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SYNTHETIC PROCEDURES

Linker Region Intermediates

1-(4-methoxyphenyl)-4-(4-nitrophenyl)piperazine (28). 1-(4-methoxyphenyl)piperazine (26)
(8.0 g, 41.6 mmol) and 1-chloro-4-nitrobenzene (27) (6.3 g, 40.0 mmol) were dissolved in
anhydrous DMSO (80 mL). K2COs3 (6.0 g, 43.5 mmol) was added and the mixture refluxed at
160°C for 12 h. The reaction was cooled to RT and a red solid precipitated. The red solid was
filtered and washed with CHCIls. The filtrate was concentrated to afford 28, which was
immediately utilized as the crude solid.

4-(4-(4-methoxyphenyl)piperazin-1-yl)aniline (29). 10% palladium on carbon (0.88 g, 5% mole
ratio) was added to a dry 3-neck round bottom flask. Ethanol (200 mL) was added followed by
slow addition of 28 (5.2 g, 16.59 mmol). Hydrazine monohydrate (5.2 mL, 165.9 mmol) was added
dropwise and the mixture was stirred at reflux for 3.5 h. Upon cooling to RT, the mixture was
filtered through celite. The celite was washed with ethanol (250 mL) and chloroform (1000 mL)
to ensure complete elution of the aniline. The filtrate was concentrated to afford 29, which was
immediately utilized as the crude solid.

Phenyl (4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)carbamate (30). A solution of aniline
(29) (2.7 g, 9.51 mmol) and pyridine (12.8 mL, 158.8 mmol) in CHCI3 (100 mL) was cooled to
0°C. Phenyl chloroformate (1.25 mL, 9.9 mmol) was added dropwise and the mixture stirred at
RT for 3 h. Water and petroleum ether (50 mL: 50 mL) were added at which point an off-white
precipitate formed. The solid was washed with H2O and isopropyl alcohol to provide the crude
carbamate 31, which was immediately utilized without further purification.
N-(4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)hydrazinecarboxamide (31). A solution of

hydrazine hydrate (1.33 mL, 42.8 mmol) and 30 (3.2 g, 7.9 mmol) in 1.4-dioxane (70 mL) was
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stirred at reflux for 3 h. The mixture was poured into H20 (250 mL), and the resulting off-white
solid was filtered and washed with H2O and isopropyl alcohol to give carboxamide 32, which was
immediately utilized without further purification.
4-(4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-triazol-3-one (32). A
solution of formamidine acetate (2.86 g, 27.5 mmol), 31 (2.1 g, 6.15 mmol), and acetic acid (4
mL) in anhydrous DMF (30 mL) was stirred at 130°C for 3 h. The mixture was cooled to room
temperature and diluted with H2O (100 mL) at which point a light brown precipitate formed. The
solid was filtered and washed with CHCls to provide triazolone 32, which was immediately utilized
without further purification.

4-(4-(4-nitrophenyl)piperazin-1-yl)phenol (68). N-(4-hydroxyphenyl)-piperazine (5.3 g, 29.7
mmol), 1-chloro-4-nitrobenzene (6.57 g, 41.7 mmol), and DIPEA (7.74 mL, 44.4 mmol) were
dissolved in 50 mL anhydrous NMP and heated to 125°C for 12 h. The reaction was cooled to
80°C and isopropanol (250 mL) was added portion wise over 30 mins. The reaction mixture was
cooled to room temperature and precipitate started to form. The reaction was further cooled to -
20°C and stirred for 30 mins. The precipitate was vacuum filtered and washed with cold
isopropanol to give the product, a brown powder, in quantitative yield. Characterization matched
that previously reported.!

Side Chain Intermediates

(R)-sec-butyl 4-bromobenzenesulfonate (35). (R)-2-butanol (33) (3.0 g, 40.5 mmol), EtzN (12.0
mL, 13.5 mmol), and DMAP (5.0 g, 40.5 mmol) in DCM. Cool the reaction to 0°C and slowly
add a solution of 4-bromobenzene-1-sulfonylchloride (22.7 g, 89.1 mmol) in DCM. The mixture
was stirred at 0°C for 4h. Dilute the reaction with H2O and extract with DCM. Combine the

organic layers, dry over sodium sulfate, filter, and concentrate. The crude residue was purified by
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column chromatography (SiO2, 0-2% EtOAc in hexanes) to afford the product (37.9%, 4.5 g). 'H
NMR (500 MHz, CDCIs) 6 7.68 (m, 2H), 7.57 (m, 2H), 4.47 (m, 1H), 1.45 (m, 2H), 1.15 - 1.09
(m, 3H), 0.65 (m, 3H). 3C NMR (126 MHz, CDCls) & 137.12, 132.83, 129.53, 128.95, 83.03,
31.99, 29.88, 23.05, 20.76, 14.51, 9.71. DART-HRMS: m/z calcd. for CioH13BrO3S [MH]",
294.9827; Found: 294.9822. IR (solid) vmax: 2954, 2930, 2869, 1588, 1463, 1376, 1364, 1313,
1224, 1188, 1093, 1070, 1034, 942, 903, 821, 752. [a]p*°=-16.0 (c = 1.984, MeOH).

(S)-sec-butyl 4-bromobenzenesulfonate (36). (S)-(+)-2-butanol (34) (3.0 g, 40.5 mmol), EtsN
(12.0 mL, 13.5 mmol), and DMAP (5.0 g, 40.5 mmol) in DCM. Cool the reaction to 0°C and
slowly add a solution of 4-bromobenzene-1-sulfonylchloride (22.7 g, 89.1 mmol) in DCM. The
mixture was stirred at 0°C for 4h. Dilute the reaction with H20 and extract with DCM. Combine
the organic layers, dry over sodium sulfate, filter, and concentrate. The crude residue was purified
by column chromatography (SiOz2, 0-2% EtOAc in hexanes) to afford the product (53.9%, 6.4 g).
'HNMR (500 MHz, CDCl3) § 7.84 —7.72 (m, 2H), 7.65 (m, 2H), 4.57 (m, 1H), 1.56 (m, 2H), 1.32
— 1.19 (m, 3H), 0.77 (m, 3H). *C NMR (126 MHz, CDCl3) § 136.56, 132.31, 129.00, 128.40,
82.50, 60.22, 31.43,29.33,20.21, 14.07, 9.16. DART-HRMS: m/z caled. for C10H13BrOsS [MH]",
294.9827; Found: 294.9856. IR (solid) vmax: 3090, 2975, 2937, 2880, 1576, 1501, 1471, 1389,
1361, 1226, 1185, 1112, 1090, 1068, 994, 895, 819, 751, 608. [a]p*’= +11.5 (c = 4.466, MeOH).

Linker/Triazolone/Side Chain Intermediates.

General Protocol for alkylation of triazolone (propyl- or sec-butyl-substitutions) (39-42). To
a suspension of triazolone 32 (1.0 g, 2.8 mmol) in anhydrous NMP (30 mL) was added Cs2COs3
(2.74 g, 8.4 mmol), and an alkylating agent (35-38) (8.4 - 14 mmol). The mixture was stirred at
RT for 2 h, then warmed to 60° C for 12 h and finally to 110° C for 4h. The mixture was then

cooled to RT, diluted with water (125 mL), and extracted with EtOAc (3 X 150 mL). The organic
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layers were combined, dried (MgSOa4), filtered, and concentrated. The crude residue was purified
by column chromatography (SiO2, 0 to 20% EtOAc in Hex) to afford 39-42 as off-white solids
(45-88%). Compounds were further purified as needed via recrystallization (EtOH) to remove a “grease-
like” impurity (observed in "H NMRs at 0.88, 1.31 ppm).
(S)-2-(sec-butyl)-4-(4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-
triazol-3-one (39). '"H NMR (500 MHz, CDCl3) § 7.61 (s, 1H), 7.46 — 7.40 (m, 2H), 7.03 (d, J =
9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 6.90 — 6.84 (m, 2H), 4.35 — 4.24 (m, 1H), 3.78 (s, 3H), 3.37
(m, 4H), 3.23 (m, 4H), 1.86 (m, 1H), 1.78 — 1.66 (m, 1H), 1.39 (d, J = 6.7 Hz, 3H), 0.91 (t, J= 7.4
Hz, 3H).'3C NMR (126 MHz, CDCl3) § 154.24, 152.07, 150.60, 145.53, 133.91, 125.96, 123.55,
118.63, 116.66, 114.57, 55.61,52.72, 50.83,49.31, 28.47, 19.25, 10.80. DART-HRMS: m/z calcd.
for C23H20Ns02 [MH]", 408.2400; Found: 408.2368. IR (solid) vmax: 3120, 3053, 2967, 2935,
2877, 2821, 2765, 1686, 1549, 1507, 1446, 1388, 1240, 1222, 1154, 1117, 1030, 943, 823, 805,
720. [a]p® =+ 12.6 (¢ = 0.996, DMSO).
(R)-2-(sec-butyl)-4-(4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-
triazol-3-one (40). '"H NMR (500 MHz, CHCI3) 5 7.61 (s, 1H), 7.47 — 7.40 (m, 2H), 7.06 — 6.99
(m, 2H), 6.96 (m, 3H), 6.90 — 6.84 (m, 2H), 4.30 (m, 1H), 3.78 (d, J = 1.3 Hz, 2H), 3.40 — 3.28
(m, 4H), 3.24 (m, 4H), 1.94 — 1.76 (m, 1H), 1.78 — 1.67 (m, 1H), 1.39 (d, J = 6.7 Hz, 2H), 0.91 (t,
J=7.4 Hz, 2H). 3C NMR (126 MHz, CDCl3) § 154.21, 152.06, 150.58, 145.50, 133.94, 125.94,
123.54, 118.62, 116.65, 114.55, 55.60, 52.70, 50.81, 49.29, 28.47, 19.29, 10.83. DART-HRMS:
m/z calcd. for C23H20Ns502 [MH]", 408.2400; Found: 408.2430. IR (solid) vmax: 3120, 3052, 2967,
2821, 1686, 1549, 1507, 1444, 1386, 1240, 1221, 1030, 943, 824, 805, 719, 530. [a]p*’=-12.2 (¢
=0.873, DMSO).
2-(sec-butyl)-4-(4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-

triazol-3-one (41). "H NMR (500 MHz, CDCls) § 7.67 (d, J = 0.6 Hz, 1H), 7.51 — 7.43 (m, 2H),

S7


kyh09001
Typewritten Text
S7


7.11 —7.04 (m, 2H), 7.04 — 6.97 (m, 2H), 6.96 — 6.88 (m, 2H), 4.34 (m, 1H), 3.83 (s, 3H), 3.44 —
3.38 (m, 4H), 3.31 — 3.25 (m, 4H), 1.91 (m, 1H), 1.83 — 1.70 (m, 1H), 1.44 (d, J = 6.8 Hz, 3H),
0.95 (t, J = 7.4 Hz, 3H). C NMR (126 MHz, CDCl3) § 154.22, 152.07, 150.60, 133.98, 125.92,
123.59, 118.66, 116.69, 114.54, 55.61, 52.69, 50.85, 49.29, 32.36, 28.49, 19.33, 10.85. DART-
HRMS: m/z caled. for C23H20NsO2 [MH]", 408.2400; Found: 408.2388. IR (solid) vmax: 3120,
3053, 2970, 2877, 2818, 2763, 1686, 1548, 1508, 1444, 1399, 1241, 1223, 1030, 943, 823, 805.
4-(4-(4-(4-methoxyphenyl)piperazin-1-yl)phenyl)-2-propyl-2,4-dihydro-3H-1,2,4-triazol-3-
one (42): '"H NMR (500 MHz, CDCI3) & 7.65 (s, 1H), 7.50 — 7.43 (m, 2H), 7.04 — 6.97 (m, 2H),
6.96 — 6.88 (m, 2H), 3.86 (m, 2H), 3.83 (s, 3H), 3.44 — 3.38 (m, 4H), 3.31 — 3.25 (m, 4H), 1.89 (m,
2H), 1.03 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCl3) § 154.22, 152.22, 150.66, 145.51,
133.93,125.87, 123.60, 118.64, 116.67, 114.55, 55.61, 50.83, 49.28, 47.23, 22.06, 11.13. DART-
HRMS: m/z calcd. for C22H27N502 [MH]", 394.2243; Found: 394.2265. IR (solid) vmax: 3122,
3053, 2956, 2873, 2830, 1686, 1555, 1511, 1451, 1409, 1390, 1250, 1225, 1032, 942, 813, 733.
General Protocol for phenol synthesis (demethylation protocol) (43-46). Hydrogen bromide
(48% aqueous solution, 10 mL) was added to a solution of methoxy-alkyl substituted triazolone
39-42 (500 mg, 1.2 mmol) in toluene (6 mL) was refluxed for 6-12 h. The reaction was cooled to
RT and water (10 mL) was added. The precipitate that formed was collected by filtration and
washed with copious amounts of water. 'H NMR analysis indicated pure phenol in good yields
(55-80%). The filtrate was neutralized with saturated NaHCO3 and washed with EtOAc (2 X 150
mL). The organic layers were dried (MgSOs4), filtered, and concentrated to afford remaining
phenol (43-46) in moderate purity that required chromatography.
(S)-2-(sec-butyl)-4-(4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-

triazol-3-one (43). 'H NMR (500 MHz, DMSO) & 8.38 (s, 1H), 7.58 (m, 2H), 7.53 (s, 1H), 7.19
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(m, 2H), 6.91 (d, J = 8.4 Hz, 2H), 4.13 (m, 1H), 3.67 (s, 8H), 1.71 (m, 2H), 1.31 (d, J = 6.7 Hz,
3H), 0.81 (t, J = 6.6 Hz, 3H). 3C NMR (126 MHz, DMSO) & 161.5, 151.2, 148.5, 134.9, 126.4,
122.9, 122.0, 116.2, 116.1, 53.8, 51.7, 46.4, 27.8, 19.2, 10.5. DART-HRMS: m/z calcd. for
C22H2sNsO2 [MH]", 394.2243; Found: 394.2216. IR (solid) vmax 3331, 2958, 2875, 2832, 2807,
1688, 1509, 1448, 1385, 1222, 1181, 1152, 965, 824, 741, 729. [a]p*’= +13.0 (c = 0.994, DMSO).
(R)-2-(sec-butyl)-4-(4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-
triazol-3-one (44). 'H NMR (500 MHz, DMSO) & 8.38 (s, 1H), 7.58 (d, J = 8.9 Hz, 2H), 7.48 (s,
1H), 7.19 (d, J = 8.9 Hz, 2H), 6.89 (m, 2H), 4.14 (m, 1H), 3.62 (s, 8H), 1.70 (m, 2H), 1.31 (d, J =
6.7 Hz, 3H), 0.82 (t, J = 7.4 Hz, 3H). '*C NMR (126 MHz, DMSO) & 157.2, 151.4, 148.6, 135.1,
126.4, 123.1, 122.1, 122.0, 116.4, 116.3, 53.9, 51.9, 46.6, 28.0, 19.3, 10.7. DART-HRMS: m/z
caled. for C22H2sNsO2 [MH], 394.2243; Found: 394.2212. IR (solid) vmax: 3241, 3055, 2965,
2928, 2855, 1670, 1509, 1451, 1378, 1234, 1185, 1110, 967, 921, 832, 807, 746. [a]p*’=-13.7 (¢
= 1.254, DMSO).
2-(sec-butyl)-4-(4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenyl)-2,4-dihydro-3H-1,2,4-
triazol-3-one (45). '"H NMR (500 MHz, CDCl3) § 7.61 (d, J = 0.6 Hz, 1H), 7.41 — 7.35 (m, 2H),
7.00 — 6.94 (m, 2H), 6.86 — 6.80 (m, 2H), 6.72 — 6.67 (m, 2H), 4.31 (m, 1H), 3.37 — 3.31 (m, 4H),
3.23 —3.17 (m, 4H), 1.87 (m, 1H), 1.73 (m, 1H), 1.40 (d, J = 6.7 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H).
3C NMR (126 MHz, CDCl3) & 152.72, 151.21, 151.13, 134.68, 125.80, 124.64, 119.18, 116.91,
116.38, 53.32, 51.44, 49.53, 28.85, 19.64, 11.18. DART-HRMS: m/z calcd. for C22H27N502
[MH]", 394.2243; Found: 394.2221. IR (solid) vmax: 3333, 3058, 2959, 2876, 2833, 2809, 1690,
1509, 1449, 1385, 1224, 1182, 1153, 965, 825, 739.
4-(4-(4-(4-hydroxyphenyl)piperazin-1-yl)phenyl)-2-propyl-2,4-dihydro-3H-1,2,4-triazol-3-

one (46): 'H NMR (500 MHz, CDCl3) & 7.61 (s, 1H), 7.44 — 7.36 (m, 2H), 7.05 — 6.98 (m, 2H),
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6.90 (d, J= 8.4 Hz, 2H), 6.80 — 6.73 (m, 2H), 3.82 (m, 2H), 3.37 (t, J = 5.0 Hz, 4H), 3.22 (m, 4H),
1.82 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H). *C NMR (126 MHz, CDCl3) § 152.40, 150.78, 150.50,
134.14, 125.58, 124.03, 118.86, 116.60, 115.99, 51.03, 49.16, 47.33, 22.05, 11.12. DART-HRMS:
m/z calcd. for C21H25Ns02 [MH]", 380.2087; Found: 380.2099. IR (solid) vmax: 3344, 2969, 2934,
2893, 1466, 1378, 1365, 1185, 1160, 1127, 1104, 950, 815.

Dioxolane Region Intermediates.

1-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-yl)ethan-1-one (53). A solution of 2-chloro-2’,4’-
dichlorophenylacetone (49) (10.0 g, 45.0 mmol), 1H-1,2,4-triazole (50) (6.2 g, 89.0 mmol),
NaHCOs3 (6.1 g, 72.0 mmol), and toluene (100 mL) were heated to reflux (110-120°C) overnight.
The reaction vessel was then placed in the -20°C freezer for ~6 h. The solid was filtered, dissolved
in H20, and extracted with ethyl acetate (~50 mL x 3). The organic layer was collected, washed
with brine, and dried over sodium sulfate. The solvent was evaporated and the remaining solid was
washed with EtOAc/hexanes (1:1, 100 mL) resulting in a yellow solid (7.4 g, 64.2%).
Characterization matched that previously reported.’

(2,2-dimethyl-1,3-dioxolan-4-yl)methyl  4-methylbenzenesulfonate (55). DL-1,2-
isopropylideneglycerol (54) (25 g, 89 mmol) was added to 300 mL of DCM with molecular sieves.
Pyridine (30.5 g, 378 mmol) was then added to the mixture. The solution was cooled to 0°C and
TsCl (54 g, 283.5 mmol) was added portion wise over 30 mins. The reaction stirred overnight at
room temperature. The solution was washed with pH 2.0 H20 (6M HCl) and brine. The organic
layer was collected and concentrated. The crude product was purified via column chromatography
(Si02, 0 - 25% EtOAc in hexanes) yielding a white solid in quantitative yield. Characterization

matched that previously reported.’
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2,3-dihydroxypropyl 4-methylbenzenesulfonate (56). Tosylated dioxolane 55 (9.3 g) was
dissolved in 300 mL of MeOH and 30 mL of 0.5N HCI was added to the solution. The reaction
was stirred and heated to reflux for 5Sh. The reaction was cooled to room temperature and
neutralized to pH 7 with dropwise addition of saturated NaHCOs. The solution was extracted
(~150 mL x 1) with ethyl acetate and then washed with brine. The organic layers were collected,
dried over sodium sulfate, filtered, and concentrated (7.7 g, 89.0%). Characterization matched that
previously reported.*

(2-((1H-1, 2,4-triazol-1-yl) methyl)-2-(2,4-dichlorophenyl)-1,3-dioxolan-4-yl) methyl 4-
methylbenzenesulfonate (59). Ketone 53 (2.0 g, 7.8 mmol) and 56 (1.98 g, 8.03 mmol) were
added to a dry round bottom flask. Anhydrous toluene (15 mL) was added to the reaction. The
reaction was cooled to 0°C and TfOH (2.8 mL, 31.9 mmol) was added dropwise with a glass
syringe. The reaction was stirred at room temperature for 60 h. The mixture was diluted with 50
mL of ethyl acetate and slowly dropped into a solution of K2CO3 (5 g) in water (40 mL). The
organic layer was separated with ethyl acetate (50 mL x 3). The organic layers were combined,
dried over sodium sulfate, filtered, and concentrated to ~70 mL EtOAc. A solution of TsOH
monohydrate (2.0 g) in EtOAc (13 mL) was slowly added at room temperature. The product
precipitated as the salt (3.6 g, 70.3%). Characterization matched that previously reported.’
(S)-2,3-dihydroxypropyl 4-methylbenzenesulfonate (62). (S)-(+)-1,2-isopropylideneglycerol
was tosylated following the above procedure for 55 and was then subjected to the acid-mediated
hydrolysis procedure for 56. Characterization matched that previously reported.
(R)-2,3-dihydroxypropyl 4-methylbenzenesulfonate (63). (R)-(-)-1,2-isopropylideneglycerol
was tosylated following the above procedure for 55 and was then subjected to the acid-mediated

hydrolysis procedure for 56. Characterization matched that previously reported.

S11


kyh09001
Typewritten Text
S11


REFERENCES

1. Shi, W.; Nacev, B.A.; Aftab, B.T.; Head, S.; Rudin, C. M.; Liu, J.L. Itraconazole Side Chain
Analogues: Structure-Activity Relationship Studies for Inhibition of Endothelial Cell
Proliferation, Vascular Endothelial Growth Receptor 2 (VEGFR2) Glycosylation, and Hedgehog
Signaling. J. Med. Chem. 2011, 54, 7363-7374.

2. Liu, J.; Chong, R.C.; Xu, J.; Lu, J.; Bhat, S. Chirally Pure Isomers of Itraconazole and Inhibitors
of Lanosterol 14A-Demethylase for use as angiogenic inhibitors. WO2008124132 (A1). October
16, 2008.

3. Wu, W.; Li, R.; Malladi, S.S.; Warshakoon, H.J.; Kimbrell, M.R.; Amolins, M.W.; Ukani, R.;
Datta, A.; David, S.A. Structure-Activity Relationships in Toll-like Receptor-2 Agonistic
Diacylthioglycerol Lipopeptides. J. Med. Chem. 2010, 53, 3198-3213.

4. Oh, K.; Yamada, K.; Asami, T.; Yoshizawa, Y. Bioorganic and Medicinal Chemistry Letters.
2012, 22, 1625-1628.

5. Tanoury, G.J.; Hett, R.; Wilkinson, H. S.; Wald, S.A.; Senanayake, C.H. Total synthesis of
(2R,48S,2°S,3’R)-hydroxyitraconazole: implementations of a recycle protocol and a mild and safe
phase-transfer reagent for the preparation of the key chiral units. Tetrahedron: Asymmetry. 2003,

14, 3487-3493.

S1z


kyh09001
Typewritten Text
S12


-850.0
r800.0
r750.0
r700.0
~650.0
~600.0

~550.0

~500.0

m450.0

~400.0

~350.0

~300.0

~250.0
-200.0
~150.0
~100.0
-50.0

£90
90
590
590

£90
890

i
NZW. _
ETT
6E'T
W —
'
A
3
9’1
I
8b'1
a1
661

b

Sk

LIS —

bk -
(133

05

554
954
254
854
854 —_—
994 —_—
294
894
894
69

OBs
35

oo

hari
T-seT

0.0

0.5

1.5

9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 2.0
f1 (ppm)

9.5

~6500.0

~6000.0

-5500.0

~5000.0

~4500.0

~4000.0

~3500.0

-3000.0

r2500.0

-2000.0

~1500.0

~1000.0

r500.0
ro.0

P
~

S1

m-500.0

avLL
s
1948
£9LL

E0'ER—

568217
tvsm
eszer”
e —

OBs

35

WWWWWMW«W

10

20

T T
100 a0 80 70 &0 50 40
f1 (ppm)

T
110

10


kyh09001
Typewritten Text
S13


r1100.0

~1000.0

r900.0

r800.0

~700.0

~600.0

r500.0

~400.0

~300.0

~200.0
~100.0
ro.0

=-100.0

940
90
280
£00
[74]
B0
L
ogn

\ et =

121
ezl
€21
€21
w21
921
621
051
151
51
€51
€57
51
$51
551
557
951
51
51
851
851
657
097
191
191
291

5
55
95
95
45t
i5b
85
85
65
09p
13

el

X%
(2%

X

594

594

994

994

294
294

89
894
693
0sd-
£rd
(2
(275
564
564
ars
ard
prs
ars
184
Z8s

OBs

36

Fane

Fre
Fest

0

06T
e

0.0

0.5

1.5

9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 2.0
f1 (ppm)

9.5

r38000.0
~36000.0

~34000.0

~32000.0

~30000.0

r28000.0

~26000.0

~24000.0

r22000.0

~20000.0

~18000.0

~16000.0

~14000.0

~12000.0

~10000.0

~8000.0

~6000.0

~4000.0

r2000.0
0

~-2000.0

aWe—
£0F1
Tee—

EE'BE—

0

nwmwd\
wen
reeer”
95 9ET

OBs

36

180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S1¢


kyh09001
Typewritten Text
S14


JRP-ketonel.1.fid 3888 28 388833 2
1H spectrum @ ™~ + < NN ]
YV v e 9000
o] =N
P
N
51
7000
6000
5000
4000
3000
2000
1000
J—JUL . . JL JW Lo

T 1 & d
5 5 2 8
=R 3 &
T T T T T T T T T T T T T T T T T T T )
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

JRP-trigzoleadd-c1-fr1-C.1.fid 2 P o o
=] = ¥ L) hr} a
§ g 3 RER g 8
I (. ~
800
(o] r:N
P
N
F-700
51
600
500
400
300
200
r 100
“MMWWMMMMWWWWWMWW WMWWM memw | WMMMMM wmm wm wwmmmmﬂm il -
r-100
T T T T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)

S1t


kyh09001
Typewritten Text
S15


=N
"

—8.28

—8.04

—7.70

— 757
—729

571

1200

1100

1000

900

800

700

600

500

400

300

200

100

r-100

— 190,84

52

—N
0

"N

— 15202

— 145,07

T T T T
6.5 6.0 5.5 5.0
1 (ppm)

13469
12930
12825

Ea

4.5

4.0

7755
7704

3.5

55.19

r/auu

~700.0

-650.0

r600.0

r550.0

~500.0

~450.0

~400.0

-350.0

r300.0

r250.0

r200.0

~150.0

~100.0

~50.0

50.0

~-100.0
T

130 120 110 _ 100
f1 (ppm)

Q0

80

70

60

50

40

30

20

10

-10

S1¢


kyh09001
Typewritten Text
S16


o o o 8 o o o o o o o o o
E E 5 5 EEE 58 EEE8EE S S S 3 3 8 8 8 = g g
=2 =2 = = = = = = a 2 © © 2 © © o © 9 © 2o 9 ©o 2o 2o o o 9 9o o s 8
=] =] = = = =1 =1 =] 2 - 2 5 &2 5 & @ & ©& & © & © © & & & & & & &8 5 8 8
n =} " = Il = 7] =1 =} 7 2 & @ ~ @& n + m &N 4 ©o o 2 o o @2 o 9o o o =% O 8
=< ﬂ. el [l [x] ~ - - 's} [=] o~ - - - - — - - - — - a = ~ =] 2] ﬂ- m o~ - =3 ] 1
1 A | | h 1 1 1 T h 1 1 1 1 1 N 1 1 1 1 i 0 h i 1 1 | 1 T {
L2 E
S 3
E
| wn
=
L= 6022
- mm.NNW =
LEEE
- o0
(o
-
EbE =
mvNM o
- Feoe | n
o
88'55
SE tes
»5EY F S
BYE - 09
6O 49 -
0E 89'89 S —
126 10 2 mm.ma,\f
9E peo | b~ -—
LEE = @0 95'bd =" 3
26 S ze0
BLE - e B o]
GLE ven | ¥
B - 6r'e
THE = w0
PHE |
-
-
E
g L =&
=
| i .AI%.
['s)
F =2
w
0821~
GEDET
n
[ o mwaﬂv.
sazer~"
=
~
96 bET =
S¢661—"
Tl
o 68751
~ oz~
TTE T
-ooo
Mo 2
wo 3

660

9.0 8.5

9.5

S1i

60 50 40 30 20 10

70

80 80

100
f1 (ppm)

170 160 150 140 130 120 110

—0Ts

Y

]

yo
o]
57
180

190

N=
N
by

10


kyh09001
Typewritten Text
S17


= = = =] =] = = = =] = =] = = =
2 =2 = 9 =2 2 2 2 = 2 = 2 = g = = = . 4 o 4 = s © © & =2 e e 8 e =8 2 e & = =
S 2 ¢ 9 ¢ 2 ¢ 8 o 9 S & °© & o o o 3 = s =2 2 2 & = &2 =2 & 2 g = @ o 2
5 =2 & ¥ & © & & & © © & & & &8 & 8 8 & & S o & s =2 & =2 5 =2 & & &8 =& s = &a & 2
~ =3 = =} = o (=] @ o =+ I} = o0 =] =+ o~ =] (=] = =] = o o = 2] = '} =] '] =3 2] =} 8] =2 3] = = s
I 1 1 1 1 1 1 | i I i i 1 1 1 i I h I I h I I 1 1 1 ) | 1 L I 1 N
=
[ =
| wn
a
=
- 69 12—
(o
-
BEZ
ob'E
e L =
2 o
SPE
HE
BPE =00E | n
6bE o
B65E |
09
T9E | =
e9E @
ZE
BOE
PLE —
biE y a3
eE - ot
ae — Fove m—
LLE | =
ST -
Tk ~— - e
8I'b
[3K3 — = e | g
61 M+
0zk |
GE | T
[ o &
33 =
i =
| J
[
L=
w
91621
n ZE62I—=
[ o EE_.\ -
mggu\
£bZET
- LB BET
F e (430
£4bbT
= Tare "
wy
M s Lrrs—
e
= =} 3
||M =560 [ o E
o
W ™ \AL
@
| ©
| o 0 5}
|
| L=
| o
| 4
| Z
n
o 24

180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S1¢


kyh09001
Typewritten Text
S18


Q Q Q Q Q

o o o o Q e =3 =3 = = = = = =4

=3 S S S =] =] =] =] S =] =] =] S ° S

@ I = 3 S S S 3 =1 =] S S S 3 S
= — = - & % N © n ¥ ] N = c 0
| | | | 1 ! N ! I I I h | | I

M F00'€

A%4

L0

By
Lo
TNJ
m\.wm.ﬁ
m\s.ﬁ

Evzo

0
Lzo
15°0
T
L0

Ad)
Ayt

5.0 4.5

f1 (ppm)

5.5

).0

F2800.0

2600.0
-2400.0
2200.0

F2000.0

- 1800.0

r1600.0

r1400.0

F1200.0

1000.0

800.0

600.0
- 400.0
200.0
0.0

-200.0

86'59
AN
£5'89 —
e/
69°2L \

9EL
0TLL s

£T°60T
92'60T /
95°92T
$9'9ZT
e
1821
18T
85°8ZT
vL6TT
08'6ZT
69°0€T
S6°0€T N
om.Nmﬂ\\‘
vv.vmﬂ\\‘
0S'LET

86'bbT —

Me-Ketal-OTs.2.fid

QOTs

Cl
61a

W

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

10

S1¢


kyh09001
Typewritten Text
S19


I-2800.0

2600.0

-2400.0

F2200.0

2000.0

- 1800.0

r1600.0

- 1400.0

r1200.0

1000.0

r-800.0

600.0

r-400.0

200.0

0.0

-200.0

F7500.0

7000.0

- 6500.0

6000.0

5500.0

5000.0

- 4500.0

4000.0

3500.0

3000.0

2500.0

2000.0

1500.0

1000.0

500.0

-500.0

LT —

W —
oLe
(733
we
E€LE
S8'E
98'c
L8°E
88'€

w0
€0
b0y
SOy

60'%
oTd
j387
[4%4
T
fasd
8T
6T
6T
oy

Cl

Cl

—_—

Feot
0T

10T
oot
B0t

Boot
88T
ot

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

9.5

).0

S9'TC —
§8°ST —

99—
9€'69 —
08'¢L ~

£p°60T —

8L°92T
00'8ZT
£9'8CT AN

T6°6TT ~O

trans-

o}
ok
QOTs

Cl

Cl

61b

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

10

S2(


kyh09001
Typewritten Text
S20


—OQOTs

61c

/

NN T TN IOONTINNON S OODRR RN O
PELLIINARRAS00RaE a3 RRAKANT
P R R e RN
e A P W B e e

e —

7 too]
1.07-
1.067
0.98%
1.049

21000.0

20000.0

19000.0

- 18000.0

17000.0

16000.0

15000.0

- 14000.0

r13000.0

12000.0

11000.0

r10000.0

9000.0

8000.0

7000.0

6000.0

5000.0

4000.0

3000.0

2000.0

1000.0

L,A_.JL_,OO

-1000.0

cis-

—QOTs
Cl Cl

61c

109.48

T
5.0 45 4.0 3.5
1 (ppm)

~73.73

68.57
£ 66.60

— 25.63
—21.67

15

= 16000.0

15000.0

- 14000.0

- 13000.0

- 12000.0

11000.0

r10000.0

9000.0

8000.0

7000.0

6000.0

5000.0

4000.0

F3000.0

F2000.0

1000.0

0.0

-1000.0

T T T T T T
10 200 190 180 170 160

T
150

T
140

T
130

T
120

T
110

T T T T
100 90 80 70
1 (ppm)

0 -10

S2]


kyh09001
Typewritten Text
S21


[RPAVVVAY)
1900.0

1800.0
1700.0
1600.0
1500.0
F1400.0
r1300.0
1200.0
r1100.0
1000.0
~900.0
~800.0
700.0
+600.0
500.0
400.0
~300.0
200.0
~100.0
0.0

-100.0

9T —

& —
89
69°€
0s€ 4
L€
€8¢
VBE |
S8E
98°€
20
€0

SO

«
3
<+
\

STt
STV

Cl
64

Cl

6T

8T

25
0°T
M/ﬁwvw

o0’

r15000.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.5

.0

8E'TZ
fAnr4 V.
wse—

$0'99
€69 —
W~

8T°60T —

89'9ZT
8ELTT
98'LTT
09'82T
26Tt
8L'671

£8°6CT Wv
TO°TET
TS°TET
SSZET

0S'VET
ESLET
T6'8ET
6L°€PT
20°SbT

S22

6000.0
5000.0
4000.0
3000.0
2000.0
1000.0

- 14000.0
0.0

r13000.0
r12000.0
11000.0
r10000.0
+9000.0
8000.0
7000.0

-10

110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

120

170 160 150 140 130

64
180

Cl
200 190

Cl

10



kyh09001
Typewritten Text
S22


88BTLRARRIIIS SELITCARRAGAARRERRALAR € R
NRRRERRRRRRR R B R R R R L LR EEE R 3 | 7500.0
e SIS e AR
7000.0
)
ok r6500.0
OTs
Cl Cl r6000.0
65 / j / r5500.0
r5000.0
-4500.0
4000.0
r3500.0
3000.0
r2500.0
2000.0
r1500.0
r1000.0
| ‘u H‘ I LLA_LiSOO‘O
t_u 0.0
& Iy T
g g %%g 5 o F--500.0
S 333 - &
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
).0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
1 (ppm)
882RARLRER ¢ ong saw
VWOTNNOG BN G o B inin e ew
LE80n0848] E Rge RKA [ 2600.0
[ S\ /NN /0N [ 2500.0
e
OTs
Cl Cl
65
!
|
U

T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

S2¢


kyh09001
Typewritten Text
S23


20000.0

- 19000.0

t18000.0
t17000.0
- 16000.0
- 15000.0
- 14000.0

t13000.0

t12000.0

11000.0

r10000.0

9000.0

8000.0

7000.0

F6000.0

5000.0

4000.0

3000.0

2000.0

+1000.0

-1000.0

F7500.0

7000.0

- 6500.0

6000.0

5500.0

5000.0

4500.0

4000.0

F3500.0

3000.0

F2500.0

2000.0
1500.0
1000.0
500.0
0.0

69T —

8T'L
6T°L
(U
oL

SE'L
ira W
£
8L~
0S'L 7

08'L
87 W

[4: ¥4

(AN SO — Y )

Cl
66

Cl

8re

001
F96'T
0T

6T

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)

9.5

).0

vz —
€5°ST —

6199 —
9£'69 —
87~

5601 —

L9t
€6'LCT
86'L2T
99'8ZT
16'6CT
9T'TET V
T9°CET
£9°TET N
S9'PET
LSLET
0T'SPT —

J

“—OTs

Cl

Cl

66

ol

-10

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

30

S2¢


kyh09001
Typewritten Text
S24


HSQC:

Cl

{2.51,21.74} ,
o ,{1.74,25.64}

¢

(3.91,55.20&@ (3.76,66.20}

{4.13,69.38,
{4.23,72.82,
" 7(4.08,69.36)

20

30

F40

F50

F60

F70

80

90

100

F110

F120

130

140

F150

10.0

T T T
60 55 50
2 (ppm)

0.5

0.0

f1 (ppm)

S2¢


kyh09001
Typewritten Text
S25


HSQC zoomed (3.2 to 4.8ppm): (1) Hca (methine at C4 of dioxolane) direct correlation via
HSQC experiment: 4.23->72.82ppm. (2) Remaining 1H nuclei in the expanded region below are
methylene, correlating to the diastereomeric pairs at C5 of dioxolane and a-carbon to tosyl group

(not specified: 3.762>66.20ppm; 3.912>66.20ppm; 4.08>69.37ppm; 4.132>69.37ppm).
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NOESY zoomed (3.2 to 4.8ppm): (1) Hca (methine at C4 of dioxolane) very weak to no NoE signal
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HSQC zoomed (3.2 to 4.8ppm). (1) Hea (methine at C4 of dioxolane) direct correlation via HSQC
experiment: 4.50->73.73ppm. (2) Remaining 1H nuclei in the expanded region below are
methylene, correlating to the diastereomeric pairs at C5 of dioxolane and a-carbon to tosyl group

(not specified: 3.61266.56ppm; 3.852>68.62ppm; 3.96>68.59ppm; 4.25->66.57ppm).
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NOESY zoomed (3.2 to 4.8ppm): (1) Hc4 (methine at C4 of dioxolane) moderate NoE signal with

methyl at C2 of dioxolane (2,4-correlation) in  experiment: 4.50->1.74ppm.
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X-ray (19):
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CYP3A4 Inhibition Studies.

Assay Protocol. ITZ and 2 were evaluated for their ability to inhibit CYP3A4 by Cyprotex by
measuring their ability to inhibit metabolism of the known Cyp3A4 substrate testosterone via
LC/MS/MS. Briefly, varying concentrations of either ITZ or 2 was mixed with microsomes (0.5
mg/mL) and testosterone (50 uM) in 50 mM potassium phosphate buffer containing 2 mM
NADPH and 3 mM MgClz at pH 7.4. Following a 10 min incubation at 37 °C, the assay was
quenched with the addition of MeCN containing an internal standard. The samples were
centrifuged and the quantity of testosterone metabolite in the supernatant was determined by
LC/MS/MS.
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Supplementary Figure 1. Inhibition of CYP3A4 by ITZ and 2. This figure details a representative
experiment performed in duplicate. Calculated ICso values (uM) for inhibition of CYP3A4 activity
by the two compounds are as follows: ITZ, ICso = 0.051 + 0.01; 2, ICs0 >10.
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