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1. General Information

Unless otherwise noted, reagents were obtained commercially and used without
further purification. Tetrahydrofuran (THF) and Toluene (Tol) were distilled
from sodium under a nitrogen atmosphere. Dichloromethane (DCM) and
1,2-dichloroethane (DCE) were distilled from calcium hydride under a nitrogen
atmosphere. TLC analysis of reaction mixtures was performed on Dynamic
Adsorbents silica gel F-254 TLC plates. Flash chromatography was carried out
on Zeoprep 60 (200-300 mesh) silica gel. 'H and '*C NMR spectra were
recorded with Bruker Avance-III 600 spectrometers and referenced to CDCl;
and DMSO-ds. HR-ESI-MS was recorded on a Bruker micro-TOFQ-Q
instrument. IR spectra were recorded on a Bruker IFS 55 spectrometer. Melting

points (mp) were tested on Thomas Hoover capillary melting point apparatus.

2. Detailed Information on Reaction Condition Screening

2.1 Table S1. Condition Screening for the Cycloisomerization of Substrate 1

Leading to the Optimal Condition (C1)?

0}
\ )\ ws 0
N catalyst
A
CE,\}C\‘ Me ~soivent CEI\}Q\L ¥ @[’\}Q\éw
Bn Bn Me Bn e
1 2 3
loading yield ratio
entry catalyst solvent

(mol%) [2+3] (%) [2:3]
1 PhsPAuNTf: 10 DCM 44 1:1.1
2 PhsPAuCl/AgBF4 10 DCM 27 1:1.25
3 PhsPAuCl/AgOTf 10 DCM 35 1:1.69
4 PPh3;AuCl/AgSbFs 10 DCM 50 1:1.17
5 IPrAuCl/AgSbFs 10 DCM 38 1:1.53
6 AgSbFe 10 DCM 0 -
7 JohnPhosAu(MeCN)SbFs 10 DCM 73 1:1.28
8 JohnPhosAu(MeCN)SbFs 10 THF 88 1.05:1
9 JohnPhosAu(MeCN)SbFs 10 DCE 80 1:1.29
10 JohnPhosAu(MeCN)SbFs 10 toluene 43 1:1
11 JohnPhosAu(MeCN)SbF¢ 8 THF 90* 1.25:1
12 JohnPhosAu(MeCN)SbFs 5 THF 25 1.5:1

Note: * The reaction was run at room temperature.
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2.2 Table S2. Condition Screening for the Cycloisomerization of Substrate 1o

Leading to the Optimal Condition (C2)?

(6]
CEC\ )\ catalyst @r( J\w A N
“solvent \_/
BO‘ICo 1 o-4 BS(:: )
entry catalyst loading solvent yield yield
(mol%) [10-4] (%) [30] (%)
1 JohnPhosAu(MeCN)SbFs 10 DCM 15 10
2 PhsPAuNTf: 10 DCM 10 0
3 Ph3PAuCI/AgSbFs 10 DCM 12 0
4 PhsPAuCl/AgOTf 10 DCM 52 14
5 IPrAuCl/AgOTf 10 DCM 15 10
6 [Au]ea®/ AgOTS 10 DCM 0 72
7 [Au]ca/AgOTE 10 DCE 46 15
8 [Au]ca/AgOTT 10 toluene 0 0
9 [Au]ea/ AgOTE 10 THF 0 22

Note: * The reaction was run at room temperature. ® [Au]ear: [tris(2,4-di-tert-butylphenyl) phosphite]gold chloride.

3. Control Experiment

o
g ;
{ N % Me 5 mol% [AU]Cat/AQOTf N\ N
N \\\ DCM, 30 min N N\
boc 72% Boc ©
10 10-4
o o)
\/: i<\ N \ 5 mol% [Aulcay/AgOTF Q N )
\
N N . DCM, 30 min N
Boc Boc e
fod 90% 30

{ N { N
DCM
[ INR N\ v\ 4

o)

o
\ AN

e

0% Boc e

3o

O
N
5 mol% [Aulca/AgOTH, N\
10 mol% 2,6-di-tert-butylpyridine N \_/

DCM, 1.5 h Boc e

88% 30
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4. General Procedures for the Preparation of Substrates C1-C7 and

Characterization Data
R1 n-BuLi HO/\ Jones' Reagent o
= _ = N >
Z ~chon g HO)\W

A1-A7 B1-B7 C1-C7

To a solution of compounds A1-A7 (75 mmol) in anhydrous THF (50 mL) was added
n-BuLi (83 mmol, 2.5 mol/L, 33 mL) at —78 °C under the N> atmosphere, and the
mixture was stirred at the same temperature for 1 h. To this solution was slowly added
Paraformaldehyde (150 mmol, 4.5 g) at =78 °C, and the mixture was first stirred at the
same temperature for 30 min, and then warmed up to room temperature, and stirred
for 1 h. The reaction was quenched by addition of water. After removal of the solvent
in vacuo, the residue was extracted with ethyl acetate for 3 times, and the combined
organic extracts were first washed with water and saturated brine, and then dried over
anhydrous Na>SO4. The extract was concentrated in vacuo, to give crude products
B1-B7 as yellow oil.
To a solution crude products B1-B7 (20.8 mmol) in acetone was added Jones reagent
(41.6 mmol, 1 mol/L, 41.6 mL) at 0 °C for 30 min, and the mixture was stirred at the
room temperature for 3 h. The reaction was quenched by addition of water. After
removal of the solvent in vacuo, the residue was extracted with ethyl acetate for 3
times, and the combined organic extracts were first washed with water and saturated
brine, and then dried over anhydrous Na>SO4. The extract was concentrated in vacuo,
and the residue was purified by a flash column chromatography on silica gel
(DCM/MeOH) to give C1-C7.
4,4-Dimethylpent-2-ynoic acid (C1)!

0]

HO %
C1

White oil in 65% yield; Ry = 0.2 (DCM/MeOH = 10:1); '"H NMR (400 MHz,
DMSO-ds) 6 1.23 (s, 9H).
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3-(4-Fluorophenyl)propiolic acid (C2)5?

HO

@]
J

c2 F
White oil in 72% yield; Rf = 0.2 (DCM/MeOH = 10:1); '"H NMR (400 MHz,
DMSO-ds) § 7.79 — 7.55 (m, 2H), 7.30 (t, J = 8.9 Hz, 2H).
3-(4-Chlorophenyl)propiolic acid (C3)3?

HO

®)
J

C3 Cl
White oil in 70% vyield; Rf = 0.2 (DCM/MeOH = 10:1); 'H NMR (400 MHz,
DMSO-ds) & 7.54 — 7.49 (m, 2H), 7.49 — 7.43 (m, 2H).

3-(4-Bromophenyl)propiolic acid (C4)5

HO

o
/’//

c4 Br
White oil in 70% vyield; R =0.2 (DCM/MeOH = 10:1); 'H NMR (400 MHz,
DMSO-ds) & 7.60 — 7.54 (m, 2H), 7.41 — 7.34 (m, 2H).
3-(p-Tolyl)propiolic acid (C5)5

HO

o o
J

Me

White oil in 77% yield; R = 0.2 (DCM/MeOH = 10:1); 'H NMR (400 MHz,
DMSO-ds) 6 7.36 (d, J= 7.9 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 2.32 (s, 3H).
3-(tert-Butyldiphenylsilyl)propiolic acid (C6)

HO
TBDPS

g O
J
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White oil in 78% yield; Rf = 0.2 (DCM/MeOH = 10:1); '"H NMR (400 MHz,
DMSO-ds) & 7.72 (dd, J = 7.6, 1.6 Hz, 4H), 7.58 — 7.37 (m, 6H), 1.05 (s, 9H); 1*C
NMR (100 MHz, DMSO-ds) & 152.8, 134.5, 130.3, 129.8, 127.7, 99.6, 85.7, 26.1,
17.6; IR (thin film, cm™): 3409, 3071, 3050, 2929, 2857, 2772, 2715, 2173, 1694,
1610, 1469, 1365, 1172, 1051; HRMS (ESI): m/z Caled. for CioH2102Si [M+H]"
309.1305, Found 309.1306.

3-(triisopropylsilyl)propiolic acid (C7)
0]

Cc7

TIPS

White oil in 65% yield; Ry = 0.2 (DCM/MeOH = 10:1); '"H NMR (600 MHz,
DMSO-ds) § 1.15 — 1.08 (m, 3H), 1.06 (d, J = 6.1 Hz, 18H); *C NMR (150 MHz,
DMSO-ds) & 153.53, 98.60, 87.80, 18.25, 10.37; IR (thin film, cm™): 3500, 3300,
2962, 2926, 2842, 2795, 1714, 1625, 1465, 1377, HRMS (ESI): m/z Calcd. for
C12H230,S1 [M+H]" 227.1462, Found 227.1463.

5. General Procedures for the Preparation of EI1-E3 and
Characterization Data

R1 NH2 R1 NH2
R2Br
A\ N
\CENC\ NaH, DMF N

D1-D3 R2=Bn or PMB E1-E3

To a solution of NaH (72 mmol, 2.88 g) in DMF was added a solution of tryptamines
D1-D3 (60 mmol) in DMF 0 °C under the N> atmosphere, and the mixture was stirred
at room temperature for 30 min. To this mixture was add BnBr or PMBBr (66 mmol)
at 0 “C, and the mixture was stirred at room temperature for 2 h. The reaction was
quenched by addition of water, then the residue was extracted with ethyl acetate for 3
times, and the combined organic extracts were first washed with water and saturated
brine, and then dried over anhydrous Na,SOs. The extract was concentrated in vacuo,
and the residue was purified by a flash column chromatography on silica gel

(DCM/MeOH) to provide the products E1-E3.
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2-(1-Benzyl-1H-indol-3-yl)ethan-1-amine (E1)5*

NH,
N

N
Bn

E1

White solid in 75% yield; Ry = 0.2 (DCM/MeOH = 10:1); '"H NMR (400 MHz,
DMSO-ds) 6 7.59 (d,J= 7.8 Hz, 1H), 7.41 (d, J=8.2 Hz, 1H), 7.37 (s, 1H), 7.30 (t, J
=7.2 Hz, 2H), 7.26 — 7.16 (m, 3H), 7.10 (dd, J=11.2, 4.0 Hz, 1H), 7.02 (dd, J = 10.9,
3.9 Hz, 1H), 5.36 (s, 2H), 2.99 (dt, J=11.9, 6.2 Hz, 4H).
2-(1-Benzyl-5-chloro-1H-indol-3-yl)ethan-1-amine (E2)%
Cl NH,

A\

N

Bn
E2

White solid in 85% yield; Re = 0.2 (DCM/MeOH = 10:1); 'H NMR (400 MHz,
DMSO-ds) § 7.96 (s, 2H), 7.68 (d, J = 1.9 Hz, 1H), 7.53 — 7.42 (m, 2H), 7.31 (dd, J =
11.2, 4.4 Hz, 2H), 7.25 (t, J = 5.0 Hz, 1H), 7.22 — 7.17 (m, 2H), 7.11 (dd, J = 8.7, 2.0
Hz, 1H), 5.38 (s, 2H), 3.09 — 2.93 (m, 4H).
2-(1-(4-Methoxybenzyl)-1H-indol-3-yl)ethan-1-amine (E3)*
NH,

N

N

PMB

E3

White solid in 80% yield; Rr= 0.2 (DCM/MeOH = 10:1); 'H NMR (400 MHz, CDCls)
8 7.59 (d, J=7.8 Hz, 1H), 7.24 (t, J= 7.5 Hz, 1H), 7.15 (t, J= 7.3 Hz, 1H), 7.08 (d, J
= 7.6 Hz, 1H), 7.04 (d, J = 8.6 Hz, 2H), 6.92 (s, 1H), 6.79 (d, J = 8.6 Hz, 2H), 5.16 (s,

2H), 3.73 (s, 3H), 3.00 (t, J= 6.5 Hz, 2H), 2.90 (t, J= 6.5 Hz, 2H), 2.33 (s, 2H).

6. General Procedures for the Preparation of E4-E6 and

Characterization Data
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R NH, 1. phthalic anhydride, Tol, reflux R NH,

N 2. Boc,0, TEA, DMAP, DCM N\
R2 H 3. NH;NHo*H,0, EtOH, reflux R2 N
B

D4-D6 E4-E6 O

To a solution of compounds D4-D6 (10 mmol) in toluene was added phthalic
anhydride (11 mmol, 1.63 g) under the N> atmosphere, and the mixture was stirred
overnight at reflux temperature. The solution was concentrated in vacuo, which was
recrystallized from CH>Cl, and hexane to give the yellow solid.
To the solution of the yellow solid obtained above in DCM was added di-tert-butyl
dicarbonate (12 mmol, 2.62 g) and 4-dimethylaminopyridine (I mmol, 122 mg) under
the N, atmosphere at 0 °C, and the mixture was stirred at room temperature for 20 min.
The reaction was quenched by addition of water, then the residue was added more
DCM, and was first washed with water and saturated brine, and then dried over
anhydrous Na>SOs. The extract was concentrated in vacuo to give yellow solid
without further purification.
A solution of the yellow solid and hydrazine monohydrate (50 mmol, 2.50 g, 2.43 mL)
in ethanol was stirred overnight at reflux temperature. The reaction was quenched by
addition of 2 N NaOH, then the residue was extracted with ethyl acetate for 3 times,
and the combined organic extracts were first washed with water and saturated brine,
then dried over anhydrous Na;SOas. The extract was concentrated in vacuo, and the
residue was purified by a flash column chromatography on silica gel (DCM/MeOH).
tert-Butyl 3-(2-aminoethyl)-1H-indole-1-carboxylate (E4)
NH,
A\
N

Boc
E4

White solid in 78% vyield; Rf = 0.2 (DCM/MeOH = 10:1); 'H NMR (400 MHz,
DMSO-ds) & 8.05 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.59 (s, 1H), 7.39 —
7.31 (m, 1H), 7.30 — 7.22 (m, 1H), 3.43 (s, 2H), 3.08 (dd, J = 11.2, 4.5 Hz, 2H), 3.04
—2.95 (m, 2H), 1.62 (s, 9H).
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tert-Butyl 3-(2-aminoethyl)-5-chloro-1H-indole-1-carboxylate (ES)

Cl NH,
A\

Boc
E5

White solid in 82% yield; Ry = 0.2 (DCM/MeOH = 10:1); '"H NMR (400 MHz,
DMSO-ds) 6 8.02 (d, J=8.8 Hz, 1H), 7.78 (d, J= 1.6 Hz, 1H), 7.66 (s, 1H), 7.36 (d, J
= 8.8 Hz, 1H), 3.53 (s, 2H), 3.08 — 3.01 (m, 2H), 3.01 — 2.92 (m, 2H), 1.62 (s, 9H).
tert-Butyl 3-(2-aminoethyl)-6-methyl-1H-indole-1-carboxylate (E6)

NH,
N\
Me N

Boc

E6
White solid in 83% yield; R¢ = 0.2 (DCM/MeOH = 10:1); Mp 211.7 — 213.1 °C; 'H
NMR (400 MHz, DMSO-ds) 6 7.98 (d, J = 64.6 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H),
7.49 (s, 1H), 7.10 (d, J = 7.7 Hz, 1H), 3.34 (s, 2H), 3.12 — 3.01 (m, 2H), 3.00 — 2.90
(m, 2H), 2.43 (s, 3H), 1.62 (s, 9H); 3C NMR (100 MHz, DMSO-ds) & 149.0, 135.3,
133.9, 127.6, 123.89, 123.06, 118.8, 116.1, 115.0, 83.4, 38.6, 27.7, 23.0, 21.6; IR
(thin film, cm™): 3424, 3128, 2984, 2936, 1732, 1635, 1599, 1514, 1491, 1453, 1384,
1366, 1319; HRMS (ESI): m/z Caled. for CisH23N202 [M+H]" 275.1754, Found
275.1758.

7. General Procedures for the Preparation of F1-F21 and

Characterization Data

0 0
1 NH N 1 N
R L cic11 R* R N HK \
- N HATU, DIPEA o N R
R3 RS
E1-E6 F1-F28
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To a solution of acids C1-C11 (5.7 mmol) and HATU (6.3 mmol, 2.40 g) in DCM (50

mL) was added DIPEA (11.4 mmol, 1.47 g) at 0 °C, and the reaction was stirred at

room temperature for 20 min. Then a solution of E1-E6 (5.7 mmol) in DCM was

added at 0 °C, and the reaction was stirred at room temperature for another 3 h. The

reaction was quenched by addition of water, then the residue was added more DCM,
and was first washed with water and saturated brine, and then dried over anhydrous
NaxSOs. The extract was concentrated in vacuo, and the residue was purified by a
flash column chromatography on silica gel (EtOAc/petroleum ether) to give the
products F1-F28.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)but-2-ynamide (F1)
O

N
HK

A\ Me
N

Bn
F1

White solid in 67% yield; R = 0.2 (EtOAc/petroleum ether = 1:5); Mp 110.5 —
112.1 °C; The ratio of major rotamer and minor rotamer is 10:1; '"H NMR (600 MHz,
DMSO-ds) (major rotamer) 6 8.59 (t, J = 5.6 Hz, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.39
(d, J=8.2 Hz, 1H), 7.31 (S, 1H), 7.29 (t, J = 7.4 Hz, 2H), 7.23 (t, J = 7.3 Hz, 1H),
7.18 (d,J=7.2 Hz, 2H), 7.08 (t, J = 7.6 Hz, 1H), 7.01 (t, J= 7.4 Hz, 1H), 5.35 (s, 2H),
3.37-3.32 (m, 2H), 2.83 (t,J = 7.5 Hz, 2H), 1.94 (s, 3H); (minor rotamer) o 8.05 (t, J
=6.2 Hz, 1H), 7.56 (d, /= 7.8 Hz, 1H), 7.39 (d, J= 8.2 Hz, 1H), 7.31 (s, 1H), 7.29 (t,
J=17.4Hz, 2H), 7.23 (t,J= 7.3 Hz, 1H), 7.18 (d, J= 7.2 Hz, 2H), 7.08 (t, /= 7.6 Hz,
1H), 7.01 (t, J= 7.4 Hz, 1H), 5.36 (s, 2H), 3.49 (dd, J = 14.4, 6.7 Hz, 2H), 2.87 (t, J=
7.5Hz , 2H), 1.84 (s, 3H); *C NMR (150 MHz, DMSO-ds) (major rotamer) § 152.5,
138.4, 136.0, 128.5, 127.8, 127.6, 127.0, 126.6, 121.3, 118.6, 118.6, 111.5, 110.1,
82.1, 75.8, 48.9, 24.7, 3.0; IR (thin film, cm™): 3435, 3252, 2921, 2849, 2257, 1622,
1538, 1468; HRMS (ESI): m/z Calcd. for C2iH2N,O [M+H]" 317.1648, Found
317.1649.
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N-(2-(1-Benzyl-5-chloro-1H-indol-3-yl)ethyl)but-2-ynamide (F2)

0]

cl HK

A\ Me
N

Bn
F2

Yellow oil in 71% yield; R = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 12.5:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer)
0 8.57 (t,J=5.7 Hz, 1H), 7.58 (d, /= 2.0 Hz, 1H), 7.44 — 7.41 (m, 1H), 7.39 (s, 1H),
7.29 (dd, J=10.2, 4.5 Hz, 2H), 7.23 (t, /= 7.3 Hz, 1H), 7.17 (d, J = 7.2 Hz, 2H), 7.10
— 7.06 (m, 1H), 5.36 (s, 2H), 3.34 — 3.29 (m, 2H), 2.81 (t, J = 7.3 Hz, 2H), 1.94 (s,
3H); (minor rotamer) 6 8.04 (t, /= 6.3 Hz, 1H), 7.60 (d, /= 2.0 Hz, 1H), 7.42 (dd, J =
8.7, 4.6 Hz, 1H), 7.39 (s, 1H), 7.29 (dd, J = 10.2, 4.5 Hz, 2H), 7.23 (t,J = 7.3 Hz, 1H),
7.17 (d,J=17.2 Hz, 2H), 7.10 — 7.07 (m, 1H), 5.38 (s, 2H), 3.47 (dd, J = 14.1, 6.8 Hz,
2H), 2.86 — 2.83 (m, 2H), 1.85 (s, 3H); *C NMR (150 MHz, DMSO-ds) & 154.9,
152.5, 138.1, 138.0, 134.6, 134.5, 129.0, 129.0, 128.9, 128.6, 128.5, 127.4, 127.0,
126.9, 123.5, 121.1, 118.0, 117.9, 111.8, 111.7, 111.5, 110.9, 87.7, 82.2, 75.8, 73.3,
65.7, 49.1, 43.3, 39.6, 24.4, 23.7, 14.0, 3.0; IR (thin film, cm™): 3438, 3249, 3061,
3026, 2989, 2916, 2835, 2257, 1620, 1542, 1491, 1472, 1451, 1384, 1353; HRMS
(ESI): m/z Calcd. for C21Hi9CIN2ONa [M+Na]" 373.1078, Found 373.1078.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-cyclopropylpropiolamide (F3)

F3
Brown oil in 58% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.54 (t,J=5.6 Hz, 1H), 7.53 (d, J= 7.8 Hz, 1H), 7.39 (d, /= 8.2 Hz, 1H), 7.31 - 7.27
(m, 3H), 7.23 (t, J = 7.3 Hz, 1H), 7.18 (d, J = 7.2 Hz, 2H), 7.08 (t, J = 7.2 Hz, 1H),
7.00 (t, J = 7.4 Hz, 1H), 5.35 (s, 2H), 3.35 — 3.30 (m, 2H), 2.82 (t, J = 7.5 Hz, 2H),
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1.45 (tt, J = 8.3, 5.0 Hz, 1H), 0.92 — 0.88 (m, 2H), 0.75 — 0.71 (m, 2H); (minor
rotamer) 3 8.03 (t, J = 6.2 Hz, 1H), 7.56 (d, J= 7.9 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H),
7.33 - 7.26 (m, 3H), 7.23 (t, J = 7.3 Hz, 1H), 7.18 (d, J = 7.2 Hz, 2H), 7.08 (t, J= 7.2
Hz, 1H), 7.00 (t, J = 7.4 Hz, 1H), 5.36 (s, 3H), 3.45 (dd, J = 14.5, 6.8 Hz, 2H), 2.87 —
2.84 (m, 2H), 1.48 — 1.43 (m, 1H), 0.85 (dt, J = 6.6, 4.0 Hz, 2H), 0.63 — 0.60 (m, 2H);
13C NMR (150 MHz, DMSO-ds) § 152.5, 138.4, 138.4, 128.6, 128.5, 127.8, 127.3,
127.03, 127.0, 126.6, 121.3, 118.6, 118.6, 111.6, 111.5, 111.0, 110.2, 110.1, 89.0,
71.6, 48.9, 26.6, 24.7, 8.7, 8.4, -1.1, -1.2; IR (thin film, cm™"): 3437, 2987, 2953, 2923,
2852, 1654, 1629, 1606, 1548, 1530, 1490; HRMS (ESI): m/z Calcd. for
C23H2N,ONa [M+Na]" 365.1624, Found 365.1631.

3-Cyclopropyl-N-(2-(1-(4-methoxybenzyl)-1 H-indol-3-yl)ethyl)propiolamide (F4)
0]

N™
\H\
N

PMmB
F4

Brown oil in 55% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.54 (t, J=5.5 Hz, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.41 (d, J = 8.2 Hz, 1H), 7.28 (s,
1H), 7.16 (d, J = 8.6 Hz, 2H), 7.08 (t, /= 7.4 Hz, 1H), 7.00 (t, J/ = 7.4 Hz, 1H), 6.85
(d, J=8.6 Hz, 2H), 5.25 (s, 2H), 3.69 (s, 3H), 3.35 - 3.30 (m, 2H), 2.81 (t,J = 7.5 Hz,
2H), 1.48 — 1.43 (m, 1H), 0.92 — 0.88 (m, 2H), 0.75 — 0.71 (m, 2H); (minor rotamer) 0
8.04 (t, /= 6.3 Hz, 1H), 7.55 (d, J= 7.8 Hz, 1H), 7.37 (dd, J = 8.1, 3.6 Hz, 1H), 7.23
(s, 1H), 7.13 (d, J= 7.2 Hz, 1H), 7.08 (t, J = 7.4 Hz, 1H), 7.05 — 7.02 (m, 2H), 7.00 (t,
J=17.4Hz, 1H), 6.79 (d, J = 8.5 Hz, 1H), 5.27 (s, 2H), 3.72 (s, 3H), 3.45 (dd, J = 14.4,
6.8 Hz, 2H), 2.87 — 2.82 (m, 2H), 1.43 — 1.38 (m, 1H), 0.87 — 0.84 (m, 2H), 0.63 (dt, J
= 6.7, 4.0 Hz, 2H); *C NMR (150 MHz, DMSO-ds) & 158.4, 154.4, 153.6, 136.0,
135.9, 130.2, 130.1, 129.5, 128.4, 128.4, 127.8, 127.7, 127.3, 126.9, 121.3, 118.7,
118.7, 118.4, 118.3, 113.9, 113.8, 110.3, 110.2, 109.8, 109.6, 100.8, 98.3, 76.9, 75.5,
68.7, 67.5, 65.6, 63.5, 55.0, 51.6, 48.5, 48.4, 47.1, 23.5, 22.6, 9.2, 9.0, -0.9, -1.1; IR
(thin film, cm™): 3430, 3325, 2927, 2900, 2833, 1719, 1611, 1511, 1464, 1332;
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HRMS (ESI): m/z Calcd. for C24H24N>02Na [M+Na]" 395.1730, Found 395.1732.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)hex-2-ynamide (F5)
0]

N \
\
\ H

Bn
F5

Yellow oil in 58% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.60 (t, J = 5.6 Hz, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.31 (s,
1H), 7.29 (t, J= 7.4 Hz, 2H), 7.23 (t, J= 7.3 Hz, 1H), 7.18 (d, J = 7.3 Hz, 2H), 7.09 (t,
J=17.5Hz, 1H), 7.01 (t,J=7.4 Hz, 1H), 5.35 (s, 2H), 3.36 (q, J = 7.4 Hz, 2H), 2.85 (t,
J=17.4Hz, 2H), 2.30 (t, J = 7.0 Hz, 2H), 1.54-1.46 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H);
(minor rotamer) 'H NMR (600 MHz, DMSO-ds) § 8.09 (t, J = 6.2 Hz, 1H), 7.55 (d, J
=7.8 Hz, 1H), 7.39 (d, J=8.2 Hz, 1H), 7.31 (s, 1H), 7.29 (t,J = 7.4 Hz, 2H), 7.23 (t,
J=173Hz, 1H), 7.18 (d, J=7.3 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 7.01 (t, J = 7.4 Hz,
1H), 5.36 (s, 2H), 3.52 (dd, J = 14.3, 6.8 Hz, 2H), 2.90 — 2.87 (m, 2H), 2.20 (t, /= 7.0
Hz, 2H), 1.40 (dq, J = 14.3, 7.2 Hz, 2H), 0.87 (t, J= 7.4 Hz, 3H); *C NMR (150 MHz,
DMSO-ds) 6 154.9, 152.5, 138.3, 138.3, 136.1, 136.0, 128.5, 127.8, 127.7, 127.2,
127.0, 126.9, 126.9, 126.6, 121.2, 118.6, 118.6, 118.5, 111.5, 111.0, 110.1, 110.0,
91.4, 85.5, 76.6, 74.2, 48.9, 43.4, 26.6, 24.7, 20.9, 20.8, 19.6, 19.6, 13.3 , 13.3; IR
(thin film, cm™): 3278, 3056, 2963, 2933, 2244, 1721, 1535, 1497, 1466, 1274;
HRMS (ESI): m/z Calcd. for C23HasN>O [M+H]" 345.1961, Found 345.1970.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-4,4-dimethylpent-2-ynamide (F6)
0]
CR Y

Bn
F6

White oil in 72% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.56 (t, J=5.5 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.31 (s,
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1H), 7.29 (t, /= 7.4 Hz, 2H), 7.23 (t, /= 7.3 Hz, 1H), 7.19 (d, J= 7.4 Hz, 2H), 7.08 (t,
J=17.5Hz, 1H), 7.01 (t, J= 7.4 Hz, 1H), 5.35 (s, 2H), 3.37 — 3.33 (m, 2H), 2.84 (t, J
=7.5 Hz, 2H), 1.23 (s, 9H); (minor rotamer) 6 8.08 (t, /= 6.2 Hz, 1H), 7.54 (d, /= 7.8
Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.31 (s, 1H), 7.29 (t, J= 7.4 Hz, 2H), 7.23 (t, J =
7.3 Hz, 1H), 7.19 (d, /= 7.4 Hz, 2H), 7.08 (t, /= 7.5 Hz, 1H), 7.01 (t, J=7.4 Hz, 1H),
5.36 (s, 2H), 3.50 (dd, J = 14.1, 6.8 Hz, 2H), 2.90 — 2.86 (m, 2H), 1.12 (s, 9H); 1*C
NMR (150 MHz, DMSO-ds) 6 155.0, 152.6, 138.4, 138.3, 128.5, 127.8, 127.7, 127.3,
127.0, 127.0, 126.9, 126.6, 121.3, 118.7, 118.6, 118.5, 111.5, 111.0, 110.2, 110.1,
92.7,75.0,72.6, 54.3, 48.9, 43.5, 30.0, 29.8, 27.5, 27.1, 26.9, 26.5, 24.7; IR (thin film,
cm™): 3409, 3057, 3030, 2970, 2929, 2715, 2602, 1950, 1880, 1724, 1630, 1467,
1453; HRMS (ESI): m/z Caled. for C2sH26N,ONa [M+Na]® 381.1937, Found
381.1941.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-phenylpropiolamide (F7)

o)
N™ S
AN
A H
N
Bn  F7

Brown oil in 68% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; "H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.93 (t,J=5.7 Hz, 1H), 7.60 — 7.55 (m, 3H), 7.53 — 7.49 (m, 1H), 7.46 (t, /= 7.3 Hz,
2H), 7.40 (t, J = 5.4 Hz, 1H), 7.35 (s, 1H), 7.27 (t, J = 7.4 Hz, 2H), 7.23 — 7.18 (m,
3H), 7.09 (t, J=7.5 Hz, 1H), 7.02 (t, J= 7.4 Hz, 1H), 5.36 (s, 2H), 3.45 (dd, J = 13.6,
7.1 Hz, 2H), 2.91 (t, J = 7.5 Hz, 2H); (minor rotamer) ¢ 8.35 (t, /= 6.3 Hz, 1H), 7.59
—7.55 (m, 3H), 7.52 — 7.49 (m, 1H), 7.40 (t,J = 5.4 Hz, 2H), 7.36 (d, /= 8.6 Hz, 1H),
7.33 (s, 1H), 7.23 (d, J= 7.9 Hz, 2H), 7.15 (d, J = 7.1 Hz, 3H), 7.06 (d, J = 7.5 Hz,
1H), 6.91 (t, J = 7.4 Hz, 1H), 3.62 (dd, J = 14.1, 6.8 Hz, 2H), 2.97 — 2.94 (m, 2H); 1*C
NMR (150 MHz, DMSO-ds) 6 152.3, 138.4, 138.3, 136.1, 136.1, 132.1, 132.1, 130.3,
130.2, 129.0, 128.8, 128.5, 128.4, 127.8, 127.2, 127.2, 127.0, 126.9, 126.7, 121.3,
119.9, 119.7, 118.7, 118.6, 118.6, 111.5, 111.0, 110.2, 110.1, 88.1, 84.2, 82.9, 48.9,
43.6, 26.6, 24.6; IR (thin film, cm™): 3438, 3276, 2928, 2849, 1630, 1488, 1466, 1382;
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HRMS (ESI): m/z Caled. for C26H23N20 [M+H]" 401.1624, Found 401.1621.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(4-fluorophenyl)propiolamide (F8)
@)

N \
\
\ H

F
B
" rs

Brown oil in 70% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.92 (t,J=5.5Hz, 1H), 7.64 (dd, J = 8.0, 5.7 Hz, 2H), 7.57 (d, J = 7.8 Hz, 1H), 7.40
(d, J=8.2 Hz, 1H), 7.34 (s, 1H), 7.32 (t, J = 8.8 Hz, 2H), 7.27 (t, J = 7.4 Hz, 2H),
7.20 (dd, J=14.9, 7.5 Hz, 3H), 7.09 (t, J=7.5 Hz, 1H), 7.02 (t, /= 7.4 Hz, 1H), 5.36
(s, 2H), 3.44 (dd, J = 13.6, 6.8 Hz, 2H), 2.90 (t, J = 7.4 Hz, 2H); (minor rotamer) 6
8.35-8.32 (m, 1H), 7.57 (d, J="7.8 Hz, 1H), 7.40 (d, /= 8.2 Hz, 1H), 7.32 (t, /= 8.8
Hz, 2H), 7.27 (t, J = 7.4 Hz, 2H), 7.24 (s, 1H), 7.20 (dd, J = 14.9, 7.5 Hz, 3H), 7.15 (d,
J =15 Hz, 2H), 7.09 (t, /= 7.5 Hz, 1H), 6.91 (t, J= 7.4 Hz, 1H), 5.36 (s, 2H), 3.60
(dd, J = 13.5, 6.7 Hz, 2H), 2.95 — 2.92 (m, 2H); '3C NMR (150 MHz, DMSO-d;) §
163.7, 162.0, 154.6, 152.2, 138.4, 138.3, 136.1, 136.1, 134.7, 134.7, 134.6, 128.5,
128.4, 127.8, 127.8, 127.3, 127.2, 127.1, 127.0, 126.9, 126.7, 121.3, 118.6, 118.5,
116.4, 116.4, 116.3, 116.2, 116.1, 111.4, 111.0, 110.2, 110.1, 84.0, 81.9, 81.53, 54.9,
48.9, 43.6, 26.6, 24.7; IR (thin film, cm™): 3436, 2985, 2924, 1722, 1629, 1530, 1488,
1464, 1384; HRMS (ESI): m/z Caled. for CosH2FN,O [M+H]" 419.1530, Found
419.1545.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(4-chlorophenyl)propiolamide (F9)

o)
N X
H X
A\
N
.- Cl
F9

Brown oil in 63% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 2.2:1; 'TH NMR (600 MHz, DMSO-ds) (major rotamer)
0 8.71 (t, J=5.5 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 7.9 Hz, 1H), 7.54 —
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7.51 (m, 2H), 7.40 (d, J = 8.5 Hz, 2H), 7.33 (s, 1H), 7.26 (dt, J = 7.2, 6.7 Hz, 3H),
7.17 (d, J=6.9 Hz, 2H), 7.09 (t, /= 7.6 Hz, 1H), 7.04 — 6.99 (m, 1H), 5.35 (d, J=6.1
Hz, 2H), 3.57 (dd, J = 13.4, 7.0 Hz, 2H), 2.98 (t, J = 7.4 Hz, 2H); (minor rotamer) o
8.33 (t,J=5.7Hz, 1H), 7.87 (d, J= 8.5 Hz, 1H), 7.58 (t, /= 7.3 Hz, 1H), 7.54 — 7.51
(m, 1H), 7.40 (d, J= 8.5 Hz, 3H), 7.29 — 7.23 (m, 2H), 7.22 — 7.20 (m, 3H), 7.17 (d, J
= 6.9 Hz, 2H), 7.09 (t, J = 7.6 Hz, 1H), 5.35 (d, J = 6.1 Hz, 2H), 3.34 (dd, J = 13.5,
7.0 Hz, 2H), 2.79 (t, J = 7.3 Hz, 2H); *C NMR (150 MHz, DMSO-ds) § 165.1, 162.5,
139.7, 138.4, 138.4, 136.1, 135.9, 135.2, 134.1, 133.8, 133.4, 130.4, 129.2, 129.1,
128.5, 128.4, 128.3, 127.9, 127.8, 127.8, 127.3, 127.3, 127.0, 127.0, 126.6, 124.8,
121.3, 118.7, 118.7, 118.6, 111.8, 111.6, 110.1, 49.0, 48.9, 40.2, 25.0, 24.7; IR (thin
film, cm™): 3439, 2988, 2924, 2853, 1631, 1486, 1466, 1003; HRMS (ESI): m/z Calcd.
for C26H21CIN2ONa [M+Na]" 435.1235, Found 435.1243.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(4-bromophenyl)propiolamide (F10)

0]
N™
H A
N
NBH Br
F10

Brown oil in 70% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.96 (t,J=5.7 Hz, 1H), 7.70 — 7.65 (m, 2H), 7.57 (d, /= 7.9 Hz, 1H), 7.52 — 7.49 (m,
2H), 7.40 (d, J = 8.2 Hz, 1H), 7.34 (s, 1H), 7.27 (t, J= 7.4 Hz, 2H), 7.20 (d, J= 7.3
Hz, 1H), 7.19 (d, J = 7.3 Hz, 2H), 7.11 — 7.07 (m, 1H), 7.02 (t, J = 7.2 Hz, 1H), 5.36
(s, 1H), 3.44 (dd, J = 13.6, 7.2 Hz, 2H), 2.90 (t, J = 7.4 Hz, 2H); (minor rotamer) 0
8.37 (t,J=6.4 Hz, 1H), 7.59 (d, J= 1.8 Hz, 2H), 7.57 (d, J= 7.9 Hz, 1H), 7.40 (d, J =
8.2 Hz, 1H), 7.31 (s, 1H), 7.27 (t, J= 7.4 Hz, 2H), 7.23 (d, /= 1.5 Hz, 1H), 7.19 (d, J
= 7.3 Hz, 2H), 7.14 (d, J = 7.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 1H), 6.92 (t, /= 7.3 Hz,
1H), 5.35 (s, 2H), 3.60 (dd, J = 13.8, 6.9 Hz, 2H), 2.94 — 2.92 (m, 2H); *C NMR (150
MHz, DMSO-ds) 6 154.5, 152.1, 138.4, 138.3, 136.1, 136.1, 134.1, 133.9, 132.1,
131.9, 128.5, 128.4, 127.8, 127.8, 127.3, 127.2, 127.2, 127.0, 126.8, 126.7, 123.9,
123.9, 121.3, 119.2, 118.9, 118.6, 118.5, 111.4, 111.0, 110.2, 110.1, 86.9, 85.1, 82.7,
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81.8, 48.9, 43.6, 26.6, 24.7; IR (thin film, cm™): 3439, 3285, 2988, 2955, 2927, 1630,
1463, 1385; HRMS (ESI): m/z Caled. for C26H21BrN2ONa [M+Na]" 479.0729, Found
479.0728.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(p-tolyl)propiolamide (F11)

(0]
N™
AN
A H
N
Bn Me
F11

Brown oil in 69% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.88 (t,J=5.7Hz, 1H), 7.57 (d,J= 7.9 Hz, 1H), 7.45 (d, /= 8.1 Hz, 2H), 7.40 (d, J =
8.2 Hz, 1H), 7.34 (s, 1H), 7.27 (t, J = 7.4 Hz, 4H), 7.23 — 7.18 (m, 3H), 7.09 (dd, J =
11.2, 3.9 Hz, 1H), 7.02 (t, J = 7.3 Hz, 1H), 5.36 (s, 2H), 3.44 (dd, J = 13.6, 7.2 Hz,
2H), 2.90 (t, J= 7.5 Hz, 2H), 2.34 (s, 3H); (minor rotamer) 6 8.30 (t, J = 6.4 Hz, 1H),
7.57 (d, J=79 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.37 (d, J = 8.3 Hz, 2H), 7.32 (s,
1H), 7.24 (d, J= 7.6 Hz, 3H), 7.23 — 7.18 (m, 1H), 7.15 (d, /= 6.9 Hz, 3H), 7.09 (dd,
J=11.2,39Hz, 1H), 6.93 (t, /=7.5 Hz, 1H), 5.35 (s, 2H), 3.61 (dd, /= 14.2, 6.7 Hz,
2H), 2.95 — 2.93 (m, 2H), 2.33 (s, 3H); '3C NMR (150 MHz, DMSO-ds) & 152.4,
151.9, 140.4, 140.3, 138.4, 138.3, 136.1, 136.1, 132.1, 132.0, 129.6, 129.5, 128.5,
128.4, 127.6, 127.84, 127.77, 127.24, 127.20, 127.0, 126.95, 126.9, 126.7, 121.3,
121.2, 118.7, 118.6, 118.5, 116.9, 116.7, 111.5, 111.0, 110.16, 110.10, 88.5, 83.8,
83.2, 81.4, 68.6, 48.9, 43.6, 26.6, 24.7, 21.2; IR (thin film, cm™): 3437, 3275, 2985,
2922, 2855, 1631, 1466, 1452, 1384; HRMS (ESI): m/z Calcd. for C27H24N2ONa
[M+Na]" 415.1781, Found 415.1785.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(zert-butyldiphenylsilyl)propiolamide (F12)

O
NJL\§§\
A\ H AN

N
Bn

TBDPS

F12

S19



Brown oil in 57% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 5.5:1; 'H NMR (600 MHz, CDCl3) (major rotamer) &
7.67 —7.65 (m, 1H), 7.65 —7.61 (m, 4H), 7.53 (d, J=7.9 Hz, 1H), 7.31 (t, /= 7.4 Hz,
2H), 7.28 (d, J = 8.9 Hz, 1H), 7.24 (d, J = 9.6 Hz, 1H), 7.18 — 7.15 (m, 2H), 7.15 —
7.13 (m, 2H), 7.11 (d, J= 7.1 Hz, 1H), 7.10 — 7.07 (m, 1H), 7.00 (dd, J = 13.4, 7.4 Hz,
3H), 6.88 (s, 1H), 5.97 (t, J=5.4 Hz, 1H), 5.15 (s, 2H), 3.55 (q, /= 6.8 Hz, 1H), 2.92
(t, J=6.8 Hz, 1H), 0.99 (s, 9H); (minor rotamer) & 7.52 (d, J = 10.5 Hz, 1H), 7.44 (d,
J=17.9 Hz, 1H), 7.31 (t,J= 7.4 Hz, 3H), 7.28 (d, /= 8.9 Hz, 5H), 7.24 (d, J = 9.6 Hz,
2H), 7.15 - 7.13 (m, 3H), 7.10 — 7.06 (m, 2H), 6.96 (dd, J=9.4, 5.7 Hz, 2H), 6.77 (s,
1H), 5.77 (t, J= 6.1 Hz, 1H), 5.12 (s, 2H), 3.71 (dd, J = 13.5, 6.8 Hz, 2H), 2.97 - 2.93
(m, 2H), 1.01 (s, 9H); *C NMR (150 MHz, CDCl3) § 155.1, 152.6, 137.5, 136.9,
136.9, 136.1, 135.7, 135.7, 131.8, 131.7, 130.1, 130.1, 128.9, 128.2, 128.0, 127.8,
127.8, 126.9, 126.9, 126.5, 126.3, 122.2, 122.2, 119.5, 119.0, 118.8, 111.9, 111.0,
110.0, 110.0, 101.6, 99.1, 93.6, 86.7, 50.1, 50.1, 43.9, 40.6, 27.5, 27.1, 26.8, 25.2,
18.8, 18.8; IR (thin film, cm™): 3056, 2930, 1715, 1637, 1463, 1432; HRMS (ESI):
m/z Calcd. for C36H37N20Si [M+H]" 541.2670, Found 541.2679.
N-(2-(1-benzyl-5-fluoro-1H-indol-3-yl)ethyl)-3-(fert-butyldiphenylsilyl)propiolam
ide (F13)

o)
F NJ\
\©f\€/\H N 1BDPS
N F13

Brown oil in 49% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 12.5:1; 'H NMR (600 MHz, DMSO-djs) (major rotamer)
39.05 (t,J=5.8 Hz, 1H), 7.76 (d, J = 6.5 Hz, 4H), 7.51 — 7.42 (m, 7H), 7.41 (dd, J =
8.9,4.4 Hz, 1H), 7.35 (dd, J=9.9, 2.5 Hz, 1H), 7.29 — 7.24 (m, 2H), 7.22 — 7.17 (m,
3H), 6.94 (td, J=9.2, 2.6 Hz, 1H), 5.36 (s, 2H), 3.42 (td, J= 7.5, 5.7 Hz, 2H), 2.88 (t,
J=17.4 Hz, 2H), 1.05 (s, 9H); (minor rotamer) 6 8.51 (t, /= 6.3 Hz, 1H), 7.67 (d, J =
6.7 Hz, 4H), 7.51 — 7.47 (m, 3H), 7.46 (dt, J=3.2, 1.2 Hz, 2H), 7.44 (dd, /= 4.9, 3.2
Hz, 3H), 7.41 (dd, J= 8.9, 4.4 Hz, 1H), 7.35 (dd, J = 9.9, 2.5 Hz, 1H), 7.31 — 7.28 (m,
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2H), 7.22 (dd, J = 7.5, 1.6 Hz, 3H), 6.90 (m, 1H), 5.31 (s, 2H), 3.67 (dd, J = 14.2, 6.8
Hz, 2H), 2.94 (t, ] = 7.3 Hz, 2H), 0.96 (s, 9H); *C NMR (150 MHz, DMSO-d;) &
157.7, 156.2, 151.5, 138.1, 135.2, 135.0, 132.7, 131.3, 130.2, 128.7, 128.5, 128.5,
128.1, 128.1, 127.3, 127.03, 127.00, 111.7, 111.7, 111.2, 111.2, 109.4, 109.3, 103.5,
103.4, 102.8, 83.9, 49.2, 39.9, 26.7, 24.4, 18.1; IR (thin film, cm™): 3678, 3048, 2929,
2856, 1637, 1485, 1453, 1428, 1393, 1260, 1182, 1111, 1028; HRMS (ESI): m/z
Calcd. for C36H36FN2OSi [M+H]" 559.2575, Found 559.2571.

N-(2-(1-benzyl-5-chloro-1H-indol-3-yl)ethyl)-3-(zer-butyldiphenylsilyl)propiolam

ide (F14)
0
Cl NJ\
\©f\é/\H N 1BDPS
N
Bn F14

Brown oil in 55% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 15:1; 'TH NMR (600 MHz, DMSO-ds) (major rotamer) &
9.04 (t, J = 5.8 Hz, 1H), 7.75 (d, J = 6.4 Hz, 4H), 7.63 (s, 1H), 7.53 — 7.40 (m, 8H),
7.26 (t,J="7.5 Hz, 2H), 7.19 (dd, J = 14.6, 7.3 Hz, 3H), 7.09 (d, J= 6.7 Hz, 1H), 5.36
(s, 2H), 3.41 (dd, J = 13.4, 7.2 Hz, 2H), 2.89 (t, J = 7.4 Hz, 2H), 1.05 (s, 9H); (minor
rotamer) 6 8.50 (t, /= 6.3 Hz, 1H), 7.67 (dd, J = 10.4, 3.6 Hz, 4H), 7.60 — 7.57 (m,
1H), 7.38 (dd, J = 13.7, 6.2 Hz, 8H), 7.30 (dd, J = 12.8, 5.1 Hz, 2H), 7.22 (d, /= 7.6
Hz, 3H), 7.07 (d, J = 2.0 Hz, 1H), 5.31 (s, 2H), 3.66 (dd, J = 14.0, 6.8 Hz, 2H), 2.94
(dd, J=12.4, 5.1 Hz, 2H). 0.95 (d, J = 6.6 Hz, 9H); '3C NMR (150 MHz, DMSO-ds)
o 151.6, 135.2, 135.1, 134.6, 131.4, 130.2, 129.0, 128.6, 128.5, 128.2, 128.2, 127.4,
127.2, 123.6, 121.3, 118.0, 111.8, 111.6, 102.8, 84.0, 49.2, 40.0, 26.7, 24.4, 18.2; IR
(thin film, cm™): 3676, 3028, 2929, 1638, 1521, 1470, 1428, 1355, 1269, 1171, 1110;
HRMS (ESI): m/z Caled. for C3sH3sCIN,OSi [M+H]" 575.2280, Found 575.2277.
N-(2-(1-benzyl-5-methoxy-1H-indol-3-yl)ethyl)-3-(zert-butyldiphenylsilyl)propiol
amide (F15)
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Brown oil in 53% yield; R¢= 0.2 (EtOAc/petroleum ether = 1:5); 'TH NMR (600 MHz,
CDCl3) 6 7.74 — 7.69 (m, 4H), 7.45 — 7.33 (m, 7H), 7.24 (s, 1H), 7.23 - 7.19 (m, 1H),
7.14 (t,J= 8.9 Hz, 1H), 7.08 (dd, /= 14.8, 4.8 Hz, 3H), 6.96 (s, 1H), 6.85 (dd, J= 8.9,
2.3 Hz, 1H), 6.06 (s, 1H), 5.23 (s, 2H), 3.82 (d, J = 4.1 Hz, 3H), 3.65 (q, J = 6.7 Hz,
2H), 3.00 (t, J = 6.9 Hz, 2H), 1.10 (s, 9H); *C NMR (150 MHz, CDCl3) § 154.2,
152.6, 137.6, 135.7, 132.1, 131.8, 130.1, 128.9, 128.9, 128.4, 128.1, 128.1, 127.8,
126.9, 126.9, 112.5, 111.4, 110.9, 100.6, 86.9, 56.0, 50.3, 40.6, 27.1, 25.2, 18.8; IR
(thin film, cm™): 3677, 3030, 2926, 1643, 1519, 1465, 1428, 1356, 1269, 1192, 1113;
HRMS (ESI): m/z Calcd. for C37H39N20,Si [M+H]" 571.2275, Found 571.2277.

N-(2-(1-benzyl-5-fluoro-1H-indol-3-yl)ethyl)-3-(triisopropylsilyl)propiolamide

(F16)
O
F NJ\
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N
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Brown oil in 73% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 6 8.74 (t, J = 5.8 Hz, 1H), 7.39 (q, J = 4.4 Hz, 2H), 7.33 — 7.26 (m, 4H),
7.23 (t,J=7.4 Hz, 1H), 7.18 (d, J = 6.7 Hz, 2H), 6.92 (td, J = 9.2, 2.5 Hz, 1H), 5.34
(s, 2H), 3.35 (dd, J=13.4, 7.5 Hz, 5H), 2.83 (t, J = 7.4 Hz, 2H), 1.06 (d, J = 3.7 Hz,
21H); 3C NMR (150 MHz, DMSO-ds) § 158.2, 156.6, 152.2, 133.2, 129.0, 129.0,
128.9, 128.5, 128.5, 127.9, 127.5, 127.4, 112.2, 112.2, 111.7, 111.6, 109.9, 109.7,
104.0, 103.8, 101.5, 85.8, 49.6, 24.9, 18.8, 10.9; IR (thin film, cm™): 3677, 3221,
3053, 2942, 2865, 2891, 1787, 1708, 1631, 1495, 1465, 1288, 1246, 1171, 1056;
HRMS (ESI): m/z Caled. for C2oH3gFN>OSi [M+H]" 477.2732, Found 477.2731.
N-(2-(1-benzyl-1H-indol-3-yl)ethyl)-3-(triisopropylsilyl)propiolamide (F17)
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Brown oil in 77% yield; R¢= 0.2 (EtOAc/petroleum ether = 1:8); "H NMR (600 MHz,
DMSO-dys) 6 8.76 (t, J = 5.8 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.41 — 7.37 (m, 1H),
7.29 (dd, J = 15.6, 8.4 Hz, 2H), 7.22 (m, 1H), 7.20 — 7.14 (m, 2H), 7.11 — 7.03 (m,
1H), 7.04 — 6.95 (m, 1H), 5.35 (d, /= 4.2 Hz, 2H), 3.43 — 3.35 (m, 2H), 3.34 (s, 3H),
2.87 (t, J= 7.5 Hz, 2H), 1.07 (d, J = 3.8 Hz, 21H); *C NMR (150 MHz, DMS-ds) &
154.0, 151.7, 138.3, 138.2, 136.1, 136.0, 128.7, 128.6, 128.5, 127.8, 127.2, 127.2,
126.9, 126.5, 126.4, 121.3, 121.2, 118.6, 118.6, 111.5, 110.9, 110.0, 101.1, 85.8, 48.9,
26.4,24.6,18.3, 18.3, 18.2, 18.2, 10.5, 10.44, 10.40; IR (thin film, cm™): 3675, 3211,
3030, 2924, 2864, 2881, 1785, 1701, 1559, 1465, 1289, 1115; HRMS (ESI): m/z
Calcd. for C2oH39N>OSi [M+H]" 459.2826, Found 459.2827.

tert-butyl 3-(2-(but-2-ynamido)ethyl)-5-methyl-1H-indole-1-carboxylate (F18)

0
Me NJ\

N

Boc F18

Yellow oil in 53% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) '"H NMR (600 MHz, DMSO) § 8.60 (t, J = 5.6 Hz, 1H), 7.94 (t, J = 38.3
Hz, 1H), 7.41 (d, /= 33.2 Hz, 2H), 7.13 (dd, /= 8.4, 0.9 Hz, 1H), 3.43 — 3.26 (m, 2H),
2.78 (t,J= 7.0 Hz, 2H), 2.39 (s, 3H), 1.94 (s, 2H), 1.61 (s, 9H); *C NMR (150 MHz,
DMSO-ds) 6 152.5, 149.0, 133.0, 131.4, 130.4, 125.6, 123.0, 119.1, 117.7, 114.4,
83.3, 82.2, 75.7, 38.7, 27.7, 24.4, 20.9; IR (thin film, cm™): 3677, 2978, 2931, 2256,
1731, 1630, 1528, 1473, 1383, 1285, 1158, 1084; HRMS (ESI): m/z Calcd. for
C20H24N203Si [M+H]" 341.1860, Found 341.1862.

tert-Butyl 3-(2-(but-2-ynamido)ethyl)-6-methyl-1H-indole-1-carboxylate (F19)
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Brown oil in 69% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; 'H NMR (600 MHz, CDCls) (major rotamer) &
8.00 (s, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.34 (s, 1H), 7.08 (d, J = 7.9 Hz, 1H), 5.81 (s,
1H), 3.62 (dd, J = 13.1, 6.6 Hz, 2H), 2.90 (t, J = 6.9 Hz, 2H), 2.48 (s, 3H), 1.92 (s,
3H), 1.67 (s, 9H); (minor rotamer) 6 7.40 (d, J = 8.0 Hz, 1H), 7.38 (s, 1H), 7.34 (s,
1H), 7.08 (d, J = 7.9 Hz, 1H), 5.68 (s, 1H), 3.72 (dd, J = 13.5, 6.8 Hz, 2H), 2.93 —
2.88 (m, 2H), 2.48 (s, 3H), 1.94 (s, 3H), 1.67 (s, 9H); '*C NMR (150 MHz, CDCl3) &
156.2, 153.6, 149.9, 136.2, 134.8, 128.0, 124.2, 124.1, 123.1, 122.8, 118.6, 118.3,
117.4, 116.6, 115.9, 115.8, 100.1, 90.0, 83.6, 83.5, 75.0, 72.7, 42.9, 39.4, 28.4, 28.3,
26.9, 25.1, 22.1, 4.1, 3.8, 0.1; IR (thin film, cm™): 3436, 3321, 2987, 2835, 1723,
1629, 1605, 1489, 1460, 1441, 1384, 1307; HRMS (ESI): m/z Calcd. for
C20H24N203Na [M+Na]" 363.1679, Found 363.1685.

tert-butyl 3-(2-(but-2-ynamido)ethyl)-5-fluoro-1H-indole-1-carboxylate (F20)

)
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Yellow oil in 61% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 6 8.60 (t, J=5.6 Hz, 1H), 8.00 (d, J= 3.8 Hz, 1H), 7.56 (s, 1H), 7.42 (d, J
=9.1 Hz, 1H), 7.15 (t, J=9.1 Hz, 1H), 3.46 — 3.25 (m, 2H), 2.78 (t, /= 7.0 Hz, 2H),
1.94 (s, 3H), 1.61 (s, 9H); *C NMR (150 MHz, DMSO-ds): & 159.3, 157.7, 152.5,
148.8, 131.4, 131.3, 131.2, 124.7, 117.9, 117.8, 116.0, 115.9, 111.9, 111.8, 104.9,
104.8, 83.7, 82.3, 75.6, 54.9, 38.4, 27.6, 24.0, 2.4; IR (thin film, cm™): 3677, 3210,
3039, 2934, 2260, 2226, 1731, 1621, 1545, 1445, 1388; HRMS (ESI): m/z Calcd. for
C19H21N20O3 [M+H]" 345.1609, Found 345.1605.

tert-Butyl 3-(2-(but-2-ynamido)ethyl)-5-chloro-1H-indole-1-carboxylate (F21)

S24



N
cl H/M\SER\

Yellow oil in 64% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 5:1; 'H NMR (600 MHz, CDCl3) (major rotamer) & 8.06
(s, 1H), 7.49 (d, J= 1.4 Hz, 1H), 7.44 (s, 1H), 7.28 (d, J = 1.7 Hz, 1H), 5.84 (s, 1H),
3.60 (dd, J = 13.1, 6.7 Hz, 2H), 2.88 (t, J = 6.9 Hz, 2H), 1.93 (s, 3H), 1.66 (s, 9H);
(minor rotamer) o 8.06 (s, 1H), 7.49 (d, J= 1.4 Hz, 1H), 7.44 (s, 1H), 7.28 (d, J= 1.7
Hz, 1H), 5.79 (s, 1H), 3.70 (dd, J = 13.7, 6.9 Hz, 2H), 2.91 — 2.87 (m, 2H), 1.96 (s,
3H), 1.66 (s, 9H); 1*C NMR (150 MHz, CDCls) § 156.3, 153.7, 149.5, 134.1, 131.6,
128.5, 128.4, 125.2, 124.9, 124.7, 118.7, 118.5, 116.9, 116.7, 116.5, 116.0, 90.3, 84.3,
83.8,74.9,72.5,42.7,39.4, 29.8, 28.3, 28.3, 26.9, 25.0, 4.0, 3.8; IR (thin film, cm™):
3436, 3294, 2985, 2926, 2835, 1732, 1692, 1608, 1488, 1453, 1382; HRMS (ESI):
m/z Calcd. for C19H21CIN2O3Na [M+Na]* 383.1133 Found 383.1140.

tert-Butyl 3-(2-(3-cyclopropylpropiolamido)ethyl)-1H-indole-1-carboxylate (F22)
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Yellow oil in 74% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 10:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.58 (t, J = 5.6 Hz, 1H), 8.03 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.49 (s,
1H), 7.32 (t,J=7.6 Hz, 1H), 7.24 (t,J=7.5 Hz, 1H), 3.38 — 3.32 (m, 2H), 2.80 (t, J =
7.0 Hz, 2H), 1.62 (s, 9H), 1.48 — 1.42 (m, 1H), 0.89 (td, J = 6.7, 4.0 Hz, 2H), 0.74 —
0.71 (m, 2H); (minor rotamer) 6 8.20 (t, J = 5.4 Hz, 1H), 8.03 (d, J = 7.9 Hz, 1H),
7.60 (d,J=7.8 Hz, 1H), 7.49 (s, 1H), 7.32 (t, J= 7.6 Hz, 1H), 7.24 (t,J= 7.5 Hz, 1H),
3.49 (dd, J=13.4, 6.7 Hz, 2H), 2.85 — 2.81 (m, 2H), 1.62 (s, 9H), 1.41 — 1.36 (m, 1H),
0.87 — 0.83 (m, 2H), 0.63 (dt, J = 6.9, 4.2 Hz, 2H); *C NMR (150 MHz, DMSO-dj) §
154.9, 152.5, 149.1, 134.8, 130.2, 124.4, 123.4, 123.0, 122.5, 119.2, 119.1, 118.0,
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117.5, 114.8, 114.7, 95.0, 89.2, 83.5, 83.5, 71.5, 69.1, 54.9, 42.4, 38.6, 27.7, 25.9,
24.2,8.7,8.4,6.1,-1.3,-1.2; IR (thin film, cm™): 3434, 3285, 2977, 2931, 2875, 1729,
1629, 1535, 1453, 1372; HRMS (ESI): m/z Calcd. for Cz1H24N>03Na [M+Na]"
375.1679, Found 375.1681.

tert-Butyl 3-(2-(3-cyclopropylpropiolamido)ethyl)-6-methyl-1H-indole-1-

carboxylate (F23)
O
N™ ™
X
A\ H
Me N
Boc
F23

Yellow oil in 69% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 5:1; 'H NMR (600 MHz, CDCl3) (major rotamer) & 8.00
(s, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.33 (s, 1H), 7.08 (d, J = 7.9 Hz, 1H), 5.76 (s, 1H),
3.61 (dd, J = 13.0, 6.5 Hz, 2H), 2.89 (t, J = 6.8 Hz, 2H), 2.48 (s, 3H), 1.67 (s, 9H),
1.33 - 1.28 (m, 1H), 0.90 — 0.85 (m, 2H), 0.84 — 0.80 (m, 2H); (minor rotamer) 6 8.00
(s, 1H), 7.43 (d, J="7.9 Hz, 1H), 7.33 (s, 1H), 7.08 (d, /= 7.9 Hz, 1H), 5.36 — 5.34 (m,
1H), 3.69 (dd, J = 13.5, 6.8 Hz, 2H), 2.93 — 2.89 (m, 2H), 2.48 (s, 3H), 1.67 (s, 9H),
0.97 (dt, J=17.9, 4.1 Hz, 1H), 0.90 — 0.85 (m, 2H), 0.71 (td, J = 7.0, 3.9 Hz, 2H); *C
NMR (150 MHz, CDCl3) 6 173.7, 153.7, 149.9, 134.8, 128.1, 124.2, 124.1, 122.8,
122.7, 118.8, 118.7, 118.4, 117.9, 117.4, 116.6, 115.9, 115.8, 91.0, 83.6, 70.9, 42.9,
39.5,39.4,29.9, 29.5, 28.4, 28.3, 27.4, 26.8, 25.5, 25.2, 22.8, 22.1, 15.0, 14.3, 9.3, 8.9,
7.25, 0.1, -0.3, -0.6; IR (thin film, cm™): 3427, 3321, 2977, 2931, 2868, 2224, 1726,
1632, 1545, 1487, 1476, 1451, 1381; HRMS (ESI): m/z Calcd. for C22H26N203Na
[M+Na]" 389.1836, Found 389.1839.

tert-Butyl 3-(2-(hex-2-ynamido)ethyl)-1H-indole-1-carboxylate (F24)
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White oil in 63% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 6.7:1; 'H NMR (600 MHz, CDCl3) (major rotamer) &
8.14 (s, 1H), 7.54 (d, J = 7.7 Hz, 1H), 7.43 (s, 1H), 7.35 — 7.31 (m, 1H), 7.26 — 7.23
(m, 1H), 5.90 (s, 1H), 3.62 (q, J = 6.8 Hz, 2H), 2.96 — 2.91 (m, 2H), 2.24 (t, J=7.1
Hz, 2H), 1.67 (s, 9H), 1.60 — 1.52 (m, 2H), 1.01 — 0.96 (m, 3H); (minor rotamer) 0
8.14 (s, 1H), 7.51 (d, J = 7.8 Hz, 1H), 7.43 (s, 1H), 7.35 - 7.31 (m, 1H), 7.26 — 7.22
(m, 1H), 5.82 (t, /= 6.0 Hz, 1H), 3.73 (q, J = 6.8 Hz, 2H), 2.97 — 2.91 (m, 2H), 2.28 —
2.23 (m, 2H), 1.67 (s, 9H), 1.60 — 1.52 (m, 2H), 1.01 — 0.96 (m, 3H); '*C NMR (150
MHz, CDCL) 6 156.3, 153.7, 149.8, 135.7, 130.4, 124.7, 124.7, 123.7, 123.4, 122.7,
122.6,119.0, 118.7, 117.5, 116.7, 115.6, 115.4, 94.0, 87.5, 83.8, 75.7, 73.4, 43.0, 40.0,
29.8, 28.3, 28.3, 26.7, 25.1, 21.4, 21.4, 20.9, 20.6, 13.7, 13.6; IR (thin film, cm™):
3372, 3291, 3053, 2969, 2934, 2873, 2246, 1730, 1631, 1453, 1383; HRMS (ESI):
m/z Calcd. for C21H26N203Na [M+Na]" 377.1836, Found 377.1839.

tert-Butyl 3-(2-(hex-2-ynamido)ethyl)-6-methyl-1H-indole-1-carboxylate (F25)
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Yellow solid in 59% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); Mp 92.3 —
93.8 °C; The ratio of major rotamer and minor rotamer is 6.7:1; 'H NMR (600 MHz,
CDCl3) (major rotamer) 6 8.00 (s, 1H), 7.41 (d, J= 7.9 Hz, 1H), 7.34 (s, 1H), 7.08 (d,
J="1.7Hz, 1H), 5.87 (s, 1H), 3.61 (dd, J=12.9, 6.5 Hz, 2H), 2.90 (t, /= 6.8 Hz, 2H),
2.48 (s, 3H), 2.24 (t, J = 7.0 Hz, 2H), 1.66 (s, 9H), 1.60 — 1.51 (m, 2H), 0.98 (t, J =
7.3 Hz, 3H); (minor rotamer) ¢ 8.00 (s, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.34 (s, 1H),
7.08 (d, J="7.7 Hz, 1H), 5.77 (s, 1H), 3.71 (dd, J = 13.3, 6.6 Hz, 2H), 2.90 (t, J = 6.8
Hz, 2H), 2.48 (s, 3H), 2.30 — 2.26 (m, 2H), 1.66 (s, 9H), 1.60 — 1.52 (m, 2H), 1.01 —
0.96 (m, 3H); *C NMR (150 MHz, CDCl3) § 156.3, 153.3, 149.9, 136.2, 134.8, 128.1,
124.1, 124.1, 123.0, 122.7, 118.6, 118.3, 117.4, 116.6, 115.9, 115.7, 94.0, 87.5, 83.7,
83.6, 75.8, 73.4, 43.0, 39.5, 29.8, 28.3, 26.8, 25.1, 22.1, 21.4, 21.4, 20.9, 20.6, 13.7,
13.6; IR (thin film, cm™): 3433, 3296, 2968, 2932, 2872, 2245, 1728, 1630, 1530,
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1490, 1440, 1382; HRMS (ESI): m/z Calcd. for C22H2sN203Na [M+Na]" 391.1992,
Found 391.1997.
tert-Butyl 3-(2-(3-phenylpropiolamido)ethyl)-1H-indole-1-carboxylate (F26)
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Yellow oil in 70% yield; R¢ = 0.2 (EtOAc/petroleum ether = 1:5); The ratio of major
rotamer and minor rotamer is 6.7:1; '"H NMR (600 MHz, CDCls) & 8.14 (s, 1H), 7.56
(d, J=7.8 Hz, 1H), 7.50 — 7.47 (m, 2H), 7.46 (s, 1H), 7.39 (t, J= 7.5 Hz, 1H), 7.36 —
7.29 (m, 3H), 7.25 (t,J=7.3 Hz, 1H), 6.13 (s, 1H), 3.69 (q, J = 6.8 Hz, 2H), 2.97 (t, J
= 6.8 Hz, 2H), 1.66 (s, 9H); (minor rotamer) & 7.52 (d, J = 7.8 Hz, 1H), 7.50 — 7.48
(m, 1H), 7.42 (d, J= 7.5 Hz, 1H), 7.38 (q, J/ = 7.1 Hz, 1H), 7.36 — 7.29 (m, 2H), 7.25
(t, J=17.3 Hz, 3H), 7.17 (t, J = 7.5 Hz, 1H), 5.98 (t, J = 6.2 Hz, 1H), 3.81 (dd, J =
13.7, 6.9 Hz, 2H), 3.02 — 2.98 (m, 2H), 1.66 (s, 9H); 1*C NMR (150 MHz, CDCls) &
156.1, 153.6, 149.8, 135.7, 132.7, 132.6, 130.4, 130.3, 130.2, 128.7, 128.6, 124.8,
124.7, 123.7, 123.4, 122.7, 120.3, 120.2, 119.0, 118.7, 117.4, 116.6, 115.6, 115.5,
91.0, 84.9, 83.8, 83.1, 80.7, 43.2, 39.6, 28.3, 26.8, 25.1; IR (thin film, cm™): 3435,
3300, 3057, 2981, 2933, 2214, 1727, 1630, 1546, 1489, 1476, 1452, 1383, 1306;
HRMS (ESI): m/z Calcd. for C24H24N>O3Na [M+Na]" 411.1679, Found 411.1687.
tert-Butyl 3-(2-(4,4-dimethylpent-2-ynamido)ethyl)-1H-indole-1-carboxylate

(F27)
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White solid in 76% yield (EtOAc/petroleum ether = 1:5); Mp 77.2 — 78.9 °C; The
ratio of major rotamer and minor rotamer is 10:1; 'H NMR (600 MHz, DMSO-dy)
(major rotamer) 6 8.57 (t, J = 5.7 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 7.7
Hz, 1H), 7.49 (s, 1H), 7.32 (t, J= 7.5 Hz, 1H), 7.25 (t, J = 7.4 Hz, 1H), 3.37 (dd, J =
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13.2, 7.1 Hz, 2H), 2.81 (t, J= 7.0 Hz, 2H), 1.61 (s, 9H), 1.22 (s, 9H); (minor rotamer)
0 8.09 (t, J=6.3 Hz, 1H), 7.64 (d, /= 7.6 Hz, 1H), 7.60 (d, J = 7.7 Hz, 1H), 7.47 (s,
1H), 7.32 (t,J=7.5 Hz, 1H), 7.25 (t, /= 7.4 Hz, 1H), 3.51 (dd, J=13.4, 6.7 Hz, 2H),
2.85 (t, J= 7.0 Hz, 2H), 1.60 (s, 9H), 1.12 (s, 9H); 3C NMR (150 MHz, DMSO-djs) &
155.0, 152.6, 149.1, 134.8, 130.2, 124.4, 123.3, 123.0, 122.5, 119.2, 119.1, 118.0,
117.6, 114.7, 98.5, 92.8, 83.5, 83.4, 74.9, 72.4, 54.9, 42.7, 38.6, 30.0, 29.7, 27.7, 27 4,
27.0, 26.9, 25.7, 24.2; IR (thin film, cm™): 3439, 3295, 2970, 2926, 2866, 1730, 1630,
1476, 1453, 1382; HRMS (ESI): m/z Calcd. for C2H2sN>O3Na [M+Na]" 391.1992,
Found 391.1989.

tert-Butyl 3-(2-(but-2-ynamido)ethyl)-1H-indole-1-carboxylate (F28)

A\

O
N
HK
N

Boc pag

Me

White solid in 77% yield; R = 0.2 (EtOAc/petroleum ether = 1:5); Mp 117.6 —
119.1 °C; The ratio of major rotamer and minor rotamer is 6.7:1; '"H NMR (600 MHz,
CDCl3) (major rotamer) 6 8.13 (s, 1H), 7.53 (d, J = 7.8 Hz, 1H), 7.43 (s, 1H), 7.32 (t,
J=1.7Hz, 1H), 7.24 (t,J=7.5 Hz, 1H), 5.97 (s, 1H), 3.62 (q, J = 6.8 Hz, 2H), 2.92 (t,
J=6.8 Hz, 2H), 1.90 (s, 3H), 1.67 (s, 9H); (minor rotamer) 6 8.13 (s, 1H), 7.54 — 7.51
(m, 1H), 7.43 (s, 1H), 7.32 (t, J= 7.7 Hz, 1H), 7.24 (t, J = 7.5 Hz, 1H), 5.97 (s, 1H),
3.71 (q, J = 6.8 Hz, 1H), 2.94 — 2.91 (m, 1H), 1.91 (s, 1H), 1.67 (s, 9H); 3°C NMR
(150 MHz, CDCI3) & 156.3, 153.6, 149.8, 135.6, 130.3, 124.7, 123.7, 123.3, 122.7,
122.6,119.0, 118.7, 117.4, 116.7, 115.5, 115.4, 89.9, 83.8, 83.5, 75.0, 72.6, 42.8, 39.4,
28.3, 26.7, 3.9, 3.7; IR (thin film, cm™): 3440, 3219, 3047, 2982, 2938, 2861, 2260,
1733, 1718, 1626, 1545, 1452, 1384, 1356; HRMS (ESI): m/z Calcd. for
C19H22N203Na [M+Na]* 349.1523, Found 349.1528.

8. General Procedures for the Preparation of 1, la-laa and

Characterization Data
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F1-F28 1, 1a-1aa
To a solution of compounds F1-F28 (3.6 mmol) in anhydrous Tol (30 mL) was added
n-BuLi (4.3 mmol, 2.5 mol/L, 1.72 mL) at —78 °C under the N> atmosphere, and the
mixture was stirred at the same temperature for 10 min, and then warmed up to room
temperature, and stirred for 20 min. The mixture was added a solution of
phenyl(trimethylsilylethynyl)iodonium triflate (6.5 mmol, 2.93 g) in anhydrous DCM,
and was stirred for 12 h. then mixture was added TBAF (1 mmol, 1 mol/L, 1 mL) at
—10 °C, and stirred for 5 min. The reaction was quenched by addition of a saturated
solution of NH4Cl. The residue was extracted with ethyl acetate for 3 times, and the
combined organic extracts were first washed with water and saturated brine, and then
dried over anhydrous Na;SO4. The extract was concentrated in vacuo, and the residue
was purified by a flash column chromatography on silica gel (EtOAc/petroleum
ether).

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-N-ethynylbut-2-ynamide (1)

(0]
NJ\
AN ‘ N Me
el
Bn

1

Brown oil in 78% yield; Rs= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
7.56 (d,J=7.8 Hz, 1H), 7.38 (t, J = 8.9 Hz, 1H), 7.33 (s, 1H), 7.28 (t, /= 7.4 Hz, 2H),
7.22 (t,J=7.3 Hz, 1H), 7.15 (d, J= 7.0 Hz, 2H), 7.09 (t, J= 7.6 Hz, 1H), 7.03 (q, J =
7.5 Hz, 1H), 5.36 (s, 2H), 4.11 (s, 1H), 3.76 (t, J = 7.4 Hz, 2H), 3.00 (t, J = 7.4 Hz,
2H), 2.05 (s, 3H); (minor rotamer) 6 7.60 (d, J= 7.8 Hz, 1H), 7.38 (t, /= 8.9 Hz, 1H),
7.31 (s, 1H), 7.28 (t,J= 7.4 Hz, 2H), 7.22 (t,J= 7.3 Hz, 1H), 7.15 (d, /= 7.0 Hz, 2H),
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7.09 (t,J=7.6 Hz, 1H), 7.03 (q,J = 7.4 Hz, 1H), 5.37 (s, 2H), 3.96 (t,J = 6.7 Hz, 2H),
3.08 (t, J = 6.7 Hz, 2H), 1.64 (s, 2H); '*C NMR (150 MHz, DMSO-ds) & 154.4, 153.8,
138.3, 138.3, 136.1, 136.0, 128.5, 128.4, 127.9, 127.65, 127.60, 127.2, 127.1, 126.9,
126.8, 121.4, 121.3, 118.8, 118.4, 110.2, 110.2, 109.9, 109.7, 93.8, 91.4, 76.9, 75.5,
72.9, 71.5, 65.5, 63.5, 51.5, 48.9, 48.9, 47.2, 23.6, 22.6, 3.4, 3.0; IR (thin film, cm™):
3440, 2988, 2952, 2853, 2239, 1658, 1465, 1384; HRMS (ESI): m/z Calcd. for
C23H21N>O [M+H]" 341.1648, Found 341.1651.
N-(2-(1-Benzyl-5-chloro-1H-indol-3-yl)ethyl)-N-ethynylbut-2-ynamide (1a)

0
Cl NJ\
AN ‘ N Me
v
Bn 1a

Yellow oil in 40% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.2:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer)
07.61(d,J=1.9Hz, 1H), 7.40 (t,J=8.2 Hz, 2H), 7.28 (t, /= 7.4 Hz, 2H), 7.23 (t, J
=7.2 Hz, 1H), 7.13 (d, J = 7.3 Hz, 2H), 7.09 (dd, J = 8.7, 2.0 Hz, 1H), 5.38 (s, 2H),
4.09 (s, 1H), 3.74 (t, J = 7.1 Hz, 2H), 2.98 (t, J = 7.1 Hz, 2H), 2.05 (s, 3H); (minor
rotamer) 6 7.67 (d, J = 1.6 Hz, 1H), 7.40 (t, J = 8.2 Hz, 2H), 7.28 (t, J/ = 7.4 Hz, 2H),
7.23 (t, J=7.2 Hz, 1H), 7.13 (d, J = 7.3 Hz, 2H), 7.09 (dd, J = 8.7, 2.0 Hz, 1H), 5.39
(s, 2H), 4.11 (s, 1H), 3.95 (t, J = 6.5 Hz, 2H), 3.06 (t, J = 6.5 Hz, 2H), 1.68 (s, 3H);
3C NMR (150 MHz, DMSO-ds) & 154.4, 153.4, 138.0, 138.0, 134.7, 134.5, 129.5,
129.1, 128.9, 128.8, 128.5, 128.5, 127.3, 126.8, 126.8, 123.7, 121.3, 121.2, 117.9,
117.8,111.9, 111.8, 110.0, 109.6, 93.7, 91.5, 76.82, 75.4, 72.9, 71.4, 65.6, 63.5, 51.3,
49.09, 49.06, 47.2, 23.3, 22.3, 3.4, 3.0; IR (thin film, cm™): 3437, 3329, 2987, 2926,
2869, 2832, 1735, 1679, 1607, 1488, 1470, 1396; HRMS (ESI): m/z Calcd. for
C23H19CIN2ONa [M+Na]" 397.1078, Found 397.1073.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-cyclopropyl-/N-ethynylpropiolamide (1b)
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Brown oil in 45% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer)
07.55(d,J=7.8 Hz, 1H), 7.38 (dd, /= 7.9, 4.0 Hz, 1H), 7.32 (s, 1H), 7.29 — 7.26 (m,
2H), 7.22 (t,J=7.3 Hz, 1H), 7.15 (d, J= 7.3 Hz, 2H), 7.09 (dd, J = 13.5, 6.5 Hz, 1H),
7.03 (dt, J = 14.7, 7.5 Hz, 1H), 5.36 (s, 2H), 4.10 (s, 1H), 3.74 (t, J = 7.4 Hz, 2H),
2.99 (t, J = 7.3 Hz, 2H), 1.59 — 1.54 (m, 1H), 1.01 — 0.97 (m, 2H), 0.81 (dt, J = 6.8,
3.9 Hz, 2H); (minor rotamer) 6 7.59 (d, /= 7.8 Hz, 1H), 7.38 (dd, /= 7.9, 4.0 Hz, 1H),
7.29 (s, 1H), 7.29 — 7.26 (m, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.15 (d, J = 7.3 Hz, 2H),
7.09 (dd, J = 13.5, 6.5 Hz, 1H), 7.03 (dt, J = 14.7, 7.5 Hz, 1H), 5.38 (s, 2H), 4.11 (s,
1H), 3.91 (t, J = 6.7 Hz, 2H), 3.08 (t, J = 6.7 Hz, 2H), 1.29 — 1.25 (m, 1H), 0.80 —
0.76 (m, 2H), 0.50 — 0.45 (m, 2H); '*C NMR (150 MHz, DMSO-ds) § 154.4, 153.7,
138.3, 138.3, 136.0, 136.0, 128.49, 128.46, 127.8, 127.7, 127.5, 127.2, 127.22, 127.1,
126.9, 126.8, 121.4, 118.8, 118.8, 118.4, 118.3, 110.2, 110.2, 110.0, 109.7, 100.0,
98.2,76.9,75.5, 68.7,67.5,65.6, 63.4,51.5, 48.9, 48.2, 47.1, 23.5, 22.6, 9.3, 9.0, -0.9,
-1.1; IR (thin film, cm™): 3438, 3254, 3082, 3040, 2989, 2953, 2225, 1650, 1466,
1364; HRMS (ESI): m/z Caled. for CzsH»N>ONa [M+Na]® 389.1624, Found
389.1632.
3-Cyclopropyl-N-ethynyl-V-(2-(1-(4-methoxybenzyl)-1 H-indol-3-yl)ethyl)

propiolamide (1c)

o)

N™ "
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Brown oil in 30% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'TH NMR (600 MHz, DMSO-ds) (major rotamer)
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07.53(d,J=7.8Hz 1H), 7.40 (d, J= 8.2 Hz, 1H), 7.30 (s, 1H), 7.13 (d, J = 8.6 Hz,
2H), 7.09 (dd, J = 13.7, 6.6 Hz, 1H), 7.01 (dt, J = 14.8, 7.6 Hz, 1H), 6.84 (d, J = 8.6
Hz, 2H), 5.27 (s, 2H), 4.11 (s, 1H), 3.73 (t, J = 7.4 Hz, 2H), 3.69 (s, 3H), 2.97 (t, J =
7.4 Hz, 2H), 1.60 — 1.555 (m, 1H), 0.99 (td, J = 6.9, 4.0 Hz, 2H), 0.81 (dt, /= 7.0, 4.0
Hz, 2H); (minor rotamer) 6 7.57 (d, J= 7.8 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.27 (s,
1H), 7.13 (d, J = 8.6 Hz, 1H), 7.09 (dd, J = 13.7, 6.6 Hz, 1H), 7.01 (dt, J = 14.8, 7.6
Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 5.29 (s, 2H), 4.11 (s, 1H), 3.90 (t, J = 6.8 Hz, 3H),
3.71 (s, 3H), 3.06 (t, J = 6.8 Hz, 2H), 1.32 — 1.27 (m, 1H), 0.81 (dt, J = 7.0, 4.0 Hz,
2H), 0.50 (dt, J = 6.6, 4.0 Hz, 2H); '*C NMR (150 MHz, DMSO-ds) & 158.5, 154.4,
153.6, 136.0, 135.9, 130.2, 130.1, 129.5, 128.0, 128.3, 127.7, 127.6, 127.2, 126.8,
121.6, 118.7, 118.6, 118.5, 118.2, 113.8, 113.82, 110.3, 110.2, 109.8, 109.6, 100.8,
98.2, 76.8, 75.5, 68.7, 67.4, 65.6, 63.5, 55.03, 51.6, 48.5, 48.4, 47.0, 23.5, 22.6, 9.2,
9.0, -0.9, -1.1; IR (thin film, cm™): 3437, 3321, 2987, 2890, 2835, 1685, 1611, 1464;
HRMS (ESI): m/z Calcd. for C26H25N202 [M+H]" 397.1911, Found 397.1901.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)- V-ethynylhex-2-ynamide (1d)
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Brown oil in 58% yield; Rs= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'TH NMR (600 MHz, DMSO-ds) (major rotamer)
0 7.57 (d,J="7.8 Hz, 1H), 7.38 (t, J = 8.6 Hz, 1H), 7.33 (s, 1H), 7.27 (d, J = 7.6 Hz,
2H), 7.22 (t, J= 7.2 Hz, 1H), 7.15 (d, J= 7.2 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 7.02 (t,
J=17.4Hz, 1H), 5.36 (s, 2H), 4.12 (s, 1H), 3.77 (t, /= 7.4 Hz, 2H), 3.01 (t, /= 7.3 Hz,
2H), 2.41 (t, J = 6.8 Hz, 2H), 1.56 — 1.48 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H); (minor
rotamer) 6 7.59 (d, J=7.9 Hz, 1H), 7.38 (t, J = 8.6 Hz, 1H), 7.29 (s, 1H), 7.27 (d, J =
7.6 Hz, 2H), 7.22 (t,J=7.2 Hz, 1H), 7.15 (d, J= 7.2 Hz, 6H), 7.09 (t,J=7.5 Hz, 1H),
7.02 (t,J=17.4 Hz, 1H), 5.37 (s, 2H), 4.12 (s, 1H), 3.96 (t, /= 6.6 Hz, 2H), 3.09 (t, J =
6.6 Hz, 2H), 1.98 (t, J= 7.0 Hz, 2H), 1.23 (dq, J = 14.3, 7.2 Hz, 2H), 0.76 (t, /= 7.3
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Hz, 3H); *C NMR (150 MHz, DMSO-ds) § 154.9, 154.3, 138.8, 138.7, 136.6, 136.5,
128.9, 128.9, 128.3, 128.1, 128.0, 127.8, 127.7, 127.5, 127.4, 127.3, 121.8, 121.8,
119.2, 119.2, 118.9, 118.8, 110.7, 110.6, 110.4, 110.1, 97.7, 95.2, 77.3, 75.9, 74.3,
72.8, 66.0, 64.0, 52.0,49.4,47.7, 24.0, 23.1, 21.1, 20.9, 20.4, 20.1, 13.7; IR (thin film,
cm™): 3435, 2986, 2960, 2932, 1721, 1652, 1627, 1463, 1529, 1173, 1003; HRMS
(ESI): m/z Calcd. for C25sH2sN>O [M+H]" 369.1961, Found 369.1969.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)- V-ethynyl-4,4-dimethylpent-2-ynamide (1e)
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Brown oil in 71% yield; Rs = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'TH NMR (600 MHz, DMSO-ds) (major rotamer)
0 7.56 (d, J =79 Hz, 1H), 7.38 (t, J=9.1 Hz, 1H), 7.34 (s, 1H), 7.28 (d, J = 7.5 Hz,
2H), 7.22 (t, J = 7.3 Hz, 1H), 7.15 (d, J = 7.2 Hz, 2H), 7.11 — 7.07 (m, 1H), 7.04 —
7.00 (m, 1H), 5.36 (s, 2H), 4.13 (s, 1H), 3.76 (t, J = 7.5 Hz, 2H), 3.01 (t, J = 7.4 Hz,
2H), 1.25 (s, 9H); (minor rotamer) 6 7.60 (d, J = 7.8 Hz, 1H), 7.38 (t, J= 9.1 Hz, 1H),
7.29 (s, 1H), 7.26 (d, J = 3.4 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.13 (d, J = 7.2 Hz,
2H), 7.11 — 7.06 (m, 1H), 7.04 — 7.00 (m, 1H), 5.38 (s, 2H), 4.14 (s, 1H), 3.94 (t, J =
6.7 Hz, 2H), 3.10 (t, J = 6.6 Hz, 2H), 0.96 (s, 9H); *C NMR (150 MHz, DMSO-ds) &
154.5, 153.9, 138.3, 138.2, 136.1, 136.0, 128.5, 128.4, 127.7, 127.6, 127.4, 127.2,
127.2, 127.0, 126.9, 126.8, 121.4, 118.7, 118.4, 118.4, 110.2, 110.1, 109.9, 109.6,
103.7, 101.0, 76.8, 75.3, 72.2, 70.8, 65.7, 63.6, 51.6, 48.9, 47.1, 29.4, 29.1, 27.6, 27 .2,
23.2, 22.6; IR (thin film, cm™): 3435, 3058, 2969, 2927, 2866, 2222, 1658, 1466,
1361, 1174; HRMS (ESI): m/z Caled. for Ca6H2sN2ONa [M+Na]" 383.2118, Found
383.2110.

N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)- V-ethynyl-3-phenylpropiolamide (1f)
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Brown oil in 84% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer)
0 7.60 (dd, J = 8.5, 7.2 Hz, 2H), 7.57 (dt, J = 2.6, 1.6 Hz, 1H), 7.49 (dd, J = 10.5, 4.6
Hz, 2H), 7.39 (t, J = 5.7 Hz, 1H), 7.36 (s, 1H), 7.32 (d, J = 8.2 Hz, 1H), 7.28 — 7.23
(m, 2H), 7.19 (dd, J =9.6, 5.2 Hz, 1H), 7.16 (t, J= 7.4 Hz, 2H), 7.11 — 7.08 (m, 1H),
7.05 - 7.01 (m, 1H), 5.37 (s, 2H), 4.25 (s, 1H), 3.84 (t, J = 7.4 Hz, 2H), 3.07 (t, J =
7.4 Hz, 2H); (minor rotamer) 6 7.60 (dd, J = 8.5, 7.2 Hz, 2H), 7.49 (dd, J = 10.5, 4.6
Hz, 1H), 7.39 (t, J = 5.7 Hz, 1H), 7.35 (s, 1H), 7.28 — 7.24 (m, 2H), 7.23 (d, J = 1.1
Hz, 1H), 7.19 (dd, J = 9.6, 5.2 Hz, 2H), 7.16 (t, /= 7.4 Hz, 1H), 7.11 — 7.08 (m, 2H),
7.05 - 7.01 (m, 1H), 6.89 (t, J = 7.3 Hz, 1H), 5.34 (s, 2H), 4.21 (s, 1H), 4.07 (t, J =
6.6 Hz, 2H), 3.16 (t, J = 6.6 Hz, 2H); *C NMR (150 MHz, DMSO-ds) § 154.5, 153.8,
138.3, 138.2, 136.1, 136.1, 132.5, 132.3, 131.2, 131.0, 129.1, 128.8, 128.5, 128.4,
127.7, 127.7, 127.6, 127.2, 127.1, 126.9, 126.7, 121.4, 121.3, 118.8, 118.8, 118.5,
118.4, 110.2, 110.2, 109.9, 109.7, 92.9, 90.3, 81.2, 79.7, 76.6, 75.4, 66.0, 64.2, 54.9,
52.0, 48.9, 47.3, 23.4, 22.6; IR (thin film, cm™): 3439, 2985, 2926, 2854, 1721, 1629,
1607, 1488, 1463, 1384; HRMS (ESI): m/z Calcd. for CasH»N,ONa [M+Na]"
425.1624, Found 425.1626.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-/N-ethynyl-3-(4-fluorophenyl)propiolamide

(1g)
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Brown oil in 42% yield; Rs = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'TH NMR (600 MHz, DMSO-ds) (major rotamer)
0 7.70 — 7.65 (m, 2H), 7.60 (t, J = 8.8 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.37 — 7.33
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(m, 2H), 7.28 — 7.23 (m, 2H), 7.20 (dd, J = 12.0, 5.4 Hz, 2H), 7.15 (d, /= 7.2 Hz, 2H),
7.11 —7.08 (m, 1H), 7.03 (t, /= 7.1 Hz, 1H), 5.37 (s, 2H), 4.25 (s, 1H), 3.84 (t, J =
7.3 Hz, 2H), 3.07 (t, J = 7.3 Hz, 2H); (minor rotamer) & 7.60 (t, J = 8.8 Hz, 1H), 7.37
—7.33 (m, 2H), 7.32 — 7.29 (m, 2H), 7.28 — 7.23 (m, 2H), 7.20 (dd, J = 12.0, 5.4 Hz,
2H), 7.18 (d, J= 1.5 Hz, 1H), 7.11 — 7.08 (m, 2H), 7.03 (t, J = 7.1 Hz, 1H), 6.90 (t, J
=7.4 Hz, 1H), 5.34 (s, 2H), 4.21 (s, 1H), 4.06 (t, J = 6.4 Hz, 2H), 3.15 (t, J = 6.4 Hz,
2H); °C NMR (150 MHz, DMSO-ds) & 164.3, 164.1, 162.7, 162.4, 154.4, 153.7,
138.3, 138.2, 136.1, 136.0, 135.2, 135.2, 135.0, 135.0, 128.4, 128.3, 127.8, 127.7,
127.63, 127.2, 127.1, 127.1, 126.9, 126.7, 121.39, 121.37, 118.83, 118.80, 118.43,
118.41, 116.7, 116.5, 116.2, 116.1, 115.34, 115.32, 115.01, 114.99, 110.22, 110.19,
109.9, 109.8, 92.0, 89.4, 81.1, 79.6, 76.6, 75.3, 66.0, 64.2, 52.0, 48.9, 47.3, 23.34,
22.6; IR (thin film, cm™): 3437, 2983, 2214, 2136, 1598, 1492, 1665, 1384, 1054;
HRMS (ESI): m/z Calcd. for C2sH2FN2O [M+H]" 421.1711, Found 421.1720.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(4-chlorophenyl)-/V-ethynylpropiolamide
(1h)
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Red solid in 45% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); Mp 110.5 —

Cl

112.3 °C; The ratio of major rotamer and minor rotamer is 2.5:1; 'H NMR (600 MHz,
DMSO-ds) (major rotamer) & 7.64 — 7.60 (m, 2H), 7.60 — 7.56 (m, 2H), 7.39 (d, J =
8.2 Hz, 1H), 7.36 (s, 1H), 7.26 (t, J = 7.5 Hz, 2H), 7.22 — 7.14 (m, 4H), 7.11 — 7.07
(m, 1H), 7.03 (t, /= 7.4 Hz, 1H), 5.37 (s, 2H), 4.25 (s, 1H), 3.84 (t, J= 7.3 Hz, 2H),
3.06 (t, J = 7.3 Hz, 2H); (minor rotamer) & 7.60 — 7.56 (m, 2H), 7.41 (d, J = 8.5 Hz,
2H), 7.30 (d, J = 7.7 Hz, 2H), 7.22 — 7.13 (m, 4H), 7.11 — 7.07 (m, 2H), 7.03 (t, J =
7.4 Hz, 1H), 6.90 (t, J = 7.4 Hz, 1H), 5.34 (s, 2H), 4.22 (s, 1H), 4.05 (t, J = 6.4 Hz,
2H), 3.15 (t, J = 6.4 Hz, 2H); '*C NMR (150 MHz, DMSO-ds) § 154.3, 153.6, 138.3,
138.2, 136.2, 136.1, 136.1, 135.8, 134.2, 134.0, 129.4, 128.9, 128.5, 128.4, 127.8,
127.6, 127.2, 127.1, 126.9, 126.7, 121.4, 121.4, 118.8, 118.8, 118.4, 118.4, 117.7,
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117.4, 110.3, 110., 109.9, 109.8, 91.6, 89.0, 82.0, 80.5, 76.5, 75.3, 66.1, 64.3, 52.0,
48.9,47.3,23.3,22.3; IR (thin film, cm™): 3442, 2988, 2225, 1639, 1523, 1468, 1441,
1273; HRMS (ESI): m/z Caled. for CysHiCIN2ONa [M+Na]" 459.1235, Found
459.1247.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(4-bromophenyl)-N-ethynylpropiolamide
(1i)

(@)
N NV
N ‘ S
@CNQ |
Bh g

Brown oil in 42% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major

Br

rotamer and minor rotamer is 2.5:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer)
07.71 (d,J=8.1 Hz, 1H), 7.59 (t, /= 7.7 Hz, 1H), 7.54 (t, J= 6.7 Hz, 2H), 7.39 (d, J
= 8.1 Hz, 1H), 7.36 (s, 1H), 7.30 (d, J=4.7 Hz, 1H), 7.26 (t, J = 7.3 Hz, 2H), 7.20 (d,
J=17.0Hz, 1H), 7.15 (d, J= 7.4 Hz, 2H), 7.11 — 7.06 (m, 1H), 7.03 (t, J = 7.2 Hz, 1H),
5.37 (s, 2H), 4.25 (s, 1H), 3.84 (t, J = 7.1 Hz, 2H), 3.06 (t, J = 7.1 Hz, 2H); (minor
rotamer) & 7.71 (d, J = 8.1 Hz, 2H), 7.59 (t, J= 7.7 Hz, 1H), 7.54 (t, J = 6.7 Hz, 1H),
7.20 (d, J=17.0 Hz, 4H), 7.11 — 7.06 (m, 4H), 7.03 (t, /= 7.2 Hz, 1H), 6.90 (t, J=7.3
Hz, 1H), 5.33 (s, 2H), 4.22 (s, 1H), 4.05 (t, J = 5.7 Hz, 2H), 3.15 (t, J = 5.7 Hz, 2H);
B3C NMR (150 MHz, DMSO-ds) § 154.4, 153.6, 138.3, 138.2, 136.1, 136.1, 134.3,
134.1, 132.3, 131.8, 128.5, 128.4, 127.8, 127.7, 127.2, 127.1, 126.9, 126.7, 125.1,
124.8, 121.4, 118.9, 118.8, 118.4, 118.4, 118.0, 117.7, 110.3, 110.2, 109.9, 109.8,
91.70, 89.2, 82.1, 80.6, 76.5, 75.3, 66.1, 64.3, 52.0, 48.9, 47.4, 23.4, 22.6; IR (thin
film, cm™): 3425, 3295, 3027, 2922, 2852, 1731, 1614, 1466; HRMS (ESI): m/z Calcd.
for C2sH21BrN>ONa [M+Na]" 503.0729, Found 503.0720.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-/N-ethynyl-3-(p-tolyl)propiolamide (1j)
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(@)
N NN
A ‘ S
©§H
Bn
1j

Brown oil in 40% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 2.5:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer)
0 7.59 (d, J=17.8 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.36 (s,
1H), 7.31 (dd, J=13.9, 7.2 Hz, 2H), 7.26 (t, J = 7.5 Hz, 2H), 7.19 (t, J = 8.4 Hz, 2H),
7.15 (t, J= 7.5 Hz, 2H), 7.09 (dd, J=9.2, 5.1 Hz, 1H), 7.03 (t, J= 7.3 Hz, 1H), 5.37
(s, 2H), 4.24 (s, 1H), 3.84 (t, J = 7.3 Hz, 2H), 3.06 (t, J = 7.3 Hz, 2H), 2.36 (s, 3H);
(minor rotamer) 6 7.62 (d, J=7.9 Hz, 1H), 7.50 (d, /= 8.0 Hz, 2H), 7.31 (dd, J = 13.9,
7.2 Hz, 2H), 7.21 (s, 1H), 7.19 (t, J = 8.4 Hz, 2H), 7.15 (t, J = 7.5 Hz, 2H), 7.09 (dd, J
=9.2, 5.1 Hz, 2H), 7.06 (d, J = 7.5 Hz, 1H), 6.92 (t, J = 7.4 Hz, 1H), 5.34 (s, 2H),
4.19 (s, 1H), 4.06 (t, J = 6.6 Hz, 2H), 3.16 (t, J = 6.6 Hz, 2H), 2.32 (s, 3H); 1*C NMR
(150 MHz, DMSO-ds) 6 154.6, 153.9, 141.6, 141.3, 138.3, 138.2, 136.1, 136.1, 132.5,
132.4, 129.8, 129.4, 128.5, 128.4, 127.7, 127.6, 127.5, 127.2, 127.1, 127.1, 126.9,
126.2, 121.3, 118.81, 118.79, 118.4, 115.7, 115.4, 110.2, 110.1, 109.9, 109.8, 93.5,
90.8, 80.9, 79.5, 76.7, 75.4, 65.9, 64.1, 51.9, 48.9, 47.2, 23.4, 22.6, 21.2, 21.2; IR
(thin film, cm™): 3442, 3295, 2988, 2933, 2860, 2824, 1630, 1490, 1384; HRMS
(ESI): m/z Calcd. for C20H24N2ONa [M+Na]" 439.1781, Found 439.1782.
N-(2-(1-Benzyl-1H-indol-3-yl)ethyl)-3-(ter-butyldiphenylsilyl)-/V-ethynyl

propiolamide (1k)

o)
NJ\
N\ ‘ N 1BDPS
N
Bn
1Kk

Brown oil in 65% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 5:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
7.76 (d, J= 6.7 Hz, 4H), 7.61 (t,J= 7.8 Hz, 1H), 7.48 (dt, J= 14.1, 6.9 Hz, 5H), 7.40
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—7.37 (m, 2H), 7.36 (s, 1H), 7.24 (t, J = 7.5 Hz, 2H), 7.15 (t, J = 8.7 Hz, 3H), 7.08
(dd, J=13.5, 5.9 Hz, 1H), 7.02 (dd, J = 13.2, 5.6 Hz, 1H), 5.36 (s, 2H), 4.35 (s, 1H),
3.84 (t,J=17.3 Hz, 2H), 3.08 (t, /= 7.3 Hz, 2H), 1.06 (s, 9H); (minor rotamer) 6 7.76
(d, J=6.7 Hz, 1H), 7.61 (t, J = 7.8 Hz, 4H), 7.48 (dt, J = 14.1, 6.9 Hz, 6H), 7.40 —
7.37 (m, 1H), 7.36 (s, 1H), 7.24 (t, J=7.5 Hz, 1H), 7.15 (t, J = 8.7 Hz, 2H), 7.08 (dd,
J=13.5,59Hz, 2H), 7.02 (dd, J=13.2, 5.6 Hz, 1H), 6.83 (t, /= 7.5 Hz, 1H), 5.28 (s,
2H), 4.28 (s, 1H), 4.12 (t, J = 7.2 Hz, 2H), 3.19 (t, J = 7.2 Hz, 2H), 0.92 (s, 9H); 1*C
NMR (150 MHz, DMSO-ds) 6 153.5, 152.9, 138.3, 138.1, 136.3, 136.0, 135.1, 135.0,
134.5, 130.7, 130.4, 130.3, 129.7, 129.2, 128.6, 128.4, 128.3, 128.3, 127.9, 127.7,
127.5, 127.5, 127.2, 127.08, 126.9, 126.8, 126.7, 121.4, 121.3, 118.8, 118.4, 118.3,
110.2, 110.1, 110.0, 109.6, 98.9, 97.8, 96.2, 93.1, 76.5, 74.8, 66.8, 64.3, 51.8, 48.9,
48.9, 47.7, 26.7, 26.5, 26.5, 23.5, 22.5, 22.4, 18.2, 18.1. IR (thin film, cm™): 3437,
3315, 2930, 1886, 1663, 1720, 1487, 1361; HRMS (ESI): m/z Calcd. for C3sH37N20OSi
[M+H]" 565.2670, Found 565.2668.

N-(2-(1-benzyl-5-fluoro-1H-indol-3-yl)ethyl)-3-(fert-butyldiphenylsilyl)- V-ethynyl

propiolamide (11)

0]
F NJ\
T |
NBn 11

Yellow oil in 39% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:18); 'H NMR (600
MHz, DMSO-ds) 6 7.75 (dd, J = 7.8, 1.4 Hz, 4H), 7.56 — 7.39 (m, 7H), 7.41 — 7.34 (m,
3H), 7.32 — 7.19 (m, 2H), 7.15 (dd, J = 14.4, 7.3 Hz, 4H), 6.93 (td, J = 9.2, 2.4 Hz,
1H), 5.36 (s, 2H), 4.33 (s, 1H), 3.83 (t, /= 7.2 Hz, 2H), 3.05 (t, /= 7.1 Hz, 2H), 1.05
(s, 9H); *C NMR (150 MHz, DMSO-ds) § 157.8, 157.7, 156.3, 156.2, 153.5, 152.8,
138.0, 137.9, 135.1, 135.0, 134.98 134.4, 132.7, 132.7, 130.6, 130.4, 130.3, 129.1,
128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.4, 127.2, 126.8, 126.7, 126.59 126.3,
125.58, 125.1, 125.0, 111.3, 111.2, 110.2, 110.1, 109.5, 109.3, 108.5, 108.5, 107.9,
107.7, 103.3, 103.2, 101.6, 101.5, 98.8, 97.1, 93.1, 76.5, 74.9, 73.1, 65.2, 64.30 62.6,
50.0, 49.1, 47.6, 45.9, 38.4, 24.9, 24,9, 21.3, 20.1, 16.5, 16.3; IR (thin film, cm™):
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3432, 2985, 2935, 2925, 1856, 1720, 1487, 1465, 1361, 1105; HRMS (ESI): m/z
Calcd. for C3sH36FN2OSi [M+H]" 583.2575, Found 583.2575.
N-(2-(1-benzyl-5-chloro-1H-indol-3-yl)ethyl)-3-(fert-butyldiphenylsilyl)-/V-ethyny

Ipropiolamide (1m)
O

CI\@\/\é/\NKTBDPS
2l

Bn 1m
Yellow oil in 38% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:18); 'H NMR (600
MHz, DMSO-ds) 6 7.78 — 7.72 (m, 4H), 7.66 (d, J= 1.5 Hz, 1H), 7.52 — 7.43 (m, 7H),
7.41 (d, J=8.7 Hz, 1H), 7.39 — 7.34 (m, 2H), 7.23 (t, /= 7.7 Hz, 1H), 7.16 (d, J="7.3
Hz, 2H), 7.12 (d, J= 7.2 Hz, 1H), 7.09 (dd, J = 8.7, 2.0 Hz, 1H), 5.37 (s, 2H), 4.33 (s,
1H), 3.82 (t, J = 7.2 Hz, 2H), 3.06 (t, J = 7.1 Hz, 2H), 1.05 (s, 9H); *C NMR (150
MHz, DMSO-ds) & 153.5, 152.8, 137.9, 137.8, 135.1, 134.9, 134.5, 134.4, 130.6,
130.4, 130.3, 128.9, 128.8, 128.5, 128.4, 128.5, 127.5, 127.2, 126.7, 126.7, 123.9,
123.7, 121.4, 121.3, 117.8, 111.8, 111.7, 109.9, 109.6, 98.8, 97.8, 96.3, 93.1, 76.3,
74.7, 66.9, 64.2, 51.7, 49.1, 47.6, 26.6, 26.4, 23.1, 22.2, 18.2, 17.9; IR (thin film,
cm™): 3675, 2930, 2858, 2140, 1731, 1660, 1520, 1471, 1390, 1369, 1273, 1082;
HRMS (ESI): m/z Caled. for C3gH3sCIN,OSi [M+H]" 599.2280, Found 559.2281.
N-(2-(1-benzyl-5-methoxy-1H-indol-3-yl)ethyl)-3-(zert-butyldiphenylsilyl)-/V-ethy

nylpropiolamide (1n)

o)
MeO N)\
\@C‘ N 18pPS
N || 1n
Bn

Yellow oil in 49% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:22); 'H NMR (600
MHz, CDCl3)$ 7.78 — 7.71 (m, 4H), 7.54 — 7.43 (m, 7H), 7.31 (s, 1H), 7.27 — 7.21 (m,
3H), 7.16 (dt, J = 14.7, 7.4 Hz, 2H), 7.14 — 7.07 (m, 3H), 6.73 (dd, J = 8.9, 2.4 Hz,
1H), 5.31 (s, 2H), 4.35 (s, 1H), 3.83 (t, J = 7.3 Hz, 2H), 3.73 (s, 3H), 3.04 (t, J = 7.2
Hz, 2H), 1.05 (s, 9H); 3C NMR (150 MHz, CDCl3) § 153.5, 153.4, 153.3, 152.8,
138.4, 138.2, 136.3, 135.1, 135.0, 134.4, 131.5, 131.2, 130.9, 130.6, 130.4, 130.3,
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129.1, 128.4, 128.3, 128.2, 128.1, 127.5, 127.5, 127.1, 126.7, 126.7, 111.5, 111.4,
110.9, 110.8, 109.6, 109.3, 100.2, 98.9, 93.1, 76.6, 65.0, 64.3, 55.2, 55.1, 49.1, 49.0,
47.7, 40.0, 26.6, 26.5, 26.9, 22.4, 18.2, 18.0; IR (thin film, cm™): 3676, 2929, 2857,
2139, 1720, 1636, 1549, 1522, 1487, 1360, 1276, 1228, 1111; HRMS (ESI): m/z
Calcd. for C39H39N>0,Si [M+H]" 595.2775, Found 595.2775.

N-(2-(1-benzyl-5-fluoro-1H-indol-3-yl)ethyl)-N-ethynyl-3-(triisopropylsilyl)propi

olamide (10)

0
F NJ\
\I:::I:<g—~\‘ N1ps
Nl
Bn 10

Brown oil in 40% vyield; Ry = 0.2 (EtOAc/petroleum ether = 1:20); 'H NMR (600
MHz, DMSO-ds) 6 7.40 (s, 1H), 7.37 (dd, J = 8.9, 4.4 Hz, 2H), 7.35 — 7.30 (m, 1H),
7.27 (q, J = 7.4 Hz, 3H), 7.22 (t, J = 7.3 Hz, 1H), 7.16 — 7.12 (m, 2H), 6.92 (td, J =
9.2,2.4 Hz, 1H), 5.36 (d, J = 4.3 Hz, 2H), 4.15 (s, 1H), 3.76 (t, /= 7.2 Hz, 2H), 2.99
(t,J=7.2 Hz, 2H), 1.06 (d, J = 6.2 Hz, 9H); '*C NMR (150 MHz, DMSO-ds) & 166.9,
157.7, 156.2, 153.0, 138.0, 132.7, 132.6, 131.7, 131.5, 129.0, 128.6, 128.4, 128.4,
128.0, 127.9, 127.2, 126.1, 126.7, 111.5, 111.4, 110.3, 110.1, 109.7, 109.5, 109.3,
103.3, 103.2, 103.1, 103.0, 98.1, 97.1, 96.0, 95.2, 76.5, 74.8, 66.6, 65.0, 63.9, 51.4,
49.1, 49.1, 48.5, 47.4, 30.0, 23.0, 22.3, 18.6, 18.2, 18.1, 18.1, 17.8, 17.4, 17.3, 13.5,
12.0, 10.3, 10.2; IR (thin film, cm™): 3676, 2944, 2865, 2140, 1723, 1665, 1625, 1580,
1487, 1357, 1167, 1071; HRMS (ESI): m/z Calcd. for C31H3sFN2OSi [M+H]"
501.2732, Found 501.2733.
N-(2-(1-benzyl-1H-indol-3-yl)ethyl)-/V-ethynyl-3-(triisopropylsilyl)propiolamide

(1p)

0
NJ\
[:::I:<gj~\‘ N1ps
Nl
Bn 1
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Brown oil in 46% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:20); 'H NMR (600
MHz, DMSO-ds) 6 7.57 (d, J = 7.9 Hz, 1H), 7.41 — 7.35 (m, 1H), 7.33 (s, 1H), 7.27
(dt, J=17.4, 2.5 Hz, 3H), 7.24 — 7.19 (m, 2H), 7.17 — 7.12 (m, 3H), 7.11 — 7.06 (m,
1H), 7.01 (dd, J = 11.0, 3.8 Hz, 1H), 5.36 (s, 2H), 4.16 (s, 1H), 3.77 (t, J = 7.4 Hz,
2H), 3.02 (t, J = 7.4 Hz, 2H), 1.07 (d, J = 6.2 Hz, 18H); '*C NMR (150 MHz,
DMSO-ds) 6 153.5, 153.0, 138.3, 138.2, 136.1, 136.0, 128.5, 128.4, 127.6, 127.4,
127.2,127.0, 126.9, 126.8, 121.3, 118.7, 118.3, 118.2, 110.1, 110.0, 109.5, 98.2, 97.1,
96.7, 95.2, 76.5, 74.9, 66.5, 63.9, 51.8, 48.4, 47.4, 23.42 22.5, 18.2, 18.1, 17.8, 10.4,
10.2; IR (thin film, cm™): 3677, 2944, 2865, 2140, 1723, 1665, 1630, 1550, 1525,
1467, 1357, 1278, 1074; HRMS (ESI): m/z Calcd. for C31H3oN>OSi [M+H]" 483.2826,
Found 483.2825.

tert-Butyl 3-(2-(3-cyclopropyl-N-ethynylpropiolamido)ethyl)-1H-indole-1-
carboxylate (1q)

(@)
N N
A ‘ S
©\/NCII
BOC

1q

Yellow oil in 44% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.03 (d, /= 8.0 Hz, 1H), 7.61 (d, J= 7.8 Hz, 1H), 7.52 (s, 1H), 7.33 (dd, J=14.2, 6.9
Hz, 1H), 7.28 — 7.23 (m, 1H), 4.13 (s, 1H), 3.77 (t, /= 7.2 Hz, 2H), 2.97 (t, J= 7.2 Hz,
2H), 1.62 (s, 9H), 1.60 — 1.55 (m, 1H), 1.02 — 0.97 (m, 2H), 0.83 — 0.80 (m, 2H);
(minor rotamer) 6 8.03 (d, /= 8.0 Hz, 1H), 7.64 (d, J= 8.0 Hz, 1H), 7.51 (s, 1H), 7.33
(dd, J=14.2, 6.9 Hz, 1H), 7.28 — 7.23 (m, 1H), 4.13 (s, 1H), 3.95 (t, J = 6.6 Hz, 2H),
3.05 (t, J= 6.6 Hz, 2H), 1.62 (s, 9H), 1.36 (dt, J = 8.4, 6.4 Hz, 1H), 0.90 — 0.86 (m,
2H), 0.61 (dd, J = 4.3, 2.5 Hz, 2H); '3C NMR (150 MHz, DMSO-ds) & 167.0, 154.3,
153.7, 149.0, 134.7, 131.7, 131.5, 130.1, 130.0, 128.7, 124.5, 123.8, 123.4, 122.6,
119.0, 116.6, 116.5, 114.8, 114.8, 101.0, 98.5, 83.7, 83.6, 76.7, 75.3, 68.6, 67.4, 65.8,
65.0, 63.7, 54.9, 50.7, 46.1, 30.0, 27.7, 23.0, 22.2, 18.7, 13.6, 9.3, 9.1, -0.9, -1.0; IR
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(thin film, cm™): 3434, 3296, 3051, 2985, 2936, 1726, 1649, 1477, 1455, 1383, 1368;
HRMS (ESI): m/z Calcd. for C23H25N203 [M+H]" 399.1679, Found 399.1672.
tert-Butyl 3-(2-(3-cyclopropyl-N-ethynylpropiolamido)ethyl)-6-methyl-1H-indole

-1-carboxylate (1r)

(@)
N NN
JCQC I
Me
BOC

1r

Brown oil in 69% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3:1; 'H NMR (600 MHz, CDCl3) (major rotamer) & 7.99
(s, 1H), 7.44 (t, J=9.3 Hz, 1H), 7.34 (s, 1H), 7.08 (d, /= 7.7 Hz, 1H), 3.84 — 3.80 (m,
2H), 3.04 — 2.99 (m, 2H), 2.97 (s, 1H), 2.47 (s, 3H), 1.66 (s, 9H), 1.45 — 1.40 (m, 1H),
0.99 — 0.95 (m, 2H), 0.94 (s, 2H); (minor rotamer) & 7.99 (s, 1H), 7.44 (t, J = 9.3 Hz,
1H), 7.34 (s, 1H), 7.08 (d, J = 7.7 Hz, 1H), 3.98 (t, J = 6.9 Hz, 2H), 3.11 (d, J=9.9
Hz, 2H), 2.97 (s, 1H), 2.47 (s, 3H), 1.66 (s, 9H), 1.22 (s, 1H), 0.88 (s, 2H), 0.75 (s,
2H); 3C NMR (150 MHz, CDCl3) § 155.3, 154.8, 149.9, 136.1, 134.7, 134.7, 128.1,
124.1, 123.2, 122.8, 118.5, 118.2, 116.6, 116.1, 115.9, 115.7, 101.6, 98.9, 83.7, 83.4,
77.3,75.1,69.1, 67.9, 63.6, 60.9, 51.2,47.2, 29.8, 28.3, 24.3, 23.2, 22.1,9.6, 9.5, -0.1,
-0.3; IR (thin film, cm™): 3435, 3329, 2982, 2926, 2854, 2223, 1730, 1630, 1619,
1487, 1454; HRMS (ESI): m/z Caled. for C4H27N203 [M+H]" 391.2016, Found
391.2027.

tert-Butyl 3-(2-(N-ethynylbut-2-ynamido)ethyl)-6-methyl-1H-indole-1-

carboxylate (1s)
0]
NJ\
J@f\C o
Me N
BOC

1s

Brown oil in 53% yield; Rs = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
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rotamer and minor rotamer is 3:1; '"H NMR (600 MHz, CDCls) (major rotamer) § 7.99
(s, 1H), 7.45 (d, J="7.9 Hz, 1H), 7.35 (s, 1H), 7.08 (d, /= 7.9 Hz, 1H), 3.85 —3.81 (m,
2H), 3.04 — 3.00 (m, 2H), 2.99(s, 1H), 2.47 (s, 3H), 2.05 (s, 3H), 1.65 (s, 9H); (minor
rotamer) 6 7.99 (s, 1H), 7.42 (d, J=7.9 Hz, 1H), 7.27 (s, 1H), 7.08 (d, /= 7.9 Hz, 1H),
4.02 (t, J=17.1 Hz, 2H), 3.12 — 3.09 (m, 3H), 2.47 (s, 3H), 1.75 (s, 3H), 1.65 (s, 9H);
3C NMR (150 MHz, CDCl3) § 158.7, 155.4, 154.8, 149.9, 136.1, 134.7, 134.7, 128.1,
128.1, 124.1, 124.0, 123.9, 123.4, 122.8, 122.7, 118.7, 118.5, 118.1, 116.5, 116.0,
115.9,115.7,94.1,91.2, 83.7, 83.5, 75.0, 73.1, 71.8, 66.1, 63.6, 61.0, 60.9, 51.2, 47 4,
28.3, 26.3, 24.3, 23.2, 22.1, 4.3, 4.0; IR (thin film, cm™): 3434, 3296, 2980, 2929,
2828, 2240, 1731, 1657, 1593, 1453, 1395, 1370; HRMS (ESI): m/z Calcd. for
C2H24N>03Na [M+Na]* 387.1679, Found 387.1677.

tert-Butyl 3-(2-(/V-ethynylbut-2-ynamido)ethyl)-1H-indole-1-carboxylate (1t)

o]
NJ\
A\ ‘ N Me
N

BOC 1t

Yellow solid in 68% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:20); Mp 118.6 —
120.3 °C; The ratio of major rotamer and minor rotamer is 3:1; 'H NMR (600 MHz,
DMSO-ds) (major rotamer) ¢ 8.04 (d, /= 7.8 Hz, 1H), 7.62 (d, J= 7.8 Hz, 1H), 7.52
(s, 1H), 7.33 (t, J=7.7 Hz, 1H), 7.29 — 7.24 (m, 1H), 4.13 (s, 1H), 3.79 (t, J= 7.3 Hz,
2H), 2.98 (t, J= 7.3 Hz, 2H), 2.06 (s, 3H), 1.62 (s, 9H); (minor rotamer) 6 8.04 (d, J =
7.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.51 (s, 1H), 7.33 (t, J = 7.7 Hz, 1H), 7.30 —
7.23 (m, 1H), 4.13 (s, 1H), 4.00 (t, J = 6.7 Hz, 1H), 3.07 (t, J = 6.7 Hz, 1H), 1.78 (s,
3H), 1.62 (s, 9H); *C NMR (150 MHz, DMSO-ds) & 154.4, 153.8, 149.0, 134.7,
130.2, 123.0, 124.5, 123.9, 123.4, 122.6, 119.0, 119.0, 116.6, 116.3, 114.8, 94.1, 91.7,
83.7, 83.6, 76.6, 75.2, 72.8, 71.3, 65.7, 63.6, 54.9, 50.5, 46.3, 27.7, 23.2, 22.2, 3.4, 3.2;
IR (thin film, cm™): 3438, 3296, 2987, 2920, 2869, 2835, 1750, 1690, 1629, 1606,
1489, 1455, 1384; HRMS (ESI): m/z Calcd. for C21H»N>O3Na [M+Na]" 373.1523,
Found 373.1518.

tert-butyl 3-(2-(N-ethynylbut-2-ynamido)ethyl)-5-methyl-1H-indole-1-
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carboxylate (1u)

0]
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Yellow oil in 62% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:20);'"H NMR (600
MHz, DMSO-ds) 6 7.90 (d, J = 7.6 Hz, 1H), 7.54 — 7.34 (m, 2H), 7.14 (d, J = 8.2 Hz,
1H), 4.13 (s, 1H), 3.78 (t, /= 7.2 Hz, 2H), 2.95 (t, J = 7.1 Hz, 2H), 2.40 (s, 3H), 2.06
(s, 3H), 1.61 (s, 9H); *C NMR (150 MHz, DMSO-ds) § 154.8, 154.2, 149.4, 133.4,
132.0, 130.8, 130.6, 126.1, 124.3, 123.8, 119.3, 119.2, 116.8, 116.4, 114.9, 114.9,
94.5,92.0, 83.9, 83.8, 77.1, 75.6, 73.2, 71.7, 64.1, 50.8, 46.7, 28.1, 28.1, 22.6, 21.4,
3.8; IR (thin film, cm™): 3423, 2243, 1723, 1648, 1546, 1450, 1375, 1292, 1224, 1160,
1112; HRMS (ESI): m/z Calcd. for C22H2sN2O3 [M+H]" 365.1860, Found 365.1860.
tert-butyl 3-(2-(/V-ethynylbut-2-ynamido)ethyl)-5-fluoro-1H-indole-1-carboxylate
(1v)

O
F NJ\
b |
Nl
BOC 1v

Yellow oil in 64% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:20); 'H NMR (600
MHz, DMSO-ds) 6 8.00 (d, J = 3.6 Hz, 1H), 7.57 (d, J = 5.5 Hz, 1H), 7.43 (dd, J =
9.1, 2.5 Hz, 1H), 7.16 (td, J = 9.1, 2.6 Hz, 1H), 4.12 (s, 1H), 3.78 (t, J = 7.1 Hz, 2H),
2.95 (t,J=17.0 Hz, 2H), 2.06 (s, 3H), 1.61 (s, 9H); 3*C NMR (150 MHz, DMSO-dj) &
0 159.3, 157.7, 154.3, 153.8, 148.7, 131.2, 131.1, 131.0, 125.7, 125.2, 116.5, 116.5,
116.2, 116.0, 115.9, 112.1, 111.9, 104.9, 104.8, 104.7, 104.6, 94.0, 91.7, 84.0, 83.9,
76.6, 75.1, 72.3, 71.3, 65.7, 63.6, 54.2, 50.9, 46.2, 27.6, 23.0, 22.1, 3.4, 3.1; IR (thin
film, cm™): 3632, 2972, 2242, 2215, 2136, 1722, 1600, 1450, 1332, 1160, 1024;
HRMS (ESI): m/z Calcd. for C21H22FN20O3 [M+H]" 369.1609, Found 369.1609
tert-Butyl 5-chloro-3-(2-(/NV-ethynylbut-2-ynamido)ethyl)-1 H-indole-1-carboxylate
(1w)
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Yellow oil in 64% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3.3:1; 'H NMR (600 MHz, CDCl3) (major rotamer) &
8.04 (s, 1H), 7.54 (d, J = 1.7 Hz, 1H), 7.45 (s, 1H), 7.25 (d, J = 1.6 Hz, 1H), 3.85 —
3.80 (m, 2H), 3.00 (dd, J = 9.7, 5.6 Hz, 3H), 2.05 (s, 3H), 1.65 (s, 9H); (minor
rotamer) 6 8.04 (s, 1H), 7.50 (s, 1H), 7.45 (s, 1H), 7.27 (s, 1H), 4.01 (t, J = 7.1 Hz,
2H), 3.11 — 3.07 (m, 3H), 1.82 (s, 3H), 1.65 (s, 9H); '3*C NMR (150 MHz, CDCl;) §
155.2, 154.8, 149.4, 149.3, 134.0, 131.6, 128.4, 128.3, 125.7, 124.8, 124.7, 118.6,
118.3, 116.7, 116.4, 116.0, 115.1, 94.4, 91.4, 84.4, 84.1, 77.0, 74.7, 73.0, 71.7, 63.8,
61.2, 50.8, 47.2, 28.3, 24.1, 22.9, 4.2, 4.0; IR (thin film, cm™): 3439, 3316, 2977,
2931, 2860, 2237, 1727, 1658, 1628, 1492, 1475, 1450, 1369; HRMS (ESI): m/z
Calcd. for C21H22CIN,O3 [M+H]" 385.1313, Found 385.1318.

tert-Butyl 3-(2-(/V-ethynylhex-2-ynamido)ethyl)-1H-indole-1-carboxylate (1x)

(@)
N” S
\ ‘ S
©\/NCII
BOC
1x

Yellow oil in 66% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3.7:1; 'H NMR (600 MHz, CDCl3) (major rotamer) &
8.13 (s, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.45 (s, 1H), 7.32 (t, J = 7.3 Hz, 1H), 7.27 —
7.23 (m, 1H), 3.88 — 3.83 (m, 2H), 3.08 — 3.04 (m, 2H), 2.98 (s, 1H), 2.38 (t, /= 7.0
Hz, 2H), 1.66 (s, 9H), 1.63 (dt, J = 14.4, 7.2 Hz, 2H), 1.04 (t, J = 7.4 Hz, 3H); (minor
rotamer) 6 8.13 (s, 1H), 7.54 (d, J=7.7 Hz, 1H), 7.45 (s, 1H), 7.32 (t, J= 7.3 Hz, 1H),
7.28 — 7.19 (m, 1H), 4.03 (t, J = 7.2 Hz, 2H), 3.14 (t, J = 7.2 Hz, 2H), 3.11 (s, 1H),
2.09 (t, J= 7.0 Hz, 2H), 1.66 (s, 9H), 1.45 (td, J = 14.5, 7.3 Hz, 2H), 091 (t, /= 7.4
Hz, 3H); 1*C NMR (150 MHz, CDCls) § 155.4, 154.9, 149.8, 135.6, 130.4, 124.7,
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124.6, 124.0, 123.5, 122.7, 122.6, 118.9, 118.6, 116.6, 116.1, 115.6, 115.4, 98.0, 95.2,
83.9, 83.6, 77.3, 75.0, 74.0, 72.5, 63.7, 61.0, 51.3, 47.3, 29.8, 28.3, 24.2, 23.2, 21.2,
21.1, 21.0, 20.8, 13.64 13.59; IR (thin film, cm™): 3436, 3291, 2961, 2928, 2870,
2835, 2222, 1727, 1657, 1610, 1476, 1451, 1369; HRMS (ESI): m/z Calcd. for
C23H27N203 [M+H]" 379.2016, Found 379.2021.

tert-Butyl 3-(2-(/V-ethynylhex-2-ynamido)ethyl)-6-methyl-1H-indole-1-

carboxylate (1y)
0]
ob s
e vl
Boc
1y

Yellow oil in 67% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3:1; '"H NMR (600 MHz, CDCls) (major rotamer) § 7.99
(s, 1H), 7.46 (d, J= 7.9 Hz, 1H), 7.35 (s, 1H), 7.08 (d, /= 7.6 Hz, 1H), 3.86 — 3.80 (m,
2H), 3.05 — 3.01 (m, 2H), 2.98 (s, 1H), 2.48 (s, 3H), 2.38 (t, /= 6.8 Hz, 2H), 1.66 (s,
9H), 1.64 — 1.61 (m, 2H), 1.04 (t, J = 7.3 Hz, 3H); (minor rotamer) & 7.99 (s, 1H),
7.41 (d, J=17.9 Hz, 1H), 7.35 (s, 1H), 7.08 (d, J = 7.6 Hz, 1H), 4.02 (t, J = 7.0 Hz,
2H), 3.13 - 3.09 (m, 2H), 2.48 (s, 3H), 2.10 (t, J = 6.8 Hz, 2H), 1.66 (s, 9H), 1.46 (dd,
J=14.5,72Hz, 2H), 0.92 (t, J = 7.3 Hz, 3H); *C NMR (150 MHz, CDCl3) § 155.4,
154.9, 149.8, 136.1, 134.7, 134.7, 128.1, 124.1, 124.0, 123.3, 122.8, 118.5, 118.2,
116.5, 116.1, 115.8, 115.7, 98.0, 95.1, 83.7, 83.4, 77.3, 75.0, 74.0, 72.5, 63.6, 61.0,
51.3, 47.3, 29.8, 28.3, 24.3, 23.2, 22.1, 21.2, 21.1, 21.0, 20.9, 14.3, 13.8, 13.6; IR
(thin film, cm™): 3433, 3299, 2965, 2932, 2871, 2230, 1724, 1659, 1615, 1487, 1477,
1442, 1381; HRMS (ESI): m/z Caled. for C2oH2oN>03 [M+H]" 393.2173, Found
393.2181.

tert-Butyl 3-(2-(N-ethynyl-3-phenylpropiolamido)ethyl)-1H-indole-1-carboxylate
(1z)
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Yellow oil in 68% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3:1; 'H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.05 (d, /= 8.1 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.63 — 7.59 (m, 2H), 7.55 (d, J =
4.8 Hz, 1H), 7.49 (t, J = 7.7 Hz, 2H), 7.44 — 7.39 (m, 1H), 7.33 (t, J = 7.6 Hz, 1H),
7.26 (dd, J=12.4,5.2 Hz, 1H), 4.28 (s, 1H), 3.87 (t, /= 7.2 Hz, 2H), 3.04 (t, J= 7.2
Hz, 2H), 1.59 (s, 9H); (minor rotamer) 6 7.99 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 7.8 Hz,
1H), 7.58 (d, J= 7.5 Hz, 2H), 7.55 (d, J = 4.8 Hz, 2H), 7.52 (dd, J = 6.5, 2.2 Hz, 1H),
7.44 —7.39 (m, 1H), 7.26 (dd, J=12.4, 5.2 Hz, 1H), 7.10 (t, J = 7.5 Hz, 1H), 4.23 (s,
1H), 4.11 (t, J = 6.6 Hz, 2H), 3.14 (t, J = 6.6 Hz, 2H), 1.55 (s, 9H); *C NMR (150
MHz, DMSO-ds) & 154.3, 153.8, 149.0, 148.9, 134.8, 132.5, 132.4, 131.3, 131.2,
130.1, 123.0, 129.1, 128.9, 124.5, 124.4, 123.9, 123.5, 122.6, 122.5, 119.0, 118.8,
118.5, 116.5, 116.4, 114.8, 114.7, 93.1, 90.5, 83.6, 81.1, 79.7, 76.4, 75.1, 66.2, 64.3,
51.2,46.4,27.7,27.6,23.1,22.2, 14.1; IR (thin film, cm™): 3434, 3305, 3054, 2978,
2932, 2213, 1727, 1659, 1627, 1490, 1451, 1368; HRMS (ESI): m/z Calcd. for
C26H24N203Na [M+Na]* 435.1679, Found 435.1675.
tert-Butyl 3-(2-(/V-ethynyl-4,4-dimethylpent-2-ynamido)ethyl)-1H-indole-1-

carboxylate (1aa)

(@]
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@CNCH
BOC
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Brown oil in 62% yield; Rs = 0.2 (EtOAc/petroleum ether = 1:20); The ratio of major
rotamer and minor rotamer is 3:1; '"H NMR (600 MHz, DMSO-ds) (major rotamer) &
8.04 (d, J=8.0 Hz, 1H), 7.62 (t,J= 7.7 Hz, 1H), 7.52 (s, 1H), 7.33 (t,J = 7.7 Hz, 1H),
7.25 (dd, J = 14.5, 7.3 Hz, 1H), 4.15 (s, 1H), 3.79 (t, J= 7.2 Hz, 2H), 2.98 (t, /= 7.2
Hz, 2H), 1.61 (s, 9H), 1.24 (s, 9H); (minor rotamer) ¢ 8.04 (d, /= 8.0 Hz, 1H), 7.62 (t,
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J=17.7Hz, 1H), 7.49 (s, 1H), 7.33 (t, J= 7.7 Hz, 1H), 7.25 (dd, J = 14.5, 7.3 Hz, 1H),
4.17 (s, 1H), 3.96 (t, J = 6.5 Hz, 2H), 3.07 (t, J = 6.5 Hz, 2H), 1.61 (s, 9H), 1.05 (s,
9H); 13C NMR (150 MHz, DMSO-ds) & 154.4, 153.9, 149.0, 134.7, 130.1, 123.0,
124.5, 124.5, 123.8, 123.4, 122.6, 119.0, 116.6, 116.6, 114.8, 103.8, 101.2, 83.6, 83.6,
76.6, 75.2, 72.1, 70.7, 65.9, 63.8, 54.9, 51.2, 46.1, 29.4, 29.2, 27.9, 27.5, 27.3, 22.8,
22.2,18.7, 13.6; IR (thin film, cm™): 3437, 3296, 2971, 2930, 2867, 2223, 1730, 1664,
1629, 1453, 1369; HRMS (ESI): m/z Caled. for Co4sHaoN,Os [M+H]" 393.2173, Found
393.2177.

9. The Procedures for the Prepartion of 2, 2a-2p, 3, 3a-3p on

Condition C1 and Characterization Data

o
0
; N R’ N—¢* R! N
R N AN , _JohnPhosAu(MeCN)SbFg N4 + A\ )
|’| R THF, 1t N = NN
sz R? R’ R2 R®

1,1a-1p 2, 2a-2p 3, 3a-3p

To a solution of compounds 1, 1a-1p (I mmol) in anhydrous THF was added a
solution of JohnPhosAu(MeCN)SbFe (0.08 mmol) in anhydrous THF (1 mL) under
the N> atmosphere, and the mixture was stirred for about 15 min, until the total
conversion of the reactant. Then mixture was concentrated in vacuo, and the residue
was purified by a flash column chromatography on silica gel.
(E)-11-Benzyl-2-ethylidene-2,5,6,11-tetrahydro-3H-indolizino[8,7-b]indol-3-one
(2)

O
N
A\
N NS
Bn Me
2

Brown oil in 50% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 8 7.65 (d, J = 7.9 Hz, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.29 (t, J = 7.6 Hz,
2H), 7.26 — 7.20 (m, 2H), 7.13 (t, J = 7.4 Hz, 1H), 7.07 (d, J = 7.4 Hz, 2H), 6.51 (q, J
=7.5 Hz, 1H), 6.18 (s, 1H), 5.69 (s, 2H), 3.75 (t, J = 6.3 Hz, 2H), 3.09 (t, J= 6.3 Hz,
2H), 1.95 (d, J = 7.6 Hz, 3H); *C NMR (150 MHz, DMSO-ds) § 166.4, 139.7, 138.5,
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134.6, 133.3, 132.1, 129.1, 127.7, 126.6, 126.3, 125.7, 124.6, 120.6, 120.0, 115.0,
110.8,94.2, 47.4,37.2, 20.5, 15.8; IR (thin film, cm™): 3428, 2986, 2952, 1738, 1722,
1683, 1601, 1492, 1271; HRMS (ESI): m/z Calcd. for C23H21N20 [M+H]" 341.1648,
Found 341.1659.
(E)-11-Benzyl-8-chloro-2-ethylidene-2,5,6,11-tetrahydro-3H-indolizino|[8,7-b]

indol-3-one (2a)

Yellow solid in 46% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); Mp 202.4 —
204.2 °C; '"H NMR (600 MHz, DMSO-ds) § 7.74 (d, J= 1.4 Hz, 1H), 7.57 (d, J = 8.8
Hz, 1H), 7.29 (t, J = 7.5 Hz, 2H), 7.26 — 7.20 (m, 2H), 7.06 (d, J = 7.5 Hz, 2H), 6.54
(q, J=7.6 Hz, 1H), 6.24 (s, 1H), 5.70 (s, 2H), 3.73 (t, /= 6.3 Hz, 2H), 3.07 (t, /= 6.3
Hz, 2H), 1.95 (d, J = 7.6 Hz, 3H); *C NMR (150 MHz, DMSO-ds) § 165.8, 137.7,
137.6, 134.0, 132.6, 132.5, 128.7, 127.3, 126.30 126.1, 124.8, 123.8, 118.8, 114.0,
112.0, 94.6,47.0, 36.6, 19.9, 15.4; IR (thin film, cm™): 3435, 2929, 2860, 2837, 1738,
1690, 1611, 1472, 1438, 1382; HRMS (ESI): m/z Calcd. for C23H20CIN2O [M+H]"
375.1259 Found 375.1252.
(E)-11-Benzyl-2-(cyclopropylmethylene)-2,5,6,11-tetrahydro-3H-indolizino|8,7-b]
indol-3-one (2b)

Yellow oil in 48% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 8 7.64 (d, J = 7.9 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.29 (t, J = 7.6 Hz,
2H), 7.22 (dd, J = 13.0, 7.0 Hz, 2H), 7.12 (t, J = 7.4 Hz, 1H), 7.07 (d, J = 7.4 Hz, 2H),
6.35 (s, 1H), 5.97 (d, J = 11.1 Hz, 1H), 5.69 (s, 2H), 3.75 (t, J = 6.3 Hz, 2H), 3.09 (t, J
= 6.3 Hz, 2H), 1.92 — 1.85 (m, 1H), 1.07 — 1.01 (m, 2H), 0.80 — 0.77 (m, 2H); '*C
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NMR (150 MHz, DMSO-ds) 6 165.8, 142.6, 139.0, 138.0, 131.9, 131.0, 128.7, 128.69,
127.2, 126.2, 126.1, 125.3, 123.9, 120.1, 119.5, 114.0, 110.3, 94.3, 46.9, 36.8, 20.1,
13.5, 9.8; IR (thin film, cm™): 3437, 2983, 2927, 2843, 1720, 1647, 1639, 1458, 1235,
1190, 1029; HRMS (ESI): m/z Calcd. for CasH;N>O [M+H]" 367.1805, Found
367.1810.
(E)-2-(Cyclopropylmethylene)-11-(4-methoxybenzyl)-2,5,6,11-tetrahydro-3H-
indolizino[8,7-b]indol-3-one (2¢)

Green solid in 44% yield; Rr = 0.2 (EtOAc/petroleum ether = 1:5); Mp 148.8 —
150.1 °C; 'H NMR (600 MHz, DMSO-ds) § 7.63 (d, J = 7.9 Hz, 1H), 7.50 (d, J = 8.4
Hz, 1H), 7.24 — 7.20 (m, 1H), 7.11 (t, J= 7.4 Hz, 1H), 7.03 (d, J= 8.7 Hz, 2H), 6.87 —
6.83 (m, 2H), 6.40 (s, 1H), 5.98 (d, J=11.1 Hz, 1H), 5.61 (s, 2H), 3.74 (t, J= 6.3 Hz,
2H), 3.67 (s, 3H), 3.08 (t, J = 6.3 Hz, 2H), 1.95 — 1.90 (m, 1H), 1.05 (td, J = 6.6, 3.9
Hz, 2H), 0.81 — 0.77 (m, 2H); 1*C NMR (150 MHz, DMSO-ds) § 165.7, 158.4, 142.5,
139.0, 131.9, 131.0, 129.8, 127.5, 126.0, 125.3, 123.8, 112.0, 119.4, 114.1, 114.1,
113.9, 110.4, 94.3, 55.0, 46.3, 36.7, 20.1, 13.6, 9.8; IR (thin film, cm™): 3430, 2987,
2927, 2872, 1731, 1687, 1633, 1610, 1512, 1461, 1396, 1350; HRMS (ESI): m/z
Calcd. for C26H25N>0, [M+H]" 397.1911, Found 397.1900.
(E)-11-Benzyl-2-butylidene-2,5,6,11-tetrahydro-3 H-indolizino|[8,7-b]indol-3-one

(2d)
O
N
"
Bn
2d

Yellow oil in 62% yield; Ry = 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz,
DMSO-ds) 6 7.65 (d, J = 7.9 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.28 (t, J = 7.5 Hz,
2H), 7.26 — 7.23 (m, 1H), 7.21 (t,J= 7.3 Hz, 1H), 7.12 (t, J= 7.3 Hz, 1H), 7.07 (d, J
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=7.3 Hz, 2H), 6.45 (t, J= 8.1 Hz, 1H), 6.14 (s, 1H), 5.68 (s, 2H), 3.75 (t, J = 6.3 Hz,
2H), 3.09 (t, J = 6.3 Hz, 2H), 2.29 (dd, J = 15.2, 7.4 Hz, 2H), 1.47 — 1.41 (m, 2H),
0.85 (t, J= 7.4 Hz, 3H); '>*C NMR (150 MHz, DMSO-ds) § 166.0, 139.2, 138.0, 136.1,
133.6, 132.9, 128.6, 127.2, 126.2, 125.8, 125.2, 124.1, 120.1, 119.6, 114.6, 110.3,
94.0, 46.9, 36.72, 31.0, 21.6, 20.0, 13.6; IR (thin film, cm™): 2958, 2927, 2870, 2227,
1683, 1644, 1602, 1494, 1453, 1349; HRMS (ESI): m/z Caled. for CasHasN2O
[M+H]" 369.1961, Found 369.1975.
(E)-11-Benzyl-2-(2,2-dimethylpropylidene)-2,5,6,11-tetrahydro-3H-indolizino

[8,7-b]indol-3-one (2¢)

Orange solid in 74% yield; Rf = 0.2 (EtOAc/petroleum ether = 1:5); Mp 84.2 —
85.6 °C; '"H NMR (600 MHz, DMSO-ds) § 7.67 (d, J = 7.9 Hz, 1H), 7.62 (d, J = 8.4
Hz, 1H), 7.29 (dd, J = 16.5, 8.6 Hz, 3H), 7.23 (t, /= 7.4 Hz, 1H), 7.15 (t, /= 7.5 Hz,
1H), 7.03 (d, J = 7.5 Hz, 2H), 6.43 (s, 1H), 5.95 (s, 1H), 5.66 (s, 2H), 3.73 (t, /= 6.3
Hz, 2H), 3.09 (t, J = 6.3 Hz, 2H), 1.10 (s, 9H); *C NMR (150 MHz, DMSO-ds) &
167.1, 145.7, 139.5, 138.0, 133.1, 129.5, 128.8, 127.2, 125.8, 125.8, 125.0, 124.3,
120.1, 119.6, 114.7, 110.1, 94.2, 54.9, 47.0, 36.8, 34.2, 29.8, 20.0; IR (thin film, cm™):
3427, 2956, 1675, 1630, 1601, 1461, 1384, 1174; HRMS (ESI): m/z Calcd. for
C26H26N2ONa [M+Na]" 405.1937, Found 405.1936.
(E)-11-Benzyl-2-benzylidene-2,5,6,11-tetrahydro-3 H-indolizino[8,7-b]indol-3-one
(29

Yellow oil in 64% yield; Ry = 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz,
DMSO-ds) § 7.71 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.3 Hz, 1H), 7.54 (d, J = 7.6 Hz,
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2H), 7.46 (t, J="7.5 Hz, 2H), 7.40 (t, /= 7.3 Hz, 1H), 7.36 (t, /= 7.6 Hz, 2H), 7.32 (t,
J=17.6 Hz, 1H), 7.25 (t, /= 7.4 Hz, 1H), 7.18 (d, J = 7.7 Hz, 1H), 7.16 (s, 1H), 7.12
(d, J=7.8 Hz, 2H), 6.27 (s, 1H), 5.75 (s, 2H), 3.82 (t, /= 6.3 Hz, 2H), 3.16 (t, /= 6.3
Hz, 2H); *C NMR (150 MHz, DMSO-ds) § 167.5, 139.9, 138.2, 135.5, 135.4, 130.4,
130.0, 129.5, 129.4, 129.0, 128.8, 127.3, 125.9, 125.7, 125.0, 124.7, 120.3, 119.9,
115.8, 110.3, 94.7, 47.0, 36.9, 20.2; IR (thin film, cm™): 3424, 2946, 2928, 2836,
1678, 1493, 1452, 1370, 1295; HRMS (ESI): m/z Calcd. for CosH23N2O [M+H]"
403.1805, Found 403.1799.
(E)-11-Benzyl-2-(4-fluorobenzylidene)-2,5,6,11-tetrahydro-3H-indolizino[8,7-b]
indol-3-one (2g)

Red solid in 72% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:5); Mp 102.4 — 104.1 °C;
'H NMR (600 MHz, DMSO-ds) & 7.70 (d, J = 7.9 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H),
7.61 (dd, J=8.5,5.7 Hz, 2H), 7.36 (t, J=7.7 Hz, 2H), 7.30 (dt, /= 11.4, 8.1 Hz, 3H),
7.24 (t,J=7.4 Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.16 (s, 1H), 7.11 (d, J = 7.7 Hz,
2H), 6.24 (s, 1H), 5.74 (s, 2H), 3.80 (t, J = 6.3 Hz, 2H), 3.14 (t, J = 6.2 Hz, 2H); *C
NMR (150 MHz, DMSO-ds) 6 167.5, 163.4, 161.7, 140.0, 138.3, 135.6, 132.3, 132.2,
132.12, 132.10, 130.2, 130.1, 128.9, 128.4, 127.4, 126.0, 125.7, 125.1, 124.8, 120.4,
119.9, 116.2, 116.1, 115.9, 110.3, 94.4, 47.1, 36.9, 20.2; IR (thin film, cm™): 3059,
2925, 2857, 1686, 1625, 1599, 1505, 1455, 1354; HRMS (ESI): m/z Calcd. for
C2sH22FN,O [M+H]" 421.1711, Found 421.1707.
(E)-11-Benzyl-2-(4-chlorobenzylidene)-2,5,6,11-tetrahydro-3H-indolizino[8,7-b]
indol-3-one (2h)
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Brown oil in 78% yield; R¢= 0.2 (EtOAc/petroleum ether = 1:5); "TH NMR (600 MHz,
DMSO-ds) 6 7.71 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.57 (d, J = 8.4 Hz,
2H), 7.50 (d, /= 8.4 Hz, 2H), 7.36 (t, /= 7.6 Hz, 2H), 7.32 (t, /= 7.6 Hz, 1H), 7.25 (t,
J=17.3Hz, 1H), 7.17 (t, J = 7.4 Hz, 1H), 7.14 (s, 1H), 7.11 (d, J = 7.6 Hz, 2H), 6.25
(s, 1H), 5.75 (s, 2H), 3.81 (t, J = 6.3 Hz, 2H), 3.15 (t, J = 6.3 Hz, 2H); 1*C NMR (150
MHz, DMSO-ds) & 167.4, 138.2, 135.9, 134.4, 133.9, 131.5, 130.9, 129.0, 128.9,
127.9, 127.3, 126.0, 125.6, 125.0, 124.8, 120.4, 119.9, 116.2, 110.4, 94.4, 54.9, 47.0,
36.9, 20.2; IR (thin film, cm™): 3439, 2954, 2927, 2888, 2852, 1630, 1488, 1457,
1385, 1003; HRMS (ESI): m/z Caled. for CosH2,CIN2O [M+H]" 437.1415, Found
437.1411.

(E)-11-Benzyl-2-(4-bromobenzylidene)-2,5,6,11-tetrahydro-3 H-indolizino|8,7-b]
indol-3-one (2i)

Brown oil in 75% yield; R¢= 0.2 (EtOAc/petroleum ether = 1:5); 'TH NMR (600 MHz,
DMSO-ds) 6 7.71 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 8.3 Hz,
2H), 7.49 (d, J= 8.2 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.32 (t, J = 7.6 Hz, 1H), 7.25 (t,
J=173Hz, 1H), 7.17 (t, J= 7.4 Hz, 1H), 7.11 (d, J = 5.0 Hz, 3H), 6.24 (s, 1H), 5.75
(s, 2H), 3.81 (t, J = 6.2 Hz, 2H), 3.15 (t, J = 6.2 Hz, 2H); *C NMR (150 MHz,
DMSO-ds) 6 167.5, 140.0, 138.2, 136.0, 134.7, 132.0, 131.8, 131.0, 128.9, 128.0,
127.3, 126.0, 125.6, 125.0, 124.8, 122.7, 120.3, 119.9, 116.2, 110.4, 94.4, 47.0, 36.9,
20.2; IR (thin film, cm™): 3413, 2951, 2926, 2842, 1649, 1587, 1486, 1452; HRMS
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(ESI): m/z Calcd. for C2sH22BrN>O [M+H]" 481.0910, Found 481.0913.
(E)-11-Benzyl-2-(4-methylbenzylidene)-2,5,6,11-tetrahydro-3H-indolizino[8,7-b]
indol-3-one (2j)

Red solid in 65% yield; Rr= 0.2 (EtOAc/petroleum ether = 1:5); Mp 102.9 — 104.2 °C;
"H NMR (600 MHz, DMSO-ds) § 7.70 (d, J = 7.9 Hz, 1H), 7.65 (d, J = 8.3 Hz, 1H),
7.43 (d,J=7.9 Hz, 2H), 7.37 (t, J= 7.6 Hz, 2H), 7.31 (t,J= 7.6 Hz, 1H), 7.26 (t, J =
7.5 Hz, 3H), 7.17 (t, J = 7.4 Hz, 1H), 7.12 (d, J = 9.1 Hz, 3H), 6.25 (s, 1H), 5.74 (s,
2H), 3.80 (t, J = 6.3 Hz, 2H), 3.14 (t, J = 6.3 Hz, 2H), 2.36 (s, 3H); '*C NMR (150
MHz, DMSO-ds) & 167.6, 139.9, 139.6, 138.3, 135.0, 132.7, 130.1, 129.8, 129.7,
129.6, 128.9, 127.3, 125.9, 125.8, 125.1, 124.6, 120.3, 119.8, 115.6, 110.2, 94.8, 47.1,
36.9, 21.1, 20.2; IR (thin film, cm™): 3435, 2945, 2927, 2867, 2835, 1677, 1451, 1407,
1383; HRMS (ESI): m/z Calcd. for C290H2sN2O [M+H]" 417.1961, Found 417.1956.
(E)-11-Benzyl-2-((tert-butyldiphenylsilyl)methylene)-2,5,6,11-tetrahydro-3 H-indo
lizino|8,7-b]indol-3-one (2k)

o)
N

N

N\\

Bn BDPS
2k

Yellow oil in 63% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
CDCl3) 6 7.59 (d, J=7.9 Hz, 1H), 7.56 — 7.52 (m, 4H), 7.38 — 7.34 (m, 2H), 7.28 (t, J
= 7.4 Hz, 4H), 7.25 — 7.21 (m, 2H), 7.18 (d, J = 8.3 Hz, 1H), 7.17 — 7.13 (m, 1H),
7.12 (d, J = 7.2 Hz, 1H), 7.08 (t, J = 7.4 Hz, 2H), 6.58 (d, J = 7.3 Hz, 2H), 5.11 (s,
1H), 4.95 (s, 2H), 3.90 (t, J = 6.3 Hz, 2H), 3.14 (t, J = 6.3 Hz, 2H), 1.06 (s, 9H); 1*C
NMR (150 MHz, CDCls) 6 165.9, 148.3, 139.9, 136.7, 136.3, 135.6, 134.0, 129.5,
128.8, 128.8, 127.8, 127.4, 126.3, 125.9, 125.7, 124.7, 120.5, 119.8, 115.7, 109.9,
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97.8,47.7,37.4, 27.6, 20.8, 18.7; IR (thin film, cm™): 2927, 2855, 1700, 1614, 1571,
1460; HRMS (ESI): m/z Calcd. for C3sH37N20Si [M+H]" 565.2670, Found 565.2676.
(E)-11-benzyl-2-((tert-butyldiphenylsilyl)methylene)-8-fluoro-2,5,6,11-tetrahydro
-3H-indolizino[8,7-b]indol-3-one (21)

BDPS

Yellow oil in 72% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
CDCl3) 6 7.53 (d, J = 6.8 Hz, 4H), 7.35 (d, /= 7.4 Hz, 2H), 7.30 — 7.19 (m, 4H), 7.15
—7.05 (m, 1H), 6.96 (td, J = 9.0, 2.4 Hz, 1H), 6.56 (d, J = 7.4 Hz, 3H), 5.11 (s, 1H),
4.92 (s, 2H), 3.89 (t, J = 6.3 Hz, 2H), 3.07 (t, J = 6.3 Hz, 2H), 1.06 (s, 9H); 3*C NMR
(150 MHz, CDCls) o 165.8, 148.1, 136.4, 136.3, 136.0, 135.3, 133.9, 129.7, 129.5,
128.8, 128.2, 127.8, 127.7, 127.8, 125.8, 125.8, 113.3, 113.1, 110.7, 110.6, 104.5,
104.4, 98.1, 47.9, 37.3, 29.8, 27.6, 27.2, 20.7, 18.7; IR (thin film, cm™): 3676, 2926,
2854, 1561, 1524, 1491, 1339, 1181; HRMS (ESI): m/z Calcd. for C3sH3sFN20OSi
[M+H]" 583.2575, Found 583.2575.
(E)-11-benzyl-2-((tert-butyldiphenylsilyl)methylene)-8-chloro-2,5,6,11-tetrahydro
-3H-indolizino[8,7-b]indol-3-one (2m)

BDPS

Green oil in 68% yield; Rf= 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
CDCl3) 6 7.53 (dd, J= 8.2, 4.4 Hz, 4H), 7.35 (t, /= 7.4 Hz, 2H), 7.30 — 7.21 (m, 4H),
7.12 (ddd, J = 28.7, 8.2, 2.1 Hz, 1H), 7.08 (dd, J = 8.2, 5.8 Hz, 1H), 6.54 (d, J = 7.4
Hz, 1H), 5.11 (s, 1H), 4.91 (s, 2H), 3.88 (t, J = 6.3 Hz, 2H), 3.07 (t, J = 6.3 Hz, 2H),
1.05 (s, 9H); '3C NMR (150 MHz, CDCls) & 165.7, 148.0, 138.1, 136.2, 136.2, 135.2,
133.9, 129.9, 129.5, 128.8, 127.8, 127.6, 127.4, 126.6, 126.3, 125.8, 124.9, 119.1,
114.8, 110.9, 98.4, 47.8, 37.3, 29.8, 27.6, 20.7, 18.7; IR (thin film, cm™): 3679, 2926,
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2854, 1586, 1573, 1519, 1427, 1334, 1294, 1156, 1094; HRMS (ESI): m/z Calcd. for
C3sH36CIN0Si [M+H]" 599.2280, Found 559.2280.
(E)-11-benzyl-2-((tert-butyldiphenylsilyl)methylene)-8-methoxy-2,5,6,11-tetrahyd
ro-3H-indolizino[8,7-b]indol-3-one (2n)

MeO

Green oil in 59% yield; R = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
CDCl3) 6 7.56 — 7.50 (m, 4H), 7.37 — 7.31 (m, 2H), 7.30 — 7.26 (m, 4H), 7.21 (d, J =
0.8 Hz, 1H), 7.11 (d, /= 7.2 Hz, 1H), 7.06 (dt, J = 18.2, 5.0 Hz, 3H), 6.97 (d, J=2.3
Hz, 1H), 6.88 (dd, J =9.0, 2.4 Hz, 2H), 5.07 (s, 1H), 4.90 (s, 2H), 3.89 (t, /= 6.3 Hz,
2H), 3.85 (s, 3H), 3.09 (t, J = 6.3 Hz, 2H), 1.06 (s, 9H); 3*C NMR (150 MHz, CDCl3)
0 165.9, 154.7, 148.2, 136.7, 136.3, 135.6, 135.2, 134.0, 129.4, 128.7, 128.6, 127.8,
127.4, 126.6, 125.9, 125.8, 115.5, 115.0, 110.7, 100.6, 97.5, 65.7, 55.9, 47.7, 37.4,
29.8,27.6,20.8, 18.7; IR (thin film, cm™): 3685, 2926, 2822, 1673, 1545, 1448, 1334,
1300, 1150, 1091; HRMS (ESI): m/z Caled. for C3oH30N202Si [M+H]" 595.2275,
Found 595.2275.
(E)-11-benzyl-8-fluoro-2-((triisopropylsilyl)methylene)-2,5,6,11-tetrahydro-3H-in
dolizino[8,7-b]indol-3-one (20)

o)
F N
AN
N NN
IPS
Bn 20

Green oil in 78% yield; R = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
CDCl3) 6 7.64 (t, J=16.3 Hz, 1H), 7.37 — 7.29 (m, 4H), 7.28 (d, /= 7.2 Hz, 1H), 7.21
(t,J=17.3 Hz, 1H), 7.05 (d, J = 7.4 Hz, 2H), 6.79 (s, 1H), 5.55 (s, 1H), 5.50 (s, 2H),
3.91 (t,J= 6.3 Hz, 2H), 3.17 (t, J = 6.3 Hz, 2H), 0.96 (d, J = 6.5 Hz, 18H); 3*C NMR
(150 MHz, CDCls) o 165.7, 146.7, 140.1, 137.1, 135.3, 132.7, 129.1, 127.6, 126.7,
125.7, 125.4, 124.7, 120.6, 119.8, 115.3, 109.6, 98.1, 47.9, 37.3, 32.0, 29.8, 22.8, 20.9,
18.7, 11.8; IR (thin film, cm™): 3651, 3629, 2924, 2854, 2367, 2310, 1734, 1640,
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1561, 1460, 1181, 1097; HRMS (ESI): m/z Calcd. for C31H3sFN,OSi [M+H]"
501.2732, Found 501.2730.
(E)-11-benzyl-2-((triisopropylsilyl)methylene)-2,5,6,11-tetrahydro-3 H-indolizino|
8,7-blindol-3-one (2p)

0
N
A\
N
N S
Bn 2p IPS

Yellow oil in 75% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
CDCl3) 6 7.65 (d, J=7.9 Hz, 1H), 7.48 — 7.27 (m, 4H), 7.28 (d, /= 1.3 Hz, 1H), 7.25
—7.08 (m, 1H), 7.09 — 6.96 (m, 2H), 6.79 (d, J = 1.1 Hz, 1H), 5.55 (s, 1H), 5.50 (s,
2H), 3.91 (t,J = 6.3 Hz, 2H), 3.17 (t, J = 6.3 Hz, 2H), 1.02 — 0.84 (m, 21H); 3*C NMR
(150 MHz, CDCls) o 165.8, 146.8, 140.1, 137.1, 135.4, 132.7, 129.1, 127.6, 126.7,
125.7, 125.4, 125.4, 124.7, 120.6, 119.8, 115.3, 109.6, 98.1, 47.9, 37.3, 29.8, 20.9,
18.7, 11.8; IR (thin film, cm™): 3694, 3620, 2922, 2849, 2385, 2256, 1745, 1628,
1523, 1460, 1238, 1227, 1181; HRMS (ESI): m/z Calcd. for C31H3N,OSi [M+H]"
483.2826, Found 483.2827.
12-Benzyl-2-methyl-7,12-dihydroindolo[2,3-a]quinolizin-4(6 H)-one (3)

0

( N

N\

Bn e
3

Brown oil in 40% yield; Ry = 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz,
DMSO-ds) & 7.69 (d, J = 7.9 Hz, 1H), 7.49 (d, J = 8.4 Hz, 1H), 7.32 (t, J = 7.6 Hz,
2H), 7.26 (dt, J = 14.9, 7.4 Hz, 2H), 7.16 (t, J = 7.4 Hz, 1H), 7.06 (d, J = 7.5 Hz, 2H),
6.24 (d, J= 0.9 Hz, 1H), 6.17 (s, 1H), 5.68 (s, 2H), 4.20 (t, J = 6.5 Hz, 2H), 3.02 (t, J
= 6.5 Hz, 2H), 2.00 (s, 3H); '°C NMR (150 MHz, DMSO-ds) § 161.3, 149.3, 140.2,
138.0, 136.0, 128.8, 128.8, 127.3, 126.0, 124.5, 124.4, 120.5, 119.7, 116.6, 116.3,
111.0, 103.8, 47.9, 20.8, 19.4; IR (thin film, cm): 2962, 2944, 2833, 1656, 1450,
1410, 1113, 1019; HRMS (ESI): m/z Caled. for Co3Hz1N20 [M+H]* 341.1648, Found
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341.1656.
12-Benzyl-9-chloro-2-methyl-7,12-dihydroindolo[2,3-a]quinolizin-4(6 H)-one (3a)

0]
Cl
A\
N\
Bn e
3a

Brown oil in 41% yield; R¢= 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz, CDCI;)
07.61(d,J=1.7Hz 1H), 7.37 (t, J= 7.4 Hz, 2H), 7.32 (t, J = 7.3 Hz, 1H), 7.22 (dd,
J=2838,19Hz 1H), 7.14 (dd, J=11.1, 8.2 Hz, 3H), 6.33 (s, 1H), 6.03 (d, /= 1.3 Hz,
1H), 5.51 (s, 2H), 4.37 (t, J = 6.6 Hz, 2H), 3.03 (t, J = 6.6 Hz, 2H), 2.00 (s, 3H); 1*C
NMR (150 MHz, CDCl) 6 162.8, 149.5, 139.1, 137.0, 135.8, 131.0, 129.35, 128.0,
126.8, 126.0, 125.9, 125.1, 119.2, 118.0, 116.1, 111.7, 105.1, 49.1, 40.1, 21.5, 20.1;
IR (thin film, cm™): 3436, 2986, 2951, 2922, 2835, 1733, 1662, 1591, 1491, 1450,
1397; HRMS (ESI): m/z Calcd. for C23H20CIN20 [M+H]" 375.1259, Found 375.1268.
12-Benzyl-2-cyclopropyl-7,12-dihydroindolo[2,3-a]quinolizin-4(6 H)-one (3b)

3b

Gray solid in 45% yield; Ry = 0.2 (DCM/MeOH = 50:1); Mp 248.1 — 249.7 °C; 'H
NMR (600 MHz, CDCL3) § 7.65 (d, J = 7.9 Hz, 1H), 7.39 (t, J= 7.4 Hz, 2H), 7.33 (t, J
=7.3 Hz, 1H), 7.30 (dd, J = 11.1, 4.0 Hz, 1H), 7.27 — 7.24 (m, 1H), 7.22 (t, J= 7.4 Hz,
1H), 7.17 (d, J = 7.4 Hz, 2H), 6.27 (d, J= 1.5 Hz, 1H), 5.71 (d, J= 1.5 Hz, 1H), 5.51
(s, 2H), 4.38 (t, J = 6.6 Hz, 2H), 3.07 (t, J = 6.6 Hz, 2H), 1.52 — 1.47 (m, 1H), 0.84 —
0.79 (m, 2H), 0.32 — 0.28 (m, 2H); '*C NMR (150 MHz, CDCls) § 162.7, 156.2, 140.9,
137.4, 136.5, 129.9, 129.4, 127.8, 125.7, 125.0, 124.9, 121.0, 119.8, 116.7, 114.0,
110.4, 100.0, 48.9, 40.1, 20.2, 15.1, 9.5; IR (thin film, cm™): 3433, 3255, 3078, 2999,
2954, 2924, 2853, 2220, 1549, 1385; HRMS (ESI): m/z Caled. for CasHaN,O
[M+H]" 367.1805, Found 367.1792.
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2-Cyclopropyl-12-(4-methoxybenzyl)-7,12-dihydroindolo|2,3-a]quinolizin-4(6 H)-
one (3¢)

O
N

N
N\/

PMB
3c

White solid in 32% yield; Rf = 0.2 (DCM/MeOH = 50:1); Mp 173.8 — 175.5 °C; 'H
NMR (600 MHz, CDCl3) & 7.65 (d, J=7.9 Hz, 1H), 7.31 — 7.28 (m, 1H), 7.25 (d, J =
6.8 Hz, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.08 (d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.6 Hz,
2H), 6.26 (s, 1H), 5.80 (d, /= 1.3 Hz, 1H), 5.45 (s, 2H), 4.37 (t, J = 6.6 Hz, 2H), 3.81
(s, 3H), 3.06 (t, J = 6.6 Hz, 2H), 1.54 —1.50 (m, 1H), 0.85 (dt, J = 6.7, 4.9 Hz, 2H),
0.40 — 0.36 (m, 2H); '*C NMR (150 MHz, CDCl3) § 162.7, 159.2, 156.2, 140.8, 136.5,
129.9, 129.3, 126.9, 125.0, 124.2, 120.9, 119.8, 116.6, 114.7, 113.8, 110.4, 100.3,
55.5, 48.4, 40.1, 20.2, 15.2, 9.6; IR (thin film, cm™): 3437, 2988, 2953, 2925, 2893,
1657, 1611, 1589, 1460, 1397, 1350, 1323, 1005; HRMS (ESI): m/z Calcd. for
Ca6H2sN202 [M+H]" 397.1911, Found 397.1913.
12-Benzyl-2-propyl-7,12-dihydroindolo[2,3-a]quinolizin-4(6H)-one (3d)

0
N
O \4
Bn
3d

Yellow oil in 11% yield; R¢= 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz, CDCI;)
3 7.66 (d,J=17.9 Hz, 1H), 7.37 (dd, J=10.2, 4.6 Hz, 2H), 7.32 — 7.28 (m, 3H), 7.23 —
7.21 (m, 1H), 7.17 (d, J = 7.2 Hz, 2H), 6.31 — 6.29 (m, 1H), 6.04 (d, /= 1.6 Hz, 1H),
5.52 (s, 2H), 4.39 (t, J = 6.6 Hz, 2H), 3.11 — 3.06 (m, 2H), 2.21 (t, J = 7.5 Hz, 2H),
1.35 (dq, J = 14.7, 7.4 Hz, 2H), 0.80 (t, J = 7.4 Hz, 3H); *C NMR (150 MHz, CDCI;)
0 163.1, 153.2, 140.9, 137.5, 136.2, 129.9, 129.2, 127.8, 125.9, 125.0, 124.8, 120.9,
119.7, 116.8, 116.7, 110.5, 104.0, 49.0, 40.2, 37.3, 22.1, 20.2, 13.6. IR (thin film,
cm™): 2955, 2926, 2860, 1657, 1582, 1543, 1455, 1350, 1023; HRMS (ESI): m/z
Calcd. for C25H2sN>0 [M+H]" 369.1961, Found 369.1963.

S60



12-Benzyl-2-(tert-butyl)-7,12-dihydroindolo[2,3-a]quinolizin-4(6 H)-one (3e)

3e

Brown oil in 9% yield; Ry = 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz, CDCl;) &
7.66 (d,J=7.9 Hz, 1H), 7.38 (t,J=7.6 Hz, 2H), 7.31 (dd, /= 11.5, 7.1 Hz, 3H), 7.24
—7.21 (m, 1H), 7.19 (d, J = 7.8 Hz, 2H), 6.43 (s, 1H), 6.17 (s, 1H), 5.55 (s, 2H), 4.39
(t,J= 6.5 Hz, 2H), 3.11 — 3.08 (m, 2H), 0.94 (s, 9H); *C NMR (150 MHz, CDCls) §
163.4, 162.1, 140.8, 137.3, 135.8, 130.2, 129.3, 127.8, 125.7, 125.1, 124.7, 120.9,
119.7, 116.3, 113.9, 110.3, 102.0, 48.9, 40.14, 34.8, 29.5, 20.2, 0.1; IR (thin film,
cm™): 2962, 2942, 2845, 2835, 1647, 1455, 1112, 1018; HRMS (ESI): m/z Calcd. for
C26H27N20 [M+H]" 383.2118, Found 383.2116.
12-Benzyl-2-phenyl-7,12-dihydroindolo|2,3-a]quinolizin-4(6 H)-one (3f)
0]

h} \_/
Bn3f Q

Yellow oil in 10% yield; R¢= 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz, CDCls)
0 7.69 (d,J=7.9 Hz, 1H), 7.40 (t, J = 7.3 Hz, 2H), 7.38 — 7.32 (m, 4H), 7.30 (dd, J =
13.7, 6.2 Hz, 2H), 7.24 (d, J = 6.8 Hz, 1H), 7.21 (d, /= 7.5 Hz, 2H), 7.15 (d, J = 7.7
Hz, 2H), 6.75 (s, 1H), 6.48 (s, 1H), 4.47 (t, J = 6.5 Hz, 2H), 3.15 (t, J = 6.5 Hz, 2H);
BC NMR (150 MHz, CDCl3) § 163.2, 149.9, 141.0, 137.5, 137.2, 136.9, 130.0, 129.4,
129.4, 128.9, 127.8, 126.5, 125.9, 125.1, 125.0, 121.0, 119.9, 116.8, 114.5, 110.4,
101.8, 49.0, 40.3, 20.2; IR (thin film, cm™): 2925, 2855, 1652, 1573, 1529, 1529,
1457, 1351; HRMS (ESI): m/z Calcd. for CosH2sN,O [M+H]" 403.1805, Found
403.1795.

12-Benzyl-2-(4-fluorophenyl)-7,12-dihydroindolo|[2,3-a]quinolizin-4(6 H)-one (3g)
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Yellow solid in 14% yield; Ry = 0.2 (DCM/MeOH = 50:1); Mp 245.3 — 247.1 °C; 'H
NMR (600 MHz, CDCl3) 6 7.69 (d, J = 7.9 Hz, 1H), 7.41 (t, J = 7.2 Hz, 2H), 7.39 —
7.36 (m, 1H), 7.33 (dd, J = 12.4, 7.6 Hz, 2H), 7.24 (d, J= 7.7 Hz, 1H), 7.21 (d, J =
7.2 Hz, 2H), 7.09 (dd, J = 8.7, 5.3 Hz, 2H), 6.97 (t, J = 8.6 Hz, 2H), 6.69 (d, J = 1.6
Hz, 1H), 6.40 (d, J = 1.6 Hz, 1H), 5.58 (s, 2H), 4.46 (t, J = 6.6 Hz, 2H), 3.14 (t, J =
6.6 Hz, 2H); >*C NMR (150 MHz, CDCl3) § 164.4, 163.1, 162.7, 148.9, 141.1, 137.5,
137.1, 133.3, 133.2, 129.9, 1294, 128.6, 128.0, 127.8, 125.9, 125.2, 124.9, 121.1,
119.9, 117.0, 116.0, 115.8, 114.2, 110.3, 101.6, 49.0, 40.3, 20.2; IR (thin film, cm™):
3375, 2925, 1649, 1529, 1509, 1233, 1158; HRMS (ESI): m/z Calcd. for C2sH22FN2O
[M+H]" 421.1711, Found 421.1718.
12-Benzyl-2-(4-chlorophenyl)-7,12-dihydroindolo[2,3-a]quinolizin-4(6/)-one (3h)

Brown oil in 12% yield; Ry = 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz, CDCI;)
0 7.69 (d, J=7.9 Hz, 1H), 7.44 — 7.40 (m, 2H), 7.39 (d, /= 7.0 Hz, 1H), 7.35 (dt, J =
13.7, 6.1 Hz, 3H), 7.25 (m, 2H), 7.21 (d, J = 7.3 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H),
6.70 (d, J = 1.3 Hz, 1H), 6.40 (d, J = 1.3 Hz, 1H), 5.58 (s, 2H), 4.46 (t, J = 6.5 Hz,
2H), 3.14 (t, J = 6.6 Hz, 2H); '*C NMR (150 MHz, CDCl5) § 163.1, 148.6, 141.1,
137.5, 137.2, 135.6, 135.6, 129.9, 129.4, 129.1, 127.9, 127.5, 125.9, 125.2, 124.9,
121.17,119.9, 117.0, 114.4, 110.39 101.3, 49.0, 40.3, 20.2; IR (thin film, cm™): 3436,
2982, 2925, 2855, 1734, 1715, 1653, 1576, 1525, 1490, 1455, 1355; HRMS (ESI):
m/z Calcd. for C2sH22CIN2O [M+H]" 437.1415, Found 437.1406.
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12-Benzyl-2-(4-bromophenyl)-7,12-dihydroindolo[2,3-a]quinolizin-4(6 H)-one (3i)

Yellow oil in 9% yield; Rr= 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz, CDCl;)
0 7.69 (d, J=7.9 Hz, 1H), 7.44 — 7.38 (m, 5H), 7.36 — 7.31 (m, 2H), 7.26 — 7.24 (m,
1H), 7.20 (d, J= 7.0 Hz, 2H), 6.99 — 6.96 (m, 2H), 6.70 (d, /= 1.9 Hz, 1H), 6.40 (d, J
= 1.9 Hz, 1H), 5.58 (s, 2H), 4.46 (t, J = 6.6 Hz, 2H), 3.14 (t, J = 6.6 Hz, 2H); 1*C
NMR (150 MHz, CDCls) 6 163.0, 148.6, 141.0, 137.4, 137.1, 135.9, 131.9, 129.7,
129.3, 127.8, 127.7, 125.8, 125.1, 124.8, 123.7, 121.0, 119.8, 116.9, 114.3, 110.2,
101.1, 48.8, 40.1, 20.0; IR (thin film, cm™): 3436, 2924, 2853, 1653, 1573, 1489,
1455; HRMS (ESI): m/z Calcd. for C2sH2BrN>O [M+H]" 481.0910, Found 481.0920.
12-Benzyl-2-(p-tolyl)-7,12-dihydroindolo[2,3-a]quinolizin-4(6 H)-one (3j)

Yellow oil in 13% yield; R= 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz, CDCls)
8 7.69 (d, J=7.9 Hz, 1H), 7.41 (t, J = 7.3 Hz, 2H), 7.37 (t, J = 7.2 Hz, 1H), 7.35 -
7.30 (m, 2H), 7.26 — 7.23 (m, 1H), 7.21 (d, J = 7.2 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H),
7.05 (d, J = 8.2 Hz, 2H), 6.74 (d, J = 1.7 Hz, 1H), 6.49 (d, J = 1.7 Hz, 1H), 5.59 (s,
2H), 4.46 (t, J = 6.6 Hz, 2H), 3.14 (t, J = 6.6 Hz, 2H), 2.36 (s, 3H); '*C NMR (150
MHz, CDCL) § 163.3, 149.8, 141.0, 139.7, 137.5, 136.8, 134.1, 130.0, 129.6, 129.4,
127.8, 126.3, 125.9, 125.0, 125.0, 121.0, 119.9, 116.8, 114.0, 110.4, 101.8, 49.0, 40.3,
21.3, 20.2; IR (thin film, cm™): 3433, 2966, 2924, 2856, 2837, 1731, 1647, 1560,
1458, 1376; HRMS (ESI): m/z Calcd. for CaoHasN,O [M+H]" 417.1961, Found
417.1962.
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10. The Procedure for the Preparation of 10-4 and Characterization

Data

To a solution of AgOTT (0.08 mmol, 21 mg) in anhydrous DCM was added a solution
of [tris(2,4-di-tert-butylphenyl) phosphite]gold chloride (0.08 mmol, 70 mg) in
anhydrous DCM under the N atmosphere, and the mixture was stirred for about 30
min. The mixture was added to a solution of compound 1o (I mmol, 350 mg) in
anhydrous DCM under the N atmosphere, and the mixture was stirred for about 20
min, until the total conversion of the reactant. Then mixture was concentrated in
vacuo, and the residue was purified by a flash column chromatography on silica gel
(EtOAc/petroleum ether = 1:5) to give 10-4 as yellow oil in 72% yield.

tert-Butyl 2-(but-2-ynoyl)-1-methylene-1,2,3,4-tetrahydro-9H-pyrido|3,4-b]

indole-9-carboxylate (10-4)

10-4

The ratio of major rotamer and minor rotamer is 2:1; "H NMR (600 MHz, DMSO-ds)
(major rotamer) 6 7.96 (s, 1H), 7.55 (d, J=7.7 Hz, 1H), 7.42 — 7.36 (m, 1H), 7.27 (dd,
J=11.1, 3.9 Hz, 1H), 5.55 (s, 2H), 3.98 (s, 2H), 2.85 (s, 2H), 1.96 (s, 3H), 1.61 (s,
9H); (minor rotamer) & 7.96 (s, 1H), 7.55 (d, J = 7.7 Hz, 1H), 7.42 — 7.36 (m, 1H),
7.27 (dd, J=11.1, 3.9 Hz, 1H), 5.55 (s, 2H), 4.17 (s, 2H), 2.85 (s, 2H), 1.61 (s, 12H);
B3C NMR (150 MHz, DMSO-ds) § 151.8, 149.7, 137.9, 135.0, 129.6, 127.4, 126.3,
126.2, 123.3, 123.2, 120.8, 120.6, 119.6, 115.2, 114.4, 112.4, 91.0, 85.1, 84.5, 74.0,
67.3, 41.5, 27.5, 27.2, 20.5, 18.7, 3.7, 3.0; IR (thin film, cm™): 3423, 2972, 2965,
2926, 2840, 2826, 1710, 1659, 1593, 1471, 1465, 1393, 1369, 1343; HRMS (ESI):
m/z Calcd. for C21H23N203 [M+H]" 351.1703, Found 351.1705.

11. General Procedures for the Preparation of 2q-2aa and 3q-3aa on

Condition C2 and Characterization Data
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To a solution of AgOTTf (0.1 mmol) in anhydrous DCM was added a solution of
[tris(2,4-di-tert-butylphenyl) phosphite]gold chloride (0.1 mmol) in anhydrous DCM
under the N> atmosphere, and the mixture was stirred for about 30 min. The mixture
was added to a solution of compounds 1q-1aa (1 mmol) in anhydrous DCM under the
N> atmosphere, and the mixture was stirred for about 1.5 h, until the total conversion
of the reactant. Then mixture was concentrated in vacuo, and the residue was purified
by a flash column chromatography on silica gel (DCM/MeOH) to give the products.

tert-Butyl (E)-2-butylidene-3-0x0-2,3,5,6-tetrahydro-11H-indolizino[8,7-b]indole

-11-carboxylate (2x)

Brown oil in 12% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 6 8.04 (d, /= 8.4 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.43 (t, J = 7.8 Hz,
1H), 7.32 (t, J= 7.4 Hz, 1H), 6.54 (t, J= 8.1 Hz, 1H), 6.33 (s, 1H), 3.78 (t, /= 6.1 Hz,
2H), 3.04 (t, J= 6.1 Hz, 2H), 2.37 (dd, J = 15.0, 7.4 Hz, 2H), 1.66 (s, 9H), 1.53 (dd, J
=14.4,7.5 Hz, 2H), 0.93 (t, J= 7.3 Hz, 3H); *C NMR (150 MHz, DMSO-ds) & 165.5,
149.3, 137.6, 137.0, 133.2, 132.4, 127.2, 126.7, 125.8, 123.4, 122.3, 119.9, 115.2,
98.0, 84.9, 35.6, 31.2, 27.6, 21.7, 20.5, 13.7; IR (thin film, cm™): 3431, 2958, 2929,
2869, 2834, 1705, 1606, 1491, 1449, 1397, 1368; HRMS (ESI): m/z Calcd. for
C23H27N203 [M+H]" 379.2016, Found 379.2018.

tert-Butyl (E)-2-butylidene-9-methyl-3-0x0-2,3,5,6-tetrahydro-11H-indolizino
[8,7-b]lindole-11-carboxylate (2y)
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Yellow oil in 12% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 6 7.88 (s, 1H), 7.56 (d, J= 7.9 Hz, 1H), 7.16 (d, /= 7.8 Hz, 1H), 6.52 (t, J
= 8.3 Hz, 1H), 6.27 (s, 1H), 3.76 (t, J = 6.2 Hz, 2H), 3.01 (t, J = 6.2 Hz, 2H), 2.46 (s,
3H), 2.36 (dd, J = 15.2, 7.5 Hz, 2H), 1.66 (s, 9H), 1.53 (dd, J = 14.7, 7.3 Hz, 2H),
0.93 (t,J = 7.4 Hz, 3H); *C NMR (150 MHz, DMSO-ds) § 165.5, 149.3, 138.1, 136.6,
136.5, 133.2, 132.5, 125.2, 125.1, 124.8, 122.5, 119.6, 115.4, 97.5, 84.8, 35.5, 31.2,
27.6,21.9,21.7,20.6, 13.7; IR (thin film, cm™): 3434, 2980, 2931, 2862, 2833, 1735,
1687, 1611, 1530, 1468, 1455, 1380; HRMS (ESI): m/z Calcd. for C22H27N20;3
[M+H]" 393.2173, Found 393.2178.

tert-Butyl (E)-2-benzylidene-3-0x0-2,3,5,6-tetrahydro-11H-indolizino[8,7-b]

indole-11-carboxylate (2z)

Brown oil in 33% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:5); 'H NMR (600 MHz,
DMSO-ds) 6 8.06 (d, J= 8.4 Hz, 1H), 7.74 (d, J= 7.6 Hz, 2H), 7.71 (d, J = 7.7 Hz,
1H), 7.51 — 7.45 (m, 3H), 7.42 (t, J = 7.3 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.30 (s,
1H), 6.79 (s, 1H), 3.85 (t, J = 6.2 Hz, 2H), 3.10 (t, J = 6.2 Hz, 2H), 1.64 (s, 9H); *C
NMR (150 MHz, DMSO-ds) 6 166.9, 149.2, 137.9, 135.5, 135.1, 130.5, 130.4, 129.9,
129.6, 129.0, 127.1, 127.0, 125.7, 123.5, 123.4, 120.2, 115.2, 98.6, 85.0, 35.7, 27.6,
20.6; IR (thin film, cm™): 3424, 2984, 2926, 2835, 1737, 1690, 1607, 1491, 1443,
1397, 1366; HRMS (ESI): m/z Calcd. for CasHasN2O3 [M+H]" 413.1860 Found,
413.1858.

tert-Butyl (E)-2-(2,2-dimethylpropylidene)-3-0xo0-2,3,5,6-tetrahydro-11H-

indolizino[8,7-b]indole-11-carboxylate (2aa)
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Yellow oil in 60% yield; Ry = 0.2 (EtOAc/petroleum ether = 1:20); 'H NMR (600
MHz, DMSO-dp)  8.00 (d, J = 8.4 Hz, 1H), 7.66 (d, J= 7.7 Hz, 1H), 7.45 — 7.41 (m,
1H), 7.31 (t, J= 7.4 Hz, 1H), 6.54 (s, 1H), 6.46 (s, 1H), 3.77 (t, J = 6.2 Hz, 2H), 3.02
(t, J = 6.2 Hz, 2H), 1.65 (s, 9H), 1.23 (s, 9H); *C NMR (150 MHz, DMSO-ds) &
166.7, 149.3, 146.5, 137.6, 132.8, 129.2, 127.2, 126.7, 125.8, 123.4, 122.5, 120.0,
115.0, 98.0, 84.8, 35.6, 34.5, 29.8, 27.6, 20.6; IR (thin film, cm™): 3432, 2984, 2955,
2926, 1738, 1703, 1607, 1492, 1442, 1366, 1311; HRMS (ESI): m/z Calcd. for
C24H20N203 [M+H]" 393.2173, Found 393.2173.

tert-Butyl 2-cyclopropyl-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12(4H)-
carboxylate (3q)

0]

A\
\ /
Boc

3q
Yellow solid in 70% yield; Rf = 0.2 (DCM/MeOH = 50:1); Mp 177.7 — 179.1 °C; 'H
NMR (600 MHz, CDCls) 6 8.06 (d, J = 8.4 Hz, 1H), 7.53 (d, J= 7.7 Hz, 1H), 7.41 (t,
J=17.5Hz, 1H), 7.29 (t, J= 7.5 Hz, 1H), 6.21 (d, /= 1.4 Hz, 1H), 6.07 (d, J = 1.4 Hz,
1H), 4.43 (t, J = 6.4 Hz, 2H), 2.93 (t, J = 6.4 Hz, 2H), 1.73 — 1.68 (m, 1H), 1.64 (s,
9H), 1.04 — 0.99 (m, 2H), 0.80 — 0.76 (m, 2H); '*C NMR (150 MHz, CDCls) § 162.3,
155.5, 150.2, 140.0, 136.2, 129.9, 127.1, 127.0, 125.9, 123.7, 119.7, 115.5, 112.7,
104.3, 84.9, 38.9, 28.1, 20.7, 15.3, 9.5; IR (thin film, cm™): 3439, 2965, 2926, 2835,
1733, 1650, 1586, 1453, 1392, 1368; HRMS (ESI): m/z Calcd. for C23H25N203
[M+H]" 377.1860, Found 377.1865.
tert-Butyl 2-cyclopropyl-10-methyl-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12
(4H)-carboxylate (3r)
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Yellow oil in 68% yield; R¢= 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz, CDCl;)
0791 (s, 1H), 7.40 (d, J= 7.9 Hz, 1H), 7.12 (d, J= 7.9 Hz, 1H), 6.17 (d, J= 1.6 Hz,
1H), 6.05 (d, J=1.6 Hz, 1H), 4.41 (t, /= 6.5 Hz, 2H), 2.90 (t, /= 6.5 Hz, 2H), 2.50 (s,
3H), 1.73 — 1.68 (m, 1H), 1.62 (s, 9H), 1.03 — 0.99 (m, 2H), 0.80 — 0.76 (m, 2H); 1*C
NMR (150 MHz, CDCI3) 6 162.4, 155.6, 150.3, 140.5, 137.6, 136.5, 129.3, 126.1,
125.2, 124.8, 119.3, 115.9, 112.2, 104.3, 84.7, 38.8, 28.1, 22.4, 20.7, 15.3, 9.5; IR
(thin film, cm™): 3437, 2985, 2928, 2836, 1731, 1650, 1589, 1531, 1459, 1395, 1368;
HRMS (ESI): m/z Calcd. for C24H27N203 [M+H]" 391.2016, Found 391.20009.
tert-Butyl 2,10-dimethyl-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12(4 H)-

carboxylate (3s)

O
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Yellow solid in 66% yield; Ry = 0.2 (DCM/MeOH = 50:1); Mp 167.8 — 169.1 °C; 'H
NMR (600 MHz, CDCl3) & 7.94 (s, 1H), 7.40 (d, J=7.9 Hz, 1H), 7.12 (d, /= 7.9 Hz,
1H), 6.33 (s, 1H), 6.13 (d, J=1.6 Hz, 1H), 4.42 (t, J= 6.5 Hz, 2H), 2.90 (t, /= 6.5 Hz,
2H), 2.50 (s, 3H), 2.21 (s, 3H), 1.59 (s, 9H); '*C NMR (150 MHz, CDCl;) & 162.3,
150.2, 149.0, 140.6, 137.6, 136.5, 129.1, 126.0, 125.2, 124.7, 119.2, 116.8, 115.8,
107.1, 84.6, 38.8, 28.0, 22.4, 21.5, 20.7; IR (thin film, cm™): 3443, 2962, 2924, 2854,
1731, 1655, 1593, 1471, 1454, 1393, 1369, 1343; HRMS (ESI): m/z Calcd. for
C22H2sN203 [M+H]" 365.1860, Found 365.1858.

tert-Butyl 2-methyl-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12(4 H)-

carboxylate (3t)
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White solid in 72% yield; Rf = 0.2 (DCM/MeOH = 50:1); Mp 173.2 — 174.8 °C; 'H
NMR (600 MHz, CDCI3) 6 8.09 (d, J= 8.4 Hz, 1H), 6 7.53 (d, /=7.7 Hz, 1H), 7.42 —
7.38 (m, 1H), 7.29 (t, J=7.5 Hz, 1H), 6.35 (s, 1H), 6.17 (d, /= 1.4 Hz, 1H), 4.44 (t,J
= 6.5 Hz, 2H), 2.93 (t, J = 6.5 Hz, 2H), 2.21 (s, 3H), 1.61 (s, 9H); 3C NMR (150
MHz, CDCL) 6 162.3, 150.1, 149.0, 140.0, 136.2, 129.7, 127.1, 126.9, 125.8, 123.7,
119.6, 117.2, 115.6, 107.4, 84.7, 38.8, 28.1, 21.6, 20.6; IR (thin film, cm™): 3434,
3002, 2960, 2923, 2854, 2831, 1705, 1611, 1460, 1387, 1330; HRMS (ESI): m/z
Calcd. for C21H23N203 [M+H]" 351.1703, Found 351.1710.

tert-butyl 2,9-dimethyl-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12(4H)-

carboxylate (3u)

O
Me N
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N
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Yellow oil in 63% yield; Rr = 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz,
DMSO-ds) 6 7.91 (d, J = 8.5 Hz, 1H), 7.47 (s, 1H), 7.28 (d, J = 8.7 Hz, 1H), 6.20 (d, J
= 9.5 Hz, 2H), 4.24 (t, J = 6.4 Hz, 2H), 2.92 (t, J = 6.4 Hz, 2H), 2.40 (s, 3H), 2.17 (d,
J=1.1 Hz, 3H), 1.55 (s, 9H); '3C NMR (150 MHz, DMSO-ds) § 161.2, 149.9, 149.2,
138.0, 136.2, 133.3, 129.5, 128.9, 127.1, 126.1, 120.3, 116.5, 115.0, 107.0, 85.0, 38.6,
27.9,21.3,21.2,20.2; IR (thin film, cm™): 3425, 3002, 2960, 2928, 2834, 1745, 1611,
1465, 1400, 1236; HRMS (ESI): m/z Calcd. for C22H2sN>03 [M+H]* 365.1860, Found
365.1863.

tert-butyl  9-fluoro-2-methyl-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12(4 H)-

carboxylate (3v)
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Yellow oil in 60% yield; Ry = 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz,
DMSO-ds) 6 8.02 (dd, J=9.1, 4.4 Hz, 1H), 7.55 (d, J= 8.5 Hz, 1H), 7.30 (td, /= 9.2,
2.5Hz, 1H), 6.24 (d, J=5.6 Hz, 2H), 4.24 (t, /= 6.4 Hz, 2H), 2.93 (t, /= 6.4 Hz, 2H),
2.17 (s, 3H), 1.55 (s, 9H); '3C NMR (150 MHz, DMSO-ds) & 160.7, 159.7, 158.1,
149.2, 148.8, 135.6, 135.3, 130.5, 127.5, 127.5, 125.3, 125.2, 116.6, 116.3, 116.2,
114.7, 114.6, 107.0, 105.9, 105.7, 85.0, 38.2, 27.4, 20.8, 19.8; IR (thin film, cm™):
3430, 2962, 2926, 2854, 1725, 1644, 1538, 1488, 1423, 1314; HRMS (ESI): m/z
Calcd. for C21H22FN,O3 [M+H]" 369.1609, Found 369.1609.

tert-Butyl 9-chloro-2-methyl-4-0x0-6,7-dihydroindolo|2,3-a]quinolizine-12(4H)-

carboxylate (3w)

0]
Cl N
A\
\ //
Boc €
3w

Yellow oil in 71% yield; R¢= 0.2 (DCM/MeOH = 50:1); '"H NMR (600 MHz, CDCI;)
0 8.01 (d, J=8.9 Hz, 1H), 7.48 (d, J = 1.9 Hz, 1H), 7.34 (dd, J = 8.9, 2.0 Hz, 1H),
6.37 (s, 1H), 6.18 (d, /= 1.1 Hz, 1H), 4.42 (t, J= 6.4 Hz, 2H), 2.89 (t, /= 6.4 Hz, 2H),
2.21 (s, 3H), 1.60 (s, 9H); 1*C NMR (150 MHz, CDCl3) & 162.2, 149.8, 148.9, 138.3,
135.8, 130.9, 129.4, 128.1, 127.1, 124.7, 119.2, 117.7, 116.7, 107.9, 85.3, 38.8, 28.0,
21.5, 20.5; IR (thin film, cm™): 3436, 2984, 2925, 2830, 1736, 1660, 1603, 1492,
1442, 1397, 1367; HRMS (ESI): m/z Calcd. for C21H2,CIN,O3 [M+H]" 385.1313,
Found 385.1311.

tert-Butyl 4-0xo0-2-propyl-6,7-dihydroindolo[2,3-a]quinolizine-12(4H)-

carboxylate (3x)
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O\

BOC

3x

White solid in 75% yield; R¢ = 0.2 (DCM/MeOH = 50:1); Mp 178.7 — 179.8 °C; 'H
NMR (600 MHz, CDCl3) 6 8.07 (d, J = 8.4 Hz, 1H), 7.53 (d, J = 7.7 Hz, 1H), 7.42 —
7.39 (m, 1H), 7.31 — 7.27 (m, 1H), 6.36 — 6.33 (m, 1H), 6.18 (d, J = 1.6 Hz, 1H), 4.45
(t,J = 6.5 Hz, 2H), 2.94 (t, J = 6.5 Hz, 2H), 2.44 (t, J = 7.6 Hz, 2H), 1.68 — 1.62 (m,
2H), 1.62 (s, 9H), 0.97 (t, J = 7.4 Hz, 3H); *C NMR (150 MHz, CDCl;) & 162.5,
153.3, 1502, 140.0, 1363, 129.9, 127.0, 127.0, 125.7, 123.7, 119.6, 116.5, 115.5,
106.8, 84.7, 38.9, 37.6, 28.1, 22.4, 20.6, 13.8; IR (thin film, cm™): 3441, 2958, 2930,
2807, 1732, 1655, 1592, 1535, 1454, 1392, 1368, 1350; HRMS (ESI): m/z Calcd. for
C23Ha7N203 [M+H]* 379.2016, Found 379.2015.

tert-Butyl 10-methyl-4-0xo0-2-propyl-6,7-dihydroindolo|2,3-a]quinolizine-12(4 H)-

carboxylate (3y)
@)
A\
Me N \_/
BOC
3y

Brown oil in 68% yield; Ry = 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz, CDCI;)
0792 (s, 1H), 7.40 (d,J=7.9 Hz, 1H), 7.12 (d, /= 7.9 Hz, 1H), 6.34 (s, 1H), 6.14 (d,
J=1.6 Hz, 1H), 4.43 (t, J= 6.5 Hz, 2H), 2.91 (t, J= 6.5 Hz, 2H), 2.50 (s, 3H), 2.43 (t,
J=17.6 Hz, 2H), 1.68 — 1.62 (m, 2H), 1.60 (s, 9H), 0.97 (t, J = 7.3 Hz, 3H); *C NMR
(150 MHz, CDCI3) & 162.5, 153.3, 150.3, 140.6, 137.6, 136.6, 129.3, 126.0, 125.2,
124.8,119.3, 116.1, 115.8, 106.5, 84.6, 38.9, 37.7, 28.1, 22.4, 20.7, 13.8; IR (thin film,
em™'): 3421, 2980, 2935, 2873, 2811, 1688, 1592, 1480, 1462, 1382, 1375; HRMS
(ESI): m/z Calcd. for C22HasN>O3Na [M+Na]™ 415.1992, Found 415.1996.

tert-Butyl 4-0xo0-2-phenyl-6,7-dihydroindolo[2,3-a]quinolizine-12(4 H)-

carboxylate (3z)
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O O\

Boc

e ()
Yellow solid in 58% yield; Rf = 0.2 (DCM/MeOH = 50:1); Mp 319.2 — 319.9 °C; 'H
NMR (600 MHz, CDCls) & 8.09 (d, J= 8.4 Hz, 1H), 7.64 — 7.59 (m, 2H), 7.56 (d, J =
7.7 Hz, 1H), 7.49 — 7.40 (m, 4H), 7.32 (t, J = 7.5 Hz, 1H), 6.77 (d, J = 1.8 Hz, 1H),
6.64 (d,J=1.8 Hz, 1H), 4.52 (t, J = 6.5 Hz, 2H), 3.01 (t, /= 6.5 Hz, 2H), 1.58 (s, 9H);
3C NMR (150 MHz, CDCl3) § 162.6, 150.2, 150.1, 140.1, 138.0, 137.0, 130.0, 129.4,
129.1, 127.3, 127.0, 126.7, 126.1, 123.8, 119.8, 115.7, 114.8, 104.9, 85.0, 39.1, 28.1,
20.7; IR (thin film, cm™): 3440, 2981, 2835, 1732, 1652, 1591, 1491, 1452, 1394,
1369, 1352; HRMS (ESI): m/z Caled. for CasHasN2O3 [M+H]" 413.1860, Found
413.1865.
tert-Butyl 2-(tert-butyl)-4-0x0-6,7-dihydroindolo[2,3-a]quinolizine-12(4 H)-
carboxylate (3aa)

0

O\

Boc
3aa

White oil in 14% yield; Rr= 0.2 (DCM/MeOH = 50:1); 'H NMR (600 MHz, CDCl;)
0 8.02 (d, J=8.4 Hz, 1H), 7.54 (d, J= 7.7 Hz, 1H), 7.41 (t,J= 7.8 Hz, 1H), 7.30 (t, J
=17.5 Hz, 1H), 6.52 (d, J= 1.6 Hz, 1H), 6.41 (d, J= 1.6 Hz, 1H), 4.45 (t, J = 6.4 Hz,
2H), 2.95 (t, J = 6.4 Hz, 2H), 1.68 (s, 9H), 1.27 (s, 9H); 3*C NMR (150 MHz, CDCl3)
0 162.8, 161.6, 150.4, 139.8, 135.8, 130.4, 127.2, 127.0, 125.7, 123.7, 119.7, 115.6,
114.0, 104.4, 84.9, 38.9, 35.0, 30.0, 28.2, 20.7; IR (thin film, cm™): 3437, 2984, 2926,
1737, 1656, 1597, 1488, 1450, 1396, 1353; HRMS (ESI): m/z Calcd. for C24H290N>03
[M+H]" 393.2173, Found 393.2174.

12. X-Ray Crystal Structure Analyses of Compounds 2k and 3t

12.1 X-Ray Crystal Structure Analyses of Compound 2k
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Identification code exp 1493
Empirical formula C3sH36N20Si1
Formula weight 564.78
Temperature/K 100.00(10)
Crystal system triclinic
Space group P-1

a/A 10.0141(5)
b/A 16.8417(6)
c/A 18.3913(8)
o/° 88.276(3)
pB/e 83.244(4)
v/° 77.357(4)
Volume/A? 3005.5(2)
z 4
Pealeg/cm’ 1.248
w/mm'! 0.940
F(000) 1200.0

Crystal size/mm?

0.13 x0.12x0.11

Radiation CuKa (A =1.54184)

20 range for data collection/° 4.838 to 147.256

Index ranges -10<h<12,-20<k<20,-22<1<22
Reflections collected 21813

Independent reflections 11721 [Rint = 0.0568, Rsigma = 0.0690]
Data/restraints/parameters 11721/0/763

Goodness-of-fit on F? 1.062

Final R indexes [[>=2c (I)] R1=0.0635, wR, =0.1769
Final R indexes [all data] R1=0.0785, wR, =0.1928

Largest diff. peak/hole / e A~ 0.47/-0.43
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CCDC 1880231 contains the supplementary crystallographic data for compound 2Kk.
These data can be obtained free of charge from The Cambridge Crystallographic Data

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

12.2 X-Ray Crystal Structure Analyses of compound 3t

Identification code exp_ 1421
Empirical formula C21H22N203
Formula weight 350.40
Temperature/K 100.01(10)
Crystal system monoclinic
Space group P2/c

a/A 17.426(2)
b/A 7.9081(7)
c/A 14.0205(16)

a/° 90
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pr°
V/°

Volume/A3

Z

Pealeg/cm’

p/mm’!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (1)]
Final R indexes [all data]

Largest diff. peak/hole / e A

106.829(13)

90

1849.4(4)

4

1.258

0.085

744.0

0.14 x 0.13 x 0.12

MoKa (A = 0.71073)

4.884 to 49.998
20<h<20,-9<k<9,-16<1<16
11542

3258 [Rint = 0.0498, Rigma = 0.0428]
3258/0/239

1.057

R, =0.0835, wR, = 0.2124

R1=10.0954, wR> = 0.2233

0.69/-0.27
O
N
N N/
Boc e
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CCDC 1880232 contains the supplementary crystallographic data for compound 3t.
These data can be obtained free of charge from The Cambridge Crystallographic Data

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

13. Complete Reference for Gaussian 09

Gaussian 09, Revision D.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.
Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A.
Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J.
Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J.
Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A.
Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N.
Kudin, V. N. Staroverov, T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A.
Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M.
Klene, J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E.
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Stratmann, O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L.
Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg,
S. Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski, and
D. J. Fox, Gaussian, Inc., Wallingford CT, 2013.

14. Computational Methods

All of the DFT calculations in this study were performed using the GAUSSIAN 09
series of programs. DFT method B3LYP with a standard 6-31G (d) basis set
(LANL2DZ basis set for Au) was used for the geometry optimizations. The M11-L
functional, proposed by Truhlar et al., was used with a 6-31+G (d, p) basis set
(LANL2DZ basis set for Au) to calculate the single point energies. The solvent effects
were taken into consideration using single point calculations based on the gas-phase
stationary points with a SMD continuum solvation model. The energies presented in

this paper are the M11-L calculated Gibbs free energies in tetrahydrofuran solvent.

15. B3LYP Geometries for All the Optimized Compounds and

Transition States

1k-1
Energy: -2007345.5788517
Number of Imaginary Frequencies: 0

Si 0.88256 4.22910 0.58092
0 2.86329 1.67734 -3.48319
N 5.18152 -2.85152 -0.12297
N 2.05492 -0.18130 -2.37844
C 3.98862 -3.01140 -0.79953
C 1.82182 2.06846 -1.41867
C 0.49851 3.40153 2.23393
C 1.44095 -0.66862 -1.35137
C 2.30333 1.25898 -2.49800
C 4.56396 -2.77598 2.29605
C -1.81597 5.25014 0.55867
H -1.81900 5.05039 1.62652
C 0.73357 -1.14488 -0.41244
H 1.09991 -1.55066 0.52556
C 1.44134 2.88093 -0.59033
C 4.05870 -3.59718 3.31072
H 4.27454 -4.66341 3.29732
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.06257
.67938
.06713
.61073
.92818
.08535
.01650
.28161
.67320
.32231
.42173
.39553
.39407
.90655
.02136
.44084
.45191
.50198
.35403
.73601
.11475
.98584
.86909
.95535
.81537
.29520
.92271
.34101
.87402
.89135
.08612
.30879
.51382
.30741
.04921
.07926
.67008
.95895
.51344
.82573
.09056
.61505
.20450
.51956

.46042
.93993
.18047
.00735
.39225
.15281
.23219
.40339
.75747
.39118
.31289
.92134
.78698
.98619
.68903
.26413
.36758
.15330
.46038
.19694
.95801
.06382
.50439
.81022
.05319
.05788
.70621
.47935
.75151
.94390
.15627
.67922
.86311
.20353
.13060
.81568
.00416
.19830
.70594
.54401
.26257
.06899
.54074
.14558

.05628
.21168
.95591
.39381
.55589
.35340
.28080
.32918
.54756
.61396
.70714
.18409
. 74078
.19571
.37742
.19200
.21265
.43325
.20794
.59651
.22964
.39756
.85221
.02480
.59395
.35023
.13868
.67018
.18380
.25320
.70782
.65847
.36170
.38129
. 77607
.63705
.74444
.42908
.68985
.18742
.21535
.17344
.57425
.42011



T Q=D @D Q@D D@D QD - Q@D & oD Q

b

T Q Q@D Q@D =D @D Q@D Q@D Q@D =D D QT Q@D @D @D Q"
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.96234
.05562
.77569
.81265
.96089
.09923
.27576
.58236
.39547
.41929
.91261
.51042
.32053
.68264
.40613
.95128
.36118
.72371
.55842
.98237
.78163
.46984
.62821
.68746
.09590
.95796
.48346
.12217
.14494
.27426
.89505
.63101
.12102
.64068
.14650
.67681
.20716
.78742
.17234
.94892
.46323
.18687
.02671
.04449

.67760
.18690
.41584
.38041
.44655
.01188
.94997
.77152
.38396
.47989
.93637
.04573
.48845
.10604
.87295
.36605
.10019
.92622
.13493
.46488
.16473
.01714
.08496
.00527
.85755
.09795
.64051
.00001
.37206
.34008
.45979
.76579
.26041
.43723
.23608
.20364
.00489
.27372
.65965
.42564
.65931
.45742
.77363
.04625
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.56942
.22133
.55965
.61326
.07601
.70193
.00129
.25619
.26436
.32412
.62670
.51493
.98306
.22948
.00361
. 79429
.64699
.87094
.96990
.72574
.27378
.97404
.46842
.28439
.25133
. 76132
.01976
.68947
.35984
.72110
.06724
.82120
.63651
.07845
.53201
.35256
.28744
.13849
.45534
.50578
.07921
.66094

2.11153
2.37686



T oD - oD Q Q@D Q@D @D @D Q@D Q@D Q@D Q@D @D @D Q
|
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1k-2

Energy: -2007341.4814972

.50120
.43491
.58572
.98548
.93717
.47701
.09511
.57283
.32427
.94068
.11972
.08986
.36103
.11739
.90840
.98829
.17015
.57217
.39227
. 72443
.65182
.16449

.82572
.60916
.85917
77796
.60430
.25280
.96699
.33016
.54431
.13873
.90860
.18346
.25503
.27259
.72321
.66570
.88576
.99022
.38194
.36338
.09969
.52848

Number of Imaginary Frequencies: 0

Si 1.
.65057
.01096
.95452
.82342
.97979
.03408
.25447
.82461
.81302
.61888
.21587
.49601
.92265
.19159
.96410
.67789
.53205

@)

Q @-m Q Q@=n Q@=- Q=22
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56332

.45660
.48891
.20637
.49472
.26230
.58935
.53069
.31424
.88481
.57957
.11931
.04975
.52804
.20119
.32951
.95019
.63904
.08833
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.45145
.57788
.09568
.43195
.09628
.83583
.20043
.53178
.00182
.66983
.63483
.65873
.64732
.38686
.03964
.94057
.42739
.14825
.54228
.16848
.18822
.32584

.58232
.10486
.00041
.03665
.53766
.79110
.14851

.91652
.05157
.33129
.21998

.12552

.83476
.08684
.84388
.03659
.59020
.38717



QO &- Q@D Q@ @D @D Q@D Q@oD Q@D Q@ Q@& @D Q@D Q@D QD @D Q@ Q@D Q@D Q@D QD Q@D Q0
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.58697
.69859
.08693
.36793
.62159
.53794
.90115
.00859
. 75733
.79043
.83613
.98885
.62623
.28915
.47613
.56030
.48757
.84053
.19037
.23090
.86549
.42200
.09892
.05559

6.19656
7.09025
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|
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|
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.47003
.90725
.49483
.36488
.10808
.14340
.43969
.42183
.42146
.87485
.61903
.96076
.38622
.28464
.65516
.29401
.01980
.88129

.04852
.02639

1.12303
0.56990
3.19719
4.28014

.69194
.38294
.41635
.67091
.32188
.61540
17217
.55437
.15256
.18418
.57503
.00845
.21346
.41690
.43157
.34720
.29434
.10322
.44527
. 74159
. 74738
.38904
.49083
.10098
.55349
.17557
.47224
.42774
.06164
.42969
.81469
.60104
.40263
.13986
.43984
.49485
.03671
.64890
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0.

|
[
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30265
.43434

.18723
.29482
.31772
.32674
.91620
.37758
.34633
.34232

.28410
.12218
.44495

.89293
.88428

.03758
.46757

.00292

.86056
.59833
.16722
.34809

.991e61
. 71607
.31716
.85817
.56591

.09391
.00256

.49896
.40211
.18911
.62498

.71612
.50585

.75798
.62895
77765
.88159

.86692

.53347

4.47996

.36821
.75003



T Q=T &-D Q@D @D @D QD - Q@ - @

Q- QO Q@D Q@D @D @D Q@D Q@ Q- =D @D Q@D Q@D @D D Q"
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.44945
.97381
.58508
.08343
.45072
.93487
.20126
.95395
.28910
.95941
.25955
.80669
.34447
.58276
.94506
.42660
.70998
.02032
.57482
.96713
.99757
.15727
.90716
.54191
.77780
.45023
.68820
.83087
.93245
.54370
.08159
.43926
.56332
.29788
L11112
.70532
.96469
.69176
.29253
.58234
.36515
.71376
.21513
.89074

5.65248
4.76850
4.22285

.42714
.31928
.62080
.39429
.88027
.55466
.72036
.18741
.51438
.49249
.29581
.21667
.88165
.12145
.20709
.46341
.12427
.84662
.04926
.25015
.48567
.14361
.49541
.37698
.04951
.34145
.81022
.28657
.96532
.79693
.65396
11462
.32446
.06808
.46857
.62858
.80112
.05362
.37392
.90389
.56407

S82

.66955
.76632
.71641
.85184
.83198
.50908
.69161
.62789
.68163
.13865
.29272
.95796
.81058
.57353
.01980
.51058
.31845
.00924
.59257
.60876
.86349
.26142
.54822
.14107
.46842
.30921
.61040
.48767
.67948
.08474
.50692
.32265
.68627
.07233
. 98860
.09530
.51164
.65199
.28354
.92390
.12596
.71115
.90780
.10243



-1.90854
-2.72558
-3.40514
-5.54981
-5.25871
-6.26994
-6.57966
-6.88872
-7.63776
-3.22431
.91274
-3.57870
-2.34106
-7.25113
-8.28841
-3.72456
-5.60135
-6.48138
-5.86313
-5.40918
2.14435

T oD - D Q Q@D Q@D @D @D Q@D Q@D Q@D Q@D @D
|
N

1k-4

Energy: -2007372.6892249

.17684
.43758
.91694
.29478
.23854
.88688
.05280
.91714
.56740
.61244
.61751
.66725
.03260
.69747
.37552
.52266
.95191
.59591
.95385
.99035
.07696

Number of Imaginary Frequencies: 0

Si -0.20292
.32111
-5.31986
-1.92380
-4.14832
-0.40273
-1.85274
-3.06878
-0.64695
-5.65700
1.75483
1.44562
-3.04385
-3.86500
-0.10272
-6.61036
-7.37439
-4.18003
1.18624

@)
o

Q Q- Q@D Q@m Q0000000 0=z22

2.
.62861
.85486
.17783
.23423
.13630
.55839
.38237
.96168
.41443
.92620
.22539
.93677
.60334
.08711
.17279
.71195
.59963
.79048

81441

S83

.39243
.53957
.00189
.69879
.15062
.56779
.13201
.69890
.14156
.00739
.71371
.04450
.98672

1.13179

.12292
.67123
.32114
.78075
.38692
.03655
.31449

.40809
.45745
.93940
.48915
.60621
.12778
.14406
.11283
.08020
.20355
.18648

1.18380

-0.

.37422
.15361
.39066
.89387
.33713
.84824

42253



T Q - QO @-Z Q@& @& =T Q@D Q@D Q@D Q@D Q@ Q@@ Q@D Q@D Q@D @D Q- Q@2 Qo@D Q@D Q@D Q-

.09368
.07601
.11795
.87630
.95531
.69317
.95878
.26382
.18630
.40956
.34535
.85903
.63610
.63114
.64980
. 62917
.92507

.61327
.19248
.12582
.86818
. 71625
.13885

.59915
.34968
.03949

.56819
.87228

.26194
.18519
.68561
.94112
.90862
.88081

.43538
.82452
.51645
.09147

.00474
.49956
.06526
.05255
.54364

.03753
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.99258
.27654
.57422
.47271
.72614
.29048
.89681
.89040
.66654
.10152
.13412
.29071
.52883
.56619
.42315
.75014
.16110
.47100
.60960
.35888
.96323
.69820
.56796
.23457
.82295
.61368
.24476
.98054
.79180
.27321
.23624
.79834
.40422
.54396
.36643
.44988
.24257
.19345
.37666
.23577
.07754
.78035
.89179
.78180

S84

-0.75831
0.49707
1.32332

-1.21640

-1.73294
1.93541
1.41120
0.09584
0.62480

-1.32225

-0.14410
0.30458
4.01157
5.09716

-0.31912

-0.68973

-0.65876

-1.72692

-2.24006

-1.75947
-2.27336
-0.46870
0.02671
3.28954
3.80988
2.31781
-2.39004
-3.39950

-0.97176

-1.28249
3.33021
3.88785

-0.12213

.34101

.70358
.24212
.79235
.41439

-1.28653

-1.71979

-1.63035

-2.45888
3.03009

2.76335

NwW NN o



T QO =& D QD =D @D Q@D - Q@D T

b

oD Q=T Q Q@D Q@D =D @D Q@D Q@D Q@D DD Q= Q@D @D Do Q"

w b 2 o U P P o OO O

.45500
.59369
.10221
.53079
.49011
.86706
.93962
.74572
.53372
.21365
.26170
.73068
.24807
.72363
.93066
.19466
.68866
77019
.93606
.65169
.07216
.53698
.55718
.38664
.95367
.05190
.00000
.47788
.57243
.07068
.62783
.00865
.52050
.11161
.89102
.28476
.23187
.32489
.83438
.21527
.74218
.82759
.52625
.53641

.76351
.10393
.33782
.05081
.93085
.40624
.50967
.31043
.46575
.34514
.78163
.97548
.51598
.49163
.12398
.81749
.40221
.29408
.70485
.05683
.81790
.28474
.00347
.34229
.98915
.58483
.53702
.49727
.27075
.30939
.70799
.34701
.98809
.87416
.18367
.07529
.82212
.29927
.69945
.64769
.83631
.86563
.07519
.38511

S85

.11738
.80605
.58577
.30123
.88986
.81675
.62517
.90489
.36537
.34556
.64428
.23782
.68863
.65238
.28114
.17298
.40208
77115
.42729
.39578
.57814
.90345
.63402
.70884
.56603
.09204
.39344
.52659
.52984
.53824
.30425
.75086
.63934
.11154
.78177
.17575
.58162
.49137
.37902
.55810
.66692
.70801
.87820

78763



H 4.64849 -0.39533 -3.91994
H 5.28457 0.68871 -2.68150
C 3.98486 -4.02989 2.49801
H 3.22957 -4.57800 3.05298
C 5.89051 -2.65343 1.05878
H 6.65873 -2.12667 0.50964
C 5.32534 -4.37096 2.64275
H 5.61244 -5.17301 3.31637
C 4.60610 1.96961 0.04551
H 4.64697 2.06038 -1.04244
H 5.17844 2.80449 0.46791
H 3.56489 2.09326 0.35213
C 6.28782 -3.68063 1.90907
H 7.34054 -3.93196 1.99711
C 4.68501 -1.30731 -1.96362
C 6.71647 0.65318 0.20402
H 7.24787 -0.23770 0.54476
H 7.17935 1.50966 0.70928
H 6.89132 0.78114 -0.86789
H -2.18056 1.38373 -2.85287
1k-5

Energy: -2007402.5967905
Number of Imaginary Frequencies: 0

Si -0.19643 2.49372 0.33021
0 0.30912 -2.19893 -1.32964
N -5.54194 -1.13707 -0.88541
N -1.99910 -2.12647 -1.31616
C -4.32171 -1.79310 -1.08028
C -0.91693 -0.19613 -0.53750
C -1.92331 3.15228 -0.18645
C -3.00083 -1.30394 -0.99402
C -0.68433 -1.55399 -1.06684
C -6.34489 0.65533 0.66772
C 1.54968 4.72383 -0.35661
H 1.32388 5.12850 0.62517
C -2.43472 0.01487 -0.55419
H -2.84945 0.31618 0.41329
C 0.06799 0.65909 -0.14975
C -7.35598 1.61747 0.77460
H -7.76979 2.06749 -0.12532
C -4.55791 -3.16945 -1.27158
C 1.02358 3.47816 -0.74746
C -6.53608 -2.08275 -0.96514

586



-— - QO @&- Q@& Q@& & @ Q@D Q@D Q@D Q- Q@ Q@@ Q@D Q@D Q@D D Q@ Q@5 Q@D Q@D Q@D Q@@ Q@

.04563
.96599
.11152
.27325
.82752
.05703
.28218
.11872
.94953
.92857
.37703
.31093
.68593
.79906
.50249
.86784
.34369
.96687
.65898
.28283
.36180
.75507
.83505
.62196

0.09307
2.14278

.36252
.43889
.39631
.30826
.90221
.70758
.78666
.59459
.97268
.74620
.20948
.77930
.34679
.34841
.45286
.39162
.15574
.22855

o O W W N W

|
w W w

W WO NNOoOOO N WO oo b e A

w N =N w O O B

N TN

.18425
.82843
.63536
.65729
.07981
.68474
.67753
.70201
.36873
.92281
.95453
.43360
.73181
.29557
.61458
.83134
.02626
.06627
.00793
.59632
.47645
.43250
.00838
.75407
.69044
.77984
.40771
.14198
.53532
.46590
.00884
.06090
.97078
.54610
.55280
.68059
.29136
.51178
.49309
.11465
.48438
.06253
.89909
.1le66l

S87

.66559
.68816
.49843
.18895
.83468
.76836
.24114
.93376
.19426
.85830
.66857
.18604
.16066
.70489
.48239
.89725
.04444
.38964
.48900
.15643
.20856
.87318
.02703
.09483
.24204
.90754
.90520
.06689
.39879
.08646
.98443
.97688
.89397

2.57679
2.31295

.65768

2.06156

.30451
.47510
.93800
.95489
.76588

2.31915

.85161



T Q=T &-D Q@D @D @D Q- - Q@

b

T D Q- Q Q@D Q@D @D @D Q@D Q@D Q@D @D @D QD Qo@D @D @D Q9"

|
w N W o O N P oy Uy U B o O OO o wWw N B 0w DN W bW b

.45580
.42228
.67805
.20635
.66256
. 74831
.48483
.31686
.18490
.26429
.30041
.14322
.80276
.06115

.38093
.98284
.68132
.88634
.99857
.11210
11261
.48936
.94861
.81555
.20877
.15565
.80771
.47864
.73602

.11831

.69459
.58886
.84465
.20203
.74049
.61877
.98741
.09923
.50335
.58573

.384893

.47021
.44156
.53167

.23710
.14367
.98498
.57169
.57182
.61472
.67034
.57683
.43798
.00131
.26603
.34647
.20432
.01844
.62407
.68363
.36105
.01028
.78560
.26300
.99168
.55343
.57110
.12518
.28001
.53084
.16139
47797
.77066
.25964
.47721
.94445
.11957
.08817
.49323
.72500
.85369
.40359
.89295
.08853
.04146
.37558
.52895
.69223

588

.58425
.38377
.03605
.39339

.99868

.85148

.07922

.69904
.94779
.79096
.02594
.19743
.28109
.15728
.49214
.34809
.84909
.39154
.87774

.19180

.53672

.67840

.40230

.88236

.33771

.49006

.59984

.03322

.20927
.74816

.00714

.94807
.02280
.09160
.04946
.54652
.59601
.66688
.12795
41772
.90417
.15852
.82032
.20791



H 3.68433 0.
C 5.19156 -3.
H 4.70520 -3.
C 6.39868 -2.
H 6.90115 -2.
C 6.46193 -3.
H 6.96783 -4.
C 5.07680 2.
H 5.34034 1.
H 5.60264 2.
H 4.00296 2.
C 7.06799 -3.
H 8.05643 -3.
C 4.46991 -1.
C 7.02106 0.
H 7.39247 -0.
H 7.52983 1.
H 7.32318 0.
H -2.72458 0.
1k-5’

Energy: -2007393.9014922

69601
51805
93879
45741
04772
95628
70755
05091
86273
96316
25178
42634
75497
21818
66371
07267
61188
35645
80021

Number of Imaginary Frequencies: 0

Si -1.05004 2
0 0.34604 -2.
N -5.40592 -1.
N -1.82275 -2.
C -4.16876 -2.
C -0.10041 -0.
C -1.95600 3.
C -2.85417 -1.
C -0.43271 -1.
C -6.16189 0.
C 0.94071 4
H 0.23158 4
C -2.55171 -0.
H -3.31358 0
C -1.12973 0
C -6.15567 2.
H -5.75295 2
C -4.39049 -3
C 0.66963 2.
C -6.38853 -2.
C -2.78911 4.

.10190

84369
52516
45560
15998
60343
05216
60756
99159
87996

.09622
.49713

14432

.35557
.27080

18284

.37191
.49263

87264
46673
16577

S89

-3.12056
2.42752
3.30258
0.19187

-0.67293
2.07023
2.66987

-1.05080

-2.09644

-0.74236

-0.99508
0.93328
0.62550

-2.33110

-0.26328
0.45363

-0.0479%¢6

-1.26731

-1.26516

0.54357
-0.98829
-0.65563
-0.46034
-0.45787
-0.22778
-0.83740
-0.45517
-0.60166
-0.42315
0.07828
-0.63963
-0.43398
0.17051
-0.05266
-0.94013
-1.93278
-0.08225
0.72162
-0.428¢64
-0.62212



T - - Q &-Z Q@D Q@D @ &= Q@D Q@D Q@D Q@D Q@2 @@ Q@D Q@D Q@ Q2 Q@2 Q@D Q@D Q- QT

.98773
.72640
.06467
.66588
.67140
.37133
.00312
.78475
.78268
.24935
.17202
.56761
.68570
.44662
.79382
.62599
47769
.01061
.90029
.09674
.27281
.66078
.65048
.91660
.77494
.48441
.13625
.58471
.16751
.55725
.54760
.62860
.33737
.49695
.82945
.26371
.59648
.14853
.30752
.10504
.62195
.54959
.08040
.03303
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.51070
.67247
.83474
.66114
.33862
.86015
.72174
.69990
.34413
.40901
.01871
.84482
.25028
.45789
.05323
.40081
.45326
.35867
.93610
.82953
77467
.24429
.24760
.22456
.13734
.75844
.45596
.99826
. 72678
.54191
.46135
.39465
.14666
.13138
.21233
.27230
.81845
.75812
.35833
.04427
.61353
.79406
.67469
.43718

S90



T D Q@D = Q@-Z @D =T Q- & Q

bd
c

T - Q- Q Q@D Q@D @D @D Q@D Q@D QD @D @D QD Qo@D @D @D Q"

w N W O b W Uy U N DN DN OO O B O W W o 0o W N W b W b R

.23053
.44291
.00017
.44868
.94904
.87557
.73099
.03646
.10805
.20224
.96500
.61141
. 72681
.98201
.30298
.85821
.52722
.84365
.84446
.99180
.60175
.33587
.17219
.46142
.36673
.68062
.47251
.34560
.44860
.18188
.00949
.40136
.75847
.21164
. 64640
.45438
.61632
.25759
.82542
.64244
.74588
.39693
.38934
.32884

.37449
.42370
.32656
.03257
.68050
.25855
.99781
.91920
.40185
.13730
.68862
.53151
.24533
.37586
.45938
.14234
.45150
.95557
.02899
.40086
.91287
.25278
.51086
.22726
.10486
.10766
.14336
.76108
.72059
.02741
.72449
.60261
17125
.32601
.98056
.52612
.51355
.33394
.25723
.83077
.00517
.49885
.28791
.35209

S91
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.24688
.01702
.32171
.24590
.51998
.23319
.02199
.58527
.28890
.64788
.15121
.37387
.45144
.34063
.02407
.65152
.84094
.38873
.25833
.22462
.22749
.57892
.96968
.20864
.57730
.27439
. 91522
.23290
.98317
.77661
.71300
.51230
.93091
.45248
.66365
.16613
.24676
.47407
74677
.72039
.30900
.49096
.11775
17747



.73916
.42483
.21197
.94879
.18042
. 74496
.55603
.54497
.05884
.81716
.81372
.00984
.03111
.36671
.86810
.82371
.07515
.50620

T oD T Q Q@D Q@-D @&@m & Q@D Q@& Q- QT
O o o U © N W W W o J J o o o W

1k-1-ts

Energy: -2007333.2207116

.63868
.49371
.75669
.84988
.58477
.42322
.62131
.93423
.34410
.90440
.11643
.10161
.04043
.85920
.23912
. 79714
.27726
. 72314

Number of Imaginary Frequencies: -1

Si 1.73704
.29917
.95291
.10487
.88946
.32870
.48978
.13738
.24926
.44695
.29359
.10046
.49107
.92368
.46580
.36141
.01225
. 76937
.41204
.65978
.05515
.88774
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T Q QO QO Q- Qo@D Q@D Q00000 0=z22
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.50440
.55851
.30310
.46914
.44781
.59020
.55662
.24901
.94300
.64949
.35809
.97904
.52952
.17017
.30379
.20435
.01622
.36850
.83542
.14401
.21791
.71365

S92

.07437
.43978
.47170
.18583
.20864
.00810
. 70297
.28849
.07133
. 72360
.49643
.67867
.31405
.34586
.88256
.58977
.17227
77611

.60751
.10817
.98208
.07421
.78815
77129

.22435

.97334
.05718
.46263
.49828
.49811
.87698
.11531
.79026
.36690
.04932
.69213

0.39825

.35872

2.21293
1.26443



QO &-n & &= Q=T Q@D Q@oD &D o@D Q- Q@5 Q= Q@D Q@D Q@D Q@D Q@ Q@B @D Q@D Q@D Q@D Q@D Q@ QQ
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.69353
.02649
.62310
.92669
.82371
.47124
.96709
.84156
.34667
.62137
.69312
.35541
.32338
.62678
.10263
.60914
.54026
.28745
.25691
.78398
.44319
.15620
.52986
.85993
.07903
.03164
.84947
.71565
.08565
.34445
.26494
.66716
.44850
.69673
.00406
.49517
.00475
.47063
.63566
.8544¢6
.13808
.84945
.87667
.06346

O = oo o B W oy oy J oy
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3.16275
4.19530

N

.59900
.13847
.52021
.50718
.55447
.62049
.07876
.67422
.29169
.24516
.67155
.06329
.34278
.94906
.85063
.62891
.35634
.74767
.72518
.16530
.17062
.33894
.71497
.14223
.60167
.10916
.27891
47112
.03276
.83248
.13314
.19085
.69807
.40255
.07401
.46690
.96074
.22179
.05211
.64968
.78428
.48368

S93

.48115
.54246
.88243
.18701
.40152
.35955

.43977
.83609

.00680
.08647
.10050
.06802

.21936

.03918
.88003
.75763
.05810

.07205

.33261
.19887
.67484
.36593
.38017

.04963
.04544

.63442
.55951
.18664
.49245

.44277
.07022

.00839
.82368
.14707
.11645

.03497

.87827
.67105
.62480
.46433
.46486
.27893
.46838

.03065



T Q - &-m Q- =Z - Q- T

QO - &-D =T Q=T Q Q@D Q@D @D @D Q@& Q@ Q@D @D @D QT Q@D @D D Q"

g O = BB s oD N

.36499
.77961
.52903
.46829
.55641
.36362
.29593
.83841
.32530
.68252
.10641
.47454
.73555
.93396
.45776
.86581
.91418
.08641
.87209
.46618
.75935
.47285
.76811
.88727
.05999
.58714
.95800
.27121
.54419
.31791
.05886
.69014
.88469
.61244
.17098
.42278
.46441
.64139
.29172
.88512
.91937
.68296
.44010
.42542

.32542
.69545
.99862
.49779
.37192
.24420
.17355
.50420
.38847
.12620
.01526
.89390
.11578
.49262
.82239
.47685
.12107
.86654
.12404
.27856
.95732
.29505
.67839
.30840
.79343
.05524
.14277
.84109
.62793
.48104
.28671
.37559
.30233
.74664
.46838
.64439
.18939
.22501
.76342
.56699
.13520
.51165
.80938
.98025

S94

-3.
-4.
0.
.46327
.37411
.28841
.34968
.01860
.80728
.52917
.98611
.59389
L42212
.68333
.37415
.16245
.54412
.40665
.64341
.35937
.58551
.16106
.48037
.30870
.53157
.86136
.55162
.33798
. 74044
.10617
.63662
.25139
.01287
.40878
.39361
.05527
.20599
72716
.87105
.59254
.87589
.07409
.50444
.11268

99042
83216
48989



-5.10410
-6.22664
-6.56698
-6.75616
-7.46797
-3.38213
-3.09824
-3.78106
.47579
-7.16027
-8.19328
-3.68958
-5.73449
-6.57212
-6.05362
-5.55723
2.22198

T D T - Q Q@D Q@D @D @D Q@D Q@D Qom
|
N

1k-4-ts

Energy: -2007369.9529949

.86235
.73776
.13855
.57900
.14659
.27678
.32243
.17657
.33318
.44664
.11290
.64247
.64846
.34849
.50079
.71971
.29234

Number of Imaginary Frequencies: -1

Si -0.23362
.38673
-5.32990
-1.91284
-4.06859
-0.67595
-1.78418
-3.02474
-0.66209
-6.07449
1.78502
1.38963
.88430
-3.50779
-0.03721
-6.99108
-7.64497
-3.93609
1.25677
-5.98175
-3.05492
-3.198¢68
-1.67901

@)
o

QO - QO o@D Qo@D @D Q0000000022
|
N

2.
.44883
.37572
.44236
.69718
.17919
.56034
. 79917
.97223
.59351
.85709
.18007
.55686
.11448
.00427
.63858
.93195
.08366
.71863
.56127
.54375
.06370
.20412

I
w B PR o U

w
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77640

S95

.65862
.72156
.18730

.17602
.76833
.20587
.06522
.22312
.13788
.47242
.50357
.34456

.44837
.81464
.48774
.31623
.67018

.36579
.40737
.83893
.34121
.35147
.05861
.40164
.77086
.99123
.54352
.30937
.26754
.59530
.91051
.33426
.72641
.09255
.42300
.32948
.55549
.20822
.17046
.65183



T Q - &-D - Q@D Q=T Q@D =D &= Q@D Q@D Q@D Q2 Qo@D Q@D Q@D Q- Q@D Q@D Q@D Q0 @D Q- QT

.71598
.25594
.55802
.16389
.12653
.13431
.26487
.90155
.25600
.33163
.99546
.00753
.48246

.80511
.42973
.33858
.13311
.81588
.20379

.08036
.80161
.29634

.82677
.21941

.03296
.89376
.34798
. 71532
.68405
.67101

.10471
.45784
.06240
.85471

.59062
.95855
.78636
.67098
.77446
.09003
.82906
.76623
.72457
.00375
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|
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SWw

.26300
.21504
.60808
.13824
11122
.65074
.76700
.93701
.91916
.42604
.07766
.22337
.56901
.36936
.49892
.23964
.82646
.60428
.47585
.29975
.10192
.66479
.12086
.83412
.76156
.22764
.87387
.56067
.07972
.27240
.33227
.35626
.28546
.08286
.97372
.81717
.79225
.28366
.00107
.83043
.89795
.29755
.74030
.64806

S96

-2.15079
1.61180
1.48977

-0.39772
0.10480

-0.91022

-0.02763
0.26054
3.01431
3.97200

-0.82102

-1.21654

-1.53864

-1.58063

-2.11290

-1.50640

-1.95903

-0.26460
0.25558
1.95137
2.08068
2.29244

-2.16627

-3.13845

-1.64037

-2.11230
2.84187

3.66789

0.13635

0.54655

2.85163

2.49849

3.94909

2.58143

-0.73020

-0.99356

-2.26690

-3.22928

2.90976
2.70171
4.00228
2.55586

-2.01777

-2.56519



T Q =T &-D Q@D = - Qo

bad
c

DT Q=D & D Q@D Q Q@D Q@ DD Q@ Q@D Q@D D @D Q@D o000 @D @D @D Q"

| I K I R R e
AN P DN O RN RN
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|
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W W s N W e

.01134
.26040
.29524
.26276
.95202
.05310
.05472
.66739
.85731
.22708
.94178
.17966
.96610
.49078
.05808
.90119
.18724
.51907
.58358
.94033
.77680
.77246
.13729
.38652
.83083
.21079
.04682
.63393
.46204
.05342
.49724
.13291
.65968
.09525
.27532
.31330
.44532
.46082
.82370
.73819
.08907
.10011
.96634
.242061

=

.05143
.53852
.71225
.47153
.56307
.75729
.07645
.63088
.17468
.18473
.04056
.75631
.30510
.15589
.38422
.37714
.71791
.40255
.13286
.01103
.65285

0.59973
0.95123
1.31807

.36023
.00143
.40695
.80040
.26447
.88542

.08909

.03701
.66186
.21098
.77902

.49915
-2.
-2.

30027
15806

0.17016
0.06221
0.09248
1.17192

.38477
.93563

S97

-1

2.
2.42239
3.

2.34490
-2.
-3.
-3.
0.
-0.
-0.
0.
2.
-2.
-3.
-2.

-1

2
2
2.
2
2
1
0.
2

-2.
3.53286
.97802
1.00259
0.09423
0.
2
2

.24041

73427

83172

98681
28474
88459
21094
06319
09578
17956
50731
06447
59781
26285

1.73416
0.60427
1.37723
.92121
3.
3

4

51455

.16679

19386

. 72396
.69089
.44992

88623

.36596
.29512
.44931

22750

72415

.63427
.99321
.83400
.75572
.89601
.49478

1.89496

.48824



. 79416
.53115
.22870
.48663
.18138
.63539
.70808
.13909
.15243
.14526
.56164
.80096
.95147
.33948
.26810
.32394

o omom T QO Qm Q@m @ om Qm QomoQ
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1k-4’-ts

Energy: -2007362.2956663

.96967
.43626
.92526
.89446
.87316
.88463
.62119
.19470
.20882
.60674
.95075
.10205
.81484
.90375
.01641
.14775

Number of Imaginary Frequencies: -1

Si -1.17622
0.50389
-5.33115
-1.72076
-4.00872
-0.05721
-1.97601
-2.83487
-0.38247
-6.46136
0.59804
-0.14357
-2.75662
-3.57580
-0.74521
-6.76256
-6.55530
-3.96235
0.43917
-6.10800
-3.26059
-3.88059
-1.22748
-0.22532

@)

T Q - QO QO Q Q@-D Qo@D Q@D Q000000 0=z22

2.
.47214
.58028
.18251
.05883
.54746
.11582
.35330
.77981
.68739
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02245

.22606
.79269
.00404
.64339
.41198
.78249
. 72817
.35715
.83658
.59754
.67902
.48653
.40179
.99282

S98

0.39404

.19054

1.67394

.09074

0.03750

0.95823

0.64280

0.05378

0.91587
0.72791

.06537
.80277
.37795
.32300
17729
.31128

.86595
.79474
.63025
.39081
.67936
.53395
.45037
.15182
.31246
.86737
.25547
.69990
.35877
.06008
.05268
.69018
.75709
.19048
.42522
.09000
.34889
.52060
.61182
.72484



oD oD Q@D =D & Q@& Q@& Q@D @oD o@D Q@ Q@ Q@D Q@D Q@D Q- Q- Q@ Q@ @D Q@D Q@D Q0@ Q@0

.73740
.50728
.77512
.77131
.27807
.49455
.13025
.61036
.06226
.91988
.73488
.17133
.43374
.36226
.65688
.50282
.69400
.78829
.33605
.57272
.23005

2.52487
3.26894

.01643
.41579
.30681
.51842
.02898
.09925
.42439
.13278
.04423
.51916
.84788
.22581
.73839
.13979
.52734
.60953
.08316
.13795
.70562
.93612
.07496

0.77482

0.06202

4.49509
4.91431
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.71238
.63992
.79351
.01675
.91286
.57396
.07089
.31158

.14826
.07483
.20444
.73086
.90275
.97599
.93686
77169
.58130
.82429
.27247
.76386
.39968
.93453
.98557

.80308
.86095

.63800

.28931

.36011
.11390

.87688
.73178

.21331
.41937
.88601
.40431
.64622
.59088

.16414
.22682
.08655
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|
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.50109
.15264
.36000
.25421
.21758
.11254
.12607
.21002
.62579
.52353
.06670
.27451
.14901
.29966
.52628
. 95987
.79739
.65582
.15834
.81243
.41919
.69821
.26678
.49907
.28444
.03643
.10095
.65278
.82798
.34183
.83400
.20534
.73090
.77087
.02076
.62457
.50784
.19759
.49573
.11440
.62305
.29979
.43761
.59785



T D Q@D =T Q= - o= Q

>
c
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.55442
.19119
.12619
.38439
.94685
.97186
.53309
.21570
.67508
.03792
.08609
.39899
.03604
.64807
.09893
.99144
.84342
.59588
.23126
.04986
.40255
.25346
.46849
.37146
.19271
.16069
.82779
.82910
.24077
.99935
.46701
.95638
.64782
.38408
.00192
.88156
.38028
.43950
.66289
. 62835
.65469
.02739
.25645
.97179

0.88063

.47966
.68779
0.08506
.64389
.10870
.82050
.91048
.79742
.43476
.26665
.17144
.63298
.11404
.25565
.62040
.80027
.89026
.52031
.80972
.34131
.24254

2.05491

.33012
.82917
.51642
.01924
.16678
.96379
.37331
.42320
.97993
.89946
.16465
.40209
.68311
.52217
.81256
.60262
.49163
.26900
.37192
.94718
.43289

S100

.06012
.40406
.97878
.57309
.52569
.65093
.43395
.98454
.41011
.04106
.42340
.00043
.25883
.48812
.16011
.93596
.92693
.21872
.43719
.35859
.48140
.14510
.88410
.06343
.52177
.66615
.57311
.93649
.49010
.14089
.40756
.05385
.43564

3.09287
3.55980

1.24325

3.09055
3.54985

.69117
.34945
.56225
.02973
.30339
.23190



.96847
.27289
.60396
.36335
.63109
.25623
.899%46
.81643
.96422
.00899
.56250
.03571
.97582
.21959
.79378

T - =T Q Q@D Q@D &Z @-m Q@& Q& Q
O o o0 o b O I N W W W oo JdJd o

lo-1

Energy: -2238174.2870804

.73861
-0.
-1.
.13291
2.
.03887
.48781
.41023
.17704
.04013
.22248
.95247
.47928
.03383
.64826

25894
78412

43660

Number of Imaginary Frequencies: 0

-4.06011
-3.70436
-3.43698
-3.78406
-5.23685
-5.47852
-6.07970
-2.99552
-2.40219
-2.90461
-6.10906
-6.70594
.71521
-7.33686
-8.82528
-7.13286
-6.58251
-7.13073
-5.49987
-5.27080
-4.62808
-4.22413
-4.45320
-5.09401
-3.51357

QO QO O o O 0 0 0 o0 QzZz2 - 0000z 0
|
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4.
.25405
.32524
.78370
.40801
.92896
.18989
.13292
.02111
.93163
.15987
.10901
.31742
.48115
.20601
.61195
.76210
.79023
.29534
.41541
.21299
.93300

= O o N N DN W

37952

0.17898
0.00320

.71184

S101

.06903
.98962
.99978
.69353
. 75325
.70081
.91666
.02336
.79853
.53587
.60242
.22952
.93681
.25050
.25138

.44831

.71506

.40263
.77902
.13567
.15886
.18201
.19681
.01720
.11428
.54075
.68564
.24480
.54879
.32379
.55813
.75303
.40694
.80531
.60904
.82886
.24611
.44307
.20763
.01334
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.42463
.31050
.03436
.69305
.96807
.09007
.96856
.94406
.44294
.45064
.36162
.55648
.18132
.15158
.00192
.85211
.48756
.19755
.61066
.93195
.06968
.87294
.33758
.96790
.04507
.39205
.53021
.93383
.12306
.04876
.08562
.31736
.02359
79717
.39666
.79209
.69941
.94345
.08021
.06533
.34790
.57824
.15321
.29817

W & I oy o0 o0 U O N W b W WPk O o N

.34140
.10508
.19717
.65421
.86397
.84615
.67590
.93418
.43457
.49596
.02254
.26388
.60864
.79714
.68974
.76126
.25395
.06404
.72577
.10077
.06838
.71625
.73629
.48092
.63412
.40510
.84701
.30062
.00485
.57234
.82056
.88656
.51201
.21865
.25882
.18781
.07337
.24798
.12759
.32357
.24470
.33236
.43090
.80461

S102

.16999
.02556
.04270
.20794
.08355
.08740
.34684
.24035
.93914
.20468
.85851
.26968
.41026
.78042
. 71209

0.41930
1.23110

.05790
.13052
.48915
.50380
.23881
.29995
.24126
.97516
.82581
.21855
.65920
.16642
.88402
.41014
.22800
.86442
.41320
.28080
.63334
.20299
.71696
.50231
.00234
.43965
.98946
.98080
.10844
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-0

.31803
.41141
.25485
.67020
.32348
.34366
.94376
.64275
.06987
.91050
.44418
.31555
.30234
.97852
.06761
.55884
.62843
.71414
.96310
.51338
.58634
.44350
.73406
.14935
.32654
.58720
.93973
.56805
.06550
.82300
.41236
.05847
.50083
.42763
.92169
.65840
.63165
.36877
.49615
.78611
.43844
.34152
.55167
.09966
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.53334
.08944
.36253
.33604
.90145
.40678
.90570
.86453
.31182
.90120
.84890
.95349
.10839
.39098
77792
.54027
.38188
.95254
.68856
.89764
.40216
.06722
.81258
.16848
.81870
.76438
.15933
.51775
.35119
.27285
.66571
.40202
.54277
.80559
.01691
.76611
.76919
.58734
.66519
.92468
. 79505
.72574
.65627
.37937

S103

.30180
.59594
.63281
.78261
.51989
.55048
.61633
.78692
.45616
.42644
.11916
.26995
.07348
.38534
.75000
.16479
.50664
.47278
.19629
.55502
.30074
.47378
.20779
. 77551
.71921
.11010
.61669
.36050
.83758
.34414
.51399
.11203
.67592
.60199
.78387
.70488
. 74397
.60104
L77279
.75087
.50486
.52287
.25629
.13310
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.17599
.90141
.45839
.95442
.49230
17172
.54136
.66642
.22406
.60981
.54857
.02629
.11987
.38849
.99171
.02655
.01683
.34954
.08200
.96148
.14968
.88012
.44631
.59216
.01299
.99787
. 73200
.56907
.05908
.67628
.00350
.62380
.60857
.00751
.84858
.88078
.03149
.60481
.03008
.11962
.03386
.69169
.44993
.97033

.30576
.56573
.16404
.27281
.80829
.00162
.23166
.09306
.10759
.90698
.14544
.93266
.32372
.53245
. 76437
.92557
.48825
.40421
.15767
.05973
.41156
.23990
.19228
.56099
.19745

0.01651
0.65917

.09198

1.36462

.08308

1.59607

.22782
.34065
.57590
.03736
.04724
.28655
.13631
.36652
.87288
.54854
.18561
.40541
.88150

S104

.83395
.85872
. 79325
.07766
.52385
.78662
.68566
.69770
.52691
.28573
.59863
.37189
.49286
.78400
.80636
.22878
.04319
.97331
. 71916
.34778
.72252
.09805
. 95127
.06874
.29425
.42243
.90036
.68023
.43741
.50373
.94826
.48539
.70264
.82500
.66337
.51409
.04347
.86268
.13799
.30512
.81979
.20865
.72276
.65111
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lo-2
Energy: -2238169.0168166

.11622
.67732
.28623
. 74337
.53423

SO W N W

.07741
.67337
.52797
.92463
.48612

Number of Imaginary Frequencies: 0
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QO O O o 00000 o0 azZz - 000z 0
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.81804
.82985
.25714
.93864
.13641
.80691
.51449
.37063
.49709
.89109
.94042
.55455
.92329
.60568
.92275
.83718
.64745
.65677
.64352
.92928
.50571
.82479
.54858
.96688
.46755
.16895
.51760

.82870
.67524
.08369
.43189
.42919
.64581
.81073
.89329

3.
2.
.47573
.72819
.28360
.83895
.72649
.55150
.63576
.02383
.17149
.40900
.14569
.48482
.25431
.95031
.41142
.60078
.28570
.28975
.40948
.62752
.18707
.50753
.91061
.15457
.43586
.22779

.58576

.77880

.00636

.13043

.59976

.56618

.37518
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17645
25486
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.18882
.27791
.39329
.30129
.24848

.87201
.06396
.74913
.41541
.45715
.94217
.30405
.29370
. 74575
.51909
.18846
.71665
.73683
.52799
.78941
.96339
.78169
.46945
.52582
. 75939
.89380
.78952
.53797
.40017
.43243
93777
.29066
.01592
.27614
.75539
.15697
.01593
.43566
.60209
.25641
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.81217
.90199
.26839
.55815
.66841
.37924

.61281
.20951
.45511
.76730
.93017
. 76285
.24372
.70558
.10187
.24515
.35896
.75806
.12493
.84365
. 75953
.12676
.83819
.42586
.95879
.33050
.24616
.44368
.64581
.64344
.84578
.04756
.60046

.22376
.27110

.84841
.72683
.18810

.81272
.64654
.26913
.22664
.26317
.06672

.13532
.10571
.41568
.05316
.18200
.39982
.85986
.70478
.37823
.74805
.33093
.55998
.20983
.50920
.20941
.68602
.49324
.92272
.14378
.64254
.44072
.90188
.52880
.66122
.91687
.36362
.55888
.27453
.39577
.16665
.62879
.44775
.83336
.68013
.57066
.70334
.95558
.70423
.41844
.98922
.48323
.23652
.38384
.29199

S106
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.71185
. 78346
.28732
.14436
.48827
.72479
.34292
.83501
.33650
. 71007
.98376
.97232
.28744
.35626
.34400
.31436
.47883
.95681
.24283
.89994
.25791
.23594
.85277
.25006
.67252
.96055
.91180
.26500
.26939
.21823
.32080
.50124
.00302
.30339
.96795
.28924
.23540
.82168
.50514
. 65440
.93097
.33509
.14558
.11734
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.28104
.54773
.47013
.75931
.88958
.33151
.48002
.46133
.09293
.69472
.45472
.71344
.50715
.01373
.05624
.36513
. 72238
.76640
.52454
.20330
.92324
.59117
.77538
.04928
.36545
.01165
.05868
.12851
.10137
.49401
.05573
. 93545
.98145
.07765
.99903
.68871
.38494
.97232
.22022
.92712
.16027
.83235
.30120
.66537

w P w o0 Jd g N g ooy DWW WD oY OOy W

| |
=N

.93809
.53270
.20145
.90165
.05453
.92656
.24988
.06637
.41037
.49547
.22996
.00642
.14368
.12893
.20598
.63161
.07283
.50343
.69220
.10417
.78007
.49166
.30638
.09952
.38243
.99304
.27611
.76585
.13718
.50481
.65254
.33475
.97474
.76239
. 74607
.19770
.34364
.58481
.06556
.72782
.45994
.46984
.37763
.287177

S107

.31974
.32569
.74101
.23058
.50145
.95255
.50595
.23706
.72965
.31496
.84363
.87477
.69004
.45952
.62054
.26091
.78875
.35775
.42479
.26844
.56895
.09414
.07166
.28201
.82570
.48109
.26692
.34674
.80606
.24427
.90139
.08692
.53558
.17147
.29822
.12387
.95407
.81532
.48433
.09750
.05523
.79784
.07483
.47498



H 5.41748 -2.13788 -4.28197
H 8.13876 -0.06373 -4.05733
H 9.11975 -1.44057 -4.59556
H 7.41501 -1.33557 -5.05440
H 8.65691 -2.18706 -0.96709
H 9.81892 -1.96612 -2.27947
H 8.92065 -0.57464 -1.66548
H 7.03704 -3.70545 -4.03732
H 8.75059 -3.75726 -3.60394
H 7.51227 -4.01982 -2.36082
H 6.93989 -0.71819 -0.54378
H 4.68078 -0.06437 0.11227
H 3.92427 -3.25269 5.15439
H 4.09483 -1.66338 5.89852
H 2.49867 -2.41118 5.80380
H 4.59852 -0.85654 2.32120
H 5.30319 -0.83566 3.94495
H 5.10573 -2.37304 3.08403
H 1.62996 -0.25798 4.62703
H 3.26010 0.34706 4.96488
H 2.60327 0.46659 3.33148
H 2.11544 -4.01069 4.29665
H -1.12946 -5.08665 4.12710
H -0.53414 -6.66346 4.67589
H 0.34969 -5.19254 5.09880
H 0.27103 -6.75251 1.03309
H -0.57252 -7.54520 2.36705
H -1.18574 -6.01356 1.73214
H 2.49202 -6.25608 4.05393
H 1.54707 -7.69503 3.64687
H 2.44938 -6.83687 2.38282
H 0.13523 -4.54001 0.54025
H 0.96001 -2.36357 -0.18235
H -1.40299 -2.14129 2.80284
H -3.49017 -1.39829 4.996061
H -2.81781 -3.06152 4.63737
H -0.47407 -2.20171 5.10337
H -1.16600 -0.54347 5.46428
H -5.65689 0.55009 0.75413

lo-4
Energy: -2238194.2766832

Number of Imaginary Frequencies: 0
0 1.51220 -1.99328 -1.60005

S108
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.35542
.56620
.95265
.40927
.30189
.85591
.51810
.16703
.85963
.90927
.71529
.88484
.96738
.33809
.47764
.31459
.60833
.06262
.36551
.28854
.93722
.64078
.69333
.10656
.09179
.06473
.30870
.65048
.69946
.63804
.53326
.26722
.02724
.24639
.69379
.15445
.14625
.09529
.00576
.36057
.03329
.89716
.05353
.42682

.09572
.22292
.61574
.71867
.81087
.57730
.14507
.03864

.87010

.15652

.34228

.89470

.14702

.92356

.36225

.29383

77621

.67656
.46267
.49481
.71463
.92888
.90766
16111

.14597

.10153
.32116
.61721
.30601
.71185
.57174
.08056
.32779
.23759
.29851
.59060
.35833
.20164
.41182
.29481
.20030
.56298
.54662
.70249

S109

.63917
.25433
.60008
.08140
.29147
.91318
.32790
.84999
.85911
.32276
.59044
.27121
.52940
.90650
.64744
.24659
.32548
.34311
.88601
.05094
.65271
.10349
.94406
.91718
.16865
.10110
.34379
.23332
.03170
.96988
.05062
.23847
.37714
.43322
.82453
.69480
.58772
.70290
.44696
.53737
.71336
.89112
.04954
.38497
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.75039
.70111
.36311
.90620
.72572
.11708
.12561
.59395
.74305
.54543
.02047
.72746
.38231
.11046
.99328
.32968
.87473
.17004
.20517
.85019
.18095
.75362
.63273
.60636
.16326
.00956
.47599
.60291
.39556
.79860
.37159
.80399
.26117
.71924
.46981
.79894
.51218
.26249
.93639
.67782
.95162
.23815
.49075
.75762

w W NN NN D g9 do0 D DR EREWw N W N

| D |
N W N
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.73882
.65954
.71405
.66760
.85902
.88161
.99621
.15289
.42761
.27770
.08336
.96690
.82103
.81572
.21096
.06522
.56668
.73378
.80473
.64371
.43440
.97932
.50590
.04824
.90706
.16488
.08142
.70547
.34709
.64089
.46191
.22589
.98741
.76572
.46078
.06359
.80723
. 75486
.45349
.28209
.53049
.14701
.23541
.38156

S110

-2
-3
-5
-3
-3
-3
-2
-2
-3
-1
-3
-0
-0

1.
0.97781
2.04959
3.40768
4.37355
3.18569
4.
1
0
0
1
1

0
-0
-0

.75530
.88983
.28332
.81704
.79712
.03441
.06200
.49729
.36220
.29170
.32486
.72426
.38478
17333

10874

.78860
.56442
.40648
.43007

.00505

.66299

.46705
.26312

.55706
.92925
.75710

.70325
.36155
.99924
.14811

2.40392
2.52990

.83309

.34203

.20589
.17853

.34814

.28454

.24426
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.65992
.30853
.68650
.36360
.47147
.93142
.23873
.32827
.65216
.24178
.19057
.84832
.49424
.61243
.67210
.80235
.55091
.39517
.69680
.60777
.24427
.05338
.31253
.64149
.01683
.04699
.58367
.91342
.28061
.24504
.57983
.26816
.01285
.15241
.41827
.44967
.78605
.12859
.51486
.57554
.31308
.40763
.06387
.93485

0.47215
-1.34261
-3.49204
-3.86931
-6.41276
-6.64351
-6.35729
-3.29391
-4.97146
-4.57239
-4.40397
-4.88462
-3.20431
-5.37698
-4.56258
-5.75670
-5.93124
-2.80822
-3.99883
-2.73397
-6.02262
-5.85438
-4.72279
-1.59344
-0.48595

0.12547
-0.66124
-1.64758

0.71849

0.75099

1.53227
-2.80879
-1.82210
-1.85672
-0.91029
-3.32141
-2.55162
-2.38442
-0.38902
-1.38998
-2.15471

0.20526
-0.01755

1.00171

S111

.43328
.71012
.76813
.57150
.26249
.57449
.98095
.19803
.74718
.42375
.67552
.08195
.68147
.81419
.02429
.33035
.09425
.12827
.06136
.83032
.98637
.17665
.18605
.37366
.94613
.45140
.05070
.44247
.92277
.68770
.82303
.86294
.62961
.86729
.07285
.79994
.67598
.26789
.65063
.64648
.67660
.22429
.64553
.73282



H -7.45112 -1.05832
H -5.09405 -0.80524
H -4.92329 4.42236
H -4.56395 3.32690
H -3.26927 4.30780
H -5.07339 0.92563
H -5.60684 1.46847
H -5.95245 2.45551
H -1.88237 2.14706
H -3.21003 1.38113
H -2.70015 0.71271
H -3.42112 5.12482
H -0.61530 6.60911
H -1.51452 8.13638
H -1.90107 6.82981
H -2.86775 6.58167
H -2.08533 7.99750
H -1.17629 6.49226
H -4.37995 6.96225
H -3.93414 8.25262
H -4.75911 6.80112
H -2.17546 4.42958
H -2.43003 2.03074
H 3.43237 2.63450
H 1.09652 1.91678
H 2.47532 3.07380
H 1.75319 4.47378
H 0.37423 3.30999
H 3.17650 1.20534

1lo-5’
Energy: -2238245.3045798
Number of Imaginary Frequencies: 0

0 1.68914 -1.76671
C 2.61883 -0.98903
N 3.97955 -1.49833
C 4.27106 -2.91980
C 5.31662 -3.08883
C 6.42621 -2.10088
C 6.22417 -0.90839
C 4.89917 -0.54226
C 4.24619 0.78073
H 4.69794 1.22066
N 7.40713 -0.13436

S112
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.07688
.65934
.97550
.31055
.61913
.55095
.14875
.71806
.22333
.11017
.56091
.58591
.26426
.33479
.46187
.77898
.07113
.24140
.67327
.55007

.04873
.44836
.09370

.39021
.33182
.65950
.65975
.35597
.25782

.39374
.42999
.68238
.87713
.98394
.77871
.08744
.71186

.43830
.45608

.13907
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.65696
.78468
.29726
.55235
.60374
.29908
.88486
.35137
.67426
.35839
.716774
.46326
. 74639
.77144
. 74314
.19664
.41941
.71801
.86595
.51457
.98851
.45396
.53462
.47405
.69985
.23377

0.65928
1.94954
1.06691

.10215
.62351
.44145
.83170
.06183
.13210
.93536
.31475
.43877
.77856
.37441
.50086
.81700
.58604
.93647

.94886
.56459
.72015
.25625

.06248

.87514
.21880

.86131
.56720
.50481
.71651
.01444
.08369

.44814
.31472

.61615
.20251
.35903
.60530
.93386
.15659
.48072
.23943
.06168
.08333
.02393

.31980
.03514
.03513

.23155
.73361
.52868
.89501
.39568
.72637
.60209
.02995
.13762
.52253
.20813
.37519
.90229
.31091
.00477
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-1
-1
-2
-3
-5
-3
-3
-3
-2
-3
-3
-2

.25321
.56787
.24750
.68185

.46780

.15920
.64321

.89028
.24086
.00746
.42718
.07978
.30050

.28393
.02612

.16637
.33763
.44211
.54007
.85531
.03909
.62495
.05487
.58183
.98649
.78529

.00409
.53642
.75058
.99604
.42378
3.

31203
.05796
.54050
.90987
.88203
.31609
.96398
.41920
.34542
.52160
.12236
.72003
.06867
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.29461
.35506
.14185
.63330
.74204
.49742
.28021
.00176
.36501
.33977
.54371
.92086
.03696
.43091
.28959
.52654
.22935
.14852
.04150
.26381
.03195
.65086
.32256
.69497
.86820
.22283
.03892
.62421
.42044
.07609
.30471
.35809
.72839
.10067
.14538
.38304
.34522
.99805
79772
.82253
.35885
.99805
.86467
.90823

[
=N e

W W NN W ooy o0 s N F WNh wDN o

.94301
.04907
.56531
.81990
.14981
.05905
.65458
.85921
.61495
.06257
.37039
.80652
.28052
.18522
.56140
.64753
.84893
.52864
.74523

.61175

.80834

.31690
.40991
.11612
.93890
.39045
.06589
.99790

.32393
.91976
.22222
.63088

.75578

.13421

.35713
.29087
.41325
.94352
.64977
.31345
.52589
.36482
.12550
.32787

S114

-4.
-1.
-0.
.72269
.27336
.04560
.31575
.95683
.93848
.39191
.55271
.63004
.05898
.04077
.37674
.26271
.37254
.92692
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23897
17250
68250

0.11349
1.11409

0.33965

0.07279

.10162
.96505
.97728

1.69515
2.23594

.19447
.51475
.02160
.43031
.65472
. 64841
.88627
.94329
.29689
.02618
.39495
.65149
.01651
.61340
.59489
.49948
.08163
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.38181
.75638
.89434
.40784
.51528
.59477
.73232
.19618
.70497
.63343
.38542
.52506
.01782
.31413
.76701
.10898
.43702
.63487
.01302
.65700
.25447
.10801
.94826
.39610
.47491
.25571
.51575
.82830
16731
.85289
.67809
.56066
.23009
.47664
.17821
.04782
.73473
.54608
.30063
.93179
.92746
.07468
.52547
.90201

-2

RN N PO W

.97389
.96651
.20749
.08696
.40562
.25630
.98279
.49677
.29039
.35081
.18634
.45233
.74546
.12885
.47555
.40413
.92588
.07649
.20137
.05461
.53945
.56699
.46229
.24181
.47150
.01586
.69546
.30077
.03083
-3.
-3.
-1.
.30889
.93788
.16354
.32572
.31283
.51663
.63656
.71381
.31995
.03817
.75851
.88157

37559
70056
85600

S115
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.55579
.03013
.04957
.26601
.83926
.39508
.03218
.14204
.60370
.10815
.54067
.86798
.35102
.00244
.06244
.73836
.96319
.36575
.01746
.712876
.24273
.37528
.13404
.43569
.38987
.94853
.15607
.51075
.62203
.54065
.26214
.04726
.67864
.84179
47722
.36911
.28089
.84328
.28176
.49868
.83259
.21855
.62798
.31550



H -3.90851 1.11173
H -5.10433 5.10074
H -2.37099 6.95431
H -3.50954 8.23994
H -3.94625 7.06531
H -3.69460 5.97566
H -3.39172 7.61982
H -2.21807 6.34483
H -6.11015 6.51496
H -5.62132 7.69677
H -5.98128 6.02576
H -2.75484 4.10418
H -2.64027 1.79303
H 3.08199 3.04353
H 0.49402 3.11593
H 1.84714 4.34774
H 1.45104 4.68570
H 0.09819 3.45313
H 4.46413 1.47467

lo-5
Energy: -2238239.5270122
Number of Imaginary Frequencies: 0

0 1.58739 1.07174

2.30729 0.54010
N 3.74697 0.47292
C 4.10616 0.95510
C 5.10572 0.00625
C 6.22989 -0.21967
C 6.03224 -0.04510
C 4.69830 0.05442
C 4.31464 -0.38706
H 4.78208 0.32015
N 7.22469 -0.37588
C 7.53165 0.16727
0 8.66163 -0.33808
C 9.24260 0.12030
C 9.53836 1.61853
C 10.53040 -0.69836
C 8.27972 -0.24738
@) 6.79836 0.97314
C 8.16507 -0.78974
C 9.48918 -1.22055
C 10.16706 -1.56889

S116

R R w NN RN

.07782
.12063
.19925
.24865
.99954
.20994
.63980
.29296
.34572
.56669
.04220
.31299
.53993
.00839
.69700
.66002
.82434
. 76425
.26190

.52638
.70683
.07884
.43346
.08971
.13237
. 76873
.25018
.12021
.82150
.07764
.20311
.66854
.97879
.90631
.06164
.10828
.73944
.04809
.91881
.08377
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.56797
.25997
.55133
.89011
.84097
.15170
.48938
.10841
.34152
.52256
.50191
.50840
.94636
.08823
.74978
.84467
.05160

0.83066
0.86702

.03202
.71866
.46920
.22182
.58268
.86194
.76824
.37686
.85476
.91538
.22316
.27540
.73379
.00676
.74036
.97248
.92750
.58866
.21667
.84188
.07899
.80648
.91347
.24900
.05990

.49459
.06414
.70414
.03755
.49811
.06989
.25463
.70077
.74989
.06324
.42856
.94443
.03203
.71544
.04393
.79807
.96558
.61935
.50178
.02016
.47843
.46361
.09539
.21644
.61912
.91140
.33391
.07107
.35573
.73142
.47282
.63247
.33194
.31491
.08986
.07146
.05816
.65753
.97663
.45011
.62713
.39990
.31700
.30583

S117

.35892
.49207
.32900
.43045
.41750
.10470
.18023
.58706
.14003
.65889
.47851
.76888
.08625
.78854
.29671
.34423
.95958
.86890
.10635
.52648
.77994
.18504
.20962
.57080
.89321
.94720
.30172
.47915
.20424
.20817
.31315
.78033
.95946
.65778
.24330
.02253
.65207
.32763
.64316
.95233
.04049
.37242
.56860
.33982
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.65817
.05791
.62605
.57103
.00508
.85392
.89752
.29439
.57864
.45038
.86737
.54882
.17683
.46348
.63463
.18427
.06825
.62341
.31491
.04882
.20481
.35199
.715725
.04805
.96607
.19246
.13982
.78694
.82263
.22049
.52874
.05191
.64063
.25258
.07190
.76805
.12530
.85750
.54445
.39941
.23281
.29779
.41196
.61059

.76381
.60876
.03017
.94234
.80473
.82592
.09962
.79578
.08136
.02871
.54698
.95241
.05115
.45659
.94979
.84399
.92046
.20836
77129
47279
.45512
.32388
.02792
.31757
.29968
.91757
.78015
.00219
.53180
.14878
.30848
.95673
.32743
.54348
.00127
.00418
.62900
.06590
.89684
.45648
.01000
.05434
.36073
77167

S118

-3.20105
-2.25082
-2.65447
-3.78344
-1.47620
-3.15838
-0.96191
-0.65966
-1.77068
-2.07567
-2.05252
3.32068
3.98974
5.02193
4.36301
-1.05114
-2.81587
-1.82969
-2.03913
-2.99866
-1.23421
-3.04730
-4.06898
-3.08465
.95358
.00336
.23593
.46747
.10118
.57545
.09870
.06661
.88184
.83370
.08408
.59902
.69874
-0.95884
-1.45585
-2.29116
-1.03880
-4.92925
-4.51294
-3.76553

|
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=
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.68960
.47583
.66465
.05206
.38497
.96871
.56596
.00938
.28626
.13579
.44186
.54390
17262
.37907
.48407
.85323
.04256
.35162
.61904
.76201
.64667
.31812
.00855
.79243
.68714
.34117
.47815
.44357
.92948
.25987
77417
.81269
.01236
.53069
.08815
.81281
.31612
.25331
.96368
.71436
.70867
.10836
.31897
.55565

|
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|
o O

.42753
.85810

.58721
.21701
.44755

.25274
.52707
.55036
.80591
.31745
.97190

.18441
.14983
.68105

.03710

.37446

.22705

.13036

.98457
.44236

.71844

.36839
.21631
.79618

0.14795
0.37546

.33264
.77889
.63507
.74583
.73061
.24287
.49655

0.20168

.37925

.15965

.39204

.94674
.43551
.93007
.80558
.30776
.35588
.84039

S119

.75147
.96310
.30950
.59346
.55494
.22234
.01230
.73322
.58530
.26992
.26597

.54999
.98469
.31052

.21240

.65815

.30363

.81359

.79852
.03204

.30447

.07630
.57925
.42484

.28154

.35304
.26800
.10226
.79451
.63742
.33208
.40729
.60419
.18995
.49232
.19569
.44800
.08765
.67138
.65006
.80861
.08761
.03135
.44852



H -3
H -1
H -2
H 2
H 0
H 0
H 3
H 3
H 4
lo-1-ts

Energy: -2238164.9659293

.61701
.47511
.19392
.85985
.79471
.94873
.35405
.14582
.82217

-6.
-4.
-2.
.40427
.33045
.92618
.80613
.18058
.33843

90714
70575
43313

Number of Imaginary Frequencies: -1

QO QO o 0 0000 o0z - 00000z
|
(@)

b

u -0

QO Q O W™

1.

.30564
.14767
.36270
.97022
.31323
.13420
.58612
.37680
.59782
.03302
.69592
.06496
.17928
.59510
.99365
.60148
.54527
.22953
.39313
.39445
.06757
. 74932
. 74469
.06985
.73351
.37090
.57453
76513

2.54708
1.
2.15173

90026

3.
2.33089
2.43914
3.65334
3.18559
1.
0
1
0
0

-0.
1.
-2.
3.
4.
-4.
.68115
-1.

-4

0
-0

30777

79513

.61135
.40093
.44139
.33543

39773
71467
53202
96833
00441
49328

92967

.10636
.51956
0.26738
1.62794
2.23925
1.47000
1.04982
0.
0
0
1
2
4

03463

.35835
.24379
.64537
.81481
.04251

S120

.37607
.16884
.35718
.57964
.26538
.03331
.98867
.21320
.33140

.75733
.04365
.63819
.09209
.51823
.10196
.47919
.23467
.67836
.30363
.38130
.93626
.96475
.77392
.15833
.20862
.92141
.24218
.68393
.92981
.03465
.90337
.65162
.53249
.53282
.09667
.30771
.00011
.22246
.68895
.04434
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.08499
.17758
.51894
.54971
.49724
.63979
.02285
.90986
.90890
.07051
43719
.07260
.42924
.76560
.97229
.82852
.36097
.85126
.06167
.30915
.40289
.82897
.16128
.88552
.92270
.12587
.81428
.36921
.88705
.28076
.25931
.48345
.63810
. 72295
.76220
.91767
L42771
.37831
.48022
.64489
.58941
.07967
.93984
.68800

N W J o0 oo oo U O W W U b

.18983
.65387
. 73537
.35403
.15066
.10105
.39214
.99434
.13684
.41482
.85459
.71982
.38049
.69503
.33925
.70375
.37712
.70315
.43056
.63131
.32498
.69527
.96187
.29828
.22380
.67841
.36141
.58846
.81108
.19678
.37813
.02962
.30609
.05117
.42066
.25854
.58960

.31305
.36458

.48341
.83500
.62530

.16323
.65612

S121
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.17815
.65743
.81033
.36657
.60136
.71509
.23030
.11441
.46486
.62238
.31037
.80318
.32121
.66715
.90374
.87858
.16141
.21219
.31579
.20782
.37994
.82634
.14813
.717753
.04970
.17424
.81930
.26712
.76773
.06887
.94237
.32334
.24037
.19551
.51470
.76343
.36288
.65464
.38860
.70229
.47486
.97864
. 74332
.98574
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.31945
.09256
.30923
.07687
.65838
.69888
.34291
.99541
.60750
.89385
.31652
.52877
.78225
.54946
.64451
.06614
.50518
.49443
.58762
.84843
.20579
.55759
.18519
.91270
.53416
.19109
.53375
.66387
.70596
.38123
.33327
.32735
.36038
.72301
L.71117
.60955
.71279
.20737
.93672
.88153
.51678
.03929
.35598
.07445

[
W W W

|
(€3]

| |
g

| |
(G2~

.08460

.37889
.06600
.16252
.87868

.42837
.04195
.61370
.41407
.54780
.93979
.29819
.74974
.57160
.56496
.18776

.20881
.29139
.31649
.70375
.04937
.68181
.87729
.33061
.66700
.50196
.28502
.11516

.29587
.920895
.23252
.74351
.07969
.43503

.67997
.33882
.01708

.74478

.76290

.31804
.61083
.72318
.26809
.99691

S122

[
w N O

|
N
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.13987
.89472
.67663
.26512
.29051
.76651
.13091
.13929
.66079
.21077
.82553
.10056
.88623
.36430
.03947
.02042
.78727
.55116
.88733
.52153
.97436
.52761
.66951
.02152
.63749
.24341
.14848
.14025
.82972
.46254
.21412
.30673
.79284
.25248
.77454
.99082
.41618
.17436
.29642
.95120
.81890
.72042
.34150
.92867



juni e s B e o B ol e o J o o o o S« o N a S« o N o s S o o S « s o o S « s o = R « o o o B o N o B o ol e o B o o a o J o i a o S o o N a s« o B« s Y o o S« ST o o B« sl o o B« o B o i o s R o sl a o)

N N W oD D W Doy 0 N 0w 00w o0 RN

| |
o =

.37618
.73864
.289%46
.57119
.51487
.11124
.17463
.47065
.72006
.88180
.89834
.22656
.93459
.69974
.92117
.62342
.92163
.18293
.55697
.57368
.33940
.05740
.12255
.38579
.67546
.04188
.26512
.71893

0.21921
0.04566

.81219
.37700
.31085
.30893
.23300
.03210
.84410
.54032
.53463
.82068
.48870
.22132
.83573

.61081
.28821
.69764
.06527
.12503
.12519
.21774
.23506
.80435
.58349
.21705
.56987
.49764
.77082
.40697
.15084
.03053
.41328
.10062
.82803
.72879
.30904

0.02239
0.57640
0.64026

.75387
.70343
.25451
.78814
.63056
.29754
.79260
.00966
.43538
.70263
.44172
.34008
.93097
.06507
.73073
.75851
.09854
.42941

S123
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.89326

.79132

.04763

.47515

.14806

.01779

.47936
.95310
.81939
.13221
.59825
.82118
.37069
.12651
.49002

.11540
.24563
.89751
.90529
.26082
.85453
.10226
.64439
.89292
.27922
.50552

.44070
.10099

.40764
.46462

.85675
.12187

.43102
.12982
.80419

.82648
.04095
.08410
.31985
.06687
.32389
.58276

.55653



10-4’-ts

Energy: -2238192.2038626

Number of Imaginary Frequencies: -1

0]

Q QO O o 0000 o0z 0000z 0

>
o

Q QO o000 o "

1.
.29812
.55639
.84372
.29442
.21763
.84447
.56640
.24554
.89458
.94629
.82062
.01377
.15352
.43023
.66711
.63720
. 74185
.04138
.35609
.21091
.78470
.47872
.59794
.16256
.68361
.15809
.23639
.28754
.21320
.92814
.70602
.18914
.20544
.53759
.12348
.87315
.99872
.05287
.71070
.40179

i
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|
o

34687

.53934
.76527
.10629
.55220
.80221
.89656
.61845
.10857
.13557
.97890
.06590
.27871
.73287
.98332
.81817
.07446
.17187
.80286
.83798
.69208
.78503
.00101
.14791
.06252
.60821
.58499
.54047
.26795
.47278
.84850
.21742
.35016
.74482
.28669
.23536
.49471
.52368
.96144
.78158
.75840
.83508

S124
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.98394
.01229
.43983
.55130
.97345
.21809
.88356
.36457
.80216
.61735
.32059
.60917
.23578
.56691
.90522
76772
.24713
.40814
.30608
.85400
.98605
.54890
.994¢64
.86783
.50917
.86795
.27365
.40276
.47295
.31592
.49053
.78485
.19717
.16652
.25036
.37539
.06337
.01829
.23682
.66585
.14806



T - - - oo oT-oT- oD D Q0000000000000 00O0o0o 0000000000000 0000oaaan
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.53346
.51176
.98516
.30553
.65203
.67304
.34439
.18107
.46141
.96914
.91035
.33099
.25253
.21193
.00807
.49211
.19407
.21883
41111
.84867
.18930
.66557
.33882
.95065
.00516
L77736
.98677
.04535
.68687
.45623
.38586
.21253
.96073
.48218
.85065
.64635
.13630
.53076
.40889
.79067
.64129
.35024
.18620
.91045

W N D W oYy oy I oy NN R WD W N O

.18686
.85324
.82954
.30537
.64948
.56582
.00755
.11200
.50183
.10011
.22498
.72943
.14726
.80261
.76847
.87747
.41970
.79165
.13485
.06182
.68240
.90325
.64416
.10493
.37655
.79972
.27739
.16404
.54432
.67797
.82573
.49965
.96802
.56315
.01686
.01163
.98266
.85620
.63718
.92598
.68758
.74005
.12670
.97593

S125

I
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.85071
.98808
.89296
.10950
.43110
.62668
.94482
.83371
.39381
.59803
.56168
.87505
.49054
.61316
.88172
-0.
.04854
.13883
. 74328
.71333
.17283
.98863
.18651
.89694
.25312
.06857
-0.
.40415
.93331
.17072
.98762
.58539
.51233
.80870
.46368
.57571
.26453
.79376
.05415

27603

44589

2.42820
2.53718
1.76990

.19455

1.33867
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10.
.55788
.86653
.13284
.70916
.23892
.48460
.14209
.30153
.77269
.13792
.67769
.74152
.33398
.48028
.06549
.94254
.37507
.50247
.85523
.62124
.02493
.50361
17722
.91670
.19187
.65558
.05678
.79602
.19572
.61431
.68688
.56954
.56526
.02570
.79206
.80558
.86364
.28469
.78698
.25874
.67246
.33638
.20960

04150

.20799
.11466
.10029
.21286
.23581
.68622
.82627
.08306
.92706
.50940
.89510
.35922
.11980
.37341
.29515
.05951
.30237
.53323
.18215
.10539
.67927
.15262
.11512
.10799
.73531
.15625
.27656
.38703
.18652
.37131
.93571
.04732
.23467
.05461
.57551
.53596
.48371
.20376
.37395
.85328
.51485
.16093
.82030
.16597

S126

.32244
.39689
.28676
.22290
.43069
.64981
.63742
.43296
.27182
.67378
.92667
.83756
.69713
.25157
.03261
.24369
.14416
.54396
.43649
.91007
.78173
.26924
.33207
.91666
.75643
.83701
.712433
.36119
.86580
.21174
.75787
.90575
.99753
.73911
.95848
.24449
.27260
.52982
.59561
.79337
.72345
.41948
.14292
.88180



H -8.80127 -3.49258
H -8.45342 -1.70357
H -10.02041 -2.11777
H -9.08590 -0.75653
H -7.16352 -1.95560
H -4.88908 -1.15737
H -5.57093 4.35559
H -4.90566 3.57831
H -3.89396 4.67772
H -5.06189 0.71893
H -5.60116 1.39314
H -6.23400 2.04862
H -2.10852 2.80638
H -3.18591 1.92773
H -2.63689 1.15291
H -4.33339 5.12076
H -1.99433 6.91258
H -3.19056 8.22100
H -3.23305 7.05082
H -4.34739 5.97100
H -3.84292 7.60536
H -2.64874 6.30382
H -5.72478 6.55379
H -5.61666 7.73051
H -6.14723 6.07125
H -3.22750 4.07139
H -2.95996 1.75124
H 2.93616 3.29873
H 0.90932 2.91755
H 2.18289 4.22089
H 1.10887 4.99568
H -0.16199 3.69181
H 3.39269 1.28686

lo-4-ts
Energy: -2238193.8917563
Number of Imaginary Frequencies: -1

0 -1.23116 2.16785

-2.15771 1.94482
N -3.47922 2.14907
C -3.78662 2.29967
C -4.26698 0.94700
C -5.25486 0.35859
C -5.47196 0.83368

S127

0.
-3.

-3.

-2.

(@]
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13300
82401
11643
46802

.57078
.95714
.56938
.00633
.06579
.67622
.22100
.70094
.85528
.95281
.46715
.96618
.21936
.15231
47710
.59379
.15561
.19154
.88364
L43177
.76674
.03132
.32787
.86125
.46719
.31379
.85678
.68283
.45322

.49685
.72886
.07003
.50407
.03665
.07371
.79734



QO QO O 0 o 0000 o0 0=z - a0

b

u
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.59865
.67379
.96436
.50177
.26703
.92651
.92947
.03170
.47496
.21984
.28908
.88330
.82636
.98886
.24164
.30672
.12619
.88241
.52613
.15568
.38210
.50046
.19308
.82499
.84254
.39525
.05094
.16932
AT
.57662
.28034
.71923
.24691
.58726
.00176
.31747
.82425
.98575
.97723
.79999
.07652
.49957
.57817
.14281

.86469
.55743
.35849
.04760
.42271
.62713
.46501
.50090
.88549
.00991
.55309
.95244
.98328
.79827
.60776
.58573
.75337
.38506
.13015
.82181

.16518
.31812
.67494
.68947
.41518
.72303
.62260
. 62779
.99732
.33190
.81157
.49986
.97493
.51827
.27849
.956061

.68579
.45139
.21209
.22682
.17011
.72490
.80796
.95551

S128

.21457
.05616
.12045
.19037
.06434
.42685
.52112
.08055
.67920
.79912
.37920
.12459
.04866
.16716
.34313
.41866
.30217
.36406
.69174
.03986
.21542
.36948
.64510
.10090
.23048
.83597
.67331
.38017
.26723
.29390
.59889
.33159
.73000
.03288
.00663
.68867
.06458
.34948
.53540
.53939
.72938
.86108
.11901
.76961
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.26538
.48847
.05154
.61350
.06545
.20755
.07334
.72089
.90619
.01979
.02754
.92895
.47147
.76868
.17657
.27529
.58616
.45735
.52287
.33582
.23615
.05261
.99170
.59501
.99564
.56931
.88593
. 72687
.40954
.46936
.82686
.65722
.66984
.20158
.97999
.80682
.93705
.41641
.40421
.71364
.39855
.72380

5.92042
6.11591

.97236
.83219
.37269
.71575
.31807
.18381
.42417
.71622
.73933
.04564
.35835
.90719
.62262
.16530
.06877
.78818
.90309
.31657
.55677
.00362
.46033
.44780
. 74294
.65619
.41732
.05833
.64983
.07315
.27281
.17575
.50345
.51969
.59042
.91207
.21763
.99399
.00223
.70881
.15834
.60601
.26569
.42935
.33336

4.47345

S129

.92403
.29107
.65736
.24451
.38177
. 77356
.48642
.53927
.06519
.43876
.38854
.82752
.89328
.46158
.89432
.08892
.70964
.84609
.67542
.28824
.73272
.22413
.96816
.50594
.09294
.60081
.00500
.02495
.17435
.13074
.83368
.96970
.90990
.49728
.76648
.68938
.62676
.05937
.15451
.12208
.19244
.32176
.09295
.62172
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.60962
.76167
.78832
.54200
.31290
.88642
.82397
.93812
.78848
.50528
.42605
.59916
.06174
.28604
.35353
.39250
.00330
.31767
.89952
.21669
.21799
.95547
.14465
.70596
.64788
.48378
77232
.29991
.18282
.36475
.92423
.31432
.28753
.45955
.98385
.29586
.92784
.66884
.04010
.05245
.14849
.66570
.94257
.64224
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.33296
.64309
.46453
.17905
.18039
.47714
.64309
.81000
.02234
.55492
.46380
.54232
.03970
.51210
.47624
.57503
.05727
.46384
.14631
.20934
.14776
.86218
.02881
.82379
.70749
.44576
.83198
.08505
.55769
.32307
.97752
.47422
.05277
.34407
.68808
.47977
.94201
.67322
.14329
.81373
.97917
.394¢61
.73266
.21828

S130

.29580
.28742
.46899
.13331
.78349
.19558
.06201
.27828
.00410
.53851
.50380
.67351
.90754
.47524
.25182
.25029
.93593
.82631
.27728
.41124
.40891
.30591
.09752
.61126
.39822
.61840
.86245
.34894
.66722
.62054
.93040
.46091
.25370
.542895
.15445
.14405
.64404
.42373
.08122
.40815
.87849
.45460
.27251
.89316



H 5.18974 -1.15210 4.57490
H 4.68435 -2.69721 3.86891
H 1.73519 0.37474 4.76383
H 3.43202 0.61905 5.20689
H 2.96179 0.65774 3.50787
H 1.23093 -3.33302 4.94196
H -2.13333 -3.54120 4.46492
H -2.07048 -5.10445 5.29881
H -0.85089 -3.87212 5.64220
H -0.96558 -6.03432 1.86174
H -2.12207 -6.33393 3.16175
H -2.21831 -4.83166 2.23574
H 0.99396 -5.61609 5.07291
H -0.26445 -6.80956 4.72632
H 0.96705 -6.43812 3.50512
H -0.406084 -3.99655 1.04424
H 1.04026 -2.24322 0.15964
H -3.06838 1.53784 2.70620
H -1.94802 -1.25769 1.87605
H -2.34768 -0.67255 3.56295
H -4.75708 -0.28004 2.85461
H -4.34722 -0.85323 1.16341
H -5.46983 2.40640 0.65387
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17. NMR Spectra
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300. 0

16

7 Spectrometer Frequency 400. 18

8 Nucleus

1H

HO

—1.23

?
__
~

110000

100000

90000

—80000

70000

60000

50000

S132

—40000

—~30000

—20000

10000

~—10000

T T T T T T T T T T T T T T T T T T T T T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

2 00{

.0

0.5

0.0

-0.5



VIO OO TN O~ L
OO OO OOMMA
N e e e e e 15000
——— -
Parameter Value ~14000
1 Origin Bruker BioSpin GmpH 3
2 Owner nmrsu 13000
3 Spectrometer spect |
4 Solvent DMSO
5 Temperature 300. 0 ~12000
6 Number of Scans 16 r
7 Spectrometer Frequency 400. 18 11000
8 Nucleus 1H |
~10000
o L
~9000
HO ﬂ L
~8000
C2 F I
~7000
~6000
| ~5000
~4000
~3000
~2000
~1000
_ R . R
< 2 .
oS O ~—=1000
od o

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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D= D~ D= D~ D= D~ D= D~ D~

e =

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH

nmrsu
spect
DMSO
300.0
16

7 Spectrometer Frequency 400. 18

8 Nucleus

1H

HO

C3

Cl

%Z L
o
S8

f1 (ppm)

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 -0.

—5500

5000

4500

—4000

3500

—~3000

2500

2000

—1500

1000

500

~—=500
5
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D= D~ D~ D= D= D= D= D= D= D~ D~ D~
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 400. 18
8 Nucleus 1H
O
HO Loy
X
c4 Br

7.0 6.5 6.0 5.5

2.5
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LD — O . 1400V
MmN — e I
[ S o\
~ _ 13000
Parameter Value I
1 Origin Bruker BioSpin GmbH ~12000
2 Owner nmrsu |
3 Spectrometer spect
4 Solvent DMSO ~11000
5 Temperature 300.0 L
6 Number of Scans 16 10000
7 Spectrometer Frequency 400. 18
8 Nucleus 1H r
~9000
O 8000
HO LHHV -
~7000
C5 Me r
~6000
~5000
~4000
~3000
~2000
~1000
Q h ), C f[l|\>/|\( o
7 i\ .
O b~ (e
S o e -—1000
o] — on

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
[0.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)
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—1.05

<O AN —ANNO0 O L
[l SN N fe R Ta N Falh Sa B S B Al Sy
R e e S R S S S
_[rr_/_}\\_LLL
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 400. 18
8 Nucleus 1H
0]
Io/
TBDPS
C6
|
| |
T 7
< b~
(el ]
<t o
T T T T T T T T T T T T

—40000

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000 &
—

[%2]

—16000

14000

—12000

—10000

8000

—6000

4000

2000




o O — [
~ O N 0o b~ N N 2 9 L7000
N <~ S oy~ . . . .
Lo [apRasloaNNaN| (o)) Lo O o~ i
— — o —— lor) o0 N —
| NP | | ] 6500
Parameter Value I
1 Origin Bruker BioSpin GmbH ~6000
2 Owner nmrsu i
3 Spectrometer spect
4 Solvent DMSO 9500
5 Temperature 300.0 I
6 Number of Scans 1024 L5000
7 Spectrometer Frequency 100. 63
8 Nucleus 13C I
~4500
O ~4000
_._0\:/ [
X
TBDPS ~3500
Cé6 L
~3000
_ L
~2500
| ~2000
|
~1500
| ~1000
| _ |
~500
{rsii o H‘., A —— PR PO Y PR ——
~—500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 -10

£1 (ppm)



[(o M Yo}
o Cc I
A ~18000
N I
~17000
Parameter Value 16000
1 Origin Bruker BioSpin GmbH L
2 Owner root 15000
3 Spectrometer spect L
4 Solvent DMSO 14000
5 Temperature 298.0 L
6 Number of Scans 16 \ 13000
7 Spectrometer Frequency 600. 20 L
8 Nucleus 1H IHMOOO
e) L
HO ~11000
X .
TIPS 10000
Cc7 L
~9000
~8000
~7000
~6000
~5000
~4000
~3000
~2000
~1000
J L [,
7S .
© S ~—1000
®© oo ]
T T T T T T T T T T T T T T T T T T T T T T T N T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)
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Parameter Value

1 Origin Bruker BioSpin GmbH

2 Owner root

3 Spectrometer spect

4 Solvent DMSO

5 Temperature 298.0

6 Number of Scans 16

7 Spectrometer Frequency 150. 90

8 Nucleus 13C

O
HO ”
TIPS
Cc7
| |
_ _ _
T T T T T T~ T T "~ T T~ T "~ T " T "~ T " T * T "~ T T 1 T T T T T T T T LA B — T
40 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 -20 -30 -40

f1 (ppm)

7500000
7000000
6500000
6000000
5500000
5000000
4500000
4000000
3500000

<
- b
3000000

2500000

2000000

1500000

1000000

500000

0

——500000




SO NOI-TANOVLOLOOMNMN O ANOOHRVLOOM — — O — OO OO
QO FTITIFTNN OO ANANANANANANANAAOOOOoOOoOOoOOoO M N eNerNorNoy!
S S S S S e R R e S S ST NN NN
rrrrrrr — ! L f_m_ S T N T R T | _ %&\_ 6000
Parameter Value L
1 Orici . .
rigin Bruker BioSpin GmbH L5500
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO L5000
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 400. 18 \\‘ \ L4500
8 Nucleus 1H
~4000
NH, I
A\ 3500
N L
\ |
Bn
~3000
E1
~2500
~2000
~1500
~1000
=500
T T
S o)
=) )} ~—500
I~ J...

T~ T T T T T T T T T T T T T T
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 -0.5
f1 (ppm)

10.0 9.5 9.0 8.5
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L7. 19
L7.12
7. 12
7. 10
L7. 10
3. 06
3. 05
3. 03
3. 02
3.01
3. 00
2.98
2.97

O RV~ OFTMNMAN OO — —
SOOI M ANANANANANANAN
Do D= D= D D= D= D= D D= D D D= D D D= D
e e
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 400. I8 ‘ \ \
8 Nucleus 1H
cl NH,
o
N
\
Bn
E2

\\( U

A L

— AN QO ML LO -
SO O OO

cigiciS g

—

10.0 9.5 9.0 8.5 8.0 7.5 7.0

© . 941

6500

6000

5500

5000

4500

4000

—3500

3000

2500

2000

1500

1000

500

——500
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CROFTNNIDND=LOMN N O © © N O~ O ~16000
CLOANANNA"—OOoOOoOoOoO OO~ — o~ (e>NerNerNerNo
R e S S R S S e =X e) Te) o) MO AN NN 15000
—————— _ _ ~N—|
Parameter Value
1 Origin Bruker BioSpin GmbH - 14000
2 Owner nmrsu
3 Spectrometer spect 3000
4 Solvent cDC13 1300
5 Temperature 300.0
6 Number of Scans 16 ~12000
7 Spectrometer Frequency 400. 18 \ \
8 Nucleus 1H 11000
~10000
NH,
A\ 9000
N
\
PMB ~8000
E3
~7000
~6000
~5000
~4000
~3000
N 2000
| ~1000
o g L
T T 7 T -
< o < < N
o} (= [orNe) o} ~—1000
— o — ] —
T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 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 -0.5
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f1 (ppm)

O IFOAI=TDAI-TOLIOOMNM A=W SONISNLOHOOHVLO M —O AN
SO OLLOOMM MMM ANANANANAN LT ANN OO OODOD, ©
00 00 = D= I~ I~ I~ I~ I~ D= D= D~ b= b~ b~ ok ko ko ko kackac ke Xae ko —
ey e——— | -
40000
Parameter Value
1 Origin Bruker BioSpin GmbH ﬁ\
2 Owner nmrsu
3 Spectrometer spect 35000
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 400. 18 \ \\
8 Nucleus 1H \\\ \\H \\ L ~30000
NH> ~25000
A\
N
\
Boc
E4 20000
3
b
~15000
~10000
~5000
____
o L
[ ! Lo
T .
o~ oe)
SO O o
alal ol oy
T T T T T T T T T T T T T T T T T T T T S T T T T T T T T T 1
10.0 9.5 9.0 8.5 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0 -0.5



N — O 00 O Db~ LO S O T AN o AN
SO~~~ O MM 0N oo O © © |
00 00 b= I~ I~ D~ b~ el kackar) — —
NN N |~ N i
45000
Parameter Value
1 Origin Bruker BioSpin GmbH L
2 Owner nmrsu
3 Spectrometer spect -40000
4 Solvent DMSO
5 Temperature 300.0 -
6 Number of Scans 16
7 Spectrometer Frequency 400. 18 ~35000
8 Nucleus 1H \\\ \s\—. \\\ \
~30000
o] NH; I
A\
Z ~25000
Boc
ES5 I
Q
20000 &
~15000
~10000
~5000
_ -
_ ﬁ/[
F IO
|
—T 7 -
[ap) o O [@p)
(o)} ~ O ©
PN < --5000
T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3. 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)



~7.90
[7.54
7.52

7. 49
~7.11

N7.09

1 Origin
2 Owner

4 Solvent

8 Nucleus

Parameter

3 Spectrometer

5 Temperature
6 Number of Scans

¢m~cm

Bruker BioSpin GmbH

nmrsu
spect
DMSO
300.0
16

7 Spectrometer Frequency 400. 18

1H \

J

Me

E6

NH,

RN

ocC

3. 34
3. 07
3.06
3.04
2.98

|

96
94

—2.43
1. 62

¥

5.5

5.0
f1 (ppm)

4.5

0.0
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(2] RN OOHLO0MmO L
(] NSO OD==—O <t SO b=
. s e e s e e e <t NoNerRie) ~1800
o LOMMNIDMMNOOO<H . « e
< NN AN AN A [ap) @O o~ AN — r
— — ] co q AN AN AN L1700
_ ~ ~~I | _ _ NN/
Parameter Value I
1 Origin Bruker BioSpin GmbH 1600
2 Owner nmrsu
3 Spectrometer spect 1500
4 Solvent DMSO |
5 Temperature 300.0 1400
6 Number of Scans 518 | .
7 Spectrometer Frequency 100. 63 ~1300
8 Nucleus 13C .
~1200
~1100
NH2 1000
/ -
Me N 900
Boc L
E6 800
~700
~600
=500
_ L
=400
_ L
.y | ~300
_ L
| ~200
| L
~100
~0
~—100
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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2500

8.59
-<E8 59
8. 58
7.54
J/:7 93
7.40
JC7.138
7.31
7. 30
7.29
1.27
7.23
7.19
1. 17
7.08
&
3.501
3.90

|

3.49
3. 47
3. 36
3.39

2400

E I

\5.35
\3.33
\2.83
2.50
2.50
$: 99
~1.84

2300

Parameter Value

1 Origin Bruker BioSpin GmbH wmmoo

2 Owner nmrsu ~2100
3 Spectrometer spect I
4 Solvent DMSO L
5 Temperature 299.9 ~1900
6 Number of Scans 16 I
7 Spectrometer Frequency 600. 13
8 Nucleus 1H 1700

—2000

1800

1600
1500
z\LH////// 1400
N\ M V 1300
N [ 1200
B 1100
1000
900
500
700
600
500
[ 400
300
200

L

3:
)
e
}E
b

0.08=
0.12
0.97
1.11
1.11
2.13
1.10
2.20
1.14
1.15
0.18
1.92
0.16
1.30
0.80
0.21
2.07

——100

rb; 100
F,|||.L A .|o
I
AN
S I
Rk --200
T

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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—152. 48

138. 39

136. 03

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH

nmrsu
spect
DMSO
300.0
256

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

w-E\F

F1

0]

N

Me

128. 50

127.76

127.01

126. 63
~121. 25

/
ﬁ

118. 62

118. 60

|

111.50

111.16

110. 08

—82. 10

—75.80

—48. 92

—24.69

Loddl

—3.03

T
210

T
200

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

£1 (ppm)

90

80

70

60

50

40

30

20

10

0
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8 Nucleus

co b~ © o < (e oo oNapNaN
O O O oSO OO < <
00000 ©0O00 b~=i~D~ib~
S S
Parameter

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent DMSO

5 Temperature 300. 1

6 Number of Scans 16

7 Spectrometer Frequency 600. 13

1H

Cl

C

2. 84
2. 82
2. 81
1. &4

~1.85

e

0.16~
2.02-=

3.10~ T

10.0 9.5 9.0

-0.5

420U
w%ooo
meoo
meoo
Wwﬁoo
meoo
wwooo
wmmoo
wm@oo
Wm%oo
Wmmoo
Wmooo
WHmoo
WH@oo
wﬂ%oo
wﬂmoo
WHooo
Wmoo
Wmoo
W%oo

—200

——200




N~ NN —~O~NDFOMM 1400
(o Ie) [=RisNerNeorN sl iaNasNerNerRiok el e Sl InRIoRNaN N o [colieNa [apNep) (@)}
. e« o e s+ 4 e 4 e 4+ 4 e 4 4 bP~er—ADMMIC=- O AN U <t © (@) [ap)
< N ROFHOVO OO OMNm O™ ™« o o« o+ I F— . O
OO MONNNNNNNNN—— = NLO M LD xkacke | S, ™ . L1300
— — — e ] ] = = — — =00 00 D~ D~ ©O < <f o [a\NaN| — o
Parametor Valud ! ~—N\————————— /NN [\ N _ _
1 Origin Bruker BioSpin GmbH -1200
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO ~1100
5 Temperature 300.0
6 Number of Scans 100
7 Spectrometer Frequency 150. 90 1000
8 Nucleus 13C
~900
o 800
cl ﬂ/
N Me -700
N
\
Bn
F2 ~600
~500
~400
~300
| ~200
I _ | | |
|
A 100
! | L k! ,
~—100
T T T T T T T T T T T T LE— T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)
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.00
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Parameter Value L 450
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO ~400
5 Temperature 300.0
6 Number of Scans 156
7 Spectrometer Frequency 150. 90 | I 350
8 Nucleus 13C
0 ~300
N
N\ M N
~250
N
Bn
F3
_ =200
| ~150
|
| ~100
| | _
| |
=50
| | | |
O |
T T | — T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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.54
.03
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.40
. 28
.17
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.12
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300.0

24

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

121. 26
118. 64
118. 60
111. 54
410468

—85. 59
~16. 67
~T74.24
—48. 93
—43. 41

T T
210 200 190

T T
180 170 160

T T T T
110 100 90
f1 (ppm)

550

500
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—400

350

300

250
~
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Parameter Value
~4500
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO =4000
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H ~3500
(@] ~3000
N N L
AN
@w/wkk_/f
N ~2500
A
Bn
F6
~2000
~1500
~1000
|
| =500
_ @ﬁ E& L o
[ — R A 2
cn N \O vy >~ N O —
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
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1 Origin Bruker BioSpin GmbH
2 Owner nmrsu ~1100
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0 ~1000
6 Number of Scans 77
7 Spectrometer Frequency 150. 90
8 Nucleus 13C ~900
~800
O
L
N Xy 700
A\
i
Bn ~600
F6
=500
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~300
|
I I _
|
_ | -200
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| |
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Parameter Wee —ShNe——————————\ \/ | N/
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 400
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 26 ~350
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
~300
0]
N .
AN
!
Bn F7
~200
~150
~100
|
|
— -50
|
Ly = _ — ) - " _ | Lo
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

8 Nucleus

spect
DMSO
300.0
16

7 Spectrometer Frequency 600. 13

1H

S R
2.95
f2. 94
2.92
2.91
2.90
2.89

Bn F
F8
|
Y
oo W
S NS —w >N O n S — 0
S SS=—=38ad =23
— O — — — A —_—— O

1w{%
r

—1200

—1100

1000

—900

—800

~700

—600

—500

400

—300

—200

100

10.0 9.5 9.0

5.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0

f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
20
wner nmrsu 500
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300. 1
6 Number of Scans 111 700
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
~600
(0]
\ HON
=500
N F
Bn
F8
~400
|
~300
|
| | ~200
|
|
I 100
|
_v
| |
; ” __ _ v __! ) _.:_._.i w0
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Parameter Value il
1 Origin Bruker BioSpin GmbH ~3000
2 Owner nmrsu r
3 Spectrometer spect ~2800
4 Solvent DMSO L
5 Temperature 300.0 L9600
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H 2400
~2200
O L2000
N N
N L
Bn Cl L1600
F9 L
~1400
~1200
|
~1000
~800
~600
I i I
| | | ~400
\ L
| I ’ =200
? QG I _ Lﬁr A A L’\l}r IO
0 W y S
AN~ ST FTNn <> 0 A I © —
TOAT TSRO ®XND 0 oo S L 200
SO — OO NN —N — A — — (@\ AN — A O
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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Parameter Vo Value r//Mﬁ/#J
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect I
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 30
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
|
0]
N
H N
N [
N
\ Cl
Bn
F9

(-

ol

)
Rt e

24. 97
<24. 74

L0

L e
200 190 180 170 160

T
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140 130 120 110 100 90
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138. 39
136. 06
133. 94
128. 49
127.76
127. 25
127. 03
126. 70
121. 29
118. 64
111.41
44041
85.12

82. 65

81.76

~132. 10
—48. 94
—43. 56
_~26.59
~-24.65
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Parameter A4
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300. 1
6 Number of Scans 36
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
O
N
N
N
B
n
F10

e e
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—400

350

300

250
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150

100
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Parameter Vahé NS \Ne———— NN _ | NI/ [
1 Origin Bruker BioSpin GmbH L1700
2 Owner nmrsu L
3 Spectrometer spect -1600
4 Solvent DMSO 3
5 Temperature 299.9 ~1500
6 Number of Scans 209 F
7 Spectrometer Frequency 150. 90 ~1400
8 Nucleus 13C r
~1300
o .|Hmoo
hNV ~1100
A L
N ~1000
w: Me r
F11 900
~800
=700
~600
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| | r
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0 190 180 170 160 150 140 110 100 -10

£1 (ppm)

S169



(mdd) 13

G°L 0°8 G'8 0°6 G6 00T

0°L

Gg 09 g9

0°G

g€ 0v N4

0°¢

61 0°¢C ¢C

0°T

G0

0°0

G0-

0.90,
4.001
1.01
0.151
O'IQW
2'52W
1.924
1.31
2.03
2.60
1.03
1.43
3.07
0.48
0.99
0.15
1.01=
0.17—=

2.01
0.30}E

0.33<=
2.00=

242—=

1.55
9.09>E

cid

sdagl y
\N
0

I

WS

snatony §

HI
€1 "009 Aousnbo.a, Jo30wWoI)o0dg )

sueog Jo Jequny 9

91
0°00¢
¢12d0
190ads

aanjereduo] G

JUOATOS ¥
J930Wo011090dg ¢

JoUM() g

ns.Juu

Hquo utdgotyg Joynig

uISLIQ T

J9jaueded

anrep

(7.6
7. 65
7. 65
7. 63
7. 62
7. 62
7. 54
7. 53
7. 32
7.31
.30
.29
.27
.25
.23
.18
.16
.16
.14
.14
.13
.12
.10
.09
.08
.07
.02
.01
.00
.99
.97
.96
.96
. 88
LTT
.97
.97
.96
.15
.12
.71
3. 70
3. 56
3. 55
3. 54

[

[JCNS) ) &) S ) NerNopNorNeriopioroN BN BN BN BN BN BN BESN BN BESN BESN BN BESN BN BN BESN BN BESN BN

13 53

9. 95
[2.94
12,93
12,92
12.91
L1. 01

L0. 99

008+
000T+
0091;
0002

S170

0052+

000€

005¢

0007+

0087+



_-155.1
~152.6

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

7 Spectrometer Frequency 150. 90

8 Nucleus

Bruker BioSpin GmbH
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—5500
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4500
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3000

2500
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Parameter Value ~1400000
1 Origin Bruker BioSpin GmbH
2 Owner root -1300000
3 spectmeter spect
4 Solvent DMSO 1200000
5 Temperature 298.0
6 Number of Scans 16
7 Spectrometer Frequency 150. 90 ~1100000
8 Nucleus 13C
(@) | ~1000000
F Z\:/ I
N\ H TBDPS 900000
N
Bn k13 | 800000
~70000@
b
~600000
~500000
~400000
|
~300000
|
| | | ~200000
o
_ _
\ | ~100000
I | . L .
~—=100000
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f1 (ppm)
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Parameter Value
1 Origin Bruker BidSpin GmbH L3500
2 Owner root
3 Spectrometer spect !
4 Solvent DMSO
5 Temperature 298. 0
6 Number of Scans 16 & ~3000
7 Spectrometer Frequency 600. 20 \ ‘ \ \
8 zcoﬂm:mﬁm - 1H %\ /o & ’ - ’ I
(@)
cl N 2500
@U@m/
TBDPS
N
BN F14
~2000
~1500
~1000
~500
|
| b |1 P W\ ’
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Parameter Value 9400000
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect ~2200000
4 Solvent DMSO |
5 Temperature 298.0
6 Number of Scans 16 ~2000000
7 Spectrometer Frequency 150. 90 3
8 Nucleus 13C L 1800000
(@) | |
cl N _
Q H ﬂ/ 1600000
TBDPS L
h
Bn F14 ~1400000
n
~1200009
| ~1000000
~800000
~600000
| L
~400000
|
_ L
_ _ Loy i
! | | -200000
L L 1 i L " ' _ 1 L L IO
~—200000
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 298.
6 Number of Scans 32
7 Spectrometer Frequency 600.(20
8 Nucleus 1H ?\ % \
0]
MeO RLWMW/
N TBDPS
N
\ F15
Bn
|
| |
.%
NO OMNOWULITAN
NOSM”O O +—
NDMNMNTT O N O
T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5

> 10.81=

o

6000

—5500

—5000

4500

4000

—3500

3000

2500

2000

—1500

1000

—500

~—500
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Parameter Value L
1 Origin Bruker BioSpin GmbH L 6000000
2 Owner root
3 Spectrometer spect .
4 Solvent CDC13 ~5500000
5 Temperature 298.0 L
6 Number of Scans 32
7 Spectrometer Frequency 150. 90 5000000
8 Nucleus 13C r
O ~4500000
MeO z/ i
N\ H TBDPS -4000000
N L
W: F15
| ~3500000
! | L
~
3000000
~2500000
~2000000
| L
~1500000
| | ~1000000
_ I _ _ | L
_ A _ -500000
|
_A 7 1 L 7 1 L i IO
~—=500000
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20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root ~10000
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0 ~9000
6 Number of Scans 16
7S t t F 600. 20
pectrome wa requency \\\\ y s \ \
8 Nucleus 1H ~8000
O -
AN 7000
z L
F16
En L6000
~5000
—~4000
3000
2000
_ | 1000
_ '}( _ ;’ l
| :.-, ! _ | J ,
i B Gl ik i i n___u
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Q SO AN ™ N < - --1000
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10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)
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Parameter Value 9600000
1 Origin Bruker BioSpin GmbH |
2 Owner root
3 Spectrometer spect 2400000
4 Solvent DMSO r
5 Temperature 298.0 12200000
6 Number of Scans 16 |
7 Spectrometer Frequency 150. 90
8 Nucleus 13 2000000
o L
~1800000
F ﬂ // L
N TIPS
~1600000
N
W: F16 r
| ~1400000
2
I b
~1200000
~1000000
~800000
~600000
~400000
I
| |
| ~200000
| ! ; | [ |
| L
__ 1 7 —__ _\— L ) ] 1 IO
~—200000
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20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16
7 Spectrometer Frequency 150. 90 |
8 Nucleus 13C
O
n/
N TIPS
N F17
Bn
|
|
T | | [
I I
N | |
! , . _
—— 71 1 1 71 71T "~ 71T "1 "~ T1T " ~“~T7T 71T "~ 7 "1 "~ T "~ T T "~ 1T "~ 1 "~ T "~ T "~ T "~ T "~ T " T "~ T " T " T " T * 1
40 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40

f1 (ppm)

-2500000

2400000

—2300000
2200000

—2100000

—2000000

—1900000

~1800000

—1700000

—1600000

—1500000
1400000
~1300000

—1200000

—1100009

[oe]
i @
1000000
~900000

—800000

700000

600000
500000

—400000

—300000

—~200000

100000

0

~—100000

~—200000




8.61
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8.59
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans
7 Spectrometer mamwcm:o<
8 Nucleus

Value

Bruker BioSpin GmbH
root

spect

DMSO

298.0

16

e T

\
Boc

O
. P
AN
N
18

F

—1.94
-1.86
~1.61

-

11.99=
3.12—=
42.84~
10.207
9.28~

5.0

f1 (ppm)

N
o

—11000

10000

~9000

—~8000

—7000

—6000

5000

4000

3000

2000

—1000

~—1000

-0.5
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Parameter Value L
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect ~2500000
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16 r
7 Spectrometer Frequency 150. 90 |
8 Nucleus 13C
0 ~2000000
Me Z\:/
Ny H N -
Me
N
Boc
F18 -1500000
]
b
~1000000
|
| ~500000
| |
| |
_ _ _
_ -
| |
|
| |
Ll |
1 — A I il N 1 scAalod IO
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



8 Nucleus

7 Spectrometer Frequency 600. 13

—
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 299.9
6 Number of Scans 8

1H

Me

O
A

Me

Boc

F19

%___
-

_-5.81
~5. 68

=

1.10
0.10
1.11
1.10

0.89~¢
0.18~

10.0 9.5 9.0

8.5

2 - 101{&—
] o
F

6.0

5.5

f1 (ppm)

5.0 -0.5

—2000
wHwoo
meoo
wpﬂoo
WH@oo
meoo
wg»oo
wHwoo
meoo
WHHoo
wHooo
W©oo

Wmoo
Wﬂoo
wmoo
Wmoo
W»oo
Wwoo
wmoo

100

——100
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156. 19
153. 64

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

~N149. 89

-~

<m~mw

Bruker BioSpin GmbH
nmrsu

spect

CDC13

300.0

354

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

—89. 99
83. 64
83. 53

72, 65

_42.87

~39. 40

<

22.08

28. 36
j28. 33
26. 85
25.12

\

4. 05
v
~-3.80
0. 14

T
200 190

T
180

I
170 160 150

T
110 100

f1 (ppm)

30 20

220V
meoo
wmooo
wHooo
meoo
quoo
WH@oo
meoo
WH%oo
wHwoo
meoo
WHHoo
wHooo
W@oo

wmoo
wwoo
wmoo
wmoo
w»oo
wwoo
wmoo

—100

——100

——200

-10
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Parameter Value 11000
1 Origin Bruker BioSpin GmbH
2 Owner root 10000
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0 L9000
6 Number of Scans 16
7 Spectrometer eﬁwoncgo%\@oo. mo._\ \ \
8 Nucleus 1H
~8000
O
F zf
=R ~7000
N
\
~6000
F20
~5000
~4000
~3000
~2000
~1000
|
Lh b TLL ;ﬁ L0
7oA A 7SR
AN — O o0 o m
o = N
O N O NO O ~—1000
: . .

T T T T T T T T T T T T 1 I T T T T
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 -0.5
f1 (ppm)

10.0 9.5 9.0
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Parameter Value
.. . . ~2400000
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect 2200000
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16 ~2000000
7 Spectrometer Frequency 150. 90
8 Nucleus 13C 1800000
o) |
F Z\:/ ~1600000
s ¥
Me
Z ~1400000
F20 5
~12000GR
~1000000
~800000
~600000
| | ~400000
|
| |
| | ~200000
! o I
n RN | |
‘ 1 1 | IO
~—200000
, T T T T T T T — T T T T T — T T T T T T T T T 1
20 210 200 190 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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Parameter Value I
1 Origin Bruker BioSpin GmbH ~1600
2 Owner nmrsu I
3 Spectrometer spect ~1500
4 Solvent CDC13 I
5 Temperature 300. 1 _ ~1400
6 Number of Scans 8 r
7 Spectrometer Frequency 600. 13 —1300
8 Nucleus 1H r
~1200
®) -1100
cl 2/ L1000
y N Me I
Z ~900
Boc L
F21 500
=700
~600
=500
~400
=300
~200
| L
|
~100
| h‘ | |
A A -~ N o
T A S AR T M Tmo |
\O v <t O N AN — O [\ ol Al \O
— — = SR < < < s --100
— —_— o — o O [l @\ (@\ S AN —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)
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Parameter Value
~1600
1 Origin Bruker BioSpin GmbH L
2 Owner nmrsu L1500
3 Spectrometer spect i
4 Solvent CDC13 L1400
5 Temperature 300. 1 |
6 Number of Scans 201 L1300
7 Spectrometer Frequency 150. 90 |
8 Nucleus 13C
~1200
O ~1100
cl ﬂ/ 1000
N Me I
Z ~900
Boc -
F21 L300
~700
~600
=500
~400
| | |
| L
| ~300
| | | 200
_ | I
~100
| |
] — .“il— E " | " ﬁ “ — __—..__ __ IO
~—100
, T T T T T | — T T T LE— T T — T T T — T T T T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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3 Spectrometer
4 Solvent

5 Temperature

6 Number

7 Spectrometer mww@:mzo<

of Scans

8 Nucleus

<o O
(= Neie)
P
| I S P S S S S S S S S SN S S— S— S— S S S R R E— -
r|JmnuLuuLﬂﬂuImuwmﬂkmmmmm%mmqus
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu

spect
DMSO
298. 3

16
R

0.74
0.73
0.73
0.73
0.72
0.71
0. 64
0.63
0.63
0.63

6.0 5.5 5.0

£1 (ppm)

9000
8500
Wmooo
Wﬂmoo
Wﬂooo
Wmmoo
Wmooo
Wmmoo
Wmooo
W%moo
W%ooo
meoo
Wwooo
Wmmoo
Wmooo
WHmoo
WHooo

500

——500
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Parameter ValueN [ /] TS~ N \/ _ ||l NI ~ 7 v
1 Origin Bruker BioSpin GmbH L1400
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO ~1300
5 Temperature 298. 3
6 Number of Scans 52 ~1200
7 Spectrometer Frequency 150. 90
8 Nucleus 13C L1100
o) ~1000
ﬂ AN 900
N
Z ~800
Boc  pgp
~700
~600
~500
~400
| ~300
| Loy | ~200
| | r
y % 7 | L 100
| L
|
i L | o | - L
~—100
T L e ) B S R R —— 1 +~ T17 +~ T T~ T +~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T T+ T *— 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300. 1
6 Number of Scans 400
7 Spectrometer Frequency 150.90
8 Nucleus 13C
(0] [
N
A
Me N
Boc
F23

T
20 210

T T
110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

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

—800

—750

—700

—650
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550

—500

450

400

350

300
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.14
.54
.03
.02
.51
.43
.34
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.33
.32
.31
.25
.23
.23
.90
.83
. 82
.74
.13
.12
.71
. 64
.63
. 62
.61
.96
.94
.93
.93
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. 28
.27
. 26
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Y
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Parameter valud | ¢ 7 | Vo L ——— [
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu ~3000
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 149
7 Spectrometer Frequency 150. 90 L9500
8 Nucleus 13C
O
N ™ -2000
A\
b
Boc
F24
~1500
~1000
~500
|
_ _ _ _
| ) | _ L0
, T T T T T T LE— T T T — T T T T —
20 200 190 170 160 150 110 100 90 80 70 60 50 40 30 -10

f1 (ppm)
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2200

2100

8. 00
7.41
7. 40
7.39

\7.38

7. 34
7.08
7.07

_5.87

~5. 77

Parameter _ Value " ~2000

1 Origin Bruker BioSpin GmbH proo
2 Owner nmrsu |
3 Spectrometer spect 1800
4 Solvent CDC13 r
5 Temperature 300. 1 ~1700
6 Number of Scans 8 .
7 Spectrometer Frequency 600. 13

8 Nucleus 1H

—1600

1500

1400

1300
\\MHHHMHWAW\)/R N 1200
Me N 1100
F25 1000
900
500
700
600
500
400
_ 500

Il 200

100

0.32 ~
2.00 A
230 2
3.46 ~

T I

Mm —-100
on

T

——200

T T T T T T T T T T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

b=

N -
-
-

10.0 9.5 9.0 8.5 .5 7.0 6.5 6.
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1 Origin Bruker BioSpin GmbH 1700
2 Owner nmrsu L
3 Spectrometer spect ~1600
4 Solvent CDC13 r
5 Temperature 299.9 ~1500
6 Number of Scans 105 r
7 Spectrometer Frequency 150. 90 1400
8 Nucleus 13C r
~1300
Q ~1200
N N I
H S 1100
/ -
Me N 1000
Boc L
F25 900
~800
~700
~600
~500
~400
| ~300
| | | | ~200
| -Hoo
Cl ot ; L, | | N | | Hm i
) _ | % J | JU ] _ _ N . L Lo
~—100
—m— T 1 ‘17 *~ T ‘*+ 17 *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T *~ T * T *~ T *~ T T T " 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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f1 A.Euav

< S 0000 MM AL O 00 b= NNOPI—ODDV— O D= © © ~10000
i lel Al MillapNasNapNat SNerNerNop) [o.ole ol ol Wl Wl W NiollecN e NeNerNorNep] ©
00 b=~ D= D= INO LD LD LD 3_[3_'3f3f333333222 —
_ ~N—— =/ N
Parameter Value -9000
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect L3000
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 13 ~7000
8 Nucleus 1H
0 ~6000
N N
AN
N
Boc
F26
~4000
~3000
~2000
I |
i ~1000
|
k_( _ ___ i \ Lﬁll a — L0
T A 7R LA i H
\O [\ lEeX N w1 o\ le)NNo R o\ Bl oo N il Vel S O — (q\|
S S o= =S A S e =
T T T T T T T T .0_ .1_0. _Oln_.)].l_o. T T T T T 0.2_ T m_/. T T = T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
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<O O O OO MMM A = D~
— © b~ CO—~OMFNNOMNINOONM oM NOD~ ~500
. e e e e s e e e e e . OO0 D= — O [aple ol en]
NeNapNep! ANANOOOFMNMNANODII-LO . .« & . . . e e
Lo Lo < MM ANANANANN A A<D MO [apNe)) 0 (O O
— — — — o~~~ — — —0) 00 CO 00 OO < AN N N
Parameter valuo [ ¢ M mm— N Vo NI~ 50
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13 400
5 Temperature 300.0
6 Number of Scans 20
7 Spectrometer Frequency 150. 90 250
8 Nucleus 13C
@) ~300
N N L
Q/w)x h
~250
Zw
oC
F26
~200
~150
~100
|
| | |1
=50
|
| |
[t | L _ k _
_ .— _ — | _ L | L IO
~-50
, T T LE— T T T | — T T T LE— T T T | — T T T LE— T T LE— T T T | — T T T LE— T T T | — T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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RO OLONNLIOFHT OO AN OO M MOHOANNHOROI-LO OO N O O ANAN
OO OO L OO UOIFITFMMMANANAN IO MM MMV ©OAN —~
00O OO0 OO bbb~~~ NN NNNNNN — o — — 16000
L J [P e 1 rr_[r[_/f\. f% f_\_ f_x
L W
Parameter Value 15000
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 14000
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0 ~13000
6 Number of Scans 16 _
7 Spectrometer Frequency 600. 13 ~12000
8 Nucleus 1H
~11000
O
~10000
N I
N\ 9000
Z L
Boc po7 8000
.=
~7000 &
~6000
~5000
~4000
~3000
~2000
| L
| |
i N I 9 —1000
|
I L
oo h !E o
U i s a A A P
O — N O~ T —~ AN on on O QNI >
Ao =S — — —o ad — 0 S ® L1000
SO —O OO — S A S A ANO N O

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)



134. 78
130. 22
124. 36

O < O
SO O
< o
o 10 <d
=
Parameter <mpcm/ r ¢
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 90

7 Spectrometer Frequency 150. 90

/
/

D= O 0O I~ &3 D= D
NOF—A— DM~ 0 D D —
. v e . . . S 00 S oo
ANNS S~ . o .
NNN—~—~—r0 & B3 S
Hre e — — S O O O b=~

~Sv—— | NN

—38.63
29. 96
-[29. 71

|

—954.91
—42.70
27.70
27.42
27.07
26.91
25.72
24.16

8 Nucleus 13C
O
N N
AN
b
Boc ka7
|
|
_ 7
|
| E—— | R —
200 190 170 160 150

T T T T T T T T T T T
120 110 100 90 80 70
£1 (ppm)

3000

2500

2000

1500

—1000

—500

S201



f1 (ppm)

™ T AN MMA — O < o~ N AN —OMNM AN O TN AN — — O D~ i
i LW FHFM NN AN AN D NSNS B{clieNiolieNerNerNeorNop] oY oY ©
R R T T TS S ~17000
| ] et — | e N7 -
Parameter Value L 16000
1 Origin Bruker BioSpin GmbH L
2 Owner nmrsu 15000
3 Spectrometer spect |
4 Solvent CDC13 L 14000
5 Temperature 300.0 |
6 Number of Scans 16
7 Spectrometer Frequency 600. 13 ~13000
8 Nucleus H .
~12000
0o ~11000
ﬂ/ 10000
R Me .
Z ~9000
Boc -
F28 ~8000
~7000
~6000
~5000
~4000
~3000
| ~2000
I L
] P ~1000
|
|
L_( ;/ LL( | L0
P b o L i o~ .
O — < N n o N O© o~ o N — L—1000
— — —— — — S N N S on — -
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
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<~ N~ OOMNOODDO O ~1600
AN © b~ CNO-MN OO O FHLO <N O D=L <t O S AN
. . . e e e e e e e . DT OW co M AN >~ < O\
[{eNapNeop] O TN AN . « « . . « [orRT
O O <A MO ANNNNN =0 N M <N N 00| © . . ~1500
Parameter Valug )/ N~———— | VN \ / N
1 Origin Bruker BioSpin GmbH ~1400
2 Owner nmrsu
3 Spectrometer spect L1300
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 36 ~1200
7 Spectrometer Frequency 150. 90
8 Nucleus 13C ~1100
~1000
O
ﬂ/ -900
R Me
N 800
Boc
F28
~700
~600
~500
| | =400
~300
|
| | ~200
| |
~100
| | /- _ _ [ I
| | | | |
Ll ) _ ] _ | | _ Lo
~—100
, T T T T T T T LE— T T | — T T T — T T — T T T — T T T T — o
20 210 200 190 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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7.05
7.03
7.02
7.01
5. 37

<5. 36
3. 08
3. 07
3. 02
3. 00
2.99

—2.05

—1.64

Y

SO LON TN ROITTFTN A OCOFHOO 0
QUMMM ANANANANANANA——O O
D= D= D= D= D= D= D= D= D= D= D= D= D= D= D= D= D~ D= D~ D~
|- L | I S Y S S S
—————
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 299.9
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
(0]
zf
A
N :_ Me
N
Bn
1
|
|
|
!
[
[
1 I
ﬂ\_.\.-__\tff

0.72~,
1.927~

.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

W»ooo
meoo
meoo
Ww%oo
meoo
Wwooo
Wmmoo
Wmmoo
Wm%oo
Wmmoo
wmooo
Wﬂmoo
Wﬂaoo
WH»oo
Wﬂmoo
WHooo
Wmoo
Wmoo
W%oo

200
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

-154. 45
-153. 75

Value A

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300. 1

319

7 Spectrometer Frequency 150. 90

13C

138. 33
128. 49

e o T

128. 45
127. 23

127. 07
126. 90

i

126. 84
121. 36

118. 77
118. 40
110. 17

499494
~91.43

_

76. 85

/

2-75.49

\
N
\

72.89
71.45
65. 46
63. 49
51. 47

48. 94

48. 91

v
t

47. 23

\10. 06

,23.59
\22. 55

wmwoo
wmmoo
meoo
wmooo
wHwoo
wﬂmoo
wﬂqoo
meoo
meoo
wﬂ%oo
wHwoo
meoo
WHHoo
wHooo
wwoo
wmoo
WQoo
wmoo
wmoo
w%oo
wwoo
wmoo

—100

——100

~—200

T T T
210 200 190

T T T T
180 170 160 150

T
140

T
130

T
120

T T
110 100
£1 (ppm)

90

80

70

60

50

40

30

20

10

-10
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O <
[Ny -

7.40

b~ O
© © O
D~ D~ D~
Parameter
1 Origin
2 Owner

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

8 Nucleus

V=T N
AN AN AN AN

o O
NN
D~ D~ D~ D= D~ D~

N I R N 1] L

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300.0

16

7 Spectrometer Frequency 600. 13

1H

Cl

z/

Me
>

Bn
1a

3. 06
3.05
3.00
2.98
2.97
—2.05
—1. 68

|

10.0 9.5 9.0 8.5 8.0 7.5 7.0

Wﬂqoo
Wﬂmoo
Wﬂmoo
WH%oo
Wﬂwoo
Wﬂmoo
WHHoo
WHooo
Wwoo
Wmoo
Wﬂoo
Wmoo
Wmoo
W%oo
Wwoo
Wmoo

100

——100
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1000

— D~ A AN O AN O
< b~ OO MO LO AN 0O O NROLOONLO—ANO O X0 A —~
. WO < MO IFLOLOONOS O [apNas] <t O
<t N VNV~ ON—HI—O . e e . . . <t
Lo Lo MM ANANANANANNANWN =) OCOLOOAN—=LOMNM—OO D~ ™ AN .
— — o —— - O =D O OO T T < AN AN [apNaN|
A =\ ~\ A SN N N 900
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect I ~800
4 Solvent DMSO
5 Temperature 300. 1
6 Number of Scans 208
7 Spectrometer Frequency 150. 90 ~700
8 Nucleus 13C
~600
(0]
cl z/
AN\ _: Me ~500
N
Bn I
1a ~400
|
|
| | ~300
|
|
|
| |
~200
I |
|
| ~100
|
r{‘; {tr&.lL Lo

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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(mdd) 1F

gL 0°8 g8 0°6 G'6 001

0°L

Gg 09 g9

0°G

G¢ 0v N4

0°¢

61 0°¢C ¢C

0°T

G0

0°0

G0-

1 2.69

1 2.69

1 2.00

| 2.05—=

0.39
1.02
1.40
1.00 —
0.38

1.40

1.41
1.40

0.73
% -

ql

ug

N
\

[
N

4

snafony §

HI
€1 "009 Aouenboua,] Io38woa)00dg )

sueog Jo Jequny 9

91
0°00¢

aanjerodus], ¢

JUSATOS
J930Wor100dg ¢

OSINd
190ads

JouM) g

nsJuu

uIsSTIQ T

Houo utdgorg Jexnig

J9jaueaed

antep

. 56
.54
.39
. 38
.37
.37
.32
.29
. 28
.27
.24
.22
.21
. 16
.14
.10
.09
.07
.03
.02
.00
.38
. 36
.11
.10
.91
.76
.74
.73
.08
.01
.99
. 98
. 57

0.97JE
0.414
1.99~= -

0.73\I

W\W
SO OO OO OO OODOoOOOO

. 00
.00
.00
.99
.98
.98
.97
. 82
.81
.81
. 80
. 80
.79
.79
.78
.48
. 48
.47
.47

002—
002
007
009+

008+
000T+
0021+
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0097+

0081+
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0 © oY O < b~ — D~ D~ — 00 @ ~1300
[apNe} FTFHFANOOO N — 00 O O—HILOOOD=LO T AN o~ O — <t
. e« ¢« e e e s & & QN DAL O FLOSIOHO <t © 0 — O r
<t N VROV~ OC -0V . s e e e e e e e e . AN O .
Lo Lo ANANANANANN———3O 0 OO M r— 00 00 D~ o AN . O~
— — o == O N2 CRleRICRICRTL R R AN N oo || ~1200
Parametor Value N7 T |~ \/ ~N SN A SN N NN
1 Origin Bruker BioSpin GmbH
20 ~1100
wner nmrsu
3 Spectrometer spect
4 Solvent DMSO 1000
5 Temperature 300.0
6 Number of Scans 131
7 Spectrometer Frequency 150. 90 900
8 Nucleus 13C __
~800
O
N L
@w/wJ / :
>
Bn ~600
1b
| ~500
~400
|
|
|
_ -300
| |
|
~200
| | |
| | | ~100
| | Nl |
4 | B
~—100
T T T T T T T T T T T T T | — T T T T T T T T T LE— T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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g9
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(wdd) 17

SV

0V

¢

0°¢

G¢

072

G0 0°T 61

0°0

19

G 0-

.54
.52
.41
.39
.30
.27
.14
.12
.09
.08
.07
.03
.02
.02
.00
.99
.85
. 83
.29
.27
.11
.90
. 89
.74
.73
.71
.71
.69
. 06
.99
.97
.96
.99
. 08
Y
. o7
. 56
.01
.00
00
99
98
98
82
82
81
81
80
80
ol

o0
o0

00T+
002+
00€
007
006+
009+
002
008+
006
000T+
00TT+
0021+
00€T+
00V T+
00ST+
009T+
00LT+H
008T
006T+
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— = — — o o o — —— O - O O OO F <A (NN SOy ||
AN =Y~/ =\ NN = N NN 500
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~450
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 200 —400
7 Spectrometer Frequency 150. 90
8 Nucleus 13C |
_ 350
o L
N N ~300
S| S
> |
\ -
PMB 250
1c
| ~200
~150
|
| 1
| | | ~100
|
|
| | |
50
| | | |
| | | | | L
0
~—50
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)
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G¢ 0v N4

0°¢

61 0°¢C ¢C

0°T

G0

0°0

G0-

1 2.74

1 2.84

1 2.00=

PL

0.44
1.01
1.51
1.04

0.44

1.50

1.53
1.45

ug

|
N

4

1.20~=

0.73=

0.77~
2.047

2.03—=

0.75—= -

2.147
0.82—= _
3.04~,
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. 60
.99
. o7
. 06
.39
. 38
. 36
.33
.29
. 28
.27
.23
.22
.21
. 16
.15
.10
.09
.08
.04
.02
.01
.37
. 36
.12
.96
.95
.78
Ny
.76
.11
.09
.03
.01
.00
.42
.41
.40
.99
.98
.97
.54
.02
.0l
.00
.24
.22
.98
.97
.95
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.76
.74
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NG N A SRS SN P RSN
Parameter Value
.. . . =450
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect I
4 Solvent DMSO =400
5 Temperature 300.0
6 Number of Scans 42
7 Spectrometer Frequency 150. 90
8 Nucleus 13¢ -390
o) ~300
b N
| 250
N
\
Bn
1d
_ ~200
|
|
| | ~150
! |
|
| | ~100
[
l
| I I 50
| | ]! s;t ; 1%
— 4.__..#*% ..tx..L bl et e _itD ; NST—— /. P R e N
~—50
, T T LE— T T T T T T T LE— T T T | — T T T LE— T T LE— T T T — T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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. .7.7.7.7.7.7.7.7.7.FL{.V{.FL{|F4.L755 SRR rRer ko ke R Rac ko Rorkor)
N NS TS
Value

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

7 Spectrometer Frequency 600. 13

8 Nucleus

Bruker BioSpin GmbH
nmrsu

spect

DMSO

299.9

16

1H

.
)

0.81
2.02
0.27
0.89

—0. 96

=
i

9.14—=

10.0 9.5 9.0

T T T T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

-0.5

~7000

—6500

—6000

5500

—5000

4500

4000

3500

~3000

2500

2000

1500

1000

500

——500
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Parameter Value 750
1 Origin Bruker BioSpin GmbH |
2 Owner nmrsu
~700
3 Spectrometer spect
4 Solvent DMSO I
5 Temperature 300. 1 ~650
6 Number of Scans 81 r
7 Spectrometer Frequency 150. 90 ~600
8 Nucleus 13C -
=550
| | I
o) ~500
N 400
Bn L
le -350
| ~300
~250
|
I ~200
|
I ~150
|
| | |
| ~100
| |
" I — ’
~—50
, T T T T T T T T T T T T T T T T T T T 1
0 200 190 180 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)
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0°0 G0 0°T 61 0°¢C ¢C 0°¢ G¢ 0v N4
|

G0-

1 2.45

1 1.15

12.70
11.99

| 1.82

1.92
y 0.84}E

10.27

12.007

i 0.74'\E

3.51
0.87

i

1.38

0.30
0.87-=

0.40

2.45

1.50
0.41

0.82
>

0.704
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.61
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. 60
. 59
.58
. 58
. 56
. 06
.ol
.50
.49
.48
.40
.39
. 38
. 36
.35
.33
.27
.27
. 26
.25
.24
.23
.23
.20
.19
.18
.17
. 16
.15
.10
.10
.09

2.00~

BB

. Us
.08
.04
.04
.03
.02
.02
.37
.34
.25
.21
.07
. 86
.84
. 83
. 16
.08
.07
.06

H—
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00T+
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008+
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00.L
008+
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~3000

© O SO MNI-OY ANOY O O 00 AN ©
< b~ W< 0 MMM = OO ANL 00 NNO—O N O
. B e s e s e e s e N NI~TOM OO OO AN <t ©
<t N AN RO IO RO O o« e o e e e « o . .
Lo Lo AN ANANANNA OO NO WO O IO U000~ N AN ~2800
Paramotor YA = N/ SNV IN2 NN/ N
1 Origin Bruker BioSpin GmbH 2600
2 Owner nmrsu
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4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300. 1

325

7 Spectrometer Frequency 150. 90
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans
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300.0

112
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13C

128. 3
128. 3
127.9
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127.5
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0.77
17.32
13.09
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12412
2.45f
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~1400000
~1300000
Parameter Value
1 Origin Bruker BioSpin GmbH ~1200000
2 Owner root
3 spectmeter spect 1100000
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16 ~1000000
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
o ~900000
_ -
ﬂ Z/ |
rea S
Z L
Bn
1l =700000
()]
| N
| ~60000@3
~500000
~400000
|
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH
root

spect

DMSO

298.0

16

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

MeO z/
N ; TBDPS
N __ 1n

\

Bn

128.27
126.77
111.40
110.95
110.88
109.60
100.24
98.91

g
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26.49
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4 Solvent DMSO
5 Temperature 298.0 ~4500
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7 Spectrometer Frequency 600. 20 \ \ ‘
8 Nucleus w M L4000
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root ~900000
3 Spectrometer spect |
4 Solvent DMSO
5 Temperature 298.0 ~800000
6 Number of Scans 16
7 Spectrometer Frequency 150.90
8 Nucleus 13C
~700000
O
zf
Cry 1, >
o
Bn P
~50000Q_
(2]
&
|
~400000
~300000
~200000
| | . | ~100000
[ L !
| | |
F_* . “ F; i ! L. ] | 7 i
~—100000

[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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.02
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.34
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.13
.95
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.76
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.05
.98
.97
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.99
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.01
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

7 Spectrometer Frequency 150. 90

8 Nucleus

1166. 98
1154, 26
1153. 68
~149. 00

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

298. 1

101

13C

0]
N X
@w/w)_:f
N
Boc

1q

L2100
: 2000
N 1900
1500
1700
1600
1500
1400
1300
1200
1100
1000
900

500

700
600
500
400
300
500

| 100

——100

——200

T
210

T
200 190

T
180

T T
170 160 150

T
140

T
130

T
120

T T T
110 100
f1 (ppm)

20 10 0 -10
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Parameter Value L1800
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu ~1700
3 Spectrometer spect
4 Solvent CDC13 —1600
5 Temperature 300. 1 i
6 Number of Scans 8 ~1500
7 Spectrometer Frequency 600. 13 I
8 Nucleus 1 ~1400
~1300
o ~1200
N N I
N 1100
N |
Me . ~1000
Boc L
1r ~900
~800
~700
~600
~500
~400
~300
| =200
| 1 L
~100
| _ | L i
kr | -0
R o ST e
o~ < © o on <t — onwVvnOoO O — ) <r
N v S LS a ST oo ~100
— oA o N O < —— O N — OO L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

$240
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Parameter /qMHcm LHH#HHWWU#J rj\r““r“m\\L f x

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent CDCI13

5 Temperature 299.9

6 Number of Scans 78

7 Spectrometer Frequency 150. 90

83. 44
77.30
~75.09
22.06
9.58
9. 47
-0.12
-0. 28

29. 83

83. 67
_69. 11
\67. 88
~63. 61
\60. 89
—51.32
—47. 95
428. 33
<33 3
N

'\— .

L
<
<

8 Nucleus 13C
0]
N ™
AN
Hw/\/w)ff
e N f
Boc
r
_
_
| Bl _
|
| 1 "
T T T T T T T T T T T T T T T T
190 180 160 150 140 130 120 110 100

£1 (ppm)

1200

—1100

—1000

—900

800

~700

—600

—500

400

300

200

100

~—100

-10
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Parameter Value

1 Origin Bruker BioSpin GmbH -2000

2 Owner nmrsu L 1900
3 Spectrometer spect L
4 Solvent CDC13 ~1800
5 Temperature 300. 1 | r

6 Number of Scans 8 ~1700
7 Spectrometer Frequency 600. 13 I

~1600
8 Nucleus 1H |

1500
0 1400

~1300
Z/ L

—1200

Me I
Boc ~1100

1s L1000
900
800

—700

—600
wmoo
W%oo
wwoo

200

_

i Y I U Y R

~—100

\
f
k

293 =
0.98

——200

1197 =
112.48

T T T L e e I L
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

1.02
0.33
0.37
1.33
= 10.60 =
0.84
« 12.00
0.87
1397 =

.0 3.5
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300. 1
6 Number of Scans 307
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
0]
N
\/
AN _: Me
Me z
Boc
1s

MO0 ~OOD AN
e R S~ C B =S = 0 O < MmN e
—P OO~ O OO D Lo < NN NN N < <
S/ " SNV ~~\— N
|
| |
| |
_ I | A | | |
L AN | A

20

r— T T T T T " T " T T T T
210 200 190 180 170 160 150

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

30

3200
—3000
Wmmoo
2600
WM%OO
2200
2000
—1800
—1600
1400
1200
1000
Wmoo
Wmoo
400

—200

——200

-10
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
0]
74\;P/JMMWN/
/, _: Me
N
B
°C 1t
| |
__ i L ; ft
e | u
— N R PR i \_‘_Ov_
DNV O T AN — A O < < S O —
NS R T @ S9 3 © S R %
—_ O~ O O — — — O S AN O
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

WHmooo
Wquoo
WHmooo
WHmooo
WH»ooo
WHwooo
WHmooo
WHHooo
WHoooo
Wwooo
Wmooo
Wﬂooo
Wmooo
Wmooo
W%ooo
Wwooo
Wmooo

1000

——1000
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Parameter Value rJ\x xx

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent DMSO

5 Temperature 300.0

6 Number of Scans 50

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

H =00 OO OO AN D= LO
(W NerRSlleri Al leNeNe pil ()
TN NN DO
N AN AN AN AN A
]y ey p— oy p— ] p—
AN

44087
91. 65

83.70

/83, 59
76. 65

75. 18
71.35

72. 71
65. 71
63. 65

—54.92

—50. 51

—46. 30

27.69

23.15

N22. 20
3. 42

<320

J
/
N
X

T
200 190

I
170 160 150

e e
140 130 120 110 100

f1 (ppm)

WHmoo
Wquo
WHmoo
WHmoo
WH%oo
WHwoo
WHmoo
WHHoo
WHooo
W@oo
Wmoo
Wﬂoo
Wmoo
Wmoo
W»oo
Wwoo
Wmoo

—100

~—100
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16
7 mUmOﬁaoamﬁma‘ﬁWmeco:oxsmoo.N@\
8 Nucleus 1H
@)
Me zE/
AN
J@ﬂ%)_,_ e
N
\
Boc

148 1 >

~1.79

\.2.06
161

91 /
093  [__
12,20+

D

T T T T T T T T
6.0 5.5 5.0 4.5 4
£1 (ppm)

8o 4
o 4.

7500

~7000

—6500

6000

—5500

5000

4500

4000

—3500

3000

2500

2000

—1500

1000

—500

——500
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~800000
Parameter Value L
1 Origin Bruker BioSpin GmbH ~750000
2 Owner root -
3 Spectrometer spect ~700000
4 Solvent DMSO 3
5 Temperature 298.0 650000
6 Number of Scans 16 L
7 Spectrometer Frequency 150. 90 L 600000
8 Nucleus 13C L
@] ~550000
Me N ZL/ -500000
:_ Me L
N L 450000
Boc 1 L
u
L*oooom
| w
~350000
~300000
~250000
~200000
~150000
e _ 100000
Lo | _ _ I
>_ F | * 7 _ ~50000
| |
| I | | F
;— egranced gt — _ _L |, IO
~—50000
, T —— T T T T T T "~ T " T T T T T T T T T T T 1 T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)



<8

8.01
8.00
7.58
7.57
7.48
7.47
7.47
7.44
7.43
7.42
7.42

7,18

[ 7.18

L7.16

17.16

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans
7 Spectrometer Frequency
8 Nucleus

Bruker BioSpin GmbH
root
spect
DMSO
298.0

wmo.mo \ / .\

0]

F zf
J@ﬂﬁ_ e
N

\
Boc

1v

—11000

—10000

~9000

—8000

—7000

6000

—5000

4000
—3000
2000
1000
i
;Er ». \ggrf\r IO
7 o T
~—
Nt o O © o N ©
85- &9 S 9o 1000
T T T T T T T T T T T T T T T T T EE T TN T UL S | T T T T T T T 1
10.0 9.5 9.0 8.5 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 -0.5

f1 (ppm)
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Parameter Value 72400000
1 Origin Bruker BioSpin GmbH
2 Owner root ~2200000
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0 —2000000
6 Number of Scans 16
7 Spectrometer Frequency 150. 90
8 Nucleus 13C ~1800000
o) L
~1600000
F zf
AN i
J@ﬂﬁ_ &
Z ~1400000
Boc 1v
120006
>
~1000000
~800000
~600000
~400000
_ _ ! ! |
_ -200000
_ g | _ [ Loy
iE | ol | |
| I 1 I
1 _ 1 . | A i
~—200000
—— T T 1 1 ‘17 *+ 17 *~ T ‘*~ T *+~ T *+~ T *~ T T~ T *~ T *~ T T~ T T T T~ T T~ T T T T~ T T T T~ T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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SO LWL AN
00 b= b~ D~ I~ D~
S,
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 8
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
O
cl z/
// :_ Me
N
\
Boc
1w
|
| |
N ANenwn O
on ANen © O O
—_ OO —~ O —
T T T T

4500

4000

3500

3000

2500

2000

1500

—1000

500

9.5 9.0 8.5 8.0 7.5 7.0

T T T T T T T T T
6.5 6.0 5.5 5.0 4.5
f1 (ppm)
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Parameter <mHGM/; \g
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

spect
CDC13
300. 1
119

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

131. 60
128. 43
125. 66
124.79
124. 76
118. 61
118. 29
116.73
116. 44
845592
91. 39
84. 40
84. 10
77. 00
74. 74
73.02
71. 68

~63.78

)
y
\
X
’
/
/
\

\61.18
—50. 81
~47.15

28. 29
24,12
N22.93

4.25
<398

T
200 190

I
170 160 150

T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70
f1 (ppm)

wmmoo
meoo
wmooo
wﬂwoo
wﬂmoo
wHwoo
WHmoo
meoo
wﬂ%oo
wHwoo
wﬂmoo
WHHoo
wHooo
wmoo
wmoo
WNoo
wmoo
wmoo
w»oo
wwoo
wmoo

100

——100

——200

-10
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f1 (ppm)
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Lo ) e — — e \m— = =———m——13600
Parameter Value | L
1 Origin Bruker BioSpin GmbH 3400
2 Owner nmrsu 3
3 Spectrometer spect ~3200
4 Solvent CDC13 3
5 Temperature 300. 1 ~3000
6 Number of Scans 8 -
7 Spectrometer Frequency 600. 13 ~2800
8 Nucleus 1H L
~2600
) 2400
Z\:/\/ 2200
> |
N 2000
Boc L
1x ~1800
~1600
~1400
=1200
~1000
~800
~600
| _ |
~400
i | I
; | =200
| i L
f\‘( L IO
U e L L .
N AN~~~ <+ o TN 9O o © So— O — L 200
q S @mn nS MAS® S @ a8 Sx
—_— e O e — — [e=N @] oo AN O N O —— O on O r
T T T T T T T T | — T T T T T T T | — T T T T T T T T T T T T T T !
10.0 9.5 9.0 8.5 8.0 7.5 7. 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 -0.5
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Parameter <m~c%ﬂx 4

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent CDC13

5 Temperature 300.0

6 Number of Scans 103

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

O
Z\F///ﬂﬂ//\\)//
@ﬂ/ﬁ_ h
N
Boc

1x

L

—

<t

R%U — O O Moo O MM COMANANAN—OO OO

O LM NI~ FANM— D~ O S om o

—oy oY 0 O D=0~ O O LO<F ANANANANANANANAN —r—
RN NN A I R RN A

S
S

20

T
210

T
200 190

e
180 170 160 150

T
140

T
130

T
120

T T T T T T T T T T T T T T T T T T T T T
110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

1700
Wﬂmoo
1500
Wﬂ%oo
Wﬂwoo
WHmoo
WHHoo
WHooo
Wooo
Wmoo
~700
600
Wmoo
W%oo
Wwoo
Wmoo

100

——100

-10
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f1 (ppm)

A= LOAN — LO O D~ N ANOL AN MM O O MN OO ITNNOAND
O OO S ODOVO ([ NeNerER S NasNasNas] 66664000999Lmoo
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Parameter Value ~1700
1 Origin Bruker BioSpin GmbH I
2 Owner nmrsu ~1600
3 Spectrometer spect I
4 Solvent CDC13 ~1500
5 Temperature 300. 1 M
6 Number of Scans 8 —1400
7 Spectrometer Frequency 600. 13 r
8 Nucleus 1H ~1300
~1200
o -
~1100
N LHHV |
N _: 1000
Me z I
Boc =900
1y I
~800
=700
~600
~500
~400
~300
|
| ~200
| I .
th e Lo
TR i LA TP N A I
N — on — O N O > mU v o o>
) RORXR Qo vk o9 ——-100
S — o NN O < AN O — N on O
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

S254



o0 — < OO M AN MDD <<~
o™ Oy O OCO—O RV —LO0 DWW O 0 Y AN - b= NN NAONOTTANLOSYOD-O
. . OO AN [erRieRioNe)y] MMM MANINO——O 00N O L
O <t O <H OO < <H AN OO CO O LOLO .% . e S T L =750
Lo Lo <d N AN ANANAN A r— =10 MMM~ MmANMmO OO FFTNNN A A A O <H M
— — e e e et S S S =Y OO OO O LO < AN AN AN OM.OL ANAN NN r— — —
R Sy ) e QN WS (A I R G S hinte O |
Parameter Value 700
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 650
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0 600
6 Number of Scans 127
7 Spectrometer Frequency 150.90 ~550
8 Nucleus 13C
~500
o -
~450
\\MHHHHHHWAM\)/H\Lh/MMWﬂ/(\\///
Me N I 400
Boc
1y ~350
~300
~250
| |
=200
_ _
|
~150
|
| ~100
_ | _ ! _
50
_ _ Lo .- _ | _ |
L ' I |
———— — A o | " .—, z:_P__ - , VP iﬁ.lu.._ -~ - L Lo
~—50
, T T LE— T T T | — T T T LE— T T T | — T T T LE— T T LE— T T T | — T T T LE— T T T | — T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

$255



LT OO ANOORXVI~-TOLOOMOTOAN—LOMNMANNOLOLOO DO N O R0~-OLIOOFMNLLEMN
SO0V OO FFIFTITFTFDNMNNNITANANANANTTANNN A0 O OO
ke Anlnknlnlrnlndnl okl rnk iy i s s B A O A A
e e
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
O
N LNV
>
N
\
Boc
1z

=

LT R S S
N OO0 N —oN O WV <t <+ S N O O O O >~ N
AN NAOV O NOANO NN AN OO o O S A
SO — O — O AN —— — O S oo S A AN AN
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

—11000

—10000

~9000

8000

—7000

—6000

5000

4000

—~3000

2000

1000

~—1000

$256



154. 33

153. 82

148. 98

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Bruker BioSpin GmbH

nmrsu
spect
DMSO
300. 0
105

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

<mMWMJ_

-Y148.93

132. 50
16132.42

\
\
|
/

131. 29

129.11

128. 85

124. 50
123. 46

122. 59
118.99

435082
90. 52

83. 56
81. 06
79. 65

76. 44
75.12

_-66. 16
~-64. 34

—51.15

—46. 39

<

27.65
27.61

Tt23.05

22.23
14,11

2300
wmmoo
meoo
wmooo
WHwoo
meoo
wﬂqoo
wﬂaoo
meoo
WH%oo
wHwoo
wﬂmoo
WHHoo
wHooo
wwoo

wmoo
WQoo
waoo
wmoo
W%oo
wwoo
wmoo

—100

——100

——200

T
210

T
200 190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T T T
110 100
£1 (ppm)

90

-10
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Parameter Value
. . . ~13000
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~12000
4 Solvent DMSO
5 Temperature 300.0 |
6 Number of Scans 16 ~11000
7 Spectrometer Frequency 600. 13
8 Nucleus 1H 10000
O ~9000
N N
N 8000
D
Z 7000
Boc
1aa
~6000
~5000
| ~4000
~3000
| ~2000
_ | ~1000
| | w
o "
G S Y O
oo >~ \O o0 O N AN on O
A QO L S ~—=1000
OO O — S — —_ O\ N
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 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 -0.5
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300.0

26

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

-154. 35
153.90
~~148. 97

|

83. 64
l83. 55

76. 59
475. 19
—72.13
\.70. 74
%65. 88

63. 79
—54.91
~51. 18
—46. 14

T
200 190

I
170 160 150

T
110

£1 (ppm)

T
100

—500

450

400

350

—300

250

—200

—150

100

50

$259



QLN ANOOHTNDOITMNMAN =T —00D~
OO MNMANAANANANANANN—A—A—OO
S S O S S S S S S
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300. 1
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
O
N
Dan
AN
N
Bn Me
2

10.0 9.5 9.0 8.5

—1300

—1200

—1100

—1000

—900

800

~700

600

500

400

300

200

100

——100

$260



Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

7 Spectrometer Frequency 150. 90

Ne) OO T OMNm—m OO — A
[ap] OIFTLOAN QO OMNMOLOILOOO 0
© ST NHI~NOO OISO S
Ne) NN M ANANANANANANANAN —~
— — o = — ]
_ Value e See—e————

Bruker BioSpin GmbH

nmrsu

spect

DMSO

299.9

307

13C

__
Bn Me
2
| |
|
| | |
| | I I
" WITH ' TP RS | ek "

—47. 37

—37.19

—20. 53

—15.79

1400

—1300

—1200

—1100

—1000

~900

800

~700

600

500

—400

—300

—200

100

T T T 1
L0 200 190 180

e e
170 160 150 140 13

T T T T T T T T T T
0 120 110 100 90 80
£1 (ppm)

70

S261



FFOOODOIINNN— OO
MMOOAANNNNNNNDS S
D= D= D= D= D= D= D= D= D= O 7.7.7,.r(.

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
@)
Cl N
J@Uﬁ@w
N
Bn Me

O LI N O
LO LO LO AN~
S S S G
———|

£1 (ppm)

LQLQ J CEEr

N N et et i it :

NN — I~ < "e) o0 on on (e} (@\|

Sda=3 & & 8 S S =

[l el o\l o\l @\| (e} (o) (@\] (@\] (@\] on
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1300

1200

1100

1000

~900

800

~700

600

500

400

300

200

100

~—100

S262



-137. 68
-137. 61
134.01

132. 58

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

7 Spectrometer Frequency 150. 90

—165. 77

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300. 1

62

13C

132. 45
128. 73

%

2-127. 29
&126. 30
126. 13
\124. 82
123. 85
118. 84
114. 02
112. 08
—94.61
—47. 08

—36. 64

—19.95
—15.40

meo
Ww»o
meo
Wwoo
Wmmo
Wmmo
Wm%o
Wmmo
Wmoo
WHmo
WH@O
WH%O
WHmo
WHoo
Wmo

—60

I
210 200 190

T
180

T T
170 160 150

T
140

T T T T T T T T T T T T T T T T T T T
130 120 110 100 90 80 70 60 50 40
f1 (ppm)

30

20

S263
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0°00¢€

€1 "009 Aouenboaua,| Io18wo0.1)00dg )
OSKd
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nsJuu

08
Hquo utdgorqg Joynig

antep
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g9

09
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(mdd) 1F
0°g

N4

0v

G¢

.65
. 64
.50
.49
.30
.29
.28
.24
.23
.22
.20
.13
.12
.11
.08
.07
.35
. 98
.96
.69

0°¢

¢C

0°¢C

61

0°T

G0

0°0

G0-

0

06
00T+
08T+
002
082+
00€+
0S¢
007
057



Lo O NN O AT 00 M
o~ O OO —AN—=M0O O O co co o <
. N 0 ~ SO <A 550
Lo AN O ROVI~-TOOLOMOOH MO . . 0o
o) TN MMM ANANANANANANAN — r— = Ne) e} om .
Peramotor Nalue _————— | _ _ /NN
1 Origin Bruker BioSpin GmbH ~o00
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO =450
5 Temperature 300.0
6 Number of Scans 241
7 Spectrometer Frequency 150. 90 L 400
8 Nucleus 13C
~350
O
N N
N
N L
2 300
Bn
2b 250
=200
~150
~100
=50
?%?i) -0
~—50
T T | — T T T T T T T T T LE— T T T T T T T T T | — T T T T T T T T T LE— T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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f1 (ppm)

MAN OO TAN AN OO AN O L (o [Tl Sallanll o e rNo ol <t M AN A — QOO T OO OO oY2200
QOO AANANNN—A——OO OO [epNep) e~ O OO O (erNerNerNerNerNep) (> NeNoNaNooNool o Je Nyl
S R S N e N ek =) Tl Te) NN A —H—_——O O S S 2100
Parameter Value 2000
1 Origin Bruker BioSpin GmbH I
~1900
2 Owner nmrsu |
3 Spectrometer spect L 1800
4 Solvent DMSO L
5 Temperature 300.0 1700
6 Number of Scans 16 r
7 Spectrometer Frequency 600. 13 1600
8 Nucleus H I
~1500
~1400
o L
{ N wﬂwoo
N\ ~1200
2 L
PMB ~1100
2c ~1000
=900
~800
~700
~600
~500
~400
~300
I ~200
~100
L L o
e [
N N IlHOO
S = .
~-200
T T T T T T T T T T
10.0 9.5 9.0 6.0 5.0 0.0 -0.5
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< 0 NOCO—ANANANTANOSMNOAN -
I M OOV DDMNMNOHO O o~ — <t © O =500
Lo O NN OLOMNOOOOOTITFNO., . . . . 00
Nej I MMM ANANANANAN — r— = Lo Nej e} om .
— — A o o o ———) Lo <H (ap) N —
"\ _ _ _ /NN
Parameter Value ~450
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO 400
5 Temperature 300.0
6 Number of Scans 101
7 Spectrometer Frequency 150. 90 L350
8 Nucleus 13C
O L
{ N 300
N
~
i
PMB I 250
2c
|
~200
~150
|
|
| | 1 | ~100
|
~50
%iﬁt% -0
T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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g9 0°L G, 0'8 ¢'8 0°6 G'6 0°0T

09

1 2.00=

6°¢g

(udd) 13
0°§

N4

0v

1 2.00—=

‘qﬂ]mrhﬂﬁ“‘v m’fr“r““w‘

61

0°T

G0

0°0

(7. 66
(7. 64
22225252 |99
FEEECEE S |04
irt 5 glriar
i z 1. 26
o 5 7.26
E g / ?—‘i co N O n oW [-7. 25
/7 z =8 gZ®E: 1.23
1.01 z © S 23§ 7.23
1.004 Y /o = = |7.22
2.045 & 2 547.21
1.11& s 7. 14
1 1.07 _ g .[7. 12
1.09f
{ 2.00

7.08
6: 49
0.98-= L6 45
0.99=

6. 44
\6. 14

3.76
3.75
3.74

3. 10
3.09
.08

.31
2.29
2.28
2.27

B ¢

2.03—=

1.99=

2.15=

3.05=

G0-

00T

00T+
002+
00€
007
008
009+
00.L
008+
006+
000T+
00TT+H
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FOANOOOMNOI-ANOOT00D=-M
NO—HOVO——00NOOLOLO M — — N < <t O O
. () (@) ~ O NoNeiiNe)
CON MMM ANANANANANANN < Ne) O — O M
— v ] ] ] ] — — — — O <H [ap Rl AN AN —
Parameter <mHCMIIWHHMMmmmmmwﬂmmuwwuﬂwyam““mwnnuwmmmmmwnuml\L _ _ _ _ / \x ~
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu _

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

7 Spectrometer Frequency 150. 90

8 Nucleus

spect
DMSO
300. 1

95

1

3C

w-E\F

n
2d

/7 z

%%%I%%%i?

L?iii ..o

600

550

—500

450

—400

350

300

250

—200

150

100

~50

T
210

T
200 190

T
180

T
170

T
160

T
150

T
140

T T T T T T T T T T T T T T T T T
130 120 110 100 90 80 70 60 50
£1 (ppm)

40 30 20

$269



S270

- O O MMM ANIANANANN—OO < S o~ e — r— — —H
R S S S R S S Yo © o e arkor s Xor ks —+
————e——— | | ~
Parameter Value
.. . . 2500
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 8
7 Spectrometer Frequency 600. 13 L9000
8 Nucleus 1H
O
N
N 'Y
N ~1500
\
Bn
2e
~1000
~500

0.89—=
0.92—
1.88—=
1.95—=

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)



— OO IO ANOCOOAN O~ ~650
. e s e s s s e« & s+ & s+ e e+ « « QN (o)) (a) CO AN OO L)
o~ LS 0O MO VIO HO . . . . e B
Ne) FTm MmO AANANANANANANAN N~ <A <t o~ (O < O (=)
— —f o ] ] ] ] — — D Lo <t apNaplaN| N
| ——— | _ _ \ /o _ 600
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 550
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0 ~500
6 Number of Scans 50
7 Spectrometer Frequency 150. 90
8 Nucleus 13C =450
=400
0
N N
AN -350
X
h
Bn
~300
2e
=250
=200
~150
~100
| | |
| |
| ! | _
~50
sl - - ™ .._. gy e __114&:_. L0
~—50
, T T T T T T T T T T T T T T T T T T T T T T T 1
0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)
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NOI~-TOLOTI-TOTANOI-TOLOANLWDD O MO~ Lo NN — Iy O LO
-0 OO LFAITITFITNNN NN — — — —&N o~ O OO0 ™ r— =
R e e e S e e S e e e e e S e S 1o Te) e kor s Xackar
B e . S SIS IRy _ S
Parameter Value

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent DMSO

5 Temperature 300. 1

6 Number of Scans 16

8 Nucleus

7 Spectrometer Frequency 600. 13

Wwoo
meo
Wmoo
Wﬂmo
Wﬂoo
Wmmo
Wmoo
Wmmo
Wmoo

ngo

Wgoom
meo

Wwoo

Wmmo
Wmoo
WHmo
WHoo

—50

I
2.12 —

—

1.54= g

10.5

10.0 9.5 9.0

T T " T " T " T T T " T 1 T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
£1 (ppm)



0O NO AN AN NHr=FHAD=NOODHLO MO
< NSO O0ONO O AN oo nJmm MM
N BN OOTSTDHRVNDFOS DI S, .
O MM MMM ANANANANANANANAN — r— = o~
— A A o o — O <
Parameter _ Value f#Awﬁmvmwwmmwmmwmmwnnw11L _ _
1 Origin Bruker BioSpin GmbH

2 Owner

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

nmrsu
spect
DMSO
299.9
299

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

esrpasrshimaom o rustlssreanarbone

—36. 88

—20. 15

—900

—800

—700

—600

500

400

300

—200

—100

T
210

T T
200 190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T T T T T T T T T T T T T
110 100 90 80 70 60 50
£1 (ppm)

40

30

20
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OO N T O~ OLOO——O 0 O ONH <
OO OO OO LOCMMMMMOMOHAANAN — — — —& o~
7.[7(7(7.(7(7F7F 7_[7. [ N Sy Sy 7/ F\{ M E R_u
Parameter Value

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent DMSO

5 Temperature 299.9

6 Number of Scans 16

8 Nucleus

7 Spectrometer Frequency 600. 13

1H

’
i

A »J)lt); f{gﬁ ]
—— P i T T T
S AWV O — N O WV \O o N S
S OO —— O OO (o) e} (o)) (e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

—1300

—1200

1100

—1000

—900

800

—700

600

500

—400

300

200

—100

——100

S274



[ap N o N NN Ol =< <
Lo N~ TSN M AN MNOI=-OhANO Oy o 0 < 0
N (>R (o)) — =500
NelNoae] NN MM ANANANAN = o~ O (e}
R S N7 Value —~~\—— | _ _ _
1 Origin Bruker BioSpin GmbH 450
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO L4100
5 Temperature 299.9
6 Number of Scans 101
7 Spectrometer Frequency 150. 90
8 Nucleus 13C 350
|
~300
=250
~200
|
~150
| |
| | |
|
| | |
~100
|
=50
|
iiiir;i;x;ii s:}Listf}i;titI! -0
T | . — | . — T T T L e B ) B B R B T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10 =20

£1 (ppm)
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

7 Spectrometer Frequency 600. 13

8 Nucleus

Value

Bruker BioSpin GmbH

16

1H

—9.75

2.01—= C

9.5 9.0

—1100

1000

—900

800

—700

600

—500

400

—300

200

—100

—~-100

S276



<  EH A OO O MO — A O LI L5500
< O AN N0 MOH OO0 A o0 < <t N Lo
. e e e 4 e e e e 4 a4 e e e s [3p) (o)) () [@p] —
O TN MMANANANANANANANAN — < o~ Nej (e
_ ——————— | _ _ _ _ L5000
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~4500
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 2000 L4000
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
~3500
|
~3000
~2500
~2000
|
|
|
| ~1500
|
| |
|
e _
~1000
|
=500
ml - r :r— el IO
~—500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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7.71

OO MNODANI~-TOLOMNMAN— O L0~ — Lo AN—O WL <
O OO OLOOFMMMMMONO AN — — — =& o~ O OO0 o r—
_[7.(7.(7.T7F7.F7.F7_.[7_[777777777776 Lo menm P 700
——— | _ S
P t Val
arameter alue 650
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect —600
4 Solvent DMSO
5 Temperature 300. 1
~550
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H ~500
~450
~400
~350
~300
~250
~200
|
|
| ~150
| | ~100
L A
" ﬁf\E L. Lﬁaf L CEﬁ\. P IO
—— i R T T T T
AN AN O Wnm >~ S S N
SCoaadSoo—~—a O S S foN
—_— e — N O — — ] o [@\] (@\| — ~—50
. :

— Tt - 1 - T - 1 - I 1 r I - T T~ T T~ T "~ T "~ T "~ T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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I O~ -NnoO NI O

Al e No\ NorNerly NeriooNerNaprNerRerlo ol e rNaN Qmw Mw MM mw

N OOV~ — O R NNOLFTNDOO., . . .

O MMM MmMANANANANANAN AN — o~ Nej (=)

— A o D) < o N

_ —_—————— | _ _ _
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 210
7 Spectrometer Frequency 150. 90 !
8 Nucleus 13C
__
|
|
: |
| | | |
| |
| N !
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)

—400

350

300

250

—200

150

—100

—50

S279



f1 (ppm)

SO OO FTNNOITLOAN DA OLOOOD=LOM — O <t — O IpHFEFM Ne)
FOOOHFMMMOMNANNN N — o — N o~ 00 O~ K — — o~
O S O S S S R R e S e N Ye) T N P N
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu ~1100
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300. 0 ~1000
6 Number of Scans 16
7 Spectrometer Frequency 600. 13 |
8 Nucleus 1H ~900
~800
=700
~600
~500
~400
~300
I ~200
! _
~100
) N W LLCE@[ ,
— B U T T T i
N — —— O — <t O\ C~ Q) (@) o —
SSSomay—% o  Q 3 S S
—_— NN — N — o — — (@l cn
~—100
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

$280



O OO VRV~ LOCOMIFOVO 0 r
IO VO NCOCOI-OLOOAN O© A 0L H Lo ()] — L0 L1800
. e e s s s e e s e e o e e s 0 (e} 0 —
I~ OO0 ANOOHTOO VIO IFTOINO. . . . L
O MMM MM MOANANANANANANANAN = o~ e} — O
— v ] ] ] ] ] — —{ —) <t (ap) AN AN 1700
Parameter _ <m7%j\_\__¥_\_i\\_._ _ _ N¢ L
1 Origin Bruker BioSpin GmbH ~1600
2 Owner nmrsu 3
3 Spectrometer spect ~1500
4 Solvent DMSO -
5 Temperature 300.0 1400
6 Number of Scans 372 L
7 Spectrometer Frequency 150. 90 ~1300
8 Nucleus 13C 3
~1200
~1100
~1000
| L
~900
_ L
~800
~700
| L
~600
_ _ i
~500
| _ I ~400
[ I
~300
~200
~100
_.f_.F / \ - Lo
~—100
T | — T L A B — T T T L A B — T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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COFTFMNMOLODO=WOWMM A DL S OO b~ — L0 —Oo WM™ 2oy L 5500
OO MNHMANANANANANANN—A—OQN LW — O [erNerNoe] — o — (@)
DS DS DS DS DS D= D= DS DS DS DS B2 B B b= b= b= 14O O o <t nMmem oo -+
e Vo ~— ~
Parameter Value ~5000
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~4500
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 16 L4000
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
~3500
O
N
N -3000
~
By
Bn TBDPS
2k ~2500
~2000
~1500
|
~1000
|
N [ _
| =500
I I
rliE | g
e & i i§ f
O NIV A OO T O — S O N N (]
SH oS == SRS o) o) =
— N ANt AN~ — O — A — — — @)
~-500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)
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[ap) Lo Or—=—~=~O MmO MmO LI
(@)} (&N N O <HOOD~00 < 00 I~ CO OO © co N O < L1400
. . R © (ap] © 00 b~
Ne) <t MM AN ANANANANAN — O~ o~ o~ o~ O 0
— — — o~~~ — —) <t [ap) AN A
! ! SN Ne————— _ _ N 1300
Parameter Value
1 Origin Bruker BioSpin GmbH
20 ~1200
wner nmrsu
3 Spectrometer spect
4 Solvent CDC13 1100
5 Temperature 300.0
6 Number of Scans 78
7 Spectrometer Frequency 150. 90 ~1000
8 Nucleus 13C
~900
O L
N | | 800
N Q
N TBDPS [700
Bn
2k ~600
=500
N
| ~400
~300
|
_ Lo ! | -200
|
I |
I ; [l 7 100
7 7 ; | | ,
~—100
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 200 190 180 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)
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7.73
7.53
7.52
7.36
7.35
7.34
17.28
7.27
7.26
7.22
7.21
7.20
7.20
7.15
7.13
7.12
7.10

[

I

[

[

[

i
7.09
7.08
7.07
6.98
6.97
6.96
6.96
6.57
879

—4.92

3.90
3.89
3.88
3.08
3.07
3.06

—1.06

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 298.0
6 Number of Scans 16 \
7 Spectrometer Frequency moo.mb \\ \
8 Nucleus 1H
0]
F N
A
N N
Bn ,  [BDPS

10.0 9.5 9.0 8.5 8.0 7.5 7.0

—~5500

—~5000

4500

4000

—3500

3000

2500

2000

—1500

—1000

500

——500

S284
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent CDhC13
5 Temperature 298.0
6 Number of Scans 16
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
O
F N
N\ N
N I
Bn 4  TBDPS
| |
|
|
|
|
| |
|
|
_ nol _
J A F—H_ | :;\ " ._ Ll » >_ :
—— 71 1 T T 71 71T 71T "~ 71T ~~T7T 71T "~—7 "7 "~ 71T "~ T T "~ 71T "~ T "~ T "~ T "~ T "~ T "~ T " T "~ T " T " T " T * 1
40 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 —40

£1 (ppm)

—2. 10E+08
—2. 00E+08
—1. 90E+08
—1. 80E+08
—1. 70E+08
—1. 60E+08
—1. 50E+08
—1. 40E+08
—1. 30E+08
—1. 20E+08
—1. 10E+08
—1. 00E+08
)
|©.oommwﬂ
—8. 00E+07
—7. 00E+07
—6. 00E+07
—5. 00E+07
—4. 00E+07
~3. 00E+07
—2. 00E+07
—1. 00E+07
—0. 00E+00
——1. 00E+07

——2. 00E+07




f1 A.Euav

O OANOLULMOMNMNOOLLLWSST MO OO N - ~— ) O N~ [co (o] Yo
DVBOMMONNNNNS = =09 0a0Ww = o QXK S99 S -
—/r—/r—/_[_/_[—/_[—/_[—/rﬂﬂ—/_/77777772.06 0 < [ep Moo M ep] [ep Moo Mep) ~— L3400
~3200
Parameter Value |
~3000
1 Origin Bruker BioSpin GmbH |
2 Owner root L9800
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 298.0 2600
6 Number of Scans 16 \ é \ .
7 Spectrometer Frequency 600. 20 ~2400
8 Nucleus 1H -
0 ~2200
Cl N N r
~2000
N =
7A L
Bn 2m TBDPS ~1800
~1600
~1400
~1200
~1000
~800
~600
| L
| =400
| __ | _ .
| \— P =200
i e P 0 7 T .
Nz © WS VLW oo ™ N © 900
NOWw < 0 Q0 S S S S o
<SS AN M~ OWN «— — N AN (q\] [e0]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1. 0.0 -0.5

S286



© © OMNMTNOOTOTNM ~1100000
N S NRAW®XRORD R GO Y QI¥QOoX
T} W OOV NMNL T o OV © MO ©MN~MN
© < OO ANANANNANANN ~ N NONMNOO
-— - T Tr- T T T T v YO < MO ANANAN ~—
| | Spm———"] IVARNEERNY 1000000
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root ~900000
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 298.0 800000
6 Number of Scans 16
7 Spectrometer Frequency 150. 90
8 Nucleus 13C |
=700000
0] |
Cl N
X
— 1600000
bn pm  TBDPS
~500000
&
&
~400000
1!
|
~300000
~200000
|
| |
P I | |
| | | | | ~100000
| I
.— é g ) b »_ -0
~-100000
, T LE— T T T T T LE— T T T T LE— T T T T T T T T T T 1
20 210 200 190 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



AN NOLULTOOOMNMN O T AN —NcCNNMNOOONMNMOMNSO OO0 OO0 ©
LOOLNNNOONNNNN TR RRRRXXIOWS S SHHRR = OO S
7”\#”\7”\7”\7H\7HIWHIWI MNNMNMMMMMOOOOOOOOWS OHOOM OOMm ~
————— ————— | | e -6000
Parameter Value
~5500
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect L5000
4 Solvent CDC13
5 Temperature 298.0
6 Number of Scans 32 \ ¥ N * \ \ L4500
7 Spectrometer Frequency 600. 20 h\ ‘\ _
8 Nucleus 1H
o I L4000
MeO A N
NS
: TBDPS ~3500
Bn 2n
~3000
|
~2500
~2000
~1500
~1000
[ I ~500
e | _h _ !
1141 1
A :\rr IO
B W y K S i y
OMUOUONMNMNANNOLW 00 I~ o M~ Tp] N
SNCN= =300 ® S S = o =
AN~ NOON o« N ™ -~ o =500
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
).5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1. -0.5

1 A.Esv

5288
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_ _ | =\ 7/ | _ _ _ _ [ 7 N
1. 50E+08
Parameter Value
1 Origin Bruker BioSpin GmbH ~1. 40E+08
2 Owner root
3 Spectrometer spect 1. 30F+08
4 Solvent CDC13
5 Temperature 298.0 L1 20E+08
6 Number of Scans 32
7 Spectrometer Frequency 150. 90
8 Nucleus 13C ~1. 10E+08
o L
MeO N 1. 00E+08
N A
N 9. 00E+07
Bn o,  TBDPS
8. 00E+07
| o
[ee)
—7. 00E897
|
6. 00E+07
5. 00E+07
4. 00E+07
|
|
3. 00E+07
L . ! _ _ _ L -2, 00E+07
| |
_ _ 1. 00E+07
| L
1 | ? | 1 1 Lﬁr _ | ke —._ " .— _— L IO. OOW+OO
~—1. 00E+07
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)
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Parameter Value L4500
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent CDC13 ~4000
5 Temperature 298.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 20 \
8 Nucleus 1H s 1/ \ J \\ \ \ 3500
O L
F N
N N SN ~3000
N
B TIPS !
20
~2500
~2000
~1500
~1000
|
~500
|
| |
M i i T
—
0 © AN (@] ™
Q © 2 Q [oe)
T T T T T T T T | — T L A T T T T A T N T T T T T T —¥ T T 1
10.0 9.5 9.0 8.5 8.0 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 -0.5

f1 (ppm)

$290



OO OMONOS ANNMNMNOOMONMNOOO ~1. 50E+08
K CONLAONOLUTOO DD *. S MO QAN ®©
O <ITOOMOANANANNANANN——OO®© N NN O AN O O «—
T~ T T T T T T U U e e O <t MO M ANANN «~— «— L 1. 40F+08
| eSS | _ [ N7 NS .
| L
Parameter Value 1. 30E+08
1 Origin Bruker BioSpin GmbH
2 Owner root 1. 20E+08
3 Spectrometer spect
4 Solvent CDC13 L1 10E+08
5 Temperature 298.0
6 Number of Scans 16
7 Spectrometer Frequency 150. 90 1. 00E+08
8 Nucleus 13C
9. 00E+07
O
F N
N N 8. 00E+07
/ .
N
\ |
Bn TIPS
20 7. 00E+07
>
&
~6. 00E+07
5. 00E+07
|
| 4. 00E+07
3. 00E+07
| _ _ [ |
_ Pl | ! ! 2. 00E+07
Coor ! | ! -1. 00E+07
| il | imils
— | o e . - ! " - P P;F - N—— . »— —.—.. v " _ -0. 00FE+00
~—1. 00E+07
—— T T 1 1 ‘17 *+ 17 *~ T ‘*~ T *+~ T *+~ T *~ T T~ T *~ T *~ T T~ T T T T~ T T~ T T T T~ T T T T~ T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



f1 (ppm)

OFTOANNT—T—OVOANNT—O OIS D OO N—O N © NN~ O®W©LW -oU00
COMMNMNMMANNNNNNNOOSORN VB QAR® <« = SRR EE:
NNNNNNNNNNNNNNNNNNNGOG Rk e Koo Kor) == E=]
e ——— N/ ~— "
~4500
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect ~4000
4 Solvent CDC13
5 Temperature 298.0
6 Number of Scans 32
7 Spectrometer Frequency moo.NO\. \\\ \ . AE \ \ \ ~3500
8 Nucleus 1H
O
it 3000
N4 =
N
Bn 2p TIPS
~2500
~2000
~1500
~1000
I ~500
|
|
. Lo
CRC T Y S Hi i o
O <t O LW AN O A 0O AN o 0
O M OO oo < < < oo
T T T T T T T T T — TS A— T T T T N T N T T T — O T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

$292



137.19
135.39
132.76
129.16
127.63
126.78

|

o - <
© @
To] O O
(¢o] < <
A T
_
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 298.0
6 Number of Scans 32
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
O
N
N N\
=~
N
Bn 2p TIPS

DO MMNOO T
W FTO .
Sl ol i ol i = 2))
|

|

—47.97
—37.35
—29.84
~20.92

\18.76
—11.86

|

S I e L
20 210 200 190 180 170 160

T T T T T
120 110 100
f1 (ppm)

20

8500000

—8000000

7500000

7000000

6500000

—6000000

—5500000

5000000

—4500000

—4000000

3

—~3500000

3000000

—2500000

—~2000000

1500000

—1000000

—500000

0

~—500000

-10



O LO<HO OO D= © QO o~ OO Lo o) —
()] WO <FTMMNH AN AN NO — O 0 (@)} Ne) ~2800
D~ [N 7L7\F_/W|ﬂ D= O <t o N —
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Parameter Value ~2600
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 9400
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0 L2900
6 Number of Scans 8
7 Spectrometer Frequency 600. 13
8 Nucleus 1H ~2000
~1800
O
N L
) N ~1600
N L
,WOO Me
~1400
10-4
~1200
~1000
~800
~600
=400
| ~200
|l | |
il I _ i
AL R 1A ) 2 -0
™ 2P T TH T T
p—
[\l S <+ < S o O o <t (e}
N nwnn < << \ S »n -—200
— — o — on (el @\ (@\] cn —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)



137.97

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

+151. 89
~149. 70

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300. 0

512

7 Spectrometer Frequency 150. 90

135. 06

|

S
S

e —
Sl
S

129. 64
127. 47
126. 21
123. 37
123. 23
120. 83
120. 68
119. 62
114. 45
8279

—74.02

—67. 37

—41.51

27.58

X27.26

_20.51

\18. 71

,3.76

X3.07

——

8 Nucleus 13C
O
N
> N\
z Me
Boc
10-4
|
|
A
T T T T T T T T
200 190 170 160 150

T " T
140 130 120 110 100

f1 (ppm)

3400
meoo
Wwooo
Wmmoo
Wmmoo
Wm%oo
Wmmoo
Wmooo
WHmoo
WHmoo
WH%oo
WHmoo
WHooo
Wmoo
Wmoo
W»oo

200

——200

-10

$295
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SOOI FFMmMMmMLLLLLOM
BOL NN OSSD
Parameter - [mﬂ — _/__.\_\_

1 Origin Bruker BioSpin GmbH

2 Owner nmrsu

3 Spectrometer spect

4 Solvent DMSO

5 Temperature 300. 0

6 Number of Scans 16

8 Nucleus

7 Spectrometer Frequency 600. 13

1H

RN
/> z
/

oc
2Xx

© M = DN
O 1O L S5 &
[ ¢

3.00=

10.0 9.5 9.0

5.0

£1 (ppm)

0.5

0.0

—1800
Wﬂﬂoo
WH@oo
WHwoo
WH$oo
WHwoo
WHmoo
WHHoo
WHooo
Wwoo

Wmoo

Wuoo

Wmoo

Wmoo

W%oo
Wwoo
Wmoo

100

——100

$296
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_ _ \ F——— | _ [/ N
Parameter Value L1300
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~1200
4 Solvent DMSO
5 Temperature 299.9 _ L1100
6 Number of Scans 407
7 Spectrometer Frequency 150. 90
8 Nucleus 13C ~1000
O
N N ~900
NN
~
Z 800
Boc
2x
~700
~600
=500
|
~400
|
~300
|
~200
~100
> ol t{ﬁ%-o
~—100
T T T T T T T T — T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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\ NN ~—— ~ | (= | 450
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~400
4 Solvent DMSO |
5 Temperature 299.9
6 Number of Scans 8
7 Spectrometer Frequency 600. 13 ~350
8 Nucleus 1H
0O ~300
{ N
N\ X
Me N
Boc 250
2y
~200
~150
|
~100
50
|
| i | 4 _ I ?
* I |
A i L F 0
—_ 5 oy il i T 7R i i
S — O O O N S vy o0 < N o
< — S < e < < A <
O — — —_ O — (@\] on A (ool @\| on
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

$298
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) S 00 O ©
Ne} A lasNasNap]
— ARG
Parameter _ Value _ A/MH#L
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300. 1
6 Number of Scans 3000
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
0]
N
H—A
X
Me N
Boc
2y

133, 3
\

132.6

125. 3

125.1

124.9

:
|

122.5
119.6
115.4

—97.5

—84. 8

31.2

bl

217

L

22.0

21.8
20.6

X

~13.8

T T T T T T
200 190 180 170 160 150

T
140

T
130

T
120

T T T
110 100
f1 (ppm)

90

80

70

60

50

40

30

20

10

0

1
-10

$299



T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

L I e
.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

QO TN ANOOHNVOLOOFTANL oo CIOOFHEF O <t
SOOI~ O~ VO ——O <©
00 OO0 I~ = = D= D= D= D= I~ D= D= D~ b= D~ D= INO N — 5500
e e e e L L L L L) _ _/h\_ _/h\_ _
Parameter Value
1 Origin Bruker BioSpin GmbH L2600
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO ~2400
5 Temperature 300.0
6 Number of Scans 16 L9900
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
~2000
|
~1800
~1600
~1400
~1200
~1000
~800
~600
~400
| | =200
A 1k __A ? L;b Lﬁr.» L« Egcﬁ)l P, A L0
T il T |
S on (@
S S o0
o\l Q\ o0 ~—200
3

S300
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— — — o = ——O) o0 AN AN 500
Parameter _ Value _ r/Jr//;5“mmmmmmmmmmmmmnnmllL _ _ W\L f r/J
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~450
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 115 400
7 Spectrometer Frequency 150. 90 |
8 Nucleus 13C
~350
~300
—250
=200
! - 150
~100
| |
|
Ll oy _
| | |
_ 50
0
~-50
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0 |
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
O
N
N A
N
Boc
2aa
Il _ |
il P B
[ , N S Y
oo A 2 U T i T
N O — A v N 0 S < O
XN 2SS %N S 3 S =
OO — o O — (q\| (@) N
f T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

—10000

—9000

—8000

~7000

6000

5000

S302

4000

3000

2000

1000




137.63

NWOOMO D — = LD
BN~ 0 MDD
NP~ OO NN L
NMNNNN NN — —
—{ o o o — — —{ — —
SN~\F———

\34. 50
29. 88
27.56

~-20. 57

NS
\

—97.99
—84.79
_-39.65

0 — b~
Ne) [apN el
) o> ©
© < <t
o nie)
Parameter ! Value v
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 300.0
6 Number of Scans 43
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
O
N
N AN
~
N
Boc
2aa
_ _
T T T T T T T T T T
200 190 180 170 160 150

e e
140 130 120 110 100

£1 (ppm)

850
Wmoo
Wﬂmo
—700
—650
600
550
Wmoo
W%mo
W%oo
meo
Wwoo
Wmmo
Wmoo
WHmo
WHoo

—50

~—50

-10
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1 Origin

2 Owner

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

8 Nucleus

Parameter

Value

Bruker BioSpin GmbH
nmrsu

spect

DMSO

300.0

16

7 Spectrometer Frequency 600. 13

1H

4.21
4. 20
4.18

1900

—2.00

1800
quoo
WH@oo
WHmoo
WH%oo
wHwoo
meoo
WHHoo
wHooo
W@oo

wmoo
Wwoo
wmoo
wmoo
w%oo
Wwoo
wmoo

—100

3.00—= L
:
[

——100

10.0 9.5 9.0

2.5 2.0 1.5 1.0 0.5 0.0

S304



+—161. 30
—149. 26

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

Value

Bruker BioSpin GmbH
nmrsu
spect
DMSO
300. 1
1024

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

—47. 89
_~20. 82
~-19. 37

200 190 180

L
160 150 140

T
100
f1 (ppm)

FoULU

4500

—4000

—3500

—3000

2500

—2000

—1500

1000

500

-20

S305



36
7.33
7.32
7.31
1.23
7.22
7.21
7.21

=-7.16

2300

7.61
7.61

o0 b=
o
o~ b=

7.14
7.14
7.13
_6.33
6. 03

(6. 02

2200

|
I
|
f

| —

—9.51
4. 38
4. 37
4. 36
3.04
3.03
3.02

—2.00

{
€

Parameter Value ~2100

1 Origin Bruker BioSpin GmbH
~2000
2 Owner nmrsu |
3 Spectrometer spect -1900
4 Solvent CDC13 -
5 Temperature 300. 1 ~1800
6 Number of Scans 16 I 1700
7 Spectrometer Frequency 600. 13 |

8 Nucleus 1H ~1600

wﬂmoo
0] .|$oo
wHwoo
N meoo
WHHoo
wHooo
wwoo
wmoo
wwoo
wmoo
wmoo
| W%oo
wwoo

—200

—100

l o, ﬁtg A Lo

——100

——200

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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Parameter «mﬂcm ! rl/M#/y f X\\L _ _ f \ =500
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect L 450
4 Solvent CDC13
5 Temperature 299.9
6 Number of Scans 50
7 Spectrometer Frequency 150.90 ~400
8 Nucleus 13C
~350
0 [
Cl N
N
\_/ L300
_,w: Me
3a 250
~200
|
_ [ [
| _
| | ~150
| ~100
| | |
Lo
~50
* o e i!i%i%%i%;? =0
~—50
, T LE— T T T T T T T LE— T T T T T T — T T T T T — T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 50 40 30 20 -10

f1 (ppm)
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QO FMMMOM MM ANANANANANANANAN AN o~ D~ O [aaNasNap] (e N e N an) WL <H << [oolie oliapapNapiasiaN J
O o ol e S Sl S S SR S S =R T ST T < < <f PR o — — SO SO S S SH600
\ulanllranmmm»mmmwuquAnnnuuwunurlnL r/_\¥ r/\x \x r//LW\\L _//___\\L ,llluuuubuuuwquMVLW\\L xr\\L rm“mnnnwnnurllL.
Parameter <m~cm
~1500
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect ~1400
4 Solvent CDC13
5 Temperature 300.0 ~1300
6 Number of Scans 16
7 Spectrometer Frequency 600. 13 L1200
8 Nucleus 1H
~1100
(6] ~1000
Ny .
\ \ =900
Z L
Bn 800
3b
~700
~600
~500
| =400
I L
~300
_ -
~200
ﬁil ~100
g Jo L L [f’ ,
— i f o i T T i U
SNt O T O c~ o0 A O S < I'g) >~
SSoco=oS 9 S S S S S o 100
_— O = = = — O] () —_— — o @\ — (@] —
. :

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
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62. 69
156. 17
137. 37
136. 50
129. 36
127. 84
125.73
125.01
124. 87
120. 98
119. 79
116. 67
114. 02
168: 3%

Parameter

1 Origin

2 Owner

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

7 Spectrometer Frequency 150. 90

8 Nucleus

<Mﬂ¢m _
Bruker BioSpin GmbH
nmrsu
spect
CDC13
300. 0
66

13C

—48.91
—40. 11
~-20. 20
—15. 14
_-9.52

I
210 200 190

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

—900

—800

—700

600

—500

400

300

200

100

~—100

-10

S309
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QO MMAANANNANANNODOOYOYAN o0 00 < [aeNapNap] (o] SO O LO O O O O O LO oo MMM
D= D= D= D~ D= D= D= D= D= D= I~ b= O © O TeRToNTe) <<t 0 e Xockar —_———_t—t—— OO oocoooS |
rlrlLMﬂWﬂmmmmmmﬂWﬂ#?\akﬂn%“W\L _ T\L * F/F\L r/F\L rlkﬂLMLWﬂV(P\L rJN\L rJF“h“MF“PIL -1900
Parameter Value |
~1800
1 Origin Bruker BioSpin GmbH L
2 Owner nmrsu L1700
3 Spectrometer spect L
4 Solvent CDC13 ~1600
5 Temperature 300.0 r
6 Number of Scans 16 ~1500
7 Spectrometer Frequency 600. 13 r
8 Nucleus 1H ~1400
~1300
@] ~1200
N -
/ \ ~1100
2 L
PMB ~1000
3c 900
~800
I ~700
~600
~500
~400
~300
| L
~200
| L
;..F ~100
AR i L T il U il i T :
N0 O O wn \O O C~ (] — o0 on v S
NO DO D N AN S S N ) S S ~—100
S — == — S S — o~ on — — N N L

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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<t o — — O —ANMOAN MO LD~ ~380
o~ AN AN COAN OO OO O~ O I~00 <N N =M O~
. . L < — [(a\Na\ e} r
© oW FNNNNN A~ — O TollooR= ow . ~360
— — o ] Lo <+ < N — D |
,,,\. 7 S~ | — /N B
Parameter alue 340
1 Origin Bruker BioSpin GmbH I
2 Owner nmrsu 320
3 Spectrometer spect I
~300
4 Solvent CDC13
5 Temperature 300.0 .
6 Number of Scans 53 280
7 Spectrometer Frequency 150. 90 | I
8 Nucleus 13C 260
240
(@] =220
N -
~200
\_/
Z L
PMB 180
36 160
| ~140
_ _ _ IHMO
| | | L
| ~100
~80
| L
_ | ~60
| L
| ~40
~20
{ii{;}t{?% -0
~—20
, T T T T T T T T T T T T T LE— T T T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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0°¢

61 0°¢C ¢C

0°T

G0

0°0

G0-

. 38
.37
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EYETEYER 7. 35
25888 g"E 7. 32
TEefT: F|fr3l
g = = [7-30
AR 5

.z g [ (-
LY Z 7.29
e EZ2*PB88LEF 7.29
4 = Z2iis |ros
= = }7.23
- gggL 2 =723
2.97 . o 7.22
1 13\i - 71.22
2.02 7.992
7.18
0.96-= L 6. 30
o0 L 6. 30
: 6. 04
6. 04
2,035 S— —5.52

-

4. 40
200 = 4.39
4.38
3. 09
2.00= =— 3. 08
i 3.07
2.22
{ 2.00= - 1991
\9. 20
1.36
1.35
16 83
3.04—= F - 0. 80
0. 79
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N NSO~ O
Ne) LO <t on o AN
— e
Parameter <mpcm ! Ilhuumuﬂj
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 41
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
0]
N N
N \_/
Bn
3d

129. 25
127. 80
125.93

|

125. 07

124. 84
120. 97
119. 78
116. 88
116. 67
110. 48
104. 02

20V
240

230

—13.65

—49. 02
—40. 18
~37. 37
—22.17
N20. 19

220
meo
wmoo
wHwo
meo
wHﬂo
wHao
meo
wﬂ%o
wHwo
meo
WHHo
wHoo

S e e
20 210 200 190 180

I
170 160 150 140

T
120

S313



(. 44
7.21
7.19
7.18
—6.43
—6. 17
—5.55

[7. 24

OO0~ — O
NelNoNasNasNasNasNasNasNap)
R S e e S S S
- Lt L L L
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

spect
CDC13
299.9
8

7 Spectrometer Frequency 600. 13

8 Nucleus

1H

214 S

—0.94

8.62—=

250

—200

—150

—100

~50

10.0 9.5 9.0

5.0
£1 (ppm)

4.5

S314
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Nelle) T OO ANANANANANNA ™ ——O 0 [=>I S o)) (=) .
— — — o o =~ — — — <t <H M AN N S —550
Paraneter Valdd =l A |
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 500
3 Spectrometer spect
4 Solvent CDC13 |
5 Temperature 299.9 ~450
6 Number of Scans 908
7 Spectrometer Frequency 150. 90
8 Nucleus 13C 400
O ~350
N N
\_/
N ~300
\
Bn
3e
~250
(I
|
~200
~150
| | | |
| |
| ~100
|
|1 | | I
~50
0
~—50
, T T LE— T T | — T T T T T | — T T T LE— T T LE— T T T | — T T T — T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

7 Spectrometer Frequency 600. 13

Value

Bruker BioSpin GmbH
nmrsu

spect

CDC13

299.9

16

1H

—600

550

—500

450

400

350

—300

250

200

—150

100

~50

10.5

10.0 9.5 9.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

£1 (ppm)

S316



© N~ OO~ NI~ —~— N oo
N SO L AN OTFITRVLLOO OO0 L F O MM MM Mw MM
o O~ OO OO OO — OO <P — . .
Nej FHFFO NN MO ANANANANANANANAN O (o)) (e (o)) (=) ~1000
— et T T ] | | | ] = = = — <A <+ N N
Paranctor I G anininininnin e S I
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu =900
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 808 800
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
=700
|
O
A N ~600
DRRY,
Z L
", O
3f
=400
~300
=200
_ |
~100
fi%i‘ir Lo
~—100
—— T T 1 1 ‘17 *+ 17 *~ T ‘*~ T *+~ T *+~ T *~ T T~ T *~ T *~ T T~ T T T T~ T T~ T T T T~ T T T T~ T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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CRO—OCRXVI~NLOLFNLO OO 000~ LO S0 — O D~ O <H TR S P ~420
O FTFTNNNMNMAMNMANANNA OO O O < <o < < < = — L
o S S S S S = e IR R T-R TRl ) < <f <A men o =400
Parameter Value ~380
1 Origin Bruker BioSpin GmbH I
~360
2 Owner nmrsu I
3 Spectrometer spect L340
4 Solvent CDC13 L
5 Temperature 299.9 L3920
6 Number of Scans 16 L
7 Spectrometer Frequency 600. 13 =300
8 Nucleus 1H -
~280
=260
0 L
N N =240
O N N\ \ —220
\ L
", Q
39 L
F ~180
~160
~140
_ L
| ~120
[ | ~100
~80
~60
40
) U N N S L
—A R ] T T il .
MWV~ WV ON OO DN S (e —
AN —~— SR S S - ——20
S AN —AaNoOoAANANN —O (@\ (@\ (@\]
T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

S318
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< — D~ hullarNasleclerNal R _NerNelo oo\ Nag o] MM MM %M
NN 00O — OO Lo < O~ . . .
© © O AN AN ANANANANNA ™ —r——O oy} (e} S
— — — — — 1H14Huul — o —— <H <H N
Parameter //J/\\<mwcm JJ#T/J/ fA“VﬂHF\L _ _ _ _ ~450
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect 400
4 Solvent CDC13
5 Temperature 299.9
6 Number of Scans 226
7 Spectrometer Frequency 150.90 350
8 Nucleus 13C I
0 ~300
N N
O
\ ~250
" O
3g
F
~200
|
| | ! _
~150
~100
|
| —50
|
0
, T T T T T T T T T T T T T T T T LE— T T T T T T — 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S319



SO MNMAN—ORVI~TOOLOTNNTANOTTHOLOFTOOOO® o~ O L0
O I NN MMM ANANNANOO =TI < < <
hintnkntnintnintnin bl D e e e 3
e
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 16
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
O
N N
2
3h
Cl
A - o
— e i§ il

AN N 0 — \O >~ (] —

NSO R S o

acaaa oo (@\] (@\]

T

201= E

10.0 9.5 9.0 8.5 8.0

5.5 5.0 4.5

f1 (ppm)

Z1U
wmoo
Wﬂoo
WHmo
Wﬂqo
wHao
WHmo
WHgo
wHwo
WHmo
WHHO
WHoo
W©o
Wmo
10
wmo
Wmo
1o
30
wmc

10
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Parameter &QHCm rllrnumeWMWWWMMWWWWWJ\ x\\n\MWJHW\\L _ _ _ _ ~400
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13 350
5 Temperature 300.0
6 Number of Scans 344 |
7 Spectrometer Frequency 150. 90
8 Nucleus 13C ~300
| |
0
/ N =250
<
i
" O
3h ~200
Cl
I ~150
| | _ | | |
_ [
~100
|
| | |
|
|
50
0
, T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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0°L
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0°G

G¢ 0v N4

0°¢

61 0°¢C ¢C

0°T

G0

0°0

G0-

iZrigss |0
ceEgicEw  |1.68
PEoiRE 7 S|4
- 741
8 5 4
N " |}7. 41
7. 40
—_ ?; ® w A n 3w F7: 41()
=E€788%:Z |}17.40
s T e EE 7.35
- 2 E|f7.34
A 7.34
0.99 L__ - 7.33
5.07\E£! . = |f7.25
2.07< 9.7.21
1.01 - N7.20
2.10
2.oofi 2; 3?
097/ 6. 97
0.97~ 6. 70
6. 70
6. 40
2.00= T —6- 48
L 4. 47
2.00= = 4. 46
f 4. 44
d
] 3.15
2.01= 3. 14
i 3.13
F—
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O MMM ANANANANANANANA - —O 0 () (=)
— o e e <K <H N 950
Parametor _ Valos = | A= | _ _ _
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 212 =200
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
|
|
~150
|
~100
| |
- ! _ [
| =50
| |
0
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T _-
0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)
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AN — OO0~ <A MmN AN~ O o~ O O [Iel Sallap)
Aulh i i lasNasNasNasNas] M AN ANANANAN < < < — —1100
o el ol oo S S S e S S e ) < < <A e X Xar)
—_ T e el ~ ~
Parameter Value
~1000
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13 900
5 Temperature 299.9
6 Number of Scans 16
7 Spectrometer Frequency 600. 13 ~800
8 Nucleus 1H
~700
~600
=500 &
N
3
~400
~300
|
|
| ~200
l
~100
) N B LE "
— L f T T i
ST T OO OO0 O — S Ve Ve S
Soo—~ScodSdSo S S = S
—_ NN = AN N — — [\l (@\l (@] on
~-100
: : . :

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
£1 (ppm)



Neo) o~ e A <HD=OYD~00 — — O
o 0 OFOMNMOOHOOO O I o Lo LO N I
. B e e e s e e s e e s () [ap] [aplaN]
o D OO0 —~O S . . . ~1400
e} < AN AN AN ANANANN—~—A—O (@)} (e — O
— — o e <A <+ N AN L
Parameter Value | Tl | | | N 1300
1 Origin Bruker BioSpin GmbH |
2 Owner nmrsu
3 Spectrometer spect ~1200
4 Solvent CDhC13 r
5 Temperature 299.9 L1100
6 Number of Scans 304
7 Spectrometer Frequency 150. 90 I
8 Nucleus 13C Lo ~1000
|l
~900
~800
=700
~600
I ~500
Il _ I
| | |
! 400
| | ~300
|
| | | 3
~200
~100
e A P — = o g ti? o oo ()
~—100
, T T LE— T T T | — T T T LE— T T T | — T T T LE— T T LE— T T T | — T T T LE— T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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O MAN— D O i D= D~ < MmN TYON NMN—OOY MAN—— D0 A 500
[N ) OO <FMNANANO O <A ¢ <d [erNerNep] DeD=D=D=0D~ O SO OO D=D=0=1D+
00 00 I~ D= D= b= I~ N0 © © © < < < ANNN A AT A A O S OS I
N " ~— ~— T /L0
Parameter Value
1 Origin Bruker BioSpin GmbH 13000
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13 ~12000
5 Temperature 300.0
6 Number of Scans 16 L 11000
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
~10000
O 19000
A N
W, i
Z 8000
Boc
3q ~7000
~6000
~5000
~4000
~3000
~2000
bu_ _ _ L1000
b b %r\\(; I i
PR T T A oy
S O ()] S oo on o~ >
S S je) — O [©)J@)

r—r+ 1 - T - T - T ~ T "~ T ~ T T * T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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Lo O b~ O FH—AITANFT—OLO O
MNMION OSNO—ODOI==IOD~M o) o o m =550
. c0 o0 — D~ N AN
AN 0O SOOI~ LOAN < . . . O
NeRiaRiel <O ANANANANN———O <t 0 0oL .
— ] — v ] ] ] ] 0 [ap] NN — O
NSRS | RS 00
Parameter Value
1 Origin Bruker BioSpin GmbH
20
wner nmrsu 450
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 20 400
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
350
0O
N
N N\ / =300
N |
Boc
3q -250
=200
|
~150
|
[ I | I
~100
|
|
| [
! A ﬁ 50
i . L r L | IO
=50
f T T — T T T — T T — T T T — T T T — T T T — T T — T T T — T T T — T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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o FNH—~ ——o O < < < OO N~ SOOI 0
S S S © © QO © < < <A ANANN A A O OO
— ~ ~ SN A ~N
Parameter Value
1 Origin Bruker BioSpin GmbH L9000
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 299.9 | ~8000
6 Number of Scans 8
7 Spectrometer Frequency 600. 13
8 Nucleus 1H
~7000
0
N
N // \ ~6000
Me N
Boc
3r ~5000
~4000
~3000
~2000
~1000
| xplh _ _
P hr\_r \” {‘{LLFL{\; | -0
{ IR 2K i i ft 2 oy
<t S > O >~ — () <t oo O — N
N S o R o S S 3 —-= 29
[a) — O o O (@\ (@ (e} — N [e\IN @\
T

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
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162. 41
155. 60

140. 52

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

1150. 33

—1

<mwco
Bruker BioSpin GmbH

nmrsu
spect
CDC13
300.0
29

7 Spectrometer Frequency 150. 90

13C

Me

[orNeoNooNarNer R B RIaN o)
LOO<FT AN —r—00 MO0 — AN
O OO OO N <
NN ANANANANA O
Ty ]y ] g ]y p—] p—
NN

—84. 70
—38. 87
~28.11
-22.43
20.75
~15. 33
~-9.51

I
210 200 190

I
170 160 150

e L
140 130 120 110 100

f1 (ppm)

~750

—700

—650

600

550

—500

450

400

—350

—300

250

200

—150

—100

~50

——50

-10
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N e S S © O © < < <A NNN NN —
| ~/) A\~ NN ~ e/
Parameter Value ~8000
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu =7500
3 Spectrometer spect
4 Solvent CDC13 ~7000
5 Temperature 300. 1
6 Number of Scans 8 L6500
7 Spectrometer Frequency 600. 13
8 Nucleus 1H L6000
0O ~5500
N
N \ \ ~5000
Me N Me
Boc 4500
3s
~4000
~3500
~3000
~2500
~2000
~1500
~1000
_ _ _
g . _4 ‘ ‘ b 500
|
;IL LCF\({LE\ 1 L0
f i iy i R i
N SN 0 < v S — — O Ve)
x5 3 3\ O S >33 S
(e} o O o O (@\ AN N on N ~—500
T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
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o~ LONAN =N OO~ AN 0 800
o NO O OLOOAN >N 0 GH N < oY O 0L
© LDIFFNNANNN — — —O < 0 ON—OD ~750
.I_. _|_._|_.111_|.1111]I 0 (ap) AN N AN AN
J ST SN N A _ _ N~
Parameter alue 700
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect 650
4 Solvent CDC13
5 Temperature 299.9 ~600
6 Number of Scans 26
7 Spectrometer Frequency 150. 90 L 550
8 Nucleus 13C
0O =500
N L
N N\ / - 450
Me N
Boc Me
~400
3s
~350
~300
~250
~200
~150
| Cl ~100
|
~50
J b 0
~—50
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T -
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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7. 93
1.52
7. 42
7.42
7.41
7. 39
7.39
7.30
7.28
6. 35

Parameter

1 Origin
2 Owner

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans
7 Spectrometer Frequency 600. 13

8 Nucleus

V. 29

T ata Y
Bruker BioSpin GmbH
nmrsu
spect
CDC13
300.0

16

1H

6. 17
6. 17

s
<

4.45
4.44
4.43

L
\

2.94
2.93

2.92

—2.21

2.00= ———-

2.02= ————-

3.02—=

i

—1.61

wm%ooo
wmwooo
22000
meooo
—20000
—19000
—18000
—17000
—16000
—15000
—14000
—13000

—12000

___
5.0
f1 (ppm)

4.5

4.0

3.5

3.0

2.5



140. 09
136. 24
129. 77
127. 12
126. 99
125. 83
123. 73
119. 65
117.21

(ap) NoNap]
(ap] — O
N S o
© Lo <t
— — —
Parameter Lmycm /_\
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13
5 Temperature 300.0
6 Number of Scans 39

7 Spectrometer Frequency 150. 90

8 Nucleus

13C

7
/
§
|

Me

—

115. 59
107. 47
—38. 86
—28.09
21. 58
20. 68

4

T
200 190

I
170 160 150

T
110

f1 (ppm)

T
100

1300

1700

1600

—1500

1400

—1300

1200

1100

—1000

—900

800

~700

—600

—500

400

300

—200

—100

——100

-10

S333



AN O N 0O I~ - O O <tT™M M AN — O N~ O Yo
2% TNV N - NN SO0 I X
[ NN M o © < <t < AN AN N AN AN N ~
N NN N ~— ~ \ N
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16
7 mmeﬁﬁoamﬁoag@wm@cm:o% moqwmo :
8 Nucleus 1H
O
Me A N
N\ /
7A _
Boc Me
3u
I I : _ I >L |
L L ] A S Y
T T A T T T 7 T
o N < © o) © — © o))
Q © < 0 O 2 2 - @ @
~— ~— [eoNe] ~— ~ ™ o0
T T T T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

£1 (ppm)

7500

—7000

—6500

6000

—5500

5000

4500

4000

3500

—~3000

2500

—2000

1500

—1000

500

——500

S334



< ODOMNOT O ANLOOMNMNNMNAN
N QNONARLOT MG O o S QT 0o
~— D VOMDONGOS O Q e omnAadN
© T OOOANNNNN——O Tp} re] N~ O
— el i i i i i i i i vl el el el o0 \p) AN AN AN AN
_ N SN \elEmm——— _ _ N~
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner root
3 Spectrometer spect
4 Solvent DMSO
5 Temperature 298.0
6 Number of Scans 16
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
O
Me A N
\_/
N _
Boc Me
3u
|
_ _ _ _
|
_ _
I __— I | 7
A A N L, sy P I
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

1300000
1200000
1100000
1000000
~900000
800000
700000

600000
n

S33

500000

—400000

—300000

—200000

—100000

~—100000

-10



8.03
8.02
8.02
8.01
7.55
7.54
7.31
7.31
7.30
7.29
7.28
7.28

|

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

Value

Bruker BioSpin GmbH
root
spect
DMSO
298.0

32
7 Spectrometer Frequency 600. 20 \ \. k\ \

4.25
4.24
4.23
2.94
2.93

/
\

2.92

—217

1.55

A

25000

24000
23000

22000

—21000
20000

—19000

—18000

17000
—16000

—15000

—14000

13000

—12000

11000 g
- 3
10000

~9000
8000
—7000

—6000

5000
4000

—3000

2000
1000

*®11.00= ==

0

5.0 4.5 4.0 3.5 3.
f1 (ppm)

~19.29=



IO OO AN O NO WO N~ AN © -
CREN® cRBl3BIEZRBSER g , mmo 900000
S ® 0 Oy O BLWKOWWKSOOTtNWBWG 2 N N, 0 ©
OO W< <+ O OO NN+ OO0 W PO N~NOO
—~ T T T a5 i sl i i i el i e 0 0 ] M AN N ~— ~850000
NN N O SNeE——— | _ NN
Parameter Value ~800000
1 Origin Bruker BioSpin GmbH
~750000
2 Owner root
3 Spectrometer spect
4 Solvent DMSO ~700000
5 Temperature 298.0
6 Number of Scans 32 ~650000
7 Spectrometer Frequency 150. 90 I
8 Nucleus 13C ~600000
= L
~550000
F N
A L
N \_/ 500000
\ —/\_m |
Boc ~450000
3v
~400000<
[\2)
L 3
~350000
~300000
~250000
~200000
~150000
| | |
| _ _ _ 100000
| It r
‘ _ = ‘ ! _ 50000
|
o _7 ._._— _ L " N __.r__. _ | __ IO
~—50000
T LE— T T T | — T T T LE— T T T | — T T T LE— T T LE— T T T | — T T T LE— T T T | — T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)



7.33
7.33

6. 37
v
6. 18

<6. 18

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

8 Nucleus

ANO OO
[Nl S S NasNag)
RFug g
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu

spect
CDC13
300.0
8

7 Spectrometer Frequency 600. 13

1H

Cl

2.90
2.89
2. 88
—2.21
—1.60

2.0] = —=——m1-o
2.00—= ———m-o

10.0 9.5 9.0

5.5 5.0

f1 (ppm)

6500

—6000

—5500

—5000

4500

—4000

—3500

3000

2500

2000

—1500

1000

500

~—500

S338



< AN~ DO NO — Lo I I
N oo Oy N < — — D~ >~ 0 (@)} — 0~ 0O O
. .. A N 0 oW ~650
N [exee) COH 0D~ O~ O~ . . « o e
Nej < < N ANANANAN O Lo 0 o0 — O L
— — v v ]y p—— 0 [ap] AN AN AN
Paramotor Motwe 30 1 N ™7 /=1 _ _ VN 600
1 Origin Bruker BioSpin GmbH r
2 Owner nmrsu L 550
3 Spectrometer spect
4 Solvent CDC13 I
5 Temperature 299.9 L 500
6 Number of Scans 20
7 Spectrometer Frequency 150. 90 I
8 Nucleus 13C ~450
O 400
Cl A N
\__/
N ~350
\
Boc Me L
Sw 300
=250
=200
~150
~100
| L
_ | |1
_ : viA A
,. e o
~—50
, T T LE— T T T | — T T T LE— T T T | — T T T LE— T T LE— T T T | — T T T LE— T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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f1 (ppm)

O~ MAO O S W WO WD O O < O LW N LO <+ 000 b= O 21000
[N e) WO <FHOH AN NN — — < < < [epNerNerih Al Sl NelNelie«rrNeorNop) |
0005 b= b by I NG 6 © B S < < < NaNdNN Ao o 90000
Paramotor N T ~ N \=— ~— I
1 Origin Bruker BioSpin GmbH ~19000
2 Owner nmrsu 18000
3 Spectrometer spect |
4 Solvent CDC13 IH‘NOOO
5 Temperature 300.0 | L
6 Number of Scans 16 16000
7 Spectrometer Frequency 600. 13 3
8 Nucleus 1H ~15000
~14000
O ~13000
N L
N\ \ ~12000
Boc ~11000
~10000
~9000
~8000
=7000
~6000
~5000
~4000
_ L
~3000
~2000
| | | _ r
__ ] _4 ‘ # F ; _ L1000
x_ A 1 -0
f AN Foy T U f F i
O NN A ol <+ S N — N — S i
9. et I QD < < < — X < L-1000
ja) SO — o O (@] (@) (@ Al o0 on |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 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 -0.5
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S N © O 0L 0 — WO = LD 40U
Lo MNMAN OMNMOO=I~ O LO LD (o)} — M [N e NeoyNap]
(o] NS SOOI MO O Lo . . o e e
e} LW O ANANANN A —O < o0 b~ ROANOM
— o A~ 0 [apNap] AN AN A
Paramotor Votwo Y I SN/ = _ Y4 Ve 400
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu
3 Spectrometer spect
4 Solvent CDC13 ~350
5 Temperature 299.9
6 Number of Scans 15
7 Spectrometer Frequency 150. 90
8 Nucleus 13C =300
O
N
N \ 7/ -250
&
Boc
3x
=200
~150
~100
_ |
| | | 50
] A 0
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

S341



-7.13
V7. 11

Parameter
1 Origin
2 Owner
3 Spectrometer
4 Solvent
5 Temperature
6 Number of Scans

8 Nucleus

7 Spectrometer Frequency 600. 13

—7.92
F7.41
4-7.39

Value

Bruker BioSpin GmbH
nmrsu

spect

CDC13

299.9

8

1H

6. 14

6.34
<6. 14

Me N

4. 44
4.43
4.42

2. 92
2.91
2. 90
2. 50
2. 45
2. 43
2. 42
1. 65
1. 64
d: 64
0.97
0. 95

b
/0
\

~9000

8000

—7000

—6000

—5000

—4000

3000

2000

1000

3.09 =

10.0 9.5 9.0 8.5

5.0

f1 (ppm)

4.0

S342



(ap] AN OO — 00—
Lo mM LOLO OO — 0 AN — o b 0 O O AN © O 750
o W T ANANN O <t 0 b~ ONO M
— —N o A~ 0 [apNap] AN AN A
— L N A B N Y R _ Y4 Ve 700
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu 650
3 Spectrometer spect
4 Solvent CDC13 =600
5 Temperature 299.9
6 Number of Scans 27 550
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
~500
O
N\ N ~450
N \ /
Me Y
Boc ~400
3y
~350
=300
—250
~200
~150
|
| | I ~100
|
| | L
—— =50
k 0
~—50
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T -
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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~8. 10
8. 09
~7.61

\7. 60
7. 46
é:17
6. 71

¥

Parameter

1 Origin

2 Owner

3 Spectrometer

4 Solvent

5 Temperature

6 Number of Scans

| r

r
Value

Bruker BioSpin GmbH
nmrsu

spect

CDC13

300.0

16

7 Spectrometer Frequency 600. 13

8 Nucleus

1H

hvg

L

4.53
4.52
4.51
1. 58

/
\

0.98~
0.98~

1.00—= b——m
Sl m—

2.04—= —o

9.19—= f:%

— T " T " T " T " T T T T 1
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

T
5.0
£1 (ppm)

=1 2.04= ;——

—15000

14000

—13000

—12000

—11000

—10000

—9000

—8000

—7000

6000

5000

4000

3000

2000

1000

~—1000

S344



[a) AN MO0 —OY O O 00 AN
< Nr— HHOAND>O 00 00 O o N (o) NolNe)) ~700
Nej OO ANANANANANAN—~A——O Lo (@) 0 (=)
— — o o = = = — —— o0 [ap] [aN] N L 650
Parameter Value Y = | | | | |
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu ~600
3 Spectrometer spect 3
4 Solvent CDC13 550
5 Temperature 300.0
6 Number of Scans 20 I
7 Spectrometer Frequency 150. 90 =500
8 Nucleus 13C |
=450
=400
~350
~300
~250
~200
~150
~100
|
_ | . _ I
=50
AL A hoed IO
~=50
, T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)
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Ay — H M — N A — — NoN ol Sy O o < 0 o~ I
SO OO <H oo IO < < <t <¢ < (opNerNep) © (] ~2200
0 00 7.7.7.FLL,0.6.6.6. < < <A N NN — - -
Parameter N <m~:%VﬂM““u\ rl/y x\\L r/JT\L F/LW\L _ _ meoo
1 Origin Bruker BioSpin GmbH 2000
2 Owner nmrsu r
3 Spectrometer spect ~1900
4 Solvent CDC13 I
5 Temperature 300.0 | wﬂmoo
6 Number of Scans 16 L1700
7 Spectrometer Frequency 600. 13 -
8 Nucleus 1H | ~1600
~1500
O —1400
A -
~1300
\ \_/ .
\ ~1200
Boc L
3aa ~1100
~1000
~900
~800
=700
~600
=500
~400
~300
~200
| | L
__ |l g__ ‘ b 100
1 L
_ A r— LC? L IO
f A 2 f i i f -
() W) — — cn o0 (e} O O o~ L-100
S S — S Y (e} (@) (=) —
~—200
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)
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o O o~ OO O 0 ML Oy X0
0 © <t OO0 AN O~ 1D=1D~ L0 < <HD- 0 LO O L300
. e o e e e e . (o)) SO O AN~
AN — () DADWE=I=LO M O O < . .
Nele) Lo NN ANANANAN = —O <t OO O 0O
— — — o ] ——] o0 M AN AN AN 750
Parameter Yelue | VY N _ A
1 Origin Bruker BioSpin GmbH
2 Owner nmrsu | =700
3 Spectrometer spect |
4 Solvent CDC13 ~650
5 Temperature 300.0
6 Number of Scans 248 600
7 Spectrometer Frequency 150. 90
8 Nucleus 13C
=550
O ~500
N L
>\ / 450
N I
Boc ~400
3aa
~350
~300
=250
D | _ ~200
|
| ~150
~100
~50
0
~—50
, T T LE— T T T | — T T T LE— T T T | — T T T LE— T T LE— T T T | — T T T LE— T T T | — T T 1
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)
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