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1. General

Infrared (IR) spectra were recorded on a JASCO FT/IR 230 Fourier transform infrared spectrophotometer,
equipped with ATR (Smiths Detection, DuraSample IR II). NMR spectra were recorded on a JEOL ecs 400
spectrometer. Chemical shifts in CDCl, were reported downfield from TMS (= 0 ppm) for '"H NMR. For "*C
NMR, chemical shifts were reported in the scale relative to the solvent signal [CHCI; (77.0 ppm)] as an
internal reference. 2D-NMR experiments and NOE experiments were performed on a JEOL ecp 600
spectrometer. ESI mass spectra were measured on JEOL AccuTOF LC-plus JMS-T100LP. Melting points
were measured with a SIBATA NEL-270 melting point apparatus. Analytical thin layer chromatography was
performed on Merck Art. 5715, Kieselgel 60F254/0.25 mm thickness plates. Column chromatography was
performed with silica gel 60 N (spherical, neutral 63-210 mesh). Reactions were carried out in dry solvent.

Other reagents were purified by the usual methods.



2. TFA-promoted intramolecular ipso-Friedel-Crafts allenylation of 1a (Table 1, Entry 5)

| _Ts
N N
/©/\/ TFA (10 equiv)
HO - -
rt, 7.5h
OH
1a 2a

To a stirred solution of 1a (30.2 mg, 0.05 mmol) in CH,Cl, (2.0 mL) at room temperature was added TFA
(0.5 mL, 1.0 M in CH,Cl,, 0.5 mmol). After being stirred for 7.5 h at the same temperature, the reaction
mixture was concentrated in vacuo. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 2/1) to give the desired product 2a (28.5 mg, 97%) as white solid: melting point 40 °C;
Rf 0.33 (n-hexane/EtOAc = 1/1); '"H NMR (400 MHz, CDCls) & 1.94-2.07 (m, 2H), 2.41 (s, 3H), 2.47 (s,
3H), 3.29-3.34 (m, 1H), 3.38-3.44 (m, 1H), 3.91 (d, J = 13.2 Hz, 1H), 3.97 (d, J = 13.2 Hz, 1H), 6.22 (dd, J
=10.0, 1.2 Hz, 1H), 6.27 (dd, J = 10.0, 1.2 Hz, 1H), 6.41 (s, 1H), 6.87 (dd, J = 10.0, 3.2 Hz, 1H), 7.00 (s,
1H), 7.06-7.12 (m, 5H), 7.27 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H), 7.71 (d,
J=18.0 Hz, 2H); "C NMR (100 MHz, CDCl3)  21.5, 21.6, 35.0, 42.0, 42.2, 46.2, 94.6, 101.3, 123.6, 125.5,
126.0, 127.3 (2C), 127.7 (2C), 128.7, 129.0, 129.1, 129.3, 129.8 (2C), 130.0 (2C), 133.0, 134.1, 136.3, 144.1,
144.3, 149.1, 149.8, 185.0, 201.0; IR (ATR) v 1662, 1624, 1493, 1330, 1156, 1090, 972, 918, 814, 732, 659
cm™'; HRMS (ESI") caled for C3,H30N>NaOsS," 609.1488 (M+Na") found 609.1485.

3. General procedure for the synthesis of penta-substituted cyclopropane derivatives using a one-pot

dearomatization of phenol-cascade cyclization sequence and product characterization

| TFA (10 or 20 equiv)

N CH,Cl5 (0.02 M)
rt, time a
HO N —

TsNH evaporation then O

TBAF (2 equiv)
THF (0.02 M)
R3 R? 0°C, timeb R!

R3

R2
General Procedure: To a stirred solution of 1 (0.05 mmol) in CH,Cl, (2.0 mL) at room temperature was
added TFA (0.5 mL, 1.0 M in CH,Cl,, 0.5 mmol). After being stirred for required time at the same
temperature, the reaction mixture was evaporated in vacuo, and the obtained mixture was azeotropic dried
with toluene. TBAF (0.10 mL, 1.0 M in THF, 0.10 mmol) was added to a stirred solution of the crude
product in THF (2.4 mL) at 0 °C. After required time, the reaction mixture was quenched with saturated
aqueous NH4Cl, and extracted twice with EtOAc. The combined organic layers were washed with brine,
dried over Na,SOy, filtered, and concentrated in vacuo. The residue was purified by silica gel column

chromatography to give the desired products 3.



Compound 3a. White solid; melting point 108 °C; Rf 0.46 (n-hexane/EtOAc = 1/1); 'H NMR (400 MHz,
CDCly) 8 2.22 (dd, J = 13.6, 5.2 Hz, 1H), 2.31-2.39 (m, 2H), 2.32 (s, 3H), 2.38 (s, 3H), 2.79-2.89 (m, 2H),
2.93 (d, J=19.2 Hz, 1H), 3.15 (d, J= 11.2 Hz, 1H), 3.66 (td, J = 8.0, 3.2 Hz, 1H), 3.95 (d, J = 11.2 Hz, 1H),
5.50 (d, J = 10.0 Hz, 1H), 6.66 (s, 1H), 6.79 (d, J = 10.0 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 7.11-7.15 (m,
2H), 7.25 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 7.44 (dd, J = 6.8, 2.4 Hz, 1H), 7.51 (dd, J= 6.8, 2.4
Hz, 1H), 7.57 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz, CDCl;) § 21.3, 21.4, 25.4, 26.7, 28.3, 32.4, 33.3,
41.7,49.4, 113.9, 117.3, 121.1, 123.5, 125.1, 125.8 (2C), 126.9, 127.2 (2C), 127.7, 129.6 (2C), 129.7 (2C),
133.4, 135.7, 136.4, 136.6, 143.3, 144.4, 152.9, 194.2; IR (ATR) v 1671, 1452, 1341, 1167, 1123, 1090, 941,
814, 749, 670 cm™'; HRMS (ESI") caled for C3,H30N>NaOsS," 609.1488 (M+Na") found 609.1500.

Structural determination of 3a based on X-ray crystal structure analysis. (CCDC 1008194)

Crystal Data: Colorless platelet crystal, C3,H30N,OsS,, M = 586.72, triclinic, @ = 11.7659(3), b = 13.1216(4),
c=19.8185(5) A, V'=2821.3(2) A®, T = 93K, space group P—1, Z = 4, 29210 reflections measured, 10086
unique (Rint =0.1012). R1 =0.0782, wR2 =0.1915.

ORTEP of 3a

3b

Compound 3b. White solid; melting point 113 °C; Rf 0.24 (n-hexane/EtOAc = 2/1); 'H NMR (400 MHz,
CDCly) 6 2.22 (dd, J = 13.6, 6.0 Hz, 1H), 2.32-2.41 (m, 2H), 2.37 (s, 3H), 2.41 (s, 3H), 2.81-2.88 (m, 2H),
292 (d,J=19.2 Hz, 1H), 3.13 (d, /= 11.2 Hz, 1H), 3.66 (br-dd, J = 10.0, 8.0 Hz, 1H), 3.94 (d, /= 11.2 Hz,



1H), 5.52 (d, J = 10.4 Hz, 1H), 6.61 (s, 1H), 6.79 (d, J = 10.4 Hz, 1H), 6.88 (td, J = 9.2, 2.4 Hz, 1H), 7.11 (d,
J=8.0 Hz, 2H), 7.11 (dd, J = 8.0, 2.4 Hz, 1H), 7.24 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.46 (dd, J
=9.2, 4.4 Hz, 1H), 7.58 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCls) § 21.5, 21.6, 25.5, 26.8, 28.4, 32.5,
33.4,41.8,49.4, 106.8 (d, J = 23.9 Hz), 113.2 (d, J = 24.8 Hz), 115.2 (d, J= 9.6 Hz), 117.1 (d, J = 3.8 Hz),
126.0 (2C), 127.2, 127.3 (2C), 128.8 (d, J = 10.5 Hz), 129.7 (2C), 129.9 (2C), 132.8, 133.6, 136.6, 137.7,
143.5, 144.8, 153.0, 159.5 (d, J = 240.2 Hz), 194.4; IR (ATR) v 1671, 1596, 1466, 1339, 1251, 1161, 1089,
940, 809, 735, 713, 673 cm’; HRMS (ESI") caled for CiHyFN,NaOsS,” 627.1394 (M+Na®) found
627.1401.

3c

OTs
Compound 3c. White solid; melting point 115 °C; Rf 0.61 (n-hexane/EtOAc = 1/1); '"H NMR (400 MHz,
CDCly) 6 2.21 (dd, J = 14.4, 5.2 Hz, 1H), 2.31-2.40 (m, 2H), 2.39 (s, 3H), 2.42 (s, 3H), 2.47 (s, 3H),
2.80-2.91 (m, 3H), 3.13 (d, J = 11.2 Hz, 1H), 3.66 (br-dd, J = 12.0, 7.2 Hz, 1H), 3.92 (d, J = 11.2 Hz, 1H),
5.51(d,J=10.0 Hz, 1H), 6.54 (s, 1H), 6.76 (d, /= 10.0 Hz, 1H), 6.84 (dd, J = 8.8, 1.6 Hz, 1H), 6.99 (d, J =
2.0 Hz, 1H), 7.13 (d, J = 8.4 Hz, 2H), 7.23-7.32 (m, 6H), 7.39 (d, J = 9.2 Hz, 1H), 7.58 (d, J = 7.6 Hz, 2H),
7.66 (d, J = 7.6 Hz, 2H); °C NMR (100 MHz, CDCL3) § 21.5, 21.6, 21.7, 25.4, 26.8, 28.3, 32.5, 33.4, 41.8,
49.5, 114.5, 114.9, 116.8, 119.9, 126.1 (2C), 127.2, 127.3 (2C), 128.4, 128.4 (2C), 129.8 (2C), 129.8 (20),
130.0 (2C), 132.2, 133.6, 134.7, 136.4, 137.8, 143.6, 145.0, 145.5, 145.8, 152.9, 194.3; IR (ATR) v 1671,
1596, 1458, 1366, 1163, 1090, 956, 885, 813, 737, 662 cm™; HRMS (ESI") calcd for C3oH3sN,NaOgS;"
779.1526 (M+Na") found 779.1520.

3d

cl
Compound 3d. Pale yellow solid; melting point 110-112 °C; Rf 0.27 (n-hexane/EtOAc = 2/1); '"H NMR
(400 MHz, CDCl;3) 6 2.22 (dd, J = 14.0, 5.2 Hz, 1H), 2.34-2.45 (m, 2H), 2.38 (s, 3H), 2.42 (s, 3H),
2.81-2.87 (m, 2H), 2.92 (d, J = 18.8 Hz, 1H), 3.12 (d, J = 11.6 Hz, 1H), 3.66 (br-t, J = 8.0 Hz, 1H), 3.94 (d,
J=11.6 Hz, 1H), 5.52 (d, J = 10.0 Hz, 1H), 6.58 (s, 1H), 6.80 (d, J = 10.0 Hz, 1H), 7.09-7.12 (m, 3H),
7.23-7.28 (m, 4H), 7.41-7.45 (m, 2H), 7.58 (d, J = 7.6 Hz, 2H); °C NMR (100 MHz, CDCl;) § 21.5, 21.6,
25.5, 26.8, 28.4, 32.4, 33.4, 41.8, 49.4, 115.1, 116.6, 120.8, 125.5, 126.0 (2C), 127.2, 127.3 (2C), 129.0,
129.5, 129.8 (2C), 129.9 (2C), 133.6, 134.8, 136.4, 137.4, 143.6, 144.9, 153.1, 194.5; IR (ATR) v 1671,
1448, 1340, 1250, 1163, 1090, 940, 876, 811, 734, 668 cm™'; HRMS (ESI") caled for C3,H9CIN,NaOsS,"



643.1099 (M+Na") found 643.1100.

3e

COOMe

Compound 3e. White solid; melting point 145-147 °C; Rf 0.54 (n-hexane/EtOAc = 1/1); 'H NMR (400
MHz, CDCl;) 6 2.24 (dd, J = 14.0, 4.8 Hz, 1H), 2.33-2.44 (m, 2H), 2.37 (s, 3H), 2.42 (s, 3H), 2.82-2.88 (m,
2H), 2.94 (d, J = 19.2 Hz, 1H), 3.16 (d, J = 11.2 Hz, 1H), 3.67 (br-dd, J = 11.2, 8.0 Hz, 1H), 3.89 (s, 3H),
3.97 (d,J=11.2 Hz, 1H), 5.53 (d, /= 10.0 Hz, 1H), 6.72 (s, 1H), 6.81 (d, J=10.0 Hz, 1H), 7.11 (d, J= 8.0
Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.54 (d, J= 8.4 Hz, 1H), 7.59 (d, /= 8.0 Hz, 2H),
7.84 (dd, J = 8.4, 1.2 Hz, 1H), 8.17 (d, J = 1.2 Hz, 1H); >C NMR (100 MHz, CDCl;) 8 21.5, 21.7, 25.5, 26.8,
28.4, 324,334, 41.8, 494, 52.1, 113.8, 117.5, 123.5, 125.7, 126.1 (2C), 126.4, 127.2, 127.3 (2C), 127.6,
129.7 (2C), 129.9 (2C), 133.5, 136.3, 137.4, 138.9, 143.6, 145.0, 152.9, 166.8, 194.3; IR (ATR) v 1716,
1671, 1341, 1253, 1163, 1088, 936, 813, 732, 700, 666 cm™; HRMS (ESI") calcd for C3,H3»N,NaO;S,"
667.1543 (M+Na") found 667.1549.

Compound 3f. White solid; melting point 119—120 °C; Rf 0.49 (n-hexane/EtOAc = 1/1); 'H NMR (400
MHz, CDCl3) 8 2.21 (dd, J = 14.0, 5.2 Hz, 1H), 2.18-2.39 (m, 2H), 2.36 (s, 3H), 2.41 (s, 3H), 2.44 (s, 3H),
2.81-2.90 (m, 2H), 2.99 (d, J = 19.2 Hz, 1H), 3.14 (d, J = 11.2 Hz, 1H), 3.66 (br-dd, J = 11.2, 8.0 Hz, 1H),
3.95(d,J=11.2 Hz, 1H), 5.50 (d, /= 10.4 Hz, 1H), 6.68 (s, 1H), 6.76 (d, J = 10.4 Hz, 1H), 6.95 (d, /= 8.0
Hz, 1H), 7.03 (t, J = 8.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H),
7.31(d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz, CDCl3) § 18.3, 21.5, 21.6, 25.4, 26.9,
28.5, 32.7, 33.6, 41.8, 49.7, 111.6, 115.8, 124.0, 125.3, 126.0 (2C), 127.2, 127.3 (2C), 127.5, 129.8 (2C),
129.8 (2C), 130.9, 133.7, 135.2, 136.4, 136.9, 143.5, 144.5, 153.1, 194.6; IR (ATR) v 1669, 1597, 1340,
1164, 1091, 944, 813, 733, 702, 658 cm’'; HRMS (ESI") caled for Ci3H3,NoNaOsS," 623.1645 (M+Na')
found 623.1669.




Compound 3g. White solid; melting point 127-129 °C; Rf 0.40 (n-hexane/EtOAc = 1/1); '"H NMR (400
MHz, CDCl;) 8 2.22 (dd, J = 13.6, 4.8 Hz, 1H), 2.32-2.39 (m, 2H), 2.39 (s, 3H), 2.42 (s, 3H), 2.79-2.83 (m,
1H), 2.85 (d, J= 6.4 Hz, 1H), 2.92 (d, /= 18.8 Hz, 1H), 3.15 (d, /= 11.2 Hz, 1H), 3.66 (dd, J=11.2, 8.0 Hz,
1H), 3.93 (d, J=11.2 Hz, 1H), 5.51 (d, J = 10.0 Hz, 1H), 6.62 (s, 1H), 6.78 (d, /= 10.0 Hz, 1H), 7.13 (d, J =
8.0 Hz, 2H), 7.14 (dd, J = 8.0, 1.6 Hz, 1H), 7.25 (d, /= 8.0 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.37 (d, /= 8.0
Hz, 1H), 7.56 (d, J = 1.6 Hz, 1H), 7.57 (d, J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl;) § 21.5, 21.6, 25.5,
26.8, 28.4, 32.5, 33.5, 41.8, 49.4, 114.4, 117.1, 122.0, 124.5, 126.0 (2C), 126.4, 127.2, 127.3 (2C), 129.8
(2C), 130.0 (2C), 131.4, 133.6, 136.4, 136.7, 136.9, 143.6, 145.0, 153.0, 194.3; IR (ATR) v 1671, 1596,
1340, 1294, 1164, 1089, 932, 812, 735, 665 cm™'; HRMS (ESI") caled for C3,H;9CIN;NaOsS," 643.1099
(M+Na") found 643.1090.

4. Synthesis of a fused-indoline derivative 4a using 3a

TBAF
(1 equiv)

—_—

DMF (0.02 M)
0°C,1h

To a stirred solution of 3a (29.3 mg, 0.05 mmol) in DMF (2.5 mL) at 0 °C was added TBAF (50 puL, 1.0 M
in THF). After being stirred for 1 h at 0 °C, the reaction mixture was quenched with saturated aqueous
NH,4CI, and extracted twice with EtOAc. The combined organic layers were washed with brine, dried over
Na,SO,, filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
to give the desired product 4a (24.6 mg, 84%) as white solid: melting point 109-111 °C; Rf 0.24
(n-hexane/EtOAc = 1/1); "H NMR (400 MHz, CDCls) § 1.73 (td, J = 13.2, 4.0 Hz, 1H), 1.87-1.95 (m, 2H),
2.25 (s, 3H), 2.31 (s, 3H), 2.55-2.64 (m, 2H), 2.89 (t, J = 13.2 Hz, 1H), 2.99 (dd, J = 9.6, 4.0 Hz, 1H), 3.56
(dd, J=16.4, 4.0 Hz, 1H), 3.98 (d, J = 13.2 Hz, 1H), 5.14 (d, J = 16.4 Hz, 1H), 6.02 (d, J = 10.4 Hz, 1H),
6.75 (d, J=10.4 Hz, 1H), 6.97 (d, /= 7.2 Hz, 1H), 7.02 (d, /= 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 7.12 (4,
J=172Hz, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.34 (d, J= 7.2 Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.73 (d, J=7.2
Hz, 1H); C NMR (100 MHz, CDCl;) & 21.4, 21.6, 35.0, 37.6, 42.3, 42.9, 49.9, 51.4, 51.7, 118.8, 123.6,
125.8, 126.1, 126.8 (2C), 127.0, 127.5 (2C), 128.4, 129.5 (2C), 129.7 (2C), 133.3, 134.1, 134.6, 142.2, 143.6,
144.6, 145.0, 145.0, 196.2; IR (ATR) v 1677, 1456, 1347, 1157, 1088, 976, 933, 815, 715, 667 cm™'; HRMS
(ESI") calcd for C3,H3N,NaOsS," 609.1488 (M+Na") found 609.1500.

Structural determination of 4a based on X-ray crystal structure analysis. (CCDC 1007338)

Crystal Data: Colorless prism crystal, C;;H30N,O5S,, M = 586.72, monoclinic, a = 10.7668(2), b =
17.8920(4), ¢ = 14.4006(3) A, V = 2772.38(9) A’, T = 93K, space group P2,/c, Z = 4, 29210 reflections
measured, 5055 unique (Rint = 0.0755). R1 =0.0593, wR2 = 0.1480.



ORTEP of 4a

base (1 equiv) N=Ts

—_—

solvent (0.02 M) + 0

temp, time

major
3a byproduct A

Entry Base (1 equiv) Solvent Temp. Time Results
1 LHMDS THF -78°Ctort 6h no reaction
2 KHMDS THF —-78°Ctort 20h 3a: 28% recovery, Byproduct A: 34% yield
3 DBU THF 0°Ctort 20 h no reaction
4 CsF THF 0O°Ctort 20h no reaction
5 TBAF THF 0°C 20 h 4a: 61% yield, Byproduct A: 26% vyield
6 TBAF DME 0°C 24 h 3a: 4a: Byproduct A =1.8:3.3:1 (1H NMR of the crude sample)
7 TBAF CH,Cl, 0°Ctort 4h no reaction
8 TBAF CH3CN 0°Ctort 24 h no reaction
9 TBAF DMF 0°C 1h 4a: 84% yield
10 TBAF DMSO 0°C 15h 4a: 71% yield

5. General procedure for the Cope rearrangement

dioxane
(0.02 M) R2
—_—
70 °C
3a-g R® R?
R1 Ts 5a—g

R2
A solution of 3 (0.04 mmol) in 1,4-dioxane (2.0 mL) was heated to 70 °C and stirred for required time at the
same temperature. After the consumption of 3 (monitored by TLC), the reaction mixture was cooled down to
room temperature and concentrated in vacuo. The obtained residue was purified by silica gel column

chromatography to give the desired products 5.



Compound 5a. White solid; melting point 124 °C; Rf 0.29 (n-hexane/EtOAc = 2/1); 'H NMR (400 MHz,
CDCl;) 6 2.08 (d, J=12.8 Hz, 1H), 2.26 (t, J = 12.8 Hz, 1H), 2.35 (s, 3H), 2.46 (s, 3H), 2.53-2.69 (m, 3H),
2.82 (br-s, 1H), 3.53 (d, J = 6.8 Hz, 1H), 3.76 (d, J = 6.8 Hz, 1H), 3.96 (br-d, J = 14.0 Hz, 1H), 4.22 (d, J =
15.2 Hz, 1H), 4.75 (dd, J = 15.2, 4.4 Hz, 1H), 5.02 (d, /= 6.4 Hz, 1H), 7.01 (d, /= 6.8 Hz, 1H), 7.08 (d, J =
7.6 Hz, 2H), 7.14 (t, J = 7.6 Hz, 1H), 7.23-7.26 (m, 1H), 7.26 (d, J = 7.6 Hz, 2H), 7.37 (d, J = 7.6 Hz, 2H),
7.61 (d, J= 8.4 Hz, 1H), 7.76 (d, J = 7.6 Hz, 2H); °*C NMR (100 MHz, CDCl;) § 21.5, 21.6, 35.2, 37.5, 37.6,
42.7,50.0, 50.2, 51.1, 113.6, 119.5, 122.5, 126.4, 126 7 .7 (2C), 127.4 (2C), 128.3, 129.5 (2C), 130.0 (20),
132.1, 133.7, 134.9, 136.8, 137.8, 140.3, 143.4, 145.0, 153.6, 209.0; IR (ATR) v 2924, 1727, 1360, 1162,
1092, 964, 880, 815, 726, 695, 675 cm™'; HRMS (ESI") calcd for C3,H3oN,NaOsS,” 609.1488 (M+Na") found
609.1516.

Structural determination of 5a based on 2D-NMR and NOE experiments.

1H NMR assignment (ppm) ——  Key HMBC NOE correlation ¢~ \ :NOE
correlation

2.67 264 376

Although X-ray crystal structure analysis of Sa was examined several times, we could not refine the structure
completely because of the disordered solvent(s). However, the calculated X-ray structure except for the

disordered solvent(s) shown below strongly supported our conclusion based on the NMR experiments.

ORTEP of 5a




Compound 5b. White solid; melting point >200 °C; Rf 0.50 (n-hexane/EtOAc = 2/1); 'H NMR (400 MHz,
CDCl3) 8 2.10 (d, J = 12.8 Hz, 1H), 2.26 (t, J = 12.8 Hz, 1H), 2.37 (s, 3H), 2.46 (s, 3H), 2.53-2.67 (m, 3H),
2.78 (br-s, 1H), 3.44 (d, J = 6.8 Hz, 1H), 3.77 (d, J = 6.8 Hz, 1H), 3.97 (br-d, J = 14.4 Hz, 1H), 4.20 (d, J =
15.2 Hz, 1H), 4.75 (dd, J = 15.2, 3.2 Hz, 1H), 5.03 (d, J = 6.4 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.94 (t, J =
8.8 Hz, 1H), 7.12 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.56 (dd, J = 8.8, 4.8
Hz, 1H), 7.76 (d, J = 8.0 Hz, 2H); °*C NMR (100 MHz, CDCl;)  21.6, 21.6, 35.1, 37.4, 37.5, 42.8, 50.0,
50.2, 51.1, 110.2 (d, J = 24.8 Hz), 113.3, 115.1 (d, J = 23.8 Hz), 120.8 (d, J = 8.5 Hz), 126.7 (2C), 127.4
(2C), 129.6 (2C), 130.0 (2C), 133.4, 134.5 (d, J = 7.6 Hz), 134.7, 136.2 (d, J = 2.9 Hz), 136.7, 138.4, 143.5,
145.3, 153.9, 161.1 (d, J = 246.0 Hz), 208.5; IR (ATR) v 1725, 1474, 1339, 1159, 1092, 968, 877, 815, 723,
695, 671 cm™'; HRMS (ESI") caled for C3,HyoFN,NaOsS," 627.1394 (M+Na®) found 627.1400.

Compound 5c. White solid; melting point 94 °C; Rf 0.24 (n-hexane/EtOAc = 2/1); 'H NMR (400 MHz,
CDCl3) 8 2.09 (d, J = 13.2 Hz, 1H), 2.26 (t, J = 13.2 Hz, 1H), 2.38 (s, 3H), 2.46 (s, 3H), 2.48 (s, 3H),
2.51-2.67 (m, 3H), 2.72 (br-s, 1H), 3.31 (d, J= 7.2 Hz, 1H), 3.76 (d, J = 7.2 Hz, 1H), 3.98 (br-d, J = 13.6 Hz,
1H), 4.16 (d, J = 15.6 Hz, 1H), 4.74 (dd, J = 15.6, 4.0 Hz, 1H), 4.92 (d, J = 6.4 Hz, 1H), 6.63 (s, 1H), 6.91 (d,
J=28.8 Hz, 1H), 7.11 (d, J = 8.4 Hz, 2H), 7.24 ((d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0
Hz, 2H), 7.52 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz,
CDCly) & 21.5, 21.7, 21.8, 35.1, 37.3, 37.5, 42.7, 50.0, 50.2, 51.0, 113.2, 117.2, 120.3, 122.6, 126.7 (2C),
127.3 (2C), 128.5 (2C), 129.6 (2C), 129.8 (2C), 130.0 (2C), 132.1, 133.4, 134.0, 134.3, 136.6, 138.6, 139.0,
143.5, 145.4, 145.8, 147.6, 153.9, 208.3; IR (ATR) v 1724, 1596, 1469, 1362, 1161, 1091, 968, 873, 813,
731, 696 cm™'; HRMS (ESI") caled for C3oH3gN,NaOgS;™ 779.1526 (M+Na") found 779.1500.




Compound 5d. White solid; melting point 90 °C; Rf 0.33 (n-hexane/EtOAc = 2/1); '"H NMR (400 MHz,
CDCl;) 6 2.10 (d, J=13.6 Hz, 1H), 2.24 (td, /= 13.6, 2.4 Hz, 1H), 2.37 (s, 3H), 2.46 (s, 3H), 2.53-2.68 (m,
3H), 2.79 (br-s, 1H), 3.47 (d, J= 6.8 Hz, 1H), 3.77 (d, J = 6.8 Hz, 1H), 3.97 (br-d, /= 14.0 Hz, 1H), 4.18 (dd,
J=15.6,0.8 Hz, 1H), 4.75 (dd, /= 15.6, 4.0 Hz, 1H), 5.05 (d, /= 6.8 Hz, 1H), 6.99 (t, /= 1.6 Hz, 1H), 7.13
(d, J= 8.0 Hz, 2H), 7.23 (ddd, J = 8.8, 2.4, 0.8 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H),
7.54 (d, J= 8.8 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl;) § 21.5, 21.6, 35.1, 37.4, 37.5,
42.7, 50.0, 50.2, 51.0, 113.4, 120.5, 123.0, 126.7 (2C), 127.3 (2C), 128.5, 129.7 (2C), 130.0 (2C), 132.0,
133.5, 134.1, 134.3, 136.7, 138.4, 138.9, 143.5, 145.4, 153.8, 208.4; IR (ATR) v 1721, 1462, 1338, 1159,
1092, 965, 878, 815, 731, 691, 670 cm™'; HRMS (ESI") calcd for C3,H,9CIN,NaOsS," 643.1099 (M+Na")
found 643.1103.

Compound 5e. White solid; melting point 129-130 °C; Rf 0.31 (n-hexane/EtOAc = 2/1); 'H NMR (400
MHz, CDCl3) 8 2.09 (d, J = 12.8 Hz, 1H), 2.21 (t, J = 12.8 Hz, 1H), 2.35 (s, 3H), 2.47 (s, 3H), 2.55-2.70 (m,
3H), 2.86 (br-s, 1H), 3.61 (d, J= 6.8 Hz, 1H), 3.78 (d, J = 6.8 Hz, 1H), 3.90 (s, 3H), 3.96 (br-d, J = 14.0 Hz,
1H), 4.17 (d, J = 15.2 Hz, 1H), 4.77 (dd, J = 15.2, 4.4 Hz, 1H), 5.05 (d, J = 6.6 Hz, 1H), 7.11 (d, J = 8.4 Hz,
2H), 7.30 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 7.67 (d, J = 8.4 Hz, 1H), 7.70 (s, 1H), 7.76 (d, J = 8.0
Hz, 2H), 7.96 (d, J = 8.4 Hz, 1H); °C NMR (100 MHz, CDCl;)  21.6, 21.6, 35.1, 37.4, 37.6, 42.6, 50.0,
50.2, 50.9, 52.3, 113.6, 119.0, 124.0, 126.7 (2C), 127.2 (2C), 128.2, 129.7 (2C), 130.0 (2C), 130.4, 132.5,
133.6, 134.3, 136.7, 138.5, 143.5, 144.2, 145.4, 153.7, 166.1, 208.5; IR (ATR) v 1719, 1439, 1363, 1291,
1162, 1093, 880, 828, 686, 670 cm™; HRMS (ESI") calcd for C3,H;,N,NaO-S," 667.1543 (M+Na") found
667.1523.

Compound 5f. White solid; melting point 116-118 °C; Rf 0.54 (n-hexane/EtOAc = 1/1); 'H NMR (400
MHz, CDCl;) 6 2.10 (d, /= 12.8 Hz, 1H), 2.26 (s, 3H), 2.29 (t, J = 12.8 Hz, 1H), 2.36 (s, 3H), 2.47 (s, 3H),
2.54 (dd, J =19.2, 6.4 Hz, 1H), 2.62-2.70 (m, 2H), 2.95 (br-s, 1H), 3.77 (d, J = 6.8 Hz, 1H), 3.95-4.01 (m,
2H), 4.24 (d, J=15.6 Hz, 1H), 4.78 (dd, J = 15.6, 3.6 Hz, 1H), 5.03 (d, /= 7.2 Hz, 1H), 6.89 (d, J = 8.0 Hz,
1H), 7.08 (d, J = 8.0 Hz, 2H), 7.14 (t, J = 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H),
7.45 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl3) § 20.0, 21.6, 21.6, 35.1, 37.1,
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37.4, 43.8, 50.1, 50.2, 50.8, 114.0, 117.2, 126.7 (2C), 127.4 (2C), 128.1, 129.0, 129.3 (2C), 130.0 (2C),
130.3, 133.4, 133.9, 134.0, 136.8, 138.1, 140.4, 143.4, 144.9, 153.5, 209.4; IR (ATR) v 1721, 1359, 1160,
1093, 965, 881, 815, 752, 723, 675 em™'; HRMS (ESI") caled for C33H3oNoNaOsS,' 623.1645 (M+Na") found
623.1671.

Compound 5g. White solid; melting point 148—149 °C; Rf 0.66 (n-hexane/EtOAc = 1/1); '"H NMR (400
MHz, CDCl;) 8 2.09 (d, J = 13.2 Hz, 1H), 2.24 (t, J= 13.2 Hz, 1H), 2.37 (s, 3H), 2.47 (s, 3H), 2.53-2.67 (m,
3H), 2.77 (br-s, 1H), 3.49 (d, J = 6.4 Hz, 1H), 3.77 (d, J= 6.4 Hz, 1H), 3.97 (br-d, J = 14.0 Hz, 1H), 4.16 (d,
J=15.6 Hz, 1H), 4.75 (dd, J = 15.6, 4.0 Hz, 1H), 5.01 (d, J = 6.4 Hz, 1H), 6.93 (d, J= 8.0 Hz, 1H), 7.11 (dd,
J=18.0, 1.6 Hz, 1H), 7.13 (d, /= 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.63 (d, J =
1.6 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H); °C NMR (100 MHz, CDCl3) § 21.6, 21.7, 35.1, 37.4, 37.5, 42.4, 50.0,
50.2, 51.0, 113.4, 119.9, 123.4, 126.5, 126.7 (2C), 127.3 (2C), 129.7 (2C), 130.0 (2C), 130.6, 133.5, 133.9,
134.5, 136.6, 138.3, 141.4, 143.5, 145.4, 153.8, 208.7; IR (ATR) v 1727, 1339, 1159, 1093, 964, 879, 749,
727, 694, 671 cm™; HRMS (ESI") caled for C3,HyyCIN,NaOsS," 643.1099 (M+Na") found 643.1121.

Table S-2. Optimization of the reaction conditions

_Ts
N
= Ts solvent
o N (0.02 M)
(0] * H / - >
70°C
3a

Entry Solvent Time Isolated Yield
1 (CH.CI), 5h 42% yield
2 1,4-dioxane 18 h 88% yield
3 CH3;CN 7h 37% yield
4 DMF 22h 80% yield
5 AcOEt 6.5h 51% yield
6 cyclopentyl methyl ether 22h 69% yield
7 DME 7h 64% yield

6. Substrate Syntheses and Compound Characterizations
Preparation of Compounds 1a-1g
NH, 1) TsClI (1.3 equiv)

/@/\/ pyridine, 0 °C to rt /@/\/NHTS
HO 2) TBSCI (1.0 equiv) TBSO

tyramine
imidazole (1,1 equiv) S-1
DMF, 0 °C tort
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To a stirred solution of tyramine (8.22 g, 60 mmol) in pyridine (60 mL) at 0 °C was added TsCl (1.49 g, 78
mmol). After being stirred for 14 h at room temperature, the reaction mixture was diluted with EtOAc, and
washed twice with aqueous 1 M KHSO, and brine. The combined organic layers were dried over Na,SOy,
filtered, and concentrated in vacuo. The obtained sulfonamide was utilized for the next reaction without
further purification. TBSCI (9.04 g, 60 mmol) was added to the solution of the obtained residue and
imidazole (4.49 g, 66 mmol) in DMF (30 mL) at 0 °C. After being stirred for 2 h at room temperature, the
reaction mixture was quenched with aqueous 1 M KHSO, at 0 °C, and extracted twice with Et,O. The
combined organic layers were washed with aqueous 1 M KHSO, and brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc =
6/1) to give the desired product S-1 (10.3 g, 43% in 2 steps) as white solid: melting point 55 °C; Rf 0.46
(n-hexane/EtOAc = 3/1); '"H NMR (400 MHz, CDCls) § 0.18 (s, 6H), 0.98 (s, 9H), 2.43 (s, 3H), 2.68 (t, J =
7.2 Hz, 2H), 3.17 (q, J = 7.2 Hz, 2H), 4.37 (t, /= 7.2 Hz, 1H), 6.73 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz,
2H), 7.29 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.4 Hz, 2H); >C NMR (100 MHz, CDCl;)  —4.4 (2C), 18.2, 21.5,
25.6 (3C), 34.9, 44.3, 120.3 (2C), 127.1 (2C), 129.6 (2C), 129.7 (2C), 130.1, 136.9, 143.4, 154.5; IR (ATR)
v 2929, 1608, 1509, 1324, 1253, 1156, 1093, 910, 837, 779, 662 cm™; HRMS (ESI) calcd for
C,1H3;NNaO;SSi" 428.1686 (M+Na") found 428.1685.

NHTs propargyl bromide (1.2 equiv) Ls
/©/v NaH (1.1 equiv), TBAI (10 mol %) /@/\/
TBSO THF, 0 °C TBSO ’ |
S-1 S-2

To a stirred solution of S-1 (1.0 g, 3.30 mmol) in THF (16 mL) at 0 °C was added NaH (60% in oil, 144 mg,
3.6 mmol). After being stirred for 30 min at 0 °C, propargyl bromide (0.40 mL, 3.90 mmol) and TBAI (121
mg, 0.33 mmol) were added to the reaction mixture at the same temperature. After being stirred for 1 h at
0 °C, the reaction mixture was quenched with saturated aqueous NH4Cl at 0 °C, and extracted twice with
EtOAc. The combined organic layers were washed with brine, dried over Na,SOy, filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc = 4/1) to give the
desired product S-2 (1.02 g, 92%) as yellow oil: Rf 0.39 (n-hexane/EtOAc = 6/1); '"H NMR (400 MHz,
CDCl;) 6 0.18 (s, 6H), 0.98 (s, 9H), 2.05 (t, J = 2.4 Hz, 1H), 2.40 (s, 3H), 2.83 (t, J = 7.6 Hz, 2H), 3.38 (t, J
=7.6 Hz, 2H), 4.07 (d, /= 2.4 Hz, 2H), 6.75 (d, J = 8.0 Hz, 2H), 7.05 (d, /= 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz,
2H), 7.71 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz, CDCl3) § —4.5 (2C), 18.1, 21.5, 25.6 (3C), 34.0, 36.8,
48.1, 73.7, 76.7, 120.1 (2C), 127.6 (2C), 129.4 (2C), 129.7 (2C), 130.8, 135.9, 143.4, 154.3; IR (ATR) v
2929, 1737, 1509, 1348, 1252, 1158, 1092, 908, 837, 779, 747 cm’; HRMS (ESI") calcd for
C,4H33NNaO3SSi" 466.1843 (M+Na") found 466.1847.

1|'s

P —— TBSO
NHTs THF, ~78°C TSNH

N
T
NS X CHO n-BuLi (4 equiv) Q/\/
IS I H
TBSO If

S-2 S-3 = OH
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General Procedure: To a stirred solution of alkyne S-2 (560 mg, 1.30 mmol) in THF (5 mL) at —78 °C was
added n-BuLi (0.79 mL, 1.6 M in THF, 1.30 mmol). After being stirred for 30 min at —78 °C, a THF solution
of aldehyde S-3 (0.32 mmol in 5 mL of THF) was added to the reaction mixture at the same temperature.
After being stirred for required time, the reaction mixture was quenched with saturated aqueous NH4Cl, and
extracted twice with EtOAc. The combined organic layers were washed with brine, dried over Na,SOy,
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography to give
the desired products S-4.

1|'s

o
TBSO Il
ToNH

S-4a OH

Compound S-4a. 60% yield; White solid; melting point 36 °C; Rf 0.29 (n-hexane/EtOAc = 2/1); '"H NMR
(400 MHz, CDCl3) 6 0.18 (s, 6H), 0.96 (s, 9H), 2.30 (s, 3H), 2.37 (s, 3H), 2.77 (br-s, 1H), 2.79 (t, /= 7.6 Hz,
2H), 3.37 (t, J = 7.6 Hz, 2H), 4.10 (s, 2H), 5.16 (s, 1H), 6.73 (d, J = 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H),
7.03 (t, J = 8.4 Hz, 1H), 7.16-7.28 (m, 7H), 7.66 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 8.4 Hz, 2H), 7.72 (s, 1H);
C NMR (100 MHz, CDCL3) & —4.5 (2C), 18.2, 21.4, 21.5, 25.6 (3C), 34.0, 37.2, 48.4, 62.4, 81.6, 83.1,
120.1 (2C), 123.0, 125.3, 127.1 (2C), 127.6 (2C), 128.1, 129.5 (2C), 129.6 (2C), 129.7 (2C), 129.7, 130.7,
130.9, 135.2, 135.8, 136.7, 143.7, 144.0, 154.3; IR (ATR) v 2928, 1599, 1509, 1338, 1254, 1157, 1091, 913,
840, 781, 755, 661 cm™; HRMS (ESI") calcd for C3gHu6N,NaOgS,Si* 741.2459 (M+Na") found 741.2450.

Ts

o
TBSO Il
TsNH

S-4b OH

:
Compound S-4b. 79% yield; White solid; melting point 46 °C; Rf 0.29 (n-hexane/EtOAc = 2/1); 'H NMR
(400 MHz, CDCl3) 8 0.18 (s, 6H), 0.97 (s, 9H), 2.30 (s, 3H), 2.38 (s, 3H), 2.79 (t, J = 7.6 Hz, 2H), 3.03 (br-s,
1H), 3.37 (t, J = 7.6 Hz, 2H), 4.09 (s, 2H), 5.13 (s, 1H), 6.73 (d, J = 8.4 Hz, 2H), 6.88-6.94 (m, 2H), 7.01 (d,
J = 8.4 Hz, 2H), 7.11 (dd, J = 8.4, 5.2 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.44 (s,
1H), 7.61 (d, J = 8.0 Hz, 2H), 7.65 (d, J = 8.0 Hz, 2H); >C NMR (100 MHz, CDCl;) § —4.5 (2C), 18.1, 21.4,
21.5,25.6 (3C), 34.0, 37.1, 48.4, 61.4, 81.7, 82.6, 115.2 (d, J = 23.9 Hz), 116.1 (d, J = 21.9 Hz), 120.2 (2C),
126.6 (d, J = 8.6 Hz), 127.2 (2C), 127.6 (2C), 129.5 (2C), 129.7 (2C), 129.8 (2C), 130.5, 130.6, 135.4 (d, J =
6.6 Hz), 135.6, 136.2, 143.8, 144.2, 154.3, 160.3 (d, J = 245.1 Hz); IR (ATR) v 2928, 1509, 1331, 1258,
1158, 1092, 912, 839, 668 cm™'; HRMS (ESI") caled for CssHssFN,NaOgS,Si™ 759.2365 (M+Na") found
759.2361.
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'I's

/[::j//\N/N
TBSO Il

TsNH

S-4c OH

OTs

Compound S-4c. 84% yield; White solid; melting point 100 °C; Rf 0.22 (n-hexane/EtOAc = 2/1); 'H NMR
(400 MHz, CDCl3) 8 0.17 (s, 6H), 0.97 (s, 9H), 2.29 (s, 3H), 2.39 (s, 3H), 2.44 (s, 3H), 2.80 (t, J = 7.6 Hz,
2H), 3.39 (t, J = 7.6 Hz, 2H), 3.46 (br-s, 1H), 4.04 (s, 2H), 5.00 (s, 1H), 6.74 (d, /= 8.0 Hz, 2H), 6.75 (dd, J
= 8.8, 2.8 Hz, 1H), 7.00 (s, 1H), 7.03 (d, /= 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H),
7.23 (d, J=8.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.65 (d,
J = 8.4 Hz, 2H), 7.79 (s, 1H); °C NMR (100 MHz, CDCls) & —4.5 (2C), 18.2, 21.4, 21.5, 21.7, 25.6 (3C),
34.1,37.1,48.4, 62.1, 81.9, 82.5, 120.2 (2C), 122.3, 123.0, 123.6, 127.1 (2C), 127.7 (2C), 128.4 (2C), 129.5
(20), 129.7 (2C), 129.8 (2C), 129.8 (2C), 130.7, 132.0, 132.1, 134.2, 135.8, 136.5, 143.8, 144.3, 145.7,
146.0, 154.3; IR (ATR) v 1509, 1339, 1255, 1159, 1091, 912, 814, 662 cm™; HRMS (ESI") calcd for
C45H5:N,NaOoS;Si" 911.2496 (M+Na") found 911.2505.

'I's

@/\/ N
TBSO Il

TsNH

S-4d OH

Cl

Compound S-4d. 82% yield; Pale yellow solid; melting point 59 °C; Rf 0.34 (n-hexane/EtOAc = 2/1); 'H
NMR (400 MHz, CDCls) & 0.18 (s, 6H), 0.97 (s, 9H), 2.27 (s, 3H), 2.38 (s, 3H), 2.80 (t, J = 7.6 Hz, 2H),
2.99 (br-s, 1H), 3.37 (t, J = 7.6 Hz, 2H), 4.08 (s, 2H), 5.07 (s, 1H), 6.74 (d, J = 8.4 Hz, 2H), 7.01 (d, /= 8.4
Hz, 2H), 7.15-7.19 (m, 4H), 7.20-7.26 (m, 3H), 7.64 (d, J = 7.6 Hz, 2H), 7.64 (d, J = 7.6 Hz, 2H), 7.74 (s,
1H); *C NMR (100 MHz, CDCls) 8 —4.5 (2C), 18.1, 21.3, 21.5, 25.6 (3C), 34.0, 37.2, 48.4, 61.8, 82.1, 82.3
120.2 (2C), 124.4, 127.1 (2C), 127.6 (2C), 128.1, 129.4, 129.5 (2C), 129.7 (2C), 129.8 (2C), 130.6, 130.7,
132.7, 133.7, 135.6, 136.3, 143.8, 144.2, 154.3; IR (ATR) v 2929, 1509, 1334, 1254, 1158, 1091, 912, 813,
781, 661 cm™; HRMS (ESI") caled for CsHysCIN,NaOgS,Si" 775.2069 (M+Na") found 775.2066.

'Irs

o
TBSO Il
TsNH

S-4e OH

COOMe
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Compound S-de. 76% yield; White solid; melting point 56 °C; Rf 0.20 (n-hexane/EtOAc = 2/1); '"H NMR
(400 MHz, CDCl;) 8 0.17 (s, 6H), 0.96 (s, 9H), 2.16 (s, 3H), 2.33 (s, 3H), 2.78 (t, J = 7.6 Hz, 2H), 3.37 (t, J
= 7.6 Hz, 2H), 3.74 (s, 3H), 4.07 (s, 2H), 5.20 (s, 1H), 6.71 (d, J = 7.6 Hz, 2H), 6.99 (d, J = 7.6 Hz, 2H), 7.06
(d, J=17.6 Hz, 2H), 7.22 (d, J = 7.6 Hz, 2H), 7.48 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.72 (s, 1H),
7.73 (d, J = 7.6 Hz, 2H), 7.84 (d, J = 8.4 Hz, 1H), 8.54 (br-s, 1H); °C NMR (100 MHz, CDCl;) § —4.6 (2C),
18.0, 21.1, 21.4, 25.5 (3C), 33.8, 37.0, 48.3, 51.9, 62.8, 81.8, 82.3, 119.3, 120.0 (2C), 125.0, 127.1 (2C),
127.5 (2C), 127.8, 129.3 (2C), 129.4, 129.6 (2C), 129.7 (2C), 130.5, 130.8, 135.3, 136.1, 140.1, 143.6, 144.3,
154.1, 166.0; IR (ATR) v 2928, 1719, 1610, 1509, 1261, 1160, 1091, 914, 840, 661 cm™'; HRMS (ESI)
caled for C4H4N,NaOgS,Si" 799.2514 (M+Na") found 799.2524.

'Irs

/@/VN
TBSO Il

TsNH

S-4f OH

CHs

Compound S-4f. 90% yield; White solid; melting point 56-57 °C; Rf 0.29 (n-hexane/EtOAc = 2/1); 'H
NMR (400 MHz, CDCl3) 6 0.17 (s, 6H), 0.97 (s, 9H), 2.15 (s, 3H), 2.34 (s, 3H), 2.36 (s, 3H), 2.71 (t, J= 7.2
Hz, 2H), 3.24-3.33 (m, 2H), 3.45 (br-s, 1H), 3.96 (d, J = 18.4 Hz, 1H), 4.95 (dd, J = 18.4, 2.0 Hz, 1H), 5.70
(s, 1H), 6.69 (d, J = 8.8 Hz, 2H), 6.84 (d, J= 7.6 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H), 7.04 (t, /= 7.6 Hz, 1H),
7.08 (d,J=7.6 Hz, 1H), 7.14 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.69 (d,
J = 8.4 Hz, 2H), 8.33 (br-s, 1H); >C NMR (100 MHz, CDCl3) § —4.5 (2C), 18.1, 19.7, 21.4, 21.4, 25.6 (3C),
33.8,37.1,48.2,59.7,79.3, 83.6, 119.7, 120.0 (2C), 127.4 (2C), 127.4, 127.5 (2C), 128.6, 128.7, 129.4 (2C),
129.5 (2C), 129.7 (2C), 130.7, 135.5, 135.6, 136.5, 136.6, 143.5, 143.8, 154.1; IR (ATR) v 1509, 1325, 1254,
1156, 1091, 908, 811, 780, 729, 660 cm™'; HRMS (ESI") calcd for C3oH4sN,NaOgS,Si™ 755.2615 (M+Na®)
found 755.2622.

'Il's

/@/\/N
TBSO Il

TsNH

S-dg OH

Cl
Compound S-4g. 91% yield; White solid; melting point 56-57 °C; Rf 0.30 (n-hexane/EtOAc = 2/1); 'H
NMR (400 MHz, CDCls) 6 0.18 (s, 6H), 0.97 (s, 9H), 2.31 (s, 3H), 2.37 (s, 3H), 2.77 (t, J = 7.2 Hz, 2H),
3.02 (br-s, 1H), 3.34 (t, J = 7.2 Hz, 2H), 4.05 (d, J = 18.8 Hz, 1H), 4.11 (d, J = 18.8 Hz, 1H), 5.10 (s, 1H),
6.73 (d, J = 8.4 Hz, 2H), 6.94 (dd, J = 8.4, 2.4 Hz, 1H), 6.97 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.8 Hz, 1H),
7.16 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 2.4 Hz, 1H), 7.63 (d, J = 8.4 Hz, 2H), 7.68 (d,
J = 8.4 Hz, 2H), 7.96 (br-s, 1H); >C NMR (100 MHz, CDCl;) & —4.5 (2C), 18.1, 21.4, 21.5, 25.6 (3C), 33.9,
37.1, 48.4, 62.2, 82.0, 82.5, 120.1 (2C), 122.0, 124.7, 127.1 (2C), 127.6 (2C), 128.3, 129.1, 129.5 (20),
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129.6 (2C), 129.8 (2C), 130.5, 135.1, 135.6, 136.3, 136.6, 143.7, 144.3, 154.3; IR (ATR) v 1599, 1509, 1331,
1254, 1157, 1090, 907, 812, 730, 659 cm™; HRMS (ESI") caled for CisHisCIN;NaOgS,Si™ 775.2069
(M+Na") found 775.2075.

TS Ts
|

N N
/@/\/ TBAF (1.1 equiv) /@/y
TBSO ‘ ‘ AcOH (1.1 equiv) HO ‘ ‘
TsNH —_— TsNH

THF, 0 °C
S-4 OH OH

General Procedure: To a stirred solution of S-4 (0.24 mmol) and AcOH (15 pL, 0.27 mmol) in THF (6 mL)
at 0 °C was added TBAF (0.27 mL, 1.0 M in THF). After being stirred for required time at 0 °C, the reaction
mixture was quenched with saturated aqueous NH4Cl, and extracted twice with EtOAc. The combined
organic layers were washed with brine, dried over Na,SO,, filtered, and concentrated in vacuo. The residue

was purified by silica gel column chromatography to give the desired product 1.

'I's

/@/\/N
HO Il

TsNH

OH
1a

Compound 1a. 97% yield; White solid; melting point 42 °C; Rf 0.24 (n-hexane/EtOAc = 1/1); '"H NMR
(400 MHz, CDCls) & 2.26 (s, 3H), 2.32 (s, 3H), 2.73 (t,J = 7.6 Hz, 2H), 3.32 (t, /= 7.6 Hz, 2H), 3.68 (br-s,
1H), 4.04 (s, 2H), 5.23 (s, 1H), 6.40 (br-s, 1H), 6.70 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H), 6.98-7.02
(m, 1H), 7.11-7.19 (m, 7H), 7.60 (d, J = 8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz, 2H), 7.91 (br-s, 1H); °C NMR
(100 MHz, CDCl3) 6 21.3, 21.4, 33.7, 37.1, 48.3, 62.1, 81.0, 83.3, 115.4 (2C), 123.0, 125.5, 127.1 (20),
127.4 (2C), 128.2, 129.4, 129.5 (2C), 129.6, 129.7 (2C), 129.8 (2C), 131.4, 134.8, 135.2, 136.2, 143.8, 144.1,
154.5; IR (ATR) v 3427, 1597, 1515, 1326, 1153, 1089, 915, 813, 735, 660 cm™; HRMS (ESI") calcd for
C3,H3N,NaOgS, " 627.1594 (M+Na") found 627.1601.

OH
1b

Compound 1b. 90% yield; White solid; melting point 48 °C; Rf 0.10 (n-hexane/EtOAc = 2/1); '"H NMR
(400 MHz, CDCls) & 2.26 (s, 3H), 2.35 (s, 3H), 2.73 (t,J = 7.2 Hz, 2H), 3.32 (t, /= 7.2 Hz, 2H), 3.86 (br-s,
1H), 4.04 (s, 2H), 5.21 (s, 1H), 6.44 (br-s, 1H), 6.71 (d, J = 8.0 Hz, 2H), 6.84 (td, J = 8.0, 1.6 Hz, 1H),
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6.90-6.95 (m, 1H), 6.93 (d, J = 8.0 Hz, 2H), 7.00 (dd, J = 8.0, 5.2 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.19 (d,
J = 8.0 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.61 (br-s, 1H); *C NMR (100 MHz,
CDCL) 8 21.3,21.5, 33.7, 37.1, 48.4, 61.1, 81.2, 82.9, 115.2 (d, J = 23.8 Hz), 115.5 (2C), 116.0 (d, J = 22.0
Hz), 126.7 (d, J = 8.6 Hz), 127.1 (2C), 127.4 (2C), 129.6 (2C), 129.7, 129.8 (2C), 129.8 (2C), 130.2 (d, J =
2.9 Hz), 135.1, 135.9, 135.9, 143.9, 144.3, 154.5, 160.3 (d, J = 245.0 Hz); IR (ATR) v 3422, 1597, 1494,
1328, 1154, 1091, 913, 815, 661 cm™'; HRMS (ESI") caled for C3,Hs FN>NaOgS,™ 645.1500 (M+Na') found
645.1515.

OH

OTs

Compound 1c. 91% yield; White solid; melting point 67 °C; Rf 0.12 (n-hexane/EtOAc = 1.5/1); '"H NMR
(400 MHz, CDCls) 8 2.25 (s, 3H), 2.34 (s, 3H), 2.39 (s, 3H), 2.74 (t, J = 7.2 Hz, 2H), 3.35 (t, J = 7.2 Hz, 2H),
3.98 (s, 2H), 5.08 (s, 1H), 6.71 (d, J = 8.4 Hz, 2H), 6.71 (d, J = 8.4 Hz, 1H), 6.94 (d, J = 8.4 Hz, 2H), 6.97 (s,
1H), 7.15 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.4 Hz, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H),
7.60 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H); °C NMR (100 MHz, CDCl;) §
21.3,21.4,21.6,33.7,37.0,48.3, 61.7, 81.7, 82.3, 115.4 (2C), 122.3, 122.7, 123.5, 127.0 (2C), 127.4 (2C),
128.2 (2C), 129.6 (2C), 129.7, 129.7 (2C), 129.8 (2C), 129.8 (2C), 131.6, 132.5, 134.0, 135.1, 136.0, 143.9,
144.3, 145.8, 145.9, 154.5; IR (ATR) v 3466, 1597, 1493, 1333, 1157, 1091, 913, 815, 738, 661 cm™'; HRMS
(ESI") calcd for C30H3sN,NaOoS;™ 797.1632 (M+Na") found 797.1631.

OH

Cl

Compound 1d. 99% yield; White solid; melting point 6062 °C; Rf 0.24 (n-hexane/EtOAc = 1.5/1); 'H
NMR (400 MHz, CDCl5) 6 2.31 (s, 3H), 2.40 (s, 3H), 2.47 (br-s, 1H), 2.83 (t, J= 7.6 Hz, 2H), 3.40 (t, J =
7.6 Hz, 2H), 4.08 (s, 2H), 4.90 (s, 1H), 5.06 (s, 1H), 6.75 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H),
7.18-7.22 (m, 5H), 7.26 (d, J = 8.0 Hz, 2H), 7.56 (s, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.67 (d, J = 8.0 Hz, 2H);
C NMR (100 MHz, CDCL3) 8 21.3, 21.5, 33.7, 37.2, 48.4, 61.6, 81.7, 82.6, 115.5 (2C), 124.5, 127.1 (2C),
127.5 (2C), 128.2, 129.3, 129.6 (2C), 129.7, 129.8 (2C), 129.8 (2C), 130.8, 133.2, 133.4, 135.1, 136.0, 143.9,
144.4, 154.4; IR (ATR) v 3442, 1597, 1516, 1487, 1327, 1155, 1090, 814, 736, 661 cm’'; HRMS (ESI)
caled for C3,H3,CIN,NaOgS," 661.1204 (M+Na") found 661.1214.
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OH
1e

COOMe

Compound le. 84% yield; White solid; melting point 68—70 °C; Rf 0.52 (n-hexane/EtOAc = 1/1); '"H NMR
(400 MHz, CDCls) 8 2.19 (s, 3H), 2.34 (s, 3H), 2.75 (t, J = 7.6 Hz, 2H), 3.36 (t, J = 7.6 Hz, 2H), 3.77 (s, 3H),
4.01 (s, 2H), 5.19 (s, 1H), 6.71 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 7.22 (d,
J =28.0 Hz, 2H), 7.44 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.73 (s, 1H),
7.83 (d, J = 8.4 Hz, 1H); °C NMR (100 MHz, CDCL3) 6 21.2, 21.5, 33.8, 37.2, 48.4, 52.2, 62.9, 81.9, 82.4,
115.4 (2C), 119.4, 125.0, 127.1 (2C), 127.5 (2C), 127.9, 129.5 (2C), 129.6, 129.7, 129.9 (2C), 129.9 (2C),
131.0, 135.1, 136.1, 140.2, 143.8, 144.5, 154.5, 166.3; IR (ATR) v 1717, 1613, 1515, 1264, 1156, 1089, 914,
814, 732, 659 cm™'; HRMS (ESI") caled for C34H3sN>NaOsS," 685.1649 (M+Na") found 685.1688.

OH

CHj

Compound 1f. 87% yield; White solid; melting point 79-80 °C; Rf 0.32 (n-hexane/EtOAc = 1/1); '"H NMR
(400 MHz, CDC1l;) & 2.11 (s, 3H), 2.30 (s, 3H), 2.32 (s, 3H), 2.67 (t,J = 7.2 Hz, 2H), 3.27 (t, J = 7.2 Hz, 2H),
3.86 (br-s, 1H), 3.92 (d, J = 18.8 Hz, 1H), 3.99 (d, J = 18.8 Hz, 1H), 5.70 (s, 1H), 6.38 (s, 1H), 6.70 (d, J =
8.4 Hz, 2H), 6.81 (d, /= 7.6 Hz, 1H), 6.86 (d, J = 8.4 Hz, 2H), 7.01 (t, J = 7.6 Hz, 1H), 7.04 (d, /= 7.6 Hz,
1H), 7.10 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H),
8.47 (s, 1H); °C NMR (100 MHz, CDCl;) & 19.6, 21.4, 21.4, 33.6, 37.1, 48.2, 59.6, 79.2, 83.7, 115.4 (2C),
119.6, 127.3 (2C), 127.4 (2C), 127.4, 128.6, 126.7, 129.5 (2C), 129.6 (2C), 129.7, 129.8 (2C), 135.1, 1354,
136.2, 136.6, 143.6, 144.0, 154.4; IR (ATR) v 3432, 1597, 1515, 1323, 1154, 1090, 974, 813, 735, 659 cm™;
HRMS (ESI") calcd for C33H34N,NaOgS,™ 641.1750 (M+Na") found 641.1772.

OH

Compound 1g. 95% yield; White solid; melting point 71-72 °C; Rf 0.32 (n-hexane/EtOAc = 1/1); '"H NMR
(400 MHz, CDCls) & 2.27 (s, 3H), 2.33 (s, 3H), 2.73 (t, J = 6.8 Hz, 2H), 3.32 (t, J = 6.8 Hz, 2H), 3.76 (br-s,
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1H), 4.00 (d, J = 20.0 Hz, 1H), 4.05 (d, J = 20.0 Hz, 1H), 5.14 (s, 1H), 6.36 (br-s, 1H), 6.71 (d, J = 8.8 Hz,
2H), 6.89-6.95 (m, 3H), 7.01 (d, J = 8.4 Hz, 1H), 7.12 (d, J = 7.6 Hz, 2H), 7.20 (d, J = 7.6 Hz, 2H), 7.26
(br-s, 1H), 7.57 (d, J = 7.6 Hz, 2H), 7.64 (d, J = 7.6 Hz, 2H), 8.08 (br-d, J = 12.8 Hz, 1H); *C NMR (100
MHz, CDCl3) § 21.3, 21.4, 33.6, 37.0, 48.3, 61.9, 81.5, 82.7, 115.4 (2C), 122.0, 124.9, 127.0 (2C), 127.4
(2C), 128.8, 129.2, 129.5 (2C), 129.6, 129.8 (2C), 129.8 (2C), 134.8, 135.0, 135.8, 136.2, 143.9, 144 .4,
154.4; IR (ATR) v 1598, 1515, 1327, 1264, 1154, 1089, 938, 813, 733, 658 cm™; HRMS (ESI") calcd for
C3,H;,CIN,NaOgS," 661.1204 (M+Na") found 661.1235.

7.'H and “C NMR Charts of New Compounds (page 20-53)
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single_pulse
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134.647
133.341

—ee 196,184
145.011
144,983
144.563
143.581
134.123
129.727
129.470
128.430
127.544
127.048
126.800
126,123
125.846
123.568
118.848

\

77.318
72000
76.685

<<
£
=

51.695
51,361
49.931
42.894
42303
—— 37.555
“T~— 35.000
21,565
21.355

—_

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

YKTY36-25-2-Fr12-23_proton-1-1.
single_pulse
2014-03-07 13:56:57
1H
Proton.jxp
399.78 MHz
4.19 KHz
7.29Hz
13107
6002.40 Hz
B
2.1837 sec
5.0000 sec
5.01 usec
1H
178¢
CDCL3
0.00 ppm
0.12 Hz
38

Hall -
“tq

YKTY36-25-2-Fr12-23_carbon-1-1.
singla pulse decoupled gated NOE
2014-03-07 13:59:56
13C
carbon.jxp
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.63 Hz
180
1.0433 sec
2.0000 sec
3.02 usec
1H
178¢
CDCL3
77.00 ppm
1.20Hz
60



YK-TN-140613-1H )
EANMA\nemoto\ 33\ YK-TN-140613-1H.1 .

DFILE YK-TN-140613-1H.1

R RN I Rl E I NN e IR EERERT NI ORT UL RYeRE 2 oMMT VK- TN-140613-1K
RE NS RRREREIEIRIRR ARG UYSNRRNNS3553S83%00MASoNNTNSS 3| DATIM  2014-06-14 05:50:00
EXMOD  single pulse.exp
OBSET 5.90 KHz
OBFIN 5.64 Hz
POINT 32768
FREQU 9009.01 Hz
SCANS 8
b ACQTM 3.6372 sec
: PD 4.0000 sec
PW1 3.45 usec
IRNUC
CTEMP Z10c
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 17

i
I H ~
1 @ >
= =1 /
s —
3 9 [
91
- 1
a8 |
P 4
A |
T T T | T T ] | T T T | T T T | T T T PPT[
' 8 6 4 2 0

YK-TN-140613-13C
EANMR\nemotod\ 3N YK-TN-140613-13C.1

BFILE YK-TN-140613-13C.1
SEg o2 COMNT  YK-TN-140613-13C
hEs &8 DATIM  2014-06-14 05:57:04

Mo SA OBNUC 13C
EXMCD  single_pulse_dec

L WY |

153.595
145.033
137.788
136.742
134.896
133.663
132.065

2
o
o
]
—

209.057
143.427
140,272
129.443
12B.264
127.322
126,712
126372
122,526
119.432
113.548
77.214
77.000
76.790

POINT 65536
FREQU 37735.85 Hz
SCANS 108
ACQTM 1.7367 sec
FD 1.5000 sec
PW1 9.75 usec
: IRNUC  1H
f CTEMP 21.0¢
CSLUNT  CDCL3
EXREF - 77.00 ppm
BF 120Hz,
RGAIN 27
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- a =
n=-- ACQUISITION P J—
| Pila Name » YR-TH~140613-008Y I.l
. Muthor = A L A - I
#ample ID = ta 1
i Cantant ' = ¥R-TH-140613-COSY 1
! creation Date B 14-JUN-2014 06123 =
Ravigion Date w 13-JUN-3014 16136 o gl 2] -] 23
Spec Site = ECPEAQ 1 -
H .
Spuc Typa = DELTA_KHR -
Data Format = 2D REAL REAL ] . o e
Dimensions -XY v et
Dim Titla w 1H 1H 1 . . . -
Dim Siza = 512, 512 o
Pim Unite = [rpo) [pem} -
Ecans 'y
Hod_raturn =1
| *_peintn = 513
| X_prascans =4
| X_dooain Cmo1H L & . e
| ¥_offeat = 5.13633 (ppw]
! x_frag - sun.;::aourm! @ £ Faee
| X _sweep = 4,1B060201[XXz] -
| X_resolution = 8,16523929 [Ez} < ] o @0 1=
| ¥_polnts = 256 -«
| ¥_prascany = 0 " =
| ¥ domaln n 1n & R &
Y_offaat = 5.13633[ppm]
¥_frag = E00.1723046 [ME2]
Y_awaep = 4.1806020% [XEz]
¥_rasplution = 16,33047659[Hz] o /] ] 2=
X_acq duration = 0.1224704[0]
Digital filter = FALSE < — 0
Pilter_factor -1 L] L
Dalay of_start = 1{x]
Actual_start_time ® 14-JUX-2014 05157 . +
Ao dnlay = 01,2358 [ma]
xX30 w 6.9[usl]
T = 5.25[ua]
Irxit w 6,9 (ua)
TEE50 = 10(ux]
quast = 18 [us] S
x30_ni = 11.5[ua] L]
¥90_hi n 10{un]
Izz30_hi w 11,5[us] ﬂ
Triso _hi = 10{unm] )
) uasd_hi = 10[us] -
%90 1o = 55{ua)
¥30_1c = 50{un] g
IrT50_lo = 55[us] 2
Tris0_le = 10[us] -]
Quati_le » 10(us) i ~ "
dpin. Tock_90 = 35(us) E 1 B
8pin_lcck_avtn = 13[aB] W & B
Caut_grad_shim 30 = 0.14[ms] b -] @ a
teut, grad ahim attn = 13,8(d83 B
Ficiasesengn * Ii/bsest 2 & ® -
rield_atrengt = 14.09636928 [T]
Filtar mcda = HUTTERWORTH g ,® e =
rilter_width = 2,0%0301 (kHz) g o
Racvy, gain = 17 “ @ -
Irr_cods - 138 1
Cba_pwidth = 1[ue] w 1 e
¢oe_noise = WAUGH i
Irr_pwidth a 55 [un] 4
Izr_nolae = WALTZ 4
el pulden - 1lus] T .. —
Tri_nolse * WALTZ 8.0 7.0 6.0 .50 4,0 3.0 2.0 10,0  20.0
Qua_pwidch = 1fux] . -
X : parts per Million : 1H (Millions)
»
T
] ety Y
-
;o
e
<
-—-- ACQUISITION PARAMETERE rwrn-
Fila Nama B YX-TH-140613-HNQC | ‘l‘ l“ l!i ‘l
Author = o L T
Sample 1D =t T
Contsnt = YX-Tu~140613~HHOC <
Craition Date = 14-JUR=2014 07:12 a‘; .
=1 —
Revision Dats = 13-JUN-2014 17:21 EE [ K3
Bpec Bite = ECPEOO °.: - H
Epas TyDs = DELTA_NMR ﬁ:
Date Format = 2D REAL REAL . - N ?q ] |
Dimensions =-XY o :
pim Title = 1N 13 - 1 r§> o
Din Size = 1024, 512 ‘o o .
Dim Tnits = [ppm)] (ppm} = & T B i - -
fcana - n | |J ‘f‘ o
Mod_return =1 .
X_points - 1024 =
X_prescans -4 a .
¥_doxmain = 1H =
¥_offmec = 5.13631 [ppan] -
X_frag = 600.1723046 [MHz) 53
X_swaep = 4.16060201 [kiz] -1 ,
X, resolucion = 4.08261915(Hz]) =3
Y_points = 256 @ ]
¥_prascans =0 o1
Y, domain - = L -
T_offaet = 113.5996% (ppm] -
Y_freyg = 150.91343039 [KHz] -]
_sweep = 31,84713376 [kHz] ] —
¥_resolution - 0286624 [Rx] =
X, acg_duration = 0.2d449408{0] - ]
Digital_Zilter = FALEE =
¥ilver factor - = 1 [ 4:‘ |
Delay _of_stark a 1(e] . =y . 1
Actual_start_time = 14-JUN-201& 08122 S L
Acq dnlay. . = 0,2358[ma] 9 1 F :.4} 3
%90 = 6.9[us] o l&, b
Y90 = 19.5[us) 3
Ircsg = 6,9[us) ] ¥
Trisp = 10[us} = L
Quadg = 10[us) =1 . i
| x3o_nd n 11.5[ux) = U
190 _hi = 19.5[us) U e “-._
TrrI0_hi = 11.5[us) S £ N
Triso_ni = 10[us} ) 14 I
QuAI0_hi = 10(us] b= 7
X30_1lo = 55[us} - 3 1x
¥30_lo - 'n.u:u-; E k3 L _ S
Irz30, 1o = 55[ug, HM@ . o ™
s : fs 2 2 =
qua! o = 10[us & —
Bpin_lock_90 = 25{us) =z Ul T~Ts
gpin_lock_attn = 13[dn) S 1 ’
Deut_grad_shim 90 = 0,14 (me] by 8 8
Deut_grad_shim attn = 12.8([dB] [ 5 Q(
Adc_card = 16/1MHz/20 ]
riald_utrength « 14,09636928 [7] 2 5 —_—
riltez, mode = Hi RTH g =
Filtez_width - = 2,090301 [kHz) 8 5
Recvz_gain - 31 “ ]
Irz_code = 128 a9 .
Obs_pwidth = 1[us] o2
Obs_nolse = WAUGH -
Irr_ymwidth = 70[us] o
Ire nolde = WPFE L e e  ERamanas s ™ 4
Tri_pwidih -
Tzi_pnig: = l’;l[:':]! 8.0 7.0 6.0 5.0 4.0 3.0 2.0 0 200.0
fua, pwidch = 1(ua]
X : parts pexr Million : 1H {(Millions)




o7
&=
PBLT — \f

EANMR\nemoto4 33\ YK-TN-33-140614-NOE-1H.als

o
e
o
cepce
<~
€867 ”
Y
.
o
., s
1460 — O
r.l.ll

00070

A

S5TT
ZLST
L90°Z
680°T
W
$927
¥8ZT
LPET
$FT

DRSS

BPE T~
0952
0852
2652
129'c
£49°Z
959'%
5192
918z
7St
£ES'E
$SLE
SOLE
9¥6'E
696'E
s02%
0EZ%
BELY
YLF
€94
0LL%
Z10s
£20°5

SO LTI LR L Y

(L1
ALY
8LO'L
Z6e0'L
¥eTL
9ET’L
8TL
TH7f

DRSS

S§T°L
£97L
69Z°L
2874
Z9EL
QLEL
¥09°L
81%°L
85474
ZLLL

PEM

E:\NMR\nemoto' 33\ YK-TN-33-140614-NO£E-1H.als

38

L

00070

SSET
ZL5T
£90°2
68072
et
¥ITT
¥aee
LEEL

gt

HT
B¥SC |/

09572 -z
085z
65T
T29T
£¥9T
959
5497
9182
Z25E
EESE
+SLE
59L°E
9F6'E
696°E
50T%
DETF
8ELY
YLy
£9L%
0LLY
ZI0°S
£20°S

000°L
ZT0L
BLO'L
Z60°L
YerL
9ET'L
BT

187/ —

LU LIy

o

U

S5Z°L
£9Z°L
692'L
EBZ'L
98
9LEL
¥09°L
819°L
BSLL
(42X

PPP




single_pulse

G YNMRY SRR YAEY Y TY 35-47~Fri-15 proton-2-1.jdr

o DFILE YKTY35-47-Fi7-15_protan-2-1.
CEERRCEESNERC8THES SO ORN R R R e R e r NSO NEEEERYE g8 COMNT  single_pulse i
L RNIREINMA A NNN O @b b ‘?Qﬁ“:“‘.l“.=‘!'1°‘.°!“:“:'=:f:":‘=!“!“!“’.“°."2“-!‘:“2°!“!°!'1°. S DATIM 2013 09-0721 17:60

| ) EXMOD  proton.ixp
"“%’*&%\%U /m/l/y Rﬁg‘&% \\// r" J OBFRQ 309.78 MHz
‘! il I OBSET 4.19 KHz
OBFIN 7.20 Hz
POINT 16384
FREQU 7503,00 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1 5.01 usec
IRNUC 1H
CTEMP 2l3¢
SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
ey
“E
&
t
- i
= I
by I
o3 ™G ‘
{ | [ |
o ] n
|2 188 g 2s8§ &
I = - - a8 - —
i ; A : (1
I SRR
IR RN ]
: |: L [
Ll J ; g J J
IR i J ' T i/
# | " 3 1
[] b oy o, [ 'y m
S | o A__ A
r i H ] ] T ] i T ] [} F T T 1 EEM
8 6 2 0
single pulse decoupled gated NOE
GYNMRYURYASEYINTYA5-47-Fr7- 15 carbon—2-1.als
- 5 e 51 1 5t 18 s e ot et €9 e 4 o D £ - - e DFILE YKTY35-47-Fr7-15_carbon-2-1,
poni i -on 090 = b= [ 43 -t f
§  EoERUEEGRIRUCAASEEINSSHE 388 REEniEe gR SRMN.  Semie flse decouied eated NI
=] NG MEOCOT I TN ON- O oDNENGS e e o —_— e —_— Bl
R CEERISOANOARSNNNNNANISISS FES BRETSIR R[5 OBNUC  13C
EXMOD carbon.jxp
L Ll ! K J WLy OBFRQ 100.53 MHz
23 / ~ T : OBSET 5.35 KHz
) il bi | OBFIN 5.86 Hz
POINT 26214
FREQU 25125,63 Hz
SCANS 357
ACQTM 1.0433 sec
PD 2.0000 sec
| PW1 3.02 usec
IRNUC IH
CTEMP 2l6¢c
SLVNT  CRCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60

L D A A R A A "I T ? T T | T T [
200 150 100 : 50

39



single_pulse
G ¥NMRYIEETY35¥ YR TY 35-56-FrT~{2

DFILE YKTY35-56~Fr7-12_proton-2-1

I MWD — — D0 WD 0] o3 WO LD b= WD = s
SRBEEaRRRIRRRRERET S DATM  aiedeieisorss
B BT R N e e N D e I e D (S 0 @ e i o i ol o5 o o o of e o o o o d e ol o o e o od e e b e o OBNUC H e
LL L i, FE L L Ll Jp L bl EXMOD  proton.
L\L%N\w (j ‘,‘—%"J’)”:“'Jﬂ‘; %ﬁ%&#‘* --t‘:%':__}}} I/ e OBFRQ P 395{('?8 MHz
T T T M QBSET 1.1 KHz
. OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 8
ACQTM 2.1837 see
PD 5.0000 sec
PW1 5.01 usec
IRNUC 1H
CTEMP 2l3c
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
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2 s 2 ge  "a” g
il ;'!M}:a — &S o fs e
[ b r . 1 !
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“ w ] ] i ! 11
- 1 n 11 il i
‘ [ T T T v T | T N T T T l PEM
8 5] 4 2 Q

single pulse decoupled gated NOE

G YNM RY A ¥35Y YK TY 35-56-FrT~12,carban=1+1.5df
DFILE YKTY35-56-Fr7-12_carbon-1-1

2 mifgmsranssnstiscnanay G88 GOGERRE REF DATIM 2015 00012 SO0t o
8 REESSRERRRORORNRREREZZ ERE BEITSEE SRF QENC  13¢
. carbon.jxp
LLLLLY OBFRQ 100.53 MHz
%ﬁ'ﬁ\% s N L FARVY OBSET 5.35 KHz
T AN l [ OBFIN 5.86 Hz
: POINT 32767
FREQU 31407.04 Hz
' SCANS 613
ACQTM 1.0433 sec
PD 2,0000 sec
Pw1 3.02 usec
IRNUC  1H
CTEMP 20.9¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60
i
\I[' i
| I 13 v LI n [N |
Az ! u_'ani“ LI ! | N | :
T T ‘ T T T I T T i ‘ I T 1 | F I | I R IﬁT'"El?M"
200 150 100 50 c{‘ 0



single_pulse
GANMRYRY 3R YUY 35-88-Frl-10, proton
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single pulse decoupled gated NOE

w QM T o

= & oy @ W N30 1 b=
= b i e b D b R85 gIagans o8
E REERANeSNnIRNNNNR S KRR BETEERR AR
! H LLLL k j ! J L}
| Ly )
: Il ih ' (e 1 [ F

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
FD

PW1
iIRNUC
CTEMP
SLVNT
EXREF

RGAIN

YKTY35-85-Frl1-10_proton-2-1.
single_pulse
%2[13-09—28 16:07:31

proton,jxp
399,78 MHz
4.19 KHz
7.29 Hz
13107
6002,40 Hz

8
2.1837 sec
5.0009 sec
5.01 usec
1H

19.2 ¢
CDCL3
0.00 ppm
0.12 Hz
38

YKTY35-85-Fr1-10_carbon-]1-1
single pulse decoupled gated NO;
2013-09-28 13:25:16
13C
carbon. jxp
100.53 MHz
6.5 KHz
5.86 Hz
32787
31407.04 Hz
76
1.0433 sec
2.0000 sec
3.02 usec

1H

19.5¢c
CDCL3
77.00 ppm
1.20 Hz
60
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single_pulse
GENMRYAHFYISYY KT Y 35-84.proten—2-1.als
DFILE  YKTY35-84 proton-2-1.als

LREERBZERYTILINE  BELSRTRRUSesNNaIsReETasgnraaaRD 8 COMNT single pulse
ARANNBALAOARANNAS . OO EE ORI RN OEQODnAHRLWLINNNE O < DATIM 2013-05-28 23:14:35
ol e e el gl o e e e R R R A R B Rl R e L T R T TN S U RS RN S X S P S ] =] OBNUC 1H '
WU L e B UL LU LU ) U
“ R T e D B o
iRt Iﬁ ] IR i OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 002,40 Hz
SCANS 8
ACQTM 2.1837 sec
FPD 5.0000 see
PW1 5.01 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
F 0.12 Hz
RGAIN 42
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single pulse decoupled gated NOE
G¥NMRYBIEEYA5YY KTV 35-84, carbon—1-1.1df

DFILE YKTY35-84_carbon-1-1.jdf

= =4 EmiftosgEalssr WD oW WO oMM N i
2 CEIIRSERERASEANTaSE 255  S5E8%33% 3B DATIM. 3013 00-08 5 aes. e O
2 EEFICREANNEERERENAN EEg HEREYESYE S5 OBNUC  13C
EXMOD carbon. jxp
L] Ll ,J/l i i i L) ] OBFRQ 100.563 MHz
\‘\\‘.ﬁlﬁb‘ﬁ%\\\ ; ); - N k\ﬁ / \ SV OBSET 5.35 KHz
T u ' i OBFP‘}N 5.86 Hz
POINT 32767
FREQU 31407,04 Hz
SCANS 507
ACQTM 1.0433 sec
PD 2.0000 sec
PW1 3.02 usec
IRNUC  1H
CTEMP 19.4¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 50




yk—hn—-07-56-2_
G:¥NMRYP LY0T¥yk-h

e B Be B Be B £ £ R b Do B D B 85 45

n—07-66-2 praton-i-1.

=
[EN
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R R A H NI I NG
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S

— 084
— . 092

0.000

o B B R R R Kot d o o

S i
e

yk—hn-07-56_

- --- 209445
4

o —]

GrYNMBY T LL¥0T ¥y k-hn-07-56. carbon-1-1.5dt

]

77.316

S 76.685
21,566

—— 21633
~— 20.040

i
=

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWL
IRNUC
CTEMP
SLYNT
EXREF

RGAIN

yk-hn-07-56-2_praton-1-1,jdf
yk-hn-07-56-2_

2013-10-22 19:56:02

1H

proton.jxp
349,78 MHz
4.19 KHz
7.29 Hz,
16384
75038.00 Hz

2.1837 sec
5.0000 sec
§5.01 usec

IH

186 ¢
CDCL3
0.00 ppm
0.12 Hz
44

yk-hn-07-56_carhor—1-1_jdf
yk=hn—-07-56_

2013-10-21 23:22:02

13C :

carbon.jxp
100.53 MHz
5.35 KHz
5.86 Hz
32767
31407.04 Hz
2048
1.0433 sec
2.0000 sec
3.02 usec
1H
1B.6¢
CDCL3
77.00 ppm
1.20 Hz
60

43



yk—hn-07-53_

€ 60 b O W ¢ B0 ) b
0 O] N G (D o3 x (0
REREEANRMOANAmmEan Qo

L e S e e S Sy ey Y- 74 L i o o o o e
Listl

0.0060

Pt

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN

yk-hn—-07-53-2_proton—I-1,jdf
yk~hn~07-53_
2013~-10-21 12:40:24
1H
proton. jxp
399.78 MHz
4.19 KHz
7.29 Hz
16384
75038.00 Hz

2.1837 sec
5.0000 sec
5.01 usec

1H

150 ¢
CBCL3
0.00 ppm
0.12 Hz
40

(=]
o —

yk—-hn-07-~53_yk—-hn—07-53_proton
G¥NMRY LI ¥0T¥yk-hn-D7-53 carbon~1~1,als

ANHO]

208.665

P
/.
2

77.324
76.685

~_

200 175 150 . 1256

yk-hn-07-53_carbon-1-1_als
yk-hn-07-53_yk-hn-07-53 proto
2013-10-21 12:42:30

13C

carbon.jxp
100.53 MHz
5,35 KHz
5,86 Hz
26214
251256.63 Hz
339

1.0433 sec
2.0000 sec
3.02 usec
14
193¢
CDCL3
77.00 ppm
1.20 Hz
60
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single_pulse
G¥NMRYIIR¥28Y YK TY28-32 proton-3-1 .als

4.387
4.371
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9.27

-~ ., 3.06

- .. 2.00
-~ 2.02
- 2.02

-, 0.89

e

0.182

L B.dI5

0.000

DFILE
COMNT
DATIM
OBRUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1
IRNLC
CTEMP
SLVNT
EXREF

RGAIN

YKTY28-32 preton—3-1.als
single_pulse
%2(13»05‘-13 23:55:36

proton.jxp
399.78 MHz
4,19 KHz
7.26 He
13107
§002.40 Hz
4

2.1837 sec
0.0000 sec
5.01 usec
1H
23.3¢
CDCL3
0.00 ppm
0.12 Hz
i1

@/\, NHTs
TBSO

single pulse decoupled gated NOE
GYNMRYBISY2BYYETY26-32 carbon—1-1.icF
=]

154.48
143.380
C o 17.315
77.000
~—  76.685
44.277
34.867
21.499
18.153

-

—— 25,647

-4.444

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PWi
IRNUC
CTEMP
SLVNT
EXREF

BF
RGAIN

280 175 150 125 100

51

YKTY28-32 carbon-1-1.jdf
single pulse decoupled gated NOI
2013-06-13 23:20:41
13C
carbon.jxp -
100,53 MHz
5,35 KHz
5.86 Hz
32767
31407.04 Hz
96
1.0433 sec
2.0000 sec
3.02 usec
1H

235¢
CDCL3
77.00 ppm
1.20 Hz
60




single_pulse

G¥NMRYURY¥32Y Y TY32-73 proton-1-1,jdf
b= L oD O oo < <h oy 00 SR TWINL oM UGN —
=8 NRESEE SE E£B% 382 2EZ% 5 =8
e -1 i ciododr el o sNedied o ==
| ; | i L | |
AN \/ V \J/ /
'y \ |
i [ Y A
[i=]
o
(2]
=1
o5
]
2
&
w3l
.
=3
[
s gz g g g3 g
g =38 g &8 g
~ N’N o ot - — —
I i (=)
J ' F s
J [ | j ]J f
Eo ) i i
| o ] 1
1 ¥l ] N \
L 1 | L .
T | 1 T — | T T T I T T T ‘ T T | FPEM,
8 [} 4 2 0
single pulse decoupled gated NOE
GYNMR¥ARIEY32YYRTY32-75 carbon-1-1.jdf
o 0 YO —O W —
q FgEEves HSHEE 2 gg BE§S. g
B ¥ osSdsN EEEER F B8 8% T
L N\l | ‘
HEAY \/ \ 1
N \ \

200 175 150 125 100 75 50 25

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PWI
IRNUC
CTEMP
SLYNT
EXREF

BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

YHTY32-75 proton—1-1.jdf
single,pulse
22{13 06-10 14:19:27

proten. jxp
399.78 MHz
4.19 KHz
7.29 Hz
16384
7503400 Hz

2.1837 sec
5.0000 sec
5.01 usec
IH
24.2¢
CDCL3
0.00 ppm
0.12 Hz
an

YKTY32-76_carbon-1-1.jdf

single pulse decoupled gﬂted NO

2013-06-10 14:22:01
13C
carbon, jxp
190.52 MHz
5.35 KHz
5.86 Hz
32767
31407.04 Hz
28

1.0433 sec

2.0000 sec
3.02 usec

44

.
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