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1. General information

Nuclear magnetic resonance (NMR) spectra were recorded in DMSO-ds on JEOL
600 NMR instrument. Proton chemical shifts are reported in parts per million (8 scale).
The "H NMR chemical shifts are reported in ppm with the internal TMS signal at 0.0
ppm as standard. The '3C NMR chemical shifts were given using DMSO-ds as the
internal standard (DMSO-ds: 6 = 39.50 ppm). Data are reported as follows: chemical
shift [multiplicity (s = singlet, d = doublet, dd = doublet of doublets, t = triplet, q =
quartet, quin = quintet, m = multiplet, td = triplet doublet, br s = broad singlet), coupling
constant(J) (Hz), integration]. High-resolution mass spectra (HRMS) were obtained
using Agilent P/N G1969-90010 or Waters/Acquity UPLC-Synapt GZHDMS. High-
resolution mass spectra were reported for the molecular ion [M+Na]". X-ray diffraction
experiment was carried out on an Agilent Gemini and the data obtained were deposited
at the Cambridge Crystallographic Data Centre. UV detection was performed at 254
nm. Column chromatography was performed on silica gel (200-300 mesh) using an
eluent of ethyl acetate (EtOAc) and petroleum ether (PE). TLC was performed on glass-
backed silica plates; products were visualized using UV light. All reagents and solvents
were obtained commercially and used without further purification. N-alkoxy indol-2-
ylamides 1[?!, azolactones 2! were prepared according to the literature procedures.
Melting points were recorded on the BUCHI Melting Point M-565 instrument. Unless
otherwise noted, all reagents were obtained commercially and used without further

purification.
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2. Attempt of asymmetric versions

PMR

[0} catalyst )\NH
N NHOBn DDQ OBnes. /°
+ o B —_—
n
H (o) )QN solvent, rt \ N\OBn

N
H

c1 Cc2 Cc3

cud, oS oGy

C5 ceé

c4

c7

<20
"

S‘i\/Ph
e
%p
0" “OH
.
si

c12

c10 c11

3/ 80



entry® oxidant catalyst. solvent yield (%) ee (%)°

1 DDQ C1 DCM 35 20
2 DDQ C2 DCM 40 25
3 DDQ C3 DCM 45 11
4 DDQ C4 DCM 30 5
5 DDQ Cs DCM 33 <5
6 DDQ Cé DCM 38 <5
7 DDQ C7 DCM 28 <5
8 DDQ C8 DCM 33 7
9 DDQ Cc9 DCM 40 5
10 DDQ C10 DCM 30 <5
11 DDQ C11 DCM 48 10
12 DDQ C12 DCM 40 10
13 DDQ C2 toluene 46 95
14 DDQ C2 CHCI3 - -
15 DDQ C2 actone - -

“Reaction conditions: 1a (0.1 mmol, 1.0 equiv), 2a (0.2 mmol, 2.0 equiv), DDQ (0.2 mmol, 2.0
equiv) and C (20 mol%) in 2.0 mL of toluene at rt for 12h. “Isolate yield. “The ee value determined

by HPLC analysis.
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PMR

O catalyst )\NH
2
B NHOR DDQ 0 gz 0
R + o — > R
I = R® toluene, rt }I N
H (6] )QN u ’ _ \ N\ORZ
N

PMP
H 0
1 2 3
entry® R! R? R3 catalyst.  yield (%)°  ee (%)°

1 5-F Bn Bn C1 32 45
2 6-Cl Bn Bn C1 34 47
3 5-Me Bn Bn C1 30 5
4 6-OMe  Bn Bn C1 38 17
5 - Bn 2-Me-Bn C1 35 17
6 Bn 4-Cl-Bn C1 24 21
7 Bn 3-Br-Bn C1 20 7
8 Bn 2-Cl-Bn C1 36 11
9 Bn 2-Me-Bn C2 43 7
10 Bn 3-Br-Bn C2 38 21
11 Bn 2-Cl-Bn C2 30 <5
12 5-F Bn Bn C2 28 <5
13 6-Cl Bn Bn C2 38 35
14 - Bn Bn C2 46 95
15 - Bn Ph C2 29 <5
16 Ph Bn C2 42 9
17 - Me Bn C2 38 33
18 - Bn 4-Cl-Bn C2 34 33

“Reaction conditions: 1 (0.1 mmol, 1.0 equiv), 2 (0.2 mmol, 2.0 equiv), DDQ (0.2mmol, 2.0 equiv)
and C (20 mol%) in 2.0 mL of toluene at rt for 12 h. “Isolate yield. “The ee value determined by

HPLC analysis.

To a mixture of N-alkoxy indol-2-ylamides 1 (0.1 mmol), azolactones 2 (0.2 mmol),
DDQ (0.2 mmol) in DCM (2.0 mL) was added chiral catalysts (20 mol%) at room

temperature for 12 h. By examining several chiral catalyst types, the chiral product 3a
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was created in 46% yield with the highest result being 95% ee. Unfortunately, the

reaction might be inhibited by the chiral catalyst, which lowers the reaction yield.
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3. General procedure for the synthesis of products 3

%o
O HN 5

X NHOR? o DDQ (2.0 equiv) 1 R3Z

R’I_l \ . R3 R \/I \
~F N 0 pMPJQN _/ \ N—0oR?2
H DCM N
H o]
1 2 3

General procedure A: To a mixture of N-alkoxy indol-2-ylamides 1 (0.1 mmol),
azolactones 2 (0.2 mmol) in DCM (2.0 mL) was added DDQ (45.4 mg, 0.2 mmol) at
room temperature for 12 h. After completed (monitored by TLC), the reaction mixture
was purified by flash chromatography on silica gel (PE/EA = 5/1) to give the pure
products 3.

General procedure B: To a mixture of N-alkoxy indol-2-ylamides 1 (0.1 mmol),
azolactones 2 (0.05mmol each time) in four batches, with an interval of three hours in
DCM (2.0 mL) was added DDQ (45.4 mg, 0.2 mmol) at room temperature for 12 h.
After completed (monitored by TLC), the reaction mixture was purified by flash
chromatography on silica gel (PE/EA = 5/1) to give the pure products 3.

Ethyl N-(4-benzyl-2-(benzyloxy)-1,3-dioxo-2,3,4,9-tetrahydro-1H-pyrido|[3,4-
blindol-4-yl)-4-methoxybenzamide (3a)
PMR The residue was purified by flash chromatography (PE/EA =
HN\/QO 5/1) giving the product 3a as a white solid in 75% yield (41.0

= O
mg), m. p. 285.3 —286.0 °C. '"H NMR (600 MHz, DMSO-ds) 0

\ NOBn

12.12 (s, 1H), 9.80 (s, 1H), 8.11 (d, J = 7.8 Hz, 1H), 7.91 (d, J

— 9.0 Hz, 2H), 7.52 — 7.51 (m, 3H), 7.44 — 7.40 (m, 3H), 7.37
(t,J=7.2 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.12 (t, J = 7.2 Hz, 1H), 7.06 — 7.02 (m,
4H), 6.48 (d, J = 7.8 Hz, 2H), 4.80 (d, J= 9.6 Hz, 1H), 4.61 (s, 1H), 3.83 (d, J = 12.6
Hz, 1H), 3.81 (s, 3H), 3.59 (d, J = 12.6 Hz, 1H). 3C NMR (150 MHz, DMSO-dg) §
170.1, 165.5, 162.1, 155.7, 138.5, 134.5, 133.0, 129.61, 129.57, 129.3, 128.8, 128.4,
127.9, 127.3, 125.8, 124.9, 123.8, 122.9, 120.8, 120.6, 113.6, 113.4, 77.2, 61.4, 55.4,
44.7. HRMS (ESI-TOF) m/z [M + Na]" Calcd for C33H27N30sNa" 568.1843; found

568.1843.
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Ethyl N-(4-benzyl-2-(benzyloxy)-6-methyl-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3b)
PMP>< The residue was purified by flash chromatography (PE/EA
(0]

HN' = 5/1) giving the product 3b as a white solid in 82% yield

Me Bn

O

(46.0 mg), m. p. 223.2 — 224.1 °C. 'H NMR (600 MHz,
\ NOBnN

N DMSO-de) & 12.00 (s, 1H), 9.77 (s, 1H), 7.91 (t, J= 8.4 Hz,

" 3H), 7.52 (d, J= 6.6 Hz , 2H), 7.43 — 7.39 (m, 4H), 7.20 (d,
J=9.0 Hz, 1H), 7.12 (t, J= 7.2 Hz, 1H), 7.04 (t, J = 7.8 Hz, 4H), 6.49 (d, /= 7.2 Hz,
2H), 4.78 (d, J= 9.0 Hz, 1H), 4.60 (s, 1H), 3.84 (d, J= 12.6 Hz, 1H), 3.82 (s, 3H), 3.57
(d, J = 12.6 Hz, 1H), 2.43 (s, 3H). '3C NMR (150 MHz, DMSO-ds) § 170.2, 165.4,
162.1, 155.7, 137.0, 134.5, 133.1, 129.62, 129.60, 129.3, 128.8, 128.4, 127.8, 127.7,
127.3, 125.0, 123.8, 123.2, 119.99, 119.90, 113.6, 113.1, 77.2, 61.4, 55.4, 44.6, 21 4.

HRMS (ESI-TOF) m/z [M + Na]" Calcd for C34H20N30sNa" 582.1999; found 582.2003.

Ethyl N-(4-benzyl-2-(benzyloxy)-7-methoxy-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3c)
PMR The residue was purified by flash chromatography
HN\/QO (PE/EA = 5/1) giving the product 3¢ as a white solid in
1 73% yield (42.0 mg), m. p. 257.8 — 258.5 °C. '"H NMR
VO { Noen
(600 MHz, DMSO-ds) 6 11.92 (s, 1H), 9.73 (s, 1H), 7.97
(d,/=9.0 Hz, 1H), 7.90 (d, J= 8.4 Hz, 2H), 7.52 (d, J =
5.4 Hz, 2H), 7.43 — 7.39 (m, 3H), 7.12 (t, /= 7.2 Hz, 1H), 7.07 - 7.02 (m, 4H), 6.91 (d,
J=1.8 Hz, 1H), 6.87 (dd, J = 8.4, 2.4 Hz, 1H), 6.50 (d, J= 7.2 Hz, 2H), 4.78 (d, J =
9.6 Hz, 1H), 4.59 (s, 1H), 3.82 (s, 6H), 3.78 (d, /= 13.2 Hz, 1H), 3.56 (d, J=12.6 Hz,
1H). *C NMR (150 MHz, DMSO-ds) 6 170.1, 165.4, 162.1, 158.6, 155.4, 139.9, 134.5,
133.0,129.6,129.3,128.8, 128.4, 127.8, 127.3, 125.0, 122.7,121.7,121.4, 117.3, 113.6,
112.5,94.7, 77.2, 61.3, 55.4, 55.2, 44.9. HRMS (ESI-TOF) m/z [M + Na]" Calcd for

C34H20N306Na™ 598.1949; found 598.1955.
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Ethyl N-(4-benzyl-2-(benzyloxy)-6-fluoro-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3d)

PMP The residue was purified by flash chromatography (PE/EA =
HN\/QO 5/1) giving the product 3d as a white solid in 60% yield (34.0
F. z 6]
BN =~

mg), m. p. 259.2 — 260.1 °C. "H NMR (600 MHz, DMSO-de)
W NOBM 51208 (s, TH), 9.74 (s, 1H), 7.92 — 7.90 (m, 3H), 7.5 — 7.52
0 (m, 3H), 7.44 — 7.40 (m, 3H), 7.26 (td, J = 9.0, 2.4 Hz, 1H),
7.13 (t,J = 7.2 Hz, 1H), 7.07 — 7.04 (m, 4H), 6.51 (d, J = 7.2 Hz, 2H), 4.81 (d, J= 9.0
Hz, 1H), 4.63 (s, 1H), 3.87 (d,J=27.0 Hz, 1H), 3.82 (s, 4H), 3.56 (d, J = 12.6 Hz, 1H).
13C NMR (150 MHz, DMSO-ds) 8 169.9, 165.4, 162.1, 157.3 (d, J = 234.0 Hz), 155.5,
135.2, 134.4, 133.0, 129.6 (d, J = 4.5 Hz), 1293, 128.8, 128.4, 127.9, 127.4, 125.3,
124.8,122.8 (d, J = 10.5 Hz), 120.4 (d, J = 6.0 Hz), 115.0 (d, J =10.5 Hz), 114.8 (d, J
=27.0 Hz), 113.7, 105.2 (d, J = 22.5 Hz), 77.3, 61.2, 55.4, 44.4. HRMS (ESI-TOF) m/z

[M + Na]" Calcd for C33H26FN30sNa* 586.1749; found 586.1746.

Ethyl N-(4-benzyl-2-(benzyloxy)-6-bromo-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3e)

PMP The residue was purified by flash chromatography (PE/EA =

HN\/Q o 5/1) giving the product 3e as a white solid in 45% yield (28.0

o B>/ mg), m. p. 153.2 — 154.6 °C. 'H NMR (600 MHz, DMSO-de)
) W MNP 51240 (s, 1H), 9.83 (s, 1H), 8.38 (s, 1H), 7.92 (d, J= 9.0 Hz,

o0 2H), 7.51 (d, J = 5.4 Hz, 2H), 7.49 (d, J = 1.2 Hz, 2H), 7.44

—7.40 (m, 3H), 7.13 (t, J= 7.8 Hz, 1H), 7.08 — 7.04 (m, 4H), 6.50 (d, J = 7.2 Hz, 2H),
4.80 (d, J= 9.6 Hz, 1H), 4.62 (s, 1H), 3.85 (d, J = 12.6 Hz, 1H), 3.83 (s, 3H), 3.56 (d,
J=12.6 Hz, 1H). 3C NMR (150 MHz, DMSO-ds) 5 169.8, 165.4, 162.2, 155.4, 137.1,
134.4, 132.9, 129.6, 129.3, 128.9, 128.44, 128.37, 127.9, 127.4, 124.9, 124.7, 124.4,
123.0, 119.9, 115.5, 113.7, 113.4, 77.3, 61.2, 55.4, 44.5. HRMS (ESI-TOF) m/z [M +
Na]" Caled for C33H26BrN:OsNa* 646.0948; found 646.0956.

9/ 80



Ethyl N-(4-benzyl-2-(benzyloxy)-7-chloro-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|3,4-b]indol-4-yl)-4-methoxybenzamide (3f)
PMP The residue was purified by flash chromatography (PE/EA

HN\/QO = 5/1) giving the product 3f as a white solid in 59% yield

z O
B~ (34.0 mg), m. p. 261.2 — 262.6 °C. 'H NMR (600 MHz,

NOB
cl \ " DMSO-de) § 12.31 (s, 1H), 9.80 (s, 1H), 8.12 (d, J = 8.4

Iz

O Hz, 1H), 7.90 (d, J= 9.0 Hz, 2H), 7.52 (d, J = 5.4 Hz, 3H),
7.44 —7.39 (m, 3H), 7.26 (dd, J= 8.4, 1.8 Hz, 1H), 7.13 (t, J= 7.8 Hz, 1H), 7.08 — 7.02
(m, 4H), 6.50 (d, J = 7.8 Hz, 2H), 4.82 (d, J = 9.6 Hz, 1H), 4.63 (s, 1H), 3.82 (s, 3H),
3.80 (d, J = 12.6 Hz, 3H), 3.59 (d, J = 12.6 Hz, 1H). 13C NMR (150 MHz, DMSO-de)
8 170.0, 165.6, 162.1, 155.4, 138.8, 134.4, 132.9, 130.5, 129.63, 129.58, 129.3, 128.9,
128.4, 127.9, 127.4, 124.8, 124.6, 122.4, 121.7, 121.6, 120.8, 113.6, 112.8, 77.3, 61.3,
55.4, 44.7. HRMS (ESI-TOF) m/z [M + Na]* Calcd for C33HasCIN3OsNa* 602.1453;
found 602.1454.

Ethyl N-(2-(benzyloxy)-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-pyrido|[3,4-
blindol-4-yl)-4-methoxybenzamide (3g)

pmp The residue was purified by flash chromatography (PE/EA =

HN o 5/1) giving the product 3g as a white solid in 94% yield (50.0

mg), m. p. 183.3 — 184.2 °C. '"H NMR (600 MHz, DMSO-ds)
NOBN 51246 (s, 1H), 9.97 (s, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.78 (d,

M 0 J=8.4Hz, 1H), 7.54 (d, J= 8.4 Hz, 1H), 7.40 — 7.38 (m, 5H),
7.36 —7.35 (m, 2H), 7.33 — 7.29 (m, 4H), 7.02 (t, J= 7.2 Hz, 1H), 6.98 (d, J = 8.4 Hz,
2H), 4.98 — 4.94 (m, 2H), 3.80 (s, 3H). '*C NMR (150 MHz, DMSO-ds) & 169.4, 166.2,
162.1,156.2,138.8,137.3, 134.3,129.9, 129.4, 129.0, 128.8, 128.6, 128.3, 127.7, 125.8,
124.9, 123.9, 123.3, 121.8, 120.9, 120.7, 113.5, 113.3, 77.0, 63.2, 55.4. HRMS (ESI-

TOF) m/z [M + Na]* Calcd for C3H2sN30sNa" 554.1686; found 554.1687.
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Ethyl N-(2-(benzyloxy)-6-methyl-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3h)
pvp Lhe residue was purified by flash chromatography (PE/EA

HN /&O = 5/1) giving the product 3h as a white solid in 97% yield

Me S (53.0 mg). m.p. 220.1 — 221.0 °C. 'H NMR (600 MHz,
\\_ NOBN  DMSO-ds) § 12.34 (s, 1H), 9.95 (s, 1H), 7.96 (d, J=9.0 Hz,
HooY 2H), 7.58 (s, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.40 — 7.38 (m,
5H), 7.37 —7.35 (m, 2H), 7.33 — 7.31 (m, 3H), 7.13 (d, J= 8.4 Hz, 1H), 6.99 (d, J= 8.4
Hz, 2H), 4.98 — 4.94 (m, 2H), 3.80 (s, 3H), 2.24 (s, 3H). *C NMR (150 MHz, DMSO-
de) 8 169.4, 166.2, 162.1, 156.2, 137.3, 137.2, 134.3, 129.9, 129.42, 129.37, 128.9,
128.7, 128.5, 128.2, 127.75, 127.68, 124.9, 123.8, 123.5, 120.8, 120.2, 113.5, 113.0,
76.9, 63.2, 55.4, 21.2. HRMS (ESI-TOF) m/z [M + Na]" Caled for C33H27N305Na*

568.1843; found 568.1839.

Ethyl N-(2-(benzyloxy)-7-methoxy-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3i)

pvp Lhe residue was purified by flash chromatography
(PE/EA =5/1) giving the product 3i as a white solid in 93%
yield (52.0 mg), m. p. 160.3 — 161.2 °C. 'TH NMR (600
MHz, DMSO-ds) 6 12.26 (s, 1H), 9.92 (s, 1H), 7.94 (d, J

= 9.0 Hz, 2H), 7.66 (d, J = 9.0 Hz, 1H), 7.41 — 7.38 (m,
5H), 7.35 — 7.32 (m, 5H), 6.98 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 1.8 Hz, 1H), 6.69 (dd,
J =90, 1.8 Hz, 1H), 4.96 — 4.93 (m, 2H), 3.80 (s, 3H), 3.78(s, 3H). '3C NMR (150
MHz, DMSO-ds) 6 169.3,166.1, 162.0, 158.7, 155.9, 140.2, 137.4, 134.4, 129.9, 129 4,
128.9, 128.7, 128.5, 128.2, 127.6, 124.9, 122.7, 122.6, 121.7, 117.7, 113.5, 112.4, 94.5,
76.9, 63.1, 55.4, 55.2. HRMS (ESI-TOF) m/z [M + Na]" Calcd for C33H27N30sNa*
584.1792; found 584.1786.
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Ethyl N-(2-(benzyloxy)-6-fluoro-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3j)

pmp  The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3j as a white solid in 91% yield (50.0
mg), m. p. 247.3 — 248.1 °C. 'H NMR (600 MHz, DMSO-dj)
012.61 (s, 1H), 9.93 (s, 1H), 7.94 (d, J=9.0 Hz, 2H), 7.60 (d,

o J=9.6 Hz, 1H), 7.56 —7.54 (m, 1H), 7.42 — 7.38 (m, 5H), 7.35
(d,J = 8.4 Hz, 2H), 7.32 — 7.31 (m, 3H), 7.19 (t, J = 8.4 Hz, 1H), 7.00 (d, J = 7.8 Hz,
2H), 4.98 — 4.93 (m, 2H), 3.80 (s, 3H). '*C NMR (150 MHz, DMSO-ds) 5 169.1, 166.2,
162.1, 157.3 (d, J = 234.0 Hz), 156.0, 136.3 (d, J = 237.0 Hz), 134.2, 129.9, 1294,
129.1, 128.8, 128.6, 128.2, 127.6, 125.5, 124.7, 123.2 (d, J = 12.0 Hz), 120.5 (d, J =
6.0 Hz), 1149 (d, J=15.0 Hz ), 114.8, 113.6, 105.9 (d, J = 24.0 Hz), 77.0, 62.9, 55.4.
HRMS (ESI-TOF) m/z [M + Na]" Caled for CsH24FN3OsNa™ 572.1592; found
572.1589.

Ethyl N-(2-(benzyloxy)-6-bromo-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3k)

pmp The residue was purified by flash chromatography (PE/EA
= 5/1) giving the product 3k as a white solid in 90% yield
(55.0 mg), m. p. 256.9 — 257.6 °C. '"H NMR (600 MHz,
DMSO-ds) 6 12.72 (s, 1H), 10.03 (s, 1H), 8.09 (s, 1H), 7.96

(d,J=8.4 Hz, 2H), 7.51 (d, J= 8.4 Hz, 1H), 7.43 — 7.39 (m,
6H), 7.36 — 7.31 (m, 5H), 7.01 (d, J = 8.4 Hz, 2H), 4.98 — 4.94 (m, 2H), 3.81 (s, 3H).
13C NMR (150 MHz, DMSO-de) & 168.9, 166.2, 162.2, 156.0, 137.3, 137.0, 134.2,
129.9, 129.4, 129.1, 128.8, 128.6, 128.5, 128.2, 127.6, 125.1, 124.72, 124.70, 123.7,
120.0, 115.4, 113.6, 113.4, 77.0, 62.9, 55.4. HRMS (ESI-TOF) m/z [M + Na]" Calcd
for C32H24BrN3OsNa't 632.0792; found 632.0796.
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Ethyl N-(2-(benzyloxy)-7-fluoro-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-4-yl)-4-methoxybenzamide (31)

The residue was purified by flash chromatography (PE/EA
= 5/1) giving the product 31 as a white solid in 91% yield
(50.0 mg), m. p. 270.2 — 271.0 °C. 'H NMR (600 MHz,
DMSO-ds) 6 12.59 (s, 1H), 9.98 (s, 1H), 7.94 (d, J = 8.4

Hz, 2H), 7.82 (dd, J=9.0, 5.4 Hz, 1H), 7.41 —7.38 (m, 5H),
7.36—7.31 (m, 5H), 7.26 (d, J = 12.0 Hz, 1H), 6.9 (d, J= 9.0 Hz, 2H), 6.96 — 6.94 (m,
1H), 4.98 — 4.93 (m, 2H), 3.80 (s, 3H). *C NMR (150 MHz, DMSO-dé) & 169.2, 166.2,
162.1, 161.1 (d,J=240.0 Hz), 155.9, 139.0 (d, /= 13.5Hz), 137.1, 134.2, 129.9, 129 4,
129.1, 128.8, 128.6, 128.2, 127.6, 124.8, 124.6 (d, J = 3.0 Hz), 123.5 (d, /= 9.0 Hz),
1212, 120.2, 113.5, 110.3 (d, J = 24.0 Hz), 98.8 (d, J = 25.5 Hz), 77.0, 63.1, 55.4.
HRMS (ESI-TOF) m/z [M + Na]" Caled for C3H24FN3OsNa™ 572.1592; found
572.1595.

Ethyl N-(2-(benzyloxy)-7-chloro-1,3-dioxo-4-phenyl-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3m)

The residue was purified by flash chromatography (PE/EA
= 5/1) giving the product 3m as a white solid in 80% yield
(45.0 mg), m. p. 193.3 — 194.1 °C. 'H NMR (600 MHz,
DMSO-ds) 6 12.64 (s, 1H), 9.99 (s, 1H), 7.94 (d, J = 8.4

Hz, 2H), 7.82 (d,J=8.4 Hz, 1H), 7.55 (d, /= 1.8 Hz, 1H),
7.42 —7.38 (m, 5H), 7.36 — 7.31 (m, 5H), 7.09 (dd, J = 8.4, 1.8 Hz, 1H), 6.99 (d, J =
9.0 Hz, 2H), 4.98 —4.94 (m, 2H), 3.80 (s, 3H). *C NMR (150 MHz, DMSO-ds) 5 169.1,
166.2,162.1, 156.0, 139.0, 137.0, 134.2, 130.6, 129.9, 129.4, 129.1, 128.8, 128.6, 128 .2,
127.6, 124.8, 124.7, 123.3, 122.0, 121.4, 121.0, 113.5, 112.7, 77.0, 63.0, 55.4. HRMS
(ESI-TOF) m/z [M + Na]" Calcd for C3:H24CIN3OsNa* 588.1297; found 588.1305.
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Ethyl N-(2-(benzyloxy)-4-(2-methylbenzyl)-1,3-dioxo0-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-4-yl)-4-methoxybenzamide (3n)

The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3n as a white solid in 95% yield (53.0
mg), m. p. 247.6 — 248.3 °C. 'H NMR (600 MHz, DMSO-ds)
0 12.18 (s, 1H), 9.81 (s, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.93

(d, J=9.0 Hz, 2H), 7.51 (t, J = 9.0 Hz, 3H), 7.43 — 7.39 (m,
3H), 7.35 (t, J= 8.4 Hz, 1H), 7.16 (t, J= 7.8 Hz, 1H), 7.04 — 7.01 (m, 3H), 6.98 (d, J =
7.8 Hz, 1H), 6.84 (t, J= 7.8 Hz, 1H), 6.25 (d, J = 7.8 Hz, 1H), 4.62 (d, J = 40.8 Hz,
2H), 3.82 (s, 3H), 3.76 (s, 1H), 1.88 (s, 3H). '*C NMR (150 MHz, DMSO-de) & 170.5,
165.4,162.1,155.8, 138.5, 137.3, 134.4, 131.6, 130.3, 130.1, 129.7, 129.2, 128.8, 128 4,
127.3,125.8, 125.1, 125.0, 123.6, 123.2, 121.2, 120.83, 120.79, 113.6, 113.4, 77.2, 61 .4,
55.4,40.9, 19.0. HRMS (ESI-TOF) m/z [M + Na]* Caled for C34HaoN3OsNa' 582.1999;
found 582.2008.

Ethyl N-(2-(benzyloxy)-4-(4-methylbenzyl)-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|3,4-b]indol-4-yl)-4-methoxybenzamide (30)

The residue was purified by flash chromatography
(PE/EA = 5/1) giving the product 30 as a white solid in
71% yield (40.0 mg), m. p. 230.2 — 231.0 °C. 'H NMR
(600 MHz, DMSO-ds) 6 12.11 (s, 1H), 9.77 (s, 1H), 8.11

(d,/J=7.8Hz, 1H), 791 (d,J=8.4 Hz, 2H), 7.52 (t,J =
4.8 Hz, 3H), 7.44 — 7.40 (m, 3H), 7.36 (t, J=7.2 Hz, 1H), 7.20 (t, /= 7.8 Hz, 1H), 7.02
(d, /=9.0 Hz, 2H), 6.85 (d, J=7.8 Hz, 2H), 6.37 (d, /= 7.8 Hz, 2H), 4.84 (d, /= 9.6
Hz, 1H), 4.66 (s, 1H), 3.81 (s, 3H), 3.79 (s, 1H), 3.55 (d, J=13.2 Hz, 1H), 2.13 (s, 3H).
B3C NMR (150 MHz, DMSO-ds) § 170.2, 165.5, 162.1, 155.7, 138.5, 136.4, 134.5,
129.9, 129.6, 129.4, 129.3, 128.8, 128.42, 128.36, 125.7, 124.9, 123.8, 122.9, 120.9,
120.8, 120.6, 113.6, 113.4, 77.3, 61.4, 55.4, 44.3, 20.5. HRMS (ESI-TOF) m/z [M +
Na]" Calcd for C34H20N305Na* 582.1999; found 582.1997.
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Ethyl N-(2-(benzyloxy)-4-(4-methoxybenzyl)-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]lindol-4-yl)-4-methoxybenzamide (3p)

The residue was purified by flash chromatography
(PE/EA = 5/1) giving the product 3p as a white solid
in 83% yield (48.0 mg), m. p. 133.2 — 134.0 °C. 'H
NMR (600 MHz, DMSO-ds) 6 12.12 (s, 1H), 9.76 (s,

1H), 8.10 (d, J = 7.8 Hz, 1H), 7.91 — 7.89 (m, 2H),
7.54 — 7.51 (m, 3H), 7.44 — 7.39 (m, 3H), 7.38 — 7.35 (m, 1H), 7.21 — 7.19 (m, 1H),
7.03 —7.00 (m, 2H), 6.61 (d, J= 9.0 Hz, 2H), 6.38 (d, J= 8.4 Hz, 2H), 4.84 (d,J=9.6
Hz, 1H), 4.67 (s, 1H), 3.81 (s, 3H), 3.77 (d, J= 12.6 Hz, 1H), 3.59 (s, 3H), 3.53 (d, J =
12.6 Hz, 1H). '3C NMR (150 MHz, DMSO-ds) § 170.3, 165.5, 162.1, 158.4, 155.8,
138.6,134.5, 130.6, 129.6, 129.3, 128.8, 128.4, 125.8, 125.0, 124.8, 123.8, 122.9, 120.9,
120.8, 120.7, 113.6, 113.5, 113.3, 77.3, 61.6, 55.4, 54.9, 43.9. HRMS (ESI-TOF) m/z
[M + Na]" Calcd for C3sH20N30¢Na* 598.1949; found 598.1949.

Ethyl N-(2-(benzyloxy)-4-(2-chlorobenzyl)-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3q)

The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3q as a white solid in 90% yield (52.0
mg), m. p. 240.0 —241.0 °C. 'H NMR (600 MHz, DMSO-ds)
012.17 (s, 1H), 9.86 (s, 1H), 7.94 (s, 3H), 7.55—7.32 (m, 7H),

7.21 —7.05 (m, 6H), 6.65 (s, 1H), 4.79 (d, J = 89.4 Hz, 2H),
3.90 (d, J=32.4 Hz, 2H), 3.82 (s, 3H). '*C NMR (150 MHz, DMSO-ds) 8 170.0, 165.5,
162.1, 155.8, 138.6, 134.4, 131.9, 131.1, 129.7, 129.4, 129.32, 129.26, 128.9, 128.4,
126.5, 125.7, 124.9, 123.6, 123.3, 121.0, 120.9, 120.6, 113.6, 113.2, 77.3, 61.3, 55.4,
40.9. HRMS (ESI-TOF) m/z [M + Na]" Calcd for C33H26CIN3OsNa* 602.1453; found
602.1450.
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Ethyl N-(2-(benzyloxy)-4-(3-bromobenzyl)-1,3-dioxo0-2,3,4,9-tetrahydro-1H-
pyrido[3,4-b]indol-4-yl)-4-methoxybenzamide (3r)

Br The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3r as a white solid in 58% yield (36.0
mg), m. p. 170.1 — 171.0 °C. 'H NMR (600 MHz, DMSO-dj)
012.22 (s, 1H), 9.84 (s, 1H), 8.09 (d, /= 7.8 Hz, 1H), 7.91 (d,
J=9.0Hz, 2H), 7.54 (d, J="7.8 Hz, 3H), 7.45 — 7.41 (m, 3H),

7.39 —7.34 (m, 2H), 7.21 (t,J = 7.2 Hz, 1H), 7.04 — 7.00 (m,
3H), 6.73 (s, 1H), 6.39 (d, J= 7.8 Hz, 1H), 4.86 (d, J=9.0 Hz, 1H), 4.61 (d,J = 7.2
Hz, 1H), 3.83 (d, J = 13.2 Hz, 1H), 3.81 (s, 3H), 3.59 (d, J = 12.6 Hz, 1H). *C NMR
(150 MHz, DMSO-ds) 6 170.0, 165.5, 162.1, 155.6, 138.6, 135.8, 134.4, 132.5, 130.2,
130.0, 129.6, 129.1, 128.8, 128.6, 128.4, 125.9, 124.8, 123.7, 122.8, 121.04, 120.97,
120.8, 120.3, 113.6, 113.5, 77.5, 61.2, 55.4, 44.1. HRMS (ESI-TOF) m/z [M + Na]*
Calcd for C33H26BrN3OsNa' 646.0948; found 646.0949.

Ethyl N-(2-(benzyloxy)-4-(4-chlorobenzyl)-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|[3,4-b]indol-4-yl)-4-methoxybenzamide (3s)

The residue was purified by flash chromatography
(PE/EA = 5/1) giving the product 3s as a white solid in
83% yield (48.0 mg), m. p. 163.2 — 164.2 °C. '"H NMR
(600 MHz, DMSO-ds) 6 12.18 (s, 1H), 9.82 (s, 1H), 8.09

(d, J=7.8 Hz, 1H), 7.91 (d, J= 9.0 Hz, 2H), 7.53 (t, J =
7.2 Hz, 3H), 7.43 — 7.40 (m, 3H), 7.37 (t, J = 7.2, 1H), 7.20 (t, J = 7.2 Hz, 1H), 7.14 (d,
J="17.8 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 6.49 (d, J = 7.8 Hz, 2H), 4.88 (d, J= 9.6 Hz,
1H), 4.70 (d, J = 9.6 Hz, 1H), 3.83 (s, 1H), 3.81 (s, 3H), 3.59 (d, J = 12.6 Hz, 1H). 13C
NMR (150 MHz, DMSO-de) 8 170.1, 165.5, 162.1, 155.6, 138.6, 134.4, 132.2, 132.1,
131.3,129.6,129.4, 128.9, 128.4, 127.9, 125.9, 124.9, 123.7, 122.8, 120.9, 120.8, 120.3,
113.6, 113.5, 77.3, 61.3, 55.4, 43.9. HRMS (ESI-TOF) m/z [M + Na]* Calcd for
C33Ha6CIN3OsNa* 602.1453; found 602.1460.
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Ethyl N-(2-(benzyloxy)-4-(4-nitrobenzyl)-1,3-dioxo-2,3,4,9-tetrahydro-1H-

pyrido[3,4-b]indol-4-yl)-4-methoxybenzamide (3t)

o, The residue was purified by flash chromatography
(PE/EA =5/1) giving the product 3t as a yellow solid in
54% yield (32.0 mg), m. p. 164.0 — 165.0 °C. '"H NMR

(600 MHz, DMSO-ds) & 12.21 (s, 1H), 9.89 (s, 1H),

8.10 (d, J= 7.8 Hz, 1H), 7.96 (d, J = 8.4 Hz, 2H), 7.91
(d, J=8.4 Hz, 2H), 7.54 — 7.52 (m, 3H), 7.44 — 7.37 (m, 4H), 7.21 (t, J= 7.8 Hz, 1H),
7.03 (d,J=9.0 Hz, 2H), 6.78 (d, J= 8.4 Hz, 2H), 4.90 (d, J= 9.6 Hz, 1H), 4.73 (d, J =
8.4 Hz, 1H), 3.96 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 3.73 (d, J = 12.6 Hz, 1H). 13C
NMR (150 MHz, DMSO-ds) § 169.9, 165.6, 162.2, 155.5, 146.8, 141.1, 138.6, 134.4,
131.0, 129.6, 129.4, 128.8, 128.3, 126.0, 124.8, 123.5, 122.9, 122.8, 121.0, 120.8, 119.9,
113.64, 113.55, 77.3, 61.1, 55.4, 44.1. HRMS (ESI-TOF) m/z [M + Na]* Calcd for
Ca3H26N4O7Na" 613.1694; found 613.1690.

Ethyl N-(2-(benzyloxy)-4-(naphthalen-2-ylmethyl)-1,3-dioxo-2,3,4,9-tetrahydro-
1H-pyrido[3,4-b]indol-4-yl)-4-methoxybenzamide (3u)

The residue was purified by flash chromatography
(PE/EA = 5/1) giving the product 3u as a yellow solid in
50% yield (30.0 mg), m. p. 188.0 — 192.5 °C. 'H NMR
(600 MHz, DMSO-ds) 6 12.10 (s, 1H), 9.88 (s, 1H), 8.18
(d, J=8.4 Hz, 1H), 7.93 (d, /= 9.0 Hz, 2H), 7.87 — 7.82

(m, 1H), 7.51 (d, J="7.2 Hz, 1H), 7.61 (d, J=7.8 Hz, 1H),
7.55—7.52 (m, 2H), 7.41 —7.36 (m, 7H), 7.25 (t,J = 7.2 Hz, 2H), 7.04 (d, /= 8.4 Hz,
2H), 6.35 (d, J=10.2 Hz, 1H), 4.76 (d, J= 9.6 Hz, 1H), 4.01 (d, J= 12.6 Hz, 1H), 3.83
(d, J = 6.0 Hz, 3H), 3.79 — 3.76 (m, 2H). *C NMR (150 MHz, DMSO-ds) & 170.2,
165.5,162.1,155.5,138.6, 134.4, 132.3,131.9, 130.8, 129.6, 129.0, 128.7, 128.3, 127.4,
127.3, 127.2, 127.1, 126.2, 126.0, 125.9, 124.9, 123.7, 123.0, 120.95, 120.90, 120.7,
113.6, 113.5, 77.2, 61.6, 55.4, 44.9. HRMS (ESI-TOF) m/z [M + Na]" Calcd for

C37H29N30s5Na’ 618.1999; found 618.1993.f
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Ethyl N-(2-(benzyloxy)-4-isopropyl-1,3-dioxo-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindol-4-yl)-4-methoxybenzamide (3v)

PMP  The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3v as a white solid in 52% yield (26.0
mg), m. p. 196.5 — 197.3 °C. 'H NMR (600 MHz, DMSO-dj)
0 12.28 (s, 1H), 9.37 (s, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.86 (d,

J=9.0 Hz, 2H), 7.61 (d, J = 6.0 Hz, 2H), 7.48 (d, J = 8.4 Hz,
1H), 7.45 —7.39 (m, 3H), 7.28 (t, J = 8.4 Hz, 1H), 7.06 (t, J = 7.8 Hz, 1H), 7.00 (d, J =
9.0 Hz, 2H), 5.09 (dd, J = 24.6, 9.6 Hz, 2H), 3.80 (s, 3H), 2.78 (quin, J = 6.6 Hz, 1H),
1.09 (d, J = 6.6 Hz, 3H), 0.77 (d, J = 6.6 Hz, 3H). 3C NMR (150 MHz, DMSO-de) &
169.3,166.0,162.0, 156.5, 138.6,134.7,129.7, 129.3, 128.8, 128.3, 125.5, 125.2, 123.7,
123.0,121.8,121.6,120.3,113.5,113.2,77.3,64.2,55.4,36.3, 17.7, 16.7. HRMS (ESI-
TOF) m/z [M + Na]" Calcd for C20H27N30sNa” 520.1843; found 520.1834.

Ethyl N-(2-(benzyloxy)-4-cyclohexyl-1,3-dioxo-2,3,4,9-tetrahydro-1H-pyrido|3,4-
blindol-4-yl)-4-methoxybenzamide (3w)

PMP  The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3w as a white solid in 37% yield (20.0
mg), m. p. 279.8 — 280.3 °C. '"H NMR (600 MHz, DMSO-ds)
6 12.27 (s, 1H), 9.35 (s, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.85 (d,

J=28.4 Hz, 2H), 7.61 (d, J= 6.0 Hz, 2H), 7.47 (d, J = 8.4 Hz,
1H), 7.45 - 7.39 (m, 3H), 7.28 (t, /= 8.4 Hz, 1H), 7.06 (t,J=7.8 Hz, 1H), 7.00 (d, J =
9.0 Hz, 2H), 5.10 (dd, J = 26.4, 9.6 Hz, 2H), 3.81 (s, 3H), 2.39 (t, J = 12.0 Hz, 1H),
1.99 (d,J=12.6 Hz, 1H), 1.73 (d, J=12.6 Hz, 1H), 1.60 (t, J=11.4 Hz, 2H), 1.53 (d,
J=12.0 Hz, 1H), 1.27 — 1.20 (m, 1H), 1.09 — 1.01 (m, 2H), 0.98 — 0.91 (m, 1H), 0.83
—0.76 (m, 1H). '*C NMR (150 MHz, DMSO-ds) & 169.8, 166.1, 162.0, 156.6, 138.6,
134.7,129.7,129.4,128.8, 128.3, 125.5, 125.3, 123.6, 123.1, 121.8, 121.6, 120.4, 113.5,
113.1,77.3, 64.3, 55.4, 46.1, 27.5, 26.2, 26.0, 25.8, 25.5. HRMS (ESI-TOF) m/z [M +
Na]" Calcd for C32H31N305Na* 560.2156; found 560.2164.
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Ethyl N-(1,3-dioxo-2-phenoxy-4-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindol-4-yl)-4-methoxybenzamide (3x)

PMP  The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 3x as a white solid in 97% yield (51.0
mg), m. p. 220.1 — 221.0 °C. 'H NMR (600 MHz, DMSO-ds)
6 12.60 (s, 1H), 10.08 (s, 1H), 7.97 (d,J=9.0 Hz, 2H), 7.83 (d,

J=8.4Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.44 — 7.38 (m, 6H),
7.34 (t,J = 8.4 Hz, 2H), 7.26 (s, 2H), 7.05 (t, J = 7.8 Hz, 2H), 6.99 (d, J = 9.0 Hz, 2H),
3.80 (s, 3H). *C NMR (150 MHz, DMSO-ds) § 168.9, 166.2, 162.1,158.3, 139.0, 137.1,
129.9,129.5,129.2,128.7,127.7,126.2, 124.7, 123.3, 123.2,121.8, 121.6, 120.9, 113.5,
113.4, 112.4, 63.6, 55.4. HRMS (ESI-TOF) m/z [M + Na]" Calcd for C31H23N30s5Na"
540.1530; found 540.1534.

Ethyl N-(4-benzyl-2-methoxy-1,3-dioxo-2,3,4,9-tetrahydro-1H-pyrido|3,4-

blindol-4-yl)-4-methoxybenzamide (3y)

PMP\/Q The residue was purified by flash chromatography (PE/EA
HN' OO = 5/1) giving the product 3y as a white solid in 83% yield
BN~
(39.0 mg), m. p. 164.7 — 165.2 °C. *H NMR (600 MHz,
\ NOMe
N DMSO-de) 6 12.11 (s, 1H), 9.75 (s, 1H), 8.09 (d, J = 8.4
H 6]

Hz, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 7.8 Hz, 1H),
7.35 (t, J = 7.8 Hz, 1H), 7.19 (t, J = 7.8 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 7.05 — 7.01
(m, 4H), 6.44 (d, J = 7.8 Hz, 2H), 3.81 (s, 3H), 3.79 (s, 1H), 3.59 (s, 3H), 3.55 (d, J =
12.6 Hz, 1H). 3C NMR (150 MHz, DMSO-ds) 5 169.8, 165.4, 162.1, 155.4, 138.5,
132.9,129.6, 129.5, 127.8,127.3, 125.7, 124.9, 123.8, 122.9, 120.8, 120.5, 113.6, 113.4,
63.0, 61.3, 55.4, 44.7. HRMS (ESI-TOF) m/z [M + Na]* Calcd for C27H3N30sNa*
492.1530; found 492.1539.
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Ethyl N-(4-benzyl-2-(benzyloxy)-9-methyl-1,3-dioxo-2,3,4,9-tetrahydro-1H-
pyrido|3,4-b]indol-4-yl)-4-methoxybenzamide (3z)

PMP>< The residue was purified by flash chromatography (PE/EA =
(0]

HN o 5/1) giving the product 3z as a white solid in 61% yield (28.0
> mg), m. p. 147.2 — 148.0 °C. '"H NMR (600 MHz, DMSO-dj) &
N\ o 9.82 (s, 1H), 8.15 (d, /= 7.8 Hz, 1H), 7.90 (d, J = 7.8 Hz, 2H),
’\lf'e © 7.71 (d, J=9.0 Hz, 1H), 7.52 (d, J = 7.2 Hz, 2H), 7.47 — 7.41

(m, 4H), 7.26 (t, J= 7.8 Hz, 1H), 7.14 (t, J = 7.2 Hz, 1H), 7.07 — 7.02 (m, 4H), 6.46 (d,
J=7.2Hz, 2H), 4.78 (d, J= 9.0 Hz, 1H), 4.56 (s, 1H), 4.01 (s, 3H), 3.80 (s, 3H), 3.80
(s, 1H), 3.58 (d, J = 12.6 Hz, 1H). 3C NMR (150 MHz, DMSO-ds) 5 169.6, 165.4,
162.1, 155.9, 140.0, 134.4, 132.9, 129.61, 129.58, 129.3, 128.8, 128.4, 127.9, 127.5,
126.1, 124.8, 122.7, 122.0, 121.6, 121.2, 121.1, 113.6, 111.7, 77.2, 61.2, 55.4, 44.8,
31.2. HRMS (ESI-TOF) m/z [M + Na]" Calcd for C34H20N30sNa* 582.1999; found
582.2000.
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4. Scale-up reaction and transformations of product 3a

PMR

O )\NH
+ (0] B - >
N o )Q n DCM, rt N
—OB
H PMP N N\ n

H o

1a 2a 3a

To a mixture of N-alkoxy indol-2-ylamides 1a (266.1 mg, 1.0 mmol, 1.0 equiv),
azolactones 2a (562.2 mg, 2.0 mmol, 2.0 equiv) in DCM (20.0 mL) was added DDQ
(454.0 mg, 2.0 mmol, 2.0 equiv) at room temperature for 12 h. After completed
(monitored by TLC), the reaction mixture was purified by flash chromatography on

silica gel (PE/EA = 5/1) to give the pure product 3a (480.0 mg, 88% yield) as a white

solid.
PMP PMP
)\NH )\NH
OBnez /0 Mo(CO)g O'Bneg_ P
ACN:H,0 = 9:1(v/v), 120 °C
W S L
N N
H o} H o
3a 4a

Compound 4a was prepared by a modified reported procedure!®’. The corresponding
compound 3a (54.5 mg, 0.1 mmol, 1.0 equiv) was dissolved in acetonitrile/water (9:1

= v/v, ImL), Mo(CO)s (29.0 mg, 0.1 mmol, 1.0 equiv) was added. The reaction was

refiux at 120 °C for 12 h. After completed (monitored by TLC), the reaction mixture

was cooled to room temperature. The reaction mixture was concentrated and purified
by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 1/1) to

afford the pure product 4a (42.0 mg, 95% yield) as a white solid.

PMR PMR

S Jw
O'Bneg N,H,+H,0 O'Bnes
—_—
\ NH EtOH, 78 °C Q_\Q(N\NHZ
N N
H e} H 0

4a 5a

Compound 5a was prepared by a modified reported procedure!*). The corresponding
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compound 4a (43.9 mg, 0.1 mmol, 1.0 equiv) was dissolved in EtOH (20.0 mL) was
added N>H4-H>O (10.0 mg, 0.2 mmol, 2.0 equiv) at 78 °C. After completed (monitored

by TLC), cooled down the reaction to room temperature. The reaction mixture was
concentrated and purified by flash column chromatography on silica gel (petroleum
ether/ethyl acetate = 5/1) to afford the pure product 5a (32.0 mg, 70% yield) as a white
solid.

Ethyl N-(4-benzyl-1,3-dioxo0-2,3,4,9-tetrahydro-1H-pyrido|3,4-b]indol-4-yl)-4-
methoxybenzamide (4a)

PMP The residue was purified by flash chromatography (PE/EA = 1/1)

J=o

HN
BN~ 0o

giving the product 4a as a white solid in 95% yield (42.0 mg), m.
p. 316.2 — 317.0 °C. "H NMR (600 MHz, DMSO-ds) & 11.86 (s,

NH
\ 1H), 10.89 (s, 1H), 9.52 (s, 1H), 8.05 (d, J= 7.8 Hz, 1H), 7.89 (d,

N

N0 J_84Hyz 2H), 7.46 (d,J= 8.4 Hz, 1H), 7.31 (t, /= 7.2 Hz, 1H),
7.15 (t, J= 7.8 Hz, 1H), 7.10 (t, J= 7.2 Hz, 1H), 7.02 (t, J = 7.2 Hz, 4H), 6.45 (d, J =
7.8 Hz, 2H), 3.81 (s, 3H), 3.73 (d, J = 12.6 Hz, 1H), 3.47 (d, J = 12.6 Hz, 1H). 3C
NMR (150 MHz, DMSO-ds) § 174.6, 165.1, 161.9, 159.2, 138.2, 133.6, 129.5, 127.7,
127.0, 125.4, 125.3, 125.2, 123.2, 121.7, 120.7, 120.4, 113.5, 113.2, 60.7, 55.4, 44.7.

HRMS (ESI-TOF) m/z [M + Na]" Calcd for C26H21N304Na" 462.1424; found 462.1431.

Ethyl N-(2-amino-4-benzyl-1,3-dioxo-2,3,4,9-tetrahydro-1H-pyrido|3,4-b]indol-4-
yl)-4-methoxybenzamide (5a)

The residue was purified by flash chromatography (PE/EA =
5/1) giving the product 5a as a white solid in 70% yield (32.0
mg), m. p. 285.0 — 285.8 °C. *H NMR (600 MHz, DMSO-ds)
3 11.91 (s, 1H), 9.62 (s, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.89 (d,

J=8.4Hz, 2H), 7.45 (d, J = 8.4 Hz, 1H), 7.31 (t, J = 8.4 Hz,
1H), 7.15 (t, J = 8.4 Hz, 1H), 7.07 (t, J = 7.2 Hz, 1H), 7.02 (d, J = 8.4 Hz, 2H), 6.99 (d,
J=7.8 Hz, 2H), 6.40 (d, J = 7.2 Hz, 2H), 5.20 (s, 2H), 3.81 (s, 3H), 3.71 (d, J = 12.0
Hz, 1H), 3.51 (d, J = 12.6 Hz, 1H). '3C NMR (150 MHz, DMSO-ds) & 169.9, 166.9,
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141.43, 141.40, 141.3, 136.8, 130.6, 128.1, 128.0, 127.9, 127.6, 127.1, 126.7, 126.2,
126.0, 125.9, 122.6, 115.0, 57.7, 46.2. HRMS (ESI-TOF) m/z [M + Na]" Calcd for
Ca6H22N4O4Na™ 477.1533; found 477.1539.

5. Control experiments

94% (one-pot)

T— PML
0 DDQ o o 1a, 0.06 mmol N
o//& (0.1 mmol) oA prig without DDQ Phmz_ O
Ph —
PMP)\N DCM PMP)QN PH N/J\PMP DCM wom
INT1, HRMS N oo
2g, 0.2 mmol 31.0 mg, 0.06 mmol 1a, 0.06 mmol 3g

with DDQ (0.06 mmol) 7

60% (stepwise)

The mixture of 2g (0.2 mmol), 1a (0.1 mmol) in DCM (2.0 mL) was added DDQ
(0.2 mmol) at room temperature for 12 h. After completed (monitored by TLC), the
reaction mixture was purified by flash chromatography on silica gel (PE/EA = 5/1) to
give the pure products 3g (94% yield). Then, we attempted to inject the reaction using
the stepwise method: the mixture of 2g (0.2 mmol) in DCM (2.0 mL) was added DDQ
(0.1 mmol) at room temperature for 12 h. After completed (monitored by TLC), the
reaction mixture was purified by flash chromatography on silica gel (PE/EA = 25/1) to
give the coupling product INT1 (31.0 mg). The coupling product INT1 (0.06 mmol)
and 1a (0.06 mmol) was added to the solution for 12 h, no product was detected in the
progress at last. The coupling product INT1 (0.06 mmol), 1a (0.06 mmol) and DDQ
(0.06 mmol) was added to the solution for 12 h. After completed (monitored by TLC),
the reaction mixture was purified by flash chromatography on silica gel (PE/EA = 5/1)

to give the pure products 3g (60% yield).

PMR
(6]
step 1 step 2 HN o
NHOBn Phes
% DDQ (0.2 mmol) 2b, 0.2 mml
” e} withou \ NOBn
DCM DCM N Y
1a, 0.1 mmol 39, 53%

The mixture of 1a (0.1 mmol) in DCM (2.0 mL) was added DDQ (0.2 mmol) at room

temperature for 12 h, no product was detected in the progress at last. Then added 2b
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(0.2 mmol) without DDQ in the reaction for another 12 h. After completed (monitored
by TLC), the reaction mixture was purified by flash chromatography on silica gel

(PE/EA = 5/1) to give the pure products 3g (53% yield).

N
DDQ (2.0 equiv) Bn
N NHOBn o BN, o
Bn
N 5 \N DCM, rt \ NOBn
H

1a 2f NR

o]

NHOBn OJg,Bn DDQ (2.0 equiv) o
\ =
N —X—> HN BN
N ) + DCM, rt 7] 0
H
\ NOBn
N

Me’

1a 2g NR

) )

DDQ (2.0 equiv) Q
o O B
o PO
= —
P N ph” NBn N/J\

DCM, rt

2f

In order to investigate the impact of p-methoxyphenyl on azlactones, we conducted
experiments where we replaced p-methoxyphenyl with either phenyl or p-methylphenyl.
The results indicated that regardless of the substitution, the azlactones were degraded
during the reaction, and no target products were formed. Additionally, we examined the
phenyl-substituted azlactones under the presence of oxidant DDQ and observed that no
dimeric intermediate was formed. Instead, it underwent destruction, leading to the
formation of a polar point. As a result, we propose that the p-methoxyphenyl-substituted
azlactones may influence the oxidation process of the reaction through electronic

effects.
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6. Single crystal X-ray diffraction analysis and crystal data

NOPLATON-Jul 11 14:55:04 2023 1607231

To a 5 mL tube containing 3a (30 mg) was added a 1:3 mixture of dichloromethane
and petroleum ether (4 mL). A clear solution was obtained through ultrasound treatment
and was kept at room temperature for 3 day to get crystals of 3a, which were
characterized by single crystal X-ray diffraction. The data were collected by an Agilent

Gemini. 3a contains the supplementary crystallographic data for this paper. These data

28 20221013WM_Oma_c P 1 21/c 1 R = 0.D§

I

RES= 0 11 X

PMR

%NH
Bn~; O

O

N
H

(0]
3a

CCDC = 2271201

can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.

(Ellipsoid contour probability 50%)

Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

(e]

o/
pre

y/°
Volume/A3
Z

pcalcg/cm3

C33H27N30s
545.57
293(2)
monoclinic
P2i/c
18.3523(6)
15.4661(6)
10.0487(3)
90
101.175(2)
90
2798.13(17)
4

1.295
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wmm-1 0.718

F(000) 1144.0

Radiation CuKa (A= 1.54178)

20 range for data collection/°4.908 to 137.612

Index ranges 22<h<22,-14<k<18,-12<1<12
Reflections collected 32786

Independent reflections 5117 [Rint =0.0840, Rsigma = 0.0441]
Data/restraints/parameters ~ 5117/1/375

Goodness-of-fit on F? 1.131

Final R indexes [[>=20 (I)] R1=0.0575, wR2 =0.1433

Final R indexes [all data] R1=0.1077, wR2 =0.1782

Largest diff. peak/hole / ¢ A= 0.33/-0.19
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7. DFT calculations

21.0% (Pz in HOMO) 19.4% (Pz in HOMO)
» A
H """ 1.6% (Pzin HOMO) ! 7T10.4% (Pzin HOMO)
N NHOBnN K h
OH
(0~ . D
w© oN NOBn
: ‘l H
¥
12.8% (Pz in HOMO) * 5.0% (Pz in HOMO)
1a 1a'

A. Corresponding contribution of 2p,to HOMO

i j\ HN—OBn
;
NH (¢}

(0]

o)
@_,>—PMP
TN

B HN—OBn ! Ph
\ ‘_\I
©3_<\ PMP— ®
No© 0N,
TS2

TS1

: AAG =17.7 kcal/mol
: —1.88A

B. Chemoselectivity Investigation

o]
+
AG keal/mol \,_HN-OBn \,_FN-oBn N \-0Bn
® HN®
NH O NH o
N Ph N Ph Ph [e]
PMP%()@I pMP—( N7\/OH
o}
0 o PMP
TS1-N INT3-N INT4-N I}
N
18.4 N-OBn
e} . HN®
O /7 TS1-N el 185 ﬁ/\K
‘(%%PMP INT3-N - 129 N
Ph 10.7 —_ o

INT2-ion -___,"

wN—osn
N o
H PMPR, \__/H
O«_0 + Oy_ o /%OH
I@%PMP )—PMP N H
Ph’i N PN en ° e \
| HN-OBn HN-0Bn N-ogy
N o N © N Y H O \ 3a
T81-C INT3-C INT4-C 3a-H -36.7
3a’
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1) Computational Details

In this work, all geometry optimizations and single-point energy calculations were
carried out using Gaussian 09.! Geometries of minima and transition states were
optimized using the MO06-2X functional®> with basis set 6-31G(d) in gas phase.
Vibrational frequency calculations were performed for all the stationary points to
confirm if each optimized structure is a local minimum or a transition state structure,
as well as deriving the thermochemical corrections for the enthalpies and free energies.
Solvation energy corrections were calculated in DCM with the continuum solvation
model (SMD)? based on the gas-phase optimized geometries. To gain more accurate
results, the M06-2X functional* with basis set 6-311++G(d,p) was used for solvation
single-point energy calculations. The integration grids defined by the ‘Int=Ultrafine’
keyword were used for all calculations.

2) Absolute Calculation Energies, Enthalpies, and Free Energies

Geometry Eelee-M62%))  Georrmo6-2%)°  Hicor-M06-2%)°  Elsoly, Mos-2x)" IF°
la -877.669638 0227631  0.291562  -877.952347 -
12’ -877.662470 0226524  0.291283 - -

TS-C 1774420730 0.457927  0.559982  -1775.007233  296.91i

TS-N 1774406692  0.457358  0.560144  -1774.994448  280.10i
INT3-C -1774.438099  0.459758  0.562060  -1775.027075 -
INT3-N -1774.410497  0.457816  0.562008  -1774.999469 -

INT2-ion -896.730121  0.205716  0.267381  -897.047390

INT4-C -1773.909736  0.45818  0.561019  -1775.01899

INT4-N -1773.898961  0.459364  0.561357  -1775.00519

3a-H -1773.919715  0.459232  0.561597  -1775.03469
3a’-H -1773.928195  0.457769  0.56136  -1775.03019
DDQH -1485.487026  0.035346  0.088652  -1486.326328

DDQH?2 -1485.988483  0.048591  0.101794  -1486.326328
3a -1773.586565  0.446556  0.549322  -1774.6369
3a’ -1773.596399  0.448095  0.549073  -1774.63917

IThe electronic energy calculated by M06-2X in gas phase. >The thermal correction to
Gibbs free energy calculated by M06-2X in gas phase. The thermal correction to
enthalpy calculated by M06-2X in gas phase. “The electronic energy calculated by
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M06-2X in DCM solvent. The M06-2X calculated imaginary frequencies for the

transition states.

3) Geometries for All Optimized Structures

1a

-6.26233300

-6.12374900

-4.88182400

-3.75947300

-3.87485400

-5.15678400

-2.42580800

-1.69509400

-2.54482900

-0.22622200

0.31001600

0.47666300

1.81001100

3.92072900

5.13977500

6.33369600

6.30731400

5.08647100

3.89670100

2.61736500

-7.25753000

-7.01498800

-4.77583800

-5.26890200

-1.98602400

-0.44186500

0.94767000

1.54483200

0.71617300

-0.68106200

-1.25628000

1.01566600

-0.13204100

-1.19909300

0.01193100

1.07615800

-1.15494000

-0.97292200

-0.37145300

-1.02559300

-0.36128200

0.95688900

1.61255800

0.95323500

-0.06342000

0.15290200

0.23801100

0.10119000

-0.11829600

-0.19861200

0.14112000

-0.04544800

-0.20808900

-0.03749900

0.21518000

-0.25747300

-0.57945400

0.28860000

0.44361300

0.16645700

-0.27729500

-0.44123900

-0.15731300

-1.05049500 0.60214600
-0.86989900 -0.12331700
1.55851100 0.25473800
2.61187600 0.40470200
-2.32335300 -0.36470900

1.91303900 0.29121200

1a’

C

© z O O

Q
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-2.26452300

0.05908900

5.15699400

7.28117900

7.23591400

5.06533100

2.93495500

2.76149100

2.09531700

-6.29606900

-6.35256500

-5.20273100

-3.97780000

-3.89557300

-5.08627600

-2.69592200

-1.81364400

-2.50641400

-0.38112300

-0.05928000

0.46933300

1.75822100

4.07904000

5.06186100

6.34347500

-2.23393900 -0.34817100

-1.84841500 -0.86749600
-2.05880300 0.78105300

-0.87619000 0.29107200

1.47442500 -0.49753700
2.64085900 -0.78865800
1.44488800 -0.27827500

-2.09974700 0.88866000

-0.52897900

-0.82155900

0.54721100

1.28905000

0.62858800

-0.74566000

-1.47003000

1.09716000

0.06794200

-1.07798200

0.32001000

1.59530500

-0.61799200

-0.08109500

-0.53966100

-0.89306200

-0.35371300

1.41113700

0.23141200

-0.10920100

-0.30356600

-0.14936000

0.19276200

0.38323700

-0.27708300

-0.02788500

0.26430000

-0.10804600

-0.39999800

0.09001600

-0.02306300

-0.00971900

-0.93205000

-0.84056400



H

H

H

6.64541800

5.66362000

4.38845000

2.70203300

-7.22211100

-7.31978400

-5.24583500

-5.04905700

-2.41053100

-2.06142400

4.82285000

7.10194800

7.64175200

5.89512800

3.61942000

2.56536800

2.51291100

0.91375000

TS-C

C

C

-5.86322500

-6.14997500

-5.13902900

-3.84136800

-3.52583100

-4.55717700

-2.63264500

-1.60267400

-2.08748000

-0.25361000

-0.19697000

0.55413200 0.16952500

0.91867100

0.37179200

-1.14195800

-1.36867500

1.02675900

2.34157400

-2.52299400

2.03565300

-2.03308000

-1.59339000

-0.63763000

1.09042100

1.00330500

-0.08210800

0.37509200

-0.22069400

-0.56551600

0.64535300

-0.51263700

0.50052900

-1.72810400

-1.56329700

0.97912100 0.23965200

1.62754100

0.65175100

-1.70932300

-1.81578600

1.62801000

0.43289200

-0.87027500

-1.75013400

-1.26317400

0.03952600

0.90587300

-1.89854600

-1.09923500

0.20449600

-1.66955800

-2.70813600

1.87933400

1.71756200

-1.01047700

0.76214800

-0.45978000

-1.83781300

-1.40136500

-1.03484700

-1.12465000

-1.55224800

-1.91755900

-0.82116000

-1.03218600

-1.37587200

-0.70003700

-0.07080000

H

o £ =

@)

(0]

C
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0.80708600

2.03899000

3.87633200

5.16958600

6.26688800

6.07017700

4.77638300

3.68236600

2.67721200

-6.68140300

-7.18225100

-5.35202800

-4.35001200

-2.49876800

-1.48608700

0.74099700

5.32013100

7.27268400

6.92435200

4.62420000

2.66832100

2.94973500

1.96103200

-0.86805400

0.02250800

-0.50255900

-1.86478600

-2.12633400

-3.12498000

-1.01741200

-1.33366500

-2.80061400

-2.56893400

-2.96000200

-3.57229700

-3.79703500

-3.41436200

-2.38114800

1.08465000

-1.19941200

-2.75771400

1.91754100

-2.83214700

0.92995000

-0.03529200

-2.08789200

-2.78616400

-3.87803600

-4.27653100

-3.58369000

-1.98985500

-3.20100800

2.95945100

2.01543400

0.88493100

0.98121700

2.40574800

2.99341600

-1.23793200

-0.71816800

-0.69040700

-1.15364500

-0.38885600

0.84536000

1.31675800

0.55014600

-1.48638400

-2.12409400

-1.35497100

-0.69528700

-2.24724200

-0.43548600

-1.91462400

-1.48305100

-2.11653700

-0.75696600

1.44085300

2.27825600

0.90379800

-2.47215500

-1.60052700

-0.06096400

0.38161000

0.75396400

0.52353100

0.05576700

-0.21499800

1.41691600 2.34883500 0.34832100



H

H

2.36495300

3.70734300

4.13705500

3.19767900

1.84784500

5.45815900

5.97002900

2.02891500

4.45747500

3.51636700

1.11807800

7.05259000

5.68364300

5.61749000

-2.81410200

-2.37220700

-4.15481700

-3.26562000

-1.33133300

-5.03807900

-4.49666000

-4.59854300

-2.92198700

-6.07202700

-5.29427600

TS-N

C

C

C

C

3.74427800

4.03524600

3.11874800

1.91076700

1.36279800

1.65045500

2.93516000

3.92442900

3.62591800

3.11856800

4.39309300

0.37644200

0.90841100

4.91470000

4.38376800

4.30651400

4.64882100

5.16540800

0.26324700

-0.87739200

0.67126200

-1.60474600

-1.17905500

-0.06384500

1.55494300

-1.20205500

-2.48040400

0.25340000

-1.77069100

-3.87783100

-2.51499900

-1.54088200

-2.00122000

0.69928600

0.64122500

0.25077100

-0.09137400

-0.04435900

0.23286000

-0.13171200

1.00097300

0.89079800

-0.39091900

-0.30948200

-0.06390700

-1.15692200

0.55918000

1.37581800

2.06862200

1.47789000

2.84399400

1.99283800

2.25614900

0.95150800

2.93330300

3.38418300

2.33874400

3.54205700

-2.25387000

-2.36844000

-1.96660100

-1.47815400

C

C

N
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1.58928800

2.52053500

0.83548700

-0.23164500

0.21529800

-1.55004500

-1.65471100

-2.56268700

-3.72361700

-5.70862500

-5.34647400

-6.32057400

-7.66194500

-8.02510200

-7.04704700

-4.63739400

4.48331200

4.99122100

3.34110400

2.29804200

0.51032600

-0.36803400

-2.37011900

-4.29667100

-6.03858300

-8.42259500

-9.06734800

-7.32741100

-5.04407800

-4.07744200

-3.36036700

-4.31949100

-1.24636000

-2.18253100

-3.43889300

-1.52227700

-0.34443300

-2.31454100

-1.67786800

-0.63072200

0.68543800

1.61195400

1.23108000

-0.07863700

-1.01053900

-1.60889800

-4.60561900

-2.20638100

-0.48124100

-5.37842500

-0.40647000

-4.34545100

-3.12763100

0.96455700

2.63347700

1.95658100

-0.37783400

-2.03628400

-2.60624200

-1.26238300

-1.36633800

-1.75302500

-0.90336500

-0.67772100

-0.87791900

-0.47806500

-0.78678600

-0.05343800

0.31473200

-0.41948400

-0.12046500

0.23011400

0.27703200

-0.02036100

-0.36251700

-0.80107800

-2.57074600

-2.77713800

-2.02781400

-1.67842800

-1.39503500

-0.77673700

0.52076500

-0.15919000

0.46442000

0.54705400

0.01879000

-0.58696700

-1.00239800

-1.67658800



0.22120100

1.37783000

2.14376900

1.48934500

0.20589600

-0.63262200

1.62372000

2.80879100

3.05656600

2.12665000

0.94560000

0.70269000

2.45944900

1.58010100

3.51979000

3.95788200

0.22548400

-0.20666000

2.05652400

0.60747300

1.45297700

2.25543300

3.65037600

1.61008400

4.38798800

4.13669800

2.35983100

0.53699900

3.74261800

5.46659200

1.34246300 1.20188400
1.64129000 0.53164600
0.62677400 0.23938700

-0.50635600 0.69581000

-0.01635300

-0.60098700

3.02210500

3.38816200

4.70776700

5.69900600

5.34234200

4.01087500

6.94847700

8.00766800

2.61789300

5.02344000

6.09382400

3.72848000

8.91831800

7.88396000

8.05827500

-1.59572900

-1.61390900

-2.62635200

-2.66465400

-0.79555900

-3.67285800

-2.59591800

-3.69717500

-2.67713900

1.38358600

1.98858900

0.24221300

-0.43075000

-0.71754200

-0.33802000

0.33456200

0.62139800

-0.66079200

-0.30552800

-0.71020400

-1.23019700

0.63205600

1.14094600

-0.66274900

-0.79206400

0.78038800

1.31938300

1.16861500

2.02066600

1.69361300

0.64950700

2.54503200

2.16819400

2.37529500

1.58046800

H

H

1.86522400

4.32273500

INT2-ion

(0]
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-0.06550500

-4.46523100 3.09632500

-4.51540800 2.78970700

1.76644500 -0.00005900

0.29743800 0.47408900
-0.73869500 -0.40257900
-1.83819500 0.31315000

-1.46306100 1.78882500
-2.08873500 2.79217000

1.65029400 0.12460300

2.01861200

3.33780800

4.33779400

3.98334500

2.65671800

5.57734100

6.66819200

1.23884400

3.66035300

4.74568100

2.36744800

7.56608600

6.63895100

6.63841300

-3.16895500

-3.35211000

-4.28626300

-4.63029500

-2.48072000

-5.56165700

-1.25212400

-1.60279800

-0.59460000

0.77828400

1.12670000

-1.03300900

-0.10717200

-2.00570400

-2.63739500

1.54674400

2.17252200

-0.72029200

0.51356400

-0.00000300

-0.00002500

-0.00007600

-0.00008900

-0.00013100

-0.00004200

-0.00008800

-0.00008800

-0.00002000

-0.00003700

-0.00005100

0.00000900

0.00026400

-0.00009400

-0.00010600

-0.00006300

-0.00005800

0.00058500

-0.89901100

0.51371100 0.89941700
-0.20178100 -0.00001300
-1.60397700 -0.00012500
0.66286500 0.00017400

-2.12629600 -0.00007500
-2.24981700 -0.00025500

0.12343700 0.00024900



H -4.14610700
C -5.73304000
H -4.78079500
H -6.42570800
H -6.73614100
INT3-C
C -5.86165900
C -6.24000000
C -5.29640700
C -3.99282000
C -3.58650800
C -4.53548300
N -2.83197300
C -1.75048300
C -2.09107700
C -0.48805700
O -0.62375700
N 0.65297200
O 1.79913100
C 3.45234500
C 4.79906900
C 5.76462200
C 5.38305400
C 4.03559600
C 3.07228000
C 2.39360700
H -6.61646100
H -7.27948600
H -5.56696000
H -4.27145000

1.73753000

-1.26289800

-3.19991000

0.77806200

-1.67765300

0.54750900

-0.77378100

-1.73041900

-1.27964900

0.03978100

0.97156000

-2.03103200

-1.32488400

0.12686000

-2.13614300

-3.33527300

-1.43799800

-2.06852000

-3.68948700

-3.50628100

-4.32810600

-5.32604400

-5.50679400

-4.69305200

-2.82237800

1.26495300

-1.06370500

-2.76538200

2.00228900

0.00025600

0.00011700

-0.00018700

0.00040900

0.00014700

-1.84293700

-1.58962600

-1.22218100

-1.10831800

-1.32422900

-1.72099500

-0.81631700

-0.81812800

-1.08792100

-0.55703400

-0.39547000

-0.63343800

-0.21967200

-0.69500900

-0.99935400

-0.42170100

0.46985300

0.78323800

0.20002600

-1.30563100

-2.14562700

-1.69393400

-1.04474800

-1.91952600

H

H

H

H

H

33/ 80

-2.76416900

-1.54710300

0.64377000

5.09451800

6.81225800

6.13451600

3.73922500

2.01849200

2.80467700

1.60498500

-1.00475800

0.08569900

-0.18018600

-1.62126300

-2.12558200

-3.23026500

1.38926300

2.54619000

3.79094200

3.91162500

2.76357300

1.51165100

5.16449100

5.36204600

2.45623900

4.69918800

2.83844900

0.62145500

6.44027000

4.93400700

-3.03788400

0.48195000

-0.42118000

-2.72340400

-4.18697900

-5.96594500

-6.28623400

-4.82322700

-2.12422500

-3.42409500

3.22846600

2.39435200

1.13892400

0.98637700

2.43735400

2.87976800

3.02049900

2.22205600

2.80591200

4.20478500

5.00569500

4.40919900

4.67337900

6.07559700

1.14455800

2.21735300

6.08252800

5.02709200

6.22346500

6.46666000

-0.62946700

-1.97236200

-0.46374000

-1.69299100

-0.66623100

0.92096700

1.47760200

0.43334300

-2.04260300

-1.76927700

0.06516400

0.05720200

0.08148500

0.15126700

0.07262500

0.04620300

0.01520300

0.08800900

0.04658100

-0.06602700

-0.13367100

-0.09102900

-0.09671500

-0.19385300

0.19074100

0.10709300

-0.21609600

-0.14004800

-0.19680200

-1.12277600



4.92157000 6.59181700 0.66545000

H

C -2.08674700
C -1.17358600
C -3.43399500
C -1.61093900
H -0.12217200
C -3.86081100
H -4.14267500
C -2.95384800
H -0.89583500
H -4.90480600
H -3.29071500

INT3-N

C 3.21902200
C 3.69499000
C 2.94285800
C 1.71091100
C 1.20718400
C 1.96918000
N 0.73969000
C -0.42862500
C -0.14571400
C -1.67481600
O -1.67974800
N -2.73113900
O -3.82793900
C -5.77067600
C -5.33021500
C -6.24000400
C -7.59506600

0.31685800

-0.40535000

0.36096700

-1.09120900

-0.41852400

-0.32469400

0.94639600

-1.05567100

-1.64613600

-0.27677800

-1.58570000

-4.40238400

-3.09039300

-2.01876500

-2.33986300

-3.63915300

-4.69626400

-1.43287000

-2.28222400

-3.56014800

-1.48266700

-0.34751800

-2.12808800

-1.35511200

-0.28934200

1.03285400

2.05082300

1.75437900

1.44772100

2.22157600

1.81953500

3.35182800

1.95334300

2.95394000

1.24195700

3.71743800

3.94970400

3.24535400

4.60210300

-2.38348800

-2.44619700

-1.95565800

-1.42842200

-1.35323700

-1.83928900

-0.80344200

-0.51167600

-0.80427000

-0.34416700

-0.79612000

0.19863800

0.49704100

-0.31810500

-0.21631000

0.04106300

0.19100400

o ZE =

@)

C

C

(0]
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-8.03623200

-7.12240400

-4.76888500

3.83239900

4.66666300

3.30074100

1.60095800

0.41674400

-0.84576400

-2.57639100

-4.27090000

-5.89704300

-8.30560500

-9.08922700

-7.46344800

-5.23717300

-4.21550300

0.42795000

1.47510700

2.03854800

1.36674300

0.24115000

-0.58762300

1.81283900

2.88693100

3.22045500

2.48869800

1.41907700

1.08854200

2.89229400

0.43875700

-0.58346100

-1.36925300

-5.20780000

-2.89549400

-0.99577200

-5.71565500

-0.67785200

-4.38396900

-2.85801800

1.24699700

3.07728300

2.55078700

0.20587000

-1.61289600

-2.35756300

-1.16771300

1.30312100

0.08992200

-0.15847100

-0.59903100

-2.77225300

-2.88630300

-1.98528600

-1.80274200

-1.43050600

-0.73557700

0.88607000

-0.33295800

0.12182700

0.38755400

0.20916400

-0.22965700

-0.66438300

-1.52304300

1.21415600

1.51726800 0.34234900

0.46149400

-0.66094800

-0.04226100

-0.56788900

2.89391600

3.18609900

4.49288000

5.54241500

5.25803600

3.93774100

6.77574600

-0.13712800

0.43569000

1.30176300

1.97398900

0.07564100

-0.78636300

-1.05335700

-0.46296700

0.39821500

0.66242800

-0.78465200



H

H

2.20559900

3.44785700

4.04259400

0.84851700

0.26212200

2.70036200

1.15320600

2.27998300

2.23198400

3.62165200

1.65280400

4.42911500

4.05871800

2.46870700

0.57466700

3.85456200

5.50780000

2.01937700

4.48633700

7.88437700

2.37173800

4.75025200

6.05344100

3.71438700

8.76970300

7.88460900

7.87641700

-1.59760100

-1.47027100

-2.58749700

-2.34118000

-0.68348700

-3.45964400

-2.65992000

-3.33981300

-2.23557300

-4.22276300

-4.01602000

-0.22335800

-1.23271200

-1.71124200

0.86046000

1.32842100

-0.61800700

-0.52547000

0.86897400

1.24626700

1.18376200

2.04694100

1.90668800

0.57879500

2.76050100

2.13629100

2.68964500

1.86271000

3.38693400

3.25606800

INT4-C

C -5.65004900 -0.40597800 0.34792600

C -5.80855300 -1.75799700 0.66910200

C-4.77100200 -2.66990400 0.48735100

C -3.59128600 -2.14816000 -0.01489500

C -3.40284000 -0.79959200 -0.33982300

C -4.45070300 0.09128300 -0.16767000

N -2.37264100 -2.82704400 -0.29944400

C -1.48546900 -2.01602600 -0.76995000

C -2.01254200 -0.63850200 -0.88850100

C -0.05754200 -2.40175900 -0.96435100

O 0.28299000 -3.55789500 -1.04174300
N 0.74125400 -1.29097100 -1.07102600
O 2.07081800 -1.52974100 -1.25645800
C 3.78658400 -2.11981600 -2.77606800
C 4.85705200 -1.35190300 -3.22826900
C 6.12752700 -1.91484500 -3.32557400
C 6.32856600 -3.24182700 -2.95832300
C 5.26032700 -4.00999800 -2.49439000
C 3.99143000 -3.45164200 -2.40615400
C 2.41134200 -1.53671700 -2.67098900
H-6.48161900 0.27312800 0.50223400
H -6.75671900 -2.10638400 1.06325100
H -4.88609900 -3.72156600 0.72621600
H -4.33789300 1.14161200 -0.41651700
H -2.16270400 -3.80658100 -0.09909700
H -2.00874000 -0.29752600 -1.93270400
H 4.69739900 -0.31348200 -3.50615000
H 6.95848800 -1.31616700 -3.68406000
H 7.31851900 -3.68051000 -3.03263700
H 5.41901000 -5.04438800 -2.20709800
H 3.15090400 -4.03848500 -2.04327000
H 2.36416600 -0.50985800 -3.04428000
H 1.67137700 -2.15901100 -3.18793300
O 0.72410600 1.01356200 1.82436500
C -0.04267600 -0.05724300 2.08013500
N -0.90933000 -0.45788900 1.22317200
C-0.98792700 0.22403700 -0.06488900
C 0.37308600 0.07258700 -0.80074800
O 1.12201300 0.95040800 -1.10506100

C 0.12787500 -0.74336400 3.37247900
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C-0.22575800 -2.09511100  3.50255900

C-0.06531000 -2.74879000 4.70473400

C 0.44432300 -2.06118300 5.82018900

C 0.78541300 -0.70912800 5.70770500

C 0.62633500 -0.06487000 4.48582300

O 0.56292600 -2.78550200 6.94373000

C 1.08208700 -2.15099700 8.10111700

H -0.61400700 -2.62054300 2.63642900

H -0.31630300 -3.79704900 4.82288100

H 1.16260000 -0.15455700 6.55777400

H 0.85995400 0.99603700 4.43060600

H 1.10083100 -2.91506600 8.87612800

H 2.09815600 -1.78292800 7.92292600

H 0.43748300 -1.32353400 8.41658500

C-1.48778400 1.65717600 -0.03509000

C-2.09603900 2.16349600 1.11344300

C-1.46039200 2.43232000 -1.19769400

C-2.65841700 3.43765800 1.10325300

H -2.14427500 1.55703900 2.01210900

C-2.02408300 3.70353300 -1.20563500

H -0.98060100 2.05721100 -2.09739500

C-2.62511400 4.20930000 -0.05447300

H -3.12473800 3.82498900 2.00334700

H -1.98753900 4.30157000 -2.11017700

H -3.06267200 5.20223400 -0.06100200

H 1.46460600 1.06629300 2.44947300

INT4-N

C 3.99047400 -4.00178200 -2.35504800

C 4.09795100 -2.60997100 -2.42240500

C 3.01710300 -1.77805600 -2.11878100

C 1.85121300 -2.41367800 -1.74137600

C 1.71185600 -3.80252900 -1.67512800

C 2.79716500 -4.61707600 -1.98475400

N 0.56266000 -1.80340900 -1.37809100

C-0.31721300 -2.94634500 -1.11138900

C 0.34178600 -4.10006000 -1.27635400

C -1.68487900 -2.69095800 -0.62849300

0 -2.55045000 -3.52466500 -0.63348100

N -1.87765400 -1.38023500 -0.16956700

0 -3.11421500 -1.11169800 0.34639700

C-5.12706500 0.10520700 0.07841700

C-4.89108100 1.11579500 1.01431300

C -5.95480300 1.68654200 1.70171300

C-7.25803600 1.25509500 1.45283600

C-7.49463700 0.24766400 0.52284100

C-6.42757200 -0.33195300 -0.16009300

C -3.96493400 -0.49522400 -0.65206100

H 4.85228500 -4.61294600 -2.60000400

H 5.04059000 -2.16079000 -2.71539300

H 3.10253000 -0.69814400 -2.15660400

H 2.71278400 -5.69748600 -1.94179200

H 0.19171300 -1.24846100 -2.16729200

H -0.09441800 -5.07859400 -1.11798400

H -3.86956700 1.43677000 1.20310300

H-5.77149600 2.46923300 2.43079800

H -8.08861800 1.70428700 1.98795700

H -8.50728600 -0.09272300 0.33285300

H -6.60746000 -1.12737200 -0.87852600

H -4.27886800 -1.26086200 -1.36934600

H -3.37070400 0.27200200 -1.16285900
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0-0.20117800 0.71857900 -2.21205300

C 0.88186400 1.11571100 -1.48330600

N 1.33931000 0.35581100 -0.55921300

C 0.58502700 -0.78310000 -0.15702800

C-0.90470800 -0.41606900 0.12019200

0O -1.18948000 0.64984900 0.58745000

C 1.51123800 2.38778800 -1.83351700

C 230747100 3.04356900 -0.87732500

C 2.90180000 4.24820800 -1.17840900

C 2.72299900 4.82919200 -2.44757000

C 1.94355300 4.17676200 -3.41246100

C 1.34542600 2.96447200 -3.09652200

O 3.33865300 6.00173300 -2.63909500

C 3.18625200 6.65321100 -3.89108000

H 242789200 2.59332300 0.10220000

H 3.50722900 4.78052600 -0.45340000

H 1.80935700 4.59779100 -4.40086900

H 0.78007100 2.45573100 -3.87458200

H 3.75181800 7.57978300 -3.81358400

H 3.59348300 6.04040700 -4.70222200

H 2.13297100 6.87981200 -4.08696300

C 1.21411300 -1.48199900 1.03446200

C 2.58968900 -1.34705900 1.24510400

C 0.45387400 -2.26090600 1.91304200

C 3.20002900 -2.00634800 2.30532700

H 3.16688500 -0.70608400 0.58893200

C 1.06973100 -2.91153200 2.97788200

H -0.62332000 -2.34934200 1.80697300

C 2.44257700 -2.79206700 3.17103300

H 4.26746800 -1.89440500 2.46371500

H 0.46974800 -3.50249100 3.66144300

H 2.91925600 -3.29769000 4.00445800

H -0.59739700 1.47230700 -2.68081500

3a-H

C -5.58345700 -0.18379200 0.34282200

C-5.87337200 -1.53346700 0.56367000

C-4.93164200 -2.52931000 0.30500500

C -3.70878500 -2.09333800 -0.17405900

C -3.39386400 -0.74862800 -0.41012800

C-4.34308200 0.22866400 -0.15304400

N -2.55223100 -2.86365100 -0.49794600

C-1.58694600 -2.11131900 -0.90729300

C -1.99441400 -0.68458600 -0.96463500

C-0.19745000 -2.63174000 -1.09906900

O 0.01033700 -3.81522500 -1.22564800

N 0.70295500 -1.60731800 -1.13449100

O 2.00990700 -1.92122100 -1.34368700

C 3.79866200 -2.01984900 -2.89178000

C 4.50236200 -0.86625600 -2.53579500

C 5.88722900 -0.83856000 -2.64040600

C 6.57359900 -1.96027900 -3.10609300

C 5.87497400 -3.11072000 -3.45929900

C 4.48701700 -3.14236600 -3.34587600

C 2.30689100 -2.02837900 -2.76725300

H-6.34116500 0.56120900 0.56011900

H -6.84925700 -1.81520600 0.94323500

H -5.14979000 -3.57856500 0.47192400

H -4.12510400 1.27784900 -0.32739100

H -2.42867100 -3.86964200 -0.36037900

H -1.98480300 -0.32369300 -2.00271900
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H 3.95515700 -0.00073000 -2.17065400

H 6.43367900 0.05704900 -2.36310500

H 7.65527700 -1.93580700 -3.19229700

H 6.40870900 -3.98452800 -3.81845500

H 3.93821200 -4.04184400 -3.61237400

H 1.85569300-1.16291400 -3.26271200

H 1.86669100 -2.95641300 -3.14618200

O 1.35767900 -0.26824300 1.38519200

C 0.30489300 -0.56061200 1.91635700

N -0.86924700 -0.60556700 1.14773800

C-0.89429100 0.06953300 -0.14470700

C 0.42720800 -0.21188200 -0.91909000

O 1.12745300 0.61711300 -1.41082500

C 0.16819700 -0.91063400 3.34720100

C -0.98724500 -1.47914600 3.90732900

C-1.04113100 -1.77291800  5.25454500

C 0.06464500 -1.50420500 6.07857100

C 1.22554800 -0.94674100 5.52844000

C 1.26725600 -0.66041800 4.17116300

0O -0.08838500 -1.82189000 7.37364500

C 0.99929400 -1.59194400 8.25506400

H -1.84574600 -1.73297600 3.28997200

H-1.91891800 -2.22111800 5.70639900

H 2.09079600 -0.73786100 6.14531100

H 2.16046000 -0.23326700 3.72689100

H 0.66157500 -1.92179700 9.23591800

H 1.87702800 -2.17314100 7.95328700

H 1.25451400 -0.52757700 8.29271100

C-1.19854100 1.55591100 -0.08320100

C-1.36877900 2.20226300 1.14006300

C-1.36364600 2.27905600 -1.26977700

C-1.71075600 3.55327000 1.17724000

H -1.22294500 1.66933400 2.07472300

C-1.70727600 3.62426600 -1.23064500

H-1.19704700 1.80244800 -2.23246100

C-1.88730400 4.26381000 -0.00430400

H -1.83386500 4.04712400 2.13531100

H -1.82485600 4.17644700 -2.15707100

H -2.15421700 5.31494900 0.02641200

H -1.73102200 -0.48123200 1.67030400

3a’-H

C 3.79203500 -4.20461000 -2.54884200

C 3.92978900 -2.81748300 -2.65666600

C 2.89433300 -1.95163100 -2.29649300

C 1.74629000 -2.54598600 -1.80910000

C 1.57004900 -3.92992800 -1.72156700

C 2.60927400 -4.77957300 -2.09091100

N 0.49955700 -1.89625400 -1.39717200

C -0.40869700 -3.00437800 -1.09445300

C 0.20739100 -4.18080000 -1.26889500

C -1.76287000 -2.70875100 -0.59499100

0 -2.63922500 -3.52781000 -0.53915400

N -1.93275300 -1.36975000 -0.20791900

0 -3.15720900 -1.03933100 0.29730300

C-5.16527100 0.16735000 -0.03607800

C-4.93450300 1.26473900 0.79773600

C-5.99509500 1.86760500 1.46217200

C-7.29127600 1.38063200 1.29174400

C-7.52342200 0.28708700 0.46323300

C -6.45885800 -0.32350900 -0.19595400
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C -4.00585000 -0.47004200 -0.73767400
H 4.61690300 -4.84390100 -2.84403300
H 4.85628000 -2.40104000 -3.03673400
H 2.99575400 -0.87688500 -2.39196100
H 2.49459900 -5.85662500 -2.03485500
H 0.15103200 -1.25380300 -2.16650400
H -0.25753100 -5.14351100 -1.09661300
H -3.91879500 1.63163400 0.92399700
H -5.81538400 2.71943200 2.11016700
H -8.12016900 1.85534200 1.80712700
H -8.53085200 -0.09434100 0.33279500
H -6.63494400 -1.18358100 -0.83654800
H -4.32068700 -1.27372300 -1.41091100
H -3.40867700 0.26643200 -1.28679000
O 0.09260600 0.41914200 -2.51950100
C 0.86975700 0.96482700 -1.72612300
N 1.31946100 0.22553600 -0.64297800
C 0.54232100 -0.89075900 -0.20646900
C-0.93363900 -0.42912800 0.01153900
0O -1.15485400 0.68119200 0.40697200
C 1.39095200 2.32033300 -1.91275600
C 1.97834300 3.07045400 -0.87850700
C 2.43981900 4.34585500 -1.11949600
C 2.32532200 4.90681100 -2.40452700
C 1.72853400 4.17243600 -3.43914900
C 1.26247200 2.89269500 -3.18219800
O 2.80762700 6.14786600 -2.53606300
C 2.70039300 6.78759100 -3.79938100
H 2.03826900 2.68646900 0.13641900

H 2.88143800 4.94931300 -0.33469500

H 1.62320000 4.59147700 -4.43202700

H 0.79003400 2.31510200 -3.96994900
H 3.14311900 7.77335900 -3.67018900
H 3.25247100 6.23316300 -4.56542100
H 1.65155900 6.89029200 -4.09622200
C 1.11415700 -1.53837200 1.03712700
C 2.50001800 -1.70677100 1.14675300
C 0.28092200 -1.96549700 2.07593100
C 3.04174500 -2.30563500 2.27839700
H 3.15785800 -1.37493500 0.34930200
C 0.83111100 -2.56209400 3.20624800
H -0.79445600 -1.81942200 2.03401200
C 2.20806500 -2.73642200 3.30774100
H 4.11636200 -2.43146300 2.35619700
H 0.17808200 -2.88283500 4.01053100

H 2.63276800 -3.19970900 4.19214600

H

1.88379300

0.67181900

0.06788700

DDQH

C

C

H

(0]

-0.11330000 0.40940100 0.03158000

1.33283600

2.05977900

1.42084000

0.01248900

-0.72314100

2.17152500

1.56594000

-0.77866000 -

0.46215400 0.01459700

1.67120700 -0.06259900

2.90149900 -0.12813400

2.90229100 -0.11478500

1.73909700 -0.04003100

4.04155000 -0.20266800

4.79694900 -0.23128500

0.63146200 0.09872400

C1-0.77372000 4.47069000 -0.19791000

Cl-2.45394300

C
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3.49640600

1.77950000 -0.02562900

1.66213400 -0.07541700



C

N 4.65444200 1.66096900 -0.08598200
N 2.60776900 -1.78577300  0.13385300
DDQH2

C  0.00491400 0.45172900 0.14909400
C 140189600 0.46394700 0.07807100
C  2.10048500 1.67375900 -0.06242300
C 141272800 2.88971600 -0.13447800
C  0.01391200 2.87241900 -0.06380700
C -0.67944100 1.67170500 0.07602700
O  2.13643900 4.01156100 -0.26864600
H 155251000 4.78630000 -0.30597500
O -0.60497100-0.73579100 0.28381000
H -1.56794700 -0.61745400 0.31947900

2.02893500 -0.78128600 0.08062600

C1-0.82597900 4.38114600 -0.15697000

Cl-2.40623800

C

C

N

N

3a

1.64468800 0.16329800
3.53259000 1.68557100 -0.13557300
2.10757100 -0.78229100 0.15094000
4.68727300 1.69243900 -0.19447200

2.67881700 -1.78584100 0.20902100

C-5.62695700 0.05301100 -0.05922600

C-6.14737200 -1.15570500 -0.57186700

C -5.32062900 -2.19017600 -0.96275600

C -3.94031400 -1.99523800 -0.82596900

C -3.39585200 -0.78719100 -0.30988000

C-4.26769500 0.25075500 0.07384300

N -2.89787200 -2.83741600 -1.13017600

C -1.72659400 -2.20038300 -0.83004100

C-1.97142600 -0.95088100 -0.33320600

C -0.40581700 -2.78627400 -1.06509100

0 -0.22209600 -3.90212000 -1.50081900

N

(0]

C

C

0.62513500 -1.88709200 -0.78442900

1.88844400 -2.27287000 -1.14133700

3.57279000 -2.10118800 -2.79836300

4.27397900 -1.04291500 -2.21349000

5.64128700 -0.91499600 -2.42592300

6.31581600 -1.83746800 -3.22622100

5.62020700 -2.89225900 -3.80821500

4.25051300 -3.02612800 -3.58840900

2.09287900 -2.21349400 -2.57015000

H-6.31357700 0.84192400 0.22951500

H -7.22249500 -1.27242400 -0.66372700

H -5.72034200 -3.11750100 -1.36036100

H -3.87187300

1.18634200 0.45651700

H -2.94615500 -3.75869000 -1.54181600

H

H

H

H

(0]

C

N -0.65453800 -0.52467300

3.73334400 -0.33464200 -1.59141000
6.18397400 -0.09346100 -1.96850400
7.38389400 -1.73396000 -3.39230700
6.14257100 -3.61586200 -4.42644100
3.70548400 -3.85618100 -4.03072300
1.57199900 -1.32862700 -2.95176600
1.67493400 -3.11492000 -3.02863000
1.28660200 0.58822900 1.94325000

0.41668000 -0.15215700 2.36312400

1.58847000

C -0.84074200 -0.10590400 0.20001100

C

(0]

C
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0.45136200 -0.48994000 -0.58805700

1.27206800 0.28909700 -0.98005400

0.42640700 -0.69825800 3.75588400



C-0.27273800 -1.84592700 4.15136700

C-0.21075900 -2.29129800 5.45946800

C 0.55527000 -1.59391700

C 1.26890700 -0.45588000

C 1.20218700 -0.02473300

O 0.54755800 -2.10411700

C 1.32659900 -1.44958000

6.40235500

6.01639100

4.69592400

7.65645900

8.63570100

H -0.84053500 -2.42625300 3.42897800

H -0.73434900 -3.18484500 5.78126700

H 1.87558300 0.09198700 6.72728200

H 1.76031500 0.84735600 4.37058600

H 1.18961000 -2.01495100

H 2.38816000 -1.44777900

H 0.98924400 -0.41746200

C-1.14137400

C-1.31007300

C-1.34301200

C -1.68296400

H-1.15977200

1.37921600

2.22779200

9.55692400

8.36221700

8.78706100

0.02862600

1.11791600

1.87350100 -1.26184400

3.55652400

1.85515500

0.91972100

2.12489500

C-1.71057000 3.19809900 -1.46029100

H-1.21641700 1.21274700 -2.11589300

C-1.88523200 4.04444200 -0.36661200

H-1.81165500 4.20966300 1.77722100

H -1.86414600 3.56944600 -2.46857100

H-2.17521600 5.07936700 -0.51888500

H -1.43320000 -1.00544300 2.01491800

3a’

C 4.07418000 -3.61720400 -2.80770400

C 4.29091300 -2.64329100 -1.80990100

C 3.24204000 -2.07336800 -1.11295700

C 1.94717800 -2.50033400 -1.43886800

C 1.70769200 -3.48198300 -2.43263500

C 2.79866500 -4.04135500 -3.12103000

N 0.72615500 -2.12782700 -0.91569800

C-0.26015200 -2.84212500 -1.57137200

C 0.29345600 -3.68183300 -2.49551900

C-1.67729300 -2.66191700 -1.25720700

0 -2.57989600 -3.23470800 -1.81742500

N -1.91643600 -1.75551100 -0.20871600

0 -3.22578800 -1.53129600 0.11525600

C-5.01129100 0.01224500 -0.12295100

C-4.81234200 0.66843900 1.09505800

C -5.88442800 1.26783700 1.74516600

C-7.16023300 1.22193000 1.18242900

C-7.36121500 0.56868600 -0.02919700

C-6.28797900 -0.04062000 -0.67672900

C -3.83769000 -0.61247300 -0.82090000

H 4.92679600 -4.03782500 -3.33069600

H 5.30671100 -2.33680900 -1.58096500

H 3.41606600 -1.33878500 -0.33432900

H 2.63276400 -4.79381900 -3.88579700

H -0.26391500 -4.34983300 -3.13568700

H-3.81162600 0.69189300 1.51824100

H-5.72750100 1.77442100 2.69270100

H-7.99612400 1.69262800 1.69121600

H -8.35350000 0.52479500 -0.46759900

H -6.44342200 -0.56333300 -1.61700500

H -4.13862400 -1.16893200 -1.71347500

H -3.08975300 0.13984400 -1.09560500

0-0.51222200 0.36818500 -1.98453200
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C

N

C

0.50178800 0.80805000 -1.46209300

1.08280800 0.15266900 -0.40468800

0.50250000 -1.08404600 0.06673100

C-1.02007100 -0.82976000 0.29548500

0 -1.36721700 0.11330100 0.96071500

C

H

1.17166700 2.05722800 -1.91267800

2.52710600 2.32426400 -1.68029100

3.09531800 3.50324300 -2.12623900

2.31426300 4.44116700 -2.81482800

0.96424300 4.17708600 -3.06565500

0.40845000 2.98401700 -2.61830600

2.95796200 5.56537900 -3.20316300

2.21753800 6.53524000 -3.91562300

3.15666100 1.58879500 -1.18614300

4.14523500 3.72452500 -1.96916200

0.34637800 4.88558400 -3.60378600

H -0.63460900 2.75504100 -2.81130000

H

H

2.91287100 7.34577900 -4.13086600

1.83022000 6.12621800 -4.85590700

1.38440600 6.91808700 -3.31487700

1.09664800 -1.44658200 1.43156300

1.48960700 -2.75327300 1.71706100

1.20151600 -0.46057200 2.41753100

2.01028800 -3.06471300 2.97060200

1.39600100 -3.52671800 0.96181500

1.72481600 -0.77719300 3.66645300

0.83296700 0.54144100 2.21904900

2.13555500 -2.07878400 3.94412800

2.31890100 -4.08333600 3.18224200

1.80106100 -0.00632500 4.42660400

H 2.54371300 -2.32463700 4.91933300

H
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1.77003900 0.61260100 0.17423600
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8. 'H NMR and ¥C NMR spectra

000000

5

4500000

(4000000

3500000

3000000

2500000

F2000000

1500000

F1000000

500000
Lo

9L8'E
mom_muw
ZI8E

£T8EF
P8
609'p7
_omV%
LO8'F

0Lyoql
€849

S10'L
ZE0L
SEOL
LS0L
901'L
SIlL
AN
E61L
902'L
812L
peEL
LOEL
6LEL
LGEL
60bL
1eye
YL
9L LA
0lsL

LlgiT
vesL’
206'L
el
pOT'S
s/

NOBn

3a

"H NMR, 600 MHz, DMSO-ds

TLO'T
68'C
w.m_:

El1en

el

£1 (ppm)

F4000000

F3500000

3000000

2500000

2000000

1500000

F1000000

500000
Lo

500000

95°0z1
¥R'0T1
62Tl
LLETI
£6'KT1
LSzl
vE'LTl
80Tl
LE'8TI
88T
62'6T1
15621
19'621
AN
oppel
£6°8e1/

-

99°661
BITE9
]
SU0LL—~

NOBn

3a

13C NMR, 150 MHz, DMSO-ds

T
=20

-10

10

T
a0

110

T T T T
180 170 180 150 140

T
190

1 (ppm)

44



o o o o n n o a

= g g g g g g = 2

2 2 2 2 2 2 2 g g

= g 2 2 2 g 2 E E

¥ F % g b F 5 = 7 2
8THT— - — 2 687
pos's
mmw.Lf .

b _ LN
918€ — -— 0
mmm.mv — Aw.m
6b8E ;
665b, _

_ - T
LLLYy i =2 oo
6Ly
08K

o

b9 ~
8Z0L i
i @) _
LSUL o N 00
paT'L q e
Lre S c = B _ 80°1
7L — o B @) i
961°L — [o} z o % = = ._rm:w
nze _ M = _ J Lt
Tog'L S 2y e
Sope g Iy a| =

. o ZT ©
0lbL
LivL m
bTbL 3
1EbL .
zisels — o o - =001
£T5L
pOGL =
116 Z.
ST6L
0LL6 s

=

0071 — — =00

1 {ppm)

1

- = - = . = = - = -
g g g g 2 g g g g g 2
g g g g g g g g g g g
2 g 2 g 2 g g 2 g 2 g
g g s g 2 g 2 g 2 g g
g g g g g g g g g g g
BB % 0§ 8 8 % & 7 03 B e
osE1— ||uw
prog— |“
15op— ||'
. I
s -
65— -
6Lp9—  EEE—
6L91 %
00 SW |
e V
=
— —
2
=4
5 =
O
o z
¥ o A
-
o o N
Gron— z Z = s -
[ o ZT ®
o1 EW
P T
@il w
STST1 B
15'52 1 o — -
SSsE] = R., _
o
=

L

J

80
£1 (ppm)
45




2600000
(2400000
2200000

2000000
1800000
1600000
1400000
1200000
1000000

800000
600000
(400000
200000

200000

FE000000
~7300000

BhCEN
6Y67E
BYL'EY
06L'E
108"
G186
065"
TLL'P
BRL'#
FaF
9059
BER'9
2989
TLR'91
SL8 Ok —

£06°91
016'91
L10°L
zE0°L]
EP0'L
950°L,
890°L1
1114
£z1'L
95 1L
£6E°LA
S0 LA
BIb'L
BEb'L
g’
0z¢’
S68'L
606°L
596°L
086°L
ZEL'G

beall—

j_, I \'_J._} .

NOBn

\

3c

"H NMR, 600 MHz, DMSO-ds

MeO

0T
<001
L09

Lol
L6

L6

ko'l

1 (ppm)

61—

04 uw\
o8 157"
15'65—
[

Nh.wc/

6490
[0} :W.

1T°LL

Lyl
0L
S6'8E1
mwmfw
fiskel:al

856 1—
P9s1—

7000000
6500000
~E000000
~3500000

000000
4300000
4000000
3500000
3000000
2500000
~Z2000000
1500000
1000000

00000

-5
5

7

46

£1 (ppm)

NOBn

\

3c

13C NMR, 150 MHz, DMSO-djs

MeO




3800000
F3600000
3400000

F3200000

3000000
F2800000

2600000

2400000

F2200000
2000000

~1800000

F1600000

1400000

1200000

F1000000

800000

HE00000
400000
F200000

200000

pssE
§LCE
lege
SbRE
£68°€
L29p
So%'p
0zsp
L0S9
6159
9E0L
1sore
190°L
[
LIl
6zl'L
hlL
8ETL
THTL
£5TL
85TL
69T'L
SLTL
0L
e
vTrig
PEFL
mmwm,f\\

k

k

615L
£25°¢
0£5°L
sesef
5L

L68L
106
606'L
V6L
BEL6—

IRETI—

NOBn

"H NMR, 600 MHz, DMSO-ds

L0l
P
e

=640
g6

h0T
1P
i
T
Fo0e
£1¢
Mg

=101

=660

==

b

f1 {ppm)

3600000
(3400000

3200000

3000000

2800000

2600000

2400000

2200000

2000000

1800000

1600000

(1400000

1200000

1000000
FB00000
HE00000
(400000
(200000

200000

LEFr—

65—
£T19—

DELL—
80°011
£zs01
LyEll
69 ¥l
L8P
Rl
IRAIE
ze 01|
@mdﬁﬁﬁ
6Ll

95221
Rl
16521
86221
06°L21
86801
58'821
el
65621
29°621
96°2€1
1ppel
£7s€1
ap'ss1
¥5951
01851
s1291
shsal
6691

PMP.,

3C NMR, 150 MHz, DMSO-ds

-20

-10

30 20 10

40

210 200 130 180 170 160 150 140 130 120 110 100 a0 B0 T &0
£1 (ppm)

20

47



F3400000
F3200000

3000000

2800000

2600000

F2400000

2200000

=2000000

1800000

F1600000

1400000

F1200000

F1000000

800000

600000
400000
200000

200000

08567
148°€
878
omm.mw
LS8E
S19'p
160
Loy
06k9
059
6E0LT
£50L
£90°L
9L0L
8IT'L
0ETL
evlLf
00b'L]
6OKL
[F4% |
£bL
96y L
st
L6te ]
0 mi
GIsL
S16L]
0£61]
€868
978'67

—

96ETI—

Br

NOBn

'"H NMR, 600 MHz, DMSO-ds

J‘k_i,_‘)iw L

|

LN

60°1
567
Lo

=560
=601

=¥
(A4
(AN
JSEEE
0T
e
erm.m
e

=801

—E0l

£1 (ppm)

(3400000
3200000

3000000

(2500000

(2600000

2400000
2200000
(2000000
(1800000

1600000

1400000

1200000

(1000000

800000

FE00000

400000
(200000

e —

£pss—
PT19—
1§48
0pEN
S.m:_/
€SSl
e8ell
1ogzi
Al
ELHTL
08'bT1
ezl
6Ll
LE8EL
Al
Rl
1£°621-T
09'621

68°ZE 14
LEBEL

60°LET

Ihss1—
ARZIEN
Thsal~
08691 —

(0]
NOBn

3C NMR, 150 MHz, DMSO-ds

&0

T
00

T T
130 110

T
140

T
160 1

T
170

T
190

T
220

T
240

£1 (ppm)

48



12314
9,804
(8125
L7.272
7.260
7.258
17,255
17.145
7.132
7.120
7.078
7.066

T7.053
73

7.023

6.504
6.491

4.825

4.809

4,629

3.820
3.809
3.788

3.599
3578

]
4

cl \ NOBn

|
{ ._)LJJ T

=

S e
SFTLTEBEEZ

0.94 <
0,90«
.9

8

9

9
0,992
0.83

i

(1800000

F1700000

(1600000

1500000

(1400000

1300000

1200000

1100000

1000000

(-a00000

800000

(-700000

00000

(500000

400000

(300000

200000

100000

Lo

100000

o -

169,99
165.57
162.14
155.43
138.77
132.86
13047
129.58
129.32
128.86
128.38
127.93
127.42
124.79
124.63
122.39
121.66

121.57

120.78

112.84
7732

c W\ NOBn

3C NMR, 150 MHz, DMSO-ds

1

\

—61.30
—5541

—44.69

T T T T T T T T T T T T T T T
0 240 230 220 0 200 180 180 170 160 150 140 130 120 110 100
1 (pm)

49

T

90

2200000

2100000

F2000000

1900000

1800000

1700000

18600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

(400000

300000

200000

100000

0

100000




[-2800000
2600000
(2400000
2200000

2000000
1300000

H1E00000

1400000

(1200000

(1000000

+B00000
HE00000
400000
200000

0

200000

SeLE— —_—

Troe'y
mmm.wv.
ERO'Y
§L6'
686
900°L
6l0°L
el
£6Z'L

SOE'L —

LIEL
9z
LBE'L
0SE'L
Z9E'L
6LE'L
68E'L
LovL o
168 z
o |
9LLL

06L'L
EPE'L
LS6'L
L6

9Fel—

O
NOBn

- -

3g

'"H NMR, 600 MHz, DMSO-ds

-

—E8'T

=r6'l

[06°]
Tl
£6'€
%NN_N
l26°p

Lot
£0'1
20z

=001

e

1 (ppa)

000000

5

4500000

4000000

F3500000

3000000

2500000

2000000

F1500000

1000000

00000

[
Q

500000

Zhss—
STEI—
E0'ELY
1£E1T|
Isenl
TAAR
060219
671214
1£'€21
[ERXAR
164211
$8°5Z1
14021
92'821 7
L5821
84821
Z0'6z1
Q.EQ
£6'621
£EPE “
£5°LE1
L8l
TT9s1—
1291~
#2991~
Thaa1—

13C NMR, 150 MHz, DMSO-d;s

20

-10

20 10

30

210 200 190 180 7o 180 150 140 130 120 110 100 an 80 T &0
£1 {ppm)

20

50



4000000

H3500000

3000000

2500000

(2000000

(1500000

1000000
00000

5
Lo

T —

08—

SE6b
HWQWW
SL6h
£86'9
L669
szi'L
GEI1'L
necl
£T6'L
leoy
0sE'L
pseof
£o'L
996'L
LiEL
£86'L
z66'L
z0p'L
ZerL
vseed
085'c |
1562
996'C
L6

9EETI—

"H NMR, 600 MHz, DMSO-d;s

—R0'E

—0e'E

=00°C

1ee
o
Iele
ree
no's
Le'l
Bl
sie

=&0'l

=001

£1 (ppm)

10000000

(9000000

8000000

F7000000

6000000

000000

-5

(4000000

[-3000000

2000000

1000000

arie—

61981 —
SO°E9T~
91991~
BE'691—

Me

NOBn

3C NMR, 150 MHz, DMSO-ds

T T T T T
140 130 120 110 0
f1 {ppm)

T
150

T
160

T
190

T
210

30

51



000000
(4000000
(3000000
2000000
1000000

-5

=] =] =] =] =] =] =] =] =] =] =] =] =] =] =] = 2 2 m
E £ 8 8§ 8 8 E E 8 8 8 8 B 8 8 8 s g 2 = = 2
S EE 2 EEEEEEEEEE BB E g g g g g
-
il
- o
8Le ]
n0sE L.
ST6'p
bGP
bosy I £Tss
£89°0 . w e
a8 09—
8690
1Ly |
2269 ] £6'0L—
5269 | e
166s T = g |
0669
o £5'He—
e 68210
el =£0T SEELL
et E LA
et = pL1TIk
by Y % 657721
geet 3 69°TT1L
Este 06'bE1—
aaes w — %mx £9°LT1-f
P <per sz
eae s = 8z’ TR §
seeLy T ) Yeee 69521
66ELY - R¥e £6'821
zovely N i sl
Sw_m an) ssazi ]
ol seps
o M gpeetl
P S sropl
o < 68551
1861 o —eo'l ZL8sl
9166— ) ot
zZ1091
P SRTIN
Z
=
£9771— —00°1

NOBn

3CNMR, 150 MHz, DMSO-d;s

100

110
52

1 {ppm)

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

200

210

220

230



4000000

3500000
3000000
(2500000
(2000000
1500000

(1000000

00000

5
0

1eel—

NOBn

3

"H NMR, 600 MHz, DMSO-ds

—

—6l'e

=H0'C

e
el
PR'T
e
Lo
601
L0
80T

=801

=960

Ee

)

[F6000000

500000

000000
4500000
(4000000
F3500000
(3000000
2500000

s
-5

2000000

1 (ppm)

0pee—
26'eh—

TLL—
£8°5017
66501
9sE [l
LRI
R
boblL
6P 021
£5°071
AEx4R
sTEzl
£Lb21
85zl
09°L21
£2'871
29821
L8z
90°621
ezl
swazl
£TpEL
s
S0°LEl
86551
LF9s]
£0°851
Bl
91991
s0'6917

S

—

NOBn

3C NMR, 150 MHz, DMSO-ds

00000

5

(1500000
F1000000

200 180 180 170 160 150 140 130 120 110 100 a0 BO T
1 (ppa)

210

220

30



4000000

3500000

3000000
F2500000
2000000

1500000

F1000000

500000
Lo

8=

GEO'R
S50k
s96'%
186'%

8669
ZI0L
pigL
STCL
preLy
b

85EL
ose L f
T6EL
SOpL
8IFL
0spL
£05L
LISL
86 L[
296L]
880°8

L2001

LTl —

"H NMR, 600 MHz, DMSO-ds

J—

=00'E

=06'1

=001

=660

£1 (ppa)

7000000
FE500000

6000000

500000

5

000000

5

4500000

(4000000

3500000

3000000

(2500000

(2000000

1500000

1000000
00000

5
0

F—500000

s —
LBT9—
POLL

um.m:_/
LSELL

8E'SI1
so'all
FLETT
0L'rZ1
[ Al
F1sTl
£9°LT1
£T'8T1
98Tl
£9'8T1
LL8T1
016zl

I¥6zl
88°621
oz berf
b0'LET
peest!
$6'551—
AETIEN

S189T~
G691

13C NMR, 150 MHz, DMSO-djs

T
110
£1 (ppm)

T

T
120

130

140

T T T T
1890 180 170 160

200

T

210

100

150

220

30

54



2800000

(2600000

(2400000

2200000

2000000

1800000

(1600000

1400000

(1200000

(1000000

800000

600000

(400000

200000

200000

T08E
TE6Y
Sb6h
8S6F
SLGE
9669
0b6'9
786'9
956’9
086'9
133
9beL
0sTL
T9TL
997¢
plEL
sz
e
ShEL
pSEL
LSEL
TEL
98EL
1668
0¥
C1pL
T8
128
L8
9E8'L
LEGL
156'¢]
786'6—

9RETI—

"H NMR, 600 MHz, DMSO-ds

=80t

=60'C

08°0
90'
80
Aoww
Lo
tei
Loz

=Pl

—&6'0

1 {ppa)

500000

5

000000

5

4500000

4000000

3500000

3000000

(2500000

2000000

(1500000

(1000000
00000

-5
Lo

0Fes—
SO —

T0iL—

0086
L336”
810114
PEOLI
1SET1—
61701~
21217
PrET]
056z
29HT
e
LT
LT
£7'ST1
09'82 1
9.8z
S0'6T1
16T
68°6T1
STYEI
SI'EEl
£6°8C1
Z0'651
L8'SS]
£5°091
£6°191
z1291
2991
81691

NOBn

3C NMR, 150 MHz, DMSO-ds

40

T T T T T
150 140 130 120 110 00
1 (ppm)

T
160

T T
190 170

T
210

30

55



(2400000

(2200000

2000000

1800000

FLE00000

1400000

1200000

(1000000

(300000

E00000
(400000
200000

200000

TORE—
956
Z56'h7
SQ.L.
086'p
8L697
£669
S80'L
BR0'L
660°L
0L
pIEL P
STEL
REE'L
THEL
zsEL
S56L
08E'L
SEEL
n6E'L
£65°L
DOFL
e
vepL
KL
BbEL
8L
STRL
1662
Sho'L
666
£p9TI—

"H NMR, 600 MHz, DMSO-ds

—£0°€

=881

(61

660
s
Ze6h
680

Z0'g

=101

=60

£1 {ppm)

FE000000

500000

]

000000

5

4500000

(4000000

(3500000

(3000000

(2500000

2000000

F1500000

(1000000
00000

5
Lo

6ESEA
00E9T,
g_m}
el

sl |
260211|
epiziql
86121
926211
TR
TRAR
29421
ATAR
658211
9L'8Z 1
L0621
1b'621
L8621}

657081~
E.v:um
3_5\
66°8€ 1

$6°S51—
11291~

FT991~
Iast—

PMP

13C NMR, 150 MHz, DMSO-djs

T T
130 110

T
140

1

T
160

T
190

T
pati]

T
220

T
240

i

f1 (ppm)

56



Faooo0oo
L2500000
|-z000000
F1500000
1000000
500000
Fo

- - o o - o o - o o - -
g g g g g g g g g g g g g g 8 8 2 8
g g ] g g g g & g 7 g ] 2 E s 2 2 2
g ¢ % ¥ ¥ ] i) F . g i 7 % % ! g 8 g g B
ke
1061 —
- o
T
18— —————————— —_ =%,
coLs 658
9I8'E — bh 19—
885 .
950} PTLL
€40 ﬁ — RE€10
95294l _ I J (181 09'€114
9z8'9 ; 90° | 6L 0211
0P80 ﬁ £8'02 19
£68'9 —_ == Tzgl 121214
TL69 72 5Tl
SR6'9 I~ £9°621
oot - L L6721
1z0'L . 115711
RT0'L iﬂ Fa™ EIR<AR
EP0'L — o — =660 0€°L2 1
aPl'LA 2] _ Jlot 868214
19re M e Y860l £8'8T1
PLIL —_— ..,s_m ¥2'6Z1-
CEE'L @) === 3y §9'6Z1
9pE'L - 101 £1081
09E'L N I — N T R TP 9z '0s 1
065'L < = o0's SSIE T
oyl ® M 907 cppeT
blIvL 660 62°L8 14
SEVL () e qm,wm%
i 2
. 60'291
st ; ) Tt qw,m@:‘a
LTl a4 15041
THE'L M
6E0'
£50'8 Z =
£18'6
=
Loy
c8rzl— —_— — =1

1o 100
57

£1 (ppm)

120

180 180 170 180 150 140 130

3C NMR, 150 MHz, DMSO-ds

200

210

220




—12.105
9770
8.117
8.104
7916
7.002
7.528
7520
7506
7437
7433
7423
7410
7.398
7376
7364
\7.351
7217
7.204
7191
7015
6.853
6.840
Nmn
6,359
4.844
_tmm
4661
3.808
3786
3.561

oo
[ 300000
o o

|

3600000

[l I 3400000

[ [ 3200000

) | . | ‘ 3000000
\

2800000

| || |
| | I /) | |

Me 2600000
2400000
2200000
2000000

(1800000

+LEOOO00

30

1400000

"H NMR, 600 MHz, DMSO-ds 1200000

1000000

300000

! 600000

400000

o—
7

-
t—

%._

‘JL J 200000
‘.,_._,_,JJ ._.|_ ...-».—J _A.J\.._' LY _.4_._.‘__1 1 f-0

T .
JEgogogs =ty oy
553238338
i — = eieiod

0.91~

+

102/

200000

1.03=
0.68

13 12 11 10 a 8 7 6

T L0T
w1314

f-3800000

138,52
136.41
134,52
129,92
129.61
129,42
129.31
128.81
128,42
128,36
125,73
124,95
123,76
122,93
120,85
120,82
11358
11340
7725

—6ld5

j
\t

(3800000

oo
o =T
=
==
il

~162.06
15572
—5539
—44.33
2051

3400000

(3200000

(3000000

(2800000

2600000

2400000

2200000

2000000

(1800000

(1600000

(1400000

1200000

FL000000

(300000
00000

(400000

L L1l -

200000

T T T T T T T T T T T T T T T T T T T T T T T T
o 220 210 200 190 180 170 160 150 140 130 120 110 100 a0 80 T &0 50 40 30 20 10 a -10
£1 (ppm)

58



500000

5

000000

5

4500000

4000000

3500000

[-3000000

2500000

(2000000

1500000

(1000000

00000

=1
0

500000

3p

"H NMR, 600 MHz, DMSO-ds

|

(960
0t
L6

80'€

= 6L
86°0

=560

£1 (ppm)

(4000000

3500000

3000000

(2500000

+2000000

1500000

1000000
00000

3
)

Lo —

£67S~
1pss?
9519

9LsTl
GEBTI
R8T
££6T1

£9°671 Jyn
£9°081
P bE
SSREL

!

SLEST~
SPRSI—
80291
6vo1
1£°0L1-

13C NMR, 150 MHz, DMSO-djs

T
00

T
110
1 {ppm)

T T
130 120

T
140

T
160

T
190

T
210

59



(1100000

1000000

(200000

800000

700000

600000

00000

5

(400000

300000

(200000

100000

o

L=100000

618
mhm,mw
LTO'E
BIL P~
L9B

659'97
9F0'L
PO’ Ly
LI
991'L

1T~

02E' L
SIPL
[442
681 L
$p5 L]
LE6'L

OSR'G—

99Tl —

3q

"H NMR, 600 MHz, DMSO-d;s

Foot

£1 {ppm)

(2300000
2200000

2100000

(2000000

1900000

1800000

(1700000

1600000

1500000

(1400000

(1300000

1200000

1100000

(1000000

200000

200000

700000

600000

00000

=

400000

(300000

200000

100000

=

o' 0=

pss—
8719~
STLL
el
€l
8501 |
980711
860711
1£°521
95'€71 1
06'VT 1
895211
X148
BERT 1
938711
97671
ZE6T1
9671
99'6Z1
AL
SRIE1

15pE1
REAE
61—
2191~
15601~
86°691—

13C NMR, 150 MHz, DMSO-ds

60



000000
(4500000
(4000000
3500000
3000000
2500000
(2000000

=

1500000

(1000000
00000

5
0

TRSE
FO9'E
18t
GIRE
1F8E
058y
SUR'Y
8RE'Y
10t9
1£49
SO0'L
Glod
1e0L
SEU'L
[Ata
FLE'L
GEE'L
IFeL
FRE'L
£8E°L
SEE'L
LSE'L
FIE'L

1

——k

99€'L
SLEL
8LEL -
08E'L —_
0641
16541
SopL
[
9ltL
4
pTbL
0Et'LA —
coped
L
0ES L
£bSL

00621
Sl6L

9808

6608

0F8'6—

3r

"H NMR, 600 MHz, DMSO-ds

ST — I

mil

1.

U

UL

C

901
it
801

=E80
=660

LD
4260
n__ao.m
101
mmé_m
6T
Looe
+107
Lzl

=101

=860

i

Fwo

£1 (ppm)

000000

5

(4500000

4000000

3500000

3000000

2500000

2000000

1500000

+1000000
00000

L5
La

500000

G8'ST1
[Ad:iay
9 '8T1
SEBLI
e1'ozl
06Tl
96621
Zzoel
9Fel

r
I

85651
m_.mm:*
088917
BOHHTS

13C NMR, 150 MHz, DMSO-d;s

T T T T T
60 150 140 130 120 110 100
£1 {ppm)

T
190 170

T
210

220

130

61



1200000
(1000000
F=200000

800000
00000
(400000
200000

: 2 =2 =2 2 =2 = =2 g2 = 2 i 8 8 &8 &8 &8 &8 &8 &
i g g g8 g 2 g8 2 2 g© &8 &8 &g g8 g i 2 2 & § 8§ :§ :§ =2
i 8§ & & & & &# & § &8 &8 &8 &8 &8 _ &8 IR - -
T U N S S S S S-S S SR NP SR R i
F
-
_ s
[~ 88 Eh—
Lo
A
Toro
- =60 L9671
N0 e S8FE 1
A §8'5Z11
kS et |
o L6821
o e SRRZIW
(i61 3
N — ) st Le6TIp
@) el 296214
172} —_— %E._,r Ly
— o s0zel
W — = ﬂg_m t.mmi\
. ThEL
_
- — o0 g5 Bel
N .
as ot 29551
291~
gl = re 75591~
% 60021~
QS - =00t |
RLITI— — —_— =

00 %0 80 0
62

110
£1 (ppm)

160 150 140 130 120

170

3s

13C NMR, 150 MHz, DMSO-djs

220

230



2600000

2400000

2200000

(2000000

(1800000

1600000

1400000

1200000

1000000

(800000

600000

(400000

(200000

200000

E oD OOV O OO O NVICNNGO VIS N — O
o1 o = NOoOOoODOoOhARWWOOMN DM N DM — WV — N
o == TITIMMMANNSSSRERE RS oo mn &
= CTO?_ R T T e e AR A R
||
m ‘
| H [ I
| | I (1]
NO,
3t
1
H NMR, 600 MHz, DMSO-ds
|
'
1
l |
1
A _._,JLJL'—II._;'.._.l_ _,lJL_ _.l-lﬁnl\_z;.k___L__LJu_A_ 1
| i T S, P
= - o\ 04— T o 0o L S
E & ES-n3¥rsS =5 Z2=S
= = — i o — i oed == —Zaie
T T T T T T T T T T T T T T T T
13 12 11 10 9 k] 7 [ 5 3 2 1 ] -1 -2
£1 (pmm)
= =
v -
- =
|
3t
13
C NMR, 150 MHz, DMSO-ds
|
|
| 1
J|I | ‘I"‘IIHI‘ | |
L L S N N O
T T T T T T T T T T T T T T T T T T T T T
30 220 0 200 180 180 1T 160 150 140 130 10 110 pUli} 30 80 70 &0 50 40 30 20 10 -10
pom)

63

(3400000

(3200000

3000000

2800000

2600000

2400000

2200000

(2000000

1800000

1600000

(1400000

1200000

(1000000

(800000

E00000

400000

200000

F=200000




=20

-10

20 10

30

uouaoon a
: § £§ § E § § 8 &8 8 &8 &8 &8 &8 & & £ g 8 &8 &€ &€ &€ &€ &€ & g g g =
i 8 § § § % 8 8 g8 8 8 2 8 8 8 =2 = g & & & § & & § § & § & %2
I R B S S L S VI LS. L. . S . B SR T I & § &= = &5 § & &g &= § &8
Fe
9L
pRLE Lo
68LE
128
1£8°€
666'E — Fe
azo'e
ssLp
1LY | |
0pE'9 *
L5E9 _
pEO'L
SH0'L _ b e 98 ph—
LETL _
.|
0se'L \ o
diet L i
veL -
Log'L |J_ .
£LEL I e9'l
G8E°L — el
zas'L I
968°L
cove ~— =660
SOp'L | re_ 99°0Z1
IGL | i 06°0Z1
XA h S6'0Z1
LES'L . ezl ©
9FL i ) J . 69'¢T] — iﬂ
LovL ) S - TMMM £6'KT1 o
. I | S5zl
0z9'L _
o — o e L6571 4
LStLf ——— 2 — L 12921 >
B18L = — 0 BO'EC 1 A
L == 001 Al
TreL =) 2 Hea _ o
958'L — A0 8T'LT1 N
9984 N 11 LE'LEL T
e T | ooz £5°8T1 5 S
TheL 3 1 L0l b £LRT1 &
1L18 A = Lo 8zl o
ss1s! o . po Gol ha)
7886— S — Wl g L] —
6 1 - R’
W [~ §5°651 Z
1ol
T _ 055911 3C
20z — — = - =00t [H 61°0L1

40

80

a0

64

180 170 160 150 140 130 120 110 100
£1 (ppm)

190

200

210




(2800000

2600000

2400000
2200000
2000000
1800000
H1E00000
1400000
1200000

1000000

(800000

600000

(400000
(200000

0

200000

ERETI

By

x,_J._,Ll

PMP

3v

"H NMR, 600 MHz, DMSO-ds

I

B

=80'¢
~p0E

=&01

=S0E

=Fle

=501

—L8'0

1 (ppm)

4500000

(4000000

(3500000

(3000000

(2500000

F2000000

1500000

1000000

00000

+5
0

1491~
e

8E9E—

LESE—

SIve—
18LL—

leretn
S
E0Z1
95121
8Lzl
£0'€Z1
L9°€214
25Tl
ﬁwaﬁv
'8zl
GLSTI
7862l
89671
99'p¢ 1
198614
£5'95] —
96191~
86691~
E691—

3v

13C NMR, 150 MHz, DMSO-djs

-20

-10

10

20

210 200 190 180 170 160 130 140 130 120 110 100 90 50 i &0
1 (opm)

220

65



(3200000

(3000000

(2800000
2600000
(2400000

(2200000

(2000000

1500000

(1800000
1400000

(1200000

1000000

(800000

600000

(400000
200000

F=200000

$8L0
1640
S08'0
11807
876'0
06601
8T0'1
ZH0'T
LT
£90'1
Lz
€681
£
681
615177
65517
LIS
965 14
JACRE
[TIRE
ShL 1
18614
zo0z]r
sLezd
peez
so8'e
TS
880'
911's
z¢1's
166'9
900'L
8L
poU'L
LL'L
892
087'L]
b6E L]
£0b'L
LOK L]
pivid
1zve]
pere]
ZhbL
SHL
Shb'L
89b'L
Z8bL
109L
1oL
PHR'L
868'L
0T6'L
pE6'L
£65'6

89221

L_' A

(O

NOBn

\

ZT

3w

"H NMR, 600 MHz, DMSO-ds

1

=90'C

=860

£1 (ppm)

3000000
2800000
(2600000
2400000
2200000
2000000
1800000
(1600000
(1400000

F1200000
(1000000
300000
600000
400000
200000

0

L¥ST
454
S097
7oz
9¥LT

I

LOap—
LESE—
L8P —

6TLL—

SIEll
SPETL
8E0ET
191l
el
SIEEl
POET]
144
L¥'STl
1£°821 %
08'8E1
SE6Tlle
69621
B9FEL
BCRE]
96961 —
96191~
80961~
Ras1—

|

|

Hm

|

|

13C NMR, 150 MHz, DMSO-djs

T
00

T
110

T
140

T
B0 1

T
170

T
180

T T
230 220

T
240

1 (ppm)

66



(3400000

(3200000

(3000000

2800000

(2600000

2400000

2200000

(2000000

1500000

1600000

1400000

1200000

(1000000

800000

FE00000

(400000

200000

200000

-
= F oo w O M 00000 D O — [ T 00— 004D — D —
v S mor MO TN SO G NN D T D0
i S SomEZyMIMTTITTIMmMMAMmmMmEmm NS oSS0 R
— — L e o e o L ol ol ol o e e e e o e el el el ol =R e
AL i
—_— —
|
| ||'."||
| | L |
| ] || 111 ||
PMP
3x
H NMR, 600 MHz, DMSO-ds
|
|
! |
1
!
J A S AL i -
! 1 TR S— 1
o o oo o o
= = [ = = = L]
— —_ o= =g =i ooded o
T T T T T T T T T T T T T T T
13 12 11 10 El 3 7 5 4 3 2 1 -1 -2
£ e
T TV = = OO oD — 00
P e R N R T R g e R e N
R R L R R R R = R R v
s R SR e e e e e B e s 2 @
N e et | |
PMP
|
i
|
i
|
L i
|1l ‘
T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 B0 7O 40 10
£1 (ppm)

67

=3000000

2500000

£2000000

F1500000

F1000000

F500000

=




(7000000

12,108
8.100
8.086
7.903
7.367
7.354
7.107
7.049
7.0306
7.027
7012
3809
3.787

/
©

£9.749
7.889
7.506
7493
L6.429
3558
3537
0.000

6500000
F&000000
| | 15500000
| 5000000
5

| J (0 I
(o} 4500000
4000000
3500000
3000000

2500000

2000000

1500000
(1000000

1
[t 500000

=
e
L
T
=

;
:
o)
L
:

0,97~
1.00-=

0

0

0

0

0

0

02

0
3.25
0.79
2.87
1.07

F=500000

5
£1 (ppm)

FE500000

—169.84
165,39
162,07
_-155.42
138,50
132,94
129.59
J-129.55
Jr127.80
124,02
1123.76
122,87
L120.82
L120.49
L113.59
L113.40
6304

6128
~55.39
44,68

000000

F5500000

5000000

O (4500000

4000000

F3500000

F3000000

3y

2500000

13C NMR, 150 MHZ, DMSO-d6 12000000

1500000

ik I -

T T

T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 &0 50 40 30 20 0 0 =10

68



(1100000

00000

-5

(1000000
(200000
(300000
(700000
(00000
(400000
(300000
200000
(100000

k100000

F1700000
1600000

£LE
pasE
66LE
£18%
zioy
295
ah_ﬁm
bRLY
2559
a9
S10L
o)
p0°L A
£50°L
990°L
sTIL
SE1L
LbIL
apTL
8TL
1Lz
[
wTrL
SEFL
oL
8SHL
1Lk
91gL
7L
669°L
FlLL
265L
6L
918
6518
LI%6

-

L —

AJ

|

.

I

nn

NOBn

"H NMR, 600 MHz, DMSO-ds

waliy)

Fa'0
:ﬂmm,m

Lesz
5260
Il

—&0T
&8y
N
wL0'L
%
LT
AN
s0'e
fm:

=00l

eClE—

1 (ppm)

£8Pl —

pse—
0g1e—

TTLL
%_::/
19°€11
0’1214
v21T1
09'1211
661211
£LTE
LR
119zl
9B L2 14
98'L2 1
8E'8TI
8821
0621
85621
19621
06214
Tl
00°0%1-
76'581

S,NE\
ool
95°6917

-

(1500000
(1400000
1300000
1200000
1100000
(1000000
(900000
200000
700000
600000
(500000
400000
300000
+200000
100000

70 &0

a0

100
69

110

120

£1 {ppm)

NOBn
220 210 200 180 180 1T0 160 1 140 130

13C NMR, 150 MHz, DMSO-djs

230

240




3000000
2500000
2000000
1500000
1000000
00000

5

20

0

oaoooouoaooaouo u oonnuuoo
£ 8 8 E 88 8 8 8 8B 8 88 8 8 8 8 8 s £ g 8 8 g8 8 & & &
£ £ £ £ 8 8 8 8 g 2 8 88 8 8 8¢ &8¢ g E ¢ & § &8 &g £ ¢
2 £ § 3 5 § § § 8 23 8 35 § 8 g 3 & g g g & @ & 28 & &8 =&
g% % 9 5 8§ & & § § % §F 3 % % 8 8 F § o i § . % % 5 8% ¥ F %
e
r
— Lo
89'bp—
: e 8E55—
095°€ 7 ) Ly09—
18
leLs L
ThLs _
o N —_— = s 01
LOB L - - T
2hr9 — = = o0e
19%9 =
600°L
£T0L STELL
SE0L 561l
Sa0L T 65021
660°L 3 b0z
e oF £L1Z1
8EI'L T axdl
osied . © [ sloz PReais
£91'L = _Mwmﬂ pe'szl
66TLE o - T 65521
TIEL m — O == Tt 0Lzl
peeL - 2 - = Fo01 99'L2]
pmq_h\. - P |_ Lol 05 621
LIV L =) — 0w 0855 |
88%'L N w 1zss1)
206L N 12681~
Srs T . 6191~ o
850'8 3 S 01's91~
5T56— - = =101 o o
m . 95 'pLl g
O
88801 — — DMA — b0 |
098 11— — T 00 |
=S

40

70

80

00

70

110
£1 (ppm)

200 190 180 170 180 150 140 130 120

3C NMR, 150 MHz, DMSO-ds

210

220

230



3800000
3800000

(3400000

3200000

(3000000

(2800000

(2600000

2400000

F2200000

(2000000

(1800000

H1600000

1400000

(1200000

1000000

800000

600000

(400000
200000

[F=200000

86b'E
616°€
L69°E
LILE
118'€
L1
SML
£0K'99L
569
L1869
000°L
010°L _r
oL

860°L
1402
£80°L
6E1°L
L
991°L ﬁ
S6T'L
B0E'L
s
EbbL
L8b'Ls
¥88'L
868°L
F10'8
LE0'8
129'6

Q06'11—

"H NMR, 600 MHz, DMSO-ds

90T
L0
e

—z0'T

—90'Z
e
dalt
il
Il
Il
orl
1602
60'1

=0l

—66'0

£1 {ppm)

3000000
(2800000

2600000

2400000

2200000

2000000

1800000

1600000

(1400000

1200000

1000000

(800000

00000

400000
200000

F=200000

G0EkF—

BEGE—
8809

el
SSET
s8'all
0s0gl
onet
T0°eg Ty
LTFEl
G1'STl~
90°LET
99°LEl
016zl
£50El
BTEE]]
90°8E1
61961
L6191~
FLsor—"
LETLL—~

PMP,

5a

3C NMR, 150 MHz, DMSO-ds

|

l

T
130

T
110

T
140

1

T
160

T
190

T
210

T
220

T
240

71



9. HPLC spectra

mAL

VWD1 B, Wawelength=254 nm

1001
PMR
90+
(6]
80+ HN
70 B /°
60 % \ NOBn
§ 50 N
401 H 0
4 rac-3a
204 §
10 2
A K
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time [min)
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
26.780 MM 1.4263 4765.9429 55.6917 50.3182
61.905 MM 6.8683 4705.6704 11.4187 496818
Sum 9471.6133
VWD1 B, Wawelength=254 nm
18
161 PMR
it o
12 B o
g
104 Sy \ NOBn
& H S
&
3a
= Catalyzed by C2
2 g
o 9
5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85
Time [min)
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
28.294 BB 1.4631 879.3219 8.9902 97.2786
61.667 MM 8.1499 245897 0.0503 27214
Sum 903.9216
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VWD1 B, Wawelength=254 nm

320
300
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260
240
220
200
180

2 1604

E 140
120+
1004

B0
60
40
20

=204

PMP,

14.184

35.657

2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 456 48 50
Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
14.184 MM 0.7256 7226.4878 165.9963 51.1808
35.657 MM 3.8647 6893.0396 29.7262 48.8192

Sum 14119.5273

YWD1 B, Wawelength=254 nm

6001
550
500 PMP. o
450
400 ~
350 E 2
2 3001 1 =
250
200
N 3d
150 Catalyzed by C1
1004
501
I} ™
0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 36 40 42 44 46 48 50 52 54 56 58 60
Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13.942 BB 0.6493 13163.5156 307.5609 27.4507
31.964 MM 2.0832 34789.7695 278.3318 72.5493

Sum 47953.2852
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mAl

VWD1 B, Wavelength=254 nm

12049
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-]
o
1

16 466

PMP,

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

Time [min]

Signal: VWD1 B, Wavelength=254 nm

RT [min] Type  Width [min]
16.466 BB 0.8175
42.943 MM 4.0487

Sum

VWD1 B, Wavelength=254 nm

Area
2723.9736
2666.6240
5390.5977

Height
50.4810
10.9773

Area% Name
50.5319
49.4681

160+ ]

B804
60
40
204

o

m
16.434

39.272

PMP.

3f

Time [min]

Signal: VWD1 B, Wavelength=254 nm

RT [min] Type  Width [min]

16.434 MM 0.8697
39.272 MM 2.8250
Sum

Area
7317.7393
20138.3262
27456.0654
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VWD1 B, Wavelength=254 nm

12049
1104
1004

PMP.

16 .466

3 604

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50 52 54 55 58 60

Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
16.466 BB 0.8175  2723.9736 50.4810 50.5319
42.943 MM 4.0487  2666.6240 10.9773 49.4681

Sum  5380.5977

VWD1 B, Wavelength=254 nm

240

2201

200 PMP.

1804 \/40

160 2

1401 E
2 1201 N
E

100

80

B0+ 3f

404 g Catalyzed by C2

20 g

1} A /“\"“‘---__

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50 52 54 56 58
Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
16.190 BB 0.7713 6220.8828 122.3197 B67.4182
42.349 BB 3.0238 3006.4167 13.2270 32.5818

Sum  9227.2996
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VWD1 B, Wavelength=254 nm

mAL
BRH
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Time [min]

Signal: VWD1 B, Wavelength=254 nm

RT [min] Type Width [min] Area Height Area% Name
23.478 MM 1.2651 17143.7500 2258554 50.8053
49.451 MM 3.5266 16600.2480 78.4535 49.1947

Sum 33743.9980

VWD1 B, Wawelength=254 nm

7504
7004
650+
600
550
500
4504

% 4004
350
300
2504
2004
150
100

50

23.393

0 2 4 6 B8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Time [min]

Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name

23.393 MM 1.3246 15728.6631 197.9113 60.7606
49.929 MM 3.4554 10157.6260 48.9945 39.2394
Sum 25886.2891
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VWD1 B, Wavelength=254 nm

6000
5500
50004
45004
40001 e
35004 E
%!DDD-
25004
20004
15004
10004
500
D___.-_L.JL.‘.—-
05_&éé1'{:1'21'41'ﬁ133261_2'2[2'4|2'62'33b
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type  Width [min] Area Height Area% Name
15.499 MM 0.8808 169453.9375 3206.2834 491076
32.290 MM 2.2041 1756129375 1327.9015 50.8924

Sum 345066.8750

VWD1 B, Wawvelength=254 nm

B850
800
750
7004
650
600
550
5004
3 4504
E 400+
350
300+
250
2004
150+

100 L
504
0 J

15.985

0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30

Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type  Width [min] Area Height
15.985 MM 0.7637 12932.8350 2822520
36.724 MM 3.0596 6506.9619 354454

Sum 19439.7969
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mAL

VWD1 B, Wavelength=254 nm

el PMP.
1501 e
140+
1301
1201
1101 g
100+ =
90+
E 80
701
60-
50
40-
301
201
104
0
0 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 5 58
Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
21.646 BB 0.8591 5027.4756 89.8066 50.3052
45619 BB 2.4790 4966.4775 27.6307 49.6948
Sum 9993.9531
VWD1 B, Wavelength=254 nm
451
40+ PMP.
(0}
35 \74
301 3 “
25 &
20
15
3y
10 o Catalyzed by C2
2
{ }\
o e A
0 2 4 6 6 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 5 58
Time [min]
Signal: VWD1 B, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
21.864 BB 0.9020 1431.2595 24,1992 66.0888
48.991 MM 3.3193 734.4022 3.6876 33.9112

Sum 21656617
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