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l. General Information

Unless otherwise specified, all reactions were carried out under a nitrogen
atmosphere at room temperature. All solvents were purified according to the standard
procedures. All chemicals which are commercially available were employed without
further purification. Thin-layer chromatography (TLC) was performed on silica gel
plates (GF254) using UV-light (254 and 365 nm). Flash chromatography was
conducted on silica gel (200-300 mesh). "H and “C{'H} NMR spectra were
recorded on a Bruker 400 MHz spectrometer. Chemical shifts were reported in parts
per million (ppm). The '"H NMR (400 MHz) chemical shifts were measured relative
to residual non-deuterated solvent resonance (CDCls: 6 = 7.260 ppm, (CD3),CO: ¢ =
2.050 ppm). The *C{'H} NMR (100 MHz) chemical shifts were given using CDCl;
or (CDj3),CO as the internal standard (CDCls: 0 = 77.00 ppm, (CD3),CO: J = 29.84
ppm). All high-resolution mass spectra (HR-MS) were obtained on a Fourier
Transform Ion Cyclotron Resonance (FT-ICR) mass spectrometer solariX (Bruker
Daltonik GmbH, Bremen, Germany). Crystal measurement was performed by

Bruker D8 Venture X-ray diffractionmeter.
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I1. Representative Procedure of the Reaction

N CHO o PPh,Cy
R3—:(>[ N PhCOOH
ZSNH R'O OBoc Toluene, rt
R2
1 2

To a stirred solution of o-aminobenzaldehyde 1 (0.1 mmol, 1.0 equiv) and allyl
carbonate 2 (0.15 mmol, 1.5 equiv) in toluene (2.0 mL) was added PPh,Cy (0.12
mmol, 1.2 equiv) and benzoic acid (20 mol %) at room temperature. After the reaction
of the raw material, the reaction mixture was purified without concentration via flash

chromatography on silica gel (PE:EtOAc:DCM = 19:1:6) to afford compounds 3.
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Table S1. Optimization of the reaction conditions.”

CHO o Phosp:(ijr:jeitil\'\/’:agent (0]
©: " Eto)kﬂ/\OBoc Solvent, rt, 12 h N \ OFt
NHTs s
1a 2a 3a
Entry Phosphine Solvent Additive Yield [%]”
1 PPh; toluene - N.D.
2 (2-MeC¢Hy)sP toluene - N.R.
3 Ph,MeP toluene - trace
4 Ph,PrP toluene - trace
5 Ph,CyP toluene - 30
6 PhMe,P toluene - N.D.
7 PhCy,P toluene N.D.
8 PBu; toluene - trace
9 (MeO);P toluene - N.D.
10 (EtO);P toluene - N.D.
11 PPh,Cy DCM - 20
12 PPh,Cy THF - trace
13 PPh,Cy MeCN - N.R.
14 PPh,Cy toluene C¢HsOH 28
15 PPh,Cy toluene 4-NO,CcH4sOH 41
16 PPh;Cy toluene PhCOH 88
17 PPh,Cy toluene CH;CO,H 53
18 PPh,Cy toluene CH;CO;Na 26
19 PPh,Cy toluene PhCO,;Na 31
20 PPh,Cy toluene NaHCO; 17
21 PPh,Cy toluene KHCO; 22
22° PPh,Cy toluene PhCO,H 58
234 PPh,Cy toluene PhCO,H 49

*Unless otherwise stated, all reactions were performed with 1a (0.1 mmol), 2a (0.15
mmol), the phosphine reagent (0.12 mmol) and the additive (20 mol%) in the solvent
specified (2.0 mL) at room temperature. "Isolated yield. “The additive (10 mol%) in
the solvent specified (2.0 mL). “The additive (30 mol%) in the solvent specified (2.0
mL).
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I11. Analytical Data

Ethyl 2-(1-tosylindolin-2-yl)acrylate (3a)

5 The 3a was prepared according to the general procedure

Et
o described above using 1a (27.5 mg, 0.1 mmol), 2a (34.5 mg,

Ts 3a 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (32.5 mg, 88%
yield) after flash column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6).
"H NMR (400 MHz, CDCl;) § 7.73 (d, J = 8.1 Hz, 1H), 7.60 — 7.55 (m, 2H), 7.25 —
7.20 (m, 1H), 7.18 (d, J = 8.1 Hz, 2H), 7.05 — 6.97 (m, 2H), 6.34 (s, 1H), 6.04 (s, 1H),
5.16 = 5.11 (m, 1H), 4.30 —4.16 (m, 2H), 3.10 (dd, /= 16.5, 10.2 Hz, 1H), 2.61 (dd, J
=16.5, 3.0 Hz, 1H), 2.36 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). *C{'H} NMR (100 MHz,
CDCl) 6 165.8, 144.1, 141.6, 140.1, 134.7, 131.1, 129.7, 127.9, 127.1, 125.7, 125.2,
1249, 117.0, 61.3, 61.0, 36.2, 21.5, 14.1. HRMS (ESI) m/z: calcd. for
CaoH21NO4SNa' [M+Na]': 394.1083, found 394.1098.

Isopropyl 2-(1-tosylindolin-2-yl)acrylate (3b)

o) . The 3b was prepared according to the general procedure
/I r
N ° described above using la (27.5 mg, 0.1 mmol), 2b (36.6 mg,

3b 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhACOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (32.4 mg, 84% yield) after flash column
chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). '"H NMR (400 MHz,
CDCly) 6 7.72 (d, J = 8.1 Hz, 1H), 7.60 — 7.55 (m, 2H), 7.26 — 7.20 (m, 1H), 7.18 (d,
J = 8.1 Hz, 2H), 7.05 — 6.98 (m, 2H), 6.31 (s, 1H), 6.01 (s, 1H), 5.16 — 5.11 (m, 1H),
5.11 — 5.03 (m, 1H), 3.09 (dd, J = 16.5, 10.2 Hz, 1H), 2.61 (dd, J = 16.5, 3.1 Hz, 1H),
2.36 (s, 3H), 1.26 (dd, J = 6.3, 2.9 Hz, 6H). *C{*H} NMR (100 MHz, CDCl3) §
165.3, 144.0, 141.6, 140.4, 134.8, 131.2, 129.6, 127.8, 127.1, 125.4, 125.2, 124.9,
117.0, 68.5, 614, 36.2, 21.78, 21.75, 21.5. HRMS (ESI) m/z: calcd. for
C21H23NO,SNa* [M+Na]™: 408.1240, found 408.1234.
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Butyl 2-(1-tosylindolin-2-yl)acrylate (3¢)

o . The 3c was prepared according to the general procedure
"Bu

N o described above using la (27.5 mg, 0.1 mmol), 2¢ (38.7 mg,
|

™ 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PACOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (33.7 mg, 85% yield) after flash column
chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). 'H NMR (400 MHz,
CDCly) 6 7.73 (d, J= 8.1 Hz, 1H), 7.60 — 7.54 (m, 2H), 7.26 — 7.21 (m, 1H), 7.18 (d,
J=8.0 Hz, 2H), 7.06 — 6.98 (m, 2H), 6.33 (s, 1H), 6.03 (s, 1H), 5.17 — 5.11 (m, 1H),
423 —4.12 (m, 2H), 3.09 (dd, J = 16.6, 10.2 Hz, 1H), 2.61 (dd, J = 16.6, 3.1 Hz, 1H),
2.36 (s, 3H), 1.69 — 1.62 (m, 2H), 1.43 — 1.37 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H).
BC{'H} NMR (100 MHz, CDCl3) 6 165.8, 144.1, 141.6, 140.1, 134.6, 131.1, 129.6,
127.8, 127.1, 125.6, 125.2, 124.9, 117.0, 64.8, 61.3, 36.2, 30.6, 21.5, 19.2, 13.7.
HRMS (ESI) m/z: calcd. for C,,H,sNO4SNa'™ [M+Na]: 422.1397, found 422.138]1.
Tert-Butyl 2-(1-tosylindolin-2-yl)acrylate (3d)

o The 3d was prepared according to the general procedure
,Bu
N ° described above using la (27.5 mg, 0.1 mmol), 2d (38.7 mg,

3d 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (34.7 mg, 87% yield) after flash column
chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). '"H NMR (400 MHz,
CDCI3) § 7.72 (d, J = 8.2 Hz, 1H), 7.60 — 7.53 (m, 2H), 7.25 — 7.20 (m, 1H), 7.17 (d,
J = 8.0 Hz, 2H), 7.05 — 6.97 (m, 2H), 6.22 (s, 1H), 5.96 (s, 1H), 5.16 — 5.08 (m, 1H),
3.05 (dd, J = 16.6, 10.2 Hz, 1H), 2.59 (dd, J = 16.6, 3.0 Hz, 1H), 2.35 (s, 3H), 1.48 (s,
9H). BC{'H} NMR (100 MHz, CDCl3) § 165.0, 144.0, 141.6, 141.3, 134.7, 131.3,
129.6, 127.8, 127.1, 125.2, 124.9, 124.8, 117.1, 81.4, 61.4, 36.2, 28.1, 21.5. HRMS
(EST) m/z: calcd. for C2HosNO4SNa* [M+Na]™: 422.1397, found 422.1409.
Cyclohexyl 2-(1-tosylindolin-2-yl)acrylate (3e)

\/
\'4

0 ’ .c The 3e was prepared according to the general procedure
Cy
N o described above using 1a (27.5 mg, 0.1 mmol), 2e (42.6 mg,

|
™ e 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (22.4 mg, 53% yield) after flash column
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chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). *H NMR (400 MHz,
CDCI3) 6 7.73 (d, J = 8.1 Hz, 1H), 7.62 — 7.53 (m, 2H), 7.25 — 7.20 (m, 1H), 7.18 (d,
J = 8.1 Hz, 2H), 7.07 — 6.96 (m, 2H), 6.32 (s, 1H), 6.01 (s, 1H), 5.20 — 5.08 (m, 1H),
4.93 — 4.81 (m, 1H), 3.08 (dd, J = 16.6, 10.2 Hz, 1H), 2.62 (dd, J = 16.6, 3.1 Hz, 1H),
2.36 (s, 3H), 1.89 — 1.68 (m, 4H), 1.56 — 1.36 (m, 6H). *C{'H} NMR (100 MHz,
CDCl;) 0 165.1, 144.0, 141.6, 140.5, 134.7, 131.2, 129.6, 127.8, 127.1, 125.4, 125.2,
124.9, 117.0, 73.2, 61.4, 36.2, 31.5, 25.4, 23.6, 21.6. HRMS (ESI) m/z: calcd. for
C24H27NO,SNa’ [M+Na]": 448.1553, found 448.1551.

Benzyl 2-(1-tosylindolin-2-yl)acrylate (3f)

o) The 3f was prepared according to the general procedure
_Bn
N © | described above using 1a (27.5 mg, 0.1 mmol), 2f (43.9 mg,
|
™ 3 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PACOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (20.2 mg, 46% vyield) after flash column
chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). 'H NMR (400 MHz,
CDCly) 6 7.74 (d, J = 8.1 Hz, 1H), 7.57 (d, J = 8.4 Hz, 2H), 7.44 — 7.30 (m, 5H),
7.26 — 7.20 (m, 1H), 7.17 (d, J = 8.1 Hz, 2H), 7.05 — 6.97 (m, 2H), 6.40 (s, 1H), 6.08
(s, 1H), 5.22 (d, J = 3.0 Hz, 2H), 5.19 — 5.14 (m, 1H), 3.09 (dd, J = 16.6, 10.2 Hz, 1H),
2.62 (dd, J = 16.6, 3.1 Hz, 1H), 2.36 (s, 3H). *C{'"H} NMR (100 MHz, CDCL;) §
165.6, 144.1, 141.5, 139.9, 135.6, 134.6, 131.0, 129.6, 128.6, 128.3, 128.1, 127.8,
127.1, 126.2, 125.2, 124.9, 117.0, 66.7, 61.2, 36.2, 21.5. HRMS (ESI) m/z: calcd. for
CysH23NO,4SNa' [M+Na]": 456.1240, found 456.1241.

Ethyl 2-(1-((4-nitrophenyl)sulfonyl)indolin-2-yl)acrylate (3g)

o The 3g was prepared according to the general procedure
Qj\‘e\mft described above using 1b (30.6 mg, 0.1 mmol), 2a (34.5 mg,
|

0=%$=0 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhACOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (25.2 mg, 63%

NO, yield) after flash column chromatography on silica gel
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(PE:EtOAc:DCM = 19:1:6). '"H NMR (400 MHz, CDCl;) J 8.25 (d, J = 8.7 Hz, 2H),
7.90 (d, J = 8.7 Hz, 2H), 7.74 (d, J = 8.1 Hz, 1H), 7.31 — 7.26 (m, 1H), 7.11 — 7.01
(m, 2H), 6.36 (s, 1H), 6.01 (s, 1H), 5.16 (d, J= 7.8 Hz, 1H), 4.32 —4.15 (m, 2H), 3.12
(dd, J=16.7, 10.2 Hz, 1H), 2.68 (dd, J = 16.7, 3.0 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (100 MHz, CDCl3) 6 165.5, 150.4, 143.2, 140.6, 139.7, 130.9, 128.3,
128.2, 125.8, 125.67, 125.65, 124.3, 116.6, 61.6, 61.2, 36.2, 14.1. HRMS (ESI) m/z:
calcd. for C1oH;sN,OsSNa’ [M+Na]': 425.0778, found 425.0787.

Ethyl 2-(1-((2-bromophenyl)sulfonyl)indolin-2-yl)acrylate (3h)

o The 3h was prepared according to the general procedure

N OFt|  described above using 1c¢ (33.9 mg, 0.1 mmol), 2a (34.5 mg,
e 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,
©/ 0.2 equiv) and isolated as a yellow solid (23.9 mg, 55% yield)

after flash column chromatography on silica gel
(PE:EtOAc:DCM = 19:1:6). m.p.: 121.0 — 122.5 °C. "H NMR (400 MHz, CDCl;) §
8.22 (dd, J=7.9, 1.7 Hz, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.47 — 7.41 (m, 1H), 7.39 —
7.33 (m, 1H), 7.28 (s, 1H), 7.12 — 7.04 (m, 2H), 6.97 — 6.91 (m, 1H), 6.32 (s, 1H),
6.02 (d, J= 1.4 Hz, 1H), 5.75 (d, J = 10.0 Hz, 1H), 4.32 — 4.17 (m, 2H), 3.62 (dd, J =
16.3, 10.0 Hz, 1H), 2.81 (dd, J = 16.3, 2.0 Hz, 1H), 1.30 (t, J= 7.1 Hz, 3H). “C{'H}
NMR (100 MHz, CDCl3) § 165.6, 140.7, 139.8, 138.0, 135.7, 134.0, 133.3, 129.9,
127.5, 127.4, 125.6, 125.3, 123.9, 120.1, 114.2, 63.1, 61.0, 36.0, 14.1. HRMS (ESI)
m/z: caled. for CoH;sBrNO,SNa” [M+Na]': 458.0032, found 458.0038.

Ethyl 2-(1-((3-bromophenyl)sulfonyl)indolin-2-yl)acrylate (3i)

o) The 3i was prepared according to the general procedure
: 7\— j \Q OFt! " described above using 1d (33.9 mg, 0.1 mmol), 2a (34.5 mg,
|
0=S=0
0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,
Br

0.2 equiv) and isolated as a yellow solid (24.0 mg, 55% yield)

3i

after flash column chromatography on silica gel
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(PE:EtOAc:DCM = 19:1:6). m.p.: 33.8 — 34.5 °C. "H NMR (400 MHz, CDCl;) §
7.85 (t,J=1.8 Hz, 1H), 7.71 (d, J = 8.1 Hz, 1H), 7.67 — 7.59 (m, 2H), 7.28 (d, J=7.9
Hz, 1H), 7.26 — 7.22 (m, 1H), 7.09 — 7.01 (m, 2H), 6.34 (s, 1H), 6.01 (s, 1H), 5.18 —
5.12 (m, 1H), 431 — 4.16 (m, 2H), 3.16 (dd, J = 16.6, 10.2 Hz, 1H), 2.67 (dd, J =
16.7, 3.0 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100 MHz, CDCl;) &
165.6, 141.0, 139.9, 139.5, 136.2, 130.9, 130.5, 130.0, 128.0, 125.7, 125.5, 125.4,
125.3, 123.0, 116.6, 61.5, 61.0, 36.2, 14.1. HRMS (ESI) m/z: calcd. for
C19H sBrNO4SNa’ [M+Na]': 458.0032, found 458.0031.

Ethyl 2-(1-(phenylsulfonyl)indolin-2-yl)acrylate (3j)

0 The 3j was prepared according to the general procedure

OEt| described above using 1e (26.1 mg, 0.1 mmol), 2a (34.5 mg,
0=8=0 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), P\COOH (2.4 mg,
© 0.2 equiv) and isolated as a yellow solid (23.6 mg, 66% yield)

after flash column chromatography on silica gel
(PE:EtOAc:DCM = 19:1:6). m.p.: 128.0 — 131.0 °C. "H NMR (400 MHz, CDCl;) §
7.75 (d, J = 8.1 Hz, 1H), 7.72 — 7.67 (m, 2H), 7.57 — 7.50 (m, 1H), 7.44 — 7.37 (m,
2H), 7.25 - 7.19 (m, 1H), 7.08 — 7.01 (m, 1H), 7.01 — 6.96 (m, 1H), 6.34 (s, 1H), 6.03
(s, 1H), 5.21 — 5.10 (m, 1H), 4.30 — 4.16 (m, 2H), 3.08 (dd, J = 16.6, 10.2 Hz, 1H),
2.62 (dd, J = 16.6, 3.0 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H). *C{'H} NMR (100 MHz,
CDCl) 6 165.7, 141.4, 140.0, 137.6, 133.2, 131.1, 129.0, 127.9, 127.0, 125.7, 125.3,
125.0, 116.9, 61.3, 61.0, 36.2, 14.1. HRMS (ESI) m/z: calcd. for CjoH;oNO4SNa"
[M+Na]": 380.0927, found 380.0935.

Ethyl 2-(1-((4-methoxyphenyl)sulfonyl)indolin-2-yl)acrylate (3k)

o The 3k was prepared according to the general procedure

N OEt | described above using 1f (29.1 mg, 0.1 mmol), 2a (34.5 mg,
0=8=0 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PA\COOH (2.4 mg,
0.2 equiv) and isolated as a yellow oily liquid (34.4 mg, 89%

OM3ek yield) after flash column chromatography on silica gel
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(PE:EtOAc:DCM = 19:1:6). "H NMR (400 MHz, CDCl3) 67.73 (d, J = 8.1 Hz, 1H),
7.65 — 7.59 (m, 2H), 7.25 — 7.20 (m, 1H), 7.06 — 6.97 (m, 2H), 6.88 — 6.81 (m, 2H),
6.33 (s, 1H), 6.04 (s, 1H), 5.16 — 5.09 (m, 1H), 4.30 — 4.15 (m, 2H), 3.81 (s, 3H), 3.11
(dd, J=16.6, 10.2 Hz, 1H), 2.62 (dd, J = 16.6, 3.0 Hz, 1H), 1.29 (t, J= 7.1 Hz, 3H).
BC{'H} NMR (100 MHz, CDCl;) J. 165.8, 163.2, 141.6, 140.2, 131.1, 129.24,
129.16, 127.8, 125.6, 125.2, 124.9, 117.0, 114.2, 61.2, 60.9, 55.5, 36.2, 14.1 HRMS
(ESI) m/z: calcd. for C,0H2NOsSNa” [M+Na]+: 410.1033, found 410.1025.

Ethyl 2-(1-([1,1°-biphenyl]-4-ylsulfonyl)indolin-2-yl)acrylate (31)

o The 3l was prepared according to the general procedure

OEt | described above using 1g (33.7 mg, 0.1 mmol), 2a (34.5 mg,

0=$=0 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,
© 0.2 equiv) and isolated as a yellow solid (22.3 mg, 51% vyield)
Ph after flash column chromatography on silica gel

3l
(PE:EtOAC:DCM = 19:1:6). m.p.: 122.0 — 123.8 °C. *H NMR (400 MHz, CDCI3) §

7.82 —7.74 (m, 3H), 7.60 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 7.2 Hz, 2H), 7.45 (t, J = 7.3
Hz, 2H), 7.39 (t, J = 7.2 Hz, 1H), 7.29 — 7.26 (m, 1H), 7.04 (q, J = 7.6 Hz, 2H), 6.36
(s, 1H), 6.07 (s, 1H), 5.28 — 5.16 (m, 1H), 4.33 — 4.17 (m, 2H), 3.16 (dd, J = 16.6,
10.2 Hz, 1H), 2.66 (dd, J = 16.6, 2.9 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H). ®C{'H} NMR
(100 MHz, CDCl;) ¢ 165.7, 145.9, 141.4, 140.1, 138.9, 136.1, 131.1, 129.0, 128.5,
127.9, 127.6, 127.5, 127.2, 125.7, 125.3, 125.0, 116.9, 61.3, 61.0, 36.2, 14.1. HRMS
(ESI) m/z: alcd. for CosH3NO4SNa* [M+Na]™: 456.1240, found 456.1240.

Ethyl 2-(1-(mesitylsulfonyl)indolin-2-yl)acrylate (3m)

5 The 3m was prepared according to the general procedure
OEt| described above using 1h (30.3 mg, 0.1 mmol), 2a (34.5 mg,
0=8=0 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhnCOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (27.9 mg, 70%

3m yield) after flash column chromatography on silica gel
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(PE:EtOAc:DCM = 19:1:6). '"H NMR (400 MHz, CDCl;) 6 7.21 (d, J = 7.6 Hz, 1H),
7.13 = 7.08 (m, 2H), 6.99 — 6.94 (m, 1H), 6.92 (s, 2H), 6.19 (s, 1H), 5.86 (s, 1H), 5.30
— 5.25 (m, 1H), 4.25 — 4.12 (m, 2H), 3.51 (dd, J = 16.3, 10.0 Hz, 1H), 2.75 (dd, J =
16.4, 2.4 Hz, 1H), 2.57 (s, 6H), 2.28 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H). *C{'"H} NMR
(100 MHz, CDCl3) § 165.6, 143.0, 142.4, 140.4, 139.5, 132.9, 132.2, 130.9, 127.6,
125.4, 123.8, 115.2, 61.0, 60.9, 36.5, 23.0, 21.0, 14.1. HRMS (ESI) m/z: calcd. for
C»H,sNO4SNa" [M+Na]™: 422.1397, found 422.1387.

Ethyl 2-(1-(naphthalen-1-ylsulfonyl)indolin-2-yl)acrylate (3n)

The 3n was prepared according to the general procedure

OEt| described above using 1i (31.1 mg, 0.1 mmol), 2a (34.5 mg,

0=5=0 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,
0.2 equiv) and isolated as a yellow solid (24.9 mg, 62% yield)

3n

after flash column chromatography on silica gel
(PE:EtOAc:DCM = 19:1:6). m.p.: 80.5 — 82.1 °C. "H NMR (400 MHz, CDCL;) §
8.56 (d, J= 8.4 Hz, 1H), 8.26 — 8.19 (m 1H), 8.02 (d, J= 8.1 Hz, 1H), 7.88 — 7.83 (m
1H), 7.66 (d, J = 8.1 Hz, 1H), 7.53 — 7.45 (m, 3H), 7.24 — 7.16 (m 1H), 7.02 — 6.91
(m, 2H), 6.27 (s, 1H), 5.99 (d, J = 1.4 Hz, 1H), 5.36 — 5.29 (m 1H), 4.26 — 4.13 (m,
2H), 3.01 (dd, J = 16.4, 9.9 Hz, 1H), 2.60 (dd, J = 16.3, 2.2 Hz, 1H), 1.27 (t, J="7.1
Hz, 3H). “C{'H} NMR (100 MHz, CDCl;) 6 165.6, 141.6, 139.5, 134.6, 134.3,
133.8, 130.7, 130.4, 128.8, 128.7, 128.0, 127.6, 126.9, 125.7, 125.3, 124.7, 124.0,
116.6, 61.6, 60.9, 36.1, 14.1. HRMS (ESI) m/z: calcd. for C»3H, NO4SNa” [M+Na] "
430.1083, found 430.1087.

Ethyl 2-(1-(methylsulfonyl)indolin-2-yl)acrylate (30)

o The 30 was prepared according to the general procedure
N OEt| described above using 1j (19.9 mg, 0.1 mmol), 2a (34.5 mg,
O:a:" 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,

0.2 equiv) and isolated as a yellow oily liquid (18.2 mg, 62%
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yield) after flash column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6).
"H NMR (400 MHz, CDCl3) § 7.52 (d, J = 8.0 Hz, 1H), 7.26 — 7.21 (m, 1H), 7.17 (d,
J=17.4Hz, 1H), 7.11 — 7.04 (m, 1H), 6.34 (s, 1H), 5.98 (s, 1H), 5.29 — 5.17 (m, 1H),
433 —4.17 (m, 2H), 3.69 (dd, J = 16.7, 10.4 Hz, 1H), 2.87 (m, 4H), 1.30 (t, J=7.1
Hz, 3H). “C{'"H} NMR (100 MHz, CDCl3) ¢ 165.7, 141.4, 140.4, 130.2, 128.2,
125.5, 124.8, 115.5, 61.6, 61.0, 36.6, 36.1, 14.1. HRMS (ESI) m/z: calcd. for
C14H;7NO4SNa" [M+Na]": 318.0770, found 318.0770.

Ethyl 2-(1-tosyl-6-(trifluoromethyl)indolin-2-yl)acrylate (3p)

o The 3p was prepared according to the general procedure
FC N OEt|  described above using 1k (34.3 mg, 0.1 mmol), 2a (34.5
31: mg, 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhnCOOH

(2.4 mg, 0.2 equiv) and isolated as a reddish brown oily liquid (24.9 mg, 57%
yield) after flash column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6).
"H NMR (400 MHz, CDCl3) 6 7.97 (s, 1H), 7.59 (d, J = 8.3 Hz, 2H), 7.28 (d, J= 7.8
Hz, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.10 (d, J= 7.8 Hz, 1H), 6.37 (s, 1H), 6.03 (s, 1H),
5.26 —5.13 (m, 1H), 4.33 —4.16 (m, 2H), 3.19 (dd, J=17.1, 10.4 Hz, 1H), 2.72 (dd, J
=17.1, 3.0 Hz, 1H), 2.37 (s, 3H), 1.30 (d, J = 7.1 Hz, 3H). “C{'H} NMR (100 MHz,
CDCl;) 5165.5, 144.6, 142.3, 139.9, 135.0, 134.4, 130.5 (q, J = 33 Hz), 129.9, 127.1,
126.0, 125.5, 123.9 (d, J = 270 Hz), 121.7 (q, J = 4 Hz), 113.4 (q, J = 33 Hz), 61.7,
61.1,36.2,21.6, 14.1. "F{'H} NMR (376 MHz, CDCl;) ¢ -62.2. HRMS (ESI) m/z:
calcd. for Cp1HaF3sNO4SNa™ [M+Na]™: 462.0957, found 462.0967.

Ethyl 2-(6-fluoro-1-tosylindolin-2-yl)acrylate (3q)

o The 3q was prepared according to the general procedure
F/Qp\«‘\oa described above using 11 (29.3 mg, 0.1 mmol), 2a (34.5 mg,
qu 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), Ph\COOH (2.4

mg, 0.2 equiv) and isolated as a white solid (19.7 mg, 51% yield) after flash column
chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). m.p.: 79.2 — 80.2 °C. 'H
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NMR (400 MHz, CDCl3) 6 7.61 (d, J = 8.2 Hz, 2H), 7.50 — 7.44 (m, 1H), 7.22 (d, J =
8.0 Hz, 2H), 6.95 — 6.89 (m, 1H), 6.75 — 6.67 (m, 1H), 6.35 (s, 1H), 6.01 (s, 1H), 5.20
— 5.14 (m, 1H), 4.30 — 4.16 (m, 2H), 3.09 (dd, J = 16.3, 10.4 Hz, 1H), 2.60 (dd, J =
16.3, 3.2 Hz, 1H), 2.38 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H). “C{'"H} NMR (100 MHz,
CDCl) § 165.6, 163.6 (d, J = 242 Hz), 144.4, 142.9 (d, J = 11 Hz), 140.0, 134.6,
129.8, 127.1, 126.2 (d, J = 3 Hz), 125.8, 125.8 (d, J = 3 Hz), 111.5 (d, J = 23 Hz),
104.7 (d, J=28 Hz), 62.2, 61.0, 35.6, 21.6, 14.1. "F{'"H} NMR (376 MHz, CDCl3) 6
-113.6. HRMS (ESI) m/z: calcd. for Co0H20FNO4SNa” [M+Na]™: 412.0989, found
412.0989.

Ethyl 2-(6-chloro-1-tosylindolin-2-yl)acrylate (3r)

o The 3r was prepared according to the general procedure
CI/QQ\(LOB described above using 1m (30.9 mg, 0.1 mmol), 2a (34.5
|

T:,,Sr mg, 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), Ph\COOH

(2.4 mg, 0.2 equiv) and isolated as a yellow solid (19.5 mg, 48% yield) after flash
column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). m.p.: 87.2 — 88.3
°C.'"H NMR (400 MHz, CDCls) 6 7.74 (d, J= 1.9 Hz, 1H), 7.63 — 7.58 (m, 2H), 7.23
(d, J= 8.0 Hz, 2H), 6.99 (dd, J = 8.0, 1.9 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.35 (s,
1H), 6.01 (s, 1H), 5.18 — 5.11 (m, 1H), 4.30 — 4.15 (m, 2H), 3.08 (dd, J = 16.7, 10.4
Hz, 1H), 2.60 (dd, J = 16.7, 3.2 Hz, 1H), 2.38 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (100 MHz, CDCL3) 6 165.6, 144.4, 142.8, 139.9, 134.5, 133.5, 129.9,
129.5, 127.1, 125.9, 125.8, 124.9, 117.0, 61.9, 61.1, 35.8, 21.6, 14.1. HRMS (ESI)
m/z: caled. for CooHyCINO4,SH' [M+H]": 406.0874, found 406.0863.

Ethyl 2-(6-bromo-1-tosylindolin-2-yl)acrylate (3s)

o The 3s was prepared according to the general procedure

B
r/Qp\‘(\\\OEt described above using 1n (35.3 mg, 0.1 mmol), 2a (34.5
;Ii mg, 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH

(2.4 mg, 0.2 equiv) and isolated as a yellow solid (22.3 mg, 50% yield) after flash
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column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). m.p.: 95.2 — 96.8
°C."H NMR (400 MHz, CDCl3) § 7.89 (d, J = 1.7 Hz, 1H), 7.62 — 7.58 (m, 2H), 7.23
(d, J = 8.1 Hz, 2H), 7.14 (dd, J = 7.9, 1.8 Hz, 1H), 6.86 (d, J = 7.9 Hz, 1H), 6.35 (s,
1H), 6.01 (s, 1H), 5.16 — 5.11 (m, 1H), 4.30 — 4.16 (m, 2H), 3.05 (dd, J = 16.9, 10.3
Hz, 1H), 2.59 (dd, J = 16.8, 3.2 Hz, 1H), 2.38 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H).
BC{'H} NMR (100 MHz, CDCl3) 6 165.6, 144.4, 143.0, 139.8, 134.4, 130.1, 129.8,
127.8, 127.1, 126.4, 125.8, 121.1, 119.8, 61.8, 61.0, 35.8, 21.6, 14.1. HRMS (ESI)
m/z: caled. for C,0H20BrNO4SNa' [M+Na]': 472.0189, found 472.0185.

Ethyl 2-(1-tosyl-5-(trifluoromethyl)indolin-2-yl)acrylate (3t)

F.C The 3t was prepared according to the general procedure

o)
Qj\«‘\oa described above using 10 (34.3 mg, 0.1 mmol), 2a (34.5 mg,
?S 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4
3t

mg, 0.2 equiv) and isolated as a yellow oily liquid (23.3 mg,
53% yield) after flash column chromatography on silica gel (PE:EtOAc:DCM =
19:1:6). '"H NMR (400 MHz, CDCls) 6 7.79 (d, J= 8.5 Hz, 1H), 7.61 (d, J= 8.3 Hz,
2H), 7.49 (d, J = 8.4 Hz, 1H), 7.26 — 7.20 (m, 3H), 6.36 (s, 1H), 6.00 (s, 1H), 5.20
(dd, J=10.4, 3.3 Hz, 1H), 4.30 — 4.16 (m, 2H), 3.22 (dd, J = 16.8, 10.5 Hz, 1H), 2.73
(dd, J=16.9, 3.4 Hz, 1H), 2.38 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100
MHz, CDCls) 6 165.5, 144.7, 144.6, 139.9, 134.6, 131.5, 129.9, 127.0, 126.7 (q, J =
32 Hz), 126.0, 125.5 (q, J =4 Hz), 122.7, 122.4 (q, J = 4 Hz), 116.0, 61.8, 61.1, 36.0,
21.5, 14.1. "F{!H} NMR (376 MHz, CDCl;) ¢ -61.9. HRMS (ESI) m/z: calcd. for
C» 1 Hy0F3NO4SNa' [M+Na]": 462.0957, found 462.0962.

Ethyl 2-(5-bromo-1-tosylindolin-2-yl)acrylate (3u)

Br The 3u was prepared according to the general procedure

Ot described above using 1p (35.3 mg, 0.1 mmol), 2a (34.5 mg,

| 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhACOOH (2.4 mg,

0.2 equiv) and isolated as a yellow solid (21.2 mg, 47% yield)
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after flash column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). m.p.:
113.7 - 115.0 °C. "H NMR (400 MHz, CDCl3) 6 7.60 (d, J = 8.5 Hz, 1H), 7.57 (d, J
= 8.1 Hz, 2H), 7.36 — 7.31 (m, 1H), 7.21 (d, J = 8.0 Hz, 2H), 7.12 (s, 1H), 6.34 (s,
1H), 6.01 (s, 1H), 5.17 — 5.08 (m, 1H), 4.30-4.16 (m, 2H), 3.08 (dd, J=16.8, 10.3 Hz,
1H), 2.61 (dd, J = 16.9, 3.1 Hz, 1H), 2.38 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). “C{'H}
NMR (100 MHz, CDCL3) § 165.6, 144.4, 140.9, 139.8, 134.4, 133.5, 130.8, 129.8,
128.3, 127.1, 125.9, 118.2, 117.7, 61.6, 61.1, 36.0, 21.6, 14.1. HRMS (ESI) m/z:
calcd. for Co0H20BrNO4SNa" [M+Na]": 472.0189, found 472.0193.

Ethyl 2-(5-methyl-1-tosylindolin-2-yl)acrylate (3v)

Me The 3v was prepared according to the general procedure

Ot described above using 19 (28.9 mg, 0.1 mmol), 2a (34.5 mg,
N

1 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4 mg,

3v

0.2 equiv) and isolated as a yellow solid (23.6 mg, 61% vyield)
after flash column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6). m.p.:
165.0 — 165.9 °C. "H NMR (400 MHz, CDCl3) 6 7.60 (d, /= 8.2 Hz, 1H), 7.58 — 7.53
(m, 2H), 7.17 (d, J = 8.0 Hz, 2H), 7.02 (dd, J = 8.2, 1.6 Hz, 1H), 6.80 (s, 1H), 6.32 (s,
1H), 6.03 (s, 1H), 5.14 — 5.08 (m, 1H), 4.30 — 4.16 (m, 2H), 3.02 (dd, J = 16.5, 10.1
Hz, 1H), 2.55 (dd, J = 16.5, 3.0 Hz, 1H), 2.35 (s, 3H), 2.25 (s, 3H), 1.29 (t, J = 7.1
Hz, 3H). *C{*H} NMR (100 MHz, CDCls) § 165.8, 144.0, 140.2, 139.2, 134.8,
134.7, 131.2, 129.6, 128.4, 127.1, 125.8, 125.5, 116.8, 61.4, 60.9, 36.1, 21.5, 20.9,
14.1. HRMS (ESI) m/z: caled. for CxnH»3NOsSNa™ [M+Na]™: 408.1240, found
408.1243.

Ethyl 2-(5-methoxy-1-tosylindolin-2-yl)acrylate (3w)

Vo0 The 3w was prepared according to the general procedure

okt described above using 1r (30.5 mg, 0.1 mmol), 2a (34.5 mg,

1 0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4

3w

mg, 0.2 equiv) and isolated as a yellow solid (25.6 mg, 64%
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yield) after flash column chromatography on silica gel (PE:EtOAc:DCM = 19:1:6).
m.p.: 148.0 — 149.9 °C. 'H NMR (400 MHz, CDCl;) 6 7.63 (d, J = 8.8 Hz, 1H), 7.58
—7.50 (m, 2H), 7.17 (d, J = 8.1 Hz, 2H), 6.76 (dd, J = 8.8, 2.7 Hz, 1H), 6.53 (d, J =
2.6 Hz, 1H), 6.31 (s, 1H), 6.04 (s, 1H), 5.14 — 5.06 (m, 1H), 4.30 — 4.13 (m, 2H), 3.73
(s, 3H), 2.95 (dd, J = 16.6, 10.0 Hz, 1H), 2.52 (dd, J = 16.7, 2.8 Hz, 1H), 2.35 (s, 3H),
1.29 (t, J = 7.1 Hz, 3H). *C{"H} NMR (100 MHz, CDCls) ¢ 165.7, 157.6, 143.9,
139.8, 134.8, 134.4, 133.1, 129.6, 127.1, 125.6, 118.3, 112.9, 110.8, 61.6, 60.9, 55.5,
36.3, 21.5, 14.1. HRMS (ESI) m/z: calcd. for C,1Hy;NOsSNa* [M+Na]+: 424.1189,
found 424.1182.

Ethyl 2-(1-tosyl-2,3-dihydro-1H-benzo[f[indol-2-yl)acrylate (3x)

The 3x was prepared according to the general procedure

(0]
CO Ot described above using 1s (32.5 mg, 0.1 mmol), 2a (34.5 mg,
N
Ts

0.15 mmol), PPh,Cy (32.2 mg, 1.2 equiv), PhCOOH (2.4
3x

mg, 0.2 equiv) and isolated as a yellow oily liquid (30.3 mg,
72% yield) after flash column chromatography on silica gel (PE:EtOAc:DCM =
19:1:6). "H NMR (400 MHz, CDCls) 6 8.11 (s, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.68 —
7.62 (m, 3H), 7.48 — 7.42 (m, 2H), 7.37 (ddd, J = 8.2, 6.9, 1.3 Hz, 1H), 7.16 (d, J =
8.0 Hz, 2H), 6.33 (s, 1H), 6.09 — 6.01 (m, 1H), 5.32 — 5.23 (m, 1H), 4.31 — 4.17 (m,
2H), 3.26 (ddd, J = 16.8, 10.0, 1.8 Hz, 1H), 2.82 (dd, J = 16.8, 1.8 Hz, 1H), 2.33 (s,
3H), 1.30 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100 MHz, CDCl;) 6 165.7, 144.1,
140.1, 140.0, 135.1, 133.5, 131.40, 131.38, 129.7, 127.9, 127.3, 127.0, 126.0, 125.7,
125.0, 124.0, 113.1, 61.7, 61.0, 35.8, 21.5, 14.1. HRMS (ESI) m/z: calcd. for
Cy4H23NO4SNa" [M+Na]™: 444.1240, found 444.1249.
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IV. Gram-Scale and Synthetic Manipulations

(a) Synthesis of 3a on gram-scale.

PPh,Cy (1.2 eq) o
(e} 2
©iCHO PhCOOH (0.2 eq) oFt
+
EtO OBoc N
NHTs )kﬂ/\ Toluene, rt \
Ts
1a 2a (1.5 equiv.) 3a, 78% yield

To a stirred solution of o-aminobenzaldehyde 1a (4.0 mmol, 1.0 eqvuiv) and allyl
carbonate 2a (6 mmol, 1.5 equiv) were added to toluene (80.0 mL) with PPh,Cy (1.2
equiv) and PhCOOH (20 mol %), and stirred at room temperature. The reaction
mixture was purified by flash chromatography on silica gel (PE:EtOAc:DCM =
19:1:6) with a yield of 78%.

(b) Synthetic manipulations of 3a.
Ethyl 3-(p-tolylthio)-2-(1-tosylindolin-2-yl)propanoate (4)

(0] N

Me . . Y OH
OEt + /©/ Pyrrolidine (2 equiv.) Ts s
N Hs CHCla, rt

Ts
3a (1.5 equiv.) 4
94% vyield, 3:1 d.r.

According to the known procedure.1 p-Toluenethiol (18.6 mg, 0.15 mmol) and
Pyrrolidine (16 pL, 0.2 mmol) were added to a solution of 3a (37.1 mg, 0.1 mmol) in
CHCI; (4.0 mL) at room temperature. The resulting reaction mixture was stirred at rt
for 12 hours. The reaction was quenched with saturated NH4CI and the mixture was
extracted with CH,Cl,. The combined organic phases were dried over Na,SO4 and
concentrated in vacuo. The residue was purified by flash column on silica gel
(PE:EtOAc:DCM = 5:2:1) to afford a white solid 4 (46.6 mg, 94% yield, 3:1 d.r).
m.p.: 99.5 — 101.0 °C. "H NMR (400 MHz, CDCl;) J 7.66 (d, J = 8.0 Hz, 1H), 7.47
(d, J = 8.2 Hz, 2H), 7.27 (s, 1H), 7.25 (s, 1H), 7.24 — 7.18 (m, 1H), 7.16 — 7.08 (m,
4H), 7.03 (t, J=7.3 Hz, 1H), 6.99 (d, /= 7.3 Hz, 1H), 4.55 (ddd, J/=9.7, 4.2, 2.4 Hz,
1H), 3.87 (q, J= 7.1 Hz, 2H), 3.17 (d, /= 6.9 Hz, 2H), 3.03 (ddd, J = 8.0, 6.3, 4.1 Hz,
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1H), 2.81 (dd, J = 16.5, 2.3 Hz, 1H), 2.63 (dd, J = 16.5, 9.7 Hz, 1H), 2.34 (s, 3H),
2.31 (s, 3H), 1.10 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100 MHz, CDCl;) J 171.1,
144.1, 141.8, 136.5, 134.5, 132.4, 131.8, 130.5, 129.8, 129.6, 127.9 127.1, 125.3,
124.7, 118.2, 62.4, 61.0, 51.3, 31.8, 31.6, 21.5, 21.0, 13.9. HRMS (ESI) m/z: calcd.
for C,7H,0NO4S:Na" [M+Na]": 518.1430, found 518.1430.

Ethyl 2-(indolin-2-yl)acrylate (5)

0 0
OEt TfOH OFt
N DCE, 90 °C N
H

Ts
3a 5, 66% vyield

According to the known procedure.” TfOH (30.0 mg, 0.2 mmol) was added to a
solution of 3a (37.1 mg, 0.1 mmol) in DCE (2.0 mL) at room temperature. The
resulting reaction mixture was heated at 90 °C and stirred by reflux for 4 hours. The
reaction was quenched with saturated NaHCO; and the mixture was extracted with
CH,Cl,. The combined organic phases were dried over Na,SO4 and concentrated in
vacuo. The residue was purified by flash column on silica gel (PE:EtOAc:DCM =
5:1:1) to afford a brown oil 5 (14.3 mg, 66% yield). '"H NMR (400 MHz, CDCl3) §
7.12 —7.00 (m, 2H), 6.73 — 6.68 (m, 1H), 6.65 (d, /= 7.7 Hz, 1H), 6.29 (t, J= 1.2 Hz,
1H), 5.95 (t, /= 1.4 Hz, 1H), 4.78 (t, /= 9.0, 1H), 4.31 — 4.19 (m, 2H), 4.07 (s, 1H),
3.40 (dd, J = 15.6, 9.1 Hz, 1H), 2.84 (dd, J = 15.5, 8.9 Hz, 1H), 1.33 (t, /= 7.1 Hz,
3H). *C{'H} NMR (100 MHz, CDCl;) J 166.6, 150.4, 142.5, 127.8, 127.4, 124.6,
123.9, 118.9, 109.1, 60.8, 59.0, 36.5, 14.2. HRMS (ESI) m/z: calcd. for
C13H;sNO,Na" [M+Na]": 240.0995, found 240.0994.

Ethyl 2,3-dihydroxy-2-(1-tosylindolin-2-yl)propanoate (6)

O K20$O4'2H20 (02 equiv) H O
OEt NMO (5.2 equiv) K okt
N acetone:H,0 = 5:1 N ""OH

Ts Ts OH
3a 6, 71% yield, 1.4:1 d.r.

According to the known procedure.” Potassium osmiate dihydrate (7.3 mg, 0.02
mmol) and 4-methylmorpholine N-oxide (0.05 mL, 0.52 mmol) were added to a
solution of 3a (37.1 mg, 0.1 mmol) in acetone:H,O = 5:1 (4.0 mL) at room

temperature. The resulting reaction mixture was stirred at rt for 12 h. The reaction was
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quenched with saturated Na,SO; and the mixture was extracted with CH,Cl,. The
combined organic phases were dried over Na,SO4 and concentrated in vacuo. The
residue was purified by flash column on silica gel (PE:EtOAc:DCM = 5:2:1) to afford
a white solid 6 (28.6 mg, 71% yield, 1.4:1 d.r.). m.p.: 109.2 — 110.9 °C. "H NMR (400
MHz, CDCl3) 6 7.64 (d, J = 8.0 Hz, 1H), 7.44 — 7.37 (m, 2H), 7.25 — 7.18 (m, 1H),
7.13 (d, J = 8.0 Hz, 2H), 7.08 — 7.02 (m, 1H), 7.00 — 6.95 (m, 1H), 4.61 (dd, J = 8.9,
2.5 Hz, 1H), 4.16 — 4.09 (m, 2H), 4.09 — 4.04 (m, 1H), 3.88 (dd, /= 11.9, 6.6 Hz, 1H),
3.50 (s, 1H), 2.70 (t, J = 7.2 Hz, 1H), 2.62 (dd, J = 16.5, 2.5 Hz, 1H), 2.54 (dd, J =
16.4, 8.9 Hz, 1H), 2.34 (s, 3H), 1.21 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100 MHz,
CDCl3) 0 172.7, 144.3, 141.9, 133.8, 133.7, 129.6, 127.6, 127.2, 125.8, 124.2, 118.9,
80.5, 64.8, 64.1, 62.5, 30.6, 21.5, 14.0. HRMS (ESI) m/z: calcd. for C0H23NOgSNa"
[M+Na]": 428.1138, found 428.1146.

Ethyl 3-(benzylamino)-2-(1-tosylindolin-2-yl)propanoate (7)

(0]
H
O X OEt

N S
OEt . NH, Toluene Y H
N 110 °C, 18 h Ts NH
Ts \\©
3a 7,91% vield, 3:1 d.r.

Benzylamine (53.6 mg, 0.5 mmol) was added to a solution of 3a (37.1 mg, 0.1 mmol)
in Toluene (2.0 mL) at room temperature. The resulting reaction mixture was heated
at 110 °C and stirred by reflux for 18 hours. The reaction was quenched with saturated
NaHCO; and the mixture was extracted with CH,Cl,. The combined organic phases
were dried over Na,SO,4 and concentrated in vacuo. The residue was purified by flash
column on silica gel (PE:EtOAc:DCM = 10:5:1) to afford a brown oil 7 (43.6 mg,
91% yield, 3:1 d.r). "H NMR (400 MHz, (CD3),CO) 6 7.58 — 7.51 (m, 3H), 7.31 —
7.28 (m, 3H), 7.27 — 7.25 (m, 3H), 7.25 — 7.18 (m, 2H), 7.10 — 7.02 (m, 2H), 7.78 —
7.71 (m, 1H), 3.99 — 3.90 (m, 2H), 3.76 — 3.63 (m, 2H), 3.03 — 2.97 (m, 1H), 2.93 —
2.90 (m, 1H), 2.88 — 2.87 (m, 1H), 2.86 — 2.83 (m, 1H), 2.71 (dd, J = 16.6, 9.7 Hz,
1H), 2.34 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100 MHz, (CD5),CO) ¢
172.4, 145.1, 142.8, 141.7, 135.8, 134.1, 130.5, 128.9, 128.8, 128.3, 128.0, 127.4,
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126.0, 125.8, 118.6, 62.8, 61.0, 54.3, 52.1, 46.9, 32.8, 21.4, 14.3. HRMS (ESI) m/z:
calcd. for C,7H30N,O4SH™ [M+H]": 479.1999, found 479.2005.
Ethyl (Z)-2-ethyl-4-(2-((4-methylphenyl)sulfonamido)phenyl) but-2-enoate (8)

CuBr; (5 mol%)

MeMgBr (1.5 equiv) Me
(e} Ll\&iil (:(()) equllv) _ OEt ’ o)
OEt (3.0 equiv) I + N OEt
(o] N
N THF, -48°C, 3 h NH N

|
Ts Ts Ts Me
3a 8 9

75% vyield 8% vyield

The 3a (37.1 mg, 0.1 mmol) and CuBr, (11.2 mg, 0.05 mmol)was added to an reaction
tube. Vacuum for 15 minutes and inject nitrogen. Then, THF (1 mL), Me3SiCl (31.1
mg, 0.3 mmol) and HMPA (53.6 mg, 0.3 mmol) were added at -48 °C and MeMgBr
(0.15 mL, 0.15 mmol) was added drop by drop for 1 hours. The reaction was
quenched with saturated NH4Cl and the mixture was extracted with EtOAc. The
combined organic phases were dried over Na,SO4 and concentrated in vacuo. The
residue was purified by flash column on silica gel (PE:EtOAc = 5:2) to afford a white
solid 8 (29.1 mg, 75% vyield) and 9 (2.9 mg, 8% vyield). Compound data of 8: *H
NMR (400 MHz, CDCls) 6 7.59 (d, J = 8.3 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.20 —
7.13 (m, 3H), 7.12 — 7.05 (m, 1H), 6.57 (dd, J = 15.4, 8.0 Hz, 2H), 4.18 (q, J = 7.1 Hz,
2H), 3.29 (d, J = 7.5 Hz, 2H), 2.40 (s, 3H), 2.31 (g, J = 7.5 Hz, 2H), 1.28 (t, J = 7.1
Hz, 3H), 1.00 (t, J = 7.5 Hz, 3H). *C{*H} NMR (100 MHz, CDCls) 5 167.3, 143.9,
137.6, 136.5, 135.8, 134.4, 134.1, 129.8, 129.6, 127.5, 127.19, 127.15, 126.2, 60.6,
29.9, 21.5, 20.1, 14.2, 13.7. HRMS (ESI) m/z: calcd. for Cp;HsNO,SNa* [M+Na]":
410.1397, found 410.1407.

Compound data of 9: '"H NMR (400 MHz, CDCl3) 0 7.63 (d, J = 8.0 Hz, 1H), 7.45
(d, J = 8.3 Hz, 2H), 7.24 — 7.18 (m, 1H), 7.12 (d, J = 8.1 Hz, 2H), 7.07 — 6.98 (m,
2H), 4.41 (td, J = 8.1, 2.9 Hz, 1H), 4.11 — 3.98 (m, 2H), 2.59 — 2.49 (m, 3H), 2.33 (s,
3H), 1.97 — 1.76 (m, 2H), 1.15 (t, J= 7.1 Hz, 3H). “C{'H} NMR (100 MHz, CDCl;)
0 173.6, 143.9, 143.8, 141.4, 135.2, 133.1, 129.5, 127.6, 127.1, 125.4, 125.0, 118.9,
63.6, 60.5, 52.5, 32.8, 22.6, 21.5, 14.2, 11.6. HRMS (ESI) m/z: calcd. for

C»H,sNO,SNa' [M+Na]": 410.1397, found 410.1402.
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V. Mechanistic Studies

(a) Control Experiments of 1a and 2a.

PPh,Cy CHO

1a + 2a PhCO5H (20 mol%) ©: . OFEt
N OEt N
Ts

275mg 34.5mg toluene,rt, 12h
Ts

Int-1 3a
(Not deteced)

PPh,Cy 0.2 equiv 0.5 equiv 0.8 equiv 1.0 equiv 1.2 equiv

3a (%) 2.2mg (6%) 9.0 mg (24%) 16.1 mg (43%) 23.4 mg (63%) 32.5 mg (88%)
1a (%) 24.1 mg (88%) 18.4 mg (67%) 9.6 mg (35%) 3.3 mg(12%) 0.0 mg (0%)

To a stirred solution of o-aminobenzaldehyde 1a (27.5 mg, 0.1 mmol) and allyl
carbonate 2a (34.5 mg, 0.15 mmol, 1.5 equiv) in toluene (2.0 mL) was added PPh,Cy
(0.2-1.2 equiv) and benzoic acid (2.4 mg, 20 mol%) at room temperature for 12 h. The
reaction mixture was purified without concentration via flash chromatography on

silica gel (PE:EtOAc:DCM = 19:1:6) to afford compounds 3a and 1a.

(b) Transformation Experiment of 3a'

~\\OH o o
1a + 2a standard conditions OEt . OEt
N N
Ts Ts
3a' (CCDC: 2325027) 3a
5% yield 88% yield
standard conditions A

...............................

To a stirred solution of o-aminobenzaldehyde 1a (27.5 mg, 0.1 mmol) and allyl
carbonate 2a (34.5 mg, 0.15 mmol, 1.5 equiv) in toluene (2.0 mL) was added PPh,Cy
(32.2 mg, 0.12 mmol, 1.2 equiv) and benzoic acid (2.4 mg, 20 mol%) at room
temperature for 12 h. The reaction mixture was purified without concentration via
flash chromatography on silica gel (PE:EtOAc:DCM = 19:1:6) to afford compounds
3a' (1.9 mg, 5% yield). Compound data of 3a'": '"H NMR (400 MHz, (CD3),CO) ¢
7.73 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 8.2 Hz, 1H), 7.38 — 7.25 (m, 4H), 7.10 — 7.04
(m, 1H), 6.26 (s, 1H), 5.86 (s, 1H), 4.99 (s, 1H), 4.85—4.79 (m, 2H), 4.21 (qd, J= 7.1,

4.6 Hz, 2H), 2.35 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H). "C{'"H} NMR (100 MHz,
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(CD3),CO) J 166.0, 145.1, 142.9, 139.8, 135.9, 133.6, 130.5, 130.4, 128.4, 127.3,
126.2, 125.0, 115.9, 76.7, 72.8, 61.5, 21.4, 14.3. HRMS (ESI) m/z: calcd. for
CaH,1NOsSNa" [M+Na]™: 410.1033, found 410.1038.

(c) Control Experiment of 1a and 2g

Ph
O Ph " X |
standard conditions CO,Et
a + ko OBoc
NHTs
2g Int-2'
87% vyield

To a stirred solution of o-aminobenzaldehyde 1a (27.5 mg, 0.1 mmol) and allyl
carbonate 2g (46.0 mg, 0.15 mmol, 1.5 equiv) in toluene (2.0 mL) was added PPh,Cy
(32.2 mg, 0.12 mmol, 1.2 equiv) and benzoic acid (2.4 mg, 20 mol%) at room
temperature for 12 h. The reaction mixture was purified without concentration via
flash chromatography on silica gel (PE:EtOAc:DCM = 20:3:1) to afford compounds
Int-2' (38.9 mg, 87% yield). Compound data of Int-2": '"H NMR (400 MHz, CDCls)
0 7.65—7.55 (m, 3H), 7.46 — 7.34 (m, 6H), 7.30 — 7.27 (m, 1H), 7.23 — 7.20 (m, 1H),
7.18 —7.14 (m, 2H), 7.03 (d, /= 16.2 Hz, 1H), 6.70 (d, J = 16.3 Hz, 1H), 6.57 (s, 1H),
438 (q, J = 7.1 Hz, 2H), 2.30 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H). *C{'"H} NMR (100
MHz, CDCl;3) 6 167.0, 143.8, 139.9, 136.4, 135.3, 133.6, 132.4, 130.0, 129.51,
129.48, 129.0, 128.8, 128.7, 128.6, 127.3, 126.5, 126.3, 125.5, 125.3, 61.2, 21.5, 14.4.
HRMS (ESI) m/z: calcd. for C,sHosNO4SNa” [M+Na]™: 470.1397, found 470.1404.

(d) The Deuterium Labeling Experiment

. 30% D
PPh,Cy (1.2 equiv) Yl
PhCO,H (20 mol%) 3’0
D,0 (20 equiv.
1a + 2a 20 @0oquv) 2 OEt
toluene, rt N g
Ts T 45%D
3a" 79% D
48% yield

To a stirred solution of o-aminobenzaldehyde 1a (27.5 mg, 0.1 mmol), allyl carbonate

2a (34.5 mg, 0.15 mmol, 1.5 equiv), D,O (40.0 mg, 20.0 equiv), PPh,Cy (32.2 mg,
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0.12 mmol, 1.2 equiv), benzoic acid (2.4 mg, 20 mol%) and 2.0 mL of toluene. The
resulting reaction mixture was stirred at room temperature for 12 h. The reaction
mixture was concentrated and the residue was purified by silica gel flash column
chromatography (PE:EtOAc:DCM = 19:1:6) to afford corresponding product d-3a'' as

a yellow oily liquid (18.1 mg, 48% yield).
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VIl. X-Ray Crystallographic Analysis

Crystal Growth Method: 20 mg of 3j was added in a HPLC vial and dissolved by
1.0 mL DCM, closed the lid. Then put it in a large bottle, added PE to the same level
of the liquid in the HPLC vial, tighten the lid, put it in a fumehood and waited for

growth.

Figure S1. X-ray structure of 3j (ellipsoid contour at 50% probability CCDC
2287281)
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Crystal Growth Method: 15 mg of 4 was added in a HPLC vial and dissolved by 1.0
mL DCM, closed the lid. Then put it in a large bottle, added PE to the same level of
the liquid in the HPLC vial, tighten the lid, put it in a fumehood and waited for

growth.

Figure S2. X-ray structure of 4 (ellipsoid contour at 50% probability CCDC
2293949)
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Crystal Growth Method: 5 mg of 3a' was added in a HPLC vial and dissolved by
1.0 mL DCM, closed the lid. Then put it in a large bottle, added PE to the same level
of the liquid in the HPLC vial, tighten the lid, put it in a fumehood and waited for

growth.

Figure S3. X-ray structure of 3a' (ellipsoid contour at 50% probability CCDC
2325027)
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Table S1. Crystal data and structure refinement for 3j, 4, and 3a'.

Identification code

3j 4 3a'
Empirical formula C19H1gNO,S Cy7H20NO,S, C,yoH,1NOsS
Formula weight 357.41 495.63 387.44
Temperature/K 150.00(10) 100.0(6) 99.97(15)
Crystal system monoclinic monoclinic triclinic
Space group P2;/c P2i/n P-1
a/A 8.30100(10) 9.24180(10) 8.0093(9)
b/A 11.06510(10) 19.5215(3) 9.9303(10)
c/A 18.7113(2) 14.0366(2) 13.0524(6)
a/° 90 90 92.274(6)
p/e 93.4680(10) 99.178(2) 107.728(8)
v/° 90 90 106.033(10)
Volume/A® 1715.51(3) 2499.98(6) 941.63(16)
4 4 4 2
Pcalc(g/cm’) 1.384 1317 1.366
wmm ™! 1.884 2.204 1.800
F(000) 752.0 1048.0 408.0
Crystal size/mm’ 0.15 x0.12 x0.1 0.16 x 0.14 x 0.12 0.15x0.14 x 0.1
Radiation CuKo (A=1.54184) CuKoa (A=1.54184) CuKoa (A=1.54184)
20 range for data 9.29 t0 148.79 7.824 to 148.864 7.176 to 150.146
collection/
-10<h <9, 9<h<l1l, -6<h<9,
Index ranges -13 <k <13, -22 <k <23, -12<k <12,
-22<1<22 -17<1< 14 -15<1<16
Reflections collected 18184 13621 7837

Independent
reflections

Data/restraints/parameters
Goodness-of-fit on F*
Final R indexes
[>=20 (I)]

Final R indexes
[all data]

Largest diff.
peak/hole / e A~

3454 [Ryy = 0.0211,
Raigma = 0.0120]
3454/0/228
1.033

R1 = 0.0297,
WR; =0.0770

R; =0.0301,
WR; = 0.0772

0.28/-0.37

4968 [Rip = 0.0430,
Riigma = 0.0514]
4968/0/310
1.096

R, =0.0453,
wR, =0.1197

R; =0.0548,
wR;, = 0.1248

0.38/-0.49

3580 [Rint = 0.0590,
Riigme= 0.0619]
3580/0/255
1.162

R1=10.0793,
wR2 =0.2277

R1=0.0908,
wR2 =0.2536

1.02/-1.27

S28



VII1. Copies of '"H and “C{'H} NMR Spectra

LLTY
mmu.—/
EIETT &

65677
065°7 |
865°7 |
1£9°7
669 |
790°€ |
880°€ | f
POL'E |

621°€ 1
91 1
€817 | ﬁ
w61 |

107y

0174 |
9174
82T
PETH
P
vy o
sz w

—

19T°%

1v0°9 —

LEE9 —
986'9
£00°L
800°L
920°L
$20°L
pro'L
LroLd
wrL
€61°L )
807°L
aL]
97T'L
£ETL
9vTL o
0sT'L |

£10aD 097L
295°L
L9s°L ]
oLsL ]
essL |
STLL %
spLL

)

H NMR (400 MHz, CDCl5)

860

Forz

=00°1L

=86°0

90T
F107

(18
€07
=00°1

EUPT —

ysIT—

1779€ —

96709~
L9

€1DdD 89°9L

€10dD TELL

£1 (ppm)

96911 —
88471

17521 H%
99571 —
60°LT1 \

Nm.z_\
£9°671
m:.—m—x\‘
89°bET
O—.O?—\
mm.—?—x\‘

SOPPI

LLS9T —

3C{'H} NMR (100 MHz, CDCls)

60

110 90 70
£1 (ppm)

130

150

S29



€100

8yT'1
SSTT
yoT'1
LT

LseT
PN
9657 H/
61977
e’
ss0'e
180°€
960°€ N
wre
ps0s |
690°s |
$80°S |
1o1's |
611's |
pers
Lers
sp1s
6r1s
€IS
0109
909
2869 1
18691
000 1
S00°L 1
L00L
220 |
vzoL
oroL |
£r0L | ﬁ
oL1L
061°L
2072+
L0z'L
617L W
€22
LirL-¥
6£TL
PrTL
097
195°L
995°L
8LSL
8L
PILL
pELL

TH NMR (400 MHz, CDCls)

=LE9

Feox

Hor

Ww.oé
I

=00°1

0T

0T
£

F00°C
o1

£1 (ppm)

€S°1T
mr.—NW

8L'1T

61°9¢ —

6£°19 —
1$°89 —

€1DdD 89°9L

€10dD TELL

86911 —
S8zl

E.mﬁ%
£rsTL—
c_.Z_\
aEN_\
Gﬁ_\
w_._m_\
sLpEL

?.3_\
E._E\

€0°PPL

ST —

3C{'H} NMR (100 MHz, CDCl3)

bl

110

130

170

00

£1 (ppm)

S30



veou
S16°0
£96°0
7561
0LET
9LET
88¢°1
P6E°1 |
LOPT
0zTH'1
9711
0811
ST9'1
0£9'1 4
019'1
SP9'I
959'1
£99'1 %
6L9'1

LSE'T

AN
€65 /
979'T

visz/
w0

8L0E ~—

¥60°¢ x

(3189

T

SEry
(TR
91
991
6LTY
€817
661
[jead
8II'S
(2483 W
9TI'S
PPI’S
LYT'S
IST'S
S€0'9
67€'9
£86'9
L86'9
700°L
800°L
ST0'L
870°L
PPO'L
LYO'L
oLTL
061°L V
L0T'L ]
L
strL
6tzL
T€TL]
SPT'L
6YTL
€100 097°L
8SS°L
795°L ]
pLsL]
sLs'L
szt
SshLLo

e ——

"Bu
o

Ts

3c

"H NMR (400 MHz, CDCls)

EL0€

001

Frox

101

=00'1

=001

90T
WMNQ.N
101

E€0'T
01

£1 (ppm)

wer"
061~
€517~

$§°0€ —

179¢ —

LTTI9 —
€899 —

€1DdD 89°9L

n

i

€10dD TELL

86911 —
68421

:.mﬁ/
19°571 —
2.5_\
18L21 \
£9°621 \
LoIET \
bobEl

_:.3_%
ssIpl \

SOPPL

18591 —

3C{"H} NMR (100 MHz, CDCly)

110

130

170

00

£1 (ppm)

S31



T8t

pSET
895°C AN
9LS'T H/
01977
L19°T 7
070°€

sho'e A
190°€ \
L80°€

660°5 |
£01°S
Lov's
PTIS
871°S
TET'S
LS6°S
€209
786'9
L86'9 1
686°9 1
000°L |
200°L |
S00°L
LOO"L
T20°L
vz0°L |
170°L
£10°L |
POr°L
L
007°L
£0T'L
907T°L
807T°L
81T°L A
127°L
€TTLA
977'L ]
67TL -
8€T'L | ﬁ

£rTL A
LsTL
€10dD 097T°L
0ss°L ]
§SS°L |
09s°L ]
wus'L]
oLsL]
85,
viL]
veLLo

"H NMR (400 M Hz, CDCl3)

ol

W

101

66°0

70T
20T
01

10t
101

£1 (ppm)

€617 —

S0°8T —

179¢ —

19—

£10dD 89°9L

TOuo 00 LL
€1DdD TE'LL
wis ’

orLIr—
8L¥TI
L8FPTL
61°STI —

€0°S91 —

13C{"H} NMR (100 MHz, CDClj)

T
100

110

140

150

T
180

190

£1 (ppm)

S32



99€°1
PLETH
2861
861
9011
0€r°1
6vh°1
Sst°1 o
oLy'T
08t°1
981°1
66v°1
07S°1
STSI W
669'

LaL't V
8181 —
SE8°L N
098°L

65€°T

68T AN
009°C /
€697
o/
poe

0L0°€ ~

wm:.mx
re

LESY
LY8Y
65S8°F
698°%
088y
068°%
668'%
wrs
9TI's
0Er's
R14 89
IsTS
SST'S
€10°9 —

€769 —
9869
L0O0'L
LT0'L
90'L
L
161°L A
S0T°L ]
607°L 7]
€7TL
LizL
0€T'L
€PTL
LYTL
€100 097°L |
65S°L ]
£95°L
stsL]
08s°L
6ILL]
6€L'L 7

TH NMR (400 MHz, CDCly)

£1 (ppm)

sere
7
SE'ST
LyIe—
179¢ ~

8€19 —

a_.MF/

£€10dD 89°9L

-

€1DdD TE'LL

POLIL —
88°FTI
0TSl

1rsor —

3C{"H} NMR (100 MHz, CDCl;)

L

T
100
£1 (ppm)

110

140

150

210

20

S33



9¢€°T
09T /
09T /
Y9 T
$9°T N.
90°¢
60°€ ~

=—.m\
€r'e

SIS
9IS
9IS
8I'S
8I'S
6I's
6I°S
ws
£€TS

809 —

8527
10°L
10°L
£0°L
€0°L
9L~
81°L
1L
€T'L
€100 9T'L
seL
9€°L ]
9¢°L
LeL
8€°L ]
8e'L
8e'L ]
9s°L]
8s'L |
oL
oL

H NMR (400 MHz, CDCly)

ol

10’1
wﬂ— 0T

o1

Froz
S6'1
11
0's
0T
01

0.0

0.5

£1 (ppm)

IsIc—

e —

w9 —

6999 —

€1DdD 89°9L /
€1DdD 00°LL N
€1DdD TELL

96911 —
16921
wst H/
61°921 ~
60°LTL f
€821
80'821
Lrsa
Ls'8T1
£9°621
L6°0E1
£9'pEl
09°sE1
16°6€1
[ ate!
90'r1

987691 —

13C{"H} NMR (100 MHz, CDCls)

120

130

170

£1 (ppm)

S34



8T \

0EL —F
(431 \

99T

L9t /.
oL —r
e \
60°€ \

e

m—.n“\
Ir'e

LUy
6L’y
0Ty
1Ty

wy
wy
YTy
YTy
STy
9TY
LTy

8T¥
6T¥
SIS
LIS

109 —

9€°9 —

£0°L
SO°L
90°L
80°L
0I'L ~§,

£12AD 9T'L
LTL \
€LL
sLL A
88'L 7
o
P78~
978 |

OEt

H NMR (400 MHz, CDCls)

JM“MJ\JML@L

80¢

Feon

Tooz

Fooz
=101

E86°0
ot

Fse6'1

£1 (ppm)

el —

91°'9€ —

STI9~
65197

€1DdD 89°9L /
€1DdD 00°LL N
€1DdD TELL

65911 —
LTven
s9'sT1 A
Ly'sT1 W
8LSTI
8I°8T1
0€°821
68°0€1
TL6ET %
Lsovt -y
61°EPT

6£°0ST —

6+°S91 —

OEt

13C{"H} NMR (100 MHz, CDCIs)

T T T T
180 170 160 150 140 130

T
190

r
00

£1 (ppm)

S35



060°L L
€120 097°L
oz
SEE'L
oPEL | k
PSEL
6S€°L
PLEL
8LEL
€IV°L W
9L |
EEV°L
9EP"L W
wSrLT
o
7S9°L \
ILY°L
[4E4
917’8

€T \
978

OEt

"H NMR (400 MHz, CDClj)

Free

E10°1

1071
Froz

£1 (ppm)

PIvE—

86709 —
ey —

€1DdD 89°9L

€10dD TELL

LU —
oozt
6eTt
1521 %
LssTr—
15LT1 \
o0sLT1 \
v6'6T1
ogeet
10°€1
89°s€1
s6LE
£8°6€1
L9°0¥1

867691 —

OEt

Br

3h

3C{'H} NMR (100 MHz, CDCl3)

00

110

130

170

£1 (ppm)

S36



[ateltie)

Lzt
671 W
€1
$9'71
$9'7
69'C 1
0L
e
ST'E
L€
61°€ |
Ly
61 F
0Ty |
0y |
179
€77
€T
ST
9Ty
LT
8TP |
(A
[
[

109
€9
'Ly
0L |
al
90°L {
90°L
80°L | ﬁ
80°L
€TLA
€TL
sTL
STLA
9T'L
it
1%
1oL
19°L ] W
L
9L
oL
po'L ]
y9'L |
99°L ]
oL
L
8L
gL
sgL

OEt

Br

3i

H NMR (400 MHz, CDCl5)

1 R

Fo60

Foor

Foz

FL6'T
6'0
£0°T
881
58670
260

60°F1 —

91'9€ —

£0°19 ~
05’19

€12dD 89°9L /
€1DdD 00°LL w
€1DdD TELL

£1 (ppm)

9911 —
10°€T1

9T°sTI
wstl
6y°STI
LSt \

66°LT1

$6°6T1
1S°0€1
6°0€1
0T9¢1
9°6€l
L86EL
66071

95791 —

OEt

O
Br
3i

A

.T

13C{"H} NMR (100 MHz, CDClj)

110

120

130

150

170

T
180

T
190

1 (ppm)

S37



ELTT \

167’1
60€°1L /

$6S°T
£09°C /.
LEY'T
vr9'T N.
(34183 /

890°€ ~—=
+80°€ \
orre
(4384
61y
661°%
80T
9ITY
€T
vy
6STY
L9TY
ILTY

LET'S
—ﬂﬁmw
48

ors
Lors
ILrs

33
S00°L
€10°L
910°L
1€0°L
PEO'L

9ET'L
8ST'L W
€12dD 09T°L

08€°L
P8E°L
66€°L
811L
pIsL]
LisL
TEs'L ]
1SS°L ]
€89°L |
L89°L |
zoLL
socL
s0L'L |
serL ]
o5

=/

OEt

"H NMR (400 MHz, CDCl3)

FLTE

Fio

Ferz

Feor

6670

001

01
01
001
60T
S0’
6'1
01

£1 (ppm)

vl —

ST°9¢ —

86709~
[IUEd

€1DdD 89°9L

€10dD TELL

167911 —

00°sT1
STSTL /

IL°S91 —

OEt

o]
3j
3C{"H} NMR (100 MHz, CDCls)

110

130

170

T
180

T
190

00

£1 (ppm)

S38



871 1
671
€7 4
791 1
65°C
092
€97
v9'T
Loe
ore ﬁ
e

vre ﬁ
18°€

9Ty
8’
61t
(143
1y
1y
243 ﬁ
243

vz
mN.JW
9Tt |
LTy
8TP |
0€°F 1
3 |
s |
s
£1's
s
PI°S 1
0’9
£€°9
£8'9
8’9 ﬁ

——

89
s8'9
98'9
89
66'9 1
102 1
£0°L
voL 4
P0°L
orL Y
17°L
L
YTL A
YTL A
€1DaD 9T°L
09°L
19 \F
19°L
9L
£9°L
yoL
wL
pLL
078 —

OEt

OMe

3k

'H NMR (400 MHz, CDCly)

U T

Feor

Feor

101

F00°1

o0z
Loz
200°1

2961
F66°0

0.0

0.5

1 (ppm)

60°FT —

1779¢ —

61°'SS —

16709 /

1719 —

£€12dD 89°9L /
€1DdD 00°LL N
€1DdD TELL

SUPIL—
L6911 —
S8PTI
8I°STI ~
8S°STI “
9L LT
96Tl
vT6TI
TIer
A

SToFIL
19 1% 1 \

YTEIL —
SL'S9T —

OEt

OMe

3k

13C{"H} NMR (100 MHz, CDCls)

110

120

130

140

170

T
180

190

00

£1 (ppm)

S39



6T'1 \

0L —~
wl \

b9z
9T
89
89° 7
£re
org~\
Lre \
0ze

s8I’y
0Ty
1Ty
wy
€Ty —¢
1424
sTY
LTy
8TY
8TY
6T¥
153 4
0T's
0TS
ws
€T'S

L09 —

9£'9 —
10°L
£0°L
SO'L
LOL
YTL

€1DaD 9T'L
8TL
LEL
6€L
L
€L
stL
oL
pSL
ss'L
65L
9L
sLL
LLL
08'L

OEt

3l

"H NMR (400 MHz, CDCl3)

Mlﬁﬁﬁww@

FE0°E

Fooz

H\%@.—
£8°0
760
S0°T
10°C

|4
Hxﬂc.m

oy —

1779¢ —

9609~
€€19

€12dD 89°9L /
€1DdD 00°LL N
€1DdD TELL

£1 (ppm)

S89IT —
8671
6T'STL /
$9°STI —
81I°LTL
€S°LTT
SS°LTT
S8°LTL
0S°8T1
96°8T1
SO'IEL
€1°9€T
£6'8€T
90°0% 1
wivl
6°SvL

0L'S9T —

OEt

Ph

3l

3C{'H} NMR (100 MHz, CDCl3)

ol L

110

120

130

140

170

T
180

190

00

£1 (ppm)

S40



6ET'L /

LSTT—F
YLTT \

8LTT
€LS°T
0EL'T
9EL'T
ILL'T
LLLT
18¥°¢€
90s°¢
ws'e
LYS'E

6Ty
yA484
9ST'¥
Ty
YLV
(4184
w61y

00Ty
60TY
8IT¥
VETY
SYTY
09T's
voT'S
89T°S
S8T'S
68T°S
£6T°S

=

98's —

w69 —
%69
LY6'9
0569
$96'9
8969
869
L86'9
¥80°L
L8O'L
€0T°L
7L
961°L
SITL
€12dD 09T°L

e e

OEt

3m

"H NMR (400 MHz, CDCl5)

=70°¢

=809
€01

01

01

F00°1

10
Mc.—

0°T
M/.:.._

LOYE —

9607 —
WET—

£€679¢€ —

6809 v.

vo'19

€100 89°9L

€10dD TE'LL

£1 (ppm)

LUSIT —

6L'ETL

LESTT #
9SLTI~
80°0€1 ~
81°T€I —
o6zer
6ET
65071 —

6£°THL -7
86°Tr1 7

LS'S9T —

OEt

3m

3C{'H} NMR (100MHz, CDCl,)

1 [

10

110

130

140

150

170

00

£1 (ppm)

S41



01
L9T'1
S8T'1
6LS'T
S85°7
079'7 1
$79'7
LL6'T
200°€
810°€
£50°E
£E1D
ST |
091°%
8917
SLI'Y

OEt

3n

"H NMR (400 MHz, CDCly)

Feor
Frot

sz

E1o01

Frox

€01

Hoz
Foo1

(ppm)

£1

60°v1 —

60°9¢ —

£6709 ~_
$9'19 "

€10dD 89°9L

€1DdD TELL

79911 —
€0°vTL

89°pT1 V
TE'ST ]
L9'sT1 )
S8°971
$9°LT1
€0°871
69'821 1
SL'8TI |
SE0ET
89°0€1
8L°EET
9THET
0971
I1S°6€T

65 Iv1L *
09°S91

R ]

OEt

3n

13¢{"H} NMR (100 MHz, CDCl5)

110

T
120

130

T
140

T
150

T
160

170

T
180

T
190

00

(ppm)

£1

S42



1STT
8LT'L V
s6T1-]
€IET \

or8'T
6v8°T /

898°'C %
88'T \
168°C

LS9'E
£89°¢ W
869°€ W
vaLe
SOTY
€ITY
£€ITY
Wy
09Ty
69T’
8LTP

9ITS
STTS
8ITs
orTs
€TSS

wsTs
086°S
£86°S
$86°S

ore9 —
090°L
090°L
8LOL
180°L
L60°L
660°L
6SI°L
8LIL
€ITL
wETL
IsTL
€1DdD 09T°L
60s°L
6TS°L

OEt

o)

0=S

Me

30

H NMR (400 MHz, CDCls)

Feoy

E860

Foor

001

wavr—

PI9E ~_
09°9€ "

PO 19~
ys19 "

€10dD 89°9L

€10dD TELL

£1 (ppm)

8Y°SIL —

08PTI~
bs'sTL—
S18T1—
61oe1

8E0PT ~
9 IPT

€991 —

OEt

0=S=0

Me

30

13C{'H} NMR (100 MHz, CDCl3)

L

110

T
120

130

T
140

T
150

T
160

170

T
180

T
190

r
00

£1 (ppm)

S43



30 20 10

10

60

70

L

¢
°
rs
i
rs
601 —
B
- 9517 —
=81
P
] 919 —
69°C ]
0LT -
PL'T
LT
o ﬁ T60E | o
61'¢ # ﬁ -
0T'e )
o & o 60719~
) 3 w19
8I'F | ,
oz o
0Ty | ) , |
re [e £100D 89°9L
177 : A
] 100D TE'LL
£TF .
PT | W :
ST N )
9Ty ¢ L -
LTy ﬁ .2
8T -
6T
8I'S ]
s | SEEIT
o Feon 6€°ETT
s s EPETT
i [ LYETL
s 99'121
s o1zt
- < PLITL ;
. =0T [ wh:&
o oszer
- 6TSTI
iy o b orszif
. 107921
NA__M 0r°Lz1 | ﬁ
o o 621 ]
o < > H w”‘om_ 1
! T e
MMM / C 2 WMNM 8E€°0€T |
o it ® ozt oLog1
2 © © o €0'1€1
v ] [ prpel ]
i N 0T el ]
e £0°SET
W B S8°6E1 Q
. 2 FLEO - 6Tzrl
o = e N sspp1
™ o :
g pSS91
4 n
N L=
o
= B
z ro
Q I
N -~
F n

80

90

£1 (ppm)
S44

110 100

120

130

OEt

160

Ts
3p
3C{"H} NMR (100 MHz, CDCl5)

180 170

190

FsC

T



FsC OEt

N
|

Ts
3p

9F{'H} NMR (376 MHz, CDCls)

-62.18

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

-10 -20 -30 -40 -50

-60

T T T T T T
-70 -80 -90  -100 -110 -120 -130 -140

£1 (ppm)

S45

T
-150



SLTT \

06T 7
011 /

LLET
sLsT
£85°T
919°T
$79°T 7
650°€
S80°€ V
001°€ \
9zTI'E
PP
2187
61y
661
60T°F
LTTy ¥
LYTY
9T
S9TP
PLTP
6Ty
oIS
LST'S

mt.m\
€81°S

o9 —

15€°9 —
$89°9
1699
90L'9 -
€1L9 -]
87L'9 Aﬂ
vEL'9
2069 f
L1697
169
nzL
1€TL
€100 097°L
svL
8S¥°L ]
LLY'L]
€8°L
$09°L |
rzoL

OEt

Ts

3q
"H NMR (400 MHz, CDCl3)

J

=6€

E0°¢
Fo1

Feo1

001
F00°1

E101
001
M/AS.N

p0'l
Z00°T

mer—

98°1T —

9'sE —

019~
Y9

€10dD 89°9L

o ey

€1DdD TE'LL

£1 (ppm)

6SHOL
L8'VO1 7
€T~
[ratied
0L'STI
£L°STI W,
T8'sTI
Lz —
6L°6T1
08°6Z1 \
LSPEL
20 0v1 7
88°THI
66°TH1
SEPPI
SEPHI
TaCIeN
T8°€91 ~
£9°591

OEt

Ts

3q
3C{"H} NMR (100 MHz, CDCl5)

110

130

150

170

00

£1 (ppm)

S46



-113.606

N
Ts
3q
"9F{'H} NMR (376 MHz, CDCl,)

T T T T T T T T T T T T
10 0 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 -200 -210
£1 (ppm)

S47



ELT'L
1671 /
60€° T~

08€°7
SLS'TH
£€85°7 1
L1974
$79'7
£10°€
690°€
$80°€ 4
o0r1°€
6517
LLLY
981°% 1
P61°%
P07
607
TP
TP
97T
6£Tp
[z38
ySTY ;W
9Ty f

ey \
687

Lrs
em—.m%
SET'S
os1's
pSIS

9rs

6009~
6E9
6689 /
6169
086°9
$86°9
000°L
S00°L
LiTL
LETL
€10ad 097L

96S°L
009°L V.
€19°L \
919°L
WLl
SYLL

OEt

Cl

Ts

3r
"H NMR (400 MHz, CDCls)

80'¢
1071

Feor

Feez

=201
=00°1
=860
M/Na._

=10°C

F€0°C
F00°1

£1 (ppm)

wavr—

8S°IT —

8L'SE —

SOI9~
1619~

€1DdD 89°9L

€10dD TELL

09°S91 —

OEt

Cl

Ts

3r
13C{'H} NMR (100 MHz, CDCls)

ST 1 i

00

110

130

170

T
180

T
190

£1 (ppm)

S48



8871
/

90€°L

8LET
LSS'T
98T
86S°T
909°CT
SI0°E
10
850°€

80°€
SSI
ELT
81

[ 8°sE—

=<0t 0
FLot $0 19~
8L19 "

s
B
=l
L= orvr—
S
LS'TT—
B
0LTTA
_J

1617 .

v - £10aD 89°9L
sozy [ O pe
81TF €1000 TE'LL
€Ty
9ET'Y LS
Ty .

(e === Lz
65Tt w0
89Ty Lo
98T

s
w:.mW B
611'S 8
P
LET'S = Tl
WH“.M © LL'GIT A
[ SIITIA-
78'ST1
»m.eN_V
=0T o SO°LTI -7
8L°LTI y
. £8°6T1
oot 0081
< PrPEL
cm.am_“
10°€p1 \
LS WPl

£1 (ppm)

L00°9~_
9re9
8v8°9 /
898'9
e
L
Lyl
Sl
9ITL
Levi -t
£10dD 09T°L -
S8SL (@)
T6SL
S6s°L
L09'L
ny'L X
LI9L Z-Fo
168'L
S68°L

01

OEt

=T70°T
=0T

LSS9T —

8.5

9.0

Br

H NMR (400 MHz, CDCly)

110
£1 (ppm)
S49

120

130

OEt

160 150

3s
13C{"H} NMR (100 MHz, CDCls)

Ts
170

180

190

Br




€1DdD

9aTI /

8TI—F
0€°L \

8€T —

8I'E
—N.mV

£T€ \

sTE

Iy
sI'y
o'y
0Ty
Ty
wy
1424
STV
9Ty
LTy

8TY
8I's
6rI's
s
ws

wL
8L°L
08°L

F3C

OEt

Ts

3t
"H NMR (400 MHz, CDCl5)

S

|

£1 (ppm)

)

e

Fsoz

001

001

H/»@.N
00T
T86°1

H\,mc.—

90°%1 —

veIT—

66°SE —

8019~
0819~

€12dD 89°9L /
€1DdD 00°LL N
€1DdD TELL

96°SI1 —
LeTan

448 uw
P T
8v°7T1
17zt
£r'sT1
Ly'sTL]
1§21
S§°STI
S6'ST1 ]
€921
55971
88971
PO°LTL
ozLTl
06621
PSIET
19°bET
68°6€1
09°pP1
wvl
8+°591 -

\

R

F3C

OEt

Ts

3t
3¢{"H} NMR (100MHz, CDCl;)

110

£1 (ppm)

S50



-61.86

FsC

OEt

N
|

Ts
3t

°F{'H} NMR (376 MHz, CDCls)

T T T T T T T T T T T T T T T T T T T T T T T
10 0 -0 -20  -30 40  -50  -60  -70  -80  -90  -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 200 -210
£1 (ppm)

S51



PLTT
7671
01T
8LET
9857
7657
879°7
9£9°C
890°€
PLOE |
060°€ |
9II°€
oyt
0817 |
681'%
L6TY
S0T'H
807'%
€77
STTY
8TTY
LETY
EPTH
9PTH w
SSTH

——

g
9Ty
wry %
06Ty
rors
601°S W.
€IS
8IS
IETS

8EI'S

09 —
SYe'9 —

611°L
voT'L
pTL
€12dD 09T°L
LIeL

Br

OEt

Ts

3u
"H NMR (400 MHz, CDCls)

e

=0'€
Feor

Teot

Tz

Feon

2€6'0
00T
=860

61
M»—,e.—

£1 (ppm)

v —

LSIT—

$6'S€ —

SO'T9~.
8519

€10dD 89°9L

€1DdD TELL

LOLIT~,
€811
s8'sTI

L0°LTL M
€8T,
ezt
T8°0€T
9P EET
6€PET
08651
L8 OVT
6€pp1

R N

85°S91 —

Br

OEt

Ts

3u
13C{"H} NMR (100MHz, CDCls)

110

130

170

00

£1 (ppm)

S52



[atelcte]

€LT'T
06T°L /
80€° L~

SST'T
1S€°Z
7TST
0€S°T
€957
1LS'T
1662 1
910°€
ze0e L
»mc.?ﬁ

Me

OEt

Ts

3v
"H NMR (400 MHz, CDCls)

E80°¢
Ag0'e
901

Feox

Fiez

o1
2201
10T

0T
01

£1 (ppm)

nwer—

$6°07~
os1z

€19¢ —

0609~
LET9

€10dD 89°9L

€1DdD 00°LL
€10dD TELL

08911 —
€S°STI

6L°STI /
60°LTT ~C

6€°8T1 —-
65°671 7

1TIEL
mn.vm—\
0L PEL
rreelr
orovt \\‘

06°€v1

8L°S9T —

Me

OEt

Ts

3v
3C{"H} NMR (100MHz, CDCls)

110

130

170

£1 (ppm)

S53



181°L
€10dD 09T°L \
60S°L
€IS°L
STS'L
0€SL
8E€SL
€T9°L
SY9'L

MeQ

OEt

Ts

3w
"H NMR (400 MHz, CDCl3)

H0¢
Fso1

Fron

Feoz

0T
Fog1

£1 (ppm)

orvr —

0s' 1T —

ST9€—

8p'ss —
06709
SS°19 V

€10dD 89°9L /
€10dD 00°LL w
€10dD TELL

6L 01T~
o6z
6T'8II ~

€9°STI~
orLTI —
85671~
o1'€ET —
SEPET N
6LPEL

esoer
16°€r1

LS'LST—

LS9 —

MeO

OEt

Ts

3w
3C{"H} NMR (100MHz, CDCl3)

110

130

170

T
180

T
190

00

£1 (ppm)

S54



0871
8671 4
91£°1
87€°7
16L°T
£6LT
L6LT
0087
7687
S€8°7
687
ws'T
61T°€ )
PITE |
PrTe
6vTE
197°€
S97°€
067°€
9%61°F
S0 |
PITY
£2Th
057y
ovzy
8YTh |
8STH |
997
SLTY
€8T
767
7975
S9T°S
897°S
LTS
P8T'S |
987°S |
067°S |
P6T'S
6£0°9 |
150°9 |
P70°9
679
TE€9
9pI°L
991°L

£10aD 097°L |
ISE°L
pSEL
89€°L
ILEL
PLEL
88€°L |
16€°L |
LTY"L A
TEP"L A
pryL |
8vYL
ISt°L -
sov'L ]
89v°L

—

OEt

Ts

3x
"H NMR (400 MHz, CDCl)

]

FLEE

Eeor

Hot

P66
Ero1
10°C
g6z
=00'1
vL6°0

0.5

0

3.0

3.5

5.0

°

6.

°

9.

(ppm)

£1

L —

8YIT —

£€8°S€ —

66709~
6919~

€12dD 89°9L /
€12dD 00°LL w
€1DdD TELL

SOEI —
86°€T1
st
69°STI
00°9T1 ~t

00°LT1
8TLTL N
mw.hN—\
L6zt
8 IEL
oy IEl
pSEEl
TISET
L6°6ET
ProvL
148448

ILS91 —

OEt

Ts

3x
13C{"H} NMR (100 MHz, CDCl,)

T
50

Fe

1140 130 120 110

T
5

170

T
180

190

00

(ppm)

1

S55



80'1
660°L
LIy
€17
8€€°7
965°T
079'7
L£9°7
199 1
L8LT
£6L°T
678
S€8°T
S00°€
S10°€
120°€
ST0'€
TE0°€
se0°e
'€
150°€ y
£91°€
081°€
Pr8E
Neu.mW
088°€
868°€ 7
9ISy
(4350
95y
ws'y
0ss'p
985y
09s°%
995°%

N Tr———

9L6'9
$66'9
600°L 4
LT0°L
9P0°L
960°L
SITLA
9TI°L
9PILA
L8T'L
161°L -
807°L
97T'L
67TL
sTL]
€1D0D 097°L
wrL
65t°L
6LY"L
9b9°L
999°L-

==l

Me

"H NMR (400 MHz, CDCl3)

Fece

,a.»,

0'¢
Beorr
Fzot
F00'T
pT

201

01
ot

90t
1
0’1
JMQ._
Hw_.N
0'1

£1 (ppm)

T6°El —
10717~

e’

8SIE~

oLre”

9IS —

86709 ~
w9

€1DdD 89°9L

€10dD TELL

98Il —
ELPTL
E€E€°STI W
UL —
S§°LTT 7
S§°6TI
9L°6T1
1S°0€1
SLIEL
wTel
LY'¥PEL
YS9EL
I8 Iv1
90°rF1L

O ILT —

Me

13C{"H} NMR (100 MHz, CDCls)

110

130

170

00

£1 (ppm)

S56



0re 1
87€°L W
9PEL
808°7 1
1€8°T q
Ly8T
698°T
PLEE
96¢£°€
E€IP°E
SEV'E ﬁ
1L0°F
1077 4
61T
8TT¥ ﬁ
YET'Y
TV
TP
vOTY
0LTY A
1877
88T U
L6T'Y
SIEY \
YSL'Y
9LL'Y W
66L°Y

SY6'S
8V6'S W.

1S6°S

067°9
€679 W.
9679
w9 L
1999 —¢
2699
699
1IL9
€IL9
6TL9
1EL9
SI0°L
veo'L
£50°L
90°L
180°L
€1DdD 09T°L

OEt

ZT

H NMR (400 MHz, CDCls)

F90°¢

Feor
Fsre

Foor

=01

2460
660

Tz

0.0

0.5

1 (ppm)

184 S

SP9€ —

$0°6S ~
0809 —

€1DdD 89°9L /
€1DdD 00°LL w
€10dD TELL

S0°601 —

PEBIL
68°€T1

9PTI
IPLTI~
oLt

(34 4 St

IF°0S1 —

957991 —

OEt

ZT

3¢ {"H} NMR (100 MHz, CDCl5)

110

130

170

T
180

T
190

£1 (ppm)

S57



€120 09T°L
68€°L ]
£6¢°L
sov'L
orvL |
0g9°L ]
osoL

"H NMR (400 MHz, CDClj)

FLOE

o1
01
0T

£1 (ppm)

S6°€L —
Is1e —

£€9°0€ —

8P°T9~\_
90°p9 —
sLvo

€10dD 89°9L \

2dD 00°LL N

€1DdD TELL \
8¥°08

T6°811
LTVTI W
LLsTr

8I°LT1 %
95Tl —
ss'6z1 "
PLIEET

6L°EET 7

06’ Iv1 —
€EPPL —

89°TLI —

13C{"H} NMR (100 MHz, CDCl3)

150

T
160

170

T
180

T
190

00

£1 (ppm)

S58



u0Yy
au0jIY
au0j2dY
u032Y
U032y

1wt 1
€rr 1
S
0T
0T
S0°T
90T
90T
veT
oLe
we
vLT
8T
8T
L8°T
887
88°C
06°C
6T
L6°T
66T
00°€
00°€
€9°€
L9€
L€
SL'E
16°¢ A
16°€
£€6°€
€6°€
S6°€

W

S6°€
L6E *
L6E

wr

Ly

Ly

pLY

sLy

sLy

oLy

oLy

PO°L
S0°L
90°L
90°L |
LO°L
LO°L
LO°L A
61°L
0T'L A
0T'L A
1L
LA
TTLA
€TL
£TL
Y7L
s
sTL]
LTL
LTL
LrL]
8L
6zL]
s
e |
vsL]
s

SS§°L
9s°L \;

-

H NMR (400 MHz, CDCly)

ES0°€
L
01

£T' 1

SI'1L

o

Froz

Foz

S0'T

Iz
%w&

10°€
Froe

9.0

(ppm)

1

peEVYLE —

8€IT —
U0V 9T6T |
QU019 07

2U03V $9°67 7]
U0V 1867
203V €0°0€
U0V TT0E
U0V TP 0E
(2343
989 !
01'zs \
STHS
00719 ~
879 —

LS'8IT —
18°sT1
66'ST1
6€°LTI —F
20°871
0€°8TI
6L8T1
v6°8T1
8¥°0¢€1
EIPEL
£8°SET
wivn
(4441
€SPl

WL —

13C{"H} NMR (100 MHz, CDCly)

HIIV-ET90T

110

130

140

150

170

210

20

1 (ppm)

S59



86°0
00°1
(e
9T~

8T'1 N
0€°1

87T

em.u%
wrr
?m.N\

o'c

8TE~
6re”

Ty
LI
61y
1Ty~
[
9591
8591
099 1
LO°L
80°L 1
80°L |
60°L
0L
0r°L
e
PIL
pIL
SIL
SIL
9I°L W
1L
LTLA
61°L A
61°LA
[2\
YL
aoan oL/
8SL~
0L

Me

OEt

NH
1
°g

"H NMR (400 MHz, CDCls)

J J A M

i {xe
Bre

Fuet

M\m@.c
6"

0T

3.0

©

£1 (ppm)

PLET~
wr
0T~
117

98°6T —

LS09 —

€12dD 89°9L
€l D00°LL W

61°9T1
SILTI
61°LTI
6v°LTI

09621
sL6T1 /
S0'vEl

wrel %
8sEl ~
6v'9€1 %
poLE

68°€FT —

€€°LIT —

Me

OEt

13C{"H} NMR (100 MHz, CDQl})

S| -

150

T
160

170

T
180

T
190

£1 (ppm)

S60



(33 4 %
o'y 1
1wy

wr %

£p
66'9
00°L
10°L
10°L
0L~
0°L
yO°L )
vo'L A
90°L
90, ]
e
€L
61°L
61°L ]
1L ]
17 ]
oL ]
7L

£10aD 97°L
prL
ovL

oL
vo'L

JJJMUQL

J

H NMR (400 MHz, CDCl5)

e

E€6'C

TN.N

EOE'E
Fust

Fozz
L6'1

1
B88°1
£96'0

6.0

6.5

£1 (ppm)

r—
9rrl—

8F 1T~

T

LLTE—

res—
LF 09

WEI~
9£9-"

aEt
srsz1
£z~
>
treri,
soeer

9Pl —
RErI—

ELI—

13C{"H} NMR (100 MHz, CDCl3)

.

110

T
140

T
160

T
180

T
190

1 (ppm)

S61



[kt

8L W

WwT'l
007(€dd) 6£0°T
007(€ad) ¥r0°T

00(€ad) ss0'T
00(€ad) 190°T
SPET—

91
9ILTY
L8T'F
€61
S0TY
ney

€Ty
6Tty
orTy
0sT¥

08y —
L86'F —

£€98'S —

9579 —

8Y0°L
990°L
S80°L
SLTL
86T°L /

61€L ¢
IpeL \
€9€°L
£€9°L \
€S9°L
LILL
8ELL

OEt

"H NMR (400 MHz, (CD3),CO)

Feoz

Fo6'1
860

10T
Terv

660
L6

0.0

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
1 (ppm)

9.0

6TFIL —

oou(cao) 854 M

022(€dd) S¥'6T

TITTTAIT ST 0C
007(£ad) 867
0D7(£ad) £0°0€
027(€ad) £7°0€
022(€ad) o

YS9 —

LLTL —
99°9L —

98°'SII —

8621 /
0z9z1

A
6871

o oel \
om.cm_\
sseel

bw.mm—\

8'6€1
68°Th1

90°sH1

96°S91 —

OEt

3C{'H} NMR (100 MHz, (CD5),CO)

i

|

OITHEEI 90T

240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

50

S62



9901 —

vl /

(428 Sl
65V \

w0ET—

LYEY
S9E'Y W
£8€°Y
vy \

£12a0 097°L
LLTL
967°L |
TseL ]
69¢L
26¢°L ]
€1vL ]
v
8LSL
865°L ]
909,

Ph

CO,Et

NHTs

Int-2'

"H NMR (400 MHz, CDClj)

I

Fore

Feoc

/980
PIT

01
e
290'1
T

£E°9
Rore

0.0

0.5

5.0

5.

£1 (ppm)

LEYL —

0§17 —

£T19—

€1DdD 89°9L

€1DdD 00°LE
€1DdD TELL

£€°9T1
15971
0€°LTT
79871 |
IL'8T1
LL'8T1 7]
86871 7
85621 |
15621
66671
0pTET
£9°€€1 |
LTSEN
8€9€1
L8'6ET
sLept-

£€°STL
8p°STI HM

S

$6°991 —

Ph

CO,Et

NHTs

Int-2'

13C{"H} NMR (100 MHz, CDCl;

J“, I

10

30

10

70

80

140 130 120 110

150

170

£1 (ppm)

S63



SLTT
£67°1
TET
8S€°T
685°T
679'T
woe
are
sorY
14183
61y ﬁ
00y
01Ty
Stas
8I1TY
Lzey
Ty
wry
svTy
0sTY
6P
897 |
LLTY
S6T't
ozrs | ﬁ
£z
TS |
SPI's |
6v1's
£5T°S |

—Ne.eg W

9£0°9 {
s1eo
pEE9
869
1002
900°L
600°L
€20'L
920°L
oL
ProL
(A
161°L 1
S0T'L
Lozl
01z7'L |
aed
2L
STTLA
L2TLA
0£T'L o
€6T°L A
€PTL A
LyTL
€1200 097'L
LSS'L
£95°L
895°L
6LS'L
P8S'L
685°L
ozLL
ovLL

e i
= O
o
o <
3 4o
o) X | T
X O 1| =
o o
152) \ o
~ . NS
o :
z-- 3| x
®l =
z
T
o
X 1209~ _80°0
Yo} 4——9%09 7 ' (
D
[a)
8I€9 ~ — 3
_rOn/N ‘ PEE9 vl
Q

6.

f1 (ppm)

79% D

30% D

30% D

00°¢

4+— = FoLo

HTo

0.0

0.5

£1 (ppm)

S64



