.58 (dd, J = 12.6, 6.9 Hz, 14H), 1.33 – 1.21 (m, 4H), 1.18 (t, J = 7.0 

Hz, 3H), -0.01 (s, 1H). 
13C NMR (126 MHz, chloroform-d) δ 148.65, 148.05, 143.10, 139.27, 137.17, 136.86, 136.74, 

134.00, 131.81, 131.38, 127.09, 126.13, 124.72, 123.01, 119.66, 106.64, 104.86, 103.42, 56.42, 

55.23, 39.49, 35.24, 35.01, 34.24, 34.10, 33.85, 30.06, 28.65, 27.74, 27.62, 26.78, 26.08, 25.77, 

25.22, 24.14, 24.00, 23.84, 22.31, 14.05. 
31P NMR (162 MHz, chloroform-d) δ 43.05. 

 HRMS:  C44H57NO2PPd ESI-MS [M-OMs] calcd:  763.3178; found:  763.3156.  
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1H NMR (500 MHz, chloroform-d) δ 7.58 (s, 3H), 7.41 (d, J = 7.9 Hz, 1H), 7.20 (d, J = 3.3 Hz, 

2H), 7.16 (d, J = 7.7 Hz, 1H), 7.06 (d, J = 7.9 Hz, 1H), 6.79 (d, J = 14.4 Hz, 3H), 6.50 (d, J = 8.4 

Hz, 1H), 6.36 (s, 3H), 2.96 – 2.83 (m, 1H), 2.57 (s, 3H), 2.46 – 2.31 (m, 1H), 1.23 (d, J = 6.9 Hz, 

6H), 0.83 (d, J = 6.7 Hz, 6H). 
13C NMR (126 MHz, chloroform-d) δ 149.24, 148.73, 148.69, 147.97, 147.94, 141.50, 140.88, 

140.24, 136.68, 135.62, 135.51, 135.24, 134.96, 134.93, 127.46, 126.24, 124.88, 124.70, 124.22, 

123.66, 119.40, 119.38, 111.44, 111.38, 39.32, 33.76, 33.47, 23.86, 23.56. 
31P NMR (162 MHz, chloroform-d) δ -22.50. 

HRMS:  C51H65NO3PPd ESI-MS [M-OMs] calcd:  876.3755; found:  876.3751.  

 

1H NMR (500 MHz, chloroform-d) δ 7.19 (dt, J = 5.0, 2.7 Hz, 2H), 7.05 – 6.99 (m, 2H), 6.92 (d, 

J = 7.7 Hz, 1H), 6.82 (d, J = 7.5 Hz, 1H), 4.08 (dd, J = 8.0, 4.1 Hz, 1H), 2.85 (dtt, J = 9.4, 7.0, 4.2 

Hz, 1H), 2.76 (d, J = 2.5 Hz, 3H), 2.72 (dd, J = 7.8, 5.5 Hz, 1H), 2.13 (s, 6H), 2.03 – 1.91 (m, 9H), 

1.72 (dq, J = 27.2, 11.9, 11.5 Hz, 12H), 1.37 – 1.28 (m, 2H), 1.19 (ddd, J = 12.5, 7.6, 4.5 Hz, 12H), 

1.02 – 0.94 (m, 1H), 0.88 – 0.79 (m, 2H), 0.78 (d, J = 11.1 Hz, 1H), 0.55 – 0.25 (m, 5H). 
13C NMR (126 MHz, chloroform-d) δ 149.12, 147.61, 137.82, 137.59, 136.65, 136.63, 135.59, 

135.54, 126.64, 124.65, 123.48, 122.19, 117.75, 41.19, 41.08, 40.90, 40.82, 40.62, 40.49, 40.15, 

40.12, 39.83, 37.11, 36.68, 36.67, 36.60, 36.58, 36.49, 36.48, 33.98, 33.74, 29.96, 29.69, 28.90, 

28.83, 28.70, 28.68, 28.63, 27.78, 27.71, 27.67, 25.34, 25.25, 24.15, 23.99, 23.81, 17.97, 17.80, 

13.80. 
31P NMR (162 MHz, chloroform-d) δ 48.07. 

HRMS:  C42H61NPPd ESI-MS [M-OMs] calcd:  716.3593; found:  716.3600.  
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14. NMR spectra of new compounds 
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