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General Information 

General Reagent Information 

All reactions were carried out under argon atmosphere. The THF, Toluene and Acetone were purchased from 

Rankem Laboratories in 500 mL bottles. 6-Bromo 2-chloro-3-formylquinoline was purchased from Sigma-

Aldrich Chemicals, 1, 3-cyclohexanedione and Potassium Phosphate tribasic was purchased from Aldrich 

Chemical Co. Both THF and deionized water were degassed by performing evacuation / Argon refill cycles and 

stored under Argon prior to use. All the aryl boronic acids (Table 2) were purchased from Frontier Scientific, 

Aldrich Chemical Co., Alfa-Aesar, Combi-Blocks and used as received without further purification. All the 

halides (Table 3) was purchased from Aldrich Chemical Co., Alfa-Aesar and used as received without further 

purification. The ligand XPhos and the catalyst Pd(OAc)2 was purchase from Johnson Matthey Chemicals. Flash 

Chromatography was performed using a Biotage SP4 instrument with prepacked silica cartridges. 

General Analytical Information 

All compounds were characterized by 
1
H NMR, 

13
C NMR and LC-MS spectroscopy, copies of the 

1
H and 

13
C 

NMR spectra can be found at the end of the Supporting Information. The proton (
1
H) and carbon (

13
C) NMR 

spectra were recorded on a Bruker 400 MHz instrument using TMS as an internal standard. All the 1H NMR 

experiments are reported in δ units, parts per million (ppm), and were measured relative to the signals for 

residual DMSO (2.50) in the deutrated solvent. All the 
13

C NMR spectra were reported in ppm relative to 

DMSO-d6 (40.01 ppm), and all were obtained with 
1
H decoupling. All the LC-MS spectra were obtained using 

Atlantis dC18 and Zorbax XDBC18 Columns 

Experimental Sections  

Synthesis of Precatalyst 1 

A mixture of Pd(OAc)2 (1.69 g, 7.5 mmol) and 2-amino-biphenyl (1.32 g, 7.8 

mmol) in anhydrous toluene (45 mL) was heated at 60
 °

C under argon for 30 

min, at which point the initial red color of the solution became grey precipitate 

had formed. After the reaction cooled at room temperature, the toluene was 

removed via canula. The remaining solid was washed with anhydrous toluene 

(2 X 20mL) and then suspended in anhydrous acetone (45 mL). After addition 

of lithium chloride (0.96 g, 22.5 mmol), the resulting slurry was stirred at room 

temperature under argon for 1 h to give a homogenous green solution. XPhos 

(3.38 g, 7.12 mmol) was then added portion wise over 5 min. The mixture was 

stirred at room temperature for 2.5 h, at which point a significant amount of 

precipitate had formed. Removal of about 90% of the solvent under vacuum afforded yellow slurry, which was 

treated with MTBE (10 mL) and pentane (25 mL). The mixture was then placed in a refrigerator for 1 h. At this 

point, the product was collected by suction filtration, washed with water (3 X 10 mL), and dried under vacuum 

to afford off white solid. Yield: 5 g (85%).   Melting Point : 205.4 
°
C – 211.7 

°
C ; 

1
H NMR (400 MHz, CDCl3) ): 

δ 7.55-7.46 (m, 1H), 7.31-7.29 (m, 2H), 7.28-6.90 (m, 2H), 6.79-6.52 (m, 1H), 4.88-4.67 (m, 1H), 2.37-1.85 (m, 

3H), 1.54-1.20 (m, 10H), 0.96-0.78 (m, 6H), 0.49-0.25 (m, 1H) ; 
13

C NMR (100 MHz, CDCl3): δ 148.7, 146.5, 

143.2, 140.3, 135.6, 128.6, 127.4, 125.8, 121.3, 120.0, 34.3, 30.3, 27.4, 25.4, 24.1.  

Synthesis of  9-(6-bromo-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione  (4). 

A mixture of 6-bromo-2-chloro quinoline-3-carbaldehde (5 g, 18.52 mmol) and 1, 3-

cyclohexadienone (4.15 g, 37.04 mmol) in deionized water (100 mL) was heated at 90
 

°
C for 4 h. After completion of the reaction, diluted with water (100 mL), extracted 

with dichloromethane (3x150 mL). The organic layers were combined, dried over 

Na2SO4, concentrated under reduced pressure, and purified via Biotage SP4 (Silica 

packed 50 g snap cartridge column; 3-6% methanol/DCM) to provide the title 
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compound as pale yellow solid (6.85 g, 84%). Melting Point : 292.1 
°
C – 298.4 

°
C;  

1
H NMR (400 MHz, 

DMSO-d6): δ 11.49 (s, 1H), 7.97 (d, J = 2.0 Hz, 1H), 7.89 (s, 1H), 77.55 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 7.17 (d, J 

= 8.8 Hz, 1H), 4.59 (s, 1H), 2.59- 2.49 (m, 4H), 2.27- 2.19 (m, 4H), 1.96- 1.952 (m, 2H), 1.93-1.92 (m, 2H); 
13

C 

NMR (100 MHz, DMSO-d6): δ 196.8, 166.3, 160.5, 137.7, 137.5, 134.7, 132.4, 130.1, 121.3, 117.0, 113.4, 

112.8, 36.9, 30.1, 27.0, 20.4; LC-MS m/z calcd for  C22H18BrNO4 [M+H]
+
 440.29, found 440.02. 

Suzuki-Miyaura cross-coupling reactions 

General Procedure for Table 2 and Table 3 

A solution of 9-(6-bromo-2-hydroxyquinolin-3-yl) -3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione 4, (1 

mmol) in degassed THF (2 mL) was sealed with a screw-cap septum, and then evacuated and backfilled with 

argon ( this process was repeated a total of 2 times ). Then, the boronic acid (1.2 mmol) (Table 2) or halides (1.1 

mmol) (Table 3) were added at room temperature. Then, degassed aqueous K3PO4 (2 mmol) solution (2 mL) 

was added via syringe, followed by the addition of Precatalyst, 1 (2 mol %) and then evacuated and backfilled 

with argon (this process was repeated a total of 2 times) and the reaction was stirred at room temperature for 30 

min or 2 h. After completion of the reaction monitored by TLC, ethyl acetate (10 mL) and water (10 mL) were 

added to the reaction mixture, and the aqueous phase was extracted with ethyl acetate (3 x 10 mL). The organic 

layers were combined, dried over Na2SO4, concentrated in vacuo, and purified via the Biotage SP4 (silica – 

packed 12 g snap cartridge). 

Experimental Procedure for Examples Described in Table 2 

9-(2-hydroxy-6-phenylquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-

1,8(2H)-dione  (5a) : Following the general procedure, a mixture of 4 (100 mg, 

0.227 mmol), phenyl boronic acid (33 mg, 0.272 mmol), precatalyst, 1 (3.5 mg, 2 

mol%), degassed THF (2 mL) and  K3PO4 (96 mg, 0.454 mmol) dissolved in 

degassed water (2 mL) were stirred at room temperature for 1 h. The crude product 

was purified via the Biotage SP4 (silica – packed 12 g snap cartridge column; 3-5% 

methanol/DCM) to provide the title compound (5a) as a white solid (89 mg, 90%). 

Melting Point : 287.5 
°
C-294.6 

°
C ;  

1
H NMR (400 MHz, DMSO-d6): δ 11.45 (s, 

1H), 8.04 (s, 1H), 7.88 (s, 1H), 7.77 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.72 (d, J = 7.2 

Hz, 2H), 7.49-7.45 (m, 2H), 7.37-7.30 (m, 2H), 4.62 (s, 1H), 2.60-2.51 (m, 4H), 2.33-2.26 (m, 4H), 1.99-1.94 

(m, 2H), 1.87-1.78 (m, 2H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.2, 160.7, 139.8, 139.1, 138.0, 

133.8, 129.3, 128.5, 126.8, 125.8, 119.9, 115.5, 112.9, 37.0, 31.4, 30.3, 27.0, 22.5, 20.4, 14.4 ; LC-MS m/z 

calcd for  C28H23NO4 [M+H]
+
 437.49, found 438.21. 

9-(2-hydroxy-6-(3-(trifluoromethyl)phenyl)quinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (5b) : White solid (105 mg, 92%). 

Melting Point : 293.7 
°
C – 298.9 

°
C ;  

1
H NMR (400 MHz, DMSO-d6): δ 11.48 (s, 

1H), 8.18 (s, 1H), 8.04-8.02 (m, 2H), 7.89 (s, 1H), 7.84 (dd, J = 8.4 Hz, 2.0 Hz, 

1H), 7.69 (d, J = 4.0 Hz, 2H), 7.33 (d, J = 8.4 Hz, 1H), 4.63 (s, 1H), 2.59-2.56 (m, 

4H), 2.31-2.19 (m, 4H), 1.96-1.79 (m, 4H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 

196.8, 166.2, 160.7, 140.8, 139.0, 138.5, 138.1, 134.1, 131.9, 130.7, 130.4, 130.1, 

128.6, 126.3, 124.1, 123.4, 120.0, 115.6, 113.0, 37.1, 30.1, 27.0, 20.4 ; 
19

F NMR 

(376.7 MHz, DMSO-d6):  δ -60.54 ;LC-MS m/z calcd for  C29H22F3NO4 [M+H]
+
 

505.48, found 506.20 

9-(2-hydroxy-6-(4-(methylthio)phenyl)quinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5c) : Pale Yellow solid (106 mg, 96%). Melting Point : 

310.5 
°
C – 322.5 

°
C ;  

1
H NMR (400 MHz, DMSO-d6): δ 11.44 (s,1H), 8.03 (d, J = 

2.0 Hz, 1H), 7.87 (s, 1H), 7.75 ( dd, J = 8.8 Hz, 2.0 Hz, 1H), 7.68 (d, J = 8.4 Hz, 

1H), 7.36-7.29 (m, 3H), 5.76 (s, 1H), 2.60-2.50 (m, 8H), 2.33-2.20 (m, 4H), 1.97-

1.80 (m, 4H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.2, 160.7, 139.1, 
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137.9, 137.5, 136.3, 133.6, 133.1, 128.2, 127.2, 126.9, 125.4, 120.0, 115.5, 112.9, 37.0, 30.3, 27.0, 20.4, 15.2  ; 

LC-MS m/z calcd for  C29H25NO4S [M+H]
+
 483.58, found 484.20. 

9-(6-(3-ethoxyphenyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5d) : Pale yellow solid (80 mg, 73%).    Melting Point : 

290.7 
°
C-297.3 

°
C ;    

1
H NMR (400 MHz, DMSO-d6): δ 11.44 (s, 1H), 8.06 (s, 1H), 

7.87 (s, 1H), 7.77 (d, J = 8.8 Hz, 1H), 7.38-7.24 (m, 4H), 6.90 (d, J = 8.0 Hz, 1H), 

4.62 (s, 1H), 4.14-4.09 (m, 2H), 2.67-2.50 (m, 4H), 2.30-2.20 (m, 4H), 1.97-1.82 

(m, 4H), 1.36 (t, J = 6.8 Hz, 3H) ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.9, 166.3, 

160.7, 159.5, 141.3, 139.2, 138.0, 133.6, 130.4, 128.6, 125.9, 119.9, 118.9, 115.4, 

113.7, 112.9, 112.7, 63.5, 37.0, 31.4, 30.3, 27.0, 20.4, 15.1  ; LC-MS m/z calcd for  

C30H27NO5 [M+H]
+
 481.54, found 482.20. 

9-(6-(4-chlorophenyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5e) : White solid (88 mg, 82%). Melting Point : 288.8 
°
C-

293.2 
°
C ; 

1
H NMR (400 MHz, DMSO-d6): δ 11.46 (s, 1H), 8.05 (s, 1H), 7.86 (s, 

1H), 7.77 - 7.73 (m, 3H), 7.51 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.4 Hz, 1H), 4,61 (s, 

1H), 2.58-2.49 (m, 4H), 2.32-2.19 (m, 4H), 1.95-1.92 (m, 2H), 1.83-1.82 (m, 2H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.2, 138.7, 133.8, 132.3, 129.3, 128.5, 

125.9, 112.9, 37.0, 27.0, 20.4  ; LC-MS m/z calcd for  C28H22ClNO4 [M+0]
+
 471.93, 

found 471.90. 

9-(2-hydroxy-6-(4-methoxy-2-methylphenyl)quinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (5f) : Off white solid (92 mg, 84%). 

Melting Point : 286.2 
°
C – 290.9 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.39 (s, 

1H), 7.81 (s, 1H), 7.58 (s, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 

7.11 (d, J = 8.0 Hz, 1H), 6.85-6.79 (m, 2H), 5.73 (s, 21H), 4.57 (s, 1H), 3.75 (s, 

3H), 2.48 (s, 6H), 2.19 (s, 64H), 1.90-1.79 (m, 4H), 1.24-1.22 (m, 2H), 0.83 (s, 1H) 

; 
13

C NMR (100 MHz, DMSO-d6): δ 201.6, 171.0, 165.5, 163.6, 143.9, 142.0, 

141.5, 139.6, 138.4, 136.0, 135.9, 132.9, 124.2, 120.8, 119.4, 117.5, 116.6, 60.2, 

41.7, 38.7, 35.2, 31.8, 26.9, 25.7, 19.1 ; LC-MS m/z calcd for  C30H27NO5 [M+H]
+
 

481.54, found 482.00. 

9-(2-hydroxy-6-(2,3,4-trifluorophenyl)quinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5g) : Off white solid (100 mg, 90%). Melting Point : 

307.1 
°
C – 315.5 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.53 (s, 1H), 7.91 (s, 1H), 

7.86 (s, 1H), 7.61 (d, J = 8.8 Hz, 1H), 7.45-7.42 (m, 2H), 7.34 (d, J = 8.4 Hz, 1H), 

4.62 (s, 1H), 2.60-2.57 (m, 4H), 2.33-2.28 (m, 4H), 1.99-1.93 (m, 2H), 1.91-1.80 

(m, 2H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.3, 160.7, 138.8, 134.0, 

130.4, 128.3, 126.8, 125.2, 119.7, 115.3, 113.4, 112.8, 36.9, 30.2, 27.0, 20.4 ; LC-

MS m/z calcd for  C28H20F3NO4 [M+H]
+
 491.46, found 491.90. 

9-(6-(4-ethoxy-2-methylphenyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (5h) : Off white solid (98 mg, 87%). 

Melting Point : 291.3 
°
C – 297.1 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.41 (s, 

1H), 7.83 (s, 1H), 7.61 (s, 1H), 7.37 - 7.35 (m, 1H), 7.26 (d, J = 8.4 Hz, 1H), 7.12 

(d, J = 8.4 Hz, 1H), 6.86 (s, 1H), 6.81 (d, J = 8.0 Hz, 1H), 4.60 (s, 1H), 4.07-4.02 

(m, 2H), 3.57 (s, 1H) 2.58-2.49 (m, 54H), 2.28-2.21 (m, 96H), 1.95-1.92 (m, 32H), 

1.83-1.82 (m, 32H), 1.36-1.32 (m, 3H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.9, 

166.3, 160.7, 158.1, 139.1, 136.7, 134.8, 133.5, 133.2, 131.2, 128.1, 119.4, 116.6, 

114.6, 112.8, 112.3, 66.8, 63.3, 55.3, 37.0, 30.4, 27.0, 20.9, 20.5, 15.2 ; LC-MS 

m/z calcd for  C31H29NO5 [M+H]
+
 495.57, found 496.20. 
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9-(6-(2,6-difluorophenyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5i) : White solid (100 mg, 90%). Melting Point : 298.6 
°
C – 

304.2 
°
C;  

1
H NMR (400 MHz, DMSO-d6): δ11.53 (s, 1H), 7.85 (s, 1H), 7.81 (s, 1H), 

7.49-7.47 (m, 2H), 7.34 (d, J = 8.4 Hz, 1H), 7.25-7.21 (m, 2H), 4.61 (s, 1H), 2.58-2.50 

(m, 4H), 2.28-2.24 (m, 4H), 1.99-1.92 (m, 2H), 1.84-1.82 (m, 2H)  ; 
13

C NMR (100 

MHz, DMSO-d6): δ196.8, 166.3, 161.1, 160.8, 158.7, 138.8, 138.4, 133.8, 131.6, 

130.39, 129.7, 121.0, 119.5, 117.7, 117.5, 115.0, 112.8, 112.5, 112.3, 37.0, 30.3, 27.0, 

20.4  ; 
19

F NMR (376.7 MHz, DMSO-d6): δ -137.13, -115.28 ; LC-MS m/z calcd for  

C28H22F2NO4 [M+H]
+
 473.47, found 474.0. 

Synthesis of  -(2-hydroxy-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)quinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (6) :  

A solution of 9-(6-bromo-2-hydroxyquinolin-3-yl) -3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione, 4 (1g, 2.27 mmol) in degassed THF (10 mL) was sealed 

with a screw-cap septum, and then evacuated and backfilled with argon ( this 

process was repeated a total of 2 times ). Then, the Bis(pinacolato)diboron (0.57g, 

2.27 mmol), K3PO4 (0.96g, 4.54 mmol) were added at room temperature, followed 

by the addition of Pd precatalyst, 1 (0.036g, 2 mol %) and then evacuated and 

backfilled with argon (this process was repeated a total of 2 times) and the reaction 

was stirred at room temperature for 1 h. After completion of the reaction monitored 

by TLC, ethyl acetate (50 mL) and water (50 mL) were added to the reaction 

mixture, and the aqueous phase was extracted with ethyl acetate (3 x 50 mL). The 

organic layers were combined, dried over Na2SO4, concentrated in vacuo, and purified via the Biotage SP4 

(Silica – packed 12 g snap cartridge column; 1-3% DCM / Methanol) to provide the title compound (6) as pale 

yellow solid (0.8g, 72%). Melting Point : 289.2 
°
C – 295.7 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.53 (s, 1H), 

7.95 (s, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H), 4.61 (s, 1H), 2.59-2.57 

(m, 4H), 2.30-2.17 (m, 4H), 1.98-1.81 (m, 4H), 1.34-1.25 (m, 118H), 1.18 (s, 4H) ; 
13

C NMR (100 MHz, 

DMSO-d6): δ 196.7, 166.0, 160.8, 140.7, 138.8, 135.3, 134.6, 119.1, 114.4, 113.5, 119.1, 114.4, 113.5, 84.0, 

83.3, 66.8, 60.2, 37.0, 29.3, 27.0, 25.2, 24.9, 21.2, 20.4 , 14.5 ; LC-MS m/z calcd for  C28H30BNO6 [M+H]
+
 

487.35, found 488.0. 

Experimental Procedure for Examples Described in Table 3 

9-(2-hydroxy-6-(2-methoxyphenyl)quinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5j) : Following the general procedure, a mixture of 6 

(100 mg, 0.205 mmol),  2-bromo anisole (42 mg, 0.225 mmol), precatalyst 1 (3.0 

mg, 2 mol%), degassed THF (2 mL) and  K3PO4 (87 mg, 0.410 mmol) dissolved in 

degassed water (2 mL) were stirred at room temperature for 2 h. The crude product 

was purified via the Biotage SP4 (silica – packed 12 g snap cartridge column; 2-5% 

methanol/DCM) to provide the title compound (5j) as   white solid (78 mg, 82%). 

Melting Point : 282.3 
°
C – 288.9 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.40 (s, 

1H), 7.80 (s, 1H), 7.74 (s, 1H), 7.52 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.35-7.24 (m, 

3H), 7.11 (d, J = 8.0 Hz, 1H), 7.04-7.00 (m, 1H), 4.59 (s, 1H), 3.76 (s, 3H), 2.58-

2.50 (m, 4H), 2.30-2.19 (m, 4H), 1.96-1.91 (m, 2H), 1.90-1.81 (m, 2H)  ; 
13

C NMR 

(100 MHz, DMSO-d6): δ 196.8, 166.2, 160.7, 156.6, 139.1, 137.5, 133.2, 131.9, 

131.3, 130.8, 129.7, 129.1, 128.3, 121.2, 119.3, 114.5, 112.9, 112.2, 56.0, 37.0, 30.3, 27.0, 20.4 ; LC-MS m/z 

calcd for  C29H25NO5 [M+H]
+
 467.51, found 468.40. 

9-(6-(2-fluorophenyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5k) : Off white solid (82 mg, 87%). Melting Point : 283.5 
°
C – 288.2 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.49 (s, 1H), 7.89-7.86 (m, 2H), 

7.62-7.54 (m, 2H), 7.43-7.39 (m, 1H), 7.34-7.29 (m, 3H), 4.62 (s, 1H), 2.60-2.50 
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(m, 4H), 2.30-2.22 (m, 4H), 1.97-1.96 (m, 2H), 1.94-1.92 (m, 2H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 

166.2, 160.7, 138.9, 138.1, 133.8, 131.1, 130.6, 129.7, 129.1, 128.7, 128.2, 125.4, 119.6, 116.6, 116.4, 115.1, 

112.9, 37.0, 30.2, 27.0, 20.4 ; 
19

F NMR (376.7 MHz, DMSO-d6): δ -117.89 ; LC-MS m/z calcd for  C28H22FNO4 

[M+H]
+
 455.48, found 456.20. 

9-(2-hydroxy-6-phenylquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-

1,8(2H)-dione (5l) : White solid (72 mg, 80%). Melting Point : 287.5 
°
C-294.6 

°
C 

;  
1
H NMR (400 MHz, DMSO-d6): δ 11.45 (s, 1H), 8.04 (s, 1H), 7.88 (s, 1H), 7.77 

(dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.72 (d, J = 7.2 Hz, 2H), 7.49-7.45 (m, 2H), 7.37-

7.30 (m, 2H), 4.62 (s, 1H), 2.60-2.51 (m, 4H), 2.33-2.26 (m, 4H), 1.99-1.94 (m, 

2H), 1.87-1.78 (m, 2H)  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.2, 160.7, 

139.8, 139.1, 138.0, 133.8, 129.3, 128.5, 127.5, 126.8, 125.8, 119.9, 115.5, 112.9, 

37.0, 31.4, 30.3, 27.0, 22.5, 20.4, 14.4 ; LC-MS m/z calcd for  C28H23NO4 [M+H]
+
 

437.49, found 438.21. 

9-(2-hydroxy-6-(pyridin-3-yl)quinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (5m) : White solid (67 mg, 74%). Melting Point :  292.3 
°
C – 300.2 

°
C ;  

1
H NMR (400 MHz, DMSO-d6): δ 11.50 (s, 1H), 8.96 (s, 1H), 

8.56 (s, 1H), 8.14 (s, 1H), 7.88 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.51 (s, 1H), 7.34 

(d, J = 8.4 Hz,  1H), 4.62 (s, 1H), 2.59-2.51 (m, 4H), 2.33-2.20 (m, 4H), 1.94-1.83 

(m, 4H),  ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.3, 160.7, 148.5, 147.8, 

139.0, 138.4, 135.3, 134.1, 133.8, 130.6, 128.5, 126.2, 124.3, 120.0, 115.7, 112.8, 

36.9, 30.3, 27.0, 20.4,  ; LC-MS m/z calcd for  C27H22N2O4 [M+H]
+
 438.47, found 

439.20. 

Methyl 5-(3-(1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xanthen-9-yl)-2- 

hydroxyquinolin-6-yl)nicotinate (5n) : White solid (72 mg, 70%). Melting Point 

: 296.7
 °
C – 304.6 

°
C ;  

1
H NMR (400 MHz, DMSO-d6): δ 11.53 (s, 1H), 9.20 (s, 

1H), 9.06 (s, 1H), 8.55 (s, 1H), 8.24 (s, 1H), 7.90 (d, J = 6.0 Hz, 2H), 7.36 (d, J = 

8.4 Hz,  1H), 4.63 (s, 1H), 3.94 (s, 3H), 3.57 (s, 1H),  2.59-2.57 (m, 54H), 2.29-

2.20 (m, 54H), 1.96-1.94 (m, 32H), 1.93-1.83 (m, 32H),  ; 
13

C NMR (100 MHz, 

DMSO-d6): δ 196.8, 166.2, 165.7, 160.7, 151.8, 148.7, 138.9, 135.4, 134.3, 129.3, 

128.6, 126.6, 126.2, 120.1, 115.8, 113.0, 112.8, 66.8, 53.0, 37.0, 30.4, 27.0, 20.4 ; 

LC-MS m/z calcd for  C29H24N2O6 [M+H]
+
 496.51, found 497.20. 

9-(2-hydroxy-6-m-tolylquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-xanthene-

1,8(2H)-dione (5o) : White solid (81 mg, 87%).  Melting Point : 291.6 
°
C-296.1 

°
C 

; 
1
H NMR (400 MHz, DMSO-d6):       δ 11.43 (s, 1H), 8.02 (s, 1H), 7.86 (s, 1H), 

7.75 (d, J = 8.0 Hz, 1H), 7.55-7.35 (m, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.17 (s, 1H), 

4.62 (s, 1H), 3.32 (s, 3H), 2.67-2.58 (m, 4H), 2.39-2.25 (m, 4H), 1.93-1.82 (m, 4H)  

; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.2, 160.7, 139.8, 139.1, 138.5, 

137.9, 133.8, 129.2, 128.2, 127.5, 125.7, 123.9, 119.9, 115.4, 113.0, 37.0, 30.2, 

27.0, 21.6, 20.4 ; LC-MS m/z calcd for  C29H25NO4 [M+H]
+
 451.51, found 452.20. 

9,9'-(2,2'-dihydroxy-[6,6'-biquinoline]-3,3'-diyl)bis(3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione) (7) : White solid (50 

mg, 30%).  Melting Point : 342.6 
°
C-360.1 

°
C ; 

1
H NMR (400 

MHz, DMSO-d6):       δ 11.44 (s, 2H), 8.08 (s, 2H), 7.85- 7.81(m, 

4H), 7.31 (d, J = 8.4 Hz, 2H), 4.63 (s, 2H), 3.33 (s, 4H), 2.51-2.50 

(m, 4H), 2.34-2.25 (m, 8H), 2.12-2.09 (m, 4H), 1.99-1.85 (m, 4H)  

; 
13

C NMR (100 MHz, CDCl3): δ 202.1, 170.7, 140.7, 138.8, 

132.7, 129.8, 128.2, 124.4, 121.0, 119.3, 116.8, 53.2, 53.0, 52.8, 

52.6, 52.4, 52.2, 51.9, 40.7, 34.7, 31.0, 24.1 ; LC-MS m/z calcd for  C44H36N2O8 [M+H]+ 720. 78, found 721.9. 
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9-(6-(cyclopropylethynyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-hexahydro-

1H-xanthene-1,8(2H)-dione (8a) : Off-White solid (80 mg, 82%). Melting 

Point : 268.3 
°
C – 274 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.44 (s, 1H), 

7.75-7.72 (m, 2H), 7.37 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 7.17 (d, J = 8.8 Hz, 1H), 

4.58 (s, 1H), 2.59-2.51 (m, 4H), 2.30-2.22 (m, 4H), 1.96-1.90 (m, 2H), 1.84-

1.79 (m, 2H), 1.54 (s, 1H), 0.91-0.86 (m, 2H), 0.74-0.71 (m, 2H). ; 
13

C NMR 

(100 MHz, DMSO-d6): δ 196.8, 166.3, 160.7, 159.8, 159.1, 157.4, 132.7, 

129.8, 119.5, 116.8, 115.0, 112.8, 39.3, 36.9, 27.0, 20.4, 8.8; LC-MS m/z 

calcd for C27H23NO4 [M+H]
+
 425.48, found 426.1 

Synthesis of 9-(2-hydroxy-6-(phenylethynyl)quinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (8b) : A solution of 9-(6-bromo-2-

hydroxyquinolin-3-yl) -3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione, 4 

(0.1g, 0.227 mmol) in degassed N,N-dimethylformamide (2 mL) was sealed 

with a screw-cap septum, and then evacuated and backfilled with argon ( this 

process was repeated a total of 2 times ). Then, phenyl acetylene (28 mg, 

0.273 mmol), triethylamine (0.16 mL, 1.14 mmol) were added at room 

temperature, followed by the addition of Precatalyst, 1 (8.9 mg, 5 mol %) and 

the reaction was stirred at room temperature for 3 h. After completion of the 

reaction monitored by TLC, ethyl acetate (10 mL) and water (10 mL) were 

added to the reaction mixture, and the aqueous phase was extracted with ethyl 

acetate (3 x 10 mL). The organic layers were combined, dried over Na2SO4, 

concentrated in vacuo, and purified via the Biotage SP4 (silica – packed 12 g 

snap cartridge column; 1-3% DCM / Methanol) to provide the title compound 

(8b) as White solid (92 mg, 88%). Melting Point : 299.6 
°
C – 316.4 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 

11.58 (s, 1H), 7.94 (s, 1H), 7.82 (s, 1H), 7.57 (d, J = 8.4 Hz, 3H), 7.43 (d, J = 2.4 Hz, 3H), 7.26-7.24 (m, 1H), 

4.60 (s, 1H), 2.73-2.57 (m, 4H), 2.32-2.24 (m, 4H), 1.93-1.82 (m, 4H) ; 
13

C NMR (100 MHz, DMSO-d6): δ 

196.8, 166.3, 160.6, 159.8, 159.1, 157.4, 138.5, 134.4, 132.7, 131.1, 129.2, 122.9, 119.6, 115.5, 112.8, 89.7, 

88.5, 36.9, 30.1, 27.0, 20.4  ; LC-MS m/z calcd for  C30H23NO4 [M+H]
+
 461.51, found 462.0. 

9-(2-hydroxy-6-(m-tolylethynyl)quinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dionedione (8c) : White solid (87 mg, 80%). Melting 

Point: 302.1 
°
C – 312. 7 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.57 (s, 

1H), 7.93 (s, 1H), 7.82 (s, 1H), 7.56 (dd, J = 8.4 Hz, 1.2 Hz, 1H), 7.37-7.31 

(m, 3H), 7.29-7.22 (m, 2H), 4.61 (s, 1H), 2.59-2.56 (m, 4H), 2.40-2.30 (m, 

7H), 1.96-1.91 (m, 2H), 1.85-1.82 (m, 2H). ; 
13

C NMR (100 MHz, DMSO-

d6): δ 196.8, 166.3, 160.6, 138.5, 138.3, 134.3, 132.7, 132.1, 131.2, 129.8, 

129.1, 128.8, 122.7, 119.6, 115.6, 115.4, 112.8, 89.4, 89.0, 37.0, 30.2, 27.0, 

21.2, 20.4 ; LC-MS m/z calcd for C31H25NO4 [M-H]
+-

 475.54, found 474.0. 

9-(6-((4-ethylphenyl)ethynyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (8d): Off-White solid (93 mg, 

83%). Melting Point : 288.6 
°
C – 294.1 

°
C;  

1
H NMR (400 MHz, DMSO-d6): 

δ 11.56 (s, 1H), 7.93 (s, 1H), 7.92 (s, 1H), 7.56 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 

7.46 (d, J = 8.0 Hz, 2H), 7.28-7.23 (m, 3H), 4.61 (s, 1H), 2.67-2.51 (m, 6H), 

2.33-2.29 (m, 4H), 1.99-1.91 (m, 2H), 1.9987-1.82 (m, 4H), 1.21 (t, 3H). ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.3, 160.6, 145.0, 138.4, 138.3, 

134.3, 132.7, 132.7, 131.7, 131.1, 128.6, 120,1,  119.6, 115.7, 115.4, 112.9, 

89.0, 37.0, 30.1, 28.5, 27.0, 20.4, 15.7 ; LC-MS m/z calcd for C32H27NO4 

[M+H]
+
 489.57, found 490.2 
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9-(2-hydroxy-6-(pyridin-4-ylethynyl)quinolin-3-yl)-3,4,5,6,7,9-hexahydro-

1H-xanthene-1,8(2H)-dione (8e) : White solid (90 mg, 80%). Melting Point : 

268.3 
°
C – 276 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.54 (s, 1H), 8.02-7.91 

(m, 2H), 7.84-7.80 (m, 2H), 7.79-7.71 (m, 1H), 7.66-7.61 (m, 2H), 7.28 (d, J = 

8.4 Hz, 1H), 4.61 (s, 1H), 2.59-2.51 (m, 4H), 2.31-2.26 (m, 4H), 1.96-1.90 (m, 

2H), 1.85-1.79 (m, 2H). ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.3, 

160.6, 139.1, 138.2, 135.0, 134.9, 132.9, 131.8, 130.9, 130.8, 119.7, 115.5, 

114.4, 112.8, 94.0, 36.9, 30.1, 27.0, 20.4; LC-MS m/z calcd for C29H22N2O4 

[M+H]
 + 

462.51, found 463.1 

9-(2-hydroxy-6-((4-methylpyridin-3-yl)ethynyl)quinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dionedione (8f) : Off-White solid (96 mg, 

88%). Melting Point : 272.8 
°
C – 289.3 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 

11.60 (s, 1H), 7.99-7.97 (m, 2H), 7.83-7.74 (m, 2H), 7.60 (d, J = 7.6 Hz, 1H), 

7.27 (d, J = 8.0 Hz, 1H),  4.62 (s, 1H), 2.75-2.67 (m, 4H), 2.41-2.20 (m, 7H), 

1.95-1.92 (m, 2H), 1.84-1.83 (m, 2H). ; 
13

C NMR (100 MHz, DMSO-d6): δ 

196.8, 166.2, 160.6, 138.8, 138.2, 134.7, 132.8, 131.6, 119.6, 115.4, 114.9, 

113.0, 37.0, 30.0, 27.0, 20.4; LC-MS m/z calcd for C30H24N2O4 [M+H]
 +

 

476.53, found 477.1 

9-(6-((5-fluoropyridin-3-yl)ethynyl)-2-hydroxyquinolin-3-yl)-3,4,5,6,7,9-

hexahydro-1H-xanthene-1,8(2H)-dione (8g) : Off-White solid (94 mg, 86%). 

Melting Point : 280.1 
°
C – 294 

°
C;  

1
H NMR (400 MHz, DMSO-d6): δ 11.62 (s, 

1H), 8.63 (s, 2H), 7.99-7.97 (m, 2H), 7.83 (s, 1H), 7.60 (dd, J = 8.4 Hz, 2.0 Hz, 

1H), 7.27 (d, J = 8.8 Hz, 1H), 4.61 (s, 1H), 2.59-2.50 (m, 4H), 2.33-2.28 (m, 

4H), 1.96-1.90 (m, 2H), 1.87-1.79 (m, 2H). ; 
13

C NMR (100 MHz, DMSO-d6): δ 

196.8, 166.3, 160.6, 157.7, 148.4, 139.0, 138.2, 138.0, 137.7, 134.6, 132.8, 

131.6, 125.6, 121.3,  119.6, 115.5, 114.4, 112.8, 93.7, 84.4, 36.9, 30.1, 27.0, 20.4 

; 
19

F NMR (376.7 MHz, DMSO-d6): δ -100.09 ; LC-MS m/z calcd for C29H21 

FN2O4 [M+H]
+
 480.50, found 480.9 

methyl (3-((3-(1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xanthen-9-yl)-2-

hydroxyquinolin-6-yl)ethynyl)phenyl) carbamate (8h) : Pale yellow solid (89 

mg, 73%). Melting Point : 272.6 
°
C – 284.3 

°
C;  

1
H NMR (400 MHz, DMSO-

d6): δ 11.56 (s, 1H), 9.82 (s, 1H), 7.98 (s, 1H), 7.82 (s, 1H), 7.67 (s, 1H),  7.58 

(dd, J = 8.8 Hz, 2.0 Hz, 1H), 7.54-7.49 (m, 1H), 7.36-7.32 (m, 1H), 7.25 (d, J = 

7.6 Hz, 1H), 7.17 (d, J = 6.4 Hz, 1H), 4.61 (s, 1H), 3.69 (s, 3H), 2.59-2.51 (m, 

4H), 2.29-2.22 (m, 4H), 1.99-1.92 (m, 2H), 1.91-1.82 (m, 2H). ; 
13

C NMR (100 

MHz, DMSO-d6): δ 196.8, 166.3, 160.6, 154.4, 139.9, 138.6, 134.4, 132.8, 

131.3, 129.7, 125.7, 123.2, 120.8, 119.7, 118.9, 115.4, 112.8, 52.2, 49.0, 36.9, 

30.1, 27.0, 20.4 ; LC-MS m/z calcd for C32H26N2O6 [M+H]
 +

 534.57, found 535.1 

Synthesis of 9-(2-hydroxy-6-vinylquinolin-3-yl)-3,4,5,6,7,9-hexahydro-1H-

xanthene-1,8(2H)-dione (9) : A solution of 9-(6-bromo-2-hydroxyquinolin-3-yl) 

-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione, 4 (0.1g, 0.227 mmol) in 

degassed N,N-dimethylformamide (5 mL) was sealed with a screw-cap septum, 

and then evacuated and backfilled with argon ( this process was repeated a total 

of 2 times ). Then, Tributyl vinyl tin (87 mg, 0.273 mmol) were added at room 

temperature, followed by the addition of Precatalyst, 1 (8.9 mg, 5 mol %)  and 

the reaction was stirred at 60 
°
C for 3 h. After completion of the reaction 

monitored by TLC, ethyl acetate (10 mL) and water (10 mL) were added to the 

reaction mixture, and the aqueous phase was extracted with ethyl acetate (3 x 10 

mL). The organic layers were combined, dried over Na2SO4, concentrated in 
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vacuo, and purified via the Biotage SP4 (Silica – packed 12 g snap cartridge column; 2-4% methanol/DCM) to 

provide the title compound (9) as Pale yellow solid (76 mg, 86%). Melting Point : 273.5 
°
C – 286.9 

°
C;  

1
H 

NMR (400 MHz, DMSO-d6): δ 11.42 (s, 1H), 7.77 (s, 2H), 7.57 (d, J = 8.4 Hz, 1H), 7.20 (d, J = 8.4 Hz, 1H), 

6.77-6.70 (m, 1H), 5.81 (d, J = 18.0 Hz, 1H), 5.21 (d, J = 10.8 Hz, 1H), 4.59 (s, 1H), 2.57-2.50 (m, 4H), 2.27-

2.19 (m, 4H), 1.94-1.91 (m, 2H), 1.82-1.81 (m, 2H) ; 
13

C NMR (100 MHz, DMSO-d6): δ 196.8, 166.2, 160.6, 

138.9, 138.2, 136.4, 133.6, 131.1, 127.7, 125.8, 119.5, 115.1, 113.4, 112.9, 36.9, 30.2, 27.0, 20.4 , ; LC-MS m/z 

calcd for  C24H21NO4 [M+H]
+
 387.43, found 388.20. 
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XRD Analysis of Precatalyst 1 

 

CCDC1846462 

 

XRD Analysis of Precatalyst 1 

 

Table 1 Crystal data and structure refinement for red.  

Identification code  red  

Empirical formula  C45H59ClNPPd  

Formula weight  786.75  
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Temperature/K  298(2)  

Crystal system  triclinic  

Space group  P-1  

a/Å  10.2586(5)  

b/Å  13.4187(12)  

c/Å  15.8317(13)  

α/°  96.297(7)  

β/°  100.674(5)  

γ/°  102.253(6)  

Volume/Å
3
  2067.5(3)  

Z  2  

ρcalcg/cm
3
  1.264  

μ/mm
-1

  0.583  

F(000)  828.0  

Crystal size/mm
3
  0.21 × 0.23 × 0.22  

Radiation  MoKα (λ = 0.71073)  

2Θ range for data collection/°  5.084 to 50  

Index ranges  -12 ≤ h ≤ 12, -15 ≤ k ≤ 15, -18 ≤ l ≤ 18  

Reflections collected  14132  

Independent reflections  7252 [Rint = 0.0535, Rsigma = 0.0793]  

Data/restraints/parameters  7252/0/448  

Goodness-of-fit on F
2
  1.020  

Final R indexes [I>=2σ (I)]  R1 = 0.0517, wR2 = 0.1117  

Final R indexes [all data]  R1 = 0.0688, wR2 = 0.1229  

Largest diff. peak/hole / e Å
-3

  0.55/-0.50  

 

 

Table 2 Fractional Atomic Coordinates (×10
4
) and Equivalent Isotropic Displacement Parameters (Å

2
×10

3
) for 

red. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Pd01 7569.5(3) 4375.5(2) 6150.2(2) 37.33(12) 

P1P 6468.3(9) 3058.3(8) 6760.7(6) 32.9(2) 

Cl1C 8950.1(11) 3524.9(9) 5383.9(7) 56.1(3) 

N1N 8741(3) 5782(3) 5895(2) 47.5(9) 

C25C 4638(4) 2672(3) 6225(2) 32.3(8) 

C19C 7022(3) 1832(3) 6666(2) 37.4(9) 

C31C 3404(4) 2197(3) 7479(2) 36.7(9) 

C26C 4457(4) 2682(3) 5323(2) 39.1(9) 

C12C 6452(4) 5318(3) 6577(3) 43.1(10) 

C17C 6637(4) 2608(3) 8532(2) 44.8(10) 

C28C 2035(4) 2233(3) 5120(3) 44.1(10) 

C18C 6713(4) 3460(3) 7956(2) 35.9(9) 

C32C 3313(4) 1183(3) 7662(3) 44.4(10) 
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C30C 3463(3) 2387(3) 6565(2) 32.8(8) 

C24C 8555(4) 1982(3) 7045(3) 43.9(10) 

C29C 2191(4) 2204(3) 6004(3) 43.4(10) 

C11C 5055(4) 5159(3) 6254(3) 52.8(12) 

C1C 9441(4) 6366(3) 6730(3) 45.5(10) 

C20C 6633(4) 1213(3) 5745(3) 45.4(10) 

C13C 8049(4) 4290(3) 8311(2) 45.5(10) 

C27C 3183(4) 2444(3) 4785(3) 46.6(11) 

C21C 7049(4) 184(3) 5747(3) 54.0(12) 

C37C 3396(4) 306(3) 6993(3) 53.5(12) 

C7C 7160(5) 6275(4) 7099(3) 51.5(11) 

C38C 3240(4) 4061(3) 7914(3) 48.2(11) 

C36C 3237(4) 2964(3) 8098(3) 43.7(10) 

C23C 8943(4) 951(4) 7048(3) 58.4(13) 

C6C 8672(5) 6597(3) 7339(3) 49.7(11) 

C2C 10850(5) 6668(4) 6938(3) 60.3(12) 

C33C 3078(5) 984(4) 8478(3) 63.8(14) 

C22C 8560(4) 335(4) 6144(3) 64.1(14) 

C42C 4064(5) 4921(4) 8645(3) 68.3(14) 

C14C 8181(5) 4717(4) 9270(3) 61.3(13) 

C35C 3033(5) 2723(4) 8904(3) 60.2(13) 

C16C 6776(5) 3047(4) 9487(3) 63.8(14) 

C8C 6401(6) 6980(4) 7325(3) 69.2(15) 

C41C 2007(5) -369(4) 6549(3) 69.5(14) 

C9C 5020(6) 6788(5) 7026(4) 77.4(17) 

C40C 4331(5) -365(4) 7380(3) 70.2(14) 

C5C 9373(6) 7145(4) 8148(3) 66.9(14) 

C34C 2940(5) 1731(5) 9095(3) 69.3(15) 

C10C 4334(5) 5887(4) 6468(4) 73.2(16) 

C43C 1773(5) 4183(4) 7677(4) 83.9(18) 

C15C 8110(5) 3871(4) 9822(3) 67.2(14) 

C3C 11508(6) 7193(4) 7759(4) 76.7(16) 

C4C 10769(7) 7436(4) 8359(4) 82.3(17) 

C45C 1350(13) 994(10) 9935(6) 303(10) 

C39C 2720(8) 1497(6) 9996(4) 112(2) 

C44C 3786(14) 1130(11) 10489(6) 300(10) 

  

Table 3 Anisotropic Displacement Parameters (Å
2
×10

3
) for red. The Anisotropic displacement factor exponent 

takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

Pd01 38.25(19) 37.2(2) 44.6(2) 13.30(15) 20.19(14) 13.01(15) 
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P1P 29.1(5) 36.0(6) 36.1(5) 9.4(4) 10.6(4) 8.0(5) 

Cl1C 64.8(7) 48.4(7) 72.1(7) 16.9(6) 43.9(6) 21.3(6) 

N1N 55(2) 37(2) 62(2) 15.9(18) 30.7(18) 16.0(18) 

C25C 36(2) 33(2) 31.4(19) 6.2(16) 8.1(16) 14.0(18) 

C19C 32(2) 35(2) 47(2) 8.9(19) 11.2(17) 9.6(18) 

C31C 32(2) 40(3) 41(2) 11.1(19) 13.1(17) 7.8(18) 

C26C 37(2) 45(3) 40(2) 14.6(19) 10.8(18) 14(2) 

C12C 55(3) 35(3) 52(2) 15(2) 31(2) 17(2) 

C17C 37(2) 53(3) 41(2) 15(2) 4.6(18) 2(2) 

C28C 40(2) 41(3) 46(2) 7(2) -5.8(19) 11(2) 

C18C 34(2) 44(3) 32.3(19) 8.0(18) 9.0(16) 11.1(19) 

C32C 38(2) 50(3) 49(2) 15(2) 14.5(19) 11(2) 

C30C 31(2) 30(2) 40(2) 9.1(17) 8.1(16) 11.5(17) 

C24C 34(2) 43(3) 54(2) 5(2) 8.2(18) 11(2) 

C29C 30(2) 42(3) 59(3) 12(2) 9.0(19) 6.0(19) 

C11C 51(3) 44(3) 76(3) 25(2) 28(2) 20(2) 

C1C 57(3) 29(2) 56(3) 14(2) 20(2) 11(2) 

C20C 36(2) 46(3) 52(2) 3(2) 7.4(19) 10(2) 

C13C 38(2) 47(3) 45(2) 6(2) 3.0(18) 3(2) 

C27C 63(3) 45(3) 35(2) 9.9(19) 8(2) 19(2) 

C21C 44(3) 42(3) 71(3) -4(2) 6(2) 10(2) 

C37C 51(3) 49(3) 68(3) 25(2) 22(2) 14(2) 

C7C 68(3) 49(3) 55(3) 22(2) 38(2) 25(3) 

C38C 45(2) 51(3) 52(3) 6(2) 17(2) 14(2) 

C36C 33(2) 50(3) 47(2) 11(2) 10.1(18) 4(2) 

C23C 41(3) 55(3) 80(3) 17(3) 4(2) 19(2) 

C6C 66(3) 36(3) 58(3) 17(2) 29(2) 17(2) 

C2C 60(3) 49(3) 76(3) 21(3) 24(3) 10(3) 

C33C 65(3) 70(4) 68(3) 40(3) 27(3) 15(3) 

C22C 48(3) 47(3) 91(4) -10(3) 3(2) 20(2) 

C42C 61(3) 67(4) 70(3) -14(3) 9(3) 16(3) 

C14C 48(3) 62(3) 59(3) -4(2) -6(2) 6(2) 

C35C 65(3) 63(4) 56(3) 5(3) 30(2) 11(3) 

C16C 58(3) 89(4) 46(3) 20(3) 12(2) 14(3) 

C8C 92(4) 57(4) 81(4) 16(3) 51(3) 34(3) 

C41C 59(3) 60(4) 87(4) 8(3) 14(3) 11(3) 

C9C 88(4) 68(4) 115(5) 37(4) 69(4) 50(4) 

C40C 69(3) 52(3) 101(4) 29(3) 28(3) 23(3) 

C5C 90(4) 56(3) 57(3) 6(3) 26(3) 12(3) 

C34C 72(3) 92(5) 53(3) 23(3) 32(3) 17(3) 

C10C 66(3) 63(4) 117(5) 42(4) 48(3) 34(3) 

C43C 61(3) 67(4) 123(5) 10(4) 9(3) 25(3) 

C15C 60(3) 89(4) 44(3) 5(3) -1(2) 12(3) 
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C3C 60(3) 66(4) 101(4) 34(3) 10(3) 2(3) 

C4C 110(5) 67(4) 63(3) 12(3) 19(3) 5(4) 

C45C 315(16) 354(18) 128(8) -43(10) 145(10) -208(14) 

C39C 158(7) 119(6) 84(4) 46(4) 77(5) 30(5) 

C44C 390(18) 550(30) 147(8) 231(13) 171(10) 320(20) 

  

Table 4 Bond Lengths for red. 

Atom Atom Length/Å   Atom Atom Length/Å 

Pd01 P1P 2.2949(10)   C1C C6C 1.402(5) 

Pd01 Cl1C 2.4082(10)   C1C C2C 1.381(6) 

Pd01 N1N 2.134(3)   C20C C21C 1.530(5) 

Pd01 C12C 2.021(4)   C13C C14C 1.533(5) 

P1P C25C 1.848(4)   C21C C22C 1.522(5) 

P1P C19C 1.852(4)   C37C C41C 1.512(6) 

P1P C18C 1.865(4)   C37C C40C 1.542(5) 

N1N C1C 1.436(5)   C7C C6C 1.482(6) 

C25C C26C 1.408(5)   C7C C8C 1.405(6) 

C25C C30C 1.406(5)   C38C C36C 1.532(6) 

C19C C24C 1.537(5)   C38C C42C 1.522(6) 

C19C C20C 1.535(5)   C38C C43C 1.529(5) 

C31C C32C 1.410(5)   C36C C35C 1.391(6) 

C31C C30C 1.508(5)   C23C C22C 1.510(6) 

C31C C36C 1.401(5)   C6C C5C 1.389(6) 

C26C C27C 1.373(5)   C2C C3C 1.384(7) 

C12C C11C 1.391(5)   C33C C34C 1.370(7) 

C12C C7C 1.417(6)   C14C C15C 1.506(6) 

C17C C18C 1.536(5)   C35C C34C 1.384(7) 

C17C C16C 1.530(5)   C16C C15C 1.528(6) 

C28C C29C 1.385(5)   C8C C9C 1.366(7) 

C28C C27C 1.367(5)   C9C C10C 1.382(7) 

C18C C13C 1.538(5)   C5C C4C 1.368(7) 

C32C C37C 1.521(6)   C34C C39C 1.540(7) 

C32C C33C 1.402(6)   C3C C4C 1.373(7) 

C30C C29C 1.392(5)   C45C C39C 1.404(11) 

C24C C23C 1.518(5)   C39C C44C 1.430(10) 

C11C C10C 1.394(6)         

  

Table 5 Bond Angles for red. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
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P1P Pd01 Cl1C 101.68(4)   C2C C1C N1N 120.4(4) 

N1N Pd01 P1P 166.36(10)   C2C C1C C6C 120.7(4) 

N1N Pd01 Cl1C 86.21(9)   C21C C20C C19C 110.5(3) 

C12C Pd01 P1P 90.89(12)   C14C C13C C18C 111.4(3) 

C12C Pd01 Cl1C 166.18(11)   C28C C27C C26C 120.6(4) 

C12C Pd01 N1N 82.64(15)   C22C C21C C20C 111.8(4) 

C25C P1P Pd01 109.84(11)   C32C C37C C40C 112.6(4) 

C25C P1P C19C 103.59(16)   C41C C37C C32C 112.6(3) 

C25C P1P C18C 111.43(16)   C41C C37C C40C 109.8(4) 

C19C P1P Pd01 117.38(13)   C12C C7C C6C 122.4(4) 

C19C P1P C18C 104.17(16)   C8C C7C C12C 118.4(4) 

C18C P1P Pd01 110.20(13)   C8C C7C C6C 119.0(5) 

C1C N1N Pd01 105.9(2)   C42C C38C C36C 115.2(4) 

C26C C25C P1P 111.0(3)   C42C C38C C43C 109.4(4) 

C30C C25C P1P 131.2(3)   C43C C38C C36C 110.0(4) 

C30C C25C C26C 117.8(3)   C31C C36C C38C 122.3(3) 

C24C C19C P1P 112.5(3)   C35C C36C C31C 119.3(4) 

C20C C19C P1P 114.6(2)   C35C C36C C38C 118.4(4) 

C20C C19C C24C 110.3(3)   C22C C23C C24C 111.0(4) 

C32C C31C C30C 118.1(3)   C1C C6C C7C 119.8(4) 

C36C C31C C32C 120.1(3)   C5C C6C C1C 117.8(4) 

C36C C31C C30C 121.1(3)   C5C C6C C7C 122.4(4) 

C27C C26C C25C 121.9(4)   C1C C2C C3C 119.5(5) 

C11C C12C Pd01 122.7(3)   C34C C33C C32C 122.7(5) 

C11C C12C C7C 118.3(4)   C23C C22C C21C 111.5(4) 

C7C C12C Pd01 117.9(3)   C15C C14C C13C 111.4(4) 

C16C C17C C18C 111.7(4)   C34C C35C C36C 121.4(4) 

C27C C28C C29C 118.4(3)   C15C C16C C17C 110.8(4) 

C17C C18C P1P 117.7(3)   C9C C8C C7C 122.0(5) 

C17C C18C C13C 109.3(3)   C8C C9C C10C 120.0(4) 

C13C C18C P1P 110.9(3)   C4C C5C C6C 121.6(5) 

C31C C32C C37C 122.3(4)   C33C C34C C35C 118.6(4) 

C33C C32C C31C 117.8(4)   C33C C34C C39C 121.6(5) 

C33C C32C C37C 119.9(4)   C35C C34C C39C 119.8(5) 

C25C C30C C31C 127.3(3)   C9C C10C C11C 119.2(5) 

C29C C30C C25C 118.4(3)   C14C C15C C16C 110.3(4) 

C29C C30C C31C 114.2(3)   C4C C3C C2C 120.5(5) 

C23C C24C C19C 111.1(3)   C5C C4C C3C 119.8(5) 

C28C C29C C30C 122.8(4)   C45C C39C C34C 109.9(7) 

C12C C11C C10C 121.9(5)   C45C C39C C44C 119.7(9) 

C6C C1C N1N 118.9(4)   C44C C39C C34C 114.6(6) 

Table 6 Torsion Angles for red. 

A B C D Angle/˚   A B C D Angle/˚ 
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Pd01 P1P C25C C26C 39.2(3)   C32C C31C C36C C38C -176.2(4) 

Pd01 P1P C25C C30C -140.6(3)   C32C C31C C36C C35C 2.5(6) 

Pd01 P1P C19C C24C 56.5(3)   C32C C33C C34C C35C 0.1(7) 

Pd01 P1P C19C C20C -70.6(3)   C32C C33C C34C C39C -178.4(5) 

Pd01 P1P C18C C17C -153.5(2)   C30C C25C C26C C27C 1.3(5) 

Pd01 P1P C18C C13C -26.7(3)   C30C C31C C32C C37C 5.4(5) 

Pd01 N1N C1C C6C -57.0(4)   C30C C31C C32C C33C -171.8(3) 

Pd01 N1N C1C C2C 121.1(3)   C30C C31C C36C C38C -5.9(5) 

Pd01 C12C C11C C10C -171.3(3)   C30C C31C C36C C35C 172.8(4) 

Pd01 C12C C7C C6C -0.1(5)   C24C C19C C20C C21C 55.6(4) 

Pd01 C12C C7C C8C 173.6(3)   C24C C23C C22C C21C -55.8(5) 

P1P C25C C26C C27C -178.6(3)   C29C C28C C27C C26C -3.9(6) 

P1P C25C C30C C31C -8.1(6)   C11C C12C C7C C6C -168.5(4) 

P1P C25C C30C C29C 175.3(3)   C11C C12C C7C C8C 5.2(6) 

P1P C19C C24C C23C 173.7(3)   C1C C6C C5C C4C -1.3(7) 

P1P C19C C20C C21C -176.2(3)   C1C C2C C3C C4C -1.6(7) 

P1P C18C C13C C14C 173.4(3)   C20C C19C C24C C23C -56.9(4) 

N1N C1C C6C C7C -2.6(6)   C20C C21C C22C C23C 55.2(5) 

N1N C1C C6C C5C 178.7(4)   C13C C14C C15C C16C -57.2(5) 

N1N C1C C2C C3C -177.2(4)   C27C C28C C29C C30C 0.5(6) 

C25C P1P C19C C24C 177.7(3)   C37C C32C C33C C34C -177.4(4) 

C25C P1P C19C C20C 50.6(3)   C7C C12C C11C C10C -3.5(6) 

C25C P1P C18C C17C 84.3(3)   C7C C6C C5C C4C -180.0(4) 

C25C P1P C18C C13C -148.9(2)   C7C C8C C9C C10C -1.4(8) 

C25C C26C C27C C28C 3.0(6)   C38C C36C C35C C34C 176.2(4) 

C25C C30C C29C C28C 3.7(6)   C36C C31C C32C C37C 176.0(3) 

C19C P1P C25C C26C -86.9(3)   C36C C31C C32C C33C -1.2(6) 

C19C P1P C25C C30C 93.2(4)   C36C C31C C30C C25C 98.1(4) 

C19C P1P C18C C17C -26.8(3)   C36C C31C C30C C29C -85.2(4) 

C19C P1P C18C C13C 100.0(3)   C36C C35C C34C C33C 1.2(7) 

C19C C24C C23C C22C 56.9(5)   C36C C35C C34C C39C 179.8(5) 

C19C C20C C21C C22C -55.0(5)   C6C C1C C2C C3C 0.8(6) 

C31C C32C C37C C41C -99.8(5)   C6C C7C C8C C9C 171.0(4) 

C31C C32C C37C C40C 135.3(4)   C6C C5C C4C C3C 0.5(8) 

C31C C32C C33C C34C -0.1(6)   C2C C1C C6C C7C 179.4(4) 

C31C C30C C29C C28C -173.3(4)   C2C C1C C6C C5C 0.6(6) 

C31C C36C C35C C34C -2.5(7)   C2C C3C C4C C5C 1.0(8) 

C26C C25C C30C C31C 172.1(4)   C33C C32C C37C C41C 77.3(5) 

C26C C25C C30C C29C -4.5(5)   C33C C32C C37C C40C -47.6(5) 

C12C C11C C10C C9C -0.8(7)   C33C C34C C39C C45C -78.7(9) 

C12C C7C C6C C1C 38.2(6)   C33C C34C C39C C44C 59.4(11) 

C12C C7C C6C C5C -143.2(4)   C42C C38C C36C C31C -136.2(4) 

C12C C7C C8C C9C -2.9(7)   C42C C38C C36C C35C 45.1(5) 
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C17C C18C C13C C14C -55.3(4)   C35C C34C C39C C45C 102.8(9) 

C17C C16C C15C C14C 57.0(5)   C35C C34C C39C C44C -119.1(9) 

C18C P1P C25C C26C 161.6(3)   C16C C17C C18C P1P -176.8(3) 

C18C P1P C25C C30C -18.2(4)   C16C C17C C18C C13C 55.6(4) 

C18C P1P C19C C24C -65.6(3)   C8C C7C C6C C1C -135.5(4) 

C18C P1P C19C C20C 167.3(3)   C8C C7C C6C C5C 43.2(6) 

C18C C17C C16C C15C -57.0(5)   C8C C9C C10C C11C 3.3(8) 

C18C C13C C14C C15C 57.3(5)   C43C C38C C36C C31C 99.7(5) 

C32C C31C C30C C25C -91.3(5)   C43C C38C C36C C35C -79.0(5) 

C32C C31C C30C C29C 85.3(4)             

 Table 7 Hydrogen Atom Coordinates (Å×10
4
) and Isotropic Displacement Parameters (Å

2
×10

3
) for red. 

Atom x y z U(eq) 

H1NA 9337 5655 5579 57 

H1NB 8199 6126 5607 57 

H19C 6542 1399 7027 45 

H26C 5223 2854 5084 47 

H17A 5771 2105 8328 54 

H17B 7361 2257 8483 54 

H28C 1171 2112 4763 53 

H18C 5973 3794 8034 43 

H24A 9078 2395 6700 53 

H24B 8779 2351 7634 53 

H29C 1412 2056 6233 52 

H11C 4589 4550 5884 63 

H20A 5655 1085 5528 54 

H20B 7085 1610 5360 54 

H13A 8819 3995 8253 55 

H13B 8070 4850 7971 55 

H27C 3100 2426 4189 56 

H21A 6513 -244 6076 65 

H21B 6852 -174 5155 65 

H37C 3800 621 6543 64 

H38C 3640 4153 7403 58 

H23A 9919 1068 7269 70 

H23B 8480 562 7433 70 

H2C 11353 6520 6529 72 

H33C 3014 318 8607 77 

H22A 8771 -334 6170 77 

H22B 9099 691 5776 77 

H42A 3654 4887 9142 102 

H42B 4077 5577 8454 102 

H42C 4982 4841 8799 102 

H14A 9045 5222 9479 74 
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H14B 7453 5063 9322 74 

H35C 2959 3239 9322 72 

H16A 6010 3346 9545 77 

H16B 6759 2494 9834 77 

H8C 6851 7597 7690 83 

H41A 1528 -615 6980 104 

H41B 2117 -946 6177 104 

H41C 1495 25 6209 104 

H9C 4542 7264 7197 93 

H40A 5190 71 7695 105 

H40B 4481 -825 6919 105 

H40C 3904 -759 7768 105 

H5C 8882 7318 8557 80 

H10C 3403 5768 6239 88 

H43A 1286 3701 7165 126 

H43B 1784 4873 7565 126 

H43C 1330 4051 8150 126 

H15A 8162 4159 10421 81 

H15B 8879 3560 9809 81 

H3C 12457 7382 7906 92 

H4C 11216 7799 8907 99 

H45A 774 1241 9498 455 

H45B 1107 1133 10486 455 

H45C 1234 264 9781 455 

H39C 2804 2181 10322 134 

H44A 4006 595 10127 451 

H44B 3488 860 10976 451 

H44C 4581 1689 10695 451 

Experimental  

Single crystals of C45H59ClNPPd [red] were []. A suitable crystal was selected and [] on an Xcalibur, Eos, Nova 

diffractometer. The crystal was kept at 298(2) K during data collection. Using Olex2 [1], the structure was 

solved with the ShelXT [2] structure solution program using Direct Methods and refined with the ShelXL [3] 

refinement package using Least Squares minimisation. 

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009), J. Appl. Cryst. 

42, 339-341. 

2. Sheldrick, G.M. (2015). Acta Cryst. A71, 3-8. 

3. Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122. 

Crystal structure determination of [red]  

Crystal Data for C45H59ClNPPd (M =786.75 g/mol): triclinic, space group P-1 (no. 2), a = 10.2586(5) Å, b = 

13.4187(12) Å, c = 15.8317(13) Å, α = 96.297(7)°, β = 100.674(5)°, γ = 102.253(6)°, V = 2067.5(3) Å
3
, Z = 2, 

T = 298(2) K, μ(MoKα) = 0.583 mm
-1

, Dcalc = 1.264 g/cm
3
, 14132 reflections measured (5.084° ≤ 2Θ ≤ 50°), 
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7252 unique (Rint = 0.0535, Rsigma = 0.0793) which were used in all calculations. The final R1 was 0.0517 (I > 

2σ(I)) and wR2 was 0.1229 (all data).  
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One pot Suzuki-Miyaura Coupling Reactions with 4-Chloro phenyl boronic acid: 

Conditions tried with 10 min, 10% Product. 
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Conditions tried with 30 min, 21% of Product. 
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Conditions tried with 1h, 38% of Product. 
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