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1. General information

Commercially available materials purchased from Alfa Aesar or Sigma-Aldrich were
used as received. Proton nuclear magnetic resonance (*H NMR) spectra were recorded
on a JEOL (600 MHz) spectrometer. Chemical shifts were recorded in parts per
million (ppm, d) relative to tetramethylsilane (5 0.00) or chloroform (3 = 7.26, singlet).
H NMR splitting patterns are designated as s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublets); m (multiplet), and etc. All first-order splitting
patterns were assigned on the basis of the appearance of the multiplet. Splitting
patterns that could not be easily interpreted are designated as m (multiplet) or br
(broad). Carbon nuclear magnetic resonance (*3C NMR) spectra were recorded on a
JEOL (151 MHz) spectrometer. High resolution mass spectral analysis (HRMS) was
performed on Finnigan MAT 95 XP mass spectrometer (Thermo Electron
Corporation). X-ray crystallography analysis was performed on Bruker X8 APEX
X-ray diffractionmeter. Analytical thin-layer chromatography (TLC) was carried out
on Merck 60 F254 pre-coated silica gel plate (0.2 mm thickness). Visualization was

performed using a UV lamp.
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2. Screening of conditions for the [2+3] annulationt

0
\(;)/ ~\LN'
Base (1.5 eq.) MeoZ%@S;"\l
+ | o Solvent (0.1 M)) N p
MeO,c” Bf 2h Me” \©

2a 3a

Entry Base Solvent Temp(°C) Yield (%)®! drlel
1 K2CO3 CHClI> rt 81 >20:1
2 K2CO3 THF rt 42 >20:1
3 K>CO3 Toluene rt 12 -
4 K2CO3 DMF rt 43 >20:1
5 K2COs3 MeOH rt 39 >20:1
6 K2CO3 MeCN rt 92 >20:1
7 Na,COs3 MeCN rt 47 >20:1
8 Cs,CO3 MeCN rt 68 >20:1
9 DBU MeCN rt 35 -
10 DABCO MeCN rt 34 -
11 EtsN MeCN rt 70 >20:1
12 DMAP MeCN rt 40 >20:1
13 NaOH MeCN rt 15 -
14 K2CO3 MeCN 0 40 >20:1
15 K2CO3 MeCN 50 91 >20:1

150 K2CO3 MeCN rt 85 >20:1

[a] General conditions (unless otherwise specified): 1a (0.1 mmol), 2a (0.15 mmol),
Base (1.5 equiv), solvent (1.0 mL), rt, 2 h. [b] Isolated yield. [c] The diastereomeric
ratio was determined by *H NMR spectroscopy. [d] 1.0 eq. K,CO3 was used
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3. Screening of conditions for the [2+1] annulation @

\cg)/
Base (1.5 eq.)
: [ ,© sovento1my
MeO,C 4h
2a

Entry Base Solvent Temp(°C) Yield (%)®! E.z[
1 K2CO3 CHClI; rt 62 >20:1
2 K2CO3 THF rt 88 >20:1
3 K>CO3 Toluene rt <15 -
4 K2CO3 DMF rt 80 >20:1
5 K2CO3 MeOH rt <10 >20:1
6 K2CO3 MeCN rt 71 >20:1
7 Na,CO3 THF rt 51 >20:1
8 Cs2COs THF rt 93 >20:1
9 DBU THF rt 90 >20:1
10 DABCO THF rt 42 -
11 EtsN THF rt 38 -
12 NaOH THF rt 45 -
13 Cs,COs3 THF 0 45 >20:1
14 Cs2C0O3 THF 50 90 >20:1

[a] General conditions (unless otherwise specified): 4a (0.1 mmol), 2a (0.15 mmol),
Base (1.5 equiv), solvent (1.0 mL), rt, 4 h. [b] Isolated yield. [c] The E:Z ratio was
determined by *H NMR spectroscopy.
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4. General procedure for the synthesis of 3

o
\(g/ | N
N \
K,CO3 (1.5 eq.) o) y _N
+ | © cHeNoam) N
Br i, 2 h R
2

3

R2
\ R2

\
1 R

To a solution of oxindole-derived pyrazolones 1! (0.10 mmol, 1.0 equiv.) in MeCN
(1.0 mL) were added the sulfonium salts 2 (0.15 mmol, 1.5 equiv.) and K>CO3 (0.15
mmol, 1.5 equiv.). The reaction mixture was stirred at room temperature 2 h and
monitored by TLC. After that solvent removal in vacuo gave the crude product 3,
which was directly purified by flash chromatography (FC). The yield of cycloaddition

products 3 and diastereomeric ratio were determined at this stage.

5. General procedure for the synthesis of 5

Cs,CO3 (1.5 €eq.)

-

\

THF (0.1 M)
rt, 4 h

To a solution of isoindigos 4/ (0.10 mmol, 1.0 equiv.) in THF (1.0 mL) were added
the sulfonium salts 2 (0.15 mmol, 1.5 equiv.) and Cs,CO3z (0.15 mmol, 1.5 equiv.).
The reaction mixture was stirred at room temperature 4 h and monitored by TLC.
After that solvent removal in vacuo gave the crude product 5, which was directly
purified by flash chromatography (FC). The yield of [2+1] annulation adducts 5 were
determined at this stage and the structure were confirmed by *H NMR, **C NMR

spectrum.
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6. General procedure for the multi-component reaction

()

Ph

B S M =

r eOZC N |

81 S ors2( ) O~ =N
+ JI) > N > without S: NR
K,CO3 (2.0 eq.) Me” S1: 78% yield
MeCN (0.1 M) S$2: 75% vyield

rt, 72 h o

3e
To a solution of 1e (0.10 mmol, 35.1 mg, 1.0 equiv.) in MeCN (1.0 mL) were added
the thioether S (0.6 mmol, 6.0 equiv.), methyl-4-bromobut-2-enoate (0.2 mmol, 35.8
mg, 2.0 equiv.) and K>COz (0.20 mmol, 27.6 mg, 2.0 equiv.). The reaction mixture
was stirred at room temperature 72 h and monitored by TLC. After the given reaction
time, solvent removal in vacuo gave the crude product 3e, which was directly purified

by flash chromatography (FC).

S
s1 S\ ors2 ( ) without S: NR
» O $1: 90% yield

Cs,CO05 (2.0 eq.) u K CO,Me S2:91% yield
THF (0.1 M) Me”
Me rt, 72 h

4a 5a

To a solution of or 4a (0.10 mmol, 29.0 mg, 1.0 equiv.) in THF (1.0 mL) were added
the thioether S (0.6 mmol, 6.0 equiv.), methyl-4-bromobut-2-enoate (0.2 mmol, 35.8
mg, 2.0 equiv.) and Cs2COs (0.20 mmol, 65.1 mg, 2.0 equiv.). The reaction mixture
was stirred at room temperature 72 h and monitored by TLC. After the given reaction
time, solvent removal in vacuo gave the crude product or 5a, which was directly

purified by flash chromatography (FC).

7. Scale-up synthesis and deprotection of 5f

CSQCO3 CF3C02H
+ 2a ——» O/t £
THF (0.1 M) B COMe CH2Cl2 (0.1 M) % CO,Me
rt, 4h N 0°Ctort,2h N
Boc ’ H
5f, 62% 6, 91%
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To a solution of Isoindigos 4f (1.0 mmol, 462.5 mg, 1.0 equiv.) in THF (10.0 mL)
were added the sulfonium salts 2a (1.5 mmol, 361.5 mg, 1.5 equiv.) and Cs2COs (1.5
mmol, 488.7 mg, 1.5 equiv.). The reaction mixture was stirred at room temperature 4
h and monitored by TLC. After that solvent removal in vacuo gave the crude product
5, which was directly purified by flash chromatography (FC). The [2+1] annulation
adducts 5f were isolated in 62% yield (347.2 mg).

To a solution of cycloaddition products 5f (0.5 mmol, 280.0 mg, 1.0 equiv.) in CH2Cl>
(5.0 mL) was added CFsCOOH (2.5 mmol, 185.7 pL, 5.0 equiv.) at 0 €, maintaining
the temperature and stirring for 30 minutes. After that, the reaction was allowed to stir
at room temperature for another 2 h. The solvent was then removed in vacuo and the
residue was purified by flash column chromatography to give the desired deprotection

product 6 (91% yield, 163.8 mg) as a white solid.

8. Stereochemistry determination and X-ray structures

Configurations of the products 3 were assigned based on the crystal X-ray structure of
3a (CCDC number 2305021) which was obtained as colorless solid via evaporation of
a hexane/CH2Cl; solution.

Configurations of the products 5 were assigned based on the crystal X-ray structure of
5a (CCDC number 2305023) which was obtained as colorless needles via evaporation
of a hexane/CHClI: solution.

These data can be obtained free of charge from The Cambridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data request/cif.

3a, CCDC 2305021
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5a, CCDC 2305023

9. Compound characterization

Methyl 1,3"'-dimethyl-2,5""-dioxo-1""-phenyl-1"",5""-dihydrodispiro[indoline-3,2"

-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

0 Cycloaddition product 3a was prepared as described in section
-
Meozgﬁiﬁmph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
" /N\;Q to 2:1) in 92% yield (38.1 mg, >20:1 dr). White solid, melting
e

point: 160-161 €. 'H NMR (600 MHz, CDCls): & = 2.23 (s,
3H), 3.08 (dd, J = 1.8, 8.1 Hz, 2H), 3.21 (s, 3H), 3.59 (s, 3H), 6.79 (d, J = 7.2 Hz, 1H),
6.97 (t, J = 7.2 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 7.24-7.32 (m, 4H), 7.36 (d, J = 7.2
Hz, 1H), 7.67 (d, J = 7.8 Hz, 2H); 3C NMR (151 MHz, CDCls): § = 16.3, 26.6, 37.8,
51.8, 65.0, 65.0, 108.2, 118.9 (2C), 122.6, 125.0, 125.2, 125.7, 128.6 (2C), 129.6,
136.6, 137.4, 143.6, 145.1, 159.5, 162.5, 171.7, 174.0; HRMS calcd. for CasH22N304
[M + HJ*: 416.1605, found: 416.1605.

Methyl 5-chloro-1,3""-dimethyl-2,5""-dioxo-1""-phenyl-1",5""-dihydrodispiro [indo
line-3,2'-cyclopentane-1,4""-pyrazol]-3'-ene-3'-carboxylate

o Cycloaddition product 3b was prepared as described in section
\
MeoZ%&%EPh 4 and isolated by FC on silica (eluting with PE/EA from 10:1

" /N\;Q\ to 2:1) in 80% vyield (35.9 mg, >20:1 dr). White solid, melting
e
C1 point: 197-198 €. 'H NMR (600 MHz, CDCls): & = 2.21 (s,

=

3H), 3.02 (dd, J = 3.0, 18.0 Hz, 1H), 3.14 (dd, J = 2.4, 18.0 Hz, 1H), 3.19 (s, 3H),

S7



3.62 (s, 3H), 6.70 (d, J = 8.4 Hz, 1H), 7.14 (t, J = 7.2 Hz, 1H), 7.22 (dd, J = 1.8, 7.8
Hz, 1H), 7.31-7.34 (m, 3H), 7.38 (d, J = 1.8 Hz, 1H), 7.66 (d, J = 7.8 Hz, 2H); 3C
NMR (151 MHz, CDCls): & = 16.3, 26.8, 37.8, 52.0, 64.8, 65.0, 109.1, 119.0 (2C),
125.3,126.2, 127.0, 128.1, 128.8 (2C), 129.5, 136.2, 137.2, 142.2, 145.5, 159.2, 162.4,
171.5, 173.7; HRMS calcd. for C24H21CIN3O4 [M + H]*: 450.1215, found: 450.1218.

Methyl 5-bromo-1,3""-dimethyl-2,5""-dioxo-1""-phenyl-1"*,5"-dihydrodispiro [indo
line-3,2'-cyclopentane-1,4""-pyrazol]-3'-ene-3'-carboxylate

0 Cycloaddition product 3c was prepared as described in section
!
Meozcﬁ%wph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
O

N\@\ to 2:1) in 92% yield (45.4 mg, >20:1 dr). White solid, melting
Me”
Br  point: 196-197 €. 'H NMR (600 MHz, CDCls): § = 2.21 (s,

=

\

3H), 3.01 (dd, J = 3.0, 18.0 Hz, 1H), 3.14 (dd, J = 2.4, 18.0 Hz, 1H), 3.19 (s, 3H),
3.63 (5, 3H), 6.66 (d, J = 8.4 Hz, 1H), 7.14 (t, J = 7.8 Hz, 1H), 7.32-7.35 (m, 3H),
7.37 (dd, J = 2.4, 8.4 Hz, 1H), 7.51 (d, J = 2.4 Hz, 1H), 7.66 (d, J = 7.2 Hz, 2H); °C
NMR (151 MHz, CDCls): § = 16.3, 26.7, 37.7, 52.0, 64.8, 64.9, 109.6, 115.4, 119.1
(2C), 125.3, 127.3, 128.8 (2C), 128.9, 132.4, 136.1, 137.1, 142.7, 145.6, 159.2, 162.4,
1715, 173.6; HRMS calcd. for C2sHz1BrNsO4 [M + H]*: 494.0710, found: 494.0712.

Methyl 1,3",5-trimethyl-2,5""-dioxo-1""-phenyl-1",5""-dihydrodispiro[indoline-3,
2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

o Cycloaddition product 3d was prepared as described in section

\

Meozc&k‘lph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
O’

N\;Q\ to 2:1) in 79% vyield (33.9 mg, >20:1 dr). White solid, melting
Me  point: 194-195 €. 'H NMR (600 MHz, CDCls): § = 2.18 (s,

~

Me”

3H), 2.20 (s, 3H), 2.96 (dd, J = 3.0, 18.0 Hz, 1H), 3.17 (dd, J = 3.0, 18.6 Hz, 1H),
3.19 (s, 3H), 3.59 (s, 3H), 6.66 (d, J = 7.8 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 7.12 (t, J
= 7.2 Hz, 1H), 7.18 (s, 1H), 7.29-7.32 (m, 3H), 7.65 (d, J = 7.8 Hz, 2H); *C NMR
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(151 MHz, CDCl3): 6 = 16.1, 21.0, 26.6, 37.4, 51.8, 65.1, 65.2, 107.8, 118.8 (2C),
125.0, 125.0, 126.4, 128.6 (2C), 129.8, 132.0, 136.3, 137.3, 141.3, 145.4, 159.2, 162.6,
172.1, 173.9; HRMS calcd. for C2sH24N304 [M + H]™: 430.1761, found: 430.1763.

Methyl 6-chloro-1,3""-dimethyl-2,5""-dioxo-1""-phenyl-1",5"-dihydrodispiro [indo
line-3,2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate
i - Cycloaddition product 3e was prepared as described in section
MeoZ%@\;N 4 and isolated by FC on silica (eluting with PE/EA from 10:1
Me/“\Q to 2:1) in 90% yield (40.4 mg, >20:1 dr). White solid, melting
cl point; 169-170 €. *H NMR (600 MHz, CDCls): & = 2.21 (s,
3H), 3.01 (dd, J = 2.4, 18.0 Hz, 1H), 3.14 (dd, J = 2.4, 18.0 Hz, 1H), 3.20 (s, 3H),
3.61 (s, 3H), 6.80 (d, J = 1.2 Hz, 1H), 6.94 (d, J = 7.8 Hz, 1H), 7.14 (t, J = 7.2 Hz,
1H), 7.28 (d, J = 7.8 Hz, 1H), 7.31-7.34 (m, 3H), 7.68 (d, J = 7.2 Hz, 2H); 3C NMR
(151 MHz, CDCls): 6 = 16.3, 26.8, 37.9, 51.9, 64.6, 64.9, 109.1, 118.8 (2C), 122.5,
123.7,125.2, 126.7, 128.8 (2C), 135.4, 136.4, 137.3, 144.8, 145.2, 159.4, 162.4, 171.5,
174.1; HRMS calcd. for C24H21CIN3O4 [M + H]*: 450.1215, found: 450.1214.

Methyl 1,3",7-trimethyl-2,5"-dioxo-1""-phenyl-1"",5"-dihydrodispiro [indoline -3,

2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

(\ﬁ\NPh Cycloaddition product 3f was prepared as described in section

M08 \_N 4 and isolated by FC on silica (eluting with PE/EA from 10:1
Me/N\;Q to 2:1) in 83% yield (35.6 mg, >20:1 dr). White solid, melting
Me point; 195-196 €. 'H NMR (600 MHz, CDCls): § = 2.24 (s,

3H), 2.51 (s, 3H), 3.01 (dd, J = 2.4, 18.0 Hz, 1H), 3.09 (dd, J = 2.4, 18.0 Hz, 1H),
3.47 (s, 3H), 3.61 (s, 3H), 6.86 (t, J = 7.8 Hz, 1H), 6.97 (d, J = 7.8 Hz, 1H), 7.11 (t, J
= 7.2 Hz, 1H), 7.19 (d, 7.8 Hz, 1H), 7.28-7.31 (m, 3H), 7.67 (d, J = 7.8 Hz, 2H); 1*C
NMR (151 MHz, CDCls): & = 16.4, 19.1, 30.0, 37.8, 51.8, 64.7, 65.1, 118.9 (2C),
119.5, 122.2, 123.6, 125.0, 125.7, 128.6 (2C), 133.5, 136.9, 137.4, 141.2, 144.7, 159.8,
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162.5, 171.5, 174.7; HRMS calcd. for CzsH2N304 [M + H]*: 430.1761, found:
430.1762.

Methyl 1,3",5,7-tetramethyl-2,5"-dioxo-1""-phenyl-1",5"-dihydrodispiro [indolin
e-3,2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate
0 Cycloaddition product 3g was prepared as described in

L npn
Meoz% AN section 4 and isolated by FC on silica (eluting with PE/EA

Me/N\;Q\ from 10:1 to 2:1) in 68% vyield (30.1 mg, >20:1 dr). White
Me Me solid, melting point: 203-204 €. *H NMR (600 MHz, CDCl5):
§=2.14 (s, 3H), 2.21 (s, 3H), 2.46 (s, 3H), 2.96 (dd, J = 2.4, 18.0 Hz, 1H), 3.13 (dd, J
= 2.4, 17.4 Hz, 1H), 3.45 (s, 3H), 3.61 (s, 3H), 6.75 (s, 1H), 7.00 (s, 1H), 7.11 (t, J =
7.2 Hz, 1H), 7.29-7.31 (m, 3H), 7.65 (d, J = 7.8 Hz, 2H); 3C NMR (151 MHz,
CDCl3): & = 16.2, 18.9, 20.7, 30.0, 37.4, 51.8, 64.9, 65.3, 118.9 (2C), 119.1, 124.2,
125.0, 125.6, 128.6 (2C), 131.6, 134.0, 136.7, 137.4, 138.9, 145.1, 159.5, 162.6, 171.9,
174.7; HRMS calcd. for C26H26N3O04 [M + H]*: 444.1918, found: 444.1921.

Methyl 1-ethyl-3""-methyl-2,5"-dioxo-1""-phenyl-1"",5"-dihydrodispiro [indoline-3,

2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

0 Cycloaddition product 3h was prepared as described in

-
MeOZ%&EPh section 4 and isolated by FC on silica (eluting with PE/EA
N @ from 10:1 to 2:1) in 84% yield (36.0 mg, >20:1 dr). White

solid, melting point: 191-192 €. 'H NMR (600 MHz, CDCls):
§=1.20 (t, J = 7.2 Hz, 3H), 2.26 (s, 3H), 3.03 (dd, J = 2.4, 18.0 Hz, 1H), 3.11 (dd, J =
2.4, 18.0 Hz, 1H), 3.57 (s, 3H), 3.74 (q, J = 7.2 Hz, 2H), 6.79 (d, J = 7.8 Hz, 1H),
6.97 (t, J = 7.8 Hz, 1H), 7.11 (t, J = 7.2 Hz, 1H), 7.23-7.26 (m, 1H), 7.28-7.32 (m,
3H), 7.35 (d, J = 7.8 Hz, 1H), 7.66 (d, J = 7.8 Hz, 2H): 3C NMR (150 MHz, CDCl5):
6 =12.1, 164, 35.0, 37.7, 51.7, 65.0, 65.1, 108.3, 118.9 (2C), 122.3, 125.0, 125.6,
125.9, 128.6 (2C), 129.5, 136.9, 137.4, 142.6, 144.9, 159.9, 162.4, 171.6, 173.7;
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HRMS calcd. for Co5H24N304 [M + H]*: 430.1761, found: 430.1763.

Methyl 3"'-methyl-2,5"-dioxo-1""-phenyl-1-propyl-1",5"-dihydrodispiro [indoline

-3, '-cyclopentane-1',4"'-pyrazol]-3'-ene-3'-carboxylate

0 Cycloaddition product 3i was prepared as described in section
.
Meozcé&%'mph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
- /N\;Q to 2:1) in 80% yield (35.4 mg, >20:1 dr). White solid, melting
]

point: 162-163 €. 'H NMR (600 MHz, CDCl3): 5 = 0.88 (t, J
= 7.8 Hz, 3H), 1.65 (t, J = 6.6 Hz, 2H), 2.26 (s, 3H), 3.06 (dd, J = 2.4, 5.4 Hz, 2H),
3.57 (s, 3H), 3.61-3.68 (m, 2H), 6.78 (d, J = 8.4 Hz, 1H), 6.97 (t, J = 7.2 Hz, 1H),
7.10 (t, J = 7.8 Hz, 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.28-7.34 (m, 4H), 7.65 (d, J = 7.2
Hz, 2H); *C NMR (151 MHz, CDCls): & = 11.2, 16.5, 20.5, 37.7, 41.9, 51.8, 65.1,
65.2, 108.5, 118.9 (2C), 122.2, 125.0, 125.5, 125.8, 128.6 (2C), 129.5, 137.0, 137.4,
143.0, 144.8, 160.2, 162.4, 171.4, 173.9; HRMS calcd. for CosH2sN2O4 [M + H]*:
444.1918, found: 444.1918.

Methyl 1-benzyl-3"'-methyl-2,5"-dioxo-1""-phenyl-1",5"-dihydrodispiro [indoline
-3,2'-cyclopentane-1',4"-pyrazol]-3'-ene-3'-carboxylate
Cycloaddition product 3j was prepared as described in section

-
Meozgﬁ%mph 4 and isolated by FC on silica (eluting with PE/EA from 10:1

5 /N\;Q to 2:1) in 76% yield (37.3 mg, >20:1 dr). White solid, melting
n

—0

/-

point: 57-58 €. H NMR (600 MHz, CDCls): 3 = 2.27 (s, 3H),
3.03 (dd, J = 3.0, 18.6 Hz, 1H), 3.14 (dd, J = 2.4, 18.0 Hz, 1H), 3.58 (s, 3H), 4.78 (d,
J=15.6, 1H), 5.01 (d, J = 15.6, 1H), 6.63 (d, J = 7.8 Hz, 1H), 6.98 (t, J = 7.2 Hz, 1H),
7.04 (t, J = 7.8 Hz, 2H), 7.11-7.16 (m, 5H), 7.30-7.34 (m, 4H), 7.68 (d, J = 7.8 Hz,
2H); 3C NMR (151 MHz, CDCls): & = 16.7, 37.7, 43.9, 51.9, 65.0, 65.6, 109.3, 118.9
(2C), 122.4, 125.0, 125.3, 125.8, 126.8 (2C), 127.4, 128.7 (2C), 128.7 (2C), 129.6,
135.1, 137.1, 137.5, 142.4, 144.7, 160.7, 162.4, 171.0, 174.1; HRMS calcd. for
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C30H26N304 [M + H]*: 492.1918, found: 492.1917.

Methyl 1-allyl-3""-methyl-2,5"-dioxo-1""-phenyl-1",5"-dihydrodispiro [indoline-3,

2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

o Cycloaddition product 3k was prepared as described in section

.
Meoz%&‘%ﬁph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
/\/N\;Q to 2:1) in 78% yield (34.4 mg, >20:1 dr). White solid, melting
point: 154-155 €. *H NMR (600 MHz, CDCls): § = 2.24 (s,

3H), 3.04 (dd, J = 2.4, 18.0 Hz, 1H), 3.12 (dd, J = 3.0, 18.0 Hz, 1H), 3.59 (s, 3H),
4.26 (dd, J = 4.8, 16.2 Hz, 1H), 4.38 (dd, J = 4.8, 16.2 Hz, 1H), 5.11 (d, J = 10.2 Hz,
1H), 5.18 (d, J = 16.8 Hz, 1H), 5.74-5.80 (m, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.97 (t, J
= 7.8 Hz, 1H), 7.11 (t, J = 7.2 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H), 7.28-7.33 (m, 3H),
7.35 (d, J = 7.8 Hz, 1H), 7.65 (d, J = 7.2 Hz, 2H); 3C NMR (151 MHz, CDCl3): & =
16.4, 37.7,42.5,51.8, 65.1, 65.2, 109.1, 117.5, 118.9 (2C), 122.5, 125.0, 125.3, 125.8,
128.6 (2C), 129.5, 130.5, 136.7, 137.4, 142.7, 145.1, 159.8, 162.4, 171.6, 173.8;
HRMS calcd. for Co6H2aN304 [M + H]*: 442.1761, found: 442.1762.

1-(Tert-butyl) 3'-methyl 3'"-methyl-2,5""-dioxo-1""-phenyl-1"",5"-dihydrodispiro
[indoline-3,2'-cyclopentane-1',4"-pyrazol]-3'-ene-1,3'-dicarboxylate
o) Cycloaddition product 3l was prepared as described in section
Meozcc:)@%tmph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
N\© to 2:1) in 52% vyield (26.1 mg, >20:1 dr). White solid, melting
point; 54-55 €. 'H NMR (600 MHz, CDCls): & = 1.61 (s, 9H),
2.24 (s, 3H), 2.96 (dd, J = 2.4, 18.0 Hz, 1H), 3.15 (dd, J = 2.4, 18.0 Hz, 1H), 3.59 (s,
3H), 7.05 (t, J = 7.8 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 7.25-7.31 (m, 3H), 7.36 (t, J =
2.4 Hz, 1H), 7.39 (d, J = 6.6 Hz, 1H), 7.60 (d, J = 7.2 Hz, 2H), 7.78 (d, J = 8.4 Hz,
1H); 3C NMR (151 MHz, CDCls): 6 = 16.0, 28.0 (3C), 37.4, 51.9, 65.7, 66.0, 84.8,
114.8, 119.1 (2C), 124.0, 124.3, 125.3, 125.5, 128.7 (2C), 129.8, 135.8, 137.1, 139.7,
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146.2, 148.6, 158.4, 162.4, 171.6, 172.8; HRMS calcd. for C2sH27N3NaOs [M + Na]™:
524.1792, found: 524.1793.

Methyl 1"'-(tert-butyl)-1,3""-dimethyl-2,5""-dioxo-1",5""-dihydrodispiro[indoline-3,
2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

o Cycloaddition product 3m was prepared as described in
B . . o

MeoZC&iw section 4 and isolated by FC on silica (eluting with PE/EA

0

NN
N\@ from 10:1 to 2:1) in 71% vyield (28.0 mg, >20:1 dr). White
Me”

solid, melting point: 114-115 €. *H NMR (600 MHz, CDCls):
8 =126 (s, 9H), 2.02 (s, 3H), 2.78 (dd, J = 3.0, 18.0 Hz, 1H), 3.10 (dd, J = 1.8, 17.4
Hz, 1H), 3.21 (s, 3H), 3.55 (s, 3H), 6.79 (d, J = 7.8 Hz, 1H), 6.98 (t, J = 8.4 Hz, 1H),
7.26-7.29 (m, 2H), 7.37 (d, J = 7.8 Hz, 1H); 3C NMR (151 MHz, CDCls): § = 15.9,
26.4, 27.8 (3C), 37.1, 51.6, 57.0, 64.6, 64.9, 107.9, 122.4, 125.6, 126.1, 129.2, 135.9,
143.8, 146.0, 156.0, 162.7, 173.8, 174.4; HRMS calcd. for C2:H26N304 [M + H]™:
396.1918, found: 396.1918.

Methyl 1"'-(2-chlorophenyl)-1,3""-dimethyl-2,5""-dioxo-1",5""-dihydrodispiro[indo
line-3,2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

(\)\\ Cycloaddition product 3n was prepared as described in
Meozc(;&% @ section 4 and isolated by FC on silica (eluting with PE/EA
B2 Cl

" /N\Q from 8:1 to 1:1) in 72% yield (32.3 mg, >20:1 dr). White
e

z-Z

solid, melting point: 182-183 €. 'H NMR (600 MHz,
CDCls): & = 2.25 (s, 3H), 3.08 (dd, J = 3.0, 18.6 Hz, 1H), 3.15 (dd, J = 2.4, 18.0 Hz,
1H), 3.24 (s, 3H), 3.60 (s, 3H), 6.82 (d, J = 7.8 Hz, 1H), 7.01 (t, J = 7.2 Hz, 1H),
7.10-7.12 (m, 1H), 7.23-7.24 (m, 2H), 7.28-7.32 (m, 3H), 7.36-7.38 (m, 1H); 3C
NMR (151 MHz, CDClz): 8 = 16.5, 26.6, 37.5, 51.9, 63.6, 65.3, 108.1, 122.4, 125.4,
126.1, 127.3, 128.4, 129.6, 129.7, 130.2, 131.6, 134.1, 137.0, 143.5, 144.6, 160.6,
162.4, 171.8, 173.9; HRMS calcd. for C24H21CIN3O4 [M + H]™: 450.1215, found:
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450.1218.

Ethyl 1,3"-dimethyl-2,5"-dioxo-1""-phenyl-1",5"-dihydrodispiro[indoline-3,2'-

cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

o Cycloaddition product 3o was prepared as described in section
Et%g@iﬁph 4 and isolated by FC on silica (eluting with PE/EA from 10:1
Me/N\;Q to 2:1) in 86% vyield (36.9 mg, >20:1 dr). White solid, melting
point; 143-144 €. 'H NMR (600 MHz, CDCl3): 5 = 1.03 (t, J

= 6.6 Hz, 3H), 2.23 (s, 3H), 3.01 (dd, J = 2.4, 18.0 Hz, 1H), 3.14 (dd, J = 2.4, 18.0 Hz,
1H), 3.20 (s, 3H), 3.94-4.01 (m, 2H), 6.77 (d, J = 7.8 Hz, 1H), 6.97 (t, J = 7.2 Hz, 1H),
7.11 (t, J = 7.2 Hz, 1H), 7.23-7.29 (m, 1H), 7.30 (t, J = 7.8 Hz, 2H), 7.33 (t, J = 2.4
Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.67 (d, J = 7.8 Hz, 2H); *C NMR (151 MHz,
CDCIs): 6 = 13.8, 16.3, 26.6, 37.8, 60.6, 65.0, 65.1, 108.1, 118.9 (2C), 122.6, 125.0,
125.5, 125.8, 128.6 (2C), 129.5, 137.0, 137.4, 143.6, 144.9, 159.6, 162.0, 171.8, 174.2;
HRMS calcd. for Co5H24N304 [M + H]*: 430.1761, found: 430.1761.

Ethyl 5-bromo-1,3""-dimethyl-2,5""-dioxo-1""-phenyl-1",5"-dihydrodispiro [indoli
ne-3,2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

Cycloaddition product 3p was prepared as described in section

o}
Eto%&i:'ﬁph 4 and isolated by FC on silica (eluting with PE/EA from 10:1 to
Me/N\;Q\ 2:1) in 84% vyield (42.7 mg, >20:1 dr). White solid, melting
Br  point: 182-183 €. 'H NMR (600 MHz, CDCl3): § =1.08 (t, J =
7.2 Hz, 3H), 2.21 (s, 3H), 3.00 (dd, J = 3.0, 18.0 Hz, 1H), 3.12 (dd, J = 2.4, 18.0 Hz,
1H), 3.16 (s, 3H), 3.98-4.05 (M, 2H), 6.62 (d, J = 8.4 Hz, 1H), 7.14 (t, J = 7.2 Hz, 1H),
7.31-7.36 (m, 4H), 7.51 (d, J = 1.8 Hz, 1H), 7.66 (d, J = 7.8 Hz, 2H); 13C NMR (151
MHz, CDCls): & = 13.8, 16.2, 26.6, 37.6, 60.8, 64.9 (2C), 109.5, 115.3, 119.0 (2C),
125.2,127.5, 128.7 (2C), 128.9, 132.3, 136.4, 137.1, 142.7, 145.5, 159.2, 161.8, 171.5,
173.6; HRMS calcd. for CasH23BrNsO4 [M + H]*: 508.0866, found: 508.0871.
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Ethyl 6-chloro-1,3""-dimethyl-2,5"-dioxo-1""-phenyl-1"",5"-dihydrodispiro [indol

ine-3,2'-cyclopentane-1',4""-pyrazol]-3'-ene-3'-carboxylate

C\)L Cycloaddition product 3g was prepared as described in section
Et%g&%ﬁlph 4 and isolated by FC on silica (eluting with PE/EA from 10:1 to
N % 2:1) in 95% vyield (44.0 mg, >20:1 dr). White solid, melting

e
\Q point: 176-177 €. *H NMR (600 MHz, CDClz): 5 =1.08 (t, J =

Cl
7.2 Hz, 3H), 2.22 (s, 3H), 3.00 (dd, J = 3.0, 18.0 Hz, 1H), 3.13

(dd, J = 2.4, 18.0 Hz, 1H), 3.18 (s, 3H), 3.98-4.04 (m, 2H), 6.78 (d, J = 1.8 Hz, 1H),
6.94 (dd, J = 2.4, 8.4 Hz, 1H), 7.13 (t, J = 7.2 Hz, 1H), 7.28-7.33 (m, 4H), 7.68 (d, J =
7.8 Hz, 2H); 3C NMR (150 MHz, CDCls): 3 = 13.8, 16.3, 26.7, 37.8, 60.8, 64.5, 64.9,
109.0, 118.8 (2C), 122.5, 123.9, 125.2, 126.7, 128.7 (2C), 135.3, 136.7, 137.3, 144.8,
145.0, 159.4, 161.9, 1715, 174.1; HRMS calcd. for CasHzsCINsOs [M + H]*:
464.1372, found: 464.1372.

Methyl (E)-3-(1,1"'-dimethyl-2,2"'-dioxodispiro[indoline-3,1'-cyclopropane-2*,3"'-
indolin] -3'-yl) acrylate

Cycloaddition product 5a was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH>CI, from

co,Me 5:1101:4) in 93% yield (36.1 mg). White solid, melting point:

231-232 €. 'H NMR (600 MHz, CDCls): & = 3.17 (s, 3H),
3.19 (s, 3H), 3.73 (d, J = 9.0 Hz, 1H), 3.74 (s, 3H), 6.15 (d, J = 15.6 Hz, 1H), 6.81 (d,
J =78 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 7.09-7.14 (m, 2H), 7.28-7.34 (m, 2H),
8.07-8.11 (m, 2H), 8.21 (d, J = 7.8 Hz, 1H); 3C NMR (151 MHz, CDCls): 5 = 26.4,
26.8, 40.0, 46.0, 47.5, 51.7, 107.6, 107.9, 121.9, 122.1, 122.1, 124.1, 125.7, 125.8,
127.8, 128.4, 1285, 137.9, 143.7, 144.1, 165.8, 170.4, 171.3; HRMS calcd. for
CasH21N204 [M + HJ*: 389.1496, found: 389.1496.
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Methyl (E)-3-(1,1""-diethyl-2,2"*-dioxodispiro[indoline-3,1'-cyclopropane-2*,3"'-
indolin]-3'-ylacrylate

Cycloaddition product 5b was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH.Cl> from

co,Me 2:1 10 1:4) in 91% yield (37.9 mg). White solid, melting point:

232-233 €. 'H NMR (600 MHz, CDCls): § = 1.21-1.24 (m,
6H), 3.70-3.79 (m, 8H), 6.15 (d, J = 15.6 Hz, 1H), 6.84 (d, J = 7.8 Hz, 1H), 6.87 (d, J
= 7.8 Hz, 1H), 7.07-7.12 (m, 2H), 7.27-7.32 (m, 2H), 8.08-8.12 (m, 2H), 8.23 (d, J =
7.8 Hz, 1H); 3C NMR (151 MHz, CDCls): = 12.5, 12.6, 35.0, 35.4, 40.2, 46.0, 47.4,
51.7, 107.7, 108.0, 121.7, 121.9, 122.4, 124.3, 125.7, 126.1, 128.0, 128.3, 128.3,
138.1, 142.8, 143.1, 165.8, 170.0, 171.0; HRMS calcd. for CasH2sN204 [M + H]*:
417.1809, found: 417.1809.

Methyl (E)-3-(1,1"-diisopropyl-2,2"'-dioxodispiro[indoline-3,1'-cyclopropane-2',
3""-indolin]-3'-yl)acrylate

Cycloaddition product 5¢c was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH,CI, from
4:1to 1:2) in 90% vyield (40.0 mg). White solid, melting point:

221-222 €. 'H NMR (600 MHz, CDCls): & = 1.42-1.45 (m,
12H), 3.66 (d, J = 10.2 Hz, 1H), 3.74 (s, 3H), 4.56-4.64 (m, 2H), 6.15 (d, J = 15.6 Hz,
1H), 6.99 (d, J = 7.8 Hz, 1H), 7.01 (d, J = 7.8 Hz, 1H), 7.04-7.10 (m, 2H), 7.24-7.29
(m, 2H), 8.07-8.12 (m, 2H), 8.24 (d, J = 7.8 Hz, 1H); 3C NMR (151 MHz, CDCl3): &
=19.1,19.2,19.4, 19.4, 40.5, 44.0, 44.5, 46.0, 47.5, 51.6, 109.1, 109.3, 121.2, 121 .4,
122.6, 124.6, 125.6, 126.1, 127.9, 128.0, 128.0, 138.3, 142.4, 142.7, 165.8, 169.9,
170.9; HRMS calcd. for Ca7H29N204 [M + H]™: 445.2122, found: 445.2122.

Methyl (E)-3-(2,2""-dioxo-1,1"-dipropyldispiro[indoline-3,1'-cyclopropane-2*,3™

-indolin]-3'-yhacrylate
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Cycloaddition product 5d was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH2Cl, from

COMe 4:1 10 1:2) in 90% yield (40.0 mg). White solid, melting point:

171-172 €. *H NMR (600 MHz, CDCl3): § = 0.87 (g, J = 7.2
Hz, 6H), 1.58-1.69 (m, 4H), 3.59-3.68 (M, 4H), 3.73 (s, 3H), 3.74 (d, J = 10.2 Hz, 1H),
6.16 (d, J = 15.6 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 6.85 (d, J = 7.8 Hz, 1H), 7.05-7.11
(m, 2H), 7.25-7.31 (m, 2H), 8.08-8.13 (m, 2H), 8.21 (d, J = 7.8 Hz, 1H); 3C NMR
(151 MHz, CDCls): § = 11.3 (2C), 20.6, 20.7, 40.0, 41.9, 42.2, 46.0, 47.5, 51.6, 107.8,
108.1, 121.6, 121.8, 122.2, 124.2, 125.7, 125.9, 127.9, 128.2, 128.3, 138.1, 143.1,
143.4, 165.8, 170.2, 171.2; HRMS calcd. for C27H20N204 [M + HJ*: 445.2122, found:
445.2122.

Methyl (E)-3-(1,1"-dibenzyl-2,2""-dioxodispiro[indoline-3,1'-cyclopropane-2*,3"
-indolin]-3'-ylhacrylate
Cycloaddition product 5e was prepared as described in section

5 and isolated by FC on silica (eluting with PE/CH2Cl, from

I co,Me 2110 1:4) in 89% yield (48.1 mg). White solid, melting point:

Brf @ 65-66 €. 'H NMR (600 MHz, CDCls): § = 3.76 (s, 3H), 3.88
(d, J = 9.6 Hz, 1H), 4.82-4.94 (m, 4H), 6.22 (d, J = 15.6 Hz, 1H), 6.73 (d, J = 7.8 Hz,
1H), 6.77 (d, J = 7.8 Hz, 1H), 7.05-7.13 (m, 6H), 7.17-7.23 (m, 8H), 8.07 (d, J = 7.8
Hz, 1H), 8.15 (dd, J = 10.2, 15.6 Hz, 1H), 8.21 (d, J = 7.8 Hz, 1H); 3C NMR (151
MHz, CDClz): 6 = 39.9, 43.9, 44.3, 46.4, 47.8, 51.7, 108.6, 108.8, 121.9 (2C), 122.1,
123.7, 125.8, 126.0, 127.1 (2C), 127.1 (2C), 127.5, 127.5, 127.7, 128.3, 128.4, 128.7
(2C), 128.7 (2C), 135.4, 135.5, 137.8, 142.8, 143.1, 165.8, 170.3, 171.2; HRMS calcd.
for CasH29N204 [M + H]*: 541.2122, found: 541.2125.

Di-tert-butyl (E)-3'-(3-methoxy-3-oxoprop-1-en-1-yl)-2,2"*-dioxodispiro[indoline

-3,1"-cyclopropane-2*,3''-indoline]-1,1""-dicarboxylate
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Cycloaddition product 5f was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH2Cl, from
4:1 10 1:3) in 65% yield (36.4 mg). White solid, melting point:

101-102 €. 'H NMR (600 MHz, CDCls): & = 1.58 (s, 18H),
3.75 (s, 3H), 3.79 (d, J = 9.6 Hz, 1H), 6.17 (d, J = 15.6 Hz, 1H), 7.18-7.23 (m, 2H),
7.31-7.37 (m, 2H), 7.76 (d, J = 7.8 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 7.8
Hz, 1H), 7.98-8.03 (m, 2H); 3C NMR (151 MHz, CDCl3): 5 = 28.0 (3C), 28.0 (3C),
39.4, 47.3, 49.1, 51.7, 84.7, 84.8, 114.1, 114.2, 120.2, 121.9, 123.8, 124.0, 125.4,
126.9, 127.4, 128.8, 128.9, 136.1, 139.8, 140.1, 148.4, 148.5, 165.5, 167.7, 168.6;
HRMS calcd. for Cs1H32N2NaOg [M + Na]*: 583.2051, found: 583.2051.

Methyl (E)-3-(1,1"-diallyl-2,2""-dioxodispiro[indoline-3,1'-cyclopropane-2*,3"'-
indolin]-3'-yl)acrylate
Cycloaddition product 5g was prepared as described in

section 5 and isolated by FC on silica (eluting with

COuMe PE/CH.CI, from 2:1 to 1:4) in 85% vyield (37.4 mg). White
/\/NO solid, melting point: 176-177 €. *H NMR (600 MHz, CDCls):
& = 3.74 (s, 3H), 3.75 (d, J = 9.6 Hz, 1H), 4.27-4.36 (m, 4H), 5.16-5.19 (m, 4H),
5.74-5.81 (m, 2H), 6.16 (d, J = 15.6 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 6.85 (d, J = 7.8
Hz, 1H), 7.07-7.12 (m, 2H), 7.24-7.30 (m, 2H), 8.07-8.11 (m, 2H), 8.21 (d, J = 7.8 Hz,
1H); C NMR (151 MHz, CDCls): § = 40.2, 42.7, 43.0, 46.0, 47.5, 51.7, 108.5, 108.7,
117.9, 117.9, 121.8, 122.0, 122.1, 124.0, 125.9, 125.9, 127.9, 128.3, 128.3, 131.2,
131.4, 137.8, 142.9, 143.2, 165.7, 170.0, 171.0; HRMS calcd. for C27H2sN204 [M +

H]*: 441.1809, found: 441.1810.

Methyl (E)-3-(6,6""-dichloro-2,2""-dioxo-1,1"-dipropyldispiro[indoline-3,1'-cyclo

propane-2',3"-indolin]-3'-yl)acrylate
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Cycloaddition product 5h was prepared as described in
section 5 and isolated by FC on silica (eluting with PE/CH,Cl;
from 6:1 to 1:1) in 95% vyield (48.7 mg). White solid, melting
point: 154-155 €. *H NMR (600 MHz, CDCls): = 0.88 (q, J

= 7.2 Hz, 6H), 1.60-1.67 (m, 4H), 3.56-3.65 (m, 4H), 3.69 (d,
J=9.6 Hz, 1H), 3.74 (s, 3H), 6.16 (d, J = 15.6 Hz, 1H), 6.81 (d, J = 1.8 Hz, 1H), 6.84
(d, J = 2.4 Hz, 1H), 7.03 (dd, J = 1.8, 8.4 Hz, 1H), 7.07 (dd, J = 1.8, 8.4 Hz, 1H),
7.95-7.99 (m, 2H), 8.08 (d, J = 8.4 Hz, 1H); *C NMR (151 MHz, CDCl3): & = 11.3
(2C), 20.6, 20.6, 39.9, 42.1, 42.4, 45.7, 47.2, 51.7, 108.5, 108.8, 120.2, 121.5, 121.8,
122.1, 126.3, 126.9, 128.7, 134.4, 134.6, 137.0, 144.3, 144.6, 165.6, 170.1, 171.1;
HRMS calcd. for Ca7H27Cl1aN204 [M + H]*: 513.1342, found: 513.1343.

Methyl (E)-3-(5,5""-dibromo-2,2"'-dioxo-1,1""-dipropyldispiro[indoline-3,1'-cycl
opropane-2',3"-indolin]-3'-yl)acrylate

Cycloaddition product 5i was prepared as described in
section 5 and isolated by FC on silica (eluting with
PE/CH2Cl, from 6:1 to 1:1) in 76% yield (45.8 mg). White
solid, melting point: 201-202 °C. 6 = 0.88 (g, J = 7.2 Hz,

6H), 1.58-1.69 (m, 4H), 3.60-3.67 (m, 4H), 3.69 (d, J =
10.2 Hz, 1H), 3.76 (s, 3H), 6.17 (d, J = 15.6 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H), 6.73 (d,
J =78 Hz, 1H), 7.40 (dd, J = 2.4, 8.4 Hz, 1H), 7.43 (dd, J = 2.4, 8.4 Hz, 1H), 7.94
(dd, J = 9.6, 15.6 Hz, 1H), 8.24 (d, J = 1.8 Hz, 1H), 8.34 (d, J = 2.4 Hz, 1H); 13C
NMR (151 MHz, CDCls): § = 11.2 (2C), 20.5, 20.6, 40.4, 42.0, 42.3, 45.7, 47.1, 51.8,
109.2, 109.4, 114.5, 114.7, 123.8, 125.8, 126.6, 129.1, 130.8, 131.2, 131.4, 136.7,
142.2, 142.6, 1655, 169.4, 170.5; HRMS calcd. for CosHz7BraN20s [M + H]*:
601.0332, found: 601.0327.

Methyl (E)-3-(5,5""-dichloro-2,2""-dioxo-1,1""-dipropyldispiro[indoline-3,1'-cyclo
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propane-2',3"-indolin]-3'-yl)acrylate

Cycloaddition product 5j was prepared as described in
section 5 and isolated by FC on silica (eluting with
PE/CH2CI, from 6:1 to 1:1) in 75% yield (38.5 mg). White
solid, melting point: 187-188 €. 'H NMR (600 MHz,

CDCls): & = 0.88 (q, J = 7.2 Hz, 6H), 1.58-1.69 (m, 4H),
3.61-3.68 (M, 4H), 3.69 (d, J = 9.6 Hz, 1H), 3.76 (s, 3H), 6.17 (d, J = 15.6 Hz, 1H),
6.74 (d, J = 8.4 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 7.26 (dd, J = 2.4, 8.4 Hz, 1H), 7.28
(dd, J = 2.4, 8.4 Hz, 1H), 7.96 (dd, J = 10.2, 15.6 Hz, 1H), 8.11 (d, J = 1.8 Hz, 1H),
8.22 (d, J = 2.4 Hz, 1H); C NMR (151 MHz, CDCls): § = 11.2 (2C), 20.5, 20.6, 40.4,
42.0, 42.3, 45.7, 47.2, 51.7, 108.7, 108.9, 123.4, 1255, 126.4, 126.6, 127.2, 127.3,
128.1, 128.2, 128.4, 136.8, 141.7, 142.1, 165.5, 169.6, 170.6; HRMS calcd. for
Ca1H2:ClLN2O4 [M + H]*: 513.1342, found: 513.1342.

Ethyl (E)-3-(1,1""-dimethyl-2,2""-dioxodispiro[indoline-3,1'-cyclopropane-2',3"
-indolin]-3'-yhacrylate

Cycloaddition product 5k was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH2Cl, from
2:1 to 1:6) in 88% yield (35.4 mg). White solid, melting point:
219-220 €. 'H NMR (600 MHz, CDCl3): & = 1.27-1.29 (m,

3H), 3.17 (s, 3H), 3.19 (s, 3H), 3.73 (d, J = 10.2 Hz, 1H),
4.17-4.22 (m, 2H), 6.14 (d, J = 15.6 Hz, 1H), 6.80 (d, J = 7.8 Hz, 1H), 6.84 (d, J = 7.8
Hz, 1H), 7.08-7.14 (m, 2H), 7.28-7.33 (m, 2H), 8.06-8.10 (m, 2H), 8.21 (d, J = 7.8 Hz,
1H); C NMR (151 MHz, CDCls): & = 14.2, 26.4, 26.8, 40.0, 46.0, 47.5, 60.5, 107.6,
107.9, 121.9, 122.1, 122.1, 124.1, 125.8, 126.2, 127.8, 128.4, 128.4, 137.6, 143.7,
144.1, 165.3, 170.4, 171.4; HRMS calcd. for C2aH23sN204 [M + HJ*: 403.1652, found:
403.1653.

S20



Ethyl (E)-3-(1,1""-diethyl-2,2""-dioxodispiro[indoline-3,1'-cyclopropane-2°*,3"'-
indolin]-3'-ylacrylate
Cycloaddition product 51 was prepared as described in section

5 and isolated by FC on silica (eluting with PE/CH2Cl> from

- 4:1 10 1:4) in 94% yield (40.4 mg). White solid, melting point:
Et/N}Q oo 227-228 €. 'H NMR (600 MHz, CDCls): & = 1.20-1.23 (m,

6H), 1.28 (t, J = 7.2 Hz, 3H), 3.69-3.81 (m, 5H), 4.16-4.23 (m,
2H), 6.16 (d, J = 15.6 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.87 (d, J = 7.8 Hz, 1H),
7.06-7.12 (m, 2H), 7.26-7.32 (m, 2H), 8.07-8.12 (m, 2H), 8.25 (d, J = 7.8 Hz, 1H);
13C NMR (151 MHz, CDCls): 6 = 12.5, 12.6, 14.2, 35.0, 35.3, 40.2, 46.0, 47.4, 60.4,
107.7, 107.9, 121.6, 121.8, 122.4, 124.3, 126.0, 126.1, 128.0, 128.2, 128.3, 137.7,
142.8, 143.1, 165.3, 169.9, 171.0; HRMS calcd. for CosH27N204 [M + H]": 431.1965,

found: 431.1967.

Ethyl (E)-3-(2,2"-dioxo-1,1""-dipropyldispiro[indoline-3,1'-cyclopropane-2*,3"'-
indolin]-3'-ylacrylate
Cycloaddition product 5m was prepared as described in

section 5 and isolated by FC on silica (eluting with PE/CHCI>

CO,Et from 6:1 to 1:2) in 90% yield (41.2 mg). White solid, melting
”Pr’N© point: 155-156 €. *H NMR (600 MHz, CDCls): § = 0.87 (q, J
= 7.8 Hz, 6H), 1.28 (t, J = 7.2 Hz, 3H), 1.58-1.69 (m, 4H), 3.58-3.68 (m, 4H), 3.74 (d,
J =10.2 Hz, 1H), 4.17-4.22 (m, 2H), 6.16 (d, J = 15.6 Hz, 1H), 6.81 (d, J = 7.8 Hz,
1H), 6.85 (d, J = 7.8 Hz, 1H), 7.05-7.11 (m, 2H), 7.25-7.30 (m, 2H), 8.08-8.12 (m,
2H), 8.22 (d, J = 7.8 Hz, 1H); °C NMR (151 MHz, CDCls): § = 11.2, 11.3, 14.2, 20.6,
20.7,40.0, 41.8, 42.2, 46.0, 47.5, 60.4, 107.8, 108.0, 121.5, 121.8, 122.2, 124.1, 125.9,
126.1, 127.9, 128.2, 128.2, 137.7, 143.1, 143.4, 165.3, 170.2, 171.2; HRMS calcd. for

C28H31N204 [M + H]*: 459.2278, found: 459.2278.
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Ethyl (E)-3-(6,6""-dichloro-2,2""-dioxo-1,1""-dipropyldispiro[indoline-3,1'-cyclo
propane-2',3"-indolin]-3'-yl)acrylate

Cycloaddition product 5n was prepared as described in section
5 and isolated by FC on silica (eluting with PE/CH.Cl, from
6:1to 1:2) in 91% yield (48.0 mg). White solid, melting point:
72-73 €. 'H NMR (600 MHz, CDCls): § = 0.88 (q, J = 7.2 Hz,
6H), 1.28 (t, J = 7.2 Hz, 3H), 1.59-1.68 (m, 4H), 3.55-3.66 (m,

4H), 3.69 (d, J = 10.2 Hz, 1H), 4.18-4.23 (m, 2H), 6.16 (d, J =
16.2 Hz, 1H), 6.80 (d, J = 2.4 Hz, 1H), 6.84 (d, J = 1.8 Hz, 1H), 7.03 (dd, J = 1.8, 8.4
Hz, 1H), 7.07 (dd, J = 1.8, 8.4 Hz, 1H), 7.94-7.98 (m, 2H), 8.09 (d, J = 8.4 Hz, 1H);
13C NMR (151 MHz, CDCls): § = 11.2, 11.2, 14.2, 20.6, 20.6, 39.9, 42.0, 42.4, 45.7,
47.2,60.6,108.5, 108.8, 120.2, 121.5, 121.8, 122.1, 126.8, 126.9, 128.8, 134.4, 134.6,
136.6, 144.3, 144.6, 165.2, 170.1, 171.1; HRMS calcd. for CasH20Cl2N204 [M + H]*:
527.1499, found: 527.1498.

Ethyl (E)-3-(5,5""-dichloro-2,2""-dioxo-1,1"-dipropyldispiro[indoline-3,1'-cyclo
propane-2',3"'-indolin]-3'-yl)acrylate
Cycloaddition product 50 was prepared as described in

section 5 and isolated by FC on silica (eluting with

COLEt PE/CHCI, from 6:1 to 1:2) in 86% yield (45.3 mg). White

”Pr’N©C| solid, melting point: 78-79 €. *H NMR (600 MHz, CDCls):
5=0.88 (q, J = 7.2 Hz, 6H), 1.30 (t, J = 7.2 Hz, 3H), 1.58-1.69 (m, 4H), 3.61-3.68 (m,
4H), 3.70 (d, J = 10.2 Hz, 1H), 4.17-4.26 (m, 2H), 6.17 (d, J = 15.6 Hz, 1H), 6.75 (d,
J=8.4 Hz, 1H), 6.78 (d, J = 8.4 Hz, 1H), 7.24-7.29 (m, 2H), 7.95 (dd, J = 9.6, 15.6
Hz, 1H), 8.12 (d, J = 2.4 Hz, 1H), 8.23 (d, J = 2.4 Hz, 1H); *C NMR (151 MHz,
CDCls): & = 11.2, 11.2, 14.2, 20.5, 20.6, 40.3, 42.0, 42.3, 45.7, 47.2, 60.5, 108.6,
108.8, 123.4, 125.4, 126.4, 126.9, 127.1, 127.3, 128.2, 128.2, 128.4, 136.4, 141.7,

142.1, 165.1, 169.5, 170.6; HRMS calcd. for C2sH29CI2N204 [M + H]*: 527.1499,
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found: 527.1497.

Methyl (E)-3-(2,2"'-dioxodispiro[indoline-3,1'-cyclopropane-2',3"'-indolin]-3'-yl)
acrylate

White solid, melting point: 119-120 €. 'H NMR (600 MHz,
DMSO-de): & = 3.66 (s, 3H), 3.85 (d, J = 10.2 Hz, 1H), 6.41 (d,

come I =156 Hz 1H), 6.84 (d, = 7.8 Hz, 1H), 6.89 (d, I = 7.8 Hz,
HN@ 1H), 6.96 (td, J = 1.8, 7.8 Hz, 1H), 6.01 (td, J = 1.8, 7.8 Hz,
1H), 7.21 (td, J = 1.8, 7.8 Hz, 1H), 7.25 (td, J = 1.8, 7.8 Hz, 1H), 7.87 (d, J = 7.8 Hz,
1H), 7.92 (d, J = 7.8 Hz, 1H), 8.00 (dd, J = 10.2, 15.6 Hz, 1H), 10.76 (s, 1H), 10.79 (s,
1H); 13C NMR (151 MHz, DMSO-ds): § = 38.5, 45.9, 47.3, 51.5, 109.3, 109.7, 120.6,
120.8, 122.3, 124.2, 125.3, 125.9, 127.1, 128.3, 128.4, 138.3, 142.1, 142.5, 165.5,
171.7, 171.8; HRMS calcd. for Ca1H17N204 [M + H]*: 361.1183, found: 361.1185.

10. References

[1] S. Wang, J. Izquierdo, C. Rodr guez-Escrich, and M. A. Pericd, Asymmetric [4
+ 2] Annulation Reactions Catalyzed by a Robust, Immobilized Isothiourea, ACS
Catal., 2017, 7, 2780.

[2] B. M. Trost and M. Osipov, Palladium-Catalyzed Asymmetric Construction of
Vicinal All-Carbon Quaternary Stereocenters and its Application to the Synthesis
of Cyclotryptamine Alkaloids, Angew. Chem. Int. Ed., 2013, 52, 9176.

S23



11. 'H and 3C NMR spectra

M. 75

Hb. 70

M. 65

H. 45

H. 40

15

10

05
(0. 00
0. 05

0000—

LEge—

666'C
BEZO'E
VELE~:
FBLE
BOZ'E
BESE—

FEL 'O
9697
1569
04697
THE'9
8014
BLLLY
LELLY
ove L
5249
oz L
062"L
EOE LA
BLELA

ggs8
VLG

PYDOE-DWL
single_pulse

=00

=¥0'E

=F0'E

=20'L

_ S0

bEL
m_‘c.m
B0

=002

4.0

f1 (ppm)

4.5

0. 040
0. 038

0. 036

0. 034

0. 032

0. 030

0. 028

0. 026

0. 024

0. 022

0. 020

0. 018

0. 016

0. 014

0. 012

0. 010
0. 008
0. 006
0. 004
0. 002

0. 000

629L—
99—

B6LLE—

28'Ls—

1679
—c.mw“v.

6.94
oo.hhv
XN

£2°80L—
SE'8LL
85221
mo.mm_/
mN.mN_W_
8921
v9'8Z1

€965~

9r'z9l—

0L L~

eQriL
=]

single pulse decoupled gated N

PY0OOR

-10

80

T
210

T
220

f1 (ppm)

S24



ST T T S T S S T T S S T S N S D S S
i 4. 7. 5. %+ . F. 7. F. 7. ¥.$.$.¥§.$.%.5.F.9.5.1
000 '0— . B
BEE - o
820" L
£80"
0Z1L"
¥eL .
051 — = 200 |
¥EL'E — _ e .A.H.m
a8l
L | .
ZE9e—= - =00t
821 L = L
ovl= Foor
Tkt “
SIE L = |
[l Foo
-
PLE I~ Y
WE I Frog -
SiE'L .
pie Fooy .,
a2
4 e
69" ] ) |
%.m_mv %wwwf Fooq T
We 'L - = ot
§1Z'L 00}
5ZZ'L- u,_w.__w”m
BET L L
FIEL ..rgu_.
e L oz
§i5L
B L r

4.0 15 30

£1 (ppa)

45

r0. 040

0. 035

0. 030

0. 025

0. 020

0. 015

0. 010

0. 005

. 000

9g9L—
§L'92—

9L'LE—

L6'1S—

28'v9
mm.qov.
6.9
0044
\e'LL

LLI'60L—
66'8L1
LT'GeL
ow.mm_.w
§6'9¢1
90'821
9,821

E.mﬁ
9.8%
2..\.2‘\
8Lzyl
z's1

€651~
SEe9L—

M LLL~
L9°€LL

)

single pulse decoupled gated NOI

PY0O61

T T
100 20
£1 (ppm)

T
110

T
120

T T
150 140

T
160

T
200 190

T
210

S25



e - = & - E @ - @ ey - = Bl - = -
I I 4 & & & & & & & & & 7T
N N N N 1 i i T i i i i T i i 1
000 0r—
——
BREET =00¢E
¥e0'e
G6Z0E
ZZVE
it
Zere S = 501
951¢ — = 90
agLes L0'E
Se9e— =E0'E
0599~
998"
P
ZELL
Uy,
65E°L
29
98 L
G0&"L
MM.FVI
1
cmm.mv mwh = — =00
BRY?
gLes
LrEL = — e =0
6SE°L —— Amc.n
€987, - 0oL
ALY — — =~
9LEL e = €0
(1 =
E£RSL
259°L
EE
2%

7.0 6.5 6.0 55 50 4.5 4.0 35 30 25 20 L5 0 0.5 0o
f1 (ppm)

7.5

80

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

0. 015
0. 010
0. 005
0. 000

SZ9L—
eL9e—

oLie—

861G—

€879
mm.vmv.
6L9L
00°LL
VZiL

29°601
Al
SO'6LL
ZszInL
mwsw%
gz
98°921
or'zeL"
80°9€LF
£LLEL
;..m,mi%
L9'shlL

aL'651—
9e'e9—

6 L~
1§81

single pulse decoupled gated NOI

py049

w .

-10

T T T T T T T
150 140 130 120 110 100 a0
f1 (ppm}

T
160

T
170

T
210

T
220

S26



-10

£1 (ppm)

S27

2 B £ B 8 g &8 B £ 2 &4 8B § 8 =2 = g g8 8 s . o ! w2 1 = . o w 2 &8 = &8 = w o
§.%.% % .%.¢.9.¢.%.9..¢.%.%9..¢.5.%. 7T 5 &8 & 5 5 & &8 8 8 3 35 8 8 &8 & &5 8 8 &
- i 9 . 9.9 .9.% ... ... %¢.9.% ... 9.%
000°0r— — 2
P
=
2 EL9L"
66'02— -
= BG'9Z~
. -
SELE— -
s
P8IZ, (20°€ o
161 £0'€ 9L'1G— —_
PrET -
Mwm.w 169
8199
8467 —_ _— 00 | = ;
0518 cob [ 6L92
PGLE 4 Lioe 002 .|L
081E le'iL
581¢ L2
065 < =00'E
1599
099 s o3
= 1 =<
@ = ¥8 0L — —
- - og'8LL
. + B6VZ1
m%.m ° qo.mNLk
cOLs Ge'9zi~L R
. - = 09821~ - =
SLL'L =g [ 0'6zL/ P —
82hL az E0°ZEL -
Sy w - oggelL -
088. 2 " EE°2EL .\. _
yZE'L - 9z’ Lvl \
] 9E'Grl
=
k] ) < 0Z'66L— -
ﬂm. 55Z9L— -
M1h @
@.P -= " a SOELL~
) - Z -
mwmmv B —— 0L edesL -
m...k# S00L L= E
SLVLA [ - =L | " ]
Oz~ 00 IM o0t -
vee L fzoe |, :
1492 - —J 500z | o
cMth. 3
2 = 8
gz . £z
za 25

200 190 180

210




& 2 E E £ g 8 =l s g g
g g g ¢ g g ' s g g g

000°0-—

BeECT Teoe
¥Z0°E

820°€

9zLE

0ELE )
951°¢ —_— ¥t
09bE—E — — - P
S61°€ £0'€
809€— a# =80'¢
¥6L°9

9629

9£6'9

6769 5

8z1 L ©

LLL — - =00}
€5kl E— ° »00'L
Ew.hk L © SOl
v8Z'L I ) g - 0L
0LE'L 7 w = th.m
18871 =

81974 - -
089> 00z

]

:
-+

7.0 6.5 6.0 55 50 4.5 4.0 15 30 25 20 L5 Lo 0.5 0o
1 (ppm)

7.5

80

}0. 036
0. 034

0. 032

0. 030

0. 028

0. 026

0. 024

0. 022

0. 020

r0. 018

0. 016

+0. 014

r0. 012

r0. 010

0. 008

0. 006

0. 004

0. 002

0. 000

829l—
9L9¢—

£6°LE—

w6'LS—

ISv9
06 .vmv.

6L9L
SNNW
LZLL

cLeol—
r8'8lL
veect
eLET _‘W
(4414 _.V
€L921
S.'8C _‘\
EV'SEL £
or'oel

9E'651—
6ECIL—

e€liL~
9BEYLL—

single pulse decoupled gat

PY050

40

80

90

T
200

T
210

£1 (ppm)

S28



" & - = E @ - @ = - o & - = -
Ini ni nd ini hd g g g g g g hd hd g T
000°0— -—
=
88Tz — =00'¢
08T ————————————— =00'¢
120°€
LED'E
£L0°€ . ] ‘L
120°€ — B ﬂmm.r
£o0L'e
99— -Z0'¢
509°e— =10€
L)
£rE M=
mmm.wV; - -
898" M
£96' 9~
9169 -
860°L -
A {Ige
gzvis .
%v&\_} M
1614 .
vmwu.\nr F
LEL
ery L
S8 g
g9g’ = |
£96'9 mm =
9.6 ml.hwj L
860°L wh.w - ®
113 = J— o)
€214 — . s AT
raLL - @ — T
1614 — = L0
veTLF T Agoe
1545
7992 - oy
m%.hv 00z
]
£z
za

0o

0.5

20

50 4.5 4.0 15
1 (ppm)

55

6.0

5 7.0

80

0. 090
0. 085

0. 080

0. 07!

0. 07

0. 065

0. 060

0. 055

0. 050

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020
0. 015
0. 010
0. 005

000

GE9L~
2061
000e—

SLLE—

08°'LS—

0L%9
—v.mmv.
6L9L
OQNNW
LZ°LL

mw.w:
om.m:‘/
reeel
BSECI~
96'¥Z LT
LLGZL
65821

av'Eel
Z6'9E _‘%
o¥'le _ﬂ\
34 vv—\
oL vrl

Pe'ESL~
Ly'2al—

[EgPAR
eLrLL—
=

single pulse decoupled gated

py0E0:

3f Me

-10

110

f1 (ppm)

S29



- = o o - @ e - = & — =] -
T ind 4 3 s 4 k4 k4 T k4 k4 k4 T
000°0— —
prLz— - =00°¢
10724 008
PhEET ~00'€
€187
1167
L0OLVE e _ FIO0l
ZhE —_ = 00’1
reved
Srre— 4 ~10¢
ZLoe— - ~00°¢
-
[
BYL 9 -LTS_ "
[
o
[ <
" =]
800" Loy ool =
660 L
ZIL _— o
eafys- = Fooy
Lo
8L e g
el ELoe o
ke
k] e
=
6v.L9 : - Lood
MISANE £ imm— i — ng0,
660°L 00
- — 2 J—— [
ZhL = )
A _ ——m (0 |
e o oo
1821 & p—
PLEL
629 I —_— oy
Nmm:v. 00z
=
H

0.5

4.0 15 30 25 20
1 (ppm)

4.5

55

6.0

7.5 .0

80

0. 065

0. 060

0. 055

0. 050

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

0. 015
0. 010
0. 005

. 000

€29b~
€681~
02027

86'6C—

8ELE—

08'LS—

1879
FE'GO

6L°9L
oo,th
LeLL

mm.m:‘
wo‘m:‘%
0z vek
16VEL
vo'Szi-—
09'82L
vo'LE _%
66°EEL
S99EL
BELEL
88'8EL \‘
80'GYL

05651~
¢9eoL—

£GLLL~
8FLL—

-

single pulse decoupled gated

P

39 M¢e

-10

T T T T T T T T T T T
200 190 180 17 160 150 140 130 120 110 100

T
210

£l (ppm)

S30



2.3
F2.2

F21

F2.0

Fl2

FL&

FLT

FL&

FL35

F1.4
FL3

Fl.2

1
FLO

F0. 9
0.8
LT
0.6

0.3

0. 4

F0.3
F0. 2
FO 1
F0.O

0.1
F-0.2

000°0—

26171
FOE"L
IS

876
erie
ar0e
680°€
£60°E
BLL'E
EEL'E

0L5°€
_.Nh.n./.
EELE
SvrLE
L1508

1809
008°91
¥56'9
996°91
6.6'9
860"/
0L Ly
zz1 L
ez
65717
78T L
9LE LA w
Tre L5
56"
1592
v@a.hv

single_pu

py063

Foo)

Fooy

Food

Fevp
Fezog
001

Foog

=00'e

=00'e

=001
=004

=00'e
=L0e

SO0k

0oL
I
u__.n_.._.
Fele
oot

=00z

20

4.5 4.0 35 30
1 (ppm)

50

55

5 7.0 6.5

8.0

0. 055

0. 050

0. 045

F0. 040

0. 035

0. 030

0. 025

0. 020

0. 015

0. 010

0. 005

0. 000

glel—
oroL—

20'GE~
99°.e—

€L1S—

L0'G9
21’69

B6L°9L
on_.hhw.
LeLL

single pulse decoupled gated NOE

pr063c

-10

T
210

T
220

£1 (ppm)

S31



0. 55

0. 50

0. 45

0. 40

0. 35

0. 30

0. 25

0. 20

.15

FO. 10

0. 05

0. 00

0. 05

000 0r—

9980
gL m..cv
LEED

PESL
hvm._.W-
459k

L5828

150¢€
L90E
990°€
0L0¢€
PAGEN
809~
¥89°€

14097
16291
25691
59691
11691
Z60'L1
Ve
Ly
e |
e
05z
Gizi—
seer
9v9's

8592

single_pul se

PYOT5

=00Y
Fooy
Fao)

Fv0Y

Feo

Foog

6.9 6.8

0

*=60'E

=e0e

=e0E

=001
SO0k
201
Fadl
60y

=00g

0o

0.5

55 50 4.5 4.0 15 30 25 20
1 (ppm)

6.0

0

5

80

+0. 050

0. 45

0. 040

0. 035

0. 030
0. 025

0. 020

0. 015

0. 010
+0. 005

0. 000

LLLL
8roL~
8r'0e~

89°LE—
PeLr—

LLVS—

S0'59
£2'G9

6L9L
Do.hhv
LZ'LL

67801 —
68'8LL
veel
mm,.vw_‘w

Sy'Gel

ZEhll~
eFeLL—
-

single pulse decoupled gate

PYO

-10

T
160

T
17

T
180

T
200

T
210

f1 (ppm)

S32



2] o o - -] "y - - = =] 4
5 i n i g i g g il g i g g T
0000 -
1922— B 3 =00°€
9L0¢
0z0¢€
9v0e
150
£zLE - =10}
LZVe — =101
£51°E
ISLE
§.5E— = - — =00E
L =
1969 <
8@.%&/ Feol e
7669 Fe
NMEN/ Foog
0L L=
50 ovg
991 :wﬁ_ﬁp F o _ o
Z6LP~ 65LL Mo U U
100G~ - =001
1208”7 | egi— Lo o ”
BEE L~
L=
2
E L=
£29'9 M%MV, Food -
mmmﬁv’ £3 =00t
ppO L\ - SE0'L
150°L — wcc.m
65147 ors
ez T RINY
199, . -
Pty 0z
8
3
i

7.0 6.5 6.0 55 50 4.5 4.0 15 30 25 20 1.5 Lo 0.5 0o
1 {ppm)

5

80

0. 040
0. 038

0. 036

0. 034

0. 032

0. 030

0. 028

0. 026

0. 024

0. 022

0. 020

H0. 018

0. 016

0. 014

F0. 012

0. 010

0. 008

0. 006

0. 004

0. 002

0. 000

99'9L—

89LE—
EE6Er—
B68LS—

P0'59~,
65697

6L°9L
oo,hnv
LeLL

L6°0LL—~
SOvLL—
w

single pulse decoupled gated N0

PY0OB4

T
210

T
220

1 (ppm)

S33



0. 60

0. 55

f-0. 50

0. 45

.40

0. 35

0. 30
FO. 25
0. 20
FO. 15
FO. 10
0. 05
0. 00

0. 05

000°0~=

Free—

zz0e
9E0°E
es0'e
950°E
660'E
FOL'E
BEL'E
FEL'E
985 E—

EVEY

0Ley

-

T
70 69 68 67
“

71

Tz

| =+
w -

=00'e

=001
=004

=00€

&0
=504

Foo'L

001
0oL
i
IOl
ch.m
0oL

=00

0o

0.5

20

7.0 6.5 6.0 55 50 4.5 4.0 45 30
1 (ppm)

5

80

0. 060

0. 055

0. 050

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

0. 015
0. 010
0. 005
0. 000

PFoL—

S9°.E—
S¥er—

LIS —

0159
B1°SY

6L°9L
co‘mnw.
LeriL

£6'8LL
6t el
vc.mw_../.
mw.mw_.W
SL'Gel
Z9'8dh
FAN TS
_.m.n.m_.;\v
9eLEL
oLerl
90°G¥L

#8651~
ey'zoL—

[asion
\

SSabil~
LgesL

PYOT:

single pulse decoupled gate

-10

T
210




2 g 2 8 2 g 2 8 ] 8 ] g8 2 g &
. ¢ . ¢ . ¢ .9 . ¢ ¢ . ¢ 5 ¢ ¢ ¢ ¢ g, 79
000°0r— -—
/09T uu.cc.@
LwZz— — - -00¢
LPET
LG6Z
LIET
e
Nmm.mu. - — =001
9ELE ~ = T00lL
Nmr.n%
991¢
LBGE— — ~10¢
1
980, i
aqo.hw Le
z90°L )
NNE./., Tc_.l.
GELINEY Feoy =
|2
0672 -
83?/. % g
ZLE L 58T
PGE I, SHOY
BGE L\ FION -
£9€°L =
1882 | o
Z6EL [
9e0°2y 065 Lo Foog
groq 094 -
z904] g e
[[AVE N.W =
zzvi| 2L oo
sevs| B8 00k = =
oseel| £ )
09z L1} e MO}
zheLn s g1
vmn.h)m B H.hm.n
6572 L0'L
E9E LY — mm.m
L8eL — —
| Moot
m&
iy
B
5]
52T

7.0 6.5 6.0 55 50 4.5 4.0 35 30 25 2.0 L5 Lo 0.5 0o
1 (ppm)

5

8.0

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

F0.015

0. 010

0. 005

. 000

96'51—

Loge—

9elE—

69 L~

8EzLL

single pulse decoupled gate

PYOT!

-10

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

T
200

T
210

S35



- = @ o - @ i - ) & — =
5 5 g g g g g i g g it g
100°0— —
0921 - =006
1202— —_— =00°€
1922
5927
06LE - = =00l
686E
vmo.nw - == =0}
eness — = ~10€
£1ZE b
7556 — =00°¢
5829~ .
8619~ Tﬂrm
| o
-]
£9659-
5269~ Feoi -
6969 =
=
292, N
- Feo -
=
ey L )
DL Foo - 5
5849 £F
mﬂ.mk
nmm.mW - Fes0
569 - '
6869 e
29T L . .
1821 = g Mmm.m

£9€°L
£L

PYOT4
single,

7.0 6.5 6.0 55 50 4.5 4.0 35 30 25 o LG Lo 0.5 0o
1 (ppm)

5

80

0. 080
0. 075

H0. O

0. D65

0. 060

0. 055

0. 050

F0. M5

0. 040

0. 035

r0. 030

0. 025

0. 020
0. 015
0. 010
r0. 005
+0. 000

88'Gl—
¥r9g~
€822

rile—

19°15~"
PO LG~
19'v9
06'v9

6491
oo.hhw.
L2 LL

98201 —

B6ECCL~
¢9'sel

ho.wm_ww
6L'6gl

e6'SEL
08'EF L~
£0'9rL-"

86'SS1L—
69'291—

ZRELL~,
CEPLLY
)

single pulse decoupled gat

FYOT

-10

T
200

T
210

f1 (ppm)

S36



= o o - -] ey -+ - ] - =
i g g 4 g 4 s 4 hd 4 hd
000°0-— -
mmmmi‘ =00'E
660°€
POLE
LELE
SELE
LaLe oL
59LE — == L0
9eze~ u o0
vegE— ~10¢
®
Fooy ¢
@
L=
s
Foof =
Foof =
“
Feo
TE N
z199
§Z89 Fzor c
6669 = &
z102 o SO0t
vZoL —— /00
. 00’k
LoLL _ 0oL
LIV E— = b
. R e
LZTlp e = fooe
vzl — = o1
64T L
gde L
68 L

L

=
e.m

0.0

0.5

75 0 6.5 6.0 55 50 4.5 4.0 3.5 30 25 20
1 (ppm)

20

0. 035

0. 030

0. 025

0. 020

H0. 015

0. 010

0. 005

0. 000

Lr9L—
18°92—

¢5LE—

18 5—

Z9E9~
12597
BL°9L
OONNW.
LeLL

bt
9e'selL
o0'921L
L LeL
8E'8ZL
hm.mN_../
qw.mN_‘N
0coEl
90'vE _ﬂ\
eoLEl
[4:3345
SG ¥

95091~
0r'e9L—"

08 LLL~
LEELL

single pulse decoupled gated

PY065

T T T T T T
160 1530 140 130 120 110 100
£1 (ppm)

170

T
180

T
200

T
210

S37



FL5
Fl4

.3

z

1
FLO
F0. 9
HO. &
FOLT
0.6

FO. 5
0. 4
F0.3
0.2
F0.O

0.1

000°0—

Lok
cmc._.v. I — -
L'k

ofk e
gL0E
gele
SELE
B6EZL'E

SSLE T

6S1L°E —
LBL'E

~,

EVE'E
196°€

EL6°E _
va6'E

566°C

v

1959
089
£66'9
9969
2.6 9
LoLL
[2INs
9z1'L
LEZ /]
16T 14
982/
00€" 1
ELE LR E—
GZE L
62" L
£EE" L
BGE L
zie s
999°2

61971

|

single_pul

PYOT6

=z0e

=E0E

#el'L
»el'L
~E0E

Fyoz

eo'k
Lﬂvc. L
SOk
0oL
e0'E
e’k
e0'L
=00E

0.5

30 25 20

3.5

4.5

6.5 6.0 55

0

1 (ppm)

0. 055

0. 050

0. 045

0. 040

0. 035
0. 030
0. 025
0. 020
0. 015
0. 010
0. 005

0. 000

SLEL~
6291

LG5°9¢—

9rle—

2909~
B6PY
Z _.‘mcv

6L°9L
GONNW
LZLL

1180 —
69811
1522l
mc.mmr/
mm.mm@“
LLSZL
9'8z1
8r'6zh
16'9EL
Ly LEL
E.mﬁ%
€6 7Pl

L5651~
20'zoL—

8ELLL~
SkevLL~

PY07
single pulse decoupled gat

-10

60

T T T T T
140 130 120 110 100
£1 (ppm)

T
150

T
160

S38



0. 030
F0.025
F0. 020
F0.015
F0.010
0. 005
0. 000

=10

100
£1 (ppm)
S39

110

120

g ¢ & 8 8 8 8 2 ¢ 8 8 8 § =2 =2 g g 3 5 3 £ 8 B E B ¥ B B 2 2 3
¢ . ¢ . ¢ .5 9.9 .9 ¢ ¢ ¢ 9. 5 ¢ 9. 9. ¢ 9, 7 & $§ 3 s s s 5 5 s S 5 3 3
§.¢.9.9.¢.9,.¢.¢.9.¢.¢.¢,9¢
0000 -— =
P
=
FLO') | = 6LEl~
mmc.@. - — = =90¢ [ = kg
L60°L
" vo9z—
09 28—
=
K]
g0ge— - —, =0l'E
GLEE |M
£86'C 18'09—
800°€ fava—
EL0E —_— — 0L L=
90LE —_— —_— AND._. - 6L9L
oLLe 2 Roe 001z
9ELE N ]
OFLE -
E9LE
mmw”ww _ —— Fc0z 22
- 8YB0L~.
L5 261
- LO6 L
CEEAN
1Y IZL
-2 E.mm_/
“ SgezL~
9zzZEL—
SE0EL—
= vraeid
290"
apgpL"
=
I
21'6GL—
ze'lal—
P
m_.w.wv _ . 3= () | [ 098 /)L~
2£9'9
ZTELL—
SZ1L o
EEW < :
N T - ooy 3
cmn.h\u.l|[.ll iy g
7152 — e g g
1182 _ 70T b
m.h% 3
¥ =
1Nm_n.; K o)

200 190 180 17 160 150 110 130

210




0. 65
0. 60
0. 55
0. 50
0. 45
0. 40
0. 35
0. 30
0. 25

0. 20

FO. 15

FO. 10

0. 05
0. 00

000'0—

6901

180 _.W. E—
6071

9e'e

£86'E
986'E
EL0E
gL0E
OLLE

PLLE
orle
PrLE
BLLE

QLB E~
SE0TT

I3:78
el
EE6
SEE
S¥E
676 —

LZLs
nm_..hW.
SrhL

wuzry T T
veesd

8,94
F@mhuv

Cl

3q

single_pul se

PY0G2

ll

=G0E

=F0'E

pootk
=001
eoe

Feoe

004
=00k
=10
wi0¥

=00'g

80 .5 7.0 6.5 6.0 55 50 4.5 4.0 15 30 25 20 L5 Lo 05 0o
1 (ppm)

8.5

+0. 085
0. 080

0. 07

0. 07

0. 065

0. 060

0. 055

r0. 050

0. M5

0. 040

+0. 035

0. 030

0. 025

0. 020

0. 015
0. 010
+0. 005
+0. 000

0gel~
99l

89'92—

reLE—

64709~
£5°%9
mm;vmv.

6.9L
oo.hhw.
LZ°LL

G6'80L—
3:5:12%
Sv'ect
mm,mN_‘W
h_.,mN_‘W
L ZA A
_.h,mw_.\
CE'GELF
69'9¢ _“n
62°.El
08'vrl
£0'srl

0F'6SL~
98" 191~

eSbLl~
DME 15

single pulse decoupled gated N

PY052

Cl

-10

T T T T
200 190 180 17 160

T
210

T
220

£1 (ppm)

S40



= @ w - = 5 - o ] - =
~ =] o = = o =] =] = = =]
n T T i T T i i i i T
0000-—
ZLVE~N = {70E
ZBLEY ] tooe
VEL BN JL01
eﬂ.mv ] Am 0€
SEL'O~ . _ .
191" S == 1960
Z08°9
G189 o )
968°9 B— 00’k
676’9 N 00’k
580 L7F — Fg0e
EFLL —_— FL0E
vBT L
9EE'L
0L0'8
vL0'8
9808 _ ||||.U +e0e
=zo'L

0.0

50 45 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

53

T3 o 6.3

50

55

0. 040
0. 038

0. 036

0. 034

0. 032

0. 030

0. 028

0. 026

0. 024

0. 022

0. 020

0. 018

0. 016

0. 014

0. 012

0. 010

0. 008

0. 006

0. 004

0. 002

0. 000

L-0. 002

L4
92°9¢

G666
65PN
8b'Lh—
1916~

6794
SMNW
Le'iL

PILOLS,
g2t
Lzzh
vi'SzL
mm‘mm_%
08°22Zh~E
9v'ezL—

LELEL—
PLEYL
80v¥l

52691~
0L~
=%

single pulse decoupled gated

sY022

-10

T
200

T
210

f1 (ppm)

S41



= - = @ = ~ @ bt - - = - s
- - Lnd =] = =} =} = =] =] = =] =]
0000-—
S07 1~y - 2 009
-4t
Z0LE~ 5
VBLE .IﬂJ\ 08
BOEE 6289y w0
- @
0989
€89 °
500 L~
@ L—
6524 o
ﬁw.hvh/
L
-
-
@
-
L)
B [
o 160
=
gzeoy SN o
WRG LIE8~
098'9 28 ) .
£L89 mm”mwv * MM.”
590 EES heoz
L i
6571 voe
6921
zze'L
5L0'G
e —
6376 =eol
=

SY0TE
single

0.0

]

4.0 35 30

4.5
1 {(ppm)

6.0 50

0

7.5

0. 040
0. 038

0. 036

0. 034

0. 032

0. 030

0. 028

0. 028

0. 024

0. 022

-0.020

~0.018

0. 016

0. 014

-0.012

0. 010

0. 008

0. 006

0. 004

0. 002

0. 000

-4l
cm.N,.v-

£0°SE
wm.mmw
[vaiad
66'Gh~—
laad
5916

6279
_uc‘hhv
W LL

Nh.hc,‘v

€42t
05'12k
1Szl
8092}
€092
>

BOBEL~
28Trl
cv‘m?v

18S9l
B6'69L~,
mmc._ch I

single pulse decoupled gated N0

SYOT

T
110

T
120

T
150

T T T
200 190 180 170

T
210

T
220

1 (ppm)

S42



L2
1
0

F0.9

0.8

Fo.7

F0.6

FO.5

Fo0. 4

o3

0.
F0.0

0000—

0¥l
[ATan

ES0E
c____u.mLV._w
SELE

WEG
42 e

.

F va
Foeg

=8LZL

I
88

4.0

5.0

1 (ppm)

0. 050

r0. 045

F0. 040

0. 035

0. 030

0. 025

0. 020

r0.015

0. 010
0. 005
0. 000

0L'6L
6161
[
L6l

vy
E@W
s
iy

s/

6792
00°LL
L' LL

mf‘mcf”v.

mw“@mﬁ
mv.& %
19°ZL
6092}

66°L2L

10
62881~

8EEZYL
vLerl

869~
68691~

08021
-

single pulse decoupled gate

SYOTT

Ll

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90

T
210

f1 (ppm)

S43



w = 2w = 9w = 2w =8 2w = =8 =@ 9w g B8
2 B 8 £ B 8 ¥ 8§ &8 g 8 & =2 =2 8 8 d
=1 o =1 =1 o =1 =1 =1 =1 =] =] =] =] =] =] =1 T
000'0— -
8v8°0
0980, }
mmm.ow F619
588°0
195"k~ N )
8oL Fuov
585°E
mhw.m/ .
62L°C —— —t
mmh.mw. oy
L
18- 2N — |
Le” Fo60
108°9
028'9 )
0p8'e: 0oL
£58°9 00'L
BE% T ooz
80172 — A
¥6Z'L
90€°2
5L0'8
L21e~L — - #002
2028 = 0L
6128
o
=2
A
E_
2
= ¥

1 (ppm)

0. 045

r0. 040

0. 035

0. 030

r0. 025

r0. 020

r0.015

r0. 010
0. 005

0. 000

L2 —

mm.ON
mm.ONv

£0°0F
wm,‘;w
m—.N.w.\
08
w.w‘hv*
2918

61791
oo.tw.
LeiL

mh‘hc—v.

9833t
e}
1

ZB'SEL
61821
82821 >

60BEL~
vIEVL
mv.mv—v

84691~
€204~
SLLLLT

single pulse decoupled gated NOE

SYOB0

L

-10

10

80

T T T T T T T T T
210 200 190 180 170 160 150 140 130

T
220

1 (ppm)

S44



e 8 § ¥ 8 2 8 1 8 8 8§ = = @8 gz B8
§ . 5.5 . .3 ¢ . ¢ 5. ¢ ¢ 5 ¢ g ¢ 5 I
0000-==
96LE - = ~60E
BOBE . e
mmm.mv — L
LEr— —_— == .
BE6 ¥— ~ = Feov
G029~ .
e e F&60
BLLD
LEL'D _ 00'L
t0L97 = o1
QLLD
B0 L— — . 819
BLL __HW
LEZ' L
1908
cmc”m
EEVE - SO0l
= | Foo
oy

0.5

30

35

1 (ppm)

55

6.5

7.5 0

8.0

85

0. 0T
r0. 065

0. 060

0. 055

0. 050

0. 045

0. 040

0. 035

0. 030

r0. 025
F0. 020
F0. 015
F0. 010
0. 005
0. 000

6876E
wm‘mv./
wm.vv\
8E°oF
mm.h.u*
hw.,.m

62792
00724
(T

hm.wo—v.

m%w*
:.NN—
8L°GZL
86°GZL
0L°LEL
VLT
LTl
vELTL
22°8ZL
LEBTL
99821
89°8¢CL
6EGEL
CGGEL

9,69k~
620L1~
gL

single pulse decoupled gated NO

Y07

[}
=
2
Q
O

5e

-10

10

8O

a0

T
210

T
20

1 (ppm}

S45



U, B0

H0. 55
0. 50
FO. 45
0. 40
HO. 35
0. 30
FO. 25
0. 20
HOL 15
FO. 10
0. 05
0. 00

0000—

F0.10

TS

05LE
VELE S
LBLE

B5L 0~
vBLe~"

a0

35

p
4.0

1 (ppm)

4.5

50

0

.5

80

8.5

9.0

wm.hN
mm.hNV.

LE8°6E—

LE 2~
16—
zs"

6.°9L
00°LL
\e'sL
6918
mm‘em.v

LEwLL
8LwLL
61°021
L6'LZL
8L'ezt
LB'ETE
LP'SZL
26'921
Ly kA
raect
Om.wN—V
ZL9El~
84L°6E1
mc‘cv_v
overl
mv‘mv_v.

1501~
5991~
aggaL-"

single pulse decoupled gated NOI

SYOT

r0.09
r0.08
r0.07
0. 06
0. 05
r0. 04
F0.02
r0.02
r0.01
0. 00

130 120 110 a0 80
£l (ppm)
S46

140

180

200 180

210




-~ o @ m - = @ m @ m = = om - o=
L T T R - s o s & &8 &8 & & & T
000°0-— -—

—
SELE .
. €0'E

i mw . B Lo
z9Le

SLTY~ .
Py —= 0%
091G _ .
616" F60H
ZvLG~ .
PLE'G" Fooz
1519~ - .
2197 F86'0
6189

789 .
158'9 001
$98'9 00'L
990°-F Eeoz
zLL A
e L

962°L

1908

601 8~x —— 0T
9029 BZ0'L
1228

o

1

El

2

E_
2
SE
%@

o -0.5

0.

0.5

5

2.0

4.5 3.5 3.0
f1 (ppm)

5.0

6.0

6.5

8.0 8.5

9.5

0. 040

0. 035

0. 030

r0. 025

0. 020

r0. 015

F0. 010
0. 005

0. 000

120k
e
ey
2097
¥y
ao1g/

6L°9L
co.tw.
LT 4L

or’s0l~,
£29%
16LLL
£9'12)
mm._wﬁw.
8072
1852
2652
6942
579z
££'82L
LrisL
9g'lgL
B LS

21691~
66691~
VObLL

E

single pulse decoupled gated NI

SYOT

-10

10

30

80

90

T T T
150 140 130

T
160

T T T T
210 200 190 180

T
220

£1 (ppm)

S47



w = p-1 [I-] - ] ] =) = w = E= w - o o~ — =] .
R L e 4 &8 & & & & & e & & & 7

N N I N N i I N 1 i i i 1 T i i 1 T !
0000— =
098°0
mmm.mw - =819
968°0
s —
995°E
hwm.muf
V98 60
¥GO'E D—— == wmmo._
¥89°E 10°€
00L°¢
SPLE
wm,mmv — ===1160
608°9
8€8°9 00'L
4k = ° 00'}
i - % —a

3 .

£50°2 O & 004
190°L
6v6°L o
166° L~ —_ e £00°C
6.0°8 — 101
€608

o

B

3

B

E,
]
[

0.0 -0.5

0.5

4.0 3.5 3.0 2.5

4.5
f1 (ppm)

(0. U0

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

0. 015

0. 010
0. 005

(0. 000

SET L —

85702
29°0¢

8e'6E
mo.va
52y
89°GK7
sl
v

mh.wh
oo.th.
Ve il

PS80L
18801 v

810zL
£5°LEL
LLLEL

clech
0£9Z1
L6921

vL8gL
v rEL

vw.vm,.
oo.hm,.
mw‘vwf
cOrrL

L9GOL~

6004~
[INVine

single pulse decoupled gated NOE

SY0BS

80

90

T
210

T
220

£l (ppm)

S48



u s n. 5 u u s n
= el e i o _ =} =
000'0— -—
6580
Hm‘ww. — =129
£68'0
s —
1658
Emd% 0"
. —_— _ .
089°E P — . ==L
w63 hoe
66L°€
09L9~. . L N
oo ™ = >
[ =
09l'9 _ .
981 == Tt
069'9
049 e
vzL'9 00'}
mmm.hk — .
6Zy Lk == ¥ 00'H
00')
6161
mmmsW 00l
9v6'L .
296'L — %"
1528 - -
0vz'g
oree
viEg
%
g
3
S
e_
5w
A
&7

4.5 4.0

£1 (ppm)

5.0

9.0 8.5

9.5

0. 045

r0. 040

0. 035

0. 030

0. 025

F0. 020

0. 015

r0.010

0. 005

0. 000

0z

£5°02
85°0¢

L OF
66 SuW
mN.N.v\.
GO'G
[
L ﬁm\‘

6L9L
00°LL
LeLL

sy
AT
oo
s
92°0ElL

LITLEL
8E'LEL
LY

AL
95°Zrl

£5'691~
PrB9L~
0L

single pulse decoupled gated NI

SYDR!

-10

10

20

40

80

90

T
210

T
220

f1 (ppm)

S49



e = ® e © ® = i Bl s e
T T T T T T T T T T T
0000-— -
+98°0
e
9680
o601~ — Faiy
PLOE
BLOE m J00%
. —_— .
#89°E R Pl
FOLE .n..rm.n..m
ISLE
2P e
SELD &
BYL9 5 0oL
. = O F—
mmmw oot
m.&.b.r 0ok
YITL w— 0
BLT L .
GEB'L &
ZG6'L .
vm@.hw e —— OO0
BLG L — >00'L
ELL'B — L0
IR
B
vE'8

0.5 0.0

Lo

70 65 60 55 50 45 40 &5 30 25 20
£l (ppm)

15

835

9.0

0. 055

0. 050

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

0. 015

0. 010
0. 005

0. 000

02 L —

502
mmdwnv.

g0y
oo.N.vW
—m.N.v\.
LGy

FA A
vh‘_mn\

64792
00°LL
\e L

89801~
et
£'9zL
118zl
vZ'8ZL
Zr ez

9L'9EL~
FLLPL
ho.wv—v

£5°59L~
95691~
85021~

single pulse decoupled gated NOI

SY095

5j

Cl

-10

80

90

£1 (ppm)

S50



F3.0
F2 8
F26

000°0—

LLVES
061°e"

6LL°E
02L°€
9EL'E

18078
91~
02z v

0EL'S
LEL'G

#8hg
orol
1v8'9

N_:.m.*
6LT°L

6508
5408
5808
LoL'g

0z°8
[s104)

smgle_pulsé
w

FYOSL

uAS.m

=62’

_—
— 707

26cC

=00')L

=060

001

heoz
0T

F0. 035

0. 030
r0. 025
F0. 020
0. 015
F0. 010
0. 005

PYDS1

arl—

mv.wN
mh.wmv

96'66—
96°5P~_
6 Lr—

61'9L
S‘RW
AV VA

L9°L0L

g+t
0lLZZL
£8'GZL /
cZ9ZL /
SEBEL
'8zl >

SG°LEL—
vLEVL
mc‘w._.._V.

PEGOL~
LPOLLS

m@t\

single pulse decoupled gated

50 40 30

60

200 190 180 170 160 150 140 130 120 110 100

210

£1 (ppm)

S51



554321095554321u
.7 . 7. 7.7 . F . F 7.9, ¢.¢ ¢ . ¢.¢.¢.%.9.¢.7 g & £ B8 8 B 8 2 £ @& 8 8 § 2 = 8 8
g &8 E£E ¢ & &2 B 2 ¥ 2 2 8 8 2 B E B8
) =] (=] (=] (=] =] (=] (=] (=] =1 =] (=] =] (=] =] =] =] =]
i
000'0— — (St
| =
& ezl
. 1521
NW.” - R
ey »#009] ~
FEZ'L _ = - H J.mﬁ,.m
wwm._% | e
871 = .
. 96'7¢ —_—
ose’t - _ sy B
F2 6107 )
G6'GP —
riee ]
s
[ei
- 6609— E—
[
Fa 64792
B9~ — . . 0022 J
S08'E— B F60s V2L
&
951 P~ - Y
5T — F10¢
L=g
<5
z
\m 69201 _
4640}
- LEpeL
M £0'9z1
£0'82} 1
- 0z'8z! [ —
EPLg~, o _ e 82'82}
AR - —=T1960
. L= 0L LS~ ]
mmw.w < Lz
168°9 ESS Aoo._. - 90°EFl
048'9 00LES
290 L T M?S.N .
0zZL'L B a0z
£92°L Fa
9leL PEGOL~
208 L= m = W”V
Gl g~~~ —_—_— — S AR 1
0vz8r — —— =00} g
£52'8 = o
[ 2
2
g
H
L= g
2 s u
cl 3
ES - A
o Fa o
S® i)
£ 5
% &

-10

40

50

150 140 130 120 110 100 90 80
f1 (ppm)

160

190 180

200

210



¥ | # 8 8 8 2 = 8 B
i b i £ i i i i i e
0000-— -
el
6580
ZL80 - =119
S8R0
99Z' | .
2T @. B - =p0e
062 |
615 f% — Fovy
£69'}
085 )
0898~ S 90t
CELE =10
6vLE
891~ .
0z Ra— =002
Lo~ . .
0L — 1660
5089
8189 )
668°9 5001
z5ge’, . 200t
150247 _ z202
011 — *zz'e
15T L
£08'L
SLO'8
BLL'g-~t — - =002
vze T/ o)
1228
o
k3
=
o
g 2
S
%

0.5

T
0.0

5.0 4.5

T
5.5

1 (ppm)

0. 055

0. 050
0. 045
0. 040
0. 035
0. 030
0. 025
0. 020
0. 015
0. 010
0. 005

0. 000

¥T'LL
92l
617"
19°02
9902

00
€8y
mﬁNﬂW
L9
mv‘hv\

8E'09—

mh.wh
Do.tv
VYA

SLL0L

g2-82t
PLbEL
69°52L
£1°92)
89722
¥Z02

0LLEL~
CLEYL
orevl

PEGIL~
02°0LL~
LLLLTT

single pulse decoupled gated NOE

sY102

20 10 0 -10

30

150 140 130 120 110 100 90 80

160

210 200 190 180

220

£1 (ppm)

S53



- = 9 s : a s - s & - s
T T d d b i i i b b b b
000'0— -— F
098°0 -
Em‘cw
o8O -
680 I_ wal
697"} .
_.mwew - TBlLE
£62°} I
885 L7 T oy
L9’} i
295°¢ I
295°¢
8r9'E k
659°€ —— = A3y
¥89'E 00’4
1OL'E L
= — =102
ELOEp — — Ts50|
hd
208" ot
889 o hmmw
189 = d
020t — FLOLE
YEO'L - 00t
9972/ |
98672
8161~k —_ =Fl0eL
pons — —_ ~00'1
860°8

3
23 I
@ a

5.0 1.5 1.0

5.5

£1 (ppm)

g & B ¥ 8 8 8 8§ ¥ N 8 ¥ 2 T ¥ 2 8 8 T ¥ 8
2 2 8 8 8 8 8 8 8 8 8 3 38 5 58 5 8 8 8 8 8
& & & & =] & & =] & =] & =] =] & =] & =] & & =] &
°
T
E o
€21 L=
em.:v. -
1z
85'02 _ Fs
ze0e
4 r=
16°8E
B.NwW - =
9z —
19'SY —_—
9l =
95 08— - re
1 =
6291 hﬁ
00'L2 -
VL 2
F=
°
Fs
15801, -
vLzel -
68'921 — =
t.mﬂ%
BE¥EL R — o
::i/ e
£9'9EL~L | ]
s
STrpL — ]
9Pl =
FE
02594~ -
BO0OLL~, I L
ZuL— = -
@
2 =
- z
3
i ]
£ i [
5
g (=
g ]
H
El =
=
2 &
%%

£l (ppm)

S54



e = e o e = e o @ o e = e o =]
g 8 2 8 2 e = 8 8 8 8 = = s g f
=] =] =] =) =] =) =] = =] & =] =] =] =] =] T
T T T T T T T T T T ;i T ;i T ;i !
000'0— -
1980
180
589°0 S— =719
1680
182} .
mmN.FW EE— =l'E
LE'L
28 1 — l% Faiy
169"k
EL9'E
ety N ¥ 00y
mmm‘mW T - 80’1
904°€
BLL P~ .
958 ¥~ T F10C
6519~ N :
gaLe” — ool
BEL'9
259 — {0
€109 00°}
184°9
BEZ' L~ . .
e — GET
186°L
mmmgw
o - — o
. — =00k
518 — 00l
6119
wmm.m%
082’8
o
3
3
S
E_
=4
SE
[}

-0.5

0.0

£1 (ppm)

0. 0Tt

0. 065

0. 060

0. 055

(0. 050

0. 045

0. 040

0. 035

(0. 030

0. 025

(0. 020
0. 015
0. 010
(0. 005

(0. 000

0L
BL°LL
oyl
750
15708

PE'OF
mm.—vW
mNNv\
89°S¥
m—.hv\.

62791
00°LL
le Ll

£90L,
BBt
¥r5z)
15921
2182
95821

EV9El~
eLLrl
mo.wv—u:

80691~
P69~
65°0LL

single pulse decoupled gated NOE

SY103

40

140 130 120 110 100 90 80

150

210 200 190 180

220

f1 (ppm)

S55



8 ] g E ] s 8 ] e s g g 2
] S E E S & & & & & = & T
: : : : T : : i i i i i !
4
005'z— ——
SHE'E~
YOO'E:
c___m.m.w. m =00E
priad _ R Sy
LE6° F
cmm.wvlrr YO
988’ = H0F o
6689 £ 607
bl Ay = o0l
656° -
0L6° [
¥00'L |
i —== 5]
vBl'L 90
9614 I
TEE'D 1024 - = =10
Bk 607 4 r bt
m.g.mur. GETL [ = 601
6560 LET L === = #0'L
1 ENE: A - L K”m.c.—.
gyg L~ 05TL - 90l
2984 [~
708 L GLE L = .
. . (0
BLEL - L
m.w.m [ e ——— MEHF
TEB'L viB L = Wmc L= SO
ViBL %mm L = FOL =
186 L i = {0l 8
000°8 ZpeT 3
L8
8
29301~ - 00’k
m@m.ex - .ﬁﬂ:

0.F 0o

Lo

&nE A0 45 40 3 30 23 zZ0

f1 (ppm)

60

0.0 9.5 9.0 &5 50 T3

10.5

Lo

0. 070

0. 065

0. D60

0. 055

0. 050

0. 045

0. 040

0. 035

0. 030

0. 025

0. 020

F0.015

0. 010

0. 005
0. 000

orge~=
o5ee
187G~
s
7515 —

9zZ'801

mmﬁmwv
R.om_ /
szzzL-k
6Lk~
9z'5z1

zrazL

ZEBEL
10Zrl~
yeZHL

APPSO~
0L'LLL
DEN_V.

single pulse decoupled gated NO|

SY105

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

T
210

£1 (ppm)

S56



