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1. General details

Unless otherwise noted, all reactions were carried out using oven-dried glassware under a nitrogen atmosphere.
Dichloromethane (CH2Cly) and toluene were distilled from CaH» prior to use. Tetrahydrofuran (THF) was
distilled from Na/benzophenone prior to use. m-Xylene and toluene were further degassed by bubbling a
stream of argon through the liquid in a Strauss flask and then stored in a nitrogen-filled glove box. Acetonitrile
(CH3CN), benzene, methanol (MeOH), anhydrous N,N-dimethylformamide (DMF) and anhydrous diethyl
ether (Et,O) were purchased from Sigma-Aldrich and Alfa Aesar, and used without further purification. Unless
otherwise noted, all chemicals were purchased from commercial sources and used as received. All
transition-metal complexes, except for CpPd(1-phenylallyl), were purchased from Sigma-Aldrich or Strem and
used as received. CpPd(1-phenylallyl) was synthesized following a known procedure.! Triphenylborane (BPhs)
was purchased from Strem and recrystallized from anhydrous heptanes under nitrogen. 2
Tris(pentafluorophenyl)borane [B(C¢Fs)3] was purchased from Strem and used as received.

Analytical thin-layer chromatography (TLC) and preparative thin-layer chromatography were carried out using
250 pm and 1000 um silica plates (SiliCycle), respectively. Eluted plates were visualized first with a UV lamp
(254 nm) and then stained with potassium permanganate, iodine, or bromocresol green. Flash column
chromatography was performed using 230—400 mesh (particle size 40-63 um) silica gel purchased from
SiliCycle.

"H NMR (400 and 500 MHz), '3C NMR (75 and 125 MHz), and '°F NMR (375 and 470 MHz) spectra were
obtained on Varian Inova and Bruker Avance instruments. '"H NMR spectra data were reported as & values in
ppm relative to TMS (8 0.00) or chloroform (7.26) if collected in CDCl3, or dimethyl sulfoxide (& 2.50) if
collected in DMSO-de. '*C NMR spectra data were reported as & values in ppm relative to chloroform (8 77.00)
if collected in CDCl; or dimethyl sulfoxide (8 39.50) if collected in DMSO-de. 'F NMR spectra data were
reported as & values in ppm using instrument standard. '"H NMR coupling constants were reported in Hz, and
multiplicity was indicated as follows: s (singlet); d (doublet); t (triplet); q (quartet); quint (quintet); m
(multiplet); dd (doublet of doublets); ddd (doublet of doublet of doublets); dddd (doublet of doublet of doublet
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of doublets); dt (doublet of triplets); td (triplet of doublets); ddt (doublet of doublet of triplets); dq (doublet of
quartets); app (apparent); br (broad). Raw NMR data files or processed NMR data files, referred to as “.mnova
files” in the tables below, are available from the corresponding author upon request. Infrared (IR) spectra were
obtained on a MIDAC FT-IR spectrometer. A thin-film of sample was prepared by evaporating solvent
(CH2ClI, or CDClI3) on NaCl plates. High-resolution mass spectra (HRMS) in electrospray ionization (ESI)
experiments were performed on a Bruker BioTOF II (Time-of-flight) instrument using PEG-300, PEG-400 or
PPG-400 as an internal standard.

2. Optimization of aminocyanation conditions

A general procedure: In a nitrogen-filled glove box, a one-dram vial was charged with a magnetic stirring bar,
substrate 1a (38.1 mg, 0.1 mmol), BPh; (9.7 mg, 0.04 mmol), Xantphos (5.8 mg, 0.01 mmol), and a solution of
CpPd(1-phenylallyl) in toluene (0.02 M, 0.5 mL, 0.01 mmol). The reaction mixture was sealed with a PTFE
lined cap, removed from the glove box, and heated in an aluminum heating block for 24 h. The resulting
mixture was allowed to cool to room temperature and a stock solution of p-methoxyacetophenone (0.1 M in
toluene, 0.3 mL, 0.03 mmol) was added as the internal NMR-standard. The resulting mixture was concentrated
in vacuo and the yield of 2a was determined by 'H NMR analysis. The isolated yield was obtained by
concentrating the crude mixture onto Celite, followed by flash column chromatography.
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Table S1. Optimization of aminocyanation of N-acyl cyanamide 1a

Tol\ palladlltijg;r::é)mplex T0| - @ Me Me
OxN—CN Lewis acid 0 N_~cN \ | § O O
solvent, T, 24 h O NH Pd :
PhI/U\Me > w * I/U\ SUPN : ,foé,
PR e Phs Me Pt PPh,  PPhy
Tol = 4-methylphenyl 2a 1a' CpPd(1-phenylallyl) : Xantphos
Entry Palladium? Ligand® ;:i‘gl(sequiv.) Solvent T(°C)  Yield of 2a (%)°
1 CpPd(1-phenylallyl)  Xantphos BPh3 (0.5) PhMe 90 874
2 Pd(OAc), Xantphos BPh3 (0.5) PhMe 90 67
3 Pd(TFA), Xantphos BPh; (0.5) PhMe 90 17
4 [Pd(allyD)Cl]2 Xantphos BPh3 (0.4) PhMe 100 0°
5 Pd,dba; Xantphos BPh3 (0.5) PhMe 90 69
6 Pd(PPh3)4 - BPh; (0.5) PhMe 90 81
7 CpPd(1-phenylallyl) ~ Xantphos’  B(CeFs); (0.5) PhMe 100 0°
8 CpPd(1-phenylallyl)  Xantphos AlMe,C1(0.5) PhMe 100 0°
9 CpPd(1-phenylallyl)  Xantphos' AICl3 (0.5) PhMe 100 0°
10 CpPd(1-phenylallyl) ~ Xantphos' ZnCl, (0.5) PhMe 100 08
11 CpPd(1-phenylallyl) ~ Xantphos' Zn(OTf), (0.5) PhMe 100 08
12 CpPd(1-phenylallyl)  dppe BPh3 (0.4) PhMe 80 0°
13 CpPd(1-phenylallyl)  dppp BPh3 (0.4) PhMe 80 23
14 CpPd(1-phenylallyl)  dppb BPh3 (0.4) PhMe 80 49
15 CpPd(1-phenylallyl)  DPEphos BPhs (0.4) PhMe 80 72
16 CpPd(1-phenylallyl)  Xantphos BPhs (0.4) PhMe 80 93
17 CpPd(1-phenylallyl)  Nixantphos BPhs (0.4) PhMe 80 81
18 CpPd(1-phenylallyl)  DBFphos BPhs (0.4) PhMe 80 0°
19 CpPd(1-phenylallyl)  Xantphos' BPh3 (0.4) THF 80 26
20 CpPd(1-phenylallyl) ~ Xantphos’  BPh;(0.4) PhCF; 80 0¢
21 CpPd(1-phenylallyl) ~ Xantphos’  BPh; (0.4) dioxane 80 20
22 CpPd(1-phenylallyl)  Xantphos' BPh; (0.4) 1,2-DCE 80 0¢
23 CpPd(1-phenylallyl) ~ Xantphos’  BPh; (0.4) DMF 80 0¢
24 CpPd(1-phenylallyl) ~ Xantphos’  BPh; (0.4) cyclohexane 80 85
25 CpPd(1-phenylallyl)  Xantphos — PhMe 80 <20"
26 - - BPh; (0.5) PhMe 100 0°
27 - - B(CsFs5)3(0.5) PhMe 80 0°
28 - - AlCl3 (0.5) PhMe 80 0"
29 CpPd(1-phenylallyl)  Xantphos BPhs (0.4) PhMe 80 89
30 CpPd(1-phenylallyl)  Xantphos BEt; (0.4) PhMe 80 99
“10mol% palladium complex. 10 mol% ligand. ‘Determined by 'H NMR analysis using

p-methoxyacetophenone as the internal standard. Isolated yiled after column chromatography. “Only 1a and
1a' detected by NMR spectroscopy. /15mol% Xantphos. {Unconsumed 1a. "Complex reaction mixture.
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Table S2. Optimization of aminocyanation of N-sulfonyl cyanamide 3a

o T Plmeonec LT
W-N<on  ligand (10 mol%) e %N~y
C[’F) Lewisacid ©;N<Tol R qgo
Me PhMe, T, 16 h Me
Md —CN
3a 4a 3a’
Tol = 4-methylphenyl
Entry Palladium Ligand Lewis acid (equiv.) T (°C) Yield of 4a (%)*
1 - - B(CsFs5)3(1.0) 100 0°
2 - - BF3+OEt; (1.0) 100 0’
3 - - BPhs (0.4) 100 0’
4 Pd(OAc), Xantphos BPhs (0.4) 100 69
5 Pd(PPh3)4 Xantphos BPh; (0.4) 100 32
6 Pd(TFA), Xantphos BPhs (0.4) 100 63
7 Pd,dba; Xantphos BPhs (0.4) 100 85
8 Pd,dba; Xantphos BPhs (0.4) 90 95
9 Pd>dbas Xantphos BPhs (0.4) 80 99¢
10 Pd>dbas Xantphos BPhs (0.4) 70 78
11 Pdydbas Xantphos — 100 0°

“Determined by 'H NMR analysis using DMSO-d¢ as the solvent and p-methoxyacetophenone as the internal
standard. *Unconsumed starting material. “Isolated yield after column chromatography.
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3. Results of aminocyanation reactions
CpPd(1-phenylallyl) (10 mol%)
Tol Xantphos (10 mol%) TOI
BPh; or BEt3 (40 mol%)

Os_N=—CN o=N CN
I/”\ PhMe, 80 °C, 24 h . jj(,\;e
P e 09% yid (BEtS) g
1a 2a

Aminocyanation of 1a as a representative example: In a nitrogen-filled glove box, a one-dram vial was
charged with a magnetic stirring bar, cyanamide 1a (76.2 mg, 0.2 mmol), BPh; or BEt; (BPhs: 19.4 mg, 0.08
mmol; BEt;: 1.0 M in Hex, 80 pL, 0.08 mmol), Xantphos (11.6 mg, 0.02 mmol), and a solution of
CpPd(1-phenylallyl) in toluene (0.02 M, 1.0 mL, 0.02 mmol). The reaction mixture was sealed with a PTFE
lined cap, removed from the glove box, and heated at 80 °C in an aluminum heating block for 24 h. The
resulting mixture was allowed to cool to room temperature, diluted with CH>Cl, (5 mL), and concentrated onto
Celite. The crude product was purified by gradient flash column chromatography (1:9 — 15:85 EtOAc/Hex) to
afford 2a as a pale yellow foam (0.198 mmol, 99% yield with BEt3). R, = 0.32 (1:4 EtOAc/Hex); '"H NMR
(500 MHz, CDCl3) ¢ 7.50 (d, J = 7.7 Hz, 2H), 7.46 (d, J= 7.7 Hz, 2H), 7.35 (dt, J=13.2, 7.6 Hz, 4H), 7.29 —
7.22 (m, 4H), 7.03 (d, J = 7.8 Hz, 2H), 3.33 (d, /= 13.7 Hz, 1H), 3.00 (d, J = 13.7 Hz, 1H), 2.42 (d, J = 16.6
Hz, 1H), 2.37 (s, 3H), 2.33 (d, J = 16.5 Hz, 1H), 1.33 (s, 3H); 3C NMR (125 MHz, CDCls) § 174.9, 142.9,
142.8, 138.9, 132.2, 130.3, 129.2, 128.8, 128.5, 127.7, 127.6, 127.2, 127.0, 116.8, 59.8, 56.9, 46.7, 29.3, 26.5,
21.1; HRMS (ESI) calcd for [C26H24N2O + Na]* 403.1781, found 403.1786; IR (thin film) 2247, 1697, 1513,
1373.

2b

Prepared from 1b on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 80 °C for 24 h. 2b was purified by gradient flash column chromatography (1:9 —
15:85 EtOAc/Hex) as an off-white foam (0.192 mmol, 96% yield). Ry= 0.24 (1:4 EtOAc/Hex); '"H NMR (500
MHz, CDCls) 8 7.55 — 7.49 (m, 2H), 7.50 — 7.31 (m, 9H), 7.28 (td, /= 7.7, 7.1, 1.7 Hz, 2H), 7.20 — 7.14 (m,
2H), 3.36 (d, J=13.8 Hz, 1H), 3.03 (d, /= 13.7 Hz, 1H), 2.44 (d, J=16.5 Hz, 1H), 2.36 (d, /= 16.6 Hz, 1H),
1.36 (s, 3H); 13C NMR (125 MHz, CDCl3) 8 175.0, 142.9, 142.7, 135.0, 129.7, 129.5, 128.9, 128.8, 128.6,
127.7, 127.6, 127.3, 127.1, 116.8, 59.9, 56.9, 46.8, 29.4, 26.6; HRMS (ESI) calcd for [C2sH22N>O + Na]*
389.1624, found 389.1625; IR (thin film) 2247, 1697, 1493, 1371.
tBu

2c

Prepared from 1c¢ on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt;
(40 mol%) in toluene at 80 °C for 24 h. 2¢ was purified by gradient flash column chromatography (1:9 — 1:4
EtOAc/Hex) as a pale yellow foam (0.186 mmol, 93% yield). R,= 0.51 (1:4 EtOAc/Hex); "H NMR (500 MHz,
CDCl3) 8 7.52 (d, J= 8.1 Hz, 2H), 7.46 (ddd, J = 8.3, 3.8, 1.3 Hz, 4H), 7.39 — 7.23 (m, 6H), 7.08 (d, /= 7.1 Hz,
2H), 3.34 (d,J=1.2 Hz, 1H), 3.02 (d, J= 1.1 Hz, 1H),2.43 (d, /= 1.1 Hz, 1H), 2.36 (d, /= 16.5 Hz, 1H), 1.36
(d, J = 1.2 Hz, 3H), 1.33 (s, 9H); 3C NMR (125 MHz, CDCI3) § 175.0, 151.9, 143.0, 142.7, 132.1, 128.9,
128.8, 128.5, 127.7, 127.6, 127.3, 127.0, 126.7, 116.9, 59.9, 56.9, 46.7, 34.7, 31.2, 29.3, 26.6; HRMS (ESI)
caled for [C2oH30N.0 + Na]* 445.2250, found 445.2244; IR (thin film) 2247, 1696, 1510, 1372.
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2d
Prepared from 1d on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(40 mol%) in toluene at 80 °C for 24 h. 2d was purified by flash column chromatography (1:9 — 1:4
EtOAc/Hex) as a pale yellow foam (0.180 mmol, 90% yield). Ry= 0.29 (1:4 EtOAc/Hex); '"H NMR (500 MHz,
CDCl3) 6 7.48 (d, J=17.7 Hz, 2H), 7.45 (d, J= 7.6 Hz, 2H), 7.36 (dt, J= 10.6, 7.6 Hz, 4H), 7.28 (t, /= 7.1 Hz,
2H), 7.15 (d, J = 6.6 Hz, 4H), 3.34 (d, /= 13.7 Hz, 1H), 3.03 (d, J = 13.7 Hz, 1H), 2.43 (d, J = 16.6 Hz, 1H),
2.35 (d, J = 16.6 Hz, 1H), 1.34 (s, 3H); 3C NMR (125 MHz, CDCls) 8 175.2, 162.6 (d, 'Jrc = 249.2 Hz),
142.7, 142.6, 131.4 (d, *Jrc = 8.7 Hz), 130.9 (d, “Jrc = 3.2 Hz), 128.9, 128.6, 127.7, 127.6, 127.4, 127.2,
116.8 (d, 2Jr-c = 22.8 Hz), 116.6, 59.9, 56.9, 46.7, 29.4, 26.5; ’F NMR (470 MHz, CDCl3) 4 —111.9; HRMS
(EST) caled for [C25H21FN,O + Na]* 407.1530, found 407.1536; IR (thin film) 2247, 1698, 1509, 1374, 1221.
Cl

2e

Prepared from 1e on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BPh3
(60 mol%) in toluene at 80 °C for 24 h. 2e was purified by flash column chromatography (1:9 — 15:85
EtOAc/Hex) as an off-white foam (0.172 mmol, 86% yield). Ry= 0.32 (1:4 EtOAc/Hex); 'H NMR (500 MHz,
CDCl3) 6 7.51 — 7.41 (m, 6H), 7.36 (dt, J = 10.3, 7.6 Hz, 4H), 7.30 — 7.26 (m, 2H), 7.12 (d, J = 8.5 Hz, 2H),
3.34 (d, J=13.7 Hz, 1H), 3.02 (d, /= 13.7 Hz, 1H), 2.42 (d, /= 16.6 Hz, 1H), 2.34 (d, /= 16.5 Hz, 1H), 1.33
(s, 3H); *C NMR (125 MHz, CDCl3) 8 175.0, 142.6, 142.5, 135.0, 133.6, 130.8, 130.0, 128.9, 128.6, 127.6,
127.5,127.4, 127.2, 116.6, 59.9, 56.9, 46.7, 29.4, 26.6; HRMS (ESI) calcd for [C2sH21CIN,O + Na]* 423.1235,
found 423.1236; IR (thin film) 2247, 1698, 1493, 1371.
OMe

2f

Prepared from 1f on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 80 °C for 24 h. 2f was purified by flash column chromatography (1:3 EtOAc/Hex) as a
pale yellow oil (0.190 mmol, 95% yield). R,= 0.32 (3:7 EtOAc/Hex); '"H NMR (500 MHz, CDCl3) § 7.51 (d, J
= 8.2 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.35 (dt, J = 12.5, 7.6 Hz, 4H), 7.30 — 7.24 (m, 2H), 7.08 (d, J = 8.6
Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 3.81 (s, 3H), 3.33 (d, /= 13.7 Hz, 1H), 3.00 (d, J = 13.7 Hz, 1H), 2.42 (d, J
=16.6 Hz, 1H), 2.34 (d, J = 16.6 Hz, 1H), 1.33 (s, 3H); ¥C NMR (125 MHz, CDCls) § 175.1, 159.7, 143.0,
142.8, 130.6, 128.8, 128.5, 127.7, 127.6, 127.4, 127.2, 127.0, 116.9, 114.9, 59.8, 56.8, 55.5, 46.6, 29.3, 26.5;
HRMS (ESI) caled for [Ca6H24N202 + Na]* 419.1730, found 419.1736; IR (thin film) 2247, 1696, 1512, 1375,
1251.
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OAc

29
Prepared from 1g on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(40 mol%) in toluene at 80 °C for 24 h. 2g was purified by flash column chromatography (1:3 — 45:55
EtOAc/Hex) as an off-white foam (0.180 mmol, 90% yield). R;= 0.59 (1:1 EtOAc/Hex); '"H NMR (500 MHz,
CDCl3) 6 7.49 (d, J = 7.7 Hz, 2H), 7.45 (d, J = 7.8 Hz, 2H), 7.39 — 7.32 (m, 4H), 7.30 — 7.26 (m, 2H), 7.23 —
7.15 (m, 4H), 3.36 (d, /= 13.8 Hz, 1H), 3.03 (d, /= 13.7 Hz, 1H), 2.45 (d, J = 16.5 Hz, 1H), 2.37 (d, /= 16.6
Hz, 1H), 2.31 (s, 3H), 1.34 (s, 3H); 3C NMR (125 MHz, CDCls) & 175.1, 169.0, 150.8, 142.7, 142.6, 132.4,
130.6, 128.8, 128.6, 127.7, 127.6, 127.3, 127.1, 122.9, 116.7, 60.0, 57.0, 46.7, 29.4, 26.6, 21.1; HRMS (ESI)

caled for [C27H24N203 + Na]* 447.1679, found 447.1682; IR (thin film) 2247, 1755, 1698, 1507, 1371, 1196.
Ac

2h

Prepared from 1h on a 0.2 mmol scale with CpPd(1-phenylallyl) (15 mol%), Xantphos (15 mol%), and BEt3
(100 mol%) in toluene at 70 °C for 30 h. 2h was purified by flash column chromatography (1:4 — 3:7
EtOAc/Hex) as a pale yellow foam (0.134 mmol, 67% yield). Ry= 0.36 (4:6 EtOAc/Hex); '"H NMR (500 MHz,
CDCls) 6 8.05 (d, J= 8.4 Hz, 2H), 7.49 (d, J=7.6 Hz, 2H), 7.45 (d, J= 7.6 Hz, 2H), 7.37 (dt, J=11.6, 7.7 Hz,
4H), 7.29 (t, J = 7.6 Hz, 4H), 3.38 (d, J = 13.8 Hz, 1H), 3.06 (d, J = 13.7 Hz, 1H), 2.62 (s, 3H), 2.46 (d, J =
16.6 Hz, 1H), 2.38 (d, J = 16.6 Hz, 1H), 1.38 (s, 3H); *C NMR (125 MHz, CDCl3) § 197.0, 175.0, 142.5,
142.4, 139.6, 137.1, 129.7, 129.6, 128.9, 128.7, 127.6, 127.5, 127.4, 127.2, 116.5, 60.2, 57.0, 46.9, 29.5, 26.8,
26.7, HRMS (ESI) caled for [C27H24N>0> + Na]* 431.1730, found 431.1733; IR (thin film) 2247, 1687, 1600,

1367, 1266.
Q/CI
o=N CN
p
Ph

Ph
2i

Prepared from 1i on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(80 mol%) in toluene at 70 °C for 24 h. 2i was purified by flash column chromatography (1:9 — 15:85
EtOAc/Hex) as a white foam (0.152 mmol, 76% yield). Ry = 0.31 (1:4 EtOAc/Hex); '"H NMR (500 MHz,
CDCl3) 6 7.49 (d, J = 7.7 Hz, 2H), 7.46 — 7.32 (m, 8H), 7.31 — 7.26 (m, 2H), 7.17 (t, J = 1.3 Hz, 1H), 7.12 —
7.07 (m, 1H), 3.36 (d, J=13.7 Hz, 1H), 3.03 (d, /= 13.7 Hz, 1H), 2.44 (d, /= 16.6 Hz, 1H), 2.36 (d, /= 16.6
Hz, 1H), 1.36 (s, 3H); '3C NMR (125 MHz, CDCls) § 175.0, 142.6, 142.4, 136.3, 135.2, 130.7, 129.7, 129.3,
128.9, 128.6, 127.9, 127.6, 127.5, 127.4, 127.2, 116.5, 60.0, 56.9, 46.8, 29.4, 26.6; HRMS (ESI) calcd for
[C25H21CIN,O + Na]* 423.1235, found 423.1234; IR (thin film) 2248, 1699, 1478, 1368.
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; .CF3

o=_N CN
Me
Ph
2j
Prepared from 1j on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(60 mol%) in toluene at 70 °C for 24 h. 2j was purified by flash column chromatography (1:9 — 1:4
EtOAc/Hex) as a pale yellow foam (0.172 mmol, 86% yield). Ry=0.29 (1:4 EtOAc/Hex); 'H NMR (500 MHz,
CDCl3) 6 7.69 (d, J= 7.9 Hz, 1H), 7.61 (t, J= 7.9 Hz, 1H), 7.49 (d, J = 7.9 Hz, 2H), 7.47 — 7.33 (m, 8H), 7.29
(dd, J = 8.8, 7.2 Hz, 2H), 3.37 (d, J = 13.8 Hz, 1H), 3.05 (d, /= 13.7 Hz, 1H), 2.43 (d, /= 16.6 Hz, 1H), 2.36
(d, J=16.6 Hz, 1H), 1.37 (s, 3H); 3C NMR (125 MHz, CDCl3) § 175.1, 142.5, 142.4, 135.8, 133.2, 132.2 (q,
2Jrc=33.0 Hz), 130.4, 128.9, 128.7, 127.6, 127.51, 127.46, 127.3, 126.2 (q, 3Jr-c = 3.7 Hz), 125.8 (q, *Jrc =
3.8 Hz), 122.4 (q, 'Jrc=270.9 Hz), 116.4, 60.1, 57.0, 46.8, 29.5, 26.7; '°’F NMR (470 MHz, CDCl;) § —62.6;
HRMS (ESI) calcd for [CasH21F3N2O + Na]* 457.1498, found 457.1502; IR (thin film) 2249, 1700, 1328,

1129.
©/002Me
o=N CN
R
Ph

Ph
2k

Prepared from 1k on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 70 °C for 24 h. 2k was purified by flash column chromatography (15:85 — 3:7
EtOAc/Hex) as a pale yellow foam (0.184 mmol, 92% yield). Ry= 0.39 (3:7 EtOAc/Hex); '"H NMR (500 MHz,
CDCls) 6 8.10 (dt, J=17.9, 1.4 Hz, 1H), 7.81 (t,J = 1.9 Hz, 1H), 7.56 (t, J= 7.9 Hz, 1H), 7.53 — 7.49 (m, 2H),
7.47 —7.42 (m, 2H), 7.42 — 7.33 (m, 5H), 7.32 — 7.26 (m, 2H), 3.92 (s, 3H), 3.38 (d, /= 13.8 Hz, 1H), 3.04 (d,
J =13.7 Hz, 1H), 2.45 (d, J = 16.5 Hz, 1H), 2.39 (d, J = 16.5 Hz, 1H), 1.39 (s, 3H); 3C NMR (125 MHz,
CDCls) 6 175.0, 165.9, 142.7, 142.4, 135.4, 134.2, 131.9, 130.3, 130.0, 129.9, 128.9, 128.6, 127.6, 127.5,
127.4, 127.1, 116.5, 60.0, 56.9, 52.4, 46.9, 29.4, 26.7, HRMS (ESI) calcd for [C27H24N>O3 + Na]* 447.1679,
found 447.1683; IR (thin film) 2250, 1723, 1699, 1370, 1291.

©/0M6
o=N CN
Me
Ph

Ph
2]

Prepared from 11 on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 80 °C for 24 h. 21 was purified by flash column chromatography (15:85 — 1:4
EtOAc/Hex) as a yellow oil (0.168 mmol, 84% yield). Ry = 0.19 (1:4 EtOAc/Hex); '"H NMR (500 MHz,
CDCl3) 6 7.52 — 7.49 (m, 2H), 7.46 (d, J= 7.6 Hz, 2H), 7.38 — 7.32 (m, 5H), 7.31 — 7.22 (m, 2H), 6.95 (dd, J =
8.4, 2.5 Hz, 1H), 6.74 (dd, J= 7.7, 1.8 Hz, 1H), 6.71 (d, J = 2.3 Hz, 1H), 3.81 (s, 3H), 3.35 (d, J = 13.7 Hz,
1H), 3.01 (d, J = 13.7 Hz, 1H), 2.45 (d, J = 16.6 Hz, 1H), 2.35 (d, J = 16.6 Hz, 1H), 1.34 (s, 3H); 13C NMR
(125 MHz, CDCl3) 8 174.8, 160.4, 142.8, 142.7, 136.1, 130.3, 128.8, 128.5, 127.7, 127.6, 127.3, 127.1, 121.5,
116.8, 115.6, 114.2, 59.9, 56.9, 55.4, 46.7, 29.4, 26.6; HRMS (ESI) calcd for [C26H24N>0; + Na]* 419.1730,
found 419.1732; IR (thin film) 2248, 1697, 1491, 1372, 1287, 1267.
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MeO. ; _OMe

Prepared from 1m on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 70 °C for 30 h. 2m was purified by flash column chromatography (1:4 — 1:3
EtOAc/Hex) as a pale yellow foam (0.174 mmol, 87% yield). Ry= 0.36 (3:7 EtOAc/Hex); 'H NMR (500 MHz,
CDCl3) 6 7.49 (d, J = 7.4 Hz, 2H), 7.46 (d, J= 7.5 Hz, 2H), 7.35 (dt, J=9.7, 7.6 Hz, 4H), 7.30 — 7.24 (m, 2H),
6.50 (t,J=2.3 Hz, 1H), 6.30 (d, /= 2.1 Hz, 2H), 3.79 (s, 6H), 3.35 (d, J=13.7 Hz, 1H), 3.01 (d, /= 13.7 Hz,
1H), 2.49 (d, J = 16.6 Hz, 1H), 2.36 (d, J= 16.6 Hz, 1H), 1.34 (s, 3H); 3C NMR (125 MHz, CDCl;) § 174.6,
161.3, 142.8, 142.7, 136.6, 128.8, 128.6, 127.7, 127.6, 127.3, 127.1, 116.9, 107.8, 100.6, 59.9, 56.9, 55.5, 46.8,
29.4, 26.6; HRMS (ESI) calcd for [C27H26N>O3 + Na]* 449.1836, found 449.1837; IR (thin film) 2248, 1698,
1206, 1157.
Me

Me

o=N CN
Me
Ph

Ph
2n

Prepared from 1n on a 0.2 mmol scale with CpPd(1-phenylallyl) (15 mol%), Xantphos (15 mol%), and BEt3
(100 mol%) in toluene at 70 °C for 48 h. 2n was purified by flash column chromatography twice (first: 1:9
EtOAc/Hex; second: CH>Cly) as a colorless oil (0.086 mmol, 43% yield). Ry = 0.49 (1:4 EtOAc/Hex); 'H
NMR (500 MHz, CDCls3) 6 7.53 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.42 — 7.33 (m, 4H), 7.31 — 7.26
(m, 2H), 6.97 (s, 1H), 6.95 (d, /= 1.1 Hz, 2H), 3.29 (d, J = 13.9 Hz, 1H), 3.05 (d, J= 13.9 Hz, 1H), 2.54 (d, J
=16.7 Hz, 1H), 2.49 (d, J= 16.7 Hz, 1H), 2.28 (s, 3H), 2.11 (s, 3H), 1.41 (s, 3H); ¥C NMR (125 MHz, CDCl;)
5 161.8,143.3,143.3, 142.8, 133.0, 130.9, 129.8, 128.7, 128.4, 128.0, 127.9, 127.4, 127.2, 126.5, 120.7, 116.4,
81.1, 58.6, 48.7, 30.2, 26.9, 20.9, 18.4; HRMS (ESI) calcd for [C27H26N20 + Na]* 417.1937, found 417.1941;

IR (thin film) 2253, 1698, 1494, 1125.
O/\k/
=
Ojb(\CN
Me
Me

Me
20

Prepared from 10 on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 80 °C for 24 h. 20 was purified by flash column chromatography (1:4 — 2:3
EtOAc/Hex) as a colorless oil (0.168 mmol, 84% yield).” Ry= 0.31 (2:3 EtOAc/Hex); 'TH NMR (500 MHz,
CDCl3) 6 7.11 — 7.04 (m, 2H), 6.97 — 6.91 (m, 2H), 5.85 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.07 (dq, J = 17.1,
1.7 Hz, 1H), 5.01 (dq, J=10.2, 1.4 Hz, 1H), 3.97 (t, J = 6.4 Hz, 2H), 2.48 (s, 2H), 2.32 (d, /= 13.7 Hz, 1H),
2.28 —2.20 (m, 2H), 2.11 (d, J = 13.7 Hz, 1H), 1.94 — 1.84 (m, 2H), 1.43 (s, 3H), 1.37 (s, 3H), 1.35 (s, 3H); 13C
NMR (125 MHz, CDCl) 6 179.6, 159.1, 137.6, 130.6, 127.3, 117.1, 115.33, 115.27, 67.3, 59.6, 46.5, 39.6,
30.8, 30.0, 28.3, 28.2, 27.8, 27.0; HRMS (ESI) calcd for [C20H26N202 + Na]* 349.1886, found 349.1881; IR
(thin film) 2248, 1691, 1511, 1394, 1249.

* Note: Product contained a small amount of impurity (ca. 5%) presumably resulting from olefin isomerization.
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2p
Prepared from 1p on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(80 mol%) in toluene at 80 °C for 24 h. 2p was purified by flash column chromatography (15:85 — 3:7
EtOAc/Hex) as a pale yellow oil (0.192 mmol, 96% yield). Ry = 0.35 (3:7 EtOAc/Hex); '"H NMR (500 MHz,
CDCl3) 6 7.98 (d, J = 2.6 Hz, 1H), 7.49 — 7.46 (m, 2H), 7.45 — 7.43 (m, 2H), 7.41 (dd, J = 8.7, 2.7 Hz, 1H),
7.36 (ddd, J=11.2, 8.6, 7.0 Hz, 4H), 7.31 — 7.25 (m, 2H), 6.83 (d, J = 8.7 Hz, 1H), 3.95 (s, 3H), 3.34 (d, J =
13.7 Hz, 1H), 3.03 (d, /= 13.7 Hz, 1H), 2.41 (d, J = 16.6 Hz, 1H), 2.33 (d, /= 16.6 Hz, 1H), 1.33 (s, 3H); 13C
NMR (125 MHz, CDCls) 6 175.5, 163.9, 147.3, 142.5, 142.5, 139.9, 128.9, 128.6, 127.6, 127.5, 127.4, 127.2,
125.1, 116.5, 111.9, 59.8, 56.9, 53.8, 46.6, 29.3, 26.4; HRMS (ESI) calcd for [C25H23N30; + Na]* 420.1682,
found 420.1690; IR (thin film) 2248, 1698, 1494, 1385, 1285.

Me

o=N CN
e
Me
Me
2q
Prepared from 1q on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 80 °C for 24 h. 2q was purified by flash column chromatography (1:4 — 1:1
EtOAc/Hex) as pale yellow oil (0.186 mmol, 93% yield). Ry = 0.43 (1:1 EtOAc/Hex); '"H NMR (500 MHz,
CDCl3) 6 7.28 — 7.21 (m, 2H), 7.09 — 7.04 (m, 2H), 2.49 (d, /= 1.5 Hz, 2H), 2.38 (s, 3H), 2.34 (d, /= 13.7 Hz,
1H), 2.12 (d, J = 13.7 Hz, 1H), 1.44 (s, 3H), 1.38 (s, 3H), 1.36 (s, 3H); 3C NMR (125 MHz, CDCl3) & 179.5,
138.7, 132.4, 130.3, 129.4, 117.1, 59.6, 46.7, 39.7, 30.9, 28.3, 27.8, 27.1, 21.1; HRMS (ESI) calcd for
[Ci16H20N20 + Na]* 279.1468, found 279.1467; IR (thin film) 2248, 1694, 1514, 1393.
OMe

o=_N CN
Me
Me
Me
2r

Prepared from 1r on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(40 mol%) in toluene at 80 °C for 24 h. 2r was purified by flash column chromatography (30:70:0 — 30:70:0.5
EtOAc/Hex/MeOH) as a thick tan oil (0.176 mmol, 88% yield). Ry = 0.25 (1:1 EtOAc/Hex); '"H NMR (500
MHz, CDCl3) 6 7.10 (d, J = 8.6 Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H), 3.82 (s, 3H), 2.48 (app s, 2H), 2.32 (d, J =
13.7 Hz, 1H), 2.11 (d, J = 13.7 Hz, 1H), 1.43 (s, 3H), 1.38 (s, 3H), 1.36 (s, 3H); 3C NMR (125 MHz, CDCl5)
0 179.6, 159.6, 130.7, 127.5, 117.1, 114.8, 59.6, 55.4, 46.5, 39.6, 30.8, 28.2, 27.8, 27.0; HRMS (ESI) calcd for
[Ci6H20N20; + Na]* 295.1417, found 295.1413; IR (thin film) 2247, 1693, 1513, 1394, 1251.
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OMe

2s
Prepared from 1s on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(80 mol%) in toluene at 70 °C for 48 h. 2s was purified by flash column chromatography (1:9 — 3:7
EtOAc/Hex) as a pale yellow oil (0.164 mmol, 82% yield). Ry = 0.32 (3:7 EtOAc/Hex); '"H NMR (400 MHz,
CDCl3) 6 7.46 — 7.26 (m, 10H), 6.89 — 6.82 (m, 2H), 6.58 — 6.51 (m, 2H), 3.77 (s, 3H), 3.49 (d, J = 13.0 Hz,
2H), 2.64 (d, J=11.6 Hz, 1H), 2.61 (d, J= 11.6Hz, 1H), 2.31 (d, J = 14.5 Hz, 1H), 2.12 (d, J = 14.5 Hz, 1H),
1.56 (d, J=16.0 Hz, 1H), 0.43 (d, /= 16.1 Hz, 1H), 0.36 (s, 3H); 13C NMR (100 MHz, CDCl3) § 176.7, 159.6,
137.9, 137.5, 130.91, 130.89, 130.5, 128.6, 128.3, 127.4, 127.2, 127.1, 117.0, 114.7, 58.9, 55.4, 51.9, 44.9,
448, 36.2, 29.2, 25.9; HRMS (ESI) calcd for [C2sH2sN20, + Na]* 447.2043, found 447.2036; IR (thin film)

2250, 1689, 1512, 1249.
OMe

o=N CN
Me

2t

Prepared from 1t on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(60 mol%) in toluene at 70 °C for 24 h. 2t was purified by flash column chromatography (30:70:0.5 — 30:70:1
EtOAc/Hex/MeOH) as a pale yellow oil (0.186 mmol, 93% yield). Ry = 0.19 (30:70:0.5 EtOAc/Hex/MeOH);
'H NMR (500 MHz, CDCls) & 7.08 — 7.02 (m, 2H), 6.98 — 6.92 (m, 2H), 3.82 (s, 3H), 2.70 — 2.57 (m, 2H),
2.51(d,J=13.4 Hz, 1H), 2.48 (d, /= 16.7 Hz, 1H), 2.43 (d, /= 16.7 Hz, 1H), 2.33 (d, /= 13.4 Hz, 1H), 2.21
—2.12 (m, 1H), 2.12 — 1.97 (m, 3H), 1.37 (s, 3H); 3C NMR (125 MHz, CDCls) § 178.5, 159.5, 130.6, 127.5,
116.8, 114.8, 60.5, 55.4, 46.4, 44.6, 32.3, 31.6, 29.6, 26.8, 16.5; HRMS (ESI) calcd for [Ci7H20N>O; + Na]*

307.1417, found 307.1415; IR (thin film) 2248, 1692, 1512, 1386, 1250.
OMe

o=N CN
Me

2u

Prepared from 1u on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(100 mol%) in toluene at 80 °C for 36 h. 2u was purified by flash column chromatography (20:80:1 — 20:80:2
EtOAc/Hex/MeOH) as a pale yellow oil (0.192 mmol, 96% yield). Ry= 0.16 (20:80:1 EtOAc/Hex/MeOH); 'H
NMR (500 MHz, CDCl3) 6 7.12 — 7.04 (m, 2H), 6.98 — 6.92 (m, 2H), 3.82 (s, 3H), 2.52 (d, J = 16.5 Hz, 1H),
2.48 (d,J=16.5 Hz, 1H), 2.34 (d, J = 13.4 Hz, 1H), 2.25 — 2.10 (m, 3H), 1.94 — 1.83 (m, 2H), 1.77 — 1.68 (m,
4H), 1.43 (s, 3H); '3C NMR (125 MHz, CDCls) § 179.8, 159.5, 130.7, 127.6, 117.0, 114.8, 60.1, 55.4, 49.7,
47.1, 39.7, 39.2, 30.3, 27.5, 25.54, 25.46; HRMS (ESI) calcd for [CigH22N20> + Na]* 321.1573, found
321.1570; IR (thin film) 2246, 1691, 1513, 1387, 1250.
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OMe

Me

o 2v
Prepared from 1v on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2v was purified by flash column chromatography (40:60:0 — 50:50:2
EtOAc/Hex/MeOH) as a colorless oil (0.170 mmol, 85% yield). Ry = 0.21 (50:50:1 EtOAc/Hex/MeOH); 'H
NMR (500 MHz, CDCl3) 6 7.14 — 7.06 (m, 2H), 7.00 — 6.92 (m, 2H), 4.05 (ddt, /= 13.8, 11.7, 4.1 Hz, 2H),
3.83 (s, 3H), 3.58 (dddd, /=16 .4, 11.6, 10.6, 2.7 Hz, 2H), 2.52 (d, /= 16.8 Hz, 1H), 2.47 (d, /= 16.8 Hz, 1H),
2.37(d,J=13.9 Hz, 1H), 2.26 (d, J=14.0 Hz, 1H), 2.24 — 2.13 (m, 2H), 1.63 (ddt, J = 13.6, 4.5, 2.4 Hz, 1H),
1.52 (ddt, J = 13.5, 4.5, 2.4 Hz, 1H), 1.44 (s, 3H); 3C NMR (125 MHz, CDCl;) § 177.8, 159.7, 130.7, 127.1,
117.1, 114.9, 64.1, 63.9, 60.1, 55.5, 43.3, 41.4, 35.4, 35.0, 30.9, 28.9; HRMS (ESI) calcd for [Ci13H22N>O3 +
Na]*" 337.1523, found 337.1521; IR (thin film) 2249, 1687, 1513, 1384, 1251.
OMe

Prepared from 1w on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BPh3
(40 mol%) in m-xylene at 120 °C for 24 h. 2w was purified by flash column chromatography (25:75:0 —
40:60:0 — 60:40:5 EtOAc/Hex/MeOH) as a pale yellow oil (0.066 mmol, 33% yield). Ry = 0.45 (5:95
MeOH/CH,Cl,); TH NMR (500 MHz, CDCl3) 8 7.12 — 7.07 (m, 2H), 6.99 — 6.93 (m, 2H), 3.82 (s, 3H), 2.74
(ddd, J=16.9, 9.9, 6.6 Hz, 1H), 2.63 (ddd, J = 17.5, 9.9, 6.3 Hz, 1H), 2.53 (d, /= 16.8 Hz, 1H), 2.48 (d, J =
16.8 Hz, 1H), 2.40 (ddd, J = 13.3, 9.9, 6.3 Hz, 1H), 2.18 (ddd, J = 13.3, 9.9, 6.6 Hz, 1H), 1.40 (s, 3H); 13C
NMR (125 MHz, CDCl3) 8 174.7, 159.8, 130.6, 127.1, 116.8, 115.0, 62.5, 55.5, 31.7, 29.4, 29.2, 26.7; HRMS
(ESI) calcd for [Ci14H6N20, + Na]* 267.1104, found 267.1105; IR (thin film) 2244, 1693, 1513, 1387, 1251.
OMe

oﬂ\CN
nBu
Me
Me

2x

Prepared from 1x on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2x was purified by flash column chromatography (20:80:0 — 30:70:1
EtOAc/Hex/MeOH) as a pale yellow oil (0.180 mmol, 90% yield). R;= 0.16 (3:7 EtOAc/Hex); '"H NMR (400
MHz, CDCl3) 6 7.16 — 7.06 (m, 2H), 7.00 — 6.92 (m, 2H), 3.82 (s, 3H), 2.52 (d, /= 16.8 Hz, 1H), 2.42 (d, J =
16.8 Hz, 1H), 2.21 (d, J = 14.1 Hz, 1H), 2.14 (d, J = 14.1 Hz, 1H), 1.71 — 1.60 (m, 1H), 1.53 (ddd, J = 13.9,
11.6, 3.1 Hz, 1H), 1.41 (s, 3H), 1.33 (s, 3H), 1.45 — 1.22 (m, 4H), 0.93 (t, J = 7.1 Hz, 3H); '3C NMR (100
MHz, CDCl3) 6 180.0, 159.5, 130.5, 127.7, 117.5, 114.8, 62.8, 55.4, 42.8, 39.3, 39.3, 29.7, 27.7, 27.5, 26.4,
22.7,13.9; HRMS (ESI) calcd for [C19H26N>O> + Na]* 337.1886, found 337.1892; IR (thin film) 2246, 1694,
1513, 1395, 1252.
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OMe

o=N CN
ol
Me Ph
2y
Prepared from 1y on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEts
(100 mol%) in toluene at 70 °C for 36 h. 2y was purified by flash column chromatography (20:80:0 — 30:70:1
EtOAc/Hex/MeOH) as a pale yellow oil (0.160 mmol, 80% yield). Ry= 0.14 (3:7 EtOAc/Hex); 'H NMR (500
MHz, CDCls) 6 7.33 — 7.27 (m, 2H), 7.24 — 7.20 (m, 1H), 7.19 — 7.10 (m, 4H), 7.00 — 6.89 (m, 2H), 3.81 (s,
3H), 2.74 (td, J=12.6, 12.2, 4.3 Hz, 1H), 2.66 — 2.55 (m, 2H), 2.50 (d, /= 16.9 Hz, 1H), 2.34 (d, /= 14.2 Hz,
1H), 2.24 (d, J = 14.1 Hz, 1H), 1.98 (ddd, J = 14.1, 12.2, 5.6 Hz, 1H), 1.89 (ddd, J = 14.1, 12.1, 4.3 Hz, 1H),
1.45 (s, 3H), 1.39 (s, 3H); *C NMR (125 MHz, CDCl3) 8 180.0, 159.6, 139.9, 130.5, 128.8, 128.1, 127.5,
126.5, 117.3, 114.9, 62.6, 55.4, 42.9, 41.4, 39.3, 30.6, 29.8, 27.61, 27.57; HRMS (ES]I) calcd for [C23H26N20>
+ Na]* 385.1886, found 385.1888; IR (thin film) 2244, 1693, 1512, 1395, 1252.
OMe

Me
Ve OBn
2z

Prepared from 1z on a 0.2 mmol scale with CpPd(1-phenylallyl) (20 mol%), Xantphos (20 mol%), and BEt3
(100 mol%) in toluene at 90 °C for 24 h. 2z was purified by preparative thin-layer chromatography (30:70:3
EtOAc/Hex/MeOH) as a thick colorless oil (0.074 mmol, 37% yield). Ry = 0.29 (3:7 EtOAc/Hex); 'H NMR
(500 MHz, CDCl3) 6 7.41 — 7.27 (m, 5H), 7.15 — 7.05 (m, 2H), 6.96 — 6.86 (m, 2H), 4.53 (s, 2H), 3.81 (s, 3H),
3.36 (d,J=9.2 Hz, 1H), 3.30 (d, /= 9.3 Hz, 1H), 2.59 (d, J=16.9 Hz, 1H), 2.42 (d, J=16.9 Hz, 1H), 2.36 (d,
J=13.9 Hz, 1H), 2.13 (d, J = 14.0 Hz, 1H), 1.39 (s, 3H), 1.31 (s, 3H); '3C NMR (125 MHz, CDCls) § 180.6,
159.6, 136.8, 130.7, 128.6, 128.1, 127.9, 127.5, 116.9, 114.8, 73.5, 73.1, 62.4, 55.5, 42.2,39.4, 27.8, 27.1, 26.8;
HRMS (ESI) calcd for [C23H26N203 + Na]* 401.1836, found 401.1829; IR (thin film) 2253, 1692, 1512, 1396,
1251.
OMe

o=N CN
Ph
Ph
Ph
2aa

Prepared from 1aa on a 0.2 mmol scale with CpPd(1-phenylallyl) (15 mol%), Xantphos (15 mol%), and BEt3
(100 mol%) in toluene at 80 °C for 36 h. 2aa was purified by flash column chromatography (15:85 — 3:7
EtOAc/Hex) as a thick pale yellow oil (0.170 mmol, 85% yield). Ry = 0.42 (3:7 EtOAc/Hex); '"H NMR (500
MHz, CDCl3) 8 7.49 — 7.44 (m, 2H), 7.38 (dd, J = 8.6, 7.0 Hz, 2H), 7.35 — 7.32 (m, 2H), 7.31 — 7.26 (m, 1H),
7.24 —7.16 (m, 8H), 7.07 — 6.96 (m, 2H), 6.83 — 6.70 (m, 2H), 3.74 (s, 3H), 3.51 (d, J = 14.1 Hz, 1H), 3.46 (d,
J=14.1 Hz, 1H), 3.19 (d, /= 16.9 Hz, 1H), 2.83 (d, /= 16.9 Hz, 1H); ¥*C NMR (125 MHz, CDCls) § 175.5,
158.6, 144.0, 141.0, 140.7, 128.8, 128.53 (two overlapped peaks), 128.46, 128.2 (two overlapped peaks), 127.8,
127.7,127.2, 127.0, 126.5, 116.8, 114.3, 65.6, 56.9, 55.3, 49.1, 27.3; HRMS (ESI) calcd for [C31H26N20; +
Na]" 481.1886, found 481.1895; IR (thin film) 2250, 1694, 1511, 1361, 1252.
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Me

o=N
jJ/\CN
Ph
Ph
2ab
Prepared from 1ab on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 70 °C for 48 h. 2ab was purified by flash column chromatography (12:88:0 — 20:80:1
EtOAc/Hex/MeOH) as a colorless oil (0.094 mmol, 47% yield). Ry = 0.32 (1:4 EtOAc/Hex); "TH NMR (500
MHz, CDCls) 6 7.45 — 7.40 (m, 2H), 7.39 — 7.26 (m, 8H), 7.23 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H),
4.26 (dddd, J =114, 9.0, 6.8, 3.3 Hz, 1H), 3.22 (dd, J = 13.1, 5.9 Hz, 1H), 2.83 (dd, J = 13.0, 8.3 Hz, 1H),
2.66 (dd, J=17.0, 3.3 Hz, 1H), 2.47 (dd, J = 16.9, 7.4 Hz, 1H), 2.36 (s, 3H); 1*C NMR (125 MHz, CDCls) §
174.4, 142.7, 141.1, 137.3, 133.3, 130.1, 128.7, 128.5, 127.9, 127.6, 127.4, 127.2, 124.9, 115.9, 57.8, 52.4,
40.1, 22.3, 21.1; HRMS (ESI) calcd for [C2sH22N20 + Na]* 389.1624, found 389.1623; IR (thin film) 2251,

1699, 1514, 1385, 1298.
O N
Ph

Ph
2ac

Prepared from 1ac on a 0.2 mmol scale with CpPd(1-phenylallyl) (15 mol%), Xantphos (15 mol%), and BPhs
(50 mol%) in m-xylene at 120 °C for 24 h. 2ac was purified by flash column chromatography (1:9 — 1:4
EtOAc/Hex) as a thick pale yellow oil (0.058 mmol, 29% yield). Ry = 0.35 (1:4 EtOAc/Hex); '"H NMR (500
MHz, CDCl3) 6 7.55 — 7.48 (m, 2H), 7.41 — 7.18 (m, 13H), 4.85 (d, /= 15.3 Hz, 1H), 4.39 (d, J= 15.3 Hz, 1H),
3.19 (d, J=13.8 Hz, 1H), 2.84 — 2.71 (m, 1H), 2.11 (d, J = 16.7 Hz, 1H), 1.96 (d, J = 16.6 Hz, 1H), 1.39 (s,
3H); 13C NMR (125 MHz, CDCls) 8 175.0, 143.3, 142.2, 137.6, 128.90, 128.88, 128.4, 127.9, 127.8, 127.6,
127.5, 127.4, 126.9, 116.8, 59.0, 56.6, 47.1, 43.6, 28.8, 25.7, HRMS (ESI) calcd for [C26H24N>O + Na]*
403.1781, found 403.1782; IR (thin film) 2250, 1689, 1495, 1398.

(0]

N—@—OMe

2ad

Prepared from 1ad on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2ad was purified by flash column chromatography (0.6:100 — 1:100
MeOH/CH,Cl,) as a pale yellow foam (0.198 mmol, 99% yield). Ry= 0.29 (2:100 MeOH/CH>Cl,); '"H NMR
(500 MHz, CDCl3) 6 7.96 (dt, J=17.5, 1.0 Hz, 1H), 7.72 — 7.62 (m, 2H), 7.57 (td, J= 7.3, 1.2 Hz, 1H), 7.25 —
7.18 (m, 2H), 7.06 — 7.00 (m, 2H), 3.85 (s, 3H), 2.90 (d, J = 16.6 Hz, 1H), 2.70 (d, J = 16.7 Hz, 1H), 1.67 (s,
3H); 13C NMR (125 MHz, CDCl3) 8 167.6, 159.9, 147.1, 132.7, 130.9, 130.8, 129.4, 126.6, 124.6, 121.2,
115.9,115.2,63.7, 55.5, 28.5, 24.8; HRMS (ES]I) calcd for [Ci3H6N202 + Na]* 315.1104, found 315.1101; IR

(thin film) 2247, 1697, 1513, 1377, 1249.

2ae
Prepared from lae on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2ae was purified by flash column chromatography (1:100
MeOH/CH,Cl,) as a yellow foam (0.198 mmol, 99% yield). Ry= 0.33 (2:100 MeOH/CH,Cl,); "TH NMR (400

NC

NC
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MHz, CDCL3) & 8.14 — 7.95 (m, 1H), 7.71 — 7.54 (m, 2H), 7.41 — 7.28 (m, 4H), 7.11 — 7.03 (m, 2H), 6.83 —
6.71 (m, 4H), 3.76 (s, 3H), 3.49 (d, J = 16.4 Hz, 1H), 3.20 (d, J = 16.4 Hz, 1H); 3C NMR (100 MHz, CDCl;)
8 167.8, 159.3, 147.6, 137.7, 133.1, 131.4, 129.61, 129.60, 129.1, 129.0, 127.0, 126.7, 124.6, 122.5, 115.6,
114.6, 68.8, 55.4, 25.8; HRMS (ESI) calcd for [Ca3HisN20, + Na]* 377.1260, found 377.1269; IR (thin film)

2252, 1698, 1513, 1366, 1250.

CN
2af

Prepared from 1af on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 70 °C for 24 h. 2af was purified by flash column chromatography (1:4 — 1:1
EtOAc/Hex) as a pale yellow foam (0.118 mmol, 59% yield). Ry = 0.36 (1:4 — 1:1 EtOAc/Hex); '"H NMR
(500 MHz, CDCl3) 6 7.98 (d, J = 7.5 Hz, 1H), 7.74 — 7.66 (m, 2H), 7.61 (td, J = 7.4, 1.3 Hz, 1H), 7.43 — 7.36
(m, 2H), 7.06 — 6.98 (m, 2H), 5.24 (dd, /= 7.4, 3.4 Hz, 1H), 3.85 (s, 3H), 3.00 (dd, /= 16.8, 3.5 Hz, 1H), 2.67
(dd, J = 16.8, 7.4 Hz, 1H); 13C NMR (125 MHz, CDCl3) & 166.7, 158.4, 141.7, 132.6, 132.0, 129.8, 128.2,
126.2, 124.6, 122.3, 115.4, 114.9, 57.2, 55.5, 22.0; HRMS (ESI) calcd for [C17H14N20> + Na]* 301.0947,
found 301.0942; IR (thin film) 2250, 1695, 1514, 1249.

OMe
L
CCL
Me CN
2ag

Prepared from lag on a 0.2 mmol scale with CpPd(1-phenylallyl) (15 mol%), Xantphos (15 mol%), and BEt3
(100 mol%) in toluene at 80 °C for 24 h. 2ag was purified by preparative thin-layer chromatography (2:100
MeOH/CH,Cl,) as an yellow foam (0.188 mmol, 94% yield). R;= 0.48 (2:100 MeOH/CH,Cl,); "TH NMR (400
MHz, CDCl3) & 8.09 (dd, J = 7.8, 1.3 Hz, 1H), 7.53 (td, J = 7.5, 1.4 Hz, 1H), 7.41 (td, J = 7.6, 1.2 Hz, 1H),
7.32-7.26 (m, 1H), 7.14 — 7.08 (m, 2H), 7.00 — 6.92 (m, 2H), 3.84 (s, 3H), 3.40 (d, /= 15.9 Hz, 1H), 3.28 (d,
J=15.9 Hz, 1H), 2.69 (d, J= 16.6 Hz, 1H), 2.62 (dd, J = 16.5, 0.9 Hz, 1H), 1.41 (s, 3H); *C NMR (100 MHz,
CDCl3) o 164.8, 159.4, 134.7, 132.8, 131.1, 130.44, 130.37, 128.9, 128.3, 127.8, 127.6, 116.6, 115.0, 114.6,
58.6, 55.5, 40.3, 28.5, 26.2; HRMS (ESI) calcd for [Ci9H18N2O> + Na]* 329.1260, found 329.1262; IR (thin
film) 2247, 1656, 1511, 1372, 1250.

OMe

O N CN
Melj('\;e
Me
2ah

Prepared from 1ah on a 0.2 mmol scale with CpPd(1-phenylallyl) (20 mol%), Xantphos (20 mol%), and BEt3
(100 mol%) in toluene at 70 °C for 48 h. 2ah was purified by preparative thin-layer chromatography (40:60:4
EtOAc/Hex/MeOH) as a pale yellow oil (0.098 mmol, 49% yield). Ry= 0.48 (40:60:4 EtOAc/Hex/MeOH); 'H
NMR (400 MHz, CDCl3) 6 7.13 — 6.85 (m, 4H), 3.81 (s, 3H), 2.54 (d, /= 16.7 Hz, 1H), 2.44 (d, /= 16.7 Hz,
1H), 2.37 (ddd, J = 13.8, 9.7, 4.0 Hz, 1H), 2.06 — 1.81 (m, 3H), 1.39 (s, 3H), 1.34 (s, 3H), 1.29 (s, 3H); 13C
NMR (100 MHz, CDCl3) 6 177.4, 159.0, 131.2 (br), 130.7, 117.1, 114.5, 59.2, 55.4, 38.4, 31.6, 31.5, 30.5,
27.9,27.7,27.5; HRMS (ESI) calcd for [C17H22N205 + Na]™ 309.1573, found 309.1565; IR (thin film) 2241,
1645, 1511, 1390, 1249.
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unsuccessful substrates

1ai, 0%

The aminocyanation reactions of these substrates resulted in unconsumed starting material. No desired product

was detected in the crude reaction mixture.
OMe
pe)

O W\ CN

Me
Ph

(#)-2al

Prepared from 1al on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(100 mol%) in toluene at 80 °C for 24 h. 2al was purified by flash column chromatography (1:4:0 — 3:7:0.1
EtOAc/Hex/MeOH) as a pale yellow oil (0.096 mmol, 48% yield). Ry = 0.14 (3:7 EtOAc/Hex); > 20:1 d.r.
based on '"H NMR spectroscopy. 'H NMR (500 MHz, CDCl3) 6 7.42 —7.21 (m, 5H), 7.16 — 7.09 (m, 2H), 7.00
—6.91 (m, 2H), 4.13 (app t, J = 9.7 Hz, 1H), 3.82 (s, 3H), 2.91 (dd, /= 13.7, 9.6 Hz, 1H), 2.61 (d, /= 16.8 Hz,
1H), 2.53 (d, J = 16.7 Hz, 1H), 2.26 (dd, J = 13.7, 9.8 Hz, 1H), 1.42 (s, 3H); 13C NMR (125 MHz, CDCls) &
174.5, 159.7, 138.9, 130.7, 128.8, 128.0, 127.3, 127.2, 117.0, 114.9, 60.8, 55.4, 46.3, 41.5, 28.5, 28.1;
HRMS (ESI) caled for [CooH20N202 + NaJ*™ 343.1417, found 343.1416; IR (thin film) 2244, 1695, 1512, 1387,
1251.

Assignment of stereochemistry of (+)-2al by nOe NMR experiments
Conclusion: H1 and H4 are anti; Ph group and H4 are syn.

Assigned Key l HNMR Irradiation Key nOe Results Associate File
Structure Signals
OMe H1:4.13 (app t, J
=9.7 Hz, 1H)
H2:2.26 (dd, J= nOe observed: H2, H5,6
13.7,9.8 Hz, 1H) H4 nOe not observed: H1 2al-nOc-expl.mnova
H3:2.91 (dd, J=
13.7,9.6 Hz, 1H)
H4: 1.42 (s, 3H)
HS5,6: 2.61 (d,J=
16.8 Hz, 1H), 2.53 H1 nOe observed: H3, H5,6 2al-nOe-exp2.mnova
(d,J=16.7 Hz, nOe not observed: H4
1H)

OMe

O N SN CN
Me

Me
(*)-2am

S16



Prepared from 1am on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2am was purified by flash column chromatography (4:6:0 — 5:5:0.15
EtOAc/Hex/MeOH) as a pale yellow oil (0.118 mmol, 59% yield). Rr= 0.21 (1:1 EtOAc/Hex); 9:1 d.r. based
on 'H NMR spectroscopy. Major diastereomer: 'TH NMR (400 MHz, CDCI3) 8 7.10 — 7.02 (m, 2H), 6.99 —
6.92 (m, 2H), 3.82 (s, 3H), 2.98 — 2.83 (m, 1H), 2.66 (dd, J=13.4, 9.1 Hz, 1H), 2.54 (d, /= 16.7 Hz, 1H), 2.47
(d, J = 16.5 Hz, 1H), 1.78 (dd, J = 13.4, 9.8 Hz, 1H), 1.38 (s, 3H), 1.32 (d, J = 7.1 Hz, 3H); Major
diastereomer: 3C NMR (100 MHz, CDCls) 8 177.2, 159.6, 130.6, 127.4, 117.1, 114.9, 60.7, 55.4, 40.9, 35.0,
28.3, 28.1, 16.7; HRMS (ESI) calcd for [C1sHisN2O> + Na]* 281.1260, found 281.1267; IR (thin film) 2244,
1694, 1513, 1390, 1251.

Assignment of stereochemistry of (x)-2am (major diastereomer) by nOe NMR experiments
Conclusion: H4 and H7 are syn.

Assigned Key 1 HNMR Irradiation Key nOe Results Associate File
Structure Signals
H1:2.98 -2.83
OMe (m, 1H)
H2:1.78 (dd, J=
56 13.4,9.8 Hz, 1H)
HKH H3:2.66 (dd, J =
0N W on | 13:4,9.1 Hz, 1H) nOe observed: H3, H4, H7
Me™ 3 J», Me H4: 1.38 (s, 3H) H2 nOe not observed: H1, H5,6 2am-nQe-expl.mnova
7 ﬁ 1™ 4 | H5,6:2.54 (d, J= R
1 o 3 16.7 Hz, 1H), 2.47
(£)-2am (d,J=16.5Hz,
91dr. 1H)
major diasteromer | H7: 1.32 (d, J =
7.1 Hz, 3H)

OMe

O N W\ CN
> Me
Me* =

Ph
(*)-2an

Prepared from 1an on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2an was purified by flash column chromatography (1:4 — 3:7
EtOAc/Hex) to yield a mixture of diastereomers as an off-white solid (0.146 mmol, 73% yield). Ry=0.25 (2:3
EtOAc/Hex); 19:1 d.r. based on '"H NMR spectroscopy. The major and minor diastereomers could be separated
as a saturated solution in 1:1 isopropanol:hexanes via HPLC using an Agilent Eclipse XDB-CN column, with
an injection volume of 50 pL, flow rate of 5 mL/min., and eluting with an isocratic 15:85 isopropanol:hexanes
solvent system. R, major diastereomer = 6.93 min; R, minor diastereomer = 9.36 min. Major diastereomer: "H
NMR (500 MHz, CDCls) 6 7.56 — 7.51 (m, 2H), 7.40 (dd, J = 8.4, 7.2 Hz, 2H), 7.33 — 7.25 (m, 1H), 7.07 —
7.00 (m, 2H), 7.00 — 6.93 (m, 2H), 3.83 (s, 3H), 3.07 (d, /= 13.7 Hz, 1H), 2.31 (app t, J = 15.5 Hz, 2H), 2.18
(d, J=16.4 Hz, 1H), 1.64 (s, 3H), 1.45 (s, 3H); Major diastereomer: 3C NMR (125 MHz, CDCl;) § 177.0,
159.7, 144.0, 130.7, 129.2, 127.4, 127.2, 125.9, 116.9, 114.9, 59.8, 55.5, 48.5, 47.4, 28 .4, 28.2, 27.3; Major
diastereomer: '"H-NMR (500 MHz; CD3CN): § 7.54-7.53 (m, 2H), 7.40 (t, J = 7.7 Hz, 2H), 7.31-7.29 (m, 1H),
7.16-7.14 (m, 2H), 7.03-7.02 (m, 2H), 3.83 (s, 3H), 2.80 (d, /= 13.8 Hz, 1H), 2.51 (d, J= 16.9 Hz, 1H), 2.40
(d,J=13.8 Hz, 1H), 2.33 (d, J= 16.9 Hz, 1H), 1.62 (s, 3H), 1.41 (s, 3H).; Minor diastereomer: "H-NMR (500
MHz; CD3CN): 6 7.49-7.48 (m, 1H), 7.39 (t, J= 7.8 Hz, 1H), 7.28 (t,J= 7.4 Hz, 1H), 7.17-7.15 (m, 1H),
7.04-7.02 (m, 1H), 3.83 (s, 1H), 2.70 (d, J=13.7 Hz, 1H), 2.62 (d, /= 16.9 Hz, 1H), 2.59 (d, J=17.1 Hz, 1H),
2.51(d, J=13.7 Hz, 1H), 1.60 (s, 1H), 1.11 (s, 1H).
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HRMS (ESI) caled for [C21H22N20; + Na]* 357.1573, found 357.1595; IR (thin film) 2235, 1688, 1513,
1452, 1388, 1250.

OMe

PhthN
(*)-2ao0

Prepared from 1ao on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2ao was purified by flash column chromatography (4:6:0 — 5:5:0.2
EtOAc/Hex/MeOH) as a pale yellow foam (0.286 mmol, 77% yield). Rr= 0.22 (1:1 EtOAc/Hex); > 20:1 d.r.
based on 'H NMR spectroscopy. '"H NMR (400 MHz, CDCl3) & 7.86 (dd, J = 5.5, 3.0 Hz, 2H), 7.74 (dd, J =
5.5, 3.1 Hz, 2H), 7.24 — 7.17 (m, 2H), 7.03 — 6.95 (m, 2H), 5.34 (dd, /= 10.3, 9.3 Hz, 1H), 3.83 (s, 3H), 2.85
(dd, J=13.7, 10.3 Hz, 1H), 2.70 (d, J = 16.8 Hz, 1H), 2.61 (d, J= 16.8 Hz, 1H), 2.51 (dd, J = 13.7, 9.3 Hz,
1H), 1.49 (s, 3H); 3C NMR (100 MHz, CDCls) & 169.5, 167.3, 159.9, 134.3, 131.8, 130.5, 126.8, 123.5,
116.8, 115.0, 60.6, 55.5, 48.3, 36.8, 29.7, 27.3; HRMS (ESI) calcd for [C22H19N304 + Na]* 412.1268, found
412.1277; IR (thin film) 2252, 1776, 1714, 1512, 1390, 1251.

Assignment of stereochemistry of (£)-2ao by nOe NMR experiments
Conclusion: H1 and H4 are anti; NPhth group and H4 are syn.

i 1
Assigned Key ) H NMR Irradiation Key nOe Results Associate File
Structure Signals
oMe HI: 5.34 (dd, /=
;_;)23’29531 Hdzci IJH_) nOe observed: H2, H3,
13793 I({ ’IH_ H1 HS,6 2a0-nOe-expl.mnova
H3: 2.85 (dZ(i, J=) nOe not observed: H4
13.7,10.3 Hz, 1H)
H4: 1.49 (s, 3H)
H5,6: 2.70 (d, J= .
168 Hz, 1H),2.61 | H4 | 1OCODSEved 2 HS6 1500 n0e-exp2.mnova
(d,J=16.8 Hz, :
1H)
OMe
O N “\\\\\CN
Me
BnO
(¥)-2ap

Prepared from lap on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 70 °C for 24 h. 2ap was purified by flash column chromatography (2:8:0 — 3:7:0.15
EtOAc/Hex/MeOH) as a yellow oil (0.148 mmol, 74% yield). R,= 0.10 (3:7 EtOAc/Hex); 3.2:1 d.r. based on
"H NMR spectroscopy. Major diastereomer: "H NMR (400 MHz, CDCls) 8 7.42 — 7.28 (m, 5H), 7.14 — 7.07
(m, 2H), 7.00 — 6.93 (m, 2H), 5.07 (d, J = 11.7 Hz, 1H), 4.77 (d, J = 11.7 Hz, 1H), 4.43 (dd, J = 8.2, 5.6 Hz,
1H), 3.81 (s, 3H), 2.63 (dd, J = 14.0, 8.3 Hz, 1H), 2.46 (app s, 2H), 2.17 (dd, J = 13.9, 5.6 Hz, 1H), 1.42 (s,
3H); Major diastereomer: 3C NMR (100 MHz, CDCl3) & 172.7, 159.8, 137.6, 130.4, 128.4, 128.0, 127.8,
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126.6, 116.8, 115.0, 74.2, 72.5, 60.9, 55.4, 39.6, 29.3, 27.7; HRMS (ESI) calcd for [C21H2N>03 + Na]*
373.1523, found 373.1536; IR (thin film) 2247, 1702, 1512, 1388, 1251.

Assignment of stereochemistry of (£)-2ap (major diastereomer) by nOe NMR experiments
Conclusion: H1 and H4 are anti; OBn group and H4 are syn.

. 1
Assigned Key ) H NMR Irradiation Key nOe Results Associate File
Structure Signals

OMe

H1: 4.43 (dd, J=
8.2,5.6 Hz, 1H)
H2:2.17 (dd, J=
13.9, 5.6 Hz, 1H)
H3:2.63 (dd, J= H1
14.0, 8.3 Hz, 1H)
H4: 1.42 (s, 3H)
HS5,6: 2.46 (app s,
2H)

nOe observed: H3, H5,6

nOe not observed: H4 2ap-nOe-expl.mnova

(¥)-2ap

3.2:1d.r.
major diastereomer

OMe

O= NN

CN
{, Me
MR/Ie ’/Me
(£)-2aq

Prepared from laq on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%), and BEt3
(60 mol%) in toluene at 80 °C for 24 h. 2aq was purified by flash column chromatography (30:70:0 —
30:70:0.5 EtOAc/Hex/MeOH) as a pale yellow oil (0.184mmol, 92% yield). Rr= 0.27 (1:1 EtOAc/Hex); 4.4:1
d.r. based on 'H NMR spectroscopy. Major diastereomer: "H NMR (500 MHz, CDCl3) & 7.08 — 7.02 (m, 2H),
6.99 — 6.93 (m, 2H), 3.82 (s, 3H), 2.54 (app s, 2H), 2.20 (q, /= 7.4 Hz, 1H), 1.44 (s, 3H), 1.25 (d, /= 8.0 Hz,
3H), 1.24 (s, 3H), 1.22 (s, 3H); Major diastereomer: 3C NMR (125 MHz, CDCl;) § 179.8, 159.6, 130.9,
127.5,117.3, 114.8, 62.9, 55.4, 49.1, 42.2, 27.9, 26.6, 24.4, 21.2, 9.6; HRMS (ESI) calcd for [C17H22N,0; +
Na]* 309.1573, found 309.1578; IR (thin film) 2245, 1694, 1513, 1398, 1250.

Assignment of stereochemistry of (£)-2aq (major diastereomer) by nOe NMR experiments
Conclusion: H3 and HS are syn; HS and H4 are anti.

. 1
Assigned Key . HNMR Irradiation Key nOe Results Associate File
Structure Signals

OMe
H1,2: 1.24 (s, 3H),
1.22 (s, 3H) nOe observed: HS, H4 A
H ?_1'7 H3:2.20(q,J = H3 nOe not observed: H6,7 2ag-nOc-expl.mnova
oMoy | 7:4 Hz, 1H)
Me S Z \Me H4:1.25(,J=

1,2 Mé¢ L "’fMe 5 | 8.0 Hz, 3H)

+ 3 32:71'.42145518,(; H)s H5 nOc observed: H3, H6,7 2aq-nOe-exp2.mnova
(£)-2aq e PP S, nOe not observed: H4 q ps.
4.4:1d.r. 2H)

major diastereomer
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(0]
WP
e
NG Me
4a

Prepared from 3a on a 0.2 mmol scale with Pdxdbas (5 mol%), Xantphos (10 mol%), and BPh; (40 mol%) in
toluene at 80 °C for 16 h. 4a was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH2Cl,) as an amorphous pale yellow solid (0.198 mmol, 99% yield). Ry = 0.50 (1:1
EtOAc/Hex); "TH NMR (400 MHz, CDCl3)" 8 7.98 — 7.87 (m, 1H), 7.79 — 7.70 (m, 2H), 7.67 (ddd, J=7.7, 5.9,
2.6 Hz, 1H), 7.39 (d, J= 8.3 Hz, 2H), 7.33 (d, /= 8.2 Hz, 2H), 2.91 (d, /= 16.7 Hz, 1H), 2.85 (d, J = 16.7 Hz,
1H), 2.43 (s, 3H), 1.72 (s, 3H); 3C NMR (100 MHz, CDCl3) § 140.8, 139.0, 134.3, 133.4, 132.8, 130.7, 130.3,
127.0, 123.3, 121.9, 116.0, 63.4, 29.2, 25.2, 21.3; HRMS (ESI) calcd for [Ci17H1sN202S + NaJ* 335.0825,
found 335.0831; IR (thin film) 2254, 1508, 1180.

*Note: Sulfonamides 4a—4k were only partially soluble in CDCls. For consistency, the corresponding 'H and
13C NMR spectra were still collected in CDCls.

(0]
\éi,o
N—@—tBu
NG Me
4b

Prepared from 3b on a 0.2 mmol scale with Pd>dbas (5 mol%), Xantphos (10 mol%), and BPh; (40 mol%) in
toluene at 80 °C for 16 h. 4b was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH2Cl,) as an amorphous pale yellow solid (0.186 mmol, 93% yield). Ry = 0.57 (1:1
EtOAc/Hex); 'TH NMR (500 MHz, CDCl3) 6 7.92 (d, J = 7.8 Hz, 1H), 7.76 — 7.71 (m, 2H), 7.65 (ddd, J = 8.3,
5.0,3.4 Hz, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.43 (d, /= 8.5 Hz, 2H), 2.92 (d, /= 16.7 Hz, 1H), 2.84 (d, /= 16.7
Hz, 1H), 1.71 (s, 3H), 1.35 (s, 9H); *C NMR (125 MHz, CDCls) & 153.5, 139.0, 134.1, 133.3, 132.5, 130.2,
127.0, 126.8, 123.3, 121.7, 116.0, 63.6, 34.8, 31.2, 29.1, 25.2; HRMS (ESI) calcd for [C20H22N>0,S + Na]*
377.1294, found 377.1296; IR (thin film) 2253, 1511, 1297, 1178, 1151.

(0]
\éi,o
| | N—< >—F
c Me
C

N
4

Prepared from 3¢ on a 0.2 mmol scale with Pd>dba; (5 mol%), Xantphos (10 mol%), and BPh3 (40 mol%) in
toluene at 80 °C for 16 h. 4¢ was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH2Cl;) as an amorphous pale yellow solid (0.188 mmol, 94% yield). Ry = 0.46 (1:1
EtOAc/Hex); '"H NMR (500 MHz, CDCl3) § 7.94 (d, J = 7.7 Hz, 1H), 7.82 — 7.63 (m, 3H), 7.52 (dd, J = 8.7,
4.9 Hz, 2H), 7.32 — 7.20 (m, 2H), 2.90 (d, /= 16.7 Hz, 1H), 2.84 (d, J = 16.8 Hz, 1H), 1.71 (s, 3H); *C NMR
(125 MHz, CDCl3) § 163.7 (d, 'Jrc = 251.7 Hz), 138.7, 135.0 (d, *Jrc = 9.1 Hz), 134.0, 133.6, 130.4, 125.7
(d, ¥Jrc = 3.3 Hz), 123.3, 121.9, 117.2 (d, 2Jrc = 22.7 Hz), 115.7, 63.6, 29.3, 25.3; YF NMR (470 MHz,
CDCl3) 6 —109.3; HRMS (ESI) calcd for [Ci6H13FN202S + Na]* 339.0574, found 339.0579; IR (thin film)
2253, 1505, 1302, 1291, 1178, 1152.

Prepared from 3d on a 0.2 mmol scale with Pd>dbas (5 mol%), Xantphos (10 mol%), and BPh; (40 mol%) in
toluene at 80 °C for 16 h. 4d was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH2Cl;) as an amorphous pale yellow solid (0.186 mmol, 93% yield). Ry = 0.49 (1:1
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EtOAc/Hex); "H NMR (500 MHz, CDCL3) § 7.93 (dt, J= 7.7, 0.9 Hz, 1H), 7.77 (td, J = 7.6, 1.2 Hz, 1H), 7.73
—7.64 (m, 2H), 7.54 — 7.50 (m, 2H), 7.47 (dt, J = 8.9, 2.1 Hz, 2H), 2.90 (d, J = 16.7 Hz, 1H), 2.83 (d, J = 16.8
Hz, 1H), 1.71 (s, 3H); *C NMR (125 MHz, CDCL3) & 138.7, 136.9, 134.3, 134.0, 133.6, 130.5, 130.4, 128.5,
123.3, 121.9, 115.7, 63.7, 29.3, 25.3; HRMS (ESI) calcd for [CisH;3CIN2O,S + Na]* 355.0278, found
355.0281; IR (thin film) 2253, 1490, 1302, 1177.

Q0
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NC Me
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Prepared from 3e on a 0.2 mmol scale with Pd>dbas (5 mol%), Xantphos (10 mol%), and BPhs (40 mol%) in
toluene at 80 °C for 16 h. 4e was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH,Cl) as an amorphous white solid (0.178 mmol, 89% yield). Ry= 0.32 (1:1 EtOAc/Hex); 'H
NMR (500 MHz, CDCl3) 6 7.93 (d, J= 7.8 Hz, 1H), 7.78 — 7.61 (m, 3H), 7.43 (d, J= 8.4 Hz, 2H), 7.03 (d, J =
8.3 Hz, 2H), 3.86 (s, 3H), 2.90 (d, J = 16.8 Hz, 1H), 2.83 (d, J = 16.7 Hz, 1H), 1.70 (s, 3H); 3C NMR (125
MHz, CDCl3) 8 161.0, 139.0, 134.3, 134.2, 133.4, 130.3, 123.3, 121.9, 121.6, 116.0, 115.3, 63.5, 55.6, 29.2,
25.2; HRMS (ESI) calcd for [Ci7H16N203S + Na]* 351.0774, found 351.0763; IR (thin film) 2253, 1507,

1265, 1177.
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Prepared from 3f on a 0.2 mmol scale with Pdxdbas (5 mol%), Xantphos (10 mol%), and BPh3 (40 mol%) in
toluene at 80 °C for 16 h. 4f was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH>Cl,) as a tan foam (0.190 mmol, 95% yield). Ry = 0.43 (1:1 EtOAc/Hex); 'TH NMR (500
MHz, CDCl;) 6 7.94 (d, J=17.7 Hz, 1H), 7.77 (dd, J= 7.4, 1.1 Hz, 1H), 7.73 (d, /= 7.7 Hz, 1H), 7.69 (td, J =
7.5, 1.2 Hz, 1H), 7.58 — 7.50 (m, 2H), 7.49 (t, J = 7.8 Hz, 1H), 7.45 (dt, J=7.8, 1.6 Hz, 1H), 2.91 (d, /= 16.7
Hz, 1H), 2.86 (d, J = 16.7 Hz, 1H), 1.74 (s, 3H); 3C NMR (125 MHz, CDCls) & 138.7, 135.6, 133.9, 133.6,
133.1, 131.33, 131.30, 130.9, 130.8, 130.5, 123.3, 121.9, 115.6, 63.8, 29.4, 25.3; HRMS (ESI) calcd for
[Ci1sH13CIN,O5S + Na]* 355.0278, found 355.0287; IR (thin film) 2254, 1588, 1471, 1180.
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Prepared from 3g on a 0.2 mmol scale with Pdxdbas (5 mol%), Xantphos (10 mol%), and BPhz (40 mol%) in
toluene at 80 °C for 16 h. 4g was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH2Cl,) as an amorphous pale yellow solid (0.180 mmol, 90% yield). Ry = 0.46 (1:1
EtOAc/Hex); 'TH NMR (500 MHz, CDCl3) 6 7.92 (d, J = 7.7 Hz, 1H), 7.79 — 7.69 (m, 2H), 7.66 (t, J= 7.4 Hz,
1H), 7.43 (t, J=8.1 Hz, 1H), 7.16 — 7.02 (m, 3H), 3.84 (s, 3H), 2.94 (d, /= 16.8 Hz, 1H), 2.85 (d, /= 16.8 Hz,
1H), 1.72 (s, 3H); 3C NMR (125 MHz, CDCl3) 3 160.6, 138.9, 134.2, 133.4, 130.9, 130.5, 130.3, 124.9, 123.3,
121.7, 118.6, 116.1, 115.9, 63.7, 55.5, 29.2, 25.3; HRMS (ESI) calcd for [Ci7H1sN203S + Na]* 351.0774,
found 351.0782; IR (thin film) 2253, 1600, 1486, 1297, 1178.
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Prepared from 3h on a 0.2 mmol scale with Pd>dbas (5 mol%), Xantphos (10 mol%), and BPh; (40 mol%) in
toluene at 80 °C for 16 h. 4h was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
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3:100 MeOH/CHxCl,) as an amorphous pale yellow solid (0.184 mmol, 92% yield). Ry = 0.47 (1:1
EtOAc/Hex); 'TH NMR (500 MHz, CDCl3) § 7.94 (d, J= 7.7 Hz, 1H), 7.82 (d, J=7.9 Hz, 1H), 7.80 — 7.63 (m,
6H), 2.91 (d, J = 16.8 Hz, 1H), 2.85 (d, J = 16.8 Hz, 1H), 1.73 (s, 3H); 3C NMR (125 MHz, CDCl;) § 138.6,
136.5, 133.80, 133.75, 132.7 (q, 2Jr-c = 33.2 Hz), 131.0, 130.8, 130.6, 129.9 (q, *Jr-c = 3.8 Hz), 127.3 (q, *Jr-c
= 3.6 Hz), 123.3, 123.2 (q, Jrc = 271.1 Hz), 121.9, 115.5, 63.9, 29.4, 25.3; F NMR (470 MHz, CDCl3) &
—62.6; HRMS (ESI) calcd for [C17H13F3N20,S + Na]* 389.0542, found 389.0549; IR (thin film) 2255, 1332,
1179, 1151.
(0]
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Prepared from 3i on a 0.2 mmol scale with Pd>dba; (5 mol%), Xantphos (10 mol%), and BPhsz (40 mol%) in
toluene at 80 °C for 16 h. 4i was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
3:100 MeOH/CH,Cl,) as pale yellow foam (0.178 mmol, 89% yield). Rr= 0.24 (1:1 EtOAc/Hex); "TH NMR
(500 MHz, CDCls) 6 8.24 (dt, J=7.8, 1.4 Hz, 1H), 8.16 (t, /= 1.9 Hz, 1H), 7.95 (dt, J="7.8, 0.9 Hz, 1H), 7.81
—17.73 (m, 3H), 7.70 (ddd, J= 7.6, 6.9, 1.5 Hz, 1H), 7.64 (t, /= 7.9 Hz, 1H), 3.95 (s, 3H), 2.92 (d, /= 17.0 Hz,
1H), 2.88 (d, J = 17.0 Hz, 1H), 1.76 (s, 3H); 3C NMR (125 MHz, CDCls) § 165.7, 138.8, 137.5, 134.1, 134.0,
133.6, 132.4, 131.5, 130.5, 130.4, 130.2, 123.4, 121.9, 115.7, 63.7, 52.5, 29.5, 25.2; HRMS (ESI) calcd for
[CisH16N204S + Na]* 379.0723, found 379.0714; IR (thin film) 2255, 1724, 1296, 1180.
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Prepared from 3j on a 0.2 mmol scale with Pdxdbas (5 mol%), Xantphos (10 mol%), and BPh3 (40 mol%) in
toluene at 80 °C for 24 h. 4j was purified by preparative thin-layer chromatography (35:65 EtOAc/Hex) as a
yellow foam (0.116 mmol, 58% yield). Ry= 0.37 (3:7 EtOAc/Hex); '"H NMR (500 MHz, CDCl;3) 6 7.81 (dd, J
=17.6, 1.2 Hz, 1H), 7.59 (td, J= 7.6, 1.4 Hz, 1H), 7.48 (td, J= 7.7, 1.2 Hz, 1H), 7.43 (dd, J= 7.5, 1.1 Hz, 1H),
7.21 — 6.85 (br m 4H), 3.61 (d, J=15.2 Hz, 1H), 3.53 (d, /= 15.2 Hz, 1H), 2.76 (d, /= 16.5 Hz, 1H), 2.71 (d,
J=16.5Hz, 1H), 2.36 (s, 3H), 1.37 (s, 3H); 3C NMR (125 MHz, CDCls) & 139.7, 139.5, 133.0, 132.7, 131.8
(br), 131.3, 130.2, 129.2, 127.8, 122.3, 116.5, 60.7, 39.0, 30.5, 26.3, 21.1; HRMS (ESI) calcd for
[CisH1sN202S + Na]* 349.0981, found 349.0952; IR (thin film) 2253, 1508, 1325, 1174.
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Prepared from 3k on a 0.2 mmol scale with Pd>dbas (5 mol%), Xantphos (10 mol%), and BPh3 (40 mol%) in
toluene at 80 °C for 24 h. 4k was purified by flash column chromatography (1:4 — 1:1 EtOAc/Hex) as an pale
yellow foam (0.152 mmol, 76% yield). Ry= 0.18 (3:7 EtOAc/Hex); '"H NMR (500 MHz, CDCl3) 6 7.82 (d, J =
8.5 Hz, 1H), 7.38 (d, J= 8.3 Hz, 2H), 7.32 (d, /= 8.1 Hz, 2H), 7.14 (d, /= 8.1 Hz, 2H), 3.92 (s, 3H), 2.88 (d, J
= 16.7 Hz, 1H), 2.82 (d, J = 16.7 Hz, 1H), 2.42 (s, 3H), 1.69 (s, 3H); '3C NMR (125 MHz, CDCls) & 163.6,
141.4, 140.6, 132.9, 130.6, 127.1, 126.1, 123.3, 116.6, 116.1, 108.0, 63.2, 56.0, 29.2, 25.2, 21.2; HRMS (ESI)
caled for [Ci3H1sN203S + Na]* 365.0930, found 365.0938; IR (thin film) 2254, 1597, 1293, 1172.
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Prepared from 3e on a 0.2 mmol scale with Pd2dbas (5 mol%), Xantphos (10 mol%), and BPhs (40 mol%) in
toluene at 80 °C for 16 h. 4e was purified by flash column chromatography (15:85:1 EtOAc/Hex/MeOH —
2:100 MeOH/CH,Cl,) as an amorphous white solid (0.178 mmol, 89% yield). Ry= 0.46 (1:1 EtOAc/Hex); 'H
NMR (400 MHz, CDCl3) 8 7.96 — 7.91 (m, 1H), 7.78 — 7.70 (m, 2H), 7.67 (ddd, J= 7.7, 6.7, 1.8 Hz, 1H), 7.01
(dd, J=8.2,2.1 Hz, 1H), 6.96 (d, J= 2.0 Hz, 1H), 6.93 (d, /= 8.2 Hz, 1H), 6.07 (d, J= 1.1 Hz, 2H), 2.93 (d, J
= 16.6 Hz, 1H), 2.84 (d, J = 16.6 Hz, 1H), 1.73 (s, 3H);!3C NMR (100 MHz, CDCls) § 149.5, 148.7, 138.9,
134.1, 133.5, 130.4, 127.3, 123.4, 122.7, 121.9, 115.9, 113.3, 109.0, 102.2, 63.6, 29.2, 25.2; HRMS (ESI)
caled for [C17H14N204S + Na]* 365.0566, found 365.0557; IR (thin film) 2139, 1482, 1295, 1177.

4. Transformations of aminocyanation products 2ad and 2af

O
©;«<\1:PMP Reaction conditions (a)—(I)= 5a_ 5|
Me CN
2ad
(0]
N—PMP N— PMP N— PMP N— PMP N— PMP N— PMP
(0]
Me
OH NHtBu
(a): 5a, 99% ): 5b, 80% (c): 5¢, 88% (d): 5d, e ): e, 77% ): 5f, 99%
(0]
N—PMP [::[jéLi?p [::I;ﬁi:ZMP [: :| é : | N—PMP [ | N—PMP
NHBoc
(9): 59, 80% (h): 5h, 93% (i): 5i, 76% N (0): 51, 71% ): 5k, 92% (1): 51, 76%

Reaction conditions: (a) KOH, EtOH/H,0, 90 °C, 40 h; (b) KOH, MeOH/H;0, 90 °C, 2 h; (c) H2SO4 (1.2
equiv), fBuOH, 80 °C, 12 h; (d) TsOH-H»O (2 equiv), nBuOH, 120 °C, 20 h; (e) Ni(acac), (10 mol%), AlMe;
(3 equiv), benzene, 50 °C, 5 h; (f) Pd(OAc), (10 mol%), p-tolylboronic acid (2 equiv), 2,2"-bipyridyl (20
mol%), CF3CO.H (10 equiv), THF/H>0, 90 °C, 28 h; (g) NaBH4 (4 equiv), CoCly:6H,O (1.5 equiv), MeOH,
0 °C, 2 h; (h) (Boc)20 (2.5 equiv), NaBH4 (4 equiv), CoCly'6H20 (1.5 equiv), MeOH, 0 °C, 3 h; (i) TMSN3 (3
equiv), nBu2Sn(O) (0.5 equiv), PhMe, 100 °C, 48 h; (j) cerium (IV) ammonium nitrate (6 equiv), CH3CN/H-O,
rt, 2 h; (k) Lawesson's reagent (1 equiv), PhMe, 100 °C, 2.5 h; (1) Tf,0 (1.2 equiv), CH2Cly, 0 °C to rt, 30 min,
then Hantzsch ester (3 equiv), 1t, 4 h. acac = acetylacetonyl; PMP = 4-methoxyphenyl.
(6]
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Synthesis of 5a: In a one-dram reaction vial, 2ad (58.5 mg, 0.2 mmol) was heated with KOH (224 mg, 4
mmol) in EtOH (0.6 mL) and H,O (0.6 mL) at 90 °C for 40 h. The reaction was cooled to room temperature,
acidified with 1 M HCI (10 mL), and extracted with EtOAc (15 mL x 3). The combined organic extracts were
washed with brine (10 mL), dried over anhydrous MgSQOs, and concentrated in vacuo. Analytically pure 5a
was obtained as a pale brown powder without further purification (0.2 mmol, quant. yield). R, = 0.35 (5:95
MeOH/CH,Cl,); 'TH NMR (400 MHz, DMSO-de) & 12.08 (br s, 1H), 7.74 (d, /= 7.6 Hz, 1H), 7.69 (d, J=7.5
Hz, 1H), 7.64 (t, J = 7.4 Hz, 1H), 7.49 (t, /= 7.4 Hz, 1H), 7.26 (d, J = 8.8 Hz, 2H), 7.06 (d, J = 8.9 Hz, 2H),
3.81 (s, 3H), 3.01 (d, J = 15.9 Hz, 1H), 2.62 (d, J = 15.9 Hz, 1H), 1.48 (s, 3H); *C NMR (100 MHz,
DMSO-ds) 6 170.3, 167.2, 158.8, 149.3, 131.8, 131.2, 130.9, 128.03, 128.00, 122.8, 122.1, 114.4, 64.3, 55.3,
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41.0, 26.3; HRMS (ESI) calcd for [C1sH17NO4 + Na]* 334.1050, found 334.1058; IR (thin film) 1712, 1651,
1513, 1246, 1185.
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Synthesis of 5b: In a one-dram reaction vial, 2ad (58.5 mg, 0.2 mmol) was heated with KOH (224 mg, 4
mmol) in MeOH (1.0 mL) and H,O (1.0 mL) at 90 °C for 2 h. The reaction was cooled to room temperature,
acidified with 1 M HCI (10 mL), and extracted with EtOAc (15 mL x 3). The combined organic extracts were
washed with brine (10 mL), dried over anhydrous MgSQOs, and concentrated in vacuo. The resulting mixture
was purified by flash column chromatography (4:96 — 5:95 MeOH/CH:Cl») to give 5b as a white foam (0.160
mmol, 80% yield). Ry= 0.24 (2:100 MeOH/CH:Cl,); "H NMR (500 MHz, CDCl3) & 7.82 (d, J = 7.5 Hz, 1H),
7.63 —7.56 (m, 2H), 7.48 (td, J= 7.1, 1.7 Hz, 1H), 7.16 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 8.9 Hz, 2H), 5.64 (s,
1H), 5.42 (s, 1H), 3.82 (s, 3H), 2.74 (d, J = 14.6 Hz, 1H), 2.54 (d, J = 14.6 Hz, 1H), 1.63 (s, 3H); 3C NMR
(125 MHz, CDCl3) 6 170.8, 168.1, 159.4, 148.9, 132.2, 131.0, 130.9, 128.6, 127.5, 124.1, 122.0, 114.8, 65.3,
55.4,44.1, 25.8; HRMS (ESI) calcd for [CisH1sN>O3 + Na]* 333.1210, found 333.1214; IR (thin film) 3327,
3191, 1670, 1615, 1513, 1387, 1248.
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Synthesis of 5c¢: To a one-dram reaction vial was added 2ad (58.5 mg, 0.2 mmol), fert-butyl alcohol (0.40 mL),
and conc. H>SO4 (3 drops via glass pipiet, ca. 60 mg, 0.6 mmol). The reaction was heated at 80 °C for 24 h.
The reaction was cooled to room temperature, diluted with CH>Cl, (3 mL), and washed with saturated aqueous
NaHCO3 (5 mL). The aqueous phase was extracted with CH>Cl, (3 mL X 3). The combined organic extracts
were washed with brine (5 mL), dried over anhydrous Na>SO4, and concentrated in vacuo. The resulting
mixture was purified by flash column chromatography (1:1 EtOAc/Hex) to afford Sc¢ as a white foam (0.176
mmol, 88% yield). Ry= 0.16 (1:1 EtOAc/Hex); 'H NMR (500 MHz, CDCls) § 7.95 (dd, J = 7.5, 0.9 Hz, 1H),
7.63 (dd, J= 7.4, 1.1 Hz, 1H), 7.59 — 7.49 (m, 2H), 7.37 — 7.31 (m, 2H), 7.04 — 6.97 (m, 2H), 4.77 (s, 1H),
3.85 (s, 3H), 2.70 (d, J = 14.3 Hz, 1H), 2.56 (d, J = 14.4 Hz, 1H), 1.59 (s, 3H), 1.06 (s, 9H); 3C NMR (125
MHz, CDCL) 6 167.4, 159.4, 149.0, 132.1, 131.6, 131.0, 128.7, 127.8, 124.9, 124.5, 121.7, 114.8, 65.7, 55.5,
51.1, 46.4, 28.3, 26.1; HRMS (ESI) calcd for [C22H26N203 + Na]* 389.1836, found 389.1845; IR (thin film)
3330, 1680, 1656, 1512, 1391, 1247.
(0]

N—PMP
0
Me

OnBu
5d

Synthesis of 5d: 2ad (0.2 mmol) was heated with TsOH-H>O (76.1 mg, 0.4 mmol) and nBuOH (0.2 mL, 2.2
mmol) in a HPLC vial at 120 °C for 20 h. The reaction mixture was cooled to room temperature, concentrated
onto Celite, and purified by flash column chromatography (1.5:100 MeOH/CH,Cl,) to afford 5d as a colorless
oil (0.186 mmol, 93% yield). Ry = 0.31 (2:100 MeOH/CH,Cl,); "H NMR (400 MHz, CDCl3) § 7.90 (dt, J =
7.5, 1.0 Hz, 1H), 7.62 — 7.56 (m, 1H), 7.52 — 7.47 (m, 2H), 7.33 — 7.27 (m, 2H), 7.05 — 6.95 (m, 2H), 3.85 (s,
3H), 3.82 (t, /= 6.7 Hz, 2H), 2.86 (d, J = 15.0 Hz, 1H), 2.79 (d, J= 15.0 Hz, 1H), 1.60 (s, 3H), 1.37 — 1.24 (m,
2H), 1.20 — 1.08 (m, 2H), 0.82 (t, J = 7.3 Hz, 3H); 3C NMR (100 MHz, CDCls) § 169.0, 168.1, 159.4, 148.6,
131.8, 131.4, 131.0, 128.4, 127.8, 124.0, 121.6, 114.8, 64.8, 64.5, 55.4, 42.5, 30.2, 26.5, 18.9, 13.5; HRMS
(ESI) caled for [C22H25sNO4 + Na]* 390.1676, found 390.1679; IR (thin film) 1730, 1696, 1513, 1377, 1248.
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Synthesis of 5e:* Under N2, AlMes (2 M Hex, 0.6 mL, 1.2 mmol) was added dropwise to a solution of 2ad
(117 mg, 0.4 mmol) and Ni(acac), (10.4 mmol, 0.04 mmol) in benzene (0.4 mL) at room temperature. The
reaction was heated at 50 °C for 5 h and was allowed to cool to room temperature and stir overnight. The
reaction was cooled to 0 °C and quenched by careful addition of water (2 mL), which was then taken up to 1 M
HCI (10 mL) and extracted with EtOAc (20 mL x 3). The combined organic extracts were washed with brine
(10 mL), dried over anhydrous MgSQOs, and concentrated in vacuo. The resulting mixture was purified by flash
column chromatography (1.5:100 MeOH/CH,Cl,) to give Se as pale yellow oil (0.308 mmol, 77% yield). Ry=
0.27 (2:100 MeOH/CH,Cl,); 'H NMR (500 MHz, CDCl3) & 7.97 — 7.90 (m, 1H), 7.58 (td, J = 7.4, 1.1 Hz,
1H), 7.54 (d, J="7.1 Hz, 1H), 7.49 (td, J= 7.4, 1.2 Hz, 1H), 7.24 — 7.19 (m, 2H), 7.03 — 6.96 (m, 2H), 3.85 (s,
3H), 3.00 (d, J = 16.5 Hz, 1H), 2.80 (d, J = 16.6 Hz, 1H), 1.89 (s, 3H), 1.64 (s, 3H); *C NMR (125 MHz,
CDCl3) 6 204.4, 168.0, 159.4, 148.9, 131.9, 131.4, 130.8, 128.3, 127.9, 124.1, 121.6, 114.7, 64.9, 55.4, 50.0,
31.4, 26.3; HRMS (ESI) calcd for [C19H19NOs + NaJ* 332.1257, found 332.1262; IR (thin film) 1689, 1613,
1513, 1379, 1247.
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Synthesis of 5f:* To a one-dram reaction vial was added 2ad (58.5 mg, 0.2 mmol), p-tolylboronic acid (54.4
mg, 0.4 mmol), 2,2'-bipyridyl (6.2 mg, 0.04 mmol), Pd(OAc): (4.5 mg, 0.02 mmol), CF;CO.H (150 pL, 2.0
mmol), THF (0.5 mL), and H>O (0.1 mL). The reaction vessel was briefly purged with N, for ca. 1 min and
then heated at 90 °C for 28 h. The reaction was cooled to room temperature, diluted with EtOAc (20 mL), and
washed with 1 M HCI (5 mL). The aqueous phase was extracted with EtOAc (10 mL % 2). The combined
organic extracts were washed with brine (10 mL), dried over anhydrous MgSQj4, and concentrated in vacuo.
The resulting mixture was purified by flash column chromatography (1.5:100 MeOH/CH,Cl,) to give 5f as an
off-white powder (0.201 mmol, quant. yield). Ry= 0.28 (2:100 MeOH/CH,Cl,); '"H NMR (400 MHz, CDCl;) §
7.93 (dt, J= 6.3, 1.5 Hz, 1H), 7.70 — 7.56 (m, 2H), 7.52 — 7.38 (m, 3H), 7.23 — 7.09 (m, 4H), 7.03 — 6.86 (m,
2H), 3.81 (s, 3H), 3.50 (d, J = 16.8 Hz, 1H), 3.31 (d, J = 16.8 Hz, 1H), 2.36 (s, 3H), 1.73 (s, 3H); 3C NMR
(100 MHz, CDCl3) 6 195.5, 168.3, 159.4, 149.3, 144.0, 134.7, 131.7, 131.5, 130.9, 129.2, 128.1, 128.0, 127.9,
124.0, 121.7, 114.8, 65.1, 55.4, 44.5, 26.5, 21.5; HRMS (ESI) calcd for [C2sH23NO3 + NaJ* 408.1570, found
408.1562; IR (thin film) 1687, 1606, 1513, 1380, 1247.

0

N—PMP

Me NH,
59
Synthesis of 5g: To a solution of 2ad (58.5 mg, 0.2 mmol) and CoCl,'6H>0 (71.4 mg, 0.3 mmol) in MeOH
(1.5 mL) was added NaBH4 (30.3 mg, 0.8 mmol) in one portion at 0 °C. The resulting mixture was stirred at
0 °C for 2 h and quenched with saturated aqueous NH4Cl (ca. 2 mL), which was then taken up to 1 N NaOH
(10 mL) and extracted with EtOAc (15 mL x 3). The combined organic extracts were washed with brine (10
mL), dried over anhydrous MgSQOs, and concentrated in vacuo. The resulting mixture was purified by flash
column chromatography (5:95:0.5 — 7:93:0.1 MeOH/CH,CL/Et;:N) to give Sg as a tan oil (0.160 mmol, 80%
yield). Ry=0.26 (5:95:0.5 MeOH/CH:Cl»); "TH NMR (400 MHz, CDCl3) 6 7.88 (d, J= 7.5 Hz, 1H), 7.59 (td, J
=7.5,1.2 Hz, 1H), 7.51 = 7.41 (m, 2H), 7.22 — 7.16 (m, 2H), 7.03 — 6.96 (m, 2H), 3.82 (s, 3H), 2.86 (br s, 2H),
2.62 (ddd, J = 12.0, 10.4, 4.8 Hz, 1H), 2.27 — 1.98 (m, 3H), 1.48 (s, 3H); *C NMR (100 MHz, CDCls)
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168.3, 159.3, 149.2, 132.2, 131.1, 130.2, 128.3, 127.9, 124.2, 121.2, 114.9, 66.4, 55.4, 40.1, 36.7, 26.6; HRMS
(ESI) caled for [C1sHaN202 + Na]* 319.1417, found 319.1417; IR (thin film) 3367, 1683, 1513, 1380, 1248.
(6]

Me

NHBoc
5h
Synthesis of 5h: To a solution of 2ad (58.5 mg, 0.2 mmol), Boc,O (109 mg, 0.5 mmol), and CoCl,-6H,O
(71.4 mg, 0.3 mmol) in MeOH (1.5 mL) was added NaBH4 (30.3 mg, 0.8 mmol) in one portion at 0 °C. The
resulting mixture was stirred at 0 °C for 3 h and quenched with saturated aqueous NH4Cl (ca. 2 mL), which
was then taken up to 1 N NaOH (10 mL) and extracted with EtOAc (15 mL x 3). The combined organic
extracts were washed with brine (10 mL), dried over anhydrous MgSQO4, and concentrated in vacuo. The
resulting mixture was purified by flash column chromatography (0.6:100 — 1:100 MeOH/CH,Cl,) to give 5h
as a white foam (0.186 mmol, 93% yield). R,= 0.15 (1:100 MeOH/CH>CL); '"H NMR (500 MHz, CDCl3) &
791 (d,J=17.5Hgz, 1H), 7.61 (t,J=7.5 Hz, 1H), 7.53 — 7.41 (m, 2H), 7.22 (d, J= 8.4 Hz, 2H), 7.02 — 6.93 (m,
2H), 4.28 (br s, 1H), 3.84 (s, 3H), 3.02 — 2.95 (br m 1H), 2.73 — 2.60 (br m 1H), 2.23 — 2.13 (br m 1H), 2.05 —
1.97 (br m 1H), 1.49 (s, 3H), 1.39 (s, 9H); 3C NMR (125 MHz, CDCls) & 168.3, 159.2, 155.6, 149.0, 132.3,
131.1, 130.3, 128.3, 128.0, 124.4, 121.3, 114.8, 66.2, 55.4, 37.8, 36.0, 28.3, 26.7, HRMS (ESI) calcd for
[C23H2sN»04 + Na]* 419.1941, found 419.1961; IR (thin film) 1683, 1513, 1382, 1249, 1173.
0O

N—PMP
N-N
Me { :N

N

5i H
Synthesis of 5i:5 TMSN; (81 uL, 0.6 mmol) was added to a mixture of 2ad (58.5 mg, 0.2 mmol) and
nBuSn(0) (24.9 mg, 0.1 mmol) in toluene (1.0 mL) at room temperature in a one-dram reaction vial. The
resulting mixture was heated at 100 °C for 48 h. Upon cooling to room temperature, the reaction mixture was
co-concentrated with MeOH (2 mL x 3 cycles). The residue was concentrated onto Celite and purified by flash
column chromatography (3:100 — 5:100 MeOH/CH,Cl,) to give 5i as an off-white solid (0.146 mmol, 73%
yield). R/= 0.20 (5:95 MeOH/CHCl,); '"H NMR (400 MHz, DMSO-ds) & 7.65 — 7.53 (m, 3H), 7.53 — 7.47 (m,
2H), 7.43 (td, J= 7.2, 1.4 Hz, 1H), 7.13 — 7.03 (m, 2H), 3.82 (s, 3H), 3.55 (d, /= 15.2 Hz, 1H), 3.32 (d, J =
15.2 Hz, 1H), 1.63 (s, 3H); ¥C NMR (100 MHz, DMSO-ds) & 166.9, 158.9, 152.5 (br), 147.9, 132.0, 131.5,
130.7, 128.4, 127.8, 122.9, 122.3, 114.4, 65.5, 55.3, 31.6, 25.5; LRMS (ESI) calcd for [CisHi7NsO2 — HJ™

334.1, found 334.1; IR (thin film) 1654, 1514.
O

CLy
CN

Me
5j

Synthesis of 5j: Cerium (IV) ammonium nitrate (658 mg, 1.2 mmol) was added in one portion to a solution of
2ad (58.5 mg, 0.2 mmol) in CH3CN (1.6 mL) and H>O (0.6 mL) at room temperature in a one-dram reaction
vial. The resulting mixture was stirred for 2 h and diluted with water (10 mL), which was then extracted with
EtOAc (15 mL x 3). Without further treatment,® the combined organic extracts were washed with brine (10
mL), dried over anhydrous MgSQOs, and concentrated in vacuo. The resulting mixture was purified by flash
column chromatography (2:100 — 4:100 MeOH/CH,Cl,) to give 5j as a pale yellow oil (0.142 mmol, 71%
yield). Ry= 0.14 (2:100 MeOH/CH>Cl»); '"H NMR (400 MHz, CDCls) 6 8.03 (br s, 1H), 7.87 (dt, J= 7.5, 1.0
Hz, 1H), 7.65 (td, J = 7.5, 1.2 Hz, 1H), 7.61 — 7.49 (m, 2H), 2.91 (d, J= 16.6 Hz, 1H), 2.84 (d, J = 16.6 Hz,
1H), 1.76 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 169.8, 148.9, 132.8, 130.7, 129.4, 124.3, 121.2, 116.3, 58.9,
30.2, 25.2; HRMS (ESI) calcd for [C11H10N20 + Na]* 209.0685, found 209.0683; IR (thin film) 2251, 1699,
1470.
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| N—PMP
Me CN
5k

Synthesis of 5k: 2ad (58.5 mg, 0.2 mmol) was heated with Lawesson's reagent (80.8 mg, 0.2 mmol) in toluene
(0.8 mL) at 100 °C for 2.5 h in a one-dram reaction vial. The reaction mixture was cooled to room temperature,
concentrated onto Celite, and purified by flash column chromatography (0:100 — 0.6:100 MeOH/CHCl>) to
afford 5k as a bright yellow foam (0.184 mmol, 92% yield). Ry= 0.58 (1:100 MeOH/CH,Cl,); "H NMR (400
MHz, CDCl3) 6 8.17 (dt, J= 7.7, 1.0 Hz, 1H), 7.70 (td, J = 7.5, 1.2 Hz, 1H), 7.65 — 7.55 (m, 2H), 7.25 - 7.19
(m, 2H), 7.13 — 7.06 (m, 2H), 3.87 (s, 3H), 2.95 (d, /= 16.6 Hz, 1H), 2.75 (d, J = 16.6 Hz, 1H), 1.72 (s, 3H);
13C NMR (100 MHz, CDCls) § 195.8, 160.2, 145.0, 137.4, 132.6, 130.6, 129.8, 128.7, 126.5, 120.9, 115.5,
115.4, 55.5, 28.0, 24.0; HRMS (ESI) calcd for [C1sH1sN2OS+ Na]* 331.0876, found 331.0883; IR (thin film)

2252,1609, 1512, 1388, 1318, 1251.
CN

Me
51

Synthesis of 51:7 TH,0 (40.4 pL, 0.24 mmol) was added dropwise to a solution of 2ad (58.5 mg, 0.2 mmol) in
CH:ClI; (2.0 mL) at 0 °C under N,. The reaction was stirred for 5 min at 0 °C, then it was allowed to warm to
room temperature and stir for additional 30 min, whereupon Hantzsch ester (152 mg, 0.6 mmol) was added in
one portion. The resulting mixture was stirred at room temperature for 4 h, then it was directly concentrated
onto Celite and purified by flash column chromatography (CH>Cl,) to afford 51 as a colorless oil (0.152 mmol,
76% yield). 51 appeared to be unstable upon extended exposure to air (> 5 h), but it can still be handled and
characterized without special precautions. Ry = 0.56 (CH>Cl); '"H NMR (400 MHz, CDCls) 6 7.42 — 7.32 (m,
4H), 7.02 — 6.95 (m, 2H), 6.95 — 6.90 (m, 2H), 4.76 (d, J = 13.0 Hz, 1H), 4.60 (d, J = 13.1 Hz, 1H), 3.80 (s,
3H), 2.95 (d, J = 16.7 Hz, 1H), 2.90 (d, J = 16.7 Hz, 1H), 1.80 (s, 3H); 1*C NMR (100 MHz, CDCls) § 153.4,
144.6, 138.3, 136.7, 128.3, 127.7, 122.5, 121.7, 118.8, 117.5, 114.9, 67.1, 55.7, 55.1, 27.8, 26.2; HRMS (ESI)
calcd for [Ci1sH1sN2O + Na]" 301.1311, found 301.1314; IR (thin film) 2248, 1513, 1246.

(0]
(0] o N—PMP
NaBH,
N—PMP _ CoCly*6H,0 N=PMP | «,CO,, CH5CN, 80 °C, 4 h
> >
THF/MeOH/H,0O N
2af —CN 0°Ctort _ (\OMS ]
not isolated NH, N
73% over N
2 steps
Me , OMs
Me 6 Me
NH2 1) C|CH2CH20H, CaC03 Me
Kl, H,0, reflux, 24 h
Me 2) MsCl, Et3N, EtOAc
Me 0°Ctort,1h

3,4-dimethylaniline 86% over 2 steps

Synthesis of dimesylate 6':® A suspension of 3,4-dimethylaniline (606 mg, 5 mmol), 2-chloroethanol (1.7 mL,
25 mmol), CaCOs3 (1300 mg, 13 mmol), and KI (83 mg, 0.5 mmol) in water (5 mL) was heated to reflux (oil
bath temperature 110 °C) for 24 h. The reaction mixture was cooled to room temperature, diluted with EtOAc
(50 mL) and water (10 mL), filtered through a pad of Celite, and separated. The organic phase was washed
with water (10 mL) and brine (10 mL), dried over anhydrous MgSQj4, and concentrated in vacuo. The resulting
diol product was used for next step without further purification. Next, the above obtained diol (5 mmol
theoretical) was dissolved in EtOAc (15 mL) and cooled to 0 °C. EtsN (2.8 mL, 20 mmol), followed by a
solution of MsClI (1718 mg, 15 mmol) in EtOAc (5 mL) was added dropwise at 0 °C. The resulting mixture
was allowed to warm to room temperature and stir for 1 h. Upon completion, the reaction was diluted with
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Et,0 (30 mL), filtered through a pad of Celite, washed with 1 M HCI (20 mL), and separated. The organic
phase was washed with saturated aqueous NaHCO3 (10 mL) and brine (10 mL), dried over anhydrous MgSOs,
and concentrated in vacuo. The resulting mixture was purified by flash column chromatography (2:3 — 3:2
EtOAc/Hex) to afford dimesylate 6' as a pale yellow oil (4.3 mmol, 86% yield over 2 steps). Ry= 0.44 (2:100
MeOH/CH,Cl,); 'TH NMR (500 MHz, CDCl3) 8 7.01 (d, J = 8.3 Hz, 1H), 6.55 (d, J= 2.8 Hz, 1H), 6.49 (dd, J
= 8.3, 2.9 Hz, 1H), 4.34 (t, J = 5.9 Hz, 4H), 3.72 (t, J = 5.9 Hz, 4H), 2.97 (s, 6H), 2.23 (s, 3H), 2.17 (s, 3H);
13C NMR (125 MHz, CDCls) 6 144.3, 137.9, 130.7, 126.6, 114.7, 110.6, 66.7, 51.0, 37.4, 20.3, 18.5.

Synthesis of piperazine 6: To a solution of 2af (167 mg, 0.6 mmol) and CoCl,-6H>O (214 mg, 0.9 mmol) in
THF/MeOH/H-0 (4.0, 0.5, 2.0 mL, respectively) was added NaBH4 (182 mg, 4.8 mmol) in one portion at 0 °C.
The resulting mixture was allowed to warm to room temperature and stirred for 2 h. The reaction was
quenched with saturated aqueous NH4Cl (ca. 5 mL), which was then taken up to 1 N NaOH (20 mL) and
extracted with CH>Cl, (20 mL X 3). The combined organic extracts were washed with brine (10 mL), dried
over anhydrous MgSO4, and concentrated in vacuo. The resulting amine product was used for next step
without further purification. Next, the above obtained amine (0.6 mmol theoretical) was heated with
dimesylate 6' (146 mg, 0.4 mmol)° and K,CO3 (220 mg, 1.6 mmol) in CH;CN (2 mL) at 80 °C for 4 h. The
reaction was cooled to room temperature, diluted with EtOAc (30 mL), washed with water (5 mL), and
separated. The organic phase was washed with brine (10 mL), dried over anhydrous MgSQOs, and concentrated
in vacuo. The resulting mixture was purified by flash column chromatography (4:6:0 — 5:5:0.15
EtOAc/Hex/MeOH) to afford 6 as a pale yellow oil (0.29 mmol, 73% yield over 2 steps based on 6'). Rr=0.30
(5:5:0.1 EtOAc/Hex/MeOH); '"H NMR (500 MHz, CDCl3) 6 7.92 (dt, J = 7.6, 1.1 Hz, 1H), 7.59 (td, J = 7.5,
1.2 Hz, 1H), 7.54 — 7.44 (m, 4H), 7.03 — 6.92 (m, 3H), 6.69 (d, J = 2.6 Hz, 1H), 6.62 (dd, J = 8.2, 2.7 Hz, 1H),
5.30 (dd, J= 6.0, 2.7 Hz, 1H), 3.84 (s, 3H), 3.06 — 2.98 (m, 4H), 2.41 — 2.34 (m, 4H), 2.20 (s, 3H), 2.19 - 1.96
(m, 7H); BC NMR (125 MHz, CDCl3) § 167.1, 157.4, 149.4, 144.6, 137.0, 132.4, 131.8, 130.1, 129.8, 128.3,
128.0, 125.4, 124.1, 122.1, 118.0, 114.4, 113.7, 59.6, 55.5, 53.2, 52.4, 49.5, 28.2, 20.1, 18.7; HRMS (ESI)
calcd for [C29H33N302 + H]" 456.2646, found 456.2652; IR (thin film)1690, 1513, 1389, 1248.

2 ? 9 PMP
KOH i) (COCI),, cat. DMF N7
N—pmp EtOH/H,0 N—PMP THF, rt, 20 min ‘ o
90 °C,40h . 0 -
2af C°N copH | 1) FN 0] ! O’
not isolated 0
EtsN, CH,Cly, 0 °C to rt 82% over \)
2 steps o)

Synthesis of amide 7: 2af (111 mg, 0.4 mmol) was heated with KOH (448 mg, 8 mmol) in EtOH (1 mL) and
H>0 (1 mL) at 90 °C for 40 h. The reaction was cooled to room temperature, acidified with 1 M HCI (15 mL),
and extracted with EtOAc (20 mL x 3). The combined organic extracts were washed with brine (10 mL), dried
over anhydrous MgSOs, and concentrated in vacuo. The resulting carboxylic acid product was used for next
step without further purification. Next, to a suspension of the above obtained carboxylic acid (0.4 mmol
theoretical) in THF (1 mL) was added one drop of DMF via glass pipet, followed by addition of (COCI); (2.5
M solution in CH»Cl, 0.32 mL, 0.8 mmol) at room temperature. The reaction mixture was stirred for 20 min,
whereupon gas evolution ceased. The mixture was concentrated in vacuo at room temperature to afford the
crude acid chloride, which was redissolved in THF (2 mL) and cooled to 0 °C. To this solution was added Et:N
(112 pL, 0.6 mmol), followed by a solution of 1,4-dioxa-8-azaspiro[4.5]decane (86 mg, 0.6 mmol) in CH>Cl,
(0.5 mL) at 0 °C. The reaction was allowed to warm to room temperature and stir overnight. Upon completion,
the reaction was diluted with EtOAc (30 mL), washed with 0.5 M HCI (10 mL), and separated. The organic
phase was washed with brine (10 mL), dried over anhydrous MgSOs, and concentrated in vacuo. The resulting
mixture was purified by flash column chromatography (3:2 — 7:3 EtOAc/Hex) to afford amide 7 as a pale
yellow oil (0.33 mmol, 82% yield over 2 steps based on 2af). R;= 0.36 (7:3 EtOAc/Hex); "TH NMR (500 MHz,
CDCl3) 6 791 (d, J=17.3 Hz, 1H), 7.62 (d, J= 7.5 Hz, 1H), 7.56 (td, J= 7.4, 1.3 Hz, 1H), 7.54 — 7.48 (m, 3H),
7.04 — 6.87 (m, 2H), 5.79 (dd, J = 9.3, 3.7 Hz, 1H), 4.00 — 3.90 (m, 4H), 3.83 (s, 4H), 3.79 — 3.73(m, 1H), 3.72
—3.66 (m, 1H), 3.36 — 3.26 (m, 2H), 2.88 (dd, J = 15.9, 3.7 Hz, 1H), 2.43 (dd, J = 16.0, 9.4 Hz, 1H), 1.71 —
1.62 (m, 2H), 1.50 (t, J = 5.8 Hz, 2H); 3C NMR (125 MHz, CDCl3) 8 167.9, 166.7, 157.4, 145.3, 132.1,
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131.8, 129.4, 128.6, 125.1, 123.9, 123.2, 114.5, 106.5, 64.4, 58.3, 55.4, 43.5, 39.9, 36.3, 35.3, 34.7; HRMS
(ESI) caled for [C24H26N20s + Na]™ 445.1734, found 445.1749; IR (thin film) 1694, 1633, 1514, 1361, 1248.

5. Double cross-over experiment
MeO

Q CpPd(1-phenylallyl)
g (20 mol%)
- Xantphos (20 mol%) -
M BEt; (120 mol%) 13CN
Me Me PhMe, 80 °C, 24 h
M1 P

e h

['3CJar
80% 60/0

[*cir 1d

['3C]1r was prepared in the same manner as 1r, from cyanamide ['*C]S2g and carboxylic acid S4b. 'TH NMR
(500 MHz, CDCl3) 6 7.22 — 7.14 (m, 2H), 6.98 — 6.90 (m, 2H), 4.99 — 4.89 (m, 1H), 4.87 (app s, 1H), 3.82 (s,
3H), 2.75 (s, 2H), 1.81 (s, 3H), 1.50 (s, 6H); 3C NMR (125 MHz, CDCls) 8 176.2 (d, 2Jc_c = 4.5 Hz), 159.9,
141.4,128.8,127.7,114.9, 114.8, 111.1 ('3CN), 55.5, 46.9, 44.9, 26.2, 23.9.

Double cross-over experiment: In a nitrogen-filled glove box, a one-dram vial was charged with a magnetic
stirring bar, ['*C]1r (27.3 mg, 0.1 mmol), 1d (38.4 mg, 0.1 mmol), BEt; (1.0 M in Hex, 120 uL, 0.12 mmol),
Xantphos (11.6 mg, 0.02 mmol), and a solution of CpPd(1-phenylallyl) in toluene (0.02 M, 1.0 mL, 0.02
mmol). The reaction mixture was sealed with a PTFE lined cap, removed from the glove box, and heated at
80 °C in an aluminum heating block for 24 h. The resulting mixture was allowed to cool to room temperature,
concentrated onto Celite, and purified by flash column chromatography (1:4 — 1:1 EtOAc/Hex) to give an
inseparable mixture of ['*C]2r and 2d. The yields were determined by integration of '"H NMR spectrum of
product mixture. 2d showed no detectable enrichment in 1*C by analysis of the 'H and '*C NMR spectra, or the
HRMS data for the mixture.

6. Synthesis of substrates: N-acyl cyanamides

All N-acyl cyanamide substrates 1 are synthesized in 3 steps. Step 1 synthesizes aryl cyanamides S2 from the
corresponding anilines S1. Step 2 synthesizes carboxylic acids S4. Step 3 synthesizes substrates 1 by coupling
cyanamides S2 with acids S4.

Step 1: Synthesis of cyanamides S2
NH,

e A NHCN
T —_— R—,/

S1 S2

Step 2: Synthesis of carboxylic acids S4

CO,H i) base Oxy-CH
R1J\R1 B 1 2
JI\/BF R R

i) R!
. R? sS4

Step 3: Synthesis of substrates 1 R

X
i) (COCI),, DMF \ /
o

Os_OH !
M i) Et3N, S2
ﬁ C
R1
s4 R’ i R2

1
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6.1 Synthesis of cyanamides S2 (Step 1)

CAUTION! Cyanogen bromide (BrCN) is highly toxic and hydrolyzes readily to release hydrogen cyanide.
The related preparation must be carried out in a well-ventilated fume hood. Excess BrCN should be destroyed
with aqueous NaOH solution and the resulting aqueous solution should be disposed of properly.

N NHCN
=

S$1 S2

Method A: BrCN (0.6 equiv), Et,0, 0 °C tort, 24 h
Method B: BrCN (1.2 equiv), NaOAc (3.0 equiv), MeOH, 0°C tort, 24 h

Step 1. Synthesis of cyanamides S2

NH
2 Method A, B, or C

> R

i
<\ /?

Method C:
0 S H l,, EtsN, EtOA
Z t tOAc
NH _C* 2 =31,

B Ph)LN’C N N\n/NH2 H,0, rt, 5 min

R—r ————» R > S2
= then K2003 P S
MeOH/H,0

not isolated

Method A: A solution of BrCN (1271 mg, 12 mmol) in Et2O (10 mL) was slowly added to aniline S1 (20
mmol) in Et;O (20 mL) at 0 °C. The reaction mixture was allowed to warm to room temperature and stir for 24
h. Upon completion, the mixture was diluted with Et,O (40 mL) and filtered through a pad of Celite. The
filtrate was washed with 1 M HCI (10 mL), saturated aqueous NaHCO3 (10 mL), and brine (10 mL), and were
dried over anhydrous MgSQO4, and concentrated. The crude product was purified by flash column
chromatography or precipitated from Et,O/Hex or CH,Cl,/Hex at 0 °C.

Method B: A solution of BrCN (2542 mg, 24 mmol) in MeOH (30 mL) was slowly added to a mixture of
aniline (20 mmol) and NaOAc (60 mmol) in MeOH (30 mL) at O °C. The reaction mixture was stirred for 1 h,
then was allowed to warm to room temperature and stir overnight. Upon completion, the reaction was
neutralized with saturated aqueous NaHCO3 (20 mL) and concentrated to a small volume. The residue was
taken up to water (50 mL) and extracted with CH,Cl, (30 mL x 3). The combined organic extracts were
washed with brine (20 mL), dried over anhydrous MgSQs, and concentrated. The crude product was purified
by flash column chromatography.

Method C: To a solution of aniline S1 (10 mmol) in THF (15 mL) was added benzoyl isothiocyanate (1.48
mL, 11 mmol) in THF (10 mL) at room temperature. The resulting solution was stirred for 2-3 h. Upon
completion, the reaction was concentrated, and the residue was suspended in MeOH (30 mL) and treated with
a solution of K>CO3 (30 mmol) in H,O (10 mL). The reaction was stirred overnight and concentrated, which
was then taken up to water (100 mL). The resulting thiourea product was precipitated and collected by
filtration, and was used without further purification. Next, to a suspension of the above obtained thiourea (10
mmol theoretical) in EtOAc (30 mL) was added H>O (2 mL) and EtsN (2.8 mL, 20 mmol), followed by
addition of I, (2792 mg, 11 mol) in 6-7 batches at room temperature. Upon complete addition of I, the
reaction was stirred for additional 5 min and quenched by addition of saturated aqueous NaHSO3 (2 mL). The
resulting mixture was diluted with EtOAc (50 mL) and filtered through a pad of Celite. The filtrate was
washed with H,O (10 mL) and brine (10 mL), dried over anhydrous MgSOs, and concentrated. The crude
product was purified by flash column chromatography.

Method D: A solution of BrCN (2542 mg, 8 mmol) in toluene (4 mL) was slowly added to a mixture of
aniline (4 mmol) and NaHCO3 (14 mmol) in toluene (4 mL) at room temperature. The reaction mixture was
stirred for overnight. Upon completion, the reaction was neutralized with saturated aqueous NaHCO3 (5 mL)
and taken up to water (20 mL). The crude product was collected by filtration and dissolved in DCM followed
by water wash. The organic layer was dried over MgSQO4 and concentrated in vacuo to afford solid product.
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Synthesized cyanamides S2

oo Q“”C“ c

S2a, R = Me S2|,R=CI
S2b,R=H S2m, R = CF;
S2c, R =1tBu S$2n, R = CO,Me

- = NHCN
SZd, R=F 320, R = OMe N NHCN
S$2e,R=Cl |
MeO N
S2r S2s

S2f, R = Br

S$2g, R = OMe

S2h, R = OAc

S2i, R = NHAc

S$2j, R = COMe

S2k, R 3 o/\/\/

S2a, S2b, S2d-S2g, S20, and S2s were known compounds and were prepared following reported procedures.'”

/O/NHCN
tBu

S2c
Prepared from 4-(tert-butyl)aniline on a 20.0 mmol scale using method A. S2¢ was purified by flash column
chromatography (2:100 MeOH/CH,Cl,) as an off-white solid (9.36 mmol, 94% yield). R, = 0.44 (5:95
MeOH/CH,Cl,); mp 86-88 °C; 'H NMR (500 MHz, CDCl;3) § 7.38 — 7.32 (m, 2H), 7.00 — 6.90 (m, 2H), 6.10
(br's, 1H), 1.30 (s, 9H); 13C NMR (125 MHz, CDCl;) & 146.8, 134.4, 126.6, 115.1, 111.3, 34.3, 31.3; HRMS
(ESI) calcd for [Ci11Hi4N2 + Na]* 197.1049, found 197.1047; IR (thin film) 3159, 2227, 1517, 1253.

ONHCN
AcO

S2h
Prepared from 4-aminophenyl acetate!' on a 9.7 mmol scale using method B. S2h was purified by
precipitation (CH>Cly/Hex) as an off-white solid (8.2 mmol, 85% yield). Ry = 0.54 (1:1 EtOAc/Hex); mp
95-97 °C; 'TH NMR (500 MHz, CDCls)  7.04 (dd, J = 8.8, 1.1 Hz, 2H), 6.97 — 6.90 (m, 2H), 2.31 (d, /= 1.0
Hz, 3H); 13C NMR (125 MHz, CDCl3) § 170.2, 146.3, 135.1, 122.8, 116.3, 111.0, 21.1; HRMS (ESI) calcd
for [CoHgN20> + Na]* 199.0478, found 199.0505; IR (thin film) 3183, 2237, 1757, 1510, 1221, 1195.

/©/NHCN
AcHN

S2i
Prepared from N-(4-aminophenyl)acetamide on a 10 mmol scale using method B. S2i was purified by
precipitation (MeOH/H>0) as a tacky white solid. Ry = 0.48 (1:9 MeOH/CH,Cl,); '"H NMR (500 MHz,
DMSO-de) 6 9.88 (s, 1H), 7.54 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 2.01 (s, 3H); 3C NMR (125
MHz, DMSO-ds) 6 167.9, 134.4, 133.7, 120.5, 115.2, 112.5, 23.8; HRMS (ESI) caled for [CoHoN3O + Na]*

198.0638, found 198.0649; IR (thin film) 2227, 1670, 1449.
NHCN

Me

(6] S2j
Prepared from 1-(4-aminophenyl)ethan-1-one on a 10.0 mmol scale using method C. S2j was purified by flash
column chromatography (2:100 MeOH/CH2Cl,) as a pale yellow solid (6.2 mmol, 62% yield). Ry = 0.45
(5:95 MeOH/CHCl,); mp 110-112 °C; '"H NMR (500 MHz, DMSO-d¢) 8 10.73 (s, 1H), 7.96 (d, J = 8.7 Hz,
2H), 7.05 (d, J = 8.7 Hz, 2H), 2.51 (s, 3H); '*C NMR (125 MHz, DMSO-ds) 6 196.2, 143.2, 131.5, 130.5,
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114.7, 111.2, 26.4; HRMS (ESI) calcd for [CoHsN>O — H]™ 159.0564, found 159.0526; IR (thin film) 3188,

2229, 1740, 1272.
/©/NHCN
0
~Z Sk

Prepared from 4-(pent-4-en-1-yloxy)aniline'?> on a 7.3 mmol scale using method B. S2k was purified by flash
column chromatography (1:100 — 2:100 MeOH/CHCl,) as an oily purple solid (4.96 mmol, 68% yield). Ry
=0.28 (1:100 MeOH/CH>Cl»); 'H NMR (500 MHz, CDCI3) 8 6.97 — 6.91 (m, 2H), 6.90 — 6.85 (m, 2H), 6.11
(br s, 1H), 5.85 (ddt, J = 16.8, 10.1, 6.6 Hz, 1H), 5.06 (dt, J= 17.1, 1.5 Hz, 1H), 5.00 (dt, /= 10.2, 1.5 Hz,
1H), 3.93 (t, J= 6.6 Hz, 2H), 2.30 — 2.17 (m, 2H), 1.94 — 1.81 (m, 2H). '*C NMR (125 MHz, CDCl3) § 155.6,
137.7, 130.0, 116.8, 115.7, 115.2, 111.8, 67.6, 30.0, 28.3. HRMS (ESI) calcd for [Ci2H1sN2O + Na]*
225.0998, found 225.0998; IR (thin film) 2218, 1640, 1510, 1233.
NHCN

Cl
S2|
Prepared from 3-chloroaniline on a 15.0 mmol scale using method C. S21 was purified by flash column
chromatography (2:100 MeOH/CH>Cl) as a pale yellow solid (10.51 mmol, 71% yield). Ry = 0.48 (5:95
MeOH/CH,Cl,); mp 68-70 °C; '"H NMR (500 MHz, CDCls)  7.30 — 7.22 (m, 1H), 7.07 (dd, J = 8.0, 1.8 Hz,
1H), 7.04 (t, J = 2.2 Hz, 1H), 6.92 (dd, J = 8.2, 2.3 Hz, 1H); 3C NMR (125 MHz, CDCls) § 138.3, 135.5,
130.8, 123.9, 115.7, 113.6, 110.7; HRMS (ESI) calcd for [C7HsCIN, — H]™ 151.0068, found 151.0060; IR

(thin film) 3396, 2237, 1600.
©/NHCN

CF3
S2m
Prepared from 3-(trifluoromethyl)aniline on a 20.0 mmol scale using method C. S2m was purified by flash
column chromatography (2:100 MeOH/CHCl,) as a pale yellow solid (16.8 mmol, 84% yield). Ry = 0.46
(5:95 MeOH/CH,Cl,); mp 85-87 °C; 'H NMR (500 MHz, CDCls) 4 7.48 (t, J= 7.9 Hz, 1H), 7.36 (d, /= 7.8
Hz, 1H), 7.27 (d, J = 2.0 Hz, 1H), 7.23 (dd, J = 8.2, 2.3 Hz, 1H); 3C NMR (125 MHz, CDCls) § 137.9, 132.3
(9, 2Jrc = 32.8 Hz), 130.5, 123.4 (q, 'Jr-c = 270.8 Hz), 120.5 (q, *Jr-c = 3.8 Hz), 118.6, 112.3 (q, *Jr-c = 3.9
Hz), 110.7; °F NMR (470 MHz, CDCl3) 8 —63.0; LRMS (ESI) caled for [CsHsF30, — H]~ 185.0, found 185.1;
IR (thin film) 3110, 2242, 1331. The NMR data is consistent with a literature report.'3
NHCN

CO,Me

S2n

Prepared from methyl 3-aminobenzoate on a 15.0 mmol scale using method C. S2n was purified by flash
column chromatography (1:100 — 2:100 MeOH/CHCl,) as a pale yellow solid (13.5 mmol, 90% yield). Ry =
0.46 (5:95 MeOH/CH>Cly); mp 88-91 °C; "TH NMR (500 MHz, CDCl3) 6 7.76 (dd, J = 7.7, 1.3 Hz, 1H), 7.71
(app s, 1H), 7.44 (t, J = 7.9 Hz, 1H), 7.28 (dd, J = 8.1, 2.6 Hz, 1H), 3.94 (d, J= 1.0 Hz, 3H); '3C NMR (125
MHz, CDCl3) & 166.6, 137.8, 131.5, 130.0, 124.6, 119.6, 116.4, 110.8, 52.6; HRMS (ESI) caled for
[CoHsN,O; + Na]* 199.0478, found 199.0478; IR (thin film) 3152, 2227, 1594, 1251.

MeO NHCN

OMe
S2p
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Prepared from 3,5-dimethoxyaniline on a 10.0 mmol scale using method B. S2p was purified by flash column
chromatography (3:100 MeOH/CH,Cly) as a white solid (5.2 mmol, 52% yield). Ry = 0.44 (5:95
MeOH/CH,Cl,); mp 138-140 °C; "TH NMR (500 MHz, CDCls) 8 7.26 (s, 1H), 6.19 (d, /= 2.1 Hz, 1H), 6.16 (d,
J = 2.1 Hz, 2H), 3.78 (s, 6H); 13C NMR (125 MHz, CDCls) § 161.9, 138.8, 110.4, 95.8, 94.0, 55.5; HRMS
(EST) caled for [CoHoN2O, — H]~ 177.0670, found 177.0689. IR (thin film) 2946, 2242, 1114, 1028.

@:NHCN
Me Me

S2q
Prepared from 2,4-dimethylaniline on a 10.0 mmol scale using method A. S2q was purified by precipitation
(Et2O/Hex) as an off-white solid (8.4 mmol, 84% yield). Ry = 0.46 (5:95 MeOH/CH,Cl,); mp 102-104 °C;
TH NMR (500 MHz, CDCl3) & 7.08 (d, J = 8.1 Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 6.96 (app s, 1H), 6.06 (br s,
1H), 2.28 (s, 3H), 2.20 (s, 3H); 3C NMR (125 MHz, CDCl3) § 133.3, 132.9, 131.6, 127.9, 124.1, 115.6, 111.9,
20.6, 16.9; HRMS (ESI) calcd for [CoH10N> + Na]™ 169.0736, found 169.0740; IR (thin film) 3184, 2220,

1514.
- VHCN
L~

MeO™ N
S2r
Prepared from 6-methoxypyridin-3-amine on a 10.0 mmol scale using method C. S2r was purified by flash
column chromatography (3:97 — 5:95 MeOH/CH2Cl,) as a brick red solid (6.75 mmol, 68% yield). R, = 0.44
(5:95 MeOH/CH,Cl,); mp 105-107 °C; 'H NMR (500 MHz, DMSO-de) 8 10.11 (br s, 1H), 7.84 (dd, J = 3.0,
0.7 Hz, 1H), 7.36 (dd, J = 8.8, 3.0 Hz, 1H), 6.84 (dd, /= 8.8, 0.7 Hz, 1H), 3.80 (s, 3H); 1*C NMR (125 MHz,
DMSO-ds) 8 159.6, 133.0, 129.6, 127.3, 112.1, 111.3, 53.3; HRMS (ESI) calcd for [C7H7N30 + H]* 150.0662,
found 150.0654; IR (thin film) 3054, 2210, 1495.

S2t

Prepared from 6-methoxypyridin-4-amine on a 4.0 mmol scale using method C. S2t was purified by flash
column chromatography (4:100 — 5:100 MeOH/CH2Cl,) as a white solid (2.76 mmol, 69% yield). Ry= 0.44
(5:100 MeOH/CH,Cl,); mp 171-174 °C; '"H NMR (400 MHz, DMSO-ds) & 11.47 (s, 1H), 7.88 (d, /= 5.7 Hz,
1H), 6.53 (d, J= 5.1 Hz, 1H), 6.21 (d, J= 1.7 Hz, 1H), 3.86 (s, 3H). 3C NMR (100 MHz, DMSO-ds) 5 163.5,
156.9, 144.4, 114.1, 107.2, 94.6, 54.9; HRMS (ESI) calcd for [C7H7N30 + Na]* 172.0481, found 172.0510; IR

(thin film) 2138, 1631, 1595, 1494.
O
(0]

S2u

Prepared from benzo[d][1,3]dioxol-5-amine on a 4.0 mmol scale using method D. S2u was collected as a
white solid ( 0.13 mmol, 33% yield). ). Rr = 0.51 (5:100 MeOH/CH,Cl»); mp 83-85 °C;'H NMR (500 MHz,
CDCl3) 6 6.75 (d, J = 8.4 Hz, 1H), 6.57 (s, 1H), 6.45 (d, J = 8.2 Hz, 1H), 5.97 (s, 2H), 5.61 (br s, 1H); 13C
NMR (125 MHz, CDCls) & 148.7, 144.2, 131.6, 111.6, 108.7, 108.0, 101.6, 98.1; HRMS (ESI) calcd for
[CsHeN20; + Na]* 185.0321, found 185.0304; IR (thin film) 2222, 1637, 1485, 1199.
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6.2 Synthesis of carboxylic acids S4 (Step 2)
Synthesized carboxylic acids S4

(0]
OH U I)L CO,H
Me
Me CO,Me ©/\/

Ph
Me S4o0
s4
m S4n

o OH O _OH O~ _OH Os_OH Os_OH Ox-CH
I)L I/IL Mem PhthNUM B OUM MeIHLMe
Ph Me Me Me MGy Me e ¢ Me

S4s sat Sau Sav Saw sax Me

S4j-S4o, S4r, and S4s were known compounds and were prepared following known procedures.'#

i) nBulLi (2.2 eq), THF, 0 °C, 30 min
ii) methallyl chloride (1.3 eq) (0] OH

Ph 01045 °C, 5 h ' _
)—COH >
PH Ph Me

Ph

S3a S4a
Synthesis of S4a: To a solution of diphenylacetic acid S3a (10.610g, 50 mmol) in THF (100 mL) was slowly
added nBuLi (2.5 M Hex, 44 mL, 110 mmol) at 0 °C. The mixture was stirred at 0 °C for 30 min, followed by
slow addition of methally chloride (7.04 mL, 65 mmol). The reaction was heated to 45 °C for 5 hours, which
was then cooled in an ice bath, acidified with 2 N HCI to pH < 2, and separated. The aqueous phase was
extracted with Et;O (30 mL x 3). The combined organic extracts were washed with water (20 mL) and brine
(20 mL), dried over anhydrous MgSQs, and concentrated to a small volume, whereupon acid S4a began to
precipitate. Cold hexanes (ca. 80 mL) was added to allow further precipitation of S4a, which was collected by
vacuum filtration as a white crystalline solid (8.65g, 32.5 mmol, 65% yield). Ry = 0.32 (1:4 EA/Hex); mp
117-118 °C; "TH NMR (500 MHz, CDCls) 8 7.36 — 7.32 (m, 4H), 7.31 — 7.21 (m, 6H), 4.71 (t, J = 1.7 Hz, 1H),
4.55 (app s, 1H), 3.18 (s, 2H), 1.33 (s, 3H); *C NMR (125 MHz, CDCls) & 180.1, 142.6, 141.8, 129.0, 127.8,
126.9, 115.6, 60.1, 45.6, 24.3; IR (thin film) 3059, 1699, 1495, 1215. The NMR data is consistent with a
literature report.'?

NaOH, MeOH
i) LDA, =78 °C, 1 h ! Oy OH
)C\OzMe i) 5 Me0:L H,0,80°C, 20h
Me” “Me i) Me Me Me
M Br Me Me Me
e S3b S4b

—-78°Ctort
Synthesis of S3b: To a solution of iProNH (3.36 mL, 24 mmol) in THF (15 mL) was dropwise added nBuLi
(2.5 M Hex, 9.2 mL, 23 mmol) at —78 °C. The resulting solution was stirred at —78 °C for 40 min, then a
solution of methyl isobutyrate (2043 mg, 20 mmol) in THF (10 mL) was dropwise added. The reaction mixture
was stirred at —78 °C for additional 1 h, followed by slow addition of methallyl bromide (2.62 mL, 26 mmol)
at the same temperature. The resulting mixture was allowed to warm to room temperature and stir overnight,
which was then quenched with saturated aqueous NH4CI (10 mL) and extracted with Et0 (20 mL x 3). The

S34



combined organic extracts were washed with brine, dried over anhydrous MgSO., and concentrated. The
resulting mixture was purified by flash column chromatography (2:98 — 1:9 Et,O/Hex) to give ester S3b as a
colorless oil (2340 mg, 15 mmol, 75% yield). Ry = 0.44 (5:95 EtOAc/Hex); 'H NMR (500 MHz, CDCl;) &
4.81 —4.74 (m, 1H), 4.62 — 4.60 (m, 1H), 3.64 (s, 3H), 2.28 (s, 2H), 1.62 (s, 3H), 1.16 (s, 6H); *C NMR (125
MHz, CDCl3) & 178.3, 142.4, 114.1, 51.6, 48.5, 42.0, 25.5, 23.4; IR (thin film) 1734, 1643, 1199, 1131.

Synthesis of S4b: A mixture of S3b (1562 mg, 10 mmol), NaOH (800 mg, 20 mmol), MeOH (10 mL), and
H,0O (10 mL) was heated at 80 °C for 20 h. The reaction was cooled to 0 °C, acidified with 2 N HCl to pH < 2,
and extracted with Et;O (20 mL x 3). The combined organic extracts were washed with brine, dried over
anhydrous Na;SOs4, and concentrated to give S4b as a bright yellow oil (1390 mg, 9.8 mmol, 98% crude yield).
S4b was co-concentrated with benzene (5 mL x 3 cycles) and was used without further purification. '"H NMR
(500 MHz, CDCl3) & 4.84 — 4.82 (m, 1H), 4.71 — 4.69 (m, 1H), 2.34 (s, 2H), 1.71 (s, 3H), 1.21 (s, 6H); 13C
NMR (125 MHz, CDCl;) & 185.2, 142.2, 114.4, 48.2, 42.0, 25.3, 23.6. The NMR data is consistent with a

known report. !¢
COH i)LDA,0t055°C, 1h Oﬂ
Bn)\Bn i) " Bn Me
S3c Br Bn
Me S4c

0°Ctort

Synthesis of S4c: To a solution of iProNH (1.05 mL, 7.5 mmol) in THF (6 mL) was dropwise added nBuLi
(2.5 M Hex, 2.9 mL, 7.2 mmol) at 0 °C. The resulting solution was stirred at 0 °C for 10 min, then a solution
of 2-benzyl-3-phenylpropanoic acid S3¢!” (721 mg, 3.0 mmol) in THF (3 mL) was slowly added. The reaction
mixture was heated at 55 °C for 1 h, then was cooled back to 0 °C and added methallyl bromide (0.43 mL, 4.2
mmol). The reaction was allowed to warm to room temperature and stir overnight, then it was acidified with 2
N HCI to pH < 2 and extracted with Et;O (20 mL x 3). The combined organic extracts were washed with brine
(10 mL), dried over anhydrous Na,SOs, and concentrated. The resulting mixture was purified by flash column
chromatography (1:4 — 3:7 Et,O/Hex) to give acid S4c as a pale yellow oil (795 mg, 2.7 mmol, 90% yield). Ry
= 0.39 (3:7 Et;O/Hex); 'TH NMR (500 MHz, CDCls)  7.32 — 7.16 (m, 10H), 5.02 (app s, 1H), 4.87 (app s, 1H),
3.10 (d, J= 14.0 Hz, 2H), 3.05 (d, J = 14.0 Hz, 2H), 2.26 (s, 2H), 1.73 (s, 3H); '3*C NMR (125 MHz, CDCls) §
182.6, 142.1, 137.1, 130.4, 128.0, 126.6, 113.1, 50.5, 41.1, 40.9, 25.1; HRMS (ESI) calcd for [C20H2,0, — H]
293.1547, found 293.1536; IR (thin film) 1700, 1454, 1265.

i)LDA,0to 55°C, 1h

ii)
CO,H CO.H J\/Br 0°Ctort o0 OH OxOH
Me
or — - or Me
same conditions as S4c Me

S3d S3e S4d S4e
S4d and S4e were synthesized in the manner as S4c.

S4d was synthesized from cyclobutanecarboxylic acid S3d on a 5 mmol scale. S4d was purified by flash
column chromatography (1:9 — 15:85 EtOAc/Hex) as a colorless oil (648 mg, 4.2 mmol, 84% yield). Ry =
0.52 (1:4 EtOAc/Hex); "TH NMR (500 MHz, CDCI3) & 4.76 (app s, 1H), 4.60 (app s, 1H), 2.56 (s, 2H), 2.55 —
2.47 (m, 2H), 2.06 — 1.98 (m, 2H), 1.98 — 1.90 (m, 2H), 1.69 (s, 3H); '3C NMR (125 MHz, CDCl3)  183.7,
142.3, 112.1, 47.0, 45.4, 30.5, 23.3, 15.8; LRMS (ESI) caled for [CoH 1402 — H] 153.1, found 153.1; IR (thin
film) 3076, 1698, 1650, 1256, 1225.

S4e was synthesized from cyclopentanecarboxylic acid S3e on a 15 mmol scale. S4e was purified by flash
column chromatography (1:4 — 1:3 Et;O/Hex) as a pale yellow oil (1796 mg, 10.68 mmol, 71% yield). R, =
0.32 (3:7 Et;0/Hex); "TH NMR (500 MHz, CDCl3) 6 4.78 — 4.77 (m, 1H), 4.67 (d, J= 1.1 Hz, 1H), 2.42 (s, 2H),
2.19 — 2.11 (m, 2H), 1.70 (s, 3H), 1.68 — 1.50 (m, 6H); 3C NMR (125 MHz, CDCls) & 184.6, 142.8, 113.2,
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53.3,46.4, 36.2, 24.8, 23.3; HRMS (ESI) calcd for [C10H1602 — H]" 167.1078, found 167.1049; IR (thin film)
3075, 1697, 1650, 1453, 1223.

i) LDA, -78°C,1h

"
COMe g Br M HO,C

e0,C NaOH, MeOH
-78 °Ctort H,0, 80 °C, 20 h
e > Me > Me
o same conditions 0 same conditions 0

S4b
as S3b S3f as saf

S3f was synthesized in the same manner as S3b, starting from methyl tetrahydro-2 H-pyran-4-carboxylate on a
7.3 mmol scale. S3f was purified by flash column chromatography (1:9 — 15:85 Et:O/Hex) as a pale yellow
oil (1230 mg, 6.2 mmol, 85% yield). Ry= 0.42 (1:9 Et;O/Hex); '"H NMR (500 MHz, CDCl3) & 4.84 — 4.83 (m,
1H), 4.66 (dd, J=2.1, 1.0 Hz, 1H), 3.82 (dt, /= 11.9, 3.8 Hz, 2H), 3.71 (s, 3H), 3.45 (td, /= 11.6, 2.3 Hz, 2H),
2.31 (s, 2H), 2.09 (dd, J = 13.9, 2.7 Hz, 2H), 1.67 (s, 3H), 1.55 (ddd, J = 13.8, 11.2, 4.4 Hz, 2H); '3C NMR
(125 MHz, CDCl3) 6 176.0, 140.9, 114.9, 65.3, 51.6, 48.7, 45.0, 34.6, 23.7; HRMS (ESI) calcd for [C11H303
+ Na]* 221.1148, found 221.1168; IR (thin film) 1730, 1647, 1194, 1134.

S4f was synthesized in the same manner as S4b, from the hydrolysis of S3f on a 10.0 mmol scale. S4f was
obtained as a white solid (1784 mg, 9.7 mmol, 97% crude yield) and was used without further purification. "H
NMR (500 MHz, CDCl;) 6 4.88 — 4.83 (m, 1H), 4.72 (app s, 1H), 3.86 (dt, J=12.0, 3.8 Hz, 2H), 3.53 (td, J =
11.7, 2.3 Hz, 2H), 2.35 (s, 2H), 2.09 (dd, J = 13.9, 2.6 Hz, 2H), 1.73 (s, 3H), 1.59 (ddd, /= 13.8, 11.2, 4.5 Hz,
2H).

i) LDA, 0 to 55 °C, 1h

) J\/ . O OH  S4g,R=nB
CO,H R Br 0°Ctort M 9, u
Me

> S4h, R = CH2CH2Ph
R s4i, R = CH,0Bn

Me Me same conditions as S4c Me

S4g—S4i were synthesized in the same manner as S4c¢ by quenching the dianion of isobutyric acid with the
corresponding substituted allyl bromide.

S4g was synthesized from isobutyric acid on a 8.0 mmol scale, using 2-(bromomethyl)hex-1-ene!® as the
quenching electrophile. S4g was purified by flash column chromatography (5:95 — 1:9 EtOAc/Hex) as a
colorless oil (1066 mg, 5.78 mmol, 72% yield). Ry = 0.60 (1:4 EtOAc/Hex); "H NMR (400 MHz, CDCl3) &
4.84 (q, J = 1.5 Hz, 1H), 4.73 (app s, 1H), 2.33 (s, 2H), 1.97 (t, J = 7.3 Hz, 2H), 1.45 — 1.35 (m, 2H), 1.34 —
1.23 (m, 2H), 1.21 (s, 6H), 0.89 (t, J = 7.3 Hz, 3H); 1*C NMR (100 MHz, CDCls) & 184.9, 146.3, 112.9, 46.2,
42.2,36.7, 30.1, 25.4, 22.4, 13.9; LRMS (ESI) calcd for [Ci1H2002, — H]™ 183.1, found 183.2; IR (thin film)
3053, 1699, 1640, 1474.

S4h  was synthesized from  isobutyric acid on a 6.0  mmol scale, using
2(3-(bromomethyl)but-3-en-1-yl)benzene' as the quenching electrophile. S4h was purified by flash column
chromatography (5:95 — 1:9 EtOAc/Hex) as a pale yellow oil (981 mg, 4.22 mmol, 70% yield). Ry = 0.41
(15:85 EtOAc/Hex); '"H NMR (500 MHz, CDCI3) 8 7.30 — 7.23 (m, 2H), 7.20 — 7.12 (m, 3H), 4.88 (q, J= 1.5
Hz, 1H), 4.78 (app s, 1H), 2.79 — 2.69 (m, 2H), 2.37 (s, 2H), 2.33 — 2.22 (m, 2H), 1.22 (s, 6H); 3C NMR (125
MHz, CDCl3) 6 184.8, 145.5, 142.0, 128.3, 128.3, 125.7, 113.8, 46.1, 42.2, 38.9, 34.6, 25.4; HRMS (ESI)
calcd for [Ci5H2002 — H]7231.1391, found 231.1375; IR (thin film) 3064, 1697, 1641, 1474, 1219.

S4i  was synthesized from isobutyric acid on a 8.0 mmol scale, using
2(((2-(bromomethyl)allyl)oxy)methyl)benzene? as the quenching electrophile (performed at —78 °C instead of
0 °C). Unfortunately, several attempts to purify S4i by flash column chromatography were unsuccessful. S4i
was thus taken to the next step without further treatment.
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i) LDA,-78°C,1h

! MeJ\/\l

CO,Me . CO,Me NaOH, MeOH CO,H
-78°Ctort - Me H,0, 80 °C, 20 h > Me Me
> Ve o
Me same conditions as S3b Me same conditions as S4b Me
S3p S4p

S3p was synthesized in the same manner as S3b, starting from methyl isobutyrate on a 20 mmol scale and
using 4-iodo-2-methylbut-1-ene 2! as the quenching electrophile. S3p was purified by flash column
chromatography (5:95 Et;O/Hex) as a colorless oil (2348 mg, 13.8 mmol, 69% yield). Ry = 0.48 (5:95
EtOAc/Hex); 'TH NMR (500 MHz, CDCl;3) & 4.69 (app s, 1H), 4.67 (app s, 1H), 3.67 (s, 3H), 1.96 — 1.88 (m,
2H), 1.72 (s, 3H), 1.68 — 1.63 (m, 2H), 1.19 (s, 6H); 13C NMR (125 MHz, CDCl3) § 178.3, 145.7, 109.7, 51.6,
42.1, 38.8,33.1, 25.1, 22.6; IR (thin film) 1734, 1650, 1194, 1133.

S4p was synthesized in the same manner as S4b, from the hydrolysis of S3p on a 13.8 mmol scale. S4p was
obtained as a pale yellow oil (2051 mg, 13.1 mmol, 95% crude yield), and was used without further
purification. "H NMR (500 MHz, CDCl3) 8 4.71 — 4.69 (m, 1H), 4.69 — 4.68 (m, 1H), 2.05 — 1.93 (m, 2H),
1.74 (s, 3H), 1.72 — 1.64 (m, 2H), 1.22 (s, 6H).

i)LDA,0t0 55°C, 1h

Os__OH
)C\OZH ii) CUCN=2LiCI, — 78 °C, 5 min M
Me Me |||) . e Me C02 e
Br —78°Ctort
MeO,C S4q

Synthesis of S4q: To a solution of iPr,NH (1.9 mL, 13.5 mmol) in THF (10 mL) was dropwise added nBuLi
(2.5 M Hex, 5.2 mL, 13.0 mmol) at 0 °C. The resulting solution was stirred at 0 °C for 10 min, followed by
addition of isobutyric acid (475 mg, 5.4 mmol) in THF (5 mL). The reaction was heated at 55 °C for 1 h,
which was then cooled back to —78 °C and was added CuCN<2LiCl (1 M THF solution, 6.4 mL, 6.4 mmol).
The resulting mixture was stirred at —78 °C for 5 min, whereupon methyl 2-(bromomethyl)acrylate?? (1353
mg, 7.56 mmol) was added. The reaction was allowed to warm to room temperature and stir overnight, then it
was quenched with saturated aqueous NH4CI (10 mL) and extracted with Et;O (20 mL x 3). The combined
organic extracts were washed with brine, dried over anhydrous Na»SOs, and concentrated. The resulting
mixture was purified by flash column chromatography (2:100 — 5:100 MeOH/CH-Cl,) to give S4q as a pale
yellow oil (376 mg, 2.02 mmol, 37% yield). Ry = 0.54 (5:95 MeOH/CH,Cl,); 'TH NMR (500 MHz, CDCl3) &
6.26 (d, J = 1.5 Hz, 1H), 5.61 (d, J = 1.3 Hz, 1H), 3.73 (s, 3H), 2.66 (d, J = 1.0 Hz, 2H), 1.19 (s, 6H); 13C
NMR (125 MHz, CDCl3) 6 183.6, 167.9, 137.0, 128.3, 51.9, 42.8, 40.7, 24.6; IR (thin film) 1705, 1701, 1440,
1299, 1199, 1168.

i) LDA,0to 55°C, 1h

K Jk/
o OH Me Br 0°Ctort OIO/HU\
j/ same conditions as S4c Me Me

Me
S4t

S4t was synthesized in the same manner as S4¢ by quenching the dianion of propionic acid with methallyl
bromide. S4t obtained as a pale yellow oil, which was sufficiently pure without column chromatography
purification (95% yield). Ry= 0.35 (1:4 EtOAc/Hex); "TH NMR (500 MHz, CDCl;3) 8 4.80 (app s, 1H), 4.74 (d,
J=1.0 Hz, 1H), 2.67 (sextet, J= 7.1 Hz, 1H), 2.45 (ddd, J = 14.2, 7.1, 1.2 Hz, 1H), 2.10 (ddd, J = 14.1, 7.8,
1.1 Hz, 1H), 1.72 (s, 3H), 1.17 (d, J = 7.0 Hz, 3H); '3C NMR (125 MHz, CDCls) § 182.9, 142.5, 112.5, 41.5,
37.6,22.1, 16.5. The NMR data is consistent with a literature report.?3
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i) LDA,0to 55°C, 1h

LA
O _OH Me Br 0°Ctort O& OH
I same conditions as S4c o Me Me

Me Ph Ph
S4u
S4u was synthesized in the same manner as S4¢ by quenching the dianion of 2-phenylpropanoic acid** with
methallyl bromide. S4u was purified by flash column chromatography (1:9 EtOAc/Hex) as a pale yellow oil
(68% yield). Rr=0.35 (1:4 EtOAc/Hex); 'H NMR (500 MHz, CDCl3) & 7.46 — 7.37 (m, 2H), 7.33 (dd, /= 8.5,
6.9 Hz, 2H), 7.29 — 7.22 (m, 1H), 4.85 - 4.79 (m, 1H), 4.66 (d, J= 1.2 Hz, 1H), 2.94 (d, J= 13.5 Hz, 1H), 2.65
(d, J=13.5 Hz, 1H), 1.57 (s, 3H), 1.47 (s, 3H); *C NMR (125 MHz, CDCl3) § 182.4, 142.9, 141.9, 128 4,
127.1, 126.2, 115.4,49.2, 46.8, 23.8, 21.7, LRMS (ESI) calcd for [(C13H1502)> + Na] 429.2, found 429.2. IR
(thin film) 2941, 1690, 1449, 1408, 1375, 1320, 1274.

i) (COCI),, cat. DMF \)L LiHMDS, TMSCI Ox-OH
PhthN—, CH,Cl,, t, 15 min , OO Me —78Ctort U
CO2H i) 2-methylprop-2-en-1-ol PhthN Me

Et;N, 0 °C to rt NPhth

S3v

Synthesis of S3v: To a solution of N-phthaloylglycine (2462 mg, 12 mmol) in CH>Cl; (20 mL) was added 4
drops of DMF via glass pipet, followed by addition of (COCI); (2.5 M solution in CH2Cl,, 4.4 mL, 11 mmol)
at room temperature. The reaction mixture was stirred for 15 min, whereupon gas evolution ceased, and it was
cooled to 0 °C. To this solution was added EtzN (3.34 mL, 24 mmol), followed by a solution of
2-methylprop-2-en-1-ol (721 mg, 10 mmol) in CH,Cl, (6 mL) at 0 °C. The reaction was allowed to warm to
room temperature and stir for 1.5 h. The reaction was diluted with CH>Cl, (30 mL), washed with 1 M HCI (20
mL), and separated. The organic phase was washed with brine (20 mL), dried over anhydrous MgSO4, and
concentrated in vacuo. The resulting mixture was purified by flash column chromatography (1:4 EtOAc/Hex)
to afford S3v as a white foam (2182 mg, 8.4 mmol, 84% yield). Ry = 0.36 (1:4 EtOAc/Hex); "TH NMR (400
MHz, CDCl3) 6 7.89 (dd, J= 5.5, 3.1 Hz, 2H), 7.76 (dd, J= 5.5, 3.1 Hz, 2H), 4.98 (t, /= 1.2 Hz, 1H), 4.95 (dd,
J=1.6, 0.8 Hz, 1H), 4.59 (s, 2H), 4.49 (s, 2H), 1.75 (s, 3H); '3C NMR (100 MHz, CDCls) 8 167.4, 167.0,
139.0, 134.2, 132.0, 123.6, 113.7, 69.0, 38.8, 19.4; HRMS (ESI) calcd for [Ci1sHi3NO4 + Na]* 282.0737,
found 282.0744; IR (thin film) 1752, 1724, 1416, 1193.

S4v

Synthesis of S4v: To a solution of hexamethyldisilazane (2.2 mL, 10.4 mmol) in THF (4 mL) was dropwise
added nBuLi (2.5 M Hex, 3.8 mL, 9.6 mmol) at 0 °C. The resulting LIHMDS solution was allowed to warm to
room temperature and stirred for 20 min, which was then dropwise added to a solution of S3v (2074 mg, 8
mmol) and TMSCI (1.32 mL, 10.4 mmol) in THF (12 mL) at —78 °C. The reaction was stirred at —78 °C for 10
min and was allowed to warm to room temperature and stir overnight. 1 M HCI (20 mL) was added and the
resulting mixture was stirred at room temperature for 30 min and extracted with EtOAc (20 mL x 3). The
combined organic extracts were washed with brine, dried over anhydrous MgSO4, and concentrated. The
resulting mixture was purified by flash column chromatography (1:100:1 — 2:100:0.5 MeOH/CH>Cl,/AcOH)
to give S4v as a yellow foam (520 mg, 2.0 mmol, 25% yield). Ry= 0.44 (2:100:0.1 MeOH/CH>Clo/AcOH); 'H
NMR (400 MHz, CDCl3) 6 7.85 (dd, J= 5.5, 3.1 Hz, 2H), 7.72 (dd, J = 5.5, 3.0 Hz, 2H), 5.14 (dd, J = 12.2,
4.2 Hz, 1H), 4.70 (t, J = 1.7 Hz, 1H), 4.66 (d, J= 1.9 Hz, 1H), 3.13 (dd, J= 14.4, 12.1 Hz, 1H), 2.83 (dd, J =
14.4, 4.1 Hz, 1H), 1.75 (s, 3H); 3C NMR (100 MHz, CDCl3) & 174.8, 167.4, 140.4, 134.2, 131.6, 123.6,
114.5, 50.1, 36.7, 21.4; LRMS (ESI) calcd for [C14sH13NO4 — H]™ 258.1, found 258.2; IR (thin film) 1775,
1714, 1391.

Y

J\/Br o o\)l\ LiHMDS, TMSCI Ox-CH

B Me T —78°Ctort I/U\

nO—\ - Me oIl
CO,H

2 K,COg3, DMF, rt OBn BnO Me
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Synthesis of S3w: 2-(benzyloxy)acetic acid®® (2493 mg, 15 mmol) was stirred with methallyl bromide (2228
mg, 16.5 mmol) and K,COs3 (3105 mg, 22.5 mmol) in DMF (30 mL) at room temperature for 24 h. The
reaction was taken up to water (150 mL) and extracted with Et;O (30 mL x 3). The combined organic extracts
were washed with 2 M LiCl (10 mL x 2) and brine (10 mL), dried over anhydrous MgSQO4, and concentrated.
The resulting mixture was purified by flash column chromatography (5:95 EtOAc/Hex) to give S3w as a
colorless oil (2766 mg, 12.6 mmol, 84% yield). Ry= 0.32 (5:95 EtOAc/Hex); 'H NMR (400 MHz, CDCls) &
7.44 —7.27 (m, 5H), 4.99 (t, J= 1.2 Hz, 1H), 4.96 — 4.92 (m, 1H), 4.65 (s, 2H), 4.59 (s, 2H), 4.14 (s, 2H), 1.76
(s, 3H); C NMR (100 MHz, CDCl3) & 170.0, 139.4, 137.0, 128.4, 128.00, 127.97, 113.4, 73.3, 67.9, 67.1,
19.4; HRMS (ESI) caled for [Ci13H1603 + Na]™ 243.0992, found 243.0996; IR (thin film) 1758, 1454, 1193,
1129.

Synthesis of S4w: To a solution of hexamethyldisilazane (2.9 mL, 14 mmol) in THF (5 mL) was dropwise
added nBuLi (2.5 M Hex, 5.2 mL, 13 mmol) at 0 °C. The resulting LIHMDS solution was allowed to warm to
room temperature and stirred for 20 min, which was then dropwise added to a solution of S3w (2203 mg, 10
mmol) and TMSCI (1.9 mL, 15 mmol) in THF (25 mL) at —78 °C. The reaction was stirred at —78 °C for 40
min and was allowed to warm to room temperature and stir for additional 2 h. 1 M NaOH (10 mL) was added
and the resulting mixture was stirred at room temperature for 30 min, which was then diluted with water (50
mL), washed with Et;O (10 mL x 2), and separated. The aqueous phase was acidified with concentrated HCI to
pH < 2 and extracted with Et;O (30 mL X 3). The combined organic extracts were washed with brine (10 mL),
dried over anhydrous MgSOs4, and concentrated. The resulting mixture was purified by flash column
chromatography (3:100 MeOH/CHCl) to give S4w as a tan oil (1734 mg, 7.87 mmol, 79% yield). Ry= 0.42
(5:95 MeOH/CH>Cl,); 'H NMR (400 MHz, CDCl3) & 10.85 (br s, 1H), 7.43 — 7.26 (m, 5H), 4.87 (t, J = 1.7
Hz, 1H), 4.83 (app s, 1H), 4.74 (d, J= 11.6 Hz, 1H), 4.50 (d, /= 11.6 Hz, 1H), 4.14 (t, J = 6.4 Hz, 1H), 2.54
(dd, J = 6.5, 1.0 Hz, 2H), 1.74 (s, 3H); 1*C NMR (100 MHz, CDCls) § 177.8, 140.6, 136.9, 128.4, 128.04,
128.02, 114.0, 76.6, 72.6, 40.8, 22.5; HRMS (ESI) calcd for [Ci3H 603 + Na]" 243.0992, found 243.1000; IR
(thin film) 1717, 1455, 1207, 1107.

. Me i)LDA,-78°C,1h
i) (COCI),, cat. DMF | iy TMSCI, =78, 10 min  Oxy°H
CO2H  CH,Cl,, 0°C, 1h L Me then60°C,4h
Me” “Me i) (E)-2-methylbut-2-en-1-ol j: T Me Me

M
EtsN, DMAP, 0 °C to rt Me” “Me Me

S3x S4x

Synthesis of S3x: To a solution of isobutyric acid (1489 mg, 16.9 mmol) in CH>Cl; (13 mL) was added 6
drops of DMF via glass pipet, followed by addition of (COCIl), (2 M solution in CH>Cl>, 7.8 mL, 15.6 mmol)
at 0 °C. The reaction mixture was stirred at 0 °C for 1 h, whereupon a solution of (E)-2-methylbut-2-en-1-012¢
(1119 mg, 13 mmol) in CH>Cl> (10 mL) was added, followed by addition of EtzN (4.5 mL, 33 mmol) and
DMAP (159 mg, 1.3 mmol). The reaction was allowed to warm to room temperature and stir overnight. The
reaction was diluted with CH,Cl, (40 mL), washed with 1 M HCl (30 mL), followed by saturated aqueous
NaHCOs3 (20 mL) and brine, and separated. The organic phase was washed with brine (20 mL), dried over
anhydrous MgSOs, and concentrated in vacuo to afford S3x as a colorless oil (1137 mg, 7.3 mmol, 56% crude
yield). S3x was used for next step without further purification. Ry = 0.76 (1:9 EtOAc/Hex); '"H NMR (500
MHz, CDCl3) 6 5.58 — 5.51 (m, 1H), 4.46 (d, J= 0.9 Hz, 2H), 2.57 (hept, J= 7.2 Hz, 1H), 1.68 — 1.59 (m, 6H),
1.19 (d,J=0.7 Hz, 3H), 1.17 (d, J= 0.7 Hz, 3H); IR (thin film) 1737, 1471, 1191, 1155.

Synthesis of S4x: To a solution of iProNH (1.47 mL, 10.5 mmol) in THF (10 mL) was dropwise added nBuLi
(2.5 M Hex, 4 mL, 10 mmol) at 0 °C. The resulting solution was stirred at 0 °C for 10 min then it was cooled
to —78 °C and was added a solution of S3x (781 mg, 5 mmol) in THF (5 mL). The reaction was stirred at
—78 °C for additional 1 h, followed by addition of TMSCI (1.27 mL, 10 mmol) at the same temperature. The
resulting mixture was stirred at —78 °C for 10 min, then it was allowed to warm to room temperature over 30
min and heated at 60 °C for 4 h. The reaction was cooled to room temperature, stirred with 2 M HCI (15 mL)
for 1 h, and extracted with Et;O (20 mL X 3). The combined organic extracts were washed with brine, dried
over anhydrous MgSOs4, and concentrated. Unfortunately, attempts to purify S4x by flash column
chromatography were unsuccessful. S4x was thus taken to the next step without further treatment. R, = 0.44
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(15:85 EtOAc/Hex); "H NMR (500 MHz, CDCL3) 5 4.86 (t, J = 1.7 Hz, 1H), 4.77 — 4.74 (m, 1H), 2.60 (q, J =
7.2 Hz, 1H), 1.73 (s, 3H), 1.17 (s, 3H), 1.16 (s, 3H), 1.06 (d, J = 7.2 Hz, 3H); LRMS (ESI) calcd for [CoH160>
_HJ 155.1, found 155.2; IR (thin film) 1699, 1461, 1255.

6.3 Synthesis of substrates 1 (Step 3)

Step 3: synthesis of substrates 1, standard conditions

Tol
Ox-CH i) (COCI), (1.1 eq), cat. DMF, CH,Clp, 1, 20 min © NN
th ii) Et3N (2.4 eq), CH,Clp, 12 °C
Me >
Ph iii) cyanamide S2a (1.0 eq), THF Pgh Me

S4a —12°Ctort, 20 — 24 h
1.2eq 1a

Modified conditions:
2-methyl-2-butene (8-10 eq) was added at step i) under otherwise identical conditions.

Synthesis of substrate 1a as a representative example, standard conditions: To a suspension of acid S4a
(1598 mg, 6.0 mmol) in CH>Cl, (5.0 mL) was added DMF (3 drops via glass pipet), followed by dropwise
addition of (COCI); (2.0 M in CH>Cl,, 2.8 mL, 5.5 mmol) at room temperature. The mixture was stirred for
15-20 minutes, whereupon gas evolution ceased and all acid dissolved. The reaction flask was cooled to
—12 °C in an ethylene glycol/dry ice bath and a solution of Et:N (1.67 mL, 12.0 mmol) in CH>Cl, (4.0 mL)
was dropwise added. Thereafter, a solution of N-(p-tolyl)cyanamide S2a (661 mg, 5.0 mmol) in CH>Clo/THF
(3.0 and 1.0 mL, respectively) was slowly added at the same temperature. The resulting mixture was allowed
to warm up to room temperature and stir for 20 h. Et;O (30 mL) was added to allow precipitation of
triethylamine hydrochloride, which was filtrated through a short Celite column. Without further treatment,?’
the filtrate was concentrated in vacuo and the resulting oily residue was purified by flash column
chromatography to afford substrate 1a as a white powder (1.79 mmol, 36% yield). R,= 0.49 (1:9 EtOAc/Hex);
mp 108-110 °C; 'H NMR (500 MHz, CDCl3) 8 7.53 (dt, J = 6.2, 1.3 Hz, 4H), 7.40 (dd, J = 8.6, 6.8 Hz, 4H),
7.36 — 7.30 (m, 2H), 7.21 (d, J = 8.4 Hz, 2H), 7.10 — 7.03 (m, 2H), 4.77 (app s, 1H), 4.48 (app s, 1H), 3.42 (s,
2H), 2.35 (s, 3H), 1.42 (s, 3H); *C NMR (125 MHz, CDCl3) § 173.0, 141.0, 139.4, 139.2, 133.7, 130.2, 128.8,
128.3, 127.6, 125.9, 116.5, 109.3, 62.1, 47.1, 24.5, 21.1; HRMS (ESI) calcd for [C26H24N>O + Na]* 403.1781,
found 403.1778; IR (thin film) 2230, 1725, 1508, 1203.

o
Ph Me
Ph

5,5-dimethyl-3,3-
diphenyldihydrofuran-2(3H)-one

Me
2-methyl-2-butene

Modified conditions: In step i), 5,5-dimethyl-3,3-diphenyldihydrofuran-2(3H)-one was formed as a
by-product. This compound frequently coeluted with product 1 during column chromatography. It was found
that the addition of 2-methyl-2-butene (8—10 equivalents) at step i) significantly reduced the amount of this
by-product in the crude reaction mixture. Under such conditions, most substrates were readily purified after
one column chromatography and were obtained as thick oil or tacky solid. Some substrates were further
precipitated from CH>Cla/Hex or CH2Cly/pentane and were converted to crystalline solid.
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Prepared from acid S4a and cyanamide S2b on a 5.0 mmol scale under standard conditions. 1b was purified by
flash column chromatography (2:3 — 1:1 CH,Cly/Hex) as a white powder (1.96 mmol, 39% yield). Ry= 0.53
(15:85 EtOAc/Hex); mp 101-103 °C; 'H NMR (500 MHz, CDCls) 8 7.53 (d, J = 7.7 Hz, 4H), 7.44 — 7.31 (m,
9H), 7.20 (d, J = 7.6 Hz, 2H), 4.78 (app s, 1H), 4.49 (app s, 1H), 3.43 (s, 2H), 1.43 (s, 3H); 1*C NMR (125
MHz, CDCl3) 6 172.9, 141.0, 139.1, 136.3, 129.6, 129.1, 128.8, 128.4, 127.7, 126.1, 116.6, 109.2, 62.2, 47.1,
24.5; HRMS (ESI) calcd for [C2sH22N>0 + Na]* 389.1624, found 389.1622; IR (thin film) 2231, 1725, 1491,

1204.
tBu

(@) N—CN
PhI/U\Me

Ph
1c
Prepared from acid S4a and cyanamide S2¢ on a 5.0 mmol scale under standard conditions. 1¢ was purified by
flash column chromatography (3:7 — 2:3 CH2Cl»/Hex) as a white solid (2.28 mmol, 46% yield). R,=0.68 (1:1
CH:Cly/Hex); mp 118-121 °C; TH NMR (500 MHz, CDCl3) 8 7.53 (d, J = 8.5 Hz, 4H), 7.44 — 7.38 (m, 6H),
7.36 — 7.30 (m, 2H), 7.12 (dd, J = 8.6, 1.0 Hz, 2H), 4.78 (d, J = 1.6 Hz, 1H), 4.49 (app s, 1H), 3.43 (s, 2H),
1.42 (s, 3H), 1.30 (s, 9H); *C NMR (125 MHz, CDCl3) & 173.1, 152.4, 141.1, 139.2, 133.6, 128.8, 128.3,
127.6, 126.6, 125.5, 116.6, 109.3, 62.2, 47.1, 34.7, 31.2, 24.5; HRMS (ESI) caled for [C20H30N2O + Na]*

445.2250, found 445.2256; IR (thin film) 2231, 1725, 1510, 1205.
F

(0] N—CN
PhI)LMe

Ph
1d

Prepared from acid S4a and cyanamide S2d on a 5.0 mmol scale under standard conditions. 1d was purified by
flash column chromatography (3:7 — 1:1 CH2Clo/Hex), and further precipitated (CH2Cly/pentane, 1:40 v/v) as
a white powder (2.21 mmol, 44% yield). Ry = 0.48 (1:1 CH>Cly/Hex); mp 110-112 °C; '"H NMR (500 MHz,
CDCl3) 6 7.52 (d, J= 7.8 Hz, 4H), 7.41 (dd, J= 8.5, 6.9 Hz, 4H), 7.34 (t,J = 7.3 Hz, 2H), 7.20 — 7.14 (m, 2H),
7.10 (t, J = 8.5 Hz, 2H), 4.78 (app s, 1H), 4.49 (app s, 1H), 3.42 (s, 2H), 1.42 (s, 3H); 3C NMR (125 MHz,
CDCl3) 6 173.0, 162.4 (d, 'Jrc = 250.1 Hz), 141.0, 139.0, 132.2 (d, *Jrc = 3.2 Hz), 128.7, 128.4, 128.2 (d,
3Jrc=9.0 Hz), 127.8, 116.7 (d, 2Jrc = 23.3 Hz), 116.58, 109.0, 62.2, 47.1, 24.5; YF NMR (470 MHz, CDCl3)
0 —111.0; HRMS (ESI) calcd for [C2sH21FN2O + Na]* 407.1530, found 407.1530; IR (thin film) 2233, 1727,

1506, 1202.
Cl

(@) N—CN
PhI)LMe

Ph
1e
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Prepared from acid S4a and cyanamide S2e on a 5.0 mmol scale under standard conditions. 1e was purified by
flash column chromatography (35:65 — 2:3 CH2Cly/Hex), and further precipitated (CH>Clo/Hex, 1:40 v/v) as a
white powder (2.30 mmol, 46% yield). R;= 0.38 (1:1 CH2Clo/Hex); mp 116-118 °C; 'TH NMR (500 MHz,
CDCl;) 6 7.55 — 7.47 (m, 4H), 7.44 — 7.36 (m, 6H), 7.36 — 7.30 (m, 2H), 7.14 (d, J= 8.7 Hz, 2H), 4.78 (app s,
1H), 4.48 (app s, 1H), 3.42 (s, 2H), 1.41 (s, 3H); *C NMR (125 MHz, CDCl3) § 172.8, 141.0, 138.9, 135.1,
134.7, 129.8, 128.7, 128.4, 127.8, 127.4, 116.6, 108.8, 62.2, 47.1, 24.5; HRMS (ESI) calcd for [C25sH21CIN,O
+ Na]* 423.1235, found 423.1242; IR (thin film) 2232, 1727, 1488, 1191.

MeO

O, N—CN
PhI)L

PH Me

1f

Prepared from acid S4a and cyanamide S2g on a 5.0 mmol scale under standard conditions. 1f was purified by
flash column chromatography (3:7 — 1:1 CH,Cly/Hex) as a white solid (2.37 mmol, 47% yield). R,=0.42 (1:1
CH>Cly/Hex); mp 90-92 °C; 'H NMR (500 MHz, CDCl3) § 7.56 (d, J = 8.3 Hz, 4H), 7.40 (t, J = 7.7 Hz, 4H),
7.37 (t, J=17.1 Hz, 2H), 7.10 — 7.06 (m, 2H), 6.90 (d, J = 8.7 Hz, 2H), 4.77 (d, J = 1.4 Hz, 1H), 4.48 (app s,
1H), 3.79 (s, 3H), 3.42 (s, 2H), 1.42 (d, J = 1.4 Hz, 3H); 1*C NMR (125 MHz, CDCl3) 4 173.2, 159.9, 141.1,
139.2, 128.9, 128.8, 128.3, 127.6, 127.5, 116.5, 114.8, 109.4, 62.1, 55.5, 47.1, 24.5; HRMS (ESI) calcd for
[C26H24N»0; + Na]* 419.1730, found 419.1736; IR (thin film) 2230, 1725, 1508, 1249.
AcO

Os_N—CN
PhI/U\Me

PH
19

Prepared from acid S4a and cyanamide S2h on a 5.0 mmol scale under standard conditions. 1g was purified by
flash column chromatography (1:1 CH,Clo/Hex — 15:85 EtOAc/Hex), and further precipitated (CH2Clo/Hex,
1:40 v/v) as a white powder (1.34 mmol, 27% yield). Ry = 0.35 (1:4 EtOAc/Hex); mp 120-121 °C; 'H NMR
(500 MHz, CDCl3) 6 7.51 (d, J= 8.3 Hz, 4H), 7.40 (t, /= 7.3 Hz, 4H), 7.33 (d, /= 7.6 Hz, 2H), 7.23 — 7.19 (m,
2H), 7.18 — 7.12 (m, 2H), 4.78 (d, J = 1.5 Hz, 1H), 4.48 (app s, 1H), 3.42 (s, 2H), 2.29 (d, J = 0.9 Hz, 3H),
1.42 (s, 3H); 13C NMR (125 MHz, CDCl;) § 172.8, 168.8, 150.7, 141.0, 139.0, 133.5, 128.7, 128.4, 127.7,
127.2,122.8, 116.6, 109.0, 62.2, 47.1, 24.5, 21.1; HRMS (ESI) calcd for [C27H24N203 + Na]* 447.1679, found
447.1676; IR (thin film) 2232, 1765, 1726, 1503, 1190.

OMe

Os_N—CN
PhI)LMe

PH
1h
Prepared from acid S4a and cyanamide S2j on a 4.0 mmol scale under standard conditions. 1h was purified by
flash column chromatography (1:9 acetone/Hex) as a thick yellow oil (1.04 mmol, 26% yield). Rr= 0.37 (1:4
acetone/Hex); '"H NMR (500 MHz, CDCls) 4 8.00 (d, J = 8.5 Hz, 2H), 7.53 (m, J = 7.5 Hz, 4H), 742 (t, J =
8.5 Hz, 4H), 7.35 (td, J= 8.5, 1.6 Hz, 4H), 4.79 (t, J= 1.8 Hz, 1H), 4.49 (app s, 1H), 3.43 (s, 2H), 2.60 (s, 3H),
1.41 (d, J= 1.4 Hz, 3H); 3C NMR (125 MHz, CDCl3) § 196.5, 172.6, 140.9, 140.1, 138.8, 137.1, 129.6, 128.7,
128.5, 127.8, 126.0, 116.7, 108.6, 62.4, 47.1, 26.7, 24.5; HRMS (ESI) calcd for [C27H24N20> + Na]* 431.1730,
found 431.1721; IR (thin film) 2232, 1728, 1688, 1600, 1178.
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Cl

Os_N—CN
PhI)LMe

PH
1i
Prepared from acid S4a and cyanamide S2I on a 5.0 mmol scale under standard conditions. 1i was purified by
flash column chromatography (3:7 — 4:6 CH,Cl»/Hex), and further precipitated (CH>Clo/Hex, 1:40 v/v) as a
white powder (2.27 mmol, 45% yield). Ry = 0.44 (1:9 EtOAc/Hex); mp 114-116 °C; 'H NMR (500 MHz,
CDCls) 6 7.52 (d, J= 7.7 Hz, 4H), 7.42 (t, J= 7.7 Hz, 4H), 7.38 — 7.32 (m, 4H), 7.22 (d, /= 2.1 Hz, 1H), 7.11
(dd, J=6.1, 2.7 Hz, 1H), 4.79 (app s, 1H), 4.48 (app s, 1H), 3.42 (s, 2H), 1.41 (s, 3H); 13*C NMR (125 MHz,
CDCl;) 6 172.7, 140.9, 138.9, 137.2, 135.1, 130.5, 129.4, 128.7, 128.5, 127.8, 126.5, 124.3, 116.7, 108.7, 62.3,
47.1, 24.5; HRMS (ES]I) calcd for [CosH21CIN2O + Na]™ 423.1235, found 423.1238; IR (thin film) 2232, 1729,

1589, 1190.
OxN—CN
PhI/U\Me

Ph

1j

Prepared from acid S4a and cyanamide S2m on a 5.0 mmol scale under standard conditions. 1j was purified by
flash column chromatography (3:7 — 4:6 CH2Cl»/Hex) as a white solid (2.31 mmol, 46% yield). R,=0.57 (1:1
CH2Cly/Hex); mp 111-112 °C; TH NMR (500 MHz, CDCl3) 8 7.64 (d, J = 7.8 Hz, 1H), 7.59 — 7.50 (m, 5H),
7.48 (app s, 1H), 7.45 — 7.38 (m, 5H), 7.38 — 7.32 (m, 2H), 4.80 (app s, 1H), 4.50 (app s, 1H), 3.44 (s, 2H),
1.42 (s, 3H); ¥C NMR (125 MHz, CDCls) 8 172.8, 140.9, 138.8, 136.8, 132.2 (q, 2Jrc = 33.5 Hz), 130.3,
129.4, 128.7, 128.5, 127.9, 126.0 (q, *Jr-c = 3.7 Hz), 123.3 (q, 3Jr-c = 3.8 Hz), 123.1 (q, 'Jrc = 271.0 Hz),
116.7, 108.6, 62.3, 47.1, 24.5; ’F NMR (470 MHz, CDCls) & —62.7, HRMS (ESI) calcd for [C2¢H21F3N2O +
Na]*" 457.1498, found 457.1501; IR (thin film) 2233, 1728, 1328, 1177.

COzMe
O N—CN
PhI/\LMe

Ph
1k
Prepared from acid S4a and cyanamide S2n on a 5.0 mmol scale under standard conditions. 1k was purified by
flash column chromatography (3:7 — 6:4 CH>Cly/Hex) as a tacky white solid (3.07 mmol, 61% yield). Ry =
0.32 (1:1 CH,Cl2/Hex); '"H NMR (500 MHz, CDCl3) & 8.06 (dd, J= 7.8, 1.4 Hz, 1H), 7.90 (d, J= 1.8 Hz, 1H),
7.54 (dt, J=8.2, 1.3 Hz, 4H), 7.50 (td, J= 7.9, 1.0 Hz, 1H), 7.42 (dd, J= 8.2, 6.8 Hz, 4H), 7.39 — 7.32 (m, 3H),
4.79 (app s, 1H), 4.50 (app s, 1H), 3.93 (s, 3H), 3.43 (s, 2H), 1.42 (s, 3H); *C NMR (125 MHz, CDCI3) &
172.8, 165.5, 141.0, 138.9, 136.5, 131.9, 130.5, 130.2, 129.7, 128.8, 128.5, 127.8, 127.3, 116.7, 108.8, 62.3,
52.5,47.1, 24.5; HRMS (ESI) calcd for [C27H24N203 + NaJ* 447.1679, found 447.1684; IR (thin film) 2233,
1727, 1289.
OMe

Os _N—CN
PhI)LMe

Ph
11
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Prepared from acid S4a and cyanamide S20 on a 5.0 mmol scale under standard conditions. 11 was purified by
flash column chromatography (5:95 — 1:9 EtOAc/Hex) as a white solid (1.84 mmol, 37% yield). R, = 0.42
(15:85 EtOAc/Hex); mp 80-83 °C; TH NMR (500 MHz, CDCls) 8 7.53 (d, J = 7.8 Hz, 4H), 7.40 (t, J= 7.7 Hz,
4H), 7.36 — 7.27 (m, 3H), 6.90 (dd, J= 8.4, 2.5 Hz, 1H), 6.78 (dd, J= 8.0, 2.0 Hz, 1H), 6.70 (t, /= 2.3 Hz, 1H),
4.78 (app s, 1H), 4.49 (app s, 1H), 3.76 (s, 3H), 3.42 (s, 2H), 1.42 (s, 3H); *C NMR (125 MHz, CDCI3) &
172.9, 160.3, 141.0, 139.1, 137.2, 130.2, 128.8, 128.3, 127.6, 118.2, 116.5, 114.7, 112.1, 109.1, 62.2, 55.5,
47.1, 24.5; HRMS (ESI) calcd for [C26H24N20; + Na]* 419.1730, found 419.1725; IR (thin film) 2231, 1727,
1606, 1490, 1204.
OMe

MeO\Q
Os_N—CN
PhI/\LMe

Ph
1m
Prepared from acid S4a and cyanamide S2p on a 4.5 mmol scale under standard conditions. 1m was purified
by flash column chromatography twice (8:92 — 12:88 acetone/Hex) as a thick colorless oil (1.96 mmol, 44%
yield). Ry=0.23 (1:9 EtOAc/Hex); "H NMR (500 MHz, CDCls) § 7.52 (d, J= 7.6 Hz, 4H), 7.40 (t,J= 7.6 Hz,
4H), 7.36 — 7.30 (m, 2H), 6.44 (t, /= 2.3 Hz, 1H), 6.30 (d, J = 2.3 Hz, 2H), 4.77 (app s, 1H), 4.47 (app s, 1H),
3.75 (s, 6H), 3.41 (s, 2H), 1.41 (s, 3H); 3C NMR (125 MHz, CDCl;) § 172.8, 161.2, 141.1, 139.1, 137.7,
128.8, 128.4, 127.7, 116.6, 109.1, 104.6, 101.1, 62.3, 55.5, 47.2, 24.5; HRMS (ES]I) calcd for [C27H26N203 +
Na]* 449.1836, found 449.1828; IR (thin film) 2231, 1728, 1206, 1158.

Me
Me
0. N—CN
PhI)L
PH Me

1n

Prepared from acid S4a and cyanamide S2q on a 5.0 mmol scale under standard conditions. 1n was purified by
flash column chromatography (3:7 — 1:1 CH2Cly/Hex), and further precipitated (pentane) as a white powder
(0.46 mmol, 9% yield). Ry = 0.44 (1:9 EtOAc/Hex); mp 108-110 °C; TH NMR (500 MHz, CDCl3) & 7.73 —
7.30 (m, 10H), 7.04 (d, J = 8.6 Hz, 2H), 6.97 (d, /= 7.9 Hz, 1H), 4.69 (app s, 1H), 4.40 (app s, 1H), 3.41 (app
s, 1H), 3.35 (app s, 1H), 2.30 (s, 3H), 1.87 (s, 3H), 1.31 (s, 3H); '3C NMR (125 MHz, CDCls) § 172.8, 141.0,
140.0, 135.5, 132.6, 132.2, 129.4, 128.9, 128.4, 128.3, 128.0, 127.8, 127.0, 116.7, 108.9, 62.5, 47.8, 24.5, 21.1,
16.8; HRMS (ESI) calcd for [C27H26N>0 + Na]* 417.1937, found 417.1944; IR (thin film) 2230, 1721, 1499,
1209.

Os _N—CN
Me
vd Me

10

Prepared from acid S4b and cyanamide S2k on a 3.0 mmol scale under standard conditions. 1o was purified by
flash column chromatography (4:96 — 8:92 EtOAc/Hex) as a colorless oil (2.07 mmol, 69% yield). Rr= 0.49
(1:9 EtOAc/Hex); "H NMR (500 MHz, CDCI3) 8 7.20 — 7.12 (m, 2H), 6.93 (d, J = 9.1 Hz, 2H), 5.84 (ddt, J =
16.9,10.2, 6.6 Hz, 1H), 5.06 (dt, J=17.1, 1.5 Hz, 1H), 5.01 (d, /= 10.1 Hz, 1H), 4.94 (app s, 1H), 4.86 (app s,
1H), 3.97 (t, J= 6.5 Hz, 2H), 2.75 (s, 2H), 2.26 — 2.21 (app q, 2H), 1.89 (p, J = 6.8 Hz, 2H), 1.81 (s, 3H), 1.49
(s, 6H); 13C NMR (125 MHz, CDCls) & 176.2, 159.4, 141.4, 137.5, 128.6, 127.7, 115.4 (two overlapped
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peaks), 114.8, 111.1, 67.4, 46.9, 44.8, 30.0, 28.2, 26.2, 23.9; HRMS (ESI) calcd for [C20HasN202 + Na]*
349.1886, found 349.1870; IR (thin film) 2227, 1508, 1249, 1190.
MeO
=N
\_/

(0] N—CN
PhI)LMe

PH
1p

Prepared from acid S4a and cyanamide S2r on a 4.0 mmol scale under modified conditions. 1p was purified
by flash column chromatography (1:9 — 15:85 EtOAc/Hex) as a tacky white solid (3.22 mmol, 81% yield). Ry
= 0.62 (1:4 EtOAc/Hex); 'H NMR (500 MHz, CDCl:) § 8.01 (d, J = 2.7 Hz, 1H), 7.51 (dd, J = 8.5, 1.3 Hz,
4H), 7.40 (dd, J= 8.6, 6.8 Hz, 4H), 7.37 — 7.31 (m, 3H), 6.76 (d, /= 8.9 Hz, 1H), 4.79 (t, /= 1.7 Hz, 1H), 4.53
—4.46 (m, 1H), 3.93 (s, 3H), 3.43 (s, 2H), 1.42 (s, 3H); 1*C NMR (125 MHz, CDCl3) 8 173.2, 164.0, 144.7,
140.9, 139.0, 136.6, 128.7, 128.4, 127.8, 127.0, 116.6, 111.7, 108.9, 62.1, 54.0, 46.9, 24.4; HRMS (ESI) calcd
for [C25H23N30; + Na]™ 420.1682, found 420.1694; IR (thin film) 2233, 1728, 1492, 1388, 1202.

Me

O N—CN
MGI)LME

Me
1q
Prepared from acid S4b and cyanamide S2a on a 5.0 mmol scale under standard conditions. 1q was purified by
flash column chromatography (2:98 — 5:95 EtOAc/Hex) as a pale yellow oil (4.39 mmol, 88% yield). Ry =
0.53 (1:9 EtOAc/Hex); 'H NMR (500 MHz, CDCl3) & 7.28 — 7.22 (m, 2H), 7.18 — 7.11 (m, 2H), 4.94 (d, /=
1.6 Hz, 1H), 4.87 (t, J = 1.0 Hz, 1H), 2.75 (s, 2H), 2.37 (s, 3H), 1.81 (s, 3H), 1.50 (s, 6H); 3C NMR (125
MHz, CDCl3) 8 176.0, 141.4, 139.3, 133.6, 130.2, 126.1, 114.8, 111.0, 46.9, 44.9, 26.1, 23.8, 21.1; HRMS
(ESI) caled for [C16H20N20 + Na]* 279.1468, found 279.1478; IR (thin film) 2228, 1725, 1509, 1190.

MeO

(0] N—CN
Me;I;«JL
Mé Me

1r

Prepared from acid S4b and cyanamide S2g on a 5.0 mmol scale under standard conditions. 1r was purified by
flash column chromatography (3:7 — 1:1 CH2Cly/Hex) as a colorless oil (3.61 mmol, 72% yield). Ry = 0.36
(1:9 EtOAc/Hex); 'TH NMR (500 MHz, CDCl3) 8 7.20 — 7.17 (m, 2H), 6.95 (d, J = 8.8 Hz, 2H), 4.94 (d, J=4.5
Hz, 1H), 4.87 (app s, 1H), 3.82 (s, 3H), 2.75 (s, 2H), 1.81 (s, 3H), 1.50 (s, 6H); *C NMR (125 MHz, CDCI3) §
176.2, 159.9, 141.4, 128.8, 127.7, 114.9, 114.8, 111.1, 55.5, 46.9, 44.8, 26.2, 23.8; HRMS (ESI) calcd for
[Ci6H20N20 + Na]* 295.1417, found 295.1411; IR (thin film) 2228, 1724, 1509, 1250, 1189.

MeO

(@) N—CN
Bn;I;/ﬂ\
Bri Me

1s
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Prepared from acid S4¢ and cyanamide S2g on a 4.0 mmol scale under standard conditions. 1s was purified by
flash column chromatography twice (first: 3:7 — 1:1 CH,Clo/Hex; second: 3:97 — 1:9 EtOAc/Hex) as a thick
colorless oil (1.28 mmol, 32% yield). Ry= 0.56 (1:1 CH2Cly/Hex); "TH NMR (500 MHz, CDCl3) & 7.41 — 7.28
(m, 10H), 6.87 (app s, 4H), 5.09 (app s, 1H), 4.91 (app s, 1H), 3.79 (s, 3H), 3.36 (d, J = 14.7 Hz, 2H), 3.32 (d,
J=14.8 Hz, 2H), 2.74 (s, 2H), 1.85 (s, 3H); 13C NMR (125 MHz, CDCl3) 6 174.9, 159.9, 141.9, 136.5, 130.5,
128.8, 128.4, 127.7, 127.1, 114.8, 112.5, 110.7, 55.5, 52.6, 41.1, 40.2, 25.1; HRMS (ESI) calcd for
[C2sH2sN»0; + Na]* 447.2043, found 447.2050; IR (thin film) 2228, 1723, 1508, 1250, 1181.
MeO

OgN—CN
5\/\/&%

1t

Prepared from acid S4d and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1t was purified by
flash column chromatography (5:95 — 1:9 EtOAc/Hex) as a colorless oil (3.51 mmol, 88% yield). R,= 0.36
(1:9 EtOAc/Hex); '"H NMR (400 MHz, CDCl3) § 7.20 (dt, J= 9.1, 2.2 Hz, 2H), 6.94 (dt, J=9.1, 2.2 Hz, 2H),
4.90 — 4.88 (m, 1H), 4.87 (t, J = 1.7 Hz, 1H), 3.82 (s, 3H), 2.96 (s, 2H), 2.84 — 2.73 (m, 2H), 2.32 — 2.21 (m,
2H), 2.12 — 1.99 (m, 1H), 1.96 — 1.83 (m, 1H), 1.75 (s, 3H); *C NMR (100 MHz, CDCls) & 175.6, 159.8,
142.1, 127.9, 127.4, 114.8, 114.3, 110.4, 55.5, 49.4, 45.1, 31.4, 23.0, 15.2; HRMS (ESI) caled for
[C17H20N>0; + Na]* 307.1417, found 307.1430; IR (thin film) 2230, 1728, 1509, 1251, 1188.
MeO

(0] N—CN
A

1u

Prepared from acid S4e and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1u was purified
by flash column chromatography (5:95 — 15:85 EtOAc/Hex) as a pale yellow oil (3.27 mmol, 82% yield). Ry
=0.39 (1:9 EtOAc/Hex); '"H NMR (400 MHz, CDCl3) 8 7.18 (dt, J= 9.0, 2.1 Hz, 2H), 6.94 (dt, J=9.0, 2.1 Hz,
2H), 4.93 — 4.92 (m, 1H), 4.91 (t, J= 1.6 Hz, 1H), 3.82 (s, 3H), 2.82 (d, /= 1.1 Hz, 2H), 2.48 (dddd, J = 13.5,
6.8, 3.7, 1.6 Hz, 2H), 1.87 (dddd, J = 13.2, 7.6, 5.2, 1.8 Hz, 2H), 1.79 (s, 3H), 1.76 — 1.64 (m, 4H); 3C NMR
(100 MHz, CDCl3) 6 176.1, 159.8, 142.2, 128.7, 127.6, 114.8, 114.4, 111.0, 55.7, 55.5, 46.1, 37.1, 25.1, 23.5;
HRMS (ESI) calcd for [C13H22N202 + Na]* 321.1573, found 321.1575; IR (thin film) 2228, 1724, 1509, 1250,
1184.
MeO

(@] N—CN
M
ﬁ/m .

1v

Prepared from acid S4f and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1v was purified by
flash column chromatography twice (1:9 — 1:4 EtOAc/Hex) as a thick pale yellow oil (2.05 mmol, 51% yield).
Ry=0.34 (1:4 EtOAc/Hex); "TH NMR (500 MHz, CDCl3)  7.18 (dt, J = 9.0, 2.1 Hz, 2H), 6.97 (dt, /= 8.9, 2.4
Hz, 2H), 4.98 — 4.97 (m, 1H), 4.97 — 4.96 (m, 1H), 3.89 (dt, J = 12.2, 4.0 Hz, 2H), 3.83 (s, 3H), 3.59 (ddd, J =
12.5,10.5, 2.4 Hz, 2H), 2.81 (s, 2H), 2.54 — 2.48 (m, 2H), 1.89 — 1.77 (m, 5H); 3C NMR (125 MHz, CDCl;) &
174.2, 160.1, 140.3, 128.4, 127.8, 115.8, 115.0, 110.8, 64.8, 55.6, 47.3, 46.1, 34.8, 23.9; HRMS (ESI) calcd
for [C13H22N203 + NaJ* 337.1523, found 337.1518; IR (thin film) 2227, 1723, 1509, 1250, 1185, 1114.
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MeO

Me

1w

Prepared from acid S40 and cyanamide S2g on a 3.0 mmol scale under standard conditions. 1wwas purified by
flash column chromatography (1:9 — 1:4 EtOAc/Hex) as a pale yellow oil (1.79 mmol, 60% yield). Rr= 0.21
(1:9 EtOAc/Hex); '"H NMR (500 MHz, CDCls3) & 7.25 (d, J = 8.5 Hz, 2H), 6.96 (dd, J = 9.0, 0.8 Hz, 2H), 4.81
(app s, 1H), 4.74 (app s, 1H), 3.83 (s, 3H), 2.87 (br app s, 2H), 2.45 (t, J = 7.6 Hz, 2H), 1.77 (s, 3H); 3C NMR
(125 MHz, CDCl) 6 171.7, 160.0, 143.0, 127.3, 127.0, 115.0, 111.3, 110.0, 55.6, 32.7, 32.0, 22.4; HRMS
(ESI) calcd for [Ci14Hi6N202 + Na]* 267.1104, found 267.1106; IR (thin film) 2233, 1735, 1509, 1251.

MeO
(0] N—CN
Me;j:v/u\
Me nBu

1x

Prepared from acid S4g and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1x was purified
by flash column chromatography (2:3 — 3:2 CH>Clo/Hex) as a colorless oil (2.72 mmol, 68% yield). Ry= 0.44
(1:1 CH>Cl/Hex); '"H NMR (500 MHz, CDCls) 8 7.18 (dt, J=9.0, 2.0 Hz, 2H), 6.95 (dt, J= 9.0, 2.4 Hz, 2H),
4.94 (d, J= 1.5 Hz, 1H), 4.87 (d, J = 1.4 Hz, 1H), 3.82 (s, 3H), 2.74 (s, 2H), 2.08 — 2.02 (m, 2H), 1.52 — 1.42
(m, 8H), 1.39 — 1.28 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H); 3C NMR (125 MHz, CDCl;) § 176.2, 159.9, 145.6,
128.8, 127.7, 114.9, 113.0, 111.1, 55.5, 45.1, 45.0, 36.9, 30.1, 26.2, 22.4, 14.0;, HRMS (ESI) calcd for

[C19H26N20; + Na]* 337.1886, found 337.1875; IR (thin film) 2230, 1724, 1509.
MeO

Me
Me

Ty “pn

Prepared from acid S4h and cyanamide S2g on a 3.5 mmol scale under modified conditions. 1y was purified
by flash column chromatography (5:95 — 1:9 EtOAc/Hex) as a pale yellow oil (2.55 mmol, 73% yield). Ry=
0.32 (1:9 EtOAc/Hex); '"H NMR (400 MHz, CDCl3) 8 7.31 — 7.25 (m, 2H), 7.23 — 7.17 (m, 3H), 7.10 — 7.05
(m, 2H), 6.91 — 6.85 (m, 2H), 5.00 (d, J= 1.4 Hz, 1H), 4.93 (app s, 1H), 3.80 (s, 3H), 2.87 — 2.75 (m, 4H), 2.36
(dd, J = 8.9, 7.4 Hz, 2H), 1.50 (s, 6H); 1*C NMR (100 MHz, CDCls) 8 176.2, 159.9, 144.8, 141.6, 128.7,
128.37, 128.35, 127.7, 125.9, 114.8, 113.7, 111.1, 55.5, 45.5, 45.0, 38.9, 34.4, 26.2; HRMS (ESI) calcd for
[C23H26N»0; + Na]* 385.1886, found 385.1892; IR (thin film) 2227, 1724, 1508, 1250, 1183.

MeO

(0] N—CN
Me;jzw/u\v/OB”
Me

1z

Prepared from acid S4i and cyanamide S2g on a 3.4 mmol scale under modified conditions. 1z was purified by
flash column chromatography (5:95 — 15:85 EtOAc/Hex) as a colorless oil (1.72 mmol, 51% yield). R,=0.42
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(15:85 EtOAc/Hex); "H NMR (500 MHz, CDCl3) § 7.39 — 7.31 (m, 4H), 7.30 — 7.27 (m, 1H), 7.18 — 7.13 (m,
2H), 6.93 — 6.88 (m, 2H), 5.25 (d, J = 1.5 Hz, 1H), 5.12 (d, J = 1.3 Hz, 1H), 4.50 (s, 2H), 3.98 (s, 2H), 3.81 (s,
3H), 2.83 (d, /= 1.1 Hz, 2H), 1.50 (s, 6H); 3C NMR (125 MHz, CDCL3) 5 176.2, 159.9, 142.2, 138.0, 128.8,
128.4, 127.8, 127.8, 127.6, 116.3, 114.8, 111.1, 73.1, 71.8, 55.5, 44.7, 42.2, 26.1; HRMS (ESI) calcd for
[C23Ha6N205 + Na]* 401.1836, found 401.1833; IR (thin film) 2230, 1723, 1509, 1250, 1182.

MeO
Os_N—CN

PhJ\/\)L
PH Ph

1aa

Prepared from acid S4j and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1aa was purified
by flash column chromatography twice (first: 1:4 — 1:1 CH>Cly/Hex; second: 8:92 — 1:4 Et,O/Hex) as a
white foam (2.46 mmol, 61% yield). Ry = 0.24 (1:9 EtOAc/Hex); "TH NMR (500 MHz, CDCl3) 8 7.46 — 7.40
(m, 4H), 7.35 - 7.16 (m, 11H), 6.83 — 6.78 (m, 2H), 6.73 — 6.68 (m, 2H), 5.18 (d, /= 1.4 Hz, 1H), 4.70 (d, J =
1.3 Hz, 1H), 3.93 (s, 2H), 3.76 (s, 3H); *C NMR (125 MHz, CDCl3) & 172.6, 159.8, 143.9, 142.3, 139.4,
129.3, 128.7, 128.1, 128.0, 127.6, 127.4, 127.2, 126.7, 120.1, 114.6, 109.5, 62.0, 55.5, 44.1; HRMS (ESI)
calcd for [C31H26N20 + Na]* 481.1886, found 481.1894; IR (thin film) 2230, 1725, 1508, 1249, 1202.
Me

OQ—CN
Pghi/\
1ab

Prepared from acid S4k and cyanamide S2a on a 5.0 mmol scale under standard conditions. 1ab was purified
by flash column chromatography (3:7 — 1:1 CH>Cly/Hex), and further precipitated (CH,Clo/Hex, 1:40 v/v) as
a white powder (2.58 mmol, 52% yield). Ry= 0.54 (15:85 EtOAc/Hex); mp 99-100 °C; '"H NMR (500 MHz,
CDCl3) ¢ 7.51 — 7.39 (m, 8H), 7.39 — 7.31 (m, 2H), 7.24 — 7.18 (m, 2H), 7.12 — 7.05 (m, 2H), 5.65 (ddt, J =
17.2,10.2, 7.0 Hz, 1H), 5.05 (ddd, J=17.1, 3.4, 1.5 Hz, 1H), 5.01 — 4.98 (m, 1H), 3.36 (d, J = 7.0 Hz, 2H),
2.36 (s, 3H); '3C NMR (125 MHz, CDCls) § 173.0, 139.4, 138.9, 133.6, 133.2, 130.2, 128.8, 128.5, 127.8,
126.0, 119.2, 109.2, 62.1, 44.8, 21.1; HRMS (ESI) calcd for [C2sH22N>0O + Na]* 389.1624, found 389.1626;

IR (thin film) 2231, 1725, 1508, 1206.
(0] N—CN
PhI/\LMe

Ph
1ac

Prepared from acid S4a and cyanamide S2s on a 5.0 mmol scale under standard conditions. 1lac was purified
by flash column chromatography (3:7 — 1:1 CH2Cly/Hex) as a colorless oil (3.98 mmol, 80% yield). R,= 0.55
(15:85 EtOAc/Hex); "TH NMR (500 MHz, CDCl3) § 7.39 — 7.26 (m, 13H), 7.18 (dd, J = 7.4, 1.8 Hz, 2H), 4.72
(s, 2H), 4.63 (d, J = 1.9 Hz, 1H), 4.30 (app s, 1H), 3.30 (s, 2H), 1.31 (s, 3H); 3C NMR (125 MHz, CDCls) §
172.8, 140.9, 138.9, 133.8, 128.9, 128.70, 128.65, 128.6, 128.2, 127.5, 116.4, 109.9, 62.0, 52.7, 47.1, 24.4;
HRMS (ESI) caled for [C26H24N20 + Na]* 403.1781, found 403.1781; IR (thin film) 2231, 1710, 1496, 1193.
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MeO

1ad

Prepared from acid S41 and cyanamide S2g on a 5.0 mmol scale under modified conditions. 1ad was purified
by flash column chromatography (2:3 — 3:2 CH,Cly/Hex) as an oily solid (2.68 mmol, 54% yield). Ry= 0.20
(1:9 EtOAc/Hex); 'H NMR (500 MHz, CDCl3)  7.57 — 7.48 (m, 2H), 7.42 — 7.37 (m, 2H), 7.28 (d, /= 8.6 Hz,
2H), 6.95 (d, J = 8.9 Hz, 2H), 5.34 (app s, 1H), 5.13 (app s, 1H), 3.83 (s, 3H), 2.22 (s, 3H); 1*C NMR (125
MHz, CDCl3) 6 170.0, 159.8, 143.2, 141.7, 131.4, 130.7, 128.1, 127.6, 127.5, 127.4, 126.8, 117.2, 114.8, 110.0,
55.6, 23.2; HRMS (ESI) calcd for [CisH16N20> + Na]* 315.1104, found 315.1116; IR (thin film) 2235, 1723,
1509, 1250.

1ae
Prepared from acid S4m and cyanamide S2g on a 4.8 mmol scale under modified conditions. 1ae was purified
by flash column chromatography (1:9 — 1:4 EtOAc/Hex), and further precipitated (CH,Cly/pentane, 1:40 v/v)
as a white powder (3.02 mmol, 63% yield). Ry= 0.43 (1:4 EtOAc/Hex); mp 103-105 °C; 'TH NMR (500 MHz,
CDCl3) 8 7.63 (dd, J = 7.6, 1.3 Hz, 1H), 7.58 (td, J = 7.6, 1.4 Hz, 1H), 7.52 — 7.46 (m, 2H), 7.39 — 7.30 (m,
5H), 6.82 (dt, J = 9.1, 2.1 Hz, 2H), 6.78 (dt, J = 9.2, 2.1 Hz, 2H), 5.74 (app s, 1H), 5.49 (app s, 1H), 3.78 (s,
3H); ¥C NMR (125 MHz, CDCl;) & 168.5, 159.7, 147.6, 141.2, 140.3, 131.9, 131.5, 131.2, 128.5, 128.3,
127.95, 127.89, 127.8, 127.0, 126.8, 117.4, 114.6, 110.0, 55.5; HRMS (ESI) calcd for [C23HsN>0, + Na]*
377.1260, found 377.1268; IR (thin film) 2253, 1726, 1509.
MeO

1af

Prepared from acid S4r and cyanamide S2a on a 3.2 mmol scale under modified conditions. 1af was purified
by flash column chromatography (5:95 — 1:4 EtOAc/Hex) as a waxy solid (1.33 mmol, 41% yield). R,=0.37
(1:4 EtOAc/Hex); 'H NMR (500 MHz, CDCl3) 6 7.61 — 7.57 (m, 1H), 7.51 — 7.47 (m, 2H), 7.36 (td, J = 7.6,
1.2 Hz, 1H), 7.33 — 7.29 (m, 2H), 7.00 — 6.88 (m, 3H), 5.79 (d, J = 17.4 Hz, 1H), 5.48 (d, J = 11.0 Hz, 1H),
3.82 (s, 3H); *C NMR (125 MHz, CDCl3) 8 169.1, 159.9, 136.5, 132.9, 131.7, 130.2, 127.7, 127.6, 127.4,
127.0, 126.7, 118.8, 114.9, 109.6, 55.6; HRMS (ESI) calcd for [Ci7H14N2O2 + Nal]® 301.0947, found
301.0947; IR (thin film) 2238, 1719, 1509, 1251.
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i) CI3CCN, PPhs, CHoCly, 1t, 1 h o] /©/
CO2H i) EtN, 0 °C, CH,Cl,

N
iii) cyanamide S2g, CH,Cl,, THF, 0 °C to rt N

L
-

Me Me
S4n 1ag

Synthesis of 1ag following a different procedure:?® To a solution of acid S4n (1057 mg, 6.0 mmol) and
CI3CCN (1733 mg, 12.0 mmol) in CH2Cl; (6.0 mL) was added PPhs (3147 mg, 12 mmol) in CH,Cl, (6.0 mL)
at room temperature. The resulting mixture was stirred for 1 h and cooled to 0 °C, whereupon a solution of
EtsN (1.0 mL, 7.5 mmol) in CH>Cl, (3.0 mL) was added, followed by cyanamide S2g (741 mg, 5.0 mmol) in
CH.CI,-THF (4 mL, 3:1 v/v). The resulting mixture was allowed to warm to room temperature and stir
overnight, which was then diluted with Et,O (30 mL), filtered through a short Celite column, concentrated, and
purified by flash column chromatography (1:9 — 15:85 EtOAc/Hex) to afford lag as an oily yellow solid
(4.57 mmol, 91% yield). Ry= 0.42 (15:85 EtOAc/Hex); TH NMR (500 MHz, CDCl3) & 7.56 (d, J = 8.3 Hz,
1H), 7.47 (td, J = 7.6, 1.4 Hz, 1H), 7.36 — 7.29 (m, 4H), 6.97 (d, J = 8.9 Hz, 2H), 4.93 (app s, 1H), 4.70 (app s,
1H), 3.84 (s, 3H), 3.53 (s, 2H), 1.73 (s, 3H); 13C NMR (125 MHz, CDCl3) § 169.0, 159.9, 144.3, 138.7, 131.7,
131.6, 131.3, 127.7, 1274, 127.0, 126.4, 114.9, 113.1, 110.0, 55.6, 41.4, 22.4; HRMS (ESI) calcd for
[C19H18N20> + Na]* 329.1260, found 329.1269; IR (thin film) 2236, 1721, 1509, 1252.
MeO

O N—CN
MeI/\(
Me

1an Ve

Prepared from acid S4p and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1ah was purified
by flash column chromatography (5:95 — 15:85 EtOAc/Hex) as a colorless oil (3.29 mmol, 82% yield). Ry=
0.51 (1:1 CH2Cly/Hex); 'TH NMR (500 MHz, CDCl3) 8 7.19 (dt, J= 9.2, 2.4 Hz 2H), 6.95 (dt, J = 8.9, 2.1 Hz
2H), 4.77 (m, 1H), 4.76 (app s, 1H), 3.82 (s, 3H), 2.07 (app s, 4H), 1.80 (s, 3H), 1.49 (s, 6H); 1*C NMR (125
MHz, CDCl3) 8 176.1, 159.9, 144.7, 128.7, 127.7, 114.9, 110.8, 110.7, 55.5, 44.9, 37.6, 33.1, 25.2, 22.5;
HRMS (ESI) calcd for [C17H22N205 + Na]* 309.1573, found 309.1569; IR (thin film) 2228, 1725, 1509, 1250.

MeO

(0] N—CN
Mejj:w/ﬂ\

Ve CO,Me

1ai

Prepared from acid S4q and cyanamide S2a on a 2.6 mmol scale under modified conditions. 1ai was purified
by flash column chromatography (3:2 CH>Clo/Hex — CH2Cly) as a colorless oil (1.57 mmol, 61% yield). Ry=
0.61 (CH,Cl); '"H NMR (500 MHz, CDCl3) 8 7.31 — 7.27 (m, 2H), 6.97 — 6.93 (m, 2H), 6.31 (d, J = 1.3 Hz,
1H), 5.70 (d, J= 1.2 Hz, 1H), 3.82 (s, 3H), 3.74 (s, 3H), 3.03 (d, J = 1.0 Hz, 2H), 1.46 (s, 6H); 3C NMR (125
MHz, CDCls) & 175.5, 167.4, 159.9, 136.3, 129.1, 129.0, 127.9, 114.8, 111.3, 55.5, 52.1, 44.8, 40.9, 25.5;
HRMS (ESI) caled for [C17H20N204 + Na]* 339.1315, found 339.1318; IR (thin film) 2230, 1721, 1509, 1250.
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(0] N—CN
H:il“JLMe

Ph
1aj
Prepared from acid S4a and cyanamide S2f on a 5.0 mmol scale under standard conditions. 1aj was purified by
flash column chromatography (3:7 — 1:1 CH,Cly/Hex) as a white solid (1.77 mmol, 35% yield). R,=0.33 (1:1
CH>Cly/Hex); '"H NMR (500 MHz, CDCl3) & 7.59 — 7.47 (m, 6H), 7.41 (t, J = 7.6 Hz, 4H), 7.37 — 7.30 (m,
2H), 7.08 (d, J = 8.6 Hz, 2H), 4.78 (d, J = 1.2 Hz, 1H), 4.48 (app s, 1H), 3.42 (s, 2H), 1.41 (s, 3H); *C NMR
(125 MHz, CDCl3) 6 172.7, 141.0, 138.9, 135.3, 132.8, 128.7, 128.4, 127.8, 127.7, 123.1, 116.6, 108.7, 62.3,
47.1, 24.5; HRMS (ESI) calcd for [CosH21BrN>O + Na]* 467.0729, found 467.0729; IR (thin film) 2232,
1727, 1486, 1189.

AcHN
(0) N—CN
MejI;“JLMe
Me

1ak
Prepared from acid S4b and cyanamide S2i on a 5.0 mmol scale under standard conditions. 1ak was purified
by flash column chromatography twice (first: 1:20 MeOH/CH:Cl,; second: Et,O) as a pale yellow oil (3.31
mmol, 66% yield). Ry=0.47 (5:95 MeOH/CH,Cl,); 'H NMR (500 MHz, CDCl3) 4 7.78 (br s, 1H), 7.58 (d, J =
8.5 Hz, 2H), 7.20 (d, J = 8.5 Hz, 2H), 4.95 (app s, 1H), 4.86 (app s, 1H), 2.75 (s, 2H), 2.15 (s, 3H), 1.81 (s,
3H), 1.50 (d, J = 1.4 Hz, 6H); 3C NMR (125 MHz, CDCl3) § 176.2, 168.6, 141.3, 138.8, 131.5, 127.0, 120.5,
114.9, 110.8, 46.9, 45.0, 26.1, 24.5, 23.9; HRMS (ESI) calcd for [Ci7H21N302 + Na]* 322.1526, found
322.1526; IR (thin film) 2229, 1725, 1676, 1509, 1257, 1189.
MeO

éjIjtJEN
Ph Me

1al
Prepared from acid S4s and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1al was purified
by flash column chromatography (5:95 — 15:85 EtOAc/Hex) as a pale yellow oil (2.42 mmol, 61% yield). Ry
=0.31 (1:9 EtOAc/Hex); '"H NMR (500 MHz, CDCl3) § 7.43 — 7.28 (m, 5H), 7.11 (d, J = 8.5 Hz, 2H), 6.90 (d,
J=9.2 Hz, 2H), 4.83 (app s, 1H), 4.74 (app s, 1H), 4.51 (br m, 1H), 3.81 (s, 3H), 2.94 (dd, J = 14.7, 9.2 Hz,
1H), 2.50 — 2.34 (br m, 1H), 1.75 (s, 3H); *C NMR (125 MHz, CDCl3) & 172.3 (br), 160.1 (br), 142.0, 136.7,
129.0, 128.1, 128.0, 127.5 (br), 127.1, 114.8, 112.7, 110.0 (br), 55.6, 48.6 (br), 42.0, 22.8; HRMS (ESI) calcd
for [C20H20N20: + Na]* 343.1417, found 343.1423; IR (thin film) 2233, 1734, 1508, 1251.
MeO

Me Me

1am

Prepared from acid S4t and cyanamide S2g on a 3.0 mmol scale under modified conditions. 1al was purified
by flash column chromatography (1:9 EtOAc/Hex) as a pale yellow oil (1.47 mmol, 49% yield). R,=0.56 (3:7
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EtOAc/Hex); 'H NMR (500 MHz, CDCLs) § 7.26 — 7.20 (m, 2H), 6.99 — 6.88 (m, 2H), 4.88 — 4.82 (m, 1H),
477 (app s, 1H), 3.82 (s, 3H), 3.35 (br app s, 1H), 2.55 (dd, J = 14.0, 7.6 Hz, 1H), 2.17 (dd, J = 14.0, 6.9 Hz,
1H), 1.77 (s, 3H), 1.28 (d, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCl3) § 175.5, 160.0, 141.9, 127.3, 127.1,
114.9, 113.2, 110.1, 55.5, 41.8, 36.6 (br), 22.3, 17.0; HRMS (ESI) calcd for [C1sHisN2O, + Na]* 281.1260,
found 281.1266; IR (thin film) 2231, 1736, 1509, 1251, 1180.

MeO
(0] N—CN
PhI)L
Me Me

1an
Prepared from acid S4u and cyanamide S2g on a 2.0 mmol scale under modified conditions. 1an was purified
by flash column chromatography (1:9 EtOAc/Hex) as an off-white tacky solid (0.72 mmol, 36% yield). Ry =
0.42 (1:4 EtOAc/Hex); '"H NMR (500 MHz, CDCl3) & 7.46 — 7.42 (m, 2H), 7.39 — 7.31 (m, 3H), 7.16 — 7.10
(m, 2H), 6.96 — 6.87 (m, 2H), 4.95 (t, J= 1.8 Hz, 1H), 4.80 (dd, /= 2.1, 1.0 Hz, 1H), 3.81 (s, 3H), 3.19 (d, /=
14.0 Hz, 1H), 2.79 (d, J = 13.7 Hz, 1H), 1.80 (s, 3H), 1.48 (s, 3H); 1*C NMR (125 MHz, CDCls) § 175.3,
159.9, 141.6, 141.0, 129.0, 128.6, 127.8, 127.5, 126.4, 116.6, 114.8, 109.5, 100.0, 55.6, 52.2, 46.3, 24.1;
HRMS (ESI) calcd for [C21H22N202 + Na]* 357.1573, found 357.1578; IR (thin film) 2229, 1719, 1507, 1245,

1220.
MeO

PhthN Me

1ao

Prepared from acid S4v and cyanamide S2g on a 1.67 mmol scale under modified conditions. 1ao was purified
by flash column chromatography (3:7 EtOAc/Hex) as a white foam (0.56 mmol, 33% yield). Ry = 0.38 (3:7
EtOAc/Hex); TH NMR (400 MHz, CDCl3) 6 7.88 (dd, J=5.5, 3.1 Hz, 2H), 7.76 (dd, J= 5.5, 3.0 Hz, 2H), 7.33
—7.19 (m, 2H), 6.97 — 6.86 (m, 2H), 5.42 (dd, /= 11.0, 4.3 Hz, 1H), 4.74 (app s, 1H), 4.66 (app s, 1H), 3.80 (s,
3H), 3.05 (dd, J = 14.0, 11.0 Hz, 1H), 2.84 (dd, J = 14.1, 4.3 Hz, 1H), 1.80 (s, 3H); 3C NMR (100 MHz,
CDCl) 8 168.5, 166.8, 160.2, 139.9, 134.5, 131.3, 127.2, 127.1, 123.8, 115.6, 115.0, 108.9, 55.6, 50.6, 37.4,
21.6; HRMS (ESI) caled for [C22H19N304 + Na]" 412.1268, found 412.1273; IR (thin film) 2233, 1777, 1717,

1508, 1384, 1251.
MeO

BnO Me

1ap

Prepared from acid S4w and cyanamide S2g on a 5.0 mmol scale under modified conditions. 1ap was purified
by flash column chromatography (15:85 EtOAc/Hex) as a pale yellow oil (4.63 mmol, 93% yield). Ry= 0.23
(1:9 EtOAc/Hex); '"H NMR (400 MHz, CDCl3) 8 7.43 — 7.28 (m, 5H), 7.16 — 7.08 (m, 2H), 6.96 — 6.86 (m,
2H), 4.92 (app s, 1H), 4.88 (app s, 1H), 4.68 (d, J = 11.5 Hz, 1H), 4.66 (br t, 1H), 4.60 (d, J= 11.5 Hz, 1H),
3.81 (s, 3H), 2.65 (d, J = 6.7 Hz, 2H), 1.78 (s, 3H); 3C NMR (100 MHz, CDCls) § 171.2, 160.0, 140.0, 136.5,
128.5,128.3, 128.2, 127.2, 126.8, 114.9, 114.7, 109.3, 72.9, 55.5, 40.6, 22.5 (one peak overlapped by CDCl3);
HRMS (ESI) calcd for [C21H22N203 + Na]* 373.1523, found 373.1538; IR (thin film) 2232, 1745, 1509, 1251,
1183.
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MeO

1aq
Prepared from acid S4x and cyanamide S2g on a 4.0 mmol scale under modified conditions. 1aq was purified
by flash column chromatography (3:97 — 1:9 EtOAc/Hex) as a colorless oil (2.93 mmol, 73% yield). Ry =
0.35 (1:9 EtOAc/Hex); '"H NMR (500 MHz, CDCI3) 8 7.22 — 7.10 (m, 2H), 6.99 — 6.91 (m, 2H), 5.05 — 5.01
(m, 1H), 4.96 (t, J= 1.6 Hz, 1H), 3.82 (s, 3H), 3.36 (q, /= 7.1 Hz, 1H), 1.80 (s, 3H), 1.48 (s, 3H), 1.40 (s, 3H),
1.14 (d, J = 7.1 Hz, 3H); ¥C NMR (125 MHz, CDCl3) § 176.4, 159.9, 146.1, 129.0, 127.8, 114.8, 114.4,
111.2, 55.5, 48.6, 45.0, 23.1, 22.2, 21.5, 14.7, HRMS (ESI) calcd for [C17H22N20, + Na]* 309.1573, found
309.1568; IR (thin film) 2227, 1723, 1509, 1250, 1179.

7. Synthesis of substrates: N-sulfonyl cyanamides

i) nBuLi, THF, -78 °C, 30 min Me—@—NHCN
ii) SO,, =78 °Ctort, 2 h o)
S2a

Br SO,CI
° W /N\
iii) SO,Cl,, hexanes, =78 °C tort S\\ CN
Et;N, CH,Cl, OMe
Me Me O°Ctort

S5a 3a

Synthesis of substrate 3a as a  representative example: To a  solution of
1-bromo-2-(prop-1-en-2-yl)benzene? (8672 mg, 44 mmol) in THF (40 mL) was dropwise added nBuLi (2.5
M Hex, 16 mL, 40 mmol) at —78 °C. The reaction was stirred at —78 °C for 30 min, whereupon a stock solution
of SO, (ca. 2.3 M THF, 34.8 mL, 80 mmol)*° was dropwise added. The reaction was allowed to warm to room
temperature and stirred for additional 2 h. The reaction was concentrated to dryness to afford the lithium
sulfinate as a white solid, which was triturated with pentane (20 mL x 2) to remove the residual
1-bromo-2-(prop-1-en-2-yl)benzene, followed by suspended in hexanes (150 mL) and cooled to —78 °C. To
this suspension was slowly added SO,Cl, (2.92 mL, 36 mmol) in hexanes (40 mL). The resulting mixture was
vigorously stirred at —78 °C for 20 min, which was then allowed to warm to room temperature and stir for
additional 30 min. The reaction was quenched with saturated aqueous NaHCO; (20 mL), diluted with H,O (20
mL), and extracted with Et;O (30 mL x 3). The combined organic extracts were washed with water (20 mL)
and brine (20 mL), dried over MgSOs4, and concentrated. The resulting mixture was purified by flash column
chromatography (5:95 EtOAc/Hex) to afford sulfonyl chloride S5a as a pale yellow oil (6684 mg, 30.8 mmol,
86% yield over 2 steps based on SO>Cly). Ry=0.59 (1:9 EtOAc/Hex). '"H NMR (400 MHz, CDCl3) & 8.11 (dd,
J=28.2,1.3 Hz, 1H), 7.68 (td, J= 7.6, 1.3 Hz, 1H), 7.50 (ddd, J = 8.7, 7.6, 1.4 Hz, 1H), 7.35 (dd, /= 7.6, 1.4
Hz, 1H), 5.38 (t, J = 1.5 Hz, 1H), 5.08 (t, J = 1.2 Hz, 1H), 2.17 (t, J = 1.2 Hz, 3H); *C NMR (125 MHz,
CDCl3) 8 144.0, 142.3, 141.9, 135.0, 131.5, 128.8, 127.9, 117.6, 25.1.

Next, the above obtained sulfonyl chloride S5a (520 mg, 2.4 mmol) was dissolved in CH>Cl, (2.0 mL) and
added to a solution of cyanamide S2a (2.0 mmol) and Et;N (0.42 mL, 3.0 mmol) in CH>Cl, (4.0 mL) at 0 °C.
The reaction was allowed to warm to room temperature and stir for 4—6 h until TLC indicated the complete
consumption of staring material. The mixture was then diluted with CH>Cl> (30 mL), washed with 1 M HCI
(10 mL), and separated. The organic phase was washed with brine (10 mL), dried over MgSO4, and
concentrated. The resulting mixture was purified by flash column chromatography (Hex — 1:9 EtOAc/Hex) to
afford substrate 3a as a pale yellow oil (1.72 mmol, 86% yield). Ry= 0.51 (1:4 EtOAc/Hex). 'H NMR (500
MHz, CDCls) 6 7.82 (dd, J = 8.1, 1.3 Hz, 1H), 7.64 (td, J = 7.6, 1.3 Hz, 1H), 7.40 (ddd, J = 8.5, 7.5, 1.4 Hz,
1H), 7.33 (dd, J= 7.6, 1.4 Hz, 1H), 7.14 (d, J= 8.3 Hz, 2H), 7.09 — 7.03 (m, 2H), 5.30 (t, /= 1.5 Hz, 1H), 4.76

S53



(t, J=1.1 Hz, 1H), 2.34 (s, 3H), 2.10 (t, J = 1.3 Hz, 3H); 13C NMR (125 MHz, CDCL) § 145.2, 143.0, 140.2,
134.8, 134.0, 131.6, 131.4, 130.9, 130.4, 127.6, 126.1, 117.2, 108.1, 25.4, 21.1; HRMS (ESI) calcd for
[C17H16N202S + Na]* 335.0825, found 335.0818; IR (thin film) 2236, 1505, 1380, 1181.

tBu

N\
\

Me

3b

Prepared from sulfonyl chloride S5a and cyanamide S2¢ on a 2.0 mmol scale. 3b was purified by flash column
chromatography (2:98 — 1:9 EtOAc/Hex) as a white solid (1.70 mmol, 85% yield). Ry = 0.55 (1:4
EtOAc/Hex). mp 84-86 °C; '"H NMR (500 MHz, CDCl3) 4 7.89 (dd, J= 8.1, 1.3 Hz, 1H), 7.65 (d, /= 1.4 Hz,
1H), 7.43 (d, J= 1.3 Hz, 1H), 7.35 (d, /= 8.8 Hz, 2H), 7.31 (dd, /= 7.6, 1.3 Hz, 1H), 7.09 (d, /= 8.7 Hz, 2H),
5.24 (app s, 1H), 4.64 (app s, 1H), 2.07 (s, 3H), 1.28 (s, 9H); *C NMR (125 MHz, CDCls) § 153.3, 145.2,
143.0, 134.8, 134.1, 131.5, 131.4, 130.8, 127.7, 126.8, 125.8, 117.0, 108.2, 34.8, 31.1, 25.4;, HRMS (ESI)
caled for [C20H22N205S + Na]*" 377.1294, found 377.1306; IR (thin film) 2233, 1504, 1381, 1182.

3c

Prepared from sulfonyl chloride S5a and cyanamide S2d on a 2.0 mmol scale. 3¢ was purified by flash column
chromatography (Hex — 1:9 EtOAc/Hex) as a yellow oil (1.68 mmol, 84% yield). R,= 0.53 (1:4 EtOAc/Hex);
'"H NMR (500 MHz, CDCl3) § 7.82 (dd, J = 8.1, 1.3 Hz, 1H), 7.66 (td, J = 7.5, 1.3 Hz, 1H), 7.45 — 7.39 (m,
1H), 7.34 (dd, J= 7.7, 1.4 Hz, 1H), 7.23 — 7.16 (m, 2H), 7.05 (dd, J=9.1, 7.9 Hz, 2H), 5.30 (app s, 1H), 4.74
(app s, 1H), 2.11 (s, 3H); 13C NMR (125 MHz, CDCl3) & 163.0 (d, 'Jrc = 251.7 Hz), 145.3, 143.1, 135.1,
133.7, 131.6, 131.0, 130.1 (d, “Jrc =3.2 Hz), 128.6 (d, *Jrc = 9.1 Hz), 127.8, 117.2, 117.0 (d, 2Jrc = 23.3
Hz), 107.9, 25.5; YF NMR (470 MHz, CDCl3) & —109.4; HRMS (ESI) caled for [Ci¢Hi3FN2O,S + Na]*
339.0574, found 339.0565; IR (thin film) 2237, 1503, 1383, 1181.
Cl

3d
Prepared from sulfonyl chloride S5a and cyanamide S2e on a 2.0 mmol scale. 3d was purified by flash column
chromatography (5:95 — 1:9 EtOAc/Hex) as a white solid (1.78 mmol, 89% yield). Ry = 0.49 (1:4
EtOAc/Hex); mp 6870 °C; 'TH NMR (400 MHz, CDCls) 8 7.85 (dd, J= 8.1, 1.3 Hz, 1H), 7.66 (td, J=7.5, 1.3
Hz, 1H), 7.43 (ddd, J = 8.6, 7.6, 1.4 Hz, 1H), 7.36 — 7.32 (m, 3H), 7.16 (dt, J = 8.8, 2.2 Hz, 2H), 5.31 (app s,
1H), 4.75 (app s, 1H), 2.11 (s, 3H); 3C NMR (100 MHz, CDCls) & 145.2, 143.0, 135.8, 135.2, 133.7, 132.8,

131.6, 131.0, 130.1, 127.8, 127.2, 117.3, 107.6, 25.4; HRMS (ESI) calcd for [CisHi3CIN20,S + Na]*
355.0278, found 355.0275; IR (thin film) 2253, 2239, 1486, 1184.
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OMe

3e
Prepared from sulfonyl chloride S5a and cyanamide S2g on a 2.0 mmol scale. 3e was purified by flash column
chromatography (1:9 — 1:4 EtOAc/Hex) as a colorless oil (1.78 mmol, 89% yield). Ry=0.30 (1:4 EtOAc/Hex);
'H NMR (400 MHz, CDCl3) 4 7.79 (dd, J = 8.1, 1.3 Hz, 1H), 7.64 (td, J= 7.6, 1.3 Hz, 1H), 7.39 (ddd, J = 8.0,
7.5, 1.4 Hz, 1H), 7.34 (dd, J= 7.7, 1.3 Hz, 1H), 7.12 — 7.03 (m, 2H), 6.87 — 6.77 (m, 2H), 5.31 (t, /= 1.5 Hz,
1H), 4.78 (t, J = 1.1 Hz, 1H), 3.79 (s, 3H), 2.11 (s, 3H); ¥*C NMR (100 MHz, CDCIl3) 8 160.7, 145.2, 143.1,
134.8, 133.9, 131.4, 131.0, 128.3, 127.6, 126.5, 117.1, 114.9, 108.2, 55.6, 25.5; HRMS (ESI) calcd for

[C17H16N203S + Na]* 351.0774, found 351.0781; IR (thin film) 2253, 1507, 1383, 1265, 1182.
Cl

@)

N

S CN
\Y

(6]

Me

3f

Prepared from sulfonyl chloride S5a and cyanamide S21 on a 2.0 mmol scale. 3f was purified by flash column
chromatography (1:9 — 1:4 EtOAc/Hex) as a white solid (1.62 mmol, 81% yield). mp 58-61 °C; Ry = 0.43
(1:4 EtOAc/Hex); 'TH NMR (500 MHz, CDCI3) 6 7.90 (dd, J = 8.2, 1.3 Hz, 1H), 7.67 (td, J = 7.5, 1.3 Hz, 1H),
7.45 (ddd, J = 8.7, 7.5, 1.4 Hz, 1H), 7.40 — 7.33 (m, 2H), 7.30 (t, J = 8.0 Hz, 1H), 7.26 (dd, J = 3.9, 1.8 Hz,
1H), 7.13 (ddd, J = 8.0, 2.2, 1.1 Hz, 1H), 5.30 (app s, 1H), 4.73 (app s, 1H), 2.11 (s, 3H); 3C NMR (125 MHz,
CDCls) ¢ 145.3, 143.0, 135.4, 135.3, 135.2, 133.7, 131.6, 131.0, 130.7, 129.8, 127.8, 125.7, 123.5, 117.3,
107.4, 25.4; HRMS (ESI) calcd for [C16Hi3CIN202S + Na]* 355.0278, found 355.0284; IR (thin film) 2230,
1589, 1383, 1182.

3g

Prepared from sulfonyl chloride S5a and cyanamide S20 on a 2.0 mmol scale. 3g was purified by flash column
chromatography (8:92 — 1:9 EtOAc/Hex) as a yellow solid (1.43 mmol, 71% yield). Ry = 0.38 (1:4
EtOAc/Hex); mp 85-87 °C; "H NMR (500 MHz, CDCls)  7.88 (dd, J= 8.2, 1.3 Hz, 1H), 7.64 (td, J=7.6, 1.3
Hz, 1H), 7.42 (ddd, J= 8.1, 7.4, 1.4 Hz, 1H), 7.33 (dd, J=7.7, 1.3 Hz, 1H), 7.23 (t, J= 8.5 Hz, 1H), 6.89 (ddd,
J=18.5,2.3, 1.1 Hz, 1H), 6.79 — 6.72 (m, 2H), 5.32 (app s, 1H), 4.77 (app s, 1H), 3.74 (s, 3H), 2.11 (d, J=1.2
Hz, 3H); 13C NMR (125 MHz, CDCl;) & 160.4, 145.2, 142.9, 135.2, 134.9, 134.1, 131.5, 131.0, 130.4, 127.7,
117.6, 117.3, 115.6, 111.3, 107.8, 55.5, 25.4; HRMS (ESI) calcd for [C17H16N>03S + Na]* 351.0774, found
351.0785; IR (thin film) 2253, 2234, 1606, 1183.
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3h

Prepared from sulfonyl chloride S5a and cyanamide S2m on a 2.0 mmol scale. 3h was purified by flash
column chromatography (5:95 — 1:9 EtOAc/Hex) as a thick pale yellow oil (1.62 mmol, 81% yield). R,=0.49
(1:4 EtOAc/Hex); 'H NMR (500 MHz, CDCl3) § 7.91 (dd, J= 8.2, 1.3 Hz, 1H), 7.68 (td, J= 7.6, 1.3 Hz, 1H),
7.65 (d, J=17.8 Hz, 1H), 7.53 (t, J= 7.9 Hz, 1H), 7.49 — 7.42 (m, 3H), 7.35 (dd, /= 7.6, 1.3 Hz, 1H), 5.27 (app
s, 1H), 4.67 (app s, 1H), 2.10 (s, 3H); 1*C NMR (125 MHz, CDCls) & 145.3, 143.0, 135.4, 135.0, 133.5, 132.5
(9, 2Jr-c = 33.5 Hz), 131.7, 131.0, 130.6, 128.7, 127.9, 126.2 (q, *Jr-c = 3.7 Hz), 122.9 (q, 'Jrc = 271.0 Hz),
122.5 (q, 3Jr-c = 3.9 Hz), 117.2, 107.3, 25.4; YF NMR (470 MHz, CDCls) § —63.0; HRMS (ESI) calcd for
[C17H13F3N20:S + Na]* 389.0542, found 389.0539; IR (thin film) 2253, 1386, 1328, 1183, 1139.

Q/COZMe
o)

-N~on
W\
6]
Me

3i

Prepared from sulfonyl chloride S5a and cyanamide S2n on a 2.0 mmol scale. 3e was purified by flash column
chromatography (1:9 — 1:4 EtOAc/Hex) as a pale yellow oil (1.69 mmol, 85% yield). Ry = 0.31 (1:4
EtOAc/Hex); '"H NMR (400 MHz, CDCls) § 8.09 — 8.01 (m, 1H), 7.92 — 7.85 (m, 2H), 7.67 (td, J = 7.6, 1.3
Hz, 1H), 7.51 — 7.40 (m, 3H), 7.35 (dd, J = 7.6, 1.3 Hz, 1H), 5.30 (app s, 1H), 4.75 (app s, 1H), 3.91 (s, 3H),
2.11 (d, J = 0.6 Hz, 3H); 3C NMR (100 MHz, CDCl3) & 165.2, 145.2, 143.0, 135.2, 134.7, 133.8, 132.1,
131.6, 131.0, 130.5, 130.0, 129.8, 127.8, 126.6, 117.4, 107.6, 52.6, 25.4; HRMS (ESI) calcd for [C1gH1sN204S
+ NaJ* 379.0723, found 379.0729; IR (thin film) 2254, 1727, 1265, 1184.

i) nBuLi, THF, -78 °C, 30 min
Br I) IPngCl’LICl II) SOz, -78 °C to rt, 2h SOZCI

@[ ~15°C. 2 h @(B;U\ iii) SO,Cly, hexanes, 78 °Ctort
_— ’
Br i) J]\/Br Me Same conditions as S5a

Me

€ - -2-(2-
CuCN-2LiCl 1-bromo-2-(2-methylallyl)benzene S5b
-15°Ctort
M
© Me—@—NHCN
‘ S2a
A N Et3N, CH,Cl,
VN~ 0°Ctort
8. CN .
o} same conditions as 3a
Me
3

Synthesis of 1-bromo-2-(2-methylallyl)benzene: To a solution of iPrMgCI-LiCl (0.77 M in THF, 14.3 mL,
11 mmol) was slowly added 1,2-dibromobenzene (1.23 mL, 10 mmol) at —15 °C. The resulting solution was
stirred at —15 °C for 2 h, whereupon methallyl bromide (1.21 mL, 12 mmol) and CuCN-2LiCl (1.0 M in THF,
1.0 mL, 1.0 mmol) were sequentially added. The reaction was allowed to warm to room temperature and stir
overnight, which was then quenched with saturated aqueous NH4ClI (10 mL) and extracted with Et;O (20 mL x
3). The combined organic extracts were washed with brine, dried over Na;SO4, and concentrated to afford
1-bromo-2-(2-methylallyl)benzene as a pale yellow oil (1972 mg, 9.3 mmol, 93% crude yield), which was
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taken to the next step without further purification. '"H NMR (500 MHz, CDCl3)  7.54 (dd, J=7.9, 1.2 Hz, 1H),
7.28 —7.20 (m, 2H), 7.07 (ddd, J= 7.9, 6.7, 2.3 Hz, 1H), 4.86 (app s, 1H), 4.59 (app s, 1H), 3.46 (s, 2H), 1.76
(s, 3H). The NMR data is consistent with a literature report.’!

Synthesis of sulfonyl chloride SSb: Sulfonyl chloride S5b was prepared in the same manner as S5a, starting
from 1-bromo-2-(2-methylallyl)benzene on a 2.5 mmol scale. SSb was purified by flash column
chromatography (1:9 Et:O/Hex) as a colorless oil (1.9 mmol, 76% yield). Ry = 0.63 (1:9 EtOAc/Hex); 'H
NMR (400 MHz, CDCl3) ¢ 8.11 (dd, J= 8.1, 1.4 Hz, 1H), 7.66 (td, /= 7.6, 1.4 Hz, 1H), 7.50 (dd, /=7.9, 1.3
Hz, 1H), 7.45 (td, J= 7.8, 1.4 Hz, 1H), 498 (t, J= 1.5 Hz, 1H), 4.68 — 4.57 (m, 1H), 3.89 (s, 2H), 1.78 (s, 3H);
13C NMR (100 MHz, CDCls) 6 143.3, 142.9, 139.5, 135.0, 132.5, 128.9, 127.1, 114.1, 40.1, 22.5.

Synthesis of substrate 3j: 3j was prepared in the same manner as 3a, starting from sulfonyl chloride S5b and
cyanamide S2a on a 2.0 mmol scale. 3j was purified by flash column chromatography (1:9 — 1:4 EtOAc/Hex)
as a colorless oil (1.17 mmol, 83% yield). Ry= 0.30 (1:9 EtOAc/Hex); "H NMR (500 MHz, CDCl3) 6 7.84 (dd,
J=28.1, 1.4 Hz, 1H), 7.62 (td, J = 7.5, 1.4 Hz, 1H), 7.45 (dd, J=7.9, 1.3 Hz, 1H), 7.35 (td, /= 7.7, 1.3 Hz,
1H), 7.15 (d, J = 8.3 Hz, 2H), 7.10 — 7.04 (m, 2H), 4.90 (app s, 1H), 4.48 (d, J = 0.7 Hz, 1H), 3.63 (s, 2H),
2.35 (s, 3H), 1.73 (s, 3H); BC NMR (125 MHz, CDCls) & 143.7, 140.6, 140.5, 134.9, 134.4, 132.6, 131.55,
131.53, 130.4, 127.1, 126.4, 113.6, 108.4, 40.7, 22.6, 21.1; HRMS (ESI) calcd for [CisHigN>O,S + Na]*
349.0981, found 349.0993; IR (thin film) 2235, 1505, 1378, 1179.

i) nBuLi, THF, —78 °C, 30 min Me—@—NHCN
Br  ii)SO, -78°Ctort,2h

SO,CI @)
iii) SO,Cl,, hexanes, =78 °Ctort 2 S2a N~y
> > W\
MeO same conditions as S5a MeO Et3;N, CH,Cl, OM
Me 0°Ctort MeO e

Me

Me

1-bromo-4-methoxy-2-(prop-1-en-2-yl)benzene S5¢ same conditions as 3a

3k
Synthesis of sulfonyl chloride S5c: Sulfonyl chloride S5¢ was prepared in the same manner as SS5a, starting
from 1-bromo-4-methoxy-2-(prop-1-en-2-yl)benzene*? on a 7.2 mmol scale. S5¢ was purified by flash column
chromatography (1:9 EtOAc/Hex) as an oily yellow solid (4.8 mmol, 67% yield). Ry= 0.38 (1:9 EtOAc/Hex);
'TH NMR (500 MHz, CDCl5) 8 8.04 (d, J=9.1 Hz, 1H), 6.93 (dd, J=9.1, 2.7 Hz, 1H), 6.78 (d, /= 2.7 Hz, 1H),
5.39 — 532 (m, 1H), 5.13 — 5.02 (m, 1H), 3.91 (s, 3H), 2.16 (s, 3H); *C NMR (125 MHz, CDCls) § 164.4,
146.6, 142.4,133.8, 131.7, 117.2, 116.4, 112.8, 55.9, 25.0.

Synthesis of substrate 3k: 3k was prepared in the same manner as 3a, starting from sulfonyl chloride S5¢ and
cyanamide S2a on a 2.0 mmol scale. 3k was purified by flash column chromatography (1:9 — 1:4 EtOAc/Hex)
as a white solid (1.74 mmol, 87% yield). Ry=0.30 (1:4 EtOAc/Hex); '"H NMR (500 MHz, CDCl3) § 7.75 (d, J
=9.0 Hz, 1H), 7.17 — 7.13 (m, 2H), 7.11 — 7.05 (m, 2H), 6.84 (dd, J = 9.0, 2.7 Hz, 1H), 6.77 (d, J = 2.7 Hz,
1H), 5.27 (app s, 1H), 4.76 (app s, 1H), 3.89 (s, 3H), 2.34 (s, 3H), 2.10 (d, J = 0.5 Hz, 3H); 13C NMR (125
MHz, CDCl3) 6 164.2, 147.7, 143.1, 140.0, 133.7, 131.8, 130.4, 126.1, 125.3, 116.8, 116.5, 112.7, 108.4, 55.8,
25.3,21.1; HRMS (ESI) calcd for [CisHisN203S + Na]* 365.0930, found 365.0941; IR (thin film) 2235, 1590,
1369, 1242, 1176.

3l
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Prepared from sulfonyl chloride S5a and cyanamide S2t on a 1.0 mmol scale. 31 was purified by flash column
chromatography (15:85 — 20:80 EtOAc/Hex) as a yellow gel (0.54 mmol, 54 % yield). R, = 0.18 (1:4
EtOAc/Hex); 'TH NMR (500 MHz, CDCl3) 8 8.11 (d, J = 5.8 Hz, 1H), 8.06 (dd, /= 8.1, 1.3 Hz, 1H), 7.67 (td,
J=1.5,1.2Hz, 1H), 7.53 — 7.46 (m, 1H), 7.33 (dd, /= 7.7, 1.4 Hz, 1H), 6.84 (dd, /= 5.8, 2.1 Hz, 1H), 6.67 (d,
J=2.1 Hz, 1H), 5.40 (s, 1H), 4.81 (s, 1H), 3.90 (s, 3H), 2.14 (s, 3H).1*C NMR (125 MHz, CDCl;) 8 165.3,
148.7, 145.2, 144.1, 142.4, 135.5, 134.0, 131.7, 131.2, 127.9, 118.2, 108.9, 105.9, 102.6, 54.0, 25.2. HRMS
(ESTI) caled for [Ci6H1sN303S + Na]* 352.0726, found 352.0749; IR (thin film) 2230, 1594, 1481, 1381.

/=0
o

3m

Prepared from sulfonyl chloride S5a and cyanamide S2u on a 1.0 mmol scale. 3m was purified by flash
column chromatography (1:4 EtOAc/Hex) as a yellow gel (0.65 mmol, 65% yield). Ry=0.45 (1:4 EtOAc/Hex);
'"H NMR (400 MHz, CDCI3) 6 7.83 (dd, J = 8.2, 1.3 Hz, 1H), 7.65 (td, J = 7.5, 1.3 Hz, 1H), 7.42 (td, J = 7.8,
1.4 Hz, 1H), 7.35 (dd, J=17.6, 1.4 Hz, 1H), 6.71 (d, /= 8.3 Hz, 1H), 6.68 (d, /= 2.2 Hz, 1H), 6.61 (dd, J= 8.3,
2.2 Hz, 1H), 6.02 (s, 2H), 5.34 (s, 1H), 4.82 (s, 1H), 2.12 (s, 3H)..13C NMR (100 MHz, CDCls) § 149.0, 148.5,
145.3, 143.2, 135.0, 133.9, 131.5, 131.1, 127.7, 127.6, 121.0, 117.3, 108.5, 108.1, 108.0, 102.3, 77.3, 77.0,
76.7, 25.5. HRMS (ESI) calcd for [C17H14N204S + Na]* 365.0566, found 365.0574; IR (thin film) 2229, 1607,
1505, 1482, 1180.

8. Study towards the stereochemistry of alkene addition step

Synthesis of mono-deuterated substrate trans-1ad-d;

Pd(PPhs),Cl, 1) Cp,ZrCl,
| Cul Br Ko,CO3 Br AlMe; Br
@i TMSA _ MeOH /BuOH
> MR e T
Br T S 200 Z)
™S H Me

s5

The precursor of S5 (2-bromo-1-ethynylbenzene) was prepared from 2-bromoiodobenzene in 2 steps based on
the reported procedures.*?

(E)-1-bromo-2-(prop-1-en-2-yl-1-d)benzene (S5): The preparation of S5 was performed according to a
literature reference. 3* To a flame dried, N, purged, 25 mL round bottomed flask,
bis(cyclopentadienyl)zirconium dichloride ( 73 mg, 0.25 mmol, 5.0 mol %) and Me3Al (3.75 mL, 7.5 mmol,
1.5 equiv, 2.0 M solution in toluene) were added at 0 °C. Then isobutanol (0.05 mL, 0.5 mmol, 10 mol %) was
added at the same temperature, while a white fume can be observed over the reaction mixture in the flask.
After 10 minutes, 2-bromo-1-ethynylbenzene (905 mg, 5.0 mmol, 1 equiv.) was added. The mixture was
stirred at room temperature overnight. D,O (10 mL) was dropwise added to the mixture at 0 °C (Caution! Gas
evolution, reaction vessel must be vented.) The aqueous phase was extracted with petroleum ether and the
combined organic layers were dried over anhydrous MgSO4 and concentrated in vacuum. The crude product
S5 (815 mg) with 97% D-labeling was obtained as a dark orange oil. '"H NMR (400 MHz, CDCl3) & 7.55 (dd,
J=28.0,1.0 Hz, 1H), 7.28 — 7.24 (m, 1H), 7.19 (dd, J= 7.6, 1.8 Hz, 1H), 7.11 (td, J= 7.9, 1.9 Hz, 1H), 5.23 —
5.22 (m, 0.03H), 4.92 (s, 1H), 2.10 (d, /= 0.8 Hz, 3H).
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S5 trans-S4l-d, trans-1ad-d,

trans-S4l-d: To a solution of S5 (815mg, crude mass) in anhydrous THF (4 mL), nBuLi (1.5 mL, 2.5 M
solution in hexanes) was added dropwise at -78 °C. After 30 minutes, CO, gas was bubbled into the flask for
10 minutes (CO; gas was introduced by warming dry ice and passing the vapor through an anhydrous CaSO4
column prior to entering the reaction vessel). The resulting mixture was allowed to warm up to room
temperature and stir overnight. The reaction was quenched with sat. NaHCOj3 solution (5 mL). The aqueous
layer was extracted with diethyl ether (10 mL). The aqueous portion was then acidified with 1M HCI until
pH=1 (as indicated by pH paper). The resulting milky-white aqueous layer was extracted with diethyl ether (3
x 10 mL). The combined organic layers were washed with brine, dried over MgSO4 and concentrated in vacuo
to afford the crude trans-S41-d; as a pale-yellow solid (495 mg). '"H NMR (400 MHz, CDCls3) & 10.94 (s, 1H),
7.98 (dd, J=17.7, 1.4 Hz, 1H), 7.53 (td, J= 7.5, 1.4 Hz, 1H), 7.38 (td, /= 7.7, 1.4 Hz, 1H), 7.30 — 7.26 (m, 1H),
5.38 (s, 0.07H), 4.91 (d, /= 0.9 Hz, 1H), 2.14 (d, J = 0.9 Hz, 3H).
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Figure S2. The '"H-NMR spectrum of crude trans-S41-d;
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trans-1ad-d;: The preparation of frans-1ad-d; was performed based on standard conditions (See 6.3 synthesis
of substrate 1ad) with modifications. To a suspension of acid trans-S41-d; (495 mg, crude mass) in CH>Cl (3
mL) was added DMF (1 drop via glass pipet) and isoamylene (6.3 mL, 60 mmol), followed by dropwise
addition of (COCl)2 (2.0 M in CH2Cly, 1.5 mL, 3.0 mmol) at room temperature. The mixture was stirred for 30
minutes, whereupon gas evolution ceased and all trans-S41-d; dissolved. The reaction flask was cooled to
—12 °C in an ethylene glycol/dry ice bath and a solution of Et3N (0.82 mL, 6.0 mmol) in CH>Cl, (2.0 mL) was
added dropwise. Thereafter, a solution of cyanamide S2g (445 mg, 3.0 mmol) in CH>Clo/THF (1.5 and 0.5 mL,
respectively) was slowly added at the same temperature. The resulting mixture was allowed to warm up to
room temperature and stir for 20 h. Et;O (20 mL) was added to precipitate triethylamine hydrochloride, which
was filtrated through a short Celite® column. Without further treatment, the filtrate was concentrated in vacuo
and the resulting oily residue was purified by flash column chromatography to afford trans-1ad-d; as a sticky
white wax (2.0 mmol, 67 % yield). R;= 0.20 (1:9 EtOAc/Hex); "H NMR (500 MHz, CDCls)  7.56 — 7.48 (m,
2H), 7.43 — 7.36 (m, 2H), 7.28 (d, J = 8.6 Hz, 2H), 6.95 (d, J = 8.9 Hz, 2H), 5.34 (app s, 0.01H), 5.13 (app s,
1H), 3.83 (s, 3H), 2.22 (s, 3H); '3C NMR (125 MHz, CDCls) 6 170.1, 159.9, 143.1, 141.8, 131.5, 130.7, 128.2,
127.6, 127.52, 127.46, 126.9, 1169 (t, J = 24.4 Hz), 114.9, 110.1, 55.6, 23.2; HRMS (ESI) calcd for
[CisH15sDN2O; + Na]" 316.1104, found 316.1116; IR (thin film) 2230, 1712, 1607, 1506, 1244,
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Prepared from trans-lad-d; on a 0.2 mmol scale with CpPd(1-phenylallyl) (10 mol%), Xantphos (10 mol%),
and BEt; (60 mol%) in toluene at 80 °C for 24 h. 2ad-d; was purified by flash column chromatography
(0.6:100 — 1:100 MeOH/CH>Cly) as a pale yellow foam (0.19 mmol, 95% yield). Ry = 0.29 (2:100
MeOH/CH,Clz); 'TH NMR (500 MHz, CDCl3) § 7.96 (d, J = 7.5 Hz, 1H), 7.70 — 7.62 (m, 2H), 7.57 (t, J=17.3
Hz, 1H), 7.22 (d, J = 7.8 Hz, 2H), 7.03 (d, J = 7.8 Hz, 2H), 3.85 (s, 3H), 2.88 (s, 1H), 1.67 (s, 3H); ¥C NMR
(125 MHz, CDCl3) ¢ 167.7, 160.0, 147.1, 132.7, 131.0, 130.9, 129.5, 126.7, 124.7, 121.3, 116.0, 115.3, 63.7,
55.6, 28.4 (t, J = 20.5 Hz), 24.9; HRMS (ES]I) caled for [Ci1sHisDN2O; + Na]* 316.1167, found 316.1151; IR
(thin film) 2246, 1691, 1609, 1511, 1370, 1246.

Assignment of stereochemistry of trans-1ad-d; by nOe NMR experiments

Key 'H NMR

Assigned Structure Signals Irradiation | Key nOe Results Associate File
OMe
o .
H1:5.15 (s, IH) | H1 nOe observed: HZ. lad-nOe-expl.mnova
N=CN H2: 5.35 (s, 1H) nOe not observed: H3
| Me H3:2.23 (s, 3H)
Toh H3 Strong nOe: H2 lad-nOe-exp2.mnova
1ad Weak nOe: H1 ps.
1
Assigned Structure IS<ieg}1,1alsH NMR Irradiation | Key nOe Results Associate File
OMe
O
N=CN H1:5.14 (s, 1H)
Me H3:2.23 (s, 3H) | H1 nOe not observed: H3 | lad-D-nOe-expl.mnova
| 3
H D
1 2

trans-1ad-d,

Conclusion: The proton and methyl group are trans.
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Assignment of stereochemistry of (£)-2ad by nOe NMR experiments

1
Assigned Structure Ke)éi;:ﬁ\/[R Irradiation I;eeys:llltos ¢ Associate File
H1:2.89(d,J = bn(r)e N
16.7 Hz, 1H) H1 OPSEIVEE: 1 Had-nOe-expl.mnova
o Hs H2, H3,
H2:2.70 (d,J = H4, H5,6
N% >—0Me 16.7 Hz, 1H
Me:; ) nOe
3H ,;,*‘H CcN © H3: 7.66 — 7.63 (m, observed:
z 1H) H1, H4,
(+)-2ad H4: 1.68 (s, 3H) H2 HS5,6 2ad-nOe-exp2.mnova
H5,6:7.22 (d, ] = nOe not
8.9 Hz, 2H) observed:
' ’ H3

Assignment of stereochemistry of (+)-2ad-d; by nOe NMR experiments

1
Assigned Structure IS(ieg)I,lalsI-I NMR Irradiation | Key nOe Results Associate File
O H5 H1: 2.88 (S,
1H)
’\I‘v' A OMe | H3: 7.66 — 7.63
e
(m, 1H) nOe observed: H3,
SH H\\\D oN Hg He: 168 (s, H1 H4, 15,6 2ad-D-nOe-expl.mnova
1 3H)
H5,6: 7.22 (d, J
(#)-2ad-d I — 8.9 Hz, 2H)
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9. Computation of 'H-NMR chemical shifts of 2ad

The protocol of computational prediction was provided by Hoye et al.>> The studied molecule (2ad) was
initially subjected to a Monte Carlo conformational search using MacroModel (version 11.0, MMFF forcefield)
and Maestro (version 10.4.017), implemented in the Schrodinger software suite. Then each geometry of 2ad
was optimized at the M062X/6-31+G(d,p) level of theory with CPCM(chloroform) solvation model. The
nature of each optimized geometry was verified by frequency calculation (298K, at the same level of theory).
The relative free energies obtained from the frequency calculation were used to determine the Boltzmann
weighting factors for each conformer. NMR calculation was performed for each conformer at the
b3lyp/6-311+G(2d,p) level of theory. We wused the scaling parameters for this protocol
[b3lyp/6-311+G(2d,p)//M06-2X/6-31+G(d,p)] created by Tantillo et al.3® The Boltzmann weighting factors
were applied to the computed NMR shielding tensors for each nucleus of each individual conformer.

Table S3. Electronic Energies and Boltzmann Factor of 2ad Conformers 1-7

Relative g
Conformer  GEY ey Emeray e Eraction
s (kcal/mol)
2ad-conf-1 | -954.920767  -599221.749  0.837097528  0.243064839 (0.071029052
2ad-conf-2 | -954.920985 -599221.8858  0.70030048  0.306271354 0.089499428
2ad-conf-3 | -954.91905  -599220.6715 1.914531152 0.039362362 0.011502574
2ad-conf-4 | -954.919157 -599220.7387 1.847387647  0.04409124  0.012884459
2ad-conf-5 | -954.921925 -599222.4756 0.110441653 0.8297664 0.242476539
2ad-conf-6 | -954.922062 -599222.5616 0.024472866 0.959491986 (0.280385294
2ad-conf-7 | -954.922101 -599222.5861 0 1 0.292222654
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Figure S3. The label number of the atoms in 2ad

Table S4. Predicted and experimental chemical shifts in '"H-NMR of 2ad

. Predicted Experimental
Gaussian . . aExp-comp
atom chemical Chemical (ppm)

shift Shift pp
numbers

(ppm) (ppm)
13 2.60 2.70 0.10
24 7.49 7.64 0.15
25 7.77 7.97 0.20
26 7.44 7.58 0.14
27 7.54 7.68 0.14
28 1.79
29 1.69 1.68 0.09*
30 1.30
31 2.82 2.89 0.07
32 7.32 7.22 -0.10
33 6.93 7.03 0.10
34 6.93 7.03 0.10
35 7.22 7.22 0.00
36 3.91
37 3.65 3.86 0.12*
38 3.65

* For methyl protons, Ogxp-comp= OExp-8comp
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Cartesian Coordinates

2ad-Conformer 1

3.737329
2.463073
2.297299
3.376156
4.65559
4.830163
0.844815
0.199055
1.108507
0.310465
0.941824
0.827263
0.970864
1.69505
2.384317
-1.22148
-1.94182
-3.33246
-4.00491

oo zZzozooooaoZooooooan

2ad-Conformer 2

3.712518
2.44949

2.302273
3.389874
4.659024
4.814323
0.855765
0.193198
1.088972
0.336562
0.810244
0.908835
1.131096
1.773788
2.45992

-1.2245

-1.84188
-3.21895

oOoooczo@moaooaczoooOoon0an

0.579261
0.034384
-1.31028
-2.15922
-1.61645
-0.2643
-1.62392
-0.44851
0.694388
-2.6945
1.322889
1.728933
1.260107
2.905647
3.830472
-0.33323
-0.19927
-0.08765
-0.11003

0.566566
0.028563
-1.31697
-2.17339
-1.63752
-0.28466
-1.62257
-0.44208
0.69716

-2.69166
1.33374

1.727349
1.253104
2.899297
3.82001

-0.31898
-0.17978
-0.0582

0.279851
0.160862
-0.1492
-0.36279
-0.25519
0.063973
-0.17997
0.13218
0.336138
-0.42094
1.719484
-0.78467
-1.76392
-0.69811
-0.61598
0.168427
-1.01487
-0.99715
0.228025

0.463941
0.239676
-0.07611
-0.1927
0.020398
0.346307
-0.2273
0.023576
0.296729
-0.50527
1.658186
-0.84858
-1.81038
-0.69457
-0.5581
-0.06288
-1.31185
-1.4014

TZTITZIODTTZIIZTZTTIZIDZTZODOOOON

TZTTZIIZITTZICZZIZTZIDZTOQOOO00OO0

-3.28445
-1.90394
-5.35086
-6.12599
3.891698
3.215609
5.526453
5.835772
1.679719
-0.05747
1.09262
-0.21321
-1.41166
-3.86756
-3.83048
-1.34495
-7.16253
-5.85858
-5.99897

-4.00121
-3.39392
-2.00602
-5.33839
-6.17415
3.851462
3.243536
5.536294
5.811627
1.538269
-0.19233
0.890731
-0.13168
-1.23208
-3.71462
-3.9781
-1.52888
-7.19202

-0.25394
-0.37062
-0.00506
0.122259
1.62496
-3.20709
-2.24521
0.13748
2.117278
1.754698
0.564011
2.067118
-0.19456
0.010217
-0.28228
-0.50359
0.185884
1.031697
-0.7512

-0.07511
-0.2251
-0.35162
0.055659
0.027779
1.612785
-3.22165
-2.27226
0.111662
2.124595
1.771457
0.57773
2.072251
-0.17967
0.046951
-0.25456
-0.48819
0.143508

1.42171
1.389717
0.361395
-0.81871
0.531858
-0.60054
-0.41445
0.148806
1.862605
1.830717
2.491259
-0.7143
-1.96416
-1.93437
2.359566
2.311786
-0.49112
-1.36818
-1.46773

-0.23807
1.011575
1.08749
-0.42559
0.719098
0.722673
-0.43784
-0.06086
0.514374
1.859492
1.682316
2.443239
-0.86753
-2.21202
-2.36151
1.923694
2.053972
0.349899
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H -6.08227
2ad-Conformer 3

3.842344
2.654309
2.67003

3.855071
5.050082
5.040903
1.269062
0.471752
1.224649
0.881574
0.973271
0.917299
1.670547
-0.39615
-1.41089
-0.9494

-1.54649
-2.92544
-3.72944

oo zZzozooooaoZooooooan

2ad-Conformer 4

3.858588
2.662098
2.649736
3.814594
5.01794

5.036781
1.245369
0.478191
1.250866
0.835059
1.11079

0.860709
1.616605
-0.43684
-1.43877
-0.94699
-1.6516

-3.04575
-3.73709

oo ZoxoxonooaozZooooooan

-0.92667

1.095638
0.37692

-1.00004
-1.71537
-1.00023
0.388837
-1.49603
-0.39238
0.871555
-2.64107
1.577298
1.80829

2.603164
2.460683
3.011561
-0.44337
-0.61548
-0.63259
-0.47132

1.069385
0.364319
-1.01864
-1.75377
-1.05266
0.342513
-1.49681
-0.37489
0.881852
-2.64267
1.641581
1.776854
2.560572
2.447152
3.010781
-0.40712
-0.61056
-0.61072
-0.39647

1.24908

0.222044
0.158159
-0.01891
-0.14152
-0.08131
0.098214
-0.048
0.157381
0.269632
-0.21725
1.603216
-0.92655
-0.95901
-0.85064
-0.78623
0.053011
-1.20131
-1.32121
-0.18413

-0.00633
0.051061
-0.07061
-0.25384
-0.31465
-0.1926
0.027089
0.247551
0.252901
-0.06631
1.573083
-0.95093
-1.07182
-0.79697
-0.67119
0.2683
-0.91407
-0.92303
0.272745

TZTITZTIODTTZIIZZITIZIDZITZTODOOOON

TZTEIIZIZTTITZIDTTIZCDZZITZTDOQOOOON

-5.9351

-3.14087
-1.74942
-5.06868
-5.92357
3.852218
3.838185
5.99855
5.983736
1.596529
-0.07367
1.228133
0.983484
-0.91811
-3.40647
-3.74141
-1.28612
-6.93918
-5.78597
-5.74713

-3.03082
-1.6453

-5.08983
-5.84876
3.890092
3.776595
5.951242
5.985678
1.746969
0.077434
1.422247
0.848003
-1.10469
-3.56935
-3.59093
-1.0965

-6.89324
-5.62339
-5.66045

0.852041

-0.31647
-0.31281
-0.48792
-0.3178
2.173879
-2.79301
-1.52093
0.92633
2.474191
1.879564
0.908521
1.246644
-0.73838
-0.76236
-0.20588
-0.21378
-0.34942
-1.12586
0.648574

-0.20844
-0.2234
-0.36437
-0.54066
2.152251
-2.83575
-1.58925
0.868868
2.531924
1.961584
1.00207
1.179613
-0.77241
-0.77016
-0.06068
-0.09908
-0.47061
0.243801
-1.52416

1.400253

1.073531
1.18239
-0.40278
0.71451
0.365102
-0.27864
-0.17291
0.143612
1.67185
1.693721
2.428936
-1.86426
-2.08004
-2.28566
1.968586
2.159839
0.322751
1.441634
1.199818

1.468331
1.466007
0.376607
-0.80719
0.091508
-0.3446
-0.45647
-0.24205
1.557854
1.732595
2.402566
-1.86864
-1.83979
-1.85815
2.38642
2.395029
-0.50701
-1.53813
-1.25203
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2ad-Conformer 5

3.747511
2.517382
2.442322
3.577081
4.814707
4.896306
1.01249
0.291547
1.125382
0.549204
0.931866
0.79958
-0.24121
0.987334
1.133019
-1.13354
-1.82435
-3.21891
-3.92478

OO0 zoomoooaozoooooaon

2ad-Conformer 6

3.705682
2.487364
2.43819

3.588005
4.813937
4.869534
1.015939
0.271304
1.084877
0.573604
0.768183
0.856763
-0.19034
1.171645
1.417518
-1.14709
-1.96806
-3.35704
-3.92382

oo zZzoomnoooaoZooonoooan

-0.79175
-0.22118
0.941221
1.58115

1.013252
-0.15933
1.31488

0.361898
-0.68857
2.26691

-0.77656
-2.06567
-2.33308
-2.06813
-2.04609
0.324986
-0.11634
-0.16315
0.235491

-0.68375
-0.16654
0.968025
1.633068
1.120241
-0.02504
1.284643
0.332601
-0.67086
2.196673
-0.72195
-2.07533
-2.37105
-2.11209
-2.11607
0.243789
0.677908
0.580283
0.051547

-0.77006
-0.46688
0.288972
0.771505
0.472722
-0.2887

0.456757
-0.22984
-0.83967
1.06246

-2.35454
-0.21309
-0.4298

1.240123
2.386873
-0.23736
0.887929
0.895537
-0.24304

-0.98915
-0.56617
0.233033
0.640241
0.21879

-0.5853

0.532086
-0.12985
-0.83833
1.210693
-2.33404
-0.22909
-0.36296
1.201557
2.331275
-0.01567
-1.05149
-0.95058
0.212112

TZTEIIZIZIIZIODTCTIZICDTZIZICZITOQOOOON

TZTTZIIDTTZIICZZITTIZITODTZTODOOOON

-3.23326
-1.84819
-5.27802
-6.02299
3.826116
3.490655
5.726199
5.871193
1.626397
-0.08839
1.129873
1.444588
-1.26737
-3.73078
-3.8039
-1.31133
-7.07069
-5.78371
-5.83468

-3.10046
-1.72311
-5.25834
-6.13413
3.764146
3.522068
5.736647
5.835846
1.446099
-0.25947
0.898281
1.483955
-1.522
-3.97257
-3.56432
-1.08118
-7.142
-6.01412
-5.96337

0.691065
0.7413
0.222734
-0.2097
-1.7024
2.488597
1.480346
-0.58513
-1.50805
-1.08643
0.196704
-2.83384
-0.41525
-0.50585
1.011556
1.118287
-0.13694
-1.24829
0.434002

-0.36983
-0.27467
-0.08805
0.344353
-1.57277
2.518136
1.609329
-0.40835
-1.41854
-1.05728
0.269841
-2.80932
1.110334
0.927213
-0.76453
-0.58897
0.149928
1.416134
-0.2177

-1.37368
-1.36641
-0.34541
0.780458
-1.35958
1.362514
0.833348
-0.50817
-2.7775
-2.59881
-2.81025
-0.65203
1.772396
1.787065
-2.23983
-2.23233
0.492502
1.034676
1.64673

1.265533
1.150939
0.415567
-0.61132
-1.61302
1.266742
0.516236
-0.90022
-2.83559
-2.50177
-2.7739

-0.74549
-1.94275
-1.77213
2.164222
1.970038
-0.24764
-0.80443
-1.53635
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2ad-Conformer 7

OO0 zoomoooaozoooooaon

3.707261
2.486688
2.43173
3.578059
4.806344
4.86763
1.008005
0.269218
1.087264
0.560503
0.761886
0.874598
-0.17057
1.198158
1.450531
-1.14958
-1.73009
-3.10821
-3.92723

0.597209
0.119987
-0.95656
-1.60085
-1.12757
-0.04107
-1.24114
-0.32642
0.615493
-2.10471
0.558406
2.063434
2.357967
2.204706
2.292686
-0.2286
0.398644
0.498653
-0.02792

1.036411
0.574804
-0.30075
-0.74899
-0.28955
0.591963
-0.6247
0.093712
0.876898
-1.36098
2.370384
0.373019
0.523472
-1.04913
-2.17399
-0.00608
-1.11534
-1.21757
-0.2091

TZTEIIZIZIIZIODTCTIZICDTZIZICZITOQOOOON

-3.35559
-1.96611
-5.26289
-6.13473
3.76981
3.507991
5.726455
5.835611
1.439614
-0.26555
0.884632
1.505084
-1.09116
-3.57594
-3.96795
-1.51552
-7.14437
-6.00298
-5.97085

-0.66402
-0.76409
0.122813
-0.42139
1.440582
-2.44003
-1.60198
0.31219
1.212882
0.885074
-0.4636
2.750928
0.792289
0.976142
-1.09138
-1.27725
-0.20172
-1.50591
0.045178

0.896205
0.984994
-0.39648

0.579447
1.720414
-1.43532

-0.61723

0.935643
2.925967
2.555925
2.737166
0.946287
-1.90191

-2.07307
1.681422
1.830033
0.235641
0.662345
1.557279
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11. Spectra for new compounds

S71



000-—

47

Ge€Cc—

re—

8yy—

LL'yv—

Tol

N—CN

I

Me

Ph

Ph

1a

B

L

|

UL

Fecoe

Foo¢e

Feoz

Foot
Foo

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 572

10.0

1.5


wangwei
图章


Lie—
Sv've—

vl —

19—

G1'9L
ooNNW
G¢'LL

0€'60L —

5oLl —

68'5Z1
19221\
86871~
8.'8zl
6106l
vreeL"
LL'6EL
9e'6E 1
sobvL

€0'€LL —

[

rbenliw

Ly

al

L

L

il

Tol
N—CN
Ph
PH Me
1a

T
100

-10

S73

10

T T T
110 90 80 70 60 50 40
1 (ppm)

T
120

T T T T T T
190 180 170 160 150 140

T
200



wangwei
图章


000—

9, ¢—
€6 €—

0.9

€e°L

AN
AN
V'L
YL
vyL-

Mel

Fhy

Fr

1aa

e

Eve
E ooe

E 860

F 60

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 574

10.0

1.5


wangwei
图章


L0y —

8y'aG—

66'19—

116G} —

16¢L)—

MeO

N—CN

Ph

h
Ph

1aa

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm) a75

200


wangwei
图章


000-—

J\_‘

M
0

=14
Fh

1ab

N

L

Fooe

Fooz

0L
wmmm.o

Fe60

Foize
F60C
8LC
608

75

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 576

7.0

9.5 9.0 8.5 8.0

10.0

1.5


wangwei
图章


elic—

€8y —

GL'c9—

£2'60L —
9L'BL~_

96'G¢L
11'/¢ r/
cs'8ch /

/771

Lz0eL—
0Z€EL ~
v9eel
68'8EL ~_
zreeL-"

L0€LL—

Me

N—CN

Ph

Ph

1ab

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm) 577

200


wangwei
图章


000—

Ve —

oce—

0Er—

Yo~
LY

YA
6L
S¢'.
8¢’/
8¢,

6L
0g'L

ceL
[452
€e'.L
ve'L
ve'L
gL
gL
ge’L
9e’L
9e’L
9e’L

N

N—CN

Me

Ph

Ph

1ac

F 80¢

E oo

a0l

= 660
5 002

 lzc

Fesel

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) s78

10.0

1.5


wangwei
图章


Wye—

cllyv—

cLeS—

€0C9—

G1'9L
ooNNW
G¢'LL

€8¢l —

WA

N—CN

Me

h
Ph

1ac

Lol

\

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm) 579

200


wangwei
图章


000-—

¢cc—

€8'€—

eL'e—
YeG—

S6'9~_
969"
9T L~
1707
62/
8¢e'/
ov'L
L
L.
61,
152
AW
¥S'L

MeO

N—CN

Me

1ad

Mlor.m

Foot
Foot

Fvoz
1£2
012z

e

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 380

10.0

1.5


wangwei
图章


acec—

1666 —

¥.'9L
oo.mmw
G¢'LL

2001~
P8 YLL~_
SLZLL~C

€8'9¢)
crlch
8v'/cl
§6°/cl
€8¢l \
0.0l \

criel

VL~
6LEVvL—

G8'6G) —

€004 —

MeO

N—CN

o)

Me

1ad

-10

190 180 170 160 150 140 130 120 110 1 00f1 ( 9)0 80 70 60 50 40 30 20 10
ppm

200

S81


wangwei
图章


000-—

8/, €—

MeO

N—CN

Ph

1ae

—

Fs6z

960
E960

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0
S82

4.0

ppm)

-~

<=

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0

10.0


wangwei
图章


6¥'GG—

cL'6GL—

1G89L —

MeO

N—CN

Ph

1ae

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) s83

210


wangwei
图章


000-—

MeO

N—CN

1af

L

8L'¢

F-o01
Fool

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) -

10.0

1.5


wangwei
图章


96'66—

v.'9L
ooNNW
S¢LL

960 —

18V —

9.8l —
99'9¢1
10°L2)
€v'Lc)
€9'/¢)
0/°Lc)
ycoelL
cliel
€6°¢EL
[4speio

RESENYP

06'65L —

L'69L —

MeO

N—CN

1af

190 180 170 160 150 140 130 120 110 Mo 1 0)0 90 80 70 60 50 40 30 20 10
ppm

200

S85


wangwei
图章


000—

€L —

€6 €—

¥8'€—

0LYy—
€67V —

16'9
869
9c’L
el
gL

€e’L
ve'L
ge’L
ge’L
9e’L
'L
YA
6v°L
6L
152

L.

e

OMe

CN

Me

1ag

L

Fesc

Fost
Feez

E260
E¢€60

Fest

706
10’}
00’}

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) a86

10.0

1.5


wangwei
图章


crec—

8e' Ly —

666G —

G1'9L

OU 22

S¢LL

6’651 —

OMe

16'891 —

\
CN

Me

1ag

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) sa7

'00


wangwei
图章


000—

6V’ —
08—
10Cc—

a8e—

9Ly
LY
1Ly
1Ly

¥6'9
¥6°9
G669
969
969

8l
8l°.
6l
0c'L
0c'L

9C’L

MeO

L

N—CN

Me

Me

1ah

Jo

Feco9
Fu6c
Fiee

Eo00¢

L0°b
WMmm.o

Foce1
961

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) s88

10.0

1.5


wangwei
图章


€9'¢cCc—
0c'sc—

GLee—
¥9'.e—
S6'vy—
G666 —
mn.o#./.

00°LL—F
mNNN.\.

89011
¥8°0LL 7
88Vl

€L'/C) ~
cLreeL—"

0L vyl —

26’651 —

809} —

MeO

Lr

N—CN

Me

Me

Me

1ah

-10

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

200

S89


wangwei
图章


000—

'L —

€0°€
mo.mv.

VLe~
a8e—

1.

UL

MeO
N—CN
Me
M COsMe
1ai

Feo9

Fes1

€0
€0

FG60

Es60

Fooz

£Gce

9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 590

9.5



wangwei
图章


' —

€6°0v—
LLvy—

60CG—
¢5'eG—

6L —
LIy —

68°/¢cl
96'8¢1 W
60°'6¢l

yE9EL —

98'651 —
LE€.91—

8y'GLlL —

N—CN
COQMe

Lr

Me

1ai

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) so1

210


wangwei
图章


Wi—

re—

8y'y—

8LV —

102
10

80
60°L

G¢'L
el
[4 52
ve'L
ve'L
Ge'.L
e

Wil
[4 2
05
1G'L
[4pA
[4pA
€5,

e R

¥S'L
6L

1aj

HI

HI

=
Hl

I

:

€1'e

¥0'¢

00°L

660

80°C
lee
8Ly
Ge9

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 592

10.0

1.5


wangwei
图章


Lyve—

oLiv—

9¢'¢9—

GL'9L
ooNNW.
G¢'LL

G.'80L —

€991 —

80°cz)
DTN
8/ /2)
S8zl -7
12'82)
6281/
oot/
0£'sEl
£6'8€1 “
96°07)

vl —

e

N—CN

Me

h
Ph

1aj

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) s03

210


wangwei
图章


000-— - L

0S5} M - L
ofv M Fizo
gL — u Fzee |
Slz— — 60t |
GlCT— L Fecoz |
987~ 660 |
. — .
S6r— 00’} L
6LL L
0Z'L )
RNW Feoz |
4 _
1S~ b
002
65.7 N P 1
8,1~ - Fs60

Me

AcHN

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) S04

10.0

1.5


wangwei
图章


98'€2~_
6 vz—
siroz””

96V~
889y —

GL'9L
oo.wwv
ScLL

sgor
06vLL—
05021~

102l —
6Ll —

08'8¢l —
6Lyl —

19891 —

0C9LL —

AcHN

N—CN

Me

Me

Me

1ak

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S95

210


wangwei
图章


000—

Sl —

18'e—

6EY

o L)

M

MeO
N—CN
Ph Me
1al

Feoe

GS°0

0L
00°L

N0z
iz

H\#m.v

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 596

10.0

1.5


wangwei
图章


G8'¢c—

66l —

098y —

G666 —

G1'9L

mNNN.\

L0091 —

€eeLL —

MeO

N—CN

Me

Ph

1al

MMMAMWW e unsp s oo

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 507

210


wangwei
图章


000-—

LV —
1474
9lc
9lc
Ll¢
6l°¢C
€6°¢
K4
Gga6'¢
1G97C

Gee—

8e—

LLY~
18—

€69
¥6'9
G6'9

969
169
(443
€C’.
€C’.
veL
veL

9¢’L

N—CN
Me

MeO
@)
Me

1am

L

Fro¢
Feoe
Fue0
Fes0

g6l

a6l

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) se8

10.0

1.5


wangwei
图章


0Ll —
8¢'¢cc—

09'9€—
8L y—

€6'66—

60°0L —
LCELL~
18V —

€lL'Lcl
mm.nw_\v

06’y —

16'651 —

05°GLL—

N—CN
Me

MeO
@)
Me

1am

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 599

210


wangwei
图章


000—

8yl —

08l —

AN
08"

gle~_
Lee"

18e—

—

MeO

N—CN

Ph
Me

1an

Fuize

Fooe

960

Es60

Fooe

F960
960

Bo6')
6L
e
vz

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5100

10.0

1.5


wangwei
图章


clve—

veor—

€C¢S—
G666 —

96'66—

166G —

6¢'GLL —

MeO

L

ke

N—CN

Me

Ph

Me

1an

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5101

210


wangwei
图章


000—

08—

a8'¢c
€8¢
98¢
/8¢

[40
v0'€
S0
80°¢

08€—

99V~
vLv—

or's
A4

144

06'9

269
69

€L
veL
Gc'L
9c’L
9C’L
yxAA
Sl
Sl
9.
1L
181
88°L
68°L

N—CN
Me

MeQO
@)
PhthN

1a0

Ju

LA

Fesz

Fio

Foot

Fore

00°L
00°L

Fes0

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5102

10.0

1.5


wangwei
图章


65'lc—

8¢c’Le—

c9'0S—
166G —

899
oo.mmw
ceLL

€6'801 —

20°ShL~
09°GLL~"

6L€2L "
AW
6l L)
zeieL
syvel
£6'6EL ~

21091 —

08991 ~
G891 —

N—CN
Me

MeQO
@)
PhthN

1a0

1

1R N

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5103

210


wangwei
图章


000—

8L —

Y9ZT~_
997"

N—CN
Me

MeO
@)
BnO

1ap

H/.oo.N
H(NO.N
H\.mo.m

7.0

-1.0

5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S104

6.0

6.5

9.5 9.0 8.5 8.0 75

10.0

1.5


wangwei
图章


§G'¢cc—

09'0V—

€666 —

62601 —
vLviL
18Vl AN

2¢8'9¢h
A4S

Ge'ect
£€€'8¢l W.
¢5'8ch
€6°9€L —
96'6€L —

€0°09L —

Ll —

MeO

IWWWWWMMMMMWWWMW

N—CN

O

Me

BnO

1ap

W pep—)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5105

210


wangwei
图章


000~
900"

143

m_‘.rv.
oL~
8y'L-"

08—

vee
Ge'e

8€'¢
e8'€—

S6'v

96'Y
c0's

€0'g
€0'G
€0°G

€69
¥6°9
G6'9

YA
YA
8l
6L
9’

S =

‘ leuwu

MeO

N—CN

Me

Me

Me
1aq

bgi¢
pLE
10°€

Fvoe

Fes0

Fo0¢

Feoz
Fzoz

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5106

10.0

1.5


wangwei
图章


MVl —

05°'le
NN.NNW
oLee

Y0'Sy—
S9'8Y—

¢5'eG—

e~
Wkl ~
vevLL~"

GL'/C)~
96'8CL "

SLovL—

88651 —

9€9LL —

MeO

N—CN

Me

Me

Me
1aq

L

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5107

210


wangwei
图章


000—

el —

eye—

6v'y—

8L Yv—

6l
Lg'.
gL
gL

ge’L
JASWA

8¢’
6E°L
ov'L
A
[4A
[4AA
eV’
€6
vS'L

|

N—CN
Me
1b

Ph
Ph

Fosc

Fes1

Fe60
Fesgo

B-00¢
FLo6

FL07

75

-1.0

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)
S108

7.0

9.5 9.0 8.5 8.0

10.0

1.5


wangwei
图章


8y've—

EViv—

cce9—

G1°9L
ooNNW
G¢'LL

Lg'60L —

8G9l —

rARA)

%NQ/
wm.mﬁ/
6,871~
viezL -7
z9°'621

PE9EL —
pL6EL~
YO Ll —

€6'¢LL —

N—CN

Me

Ph

Ph

1b

A“W s

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5109

200


wangwei
图章


000—

o€} —
44

ere—

6y —

8LYV—

WL
€L’z
ity
¢l

gL
€e’L
ve'L
6C°L—F
oL
Wl
[4A
ev'.
[4°pA
¥S'L

tBu

N—CN

Ph

Ph

1c

I

1.5

886
Feie

Fooz

Fve0
Fve0

75

-1.0

0.0 -0.5
S110

0.5

1.0

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0
1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

1.5


wangwei
图章


ve—

8L'lE—
€L ve—

vLiv—

0C'c9—

G1'9L
oonW
S¢LL

ce60L —
199 —
€6'6¢l

_‘w.mw_\V
€92 —F
mm.wm_\\
08'8cCl

vm.mmr.\.

€C6EL —
80°L¥lL—

1E251 —

80°€LL—

tBu

N—CN

Me

Ph

Ph

1c

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S111

1 (ppm)


wangwei
图章


000—

re—

6Y'v—

8Lv—

10

602
0L’
WL
WA
[4%A

9l
YA
YA
8l
8l
6l
G’

ve'L
ge’L

Wil
[42
LG
cs'L

A

L

N—CN
Me

Ph
Ph

1d

Fore

Fooz

Fo60
260

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5112

10.0

1.5


wangwei
图章


ve—

90 Ly —

8l Cc9—

GL'9L
oo.wwv
ScLL

10601 —

65911
12911
YA}
Gl'gel
A
£'gel
AR:TARd
vLzel
1ZEL
€0'6EL —
00 L¥L—

Y9l —
€r'e9l —

L0eLL—

N—CN

Me

Ph

Ph

1d

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5113

210


wangwei
图章


-110.96

-110.97

-110.97

-110.98

-110.99
-111.00

-111.01

-100

-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

S114

T
-210

T
-22

T
-30

-40

-50

-60

-70

-80

-90

1 (ppm)


wangwei
图章


000-—

Wi—

are—

8y —

8Lv—

m_\.mg

Cl

N—CN

Me

h
Ph

1e

JNUL U B JJL . L

Fooe

202

ve'e
Wwa.m
1494

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5115

10.0

1.5


wangwei
图章


Lyve—

60°Ly—

GC'c9—

18¢LL—

Cl

N—CN

Me

h
Ph

1e

-10

10

20

40

T
80

T
90
1 (ppm)

T T T T T T T T T T
170 160 150 140 130 120 110 100

T
180

T
190

S116


wangwei
图章


000—

4%
44 >

re—

6L€—

8rv—

LLY—

MeO

N—CN

Me

Ph

Ph

1f

Jo

L

Fecoe

Foo0c

Feoe

Fv60
Fie0

F61
T-16'1

90¢

Fry

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5117

10.0

1.5


wangwei
图章


ve—

[AWA2

€6'6G—

0L'c9—

06'6G) —

veeLl —

MeO

L.

N—CN

Me

Ph

Ph

1f

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S118

1 (ppm)


wangwei
图章


000—

v —

6CC—

re—

8yy—

8LV —

€Ll
L.
L.
Sl
9l
9l
91’
0c’L
Lc'L
Lg'L
Lg'L

L
gc'L
gc'L
ceL
€e’L
Ge'L
6€°L
ov'.L
[4A
LG,
4 A

M

AcO

N—CN

@)

Me

Ph

Ph

19

Foae

Fue

Fooz

Fve0
Fg60

60°C
le
Lee
&Ky
S¢v

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5116

10.0

1.5


wangwei
图章


SO'Lle—
Lyve—

oViv—

LCC9—

86801 —

659l —

81722~
ze izl
LLLIZL~
\weeL-7
€L°82L
ggest~"

Y0'6EL —
00yl —

LL0GL—

8891 —
v8'¢LL —

AcO

N—CN

Me

Ph

Ph

19

-10

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

200

S120


wangwei
图章


000—

Wil—

09Cc—

ere—

6y —

6LYV—

gc'L

€e’L
ge’L
Ge’L
9€’L

ov'L
vl
vl
VL
25 L~
¥S'L
66°L~_
108"

Me

N—CN

Me

h
Ph

1h

Fare

vey
me.v
8’y

Fooz

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5121

10.0

1.5


wangwei
图章


8V —
89'9¢—

ELLy—

cre9—

G1'9L

Y

mNNN.\

86801 —

899l —
009¢k
€8°/¢l
8¥'8¢l W
€.8¢l Va
1G'6¢)
60°LEL
G881 M
cLovlk—
€601} /

€9¢LL —

16961 —

Me

N—CN

Me

h
Ph

1h

AN

-10

S122

40

60

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

T
210



wangwei
图章


000-—

Wil—

re—

8Vy—

6LYV—

oL’
0L’
L.
A
[4%3
4

gc'L
€e’L

ve'L
Ge'L
Gge'L
9g'.L
9€°.L
ov'.L
eV’
16
[4pA

Ll

41

Cl
N—CN
Me
1i

Ph
Ph

_J

Fe0¢

Fes1

Fo60
Fo60

4"
MH\.\.mo._\

1%
WN_\.w

T
45
1 (ppm)

-1.0

3.0 25 20 1.5 1.0 0.5 0.0 -0.5
S123

3.5

4.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0

10.0

1.5


wangwei
图章


8V ve—

Wiiy—

12e9—

GL'9L
ooNNW
G¢'LL

VL2l —

Cl

N—CN

Me

Ph

Ph

1i

-10

S124

10

40

50

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
200



wangwei
图章


000—

474 e

Wwe—

0Svy—

08v—

veL
ity
ve'L
ve'L
gL
YA
YA
8¢’
6€°L
Wl
(A g
YL
8y'.L
¢S’
¥S'L
¥S'L
YS'L
g6’
YA
€9/
G9°L

CF3
N—CN

@)

I

JU

J

Me

Fue

Fo0z

=eo't

Ev0L

10¢
LS
S0'L
€C'§

80°L

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5125

10.0

1.5


wangwei
图章


8Y've—

0 Ly—

€€C9—

N—CN

O

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5126

200


wangwei
图章


CF3
@) N—CN
Ph
Ph Me

-62.73

T
-60

T
-70

T
-80

T
-90

—
-100

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

S127

T
-210

T
-22

-30

-40

-50

f1 (ppm)


wangwei
图章


000—

v —

ere—

€6e—

05—
6L

6L

SC'/A
S’
€€/
120
12 W
GE'LA
9¢°.+
18719
8¢/
8¢ L1
8¢/
6E°L

6¢°L

[4A
YL
6v°L
05,

cs'.L
mm.mw
6L

06°'L—

G0'8
G0'8
90'8
.08

COZMG

N—CN

Me

Ph

Ph

1k

JLJL____._JL.

L

Ee60€

Fooz

Fo¢

Fes0
Fie0

05°€
SL'y
Sl
60'v
Eo00'L
Eo0L

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5128

10.0

1.5


wangwei
图章


8y ve—

vhilv—

6v'¢cS—

1CC9—

1669l —

¥8'¢LL —

COzMe

N—CN

Me

Ph

Ph

1k

-10

S129

10

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
200



wangwei
图章


000—

v —

re—

9/€—

6y —

8LVv—

OMe

N—CN

UL

Me

Ph

Ph

11

L

B

F007c

Fioe

Fv60
Fs60

3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5
S130

3.5

4.0

ppm)

_rn.v.(
<=

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0

10.0


wangwei
图章


've—

L1601~
80°ClL~
€LV~
G699l —
L8l

v L2l
Ge'8zL ~
mmwur“m
Gz 0el

V2 LEL~
6065, —
20 Lyl —

ce09l —

G8°¢LL—

OMe

N—CN

Me

Ph

Ph

11

-10

S131

10

40

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
200



wangwei
图章


000—

Wil—

We—

GLE€—

Lyy—

LLyv—

0€9
0€9

144Y)
vv.ww.
1 4°)

Gc'L
Gc'L
gL
gL

ve'L
ge’L

oL
[4A
16
€G°/L

N O

OMe
N—CN
PH Me
1m

MeO
Ph

Foze

Foo0c

Foro

E660

Fos0

66°L

T

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5132

10.0

1.5


wangwei
图章


6V ve—

AN
09'%0L—
90601 ~_

1G9 —

19221
€8¢l W
8.'8¢l

VLULEL~C
90'6EL —
SO'LyL "

Llg'lol—

g8¢cLL—

OMe

MeO

Ao,

N—CN

Me

Ph

Ph

1m

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5133

200


wangwei
图章


000-—

L —

18—

0€Cc—

2e'e~
8e' e

or'v—

69—

Me

Me
N—CN

Ph

Me

Ph

—

1n

F sce

F cze

F zze

= ol

F 10l

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S134

10.0

1.5


wangwei
图章


cgoL "
80'lg~
0572~

6L y—

'c9—

G1'9L

OO ZZ

S¢LL

88'80) —

6991 —
102l
6.'/¢)
10'8Ch
le8ct
Y¥'8ch

68'8¢ _\H\m
8€'6¢Cl
veeel
6G°¢EL

8¥'GEL
coovk
{545

18¢LL—

Me

Me

N—CN

Me

Ph

Ph

1n

L

-10

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

200

S135


wangwei
图章


000—

N—CN

Me

Me

Me

10

Foro
0ze
002

Fu61

Fioz

Feoz

Fooz
Fsoz

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5136

10.0

1.5


wangwei
图章


G8'ET~
11792~
0z'82—
8662~

Y8y —
69—

S~
Z8 VL~
98GLL—

G922l ~

0982l "

A AN S
rivl—

L'eGL —

vCoLlL —

N—CN

Me

Me

Me

10

-10

S137

10

40

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

T
210



wangwei
图章


000—

vl —

ev'e
m#.mv.

€6 €—

A

MeO

prd

N

N—CN

Me

h
Ph

EFo0¢

ooz
Fvoe

Fs60

Feso

Fs60

9c'e
m 1%
9y

Eg860

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5138

10.0

1.5


wangwei
图章


rve—

Y6' 9y —
86'€G—

€1'c9—

G1°9L
ooNNW
G¢'LL

88'80L "
L
L99LL~_

96'9¢1
1112} V
vr'eeL -7
19'8¢L

¥99gL —
€0'6EL—
¥6°0vL "
69l —

96'€91 —

LLeLL—

A,

iy

N—CN
Me
1p

Ph
Ph

30 20 10 -10
S139

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
200



wangwei
图章


000—

05—

18—

1€C—

GLC¢—

98y
18V
18V
18V

v6'v
v6'v
v6'v

'L
Sl
S’
9l
9L’
YA
€C’.
€L
veL
veL

veL
gc'L
Gc'L
Gc'L
9C’L
9c’L

Me

N—CN

Me

e
Me

1q

00°L
wmnm.o

¥6'L
¥0°C

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S140

10.0

1.5


wangwei
图章


60'Llc—
18 €C—
€L'9c—

88y —
069y —

v.'9L
oo.mmW
G¢'LL

co'Ll—
8yl —

60921~
GZ'0SL~—
29°€€l~L

ceBEL —
oyl —

c09LL—

Me

N—CN

Me

e
Me

1q

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm) S141

200


wangwei
图章


000—

05’1 —

18—

Sl¢c—

e8'€—

18V~
v6'v—"

€6'9

¥6°9
G6'9

969
YA
8L
8l
6l
6l
0c’.L

9C’L

MeO

N—CN

Me

l_JuLL

.

L

1r

Foe9

Fco¢

Fooz

Fo0¢

Feoc
F360¢

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S142

10.0

1.5


wangwei
图章


G8'€Cc—
91'9¢—

Y8y —
69—

€666 —

GL'9L
oo.mmW
G¢'LL

OL b~

rivi—

0665} —

€C9LL —

MeO

L.

N—CN

Me

Me

Me

r

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S143

200


wangwei
图章


000-—

a8l —

v.¢—
0oce
mm.mW
ge'e
wm.m.\.

6L€—

6y —
60G—

MeO

N—CN

Me

Bn
Bn

1s

F 60¢

E ooc

F 860
F 860

E ey

Fos01

9.5 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 20 1.5 1.0 0.5 0.0 -0.5 -1.0 -
1 (ppm) S144

10.0

1.5


wangwei
图章


60'Gc—

€C0r~
L0y

c9¢S—
166G —

GL°9L
ooNNW
G¢'LL

00~
LGCl—
€8Vl —

rAWrA}
8921 V
Sv'8zl—7
e
8y'ocl

€598l —

68l —

6651 —

S6'v.LL—

MeO

N—CN

Me

Bn

Bn

1s

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S145

190


wangwei
图章


0004
Gl
1814
68°L

68°L
06°1 1
06°L 1
1671
26°1 T

€6}
¥6°) 1
2021
2021
2021

702
¥0'Z
S0°C
S0°C
90T
90T
90T
10T
10T
10T
80T
60T
60T

0ce
ace

€¢'¢
€¢e
vee
vee
rx4
r4
it

9¢'¢
9¢'¢

lec
8¢¢
8¢¢
8¢'¢c
6¢¢c
v.ec
74
§Gl¢
9.°¢
112
11¢C
8.¢C
6.¢C

08°C
28'¢
28'C
96°C1
28°¢
18]
18]
18]
88V
88y

68Y

68Y

68Y
06’y

€69
€69
¥6°9
G6'9
96'9
8L,
617,
0c'LA
L'l
LZ'.A
cT LA
9L+

|

MeO

N—CN

Me

1t

J\

B

Ko
Ko
a1
Teve

Feoz
ooz

Feoe

0L
K@o.v

Fooc
Foo0c

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S146

10.0

1.5


wangwei
图章


0¢'SlL—
S6'¢C—
we—

90°'Gy—
crer—

¥G'eG—

89'9L
oonW
ceLL

oL~
AN
6L YL —

9€° /2L~
2621

90yl —

186G —

VOGLL—

MeO

N—CN

Me

1t

Ll

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S147

200


wangwei
图章


DOONNOQOUTITRNOOIITITIONONNNN
QROQQWO®RQPREEOMNMNINNNNNNNNNN
FrrEr e e e e e r e e e e

N—CN
Me
1u

MeO
@)

'y
10°€
AN

Fioze

Fooz

Foo¢

€60
ﬂ”vo._\

Ev0c
Eeoc

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S148

10.0

1.5


wangwei
图章


SV'€c~
80'Gc—

eLle—
909y —

¥46'qS
E.mmv

899
oo.mmw
ceLL

G604~
9L ~_
8L —

€9'/¢) ~
§9'8ZL

LLevl—

G8'6G) —

8091 —

MeO

N—CN

Me

1u

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S149

200


wangwei
图章


000-—

969
969
169
9l
yAWA
6L
6L
9c’.

MeQO

N—CN
Me

O

1v

e

Fesv

Feoz
Fooz

Koz
e
102

0L
X 160

Fvoz
Fvoz

-1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5150

9.0


wangwei
图章


¥6'€C—

08'vE—

909~

STy

96'6G—

8L V99—

6L0LL—
00'SLL~_
8L —

9L'/C) ~
zreeL "

8¢ ovl —

L0091 —

vevil—

JWJMWMWMWMW

MeO

N—CN

Me

1v

I

u

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5151

200


wangwei
图章


000—

1LV —

€8 ¢—

Vv~
18—

¥6'9

969
969

86'9
veL
§c'.
¢l
9’/
1CL

MeO

N—CN

Me

1w

Jo

il

|

Feoe

Fe61

SL'L

Fsoe

960
00°L

Feoz
Foze

7.0

-1.0

55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5150

6.0

6.5

9.5 9.0 8.5 8.0 75

10.0

1.5


wangwei
图章


Sv'ce—

c0ce~~
LLree~"

96'66—

G1'9L

mNNN.\

00°0LL —
8T L
G6VLL—

€0'22b~_
ge 1z

eyl —

€0°09L —

9L —

MeO

N—CN

Me

1w

U U A I

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5153

210


wangwei
图章


v.Z—

a8e—

S6'v

€69
¥6'9

G6'9
96'9
96'9
YA
YA
8l°.
6l

0c’.L
9C'L

|

t

1 JLJJI

.

I

N—CN
nBu
1x

MeO
Me

Fssc

Foaie
Esos

Fvoz

Fooz

Feoe

860
960

=81
=81

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S154

10.0



wangwei
图章


96°€L —

gecz"
zT9c—
10°0E~_

¥§'6G—

OL b~
00€lL—
98—

19°/¢L~
€8'8¢cL

S9'GvL —

166G —

GC9LL —

MeO

N—CN

nBu

e
Me

1x

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5155

200


wangwei
图章


000— _—

05'L— —  F109

ve'e
@m.NW

9e'Z

1€2 == Feoz

082 = [-c6¢

J\

Foo¢

) ——— =60
00 mV 160

. H\mm.r
81'L I

8L/ = oLe
6L, — ooz

Ph

N—CN
1y

MeO
O
Me

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5156

10.0

1.5


wangwei
图章


8l'9¢—

rve—
€6'8c—

6677~
SG'Ssy~"

¢§'eS—

89'9L
oo.mNW
ceLL

oL~
€LELL~
€8y

88'G¢l
mw.NNFW
ge8cl
Nm.wm_\w
69'8¢l
S9'LylL—

€8l —

68651 —

819/ —

MeO

N—CN

Ph

RN

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S157

1 (ppm)


wangwei
图章


000—

05—

€8Cc—

18'e—
86'€—

05—

MeO

N—CN

OBn

Me

1z

ES19

Eo00¢

E=lce
Eioc

Foo0c

E160
F960

F-202
€0'C
H\No.r
(1

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5158

10.0

1.5


wangwei
图章


v1'9¢—

veer—
Ly —

€6'6G—

6L'1L
N_\.mKV
GL°9L

\eAvay oy =

S¢'LL

60°'LLL—
L8 YL~
GE9LL—

c9'Leh
6/./¢cl W.
c8'leh
€8¢l \
28'8¢ch
G0'8¢l —
LLevl—

886G} —

L9V —

MeO

N—CN

OBn

Me

Me

1z

B |

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm) 5159

200


wangwei
图章


000—

€L —

€0
0L
veL
Gc'L
Gc'L
1cL
8¢’/
4
€e’L
ve'L

9e’L
JASWA
Sv'.L
'L
05,
LG,

Me
N
2a

Ph

Fooe

T
va.m
oL’

Ev60

Ez60

Feo

98y
@_‘o.v
00¢

60°C

-1.0

3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
S160

3.5

40
1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.0


Jason
Stamp


AN YAl
2692~
LE'BZ~_

199V —

189G —
8/'65—

v.'9L
ooNNW
G¢'LL

Y89l —
00°LcL
Lg'LcL
65°/¢Cl
89°/¢l
058k
1/°8¢1
ccech
oeoel
Leeel
68'8€1
1172yl
v6'evl

S\

€6'vLL—

Wi

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5161

200


Jason
Stamp


000—

OMe

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5162

10.0

1.5


Jason
Stamp


9cLe—

906V —
GE'GG~
¥6'95—"

65'G9—

GL'9L
ooNNW.
G¢'LL

Syl —
119V —

S'ocl
96'9¢1
ccleh

19'/¢)
G1'/c)
€¢'8¢L
9v'8cl
€5'8¢l

18'8¢L
LLOvL
142

vo'vvl

985l —

GGGl —

vy
\!

AN

OMe

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5163

210


Jason
Stamp


000—

W

Me
N

CN

L

Fogo

98l
167}
6L
10C

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S164

10.0

1.5


Jason
Stamp


SO'le~
0ece—

80'0F—

9€ ¢S —

9L'/G—

GL'9L

mNNN.\

686Gl —
18'v¢Cl
9l'Lcl
Wicl
65°/¢Cl
68°/¢cl
Ly'8¢cl
cL'8ch
oLoel
€eect
8¢ /€L
454
Na4s

N

6EV.LL—

Me

CN

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5165

210


Jason
Stamp


000—

6E'L—

CN

pzd

Me

Ph

2ac

e

F ooe
860
660

F so

F 201

-1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5166

9.0


Jason
Stamp


GL'GCc—
€8'8¢—

09'€y—
L0y —

8G'9G —
168G —

089LL —
€6'9¢l
6¢°L¢)
8v'/c)
19'Lc)
c8'leh
L6'LC)
0¥'8ch

88'8¢1
06'8¢L
19°LEL \
9lerl
6C'eYL

96vLL—

z

CN

Me

Ph

2ac

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 -20
1 (ppm) 5167

200


Jason
Stamp


000—

L9V —

G8'€—

o

N
Me

=

2ad

Ad L

Fore

F60
Fse0

Fooe

Fioz
20T

660
10¢

E660

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5168

10.0

1.5


Jason
Stamp


€8V —
¥5'8¢—

05'6G—

69'€9—

GL'9L

\oAvay v =

S¢LL

0Z'ShL~
16°GLL -~
AN
291l
5@9#
€762}
om.oQW
£608L 7
89°Z€}

L0°Lv)—

L6'6GL —

G9°L91 —

OMe

Me

NC

2ad

-10

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

200

S169


Jason
Stamp


000—

8L'¢

VAR
4R

9.9
19
119
8.9

6.9
6.9
0891
1891
28'91
28'91
G0'LA
G0°LA
90°L4
90°L+
10°LA
1207,
80°L4
9C'LH
(R
1€°L
L€' LA
A
gL
e’
e€e’L
ve'L
ve'L
GqeL
qeL
9¢’.
9¢’.
1€°1
1871

09°2L
09°2L
192
9L
c9'L
€9/
mm.n.\.
¥0'8
¥0'8

§0'8
90'8

90'8

o

N
Ph

2ae

Frot
Fe60
Fooe

3.5

-1.0 -1.5

-0.5
S170

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

9.0


Jason
Stamp


11'GC—

1e°6G—

c8'89—
mo.mm./.

00°LL—F
Nm.nn.\.

WOV~
9SG
6v'¢cl

c9vel
69°9¢1 ./.
96'9¢1
66'8¢Cl

mo.mm_\w.
096k
19’6
LE71EL
60°€El
LL'LEL

oS Lyl —

126G} —

8 /9L —

OMe

Ph

NC

2ae

ol il L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm) S171

200


Jason
Stamp


000—

G8'€—

OMe

CN
2af

fk

1N

Fio
Foo

Feze

Feol

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5172

10.0

1.5


Jason
Stamp


16'lCc—

Y666~
9L'.G—

Y6 vLL~_
LS~
€ezel

S.vﬁﬂ
9L'9ZL~T
11821 —
E.mﬁﬂ
€0zl

%.Nﬁ\

VLl —

LE8G1 —

G9'991 —

OMe

CN
2af

B —

——

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5173

210


Jason
Stamp


000—

Wi—

OMe

Me CN

2ag

J\

Fli6c

96°0
660

860
660

bgs)
Fzo

€0
T-20')
T-€0'}

Fs60

-1.0

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 -0.5
1 (ppm) S174

9.0


Jason
Stamp


89—
'8C—

Geor—

GG —
€9'8G—

899

OO L

ceLL

YT~
00°GLL—
099l

v9'LC)
9/°/¢cl
8¢'8cl L

68'8¢l —
LE°0€L

vv.om_\N
90°LEL
a8eel

€LvEL

8€'651 —

8ol —

OMe

Me CN

2ag

—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5175

200


Jason
Stamp


uu U
621
e 1A
(%
€8°1
871 q
G881
98| 1
1871
1871
881
881
68| 1
16'L

16'L

€6°1L

¥6°1L

S6°L
96°L

867}
667}
00°c
l0'c
c0¢c

€€¢
vm”NV.

1e¢
8¢¢
6€¢C
ov'e
e
144
cse
96¢

18'e—

OMe

CN
Me

2ah

Foo¢

- = ﬁmv.v

-1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5176

9.0


Jason
Stamp


[A74°1
LC69—

89'9L

OO L

ceLL

€GvIL—
WL —

G9'0EL ~_
gLLeL~"

065l —

ev'LLL—

OMe

CN

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm) 5177

200


Jason
Stamp


000-—

OMe

MNen
Me

Ph

(*)-2al

Foze

H/.oo._\
60°L
160

H\.mm.o

-1.5

-1.0

S178

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5f1 ( 4).0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
ppm

10.0


Jason
Stamp


01L'82~_
Rex-radl

8y —
veor—

Sy'6G—
9,°09—

6Vl —
SO'ZL —

yAWEAS
0€’Lch
00'8CL -7
G/.'8¢cl .\.
G9°0€1

16'8€L —

L9651 —

LGVl —

OMe

N
I™NeN

Me

Ph

(¥)-2al

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5179

210


Jason
Stamp


18°€—
86'9
rﬁN)/
FTNWW
[4WA
el
vi'L
©r o
5,HHV\m
) 2
=
0
o

H5,6

H2

H4

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm)

8.5

S180


wangwei
图章

wangwei
文本框
H4

wangwei
文本框
H2

wangwei
文本框
H5,6

wangwei
文本框
H3


el—

vm”m/
96 m%

(#)-2al
>20:1dr.

H3

H2

H4

H5,6

H1

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -
1 (ppm) 5181

8.5


wangwei
文本框
H4

wangwei
文本框
H2

wangwei
文本框
H5,6

wangwei
文本框
H3

wangwei
文本框
H1

wangwei
图章


000-—

¥6°9
S69
969
169

S0’
1072
102
yXAA

OMe

\\\\\\\ C N

Me

Me

(¥)-2am

0oce

1424
6l°¢

7.0

-1.0

55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5182

6.0

6.5

9.5 9.0 8.5 8.0 75

10.0

1.5


Jason
Stamp


¥8e€—
oz 7
- I
5HV\W
o 2,
= A v
O z
e}

H4

(*)-2am
9:1d.r.

major diasteromer

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -
1 (ppm) 5183

8.5


wangwei
图章

wangwei
打字机文本
H4

wangwei
打字机文本
H2

wangwei
打字机文本
H3

wangwei
打字机文本
H1

wangwei
打字机文本
H5,6


LL9L—

1082~
ze8e”
G0'6E—

98'0V —

€V'6G—
¢L09—

89'9L
ooNNW
celLL

88Vl —
SO LLL—

€vicl—
6G°0€L —

656651 —

oL’ LL)—

OMe

\\\\\\\C N

Me

Me

(¥)-2am

uwwme'MMuJMMWm MMWWMMW

B

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
M (ppm) S184

210


Jason
Stamp


000—

SVl —
Yo'l —

AN
LT~

SF
%l

90"~
80 ¢~

€8'€—

969
969
169

€0’
€0’
y0'L
v0'L
9¢'.
8¢,
6C'.

8¢’
6e°L
oL
or'.
Wl
€5,
€5’

€5’
vS'L
vS'L
qG'.L

OMe

\\\‘\\\C N

Me

=
Uil

(¥)-2an

Fool

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5185

10.0

1.5


Jason
Stamp


v’ Ly~
iAo

67'6G—
G8'6G—

GL'9L

\oAvay = =

G¢'LL

v6'vil —
06'9LL—

88'G¢cl
6l°/¢cl W
Wvicl

Sl'ect
mo.om_\\‘

aovrl—

€L651 —

€0'LL)—

OMe

\\\\\\\C N

o

Me

=
QN

=

(¥)-2an

wwwmww«mw R ——————

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5186

210


Jason
Stamp


OMe

major diastereomer

in CD,CN

=l

S187

10


wangwei
图章


N
€9'1
96'T
L6'T
L6'T
86'T
86'T
91'CH

=re

[4A\

ST
092\
€9'C
¥9°C
89°C
we
SL'T
98'€—

S0'L
S0°L1
90°L
LO'L
LO'L
80°L
81°L1
81°L
61°L
0T'L
0T'L
1TL
0€'L

€C'L7F
ob'L
L
WL
'L
0SL
0SL
1§°L]
16°L]
1S°L
s
'L
5L
css ]

011
60

960
880

— P

minor diastereomer

in CD;CN

=6b'¢

W =€p'¢
—
>
--.m..
<
.

oy

i M\oo.m

= 700¢

G
270

L0C

S188

10


wangwei
图章


000—

Le'g
ve's
ve's
9€'G

&

169

181

INen
Me

OMe
N

PhthN

(%)-2ao0

S

Faec

00’}

90’}
Ezo1

Fio

Fsoz
Faz

90°¢
90¢

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5189

10.0


Jason
Stamp


8C'/[Cc—
0L'6c—

LL9€—

6C8Y—

o'eG—
c909—

89'9L
oonW
celLL

L6V~
18°9LL—

15'€gL —
¥8'9Z) ~
S50Ek~_
18'1eL—
ZveL—

88651 —

ce L9l —
617691 —

OMe

“\\‘\\C N

Me

PhthN

(£)-2ao

Il

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5190

210


Jason
Stamp


s —

zes
mm.mV
9e'5-7T
8e’g

H4

(V]
© I
Lo
™ I
T —
z
© T O o
OLN S
=2 T R
o L 9
W z To 9w
1y, \._H_:O
:QH (2
~ A

—
I

8.0 75 7.0 6.5 6.0 55 5.0 45 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -
1 (ppm) 5101

8.5


wangwei
图章

wangwei
打字机文本
H1

wangwei
打字机文本
H3

wangwei
打字机文本
H2

wangwei
打字机文本
H4

wangwei
打字机文本
H5,6


6v'L—
oL —

Lv'e
05°¢
1G¢
€5°¢

H2

H4

8GZE

c9¢—

1927
Wi
18T
¥8'C
68z
182

H5,6

8L~

H3

(¥)-2ao
>20:1d.r.

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -
1 (ppm) 5107

8.5


wangwei
图章

wangwei
打字机文本
H4

wangwei
打字机文本
H2

wangwei
打字机文本
H5,6

wangwei
打字机文本
H3


‘\\\\\\ C N
Me

OMe
N

(¥)-2ap

BnO

Fos¢

Eeov

E¥E0
Fo0)
Feel

€0
00}

G9°¢
89°0
90°¢

Faro

-1.0 -1.5

-0.5
S193

9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0
1 (ppm)

10.0


Jason
Stamp


19°/C~
ve'6c—

L9'6E—

€V'eG—
16'09—

052L
Tyl
8.8#
00'2L-T
zeLL

L6V~
LL9V—

8G'9¢)
8.'/¢) %
v0'8¢l—r
€8¢l
Ly'oelL

coLEL—

8.'651 —

€Lell—

Sen
Me

OMe
N
(¥)-2ap

0
BnO

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
M (ppm) S194

210


Jason
Stamp


v —

H5,6

H4

H2

1ge
ezh\
vy
STy
9y
Wy
QQW
iy
Svy
9L v~
6Ly~
906~
605"

60°L~_
A

6€L—

H3

H1

(¥)-2ap
3.2:1dr.
major diastereomer

8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -
1 (ppm) 5195

8.5


wangwei
图章

wangwei
打字机文本
H1

wangwei
打字机文本
H2

wangwei
打字机文本
H3

wangwei
打字机文本
H4

wangwei
打字机文本
H5,6


000—

a8e—

¥6'9
G6'9
G6'9
§69
§69

169

0L
0L
S0
902

€L’z
GL'L
9L

RN
"N

OMe
N

(¥)-2aq

L

260
680
YA
09y

€L}
H/mw.r
oLe

00t

810
mmw.o
¥0°C

Fese

092
oLz
B-z50

7.0

-1.0

6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)
S196

6.5

8.5 8.0 75

9.0


Jason
Stamp


Y96 —

vele~
Yrve~C
€9'9¢~
1622

€y —

906V —

e —

9LV —
veLLL—

§G°LCL—
06°0€lL —

96651 —

SL6LL—

OMe

o
I™Nen

(¥)-2aq

-10

S197

10

40

60

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

T
210



Jason
Stamp


© < OANO—NMNLUOM— O O N~
S ) OOITONNNA A
N~ ™ ANANNNNNNANN -
OMe | = |
6,7
Y
O NN en H4
Me ", Me g
1,2 Me ki Me
4
3
(%)-2aq
4.4:1 dr.
major diastereomer
HS5

H6,7

| ] | H3 JLTL
e :

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

4.0
f1
(pprm) S$198


wangwei
图章

wangwei
打字机文本
H3

wangwei
打字机文本
H5

wangwei
打字机文本
H4

wangwei
打字机文本
H6,7


 © © M- O [(e]
Q9% 0 NNNN <
N~ N~ © AN NANANAN ~
N/ | SN\
OMe
oy
(0] N o CN
Me 4, Me 5
1,2 Me A ,Me
4
3
(%)-2aq
4.4:1dr.
major diastereomer
H6,7
H3
I
il
l ! H5
A .L -
(W
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1

4.0
1 (ppm)

S199


wangwei
图章

wangwei
打字机文本
H5

wangwei
打字机文本
H3

wangwei
打字机文本
H6,7


000—

€L —

ve'e
wm.NW
444
mv.N.\.

10~
v0e~"

Gee~L
gee"

Fooe
10}
$6°0

Fe60
Fe60

Fele

9€'¢
44
10°¢

-1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5200

9.0


Jason
Stamp


¥9'9¢—
ov'6c—

9L 9y —

695 —
166G —

G1'9L

Ll

OO0 22

S¢lL

L2911
10'L¢)
0g’Lch

09°Lch
0/°Lc)
96'8¢l
¥8'8¢CL
16'8¢CL
£€6'6¢l
LL'6CL
€0'GEL —

89°ZL~_
06CrL~"

S6'v.L—

CN
Me

Ph

Ph

2b

-10

190 180 170 160 150 140 130 120 110 1 00f1 ( 9)0 80 70 60 50 40 30 20 10
ppm

200

S201


Jason
Stamp


000—

el
eel

9g'L
9€'L

tBu

€V'6
Www.m

60

060
Fos0
Fog0

Kooz
619

oo

3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5

3.5

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5

9.0

S202

1 (ppm)


Jason
Stamp


c99Cc—
Ge'6Cc—
yeLe-—"
89VE—

LUy —

68'96 —
06'65—

GL9L
OONNW
G¢'LL

€06 —

tBu

i

Lo

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 =
1 (ppm) 5203

200


Jason
Stamp


000—

el —

€€°¢

@m.NV
\Wwe-r
TQ.N.\.

L0E~L
voe~"
£8°E~
9ge~"

S
9l
S’
LcL

6L
0e'L

gL
Ge'L
9€’L
YA
A
'L
8L
61°L
6v°L

J Fooe

660
¢6°0

Fes0
Fis0

L H\.No.w

-1.0

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) S204

9.0


Jason
Stamp


¥5'9¢—
6€6¢—

199V —

68'96 —
88'66—

GL'9L
ooNNW
S¢LL

€991
99'9L1L
G891
A4S
gelcl
96°/¢cl
G9°'/¢cl
298¢k
G9'8¢l
98'8¢l
88°0¢€1
060k
€e'lel
or'iLel
09°crl
99°¢vl

T

86191 —
96'€9lL —

91’6l —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5205

200


Jason
Stamp


000-—

€L —

cee
@@.NV
\We-r
e

L0E~C
voe~"
€~
9e'e"

Cl

Fooe
0L
60

F960

Fzs0

961

181
_memwo.v
0€9

-1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5206

9.0


Jason
Stamp


19'9¢—
ov'6c—

€LY —

¥6'9G —
¥6'65—

Y0'SLL—

Cl

1LY

-10

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

200

S207


Jason
Stamp


000—

€e'l—

GET~
ov'e-7
vv'e

66'C~_
z0e"
zee~
vee-"

8e—

OMe

UL

Fue
00}
¥6'0

Fveo
Fs60

Fooe

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5208

10.0

1.5


Jason
Stamp


1G9 —
L€'6c—

1G9 —

L6~
¥8'96~"
866 —

6 —
9891 —

€0°'LCl
€¢'LCl
9e' /¢l

09°'/¢t

0/°Lc) i
€5'8¢l
6.8¢l
c90el

08¢yl
S6¢rl >

€L651 —

LGLL—

OMe
N

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5209

200


Jason
Stamp


000—

el —

_

S

|

OAc
CN
Me
2g

Ph

Fooe

oLe
Mvm.o
€60

Fe60
Fus0

S0y
oLe
(A0 %

80¢

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5210

10.0

1.5


Jason
Stamp


cl'ie—

15°9¢—
ov'6c—

0L 9y —

G696 —
1009 —

GL'9L

mNNN.\

LLOLL—
06°cch

Sl/cl
celeh /.
09°LcL
89°/¢l T
19'8¢L
£€8'8¢l
65°0€1
8ecel

y9evl
LLevl

080G} —

66891 —

LGl —

OAc

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5211

200


Jason
Stamp


000-—

8E'L —

1€7C
o'z~
vre-7
8v'e

29¢

Y0'€~_
10"
9e"e~_
6ee~"

"
Py

_ 18€
= 60y
= = 10Z
00

Fiet

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5212

10.0

1.5



S6'9V —

S0'LG—
81°09—

8VoLL —
(x4
€' Lcl
§6'/¢)
€9°'/¢1
G9'8¢L
06'8C)
85'6¢l
99'6¢1
60°.€1
15°6€1
A gads
6v'crl

RSO PR

66'V.L—

§6'961 —

Ac

mmﬂJ,wMWMWWMW v

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5213

210


Jason
Stamp


000-—

9L —

8CC~
V-7
ov'e

L0e~_
v0e~"
GEE~
Ixd

802
602

0L’
0L’
YA
G’
1ZL
0e’L
€e’L
mmNV
9€’.L

6€°.L
or'L
Wl
Wil
ev'.L

8L
6v°L

Cl

CN
Me

Ph

2i

M,

Foo¢

660

60
w60
Fee60

160
HH\.\.mm.o

18}
018
90°C

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S214

10.0

1.5


Jason
Stamp


G9'9C—
v6c—

89—

€6'9G—
€009—

GL°9L

U0 22

G¢'LL

€59l —
0z L2)
T ie)
€521
29121
18720 F
y9'82)
16'8Z1
12621
19621
99'0E1
61°GEL
1E'9EL
LZbl
85Zhl

86'V.L —

Cl

-10

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

200

S215


Jason
Stamp


000—

e —

ve'e
8C T~
\We-r
Sv'e

Y0'€~_
108"
9ee~
6ee~"

g¢'L

8¢'L
6L

ve'L
9€’L
YA
8¢/,

ovL-E
rad

Sv'L
8L
05,
6G°L
192
9L
89/
042

CN

CFs;
Me

Ph

2

Foo¢

96°0

960

E160

Ev60

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5216

10.0

1.5


Jason
Stamp


199¢—
'6c—

€8'9y —

G696 —
9009—

5°9L
00'2L
ST'LL
Or'9LL 1
0102}
1TTTL
VYTl
92°521 1
6L°ST)1
28'SZh
58'6ZL
8192} 1
12'9Th T
29211
lT9e)
09'9z}
9z LTl
vl
1G5 2L
65T}
19'8ZL
£6'82)

Ly'oelL
y8LeElL
oLeel
PANANE
€9¢el 71
LLEEL *
18'GEL
seerl
mv.wv_\v.

cl'GlLL—

CF3

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5217

200


Jason
Stamp


000—

6EL ~—
1€¢C
ov'e
ev'e
YA A4

90°€
PASRS
ore
c6'e
¢’
9’
1eL

6C'L

6C° L
0€°LA
(R
1€/
1€/
e LA
e LA
Ge' LA
Ge' LA
9€° L
VAN
1€ L4
VAN
6€°LA
6€°L
6€°LA
0L
0t LA
LA
(A2

YL
YL
Sv'L
Sv'.L
S’
052
052
1G'L
1G'L
4
42
vS'L
9G°/L
8G°L

182
_\wNW.
182
608

01’8
118

118

CO2Me
CN

Fseez

860

¥6°0

Fes0
Fee0

Fooe

-1.0

3.0 25 20 1.5 1.0 0.5 0.0 -0.5
S218

3.5

8.0 75 7.0 6.5 6.0 55 5.0 45 40
1 (ppm)

8.5

9.0


Jason
Stamp


199¢—
Sv'6c—

189y —

Les"
€695~
16'65~_

¢Sl —
GlL'/c)
6¢'L¢)
€5°/¢l
c9'Lch
098¢k
68'8¢l
98'6¢l
00°0ck
Le0el
98°LEL
acvel
6€°GEL
ov'evl
89°¢yl

06991 —

c0GLL—

"

"

COoMe

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S219

1 (ppm)


Jason
Stamp


000—

veL—

ve'e

Nm.NV
vve-7
Q.N\
00~
c0e"

£8°E~L
9ee"

18'e—

|

OMe

CN
Me

Ph

2|

Fooe

160
€60

Fes0
Fes0

Frez

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 05
1 (ppm) 5220

10.0

1.5


Jason
Stamp


6G'9¢—
6€'6¢—

SLY—

bGG—~
2695
1665 —

[4Aa4%s
8G'GLL
18'9LL /

€5°1cl
@o.mm_\/
9c'lcl

6G°/¢)
89°/¢l
§6'8¢Cl —
08'8¢L 7
ye0cl
80°9€L —

69°¢rl
y8'erl De

o9l —

1Ly —

OMe

CN
Me

Ph

2|

NWAM

.

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5291

200


Jason
Stamp


000-—

el —

OMe

MeO

CN
Me

2m

Fooe

S6°0
60

F¢60
Fze0
Froo

Fg61
960

12 %4

00°¢
90°¢

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5297

10.0

1.5


Jason
Stamp


09'9¢—
€v'6c—

9L 9y —

0G6'6G~—
¥6'96~"
¥6'65—

mm.mm./

Ao~ = =

S¢'LL

0900} —

¢80l —

9891 —

80°L¢Cl
9c'Lcl
19°L2L
0/L'/L¢)
15'8¢L \.
08'8cCh
19'9€L —

LLevl
N@.NS\V.

€e'19l —

vl —

OMe

MeO

CN
Me

Ph

2m

eI

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5223

200


Jason
Stamp


000—

Wil—

¥6°9

S¢'.L
Y4y
1ZL
1ZL
8¢'L

6L
0€L
0e’L
0e’L

ve'L
9e’L

yASWA
6E°L
6v°L
1G°L
[4pA
€5,
vS'L

Me

mmL_JM_A i

Ll

Me
CN
Me

N
2n

Foo¢

Foo¢
F16C
86°0
060

Feg0
Fss0

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S224

10.0

1.5


Jason
Stamp


9€'8l —
88'0¢—

G6'9¢—
ccoe—

L8y —

868G —

SGL'9L

UU L
5zl
or1e””

8€9LL —
¢l 0cl—

'9cl
6l°/¢) W
8€'/¢cl
v6'LC)
c0'8ch
Ly'8ch
99'8¢l
£€8'6¢l
60l
coeel
08¢yl
9cevl
9cevl

€8'19L —

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5295

200


Jason
Stamp


Fooz

980
980

Fez0

Fvoe
Foc

-1.0

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5226

9.5


Jason
Stamp


1565 —

LEL9—

GL'9L
ooNNW.
G¢'LL

A
£E'GlL
8021

€Ll —
y90€l —

09°LEL —
106G} —

8661 —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5297

210


Jason
Stamp


000-—

€L —

Lee

mm.NV
6€C-7T
mv.N.\.

20~
0e~"
£ e~L
9 e

Feoe

66°0
96°0

60

o960

Fooe

90

Gee
€0y
§0°¢C
80°C

660

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 5228

9.0


Jason
Stamp


€V'9c—
Lc6c—

1G9V —

G8'eG—
€696 —
8'66 —

GL'9L
OONNW
G¢'LL

88°LLL—

¢S 9l —
€1'Gel

6l°/cl /
6€°LCl
€6°/¢C1
c9'Le)
98¢l
18'8¢l
€6'6€1 —
8y'evl 7

SGevl
9T Lyl —

c6'e9l —

S¥'GLL—

WHNM A

e

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5299

200


Jason
Stamp


000-—

§0°.L
NONW
yAA

IR\

g¢'L
9C’L
9c’L

Me

Fioz
Fee

-1.0

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5230

9.5

0.0


Jason
Stamp


INYAN
1012

Nw.N%
97’8z~
z6'0s"
896 —

699y —

8665 —

GL'9L
oo.wwv
S¢LL

90 LLL—

9E'6ZL ~_
620EL—
gezeL "

€8¢ —

6Ll —

Me

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10 20
1 (ppm) 5231

230


Jason
Stamp


000—

8e—

OMe

Fooe |

Feoz
Fecoz

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05 -1.0
1 (ppm) 5230

10.0

1.5


Jason
Stamp


8yl —
80°LLL—

1G' L2l —
69°0€L —

86651 —

09'6LL —

OMe

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5233

200


Jason
Stamp


000—

9€'0
_‘v.ol./.n

— 660

OMe

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S234

10.0

1.5


Jason
Stamp


89'9L
oonW
celLL

86651 —

vL9LL—

CN
Me

OMe
N
2s

Bn

WWWWWWMWWM T 1 S—

100

190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10
1 (ppm) 5235

200


Jason
Stamp


T

B

OMe

N
2t

3

—_—

CN
Me

Fooe

oz
Fzoz

7.0

6.0 55 5.0 45 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm)
S236

6.5

8.5 8.0 75

9.0


Jason
Stamp


LG9l —

28°92~_
G9'6Z~_
09'LE~
6z2e"

65 vy —

or'or—

Yr'6G—

Ly'09—

a8 —
c8 9L —

1G' L2l —
1G5°0€L—

€665 —

Sv'8LL —

OMe

CN
Me

2t

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5257

200


Jason
Stamp


CN
Me

OMe
N

2u

LUL

Fooe

€02
Fvoz

7.0

-1.0

25 20 1.5 1.0 0.5 0.0 -0.5
S238

3.0

3.5

5.5 5.0 4.5

6.0

6.5

8.5 8.0 7.5

9.0


Jason
Stamp


or'se
poo
iz’
ecoe”

9168~
G168~

SLly—
LLey—

Y'6G—
0L'09—

GL'9L
ooNNW
G¢'LL

18V —
9691 —

€9'/¢) —
19'0€} —

€665 —

€861 —

OMe

CN
Me

2u

.

100

190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10
1 (ppm) 5239

200


Jason
Stamp


0004
i2d%
0S'L4
0S'L

LG
LG
LG
Al
€671

€511

OMe

CN
Me

2v

10€
660
E660

/8L
oL'b
860
€60
10}

H/mme

Foo0¢€

H\moé

Fo00¢
Feoc

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm)

9.0

S240


Jason
Stamp


88'87~
6805 —
96VE~_
Syge—

Wiy~
8C ey —

o —
oL LLL—

0LV —
99°0€L —

LL'6GL—

9L’ LV —

OMe

CN
Me

2v

MWWWMMWW“WMMWWWWW WMMW@MWWWM

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S241

200


Jason
Stamp


000—

orlL—

YANA
YANA

6L¢C
6lL¢C
0ce
T4
yAN4
6€¢C
6€°¢C

Lv'e
Lv'e
444
€v'e
144
(44
LG
1°K4
6G¢C
19¢

€9°¢

€9°¢

Y9
G9°C
99°C
LL'CH
cLT
€L°C
v.2T
9.°C1
9121
8.2
z8e-

969
169
169
869

_

CN
Me

2w

Judt

Foo0c
o6l

-1.0

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 -0.5
1 (ppm) S242

9.0


Jason
Stamp


8y'6G—

¥6'C9—

GL9L

\oAvay =7 =

S¢LL

YOGl —
8L9LL—

v L2l —
y9°0€L —

GL6SL—

VLV —

OMe

CN
Me

2w

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S243

200


Jason
Stamp


000-—
160
€60
G6°0
€e’l
Wl
0S°L
LG’}
€571
€G'1
sl
oG’
Nm._\v.
L9}
9L
S9'L
99°L
89°L
Sl'¢
6l°¢C
€¢e
ov'e
vve
0S¢
§6°¢

8e—

¥6'9

9C’L

OMe

CN
nBu

F oo

%zvvor
01
W”@QF

00'L

Vo'l
T 660
T 160

F ooe

F ooz
F 1oz

1.5

25

-1.0

0.0 05
S244

0.5

2.0 1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0
1 (ppm)

9.0


Jason
Stamp


L8Vl —
6V LI —

G9'/¢) —
€501 —

6¥'651 —

0008} —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
S245

200

1 (ppm)


Jason
Stamp


OMe

Ph

€1'e
l0'e

860

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S246

10.0

1.5


Jason
Stamp


PN

vy m"m'wv

LoV —
6C LU —

259zl
vmswr%
80'8ZL 7
5.'821

E.oﬁ\

€6'6EL —

196G} —

96'6L) —

OMe

P

-10

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

200

S247


Jason
Stamp


000—

L~
6EL—

€Y —

OMe
N

JU

ol AN
F60¢

¥6°0
60

Mloo.m

R
%'l
Fgel

H\.No.m

7.0

-1.0

5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S248

6.0

6.5

8.5 8.0 75

9.0


Jason
Stamp


91°9¢
i.NNW
9/'/¢

86—

LLey—

Gr'eG—
0v'c9—

60°€L
om.mNV
G/ 9L

00°ZZ
S¢LL

€8Vl —
€691 —

8v'Lc)
18'/¢)

9651 —

8608l —

OMe

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S249

210


Jason
Stamp


000-—

oLec
oLe
oLe
le

ve'e

© ©
N~~~
W?&W

Me

3a

L I

JL

Fzo¢€
Foo¢

Fs60

60

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5950

10.0

1.5


wangwei
图章


oL'le—
r'se—

GL'9L
oo.mmW
G¢'LL

80801 —

JVITEN
L0921

19°/¢l
Ly 0EL
S6°0€1
criel
co'lel

£0VEL —
zeveL”
Y0Pl —
6677l —
LGkl —

Me

\I

3a

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5251

00


wangwei
图章


000-—

8¢l —

L0C—

tBu

Ll

<

F36G'6

Fore

Fool

Fe60

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5257

10.0

1.5


wangwei
图章


6€'GCc—

Le—
8L ve—

GL'9L
ooNNW
G¢'LL

91801 —

0L —

E.mﬁ
om.@ﬁ/
NESV
G8'0¢l

el
lGLel

2.5\
Z8veL

1627 —
V25l —

ceeSl —

L

VIV

o

tBu
_N
&
O
Me
3b

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5953

200


wangwei
图章


000-—

Le—

3c

M

Elo¢

E160

E-s60

Ee61
B oz

L0'L
660
£00'L

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S254

10.0

1.5


wangwei
图章


Sy'GCc—

GL'9L
oo.mmW
G¢'LL

€8°L01 —

98911
vo.n_\_\v
SLLLL

16191 —
86'€9l —

3c

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm) 5255

200


wangwei
图章


000—

Ao,

Le—

ﬁor.m

.

Slv— — Foo01

0€'S
S.mw. —— T-l01

~CN

cl
N
\Y
0
3d

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5256

10.0

1.5


wangwei
图章


Wee—

89'9L
oo.mNW
ceLL

8G°/0L —

8T LIk
ol 1Zin\
18°22)
90°0€EL
66'0EL
65'LEL
6LZEL
69°EelL
9L'sEL -7
voser
00yl —
Y2 'Syl —

Cl

SR 1| N .

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm) 5257

200


wangwei
图章


000—

Le—

6L€—

OMe

e

i

Feoe

Foo1

Foo1

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5258

10.0

1.5


wangwei
图章


8¥'G¢c—

166G —

899/
oo.mmw
ceLL

¢c'80L —

V6 vl —
WL —

€5°921
N@.RF/
sezL X
66'06L —
Q.:&“
z6'eel

19091 —

OMe

3e

mwwlwwwmmmmwmwmmw

L

|

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5259

210


wangwei
图章


000-—

le—

Cl

3f

JUJML _ ) 1, !

Fuoe

Fs60

o001

-1.0

10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5260

10.5


wangwei
图章


6€'GCc—

G1°9L
oo.nnw
G¢'LL

L.0L—

Cl

3f

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm) 5261

190


wangwei
图章


000-—

Le—

VL E€—

A

OMe

N
~CN

[\

Me

N\

£.0¢€

Fio¢

Eo01L

=00}

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5262

10.0

1.5


wangwei
图章


0v'Sec—

166G —

Y09l —

OMe

-10

190 180 170 160 150 140 130 120 110 100f1 ( 9)0 80 70 60 50 40 30 20 10
ppm

200

S263


wangwei
图章


000—

()

11

A

%@@.N

—G80

—G80

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm) S264

10.0

1.5


wangwei
图章


Ge'Gc—

€¢'.0L —
€T LI
€961}
08’lchk
Lvecl
yvech
Ly'eel
0G°¢ch
16°'€Cl
819¢l
Lcocl
e 9cl
129l
c6'Leh
0,°8¢Ch
09°0€t
Lo'LEL
69°L€L
cecel
65°¢EL
G8¢el
8'ech
00°'sEl
Ly'ael
coerl
626Gyl

e e e S

3h

L

-10

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

200

S265


wangwei
图章


000-—

l6e—

J_.

Fu62

Fso¢e

E660

Foo

2660

€0'e
Ez01
0T
=20l

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5266

10.0

1.5


wangwei
图章


6€'GC—

9G'¢G—

899
oo.mmW
ceLL

96 .01 —

8¢’ LI —

19'92)
%.5/
8.@&/

00°0€k

¥50EL~F
€0'LEL
Z9'LEl

oL'cel
LLEEL

69'vElL
61L°GEL
96°¢vl

17414

0G99l —

C02MG

\Y
o)

Me

3i

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5267

210


wangwei
图章


000-—

€L —

Gec—

€9€—

8yy—
06—

5027

Me

Me

3j

A

P AV |

Feie

Fue

Fioc

Fss0
Fool

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5268

10.0

1.5


wangwei
图章


v~
€9'¢Cc—

190V —

Me

Me

3j

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5269

210


wangwei
图章


000-—

oLe
oLe
oL¢
oL'e

ve'e

~CN

Me
_N
S
@]

\

Me

MeO

3k

L

Fove
Fue

Euie

o0l

=0t

WMNO._\
Lo’}
80°C
14 X4

a0l

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0 -
1 (ppm) 5270

10.0


wangwei
图章


Lie—
ceSCc—

08'G6G—

L¥'80L —
0L7Ch~_
8oLl

€891 AN

A ARG
10921 —
GE0EL ~
18 LEL—
vieeL~"

LoovL ="

L0evL—"
99Vl ~

veyolL—

60 50 40 30 20 10 -10
S271

70

100 90 80
1 (ppm)

110

120

130

160 150 140

170

Me
\ /N
57 >CN
Y
Me
3k
190 180

200

MeO

210



wangwei
图章


vl ¢—

_J

06°€

8 v—

ov'G—

L9°9~
¥8'9~.
G897

€eL
meV

8V L-F
mv.m\
1G°.
99,
19/
692
G0'8
.08
oL8
I8

L

b

e

=€0'¢|

=c0°¢

=00} |

=00’}

=/60]

=660

=660 |

=107}

=007} |

wm@@.o

66°0 |

7.5

8.0

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

8.5

9.0

9.5

S272



00—

¢GC—

0va—

w.om/

WSRO

4 Ay =
m.mm\

9¢0L~
6'G0lL—
6801 —

¢8LL—
6'LCL

N.vm_‘w
LLEL~
0OveEL—
m.mm_‘\
v~
N44%e
N.mv_\“
L8yl

€a691—

S ]t

10

30

40

50

70

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

)0

S273

f1 (ppm)



A4
NF.NW
€Le

c8Y
c8Y
€8y
€eg
1298°]
ve'a
gea
gea
¢c09
099
199
99
€99
899
899
0L97

9

9g',
9g'/
vl
vl
e
€9’/
v9° 2]
m@i
99'2]
28,
28]
9/
gL

I

=1Lg|

=€0'L |

=¢0'}|

=v0'¢

H\No.r

mﬂum.o I

[4V%

Mvo.r |

vOo'l

G0 |

001

T
6.0

6.5

7.5

4.0

4.5
f1 (ppm)

5.0

5.5

7.0

8.0

8.5

9.0

9.5

S274



G'ac—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

)0

f1 (ppm)

S275



000—

cLL—

ww.mg

O,

o=

Me

Z

Me

NC

Fogc

Fu8z

G6°0
660

o001

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5276

10.0

1.5


Jason
Stamp


rArAd
GlL'sz—
Y262~

e —

899
oo.nmw
ceLL

009LL—
98'Lch
mm.vaM
96'9¢)
om.omr./.
€L0€L ~

8C¥ElL

9.0v1

Me

Me
4a

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5977

200


Jason
Stamp


000—

G —

VoL —

a8'¢c
98'C~
\6'C-7
v6'¢

9’
[AA
YL
162
[4pA
[4pA
€G°L
A
¥s'L

9L
9L

99°/L
99°L
192
clL
€L'L
€L'L
€L
|23
16°L
6L

O

N o

O“S

Bu

pzd

Me

NC

M

Fvie
Fe62

160
G6°0

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5278

10.0

1.5


Jason
Stamp


ygse—
0L'6c—~
aL'le—
6L Ve~

09'€9—

GL°9L
ooNNW
G¢'LL

Ga'eglL —

Bu

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5979

200


Jason
Stamp


000-—

VoL —

424
S8~
68C-7
e6'e

L¢'L
[44A
€L
gc'.

LG,
¢S’

5L
VAN
89'L—F
0.2
VL
L.
L.
L1
8L'L
€6°L
S6°L

W

L

Me

J

Fvoe

00°}L
160

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5280

10.0

1.5


Jason
Stamp


96—
lc6c—

c9e9—

GL'9L

OO ZZ

G¢'LL

0LGL
OE:/
8T LLL
6Lzl
STETI:
s9'5zh
19521~
vy 0S) ~
8GEEL~.

86'cEL T
00°SEL \
10°GEL \
vL'8El

CcL29L —
cLYOL—

2y

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5281

200


Jason
Stamp


000-—

VoL —

G8'C~\
88C-7
26'¢C

Cl

N
Me
4d

Fu62

Lo’}
€60

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5282

10.0

1.5


Jason
Stamp


8¢'Gc—
8C'6¢—

cLe9—

v.'9L
oonW
S¢LL

S9GLL—

88°'l¢l ~
Leect—
or'8cl
LE°0€L W
9Y'0cL

LOEEL—F
om.mmr\
Nm&m_ﬁ\
ww.wmr\
698€1

-1C

10
S283

20

30

40

50

60

70

100 90 80
1 (ppm)

110

120

130

Cl
180 170 160 150 140

190

200



Jason
Stamp


000-—

0Lt —

18'¢
G8'C~
88C-7
c6¢

98'€—

0L
€0°.L

42
YL
S9°L
99°/
89/
YAV
€L/
Sl
6L
v6'L

R

OMe

¥0'L
60

-1.5

-1.0

-0.5
S284

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40
1 (ppm)

10.0


Jason
Stamp


LV'Ge—
86—

196G —

e —

GL'9L
00°2L
0cLL
S¢LL

8Z'SLL~
86°GLL—"
Go'1ZL
E.&FW
0€'€z)
82°0SL~_
187€EL~_
8L vEL
1TVEL
168€L "

0 L9l —

OMe

Me
4e

Ly

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5285

210


Jason
Stamp


VLl —

¥8'e
88°C~\
0627
£6°C

/O
N
Me

JL

Il

Fuec

0L
wmiw.o

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5286

10.0

1.5


Jason
Stamp


VA A
9€'6c—

08'€9—

G9'GLL—

06°LCh ~
ceee—

6¥°0€1
¥8°0¢€lL W

L6°0EL
og'lel
€E1EL

€leet
G9'eel
€6'€CL
GG'GEL
19'8€1

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5257

210


Jason
Stamp


000—

¢l —

18T~
26C-T
Sg6C

¥8'€—

0L

€6°L

Fosz

Wmm.o
060

wom.m

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5288

10.0


Jason
Stamp


ceGc—
0c'6c—

L6'GLL
90°94L
1681 —
€1Zb~
62€TL—
6zl
62°0€L
om.oﬁv.

60l
creel \
9L 'vEL
68'8€1 .\.

65091 —

e

IMIL“ - A ‘L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5289

200


Jason
Stamp


000-— .

M Fiez

eLL— —

€8¢
18T~ = wmwm.o

60

a6'e

-1.0

9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5260

10.0



Jason
Stamp


6C'GCc—
8€'6¢—

L6'€9—

G1°9L
ooNNW
G¢'LL

617Gl
6611
18°lcl
oeech
Sv'ocl
9c'Lcl
6¢'LCl
LE' L2
e L)
18621
06’6l
€6'6¢l
96'6¢1
GG0€L
9/,°0¢€1
86'0€1
8¢cel
yGcel
08cel
L0°€eL
SLeel
08'cel
¥59€L
15°8€1

=

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5201

‘00


Jason
Stamp


9L —

O

\
o=

pd

COzMe

Me

NC

JLI

Fooe

Fee1

Feoe

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5200

10.0


Jason
Stamp


0c'sc—
86—

€6°¢S—

69'€9—

GL'9L

\eAvay =r =

G¢'LL

0LGLL—

6l ~
LeecL—
€0l
Yol W.
6¥°0€1
3> _‘\
6€¢CEL
€9°€EL
86'€EL
LvelL

05°.¢L
11'8¢L

69'G9l —

CO,Me

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5203

210


Jason
Stamp


000—

L€ —

9€C—
0.¢
mNNUY
v.¢
wNN\\

1G€
PSe~
09°€-7
€9°¢

69
102
YA
6l°.L
9’
[42
V'L
142

YA
YA
8L
8L
05
052
152

65,
6G°L
192
08
42
8L

Me

Y
N

Me

NC

4]

Fore

Fsze

So'L
¥6°0

0L
00°L

Ly

90t
WWQF
10')
Fso1

-1.5

-1.0

3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
S294

3.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40
1 (ppm)

10.0


Jason
Stamp


vile—
€€9C—
¥5'0€—

Y0'6€—

LL09—

GL'9L
oonW
S¢LL

Me

\

100

180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10
1 (ppm) 5205

190


Jason
Stamp


000-—

69'l —

re—
08¢
vm.NW
98¢
mw.w.\.

6e—

L

Me

MeO

Fo¢

Fioe

0L
¥6°0

Fooe

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5296

10.0

1.5


Jason
Stamp


vz e
8L'sz—
€26~

6201 —

0Lk~
1691~

YEETh ~
10°9¢) ~
AWrdsd
Y9 0€L —
98'ceEL "

€90V~
8e' Ly~

6G°€9l —

\
o=

Me

N
Me
4k

NC

MeO

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5207

210


Jason
Stamp


000-—

L

€Ll
287
1827
1627
56°21
1091
2004t
269"
6'01
G6'07
9601
00°Z
00/
20
20° .-
YR
Go'/
g9’/
19/
19°)
191
19/
69,
69,
V2]
V1)
AN
AN
€l
€l
vl
vl)
vlL
9/,
9/,
9/,
LU
8/

26,
26,
€6°.1
6,1
6,

e e e

=¢0°¢

660 [
%5._
S0} |

Wvo.v

454

00°)

3.0

7.0

8.0

4.0 3.5

4.5
f1 (ppm)

5.0

5.5

6.0

6.5

7.5

8.5

9.0

9.5

$298



¢GC—
¢6C—

9¢€9—

m.wm/

022
#NN\

2201~
0'601

eell

o.@:%
6121

N.Nﬁ/
cezi-t
€2~
pOEL~
G~
gL’
6951~

18V~
Sevl"

10

30

40

50

70

T T T T T T T T T
180 170 160 150 140 130 120 110 100

T
190

)0

S299

f1 (ppm)



8yl —

6v'¢c

G0’

¢l

80¢l—

L

N—PMP

Me

OH

5a

H\.mo.m
c0¢
10}

860
MOO.F
00}

S0'L

S300

6
1 (ppm)

12 1 10

13


Jason
Stamp


vy —

vzl
mmwﬁk
00'8Z1
£0'8zL
601
QZQW

8L°1EL

8C6vl —

6,851 —

LC' 9L —
€€0LL —

N—PMP

Me

OH

ba

UL

L

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5301

210


Jason
Stamp


000-—

€9'L —

a8e—

M

.Jﬂu L

N—PMP

Me

NH,

5b

L

n

1l

L

Fs8z

E¢€60
Ev60

Fooe

Fsso
Fseo

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5302

10.0

1.5


Jason
Stamp


18°Ge—

80 vV —

er'eG—

AUy —
10'zz)
Lyl
NSNS
09'821 ~\-
96 081~

So'LElL

6lLcel .\.
G688yl —
Yesl —

¥1°89L —
6L°0L) —

N—PMP

Me

NH,

5b

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5303

210


Jason
Stamp


000-—

90—

65l —

G8'€—

LL'yv—

N—PMP

Me

NH{Bu

5¢c

Fivor

= C€¢

WH 20'L
00’

F ozze
F zze
22T
801

F soL

7.0

75

-1.0

55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)
S304

6.0

6.5

9.5 9.0 8.5 8.0

10.0

1.5


Jason
Stamp


G1'9¢—
6C'8C—

ooy
501G —
1785~

0L'G9—

mm.om./

\eAvay =7 =

S¢'LL

6L YL —
€L'lch

el
88zl %
08°2Zb~_
VL8271 —

LO'LEL—F
mo.rmr\
Leel

86871 —

LesL—

oV’ L9L —

N—PMP

Me

NHtBu

5c

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5305

210


Jason
Stamp


N—PMP

Me

OnBu

5d

Fvoe

WS.N
v1'Z

Foz

66°0
00}

00¢
WMoo.m

40T
/61
96}
€0}

860

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5306

10.0

1.5


Jason
Stamp


yaelL—
688l —

8V'9¢—
€C0E—

6y er—

€V'6G—

I P9~_
89"

89'9L
ooNNW
ceLL

LUv—
15121

00+ZL

YT
@mamrur
YO'LEL~_
ge'leL -7
om;mF\\

0987l —

vresl —

Cl89L~
€069~

N—PMP

Me

OnBu

5d

J— -

R R S————————r—

-10

S307

10

40

70

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

T
210



Jason
Stamp


000—

Yo'l —
68l —

812~
87—
667~
z0e””

G8'€—

Ju

N—PMP

Me

Me

5e

Fsov
Foo¢e

Fse0
Fes0

Fooe

*l0c
= 00¢

660
mmo._\
€0'L

Ei60

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5308

10.0

1.5


Jason
Stamp


19—
Wie—

166V —
0v'6S—

18Y9—

899
oo.nmw
ceLL

Syl —
iz
iz
mn”om_\v
1517

687l —

GE'6S1L —

€089} —

90—

N—PMP

Me

Me

5e

|
Ao W Y M AR v L LA gV A .;..l. WAy Y mmmm M W N 1|Lw MWWWMWWWWW

-10

S309

10

30

40

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

T
210



Jason
Stamp


000—

€L —

9€C—

¥6°97
7679
G691
9691
Gl'/A
AYE
8174
6lL°L

N—PMP

|

A

1L

I

Me

p-Tol

5f

J

{

B)

Fesz

Fe6z

Fe60
Foot

Fooe

Fzoz
Fe6¢
Fooe
Fioz

Foot

-1.0

3.0 25 20 1.5 1.0 0.5 -0.5
S310

3.5

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40
1 (ppm)

9.0


Jason
Stamp


SG'lc—
GG'9¢—

YSvy—
0’9 —
60'G9—

899/
oo.mmv
ceLL

Ly'G6L —

N—PMP

Me

p-Tol

5f

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 -20
1 (ppm) sa11

220


Jason
Stamp


169
869
669

00
9L’
YA
8L
6L
0c’.L
1CL
Nv.m/
YL
Sv'.L
1
YA
YA
6v°L
6v'L
152
152
65,

192
192
182
68°L

N—PMP

NH.

Me

59

R,
102
E661

10°C
H_m\.mm.o

860

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5312

10.0

1.5


Jason
Stamp


1G'9¢—

€L9€—
clov—
Yr'6G—
6€'99—
ww.ow./.

00'LL—F
Nm.mm.\.

8Lyl —

G¢6SL—

1€89L —

N—PMP

NH»

Me

59

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5313

210


Jason
Stamp


000—

8CY—

669

e

N—PMP

NHBoc

5h

F-8¢6
Eeore

S6°0
80

Feoz
Fzoz
Feoz
Feol

Ei01

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 0.0 -0.5 -1.0
M (ppm) S314

2.0


Jason
Stamp


99'9¢ ~
v€'8C—

€0'9€~
18 LE—

GG —

so'6vl —

65651 —
yC'6sL —

8C'891 —

—_——

VUL A

pe

N—PMP

NHBoc

5h

W

-10

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

T
210

S315


Jason
Stamp


€9'l —

J

N—PMP

N—=N

\

/

Me

N

Z LT

5i

n

H/.oo._\
0L

H\.mm.w

Fozi

060
WE._\
1G¢

75

3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5
S316

3.5

4.0

ppm)

0=

6.5 6.0 5.5 5.0

7.0

9.5 9.0 8.5 8.0

10.0


Jason
Stamp


6V'Gc—

65'1E—
18'8€
80'6€
62°6€
05°'6€
LL'6E
26'6¢
€10y
ceee—

Sr'e9—

vyl —

Leech
mw.NN_\V
e8'Leh
W82l
N@.omrv
'IElL
wm.rmr.\.

L6'LYL—
¢sesl —

€685 —

98'99) —

N—PMP
N-N

\\

N

Me

Z L

5i

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5317

210


Jason
Stamp


000—

9L —

98¢~
6827
€6°C

yxA
€5,

6.
g6’
1972
YA
YA
8G°L
8G°L

09°2L
09°2L

€91
S9°.L
S9°L
192
192
98°,L
98°,L

182
88/,

€08

NH

CN

Me

5

fo

Fooe

00°L
860

10°¢
L0°b
il A0

T-160

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 10 -15
1 (ppm) 5318

).5


Jason
Stamp


Sl'Gc—
lgoe—

688G —

89'9L
ooNNW
ceLL

LeoLL "
AN
LEYZL~
€621

€L0EL~\\-
08°2EL~_

188YL —

8,691 —

NH

CN

Me

5

0 |

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5316

210


Jason
Stamp


000-—

L —

€02~
10—
£67—
1627

18€—

10721
80°LA
60°L+
60°L+
0l°LA
02 LA
124
e LA
€2 LA
€2 LA
92 LA
Nm.j
wm.j

092
192
9L
9L
c9'L

Y9'L
v9'L
89/
89/

0L
YAV
cLL
Gl'8
918
L1'8
818
818

N—PMP

CN

Me

5k

Fesz

Foo
Foot

Frez

Fse'L
61

96°}
66°0

Fe60

-1.5

-1.0

S320

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)

9.0


Jason
Stamp


86'€C—
96'Lc—

67'6G—

66°0L—
899/
ooNNW
ceLL

6EGLL
e’
680zl —
€591

5.@%
€8'621 ~
@m.oﬁm

y9celL
vwlelL—

y0'Svl —

0’091 —

9,661 —

N—PMP

CN

Me

5k

] T

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5391

210


Jason
Stamp


000-—

08'L —

88°¢C
a¢6'c
mQNUY
16C

08'€—

06’9

N—PMP

CN

Me

5l

%Iwoﬁ

6.1
180

Fooe

Foo
Fool

86°L
66'L

Fu6¢

-1.5

-1.0
S322

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)

9.0


Jason
Stamp


cC9C~
LLle—

1065~
9965~

60'L9—

899
oo.mmw
ceLL

LN
€L~
o8l —
89121 —
62zl
V112~
628zl

€L9€1L ~
GE8EL—

09 vrl —

vresl —

N—PMP

CN

Me

51

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) 5323

210


Jason
Stamp


00°0-
c0¢y
€0°CH
¥0°C
%%
LeH
A4

9l¢H

ve'e

e

Ju

L

OMe
_J

Me
Me

Fe80

160
160

Feie
8y
101

Fool

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S324

10.0

1.5


wangwei
图章


LL8L~
y1'0c—

e8¢ —

1S 67~
6875~
0Z'€S

wes”
09'65—

GL'9L
ooNNW.
G¢'LL

€191 —

N-PMP

Me

Me

J.

-10

S325

10

30

40

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210




000-—

L1C~
€

16C—
LLe
NN.MW.
€L'¢

€ey
vm&v
SeY

e

Me

Gl'e
86°C

960
860

Fws0

6.5

7.0

-1.0

55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)
S326

6.0

9.5 9.0 8.5 8.0 75

10.0

1.5


wangwei
图章


LG8l ~
ve0c—

8€LE—

SO'LG—

69'99—

v.'9L
ooNNW.
G¢'LL

09°0LL—
69Vl —

8G'9¢l —
LLOEL—

98'.EL —

SEYYlL—

Me

-10

S327

10

30

40

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210




16°L-

Feie
Fuz

Fu60

Forz

€C'¢
MO_\._\
80°L

Fo

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5328

10.0


wangwei
图章


69 7E~_
ve'se—r
vm.omW
£6'6€

srey~"

Y'ee—
128G —

rvy9—

GL'9L
ooNNW.
G¢'LL

WiSlL—

G199} ~
88'/9L "

-10

200 190 180 170 160 150 140 130 120 110 f ‘EOO ) 90 80 70 60 50 40 30 20 10
ppm

210

S329



000-—

oot
\ g

0L'9—

¥6'9
G6'9
969
969

NHCN

tBu

S2c

—

Fes6

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm)

9.0

S330



< 0] ~— N o
[e6) [s0) [(e) o N now - ™
© < © 0 < N O~ 0 ™
< ™ N - = NN © < —
- -~ -~ - - NN~ N [Se e}
L | N |
{Bu
S2c
|
|
|
|
M A
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 fg?o ) 90 80 70 60 50 40 30 20 10
ppm

S331



000—

Le¢—

69

¥6'9
¥6'9
G69
969
0L
€0’
€0'L

0L
S0
9c’L
9C’L

NHCN

AcO

S2h

—

UL

Fooe

98°L
c0c

7.0

-1.0

55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)
S332

6.0

6.5

9.5 9.0 8.5 8.0 75

10.0

1.5


wangwei
图章


1% ™ [T} o - o

« %} =} @ o & 0 oW ~

o © 79} N © o R <

= b e & © = KRR by
o N

NHCN

AcO
S2h

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm) 5333



L0c—

0S¢
o@NWY
05°¢

889~
689~

€6/
v@NUY

88'6—

NHCN

AcHN

S2i

L

Foo¢

Foo

FumL |

ﬁlvmé

10

12

13

S334

1 (ppm)



gz
6LGLL"
25021~

GLEEL~
seveL~"

¥6°L9L —

NHCN

AcHN

S2i

-10

S§335

10

40

70

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

T
210




6¥'¢C
0§°¢
0§°¢
1G¢
LG’
LG’

Y0 L~
90,

G6° L~
6L

€L0l—

NHCN

Me

S2j

I

6

60¢€

Fos1

Fooz

¥8°0

1.0 105 100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 00 -05 -
1 (ppm) 5336

1.5

1.0


wangwei
图章


© © 0 — - 0

~— -~ < w0 N~ — OMNOMWOWO ™M
[<2) < [sp e ~ — [eNoNe)Ne)Ne)Ne)Ne)Rule]
~ — ~ — ~ <TTOOOOOOMO N

NHCN
Me
O 82

r— -~ 1 + 1 1+~ 1 1 1 1 71 T 1 1 1 1 1+ T 1 * T * T * T * T *+ T * T * T *~ T * T * T
230 220 210 200 190 180 170 160 150 140 130 120 1 0f1 ( 1 O? 90 80 70 60 50 40 30 20 10 0 -10 -20
ppm




000—

8l
g8l
/8L
/8L
88’1

06°L
lge

(44
(444
€ce
vee
it
it

NHCN

S2k

Fa61
Fiet

Fu61

96°0
wmm@.o

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5338

10.0

1.5


wangwei
图章


€8¢~
€0°0E—

€8 L~
¥Z'SLL

RN
089l

0o00ck —

L9°LE1—

1G°GSL —

NHCN

S2k

-10

S339

10

40

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210




000—

989

6’9
€6'9

0L
0L .
=0l'}

00°L
€0'L
J ol

902
902
802
802
9’
9.
9’
LCL
6L

Q-
NHCN
S2|

Cl

-1.0

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 0.0 -0.5
M (ppm) S340

9.0



S® % > =33 oW

888 & ¢ggg NN

REC L - =FF [N N

0N |/ SN

|

L NIV AT N Wy N AN Ak " l
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1
(ppm) s341



000—

€L
veL
1cL

Qe L~
9e' L~

'L
8L
05

NHCN
CF;
S2m

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S342

10.0

1.5


wangwei
图章


GL'9L

OO 22

S¢LL

89011
el
Ll
occlLl
€eCll
9G'8L1L
61°0cl S
cy'och
S¥'0cl
8¥°'0cl
LG'0Ck
9gccl
€5Vl
69'9¢1
or'0EL
06'LEL
qleel
cyeel
89¢El
98°/€1

NHCN

CF3

S2m

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
M (ppm) S343

190



NHCN

CF;
S2m

-62.98

T
-100

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-190

T
-200

S344

T
-210

T
-22

T
-30

-40

-50

-60

-70

-80

-90

1 (ppm)


wangwei
图章


000—

V6 €—

1cL
LCL
LCL
8¢'L
8¢'L

0g'L
eV’
vl
'L
YAV
Sl
9/,

NHCN

CO,Me

S2n

L

Foo¢

Al
Ev0L
860
1oL

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S345

10.0

1.5


wangwei
图章


N - I~ omm
© © 0O © O X © oW ©
8 5 53g¢ge NN c“&
- — ~—r - - [ S Yo}
A N
CO,Me
S2n
|
e " i i " - / b s S——— !
T T T T T T T T T T T T T T T T T T T T T T T 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 0 -10

f1
(ppm) S346



000—

8L€—

919
w_‘.mu/.

9C'L—

NHCN

MeO

OMe
S2p

N JL

009

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S347

10.0

1.5


wangwei
图章


N~ <t [s2]
0 [e] < o N TeR: ¥} o
5 3 E 53 i & 2
- - - o ~ g~ [to}
\ !
MeO NHCN
OMe
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

A
(ppm) s348



000—

0cc~
8¢¢c—

909—

2\

Yo' L—

i/

NHCN

Me

Me

S2q

00°€

€0e |

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S349

10.0

1.5


wangwei
图章


€691 —
§G'0c—

88°LLL—
9G°GLL —

RN
88'2Zh~_
z9'1el

18TEL~-
8zeel—

NHCN

Me

Me

S2q

-10

S350

10

40

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
200




6v°¢C
0S¢
0G¢
0s¢
LG

P
0.
op

LoL—

NHCN

E00€ |

660 |

Feso |

T-660 |

€80

10.5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5
1 (ppm) 5351

11.0



8T L~
oLz -

velel—
y9'6ct —
y0€el —

€9'651 —

NHCN

10
S352

30

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
200




A
1GZ— —
98¢ — ﬂ.v Feo'c
129\ n
129 —_ & 660
mwm.© rllllliJ \JJ H(ﬁuo.r L
€59
18/ S .
681" — — 00
Iy LL— / - TB.

10

12

13

14

15

16

S353



0€6€
09°6€
LL'6€
c6'6¢
€L oy
ve oy
Ga oy
@8 ve—

L9 V6—

91201 —
clvil—

9E vyl —

06991 —
LY'E9L—

Y

WIS

Lo

-10

10

20

40

50

70

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

T
210

S354



196~
L6
L6'S

16°G
br9
br9
Gv'9
Gv'9
9v'9
9r'9
95°9
1G9
1G9
v1°9
G, 9
GO
9/°91
9,°9"
9.9/
9z

A Fszo|

J =00'C

— +96°0
— 160

q ~00'L [
:

6.0

4.0

4.5
f1 (ppm)

5.0

5.5

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S355



~ N © o~ o
o < - — © 0 = T M QX
< < ™ —~— O OO NN O
- ~ el il i i @ )] NDMN’DM
| | N/ ~}
| | I
|
T T T T T T T T T T T T T T T T T T T T T T T 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 0 -10
f1 (ppm)

S356



9L’ —

9L —

8CC¢—

y9€—
L9v

a9v
a9v
a9
1Ly
L'y
L'y
LY

8LV

9’ L—

Me

Me

MEOQC
Me

S3b

| G

L,

Fez9 |

Fae

Fooz

Foo0¢

Fsol

F860 |

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5357

10.0

1.5


wangwei
图章


o ~ o j
* () S ©ow © o ~ ©
oo o < N O~ 0 < < p
= J = NN 5e T R
N [ |

MGOzC

Me Me
Me
S3b

o mwwmwmmMmmwmmwmmmmmw

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm) 5358



000-—

8CL—

MeO,C

Me

S3f

WR.N
562

Fzoz
Fooz

Feoz

E60'€
Feo

Ei01
=160

-1.0

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5350

9.0



< [e)] »

o [se] [ee) now o AN AN 0] [To)

© o < NS N ™ ©ONO [t} ©

~ < — NN © To) —~ 00 < ]

~ ~ ~— NN~ © w0 <t <+ ™ N

N | [\
MeO,C
Me
N a ] | A " | Y Loa |

T T T T T T T T T T T T T T T T T T T T T T T 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 0 10

f1
(ppm) 5360



000—

197~
697"

1TL—

Me

CO,Me
Me
Me

S3p

Fo009

€lc

o0z

F66C

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 05 0.0 05
1 (ppm) 5361

10.0


wangwei
图章


o 3 o QSR © 8RR & o8
N~ < o M~ © ~ AN © [32] w0 N
-— — ~ N~ DN~ 0 < ™ [sp] AN N
N I
. \ sounel
T T T T T T T T T T T T T T T T T T T T T T T 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 10 100 90 8 70 60 50 40 30 20 10 0 10

f1
(ppm) S362



000-—

Sl —

6V v~
65—
v6'v
v6'v
v6'v
S6'v
S6'v

S6'v
86V
86'%
66'%
66'Y

1S l—

Me

S3v

JUL

Foo¢

Fioz
l0¢C

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5363

10.0

1.5


wangwei
图章


AN W <t ™M © o [+2)

< O O AN O «© N~ AN O O N~ < [e0]

58 235 9 o RSP o o

p—gp—4 - - - -— -~ NN © ™ ~

N/ /N | N

Me
S3v
|
|

T T T T T T T T T T T T T T T T T T T T T T T 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 0 -10

f1
(ppm) S364



000— I —

9L — = Feoe

vLy— < Fc0c

657~ J 766

00°L

2L s g

8
N~
Me

S3w

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5365

10.0

1.5


wangwei
图章


Sv'6lL—

Wek—

16°/¢)
00'8¢k W
y¥'8cL

v0'LEL —
LWeel—

c00LL—

Me

Niuatm ey mmmmwwmmmmmmmmmmlmmmmw

-

OBn

S3w

MMM

-10

5366

10

40

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

T
210




000—

L)
6L°L
m_\._\N.
€91
€9'L
€9'L
o'l
o'l
S9'L
S9'L
S9'L
€6°¢C
9G6°¢
1G97¢C
09¢
19¢C

IJe

{8 £

r'1l1 F

p-.'J -

Sdx

JL o

I\

N

80°¢
*mm.m

Fie9

Frot

Fsoz

Fo01

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5367

10.0


wangwei
图章


000-—

€L —

8L €—

SG'v
oncq/
0Ly
LY
LY
LY

¢C’ Ly

OH

L

Me

Ph

Ph

I

I

1L

Sda

“T

=

“T
“T

£

00°€

16°L

10}

00°L

099
90y

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5368

10.0

1.5


wangwei
图章


€eve—

196Gy —

€1'09—

G1°9L
oo.nmw
G¢'LL

9G'GLL —

68'9ZL~_
8L Iz —
66821~

L'l ~
9L

G008 —

|

OH

Me

Ph

Ph

Sda

10
S369

40

70

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
200




000—

L —

VoL —

vee—

9C'L—

v0cl—

OH
Me

Me

S4b

Ju

A

Forg

Fsoe

Fo0¢C

001

5160

440

10

12

S370

1 (ppm)


wangwei
图章


© o o
-~ N < now [e)] [e0) ~1 N~
0 N < NS N = 9 o} 0
[¢e] < ~ N~ DN~ © [oe) ~ Te Mep)
2 - -~ ~ N~ N < < N N
N [ /
il
Wmmmmmwvwmw«wmwm
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

A
(ppm) s371



000—

€L L—

9CCc—

€0
wo.mW
60°¢
_‘_‘.m.\.

18—
06—

OH
M
Bn ©

Bn

S4c

Fae

F ooz

E 00}
E 660

Fesor

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
1 (ppm) 5372

9.0



80'Gc—

18°0%
No.;v

LG'0G—

GL°9L
ooNNW
G¢'LL

L0€LL—

09°9¢) ~

cUsCl

15720152

bLEL—

oLevlk—

€9°¢8l —

OH

Me

Bn

Bn

S4c

-10

10
S373

40

T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
190

T
200



09v—
9ULY—

9C'L—

OH

Me

S4d

Ju

160
860

-1.0

9.5 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 20 1.5 1.0 0.5 0.0 -0.5
M (ppm) S374

10.0

1.5


wangwei
图章


186l —
ceec—
€6°0€—
8C'GYr ~

00°Lv—

GL'9L
ooNNW
TV NA

el —

Geevl —

0L€8L—

OH

Me

S4d

10 -10
S375

20

40

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
200




VVRVY
9G'1
9G'L
1671
1671
8G°1 1
861 1
651 1
6G°1 1
09} 1
0911
€91
79l 7
S9'L

99°L
99°L

19°L
19°L

89}
0L'1~.

cle
€le
€l'e
14974
1474
Sle
] 4
9l¢
9l¢
YAN4
AN
AN
(444

197
19V

89
LY

8LV
8LV

9’ L—

OH

Me

Sde

MUUN 1

L

199
€L'e

Folz
Fooz

=Gl
5660

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5376

10.0

1.5


wangwei
图章


< <t [s2]

«© [e0) N now ~ [Te) [s2] o0 M~

< N P NS~ o < N N o

foe) <t ~ N~ DN~ © ™ [(e] [(e) <t ™M

- - -~ NN~ N [¥o) < [sp} NN
N2 | \/

Me
S4e
vy " 1 1 b ") L .I | L
T T T T T T T T T T T T T T T T T T T T T T T 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 0 -10

f1
(ppm) s377



000-—

9 L—

_

HO,C

Me

S4af

JUN

A

Fuize
66

Fvoz
00¢C

Fo0l
60

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5378

10.0

1.5


wangwei
图章


00°0-
180
68°0
160
AN
Lt
9L
pxa"
8¢’
62’1

6C'L

LEL »

9g’l b

8¢l

6€°L
or'L
or'L _
or'L w
or'L

Wl
4%
44
S6°L
16°L
66'L
€e¢

€Ly
mw«/
mﬁw =

8y
8y

9’ L— SN

OH
Me
Me hBu
S4dg

Wil— -

EEGC
PAORY)

g2

Feze

=00¢

€L
0L

—190

S379

6
1 (ppm)

12 1 10

13


wangwei
图章


¥6'€L —

ov'ee—"
8e'Gc~"
cloe~—

1997
SLZh~
8Lov~_

89'9L
oo.wwv
ceLL

v6'Ccll —

6C°9YL —

9818l —

OH

hBu

e
Me

M

S4¢g

WWWWWWWWMWMWW Wwdwmmmmmmm

10 -10
S380

20

40

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

T
210




000-—

8Ly
%.q/
88y
88y
88y

OH

CH,CH,Ph

Me
Me

S4h

.

=909

£-80C
4

S0

160
B-960

12€
Byez

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5381

10.0

1.5


wangwei
图章


6€'GCc—

09te~"
16'88 —
VT~
PLOY~_

18 El—

VL'STL~_
9z'9zL
ze8L

66yl —
Sy'GylL—

¥8'¥8L —

OH

CH,CH,Ph

e
Me

M

S4h

-10

S382

10

40

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

T
210




000-—

LV —

6L€—

vy
NivUY

08y
o@vWY
18y

9z'L1

¥0'8
¥0'8
S0'8
90'8

OH

Me

S4n

|

I

Jo L

Fooz

Fio

960

Feoz
Feol

F-660

7.5

-1.5

-1.0
S383

3.0 25 20 1.5 1.0 0.5 0.0 -0.5

3.5

6.5 6.0 5.5 5.0 4.5

7.0

8.5 8.0

9.0

1 (ppm)



86'¢C—

LV —

GL'9L
ooNNW
S¢LL

S L —

LE'9ZL~_
08'82L~_

05'LEL
N@.EV
GrzeL""

8Ll —
4414

veeLl —

OH

Me

S4n

1S SN IO O

o

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1C
M (ppm) S384

180



000-—

9 L—

och—

CO,H

Me

Me

Me

S4p

109

8Lz
Fioz

Eo00¢C

—Gc0

-1.0

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm) 5385

12.5


wangwei
图章


000-—

6L —

€L€—

19°G
19°G
19°G
19'G

G¢'9
onuY

1T L—

OH

(:C)zhﬁfi

M
eMe

S4q

M

Fe659 |

Feoz |

00t

Fs60

Fos0 |

-1.5

-1.0

5386

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)

9.5

10.0



o — ™ ™
© o =} ) 0 oW o ~ o o
) N N~ ] NO™~ @ ~ © ©
e} © ) N NN © — oo <
2 - - - NN~ ) < < N
I I SN I Vi
Me CO,Me
Me
|
N N | I .‘I_I I_
T T T T T T T T T T T T T T T T T T T T T T T 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 20 80 70 60 50 40 30 20 10 0 -10

f1
(ppm) S387



000-—

9C'L—

L

OH

Me

Me

S4t

FeLe

Fore
Foo01

Lol
Fos0

€0°L
wmoo._\

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5388

10.0

1.5


wangwei
图章


© Q ©

© [t < 0 oW N — © <

o I ~ NON~ v © o

e} < - NN © -~ N ©

- - - ~~ N~ <+ ™ N -
SN |1 I

Me Me
S4t

T T T T T T T T T T T T T T T T T T T T T T T 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 0 -10
1 (ppm) 5389



000—

Ly~
LG —

€97~
992"
6T~
62"

9y
9y
18'v
a8y

a8y
a8y
a8y
€8y

veL
gc'L
gc'L
9C’L
yxA
yxA
yxAA
Le'L
el
€e’.L

ve'L
ve'L

Wl
[42
[42
€.
€.
eV’

OH

Me

Me

Ph

S4u

U

Wummd
€0'€

FeoL
Fool

75

-1.0

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm)
S390

7.0

9.5 9.0 8.5 8.0

10.0

1.5


wangwei
图章


69'lc—
9L°¢€C—

8,9y —
€Cer—

Ev'allL—

ST9TL~_
902 —
ge'gzL -

a8yl ~
182yl

Wesl—

OH

Me

Me

Ph

S4u

-10

S391

10

40

70

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

T
210




000—

Sl —

1SL—

(YA
¢lL
€L'L
€L’

8L
¥8'L

98/,

G06—

OH

Me

S4v

wnw.m

Foot
Fes0

0L
WMNO._\

Feot

60°¢C
8lL¢

60°L

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5207

10.0

1.5


wangwei
图章


Wic—

19°9€—

600G —

899/
oo.mmW
ceLL

0SviL—

§g'ect —

Lo'lel —
9LvEL—

vrovk—

€V L9l —

08vLL—

OH

Me

PhthN

S4v

-10

S393

10

40

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

T
210




000—

mm.vk

¢l
0g’.L
Le'L
359
el
el
€e’L
el
Ge'.L
9g’.L

G680l —

Ll

OH

Me

BnO

Il

S4w

Fooe

Fs61L

Foos

060

-1.0

120 115 1.0 105 100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 40 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -05
M (ppm) S394

12.5

.0


wangwei
图章


6v'¢cc—

6L0V—

96€LL—

c0'8ch
¥0'8¢CL W
£€r'8cl

c6'9eL —
SGovL—

6LLL—

OH

Me

BnO

S4w

-10

S395

10

40

50

70

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

T
210




S0'L
L0°L~
o'L—7
LI}

€L —

8G°¢C
6G°¢C

29¢

9Ly
9Ly
9Ly
9LV
9Ly

98y
98y

18V

9 L—

OH

Me

Me

Me

S4x

ok

|

e

660

-1.0

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 15 1.0 0.5 0.0 05
1 (ppm) 5396

10.0

1.5


wangwei
图章


000—

yAN4
N_‘.NW.
yAN4

Me
SHa

)

Fe66¢C

860

o001

8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 35 3.0 25 2.0 15 1.0 0.5 0.0 05 -1.0
(Ppm) S397

9.0



DOO —OW© [T}
O N OLWwo [T} 0 oW <
OANT Q=N ~ NOM~ v
STt OOANN — N~ N~ © [Te}
e T - — N~ N~ N~ N
SYONNNY N
SO,CI
Me
Sb5a
|
|
mJJmmmLNmmmmwm‘ mer ‘vmmmmummmmmmt‘ AN vl N
r— -~ 1. 1 + T + T+ 1 + I T T 1 + T~ T 1 + T T +* T *~ T "~ T *~ T * T "~ T *~ T * T * 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1
(Ppm) 5398



000—

8L —

68'€—

SO,CI

Me

S5b

1

I

Frez

Fe60
Foo

5.0

-1.0

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
S399

45
1 (ppm)

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5

10.0

1.5


wangwei
图章


€6'¢Cc—

Lovr—

899
oo.nnw
ceLL

ELviL—

AW
26'92L—
0526L —
€0'geL —
PG BEL ~_
XAL

feebl

SO,CI

Me

S5b

[

-10

S400

40

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

T
210




000—

9l¢c—

L6'e—

80'G
80'G
80'G
80°G
80°G

Ge'§
Ge'g

9e'sg

€08~
G508~

N

SO,CI

MeO

Me

S5¢c

Fore |

Fie

Foot

Fzol

FeoL |

Ecol

ol

-0.5 -1.0 -1.5
S401

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 20 1.5 1.0 0.5 0.0

9.0

1 (ppm)



L0'Gc—

06'SG—

8LCh~
P9l ~_
Sl —

19'1€L —
y8'eelL —

evevl —
99l —

W9l —

SO,CI

MeO

Me

S5¢c

10 -10
S402

20

40

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

T
210




000—

05t —

18—

Sl¢—

8e—

18V

v6'v
Xw.vw.
S6'v

¥6°9

G669
G6'9

8L
8L'.
6L
6L

9’

N—"3CN
Me

MeO
0]
Me
Me

JLM_,\AJLL.A A

I

Fieo
Feoe

10"}
00°L

Feoz
Feoz

-1.0

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 -0.5
1 (ppm) S403

9.0


wangwei
图章

wangwei
图章


1592
€022
0822
1182
0z'82
65°62-F
B.om\
€0°1E
8568 —

R4
wo.mwv.
124°"]
mw.wm%

866G
oo.mmw
1865

GL'9L
00°2L
0c'LL
S¢LL

v8vilL
c99LL
¥9°9LL
89l
107211
9l'Lcl
€e'Lc)
4 prds
9g°/¢L
y9'LC)
09'8ck
¥8'8¢CL

69°0€1
mw.om_\W.
L6°0EL
celel
6€°LEL

L9¢erl
mo.wvrv.

65651 ~
96191 —
GG'e9L -

GL'6LL—
L96LL—

_

—_——

2d

+

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
1 (ppm) S404

210


wangwei
图章


DO M
QO AR
OMe F TEEEE
13CN
o=_N O=N CN
Me Me
Me Ph
Me Ph
["3cjar + 2d
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22
1 (ppm) S405


wangwei
图章


2d

+

68
69°¢C

Foo
-00'L

FG6lT

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 20 1.5 1.0 0.5 0.0 -0.5 -
1 (ppm) S406

9.5


wangwei
图章


¢ccé—

€8¢
mw.mv.

LG—
vea—

G6'9
96'9
169
9¢'.
LCL
6C°L
8¢ L
ovNV
A
052
1G°.
A*A
12

J

Fooe!l

=02°¢|

£¢6°0

=100]

#=G0'¢

s

> 00°¢
=€0°¢

7.5

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

7.0

8.0

8.5

9.0

9.5

S407



cec—

9'GG—

w.om/

J Ay =
m.mm\

L0
m.v:‘/
L9l

69l
VL1
VL)
6'9¢1
mNN_\/
G'lcl
9'/L¢1
¢ 8¢l
L0€}
m.vm_\\
8Lyl
A

6'6Gl—

L0LL—

10

30

40

50

T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70

T
190

)0

S408

f1 (ppm)



89l —

88°¢—

98'¢€—

20°L
€0'L
0L
V'L
V'L
ez'L
eT'L
9G°/
IS,
65 L F
€9’/
g9’/
99°/
89/
69°L
G6'.
161

N . I J

JJ\L,JUL

=or'el

=00'1L

el

4.0

4.5
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

S409



98'v¢
_\N.wm/
wm.www.
¥G'8¢

966G —
89°€9—

ow.om/

90°..
rm.mN\

9Z'SLL
B.m:/
0€'1Z}

OE&%
89°'9Z1~\
05621~
.80}

86651 —

¢l /9l —

-10

30 20 10

40

70 50

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

T
210

S410



cdoshw—180130-av500. 3. fid

nOe—Me

1D Selective Gradient NOESY

freq: 5.149ppm

535
/5.16
\5.15

H2
H1
\ T T T T T T T T T T T T T T T T T T T T
0 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

f1 (ppm)

S411



cdoshw—-180130-av500. 2. fid 0 w ™
nOe—-Me ™ N
1D Selective Gradient NOESY '-‘|° '-‘|° ‘T‘
freq: 2.258ppm
H2
H1
H3
I
" ™ 1y -~
vy
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.0 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
f1 (ppm)

S412



—5.14

H1

16

15

14

13

12

11

10

f1 (ppm)



nOe—2ad-noD. 3. fid
nOe—2ad-no D
1D Selective Gradient NOESY
freq: 2.939ppm ONWOWO®O®M — ~— 00 v © 0
©©©©OANN ® O N © ©
MNMNMMMNMDM AN AN N ~
" ~I [ I
H4
H2
H3  H56
|
| I H1
|
AU LA P oY R KRN N
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
). 0 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

f1 (opm) S414



nOe—2ad-noD. 4. fid ™ — — 4 «— 00 o)
nOe—2ad-no D C: (: 2 :3 Z g ©
1D Selective Gradient NOESY -
freq: 2.729ppm N ~ I |
H4
H5,6
! H1
|
I H2 l
f
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.0 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

f1 (opm) S415



nOe—2ad-D. 3. fid

nuw oM~ 0] o]
nOe—2ad-D ©© NN © ©
1D Selective Gradient NOESY '\\'/\ '\\'/\ ‘T‘ T
freq: 2.907ppm

H4
H3
H5,6
H1
II
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

.0 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

f1 (opm) S416



	Resubmission Spectra File.pdf
	Old Combined Spectra.pdf
	1ad-nOe-exp1
	1ad-nOe-exp2
	1ad-D-nOe-exp1
	2ad-nOe-exp1
	2ad-nOe-exp2
	2ad-D-nOe-exp1




