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1. General

All melting points were determined on Yanagimoto micro melting point apparatus. Infrared spectra
(IR) were recorded on Horiba IR-710. ‘H NMR spectra were recorded on a JOEL JNM ECA600
(600 MHz) or a JOEL JNM ECS400 (400 MHz) spectrometer at room temperature; chemical shifts
(0) are reported in parts per million relative to tetramethylsilane.  Splitting pattern are designated as
s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad. **C NMR spectra were recorded
on a JOEL JNM ECA600 (150 MHz) or a JOEL JNM ECS400 (100 MHz) spectrometer with
complete proton decoupling. Chemical shifts are reported in parts per million relative to
tetramethylsilane with the solvent resonance as the internal standard CDCl;. HRMS data were
recorded on JEOL JMS-T100TD. Analytical TLC was performed on Merck precoated TLC plates
(silica gel 60 GF254, 0.25 mm). Silica-gel Column chromatography was carried out on silica gel
60 N (Kanto Kagaku Co., Ltd., spherical, neutral, 63-210 um or 40-50 um). Preparative thin-layer
chromatography (PTLC) was carried out on silica gel Wakogel B-5F.  All reactions were carried out
under nitrogen in dried glassware with magnetic stirring. Cyclobutanones 5a-e' and 5f* were
prepared by reported procedures. Ynamides 6a,.c,® 6b,* 6d°, 10a,c® 10b’, and 10d® were

prepared by a reported procedure. A solution of TiCl, in CH,Cl, was purchased from Aldrich.

2. Experimental procedures and characterization data
2.1. Typical experimental procedure for TiCl,-mediated formal [4+2] cycloaddition of
3-ethoxycyclobutanones with ynamides (Table 1, entry 4)

O B TSy~ TiCla Bn Ts
t[ n (20 equiv) HO N\
+
OEt | | toluene .
SiMe; 0°C, 20 min SiMeg
5d 6a 7d
(1.0 equiv) (1.2equiv)

To a stirred solution of 5d (40.9 mg, 0.200 mmol) and ynamide 6a (67.5 mg, 0.240 mmol) in dry
toluene (2.0 mL) was added 1.0M TiCl, (0.40 ml, 0.40 mmol) at 0 °C, and the reaction mixture was
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stirred at the same temperature for 20 min. The reaction was quenched with water, and the mixture
was extracted with ethyl acetate. The combined organic extracts were washed with brine, dried over
anhydrous sodium sulfate, filtered, and concentrated. The crude product was purified by column

chromatography on silica gel (10 g, hexane/ethyl acetate = 10:1) to afford 7d (65.6 mg, 75%).

2.2. Dienone-phenol rearrangement using acetic anhydride and sulfuric acid

OMe
OMe O Hex
O 1) Ac,0, H,S0, O O
O +
HO
O 2) KOH o . O

Hex 13 14
10b 65% 11%

OMe

Dienone 10b (110mg, 0.350 mmol) was treated with 1ml of acetic anhydride containing 1 drop of
sulfuric acid at room temperature for overnight. The reaction was quenched with sodium carbonate
solution, and the mixture was extracted with diethyl ether. The combined organic extracts were
washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The crude
product was dissolved in 3 ml. of methanol and treated with 3ml of 10% potassium hydroxide
solution for 3 h at room temperature. The mixture was extracted with diethyl ether. The combined
organic extracts were washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated. The crude product was purified by thin-layer chromatography on silica gel (
hexane/ethyl acetate = 5:1) to afford 13 (71.5 mg, 65%) and 14 (12.7 mg, 11%) .

2.3. Dienone-phenol rearrangement using trifluoroacetic anhydride and sulfuric acid

OMe
O 1) CF4C0,0, H,S0, O Hex
O 2) K,CO3, MeOH HO O

Hex
10b 14
50%

To a stirred solution of 10b (110mg, 0.350 mmol) and trifluoroacetic anhydride (0.1 ml, 0.700

OMe

mmol) in dry dichloromethane (1.0 mL) was added 1 drop of sulfuric acid at room temperature, and
the reaction mixture was stirred at the same temperature for overnight. The reaction was quenched
with sodium carbonate solution, and the mixture was extracted with diethyl ether. The combined
organic extracts were washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated. The crude product was dissolved in 3 ml. of methanol and treated with 3ml of 10%
potassium carbonate solution for 2 hr at room temperature. The mixture was extracted with diethyl
ether. The combined organic extracts were washed with brine, dried over anhydrous sodium sulfate,

filtered, and concentrated. The crude product was purified by thin-layer chromatography on silica gel
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( hexane/ethyl acetate = 5:1) to afford 14 (55.0 mg, 50%) .

2.4. Characterization data of new compounds

Me~  -Ns
N

SiMej

6¢
Compound 6c: white solid; mp 113.5-114.0 °C; 'H NMR (CDCls, 400MHz) 8: 8.44 (d, J = 8.8 Hz,
2H), 8.10 (d, J = 8.8 Hz, 2H), 3.13 (s, 3H), 0.18 (s, 9H); **C NMR (CDCl3, 100MHz) &: 150.7, 141.4,
129.0, 124.3, 95.1, 72.5, 39.3, -0.1; IR (CH4CI, cm™) 3103, 2976, 2171, 1941, 1807, 1739, 1687,
1605, 1533, 1454, 1400, 1369, 1303, 1248, 1180, 1107, 1086, 985, 841, 752, 702, 640, 602, 571,
467; HRMS (EI™) calcd for C1,H17N,0,SSi (m/z) 313.06783, found 313.06729.

HO\@J\I\TS
TMS
Ta
Compound 7a: colorless crystals; mp 203.0-203.5 °C; ‘H NMR (CDCl;, 400MHz) &: 7.65 (d, J =
8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 6.78 (dd, J = 2.4, 8.4 Hz, 1H), 5.96 (d,
J=2.4Hz, 1H), 4.74 (s, 1H), 3.06 (s, 3H), 2.47 (s, 3H), 0.39 (s, 9H); **C NMR (CDCl;, 100MHz) &:
156.7, 148.5, 143.8, 137.2, 134.1, 133.0, 129.5, 128.7, 115.2, 113.1, 40.4, 21.6, 0.4; IR (CHClI,

cm™) 3589, 3032, 2954, 1599, 1576, 1348, 1165, 1093, 1043, 962, 843, 586, 554; Anal. Calcd for
C17H23NO3SSI: C, 58.42; H, 6.63; N, 4.01; found: C, 58.14; H, 6.24; N, 4.03.

HO N.
Ts

T™MS
7b
Compound 7b: colorless crystals; mp 203.5-204.0 °C; *H NMR (CDCl;, 400MHz) &: 7.63 (d, J =
8.4 Hz, 2H), 7.31-7.26 (m, 3H), 6.75 (d, J = 7.6, 1H), 4.98 (s, 1H), 3.23 (s, 3H), 2.43 (s, 3H), 1.33 (s,
3H), 0.39 (s, 9H); **C NMR (CDCl;, 100MHz) &: 155.6, 145.0, 143.2, 137.5, 134.6, 134.2, 129.6,
127.5, 123.7, 1145, 39.1, 21.5, 11.2, 0.8; IR (CHsCI, cm™) 3597, 3032, 2954, 1583, 1396, 1344,
1288, 1248, 1209, 1153, 1026, 941, 885, 843; Anal. Calcd for C1gH,sNO3SSi: C, 59.47; H, 6.93; N,
3.85; found: C, 59.19; H, 6.78; N, 3.87.
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HO N.
Ts

TMS
7c

Compound 7c: colorless crystals; mp 200.0-200.5 °C; *H NMR (CDCls, 400MHz) 8: 7.71 (d, J = 8.4
Hz, 2H), 7.31-7.26 (m, 3H), 6.65 (d, J = 8.0 Hz, 1H), 5.13 (s, 1H), 3.25 (s, 3H), 2.43 (s, 3H),
2.35-2.32 (m, 1H), 1.10 (d, J = 7.2 Hz, 3H), 0.85 (d, J = 6.4 Hz, 3H), 0.38 (s, 9H); **C NMR (CDCls,
100MHz) 6: 156.7, 144.6, 143.0, 137.6, 134.6, 134.1, 133.7, 129.5, 127.6, 116.5, 40.1, 28.1, 21.5,
20.7, 20.3, 0.9; IR (CH4CI, cm™) 3593, 3030, 2958, 1579, 1454, 1398, 1340, 1286, 1248, 1174, 1151,
1115, 1088, 1059, 970, 908, 850, 586, 549; Anal. Calcd for CyHxNO3SSi: C, 61.34; H, 7.64; N,
3.58; found: C, 65.11; H, 7.84; N, 3.88.

Bn |

HO\@[N\TS
T™MS

7d
Compound 7d: colorless crystals; mp 222.5-223.0 °C; *H NMR (CDCls, 400MHz) &: 7.60 (d, J =
8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 1H), 7.26 (d, J = 8.4 Hz, 2H), 7.16-7.12 (m, 3H), 6.82 (d, J = 8.0
Hz, 1H), 6.69 (d, J = 6.8 Hz, 1H), 4.82 (s, 1H), 3.23 (d, J = 17.2 Hz, 1H), 3.06 (s, 3H), 2.91 (d, J =
17.2 Hz, 1H), 2.45 (s, 3H), 0.42 (s, 9H); *C NMR (CDCl;, 100MHz) 8: 156.2, 145.6, 143.4, 138.5,
137.2,135.7, 135.0, 129.6, 128.5, 127.5, 127.3, 126.3, 125.1, 115.9, 39.8, 31.2, 21.5, 0.8; IR (CH3Cl,

cm™) 3587, 3029, 2954, 1583, 1495, 1400, 1344, 1290, 1153, 993, 843; Anal. Calcd for
C24H2NO3SSI: C, 65.57; H, 6.65; N, 3.19; found: C, 65.29; H, 6.72; N, 3.16.

Bn Bln

HO\@iN\TS
TMS

Te
Compound 7e: colorless crystals; mp 203.5-204.0 °C; *H NMR (CDCls, 400MHz) 8: 7.64 (d, J = 8.4
Hz, 2H), 7.46 (d, J = 8.4 Hz, 1H), 7.26-7.11 (m, 8H), 7.05 (d, J = 6.4 Hz, 1H), 6.90 (d, J = 8.4 Hz,
2H), 6.74 (d, J = 6.8 Hz, 2H), 4.77 (d, J = 14.8 Hz, 1H), 4.61 (s, 1H), 4.29 (d, J = 14.8 Hz, 1H), 3.14
(d, J = 17.6 Hz, 1H), 2.79 (d, J = 17.2 Hz, 1H), 2.45 (s, 3H), 0.06 (s, 9H); *C NMR (CDCls,

100MHz) §: 156.0, 143.4, 143.2, 138.1, 137.6, 137.5, 135.9, 135.8, 130.3, 129.7, 128.7, 128.4, 128.1,
127.6, 127.4, 126.5, 124.3, 115.9, 56.2, 31.6, 21.6, 1.1; IR (CH5Cl, cm™) 3587, 3033, 2954, 1732,
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1581, 1495, 1344, 1250, 1157, 1080, 1039, 953, 923, 843, 754, 700, 586, 538; Anal. Calcd for
C30H33NO3SSI: C, 69.87; H, 6.45; N, 2.74; found: C, 69.67; H, 6.84; N, 2.57.

Bn I\I/Ie
TMS
7f
Compound 7f: colorless crystals; mp 178.0-178.5 “C; '*H NMR (CDCl;, 600MHz) &: 8.19 (d, J = 8.4
Hz, 2H), 7.84 (d, J = 9.0 Hz, 2H), 7.49 (d, J = 8.4 Hz, 1H), 7.16-7.15 (m, 3H), 6.88 (d, J = 7.8 Hz,
1H), 6.67 (s, 2H), 4.71 (s, 1H), 3.22 (d, J = 13.8 Hz, 1H), 3.21 (s, 3H), 3.03 (d, J = 16.8 Hz, 1H),
0.44 (s, 9H); *C NMR (CDCl;, 100MHz) &: 156.2, 149.8, 145.5, 144.8, 137.6, 136.1, 134.9, 128.7,
128.5, 127.3, 126.7, 124.6, 124.1, 116.3, 40.3, 31.4, 0.8; IR (CH5CI, cm™) 3436, 2943, 2900, 2848,

1583, 1529, 1464, 1350, 1248, 1153, 1103, 995, 901, 843, 735, 688, 607, 463; Anal. Calcd for
Ca3H26N205SSi: C, 58.70; H, 5.57; N, 5.95; found: C, 58.71; H, 5.68; N, 5.95.

Bn

SiM €3
OEt

79

Compound 7g’: colorless oil; *H NMR (CDCls, 400MHz) &: 7.84 (d, J = 7.2 Hz, 1H), 7.75-7.67 (m,
3H), 7.00-6.87 (m, 5H), 4.33-4.27 (m, 1H), 4.14 (d, J = 16.0 Hz, 1H), 3.62-3.53 (m, 2H), 3.18 (d, J =
16.4 Hz, 1H), 3.12 (d, J = 4.8 Hz, 1H), 2.88 (dd, J = 4.0, 16.4 Hz, 1H), 2.68 (dd, J = 12.0, 17.2 Hz,
1H), 1.21 (d, J = 7.2 Hz, 3H) 0.09 (s, 9H); *C NMR (CDCls, 100MHz) &: 196.7, 166.0, 164.2, 149.0,
138.3, 135.5, 134.1, 133.8, 131.3, 131.0, 127.7, 127.6, 125.4, 123.4, 123.1, 75.6, 63.8, 42.9, 38.8,
30.6, 14.9, 0.0; IR (CH4CI, cm™) 2976, 2937, 2900, 2871, 1782, 1714, 1622, 1464, 1412, 1358, 1325,
1248, 1188, 1115, 1074, 1022, 885, 841, 762, 715, 629, 532; HRMS (EI") calcd for CygH3oNO,Si
(m/z) 448.19441, found 448.19435.

Bn

o N-.
Ts

TMS
8a
Compound 8a: yellow crystals; mp 193.5-194.0 °C; 'H NMR (CDCls, 600MHz) &: 7.72 (d, J = 7.8

Hz, 2H), 7.32-7.30 (m, 7H), 7.11 (d, J = 10.2 Hz, 1H), 6.01 (d, J = 9.6 Hz, 1H), 4.92 (d, J = 9.6 Hz,
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1H), 4.62 (d, J = 15.0 Hz, 1H), 2.43 (s, 3H), 1.24 (s, 3H), 0.84 (s, 3H), -0.02 (s, 9H); *C NMR
(CDCls, 150MHz) &: 206.5, 155.5, 144.7, 143.6, 139.4, 138.8, 135.6, 130.4, 129.8, 128.5, 128.4,
127.3,122.5,54.9, 53.8, 28.0, 24.2, 21.5, -0.7; IR (CH5CI, cm™) 3033, 3008, 2956, 1668, 1599, 1525,
1496, 1456, 1348, 1252, 1157, 1090, 1028, 845, 700, 663, 546; Anal. Calcd for CpsH3;NO;SS: C,
66.19; H, 6.89; N, 3.09; found: C, 66.00; H, 6.93; N, 3.07.

Me
Ns

T™MS
8b

Compound 8b: yellow crystals; mp 149.5-150.0 °C; ‘*H NMR (CDCl;, 400MHz) &: 8.39 (d, J = 8.8
Hz, 2H), 8.02 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 10.4 Hz, 2H), 6.08 (d, J = 9.6 Hz, 2H), 3.34 (s, 3H),
1.10 (s, 3H), 0.90 (s, 3H), 0.37 (s, 9H); *C NMR (CDCls, 100MHz) &: 158.5, 149.9, 146.4, 144.3,
136.4, 128.5, 124.3, 124.0, 54.8, 40.4, 25.5, 25.1, -0.7; IR (CHa4ClI, Cm'l) 3018, 2401, 1670, 1535,
1352, 1215, 1084, 1011, 845, 785, 721, 673, 600, 463; Anal. Calcd for C1gH,4N,05SSi: C, 52.92; H,
5.92; N, 6.86; found: C, 52.86; H, 5.94; N, 6.76.

8c

Compound 7g’: colorless crystals; mp 104.5-105.0 °C; *H NMR (CDCls, 400MHz) &: 7.93-7.90 (m,
2H), 7.81-7.77 (m, 2H), 4.38 (t, J = 4.4 Hz, 1H), 3.70-3.63 (m, 1H), 3.40-3.32 (m, 1H), 2.89 (dd, J =
2.4, 4.4 Hz, 2H), 1.28 (s, 3H), 1.20 (t, J = 7.0 Hz, 3H), 1.16 (s, 3H), 0.02 (s, 9H); **C NMR (CDCl;,
100MHz) &: 210.9, 168.5, 167.9, 143.7, 143.4, 134.4, 134.4, 131.8, 131.8, 123.8, 123.7, 74.2, 64.0,
51.6,41.2,24.7,245, 15.5, -0.7; IR (CH3Cl, Cm'l) 3477, 2978, 2941, 2941, 2898, 2873, 1782, 1720,
1610, 1466, 1414, 1358, 1331, 1250, 1190, 1101, 1074, 1022, 960, 918, 883, 841, 762, 715, 629, 590,
530, 459; Anal. Calcd for C,;H»;NO,Si: C, 65.42; H, 7.06; N, 3.63; found: C, 65.25; H, 7.11; N,
3.63.
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HO \R

TMS
9

Compound 9: colorless crystals; mp 203.5-204.0 °C; 'H NMR (CDCl;, 400MHz) &: 7.64 (d, J = 8.4
Hz, 2H), 7.25-7.18 (m, 6H), 7.07 (d, J = 8.0 Hz, 2H), 4.72 (d, J = 14.4 Hz, 1H) 4.67 (d, J = 14.0 Hz,
1H), 4.55 (s, 1H), 2.42 (s, 3H), 2.24 (s, 3H), 1.09 (s, 3H), 0.13 (s, 9H); *C NMR (CDCl;, 100MHz)
8: 153.5, 143.1, 140.1, 138.6, 136.0, 135.6, 135.6, 130.4, 129.6, 128.2, 128.0, 127.6, 122.8, 122.3,
545,215, 16.0, 12.0, 1.2; IR (CHJCI, Cm'l) 3604, 3031, 2952, 1574, 1473, 1342, 1250, 1157, 1110,
1049, 916, 840, 740, 701, 551; Anal. Calcd for CsH3;NO;SSi: C, 66.19; H, 6.89; N, 3.09.

OMe

o X L
O SiMe3
1lla

Compound 11a: yellow crystals; mp 50.0-50.5 °C; *H NMR (CDCls, 400MHz) &: 7.22 (d, J = 10.0
Hz, 1H), 6.99 (d, J = 9.2 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 6.10 (d, J = 9.6 Hz, 1H), 3.84 (s, 3H),
1.18 (s, 6H), -0.10 (s, 9H); *C NMR (CDCl;, 100MHz) &: 205.8, 168.3, 159.0, 145.2, 132.0, 130.8,
129.0, 123.1, 112.8, 55.2, 51.4, 24.9, 0.3; IR (CH4CI, cm™) 3008, 2958, 2839, 1649, 1610, 1504,
1464, 1286, 1248, 1176, 1086, 1036, 831, 785, 690; HRMS (EI*) calcd for CigH,50,Si (m/z)
301.16238, found 301.16336.

O OMe

Hex

U

11b
Compound 11b: yellow oil; *H NMR (CDCls, 400MHz) &: 7.04 (d, J = 9.6 Hz, 1H), 6.96 (d, J = 8.8
Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.11 (d, J = 10.0 Hz, 1H), 3.834(s, 3H), 1.87 (t, J = 7.8 Hz, 2H),
1.31-1.08 (m, 14H), 0.83 (t, J = 7.2 Hz, 3H); *C NMR (CDCl;, 150MHz) &: 206.1, 158.5, 152.7,
145.8, 130.4, 130.3, 129.7, 124.2, 113.2, 55.2, 49.8, 32.7, 31.4, 29.2, 28.8, 25.0, 22.2, 14.0; IR
(CH4CI, cm™) 3020, 2958, 2929, 2858, 1732, 1657, 1626, 1564, 1508, 1464, 1410, 1375, 1284, 1246,

1207, 1176, 1132, 1109, 1038, 835, 775, 727, 665, 590, 538; HRMS (EI") calcd for Cy1H»60, (M/z)
313.21675, found 313.21637.
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OMe
0% g
1llc
Compound 11c: yellow powder; mp 50.0-50.5 °C; *H NMR (CDCls, 400MHz) &: 7.17 (d, J = 8.8 Hz,
2H), 7.11-7.07 (m, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.09 (d, J = 7.2 Hz, 2H), 3.83 (s, 3H), 1.30 (s, 6H);
'H NMR (400 MHz, C¢Dg) &: 6.91 (2H, d, J = 8.4 Hz), 6.69 (2H, d, J = 8.4 Hz), 6.41 (1H, dd, J =
6.0 and 9.6 Hz), 6.04 (1H, d, J = 9.6 Hz), 5.72 (1H, d, J = 6.0 Hz), 3.30 (3H, s), 1.29 (6H, s); °C
NMR (CDClIs, 100MHz) 8: 206.0, 159.6, 159.2, 141.5, 132.3, 130.0, 123.9, 120.1, 113.3, 55.2, 50.9,
25.0; IR (CH:CI, cm™) 3010, 2933, 2839, 1658, 1608, 1562, 1510, 1464, 1377, 1286, 1246, 1178,

1126, 1036, 964, 822, 754, 710, 569, 484; HRMS (EI*) calcd for Ci5H1,0, (m/z) 229.12285, found
229.12380.

U -
SiMe3
11d

Compound 11d: yellow powder; mp 62.0-62.5 °C; *H NMR (CDCls, 400MHz) &: 7.35-7.33 (m, 3H),
7.23 (d, J = 9.6 Hz, 1H), 7.01-7.07 (m, 2H), 6.12 (d, J = 10.4 Hz, 1H), 1.19 (s, 6H), -0.19 (s, 9H);
3¢ NMR (CDCl3, 100MHz) &: 205.6, 168.2, 145.1, 139.6, 129.7, 128.7, 127.6, 127.5, 123.2, 51.1,
24.9, -0.4; IR (CHCI, cm'l) 3010, 2956, 1649, 1533, 1489, 1252, 1138, 1032, 841, 768, 708; Anal.
Calcd for C17H»,0Si: C, 75.50; H, 8.20; N, 2.07; found: C, 75.18; H, 6.84; N, 8.30.

OMe

Bn O
HO O
12a

Compound 12a: yellow oil; '"H NMR (CDCls, 400MHz) &: 7.27-7.16 (m, 6H), 7.09 (d, J = 7.6 Hz,
2H), 6.92-6.81 (m, 4H), 4.74 (s, 1H), 4.00 (s, 2H), 3.81 (s, 3H); *C NMR (CDCl;, 100MHz) &:
158.7, 154.4, 143.9, 140.1, 133.8, 130.1, 128.6, 128.0, 127.3, 126.2, 124.1, 123.0, 114.7, 113.4, 55.2,
33.0; IR (CH4CI, cm™) 3545, 2972, 2947, 2895, 2873, 2841, 1610, 1583, 1516, 1462, 1377, 1290,
1246, 1174, 1090, 1032, 947, 841, 781, 725, 696, 669, 557, 492, 455; HRMS (EI*) calcd for
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CyoH190, (m/Z) 291.13580, found 291.13845.

Bn O OMe
HO O
12b

Compound 12b: yellow oil; *"H NMR (CDCls, 400MHz) &: 7.21-7.11 (m, 3H), 7.07 (d, J = 8.4 Hz,
1H), 7.00-6.97 (m, 4H), 6.86 (d, J = 8.8 Hz, 2H), 6.78 (d, J = 8.0 Hz, 1H), 4.60 (s, 1H), 3.81 (s, 3H),
3.77 (s, 2H) 2.25 (t, J = 7.8 Hz, 2H), 1.38-1.32 (m, 2H), 1.21-1.12 (m, 6H), 0.81 (t, J = 6.8 Hz, 3H);
3C NMR (CDCl;, 100MHz) 8: 158.3, 151.2, 142.8, 140.3, 140.2, 134.1, 132.3, 130.5, 128.4, 128.1,
127.9, 126.0, 125.2, 114.8, 113.3, 55.2, 33.5, 33.3, 31.5, 31.4, 29.1, 22.5, 14.0; IR (CHCI, cm™)
3597, 3020, 2958, 2929, 2858, 1732, 1610, 1514, 1468, 1441, 1375, 1282, 1246, 1174, 1105, 1043,
949, 829, 793, 783, 775, 739, 700, 573, 499; HRMS (EI") calcd for CysH30, (m/z) 375.23240,
found 375.23321.

12c
Compound 12¢: yellow oil; *H NMR (400 MHz, CDCl5): & (ppm) 2.16 (3H, s), 3.85 (3H, s), 4.90
(1H,s), 6.78 (1H, d, J = 7.8 Hz), 6.83 (1H, d, J = 7.8 Hz), 6.95 (2H, d, J = 9.2 Hz), 7.10 (1H, dd, J =
7.8 Hz), 7.24 (2H, d, J = 9.2 Hz). ®C NMR (100 MHz, CDCls): & (ppm) 13.0, 55.3, 113.4, 113.5,
121.7, 122.6, 126.2, 130.3, 134.0, 143.3, 154.0, 158.5. IR: (CHCI3, cm™) 3340, 3010, 1610, 1515.
HRMS (DART/CH,CI,): [M+H]" Calcd for C14H;50,: 215.10720; Found 215.10692.

O OMe

HO Hex

Hex

13

Compound 13: yellow oil; *H NMR (CDCls, 400MHz) &: 7.02 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8
Hz, 2H), 6.58 (s, 1H), 4.73 (s, 1H), 3.86 (s, 3H), 2.23 (t, J = 8.0 Hz, 2H), 2.18 (s, 3H), 1.93 (s, 3H),
1.37-1.32 (m, 2H), 1.21-1.10 (m, 6H), 0.81 (t, J = 7.0 Hz, 3H); **C NMR (CDCls, 100MHz) §: 158.0,
152.3, 140.0, 136.8, 134.1, 133.7, 131.0, 131.0, 120.0, 113.5, 112.6, 55.2, 33.5, 31.5, 31.1, 29.1, 22.4,
17.8, 14.0, 11.9; IR (CHsCI, cm™) 3600, 3003, 2956, 2922, 2858, 2062, 1990, 1705, 1608, 1514,
1466, 1415, 1282, 1246, 1174, 1082, 1036, 908, 835, 602, 553, 526; HRMS (EI") calcd for Cy;H,00,

S10



(m/z) 313.21675, found 313.21598.

O Hex
14 I OMe

Compound 14: yellow oil; *H NMR (CDCls, 400MHz) &: 7.15 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.4
Hz, 2H), 6.45 (s, 1H), 4.90 (s, 1H), 3.83 (s, 3H), 2.45 (t, J = 8.0 Hz, 2H), 2.26 (s, 3H), 2.21 (s, 3H),
1.34-1.1.15 (m, 8H), 0.81 (t, J = 7.0 Hz, 3H); *C NMR (CDCl,, 100MHz) &: 158.1, 150.7, 140.1,
136.5, 135.2, 131.6, 130.2, 122.0, 114.4, 113.2, 55.2, 31.3, 30.7, 30.0, 29.4, 22.5, 16.1, 14.0, 12.1; IR
(CH4CI, cm™) 3602, 3006, 2956, 2929, 2857, 1731, 1610, 1583, 1514, 1466, 1375, 1327, 1284, 1244,
1174, 1105, 1076, 1038, 837, 779, 768, 727, 665, 588, 523; HRMS (EI") calcd for CpiHp0, (M/z)
313.21675, found 313.21671.

HO

S11



DFILE tk 450-a-1.als
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EXMOD  single pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQ;J 6002.31 Hz
N
ACQTM 2.1837 sec
PD 2.0000 sec
PW1 4.70 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
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Ns carbon-1.jdf
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single_pulse_dec
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5.86 Hz
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31407.03 Hz
289
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1.2000 sec
2.87 usec
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DFILE 5a-proton-1.als

COMNT

DATIM 2016-12-01 17:15:08

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP

SLVNT CDCL3

EXREF 0.00 ppm

BF 0.20 Hz

RGAIN 50

HO N“Ts

TMS
7a
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DFILE 5a-carbon-L1.als

COMNT

DATIM 2016-12-01 20:32:21
OBNUC 13C

EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 757
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H

CTEMP 20.6 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.20 Hz
RGAIN 60

HO N“Ts

TMS
7a



7.309
7.294
7.274
7.259

31 2.02

2,00
I

____——— 6.756
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—— 0.99
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2.431
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1.644

1.330
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0.387
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DFILE 5b-proton-1.als

COMNT

DATIM 2016-11-29 20:15:04

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP

SLVNT CDCL3

EXREF 0.00 ppm

BF 0.20 Hz

RGAIN 38

HO N“Ts

TMS
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DFILE 5b-carbon-1.als
o @ @~ < ~ wowo - © o~
2 8% 835 38 8 3 B3 5 & S 8 COMNT .
3 & ~S% X @ < mRé p a 3 DATIM 2016-11-29 20:24:12
o Y, 948 89 § B RRR ] & e} o OBNUC  13C
EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 222
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H
CTEMP 21.0¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.20 Hz
| RGAIN 60
|
HO NMT
|
|
|
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9.15

310

~ 3=
N 322

111

T iz

= 2.02

5c-proton-1.jdf
2016-11-29 20:02:52
1H
single_pulse.ex2
399.78 MHz
4.19 KHz
7.29 Hz
16384
75038.00 Hz
2.1837 sec

2.0000 sec
4.70 usec

Ts

TMS
7c



DFILE 5c-carbon13-1.als
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S Sa —dgmadoa I~} = o~ 2 COMNT

s 38 333833 ] 588 3 S ¥R 3 DATIM  2016-11-29 20:09:21

! 32 GIIBRY g ININES < & H’R|\| ° OBNUC  13C

- —— A A A -
EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 152
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H
CTEMP 2l1lc
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.40 Hz
RGAIN 60

HO N"Ts

TMS
7c
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DFILE sample-1-1.als

COMNT

DATIM 2016-10-12 18:39:01

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP 22

SLVNT CDCL3

EXREF 0.00 ppm

BF 1.40 Hz

RGAIN 38

HO N.

TMS
7d
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HO

sample-1 c13-1.als
2016-10-12 18:47:51
13C

single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.24 Hz
215

1.0433 sec
1.2000 sec
2.87 usec

TMS
7d



DFILE Te-proton-1.als

DATIM 2016-12-08 13:06:21
1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.31 Hz
SCANS 8

643
622
469
448
267
256
246
227
219
201
179
162
143
123
105
053
037
911
890
747
730
4.787
4.750
4.606
4.307
4,270
3.159
3.115
814
77
1577
1.265
0.900
0.883
0.866
0.058
0.000
=
=
E]

2.452

ACQTM 2.1837 sec
PD 2.0000 sec
PW1 4.70 usec
IRNUC 1H

CTEMP

SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40

Bn Bn
HO N.

9.91
9:91
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~ 10
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S 23
T 167
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T 108
T 100
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DFILE Te-carbon-1.als

COMNT

DATIM 2016-12-08 13:21:02
OBNUC 13C

EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 369
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H

CTEMP 20.7¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

Bn Bn
HO N .

TMS
Te
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DFILE 7f proton-1.als

COMNT

DATIM 2016-12-19 15:33:48

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 600.17 MHz

OBSET 5.30 KHz

OBFIN 5.47 Hz

POINT 26214

FREQgJ 9008.87 Hz
N

ACQTM 2.9098 sec

PD 2.0000 sec

PW1 6.85 usec

IRNUC 1H

CTEMP

SLVNT CDCL3

EXREF 0.00 ppm

BF 0.20 Hz

RGAIN 4

HO N.

TMS

7f



DFILE 7f carbon-L.als

D RO NHYTOONARONDD 1D —“oo s "o
g B ZREX33844RENES § g8 g8 3 88 COMNT 10 151360
g 2 9355838885883 § NN = ] Sc OBNUC  13C o
- — - A dAd A A A A AAAA P
EXMOD  single pulse dec
OBFRQ 150.92 MHz
OBSET 8.52 KHz
OBFIN 174 Hz
POINT 26214
FREQU 37878.21 Hz
SCANS 905
ACQTM 0.6921 sec
PD 1.2000 sec
PWL 3.43 usec
RNUC  1H
CTEMP 20.7¢
SLVNT  CDCL3
EXREF 77.00 ppm
BF 0.20 Hz
RGAIN 56

Bn |
HO N.
Ns

TMS

7f
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79" proton-1.als

4.19 KHz
7.29 Hz
13107

399.78 MHz
6002.31 Hz
4.70 usec

8
2.1837 sec
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single_pulse.ex2
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DFILE 79" carbon-1.als

=+ LD © w0 = n @ o~

sena 8 g S 8 s § Sl?‘lh!m-r 2016-12-15 17:39:31

grerr 2 g 8 8 3 S OBNUC  13C
EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 565
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.20 Hz
RGAIN 60

Bn

0

210.0 200.0 190.0 180.0 170.0 160.0 150.0 130.0

120.0 110.0 100.0 90.0 80.0 70.0 60.0 20.0 10.0 -10.0
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DFILE tk sample2-L.als
e §EgEad 38 85 88 3 T 3 88 D o
------ ] i < DATIM 2016-06-22 10:07:40
EXMOI single_pulse.ex2
OBFRQ 600.17 MHz
OBSET 5.30 KHz
OBFIN 5.47 Hz
POINT 26214
FREQU 9008.87 Hz
SCANS 8
ACQTM 2.9098 sec
PD 2.0000 sec
1 7.30 usec
IRNUC
CTEMP 229¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 1.40 Hz
RGAIN 36
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tk sample2-carbon-1.als
2016-06-22 10:22:03
13C

single pulse_dec
150.92 MHz
8.52 KHz
1.74 Hz

26214
37878.21 Hz
416
0.6921 sec
1.2000 sec
3.17 usec
1H
23.6¢
CDCL3

77.00 ppm
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56
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8b-proton-1.als
2016-12-08 19:38:06
1H

single_pulse.ex2
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8b-carbon-1.als

2016-12-08 19:53:53
13C

single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.24 Hz
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2.87 usec
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CDCL3
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8¢ carbon-1.als

2016-12-21 17:08:60
13C

single_pulse_dec

100.53 MHz

5.35 KHz
5.86 Hz

26214
25125.24 Hz

1000
1.0433 sec

1.2000 sec
2.87 usec
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DFILE 9.als

COMNT

DATIM 2016-12-01 10:42:11

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP

SLVNT CDCL3

EXREF 0.00 ppm

BF 1.40 Hz

RGAIN 42

HO N.

TMS



DFILE 9-carbon-1.als

3 PRIV IIRI[BZIR g 2 o 2 1 )
= Sg3sas A fan 88 b n o8 8 S DATIM  2016-12-01 12:31:59
] HodYuybogidgsaa Nk P - B - - =9 L
a 3333333999999 ~~~ » NS OBNUC  13C
EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 630
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H
CTEMP 20.8¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.40 Hz
RGAIN 60

HO N.

TMS
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DFILE 11a-proton-1.als
8838238 23 g S g3 comnr PO
------- 5 5 H 5 9 DATIM 16-12-1. :46:41
EXMOD  single pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQgJ 6002.31 Hz
N
ACQTM 2.1837 sec
PD 2.0000 sec
PW1 4.70 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 40
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asmple-7 c13-1.;

2016-10-13 14:
13C

single_pulse_dec

als
44:37

100.53 MHz

5.35 KHz
5.86 Hz
26214
25125.24 Hz
142

1.0433 sec
1.2000 sec
2.87 usec
1H
28¢
CDCL3
77.00 ppm
0.20 Hz
60

TMS
11a
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DFILE 11b proton-1.als

DDNMONDN I Qo - PONCNONDAD VNG RNO AN D =)
SIQLSVIHIAS 1= I R R R EEE R EER R R S COMNT
NQeoRqRR RN haba] 3] RRQOANNNNNAAA AT R at] =] DATIM 2016-12-15 16:17:20
NENN©GCO0E oS S o od deddddddddddrddddcoc =] =17
OBNUC 1H
EXMOD  single pulse.ex2
OBFRQ 600.17 MHz
OBSET 5.30 KHz
OBFIN 5.47 Hz
POINT 26214
FREQU 9008.87 Hz
SCANS 8
ACQTM 2.9098 sec
PD 2.0000 sec
PW1 6.85 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.20 Hz
RGAIN 36

OMe

Hex

11b
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DFILE 11b-carbon-1.als

© «© @ ©o oNd o o HHO =D (=] (=] (=3 - o < =l
g LR A el B gagsn Z g 23Rgs: ¢ SRTM  2016-12-13 99041
8 2 o El 883 & @ KRN SS w % DD 18 o = -
& - =t 1 3 a8y g ha N~~~ 0 < MONN NN - OBNUC 1_3(:
EXMOD  single pulse dec
OBFRQ 150.92 MHz
OBSET 8.52 KHz
OBFIN 1.74 Hz
POINT 26214
FREQU 37878.21 Hz
N 419
ACQTM 0.6921 sec
PD 1.2000 sec
PW1 3.43 usec
IRNUC 1H
CTEMP 20.2¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.20 Hz
RGAIN 54

OMe

Hex

11b
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DFILE 11c-proton-1.als
§EE’§§§§§E gg § § § S%m.r 2016-12-12 09:51:57
EXMOD  single pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.31 Hz
SCANS 8
ACQTM 2.1837 sec
PD 2.0000 sec
PWL 4.70 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 36
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DFILE 11c carbon-1.als
8 a3 2 g2 83 ¢ 388 g9 8 COMNT
5 g o5 NG @ o Py nRs 32 % DATIM 2016-12-12 15:34:32
< fan 5 ad 8§ 9 ] RRR B8 3 S OBNUC  13C
EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 760
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H
CTEMP 2l1lc
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.40 Hz
RGAIN 60
l
h
v I bt bt ok N — . " . T Ak kbl brtederedsdad hasneuhrmdbhdad ) .
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DFILE 238-re-l.als

2 J8 88 €358 28 &4 2 2 8 COMNT
222 BE 23R 22 Gh a2 3 = DATIM  2017-05-15 16:06:35
3 :06:
EXMOD  single pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQ;J 6002.31 Hz
N
ACQTM 2.1837 sec
PD 2.0000 sec
PWL 4.70 usec
IRNUC 1H
CTEMP 21.6¢
SLVNT C6D6
EXREF 0.00 ppm
BF 0.20 Hz
RGAIN 38
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single_pulse.ex2
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single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.24 Hz
205

1.0433 sec
1.2000 sec
2.87 usec
1H
28¢
CDCL3
77.00 ppm
0.20 Hz
60

11d

TMS



BHIRSSRE88835REAY 3 8 3 8
RRRRREEREEEEE g g & 8
KERRENNNENN GO0 6 60 ~ ¥ ® ©
[N
<
@
&
~
I
&
i
3 8
3 o
[ 8
-
| |
A \ y L A J
PPM
\HHHHHHH\H\HHHH\HHH‘HHH\H‘HHH\HHHHH\HHH\H\HHHH‘HH\H\
7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

S45

HO

12a proton-1.als
2016-12-17 16:03:34
1H

single_pulse.ex2

399.78 MHz
4.19 KHz

2.1837 sec
2.0000 sec
4.70 usec
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DFILE 12a carbon-1.jdf

COMNT

DATIM 2016-12-17 16:41:44
OBNUC 13C

EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 32768
FREQU 31407.03 Hz
SCANS 1000
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H

CTEMP 20.7¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

OMe
Bn

HO

12a



245
210
191
173
144
127
109
076
055
002
996
990
984
974
866
792
772
4.595

3.98

2.0

1.00

R\ 0.89

2.274
2.235
0.000

6.39

2.02
2.16

S47

DFILE 12b-proton-1.als

COMNT

DATIM 2016-12-13 09:29:55

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP

SLVNT CDCL3

EXREF 0.00 ppm

BF 0.20 Hz

RGAIN 36

OMe
Bn

HO

Hex

12b
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DFILE 12b~-carbon-1.als

COMNT

DATIM 2016-12-13 13:26:55
OBNUC 13C

EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 601
ACQTM 1.0433 sec
PD 1.2000 sec
PWL 2.87 usec
IRNUC 1H

CTEMP 20.8¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.20 Hz
RGAIN 60

Bn
HO

Hex

12b

OMe



2.34

- ——— 2.8
128

0.99

1.02

4.898
3.853

3.14

2.159

3.00

1.630

0.000

PPM
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0.0

DFILE 241-1.qls

COMNT

DATIM 2017-05-24 12:19:13

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP 22

SLVNT CDCL3

EXREF 0.00 ppm

BF 0.20 Hz

RGAIN 42

OMe
HO

12c
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DFILE 241-13c-1.als

DATIM 2017-05-24 12:38:21
13C

EXMOD  single pulse dec

OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 500
ACQTM 1.0433 sec
PD 1.2000 sec
PW1 2.87 usec
IRNUC 1H

CTEMP 23.0¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.20 Hz
RGAIN 60

HO

12c

OMe



7.249
7.031
7.009
6.920
6.575
4732
3.857

3

1.98

1.98

-1.00

0.94

NOMN ©OdMONOATONOAND D Q DFILE 13-proton-1.als
INOR® NROAISARNNAdSNdS =3 COMNT
ANNA goaOaNddqdddqoan =] DATIM 2016-12-12 10:02:37
Aaaa dedddddddddddoSo S S
OBNUC 1H
EXMOD  single pulse.ex2
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.31 Hz
SCANS 8
ACQTM 2.1837 sec
PD 2.0000 sec
PW1 4.70 usec
IRNUC 1H
CTEMP
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.12 Hz
RGAIN 32
8
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|
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DFILE 13-carbon-1.als

COMNT

DATIM 2016-12-12 13:26:05
OBNUC 13C

EXMOD  single pulse dec
OBFRQ 150.92 MHz
OBSET 8.52 KHz
OBFIN 1.74 Hz
POINT 26214
FREQU 37878.21 Hz
SCANS 591
ACQTM 0.6921 sec
PD 1.2000 sec
PWL 3.43 usec
IRNUC 1H

CTEMP 20.2¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 54

HO Hex
13

OMe



___—— 7.157
T 7135

2:.02

____— 6.908

T —— 6.887

198

6.453

00

1

4.895

—0.98

3.835
2.471
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2.259
2.206

— 6.41

1.336
1.197
1.179
1.145

.

8.86

0.814
0.797

___— 0832

PPM
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0.0

DFILE rea-TFAA-L.als

COMNT

DATIM 2016-09-29 20:57:02

OBNUC 1H

EXMOD  single pulse.ex2

OBFRQ 399.78 MHz

OBSET 4.19 KHz

OBFIN 7.29 Hz

POINT 13107

FREQgJ 6002.31 Hz
N

ACQTM 2.1837 sec

PD 2.0000 sec

PW1 4.70 usec

IRNUC 1H

CTEMP

SLVNT CDCL3

EXREF 0.00 ppm

BF 1.40 Hz

RGAIN 24

Hex

HO
OMe
14



DFILE rea-TFAA-c13-L.als
g g 228 33 2 53 age g 288y § 88y COMNT
1 ] 3 e 2 21 Mmow N ®reY X e DATIM 2016-09-29 21:01:60
3 I 2 88 {8 iy 39 NGO T3 =1=1=F:] o ool
- - S a8 898 S a4 N~~~ ry mOON o~ B OBNUC 1_3(:
EXMOD  single pulse dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.24 Hz
SCANS 110
ACQTM 1.0433 sec
PD 1.2000 sec
PW1 2.87 usec
IRNUC 1H
CTEMP 21.3¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.40 Hz
RGAIN 60
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X : parts per Million :



HMBC

»
g 1 .
2 .
5
Z i M
2 |
3 b
o:
=
B
=
£
] ] © —
r © © @ e
ol
o—
B
ol
o—
B
] @ §
] Ed
ol
o—
B
§ X : 5.86085[ppm] —
] ¥:148 4s4si'ﬁgpm]
] 0.79278[mabn]
o: &
=
8=
2
N 5.96079[ppm]
156. ‘31475%%pm]
1.33203[mabn]
3
(6] =]
n 8-
c ]
5
s ]
-
g -
£ s2
g 5-
-]
T [ T T T - T [T [ T T T P I T I T - T [ P T T - T T TTTE TR
8.1 8.0 7.9 7.8 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 0.1 0.2 03 04 05 06 0.7 0%

X parts per Million : 1H

abundance



HMBC

HO N

-
: [T ]
=
5
1
5
2 i L |
1 ——
=
=1
=
Q- e
S
=]
il
4
=4
o
=
1 —
] : 3.03733[ppm]
§ 4&.45393%@pm]
- 77712[mabin]
= ki
=)
4l
4
B o-
= g
- 8
= =
] i
5 g
o i
2
2 i
5 g
=
= |
3.6 3.5 3.4 i B 2l 3.0 2.9 28 27 2.6 2.5 24 23 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 13 12 1.1 1.0 0.9 08 07 0.6 0.5 0.4 0.3 0.2 0.1 0 01 0.2 03 04 05 0.6 07
X : parts per Million : 1H abundance

S59



X : parts per Million : 1H
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