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1. General experimental details

All reactions were maintained under air unless otherwise stated. Commercially available
reagents were used without further purification. Infrared (FT-IR) spectra were recorded on a
BRUKER VERTEX 70, Vg in cml. TH-NMR spectra were recorded on a BRUKER AVANCE
III HD (400 MHz) spectrometer. Data are reported as follows: chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, q = quadruplet, br = broad, m = multiplet), coupling constants (Hz)
and integration. 3C-NMR spectra were recorded on a BRUKER AVANCE III HD (100 MHz)
spectrometer with complete proton decoupling. "F-NMR spectra were recorded on a BRUKER
AVANCE II HD (376 MHz) spectrometer. Mass spectra were measured with an Agelent
Technologies 6120 Quadrupole LC/MS. High resolution mass spectrometry (HRMS) were
measured with a GCT Premier™ and BRUKER micrOTF-Q III. Melting points were measured
using INESA WRR and values are uncorrected.

Keto acids and alkynes were prepared according to the reported procedures.'-"

2. General procedure for the synthesis of y-hydroxybutenolides

Keto acid (0.3 mmol, 1 equiv) and alkyne (0.6 mmol, 2 equiv) were loaded in a test tube.
Then fluorobenzene (2 mL) and boron trifluoride etherate (0.09mmol, 0.3 equiv) were
sequentially added to the test tube. The resulting reaction mixture was stirred at 70 °C under air
until the starting materials had been consumed as determined by TLC. At the end of the reaction,
the reaction mixture was cooled to room temperature. After removal of the solvent, the residue
was subjected to column chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to
afford the desired product.

3. Characterization of new compounds

3a: white solid, m.p. 166-168 °C. 'H NMR (400 MHz, DMSO) 5 8.69 (s, 1H),

7.56-7.51 (m, 2H), 7.45-7.32 (m, 8H), 7.26-7.18 (m, SH); 3C NMR (100

(o MHz, DMSO) § 170.2, 158.6, 137.5, 130.5, 129.8, 129.5, 129.3, 128.9, 128.8,

OH 1286, 128.5, 128.4, 128.3, 126.9, 125.8, 105.7. FT-IR: v (cm') 3059, 2949,

Ph Ph 5803, 2850, 1733, 1642, 1576. HRMS [ESI] caled for CaH,;05 [M+H]*
329.1178, found 329.1181; ESI [M+H]* 329.1.

3b: white solid, m.p. 187-188 °C. 'H NMR (400 MHz, DMSO) & 8.79

OO 0 (br, 1H), 8.16 (s, 1H), 7.95-7.86 (m, 3H), 7.61-7.57 (m, 2H), 7.57-7.51
(m, 2H), 7.41-7.30 (m, 4H), 7.29-7.22 (m, 3H), 7.22-7.16 (m, 2H); 13C

o | OOH NMR (100 MHz, DMSO) § 170.3, 158.7, 137.6, 132.7, 132.6, 130.5,

Ph 1297, 129.1, 129.0, 128.8, 128.4, 128.3, 128.2, 127.9, 127.6, 127.4,

127.0_126.8, 126.6, 125.9, 105.8. FT-IR: v (cm!) 3052, 2984, 2923,

218394) Bédde, 105 BLE . AR NI 1 | Jcabodifor. By OV M+ MighéR . R3 3de eyl 37 Ribs32 ; sl
?@Fﬂﬁf}%ﬁ% 13,3133-3136. (b) Zhuang, J.; Wang, C.; Xie, F.; Zhang, W. Tetrahedron 2009, 65, 9797-9800.
c) Johannes, E.; Horbert, R.; Schlosser, J.; Schmidt, D.; Peifer, C. Tetrahedron Lett. 2013, 54, 4067-4072.
(2) (a) Schmidt, B.; Berger, R.; Kelling, A.; Schilde, U. Chem. Eur. J. 2011, 17, 7032-7040. (b) Zhang, J.; Ugrinov,
A.; Zhao, P. Angew. Chem. Int. Ed. 2014, 53, 8437-8440. (c) Yang, L. M.; Huang, L. F.; Luh, T. Y. Org. Lett.
2004, 6, 1461-1463. (d) Diesendruck, C. E.; Zhu, L.; Moore, J. S. Chem. Commun. 2014, 50, 13235-13238.
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3¢: brown oil. '"H NMR (400 MHz, DMSO) § 8.55 (s, 1H), 7.60 (dd, J = 5.2,
1.2 Hz, 1H), 7.45 (dd, J = 3.6, 1.2 Hz, 1H), 7.39-7.32 (m, 8H), 7.15-7.09 (m,
o 2H).7.05(dd,J = 5.2,3.6 Hz, 1H); 3C NMR (100 MHz, DMSO) 3 169.4,
Ph oH 1356.6, 1367, 130.9, 130.3, 129.5, 129.0, 128.8, 128.6, 128.3, 128.1, 127.2,
Ph 1259, 120.8, 106.1. FT-IR: v (cm™) 3061, 2925, 2849, 1754, 1643, 1490.

HRMS [ESI] caled for CaH;505S [M+H]* 335.0742, found 335.0735; ESI [M+H]* 335.1.

MeO 3d: white solid, m.p. 170-171 °C. 'H NMR (400 MHz, DMSO) 3 8.60
(s, 1H), 7.51-7.47 (m, 2H), 7.39-7.31 (m, 5H), 7.29-7.16 (m, 5H), 6.95
(d, J = 8.8 Hz, 2H), 3.75 (s, 3H); *C NMR (100 MHz, DMSO) §
| O 170.4, 159.6, 157.3, 137.6, 130.9, 130.7, 129.4, 128.9, 128.6, 128.4,
Ph OH 1283, 126.3, 125.8, 121.7, 113.9, 105.4, 55.1. FT-IR: v (cm!) 3063,
3033, 2964, 2934, 2840, 1731, 1656, 1569. HRMS [ESI] calcd for

Cy3H 904 [M+H]*359.1283, found 359.1291; ESI [M+H]*359.1.

o

U
>

+Bu 3e: white solid, m.p. 86-88 °C. 'H NMR (400 MHz, DMSO) & 8.62 (s,
o 1H), 7.49-7.45 (m, 2H), 7.42-7.38 (m, 2H), 7.38-7.32 (m, SH), 7.27-

7.15 (m, 5H), 1.27 (s, 9H); *C NMR (100 MHz, DMSO) & 170.3,

| O 1583, 1514, 137.5, 130.8, 129.4, 129.0, 128.9, 128.5, 128.4, 128.3,

Ph OH 126.8, 126.6, 125.8, 125.2, 105.6, 34.4, 31.0. FT-IR: v (co') 3060,

Ph 2962, 2904, 2868, 1736, 1608, 1509. HRMS [ESI] calcd for Cy6H,505
[M+H]*385.1804, found 385.1812; ESI [M+H]"385.1.

3f: white solid, m.p. 155-157 °C. 'H NMR (400 MHz, DMSO) § 8.64
(s, 1H), 7.50 (d, J= 6.8 Hz, 2H), 7.39-7.29 (m, 5H), 7.26-7.17 (m, 7H),
2.30 (s, 3H); *C NMR (100 MHz, DMSO) & 170.3, 158.1, 138.4,

| o 137.6, 130.7, 129.4, 129.2, 129.1, 128.9, 128.6, 128.4, 128.3, 126.8,
Ph OH 126.7, 125.8, 105.6, 20.9. FT-IR: v (cm™) 3060, 3032, 2922, 2853,

1754, 1645, 1574. HRMS [ESI] caled for C3H;905 [M+H]* 343.1334,
found 343.1343; ESI [M+H]*343.1.

o
>

3g: yellow oil. "H NMR (400 MHz, DMSO) 5 8.68 (br, 1H), 7.54-7.50
(m, 2H), 7.39-7.33 (m, 3H), 7.30-7.14 (m, 9H), 2.27 (s, 3H); *C NMR
Me (100 MHz, DMSO) 6 174.9, 163.2, 142.4, 142.3, 135.3, 134.6, 134.5,

(@]

| OOH 134.3, 134.2, 133.7, 133.4, 133.2, 133.1, 133.0, 131.8, 131.2, 130.6,
Ph Ph 110.4, 25.7. FT-IR: v (ecm™) 3059, 2959, 2922, 2852, 1753, 1645,

1584. HRMS [ESI] caled for Cy3H;50; [M+H]" 343.1334, found
343.1327; ESI [M+H]" 343.1.

Me 3h: white solid, m.p. 120-122 °C. '"H NMR (400 MHz, DMSO, 80 °C)
0] 8.53 (s, 1H), 7.58 (d, J = 7.2 Hz, 2H), 7.43-7.30 (m, 5H), 7.28-7.13 (m,
7H), 2.21 (s, 3H); *C NMR (100 MHz, DMSO, 80 °C) & 169.8, 158.9,
| 0 138.2, 136.7, 130.5, 130.4, 130.2, 129.7, 128.8, 128.8, 128.5, 128.4, 128.2,
Ph OH
Ph
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128.1, 126.0, 125.7, 106.0, 19.3. FT-IR: v (cm™) 3063, 3026, 2924, 2855, 1731, 1639, 1573.
HRMS [ESI] caled for Co3H, 905 [M+H]* 343.1334, found 343.1339; ESI [M+H]* 343.1.

FsC
0
| ©
Ph OH
Ph

3i: white solid, m.p. 52-54 °C. '"H NMR (400 MHz, DMSO) & 8.79 (br,
1H), 7.78 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 6.8
Hz, 2H), 7.39-7.32 (m, 3H), 7.28-7.18 (m, 5H); 3C NMR (100 MHz,
DMSO) § 169.7, 160.2, 137.1, 134.2 (q, J c.x = 1.2 Hz), 130.3, 130.0,
129.9, 129.1 (q, J c.r = 31.8 Hz), 129.0, 128.6, 128.5, 128.4, 125.9,
125.8, 125.4 (q, J c.r = 3.6 Hz), 124.0 (q, J c.x = 270.0 Hz), 105.9; 9F

NMR (376 MHz, DMSO) & -61.3. FT-IR: v (cn!) 3063, 3036, 2985, 2935, 2849, 1735, 1646,
1575. HRMS [ESI] caled for Ca3H,F505 [M+H]* 397.1052, found 397.1045; ESI [M+H]* 397.1.

F
o)
| O
Ph OH
Ph

v (cm') 3063, 2985, 29

3j: white solid, m.p. 85-86 °C. 'H NMR (400 MHz, DMSO) § 8.64 (s,
1H), 7.50-7.47 (m, 2H), 7.46-7.41 (m, 2H), 7.39-7.32 (m, 3H), 7.30-7.21
(m, 5H), 7.18-7.14 (m, 2H); 3C NMR (100 MHz, DMSO) & 170.1, 162.2
(d, Jcp=245.2 Hz), 158.7, 137.3, 131.6 (d, J c.r= 8.4 Hz), 130.4, 129.6,
128.9, 128.6, 128.4, 128.4, 126.1 (d, J = 3.2 Hz), 125.9, 125.9, 115.6
(d, J = 21.6 Hz), 105.7; 9F NMR (376 MHz, DMSO) & -112.0. FT-IR:
34, 2848, 1754, 1647, 1599. HRMS [ESI] caled for Co,H;FO; [M+H]*

347.1083, found 347.1086; ESI [M+H]" 347.1.

cl
0
| o
Ph OH
Ph

ESI [M+H]* 363.1.

3k: white solid, m.p. 82-84 °C. 'H NMR (400 MHz, DMSO) 5 8.67 (s,
1H), 7.51-7.46 (m, 4H), 7.42-7.32 (m, SH), 7.29-7.22 (m, 3H), 7.18-
7.15 (m, 2H); 3C NMR (100 MHz, DMSO) 8 169.9, 159.1, 137.2, 133.7,
131.2, 130.3, 129.7, 129.0, 128.7, 128.6, 128.6, 128.4, 128.4, 125.9,
125.8, 105.8. FT-IR: v (cm) 3061, 3036, 2928, 2828, 1752, 1645, 1592.
HRMS [ESI] caled for Co,H,4C10; [M+H]* 363.0788, found 363.0798;

31: white solid, m.p. 47-49 °C. '"H NMR (400 MHz, DMSO) 4 8.71

Br O (s, 1H), 7.61 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 6.4 Hz, 2H), 7.39-7.31
o (m, SH), 7.28-7.18 (m, 5H); *C NMR (100 MHz, DMSO) & 169.8,
OH 159.1, 137.2, 131.6, 131.5, 130.3, 129.7, 129.1, 129.0, 128.6, 128.4,

PH Ph

2871, 1755, 1646, 1587.
ESI [M+H]* 407.1.

0
Br
| o
Ph @)
Ph

128.4, 128.1, 128.1, 127

128.4, 125.9, 125.9, 122.4, 105.8. FT-IR: v (cm") 3061, 2982, 2936,
HRMS [ESI] caled for C,H;sBrO; [M+H]* 407.0283, found 407.0278;

3m: white solid, m.p. 112-113 °C. 'H NMR (400 MHz, CDCl;) &
7.57 (dd, J = 1.6, 1.6 Hz, 1H), 7.46-7.40 (m, 3H), 7.32-7.24 (m, 5H),
H 7:21-7.07 (m, 5H), 4.14 (br, 1H); 13C NMR (100 MHz, CDCl;) &
170.4, 160.0, 136.0, 131.8, 131.6, 130.8, 129.6, 129.5, 129.4, 129.0,
7, 125.5, 125.3, 121.9, 105.5. FT-IR: v (cm™") 3061, 3035, 2929, 2830,
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1753, 1645, 1592. HRMS [ESI] calcd for C,,H;¢BrO; [M+H]* 407.0283, found 407.0281; ESI

[M+H]* 407.0.

3n: white solid, m.p. 217-219 °C. '"H NMR (400 MHz, DMSO) & 8.85 (s,

127.5, 104.9. FT-IR: v (cm!) 3091, 2951, 2880, 2842, 1729, 1638, 1585.

0 1H), 7.84 (d, J = 7.2 Hz, 1H), 7.61 (d, J = 7.2 Hz, 2H), 7.49-7.31 (m, 5H),
7.30-7.15 (m, 6H); 13C NMR (100 MHz, DMSO) & 169.7, 156.8, 136.3,
Br | 0 134.5, 133.8, 130.4, 129.3, 129.3, 129.2, 129.1, 128.7, 128.6, 128.5, 127.9,
Ph OH
Ph

HRMS [ESI] caled for CyH;6BrO; [M+H]*407.0283, found 407.0288; ESI

[M+H]+ 407.0.

@]
Ph

| ©
O OH
i
Bu

O
Ph
| O
OH

S A

30: white solid, m.p. 203-204 °C. '"H NMR (400 MHz, CDCl3) & 7.46 (d,
J = 8.4 Hz, 2H), 7.43-7.40 (m, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.34-7.28
(m, 3H), 7.19-7.13 (m, 4H), 4.16 (br, 1H), 1.30 (s, 9H), 1.23 (s, 9H); 13C
NMR (100 MHz, CDCly) & 170.5, 158.0, 152.8, 151.9, 133.8, 129.4,
129.1, 128.6, 128.3, 128.0, 126.8, 126.6, 125.2, 125.1, 124.8, 105.2, 34.3,
34.2, 30.8, 30.6. FT-IR: v (cm') 3061, 2965, 2906, 2869, 1736, 1633,
1574. HRMS [ESI] caled CsoH;,05Na for [M+Na]® 463.2249, found
463.2242; ESI [M+H]" 441.2.

3p: white solid, m.p. 170-171 °C. 'H NMR (400 MHz, CDCl3) & 7.40-
7.34 (m, 4H), 7.30-7.23 (m, 3H), 7.12-7.07 (m, 4H), 6.95 (d, J = 8.0 Hz,
2H), 4.87 (s, 1H), 2.30 (s, 3H), 2.24 (s, 3H); 3C NMR (100 MHz,
CDCly) 5 170.9, 158.7, 139.5, 138.7, 133.6, 129.2, 129.1, 128.7, 128.6,
128.6, 128.3, 128.0, 127.0, 126.2, 125.5, 105.4, 20.9, 20.7. FT-IR: v
(cmr') 3058, 2943, 2894, 2850, 1733, 1623, 1504. HRMS [ESI] calcd

Me for CoaH, 05 [M+H]* 357.1491, found 357.1483; ESI [M+H]* 357.1.

3q: white solid, m.p. 147-149 °C. '"H NMR (400 MHz, CDCl;) §

Ph Q 7.41-7.37 (m, 2H), 7.30-7.22 (m, 5H), 7.19 (dd, J = 7.6, 7.6 Hz,

o 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.06-7.02 (m, 2H), 6.97 (s, 1H),

Me OH 6.93-6.90 (m, 1H), 4.69 (br, 1H), 2.30 (s, 3H), 2.15 (s, 3H); 1°C
O NMR (100 MHz, CDCLy) § 170.8, 159.0, 137.8, 137.5, 136.3,
O Me 130.0, 129.9, 129.6, 129.1, 129.0, 128.9, 128.4, 127.9, 127.7,

126.5, 126.1, 125.7, 122.8, 105.3, 21.0, 20.9. FT-IR: v (cm™')

3026, 2955, 2922, 2853, 1740, 1652, 1582. HRMS [ESI] calcd for CyH,, 05 [M+H]* 357.1491,
found 357.1480; ESI [M+H]" 357.1.

%

3r: white solid, m.p. 43-44 °C. '"H NMR (400 MHz, DMSO) & 8.78 (s,
1H), 7.58-7.53 (m, 2H), 7.43-7.37 (m, 5H), 7.27-7.23 (m, 2H), 7.20-7.15
(m, 2H), 7.11-7.06 (m, 2H); '*C NMR (100 MHz, DMSO) & 169.9,
163.6 (d, J cp = 18.6 Hz), 161.1 (d, J cp = 15.9 Hz), 157.2, 133.7 (d, J c.
r=2.9Hz), 131.0 (d, J c.r= 8.6 Hz), 129.6, 129.3, 128.9, 128.5, 128.3 (d,
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J cr=8.6 Hz), 127.1, 126.8 (d, J ¢ = 3.3 Hz), 115.6 (d, J cr=21.8 Hz), 1153 (d, J cr = 21.7
Hz), 105.1; "F NMR (376 MHz, DMSO) 8 -110.4, -112.8. FT-IR: v (cm™") 3076, 2985, 2939,
2864, 1735, 1649, 1509. HRMS [ESI] caled for C»,H;5F,03 [M+H]" 365.0989, found 365.0980;

ESI [M+H]" 365.1.

(0]
Ph

| ©
O OH
S
Cl
0]
Ph
| ©
O OH
Br O
Br

3s: white solid, m.p. 79-80 °C. 'H NMR (400 MHz, DMSO) & 8.83 (s,
1H), 7.52-7.49 (m, 2H), 7.44-7.38 (m, 7H), 7.36-7.32 (m, 2H), 7.20-7.17
(m, 2H); 3C NMR (100 MHz, DMSO) & 169.7, 156.8, 136.2, 134.5,
133.8, 130.4, 129.3, 129.3, 129.2, 129.1, 128.7, 128.6, 127.9, 127.5,
104.9. FT-IR: v (cm™") 3091, 2924, 2854, 1739, 1644, 1591. HRMS [ESI]
caled for Cp,H4Cl,O3Na [M+Na]* 419.0218, found 419.0212; ESI
[M+H]* 397.0.

3t: white solid, m.p. 107-108 °C. 'H NMR (400 MHz, DMSO) & 8.84 (br,
1H), 7.57-7.54 (m, 2H), 7.48-7.43 (m, 4H), 7.42-7.38 (m, 5H), 7.15-7.12
(m, 2H); 1*C NMR (100 MHz, DMSO) & 169.7, 156.9, 136.7, 131.6,
131.5, 130.6, 129.5, 129.3, 129.3, 129.1, 128.6, 128.2, 127.5, 123.4,
122.5, 105.0. FT-IR: v (cm') 3058, 2982, 2937, 2828, 1756, 1648, 1586.
HRMS [ESI] caled for CyHsBr,OsNa [M+Na]* 506.9207, found
506.9203; ESI [M+H]* 484.9.

0 3u: white solid, m.p. 224-226 °C. 'H NMR (400 MHz, DMSO) 5 8.55 (s, 1H),
Ph 7.72 (dd, J = 7.6, 1.6 Hz, 1H), 7.42-7.34 (m, 5H), 7.27-7.13 (m, 8H), 2.29 (s,
| O 3H); 15C NMR (100 MHz, DMSO) 3 170.5, 157.9, 135.5, 134.7, 132.0, 130.5,

Ph OH

129.8, 129.6, 129.2, 129.1, 128.9, 128.6, 128.4, 128.0, 127.6, 125.9, 105.7, 20.0.

FT-IR: v (cm™") 3051, 2968, 2927, 2850, 1752, 1648, 1575. HRMS [ESI] calcd
for Cy3H 3O3Na [M+Na]*365.1154, found 365.1147; ESI [M+H]* 343.1.

3v: yellow oil. 'H NMR (400 MHz, DMSO) & 8.67 (br, 1H), 7.57-7.47 (m,

NMR (100 MHz, DMSO) & 168.9, 161.4, 148.4, 136.7, 133.5, 130.0, 129.2,

EtOOC

0
Ph 7H), 7.45-7.40 (m, 3H), 4.08-3.99 (m, 2H), 0.93 (t, J = 7.2 Hz, 3H); 13C
| o
OH
Ph

129.1, 128.3, 128.2, 128.1, 125.9, 104.8, 61.3, 13.4. FT-IR: v (cm™") 3061,

2983, 2928, 2852, 1766, 1666, 1576. HRMS [ESI] calcd for CjoH,s0sNa
[M+Na]* 347.0895, found 347.0904; ESI [M+H]* 325.1.

3w: white solid, m.p. 150-152 °C. "H NMR (400 MHz, CDCl;) 8 7.59-7.56

169.1, 154.7, 135.5, 134.2, 134.0, 129.7, 129.3, 129.0, 129.0, 128.5, 128.2,

o)
Ph (m, 2H), 7.53-7.47 (m, 4H), 7.40 (dd, J = 7.6, 7.6 Hz, 1H), 7.32-7.27 (m,
oh | O 3H),7.24-7.16 (m, 5H), 5.41 (br, 1H); *C NMR (100 MHz, CDCly) 5 192.2,
OH
o Ph

128.2, 128.1, 127.1, 125.4, 104.1. FT-IR: v (cm™") 3059, 3037, 2925, 2853,
1752, 1647, 1581. HRMS [ESI] calcd for C;3H;04Na [M+Na]* 379.0946, found 379.0934; ESI

[M+H]* 357.1.

o) 3x: white solid, m.p. 182-184 °C. "H NMR (400 MHz, CDCl;) 8 7.58-7.54 (m,

Ph
| ©
TBS OH

Ph
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2H), 7.44-7.34 (m, 6H), 7.33-7.29 (m, 2H), 4.68 (br, 1H), 0.58 (s, 9H), -0.04 (s, 3H), -0.33 (s, 3H);
13C NMR (100 MHz, CDCly) § 172.0, 164.5, 143.4, 137.0, 131.5, 129.4, 128.7, 128.4, 128.0,
127.5, 125.7, 109.1, 26.7, 17.5, -3.1, -4.4. FT-IR: v (cm') 3056, 2955, 2931, 2857, 1732, 1691,
1591. HRMS [ESI] caled for Cy,H,705Si [M+H]* 367.1729, found 367.1721; ESI [M+H]* 367.1.

3y: white solid, m.p. 120-121 °C. '"H NMR (400 MHz, CDCLy) & 7.55-7.51
o (m, 2H), 7.46-7.36 (m, 8H), 4.83 (br, 1H), 2.51-2.41 (m, 1H), 2.34-2.24 (m,
1H), 0.90 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCLy) & 171.7, 165.0,

| © 136.4, 129.0, 128.9, 128.5, 128.3, 128.2, 128.0, 126.6, 125.4, 105.6, 19.1,

OH 11.9. FT-IR: v (cm-1) 3075, 2972, 2931, 2874, 1736, 1655, 1494. HRMS
PR [ESI] caled for CisHigOsNa [M+Na]* 303.0997, found 303.0998; ESI
[M+H]* 281.0.
o 3z: white solid, m.p. 113-114 °C. '"H NMR (400 MHz, CDCls) & 7.54-
r o 7.48 (m, 4H), 7.43-7.38 (m, 3H), 7.31 (d, J = 8.4 Hz, 2H), 4.72 (s, 1H),

2.50-2.38 (m, 1H), 2.33-2.22 (m, 1H), 0.91 (t, J = 7.6 Hz, 3H); 13C
| © NMR (100 MHz, CDCly) 6 170.8, 165.1, 136.1, 131.3, 130.0, 129.1,
OH 1283, 127.8, 125.6, 125.3, 122.8, 105.4, 19.1, 11.8. FT-IR: v (cm™)

Ph 3065, 2982, 2951, 2864, 1706, 1655, 1474. HRMS [ESI] calcd for
CisH;sBrOsNa [M+Na]* 381.0102, found 381.0101; ESI [M+H]* 359.0.

4.1D (1H, 13C, 19F) and 2D (HMBC, NOE) NMR spectra
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Parameter Value
1 0rigin Bruker BioSpin Gmbi
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
o]
\ o]
OH
PK Ph
3a
|
l‘ g
z S 5N
3 S==3
= Qo=
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 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
© © ¥ oM T —%avD
3 A I SN2 InEER CuUnna =
3 o 2 $99025883 % 2208 x8R 2
—_ -3 ~ 0 W) 0 QY O T e 00 o= O o
S % = ol O 98 98 %6 o8 o8 of i —anTAS %
& 2 o A3AAJZTIIEIE Sadd R %
= k] S 28Zag9daggE FRARIASX
| Nttt —— | =
Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298.3
4 Number of Scans 101
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
Q
\ o
OH
PH Ph
3a
[}
|
1)
|
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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1881°L
1L0T'L
€62TL
9z€TL
01vTL
69YT'L
T9TL
089T'L
1280,
ISI€'L
£E€€°L
L6SETL
LOSE'L
159€°L
969€°L
IWLEL
0v8EL
Tl6gL
SS6€°L
600%'L
LYOV'L
9€1S°L |
P9TS'L
TTEs L
€1vSL |
P0SS°L A
7965°L
0695°L A
LYLS'L
0v8S°L
$109°L
0509°L
90L8°L
pe6L
7906'L
1616'L
0TE6'L
01v6'L
8€91°8
656L'8 —

Value
Bruker BioSpin GmbH

DMSO
298.2

Parameter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

6 Nucleus

OH
Ph

Ph

3b

10T
6T
by
20
0T
6T
001

LL'O

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5

10.0

1 (ppm)

€€8'8¢
wo'6e
1ST6€
09¥'6€
699°6€
LL8'6E
980°0%

69L°S01T —

mww.mﬁ
085°921 #
9T8'921
786971
W0t°LT A
LEY'LTI A
yl6°LTl A’
161°8T1
oseszl f
Shb'8Tl
18L°821
896'8C1 r
871671
969°671
00$°0€T
999°Z€1
¥89°Z€1 4
9LsLET

€EL'8ST —

PSTOLT —

Value
Bruker BioSpin Gmbk

DMSO

Parameter

1 0rigin

2 Solvent

3 Temperature

1024
5 Spectrometer Frequency100. 61

4 Number of Scans
6 Nucleus

13C

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

180
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LESOL
1€90°L
L960°L
vI01°L
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S0TI'L A
Szee'L
0LE€°L
LiveL
00s€'L
p9s€'L
159€°L 1
969€°L A
1€8€°L W
T98€°L
Lo6eL |
SOYL
9EHL
10ShL
6TShL
<065°L
pe6SL
£609'L
1909°L
16v5'8 —

Value

Parameter

Bruker BioSpin Gmbk

DMSO

1 0rigin

2 Solvent

298.2

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyd00. 13

6 Nucleus

2201
o't
18
Tp1
101

3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

8198'8¢
17L0°6€
8T8T'6¢
916¥°6€
S00L°6€
606°6€
1811°0%

§908-201 T~
0zs1Le1
1Th1sel
2ozesel
1659821
£808°821
SLo0'6zl
szes 6zl
20ST0E
et

T6L99ET —

TLTY9ST —

8¥0¥' 691 —

Value

Parameter

Bruker BioSpin Gmbl!

DMSO

1 0rigin
2 Solvent

298.2

3 Temperature

=

4 Number of Scans

‘requencyl100. 61

5 Spectrometer [

13C

6 Nucleus

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

180
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
|
|
o~ A

2,901

9.0 8.5 6.5 6.0
o © = v womama A
a 23 S 8agggdaxe
I 82 S Z28iiedom
= 7 2 Eaxn oo et
S o S S oK% 0
= an o Sdgaggoaoc

Parameter Value
1 0rigin Bruker BioSpin Gmbk
2 Solvent DNSO
3 Temperature 298. 1
4 Number of Scans 1024

6 Nucleus

5 Spectrometer Frequencyl00. 61

13C

_0.

5.5

105.5471

3.5 3.0

55.1072

40.1060
39.8970
39.6882
39.4795
39.2708

|

39.0621
38.8533

T T T
170 160 150

T T T
140 130 120

70 60

50 40
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000S'C—

86S1°L 1
L8LI°LA
£261°L
£60TL 1
98TT'L A
95€T'L A

€LSTL
YTTEL ]
sLegL
T65€°L
PoLEL
816€°L
0€1'L
899%°L -
YT8t'L

10vTL
£6vTL

w

8981°L 4

S179'8 —

Value

Parameter

Bruker BioSpin Gmbt

DMSO
298.2

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

1H

6 Nucleus

t-Bu

—

6’8

L6'Y
14 0s
e

ooz

F60

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

3.5

1 (ppm)

SYS6°0€
NanAVm/
£698'8¢
18L0°6€
898T°6¢
9s6¥°6€
EV0L’6E
6216°6€
SITr oy

L6LS' SOT —
€00T°STI
9818°sTl
1895791
188L°9T1
8687°8TI
€r9€°8TI
€0€5°8TI
688°8C1
+000°6C1
8S8€°6TI \
968L°0€1
LoV LET —

89EIST —

T98T'8ST —

888T0LT —

Value
Bruker BioSpin Gmbl

DMSO

Parameter

1 0rigin

2 Solvent

298.2

3 Temperature

1024

5 Spectrometer Frequency100. 61

4 Number of Scans

13C

6 Nucleus

t-Bu

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

180

S12



0 00000 T OO N = WP RN o =
& Eodagirennasmada g s
A SEREZuna—onIIm—ow S 3
C AFcmaaaaddaddan = Z @
B A N N N N A e A o
| e N et —— |
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 16
5 Spectrometer Frequency400. 13
6 Nucleus 1
Me
o]
| ©
Ph OH
h
af
| 1
z a4
< <
= o
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
- ~ PR R R ]
a = $H LoSR@AO—inn w30 aYcaasa o
= o 5 23302 rd e T A= =
S 3 An EIaERAR M % ps TS83xwRRo N
S % % = S QDB BB WS WIn AL T NS R %
= @ S AAAASIESSE Saxadaa s S
= 2 S8 2834834989 = Faaaaas a
\/ | fermadt—— | N
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent NSO
3 Temperature 298. 1
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
Me
o]
| o
Ph OH
Ph
3f
|
|
|
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 0 90 80 70 60 50 40 30 20 10
1 (ppm)
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Parameter Value

10rigin Bruker BioSpin Gmbl

2 Solvent DNSO

3 Temperature

4 Number of Scans

6 Nucleus

5 Spectrometer Frequency400. 13

298.1
4

11

had o=
S 6 —
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)
o n N N = OO YT Ao T
o = 2 2S2Lz-E=2RER aMYLERS =
K = MM AnadT S =& = ShIfa=28 )
< ) I I i it R R B R B ] BT NS KT =
= 2 Y cormmm@emeem o FYITIToC v
— — —— e — A i s i o
Vo e———— | TN
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent NSO
3 Temperature 298. 1
4 Number of Scans 79
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
o]
Me
| o
Ph OH
Ph
3g
|
]
| |
T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
(o]
Me s
Ph OH
Ph
3h-298K
|
' |
}\ |
A A
B %2
T 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 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
o o NPLM BRI O @
& 2 A&3S ZZATFBxaRame s oo T =0 o=
k3 2 53T TRSACRISRGE S SZaShen =5
Y A A 2EET AS8EMEATAam R PR R R o &
x 6 % B CC OSSO KW WS D D “aAvIT NS R o
2 7 a Foemn amdddddadss Sadaa s N
p= oz SC28 S2d33gd84g9xE==s Famamaa ==
'\ N m———— TN '\
Parameter Value
1 Origin Bruker BioSpin Gmbk
2 Solvent DMSO
3 Temperature 298.1
4 Number of Scans 1024
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
(o]
Me o
Ph OH
Ph
3h-208K
|
| | [
| | I ]
i 1 ik 1 k
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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08¥T'L A
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98F€"L
8vseL~E
199¢°L F
ST8eL Ik
P10p°L
piv'L
9819+
L
899 4
9p8$°L
0LT$'8 —

Value
Bruker BioSpin Gmbl

DMSO
353.3

Parameter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

N

1H

6 Nucleus

OH
Ph

Ph

3h-353K

TL
LE'S

10T

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0f
1 (ppm)

8.5

6SYE61 —

01ST'6€
S65t°6€
£€899°6€
TLLY6E
7980°0%
€56T°07
8€0S°0%

6486-¢21 -~
Th66'ST1
6L118T1
PIVTSTI
891181
9L05'8T1
798L°8T1
1748'8T1
LSLY'6TI ~E
€€vT0E1

PSLI9ET ~
TLTTsel —

9168851 —

968691 —

Value
Bruker BioSpin Gmbl

DMSO

Parameter

1 Origin

2 Solvent

3 Temperature

5

4 Number of Scans

5 Spectrometer Frequency100. 61

13C

6 Nucleus

OH
Ph

Ph

3h-353K

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

180
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P661°L
ITLA
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TWSTLA
Y6ST'L A
6v9T'L
SILTLA
PI8T'L
S6TE'L ]
T6veL )
6L9¢'L
zeseL
09%S°L
9295°L 1
LE€9'L
0v$9'L
6€LL'L
9v6L'LA
€L8L°8 —

= f—

[H‘
&
a
3 %
£ &
5 =
g _« 2
Lo :
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EZ2% _ &€=
228 <SE
51
)
g
= @ &
3 2
b § =
z IS
g . 5
] ge
g ERT
k] 2% 8
[t 2284
=288 3
S858883
S
5 06 5 a3
Ea 2 a2
T

FsC

86
F90°€
90T
0z
00T

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.(
1 (ppm)

9.5

£€€8'8¢
0Tro'6€
LOST'6¢
6St'6€
1899°6¢
69L8°6€
$S80°0%

£226'S01 —
€056°611

559214

0L0€'STI A
LbPESTI A
18esTl AL
9708'ST1 |
8L16°STI A
0890'8T1
8€6£'8T1 -1
91Lt'8TI )
£909'871 4
8106'8T1 4
81207621
S61T6C1
89€5°621
TrL8 6T
€LV0°0ET
7062051
POLTPET
veor-Ler
€L91°091 —

8L69°691 —

Value
Bruker BioSpin Gmbl

DMSO

Parameter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

N

13C

6 Nucleus

FsC

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

170
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Parameter
1 0rigin

2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 16

5 Spectrometer Frequency376. 50
6 Nucleus 19F

Value

Bruker BioSpin Gmbl

-61.2949

T
-100

T
-105

T
-110

-30 -35 -40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90 -95
1 (ppm)
NN TR MPONS— = =RV NS T =
S xmE e IRROARIEE =g ada g
R e e R R R R e ] g
B22TIFISIRLERIRRES{IJYEES 2
P N A N S S S S &
e
Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298. 1
4 Number of Scans 16
5 Spectrometer Frequency400. 13
6 Nucleus 1
I
A . |
g
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5

1 (ppm)
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 3
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
[
|
|
|
I
| i
| |
L nl
| 1
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
©
=
S
o
Parameter Value
1 0rigin Bruker BioSpin Gmb}
2 Solvent DMSO
3 Temperature 298.1
4 Number of Scans 16
5 Spectrometer Frequency376. 50
6 Nucleus 19F
T T T T T T T T T T T T T T T T T T T
-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -126 -130 -135 -140 -145 -150 -155 -160
1 (ppm)
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S6LI'L
9T81°L
9€TTL
98TT'L
TEETL
0SKT'L
€9TL
60LT'L
LYLTL
P08T'L
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790€°L
11€€°L
9¢te'L o
$09€°L
169€°L
6ELE'L
6T8€°L
T68€L A
6€65°L
650t°L 7
so1vL
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91Lt'L
06Lt"L
0€8t°L
6L8t"L
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8T05°L 4
0599'8 —

N

Value
Bruker BioSpin Gmbl

=
o .

2w _ g

2808 =

Z282S 3

%

)

3,

g

r w £
3 o m
2 S &
s g2
= 2% g
54 23 ° 84
R EEE
£8§33253
-
% 9 6 3 a3
Ea 2 a2
P

Cl

OH
Ph

Ph

3k

10T

Wmo.m
1S

So0-

Foot

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

8.5

9.0

8LS8'8E
£990°6€
8YLT6€
SE8Y'6€
§269°6€
T106°6€
001T°0%

§98L°S0T —

9ge6L ST
TL8Y'STI
€€8E°8TI
SLEY'STI
S8LS"8TI
$679°8TI1
6¥L9"8TI
SL6'8TI
ogzLect
ce6Toel
S661°T¢ET
LS89l
18¥T°LET

91651 —

206'691 —

Value
Bruker BioSpin Gmbk

DMSO

Parameter

1 0rigin

2 Solvent

298.1

3 Temperature

4 Number of Scans

5 Spectrometer Frequency100. 61

13C

6 Nucleus

Cl

OH
Ph

Ph

3K

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

180
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% Eeeee

7.3570
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VST T O
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Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans

6 Nucleus

5 Spectrometer Frequency400. 13

Value
Bruker BioSpin GmbH
DMSO
298.2
16

1H

Br-

o}

2.5000

1.0 B—-

T
4.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)
< o R A R
i = dOHEAFEELIEER SEEERIS
N N = = S Q% % %% g " YT aoon
= 4 o ocofoadaadados AR2ARX
| et —— e
Parameter Value

1 0rigin Bruker BioSpin Gubk

2 Solvent DMSO

3 Temperature 298. 1

4 Number of Scans 1024

5 Spectrometer Frequencyl00.61

6 Nucleus 13C

Br Q
[¢]
\ OH
pr’  Ph
3l
|
|
| | J‘
T T T T T T T T T T T T T
170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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L660°L
S6I1°L
67€1°L
0LET'L
SPST'L
VLST'L
£691°L
LIBT'L
SI61'L
SLOTL
L8YTL
65T'L
S19T'L
SLLTL
118T°L |
0667°L
0v0€'L |
9TI€'L |
0L1E'L
807 |
601¢°L
I€1v'L A
SSTPL A
01€h'L
09€t'L

4

0TryL
IS
csst'L
1995'L
60LS'L
LSt

=
E]
=
3
o B
R
Ea
B -
oo 2
ERiy :
R
288 _S8=
288 <% E
z
g
. g
g =
m O M
g 248
5 IR
g 2% &
£ __=°8 .
SRR
228832
2R EEES
I3 55288
E8E 252
e

€€
e
20T
0°¢
0°¢
01

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

8.0

1 (ppm)

w9T9IL
6LS9L W
L689L

69%°S01 —

cwe'let
9€€'sTl
LOS'STL
6IL°LTT
¥L0"8T1
¥01°8T1
SEP'8TI
866'8T1 —
Shy 6Tl
o6t
865°6C1
96L°0€1
965 1€1
SO8°T€El
TLesel

$96'6ST —

67y 0LT —

Value

Parameter

Bruker BioSpin Gmbl

cDC13
298.2
173

5 Spectrometer Frequencyl00. 61

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

13C

6 Nucleus

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

180
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1H
o
Br L P
Ph OH
Ph
3n
J |
A s
<
T T T T T T T T T T T T T T T T T T T T T
0.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
o o —ce Swgom® o
& o a9 s S®Toma ¥ Ao
a 4 nEon BHwWS @ = XX @mine
= % q4F & S8nmsn =y FZ2-Sxxs
=N ) O e RN < TN Aao®R
) bl Ao Addaa = SATARR
2 a 28 g=gg= =2 Famq@mma
SN S ——" ==
Parameter Value
1 0rigin Bruker BioSpin GmbF
2 Solvent DMSO
3 Temperature 298. 1
4 Number of Scans 2048
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
0
Br |
Ph OH
Ph
3n |
|
|
I
T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 0 90 80 70 60 50 40 30 20 10
1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent el
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
o]
Ph
| ©
O OH
t-Bu Q
Bu-t
3o
I
I
4l J
L !
SRR L3
S =& a3
— =i % o
T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.0 4.5 4.0 3.5 2.5 1.5 0.0
1 (ppm)
o o o= catTwTooa—no o
a = oo SYdaIFTBncne T S g o Vot
o 5 o I =8RIlndsR a 2SI F R
=] = el = WX BSOS T v oA A=
& ) AAATEESSLES = R f¥S S
S S Zn aEfgERazaose 2 2ees hoh @@
(Y e Y N N
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent el
3 Temperature 298. 1
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
(o]
Ph
| ©
o A
t-Bu Q
Bu-t
30
il
"o
)
|
i
|
I ol
L LAl
T T T T T T T T T T T T T T
170 160 150 140 130 120 100 90 80 50 40 30 20 10

1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent €De13
3 Temperature 298. 2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus 1
o]
Ph
| o
O OH
e
Me
3p
Ly
|
o
0
i1 |
|
M L . I
Ny rd T P
cmeS S )
< o < ol = @
T T T T T T T T T T T T T T T T T
3.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)
o - 100 0 F I~ T 00 00 00 O 1 — o
@ ) R R R R R v = © o — o~
S 8 AR SRR @aFomo o o aas S
& 8 A8 -8RI RRE&~< - So o & o
S o6 00 e TV DN B B W WSS v S a
= 7 Aeaddd&Sdaasad =) © S o S o
= 2 Soo8sdsg8d8g4as =4 288 SR
e e N '
Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent cnel3
3 Temperature 298.2
4 Number of Scans 66
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
(o]
Ph
| o
O OH
S
Me
3p
il
|
1l
i I
1l | I
| H ’ |
I |
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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25

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

1 (ppm)
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Value
Bruker BioSpin Gmbk

CDC13
298.1
203

5 Spectrometer Frequencyl00. 61

Parameter

1 0rigin
2 Solvent

3 Temperature

4 Receiver Gain

13C

6 Nucleus

W

-10

180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200
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1.0 0.5 0.0

1.5

2.0

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5
1 (ppm)
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Value

Parameter

Bruker BioSpin Gmbl

DMSO
298.2

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

13C

6 Nucleus

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

170
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-110.386
-112.808

Parameter
1 Origin

2 Solvent

3 Temperature

4 Nunber of Scans

6 Nucleus

5 Spectrometer Frequency376. 50

Value
Bruker BioSpin GmbH
DMSO
298. 1
16

19F

T
-95 -100

T T T
-105 -110 -115 -120

T
-125

T
-130

T
-135

T
-140

T
14t

1 (ppm)
Q X oA S DT ENRE 20— o
S ZRELSYoRdSxIELASEa 8
S a-828d3qc-C8¥EiTamsieR 3
X NN ARYSIIIAamama o 7
B e A N N A LN R N
P P
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298.2
4 Number of Scans 16
5 Spectrometer Frequency400. 13
6 Nucleus H
o
Ph
| o
uliil OH
A
3 Cl
|
j |
A
:
T T T T T T T T T T T T
9.0 8.5 8.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 25 1.5 0.5 0.0

1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmbt
2 Solvent DNSO
3 Temperature 298.2
4 Number of Scans 1024
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
I
|
|
| I
] ‘ “ A A A
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
@ A0 TTHRO =000 o
] SnmelddIIESTIELS S
@ ESnirxcInscIman 3
] N by
% N N N N N N N R o
e
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 298. 2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus H
o]
Ph
| o
O OH
oA ()
3t Br
|
! |
i |
A
Z e &
< —2ne
= A< Fa
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
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160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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Value

Parameter

Bruker BioSpin GmbE

DMSO
298.2

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

6 Nucleus

Ph

OH

Ph

Me

3u

LT'8
0°S

Toot

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.0
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Parameter Value

1 0rigin Bruker BioSpin Gmbt

2 Solvent DMSO

3 Temperature 298.2

4 Number of Scans 1024

5 Spectrometer Frequency100. 61

6 Nucleus 13C

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

Parameter Value (£2, f1)

1 0rigin BrukBr BioSpin Gmbl r20
2 Solvent DNSO
3 Temperature 298.2

4 Number of Scans 4

5 Spectrometer Frequency (400. 13, 100.61)

6 Nucleus (11, 130) [ 50

o]

Ph 60

| o
Ph OH

3u
r 100

L110
120
W oW ! 130
140
L 150
' " +160
170
180
190
200

210

T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f2 (ppm)
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Ph

%

OH

EtOOC

3v

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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| Paraneter
1|0rigin
2/Solvent

3/ Temperature
4/Number of Scans

6 Nucleus

5/Spectrometer Frequency (400. 13, 400.13)

Value (f2, f1)
Bruker BioSpin GmbH
DMSO
298.1
4

(1H, 1H)

95 9.0

8.0

T T T T
8.5 75 70 65

T
6.0

T
5.5
12 (ppm)

Parameter
1 0rigin
2 Solvent
3 Temperature
4 Number of Scans

6 Nucleus

5 Spectrometer Frequency (400. 13,

Value (£2, f1)
Bruker BioSpin GmbH
DNSO
298.2
4
100. 62)
(1H, 13C)

EtO0C
3v

O

(=]

OH
Ph

.‘u“w,"wn

[ U
')

T T T T
50 45 40 35

3.0

25

2.0

1.5

1.0

0.5

0.0

r100
r110
r120
130
r140
r150
r160
F170
r 180
r190
200

210

8.0

T
7.5 7.0 6.5 6.0 5.5 5.0

12 (ppm)

T
4.5
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4.0

3.5

3.0

25

1 (ppm)

1 (ppm)
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Parameter Value
1 0rigin Bruker BioSpin Gmb
2 Solvent cDe13
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency400. 13
6 Nucleus H
o]
Ph
| o
Ph OH
Pi
0o h
3w

T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5

f1 (ppm)
o o~ S LvwoTwALLL QT ©
5 by g SRZEXYsagss8ad EY @on s
Q < e Mm-mSvagana— = —q S T2
i = ¥ U F TR DR B KB B R = Qo @
8 3 d SFIAIJEZFIZESS 3 S

Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent D13
3 Temperature 298.1
4 Number of Scans 57
5 Spectrometer Frequencyl00. 61
6 Nucleus 13C
o]
Ph
| o
Ph OH
o Ph
3w

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

Bruker BioSpin GmbF

CDC13
298.2

1 Origin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequency400. 13

6 Nucleus

BS

——

6°0

61
79
10T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)

9.0

P88EY ~
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999t°LT —

91L99T—
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mmwmdww
chm.ow

6190601 —
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Value

Parameter

Bruker BioSpin Gmbt

cDC13
298.2

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

13C

6 Nucleus

TBS

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

170
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F-10
! F0
Parameter Value (2, f1) 10
1 0rigin Bruker BioSpin Gmbl [} [ 20
2 Solvent cnel3 i
3 Temperature 298.2 ! ’ ! L 30
4 Experiment D-HMBC
5 Number of Scans 4 ) L 40
6 Spectrometer Frequency (400. 13, 100.61)
7 Nucleus (11, 130) k50
o) r60
Ph
| o F70
TBS OH
Ph r8o
3x
90 a
Q
F100 &
" 110 =
r120
] L130
m.‘ r140
150
160
170
r 180
r190
! 200
210
T T T T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10 -15 -20
12 (ppm)
O O TR T MM L LN A 000 MmO D o« Socmnna— — 0~ ¥ o
22358338 R5582RELREIRES 2 2SR EACE S8 n 238
$YASSTIRAIZCESRISLEET 2 LERDICEERXIT S8
M I I EITIIaaaaaad = AIITITT o dAqA QR %
L S e A L L i e e e e A e e N L L < R R R N R RS R RS RS S S oo
RSN SAS AR e -
Parameter Value
1 0rigin Bruker BioSpin Gnb
2 Solvent onel3
3 Temperature 298.2
4 Number of Scans 1
5 Spectrometer Frequency400. 13
6 Nucleus H
o]
| o
OH
Ph
3y
\‘H M‘\
}\ UL | i A
SURE & T Z
S = S X S
XIS S S S -
T T T T T T T T T T T T T T T T T
5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
1 (ppm)
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Paraneter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent coe13
3 Temperature 298.2
4 Nunber of Scans 23
5 Spectrometer Frequency100. 61
6 Nucleus 130
I
I I
I
L Ml |
T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
F-1u
ro
Paraneter Value (2, f1)
1 Origin Bruker BioSpin Gmbt [ 1] i, r10
2 Solvent DMSO M I i [ 20
3 Temperature 298. 1 ¥
4 Experinent 2D-HIBC L 30
5 Nunber of Scans 8
6 Spectrometer Frequency (400, 13, 100.61) Vo L 40
7 Nucleus (1H, 130)
r50
o
r 60
| o L
oH 70
Ph s
3y 80
F90 =
Q
r100 £
L1} L =
! . 110
r120
! ™ . I . [ 130
! L L 140
r 150
H L i r 160
i (1] i
! b : 170
r 180
r 190
r 200
210
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
12 (ppm)
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Parameter
1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

Value
Bruker BioSpin GmbH
CDC13,
298.2
4

5 Spectrometer Frequencyd00. 13

4.7165

- xnoe
Nx3afg
c8gaod
TIITT T A
IR

[

-2.3267
2.2888
2.2717
2.2533
2.2342

0.9278
0.9088
0.8897

o

\

6 Nucleus 1H
Br.
[o]
| ©
OH
3 Fh
i
| iy
A g - A
ZL% 3 LS <
x<e < < S = <
SR = = = -
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.0
1 (ppm)
a = I2253I83I28 & nowo P
& S “ad8ALIT AR < SF I g &
S wv O =S o % ol v xwval - <
[ cooddadaa S 2 2 =
(. =\ ~ [
Parameter Value
1 Owner nmr
2 Solvent cnel3
3 Temperature 298.2
4 Number of Scans 243
5 Spectrometer Frequencyl00.61
6 Nucleus 13C
Br.
o]
| ©
OH
3z Ph
|
b
| |
|
N LI
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm)
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