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Fig. S1 Crystal structure of 29.
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Fig. S2 Sulfoxide byproduct S1.
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Scheme S1 Reagents and conditions: (a) $2, NaH, DMF, S6: 36%; S7: 52%; S$8: 57%; (b) MsCl, EtzN, CH,Cly; (c) Nal, Acetone, 42: 65%; 43: 61%; 44: 35%.
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Preparation of iodides

Most of these alkyl halides were either commercially available or could be obtained via
iodination of the corresponding commercially available alcohol using literature methods.®'
However, the uridine-based compounds 4244 required additional synthetic effort. Their
preparation started with, 2’,3’-O-isopropylidene-5’-O-tosyl-3-(benzyloxymethyl)uridine
(S2).% As illustrated in Scheme 5, reaction of S1 with 10 equivalents of diol S3, S4 or S5 and
1.2 equivalents of NaH in DMF afforded S6, S7 and S8 in 36%, 52% and 57% yield,
respectively. Attempts to improve the yield of this displacement reaction by changing the
ratio of the starting materials or the sequence reagent addition were unsuccessful. Compounds
S6 and S7 were treated with MsCl to form the corresponding mesylates, which were
subsequently heated with Nal at 50 °C to give iodides 42 and 43 in moderate yield (~60%).
More vigorous conditions were required to convert S8 into the required iodide, presumably
due to steric hindrance arising from the isoproylidene moiety. After mesylation of S8, the
intermediate was combined with freshly fused Nal in a sealed vessel and heated at 80 °C for 4
h, leading to 44 in 37% yield. Unreacted mesylate was also detected after the reaction.
However the yield could not be improved by elongation of the reaction time or by raising the

reaction temperature.

Experimental

All reagents were purchased from commercial sources and were used without further
purification. Solvents used in reactions were pre-dried by PURESOLV-400 System from
Innovative Technology Inc. All reactions were monitored by TLC on silica gel G-25 UV254
(0.25 mm, Macherey—Nagel). Spots were detected under UV light and/or by charring with
acidified ethanolic anisaldehyde. Solvents were evaporated under reduced pressure and below

50 °C (water bath). Column chromatography was performed on silica gel 60 (40—60 um). The
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ratio between silica gel and crude product ranged from 100:1 to 20:1 (w/w). latrobeads refers
to a beaded silica gel 6RS-8060, which was manufactured by Iatron laboratories (Tokyo). 'H
NMR spectra were recorded on VARIAN INOVA-NMR spectrometers at 400, 500 or 600
MHz and chemical shifts are referenced to CDCl; (7.26, CDCl3) or CD;0D (4.78, CD;OD).
C NMR APT spectra were recorded at 100 or 125 MHz, and chemical shifts are referenced
to CDCl; (77.23, CDCl3) or CD;OD (48.9, CD;0D). '"H NMR data are reported as though
they are first order, and the peak assignments are made by 2D-NMR spectroscopy ('H—'H
COSY and HMQC). HRMS-ESI spectra were recorded on samples suspended in THF or
CH;O0H and added NaCl. Optical rotations were measured on Perkin-Elmer 241 Polarimeter

with sodium D line (589 nm) and are in units of deg'mL (dm-g)™.

(3R.,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)tetrahydrothiophene 1,1-dioxide
(25):

To a solution of 21 (0.50 g, 1.15 mmol) in CH,Cl, (15 mL) was added m-CPBA, (77%, 0.62 g,
2.76 mmol) at rt and the mixture was stirred for 20 min. The solution was diluted with CH,Cl,,
and washed with NaOH (1 M). The organic layer was then washed with brine, dried (Na;SO4)
and concentrated. The resulting residue was purified by chromatography (EtOAc—Hexane 1:4)
to give 25 (0.50 g, 94%) as a colorless oil: Ry;= 0.29 (EtOAc—Hexane 1:3); [a]p™ —62.7 (¢ 0.2,
CH,Cl,); 'H NMR (400 MHz, CDCl;) § 7.39-7.22 (m, 15H), 4.66 (d, J = 11.7 Hz, 1H),
4.56—4.48 (m, 2H), 4.38-4.32 (m, 2H), 4.26 (d, J = 11.7 Hz, 1H), 4.20 (ddd, /= 7.8, 7.8, 7.8
Hz, 1H), 3.95 (ddd, J = 2.5, 5.0, 5.0 Hz, 1H), 3.56-3.47 (m, 2H), 3.39 (dd, J = 7.8, 13.1 Hz,
1H), 3.25 (m, 2H), 2.99 (dd, J = 7.8, 13.1 Hz, 1H), 2.70 (dddd, J = 2.5, 7.8, 9.4, 9.4 Hz, 1H);
C NMR (100 MHz, CDCl3) § 137.9, 137.6, 136.9, 128.6, 128.5, 128.4, 128.3, 128.1, 128.0,
127.9, 127.8, 127.7, 74.4, 73.5, 73.4, 72.6, 72.4, 70.6, 56.1, 51.4, 45.5; HRMS-ESI m/z
[M+Na]" caled for C,7H300sSNa: 489.1706, found: 489.1704.
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(BR.,4R)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)tetrahydrothiophene  1,1-dioxide
(26): To a solution of tetrahedrothiophene 22 (25.3 mg, 0.061 mmol) in CH,Cl, (3 mL) was
added m-CPBA (77%, 34.1 mg, 1.53 mmol) at rt and the mixture was stirred for 20 min. The
solution was then diluted with CH,Cl,, and washed with NaOH (1 M). The organic layer was
washed with brine, dried (Na,SO4) and concentrated. The residue was purified by
chromatography (EtOAc—Hexane 1:4) to give 26 as a colorless oil (26.6 mg, 94%): Ry= 0.22
(EtOAc—Hexane 1:3); [a]p*® —66.4 (¢ 0.6, CH,CL); "H NMR (500 MHz, CDCl;) & 7.38-7.24
(m, 15H), 4.66 (d, J=11.4 Hz, 1H), 4.59-4.56 (m, 3H), 4.49 (d,J=12.1 Hz, 1H),4.38 (d, J =
11.4 Hz, 1H), 4.29 (d, /= 11.4 Hz, 1H), 3.88 (ddd, J= 3.7, 3.7, 9.7 Hz, 1H), 3.65 (dd, J= 3.7,
10.7 Hz, 1H), 3.47 (d, J = 14.0 Hz, 1H), 3.39 (dd, J = 3.7, 10.7 Hz, 1H), 3.14-3.04 (m, 3H),
2.87 (dddd, J=2.9, 7.2, 9.7, 13.0 Hz, 1H); °C NMR (125 MHz, CDCl;) § 138.1, 137.6, 136.9,
128.6, 128.5, 127.7, 127.6, 127.5, 76.0, 75.2, 73.5, 72.2, 71.1, 69.5, 59.9, 51.6, 44.8;
HRMS-ESI m/z [M+Na]" calcd for C,7H3005SNa: 489.1706, found: 489.1702.

(3R,4S5)-3-(hydroxyl)-4-((S)-1,2-dihydroxyethyl)tetrahydrothiophene 1,1-dioxide (27): To
a solution of 25 (110 mg, 0.2 mmol) in CH30H (5 mL) and CH,Cl, (1 mL) was added HOAc
(10 uL) and Pd—C (10%, 10 g). The reaction mixture was stirred under a H, atmosphere for 48
h at rt. The solution was filtered and the filtrate was concentrated to give 27 as a colorless oil
(48 mg, 98%): R;= 0.22 (CH,C1,—~CH;O0H 9:1); [0]p°’ —56.9 (¢ = 2.6, CH;0H); "H NMR (500
MHz, CD;0D) 6 4.42 (ddd, J = 7.9, 7.9, 7.9 Hz, 1H), 3.97 (ddd, J = 3.2, 6.0, 6.0 Hz, 1H),
3.52-3.31 (m, 3H), 3.26 (dd, /= 8.0, 13.3 Hz, 1H), 3.14 (dd, /= 11.2, 13.3 Hz, 1H), 2.99 (dd,
J =179, 13.3 Hz, 1H), 2.47 (dddd, J = 3.2, 7.9, 8.0, 11.2 Hz, 1H); °C NMR (125 MHz,
CD;0OD) & 69.7, 69.1, 66.0, 59.3, 52.6, 48.3; HRMS-ESI m/z [M+Na] calcd for
Ce¢H1205SNa: 219.0298, found: 219.0298.

(BR.,4R)-3-(hydroxyl)-4-((S)-1,2-dihydroxyethyl)tetrahydrothiophenel,1-dioxide (28): To
a solution of 26 (0.39 g, 0.8 mmol) in CH3;0H (15 mL) and CH,Cl, (3 mL) was added HOAc
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(50 puL) and Pd—C (10%, 40 mg). The solution was stirred under a H, atmosphere for 20 h at rt.
The solution was filtered and the filtrate was concentrated to give 28 as a colorless oil (0.17 g,
98%): Ry=0.20 (CH,Cl,~CH3;0H 9:1); [a]p™* =31.6 (c 1.31 in CH;0H); 'H NMR (500 MHz,
CDs;OD) 6 = 4.77 (dd, J = 3.3, 3.5 Hz, 1H), 3.82 (m, 1H), 3.62 (dd, J = 4.0, 11.5 Hz, 1H),
3.51 (dd, J=5.1, 11.5 Hz, 1H), 3.39-3.19 (m, 2H), 3.12 (d, J = 10.3 Hz, 2H), 2.53 (dddd, J =
3.3, 10.3, 10.3, 10.3 Hz, 1H); °C NMR (125 MHz, CD;0D) & 71.3, 69.3, 66.0, 62.7, 52.1,
46.1; HRMS-ESI m/z [M+Na]" calcd for C¢H;,05SNa: 219.0298, found: 219.0298.

(BR.,4R)-3-(hydroxyl)-4-((2-(2,4-dinitrophenyl)hydrazinylidene)methyl)tetra-hydrothiop
hene 1,1-dioxide (29): To a solution of 28 (0.10 g, 0.51 mmol) in THF (3 mL) and H,O (0.5
mL) was added NalOy4 (0.16 g, 0.76 mmol) and NaHCOs3 (0.09 g, 1.0 mmol). The mixture was
stirred for 30 min and then the precipitate was filtered. The filtrate was concentrated and the
resulting residue was purified by chromatography (CH,Cl,—~CH30H, 20:1). The product (R,=
0.5 (CH,Cl,—CH30H, 9:1)) was dissolved in CH3;OH and was added a solution of
(2,4-dinitrophenyl)hydrazine (I M, 1 mL). After stirring for 10 min, the mixture was
concentrated and the resulting residue was purified by chromatography (CH,Cl,—~CH;0H,
19:1) to give 29 as a yellow solid (51 mg, 30%). This solid was recrystallized from CH;OH
and acetone. Ry= 0.23 (CH,Cl,-CH;0H, 19:1); mp: 89-90 °C; [a]p"’ +4.9 (c 0.1, acetone); 'H
NMR (500 MHz, CD;COCD3) 6 8.97 (d, J = 2.7 Hz, 1H), 8.39-8.36 (m, 1H), 8.09-8.06 (m,
2H), 4.98 (m, 1H), 3.64-3.59 (m, 2H), 3.44 (dd, /= 5.0, 13.8 Hz, 1H), 3.33 (m, 1H), 3.25 (dd,
J = 1.6, 13.8, Hz, 1H); °C NMR (125 MHz, DMSO-d;) & 150.7; 144.5, 136.8, 129.6, 129.0,
122.8, 116.4, 68.7, 60.7, 50.6, 44.9; HRMS-ESI m/z [M+Na]" calcd for C;;H;,N407SNa:
367.0319, found: 367.0321.

2°,3’-0-isopropylidene-5’-0-(3-hydroxylpropyl)-3-(benzyloxymethyl)uridine (S6): To a

solution of S2 (0.50 g, 0.9 mmol) and 1,3-propanediol (S3) (0.69 g, 9.0 mmol) in DMF (4 mL)

at 0 °C was added NaH (72 mg, 1.8 mmol, 60% in mineral oil). The solution was stirred at rt
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for 20 h and then was added water H,O (10 mL). The mixture was extracted with Et;O. The
organic layer was washed with brine, dried (MgSO4) and concentrated. The residue was
purified by chromatography (EtOAc—Hexane 2:1) to give S6 as a colorless oil (0.15 g, 36%):
Ry=0.14 (EtOAc-Hexane 2.5:1); [a] p°° =3.3 (¢ 1.0, CH,Cl,); '"H NMR (400 MHz, CDCl;) &
7.44 (d, J = 8.2 Hz, 1H), 7.38-7.23 (m, 5H), 5.77 (d, J= 1.9 Hz, 1H), 5.73 (d, /= 8.2 Hz, 1H),
5.50 (d,J=9.7 Hz, 1H), 5.47 (d, J= 9.7 Hz, 1H), 4.81-4.77 (m, 2H), 4.70 (s, 2H), 4.37 (ddd,
J=3.0,3.0, 4.5 Hz, 1H), 3.73-3.69 (m, 3H), 3.67-3.58 (m, 3H), 1.83-1.77 (m, 2H), 1.58 (s,
3H), 1.37 (s, 3H); °C NMR (125 MHz, CDCl3) § 162.6; 150.8, 139.9, 137.9, 128.3, 127.6,
114.1, 101.6, 94.4, 85.9, 85.2, 80.9, 72.3, 70.9, 70.3, 69.6, 60.6, 32.2, 27.2, 25.4; HRMS-ESI
m/z [M+Na]" calcd for C,3H30N,OgNa: 485.1894, found: 485.1894.

2°3’-0-isopropylidene-5’-0-(3-iodopropyl)-3-(benzyloxymethyl) uridine (42): To a
solution of compound S6 (150 mg, 0.32 mmol) in CH,Cl, (10 mL) was added Et;N (1 mL)
and MsCl (43 mg, 0.38 mmol) at 0 °C. The mixture was stirred for 30 min at rt and then was
added H,O (10 mL). The organic layer was washed with brine, dried over MgSO, and
concentrated to give the crude mesylate. The mesylate was dissolved in acetone (10 mL) and
then reacted with fresh fused Nal (70 mg, 0.47 mmol). The reaction was heated at 50 °C for 4
h, cooled and concentrated. The crude product was purified by chromatography
(EtOAc—Hexane 1:2) to give 42 as a colorless oil (121 mg, 65%): Ry= 0.11 (EtOAc—Hexane
1:2); [a] ™ =6.0 (¢ 1.6, CH,CL); '"H NMR (500 MHz, CDCl3) & 7.47 (d, J = 8.1 Hz, 1H),
7.40-7.28 (m, 5H), 5.83 (d, J=2.2 Hz, 1H), 5.76 (d, /= 8.1 Hz, 1H), 5.52 (d, /= 9.7 Hz, 1H),
5.49 (d,J=9.7Hz, 1H), 4.82 (dd, /= 3.0, 6.2 Hz, 1H), 4.78 (dd, J= 2.2, 6.2 Hz, 1H), 4.73 (s,
2H), 4.41 (ddd, J = 3.0, 3.1, 4.4 Hz, 1H), 3.76 (dd, J = 3.0, 10.5 Hz, 1H), 3.65 (dd, J = 4.4,
10.5 Hz, 1H), 3.59-3.56 (m, 2H), 3.22 (dd, J = 6.8, 6.8 Hz, 2H), 2.07-2.02 (m, 2H), 1.62 (s,
3H), 1.39 (s, 3H); °C NMR (125 MHz, CDCl3) § 162.6; 150.8, 139.6, 137.9, 128.2, 127.6,
114.1, 101.5, 94.2, 86.0, 85.4, 80.9, 72.3, 71.0, 70.9, 70.3, 32.8, 27.2, 25.4, 2.5; HRMS-ESI
m/z [M+H]" caled for C,3H3oN,071: 595.0912, Found: 595.0912.
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2°,3’-0O-isopropylidene-5’-0-(4-hydroxylbutyl)-3-(benzyloxymethyl)uridine (S7): To a
solution of S1 (0.89 g, 1.6 mmol) and 1,4-butanediol (S4) (1.62 g, 19.4 mmol) in DMF (4 mL)
at 0 °C was added NaH (128 mg, 3.2 mmol, 60% in mineral oil). The reaction was stirred at rt
for 20 h and then was added H,O (10 mL). The mixture was extracted with Et,O and the
organic layer was washed with brine, dried (MgSOj4) and concentrated. The resulting residue
was purified by chromatography (EtOAc—Hexane 2:1) to give S7 as a colorless oil (0.40 g,
52%): Ry = 0.16 (EtOAc-Hexane 2.5:1); [a]p™ —3.7 (¢ = 2.4, CH,Cly); 'H NMR (500 MHz,
CDCl) 6 7.53 (d, J = 8.1 Hz, 1H), 7.36-7.23 (m, 5H), 5.83 (s, 1H), 5.71 (d, J = 8.1 Hz, 1H),
5.59 (d,J=9.8 Hz, 1H), 5.45 (d, /= 9.8 Hz, 1H), 4.78-4.74 (m, 2H), 4.70 (s, 2H), 4.38 (ddd,
J=2.6,2.6,3.9 Hz, 1H), 3.69 (dd, J = 2.6, 10.7 Hz, 1H), 3.61-3.57 (m, 3H), 3.59-3.46 (m,
2H), 1.64-1.55 (m, 4H), 1.57 (s, 3H), 1.36 (s, 3H); °C NMR (125 MHz, CDCl;) & 162.7;
150.9, 139.7, 137.9, 128.3, 127.6, 114.0, 101.4, 94.0, 85.9, 85.4, 80.9, 72.3, 71.6, 70.7, 70.3,
62.4, 29.5, 27.2, 26.2, 25.4; HRMS-ESI m/z [M+Na]" caled for C4sH3,N,OgNa: 499.2051,
found: 499.2046.

2°3’-0O-isopropylidene-5’-0-(4-iodobutyl)-3-(benzyloxymethyl) uridine (43): To a solution
of compound S7 (140 mg, 0.29 mmol) in CH,Cl, (10 mL) was added Et;N (1 mL) and MsCl
(40 mg, 0.35 mmol) at 0 °C. The mixture was stirred for 30 min at rt and then was added H,O
(10 mL). The organic layer was washed with brine, dried over MgSO,4 and concentrated to
give the crude mesylate. The mesylate was dissolved in acetone (10 mL) and was reacted with
fresh fused Nal (65 mg, 0.44 mmol). The reaction was heated at 50 °C for 4 h, cooled and
concentrated. The crude product was purified by chromatography (EtOAc—Hexane 1:2) to
give 43 as a colorless oil (105 mg, 61%): Ry=0.17 (EtOAc—Hexane 1:2); [o]p>’ —7.4 (¢ = 0.6,
CH,Cl,); "H NMR (500 MHz, CDCl3) & 7.48 (d, J = 8.1 Hz, 1H), 7.36-7.23 (m, 5H), 5.82 (d,
J =19 Hz, 1H), 5.72 (d, J = 8.1 Hz, 1H), 5.49 (d, J = 9.8 Hz, 1H), 5.45 (d, J = 9.8 Hz, 1H),
4.77-4.73 (m, 2H), 4.69 (s, 2H), 4.37 (ddd, J = 2.3, 3.1, 3.9 Hz, 1H), 3.68 (dd, J = 2.3, 10.6
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Hz, 1H), 3.58 (dd, J = 3.9, 10.6 Hz, 1H), 3.51-3.43 (m, 2H), 3.16 (dd, J = 6.7, 6.7 Hz, 2H),
1.86-1.80 (m, 2H), 1.68-1.62 (m, 2H), 1.58 (s, 3H), 1.36 (s, 3H); °C NMR (125 MHz,
CDCl3) § 162.6; 150.9, 139.6, 137.9, 128.3, 127.6, 114.0, 101.5, 94.0, 85.9, 85.4, 80.9, 72.3,
70.8, 70.5, 71.4, 30.4, 30.1, 27.2, 25.4, 6.3; HRMS-ESI m/z [M+H]" calcd for CosH3,N,071:
587.1249, found: 587.1260.

2°3’-0-isopropylidene-5’-0-((25,35)-2,3-O-isopropylidene-2,3,4-trihydroxyl-butyl)-3-(be
nzyloxymethyl) uridine (S8): To a solution of S1 (0.61 g, 1.09 mmol) and S5 (1.77 g, 10.9
mmol) in DMF (3 mL) was added NaH (66 mg, 1.63 mmol, 60% in mineral oil) at 0 °C. The
reaction mixture was then warmed to rt, stirred overnight and was added H,O (10 mL). The
mixture was extracted with Et;O and the organic layer was washed with brine, dried (MgSO,)
and concentrated. The resulting residue was purified by chromatography (EtOAc—Hexane 2:1)
to give S8 as a colorless oil (0.340 g, 57 %): R,= 0.29 (EtOAc—Hexane 2.5:1); [a] ™" 9.6 (c
1.9, CH,Cly); 'H NMR (500 MHz, CDCls) § = 7.45 (d, J = 8.2 Hz, 1H), 7.37-7.23 (m, 5H),
5.80(d,J=2.1 Hz, 1H), 5.74 (d, J= 8.2 Hz, 1H), 5.49 (d, J=9.7 Hz, 1H), 5.45 (d, J=9.7 Hz,
1H), 4.82—-4.76 (m, 2H), 4.70 (s, 2H), 4.33 (ddd, J = 3.2, 3.2, 4.4 Hz, 1H), 4.04 (ddd, J = 4.9,
4.9, 8.3 Hz, 1H), 3.87 (ddd, J = 4.2, 4.2, 8.3 Hz, 1H), 3.79-3.75 (m, 2H), 3.71 (dd, J = 4.5,
10.7 Hz, 1H), 3.66-3.63 (m, 3H), 1.58 (s, 3H), 1.41 (s, 6H), 1.36 (s, 3H); °C NMR (125 MHz,
CDCl;) & = 162.6; 150.9, 140.1, 137.9, 128.3, 127.6, 114.0, 109.5, 101.9, 94.0, 85.6, 84.8,
80.7, 78.6, 76.4, 72.3, 71.9, 71.4, 70.3, 62.1, 27.2, 27.1, 27.0, 25.4; HRMS-ESI m/z [M+Na]"
calcd for Cy7H36N,O1oNa: 571.2262, found: 571.2265.

2°3’-0-isopropylidene-5’-0-((2S5,3R)-4-iodo-2,3-O-isopropylidene-2,3-dihydr-oxyl-butyl)-
3-(benzyloxymethyl) uridine (44): To a solution of compound S8 (340 mg, 0.62 mmol) in
CH,Cl; (10 mL) was added Et;N (1 mL) and MsCl (85 mg, 0.74 mmol) at 0 °C. The mixture
was stirred for 30 min at rt and then was added H,O (10 mL). The solution was extracted with

Et;0O and the organic layer was washed with brine, dried over MgSO4 and concentrated to
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give the crude mesylate. The mesylate was dissolved in acetone (10 mL) and then reacted
with fresh fused Nal (140 mg, 0.93 mmol) in a sealed vessel at 80 °C for 4 h, cooled and
concentrated. The iodide was purified by chromatography (EtOAc—Hexane 1:2) to give 44 as
a colorless oil (141 mg, 35%): R;= 0.43 (EtOAc—Hexane 1:1); [a]p™" —11.6 (¢ = 2.0, CH,Cl,);
'H NMR (500 MHz, CDCls) & 7.48 (d, J = 8.2 Hz, 1H), 7.38-7.24 (m, 5H), 5.84 (d, J = 2.6
Hz, 1H), 5.75 (d, J = 8.2 Hz, 1H), 5.50 (d, /= 9.7 Hz, 1H), 5.46 (d, J=9.7 Hz, 1H), 4.82 (dd,
J=13.3,6.3 Hz, 1H), 4.79 (dd, J = 2.5, 6.3 Hz, 1H), 4.70 (s, 2H), 4.35 (ddd, J = 3.1, 3.3, 4.4
Hz, 1H), 3.93 (ddd, J = 3.9, 5.6, 7.3 Hz, 1H), 3.85 (ddd, /= 5.5, 5.5, 7.3 Hz, 1H), 3.80 (dd, J
=3.1,10.7 Hz, 1H), 3.75 (dd, /= 3.9, 10.6 Hz, 1H), 3.73 (dd, J=4.4, 10.7 Hz, 1H), 3.67 (dd,
J=5.6,10.6 Hz, 1H), 3.29 (d, J = 5.5 Hz, 2H), 1.59 (s, 3H), 1.44 (s, 3H), 1.40 (s, 3H), 1.36 (s,
3H); °C NMR (125 MHz, CDCl3) & 162.6; 150.9, 140.0, 137.9, 128.3, 127.6, 114.3, 109.9,
102.0, 93.8, 85.6, 84.8, 80.8, 80.3, 76.9, 72.3, 72.1, 71.5, 70.3, 27.4, 27.3, 27.2, 25.4, 5.8;
HRMS-ESI m/z [M+Na]" calcd for C,7H3sN,00INa: 681.1280, found: 681.1285.

(3R,45)-3-(benzyloxy)-4-((:5)-1,2-bis(benzyloxy)ethyl)-1-propyl-tetrahydro-1H-thiopheni
um tetrafluoroborate (45): Using the general procedure for preparation of sulfonium ions,
compound 21 (69 mg, 0.16 mmol) was treated with 30 (27.2 mg, 0.16 mmol) and AgBF,4 (32
mg, 0.16 mmol) to give 45 as a colorless oil (65 mg, 73%): Ry= 0.69 (CH,Cl,—CH;0H, 9:1);
HRMS-ESI m/z [M-BF,]" calcd for C30H3703S: 477.2458, found: 477.2459. The compound

used in the next step without further characterization.

(BR,45)-3-((5)-1,2-dihydroxyethyl)-4-hydroxy-1-propyl-tetrahydro-1H-thiophenium

chloride (46): Using the general procedure for the benzyl deprotection, 45 (44 mg, 0.078
mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (C1” form) to give 46 as a
70:30 mixture of inseparable stereoisomers as a colorless oil (13 mg, 72%): Ry = 0.06
(CH;0H); 'H NMR (500 MHz, CD;0D) & 4.74 (dd, J = 2.0, 2.0 Hz, 0.7H), 4.67 (ddd, J = 5.4,
5.6, 5.6 Hz, 0.3H), 3.89-3.75 (m, 2H), 3.66-3.61 (m, 1H), 3.57-3.34 (m, 6H), 3.05 (dddd, J =

S13



1.6, 2.1, 4.8, 6.6 Hz, 0.7H), 2.66 (dddd, J = 2.6, 6.0, 6.0, 8.6 Hz, 0.3H), 1.90—1.82 (m, 2H),
0.90 (t, J = 7.4 Hz, 3H); °C NMR (125 MHz, CD;0D) & 80.0; 77.2, 70.9, 70.0, 66.1, 65.3,
53.8, 52.9, 50.3, 49.4, 48.1, 45.5, 42.9, 40.2, 20.5, 20.2, 13.1, 13.0; HRMS-ESI m/z [M—CI]"
calcd for CoH;903S: 207.1049, found: 207.1050.

(3R,45)-3-(benzyloxy)-4-((:5)-1,2-bis(benzyloxy)ethyl)-1-propyl-tetrahydro-1H-thiopheni
um tetrafluoroborate (47): Using the general procedure for the preparation of sulfonium
ions, 21 (69 mg, 0.16 mmol) was treated with 31 (38.2 mg, 0.16 mmol) and AgBF4 (31 mg,
0.16 mmol) to give 47 as a colorless oil (76 mg, 77%): Ry = 0.70 (CH,Cl,-CH30H, 9:1);
HRMS-ESI m/z [M=BF,]" calcd for C3sHy703S: 547.3240, found: 547.3245. The compound

used in the next step without further characterization.

(BR.,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-octyl-tetrahydro-1H-thiophenium
chloride (48): Using the general procedure for the benzyl deprotection, 47 (76 mg, 0.12 mmol)
was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (CI” form) to give 48 as a 70:30
mixture of inseparable stereoisomers as a colorless oil (32 mg, 86%): R, 0.06 (CH30H); 'H
NMR (400 MHz, CD3;0OD) 6 4.74 (dd, J = 1.9, 1.9 Hz, 0.7H), 4.67 (ddd, J = 5.5, 5.7, 5.7 Hz,
0.3H), 3.89-3.74 (m, 2H), 3.66-3.61 (m, 1H), 3.57-3.30 (m, 6H), 2.97 (dddd, /= 1.7, 3.3, 4.8,
6.6 Hz, 0.7H), 2.66 (m, J=2.3,5.9, 5.9, 8.6 Hz, 0.3H), 1.87-1.77 (m, 2H), 1.52-1.45 (m, 2H),
1.49-1.35 (m, 8H), 0.90 (t, J = 7.1 Hz, 3H); °C NMR (125 MHz, CD;0D) & 80.0; 77.2, 70.9,
70.0, 66.1, 65.3, 53.8, 51.6, 50.3, 48.1, 46.9, 43.7, 42.9, 40.2, 32.9, 30.1, 30.0, 29.5, 29.4, 26.8,
26.5, 14.4; HRMS-ESI m/z [M—C1]" calcd for C14H,003S: 277.1832, found: 277.1832.

(3R,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-isobutyl-tetrahydro-1H-thiophen
ium tetrafluoroborate (49): Using the general procedure for the preparation of sulfonium
ions, 21 (77 mg, 0.18 mmol) was reacted with 32 (34 mg, 0.18 mmol) and AgBF4 (35 mg,
0.18 mmol) to give 49 as a colorless oil (24.3 mg, 24%): R, = 0.70 (CH,Cl,—CH;0H, 9:1);
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HRMS-ESI m/z [M-BF,]" calcd for C3;H3903S: 491.2614, found: 491.2617. The compound

used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-isobutyl-tetrahydro-1H-thiophenium
chloride (50): Using the general procedure for the benzyl deprotection, 49 (45 mg, 0.078
mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (C1” form) to give 50 as a
70:30 mixture of inseparable stereoisomers as a colorless foam (18 mg, 88%): Ry = 0.06
(CH;0H); 'H NMR (400 MHz, CD;0D) & 4.74 (dd, J = 2.0, 2.0 Hz, 0.7H), 4.68 (ddd, J = 5.2,
5.2,5.2 Hz, 0.3H), 3.92 (dd, J = 1.8, 12.2 Hz, 0.7H,), 3.86-3.78 (m, 1.3H), 3.66-3.33 (m, 7H),
3.06 (dddd, J = 1.7, 3.2, 4.9, 6.6 Hz, 0.7H), 2.69 (dddd, J = 2.4, 5.6, 5.6, 8.4 Hz, 0.3H),
2.20-2.08 (m, 1H), 1.13 (d, J = 6.7 Hz, 6H); °C NMR (125 MHz, CD;0D) & 80.0; 77.4, 70.9,
70.0, 66.0, 65.3, 55.3, 53.9, 52.1, 51.6, 50.9, 48.9, 43.5, 40.9, 27.7, 27.6, 21.9, 21.7,
HRMS-ESI m/z [M—CI]" caled for C;oH05S: 221.1206, found: 221.1207.

(3R,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-cyclohexylmethyl-tetrahydro-1H
-thiophenium tetrafluoroborate (51): Using the general procedure for the preparation of
sulfonium ions, 21 (86 mg, 0.20 mmol) was reacted with iodide 33 (45 mg, 0.20 mmol) and
AgBF; (38 mg, 0.20 mmol) to give 51 as a colorless oil (10 mg, 8%): Ry = 0.34
(CH,Cl,-CH;0H, 19:1); HRMS-ESI m/z [M-BF,4]" calcd for C34H30:S: 531.2927, found:

531.2925. The compound used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-cyclohexylmethyl-tetra-hydro-1H-thiop

henium chloride (52): Using the general procedure for the benzyl deprotection, 51 (8 mg,
0.13 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (CI” form) to give 52
as a colorless foam as a 91:9 ratio of isomers (3.3 mg, 100%): R,= 0.06 (CH;OH); 'H NMR
(600 MHz, CDs0D) 6 4.73 (dd, J=2.0, 2.0 Hz, 1H), 3.90 (dd, J = 1.8, 12.2 Hz, 1H), 3.78 (dd,
J=3.9, 12.5 Hz, 1H), 3.62 (ddd, J = 1.4, 5.6, 6.9 Hz, 1H), 3.46 (dd, J = 6.8, 12.2 Hz, 1H),
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3.42 (dd, J = 6.7, 11.2 Hz, 1H,), 3.38 (dd, J = 7.1, 12.6 Hz, 1H), 3.34-3.31 (m, 3H), 3.05
(dddd, J = 1.9, 3.4, 3.4, 6.8 Hz, 1H), 1.91-1.77 (m, 4H), 1.72-1.69 (m, 1H), 1.40-1.32 (m,
2H), 1.28-1.18 (m, 2H), 1.17-1.11 (m, 2H); '*C NMR (100 MHz, CD;0D) & 80.0; 70.9, 65.3,
54.1, 53.9, 50.9, 43.5, 36.5, 33.2, 33.0, 26.8, 26.7; HRMS-ESI m/z [M—CI]" calcd for
C13H25058: 261.1519, found: 261.1517.

(BR.,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(2-methoxyethyl)-tetrahydro-1H
-thiophenium tetrafluoroborate (53): Using the general procedure for the preparation of
sulfonium ions, 21 (61 mg, 0.14 mmol) was reacted with 34 (28.7 mg, 0.15 mmol) and AgBF,4
(30 mg, 0.15 mmol) to give 53 as a colorless oil (66 mg, 81%): Ry= 0.70 (CH,Cl,—CH;0H,
9:1); HRMS-ESI m/z [M-BF,]" caled for C3H37;04S: 493.2407, found: 493.2402. The

compound used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(2-methoxyethyl)-tetrahydro-1H-thioph
enium chloride (54): Using the general procedure for the benzyl deprotection, 53 (38 mg,
0.065 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (Cl” form) to give 54
as a 70:30 mixture of inseparable stereoisomers as a colorless foam (14 mg, 83%): Rr= 0.06
(CH;0H); 'H NMR (600 MHz, CD;0D) & = 4.73 (dd, J = 2.0, 2.0 Hz, 0.7H), 4.67 (ddd, J =
5.0, 5.0, 5.0 Hz, 0.3H), 3.90-3.61 (m, 7H), 3.57-3.47 (m, 3H), 3.44-3.41 (m, 4H), 3.03 (dddd,
J=1.7,3.3,5.0, 7.0 Hz, 0.7H), 2.68 (dddd, J = 2.3, 5.3, 5.3, 8.2 Hz, 0.3H); °C NMR (125
MHz, CD;0D) s 80.0; 77.4, 70.8, 70.0, 68.7, 68.4, 66.0, 65.3, 59.4, 53.7, 51.5, 51.2, 49.4,
47.8, 447, 43.9, 41.1; HRMS-ESI m/z [M-CI]" caled for CoH;904S: 223.0999, found:
223.0997.

((3R,45)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(8-methoxyoctyl)-tetraydro-1H-

thiophenium tetrafluoroborate (55): Using the general procedure for the preparation of

sulfonium ions, 21 (103 mg, 0.24 mmol) was reacted with 35 (80 mg, 0.29 mmol) and AgBF4
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(46 mg, 0.24 mmol) to give 55 as a colorless oil (152 mg, 97%): Ry= 0.70 (CH,Cl,—CH;0H,
9:1); HRMS-ESI m/z [M-BF,]" caled for CisHi04S: 577.3346, found: 577.3345. The

compound used in the next step without further characterization.

(BR,45)-3-((5)-1,2-dihydroxyethyl)-4-hydroxy-1-(8-methoxyoctyl)-tetrahydro-1H-thioph
enium chloride (56): Using the general procedure for the benzyl deprotection, 55 (100 mg,
0.15 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (Cl™ form) to give
product 56 as a 70:30 mixture of inseparable stereoisomers as a colorless foam (32 mg, 55%):
Ry = 0.06 (CH;0H); "H NMR (500 MHz, CD;0D) & 4.74 (dd, J = 2.0, 2.0 Hz, 0.7H), 4.67
(ddd, J=5.7,5.7, 5.7 Hz, 0.3H), 3.89-3.75 (m, 2H), 3.66-3.61 (m, 1H), 3.57-3.36 (m, 8H),
3.30 (s, 3H), 2.97 (dddd, J = 1.6, 3.1, 5.6, 6.5 Hz, 0.7H), 2.66 (dddd, J = 2.3, 5.9, 5.9, 8.5 Hz,
0.3H), 1.87-1.78 (m, 2H), 1.58-1.46 (m, 4H), 1.40-1.35 (m, 6H); °C NMR (100 MHz,
CDs0D) & 80.0; 77.2, 73.8, 70.9, 70.0, 66.1, 65.3, 58.8, 53.8, 51.6, 50.3, 48.1, 46.9, 43.7, 42.9,
40.2, 30.5, 30.0, 29.9, 29.3, 27.0, 26.7, 26.5; HRMS-ESI m/z [M—-CI]" calcd for CisH304S:
307.1937, found: 307.1934.

(BR.,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(3-benzyloxypropyl)-tetrahydro-
1H-thiophenium tetrafluoroborate (57): Using the general procedure for the preparation of
sulfonium ions, compound 21 (70 mg, 0.16 mmol) was reacted with 36 (50 mg, 0.18 mmol)
and AgBF,; (35 mg, 0.18 mmol) to give 57 as a colorless oil (52 mg, 48%): Ry = 0.67
(CH,C1,—CH;0H, 9:1); HRMS-ESI m/z [M-BF,4]" calcd for C37H4304S: 583.2877, found:

583.2881. The compound used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(3-hydroxpropyl)-tetra-hydro-1H-thiop

henium chloride (58): Using the general procedure for the benzyl deprotection, 57 (63 mg,
0.09 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (CI” form) to give 58
as a 70:30 mixture of stereoisomers as a colorless foam (23 mg, 94%): R,= 0.05 (CH30H); 'H
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NMR (500 MHz, CD;0D) & 4.73 (m, 0.7H), 4.67 (ddd, J = 5.1, 5.1, 5.1 Hz, 0.3H), 3.90-3.38
(m, 11H), 3.06-3.04 (m, 0.7H), 2.66 (dddd, J = 2.2, 6.1, 8.4, 11.4 Hz, 0.3H), 2.08-2.03 (m,
2H); *C NMR (125 MHz, CD;0D) § 78.2, 74.5, 70.2, 69.3, 65.1, 64.7, 64.1, 60.2, 52.0, 49.9,
49.1, 45.6, 43.7, 42.8, 41.8, 39.9, 28.6, 28.3; HRMS-ESI m/z [M—CI]" calcd for CoH90,S:
223.0999, found: 223.0999.

(3R,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(8-benzyloxyoctyl)-tetrahydro-1

H-thiophenium tetrafluoroborate (59): Using the general procedure for the preparation of
sulfonium ions, 21 (80 mg, 0.18 mmol) was reacted with 37 (75 mg, 0.22 mmol) and AgBF4
(42 mg, 0.22 mmol) to give 59 as a colorless oil (123 mg, 90%): Ry= 0.38 (CH,Cl,—CH;0H,
9:1); HRMS-ESI m/z [M-BF,]" caled for C4Hs304S: 653.3659, found: 653.3659. The

compound used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(8-hydroxyoctyl)-tetrahydro-1H-thiophe
nium chloride (60): Using the general procedure for the benzyl deprotection, 59 (123 mg,
0.17 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (CI” form) to give 60
as a 75:25 mixture of inseparable stereoisomers as a colorless foam (43 mg, 79%): Ry= 0.06
(CH;0H); 'H NMR (500 MHz, CD;0D) & 4.74 (dd, J = 2.0, 2.0 Hz, 0.75H), 4.67 (ddd, J =
5.6,5.6,5.6 Hz, 0.25H), 3.89-3.84 (m, 1H), 3.81-3.74 (m, 1H), 3.65-3.61 (m, 1H), 3.50-3.35
(m, 8H), 3.05 (dddd, J = 1.6, 3.1, 5.6, 6.5 Hz, 0.75H), 2.68 (dddd, J =24, 5.9, 5.9, 8.5 Hz,
0.25H), 1.87-1.78 (m, 2H), 1.55-1.47 (m, 4H), 1.43-1.35 (m, 6H); °C NMR (125 MHz,
CDs0) 6 80.0; 77.2, 70.9, 70.0, 66.1, 65.3, 62.9, 53.8, 51.6, 50.3, 48.1, 46.9, 43.8, 42.9, 40.2,
33.7, 30.2, 30.0, 29.9, 29.4, 29.3, 26.8, 26.5; HRMS-ESI m/z [M—CI]" calcd for C14H00,4S:
293.1781, found: 193.1783.

(3R.,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(12-benzyloxy-dodecyl)-tetrahyd

ro-1H-thiophenium tetrafluoroborate (61): Using the general procedure for the preparation
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of sulfonium ions, compound 21 (80 mg, 0.18 mmol) was reacted with 38 (89 mg, 0.22 mmol)
and AgBF4 (42 mg, 0.22 mmol) to give 61 as a colorless oil (116 mg, 81%): Ry = 0.38
(CH>C1,—CH;0H, 9:1); HRMS-ESI m/z [M-BF,4]" calcd for Cu4sHg04S: 709.4285, found:

709.4288. The compound used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(12-hydroxydodecyl)-tetrahydro-1H-thi
ophenium chloride (62): Using the general procedure for the benzyl deprotection, 61 (116
mg, 0.15 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (Cl™ form) to
give 62 as a 60:40 ratio of inseparable stereoisomers as a colorless foam (39 mg, 70%): R, =
0.06 (CH;OH); 'H NMR (500 MHz, CD;0D) & 4.74 (dd, J = 2.0, 2.0 Hz, 0.6H), 4.67 (ddd, J
= 5.6, 5.6, 5.6 Hz, 0.4H), 3.89-3.84 (m, 1H), 3.82-3.74 (m, 1H), 3.66-3.61 (m, 1H),
3.54-3.34 (m, 8H), 3.05 (dddd, J = 1.9, 3.3, 4.7, 6.8 Hz, 0.6H), 2.68 (dddd, J = 2.4, 5.0, 5.0,
8.5 Hz, 0.4H), 1.86-1.77 (m, 2H), 1.55-1.45 (m, 4H), 1.40-1.28 (m, 14H); °C NMR (100
MHz, CDs;OD) & 80.0; 77.2, 70.9, 70.0, 66.1, 65.3, 63.0, 53.8, 51.6, 50.3, 48.1, 46.9, 43.8,
42.9, 40.2, 33.7, 30.7, 30.6, 30.4, 30.1, 29.5, 29.4, 26.9, 26.8, 26.6; HRMS-ESI m/z [M—CI]"
calcd for Ci13H3704S: 349.2407, found: 349.2407.

(3R.,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(2-phenethyl)-tetrahydro-1H-thi

ophenium tetrafluoroborate (63): Using the general procedure for the preparation of
sulfonium ions, 21 (75 mg, 0.17 mmol) was reacted with 41 (32 mg, 0.18 mmol) and AgBF4
(34 mg, 0.18 mmol) to give 63 as an colorless oil (34 mg, 32%): Ry= 0.70 (CH,Cl,—CH;0H,
9:1); HRMS-ESI m/z [M-BF,]" caled for C3sH3003S: 539.2614, found: 539.2615. The

compound used in the next step without further characterization.
(BR,45)-3-((5)-1,2-dihydroxyethyl)-4-hydroxy-1-(2-phenethyl)-tetrahydro-1H-thiopheniu

m chloride (64): Using the general procedure for the benzyl deprotection, 63 (34 mg, 0.054
mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (C1” form) to give 64 as a
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70:30 mixture of inseparable stereoisomers as a colorless foam (15 mg, 91%): Ry = 0.06
(CH;0H); 'H NMR (400 MHz, CD;0D) & 7.39-7.27 (m, 5H), 4.71 (dd, J = 1.9, 1.9 Hz, 0.7H),
4.65 (ddd, J=5.1, 5.1, 5.2 Hz, 0.3H), 3.84-3.34 (m, 9.6H), 3.18 (dd, J = 7.4, 7.4 Hz, 1.4H),
2.97 (m, 0.7H), 2.66 (dddd, J = 2.0, 5.2, 5.2, 7.5 Hz, 0.3H); °C NMR (125 MHz, CD;0D) &
138.3; 130.2, 129.8, 128.6, 80.0, 77.5, 70.8, 70.0, 65.9, 65.3, 53.8, 51.6, 50.5, 48.4, 45.4, 43.7,
43.1, 40.4, 32.8, 32.6; HRMS-ESI m/z [M-CI]" calcd for Ci4Hy05S: 269.1206, found:
269.1202.

(8)-1-((3S,4R)-4-hydroxytetrahydrothiophen-3-yl)ethane-1,2-diol (65): Ammonia (20 mL)
was condensed at —78 °C and a solution of 21 (0.16 g, 0.37 mmol) in THF (6 mL) was added.
To this mixture was then added sodium metal (0.5 g, 22 mmol) and CH;0H (30 pL). The
reaction was stirred for 1 h at —78 °C and then was added CH3OH (10 mL). The solution was
then warmed to rt, neutralized with HOAc and concentrated. The resulting residue was
purified by chromatography (CH,Cl,-CH3;OH 9:1) to give 65 as a colorless oil (54.0 mg,
90%): Ry = 0.27 (CH,CL,—~CH;0H 9:1); [a]p™’ 9.2 (c = 1.7, CH;0H); 'H NMR (400 MHz,
CDs0OD) 6 4.22 (ddd, J = 6.0, 7.7, 7.7 Hz, 1H), 3.72 (ddd, J = 5.0, 5.0, 6.7 Hz, 1H), 3.56 (dd,
J=5.0, 11.3 Hz, 1H), 3.51 (dd, J = 6.7, 11.3 Hz, 1H), 2.94 (dd, J = 6.0, 10.5 Hz, 1H), 2.88
(dd, J = 8.8, 10.6 Hz, 1H), 2.82 (dd, J = 7.6, 10.6 Hz, 1H), 2.68 (dd, J = 7.7, 10.5 Hz, 1H),
2.87 (dddd, J = 5.0, 7.6, 7.7, 8.8 Hz, 1H); °C NMR (100 MHz, CD;0D) & 76.2, 71.6, 66.4,
52.6, 37.3, 27.9; HRMS-ESI m/z [M+Na]" calecd for C¢H;,03SNa: 187.0399, found:
187.0400.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(4-benzyl)-tetrahydro-1H-thiophenium

bromide (66): To a solution of 65 (11 mg, 0.07 mmol) in 1,1,1,3,3,3-hexafluoroisopropanol
(0.5 mL) was added benzyl bromide 39 (14 mg, 0.08 mmol). The mixture was stirred at 50 °C
for 5 h, cooled to rt and then concentrated. The residue was purified by chromatography

(CH,Cl,—CH;30H 2:1) on latrobeads to give 66 as a colorless oil which is 70:30 mixture of

S20



inseparable stereoisomers (12.6 mg, 57%): R,= 0.06 (CH;0H); 'H NMR (400 MHz, CD;0D)
0 7.55-7.46 (m, 5H), 4.79 (dd, J = 2.0, 2.0 Hz, 0.7H), 4.77 (s, 1.4H), 4.74 (s, 0.6H), 4.65 (ddd,
J=5.7,5.7,5.7Hz, 0.3H), 3.88 (ddd, /= 2.3, 5.7, 5.7 Hz, 0.3H,), 3.78 (dd, J = 1.9, 12.4 Hz,
0.7H,), 3.72-3.34 (m, 6H), 3.11 (dddd, J = 1.9, 3.4, 3.4, 6.8 Hz, 0.7H), 2.70 (dddd, J = 2.4,
5.9, 5.9, 8.4 Hz, 0.3H); C NMR (100 MHz, CD;0D) § 131.6, 131.4, 131.3, 131.1, 131.0,
130.9, 130.8, 130.4, 80.2, 77.2, 70.8, 70.0, 66.1, 65.3, 53.9, 51.7, 50.9, 49.4, 47.8, 47.4, 42.7,
39.4; HRMS-ESI m/z [M-Br]" calcd for C3H903S: 255.1049, found: 255.1047.

(BR,45)-3-((5)-1,2-dihydroxyethyl)-4-hydroxy-1-(4-nitrobenzyl)-tetrahydro-1H-thiophen
ium bromide (67): To a solution of 65 (10 mg, 0.061 mmol) in
1,1,1,3,3,3-hexafluoroisopropanol (1 mL) was added 4-nitrobenzyl bromide (40, 18 mg, 0.09
mmol). The mixture was stirred at 50 °C for 18 h, cooled to rt and then concentrated. The
resulting residue was purified by chromatography (CH,Cl,—CH3;OH 2:1) on latrobeads to give
67 as a yellowish oil which is a 70:30 mixture of inseparable stereoisomers (13.5 mg, 58%):
R;=0.06 (CH;0H); '"H NMR (500 MHz, CD;0D) & 8.34-8.32 (m, 2H), 7.82-7.79 (m, 2H),
4.93—4.88 (m, 2H), 4.79 (dd, J = 2.0, 2.0 Hz, 0.7H), 4.67 (ddd, J = 5.4, 5.4, 5.4 Hz, 0.3H),
3.91-3.87 (m, 1H), 3.79-3.71 (m, 1.4H), 3.67-3.63 (m, 1.3H), 3.60-3.48 (m, 2H), 3.43-3.39
(m, 1.3H), 3.11 (dddd, J = 1.6,.3.2, 4.8, 6.5 Hz, 0.7H), 2.74 (dddd, J = 2.1, 5.6, 5.6, 7.8 Hz,
0.3H); °*C NMR (125 MHz, CD;OD) & 138.3, 137.7, 132.8, 125.6, 80.3, 77.5, 70.8, 70.0,
66.2, 65.3, 54.1, 51.8, 50.1, 49.9, 48.8, 46.2, 43.4, 40.0; HRMS-ESI m/z [M-Br]" calcd for
Ci3HisNOsS: 300.0900, found: 300.0904.

(3R,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(3-(2°3’-O-isopropyli-dene-3-(be
nzyloxymethyl)uridin-5-yl)propyl)-3-(benzyloxy)-tetrahydro-1H-thiophenium
tetrafluoroborate (68): Using the general procedure for the preparation of sulfonium ions, 21
(80 mg, 0.18 mmol) was reacted with 42 (105 mg, 0.18 mmol) and AgBF, (35 mg, 0.18 mmol)
to afford the product 68 as a colorless oil (53 mg, 30%): Ry = 0.45 (CH;OH-CH,Cl,, 9:1);
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HRMS-ESI m/z [M-BF,]" caled for CsoHsoN,O10S: 879.3885, found: 879.3883. The

compound used in the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(3-(uridin-5-yl-)propyl))-tetrahydro-1H-
thiophenium chloride (69): Using the general procedure for benzyl deprotection, 68 (53 mg,
0.05 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (CI” form) to give 69
as a 80:20 inseparable mixture of stereoisomers as a colorless foam (14 mg, 55%): R,= 0.05
(CH;0H); 'H NMR (500 MHz, CD;0D) & 7.87 (d, J = 8.1 Hz, 0.8H) 7.76 (d, J = 8.1 Hz,
0.2H), 5.83 (d, J=4.1 Hz, 0.8H), 5.82 (d, /= 4.1 Hz, 0.2H), 5.76 (d, J = 8.1 Hz, 0.8H), 5.74
(d, J = 8.1 Hz, 0.2H), 4.73 (dd, J = 1.8, 2.0 Hz, 0.8H), 4.66 (dd, J = 5.4, 5.4 Hz, 0.2H),
4.20-4.07 (m, 3H), 3.91-3.37 (m, 13H), 3.03 (m, 0.8H), 2.58 (dddd, /=2.4, 5.6, 5.6, 11.1 Hz,
0.2H), 2.20-2.13 (m, 2H); *C NMR (125 MHz, CD;0D) & 166.1, 152.3, 142.5, 102.9, 91.5,
84.3, 80.0, 75.3, 71.6, 71.3, 70.9, 70.3, 70.0, 66.1, 65.3, 53.8, 51.6, 50.9, 50.4, 45.2, 43.5, 42.3,
40.8,27.3, 27.1; HRMS-ESI m/z [M—CI]" caled for C15H20N»00S: 449.1588, found:449.1588.

(3R,4S5)-3-(benzyloxy)-4-((S)-1,2-bis(benzyloxy)ethyl)-1-(3-(2°3’-O-isopropyli-dene-3-(be
nzyloxymethyl)uridin-5-yl)butyl)-3-(benzyloxy)-tetrahydro-1H-thiophenium
tetrafluoroborate (70): Using the general procedure for the preparation of sulfonium ions, 21
(70 mg, 0.16 mmol) was reacted with 43 (95 mg, 0.16 mmol) and AgBF4 (32 mg, 0.16 mmol
to give the 70 as a colorless oil (62 mg, 39%): Rr= 0.45 (CH;OH-CHCl, 9:1); HRMS-ESI
m/z [M=BF4]" caled for Cs;HgiN2010S: 893.4041, found: 893.4042. The compound used in

the next step without further characterization.

(BR,45)-3-((S)-1,2-dihydroxyethyl)-4-hydroxy-1-(3-(uridin-5-yl-)butyl))-tetrahydro-1H-t
hiophenium chloride (71): Using the general procedure for the benzyl deprotection, 70 (51
mg, 0.05 mmol) was treated with BCl; (1 M in CH,Cl,) and then Amberlyst (Cl™ form) to
give 71 as a colorless foam as 88:12 ratio of isomers (14 mg, 54%): R, = 0.05 (CH3;0H); 'H
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NMR (300 MHz, CD;0D) & 7.90 (d, 1H, J = 8.1 Hz), 5.86 (d, J = 3.6 Hz, 1H), 5.70 (d, J =
8.1 Hz, 1H), 4.73 (dd, J = 2.0, 2.3 Hz, 1H), 4.17-4.07 (m, 3H, 3.88 (dd, J= 1.8, 12.3 Hz, 1H),
3.80-3.73 (m, 2H), 3.66-3.35 (m, 10H), 3.05 (m, 1H), 1.97-1.86 (m, 2H), 1.83-1.75 (m, 2H);
3C NMR (100 MHz, CD;OD) & 166.2, 152.3, 142.5, 102.6, 91.2, 84.6, 80.1, 75.7, 71.4, 71.3,
71.1, 70.9, 65.3, 53.9, 50.4, 46.7, 42.9, 29.3, 24.0; HRMS-ESI m/z [M—CI]" caled for
C1oH3N200S: 463.1745, found: 463.1742.

References
S1 S. Mohan, L. Sim, D. R. Rose and B. M. Pinto, Carbohydr. Res., 2007, 342, 901-912.

S2 R. Wang, D. H. Steensma, Y. Takaoka, J. W. Yun, T. Kajimoto and C. H. Wong, Bioorg.
Med. Chem., 1997, 5, 661-672.
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500 MHz 1D in CDC13 (ref. to CDC13 @ 7.26 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

CoHe 0—
CoHs 0—
—OH

—0, C2Hs
0" C,Hs

13

i T T _ T T T T _ T 1 T T _ | T T L * T 1] T T _ T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5 .0 ppm
et Lt - - S T
1.071.05 1.¢2 1.00 8.52
1.04 1.05 1.02
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125 MHz APT in CDC13 (ref. to CDC13 @ 77.0 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

76.819
76.758
76.454
72.989
67.866
66.546
29.557
29.536

9.048
28.958

77.266
77.012
A

113.304
112.914

8.214
181

Le.
A%

ek A A . L ™

.054
8.034
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4uu MHz 1D in CDC13 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp

Pulse Sequence: s2pul

= 27.0 C, autoxdb probe

OmIm\AOI
CoHgs O —
—(0
lovAom_._m
—O0 CoHg
14
.
[‘_'j T T T _ T T T T _ 1 T T i _ T T ﬂj’_‘lﬂj|, T 7 T T I T ‘ T JJIJ]j T T _ T T ﬁ T T JJ[‘}
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
- - - - L
2.00 2.11 12.75

.66
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41UV mHz APT 1n CDCLS (ref. to CDC13 @ 77.0 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

S e
« ™M
S
o~
o
b
o ™
@ O
Im
-]
o~ ® m
a v - WV
@ . - N
2 2 o= 58
. . ~N
8 3 L :
N - w
t )
~_H___~___A_‘H______A___A__‘_~__ﬁ__A_‘__ﬁ4ﬁ7_ﬁ__;q_____A_‘mﬁ_____»‘___*~_‘____ _______‘___,____ﬁ__ﬁ___A_____H__ﬁ____h_
220 200 180 160 140 120 100 80 60 40 20 ppm

CoHg O —
CoHgs O —
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500 MHz 1D in CDC13 (ref. to CDCl3 @ 7.26 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

CoHs O—

i

CoHy 0—

T i ; T B _ T T T T [j T T _IWJJ![_‘ T _ i) T T T J‘J‘ T ITJ_’M T
7 6 5 4 3 2 1 ppm
- e e e A
2.01 2.03 8.41
1.94 2.62

12.29
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445> Mz APT 1n CDC13 (rxef. to CDC13 @ 77.0 ppm), temp 26.1 C -> actual temp 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent signal
Pulse Sequence: apt
o v
0 o
N O~
S D
b 0
N s 2
v 9
~ o
o~
X
& g
«
<8 g7
- % O
o o
-
Ll
n
N
w
- ® 0
E 8
@ o
m . - " " “ — " -
_‘ﬁ___,__ﬁﬁ_%________,*_ﬁ__ﬁ____waﬁ____—,__A______~_,_H____“_A,Aﬁ___*______~¥___ﬁ*______
160 140 120 100 80 60 40 20 ppm

CoHs O—
CoHy 0—
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40C MHz 1D in CD30OD (ref. to CD30OD @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

HO—
HO—

L on | \

IR [N

‘AﬁA_Ag_ﬁg,fﬁg____ﬁ;_f A__fﬁ_‘,k__ﬁaﬁjjlqj?__f_ﬁ~__~.,A__;_q _ﬁﬁ_Aﬁﬁﬁg_“ﬁ;__‘_‘A‘ ,_A__ﬁglﬁlﬁlﬂjlﬂ.jlquﬁ_,ﬁ_q,_ﬁ_a ¥____ﬁ,*A;*~w‘,_ﬁ_ﬁag\
5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
L R L et S

2.00 2.02

1.92 2.02
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125 MHz APT in CD30D (ref. to CD30OD @ 49.0 ppm), temp 27.2 C -> actual temp

C & CH2 same, CH & CH3 opposite side of solvent sigmal

Pulse Sequence: apt

112.984

151.139

27.0 C, sw probe

74.397

67.095

49.353
49.184

48.842
48.669

T _ T T T T _ T T 7 T _J‘_ T T _ T T T T _ T

170 160 150 140 130 120

HO—
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WYy mAaz LU 1D CUSOD (rer. to CD30OD @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

TrO —
HO —

i C U

Yoo
f T T T _ T T T T _ T T T T _ T T T T _ T T 1 T ‘ T _ M)ﬂlq[ﬂ T T i _ T T 4‘ T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 ppm
L e G e
6.14 2.00 .98 1.18 1.30
.35
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4UU maz APT 1n CD3OD (ref. to CD30OD @ 49.0 ppm), temp 26.5 C -> actual temp

C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

145.506

151.237

129.969
128.799

et T~

128.120

112.706

27.0 C,

autoxdb probe

88.165

74.265
72.817

69.249
67.163

49.683

49.470

49.254
041
48.832

49
4

48.615

48.403

W_ T T T T w T T T T _ T T T T _ T T T T

170 160 150 140 13

TrO —
HO —
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VU mHZ 1D 1in CDC13 (ref. to CDC13 @ 7.26 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

TrO —
BnO —

[JIJ’_ T T T ‘ T T T T _ T T T _ T T _\Wa T T T ; T T T T * T T T T _J']ijl.j
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
R e e e I — e
33.07 1.02 4.3¢C 1.00 1.03 1.04
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084

128.774
128.400
128.298

128.269
128.236
127.744

D o
S I ]
o O
- I I o 144.198
(-] | ° | 144.
| 138.703
© O | 138.453
= 3 i 138.338
= = |
=
P
o 7
R 127.609
2 — 127.527
— /—127.453
] 127.433
i 127.400
127.355
= 126.928
N
o
i 115.301
=
[
o
'_i
[ o J—
o
w -—
=Y
3
. R
b —— 86.810
1 ¥
¥F
13
® - 79.079
e = 78.628
g Ea.zu
<9 J 73.100
o

udd

70.868
70.602
66.882
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500 MHz 1D in CDC13 (ref. to CDC13 @ 7.26 ppm),

Pulse Sequence: s2pul

HO —
BnO —

temp 26.1 C -> actual temp = 27.0 C, autoxdb probe

OH

—OBn
—OBn
20

4.5 4.0 3.5 3.0 2.5 2.0 ppm
rJ’FIq.lL rJ_[_I_L PR FJ’{]\ —_— .I,_vl_f'l
2.49 2.04 1.33 15.93 1.00
7.09 2.49 1.40
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e 138.276
-
1 138.137
i 138.104
:: 1% 138.006
s ] 137.924
5 128.556
B i; 128.507
S 128.466
= 3 128.433
w - § 128.413
(=] % M
- 3 127.986
. 127.900
N 127.855
m =] 127.769
- I N — 3
> o o | I 127.724
127.683
N I | A
o | | 3
A 1
o O = ;
UJ UJ ;;
> 3 © 13
L 4
= 7§
o E
= 3
L4
= | ’—
] -4
+x
o
= 3
e 79.268
4 £ 78.009
T 4 77.869
4 % 77.311
@ 77.057
3 76.934
1 % 76.803
4 A 73.518
. 73.432
X 3
o~ % 73.038
72.911
3 72.078
2 71.758
3 71.619
m E——
o 3 69.696
; 63.453
F
3 60.829
3 60.537
=1 k.
w ] 60.078
=)
N §
1% 44.485
3 43.841
[ Y _ 3
e i
§ 1]
3

3de :spuenbas asIng
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500 MHz 1D in CDC13 (ref. to CDC13 @ 7.26 ppm), temp 27.2 C -> actual temp = 27.0 C, sw500 probe

Pulse Sequence: s2pul

OBn

BnO

BnO

21

(—

’(’ :rL %%i?
L L L L S B A B B

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

b L et L e bt g —
3.001.01 .97 1.93 1.00
0.96 0.98 0.96 1.96 305 977

ppm
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125 MHz APT in CDC13 (ref. to CDC13 @ 77.0 ppm), temp 27.2 C -> actual temp = 27.0 C, sw probe
C & CH2 same, CH & CH3 opposite side of solvent signal

Tommno
~v© N
NOo NS
NN Wnom
Ll e o
]
cns
- .
S
SN~
o~
47
o
cowenS ©
N NE T 2
LR @ o
PR K AT ®
RN @ 2
-~ w ©
- nm @ ~
zav 2
® .~ ~
RN 3
S~ bt o
- o
EL =3
o
n
LA A S L I | L L A A L O L B I B B
240 220 200 180 160 140 120 100 80 60 40 20 0 ppm

BnO

BnO

21
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500 MHz 1D in CDC13 (ref. to CDC13 @ 7.26 ppm), temp 27.2 C -> actual temp = 27.0 C, sw500 probe

Pulse Sequence: rgu

BnO

BnOw-{ o

22
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125 MHz APT in CDC13 (ref. to CDCl13 @ 77.0 ppm), temp 27.2 C -> actual temp = 27.0 C, sw probe
C & CH2 same, CH & CH3 opposite side of solvent signal
Pulse Sequence: apt
O Y § ™MW
A MM O 9 ® K~
N O NI m® K~
NNV MmN OO
L S SN
N
~ w
- -
~ .
. -]
® W ™
med
Ta) 3 2 -
o ©
95y I -39 a2 o
§<5 08 iy "3
HaAa~g A b= - =
o N o - e
] 0
@
-
n
r]_ﬂ:.“..[ -, ‘> 1»*5-11 L)LLA {i
T T T h T T T T _ T T T T _ T m ~ _ _ T _
90 BO 70 60 50 40 30 ppm
BnO

BnOme- OBn

22
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500 MHz 1D in CDC13 (ref. to CDC13 @ 7.26 ppm), temp 26.1 C -> actual temp = 27.0 C, sw500u probe

Pulse Sequence: s2pul

BnO

BnO
25

b { _ UL

T T T M T T T 7 T T v T T T _ T T T T * T T T T % T T ‘ T T T T 4 T T T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

2.46 17.15 2.04
1.24 1.02

1.01

2.05 .98

QJHI_‘, T _ T T ﬁ T T T T _ T

4.0 3.5 3.0 ppm
e L e

e e o
c.98 1.01 .93
1.99 2.02 0.97
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S¢

oud

oud

[y
-
o 137.893
7 = == 437.643
: 136.882
B 128.623
i 128.541
=
B 128.480
= 128.316
1 128.083
7 127.989
R 127.932
4 127.907
5 127.711
o
'—l
[
o
[y
° —
o
©
-
© 77.377
© 77.062
7 76.743
- 74.428
— 73.540
i F 73.405
9 | ka.su
e \ 72.403
] 70.627
m ]
o
N 56.158
. 51.446
u
o
ﬂ
v — 45.522
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400 MHz 1D in CDC13 (ref. to CDCl3 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
,[«|_ rjr}\.rx[]g rql_ { riwg JLJI_
15.38 3.05  2.¢03 1.00 3.01
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125 MHz APT in CDC13 (ref. to CDCl13 @ 77.0 ppm), temp 27.2 C -> actual temp = 27.0 C, sw probe
C & CH2 same, CH & CH3 opposite side of solvent signal
Pulse Sequence: apt
® ™
333
)
N E-EEEE
T - I A
S n M N g
R A
~ © ©
o [ =
© o Lx - « Py
525 N (V.3 w
~ 0 8.54:4, vy 0 o
geangcce i
R R
M © ~
™ - I
lln m -
~ o v
e g2
<«
[
8W7H1
~N
ﬂl ™
- o
©
<
<«
8]
T
n
r—— T G Ao R Ty— " e m i " b i i L e bbb anil o,
b iaoadoia _4;3 i banad el s g ML W NV P ivelying L o P e ade’ AL A et
ﬁ_ﬁﬁ_g__________4___ﬁ____~__________‘___ LI B O
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498.124 MHz H1 1D in cd3od (ref. to CD30OD @ 3.30 ppm), temp 27.2 C -> actual temp

Pulse Sequence: s2pul

HO

HO
27

]

o3 8 I O

27.0 C, sw probe

L el i

TR T T T -

T T (AT AT O [ DT T[T 0T e ) R L R & U R e R T i R T i e A 5 e
5.0 4.8 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 ppr
[E— R EEL T ] I |
3.25 1.3 1.C5
.1.01 c.92 1.¢08
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125.694 MHz C13[H1] apt in cd3od (ref. to CD30D @ 49.0 ppm), temp 26.1 C -> actual temp

C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

69.752
69.137

66.038

59.388

autoxdb probe

52.630

49.543

49.372
49.202
Aﬂ‘ﬂ”)

034

\—-48.862

48.691

48.520

48.285

HO

HO
27
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500 MHz 1D in CD30D (ref. to CD30D @ 3.30 ppm), temp 27.2 C -> actual temp = 27.0 C, sw500 probe

Pulse Sequence: s2pul

S48



125 MHzZ APT in CD30D (ref. to CD30D @ 49.0 ppm), temp 27.2 C -> actual temp

C & CH2 same, CH & CH3 opposite side of solvent signal

27.0 C, sw probe

> o NiT .,
© o o g
m-do
o O off 0
oged<?
] < oM™
o~ - o W
S i e
© ~ T
© 3 w
~
-
w
©
<
)
@
-
©
S <«
- ©
m ”
- o
~ ©
adube it A PRT RO AT e Fropey il PRy oy L. n U s Y ke ik Al ol Ueadhadbah PRI Lidash A Ak e ' Ancabuat 'FY
NP gl g e ) . A NP VP o SR s S A L ek y iy el A N i ) e mae
T T T T ﬁ T T T T _ T ﬁ T T T _ T T T _ T T T — T T T T _ 2 T T T _ T T T 1 _ T
90 810 70 60 50 40 30 20 ppm

HO

-HOmuw-
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500 MHz 1D in CD30D (ref. to CD30D € 3.30 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: presat

05N NH 5%

29

1

" e

_ ,,A__MA_%__,__ﬂ__ﬁ%_,_iﬁ__Aq__ﬁ_ﬁ__ﬁ‘ﬁ,__v“___f,,,~_A_,_v,___~,A_;___~JJ\ﬁA

__:_,_:A__::j_:*_,:__ﬁ____q
6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4
— (S| e
1.00 1.43 1.86
2.0C 1.54

ppm
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125.267 MHz C1l3[H1] apt in dmso (ref. to DMSO @ 39.5 ppm), temp 27.2 C -> actual temp = 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent sigmal

Pulse Sequence: apt

o < 0 o N
™~ O = o
~ in 9 o o
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Tm oM om @ ™
e
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1
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©
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A s ) ~
o ~ © N
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- - b ©
L L ) L 0 B A A L (N (A R L I L B 1 B B R _._:_______,_:H____;:_____J_____:_
180 160 140 120 100 80 60 40 ppm

05N NH g
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399.794 MHz H1 1D in cdcl3 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

S6 n=1
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77.266
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=—==76.755
_ /—72.305

=
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=—% ———— 127.638
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- N —
o
O ]
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T ———]
Vo —Eri—
)—Z ]
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(@) O _| 70.932
= . \—70.331
i 69.606
o | 60.561
o ~—d
B
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499.823 MHz 1H in

File: LiJ~4-61-hnmr

Pulse Sequence: s2pul

|l_‘ T b | A T T T T & T T T T T T T T T T T T I
8 7 6 5 4 3 2 ppm
e e e B L el
1.07 2.¢00 2.04 1.00 3.07 2.04 3.03

5.26
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3
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N
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399.794 MHz H1 1D in cdcl3 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

§7 n=2

\LI
T T T 4 T T T T w T T T T ﬁ T T 4 T T T A 1 T T T
7 6 5 4 2 ppm
Ly e cad L R e e i
1.0C .97 1.92 ©.97 2.87 1.22 2.81
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498.122 MHz H1 1D in cdcl3 (ref. to CDCl3 @ 7.26 ppm),

Pulse Sequence: s2pul

43 n=2

\\\\ F i \

r_‘J'ﬂJ_}TJ’{W T = T [ B S T R T
7 6
L P
1.082.04 102 2.12
2.¢1¢08 1.0¢C

temp 27.2 C -> actual temp = 27.0 C, autoxdb probe
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= 127.609
7 j—127.583
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L
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N
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498.122 MHz H1 1D in cdcl3 (ref.

to CDC13 @ 7.26 ppm), temp 27.2 C -> actual temp = 27.0 C, sw probe
Pulse Sequence: s2pul
0]
_ NBOM
Io\J|\/o NS0
OVM
S8
i r _ I
_ T T T f‘}ﬁ‘ T T T T i T T T _ T T T w T T | T 4 T T T _ T T T T _
8 7 6 5 4 3 2 ppm
b dged e b o Ly e e b L
1.03 1.34 2.14 2.15 1.39 4.C2 321 10.94
4.22 2.01 2.03 1.00 ©.98 3.1¢
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499.821 MHz H1l 1D in cdcl3 (ref. to CDCl3 @ 7.26 ppm), temp 26.1 C -> actual temp = 27.0 C,

autoxdb probe

Pulse Sequence: s2pul

o
@)

e
pS

44

g W - L{Lf

‘[JJ'—JJJ[JJ’ ‘ T T T 2} 7 T T 7 _ S [ T _ T T T A T T T
7 6 5 4 3 2 bpm

el o i L ek ! T Uty b Yoo
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1.3435 1.00 2.13 1.04 1.12.13 2.06 3.3106
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500 MHz 1D in CD30OD (ref.

Pulse Sequence: presat

to CD30D @ 3.30 ppm),

temp 26.1 C -> actual temp = 27.0 C, autoxdb probe
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125.694 MHz C13[H1] apt in cd3od (ref. to CD30D @ 49.0 ppm), temp 26.1

C & CH2 same, CH & CH3 opposite side of solvent sigmnal

Pulse Sequence:

apt

-> actual temp

27.0 C,

autoxdb probe
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399,796 MHz H1l 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul
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399.796 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

OH

}Jm»

HO
Cl

HO
50

A L S . L— LA N . S N a LI N S T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm
B Bt b e brep— e
.95 0.26 1,15 5.44 c.89
0.72 C.61 1.01 1.04 5.13
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Pulse Sequence:

125.694 MHz C13{H1l] apt in cd3od (ref. to CD30OD @ 49.0 ppm),
C & CH2 same, CH & CH3 opposite side of solvent sigmal

temp 26.1 C -> actual temm

autoxdb probe

HO ;

HO
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599.934 MHz H1l 1D in cd3od (ref. to CD30D @ 3.30 ppm),

Pulse S¢

lquence: s2pul

HO

HO
52

temp 28.0 C -> actual temp = 27.0 C, id600 probe

W
T T T — T T T | _ T T T T _ T T
4.5 4.0 3.5
Lo e e e
1.00 1.10 .21 2.47
0.98 1.08 3.28
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100.540 MHz Cl3[H1l] apt in cd3od (ref. to CD30OD @ 49.0 ppm), temp 26.5

C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

80.069
70.895

65.323

A b WA ascidind

54.077
53.968

actual temp

50.940
43.518

Ak

F¥ PP ¥ R SPTRRg Y ST T PTITY JEPG TV RRORPRTIY
A A A Yy MR g et

bbb o e L ubeh el bl

W

36.517

27.0 C,

33.269
33.046
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T T T T T T T T H

HO

HO
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T T _ T

60

T
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599.934 MHz H1l 1D in cd3od (ref. to CD30OD @ 3.30 ppm), temp 28.0 C -> actual temp = 27.0 C, id600 probe

Pulse Sequence: s2pul

OH

+

HQO =

HO
54

Cl

n=1

0o
n

S72



125.693 MHz C13[H1] apt in cdcl3 (ref. to CDC13 @ 77.06 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb |probe
C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

51.884
51.712
51.543
51.371
51.203

T

51.035
50.366

71.299
67.875
52.056
51.962
47.303

73.383
72.616
68.523

82.577
79.998
—70.946
62.002
56.256
54.078
/ 53.762

i e ;:{,r,:_cﬁ, Tﬁmﬁ?fiéig%;%ﬁﬁﬁ; iy {z{%{
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90 85 mvo 75 70 65 60 55 50

OH .
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HO
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498.124 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 27.2 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

OH

.llJllrrroL-qu.( o
SO
_|

HO
56 n=7

T 4 T T T T ﬁ T T T _ T T 4 T T 1 T 4 T T T T 4 T T T T # T

L h fwr}(\;f UL

ﬂ T T T
.0 2.5 2.0 1.5 ppm

L L g L b Lo (S 1 i
C.16 C.37 0.73 1.14 3.92 2.19 6.33
C.67 1.89 .39 8.76 1.00 4.49
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500 MHz 1D in CD30D (ref. to CD30OD @ 3.30 ppm), temp 26.1 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: presat

OH |
Cl

HO

HO

EC% éL( i iy L _

i~___ﬂa_ﬁ_,,~ﬁgqu_,___‘A|_JIH__A,_‘__.A__,___‘____AA__f,,ﬁ_,__,‘Aiﬁ_Mdﬁ‘,g,_ﬁA,__ﬂ__,_ﬁﬁﬁ_‘wd___*_‘___‘___g_Ava_v,~,A__,;~‘_ﬁ__7_____ﬁ__ﬂ___ﬁ_ﬁ~__g__ﬂA__A~44
1.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 ppm
R Ftl_er‘_‘lLJ.L e - —l . I — e e
0.09 0.69 .92 1.05 0.68 2.00
1.21 .22 3.290 5.93 .23
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125.266 MHz C13[H1] apt in d2o0 (ref. to external acetone @ 31.07 ppm), temp 27.2 C
C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt

- ®
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-> actual temp = 27.0 C, autoxdb probe
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498.124 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 27.2 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

S78

OH .
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HO :
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5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
F‘ﬂl|_ L T 1 r L T i T 1 - J _r\JL L T i} L
1.00 1.20 8.89 0.78 2.32

1.08 1.23 0.82 €.25 10.90



125.694 MHz C13[H1] apt in cd3od (ref. to CD30D @ 49.0 ppm), temp 26.1 C -> actual temp = 27
C & CH2 same, CH & CH3 opposite side of solvent sigmal

Pulse Sequence: apt

.0 C, autoxdb probe
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399.796 MHz H1 1D in cd3od (ref. to CD30OD @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

S&0
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399.796 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

OH

HO

Cl

HO
64
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125.266 MHz C13[H1] apt in cdcl3 (ref. to CDCl3 @ 77.06 ppm), temp 27.2 C -> actual temp = 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent sigmnal

Pulse Sequence: apt

51.888
51.719
35.352
35.134

51.035

52.061

:«\\’\

67.838
-53.095
48.027
45.666
42.922

140.869
132.731
132.376
131.243
131.157
73.343
68.497
56.379
54.158

i‘% T \-72.552
3
!.—

82.569
80.076

_ T T i T _ T T T T % T T T T 7 1 T T T 4 T T T T _ T T T

L B _H
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399.796 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

OH

HO

HO
65

4.5 4.0 3.5 3.0 2
I N [— R EE | E
1.00 2.13 1.06 1.05
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100.540 MHz C13[H1] apt in cd3od (ref. to CD30OD @ 49.0 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent signal
Pulse Sequence: apt
SN~ m -
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399.796 MHz H1l 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul
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498.124 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 27.2 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul
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458.124 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm),

Pulse Sequence: s2pul

temp 27.2 C -> actual temp = 27.0 C, autoxdb probe
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125.267 MHz C13[H1] apt in cd3od (ref. to CD3OD @ 49.0 ppm), temp 27.2 C -> actual temp = 27.0 C, autoxdb probe
C & CH2 same, CH & CH3 opposite side of solvent sigmal

Pulse Sequence: apt
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399.796 MHz H1 1D in cd3od (ref. to CD30D @ 3.30 ppm), temp 26.5 C

Pulse Sequence: s2pul

OH . [ NH

o

HO BF; 0

HO OHOH

-> actual temp = 27.0 C, autoxdb probe
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100.540 MHz C13[H1] apt in cd3od (ref. to CD30D @ 49.0 ppm), temp 26.5 C -> actual temp =

C & CH2 same, CH & CH3 opposite side of solvent signal

Pulse Sequence: apt
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