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Supporting Information 
 
General Information.  Unless otherwise noted, reagents were obtained from commercial 
sources and used without further purification.  All reactions were carried out under N2 using 
Schlenk line techniques, unless otherwise stated.   Dry and degassed THF, dichloromethane, 
diethyl ether, toluene, triethylamine, and dimethylformamide were obtained by passage through 
activated alumina columns under argon.  All other dried solvents were obtained by storage over 
3Å or 4Å molecular sieves overnight. TLC analysis of reaction mixtures was performed on 
Merck silica gel 60 F254 TLC plates and visualized by UV.  Flash chromatography was carried 
out with ICN SiliTech 32-63 D 60 Å silica gel. Standard aqueous workup refers to extraction 
with the indicated solvent, followed by drying of the combined organic layers with magnesium 
sulfate, gravity filtration, and removal of solvent by rotary evaporation.  1H and 13C NMR spectra 
were recorded with Bruker AV-300, AVQ-400, AVB-400, AV-500, DRX-500, and AV-600 
spectrometers and were referenced to 1H (residual) and 13C signals of the deuterated solvents, 
respectively. 1  Mass spectral and microanalytical data were obtained via the Micro-
Mass/Analytical Facility operated by the College of Chemistry, University of California, 
Berkeley. X-Ray crystallographic analysis was carried out by Dr. Antonio DiPasquale at the 
College of Chemistry X-Ray Crystallographic Facility (CHEXRAY, University of California, 
Berkeley). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
1 According to values listed in Fulmer, G. R.;  Miller, A. J. M.; Sherden, N. H.; Gottlieb, H. E.; Nudelman, A.; Stoltz, 
B. M.; Bercaw, J. E.; Goldberg, K. I. Organometallics, 2010, 29 (9), pp 2176–2179. 
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Representative synthesis of substrates 

 
PBr3  (8 mL, 2.5 equiv.) was added to DMF (7.8mL, 3.0 equiv.) in DCM (150 mL) at 0 oC then 
warmed to room temperature for 1.5 h. Starting material tetralone (5 g, 33.7mmol) was added as 
a solution in DCM (15 mL), then the mixture was refluxed. The reaction was quenched with 
water at 0 oC followed by 20 min of stirring and extraction with DCM. The organic phase was 
washed with brine and dried with magnesium sulfate. NaBH4 (0.19 g, 1 equiv.) was added to S2 
(4.94 mmol) in MeOH (30 mL) at 0 oC and stirred for one hour. The reaction was warmed up to 
room temperature and stirred another hour before evaporation of the solvent. The crude mixture 
was partitioned between methylene chloride and water, and the organic layer separated, dried 
with magnesium sulfate, and chromatographed (EtOAc: Hex; 3:1) to provide white solid S3 
(88% yield). 
S3 was combined with PPh3 (1.3 equiv) and phthalimide (1.3 equiv) in THF and cooled to 0 oC, 
followed by slow addition (over 30 min.) of DIAD (1.3 equiv). The reaction was warmed up to 
room temperature and stirred another 2 h, followed by direct silica-gel chromatography (EtOAc: 
Hex, 4:1) to provide solid S4 (57%). 
Hydrazine hydrate (7 equiv) was added to S4 in THF and heated to 60 oC for 16 h. The reaction 
mixture was diluted with methylene chloride and filtered with Celite. The organic layer was 
washed with water, then brine, and dried with magnesium sulfate to provide amine S5 (95%). 
Triethylamine and benzoyl chloride were added to S5 in THF at 0 oC, and warmed up to room 
temperature immediately. The reaction was stirred for 8 h followed by filtration with Celite. The 
filtrate was partitioned between ethyl acetate and water, and the organic layer was separated, 
washed with brine, and dried with magnesium sulfate. Silica gel chromatography (EtOAc: Hex, 
4:1) provided S6 (85%). 
Pd(OAc)2 (0.05 equiv), SPhos (0.1 equiv), K3PO4 (5 equiv), and trimethylboroxine (3 equiv) 
were added to S6 in dioxane:H2O (10:1, 0.2 M) at room temperature, then heated to 70 oC for 18 
h. The reaction mixture was filtered with Celite, followed by extraction with ethyl acetate. The 
organic layer was washed with ammonium chloride (sat. aq.), followed by water, then brine, and 
then dried with magnesium sulfate. Chromatography (EtOAc: Hex, 4:1) provided S7 (80%). 
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S9 was prepared from S8 by a precedented method.2 Dropwise DIBAL-H addition to a THF 
solution of S9 at -78oC followed by stirring for 2 h, the reaction was warmed up to 0 oC and 
quenched with sodium sulfate decahydrate. Vigorous stirring followed by filtration with Celite 
provided S10 as an oil. Purification was done with silica gel column chromatography (0-30% 
EtOAc in Hexanes); fractions visualized by iodine stain. 
Thionyl chloride was added dropwise to S10 in ether at 0 oC and the reaction was stirred for 3 h. 
The reaction was quenched with sodium bicarbonate (saturated aqueous solution) and extracted 
with ether. The organic layer was washed with brine, dried with magnesium sulfate and used 
without further purification. 
Phenol and sodium hydride were combined at 0 oC in benzene as a slurry. After 15 minutes of 
stirring, allylic chloride S11 was added as a solution in benzene. The reaction stirred at rt for 18 
h followed by evaporation of solvent, followed by aqueous workup as described in the literature.3 
S12 was subjected to Pd(PPh3)4, K3PO4, and ArBr in dioxane under nitrogen at 85oC for 18 h, 
followed by filtration with Celite. Silica gel column chromatography (0-25% EtOAC in Hexanes) 
provided substrates. 
 
SOCl2 was added as a solution in DCM to S13 (which was prepared with procedures described 
on the previous page) in diethyl ether at 0 oC. The reaction was quenched after 3 h at room 
temperature, with sodium bicarbonate (saturated aqueous solution), then extracted with ether. 
The organic layer was washed with brine, dried with magnesium sulfate, concentrated and used 
without further purification. 
Substrate 15a were prepared following the procedure used with intermediate S11.3 

 
 
2. Ji-Eon Lee ,  Jisook Kwon and Jaesook Yun, Chem. Commun., 2008, 733-734. 
3. Raissa M. Trend , Yeeman K. Ramtohul , and Brian M. Stoltz. J. Am. Chem. 
Soc., 2005, 127 (50), 17778–17788. 
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General procedure for phase transfer fluorination reactions.  A one dram vial was charged 
with substrate (0.05-0.10 mmol), toluene (0.03 M in substrate), and a 1/2’’× 1/8’’ magnetic 
stirbar.  Phosphoric acid catalyst (0.10 eq), Selectfluor (1.35 eq), and sodium carbonate (1.45 eq) 
were added under air, and the reaction mixture was stirred vigorously for 18 h.  The reaction 
mixture was then directly subjected to column chromatography to afford the fluorinated product.   
For the one-pot dihalogenation reaction, bromination reagent (1.35 eq) and sodium carbonate 
(1.45 eq) were added to the reaction vial after fluorination for 18 h.  The reaction mixture was 
stirred for an additional 18 h, and the desired dihalogenation product was isolated by column 
chromatography.     
 
 
Characterization data of substrates and products – proton, carbon, fluorine NMR where 
applicable; HRMS or elemental analysis. 
 
1a 
1H-NMR (500 MHz, CDCl3) δ (ppm) 7.73 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.34-
7.14 (m, 4H), 6.06 (s, 1H), 4.35 (d, J = 5 Hz, 2H), 2.77 (t, J = 7.5 Hz, 2H), 2.37-2.34 (m, 2H), 
2.18 (s, 3H), 1.35 (s, 9H).13C NMR (125 MHz, CDCl3) δ (ppm) 167.7, 155.0, 136.4, 135.8, 131.9, 
131.7, 129.2, 127.2, 126.9, 126.7, 126.5, 125.5, 123.3, 42.2, 35.0, 31.2, 28.5, 26.9, 14.3. 
HRMS (ESI) Calcd. [M+H] C23H28ON: 334.2165; found: 334.2170.  
 
1b 

 1H-NMR (500 MHz, CDCl3) δ (ppm) 7.75 (d, J = 8.5 Hz, 2H), 
7.63 (d, J = 7 Hz, 1H), 7.49 (d, J = 8.5 Hz, 2H), 7.28-7.21 (m, 2H), 7.16-7.15 (m, 1H), 6.47 (s, 
1H), 5.75 (s,1H), 5.50 (s, 1H), 4.24-4.13 (m, 1H), 3.48-3.42 (m, 1H), 3.16-3.12 (m, 1H), 2.99-
2.94 (m, 1H), 2.26-2.14 (m, 2H), 1.36 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.3, 
155.2, 143.9 (d, JC-F = 16.1 Hz), 134.9, 132.5, 131.3, 128.9, 128.4, 128.0, 126.8, 126.5, 125.6, 
125.1, 124.8, 108.9 (d, JC-F = 12.1 Hz), 96.5 (d, JC-F = 180 Hz), 44.7 (d, JC-F = 24.1 Hz), 34.9, 
31.1, 30.3 (d, JC-F = 21.1 Hz), 26.9 (d, JC-F = 11.1 Hz). 19F-NMR (376.4 MHz) δ (ppm) –161.0 - 
–161.2 (m). 
HRMS (ESI) Calcd. for [M+H] C23H27ONF: 352.2071; found: 352.2074.  
HPLC (ChiralPak IC column) 92:08 (hexane:iPrOH) 1mL/min; Tmajor (22.172 min), Tminor (25.260 
min) 
 
Catalysts 2-4 are either commercially available or previously reported.  
 
5a 

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.79 (d, J = 7.0 Hz, 2H), 7.54-
7.44 (m, 3H), 7.34-7.32 (m, 1H), 7.26-7.19 (m, 1H), 7.18-7.14 (m, 2H), 6.10 (brs, 1H), 4.36 (d, J 
= 5.5 Hz, 2H), 2.78 (t, J = 7.5 Hz, 2H), 2.37 (t, J = 7 Hz, 2H), 2.18 (s, 3H). 13C NMR (125 MHz, 



6 
 

CDCl3) δ (ppm) 167.7, 136.3, 135.8, 134.6, 131.6, 131.5, 129.5, 128.7, 127.2, 126.9, 126.8, 
126.5, 123.3, 42.4, 28.5, 27.0, 14.3. 
HRMS (ESI) Calcd. for [M+H]C19H20ON 278.1539, found: 278.1547.  
 
 
5b 

 1H-NMR (500 MHz, CDCl3) δ (ppm) 7.81 (d, J = 7.5 Hz, 2H), 7.63 
(d, J = 7.5 Hz, 1H), 7.56-7.53 (m, 1H), 7.49-7.46 (m, 2H), 7.26-7.21 (m,2H), 7.16-7.15 (m, 1H), 
6.49 (brs, 1H), 5.75 (s, 1H), 5.51 (s, 1H), 4.23-4.13 (m, 1H), 3.50-3.43 (m, 1H), 3.19-3.12 (m, 
1H), 2.99-2.96 (m, 1H), 2.27-2.12 (m, 2H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.5, 143.9 
(d, JC–F = 16.3 Hz), 134.9, 134.3, 132.5, 131.7, 129.0, 128.7, 128.5, 128.1, 127.1 (d, JC–F = 19.0 
Hz), 126.6, 124.9, 109.0 (d, JC–F = 11.3 Hz), 97.2, 95.8, 44.8 (d, JC–F = 25.0 Hz), 30.4 (d, JC–F = 
21.3 Hz), 27.0 (d, JC–F = 11.3 Hz).19F-NMR (376.5 MHz) δ (ppm) –150.03 - -150.06 (m). 
HRMS (ESI) Calcd. for [M+H] C19H20ON 296.1445; found: 296.1452. 
HPLC (ChiralPak IC column) 92:08(hexane:iPrOH) 1mL/min; Tmajor (18.224 min), Tminor (19.572 
min) 
 
6a 

1H-NMR (500MHz, CDCl3) δ (ppm) 7.34-7.24 (m, 2H), 7.21-7.15 (m, 
2H), 6.67 (brs, 1H), 4.27 (d, J = 5.5 Hz, 2H), 2.79 (t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.5 Hz, 2H), 
2.17 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 162.1, 136.0, 135.7, 130.6, 129.7, 127.3, 
127.1, 126.6, 123.5, 92.7, 43.8, 28.4, 26.8, 14.3.  
Elemental analysis (CHN) est: 52.77% C, 4.43% H, 4.4% N; found: 52.49% C, 4.53% H, 4.51% 
N. 
 
6b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.64 (d, J = 7.6 Hz, 1H), 7.30-
7.24 (m, 2H), 7.19-7.17 (m, 1H), 7.03 (brs, 1H), 5.78 (d, J = 3.2 Hz, 1H), 5.52 (s, 1H), 4.01-3.89 
(m, 1H), 3.56-3.47 (m, 1H), 3.10-3.02 (m, 2H), 2.28-2.16 (m, 2H). 13C NMR (100 MHz, CDCl3) 
δ (ppm) 162.2, 143.1 (d, JC-F = 16.1 Hz), 134.5, 132.2 (d, JC-F = 4.0 Hz), 128.9, 128.6, 126.8, 
125.0 (d, JC-F = 2.0 Hz), 109.6 (JC-F = 16.1 Hz), 95.8 (d, JC-F = 182 Hz), 92.5, 46.1 (d, JC-F = 24.1 
Hz), 30.4 (d, JC-F = 21.1 Hz), 26.9 (d, JC-F = 10.1 Hz). 19F-NMR (376.5 MHz) δ (ppm) – 150.59 
(m). Elemental analysis (CHN) est: 49.95% C, 3.89% H, 4.16% N; found: 48.96% C, 4.11% H, 
3.81% N. 
HPLC (ChiralPak IC column) 98:02 (hexane/iPrOH) 1mL/min; Tmajor (9.50 min), Tminor (10.90 
min). 
 
7a 
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 1H-NMR (500 MHz, CDCl3) δ (ppm) 7.73 (d, J = 8.2 Hz, 2H), 
7.46 (d, J = 8.2 Hz, 2H), 7.28-7.24 (m, 2H, overlaps CDCl3) 7.17 (d, J = 2.4 Hz, 2H), 6.11 (s, 
1H), 4.33 (d, J = 5.3 Hz, 2H), 2.55 (t, J = 7.1 Hz, 2H), 2.17 (s, 3H), 2.13 – 2.02 (m, 2H), 1.93 – 
1.86 (m, 2H), 1.34 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167, 155.0, 143.2, 140.0, 133.5, 
132.6, 131.8, 128.5, 126.7, 126.7, 126.5, 126.1, 125.6, 42.2, 35.0, 34.6, 32.1, 31.2, 28.6, 18.3. 
HRMS (ESI) Calcd. for [M+H] C24H30ON: 348.2322; found: 348.2330.   
 
7b 

 1H-NMR (400 MHz, CDCl3) δ (ppm) 7.93 (d, J = 8.0 Hz, 2H), 
7.70 (d, J = 8.0 Hz, 2H), 7.22-7.09 (m, 4H), 6.29 (brs, 1H), 5.64 (s, 1H), 5.22-5.21 (m, 1H), 
3.81-3.70 (m, 1H), 3.58-3.45 (m, 1H), 2.82-2.76 (m, 2H), 2.22-1.63 (overlapping multiplets, 4H), 
1.35 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.1, 155.1, 151.3 (d, JC-F = 19.5 Hz), 151.2, 
139.5, 138.8 (d, JC-F = 5.1 Hz), 131.6, 129.3, 128.9, 128.3, 128.0, 126.8, 126.7, 125.6, 125.3, 
114.7 (d, JC-F = 12.1 Hz), 98.2 (d, JC-F = 178 Hz), 97.30, 45.0 (d, JC-F = 20.4 Hz), 38.6 (d, JC-F = 
23.6 Hz), 34.96, 31.19, 23.5 (d, JC-F = 11.2 Hz). 
19F-NMR (376.5 MHz) δ (ppm) -147.2 (broad multiplet), -149.2 (m), -151.36-151.42 (m) 
HRMS (ESI) Calcd. for [M+H] C24H29ONF: 366.2228; found: 366.2229.  
HPLC (ChiralPak IB column) 95:05 (hexane: iPrOH) 1mL/min; Tmajor (9.540 min), Tminor (8.808 
min). 
 
8a 

1H-NMR (300 MHz, CDCl3) δ (ppm) 7.72-7.69 (m, 2H), 7.45-
7.38 (m, 3H), 7.31-7.30 (m, 2H), 7.20-7.18 (m, 1H), 4.51 (d, J = 5.4 Hz, 2H), 3.42 (s, 2H), 2.17 
(s, 3H),1.32 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.3, 155.0, 146.4, 142.5, 137.3, 
136.2, 131.5, 126.7, 126.3, 125.5, 124.8, 123.4, 118.9, 39.6, 37.5, 34.9, 31.1, 10.4. 
HRMS (ESI) Calcd. For C22H26ON: 320.201; found: 320.2015. 
 
8b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.71 (d, J = 8.0 Hz, 2H), 
7.53-7.46 (m, 3H), 7.27-7.24 (3H), 6.48 (brs, 1H), 5.78 (d, J = 4.0 Hz, 1H), 5.44 (s, 1H), 4.16-
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4.04 (m, 1H), 3.79-3.72 (m, 1H), 3.42-3.21 (m, 2H), 1.35 (s, 9H). 13C NMR (125 MHz, CDCl3) δ 
(ppm) 167.6, 155.3, 149.1 (d, JC-F = 17.1 Hz), 140.7 (d, JC-F = 3.0 Hz), 137.9 (d, JC-F = 3.0 Hz), 
131.3, 129.7, 127.4, 126.9, 125.6, 125.5, 121.1, 107.6 (d, JC-F = 6.0 Hz), 101.7 (d, JC-F = 182 Hz), 
45.9 (d, JC-F = 28.2 Hz), 40.7 (d, JC-F = 14.1 Hz), 35.0, 31.2. 19F-NMR (376.4 MHz) δ (ppm) –
144.78 - –144.81 (m). 
HRMS (ESI) Calcd. for C22H25ONF: 338.1915; found: 352.1923.  
HPLC (ChiralPak IC column) (90:10 hexane:iPrOH) 1mL/min; Tmajor (22.436 min), Tminor (20.620 
min). 
 
9a 

 1H-NMR (400 MHz, CDCl3) δ (ppm) 7.72 (d, 8.4Hz, 2H), 7.45 
(d, 8.4Hz, 2H), 7.27-7.13 (m, 2H), 6.97-6.93 (m, 1H), 6.83 (d, 7.6Hz, 1H), 6.18 (s, 1H), 4.71 (s, 
2H), 4.25 (d, 5.6Hz, 2H), 2.11 (s, 3H), 1.33 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.8, 
155.2, 153.8, 131.2, 128.9, 127.4, 126.9, 125.6, 125.4, 124.7, 123.9, 121.4, 115.8, 67.0, 38.7, 
35.0, 31.2, 12.9. 
HRMS (ESI) Calcd. for [M+H] C22H26O2N: 336.1958; found: 336.1963.  
 
9b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.75 (d, J = 8.4 Hz, 2H), 
7.62-7.60 (m, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.30-7.25 (m, 1H), 7.04-6.96 (m, 2H), 6.43 (brs, 
1H), 5.811 (s, 1H), 5.50 (s, 1H), 4.37-4.33 (m, 1H), 4.24-4.12 (m, 2H), 3.82-3.72 (m, 1H), 1.38 
(s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.4, 155.3, 152.9, 138.5 (d, JC-F = 17.1 Hz), 
131.2, 130.2, 126.9, 125.6, 124.7, 122.0, 119.3, 117.6, 107.3 (d, JC-F = 10.1 Hz), 90.8 (d, JC-F = 
183 Hz),  68.0 (d, JC-F = 30.2 Hz), 43.3 (d, JC-F = 24.1 Hz), 35.0, 31.2. 19F-NMR (376.4 MHz) δ 
(ppm) –166.28 - –166.40 (m). 
HRMS (ESI) Calcd. for [M+H] C22H25O2NF: 354.1864; found: 354.1874.  
HPLC (ChiralPak IC column) 90:10 (hexane/iPrOH) 1mL/min; Tmajor (28.140 min), Tminor (31.536 
min) 
 
10a 

1H-NMR (400 MHz, CDCl3) δ (ppm) 8.24 (s, 2H), 8.032 (s, 1H), 
7.66 -7.64 (m, 1H), 7.25-7.20 (m, 1H), 7.13-7.11 (m, 1H), 6.51 (brs, 1H), 4.56-4.55 (m, 2H), 
2.86 (t, J = 8.0 Hz, 2H), 2.57 (ts, J = 8.0 Hz, 2H), 1.57 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ (ppm) 164.8, 136.5, 136.0, 135.7, 132.7, 132.4, 132.1, 131.8, 
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130.5, 130.2, 127.3, 127.0, 126.6, 125.1, 125.1, 125.0, 125.0, 124.0, 123.4, 121.8, 42.8, 28.4, 
27.1, 14.4. HRMS (ESI) Calcd. For C21H18ONF6: 414.1287, found: 414.1303. 
 
10b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 8.23 (s, 2H), 8.04 (s, 1H), 
7.63-7.61 (m, 1H), 7.26-7.15 (m, 4H), 6.58 (brs, 1H), 5.76 (s, 1H), 5.50 (s, 1H), 4.21 -4.08 (m, 
1H), 3.59-3.51 (m, 1H), 3.13-2.89 (m, 2H), 2.23-2.21 (m, 2H). 13C NMR (125 MHz, CDCl3) δ 
(ppm) 164.6, 143.6 (d, JC-F = 16.3 Hz), 136.3, 134.6, 132.5, 132.3 (d, JC-F = 17.6 Hz), 129.0, 
128.6, 127.4, 126.7, 125.3, 124.9, 109.2 (d, JC-F = 12.5 Hz), 96.7 (d, JC-F = 179.8 Hz), 45.1 (d, JC-

F = 23.9 Hz), 30.5 (d, JC-F = 21.4 Hz),  26.9 (d, JC-F = 11.3 Hz). 19F-NMR (376.5 MHz) δ (ppm) –
62.1 (s), -150.0 (m). 
HRMS (ESI) Calcd. for [M+H] C21H17ONF7: 432.119; found: 432.121. 
HPLC (ChiralPak IB column) 99:01 (hexane/iPrOH) 1mL/min; Tmajor (21.40 min), Tminor 

(24.99min). 
 
11a 

1H-NMR (500 MHz, CDCl3) δ (ppm) 8.33-8.29 (m, 2H), 8.00-
7.94 (m, 2H), 7.34-7.28 (m, 1H), 7.26-7.14 (m, 3H), 6.23 (brs, 1H), 4.38-4.37 (m, 2H), 2.87 (t, J 
= 8.0 Hz, 2H), 2.38-2.35 (m, 2H), 2.19 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 165.7, 
149.6, 140.1, 136.1, 135.7, 130.7, 130.0, 128.2, 127.3, 127.0, 126.6, 123.8, 123.4; 42.7, 28.4, 
27.1, 14.3. 
HRMS (ESI) Calcd. for [M+H] C19H19O3N2: 323.139; found: 323.1402. 
 
11b 

 1H-NMR (400 MHz, CDCl3) δ (ppm) 8.32 (d, J = 8.8 Hz, 2H), 
7.95 (d, J = 8.4 Hz, 2H), 7.62-7.60 (m, 1H), 7.25-7.15 (m, 4H), 6.50 (brs, 1H), 5.74 (m, 1H), 
5.49 (s, 1H), 4.19-4.07 (m, 1H), 3.58-3.48 (m, 1H), 3.19-2.97 (m, 2H), 2.23-2.16 (m, 2H). 
13C NMR (125 MHz, CDCl3) δ (ppm) 165.5, 149.7, 143.6 (d, JC–F = 16.3 Hz), 139.8, 134.6, 132.3 
(d, JC–F = 16.3 Hz), 128.97-128.61, 128.2, 126.7, 124.9, 124.0, 109.2 (d, JC-F = 11.3 Hz), 96.2 (d, 
JC-F = 181.0 Hz), 45.0 (d, JC-F = 23.9 Hz), 30.6 (d, JC-F = 21.4 Hz), 27.0 (d, JC-F = 10.1 Hz). 19F-
NMR (376.5 MHz) δ (ppm) –150.31 (m). 
HRMS (ESI) Calcd. for [M+H] C19H18O3N2F: 341.1296; found: 341.1307. 
HPLC (ChiralPak IA column) 90:10 (hexane/iPrOH) 1mL/min; Tmajor (15.868 min), Tminor (18.700 
min). 
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12a 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.74 (d, J = 8 Hz, 2H), 
7.44-7.42 (m, 2H), 7.27 -7.21 (m, 1H), 6.75-6.70 (m, 2H), 6.33 (brs, 1H), 4.41-4.29 (m, 2H), 
3.93 (s, 3H), 2.74-2.7 (t, J = 8 Hz, 2H), 2.33-2.31 (m, 2H), 2.12 (s, 3H), 1.33 (s, 9H). 13C NMR 
(125 MHz, CDCl3) δ (ppm) 167.6, 158.3, 154.8, 137.6, 131.7, 129.4, 129.3, 128.8, 126.8, 125.4, 
124.5, 113.3, 111.0, 55.2, 42.2, 34.9, 31.1, 28.9, 26.8, 14.2.  
HRMS (ESI) Calcd. For C24H30O2N: 364.227, found: 364.228. 
 
12b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.77 (d, J = 8.4 Hz, 
2H), 7.58 (d, J = 8.8 Hz, 1H), 7.52-7.50 (m, 2H), 6.83-6.81 (m, 1H), 6.67 (s, 1H), 6.48-6.47 (m, 
1H), 5.63-5.62 (m, 1H), 5.40 (s, 1H), 4.27-4.14 (m, 1H), 3.84 (s, 3H), 3.50-3.41 (m, 1H), 3.21-
3.14 (m, 1H), 2.96-2.92 (m,1H), 2.27-2.13 (m, 2H), 1.39 (s, 9H). 13C NMR (125 MHz, CDCl3) δ 
(ppm) 167.4, 159.7, 155.3, 143.5, 136.4, 131.4, 126.8, 126.3, 125.6, 125.4, 113.6, 112.7, 106.7 
(d, JC-F = 12.5 Hz), 55.3, 44.7 (d, JC-F = 23.9 Hz), 35.0, 31.2, 30.2 (d, JC-F = 21.4 Hz), 27.3 (d, JC-

F = 11.3 Hz). 19F-NMR (376.5 MHz) δ (ppm) – 150.3 (m). 
HRMS (ESI) Calcd. for [M+H] C24H29O2NF: 383.2177; found: 382.2187. 
HPLC (ChiralPak IC column) 96:04 (hexane/iPrOH) 1mL/min; Tmajor (60.28 min), Tminor (64.92 
min). 
 
13a 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.72 (d, J = 8.4 Hz, 2H), 
7.44 (d, J = 8.4 Hz, 2H), 7.27 (s, 1H), 7.13 (s, 1H), 7.02-7.01 (m, 1H), 6.26 (brs, 1H), 4.51 (d, J 
= 5.6 Hz, 2H), 3.38 (s, 2H), 2.42 (s, 3H), 2.15 (s, 3H), 1.33 (s, 9H). 13C NMR (125 MHz, CDCl3) 
δ (ppm) 167.3, 155.0, 146.6, 139.5, 137.5, 136.2, 135.9, 131.5, 126.7, 125.6, 125.5, 123.1, 119.7, 
39.18, 37.6, 34.9, 31.1, 21.5, 10.4.  
HRMS (ESI) Calcd. For C23H28ON: 334.2165, found: 334.2176. 
 
13b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.72 (d, J = 8.0 Hz, 2H), 
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7.47 (J = 8.0 Hz, 2H), 7.33 (s, 1H), 7.11 (s, 2H), 5.75 (d, J = 4 Hz, 1H), 5.40 (d, J = 4 Hz, 1H), 
4.14-4.02 (m, 1H), 3.77-3.7- (m, 1H), 3.36-3.16 (m, 2H), 2.37 (s, 3H), 1.35 (s, 9H). 13C NMR 
(125 MHz, CDCl3) δ (ppm) 167.5, 155.2, 149.1 (d, JC-F = 17.1 Hz), 137.8 (d, JC-F = 13.9 Hz), 
137.1, 131.3, 130.7, 126.8, 125.6, 125.1, 121.5, 107.2 (d, JC-F = 5.5 Hz), 102.9, 45.9 (d, JC-F = 
27.8 Hz), 40.3 (d, JC-F = 23.7 Hz), 34.9, 31.1, 21.3. 19F-NMR (376.5 MHz) δ (ppm)  -144.83 - -
145.01(m). 
HRMS (ESI) Calcd. for [M+H] C23H27ONF:352.2071; found: 352.2084. 
HPLC (ChiralPak IC column) 96:04 (hexane/iPrOH) 1mL/min; Tmajor (33.86 min), Tminor ( 37.06 
min). 
 
14a 

 1H-NMR (300 MHz, CDCl3) δ (ppm) 7.70 (d, J = 6.0 Hz, 
2H), 7.43 (d, J = 8.1 Hz), 7.14 (s, 1H), 7.08-7.05 (m, 1H), 6.75-6.72 (m, 1H), 6.21 (brs, 1H), 
4.68 (s, 2H), 4.23 (d, J = 5.7 Hz), 2H), 2.06 (s, 3H), 1.32 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 
(ppm) 168.0, 155.6, 152.6, 131.3, 128.7, 127.1, 127.0, 126.8, 126.5, 126.4, 125.9, 124.1, 117.3, 
67.4, 38.9, 35.2, 31.4, 13.1. 
HRMS (ESI) Calcd. For [M+H]C22H24O2NCl: 370.1587; found: 370.1580. 
  
14b 

 1H-NMR (300 MHz, CDCl3) δ (ppm) 7.71 (d, J = 9Hz, 2H), 
7.51-7.44 (m, 3H), 7.18-7.14 (m, 1H), 6.38 (brs, 1H), 5.75 (s, 1H), 5.48 (s, 1H), 4.31-25 (m, 1H), 
4.19-4.03 (m, 2H), 3.77-3.64 (m, 1H), 1.33 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm) 167.38, 
155.45, 151.53, 137.5 (d, JC-F = 17.4 Hz), 131.1, 130.1, 127.1 (d, JC-F = 30.1 Hz), 125.6, 124.3, 
120.8, 119.1, 108.7 (d, JC-F = 9.6 Hz), 91.0 (d, JC-F = 183.3Hz), 68.0 (d, JC-F = 31.1 Hz), 43.1 (d, 
JC-F = 23.3 Hz), 35.0, 31.2. 19F-NMR (376.5 MHz) δ (ppm) –166.27 - –166.39 (m). 
HRMS (ESI) Calcd. for [M+H] C22H24O2NClF: 388.1493; found: 388.1488.  
HPLC (ChiralPak IC column) 90:10 (hexane/iPrOH) 1mL/min; Tmajor (20.832 min), Tminor (23.336 
min). 

 
15a 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.41-7.40 (m, 1H), 7.32-7.29 (m, 1H), 
7.27-7.15 (m, 4H), 6.95-6.93 (m, 1H), 6.88-6.83 (m, 1H), 5.31 (s, 1H), 3.73 (s, 2H), 2.81 (t, J = 
7.6 Hz, 2H), 2.26-2.23 (t and s overlap, 5H). 13C NMR (100 MHz, CDCl3) δ (ppm) 154.4, 136.7, 
135.8, 133.8, 130.2, 127.9, 127.6, 127.2, 126.5, 126.3, 125.6, 123.1, 120.9, 116.0, 115.5, 34.4, 
28.6, 28.1, 14.5. 
HRMS (ESI) Calcd. for [M] C18H18O: 250.1352; found: 250.1351. 
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15b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.63-7.61 (m, 1H), 7.29-7.13 (m, 4H), 
6.97-6.94 (m, 2H), 6.87-6.84 (m, 1H), 5.93 (d, J = 21 Hz, 1H), 5.62 (d, J = 4.0 Hz, 1H), 5.35 (s, 
1H), 3.23-2.99 (m, 4H), 2.22-2.11 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 155.0, 144.9, 
144.8, 134.5, 133.1, 133.1, 132.6, 128.8, 128.77, 128.3, 125.13, 125.11, 121.9, 120.6, 117.0, 
108.9 (d, JC-F = 12.6 Hz), 100.2, 98.9 (d, JC-F = 176.0 Hz), 38.9 (d, JC-F = 23.9 Hz), 32.1 (d, JC-F 
= 22.6 Hz), 27.0 (d, JC-F = 11.3 Hz). 19F-NMR (376.5 MHz) δ (ppm) –137.1 - –137.3 (m).  
HRMS (ESI) Calcd. for [M] C18H16OF: 267.1191; found: 267.1192. 
HPLC (ChiralPak IC column) 98:02 (hexane/iPrOH) 1mL/min; Tmajor (7.72 min), Tminor (8.80 min).  
 
16a 

1H-NMR (500 MHz, CDCl3) δ (ppm) 8.22 (s, 1H), 7.66 (d, J = 2.5 Hz, 
1H), 7.19-7.11 (m, 2H), 6.90-6.81 (m, 2H), 6.71 (d, J = 8.5 Hz, 1H), 5.93 (t, J = 3.5 Hz, 1H), 
5.60 (s, 1H), 3.93 (s, 3H), 3.57 (d, J = 7.5 Hz, 2H), 2.13 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 
(ppm) 163.1, 153.9, 143.6, 135.3, 133.0, 132.2, 130.0, 127.5, 126.7, 125.4, 120.8, 115.4, 110.1, 
53.5, 29.6, 15.7. 
HRMS (ESI) Calcd. for [M+H] C16H18O2N: 256.1332; found: 256.1325. 

 
16b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 8.26 (s, 1H), 7.70 (d, J = 8.4 Hz, 
1H), 7.14-7.04 (m, 2H), 6.87-6.75 (m, 3H), 5.79 (s, 1H), 5.73-5.58 (m, 1H), 5.40 (s, 2H), 3.96 (s, 
3H), 3.16-2.84 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 163.8, 154.1, 144.8, 143.6 (d, JC-F 
= 18.1 Hz), 137.4, 131.7, 128.3, 127.2, 123.2, 120.7, 115.6, 114.7 (d, JC-F = 10.1 Hz), 110.6, 94.1 
(d, JC-F = 174.0 Hz), 53.6, 36.3 (d, JC-F = 23.1 Hz). 
19F-NMR (376.5 MHz) δ (ppm) –174.3 - –174.6 (m). 
HRMS (ESI) Calcd. for [M+H] C16H17O2NF: 274.1230; found: 274.1238. 
HPLC (ChiralPak IC) 98:02 (hexane/iPrOH) 1mL/min; Tmajor (9.228 min), Tminor (10.452 min) 
 
17a 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.43-7.10 (m, 7H), 6.90 (t, J = 9.8 Hz, 
1H), 6.80 (d, J = 10.4 Hz, 1H), 5.96(t, J = 8.4 Hz, 1H), 3.57 (d, J = 9.6 Hz, 2H), 2.19 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ (ppm) 154.0, 143.4, 136.9, 130.1, 128.3, 127.6, 127.0, 126.8, 
125.8, 125.5, 121.0, 115.6, 29.9, 16.1.  
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HRMS (EI) Calcd. for [M] C16H16O: 224.1201; found: 224.1204. 
  
17b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.45-7.35 (m, 5H), 7.15 (t, J = 7.8 Hz, 
1H), 7.03 (d, J = 7.2 Hz, 1H), 6.89-6.82 (m, 2H), 5.77-5.66 (m, 1H), 5.44 (d, J = 12 Hz, 2H), 
5.21 (d, J = 8 Hz, 1H), 3.15-2.93 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 154.1, 146.6 (d, 
JC-F = 17.1 Hz), 138.2, 131.7, 128.5, 128.3, 128.1, 126.8, 123.4, 120.8, 115.9, 114.6 (d, JC-F = 
11.1 Hz), 94.7 (d, JC-F = 173.0 Hz), 36.3 (d, JC-F = 23.1 Hz), 29.7. 19F-NMR (376.5 MHz) δ (ppm) 
–173.9 - –174.2 (m).  
HRMS (EI) Calcd. for [M] C16H15OF: 242.1107; found: 242.1110. 
HPLC (ChiralPak IC) 94:06 (hexane/iPrOH) 1mL/min; Tmajor (4.384 min), Tminor (4.612 min). 
 
18a 

1H-NMR (500 MHz, CDCl3) δ (ppm) 7.15-7.12 (m, 2H), 6.84-6.82 (m, 1H), 
6.76 (d, J = 8 Hz, 1H), 5.37-5.34 (m, 1H), 5.16 (s, 1H), 3.39 (d, J = 7 Hz, 2H), 1.81-1.80 (m, 6H). 
13C NMR (100 MHz, CDCl3) δ (ppm) 154.2, 134.5, 130.1, 127.6, 127.3, 122.1, 120.9, 115.8, 
29.6, 25.9, 17.9. 
HRMS (EI) Calcd. for [M] C11H14O: 162.1045; found: 162.1048. 
  
18b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.17-7.13 (m, 2H), 6.91-6.82 (m, 2H), 
5.32 (d, J = 8.4 Hz, 1H), 5.2 (m, 1H), 4.99 (d, J = 21.6 Hz, 2H), 3.09-2.96 (m, 2H), 2.19 (s, 1H), 
1.83 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 154.1, 142.7 (d, JC-F = 17.1 Hz), 131.5, 128.3, 
123.6, 120.9, 116.0, 113.1 (d, JC-F = 10.1 Hz), 96.6 (d, JC-F = 170.0 Hz), 35.5 (d, JC-F = 23.1 Hz), 
17.5 (d, JC-F = 3.0 Hz). 19F-NMR (376.5 MHz) δ (ppm) –173.2 - –173.5 (m). 
HRMS (EI) Calcd. for [M] C11H13OF: 180.0950; found: 180.0949. 
HPLC (ChiralPak IC) 99:01 (hexane/iPrOH) 1mL/min; Tmajor (19.892 min), Tminor (24.844 min). 
 
19a 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.77 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.4 
Hz, 2H), 7.19 (t, J = 6.4 Hz, 1H), 7.04-7.02 (m, 1H), 6.93-6.89 (m, 2H), 5.83 (s, 1H), 5.19 (s, 
1H), 3.82-3.81 (m, 2H), 3.40 (t, J = 5.6 Hz, 2H), 2.58 (s, 2H), 2.22 (s, 3H). 13C NMR (100 MHz, 
CDCl3) δ (ppm) 152.2, 143.9, 134.0, 133.1, 129.8, 128.9, 128.3, 127.8, 122.5, 121.1, 120.6, 
115.8, 115.5, 45.0, 43.2, 29.4, 21.6. 
HRMS (ESI) Calcd. for [M-1] C18H18O3NS: 328.1013; found: 328.1009. 
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19b 

1H-NMR (400 MHz, CDCl3) δ (ppm) 7.77 (d, J = 8.0 Hz, 2H), 7.40 (d, J = 8.4 
Hz, 2H), 7.26-7.21 (m, 1H), 7.11-7.09 (m, 1H), 6.95-6.88 (m, 2H), 6.15-6.14 (m, 1H), 5.46-5.34 
(m/brs overlap, 2H), 4.16-4.08 (m, 1H), 3.99-3.92 (m, 1H), 3.66-3.53 (m, 1H), 3.31-3.21 (m, 1H), 
2.49 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 153.1, 144.2, 133.2, 132.6 (d, JC-F = 16.1 Hz), 
129.9, 129.8, 129.7, 129.6, 129.56, 127.8, 125.0, 120.8, 116.1, 85.4 (d, JC-F = 172.0 Hz), 65.9, 
47.5 (d, JC-F = 25.2 Hz), 44.9, 21.6. 
19F-NMR (376.5 MHz) δ (ppm) –168.97 (m) 
HRMS (ESI) Calcd. for [M-1] C18H17O3NSF: 346.0919; found: 346.0913. 
HPLC (ChiralPak IA) 80:20 (hexane/iPrOH) 1mL/min; Tmajor (12.38 min), Tminor (14.87 min). 
 
20 

 1H-NMR (400 MHz, CDCl3) δ (ppm) 8.02 (d, J = 8.4 Hz, 2H), 7.63 (d, 
J = 8.0 Hz, 1H), 7.47-7.45 (m, 2H), 7.41-7.32 (m, 2H), 7.29 (s, 1H), 4.12 (t, J = 16 Hz, 1H), 
4.00-3.83 (m, 2H), 3.60-3.46 (m, 2H), 3.28-3.22 (m, 1H), 1.34 (s, 9H). 13C NMR (100 MHz, 
CDCl3) δ (ppm) 156.4, 154.5, 141.1, 137.1, 137.06, 130.3, 129.7, 127.6, 127.3, 125.5, 125.4, 
125.2, 94.49, 85.1 (d, JC-F = 20.1 Hz), 49.8 (d, JC-F = 26.2 Hz), 40.8 (d, JC-F = 24.1 Hz), 35.19, 
35.0 (d, JC-F = 11.0 Hz), 31.1 (d, JC-F = 19.1 Hz). 19F-NMR (376.5 MHz) δ (ppm) –168.45 - -
168.53 (m). 
HRMS (ESI) Calcd. for [M+H] C22H24ONFBr: 416.1013; found: 416.1020. 
HPLC (ChiralPak IB column) 99:01 (hexane/iPrOH) 1mL/min; Tmajor (11.26 min), Tminor (9.252 
min). 
 
21 

 1H-NMR (400 MHz, CDCl3) δ (ppm) 8.02(d, J = 8.0 Hz, 2H), 7.53-7.48 (m, 
3H), 7.26-7.25 (m, 1H), 6.84 (d, J = 8.8 Hz, 1H), 4.63-4.58 (m, 1H), 4.27-4.25 (m, 1H), 4.21-
4.10 (m, 1H), 3.95-3.70 (m, 3H), 1.36 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 154.9, 
153.0, 150.5, 131.2, 129.5, 127.5, 127.2, 126.7, 125.5, 123.4, 118.5, 85.1 (d, JC-F = 187.1 Hz), 
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66.4 (d, JC-F = 33.2 Hz), 48.7 (d, JC-F = 25.6 Hz), 36.0, 35.9, 35.1, 31.3. 19F-NMR (376.5 MHz) δ 
(ppm) –175.20- -175.33 (m). 
HRMS (ESI) Calcd. for [M+H] C22H24O2NFBrCl: 466.0575; found: 466.0579. 
HPLC (ChiralPak IC column) 98:02 (hexane/iPrOH) 1mL/min; Tmajor (6.28 min), Tminor (5.66 min). 
 
 
 
 
 
 
 
 
 
 
 
 
 
X-ray crystallography data  
 
14b 

 
A colorless plate 0.10 x 0.06 x 0.03 mm in size was mounted on a Cryoloop with Paratone oil.  
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Data were collected in a nitrogen gas stream at 100(2) K using phi and omega scans.  Crystal-to-

detector distance was 60 mm and exposure time was 10 seconds per frame using a scan width of 

1.0°.  Data collection was 98.3% complete to 67.00° in θ.  A total of 22020 reflections were 

collected covering the indices, -8<=h<=9, -14<=k<=14, -23<=l<=23.  6821 reflections were 

found to be symmetry independent, with an Rint of 0.0431.  Indexing and unit cell refinement 

indicated a primitive, monoclinic lattice.  The space group was found to be P2(1) (No. 4).  The 

data were integrated using the Bruker SAINT software program and scaled using the SADABS 

software program.  Solution by direct methods (SIR-2008) produced a complete heavy-atom 

phasing model consistent with the proposed structure.  All non-hydrogen atoms were refined 

anisotropically by full-matrix least-squares (SHELXL-97).  All hydrogen atoms were placed 

using a riding model.  Their positions were constrained relative to their parent atom using the 

appropriate HFIX command in SHELXL-97.  Absolute stereochemistry was unambiguously 

determined to be R at C1 and C23, respectively. 
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Table 1.  Crystal data and structure refinement for toste52. 
X-ray ID  toste52 

Sample/notebook ID  JW-08-41 

Empirical formula  C22 H23 Cl F N O2 

Formula weight  387.86 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  P2(1) 

Unit cell dimensions a = 8.4882(3) Å α= 90°. 

 b = 11.8855(5) Å β= 96.216(3)°. 

 c = 19.4286(8) Å γ = 90°. 

Volume 1948.56(13) Å3 

Z 4 

Density (calculated) 1.322 Mg/m3 

Absorption coefficient 1.953 mm-1 

F(000) 816 

Crystal size 0.10 x 0.06 x 0.03 mm3 

Crystal color/habit colorless plate 

Theta range for data collection 4.37 to 67.86°. 

Index ranges -8<=h<=9, -14<=k<=14, -23<=l<=23 

Reflections collected 22020 

Independent reflections 6821 [R(int) = 0.0431] 

Completeness to theta = 67.00° 98.3 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9437 and 0.8287 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6821 / 1 / 493 

Goodness-of-fit on F2 1.044 

Final R indices [I>2sigma(I)] R1 = 0.0730, wR2 = 0.1882 

R indices (all data) R1 = 0.0832, wR2 = 0.2001 

Absolute structure parameter -0.01(3) 

Largest diff. peak and hole 0.798 and -0.438 e.Å-3 
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Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for toste52.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

C(1) 4214(5) 4439(3) 4535(2) 37(1) 

C(2) 4829(5) 4120(4) 3852(2) 38(1) 

C(3) 4754(5) 5039(4) 3328(2) 39(1) 

C(4) 5340(6) 4891(5) 2687(3) 51(1) 

C(5) 5186(7) 5740(6) 2204(3) 62(1) 

C(6) 4413(7) 6725(5) 2311(3) 56(1) 

C(7) 3870(6) 6904(4) 2953(2) 47(1) 

C(8) 4050(5) 6071(4) 3456(2) 40(1) 

C(9) 4262(5) 5694(3) 4652(2) 35(1) 

C(10) 5316(6) 3090(4) 3738(3) 50(1) 

C(11) 5087(6) 3825(4) 5147(2) 43(1) 

C(12) 5296(5) 4865(3) 6234(2) 37(1) 

C(13) 4874(5) 4903(4) 6955(2) 40(1) 

C(14) 5710(6) 5647(5) 7422(3) 51(1) 

C(15) 5458(7) 5665(6) 8101(3) 63(1) 

C(16) 4361(6) 4971(5) 8368(3) 57(1) 

C(17) 3520(6) 4244(5) 7900(3) 54(1) 

C(18) 3750(6) 4219(4) 7214(3) 48(1) 

C(19) 4109(9) 4941(7) 9146(3) 80(2) 

C(20) 5199(19) 4005(11) 9475(4) 166(6) 

C(21) 2355(11) 4761(9) 9229(4) 102(3) 

C(22) 4550(10) 6092(8) 9482(3) 91(2) 

C(23) -804(5) 6703(3) 4348(2) 38(1) 

C(24) -615(5) 6248(4) 3630(2) 39(1) 

C(25) -157(5) 7111(4) 3131(2) 43(1) 

C(26) -32(6) 6841(5) 2436(3) 52(1) 

C(27) 451(7) 7658(6) 1998(3) 62(1) 

C(28) 776(7) 8751(5) 2218(3) 60(1) 

C(29) 658(6) 9025(4) 2896(3) 54(1) 

C(30) 180(5) 8219(4) 3351(3) 45(1) 

C(31) 247(5) 7702(3) 4524(2) 41(1) 
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C(32) -856(6) 5180(4) 3472(2) 49(1) 

C(33) -581(5) 5820(3) 4927(2) 38(1) 

C(34) 586(5) 6545(3) 6039(2) 38(1) 

C(35) 264(5) 7014(3) 6729(2) 38(1) 

C(36) -1125(5) 7571(4) 6829(2) 40(1) 

C(37) -1360(5) 7994(4) 7466(3) 45(1) 

C(38) -229(6) 7874(4) 8035(3) 51(1) 

C(39) 1176(6) 7332(4) 7931(2) 49(1) 

C(40) 1433(5) 6907(4) 7288(2) 43(1) 

C(41) -506(7) 8293(6) 8763(3) 65(2) 

C(42) -837(15) 7315(12) 9203(4) 141(5) 

C(43) -2152(13) 8927(12) 8735(5) 134(5) 

C(44) 778(11) 8987(12) 9071(5) 131(4) 

N(1) 4551(4) 4093(3) 5807(2) 41(1) 

N(2) -712(4) 6278(3) 5599(2) 39(1) 

O(1) 3480(3) 6295(2) 4071(2) 38(1) 

O(2) 6346(3) 5460(3) 6043(2) 45(1) 

O(3) 39(4) 8557(2) 4013(2) 48(1) 

O(4) 1930(3) 6439(3) 5883(2) 44(1) 

F(1) 2601(3) 4115(2) 4492(1) 44(1) 

F(2) -2405(3) 7101(2) 4316(1) 46(1) 

Cl(1) 5951(3) 5539(2) 1412(1) 94(1) 

Cl(2) 678(3) 7284(2) 1137(1) 92(1) 

________________________________________________________________________________
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Table 3.   Bond lengths [Å] and angles [°] for toste52. 

_____________________________________________________ 

C(1)-F(1)  1.416(5) 

C(1)-C(9)  1.509(5) 

C(1)-C(11)  1.519(6) 

C(1)-C(2)  1.526(6) 

C(2)-C(10)  1.318(6) 

C(2)-C(3)  1.490(6) 

C(3)-C(8)  1.399(6) 

C(3)-C(4)  1.400(6) 

C(4)-C(5)  1.374(8) 

C(4)-H(4)  0.9500 

C(5)-C(6)  1.369(8) 

C(5)-Cl(1)  1.751(5) 

C(6)-C(7)  1.394(7) 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.388(6) 

C(7)-H(7)  0.9500 

C(8)-O(1)  1.364(5) 

C(9)-O(1)  1.435(5) 

C(9)-H(9A)  0.9900 

C(9)-H(9B)  0.9900 

C(10)-H(10A)  0.9500 

C(10)-H(10B)  0.9500 

C(11)-N(1)  1.441(6) 

C(11)-H(11A)  0.9900 

C(11)-H(11B)  0.9900 

C(12)-O(2)  1.226(5) 

C(12)-N(1)  1.347(6) 

C(12)-C(13)  1.485(6) 

C(13)-C(18)  1.389(7) 

C(13)-C(14)  1.403(7) 

C(14)-C(15)  1.358(8) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.387(8) 

C(15)-H(15)  0.9500 

C(16)-C(17)  1.394(8) 

C(16)-C(19)  1.550(8) 

C(17)-C(18)  1.368(7) 

C(17)-H(17)  0.9500 

C(18)-H(18)  0.9500 

C(19)-C(21)  1.529(11) 

C(19)-C(20)  1.541(11) 

C(19)-C(22)  1.545(12) 

C(20)-H(20A)  0.9800 

C(20)-H(20B)  0.9800 

C(20)-H(20C)  0.9800 

C(21)-H(21A)  0.9800 

C(21)-H(21B)  0.9800 

C(21)-H(21C)  0.9800 

C(22)-H(22A)  0.9800 

C(22)-H(22B)  0.9800 

C(22)-H(22C)  0.9800 

C(23)-F(2)  1.434(5) 

C(23)-C(31)  1.502(6) 

C(23)-C(24)  1.521(6) 

C(23)-C(33)  1.535(6) 

C(24)-C(32)  1.317(7) 

C(24)-C(25)  1.492(6) 

C(25)-C(26)  1.403(7) 

C(25)-C(30)  1.404(7) 

C(26)-C(27)  1.383(8) 

C(26)-H(26)  0.9500 

C(27)-C(28)  1.385(9) 

C(27)-Cl(2)  1.763(6) 

C(28)-C(29)  1.370(8) 

C(28)-H(28)  0.9500 

C(29)-C(30)  1.394(7) 

C(29)-H(29)  0.9500 

C(30)-O(3)  1.364(6) 
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C(31)-O(3)  1.419(5) 

C(31)-H(31A)  0.9900 

C(31)-H(31B)  0.9900 

C(32)-H(32A)  0.9500 

C(32)-H(32B)  0.9500 

C(33)-N(2)  1.429(6) 

C(33)-H(33A)  0.9900 

C(33)-H(33B)  0.9900 

C(34)-O(4)  1.218(5) 

C(34)-N(2)  1.358(6) 

C(34)-C(35)  1.504(6) 

C(35)-C(36)  1.384(6) 

C(35)-C(40)  1.395(6) 

C(36)-C(37)  1.370(7) 

C(36)-H(36)  0.9500 

C(37)-C(38)  1.391(7) 

C(37)-H(37)  0.9500 

C(38)-C(39)  1.390(7) 

C(38)-C(41)  1.541(7) 

C(39)-C(40)  1.388(7) 

C(39)-H(39)  0.9500 

C(40)-H(40)  0.9500 

C(41)-C(44)  1.444(11) 

C(41)-C(42)  1.487(13) 

C(41)-C(43)  1.583(11) 

C(42)-H(42A)  0.9800 

C(42)-H(42B)  0.9800 

C(42)-H(42C)  0.9800 

C(43)-H(43A)  0.9800 

C(43)-H(43B)  0.9800 

C(43)-H(43C)  0.9800 

C(44)-H(44A)  0.9800 

C(44)-H(44B)  0.9800 

C(44)-H(44C)  0.9800 

N(1)-H(1)  0.8800 

N(2)-H(2)  0.8800 

 

F(1)-C(1)-C(9) 106.7(3) 

F(1)-C(1)-C(11) 107.6(3) 

C(9)-C(1)-C(11) 110.7(3) 

F(1)-C(1)-C(2) 107.5(3) 

C(9)-C(1)-C(2) 111.8(4) 

C(11)-C(1)-C(2) 112.2(3) 

C(10)-C(2)-C(3) 123.9(4) 

C(10)-C(2)-C(1) 121.3(4) 

C(3)-C(2)-C(1) 114.8(4) 

C(8)-C(3)-C(4) 117.9(4) 

C(8)-C(3)-C(2) 120.6(4) 

C(4)-C(3)-C(2) 121.5(4) 

C(5)-C(4)-C(3) 119.9(5) 

C(5)-C(4)-H(4) 120.1 

C(3)-C(4)-H(4) 120.1 

C(6)-C(5)-C(4) 122.4(5) 

C(6)-C(5)-Cl(1) 118.6(4) 

C(4)-C(5)-Cl(1) 118.9(5) 

C(5)-C(6)-C(7) 118.5(5) 

C(5)-C(6)-H(6) 120.8 

C(7)-C(6)-H(6) 120.8 

C(8)-C(7)-C(6) 119.9(5) 

C(8)-C(7)-H(7) 120.0 

C(6)-C(7)-H(7) 120.0 

O(1)-C(8)-C(7) 117.1(4) 

O(1)-C(8)-C(3) 121.8(4) 

C(7)-C(8)-C(3) 121.2(4) 

O(1)-C(9)-C(1) 111.8(3) 

O(1)-C(9)-H(9A) 109.3 

C(1)-C(9)-H(9A) 109.3 

O(1)-C(9)-H(9B) 109.3 

C(1)-C(9)-H(9B) 109.3 

H(9A)-C(9)-H(9B) 107.9 

C(2)-C(10)-H(10A) 120.0 
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C(2)-C(10)-H(10B) 120.0 

H(10A)-C(10)-H(10B) 120.0 

N(1)-C(11)-C(1) 114.6(4) 

N(1)-C(11)-H(11A) 108.6 

C(1)-C(11)-H(11A) 108.6 

N(1)-C(11)-H(11B) 108.6 

C(1)-C(11)-H(11B) 108.6 

H(11A)-C(11)-H(11B) 107.6 

O(2)-C(12)-N(1) 120.9(4) 

O(2)-C(12)-C(13) 121.7(4) 

N(1)-C(12)-C(13) 117.2(4) 

C(18)-C(13)-C(14) 117.0(4) 

C(18)-C(13)-C(12) 124.7(4) 

C(14)-C(13)-C(12) 118.2(4) 

C(15)-C(14)-C(13) 121.1(5) 

C(15)-C(14)-H(14) 119.5 

C(13)-C(14)-H(14) 119.5 

C(14)-C(15)-C(16) 122.4(5) 

C(14)-C(15)-H(15) 118.8 

C(16)-C(15)-H(15) 118.8 

C(15)-C(16)-C(17) 116.2(5) 

C(15)-C(16)-C(19) 123.2(6) 

C(17)-C(16)-C(19) 120.5(5) 

C(18)-C(17)-C(16) 122.1(5) 

C(18)-C(17)-H(17) 118.9 

C(16)-C(17)-H(17) 118.9 

C(17)-C(18)-C(13) 121.1(5) 

C(17)-C(18)-H(18) 119.5 

C(13)-C(18)-H(18) 119.5 

C(21)-C(19)-C(20) 113.8(9) 

C(21)-C(19)-C(22) 105.9(7) 

C(20)-C(19)-C(22) 110.9(7) 

C(21)-C(19)-C(16) 110.2(5) 

C(20)-C(19)-C(16) 106.3(6) 

C(22)-C(19)-C(16) 109.8(6) 

C(19)-C(20)-H(20A) 109.5 

C(19)-C(20)-H(20B) 109.5 

H(20A)-C(20)-H(20B) 109.5 

C(19)-C(20)-H(20C) 109.5 

H(20A)-C(20)-H(20C) 109.5 

H(20B)-C(20)-H(20C) 109.5 

C(19)-C(21)-H(21A) 109.5 

C(19)-C(21)-H(21B) 109.5 

H(21A)-C(21)-H(21B) 109.5 

C(19)-C(21)-H(21C) 109.5 

H(21A)-C(21)-H(21C) 109.5 

H(21B)-C(21)-H(21C) 109.5 

C(19)-C(22)-H(22A) 109.5 

C(19)-C(22)-H(22B) 109.5 

H(22A)-C(22)-H(22B) 109.5 

C(19)-C(22)-H(22C) 109.5 

H(22A)-C(22)-H(22C) 109.5 

H(22B)-C(22)-H(22C) 109.5 

F(2)-C(23)-C(31) 106.6(3) 

F(2)-C(23)-C(24) 105.7(3) 

C(31)-C(23)-C(24) 111.8(4) 

F(2)-C(23)-C(33) 107.3(3) 

C(31)-C(23)-C(33) 110.5(4) 

C(24)-C(23)-C(33) 114.4(3) 

C(32)-C(24)-C(25) 123.8(4) 

C(32)-C(24)-C(23) 121.8(4) 

C(25)-C(24)-C(23) 114.4(4) 

C(26)-C(25)-C(30) 118.3(4) 

C(26)-C(25)-C(24) 121.3(4) 

C(30)-C(25)-C(24) 120.3(4) 

C(27)-C(26)-C(25) 119.3(5) 

C(27)-C(26)-H(26) 120.4 

C(25)-C(26)-H(26) 120.4 

C(26)-C(27)-C(28) 122.1(5) 

C(26)-C(27)-Cl(2) 118.4(5) 

C(28)-C(27)-Cl(2) 119.4(4) 

C(29)-C(28)-C(27) 119.1(5) 
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C(29)-C(28)-H(28) 120.5 

C(27)-C(28)-H(28) 120.5 

C(28)-C(29)-C(30) 120.2(5) 

C(28)-C(29)-H(29) 119.9 

C(30)-C(29)-H(29) 119.9 

O(3)-C(30)-C(29) 117.2(4) 

O(3)-C(30)-C(25) 121.9(4) 

C(29)-C(30)-C(25) 120.9(5) 

O(3)-C(31)-C(23) 112.4(4) 

O(3)-C(31)-H(31A) 109.1 

C(23)-C(31)-H(31A) 109.1 

O(3)-C(31)-H(31B) 109.1 

C(23)-C(31)-H(31B) 109.1 

H(31A)-C(31)-H(31B) 107.9 

C(24)-C(32)-H(32A) 120.0 

C(24)-C(32)-H(32B) 120.0 

H(32A)-C(32)-H(32B) 120.0 

N(2)-C(33)-C(23) 113.1(3) 

N(2)-C(33)-H(33A) 109.0 

C(23)-C(33)-H(33A) 109.0 

N(2)-C(33)-H(33B) 109.0 

C(23)-C(33)-H(33B) 109.0 

H(33A)-C(33)-H(33B) 107.8 

O(4)-C(34)-N(2) 122.5(4) 

O(4)-C(34)-C(35) 121.7(4) 

N(2)-C(34)-C(35) 115.8(4) 

C(36)-C(35)-C(40) 118.7(4) 

C(36)-C(35)-C(34) 122.8(4) 

C(40)-C(35)-C(34) 118.5(4) 

C(37)-C(36)-C(35) 120.8(4) 

C(37)-C(36)-H(36) 119.6 

C(35)-C(36)-H(36) 119.6 

C(36)-C(37)-C(38) 121.7(4) 

C(36)-C(37)-H(37) 119.2 

C(38)-C(37)-H(37) 119.2 

C(39)-C(38)-C(37) 117.4(4) 

C(39)-C(38)-C(41) 120.2(5) 

C(37)-C(38)-C(41) 122.4(5) 

C(40)-C(39)-C(38) 121.4(4) 

C(40)-C(39)-H(39) 119.3 

C(38)-C(39)-H(39) 119.3 

C(39)-C(40)-C(35) 120.0(4) 

C(39)-C(40)-H(40) 120.0 

C(35)-C(40)-H(40) 120.0 

C(44)-C(41)-C(42) 112.9(8) 

C(44)-C(41)-C(38) 112.4(6) 

C(42)-C(41)-C(38) 109.4(6) 

C(44)-C(41)-C(43) 111.5(8) 

C(42)-C(41)-C(43) 99.8(8) 

C(38)-C(41)-C(43) 110.2(5) 

C(41)-C(42)-H(42A) 109.5 

C(41)-C(42)-H(42B) 109.5 

H(42A)-C(42)-H(42B) 109.5 

C(41)-C(42)-H(42C) 109.5 

H(42A)-C(42)-H(42C) 109.5 

H(42B)-C(42)-H(42C) 109.5 

C(41)-C(43)-H(43A) 109.5 

C(41)-C(43)-H(43B) 109.5 

H(43A)-C(43)-H(43B) 109.5 

C(41)-C(43)-H(43C) 109.5 

H(43A)-C(43)-H(43C) 109.5 

H(43B)-C(43)-H(43C) 109.5 

C(41)-C(44)-H(44A) 109.5 

C(41)-C(44)-H(44B) 109.5 

H(44A)-C(44)-H(44B) 109.5 

C(41)-C(44)-H(44C) 109.5 

H(44A)-C(44)-H(44C) 109.5 

H(44B)-C(44)-H(44C) 109.5 

C(12)-N(1)-C(11) 121.7(4) 

C(12)-N(1)-H(1) 119.1 

C(11)-N(1)-H(1) 119.1 

C(34)-N(2)-C(33) 121.8(3) 
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C(34)-N(2)-H(2) 119.1 

C(33)-N(2)-H(2) 119.1 

C(8)-O(1)-C(9) 114.5(3) 

C(30)-O(3)-C(31) 115.6(3) 
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_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  
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Table 4.   Anisotropic displacement parameters (Å2x 103)for toste52.  The anisotropic 

displacement factor exponent takes the form: -2π2[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

C(1) 36(2)  32(2) 42(2)  -3(2) 4(2)  0(2) 

C(2) 31(2)  42(2) 40(2)  -4(2) 5(2)  3(2) 

C(3) 38(2)  42(2) 37(2)  -1(2) 5(2)  0(2) 

C(4) 60(3)  56(3) 40(2)  -2(2) 14(2)  6(2) 

C(5) 78(4)  75(4) 33(2)  2(2) 14(2)  3(3) 

C(6) 67(3)  63(3) 39(2)  11(2) 7(2)  -6(2) 

C(7) 51(3)  46(2) 44(2)  9(2) 2(2)  0(2) 

C(8) 41(2)  45(2) 35(2)  0(2) 6(2)  -2(2) 

C(9) 31(2)  36(2) 40(2)  1(2) 7(2)  5(2) 

C(10) 56(3)  44(2) 53(3)  -2(2) 14(2)  11(2) 

C(11) 51(2)  33(2) 46(2)  -2(2) 5(2)  6(2) 

C(12) 29(2)  37(2) 44(2)  5(2) -2(2)  1(2) 

C(13) 32(2)  43(2) 42(2)  2(2) 0(2)  4(2) 

C(14) 48(3)  61(3) 44(2)  -2(2) 4(2)  -13(2) 

C(15) 60(3)  80(4) 45(3)  -10(3) -8(2)  -9(3) 

C(16) 56(3)  72(3) 44(3)  13(2) 9(2)  8(2) 

C(17) 52(3)  61(3) 48(3)  6(2) 12(2)  -2(2) 

C(18) 48(3)  50(3) 48(3)  -1(2) 8(2)  -3(2) 

C(19) 98(5)  103(5) 36(3)  3(3) -3(3)  21(4) 

C(20) 286(16)  170(10) 42(4)  25(5) 12(6)  136(11) 

C(21) 126(7)  131(7) 54(4)  -3(4) 40(4)  -34(6) 

C(22) 93(5)  138(7) 41(3)  -9(4) 10(3)  1(5) 

C(23) 34(2)  38(2) 43(2)  -2(2) 10(2)  3(2) 

C(24) 38(2)  40(2) 41(2)  0(2) 6(2)  6(2) 

C(25) 38(2)  47(2) 43(2)  2(2) 2(2)  6(2) 

C(26) 56(3)  57(3) 41(2)  -1(2) 1(2)  -9(2) 

C(27) 62(3)  84(4) 40(3)  9(3) 1(2)  -9(3) 

C(28) 62(3)  65(3) 52(3)  21(2) 1(2)  -5(2) 

C(29) 59(3)  47(2) 55(3)  9(2) 5(2)  8(2) 

C(30) 43(2)  44(2) 48(3)  0(2) 3(2)  6(2) 

C(31) 47(2)  34(2) 42(2)  -4(2) 9(2)  -1(2) 
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C(32) 58(3)  49(3) 39(2)  -6(2) 11(2)  1(2) 

C(33) 35(2)  39(2) 42(2)  -4(2) 10(2)  -1(2) 

C(34) 36(2)  33(2) 46(2)  5(2) 11(2)  0(2) 

C(35) 41(2)  36(2) 39(2)  1(2) 9(2)  -7(2) 

C(36) 36(2)  39(2) 45(2)  0(2) 7(2)  -4(2) 

C(37) 38(2)  48(2) 51(3)  -3(2) 13(2)  -2(2) 

C(38) 64(3)  48(2) 44(3)  3(2) 19(2)  -1(2) 

C(39) 53(3)  59(3) 35(2)  3(2) 5(2)  4(2) 

C(40) 37(2)  46(2) 46(2)  2(2) 5(2)  0(2) 

C(41) 75(4)  85(4) 35(3)  -5(2) 12(2)  11(3) 

C(42) 187(10)  194(12) 49(4)  -25(6) 45(5)  -94(9) 

C(43) 121(7)  212(13) 68(5)  -45(7) 2(5)  60(8) 

C(44) 99(6)  200(12) 97(6)  -83(7) 22(5)  -26(7) 

N(1) 48(2)  39(2) 36(2)  6(2) 6(1)  -7(2) 

N(2) 33(2)  41(2) 43(2)  -1(2) 11(1)  -1(1) 

O(1) 41(2)  35(1) 40(2)  3(1) 7(1)  2(1) 

O(2) 36(2)  54(2) 44(2)  2(1) 6(1)  -8(1) 

O(3) 63(2)  31(1) 54(2)  2(1) 19(2)  0(1) 

O(4) 33(2)  52(2) 46(2)  -8(1) 6(1)  -2(1) 

F(1) 41(1)  43(1) 48(1)  -7(1) 11(1)  -7(1) 

F(2) 42(1)  44(1) 53(2)  0(1) 10(1)  7(1) 

Cl(1) 120(1)  122(2) 47(1)  4(1) 35(1)  10(1) 

Cl(2) 122(2)  117(2) 38(1)  2(1) 12(1)  -22(1) 

______________________________________________________________________________
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Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) 

for toste52. 

________________________________________________________________________________ 

 x  y  z  U(eq) 

________________________________________________________________________________ 

 

H(4) 5842 4205 2586 61 

H(6) 4251 7273 1954 67 

H(7) 3376 7597 3047 57 

H(9A) 3743 5874 5071 42 

H(9B) 5379 5944 4733 42 

H(10A) 5644 2898 3301 60 

H(10B) 5337 2539 4093 60 

H(11A) 4969 3005 5069 52 

H(11B) 6229 4007 5168 52 

H(14) 6464 6145 7261 61 

H(15) 6056 6173 8404 75 

H(17) 2762 3750 8063 64 

H(18) 3130 3725 6910 58 

H(20A) 5012 3310 9207 250 

H(20B) 4972 3876 9952 250 

H(20C) 6308 4233 9473 250 

H(21A) 2057 3986 9103 152 

H(21B) 1712 5283 8926 152 

H(21C) 2173 4899 9711 152 

H(22A) 4014 6182 9901 136 

H(22B) 4217 6695 9154 136 

H(22C) 5700 6131 9605 136 

H(26) -276 6103 2268 62 

H(28) 1077 9303 1904 72 

H(29) 902 9767 3055 64 

H(31A) 13 8015 4974 49 

H(31B) 1367 7454 4575 49 

H(32A) -739 4920 3018 58 

H(32B) -1146 4669 3813 58 

H(33A) -1388 5222 4831 46 
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H(33B) 475 5468 4925 46 

H(36) -1925 7660 6451 48 

H(37) -2319 8379 7520 54 

H(39) 1978 7251 8309 59 

H(40) 2406 6543 7227 52 

H(42A) -756 7550 9689 211 

H(42B) -65 6718 9148 211 

H(42C) -1909 7034 9062 211 

H(43A) -2414 9058 9208 202 

H(43B) -2980 8465 8484 202 

H(43C) -2081 9649 8498 202 

H(44A) 415 9431 9448 197 

H(44B) 1125 9494 8719 197 

H(44C) 1665 8507 9253 197 

H(1) 3716 3743 5934 49 

H(2) -1660 6391 5730 46 

________________________________________________________________________________ 
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17b (nosyl-derivative) 

 
A colorless rod 0.060 x 0.040 x 0.040 mm in size was mounted on a Cryoloop with Paratone oil. 

Data were collected in a nitrogen gas stream at 100(2) K using phi and omega scans. Crystal-to-

detector distance was 60 mm and exposure time was 5 seconds per frame using a scan width of 

1.0°. Data collection was 100.0% complete to 67.000° in θ. A total of 43179 reflections were 

collected covering the indices, -8<=h<=8, -16<=k<=16, -26<=l<=26. 3685 reflections were 

found to be symmetry independent, with an Rint of 0.0226. Indexing and unit cell refinement 

indicated a primitive, orthorhombic lattice. The space group was found to be P 21 21 21 (No. 19). 

The data were integrated using the Bruker SAINT software program and scaled using the 

SADABS software program. Solution by direct methods (SIR-2011) produced a complete heavy-

atom phasing model consistent with the proposed structure. All non-hydrogen atoms were 

refined anisotropically by full-matrix least-squares (SHELXL-2012). All hydrogen atoms were 

placed using a riding model. Their positions were constrained relative to their parent atom using 
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the appropriate HFIX command in SHELXL-2012. Absolute stereochemistry was 

unambiguously determined to be R at C9. 
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Table 1.  Crystal data and structure refinement for toste72. 
X-ray ID  toste72 

Sample/notebook ID  JW-10-NS 

Empirical formula  C22 H18 F N O5 S 

Formula weight  427.43 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Orthorhombic 

Space group  P 21 21 21 

Unit cell dimensions a = 6.8101(4) Å α= 90°. 

 b = 13.2958(8) Å β= 90°. 

 c = 22.2494(14) Å γ = 90°. 

Volume 2014.6(2) Å3 

Z 4 

Density (calculated) 1.409 Mg/m3 

Absorption coefficient 1.817 mm-1 

F(000) 888 

Crystal size 0.060 x 0.040 x 0.040 mm3 

Crystal color/habit colorless rod 

Theta range for data collection 3.873 to 68.334°. 

Index ranges -8<=h<=8, -16<=k<=16, -26<=l<=26 

Reflections collected 43179 

Independent reflections 3685 [R(int) = 0.0226] 

Completeness to theta = 67.000° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.929 and 0.841 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3685 / 0 / 271 

Goodness-of-fit on F2 1.065 

Final R indices [I>2sigma(I)] R1 = 0.0209, wR2 = 0.0555 

R indices (all data) R1 = 0.0211, wR2 = 0.0557 

Absolute structure parameter -0.002(3) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.178 and -0.217 e.Å-3 
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Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for toste72.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   
C(1) 5215(3) 12126(1) 1663(1) 26(1) 

C(2) 7181(3) 11910(1) 1538(1) 32(1) 

C(3) 8374(3) 11480(2) 1974(1) 41(1) 

C(4) 7629(4) 11262(2) 2537(1) 47(1) 

C(5) 5687(4) 11489(2) 2669(1) 45(1) 

C(6) 4491(3) 11913(1) 2238(1) 35(1) 

C(7) 3880(3) 12562(1) 1204(1) 26(1) 

C(8) 2574(4) 13271(2) 1330(1) 40(1) 

C(9) 4009(2) 12090(1) 588(1) 24(1) 

C(10) 2945(2) 11083(1) 574(1) 25(1) 

C(11) 3181(3) 10524(1) -11(1) 26(1) 

C(12) 1647(3) 10472(1) -420(1) 33(1) 

C(13) 1859(3) 9973(2) -964(1) 41(1) 

C(14) 3613(3) 9505(2) -1105(1) 42(1) 

C(15) 5178(3) 9548(2) -710(1) 34(1) 

C(16) 4936(3) 10053(1) -170(1) 27(1) 

C(17) 5427(2) 8871(1) 1041(1) 24(1) 

C(18) 3986(3) 8253(1) 795(1) 26(1) 

C(19) 2288(3) 8086(1) 1122(1) 28(1) 

C(20) 2111(2) 8537(1) 1679(1) 27(1) 

C(21) 3567(3) 9120(1) 1935(1) 28(1) 

C(22) 5266(3) 9288(1) 1610(1) 26(1) 

N(1) 245(2) 8409(1) 2005(1) 36(1) 

O(1) 6555(2) 10168(1) 228(1) 27(1) 

O(2) 7819(2) 8428(1) 168(1) 36(1) 

O(3) 8948(2) 9643(1) 936(1) 33(1) 

O(4) -903(2) 7769(1) 1825(1) 45(1) 

O(5) -55(3) 8961(1) 2434(1) 51(1) 

F(1) 3122(2) 12724(1) 160(1) 34(1) 

S(1) 7421(1) 9220(1) 582(1) 26(1) 

________________________________________________________________________________ 
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Table 3.   Bond lengths [Å] and angles [°] for  toste72. 

_____________________________________________________  

C(1)-C(2)  1.397(3) 

C(1)-C(6)  1.401(2) 

C(1)-C(7)  1.484(2) 

C(2)-C(3)  1.388(3) 

C(2)-H(2)  0.9500 

C(3)-C(4)  1.383(3) 

C(3)-H(3)  0.9500 

C(4)-C(5)  1.388(4) 

C(4)-H(4)  0.9500 

C(5)-C(6)  1.377(3) 

C(5)-H(5)  0.9500 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.326(3) 

C(7)-C(9)  1.512(2) 

C(8)-H(8A)  0.9500 

C(8)-H(8B)  0.9500 

C(9)-F(1)  1.4080(19) 

C(9)-C(10)  1.523(2) 

C(9)-H(9)  1.0000 

C(10)-C(11)  1.507(2) 

C(10)-H(10A)  0.9900 

C(10)-H(10B)  0.9900 

C(11)-C(12)  1.387(3) 

C(11)-C(16)  1.395(3) 

C(12)-C(13)  1.389(3) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.383(3) 

C(13)-H(13)  0.9500 

C(14)-C(15)  1.381(3) 

C(14)-H(14)  0.9500 

C(15)-C(16)  1.388(2) 

C(15)-H(15)  0.9500 

C(16)-O(1)  1.422(2) 

C(17)-C(22)  1.387(2) 

C(17)-C(18)  1.391(2) 

C(17)-S(1)  1.7613(17) 

C(18)-C(19)  1.383(3) 

C(18)-H(18)  0.9500 

C(19)-C(20)  1.383(3) 

C(19)-H(19)  0.9500 

C(20)-C(21)  1.381(3) 

C(20)-N(1)  1.474(2) 

C(21)-C(22)  1.383(3) 

C(21)-H(21)  0.9500 

C(22)-H(22)  0.9500 

N(1)-O(5)  1.221(2) 

N(1)-O(4)  1.224(2) 

O(1)-S(1)  1.6002(12) 

O(2)-S(1)  1.4237(13) 

O(3)-S(1)  1.4214(14) 

 

C(2)-C(1)-C(6) 118.51(18) 

C(2)-C(1)-C(7) 122.03(16) 

C(6)-C(1)-C(7) 119.45(17) 

C(3)-C(2)-C(1) 120.44(19) 

C(3)-C(2)-H(2) 119.8 

C(1)-C(2)-H(2) 119.8 

C(4)-C(3)-C(2) 120.3(2) 

C(4)-C(3)-H(3) 119.8 

C(2)-C(3)-H(3) 119.8 

C(3)-C(4)-C(5) 119.7(2) 

C(3)-C(4)-H(4) 120.2 

C(5)-C(4)-H(4) 120.2 

C(6)-C(5)-C(4) 120.4(2) 

C(6)-C(5)-H(5) 119.8 

C(4)-C(5)-H(5) 119.8 

C(5)-C(6)-C(1) 120.7(2) 
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C(5)-C(6)-H(6) 119.7 

C(1)-C(6)-H(6) 119.7 

C(8)-C(7)-C(1) 122.97(17) 

C(8)-C(7)-C(9) 121.68(17) 

C(1)-C(7)-C(9) 115.22(14) 

C(7)-C(8)-H(8A) 120.0 

C(7)-C(8)-H(8B) 120.0 

H(8A)-C(8)-H(8B) 120.0 

F(1)-C(9)-C(7) 109.85(13) 

F(1)-C(9)-C(10) 108.04(13) 

C(7)-C(9)-C(10) 110.80(14) 

F(1)-C(9)-H(9) 109.4 

C(7)-C(9)-H(9) 109.4 

C(10)-C(9)-H(9) 109.4 

C(11)-C(10)-C(9) 113.52(14) 

C(11)-C(10)-H(10A) 108.9 

C(9)-C(10)-H(10A) 108.9 

C(11)-C(10)-H(10B) 108.9 

C(9)-C(10)-H(10B) 108.9 

H(10A)-C(10)-H(10B) 107.7 

C(12)-C(11)-C(16) 117.14(16) 

C(12)-C(11)-C(10) 120.75(16) 

C(16)-C(11)-C(10) 122.10(16) 

C(11)-C(12)-C(13) 121.20(18) 

C(11)-C(12)-H(12) 119.4 

C(13)-C(12)-H(12) 119.4 

C(14)-C(13)-C(12) 120.12(19) 

C(14)-C(13)-H(13) 119.9 

C(12)-C(13)-H(13) 119.9 

C(15)-C(14)-C(13) 120.30(17) 

C(15)-C(14)-H(14) 119.8 

C(13)-C(14)-H(14) 119.8 

C(14)-C(15)-C(16) 118.60(18) 

C(14)-C(15)-H(15) 120.7 

C(16)-C(15)-H(15) 120.7 

C(15)-C(16)-C(11) 122.61(17) 

C(15)-C(16)-O(1) 119.96(16) 

C(11)-C(16)-O(1) 117.27(14) 

C(22)-C(17)-C(18) 122.60(16) 

C(22)-C(17)-S(1) 119.03(13) 

C(18)-C(17)-S(1) 118.13(13) 

C(19)-C(18)-C(17) 118.58(16) 

C(19)-C(18)-H(18) 120.7 

C(17)-C(18)-H(18) 120.7 

C(20)-C(19)-C(18) 118.27(16) 

C(20)-C(19)-H(19) 120.9 

C(18)-C(19)-H(19) 120.9 

C(21)-C(20)-C(19) 123.46(16) 

C(21)-C(20)-N(1) 118.69(16) 

C(19)-C(20)-N(1) 117.83(16) 

C(20)-C(21)-C(22) 118.35(16) 

C(20)-C(21)-H(21) 120.8 

C(22)-C(21)-H(21) 120.8 

C(21)-C(22)-C(17) 118.64(16) 

C(21)-C(22)-H(22) 120.7 

C(17)-C(22)-H(22) 120.7 

O(5)-N(1)-O(4) 124.62(17) 

O(5)-N(1)-C(20) 117.37(17) 

O(4)-N(1)-C(20) 118.00(17) 

C(16)-O(1)-S(1) 120.46(11) 

O(3)-S(1)-O(2) 120.81(8) 

O(3)-S(1)-O(1) 103.36(7) 

O(2)-S(1)-O(1) 109.54(7) 

O(3)-S(1)-C(17) 110.26(8) 

O(2)-S(1)-C(17) 109.08(8) 

O(1)-S(1)-C(17) 102.05(7) 
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_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 4.   Anisotropic displacement parameters  (Å2x 103) for toste72.  The anisotropic 

displacement factor exponent takes the form:  -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

C(1) 32(1)  21(1) 26(1)  -4(1) -1(1)  -5(1) 

C(2) 31(1)  32(1) 33(1)  -2(1) -6(1)  -4(1) 

C(3) 37(1)  35(1) 52(1)  -6(1) -19(1)  -3(1) 

C(4) 68(2)  33(1) 42(1)  1(1) -32(1)  -9(1) 

C(5) 70(2)  37(1) 27(1)  1(1) -9(1)  -19(1) 

C(6) 46(1)  31(1) 28(1)  -4(1) 2(1)  -12(1) 

C(7) 26(1)  25(1) 28(1)  1(1) 4(1)  -2(1) 

C(8) 43(1)  38(1) 38(1)  -1(1) 6(1)  10(1) 

C(9) 22(1)  27(1) 24(1)  4(1) -1(1)  2(1) 

C(10) 21(1)  27(1) 27(1)  0(1) 4(1)  1(1) 

C(11) 27(1)  24(1) 27(1)  1(1) 5(1)  -2(1) 

C(12) 30(1)  34(1) 35(1)  -1(1) -1(1)  2(1) 

C(13) 43(1)  47(1) 34(1)  -7(1) -8(1)  0(1) 

C(14) 52(1)  45(1) 29(1)  -10(1) 4(1)  0(1) 

C(15) 36(1)  34(1) 33(1)  -3(1) 12(1)  1(1) 

C(16) 28(1)  27(1) 27(1)  2(1) 3(1)  -3(1) 

C(17) 19(1)  20(1) 32(1)  2(1) 2(1)  1(1) 

C(18) 27(1)  21(1) 32(1)  0(1) -1(1)  0(1) 

C(19) 23(1)  23(1) 39(1)  6(1) -5(1)  -3(1) 

C(20) 23(1)  23(1) 36(1)  11(1) 3(1)  1(1) 

C(21) 32(1)  24(1) 28(1)  3(1) 3(1)  2(1) 

C(22) 26(1)  22(1) 31(1)  0(1) -2(1)  -2(1) 

N(1) 29(1)  35(1) 44(1)  17(1) 7(1)  3(1) 

O(1) 23(1)  25(1) 32(1)  0(1) 5(1)  0(1) 

O(2) 33(1)  31(1) 44(1)  -4(1) 11(1)  6(1) 

O(3) 20(1)  32(1) 46(1)  4(1) 2(1)  -1(1) 

O(4) 27(1)  42(1) 66(1)  21(1) 3(1)  -6(1) 

O(5) 45(1)  58(1) 49(1)  6(1) 22(1)  2(1) 

F(1) 38(1)  29(1) 34(1)  6(1) -11(1)  1(1) 

S(1) 20(1)  24(1) 35(1)  0(1) 5(1)  2(1) 

______________________________________________________________________________ 
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Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for toste72. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  
H(2) 7705 12059 1152 38 

H(3) 9708 11334 1884 50 

H(4) 8443 10958 2833 57 

H(5) 5179 11352 3058 54 

H(6) 3162 12062 2333 42 

H(8A) 2462 13522 1728 48 

H(8B) 1750 13527 1021 48 

H(9) 5420 11986 479 29 

H(10A) 3450 10657 905 30 

H(10B) 1529 11199 648 30 

H(12) 429 10782 -325 40 

H(13) 797 9954 -1241 50 

H(14) 3743 9153 -1474 50 

H(15) 6394 9238 -808 41 

H(18) 4165 7953 412 32 

H(19) 1270 7672 967 34 

H(21) 3405 9397 2326 33 

H(22) 6301 9681 1773 32 

________________________________________________________________________________  
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