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Characterization data

(E)-4-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)phenylazo)phenyl-B-p-galactopyranoside
(E-8): From 7 [26] (100 mg, 0.26 mmol) and BocNHCH>CH:Br (87 mg, 0.39 mmol), K2COs
(72 mg, 0.52 mmol) according to the General procedure I, compound 8 (123 mg, 91%) was
isolated as a yellow solid. Rs = 0.5 (CH2Clo/MeOH = 5/1), mp: 132°C, [a]5: -28.6 (c = 0.5,
MeOH); *H NMR (400 MHz, CD3;0D): § 7.85 (d, J = 9.2 Hz, 2H, Hpn), 7.83 (d, J = 9.2 Hz, 2H,
Hen), 7.23 (d, J = 9.2 Hz, 2H, Hpp), 7.07 (d, J = 8.8 Hz, 2H, Hpn), 4.97 (d, J = 8.0 Hz, 1H, Hy),
4.09 (t, J = 5.6 Hz, 2H, OCHy), 3.92 (d, J = 3.2 Hz, 1H, Ha), 3.83 (dd, J = 10.0, 7.6 Hz, 1H,
He), 3.81-3.71 (m, 3H, Hzs¢), 3.61 (dd, J = 9.6, 3.2 Hz, 1H, Hz), 3.46 (t, J = 6.0 Hz, 2H,
NCH,), 1.45 (s, 9H, 3xCHj3); *C NMR (100 MHz, CDsOD): § 162.6, 161.1, 149.3, 148.4 (Cq);
125.4,125.1, 118.0, 115.9 (CHpn); 102.6 (Cy); 77.1 (C2ors5); 74.8 (C3); 72.2 (Csor2); 70.2 (Ca);
68.3 (OCH2); 62.4 (Cs); 40.9 (NCHy>); 28.7 (CH3). HRMS (ESI) m/z: Calcd for C25H34N30g
[M+H]*: 520.2290, Found 520.2281.

(E)-4-[4'-(2-Aminoethyloxy)phenylazo)phenyl-B-p-galactopyranoside-HCI (E-1): From 8 (70
mg, 0.13 mmol) and AcCl (11 mg, 0.13 mmol) according to the General procedure II,
compound 1 (34 mg, 58%) was isolated as a yellow solid. mp: 226°C, [a]5 : -49.0 (c = 0.2,
H20); *H NMR (400 MHz, CD3z0D): § 7.90 (d, J = 7.2 Hz, 2H, Hen), 7.85 (d, J = 8.8 Hz, 2H,
Hen), 7.24 (d, J = 9.2 Hz, 2H, Hpp), 7.16 (d, J = 9.2 Hz, 2H, Hpn), 4.98 (d, J = 7.6 Hz, 1H, Hy),
4.32 (t, J =4.8 Hz, 2H, OCH>), 3.92 (d, J = 3.2 Hz, 1H, H4), 3.85 (dd, J = 9.6, 7.6 Hz, 1H, Hs),
3.81-3.74 (m, 3H, Hazsp), 3.61 (dd, J = 10.0, 3.6 Hz, 1H, Ha), 3.40 (t, J = 5.2 Hz, 2H, NCH>);
13C NMR (100 MHz, CDsOD): & 161.5, 161.3, 149.2, 148.9 (Cq); 125.5, 125.2, 118.0, 116.0
(CHpn); 102.6 (Cy); 77.1 (C2ors); 74.8 (C3); 72.2 (Csor2); 70.2 (C4); 65.6 (OCHy>); 62.4 (Ce);
40.3 (NCH.); HRMS (ESI) m/z: Calcd for C20H26N307 [M+H]*: 420.1765, Found 420.1763.

(E)-3-(3'-Hydroxy-phenylazo)phenyl-B-p-galactopyranoside (E-10): To a solution of D-
galactose (500 mg, 2.77 mmol) in water (20 mL) was added 3,3’-dihydroxyazobenzene 93 (1.78
g, 8.33 mmol, 3.0 equiv.) and Et3N (10.4 mL, 74.79 mmol) at -10 °C. After stirring for 10 min,
DMC (2.8 g, 16.60 mmol) was added and stirred for another 2 h. EtsN (10.4 mL) was added
again at -10°C and stirred for 10 min, then DMC (2.8 g) was added and stirred for 2 h. after
repeating one again the additition of EtsN and DMC, and stirred for 2 h, the reaction was
completed as monitored by TLC. Aqueous NHsOH solution (3x10 mL) was added and co-
evaporated to remove Ets3HN*CI" at 50 °C. The residue was further purified by CombiFlash Rf+
(eluted with EtOAc/MeOH = 15/1) to afford the compound 10 as an orange solid (416 mg,
40%), along with 1.42 g of recovered azobenzene 9 (80%). R = 0.43 (CH2Cl2/MeOH = 5/1),
mp: 78°C, [a]3: -60.8 (¢ = 1.0, MeOH); *H NMR (400 MHz, CDsOD): & 7.64 (t, J = 2.4 Hz,
1H, Hpp), 7.58 (dt, J = 8.4, 0.8 Hz, 1H, Hpn), 7.46 (t, J = 8.0 Hz, 1H, Hpn), 7.42 (dt, J = 8.0, 1.6
Hz, 1H, Hpn), 7.35 (t, J = 7.6 Hz, 1H, Hpp), 7.30 (t, J = 2.4 Hz, 1H, Hpp), 7.26 (ddd, J = 8.0, 2.0,
0.4 Hz, 1H, Hpn), 6.94 (ddd, J = 8.0, 2.4, 0.6 Hz, 1H, Hpn), 4.97 (d, J = 7.6 Hz, 1H, Hy), 3.92
(d, J=3.6 Hz, 1H, Ha), 3.85 (dd, J = 9.6, 8.0 Hz, 1H, He), 3.82-3.73 (m, 3H, H»5¢), 3.61 (dd,
J =10.0, 3.6 Hz, 1H, Hs); *C NMR (100 MHz, CD3s0OD): § 159.9, 159.4, 155.1, 155.0 (Cq);
130.9, 120.6, 119.5, 118.9, 116.8, 110.8, 108.9 (CHpn); 103.0 (Cy1); 77.0 (C20ors5); 74.8 (Cs); 72.2
(C20rs5); 70.2 (Ca); 62.4 (Cs); HRMS (ESI) m/z: Calcd for C1gH21N207 [M+H]": 377.1343,
Found 377.1341.

(E)-3-[3'-(2-tert-Butyloxycarbonylaminoethyloxy)phenylazo)phenyl-B-p-galactopyranoside

(E-11): From 10 (200 mg, 0.53 mmol) and BocNHCH2CH2Br (475 mg, 2.12 mmol), K>CO3
(293 mg, 2.12 mmol) according to the General procedure I, compound 11 (220 mg, 80%) was
isolated as an orange solid. R = 0.5 (CH2Clo/MeOH = 5/1), mp: 90°C, [a]5: -29.0 (c = 0.5,
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MeOH); *H NMR (400 MHz, CDsOD): & 7.66 (t, J = 2.4 Hz, 1H, Hen), 7.60 (ddd, J = 8.0, 1.6,
0.8 Hz, 1H, Hpn), 7.53 (d, J = 8.4 Hz, 1H, Hpn), 7.48-7.42 (m, 3H, Hpn), 7.27 (ddd, J = 8.4, 2.4,
0.8 Hz, 1H, Her), 7.10 (ddd, J = 8.0, 2.4, 0.8 Hz, 1H, Hen), 4.97 (d, J = 7.6 Hz, 1H, H1), 4.09 (t,
J=5.2Hz, 2H, OCHy), 3.93 (d, J = 3.2 Hz, 1H, Ha), 3.88-3.70 (M, 4H, H256.), 3.62 (dd, J =
9.6, 3.2 Hz, 1H, Hs), 3.47 (t, J = 5.2 Hz, 2H, NCH3), 1.4 (s, 9H, 3xCH3); *C NMR (100 MHz,
CDs0D): § 160.9, 160.0, 158.5, 154.9 (Cq); 131.0, 130.9, 120.8, 119.1, 119.0, 118.2, 110.9,
107.8 (CHen); 102.9 (Cy); 80.2 (Cq); 77.0 (Cz2 or 5); 74.7 (Ca); 72.2 (Cs or 2); 70.1 (Ca); 68.2
(OCH2); 62.3 (Cs); 41.0 (NCH;); 28.7 (CH3); HRMS (ESI) m/z: Calcd for CasH3sNsOg [M+H]*:
520.2290, Found 520.2286.

(E)-3-[3'-(2-Aminoethyloxy)phenylazo)phenyl-B-p-galactopyranoside-HCI (E-2): From 11
(200 mg, 0.38 mmol) and AcCl (45 mg, 0.57 mmol) according to the General procedure I,
compound 2 (80 mg, 46%) was isolated as a yellow solid, along with 93 mg of recovered
compound 11 (47%). mp: 140°C, [a]5': -46.1 (c = 0.5, H20); *H NMR (400 MHz, CDs0D): §
7.67 (t, J = 1.6 Hz, 1H, Hpn), 7.63-7.60 (m, 2H, Hen), 7.55-7.46 (m, 3H, Hen), 7.29 (ddd, J =
8.4, 2.4, 0.4 Hz, 1H, Hpn), 7.20 (ddd, J = 8.4, 2.4, 0.6 Hz, 1H, Hpn), 4.97 (d, J = 7.6 Hz, 1H,
Hi), 4.33 (t, J = 4.8 Hz, 2H, OCHy), 3.93 (d, J = 3.2 Hz, 1H, Hg), 3.87-3.73 (M, 4H, Hx56¢),
3.61 (dd, J = 9.6, 3.2 Hz, 1H, Hs), 3.41 (t, J = 5.2 Hz, 2H, NCH>); 3C NMR (100 MHz,
CDs0D): 6 160.2, 160.0, 155.1, 154.9 (Cq); 131.3, 131.0, 120.9, 119.2, 119.1, 119.0, 110.9,
107.8 (CHpn); 103.0 (Cy); 77.1 (Czors); 74.8 (Ca); 72.3 (Csor2); 70.2 (Cas); 65.5 (OCHy); 62.4
(Cs); 40.3 (NCH2); HRMS (ESI) m/z: Calcd for CaoH26N307 [M+H]": 420.1765, Found
420.1762.

(E)-4-(4'-Hydroxyphenylazo)phenyl-2,3,4,6-tetra-O-acetyl-B-S-p-galactopyranoside  (E-14):
From Xantphos Pd-Gs (22 mg, 0.023 mmol), 13 (186 mg, 0.51 mmol), azobenzene 12*° (150
mg, 0.46 mmol) and NEts (71 pL, 0.51 mmol) in THF (2 mL) according to the General
procedure Ill, compound 14 was obtained as a brown solid (234 mg, 90%). Rt = 0.5
(cyclohexane/EtOAcC = 1/1), mp: 155.1°C; [a]¥ = + 6.0 (¢ = 0.1, CDClIs); *H NMR (300 MHz,
CDCls): 6 7.85 (d, J = 8.7 Hz, 2H, Hen), 7.80 (d, J = 8.4 Hz, 2H, Hpp), 7.62 (d, J = 8.5 Hz, 2H,
Hen), 6.93 (d, J = 8.8 Hz, 2H, Hpn), 5.44 (d, J = 3.3 Hz, 1H, Ha), 5.29 (t, J = 9.9 Hz, 1H, H»),
5.09 (dd, J=19.9, 3.3 Hz, 1H, H3), 4.80 (d, J = 10.0 Hz, 1H, H1), 4.18 (qd, J = 11.5, 6.7 Hz, 2H,
Hee), 3.99 (t, J = 6.4 Hz, 1H, Hs), 2.13 (s, 3H, CH3), 2.11 (s, 3H, CH3), 2.06 (s, 3H, CH3), 1.98
(s, 3H, CH3); *C NMR (75 MHz, CDCls): § 170.7, 170.4, 170.3, 169.8, 159.1, 152.2, 147.1,
135.1 (Cq); 132.6, 125.3, 123.1, 116.0 (CHpn); 86.1 (C1); 74.8 (Cs); 72.2 (C3); 67.4 (C2,4); 61.9
(Cs); 21.0, 20.8, 20.8, 20.7 (CH3); HRMS (ESI) m/z: calcd for C26H2sN2010S [M+H]* 561.1537,
Found 561.1545.

(E)-4-(4'-Hydroxyphenylazo)phenyl-B-S-p-galactopyranoside (E-15): From 14 (156 mg, 0.28
mmol) and MeONa (280 puL, 0.14 mmol) according to the General procedure 1V, compound 15
was obtained as a brown solid (105 mg). Rt = 0.4 (CH2Cl2/MeOH = 8:2), mp: 215°C; [a]5 = -
100.0 (c = 0.1, MeOH); *H NMR (300 MHz, CD3s0D): § 7.91-7.77 (m, 4H, Hpn), 7.76-7.66 (m,
2H, Hpn), 7.02-6.91 (m, 2H, Hpn), 4.77 (d, J = 9.7 Hz, 1H, Hy), 3.99 (dd, J = 3.3, 1.1 Hz, 1H,
Ha), 3.92-3.64 (M, 4H, Ha566°), 3.60 (dd, J=9.1, 3.3 Hz, 1H, H3); 3C NMR (75 MHz, CD3;0D):
5162.2,152.6, 147.5, 139.3 (Cq); 131.6, 125.9, 123.7, 116.8 (CHpn); 89.5 (C1); 80.7 (Cs); 76.4
(C3); 71.0 (C2); 70.5 (Cs); 62.7 (Cs); HRMS (ESI) m/z: calcd for CigH20N206S [M+H]*
393.1115, Found 393.1117.

(E)-4-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)-phenylazo)phenyl-B-S-p-

galactopyranoside (E-16): From 15 (79 mg, 0.20 mmol) and BocNHCH>CH2Br (212 mg, 0.50
mmol), K2COs (56 mg, 0.4 mmol) according to the General procedure I, compound 16 (95 mg,
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88%) was isolated as a yellow solid. R = 0.3 (CH2Cl2/MeOH = 10/1), mp: 159°C, [a]5: -65.6
(c = 0.5, MeOH); H NMR (400 MHz, CD3s0D): & 7.88 (d, J = 8.8 Hz, 2H, Hpn), 7.80 (d, J =
8.4 Hz, 2H, Hen), 7.66 (d, J = 8.4 Hz, 2H, Hen), 7.08 (d, J = 9.2 Hz, 2H, Hen), 4.73 (d, J=9.6
Hz, 1H, H1), 4.10 (t, J = 5.6 Hz, 2H, OCH>), 3.94 (d, J = 3.2 Hz, 1H, H4), 3.79 (dd, J = 11.2,
6.8 Hz, 1H, He), 3.72 (dd, J = 11.2, 5.2 Hz, 1H, He), 3.71-3.68 (m, 1H, Hs), 3.66 (d, J = 9.2
Hz, 1H, H2), 3.57 (dd, J = 9.2, 3.6 Hz, 1H, Ha3), 3.46 (t, J = 5.6 Hz, 2H, NCH,), 1.44 (s, 9H,
3xCHjs); 13C NMR (100 MHz, CD3;0D): § 162.9, 158.5, 152.5, 148.3, 140.0 (Cq); 131.3, 125.7,
123.9, 115.9 (CHen); 89.4 (C1); 80.8 (C2or5); 80.3 (Cq); 76.3 (Cs); 70.9 (Csor2); 70.5 (C4); 68.3
(OCHy); 62.7 (Ce); 40.9 (NCH2); 28.7 (CHs); HRMS (ESI) m/z: Calcd for C2sH34N3OsS
[M+H]*: 536.2061, Found 536.2057.

(E)-4-[4'-(2-Aminoethyloxy)phenylazo)phenyl-B-S-p-galactopyranoside-HCI (E-3): From 16
(45 mg, 0.08 mmol) and AcCl (20 mg, 0.25 mmol) according to the General procedure I,
compound 3 (35 mg, 90%) was isolated as a yellow solid. Mp: 224°C, [a]5: -91.0 (c = 0.1,
H20); *H NMR (400 MHz, CD30D): § 7.92 (d, J = 8.4 Hz, 2H, Hpn), 7.81 (d, J = 8.4 Hz, 2H,
Hpn), 7.67 (d, J = 8.4 Hz, 2H, Hpn), 7.17 (d, J = 9.2 Hz, 2H, Hen), 4.74 (d, J = 9.6 Hz, 1H, Hy),
4.33 (t, J = 4.8 Hz, 2H, OCH>), 3.93 (d, J = 2.8 Hz, 1H, Hy), 3.80 (dd, J = 11.6, 6.8 Hz, 1H,
He), 3.73 (dd, J =11.6, 5.2 Hz, 1H, He’), 3.70-3.64 (m, 2H, H25), 3.54 (dd, J = 9.2, 3.2 Hz, 1H,
Hs), 3.42 (t, J = 4.8 Hz, 2H, NCH,); **C NMR (100 MHz, CD3;0D): § 161.9, 152.4, 148.8,
140.3 (Cq); 131.2, 125.7, 124.0, 116.1 (CHpn); 89.3 (C1); 80.8 (C20r5); 76.3 (C3); 70.9 (Csor2);
70.5 (C4); 65.6 (OCHy>); 62.7 (Ce); 40.3 (NCH2); HRMS (ESI) m/z: Calcd for C20H26N306S
[M+H]": 436.1537, Found 436.1535.

(E)-3-(4'-Hydroxyphenylazo)phenyl-2,3,4,6-tetra-O-acetyl--S-p-galactopyranoside  (E-18):
From Xantphos Pd-Gs (19 mg, 0.02 mmol), 13 (161 mg, 0.44 mmol), azobenzene 174° (130
mg, 0.4 mmol) and NEtz (65 pL, 0.44 mmol) in THF (1.65 mL) according to the General
procedure 11, compound 18 was obtained as an orange solid (219 mg, 98%). Rt = 0.5
(cyclohexane/EtOAc = 1:1), mp 170°C; [a]¥ = -33.0 (c = 0.1, CDCls3); *H NMR (300 MHz,
CDCls): 6 8.03 (t, J = 1.9 Hz, 1H, Hpn), 7.93-7.82 (m, 2H, Hpn), 7.82-7.77 (m, 1H, Hpp), 7.55
(dt, J=7.8, 1.5 Hz, 1H, Hpn), 7.44 (t, J = 7.8 Hz, 1H, Hpn), 6.99-6.85 (m, 2H, Heh), 5.44 (dd, J
= 3.4, 1.1 Hz, 1H, H4), 5.30 (t, J = 9.9 Hz, 1H, H2), 5.09 (dd, J = 9.9, 3.3 Hz, 1H, Hs), 4.82 (d,
J=9.9 Hz, 1H, Hi), 4.21-4.11 (m, 2H, Hse), 3.99 (ddd, J = 7.0, 5.8, 1.1 Hz, 1H, Hs), 2.11 (s,
3H, CHj3), 2.09 (s, 3H, CHa), 1.99 (s, 3H, CHs), 2.00(s, 3H, CH3); 1*C NMR (75 MHz, CDCls):
6170.4,170.5,170.3, 169.7, 159.0, 153.2, 147.1, 133.9, 133.8, 129.6, 125.9 (Cq); 125.3, 122.7,
116.0 (CHpn); 86.5 (C1); 74.7 (Cs); 72.2 (C3); 67.5 (C24); 61.9 (Ce);, 21.0, 20.8, 20.7 (CHa);
HRMS (ESI) m/z calcd for C26H2sN2010S [M+H]" 561.1537, found 561.1544.

(E)-3-(4'-Hydroxy-phenylazo)phenyl-B-S-p-galactopyranoside (E-19): From 18 (218 mg, 0.39
mmol) and MeONa (390 pL, 0.19 mmol) according to the General procedure 1V, compound 19
was obtained as a red solid (150 mg). Rt = 0.3 (CH2Clo/MeOH = 8:2); mp: 187.5°C; [a]z = -
22.0 (c = 0.05, MeOH); *H NMR (300 MHz, CD30D): § 8.09-8.03 (m, 1H, Hpn), 7.90-7.82 (m,
2H, Hpn), 7.77-7.71 (m, 1H, Hph), 7.69-7.63 (m, 1H, Hpn), 7.48 (t, J = 7.9 Hz, 1H, Hpn), 7.00-
6.90 (m, 2H, Hpn), 4.72 (d, J = 9.6 Hz, 1H, Hy), 3.97 (dd, J = 3.3, 1.0 Hz, 1H, Hg), 3.89-3.62
(m, 4H, Ha566°), 3.57 (dd, J = 9.2, 3.3 Hz, 1H, Hs); 13C NMR (75 MHz, CDs0D): § 147.5, 137.
5, 133.5, 130.4 (Cq); 126.1, 124.9, 122.6, 116.8 (CHpn); 90.0 (Cy); 80.6 (Cs); 76.4 (Ca); 71.0
(C2); 70.4 (Cy); 62.6 (Cs); HRMS (ESI) m/z: calcd for C18H20N206S [M+H]* 393.1115, Found
393.11809.

(E)-3-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)phenylazo)phenyl-B-S-p-galactopyranoside
(E-20): From 19 (150 mg, 0.38 mmol) and BocNHCH>CH2Br (213 mg, 0.95 mmol), K>CO3
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(157 mg, 1.14 mmol) according to the General procedure I, compound 20 (101 mg, 50%) was
isolated as an orange solid. R = 0.28 (CH2Cl2/MeOH = 10/1), mp: 114°C, [o]5': -36.1 (¢ = 0.5,
MeOH); *H NMR (400 MHz, CD30D): § 8.05 (t, J = 2.0 Hz, 1H, Hpn), 7.91 (d, J = 9.2 Hz, 2H,
Hen), 7.74 (ddd, J = 7.6, 1.6, 0.4 Hz, 1H, Hpn), 7.65 (dt, J = 8.0, 0.8 Hz, 1H, Hpn), 7.46 (t, J =
8.0 Hz, 1H, Hpn), 7.09 (d, J = 8.4 Hz, 2H, Hpn), 4.69 (d, J = 9.6 Hz, 1H, H1), 4.11 (t, J = 5.2 Hz,
2H, OCHy), 3.92 (d, J = 2.8 Hz, 1H, Ha), 3.80 (dd, J = 11.6, 7.2 Hz, 1H, Hs), 3.73 (dd, J = 11.6,
5.2 Hz, 1H, He¢’), 3.68-3.61 (m, 2H, H25), 3.52 (dd, J = 8.8, 3.2 Hz, 1H, H3), 3.47 (t, J = 5.6 Hz,
2H, NCHy), 1.45 (s, 9H, 3xCHs3); 1*C NMR (100 MHz, CD3;0D): & 163.1, 158.5, 154.2, 148.2,
137.6 (Cq); 133.5, 130.5, 125.9, 124.8, 122.7, 115.9 (CHpn); 90.0 (C1); 80.6 (Cs); 80.3 (Cq);
76.3 (Ca); 71.0 (C2); 70.4 (Ca4); 68.3 (OCHy>); 62.5 (Cs); 40.9 (NCHy); 28.7 (CHz); HRMS (ESI)
m/z: Calcd for C2sH34N3OgS [M+H]*: 536.2061, Found 536.2055.

(E)-3-[4'-(2-Aminoethyloxy)phenylazo)phenyl-B-S-p-galactopyranoside-HCI (E-4): From 20
(47 mg, 0.087 mmol) and AcCl (20 mg, 0.26 mmol) according to the General procedure II,
compound 1 (35 mg, 85%) was isolated as an orange solid. mp: 208°C, [a]5: -17.9 (c = 0.2,
H20); *H NMR (400 MHz, CDsOD): & 8.06 (t, J = 1.6 Hz, 1H, Hpn), 7.96 (d, J = 8.8 Hz, 2H,
Hen), 7.75 (dt, J = 8.4, 1.2 Hz, 1H, Hpy), 7.67 (dt, J = 7.6, 1.6 Hz, 1H, Hen), 7.47 (t, J = 8.4 Hz,
1H, Hpn), 7.18 (d, J = 8.8 Hz, 2H, Hpn), 4.69 (d, J = 10.0 Hz, 1H, H1), 4.33 (t, J = 5.2 Hz, 2H,
OCHy), 3.92 (d, J = 3.2 Hz, 1H, H4), 3.80 (dd, J = 11.6, 7.2 Hz, 1H, He), 3.73 (dd, J = 11.6, 5.2
Hz, 1H, He’), 3.68-3.61 (m, 2H, H.5), 3.52 (dd, J = 9.2, 3.2 Hz, 1H, Hs), 3.42 (t, J = 5.2 Hz,
2H, NCH>); *C NMR (100 MHz, CDsOD): & 162.1, 154.2, 148.7, 137.7 (Cq); 133.7, 130.6,
125.9, 124.8, 122.8, 116.1 (CHpn); 89.9 (Cy); 80.6 (Cs); 76.3 (C3); 71.0 (C2); 70.4 (Cas); 65.6
(OCHy); 62.6 (Cs); 40.2 (NCH>); HRMS (ESI) m/z: Calcd for C2oH26N306S [M+H]": 436.1537,
Found 436.1537.

(E)-2-(4'-Hydroxyphenylazo)phenyl-2,3,4,6-tetra-O-acetyl--S-p-galactopyranoside  (E-22):
From Xantphos Pd-Gs (24.5 mg, 0.0255 mmol), 13 (204 mg, 0.56 mmol), azobenzene 214°
(165 mg, 0.51 mmol) and NEtz (65 pL, 0.44 mmol) in THF (2.1 mL) according to the General
procedure 11lI, compound 22 was obtained as an orange solid (167 mg, 54%). Rt = 0.5
(cyclohexane/EtOAcC = 1:1), mp: 165.6°C; [a]% =-42.0 (c = 0.1, CDCls); *H NMR (300 MHz,
CDCls): 6 7.92-7.84 (m, 2H, Hpn), 7.71-7.60 (m, 2H, Hpn), 7.37-7.32 (m, 2H, Hpn), 7.00-6.90
(m, 2H, Hepn), 5.47 (dd, J = 3.4, 1.1Hz, 1H, Ha4), 5.40 (t, J = 10.0Hz, 1H, H>), 5.10 (dd, J = 9.9,
3.4 Hz, 1H, Has), 4.99 (d, J = 10.1Hz, 1H, Hz1), 4.18-4.10 (m, 2H, Hee), 4.00 (ddd, J = 7.1, 5.9,
1.1 Hz, 1H, Hs), 2.17 (s, 3H, CHa), 2.03 (s, 3H, CH3), 1.99 (s, 3H, CH3), 1.97 (s, 3H, CHs); °C
NMR (75 MHz, CDCls): 6 170.6, 170.5, 170.3, 169.8, 159.4, 150.9, 147.2, 130.6, 130.4, 127.8,
125.6, 117.6, 116.1(CHepn); 85.3 (Cy); 74.7 (Cs); 72.3 (C3); 67.6 (Cz);, 67.5 (Ca); 61.9 (Ce); 21.2,
20.9, 20.8, 20.7 (CHs); HRMS (ESI) m/z: calcd for Cz6H2sN2010S [M+H]* 561.1537, Found
561.1543.

(E)-2-(4'-Hydroxyphenylazo)phenyl-B-S-p-galactopyranoside (E-23): From 22 (156 mg, 0.28
mmol) and MeONa (280 pL, 0.14 mmol) according to the General procedure 1V, compound 23
was obtained as a brown solid (105 mg). R = 0.2 (CH2Cl2/MeOH = 4/1); mp: 175.3°C; [a]5 =
+43.0 (c = 0.1, MeOH); 'H NMR (300 MHz, CD30D): § 7.95-7.90 (m, 2H, Hpy), 7.81 (dd, J =
8.0, 1.3 Hz, 1H, Hpn), 7.66 (dd, J = 8.0, 1.5 Hz, 1H, Hpn), 7.48-7.40 (m, 1H, Hpy), 7.37-7.27 (m,
1H, Hph), 7.04-6.93 (m, 2H, Hpn), 4.92 (d, J = 9.7 Hz, 1H, H1), 4.04 (dd, J = 3.3 Hz, 1H, Ha),
3.91-3.73 (M, 4H, Ha56¢°), 3.66 (dd, J = 9.1, 3.3 Hz, 1H, H3); *3C NMR (75 MHz, CD3;0D): §
177.8,138.1, 131.8, 129.8, 127.1, 126.4, 117.4, 116.8 (CHpn); 87.5 (C1); 80.5 (Cs); 76.4 (C3);
71.1 (Cy); 70.6 (Ca); 62.7 (Cs); HRMS (ESI) m/z: calcd for C1sH20N206S [M+Na]* 415.0934,
Found 415.0941.
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(E)-2-[4'-(2-tert-Butyloxycarbonylaminoethyloxy)phenylazo)phenyl-B-S-p-galactopyranoside
(E-24): From 23 (30 mg, 0.076 mmol) and BocNHCH2CH2Br (26 mg, 0.12 mmol), K2CO3 (21
mg, 0.15 mmol) according to the General procedure I, compound 24 (35 mg, 88%) was isolated
as an orange solid after purification by CombiFlash Rf+ (CH2Cl,/MeOH = 20/1). Rf = 0.3
(CH2Cl2/MeOH = 10/1), mp: 124°C, [a]5 : +95.4 (c = 0.1, MeOH); 'H NMR (400 MHz,
CDs0D): 6 7.91 (d, J = 8.8 Hz, 2H, Hpn), 7.74 (d, J = 6.8 Hz, 1H, Hpn), 7.61 (dd, J = 8.0, 1.6
Hz, 1H, Hen), 7.39 (td, J = 7.6, 2.0 Hz, 1H, Hen), 7.24 (td, J = 8.0, 0.8 Hz, 1H, Hpn), 7.08 (d, J
= 8.8 Hz, 2H, Hp), 4.86 (d, J = 9.6 Hz, 1H, Hi1), 4.10 (t, J = 5.6 Hz, 2H, OCH>), 3.94 (d, J =
3.2 Hz, 1H, Hg), 3.80-3.68 (m, 4H, Hz56¢), 3.57 (dd, J = 9.2, 3.6 Hz, 1H, H3), 3.46 (t, J = 5.6
Hz, 2H, NCHy>), 1.44 (s, 9H, 3xCHs); *C NMR (100 MHz, CDsOD): & 163.1, 158.5, 150.7,
148.6, 139.0 (Cq); 132.2, 129.4, 126.9, 126.4, 117.3, 115.9 (CHpn); 87.3 (C1); 80.7 (Cs); 80.3
(Cq); 76.4 (C3); 71.1 (C»); 70.5 (C4); 68.3 (OCHy>); 62.7 (Cs); 40.9 (NCHy); 28.7 (CH3); HRMS
(ESI) m/z: Calcd for C2sH3aN30gS [M+H]*: 536.2061, Found 536.2057.

(E)-2-[4'-(2-Aminoethyloxy)phenylazo)phenyl-B-S-p-galactopyranoside-HCI (E-5): From 24
(55 mg, 0.10 mmol) and AcCl (24 mg, 0.30 mmol) according to the General procedure I,
compound 5 (36 mg, 77%) was isolated as a green solid. mp: 204°C, [a]5 : +14.3 (¢ = 0.3, H20);
'H NMR (400 MHz, CD3sOD): & 7.96 (d, J = 8.8 Hz, 2H, Her), 7.76 (dd, J = 8.4, 1.2 Hz, 1H,
Hpn), 7.63 (dd, J = 7.6, 1.2 Hz, 1H, Hpn), 7.42 (td, J = 7.6, 1.6 Hz, 1H, Hpn), 7.26 (td, J = 8.0,
1.2 Hz, 1H, Hpn), 7.17 (d, J = 9.2 Hz, 2H, Hpn), 4.89-4.88 (m, 1H, Hy), 4.34 (t, J = 4.8 Hz, 2H,
OCHy), 3.96 (d, J = 3.2 Hz, 1H, Hs), 3.81-3.71 (m, 4H, Hx5¢66), 3.58 (dd, J = 9.2, 3.2 Hz, 1H,
Hs), 3.42 (t, J = 4.8 Hz, 2H, NCH>); *C NMR (100 MHz, CDsOD): & 162.1, 150.6, 149.1,
139.2 (Cq); 132.4, 129.4, 126.9, 126.2, 117.3, 116.1 (CHen); 87.2 (C1); 80.7 (Cs); 76.4 (Ca);
71.1 (Cp); 70.5 (C4); 65.7 (OCHy>); 62.7 (Ce); 40.2 (NCH2); HRMS (ESI) m/z: Calcd for
C20H26N306S [M+H]*: 436.1537, Found 436.1535.
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Detailed photochemical and photophysical procedures

Determination of the molar absorption coefficients (g)

A mother solution of compound (E)-1 was freshly prepared in H,O in a precise
concentration (¢ = 0.219 mmol-L'; 0.301 mg dissolved in 3000 puL). From the mother solution,
a series of 7 to 10 daughter solutions were prepared with a concentration range from 2 uM to
37 uM, and their absorbance was measured independently by UV-vis absorption at room
temperature (20 to 23 °C).

To ensure the reproducibility and evaluate the accuracy of the measurements, each
recorded spectrum was divided by its concentration in order to obtain the corresponding
normalized spectrum; only the overlapped normalized spectra are used for the determination of
the molar absorption coefficient. Then, the absorption was taken at the maximum of wavelength
(353 nm) to calculate the molar absorption coefficients by a linear regression fitting using the
least squares method and with a forcing to pass through the origin of coordinates.

The molar absorption coefficient is calculated according to the BEER-LAMBERT law,
A =e)-L-C
with
A(A), represents the absorbance at the wavelength A
£(4), represents the molar absorption coefficient at the wavelength A, in mol-L-!-cm’!
L, the distance of the trajectory in the media, in cm
C, the concentration of the substrate in mol-L!
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Figure S1. UV-vis absorption spectra of E-1 measured in H,O for the daughter solutions (left) and evolution of
the absorbance (right) as function of the concentration at the maximum of wavelength (353 nm). Mother
solution: 0.301 mg dissolved in 3000 pL of H,O (c = 0.219 mmol-L™).
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Figure S2. UV-vis absorption spectra of E-1 measured in Tris buffer: DMSO (95/5) for the daughter
solutions (left) and evolution of the absorbance (right) as function of the concentration at the maximum of
wavelength (354 nm). Mother solution: 0.165 mg dissolved in a mixture solution of 150 uL DMSO and 2850 pL
buffer (c = 0.121 mmol-L%).
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Figure S3. UV-vis absorption spectra of E-2 measured in Tris buffer. DMSO (95/5) for the daughter
solutions (left) and evolution of the absorbance (right) as function of the concentration at the maximum of
wavelength (321 nm). Mother solution: 0.136 mg dissolved in a mixture solution of 150 uL DMSO and 2850

UL buffer (c = 0.099 mmol-LY).
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Figure S4. UV-vis absorption spectra of E-2 measured in Tris buffer: DMSO (9/1) for the daughter
solutions (left) and evolution of the absorbance (right) as function of the concentration at the maximum of
wavelength (321 nm). Mother solution: 0.220 mg dissolved in a mixture solution of 200 uL DMSO and 1800

uL buffer (c = 0.241 mmol-L1).
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Figure S5. UV-vis absorption spectra of E-3 measured in H;O for the daughter solutions (left) and evolution of
the absorbance (right) as function of the concentration at the maximum of wavelength (362 nm). Mother
solution: 0.210 mg dissolved in 3000 pL of H,O (¢ = 0.148 mmol-L1).
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Figure S6. UV-vis absorption spectra of E-3 measured in Tris buffer: DMSO (9/1) for the daughter
solutions (left) and evolution of the absorbance (right) as function of the concentration at the maximum of
wavelength (364 nm). Mother solution: 0.164 mg dissolved in a mixture solution of 300 uL DMSO and 2700

uL buffer (c = 0.116 mmol-LY).
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Figure S7. UV—vis absorption spectra of E-4 measured in Tris buffer: DMSO (9:1) for the daughter
solutions (left) and evolution of the absorbance (right) as function of the concentration at the maximum of
wavelength (348 nm). Mother solution: 0.371 mg dissolved in a mixture solution of 300 pL DMSO and 2700

uL buffer (¢ = 0.262 mmol-L™2).
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Figure S8. UV-vis absorption spectra of E-5 measured in Tris buffer: DMSO (9/1) for the daughter
solutions (left) and evolution of the absorbance (right) as function of the concentration at the maximum of
wavelength (348 nm). Mother solution: 0.254 mg dissolved in a mixture solution of 200 uL DMSO and 1800 pL

(c=0.269 mmol-L™)
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Determination of the half-lifes

General procedure, illustrated with the case of compound Z-1 half-life in D20

The thermal Z—E isomerization was tracked by measuring UV—vis absorption spectra at about
22+1°C (room temperature). The obtained time-dependent absorption profiles, taking Z-1 as an
example (black cross, Figure S9), were fitted with the following first order rate equation:

Abs(t) =A,— (A, — A;)e ¢

with

Ao, the absorption of original E-isomer (holded parameter)
A, the absorption at the PSSz7o (holded parameter)

k, the rate constant of thermal isomerization

t, the time in minutes

t1]2 =44.4 h

Absorbance

Coeff. val. + one std. dev.
Ap=1.0413 %0

A;=01022+0
k =0.00026003 + 2.21e-07

3
300 400 500 600 O 5 10 15 20 25345,1p

Wavelength (nm) Time (min)

Figure S9: UV-vis absorption spectra (left) and thermal return monitoring (right) of Z-1 at 352 nm in D,0 at
room temperature (= 22 °C). The reported data points are the result of a single kinetic measurement realized on
a solution from the PSSz7o: 0 to 5300 min (step = 20 min).

After fitting (dark red curve), the rate constant at 22 °C (7 = 292 K) was obtained from the

fitting parameters:
ko9 = 2.6 x 104 min!

The half-life of Z-1 at room temperature was then calculated:

N In(2)
1, = P
151/2 =2665.6 min = 44.4h

Similarly, the half-life of Z-2, 3, 4 and 5 was estimated by this method.
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Half-life of compound Z-2 in Tris buffer/DMSO (95/5)
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Figure S10: UV-vis absorption spectra (left) and thermal return monitoring (right) of Z-2 at 321 nm in Tris
buffer/DMSO (95/5) at room temperature (= 22 °C). The reported data points are the result of a single kinetic
measurement realized on a solution from the PSSs70: 0 to 3930 min (step = 15 min).

Kooz = 1.7 X 10-° mint
t, = 41991.1 min = 29.1 days

Half-life of compound Z-3 in H20
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t1‘|2=30.4 h

Coeff. val. £ one std. dev.
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A;=0.057954 £ 0

k =0.00037956 £ 1.14e-06
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Figure S11: UV-vis absorption spectra (left) and thermal return monitoring (right) of Z-3 at 362 nm in H,O at
room temperature (= 22 °C). The reported data points are the result of a single kinetic measurement realized on

a solution from the PSS37: 0 to 3940 min (step = 20 min).

kogo = 3.8 x 104 min!
151/2 =1826.2min=30.4 h
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Half-life of compound Z-3 in Tris buffer/DMSO (9/1)

t,,=259h

Coeff. val. £ one std. dev.
A,=0.59136 £ 0

A =0.061334+£0

k =0.00044559 + 2.87e-07
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Figure S12: UV-vis absorption spectra (left) and thermal return monitoring (right) of Z-3 at 364 nm in Tris
buffer/DMSO (9/1) at room temperature (= 22 °C). The reported data points are the result of a single kinetic
measurement realized on a solution from the PSSs7: 0 to 5340 min (step = 20 min).
kogo = 4.5 x 104 min-!
t, = 1555.6 min = 25.9 h
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Figure S13: UV-vis absorption spectra (left) and thermal return monitoring (right) of Z-4 at 348 nm in Tris
buffer/DMSO (9/1) at room temperature (~ 22 °C). The reported data points are the result of a single kinetic
measurement realized on a solution from the PSSs70: 0 to 4095 min (step = 15 min).

Kogo = 5.3 x 10° min!
ty, = 12987.6 min = 9.0 days

S13



Half-life of compound Z-5 in Tris buffer/DMSO (9/1)

0.4 ) T
E - isomer |
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Figure S14: UV-vis absorption spectra (left) and thermal return monitoring (right) of Z-5 at 348 nm in Tris
buffer/DMSO (9/1) at room temperature (= 22 °C). The reported data points are the result of a single kinetic
measurement realized on a solution from the PSSs70: 0 to 5595 min (step = 15 min).

kogo = 1.6 X 10 min-!
t1/2 =4396.5min=73.3h
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General procedure for the fatigue resistance measurements

Starting from a solution of compound containing 100% of the E-isomer, the solution was
irradiated sequentially at 370 nm and at 485 nm or 438 nm. The absorbance was measured
before and after each illumination realized with constant optical length distance. The sequence,
which constitutes a cycle, was repeated for a minimum of 10 times.

Fatigue resistance of the compound 2

0.4 ] T
E-isomer

Absorbance
wu LZ¢g 1e sqy

300 400 500 600 O 2 4 6 8 10
Wavelength (nm) Cycle number
Figure S15: Left: absorption spectra of E-2 (black line), PSSz (blue line), PSSass (red line) in Tris buffer/ DMSO

(9/1); Right: Fatigue resistance followed by the absorption band at 321 nm under alternate 370 nm/438 nm
irradiation cycles in Tris buffer/DMSO (9/1). Irradiation conditions: 40 s at Ps7o = 14.1 mW cm?2and 180 s at P4zs

=10.0 mW cm?2,

Fatigue resistance of the compound 3
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Figure S16: Left: absorption spectra of E-3 (black line), PSSszo (blue lineg), PSS4gs (red line) in Tris buffer/DMSO
(9/1); Right: Fatigue resistance followed by the absorption band at 364 nm under alternate 370 nm/485 nm
irradiation cycles in Tris buffer/DMSO (9/1). Irradiation conditions: 30 s at Ps7o = 12.8 mW cm2and 480 s at Pygs

=1.5mwcm?
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Fatigue resistance of the compound 4
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Figure S17: Left: absorption spectra of E-4 (black line), PSSs7o (blue line), PSSass (red line) in Tris buffer: DMSO
(9:1); Right: Fatigue resistance followed by the absorption band at 348 nm under alternate 370 nm/485 nm
irradiation cycles in Tris buffer/DMSO (9/1). Irradiation conditions: 40 s at Ps7o = 14.1 mW cm?and 720 s at Pygs

=1.6 mWcm2

Fatigue resistance of the compound 5
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Figure S18: Left: absorption spectra of E-5 (black line), PSSzes (blue line), PSSass (red line) in Tris buffer/DMSO
(9/1); Right: Fatigue resistance followed by the absorption band at 348 nm under alternate 370 nm/485 nm
irradiation cycles in Tris buffer/DMSO (9/1). Irradiation conditions: 30 s at Pa7o = 14.1 mW cm?2and 540 s at Pyss

=1.6 mWcm2

S16



General procedure for the determination of the photoconvertion yields by absorption and
'H NMR

A solution of E-isomer was extemporaneously prepared in DO or a mixture solvent
D,0O/DMSO0-ds 9/1 with the maximum absorbance was close to 1. The deuterated solution was
monitored by absorption and *H NMR before and after irradiation. It is worth noting that the
absorbance was recorded first and then a small amount of the solution was taken for *H NMR
monitoring. The sequence was repeated after irradiating the solution to the photostationary state
(PSS), and 'H NMR spectra were recorded with a relaxation delay of 0.5 s and 512 scans, in
order to have reasonable acquisition time to prevent the impact of thermal return. Then, the
corresponding photoconversion yield (CY) was calculated after integrating the pic area
according to the following equation,

Ag

CY =
'O Ap+ A

With,

CY;, represents the conversion yield for a given state (i) of the solution,
Apg, represents the area taken under the pic of E-isomer signal,

Ag, represents the area taken under the pic of Z-isomer signal.

Study of photoisomerization for compound 1
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Figure S19: *H NMR spectra of E-1, PSSs70 and PSS4ss azobenzene region in DO. The integral values taken for
the determination of the photoconversion yields.
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Study of photoisomerization for compound 2
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Figure S20: Partial *H NMR spectra of E-2 (black line), PSSs7o (blue ling) and PSSass (red line) in D,O/DMSO-
ds (9/1). Top graph: the region of azobenzene and the integral values taken for the determination of the

photoconversion yields.
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Study of photoisomerization for compound 3
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Figure S21: Partial *H NMR spectra of E-3 (black line), PSSz7 (blue ling) and PSSags (red line) in D,O. Top graph:
the region of azobenzene and the integral values taken for the determination of the photoconversion yields.
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Figure S22: Partial *H NMR spectra of E-3 (black line), PSSs7o (blue line) and PSSaes (red line) in D,O/DMSO-
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Study of photoisomerization for compound 4
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Figure S23: Partial *H NMR spectra of E-4 (black line), PSSs7o (blue line) and PSSags (red line) in D,O/DMSO-
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Study of photoisomerization for compound 5
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Figure S24: Partial *H NMR spectra of E-5 (black line), PSSs7o (blue line) and PSSaes (red line) in D,O/DMSO-

de (9/1).
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Concentration of ligands determined by spectroscopy

In previous studies on spectroscopic properties, we measured the molar absorption coefficient
(€) of pure E-isomer, and the maximum photoconversion yield of the ligands from E-isomer to
Z-isomer when they reached the photostationary state (PSS) after irradiation at 365 nm. The
concentration of the ligands was calculated by following formula:

A
an!

c=
with
A(A), represents the absorbance at the wavelength A
£(4), represents the molar absorption coefficient at the wavelength A, in mol-L-'-cm™!
L, the distance of the trajectory in the media, in cm

C, the concentration of the substrate in mol-L-!
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Table S1: The concentration of ligands.

ligand solvent Concentration 1 Concentration 2
(mM) (mM)
1 Tris bu(f;gt:S)DMSO 29 e
71 Tris bu(f;‘gt:S;DMSO 3.0 nd.
£ Tris bu?;e:rlz)DMSO 3.0 29
7. Tris buge:rlz)DMSO 3.0 29
E-3 Tris buz;e:Z:)DMSO 20 nd.
7.3 Tris buzge:;:)DMSO 20 nd.
£ Tris buzge:rl:)DMSO 3.0 30
7. Tris buga:rl:)DMSO 3.0 29
5 Tris bu?;e:rl:)DMSO 3.0 29
7.5 Tris bu?;e:rl:)DMSO 3.0 29

Concentration 1: The concentration was calculated from weighted mass; Concentration 2: The concentration was
calculated by spectroscopy; [c] not determined.
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Copies of 'H and BC{*H} NMR spectra
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BC{*H} NMR (UDEFT) of compound E-1 in CD30OD at 100 MHz
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'H NMR of compound E-2 in CD3OD at 400 MHz
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BC{*H} NMR of compound E-2 in CD3OD at 100 MHz
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'H NMR of compound E-3 in CDClsz at 400 MHz
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BC{*H} NMR (UDEFT) of compound E-3 in CDClzat 100 MHz
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'H NMR of compound E-4 in CDzOD at 400 MHz
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13C{*H} NMR of compound E-4 in CD3OD at 100 MHz
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'H NMR of compound E-5 in CD3OD at 400 MHz
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'H NMR of compound E-8 in CD3OD at 400 MHz
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BC{*H} NMR (UDEFT) of compound E-8 in CD3OD at 100 MHz
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'H NMR of compound E-10 in CD3OD at 400 MHz

abundance

7.0

6.0

5.0

4.0

3.0

2.0

1.0

OH_oH

OH

S P

303

N=N

T

1
1.03

1.00

X : parts per Million : |H

s

%

=

4956
4.901

A E A

et e e e e e e e

I e
'S
e

Enlarged 'H NMR of compound E-10 in CD3OD at 400 MHz

abundance

4.0

30

20

1.0

OH_OH

OH

S S

.03
1.00
1.02
1

o
I
095
1.00

X : parts per Million : 1H

T
78 7.7 76 7.5 74 73 72 71 70 6.9 68
/K )I\ /44229 ////\%%33355 /f%J%ﬁm
N A O T TS RARNNE
TEEEBLY ERRLBLNIRSESERONERAR ER2982AN
IEEEEEY B85398 3888555558854% ZR23I5298
FFFFFFFFFFFFFFFFFFFFFFFFFFF $II3TIee

6.7

837



19€°8%
= 1LE'8F
= T8L°8%

(00" 6t
Fo 01T 61

FR 0Ty 6
6961

E2 __8se09

= LETOL
— -l 1
— = )

— Lt
o~ WLL
Fo

oo

=1

¥

= SL6T0T

0

‘. E ‘xmc@a:

0 120

= soyozt

— Te0El

e
140.0 130

e
150.0

FEOSST

— 4 O£I'SST

1B3C{*H} NMR of compound E-10 in CDz0OD at 100 MHz

0

q 0Erest

PSS —

TN 9166ST

T T )
190.0 180.0 170.0

T
220.0 2100 200.0

2ouepunge

S38

X : parts per Million : 13C




'H NMR of compound E-11 in CD3OD at 400 MHz

abundance

0 01 02 03 04 05 06 07 08 09 10 1.1 1.2 13 14 15 1.6 1.7 18

9.04

OH_OoH

0
HO&/O
OH
N=N

HN—Boc

o

2
=

2,16

L.

100 9.0 5.0 4.0 3.0 20 1.0
\ / I’N&\ |
N BAMELEMO N YD NS o
Y2E ERANSREaIBEooEl 9
8L 2ESS22R0RBLLS2S 3
33T FIIARGHEREASSaAd =

X : parts per Million : Proton

=4 L

0.000

Enlarged 'H NMR of compound E-11 in CD30OD at 400 MHz

abundance

0.6

0.5

0.4

0.3

0.2

0.1

OH oH
OH
N=N HN—Boc
O
(o]
H |
in ﬂ "
A I i A
AU WIS W UL
4!7 4!6 415 4!4 4{3 4!2 4![ 4.‘0 3!9 3!8 317 3{6 3{5 334 3!3 312
AN NS (A N RO

X : parts per Million : Proton

839



|

B3C{*H} NMR of compound E-11 in CD30OD at 100 MHz
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'H NMR of compound E-14 in CD3OD at 400 MHz
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'H NMR of compound E-15 in CD3OD at 300 MHz
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'H NMR of compound E-16 in CD3OD at 400 MHz
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13C{*H} NMR of compound E-16 in CD3z0D at 100 MHz
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'H NMR of compound E-18 in CDClz at 300 MHz
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'H NMR of compound E-19 in CD3OD at 300 MHz
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'H NMR of compound E-20 in CDsOD at 400 MHz
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1B3C{*H} NMR of compound E-20 in CDz0OD at 100 MHz
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'H NMR of compound E-22 in CDCls at 300 MHz
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'H NMR of compound E-23 in CD3OD at 400 MHz

¥9'E

S9°€ /
L9E~>
89°€ \
€L€ \

16°€
€0v \

Y0t

b6~

€6'9
0L
7L
LEL
ov'L
6v°L
S9°L
S9°L
L9°L
89°L
6L°L
082
[4: 94
8L
98°L
S6°L

TN

L

OH

Ho °H

OH

HO

o0t
e
00T

F6ET

A@m.o

10'T
=S0'T
=90°T
Jo

T0°T
Foo1
0T

T T T T T T T T T
8.0 6.0

8.5

T

5.0 4.5 4.0

5.5

7.0 6.5

7.5

10.0 95 9.0

10.5

f1 (ppm)

BC{*H} NMR of compound E-23 in CDz0OD at 75 MHz

79—
904~
1872
v'oL—

S'08 —

S8 —

89TT ~_
(A

POTT
Ter -
8621 —
81T "

T'8ET —

8T —

Ho OH

o]
OH

OH

HO

wWwwwmwwwwwwW

190 180 170 160 150 140 130 120 110 _ 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

200

S50



'H NMR of compound E-24 in CD3OD at 400 MHz
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13C{*H} NMR of compound E-24 in CDz0D at 100 MHz
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