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(25,3R,4R,5S)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(tert-butyldimethyl
silanyloxymethyl)-pyrrolidine 17.
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A solution of compound 11 (5.0 g, 7.1 mmol) in dry THF (50 mL) was cooled to
—78 °C. A solution of sodium napthalenide {prepared separately by the addition of
sodium (1.56 g, 67.6 mmol) to naphthalene (9.2 g, 71.2 mmol) in dry THF} was added
slowly and the reaction mixture was stirred at —78 °C for 20 minutes. The reaction
mixture was brought to room temperature and quenched with aqueous sodium
carbonate solution (50 mL). It was then extracted with ethyl acetate (50 mL). The
organic layer was dried over anhydrous sodium sulphate and filtered. Evaporation of
the solvent under vacuum gave a residue, which was purified by column
chromatography over silica gel using a mixture of hexane and ethyl acetate (3:1) as an
eluent to get 17 (3.3 g, 85%) as a pale yellow viscous oil. Ry: 0.4 (hexane/ethyl acetate,
2:1); Specific rotation: [a]p**-3.6 (c 1.3, CHCI3); IR (KBr): o = 3348, 3062, 3031, 2928,
2858, 1600, 1460, 1363, 1251, 1093, 840, 777, 739, 698 cm™; 'H NMR (300 MHz, CDCls)
6 7.32—7.25 (m, 15H), 4.52—-4.43 (m, 6H), 3.99 (brm, 2H), 3.78-3.65 (m, 4H), 3.57-3.45
(m, 2H), 2.06-2.02 (br m, 1H exchangeable with D,0), 0.88 (s, 9H), 0.04 (s, 6H); 3C
NMR (75 MHz, CDCl3) 6 138.3 (2 x s), 138.2 (s), 128.2 (d), 127.5 (d), 127.4 (d), 127.3 (d),
82.5(d), 82.2 (d), 73.1 (t), 72.1 (t), 72.0 (t), 69.8 (t), 61.9 (t), 60.2 (d), 57.9 (d), 25.8 (q),
18.1 (s), —=5.4 (q); HRMS (ESI): m/z calcd for Cs3HagNOaSi [M+H]* 548.3191 found
548.3207.

(2S,3R,4R,5S)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(tert-butyldimethyl
silanyloxymethyl)-1-N-(tert-butoxycarbonyl)-pyrrolidine 19.
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To a solution of pyrrolidine 17 (2.65 g, 4.83 mmol) in dry ethyl acetate (25 mL),
potassium carbonate (2.0 g, 14.47 mmol) and Boc;0 (1.35 mL, 5.87 mmol) were added

and the reaction mixture was stirred at 35 °C for 16 h. The reaction mixture was then
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diluted with ethyl acetate (50 mL) and washed with water (2 x 50 mL). The organic
layer was dried over anhydrous sodium sulphate and filtered. Evaporation of the
solvent under vacuum gave a residue, which was purified by column chromatography
over silica gel using a mixture of hexane and ethyl acetate (9:1) as an eluent to get 19
(2.89 g, 92%) as a colourless oil. The data provided is for a mixture of rotamers in the
ratio of 56:44. Ry: 0.8 (hexane/ethyl acetate, 5:1); Specific rotation: [a]p3°-19.1 (c 1.22,
CHCI3); IR (KBr): v = 3061, 3030, 2928, 2859, 1695, 1461, 1389, 1325, 1252, 1113, 1058,
839, 775, 737, 699 cm™%; 'H NMR (300 MHz, CDCls): § 7.56—7.46 (m, 15H), 4.98-4.55
(m, 8H), 4.29 (dd, J = 9.9, 3.0 Hz, 1H), 4.23—-4.09 (m, 2H), 4.05-3.77 (m, 3H), 1.68 (s,
5H), 1.63 (s, 4H), 1.05 (s, 9H), 0.19 (s, 6H); 33C NMR (75 MHz, CDCls): § 153.8 (s), 153.7
(s), 139.0 (s), 138.8 (s), 138.7 (s), 138.6 (s), 128.2 (d), 128.17 (d), 128.11 (d), 127.5 (d),
127.45 (d), 127.40 (d), 127.3 (d), 127.28 (d), 127.20 (d), 80.9 (d), 80.48 (d), 80.41 (d),
79.4 (s), 73.3 (t), 73.2 (t), 72.9 (t), 72.8 (t), 72.6 (t), 67.6 (t), 66.1 (t), 59.0 (t), 57.6 (t),
57.5 (d), 57.2 (d), 56.5 (d), 56.4 (d), 28.5 (q), 28.4 (q), 25.8 (q), 18.0 (s), 5.5 (q), 5.6
(q); HRMS (ESI): m/z calcd for C3gHssNNaOgSi [M+Na]* 670.3534 found 670.3532.

(25,3R,4R,5S)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(hydroxymethyl)-1-N-(tert-
butoxycarbonyl)-pyrrolidine 9.
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To a solution of compound 19 (2.6 g, 4.01 mmol) in dry methanol (25 mL),
camphorsulfonic acid (260 mg, 10% w/w) was added and the reaction mixture was
stirred at 31 °C for 16 h. Solvent was then concentrated under reduced pressure and
the residue was dissolved in ethyl acetate (50 mL). It was then washed with aqueous
sodium bicarbonate solution (2 x 25 mL), dried over anhydrous sodium sulphate and
filtered. Evaporation of the solvent under vacuum gave a residue, which was purified
by column chromatography over silica gel using a mixture of hexane and ethyl acetate
(3:1) as an eluent to get 9 (1.85 g, 86%) as a colourless oil. The data provided is for a
mixture of rotamers in the ratio of 63:36. Ry 0.4 (hexane/ethyl acetate, 4:1); Specific
rotation: [a]p30—19.3 (¢ 1.28, CHCIs); IR (KBr): © = 3548, 3474, 3416, 3029, 2969, 2925,
2871, 1688, 1455, 1389, 1109, 1032, 738, 697, 610 cm™%; *H NMR (300 MHz, CDCl3): 6
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7.31-7.26 (m, 15H), 4.81-4.59 (m, 4H), 4.53-4.47 (m, 3H), 4.31-4.15 (m, 1H), 4.06—
3.89 (m, 3H), 3.81-3.67 (m, 2H), 3.61-3.55 (m, 1H), 3.40 (br s, 0.6H, exchangeable with
D,0), 2.54 (br s, 0.3H, exchangeable with D,0), 1.46 (s, 4H), 1.41 (s, 5H); 3C NMR (75
MHz, CDCls): & 155.0 (s), 153.7 (s), 138.6 (s), 138.2 (s), 138.0 (s), 137.9 (s), 137.7 (s),
128.4 (d), 128.3 (d), 128.2 (d), 128.1 (d), 127.7 (d), 127.6 (d), 127.4 (d), 127.37 (d),
127.33 (d), 127.1 (d), 81.6 (d), 81.5 (d), 81.4 (d), 80.8 (d), 80.3 (s), 80.1 (s), 73.4 (t),
73.39 (t), 73.32 (t), 73.1 (t), 72.9 (t), 66.5 (t), 65.2 (t), 62.3 (t), 61.8 (t), 58.6 (d), 57.4 (d),
56.3 (d), 55.9 (d), 28.3 (q); HRMS (ESI): m/z calcd for C32H3gsNNaOs [M+Na]* 556.2670
found 556.2672.

(2S,3R,4R,55)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(azidomethyl)-1-N-(tert-
butoxycarbonyl)-pyrrolidine 7.
BnO OBn
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Compound 9 (1.0 g, 1.87 mmol) was dissolved in dry THF (10 mL), and the
solution was cooled to 0 °C. Triphenylphosphine (0.74 g, 2.82 mmol) and trimethyilsilyl
azide (0.38 mL, 2.86 mmol) were added followed by dropwise addition of diethyl
azodicarboxylate (0.74 mL, 4.68 mmol), after which the reaction mixture was warmed
to 21 °C. When TLC indicated the completion of the reaction (24 h), the reaction was
stopped and solvent was evaporated under vacuum. The residue was purified by
column chromatography over silica gel using a mixture of hexane and ethyl acetate
(10:1) as an eluent to get 7 (754 mg, 72%) as a pale yellow oil. The data provided is for
a mixture of rotamers in the ratio of 63:36. Ry: 0.8 (hexane/ethyl acetate, 9:1); Specific
rotation: [a]p3°—17.0 (c 0.60, CHCIs); IR (KBr): b = 3061, 3030, 2973, 2928, 2870, 2102,
1695, 1448, 1386, 1257, 1151, 1110, 1024, 742, 698 cm™; *H NMR (300 MHz, CDCls): 6
7.31-7.24 (m, 15H), 4.75-4.58 (m, 4H), 4.54—-4.30 (m, 4H), 4.04-3.89 (m, 3H), 3.75—
3.66 (m, 1H), 3.57 (d, J/ = 9.6 Hz, 1H), 3.38 (d, J = 12.0 Hz, 0.4H), 3.26 (d, J = 11.4 Hz,
0.6H), 1.46 (s, 3H), 1.41 (s, 6H); 13C NMR (75 MHz, CDCl3): 6 153.7 (s), 153.4 (s), 138.7
(s), 138.3 (s), 138.2 (s), 138.1 (s), 138.0 (s), 128.3 (d), 128.2 (d), 128.1 (d), 127.6 (d),
127.5 (d), 127.4 (d), 127.3 (d), 127.2 (d), 81.3 (d), 80.7 (d), 80.4 (d), 80.3 (s), 80.2 (s),
80.0 (d), 73.35 (t), 73.32 (t), 73.2 (t), 73.19 (t), 73.11 (t), 66.6 (t), 65.3 (t), 56.3 (d), 56.1
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(d), 55.9(d), 49.7 (t), 48.1 (t), 28.3 (q); HRMS (ESI): m/z calcd for C32H3gsN4sNaOs [M+Na]*
581.2734 found 581.2720.

Diethyl-1-(((2S,3R,4R,5S)-3,4-bis(benzyloxy)-5-(benzyloxymethyl)-1-(tert-butoxy
carbonyl)pyrrolidin-2-yl) methyl)1H-1',2',3'-triazole-4',5'-dicarboxylate 21.
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Compound 7 (1.1 g, 1.97 mmol) was dissolved in dry toluene (12 mL) and diethyl

acetylene dicarboxylate (1.6 mL, 9.97 mmol) was added. The reaction mixture was
heated at 110 °C for 4 h, after which the solvent was evaporated under reduced
pressure and the residue was purified column chromatography over silica gel using a
mixture of hexane and ethyl acetate (4:1) as an eluent to get 21 (1.2 g, 83%) as a pale
yellow oil. The data provided is for a mixture of rotamers in the ratio of 60:40. Ry 0.5
(hexane/ethyl acetate, 4:1); Specific rotation: [a]p3°+13.9 (¢ 0.48, CHCI3); IR (KBr): ©
=3029, 2976, 2931, 2874, 1729, 1698, 1552, 1457, 1372, 1271, 1213, 1161, 1100, 1064,
1020, 771, 698 cm™}; *H NMR (300 MHz, CDCls): 6§ 7.29-7.20 (m, 15H), 5.10 (dd, J = 14.4,
3.9 Hz, 0.6H), 4.91 (dd, J = 13.8, 4.8 Hz, 0.4H), 4.75 (dd, J = 14.1, 4.5 Hz, 1H), 4.69-4.12
(m, 12H), 4.00-3.95 (m, 0.4H), 3.88—3.84 (m, 0.4H), 3.76—3.66 (m, 2H), 3.53—3.46 (m,
1H), 3.27 (t, J = 8.7 Hz, 0.6H), 1.42—1.28 (m, 15H); 33C NMR (75 MHz, CDCl3): & 160.2
(s), 158.7 (s), 153.9(s), 153.3 (s), 139.6 (s), 139.4 (s), 138.5(s), 138.2 (s), 137.7 (s), 137.4
(s), 131.5 (s), 131.1 (s), 128.38 (d), 128.31 (d), 128.2 (d), 128.1 (d), 127.8 (d), 127.7 (d),
127.59 (d), 127.54 (d), 127.4 (d), 127.3 (d), 127.1 (d), 80.7 (s), 80.3 (s), 80.2 (d), 79.9
(d), 79.8 (d), 79.5 (d), 73.2 (t), 73.1 (t), 73.0 (t), 72.9 (t), 72.8 (t), 66.2 (t), 64.4 (t), 62.4
(t), 62.2 (t), 61.58 (t), 61.51 (t), 56.1 (d), 55.4 (d), 55.0 (d), 49.2 (t), 47.7 (t), 28.3 (q),
28.1 (q), 14.1 (q), 13.7 (q); HRMS (ESI): m/z calcd for CaoHasNaNaOs [M+Na]* 751.3314
found 751.3312.
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Diethyl-1-(((2S,3R,4R,5S5)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)pyrrolidin-2-yl)
methyl)-1H-1',2',3"'-triazole-4',5'-dicarboxylate 5.
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To a solution of compound 21 (1.2 g, 1.64 mmol) in dry dichloromethane (15
mL), trifluoroacetic acid (1.26 mL, 16.45 mmol) was added at O °C and the reaction
mixture was stirred at 26 °C for 4 h. Solvent was then concentrated under reduced
pressure and the residue was dissolved in ethyl acetate (25 mL). It was then washed
with aqueous sodium bicarbonate solution (2 x 20 mL), dried over anhydrous sodium
sulphate and filtered. Evaporation of the solvent under vacuum gave a residue, which
was purified by column chromatography over silica gel using a mixture of hexane and
ethyl acetate (2:1) as an eluent to get 5 (815 mg, 79%) as a light brown oil. Ry 0.4
(hexane/ethyl acetate, 3:1); Specific rotation: [a]p3°+5.9 (¢ 0.9, CHCIs); IR (KBr): ©
=3334, 3030, 2982, 2922, 2866, 1730, 1551, 1457, 1369, 1308, 1268, 1208, 1095, 1021,
740, 699 cm™%; 'H NMR (300 MHz, CDCl3): § 7.33-7.24 (m, 15H), 4.67—4.65 (m, 2H),
4.59-4.26 (m, 10H), 4.06—4.00 (m, 2H), 3.85—-3.83 (m, 1H), 3.55-3.46 (m, 3H), 1.84 (br
s, 1H, exchangeable with D;0), 1.38 (dt, J = 7.2, 3.0 Hz, 3H), 1.29 (dt, J = 7.2, 3.0 Hgz,
3H); 3C NMR (75 MHz, CDCl3): § 160.2 (s), 158.8 (s), 139.6 (s), 138.1(s), 137.9 (s), 137.6
(s), 131.5(s), 128.5 (d), 128.46 (d), 128.40 (d), 127.9 (d), 127.8 (d), 127.77 (d), 127.73
(d), 127.6 (d), 82.37 (d), 82.35 (d), 73.3 (t), 72.4 (t), 72.2 (t), 68.7 (t), 62.6 (t), 61.6 (t),
58.7 (d), 58.5 (d), 50.8 (t), 14.2 (q), 13.8 (q); HRMS (ESI): m/z calcd for C3sH41N4O7
[M+H]*629.2970 found 629.2967.

(6S,7R,8R,8aS)-Ethyl-7,8-bis(benzyloxy)-6-((benzyloxy)methyl)-4-oxo0-4,6,7,8,8a,9-

hexahydropyrrolo[1,2a] [1',2',3']triazolo[1',5'-d]pyrazine-3-carboxylate 23.
BnO §OBn



Compound 5 (400 mg, 0.636 mmol) was dissolved in dry toluene (4 mL) and
camphorsulfonic acid monohydrate (32 mg, 0.127 mmol) was added. The reaction
mixture was heated at 110 °C for 9 h, after which the solvent was evaporated under
reduced pressure and the residue was purified column chromatography over silica gel
using a mixture of hexane and ethyl acetate (2:1) as an eluent to get 23 (311 mg, 84%)
as a light brown oil. Rr: 0.6 (hexane/ethyl acetate, 1:1); Specific rotation: [a]p?®-60.9 (c
0.34, CHCI3); IR (KBr): v =3060, 3029, 2927, 2867, 1734, 1676, 1448, 1411, 1361, 1206,
1096, 1021, 743, 698 cm™t; TH NMR (300 MHz, CDCls): 6 7.36—-7.21 (m, 15H),4.68 (d, J =
11.7 Hz, 2H), 4.61-4.58 (m, 2H), 4.51-4.34 (m, 9H), 4.25-4.21 (m, 1H), 4.04 (dd, J= 9.3,
1.8 Hz, 1H), 3.87 (dd, J = 9.3, 5.4 Hz, 1H), 1.42 (t,J = 7.2 Hz, 3H);33C NMR (75 MHz,
CDClz): 6 159.6 (s), 152.8 (s), 139.1 (s), 137.8 (s), 137.1 (s), 136.9 (s), 129.9 (s), 128.6
(d), 128.5 (d), 128.3 (d), 128.2 (d), 128.1 (d), 127.8 (d), 127.7 (d), 127.6 (d), 127.5 (d),
81.1 (d), 80.1 (d), 73.5 (t), 73.3 (t), 72.9 (t), 66.2 (t), 61.8 (t), 57.1 (d), 56.9 (d), 46.7 (t),
14.1 (q); HRMS (ESI): m/z calcd for C33H3aNaNaOs [M+Na]* 605.2370 found 605.2366.

(6S,7R,8R,8aS)-7,8-Bis(benzyloxy)-6-((benzyloxy)methyl)-7,8,8a,9-tetrahydro

pyrrolo[1,2-a][1',2',3"']triazolo[1',5'd]pyrazin-4(6H)-one 29.
BnO, \OBn

Compound 23 (500 mg, 0.86 mmol) was dissolved in dry methanol (5 mL) and
potassium carbonate (356 mg, 2.57 mmol) was added. The reaction mixture was
stirred at 25 °C for 6 h, after which the solvent was evaporated under reduced
pressure. To the resulting milky white residue, a mixture of ethyl acetate and water
(20 mL, 1:1) was added. Conc. HCl was then added to the mixture until a clear solution
was obtained. The organic layer was then separated, dried over anhydrous sodium
sulphate and concentrated under reduced pressure. The residue contains 27 was
dissolved in glacial acetic acid (5 mL) and heated at 120 °C for 24 h. The reaction
mixture was then quenched with aqueous sodium bicarbonate solution (20 mL) and
extracted with ethyl acetate (2 x 10 mL). The organic layer was then dried over

anhydrous sodium sulphate and concentrated under reduced pressure. The residue
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was purified column chromatography over silica gel using a mixture of hexane and
ethyl acetate (2:1) as an eluent to get 29 (250 mg, 57% over two steps) as a pale yellow
oil. Ry: 0.6 (hexane/ethyl acetate, 1:1); Specific rotation: [a]p?®-29.8 (c 1.75, CHCI3); IR
(KBr): v =3060, 3029, 2926, 2865, 1664, 1551, 1450, 1413, 1360, 1204, 1095, 1025,
739, 697 cm%; 1H NMR (300 MHz, CDCls): & 8.09 (s, 1H), 7.39-7.24 (m, 15H), 4.67 (d, J
=11.7 Hz, 2H), 4.61-4.45 (m, 7H), 4.42—4.29 (m, 2H), 4.24 (dd, J = 6.6, 5.1 Hz, 1H), 4.02
(dd, J = 9.3, 2.4 Hz, 1H), 3.85 (dd, J = 9.3, 5.1 Hz, 1H); 3C NMR (75 MHz, CDCls): § 154.7
(s), 137.8 (s), 137.2 (s), 137.0 (s), 134.1 (d), 129.6 (s), 128.6 (d), 128.5 (d), 128.3 (d),
128.2 (d), 128.1 (d), 127.86 (d), 127.80 (d), 127.7 (d), 127.6 (d), 81.5 (d), 80.4 (d), 73.6
(t), 73.3 (t), 72.9 (t), 66.3 (t), 57.5 (d), 56.7 (d), 46.1 (t); HRMS (ESI): m/z calcd for
C30H30N4NaO4 [M+Na]* 533.2159 found 533.2152.

(6S,7R,8R,8aS)-7,8-Dihydroxy-6-(hydroxymethyl)-7,8,8a,9-tetrahydropyrrolo[1,2-a]
[1,2,3]triazolo[1,5-d]pyrazin-4(6H)-one 1.

et
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N

Compound 29 (250 mg, 0.49 mmol) was dissolved in dry methanol (5 mL). 10%
Pd/C (250 mg, 100% w/w) was added. Hydrogen gas was bubbled into the reaction
mixture continuously while stirring at 22 °C for 24 h. The reaction mixture was then
filtered through a celite pad and solvent was concentrated under reduced pressure
and the crude residue was purified by column chromatography over silica gel using a
mixture of acetonitrile and ammonium hydroxide solution (10:1) as an eluent to get 1
as colourless oil (102 mg, 87%). Ry. 0.3 (acetonitrile/NH40OH, 9:1); Specific rotation:
[a]p?°-46.1 (c 0.41, CH30H); IR (KBr): © =3338, 3198, 1661, 1403, 1205, 1112, 1075,
756, 570 cm™}; TH NMR (400 MHz, D,0): 6 8.20 (s, 1H), 4.99 (dd, J = 13.2, 5.2 Hz, 1H),
4.72-4.66 (m, 1H), 4.53 (d, J = 13.2 Hz, 1H), 4.49—4.45 (m, 2H), 4.32 (q, J = 4.8 Hz, 1H),
4.07 (dd, J = 12.0, 4.4 Hz, 1H), 4.03 (dd, J = 12.0, 4.8 Hz, 1H); 3C NMR (100 MHz, D,0):
6 156.7 (s), 133.7 (d), 129.8 (s), 75.3 (d), 73.5 (d), 60.9 (d), 58.9 (d), 58.2 (t), 45.0 (t);
HRMS (ESI): m/z calcd for CoH12N4aNaO4 [M+Na]* 263.0751 found 263.0751.
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(6S,7R,8R,8aS)-7,8-Bis(benzyloxy)-6-((benzyloxy)methyl)-3-(hydroxymethyl)-7,8,
8a,9-tetrahydropyrrolo[1,2a][1,2,3]triazolo[1,5-d]pyrazin-4(6H)-one 25.

BnO \\\OBn
N
_N OBn
No 7 o
HO

Compound 23 (430 mg, 0.74 mmol) was dissolved in dry THF (5 mL) and lithium
borohydride (16 mg, 0.74 mmol) was added. The reaction mixture was stirred at 21 °C
for 2 h, after which the solvent was evaporated under reduced pressure and the
residue was purified column chromatography over silica gel using a mixture of hexane
and ethyl acetate (1:1) as an eluent to get 25 (281 mg, 70%) as a pale yellow oil. Ry: 0.4
(hexane/ethyl acetate, 1:1); Specific rotation: [a]p?°—26.4 (¢ 0.47, CHCI3); IR (KBr): ©
=3471, 2922, 2857, 1647, 1453, 1365, 1267, 1200, 1108, 1029, 751, 698 cm™%; 'H NMR
(300 MHz, CDCl3): § 7.37-7.22 (m, 15H), 4.92 (d, J = 6.3 Hz, 2H), 4.67 (d, J = 11.7 Hz,
2H), 4.62—-4.58 (m, 2H, 1H exchangeable with D;0), 4.53—4.41 (m, 6H), 4.39-4.33 (m,
2H), 4.24 (t, J = 6.0 Hz, 1H), 4.04 (dd, J = 9.6, 2.4 Hz, 1H), 3.85 (dd, J = 9.3, 5.4 Hz, 1H);
13C NMR (75 MHz, CDCl3): 6 156.2 (s), 150.2 (s), 137.7 (s), 137.1 (s), 136.9 (s), 128.69
(d), 128.64 (d), 128.4 (d), 128.3 (d), 128.2 (d), 127.9 (d), 127.8 (d), 127.7 (d), 127.6 (d),
126.3 (s), 81.4 (d), 80.2 (d), 73.7 (t), 73.4 (t), 72.9 (t), 66.1 (t), 57.8 (d), 57.2 (t), 57.1 (d),
46.1 (t); HRMS (ESI): m/z calcd for C31H32KN4Os [M+K]* 579.2004 found 579.2011.

(6S,7R,8R,8aS)-7,8-Dihydroxy-3,6-bis(hydroxymethyl)-7,8,8a,9-tetrahydropyrrolo
[1,2-a][1,2,3]triazolo[1,5-d]pyrazin-4(6H)-one 2.

HO,_  OH
N7
N OH
W / O
HO

Compound 25 (340 mg, 0.63 mmol) was dissolved in dry methanol (5 mL). 10%
Pd/C (340 mg, 100% w/w) was added. Hydrogen gas was bubbled into the reaction
mixture continuously while stirring at 24 °C for 24 h. The reaction mixture was then

filtered through a celite pad and solvent was concentrated under reduced pressure
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and the crude residue was purified by column chromatography over silica gel using a
mixture of acetonitrile and ammonium hydroxide solution (6:1) as an eluent to get 2
as colourless oil (120 mg, 70%). Ry: 0.3 (acetonitrile/NH40OH, 4:1); Specific rotation:
[a]p?®-14.9 (c 0.78, CH3OH); IR (KBr): v = 3343, 2942, 1646, 1588, 1448, 1373, 1332,
1199, 1112, 1074, 1026, 751, 623 cm™; *H NMR (300 MHz, DMSO-ds): 6 5.70 (d, J = 4.5
Hz, 1H exchangeable with D;0), 5.54 (d, J = 4.2 Hz, 1H exchangeable with D,0), 5.22 (t,
J=4.2 Hz, 1H exchangeable with D,0), 4.86—-4.82 (m, 2H, 1H exchangeable with D,0),
4.71 (dd, J = 12.6, 6.0 Hz, 1H), 4.62 (dd, J = 12.6, 5.4 Hz, 1H), 4.47—4.30 (m, 2H), 4.17—
4.10 (m, 2H), 3.99-3.95 (m, 2H), 3.77-3.70 (m, 1H); 13C NMR (75 MHz, DMSO-ds): &
155.8 (s), 147.6 (s), 125.7 (s), 74.9 (d), 73.4 (d), 61.9 (d), 59.2 (d), 58.0 (t), 53.8 (t), 44.9
(t); HRMS (ESI): m/z calcd for C1o0H1aN4aNaOs [M+Na]* 293.0856 found 293.0859.

Compound 15:

BnO OBn

OH

N
TBSO g OBn

To a solution of compound 14 (4.2 g, 5.83 mmol) in dry dichloromethane (45
mL), Dess-Martin periodinane (4.95 g, 11.67 mmol) was added at 0 °C and the reaction
mixture was stirred at room temperature for 5 h. Then the reaction mixture was
diluted with dichloromethane (50 mL), washed with aqueous sodium thiosulfate
solution (50 mL x 2) followed by water (50 mL). The organic layer was dried over
anhydrous sodium sulphate and filtered. Evaporation of the solvent under vacuum
gave a residue, which was purified by column chromatography over silica gel using a
mixture of hexane and ethyl acetate (9:1) as an eluent to get 15 (3.57 g, 85%) as a
colourless oil in a diastereomeric ratio of 3:1. Data for the mixture of diastereomers:
Rs: 0.8 (hexane/ethyl acetate, 4:1); Specific rotation: [a]p3?-18.59 (¢ 0.57, CHCI3); IR
(KBr): o = 3476, 3034, 2937, 2867, 1602, 1457, 1346, 1253, 1147, 1101, 837, 742, 697,
670, 564 cm™%; 'H NMR (300 MHz, CDCl3) (mixture of diastereomers) § 7.84 (d, J = 6.6
Hz, 2H), 7.77 (d, J = 6.6 Hz, 0.5H), 7.68 (d, J = 7.8 Hz, 0.2H), 7.32—7.20 (m, 23H), 7.14
(m, 0.5H), 7.10-7.09 (m, 3H), 4.83-4.76 (m, 0.6H), 4.70-4.51 (m, 8H), 4.42—-4.30 (m,
2H), 4.26—-4.17 (m, 2H), 4.09-3.95 (m, 3H, 1H exchangeable with D,0), 3.89-3.67 (m,
5H), 3.56—-3.53 (m, 1H), 3.42-3.36 (m, 0.15H), 3.31-3.26 (m, 0.12H), 2.39 (s, 3H), 2.31
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(s, 0.7H), 0.89 (s, 9H), 0.80 (s, 2H), 0.79 (s, 1H), 0.25 (s, 6H), (=0.05)—(—=0.077) (m, 2H),
(—0.086)—(—0.11) (m, 0.75H); *3C NMR (75 MHz, CDCl3) (mixture of diastereomers) &
143.0 (s), 138.3 (s), 138.0 (s), 137.7 (s), 137.5 (s), 137.4 (s), 129.6 (d), 129.2 (d), 129.0
(d), 128.5 (d), 128.4 (d), 128.29 (d), 128.26 (d), 128.24 (d), 128.21 (d), 128.15 (d),
128.07 (d), 127.9(d), 127.8 (d), 127.7 (d), 127.6 (d), 127.5 (d), 127.4 (d), 127.3 (d), 127.2
(d),127.1(d), 92.6 (s), 88.9 (s), 83.8 (d), 80.2 (d), 78.2 (d), 75.1 (t), 73.7 (t), 73.3 (t), 72.8
(t), 72.7 (t), 62.3 (t), 59.8 (d), 59.3 (d), 25.9 (q), 25.8 (q), 25.7 (q), 21.4 (q), 18.3 (s), =5.5
(q); HRMS (ESI): m/z calcd for CaoHs1NNaO7SSi [M+Na]* 740.3048 found 740.3041.

1-O-(tert-Butyldimethylsilyl)-3,4,6-tri-O-benzyl-2-deoxy-2-(p-toluenesulfonamido)-
L-iditol 16:
OBn

BnO OTBS
BnO |
OH NHTs

To a solution of compound 15 (3.4 g, 4.73 mmol) in dry MeOH (35 mL),
CeCl5.7H,0 (2.12 g, 5.68 mmol) was added at —78 °C and stirred for 1 h. Sodium
borohydride (720 mg, 18.97 mmol) was added in portions and the reaction mixture
was stirred at —78 °C for 4 h. It was brought to room temperature and the solvent was
concentrated under reduced pressure. The resulting residue was dissolved in ethyl
acetate (20 mL) and washed with water (20 mL). The organic layer was dried over
anhydrous sodium sulphate and filtered. Evaporation of the solvent under vacuum
gave a residue, which was purified by column chromatography over silica gel using a
mixture of hexane and ethyl acetate (9:1) as an eluent to get 16 (1.89 g, 56%) as an off-
white solid, alongwith compound 14 (1.02 g, 30%) as an off white solid. Data for
compound 16: M.P: 72-75 °C; Ry 0.5 (hexane/ethyl acetate, 4:1); Specific rotation:
[a]p?°+4.58 (¢ 1.92, CHCIs3); IR (KBr): o = 3546, 3475, 3416, 3150, 3030, 2931, 2861,
1620, 1462, 1330, 1156, 1100, 1052, 837, 772, 745, 697 cm™t; 1H NMR (300 MHz, CDCls)
67.78 (d, J=7.5Hz, 2H), 7.38-7.24 (m, 17H), 5.02 (d, J = 7.2 Hz, 1H, exchangeable with
D,0), 4.87 (d, J = 11.1 Hz, 1H), 4.79 (d, J = 11.1 Hz, 1H), 4.60 (d, J = 11.1 Hz, 1H), 4.52
(m, 2H), 4.47 (d, J = 11.1 Hz, 1H), 4.24 (d, J = 8.7 Hz, 1H), 3.82 (br m, 1H), 3.58 (d, J =
9.0 Hz, 1H), 3.51-3.43 (m, 4H), 3.23 (dd, J = 9.3 Hz, 4.2 Hz, 1H), 2.41 (s, 3H), 2.33 (brs,
1H, exchangeable with D>0), 0.87 (s, 9H), 0.00 (s, 3H), —0.013 (s, 3H); 13C NMR (75 MHz,

S11



CDCl3) & 143.3 (s), 138.3 (s), 138.2 (s), 137.98 (s), 137.96 (s), 129.6 (d), 128.38 (d),
128.30 (d), 128.2 (d), 127.84 (d), 127.80 (d), 127.7 (d), 127.6 (d), 126.9 (d), 79.0 (d),
76.9 (d), 75.5 (t), 75.0 (t), 73.3 (t), 71.8 (t), 69.3 (d), 61.9 (t), 54.9 (d), 25.7 (q), 21.4 (q),
18.0(s), =5.5(q), =5.6 (q); HRMS (ESI): m/z calcd for CaoHs3sNNaO7SSi [M+Na]*742.3204
found 742.3222.

(25,3R,4R,5R)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(tert-butyldimethyl

silanyloxymethyl)-1-N-(p-tolylsulfonyl)pyrrolidine 12.
BnO \\\\OBn

N
TBSO 1g OBn

Compound 16 (3.0 g, 4.16 mmol) was dissolved in dry THF (30 mL), and the
solution was cooled to 0 °C. Triphenylphosphine (2.73 g, 10.4 mmol) was added
followed by dropwise addition of diethyl azodicarboxylate (1.65 mL, 10.4 mmol), after
which the reaction mixture was warmed to room temperature. When TLC indicated
the completion of the reaction (3 h), the reaction was stopped and solvent was
evaporated under vacuum. The residue was purified by column chromatography over
silica gel using a mixture of hexane and ethyl acetate (10:1) as an eluent to get 12 (2.45
g, 84%) as a pale yellow oil. R: 0.8 (hexane/ethyl acetate, 4:1); Specific rotation: [a]p?°—
14.9 (¢ 0.53, CHClI3); IR (KBr): ©=3031, 2932, 2859, 1620, 1458, 1349, 1253, 1161, 1089,
838, 776, 740, 698, 666 cmL; 1H NMR (300 MHz, CDCl3) § 7.62 (d, J = 8.1 Hz, 2H), 7.21—
7.11 (m, 15H), 6.88 (d, J = 3.6 Hz, 2H), 4.48—-4.32 (m, 4H), 4.09—4.05 (m, 3H), 3.92-3.83
(m, 2H), 3.75-3.67 (m, 4H), 3.55-3.51 (m, 1H), 2.24 (s, 3H), 0.82 (s, 9H), 0.0 (s, 3H), —
0.017 (s, 3H); 3C NMR (75 MHz, CDCl3) 6 143.5 (s), 138.3 (s), 137.8 (s), 137.6 (s), 133.7
(s), 129.4 (d), 128.3 (d), 128.2 (d), 128.1 (d), 127.9 (d), 127.67 (d), 127.61 (d), 127.5 (d),
127.4 (d), 127.3 (d), 81.7 (d), 80.8 (d), 73.2 (t), 72.8 (t), 71.2 (t), 70.7 (t), 64.6 (d), 63.7
(d), 61.4 (t), 25.9 (q), 21.4 (q), 18.2 (s), =5.3 (q), =5.4 (q); HRMS (ESI): m/z calcd for
CaoHs1NNaOeSSi [M+Na]* 724.3099 found 724.3073.
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(25,3R,4R,5R)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(tert-butyldimethylsilanyl
oxymethyl)pyrrolidine 18:
BnO OBn

N
TBSO | OBn

A solution of compound 12 (2.45 g, 3.49 mmol) in dry THF (25 mL) was cooled
to —78 °C. A solution of sodium napthalenide {prepared separately by the addition of
sodium (765 mg, 33.26 mmol) to naphthalene (4.5 g, 35.12 mmol) in dry THF} was
added slowly and the reaction mixture was stirred at —78 °C for 20 minutes. The
reaction mixture was brought to room temperature, quenched with aqueous sodium
carbonate solution (25 mL) and extracted with ethyl acetate (25 mL). The organic layer
was dried over anhydrous sodium sulphate and filtered. Evaporation of the solvent
under vacuum gave a residue, which was purified by column chromatography over
silica gel using a mixture of hexane and ethyl acetate (3:1) as an eluent to get 18 (1.55
g, 81%) as a pale yellow viscous oil. Ry: 0.4 (hexane/ethyl acetate, 2:1); Specific rotation:
[a]p?°+6.9 (c 3.8, CHCIs3); IR (KBr): o =3436, 3030, 2929, 2859, 1640, 1457, 1363, 1253,
1097, 839, 776, 739, 698 cm™; 'H NMR (300 MHz, CDCl3) § 7.29-7.19 (m, 15H), 4.51—
4.41 (m, 6H), 3.89-3.88 (m, 1H), 3.82—3.74 (m, 2H), 3.68 (dd, J = 9.6 Hz, 6.0 Hz, 1H),3.54
(dd, J=9.0 Hz, 5.7 Hz, 1H), 3.46 (dd, / = 9.0 Hz, 6.0 Hz, 1H), 3.34-3.23 (m, 2H), 2.08 (br
s, 1H exchangeable with D>0), 0.84 (s, 9H), 0.00 (s, 6H); 3C NMR (75 MHz, CDCls) &
138.4 (s), 138.28 (s), 138.21 (s), 128.3 (d), 128.28 (d), 128.25 (d), 127.6 (d), 127.5 (d),
127.4 (d), 85.0 (d), 82.9 (d), 73.1 (t), 71.8 (t), 71.59 (t), 71.56 (t), 63.2 (d), 62.8 (d), 61.9
(t), 25.9 (q), 18.2 (s), =5.3 (q), =5.4 (q); HRMS (ESI): m/z calcd for C33HasNO4Si [M+H]*
548.3191 found 548.3192.

(2S,3R,4R,5R)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(tert-butyldimethylsilanyl
oxymethyl)-1-N-(tert-butoxycarbonyl)-pyrrolidine 20.
BnO OBn

S

N

TBSO gy OBn

To a solution of pyrrolidine 18 (4.2 g, 7.66 mmol) in dry ethyl acetate (50 mL),

sodium carbonate (2.5 g, 23.59 mmol) and Boc,0 (2.0 mL, 8.70 mmol) were added and
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the reaction mixture was stirred at 25 °C for 16 h. The reaction mixture was then
diluted with ethyl acetate (20 mL) and washed with water (2 x 20 mL). The organic
layer was dried over anhydrous sodium sulphate and filtered. Evaporation of the
solvent under vacuum gave a residue, which was purified by column chromatography
over silica gel using a mixture of hexane and ethyl acetate (9:1) as an eluent to get 20
(4.1 g, 83%) as a colourless oil. The data provided is for a mixture of rotamers: Ry: 0.8
(hexane/ ethyl acetate, 5:1); Specific rotation: [a]p?3>—9.7 (¢ 0.3, CHCIl3); IR (KBr): v =
3029, 2931, 2865, 1696, 1605, 1461, 1379, 1252, 1172, 1097, 842, 742, 699 cm™}; 1H
NMR (300 MHz, CDCl3): 6 7.27-7.21 (m, 15H), 4.63-4.47 (m, 6H), 4.18-4.06 (m, 3H),
3.85-3.60 (m, 5H), 1.41 (br's, 9H), 0.84 (s, 9H), 0.00 (s, 3H), —0.014 (s, 3H); 13C NMR (75
MHz, CDCls): 6 154.8 (s), 138.4 (s), 138.3 (s), 138.2 (s), 128.2 (d), 127.7 (d), 127.5 (d),
127.49 (d), 127.42 (d), 83.7 (d), 82.8 (d), 82.2 (d), 79.8 (s), 73.0 (t), 72.7 (t), 71.8 (t),
70.3 (t), 69.5 (t), 61.7 (d), 60.9 (t), 59.9 (d), 28.3 (q), 25.9 (q), 18.2 (s), =5.3 (q), =5.4 (q);
HRMS (ESI): m/z calcd for C3gHs3KNO6Si [M+K]* 686.3274 found 686.3238.

(2S,3R,4R,5R)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(hydroxymethyl)-1-N-(tert-

butoxycarbonyl)-pyrrolidine 10.

To a solution of compound 20 (4.0 g, 6.17 mmol) in dry methanol (40 mL),
camphorsulfonic acid monohydrate (400 mg, 10% w/w) was added and the reaction
mixture was stirred at 25 °C for 16 h. Solvent was then concentrated under reduced
pressure and the residue was dissolved in ethyl acetate (40 mL). It was then washed
with aqueous sodium bicarbonate solution (2 x 20 mL), dried over anhydrous sodium
sulphate and filtered. Evaporation of the solvent under vacuum gave a residue, which
was purified by column chromatography over silica gel using a mixture of hexane and
ethyl acetate (3:1) as an eluent to get 10 (2.7 g, 82%) as a colourless oil. The data
provided is for a mixture of rotamers in a ratio of 2:1. Ry 0.4 (hexane/ethyl acetate,
4:1); Specific rotation: [a]p?3—10.6 (c 0.7, CHCIs); IR (KBr): © = 3438, 3061, 3030, 2970,
2927, 2869, 1691, 1605, 1454, 1395, 1315, 1256, 1171, 1100, 1033, 914, 854, 743, 700,
606 cm™%; TH NMR (300 MHz, CDCl3): & 7.30-7.23 (m, 15H), 4.66—4.41 (m, 6H), 4.31—
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3.89 (m, 4H), 3.85—-3.68 (m, 4H), 3.55—-3.52 (m, 1H), 3.33 (br s, 0.3H exchangeable with
D20, for —OH signal of one rotamer), 1.44 (s, 3H), 1.39 (s, 6H); 13C NMR (75 MHz, CDCls):
5155.7(s), 154.2 (s), 137.9(s), 137.6 (s), 137.3 (s), 129.8 (d), 128.8 (d), 128.4 (d), 128.35
(d), 128.32 (d), 128.2 (d), 128.18 (d), 128.11 (d), 128.0 (d), 127.8 (d), 127.79 (d), 127.77
(d), 127.73 (d), 127.5 (d), 127.3 (d), 126.8 (d), 126.7 (d), 82.9 (d), 82.2 (d), 81.2 (d), 80.6
(s), 80.2 (s), 73.1 (t), 72.5 (t), 72.2 (t), 72.0 (t), 68.4 (t), 67.7 (t), 62.4 (t), 61.8 (d), 61.2
(d), 60.6 (d), 59.5 (d), 28.2 (q); HRMS (ESI): m/z calcd for C32H3sNNaOs [M+Na]*
556.2670 found 556.2673.

(25,3R,4R,5R)-3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-2-(azidomethyl)-1-N-(tert-
butoxycarbonyl)-pyrrolidine 8.
BnO OBn

KZ:)H

N3 Boc OBn

Compound 10 (460 mg, 0.86 mmol) was dissolved in dry THF (5 mL), and the
solution was cooled to 0 °C. Triphenylphosphine (452 mg, 1.72 mmol) and trimethylsilyl
azide (0.28 mL, 2.15 mmol) were added followed by dropwise addition of diethyl
azodicarboxylate (0.4 mL, 2.58 mmol), after which the reaction mixture was warmed
to 24 °C. When TLC indicated the completion of the reaction (24 h), the reaction was
stopped and solvent was evaporated under vacuum. The residue was purified by
column chromatography over silica gel using a mixture of hexane and ethyl acetate
(10:1) as an eluent to get 8 (274 mg, 57%) as a colourless oil. The data provided is for
a mixture of rotamers: Ry: 0.8 (hexane/ethyl acetate, 9:1); Specific rotation: [a]p?>-9.4
(c 0.82, CHCI3); IR (KBr): v = 3062, 3031, 2973, 2926, 2866, 2099, 1696, 1453, 1386,
1289, 1171, 1098, 1030, 911, 856, 741, 699 cm!; TH NMR (300 MHz, CDCl3): 6 7.29—
7.23 (m, 15H), 4.59-4.47 (m, 6H), 4.26—4.23 (m, 2H), 4.10-4.06 (m, 1H), 4.00 (m, 0.4H),
3.85 (m, 0.6H), 3.66—3.55 (m, 3H), 3.35 (dd, J = 11.7, 6.6 Hz, 1H), 1.44 (s, 9H); 13C NMR
(75 MHz, CDCl3): 6 154.7 (s), 138.1 (s), 137.9 (s), 137.3 (s), 128.4 (d), 128.36 (d), 128.31
(d), 127.9 (d), 127.8 (d), 127.77 (d), 127.72 (d), 127.6 (d), 82.3 (d), 81.8 (d), 80.8 (d),
80.4 (s), 73.0 (t), 72.5 (t), 72.0 (t), 68.8 (t), 61.8 (d), 58.1 (d), 49.6 (t), 28.3 (q); HRMS
(ESI): m/z calcd for C32H3gsN4sNaOs [M+Na]*581.2734 found 581.2734.
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Diethyl-1-(((2S,3R,4R,5R)-3,4-bis(benzyloxy)-5-(benzyloxymethyl)-1-(tert-butoxy
carbonyl)pyrrolidin-2-yl)methyl)-1H-1',2',3"'-triazole-4',5'-dicarboxylate 22.

BnO OBn

S

N
)
W
COOEt

Compound 8 (0.52 g, 0.93 mmol) was dissolved in dry toluene (6 mL) and
diethylacetylene dicarboxylate (0.75 mL, 4.67 mmol) was added. The reaction mixture
was heated at 110 °C for 4 h, after which the solvent was evaporated under reduced
pressure and the residue was purified column chromatography over silica gel using a
mixture of hexane and ethyl acetate (4:1) as an eluent to get 22 (515 mg, 76%) as a
pale yellow oil. The data provided is for a mixture of rotamers: Rs: 0.5 (hexane/ethyl
acetate, 4:1); Specific rotation: [a]p?3>~52.9 (¢ 0.61, CHCIs); IR (KBr): © =3063, 3030,
2979, 2930, 2873, 1730, 1696, 1555, 1471, 1454, 1391, 1272, 1208, 1171, 1100, 1015,
854, 739, 698 cm%; 'H NMR (300 MHz, CDCls3): 6§ 7.33-7.25 (m, 15H), 4.86-4.39 (m,
14H), 4.19-4.18 (m, 1H), 4.00 (br m, 0.5H, due to one rotamer), 3.83 (br m, 1H), 3.70—
3.63 (m, 1.5H), 1.42-1.22 (m, 15H); 3C NMR (75 MHz, CDCl3): § 160.4 (s), 158.6 (s),
154.3 (s), 153.8 (s), 140.2 (s), 139.9 (s), 138.1 (s), 137.9 (s), 137.1 (s), 130.1 (s), 129.7
(s), 128.4 (d), 128.3 (d), 128.2 (d), 127.9 (d), 127.7 (d), 127.6 (d), 127.4 (d), 82.7 (d),
81.8 (d), 81.5 (d), 80.5 (s), 73.2 (t), 72.4 (t), 72.2 (t), 69.2 (t), 68.7 (t), 62.5 (t), 61.8 (d),
61.6 (t), 61.3(d), 57.4 (d), 57.1 (d), 50.3 (t), 49.7 (t), 28.1 (q), 27.8 (q), 14.1 (q), 13.7 (q);
HRMS (ESI): m/z calcd for C4oHasKN4Og [M+K]* 767.3053 found 767.3049.

Diethyl-1-(((2S,3R,4R,5R)-3,4-bis(benzyloxy)-5-((benzyloxy)methyl)pyrrolidin-2-yl)

methyl)-1H-1',2',3"'-triazole-4',5'-dicarboxylate 6.
BnO,  OBn

(ZN;

N’N H OBn

1
N@CozEt
CO,Et

To a solution of compound 22 (650 mg, 0.89 mmol) in dry dichloromethane (7
mL), trifluoroacetic acid (0.7 mL, 9.14 mmol) was added at 0 °C and the reaction

mixture was stirred at 26 °C for 4 h. Solvent was then concentrated under reduced
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pressure and the residue was dissolved in ethyl acetate (25 mL). It was then washed
with aqueous sodium bicarbonate solution (2 x 20 mL), dried over anhydrous sodium
sulphate and filtered. Evaporation of the solvent under vacuum gave a residue, which
was passed through column chromatography over silica gel using a mixture of hexane
and ethyl acetate (2:1) as an eluent to get 6 as pale yellow oil (430 mg, 77%) and

proceeded without any further purification.

(6S,7R,8R,8aR)-Ethyl-7,8-bis(benzyloxy)-6-((benzyloxy)methyl)-4-oxo0-4,6,7,8,8a,9-

hexahydropyrrolo[1,2-a] [1',2',3']triazolo[1',5'-d]pyrazine-3-carboxylate 24.

BnO, OBn

N\‘,N/ 5 OBn
§ COOEt

Compound 6 (320 mg, 0.509 mmol) was dissolved in dry toluene (4 mL) and
camphorsulfonic acid monohydrate (26 mg, 0.104 mmol) was added. The reaction
mixture was heated at 110 °C for 9 h, after which the solvent was evaporated under
reduced pressure and the residue was purified column chromatography over silica gel
using a mixture of hexane and ethyl acetate (2:1) as an eluent to get 24 (240 mg, 81%)
as a light brown oil. Ry: 0.6 (hexane/ethyl acetate, 1:1); Specific rotation: [a]p?® —127.3
(c 0.15, CHCIz); IR (KBr): v =3060, 3030, 2924, 2859, 1735, 1679, 1564, 1446, 1410,
1364, 1213, 1179, 1080, 1023, 744, 700 cm?; 1H NMR (400 MHz, CDCl3): 6 7.37-7.26
(m, 13H),7.15-7.12 (m, 2H), 4.72 (dd, J = 13.2, 4.0 Hz, 1H), 4.67-4.62 (m, 2H), 4.60—
4.54 (m, 1H), 4.51-4.39 (m, 7H), 4.35 (s, 1H) 4.24 (d, J = 11.6 Hz, 1H), 4.13 (dd, / = 9.2,
4.8 Hz, 1H), 4.05 (d, J = 4.0 Hz, 1H), 3.45 (dd, J = 10.4, 8.8 Hz, 1H), 1.43 (t, J = 7.2 Hz,
3H); 13C NMR (100 MHz, CDCl3): § 159.7 (s), 153.6 (s), 139.4 (s), 137.9 (s), 136.9 (s),
136.2 (s), 129.9 (s), 128.7 (d), 128.5 (d), 128.46 (d), 128.40 (d), 128.1 (d), 127.9 (d),
127.88 (d), 127.81 (d), 127.7 (d), 79.9 (d), 78.9 (d), 73.2 (t), 71.5 (t), 71.1 (t), 66.9 (t),
61.9 (t), 61.5 (d), 59.4 (d), 46.4 (t), 14.1 (q); HRMS (ESI): m/z calcd for C3zH3sNaNaOe
[M+Na]* 605.2371 found 605.2348.
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(6S,7R,8R,8aR)-7,8-Bis(benzyloxy)-6-((benzyloxy)methyl)-7,8,8a,9-tetrahydropyrrolo
[1,2-a][1',2',3"']triazolo[1',5'-d]pyrazin-4(6H)-one 30.

BnO OBn

S

Compound 24 (220 mg, 0.378 mmol) was dissolved in dry methanol (3 mL) and
potassium carbonate (157 mg, 1.13 mmol) was added. The reaction mixture was
stirred at 26 °C for 6 h, after which the solvent was evaporated under reduced
pressure. To the resulting milky white residue, a mixture of ethyl acetate and water
(20 mL, 1:1) was added. Conc. HCl was then added to the mixture until a clear solution
was obtained. The organic layer was then separated, dried over anhydrous sodium
sulphate and concentrated under reduced pressure. The residue contains 28 was
dissolved in glacial acetic acid (3 mL) and heated at 120 °C for 24 h. The reaction
mixture was then quenched with aqueous sodium bicarbonate solution (20 mL) and
extracted with ethyl acetate (2 x 10 mL). The organic layer was then dried over
anhydrous sodium sulphate and concentrated under reduced pressure. The residue
was purified column chromatography over silica gel using a mixture of hexane and
ethyl acetate (2:1) as an eluent to get 30 (156 mg, 80% over two steps) as a pale yellow
oil. Ry: 0.6 (hexane/ethyl acetate, 1:1); Specific rotation: [a]p?3-60.4 (c 0.22, CHCI3); IR
(KBr): v =3062, 3030, 2925, 2868, 1667, 1553, 1495, 1453, 1416, 1363, 1256, 1204,
1110, 1091, 1027, 983, 742, 698, 606 cm™t; 1H NMR (300 MHz, CDCl3): 6 8.14 (s, 1H),
7.34-7.25 (m, 13H), 7.14-7.04 (m, 2H), 4.73-4.67 (m, 2H), 4.64—-4.63 (m, 1H), 4.59—
4.33 (m, 7H), 4.23 (d, J = 12.0 Hz, 1H), 4.10-4.03 (m, 2H), 3.45-3.39 (m, 1H); 13C NMR
(75 MHz, CDCI3): 6 155.5 (s), 137.8 (s), 136.9 (s), 136.3 (s), 134.2 (d), 129.9 (s), 128.6
(d), 128.5(d), 128.3 (d), 128.0(d), 127.9 (d), 127.8 (d), 127.7 (d), 79.8 (d), 79.0 (d), 73.1
(t), 71.4 (t), 71.0 (t), 67.0 (t), 61.1 (d), 59.7 (d), 45.7 (t); HRMS (ESI): m/z calcd for
C30H31N404 [M+H]*511.2340 found 511.2338.
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(6S,7R,8R,8aR)-7,8-Dihydroxy-6-(hydroxymethyl)-7,8,8a,9-tetrahydropyrrolo[1,2-a]
[1,2,3]triazolo[1,5-d]pyrazin-4 (6H)-one 3.

W 6}
Nt

Compound 30 (140 mg, 0.27 mmol) was dissolved in dry methanol (5 mL). 10%
Pd/C (140 mg, 100% w/w) was added. Hydrogen gas was bubbled into the reaction
mixture continuously while stirring at 26 °C for 24 h. The reaction mixture was then
filtered through a celite pad and solvent was concentrated under reduced pressure
and the crude residue was purified by column chromatography over silica gel using a
mixture of acetonitrile and ammonium hydroxide solution (10:1) as an eluent to get 3
as colourless oil (53 mg, 80%). Rr: 0.3 (acetonitrile/NHsOH, 9:1); Specific rotation:
[a]p?3*~67.2 (c 0.19, CH30H); IR (KBr): © =3390, 2927, 2849, 1655, 1558, 1425, 1370,
1200, 1109, 1079, 1052, 1031, 758, 611 cm™; 1H NMR (400 MHz, D,0): 6 8.21 (s, 1H),
5.04 (dd, J=11.2, 2.4 Hz, 1H), 4.66—4.55 (m, 2H), 4.42 (m, 1H), 4.34 (d, J = 3.2 Hz, 1H),
4.13—-4.10 (m, 1H), 3.98-3.91 (m, 2H); 13C NMR (100 MHz, D,0): § 157.3 (s), 133.7 (d),
129.9 (s), 77.2 (d), 74.1 (d), 66.0 (d), 60.6 (d), 58.9 (t), 45.6 (t); HRMS (ESI): m/z calcd
for CoH12N4NaO4 [M+Na]* 263.0751 found 263.0750.

(6S,7R,8R,8aR)-7,8-Bis(benzyloxy)-6-((benzyloxy)methyl)-3-(hydroxymethyl)-7,8,
8a,9-tetrahydropyrrolo[1,2-a][1,2,3]triazolo[1,5-d]pyrazin-4(6H)-one 26.

BnO \\\OBn
rzpﬁ
N,N OBn
A\ O

N /
HO

Compound 24 (120 mg, 0.21 mmol) was dissolved in dry THF (2 mL) and lithium
borohydride (4.5 mg, 0.21 mmol) was added. The reaction mixture was stirred at 26 °C
for 2 h, after which the solvent was evaporated under reduced pressure and the
residue was passed through column chromatography over silica gel using a mixture of
hexane and ethyl acetate (1:1) as an eluent to get 26 (82 mg, 74%) as a pale yellow oil

and the product was proceeded without further purification.
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(6S,7R,8R,8aR)-7,8-Dihydroxy-3,6-bis(hydroxymethyl)-7,8,8a,9-tetrahydropyrrolo
[1,2-a][1,2,3]triazolo[1,5-d]pyrazin-4(6H)-one 4.

Compound 26 (82 mg, 0.152 mmol) was dissolved in dry methanol (5 mL). 10%
Pd/C (80 mg, 100% w/w) was added. Hydrogen gas was bubbled into the reaction
mixture continuously while stirring at 29 °C for 24 h. The reaction mixture was then
filtered through a celite pad and solvent was concentrated under reduced pressure
and the crude residue was purified by column chromatography over silica gel using a
mixture of acetonitrile and ammonium hydroxide solution (6:1) as an eluent to get 4
as colourless oil (35 mg, 85%). Rr: 0.3 (acetonitrile/NH4OH, 4:1); Specific rotation:
[a]p?3-21.1 (c 0.09, CH30H); IR (KBr): o =3433, 2951, 2843, 1649, 1560, 1453, 1427,
1402, 1111, 1018, 613 cm™%; 'H NMR (400 MHz, D,0): 6 5.03 (dd, J = 10.8, 2.0 Hz, 1H),
4.92 (d, J= 13.6 Hz, 1H), 4.88 (d, J = 13.2 Hz, 1H), 4.64—4.59 (m, 2H), 4.44 (m, 1H), 4.36
(d, J = 2.8 Hz, 1H), 4.15-4.13 (m, 1H), 3.98-3.96 (m, 2H); 13C NMR (100 MHz, D,0): &
157.4 (s), 147.0 (s), 126.3 (s), 77.3 (d), 74.1 (d), 65.9 (d), 60.6 (d), 59.0 (t), 54.0 (t), 45.6
(t); HRMS (ESI): m/z calcd for Ci1o0H14N4aNaOs [M+Na]* 293.0856 found 293.0854.

S20



!H-NMR spectrum of compound 17
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DEPT-135 spectrum of compound 17
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!H-NMR spectrum of compound 19
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13C-NMR spectrum of compound 19 (expanded)

*indicates signals due to rotamers
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DEPT-135 spectrum of compound 19
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'H-NMR spectrum of compound 9
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13C-NMR spectrum of compound 9 (expanded)

*indicates signals due to rotamers
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DEPT-135 spectrum of compound 9
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'H-NMR spectrum of compound 7
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13C-NMR spectrum of compound 7 (expanded)

*indicates signals due to rotamers
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N " 0.274439 Hz
) | 1.8219008 sec
32768
N3 Boc OBn 27.800 usec
6.00 usec
00.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
1
CHANNEL f£1
2.00 usec
-3.00 dB
75.4752953 MHz
CHANNEL £2
waltzls
1H
80.00 usec
-1.00
MWVWMWWWWWW‘“*‘ 16.23 dB
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DEPT-135 spectrum of compound 7
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!H-NMR spectrum of compound 21
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13C-NMR spectrum of compound 21 (expanded)

*indicates signals due to rotamers
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DEPT-135 spectrum of compound 21
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'H-NMR spectrum of compound 5
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DEPT-135 spectrum of compound 5
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!H-NMR spectrum of compound 23
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[T R R R Bl o BUC R W B T HAME venkat central
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DEPT-135 spectrum of compound 23
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!H-NMR spectrum of compound 29

turrent Dats Parameters
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S D 55526
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N R 32768
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N DE §.00 uzec
TE 300.0 K
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TDO 1
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FLZ -1,00 dB
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DEPT-135 spectrum of compound 29

NP MOMm A O n Current Data Parametera
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ST
150 140 130 120 110 100 90 80 70 60 50 40 30 ppmIz P2
wow EM
58 o
LB 1.00 Hz
oB o
] 1.0

S40




'H-NMR spectrum of compound 1

Current Data Farameters
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Lo BT BT IS LIS LIS LIRS LIS S e S L U A~ s L U~ LR LS s LS U L R U S LR S e s A L L L s LS L S S U s e e |
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Time §.1% b
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HO OH PULPROG zg20
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y D& o
N | SWH 8012.820 Hz
FIDRES 0.500051 Hz
N OH o 0.9398379 zec
- R 82,35
Y / O oW 62,400 usec
N DE 6,50 usec
TE 297.6 K
D1 1.00000000 sec
400 MHz, D,O) &5 ;
Z, 2 EFOl anl. 1324708 MH=
NUCL 1H
Fl 14,00 uzec
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F2 - Processing parameters
81 65536
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WD EM
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BC-NMR
— spectrum of compound 1
= F-4 o - " Current Data Farameters
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7] oo il =R w7y EXFNO 164
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INSTRUM pact
R FROEHD ElOog6la_ 0678 |
N | FITLEROG S0
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/N OH BOLVENT Daa
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N/ 6] ] o
N EWH 210322 .,4%1 Hz
FIDEEE 0.266738 Hz
fate) 1.25214828 sec
(100 MHz, D,0)#
’ 2 oW 20.800 uzec
DE 6.50 u=ec
TE 298.3 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
EFOL 100 ,5222292 MHz
jurareh i 1z
F1 2.50 u=ec
FLW1 53, 00000000 W
BFO2 400 .1316005 MH=
Nz 1H
CPDPRE[2 waltzl§
PCFD2 90,00 uses
FLWZ2 12 Cooooooon W
FPLWlz 0.2702832% W
PLW1z 0,19805001 W
FZ - Processing parameters
BT Z2TEE
53] 100.6127747 MHz
WDW EM
3sB o
LE 2.00 Hz
L= o
o 1.40
T T T T T T T T T T T T T T T T T T T T T T
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DEPT-135 spectrum of compound 1
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!H-NMR spectrum of compound 25

“urrent Dats Parameters
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F2 - Acquisition Farameters
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Time 1s5.27
BnQ, §OBn INSTRUM spect
\ FROBHD 5 mm FABEC BE-—
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SOLVENT DLl
ns 1z
N OBn Ds 2
N’ SWH 5172.839 Hz
\ / (o) FIDRES 0.,034130 Hz
% 5.3084159 sec
N ot= 255
ey 81.000 usec
DE 5,00 usec
TE 300.0 K
HO D1 1.,00000000 sec
Do 1
300 MHz, CDCl,)
( ’ 3 el 1H
Fl 11.00 uszec
FL1 -1.00 dB
SFOL 200,1218534 MHz
F2 - Processing parameters
sI 22758
SF 300.1300081 MH=
WD EM
1553 o
LE 0.30 Hz
=3 o
EC 1.00
2
T T T T T T T T T T T T T
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=4
BC_NMR
— spectrum of compound 25
Current Data Parameters
[ U L e T B T S e RN+ Y e O S MAME Venki
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4T 44 44 A A A~ A A~ A~ 0> 0~0~0-0Dun Wy un s Date 20171125
Time 15,32
INZTEUM gpect
FROBHD 5 mm PAEEC BE-
BnO an FULFRC @ Zopg30
S TD 55536
SOLVENT eDels
HE 874
g oF] 4
SWH 175285.611 Hz
FIDRES 0.27443% Hz
,N OBn 1) 1.821%008 sec
N R 22758
W / O DW 27.800 usec
N DE 6,00 usec
TE 300.0 K
Dl 2.00000000 zec
d11 0.03000000 sec
HO DELTA 1.83932938 =ec
DO 1

(75 MHz, CDCI,)

= CHABMNEL f1
1ze
8.00 usec
FL1 -3.00 dB
SFOL T3.4732253 MHz

T T T T T T T T T T T
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ppm

= CHANNEL f2
CFDPRG[2 walbtzld
HNUcz 1H
FCERD2 80.00 usec
FLZ -1.00 dBE
FLl1z 18,23 dB
FL1Z 20,22 dB
SFOZ 200.1212005 MH=
F2 - Procezsging parameters
&I 22758
SF T5.,487731T7 MHz
WL EM
SEB o
LE 1.00 Hz
B o
F¢ 1.40
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DEPT-135 spectrum of compound 25
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'H-NMR spectrum of compound 2

Current Data Parameters
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F2 - Boguigition Parsmeters

Date_ 20171125
Time 17.13
INSTRUM spect
FROBHD 5 mm FREBO BB-
FULFRO G 2g30
D 55535
, SOLVENT DMSO
" NE 30
N jots 2
N OH SWH 6172.8359 Hz
N’ FIDEES 0,094150 Hz
j1s} 5.3084159 =eac
\ / O R 133, 7
W 21.000 uses
DE 5,00 uzec
TE 300.0 K
HO D1 1.00000000 sec
TDO 1
(300 MHz, DMSO-d.)) - canes e -
’ 6 1H
Fl 11,00 uses
FLL -1.00 4B
SFPOL 300,1318534 MHz
F2 - Frucessing parsmeters
ST 32768
SF 300.1300035 MHz
WD EM
S5B o
LE 0.30 Hz
GE o
P 1.00
P SN L
10 9 8 7 6 5 4 3 2 1 0 ppm
s
ool == od el pdl =

13C_NMR spectrum of compound 2

Mmoo ~
ol oo o 2 oo o ;l o g — o Current Dats Parsmeters
L - o1 = ) oy - & i
- : SEsaewsmekade s Bz e
ﬂq« ﬁ L S R R B B s O s s O 0 ) FROCNC 1
— - — [~ [~ 2wy uy uy =Ho=f o=f
F2 - Boguisgition Parameters
| | | '\\\'\\\W Date_ 20171125
HO OH Time 17.21
N INSTRUM spect
N FROBHD 5 mm FREBC BB-—
FULFROS Zgp 30
oy v 55536
! SOLVENT DMSC
| N3 271
N OH ps s
N’ SWH 17985.511 Hz
\‘ / 0 FIDREE 0.27442% Hz
B 1.8219008 sec
R 32768
DW 27.800 usec
DE 5,00 usec
HO TE 300.0 K
o1 2.00000000 sec
d11 0.02000000 sec
(75 MHZ DMSO_d ) DELTA 1.83993398 =ec
] 6 TDO 1
CHANNEL f£1 =
13¢
2.00 usec
-3.00 dB
SFO1 75.4752953 MHz
CHANNEL f£2 =
CPDERG [2 waltzld
WICz 1H
FUFD2 80,00 uzec
FLZ -1.00 dE
FLlz 16.23 dB
I » - FL13 20.23 dB
sroz 300,1312005 MHz
F'2 - Pramcesgihng parameters
T T T T T T T T T T T T T T T T T T T T T T a1 22768
200 180 180 140 120 100 80 &0 40 20 0 PpmEE 73.4877802 MHz
WD EM
S5B o
LE 1.00 Hz
[=:3 o
B¢ 1.40
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DEPT-135 spectrum of compound 2

HO.  OH
N ,
N OH
\ o
",
HO

(75 MHz, DMSO-dj,)
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!H-NMR spectrum of compound 15

Current Data Forameters

=Rt i
[ I Te B T B To T . NI e Ry B ot B Ty B AR I B AT e B o U R e B ot B ey o8 LR M B R R T BTy Ty B el e pecy Uent;
\DL{')L’")L’")(\]DOO\Q\QmNDDG\hmﬁmmHo\c\hhHHmmhmG\HQG\GOHDGNO\(\IC)ODDPROCNO 1
R N R N R R = B
[ S e S L S e e S e et o e L s LS U LS LR S R e U RS T L I L T I B I e o o o S B | | | P2 - hoquigition Parsmeters

Date_ 20170902
WV %&NW / \\N/ \% Time 12.22
INSTRIM gpect
PROBHD & mm PAEBG BE-
PULFROG zg30
BnO an ™ 55526
s SOLVENT CDelE
OH na 15
D3 2
0 5172837 Hz
N FIDRES 0.094190 Hz
| a0 5.3084159 =ec
TBSO Ts OBn RG 80,6
) 81.000 uzec
(300MHz, CDCl,) =
’ 3 TE 300.0 K
. . D1 1.00000000 =eo
(mixture of diastereomers) oo :
= CHAMNEL f£1
el 1H
Pl 11.00 uszec
PL1 -1.00 4B
SFOL 300.1318534 Mz
F2 - Procesging parsmeters
5T 32758
e 200.1300135 Mz
WON EM
22B 0
LE 0.30 Hz
B o
! =2 1.00
10 9 [:] 7 3 5 4 3 2 1 0 ppm
S Ba[2BRIRE2E RIB [ 22] [28]R
:\iD:iﬁ'DN o|o|ci|-|HlT =8| (@0 G oi|-| |0~
13
C-NMR spectrum of compound 15
Current Dats FParasmeters
LRN B3 W) 0 B3 U 0 L3R A U e LR L L LR SR - - Al (X} HAME Venki
R R R L L 7 EXFNO 5
B B P B N P F EROCHD 1
e I el i S S A BT I I R I
// | '@W% W// | F2 - Roquisition Parameters
Date_ 20170502
Time 12.30
TINETRITM apect
BnO an FROEHD & mum EAEEG EE-
& FULPERO G sgpg3
OH D 55535
SOLVENT [+ nTeh Bc)
uz 282
N Dz a
EWH 17385,511 Hz
TBSO + OBn FIDRES T.27443% Hz
S AQ 1.8219008 sec
RE 32768
Dw 27.800 usec
DE 5.00 usec
(75MHz, CDCl,) bE JS.oem
. . D1 2.00000000 ==o
(mixture of diastereomers) a1z ©.03000000 sec
DELTA 1.87393938 =eo
TDD 1
CHANNEL f1 ==
120
2.00 ugec
-3.00 4B
T5.4752353 MH=
= CHANMNEL fz ==
CFDPRE[2 waltzls
MITCZ 1H
FOFDZ 20.00 uses
FLz -1.00 4B
FL12 15.23 4B
FL13Z z0.23 4B
sFo2 300.1312005 Mz
F2 - Procesging parameters
51 32758
=1 T5. 4877525 MH=
WD EM
=353 o
LE 1.00 Hz
T T T T T T T T T T T o o 1. a0
200 180 160 140 120 100 80 80 40 20 0  ppm '
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13C-NMR spectrum of compound 15 (expanded)

*indicates signals due to diastereomers

¢urrent Dsta Parameters

= BEE NS P e RS s P X R o i v i i R e ] AIIE Venki
o © - 0107 0% 06 00 60 06 €0 00 06 OO b O- O [ f- o - 0o o EXPNO s4q
Z 828565 FIIS55383535555558588 PROCNO 1
3 83333 R RupopRopoRops Bio by B v b B o fe Bu fa]
Wiy B s o S e
Date_ 20170902
Time 12.30
INSTRUM ot
PROBHD 5 mum PABEG BE-
PULPROG Zapg30
65538
SOLVENT <pe13
ns 282
Ds a
E 17985.611 Hz
FIDRES ©.27443% Hz
aQ 1.8219008 sec
BnO OBn RG =
S DWW 27.800 usec
DE .00 usec
OH TE 300.0 K
D1 2.00000000 sec
N a1 0.03000000 sec
DELTA 1.89999993 sec
TBSO T OBn TDo EY
S
L £1
N1 13¢
P1 5.00 usec
PL1 -3.00 dB
sFo1 75.4752953 MHz
L £z
CPDPRG[2 waltzl6
Nucz H
PCEDZ 80.00 usec
PL2 -1.00 4B
PL12 15.23 aB
PL13 20.23 aB
sFoz 300.1312005 MHz
¥ F2 - Processing parsmeters
ST 7563
sE 75.4677529 MHz
WD EM
ssB o
LE 1.00 Hz
T T T T T T T T T T T T B C Fea
1486 144 142 140 138 136 134 132 130 128 126 124 Ppm
Current Dats Parsmeters
w o w N UwaLww W w s NAME Venki
= = =2 T o S e IR 2 087 EXPNO sa
s @ P 5 SEEges goag o %% PROCNO 1
[ RS2 T ShY Y S R PR
Date_ zo170%02
ime 30
INSTRUM act
PROBHD 5 mun PABBO BE-—
PULFROG Zapa30
$5538
SOLVENT cDe1z
s 282
Ds a
E 17985.611 H=
FIDRES c.27243% Hz
) 1.8219008 ==c
RE 276
DwW 27.800 usec
DE .00 us=c
TE co.0 K
D1 2.00000000 sec
ai11 ©.03000000 sec
DELTA 1.89999998 zec
Do 1
L £1
Nuc1 13¢
P1 2.00 usec
PL1 -3.00
SFO1 75.4752953 MHz
L £2
CPDPRG[2 waltzls
rucz 1H
PCED2 20.00 us=c
PL2 -1.cc
PL1z 1s.23 dB
PL13 20.23 aB
‘ﬂ‘ sFoz 300.1312005 MHz
2 - Processing paremeters
s 8
sE 75.4677529 MH=
WD
sse o
LE 1.00 Hz
T T T T T T T T R o -
95 so 85 80 75 70 65 80 Ppm
Currant Datas Paramsters
aeE = = U mnka
rise =5 2 2 EXENC Sa
893 ] = PROCNG 1
'\ H / F2 - BAcguisition FParamsters
Date_ Zo170502
Srae 2.30
INSTRUM act
PROBHD S mm PARBG BE—
PULPROG zoe 030
ss553%
SOLVENT cpe1s
s 282
Ds a
E: 17985.611 Hz
FIDRES ©.27aa35 H=
< 1.82150058 =ec
RE 2762
Dw 27.800 usac
DE 5.00 usec
TE o ®
D1 2.00000000 =ac
a11 0.03000000 =ac
DELTA 1. 89999998 sec
o
L £a
rNuc1 1zc
P1 .00 usec
PL -3.00 aB
sroa 75.a752553 rMH=z
L
CPDPRG[2 waltz1s
e <oz 1w
PcEDZ 20.00 usec
L2 -1.o0
PLiz 1s.23 aB
PL13 26.23 B
sFoz 200.1312005 MH=
Fz - Processing parameters
sI s
=5 75.4677529 MH=
5 B
sse o
LE 1.00 Hz
T T T T T T T T T =5 e Sias
26 25 24 23 22 21 20 19 PrPpm x
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DEPT-135 spectrum of compound 15

OBn

TBSO T
(75MHz, CDCL,)
(mixture of diastereomers)

200 180 160 140

120
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'H-NMR spectrum of compound 16

turrent Data Parameters

P Venkstesan D
wy S0 e S T ] - 0 N0 e D0 W M o T T S S R0 (U ] B S D N (M D REPNG

e = B T T o e B e I T R B R o B T e R o e B N R N e R B R e B L SR = e 1

[ ST SIS B A WS T L T T B B B N - o T BT I o S I TS BT R T T L S o B B R I B i =

L e e e e e e L e T e e s T T s . s e L e

[~ [~ [~ [~ [ [~ [~ [~ [~ [ [~ [~ 1) s = =f =i sf s =l sf sHo=H =i () () ()0 ) (Mmoot S oo o | P2 - Aoguisitien Paramebers

A
7%

Diste_ 20150328
RM/%—/% Tims 10,28
INETERUM w300

FPROBHD 5 wmm PABEBC BE-

PULPROG zg30
D 65536
SOLVENT eDels
ns 1z
BnO OoTBS s 2
BnO ! SWH 6172.839 Hz
FIDEES 0.094190 Hz
OH NHTs Fla} 5.3024159 sec
RG 57
300 MHZ CDCl L& 81.000 uszec
’ 3 DE .00 vees
TE 300.0 K
o1 1,00000000 sec
TDO 1

NUCl 1H
Pl 11.00 usec
PL1 -1.00 dB
EFO1 300.131853d MHz
F2 - Processing parsmeters
aT 32768
BF 300.1293362 MH=
WDW EM
S55B o
LB .30 Hz
=B o
l Fc 1.00
T T T T T T T T T T T T
10 9 8 7 & 5 a 3 2 1 0 ppm
(1 oo o o
8l & I R R 2 B|&
| | oo ||~ = [o]|e|=|=|n|e| |a= = ool
®

13C_NMR spectrum of compound 16

M g g T D oy ¢urrent Data Parameters
M O o e 00 O 0 M O e D T g 500000 o O [T ST W - AME, Venkatesan D
Lo I LA A BN SRR I LS UL T o B T e el SR e I o e A i B IR T S Te ] e | = ™ EXENO 15z
D T A T R = i e T SR T = B S M ) =1 o uy N
O 00 00 [ [ O 00 00 00 [l e e e e e e . L - = . - o= FROCHND 1
o L I L I o B L0 T o BN I T I I oo BN I e B i e ol T I T o B B SO R wy oo ur u
B [ [ e R L P B e i i S A - R L R [ F2 - Boguizition Parameters
e S Ny Y \/  me 20130335
Time 3.5%
OBn INSTEUM avE00
PROBHD 5 mm PABEC BE-
PULPRO Zgp g3t
D 65535
BnO OTBS SOLVENT CDul3
BnO | o] z88
OH NHTs e :
SWH 17985.611 H=
FIDEES 0.274432% Hz
(75MHZ CDCI ) aQ 1.8219008 sec
’ 3 RE 32768
oW 27,800 usec
CE 5,00 usec
TE 00,0 K
ol 2.00000000 sec
a1l 0.03000000 sec
DELTA 1.89999998 =zec
TDD 1
CHANNEL £1
13¢
5.00 uses
-3.00 4B
PO 75.4752953 MHz
CHANNEL £2
CPDPRG[2 waltzld
MiCz 1H
FCPDZ 20.00 usec
FLZ -1.00 4B
PL1Z2 15.23 4B
Liz 20,23 4B
fSiget-] 300, 1312005 MHz
Fz - Frocessing parameters
T T T T T T T T T T T T T T T T T T T T T T aT 32768
200 180 160 140 120 100 80 60 40 20 0 ppm:E 75.24977343 MHz
WD EM
2B o
LE 1.00 Hz
B o
220 1.40

S50




DEPT-135 spectrum of compound 16

OBn

BnO OTBS
BnO |

OH NHTs
(75MHz, CDCI,)

200 180 160 140 120 100 80 60 40 20 0 ppm
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!H-NMR spectrum of compound 12

Current Data Parameters

LR e g W M B SR QN TR T R+ R T i i B B - L I T o - I L T = e T o B e A T L B e BT I R R | HAME Venkatezan D
Mg A AR OWO T AR TOHR DO ENRRDLEDY MW OGN0 AT o o BXEND 223
RN = e B A B B Bkae B B M B o B - L Al A T L0 T LS I 4 B e e e e LS e e - I et s A e R < BT I T I T I T B I T PROCHD 1
[~ [~ [ [~ [~ [~ [ [~ [ [ W0 M sP SHoSP o sH sf st sf sf s sl sH 0 00 0 00 00 00 0 000 0o 0 o o o
F2 - Acquisition Farameters
Date_ 20150515
Time 15,25
INSTRUM aw300
FROEHD 5 mm PABBO BE-
FULFREO & Zg30
D 55539
SOLVENT eDe13
ne 7
N Ds 2
A SWH 6172839 Hz
TBSO Ts OBn FIDEES 0.094130 Hz
20 5.308415% sec
R 71,8
(300 MHz, CDC|3) D £1.000 uses
CE 5.00 usec
TE 00,0 K
o1 1.00000000 sec
DO 1

CHAMMNEL fl1 =

1H
11.00 usec
-1.00 4B
300,131853q MHz

F2 - Processing paramcters
21 32768
2F 300, 1300356 MHz
WDW EM
ZEE o
LE .30 Haz
oR o
I 21 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
8| |&/|8 L 3 s ]k
ol (15| e o || B3 o m| o
]
13C-NMR
— spectrum of compound 12
T T Surrent Dasts Parameters
SCHMOAdNTILIIWB oMo Mo ® Yool g M oe | MAME Venkstesan D
[T B T o e T B B R T R T B B A= T sl L LT e o I T R S T P oy o EXPNC 225
- = T L A T T B = IS UV e T om0 o™y o= FRO OO 1
(")oor\r\mo\oooooor\r\r\r\r\r\-C;l_:u;u;n’;(\;‘_-'c;q-‘--u;‘_-'o(; u;u;
TOOOoEeaeNagNaNdSnEElddesIod 945 7 F2 - Bcguisition Farsmeters
Date_ 20150831
V17 \/ohm
INETRUM awanD
FROEHD 5§ mm FAEED BE-
BnQ \\\OBn BULPRO mgpg 3
y T 55535
SCLVENT enels
2] 1202
Cg 4
s 17985, 611 Hz
| FIDRES 0.274435 Hz
TBSO Ts OBn B 1.8215008 sec
RE 3z7EE
(75MHZ CDCI ) oW 27,800 usec
’ 3 CE 5.00 usec
TE 00,0 K
=53 Z.0000O0OD sec
a1l 003000000 sec
CELTA 1.89399998 =ec
Do 1
CHANNEL f£1 =
13¢
8.00 usec
-3.00 dB
75.4752553 MHz
SFDERZ[Z waltzld
HITez 1H
PUPDZ 80,00 uses
FLZ -1.00 dB
FL1z 15,32 dE
, FL13 20,23 dR
. Foz 200,1312005 MHz
F3 - Frecessing parameters
T T T T T T T T T T T T T T T T T T T T T T sI 227858
200 180 160 140 120 100 80 60 40 20 0 ppm:iE 754877534 MHz
WD EM
R o
LE 1.00 Hz
2R o
1 1.40
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DEPT-135 spectrum of compound 12

BnO \\\OBn

N
TBSO g OBn

(75MHz, CDCl,)

200 180 160 140 120 100 80 60 40 20 0 ppm
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!H-NMR spectrum of compound 18

Current Data Parameters

NAME Venkstesan D
P I R R T T o T R o T o e B e e B el e - el e A AT BTy B - e EXFNC 245
L e Ll T I L0 T BRI <o B T R T B L IS N T LR U Lo e B e T L e i o B L S B L =) PROCHD 1
Lo B B BT L U LIS S =l =l e el ae i e L =R L= R Lol T T T B T I U B~ L~ L~ LR L s B e B B e Bt B e o)

L O e T I T B T T e T O O T T O o e T I R memmm ;oo LE - Aoquisition Pavansters
ate_ 20150812
Time 2z. 20
INSTRUM ava00
FROBHD 5 mm PAEBRC BE-
FULPROG zg30
BnQ, \\\OBn D 55538
S SO LVENT eDo1s
Nz 7
Ds 2
SWH 6172.839 Hz
ITI FIDRES 0.094150 Hz
G 5.308415% sec
TBSO H OBn re 0
DW 81,000 usee
DE 5.00 usec
300 MHz, CDCI = ot ®
y 3 D1 1.00000000 =ec
DO 1
CHBNNEL £1 =
1H
11.00 uzec
-1.00 4B
300.1318534 MHz
Fz - Procassing parametars
51 32768
sF 300.1300285 MHz
WD EM
sSE o
LE 0.30 Hz
= o
J P 1.00
MhAA A b c
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
2 5 Fﬁ SRR R .
5 5| === =g = - o 5
o
BC-NMR
— spectrum of compound 18
[ S R O AP gg;‘é‘ent Dat:' f’;rimater;
CIE- S0 8 s 8 m 0TS o ool o0 g — ol T o enkstesan
B B I R N R I e o B =S G AR g S R N0 = EXENC 248
R R T R - R Vo TS RS I i S [y FROCNO 1
OO 00 00 00 00 00 [ [ [ - - - - - - - - - - - - - - - -
W o3 v 0 v e e s
BnO OBn QQQSSSSSS 0000[“‘-[“*—[“*—[“*—[“*—[“*—[‘“—888 P () [ F2 - hoguisition FParameters
N Date_ 20150612
o RN S\ [T Y
INETRUM av300
PROBHD 5 mm FAEBO EE-
N FULEROG Zgpg30
TD §5536
TBSO }1{ OBn SOLVENT D13
J2E] 21
D& a
75MHZ CDCl SWH 17985.611 Hz
, 3 FIDRES 0.274439 Hz
% 1.8219008 sec
RG 32768
D 27,800 usec
DE 5.00 usec
TE 300.0 K
D1 2.00000000 sec
a1l 0.03000000 sec
DELTA 1.89999998 zec
TDO 1
= CHANNEL £l =
130
8.00 usec
-3.00 dB
75.4752953 MHz
= CHANNEL f2 =
CPDFRE[2 waltzl®
ez 1H
FPCFD2 80,00 uzec
FLZ -1.00 4B
PL1Z 16.23 dB
L13 20.23 dB
0z 300.1312005 MHz
F'2 - Procegging parameters
T T T T T T T T T T T T T T T T T T T T T T 8T szTaE
200 180 160 140 120 100 80 60 40 20 0 ppm:3T 734677545 MHz
WDH EM
3B o
LE 1.00 Hz
GE 0
B¢ 1.40
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DEPT-135 spectrum of compound 18

TBSO 4 OBn

(75MHz, CDCI,)

T Y T T ¥ T — v ' |
200 180 160 140 120 100 80 60 40 20 0 ppms:
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!H-NMR spectrum of compound 20

7.27%
7.271
7.256
7.250
7.213
4,633
4,595
4,533
4,493
4,478
4,188
4,097
4,081
4,066
3.856
3,824
3,757
3,735
3.725
3,703
3.67%
3,659
3.628
3,602
1.488
1.411
1.235

BnQ, OBn

",

N
TBSO Boc

(300 MHz, CDCl,)
(mixture of rotamers)

OBn

0,249
0,000

|
|

-0,014

durrent Data Parameters

HAME YWenki DEFT WME ALL
EXPNO 141
PROCHND 1

F2 - Boguisgition Parsmeters
Date_ 20171218
Time a0, 53
THNSTRIM apect
FROEHLD 5w PABEO BE-
FULFRO & zg30

TD B5536
SOLVENT Leinbeh Rel

o= 1z

Ds 2

EWH $173.83% Hz
FIDERE® 0.054130 Hz
fta) 5.208415% =ec
R a7

DWW 21.000 ugec
DE 6.00 u=sec
TE 000 K
D1 1.00000000 zec
TDO 1

F1 11.00 usec
FL1 -1.00 dB
SFO1 3001318534 MH=
F2 - Processing parasmeters
5T 32768
SF 300.1300208 MH=
WD EM
15 o
LE .30 Hz
=B o
FPC 1.00
T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
= B |22 2R (e
" Led o = -4 » o ey
=
Current Data Parameters
e D ] o N HAME Wenki DEFT MME ALL
B T e T B el e B e B i R I P . ] o o EXEHC 14z
[T L o T I B S T R (I U o T R A e e e B e B B e LT R e R o IR B Ty B+ ) N [ FROCNO 1
P L o B+ e o R B a o R o T o S MR s s ST Ly s AN | L
oS 00 0O M [~ [~ [~ [~ = = = = = = . = = . = L, . = = === - -
R GRGRUE e RS ORI R R B BT S oS o I s T o B B A, R P R R O N T I uwy uy F2 - Bocquisition Parameters
Bno an o e B B I B B B B B e e o e il St S e e S A T R L T I B S [ Date_ 20171218
S Time 21.11
INSTRUM spect
FROBHL 5 mm FABBC BE-
FULFROG Zgpgdn
N TD B5526
TBSO OBn SOLVENT CDel3
Boc N 8192
DE 1
SWH 17385,911 Hz
(75 MHZ! CDC|3) FIDEEE 0.27443% Hz
i B 1.8217008
(mixture of rotamers) o s e
=ity 27.800 usec
LE 8,00 uzec
TE 00.0 K
ol 2,00000000 zec
dll 0,03000000 zec
DELTA 1.85333%9%8 zec
TLDD 1
CHAMMEL fl =
13
8.00 usec
-3.00 dB

T5.3752953 MHz

CPDERG[2 waltzld
ez 1H
FCFDZ 80,00 usec
FLZ -1.00 4B
FLlz 15,23 dB
1 FL1z 20,23 dB
S Fo2 300.1212005 MH=
Fz - Pracesginhg parameters
T T T T T T T T T T T T T T T T T T T T T 2T 32758
200 180 160 140 120 100 80 80 40 20 0 ppmsF 75.4677548 MHz
WD EM
S3B o
LB 1.00 Hz
=B o
Fo 1.q0
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13C-NMR spectrum of compound 20 (expanded)

*indicates signals due to rotamers

¢urrent Dsts Parsmeters
NAME

Lo i, 720 1) Ly = - - A = o oo o o uy Venki DEFPT NMR ALL
00 1 o~ N S o~ S oo NS o o EXPNO 1az
et 2 TS S0 29 oy G o PROCNO 1
RS o o~ o s e = - o o
o %o oo o~ ~ 0~ e~ O~~~ L@ n F2 - Acquisition Parameters
Date_ 20171218
AL 1 NI/ N bl Pins
INSTRUM spect
PROBHD 5 mm PAEEO BE-
PULPROG Zapg30
65536
SOLVENT cDe13
NS 81392
Ds a
SWH 17985.611 Hz
FIDRES ©.274439 Hz
AQ 1.8219008 sec
RG 32763
DWW 27.800 usec
) DE 6.00 usec
OBn TE 300.0 K
Boc D1 2.00000000 sec
a11 0.03000000 sec
DELTA 1.89999998 =ec
TDo 1
L £1
Nucl 13¢
P1 8.00 usec
PL1 -3.00 dB
SFOo1 75.4752953 MHz
L f£2
CPDPRG [2 waltzls
Nucz 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL1Z 16.23 dB
oph AP g ot
SFOo2 300.1312005 MH=z
Fz2 - P e ers
T T T T T T T ST 32763
90 as 80 75 70 65 60 ppmsE 75.4877545 MHz
WDW EM
SSB o
LB 1.00 Hz
GEB o
PC 1.a0

DEPT-135 spectrum of compound 20

TBSO OBn

]
Boc

(75 MHz, CDCI3)
(mixture of rotamers)

180 160 140 120 100 80 60 40 20 0 ppm
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!H-NMR spectrum of compound 10

7.297
7.275
7.226

3,890
3,850
3,775
3,764

HO

(300 MHz, CDCl,)

1.435
1.3%0

durrent Data Parametere

WAME wenkat central upto
BHPNC 183
PROCHT 1

P2 - Aoguisition Parametera
Date_ 20171214
Tice 15.29
INSTRUM epeot
FROBHD 5 o DUL 15¢-1
FULFROE =g

T 1ad422

50 LVENT apels

ws 15

oz o

SWH 009,515 He
PIDRES 0.416695 He
A 1.1999104 eec
R L.d

oW 85,200 ue=e
TR 5,50 uaes
TR 1146.0 K
o1 1.00000000 oma
TDO 1

wool 1H
Fl 11.65 ueec
. PL1 0 JE
(mixture of rotamers) o e
EPCL Z00,1312005 FMHz
P2 - Froomooing paramekberao
5T EH2TES
8F E00,1500155 MHz
WD ErN
85F o
LE 1.00 Hz
B o
PO 1.30
| —
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
o [ od 0|5
g ARENEIEIR L4
w o || = =] o |
©w
13 d
C-NMR spectrum of compound 10
LI I L B S I B B R L B e R s | Current Data Parametero
e T oo AN AN RN T T NS N A S e WAME wenkat central upto
Sl MmN A0 M- T oW A e RN oo oW RPN 1a9
e Ty R [ R B e Ty B BT Bt e B S R C T P | PROCHS 1
L [ [ 0 00 00 00 00 00 00 00 00 [ [ [ [~ [ [ M)WMD 7ot e == == e w == == e e e .. = e
PN NI I IS P I I I S S IS IS S B IS S S B R I == R I S S E S I W o S B I =R P2 - Aecuisition Paramebera
A A A A A A AAAA A A A A A A A 020280 e [ [N (] Dot o 20171214
Tice 15.40
INSTRIM oot
PROBED 5 o DOL 13C-1
PULPROG g0
TD B5536
SO LVENT a3 elih o)
ns 10240
s 1
SWH 22727.273 Exz
FIDRES 0.346791 He
'\|l 1.4417920 oec
i) 9
HO Boc OBn W 22,000 waea
LB £.50 naea
TE 1146.0 K
(75 MHZ, CDC'S) ol 2,00000000 see
11 0.03000000 oec
H TLO 1
(mixture of rotamers)
mmmmmmme GHANNEL £1 ==mm=me=
nool 13¢
Pl 2,00 uaea
PL1 -2.00 dB
PL1W 45,.56907654 W
SPOl 75.4752953 MHz

= CHAWNEL £2

CPDPRS [2 waltelsd
ooz 1H
POPD2 30,00 uaee
PL2 0 dB

FPL12 16.74 dB
PL13 20.74 JdB
PL2W 14.393109832 W
PL12W 0.,30459505 W
PL13W 0,12135210 W
spPo2 300,1312005 FMHz

P2 - Proseseing paramebers

200 180 160 140

120

100

20

I 32768
&F 75.4677581 MHz
WhW EM

E Ll
LE 0.50 He
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13C-NMR spectrum of compound 10 (expanded)

*indicates signals due to rotamers

Current Data Parametexs

o o NN oy 0 O NS 1w Oy, At S EHE e S
v ™ 0 OO WS AN N W SN S N pyeye iss 7
[ DM OO MM NS ® 0 M 5O
- - = e & o = = = = = = @@ @ = @ = = = = a PROCNO 1
[Ts 2] OO NN NNNNNNNNNNN NN NP2 - Acquisition Parametexo
| A A o A o o o o o H  H d  Date_ 20171214
Ticne 1s.4a0
[ | AN R VL 2220
BnO OBn PROBHD 5 mem DUL A50-1
S PULPROG Zopg30
T 65536
SOLVENT ¢pe1s
us 102490
N DS 1.
\ SWE 22727.273 Hz
HO OBnNn FIDRES 0.346791 Hz
Boc ac 1.4317920 eec
RG E
oW 22.000 usee
DR 6.50 uomc
TE 1146.0 K
D1 2.00000000 sec
D11 0.03000000 oec
TDo 1
mmmeee- CHAMNEL £1 mmmmm-e-
¥uc1 13¢
P1 9.00 uoeme
PL1 -2.00 OB
PL1W 43.56907652 W
SFOo1 75.4752953 IMH=
mmmmeee- CHANNEL £2 mm-mm--e
CPDPRG [2 waltzl6
nocz 1E
PCPD2 $0.00 uoec
PL2 o aB
PL12 16.74 dB
PL1Z 20.7a 9B
PL2W 14.39310932 W
{ PL12W 0.304593505 W
o W '" L13W 0.12138210 W
SFo2 300.1312005 IMH=z
F2 - Procemosing parametexs
ST 5
sE 75.4677551 MH=
“DW M
T T T T T T T T [ 5er o
LB 0.50 Hz
160 155 150 145 140 135 130 125 ppmess o
Current Data Parameters
WArE venkat central upto
— = o o = N o oo =n o~ e o
- = p=4 P=grel — & o © «~ VOO i O -
<N o~ ~N o N FH S 0 — n N o
o~ o = o o [ SR e o e P2 - Acquisition Parameters
o o o o o ~ ~ 0~ [~ ~ o~~~ Date_ 20171214
Ticas 1s.a0
| I | | l \ ] / | | ‘ [5 I/ S
PROBHD 5 en DUL 13¢-1
PULPROG =ane
65536
SOLVENT cpels
ns 10220
s
s 22727.273 H=z
FIDRRS 0.336791 H=z
AQ 1.94917920 sec
RS s
D 22.000 uomec
DE .50 useme
TR 1146.0 K
D1 2.00000000 sea
D11 0.03000000 o=c
PL1W 45.56907654 W
sFo1 75.4752953 MH=z
----- CHAWNRL £2 ==-==-
CPDPRG [2 waltzls
rucz 1im
PePD2 50.00 usec
PL2 o aB
PL12 15.7a aB
PL1z 20.72 aB
PL2W 14.39310032 W
PL12W 0.30259505 W
PL13W 0.12138210 W
sFo2 200.1312005 MHE=
F2 - Processing parameters
sT 758
sE 75.4677551 MH=
WD B
T T T T T T T T T T T T T a
LE 0.50 H=
83 82 81 80 79 78 77 76 75 74 73 72 ppmss °
e 1.00
Current Data Parametexo
nare venkat central uwmto
2 = & B B o o
=y o~ = o> ~N beS wr SO
o — o ] - s = P2 - Acquisition Paramstexs
S [ o3 = = = e Date_ 20171214
PLiw as.s6907654
sl 75.a752553 rmE=
HADRL £2 --
waltzic
k am
50.00 wess
o am
15.73 an
20.7a am
* 14.39310552
0.30a35505 W
0.12135210 W
200.1312005 rME=
F2 - Procscoing parametaxs
sx =
=5 75.4677551 ME=
“WDw Brr
T T T T T T T T T T T o o ST
69 638 67 66 65 64 63 62 &1 60 59 ppmss o
ro 1.00

S59



DEPT-135 spectrum of compound 10

BnO \\\OBn

N

|
HO Boc OBn ‘

(75 MHz, CDCl,)
(mixture of rotamers) |

200 180 160 140 120 100 80 60 40 20 0 ppm
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'H-NMR spectrum of compound 8

Gurrent Dats Parameters
oo [ T 0y 00T G 00 W 00 S M MM NS MO ey o = HAME Venki
Nyl Lo e B Y R e e R A TR A S T - e R I S R = BXPHS 25
ISESES WL PN NN S SO K W W M0 D =] PROCHC 1
= OSSR SR SR SR SRS SR oSf S0 0 0 0 0 0 M 0 0 o = P2 - Aoguizition Parameters
N e

Time 23.53
IMNETRUM apect
FROBHD 5 mm PARBO BE-
BnO OBn PULFROG Zg30
& TD 65535
SOLVENT CDeL3
Ns 15
N D3 2
) FWH 6172.839 Hz
N3 Boc OBn FIDRES 0.0941%0 Hz
g 5.308415% smec
RG 71.8
(300 MHz, CDCI,) o
) 3 LE G,00 usec
TE 300.0 K
(mixture of rotamers) e
TDO 1
Pl 11.00 usec
FL1 -1.00 4B
SFO1 300.1318534 MHz
F2 - Processing parameters
5T 22TaR
SF F00.13200160 MHZ
WD EM
= SER o
LE 0.30 Hz
GE o
Fu 1.00
et i
9 8 7 ] 5 4 3 2 1 0 ppm

15.00
6.03
207

1.04%_
0.40
0.63
2.9%
0.
8.81

13C_NMR spectrum of compound 8

Current Data Parasmeters

f R T R R o e B TS IP
=R I S R R e g S R R R L R e R R R R s =t | Venkl
[ B N s L G I L T e e T e T B T S S e T B EXFPND 25
R T I =R - S = A I v PROCNO 1
s S A A S
222gﬁgggggggggmwrﬂhhhhhmmmv(\] F2 - Acguisition Parameters
Diate_ 20170322
\&‘W &\W//‘//‘ / Time 23,59
INSTRUM spect
FROBHD 5 mm FABBOD BE-
BnO, §OBn FULEROS Zap g0
\ D 555365
SOLVENT CcDCl3
ws 5144
ITI oz 4
EWH 17785611 Hz
N3 Boc OBn FIDEES 0.274439 Hz
X} 1.8219008 =sec
RE 32758
(75 MHZ’ CDC|3) DWW 27.800 usec
- DE 56,00 usec
(mixture of rotamers) TE 500.0 K
o1 200000000 sem
d1l Q.03000000 sec
CELTA 1.89399998 zes
DO 1

CFDERG[2
Nz
FCFD2
FLZ

FL1zZ
FL13

B2

T " T " T " T " T " T " T " T " T
200 180 160 140 120 100 80 80 40

=2

méerE

WD
S5B
LE
B
Fo

80,00 usec
-l.00 dB
16.22 dB
20.22 dB
200.1212005 MH=

FZ - Procezzing parameters

32768
T5.4677550 MHz
EM

1.00 Hz
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13C-NMR spectrum of compound 8 (expanded)

*indicates signals due to rotamers

Current Data Parameters
NAME

Venki
™ — 0 L | L M ™ wy EXPNO 28
o > w0 N O o P s o~ PROCNO 1
™ oo oo = - S n P=gvoe= E
By oo T S m o~ 5 F2 - Acquisition Parsmeters
© oo © o o~~~ o~ e~ o~ e Date_ 20170322
Time 23.59
T T N | ]| . e
PROBHD 5 mum PABEO BE-
PULPROG zZapa30
D 65536
SOLVENT ¢De13
ns 6144
Ds a
SWH 17985.611 Hz
FIDRES ©.274439 Hz
aQ 1.8219008 sec
RG 32768
DW 27.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
da11 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
u SFO1 MHz
* L f£2
CPDPRG[2 waltzl6
Nucz 1H
PCED2 80.00 usec
Lz -1.00 dB
PL12 16.23 dB
PL13 20.23 dB
sFoz 300.1312005 MHz
F2 - Processing parameters
T T T T T T T T T T T T T T T T T T ST 32768
85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 ppm‘séw "5-‘15775;& MHZ
SSB o
LE 1.00 Hz
GB o
Pe 1.40
¥
|
|
|
|
(75 MHz, CDCl,) ‘J
’ 3 I
‘\.._},.,_.ﬂ......\‘ A
|
200 180 160 140 120 100 80 60 40 20 0 ppm
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!H-NMR spectrum of compound 22

Current Data Farameters

Lo = T oo T e e B o B e e I L 4 I o T e T I s BT B I o R o T e B e o T e T B L Bt IR U o W o ) HAME Yenki
M C] o+ 8w D M o ] T ] BN e T o 0 D D D ) A ] T [ s ] T EHPHNC 115
0’)0’)0’)(\1-:\1000000hhhmmmm:ﬂ:ﬂ:ﬂ:ﬂmﬂﬁowhmmﬁwmmmmNo FROCHD 1
l“-l“-l“-l“-l“-ﬁ“ﬁ“ﬁ“‘?I‘Q“Q“Q‘Q“@@@@@@WWWWMMMMHHHHHHHO
F2 - Aoquisition Parameters
Data_ 20171125
Time 22.54
INETRUM spact
BnO OBn PROBHD 5 mm PABBC BE-
S PULPROE zg30
D 55539
SOLVENT [+inoh Bci
MNE 16
N Dg 2
| SWH 6172.839 Haz
N/N Boc OBn FIDRES 0.094190 Haz
g 5.308415% =ec
\ / COOEt RE 54
DW 81l.000 uszec
COOEt DE 6.00 nsec
TE 00,0 K
300 MHz, CDCI ™ Fooeeeneey o
( Z, 3) Do 1
(mixture of rotamers) o
FL1 -1.00 dB
EFO1 300.1318534 MHz
F2 - Processing parameters
s1 32768
3F 300.1300094 MHz
WD EM
=332 o
LE 0.30 Hz
L B o
J 25 1.00
10 9 8 7 6 5 4 3 2 1 0 ppm
o e | =1
= B([8[B3|5]8 2
o #||=|o|o|= 15
= - =
N H A T m e @AM S oo ey Gurrent Dskts Parameters
Gl o G T G0 G G0 D (N O W G [ I T S Iy 0 o o S 0 M O 5y NAME Venki
M NE AT A AT MRS T R NS D BT N L mm S 0N A m pypNo 117
I T T I e O R Yy R A I B o T R Ry ta 1
P I e R R e e R R o N T T I S T
e R R R N SN G W oW W IS I I IS IS IS B IS R B B B B ol o T I B o B R B B o i R ]
itk ik A A A A A S [l e -l e e T s LR e P P Y Y o R | - Boguisition Parameters

SRR T e S B

INSTEUM apect
nQ OBn PROBHD 5 mm PABEO EB-
N EULFROG Zep g3t
D 55535
SOLVENT Doz
Hs s1zn
N DS a
| SWH 17985611 Hz
N Boc OBn FIDRES 0.27443% Hz
By 1.8213008 s=c
\
v J/ ~COOEt R 32768
W 27.800 usec
COOEt DE 5,00 uszec
TE 300.0 K
(75 MHz, CDCI ) D1 2.00000000 sec
3 a1l 0.03000000 sec
; CELTA 1.89999998 zec
(mixture of rotamers) i :
CHANNEL £1
130
8,00 usec
-3,00 4B
2P0l 75.4752953 Mz
= CHANNEL £z
CFDERG[2 waltzls
WUz 1H
FCFD2 80.00 uszec
FLZ -1.00 4B
N FL12 15,23 dB
i FL13 20.2% 4B
J b ) Ak " ot 3001312005 M=
F2 - Processing parameters
I ' I ' I ' I ' I ' I ' I ! I ' I ' I ' I ' 21 I276E
200 180 160 140 120 100 30 60 40 20 0 ppm:st 75.487755% MHz
WDH EM
55E o
LE 1.00 He
cE 0
Bo 1.4
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13C-NMR spectrum of compound 22 (expanded)

*indicates signals due to rotamers

Current Dsta Parsmeters
AME =

R Tk o e = oo o ca o BN S MO m N fotry
g = o9 g gsgges e BEL,
s N e STt o B SR o i =i i
5 e < o5 S ov oo eaie S 0506 06 5 £ te s
8 & =3 SEBHS SAEEETIT S 52 - acquicition Paremeters
= B 89 b s h0] Sl ool S syt Ee SRl
Time 33%
INSTRUM e
PROEED 5 mm PABBG BE-
EDLERGE e
o S5ise
BnO OBn SOLVENT <De1z
S NS 5120
N DS
s 17585611 He
FIpREs G Zraass He
o 1 8519008 see
\ e 32
DW 27.800 usec
- Boc ©Bn oe 500 weee
TE s66.0 K
v //COOEt 55 2 T600e08 SaE
Qi1 .65000060 Soo
COOEt DELTA ) Cissssess mee
TDo fy
L £ B
ey Pees
£1 5166 usec
ELa 550
Sro1 75.a752505 M=
L ez
cEDERG (2 weit=1e
* NUcz 1H
Feroe 50.50 usec
WA an S1l00 aB
Eriz 15123 am
ELis 35,25 aB
sroz S00.1312008 M=
ik B beoseniharpenenitars
T T T T T T T T T ST ¥ P eres
165 160 155 150 1485 140 135 130 ppmfgw 75"15775;; TAELz:
e o
i 1.00 =
o= o
£e 1.40
Current Data Parameters
U = = - = o o~ © = o < P SO NAME Venki
S3zE S22 BT S CERRe i 523 2 EAEMO: L1,
~ %o o 0 PR IR=0v ~ = &N~ w0 oo o ™M - @~
N O Lot v e < ™ N <N oo L I I B o | Lol e = < F2 - Acguisition Parameters
FREEE EgEx2 22 faltes g 55 23 2 o Faraia
Time .
InSTRUM spact
FROBHD 5 smum PABBG BB
EDLERGG moeas0
S5556
soLvENT “be1s
NS 5120
Ds a
e 17985611 Hz
FIDRES G 2raass e
AQ 1.82139008 sec
re
Dot 27,500 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
a11 ©.03000000 =sec
DELTA 1.89999998 =ec
Do fi
L oe1
NUCl i3¢
B 8.00 usec
PL1 —-3.00
SFO1 75.4752953 MH=z
L £2
GEDERG (2 velt=1e
* e Fr
PCPD2 80.00 usec
PL2 -1.00 4B
Liz 16.23 4B
ris 30,53 oB
SFOo2 300.1312005 MH=z
2 - RETS S
T T T T T T T T =T 32768
as a0 75 70 65 60 ss s0 ppmsE 75.4877555 M=
WD BEM
SSB o
LB 1.00 H=z
GB o
£e 1.a0
Gurrent Dets Parameters
o P NAME. Venki
ExEno Fee
e ol Pro oo H
o oo - o5 P Avgulsttton: Payametass
N N — Date__ 201711296
e :
VY | o 22
EROEND 5 mm PABBG BB-
EULERGE s
ko 65536
SoLvenT “bois
e %o
De
s 17985, 611 Ha
SIDRES  Braass Ha
AO 1.8219008 =sec
re 27e
it 27505 ueec
oE 5500 usee
e s00.0 K
Es 2.00000600 sec
prees 5.65000660 Soo
SELTA 1 Soesssss see
Too fi
L oe1
ey 15e
=1 5166 usec
ELa 3.
Sro1 75.a755555 Mie
L £z
CPDFPRG[2 waltzls
woes e
Fospz 50.00 usec
Ero 2%
Eriz 15.23 aB
o Lis 20.23 4B
sroz s00.131200% Mz
2 - i e
T T T T T T T T T T T T T T T T T T ST DR 32768
30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 ppmf;“ 75-‘5775;; MHz
i o
i 1.00 Hz
=t o
5o 1.0
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DEPT-135 spectrum of compound 22

BnQO

OBn

KZNx

N

(75 MHz, CDCl,)
(mixture of rotamers)

|
N’ Boc
N //>COOEt

OBn

COOEt

200

180

160 140 120 100 80 60

40

20
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!H-NMR spectrum of compound 24

furrent Dsta Parameters

= NAME venkst F4 400
RoOWRT AW D TARROOCOANOMANWLMDONOMT AN 0000 MmN O RENe a0
LOK‘)K‘)v‘f’)f’)(\l\—iccﬁoor“-\o\omq'mc\lhnqnc\]r‘-omooooh\o\ommvﬂmmN(\]\Dmmm‘_(DPRocno 1
SRR R R R R R U R SRS I I IS I R e e . v e T e T s SN [ Rl g e e R
o~~~ -~ -~~~ 0~ 0 [ [ [ o= s o= o= o= e o s s s = = = s e e e R e o o | P2 - Acguisition Parameters
Date_ 20170225
/ Time 20,07 b
INSTEUM spect
FROBHD  L108S18_0675 {
FULFROG zg30
TD 65536
SOLVENT ¢DuL3
W 14
DS 2
N SHH 8012.520 Hz
FIDFES 0.122269 Hz
N OBn B9 4.0894465 zec
‘ RG 103,16
Y / (@] oW 62,400 usec
DE 6.50 uzec
TE 296.1 K
COOEt D1 1.00000000 zec
TDO 1
SFOL 400.1324708 MHz
N1
(400 MHz, CDCl,) m L
ELWL 12.00000000 W
F2 - Processing parameters
81 65536
53 400, 1300095 MHz
WDW EM
52 o
LE 0,30 Hz
=3 o
Bé 1,00
10 9 8 7 ] 5 4 3 2 1 0 ppm
38 SIS aﬁs e g
ool I E L R S Pl e I
il
13C_NMR
— spectrum of compound 24
o r o e e et o turrent Dats Parameters
ELSRnS h NS T a0 e ®e NN oow T oW T T = NAME Venksatd00ALL
L N hth D0 cu) A Thth ) —
A R R M R R R S . EXFNC 154
W e e e o] o] o] ol ol ol o] ol o L e B B e B B E PROCHO 1
R g L B g g [ N R a
\\W NN ’W/‘V/ | F2 - Boquisitien Parameters
Date_ 20170225
Time 20,19 h
BnO OBn INSTRUM spect
S FROBHD  L108G1E_0G78 (
PULFROG Zgpg30
TD 65535
SOLVENT eDels
N NS 1024
Dg o
N OBn S 24038.451 Hz
‘ FIDRES 0.365798 Hz
Y / O ag 1.3631488 sec
RE 208.5
oW 20,800 usec
COOEt LE 5,350 uzec
TE 296.4 K
D1 2.00000000 sec
D11 0.03000000 sec
(100 MHz, CDCl,) .
’ 3 SFOL 100. 6228258 MHz
NUTeL 13¢
Pl 7,50 usec
PLW1 5300000000 W
3] 400.1316005 MHz
e 1H
CEDERE [ waltzls
PCFDZ 90,00 uszec
PLWZ 12, 00000000 W
PLW1Z 0.23036595 W
PLW13 0.14605001 W
F2 - Processing parsmeters
81 32768
sF 100.6127746 MHz
WDH EM
$SE o
LE 2.00 Hz
GE o
1 Bé 1.40
T T T T T T T T T T T
200 180 160 140 120 100 380 60 40 20 0 ppm
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DEPT-135 spectrum of compound 24

COOEt
(100 MHz, CDCl,)

T g i T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20
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!H-NMR spectrum of compound 30

Current Dsata Parameters

vy HEME
WAoo O T T AN WA AR D e O WMo M © o BEFNO
N A D W S r M TS TS W M D SN W o B M DS . 1y S O PROCNGD
L ISP RLA RO B IR B B B B B B =R e R el - AU e B S U L A LRSS IR D B B B = e e g e 0 L 0 B =2 o =)
f e e e e e e e e e e L e e s e e e e sl e
20 [~ [ [~ [~ [ [~ [~ [~ [~ [~ [~ [~ SH Sf Sp = Sf Sf Sf Sf =P =f of Sf S sHo=f sf S p sposio=Hosp =

VWenki DEFT MMR ALL

132
1

FzZ - Aoguigition Parameters

Date_ 20171217
Time 17,51
INSTRUM spect
FROEHD 5 mum FABEO BE-
BULPRS & zg30
BnO OBn D 65536
S SOLWENT CDe1E
E] 1z
og z
SWH 6172839 Hz
N FIDFES 0.094150 Hz
A% 5.308415% smec
_N OBn RG 256
N oW 81.000 usec
n / o DE 5,00 usec
N TE 200.0 K
ol 1.00000000 sec
300 MHz, CDCl,) - i
( Z’ 3) CHANWEL £1
1H
11,00 usec
-1.00 4B
300.131853d MHz
FZ - Frocessing psrameters
81 2768
SF 300,1300088 MHz
WO EM
S5EB o
LE 0.30 Hz
GE o
Be 1.00
A, Lo LAA_A
T T T T T T T T T T T T
10 9 8 7 ] L 4 3 2 1 0 ppm
8l &R 85335 B
o |- === |2
-
BC-NMR
— spectrum of compound 30
Gurrent Dats Parameteras
Mmooy o B0 0 D BE - venkat eeatral upto
[Ty e T R e T I e o 0 W B I S T B S T T L e s SO B L B
T B A T R R e O O A B S e T e o B FROCHS T
L L T T N R g Sl S o
W T D \D SH w00 00 00 00 [ [w [~ = = = = omm e e o= . P2 - Acquisiticn Parametezrs
MM Mmoo NN N NN TS 0D Mo o & W Dake_ 20170301
e R e e R e s e s R I L ol O o ol o A P TR Time 12,40
INSTRUFT opmat
\W w ////// PROBEDF 5 oua DUL 130-1
PULPROE zog0
OBn iy 65555
S SOLVENT oDels
us 200
os 1
aWH 22727,275 Hz
N PIDRES 0,346791 Hz
a2 1.4417920 oma
N OBn S s
- oW 22,000 wema
N e DR 6.50 uaea
W / TR 1146.0 K
N o1 2.00000000 sec
11 0,03000000 eea
75 MHz, CDCl,) - .
( Z’ 3) mmmmmmee QHANNEL £1 ==m=====
oL 130
Pl 2.00 uaea
FL1 -2.00 dB
PL1W 45,56907654 W
sFol 75,4752955 MH=
mmm--e-= GHAWNEL £2 ========
CPDPRE [2 walbzl®
¥ooz 1E
PORD2 30,00 usea
PL2 0 4B
PL1Z 16,72 4B
PL13 20,74 4B
PLEW 14,59510952 W
PL12W 0,50459805 W
PL13W 0.12135210 W
sroz 500.1312005 M=
2 - Proceesing parametera
21 52763
aF 75,4677552 MHz
WD EM
T r T r T r T r T r T r T r T r T r T T T . B o
LE 0.50 Hz
200 180 160 140 120 100 80 60 40 20 0 ppmss a
20 1.00
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DEPT-135 spectrum of compound 30

BnO \\\OBn

N
N/Nj/& OBn
W\ O
N/

(75 MHz, CDCly)

200 180 160
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40
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'H-NMR spectrum of compound 3

“uprent Data Parameters

w1 € W) NAME
= o 0 EEFHO
TN S PROSND

r8.219
F5.060
5,054
F5.032
F5.025
4,813
4,816
4,813
Fa.811
-4.3038
-4.306
-a.503
782
779
777
774
a.772
4,769
a.767
4,764
4.666
4,658
4.633
4,625
a.618
4,356
4.347
4.133

Date_
Time
INSTRUM
FROEBHD
FULFRO G

FLW1

(1]

B
Fo

a1

SF

WO

SSB
J LE
N | i

ppm

5 4
g a[E2EER
- o=

wenkst P4 400
131
1

F2 - Aoguisition Parameters

20170306
17.03 h
apect

2108618_0678 {

zg30
15024
Dad
2
o
501,820 Hz
0.500051 Hz
0.3338376 2a0
22,325
62,400 usec
5,50 usec
2596.5 K
1,00000000 sec

1
400,1324708 MHz

12,00 usec
1z2. 00000000 W

F2 - Precessing parameters

83338
200, 12994633 MH=z
EM
o
Q.30 Hz
o
1.00

13C_NMR spectrum of compound 3

Current Dats Fsrameters

us e NAME Venkat400ALL
= s a3 HER 2 EXENO 170
0 23 Ea S M FROCHO 1
= g ] - @ en B
FZ - Aoguisition Fsrameters
Date_ 20170306
Time 17.40 h
INSTRITM apect
FROBHLD RIDBH1IE_DGTE |
HO OH FULFROG Tgng30
N TD 55536
\ SOLVENT D20
s 125
DE o
N SWE 24035.451 Hz
FIDEES 0. 366798 Hz
N OH B 1,3631488 =ec
N’ RE 205, 5
Y / @] oW 20,800 usec
N LDE 5,50 usec
TE 297.8 K
o1 2.,00000000 sec
(100 MHZ D O) D11 0.03000000 sec
’ 2 Do 1
SFOL 100, 6228298 MHz
TG L
Fl 2,30 uszec
FLSL 53.00000000 W
SFO2 ann. 1316005 MHz
ez 1H
CEDFRE[2 waltzls
FOFDZ S0.00 uzac
FL¥Z 12.00000000 W
PLW1Z 0.25036995 W
PLH1Z 0.,14505001 W
F2 - Precessing parameters
ST 32768
5ol 100,6127747 MHz
WD EM
S5B o
LE 2,00 Hz
= o
2] 1.40
T T T T T T T T T T T T T T T T T T T T T T
200 180 180 140 120 100 80 &0 40 20 0  ppm
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DEPT-135 spectrum of compound 3

(100 MHz, D,0)

S . S
150 140 130

T - T { binan T

120 110 100 90 80 70 60
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'H-NMR spectrum of compound 4

Current Data Parameters

[y BL=JNTo R B -l o B W T I o B i e e U s D INTS B e e R e B Y o HAME Venlkat4B0ALL
T Gl S D D MD Oh o o] OF D LY w80 [ D EXPHO 12
B e - e T 10 T L i . G FROCHO 1
[T TR T RN To S Ll L L s S U (S s e A L - L L T Lo T ] F2 - Acguisition Parameters
%ﬁ///@rﬁ’ Date_ 20170226
Time 10.34
HO, OH INSTRUM spect
S PROBHD  L1O%612_087& |
FULFROG zg30
D 55536
SOLVENT Dac
N ws q
N OH e :
. SWH 8012.220 Hz
e FIDRES 0.122266 Hz
W / AQ 4,0894955 zec
RG 183.8
DW 62.400 usec
DE 6.50 uzec
TE 297.6 K
HO D1 1.00000000 sec
DO 1
SFO1 400.1324708 MHz
(400 MHz, D,0) sor s
F1 14.00 usec
FLW1 12.00000000 W
F2 - Processing parametars
51 55536
sF 400.1295642 MHz
WDW EM
SSE o
LE 0.30 Hz
= o
A P 1.00
. A Y ] ha
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm
SR OEEE
olo|e=loil=|= <]+
BC-NMR
— spectrum of compound 4
. . - Current Dsts Parameters
- o o o5 R EEIg NAME Venk s£d00ALL
505 3 P pathe 12
3 3 3 EEO9 8RS 9 PROCNG 1
| | | | ( | \K | | Fz2 - hoguisgition Farameters
Date_ 20170326
HO OH Time 5.42 h
S INSTRUM apect
PROBHD  L108618_0678 {
PULPROG zapg30
D 555385
N SOLVENT D20
ns 533
_N OH o] o
EWH 2403%. 461 Hz
Y / @] FIDRES 0.366798 Hz
a0 1.3631488 sec
RG 209.5
D 20.800 usec
DE 6.50 usec
HO TE 297.4 K
D1 2.00000000 sec
(100 MHz. D O) D11 0.03000000 sec
’ 2 DO 1
SFO1 100.5228298 MHz
el 130
Pl 9,50 usec
PLW1 53.00000000 W
3F02 400.1315005 MHz
ez 1H
CPDPRG[2 waltzl
PCFD2 90,00 uzec
PLW2 12, 00000000 W
FLW1Z 0.29036339 W
FLW13 0.14505001 W
F2 - Processing parameters
s8I 32768
B3l 100.6127762 MHz
Do EM
R o
LE 10.00 Hz
GE o
Pe 1.40
T . T . T . T . T . T . T . T . T . T . T .
200 180 160 140 120 100 80 60 40 20 ppm
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DEPT-135 spectrum of compound 4

Current Data Parameters
3-¢

HO

(100 MHz, D,0)

Aad aaass T T T T T [rrr——p

T T T
150 140 130 120 110 100 90 80 70 60
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