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I. The synthetic details data for the substrates 4, 7 and 10.
General Procedure for the Synthesis of 4. To a solution of benzaldehyde 1 (5.01 g, 47.1 mmol, 1.0 equiv)
in 150 mL 50% EtOH was added powdered NaOH (2.07 g, 51.8 mmol, 1.1 equiv) followed by
hydroxylamine hydrochloride (3.60 g, 51.8 mmol, 1.1 equiv) in small portions. The mixture was allowed
to stir at rt for 1 h, ethanol was removed by vacuo and extracted with EtOAc (3 x 200 mL) and washed
with water (3 x 200 mL). The combined organic layers were dried over MgSO4 and concentrated in vacuo
resulted the yellow oil 2. The resulting oxime was dissolved 75 mL methanol and NaBH3CN (6.51g, 103.7
mmol, 2.2 equiv) was added in small portions by maintaining the pH ~ 2 using 2 N HCl at rt. The reaction
mixture was allowed to stir for 3 h before adding 6 N NaOH until pH ~ 9. The reaction mixture was
concentrated in vacuo and the product was extracted with EtOAc (3 x 100 mL), dried over anhydrous
MgSO4 and concentrated in vacuo. The dried crude N-benzyl-hydroxylamine 3 was added to flask
containing corresponding aldehyde (4.01g, 37.7 mmol, 0.8 equiv), Na2SO4 (10.00g, 70.65 mmol, 1.5 equiv)
in 190 mL dry DCM under argon atmosphere and the mixture was allowed to stir for 18 h. The mixture
was filtered, the filtrate was concentrated in vacuo and purified by flash chromatography on silica gel
(PE/EA) to give 4.
(Z)-N-Benzyl-1-phenylmethanimine oxide 4a. Yellow solid (18.13 g, 90%, PE/EA = 100:1); mp 82–84 oC;
1H NMR (500 MHz, CDCl3) δ 8.24–8.17 (m, 2H), 7.50–7.44 (m, 2H), 7.43–7.35 (m, 7H), 5.05 (s, 2H) ppm.
(Z)-N-Benzyl-1-(2-chlorophenyl)methanimine oxide 4b. White solid (3.07 g, 45%, PE/EA = 8:1); mp
87–89 oC; 1H NMR (500 MHz, CDCl3) δ 9.33–9.27 (m, 1H), 7.93 (s, 1H), 7.53–7.48 (m, 2H), 7.45–7.37 (m,
4H), 7.34–7.28 (m, 2H), 5.10 (s, 2H) ppm.
(Z)-N-Benzyl-1-(3-chlorophenyl)methanimine oxide 4c. Yellow oil (2.61 g, 38%, PE/EA = 8:1); IR (film) vmax:
3066, 3031, 2946, 1576, 1457, 1152, 714, 697 cm-1;1H NMR (500 MHz, CDCl3) δ 8.36 (s, 1H), 7.98–7.94 (m,
1H), 7.50–7.45 (m, 2H), 7.44–7.38 (m, 3H), 7.38–7.28 (m, 3H), 5.05 (s, 2H) ppm; 13C{1H} NMR (126 MHz,
CDCl3) δ 134.5, 132.9, 132.0, 130.4, 129.7, 129.3, 129.2, 129.1, 128.1, 126.7, 71.5 ppm; HRMS
(ESI-Orbitrap) m/z: [M+H]+ calcd for C14H13ClNO+: 246.0682, found: 246.0684.
(Z)-N-Benzyl-1-(3-bromophenyl)methanimine oxide 4d. Yellow solid (3.93 g, 48%, PE/EA = 5:1); mp
66–68 oC; IR (film) vmax: 3065, 3031, 2945, 1575, 1457, 1426, 1192, 1150, 710, 683 cm-1; 1H NMR (500
MHz, CDCl3) δ 8.49 (s, 1H), 8.05–8.01 (m, 1H), 7.53–7.44 (m, 3H), 7.44–7.37 (m, 3H), 7.35 (s, 1H),
7.26–7.22(m, 1H), 5.05 (s, 2H) ppm; 13C{1H} NMR (126 MHz, CDCl3) δ 133.3, 132.9, 132.8, 132.2, 131.0,
129.9, 129.3, 129.2, 129.1, 127.1, 122.6, 71.5 ppm; HRMS (ESI-Orbitrap) m/z: [M+H]+ calcd for
C14H13BrNO+: 290.0175, found: 290.0176.
(Z)-N-Benzyl-1-(4-chlorophenyl)methanimine oxide 4e. White solid (4.16 g, 61%, PE/EA = 10:1); mp
123–125 oC; 1H NMR (400 MHz, CDCl3) δ 8.19–8.13 (m, 2H), 7.49–7.44 (m, 2H), 7.43–7.38 (m, 3H),
7.38–7.32 (m, 3H), 5.04 (s, 2H) ppm.
(Z)-N-Benzyl-1-(4-methoxyphenyl)methanimine oxide 4f. White solid (1.96 g, 28%, PE/EA = 5:1); mp
101–103 oC; 1H NMR (400 MHz, CDCl3) δ 8.24–8.15 (m, 2H), 7.48–7.43 (m, 2H), 7.42–7.34 (m, 3H), 7.31 (s,
1H), 6.93–6.86 (m, 2H), 5.00 (s, 2H), 3.81 (s, 3H) ppm.
(Z)-N-Benzyl-1-(p-tolyl)methanimine oxide 4g. White solid (4.37 g, 67%, PE/EA = 10:1); mp 118–120 oC;
1H NMR (400 MHz, CDCl3) δ 8.14–8.09 (m, 2H), 7.50–7.45 (m, 2H), 7.43–7.34 (m, 4H), 7.23–7.18 (m, 2H),
5.03 (s, 2H), 2.37 (s, 3H) ppm.
(Z)-N-Benzyl-1-(4-(methylthio)phenyl)methanimine oxide 4h. White solid (2.37 g, 33%, PE/EA = 10:1);
mp 113–115 oC; IR (film) vmax: 3065, 2981, 2916, 1574, 1543, 1457, 1423, 1147, 826, 711 cm-1; 1H NMR
(500 MHz, CDCl3) δ 8.15–8.11 (m, 2H), 7.48–7.44(m, 2H), 7.43–7.37 (m, 3H), 7.33 (s, 1H), 7.24–7.19 (m,
2H), 5.03 (s, 2H), 2.49 (s, 3H) ppm; 13C{1H} NMR (126 MHz, CDCl3) δ 142.0, 133.9, 133.3, 129.3, 129.0,
128.9, 127.0, 125.4, 71.1, 15.0 ppm; HRMS (ESI-Orbitrap) m/z: [M+H]+ calcd for C15H16NOS+: 258.0947,
found: 258.0950.
(Z)-N-Benzyl-1-(4-cyanophenyl)methanimine oxide 4i. Yellow solid (2.93 g, 38%, PE/EA = 6:1); mp
156–158 oC; IR (film) vmax: 2223, 1596, 1573, 1493, 1453, 1172, 1153, 861, 698, 564 cm-1; 1H NMR (500
MHz, CDCl3) δ 8.32–8.25 (m, 2H), 7.68–7.60 (m, 2H), 7.49–7.38 (m, 6H), 5.09 (s, 2H) ppm; 13C{1H} NMR
(126 MHz, CDCl3) δ 134.3, 132.7, 132.5, 132.2, 129.3, 129.1, 128.5, 118.5, 113.0, 72.0 ppm; HRMS
(ESI-Orbitrap) m/z: [M+H]+ calcd for C15H13N2O+: 237.1022, found: 237.1023.
(Z)-N-Benzyl-1-(4-nitrophenyl)methanimine oxide 4j. Yellow solid (1.05 g, 17%, PE/EA = 8:1); mp
117–119 oC; 1H NMR (500 MHz, CDCl3) δ 8.38–8.33 (m, 2H), 8.25–8.18 (m, 2H), 7.54 (s, 1H), 7.51–7.46 (m,
2H), 7.45–7.38 (m, 3H), 5.11 (s, 2H) ppm.
(Z)-N-Benzyl-1-(4-(trifluoromethyl)phenyl)methanimine oxide 4k. White solid (3.53 g, 45%, PE/EA = 6:1);
mp 138–140 oC; 1H NMR (500 MHz, CDCl3) δ 8.34–8.28 (m, 2H), 7.66–7.60 (m, 2H), 7.51–7.39 (m, 6H),
5.09 (s, 2H) ppm.
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(Z)-N-Benzyl-1-(thiophen-2-yl)methanimine oxide 4l. Yellow solid (2.85 g, 46%, PE/EA = 8:1); mp
116–118 oC; 1H NMR (500 MHz, CDCl3) δ 7.81 (s, 1H), 7.49–7.35 (m, 7H), 7.15–7.09 (m, 1H), 5.07 (s, 2H)
ppm.
General Procedure for the Synthesis of 7. PdCl2(PPh3)2 (98 mg, 0.14 mmol, 0.001 equiv ) and CuI (97 mg,
0.51 mmol, 0.005 equiv) were suspended in THF (196 mL). Then the respective benzoyl chloride derivate
(13.76g, 97.9 mmol, 1 equiv) and arylacetylene (10.00g, 97.9 mmol, 1 equiv) were added to the
suspension. After the addition of Et3N (10 mL) the reaction mixture was stirred overnight. Subsequently
saturated NH4Cl solution (70 mL) was added to the reaction mixture. The aqueous phase was extracted
with EtOAc (3 x 200 mL). The organic phases were combined and washed with brine (200 mL) and dried
over MgSO4. The mixture was filtered, the filtrate was concentrated in vacuo and purified by flash
chromatography on silica gel (PE/EA) to give 7.
1,3-Diphenylprop-2-yn-1-one 7a. Yellow solid (18.13 g, 90%, PE/EA = 100:1); mp 47–49 oC; 1H NMR (500
MHz, CDCl3) δ 8.28–8.23 (m, 2H), 7.75–7.68 (m, 2H), 7.67–7.61 (m, 1H), 7.58–7.48 (m, 3H), 7.47–7.41 (m,
2H) ppm.
3-(4-Chlorophenyl)-1-phenylprop-2-yn-1-one 7b. Yellow solid (1.94 g, 53%, PE/EA = 100:1); mp
108–110oC; 1H NMR (500 MHz, CDCl3) δ 8.23–8.18 (m, 2H), 7.67–7.59 (m, 3H), 7.55–7.49 (m, 2H),
7.42–7.38 (m, 2H) ppm.
3-(4-Ethoxyphenyl)-1-phenylprop-2-yn-1-one 7c. Yellow solid (4.71 g, 92%, PE/EA = 20:1); mp 64–66 oC;
1H NMR (500 MHz, CDCl3) δ 8.25–8.19 (m, 2H), 7.66–7.58 (m, 3H), 7.55–7.48 (m, 2H), 6.94–6.89(m, 2H),
4.13–4.04 (m, 2H), 1.49–1.40 (m, 3H) ppm; 13C{1H} NMR (126 MHz, CDCl3) δ 178.2, 161.3, 137.2, 135.3,
134.0, 129.6, 128.7, 115.0, 111.8, 94.6, 87.0, 63.9, 14.8 ppm; HRMS (ESI-Orbitrap) m/z: [M+H]+ calcd for
C17H15O2

+: 251.1066, found: 251.1067.
1-Phenyl-3-p-tolylprop-2-yn-1-one 7d. Yellow solid (2.91 g, 77%, PE/EA = 30:1); mp 60–62 oC; 1H NMR
(500 MHz, CDCl3) δ 8.25–8.20 (m, 2H), 7.64–7.56 (m, 3H), 7.55–7.49 (m, 2H), 7.25–7.20 (m, 2H), 2.41 (s,
3H) ppm.
4-(3-Oxo-3-phenylprop-1-ynyl)benzonitrile 7e. Brown solid (2.20 g, 67%, PE/EA = 30:1); mp 73–75 oC; 1H
NMR (500 MHz, CDCl3) δ 8.91 (s, 1H), 8.73–8.67 (m, 1H), 8.25–8.18 (m, 2H), 7.98–7.95 (m, 1H), 7.69–7.62
(m, 1H), 7.57–7.50 (m, 2H), 7.41–7.35 (m, 1H) ppm.
1-Phenyl-3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-one 7f. Yellow solid (0.93 g, 40%, PE/EA = 100:1); mp
84–86 oC; 1H NMR (500MHz, CDCl3) δ 8.24–8.19 (m, 2H), 7.81–7.76 (m, 2H), 7.71–7.63 (m, 3H), 7.57–7.51
(m, 2H) ppm.
Methyl 4-(3-oxo-3-phenylprop-1-ynyl)benzoate 7g. Yellow solid (2.89 g, 87%, PE/EA = 30:1); mp 97–99
oC; 1H NMR (500 MHz, CDCl3) δ 8.25–8.19 (m, 2H), 8.12–8.07 (m, 2H), 7.77–7.72 (m, 2H), 7.68–7.62 (m,
1H), 7.56–7.50 (m, 2H), 3.97–3.91 (m, 3H) ppm.
3-(4-Nitrophenyl)-1-phenylprop-2-yn-1-one 7h. Brown solid (636 mg, 19%, PE/EA = 40:1); mp 155–157
oC; 1H NMR (500 MHz, CDCl3) δ 8.35–8.25 (m, 2H), 8.24–8.16 (m, 2H), 7.89–7.79 (m, 2H), 7.72–7.63 (m,
1H), 7.59–7.51 (m, 2H) ppm.
3-Cyclopropyl-1-phenylprop-2-yn-1-one 7i. Yellow oil (3.49 g, 68%, PE/EA = 50:1); 1H NMR (500 MHz,
CDCl3) δ 8.13–8.08 (m, 2H), 7.62–7.55 (m, 1H), 7.49–7.43 (m, 2H), 1.58–1.49 (m, 1H), 1.09–0.98 (m, 4H)
ppm.
1-Phenyl-3-(thiophen-3-yl)prop-2-yn-1-one 7j. Yellow solid (2.93 g, 38%, PE/EA = 5:1); mp 68–70 oC; 1H
NMR (500 MHz, CDCl3) δ 8.24–8.17 (m, 2H), 7.87–7.83 (m, 1H), 7.66–7.59 (m, 1H), 7.55–7.49 (m, 2H),
7.40–7.35 (m, 1H), 7.34–7.30 (m, 1H) ppm.
1-Phenyl-3-(thiophen-2-yl)prop-2-yn-1-one 7k. Brown solid (2.84 g, 72%, PE/EA = 80:1); mp 58–60 oC; 1H
NMR (500 MHz, CDCl3) δ 8.22–8.16 (m, 2H), 7.66–7.60 (m, 1H), 7.59–7.56 (m, 1H), 7.55–7.49 (m, 3H),
7.13–7.08 (m, 1H) ppm.
1-Phenyl-3-(pyridin-3-yl)prop-2-yn-1-one 7l. Yellow solid (1.58 g, 40%, PE/EA = 40:1); mp 143–145 oC; 1H
NMR (500 MHz, CDCl3) δ 8.23–8.17 (m, 2H), 7.80–7.75 (m, 2H), 7.74–7.70 (m, 2H), 7.69–7.63 (m, 1H),
7.57–7.50 (m, 2H) ppm.
4-Oxo-4-phenylbut-2-ynyl acetate 7m. Yellow oil (1.92 g, 47%, PE/EA = 60:1); 1H NMR (400 MHz, CDCl3) δ
8.13–8.09 (m, 2H), 7.64–7.59 (m, 1H), 7.51–7.46 (m, 2H), 4.94 (s, 2H), 2.15 (s, 3H) ppm.
4,4-Dimethyl-1-phenylpent-2-yn-1-one 7n. Colorless oil (2.71 g, 45%, PE/EA = 90:1); 1H NMR (400 MHz,
CDCl3) δ 8.16–8.11 (m, 2H), 7.62–7.57 (m, 1H), 7.51–7.45 (m, 2H), 4.94 (s, 2H), 2.15 (s, 3H) ppm.
1-(4-Chlorophenyl)-3-phenylprop-2-yn-1-one 7o. Yellow solid (1.62 g, 58%, PE/EA = 80:1); mp 107–109
oC; 1H NMR (500 MHz, CDCl3) δ 8.19–8.11 (m, 2H), 7.71–7.65 (m, 2H), 7.53–7.47 (m, 3H), 7.46–7.40 (m,
2H) ppm.
1-(4-Methoxyphenyl)-3-phenylprop-2-yn-1-one 7p. White solid (1.46 g, 52%, PE/EA = 50:1); mp 101–103
oC; 1H NMR (500 MHz, CDCl3) δ 8.24–8.17 (m, 2H), 7.71–7.64 (m, 2H), 7.50–7.44 (m, 1H), 7.43–7.38 (m,
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2H), 7.02–6.96 (m, 2H), 3.90 (s, 3H) ppm.
3-Phenyl-1-p-tolylprop-2-yn-1-one 7q. Yellow solid (1.53 g, 54%, PE/EA = 80:1); mp 71–73 oC; 1H NMR
(500 MHz, CDCl3) δ 8.14–8.09 (m, 2H), 7.70–7.65 (m, 2H), 7.50–7.44 (m, 1H), 7.43–7.38 (m, 2H),
7.33–7.28 (m, 2H), 2.44 (s, 3H) ppm.
1-(4-Nitrophenyl)-3-phenylprop-2-yn-1-one 7r. Yellow solid (411 mg, 15%, PE/EA = 80:1); mp 161–163 oC;
1H NMR (500 MHz, CDCl3) δ 8.41–8.32 (m, 4H), 7.74–7.68 (m, 2H), 7.57–7.50 (m, 1H), 7.49–7.42 (m, 2H)
ppm.
4-(3-Phenylpropioloyl)benzonitrile 7s. Yellow solid (1.29 g, 28%, PE/EA = 60:1); mp 50–52 oC; 1H NMR
(500 MHz, CDCl3) δ 8.34–8.28 (m, 2H), 7.86–7.80 (m, 2H), 7.74–7.66 (m, 2H), 7.57–7.49 (m, 1H),
7.48–7.42 (m, 2H) ppm.
1-(Naphthalen-2-yl)-3-phenylprop-2-yn-1-one 7t. White solid (1.95 g, 72%, PE/EA = 80:1); mp 92–94 oC;
1H NMR (500 MHz, CDCl3) δ 8.78 (s, 1H), 8.24–8.18 (m, 1H), 8.06–7.99 (m, 1H), 7.95–7.87(m, 2H),
7.76–7.70 (m, 2H), 7.65–7.54 (m, 2H), 7.52–7.41 (m, 3H) ppm.
3-Phenyl-1-(tetrahydro-2H-pyran-4-yl)prop-2-yn-1-one 7u. Yellow solid (2.93 g, 70%, PE/EA = 30:1); mp
40–42 oC; 1H NMR (500 MHz, CDCl3) δ 7.62–7.55 (m, 2H), 7.49–7.44 (m, 1H), 7.43–7.36 (m, 2H),
4.08–3.96 (m, 2H), 3.55–3.49 (m, 2H), 2.78–2.66 (m, 1H), 2.05–1.92 (m, 2H), 1.91–1.78 (m, 2H) ppm.
1-(3-Methylthiophen-2-yl)-3-phenylprop-2-yn-1-one 7v. Yellow solid (3.03 g, 69%, PE/EA = 100:1); mp
38–40 oC; IR (film) vmax: 3100, 2924, 2197, 1618, 1522, 1400, 1307, 1282, 777, 755 cm-1; 1H NMR (400
MHz, CDCl3) δ 7.68–7.62 (m, 2H), 7.57–7.53 (m, 1H), 7.50–7.44 (m, 1H), 7.43–7.37 (m, 2H), 7.01–6.96 (m,
1H), 2.68 (s, 3H) ppm; 13C{1H} NMR (100 MHz, CDCl3) δ 169.9, 146.2, 138.0, 133.1, 132.9, 130.7, 128.7,
120.2, 91.5, 88.2, 16.7 ppm. HRMS (ESI-Orbitrap) m/z: [M+H]+ calcd for C14H11OS+: 227.0525, found:
227.0526.
1-(3,5-Dimethylisoxazol-4-yl)-3-phenylprop-2-yn-1-one 7w. Yellow solid (3.55 g, 76%, PE/EA = 100:1);
mp 107–109 oC; IR (film) vmax: 2198, 1626, 1583, 1445, 1420, 1378, 1318, 1067, 758, 688 cm-1; 1H NMR
(400 MHz, CDCl3) δ 7.65–7.60 (m, 2H), 7.54–7.49 (m, 1H), 7.47–7.41 (m, 2H), 2.85 (s, 3H), 2.58 (s, 3H)
ppm; 13C{1H} NMR (100 MHz, CDCl3) δ 175.6, 170.5, 159.3, 132.8, 131.1, 128.9, 119.6, 117.0, 92.4, 88.1,
13.8, 12.0 ppm; HRMS (ESI-Orbitrap) m/z: [M+H]+ calcd for C14H12NO2

+: 226.0862, found: 226.0863.
General Procedure for the Synthesis of 10. To a solution of trimethylsilyl acetylene (1.3 equiv.) in THF at
0 oC under Ar atmosphere, n-BuLi (1.2 equiv., 2.5 M in hexane) was added dropwise. The mixture was
stirred for 15 min at 0 oC . The corresponding aldehyde (1.0 equiv.) was then added and the reaction was
stirred for additional 30 min at 0 oC and warmed up to room temperature for 30 min. Then, the mixture
was quenched with saturated NH4Cl solution and extracted with diethyl ether. The organic layers were
combined, washed with brine, dried over MgSO4 and the solvent was evaporated under reduced
pressure. K2CO3 (3.0 equiv.) was added to the crude mixture in MeOH and stirring was continued at room
temperature for 2 h. The crude was filtered under a pad of celite and washed with dichloromethane. The
residue was washed with ammonium chloride and brine and dried over MgSO4. After evaporation of the
solvent, the residue was purified by column chromatography on silica gel to afford the corresponding
propargylic alcohol in 80-90% yield. The crude alcohol was dissolved in dichloromethane and treated
with MnO2 (15.0 equiv.). After stirring at room temperature for 2 h, the reaction was complete as
determined by TLC. Excess MnO2 was removed by filtration of the reaction mixture through a pad of
celite. The filtrate was washed sequentially with water and brine and dried over MgSO4. The mixture was
filtered, the filtrate was concentrated in vacuo and purified by flash chromatography on silica gel (PE/EA)
to give 10.

1-(4-Bromophenyl)prop-2-yn-1-one 10a. Yellow solid (2.92 g, 45%, PE/EA = 40:1); mp 108–110 oC; 1H
NMR (500 MHz, CDCl3) δ 8.05–7.97 (m, 2H), 7.68–7.61 (m, 2H), 3.46 (s, 1H) ppm.
1-P-tolylprop-2-yn-1-one 10b. White solid (2.82 g, 57%, PE/EA = 60:1); mp 44–46 oC; 1H NMR (500 MHz,
CDCl3) δ 8.08–8.04 (m, 2H), 7.32–7.27 (m, 2H), 3.40 (s, 1H), 2.44 (s, 3H) ppm.
1-(3-Chlorophenyl)prop-2-yn-1-one 10c. Yellow solid (1.92 g, 37%, PE/EA = 60:1); mp 53–55 oC; 1H NMR
(500 MHz, CDCl3) δ 8.11 (s, 1H), 8.07–8.01 (m, 1H), 7.63–7.57 (m, 1H), 7.49–7.41 (m, 1H), 3.51 (s, 1H)
ppm.
5-Phenylpent-1-yn-3-one 10d. Yellow oil (2.31 g, 42%, PE/EA = 50:1); 1H NMR (500 MHz, CDCl3) δ
7.32–7.27 (m, 2H), 7.23–7.18 (m, 3H), 3.23 (s, 1H), 3.02–2.97 (m, 2H), 2.95–2.90 (m, 2H) ppm.
1-Cyclohexylprop-2-yn-1-one 10e. Yellow oil (3.03 g, 67%, PE/EA = 70:1); 1H NMR (500 MHz, CDCl3) δ
3.22 (s, 1H), 2.47–2.39 (m, 1H), 2.03–1.97 (m, 2H), 1.82–1.77 (m, 2H), 1.69–1.63 (m, 1H), 1.47–1.40 (m,
2H), 1.34–1.23 (m, 3H) ppm.

II. X-Ray Structure for compound 11ac
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ORTEP drawing of the X-ray crystallographic structure of 11ac (20191226hct1611 is the original test
number for 11ac):

N OBn

Ph

O
Ph

OEt

CCDC 2032670. For detailed crystallographic data, please refer to the Cambridge Crystallographic Data
Centre at www.ccdc.cam.ac.uk/data_request/cif.
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