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Experimental section

Additional general methods

Analytical thin-layer chromatography (TLC) was performed by using 0.2 mm silica 60 coated,
plastic plates with F,s4 indicator purchased from EM Science. Column chromatography was
performed by using Ultra Pure SiliaFlash® P60 230—400 mesh (40-63 pum) silica gel (SiO,) with
fluorescence indicator green 254 nm (Fluka) following the general procedure reported by Still
and co-workers [1]. Analytical size-exclusion chromatography (SEC) was performed in THF
with a flow-rate of 1 mL min™ (30 °C) using Waters auto sampler, pump, photodiode array and
refractive-index detector outfitted with Waters Styragel columns (HR5, HR4, HR3, HR1).
Molecular weight was determined using conventional calibration against polystyrene standards.
'H NMR spectra were acquired on a Varian Unity 500 MHz (*3C, 126 MHz) spectrometer.
'H NMR chemical shifts (8) are reported in parts per million (ppm) and are referenced to the
residual solvent peak at 7.26 ppm for CDCl3, 2.50 ppm for DMSO-ds and 3.31 ppm for CD3;0D.
'H NMR coupling constants (J) are reported in hertz (Hz). Several of the aromatic protons in the
azobenzene units are listed as doublets although additional coupling and broadening was seen in
most of the aromatic resonances. *C NMR chemical shifts are reported in ppm and were
referenced to the residual solvent peak at 77.16 ppm for CDCl3, 39.52 ppm for DMSO-ds and
49.00 ppm for CD3;0OD. All NMR spectra are original spectra obtained from the NMR instrument
and then scanned. Mass spectra were obtained on Micromass Q-Tof Ultima (HR-ESI) and
Micromass Quattro (LR-ESI) instruments. Melting points were determined by using a Thomas-

Hoover melting point apparatus and are uncorrected.
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Synthetic procedures

tert-Butyl 4-[(4-hydroxyphenyl)diazenyl]benzoate (1)

To a stirred suspension of 4-aminobenzoic acid tert-butyl ester (2.40 g, 12.0 mmol) in 30 mL of
a 2 M aqueous hydrochloric acid solution cooled in a 0 °C ice bath, was added dropwise 5 mL of
an aqueous solution of NaNO, (900 mg, 13.0 mmol). The solution was stirred for 8 min and
diluted with ice-cold MeOH (50 mL). The resultant yellow solution was added slowly to a
solution of phenol (1.17 g, 12.4 mmol) and NaOH (960 mg, 24.0 mmol) in 14 mL MeOH cooled
to 0 °C in an ice bath. The solution was stirred for 1 h and a concentrated aqueous solution of
HCI was added until pH 1 to 2 was attained. The precipitate was filtered off and washed with an
excess of water. The crude product was crystallized from EtOH-H,0 (1:10, v/v) to afford 2.23 g
(60%) of 1 as an orange solid: mp 144-145 °C; *H NMR (500 MHz, CDCls) & 8.12 (d, J = 8.5,
2H), 7.92 (d, J = 9.0, 2H), 7.88 (d, J = 8.5, 2H), 6.97 (d, J = 9.0, 2H), 5.41 (s, 1H), 1.62 (s, 9H);
3¢ NMR (126 MHz, CDCl3) 6 165.5, 158.9, 155.2, 147.4, 133.4, 130.6, 125.5, 122.4, 116.0,
81.6, 28.4, 28.3; ESI-HR-MS calcd for (C17H1sN203+H)" 299.1396, found 299.1395.

tert-Butyl 4-{[4-(4-ethoxy-4-oxobutoxy)phenyl]diazenyl}benzoate (2)

A mixture of 1 (1.00 g, 3.35 mmol), ethyl 4-bromobutyrate (2.75 g, 13.4 mmol), potassium
carbonate (1.39 g, 10.1 mmol), and potassium iodide (500 mg, 0.301 mmol) in 50 mL of THF
was stirred and heated under reflux for 16 h. The mixture was cooled, concentrated in vacuo, and
dissolved in ca. 35 mL of CH,Cl,. The solution was washed with 30 mL of a 2.0 M aqueous
solution of HCI and 30 mL of brine. The organic layer was concentrated in vacuo and the residue
purified by silica gel column chromatography with MeOH-CH,Cl, (1:99 v/v, R = 0.72) to afford
995 mg (72%) of 2 as an orange solid: mp 108-109 °C; *H NMR (500 MHz, CDCl3) & 8.11 (d, J
=8.5,2H), 7.93 (d, J = 9.0, 2H), 7.88 (d, J = 8.5, 2H), 7.00 (d, J = 9.0, 2H), 4.16 (q, J = 7.0, 2H),
4.10 (t, J = 6.0, 2H), 2.54 (t, J = 7.0, 2H), 2.14-2.18 (m, 2H), 1.62 (s, 9H), 1.26 (t, J = 7.0, 3H);
3¢ NMR (126 MHz, CDCl3) 6 173.2, 165.4, 162.0, 155.2, 147.2, 133.3, 130.5, 125.3, 122.3,
115.0, 114.8, 81.5, 67.3, 60.7, 30.8, 28.5, 28.4, 28.3, 24.7, 14.4, 14.3; ESI-HR-MS calcd for
(C2sH28N,05+H)" 413.2076, found 413.2079.

4-{[4-(4-Ethoxy-4-oxobutoxy)phenyl]diazenyl}benzoic acid (3)
Trifluoroacetic acid (4 mL, 52 mmol) was added to 2 (600 mg, 1.45 mmol). The mixture was

stirred for 20 min. The excess trifluoroacetic acid was removed in vacuo and 2 mL acetone was
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added. The solid was filtered off and was purified by silica gel column chromatography with
MeOH-CH,CI; (5:95 v/v, R = 0.25) to afford 440 mg (85%) of 3 as an orange solid: mp 211-
212 °C; *H NMR (500 MHz, DMSO-ds) & 13.20 (bs, 1H), 8.10 (d, J = 9.0, 2H), 7.91 (d, J = 9.5,
2H), 7.89 (d, J = 8.5, 2H), 7.13 (d, J = 9.0, 2H), 4.11 (t, J = 6.5, 2H), 4.07 (g, J = 7.0, 2H), 2.51
(t, 3= 2.0, 2H), 1.99-2.02 (m, 2H), 1.18 (t, J = 7.0, 3H); *C NMR (126 MHz, DMSO-ds)  172.5,
161.8, 154.4, 146.2, 130.6, 125.0, 122.3, 115.2, 67.2, 60.0, 30.1, 24.1, 14.1; ESI-HR-MS calcd
for (C1gH20N,0s+H)" 357.1450, found 357.1447.

Ethyl 4-{4-[4-(7-heptanamido-1,8-naphthyridin-2-ylcarbamoyl)phenyl]diazenyl}phenoxy)-
butanoate (5)

To a stirred solution of 4 (38 mg, 0.140 mmol), DMAP (5 mg, 0.035 mmol), and 3 (100 mg,
0.280 mmol) in 12 mL of CH,CI, cooled to 0 °C in an ice bath, was added EDC (54 mg,
0.280 mmol), and the mixture was warmed to ambient temperature over several hours and stirred
for 24 h. The solution was diluted with 20 mL of CH,Cl, and was washed with water (3 x 20
mL), a saturated aqueous solution of sodium bicarbonate (2 x 20 mL), and brine (20 mL). The
organic layer was dried over sodium sulfate, concentrated in vacuo and purified by silica gel
column chromatography with MeOH-CH,CI, (5:95 v/v, Rf = 0.65) to afford 5 (61 mg, 71%) as
an orange solid. mp 228-229 °C; *H NMR (500 MHz, CDCl3)  9.14 (s, 1H), 8.61 (s, 1H), 8.59
(d, J=8.5, 1H), 8.46 (d, J =9.0, 1H), 8.18 (d, J = 8.5, 1H), 8.14 (d, J = 9.0, 1H), 8.05 (d, J = 8.5,
2H), 7.93 (d, J = 9.0, 2H), 7.92 (d, J = 8.5, 2H), 7.00 (d, J = 9.0, 2H), 4.16 (g, J = 7.5, 2H), 4.10
(t, J=6.0, 2H), 2.54 (t, J = 7.0, 2H), 2.44 (t, = 7.5, 2H), 2.13-2.18 (m, 2H), 1.68-1.74 (m, 2H),
1.34 (t, J = 7.0, 3H), 1.26-1.28 (m, 6H), 0.86 (t, J = 7.0, 3H); *C NMR (126 MHz, CDCls) &
173.2, 172.6, 165.4, 162.2, 155.2, 154.2, 154.1, 153.8, 147.1, 139.3, 139.2, 134.8, 128.5, 125.4,
123.0, 118.6, 114.9, 113.8, 113.7, 67.2, 60.7, 38.1, 31.6, 30.8, 28.9, 25.3, 24.6, 22.6, 14.4, 14.1;
ESI-HR-MS calcd for (Cz4H3sNgOs+H)" 611.2982, found 611.2984.

4-(4-{[4-(tert-Butoxycarbonyl)phenyl]diazenyl}phenoxy)butanoic acid (6)

A suspension of 2 (0.148 g, 0.359 mmol) in 12 mL of a 1:1 (v/v) mixture of 10% aqueous LiOH
and ethanol was stirred at room temperature for 1 h. The mixture was neutralized by dropwise
addition of a 5% aqueous solution of HCI, concentrated in vacuo to remove ethanol, and
extracted with CH,Cl, (3 x 50 mL). The combined organic layers were washed with saturated

aqueous sodium bicarbonate (20 mL), and brine (2 x 20 mL). The organic layer was dried over
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sodium sulfate, concentrated in vacuo and purified by silica gel column chromatography MeOH-
CH,Cl, (5:95 v/v, Rs = 0.33) to afford 121 mg (88%) of 6 as an orange solid: mp 202-203 °C; *H
NMR (500 MHz, CDCl5) & 8.11 (d, J = 8.0, 2H), 7.94 (d, J = 9.0, 2H), 7.88 (d, J =8.5, 2H), 7.01
(d, 3 = 9.0, 2H), 4.13 (t, J = 6.5, 2H), 2.63 (t, J = 7.0, 2H), 2.15-2.21 (m, 2H), 1.62 (s, 9H); *C
NMR (126 MHz, CDCls3) 6 178.7, 165.5, 161.8, 155.2, 147.2, 133.3, 130.5, 125.3, 122.4, 114.9,
81.5, 67.0, 30.5, 28.3, 24.4; ESI-HR-MS calcd for (C,1H24N,Os+H)" 385.1763, found 385.1765.

tert-Butyl  4-({4-[4-(7-isobutyramido-1,8-naphthyridin-2-ylamino)-4-oxobutoxy]phenyl}di-
azenyl)benzoate (8)

To a stirred solution of 7 (30 mg, 0.130 mmol), DMAP (4 mg, 0.033 mmol), and 6 (50 mg, 0.130
mmol) in 10 mL of CH,CI; cooled to 0 °C in an ice bath, was added EDC (27 mg, 0.143 mmol),
and the reaction mixture was warmed to ambient temperature over several hours and stirred for
24 h. The solution was diluted with 20 mL of CH,Cl, and washed with water (2 x 20 mL), a
saturated solution of agueous sodium bicarbonate (20 mL), and brine (20 mL). The organic layer
was dried over sodium sulfate, concentrated in vacuo and purified by silica gel column
chromatography with MeOH-CH,Cl, (1:9 v/v, Ry = 0.72) to afford 47 mg (60%) of 8 as an
orange solid: mp 208-209 °C; *H NMR (500 MHz, CDCls) 5 8.86 (bs, 1H), 8.51 (bs, 1H), 8.46 (d,
J=8.5, 1H), 8.43 (d, J = 9.0, 1H), 8.13 (d, J = 9.0, 1H), 8.12 (d, J = 8.0, 1H), 8.10 (d, J = 8.0,
2H), 7.90 (d, J = 8.5, 2H), 7.86 (d, J = 8.5, 2H), 6.97 (d, J = 8.5, 2H), 4.13 (t, J = 6.0, 2H), 2.71
(t, J = 7.0, 2H), 2.60-2.64 (m, 1H), 2.23-2.27 (m, 2H), 1.61 (s, 9H), 1.26 (d, J = 7.0, 6H); *C
NMR (126 MHz, CDCl3) 6 176.2, 171.7, 165.4, 161.8, 155.1, 154.2, 154.0, 147.2, 139.3, 139.2,
133.3, 130.6, 130.5, 125.3, 122.3, 118.5, 114.9, 113.7, 113.6, 81.5, 67.2, 37.0, 34.1, 28.3, 24.6,
19.4; ESI-HR-MS calcd for (C3sH3sNgOs+H)" 597.2825, found 597.2825.

tert-Butyl 4-[(4-{4-[7-(2-ethylhexanamido)-1,8-naphthyridin-2-ylamino]-4-oxobutoxy}phe-
nyl)diazenyl]benzoate (10)

To a stirred solution of 9 (31 mg, 0.108 mmol), DMAP (4 mg, 0.033 mmol) and 6 (42 mg,
0.108 mmol) in 10 mL CH)CI, cooled to 0 °C in an ice bath, was added EDC (25 mg,
0.119 mmol) and the mixture was warmed to ambient temperature over several hours and stirred
for 24 h. The solution was diluted with 20 mL CH,Cl, and was washed with water (2 x 20 mL),
a saturated aqueous solution of sodium bicarbonate (20 mL), and brine (20 mL). The organic

layer was dried over sodium sulfate, concentrated in vacuo and purified by silica gel column
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chromatography with MeOH-CH,Cl, (5:95 v/v, Rs =0.41) to afford 47 mg (62%) of 10 as an
orange solid: mp 198-199 °C; *H NMR (500 MHz, CDCls) 5 8.88 (bs, 1H), 8.50 (bs, 1H), 8.48 (d,
J=9.0, 1H), 8.43 (d, J = 9.0, 1H), 8.14 (d, J = 9.0, 1H), 8.13 (d, J = 8.5, 1H), 8.10 (d, J = 8.0,
2H), 7.90 (d, J = 9.0, 2H), 7.87 (d, J = 8.5, 2H), 6.97 (d, J = 9.0, 2H), 4.13 (t, J = 6.0, 2H), 2.71
(t, J=7.0, 2H), 2.23-2.27 (m, 2H), 2.17-2.21 (m, 1H), 1.67-1.74 (m, 2H), 1.61 (s, 9H), 1.48-1.55
(m, 2H), 1.25-1.30 (m, 2H), 0.93 (t, J = 7.5, 3H), 0.84 (t, J = 7.0, 3H); **C NMR (126 MHz,
CDCl3) 6 175.6, 171.7, 165.4, 161.8, 155.1, 154.1, 153.8, 147.2, 139.3, 139.2, 133.3, 130.6,
125.3, 124.3, 122.3, 119.3, 118.5, 114.9, 114.3, 113.9, 113.6, 81.5, 67.2, 60.0, 34.1, 32.5, 29.9,
28.3, 26.1, 24.6, 22.8, 14.0, 12.1; ESI-HR-MS calcd for (Cs7HauNgOs+H)" 653.3451, found
653.3453.

tert-Butyl  4-[(4-{2-[2-(3-butylureido)-7-(cyclohexylmethyl)-4-oxo0-4,7-dihydro-3H-pyrrolo-
[2,3-d]pyrimidin-6-yl]acetoxy}phenyl)diazenyl]benzoate (12)

To a stirred solution of 11 (36 mg, 0.089 mmol), DMAP (3 mg, 0.025 mmol) and 1 (19 mg,
0.064 mmol) in 10 mL of CH,CI, cooled to 0 °C in an ice bath, was added EDC (22 mg,
0.116 mmol) and the mixture was warmed to ambient temperature over several hours and stirred
for 24 h. The solution was diluted with 20 mL CH,Cl, and was washed with water (2 x 20 mL),
a saturated aqueous solution of sodium bicarbonate (20 mL), and brine (20 mL). The organic
layer was dried over sodium sulfate, concentrated in vacuo and purified by silica gel column
chromatography with MeOH-CH,CI;, (5:95 v/v, Rf = 0.24) to afford 47 mg (35%) of 12 as an
orange-yellow solid: mp 150-151 °C; *H NMR (500 MHz, CDCls) & 9.65 (bs, 1H), 9.36 (bs, 1H),
8.94 (bs, 1H), 8.13 (d, J = 8.5, 2H), 7.98 (d, J = 9.0, 1H), 7.91 (d, J = 8.5, 2H), 7.65 (bs, 1H),
7.31 (d, J = 9.0, 2H), 4.03 (s, 2H), 3.93 (d, J = 7.0, 2H), 3.45-3.49 (m, 2H), 1.80-1.84 (m, 2H),
1.75-1.77 (m, 1H), 1.63-1.68 (m, 4H), 1.62 (s, 9H), 1.46-1.51 (m, 2H), 1.14-1.19 (m, 4H), 0.99 (t,
J = 7.5, 3H), 0.84-0.91 (m, 2H); *C NMR (126 MHz, CDCls) & 180.9, 168.1, 165.3, 154.8,
153.8, 153.0, 151.8, 149.2, 146.4, 134.0, 132.2, 130.5, 125.5, 124.5, 122.7, 122.3, 120.1, 116.1,
104.0, 81.7, 50.5, 49.5, 40.4, 40.3, 39.1, 38.9, 33.4, 32.3, 32.1, 30.9, 29.8, 28.3, 26.4, 25.8, 20.4,
14.0; ESI-HR-MS calcd for (C37H4sN706+H)* 684.3510, found 684.3508.

4-[(4-Hydroxyphenyl)diazenyl]benzoic acid (13)
To a suspension of 4-aminobenzoic acid (1.24 g, 9.00 mmol) in 25 mL of a 2.0 M aqueous

solution of hydrochloric acid cooled to 0 °C in an ice bath was added dropwise a solution of
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sodium nitrite (1.04 g, 15.1 mmol) in water (5.0 mL). The pale yellow mixture was stirred at
0 °C for 20 min and added slowly to an ice-cold solution of phenol (706 mg, 7.50 mmol), sodium
hydroxide (260 mg, 6.50 mmol) and potassium carbonate (1.40 g, 10.1 mmol) in 20 mL of water.
The mixture was stirred for 1 h while being cooled in an ice-water bath and then warmed to
ambient temperature and stirred for 3 h. The brown suspension was neutralized with a 2 M
aqueous solution of HCI and filtered. The solid was dissolved in MeOH and dry loaded on silica
gel and purified by column chromatography with MeOH-CH,Cl; (5:95 v/v, R = 0.32) to afford
1.18 g, (65%) of 13 as an orange solid: mp 274-275 °C; 'H NMR (500 MHz, CD;0D) & 8.15 (d,
J =85, 2H), 7.88 (d, J = 8.5, 2H), 7.85 (d, J = 9.0, 2H), 6.92 (d, J = 9.0, 2H); **C NMR (126
MHz, CD;0OD) 6 169.2, 162.9, 156.8, 147.6, 133.0, 131.8, 126.4, 123.2, 116.8; ESI-HR-MS
caled for (C13H1oN203+H)* 243.0770, found 243.0772.

4-{[4-(5-Bromopentyloxy)phenyl]diazenyl}benzoic acid (14)

A mixture of 13 (120 mg, 0.500 mmol), 1,5-dibromopentane (137 mg, 0.596 mmol), potassium
carbonate (207 mg, 1.50 mmol), and potassium iodide (9 mg, 0.0542 mmol) in 15 mL anhydrous
ethanol was stirred and heated under reflux for 20 h. The mixture was cooled to ambient
temperature and concentrated in vacuo. The residue was dissolved in 50 mL of CH,Cl, and
washed with 30 mL of a 2 M aqueous solution of HCI and 30 mL of brine. The organic layer was
concentrated in vacuo and purified by silica gel column chromatography with MeOH-CH,Cl,
(1:9 viv, Rs = 0.43) to afford 120 mg (62%) of 14 as an orange solid: mp 216-217 °C; *H NMR
(500 MHz, DMSO-dg) 6 13.22 (bs, 1H), 8.12 (d, J = 8.5, 2H), 7.93 (d, J = 9.0, 2H), 7.91 (d, J =
8.0, 2H), 7.15 (d, J = 9.0, 2H), 4.11 (t, J =6.5, 2H), 3.58 (t, J = 7.0, 2H), 1.86-1.92 (m, 2H), 1.76-
1.82 (m, 2H), 1.53-1.59 (m, 2H); *C NMR (126 MHz, DMSO-dg) & 166.8, 162.0, 154.4, 146.1,
132.2, 130.6, 125.0, 122.2, 115.2, 67.9, 35.1, 319, 27.7, 24.2; ESI-HR-MS calcd for
(C1gH19N203Br+H)* 391.0657, found 391.0657.

Ethyl 4-{[4-(5-bromopentyloxy)phenyl]diazenyl}benzoate (15)

To a stirred solution of 14 (125 mg, 0.320 mmol), DMAP (12 mg, 0.098 mmol), and anhydrous
ethanol (2.76 g, 60 mmol) in 12 mL of CH,Cl; cooled to 0 °C in an ice bath, was added EDC
(67 mg, 0.350 mmol). The mixture was warmed to ambient temperature over several hours,
stirred for 24 h, and concentrated in vacuo. The residue was dissolved in 40 mL of CH,ClI, and

washed with water (2 x 20 mL), a saturated aqueous solution of sodium bicarbonate (2 x 20 mL),
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and with brine (20 mL). The organic layer was dried over sodium sulfate, concentrated in vacuo
and purified by silica gel column chromatography with MeOH-CH,CI, (1:99 v/v, Rs = 0.83) to
afford 15 (102 mg, 76%) as an orange solid: mp 98-99 °C: *H NMR (500 MHz, CDCls) & 8.17 (d,
J=8.5,2H), 7.94 (d, J = 8.5, 2H), 7.90 (d, J = 8.0, 2H), 7.00 (d, J = 8.5, 2H), 4.41 (g, J = 7.0,
2H), 4.06 (t, J = 6.0, 2H), 3.45 (t, J = 6.5, 2H), 1.93-1.98 (m, 2H), 1.83-1.88 (m, 2H), 1.62-1.69
(m, 2H), 1.42 (t, J = 7.0, 3H); *C NMR (126 MHz, CDCls) 5 166.3, 162.2, 155.4, 147.0, 131.6,
130.6, 125.3, 122.4, 114.9, 68.1, 61.3, 33.7, 32.5, 28.5, 24.9, 14.5; ESI-HR-MS calcd for
(C20H23N203Br+H)" 419.0970, found 419.0969.

Ethyl 4-{[4-(5-azidopentyloxy)phenyl]diazenyl}benzoate (16)

A mixture of 15 (100 mg, 0.238 mmol), sodium azide (372 mg, 0.572 mmol), tetrabutyl
amonium bromide (100 mg, 0.31 mmol) and five drops of acetonitrile in 15 mL of CH,Cl, was
stirred and heated under reflux for 4 h. The mixture was cooled to ambient temperature and
concentrated in vacuo. The residue was taken up in 60 mL of CH,Cl,, washed with brine (3 x 30
mL), and concentrated in vacuo to afford 131 mg of crude 16 as an orange solid, which was used
for next step without further purification. The product was confirmed with HR-ESI-MS calcd for
(C20H23Ns03+H)" 382.1879, found 382.1879.

Ethyl 4-[(4-{5-[4-(3-{2-[2-(3-butylureido)-7-(cyclohexylmethyl)-4-oxo-4,7-dihydro-3H-
pyrrolo[2,3-d]pyrimidin-6-yl]Jacetoxy}propyl)-1H-1,2,3-triazol-1-yl]pentyloxy}phenyl)dia-
zenyl]benzoate (18)

To a stirred solution of 16 (131 mg) and 17 (40 mg, 0.085 mmol) in 15 mL of CH,CI, was added
a solution of copper(Il)sulfate pentahydrate (10 mg, 0.04 mmol) and sodium ascorbate (36 mg,
0.182 mmol) in 2 mL water. The mixture was stirred at room temperature for 24 h. The water
layer was separated and washed with 40 mL of CH,Cl,. The combined CH,CI, layers were
washed with brine (2 x 20 mL), dried over sodium sulfate, concentrated in vacuo and purified by
silica gel column chromatography with MeOH-CH,ClI, (1:9 v/v, Rt = 0.46) to afford 52 mg (71%)
of 18 as an orange yellow solid: mp 159-160°C; *H NMR (500 MHz, CDCl3) § 11.24 (bs, 1H),
9.39 (bs, 1H), 8.97 (bs, 1H), 8.15 (d, J = 8.0, 2H), 7.89 (d, J = 9.0, 2H), 7.87 (d, J = 9.0, 2H),
7.39 (bs, 1H), 6.94 (d, J = 9.0, 2H), 6.85 (bs, 1H), 4.40 (q, J = 7.0, 2H), 4.37 (t, J = 6.0, 2H),
423 (t,J=7.5,2H),4.15(t, J=7.0,2H), 3.99 (t, J = 7.5, 2H), 3.82 (d, J = 7.0, 2H), 3.73 (s, 2H),
2.25-2.29 (m, 2H), 2.03-2.09 (m, 2H), 2.00-2.04 (m, 1H), 1.96-2.05 (m, 2H), 1.80-1.83 (m, 2H),
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1.84-1.86 (m, 2H), 1.69-1.72 (m, 4H), 1.62-1.66 (m, 4H), 1.54-1.58 (m, 2H), 1.46-1.52 (m, 4H),
1.41 (t, J = 9.0, 3H), 0.97 (t, J = 7.0, 3H); *C NMR (126 MHz, CDCls) & 170.0, 166.3, 162.1,
159.3, 155.4, 154.1, 148.6, 147.0, 146.4, 131.6, 130.6, 127.5, 126.3, 125.3, 122.4, 114.8, 103.5,
103.3, 102.5, 83.1, 69.4, 67.9, 64.4, 64.0, 61.3, 50.3, 49.3, 40.2, 39.0, 33.2, 32.2, 31.2, 30.1, 28.6,
28.2, 27.4, 263, 259, 232, 22.0, 205, 153, 145 14.0; ESI-HR-MS calcd for
(CusHssN1O-+H)* 851.4568, found 851.4562.
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'H and *C NMR spectra
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Figure S2: Compound 1, *C NMR (126 MHz, CDCls).
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Figure S4: Compound 2, *C NMR (126 MHz, CDCls).
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Figure S5: Compound 3, *H NMR (500 MHz, DMSO-dg).
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Figure S6: Compound 3, *C NMR (126 MHz, DMSO-d).
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Figure S7: Compound 5, *H NMR (500 MHz, CDCl5).
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Figure S8: Compound 5, *C NMR (126 MHz, CDCls).
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Figure S9: Compound 6, *H NMR (500 MHz, CDCl5).
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Figure S10: Compound 6, *C NMR (126 MHz, CDCl5).
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Figure S11: Compound 8, *H NMR (500 MHz, CDCls).
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Figure S12: Compound 8, *C NMR (126 MHz, CDCl5).
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Figure S13: Compound 10, *H NMR (500 MHz, CDCl5).
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Figure S14: Compound 10, **C NMR (126 MHz, CDCls).
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Figure S15: Compound 12, *H NMR (500 MHz, CDCl5).
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Figure S16: Compound 12, **C NMR (126 MHz, CDCls).
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Figure S17: Compound 13, *H NMR (500 MHz, CD;0D).
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Figure S18: Compound 13, **C NMR (126 MHz, CD;0D).
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Figure S19: Compound 14, *H NMR (500 MHz, DMSO-ds).
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Figure S20: Compound 14, **C NMR (126 MHz, DMSO-ds).
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Figure S21: Compound 15, *H NMR (500 MHz, CDCl5).
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Figure S22: Compound 15, **C NMR (126 MHz, CDCls).
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Figure S23: Compound 18, *H NMR (500 MHz, CDCl5).
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Figure S24: Compound 18, **C NMR (126 MHz, CDCls).
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Experimental composition reports of HR-ESI-MS

Elemental Composition Report Page 1
OH
Single Mass Analysis N /©/
Telerance = 10.0 PPM / DBE: min = -1.5, max = 150.0 °N
Elemeant prediction; Off £BUO
Mumber of isotope peaks used for -FIT =3
1
Maonoisotopic Mass, Even Electron lons ©
265 formula(e) evelugted with 3 results within limite (all rasuls (up to 1000) for each mass)
Elernents Used:
C: 0100 H:0-180 NIJ-E 005 Ma: (-1
Zhang, Yagang, sz Unhversity of lincis, SCS, Mass Spactromatry Lab Q-tafl LIESZT
Crtof_3BE4d 45 (322 mimn 3. B0.00, A, 15000,0,718.96,0.70.L5 31 Sm (56, 2x5.00); Crri {45:46) 1:1%?5‘?;3
10 2301
E 3887 200.8.7000 | 298, 5 2593 2055 zssam 828 001 30023004 0063008 009 301 3951 301 .
B9E60  J9ATS D000 20035 D088 2947 0000 30095 30050 30075 M04.00 30128
Minimgm: =1.5
Maximum: 5.0 10,9 150.0
Maga Calo. Masa nha EEM OBE i=-FIT Formula
299,1395  299.1396 -a.1 =03 3.5 1.0 €17 H19 K2 03
289, 1412 -1.7 -5.7 10.5 0.8 €20 H20 & Ha
289,1372 2.3 7.7 6.5 6.8 C15 H20 K2 03 HMa
Figure S25: Elemental composition report of compound 1 (HR-ESI-MS).
Elemental Composition Report o Page 1
O\/\)J\
Single Mass Analysis Q OEt
Telerance = 10.0 FPM | DBE: min = -1.5, max = 150.0 Nay
Element prediction: Off £BUO
Murmnbsar of isotope peaks wsed fori-FIT =3 2
o)
Monotsotopic Mass, Even Elacton lons
363 formulale) evalabed with 4 reaulls within fimits (all results (up to 1000} for aach mass)
Elsments Usad:
C:0-100 H 050 N:ODS5S O:0-5 Na 01
ZFhang, Yagang, scz-zyg-3-5 University of Mincis, 505, Mass Spacirametry O-tof UESH
DI'ZH' 35845 31 [2. 221]nm|;|:m.a B0, Ar, 1 S00HL0. 716,460, TOLS 3L Sm (506, 2x5,00) Gm {Z7:31) 1: TOI:'HH ES+
] 4132 '
- a7 128 | 3133 4137 4144:.‘”‘ 1‘“3 a1z 4158 w52 YR a0 ae2amey MORerp apomrs
41250 41300 413.50 41400 41450 &15.00 419,50 41800 416,50 4700 41750
Minimum: =1.5
Maximuam: 5.0 10,0 150.0
HMass Calc. Mass mDa MM DHE L1=FIT Formula
413.207% 4132076 0.3 0.7 10.5 6.9 C23 M29 M2 05
413, 2093 =1.4 -3.4 11.5 2a.2 C26 HI0 ©3 Ha
413, 2052 2.7 6.5 7.5 316 £21 MID W2 05 Ha
413,2117 3.8 -a.2 14.5 0.9 c20 H29 03

Figure S26: Elemental composition report of compound 2 (HR-ESI-MS).
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Elemental Composition Report o Page 1

Single Mass Analysis /©/ O\/\)J\OEt
N+
N

Tolerance = 10.0 PPM / DBE: min = -1.5, max = 150.0
Elemant pradiction: OfF
Mumber of isolope peaks usaed for FFIT =3 HO
Manopisolopic Mass, Even Electron lons (e} 3
40 ) evaluated with 1 results within limits (28 resuits (up be 1000 for each mess)
Elarmenls -
C: 0100 H: 0150 M:1-3 O 48
Zhang, ¥agang, scx-ayg-3-10 nivarsity of nols, SC5, kass Specirometry Lab Cuiof LESZ
Qtaf 38006 51 (3.950) AM (Cen,3, B0.00, Az, 15000.0, na.mn TOLE 3% 5m (50, Ze300) Cm [51:53) 1 m; :ﬁ%ﬂ
100 1874
‘K-j 3531 1583 35?1 1672 358.1 :1592 3595 04 4o o 3612 3615
3530 3530 3543 547 m@gﬁ; o 3580 3 ana A T T
353.00 354,000 48R 00 ss?ﬂ-n- e 00 258 00 36000 361.00
Minimum: =1.5
M3 Lmum e 5.0 10.40 150.0
Mass Calc. Mass mDa pEe DRE i=FIT Formula
357,1447  357.1450 =0.3 -0.8 10.5 12,6 Cl% HIl W2 0%
Figure S27: Elemental composition report of compound 3 (HR-ESI-MS).
o | A o
Elemental Composition Report n-CGHw)kN NZ N7 N)K©\ Page 1
H H
2N
Single Mass Analysis N Q
Tolerance = 10.0 FPM [ DBE: min = -1.5, max = 150.0 OEt
Eloment prediction: Off 5 O/\/\ﬂ/
Mumber of isotope peaks used for -FIT = 3 o
Monolsatopic Mass, Evan Electron lons
170 formulaie) evaluated with 3 resulls within limits (all resuls {up to 1000) for each mass)
Eiamenis Lisad:
Co 0100 H: 0150 M58 O:0-5 MWa: (-1
Zhang, Yagang, s-ryg-2-4 University of linaks, SC5, Mass Spectomatry Lab Cr-iof LIES21
Conof_35969 30 (2,150} AM {Cen, 3. 80,00, A 150060,0,716.46,0.70.LS 3); Sm (3G, 2x3.00); Cm (30) 1 m-: H&E—*ﬂ
. 6113
2% 3 [ 5123 — M“
p Ei03 6110|6114 6118 | e130 B134 §138 6143 AT L LR ———
610,00 B11.00 £12.00 813,00 E14.00 B1500 61600
Minimam: 1.5
Baximmamz L1 _l:l 10.0 150.0
Hass Calo. Mass mba FPM DBE i-FIT Formula
Gl1.2984  G11.29832 0.2 0.3 1E.5 1.5 C34 H39 ®E 05
£11. 2858 2.6 4.13 15.5 a.4 €32 K40 ®WE 05 Ha
£11.2923 6.1 10.0 7.5 15,7 Cd1 H35 KE

Figure S28: Elemental composition report of compound 5 (HR-ESI-MS).

S23



o}
Elemental Composition Report Ov\)J\ Page 1
_ ( j/ OH

Single Mass Analysis N
Tolerance = 10,0 PP | DEE: min = -15, max = 150.0 N
Element prediction; Off t-BuO 6
Nurmber of isolope peaks used for -FIT = 3

(0]
Monolesiopic Mass, Even Electron lors
133 formulale) evaluated with 1 resulls within Emits (a results (up 1o 1000) for each masa)
Elemernts Used:

Ci0=-150 H:0-200 MN: 246 027

Zhang, Yagang, 3-17-2 Univarsity of llincis, 558, Mass Specromebry Lab Q-iof UESZ
Ctafl_3E207 26 [1.864) AM (Cen,3, BO.OD, Ar 15000,0,734 47 0.70LS 35 Sm (S5, 2¢5.000; Cm (23:28) 1 TO“; '5‘555“
.”xq 385.2

% |

. 384.6 :m.gaﬂ_? aps3 SSIMEMSE B2 on, M e serasaramrs 378 730080 3883 -

s === : . b .u.-,_._._._._,_._-i“.’
384,50 385,00 am5E0 | zEO0 8650 37,00 34780 38800

Minimum; -1.%
Maximum: 5.0 10.4 1540.0
Hass Calc, Hass mha EEM DBE i=FIT Formuls
385.1765 385.1763 f.2 6.5 16,8 0.7 c21 H25 M2 O&

Figure S29: Elemental composition report of compound 6 (HR-ESI-MS).

Elemental Composition Report o m o Page 1
Single Mass Analysis \HJ\N NZ>NTN J\/\/O
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 150.0 H H N
Element prediction: Off 8 N~
Number of isotope peaks used for I-FIT =3 OBu-t
Monoisotopic Mass, Even Electron lons o}
357 formula(e) evaluated with 4 resulls within limits (all results (up to 1000) for each mass)
Elements Lised:
C:0-150 H:0-200 N:0-68 O:0-6
Zhang, Yagang, scz-zyg-3-21 University of lincis, 3CS, Mass Speciromeiry Lab Q-tof LES21
Qtof_36535 30 (2.150) AM (Cen,3, 50.00, Ar,15000.0,734.47,0,70,L8 3); Sm (SG, 2¢3.00); Cm (29:30) 1: TD; Mﬁs%
Hoed
1 587.3
% 5283 e
o T T o T T Jf‘\' ™ T T T T T —r—r—r—T mz
506,75 59700  597.25 59750 89775 59800 50825  SO8S0 59875 59900 50825  599.50 599.75
Minimum: -1.5
Maximum: 5.0 10.0 150.0
Mass Calc. Mass mba PEM DEE i-FIT Formula
597.2825  597.2825 0.0 0.0 18.5 0.1 £33 HIT N6 05
597.2704 3.1 5.2 26.5 4.7 c44 H3IT 02
597.2866 -4.1 -6.5 22.5 8.1 C38 H3I7 M4 o3
507.2767 5.8 9.7 27.5 1g.0 C40 HI3I NH&

Figure S30: Elemental composition report of compound 8 (HR-ESI-MS).
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Elemental Composition Report Page 1

Single Mass Analysis m M
Tolerance = 10.0 PPM / DBE: min =-1.5, max = 150.0 N’N

Element prediction: Off i
Number of isotope peaks used fori-FIT =3 OBu-t

Monoisotopic Mass, Even Electron lons o
441 formula(e) evaluated with 5 results within limits (all results (up to 1000) for each mass)

Elements Used:

C:0-150 H:0-200 N:0-6 O:0-7

Zhang, Yagang, scz-zyg-3-20 University of llinois, SCS, Mass Spectrometry Lab Q-tof UES21
Qtof_36452 21 (1.507) AM (Cen,3, 80.00, Ar,15000.0,734.47,0.70,LS 3); Sm (SG, 2¢3.00); Cm (20:21) 1 Toﬁ ?;33 50553
mo} 653.3
: 8543 657.0
q; 6524 6527 g3z 9934 6539 6942 85448549 555-38554|55535560|65645666|6568 I
I T~ T T T T - — ™y : -
652.00 65050 | 653.00 ~ 65350 | 65400 65450 | 65600 65550 = 65600 65650 65700  657.50

Minimum: =15
Maximum: 5:0 10.0 150.0
Mass Calc. Mass mDa PEM DBE i-FiT Formula
653.3453  653.3451 0.2 0.3 18.5 0.9 €37 H45 N6 05

653.3478 -2.5 -3.8 17.5 4.7 c4l H49 @7

653.3420 3.3 5.1 26.5 25.4 c48 H45 Q2

653.3432 -3.9 -6.0 22.5 8.5 cd2 H45 W4 03

653.3383 6.0 9.2 27.5 15.5 c44 HAL NG

Figure S31: Elemental composition report of compound 10 (HR-ESI-MS).

(6]
OBu-t
Nw
H
N
_H
O N
12
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM 7 DBE: min = -1.5, max = 150.0
Elament prediction: Of
Mumber of isotope peaks used for i-FIT =3
Monoisotopic Mass, Evan Eleciron hons
135 formulaje) evaluated with 3 results within imits {all results (up to 1000) for each mass)
Elemants Used:
C:0-150 H: 0200 M 57 O 46 5:041
Zhang. Yagarg, scxzyg-l-16.2 University of linais, 505, Mass Spactramalry Lab -t LIES21
Ciiod_38434A 53 [3,753) AM (Cen 3, BO.A, Ar, 15000,0,7:34. :T_u,Tu,qﬁ 3, 5m {56, 26000 Gm (53:54) 1: TOF MS Eli;g
3088+
100+ 6844
- mﬁ 866.0 686.2 BI89 6872 ik
Gl SR28008__ eazlosssgeer saso PSS a0 0962 eens e B2 SOT2 sogom I
682.50 54 00 fil4.50 BA5.00 8050 685,00 oB4.50 gat.o0 BET .50 688,00
Mindimum: =15
Masei mum L] 10.0 150.0
HMass Cale. Masms mba BEM DRE 1=FIT Formula
£84.3508  684.3510 -0.32 -0.1 18.5 2.8 ©I7 HAE NT Q6
60d.3543 =3.5 -5,1 13.5 131 CId M50 N7 06 S
684, 3550 -4.2 =6.1 22.5% 18,7 Ci2 HdE K5 od

Figure S32: Elemental composition report of compound 12 (HR-ESI-MS).
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Elemental Composition Report OH
Single Mass Analysis N~ /©/
Tolerance = 10.0 PPM /[ DBE: min = -1.5, max = 150.0 N

Elament prediction: Off HO

Number of isotope peaks used for -FIT =3

Monoisotopic Mass, Even Electron lons

152 formulafe) evaluated with 1 results within limits (all results {up to 1000) for each mass)
Elements Used:

C: 0150 H: 0200 N: 06 O:06

Zhang, Yagang, sci-zyg-3-22 University of linpis, SCS, Mass Spactrometry Lab ) Q-tef UES21
Qtof_36536 43 (3.079) AM (Cen,3, 80.00, Ar,15000.0,734.47,0.70,LS 3); Sm (SG, 2x3.00) 1 TG'; ﬂsﬂfafgz
1 2431
2 |
o e : , e ey T e Wiz
243.00 243.20 243A0 24360 243.80 244.00 24420
Minimuam: -1.5
Ma i mom : 5.0 10.0 150.0
Mass Cale. Mass mDa PPM DBE i=-FIT Formula
243 0772 2430770 0.2 0.8 9.5 n/a C13 H11 N2 03
Figure S33: Elemental composition report of compound 13 (HR-ESI-MS).
Elemental Composition Report /@/O\/\/\/Br Page 1
Single Mass Analysis Ny
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 150.0 HO
Elemaent prediction: Of 14
Mumber of Isctope peaks used for LFIT= 3 o
Manoisolopic Mass, Evan Eleciron lons
308 formulafe) evaluated with 3 rmeults within limits (all results (up to 1000) for each mass)
Elemants Used.
C:0-150 H:0-200 MN:0-5 O:0-6 M 01 Br 14
Zhang, Yageng, scz-ryg-3-24 Unvarsity of linols, SC5, Mass Spectrometry Lab G-taf LEEEH
Criod_JBEG 48 (3 £36] AM |;::m 3, B0.00, Ar,15000.0,734.47,0.70,L5 3); Sm (53, 2x3.00); Cm (48:45) 1-.1‘0!;-;-6 E&+
100 a@1 1 ELER
‘;] 304 3908 r| apg  IA WET g5, IO | a3 W3Y Wiy 305127 aee7 ;e e
ABO.S0 39100 38180 | 98200 39250 | 39300 IGAE0 39400 39450 39500 30550 30600
Mindimum: =1.5
M s d iy 5.0 10.4 1804
Maza Calc. Mass mba FFM DEE i-FIT Formula
301.0657 391 . 0657 a.0 0.0 8.5 2.5 clg H2D M2 0] B
391.0673 =1.6 =4.1 10.5 2.5 31 HI1 0O Ha Or
391.0633 2.4 6.1 E.5 4.8 16 H21 MX 01 Na Br

Figure S34: Elemental composition report of compound 14 (HR-ESI-MS).
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Elemental Composition Report /@/O\/\/\/Br Page |
N
N

Single Mass Analysis

Tolerance = 10.0 PPM ¢ DBE: min = -1.5, max = 160.0 o)
Elemant prediction: Off ~~ 15
Murnbar of sotope peaks used for i-FIT=3 o

Maonoisatopic Mass, Even Eksctran lans

153 formudade) evelusted with 3 resulls within limils (all reswlis (up b 1000] for each mass)
Elaments Used

C:0450 H: Q200 N OB 005 Bri1

Zharyg, Yagang, scz-ryg-3-26-1 Universiy of Minois, S0S, Mass Speciromety Lab Q-4of UESZ]
Qtal_35632 45 (3,221) AM {Can, 3, BO.00, Ar,15000.0,734.47 0.7OLS 3); Sm (56, 2x1.00); Cm (45) 1 TD;:‘DS\:EDEJ.S
-
100 4191 4311
% 4183 418.8 4201 4204 4210 A2 A4 424, 34248 6
4105 ¢ H ety SR ARLE LT azp 423142044205 4240 TS AR
418,00 419,00 420,00 421 .00 422,00 £323.00 424,00 425.00
Minimum: =1.5
Maximum: 5.0 10.40 150.0
Mass Cale, Mase mDa FPH DEE i=-FIT Formula
419.0980 4190470 -d.1 =-0.2 9.5 5.4 o286 H24 mM2 o3 Br
419.0330 3.9 9.3 5.5 15.0 13 HZ4q W4 O BEr
q41%.1011 -4.2 -10.0 13.5 22.3 €25 H24 O Br

Figure S35: Elemental composition report of compound 15 (HR-ESI-MS).

Elemental Composition Report /©/O\/\/\/ N Page 1
Single Mass Analysis Ny
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 150.0 o
Element prediction: Off ~
Number of isotope peaks used for i-FIT =3 o 16
Monoisotopic Mass, Even Electron lons
198 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:0-150 H:0-200 N:0-5 0:0-6
Zhang, Yagang, scz-zyg-3-27 University of llincis, SCS, Mass Spectrometry Lab Q-tof UES21
Qtof_36663 32 (2.293) AM (Cen,3, 80.00, Ar,15000.0,716.46,0.70,LS 3); Sm (SG, 2x3.00); Cm (32:34) 1: TOF MS Egﬂ;
1.21e+

16 3822

%Z i 382036821| 382336024 e 2830 3832 3833 3838 91360.23% 35840 3847 3“34‘3: 385.1 "

L L AR AR LS AR — B s . roy
382.00 382.50 383.00 383.50 384.00 384.50 385.00

Minimum: ~1.5
Max imum: 5.0 10.0 150.0
Mass Calc, Mass mDa FFM DEE i-FIT Formula
382.18B79  382.1879 0.0 0.0 11.5 1.1 C20 H24 NS 03

Figure S36: Elemental composition report of compound 16 (HR-ESI-MS).
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S

Single Mass Analysis.

Toleranca = 10.0 PPM | DBE: min =-1.5, max = 150.0
Elamant prediction: Off

Mumber of isotope peaks used for i-FIT =3

Monolestopic Mass, Even Electron lans
B Tormulale) evaluated with 2 results within Rmits (all results (up 1o 1000) for each mass)

Elemenits Ltsad:
C:0-1500  H: 0-200 H 10-11 O:7-B  Na: 01
Zhang, Yagang, soz-zyg-3- Univarsity of linpis, SC5, Mass Spaciromaetry Lab -t LES21
uwr_s&nra?n.smqucma.mm ArASO00.0,716,48,0.70,L5 3} Sm [5G, 24300k Cm (37:40) 1: TOF MS ES*
B5Ta+D03

..moj B51.5

%]

o 50530°  amiy || Hm;ngg ggza 08298531 839 955 501 = Dkl L i S

850,00 a51.00 B52.00 85400 B56.00 85600
Minismum: =1.5
Maximm: L.0 10.0 150.0
Hazs Cale. Hass nia FEM LEE i-FIT Formula
&51.49562 851. 4568 =0.6 0.7 21.8 1258.% c48 A5 W10 &7
A51. 4544 1.8 2.1 184 1675 C43 HEQ W10 07 Ha

Figure S37: Elemental composition report of compound 18 (HR-ESI-MS).
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