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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. 'H NMR and "*C NMR were recorded in CDCl; using TMS as
internal standard on 400 and 100 MHz spectrometer respectively. Coupling constants (J) are reported
in Hertz (Hz). In '"H 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™'. 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-f-D-psicofuranose (2a). Thick liquid: [OL]D25 =-80.3 (¢ 1.02, CHCl:); 'H
NMR (400 MHz, CDCl3) ¢ 4.90 (dd, J = 5.9, 0.8 Hz, 1H), 4.63 (d, J = 5.9 Hz, 1H), 4.32 (d, /= 9.7
Hz, 1H), 4.28 (t, /= 2.8 Hz, 1H), 4.06 (d, /= 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); "°C
NMR (100 MHz, CDCI3) 6 113.5, 112.4, 111.8, 86.9, 85.9, 81.7, 70.0, 64.0, 26.6, 26.4, 26.2; 24.9; IR
(CHCl3) v 3495, 2988, 1376, 1205, 1015, 852 cm™'; HRMS (TOF): [M.+ Na]" calcd for Ci,H20NaOs
283.1158, found 283.1159.

1,2:3,4-di-O-isopropylidene-6-O-benzyl-f-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 N, 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. NaHCOs is added and extracted with EtOAc. The combined organic layers were
washed with water, brine, dried over Na,SOy filtered and concentrated in vacuo. Purification of the
crude product by column chromatography using petroleum ether/EtOAC gave the title compound 3a.

Thick liquid; Ry = 0.5 (petroleum ether/EtOAC, 85:15); Yield: (2.4 g, 92%); [OL]DZS = -65.6 (c 0.67,

CHCls); '"H NMR (400 MHz, CDCl3) § 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); *C NMR (100 MHz, CDCl3) ¢ 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 (CHCIl;) v
3495, 2988, 1376, 1205, 1015, 852 cm™'; HRMS (TOF): [M.+ Na]" caled for CioH26NaOg 373.1627,
found 373.1631.

6-Azido-6-deoxy-1,2,3,4-di-O-isopropylidene-f-D-psicofuranose (4a). Thick liquid: [OL]D25 =-53.0 (c
1.06, CHCl3); '"H NMR (400 MHz, CDCl3) 6 4.63 (dd, J = 5.9, 1.0 Hz, 1H), 4.59 (d, J = 5.8 Hz, 1H),
430 (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); *C NMR
(100 MHz, CDCls) ¢ 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) v 2989, 2099, 1376, 1205, 1065, 1020, 853 cm'; HRMS (TOF): [M + Na]" calcd for
Ci2H19N3NaOs 308.1222, found 308.1219.

6-deoxy-6-((9H-fluoren-9-yl)methylcarbamate)- 1,2, 3,4-di-O-isopropylidene-f-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 H, 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% NaHCO; 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 Na,SO4 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 Sa.
White solid: Rr= 0.5 (petroleum ether/EtOAC, 75:25); Yield: (5.0 g, 85%); [()L]D25 =-53.0 (c 0.7,

CHCl3); mp- 102-104 °C; '"H NMR (400 MHz, CDCls) 6 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, /= 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); *C NMR (100 MHz, CDCl3) J 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 (CHCIl3) v 3356,
2088, 1718, 1519, 1243, 1064, 855, 733 cm™'; HRMS (TOF): [M + Na]" calcd for C,7H3NNaO;
504.1998, found 504.1998.

General procedure for the synthesis of spirooxazolines 6a & 7Ta.

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 TMSOTT (0.074 mL, 0.415 mmol) under N, 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 Na;SO4 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 TMSOTT (1 equiv) under N, 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: R,= 0.3 (petroleum ether/EtOAc, 70:30); Yield: (133 mg, 69%); [oc]D25

= -44.8 (¢ 0.24, CHCls); 'H NMR (400 MHz, CDCLy) 6 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); *C NMR (100 MHz, CDCls) § 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) v 3303, 2939, 1709, 1657, 1517, 1214, 1075, 741 cm™'; HRMS (TOF):
[M + H]" caled for Ca6HasN>Og 465.2026, found 465.2029.

Compound (7a).Thick liquid: R,= 0.4 (petroleum ether/EtOAc, 80:20); Yield: (143 mg, 72%); [OL]D25

=-73.1 (¢ 0.2, CHCIl3); '"H NMR (400 MHz, CDCls) 6 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, /= 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, /= 7.5, 3.1
Hz, 2H), 1.46 (s, 3H), 1.33 (s, 3H), 1.18 (t, J = 7.5 Hz, 3H); *C NMR (100 MHz, CDCl3) 6 172.4,
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 (CHCIl3) v 3246, 2931, 1720, 1656, 1536, 1250, 1085, 749
cm '; HRMS (TOF): [M + H]" calced for C27H3/N»O6 479.2182, found 479.2184.

Compound (8a).White foam: Ry= 0.4 (petroleum ether/EtOAc, 80:20); Yield: (143 mg, 65%); [oc]D25 =
-67.2 (c 0.88, CHCl3); '"H NMR (400 MHz, CDCl3) § 7.77 (d, J = 7.5 Hz, 2H), 7.65 (t, 8.3 Hz, 2H),
747 (d,J=7.4 Hz, 1H), 7.40 (t, J= 7.4 Hz, 2H), 7.34 — 7.27 (m, 2H), 4.78 (d, /= 5.9 Hz, 1H), 4.55
(d, /=10.8 Hz, 1H), 4.52 (d,J=5.9 Hz, 1H), 4.41 (d, /= 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); *C NMR (100 MHz,
CDCl3) 0 174.4,157.0, 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 (CHCIs) v 3247, 2932,
1716, 1648, 1534, 1249, 1057, 747 cm'; HRMS (TOF): [M + H]" calcd for C3;H37N,06 533.2652,
found 533.2652.

Compound (9a). Sticky liquid: Rr= 0.4 (petroleum ether/EtOAc, 70:30); Yield: (107 mg, 53%); [OL]D25

=-52.3 (¢ 0.3, CHCl3); "H NMR (400 MHz, CDCL); 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); *C NMR (100 MHz, CDCL3) &
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) v 3253, 2931, 1713, 1674, 1606, 1532,
1247, 1053, 746 cm™'; HRMS (TOF): [M + H]" calcd for CasHs1N2Og 491.2182, found 491.2189.

Compound (10a). Light brown foam: Ry= 0.3 (petroleum ether/EtOAc, 80:20); Yield: (137 mg, 61%);
2

[a],” =-85.8 (¢ 1.0, CHCL); 'H NMR (400 MHz, CDCl;) 5 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); *C NMR (100 MHz, CDCL) & 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 (CHCls) v 3245, 2940, 1713, 1641, 1246, 1078, 745 cm;
HRMS (TOF): [M + H]" caled for C3Hs3sN>Og 541.2339, found 541.2339.

Compound (11a). Thick liquid: Ry= 0.5 (petroleum ether/EtOAc, 80:20); Yield: (121 mg, 52%); [()L]D25

= -96.8 (c 0.46, CHCL;); 'H NMR (400 MHz, CDCls) ¢ 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); 3C NMR (100 MHz, CDCls) 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 (CHCls) v 2933, 1641,
1351, 1079, 736 cm'; HRMS (TOF): [M + H]" calcd for C24sHasNOs 410.1967, found 410.1976.

Compound (12a). Thick liquid: Ry= 0.4 (petroleum ether/EtOAc, 85:15); Yield: (174 mg, 72%); [OL]D25

=-74.9 (¢ 0.48, CHCl3); '"H NMR (400 MHz, CDCl3) 6 7.85 (d, J = 9.0 Hz, 2H), 7.40 — 7.24 (m, 5SH),
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); *C NMR (100 MHz, CDCl3) 6 166.0, 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) v 2936, 1638, 1609, 1512,
1254, 1078, 741 cm™'; HRMS (TOF): [M + H]" calcd for C2sH2sNOg 426.1917, found 426.1925.

Compound (13a). White foam: Ry = 0.4 (petroleum ether/EtOAc, 60:40); Yield: (155 mg, 69%);
[a],” =-69.1 (c 0.3, CHCl); 'H NMR (400 MHz, CDCL;) 5 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=17.5, 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, /= 5.8 Hz, 1H), 4.77 (d, /= 10.8 Hz, 1H), 4.65 (d,
J=5.9 Hz, 1H), 4.52 — 4.36 (m, 4H), 4.26 (t, /= 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); °C NMR (100 MHz, CDCl3) 6 166.5, 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 (CHCls) v 3237, 2937, 1695, 1635, 1515, 1262, 1080, 746 cm';
HRMS (TOF): [M + H]" calcd for C3H31N207 543.2131, found 543.2131.
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Compound (14a). Thick liquid: Ry= 0.5 (petroleum ether/EtOAc, 85:15); Yield: (127 mg, 50%); [OL]D25

= -100.8 (¢ 0.87, CHCls); 'H NMR (400 MHz, CDCls) & 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=5.9,12 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); C NMR (100 MHz, CDCls) 6 165.9, 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 (CHCls) v 2936, 1638, 1511, 1208, 1077, 777 cm”'; HRMS (TOF): [M + H]" calcd for
C7H2sNOs 446.1967, found 446.1964.

Compound (15a). Thick liquid: Ry= 0.4 (petroleum ether/EtOAc, 80:20); Yield: (155 mg, 66%); [OL]D25

=-82.9 (¢ 1.21, CHCl3); 'H NMR (400 MHz, CDCl3) 6 7.97 — 7.90 (m, 2H), 7.42 — 7.26 (m, 5H), 7.11
(t,J=8.7Hz,2H), 4.92 (dd, J=5.9, 1.4 Hz, 1H), 4.72 (d, /= 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); "*C
NMR (100 MHz, CDCIs;, C—F coupling not assigned) § 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) v 2936, 1643, 1509, 1215, 1073, 739 cm™'; HRMS (TOF): [M + HJ" caled for
C23H2sFNOs 414.1717, found 414.1719.

Compound (16a). White foam: Ry = 0.3 (petroleum ether/EtOAc, 80:20); Yield: (110 mg, 44%);
2

[a],” =-77.2 (¢ 0.19, CHCl); 'H NMR (400 MHz, CDCL3) 6 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); °C NMR (100 MHz,
CDCLs) § 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 (CHCL) v 3261, 2933,
1717, 1642, 1246, 1081, 743 cm™'; HRMS (TOF): [M + H]" calcd for Cs1HzBrN,Os 605.1287, found
605.1284.

Compound (I7a). Thick liquid: Ry= 0.4 (petroleum ether/EtOAc, 85:15); Yield: (125 mg, 45%); [OL]D25

=-74.5 (¢ 0.39, CHCl;); "H NMR (400 MHz, CDCl;) 6 7.79 (s, 1H), 7.59 (d, J = 1.2 Hz, 2H), 7.42 —
7.26 (m, 5H), 491 (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);
3C NMR (100 MHz, CDCl;) 6 165.5, 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 (CHCI;) v 2929, 1642, 1462,
1081, 739 cm™'; HRMS (TOF): [M + H]" calcd for C24H,7BrNOs 488.1073, found 488.1079.

Compound (18a). White solid: Ry = 0.4 (petroleum ether/EtOAc, 70:30); Yield: (99 mg, 45%); [OL]D25

= -84.4 (¢ 0.56, CHCl3); mp- 137-139 °C; '"H NMR (400 MHz, CDCl;) § 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, /= 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, /= 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); °C NMR (100 MHz, CDCl3) J 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) v 3267, 2929, 1714, 1638, 1521, 1245, 1070, 748
cm'; HRMS (TOF): [M + HJ" caled for Ca9H2oN2O6S 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 TMSOTTf

(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 Et;N. Toluene removed on rota evaporator. Water was added and extracted into
EtOAc. The combined organic layers were washed with water, brine and dried over Na,SO4 and
concentrated to dryness. The dry residue was chromatographed on a column of silica gel using
petroleum ether/EtOAC to get 3ab. Thick liquid: Ry = 0.4 (petroleum ether/EtOAC, 85:15); Yield:

(125 mg, 75%); [o], = -74.2 (c 0.73, CHCL); 'H NMR (400 MHz, CDCly) & 7.38 — 7.27 (m, 5H X

2),4.73 (dd, /= 6.0, 1.1 Hz, 1H X 2),4.59 (d, /= 6.0 Hz, 1H X 2), 4.54 (d, /= 2.1 Hz, 2H X 2), 4.34
—427 (m, 1H X 2),3.95(d,/J=12.5Hz, 1H X 2), 3.78 (d, /= 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); *C NMR (100 MHz, CDCl3) 6 138.1, 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 (CHCI;) v 2925, 1375, 1212, 1093 cm';
HRMS (TOF): [M + Na]" caled for C3,H4NaO1 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 Sab, Sac as 1:1 in 74% yield. White solid: Ry = 0.3

(petroleum ether/EtOAC, 60:40); Yield: (70 mg, 40%); [oc]D25 = -48.8 (¢ 0.44, CHCIl3); mp- 101-103

°C; 'H NMR (400 MHz, CDCL3) 6 7.77 (d, J = 7.5 Hz, 2H X 2), 7.60 (d, J = 7.4 Hz, 2H X 2), 7.40 (t,
J=7.5Hz, 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), 422 (t, J= 6.9 Hz, IH X
2),4.07 (d,J=12.4 Hz, IH 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); 3C NMR (100 MHz, CDCl;) § 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 (CHCL) v 3345, 2940,
1708, 1519, 1245, 1074, 739 cm™'; HRMS (TOF): [M + H]" caled for C4sHsiN,O1, 847.3442, found
847.3442.

Compound (5ac). Thick liquid: Ry = 0.25 (petroleum ether/EtOAC, 60:40); Yield: (60 mg, 34%);
[oa]D25 =-12.8 (¢ 0.83, CHCl3); '"H NMR (400 MHz, CDCl;) 6 7.76 (d, J = 7.5 Hz, 4H), 7.64 — 7.55 (m,
4H), 7.40 (t, J=17.5 Hz, 4H), 7.35 — 7.28 (m, 4H), 5.35 (br t, 1H), 5.03 (t, /= 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, /= 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);
3C NMR (100 MHz, CDCl3) 6 156.6, 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) v 3017, 1712, 1517, 1214, 1086, 741 cm™'; HRMS (TOF): [M + HJ" caled for
CasHs51N2012 847.3442, found 847.3448.
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NOESY Spectra of 17a
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NOESY spectra of 11a
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WV ACN 125 (2.287) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00), Cm (122:126-(94:118+131:142)) 1: TOF MS ES+
100~ 4852029 3.78e6

O.
FmocHN /\g

6.0
Pas
6a Calculated mass
[M+ HJ" = 465.2026

1
|
|
J 466.2056
|
|
1
407.1807 467.2085
|
[
| 179.0864 |408.1636 487.1841
| 389.1499 '
| 840450 126.0557 || 2200825 287.1246 N f,41o.1§|a3 ( 5661476 633.3837 6801877 7332365 7972834
vi T ML T T T T T T 1 T T T T T T T ABE RARASRARANRARAN RARES RERAE RASES RASSS |
50 100 150 200 250 300 350 400 450 500 550 500 850 700 750 800
MV PCN 136 (2.494) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (134:139-(116:129+148:160)) 1: TOF MS ES+
foa: 479.2184 19507
CALCULATED MASS
(M+H)+ 479.2182
o N:i
FmocHN/\gu,/
6><b
7a
S |
|
: 4802218
1
i
|
|
i
| 4211769 481.2244
| 422.1801
| 170.0866 100 1 0 403.1663 482.2272 |
i I 1087 301.1404 979.4108
Ot i L S Y ; premeere 22205801577 B A o il

AAMBRARM S T
100 150 200 250 300 350 460 450 500 550 600 650 700 I 750 800 850 960 950 1000
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MV CCN 175 (3.199) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (172:177-(152:167+187:188)) 1. TOF MS ES+
100- 533.2652 7.22¢6

J N
| o)
L FmocHN/\g.,,/o
| A A
' | <
8a Calculated mass
1 [M+H]"=533.2652
=
1 524.2685
|
|
1 535.2714
|
| 4752227 5362736 SaTioh
Ot 1040339 1790863104.1180 2562642007 1458 3551880 dsT2121. | 4772205 | | _s712186 : . J329672__ 7940857,
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
ViV anys o )
0,556.28,0.00 LS 3); ABS: Sm (SG, 1x1.00); Cm (136:143-(125:132+146:157)) 1: TOF MS ES+
WV allyl 141 (2.580) AM2 (Ar.20000.0,556, i} m ( P 84866
100+
CALCULATED MASS
(M+H)+ 4912182
o)~ 5
FmocHN/Uw,/
; 5.0
| . >< 9a
g..
[
‘ 492,221
1
! 433.1768
|
'I 493.2246
‘ 338.3423 :;34.1800
140.0245 179.0866 339 3457 | 513.2006 |
P [ 255.0084 3011422 {7 | 4351820 | 579.2938 6756760 _ 7333835775.3682 .
. T r a1 > T - T e . A S L .
E=50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
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N mTO 166 (3.048) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (163:170-(146:160+175:189)) 1: TOF M5 ES+

100- 541.2339 26767
ol
0
o N~
FmocHN/\g,,,/o
6><6
10a Calculated mass
[M+H]"=541.2339

5422371
|
|
|
1 543,2399
483.1922
|
484 1953 |
[ 202.0872 465.1812 SHh2AZe !
oL 1780867 2% 305.1142 363 1569 2T 541.1563 733.1816 8273763876 398470 4" 007 0748
- - et T T T AARAY |BBEAJ BASAE NARSY LAASS RALSY RARAD RELLY RaSaE e

RAASN LA ARS RARLY LAAL) RALAY LA RAR T Y
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000

D Br1D7 (L7 7U) AML (AT AUUULLU Db, A8, U.UU LS S} ABL] M (DL, IXT.U0) Lm [T49T04-(129144+155.754)) 10 1UF MS ES5+
100 410.1976 2.25e7

BnO/\@:,,/O
6.0
X
11a Calculated mass
[M + H]" =410.1967

411.2001
352.1555
412.2031
202.0875 |353.158?
119.0505 | 202 1342 413.2055
| | XL 470:1943, 5321032 650.8510.670.0295 B37:6855 778.1086  B41.3663 926.3456 981.2939
T T T T T TrrrTyT T TTTTTT 5 T R Ll TR e e MifZ

100 150 200 = 250 300 350 400 450 = 500 S50 €00 650 700 . 750 = 800 850 800 950 = 1000

S51



GPS B8 138 (2.545) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (137:141) 1 TOF MS ES+
106 426.1925 9 48et
OMe
12a Calculated mass
[M+H]"=426.1917
=
" 427.1956
!
i 38,1505
! | 428.1880
: 149.0248  218.0827 prLiec ! !
: . i 426.2003 y : |
o | |-150.0283 R ik ( 506.5301  579.2834 6634515 20 %% 754 agp7 g733s97 9118530 989.9677 .
T 1 T T T 1 T 1 T T | AR R | T TYprrerT T B T T 1
100 150 200 250 300 350 400 450 500 550 600 650 700 750 8OO 850 900 850 1000

3PS 94 127 (2.341) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (124:132-(109:119+131:145))
5432131
100

OH

N=

0}
FmocHN/\<_7.,,/o

o_ 0
x
13a Calculated mass
[M + H]"=543.2131

1: TOF MS ES+
1.

99e€

i

| 5442162
|
4
|
| 4851711 —
| |
i 486.1748

179.0870204.0670 327.0785 4671585 | 546.2220
& ™ r' 300'-[2904( ~ 6164644 c60.1308 1 8865 8246087 677.3690 164 958.0788
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
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3PS 98 160 (2.924) AM2 (Ar,20000,0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Gm (158:162) 1: TOF MS ES+
- 446.1964 6.14e€
100
o= 5
BnO/\Uw,/
GXE)
. . 14a Calculated mass
! ’ [M+ H]" = 446.1967
|
1
= |
|
447.1984
388.1548
| 448, 2026
!389 1576
S 449.2050 | 1
) bl L . 65294 TOUSO  egsasag a7 100 ssazaz7  o1a3ese oe9sies
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
GPS 92 145 (2.667) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (143:147-(124:140+154:166)) 1: TOF MS ES+
100- 4141718 6.52e6
F
o™,
BnO/\gu,/
| %
| 15a
1
: Calculated mass
[M+H] =414.1717
a&a
14151754
356.1302
. 457 1335 [4161783
' 286.1093 358.1363 [417.1812
i 1230285 | L 1 | . 533.1755 sop4aep 344525 708.1945 a}g_a.nsms.atman"s‘s 58
T T T T T T T T T T T T T T T T T T
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MV Fm Br 175 (3.199) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (173:176-(156:168+185:201)) 1: TOF MS ES+
6071287

100 1.89e6
| 505.1284
N
CALCULATED MASS
(M+H)+ 605.1287
Br
I N
I 0.
I FmocHN/\<_\/’u,,/O
| 6_0
| PaN
! 16a
608.1296
5272177
| 547.0865 (608.1326
1 ¢
179.0865 267.9803 469.1760 5252026, 5900880 e 4apy
| 104088 T orane. , | o 371.0087 N N / 707.0542  784.0253 892.3942 9910768,
v T Trr T T T ™ T | il | T T 1 T T T ! T T T — T AR : R ARA SRR A 2 oancs]
100 150 200 250 300 350 400 450 500 550 600 G50 700 750 800 850 900 950 1000

3PS CH3 176 (3.216) AM2 (Ar,20000.0,556.28,0.00,LS 3); ABS; Sm (SG, 1x1.00); Cm (174:180-(149:167+190:201)) 1: TOF MS ES+
100- 490,1063 5.68et

[ 1000.0,556.28,0.00,LS 3); ABS: Sm (SG, 1x1.00); Cm (174
4881079 490.1063
N

Br

o_ 0

X
17a Calculated mass
[M+ H]"=488.1073

1 1
| 491.1094 |
)
1
‘ 491.1094
1
492 1122
; rd
! q 493,151
77 Wb il A i RPN
| 1 482 484 as6 4se 450 4g2 494 a4ge . 4300662
4101973 | 492.1122
{
1 433.06875
279.9084 3220091 [ 493,151
202.0874.256.2643. | [ R 6093 SITTON  r0p8e33 7642057 7% %74 u50 4034 0% g09 1848
e 2L DBTA SO0 ey Al N VL W rrrrrpredprrpre s an s, 104,225 852,400 208 1545

0 . prerr e
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3HS U2 144 (2./U2) AMIZ (ArZUUUUU 555, 28,U.00,LS 3); ABS; SmM (50, 1X1.00); Gm (145:145-(119:14U+158.158))

U M> Eat+

o0 533.1747 3.72¢6
CALCULATED MASS
(M+H)+ 533.1746 |
] A _
| FmocHN © N_O
1 1 moc ',///
I i
o._ O
| X
5 18a
ﬁ_
1 5341778
4751326
5351765
4761360
184.0284 | 536.1771
; 477.1339
179.0866.  |253.0655.  297.0554 TS k 634.1234 689.0379 8873317 952.0045
1109915 | | T 355.0974 |_556.1597 - : 1.3635.860,9511 > i
L L e st o S e ,..34 363 ;g.iﬂ-».-‘/n-w—-—,—a—/—r—-_.-, miz
100 150 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
MV F NHFmoc 136 (2.494) AM2 (Ar,20000.0,566,28,0.00,LS 1); Sm (SG, 1x1.00) 1: TOF MS ES+
504.1998 3 7.42e5
1004 a
[ [ Ol(
1 o) o)
| FmocHN/\gv,/
! r 0.0
' [
|
| ! Sa
i
|
1 ‘
Ea
i i
| |
| |
505.2029
| 985.4080
228.0868 |
424 1758
179.0862
464.2069 [506.2053
403.1655 |
170.0453 220.0903 ey
299.1822 l k 507.2088 577 1868 708.1605 7804031 905.3822
A e | | £ o > 742.2958 P
Ot e e L e R
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GPS 100 159 (2.907) AM2 (Ar,20000.0,556.28,0.00, LS 3); ABS; Sm (SG, 1x1.00); Gm (156:162-(137:152+168:180)) 1: TOF MS ES+
802.2064 5.10e5
100
0] O O o~
BnO o OBn
; 0_ 0 0_0
><symmetri
| Sfiri2s1o 3ab Calculated mass
1l [M + Na]* =607.2519
5 |
£ |
| i
| il
l608.2550
591.2778
W 630.3275
|
672.3376
. 59,1507 |
1814027 203.1388 907 2003088 4433063 | l673.3405
||187.0971 N ) [ o 551.1431 |
o [127.0388 |/ 11 | L | i ul 704.1880.759.1273  851.0480 9673867 .
W T T T T 1 T T | A T T T T T T T T T T LA T T | RARAR MRS RARLS RAAS Aanads |
00 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
MV DCM T 163 (2.994) AM2 (Ar,20000.0,556.28,0.00.LS 3); ABS; Sm (SG, 1x1.00); Cm (161-168-(145:158+178:166)) 1. TOF MS ES+
B 8473442 8.38e5
o_° O~
de " "NHFmoc I ——
& FmocHN/\%o CALCULATED MASS
iy — (M#H)+ 847.3442
b ot o_ 0 o._ 0O
B ><symmetric><
S5ab
48,3475
1 869.3250
g
4241765
|
B70.3295
425.1708
IE?‘..3327
| 170.0457 202.1084 426.1826 | es2a014
| asoess | [ 2960987 aag 12 5412337 P25270651.2561 PUBT g0 (9344009
100 150 200 | 250 300 | 350 400 450 500 S50 600 650 = 700 750 | 800 850 900 950 1000
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101D 156 (2.855) AM2 (Ar,20000.0,556.28,0.00 LS 3); ABS; Sm (SG, 1x1.00); Cm (153:160-{136:150+162:171))
4241770

100+

(M+H)+ 847 3442

1: TOF M5 ES+
4.83e

5

1
| OX
i o : 0
| O "
| FmocHN
| - 0 @) NHFmoc
| -
i 0><O asymmetric
|
| Sac
1
= !
1 |
864.3712
|
8473448 |
425.1808
865.3750
|
1?0_0@% 2021082 870.3300
426.1832 579.1662
|| | 246.0008 s i7e 871.3317
[ | 2521036  348.1244 : 7 789.3020 934.4146
144.0658| II : 7 | 71852 4851074 ﬁssz_mz 661.2524 700 10e7 i . .Llf’m-mg/
c b auhilad A ¥ T T T T T T T T T T T L AARAS LAl Rakdd | T T T T T T T L4 'm
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