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1. Procedure for the Synthesis of Betulin Analogs

1.1. 28-O-(2-chloroacetyl)betulin 4

A solution of betulin 1 (0.226 mmol, 100.0 mg) and catalytic amount of 4-dimethylaminopyridine
(DMAP, 0.023 mmol, 2.8 mg) in dry THF (0.4 mL) was stirred, treated dropwise with a
diisopropylethyl amine (DIPEA 0.339 mmola, 43.8 mg, 0.059 mL) and then chloroacetyl chloride
(0.271 mmola, 30.6 mg, 0.022 mL). The resulting mixture was left on the magnetic stirrer for 30 min
at 0-5 °C and then for 24 h at room temperature. The reaction progress was monitored on TLC in
an eluents system DCM:MeOH (100:1). Extracted with AcOEt (4 x 4 mL), dried over MgSOs and
evaporated in vacuo. The crude products were purified using column chromatography
(DCM:MeOH, gradient: 100:1).

Product 4 was obtained as a white solid (39.9 mg, 34% yield); m.p.: 152-154 °C; [a]®p =
+31.9 (¢ 0.5, CHCls); 'H NMR (600 MHz, CDCls): d10.76, 0.82, 0.97, 0.98, 1.03 (all s, 3H each, H-23-H-
27), 1.68 (s, 3H, H-30), 0.60-2.10 (m, 25H, CH, CH), 2.44 (td, 1H, J: 5.8 Hz, J:11.0 Hz, H-19),
3.18 (dd, 1H, J: 4.8 Hz, J» 11.4 Hz, H-3), 3.97 (d, 1H, ] 11.4 Hz, H-28b), 4.09 (s, 2H, CH2Cl), 4.40 (d, 1H,
]10.8 Hz, H-28a), 4.60 (d, 1H, ] 1.2 Hz, H-29b), 4.70 (d, 1H, ] 1.8 Hz, H-29a) ppm; *C NMR (Table 1).

1.2.  3,28-0,0’-di(2-chloroacetyl)betulin 5

A solution of betulin 1 (0.226 mmol, 100.0 mg ) and DMAP (0.023 mmol, 2.8 mg) in THF (0.83 mL)
was stirred, treated dropwise with a DIPEA (0.339 mmola, 43.8 mg, 0.059 mL) and then chloroacetyl
chloride (0.576 mmola, 65.1mg, 0.046 mL). The resulting mixture was left on the magnetic stirrer for
30 min at 0-5 °C and then for 24 h at room temperature. The reaction progress was monitored on TLC
in an eluents system DCM:MeOH (100:1). Then, extracted with AcOEt (5 x4 mL) and dried over
MgSO.s. After that followed by filtration and evaporated in vacuo. The crude products were purified
using column chromatography (DCM:MeOH, gradient: 1000:1 to 100:1).

Product 5 was obtained as a white solid (127.8 mg, 95% yield); m.p.: 72-73 °C; [a]®p=+16.2 (c 0.5,
CHCI); 'TH NMR (600 MHz, CDCls): 61 0.86, 0.87, 0.98, 1.04 (all s, 3H each, H-23-H-27), 1.69 (s, 3H,
H-30), 0.60-2.10 (m, 24H, CH, CH>), 2.44 (td, 1H, J: 5.8 Hz, J. 11.0 Hz, H-19), 3.96 (d, 1H, ] 10.8 Hz, H-
28Db), 4.04 (d, 2H, ] 14.6/5,4 Hz, CH2Cl), 4.09 (s, 2H, CH2Cl), 4.41 (dd, 1H, J: 1.2 Hz, J210.8 Hz, H-28a),
4.60 (dd, 1H, J: 2.1 Hz, ]2 10.1 Hz, H-3), 4.69 (s, br, 1H, H-29b), 4.70 (s, br, 1H, H-29a) ppm; *C NMR
(Table 1); IR (ATR) v: 2943, 2872, 1731, 1455, 1391, 1288, 1183, 978, 884, 786, 695 cm..
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Table 1. ®C NMR spectrum of betulin analogs 2-7 (150 MHz, CDCls).

At.C BN 2 3 4 5 6 7
C1 3872 38.69 38.550 3860  37.92 38.62 37.89

C-2 2741 2739 27.99 2727 2346 27.30 23.68

C-3 7898 7897 85.86 7879 8324 78.84 83.21

C-4 3887 3886 38.550 3874 3822 38.77 38.34

C-5 5531 558 55.87 5518 5524 55.21 55.36

C-6 1831 1829 18.25 18.16 18.03 18.19 18.15

c-7 3425 3422 34.24 3407 3399 34.09 34.08

C-8 4094 4098 41.03 4088 41.16 40.79 4091

C-9 5042 5042 50.41 5023 5015 50.26 50.25

C-10 3718 3717 37.12 3702 3696 37.06 37.06

C-11 2084 2087 20.91 2065 20.70 20.67 20.74

C-12 2524 2522 25.24 2506 2503 25.09 25.06

E C-13 3733 3758 37.58 3754 3755 37.58 37.66
= C-14 4273 4266 42.65 4259 4263 42.62 42.67°
g C-15 2707 27.14 27.12 2691 27.84 27.89 27.94
z C-16 2919 2979 29.71 2940 2941 29.59° 29.67
5 C-17 4780  47.99° 47.02 4640 4643 46.33 46.43
E C-18 4788 4891 48.92 4870 4871 48.72 48.80
C-19° 4880  47.99° 48.00 4755 4761 47.57 47.69

C-20 15046 150.64 15064 14975  149.78 149.76 149.84

C-21 2977 29.90 29.91 2952 2953 29.59° 29.67°

C-22 3397 3469 34.69 3432 3435 34.39 34.49

C-23 2799 27.99 27.99 2788 2693 26.92 27.00

C-24 1535 1537 16.00 15.26 16.06 15.27 16.04

C-25 1610 1611 16.10 15.99 16.34 16.00 16.54¢

C-26 1599 1598 15.99 15.90 15.93 15.94 16.15¢

C-27 1477 1483 14.79 14.66 14.67 14.69 1475

C-28 60.58 6827 68.25 64.63  64.67 64.31 64.40
C-29° 109.67  109.56 10956 109.88  109.96 109.92 110.07
C-30° 1909 1909 19.11 19.02 19.02 19.04 19.05
OCH:C=CH - 5861  5862;56.42 - - - -

o, | OCH:C=CH - 8051  80.96;80.50 - - - -
& | OCH:C=CH - 7401 7401;7341 - - - -
é O(CO)CH: - - - 167.62  167.67 168.65 168.75
167.04 168.15

O(CO)CH: - - - 40.76°  40.92,40.81 5041  50.67;50.52

aSignals were assigned based on experiments gHSQC; ® Two overlapping signals; © Possible reverse signal

assignment.
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Table 2. ®C NMR spectrum of betulin glycoconjugates 15-20 (150 MHz, CDCls).

At. C 15a 15b 16a 16b 17a 17b 18b 19a 20a

c-1 3873 3872 3870 3871 3852 3853 3852 3871 3827

c2 2742 2742 2740 2739 2283 2287 2286 2739 2361

C-3 7895 7896 7899 7898 8665 8663 8689 7894 83386

c4 3888 3888 3886 3887 3881 3882 3885 3887  37.90¢

c5 5531 5530 5528 5529 5568 5568 5569 5529 5530

C-6 1832 1833 1833 1833 1824 1826 1826 1828  18.11

c-7 3426 3425 3423 3424 3424 3424 3424 3418 3405

c8 4092 4093 40.88 4089 4094 4095 4093 4088  40.89

c9 5042 5041 5038 5039 5036 5036 5036 5033 5021

C-10 3717 3717 3715 3716 3711 3712 3714 3715  37.03¢

c-11 2085 20.84 20.83 2084 2085  20.86 2087 2078 2196

c-12 2522 2522 2518 2519 2520 2520 2520 2516 2508

E C-13 3751 3750 3749 3750 3748 3748 3750  37.68  37.65

- C-14 4268 4269 4264 4265 4265 4266 4265 4271 4273

g c-15 2800 2800 2801 2801 2797 2796 2810 2799 2801

Z c-16 2985 29.86 29.69< 29.88y  29.83 2984 2969 2944 2943

E c-17 4726 4726 4723 4724 4725 4725 4725 4645 4645

E c-18 4885 4884 4883 4884 4882 4883 4885 4880 4877

C-19° 4788 4787 47.88 4789 4784  47.86 4790 4764  47.65

C-20 15057 150.61 15053 150.53  150.57  150.59  150.54 149.73m  149.68

c-21 2991 2995 29.86* 29.86¥  29.89 2994 2988  29.60 2957

c22 3477 3479 3473 3474 3476 3478 3475 3439 3438

c-23 2742 2723 2716 2717 2718 2720 2717 2701 27.00

C-24 1537 1537 1541 1540 1625 1626 1630 1536  16.00

c-25 1611 1611 1612 1612 1612 1613 1615 1610  16.12

C-26 1603 1600 1593 1594 1602 1600 1596  16.01 16.39

c-27 1479 1480 1479 1479 1473 1474 1476 1478 1475

C-280 6894 6894 6895 6898 6892 6891  69.01 6496 6837

C-290 109.60 109.60 109.64 109.63  109.61  109.62  109.65 110.10  110.16

C-30° 19.06 1906 1908 19.08 1905 1905  19.09  19.11 19.10

CH-triazol* | 12058 120.76 12376 123.86  120.58  120.77 12375 12428 12425

12050 12066  123.61 124.24

C-triazol 146.62 14646 14671 146.60 14726  147.06 14749 14973  144.65

14659 14642 14677 144.55

o | CHxTri 6495 6491 6514 6513 6493 6488 6521 6293  62.94

& 6288 6288  63.20 61.80¢

% CH:(CO) - - 5259 5250 - - 57 - -
52.65

CH:0 - - - - - - - 5085  51.05

50.83

Cc=0 - - 165.68 165.67 - - 16568 16655  166.56

165.55 165.90

aSignals were assigned based on experiments gHSQC; > Two overlapping signals; **Possible reverse signal assignment.
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cont. Table 2. 3C NMR spectrum of betulin glycoconjugates 15-20 (150 MHz, CDCls).

C1+C6 85.73 8627 7841 78.61 85.69 86.22 78.75 72.79 72.80p
(Glc or Gal) 7512 7402 7380 7256 85.62 86.17 78.72 71.94 71.94s
7273 7089 7251 70.71 75.08 73.988 72.59 71.21 71.22r
7032 6785 7032  68.06 75.04 70.94 72.57 68.36 68.37°
67.72  66.87 68.01 67.08 72.81 70.86 70.67 61.80 61.81t
61.58 6115 6156 61.08 72.71 67.86 70.64 50.86 50.834

70.31 67.74 68.06

70.18 66.91f 68.00

67.71 61.18h 67.06x

67.70 61.11

g 61.57¢ 61.09
O CHsCO? 2020 2030 2054 < 20.50 20.174 20.29; 20.50% 20.60n 20.60¢
a 2051 2049 2073  20.60 20.51¢ 20.27 20.59! 20.67 20.65"
2053 20.62 20.56>  20.64 20.53¢ 20.491 20.62 20.74 20.664
20.66  20.66 20.67 20.664 20.631 20.60 20.77v

20.66! 20.67'
CHsCO 168.87 169.04 169.49 169.73 168.79 168.93 169.71F 169.42  160.42v
169.32 169.80 169.84 169.98 168.86 169.03  169.981 169.45 169.43%
16990 169.95 170.57 170.37 169.32 169.79 170.341 170.18  170.16%
170.45 170.28 170.86 171.00 169.89 169.95i 170.92 170.65 170.64v

169.91 170.00 171.03

170.44 170.28
170.46¢ 170.31

aSignals were assigned based on experiments gHSQC; * Two overlapping signals; **Possible reverse signal assignment.
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Table 3. ®C NMR spectrum of betulin glycoconjugates 21-24 (150 MHz, MeOD).

At.C 271CDC13 22a 22b 23b 24a 24b

C-1 38.26 40.14 39.99 40.01 39.85 39.83

C-2 23.58 28.39 28.34 28.36 28.41 28.37

C-30 83.85 79.75 79.71 78.48 88.07 88.04

C-4 37.88 40.14 40.09 40.12 39.96 39.97

C5 55.28 56.90 56.86 56.90 57.23 57.22

C-6 18.10 18.40 19.50 19.53 18.40 1841

C7 34.04 35.53 35.46 35.52 35.52 35.48

c-8 40.88 4221 42.15 4218 42.25 42.22

C-9 50.20 51.94 51.90 51.92 51.93 51.91

C-10 37.02 38.35 38.32 38.35 3837 38.34

c-11 20.73 22.06 22.02 22.05 22.10 22.08

Cc12 25.07 26.71 26.64 26.67 26.71 26.68

E C-13 37.64 38.99 38.95 38.98 39.00 39.96
= C-14 42.71 43.82 43.79 43.80 43.85 43.83
g C-15 28.00 28.68 28.65 28.67 28.67 28.66
Z C-16 29.43 30.75 30.99 30.78 30.76 30.78

E C-17 46.43 < < < < <
E c-18 4875 50.24 50.17 50.23 50.25 50.22

C-19 47.65 < < < < <

C-20 149.96 151.86 151.87 151.91 151.89 151.89

c21 29.56 31.05 30.79 31.04 31.07 31.05

c22 3437 35.83 35.82 35.86 35.84 35.84

c-23 26.98 28.12 28.09 28.12 28.40 28.42

C-24 16.00 16.15 16.16 16.17 16.70 16.80

c-25 16.11 16.76 16.76 16.77 16.82 16.83

C-26 16.36 16.68 16.62 16.59 16.79 16.66

c-27 14.75 15.33 15.28 15.30 1532 15.30

C-280 64.92 69.88 69.67 69.49 69.82 69.77

C-290 110.12 110.25 110.28 110.24 110.24 110.27

C-30° 19.09 19.52 19.41 19.44 19.43 19.42
CH-triazol® 123.08 124.41 123.87 126.86 12433 123.89
124.18 123.64

o~ | Cetriazol 149.66 146.36 146.54 146.42 146.99 147.19
& 148.09 146.42 146.56
Z |  CH»Tri 51.08; 50.86 65.31 65.33 65.15 65.36; 63.50  65.38; 63.56

= cmco) 56.50; 55.23 - - 51.92 - -

C=0 165.61 - - 168.57 - -

165.97

o 89.70;81.18 90.28;79.90 81.77;79.75 89.65% 81.20> 90.27;79.02
S C1+C6 78.60;74.10 75.40;71.50 75.82;71.51 78.64%74.11> 75.44;71.56
2 (Glc or Gal) 71.00; 6247 70.32;62.30 70.49;69.49 71.00% 62.49> 71.55; 80.04
62.50; 62.34

aSignals were assigned based on experiments gHSQC; PTwo overlapping signals; ¢Signal under MeOD.

S6



2. Synthesis of Sugar Derivatives 9 — 14

2.1. 1,2,3,4,6-Penta-O-acetyl--D-glucopyranose 9a

Dry sodium acetate (36.3 mmol, 3.0 g) and anhydrous acetic anhydride (278.0 mmol, 26 mL)
were placed in a three-necked flask equipped with a reflux condenser. Anhydrous glucose
(27.8 mmol, 5.0 g) was added in portions and then the mixture was stirred and heated to reflux for
1 h. The reaction progress was monitored on TLC in an eluents system toluene:AcOEt (1:1). After that
the mixture was cooled and poured into ice water and stirred vigorously until until the acetic
anhydride was completely hydrolyzed and the product precipitated. The product was separated by
filtration in vacuo.

Product 9a was obtained as a white solid (10.4 g, 96% yield); m.p.: 131-132 °C; [a]®Dp =
4.0 (c 1.0, CHCls); "H NMR (400 MHz, CDCls): du 2.02, 2.03, 2.04, 2.09, 2.12 (5s, 15H, CHsCO), 3.84
(ddd, 1H, J: 2.3 Hz, J. 4.5 Hz, J5 10.2 Hz, H-5), 4.12 (dd, 1H, J: 2.3 Hz, ]2 12.5 Hz, H-6a), 4.29 (dd, 1H, 1
4.5 Hz, ]2 12.5 Hz, H-6b), 5.12 (dd, 1H, J: 9.4 Hz, |- 10.2 Hz, H-4), 5.14 (dd, 1H, J: 8.3 Hz, |. 9.4 Hz, H-
2),5.26 (dd, 1H, ]: 9.4 Hz, ]2 9.4 Hz, H-3), 5.72 (d, 1H, ] 8.3 Hz, H-1); *C NMR (100 MHz, CDCls): dc
20.55, 20.56, 20.70, 20.81 (CHsCO), 61.48 (C-6), 67.79, 70.26, 72.75, 72.81 (C-2, C-3, C-4, C-5), 91.72 (C-
1), 168.94, 169.23, 169.38, 170.08, 170.59 (CHsCO).

2.2. 1,2,3,4,6-Penta-O-acetyl-f-D-galactopyranose 9b

Dry sodium acetate (36.3 mmol, 3.0 g) and anhydrous acetic anhydride (278.0 mmol, 26 mL)
were placed in a three-necked flask equipped with a reflux condenser. Anhydrous galactose
(27.8 mmol, 5.0 g) was added in portions and then the mixture was stirred and heated to reflux for
1 h. The reaction progress was monitored on TLC in an eluents system toluene:AcOEt (1:1). After that
the mixture was cooled and poured into ice water and stirred vigorously until until the acetic
anhydride was completely hydrolyzed and the product precipitated. The product was separated
by filtration in vacuo.

Product 9b was obtained as a white solid (8.8 g, 81% yield); m.p.: 141-142 °C; [a]*p = 27.1
(c 1.0, CHCls); 'H NMR (400 MHz, CDCls): o1 1.99, 2.04, 2.12, 2.16 (5s, 15H, CH3CO), 4.06 (ddd, 1H,
J:1.1 Hz, J. 47, Js 7.1 Hz, H-5), 412 (dd, 1H, J: 47 Hz, J: 11.4 Hz, H-6a), 4.17 (dd, 1H, J: 7.1 Hz,
J-11.4 Hz, H-6b), 5.08 (dd, 1H, J: 3.4 Hz, J. 10.4 Hz, H-3), 5.32 (dd, 1H, J: 8.3 Hz, J: 10.4 Hz, H-2),
5.42 (dd, 1H, J: 1.1 Hz, ]. 3.4 Hz, H-4), 5.70 (d, 1H, ] 8.3 Hz, H-1); *C NMR (100 MHz, CDCls): dc 20.48,
20.57, 20.60, 20.76 (CHsCO), 61.00 (C-6), 66.78, 67.83, 70.81, 71.68 (C-2,C-3, C-4, C-5), 92.14 (C-1),
168.91, 169.31, 169.89, 170.06, 170.28 (CH3CO).

2.3. Propargyl 2,3,4,6-tetra-O-acetyl--D-glucopyranoside 10a

To a solution of per-O-acetylated-D-glucose 9a (1.281 mmol, 0.5 g) and propargyl alcohol (1.734
mmol, 100 uL) in anhydrous DCM (5 mL) at 0 °C the boron trifluoride diethylether (1.945 mmol, 240
pL) was added dropwise. The reaction mixture was stirred at room temperature for 2 h. The reaction
progress was monitored on TLC in an eluents system toluene:AcOEt (2:1). After completion of the
reaction, the reaction mixture was diluted with DCM and washed with ice-cold water (1 x 10 mL),
saturated NaHCO:s (1 x 10 mL) and saturated brine solution (1 x 10 mL). The organic layer was dried
over anhydrous MgSOs and was concentrated in vacuo. The crude product was purified using
column chromatography (toluene:AcOEt, gradient: 15:1 to 8:1).

Product 10a was obtained as as a white solid (0.381 g, 77% yield); m.p.: 111-112 °C; [a]*p = 38.6
(c 1.0, CHCIs); '"H NMR (400 MHz, CDCls): du 2.01, 2.03, 2.06, 2.09 (4s, 12H, CHsCO), 2.48 (t, 1H,
J 2.3 Hz, CH), 3.73 (ddd, 1H, J: 2.3 Hz, ]2 4.7, ] 10.2 Hz, H-5), 4.15 (dd, 1H, J: 2.3 Hz, ]2 12.3 Hz, H-6a),
427 (dd, 1H, [1 4.7 Hz, ]2 12.3 Hz, H-6b), 4.32-4.42 (m, 2H, CH>), 4.78 (d, 1H, ] 7.8 Hz, H-1), 5.01 (dd,
1H, J: 7.8 Hz, ]2 9.4 Hz, H-2), 5.10 (dd, 1H, J: 9.8 Hz, ]2 10.2 Hz, H-4), 5.24 (dd, 1H, ]: 9.4 Hz, ]2 9.8 Hz,
H-3); ¥C NMR (100 MHz, CDCls): dc 20.53, 20.54, 20.62, 20.65 (CH3CO), 55.88 (CH2CCH), 61.74 (C-6),
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68.30, 70.94, 71.90, 72.74 (C-2, C-3, C-4, C-5), 75.44 (C=CH), 78.10 (C=CH), 98.10 (C-1), 169.34, 169.37,
170.19, 170.59 (CH3CO).

2.4. 2,3,4,6-Tetra-O-acetyl-c-D-glucopyranosyl bromide 11a

1,2,3,4,6-Penta-O-acetyl-B-D-glucopyranose 9a (7.7 mmol, 3.0 g) was dissolved in glacial acetic
acid (15 mL). The flask was placed into an ice bath, and then a 33 % solution of HBr in AcOH
(158.0 mmol, 9 mL) was added dropwise to the mixture. Reaction was carried out on the magnetic
stirrer for 1 h at room temperature. The reaction progress was monitored on TLC in an eluents system
toluene:AcOEt (1:1). After the reaction was completed, the solution was diluted with CH2Cl2 (50 mL)
and then poured into ice-water (70 mL). The two-phase system was separated, the aqueous phase
was washed with CH2Cl2 (2 x 50 mL) and the combined organic phases were washed with saturated
NaHCO:s solution (1 x 50 mL) and brine (2 x 40 mL). The organic phase was dried with MgSOs, filtered
and the filtrate was evaporated in vacuo. The crude products were purified using column
chromatography (toluene:AcOEt, gradient: 10:1 to 6:1).

Product 11a was obtained as a white solid (2.9 g, 91% yield); m.p.: 87-88 °C; [a]*p = 182.0
(c 1.0, CHCls); '"H NMR (400 MHz, CDCls): o1 2.04, 2.05, 2.10, 2.10 (4s, 12H, CH3CO), 4.13 (dd, 1H,
J1 1.8 Hz, ] 12.5 Hz, H-6a), 4.29 (ddd, 1H, J: 1.8 Hz, ]2 3.9 Hz, J; 10.2 Hz, H-5), 4.33 (dd, 1H, J: 3.9 Hz,
J2 12.5 Hz, H-6b), 4.84 (dd, 1H, J: 4.1 Hz, J. 10.0 Hz, H-2), 5.16 (dd, 1H, J: 9.8 Hz, . 10.2 Hz, H-4),
5.56 (dd, 1H, J: 9.8 Hz, J: 10.0 Hz, H-3), 6.61 (d, 1H, J: 4.1 Hz, H-1); *C NMR (100 MHz, CDCls):
0c20.55, 20.61, 20.64, 20.66 (CH3CO), 60.97 (C-6), 67.21, 70.19, 70.63, 72.16 (C-2,C-3, C-4, C-5), 86.57 (C-
1), 169.45, 169.77, 169.82 170.48 (CHsCO).

2.5. 2,3,4,6-Tetra-O-acetyl-a-D-galactopyranosyl bromide 11b

1,2,3,4,6-Penta-O-acetyl-B-D-galactopyranose 9b (7.7 mmol, 3.0 g) was dissolved in glacial acetic
acid (15 mL). The flask was placed in an ice bath, and then a 33 % solution of HBr in AcOH (158.0
mmol, 9 mL) was added dropwise to the mixture. Reaction was carried out on the magnetic stirrer
for 1 h at room temperature. The reaction progress was monitored on TLC in an eluents system
toluene:AcOEt (1:1). After the reaction was completed, the solution was diluted with CH2Cl2 (50 mL)
and then poured into ice-water (70 mL). The two-phase system was separated, the aqueous phase
was washed with CH2Cl2 (2 x 50 mL) and the combined organic phases were washed with saturated
NaHCOs solution (1 x 50 mL) and brine (2 x 40 mL). The organic phase was dried with MgSOs, filtered
and the filtrate was evaporated in vacuo. The crude products were purified using column
chromatography (toluene:AcOEt, gradient: 10:1 to 6:1).

Product 11b was obtained as a white solid (2.8 g, 90% yield); m.p.: 83-85 °C; [a]*'p = 212.0
(c 1.0, CHCls); 'H NMR (400 MHz, CDCls): du 2.01, 2.06, 2.11, 2.15 (4s, 12H, CH3CO), 4.11 (dd, 1H,
J1 6.8 Hz, ]2 11.4 Hz, H-6a), 4.19 (dd, 1H, J1 6.4 Hz, ]» 11.4 Hz, H-6b), 4.48 (ddd, J: 1.3 Hz, J. 6.4 Hz, |5 6.8
Hz, H-5), 5.05 (dd, 1H, J: 4.0, ]2 10.6 Hz, H-2), 5.41 (dd, 1H, J: 3.3 Hz, J» 10.6 Hz, H-3), 5.52 (dd, 1H, J:
1.3 Hz, J. 3.3 Hz, H-4), 6.70 (d, 1H, | 4.0 Hz, H-1); *C NMR (100 MHz, CDCls): 6c20.52, 20.55, 20.60,
20.71 (CHsCO), 60.80 (C-6), 66.97, 67.76, 67.98, 71.05 (C-2, C-3, C-4, C-5), 88.10 (C-1), 169.70, 169.84,
170.01, 170.26 (CHsCO).

2.6. 2,3,4,6-Tetra-O-acetyl-f-D-glucopyranosyl azide 12a

2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide 1la (5.3 mmol, 2.2 g) was dissolved
in CHCls (20 mL), followed by addition of saturated NaHCOs solution (20 mL), NaNs (27.7 mmol,
1.8 g) and TBASH (5.3 mmol, 1.8 g). Reaction was carried out on the magnetic stirrer for 2 h at room
temperature. The reaction progress was monitored on TLC in an eluents system toluene:AcOEt (1:1).
After the reaction was completed, the two-phase system was separated. The aqueous phase was
washed with CHCIs (1 x 20 mL) and the combined organic phases were washed with brine (1 x 20
mL), saturated NaHCO:s solution (1 x 20 mL) and brine (1 x 20 mL). The organic phase was dried with
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MgSOs, filtered and the filtrate was evaporated in vacuo. The crude products were purified using
column chromatography (toluene:AcOEt, gradient: 10:1 to 6:1).

Product 12a was obtained as a white solid (1.8 g, 90% yield); m.p.: 125-128 °C; [a]*p=-30.6 (c 1.0,
CHCls); '"H NMR (400 MHz, CDCls): &1 2.01, 2.03, 2.08, 2.10 (4s, 12H, CHsCO), 3.80 (ddd, 1H, J:2.3
Hz, J. 4.8 Hz, [5 10.0 Hz, H-5), 4.18 (dd, 1H, J: 2.3 Hz, ]» 12.5 Hz, H-6a), 4.28 (dd, 1H, ]: 4.8 Hz, ]2 12.5
Hz, H-6b), 4.65 (d, 1H, J: 8.9 Hz, H-1), 4.96 (dd, 1H, ]: 8.9 Hz, ]. 9.5 Hz, H-2), 5.11 (dd, 1H, ]: 9.5 Hz, |
10.0 Hz, H-4), 5.22 (dd~t, 1H, J1 9.5 Hz, ]2 9.5 Hz, H-3); ¥*C NMR (100 MHz, CDCls): dc 20.46, 20.48,
20.62 (CHsCO), 61.60 (C-6), 67.84, 70.59, 72.55, 73.98 (C-2, C-3, C-4, C-5), 87.85 (C-6), 169.10, 169.21,
170.02, 170.50 (CHsCO).

2.7. 2,3,4,6-Tetra-O-acetyl-F-D-galactopyranosyl azide 12b

2,3,4,6-Tetra-O-acetyl-a-D-galactopyranosyl bromide 11b (6.7 mmol, 2.8 g) 3 was dissolved
in CHCIs (25 mL), followed by addition of saturated NaHCOs solution (25 mL), NaNs (35.4 mmol,
2.3 g) and TBASH (6.7 mmol, 2.3 g). Reaction was carried out on the magnetic stirrer for 2 h at room
temperature. The reaction progress was monitored on TLC in an eluents system toluene:AcOEt (1:1).
After the reaction was completed, the two-phase system was separated. The aqueous phase was
washed with CHCIs (1 x 25 mL) and the combined organic phases were washed with brine (1 x 25
mlL), saturated NaHCO:s solution (1 x 25 mL) and brine (1 x 25 mL). The organic phase was dried with
MgSQO,, filtered and the filtrate was evaporated in vacuo. The crude products were purified using
column chromatography (toluene:AcOEt, gradient: 10:1 to 6:1).

Product 12b was obtained as a white solid (2.1 g, 85% yield); m.p.: 96-98 °C; [a]*p = -15.0
(c 1.0, CHCls); 'H NMR (400 MHz, CDCls): 61 1.99, 2.06, 2.09, 2.17 (4s, 12H, CH3CO), 3.95-4.05 (m, 1H,
H-5), 4.12-4.22 (m, 2H, H-6a, H-6b), 4.60 (d, 1H, ] 8.7 Hz, H-1), 5.04 (dd, 1H, J: 3.4 Hz, J.10.3 Hz, H-
3), 5.17 (dd, 1H, J: 8.7 Hz, |- 10.3 Hz, H-2), 5.43 (dd, 1H, J: 1.0 Hz, ] 3.4 H-4); ®*C NMR (100 MHz,
CDCls): dc 20.49, 20.59, 20.63, 20.65 (CHsCO), 61.21 (C-6), 66.84, 68.06, 70.72, 72.87 (C-2,C-3, C-4, C-5),
88.29 (C-1), 169.32, 169.94, 170.07, 170.32 (CHsCO).

2.8. 2,3,4,6-Tetra-O-acetyl-N-(-D-glucopyranosyl)chloroacetamide 13a and 2,3,4,6-tetra-O-acetyl-N-(-D-
galactopyranosyl)chloroacetamide 13b

General procedure: To a solution of appropriate glycopyranosyl azide 12a or 12b (5.36 mmol,
2 g) in THF:EtOH 2:1 solvent system (40 mL) 20 % Pd(OH)2 on carbon (120 mg) was added.
The reaction was conducted in Paar hydrogenation apparatus at 1.5 bar hydrogen pressure for 2 h at
room temperature. The reaction mixture was filtered through a plug of celite and condensed.
The crude glycopyranosyl amines, without any additional purification step, were dissolved in dry
CH:Cl: (20mL) and to such solutions of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl amine
or 2,3,4,6-tetra-O-acetyl-B-D-galactopyranosyl amine triethylamine (2.2 mL) was added. The reaction
mixture was cooled to 0 °C and chloroacetyl chloride was added dropwise (670 pl, 8.4 mmol) then
stirring was continued at room temperature. After 1 h, the resulting mixture was diluted with
dichloromethane (100 mL) and washed with brine (2 x 60 mL). The organic layer was dried over
anhydrous MgSOs, concentrated in vacuo and purified by column chromatography (toluene:AcOEt,
gradient 8:1 to 2:1).

Product 13a was obtained as a white solid (1.54 g, 68% yield); m.p.: 160-163 °C; [a]**p = 8.3 (c 1.0,
CHClIs); HRMS (ESI*): caled for CisH2CINOwNa ([M+Na]*): m/z 446.0830; found: m/z 446.0834; 'H
NMR (400 MHz, CDCls): du 2.03, 2.04, 2.06, 2.09 (4s, 12H, CHsCO), 3.84 (ddd, 1H, J: 2.1 Hz, J. 4.4 Hz,
J510.1 Hz, H-5), 4.00 and 4.07 (qQAB, 2H, | 15.4 Hz, CH2Cl), 4.10 (dd, 1H, J: 2.1 Hz, |- 12.5 Hz, H-6a),
4.31 (dd, 1H, J: 4.4 Hz, |» 12.5 Hz, H-6b), 5.01 (dd, 1H, J: 9.4 Hz, J. 10.0 Hz, H-1), 5.09 (dd, 1H, J: 9.4
Hz, ]2 10.1 Hz, H-4), 5.21 (dd, 1H, J: 9.0 Hz, ]. 9.4 Hz, H-3), 5.33 (dd, 1H, J: 9.0 Hz, |. 9.4 Hz, H-2), 7.29
(d, 1H, J 9.0 Hz, CONH); 3C NMR (100 MHz, CDCls): dc 20.57, 20.61, 20.72, 20.76 (CHsCO), 42.25
(CH:CI), 61.56 (C-6), 68.09, 70.26, 72.55, 73.83, 78.54 (C-2, C-3, C-4, C-5, C-1), 166.81, 169.49, 169.87,
170.58, 170.79 (CO).
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Product 13b was obtained as a white solid (1.81 g, 80% yield); m.p.: 143-144 °C; [a]®p=21.3 (c 1.0,
CHClIs); HRMS (ESI*): caled for CisH2CINOwNa ([M+Na]*): m/z 446.0830; found: m/z 446.0832; 'H
NMR (400 MHz, CDCls): du 2.01, 2.04, 2.07, 2.16 (4s, 12H, CH3CO), 4.01 and 4.08 (qAB, 2H, ] 15.5 Hz,
CH2Cl), 4.04-4.18 (m, 3H, H-5, H-6a, H-6b), 5.11-5.24 (m, 3H, H-1, H-2, H-3), 5.45 (dd, 1H, J: 0.7 Hz, ]
3.0 Hz, H-4), 7.32 (d, 1H, ] 6.9 Hz, CONH); 3C NMR (100 MHz, CDCls): dc 20.54, 20.61, 20.67, 20.71
(CHsCO), 42.26 (CH2C1), 61.12 (C-6), 67.10, 67.97, 70.72, 72.58, 78.84 (C-2, C-3, C-4, C-5, C-1), 166.71,
169.76, 170.01, 170.34, 171.06 (CO).

2.9. 2,3,4,6-Tetra-O-acetyl-N-(-D-glucopyranosyl)azidoacetamide 14a and 2,3,4,6-tetra-O-acetyl-N-(-D-
galactopyranosyl)azidoacetamide 14b

General procedure: To a solution of 2,3,4,6-tetra-O-acetyl-N-(B-D-glucopyranosyl)chloro-
acetamide 13a or 2,3,4,6-tetra-O-acetyl-N-(-D-galactopyranosyl)  chloroacetamide 13b
(1.0 g, 2.36 mmol) in dry DMF (15 mL), sodium azide (753.0 mg, 11.59 mmol) was added. The reaction
mixture was stirred at room temperature for 24 h. After completion reaction, the solvent was
evaporated in vacuo, the residue was diluted with ethyl acetate (50 mL) and extracted with water (30
mL), 0.25 M HCI water solution (20 mL) and brine (20 mL). The organic layer was dried over
anhydrous MgSOs, concentrated in vacuo and the residues were purified by column chromatography
(toluene:AcOELt, gradient 10:1 to 2:1).

Product 14a was obtained as a white solid (975.0 mg, 96% yield); m.p.: 150-153 °C; [a]*p=12.4
(c 1.0, CHCIs); HRMS (ESI¥): caled for CisH22N4O1wNa ([M+Nal*): m/z 453.1234; found: m/z 453.1236;
H NMR (400 MHz, CDCls): du 2.03, 2.04, 2.06, 2.09 (4s, 12H, CHsCO), 3.83 (ddd, 1H, J:2.1 Hz,
J2 4.4 Hz, ]>10.1 Hz, H-5), 3.95 and 4.00 (qAB, 2H, ] 16.9 Hz, CH2N), 4.09 (dd, 1H, J1 2.1 Hz, J: 12.5 Hz,
H-6a), 4.30 (dd, 1H, J: 4.4 Hz, J. 12.5 Hz, H-6b), 4.98 (dd, 1H, J: 9.4 Hz, ]. 9.8 Hz, H-1), 5.08 (dd, 1H, J:
9.4 Hz, |- 10.1 Hz, H-4), 5.22 (dd, 1H, ]: 9.0 Hz, ]2 9.4 Hz, H-3), 5.32 (dd, 1H, J: 9.0 Hz, ]. 9.8 Hz, H-2),
7.10 (d, 1H, ] 9.1 Hz, CONH); *C NMR (100 MHz, CDCls): dc 20.57, 20.61, 20.72, 20.75 (CHsCO), 52.59
(CH2N3s), 61.56 (C-6), 68.08, 70.45, 72.57, 73.78, 78.15 (C-2, C-3, C-4, C-5, C-1), 167.41, 169.50, 169.86,
170.57, 170.88 (CO).

Product 14b was obtained as a white solid (874.0 mg, 86% yield); m.p.: 60-63 °C; [a]**p = 25.4
(c 1.0, CHClIs); HRMS (ESI): caled for CisH22N«OwNa ([M+Nal*): m/z 453.1234; found: m/z 453.1227;
H NMR (400 MHz, CDCls): o1 2.01, 2.04, 2.07, 2.16 (4s, 12H, CH3CO), 3.96 and 4.01 (qAB, 2H,
] 16.8 Hz, CH:N), 4.02-4.17 (m, 3H, H-5, H-6a, H-6b), 5.11-5.25 (m, 3H, H-1, H-2, H-3), 5.45 (dd, 1H, J1
1.1Hz, 22,9 Hz, H-4),7.13 (d, 1H, | 8.5 Hz, CONH); *C NMR (100 MHz, CDCls): dc 20.54, 20.60, 20.67,
20.70 (CHsCO), 52.61 (CH:NGs), 61.14 (C-6), 67.11, 68.17, 70.73, 72.52, 78.43 (C-2, C-3, C-4, C-5, C-1),
167.31, 169.76, 170.00, 170.35, 171.15 (CO).
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H NMR spectrum of propargyl 2,3,4,6-tetra-O-acetyl-B-D-glucopyranoside (10a); 400 MHz/CDCls/TMS; 6 (ppm).
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