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1. General Information

Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere;
materials obtained from commercial suppliers were used directly without further
purification. The [o]o was recorded using PolAAr 3005 High Accuracy Polarimeter. 'H
NMR spectra and '*C NMR spectra were recorded on a Bruker 300 MHz, 400 MHz or
500 MHz spectrometer in chloroform-ds. ’F NMR spectra were recorded on a Bruker
300 MHz or 400 MHz spectrometer in chloroform-ds;. Chemical shifts (in ppm) were
referenced to tetramethylsilane (8 = 0 ppm) in CDCls as an internal standard. 3C-NMR
spectra were obtained by using the same NMR spectrometers and were calibrated with
CDCIs (6 = 77.00 ppm). The data is being reported as (s = singlet, d = doublet, dd =
doublet of doublet, t = triplet, m = multiplet or unresolved, br = broad signal, coupling
constant(s) in Hz, integration).

Reactions were monitored by thin layer chromatography (TLC) using silicycle
pre-coated silica gel plates. Flash column chromatography was performed on silica gel
60 (particle size 200-400 mesh ASTM, purchased from Yantai, China) and eluted with
petroleum ether/ethyl acetate.

2. Optimization of reaction conditions
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Table S1. The Screening of Ligands and Additives for the Model Reaction?

NHTs P (20 mol%) %
addmve
(:EQ ©)\ toluene ©\ )b
-65°C Boc
P 0 Ar,P ; thP I .
©3 @% Seare
PAr, PPh, Ar CF,
Ar = 3,5 (t-Bu),CgHs Ar = 4-CF43CgH, Ar = 3,5-Ph,CgHs
P11 P12 P13
Entry Cat. Solvent T(°C) Additive Yield® (%) ee® (%)
1 P11 toluene -65 - 68 23
2 P12 toluene -65 - 78 3
3 P13 toluene -65 - 75 81
7 P5 toluene -65 4 A MS 73 94
8 P5 toluene -65 3 AMS 65 81
9 P5 toluene -65 5 A MS 79 92
11 P13 toluene -65 4 AMS 75 85

4Unless otherwised noted, all reactions were performed with 1a (0.1 mmol), 2a (0.12
mmol), catalyst (0.02 mmol) in solvent (1 mL). *Isolated yields of major diastereomer.
‘Determined by HPLC analysis using a chiral stationary phase.

3. Typical Procedure for Enantioselective Tandem Michael Addition

Dry toluene (1.0 mL) was added into a dry reaction tube with the mixture of
oxindole 1 (0.10 mmol), chiral biphosphine catalyst P5 (0.02 mmol) and activated 4 A
MS. After that, ynone 2 (0.12 mmol) were added and the mixture was stirred at -65 °C
under dry N; until TLC showed the staring material was no longer consumed. The
reaction mixture was directly purified by column chromatography on silica gel with
EtOAc/petroleum ether to afford the addition product 3.

4. Single Crystal X-ray Crystallography of 3y
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5. Control Experiments

N —Ts

Ph
P5 (20 mol%)
4A MS J 0 Yo
)\ toluene
(6]
-65°C
N

60% conversion Boc
4 2a E-5
32% vield
[a]p?° = 0.8
(c = 0.32, CHCly)
N/TS HN—TS

Ph Ph
P5 (20 mol%)
. Yo 2a(20 mol%)
CF3000H 4A MS
DCM 0 toluene

Boc ” -65°C
6

E-5 E-

Boc—N

Ph p5 (20 mol%)
2a (20 mol%)
4A MS

[ j\\"

Boc
Z-5
23% yield
[a]p?® = 0.6
(c =0.40, CHCI3)

H

3a’
45% yield, 16% ee
1:1d.r.

toluene N
o H
-65°C 3a'
E-5 Z-6 36% yield, 29% ee
2.5:1dr.
NTs O
NHTs )
o )\ P5 (20 mol%) W i Ph
+ —_—
N Ph" 4 AMS N ©
H toluene, -65°C H
Me
trace

Dry toluene (1.0 mL) was added into a dry reaction tube with the mixture of N-
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Boc protected oxindole 4 (0.10 mmol), chiral phosphine catalyst (0.02 mmol) and
activated 4A MS. After that, ynone 2a (0.12 mmol) were added and the mixture was
stirred at -65 °C under dry N> until TLC showed the staring material was no longer
consumed. The reaction mixture was directly purified by column chromatography on
silica gel with EtOAc/petroleum ether to afford the addition product E-5. and Z-5.

CF3COOH was added into the solution of addition product S or 6 in DCM. Until
the staring material was no longer consumed, this reaction was diluted with saturated
NaHCOs. The aqueous layer was separated and extracted with DCM (three times). After
the combined organic layer was dried over Na;SOs, the solvent was removed in vacuo.
The residue was purified by silica gel column chromatography (eluent: hexane/EtOAc)
to obtain the Z-6/E-6.

Dry toluene (1.0 mL) was added into a dry reaction tube with the mixture of Z-
6/E-6 (0.10 mmol), chiral phosphine catalyst (20 mol%) ynone 2a (20 mol%) and
activated 4A MS. The mixture was stirred at -65 °C under dry N for 72 h. The reaction
mixture was directly purified by column chromatography on silica gel with
EtOAc/petroleum ether to afford the addition product 3a’.

O O
NHTs TsN M TN “\\/[(
Ph Ph
Boc 0 Boc
0 4+ )j\ P5 (20 mol%) o CF3;COOH o
N P" toluene N DCM N

Boc r.t. Boc
S-1 2a S-2 7

o 83% yield 90% yield
TsN Mu

P
P5 (20 mol%)
o __2a (20 mol%) ©\

toluene

65% yleId
93% ee, > 20:1 dr

Dry toluene (3.0 mL) was added into a dry reaction tube with the mixture of C3-
Boc protected oxindole S-1 (0.30 mmol) and chiral phosphine catalyst (0.06 mmol).
After that, ynone 2a (0.36 mmol) were added and the mixture was stirred under dry N2
until TLC showed the staring material was no longer consumed. The reaction mixture
was directly purified by column chromatography on silica gel with EtOAc/petroleum
ether to afford the addition product S-2.

CF;COOH was added into the solution of addition product S-2 in DCM. Until
the staring material was no longer consumed, this reaction was diluted with saturated
NaHCO:;. The aqueous layer was separated and extracted with DCM (three times). After
the combined organic layer was dried over NaxSOg, the solvent was removed in vacuo.
The residue was purified by silica gel column chromatography (eluent: hexane/EtOAc)
to obtain 7.

Dry toluene (1.0 mL) was added into a dry reaction tube with the mixture of Z-/E-
7 (0.10 mmol), chiral phosphine catalyst (20 mol%) ynone 2a (20 mol%) and activated
4A MS. The mixture was stirred at -65 °C under dry N> for 72 h. The reaction mixture
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was directly purified by column chromatography on silica gel with EtOAc/petroleum
ether to afford the addition product 3a’.

6. Preparation of the Substrates

N\ NH; RSO,CI (1.2 eq) N NHSO2R N NHSO,R
RT _ N EtsN (2eq) R HCI (3.5 eq) R o
H DCM = DMSO (3.5 eq) = N

A\
N
H
(Boc)0 (1.1 eq) NHSO,R
NaCO3 (1.2 eq) R'—\ o
THF, reflux - N
‘BOC

EtsN (2.0 equiv.) was added to a suspension of tryptamine (1.0 equiv.) in CH2Cl
(1.0 M). The mixture was cooled to 0 °C, and then, corresponding sulfuryl chloride (1.2
equiv.) was added. The reaction was allowed to slowly warm to room temperature until
the starting material disappeared (monitored by TLC). The mixture was diluted with
CH>Cl, washed with water and brine, and dried with anhydrous Na;SO4. The solvent
was removed in vacuo and the residue was purified by crystallization from petroleum
ether/DCM to obtain product.

12 M HCI (3.5 equiv.) was added dropwise to a mixture of the last step product
(1.0 equiv.) in DMSO (3.5 equiv.). The reaction was stirred for overnight at room
temperature. After that, it was neutralized with saturated aqueous NaHCOs. The solid
was washed with water and brine. And then the solvent was removed in vacuo to
provide crude product!!l.

Di-tert-butyl dicarbonate (1.1 equiv.) was added to a solution of tryptamine-
derived oxindole (10 mmol) and Na;COs (1.1 equiv.) in THF (50 mL) at 0 °C. Then
after the reaction was stirred under the reflux conditions for 1 h, 1 M HCl aq. was added.
The aqueous layer was separated and extracted with EtOAc (three times). After the
combined organic layer was dried over MgSOs, the solvent was removed in vacuo. The
residue was purified by silica gel column chromatography (eluent: hexane/EtOAc) to
obtain the N-Boc-tryptamine-derived oxindole 1.

N—TS
Me H

O
N

\

B
1vB°C

tert-butyl S-methyl-3-(2-((4-methylphenyl)sulfonamido)ethyl)-2-oxoindoline-1-
carboxylate (1v)

white solid (67% yield); *H NMR (400 MHz, CDCls) § 7.74 (d, J = 8.1 Hz, 2H), 7.63
(d,J=8.3Hz, 1H),7.28 (d, J=7.9 Hz, 2H), 7.08 (d, J = 8.2 Hz, 1H), 6.98 (s, 1H), 5.35
(d, J =5.5 Hz, 1H), 3.59-3.56 (m, 1H), 3.23-3.13 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H),
2.18 (dd, J=13.9, 6.6 Hz, 1H), 1.98 (dd, J = 13.6, 7.5 Hz, 1H), 1.62 (s, 9H). *C NMR
(101 MHz, CDCls) 6 176.46, 149.05, 143.36, 137.44, 136.96, 134.21, 129.74, 128.79,
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127.10,127.01, 124.30, 114.83, 84.39, 43.33, 40.28, 31.23, 28.10, 21.54, 21.04, HRMS
(ESI) m/z calcd for C23H23N2NaOsS [M+Na]" = 467.1611, found 467.1604.

N/TS
H
(0]
Me N\
Boc
1w

tert-butyl 6-methyl-3-(2-((4-methylphenyl)sulfonamido)ethyl)-2-oxoindoline-1-
carboxylate (1w)

Yellow solid (62% yield); *H NMR (400 MHz, CDCl3) § 7.72 (d, J = 8.2 Hz, 2H), 7.63
(s, 1H), 7.28-7.26 (m, 2H), 7.05 (d, J = 7.6 Hz, 1H), 6.95 (d, J = 7.6 Hz, 1H), 5.25 (t, J
= 6.2 Hz, 1H), 3.58-3.58 (m, 1H), 3.20-3.14 (m, 2H), 2.41 (s, 3H), 2.37 (s, 3H), 2.20-
2.12 (m, 1H), 2.04-1.94 (m, 1H), 1.63 (s, 9H). 3C NMR (101 MHz, CDCl3) § 176.48,
149.18, 143.34, 139.91, 138.42, 137.06, 129.71, 127.07, 125.10, 123.98, 123.32,
115.80, 84.43, 43.22, 40.31, 31.31, 28.08, 21.90, 21.47. HRMS (ESI) m/z calcd for
C23H23N2NaOsS [M+Na]" = 467.1611, found 467.1604.

tert-butyl 3-(2-(methylsulfonamido)ethyl)-2-oxoindoline-1-carboxylate (1y)
yellow liquid (50% yield); *H NMR (400 MHz, CDCl3) § 7.75 (d, J = 8.1 Hz, 1H), 7.30
(dd, J=12.2,7.7 Hz, 2H), 7.16 (t, J = 7.4 Hz, 1H), 5.61 (t, J = 6.2 Hz, 1H), 3.72 (t, J =
6.4 Hz, 1H), 3.33 (dd, J = 13.1, 6.6 Hz, 2H), 2.93 (s, 3H), 2.29-2.15(m, 2H), 1.63 (s,
9H). 3C NMR (101 MHz, CDCls) § 176.58, 148.97, 139.82, 128.30, 127.07, 124.60,
123.90, 115.02, 84.55, 43.16, 40.12, 39.74, 39.71, 31.42, 28.07; HRMS (ESI) m/z calcd
for C16H22N2NaOsS [M+Na]" = 377.1142, found 377.1134.

N/SOzph
H
0]

N

\BOC

1z
tert-butyl 2-0x0-3-(2-(phenylsulfonamido)ethyl)indoline-1-carboxylate (1z)
yellow solid (53% yield); *H NMR (400 MHz, CDCl3) § 7.86-7.84 (m, 2H), 7.77 (d, J
=8.2 Hz, 1H), 7.57-7.53 (m, 1H), 7.51-7.47 (m, 2H), 7.31-7.27 (m, 1H), 7.20-7.12 (m,
2H), 5.41 (t, J = 6.3 Hz, 1H), 3.63 (dd, J = 7.7, 5.6 Hz, 1H), 3.25-3.15 (m, 2H), 2.24-
2.18 (m, 1H), 2.06-1.99 (m, 1H), 1.63 (s, 9H). '*C NMR (101 MHz, CDCl3) § 176.33,
149.00, 139.93, 139.87, 132.63, 129.16, 128.41, 127.02, 126.99, 124.58, 123.68,
115.09, 84.62, 43.35, 40.30, 31.23, 28.10; HRMS (ESI) m/z calcd for C21H24N>NaOsS
[M+Na]" = 439.1298, found 439.1304.



The spectrum data and the preparation methods of 1al?!, 2a-2nl*!, 2p-2r*, 25-2¢!!
are consistent with the references.
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8. General Datas

tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-2-phenylethyl)-1'-tosyl spiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3a)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (36.2 mg, 77% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[0] p2° =-69.5 (c = 0.310, CHCI;).

Enantiomeric excess was found to be 94% by chiral HPLC (ChiralPak AD-H column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 14.30 min, second peak:
tr = 26.68 min ).

'H NMR (500 MHz, CDCl3) 6 7.86 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.1 Hz, 1H), 7.60-
7.59 (m, 2H), 7.46-7.40 (m, 3H), 7.31 (t, J = 7.8 Hz, 2H), 7.25 (s, 1H), 7.15-7.12 (m,
1H), 7.03-7.00 (m, 1H), 4.52 (dd, J = 10.2, 4.1 Hz, 1H), 3.96 (dd, J = 18.4, 4.1 Hz, 1H),
3.85-3.79 (m, 1H), 3.73-3.68 (m, 2.9 Hz, 1H), 3.35 (dd, J = 18.4, 10.3 Hz, 1H), 2.47 (s,
3H), 1.92-1.86 (m, 1H), 1.79-1.75 (m, 1H), 1.66 (s, 9H).

13C NMR (126 MHz, CDCl3) § 197.36, 175.81, 149.18, 144.32, 139.67, 136.05, 133.06,
132.93, 130.11, 128.89, 128.30, 128.08, 127.95, 127.63, 124.09, 123.85, 115.72, 84.35,
63.82, 57.25, 48.60, 42.75, 37.37, 28.12, 21.609.

HRMS (ESI) m/z calcd for C31H32N2NaOgS [M+Na]" = 583.1873, found 583.118].

NTs O
' Nz
(0]

N Me
Boc

3b



tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-2-(0-tolyl)ethyl)-1'-tosyl spiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3b)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (50.3 mg, 88% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[a] p2° =-62.7 (¢ = 0.330, CHCI3).

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak AD-H column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 15.79 min, second peak:
tr = 19.41 min).

'H NMR (400 MHz, CDCl3) & 7.88 (d, J = 8.2 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.41
(d,J=8.1Hz, 1H), 7.33(d,J=7.7 Hz, 1H), 7.26 (t, J = 3.9 Hz, 1H), 7.21 (dd, J = 13.8,
5.6 Hz, 1H), 7.13-7.03 (m, 2H), 4.54 (dd, J = 10.4, 4.0 Hz, 1H), 4.00 (dd, J = 18.8, 4.0
Hz, 1H), 3.83-3.68 (m, 1H), 3.26 (dd, J = 18.8, 10.5 Hz, 1H), 2.47 (s, 1H), 2.11 (s, 1H),
1.89-1.83 (m, 1H), 1.77-1.72 (m, 1H), 1.64 (s, 5H). C NMR (101 MHz, CDCls) &
200.74, 175.85, 149.15, 144.23, 139.75, 138.34, 136.12, 133.28, 131.75, 131.47,
130.08, 128.88, 128.64, 128.13, 128.07, 125.50, 124.13, 123.87, 115.76, 84.31, 63.87,
57.23, 48.54, 4552, 37.71, 28.09, 21.62, 20.92. HRMS (ESI) m/z caled for
C32H34N2NaOgS [M+Na]" = 597.2030, found 597.2022.

N0
SR
N
Boc Me
3c
tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-2-(m-tolyl)ethyl)-1'-tosyl spiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3¢)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (41.8 mg, 70% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[o] b 2° =-85.2 (c = 0.330, CHCl;).
Enantiomeric excess was found to be 96% by chiral HPLC (ChiralPak [A column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 11.98 min, second peak:
tr = 17.21 min).
'H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 1H), 7.42-
7.39 (m, 4H), 7.27-7.25 (m, 2H), 7.21-7.11 (m, 2H), 7.03 (t, J = 7.5 Hz, 1H), 4.51 (dd,
J=10.2, 4.1 Hz, 1H), 3.97 (dd, J = 4.1 Hz, 1H), 3.80 (dd, J = 10.8, 6.0 Hz, 1H), 3.73-
3.69 (m, 1H), 3.33 (dd, J = 18.4, 10.3 Hz, 1H), 2.47 (s, 3H), 2.31 (s, 3H), 1.93-1.85 (m,
1H), 1.79-1.76 (m, 1H), 1.65 (s, 9H).
13C NMR (101 MHz, CDCl3) § 197.54, 175.77, 149.17, 144.29, 139.67, 137.99, 136.14,
133.81, 132.97, 130.09, 128.85, 128.20, 128.08, 128.00, 124.81, 124.07, 123.85,
115.69, 84.31, 63.81, 57.26, 48.56, 42.74, 37.37, 28.12, 21.68, 21.28.
HRMS (ESI) m/z calcd for C3:H3aN2NaOgS [M+Na]* = 597.2030, found 597.2028.



N0
YL
N\ Me
Boc
3d
tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-2-(p-tolyl)ethyl)-1'-tosyl spiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3d)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (47.5 mg, 79% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (3:1 dr).
[a] p2° =-76.8 (¢ = 0.330, CHCI3).
Enantiomeric excess was found to be 94% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 15.96 min, second peak:
tr = 30.62 min).
'H NMR (400 MHz, CDCls3) § 7.86 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 1H), 7.51
(d, J =8.1 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 8.9 Hz, 1H), 7.18-7.07 (m,
3H), 7.02 (t, J=7.5Hz, 1H), 4.50 (dd, J = 10.3, 4.0 Hz, 1H), 3.95 (dd, J = 18.4, 4.0 Hz,
1H), 3.85-3.78 (m, 1H), 3.75 — 3.65 (m, 1H), 3.33 (dd, J = 18.4, 10.4 Hz, 1H), 2.47 (s,
3H), 2.33 (s, 3H), 1.91-1.84 (m, 1H), 1.80-1.73 (m, 1H), 1.66 (s, 9H).
13C NMR (101 MHz, CDCl3) § 196.92, 175.89, 149.22, 144.31, 143.87, 139.64, 133.54,
132.88, 130.12, 129.00, 128.85, 128.08, 127.97, 127.76, 124.08, 123.83, 115.71, 84.32,
63.84, 57.26, 48.59, 42.60, 37.42, 28.12, 21.71, 21.66.
HRMS (ESI) m/z caled for C3:H34N>2NaOgS [M+Na]" = 597.2030, found 597.2031.

NS0
' ez
) >0
N OMe
Boc

3e
tert-butyl (2'R,3R)-2'-(2-(4-methoxyphenyl)-2-oxoethyl)-2-oxo-1'-tosyl
spiro[indoline-3,3'-pyrrolidine]-1-carboxylate (3e)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (37.1 mg, 60% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[a] p 2 =-78.2 (¢ = 0.326, CHCL5).
Enantiomeric excess was found to be 96% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 21.36 min, second peak:
tr = 52.10 min).
'H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.1 Hz, 1H), 7.63-
7.55 (m, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 7.9 Hz, 1H), 7.16-7.11 (m, 1H),
7.04-7.00 (m, 1H), 6.81-6.74 (m, 2H), 4.49 (dd, J = 10.3, 4.1 Hz, 1H), 6 3.91 (dd, J =
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18.2, 4.1 Hz, 1H),3.85-3.78 (m, 4H), 3.73-3.67 (m, 1H), 3.29 (dd, J = 18.2, 10.4 Hz,
1H), 2.47 (s, 3H), 1.92-1.84 (m, 1H), 1.79-1.75 (m, 1H), 1.65 (s, 9H).

13C NMR (101 MHz, CDCls) 5 195.68, 175.80, 163.42, 149.22, 144.26, 139.70, 132.98,
130.08, 129.91, 129.19, 128.82, 128.08, 128.05, 124.02, 123.84, 115.67, 113.44, 84.25,
63.93, 57.27, 55.40, 48.60, 42.22, 37.34, 28.12, 21.66.

HRMS (ESI) m/z caled for C3,H34N2NaO7S [M+Na]* = 613.1979, found 613.1989.

N0
Saine!
N F
Boc
3f
tert-butyl (2'R,3R)-2'-(2-(4-fluorophenyl)-2-oxoethyl)-2-0xo-1'-tosyl
spiro[indoline-3,3'-pyrrolidine]-1-carboxylate (3f)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (49.5 mg, 86% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[a] p 2 = -44.4 (¢ = 0.390, CHCI5).
Enantiomeric excess was found to be 91% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 14.69 min, second peak:
tr = 25.71 min).
'H NMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.2 Hz, 1H), 7.64-
7.60 (m, 2H), 7.41 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.5 Hz, 1H), 7.16-7.12 (m, 1H),
7.04-6.95 (m, 3H), 4.51 (dd, J = 10.2, 4.2 Hz, 1H), 3.91 (dd, J = 18.2, 4.2 Hz, 1H),
3.85-3.78 (m, 1H), 3.73-3.67(m, 1H), 3.31 (dd, J = 18.2, 10.2 Hz, 1H), 2.47 (s, 3H),
1.93-1.85 (m, 1H), 1.80-1,75 (m, 1H), 1.65 (s, 9H).
F NMR (282 MHz, CDCl3) § -105.03.
13C NMR (101 MHz, CDCls) § 195.77, 175.71, 165.68 (d, J = 254.8 Hz), 149.15,
144.36, 139.68, 132.91, 132.48 (d, J = 3.0 Hz), 130.26 (d, J = 9.4 Hz), 130.11, 128.93,
128.06, 127.91, 123.98 (d, J = 24.0 Hz), 115.70, 115.53, 115.32, 84.40, 63.83, 57.24,
48.62, 42.64, 37.30, 28.11, 21.67.
HRMS (ESI) m/z calcd for C31H31N2FNaOsS [M+Na]" = 578.1889, found 578.1885.

N0

SH=mo!

N Br

Boc
3g

tert-butyl (2'R,3R)-2'-(2-(4-bromophenyl)-2-oxoethyl)-2-0xo-1'-tosyl
spiro[indoline-3,3'-pyrrolidine]-1-carboxylate (3g)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (55.0 mg, 83% yield for major diastereoisomer in 0.1 mmol scale) and was
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isolated as a major diastereoisomer (>20:1 dr).

[a] p2°=-70.1 (¢ = 0.330, CHCI3).

Enantiomeric excess was found to be 88% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 17.14 min, second peak:
tr = 34.55 min).

'H NMR (400 MHz, CDCl3) & 7.85 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 8.1 Hz, 1H), 7.45
(s, 4H), 7.41 (d, J = 8.0 Hz, 2H), 7.25 (dd, J = 7.5, 0.8 Hz, 1H), 7.17-7.13 (m, 1H),
7.04-7.00 (m, 1H), 4.51 (dd, J = 10.1, 4.2 Hz, 1H), 3.90 (dd, J = 18.3, 4.2 Hz, 1H),
3.85-3.78(m, 1H), 3.72-3.67 (m, 1H), 3.30 (dd, J = 18.3, 10.2 Hz, 1H), 2.47 (s, 3H),
1.93-1.85 (m, 1H), 1.80-1.75 (m, 1H), 1.65 (s, 9H).

13C NMR (101 MHz, CDCl3) § 196.40, 175.70, 149.11, 144.38, 139.66, 134.75, 132.88,
131.64, 130.12, 129.12, 128.99, 128.28, 128.06, 127.85, 124.15, 123.85, 115.72, 84.44,
63.74,57.21, 48.61, 42.74, 37.29, 28.11, 21.68.

HRMS (ESI) m/z calcd for C31H31N2BrNaOgS [M+Na]" = 661.0978, found 661.0979.

N0
W' Y
PR
N |
\
Boc
3h

tert-butyl (2'R,3R)-2'-(2-(4-iodophenyl)-2-oxoethyl)-2-0x0-1'-tosylspiro[indoline-
3,3'-pyrrolidine]-1-carboxylate (3h)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (55.9 mg, 79% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[0] p2° =-68.5 (c = 0.460, CHCl3).

Enantiomeric excess was found to be 90% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 19.15 min, second peak:
tr = 41.46 min).

'H NMR (400 MHz, CDCls) 6 7.85 (d, J = 8.3 Hz, 2H), 7.69 (dd, J = 17.8, 8.3 Hz,
3H), 7.41 (d, J = 8.1 Hz, 2H), 7.30-7.23 (m, 3H), 7.17-7.13 (m, 1H), 7.04-7.00 (m,
1H), 451 (dd, J = 10.1, 4.2 Hz, 1H), 3.92-3.78 (m, 2H), 3.72-3.67 (m, 1H), 3.29 (dd,
J=18.4,10.2 Hz, 1H), 2.47 (s, 3H), 1.92-1.85 (m, 1H), 1.80-1.75 (m, 1H), 1.65 (s,
9H). C NMR (101 MHz, CDCls) § 196.71, 175.70, 149.11, 144.37, 139.65, 137.64,
135.27, 132.89, 130.12, 128.99, 128.06, 127.84, 124.16, 123.85, 115.72, 101.12,
84.43, 63.72, 57.20, 48.60, 42.69, 37.30, 28.12, 21.70, 21.67. HRMS (ESI) m/z calcd
for C31H31N2INaOeS [M+Na]" = 709.0840, found 709.0841.
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tert-butyl  (2'R,3R)-2-0x0-2'-(2-0x0-2-(4-(trifluoromethyl)phenyl)ethyl)-1'-tosyl
spiro[indoline-3,3'-pyrrolidine]-1-carboxylate (3i)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (35.8 mg, 58% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (4:1 dr).

[a] p2°=-33.9 (¢ = 0.330, CHCI3).

Enantiomeric excess was found to be 58% by chiral HPLC (ChiralPak [A column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 14.25 min, second peak:
tr = 32.42 min).

!H NMR (500 MHz, CDCl3) 6 7.86 (d, J = 8.2 Hz, 2H), 7.70 (dd, J = 17.0, 8.1 Hz, 3H),
7.58 (d, J=8.3 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.25 (s, 1H), 7.15-7.13 (m, 1H), 7.04-
7.01 (m, 1H), 4.54 (dd, J =10.0, 4.2 Hz, 1H), 3.96 (dd, J = 18.4, 4.3 Hz, 1H), 3.85-3.80
(m, 1H), 3.73-3.68 (m, 1H), 3.34 (dd, J = 18.4, 10.0 Hz, 1H), 2.48 (s, 3H), 1.93-1.87
(m, 1H), 1.81-1.77 (m, 1H), 1.66 (s, 9H). *C NMR (126 MHz, CDCls) § 196.61,
175.65, 149.09, 144.45, 139.65, 138.67, 134.34 (q, J = 32.7 Hz), 132.82, 130.15, 129.06,
128.06, 127.94, 127.79, 125.43 (q, J = 3.6 Hz), 124.21, 123.85, 115.77, 84.54, 63.67,
57.22, 48.61, 43.17, 37.29, 30.20, 30.15, 28.10, 21.69. *F NMR (376 MHz, CDCls) &
-63.21. HRMS (ESI) m/z caled for C3;H31N3NaOsS [M+Na]" = 628.1724, found
628.1735.

N0
Secao!

N NO,
Boc

3j

tert-butyl (2'R,3R)-2'-(2-(4-nitrophenyl)-2-oxoethyl)-2-0xo0-1'-tosylspiro[indoline-
3,3'-pyrrolidine]-1-carboxylate (3j)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (32.6 mg, 55% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (2:1 dr).

[o] p 2 =-46.9 (¢ = 0.330, CHCL5).

Enantiomeric excess was found to be 29% by chiral HPLC (ChiralPak OD-H column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 59.84 min, second peak:
tr = 66.30 min).

'H NMR (500 MHz, CDCls) 6 8.16 (d, J = 8.8 Hz, 2H), 7.85 (d, J = 8.2 Hz, 2H), 7.73
(dd,J=8.8,2.4 Hz, 3H), 7.43 (d, J= 8.0 Hz, 2H), 7.27 (s, 1H), 7.17-7.14 (m, 1H), 7.03
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(dd,J=7.5,7.0 Hz, 1H), 4.56 (dd, J= 9.8, 4.4 Hz, 1H), 3.96 (dd, J = 18.4, 4.4 Hz, 1H),
3.84-3.81 (m, 1H), 3.73-3.68 (m, 1H), 3.34 (dd, J = 18.4, 9.8 Hz, 1H), 2.48 (s, 3H),
1.94-1.88 (mz, 1H), 1.82-1.78 (m, 1H), 1.66 (s, 9H). 13C NMR (126 MHz, CDCl3) &
196.16, 175.54, 150.25, 149.04, 144.53, 140.42, 139.65, 132.76, 130.17, 129.14,
128.63, 128.05, 127.73, 124.26, 123.90, 123.61, 115.78, 84.67, 63.63, 57.20, 48.63,
43.48,37.23, 28.11, 21.70. HRMS (ESI) m/z caled for C3,Hs1FaN2NaOgS [M+Na]* =
651.1747, found 651.1743.

NS0
we' iz
@@%@
N CN
Boc
3k

tert-butyl (2'R,3R)-2'-(2-(4-cyanophenyl)-2-oxoethyl)-2-0xo0-1'-tosylspiro[indoline
-3,3'-pyrrolidine]-1-carboxylate (3k)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (37.2 mg, 63% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (5:1 dr).

[a] p2° = -41.7 (¢ = 0.380, CHCI5).

Enantiomeric excess was found to be 34% by chiral HPLC (ChiralPak OD-3 column,
hexane/i-PrOH = 85:15, 254 nm, 1.0 mL/min, first peak: tr = 35.88 min, second peak:
tr = 39.24 min).

'H NMR (500 MHz, CDCls3) § 7.85 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 1H), 7.64
(dd, J = 23.4, 8.4 Hz, 4H), 7.42 (d, J = 8.1 Hz, 2H), 7.25 (s, 1H), 7.17-7.14 (m, 1H),
7.03 (t, J =7.5Hz, 1H), 4.54 (dd, J = 9.8, 4.3 Hz, 1H), 3.93 (dd, J = 18.4, 4.4 Hz, 1H),
3.84-3.79 (m, 1H), 3.72-3.68 (m, 1H), 3.31 (dd, J = 18.4, 9.8 Hz, 1H), 2.48 (s, 3H),
1.93-1.87 (m, 1H), 1.82-1.77 (m, 1H), 1.66 (s, 9H). C NMR (126 MHz, CDCls) &
196.31, 175.54, 149.06, 144.51, 139.64, 138.94, 132.77, 132.25, 130.16, 129.11,
128.05, 128.01, 127.74, 124.24, 123.88, 117.85, 116.34, 115.77, 84.62, 63.63, 57.20,
48.61,43.20, 37.24, 28.10, 21.69. HRMS (ESI) m/z calcd for C3,H31N3NaOsS [M+Na]"
=608.1826, found 608.1813.

NS0
P SO0
N
Boc

3l
tert-butyl (2'R,3R)-2'-(2-(naphthalen-2-yl)-2-oxoethyl)-2-0xo-1'-tosyl
spiro[indoline-3,3'-pyrrolidine]-1-carboxylate (31)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (49.5 mg, 78% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
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[a] p2° =-74.6 (¢ = 0.330, CHCI3).

Enantiomeric excess was found to be 96% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 16.95 min, second peak:
tr = 31.75 min).

'H NMR (400 MHz, CDCl3) & 8.12 (s, 1H), 7.87 (t, J = 8.9 Hz, 3H), 7.79 (d, J = 8.0
Hz, 1H), 7.74- 7.63 (m, 3H), 7.57-7.48 (m, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.29 (dd, J =
7.5, 1.0 Hz, 1H), 7.08-7.04 (m, 1H), 7.00-6.95 (m, 1H), 4.58 (dd, J = 10.3, 4.1 Hz, 1H),
4.12-4.07 (m, 1H), 3.88-3.81 (m, 1H), 3.76-3.70 (m, 1H), 3.51 (dd, J = 18.2, 10.4 Hz,
1H), 2.47 (s, 3H), 1.95-1.87 (m, 1H), 1.82-1.77 (m, 1H), 1.66 (s, 9H).

BCNMR (101 MHz, CDCl3) § 197.25, 175.85, 149.18, 144.33, 139.70, 135.54, 133.41,
132.97, 132.24, 130.13, 129.55, 129.48, 128.91, 128.45, 128.15, 128.10, 127.97,
127.70, 126.69, 124.12, 123.89, 123.26, 115.70, 84.35, 63.97, 57.28, 48.65, 42.78,
37.36, 28.14, 21.69.

HRMS (ESI) m/z calcd for C35sH3aN2NaOgS [M+Na]” = 633.2030, found 633.2025.

NS0
W "/, O
SR
N
Boc
3m

tert-butyl (2'R,3R)-2'-(2-(furan-2-yl)-2-oxoethyl)-2-0xo0-1'-tosylspiro[indoline-
3,3'-pyrrolidine]-1-carboxylate (3m)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (45.9 mg, 80% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[0] b 2° =-60.2 (c = 0.370, CHCI;).

Enantiomeric excess was found to be 89% by chiral HPLC (ChiralPak [A column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 21.48 min, second peak:
tr = 26.16 min).

'H NMR (400 MHz, CDCl3) & 7.85 (d, J = 8.2 Hz, 2H), 7.76 (d, J = 8.1 Hz, 1H), 7.42
(dd, J=9.2,4.5Hz, 3H), 7.31-7.27(m, 1H), 7.23-7.18 (m, 1H), 7.09-7.06 (m, 1H), 6.90
(d, J=3.5Hz,1H), 6.38 (dd, J = 3.5, 1.7 Hz, 1H), 4.47 (dd, J = 9.8, 4.3 Hz, 1H), 3.84-
3.78 (m, 2H), 3.71-3.66 (m, 1H), 3.14 (dd, J = 18.1, 9.9 Hz, 1H), 2.47 (s, 3H), 1.93-
1.77 (m, 2H), 1.63 (s, 9H).

BBCNMR (101 MHz, CDCl3) § 185.64, 175.39, 151.84, 149.07, 146.28, 144.26, 139.67,
132.89, 130.07, 128.95, 128.12, 127.86, 124.11, 123.98, 116.95, 115.62, 112.03, 84.39,
62.83,57.26,48.42,42.07, 37.18, 28.09, 21.68.

HRMS (ESI) m/z calcd for C20H30N2NaO7S [M+Na]" = 573.1666, found 573.1663.
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tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-2-(thiophen-2-yl)ethyl)-1'-tosylspiro[indoline-
3,3'-pyrrolidine]-1-carboxylate (3n)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (53.9 mg, 92% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[a] p2°=-77.9 (c = 0.420, CHCI3).

Enantiomeric excess was found to be 92% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 16.76 min, second peak:
tr = 26.15 min).

!H NMR (400 MHz, CDCls3) § 7.86 (d, J = 8.3 Hz, 2H), 7.70 (d, J = 8.1 Hz, 1H), 7.49
(dd,J=4.9,1.0 Hz, 1H), 7.41 (d, J = 8.1 Hz, 2H), 7.37 (dd, J = 3.8, 1.0 Hz, 1H), 7.29
(dd, J=7.4, 0.9 Hz, 1H), 7.18-7.14 (m, 1H), 7.09-7.05 (m, 1H), 6.96 (dd, J = 4.9, 3.9
Hz, 1H), 4.48 (dd, J = 10.2, 4.2 Hz, 1H), 3.90- 3.79 (m, 2H), 3.72-3.67 (m, 1H), 3.24
(dd, J=17.7,10.2 Hz, 1H), 2.47 (s, 3H), 1.89 (ddd, J = 12.4, 10.4, 8.4 Hz, 1H), 1.93-
1.86 (m, 1H), 1.64 (s, 9H).

13C NMR (101 MHz, CDCl3) § 189.67, 175.46, 149.04, 144.34, 143.13,139.76, 133.67,
132.82, 131.87, 130.11, 128.99, 128.08, 127.85, 127.80, 124.16, 123.94, 115.74, 84.35,
63.58, 57.22, 48.63, 42.92, 37.04, 28.09, 21.67.

HRMS (ESI) m/z calcd for C20H30N2NaOgS> [M+Na]" = 589.1437, found 589.1435.

N0

S
O
N
Boc

30
tert-butyl (2'R,3R)-2-0x0-2'-(2-0xopropyl)-1'-tosylspiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (30)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (43.7 mg, 85% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (5:1 dr).
[o] p 2 =-45.6 (¢ = 0.330, CHCL5).
Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 12.51 min, second peak:
tr = 18.83 min).
'H NMR (400 MHz, CDCl3) 6 7.84 (dd, J = 10.7, 8.4 Hz, 3H), 7.40 (d, J = 8.1 Hz, 2H),
7.35-7.21 (m, 2H), 7.21-7.17 (m, 1H), 4.33 (dd, J = 9.4, 4.7 Hz, 1H), 3.80-3.60 (m, 2H),
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3.39 (dd, J = 18.6, 4.7 Hz, 1H), 2.72 (dd, J = 18.6, 9.5 Hz, 1H), 2.46 (s, 3H), 1.89-1.81
(m, 1H), 1.78-1.73 (m, 1H), 1.71 (s, 3H), 1.63 (s, 9H).

13C NMR (101 MHz, CDCl3) § 205.61, 175.49, 149.09, 144.27, 139.70, 132.90, 130.07,
129.05, 128.04, 124.18, 123.99, 115.66, 84.50, 62.79, 57.10, 48.43, 47.24, 37.24, 29.52,
28.09, 21.68, 21.66.

HRMS (ESI) m/z calcd for C2sH30N2NaOgS [M+Na]* = 521.1717, found 521.1710.

Ts
N"TO
W "/’)J\H-BU
(0]
N
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3p

tert-butyl (2'R,3R)-2-0x0-2'-(2-oxohexyl)-1'-tosylspiro[indoline-3,3'-pyrrolidine]-
1-carboxylate (3p)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (48.6 mg, 85% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[a] p2° =-69.0 (c = 0.330, CHCI5).
Enantiomeric excess was found to be 93% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 9.40 min, second peak: tr
=16.12 min).
'"H NMR (400 MHz, CDCl3) § 7.83 (dd, J = 8.1, 4.5 Hz, 3H), 7.40 (d, J= 8.1 Hz, 2H),
7.34-7.26(m, 2H), 7.18 (dd, J/=10.9, 4.0 Hz, 1H), 4.33 (dd, /=10.0, 4.5 Hz, 1H), 3.79-
3.72 (m, 1H), 3.67-3.61 (m, 1H), 3.37 (dd, J = 18.6, 4.5 Hz, 1H), 2.75 (dd, J = 18.6,
10.1 Hz, 1H), 2.46 (s, 3H), 2.09-2.01(m, 1H), 1.87-1.79 (m, 1H), 1.75-1.67 (m, 2H),
1.64 (s, 9H), 1.18-1.09 (m, 4H), 0.80 (t, J = 7.3 Hz, 3H), 0.98-0.88 (m, 2H)..
13C NMR (101 MHz, CDCl3) § 208.17, 175.61, 149.10, 144.28, 139.75, 132.91,
130.09, 128.97, 128.01, 124.14, 124.03, 115.81, 84.38, 63.10, 57.10, 48.56, 46.57,
42.10, 37.33, 30.96, 28.08, 22.89, 22.29, 21.68, 13.82.
HRMS (ESI) m/z calcd for C30H33N2NaOgS [M+Na]" = 577.2343, found 577.2342.

/T
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tert-butyl (2'R,3R)-2'-(2-cyclohexyl-2-oxoethyl)-2-0x0-1'-tosylspiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3q)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (46.3 mg, 78% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[a] p 2° =-50.4 (c = 0.340, CHCL5).
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Enantiomeric excess was found to be 97% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 37.44 min, second peak:
tr = 39.36 min).

'H NMR (400 MHz, CDCls) § 7.84-7.82 (m, 3H), 7.40 (d, J = 8.1 Hz, 2H), 7.32-7.24
(m, 2H), 7.17 (dd, J = 10.9, 4.1 Hz, 1H), 4.31 (dd, J = 10.4, 4.2 Hz, 1H), 3.79-3.63 (m,
2H), 3.42 (dd, J=18.9, 4.3 Hz, 1H), 2.85 (dd, J = 18.9, 10.5 Hz, 1H),2.46 (s, 3H), 1.85-
1.77 (m, 2H), 1.71-1.57 (m, 11H), 1.50 (dd, J = 8.6, 4.6 Hz, 3H), 1.11-0.99 (m, 5H),
0.76-0.66 (m, 1H).

13C NMR (101 MHz, CDCl3) § 211.32, 175.65, 149.17, 144.27,139.83, 133.03, 130.09,
128.86, 128.11, 127.99, 124.10, 124.02, 115.91, 84.30, 63.36, 57.10, 49.89, 48.61,
44.86, 37.48, 28.09, 27.83, 27.72, 25.63, 25.30.

HRMS (ESI) m/z calcd for C31H33N2NaOgS [M+Na]" = 589.2343, found 589.2341.
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tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-4-phenylbutyl)-1'-tosylspiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3r)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (46.0 mg, 75% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (4:1 dr).

[a] p 2 =-56.3 (¢ = 0.330, CHCI5).

Enantiomeric excess was found to be 90% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 13.93 min, second peak:
tr = 38.23 min).

'H NMR (400 MHz, CDCls3) § 7.85-7.80 (m, 3H), 7.38 (t, J = 13.7 Hz, 3H), 7.28-7.15
(m, 5H), 6.97 (d, J = 7.0 Hz, 2H), 4.35 (dd, J = 9.7, 4.7 Hz, 1H), 3.75 (dd, J = 10.8, 6.1
Hz, 1H), 3.64 (dd, J = 7.3, 4.4 Hz, 1H), 3.35 (dd, J = 18.4, 4.7 Hz, 1H), 2.72 (dd, J =
18.5, 9.6 Hz, 1H), 2.50-2.42 (m, 5H), 1.99-1.83 (m, 2H), 1.81 (d, J = 3.9 Hz, 1H), 1.76
(dd, J=5.9, 2.8 Hz, 1H), 1.65 (s, 9H).

13C NMR (101 MHz, CDCl3) § 206.88, 175.55, 149.09, 144.32, 140.81, 139.76, 132.87,
130.10, 129.09, 128.42, 128.16, 128.07, 125.98, 124.26, 115.83, 84.49, 63.14, 57.15,
57.12, 48.61, 46.56, 43.93, 37.13, 29.03, 28.11, 28.07, 21.68.

HRMS (ESI) m/z calcd for C33H36N2NaOgS [M+Na]" = 611.2186, found 611.2189.
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tert-butyl (2'R,3R)-2'-(6-methoxy-2,6-dioxohexyl)-2-0xo-1'-tosylspiro[indoline-
3,3'-pyrrolidine]-1-carboxylate (3s)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (47.9 mg, 80% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[a] p2° =-78.6 (¢ = 0.330, CHCI5).

Enantiomeric excess was found to be 96% by chiral HPLC (ChiralPak [A column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 21.84 min, second peak:
tr = 45.34 min).

!H NMR (500 MHz, CDCl3) 6 7.84 (dd, J = 8.0, 5.2 Hz, 3H), 7.41 (d, J = 8.0 Hz, 2H),
7.35-7.32 (m, 1H), 7.29 (dd, J = 5.2, 2.3 Hz, 1H), 7.21-7.18 (m, 1H), 4.36 (dd, J = 9.6,
4.7 Hz, 1H), 3.80-3.74 (m, 1H), 3.67-3.62 (m, 4H), 3.35 (dd, J = 18.5, 4.7 Hz, 1H), 2.71
(dd, J = 18.5, 9.6 Hz, 1H), 2.48 (s, 3H), 2.25-2.19 (m, 1H), 2.12-2.06 (m, 1H), 2.03-
1.97 (m, 1H), 1.89-1.83 (m, 1H), 1.78-1.73(m, 2H), 1.65 (s, 9H), 1.55-1.49 (m, 2H).
13C NMR (126 MHz, CDCl3) § 207.02, 175.51, 173.42, 148.99, 144.29, 139.67, 132.87,
130.07, 129.04, 128.01, 124.23, 124.05, 115.77, 84.51, 62.99, 57.09, 51.44, 48.56,
46.63, 40.86, 37.13, 32.65, 28.04, 21.66, 18.24.

HRMS (ESI) m/z caled for C30H3sN2NaOgS [M+Na]" = 607.2085, found 607.2074.
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3t
tert-butyl (2'R,3R)-2'-(5-chloro-2-oxopentyl)-2-oxo-1'-tosylspiro[indoline-3,3'-
pyrrolidine]-1-carboxylate (3t)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (46.3 mg, 75% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[a] p 2 =-65.6 (¢ = 0.320, CHCL5).
Enantiomeric excess was found to be 90% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 95:05, 254 nm, 1.0 mL/min, first peak: tr = 28.77 min, second peak:
tr = 75.42 min).
'H NMR (400 MHz, CDCls) 6 7.82 (dd, J = 8.4, 2.1 Hz, 3H), 7.41-7.27 (m, 4H), 7.22-
7.18 (m, 1H), 4.35 (dd, J = 9.7, 4.8 Hz, 1H), 3.80-3.73 (m, 1H), 3.67-3.61 (m, , 1H),
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3.40-3.28 (m, 2H), 3.22-3.16 (m, 1H), 2.73 (dd, J = 18.5, 9.7 Hz, 1H), 2.47 (s, 3H),
2.35-2.28 (m, 1H), 1.88-1.79 (m, 2H), 1.77-1.2 (m, 1H), 1.70-1.62 (m, 11H).

13C NMR (101 MHz, CDCl3) § 206.76, 175.54, 149.00, 144.35, 139.64, 132.85, 130.11,
129.21, 128.01, 127.96, 124.35, 124.08, 115.79, 84.57, 63.04, 57.10, 48.59, 46.77,
43.96, 38.76, 37.12, 28.07, 25.88, 21.69.

HRMS (ESI) m/z caled for C2sH33N2CINaOgS [M+Na]* = 613.1979, found 613.1989.
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tert-butyl (2'R,3R)-5-chloro-2-oxo0-2'-(2-oxopropyl)-1'-tosylspiro[indoline-3,3'-pyrrolidine]-1-
carboxylate (3u)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (41.3 mg, 75% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (9:1 dr).

[a] p2° =-60.5 (c = 0.330, CHCI3).

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 190 nm, 1.0 mL/min, first peak: tr = 8.83 min, second peak: tr
=12.77 min).

!H NMR (500 MHz, CDCl3) 6 7.82 (dd, J = 8.4, 6.6 Hz, 3H), 7.40 (d, J = 8.0 Hz, 2H),
7.31 (dd, J =8.7, 2.2 Hz, 1H), 7.26-7.23 (m, 1H), 4.30 (td, J = 9.4, 5.7 Hz, 1H), 3.81-
3.68 (m, 1H), 3.62 (ddd, J =11.6, 8.4, 3.1 Hz, 1H), 3.46 (dd, J = 18.8, 4.6 Hz, 1H), 2.69
(dd, J =18.7, 9.5 Hz, 1H), 2.47 (s, 3H), 1.81 (s, 3H), 1.76 (ddd, J = 12.8, 6.1, 3.3 Hz,
2H), 1.62 (s, 9H).

13C NMR (126 MHz, CDCl3) § 205.64, 174.72, 148.95, 144.39, 138.26, 132.75, 130.10,
129.78, 129.67, 129.05, 128.07, 123.95, 116.93, 84.89, 62.57, 57.15, 48.24, 47.10,
37.05, 29.71, 29.66, 28.06, 21.67.

HRMS (ESI) m/z calcd for C26H20CIN2NaOgS [M+Na]" = 555.1327, found 555.1333.

N0

Me " ‘v,
O
N
Boc

3v
tert-butyl (2'R,3R)-5-methyl-2-0x0-2'-(2-0x0-2-phenylethyl)-1'-tosylspiro
[indoline-3,3'-pyrrolidine]-1-carboxylate (3v)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (42.3 mg, 71% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
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[a] p2°=-71.7 (¢ = 0.350, CHCI3).

Enantiomeric excess was found to be 80% by chiral HPLC (ChiralPak AD-H column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 21.48 min, second peak:
tr = 26.16 min).

'H NMR (400 MHz, CDCls) § 7.86 (d, J = 8.2 Hz, 2H), 7.61-7.56 (m, 3H), 7.47-7.40
(m, 3H), 7.32 (t, J = 7.7 Hz, 2H), 7.03 (s, 1H), 6.90 (d, J = 8.3 Hz, 1H), 4.51 (dd, J =
10.2, 4.1 Hz, 1H), 3.92 (dd, J = 18.2, 4.1 Hz, 1H), 3.86-3.79 (m, 1H), 3.72-3.66 (m,
1H), 3.38 (dd, J = 18.2, 10.3 Hz, 1H), 2.47 (s, 3H), 2.18 (s, 3H), 1.93-1.85 (m, 1H),
1.82-1.76 (m, 1H), 1.64 (s, 9H). 3C NMR (101 MHz, CDCl3) 8 197.21, 175.94, 149.20,
144.26, 137.29, 136.15, 133.81, 133.01, 132.90, 130.07, 129.35, 128.26, 128.10,
127.81, 127.61, 124.48, 115.46, 84.14, 63.81, 57.18, 48.56, 42.72, 37.07, 28.12, 21.69,
20.90. HRMS (ESI) m/z calcd for C32H3aN2NaOeS [M+Na]™ = 597.2030, found
597.2029.
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tert-butyl (2'R,3R)-6-methyl-2-0x0-2'-(2-0x0-2-phenylethyl)-1'-tosylspiro
[indoline-3,3'-pyrrolidine]-1-carboxylate (3w)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (42.8 mg, 76% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[a] p2°=-61.3 (¢ =0.350, CHCI5).
Enantiomeric excess was found to be 83% by chiral HPLC (ChiralPak AD-H column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 12.58 min, second peak:
tr = 23.97 min).
'"H NMR (500 MHz, CDCls) § 7.86 (d, J = 8.2 Hz, 2H), 7.61-7.57 (m, 3H), 7.45-7.40
(m, 3H), 7.31 (t, J= 7.8 Hz, 2H), 7.12 (d, J = 7.7 Hz, 1H), 6.81 (d, J = 7.7 Hz, 1H),
4.50 (dd, J=10.2, 4.1 Hz, 1H), 3.93 (dd, J=18.2, 4.1 Hz, 1H), 3.79 (dd, J=10.9, 5.9
Hz, 1H), 3.70 (dd, /= 8.4, 2.9 Hz, 1H), 3.33 (dd, /= 18.2, 10.2 Hz, 1H), 2.47 (s, 3H),
2.20 (s, 3H), 1.89-1.83 (m, 1H), 1.76-1.71 (m, 1H), 1.66 (s, 9H). '>*C NMR (126 MHz,
CDCl3) 8 197.41, 176.04, 149.36, 144.27, 139.66, 139.08, 136.09, 132.99, 132.96,
130.09, 128.23, 128.07, 127.69, 124.95, 124.73, 123.59, 116.45, 84.26, 63.93, 57.10,
48.60, 42.69, 37.40, 28.11, 21.76, 21.68. HRMS (ESI) m/z calcd for C32H34N2NaOgS
[M+Na]" = 597.2030, found 597.2016.
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tert-butyl (2'R,3R)-1'-((4-nitrophenyl)sulfonyl)-2-0x0-2'-(2-0x0-2-phenylethyl)
spiro[indoline-3,3'-pyrrolidine]-1-carboxylate (3x)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (48.3 mg, 78% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (3.5:1 dr).

[a] p2°=-9.7 (¢ = 0.360, CHCI3).

Enantiomeric excess was found to be 87% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 190 nm, 1.0 mL/min, first peak: tr = 23.68 min, second peak:
tr = 63.38 min).

!H NMR (400 MHz, CDCls) § 8.48 (d, J = 8.8 Hz, 2H), 8.18 (d, J = 8.8 Hz, 2H), 7.76
(d, J=8.1Hz, 1H), 7.62-7.60(m, 2H), 7.49 (t, J= 7.4 Hz, 1H), 7.34 (t, J = 7.7 Hz, 2H),
7.19-7.13 (m, 2H), 6.95 (dd, J =7.5, 6.8 Hz, 1H), 4.59 (dd, J = 10.1, 4.0 Hz, 1H), 3.93-
3.82 (m, 2H), 3.77-3.71 (m, 1H), 3.46 (dd, J = 18.3, 10.1 Hz, 1H), 1.93 (dd, J = 14.9,
7.1 Hz, 2H), 1.62 (s, 9H).

13C NMR (101 MHz, CDCl3) § 196.83, 175.92, 150.54, 148.98, 141.77, 139.76, 135.92,
133.30, 129.41, 129.18, 128.43, 127.60, 127.17, 124.58, 124.19, 123.57, 115.76, 84.67,
63.70, 56.85, 48.50, 42.90, 36.87, 28.05.

HRMS (ESI) m/z calcd for C30H20N3NaOsS [M+Na]" = 614.1568, found 614.1572.
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tert-butyl (2'R,3R)-1'-(methylsulfonyl)-2-0x0-2'-(2-0x0-2-phenylethyl)spiro
[indoline-3,3'-pyrrolidine]-1-carboxylate (3y)
This compound was prepared according to the general procedure as a yellow liquid in
3 days (32.6 mg, 65% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).
[o] p2° =-18.4 (¢ = 0.300, CHCL5).
Enantiomeric excess was found to be 92% by chiral HPLC (ChiralPak IA column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 15.25 min, second peak:
tr = 17.25 min).
'H NMR (400 MHz, CDCl3) § 7.79 (d, J = 8.1 Hz, 1H), 7.58 (d, J = 7.3 Hz, 2H), 7.46
(t,J=7.4Hz,1H), 731 (t, J=7.7 Hz, 2H), 7.18 (t, J = 7.2 Hz, 2H), 6.94 (t, J = 7.4 Hz,
1H), 4.61 (dd, J = 9.7, 4.2 Hz, 1H), 3.85 (dd, J = 7.6, 6.4 Hz, 2H), 3.70 (dd, J = 18.5,
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4.2 Hz, 1H), 3.35 (dd, J = 18.4, 9.7 Hz, 1H), 3.07 (s, 3H), 2.50-2.43 (m, 1H), 2.21-2.15
(m, 1H), 1.69 (s, 9H).

13C NMR (101 MHz, CDCl3) 8 196.98, 177.07, 149.02, 139.71, 136.13, 133.10, 129.05,
128.35, 127.59, 127.56, 124.31, 123.64, 115.62, 84.80, 63.20, 57.05, 48.30, 42.59,
36.89, 33.90, 28.14.

HRMS (ESI) m/z calcd for C2sHasNaNaOgS [M+Na]* = 507.1560, found 507.1564.

SO,Ph

N (@]
W' iz
(0]
N
Boc
3

z

tert-butyl (2'R,3R)-2-0x0-2'-(2-0x0-2-phenylethyl)-1'-(phenylsulfonyl)spiro
[indoline-3,3'-pyrrolidine]-1-carboxylate (3z)

This compound was prepared according to the general procedure as a yellow liquid in
3 days (51.9 mg, 92% yield for major diastereoisomer in 0.1 mmol scale) and was
isolated as a major diastereoisomer (>20:1 dr).

[a] p2°=-71.8 (¢ = 0.330, CHCI5).

Enantiomeric excess was found to be 89% by chiral HPLC (ChiralPak AD-H column,
hexane/i-PrOH = 90:10, 254 nm, 1.0 mL/min, first peak: tr = 14.71 min, second peak:
tr = 24.54 min).

!H NMR (400 MHz, CDCl3) 6 7.99 (d, J = 7.3 Hz, 2H), 7.73-7.59 (m, 6H), 7.45 (t, J =
7.4 Hz, 1H), 7.31 (t, J = 7.6 Hz, 2H), 7.28-7.22 (m, 1H), 7.13 (t, J = 7.9 Hz, 1H), 7.01
(t, J =7.5Hz, 1H), 4.55 (dd, J = 10.2, 4.0 Hz, 1H), 3.95 (dd, J = 18.4, 4.0 Hz, 1H),
3.87-3.80 (m, 1H), 3.77-3.69 (m, 1H), 3.37 (dd, J = 18.4, 10.2 Hz, 1H), 1.91-1.71 (m,
2H), 1.65 (s, 9H).

BCNMR (101 MHz, CDCl3) § 197.27,175.71, 149.15, 139.69, 136.04, 135.94, 133.46,
133.07,129.46, 128.91, 128.30, 128.03, 127.86, 127.61, 124.08, 123.81, 115.71, 84.36,
63.83, 57.20, 48.60, 42.76, 37.31, 28.11.

HRMS (ESI) m/z caled for C30H30N2NaOgS [M+Na]" = 569.1717, found 569.1720.

Boc, T
N— S
Ph
O
N
\
Boc
E-5

tert-butyl (E)-3-(2-((/V-(tert-butoxycarbonyl)-4-methylphenyl) sulfonamido) ethy
-1)-2-0x0-3-(3-0x0-3-phenylprop-1-en-1-yl)indoline-1-carboxylate (5)
This compound was prepared according to procedure in control experiments as a yellow
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solid in 3 days (20.8 mg, 32% yield in 0.1 mmol scale).[a]p *° = 0.8 (¢ = 0.320, CHCI3).
'H NMR (500 MHz, CDCls) 6 8.33 (d, J = 13.6 Hz, 1H), 7.99 (dd, J = 7.3, 1.2 Hz, 1H),
7.89-7.87 (m, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.55-7.53 (m, 2H), 7.45 (t, J = 7.6 Hz, 2H),
7.29 (dd, J = 10.8, 4.8 Hz, 4H), 6.35 (d, J = 13.6 Hz, 1H), 3.69 (dd, J = 9.5, 6.8 Hz,
2H), 3.05-3.02 (m, 2H), 2.40 (s, 3H), 1.66 (s, 9H), 1.50 (s, 9H).

13C NMR (126 MHz, CDCl3) & 189.34, 150.63, 148.75, 145.01, 142.78, 139.27, 138.51,
135.11, 132.37, 132.04, 130.23, 128.56, 128.18, 127.33, 126.51, 124.48, 123.23,
118.28, 115.60, 104.37, 102.33, 85.31, 84.59, 45.51, 28.21, 27.55, 21.63, 20.95.
HRMS (ESI) m/z calcd for C36H40N2NaOsgS [M+Na]" = 683.2398, found 683.2385.
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tert-butyl (Z)-3-(2-((/N-(tert-butoxycarbonyl)-4-methylphenyl) sulfonamido) ethy
-1)-2-0x0-3-(3-0x0-3-phenylprop-1-en-1-yl)indoline-1-carboxylate (6)

This compound was prepared according to procedure in control experiments as a yellow
solid in 3 days (15.3 mg, 23% yield in 0.1 mmol scale).[a]p *° = 0.6 (¢ = 0.400, CHCI3).
!H NMR (500 MHz, CDCl3) 6 8.33 (d, J = 13.6 Hz, 1H), 7.99 (dd, J = 7.3, 1.2 Hz, 1H),
7.89-7.87 (m, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.55-7.53 (m, 2H), 7.45 (t, J = 7.6 Hz, 2H),
7.29 (dd, J = 10.8, 4.8 Hz, 4H), 6.35 (d, J = 13.6 Hz, 1H), 3.69 (dd, J = 9.5, 6.8 Hz,
2H), 3.05-3.02 (m, 2H), 2.40 (s, 3H), 1.66 (s, 9H), 1.50 (s, 9H).

13C NMR (126 MHz, CDCl3) & 189.34, 150.63, 148.75, 145.01, 142.78, 139.27, 138.51,
135.11, 132.37, 132.04, 130.23, 128.56, 128.18, 127.33, 126.51, 124.48, 123.23,
118.28, 115.60, 104.37, 102.33, 85.31, 84.59, 45.51, 28.21, 27.55, 21.63, 20.95.
HRMS (ESI) m/z caled for C36HaoN2NaOgS [M+Na]" = 683.2398, found 683.2387.
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(E)-4-methyl-N-(2-(2-0x0-3-(3-0x0-3-phenylprop-1-en-1-yl)indolin-3-yl)ethyl)
benzenesulfonamide (E-int.)

This compound was prepared according to procedure in control experiments as a yellow
solid in 3 days (40 mg, 87% yield in 0.1 mmol scale).

'H NMR (400 MHz, CDCl3) & 8.29 (s, 1H), 7.86 (dd, J = 23.7, 7.7 Hz, 4H), 7.35-7.51
(m, 5H), 7.00 (t, J = 7.7 Hz, 1H), 6.53 (d, J = 7.7 Hz, 1H), 6.46 (t, J = 7.6 Hz, 1H), 5.51
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(d, J = 7.5 Hz, 1H), 4.38 (dd, J = 10.7, 2.8 Hz, 1H), 3.92-3.97 (m, 1H), 3.77 (dd, J =
18.3, 2.9 Hz, 1H), 3.48-3.42 (m, 1H), 2.54 (s, 3H). 4.18-4.10 (m, 1H), 2.51-2.43 (m,
1H), 1.80-1.75 (m, 1H).

13C NMR (101 MHz, CDCl3) & 198.94, 177.87, 144.17, 139.53, 136.62, 133.80, 133.35,
133.06, 130.17, 128.53, 128.08, 127.95, 122.12, 122.05, 109.91, 63.46, 55.04, 47.32,
42.69, 35.38, 21.65.

HRMS (ESI) m/z calcd for C2sHa4N2NaO4S [M+Na]* = 483.1349, found 483.1346.
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(£)-4-methyl-N-(2-(2-0x0-3-(3-0x0-3-phenylprop-1-en-1-yl)indolin-3-yl)ethyl)
benzenesulfonamide (E-int.)

This compound was prepared according to procedure in control experiments as a yellow
solid in 3 days (42 mg, 91% yield in 0.1 mmol scale).

'H NMR (500 MHz, DMSO) & 10.34 (s, 1H), 7.82 (d, J = 8.1 Hz, 2H), 7.61 (d, J=7.5
Hz, 2H), 7.56-7.50 (m, 3H), 7.40 (t, J = 8.0 Hz, 3H), 7.00 (t, J = 7.6 Hz, 1H), 6.75-6.72
(m, 1H), 6.65 (d, J = 7.7 Hz, 1H), 4.37 (dd, J = 9.6, 4.1 Hz, 1H), 3.75-3.68 (m, 2H),
3.61 (dd, J =18.2, 9.7 Hz, 1H), 3.52 (dd, J = 18.2, 4.1 Hz, 1H), 2.45 (d, J = 8.3 Hz,
3H).1.85-1.80 (m, 1H), 1.68-1.63 (m, 1H).

13C NMR (126 MHz, DMSO0) § 197.36, 178.73, 144.17, 142.44, 136.42, 133.88, 133.55,
130.36, 129.66, 128.93, 128.77, 128.33, 127.81, 125.20, 121.57, 109.96, 62.23, 56.90,
48.50, 43.11, 36.48, 21.59.

HRMS (ESI) m/z calcd for C26H24N2NaO4S [M+Na]" = 483.1349, found 483.1349.
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(2'R,3R)-2'-(2-0x0-2-phenylethyl)-1'-tosylspiro[indoline-3,3'-pyrrolidin]-2-one
(32’)

This compound was prepared according to the procedure in control experiments as a
yellow solid in 3 days. (32.6 mg, 65% yield for major diastereoisomer in 0.1 mmol
scale) and was isolated as a major diastereoisomer (>20:1 dr).

[o] p 2 =-94.998 (c = 0.330, CHCL).

Enantiomeric excess was found to be 93% by chiral HPLC (ChiralPak AD-H column,
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hexane/i-PrOH = 70:30, 214 nm, 1.0 mL/min, first peak: tr = 36.31 min, second peak:
tr = 69.95 min).

'H NMR (500 MHz, DMSO) & 10.35 (s, 1H), 7.82 (d, J = 8.1 Hz, 2H), 7.61 (d, J=7.5
Hz, 2H), 7.55- 7.50 (m, 3H), 7.39 (t, J = 7.9 Hz, 3H), 7.00 (t, J = 7.6 Hz, 1H), 6.74 (t,
J=7.5Hz, 1H), 6.66 (d, J =7.7 Hz, 1H), 4.39 (dd, J = 9.5, 4.2 Hz, 1H), 3.76-3.67 (m,
2H), 3.64-3.51 (m, 2H), 2.45 (s, 3H), 1.85-1.80 (m, 1H), 1.69-1.63 (m, 1H).

13C NMR (126 MHz, DMSO) § 197.36, 178.74, 144.17, 142.45, 136.42, 133.88, 133.54,
130.36, 129.66, 128.92, 128.78, 128.34, 127.81, 125.19, 121.58, 109.97, 62.24, 56.91,
48.51, 43.11, 36.48, 21.58.

HRMS (ESI) m/z caled for C26H24N2NaOsS [M+Na]" = 483.1349, found 483.1349.
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di-zert-butyl 3-(2-((4-methyl-NV-(3-0x0-3-phenylprop-1-en-1-yl)phenyl)sulfonamid
o)ethyl)-2-oxoindoline-1,3-dicarboxylate (S-2)

This compound was prepared according to procedure in control experiments as a yellow
solid in 3 days (160 mg, 83% yield in 0.3 mmol scale).

'H NMR (500 MHz, CDCl3) 6 8.32 (d, J = 13.6 Hz, 1H), 8.08 (d, J = 7.6 Hz, 2H),
7.87 (d,J=8.2Hz, 1H), 7.68 (d, J=7.9 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.47 (t, J =
7.4 Hz, 2H), 7.40 (t, J = 7.8 Hz, 1H), 7.29 (dd, J = 16.4, 7.2 Hz, 3H), 7.22 (t, J = 7.4
Hz, 1H), 6.62 (d, J = 13.6 Hz, 1H), 3.76 (td, J = 14.5, 4.6 Hz, 1H), 3.48-3.42 (m, 1H),
2.70 (td, J=13.2, 3.5 Hz, 1H), 2.41 (s, 3H), 2.29 (td, J = 13.2, 4.7 Hz, 1H), 1.66 (s,
9H), 1.36 (s, 9H).

13C NMR (126 MHz, CDCl3) & 188.86, 172.17, 166.88, 148.77, 145.02, 142.02,
139.90, 138.35, 134.97, 132.47, 130.23, 129.69, 128.48, 128.39, 127.32, 126.30,
124.97, 122.66, 115.51, 102.27, 84.84, 83.79, 77.41, 77.16, 76.90, 58.72, 41.99,
30.87, 28.10, 27.59, 21.61.

HRMS (ESI) m/z caled for C36HaoN2NaOgS [M+Na]" = 683.2398, found 683.2383.
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4-methyl-NV-(3-0x0-3-phenylprop-1-en-1-yl)-/V-(2-(2-oxoindolin-3-yl)ethyl)benzen
sulfonamide (6)

This compound was prepared according to procedure in control experiments as a yellow
solid in 3 days (84 mg, 90% yield in 0.2 mmol scale).
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IH NMR (400 MHz, CDCls) 5 8.78 (s, 1H), 8.30 (d, J = 13.6 Hz, 1H), 7.96 (d, J = 7.2
Hz, 2H), 7.69 (d, J = 8.3 Hz, 2H), 7.47-7.39 (m, 4H), 7.30 (d, J = 8.3 Hz, 3H), 7.23
(d, J =8.9 Hz, 1H), 6.87 (t, J = 6.2 Hz, 1H), 6.49 (d, J = 13.6 Hz, 1H), 3.95-3.78 (m,
1H), 3.62-3.57 (M, 2H), 2.40 (s, 3H), 2.26-2.14 (m, 1H), 1.90-1.76 (m, 1H).

13C NMR (101 MHz, CDCls) & 197.68, 189.14, 145.01, 142.41, 138.40, 135.14,
132.44, 130.23, 128.49, 128.25, 127.59, 127.32, 123.93, 122.81, 110.10, 102.46,
77.38,77.07, 76.75, 62.57, 43.01, 36.42, 27.29.

HRMS (ESI) m/z calcd for CasHa4N2NaO4S [M+Na]* = 483.1349, found 483.1345.
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9. HPLC Spectra
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 13.773 101479 66.321 2127919 50.308
2 25.417 51534 33.679 2101841 49.692
Total 153013 100.000 4229760 100.000
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min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 14.298 368319 98.156 8580777 96.934
2 26.683 6921 1.844 271444 3.066
Total 375240 100.000 8852221 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% = Area Area%
1 16.127 78439 54.036 2122555 49.171
2 19.474 66721 45.964 2194155 50.829
Total 145161 100.000 4316710 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1, 15793 381753 | 97.465 10837347 | 97.454
2 19.406 9928 | 2535 283163 2.546
Total 391680 100.000| 11120510 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height | Height% Area Area%
1 12.199 30627 | 58.068 671379 50.424
2| 17.169 22117 41.932 660086 49.576
Total | 52744  100.000| 1331466|  100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 15958 734489 98.139| 24683571 96.840
2 30622 13925 1.861 805499 3.160
Total 748414 100.000 25489070 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 16.268 51081 66.160 1724807 50.676
2 30964 26128 33.840 1678791 49.324
Total 77209 100.000 3403597 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 15.958 734489 98.139| 24683571 96.840
2 30.622 13925 1.861 805499 3.160
Total 748414 100.000| 25489070 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time  Height Height% Area Area%
1. 21.796 19508 70.167 722406 49.838
2| 52450 8294 29.833 727101 50.162
Total 27803 100.000 1449507 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 21.457 97397 99.050 3685892 97.806
2| 52104 934 0.950 82696 2.194
Total 98331 100.000 3768588 | 100.000

32



_Ts

N
ne ‘1
(0]
N F
Boc
3f
mAU
] PDA Multi 1 254nm,4nm
50 o
] 8
] 2
40
30+ g
;
20
10
0
0 é I1bl 1‘5I IZbI ‘2‘5I ISIOI‘I‘SS
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 15.655 40576 63.558 1269567 49.418
2 27.293 23265 36.442 1299473 50.582
Total 63841 100.000 2569039 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 14.685 198576 97.085 4527116 95.381
2 25.705 5963 2915 219227 4.619
Total 204539 100.000 4746342 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 17.208 68071 65.302 2240970 50.850
2 34.538 36169 34.698 2166059 49.150
Total 104241 100.000 4407028 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 17.136 768853 96.428| 20406215 94.016
2 34.549 28484 3.572 1298914 5.984
Total 797337 100.000| 21705129 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 19.331 10948 67.308 373083 50.078
2 41.554 5317 32.692 371923 49.922
Total 16265 100.000 745006 100.000
mAU
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<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time Height Height% Area Area%
1 19.148 522131 97.460| 16555430 95.104
2 41.459 13608 2.540 852355 4.896
Total 535739 100.000| 17407785 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 14.281 | 110738 | 69.687 2958905 50.151
2 32.369 48170 30.313 2941085 49.849
Total 158908 100.000 5899989 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1] 14.245 222640 86.424 5966224 73.691
2| 32415 34975 13.576 2130065 26.309
Total 257615 100.000 8096289 100.000
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<Peak Table>
PDACh1 254nm
Peak# Ret. Time  Height = Height% Area Area%
1 60.654 14170 56.565 2645173 50.999
2 66.982 10881 43.435 2541539 49.001
Total 25051  100.000  5186713|  100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 59.840 25504 68.300 4472440 64.390
2 66.302 11837 31.700 2473449 35.610
Total 37341 100.000 6945889 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 35.741 22169 50.714 2597438 49.646
2 39.342 21545 49.286 2634433 50.354
Total 43714 100.000 5231871 100.000
mAU
125 PDA Multi 1 254nm,4nm
100
] o
1 &
B [=)]
75j @
i M~
] %
50 ]
25
o
35.0 375 40.0 425 45.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time| Height = Height%s =~ Area | Area%
1 35.877 | 43518 37.518 5092222 | 33.298
2 39242 72473 62.482 10200811 66.702
Total 115990 100.000 15293032 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time| Height Height% Area Area%
1 17.023 180839 63.574 5253629 49.700
2 31.356 103615 36.426 5317133 50.300
Total 284455 100.000| 10570762 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time| Height Height% Area Area%
1 16.948 715577 98.422 22170492 98.050
2 31.571 11471 1.578 440910 1.950
Total 727048 100.000, 22611401 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time  Height Height% Area Area%
1. 21.208 16596 57.157 539732 50.766
2 26.235 12440 42.843 523437 49.234
Total 29035 100.000 1063168 100.000
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<Peak Table>
PDA Ch1 254nm )
Peak# Ret. Time | Height Height% Area Area%
1 21.480 670078 94.144| 23494452 94.584
2 26.157 41681 5.856 1345338 5.416
Total 711759 100.000 24839789 100.000
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<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time Height Height% Area Area%
1 18.172 61633 59.717 2572816 49.829
2 28.160 41575 40.283 2590489 50.171
Total 103209 100.000 5163305 | 100.000
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<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time |  Height Height% Area Area%
1 16.759 257149 96.025 7424333 94.984
2 26.151 10646 3.975 392033 5.016
Total 267795 100.000 7816365 100.000
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<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time | Height Height% Area Area%
1 12.512 39626 58.445 819720 50.540
2 18.666 28174 41.555 802216 49.460
Total 67800 100.000 1621935 100.000
mAU
750 i PDA Multi 1 190nm,4nm|
) &
- o
o
500+
250+
1 @
] <
] b
0 T T I T " T T T T T " T
0 5 10 15 20 25
min
<Peak Table>
PDA Ch1 190nm
Peak#| Ret. Time | Height Height% Area Area%
1 12.505 541739 97.948| 11515772 97.502
2 18.828 11348 2.052 294992 2.498
Total 553087 100.000| 11810764 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time  Height = Height% Area Area%
1 9.470 23309 61.810 414003 50.453
2 16.054 14402 38.190 406566 49.547
Total 37711 100.000 820569 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 9.401 277390 97.656 5450638 96.521
2 16.123 6659 2.344 196482 3.479
Total 284049 100.000 5647120 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time  Height Height% = Area | Area%
1] 37490 1778 50.242 69570 | 49.662
2| 39.324 1761 49.758 70516 | 50.338
Total 3538 100.000 140085 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 37.440 61412 98.309 2484383 98.605
2|  39.355 1056 1.691 35142 1.395
Total 62469 100.000 2519525 100.000
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<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time | Height Height% Area Area%
1 14.041 12197 72.897 338900 50.569
2 37.991 4535 27.103 331272 49.431
Total 16732 100.000 670173 100.000
mAU -
PDA Multi 1 254nm,4nm|
150 &
i @
]
100+
50;
3
- 2
0
T 1 T T T
0 10 20 30 40 50 60
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time| Height Height% Area Area%
1 13.929 127751 97.857 3658996 94.716
2 38.234 2798 2.143 204131 5.284
Total 130549 100.000 3863127 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 24.761 9026 65.224 511457 50.609
2 49.518 4812 34.776 499147 49.391
Total 13838 100.000 1010604 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time| Height Height% Area Area%
1 21.838 113218 98.546 5299472 97.771
2 45.338 1670 1.454 120835 2.229
Total 114889 100.000 5420307 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time | Height Height% Area Area%
1 29.055 36478 77.890 1541836 50.306
2 77.461 10354 22.110 1523052 49.694
Total 46832 100.000 3064888 | 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 28.770 79707 97.575 3608104 95.173
2 75.416 1981 2425 182989 4.827
Total 81688 100.000 3791092 100.000
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<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time Height Height% Area Area%
1 8.820 42299 62.481 423825 50.337
2 12111 25400 37.519 418156 49.663
Total 67699 100.000 841980 100.000
mAL
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<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time | Height | Height% Area | Area%
1| 8.828 8556 | 4.286 92762 2.309
2 12773 191096 | 95.714 3924636 | 97.691
Total 199652 100.000 4017398 100.000
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<Peak Table>
PDA Ch1 254nm )
Peak#| Ret. Time | Height Height% Area Area%
1 12.186 237889 62.763 4897110 49.523
2| 21.551 141140 37.237 4991349 50.477
Total 379029 100.000 9888459 | 100.000
mAU
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<Peak Table>
PDA Ch1 254nm
Peak#| Ret. Time Height Height% Area Area%
1 12.130 817546 93.990 16894298 90.626
2| 21592 52272 6.010 1747582 9.374
Total 869818 100.000 18641880 100.000
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<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 12.633 211097 67.287 4495725 50.074
2 23.789 102630 32.713 4482481 49.926
Total 313728 100.000 8978205 100.000
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12.5 15.0 17.5 20.0 225 25.0 275 30.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 12.575 541298 94.930 11759253 91.464
2 23.972| 28912 5.070 1097518 8.536
Total 570209 100.000 12856771 100.000
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<Chromatogram>
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507 PDA Multi 1 190nm,4nm
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25 30 35 40 45 50 55 60 65
min
<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time| Height | Height% Area Area%
1] 2379 21982 77.260| 947606 | 49.753
2| 62.234 6470 22740 957007 50.247
Total 28452 100.000 1904613 100.000
mAU
3007 PDA Multi 1 190nm,4nm]
i ~
i &
200 @
100
| ~
3
7 8
0_
0 10 20 30 40 50 60
min
<Peak Table>
PDA Ch1 190nm
Peak# Ret. Time Height Height% Area Area%
1 23.677 184960 98.166 8197015 93.601
2 63.377 3456 1.834 560341 6.399
Total 188416 100.000 8757356 | 100.000
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<Chromatogram>
mAU
1807 PDA Multi 1 254nm 4nm
100
_ @ 8
, s =
50
0_
T i i T L T T — T
0.0 25 5.0 7.5 10.0 12.5 15.0 175
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height = Height% | Area | Area%
1| 15.465 71477 49.672 | 1846071 | 49.727
2, 17.190 72421 50.328 | 1866319 | 50.273
Total 143899 100.000 3712390 100.000
mAU
750 | PDA Multi 1 254nm,4nm
w0
N
1 2
500+
250
=]
&
~
0 T T T T T T T T
0 5 10 15 20 25 30
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 15.248 511956 95.832 13874201 95.840
2 17.248 22268 4.168 602174 4.160
Total 534224 100.000 14476375 100.000
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mAU
150 i PDA Multi 1 254nm,4nm
h o
1 3
_ s
100+
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50
0_
0 é 1|0 1‘5 I 2|0 ‘ 2‘5 - ‘30
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 14.642 106762 63.730 2559501 50.884
2 24.228 60761 36.270 2470582 49.116
Total 167523 100.000 5030083 100.000
mAU
1000, PDA Multi 1 254nm 4nm
750—.
h wn
] g
. 3
500
250
] 2
g ©
i S
0 T T T — — T
0 5 10 15 20 25 30
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Height Height% Area Area%
1 14.705 501897 96.017| 12541471 94.553
2 24.535 20821 3.983 722550 5.447
Total 522719 100.000| 13264021 100.000
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mAU
750 PDA Multi 1 214nm,4nm|
4 g
5
©
500
o
=
3
250+
£
8
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Iy 5
0
T T T
0 25 50 75 100
min
<Peak Table>
PDACh1 214nm
Peak# Ret. Time  Height Height% = Area Area%
1 16.570 521364 | 50.849 16483223 33.033
2 24.773 357232 34.841 16505533 33.078
3 35.548 122880 11.985 8701808 17.439
4  68.160 23847 2326 8208889 16.451
Total 1025323 100.000 49899452 100.000
mAU
< PDA Multi 1 214nm,4nm|
~
300-| €
g
200+ S o
pr}
8
100+
g
2
Ly T T T
0 25 50 75 100
min
<Peak Table>
PDACh1 214nm
Peak# Ret. Time  Height  Height% Area | Area%
1 16.746 309085 47.912 9943187 27.651

2| 25087 175785 27.249 8387483 23325
3 36542 139703 21656 10297555  28.637
4 69.837 20536 3183 7331132 20.387
Total 645108 100.000 35959357  100.000

54



i PDA Multi 1 214nm,4nm
100 8
1 @
1 ©o @
] - 2
75 3
501
1 I S
ol A
T T
0 25 50 75 100
min
<Peak Table>
PDACh1 214nm
Peak#| Ret. Time Height Height% Area Area%
1 16.834 82788 48.016 2679647 23.195
2 25.215 10147 5.885 489887 4.240
3| 36.898 71604 41.529 5395755 46.706
4 70.805 7879 4.570 2987355 25.859
Total 172417 100.000| 11552643 100.000
<Chromatogram>
mAU
250 PDA Multi 1 214nm 4nm
4 w
1 ]
1 w
200+ n"’
150 H
100-| ‘
50 . ‘ “
7 @D
1 5 £ ] | g
< - w @D
0__;'“-— ™ \ ©
0 25 50 75 100
min
<Peak Table>
PDA Ch1 214nm
Peak# Ret. Time  Height | Height% | Area Area%
1 17.925 4226 2.084 207525 1.382
2 25.016 615 0.303 31149 0.207
3 36315 196375 96.824 14253785 94.945
4 69.959 1600 0.789| 520228 3.465
Total 202817 100.000, 15012687 100.000
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10. NMR Spectra

00°0-—

2

2_,_%
10zt
LT~
o_,mw
€67

el

PlI'e
9I'e
8¢

07—

95°€
Ls€
65°€

SES~,
9g

869
LOL
oc,h\/l
LTL~

i

Me

Fe0'6
20l

L0'1
W%.m
=70°€

Feo
Foot

Foot

=001
001
=10T

001
Ws.cc.m

0.0

0.5

2.0 1.5 1.0

25

3.0

35
f1 (ppm)

4.0

4.5

6.0 5.5 5.0

6.5

7.0

75

L s
Pl N\v
01'87—
£Cle—

8T0r—
£Cer—

I89L
m:.hW
SFLL

oEy8—

S0'6r1

9P 9L1—

Me

180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

190

56



£

3.;.
107
srt—
LET~,
1wz

Sl'e
LT'E
LI'E

§5°EN,
Ls5¢
85°¢

¥Ts
mN.mW
ﬁm.m

P69
969
PO'L
90°L
9TL
LTl
8L/
€L,
Ui~
ern

Me

(W

=106
FEO'l
il
00
00°¢

Fioz

F00'1

ool

=00°]
2001
=007

00l
00T

4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

50

55

6.0

6.5

7.0

75

8.0

H

LY 1T
o617/

80'8C
Iere—

1£0F—
Ter—

PEed
orsery
1L°6T _.M

90LEL~
w8El-F
_m,.mm_*
reerl

86k~

8F9Ll—

Me

40 30 20 10

50

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

190

fl (ppm)

57



000—

£t
81
07t
wt

YT
§Te
LTe

i

vee

0L'e
mr.mW
eL'e

68°¢
_e.mu/w
9

vl'L
9I'L
LT'L

L
oT'L
0€'L
L

PLL~,
9L’

—

%

=806

Feot

U0

Floz

Frot

F00'1

2001
F66'1

FIOT

4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

fl (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

L08T—
wie—
[L6t

vh.mmw..
N_.ev.\v

9I'ey

FO'LL
9 m.nhW
89LL
SEP8—

0sI—
06°¢T1

o@.vN_V
LOLTL-F
om.mu_\y
s6gl—

Lo8F1—

8S9L1—

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

190

58



000—

14N
mo.mk
SOT-+
61T
we
LI
8l'¢
0T'e
e

e
£9°¢
£9°¢
S9'¢

6£'S
_TmW
B
PI'L
9L
9L
8I°L
LTl
6T'L
Ly
6F'L
6¥'L
1§71
F&'LA|
vm.m%
S§°L
9L'L
8L°L
8L
8L
98°L

N/SO2Ph

=106

20’1
Feo'l

Froz

=001

00’1

+€0T
=L0'1
LT
€0'1
=101
20T

0.0

2.0 1.5 1.0 0.5

45 4.0 35 3.0 25
fl (ppm)

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

01'8T—
€TlE—

00—
SEEr—

8L9L
[ ._EW
TFLL
9v8—

et
wm,x_%
Wiz

;.WN_J//
91671
£9°TE1—
L8651

fo6c1”

00'6r1—

€Ll —

N/SOzPh

170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
f1 (ppm)
59

180



000~
mm.._”/
LLTY

8L
6L'14
L8314
8811
6811
L¥T
€6
FEEo
9£'¢ |
8€¢ W
oL

s
TLe
ow.i
18°€1

£8°€1
r6¢
P6¢
L6€
86°€1
_m,j
_m.j
€5
£5°1
00°Ly
00°Lq
10°L1
0L
0L
£0°L
VR
Ve
Ve
€12
ST
STLA
STLA
STLA
971
6711
€L
€L
OFL
L
FiL]
L
StL
9vL
652
652
0921
e
€L
582
Lyl

e

T T

_Ts

vy,

nw’

N

Boc

3a

Jak

7506
501
Lot

Fi0€

FI1071

7001
101
101

F00'T

HHn_o._
€01
u\qoc._
T
5
Hemo.m
00T
00°1
10T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

9.5

69'1T—
cr8c—

LELE
SLTh—
098b~_

STLS—
T8'¢0—

6L9L
3....@.
0€°LL
Seps”

TwLsil—
SBETI
60Tl
€O°LT1
S6°LT1
80°8T1
0£'8¢C1
68'8C1
1oel
€6°TE1
90°¢el
S09t1
L96tl
(A%
86l

[8°6L1—

9t'L6l—

_Ts

‘v,

w!

Boc

3a

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

210

60



0070~
vw._./r

Ll
wi
£
Ll
SLL
SLI
L'l
LUl
€X'l
S8'L
98'l
881
68’1

1
1
W
.
.

)
N

/

e
L¥'T
e
sTe
LTt
0€'t
e
we
ELE

L't

9Lt
e
8L'E
08'¢

86'¢
86't
Wy
€0
(A%
£5F
S
9y
£0°L
SOL
L0L
60'L
e
£l'L
ol'L
0L
£TL
£TL
STL
9TL
LTL
TeL
vEL
oF'L
L
8LL
08°L
L8L
O8'L

]
1
1
1
1
N
1
|

)
4

¥

Ts
Nigo)

‘

‘

w'

Me

Boc

3b

Mnc,o
01
H,.No._
00

0

oot

Frot

ool

oot

moo,m
00T
Y560
3601

00T
#00'1
00T

4.0 35 3.0 25 20 L5 1.0 0.5 0.0

1 (ppm)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.5

60T+
No,ﬁm\
60'8T—

IrLe—
s~
PS8y —
£TLE—
LBE9—

oL
vO'LL
FTLL

9tLL
_m,Vw\.

£1°8T1
19'8z14
888211 ﬁ
80°0€ 1 1

[

hc,xw_ﬂ

LY I
SLIE
8TEC1
PESEl
SLBET
Trl
s1opl

SRSLI—

PL00T—

_Ts

‘1,

w!

Me

LU

Boc

3b

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 S0 40 30 20 10
f1 (ppm)

210

61



000

9Ll
9L'1
LU
8L
6L'17
6117
gl
L1814
L8'1
631
061§
061~

1€c—
LFT—

6T¢
Nm.mW
reed
123
6¢
£6¢
168

6F'f
(S 4
1S
[434

1oL
£0'L
So'L
L
€L
SI'L
LTL
6L
1L
STL
9TL
LTL
6€L
0r'L
L
ILL
€LL
S8L
L8L

=)

Ts
N

‘1,

e

Me

Boc

3c

=506
€01
Roort

=00¢
=00¢

Fl101

vI10'1
001
001

001

00°T
0T
017
R o
=101
00T

0.0

0.5

1.0

1.5

20

25

3.0

35

4.5

50

55

6.0

6.5

7.0

75

8.0

85

fl (ppm)

8TIT
/

89°1C

TIst—

LeLe’
YLTH—
958,

9TLE—

18°€9—

LELL

€L9L
mo.nnw

1€P8~"

69°C11—

S8€TI
LOFTI

I18°4C17

00'8214
80°8C 1
oz
$8°8T14
60°0¢ 1
16z€1
1866 1§
PI9EL
66'LET
L9°6E1
aed!

f

JAN 4|

LLSLT—

PSLOT—

Me

_Ts
130

N
",
O
Boc
3c

w

1o 100 90 80 70 60 50 40 30 20 10
11 (ppm)

120

190 180 170 160 150 140

200

62



000
%._?
€011
LT
PLT
L1
9L'T
LT
841
8L'14
£8'T
581
$8°14
L8°14
881
061/
6T
S.NW
67°€
766
PEE
LE°€
8961
0L°¢
1L°€1
1176
€LE
€L°¢
BLE
08°¢
18°¢4
8¢
6'¢
£6°¢1
96°¢
L6'¢]
6+t
05+
15
s
00°L
0L
$0°L
60°L7
1L
AVE
PILA
ﬁ,:W
LA
97 Lt
OF'L~
i
om@“
'L
1LL
€LL
58'L
8L

—

=l

Me

“,
3d

Ts
N" O
Boc

nw

€06
01
o

=00°¢
E00¢

Foo'

01
Foo't
o1

ool

S0'l
Feoe
160

W07
H/cc,m
220°1
o0z

75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

8.0

8.5

99'1¢
21T
cr8e—

e
09Th—
6S8b~,

9TLS—
r8e9—

E..E
wo.RW
6€LL
€8s

[LSI—
£8°¢TI
80°FTI
IL'LTI
LO'LTI
80°8T1
S8'8TI
00°6T1
croel
88°CEl
Peeel
F96¢El
LBEPI
1E'FF1
cerl

68°SLI—

76961 —

10

20

30

40

50

60

70

90 80

100

fl (ppm)
63

200 190 180 170 160 150 140 130 120 110

210




Boc

3e

I

A

=90
€01
Feo

FIl0¢

Foo'

201
et
®01

=001

R0z
ye0
3201
+90°
#0T
SE0T
1ol
»0T

0.0

7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5
fl (ppm)

8.0

Prell~
L9si-—
PR'ET1
0¥l
SO'8TI
80°8T1
I8'8TI
61°6Z1
16°6T1

80°0¢1
86°CE 1
0L6el
9Tl
el

[4:23°)

08°SLI—

8966 1—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

64



000-—
o1
sL1
841
61
08’1
s81
iy
881
06'1
172
LTe
0g'e W
zee

bee

oLt
1€
we
€re
$LE
08°€

I8¢

T8e

s |

68°¢q

€6
6E
05t

It

s

£sr

569

969

£69

669

669

00

we

0L

L
TrL

bl

1L

91

vTL

iTL
orL

L

09°¢4

1921
L
oL
€9°L|

porLy

oLy

wL
mw,ﬁ%
L¥L

el

T—

‘

Ts
Nige)
‘7

W

Boc
3f

=206
E80°1
Beot

=00t

1ol

P10
W01
w01

=00'1

Feoe
=L0]
=501
=10
90T
=001
50T

6.5 6.0 55 5.0 45 40 35 3.0 25 2.0 1.5 1.0 0.5 0.0
fl (ppm)

7.0

7.5

8.0

LY1T—

18—

oeLe”
POTh—
T8,

esH
£5°S1 _W
Y6t
0rvel
16°LC1
oo.mN_V
£6'8T1
10El
TToel
1€0€1
16°CE1
89°6€1
9Evrl

17991~
Y6991~

ILSLT—

LL'S61—

.
N0

‘

‘

nw'

Boc

3f

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

200

65



€0 s01-— -

N
Boc

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

-10

10

00'0-
AN
8Ll
6L1
6L1
081
<8l
181
181
061
061
161
LT
9TE
67€
1€°€
€8¢
69°€
0Le
0L€
e
e
ﬁjﬁ
6L
18°€
|
L8°EA
88'€-
6€
£6€

(144
0sy
494
€5

00°L
10°L
0L
oL
vO'L
PO'L
€IL
€IL
ST'L
SIL
LTL
LT'LY
£TLA
$TLA
mNHAW
9TL~E
LTL”

0r'L
L
StL
0LL
Ll

8L
98'L

Trrr——

Ts
N i)

‘7

‘

w'

Br

Boc

3g

#£0%6
01
o

=00t

E10°1

w0
£0'1
101

=00'1

rul
=90°1
001

L0'T

00
001
00T

20 L5 1.0 0.5 0.0

25

3.0

35

4.0

45
f1 (ppm)
66

5.0

55

8.0 7.5 7.0 6.5 6.0

3.5



891T—
11'8T—

6TLE”
PLTH—
1987~

1TLS—
PL'E9—

FLL
90°LL
LELL
Y8

well—
S8'ETl
SIvCl
S8'LTI
90°8T1
8T'8TI
66'8C1
cretl
clrogl
#9IEl
88°CEl
SLYEL
99°6¢1
8EHFI
1erl

0LSLl—

0F961—

Br

Boc

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

200

Boc

#E06
F90°
Byo

E66C

Foot

FOO'I
Faooc

F00'1

00
01
WS,N

10T
HHO'E
=0T

4.5

0.0

20 L5 1.0 0.5

2.5

3.0

7.5 7.0 6.5 6.0 55 5.0 4.0 35
fl (ppm)

8.0

8.5

67



1912
otz
4k T
0€LE”
69Th—
098~
0TLS—
79—
9L9L

E.EW
6€LL

£rp8s

rt—
TLSHI

mm.mm_./
9I'FT Lp
¥8'LTL

ac.wm_k
66'8T 1~

ARCARA
8T

LTSEL
F9LEL
wo.mm_\
hm,vi\v
[rerl

0LSLT—

1L961—

-10

10

20

60 50 40 30

70

100 90 80
f1 (ppm)

110

120

3h

‘
130

Ts

‘o

Boc

W'
180 170 160 150 140

190

210 200

000~
3._/
8Ll
6Ll
08'1
181
181
L81
6811
631
6814
16'1
16714
w614
il 4
€€
£E°E
SEE
LEE
1L
L€
e
L€
18°€
W
£8°€
v6'E
56°€
L6'E
mo.mv

€©§5
vm:vw.
S8
95t

102
10°L
£0'L
£0'L
POL
o
€r'L
€L
SrL
sreq
91
LT
STL
971
WL
mEU__W
|

LS'LA
65°L
89°L~L
0L°L-%

ILL
EL°L
S8°L
LBL

CFj3

_Ts
3i

‘

Boc

e

106
=701
L0011

Tooe

Foo

FIO'1
E00'1
E001

Toot

860
=0T
001
007
70T
Roog
ooz

35 3.0 25 2.0 1.5 1.0 0.5 0.0

65 60 55 50 45 40
Fl frmmea)
68

7.0

7.5

8.0



69°1T~
01'8T
1L6T~"

Srog
0T0¢g
£E°0¢

6TLE
L _,mv\.
198"

wLs—
L9E9—

6L9L
SO'LL
STLL

:m,hh
vm,vw.\.

ity
Tyl

I'ST1
ST
Lrszl
6L°LT1
671
90821
90°621
Srogl
8761
L9°8E T
S9°6E1
stpvl ]
60°6t1-

T e ——

SOSLI—

19961 —

NS0

‘r
‘7

W'

CF;

Boc

3i

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

200

1769-—

.
NS0

‘v,

w

CF3

Boc

3i

-25 -35 -45 =35 -65 -75 -85 -95 -105 -115 -125

-15

10

15

f1 (ppm)

69



00°0
99°1
6Ll
18°1

T8
88714
06'1
06°1 4
06714
w61
6°1
€6°[
8T
1€¢
€'t
Se'e
LEE
oLe
oLe
ILe
e
E€LE
08¢
18°¢
e
€8¢
Po't
So't
86°¢C
86°¢
rey
SS'¥
95y
LST
[
€0°Lq
€0°Ly
S0°Ly
vlLy
rlLy
SI'LAy
LI'LA
LT7LA
9L
LT LAk
LTL—~
L
vl
wi
wL
€LL
bLL
8L
98°L
Sy
LI'8

i

2006
=001
Rpot

Foog

FOO'1
001
F00'1
0011

001

001
Loz
00T
Ws,m
00T
w.oo.m

-0.5

35 3.0 25 2.0 1.5 1.0 0.5 0.0

45 40
f1 (ppm)

85 8.0 735 7.0 6.5 6.0 5.5 5.0

9.0

oL'1e—
11'82—

[xa1=4
8b'Eh~
£9'8b

0TLs—
£9'€9—

08'9L
90°LL
9TLL

ﬁm.nh
hc.wm.\

8LSII—
19°71
06621
oTHTI,
€LLTl
S0'STI
£9°5C1
pI6zl
LI0ST
9LTEL
9'6E1
ot
£5°bHI
PO'6HT
ST0S1

PESLI—

91961—

NO,

190 180 170 160 150 140 130 120 110 100 9 8 70 60 S0 40 30 20 10
fl (ppm)

200

70



8._/
8L

8L
08’11
08’1
18'11
81
(3T
68°T1
68°T1
06'TH
1614
16T
61

8¥'CT
mm.m/
0

e
pEE
69°¢
0L€
0L€
TLe
TLe
6L
I8'€
18°€
£8°¢
8¢
16
W6€
v6°€
§6°€
£€$F
€$F
5
5Sr
10°L
€0°L
0L
pIL

31
1L
LA
LU
STLA|
LTLA
Wi~
L
19'LF
£9°L
99°L4
L9t
L1
L1
8t
981

e

CN

_Ts
)
3k

Boc

W'

+96'8
»T0°1
101

00°€

F00'1

p 001
001
001

=001

y 001
=001
=01
=£0'T
P00
=00°]
00T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£l (ppm)

85

69'17T—
01'8T—

vTLe”
0TEb—
198k~

0TLS—
£9't9—

189L
LOLL
LTLL

mm.m...
Nc..vm\s

LLSTI
FE9ILI
S8LII

88°ETI
vm.vm_/
PLLTI
_c,wm_W
SO'8TI
1e6cl
9101
STTEL
LLTEL
P6o'8El
FO'6El
1S°%F1
9061

PESLI—

1e961—

-10

10

20

30

50

60

70

90 80

CN
3k
140 130 120 110 100
f1 (ppm)
71

‘7

'z

Ts
N"TO
N
Boc
150

W'
200 190 180 170 160

210




06°1
LT
8r'€
05°€
e
§6°¢
£L°¢
'€
107
80'%
1
u
9y
17
65°%
097
169
86'9
669
00°L
'L
'L
90°L
90°L
80°L
9T'L
8T'L
8C'L
6T'L
0L
1L
£r'L
0L
0s'L
L
£5°L
£5°L
€L
§sL
ssL
£9°L
'L

99°L
99°L+
89°L
0L'L
oLt
wL
LT
8L'L
08'L
8L
8L
6L

000
99°1
68°1

(4R

.
NS0

‘4,

w

N

3l

Boc

1 PN

=

S0°6
60'
101

E00°€

oot
2001
oot
701

F00'1

660
w%._
ST
10T
60T
Tooe

90°€
ot

25 20 1.5 1.0 0.5 0.0 -0.5

3.0

9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5
f1 (ppm)

3.5

69'1—
PI8T—

9gLE/
8LTH—
SU8H~

8TLS—

L6'E9—

0FLL

LL9L
m.o.hnw

Serss

0L
9T'€T1
68'€711
(4Nt
69971
0LLT1
L6'LTI
01871
SI'8TIN

SP'8T _Iw

16'8C1
876714
§5'6T1
£10E1
yozel
L6'TE1
P ECT
$SSE 1
0L'6€E 11
{avat

|

e

7
F
r
L

ﬁ
-

8levl-

S8SLI—

STL61—

200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

210

72



000~
£l ._/.
08’1
1814
7819
€811
98’19
88°1 1
8819
06'1 4
L¥'Ty
[AR%
[ANS
SI'En
8¢
89°¢1
89°¢
0Lt
8L°¢
6L7E
08¢
8t
[4:3% W
€8¢
£8'¢
8t
9y W
L¥P
Ll
6F Y
8699
8€91
6€9
6£91
0691
1691
90°LA
LOLY
LOLY
60°L7
60°L
8L
61°LY
1TLY ﬁ
ITLY
£TLA
LTLA
6TLYE
1€LA
6E°LA
IFLA
VL
evL
SLLT

LLL
PRL
98'L

—

r—

N/Ts
",
O
Boc

W

006
Fooz

F00t

Foo't

FI10°1
Fooz

o0l

Foo't

200'1
S0
S0l
=01
Aog

200°1
®00T

6.5 6.0 55 5.0 45 4.0 35 30 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

SO1T
w@._mN
60°8C—

grie’
LOTH
WS

9TLS—
£8'79—

SL9L
@Q.EW
8ELL
6t'F8—

€0TII~
TOSTI~
S6911-"
86°¢C

:.qm_V.

98°LTI
I8zl
S6'8TI1
LO0E1
68°CE1

L9etl
9Tl

wm.ov_\
no.ow_\
PRSI

6€°SLI—

9S8 —

N T

(0)

“,

nw'

Boc

3m

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

190

73



000
¥9°1 ._/.
6911
08°1
08711
8819
8819
LT
0T°¢q
€0
ST'e
Lze
69°¢q
0L"€
e
£8°¢
P8¢
8¢
S8°E
68t
06"
Elas
has
8t
677
$6'9
969 m
969
L69
LO°L
LOL
80°L
60°LY
yI'LY
P1°Lq
91°L
91°Lq
81°L
LTL]
8T°LA
8T'LYy
0L
0€°L
9¢°L
9L
LELY
LE'L
0F 'L
'L
6F'LA|

6L
Om.nu\
0s'L
69°L
1L

8L
L8L

_Ts

‘v,

nw!

Boc

3n

||| 1

006
#20°1
kot

=00t

Fo0'l

001
Fioz

660

Hﬁs._
00'1
wa._
660

00°1
00T
660

00°1
Joo.m

45 40 35 3.0 25 20 1.5 1.0 0.5 0.0
f1 (ppm)

6.0 5.5 5.0

6.5

8.0 15 7.0

8.5

LYIT—
60'8T—

vored
67—
£98Y

TLS—

85°€9—

SL9L
E.EW_
6t°LL
SEF8—

PLSIT—
P6'€T1
9I¥Cl
08°LTI1
S8°LTI
80°8TI
66°8T1
[roet
LB'IEL
wmeel
L9l
9L'6t ]
tlerl
FEVFI
P0'6rl

9 SLI—

L9681—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

74



00°0
G._/
L1
PLl
bLl
Ll
9L
LL'T
8Ll
181
€914
P8l
P81
98°1
L8]
8]
9T
PN
LT

9T
9€°€
L€
ov'e
we
€
£9°¢
£9°¢]
<3
$9'¢ _.
£L€

pLE
SLE
LLE
8L ¢
€%
wEY
vy
sy
LI'L
61°L
61°L
oT'L
7L
LTl
8T'LA
6T L
1€°L
1€
€€°L
seL
SE'L
6L
IbL
18°L
£8°L
v8L
98°L

Ts
Nigae)

‘

‘.

W

Boc

30

106
00¢
SOl
0071

10
Foo'l

2001
50c
00T

Feoe

8.5 8.0 7.3 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 30 2.5 20 L5 1.0 0.5 0.0
f1 (ppm)

9.0

99'1T

891 NM‘
60877
s'6¢

yoLE—
POLP~
[ai e
0rLs—
6LT9—

6L9L
__HFW
EVLL

05b8”

99°S11—
66'€TL
81FC _V.
H0'8T1—
mcdm_x
Sdm_\
06'Tel
0L'6EL
LT
oed.v_.\

6F'SLI—

19°§0T—

T
NS0

‘v

W'

Boc

30

-10

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

210

75



000
8L'O
080

w0
w0
w0
6’0
960
960
860

o'l
T
PIl
91l
3._\%
69'1
o
141
€01
[ZRE |
N
XS
T
€07
L0
arrff
wt
L] *
9.7
61T
[
see __
651
ob'e
9°¢ 4
']
99°¢4
sL€
e
1€
wr
PEH
e
LI'L
61'L
6I'L
9L
L
6T'L
0€'L

£EL
6EL
I¥'L
WL
£8°L
8L
S8°L

e sl

-

=00'e
Elog
Fooy

on.o

00T
R0
g0l
F10°€
Foo'r

7660
FE0'T
66'1

Fioeg

6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
fl (ppm)

7.0

7.5

8.0

8.5

El—
89°1T~,
6TTTT
68T

8082/
96°0€

£eLe”
0TTh—
LS9Y—
958

0r'Ls—
01'¢9—

ﬁ.ﬁ
wc,hhw
6€LL
8eps

19°6L1—

L1I'80T—

.
NS0

(0]
Boc
3p

w'

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210

76



‘s

N/Ts
(0]
Boc
3q

A

F 66

F oo

10°¢
10°Cl

I s0g

Foog

F oot

Foot

W 66'1

F oot

iR
-9
Sa3
oiej =

75

F o667

0.0

0.5

2.0 15 1.0

45 40 35 3.0 25
f1 (ppm)

6.0 55 5.0

6.5

7.0

8.0

85

P91z
mm.mm/
E.QW
£9°7

it

QEN
6082

srre/
98—
19°8p—
686+~
0l'LS~
N

€L9L
EE.W
9¢°LL

0cvs<”

16°S1—
0Tl
0rvet

66'LT1
1181
98'8T1
60°0€ 1
SOSLI—

elT—

_Ts

“,

w’

N

Boc

3q

200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 S0 40 30 20 10
f1 (ppm)

210

77



051
No.:
SOl
6911
9L
08'11
P81
+T
96°1
¥0°T
e
Wt
€T
ST
LT
8T
6+'T
897
0Lt
£L79
e
e
£6¢
Leed
8ee
+9°€ ]
et
SEt
9€°t
Lew?
9691
8691
1L
SI'L
91°LA
LTLA
61°L
7Ly
£T'LY
¥TL
st
9L
8T'L]
8T'L
€L}
0€'L

€L

6€°L

I+'L

08'L

8L

L

£8°L

€’L

00°0-
om.}
67’11

=

T

—

S8L

Ts
Nigo)

‘

W

Boc

3r

0T
001
FI0T

=001

0T
Foos
Feoe

=80t

0.0

1.0 0.5

1.5

2.0

7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5
fl (ppm)

7.5

100 95 9.0 8.5 8.0

0.5

89°1T~
LOBT
1182
€064
€rLe—
£6'EH
959p"
1987—

TrLs
m_,hmw.
pIres—

LL9L
%.EW
¥LL
67787

£8°SI1—
60'FT1
9THTL
86'ST1-%
S.wm_ﬁ
LO'STI
91'8T 1
sl
60621
oroetd
8zed
9L'6E1
18071
Errl
60'6¥1

=T

SSCLI—

88'00T—

200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

210

78



151
ST
£6'11
$9'I4
6911
£L1
L
LT
9LT
LT
LT
S8
86T
0024

20T~

€07
9074
L0
6074
01z
07
€T
8r°C
89°7
0L
LT
LT
£€°¢
pEe
9¢°¢ 1
L6
v9°¢ ]
$9°¢
$9°¢
LLE
8L'E
faR2
SEr
9¢
Le%
61'LA
61°L
1741
12°L
8T'L
8T'LA
6T LA

67°L

Te'L
(AR
€6
SELA
1L
LA
8L
€8°L

—

s

¥8°L
S8'L-

COOMe

‘r
0

‘.

N
Boc
3s

!

00
WS._

001

00°1
oC'l
moc._
00T
F66'C

30 25 20 L5 1.0 0.5 0.0

35

6.0 55 5.0

85 8.0 75 7.0 6.5

9.0

e 1CA
9912/
PO8T—
$9TE—
€ILE~
9807~
£9°9h_
98—
IS
60°LS—
6679

08'9L
oe.tw
I€LL

1578/

LLSTI—
SOYCI
mm..vm_w.
10821
o6l
Edm_\w
L8TEI
L9'6tl
6Tl
mm.wv_.\‘

ThELI~
1$°SL1-

C0°L0T—

COOMe

s
»

3s

Boc

w!

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10
fl (ppm)

210

79



00°0
91,
#9°14
99°1 1
99°11
19°T1
89'11
18'11
811
£8°1 1
81
814
81k
98°1-4
L1814
677

E.N%
LFT~
697

AL

9T
LIt
8l ,Tm
0z'ed
sTedt
stef
1€°¢
7€°e
vEed
mm.m_ﬁ
6£°¢ ]
or'¢q
79°¢d
9L°¢4
€61
v+
9¢'+1
L%
0Ly
07'L
Wi
o
LTLA
Lz
LTL
6L
6T°LA
TELA
TeL-E
vELF
9L
6€'L
I¥'L
18°L
8L
€8°L
8L

T

Cl

Boc

3t

== (001

= Fory
- E s61

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

8.5

691~
88ST~
L08T
TlLe~,
9L8E—
96 EF~
LL9b—
658%7
orLs—
F0€9—

ﬁ.ﬁ
aonW
8CLL

15187

6LSII—
80'FC1
SEFTI
96°'LT1
10°8C1
[c6ct
1°0g1
mw.Nm_\
vc,m.m_\
SEFPL
006k 1

PESLI—

9L'90T—

Cl

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
fl (ppm)

210

80



000-—

[
L1
L1
SLL
9Ll
9Ll
LL1
8L
8LL
181
Lre
99T
89°¢C
oLe-7
£rt
e
Lre
8t
9~
e
PL'E
LTV
8T
6Tt
0
1€
oWy

¥TL
STL
9TL
0gL
0€L
1€L
L
6€L—F
1 v.n\
cw,n./

18°L
Nm.nN
£8'L

/Ts

‘s,

w

Cl

Boc
3u

206
90T
Ko

=00°¢
F00'l

001
001
oy

=901

/860
=001
Aot

[osz

0.0

0.5

2.0 L5 1.0

25

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0
fl (ppm)

8.0

Lo1T—
90T~
9962

wez/
SoLE—

0I'Ly~
FT8Y
SILs—
LST9—

8L9L
S.EW
6TLL
6878~

€6°911
S6'ecl e
LO8CTI
$0°6T _W
L9°6T1
8L°6T _W
01 dm_\
SLEEl
978l
mm.vv_*
mg,wv_

CLPLI—

¥9°60T—

/Ts

‘v

W'

Cl

Boc
3u

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

fl (ppm)

81



a
n
rre——

.
NS0

‘1,

W'

Me

Boc

3v

ch,o
1071

ol
00°€
Hx_o £

Foo1

1070
F10°1
001

=001

MS,_

00°1
+00T
Forg
Ee60¢
J00T

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

8.5

c@.cm
Nm.oNV.
99'1T
6912
TI'8T

LoLe
wTr—
958

8I'LS—

[8'€9—

SL9L
SEW
6€LL
rIp8

9SII—
8P HTI
G.R_/
18°L21
01'821
9T'8TIF
ST4E 3
LOOET
06'TE 14
10°€€ 1
18ee
m_.@i
6TLEI
ozt
ozev1]

b

Po'SLI—

ITL61—

_Ts

‘4

'

Me

Boc

3v

40 30 20 10

50

19 180 170 160 150 140 130 120 1100 100 90 80 70

200

fl (ppm)

82



000
S..%
L1y
€14
vL 1
vL 1
SL14
9L
mw.:
S81
§8°1
S8°14
814
181~
L8/
0T~
L¥T
0£°¢
43
a3
9¢°¢
69°€
0Le
L€
VA3
LLE
8L¢
6LE
18°€
06°¢
16°€
t6'€
S6€
6t
0t
ISt
st
0897
7897
L
€12
9TL
671
€L
wif
0L
LA
L
L
SHL]
e
L5
65°L]
65
19°%1
19
L]
182

T M7

WAL

'

T
NS0
(0]
Boc

[

Me

o
Roo1
=00°€
FO0°E

ool

w01
001
R00'1

Foo'1

H/cn_‘_
=660
w 10T
o€
FI0'E
Hsc_u.m

T

4.5

0.0

0.5

35 3.0 25 2.0 1.5 1.0

4.0

5.0

5.5

8.0 7.5 7.0 6.5 6.0

8.5

1 (ppm)

89'IT
ﬁ.._mw.
1182

oF'LE
69°Th—
098t~
orLs—
£6'€9—

T8'9L
..lc..uhw.

€ELL
97 b8

SPO11
65°€T1
ELPT
SovCl
69°LTT
hoﬁ_w
€871
6006177
8.2%
66°7E x
6091
80°6€1

99°6£1
L1
9e6k1
FO'9LT—

I¥L61—

Ts
N""0

‘r
‘

w'

Me

Boc

3w

20 10

30

70 60 50

80

200 190 180 1700 160 150 140 130 120 110 100 90

210

fl (ppm)

83



(A
o'l Wn
9L

061~

61
nAw,—wW
it
sre
Lr's
05
L't
e
e
€8s

L¥E
mm,mw.

LSV

8t

65t

mww._
S6'9N
SILA
LI'LAq
61°L
9T'Ly
[ANA
reLy
9¢°L
L¥ LA
61'Lq
09'LA
09°L4
9L
SLUL

LIS~
618~
LF8~
6+87

Ns

‘1,

w’

Boc

3x

M

=106
Floz

ko1
2001
Tt

Fo0'l

80°1
#S0°T
S60°T
#80'1
=007
2201

F10T
00T

2.0 1.5 1.0 0.5 0.0

25

9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0

9.5

f1 (ppm)

SO'8T—

189"
06'Th—
05’8t~

S896—
0L'e9—

€L9L
mc.t.w
LELL
19487

9LST1
LSETT
61FC1
85T
LI'LT1
09°LT1
£7°8C1
99°8C1
81°6T1
17°6C1
0Leel
C6'stl
9L6E1
LLTF
86°8F1
PS0S1

To'SLT—

€8°961—

Ns

“,

W

Boc

3x

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210 200

84



00°0-— _ L2
"
Fe
L=
st/
06'€8
ra 6895
694 - 106 6STh~
w_,mwr | o £8P
617 o
b7 F00'T s
LT 001 L "
sre h 0TE9—
L0°€
Nmm 00¢€ [ 3 €L9L
L9°€ YOLL
89°C ool 9¢'LL
"
1€ M 08'P8—
£8°¢ F00'T
mm.mw F00T|
s8¢ FS_
L8€ “E
&
65t -
09F LT
Nﬁv - (0’ .
€9 o - Bt
m - Rz _m.wm_%
2 S0 & 95171\
> 15 65°LTI
o F mm.mm%
-0 S06T1 \
B or'gsl
- L2 €1°9€1
769 S
60 Z0°6k1
969 |«
9I'L ©
8I'L
0L I
; 001 |- 2
Z..‘./ = p00T
0EL~y = »007
_m,h == P07 | »n LOLLI—
€eL - ooz | =
4 00'1
9L = ¥
8¥L =
LSL *
65t 86'961 —
SLL L
08'L o

10

20

30

40

50

60

70

90 80

100
fl (ppm)
85

110

120

_Ms
",
Boc
3y
140 130

we

190 180 170 160 150

200




00707~
91
LLTq
LLTH
6L
081
0819
€81
9817
881
£€°¢
SRR
8¢¢
[ia%
[L7¢
£L°€
€LE
sLed
SL'E
08¢
[£4%
£8°¢
8¢
§8°¢
6'€
£6'E
L6
86'€
1494
394
9St
LSV
6697
10°LA
T0LA
1144
€1'Lq
SIL
PTLA
9TLq
9T'LT
6TL
[€L
£€L
€¥'LT
SYLA
L¥LA
6S°LA
19°LA
€9°L
§9'LA
nc.TW
69L|

T —

1L
gL
86'L~
008~

SO,Ph

‘Y

¢}
Boc
3z

w

=006

Froz

F00'l

25 20 L5 1.0 0.5 0.0

3.0

75 7.0 6.5 60 55 50 45 40 35
f1 (ppm)

8.0

[1'8C—

g6/
9L
09°8%~

0TLE—

£8'¢9—

ﬁ.ﬁ
S.EW
LELL

98"

ILSLT—

LTL6l—

Boc

200

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

190

86



00°0-—

08'T—
99'1—

0Fc—
we
€0
€0'e
0
sO'E

89°¢
69°¢
0L¢
ILe

bE9
L1
$TL
6TL
reL
SvL
::.%
ssL
0y
vLL
9LL
(8L

LYL
68'L
(4%
SER

=00'6
=00'6

=10t

FT0T

00T

Feot

»E0F
#66°1
I ard
=66'1
=00'T
A0

Foo't

L5

0.0

0.5

Lo

2.0

4.0 35 3.0 2.5

f1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

8.5 8.0 7.5

9.0

$60T~,
€917
SSLT~
1784

1$SF—

C89L
LOLL
BTLL

£CLL
6518
1€°68

€6T01~
LEVOI
09611

8T8l

€TETI
wi&%
1971~
ez
81321
958714
€201
POTEL
Lezel
ey
15°8¢14
LT6El
8L
10°sy1
SLgpl
£9°05 1

PE681—

K

-10

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

210 200

87



00°0-—

0S1—
99—

0FT—

we
P0'e
0t
S0t

89'¢
69'¢
0L'¢
It

PEO
1345
8L
6TL
1eL
orL
L¥L

€L
mmHN
SS°L
vLL
9L'L
L8L
68L
86°L
008
ey
SC8

Boc—N

U

=006
=206

=70¢
10T

00T

Foot

F00%
20T
20T
=007
=007
A0l

%om 0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 L5 1.0 0.5 0.0
11 (ppm)

9.0

$60T
it I
SSLT~
178t/

S Sh— -

¥89L
o_.hhv
SELL
09v8-7
_m.mm\.

ET0I~ 0
sevor- s

1961
a.x_%
£Teel

a&é%
187921~

Boc—N

€C°LTIE z

8181
LS'8TI I
¥z g _

sozel E—
Leel —
1rserd
7S'8El
8T6E
LLTHI
20°stl
sL8pl
£9°051

ma
|

o8l — _

-10

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

210

88



000—

BT
o'
Lre
pLE
sL'e
6L
08
s
Py

9E'Y
LEY
6t'F
oF'y

05°S~,
W

o
9’9
8’9
59—+
o
562
LE'L
1L
L

WL
'L
88°L
06°L—

68—

Ph

HN-TS

E-6

E66'T

H/.oo._

wl
W_o._

Flo1

001

0l
Fesr
ooy

Too1

7.0

0.0

0.5

1.5 1.0

20

3.0

55 50 45 40 35
fl (ppm)

6.0

6.5

7.5

8.0

8.5

9.0

Solc—

wm.mm.\
69Ty
(4%
vo.mn/.

9'E9—

vLOL
90°LL
9TLL

BELL

16°601—
s0TTl
[AN44 _%
S6'LTI
80°8C _W
£6°8T1
LT0€E1
90°¢el
SEeel
08'¢el
799¢l
€56¢E 1
LIFFI

L8LLI—

#6861 —

-10

40 30 20 10

50

200 190 180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

210

89



99
59l
99°1
191
89°1
08'1
181
w1
el
S8l

N,
e
€€
b
85°€
09°€
e

9t
LEY
8EF
ot

§99
999
L9
L9
SL9
869
00°L
10°L

8L
ov‘mw
WL

05°L
s’L
£5°L
L
9§°L
09°L
WL
18°L
£8°L

01—

- 001
- 001

Fo0'e

L J

1071
= mmcg
wT

Leco

_ 101
b MNS
- 001

00°€

- = €0°€
- 10T
- ko

Foot

|

10.5

T

15

65 60 55 50 45 40 35 30 25 20 L5 1.0 05 00

9.0 85 RO 7.0

10.0 9.5

1.0

115

f1 (ppm)

BE4E
99'6¢
£8%6¢
000r -
910F

£C0F ]
05'0F —

0695— —
£TT9— B

96°601—
LS121
oN.n_/
18221
£e8el ]
LL8TI ===
€682 1 o
99621

9€0E 1 -—
$°€E ]

88°E 1

THOE

vrTel

LUpb1

€L8LI— -

9e°Lo1— -

-10

40 30 20 10

50

70

80

180 170 160 150 140 130 120 110 100 90
fl (ppm)
90

190

210 200



€91
S9'1
SOl
99°1
LY1
[
08’1
181
(431
81
S8l
SYT~
334
1223
1333
85°€
09¢
ILE~

Ley
8
oty
o'

§99
199
€19
L9
9297
8691
00 f”
0Ly

8€L\
om.nww
|8:4

0S'LF
154
L
¥6'L
o't
19°L
9L
8L
£8°L

SE0l—

Feol
001

F10¢

29571
80°C
€0°C

Elol

66°0

00°1
o011

00°€
wmi
=0T
00T

Foot

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00

9.0

100 9.5

10.5

1.0

11 (ppm)

8eE
99'6¢
£8'6¢
66'6€
910t
£€0p
o¥or

16'9§—
¥TT9—

L6'601—
88°ITI
61'ST _/
18°LT1
PE8TI
8L°8TI
T6'8C1
99°'6C1
9€°0€1
Peeel
88°¢El
woel
S¥evl
LI'PPI

PLBLI—

9eL6l—

'

ZT

3a’

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

91



00°0—

9E'1—

B2'e
0£'C
€T
T
S 4AN

89T
ch.NW
LT
we
we
Ster
hv.mu\
3t
£L¢
¥LE
9L'E
9L'¢
8L'E
6L

199~
22
STL
0f'L
5L
i~
6L
190

69°L
98'L
L8'L

808
608
1£°8
re's

TsN ™S\

Ph

Boc

Boc
S-2

=006
=106

Ll
“ooe

ch.ﬁ

Foot
Fiot

El0l

660
Lpoe
2E0'1
66'1
101
e
00’1
00T
00'T

25 2.0 L5 1.0 0.5 0.0

30

35

4.0

4.5
f1 (ppm)

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

19712~
68°LT

c_.wNW
L80E

66'IF—
TL8s—

06'9L
o_.RW
Ll
6L'E8T
ww.vm\

99°Zz1
6T
0£9z1
LTl
6E°ST1
88T
%«.m%
2051 \
LFTEL
SESEl
06'6€ 1
0°Trl
'Skl
L8t

88°991—
LUTLl—

TEE
|

98'881—

TsN ™\

Ph

Boc

Boc
S-2

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

92



00°0-1
9Ll
LL']
8Ll
6L
08’1
181
w1
814
811
9814
L8714
06'14
.v_.m.‘_ﬁ
91'CH
LI'T
61T

0T'T
7T
0F'T

LSE
8¢°€
65°¢

oo.m;ﬁ

79°¢]
8L¢]
08°€]
181
e ]
£8°€
S8°E
68°€
06°¢
+6'E
S6'€
L9

om.ov
589

...m.ow
689

L
¥TL
9T'LA
8Ty
1€
6611
orL
wif
gL

St
L
89°L
0L'L
S6'L
L6'L
678
€8
8.8

TsN ™\

Ph

ZIT M~

ot
y a0l
7667

10T
Lo

M/oo‘c
=10°1

101
Looe
Be6¢
00T
00T

i&.c
Foot

0.0 -05 -1.0

0.5

40 35 3.0 25 20 15 10

4.5

5.0
f1 (ppm)

5.5

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

10.5

1.0

6TLT—

wr9e—
1er—

LET9—

mh,oﬁ
_..o,.RW.
8ELL

9701 —
PeH

£6'ECI
Wit _%.

65°LT1

08¢l
Izl
10°S¥1

FIesi—

89°L61—

TsN ™\

Ph

ZI ™~

-10

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

190

210 200

93



