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EXPERIMENTAL SECTION 

General Methods. All reagents were purchased from commercial sources and were used without 
further purification unless otherwise stated. Reactions were carried out with distilled and dried 
solvents using oven-dried glassware. 1H NMR and 13C NMR were recorded in CDCl3 using TMS as 
internal standard on 400 and 100 MHz spectrometer respectively. Coupling constants (J) are reported 
in Hertz (Hz). In 1H NMR spectra signal multiplicity is abbreviated as s = singlet, d = doublet, dd = 
doublet of doublet, dt = doublet of triplet, td = triplet of doublet, qd, quartet of doublet, t = triplet, q = 
quartet, m = multiplet, br = broad. IR spectra were recorded on a FT-IR spectrometer, and only major 
peaks were reported in cm−1. Optical rotations were measured on a polarimeter using sodium light (D 
line 589 nm). High resolution mass spectroscopy (HRMS) were obtained by the ESI (TOF) ionization 
sources. 
 

1,2:3,4-Di-O-isopropylidene-β-D-psicofuranose (2a). Thick liquid: [α]
D

25
 = -80.3 (c 1.02, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 4.90 (dd, J = 5.9, 0.8 Hz, 1H), 4.63 (d, J = 5.9 Hz, 1H), 4.32 (d, J = 9.7 
Hz, 1H), 4.28 (t, J = 2.8 Hz, 1H), 4.06 (d, J = 5.9 Hz, 1H), 3.74 (dt, J = 12.6, 2.8 Hz, 1H), 3.67 – 3.59 
(m, 1H), 3.20 (dd, J = 10.5, 3.0 Hz, 1H), 1.49 (s, 3H), 1.43 (s, 3H), 1.39 (s, 3H), 1.31 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 113.5, 112.4, 111.8, 86.9, 85.9, 81.7, 70.0, 64.0, 26.6, 26.4, 26.2; 24.9; IR 
(CHCl3) ν 3495, 2988, 1376, 1205, 1015, 852 cm−1; HRMS (TOF): [M.+ Na]+ calcd for C12H20NaO6 
283.1158, found 283.1159.  
 
1,2:3,4-di-O-isopropylidene-6-O-benzyl-β-D-psicofuranose (3a). To a stirring solution of 2a (2 g, 7.6 
mmol) in DMF at 0 °C, NaH (0.4 g, 10.0 mmol) was added under N2 atmosphere and stirred for 10 
min. To this, benzyl bromide (1 mL, 8.4 mmol) was added drop-wise. The resulting mixture was 
slowly allowed to warm to room temperature and stirred overnight. After completion of starting 
material saturated aq. NaHCO3 is added and extracted with EtOAc. The combined organic layers were 
washed with water, brine, dried over Na2SO4 filtered and concentrated in vacuo. Purification of the 
crude product by column chromatography using petroleum ether/EtOAC gave the title compound 3a. 

Thick liquid; Rf = 0.5 (petroleum ether/EtOAC, 85:15); Yield: (2.4 g, 92%); [α]
D

25  = -65.6 (c 0.67, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.40 – 7.25 (m, 5H,), 4.76 (d, J = 5.9 Hz, 1H), 4.61 (d, J = 5.7 
Hz, 1H), 4.57 (d, J = 4.9 Hz, 2H), 4.34-4.27 (m, 2H), 4.06 (d, J = 9.6 Hz, 1H), 3.62 – 3.50 (m, 2H), 
1.45 (s, 3H), 1.44 (s, 3H), 1.38 (s, 3H), 1.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 138.1, 128.4, 
127.6, 113.5, 112.6, 111.5, 85.1, 83.9, 82.5, 73.3, 70.9, 69.8, 26.6, 26.5, 26.4, 25.2;  IR (CHCl3) ν 
3495, 2988, 1376, 1205, 1015, 852 cm−1; HRMS (TOF): [M.+ Na]+ calcd for C19H26NaO6 373.1627, 
found 373.1631. 
 

6-Azido-6-deoxy-1,2;3,4-di-O-isopropylidene-β-D-psicofuranose (4a). Thick liquid: [α]
D

25
 = -53.0 (c 

1.06, CHCl3); 1H NMR (400 MHz, CDCl3) δ 4.63 (dd, J = 5.9, 1.0 Hz, 1H), 4.59 (d, J = 5.8 Hz, 1H), 
4.30 (d, J = 9.7 Hz, 1H), 4.21 – 4.15 (m, 1H), 4.04 (d, J = 9.9 Hz, 1H), 3.51 (dd, J = 12.6, 7.6 Hz, 
1H), 3.28 (dd, J = 12.6, 6.8 Hz, 1H), 1.46 (s, 3H), 1.43 (s, 3H), 1.37 (s, 3H), 1.30 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 113.9, 113.0, 112.0, 85.3, 84.2, 82.5, 69.7, 53.3, 26.5, 26.5, 26.3, 25.2; IR 
(CHCl3) ν 2989, 2099, 1376, 1205, 1065, 1020, 853 cm−1; HRMS (TOF): [M  + Na]+ calcd for 
C12H19N3NaO5 308.1222, found 308.1219. 
 
6-deoxy-6-((9H-fluoren-9-yl)methylcarbamate)-1,2;3,4-di-O-isopropylidene-β-D-psicofuranose (5a). 
To a solution of compound 4a (3.5 g, 12.2 mmol) in EtOAc (15 mL) in a RB flask was added 10% 
Pd–C 0.5 g. The mixture was hydrogenated using H2 balloon at room temperature for 3 h. After 
completion of reaction the slurry was filtered through celite and concentrated in vacuo to give amine 
quantitatively. This crude amine was dissolved in THF and 10% NaHCO3 soln (7.5 mL) added. The 
resulting solution was cooled to 0 °C and Fmoc-OSu 1.1 eq (4.5 g, 13.5 mmol) with respect to amine 
was added slowly as a solution in THF. The resulting mixture was allowed to warm to room 
temperature overnight. Water was then added and extracted with EtOAc (100 mL X 3). The combined 
organic layers were washed with water, brine and dried over Na2SO4 and concentrated to dryness. The 
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dry residue was chromatographed on a column of silica gel using petroleum ether/EtOAC to get 5a. 

White solid: Rf = 0.5 (petroleum ether/EtOAC, 75:25); Yield: (5.0 g, 85%); [α]
D

25  = -53.0 (c 0.7, 

CHCl3); mp- 102-104 ºC; 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.5 Hz, 2H), 7.62 – 7.57 (m, 
2H), 7.40 (t, J = 7.4 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 5.54 (t, J = 5.4 Hz, 1H), 4.66 (d, J = 5.8 Hz, 
1H), 4.59 (d, J = 5.7 Hz, 1H), 4.48 – 4.37 (m, 2H), 4.34 (d, J = 9.8 Hz, 1H), 4.25 (dt, J = 13.9, 6.2 Hz, 
2H), 4.06 (d, J = 9.9 Hz, 1H), 3.42 (t, J = 5.7 Hz, 2H), 1.49 (s, 3H), 1.44 (s, 3H), 1.41 (s, 3H), 1.31 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 156.6, 144.1, 144.0, 141.5, 141.4, 127.8, 127.1, 125.1, 120.1, 
113.7, 112.8, 111.8, 85.7, 84.6, 82.3, 70.0, 66.8, 47.3, 43.6, 26.5, 26.5, 26.4, 25.2; IR (CHCl3) ν 3356, 
2988, 1718, 1519, 1243, 1064, 855, 733 cm−1; HRMS (TOF): [M + Na]+ calcd for C27H31NNaO7 
504.1998, found 504.1998.  
 
General procedure for the synthesis of spirooxazolines 6a & 7a. 
To a solution of psicofuranose derivative 5a (0.2 g, 0.415 mmol) and acetonitrile (a) (2 mL) or 
propionitrile (b) (2 mL) at 0 °C was added TMSOTf (0.074 mL, 0.415 mmol) under N2 atmosphere. 
After addition, the reaction mixture was stirred at room temperature for 1-1.5 h. After complete 
consumption of the starting material, triethylamine was added to quench the reaction. The mixture 
was concentrated in vacuo. Water is then added and extracted with EtOAc (20 mL X 2). The 
combined organic layers were washed with water, brine and dried over Na2SO4 and concentrated to 
dryness. The dry residue was chromatographed on a column of silica gel using petroleum ether (bp 
60−70 °C) and EtOAc to afford compounds 6a & 7a. 
 
General procedure for the synthesis of spiro oxazolines 8a-18a. 
To a solution of psicofuranose derivative 3a (0.2 g, 0.57 mmol) or 5a (0.2 g, 0.415 mmol) and nitrile 
(c-m) (15 equiv) in toluene (2 mL) at 0 °C was added TMSOTf (1 equiv) under N2 atmosphere. After 
addition, the reaction mixture was stirred at room temperature for 1-1.5 h. After complete 
consumption of the starting material, triethylamine was added to quench the reaction and followed the 
same workup and purification procedure as above mentioned to afford compounds 8a-18a. 
 

Compound (6a). White foam: Rf = 0.3 (petroleum ether/EtOAc, 70:30); Yield: (133 mg, 69%); [α]
D

25
 

= -44.8 (c 0.24, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.5 Hz, 2H), 7.68-7.60 (m, 2H), 
7.40 (t, J = 7.4 Hz, 2H), 7.35 – 7.26 (m, 2H), 7.06 (d, J = 5.5 Hz, 1H), 4.77 (d, J = 5.8 Hz, 1H), 4.58 
(d, J = 10.8 Hz, 1H), 4.52 (d, J = 5.9 Hz, 1H), 4.40 (d, J = 7.3 Hz, 2H), 4.35 (br, 1H), 4.24 (t, J = 7.0 
Hz, 1H), 4.18 (d, J = 10.8 Hz, 1H), 3.63 (ddd, J = 13.2, 8.2, 4.7 Hz, 1H), 3.34 (dt, J = 14.3, 3.1 Hz, 
1H), 2.05 (s, 3H), 1.46 (s, 3H), 1.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 168.2, 156.9, 144.2, 
144.1, 141.4, 127.7, 127.0, 125.3, 125.2, 120.0, 112.7, 110.1, 86.2, 84.6, 83.3, 72.5, 66.6, 47.4, 43.8, 
26.5, 25.1, 14.5; IR (CHCl3) ν 3303, 2939, 1709, 1657, 1517, 1214, 1075, 741 cm−1; HRMS (TOF): 
[M + H]+ calcd for C26H29N2O6 465.2026, found 465.2029.  
 

Compound (7a).Thick liquid: Rf = 0.4 (petroleum ether/EtOAc, 80:20); Yield: (143 mg, 72%); [α]
D

25
 

= -73.1 (c 0.2, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 7.5 Hz, 2H), 7.63 (t, J = 7.1 Hz, 
2H), 7.43 – 7.34 (m, 2H), 7.32 – 7.26 (m, 2H), 4.77 (d, J = 5.9 Hz, 1H), 4.57 (d, J = 10.8 Hz, 1H), 
4.51 (d, J = 5.9 Hz, 1H), 4.41 (d, J = 8.0 Hz, 2H), 4.37 (t, J = 3.2 Hz, 1H), 4.23 (t, J = 7.0 Hz, 1H), 
4.18 (d, J = 10.8 Hz, 1H), 3.73 – 3.63 (m, 1H), 3.31 (dt, J = 14.3, 2.6 Hz, 1H), 2.33 (qd, J = 7.5, 3.1 
Hz, 2H), 1.46 (s, 3H), 1.33 (s, 3H), 1.18 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.4, 
157.0, 144.3, 144.0, 141.4, 127.7, 127.0, 125.3, 125.2, 120.0, 112.6, 109.7, 86.2, 84.7, 83.2, 72.4, 
66.6, 47.4, 43.8, 26.7, 25.1, 21.8, 10.0. IR (CHCl3) ν 3246, 2931, 1720, 1656, 1536, 1250, 1085, 749 
cm−1; HRMS (TOF): [M + H]+ calcd for C27H31N2O6 479.2182, found 479.2184.  
 

Compound (8a).White foam: Rf = 0.4 (petroleum ether/EtOAc, 80:20); Yield: (143 mg, 65%); [α]
D

25
 = 

-67.2 (c 0.88, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.5 Hz, 2H), 7.65 (t, 8.3 Hz, 2H), 
7.47 (d, J = 7.4 Hz, 1H), 7.40 (t, J = 7.4 Hz, 2H), 7.34 – 7.27 (m, 2H), 4.78 (d, J = 5.9 Hz, 1H), 4.55 
(d, J = 10.8 Hz, 1H), 4.52 (d, J = 5.9 Hz, 1H), 4.41 (d, J = 7.6 Hz, 2H), 4.37 (br s, 1H), 4.23 (t, J = 7.1 
Hz, 1H), 4.17 (d, J = 10.8 Hz, 1H), 3.71 (ddd, J = 13.4, 8.9, 4.2 Hz, 1H), 3.31 (dt, J = 14.3, 2.5 Hz, 
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1H), 2.37-2.27 (m, 1H), 2.03-1.91 (m, 2H), 1.79 – 1.69 (m, 2H), 1.67-1.57 (m, 1H), 1.54-1.48 (m, 
1H), 1.47 (s, 3H), 1.45 – 1.37 (m, 1H), 1.34 (s, 3H), 1.31 – 1.18 (m, 3H); 13C NMR (100 MHz, 
CDCl3) δ 174.4, 157.0, 144.4, 144.1, 141.4 127.7, 127.1, 127.0, 125.2, 120.0, 112.6, 109.7, 86.4, 84.6, 
83.3, 72.1, 66.8, 47.5, 43.9, 37.5, 29.8, 29.6, 26.6, 25.8, 25.6, 25.5, 25.2; IR (CHCl3) ν 3247, 2932, 
1716, 1648, 1534, 1249, 1057, 747 cm−1; HRMS (TOF): [M + H]+ calcd for C31H37N2O6 533.2652, 
found 533.2652.  
 

Compound (9a). Sticky liquid: Rf = 0.4 (petroleum ether/EtOAc, 70:30); Yield: (107 mg, 53%); [α]
D

25
 

= -52.3 (c 0.3, CHCl3); 1H NMR (400 MHz, CDCl3); 7.77 (d, J = 7.5 Hz, 2H), 7.69 – 7.59 (m, 2H), 
7.40 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 7.4 Hz, 2H), 7.19 (d, J = 6.1 Hz, 1H), 6.86 – 6.73 (m, 1H), 5.98 
(dd, J = 15.8, 1.7 Hz, 1H), 5.24 – 5.10 (m, 1H), 4.79 (d, J = 5.8 Hz, 1H), 4.61 (d, J = 10.7 Hz, 1H), 
4.54 (d, J = 5.8 Hz, 1H), 4.46 – 4.34 (m, 3H), 4.29 – 4.18 (m, 2H), 3.71 – 3.59 (m, 1H), 3.40 – 3.29 
(m, 1H), 1.89 (dd, J = 6.9, 1.6 Hz, 2H), 1.47 (s, 3H), 1.33 (s, 3H); 13C NMR (100 MHz, CDCl3) δ  
165.4, 157.0, 144.3, 144.2, 142.3, 141.5, 130.5, 127.8, 127.1, 125.3, 120.1, 118.7, 112.7, 110.0, 86.4, 
84.8, 83.4, 72.0, 66.7, 47.5, 44.0, 33.0, 26.6, 25.2; IR (CHCl3) ν 3253, 2931, 1713, 1674, 1606, 1532, 
1247, 1053, 746 cm−1; HRMS (TOF): [M + H]+ calcd for C28H31N2O6 491.2182, found 491.2189.  
 
Compound (10a). Light brown foam: Rf = 0.3 (petroleum ether/EtOAc, 80:20); Yield: (137 mg, 61%); 

[α]
D

25 = -85.8 (c 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.2 Hz, 2H), 7.75 (d, J = 7.6 

Hz, 2H), 7.66 (d, J = 7.5 Hz, 2H), 7.45 (d, J = 6.5 Hz, 1H), 7.41-7.33 (m, 2H), 7.32 – 7.18 (m, 4H), 
4.89 (d, J = 5.8 Hz, 1H), 4.79 (d, J = 10.8 Hz, 1H), 4.67 (d, J = 5.9 Hz, 1H), 4.51 – 4.36 (m, 4H), 4.30 
(t, J = 7.3 Hz, 1H), 3.76 (ddd, J = 13.0, 8.4, 4.3 Hz, 1H), 3.42 (dt, J = 14.2, 2.8 Hz, 1H), 2.26 (s, 3H), 
1.51 (s, 3H), 1.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.6, 157.0, 144.2, 141.4, 138.4, 133.2, 
129.4, 128.6, 127.8, 127.2, 127.1, 126.8, 126.0, 125.3, 120.1, 112.8, 110.2, 86.5, 85.0, 83.5, 72.6, 
67.0, 47.6, 44.0, 26.7, 25.3, 21.4; IR (CHCl3) ν 3245, 2940, 1713, 1641, 1246, 1078, 745 cm−1; 
HRMS (TOF): [M + H]+ calcd for C32H33N2O6 541.2339, found 541.2339.  
 

Compound (11a). Thick liquid: Rf = 0.5 (petroleum ether/EtOAc, 80:20); Yield: (121 mg, 52%); [α]
D

25
 

= -96.8 (c 0.46, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 8.2 Hz, 2H), 7.30 – 7.17 (m, 5H), 
7.13 (d, J = 7.9 Hz, 2H), 4.81 (dd, J = 5.9, 1.4 Hz, 1H), 4.59 (d, J = 10.8 Hz, 1H), 4.57 (d, J = 6.2 Hz, 
1H), 4.54 (d, J = 4.6 Hz, 2H), 4.32 – 4.26 (m, 2H), 3.74 – 3.63 (m, 2H), 2.32 (s, 3H), 1.42 (s, 3H), 
1.27 (s, 3H); 13C NMR (100 MHz, CDCl3) 166.2, 142.5, 138.4, 129.2, 128.8, 128.5, 127.9, 127.7, 
124.8, 112.8, 110.4, 85.9, 84.3, 83.7, 73.5, 72.2, 71.3, 26.7, 25.4, 21.7;  IR (CHCl3) ν 2933, 1641, 
1351, 1079, 736 cm−1; HRMS (TOF): [M + H]+ calcd for C24H28NO5 410.1967, found 410.1976.  
 

Compound (12a). Thick liquid: Rf = 0.4 (petroleum ether/EtOAc, 85:15); Yield: (174 mg, 72%); [α]
D

25
 

= -74.9 (c 0.48, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 9.0 Hz, 2H), 7.40 – 7.24 (m, 5H), 
6.90 (d, J = 9 Hz, 2H), 4.88 (dd, J = 5.9, 1.4 Hz, 1H), 4.66 (d, J = 7.9 Hz, 1H), 4.64 (d, J = 3.1 Hz, 
1H), 4.61 (d, J = 4.5 Hz, 2H), 4.41 – 4.32 (m, 2H), 3.85 (s, 3H), 3.81-3.70 (m, 2H), 1.50 (s, 3H), 1.35 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.0, 162.7, 138.4, 130.6, 128.5, 127.9, 127.7, 120.0, 113.8, 
112.8, 110.4, 85.9, 84.2, 83.7, 73.5, 72.2, 71.3, 55.5, 26.7, 25.4. IR (CHCl3) ν 2936, 1638, 1609, 1512, 
1254, 1078, 741 cm−1; HRMS (TOF): [M + H]+ calcd for C24H28NO6 426.1917, found 426.1925.  
 
 Compound (13a). White foam: Rf = 0.4 (petroleum ether/EtOAc, 60:40); Yield: (155 mg, 69%); 

[α]
D

25
 = -69.1 (c 0.3, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8.7 Hz, 2H), 7.75 (d, J = 7.6 

Hz, 2H), 7.65 (d, J = 7.5 Hz, 2H), 7.58 (d, J = 6.6 Hz, 1H), 7.38 (td, J = 7.5, 2.1 Hz, 2H), 7.25 (td, J = 
7.4, 2.9 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 4.86 (d, J = 5.8 Hz, 1H), 4.77 (d, J = 10.8 Hz, 1H), 4.65 (d, 
J = 5.9 Hz, 1H), 4.52 – 4.36 (m, 4H), 4.26 (t, J = 7.1 Hz, 1H), 3.78 – 3.68 (m, 1H), 3.40 (dt, J = 14.1, 
2.8 Hz, 1H), 1.52 (s, 3H), 1.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.5, 159.9, 157.3, 144.2, 
144.1, 141.4, 131.0, 127.8, 127.2, 125.3, 120.1, 119.0, 115.7, 112.8, 110.1, 86.4, 84.8, 83.4, 72.6, 
67.1, 47.5, 44.0, 26.7, 25.3; IR (CHCl3) ν 3237, 2937, 1695, 1635, 1515, 1262, 1080, 746 cm−1; 
HRMS (TOF): [M + H]+ calcd for C31H31N2O7 543.2131, found 543.2131. 
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Compound (14a). Thick liquid: Rf = 0.5 (petroleum ether/EtOAc, 85:15); Yield: (127 mg, 50%); [α]
D

25
 

= -100.8 (c 0.87, CHCl3); 1H NMR (400 MHz, CDCl3) δ 9.14-9.05 (m, 1H), 8.13 (dd, J = 7.3, 1.2 Hz, 
1H), 8.01 (d, J = 8.2 Hz, 1H), 7.95 – 7.86 (m, 1H), 7.60 – 7.48 (m, 3H), 7.44 – 7.25 (m, 5H), 4.98 (dd, 
J = 5.9, 1.2 Hz, 1H), 4.79 (d, J = 5.9 Hz, 1H), 4.76 (d, J = 10.7 Hz, 1H), 4.72 (d, J = 12.1 Hz, 1H), 
4.64 (d, J = 12.1 Hz, 1H), 4.48 (t, J = 6.8 Hz, 1H), 4.45 (d, J = 10.8 Hz, 1H), 3.83 (m, 2H), 1.57 (s, 
3H), 1.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 165.9, 138.3, 133.9, 132.7, 131.3, 129.7, 128.7, 
128.5, 127.9, 127.8, 127.4, 126.4, 126.3, 124.8, 124.0, 112.8, 111.0, 86.0, 84.3, 83.8, 73.6, 71.1, 26.7, 
25.4; IR (CHCl3) ν 2936, 1638, 1511, 1208, 1077, 777 cm−1; HRMS (TOF): [M + H]+ calcd for 
C27H28NO5 446.1967, found 446.1964.  
 

Compound (15a). Thick liquid: Rf = 0.4 (petroleum ether/EtOAc, 80:20); Yield: (155 mg, 66%); [α]
D

25
 

= -82.9 (c 1.21, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.90 (m, 2H), 7.42 – 7.26 (m, 5H), 7.11 
(t, J = 8.7 Hz, 2H), 4.92 (dd, J = 5.9, 1.4 Hz, 1H), 4.72 (d, J = 10.7 Hz, 1H), 4.67 (d, J = 6.0 Hz, 1H), 
4.64 (d, J = 2.7 Hz, 2H), 4.44 – 4.38 (m, 2H), 3.82 – 3.73 (m, 2H), 1.53 (s, 3H), 1.38 (s, 3H); 13C 
NMR (100 MHz, CDCl3, C−F coupling not assigned) δ 166.4, 165.1, 163.9, 138.3, 131.1, 131.0, 
129.1, 128.4, 127.8, 127.7, 115.7, 115.5, 112.8, 110.4, 85.8, 84.2, 83.6, 73.5, 72.4, 71.1, 26.6, 25.3; 
IR (CHCl3) ν 2936, 1643, 1509, 1215, 1073, 739  cm−1; HRMS (TOF): [M + H]+ calcd for 
C23H25FNO5 414.1717, found 414.1719.  
 
 Compound (16a). White foam: Rf = 0.3 (petroleum ether/EtOAc, 80:20); Yield: (110 mg, 44%); 

[α]
D

25 = -77.2 (c 0.19, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.5 Hz, 2H), 7.74 (dd, J = 

7.5, 3.8 Hz, 2H), 7.63 (dd, J = 7.4, 2.1 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 7.38 (dd, J = 13.1, 7.3 Hz, 
2H), 7.26 – 7.18 (m, 2H), 4.83 (dd, J = 5.9, 1.2 Hz, 1H), 4.78 (d, J = 10.9 Hz, 1H), 4.59 (d, J = 5.8 
Hz, 1H), 4.54 – 4.42 (m, 2H), 4.39 (d, J = 10.9 Hz, 2H), 4.26 (t, J = 6.9 Hz, 1H), 3.71 (ddd, J = 13.0, 
8.4, 4.4 Hz, 1H), 3.37 (dt, J = 14.2, 2.9 Hz, 1H), 1.49 (s, 3H), 1.36 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 165.7, 157.0, 144.3, 144.1, 141.5, 141.5, 132.1, 130.3, 127.8, 127.3, 127.2, 125.9, 125.2, 
120.1, 112.9, 110.2, 86.3, 85.1, 83.4, 72.8, 66.8, 47.6, 43.9, 26.7, 25.3; IR (CHCl3) ν 3261, 2933, 
1717, 1642, 1246, 1081, 743 cm−1; HRMS (TOF): [M + H]+ calcd for C31H30BrN2O6 605.1287, found 
605.1284.  
 

Compound (17a). Thick liquid: Rf = 0.4 (petroleum ether/EtOAc, 85:15); Yield: (125 mg, 45%); [α]
D

25
 

= -74.5 (c 0.39, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.59 (d, J = 1.2 Hz, 2H), 7.42 – 
7.26 (m, 5H), 4.91 (dd, J = 5.9, 1.4 Hz, 1H), 4.70 (d, J = 10.7 Hz, 1H), 4.66 (d, J = 6.0 Hz, 1H), 4.64 
(d, J = 2.6 Hz, 2H), 4.44 – 4.36 (m, 2H), 3.82 – 3.71 (m, 2H), 2.45 (s, 3H), 1.53 (s, 3H), 1.37 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 165.5, 138.3, 132.6, 130.8, 129.3, 128.5, 127.8, 127.7, 127.5, 126.7, 
112.9, 110.4, 85.8, 84.3, 83.6, 73.5, 72.4, 71.2, 26.7, 25.4, 23.0; IR (CHCl3) ν 2929, 1642, 1462, 
1081, 739 cm−1; HRMS (TOF): [M + H]+ calcd for C24H27BrNO5 488.1073, found 488.1079. 
 

Compound (18a). White solid: Rf = 0.4 (petroleum ether/EtOAc, 70:30); Yield: (99 mg, 45%); [α]
D

25
 

= -84.4 (c 0.56, CHCl3); mp- 137-139 ºC; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.6 Hz, 2H), 
7.71-7.65 (m, 3H), 7.49 (dd, J = 4.9, 1.0 Hz, 1H), 7.38 (td, J = 7.4, 2.6 Hz, 2H), 7.25 (t, J = 7.5 Hz, 
2H), 7.20 (br, 1H), 7.06 (t, J = 3.9 Hz, 1H), 4.84 (d, J = 5.9 Hz, 1H), 4.77 (d, J = 10.7 Hz, 1H), 4.65 
(d, J = 5.9 Hz, 1H), 4.47 – 4.36 (m, 4H), 4.28 (t, J = 7.2 Hz, 1H), 3.78 – 3.69 (m, 1H), 3.37 (dt, J = 
14.3, 2.8 Hz, 1H), 1.49 (s, 3H), 1.34 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 162.1, 157.0, 144.3, 
144.1, 141.4, 132.0, 131.5, 129.4, 128.1, 127.7, 127.1, 125.4, 125.3, 120.0, 112.8, 110.2, 86.3, 84.9, 
83.3, 73.0, 66.8, 47.5, 43.9, 26.6, 25.1; IR (CHCl3) ν 3267, 2929, 1714, 1638, 1521, 1245, 1070, 748 
cm−1; HRMS (TOF): [M + H]+ calcd for C29H29N2O6S 533.1746, found 533.1747.  
 
Compound (3ab). To a solution of 3a (0.2 g, 0.57 mmol) in toluene at 0 °C, was added TMSOTf 
(0.103 mL, 0.57 mmol). After addition ice bath was removed and reaction stirred at room 
temperature. After 45 min complete consumption of starting material was observed and reaction 
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quenched by adding Et3N. Toluene removed on rota evaporator. Water was added and extracted into 
EtOAc. The combined organic layers were washed with water, brine and dried over Na2SO4 and 
concentrated to dryness. The dry residue was chromatographed on a column of silica gel using 
petroleum ether/EtOAC to get 3ab. Thick liquid: Rf = 0.4 (petroleum ether/EtOAC, 85:15); Yield: 

(125 mg, 75%); [α]
D

25
 = -74.2 (c 0.73, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.38 – 7.27 (m, 5H X 

2), 4.73 (dd, J = 6.0, 1.1 Hz, 1H X 2), 4.59 (d, J = 6.0 Hz, 1H X 2), 4.54 (d, J = 2.1 Hz, 2H X 2), 4.34 
– 4.27 (m, 1H X 2), 3.95 (d, J = 12.5 Hz, 1H X 2), 3.78 (d, J = 12.5 Hz, 1H X 2), 3.59 – 3.46 (m, 2H 
X 2), 1.46 (s, 3H X 2), 1.32 (s, 3H X 2); 13C NMR (100 MHz, CDCl3) δ 138.1, 128.5, 127.9, 113.1, 
106.4, 84.2, 83.7, 83.0, 73.4, 71.0, 60.1, 26.5, 25.2; IR (CHCl3) ν 2925, 1375, 1212, 1093 cm−1; 
HRMS (TOF): [M + Na]+ calcd for C32H40NaO10 607.2519, found 607.2515.  
 
Compound (5ab). This compound was prepared following the above procedure for 3ab using 5a (0.2 
g, 0.57 mmol) of the starting material to obtain 5ab, 5ac as 1:1 in 74% yield. White solid: Rf = 0.3 

(petroleum ether/EtOAC, 60:40); Yield: (70 mg, 40%); [α]
D

25
 = -48.8 (c 0.44, CHCl3); mp- 101-103 

ºC; 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.5 Hz, 2H X 2), 7.60 (d, J = 7.4 Hz, 2H X 2), 7.40 (t, 
J = 7.5 Hz, 2H X 2), 7.32 (td, J = 7.4, 0.9 Hz, 2H X 2), 5.36 (t, J = 5.5 Hz, 1H X 2), 4.67 (dd, J 1= 
8.2, 5.8 Hz, 2H X 2), 4.50 – 4.35 (m, 2H X 2), 4.30 (t, J = 5.1 Hz, 1H X 2), 4.22 (t, J = 6.9 Hz, 1H X 
2), 4.07 (d, J = 12.4 Hz, 1H X 2), 3.88 (d, J = 12.3 Hz, 1H X 2), 3.53 – 3.33 (m, 2H X 2), 1.49 (s, 3H 
X 2), 1.35 (s, 3H X 2); 13C NMR (100 MHz, CDCl3) δ 156.6, 144.1, 144.0, 141.5, 127.8, 127.2, 125.2, 
120.1, 113.4, 106.0, 85.4, 83.9, 82.6, 66.9, 61.3, 47.4, 44.1, 26.6, 25.1;  IR (CHCl3) ν 3345, 2940, 
1708, 1519, 1245, 1074, 739 cm−1; HRMS (TOF): [M + H]+ calcd for C48H51N2O12 847.3442, found 
847.3442.  
 
Compound (5ac). Thick liquid: Rf = 0.25 (petroleum ether/EtOAC, 60:40); Yield: (60 mg, 34%); 

[α]
D

25 = -12.8 (c 0.83, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 7.5 Hz, 4H), 7.64 – 7.55 (m, 

4H), 7.40 (t, J = 7.5 Hz, 4H), 7.35 – 7.28 (m, 4H), 5.35 (br t, 1H), 5.03 (t, J = 5.9 Hz, 1H), 4.70 (d, J = 
5.9 Hz, 1H), 4.59 (d, J = 5.8 Hz, 1H), 4.53 – 4.32 (m, 6H), 4.28 – 4.07 (m, 6H), 3.81 (d, J = 12.2 Hz, 
1H), 3.58 – 3.44 (m, 3H), 3.43 – 3.31 (m, 2H), 1.58 (s, 3H), 1.47 (s, 3H), 1.34 (s, 3H), 1.30 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 156.6, 144.0, 141.4, 127.8, 127.2, 125.2, 125.1, 120.1, 117.1, 113.2, 
104.1, 99.3, 85.9, 85.7, 82.5, 82.0, 81.0, 67.0, 66.8, 63.9, 62.8, 47.3, 44.1, 42.5, 26.4, 26.3, 26.1, 25.0; 
IR (CHCl3) ν 3017, 1712, 1517, 1214, 1086, 741 cm−1; HRMS (TOF): [M + H]+ calcd for 
C48H51N2O12 847.3442, found 847.3448.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S7 
 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.05
3.06
3.04
3.01

0.98

1.05
1.05
1.03
1.01
1.04

0.99

1.00

1.39
1.43
1.45
1.50

3.16
3.17
3.19
3.20
3.60
3.61
3.63
3.63
3.63
3.64
3.66
3.67
3.73
3.74
3.74
3.76
3.77
3.77
4.05
4.07
4.28
4.29
4.29
4.31
4.34
4.63
4.65
4.89
4.89
4.91
4.91

O

O

 
2a

  
C

D
C

l 3
, 4

00
 M

H
z 



S8 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

24.9
26.2
26.4
26.6

64.0

70.0

76.8
77.1
77.4
81.7
85.9
86.9

111.8
112.4
113.5

 
2a

 
C

D
C

l 3
, 1

00
 M

H
z 



S9 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
3a

 
C

D
C

l 3
, 4

00
 M

H
z 



S10 
 

25.18
26.39
26.46
26.48

69.83
70.89
73.33
76.84
77.16
77.48
82.54
83.85
85.15

111.47
112.58
113.53

127.64
128.38

138.07

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3a

 
C

D
C

l 3
, 1

00
 M

H
z 



S11 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O
O

O

O
O

N
3

 
4a

 
C

D
C

l 3
, 4

00
 M

H
z 



S12 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O
O

O

O
O

N
3

 
4a

 
C

D
C

l 3
, 1

00
 M

H
z 



S13 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 5

a 
C

D
C

l 3
, 4

00
 M

H
z 



S14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

O
O

O
O

O

 
 5

a 
C

D
C

l 3
, 1

00
 M

H
z 



S15 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6a

 
C

D
C

l 3
, 4

00
 M

H
z 

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

9.
0

9.
5

10
.0

f1
 (

pp
m

)

3.
3

3.
4

3.
5

3.
6

3.
7

3.
8

3.
9

4.
0

4.
1

4.
2

4.
3

4.
4

4.
5

4.
6

4.
7

4.
8



S16 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6a

 
C

D
C

l 3
, 1

00
 M

H
z 

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

f1
 (

pp
m

)



S17 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
7a

 
C

D
C

l 3
, 4

00
 M

H
z 

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

9.
0

9.
5

10
.0

f1
 (

pp
m

)

3.
4

3.
6

3.
8

4.
0

4.
2

4.
4

4.
6

4.
8



S18 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

10.0

21.8
25.1
26.7

43.8
47.4

66.6
72.4
76.8
77.1
77.4
83.2
84.7
86.2

109.7
112.6

120.0
125.2
125.3
127.0
127.7

141.4
144.0
144.3

157.0

172.4

 
7a

 
C

D
C

l 3
, 1

00
 M

H
z 



S19 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

3.81
3.70
1.48
3.68
1.19
1.26
2.27
2.32

1.09

1.00

0.96

1.04
1.12
1.03
2.15
2.13
1.06

2.30
2.40
1.00
2.27
2.29

1.17
1.19
1.20
1.23
1.27
1.29
1.32
1.32
1.34
1.38
1.41
1.42
1.44
1.47
1.49
1.50
1.61
1.62
1.64
1.71
1.72
1.73
1.74
1.75
1.94
1.94
1.97
2.00
2.29
2.30
2.31
2.32
2.33
2.34
2.35
3.29
3.29
3.30
3.32
3.33
3.34
3.68
3.69
3.70
3.71
3.72
3.74
3.75
4.16
4.19
4.22
4.23
4.25
4.37
4.40
4.41
4.42
4.51
4.52
4.54
4.57
4.77
4.78
4.79
4.79
7.28
7.29
7.30
7.30
7.32
7.32
7.38
7.40
7.42
7.46
7.48
7.61
7.63
7.65
7.67
7.76
7.78

O

O
O

 
8a

 
C

D
C

l 3
, 4

00
 M

H
z 



S20 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
8a

 
C

D
C

l 3
, 1

00
 M

H
z 



S21 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
9a

 
C

D
C

l 3
, 4

00
 M

H
z 



S22 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
9a

 
C

D
C

l 3
, 1

00
 M

H
z 



S23 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
10

a 
C

D
C

l 3
, 4

00
 M

H
z 



S24 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
10

a 
C

D
C

l 3
, 1

00
 M

H
z 



S25 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

B
nO

O
O

O
O

N

 
11

a 
C

D
C

l 3
, 4

00
 M

H
z 



S26 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
11

a 
C

D
C

l 3
, 1

00
 M

H
z 

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

f1
 (

pp
m

)

21.7
25.4
26.7

71.3
72.2
73.5
76.8
77.2
77.4
77.5
83.7
84.3
85.9

110.4
112.8

124.8
127.7
127.9
128.5
128.8
129.2

138.4

142.5

166.2



S27 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
12

a 
C

D
C

l 3
, 4

00
 M

H
z 



S28 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

O

O
M
e

 
12

a 
C

D
C

l 3
, 1

00
 M

H
z 

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

f1
 (

pp
m

)



S29 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

F
m
oc
H
N

O
O

O
O

N

O
H

 
13

a 
C

D
C

l 3
, 4

00
 M

H
z 



S30 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
13

a 
C

D
C

l 3
, 1

00
 M

H
z 



S31 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

B
nO

O
O

O
O

N

 
14

a 
C

D
C

l 3
, 4

00
 M

H
z 



S32 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
14

a 
C

D
C

l 3
, 1

00
 M

H
z 

0.1

25.4
26.7

71.1
71.1
73.6
76.8
77.2
77.5
83.8
84.3
86.0

111.0
112.8
124.0
124.8
126.3
126.4
127.4
127.8
127.9
128.5
128.7
129.7
131.3
132.7
133.9
138.3

165.9



S33 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

O
O

O

F

 
15

a 
C

D
C

l 3
, 4

00
 M

H
z 

3.11
3.08

2.02

1.95
1.79
1.10
1.03
1.00

2.04

5.21

1.95

1.38
1.53

3.76
3.76
3.77
3.78
3.79
3.79
3.81 4.39
4.40
4.41
4.42
4.43
4.64
4.65
4.66
4.67
4.70
4.73
4.91
4.91
4.92
4.92

7.09
7.11
7.14
7.28
7.32
7.33
7.35
7.35
7.37
7.37
7.38
7.38
7.40

7.92
7.93
7.94
7.94
7.94
7.96



S34 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
15

a 
C

D
C

l 3
, 1

00
 M

H
z 



S35 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

F
m
oc
H
N

O
O

O
O

N

B
r  

16
a 

C
D

C
l 3

, 4
00

 M
H

z 



S36 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

F
m
oc
H
N

O
O

O
O

N

B
r  

16
a 

C
D

C
l 3

, 1
00

 M
H

z 

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

13
0

14
0

15
0

16
0

17
0

18
0

19
0

20
0

f1
 (

pp
m

)

25.3
26.7

43.9

47.6

66.8

72.8
76.8
77.2
77.5

83.4
85.1
86.3

110.2
112.9

120.1
120.1 125.2
125.2
127.2
127.8
130.3
132.1

141.5
141.5
144.1
144.3

157.0

165.7



S37 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
17

a 
C

D
C

l 3
, 4

00
 M

H
z 



S38 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
17

a 
C

D
C

l 3
, 1

00
 M

H
z 



S39 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

3.00
2.91

0.90

0.92

1.07
3.90
0.92
0.88
0.93

0.95
0.01
0.88
1.96
1.96
0.88
2.61
1.86

1.34
1.49

3.35
3.35
3.36
3.38
3.39
3.40 3.71
3.72
3.73

4.26
4.28
4.30
4.38
4.40
4.41
4.43
4.44
4.45
4.64
4.66
4.75
4.78
4.84
4.85
7.05
7.06
7.07
7.07
7.19
7.21
7.23
7.25
7.27
7.35
7.36
7.37
7.38
7.39
7.40
7.48
7.48
7.49
7.49
7.66
7.67
7.68
7.70
7.74
7.76

F
m
o
cH

N

O
O

O
O

NS

 
18

a 
C

D
C

l 3
, 4

00
 M

H
z 



S40 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
18

a 
C

D
C

l 3
, 1

00
 M

H
z 



S41 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

O

O

O

O

 
3a

b
 

C
D

C
l 3

, 4
00

 M
H

z 



S42 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
3a

b
 

C
D

C
l 3

, 1
00

 M
H

z 



S43 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
   

5a
b

, C
D

C
l 3

, 4
00

 M
H

z 



S44 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
5a

b
, C

D
C

l 3
, 1

00
 M

H
z 



S45 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
5a

c,
 C

D
C

l 3
, 4

00
 M

H
z 



S46 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5a

c,
 C

D
C

l 3
, 1

00
 M

H
z 

66.78
66.99

76.84
77.16
77.48

80.95

82.03
82.51

85.72
85.86



S47 
 

 
NOESY Spectra of 17a 

0.60.81.01.21.41.61.82.02.22.42.62.83.03.23.43.63.84.04.24.44.64.85.05.2
f2 (ppm)

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

f1
 (

pp
m

)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
H

3 
ac

et
on

id
e 

4.204.254.304.354.404.454.504.554.604.654.704.754.804.854.904.95
f2 (ppm)

1.15

1.20

1.25

1.30

1.35

1.40

1.45

1.50

1.55

1.60

C1H
CH2Ph

C1H’C3H

C4H 



S48 
 

NOESY spectra of 11a 
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6a Calculated mass 
[M + H]+ = 465.2026  



S50 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
8a Calculated mass 
[M + H]+ = 533.2652   

9a  
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10a Calculated mass 

[M + H]+ = 541.2339 

 
11a Calculated mass 

[M + H]+ = 410.1967 
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12a Calculated mass 
[M + H]+ = 426.1917 

 
13a Calculated mass 
[M + H]+ = 543.2131 
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14a Calculated mass 
[M + H]+ = 446.1967

 
15a 

Calculated mass 
[M + H]+ = 414.1717 
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16a

 
17a Calculated mass 
[M + H]+ = 488.1073 
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5ab 

3ab Calculated mass 
[M + Na]+ = 607.2519 
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