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1. General information

Chemicals were purchased from commercial suppliers and used without further purification unless
otherwise stated. Analytical thin layer chromatography (TLC) was performed on precoated silica
gel 60 GF254 plates. Flash column chromatography was performed using Tsingdao silica gel (60,
particle size 0.040-0.063 mm). Visualization on TLC was achieved by use of UV light (254 nm).
1H and 3C NMR spectra were recorded on Bruker 400 MHz or 600 MHz spectrometer in CDCl;,
DMSO-dg. The chemical shifts are expressed in ppm and coupling constants are given in Hz. Data
for 'TH NMR are recorded as follows: chemical shift (8, ppm), multiplicity (s = singlet; d = doublet;
t = triplet; q = quartet; m = multiplet; br = broad), coupling constant (Hz), integration. Data for 3C
NMR are reported in terms of chemical shift (8, ppm). The enantiomeric excess values were
determined by chiral HPLC with an Agilent instrument and a Daicel CHIRALCEL and
CHIRALPAK column. High resolution mass spectroscopy (HRMS) analyses were performed at a

Q-Exactive (Thermo Scientific) Inc mass instrument (HESI).



2. Substrates involved in the manuscript

Azonaphthalene derivatives
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3. Procedures for the preparation of substrates
Preparation of azonaphthalene derivatives
Azonaphthalene derivatives 1a-1p were prepared according to the procedure of reference.!

Preparation of N-Boc 3-aryl-oxindoles derivatives

O Ar Ar
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N-Boc-3-aryl-oxindoles derivatives were synthesized according to a modified process.? To a
solution of oxindole (25.0 mmol) in THF (50 mL), NaH (37.5 mmol) was added at 0 °C and the
resulting mixture was stirred for 30 min. ArMgBr (50.0 mmol) in THF was then added dropwise to
the mixture and the reaction was allowed to warm to room temperature. After the reaction was finish
detected by TLC. The reaction mixture was quenched with aqueous sat. NH,Cl and extracted with
ethyl acetate. The combined extracts were washed with brine and dried over sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was recrystallized in petroleum ether and
ethyl acetate to give product as a light orange solid.

To a solution of the crude product obtained above in AcOH/HCI (60 mL/4 mL), SnCl, (2 equiv.)
was added at room temperature. Then the mixture was heated to 120 °C for 4 h to 12 h. The mixture
was diluted with ethyl acetate and washed with H,O multiple times. Then the organic phase was
washed with aqueous sat. Na,CO; and brine, dried over sodium sulfate, and concentrated under
reduced pressure. The residue was recrystallized in petroleum ether and ethyl acetate to give product
as a white solid.

To a solution of obtained 3-aryl oxindole in THF (50 mL), EtMgBr (2.2 equiv.) in THF was added
dropwise at -40 °C followed by adding (Boc),0 (2.2 equiv.) in one portion. Then the reaction was
warmed to room temperature. After the reaction was finish detected by TLC. The mixture was
quenched with aqueous sat. NH4Cl and extracted with ethyl acetate. The combined organic layers
were washed with brine, dried over sodium sulfate, and concentrated under reduced pressure. The

residue was purified by quickly flash column chromatography on silica gel (petroleum ether/ethyl



acetate = 20/1) to give the product with more than 90% purity, after recrystallizing from PE/EA or

PE/DCM afforded the pure product as a white or yellow solid.

tert-butyl 3-(3,5-dichlorophenyl)-2-oxoindoline-1-carboxylate
cl

e
(Lo
N

Boc
2a

2a was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) § 7.94 (d, J= 8.2 Hz, 1H), 7.43-7.37 (m, 1H), 7.31 (t, /= 1.9 Hz,
1H), 7.21 (td, J = 7.5, 1.1 Hz, 1H), 7.15 (dt, J= 7.4, 1.5 Hz, 1H), 7.09 (d, J = 1.9 Hz, 2H), 4.67 (s, 1H),
1.64 (s, 9H).

13C NMR (100 MHz, Chloroform-d) 3 172.73, 149.18, 140.63, 139.36, 135.53, 129.38, 128.37, 127.34,
125.86, 125.13, 125.06, 115.53, 84.93, 51.83, 28.16.

HRMS (ESI) calcd for [M+Na]* C,oH;7Cl,NNaO;*, m/z: 400.0483, found: 400.0475.

tert-butyl 5-bromo-3-(3,5-dichlorophenyl)-2-oxoindoline-1-carboxylate

2b was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) 3 7.84 (d, J = 8.7 Hz, 1H), 7.52 (dd, J = 8.8, 2.1 Hz, 1H),
7.27-7.24 (m, 1H), 7.25 (s, 1H), 7.06 (d, J = 1.8 Hz, 2H), 4.64 (s, 1H), 1.62 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 171.93, 148.99, 139.64, 138.59, 135.76, 132.44, 128.72,
128.08, 128.01, 127.29, 118.03, 117.23, 85.40, 51.67, 28.15.

HRMS (ESI) calcd for [M+Na]* C;9H;sBrCLNNaOs*, m/z: 477.9588, found: 477.9584.

tert-butyl 5-chloro-3-(3,5-dichlorophenyl)-2-oxoindoline-1-carboxylate



2¢ was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) & 7.91 (d, J= 8.8 Hz, 1H), 7.38 (dd, J= 8.8, 2.2 Hz, 1H), 7.34 (t,
J=1.8 Hz, 1H), 7.13 (s, 1H), 7.07 (d, J = 1.8 Hz, 2H), 4.64 (s, 1H), 1.62 (s, 9H).

13C NMR (101 MHz, Chloroform-d) § 172.05, 149.02, 139.15, 138.60, 135.76, 130.57, 129.54, 128.72,
127.64, 127.30, 125.27, 116.85, 85.38, 51.74, 28.16.

HRMS (ESI) calcd for [M+Na]* C,9H;sC13NNaOs*, m/z: 434.0093, found: 434.0089.

tert-butyl 3-(3,5-dichlorophenyl)-5-iodo-2-oxoindoline-1-carboxylate

Cl
e
|
o
N
2d

2d was obtained as a white solid.

H NMR (400 MHz, Chloroform-d)  7.72 (s, 2H), 7.43 (d, J= 1.2 Hz, 1H), 7.33 (t, /= 1.9 Hz,
1H), 7.06 (d, J= 1.8 Hz, 2H), 4.63 (s, 1H), 1.62 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 171.78, 148.95, 140.36, 138.65, 138.37, 135.74, 133.73,
128.70, 128.30, 127.29, 117.56, 88.39, 85.38, 51.49, 28.14.

HRMS (ESI) calcd for [M+Na]* C;oH;sClLINNaOs*, m/z: 525.9450, found: 525.9449.

tert-butyl 3-(3,5-dichlorophenyl)-5-methyl-2-oxoindoline-1-carboxylate
cl

e
Me
(L=
N

Boc
2e

2e was obtained as a white solid.
TH NMR (400 MHz, Chloroform-d) & 7.80 (d, /= 8.4 Hz, 1H), 7.31 (t, /= 1.9 Hz, 1H), 7.19 (d, J
=8.4, 1H), 7.08 (d, /= 1.9 Hz, 2H), 6.94 (s, 1H), 4.62 (s, 1H), 2.34 (s, 3H), 1.63 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 172.99, 149.25, 139.59, 138.19, 135.51, 134.85, 129.88,
6



128.35, 127.39, 125.91, 125.63, 115.30, 84.80, 52.00, 28.19, 21.19.

HRMS (ESI) calcd for [M+Na]* C0H;9CI,NNaOs*, m/z: 414.0640, found: 414.0633.

tert-butyl 3-(3,5-dichlorophenyl)-5-methoxy-2-oxoindoline-1-carboxylate

Cl

e
MeO.
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N

Boc
2f

2f was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) 4 7.86 (d, /= 8.9 Hz, 1H), 7.30 (t, /= 2.0 Hz, 1H), 7.09 (d, J
= 1.9 Hz, 2H), 6.91 (dd, J = 8.9, 2.7 Hz, 1H), 6.69 (d, J = 2.2 Hz, 1H), 4.63 (s, 1H), 3.78 (s, 3H),
1.62 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 5 172.76, 157.22, 149.24, 139.34, 135.54, 133.92, 128.40,
127.36,127.13,116.50, 114.17, 111.17, 84.72, 55.79, 52.18, 28.17.

HRMS (ESI) calcd for [M+Na]" Cy0H;9Cl,NNaO,*, m/z: 430.0589, found: 430.0583.

tert-butyl 6-chloro-3-(3,5-dichlorophenyl)-2-oxoindoline-1-carboxylate
cl

O
(Lo
cl N
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2g was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) § 8.02 (t, J = 1.6 Hz, 1H), 7.34-7.30 (m, 1H), 7.20 (dt, J = 8.0,
2.1 Hz, 1H), 7.11-7.04 (m, 3H), 4.63 (s, 1H), 1.63 (s, 9H).

13C NMR (101 MHz, Chloroform-d) & 172.28, 148.95, 141.52, 138.78, 135.69, 135.25, 128.61,
127.26, 126.00, 125.21, 124.18, 116.35, 85.51, 51.42, 28.13.

HRMS (ESI) calcd for [M+Na]* C;9H;6CI3NNaO;*, m/z: 434.0093, found: 434.0089.

tert-butyl 3-(3,5-dichlorophenyl)-6-methoxy-2-oxoindoline-1-carboxylate



(L =0
MeO N
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2h was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) 4 7.58 (d, /= 2.4 Hz, 1H), 7.30 (t, /= 1.9 Hz, 1H), 7.09 (d, J
= 1.9 Hz, 2H), 7.04 (d, J = 8.3 Hz, 1H), 6.74 (dd, J = 8.3, 2.4 Hz, 1H), 4.61 (s, 1H), 3.87 (s, 3H),
1.63 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 5 173.32, 160.66, 149.20, 141.70, 139.84, 135.50, 128.31,
127.29,125.75,117.49, 110.81, 102.17, 84.95, 55.77, 51.38, 28.19.

HRMS (ESI) calcd for [M+Na]™ C0H;9Cl,NNaO,*, m/z: 430.0589, found: 430.0583.

tert-butyl 2-oxo-3-phenylindoline-1-carboxylate

(2
-

Boc
2i

2i was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) 3 7.95 (d, J = 8.2 Hz, 1H), 7.41-7.28 (m, 4H), 7.24-7.13 (m,
4H), 4.74 (s, 1H), 1.65 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 5 173.97, 149.42, 140.51, 136.31, 128.96, 128.69, 127.93,
127.45,125.13, 124.67, 115.16, 84.44, 52.57, 28.12.

HRMS (ESI) calcd for [M+Na]* C;9H;oNNaOs*, m/z: 332.1263, found: 332.1251.

tert-butyl 3-(4-chlorophenyl)-2-oxoindoline-1-carboxylate

2j was obtained as a white solid.
'H NMR (400 MHz, Chloroform-d) 5 7.94 (d, /= 8.2 Hz, 1H), 7.37 (t, /= 7.8 Hz, 1H), 7.31 (d, J

= 8.2 Hz, 2H), 7.18 (t, J = 7.4 Hz, 1H), 7.16-7.10 (m, 3H), 4.70 (s, 1H), 1.63 (s, 9H).
8



13C NMR (101 MHz, Chloroform-d) § 173.55, 149.29, 140.53, 134.73, 133.96, 130.04, 129.13,
128.95, 126.86, 125.06, 124.79, 115.29, 84.63, 51.89, 28.11.

HRMS (ESI) calcd for [M+Na]* C;9H;sCINNaOs*, m/z: 366.0873, found: 366.0865.

tert-butyl 3-(4-methoxyphenyl)-2-oxoindoline-1-carboxylate

2k was obtained as a yellow solid.

'H NMR (400 MHz, Chloroform-d) 3 7.93 (d, J = 8.2 Hz, 1H), 7.39-7.32 (m, 1H), 7.18-7.14 (m,
2H), 7.14-7.08 (m, 2H), 6.90-6.84 (m, 2H), 4.67 (s, 1H), 3.78 (s, 3H), 1.63 (d, /= 1.1 Hz, 9H).

13C NMR (101 MHz, Chloroform-d) 5 174.33, 159.34, 149.49, 140.50, 129.75, 128.64, 128.35,
127.74,125.12, 124.65, 115.15, 114.41, 84.40, 55.36, 51.83, 28.14.

HRMS (ESI) calcd for [M+Na]" Cy0H, NNaO4*, m/z: 362.1368, found: 362.1357.

tert-butyl 2-oxo-3-(p-tolyl)indoline-1-carboxylate

Lo
N

Boc
2

21 was obtained as a white solid.

'H NMR (400 MHz, Chloroform-d) 3 7.94 (d, J = 8.2 Hz, 1H), 7.41-7.32 (m, 1H), 7.20-7.12 (m,
4H), 7.12-7.05 (m, 2H), 4.70 (s, 1H), 2.34 (s, 3H), 1.64 (s, 9H).

13C NMR (101 MHz, Chloroform-d) 5 174.19, 149.51, 140.56, 137.72, 133.36, 129.70, 128.65,
128.56, 127.71, 125.13, 124.66, 115.16, 84.41, 52.29, 28.16, 21.21.

HRMS (ESI) calcd for [M+Na]™ Cy0H,NNaOs*, m/z: 346.1419, found: 346.1407.



4. General procedure for asymmetric synthesis of products 3

O\/’Q Boc ‘ +O
\ =
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O : _ _N + 4 \>\ wwww #
N" O COR HC[ M=o toluene, 80 °C 24 h O = e
o X N
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1 (0.20 mmol) b Ou _ H

2 (0.22 mmol)

To a dry Schlenk tube (10 mL) was added azonaphthalene derivative 1 (0.2 mmol, 1.0 equiv.),
oxindole derivative 2 (0.22 mmol, 1.1 equiv.) and (S)-C10 (10 mol%) in anhydrous toluene (4 mL).
Then the reaction was stirred at 80 °C under argon atmosphere for 24 h. The resulted mixture was
directly purified by flash chromatography on silica gel to afford product 3. The corresponding

racemic product was prepared with racemic C10 as the catalyst.
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5. Characterizations of products
methyl (S)-(1-(2-((fert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-1,2-

dihydro-3H-benzo|[e]indol-3-yl)carbamate

N.-COaMe
H

3a, 93%, 96% ee

According to general procedure, 3a was obtained in 93% yield and 96% ee as white solid.

H NMR (600 MHz, DMSO-d;, 80 °C) 5 10.37 (s, 1H), 8.81 (s, 1H), 8.15 (d, /= 8.7 Hz, 1H), 7.99
(d,/=8.1Hz, 1H), 7.70 (d, /= 8.1 Hz, 1H), 7.49 (d, /= 8.7 Hz, 1H), 7.47-7.20 (m, 7H), 7.01 (t, J
=7.7Hz, 1H), 6.78 (d, J=7.9 Hz, 1H), 3.83 (s, 3H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.88, 155.26, 151.65, 141.75, 138.89, 137.68, 134.02,
131.60, 130.92, 129.63, 129.57, 129.16, 128.26, 127.44, 127.12, 126.86, 125.48, 124.25, 123.99,
121.77,120.21, 109.68, 78.74, 61.42, 52.76, 27.48.

HRMS (ESI) caled for [M+Na]* C;;H,;CLLN;NaOs*, m/z: 614.1225, found: 614.1222.

HPLC analysis: HPLC DAICEL CHIRALPAK IA, hexane/isopropanol = 90/10, 0.5 mL/min, A = 254
nm, tg (major) = 14.00 min, tg (minor) = 16.97 min, ee = 96%.

Chiral HPLC spectrum of racemic 3a

DAD1 A, Sig=254,4 Ref=360,100 (E:\CHEM32\...\20221017-1 2022-10-17 15-48-44\CPQ-1135-1-IA-9010-05-RAC2.D)
mAU = 8
| Peak RetTime Type Width Area Height Area 2 ©
703 #  [min] [min]  [mAU%s] [mAU] % k. ©
L R B e e e
50 1 13.980 PM R ©.7723 3634.83301 78.44327 56.2208
40 7 2 16.666 MM R ©.9102 3602.86719 65.97370 49.7792
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10 9 g
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07:' = o i IRt SR bl ot i e ~—r = L SO B SOt S 550
& 1 T T T ™ T T T T T—T— — T T —T 7 T
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Chiral HPLC spectrum of 3a

DAD1 A, Sig=254,4 Ref=360,100 (E\CHEM32\ ..0221017-1 2022-10-17 15-48-44\CPQ-1135-2-1A-9010-05-CHIRAL D)

mAU b3
= Peak RetTime Type Width Area Height Area 3
#  [min] [min] [mAU*s ] [mAU] % ~
R e e B oosssses !
80 1 14.004 MP R 0.8321 6414.82666 128.49198 97.8965
60 - 2 16.972 PM R 0.6968 137.8329@ 3.29683 2.1e35
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| &
20 ©
0 — — =
P —————— ——— p |
25 5 7.5 10 12.5 15 17.5 20 22.5 min
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ethyl (5)-(1-(2-((zert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo0-1,2-

dihydro-3H-benzo[e]indol-3-yl)carbamate

“/N\N/COZEl
|OO H

3b, 91%, 92% ee

According to general procedure, 3b was obtained in 91% yield and 92% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.29 (s, 1H), 8.82 (s, 1H), 8.15 (d, /= 8.7 Hz, 1H), 7.99
(d,/=8.1 Hz, 1H), 7.70 (d, /= 8.1 Hz, 1H), 7.51-7.21 (m, 8H), 7.01 (t, J= 7.7 Hz, 1H), 6.77 (d, J
= 8.0 Hz, 1H), 4.29 (s, 2H), 1.32 (s, 12H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.77, 154.76, 151.66, 141.76, 138.97, 137.70, 134.03,
131.59, 130.91, 129.64, 129.57, 129.15, 128.28, 127.43, 127.13, 126.86, 125.50, 124.25, 123.98,
121.76, 120.20, 109.67, 78.73, 61.77, 61.44, 27.49, 13.86.

HRMS (ESI) calcd for [M+Na]* C3,H,9CI,N3NaOs*, m/z: 628.1382, found: 628.1378.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 280
nm, tg (major) = 10.92 min, tg (minor) = 14.26 min, ee = 92%.

Chiral HPLC spectrum of racemic 3b

DAD1 H, Sig=280,4 Ref=360,100 (D:\CHEMSTA.. CPQ\20221023-1 2022-10-23 09-40-04\cpg-1153-1-1B-9505-1-2C D)

mAU . < " 2
1 Peak RetTime Type Width Area Height Area &
# [min] [min] [mAU*s] [mau] % 2 N
e e |---neee |-smmeeeee T . 2
1 16.829 MM R 0.5722 1803.73547 52.53634 50.9579 Q
30 - 2 13.687 BB @.7874 1735.92285 30.25315 45.0421 [
20
10
0 = =
2 4 6 8 10 12 14 16 18 min

Chiral HPLC spectrum of 3b

DADT H, Sig=280,4 Ref=360,100 (D\CHEMSTA... TACPQ\20221023-1 2022-10-23 09-40-04\cpq-1153-2-18-9505-1.0)
1 [=2]
MAU peak RetTime Type Width  Area Height  Area &
501 #  [min] [min]  [mAU*s] [mau] % =
RN ol R e st faasiond |
40 1 16.919 B  6.5607 2225.93237 59.46369 95.9761
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propyl (S)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-1,2-

dihydro-3H-benzo[e]indol-3-yl)carbamate

N\N/COZnPr
H

3¢, 92%, 92% ee
According to general procedure, 3¢ was obtained in 92% yield and 92% ee as white solid.
'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.29 (s, 1H), 8.82 (s, 1H), 8.15 (d, /= 8.7 Hz, 1H), 7.99
(d,J=17.9 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.53-7.09 (m, 8H), 7.01 (t, J= 7.5 Hz, 1H), 6.77 (d, J
=7.6 Hz, 1H), 4.20 (s, 2H), 1.69 (s, 2H), 1.32 (s, 9H), 0.93 (s, 3H).
13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.83, 154.78, 151.65, 141.75, 138.95, 137.68, 134.02,
131.60, 130.90, 129.64, 129.57, 129.14, 128.27, 127.44, 127.14, 126.85, 125.48, 124.25, 123.98,
121.75, 109.64, 78.71, 67.21, 61.43, 27.48, 21.38, 9.44.
HRMS (ESI) calcd for [M+Na]* C33H;3,CI,N;3NaOs*, m/z: 642.1538, found: 642.1533.
HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 18.18 min, tg (minor) = 21.68 min, ee = 92%.

Chiral HPLC spectrum of racemic 3¢

DAD1 B, Sig=254,4 Ref=360,100 (cpg-1142-1-1B-9505-05-2C.D)
mAU . . . =2
Peak RetTime Type Width Area Height Area N o
120 #  [min] [min]  [mAU*s] [mAU] % =) 2
L e R R e | | &
80— 1 17.758 BB ©.7443 6642.14648 133.99709 50.2057
2 20.905 BB 1.0228 6587.72821 94.55610 49.7943
60
40
20 .
0 - - s —
- - : : - - e - —_— - - - : : — - - - -
5 10 15 20 25 min

Chiral HPLC spectrum of 3¢

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...A\CPQ\20221023-1 2022-10-23 09-40-04\cpg-1142-2-1B-9505-05.D)
mAU 5 : < (=]
Peak RetTime Type Width Area Height Area "

160 #  [min] [min]  [mAU*s] [mAU] % ©
L P [--nemnane- |-enommeee |--nmnee | _
120 1 18.170 BB ©.7264 8748.997@7 180.2002@ 95.9306
100 2 21.679 MM R 1.2641 371.13834 4.89342 4.8694

80—

60

20 - N, &

0 o —

5 10 15 20 25 min
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isopropyl (S)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-1,2-

dihydro-3H-benzo[e]indol-3-yl)carbamate

3d, 85%, 87% ee
According to general procedure, 3d was obtained in 85% yield and 87% ee as white solid.
'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.23 (s, 1H), 8.82 (s, 1H), 8.15 (d, /= 8.5 Hz, 1H), 7.99
(d,J/=8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.57-7.10 (m, 8H), 7.01 (t, J= 7.7 Hz, 1H), 6.77 (d, J
= 8.0 Hz, 1H), 5.02 (s, 1H), 1.32 (s, 15H).
13C NMR (151 MHz, DMSO-dg, 80 °C) 5 151.65, 141.74, 139.02, 137.69, 134.02, 131.57, 130.88,
129.62, 129.56, 129.11, 128.29, 127.41, 127.15, 126.86, 125.51, 124.23, 123.95, 121.73, 120.16,
109.63, 78.71, 69.68, 61.43, 27.48, 21.32.
HRMS (ESI) calcd for [M+Na]* C33H;3,CI,N;3NaOs*, m/z: 642.1538, found: 642.1533.
HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 16.22 min, tg (minor) = 20.27 min, ee = 87%.

Chiral HPLC spectrum of racemic 3d

DAD1 B, Sig=254 4 Ref=360,100 (D\CHEMSTA .. PQ\20221023-1 2022-10-23 09-40-04\cpg-1149-1-IB-9505-05-2C.D)
mAU | X . . S

Peak RetTime Type Width Area Height Area I3 -
5 #  [min] [min]  [mAU*s] [maAU] % =} 3

Rkl BREEEEE R |- [-mmeeee- [---mee- \ | &
&0 1 16.252 BB 0.6934 4775.59814 101.41437 50.3767

2 20.836 BB 0.9805 4784.18213  67.71149 49.6233
40—
20 \
b 8
D - = - m— -
5 10 15 20 25 mi

Chiral HPLC spectrum of 3d

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...A\CPQ\20221023-1 2022-10-23 09-40-04\cpq-1149-2-1B-9505-05.D)
mAU . . . 2
Peak RetTime Type Width Area Height Area N
# [min] [min]  [mAU*s] [mAU] % 2
e I [--me]-mee- [--mmmeee [--mmeeee [--mnee- I
1 16.223 BB 0.6846 1.19491ed 260.77594 93.4165
150 - 2 20.266 MM R 1.1208 842.10370 12.52183 6.5835
100
©
©
50 N
&
e —
0 ‘,J - — = -
5 10 15 20 25 min

14



tert-butyl (8)-(1-(2-((zert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-1,2-

dihydro-3H-benzo[e]indol-3-yl)carbamate

N.-COztBu
H

3e, 75%, 84% ee
According to general procedure, 3e was obtained in 75% yield and 84% ee as white solid.
'H NMR (600 MHz, DMSO-dg, 80 °C) 5 9.98 (s, 1H), 8.79 (s, 1H), 8.15 (d, J= 8.7 Hz, 1H), 8.00
(d,J=17.7Hz, 1H), 7.67 (d, J= 7.9 Hz, 1H), 7.54-7.09 (m, 8H), 7.01 (t, J= 7.7 Hz, 1H), 6.75 (d, J
= 8.0 Hz, 1H), 1.51 (s, 9H), 1.31 (s, 9H).
13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.86, 153.62, 151.66, 141.79, 139.17, 137.66, 134.00,
131.53, 130.83, 129.62, 129.56, 129.08, 128.29, 127.40, 127.14, 126.88, 125.53, 124.25, 123.92,
121.72,120.11, 109.65, 81.31, 78.74, 61.40, 27.56, 27.49.
HRMS (ESI) calcd for [M+Na]* C34H33C1,N3NaOs*, m/z: 656.1695, found: 656.1691.
HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 6.44 min, tg (minor) = 9.38 min, ee = 84%.

Chiral HPLC spectrum of racemic 3e

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...CPQ\20221023-1 2022-10-23 09-40-04\cpq-1150-1-1B-9505-1-2C.D)
mAU s

50 -1 Peak RetTime Type Width Area Height Area ;

# [min] [min] [mAU*s] [mAU] %
403 ---l----- [ mmmmeenee f-mmmmnee- ([T A

1 6.437 MM R ©.40089 1331.58574 55.35395 58.6549 | | %
30 2  9.352 MM R 90,8185 1297.07507  26.41059 49.3451 ;
20
10 \

\\
0 S S — T — =
i T T
2 4 6 8 10 12 14 min

Chiral HPLC spectrum of 3e

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA _TA\CPQ\20221023-1 2022-10-23 09-40-04\cpq-1150-2-1B-9505-1.D)
mAU —| Peak RetTime Type Width Area Height Area g
#  [min] [min]  [mAU*s] [mau] % (5
2003 *+rrleeeeee- P [msnneenes [mmmmnnee- [-=mmmnee |
1 6.442 BB ©.3537 6214.90438 259.21423 91,9337
150 7 2 9.378 BB ©.6000 545.29822 12.18634 8.0663
100 -
=]
50 — ~
o
0 -
T T T T
2 4 6 8 10 12 14 min
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phenyl (5)-(1-(2-((zert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-1,2-

dihydro-3H-benzo[e]indol-3-yl)carbamate

“/ N\N/COZPh
|OO H

3f, 84%, 95% ee

According to general procedure, 3f was obtained in 84% yield and 95% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 5 11.03 (s, 1H), 8.78 (s, 1H), 8.20 (d, /= 8.7 Hz, 1H), 8.02
(d, J=17.9 Hz, 1H), 7.69 (dd, J = 28.9, 8.4 Hz, 2H), 7.60-7.09 (m, 12H), 7.03 (t, J = 7.7 Hz, 1H),
6.80 (d, /= 8.0 Hz, 1H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.67, 153.14, 151.67, 150.03, 141.61, 138.58, 137.68,
134.07, 131.75, 131.01, 129.68, 129.60, 129.23, 129.16, 128.28, 127.52, 127.20, 126.94, 125.58,
125.45, 124.34, 124.10, 121.79, 120.97, 120.27, 109.73, 78.79, 61.48, 27.49.

HRMS (ESI) calcd for [M+Na]*" C36H,9C1,N3;NaOs*, m/z: 676.1382, found: 676.1372.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (minor) = 19.63 min, tg (major) = 36.22 min, ee = 95%.

Chiral HPLC spectrum of racemic 3f

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...TA\CPQ\20221030-1 2022-10-30 09-05-01\CPQ-1166-1-1B-9505-1.D)
mAU | peak RetTime Type Width Area Height Area % ~

#  [min] [min]  [mAU*s] [mAU] % B i
e e P e e T ”

1 18.857 BB 1.3196 8957.91211 93.34833 50.20838 | {1
60-| 2 35.771 BB 1.3931 8885.17188  87.32343 49.79%2 | | |
40 \
20 \ \

~— \; \\
0— ~ = —
. — T
5 10 15 20 25 30 35 40 min

Chiral HPLC spectrum of 3f

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA._.CPQ\20221030-1 2022-10-30 09-05-01\CPQ-1166-2-1B-9505-1-2C D)
mAU I peak RetTime Type Width  Area Height Area Lo
1601 # [min] [min]  [mau*s] [mAU] % fa
qag d e e e e e @
*: 1 19.673 BB ©.9318 427.26968 5.41218 2.4486 1\
120 | 2 36.215 BB 1.3582 1.70221ed  176.97299 97.5514
100
80
60
1 ©« \
P B
20 @ N
01 s : ) |0 — i , 2z =
e ——— S —— w—
5 10 15 20 25 30 35 40 min
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benzyl (S)-(1-(2-((fert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-1,2-

dihydro-3H-benzo[e]indol-3-yl)carbamate

N.~C0aBn
H

3g, 79%, 90% ee
According to general procedure, 3g was obtained in 79% yield and 90% ee as white solid.
'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.51 (s, 1H), 8.79 (s, 1H), 8.15 (d, /= 8.7 Hz, 1H), 8.01
(d, J=7.6 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.59-7.09 (m, 13H), 7.02 (t, ] = 7.6 Hz, 1H), 6.77 (d,
J=28.0 Hz, 1H), 5.31 (s, 2H), 1.32 (s, 9H).
13C NMR (151 MHz, DMSO-ds, 80 °C) 5 177.81, 154.71, 151.64, 141.71, 138.84, 137.66, 135.41,
134.03, 131.61, 130.92, 129.65, 129.57, 129.17, 128.25, 128.04, 127.79, 127.47, 127.15, 126.86, 125.47,
124.29, 124.02, 121.76, 120.21, 109.64, 78.73, 67.10, 61.42, 27.48.
HRMS (ESI) calcd for [M+Na]* Cs7H;3,CI,N;3NaOs*, m/z: 690.1538, found: 690.1534.
HPLC analysis: HPLC DAICEL CHIRALPAK IA, hexane/isopropanol = 90/10, 0.5 mL/min, A = 254
nm, tg (major) = 18.38 min, tg (minor) = 28.25 min, ee = 90%.

Chiral HPLC spectrum of racemic 3g

DAD1 A, Sig=254,4 Ref=360,100 (EA\CHEM32\...Q\20221011-1 2022-10-11 16-52-56\CPQ-1086-1-1A-9010-05-RAC.D)

mAU Peak RetTime Type Width Area Height Area 3

i & [min] [min]  [mAU*s] [mAU] % 2 =

R okl i i i frmnsy pumssaans | M =

1 18,390 MP R ©0.9404 5261.26367 93.24163 50.0393 g
60 2 28.111 MM R 1.4540 5252.98926  6@.21153 49.9607 N
40
20 f / \
F % S
0- CEED = - = T
T T L
5 10 15 20 25 30 min

Chiral HPLC spectrum of 3g

DAD1 A, Sig=254,4 Ref=360,100 (EA\CHEM32\..120221011-1 2022-10-11 16-52-56\CPQ-1121-1A-9010-05-CHIRAL.D)
mAU | peak RetTime Type Width Area Height Area
4 # [min] [min] [mAU*s] [mAU] %
R R R [--=n]mmneee [--mmmneme- [=mmmenes [---nmne l M
] 1 18.384 MM R ©.9594 5532.86787 96.10358 95.1046 A
60 2 28.250 MM R 1.2564 284.75894  3.77754  4.8954 I‘ |
1 [
40 | \
- |\ g
20+ | \ o
] / N {
10— e m— OSSPSR ¥ - SRS |
T T T
5 10 15 20 25 30 min
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methyl (S)-(7-bromo-1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-
0x0-1,2-dihydro-3H-benzo[e]indol-3-yl)carbamate

Cl Cl
Boc
\
< '

#O
N -COaMe
H
Br

3h, 81%, 98% ee

According to general procedure, 3h was obtained in 81% yield and 98% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.36 (s, 1H), 8.72 (s, 1H), 8.27 (d, /= 2.0 Hz, 1H), 8.14
(d,J=8.7Hz, 1H), 7.68 (d, /= 8.1 Hz, 1H), 7.54 (dd, /=9.0, 3.6 Hz, 2H), 7.49-7.42 (m, 2H), 7.41-
7.17 (m, 3H), 7.04 (t, /= 7.7 Hz, 1H), 6.75 (d, J= 8.0 Hz, 1H), 3.82 (s, 3H), 1.31 (s, 9H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.74, 155.24, 151.63, 141.52, 139.40, 137.62, 134.16,
132.14, 131.38, 130.99, 130.47, 129.47, 129.27, 127.31, 127.00, 126.81, 125.39, 124.47, 123.97,
120.52, 117.08, 110.95, 78.78, 61.29, 52.82, 27.49.

HRMS (ESI) calcd for [M+Na]* C;5,H,BrCI,N;NaOs*, m/z: 692.0331, found: 692.0325.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 14.83 min, tg (minor) = 20.98 min, ee = 98%.

Chiral HPLC spectrum of racemic 3h

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...TA\CPQ\20221106-1 2022-11-06 10-40-06\CPQ-1174-1-1B-9505-1.D)

mAU —| Peak RetTime Type Width Area Height Area §
# [min] [min] [mAU*s ] [mAU] % it @
20 oo oeeeees e P |--neemmeee [=mmeeeeee [-=nmenn s g
1 1 14.834 PM R ©.9240 1304.68774 23.53217 53.6250 | | 5]
154 2 20.205 MP R 1.2827 1128.29602 14.66098 46.3750 | ™\
10
5
] / ps i
s S I R ~ .
T . - - . | . v - . T ' . . : - - : . - : : - - - |
5 10 15 20 25 min

Chiral HPLC spectrum of 3h

DAD1 B, Sig=254.4 Ref=360,100 (D:\CHEMSTA...TA\CPQ\20221106-2 2022-11-06 15-54-18\CPQ-1174-2-1B-9505-1.D)

mAU ] Peak RetTime Type Width Area Height Area Q

1 # [min] [min] [mAU*s] [mAU] % o
e R e [--enmeeee [=momme I I
400 - 1 14,829 BB ©.7823 3.31498e4  611.63287 99.0310 |

2 20.980 BB 0.8761 324.37076  4.36963 0.969@
300 |
200
2

100 =)

; R s

0 _ il T—
. ;
5 10 15 20 25 min
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methyl ($)-(1-(2-((fert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-7-methyl-2-

0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

3i, 92%, 95% ee

According to general procedure, 3i was obtained in 92% yield and 95% ee as white solid.

'H NMR (600 MHz, DMSO-ds, 80 °C) 3 10.33 (s, 1H), 8.83 (s, 1H), 8.03 (d, /=8.7 Hz, 1H), 7.75
(s, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.49 -7.40 (m, 3H), 7.39-7.09 (m, 4H), 7.01 (t, J = 7.7 Hz, 1H),
6.77 (d, J=8.1 Hz, 1H), 3.83 (s, 3H), 2.38 (s, 3H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.79, 155.20, 151.66, 141.90, 138.08, 137.69, 134.00,
133.40, 131.22, 130.79, 129.68, 129.59, 129.14, 128.35, 127.06, 126.82, 126.47, 125.43, 124.23,
121.63, 120.23, 109.63, 78.73, 61.42, 52.74, 27.49, 20.34.

HRMS (ESI) calcd for [M+Na]* C3,H,9CI,N3NaOs*, m/z: 628.1382, found: 628.1375.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 280
nm, tg (major) = 26.50 min, tg (minor) = 37.11 min, ee = 95%.

Chiral HPLC spectrum of racemic 3i

DAD1 H, Sig=280,4 Ref=360,100 (D:\CHEMSTA.. A\CPQ\20221107-1 2022-11-07 10-55-54\CPQ-1176-1-1B-9505-05.D)

mAU - Peak RetTime Type Width Area Height Area 3
15 # [min] [min]  [mAU*s] [mAU] % E 2
e dataialile [  wainininboly [rasamume i | ©
12.5 1 27.159 PM R 1.4556 1779.33728 20.37358 50.5601 3
10 2 36.656 MM R 2.2443 1730.91626 12.92116 49.4399 £
7.5
5 \
25 3 e
03\ _ e T
255 P e s i o i e B e =T
‘ ey e e e e e
5 10 15 20 25 30 35 40 min
Chiral HPLC spectrum of 3i
[ DAD1 H, Sig=280,4 Ref=360,100 (D:\CHEMSTA... A\CPQ\20221107-1 2022-11-07 10-55-54\CPQ-1176-2-IB-9505-05.D)
mAU 2
1 Peak RetTime Type Width Area Height Area o
40-]  # [min] [min]  [mAU*s] [mAU] % ]
1 smeslenoesss e lzmemzmesas |rmmnmmrans | EEEEEEES \ [
30 ] 1 26.581 MM R 1.3015 3741.58496 47.91455 97.6798
2 37.111 MM R 1.8521 88.87497 7.99755e-1  2.3202
20
10 =
] % ~
{ | L]
0 F— - . = - -7, - e
—_———— .
5 10 15 20 25 30 35 40 min
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methyl ($)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-7-methoxy-2-

0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

3j, 86%, 98% ce

According to general procedure, 3j was obtained in 86% yield and 98% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 5 10.31 (s, 1H), 8.84 (s, 1H), 8.03 (d, /= 8.7 Hz, 1H), 7.69
(d, J=8.1 Hz, 1H), 7.48-7.39 (m, 4H), 7.39-7.18 (m, 3H), 7.12 (dd, /= 9.3, 2.6 Hz, 1H), 7.02 (t, J
=7.7Hz, 1H), 6.77 (d, J= 8.0 Hz, 1H), 3.84 (s, 6H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.64, 155.71, 155.26, 151.65, 141.93, 137.70, 136.88,
134.02, 132.38, 130.09, 129.56, 129.12, 127.07, 126.80, 125.43, 124.25, 123.65, 123.22, 120.61,
119.94, 110.02, 108.43, 78.72, 61.44, 54.96, 52.72, 27.49.

HRMS (ESI) caled for [M+Na]* C3,H,9CLLN3;NaOg*, m/z: 644.1331, found: 644.1328.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 240
nm, tg (major) = 16.89 min, tg (minor) = 22.39 min, ee = 98%.

Chiral HPLC spectrum of racemic 3j

DAD1 E, Sig=240,4 Ref=360,100 (D:\CHEMSTA...CPQ\20221109-1 2022-11-09 21-32-24\CPQ-1177-1-IB-9505-1-4C D)
mAU | . : . R
14 - Peak RetTime Type Width Area Height Area ~N
i #  [min] [min]  [mAU*s] [mAU] % =\ s
o B e [ P [-mmmmmmnee [mmmmmmeee |=mmemeem | a 3
10 1 17.736 PM R 1.2264 1112.26668 15.11586 51.0852 | | f\‘
8- 2 23.867 PM R 1.8990 1668.42529 9.37786 48.9948 / \\
6
4 | \
| \
2- ‘ / N 5,
oﬁ e e e e R e e e B e T S -\“""'v‘- -
! T 5 T T ® T L T L d
5 10 15 20 25 min

Chiral HPLC spectrum of 3j

DAD1 E, Sig=240,4 Ref=360,100 (D:\CHEMSTA.. TA\CPQ\20221106-2 2022-11-06 15-54-18\CPQ-1177-2-IB-9505-1.D)

mAU ] ) ) X o
300 | Peak RetTime Type Width Area Height Area ©
1 # [min] [min]  [mAU*s] [mauU] % =
el I P [ P |=mmmmmeeee [ [mnnnne |
200 | 1 16.892 MM R 1.1843 2.31332e4  325.55328 98.9236
] 2 22.388 MM R 1.6184 251.70808 2.59216 1.0764
150
100 -
1 «Q
1 =]
50 Y ]
| o~
| / o - o~
0 14 — —~ - - - L -
5 10 15 20 25 min
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methyl (S)-1-(2-((fert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-3-
((methoxycarbonyl)amino)-2-0x0-2,3-dihydro-1H-benzo|e]indole-7-carboxylate

Cl Cl
Boc
\ [ ,;
NH

Agggf;a
N, -COaMe
H
MeO,C

3K, 74%, 89% ee
According to general procedure, 3k was obtained in 74% yield and 89% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 100 °C) 6 10.28 (s, 1H), 8.66 (s, 1H), 8.64 (s, 1H), 8.34 (d,J=8.7
Hz, 1H), 7.85 (d,J=10.3 Hz, 1H), 7.70 (d, J=7.9 Hz, 1H), 7.57 (d, /= 8.7 Hz, 1H), 7.49-7.40 (m,
3H), 7.35 (s, 2H), 7.03 (t, J= 7.5 Hz, 1H), 6.78 (d, /= 7.8 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 1.32
(s, 9H).

13C NMR (151 MHz, DMSO-ds, 100 °C) 3 177.55, 165.42, 155.06, 151.56, 141.38, 141.07, 137.58,
134.06, 133.28, 132.06, 130.24, 129.93, 129.35, 129.13, 127.18, 126.87, 126.22, 125.42, 125.25,
124.29, 122.19, 120.25, 110.61, 78.70, 61.21, 52.67, 51.45, 27.39.

HRMS (ESI) caled for [M+Na]* C33H,9CLLN3;NaO5*, m/z: 672.1280, found: 672.1274.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 25.16 min, tg (minor) = 34.66 min, ee = 89%.

Chiral HPLC spectrum of racemic 3k

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...CPQ\20221112-3 2022-11-12 16-45-23\CPQ-1180-1-IB-8505-1-3C.D)
mAU | peak RetTime Type Width Area Height Area o
140 # [min] [min]  [mAU*s] [mau] % 3 g
B ] R |- [---me- [=------- | @
1 25.821 MM R 1.8105 1.76860e4  162.81265 50.7599
100 2 33.766 MM R 2.6594 1.71565e4 167.52141 49.2401 [ A
80
60 \
40- 2 b
20 e . She
I S— i) e
— T T T T T :
5 10 15 20 25 30 35 40 min

Chiral HPLC spectrum of 3k

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA_..CPQ\20221112-2 2022-11-12 14-42-22\CPQ-1180-2-1B-8505-1-2C.D)

mAU Peak RetTime Type Width Area Height Area é
1000 — #  [min] [min]  [mAU*s] [mAU] % %Q
I RaEe e EEEEEEE [-=mmmmmem R EEEEEEEE I ‘
8004 1 25.161 BB 1.3681 1.170@le5 1118.74463 94.7126 \
600 - 2 34.656 BB 1.7516 6531.65436  43.85494 5.2874
400 |
o w
] w
200 : 8
‘ \ 3
0 PECEE, — S e — e
5 10 15 20 25 30 35 40 miry

methyl ($)-(8-bromo-1-(2-((zert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-
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0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

cl Cl
Boc
\
NH
& ' i

Br N_ _CO,Me
N
“ :

31, 87%, 98% ee

According to general procedure, 31 was obtained in 87% yield and 99% ee as white solid.

'H NMR (600 MHz, DMSO-d;, 80 °C) 5 10.37 (s, 1H), 8.72 (s, 1H), 8.18 (d, /= 8.7 Hz, 1H), 7.97
(d, J=8.7 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.54 (d, /= 8.7 Hz, 1H), 7.51-7.44 (m, 4H), 7.29 (s,
2H), 7.08 (t, J=7.7 Hz, 1H), 6.76 (d, J= 8.0 Hz, 1H), 3.83 (s, 3H), 1.31 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 6 177.63, 155.25, 151.68, 141.44, 140.01, 137.61, 134.25,
131.90, 131.86, 129.45, 129.36, 129.29, 129.20, 127.35, 127.24, 127.03, 125.32, 124.56, 123.72,
121.10, 119.09, 110.40, 78.83, 61.19, 52.82, 27.45.

HRMS (ESI) caled for [M+Na]* Cs;HycBrCl,N;NaOs*, m/z: 692.0331, found: 692.0322.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 17.28 min, tg (minor) = 23.69 min, ee = 99%.

Chiral HPLC spectrum of racemic 31

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA_TA\CPQ\20221106-1 2022-11-06 10-40-06\CPQ-1178-1-IB-9505-1 D)
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Chiral HPLC spectrum of 31

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA_. TA\CPQ\20221106-2 2022-11-06 15-54-18\CPQ-1178-2-1B-9505-1.D)
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methyl ($)-(1-(2-((fert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-8-methyl-2-
0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

Cl Cl
Boc
\
< '

#O
Me N\N/Cone
“le H

3m, 87%, 96% ee

According to general procedure, 3m was obtained in 87% yield and 96% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.34 (s, 1H), 8.82 (s, 1H), 8.07 (d, /= 8.6 Hz, 1H), 7.87
(d, J=8.4 Hz, 1H), 7.70 (d, /= 8.1 Hz, 1H), 7.48-7.23 (m, 5H), 7.21 (dd, /= 8.5, 1.6 Hz, 1H), 7.13
(s, 1H), 7.02 (t,J=7.7 Hz, 1H), 6.79 (d, /= 8.0 Hz, 1H), 3.83 (s, 3H), 2.26 (s, 3H), 1.32 (s, 9H).
13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.92, 155.27, 151.72, 141.86, 138.94, 137.67, 137.00,
133.99, 131.26, 129.53, 129.46, 129.27, 129.21, 128.47, 127.02, 126.95, 126.18, 125.55, 124.29,
120.74, 119.44, 108.75, 78.74, 61.44, 52.75, 27.49, 21.08.

HRMS (ESI) calcd for [M+Na]* C3,H,9CI,N3NaOs*, m/z: 628.1382, found: 628.1378.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 11.62 min, tg (minor) = 15.09 min, ee = 96%.

Chiral HPLC spectrum of racemic 3m

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA ..CPQ\20221106-2 2022-11-06 15-54-18\CPQ-1181-1-IB-9505-1-2C D)
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Chiral HPLC spectrum of 3m

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA... TA\CPQ\20221106-2 2022-11-06 15-54-18\CPQ-1181-2-IB-9505-1.D)
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methyl ($)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-8-methoxy-2-
0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

Cl Cl
Boc
\
< '

#O
MeO l i N -CO:Me
|O H

3n, 88%, 88% ee

According to general procedure, 3n was obtained in 88% yield and 88% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 8 10.35 (s, 1H), 8.87 (s, 1H), 8.05 (d, /= 8.6 Hz, 1H), 7.89
(d, J=9.0 Hz, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.50-7.43 (m, 2H), 7.42-7.12 (m, 3H), 7.09-6.99 (m,
2H), 6.81 (d, J= 8.0 Hz, 1H), 6.59 (d, J = 2.6 Hz, 1H), 3.83 (s, 3H), 3.58 (s, 3H), 1.31 (s, 9H).

13C NMR (151 MHz, DMSO-ds, 80 °C) 3 177.86, 158.03, 155.19, 151.74, 141.67, 139.46, 137.66,
134.03,131.29, 131.19, 129.64, 129.51, 129.25, 127.15, 126.95, 126.38, 125.53, 124.23,119.08, 116.62,
107.11, 100.61, 78.74, 61.32, 54.53, 52.75, 27.47.

HRMS (ESI) calcd for [M+Na]* C3,H,9CI,N3NaOg", m/z: 624.1331, found: 624.1325.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 11.85 min, tg (minor) = 15.15 min, ee = 88%.

Chiral HPLC spectrum of racemic 3n

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA._TA\CPQ\20221106-1 2022-11-06 10-40-06\CPQ-1179-1-IB-9505-1.D)
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Chiral HPLC spectrum of 3n

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...TA\CPQ\20221106-2 2022-11-06 15-54-18\CPQ-1179-2-1B-9505-1.D)
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methyl (S)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-oxo-8-

phenyl-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

30, 88%, 96% ee

According to general procedure, 30 was obtained in 88% yield and 96% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 6 10.39 (s, 1H), 8.88 (s, 1H), 8.17 (d, /= 8.7 Hz, 1H), 8.07
(d, J=8.6 Hz, 1H), 7.73-7.66 (m, 2H), 7.57 (s, 1H), 7.54-7.13 (m, 10H), 6.99 (t, J = 7.7 Hz, 1H),
6.82 (d, /J=8.0 Hz, 1H), 3.84 (s, 3H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 178.00, 155.27, 151.75, 141.93, 139.38, 139.15, 139.04,
137.68, 134.22, 131.39, 130.39, 130.10, 129.42, 129.35, 128.69, 128.52, 127.65, 127.29, 127.05,
126.34, 125.62, 124.38, 123.22, 120.27, 119.18, 109.81, 78.82, 61.44, 52.81, 27.48.

HRMS (ESI) calcd for [M+Na]* Cs7H;3,C1,N;3;NaOs*, m/z: 690.1538, found: 690.1535.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 280
nm, tg (major) = 17.41 min, tg (minor) = 24.17 min, ee = 96%.

Chiral HPLC spectrum of racemic 30

DAD1 H, Sig=280,4 Ref=360,100 (D:\CHEMSTA... TA\CPQ\20221112-1 2022-11-12 12-34-35\CPQ-1182-1-1B-9505-1.D)
w0
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Chiral HPLC spectrum of 30

DAD1 H, Sig=280.4 Ref=360,100 (D:\CHEMSTA... TA\CPQ\20221112-2 2022-11-12 14-42-22\CPQ-1182-2-1B-9505-1.D)
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methyl (S)-(4-bromo-1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-

0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

N.-COaMe
H
Br

3p, 89%, 92% ee

According to general procedure, 3p was obtained in 89% yield and 92% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 5 10.38 (s, 1H), 8.83 (s, 1H), 8.14 (d, /= 8.7 Hz, 1H), 7.98
(d,J=8.1Hz, 1H), 7.72 (d, /= 7.9 Hz, 1H), 7.50 (d, J = 8.7 Hz, 1H), 7.47-7.33 (m, 6H), 7.00 (t, J
=7.7 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 3.84 (s, 3H), 1.33 (s, 9H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.87, 155.32, 151.67, 141.77, 138.92, 137.72, 134.05,
131.60, 130.94, 129.63, 129.59, 129.16, 128.29, 127.43, 127.12, 126.88, 125.51, 124.24, 123.99,
121.79, 120.24, 109.69, 78.75, 61.45, 52.76, 27.50.

HRMS (ESI) calcd for [M+Na]* C;3,H,6BrCI,N;NaOs*, m/z: 692.0331, found: 692.0338.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 14.08 min, tr (minor) = 18.86 min, ee = 92%.

Chiral HPLC spectrum of racemic 3p

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA._TA\CPQ\20221112-1 2022-11-12 12-34-35\CPQ-1183-1-IB-9505-1.D)
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Chiral HPLC spectrum of 3p

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA.. TA\CPQ\20221112-2 2022-11-12 14-42-22\CPQ-1183-2-1B-9505-1.D)
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methyl (S)-(1-(5-bromo-2-((tert-butoxycarbonyl)amino)phenyl)-1-(3,5-dichlorophenyl)-2-

0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

Cl Cl
Boc
\
NH
o]
o #
B N\N/COQMe
H

3, 92%, 95% ee

According to general procedure, 3q was obtained in 92% yield and 95% ee as white solid.

H NMR (600 MHz, DMSO-d;, 80 °C) & 10.37 (s, 1H), 8.80 (s, 1H), 8.17 (d, J = 8.7 Hz, 1H), 8.01 (d,
J=28.2Hz, 1H), 7.73-7.62 (m, 2H), 7.51 (d, J= 8.7 Hz, 1H), 7.49-7.43 (m, 2H), 7.43-7.16 (m, 4H), 6.86
(s, 1H), 3.83 (s, 3H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.34, 155.16, 151.40, 140.97, 138.99, 137.15, 134.17,
132.09, 132.02, 130.92, 129.77, 128.65, 127.91, 127.76, 127.37, 125.34, 124.21, 121.51, 119.35,
116.26, 109.76, 79.18, 61.05, 52.82, 27.43.

HRMS (ESI) calcd for [M+Na]* C;3,H,BrCI,N;NaOs*, m/z: 692.0331, found: 692.0329.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 24.26 min, tg (minor) = 30.04 min, ee = 95%.

Chiral HPLC spectrum of racemic 3q

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTATION\DATA\CPQ\CPQ-1126-1-IB-8505-05.D)
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Chiral HPLC spectrum of 3q

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA _ATA\CPQ\20221016 2022-10-16 15-33-46\CPQ-1126-2-1B-9505-05.D)
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methyl ($)-(1-(2-((tert-butoxycarbonyl)amino)-5-iodophenyl)-1-(3,5-dichlorophenyl)-2-oxo-

1,2-dihydro-3H-benzo[e]indol-3-yl)carbamate

| N, -COaMe

3r, 93%, 95% ee

According to general procedure, 3r was obtained in 93% yield and 95% ee as white solid.

'H NMR (600 MHz, DMSO-ds, 80 °C) 6 10.36 (s, 1H), 8.81 (s, 1H), 8.16 (d, /= 8.7 Hz, 1H), 8.00
(d, J=8.2 Hz, 1H), 7.80 (dd, J = 8.6, 2.1 Hz, 1H), 7.58-7.17 (m, 8H), 7.05 (s, 1H), 3.84 (s, 3H),
1.32 (s, 9H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.39, 155.22, 151.35, 141.06, 138.92, 138.13, 137.95,
137.65, 134.15, 131.96, 130.89, 129.74, 128.71, 127.90, 127.68, 127.33, 125.29, 124.18, 121.52,
119.41, 109.74, 87.98, 79.15, 60.90, 52.81, 27.43.

HRMS (ESI) calcd for [M+Na]* C31H,6C1,IN3NaOs*, m/z: 740.0192, found: 740.0182.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 26.02 min, tg (minor) = 32.11 min, ee = 95%.

Chiral HPLC spectrum of racemic 3r

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA _ATA\CPQ\20221016 2022-10-16 15-33-46\CPQ-1138-1-IB-9505-05.D)
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Chiral HPLC spectrum of 3r

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA__ATA\CPQ\20221016 2022-10-16 15-33-46\CPQ-1138-2-1B-9505-05.D)
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methyl (S)-(1-(2-((fert-butoxycarbonyl)amino)-5-chlorophenyl)-1-(3,5-dichlorophenyl)-2-oxo-

1,2-dihydro-3H-benzo[e]indol-3-yl)carbamate

Q‘ “““ o
al “/N\N/COZMG
|OO H

3s, 93%, 90% ee

According to general procedure, 3s was obtained in 93% yield and 90% ee as white solid.

'TH NMR (600 MHz, DMSO-dg, 80 °C) § 10.36 (s, 1H), 8.79 (s, 1H), 8.18 (d, /= 8.7 Hz, 1H), 8.02
(d,J=8.2 Hz, 1H), 7.72 (d, /= 8.7 Hz, 1H), 7.56-7.49 (m, 2H), 7.49-7.44 (m, 2H), 7.42 (t,J=17.5
Hz, 1H), 7.40-7.05 (m, 3H), 6.71 (s, 1H), 3.83 (s, 3H), 1.32 (s, 9H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.35, 155.20, 151.45, 140.95, 139.00, 136.70, 134.16,
132.02, 130.92, 129.78, 129.14, 128.40, 128.34, 127.92, 127.79, 127.37, 125.36, 124.21, 121.52,
119.35, 109.77, 79.15, 61.09, 52.82, 27.43.

HRMS (ESI) calcd for [M+Na]* C31H,C1sN3;NaOs*, m/z: 648.0836, found: 648.0829.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 26.27 min, tg (minor) = 32.19 min, ee = 90%.

Chiral HPLC spectrum of racemic 3s

DAD1 A, Sig=254,4 Ref=360,100 (E:\CHEM32\...A\CPQ\20221011-2 2022-10-11 21-06-51\CPQ-1122-1-1B-9505-05.D)
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Chiral HPLC spectrum of 3s

DAD1 A, Sig=254,4 Ref=360,100 (E:\CHEM32\.. ACPQ\20221011-2 2022-10-11 21-06-51\CPQ-1122-2-1B-9505-05.D)
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methyl ($)-(1-(2-((fert-butoxycarbonyl)amino)-5-methylphenyl)-1-(3,5-dichlorophenyl)-2-

0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

Q‘ “““ S
Mée “/N\N/CO2M6
|OO H

3t, 94%, 95% ee

According to general procedure, 3t was obtained in 94% yield and 95% ee as white solid.

TH NMR (600 MHz, DMSO-dg, 80 °C) § 10.34 (s, 1H), 8.69 (s, 1H), 8.14 (d, /= 8.7 Hz, 1H), 7.98
(d, J=8.1 Hz, 1H), 7.57 (d, /= 8.2 Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H), 7.46-7.14 (m, 7H), 6.58 (s,
1H), 3.83 (s, 3H), 1.99 (s, 3H), 1.31 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 177.84,151.75, 141.94, 138.86, 135.08, 133.97, 133.41,
131.57, 130.87, 129.96, 129.67, 129.62, 128.25, 127.33, 127.05, 126.97, 125.42, 123.99, 121.78,
120.25, 109.67, 78.55, 61.39, 52.75, 27.50, 19.97.

HRMS (ESI) calcd for [M+Na]* C3,H,9CI,N3NaOs*, m/z: 628.1382, found: 628.1376.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 27.50 min, tg (minor) = 37.99 min, ee = 95%.

Chiral HPLC spectrum of racemic 3t

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...PQ\20221017-2 2022-10-17 22-40-53\CPQ-1127-1-IB-9505-05-5C.D)
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Chiral HPLC spectrum of 3t

DAD1 B, Sig=254,4 Ref=360,100 (DACHEMSTA._PQ\20221017-1 2022-10-17 15-58-42\CPQ-1127-2-1B-9505-05-2C.D)
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methyl ($)-(1-(2-((tert-butoxycarbonyl)amino)-5-methoxyphenyl)-1-(3,5-dichlorophenyl)-2-

0x0-1,2-dihydro-3H-benzo|e]indol-3-yl)carbamate

Cl Cl
Boc
\
NH
< Q‘)
MeG l l N\H/COZMe

3u, 80%, 91% ee

According to general procedure, 3u was obtained in 80% yield and 91% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 8 10.35 (s, 1H), 8.55 (s, 1H), 8.15 (d, /= 8.7 Hz, 1H), 8.00
(d,/=8.1 Hz, 1H), 7.56 (d, J = 8.8 Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H), 7.46-7.16 (m, 6H), 7.06 (dd,
J=28.9,2.9 Hz, 1H), 6.29 (s, 1H), 3.83 (s, 3H), 3.45 (s, 3H), 1.30 (s, 9H).

13C NMR (151 MHz, DMSO-dg, 80 °C) 5 177.52, 155.82, 155.27, 151.98, 141.69, 138.90, 134.01,
131.68, 130.87, 130.44, 129.66, 128.67, 128.19, 127.46, 127.13, 125.52, 125.50, 124.03, 121.85,
120.07, 116.14, 113.85, 109.69, 78.45, 61.35, 54.79, 52.78, 27.53.

HRMS (ESI) calcd for [M+Na]* C3,H,90CI,N3NaOg", m/z: 644.1331, found: 644.1326.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 20.46 min, tr (minor) = 27.90 min, ee = 91%.

Chiral HPLC spectrum of racemic 3u

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA... TA\CPQ\20221030-1 2022-10-30 09-05-01\CPQ-1155-1-1B-9505-1.D)
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Chiral HPLC spectrum of 3u

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA__TA\CPQ\20221030-1 2022-10-30 09-05-01\CPQ-1155-2-1B-9505-1.D)
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methyl (S)-(1-(2-((fert-butoxycarbonyl)amino)-4-chlorophenyl)-1-(3,5-dichlorophenyl)-2-oxo-
1,2-dihydro-3H-benzo[e]indol-3-yl)carbamate

Cl Cl

3v, 96%, 94% ee
According to general procedure, 3v was obtained in 96% yield and 94% ee as white solid.
'"H NMR (600 MHz, DMSO-d;, 80 °C) 5 10.39 (s, 1H), 8.90 (s, 1H), 8.16 (d, J= 8.7 Hz, 1H), 8.00 (d,
J=8.1Hz, 1H), 7.76 (s, 1H), 7.50 (d, J = 8.7 Hz, 1H), 7.47-7.15 (m, 6H), 7.10 (d, J = 8.1 Hz, 1H), 6.78
(d, J=8.6 Hz, 1H), 3.83 (s, 3H), 1.33 (s, 9H).
13C NMR (151 MHz, DMSO-ds, 80 °C) 8§ 177.63, 155.18, 151.38, 141.21, 138.98, 138.96, 134.14,
133.69, 131.83, 131.21, 130.98, 129.67, 128.11, 127.70, 127.31, 125.86, 125.43, 124.12, 121.74, 119.73,
109.71, 79.36, 61.01, 52.80, 27.42.
HRMS (ESI) caled for [M+Na]* C31HysC13N3;NaO5*, m/z: 648.0836, found: 648.0836.
HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 0.5 mL/min, A = 254
nm, tg (major) = 26.95 min, tg (minor) = 32.96 min, ee = 94%.

Chiral HPLC spectrum of racemic 3v

DAD1 B, Sig=254,4 Ref=360,100 (DA\CHEMSTA...A\CPQ\20221017-1 2022-10-17 15-58-42\CPQ-1129-1-1B-9505-05.D)
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Chiral HPLC spectrum of 3v

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA._PQ\20221017-1 2022-10-17 12-20-37\CPQ-1129-2-1B-9505-05-2C D)
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methyl ($)-(1-(2-((tert-butoxycarbonyl)amino)-4-methoxyphenyl)-1-(3,5-dichlorophenyl)-2-

0x0-1,2-dihydro-3H-benzo[e]indol-3-yl)carbamate

3w, 89%, 98% ee

According to general procedure, 3w was obtained in 89% yield and 98% ee as white solid.

'H NMR (600 MHz, DMSO-dg, 80 °C) 5 10.37 (s, 1H), 8.84 (s, 1H), 8.14 (d, /= 8.7 Hz, 1H), 7.99
(d, J=8.0 Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H), 7.46-7.14 (m, 7H), 6.72-6.54 (m, 2H), 3.83 (s, 3H),
3.77 (s, 3H), 1.33 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 178.20, 159.71, 151.55, 142.06, 138.85, 133.98, 131.52,
130.90, 130.61, 129.60, 128.28, 127.44, 127.04, 125.55, 123.96, 121.80, 120.45, 112.15, 109.69,
109.66, 78.83, 60.83, 54.98, 52.74, 27.51.

HRMS (ESI) caled for [M+Na]* C3,H,9CLLN3;NaOg*, m/z: 644.1331, found: 644.1328.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 16.86 min, tg (minor) = 21.40 min, ee = 98%.

Chiral HPLC spectrum of racemic 3w

DAD1 A, Sig=254,4 Ref=360,100 (E\CHEM32\ . TA\CPQ\20221113-1 2022-11-13 15-09-43\CPQ-1130-1-1B-9505-1.D)
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Chiral HPLC spectrum of 3w

DAD1 A, Sig=254.4 Ref=360,100 (E:\CHEM32\...CPQ\20221123-2 2022-11-23 19-18-26\CPQ-1130-2-IB-9505-1-2C.D)
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methyl (S)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-2-oxo-1-phenyl-1,2-dihydro-3H-

benzo|e]indol-3-yl)carbamate

N_ _CO,Me
N
SOR

3x, 91%, 78% ee

According to general procedure, 3x was obtained in 91% yield and 78% ee as white solid.

'H NMR (600 MHz, DMSO-ds, 80 °C) 3 10.29 (s, 1H), 8.77 (s, 1H), 8.09 (d, /= 8.7 Hz, 1H), 7.95
(d, /J=7.8 Hz, 1H), 7.71 (d, /= 7.2 Hz, 1H), 7.49-7.18 (m, 10H), 6.96 (t, J= 7.3 Hz, 1H), 6.78 (s,
1H), 3.81 (s, 3H), 1.27 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 178.89, 155.29, 151.83, 138.74, 138.08, 137.44, 130.78,
130.76, 129.57, 129.28, 128.65, 128.48, 128.01, 126.90, 126.87, 126.19, 123.69, 123.63, 122.43,
121.71, 109.52, 78.33, 61.95, 52.60, 27.59.

HRMS (ESI) calcd for [M+Na]* C31H,90N3NaOs*, m/z: 546.2005, found: 546.2001.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254

nm, tg (major) = 14.01 min, tr (minor) = 19.12 min, ee = 78%.

Chiral HPLC spectrum of racemic 3x

DAD1 B, Sig=254 4 Ref=360,100 (D\CHEMSTA.. TA\CPQ\20221117-1 2022-11-17 09-18-26\CPQ-1196-1-1B-9505-1.D)
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Chiral HPLC spectrum of 3x
DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...TA\CPQ\20221117-1 2022-11-17 09-18-26\CPQ-1196-2-1B-9505-1.D)
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methyl (S)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(4-chlorophenyl)-2-oxo-1,2-dihydro-

3H-benzo|e]indol-3-yl)carbamate

Cl

N, -COaMe
H

3y, 83%, 81% ee

According to general procedure, 3y was obtained in 83% yield and 81% ee as white solid. 'H NMR
(600 MHz, DMSO-dg, 100 °C) 6 10.20 (s, 1H), 8.66 (s, 1H), 8.10 (d, /= 8.7 Hz, 1H), 7.96 (d, J =
7.4 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.45 (d, J = 8.6 Hz, 1H), 7.43-7.38 (m, 2H), 7.38-7.28 (m,
6H), 6.98 (t, /= 7.6 Hz, 1H), 6.78 (d, /= 7.7 Hz, 1H), 3.80 (s, 3H), 1.30 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 100 °C) § 178.29, 155.11, 151.69, 138.73, 137.80, 136.55, 131.69,
130.88, 130.74, 129.35, 129.24, 128.62, 128.52, 128.44, 127.91, 126.95, 126.38, 123.78, 123.62,
122.14, 120.98, 109.43, 78.39, 61.37, 52.48, 27.42.

HRMS (ESI) calcd for [M+Na]* C31H,3CIN3NaOs*, m/z: 580.1615, found:580.1609.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 13.08 min, tg (minor) = 17.83 min, ee = 81%.

Chiral HPLC spectrum of racemic 3y

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA... TA\CPQ\20221117-1 2022-11-17 09-18-26\CPQ-1202-1-1B-9505-1.D)
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Chiral HPLC spectrum of 3y

DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA__.CPQ\20221117-2 2022-11-17 13-50-44\CPQ-1202-2-1B-9505-1-2C D)
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methyl ($)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-2-oxo0-1-(p-tolyl)-1,2-dihydro-3H-

benzo|e]indol-3-yl)carbamate

N ~COaMe
H

3z,94%, 81% ee

According to general procedure, 3z was obtained in 94% yield and 81% ee as white solid.

'H NMR (600 MHz, DMSO-ds, 80 °C) 3 10.26 (s, 1H), 8.73 (s, 1H), 8.08 (d, /= 8.7 Hz, 1H), 7.95
(d,J=7.6 Hz, 1H), 7.68 (d, J= 8.1 Hz, 1H), 7.44 (d, /= 8.6 Hz, 2H), 7.38 (t, /= 7.7 Hz, 1H), 7.35-
7.28 (m, 2H), 7.23 (s, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.95 (t, /= 7.7 Hz, 1H), 6.77 (s, 1H), 3.80 (s,
3H), 2.22 (s, 3H), 1.26 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 80 °C) 5 178.87, 155.27, 151.85, 138.71, 138.05, 136.06, 134.51,
130.77, 130.63, 129.51, 129.26, 128.65, 128.60, 128.39, 126.83, 126.77, 126.24, 123.64, 123.59,
122.55,121.75, 109.50, 78.24, 61.65, 52.57, 27.52, 19.98.

HRMS (ESI) calcd for [M+Na]* Cs,H3;N3NaOs*, m/z: 560.2161, found:560.2154.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 12.70 min, tg (minor) = 19.34 min, ee = 81%.

Chiral HPLC spectrum of racemic 3z

DAD1 B, Sig=254.4 Ref=360,100 (D:\CHEMSTA...TA\CPQ\20221117-1 2022-11-17 09-18-26\CPQ-1201-1-1B-9505-1.D)
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Chiral HPLC spectrum of 3z

DAD1 B, Sig=254 4 Ref=360,100 (D\CHEMSTA . TA\CPQ\20221117-1 2022-11-17 09-18-26\CPQ-1201-2-1B-9505-1.D)

mAU | Peak RetTime Type Width Area Height Area g
#  [min] [min]  [mAU*s] [mAU] % ;
400 .ooofo-aee === -oeeoe J--oeeoeee [--oomeeee e I
1 12.760 MM R ©.8314 2.326808ed4 466.44199 98.5896
300 | 2 19.339 MM R 1.4143 2439.77075 28.75107 9.4904
200 |
3 2
100 | ; &
A @
/ N =
0 = L T N W0 i .- S
. . . . : . i i . . . . - - | - . . . 1 . . . ) . . : . i ]
S 10 15 20 25 min

methyl (S)-(1-(2-((tert-butoxycarbonyl)amino)phenyl)-1-(4-methoxyphenyl)-2-0xo-1,2-
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dihydro-3H-benzo|[e]indol-3-yl)carbamate

OMe

“/N\ _CO,Me
N
SOA

3aa, 93%, 81% ee

According to general procedure, 3aa was obtained in 93% yield and 81% ee as white solid.

H NMR (600 MHz, DMSO-d, 100 °C) § 10.15 (s, 1H), 8.64 (s, 1H), 8.07 (d, J = 8.7 Hz, 1H),
7.94 (d,J=7.5Hz, 1H), 7.70 (d, J= 8.1 Hz, 1H), 7.43 (t,J= 8.4 Hz, 2H), 7.37 (td, /= 7.7, 1.6 Hz,
1H), 7.35-7.22 (m, 4H), 6.95 (t, J=7.5 Hz, 1H), 6.83 (d, /= 8.9 Hz, 2H), 6.80 (d, /= 7.2 Hz, 1H),
3.79 (s, 3H), 3.70 (s, 3H), 1.28 (s, 9H).

13C NMR (151 MHz, DMSO-d;, 100 °C) § 178.71, 158.07, 155.19, 151.80, 138.64, 138.02, 130.72,
130.41, 129.41, 129.25, 129.13, 128.68, 128.22, 128.16, 126.67, 126.01, 123.47, 123.45, 122.45,
121.83, 113.59, 109.38, 78.23, 61.24, 54.64, 52.43, 27.49.

HRMS (ESI) calcd for [M+Na]* C5,H;3N3NaOg*, m/z: 576.2111, found:576.2103.

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A = 254
nm, tg (major) = 17.97 min, tg (minor) = 29.17 min, ee = 81%.

Chiral HPLC spectrum of racemic 3aa

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA._.TA\CPQ\20221119-1 2022-11-19 14-05-07\CPQ-1204-1-1B-9505-1.D)
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Chiral HPLC spectrum of 3aa

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA..TA\CPQ\20221119-1 2022-11-19 14-05-07\CPQ-1204-2-1B-9505-1.D)
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6. Gram-scale synthesis for 3a

al Cl Cl
cl Boc\
(S)-C10 (10 mol%) NH -
.
~ ar /
N CO,Me

toluene, 80 °C 24 h
o N_ _CO,Me
N
N H
1a (1.07 g, 5.0 mmol) Boc

23[208955nmol) 3a (2.6 g, 88%, 96% ce)
To a dry Schlenk tube (250 mL) was added azonaphthalene derivative 1a (1.07 g, 5.0 mmol),
oxindole derivative 2a (2.08 g, 5.5 mmol, 1.1 equiv.) and (S5)-C10 (10 mol%) in anhydrous toluene
(100 mL) at room temperature under argon atmosphere. The reaction was stirred at 80 °C for 24 h
and the resulted mixture was directly purified by flash chromatography on silica gel to afford the

products 3a (2.6 g, 88% yield, 96% ee).

38



7. Mechanistic investigations

The trap of key intermediate 4

/Boc

Ph N Boc,

1a (1.0 equiv) ©: =0 NH )
Pk LU e
N (PhO),P(0)OH R come L come
oo (10 mol%) OO N OO 0

2i (1.1 equiv) CHqCly, 25 °C, 24 h
4, 26% yield (rac)-3x, 33% yield

To a dry Schlenk tube (25 mL) was added azonaphthalene derivative 1a (1.5 mmol, 1.0 equiv.),
oxindole derivative 2a (1.65 mmol, 1.1 equiv.) and (PhO),P(O)OH (10 mol%) in anhydrous CH,Cl,
(30 mL) at 25 °C under argon atmosphere. The reaction was stirred at this temperature for 24 h. The
resulted mixture was directly purified by quickly flash chromatography on silica gel to afford
intermediate 4 (0.39 mmol, 26% yield), (rac)-3x (0.5 mmol, 33% yield) and recycled raw material

1a (0.42 mmol, 28% yield).
Due to the instability of intermediate 4, '"H NMR and '*C NMR was collected at room temperature.

tert-butyl 3-(2-(2-(methoxycarbonyl)hydrazinyl)naphthalen-1-yl)-2-o0xo0-3-phenylindoline-1-
carboxylate
Boc
N
o,
~Ph H
N_ _CO,Me
N
:

4

'H NMR (400 MHz, DMSO-dy)  8.72 (s, 1H), 7.93 (d, /= 7.2 Hz, 1H), 7.84 (d, J= 7.9 Hz, 1H), 7.74-
7.65 (m, 3H), 7.50 (t, J = 7.8 Hz, 1H), 7.45-7.35 (m, 4H), 7.27-7.19 (m, 2H), 7.18-7.08 (m, 3H), 7.07-
6.99 (m, 1H), 3.42 (s, 3H), 1.56 (s, 9H).

13C NMR (101 MHz, DMSO-dq) § 172.02, 157.29, 156.59, 148.73, 146.19, 139.14, 134.16, 133.43,
129.56, 128.85, 128.65, 128.42, 128.20, 127.98, 127.88, 127.57, 126.31, 126.15, 124.85, 124.66, 122.45,
115.20, 114.65, 105.13, 84.17, 72.01, 53.56, 27.65.

HRMS (ESI) calcd for [M+Na]* C3H,0N3NaOs*, m/z: 546.2005, found:546.1988.
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The conversion of racemic intermediate to product catalyzed by (PhO),P(O)OH

Boc
/

(L=

~

Phy
N\N/COZMe
H

4

(PhO),P(O)OH
(10 mol%)

toluene, r.t., 4 h
85% yield

(rac)-3x

To a dry Schlenk tube (10 mL) was added compound 4 (0.05 mmol) and (PhO),P(O)OH (10 mol%)

in anhydrous toluene (1 mL) at room temperature under argon atmosphere. The reaction was stirred

at this temperature for 4 h. The resulted mixture was directly purified by quickly flash

chromatography on silica gel to afford product (rac)-3x (22 mg, 85% yield).

The verification experiment of rate-determining step

By subjecting intermediate 4 to standard conditions at 80 °C, a quick conversion to 3x that

completed in 30 min was seen. However, about 12 h were required for fully conversion of the

reaction between la and 2i under same set of conditions. Meanwhile, TLC analysis (10 min)

revealed that more than 50% of 4 was converted to the desired product 3x, while only small amount

of 3x and trace amount of intermediate 4 for the reaction of 1a and 2i within the same time span (10

min). These observations suggested facile conversion of intermediate 4 under standard conditions

and that the initial addition-coupling step is likely to be rate-determining.

Boc
N A
©: >:° (S)-C10 (10 mol%)
il COMe toluene, 80 °C
OO

T
zk
/
Iz
N
o}
. o
N
=
[+)

B Boc\
% (S$C10 (10 mol%)
N~ \co Me toluene 80 °C "
1a 2i

3x, 91%,

1a, 2i —>

N\N/COQMe
H

78% ee (12 h)

reaction time
(10 min)

For reaction conducted at room temperature (about 25 °C), intermediate 4 would be more easily

detected on TLC, which means that the transamidation could be slowed down at lower temperature.

Accordingly, the arylation intermediate trapping experiment was conducted at 25 °C. In addition,
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the study was conducted with 1a and 2i but not the model substrates (1a and 2a) which showed high

reactivity and hindered the interception of intermediate.

The conversion of racemic intermediate to product catalyzed by (5)-C10

~

Phyy
N\

(rac)-4

N
H

_CO,Me

Conditions

/Boc Boc
N Boc\NH
=0 _ (S)-C10 (10 mol%)

“Ph

recovered 4

- COMe
B

A: toluene, 80 °C, 30 min
(fully conversion)
3x, 57%, 70% ee; recovered 4: 0%

B: toluene, 25 °C, 150 min
(approximately 50% conversion)
3x, 33%, 70% ee; recovered 4: 35%, <56% ee

It was noted that the racemic intermediate 4 could be transformed to enantioenriched product 3x in
57% yield with 70% ee under the standard conditions in about 30 min. This suggested that a
secondary kinetic resolution could be in effect to enhance the product enantioselectivity.
Furthermore, when this conversion was carried out at 25 °C and halted at approximately 50% (about
2.5 h) conversion, product 3x was obtained in 33% yield with 70% ee along with the recovery of 4
in 35% yield. However, less than 5% ee was observed for the recovered 4. This may be due to the
instability of this intermediate and the unfavored enantiomer of compound 4 was decomposed
rapidly under this set of reaction conditions. These results supported that the transformation of 4 to

3x is a kinetic resolution process.

Synthetic procedure for the fully conversion of 4 under (S)-C10 catalysis:

To a dry Schlenk tube (10 mL) was added intermediate 4 (0.05 mmol) and (5)-C10 (10 mol%) in
anhydrous toluene (1 mL). Then the reaction was stirred at 80 °C under argon atmosphere for 30
min. The resulted mixture was directly purified by quickly flash chromatography on silica gel to

afford product 3x (22 mg, 57% yield, 70% ee).

HPLC analysis: HPLC DAICEL CHIRALPAK IB, hexane/isopropanol = 95/5, 1.0 mL/min, A =
254 nm, tg (major) = 13.50 min, tg (minor) = 18.23 min, ee = 70%.

Chiral HPLC spectrum of racemic 3x
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Chiral HPLC spectrum of 3x

DAD1 A, Sig=214,4 Ref=360,100 (D\CHEMSTA_. ATA\CPQ\20230131 2023-01-31 12-57-26\CPQ-1239-03-1B-9505-1.D)
mAU Peak RetTime Type Width Area Height Area ©
1 #  [min] [min]  [mAU*s] [mAU] %
---------- R P
1 13.498 BB 9.8664 1.73176e4  290.94626 84.7631
2 18.231 BB 1.3438 3112.88062 31.94127 15.2369

150

100

18.231

25

min
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8. Crystal data and structure refinement for 3s
Compound 3s: The crystal structure of compound laa has been deposited at the Cambridge

Crystallographic Data Centre (CCDC: 2226208)

> Prob = 50
i a Temp = 100
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Table S1 Crystal data and structure refinement for 111.

Identification code 111
Empirical formula C31H,6C13N;305
Formula weight 626.90
Temperature/K 100.0(2)
Crystal system orthorhombic
Space group P2,2,2,

a/A 9.9368(2)
b/A 17.0962(3)
c/A 17.1478(3)
a/° 90

pre 90
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/e

Volume/A3

Z

Pearcg/cm’

wmm'!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®
Index ranges

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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Flack parameter

90

2913.09(9)

4

1.429

3.235

1296.0

0.2 % 0.15 % 0.1

CuKa (A = 1.54178)

7.302 to 136.414
-11<h<11,-20<k<20,-20<1<20
45400

5328 [Rip = 0.0324, Ryigma = 0.0206]
5328/0/388

1.056

R, = 0.0184, wR; = 0.0464

R, =0.0187, wR; = 0.0465
0.18/-0.17

0.019(2)
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10. NMR spectra of new compounds

46

E o
[°) ; 2
— \0. = !
0
Fo
| o E
'e)
v9'L e ]
E&/ J 18¢'6 918z —
602 J | ©
602 o
oLz ©
49 Foi -
pL2 To b3
{49 L2
-]
9L ° o
9LL Mo =< =
6L . =)
612 | o E S 2
) N €68 — —3 =
(X4 o_ 7
el t004—— & =
o€, Lo= =
o
es T
mm.wg Lo €5°GLL— o
wm.ﬁ 90621 =
mm.% o gl'gzl o
] [© 98°Sct o
N#NA [ WAl
v 0 — S
L@ LE'82Z) W -
. ©
ov.? REf7L =
ov'Z] 0z | o eggel ). 3
WH.M, ‘mioé [~ 9e'6EL =
3 —~ oLl o5 ==
2 Z =
Nv.h\ ] o Ju/m.o L2 oL gkl ) W ©
vl a ) =
} o ©o 20°L 3) )
. [a) E =
€671 72\ Il G 1) P Q had
o 1 S T — T U L g cZ CZF
G6°L — -8 = T =
3] S 0 = E =
N o b=y
8 = 3 2
o il
F o ~N o
(=}
L@ S
o




0.0

0.5

NI

T

-

-10

10

fl

291 —

Yo'y —

907,
90°L

€€'L
€€°L
Ve L
052

€5,
€97/
€871
98'L

Cl

Cl
[ =
N
Boc

2b, (400 MHz, CDCly)

Br

=0}

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
1 (ppm)

9.5

G1'8¢—

M

50

50

70

T
100

1/ (ppm)

110

[X4VA 2N

120

€08t

[STAVXA4%

10’8zl |

T
130

80:824—

es8zL
vrzel ]

T
140

9/°G¢gl

T
150

65°8€t
v9'6€L
66°8¥1

J

DCly)

VINY

T
160

o

10

€e1Zl —

T
180

T
190

210 |2Q

47



29l —

€9'v —

G0°L
wo.n/
€e L
mm.hW
ve'L
mv.h\
vv.h\
clL L

Cl

2c, (400 MHz, CDCl3)

Cl

(e}
N
Boc

=GZ'6

h§

—=G0'L

— e
—1 660
—1700°L

——=10C

0.0

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
1 (ppm)

9.5

-10

1'8¢—

6V'LG —

60 50

70

80

2E€'G8 ~

890 —

ppm)

PV

9T ZVv v

Y
0e8zL
04821
eLeeL

7M1

LS QC]|

| H‘(

§9'8€l
9e°0pL g\

13)

GS6°817]

Hz,|CD

2¢, (1ot

21 2p0| 190 (180 70 |160| 150 ||1#0 130 120 1"
f

48



29’ —

Yo'y —

902
10°2
gL
€eL
ve'L
ve'L
9eL
1L
8eL
6€'L
VAN
6L’

Cl

(400 MHz, CDCls)

=8€'6

H\oo.N

—=¢0'L

—={566'0
meo._\

=0’}

0.0

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

9.5

).0

1 (ppm)

-10

91'8¢—

30|

40

50

¥
N~
+
[l¢

60

70

80

8EG8 —

0
1| (ppm)

70 60 [15Q 14ﬂ 130| 12W) 11

SO0cZl—

18

19Q

210 | 2Q0

49



)

nid
o

-10

10

o
| =
Te}
Fo
| 2
0
R =] S~
€9°L =756
o
Mo
e — ——180¢ | »
o~
o
Fo
[fe}
Fo
o
| Fs
| | 0~
z9v— —iF0L 4m
o
b=
0
o
| o
¥6'9 ©
80°L °
60°. Fo
8L'L )
0z'L 5 > _p0L [ o
oSt S gy PN
_vm.m/ u/ g lnwﬁvo.r
Le L // w, N 160 | 2
6L L~ = | .
_\w.ﬁ\ m =00'L wM
& o
2 Fo
o
Fo
Te}
Fo
o

o
-
©
N

I

0029 —

1] (RAM)

gtk Ay rmmmw

feis=cs=

£€9'G2l 2

16'GZ1L L
mm.nmr\x
mm.mmi
88'6Z1

S8'vEL
LS'seL |
6L8€L

CDCly)

6S6€L

N
Boc

geevl

©o cZl —

2¢,((101 MHz,

el et o

210 2Q0 11? 80| |170 160 | 150 140 130 (120Q 11

50



z9'L— ~*ev'6

8.€— —=0¢

€9y — —HoL

89'9

699

06'9

069

269

€69 )

o1 T3 g

mo.m \ﬁ o m 86t

0EZ .0 e

gL - 28 -

voin s z Lo

1817 g oot
e

MeO.

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0

).0

-10

Q112G ~

6/°GG —

) v8—

f1l(ppm

it

LUbLL—
0s9LL”

7 Z1

Qe )2l —+

ov'8cl

z6esL

¥S'SeEL T

140

veeel !

b7 oLy

DCly)

150

A iad

U

¢ LS —

T
160

D1 MHz,

rop

9/ /1 —

Med

T
18Q

T
190

200

T
21Q

51



€9'L —

6L
6171
0c'/L
LZ' Ly
L1211
AR
L€ LY
Le 2
[ %

ees/

c0'8
mo.wv
€0'8

Cl

2g, (400 MHz, CDCly)

Cl

(0]
N
Boc

Cl

*vE'6

i

— 100"}

=00'}
MKm.

—126°0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

9.5

).0

1 (ppm)

™

e

-10

€1'8C—

40

cyLs —

1G'68 —

T
90

109
1 (ppm)
52

153 5mn 1 ru e

{

av._\ov /r
1 Z2°GZ1

RO

009ZF &

9czet
L9'8ClL !

T
13D

GzZGcer 7

SESS

T
4D

B69Gtl
8/°Q¢€ L \\
[4°N24% J
g6'8vlL

T
150

60

by
—o
Bpc

T
70

8¢CIT —

29/ (101|MHz, cDClb)

T
180

al

90

R

210




o
— S
n
S
o
0
€9°F Toee
o
- N
n
N
o
(]
0
(s
18— ————————————%60€¢ | o
<
0~
19— —==00} | V&
=
s
n
n
ps
€L9 2
€L'9
619 ©
9.9 ©
mos/ =700'L
G0z 5 = IR 7 B N
602 o A 16°L
602 L2 60 | 1
oe'L 2T —ixolL [~
0g'2 . = o
LeL =] ©
85, =
85/ 5 0
w ©
=
o
>
(o}
®

).0

@
@
<o
N

|

Qe LG —

1795

T
80

S6 V8 —

T
90

Llzol

.
100
1] (ppm

18°0LL~
67211

EZAT4A

11Q

&H

62721\
Le8ct V
0§'6el

T
130

£R'6E L

40

. v v

Ucovi

3

Ll

T
150

60

99091 —

ceeLl —

T
170

2h, (101 MHz,| CD!

T
180

MeO

90

| RO

210| 2

53



§9'L)
v.lv
9l
L.
8lL.
8L,
8lL.
0c'L
0c'.
0c'L
XAV

el
82,
62°L
62,
0g'L
Le2
Le2
[4592
ceL
€€°L
Ye' L
S€'L]
SE'L
9¢€°/
9¢€'/L 1
1817
VAN
8€'L
8€'L
8€'L
6€°L A

Hee

—— T00°L

6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

7.0

1 (ppm)

-10

10

20

cL'8C—

30

40

50

PASNAST

60

Yy'v8 —

W} 80 ||||17

100
f1 (ppm)

0

| ©

|0

[ -iad
[SR77AN

[ ol Il o4 eSS

YR TR,

£6°/21

/O Q7L

69-8¢t g
96°821

I S | Sl M

=

| LS 0§ 72 Pl

N.v.mv_‘\

0 | 180 || 140 WSO 20

ov'L]
ow.m\
¥6'L

¥ <

I

ne

9627

2i, (400|MHz, CDCly)

9.0 8.5 8.0

9.5

).0

I6°€lT —

180

190|

1200

21

54



oLV —

3)

L

Q|
) @)
N
e

Cl

2j, (400 MHz, CD!

55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

6.0

1 (ppm)

-10

L2 —

O 1 C —

€9'v8 —

0 EOH

)

10

1| (pg

62°GLL —

PR

(Szangaag

90'6cl

a9:0z1L /¢

G682

16z

¥00€l

a8 €€t

o ar =rax |

e vet

T
0 %T 40 (| 1BO |1RO 1[0

€s'ovl

6

ST 4%

1rQ

180

190

Ty AW‘A U L J’ul“ m ol an Ll Ll e | " bodall 4

210 |200

55



VoL —

Ye'Z
0L'Y1
802
802
oL’z
G2
9L'L
i
)
8L'L

6L°L

€€°L

€e'L

veL

veL
S€ /L1
GE'L
9¢€'/L 1
9€"/
9¢€'/L
1€°1 4
1€
8€'L
8€° LA

6€° L
oL’
€6°L
G627

Me

O

Boc

2k, (400 MHz, CDCl3)

tov'e

+20°€

— foo'L

o

102
0
501

oot

4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

4.5
1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0

9.5

).0

-10

10

20

Lg'lz—

9l1'8¢ —

4Q

5Q

6225 —

Iy v8—

foYoldob- A TS

IT 06k

so8zh
o6z

9gecth

CZZco¥

95'0vL

LS Bl

MHz,|CDal3)

[N —

2K/ (

56



€9'L

8L'¢€
pA R4
G8'9
989
189

88'9
689
oL
0L’L

AW
€L
€LL
SLL
9L'L
22
L2

L2
zeL ]
£e/ 1
€€
ve L
ve L]
ge L1
G€Z
9€' L
[eTail)

= F0€'6

(0%

00’}

220°Z

6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0

6.5

1 (ppm)

PRV
AR

102
376l

7.0

8EL
mm.u\
6L
v6 L7

2l, (400 MHz, CDCl3

“50°L

= F00°L

9.0 8.5 8.0 7.5

9.5

).0

-10

vi8e—

€8'1G ~

9€°68

ov'v8 —

0

.
100
1 (ppm

AR
GLGLLY

110

T
120

Kz

(=127

wh.NN_‘“M

T
130

Se8ch]

40

¥9ezZL -

Gl'6¢cl
os'ovi \

61 6121

T
150

eec—

Dal

18

OMe|

/\

—D

\\
).

T
170

€ev/l —

Boc

T
180

21)(101 Mz,

eg

T
200

21

57



(4505
mm.m/
129

6.9
002
10°L
€0,
veL
9c’L
PXAVA
AV

06

15 1.0 05 0.0

2.0

25

3.0

oe'L
LeL
€eL
ve'L
Ge'L
9¢g'L

6€°L
ov'L
Ly L
v L
€Y.
€Y.
vy L
S/
oL
8V’ L
6Y°L
052

0rL
AN
86~
0087
vr.w\
o'g

188 —

PASNC)

Cl

Cl

3a, (600 MHz, DMSO-dg, 80 °C)

A

ooz

Hol
0L
0L

=101

Is60
4Z0°L
F€0'L

To._\

16°0

85 80 75 70 65 6.0 55 50 45 40 35

9.0

10.0 95

1.0 105

1 (ppm)

8VZ¢C

9/'¢s

42053
¥/°Q)

89601

12021

LL°LelL

aa gzl

80

CZ 521
Sevet

8v'SZl |

99971

n)

77T

v 12l ]

11 (pi

gc8ct

91621
15621 1

-2

10173

¢60€l

09'LEL

o
g
i
IS
9

I

89° /€L~
688l 7/,

_CO,M

I

SVt

G9'LGL ~

QZ'GCL —

Eia=rag

Hz, DMSD1ds, 80 °Q)

88°LLL —

3a, (151

210| | 200 Sﬂlﬂ 180 170 | 160 1?0 140 130 ﬁo 1M1 100 | |90

58



S °
L2 -
cE L 0 [S)
62V e
129 ° o
8.9 L2 )
. M 9g'cl —
002 ————"lz0z}| S
102 _ Le w
NO.N 6v'22— o
sz'L | | o 3
. N
9z'L
1ZL | w S
12, 2
8z'L ° 3
8e'L | Lo
6z'L o 7' L9 3
Le'L [o 7719
ceL cl o) o
ve'L LS /96011 _
. < :
ge'L | k% 0z 0z 0zt 2
9€’L L “ Q. 1LZL
YANVA 86-€Z} (=3
8€°L o~ SZ$zZi ®
6€°L] [ Sm 0s'621 m
Wl 0= 9892} 1 2=
L] re- g1zl o
ey L] . Erizl =
€v'L] Fo  828ZH
4 siezl s
wv.NA L % 75621 F
v Ly | 7962 £ 3
621 Iﬁ» 860l o  +60e+L —
b4 _ Yoo~ eSiEld 5 S
25L Y i} @ WAW 608 v  EOVEL] o -
694 8 2 S 260 ™ oLzeL] - 2
VoL S > — . . < ©
R S foe s :
6627 ] z 3 - 99'45} g g
vi'g = © a 2
oL'g O a Lo  9Z7ST ~ =
: N I s
ze's— T - < <Fse60| o =
o g O o [ @ I’ 171 — = 2
Q —
ID‘ o ™Y [=]
©
S
6201 — 00'L

1.0 105

210|| 200

59



o
p< F
S
L O
wn
S
L o
8¢ | o Y6 — e
N 2
£6°0 _ i
: — /16 o
S 2 8e Lz —
691\ Tm._‘ P =
o
h o
<
n
— o
o
o
o
s
. I Lo
X @ Y 19—
oro 1z 29— Lo
002 o 1282
002 TO.N < %.8; .
vl h o 6L°0Z)
cos AN YRV L
bes | o 86°€TL -
s SE SZTYEL] JE
b & siset 88
i 2T ssezt =
o] T =2
N S pyIZL -
:\.NA © rAL T AN - ﬁ
o] o vLeziaf
MW.MA ©  gezi - = — (g
] — OB o
’ N o ]
mv.hy foo.r 2 o6 0cL I m g e
i) g o Uror 001eL] A s
87/ R i W B o oo of ;
cuuh. m/ “ Jw\oo“r = 89°/¢L D Lo
0L'L— o ZzT ,lwu tKNO._‘ ° cegei il = _
b9 S N2 2 TR0 2 gy ¢ e
vle 2 SE2°17 =
vr.wx 7 7\, B o mhvml = P
9l'8 : P . =
z8'8— VAl — oot ° . = .
S g @ _/ 8 | €821 — & 18
o w o -
8 i o 2
3 o
? =g
60
6201 — m -
o

60



[450

¢0'S
9.9
81°9
002
L0°L
c0'L
celL
€€l
mms;
9€°L ]
1€
8¢ L 1
6€°.L 1
6€°/L
0¥
v /LA
£vL Y
vy L
SY LA
VAR

CO,iPr

86°0

65 6.0 55 45 40 35 30 25 20 15 10 05 00
1 (ppm)

7.0

69°L
ONRV
86°L~
66°L
vr.w\
91’8
28’8 —

€20l —

Cl

Cl

Boc

C

o]

H
"

\N/ d
H

&

3d, (600 MHz, DMSO-dg, 80 °C)

66°0

100 95 90 85 8.0

1.0 105

N
P
T
N

oG
S
N
Y

40

50

eV 19

raverayay

69 09
b8l
£9'60L

60

91°0¢1 1

oy =y

70

[Za2 0

g6'ecl

80

£zl

1G'GZ]

A

90|

99°9zZ1

Srizt |
RPTAR
62'8Z1 1
LL'6Z)
95621
29621 Y
88°0€1 Y
ISLELA
20veL

et

(T

/

110 100
1 (ppn

120

130

a
6972t O
C/

Z06EL 7

140

YLyl ©

GO LGL ~

50

0evSL

60

Ha, DMSO-gs, 80[C)

170

9L 711t —

3d, (151

18

0

210 | 200

61



o
= 1
=
o
wn
S
o
b o
LeL g e
Fm.;/ — ZL'6 | S
: _ T . -
VAR w w ___
9.9 Y ] c_\.mm 5
002 | o 96
102 b =
202 0
8z )
62, o
ceL J © =
mm”n M 105720 15 R
res v2'8/1 s
hm.m ) Fm._‘m;
8g, ° 2B §
ecs o LL0zZL
MMM < 2L 42
! - COTGF g\ml
[ SF szve ot
s | & essely £
:\.Ng Mﬁ 88971 1§ =
6 R | 2
tve] o Ovizl o
e ©  62'82ZL S
b o so6zLf
4o © 966z =
oot ] — o6z _
WH.T ‘MMMHW S o = = =
e =~ €5 LEL g 8
194 g o —===1[16L | o poHer r < =
N@.N WA 3 —_ H\OO._. WA — 5 w
66 2 < g SOt Lo eeldf g Nz -
o0s zz 3 KO ° gy | a 2
0087, SN o] S : | 2
r1'8 Q 2 2 o 99161 — = =
o @ c9EeSt — 0 = =
91’8 ] . 7
6.8~ ’ O I ATO blo og /ﬂ m o i
: = o QQ /)| — 2
2 ~ [
S o«
° g @ O s . .
® < o oY
8
o
60 o s
86'6 — S g
_.D. o
2 &
o

62



-10

10

2D

40

50

60

70|

80

90

100
1 (ppm)
63

110

120

13

CO,Ph
4q

Cl

1150

,,f“

16(Q

s

N

S
N
=

\

o
Cl

151 MHz, PMSO}¢ls) 80 °C

Bac
170

-
NS

4

3]
8

190

200

ze1 7

6.9 o

18'9 ©

1072 )

€0°L e

Y02 )

oL -+ -

Lz ~F L6 v

eLL ] Le

€LL o e
Gl . 1 o V¢
9L'L ©

L2 — o

6L°L °

2L e

8z, -

6z, Fe

el o 8y'19—
geL F<

9eL o

8eL F<

6€°L 1 o 6.'8L—
0v'L ] [© eZeor
mw.mg 0= LZ0ZL1

] . rwf 1670211
AR . g -
evL o2 6L12ZL]

- Fe™ oLyzL
mv.? © e 421
ww.ﬁ e opgzL
6Y'L iw/ cohL 2 MM”MM” i
LG LA IJ [ co.hov;w
€572 —~ m el 2 e sz1]
vS'2] &, & =} 002 67871
Gg 'L 8 3 7oLl e
DL | \ & ool ® 2

] [e) T © * €eT6TH
8G°L — / 1) 0 .
mm.n; < = (%) r r o cm.oar_
757 i = <7 660 S 29 mN_‘_

2 7N\ 7\ 8 LS Loel
V2L . N Redd
2441 =/, I SLLEL]

o] Lz 7\ 2 L2 ovel
10'8 S g g .

2 8 —/ g 897EL
€0'8 e S sgEEr
om.ﬂ e LS .
mw.m_ L 2 €0°051 |

o L9181
L 660 2 plL'esl
€o'LL - 797712
Q
o

210




-10

10

20

60

1o

D0l TF

64

100
1 (Ppn)

1

20

40 13W

5

MS0-dg| 80 90)

39, (16]1|MHZ

190

ce b hd
9.'9
. o
12°9 Fo
00°L -
z0°L Fo
€0°L )
€€l Lqu L m
ve'L .
=
161 1 Lee| 0o
8g'L
6L 4 IS S ie—
6c°L
6€L E— La Zv'19
ov'L 01297
ov'.L L © [YR-Y]
0% Z R = ool
LvL o =Bz
L R YRR |
[AA L e [Asa7as
i ¥ ezwel
ev'L o v'gzlL
evL Y 9gozI
e o Siizh
vl T [° ¥
YLy T voT oo BLZCE
St L [ © s ¥0'8zL
Sv'L 1 o SZ'8Tl
oL [ ©~ ZI62T
IV r VAN YA'R
AN [ © S96C1
nIx llu‘%‘oo.r ° Smeiae= =
89/ u%voe‘z 1o tel
0L LA == Tw.Nv © SOVt
Oo.w/r - B Mm\ mo._\w ~ _.¢.nn,_. L
Sw/ @, G vo'L] o 99ZET c
. d vil
v_\w/ w Mv FWmo.rwB 72T N ~
918~ \ o | L2 S
o zT - 0
5 y 5 Fo  #94GH
6.8~ # 3 k% go'L[ , HYSLT D
oy
g lay
[$)
© It /® o ) . S g
o Lo Lts 771 I il |
e < e
=3 0 e
1501 — @ 66°0F S
o
©
o

210j|| 200




65

o
Fo
wn
Fo
| 2
1 =
. R
LeL— JwNmm Lo
i o 6V L2 —
n
F o
-
M, e 62'19
\g E.mj/
L] .
e §6°0FF
zge~ _ Tm.m 852
. o .
VL9 R L3 geozLy
m#.f 16°€CL o
€0°2 Lo D 2
Y0'L 1 6esct S
902 | o~ 89T o
12711 [©E oozt _:
8Z°L 1 o LELZL] ce
oeL o 22824 =
Nm.L 1 1621
R Le  voey
ov'L 1 66-0S+t Q
1LY Lo seiel] -
R | 00t vizetf
es L ° _ SOk Lo e = =
¥G LA =3 o 862 T~ 29uEtE o
GG 3 S 80T |5 OF6EL 7 < 3
192 \ 5 B O I -
v o zT < LTvm L 195 2
69°L S < o vam.o ° E9TST =
m”.mv m i— Al e EEE & 2
—
9z w\ O N 660 Lo = -
Lz, VY, = Tm.o o e
cL'8 o 3 m | o ~
@ e S yIIiL— & 3
@ g o =
ro o
. =
Lo =]
e LS
N
0L — 60 [ ©
9g0lL L@ —
o N




r_\ o
o
Q o
wn
: 2
ﬂv. (@]
= i .
- 6 22—
0. o
i <
1 oo
Mwww Z % :
" ° = i
- © Zv'L9y =
€487\
s o €960l -
. g€coct
ois f\ume.N S g9zl :
Yo ez vl
o ©  ey'STl )
ey A T4 ]
o o 289241 i
N_\.Ng S.W 90221 1 1W\
ON.L o2 SE'8ZL -
o 6= wr.mmi o
. T 6G°621L
21 N 8UBZI -
1211 - F
oe 2] 6Z0ST [ :
! ©  ZZTIET -
0€° L1 . el :
1€°2 1 | i ; :
€€/ H\H&m.o o 00beL ¢ i
= 0L 2 69° /€L~ P _ g
o [S6€ g0'selL /; 2 S 5
s — 008 L2 61y 3 -
vv.h/‘ T k e o1y , :
o) 3 2 oo S 3 2
oo ¢ : — 0k i2 ‘561 — & e
0rs] 2 2 inggg [©  0Z'SS s
om.ﬁ\ Q 7T 2 1 © a =
mi\ ) ) 3 i @ .
20’8 2
. 3 <1660 | o -
vo.w “ O o LT &) 62771 — o
£€8'8— - d : %
i -
ey 3
o S ;
0 € . :
= @ mw
6°0
€e0L —

1.0 105

21

66



67

o
=
wn
Fo
| ©
A
=/520'6 | )
. 4 [ :
o ] 622 —
0. o
M N .
4
¥8'€1 . :
wﬁuw cLcS
1o ta 96bS
0 1 219
o F o 2184
i ° €801
:.h T\c.« S zoott
> [ ¥ VoGOl 1l
cr L9°0ZL
: 0
2 < zzezlq
e S9°€2+
vo FGE szvel ]
sz ) & trezn
1] Lot eseEE
o ] H 7 leuz
i o 1621
o | ¢ oegezLy
o 7o) 60°0€L m
i ¢ BEZERf
WLy Ly [2 5L
e \Am v00'L - ggogl
i e 0L ZEL
5 : -
i — /mm 2L eI 5
vy I By STTEI ;
ov 2 : 9 ;wm.o S 9T'GSL~ ]
ov'L =] G Y60 | . :
S S (498 L FA=--1 7 5 ﬁ.v
692 8 A - :
209 N E 2 :
z0° ~ S s :
: ) 2 HFes0 | o g
VO w 2 o PR -
. VI ya g =
) m 5
=z N o
JE 2 L =
o g p= i 3
[+4] m o
o = S
D .
= @ o o
o
Le0L — 2
o




05 0.0

1.0

zZe L — Mbwnw.m
i o 6€ZC
N
4
n
- a
S'LGn
o 19725\
® 12’19
fa WA el AEY
0
©® 190ttt
28°€~\ [ 6'C GC0C1
8g'e” 1'voe 61221 |
BZ 321!
1297 2 S[A°T4]
8191 A A TAN
c0'L o~ 2Z9CI —
. WE Loam €
€0°L1 S 78°9Tt og
¥0'L 1 0o sz .88
G€°L7 ©* BT =
[A@N ° T YAR | L2
€V’ 6 €662} .
S /L9 2Z'00 | )
SY'L 2  goecel —
N#.h# Iﬂ.ﬁ\._.o._\ [ Akl ol i\ B =
Nm.h# ¢H\NO._‘ < 90°'¥EL
8G°L 1 6L [~ sgueL~ 2
692 2 . _=ve [ o L0'bpL T 2 -
LLLA S Q ¥60°L [~ 8€ Lyl & o
8L 9 S — %01 o 954G~ S =
68, 1) ZT wo H/eo.r © 90° 65T — =)
vm_wv o z M 50L | o Q @
MMN O QMu %h.o © cyv'G9lL —
T N~
B TG
m@.w\ L a o
~ N =) co i — =
s _Z T S5 13 2
reay 5 :
o & > 3
o ¥ o
s ! S 5
82°0L — A 60 [

1.0 105

-10

68

21Q




e —

F90'6

1.0 05 0.0

15

35 30 25 20

2201 —

Cl

Cl

31, (600 MHz, DMSO-d, 80 °C)

@ oegecooQ
~- O+ MmN« «—

o

R R R

60

—
N

75 70 65 6.0 55 50 45 40

20 115 11.0 10.5 10.0 95 9.0 85 8.0

1 (ppm)

SV Zc—

T
90 ﬂo 70 60 50 40 BO|

P

62621

100

0

f1

6666+

9€'621 |

SV oclh

[O1oamm o ! B

06 1€t

eZpot

sevet
L9 /€L~

Lo'ovl -
vyl !

T
140

89°1C] ~

60

CZ'CCL —

TG TTv

T
160

1o

€9°LLL —

T
180

31, (1551 Mk, DMSO1dd, 80 °C)

D0

69



b

05 0.0

1.0

ceT

922

W ™M
~®
© ™
—

o
N
~
-

L

soe

[0k

A

65 60 55 50 45 40 35 30 25 20 15
1 (ppm)

.0

-10

10

80°'lc—

T
2p

©

N

~
C

Cl

Cl

Boc

\

NH

Me®mw
O

3m, (600 MHz, DMSO-dg, 80 °C)

o}

#

N.-COMe
H

LU

I

N(\I)
[N oNeoNeHoNe]

NI

Rl i R

oS

[zt

60

85 80 75 7

9.0

10.0 95

1.0 105

6v'.C—

T
40

€126

L1 g

50

1

V811

S 801

vyroll

v2°0Z1 ]
62 vl

10

T
80

[SRYA)

81'9Z1 |

S6°92T |

T
90

c0’/clL

L1°Q21

.
10
ppm)

Lg'6cl

f

PAATAN

Qi

110

£6'621L

oc'lel

0‘ 120

66 EET

s g0
Sicaaas

1921~

¥6'8€1L 7

‘
14

98'Lvl

2L LGl ~

150

1 Z°CGL —

6 T9v

T
160

T
170

c6'LLL —

Hz, DMSQ-dg, 80|PQ)

T
180

T
190

3m, (15

T
200

T
210

70



-10

of]
71

1] (pRm

110

120

13

140

50

160

7

90

20|

o
ro
wn
ro
LeL / L w
85°€ ] . N
€8¢ ] 4F9C'6 | H
659 1
MMW — - M VA XA
18°9 0
1 La
c0'L
c0'L L2
€0°2 — R
voLy 9 £GHG
G0'L e [ 9 Ze19
90| —lsez [ o wrury
yARVA < 1O00%
8¢, T L1201
LeZ [ ¥ ZT9EET
zes ] o 80°6LL]
€€°L 1 [ © gcvet
L o~ £9621
L ] F o m. Qo gz
¥ L -2 seozL |
Sy /L ro*- Sklelry
[l ] © G262l
@V.Ng A0 Feo LG'62L
VAN ——{¢66°0 ° ¥9'621
L) ve0'¢ = 64k
6921 ___Jleez 6E+Ed
7w \ OC—F M €0'VEL 0
68°L —= 100’} 99°/€1
06°L7, ',Mmo FEs  oveet 19)
v0'g 2 5 I 2oL 1297t o
. 2 S [t} . 0
90'8 3 < L2 peret
Q =
. \ « . 61°GGL ~ °
188~ _ o AT ¢ JWOF Lo coEst S
(&} #N o =
%] o
= L@ -
et :
T - T |2 9Bz — =
o Sz e E
geol o S 0L 3 o
lﬁm\ [ f=
w ~ - i
s & | 2
w0
N

210




ce b
v8'¢
189
28’9
86'9

00°Z
€eL

ve'L
Ge'L

9€'L
9gL
WL
LWL
WL
zr'L
zrL
e |
£v'L

£vL

vyL

S¥L

1¥L

1971
8v°L
8L
8v°L
0S°Z 1
152
16727
89°L 1
69°L 1
692 Y
02°L7

——/160'6

Qe

65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

7.0

-10

10

[WAVAR

90'8
80'8
9lL'8
81’8

88'8 —

60l —

Cl

Cl

30, (600 MHz, DMSO-dg, 80 °C)

SoNisds

eeaoqg
R o R

A
T
o

o'l

85 80 75

9.0

10.0 95

1.0 105

62°2Z} |
s9'/2L

26°9QZ1

e meiag

69°8¢t

Se'6llL

100

2’6zl

1 (prm)

o8=0¢tt

6€°0EL |

BE1EL

ZZ23EC 1

S acad

89 ZEL |
v0'6EL |
SL'BEL

T

8€°6EL -
€6Lyl 7

l.

D 9C)

CL1CT —

VA1 9

Iz, DMSO-dg,

00871 —

30, (11581

210|200 19H) 18 170 [160| (115 140 130/ 1RO} 11

72



-C

L o
2 1
S
L O
wn
Q o
€€l . .
vee] | 2 :
i ———=1790'6 | © o
08'9 = o o
669 . _ : -
] z
90 ~ 052
2oL ) B
se'L 1l o
Ge'L . »
o6 2 — ® 925
o2 © 5P L9 — "
252 © G.8L 4/ ]
1€°2 ﬂ\m To.m o 69601 "
62 Y vTozt
o5 2 o 6L1ZL] | c
ove < 66°€ZL <
or 2 vZ'velL
OVNQ W LG'GZL - %
. . :
ov ] o~ 88°9ZL o
ov] 0 m Zr7zzt g (H\
AR = :
ev] ©- B/Z'QZL =
o] o IBZ
ov | 6 6562 .
oL . o -
. —{86°0 £9°6Z
ov.: =700+ m LGRUA N p— .
Vo2 €9 09+etE M 8
v m_m‘vo._\ 2 sopelat "_H ~
62 —{%86°0 ZLIE, g
I6 ——s00L [ Z68EL I
N@.MV 2oL o 1224t £ 10
wm 0 19 |G| — mul -
€L's o T oot — e 5 3
SL'8 A ¢ Lot ; :
£8°8— =3 3 = m 2 :
9 - ° .
(] kel ) 3
; . @ © / ? _
o ZzT cOu 3 =
3 XA 3 S 8L T 5
£ o I N L /N § .
: O = 60 | & — : =
8€0L — L 2 S . = i
i - m m 4 : - ~
o m ~ = -l = :
& - =
o

73



\o
o
Q L o
0
. =
ﬂv. i o
. 3 r o
—JHr6 [ o .
o v iz —
0. o
- N o
rO. =
1 ° N
€8¢ : . w :
vos ) @ S0 rm/
el 0 81621 — ’
s © 9,60} o
o = To.m 9z'9LL
1€ j M ScoLL ,, - :
o . LG 121"
s S iewa =
oo FeSet m
VL oc Leuz \mw
sy s °8 9uz1L1 8¢
v o L6221 -
o] ©7 ggget s
v ) o  ll6ZL »
o] © 260€L Wt g
8V, 1 socL | :
154 S eoeeLf |I\ s
- AR\ Ml :
?@.NAﬁ A‘I'LJH\OOO ° Groret = =
v9°L Y %o.v = g :
69/ 1 ooy [! ooeci— - s
o %mo._\ ~ ) T
N@.N;r H/._\O.N . forsaweTy n_w_ w wm
89°L~ o S ‘{vouw S greg,— g 2
_
mm.mv w Moo 0 2 = =] P
e e ® 2 -
o 2 - 2 o 72 50019 M £
08’8 2 :
: c [~
: O ¥ o Z z
| o
| L O
NS : : 2
ERC\SS 3 ;
Z 3 " n
=8 50 | 2 o
1801 — :

74



L o
= 1
S
L o
wn
Q o
o
- o
] r o
216 | o
zeL— — o »
ey lg—
¥8°€ 1 I -
S0°L i
12Z i
€Z'L o X
ovs ° 1825
<y © 06'09 .
2o gL'6L1\
o M 8678 i
dos . ¥2'60L
e — [86¢ 2 Trewr
oes 5 iCt ==
b 0 TR7AN
Tha ¥ ezsel —
vt o EYZCE Q‘m
46 wE gg7zL ==
oot | 2 0622} =
ov] 8T 1L8ZL] e
quNAA ] VvZOCTVv
ors) 2 68°0€l ] e
o0 | Elomaaay § S
ves ©  GEpef -
ot | © g9l L8
ooyl S6ZET
6211 lf/w . N £1°9¢c] =
05| U 60 z6'8€lL 7 =
vos | 62 M Slimnas 2 — e
18721 1960 z =
187/ v — m\._.C._. M MH._\u“ S 5 =
00'8 > 5 ] 5T = —
27 8 E (5} z I
10’8 8 3 . 3 -
E.w\ r > o | : -
. ° 1 7\
118 S < M “Toos . \\|//' 2 :
188 — (%) o 6E°L/1 — —/_ : ._7|. 3
3 L 2N
. O o © T g % ; — /= o
2/ £ i T2 g
el o ,, 3
(&) nw w mw = \ m
- e
& 0L [ v -
9g0L — 3
o

75



-10

10

20

30

40

60

70

80

00
76

ffi| (pPm)

110

12

30

140

150

8P|

vo

180

10

200

o
Fo
wn
Fo
)
. — .
zeL— fese | o
£8°€ ° .
1.9 1 r o TV LT
zeL
pes e
1872 o
8g'L Fe
oV L Q2¢C
zvL Lo 50 19
sv'L To.m SL'6L1
SvL —] L2 12601
ov'L GEGIL
'L L2 sty
v |
hv.j \M. 9g8°6Z1
1972 Icict
8L 1 | eg BLZZ
wn
8v' L | S 26'.Zl1
05°Z1 Lor rese
16721 ov8cE
2s L o vL6Z)y
(49 ﬁ logo | 8L6ZL
€521 o e zeocLf
vG L y 8¢ I~ zozelf
eLLy e oy [0 e
. r~ C
gren —l1e0z Oro N
[40] w/ 0l o OUOc¥
€08~ ol [ G6°0vL 7
18 e ~ H/No.r 9 ] 2
618 ey e fw  SYSL— 3
6.8~ Q 3 dHoL [, eSS S
o At ¢ [ e
o z ! o
2 L
o8} L -
H N |2 seusL—
T : T 2
2 -z = =
w40 ofy ——
S e
o = °
A rT
n
o

210




\0
o
. 0 L O
wn
L2 | o
o
|- N I
- ey N
226 [ o 15— °
a @ =
el ° 0s°22 —
4160°€ i — IS
66'L — 0
o 8
SITs ]
cge 3 e mmeo// — €
859 ) §6°82
szl Fe L9601 IR
92, scoct
122 Nj?o.m | e [IMTARE|l =
12, ¥ 66 €ZHL
zeL , w  zy'szl
ve'L [ < 16°9Z1
seL o S0ZZL
9€L [eE el
LE°L1 £ 5Z8eh
1621 FeS 296zl 1
wm.hg 2962+ o
687/ 1 L M 06621 — Fe
ov' L1 18°0¢L | —_—
0¥, | © e tetf —— LS
. L ] i ——— -
Ly L —fooL [ @ Lrreel \f —_——
o | o l6€er — S
[ [~ gogelL” =
8"/ 1 —1lo6'9 aggeL”, 2 PR 2
6L e O I e S 8 i
95'L 0L SITGT~ - j '3
5L e . —==€0t 1 Gzee—— / < ~
86 N/ o Mu 20T 5 4 ﬁ_u -
66°L~ = 3 @ 2 -
- zT © [ —
€1'8 [e) / 9 . T . - = o
vi'g o z h = [to 5 = r—— 7 3 L@
698 — m ro Y8 Ll — 5 % \ﬁ =
9 —
: a © ° F4 w o ==
I = N [ ©
\N < &
5 g O = S = =
o =1 re
2 < Fa
3 160 | 2 b
veoL — -
o

77



o
S
o
° -
S
A o
og'L— -
) =
/5906 | ]
Sv'E p .
e ° e
62°9 | ) :
502 —
90°L :
so N Q126
iid o 627G -
ot Bl &  _geloqt
o G/ -
oo | ‘Jw@m.m e 69 ac:r
o oz sgeLl 3
i 11 o wok
ves 407021 ﬂﬁ -
et © S8°1Zl 1
| €0V :
i) o O5SE )
e ) m [4°B°14% i
| | oS ELLZLY
5| o 9 izl 2
Nms; 6L'8zL | =
i1 S L98zl] 2
6L —Fes0 odiedd | :
oc s % 4B N
o 18°0¢LE .
ox.1] o foYo i ol IR ———
e o5 |, e :
1o 6o |, OEBEES
rre] . heor [~ Cora “
i g 0 1990 (o Joger > 2
s $ 5 00} o ==t = 2 :
mvs; < “ fees i / , :
3 ) B 3 ) o (@] ZT %)
NMM_ o J w Tm O 3 \ w :
| s i [0) _
66°L 1 = : 7 : :
oo.wu : O w, A — . ‘ w :
oo — 3 o o =
w_\.w; o m\N O W o SES z AN o
mm.w; ; : . o ﬁ F — ) -~
se0L— 3 3 : — , :
A : —
60 | @
. o
o
o &

78



€e’L —

e

To.m

=Rl R

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

8.0

1 (ppm)

60l —

Cl

Cl

Boc

Cl

3v, (600 MHz, DMSO-dg, 80 °C)

dH NGBS
PO®o®QQ

<+

=R
2

16°0

8.5

9.0

10.0 95

1.0 105

evlc—

Q082S

L0'L9

foYall -]

oL

12601

€261t

1234343 ]
zLrel

ev'ael

Qo ozt

[RXA

o7

VAN E- T

ppm)

o<+

= 70

ff

19°6¢C1

110

86°0¢€1

| P 75 38

€871€1
89eglL

T
1209

2101

BO

o o x> 4

ag" {

86'8€1L 1

@40

gyl

Ul

Qc Gl —

1

81'5G5L — 8

T
160

€9°LLL —

T
170

T
180

q

3v, (161 MHz, DMSD1dg| 80|°

1

21

79



o L2
Q ]
0 Lo
o
o L2
. = .
el — Mwmm 6 | w S
|G 12—
| o o™
i ~
o
n <t
— N
2 L2
P 125~
L€ ] 865~ °
€8¢ o €809~ ©
659 |
659 = {60¢ | —ee8 Lo
19'9 1729 L3 go60L /
|y B :
5991 < 1
ww.m: S0zl
S
62°L o~ BU8HEF
om.L ©E g€zt .
Ges o> GS'GZL res
otz 6 ozl =
1 = 12l [ <
28711 o T =
6671 ©  8Z8+
ov'L 096zl Y
n . B
: i > 1o0eL
o] S O
’ i o z§leL— o
i IR .
[ = €69 [, s8'8el s 3
evs” S T A > — o
[} o~ c
862 2 o , o SSIST -3 § <
mm.hv o) o —=12¢0'} | 5 8T est m 2 S
- < % 100"} 1285t & 2
€8 2z © <
S1'g - N % © [S) /ﬂN W \m
88 — W ﬁ;vmo.r o o
: O N @ 0z 8Z1— = ¥ =
z T T L
> s ©
s 10 3 : ST T 5
8 S o —
=2 o Y .
3 =] H o
. 8 3 60 | w E o
€701 — 2 S °
ra
o

80



o
= '
=
o
wn
Fo
71 )
8¢ o
8.9 )
969 Jw 616/ ,, 9
969 L@ -
69 ° 66 /2 — o
0z'.L S
1z'2 ] i .
€z'2 Lo :
9z’ -
124 o N
<y ] G619 S
o2 Lo £€'8/1
o5 L Z5E0F 5
oz ] =T T ey
1oL IR 44 | -
Fm.n © €9°EC1
s r< 69°€Z1 =
fes o 6L9ZH] -
bos o E 18921 —
ve'L E 3
n & 0692l 2
wm.ﬁg = Mﬁ o8¢t S
wm.ﬁg 8v'gcL
ot o S98Zh o
6L 1 ©  gzeziy 3
i o 2563
MWMJ , e ososLq 8
| [ . 82°0€) ~
vy Ly Iﬂﬁmm.o‘m oL -
S LA ‘?oo L o:.o?‘w g
op L — o ) -
[ YAV A — w\ N@.O\T V28t o — 3
. TOT €846+ = Q.
M) 2 = ] — g €8 46— : 2
veLy ) < 7 Wlres 62661 =) 5
A o S , = 2 o
G6'L 3 3 — i \ : :
20 o = & £ 3 2
oL’ 2 7 .
g— 3 86°0f _ I 2 -
118 2 o , :
O o 699/ — 5 2
: N o =
; s Lo —>= =
8 o . = :
@ m\ | mw od, /nm_
. 5 <60 S
6201 — :

1.0 105

81



-10

4p

50

¢]

Do
82

1 (ppm)

2 1F0

13

4q

50

i

Qo.M

O-dfe, 100 ©

170

g
3

80

N

‘ N
=

190

L
N==

o
ro
wn
ro
| e
0g'L — ==|7626 |
o cvle—
N
n
Fo
. 8¥'¢S
o] m— - S.E,/
119 PSP
819 o |
169 L2 EVE0L]
. ) 86021
86'9 —— 62 .

669 L2 viecL
0g'2 N c9'eclL ﬁ
. o 8Ltz

MMM r< 6 0zZ1
. §6°9Ct
mm.Ng \Wﬂm/ 1622}
MM.Mg & wrgzL
mm.ng L2z 2582l
“] 29971
wm.r o #2621
6€°L [ © ce'6Z1
B¢ . veoed
[ © N |
uso [5 mond
vy LA ——7t0k L 2 §59¢€t
mvfw 8s | ggueL s
892 a———F XA ergepd
69°L 201 [~
9627\ e G Y60 TG
16°L— 3 S 1700} rw LL'GGL —
oL’ § 8 Yoot |
N:} o 2 s I Lo
998 — /ﬂN p V60 N
%)
_ O = [ © Gzl —
5 A v 2 628414
L N L@
o o
. g
0coL — W Tm.o o
o
o

<
3y, (161 MRz, D

210 200




o L2
Q 1
wn L o
S
o | o
L= 86 o
9z'L o 5661 5
° cSZc 3
N
cee— 00 | =
N
15°2S o
2 G919 ©
08¢t Ve B2 = m
LL9 M 0660t \
¥6'9 - ﬁ ] szl o
569 = %VD 15 EiNaas
96'9 ¥ sgezl
90°L o PIETH] F8
80°L ~  bzoer]
€cs o 9T ==
62°L1 SE €89zt £
0eL & BeBsel (S 2
1€ 21 @z 09°8Z}] T
AW §98¢tH =
€€/ o =BT
e © [ 6ZL =
1811 60 L0 EIOELE
8€°L Y Ho._\ © 227081 3
6821 = H\oo.m o el Fe
ev'L ﬁ\vx P2 909eL -
S¥ —7 H\uv d SO8EL T P
89°L \“MJ Sle preet
. oL~ =
69, — . - ° — o
LCWAN @ o 6L [, S8lGL~ o
G617 =3 % 1960 ro  Z2SGL— S o o
- 8 2 0’1 Q © re
208 1 A ol L@ o 4
608 o, AT % © A | o
€18~ z 2 260 | _ I 2 =
= > [ [a) o
2 o 8871 — : N F@
H N 0 £— L
z = < P > = =
Z = g J\\,/_ - L&
] 3 o T ——— ©
@ =3 S N ﬂu o
. N . - ™ &
9z'0L — & 66°0
(=)
N

1.0 105




8¢’L

0L°€)
611
619
089
289
¥8'9
69

969
[STAVA
8c¢'L
62,
oeL
LeL
ceL
€eL
YE L]
9€°L 1
9¢€'L
1€/
A
8¢, 7
6€°/L 7
v /LA
€V
S/
6972
(VAR

€6°L9|
G6°L

908~
08’

v9'8 —

GLoL—

N, -COzMe
H

3aa, (600 MHz, DMSO-dg, 100 °C)

F0€'6

Tez

60
c0'¢
0L

160
Hrvo.r
o'l

ﬁﬂm.o

¢6°0

30 25 20 15 10 05 00

3.5

85 80 75 70 65 6.0 55 50 45
1 (ppm)

9.0

10.0 95

1.0 105

-10

10

20

P
N
N~
q

40

€¥'2Gy

50

o vS

vZ'19

€28/

6p

8€'601

oS el
£8°1zL ;
S¥zTh

80

L=% 728 S A N

A7 AN

0

10°921

19'9¢1
91°8¢l

100
1 (pgm)

[AA AR

g9'gzl |
£1°621 1

ez Gzt
Scoct
L'621

L' 0€1 —=

cl0€l

2o'8EL T
ragelL \

08°LGL
61°GGL —

109G 7

- CPiMe

SO-dg, 1p0 °C)

T QJ L —

N
L=

3aa, (181 MHz,

210 200 | 190 11) 70 160 180 14Q 3q 20 110

84



85

S 2
L2 _
n
Fo
o
L2 -
T j=)
2
- 9
95t = 1606 [~ gouz S
| . 3
r'e o =]
002 ™ s 3
00°2 S | © = =
Y02 o — ®
v0'L o == 3
902 e 3
902 3
. o
60’2 =\ T60€ | rozi— h =
L ~a
€L o - S
viL [ LLv8— -
22 oz 2 =
2L £ - ]
Q o0
€z'L oc 5 =
. 6T elgoL— T =
mm.wg SOFLE =
NMN% L H o0c St
6€°L Sveet m 3
Ov'L ] o SoEly x = o
NVN 1 © 36 VO = 2]
YL o = O ~
8¥'/ A = =
- L3 LTV
les] 0L, s B
19, —_= N.N [ ™~ B Zct
69/ m ° _ 0z'8zZL
VL w g ezt &)
€Ll C/ % 69871 -
S8 8CE 5
€97 T = = $
G8'L o Iz N =
26, g # £ T eveet M =
v6'L @ { = TEFEL 3
zLg— 3 g pL6EL =
= 6L UKL © &
O ¥ Py < 3 5
© bY U4l =
fo  6TZSt <
z0'ZLL N
o




