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Montmorillonite K 10 catalyzed highly regioselective azidolysis of epoxides: a short and efficient synthesis of phenylglycine
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Experimental Procedure:
General:

All reagents were purchased from commercial sources and used without further purification, unless otherwise stated. Petroleum ether (PE) refers to the fraction of petroleum boiling between 60–80 °C. The following abbreviations are used for CbzCl = Benzyl chloroformate, MsCl = Methanesulfonyl chloride, DBU = 1,8-Diazabicyclo[5.4.0]undec-7-ene, MeOH = methanol, TBDPSCl = tert-Butyldiphenylchlorosilane, DMAP = 4-Dimethylaminopyridine, IBX = 2-iodoxybenzoic acid, THF = Tetrahydrofuran, DMF= Dimethylformamide, DCM = dichloromethane, EtOAc = ethyl acetate. All the reactions were carried out in oven-dried glassware under an argon atmosphere using anhydrous solvents, standard syringe and septum techniques unless otherwise indicated. Organic extracts were dried over anhydrous Na2SO4 and then filtered prior to removal of all volatiles under reduced pressure on rotary evaporation. Chromatographic purification of products was accomplished using column chromatography on silica gels (mesh 100 ~ 200). Thin-layer chromatography (TLC) was carried out on aluminium sheets, Silica Gel 60 F254 (Merck; layer thickness 0.25 mm). Visualization of the developed chromatogram was performed by UV light and /or ninhydrin, CAM stains. IR spectra were recorded as thin films (for liquids). 1H and 13C NMR spectra were recorded at 300, 400 or 500 MHz and 75, 100 or 125 MHz, respectively using CDCl3 as solvent. Chemical shifts (δ) are given in ppm relative to the solvent residual peak or TMS as internal standard. The following abbreviations are used for multiplicity of NMR signals: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad. High Resolution Mass Spectra (HRMS) were measured in a QTOF I (quadrupole-hexapole-TOF) mass spectrometer with an orthogonal Z-spray-electrospray interface on Micro (YA-263) mass spectrometer (Manchester, UK).
Synthesis of Starting materials:
The starting materials were synthesized according to literature procedure. [
] All the spectral data were consistent with data reported in the literature.
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2-(3-Nitrophenyl)oxirane (4).[1a, 
] Powdered mCPBA (278 mg, 1.61 mmol) was added for. 10 min. to a stirred heterogeneous aqueous mixture of NaHCO3 (0.3 N, 15 ml) and 3-nitrostyrene (200 mg, 1.34 mmol) cooled at 0°C. The suspension was vigorously stirred at room temperature for 2 h and then extracted twice with ethyl ether. The organic phase was washed with a cooled solution of 10% NaOH, then with saturated brine and dried over Na2SO4. The solvent was removed under reduced pressure and the crude compound was purified by column chromatography using EtOAc/petroleum ether (1 : 9) on silica gel to afford 4 as a colorless oil (137 mg, 62% yield). 1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 7.6 Hz, 2H), 7.61 (d, J = 8 Hz, 1H), 7.53 (t, J = 8 Hz, 1H), 3.96 (dd, J = 4, 2.4 Hz, 1H), 3.21 (m, 1H), 2.80 (dd, J = 5.6, 2.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 148.9, 140.2, 131.6, 129.7, 123.2, 120.7, 51.5.
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2-((Benzyloxy)methyl)oxirane (5).[1b-c, 
] A mixture of 40% w/w aqueous sodium hydroxide (10 mL), benzyl alcohol (649 mg, 6 mmol), TBAB (97 mg, 0.3 mmol) was vigorously stirred at room temperature and placed in an ice bath. Epichlorohydrin (1.88 mL, 24 mmol) was gradually added over 20 min. The reaction was stirred for 24 h. The reaction mixture poured on ice/water (10 mL). The aqueous phase was extracted with diethyl ether (2 x 20 mL). The combined organic phase was washed with brine, dried Na2SO4, concentrated to give crude compound which was purified by column chromatography using EtOAc/petroleum ether (15 : 85) on silica gel to afford 5 as a colorless oil (740 mg, 75% yield. 1H NMR (300 MHz, CDCl3) δ 7.34 - 7.23 (m, 5H), 4.56 (ABq, J = 12 Hz, 2H), 3.74 (dd, J = 11.4, 3.0 Hz, 1H), 3.42 (dd, J = 11.4, 5.7 Hz, 1H), 3.16 (ddt, J = 5.7, 4.2, 2.7 Hz, 1H), 2.77 (dd, J = 5.1, 4.2 Hz, 1H), 2.59 (dd, J = 5.1, 2.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 137.9, 128.4, 127.8, 73.3, 70.8, 50.8, 44.2.
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2-(Phenoxymethyl)oxirane (6).[1e, 
] To a stirred solution of phenol (1 g, 10.62 mmol) in 15 ml ethanol was added NaOH (510 mg, 12.74 mmol). After stirring for 20 min at RT, epichlorohydrin (3.33 mL, 42.5 mmol) was added dropwise for 30 min. The resulting mixture was stirred at RT for 9h. After completion of reaction, solvent was removed under reduced pressure, added water (20 mL) and extracted twice with EtOAc. The organic phases were combined and washed with water, brine, dried over Na2SO4, concentrated to give crude product. Crude product was purified by column chromatography using EtOAc/pet ether (1 : 9) on silica gel to afford 6 as a colorless oil (1.12 g, 70% yield)  1H NMR (300 MHz, CDCl3) δ 7.29 - 7.21 (m, 2H), 6.97 - 6.87 (m, 3H), 4.17 (dd, J = 11.1, 3 Hz, 1H), 3.90 (dd, J = 11.1, 5.7 Hz, 1H), 3.30 (ddt, J = 5.7, 4.2, 3 Hz, 1H), 2.84 (dd, J = 5.1, 4.2 Hz, 1H), 2.70 (dd, J = 5.1, 2.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 158.5, 129.5, 121.2, 114.6, 68.7, 50.1, 44.6.
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2-((4-Nitrophenoxy)methyl)oxirane (7).[4] To a mixture of epichlorohydrin (556 μL, 7.10 mmol) and 4-nitrophenol (395 mg, 2.84 mmol) in DMF (10 ml) was added K2CO3 (471 mg, 3.41 mmol). The mixture was stirred for 18 hours at RT. The reaction mixture was diluted with EtOAc (25 ml), washed successively with water and brine, dried over Na2SO4 and concentrated. The residue was purified by column chromatography using ethyl acetate-petroleum ether (15 : 85) on silica gel to afford the product 7 as a white solid (360 mg, 65% yield). 1H NMR (300 MHz, CDCl3) δ 8.17 - 8.12 (m, 2H), 6.98 - 6.93 (m, 2H), 4.37 (dd, J = 11.1, 2.7 Hz, 1H), 3.97 (dd, J = 11.1, 6.0 Hz, 1H), 3.35 (ddt, J = 5.4, 4.2, 2.7 Hz, 1H), 2.91(t, J = 4.5, 1H), 2.75 (dd, J = 4.8, 2.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 163.4, 141.8, 125.9, 114.7, 69.5, 49.8, 44.4.
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2-((4-Fluorophenoxy)methyl)oxirane (8).[4] To a mixture of epichlorohydrin (639 μL, 8.16 mmol) and 4-fluorophenol (183 mg, 1.63 mmol) in acetonitrile (10 ml) was added K2CO3 (451.1 mg, 3.26 mmol). The mixture was heated at reflux for 3 hours. The solvent was evaporated, added water (20 mL) and extracted twice with EtOAc. The organic phases were combined and washed with water, brine, dried over Na2SO4, concentrated to give crude product. Crude product was purified by column chromatography using EtOAc/pet ether (1 : 9) on silica gel to afford 8 as a colorless solid (223 mg, 81% yield). 1H NMR (300 MHz, CDCl3) δ 6.99 - 6.92 (m, 2H), 6.88 - 6.82 (m, 2H), 4.18 (dd, J = 11.1, 3.0 Hz, 1H), 3.88 (dd, J = 11.1, 5.7 Hz, 1H), 3.32 (ddd, J = 6.9, 5.7, 2.7 Hz, 1H), 2.88 (t, J = 4.5, 1H), 2.72 (dd, J = 5.1, 2.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 159.2, 156.0, 154.7, 116.1, 115.9, 115.8, 69.5, 50.2, 44.6.
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2-((4-Methoxyphenoxy)methyl)oxirane (9).[
] 9 was synthesized from compound 4-methoxyphenol, following the same procedure as of 6. (520 mg, 77% yield). 1H NMR (300 MHz, CDCl3) δ 6.89 - 6.81 (m, 4H), 4.16 (dd, J = 11.1, 3.3 Hz, 1H), 3.91 (dd, J = 11.1, 5.7 Hz, 1H), 3.76 (s, 3H), 3.33 (ddd, J = 6.9, 5.7, 3.0 Hz, 1H), 2.89 (dd, J = 5.1, 4.2 Hz, 1H), 2.74 (dd, J = 5.1, 2.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 154.3, 152.8, 115.9, 114.8, 69.7, 55.8, 50.4, 44.8.
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2-((3,4-Dimethylphenoxy)methyl)oxirane (10). 10 was synthesized from compound 3,4-dimethylphenol, following the same procedure as of 6. (457 mg, 57% yield). 1H NMR (300 MHz, CDCl3) δ 6.95 (d, J = 10.8 Hz, 2H), 6.72 (d, J = 8.1 Hz, 1H), 4.20 (dd, J = 11.1, 3.3 Hz, 1H), 3.96 (dd, J = 11.1, 5.4 Hz, 1H), 3.36 (m, 1H), 2.90 (t, J = 4.5 Hz, 1H), 2.78 (dd, J = 5.1, 2.7 Hz, 1H), 2.27 (s, 3H), 2.23 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 154.7, 131.8, 130.3, 127.1, 127.0, 111.6, 69.1, 50.5, 44.8, 20.6, 16.2; HRMS (ESI): m/z [M+Na]+ calcd for C11H14O2Na: 201.0892; found 201.0894.
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2-((Cyclohex-3-en-1-ylmethoxy)methyl)oxirane (11). 3-Cyclohexene-1-methanol (1 g, 8.91 mmol) was added dropwise to a stirred mixture of 50% aqueous sodium hydroxide (12 mL), epichlorohydrin (3.3 mL, 35.66 mmol,), and TBAB (290 mg, 0.89 mmol) at 0°C. After a reaction period of 16 hours, the mixture was poured into water (20 mL), and the aqueous medium was extracted with EtOAc The organic layer was washed with water, dried over Na2SO4 and concentrated to give crude compound. Crude product was purified by column chromatography using EtOAc/petroleum ether (1 : 9) on silica gel to afford 11 as a colorless oil (1.2 g, 80% yield). 1H NMR (500 MHz, CDCl3) δ 5.67 - 5.62 (m, 2H), 3.71 (dd, J = 11.7, 3.0 Hz, 1H), 3.42 - 3.32 (m, 3H), 3.13 (m, 1H), 2.78 (t, J = 4.5 Hz, 1H), 2.59 (dd, J = 5.1, 2.7 Hz, 1H), 2.09 (m, 1H), 2.05 - 2.02 (m, 2H), 1.89 (m, 1H), 1.80(m, 1H), 1.71 (m, 1H), 1.26 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 127.2, 126.0, 76.6,  71.8 , 51.0, 44.4, 34.0, 28.6, 25.7, 24.6; HRMS (ESI): m/z [M+Na]+ calcd for C10H16O2Na: 191.1048; found 191.1045.
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2-((Prop-2-yn-1-yloxy)methyl)oxirane (12).[1g,, 
] To a solution of propargyl alcohol (1 mL, 17 mmol) in a mixture of 10 mL benzene and 10 mL of a 50% NaOH was added TBAB (550 mg, 1.7 mmol). The mixture was cooled to 0°C and epichlorohydrine (4 mL, 51 mmol) was added dropwise. The reaction was vigorously stirred at room temperature for 24 h, diluted with ether and washed with water and brine, and finally dried over Na2SO4. Solvent was removed in vacuo and the crude product was purified by column chromatography using EtOAc/petroleum ether (2 : 8) on silica gel to afford 12 as a colorless oil (540 mg, 31% yield). 1H NMR (500 MHz, CDCl3) δ 4.19 - 4.11 (m, 2H), 3.76 (dd, J = 11.4, 3 Hz, 1H), 3.41 (dd, J = 11.4, 6 Hz, 1H), 3.11 (dt, J = 6, 2.7 Hz, 1H), 2.74 (t, J = 4.5 Hz, 1H), 2.57 (dd, J = 5.1, 2.4 Hz, 1H), 2.42 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 79.3, 74.8, 70.3, 58.4, 50.4, 44.2.
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5-(Oxiran-2-ylmethoxy)-1H-indole (13). To a stirred solution of 5-hydroxyindole (365 mg, 2.74 mmol) and TBAB (88.4 mg, 0.27 mmol) in 5 ml 20% NaOH, was added epichlorohydrin (644 μL, 8.22 mmol) dropwise at 10°C. The resulting mixture was stirred at 60°C for 2h. After completion of reaction, the mixture was poured into water (10 mL), and the aqueous medium was extracted with EtOAc The organic layer was washed with water, dried over Na2SO4 and concentrated to give crude compound. Crude product was purified by column chromatography using EtOAc/ petroleum ether (3:7) on silica gel to afford 13 as a white solid (204 mg, 40% yield). 1H NMR (300 MHz, CDCl3) δ 8.31 (s, 1H), 7.36 (d, J = 8.7 Hz, 1H), 7.24 (d, J = 2.7 Hz, 2H), 7.01 (dd, J = 8.7, 2.4 Hz, 1H), 6.58 (m, 1H), 4.36 (dd, J = 11.1, 3.3 Hz, 1H), 4.11 (dd, J = 11.1, 5.7 Hz, 1H), 3.50 (ddt, J = 5.7, 3.9, 3.0 Hz, 1H), 3.01 (t, J = 4.5 Hz, 1H), 2.89 (dd, J = 4.8, 2.7 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 153.1, 131.4, 128.3, 125.3, 112.8, 111.9, 104.0, 102.3, 69.8, 50.6, 44.9; HRMS (ESI): m/z [M+Na]+ calcd for C11H11NO2Na: 190.0859; found 190.0862.
General method for epoxide ring opening:

To a mixture of epoxide (1 equiv) and NaN3 (1.5 equiv) in CH3CN-H2O (8:2, 10 mL) Montmorillonite K 10 (5% w/w) was added. The reaction mixture was stirred at 80°C for a specified time as required to complete the reaction. After completion as indicated by TLC, the reaction mixture was then filtered, the filter pad was washed with CH3CN and the combined filtrates were evaporated. The reaction mixture was extracted with EtOAc, the combined organic layers were washed with H2O and brine, dried over anhydrous Na2SO4, and evaporated under reduced pressure. The crude product was then purified by column chromatography over silica gel using EtOAc/petroleum ether as eluent to provide the pure azido alcohol. Characterization data of all the products are shown below.

(1S,2S)-2-Azidocyclohexanol (1a): [
] Isolated yield: 324 mg (85%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 3.36 (td, J = 9.6, 4.5 Hz, 1H), 3.16 (m, 1H), 2.63 (s, 1H), 2.06 - 1.96 (m, 2H), 1.80 - 1.66 (m, 2H), 1.38 - 1.19 (m, 4H); 13C NMR (75 MHz, CDCl3) δ 73.6, 67.2, 33.1, 29.8, 24.3, 23.9; IR (Neat) νmax 3390, 3365, 2937, 2862, 2096, 1452 cm-1.
1-Azido-3-chloropropan-2-ol (2a): [
] Isolated yield: 695 mg (94%); colorless liquid; 1H NMR (500 MHz, CDCl3) δ 3.99 (t, J = 6.0 Hz, 1H), 3.64 - 3.57 (m, 2H), 3.47 (d, J = 5.4 Hz, 2H), 2.59 (s, 1H); 13C NMR (125 MHz, CDCl3) δ 70.5, 53.6, 46.5; IR (Neat) νmax 3417, 3018, 2929, 2108, 1616 cm-1.
2-Azido-1-phenylethanol (3b): [
].Isolated yield: 104 mg (15%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.42 - 7.31 (m, 5H), 4.89 (t, J = 6.3 Hz, 1H), 3.54 – 3.41 (m, 2H), 2.35 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 140.7, 128.9, 128.6, 126.1, 73.6, 58.3; IR (Neat) νmax 3383, 3014, 2925, 2102, 1492, 1454 cm-1.
2-Azido-2-(3-nitrophenyl)ethanol (4a): Isolated yield: 28.3 mg (67%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 8.24 - 8.20 (m, 2H), 7.70 (dt, J = 7.8, 1.5 Hz, 1H), 7.59 (td, J = 7.5, 1.2 Hz, 1H), 4.80 (dd, J = 7.5, 4.5 Hz, 1H), 3.87 - 3.75 (m, 2H), 2.08 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 148.7, 138.9, 133.3, 130.1, 123.7, 122.4, 66.8, 66.5; IR (Neat) νmax 3365, 2923, 2102, 1527, 1352 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C8H8N4O3Na: 231.0494; found: 231.0491.
2-Azido-1-(3-nitrophenyl)ethanol (4b): Isolated yield: 7.2 mg (17%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 8.26 (t, J = 2.1 Hz, 1H), 8.17 (ddd, J = 8.1, 2.4, 1.2 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.56 (t, J = 7.8 Hz, 1H), 5.00 (dd, J = 7.2, 4.5 Hz, 1H), 3.58 - 3.46 (m, 2H), 2.79 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 148.6, 142.8, 132.2, 129.8, 123.3, 121.2, 72.4, 58.0; IR (Neat) νmax 3434, 2923, 2108, 1529, 1352 cm-1.
1-Azido-3-(benzyloxy)propan-2-ol (5a): [
] Isolated yield: 186.5 mg (91%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.41 - 7.29 (m, 5H), 4.55 (s, 2H), 3.95 (p, J = 5.4 Hz, 1H), 3.55 - 3.46 (m, 2H), 3.40 - 3.30 (m, 2H), 2.97 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 137.6, 128.5, 128.0, 127.8, 73.5, 71.4, 69.6, 53.5; IR (Neat) νmax 3442, 2921, 2866, 2102, 1454, 1286 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C10H13N3O2Na: 230.0905; found: 230.0903.
1-Azido-3-phenoxypropan-2-ol (6a): [10] Isolated yield: 329.4 mg (95%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.32 (t, J = 7.8 Hz, 2H), 7.01 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 8.1 Hz, 2H), 4.17 (h, J = 5.1 Hz, 1H), 4.01 (d, J = 5.4 Hz, 2H), 3.57 - 3.46 (m, 2H), 2.92 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 158.3, 129.7, 121.5, 114.6, 69.4, 69.1, 53.5; IR (Neat) νmax 3431, 2931, 2104, 1599, 1496 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C9H11N3O2Na: 216.0749; found: 216.0748.
1-Azido-3-(4-nitrophenoxy)propan-2-ol (7a): Isolated yield: 95 mg (86%); white solid; 1H NMR (300 MHz, CDCl3) δ 8.17 - 8.12 (m, 2H), 6.98 - 6.93 (m, 2H), 4.21 (q, J = 5.1 Hz, 1H), 4.10 (d, J = 5.1 Hz, 2H), 3.81 - 3.48 (m, 2H), 2.91 (d, J = 5.1 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 163.3, 141.9, 126.0, 114.6, 69.8, 69.0, 53.3; IR (Neat) νmax 3454, 2933, 2104, 1593, 1514, 1498, 1346 cm-1.
2-Azido-3-(4-nitrophenoxy)propan-1-ol (7b): Isolated yield: 5.5 mg (5%); white solid; 1H NMR (300 MHz, CDCl3) δ 8.24 - 8.19 (m, 2H), 7.09 - 7.03 (m, 2H), 4.62 (p, J = 5.1 Hz, 1H), 3.96 - 3.88 (m, 2H), 3.62 (d, J = 5.4 Hz, 2H), 1.93 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 162.6, 142.3, 126.2, 115.8, 78.2, 62.0, 51.0; IR (Neat) νmax 3433, 2925, 2102, 1591, 1510, 1344 cm-1.
1-Azido-3-(4-fluorophenoxy)propan-2-ol (8a): Isolated yield: 132 mg (96%); white solid; 1H NMR (300 MHz, CDCl3) δ 7.01 - 6.93 (m, 2H), 6.87 - 6.80 (m, 2H), 4.14 (m, 1H), 3.96 (d, J = 5.1 Hz, 2H), 3.56 - 3.44 (m, 2H), 2.88 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 159.2, 156.1, 154.44, 154.41, 116.2, 115.9, 115.8, 115.6, 69.8, 69.3, 53.4; IR (Neat) νmax 2931, 2104, 1506, 1209 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C9H10N3O2FNa: 234.0655; found: 234.0656.
1-Azido-3-(4-methoxyphenoxy)propan-2-ol (9a): Isolated yield: 222 mg (98%); white solid; 1H NMR (300 MHz, CDCl3) δ 6.87 - 6.81 (m, 4H), 4.14 (p, J = 5.4 Hz, 1H), 4.0 - 3.91 (m, 2H), 3.77 (s, 3H), 3.56 - 3.44 (m, 2H), 2.71 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 154.4, 152.5, 115.7, 114.9, 70.0, 69.5, 55.8, 53.5; IR (Neat) νmax 3435, 2933, 2104, 1508, 1230 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C10H13N3O3Na: 246.0855; found: 246.0857.
1-Azido-3-(3,4-dimethylphenoxy)propan-2-ol (10a): Isolated yield: 222 mg (98%); white solid; 1H NMR (300 MHz, CDCl3) δ 6.96 (d, J = 8.1 Hz, 2H), 6.72 (d, J = 7.8 Hz, 1H), 4.19 (h, J = 5.1 Hz, 1H), 3.99 (d, J = 5.1 Hz, 2H), 3.59 - 3.48 (m, 2H), 2.53 (d, J = 5.1 Hz, 1H), 2.27 (s, 3H), 2.21 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 154.3, 131.8, 130.6, 127.2, 126.6, 111.5, 69.7, 69.4, 53.7, 20.5, 16.2; IR (Neat) νmax 3429, 2924, 2104, 1504, 1255 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C11H15N3O4Na: 244.1062; found: 244.1064.
1-Azido-3-(cyclohex-3-en-1-ylmethoxy)propan-2-ol (11a): Isolated yield: 450 mg (95%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 5.70 - 5.60 (m, 2H), 3.92 (m, 1H), 3.49 - 3.40 (m, 2H), 3.39 - 3.30 (m, 4H), 2.55 (s, 1H), 2.11 - 2.01 (m, 3H), 1.89 (m, 1H), 1.81 - 1.65 (m, 2H), 1.26 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 127.2, 125.9, 76.6, 72.1, 69.7, 53.6, 33.8, 28.5, 25.6, 24.6; IR (Neat) νmax 3409, 3022, 2916, 2102, 1436, 1278, 1130 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C10H17N3O2Na: 234.1218; found: 234.1219.
1-Azido-3-(prop-2-yn-1-yloxy)propan-2-ol (12a): [
] Isolated yield: 248 mg (92%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 4.18 (d, J = 2.4 Hz, 2H), 3.95 (tt, J = 6.0, 4.5 Hz, 1H), 3.61 - 3.51 (m, 2H), 3.42 - 3.31 (m, 2H), 2.74 (s, 1H), 2.47 (t, J = 2.4 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 79.2, 75.2, 71.2, 69.6, 58.7, 53.5; IR (Neat) νmax 3585, 3307, 3018, 2106, 1215 cm-1.
1-((1H-Indol-5-yl)oxy)-3-azidopropan-2-ol (13a): Isolated yield: 238 mg (97%); yellow solid; 1H NMR (300 MHz, CDCl3) δ 8.15 (s, 1H), 7.23 (d, J = 9.6 Hz, 1H), 7.14 (t, J = 3 Hz, 1H), 7.09 (d, J = 2.4 Hz, 1H), 6.84 (dd, J = 8.7, 2.4 Hz, 1H), 6.45(m, 1H), 4.13 (m, 1H), 4.03 - 3.95 (m, 2H), 3.52 - 3.41 (m, 2H), 2.77 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 152.6, 131.4, 128.2, 125.5, 112.5, 111.9, 103.9, 102.1, 70.1, 69.5, 53.4; IR (Neat) νmax 3411, 2925, 2104, 1622, 1581, 1479, 1454, 1284 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C11H12N4O2Na: 255.0858; found: 255.0857.
(1S,3R,4R,5S)-Methyl 4-azido-3-((tert-butyldiphenylsilyl)oxy)-5-hydroxycyclohexanecarboxylate (14a): Isolated yield: 22.1 mg (39%); white solid; 1H NMR (500 MHz, CDCl3) δ 7.72 - 7.67 (m, 4H), 7.47 - 7.38 (m, 6H), 4.22 (s, 1H), 3.74 (m, 1H), 3.65 (s, 3H), 3.31 (td, J = 9, 3 Hz, 1H), 2.91 (tt, J = 12.5, 4 Hz, 1H), 2.28 (dq, J = 13.5, 4 Hz, 1H), 2.03 (d, J = 8.5 Hz, 1H), 1.89 (m, 1H), 1.48 (q, J = 12.5 Hz, 1H), 1.39 (t, J = 12.5 Hz, 1H), 1.12 (s, 9H); 13C NMR (125 MHz, CDCl3) δ 174.6, 136.0, 133.3, 133.0, 130.3, 128.0, 75.6, 71.4, 61.7, 52.0, 36.0, 33.9, 32.3, 27.3, 19.6; IR (Neat) νmax 3789, 3018, 2931, 2104, 1724, 1585,1217 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C24H31N3O4SiNa: 476.1982; found: 476.1980.
(1S,3S,4R,5R)-Methyl 3-azido-5-((tert-butyldiphenylsilyl)oxy)-4-hydroxycyclohexanecarboxylate (14b): Isolated yield: 12.4 mg (22%); white solid; 1H NMR (300 MHz, CDCl3) δ 7.73 - 7.68 (m, 4H), 7.49 - 7.37 (m, 6H), 3.75 - 3.66 (m, 2H), 3.64 (s, 3H), 3.45 (dd, J = 9.6, 3 Hz, 1H), 2.84 (tt, J = 12.6, 3.6 Hz, 1H), 2.39 (s, 1H), 2.24 (m, 1H), 2.04 (dq, J = 14.2, 3.6 Hz, 1H), 1.40 - 1.29 (m, 2H), 1.11 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 174.8, 136.0, 135.9, 133.5, 132.9, 130.3, 130.1, 128.1, 127.9, 76.5, 69.1, 61.6, 52.0, 35.6, 32.7, 32.3, 27.2, 19.5; IR (Neat) νmax 3365, 2931, 2106, 1734, 1109 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C24H31N3O4SiNa: 476.1982; found: 476.1984.
(3aR,5S,7R,7aS)-Methyl 7-hydroxy-2,2-dimethylhexahydrobenzo[d][1,3]dioxole-5-carboxylate (16): [
] Sodium methoxide (440 mg, 8.14 mmol) in methanol (10 mL) was added to a solution containing 15[
] (1.07 g, 5.40 mmol) in dry MeOH (15 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 1 h then at room temperature for a period of 4 h. The reaction mixture was neutralized by adding acetic acid at 0 °C. Methanol was evaporated to dryness. The reaction mixture was diluted with EtOAc (20 mL), washed successively with water and brine, dried over Na2SO4 and concentrated. The residue was purified by column chromatography using EtOAc-petroleum ether (1:1) on silica gel to afford the product 16 as a white solid (970 mg, 78% yield). 1H NMR (500 MHz, CDCl3) δ 4.34 (d, J = 5.8 Hz, 1H), 3.82 (t, J = 7 Hz 1H), 3.75 - 3.71 (m, 1H), 3.68 (s, 3H), 2.71 (td, J = 12.3, 4.0 Hz, 2H), 2.31(m, 1H), 2.12 (m, 1H), 1.85 (ddd, J = 15.7, 12.2, 4.0 Hz, 1H), 1.47 (s, 3H), 1.44 (m, 1H), 1.34 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 175.4, 109.0, 80.5, 73.6, 71.7, 52.1, 36.2, 32.7, 28.9, 28.4, 26.2; IR (Neat) νmax 3446, 2935, 1734, 1220, 1058 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C11H18O5Na: 253.1052; found 253.1054.
(3aR,5R,7R,7aR)-methyl 2,2-dimethyl-7-((methylsulfonyl)oxy)hexahydrobenzo[d][1,3]dioxole-5-carboxylate (17): [12] To a solution of 16 (565 mg, 2.45 mmol) in dry DCM (10 mL) was added Et3N (0.86 mL, 6.13 mmol). Mesylchloride (0.25 mL, 3.19 mmol) was added dropwise at 0 °C. The reaction mixture was stirred at 0 °C for a period of 1.5 h. After completion of the reaction it was diluted with DCM (20 mL), washed with water, brine. Organic layer was dried over Na2SO4, concentrated in vaccuo and purified by column chromatography using EtOAc-petroleum ether (3:7) on silica gel to obtain compound 17 as colorless solid (665 mg, 88% yield). 1H NMR (400 MHz, CDCl3) δ 4.54 (ddd, J = 12.1, 7.5, 4.7 Hz, 1H), 4.34 (dt, J = 5.2, 2.2 Hz, 1H), 3.94 (dd, J = 7.5, 5.2 Hz, 1H), 3.61 (s, 3H), 3.05 (s, 3H), 2.71 (tt, J = 12.5, 3.3 Hz, 1H), 2.32 - 2.25 (m, 2H), 1.77 (ddd, J = 15.7, 12.7, 3.8 Hz, 1H), 1.58 (q, J = 12.4 Hz, 1H), 1.45 (s, 3H), 1.28 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.9, 109.7, 82.9, 77.4, 74.0, 52.2, 38.8, 36.1, 32.6, 28.9, 28.2, 26.2; IR (Neat) νmax 2985, 1734, 1356, 1174, 931, 819 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C12H20O7SNa: 331.0827; found 331.0825.
(1R,3R,4R,5R)-methyl 3,4-dihydroxy-5-((methylsulfonyl)oxy)cyclohexanecarboxylate (18): [12] A suspension of 17 (500 mg, 1.62 mmol) in 80% aqueous acetic acid (10 mL) was stirred for 3 h at 60 °C. After cooling to rt, the solvents were removed by co-evaporation with toluene (3x20 mL). The residue was dried in high vacuum to give 18 as colorless solid (426 mg, 98% yield). 1H NMR (500 MHz, CDCl3) δ 4.85 (ddd, J = 11.7, 9.3, 5.1 Hz, 1H), 4.22 (m, 1H), 3.69 (s, 3H), 3.61 (d, J = 8.8 Hz, 1H), 3.11 (s, 3H), 3.08 (s, 1H), 2.95 (tt, J = 12.7, 3.5 Hz, 1H), 2.56 (s, 1H), 2.45 (m, 1H), 2.23 (dq, J = 14.3, 3.3 Hz, 1H), 1.73 (q, J = 12.6 Hz, 1H), 1.66 - 1.60 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 174.4, 81.2, 73.5, 69.4, 52.2, 38.6, 35.7, 33.3, 32.8; IR (Neat) νmax 3527, 1734, 1327, 1167, 904 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C9H16O7SNa: 291.0515; found 291.0518.
(1S,3R,5R,6R)-methyl 5-hydroxy-7-oxabicyclo[4.1.0]heptane-3-carboxylate (19): [12] To a solution of compound 18 (420 mg, 1.56 mmol) in dry THF (10 mL) was added DBU (0.72 mL, 4.69 mmol). The reaction mixture was refluxed overnight at 70 °C. The reaction mixture was concentrated, diluted with EtOAc (30 mL). Organic layer was washed with brine (10 mL), dried over Na2SO4, concentrated in vaccuo and purified by column chromatography using EtOAc-petroleum ether (3:7) on silica gel to obtain compound 19 as colorless oil (199 mg, 74% yield). 1H NMR (500 MHz, CDCl3) δ 4.11 (s, 1H), 3.64 (s, 3H), 3.41 (s, 1H), 3.33 (t, J = 3.8 Hz, 1H), 2.63 (tt, J = 8.5, 4.1 Hz, 1H), 2.55 (m, 1H), 2.21 (dd, J = 15.2, 4.9 Hz, 1H), 1.95 (ddd, J = 15.2, 8.4, 2.4 Hz, 1H), 1.81 (dt, J = 13.8, 3.7 Hz, 1H), 1.64 (ddd, J = 14.2, 10.1, 5.2 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 175.4, 63.9, 54.8, 54.2, 52.0, 33.4, 32.3, 26.3; IR (Neat) νmax 3488, 2952, 1732, 1438, 1201, 1066 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C8H12O4Na: 195.0633; found 195.0636.
(1S,3S,5R,6S)-Methyl 5-((tert-butyldiphenylsilyl)oxy)-7-oxabicyclo[4.1.0]heptane-3-carboxylate (14): To a stirred solution of 19 (182 mg, 1.06 mmol) in dry DMF (5 ml) was added imidazole (216 mg, 3.17 mmol). After stirring for 5 min at 0°C, TBDPSCl (357 μL, 1.37 mmol) was added dropwise. The resulting mixture was stirred at RT for 9h. The reaction mixture was diluted with EtOAc (15 ml), washed successively with water and brine, dried over Na2SO4 and concentrated. The residue was purified by column chromatography using ethyl acetate-petroleum ether (1 : 9) on silica gel to afford the product 14 as a white solid (396 mg, 91% yield). 1H NMR (300 MHz, CDCl3) δ 7.75 (dd, J = 7.8, 1.8 Hz, 2H), 7.69 (dd, J = 7.8, 1.8 Hz, 2H), 7.47 - 7.36 (m, 6H), 4.04 (ddd, J = 7.8, 5.1, 3 Hz, 1H), 3.49 (s, 3H), 3.25 (m, 1H), 3.02 (t, J = 3.6 Hz, 1H), 2.71(m, 1H), 2.04 (dt, J = 5.1, 2.7 Hz, 2H), 1.90 (ddd, J = 13.2, 7.5, 3.6 Hz, 1H), 1.68 (ddd, J = 13.2, 7.2, 5.4 Hz, 1H), 1.09 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 175.5, 135.9, 134.0, 133.9, 129.8, 127.8, 66.6, 54.8, 53.5, 51.9, 35.5, 31.2, 27.0, 25.5, 19.4; IR (Neat) νmax 2952, 2931, 2856, 1733, 1651, 1109 cm-1; HRMS (ESI): m/z [M+Na]+ calcd for C24H30O4SiNa: 433.1811; found 433.1814.
2-Azido-2-phenylacetic acid (20): [
] To a solution of chromium trioxide (2.26 g, 22.61 mmol,) in 1.5M H2SO4 (10 ml), was added 2-azido-2-phenylethanol 3a (870 mg, 5.95 mmol), dissolved in acetone (20 ml) at 0°C. The reaction mixture was then stirred whilst allowing the temperature to reach room temperature. After stirring the reaction mixture overnight, acetone was removed in vacuo. It was diluted with ether (30 ml) and the organic layer was extracted with 1M NaOH (15 ml). The aqueous layer was acidified with H2SO4 (1.5 M, 12 ml) and then extracted with EtOAc. The organic layer was separated, dried over anhydrous Na2SO4, and evaporated under reduced pressure. Crude product was purified by column chromatography using DCM-MeOH (97 : 3) on silica gel to afford 20 as a white solid (211 mg, 20%). 1H NMR (300 MHz, CDCl3) δ 9.44 (s, 1H), 7.46 - 7.38 (m, 5H), 5.05 (s, 1H); 13C NMR (75 MHz, CDCl3) δ 174.6, 133.3, 129.8, 129.4, 127.8, 65.3; IR (Neat) νmax 3454, 3066, 2108, 1724, 1242 cm-1.
Benzonitrile (21): [
] Isolated yield: 215 mg (35%); colorless oil; 1H NMR (300 MHz, CDCl3) δ 7.64 – 7.56 (m, 3H), 7.45 (t, J = 7.5 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 132.8, 132.1, 129.2, 118.8, 112.4; IR (Neat) νmax 3064, 2227, 1650, 1490 cm-1.
1H NMR of 4 (400 MHz, CDCl3).
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13C NMR of 4 (100 MHz, CDCl3).
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1H NMR of 5 (300 MHz, CDCl3).
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13C NMR of 5 (75 MHz, CDCl3).
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1H NMR of 6 (300 MHz, CDCl3).
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13C NMR of 6 (75 MHz, CDCl3).
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1H NMR of 7 (300 MHz, CDCl3).
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13C NMR of 7 (75 MHz, CDCl3).
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1H NMR of 8 (300 MHz, CDCl3).
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13C NMR of 8 (75 MHz, CDCl3).
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1H NMR of 9 (300 MHz, CDCl3).
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13C NMR of 9 (75 MHz, CDCl3).
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1H NMR of 10 (300 MHz, CDCl3).
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13C NMR of 10 (75 MHz, CDCl3).
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1H NMR of 11 (500 MHz, CDCl3).
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13C NMR of 11 (125 MHz, CDCl3).
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1H NMR of 12 (500 MHz, CDCl3).
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13C NMR of 12 (125 MHz, CDCl3).
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1H NMR of 13 (300 MHz, CDCl3).
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13C NMR of 13 (75 MHz, CDCl3).
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1H NMR of 16 (500 MHz, CDCl3).
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13C NMR of 16 (125 MHz, CDCl3).
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1H NMR of 17 (400 MHz, CDCl3).
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13C NMR of 17 (100 MHz, CDCl3).
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1H NMR of 18 (500 MHz, CDCl3).
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13C NMR of 18 (125 MHz, CDCl3).
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1H NMR of 19 (500 MHz, CDCl3).
[image: image115.emf]HO

COOMe

O


[image: image27.emf]0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

1

.

1

1

1

.

0

7

1

.

1

0

1

.

0

5

0

.

9

0

1

.

0

2

1

.

0

1

0

.

9

7

3

.

1

4

1

.

0

0

-

0

.

0

4

6

1

.

6

1

3

1

.

6

2

4

1

.

6

3

4

1

.

6

4

2

1

.

6

5

1

1

.

6

6

1

1

.

6

7

1

1

.

7

8

8

1

.

7

9

5

1

.

8

0

3

1

.

8

1

6

1

.

8

2

3

1

.

8

3

1

1

.

9

2

7

1

.

9

3

2

1

.

9

4

4

1

.

9

4

9

1

.

9

5

8

1

.

9

6

3

1

.

9

7

5

1

.

9

7

9

2

.

1

8

9

2

.

1

9

9

2

.

2

1

9

2

.

2

2

9

2

.

5

4

3

2

.

5

5

3

2

.

6

0

3

2

.

6

1

0

2

.

6

2

0

2

.

6

2

9

2

.

6

3

8

2

.

6

4

6

2

.

6

5

6

3

.

3

2

2

3

.

3

3

0

3

.

3

3

8

3

.

4

0

9

3

.

6

4

2

4

.

1

1

1

7

.

2

6

0


13C NMR of 19 (125 MHz, CDCl3).
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1H NMR of 14 (300 MHz, CDCl3).
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13C NMR of 14 (75 MHz, CDCl3).
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1H NMR of 1a (300 MHz, CDCl3).
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N

3


[image: image31.emf]0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5

4

.

3

7

2

.

1

7

2

.

2

9

0

.

9

4

0

.

9

8

1

.

0

0

-

0

.

0

2

9

1

.

1

8

3

1

.

1

9

2

1

.

1

9

7

1

.

1

9

9

1

.

2

0

8

1

.

2

1

7

1

.

2

2

5

1

.

2

3

7

1

.

2

6

3

1

.

2

8

5

1

.

2

9

6

1

.

3

0

6

1

.

3

1

4

1

.

3

2

2

1

.

3

3

3

1

.

3

4

1

1

.

3

5

0

1

.

3

7

6

1

.

6

6

1

1

.

6

7

3

1

.

6

8

7

1

.

6

9

4

1

.

7

0

4

1

.

7

1

5

1

.

7

2

4

1

.

7

3

5

1

.

7

4

4

1

.

7

5

3

1

.

7

8

1

1

.

7

9

8

1

.

9

5

4

1

.

9

6

1

1

.

9

7

2

1

.

9

7

9

1

.

9

8

7

1

.

9

9

2

2

.

0

0

7

2

.

0

1

8

2

.

0

2

3

2

.

0

3

3

2

.

0

4

1

2

.

0

4

9

2

.

0

5

8

2

.

0

6

3

2

.

6

3

5

3

.

1

1

4

3

.

1

2

9

3

.

1

4

4

3

.

1

5

1

3

.

1

6

0

3

.

1

8

1

3

.

1

9

6

3

.

3

2

1

3

.

3

3

6

3

.

3

5

3

3

.

3

6

8

3

.

3

8

6

3

.

4

0

1

7

.

2

6

0


13C NMR of 1a (75 MHz, CDCl3).
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1H NMR of 2a (500 MHz, CDCl3).
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13C NMR of 2a (125 MHz, CDCl3).
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1H NMR of 3a (300 MHz, CDCl3).
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13C NMR of 3a (75 MHz, CDCl3).
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1H NMR of 3b (300 MHz, CDCl3).
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13C NMR of 3b (75 MHz, CDCl3).
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1H NMR of 4a (300 MHz, CDCl3).
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13C NMR of 4a (75 MHz, CDCl3).
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1H NMR of 4b (300 MHz, CDCl3).
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13C NMR of 4b (75 MHz, CDCl3).
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1H NMR of 5a (300 MHz, CDCl3).
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13C NMR of 5a (75 MHz, CDCl3).
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1H NMR of 6a (300 MHz, CDCl3).
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13C NMR of 6a (75 MHz, CDCl3).
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1H NMR of 7a (300 MHz, CDCl3).
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13C NMR of 7a (75 MHz, CDCl3).
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1H NMR of 7b (300 MHz, CDCl3).
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13C NMR of 7b (75 MHz, CDCl3).
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1H NMR of 8a (300 MHz, CDCl3).
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13C NMR of 8a (75 MHz, CDCl3).
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1H NMR of 9a (300 MHz, CDCl3).
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13C NMR of 9a (75 MHz, CDCl3).
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1H NMR of 10a (300 MHz, CDCl3).
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13C NMR of 10a (75 MHz, CDCl3).
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1H NMR of 11a (300 MHz, CDCl3).
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13C NMR of 11a (75 MHz, CDCl3).
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1H NMR of 12a (300 MHz, CDCl3).
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13C NMR of 12a (75 MHz, CDCl3).
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1H NMR of 13a (300 MHz, CDCl3).
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13C NMR of 13a (75 MHz, CDCl3).
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1H NMR of 14a (500 MHz, CDCl3).
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13C NMR of 14a (125 MHz, CDCl3).
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1H NMR of 14b (300 MHz, CDCl3).
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13C NMR of 14b (75 MHz, CDCl3).
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1H NMR of 20 (300 MHz, CDCl3).
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13C NMR of 20 (75 MHz, CDCl3).
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1H NMR of 21 (300 MHz, CDCl3).
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13C NMR of 21 (75 MHz, CDCl3).
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1H NMR of 22 (500 MHz, CDCl3).
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13C NMR of 22 (125 MHz, CDCl3).
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1H NMR of 23 (300 MHz, CDCl3).
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13C NMR of 23 (75 MHz, CDCl3).
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1H NMR of 24 (300 MHz, CDCl3).
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13C NMR of 24 (75 MHz, CDCl3).
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1H NMR of 25 (300 MHz, CDCl3).
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13C NMR of 25 (75 MHz, CDCl3).
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_1593257011.cdx

_1592354031.unknown

_1592354035.unknown

_1593036815.cdx

_1593036945.cdx

_1592354033.unknown

_1592354034.cdx

_1592354032.cdx

_1592354026.unknown

_1592354029.unknown

_1592354030.cdx

_1592354027.cdx

_1592354024.unknown

_1592354025.cdx

_1592354023.cdx

_1592354005.unknown

_1592354014.unknown

_1592354018.unknown

_1592354020.unknown

_1592354021.cdx

_1592354019.cdx

_1592354016.unknown

_1592354017.cdx

_1592354015.cdx

_1592354009.unknown

_1592354011.unknown

_1592354012.cdx

_1592354010.cdx

_1592354007.unknown

_1592353995.unknown

_1592354001.unknown

_1592354003.unknown

_1592354004.cdx

_1592354002.cdx

_1592353999.unknown

_1592354000.cdx

_1592353996.cdx

_1592353991.unknown

_1592353993.unknown

_1592353994.cdx

_1592353992.cdx

_1592353988.unknown

_1592353989.cdx

_1592353987.cdx

_1592353970.unknown

_1592353978.unknown

_1592353982.unknown

_1592353984.unknown

_1592353985.cdx

_1592353983.cdx

_1592353980.unknown

_1592353981.cdx

_1592353979.cdx

_1592353974.unknown

_1592353976.unknown

_1592353977.cdx

_1592353975.cdx

_1592353972.unknown

_1592353973.cdx

_1592353971.cdx

_1592353961.unknown

_1592353965.unknown

_1592353967.unknown

_1592353969.cdx

_1592353966.cdx

_1592353963.unknown

_1592353964.cdx

_1592353962.cdx

_1592353957.unknown

_1592353959.unknown

_1592353960.cdx

_1592353958.cdx

_1592353955.unknown

_1592353956.cdx

_1592353954.cdx

_1592353920.unknown

_1592353937.unknown

_1592353945.unknown

_1592353949.unknown

_1592353951.unknown

_1592353952.cdx

_1592353950.cdx

_1592353947.unknown

_1592353948.cdx

_1592353946.cdx

_1592353941.unknown

_1592353943.unknown

_1592353944.cdx

_1592353942.cdx

_1592353939.unknown

_1592353940.cdx

_1592353938.cdx

_1592353928.unknown

_1592353933.unknown

_1592353935.unknown

_1592353936.cdx

_1592353934.cdx

_1592353931.unknown

_1592353932.cdx

_1592353929.cdx

_1592353924.unknown

_1592353926.unknown

_1592353927.cdx

_1592353925.cdx

_1592353922.unknown

_1592353923.cdx

_1592353921.cdx

_1592353904.unknown

_1592353912.unknown

_1592353916.unknown

_1592353918.unknown

_1592353914.unknown

_1592353915.cdx

_1592353913.cdx

_1592353908.unknown

_1592353910.unknown

_1592353911.cdx

_1592353909.cdx

_1592353906.unknown

_1592353907.cdx

_1592353905.cdx

_1592353886.cdx

_1592353896.unknown

_1592353900.unknown

_1592353902.unknown

_1592353903.cdx

_1592353901.cdx

_1592353898.unknown

_1592353899.cdx

_1592353897.cdx

_1592353892.unknown

_1592353894.unknown

_1592353895.cdx

_1592353893.cdx

_1592353889.unknown

_1592353890.cdx

_1592353888.cdx

_1592353880.cdx

_1592353882.cdx

_1592353885.cdx

_1592353881.cdx

_1592353878.cdx

_1592353879.cdx

_1592353877.cdx

